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General abbreviations

- AB: AB system.

- Ac: Acetyl.

- Ac,0: Acetic anhydride.

- Ar: Aryl.

- atm: Atmosphere.

- Bn: Benzyl.

- Boc,O: di-tert-Butyl dicarbonate.
- t-BuOH: tert-Butanol.

- t-BuOK: Potassiuntert-butoxide.

- n-BuLi: n-Butyl lithium.

- °C: Degrees Celsius.

- CAN: Ammonium cerium (IV) nitrate.
- CC: Cromatography column.

- cd: cuadruple doblete.

- ¢. HCI: 37% (v/v).

- COSY: Correlation spectroscopy.
- CSA: Camphor sulfonic acid

- 8: Chemical shift.

- d: doublet.

- dd: doublet of doublets.

- ddd: doublet of doublet of doublets.

- dddd: doublet of doublet of doublet of
doublets.

- DBU: 1,8-Diazobiciclo[5.4.0Jundec-7-eno.
- DCM: Dichloromethane.

- DEPT: Distorsionless enhancement by
polarization transfer.

- DDQ: 2,3-dichloro-5,6-dicyano-1,4-
benzoquinone.

- DIPEA: N,N-Di-isopropylethylamine.
- DME: Dimethoxyethane.

- 2,2-DMP: 2,2-Dimethoxypropane.

- dt: triplet of doublets.

- dc: quartet of doublets.

- DIPA: Di-isopropylamine.

- d.e. Diastereomeric excess.

- e.e: Enantiomeric excess.

- HRMS: High Resonance Mass
Spectroscopy.

- eqg. equivalents.

- Et: Ethyl.

- Et,AICI : Di-ethyl aluminum chloride.
- Et,NH: Diethylamine.

-EtsN: Triethylamine.

- EtOH: Ethanol.

- EtOAc: Ethyl acetate.

- ESI: Electrospray ionization.
- Fig.: Figure.

- FG: functional group

- g: grams.

- h: hour.

- HMBC : Heteronuclear multiple bond
conectivity.

- HMQC : Heteronuclear multiple quantum
coherence.

- HRMS: High resolution mass
spectroscopy.

- Hz: hertz.

- I.R.: Infrared spectroscopy.

- J: Coupling constant.

- LAH : Lithium aluminum hydride.
- LDA: Lithium di-isopropilamide.
- m: multiplet.

- M: molar (mol/L).

- MCPBA: meta-Chloroperoxybenzoic acid.
- Me: Methyl.

- Me3SiCN: Trimethyl silyl cianide.
- mg: milligram.

- MHz: megahertz.

- min: minutes.

- mL: millilitres.

-mmoles milimoles.

- m/z: mass/charge ratio
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General abbreviations

- MOMCI : Chloro methoxymethyl.

- NMO : N-methylmorpholineN-oxide.

- NOE: Nuclear Overhauser Effect.

- Nu: Nucleophile.

- Ph: Phenyl.

- PhH: Benzene.

- ppm: parts per million.

- PTSA: para-Toluenesulfonic acid.

- Py: Pyridine.

- g: quartet.

- quin o p o g quintuplet or pentuplet.

- NMR: Nuclear Magnetic Resonance.

- ROESY: Rotating frame NOE spectroscopy.
- r.t.: room temperature

- s singlet.

- sat. Saturated.

- t: triplet.

- t: time.

- T: Temperature.

- TBAI : Tetrabutylammonium iodide.
-TBDMSCI: tert-butyl dimethyl silyl chloride.

- TFA: Trifluoroacetic acid.

- TFAA: Trifluoroacetic anhydride.

- THF: Tetrahydrofuran.

- TLC: Thin layer chromatography.

- TMSOTTf: Trimethylsilyl trifluoro-methane sulfonate.
- TPAP: Tetrapropylammonium perruthenate.
- u: Atomic mass unitgmu).

- [@]% and [a]%: Optical rotations at 20°C and 26 °C.

- A: Mass accuracy= [Founded - requires / requires] xX>£9ppm
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INTRODUCCION GENERAL

(General Introduction)

TA sum up of the general introduction can be found in the English summary, in the attached CD



Sintesis de moleculas quirales

SINTESIS DE MOLECULAS QUIRALES

Uno de los mayores retos que afronta la quimicaéricg moderna es la sintesis eficaz de
moléculas quirales enantioméricamente pur&ste interés se ha visto estimulado por el crézien
conocimiento de la importancia de la quiralidad enalar en los sistemas biolégicos y la
necesidad en su reproducibilidad por medio de rstagticas de aquellos compuestos que
presentan un alto valor afiadido, con el fin de etmao nuevos medicamentos farmacéuticos que

sigan mejorando nuestra calidad de vida.

Muchos de los procesos biologicos en la naturakra quirales. Enzimas y determinadas
posiciones activas de los receptores que contretaos procesos se formaron a partirLde
aminoacidos @-carbohidratos. La interaccion entre un racémicog enzima o receptor conduce
a la formacién de dos complejos diastereocisoméramosdonde los dos enantibmeros de un
compuesto poseen la capacidad de union selectdteaaenzima o receptor y por tanto exhibir
diferentes efectos bioldgicos. Un ejemplo muy cormsiel propanolod, cuyo enantiomerds es
antihipertensivo y antiarritmico y se usa en datraento de enfermedades coronarias, mientras

que el enantiémerd] se utiliza como anticonceptivo (Fig. ).

0" > ONHPr PrHN" YN0
" OH
(S)-A (R)-A

Figura 1. Enantiomeros deéPropanolol.

Como resultado de esto y la gran importancia efn@esis de medicamentos enantioméricamente
puros para ser producidos a nivel industrial, ssdpuencontrar en literatura la existencia de tres
rutas empleadas normalmente para la producciénoiiecoias quirales: resolucion, manipulacion

de productos naturaleg sintesis asimétrica la cual abarca este tratmjovestigacion.

' (a) Koskinen, A. “Asymmetric synthesis of natural products”, 1993, John Wiley and Sons. England. (b)
Nogradi, M. “Stereoselective synthesis”, 1995, 2nd Edition VCH Publisher.

2 Parker, D. Chem. Rev. 1991, 91, 1441-1457.

® Hanessian, S. “Total synthesis of natural products: the Chiron approach”, 1983, Pergamon Pres.
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Introduccion

1. SINTESIS ASIMETRICA:

El término de sintesis asimétrica fue introducido Ipllarckwald4 en 1904, definiendo la sintesis
asimétrica como la reaccion entre un sustrato aluiun agente quiral para formar un compuesto
Opticamente activo. Esta definicion fue revisadstg@ormente por Morrison y Mosher en 1971,
definiéndola como una reaccién en la cual una whatpiral por interaccion con un sustrato se
convierte por accién de un reactivo en una unidaicegque es una mezcla de enantibmeros
producidos en diferente proporcidnEsta postulacion involucra diferentes campos de
investigacion como lo son el uso de auxiliaresales, reactivos quirales, catalisis asimétrica y
catalisis organica.

1.1 Uso de auxiliares quirales:
Esta via sintética utiliza moléculas quirales que capaces de transferir su quiralidad a sustratos

no quirales, recuperandose el compuesto induckoxiiar quiral al final de la reaccion.

El uso de auxiliares quirales supone su union cosustrato proquiral, transformando los grupos
0 caras enantiotdpicas en diastereotopicas, es skeadbtienen selectivamente diastereoisémeros
gue se pueden separar por técnicas normales dieguidn. La eliminacion posterior del auxiliar

quiral deja el producto enantioméricamesreiquecido.

Sus principales ventajas son: primero, el auxpiaede con frecuencia reciclarse lo cual permite
producir gran cantidad de material quiral a pagier una cantidad relativamente pequefia de
reactivo quiral; segundo, el auxiliar se puede psaa controlar la estereoquimica de los centros
estereogénicos posteriores formados en la reagcipor Gltimo en las reacciones altamente

estereoselectivas, aunque son favorables, no smsaras en esta aproximacion en cuanto los
productos diastereoisoméricos antes de la ruptlraukiliar puedan ser separados originando un

alto exceso enantiomérico.

En el esquema 1 se muestra un ejemplo de comoxélalinonas quirales desarrolladas por

Evan$ pueden actuar como efectivos auxiliares quirales.

4 (a) Marckwald, W. Ber. Dtsch. Chem. Ges. 1904, 37, 1368. (b) Bringmann, G.; Helmchen, G.; et.al.
Stereoselective synthesis, 1996, Workbench ed. E21-V1. Publication: Methods of organic chemistry
Stuttgart; New York: Thieme.

> Morrison, J. D.; Mosher, M. S.: “Asymmetric organic reactions” 1971, Prentice Hall, Englewood Cliffs, New
Jersey.

6 (a) Evans, D. A. Aldrichimica Acta, 1982, 15, 23-32. (b) Armstrong, A.; Barsanti, P. A.; Blench, T. J.; Ogilvie,
R. Tetrahedron, 2002, 59, 367-375.
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Sintesis de moleculas quirales

O O OR O i
BnO/\/\/CHO + HJ\NJJ\O i, Bno/\/\/'\l)J\N 0
\_/ ~/

i( R=H
R = TBDPS
OTBDPS
dit . Bno OH

Esquema 1 Reactivos y condicione@) Bu,BOTf, ELN, DCM, -78°C. (ii) TBDPSCI, imidazol, DMF. (iii)
LiBH,4, MeOH, THF, 0°C.

1.2 Reactivos quirales:

En esta via sintética un reactivo quiral reacciona un sustrato proquiral, obteniéndose el
producto quiral deseado. A diferencia del empleoadgiliares quirales, en este caso no es
necesaria la eliminacion del reactivo ya que seswme estequiométricamente a lo largo de la
reaccion. Como ejemplo, se tiene la reduccion tenes aromaticas proquirales comegctivo de
Itsuno (Esquema 2). Este reactivo se prepara a partingeaminoalcohol quiral, congestionado
estéricamente y borano. La reduccién de ceton&sobaes secundarios llega a producir excesos

enantioméricos entre el 94-100%.

0 OH
_</ CeHs . R
©)LR + BH; + CeHs HE, -?—::FC 2. ©/\
H,N  OH

Esquema 2 Reduccién de cetonas aromaticas con el reactivtsaieo.

1.3 Catalisis asimétrica:

Este método, que incluye el uso de catalizadoesuéntemente constituidos por un metal de
transicion unido a un auxiliar quiral de naturalerganica y enzimas, utiliza la quiralidad de un
reactivo catalitico para dirigir la formacion deoua mas centros estereogénicos en un sustrato
proquiral. En contraste con el uso de auxiliaresatps, que permite la purificaciéon de los
productos diastereoisoméricos para alcanzar un sexcenantiomérico favorable, esta
aproximacién depende totalmente de reacciones ati@rdiastereoselectivas y al igual que con
los auxiliares quirales reciclables, la aproximaco@talitica es particularmente atractiva puesto
que permite la produccion de gran cantidad de mahtgriral a partir de muy pequefia cantidad de

reactivo quiral.

7 (a) Itsuno, S.; Ito, K.; Hirao, A.; Nakahama, S. J. Chem. Soc., Chem. Commun. 1983, 469-470. (b) Itsuno, S.;
Nakano, M.; Miyazaky, K.; Masuda, H.; Ito, K.; Hirao, A.; Nakahama, S. J. Chem. Soc., Perkin Trans 1. 1985,
2039-2044.
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Introduccion

Una de las areas que ha recibido mayor atencide leislrogenacién catalitica de dobles enlaces
carbono-carbono, utilizando catalizadores homogerd® rodio o rutenio unidos a fosfinas
quirales como ligandos. El ejemplo del esquema 8stna el empleo del complejo de rod&-

B que posee el ligand&,E)-CHIRAPHOS en la obtencion de aminoacidos Optiggmectivos
como R)-N-acil alanina con gran exceso enantiomérico y esdenlos muchos ejemplos en este

amplio campo en expansién.

Ph,

p l%'Me

Rh/ IMe
OCH ;\(> \;D H O COOH
4<O Ph2 )J\N/'\

(S,S)-B H
(R)-N-acilalanina
> 90%
>91%e.e.

c
=
HN

Esquema 3 Hidrogenacion catalitica de dobles enlaces C-C.

1.4 Catalisis orgéanica:

Durante los ultimos afios, se ha producido un inmpmeste desarrollo en catélisis organica, que
consiste en la aceleracion de las reacciones gasntion cantidades subestequiométricas de un
componente organico que no contiene ningin atomtilic@’ lo cual supone dos grandes
ventajas, la primera el desarrollo de una quimilwe Ide metales los cuales son potencialmente

toxicos y la segunda el bajo coste que esto canllev

Los amino&cidos han sido muy utilizados como inohaést de quiralidad mientras que los péptidos
han sido menos empleados en quimica asimétricadesiédos mas destacados aquellos que

presentan un nimero menor de 50 aminoAcidos estractera.’

La L-prolina* es el aminoacido mas utilizado como catalizadgémico. Aunque fue empleada

por Hajos-Parrish-Eder-Sauer-Wiechert en 1879 se ha descrito ninguna aplicacion sintética

® (a) Fryzuk, M. D.; Bosnich, B. J. Am. Chem. Soc. 1977, 99, 6262-6267. (b) Noyori, K. Asymmetric catalysis in
organic synthesis, 1994, John Wiley and Sons, New York. (c) Knowles, W. S.; Noyori, R. and Sharpless K. B.
The Nobel Prize in Chemistry 2001, Angew. Chem. Int. Ed. 2002, 41, 2008-2022.

o (a) MacMillan, D. W. C. Nature, 2008, 455, 304-308. (b) Dalko, P. I.; Moisan, L. Angew. Chem. Int. Ed.
2004, 43, 5138-5175.

10 (a) Luchaco-Cullis, C. A.; Mizutani, H.; Murphy, K. E.; Hoveyda, A. H. Angew. Chem. Int. Ed. Engl. 2001, 40,
1456-1460. (b) Gilberston, S. T.; Collibee, S. E.; Agarkov, A. J. Am. Chem. Soc. 2000, 122, 6522-6523 (c)
Gilberston, S. T.; Wang, X.; Hoge, G. S.; Klung, C.; Schaefer, A. J. Organometallics 1996, 15, 4678-4680. (d)
Alper, H.; Hamel, N. J. Chem. Soc., Chem. Commun. 1990, 135-136. (e) Akabori, S.; Sakkurai, S.; lzumi, Y.;
Fujii, Y.; Nature 1956, 178, 323.

1 (a) Movassaghi, M.; Jacobsen, E. N.; Science 2002, 298, 1904-1905.(b) List, B. Tetrahedron 2002, 58,
5573-5590. (c) List, B. Synlett 2001, 1675-1686. (d) Dalko, P. I.; Moisan, L. Angew. Chem. Int. Ed. 2001, 40,
3726-3748.
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Sintesis de moleculas quirales

mas con este aminoacido hasta el afio 2000, sajuma@d ejemplos aislados de adiciones de
Michael intramoleculares catalizadas por cantidagequiométricas de la misriiaEn nuestro
grupo de investigacion, Diez y colaboradbtésan sintetizado numerosos analogos de prolina
(Esquema 4) que se utilizan como catalizadoresnargg en reacciones que transcurren mediante
intermedios tipo enamina como son las adicionesMighael de cetonas a nitro estirenos,

obteniendo muy buenos rendimientos asi como exesleliastereo y enantioselectividades.

H HH
— > 2 s OBn
N~ TCOOH N~ ~CHO > H

|
H Boc OBn
L-prolina

Esquema 4.L-prolina y analogos.

En la década de los ochenta, Agami postula un nwoan para reacciones alddlicas
intermoleculares, que involucra dos moléculasLgwolina en la formacion de la acetona de
Wieland®® Sin embargo, trabajos més recientes de Houk ygrisponen que el mecanismo de

reaccion requiere una Unica moléculd_derolina (Esquema 5.

o O%O

O HOOC N
Me ’, Me O /O
Ay P
_H N - 24
(L)-(-)-prolina (3 mol%) / o
H

o “COOH Me
(6]

Ve

Me
Me O
Desh|drata1:|on Hidrélisis NP2
Rend =100%, N ~ OH
93% e.e. o) COO
OH

Cetona de Wieland H

Esquema 5Mecanismo de reaccién alddlica intermolecular faridva de la cetona de Wieland.

Uno de los grandes y mas recientes logros de l@ssnorganica ha sido el desarrollo de

reacciones observadas en procesos naturales btaistvia catélisis asimétrica libre de metales,

12 (a) Eder, U.; Sauer, G.; Wiechert, R. Angew. Chem. Int. Ed. 1971, 10, 496-497. (b) Parrish, D. R.; Hajos, Z.
G. J. Org. Chem. 1974, 39, 1615-1621.

B (a) Hirai, Y; Terada, T.; Yamazaki, T.;, Momose, T. J. Chem Soc. Perkin Trans 1, 1992, 517-524. (b)
Kozikowski, B.; Mugrage, B. J. Org. Chem. 1989, 54, 2274-2275.

4 Diez, D.; Antén, A. B.; Garcia, P.; Garrido, N. M.; Marcos, |. S.; Basabe, P.; Urones, J. G. Tetrahedron:
Asymmetry 2008, 19, 2088-2091.

B (a) Agami, C.; Levisalles, J.; Puchot, C. J. Chem. Soc. Chem. Commun. 1985, 441-442. (b) Puchot, C.;
Samuel, O.; Dunach, E.; Zhao, S.; Agami, C.; Kagan, H. B. J. Am. Chem. Soc. 1986, 108, 2353-2357.

'® Hoang, L.; Bahmanyar, S.; Houk, K. N.; List, B. J. Am. Chem. Soc. 2003, 125, 16-17.
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partiendo de reactivos simples para obtener compaie®n estructuras complejas y mdultiples
estereocentros en unos pocos pasos, dando accest ggran diversidad de esqueletos
esencialmente para ensayos biologicos. Inspiradokeficiencia de los procesos enzimaticos en
donde a menudo se llevan acabo reacciones domyim@ mdltiple componenté hace que varios
grupos de investigacion estén trabajando en eliepRg y colaboradoré$ han demostrado que
por medio del control de la concentracion de lagratosl, Il y Ill se puede llegar a reacciones

domino dobles (compuesty) y cuadruples (compuestty, como se observa en el siguiente

esquema.
_______ _CHO N0,
: R | II EtO,C CO,Et
1 Iminium- HEH II
! cataly5|s 1 Hydrogenation/ N
| HEH Michael reaction [
\
N0,
CHO Ry
RN~ "'é'g ____________
Vi namine-catalysis - N02
................................. R2\ 1\
E Iminium-catalysis Double-Domino Product
: R1/\/CHO Michael-reaction/
¥ Aldol-condensation
i
CHO CHO
R1/\|i/|: __ Enamine-catalysis _ R1/\©:
Ry YR R YRy
NOZ N02
Vil \'%

Triple-Domino intermediate Quadruple-Domino Product
= eXisting bond of the aldehyde
= Newly formed bond

Esquema 6.Secuencia de formacion de reacciones domino dgldeadruple en cascada.

El paso clave en las dos secuencias es la convatsl@ldehida,p-insaturado via transferencia
de hidrégeno en presencia de la dihidropiridinaHdatzsch (HEH). Los grupos funcionales
presentes en el producto de reacdidnestan disponibles para continuar reaccionando I§ si
concentracion deé se incrementa, el nitroaldehitid-puede reaccionar por medio de una adicidn
de Michael imino catalizada para formar el interroedll el cual presenta dos grupos aldehido
facilitando una condensacion alddlica intramolecplara dar el carbocicly. Para validar este
disefio se realizaron varios experimentos para ér@zgorimero las condiciones Gptimas para la

secuencia de reduccion-adicion (Esquema 7) uttdiaai derivado dé-prolina, difenil-prolinol-

v (a) Tietze, L. F. Chem. Rev., 1996, 96, 115-136. (b) Tietze, L. F.; Beifuss, U. Angew. Chem., Int. Ed. Engl.
1993, 32, 131-163. (c) Tietze, L. F.; Brasche, G. and Gericke, K. “Domino Reactions in Organic Synthesis”,
Wiley-VCH, Weinheim, 2006. (d) Guo, H.-C.; Ma, J.-A. Angew. Chem., Int. Ed. 2006, 45, 354-366.

8 (a) Ramén, D. J.; Yus, M. Angew. Chem., Int. Ed. 2005, 44, 1602-1634. (b) Zhu, J.; Benaymé, H.
“Multicomponent Reactions”, Wiley-VCH, Weinheim, 2005. (c) D'Souza, D. M.; Mueller, T. J. J. Chem. Soc.
Rev. 2007, 36, 1095-1108.
19 Rueping, M.; Haack, K.;
47,3828-3830.

leawsuwan, W.; Sundén, H.; Blanco, M.; Schoepke, F. R. Chem. Commun. 2011,
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TMS-eter, y segundo diferentes concentracione®sisustratos, observando gque la reaccion del
aldehidoo,p-insaturadd, el g-nitroestirenadll y la dihidropiridinalll en relacion 4.0 : 1.0 : 2.2
llevo a la formacién del productd y nolV, siendo el primer ejemplo de una reaccién domino

cuadruple en cascada controlada solo por la caroédn de los sustratos.

or R X CHO o
mph Yo mph CHO
CHO N oTMs Ny otMs
Ri OH NaBH,, THF Ri H VI HEH H VI ‘

NO, 30 min. NO, ~ CHCl, 16h,10°C I} CHCl3,10°C Ry > R,

Rz R2 B

Rz/\/ NO, NO,

1X v Il \"

Ry = Ph, R, = Ph 43%, 99% ee

72%, 99% ee

Esquema 7.Secuencia de reduccion-adicion.

2. ADICION DE AMIDUROS DE LITIO:

Dentro del capitulo de utilizacién de auxiliaregrajes, recientemente los amiduros de litio se han
convertido en unos reactivos muy empleados en gairorganica. Su aplicacion ha estado
practicamente limitada a su uso como bases fusdaesicledfilas, como lo es el caso de LDA, el

cual puede producir desprotonacién estequiométiicaarbonilos enolizables sin problemas de
adicién 1,2 (Esquema 8). Ademas, los amiduros tie thmbién han sido utilizados con éxito

como bases en sintesis asimétfica.

. NiPr2
1 H .
A~ CooMe PN L CcooMe . _N\_CONPr, . _~_COOMe

Esquema 8 Reactividad de LDA

El primer caso de adicion conjugada de amidurd#tidese remonta al afio 1973 observado en el
grupo de investigacion de Schlessidyemientras estudiaban la desprotonaciory ele crotonato

de etilo con LDA. Sin embargo, el tema no fue itigeslo con mas detalle hasta 1987, cuando
Yamamotdé® comenzé a publicar trabajos sobre la adicion &,drdiduros de litio derivados 8

benciltrimetilsililamina (LSA) como se observa drsiguiente esquema.

20 Cox, P. J.; Simpkins, N. S. Tetrahedron: Asymmetry. 1991, 2, 1-26.

2 Hermann, J. C.; Kieczykowski, G. R.; Schlessinger, R. H. Tetrahedron Lett. 1973, 2433-2436.

2 (a) Uyehara, T.; Asao, N.; Yamamoto, Y. J. Chem. Soc., Chem Commun. 1987, 18, 1410-1411. (b) Uyehara,
T.; Asao, N.; Yamamoto, Y. Tetrahedron, 1988, 44, 4173-4180. (c) Uyehara, T.; Shida, N.; Yamamoto, Y. J.
Chem. Soc., Chem Commun. 1989, 113. (d) Asao, N.; Uyehara, T.; Yamamoto, Y. Tetrahedron, 1990, 46,
4563-4572. (e) Uyehara, T.; Shida, N.; Yamamoto, Y. J. Org. Chem. 1992, 57, 3139-3145.
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. A~ -TMS
pp > N/S'Mes Ph

N
__COOMe L K _coome
80%

Esquema 9.Adicién conjugada de amiduros de litio.

2.1 Amiduros de Litio como reactivos quirales:

Hawkins y colaborador&scomunicaron la primera reaccién de adicion corjagasimétrica por
control del reactivo utilizando amiduro de litio ngo nucledfilo. Consiguieron excesos
diastereoisoméricos de hasta un 97% por adiciGmdgnatftil amiduro de litio quiral a ésteres
crotonicos. Este amiduro de litio ademas de sdososespecialmente en forma quiral, es también

dificil de eliminar una vez realizada la adicfén.

Posteriormente Davies y colaboradores, han estuddpliamente la adicion conjugada de
diferentes amiduros de litio quirales como nucleéfi conteniendo el grupl-a-metilbencilo a

ésteresE-a,B-insaturados y amidas, produciéndose el productcedecion deseado con elevado

|25

grado de selectividagtfacial™ Esta metodologia se ha extendido a la sintesigtiesalectiva de

diferentes -aminoécidos yp-aminoésteres utilizandoR)-N-bencilN-a-metilbencilamiduro de
litio (R)-C (Esquema 10).

o 1 A )P h NH; O
3

PN G I e B

R OR, RC R/V\/U\OR R 0

X 1 Xl
X

Esquema 10Sintesis enantioselectiva fleaminoésteres f-aminoacidos por adicién del amiduro de litio
quiral (R)-C
Los grupos bencilos de la amiKa se pueden eliminar facilmente por hidrogendlisiglgmas del
elevado exceso enantiomeérico que se consigue arreggtcion de adicion, el atractivo adicional
para esta metodologia es el poder disponer de afobaas enantioméricaR) y (S de laa-

metilbencilamina las cuales son econdmicamentesdies.

2 (a) Hawkins, J. M.; Fu, G. C. J. Org. Chem. 1986, 51, 2820-2822. (b) Rudolf, K.; Hawkins, J. M.; Loncharich,
R. J.; Houk, K. N. J.Org. Chem. 1988, 53, 3879-3882.

** Hawkins, J. M.; Lewis, T. A. J. Org. Chem. 1992, 57, 2114-2121.

» (a) Davies, S. G.; Ichihara, O. Tetrahedron: Asymmetry, 1991, 2, 183-186. (b) Davies, S. G.; Garrido, N. M.;
Ichihara, O.; Walters, I. A. S. J. Chem. Soc., Chem. Commun. 1993, 1154. (c) Davies, S. G.; Bull, S. D;
Delgado-Ballester, S.; Fenton, G.; Kelly, P. M.; Smith, A. D. Synlett, 2000, 9, 1257-1260. (d) Abraham, E.;
Davies, S. G.; Millican, N. L.; Nicholson, R. L.; Roberts, P. M.; Smith, A. D. Organic & Biomolecular Chemistry.
2008, 6, 9, 1655-1664. (e) Abraham, E.; Brock, E. A.; Candela-Lena, J. I.; Davies, S. G.; Georgiou, M.;
Nicholson, R. L.; Perkins, J. H.; Roberts, P. M.; Russell, A. J.; Sanchez-Fernadez, E. M.; Scott, P. M.; Smith, A.
D.; Thomson, J. E. Organic & Biomolecular Chemistry. 2008, 6, 9, 1665-1673.(f) Davies, S. G.; Smith, A. D.;
Price,P. D. Tetrahedrom: Asymmetry, 2005, 16, 2833-2891.
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2.2 Origen de la selectividad en la adicion de Mictel de R)-C:

Para entender el origen de la elevada esteredsiladten la adicion conjugada de amiduros de
litio se realizo un estudid utilizando como modelo la reaccion d&)-N-bencilN-a-
metilbencilamiduro de litio K)-C con cinamato deterc-butilo. Utilizando paquetes de
modelizacion molecular Chem-X para el calculo dedlaergias de los estados de transicion. En la
Figura 2 se muestra un estado de transicion cengiston la selectividad observada por estos

reactivos quirales.

Figura 2. Modelizacién de un estado de transicion paradaaién de adicion de Michael

Los factores determinantes de este estado dedi@msbn:
» Quelatacion del litio con el oxigeno carbonilicedeeciendo asi la reaccion solamente a

través de la conformacioncss del enolatg®®

» Adopcion de la llamada “conformacién mariposa” [o grupos bencilos, con los planos
de los anillos aroméaticos aproximadamente paraladebido a razones estéricas e

interacciones de las nubes de electrones aromaticos.

» El grupo metilo en posicidm se sitia en la posicion disponible que presentaome

congestién estérica.

El postulado sobre la quelatacion dirigiendo laciédi esta de acuerdo con la observacion de que
la lactonaXIll , que no puede adoptar la conformaci@issio conduce al aducto conjugado y el
dienoatoXIV solamente produce adicion 1,4 y no 1,6 (Fig. 2ctér, éste que ha permitido

explotar su utilidad sintética. Entonces, pareoe lgugeometri& para el éstes,p-insaturado es

2 (a) Davies, S. G.; Costello, J. F.; Ichihara, O. Tetrahedron: Asymmetry, 1994, 5, 1999-2008. (b) Davies, S.
G.; Smith, A. D.; Price, P. D. Tetrahedron: Asymmetry 2005, 16, 2833-2891.
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necesaria para este tipo de adiciones conjuffadasn consonancia con la observacion
experimental donde aceptores que adoptan la coaéidm strans solo tiene lugar adicion 1,2 o

y-desprotonaciof’

S i
[ oA,
Xl XIvV

Figura 3.

2.3. Selectividad en la adicion de Michael d&}-C y posterior alquilacion o protonacion.

2.3.1 Reaccionetandemy secuencial

Una vez controlada la estereoquimica del ceftree hace muy conveniente establecer la del
centroa por una reaccion de alquilacion o protonacioryésexistia el grupo alquilo), que ha sido

llevado a cabo eficazmente por Davies, como se tneues el esquema 11 y que permite la
sintesis totalmente enantioselectiva de los cupwsibles diasterecisomeros demetil-3-

fenilalanina y lag-lactamas relacionadas.

i L
PhA\)J\O‘Bu L R

tandem Ph)\HJ\O'BU

Ph
A (R)-C (2R.3S,aR)}-XV /H/U\O‘Bu
Pl RN (e.d. 30%)
%,

S i (2R,39)
o on — 59% ed. 94%
Ph/LN 0 i Ph/LN) 0 HN
Ph/'\/U\O'Bu Ph/H/U\O‘Bu Ph
(3S,aR)-XVI (2R,3S,0R)-XV
0, 0,
(70%, e.d. 94%) NH; O
) 1y A

- Ph N~ O iii -

P X “0O'B i, iv e (28,39)
/\Hk Y Ph/'\E)J\O‘Bu 81%

(25,35,aR)-XV .
(61%, e.d. 99%) e

Esquema 11Reactivos y condicioneg) (R)-C, Tolueno. (ii) Mel. (iii) LDA. (iv) 2,6-diterc-butilfenol,
THF.
Para obtener el mismo diastereocisomeR33aR)-XV la diastereoselectividad es muy diferente

si la reaccion se hace en un solo paéaden) a partir de cinamato derc-butilo o aislando

7 O’Brien, P. J. Chem. Soc., Perkin Trans 1, 2001, 95-113

*® |chihara, O. D. Ph. D. Thesis, Oxford, 1995.

2 Davies, S. G.; Garrido, N. M.; Ichihara, O.; Walters, I. A. S. J. Chem. Soc., Chem. Commun. 1993, 1153-
1155.
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previamente el aducto de adicion de Micha&8dR)- XVI y se realiza posterior alquilacion del

enolato derivado, donde el e.d. que se obtienele3A&o.

Yamamoto y colaborador@sn su publicacion sobre la “Sintesis esterodiveegde enolatos de
un B-aminoéster usandid-bencil tri-metilsililamiduro de litio”, demuestrartomo la selectividad
de la reaccion depende del modo de preparaciéeridato, ya sea llevando a cabo un proceso
tAndemo secuencial(stepwisg En el procedimientdandem la adicién al aducto intermedio
formado por adicion del amiduro al aceptor tiengatin situ sin aislar el aducto intermedio,
mientras que en el procedimierstepwisepreviamente a la adicion, se aisla el aductorirgdio y

se regenera el enolato con LDA. Se ha demostradtiféaente geometria adoptada por los
enolatos Z entandemy E ensecuenciglal atraparlos con cloruro de trimetilsililo pdocamar los

silil-acetal-ceténicos que se estudiaron por erpantos NOE (Esquema 12).

Ph Ph
Megsi\N) oLi MeSSi\NJ oTHS
Me/\/ COOMe —— MeM OMe — Me = OMe
Ph Ph Ph
Messi\N) oLi MesSic - oure Megsi\N) oMo

i _ii
MeMOMe MeMOLi MeMOTMS
Esquema 12Reactivos y condicionef) LSA, -78°C. (ii) MgSICl. (iii) LDA, -78°C

La selectividacE generada en el proceso por pasos se explica paoddlo de desprotonacion de
Ireland, en el que se asume que la reaccion pracé@deés de un estado de transicidn ciclico en

conformacion de sill&

En este caso la cara del enolato donde se encukenteamina sustituida por dos grupos
voluminosos es menos accesible para el electrafdoante y ejerce mayor discriminacion facial

que en el estado ciclico intermedio que se genela@accidértandem

3. REACCION DE ADICION DE OXAZIRIDINAS EN LA OXIDAC ION DIRECTA DE
ENOLATOS:

La historia de las oxaziridinas se remonta a smena sintesis publicada por EmmBren 1956,

en ésta se expone que ciertas azometinas (RNRR H) inactivas a la hidrdlisis acida fueron

30 Asao, N.; Uyehara, T.; Yamamoto Y. Tetrahedron, 1990, 46, 4563-4572.
3 Ireland, R. E.; Mueller, R. H. and Willard A. K. J Am. Chem. Soc. 1976, 98, 2868-2877.
*> Emmons, W. D. J. Am. Chem. Soc. 1956, 78(23), 6208-6209.
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oxidadas con buen rendimiento en presencia de &sitl@ro peracético y cloruro de metileno
para dar un sistema de anillo de tres miembrosngaepora oxigeno-nitrégeno y carbono. Debido
a la alta electronegatividad presente en las agams, tanto oxigeno como nitrdgeno pueden ser
transferidos. Esta inusual reactividad se debetenision del anillo por ser de tres miembros y al
enlace relativamente débil entre N y O. El sistestextronico inusual de esta familia se ha
utilizado para llevar a cabo una serie de reacsiate transferencias de oxigeno y nitrogeno

incluyendo entre ellas k&hidroxilacion de enolatos.

3.1 Compuestosi-hidroxi-carbonilicos:

La importancia en la sintesis de compuestos camdniesta unidad ha estado muy presente, ya
gue se consideran como subunidades estructuralesscen la sintesis de productos naturales y
valiosos auxiliare8 y sintone¥' en la sintesis asimétrica de productos con aetivahtitumoral,

antibioticos, feromonas y azucares.

3.2 Obtencidn:

En 1984 Daviset al, presentd su oxaziridina (#ans-2-(fenilsulfonil)-3-feniloxaziridina como
una nueva clase de reactivo oxidante aprotico yo@n reacciones de oxidacién. Su mecanismo
de reaccion se basa en el ataque nucleofilico e $i2 del material de partida sobre el
electrofilico atomo de oxigeno de la oxaziridinagisendo de esta manera su aplicacion en la
oxidacion directa de enolatos. Los resultados atbenpor el grupo de Davis demuestran la
obtencion de compuestashidroxi-carbonilicos con altos porcentajes de imighto y una mejor

estereoselectividad ante el reactivo de Vedejgﬁﬁ (@]

A este grupo selecto de oxaziridinas se unen el 198(2R,8a85-D y (-)-(258aR)-D como
reactivos escogidos para la oxidacion asimétrioectii de enolatos (Fig. 4), porque con ellas se
obtienen niveles Utiles de induccion asimétrica-945% ee), altos porcentajes de rendimiento
independiente del contraion y cada una da el sentiuesto de induccion asimétrica,

respectivamente. En la oxidacién asimétrica de atosl quirales, se observa doble sintesis

3 (a) Masamune, S.; Choy, W. Aldrichim. Acta 1982, 15, 47. (b)Masamune, S.; Choy, W.; Petersen, J. S.; Sita,
L. R. Angew. Chem. Int. Ed. Engl. 1985, 24, 1. (c) Oppolzer, W. Angew. Chem. Int. Ed. Engl. 1984, 23, 876. (d)
Reetz, M. T. Angew. Chem. Int. Ed. Engl. 1984, 23, 556.

** Hannessian, S. “Total synthesis of Natural products: The Chiron approach”; Pergamon Press: New York,
1983; Chapter 2.

3 Davis, F. A.; Vishwakarma, L. C.; Billmers, J. M.; Finn, J. J.Org. Chem. 1984, 49, 3241-3243.
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asimétrica con (+P vy (-)-D dando como resultadehidroxi-amidas con alta pureza 6ptica (90%

de)*

g \
s/o/ O\s
0Oy 02

(+)-2R8aS)-D | (-25,8aR)-D

Figura 4. Canforsulfonil oxaziridinas

Continuando con su investigacion en el campo deobkeziridinas, Davis y colaboradores
aportaron en 1992 una nueva ruta en la sintespsatrinoacidos yu-hidroxi-3-aminoéacidos’

partiendo de la sintesis asimétrica de sulfinimirdgeniéndolas con 88-90% de exceso

I
PhOQS %&%\ sozprJ

(+)E

enantiomeérico.

H O H
__®o(E S
Ph/S\N/)\Ph T COl 8s9s% Ph/ ‘N Pt Ph/S\N/)\Ph
o) o)
v Y .
Ph/S\NH + Ph” 2 NH 82I84°/
«H_co,Me M come ’
go:10  Ph
73-85%1 ii 7e%l ii
PhC(O)HN
J«H co,me :
(-)-(3S) )
>95% ee 58%1 iv
PhC(O)HN PhC(O)HN
pp - COMe + Ph.A(COﬂVIe
OH
()-(2R,3S) (+)-(28,35)
86:14

Esquema 13Reactivos y condicionef) 1.5 equiv. Enolato de litio del metil acetatd@, metil acetato),-
78°C. (ii) 4 equiv. de C£O,H, MeOH, 0°C, 2h. (iii) 1) CECO.H, MeOH. 2)E{N/DMAP, PhC(O)CI. (iv)
1) LDA/1.6 equiv. LiCl -42°C. 2) (+)-(Canforsulfdioxaziridina, -100 a -78°C

*® Davis, F. A.; Ulatowski, T. G.; Haque, M. S. J. Org. Chem. 1987, 52, 5288.
37 Davis, F. A.; Reddy, T.; Reddy, R. E. J. Org. Chem. 1992, 57, 6387-6389.
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La selectividad facial para la hidroxilacion debkto usanddN-sulfoniloxaziridinas casi siempre
ocurre en la cara menos impedida del endfaRor lo contrario, como se observa en el esquema
13, la formacion dedi-hidroxi3-aminoécido (-)-(R,3S) parece implicar una aproximacion de la
oxaziridina por la cara mas impedida del materialeaccionar, lo cual fue inesperado. Sin
embargo, si el di-anion enolato del material a ciee@r forma un quelato intramolecular, la

aproximacion de la oxaziridina en este caso sa kevabo por la cara menos impedida.

3.3 Hidroxilaciones diastereoselectivas:

3.3.1 En Esteres,p-insaturados:

Como un importante ejemplo de hidroxilaciones éiasiselectivas en éstere$-insaturados,

Smith y colaboradores, prepararoncehidroxi-ésterXVIII , como un intermedio clave en la
sintesis enantioselectiva del antibidtico antitumh@chinosporinpor oxidacion del di-enolato
XVII con (+)-(R,8a9-D (Esquema 143

CO,Me

1) KHMDS/HMPA
2) (+)-(2R,8aS)-D

90-94%

(-)-Echinosporin

Esquema 14 Aplicacion de hidroxilaciones diastereoselectivagsteres,p-insaturados

3.3.2 Sintesis asimétrica df-amino-a-hidroxi-acidos via hidroxilacion diastereoselectia de
p-amino enolatos homoquirales:

Una de las primeras sintesis asimétrica-@aninoe-hidroxi-acidos homoquirales directa fue
desarrollada en el grupo de Davitd.a alta diastereoselectividad observada en laicadic
conjugada del amiduro de litio quiral deNebenciliN-a-metilbencilamina con aceptores enoato, y
la hidroxilacion electrofilica del resultanfeamino enolato con (canforsulfonil)-oxaziridina se

convierte en una estrategia general en la sirdsgisetrica de una variedad de compuestos cuya

% (a) Davis, F. A.; Chen, B. C. Chem Rev. 1992, 92, 919-934. (b) Davis, F. A.; Sheppard, A. C.; Chen, B. C.;
Haque, M. S. J. Am. Chem. Soc. 1990, 112, 1512.

39 Smith, A. B.,lI; Sulikowski, G. A.; Fujimoto, K. J Am. Chem. Soc. 1989, 111, 8039-8041.

40 Bunnage, M. E.; Chernega, A. N.; Davies, S. G.; Goodwin, C. J. J. Chem. Soc. Perkin Trans 1, 1994, 2373-
2384.
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actividad bioldgica esta ligada a la presenciasie éomponente en la cadena lateral ctarol,
el cual es un eficaz agente anticancerigeno ydwahjetivo principal de varias investigaciones
(Fig. 5)*

Figura 5. Paclitaxel, comercializado por Bristol-Myers Squéb1993 con el nombre de Taxol®

Retomando la investigacion de Davis sobre la dgtef3-aminoe-hidroxi-acidos y aplicando la
adicién de amiduros de litio quirales en la sistet p-aminoacidos, Daviest al, decidieron
realizar una variedad de reacciones con difererd@stivos que proporcionaran productos
hidroxilados estereoselectivamente, de esta masepastularon dos métodos alternativos para la
generacion del enolato, el primero, el enfoqa@deni, donde elp-amino enolato resultante de la
adicion conjugada de amiduros de litio quiral fum@adoin situ y el segundo, un enfoque
“secuencialo stepwisé alternativo, donde ep-amino enolato fue generado desde un aducto

conjugado preformado.

Usando metil crotonato y metil cinamato, tanto efogue tandem como stepwise fueron
investigados utilizando oxigeno, el reactivo de &jed/ las oxaziridinas de Davis (#gns2-
(fenilsulfonil)-3-feniloxaziridina como fuente deigeno electrofilico. Desafortunadamente, todos

los experimentos fueron insatisfactorios en térsig® rendimiento y selectividad.

Sin embargo, una investigacion mas profunda s@brdilidad de la (canforsulfonil)-oxaziridina
llevo al grupo de Davies a realizar una adidémdemusando el amiduro de litio dB)¢C a metil
cinamato y posterior hidroxilacion del enolato alicion de (+)-(R8a9-D a -78°C, como se
observa en el esquema 15. Aunque la formaciorp-@ehinoe-hidroxi-éster se llevo a cabo y
presentdé una buena diastereoselectividad (>90%, d¢adpresencia de sub-productos impidié
realizar una evaluacion mas precisa, ademas ddidaltdd en la purificacion del compuesto

hidroxilado.

“ Bunnage, M. E.; Davies, S. G.; Goodwin, C. J. J. Chem. Soc. Perkin Trans 1, 1993, 1375-1376.
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L7

o Ph N (e}

1) (R)-C, THF, -78°C
Ph/\)kOMe ) (R) PhMOMe

2) (+)-(2R,8aS)-D, THF, -78°C Ci)H
43%, >90% d.e.

ow
"o\

Esquema 15Adicion tandem.

Como medida para evitar los problemas de puriftcase empled el métodepwise Primero se
preparo elp-aminoester (>95% e.d.) seguido por tratamientdiqgodpor medio de adicion de
NH.Clsay posterior extraccion y purificacion y segundo, daolizacion del aducto usando
hexametildisilazida de litio (LHMDS) seguido de itugilacion a -78°C con (+)-R8&9-D

oxaziridina obteniendo el producto deseado conlextediastereoselectividad (Esquema 16).

/L jh 1) LHMDS /L jh

Ph” N7 O P N7 O
2) (+)-(2R,8aS)-D,
PhMOMe THF, -78°C Ph)\:)J\OMe
OH
84%, >98% d.e.

Esquema 16 Adicién secuenciab stepwise.

Este estudio también se llevo a cabo con la adiébenantiomero de la oxaziridina, (-52aR)-

D, obteniendo una ligera reduccion en la diastelec®édad (93% d.e) y ademas, confirmé que
la hidroxilacion es predominante de acuerdo a dwdnoion asimétrica controlada del substrato
(Esquema 17).

AT AT 1T
Ph" N7 0O 1) LHMDS Ph N) 0 Ph N) o)
2) (-)-(2S,8aR)-D, THF, -78°C +
Ph/'\/U\OMe Ph)\:/U\OMe PhMOMe
OH
NI ° 241 o
s 71% 92% d.e. 3%
2 anti syn

Esquema 17 Adicidn secuenciab stepwisecon adicion del enantiémero de la oxaziridina.

Al usar terc-butil cinamato como enoato y llevar a cabo tawo® éxperimentosdndemcomo
stepwisese observo en el primer caso, la disminucion ddymtos secundarios, postulando de esta
manera que el origen de éstos subproductos soraaia de la competencia existente entre la

adicion 1,2 del amiduro de litio al éster metilieolemas de obtener una estereoselectividad del
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93% a favor del diastereoisomeranti (29:1) y facilidad de separacion 86% y 3%,
respectivamente. Cuando se utiliza LHMDS en el guloniento stepwise se observo en el
espectro déH RMN del crudo de reaccion que solo se llevo apcalb10% de conversion de
material de partida al compuesto deseado, sin @oparla enolizacion se lleva a cabo con LDA
como base, la reaccién cambia radicalmente obtdoian 97% d.e y un excelente porcentaje de
rendimiento (90%), éstos resultados sugirieron Igd®DS es demasiado grande afectando la
velocidad de enolizacion, pero como gran observesgoconcluye que en este caso, al trabajar con
esteregerc-butilicos se obtienen muy buenos resultados teorioel procedimienttandemcomo

stepwise

4. APLICACIONES DE LA ADICION DE AMIDUROS QUIRALES:

4.1 Adicion de amiduros de litio quiral a sistemasiclicos:

La adicion de amiduros de litio también se ha Wewva cabo sobre sistemas ciclicos como
ciclopent-1-eno carboxilato derc-butilo y ciclohex-1-eno carboxilato derc-butilo que conduce

a la sintesis enantioselectiva de los sistemagasalis disustituido que culminan en la sintesis

asimétrica total de (-)-@,29)-Cispentacin y su homélogo ciclohexanico (Esquésjd?

Ph—
NJ NH;

@coo’su AL, E>~"COO’BU i, v E>~--COOH

(-)-(1R,2S)-Cispentacin
= Ph
N NH;

Ph
©/coof|3u o O“\COOtBu . O,\\COOH
i, ii iii, iv

Esquema 18Reactivos y condicionef) (S)-C, tolueno. (ii) 2,6-di-terc-butilfenol, THF. (iifd, (4 atm.),
Pd/C. (iv) TFA/ Dowex 50X8-200.

4.2 Adicion de amiduros de litio quiral en la sinteis de productos naturales:
Recientemente, Daviest al, han empleado la metodologia de adicion de amiddeo$tio a

ésteresa,p-insaturados en la sintesis asimétrica de produntisrales como el alcaloide

42 (a) Davies, S. G.; Ichihara, O.; Walters, I. A. S. Synlett, 1993, 461-462. (b) Davies, S. G.; Ichihara, O.; Lenoir,
I.; Walters, I. A. S. J. Chem Soc. Perkin Trans 1, 1994, 1411-1415.
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tetrahidroquinolinico R)-(-)-angustureind y de los compuestos (+)-negamicina, (4g8-

negamicina y esperabillina®segun se muestra en el esquema:

o
Ph/LN’Ph
o\ COOAr 8, 1_coon b, de, ©\/j\
51111
CsHy1 H CsH14 N™ CsHi,

Me
(R)-(-)-angustureina

OH NH; O Me

HzN NN~ COOH
H
/L jh (+)-negamicina
N\ COOCHE, Ph™ N
! - > OH NH, O Me
° * ° - M
BOC/N\ﬁ - H,oN N,N\/COOH
: ) H
PR N (+)-3-epi-negamicina
i
H OH NH, O NH
MeMNwm/\)LNHZ

O
esperabillina C

Esquema 19Reactivos y condicione&) (R)-C, THF, -78°C. (b): LiOH, THF/KO, 40°C. (c): PPA, 100°C.
(d): LiAIH 4, THF, reflujo. (e): Mel, KCO,, THF, reflujo.

Si bien una variedad de funcionalidades puedemeerporadas en la estructura fedminoéster

por elaboracion del enolato, la generacion de piéHiestereocentros via one-pot por reacciones
de adicién conjugada seguidas de reacciones deidiolhan sido también tema de investigacion.
Recientemente Davieg al,* han contribuido con la sintesis asimétricagjefniina o cicutina y
(R)-6-coniceina por medio de la adicion conjugada dedaros homoquirales a éstergehidroxi-

a,B-insaturado, seguido por una reaccion one-potaaadn y posterioN-desbencilacion.

Su estrategia de sintesis se basa en la sinte§ibadef-aminoéster desde su correspondié€nte
hidroxi-B-aminoéster. Asi, la yodacion del producto de rnéacde la adicion de Michael
previamente obtenido con un 66% y >99:1 dr se lleveabo en un 85% siendo éste el Unico
diastereoisomero de reaccion (>99:1 dr), despugsalucion del producto lodado en acetonitrilo
y presencia de AgBFue reflujada por 16 horas obteniendo una mezeld8149:3 de material de
partida, piperidinaR)-XIX y el B-aminoéstek,(-insaturado, respectivamente. La purificacion de
ésta mezcla llevo a la separacion de los compuéRodX en 55% (>99:1 dr)3-aminoéstek,(-

insaturado en 33% (>99:1 dr) cuya formacién esisterste con la eliminacién de HI promovida

* Bentley, S. A.; Davies, S. G.; Lee, J. A.; Roberts, P. M.; Thomson, J. E. Org. Lett. 2011, 13, 2544-2547.

a4 Davies, S. G.; Ichihara, O.; Roberts, P. M.; Thomson, J. E. Tetrahedron 2011, 67, 216-227.

4 Davies, S. G.; Fletcher, A. M.; Hughes, D. G.; Lee, J. A.; Price, P. D.; Roberts, P. M.; Russell, A. J.; Smith, A.
D.; Thomson, J. E. and Williams, O. M. H. Tetrahedron 2011, 67, 9975-9992.
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por Ag en el material de partida RH-XX con 49% como resultado de una reaccién de Ritter

entre el intermedia-metilbencilico cationico y acetonitrilo (Esquen®.2

J\ Ph J\ Ph J\ Ph
Ph N) Ph™ °N Ph™ °N

o
‘s COO-B COO'B *
cootBu v NBn - NJJ\M
— — + + e
| or COO!-Bu = H

OH iii
>99:1dr >99:1dr (R)-XIX, >99:1 er >99:1dr (RS)-XX
66% 85% 55% 33% 49%

Esquema 20Reactivos y condicione§) PPh, imidazol, b, PhMe/MeCN (v/v 4:1), 65°C, 2 h. (ii) AgBF
MeCN, 80°C, 16 h. (iii) MeCN, 80°C, 16 h.

Debido a la formacion deR§-XX observada anteriormente, se pensé que esta pérddiéa
influir en la velocidad de reaccion por ello senpdg la utilizacion del amiduro de litidR)-N-
benzylN-(p-metoxi-a-metilbencil) (Esquema 21) cuya adicién de MichakEster(-hidroxi B-
insaturado se llevo a cabo con un 76% de rendimignt99:1 dr, seguida de la reaccion de
iodonizacion obteniendo el respectivo producto grat@ado con 91% de rendimiento y >99:1 dr,

presentando un notable incremento en el rendimgdotal.

10

PMP” "N Ph
Li _ i )Ph * J
(R)-N-benzyl-N-(p-methoxy-a-methylbenzyl) amide PMP N PMP N
Cooohsu i CCOO:_BU ) tcoof-su
OH OH |
XXI, >99:1 dr XXII, > 99:1 dr
76% 91%
vl J\ on liii oriv
Ph N)
(\Ji C/Coof-su (©/0Me
+ +
COO!-Bu =
(R)-XXIIl, >99:1 er XXIV, > 99:1 dr | XXV
(not isolated)
Condiciones XX XXIV (R)-XXIII (%) XXV (%)
ratio
(iii) 86:14 84 -
(iv) 100:0 94 65
(V) 100:0 75 33

Esquema 21 Reactivos y condicione§) THF, -78°C, 2h. (ii) PPhimidazol, b, PhMe/MeCN (v/v 4:1),
65°C, 2h. (iii) AgBR, MeCN, 80°C, 16h. (iv) MeCN, 80°C, 16 h. (v) BPimidazol, b, MeCN, 80°C, 16h.
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El calentamiento de una solucion ¥XIl in MeCN porl6 horas en usencia de AglEvo al
consumo completo del material de partida, obtemeffiR)-XXIll y el p-metoxiestirenoXXV

aislados en 94 y 65% respectivamente.

Con la metodologia optimizada toda la atencion esgtro en la sintesis de los alcaloides de
Hemlock ©-coniind® y (R)-8-coniceina’’ Como se observa en el siguiente esquema, la
funcionalidadterc-butil fue reducida con DIBAL-H a 0°C para dar &aol XXVI con 99% de
rendimiento, la oxidacion de éste bajo las condesode Swern dio cuantitativamentefel
aminoaldehidoXXVII y éste a su vez fue sometido a la reaccién deg/¢itin bromuro de metil
trifenilfosfonio llevando a la obtencién de la amihomoalilicaXXVIIl (52%). Reacciones
tandemde hidrogenacion e hidrogendlisis en presenci@PdéOH),/C] y tratamiento con HCI,

llevo a la obtencion del hidrocloruro dg-coniina con 82% de rendimiento.

® ﬁ)
i
COO*-Bu OH Ny

(R)-XX1 XXVI i XXVII X = O, quant 1 HCI, 82%
99% XXVIII X = CHy, 52%  (S)-coniina hidrocloruro

Esquema 22Reactivos y condicione€) DIBAL-H, THF, 0°C-t.a. 6 h. (ii) (COCpH DMSO, EtN, DCM, -
78°C-t.a. (iii) [PRPMe]Br]", KO'Bu, THF, 0°C-t.a. 16 h. (iv) Pd(OHE (20% wt), H (1 atm), MeOH, t.a,
48 h., HCI.
Para la sintesis ddR)-3-coniceina (Esquema 23), es necesario la exterga#ola cadena en el
aldehidoXXVIl por medio de la reaccion de Wittig con bromurdgrdetoximetil)-trifenilfosfonio
dando el enol-eteXXIX como una mezcla 52:48 de isbmeros geométricoidralisis de ésta
mezcla dio ely-amino aldehiddXXX, el cual bajo tratamiento con el catalizador derlrean a 1
atm de H lleva a la obtencién del alcaloide, el cual fuslamlo como su correspondiente

hidrocloruro en 94% de rendimiento.

He ¢
NBn i NBn i NBn i 03
— —_— O —
o0 Z OMe Z
XXIX, 52:48 dr XXX, 81% (2 pasos) 1 HCI, 94%

hidrocloruro de (R)-8-coniceina

Esquema 23Reactivos y condicione§) [PhsPCHOMe] [Br]", KO'Bu, THF, 0°C-t.a. 16 h. (ii)
DCM/HCO.H (v/v 4:1), t.a 16 h. (iii) ) PA(OH)C (20% wt), H (1 atm), MeOH, t.a, 48 h., HCI.

4 Wilkinson, T. J.; Stehle, N. W.; Beak, P. Org. Lett, 2000, 2, 155-158 and references cited therein.
4 Panchgalle, S. P.; Bidwai, H. B.; Chavan, S. P.; Kalkote, U. R. Tetrahedron: Asymmetry 2010, 21, 2399-2401
and references cited therein.
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4.3 Aplicaciones recientes de los amiduros de litouiral:

Una de las aplicaciones més recientes de la adilgdvlichael de amiduros de litio quiral ha sido
la publicada por el grupo de Davfésjesarrollando la primera y mas eficiente sintasimétrica
de (-)-§9-homalina en 8 pasos con un rendimiento globall8&b. La familia de alcaloides del
género homalium (Fig. 6) ha sido aislada de lasshale una especie africakbbmaliumy
Homalium pronyense Guillaunencontradas en los bosques de Nueva CaledoniéS3H
homalina es la unica de la familia que presentatsieny ha sido objetivo de varios grupos de

investigacion, aunque no habia sido descrita niagimesis asimétrica hasta ahora.

MeN ) MeN )
N ) Ph N 0] C7H
Ph)¥\< ‘\_\;Y\{ CSH']']M _\—LW 7M15
(@) N NMe (0] N NMe

R ~

(-)«(S,S)-homaline (-)-(R,R)-hopromine

c HMjQ" ° \{CsH p“:iNK_(N ol \{CsH”
o OHW OH _\KW OH

homoprominol homopromalinol

Figura 6. Familia de alcaloides del géndromalium

La adicién conjugada del amiduro de liti®){N-(3-cloropropil)N-(a-metilp-metoxibencil) R)-F

a metil cinamato procede con conversién completaniéndo ep-aminoésteXXXl como Unico
diastereoisémero (>99:1 dr), subsecuente eliminadé fragmentdN- a-metil-p-metoxibencil

por adicién de TFA dio el compues¥XXIl con 92% de rendimiento, seguido de la reaccion de
metilacién para dar el intermedkXXIIl el cual fue aislado con un 75%, desplazamiento del
halogenuro con azida de sodio en presencia de &algar cuantitativamendeXXIV . Con este
producto en mano, se empleo la reaccion de reduaaoStaudinger seguido por ciclacién de
XXXV mediante Sb(OEfpara dar la conocida azalactak¥@XVI con 62% (Esquema 24).

8 Davies, S. G.; Lee, J. A.; Roberts, P. M.; Stonehouse, J. P. and Thomson, J. E. Tetrahedron Letters, 2012,
53,1119-1121.
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MeN

HN
o\ -COOMe (R o A COOMe i oA COOMe i, A _coome

XXXI, >99:1 dr XXX XXX
92% (2 pasos) 75%

llv

MeN/ﬁ J/\NHZ J/\Ns
N o) Ph i i
Ph ‘\_\7 Y il MNH M MeN <~ MeN
Ph
o N NMe ! Ph)\/COOMe Ph)\/COOMe

(-)-(S,S)-homaline ~ XXXVI XXXV XXXIV
60%, >99:1 dr 62% (2 pasos) 100%

PMPLN_ JAC' . J\N fCI J/\CI f\m

Esquema 24 Reactivos y condicione§) (R)-F, THF, -78°C, 2 h. (ii) TFA, 60°C, 2.5 h. (iii) (GB),,
MeOH, NaBHCN, t.a, 18 h. (iv) Nah Nal, DMSO, 50°C, 24 h. (v) PBATHF/H,0 (v/v 7:3), 50°C, 2 h.
(vi) Sb(OEt}, PhMe, reflujo, 18 h. (vii) Br(Ck4Br, KOH, DMSO, t.a 4 h.

5. B-AMINOACIDOS:

La sintesis eficaz dp-aminoacidos es de gran importancia ya que muclaaes de productos
naturales contienen fragmentos derivados de estdidacomo terpenos, alcaloides, péptidos,
antibioticosp-lactamicos, etc. Algunds-aminoacidos enantioméricamente puros han sidagaies
a disposicién via manipulacién de lo que se denaminterminologia inglesahechiral-pool’,*°
mientras que aproximaciones a su sintesis asimdétaestado enfocada en el empleo de auxiliares
quirales proporcionando enolatos homoquirales ydadcia,p-insaturados homoquirales
equivalentes para adiciones de imifiasadiciones de Michaél, respectivamente. Por ejemplo,
derivados deB-fenilalanina, sintetizada por Daviet al, en 1993 por medio de adicion de
amiduros de litio quiral gerc-butil cinamato, son constituyentes de varios aldaks tipo taxarté

y de pseudopéptidos de origen natural como andaingilg. 7)3° el cual exhibe actividad

antibidtica y ha sido objeto de investigacion deoggrupos; su primera sintesis estereoespecifica

49 (a) Baldwin, J. E.; Adlington, R. M.; O'Neil, I. A.; Schofield, C.; Spivey, A. C. and Sweeney, J. B. Chem.
Comm., 1989, 1852-1854.

>0 (a) Broadley, K. and Davies, S. G. Tetrahedron Letters, 1984, 25, 1743-1744. (b) Liebeskind, L. S.; Welker,
M- E. and Fengl, R. W. J. Am. Chem. Soc. 1986, 108, 6328-6343.

> D'Angelo, J.; Maddaluno J., J. Am. Chem. Soc., 1986, 108, 8112-8114.

> (a) Graf, E. and Boeddeker, H. Ann. Chem. 1958, 613, 111-120. (b) Graf, E.; Weinandy, S.; Koch, B.;
Breitmaier, E. Liebigs Ann. Chem. 1986, 7, 1147-1151.

>3 Fredenhagen, A.; Tamura, S. Y.; Kenny, P. T. M.; Komura, H.; Naya, Y.; Nakanishi, K.; Nishiyama, K.;
Sugiura, M. and Kita, H. J. Am. Chem. Soc. 1987, 109, 4409-4411.
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fue publicada en 1989 por el grupo de Komna mas adelante otros grupos continuaron

trabajando en su biosinteSig configuracion absoluta.

)Nizj\ /\/\/\)LN/\)J\

Ph OMe H

B-fenilalanina Andrimida
Figura 7. B-aminoacidos como constituyentes de alcaloides

Entre este grupo deaminoécidos, también se encuentranddisdroxi- f-aminoacidos los cuales
constituyen un grupo importante de aminoacidossguencuentran presentes en varios inhibidores

enzimaticos peptidicos corbestating® amastatind’ y el hexapéptido pepstatir@&ig. 8)°

. A i
: (e} : (0] O OH
HZN/\‘)J\O OH H2N/\‘)k0 OJJ\{:ll OH
OH o) OH 0 AL o)

Bestatina Amastatina
~ OH (@] /'\
Pepstatina

Figura 8. Ejemplos deau-hidroxi- f-aminoacidos con actividad bioldgica

De esta manera, éste campo de investigacion haovem aumento y se ha especializado en
diferentes ramas, proporcionando por diferentessruh gran nimero de fuentes de monéniéros,

entre ellas la sintesis leaminoacidos ciclicos los cuales son objeto dedéstn este trabajo.

> McWhorter, W.; Fredenhagen, A.; Nakanishi, K. and Komura, H. J. Chem. Soc., Chem. Commun. 1989,
299-301.

> Needham, J.; Kelly, M. T.; Ishige, M.; Andersen, R. J. J. Org. Chem. 1994, 59, 2058-2063.

> (a) Mangatal, L.; Adeline, M-T.; Guénard, D.; Guéritte-Voegelein, F.; Potier, P. Tetrahedron 1989, 45,
4177-4190. (b) Guéritte-Voegelein, F.; Sénilh, V.; David, B.; Guénard, D.; Potier, P. Tetrahedron 1986, 42,
4451-4460.

>’ Takita, T.; Aoyagi, T.; Umezawa, H. J. Antibiot. 1976, 29, 100-102.

>8 Umezawa, H.; Aoyagi, T.; Morishima, H.; Matsuzaki, M.; Hamada, M.; Takeuchi, T. J. Antibiot. 1970, 23,
259-262.

>® (a) Juaristi, E. “Enantioselective Synthesis of B-Amino acids”, Wiley-VCH: New York, 1997. (b) Juaristi, E.;
Quintana, D.; Escalante, J. Aldrichim. Acta 1994, 27, 3-11. (c) Podlech, J.; Seebach, D. Angew. Chem., Int. Ed.
Engl. 1995, 34, 471-472. (d) Romanova, N. N.; Gravis, A. G.; Bundel, Y. G. Russ. Chem. Rev. 1996, 65, 1083-
1088.
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Uno de los productos naturales mas interesantebajsielo objeto de estudio por varios grupos de
investigacion es el tax8%el cual es un complejo diterpénico polioxigenadslagio deTaxus
brevifolia conteniendo un fragmente-hidroxi- -aminoacido en su estructura (Hbencil-
(2R,39-3-fenilsoserina). Actualmente esta consideradaacano de los agentes anticancerigenos
méas importante$. Aunque las reservas naturales de taxol son limitade ha encontrado un
precursor, 10-deacetil baccattal cual se le puede incorporar fehminoéacido en la cadena

lateral aumentando su actividad biolégica.

5.1p-aminoé&cidos ciclicos:

En 1989, dos grupos de trabajo, independientemargi@ron un eficaz antibiotico antifingico,
acido (R,29-2-aminociclopentanocarboxilico, conocido comeigtacin (Fig.95> A partir de
ese momento crece el interés por eft@sminoacidos ciclicosp{CAA), apareciendo nuevos
compuestos como el acido 2-aminociclohexenocaiigoxib el &cido (R,29-2-amino-4-

metilenciclopentanocarboxilico (BAY 10-8888), amisos actividad antifangic¥.

o O

HOOC  NH, HOOC  NH,
(1R,29) (1R,29)
Cispentacin BAY 10-8888

Figura 9. Ejemplos deg-aminoécidos ciclicos

Mas recientemente, los estudios B@AA, se han centrado principalmente en la graldad

gue éstos presentan en la sintesig-ge&ptidos, cuyo atractivo particular es ayudar gl&m
nuestra comprension de la estructura de las pestesu estabilizacion cuando se doblan y su uso
como polimeros no-biolégicos ya que al igual que bomdlogos losu-péptidos, contienen
enlaces amida capaces de formar enlaces de esteldiii como los enlaces de hidrogeno

intramolecular. Ademas, debido a su rigidez estratt aparecen como herramientas muy utiles

% (a) Kingston, D. G. I. Chem. Commun. 2001, 867-880. (b) Nicolaou, K. C.; Dai, W-M.; Guy, R. K. Angew.
Chem. Int. Ed. Engl. 1994, 33, 15-44.

61 (a) Katayama, N.; Nozaki, Y.; Tsubotani, S.; Kondo, M.; Harada, S.; Ono, H. J. Antibiot. 1990, 43, 10. (b)
Kingston, D. G. I.; Newman, D. J. Curr. Opin. Drug Disc. 2007, 19, 130-144. (c) Kingston, D. J. Org. Chem.
2008, 73, 3975-3984.

62 Zhang, M.; Lu, X.; Zhang, J.; Zhang, S.; Dong, M.; Huo, C.; Shi, Q.; Gu, Y.; Cong, B. Chem. of Natural
Compounds, 2010, 46, 53-58 and the references cited therein.

® (a) Konishi, M.; Nishio, M.; Saitoh, K.; Miyaki, T.; Oki, T.; Kawaguchi, H. J Antibiot. 1989, 42, 1749. (b) Oki,
T.; Hirano, M.; Tomatsu, K.; Numata, K.; Kamei, H. J Antibiot. 1989, 42, 1756-1762. (c) Iwamoto, T.; Tsujii,
E.; Ezaki, M. J Antibiot. 1990, 43, 1-7. (d) Kawabata, K.; Inamoto, Y.; Sakane, K. J Antibiot. 1990, 43, 513-518.
64 (a) Knapp, S. Chem. Rev. 1995, 95, 1859-1876. (b) Kunisch, F.; Babczinski, P.; Arlt, D.; Plempel, M. Ger.
Offen. DE 4028046 Al. Chem. Abstr. 1992, 117, 20486.
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para la construccién de péptidos conformacionaleenntrolados. La primera incorporacion de
B-CAA en péptidos fue descrita en 1991 por el grp&Goodman’

Varios afos después, Gellman S. H. y colaboraddessriben foldamerof-peptidicos muy

estable$® con una gran tendencia a adoptar conformacionemactas especificisdonde el

término “compactas” hace referencia a la estructeraiaria de las proteinas, entre estos se
encuentran los que incorporan la unideths-pentacin y la de homélogos ciclohexanicos los
cuales se doblan en agua y pueden facilitar efididep-péptidos con sustituyentes apropiados en
el ciclo para aplicaciones bioldgicas ya que sos esdables a la hidrdlisis enzimatica debido a la
imposibilidad de las peptidasas de romper enlaogdaa lo que les convierte en importantes

candidatos para el desarrollo de nuevos medicasiéfig. 10)>

0 (0]
HN  COH >L )OL 9 =N HN M ING NH  CONH,
N N — o} ™\
J NS A LD
n

transpentacin trans-oligomero = 12 hélices cis-oligomero = hebra

.
HsN .
H N

\ 0

O—\ HN HN HN
" 0 ( a w p
HN
—\—NH

Figura 10. Ejemplos de foldamerdspeptidicos

Ademas de la insercion de grupos polares que aamentsolubilidad en agua (Fig. £1).

NH,

NH, NHz \COOH “COOH
PhO,, BocHN ™"
1COOH 1COOH

Figura 11.p-aminoéacidos ciclicos polifuncionalizados

6 (a) Yamazaki, T.; Zhu, Y-F.; Probstl, A.; Chadha, R. K.; Goodman, M. J. Org. Chem. 1991, 56, 6644-6655. (b)
Yamazaki, T.; Probstl, A.; Schiller, P. W.; Goodman, M. Int. J. Peptide Protein Res. 1991, 37, 364.

60 (a) Gellman, S. H.; Compton, T. J. Biol. Chem. 2006, 281, 2661-2667.(b) Gellman, S. H. Acc. Chem. Res.
1998, 31, 173-180. (c) Appella, D.H.; Christianson, L. A.; Gellman, S.H. Nature 1997, 387, 381-382.

®” Price, J. L.; Horne, W. S.; Gellman, S. H. J. Am. Chem. Soc. 2010, 132, 12378-12387.

68 (a) Woll, M. G.; Fisk, J. D.; LePlae, P. R.; Gellman, S. H. J. Am. Chem. Soc. 2002, 124, 12447-12452. (b)
Wang, X.; Espinosa, J.; Gellman, S.; J. Am. Chem. Soc. 2000, 122, 4821-4822.

69 Arvidsson, P. |.; Rueping, M.; Seebach, D. Chem. Commun. 2001, 649-650.
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En esta misma linea es interesante la contribugalizada recientemente por Estée¢zl, al
sintetizar p-aminoacidos ciclopentanicos altamente hidroxiladopartir deL-idosa (Esquema
25).°

02N OBn
HO. ‘QH
BnO™" O o e
o — A — T -w
/ 0 Bn HO”
BnO bTf COOH

Esquema 25 Sintesis dg-aminoéacidos ciclopentanicos polihidroxilados

Varios grupos han descrito una serie [(ipéptidos ciclicos que al ensamblarlos forman
arquitecturas tubularé$,basandose en estas observaciones Ghetdiai, demostré gue estas
estructuras tubulares pueden ser usadas como saocaheluctores de iones en bicapas de

fosfolipidos!?

Debido a la elevada actividad bioldgica presentésta clase de compuestos y la importancia que
conlleva su produccion en la industria farmacéuseallego al desarrollo de la sintesis asimétrica
de derivados d@-aminoacidos ciclico§. En un principio, la mayoria de los estudios ere est
campo se centraron ghaminodcidos ciclopropénicos y ciclopentanicosndige mucho menos
frecuente la sintesis de analogos con ciclos deda&eis miembros y no obteniéndose en estos

casos compuestos enantioméricamente puros, sindaseacémicas.

Reiser y Pietztsch han obtenido acid@sminociclopropanicos enantioméricamente puros
(Esquema 26) y los han aplicado con éxito a latoacson de péptidos, principalmente derivados

deB-alanina y acidg-aminobutirico’

NHBoc NHBoc
NHBoc Boc MeOOC "'COOH  pmeoOC™ COOCH
- ’ll —_
MeOOC COOH =<— \ J —_— NHBoc NHBoc
HOOC "'COOMe  HooOC™ COOMe

Esquema 26 Ejemplos de acidog-aminociclopropanicos

70 (a) Soengas, R. G.; Pampin, M. B.; Estévez, J. C.; Estévez, R. J. Tetrahedron: Asymmetry 2005, 16, 205-211.
(b) Soengas, R. G.; Estévez, J. C. Estévez, R. J. Org. Lett. 2003, 5, 1423-1425.

" Richard, P. C.; Gellman, S. H.; DeGrado, W. F. Chem. Rev. 2001, 101, 3219-3232.

72 Clark, T. D.; Buehler, L. K.; Ghadiri, M. R. J. Am. Chem. Soc. 1998, 120, 651-656.

7 Fiildp, F. Chem Rev. 2001, 101, 2181-2204.

74 Beumer, R.; Bubert, C.; Cabrele, C.; Vielhauer, O.; Pietzsch, M.; Reiser, O. J. Org. Chem. 2000, 65, 8960-
8969.
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En esta misma linea, Davies y colaboradores apaortama nueva técnica en la sintesis asimétrica
de B-aminoécidos ciclicos via adicién conjugada diasteelectiva y metatesis secuencial por
cierre de anilld’De esta forma la adicion del amiduro de litio quirE)-N-alil-N-o-
metilbencilamida a una serie de éstesgsinsaturados seguido por el cierre de anillo con el
catalizador de Grubbs, sirvié para obtener de foefif@entep-aminoésteres ciclicos con un alto

exceso diastereoisomérico, como se observa eq@ties 27.

\/\NJ\ph E;N/(Ph

Z z
NN COOBU P N S\ A COOBU  c00'BY
THF, -78°C or
R = Me R=Me, 78%,>05% de .~ R = Me, 7%, >95% d.e
R=H R = H, 62%, ~95% d.e ;Ru—\ R = H, 76%, >95% d.e
|
PCy; Ph
4 mol % Grubbs,
Iy \/\NJ\Ph DCM, A, 12 h. | NJ\Ph
NN CO00Me PN _AL_COOMe .,,_COOMe
THF, 78°C 69%, >95% d.e 49%, >95% d.e

Esquema 27 Obtencion dg-aminoacidos ciclicos.

5.1.1p-aminoacidos ciclooctanicos:

Recientemente, Fulogt al,”® ha publicado la sintesis asimétricapgaminoéacidos ciclicos de 5 a
8 atomos de carbono por medio de la enzima-catiaizalipasa B proveniente de Gandida
Antarcticg enantioselectiva en la apertura del anillg3dactamas aliciclicas inactivas en medio
organico y 1 equivalente de agua a 60°C (Esqueal®8 p-aminoacidos obtenidos han sido
incorporados dentro de diferentes oligdmeros, couta para ofrecer un amplio rango fle

péptidos y contribuir en el crecimiento de librerite péptidos conformacional@és.
O COOH
% — CENHZ
@ O“’"”
@ >/::COOH

Esquema 28.Sintesis dg-aminoacidos ciclicos de 5 a 8 atomos de carbono.

S Chippindale, A. M.; Davies, S. G.; Iwamoto, K.; Parkin, R. M.; Smethurst, C. A. P.; Smith, A. D.; Rodriguez-
Solla, H. Tetrahedron, 2003, 59, 3253-3265.

76 (a) Forrd, E.; Fulép, F. Org. Lett. 2003, 5, 1209-1212; (b) Forrd, E.; Arva, J.; Fiilép, F. Tetrahedron:
Asymmetry 2001, 12, 643-649.

" Eldp, F.; Forrd, E.; T6th, G. K., Org. Lett. 2004, 6, 4239-4241.
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A partir de la (x)B-lactama ciclooctanica representada en el esqueteda, FUlop y su grupo de
investigacion prepararon su derivadbhidroximetilato el cual por medio de una acilacion
asimétrica catalizada por lipasa del alcohol prim@&n el centro estereogénic8) (levd a la
obtencién de su éster y alcohol enantioméricamemiguecidos (ee92%). Tratamiento de estos
dos compuestos previamente aislados con,QMAMeOH llevo a la formacion de las
correspondienteg-lactamas (R,89 y (1S8R) (ee>93%) los cuales son importantes intermedios

en la sintesis de AnatoxiraEsquema 29§

0]
PFA, KgCO3 R COOR
NH TTHFH,0 H,O Llpasa
ultrasonido \/OH \/OCOR HO\/

(¥)-B-lactama (+)-N-hidroximetilato
NH4OH/MeOH

Esquema 29 Sintesis de potenciales derivados en la sintesimdtoxinaa

Kaushik y colaboradoréshan publicado la sintesis gleaminoéacidos ciclooctanicos (Fig. 12)
incorporados en cadenas peptidicas de los cualba siemostrado quEXXVII 'y XXXVIII

presentan actividad antimalarica (IC50 = 3.87 #a@'mL, respectivamente).

HOQCOOH
R NH,
XXXVII R= CH,CH(CH,), XXXIX R= H
XXXVIIl R= CH,CgHs XL R= OH

H =
MeOOC N \(\NHCOOtBu

Figura 12. B-aminoacidos ciclooctanicos y polifuncionalizados

Entre estos derivados leaminoacidos ciclicos hidroxi-funcionalizados (Fl§)) algunos juegan
un papel muy importante en el campo de la quimiédica ya que estan presentes en muchos
productos esenciales, como Paclitaxel (Taxol ®) ylerivado sintético Docetaxel (Taxotere ®),

los cuales tienen efectos significativos en quierapia®® En este campo, Fiilép y colaboradores

78 Forrd, E.; Arva, J.; Fulép, F. Tetrahedron: Asymmetry, 2001, 12, 643-649.

79 Sathe, M.; Thavaselvam, D.; Srivastava, A. K.; Kaushik, M. P. Molecules 2008, 13, 432-443.

80 (a) Wust, P. G. M.; Gu, R. L.; Northuis, J. M. Tetrahedron: Asymmetry 2000, 11, 2117-3123. (b) Roy, O.;
Pattenden, G.; Pryde, D. C.; Wilson, C. Tetrahedron 2003, 59, 5115-5121. (c) Nicolaou, K. C. Tetrahedron
2003, 59, 6683-6738.
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han publicado recientemefitéa sintesis asimétrica de los acidos 2-aminocitéowcarboxilicos
mono- y di-hidroxi-sustituidoXXXIX y XL.

5.1.2p-aminoé&cidos heterociclicos:

Estructuras conformacionalmente rigidaspdaminoacidos incorporando un heteroatomo en el
anillo también han recibido una considerable atenatomo consecuencia de su potencial
biologico. Actualmente, un gran grupo de éstosvddns heterociclicos incorporan un atomo de
nitrogeno en el anillo, observando gppéptidos conteniendo restos estructurales de &sido
aminopirrolidin-4-carboxilico y &cido 3-aminopiridin-2-carboxilico adoptan estructuras
secundarias de hélice las cuales proporcionan mestabilidad a estos oligomeros, ademés de
presentar diferentes actividades biolégicas erlas antimicrobian® y aquellos que poseen un
esqueleto pirrélico presentan potente influencra@inhibidores de la neurominida$a.

En ésta linea, FlUl6p y colaboradores han realiZaguortantes aportes en la preparacion
enantioméricamente pura de aminoésteres con urelesgwiperidinic8® y recientemente la
sintesis regio y estereoisomérica de azefaaminoésteres a partir de isomerospdactama

biciclicos (Esquema 365.

o R_COOH s 0O

Q:{/ CAL-B, Pr0 . © o ./(
70°C |

NH SNH, - INH

B-lactama (-)-B-lactama
ee >99%
jHCI/EtOH
0°C, 1 h, 81%
s (COOEt s, s \COOEt
050,/'BuOH, NMO/H,0 © COOEt Boc,0, Et;N, THF ©
‘1, Acetona, 20°C, 3 h, 88% . 20°C, 8 h, 93% o,
HO s ‘NHBoc = “NHBoc r 'NH,HCI
OH
5 .COOEt  COOEt
1) NalO,, THF/H,0, 20°C, 1 h NHBoc  NaOEt, EtOH O"'NHBOC
2) NaCNBH3, BnNH,, DCM N S 20°C, 43% N S
AcOH, 20°C, 10 h
36% (2 pasos) PhJ PhJ

Esquema 30Sintesis de azepafieaminoésteres

81 Palko, M.; Benedek, G.; Forrd, E.; Wéber, E.; Hanninen, M.; Sillanpaa, R.; Filop, F. Tetrahedron:
Asymmetry 2010, 21, 957-961.

8 (a) Porter, E. A.; Wang, X.; Lee, H.-S.; Weisblum, B.; Gellman, S. H. Nature, 2000, 404, 565. (b) Porter, E.
A.; Weisblum, B.; Gellman, S. H. J. Am. Chem. Soc. 2005, 127, 11516-11529. (c) Porter, E. A.; Weisblum, B.;
Gellman, S. H. J. Am. Chem. Soc. 2002, 124, 7324-7330.

8 Wang, G. T.; Chen, Y.; Wang, S.; Gentles, R.; Sowin, T.; Kati, W.; Muchmore, S.; Giranda, V.; Stewart, K.;
Sham, H.; Kempf, D.; Laver, W. G. J. Med. Chem. 2001, 44, 1192-1201.

8 Kiss, L.; Kazi, B.; Forrd, E.; Fiilop, F. Tetrahedron Letters, 2008, 49, 339-342.

% Kazi, B.; Kiss, L.; Forrd, E.; Fiilép, F. Tetrahedron Letters, 2010, 51, 82-85.
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Como se observa en el anterior esquemBsld@tama biciclica fue sometida a apertura enzoaati
del anillo en presencia de CAL-B (Lipasa B provatéedeCandida antarctica producida por
fermentacion deAspergillus oryzaemicroorganismo genéticamente modificado y adsortan
una resina microporosa). La construccion del amitepane se baso en la funcionalizacion del
doble enlace C-C del aminoéster a través de apedtlranillo y cerramiento con expansion del
mismo. Esto se realizo por medio de una reacciéoideidroxilacion con Os@ en donde los
grupos hidroxilos se encuentran en posidi@ms con respecto al carboxilato en C-1 y el grupo
amino en C-2. El siguiente paso por tratamiento NafO, produce el di-aldehido, el cual se
somete inmediatamente a una aminacion reductivébennilamina en presencia de NaBH y
acido aceético obteniendo el azepdnaminoésteres con 36% de rendimiento en dos pasos y
derivado diastereocisoméridoans fue preparado por epimerizacion de su analogo €ne@

presencia de NaOEt.

5.2 Aplicacién dep-aminoacidos en catalisis organica:
Asi como laL-prolina ha sido empleada como catalizadorf}-eminoacido cispentacin ha sido
utilizado en la reaccion de Hajos-Parrish-Eder-8alliechert como un organocatalizador

altamente enantioselectif®.

Me ] Me O Me O
L= 00 = 00
oo o
" "¢ OH
XLI

XLl (R)-XLIII

Q‘COOH

NH,

(1R,2S)-cispentacin
100% conv., 90% ee

Esquema 31 Reactivos y condicionef) (1R,29)-cispentacin, (30 mol%), DMF, r.t. (i)-TsOH, toluenoA

Como se observa en el esquema 31, tratamientotdecktonaXLl con (IR,29-cispentacin (30
mol%) promueve conversion completa a el corresgamdialcohoXLIl después de 48 horas, el
cual después de deshidratacion por tratamientgp€OH produce la enon®&)-XLIII en 90%

ee.

8 Davies, S. G.; Sheppard, R. L.; Smith, A. D.; Thomson, J. E. Chem. Commun., 2005, 3802-3804.
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5.3 Aplicacion en la sintesis de alcaloides:

Como se ha descrito anteriormente, la sintesiséasga de-aminoacidos es de gran importancia
ya que muchas clases de productos naturales cemtimgmentos derivados de esta familia, como
lo son el grupo de los alcaloides. Hoy en dia sesidera que los alcaloides, como consecuencia
de su toxicidad, son importantes en la defensasiplhntas contra sus enemigos naturales como
por ejemplo microorganismos patégenos herbivorgsaiir de esto nace el interés en su estudio,
actividad biologica, sintesis y enfoque en su emplara el control de un gran numero de

enfermedades principalmente en humanos.

5.3.1 Tashiromina:

La tashiromina forma parte del grupo de alcaloiddslizidinicos®’ caracteristicos por incorporar
el esqueleto indolizidinico (Fig. 13). Esta clase alcaloides han sido extraidos de diferentes
fuentes como hormigas, ranas venenosas, hongoantap] ademas de presentar diferentes
actividades incluyendo fitotéxica, insecticida, ibatteriana, fungicidd y también propiedades

neuroldgicad?

OH
- OH
8. 4 H S H OH
7 9 S oH
6 N 2 N N
5 403

Esqueleto (-)-Tashiromina (-)-Swainsonina
Indolizidinico

HaCoas H

OH
OAc - H OH
,C% HO\C@
n-Pr
N - N :
H,N HO' ~H
2 CHs
(-)-Slaframina (+)-Castanospermina Pumiliotoxina 237A

Figura 13. Alcaloides indolizidinicos

Entre los alcaloides indolizidinicos mas reprederdsa estan (-)-Swainsonina el cual es un agente

anticancerigeno y responsable de la enfermedacd@mes denominadd.6coismé provocada

& (a) Giomi, D.; Alfini, R.; Micoli, A.; Calamai, E.; Faggi, C.; Brandi, A. J. Org. Chem. 2011, 76, 9536-9541 (b)
Michael, J. P. in “The Alkaloids: Chemistry and Pharmacology”; Cordell, G. A., Ed.; Academic Press: San
Diego, 2001; Vol. 55, p. 92. (c) Takahata, H.; Momose, T. in “The Alkaloids: Chemistry and Pharmacology”;
Cordell, G. A., Ed.; Academic Press: San Diego, 1993; Vol. 44, Chapter 3, p. 189. (d) Howard, A. S.; Michael,
J. P.in “The Alkaloids: Chemistry and Pharmacology”; Brossi, A., Ed.; Academic Press: New York, 1986; Vol.
28, Chapter 3. (e) Grundon, M. F. Nat. Prod. Rep. 1985, 2, 235-243.

% (a) Michael, J. P. Nat. Prod. Rep. 1997, 21-41. (b) Michael, J. P. Nat. Prod. Rep. 1993, 51-70. (c) Ohmiya,
S.; Kubo, H.; Saito, K.; Murakoshi, I.; Otomasu, H. Chem. Pharm. Bull. 1991, 39, 1123-1125.

8 Daly, J. W.; Spande, T. F. In “Alkaloids: Chemical and Biological Perspectives”; Pelletier, S. W., Ed.; Wiley:
New York, 1986; Vol. 4, Chapter 1, p. 1.
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por el consumo de plantas que contienen este aleakbconsecuencia de esto se observan abortos
y nacimiento de animales débiles ademas de maltwomes. (-)-Slaframina es un agente causante
del “sindrome de Slobbérsen ganado que pasta en cultivos contaminados etohongo
Rhizoctonia leguminicola(+)-Castanospermina es un agente anti-VIH y toxide ranas como
pumiliotoxinas entre las cuales se encuentra patoXin 237A. A pesar de la gran cantidad de
grupos que han realizado la sintesis total dertasina no hay publicados datos explicitos sobre

sSu actividad.

5.3.2 Anatoxina-a:

Anatoxinaa (Fig. 12) es una potente neurotoxina producidageento tipo de alga verde azul
Anabaena flos aqudky es responsable de graves envenenamientos derla $alvaje ocurridos
en Norte América. Esta toxina es un potente agomiset receptor nicotinico de la acetilcolina,
NAChR y es capaz de unirse a él de igual forma que dédilemina, bloqueando el sistema
nervioso y causando la muerte por parada respmaton una LI, (intraperitoneal en raton) de
0.2 mg/Kg.

Las deficiencias de acetilcolina estan implicadas patologias neuronales tales como el
Alzheimer, por ello la sintesis asimétrica de ag@éode anatoxina-con menor nivel de toxicidad

tienen gran interés farmacologico por su posiblécagion al tratamiento de estos desoérdenes

O
H\N 0O
;ﬁ\fk _

Figura 14. Estructura molecular de Anatoxiaa-

neuronales.

La sintesis de tashiromina y anatoxadran sido objetivo de sintesis por varios grupos de
investigacion al igual que en este trabajo, en d@sdhace un estudio y aproximacion a su sintesis
utilizando cicloocta-1,5-dieno como material detigar

%0 (a) Carmichael, W. W.; Biggs, D.F.; Gorham, P.R. Science, Washington, D.C. 1975, 187, 542-544. (b)
Carmichael, W. W.; Biggs, D. F. Can. J. Zool. 1987, 56, 520
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6. CICLOOCTA-1,5-DIENO:

Cicloocta-1,5-dieno es un producto comercial y toacaie se utiliza en el presente trabajo como
precursor de ésteres ciclicos insaturados paransgleados como aceptores de Michael. Su bajo
coste es debido a que es uno de los subproductiasadrtencion derans,transcis-ciclododeca-
1,5,9-trieno por trimerizacién de butadieno cataliz por complejos de NiCr 6 sistemas de
catalizador como TiGIAI(C,Hs)CI-Al(C,Hs) (Esquema 32). El grupo empresarial Shell tiene
instalaciones que dependiendo del catalizador expleouede producir cicloocta-1,5-dieno 6

trans,trans,cisl,5,9-trieno:

/_//\—’\ cat o
SV Qﬁjj@@&

Esquema 32 Obtencidn de cicloocta-1,5-dieno.

Cicloocta-1,5-dieno es muy utilizado en la prep@acie una amplia gama de catalizadores de
rodio e iridio muy empleados en quimica organorietaAdemas, su reactividad es muy peculiar,
destacando su tendencia en medio basico a la @mifugde sus dobles enlaces dada la mayor

estabilidad termodinamica de éste Gltithopmo se observa en el siguiente esquema.

O = C

Esquema 33 Tendencia de cicloocta-1,5-dieno en medio basico.

También puede presentar reacciones fotoquimicasiaigcion 2+2 intramolecular (Esquema
34)%

© PhCOMe ;@

Esquema 34 Ciclacion intramolecular 2+2 de cicloocta-1,5-dien

ot Weissermel, K.; Arpe, H. J. “Industrial Organic Chemistry”, VCH, 1993.

2 (a) Huber, A. J.; Reimlinger, H. Synthesis 1969, 97-112. (b) Huber, A. J. and Reimlinger, H. Synthesis 1970,
405-430.

% Coyle, J. D. Chem. Soc. Rev., 1974, 3, 329-353.
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Ademads de la ciclacion transanular (Esquema 35)gede ser llevada a cabo por gran variedad
de electréfilos, como HFA®/CO 6 HCQ/H,SO, y que conduce a un elevado rango de

biciclos[3.3.0]octanos, que han encontrado unasalaplicacion en sintesis orgarita.

COOH
© — -
HOOC

Esquema 3Ciclacion transanular en cicloocta-1,5-diene.

9 (a) Hanack, M.; Kaiser, W. Angew. Chem., 1964, 76, 572. (b) Paquete, L. A. Top. Curr. Chem., 1984, 119, 1.
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ANTECEDENTES
(Background)

TThe background can be found in the English summary in the attached CD



Antecedentes

En trabajos anteriores se ha iniciado el estudila eeetodologia y aplicacidén de la reactividad de
di-ésteres di-insaturados con amiduros de litisgades?> Por adicion de amiduros de litiR)(C y
(9-C a ésteres di-insaturados se ha conseguido oljpeoductos de monoadicion, di-adiciéon o

productos ciclicos, dependiendo de las condiciatitsadas o de los ésteres empleatios.

Por adicibndomindinter- e intramolecular de los amiduros de liR)-C y (9-C a octa- y nona-
diendioato de dimetilo, se obtienen los correspemds derivados ciclopentanitosy
ciclohexanicos, respectivamentd)])( transtranstrisustituidos, con muy buen rendimiento y
excelente estéreo y enantioseleccion. Ademas lasluptos ciclicos, con una secuencia
estereoquimica diferentdrgnscis-trisustituidos), pueden obtenerse a partir de¢rinedio de

monoadicion con el doble enlace desconjugado talrtbacon base.

En los productos ciclicos, las reacciones de ediniin del nucledfilo y nueva adicion, permite
conseguir todos los posibles diastereoisomerostersesstema, como se indica a continuacion.

En esta linea se ha comunicado la sintesis astaétda los ocho diastereoisomeros del acido 2-
amino-5-carboximetil-ciclopentano-1-carboxilidd, ¥ utilizando la estrategia que se muestra en el

siguiente esquema retrosintético.

NH, NR,
COOH | D # COOR
ph Ph *
/L PN /l I \—COOH IV \—~COOR
Ph™ N N~ "Ph
Li Li
(R)-C (% ﬂc
NR,
COOR .
X . COOR
(Z A COOR . B
COOR 1 \_COOR il \—COOR

Esquema 36. A: Reaccién dominé estereoselectiva de adicién-ietértramolecularB: Eliminacion
estereoespecificayn C: Adicién conjugada estereoselectiia.Desproteccion.

» (a) Sara Hernandez Dominguez. “Metodologia de Aplicacion de la Reactividad de Di-ésteres Di-insaturados
con Amiduros de Litio Quirales”. Tesis Doctoral. Salamanca, 2001. (b) Garrido, N. M.; Diez, M.; Dominguez,
S. H.; Sdnchez, M. R.; Garcia, M.; Urones, J. G. Molecules. 2006, 11, 435-443.

% Urones, J. G., Garrido, N. M., Diez, D., Dominguez, S. H., Davies, S. G. Tetrahedron: Asymmetry 1999, 10,
1637-1641.

7 Urones, J. G., Garrido, N. M., Diez, D., Dominguez, S. H., Davies, S. G. Tetrahedron: Asymmetry 1997, 8,
2683-2685.

% Urones, J. G., Garrido, N. M., Diez, D., El Hommoumi, M. H., Dominguez, S. H., Casaseca, J. A., Davies, S.
G., Smith, A. D., Org. Biomol. Chem., 2004, 2, 364-372 y referencias citadas en este.
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Es de destacar que Unicamente se ha utiliz&B)-6cta-2,6-diendioato de dimetilo como
precursor proquiral y las estrategias de adiciéra garoducir los intermedios ciclicosl);
eliminacion de Copd(l) y re-adicion (V) junto con la complementariedad de los amiduR)sY

y (9-C permite la sintesis de los ocho diastereoisongrtsamente puros.

Se ha iniciado también el estudio de las reaccignespermiten el control estereoquimico en los

anillos ciclohexanico®

Como se ha indicado, por adicion MédencilN-o-metilbencilamiduro de litio$)-1 a E,E)-nona-
2,6-diendioatoV se obtiene de manera estereoselec’acon total control de los 3 nuevos

centros estereogénicos formados (Esquema 37).

H H
«COOR COOR
(:\/\/COOR N
0 N H NBn
\" (-)-Pumiliotoxina C Ph

(1S,2R,6R,aR)-VIII

COOR COOR
O e (I e
,, COOR
i

(18,2S,6S,a.S)-VI

(1R,2S,6R,a.9)-IX

Esquema 37. Sintesis asimétrica del derivad®&@R,6R,aR)-VIII como intermedio en la sintesis de (-)-
Pumiliotoxina-C.

En el esquema anterior se describe la metodolag&ndesis asimétrica del sistema ciclohexanico
cis,Cis y cis,transtrisustituido por una estrategia combinada inigipdr la reacciémlominé de
adicién asimétrica de Michael d§y/o (R)-C y posterior ciclacién @xotrigonal, eliminacion de
Cope y reacciones de hidrdlisis selectiva y elimidra de Barton del 4cido generddbUna vez el
metilo con la estereoquimica desead& Hn la nueva adicion deé}- y (S)-C es clave en el control
estereoquimico para darlll é 1X. El compuestoVIll supone la sintesis formal de (-)-

Pumiliotoxina C, al haber sido ya empleado en stesis tota®*

% (a) Garrido, N. M.; Diez, D.; Dominguez, S. H.; Garcia, M.; Sanchez, M. R.; Davies, S. G. Tetrahedron:
Asymmetry 2006, 17, 2183-2186. (b) Davies, S. G.; Diez, D.; Dominguez, S. H.; Garrido, N. M.; Kruchinin, D.;
Price, P. D.; Smith, D. Org. Biomol. Chem. 2005, 3, 1284-1301.

% Barton, D. H. R.; Samadi, M. Tetrahedron, 1992, 48, 7083-7090.

%% schultz, A. G.; McCloskey, P. J.; Court, J. J. J. Am. Chem. Soc. 1987, 109, 6493-6502.
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Recientemente se ha comunicado la sintesis deigiies y de derivados del &cido nipecatico
(Esquema 38)°* Asi, cuando se trata 3-acetoxi-2-benciliden-propém con el amiduro de litio
(R-C se obtiene de manera estereoselectiva el &cid§55dR)-5-(N-bencilN-o-
metilbencilamino)-5-fenil-4-metoxicarbonil-pentandj siendo el resultado de una novedosa
reacciondomindiniciada por un reordenamiento estereoespecifecdraland-Claisen seguida de
una adicion asimétrica de Michael del amiduro z&iio como Unico reactivo en la reaccion. Esta
reaccion es generalizable para diferentes grupgsuede ser escalada. Se ha aplicado la
metodologia descrita a la sintesis asimétrica tigaf+)-L-733.068° un potente antagonista del

receptor hNK1.

17

OAc : Ph” N
(R)-C (3.6 equiv.),
COOR? COOH
R’ THF, -78 °C R1/'\?/\/
X COOR?
(48,59)-XlI
DABCO (R)1 (3.6 equiv.), 35-70% desde 3
THF, -78 °C de = 72-95%l, (>95%)°]
R1 /%[COORz / ee > 95%[C]
OAc
XI Ho/Pd-C/ACOH
/'\ Ph glacial, 81%
Ph N
Li
(R)-C
3 2
R \O LAH, THF, 72% R OOC\(l
or
RT\ N BH3-THF, THF, 89% R1'\ N o
H H
(25,35)-11; R' = Ph, R®= CH,0OH (58,6S)-10a; R" = Ph, R2= Me
(28,35)-12; R = Ph, R®= COOt-Bu (5S8,6S)-10b; R' = Ph, R2=t-Bu
de, ee > 95% de > 95%; ee > 95%

Esquema 38. Sintesis de piperidinas y derivados del 4cido rdipec.

Esto nos permite la obtencién fleaminoacidos ciclicos pero con el nitrégeno intdgran el
anillo y ha sido aplicado recientemente a la sisesimétrica de los di-acidoss-(2S 3R)- y trans
(25,39)-piperidin-1,2-dicarboxilicos por medio de una ac@én domino que involucra los

reordenamientos del correspondiente acetato alliema reaccion estereoselectiva de Ireland-

102 (a) Garrido, M. N., Garcia, M., Diez, D., Sanchez R. M., Sanz, F. and Urones, G. J. Org. Lett., 2008, 10 (9),

1687-1690. (b) Mercedes Garcia Garcia, “Metodologia y aplicacion de la reactividad de aductos de Baylis-
Hillman con amiduros de litio quirales”. Tesis Doctoral, Salamanca, 2006.
'% Garrido, N.M.; Garcia, M.; Sanchez, M. R.; Diez, D.; Urones, J. G. Synlett, 2010, 3, 387-390.
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Claisen ademas de una adicion asimétrica de Miadw@mab pasos claves en la obtenciondde

aminoécidos, como muestra el siguiente esqu€ma.

jh jh
L CHO 1 BS
PR X~ Ph N COOMe (R-C Ph N . Ph N
* ' N COOMe NI COOMe
~COOMe OAc Ph Ph -
COOH <_COOH
44% 26%

| |

HooC" H Hooc™

21% 4%

Esquema 39. Sintesis de acidos piperidinicos

Teniendo en cuenta la funcionalidad obtenida en dmdos precursores de estas dos sintesis
asimétricas como lo son los respectivos derivadasifo, se esta trabajando actualmente en el

desarrollo de diferentes derivados piperidinicos.

En nuestro grupo de investigacion, en algun tiesg@ropuso utilizar un producto comercial y
econOmicamente asequible como el ciclooctadiena @amentar la diversidad fleamino acidos
ciclicos. Al manipular cicloocta-1,5-dieno se llegola sintesis de derivados adecuados como
productos de partida en la aproximacion sintétepmductos naturales como (-)-Tashirorfing

Anatoxinaa.'®

104 Garrido, N. M.; Sdnchez, M. R.; Diez, D.; Sanz, F.; Urones, J. G., Tetrahedron: Asymmetry, 2011, 22, 872-

880.

% Marfa Jests Simén Lépez, “Reactividad de ciclooctadiencarboxilatos, aproximacion a la sintesis de
alcaloides (Tashiromina)”. Grado de Salamanca, 2001.

1% |manol Fernandez Cascén “Estudio de la reactividad de ciclooctadiencarboxilatos. Aproximacion a la
sintesis asimétrica de Anatoxina-a”. Grado de Salamanca, 2006.
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PN :
() — MESNES
(S)-C N

(-)-Tashiromina

(S ﬂ
MCPBA
Ph
H 2/
0 o COOR COOR /N COOR
Ph"N
(R-C
Anatoxin-a oxii XV
3% 67%

Esquema 40. Esquema retrosintético de la sintesis de (-)-Tastina y Anatoxinaa a partir de cicloocta-
1,5-dieno.

El paso clave en el control estereoquimico esikdé@mdde amiduros de litio quiral al cicloocta-1,5-

diencarboxilato (Esquema 40).

En el presente trabajo el principal objetivo es e$tudio de la reactividad de
ciclooctadiencarboxilatos y sus aplicaciones etesis asimétrica como lo es la sintesis de &cidos
B-aminociclooctanicos que aumenten la diversidadoderesultados ya obtenidos asi como la

continuacion y nuevos aportes a la aproximaciola @éntesis de Tashiromina y Anatoxiaa-
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Enghlis summary: Objectives

OBJECTIVES:

Taking into account the progress that has been made in the study of the reactivity of
cyclooctadienecarboxylates and its different applications in asymmetric synthesis through
application of the Michaedl addition of chiral lithium amides methodology, in this work we want to
carry on with the contribution to these different fields that have been studied and have been of

interest in the research group:

» Asymmetric synthesis of f-aminocyclooctane carboxylic acids.

» Approximation to the synthesis of Tashiromine.

» Study of the reactivity of (1E,32)-tert-butyl 5-oxocycloocta-1,3-dienecarboxylate, as a key
adduct in the synthesis of Anatoxin-a.

» Approximation to the synthesis of Anatoxin-a.

Given the importance that the synthesis of pB-amino acids with conformationa rigidity for the
formation of controlled shape oligomers has had in the recent years, we find interesting to study -
aminocyclooctane carboxylic acids as shown in the following scheme and derivatives such as | 11,
wherein different substituents can be introduced into the cyclooctanic system and can modify both

the tertiary structure and the solubility in water of the final B-peptide.

L

Ph™ °N COOH

COOH O HoN COOH
O |:> I T R1T2_S
Ph RSRs

2

B Amlno;:():(lc(;ooctanlc N COOH n
Ju
Scheme 41.

Due to the high potential of some found adducts during the course of the B-aminocyclooctane
carboxylic acid synthesis to be used in the synthesis of akaloids, there is concern regarding to the
development of a synthesis aimed to obtain Tashiromine as part of the indolizidine alkal oids group,

which can be afforded as stated in the following retrosynthetic scheme.
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Ph

CH20H ~N  COOR COOR

a = @:Cji@

Tashlromlne
Ph

N COOR COOR
Scheme 42.

In search of a key adduct to the development of the synthetic route of Anatoxin-a, we get to the
optimization of 5-oxo functionalized adduct, which required a detailed study and whose reactivity
occupies a considerable part of thisresearch work and the derivatives synthesized from this one can

be possible precursors for the production of different types of akaloids.

Ph
COOR COOR )\N COOR H
Ph N O
(0] (0]
o K/O K/O Anatoxin-a
ALKALOIDS

Scheme 43.
Specific Objectives:

1. Synthesis of starting materias:
- Cyclooctadiene a,3-unsaturated esters additional functionalized as a Michad acceptors.
2. Study of the Michadl addition reactions of chiral lithium amides to cyclooctane
carboxylates mono- and di-unsaturated systems.
Asymmetric synthesis of -aminocyclooctane carboxylic acid.
Study of the reactivity of (1E,32) tert-butyl 5-oxo-cycloocta-1,3-dienecarboxylate:
a) Reactivity with chiral lithium amides.
b) Reactivity with primary, secondary and tertiary amines.

¢) Reactivity with aniline.
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Reactivity of tert-butyl and methyl 5,5-ethylenedioxycycloocta-1,7-diene-1-carboxylate in
the approximation to the synthesis of Anatoxin-a.

Study of the reactivity and stereochemistry of the obtained adducts by:

a) Chemical transformation.

b) Spectroscopic analysis.

Mechanistic interpretation of the achieved products.
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Preparation of starting materials

PREPARATION OF STARTING MATERIALS:
Reactions of Cycloocta-1,5-diene and cyclooctene:

Preparation of di-unsaturated esters:
The synthesis of intermediatés and 7 were achieved using cycloocta-1,5-diene as startin

material, which is commercially available, followinmouteA (Scheme 44).

Me3SiO COOR COOR

SHCRNSE OO

=H
6 R_ tBU 7

Scheme 44. Reagents and conditions: (a) MCPBA, DCM, 0°C-r.t, 72%. (b) M&8ICN/EbAICI, 100%. (c) i:
KOH/ ethylenglycol. ii: HCI aq, quant., 98% 1:1) (BFAA/'BUOH, 80% (15% of the acid are recovered).

Treatment of cycloocta-1,5-diene with MCPBA for &Gin provided by vacuum fractional
microdistillation: monoepoxidd. with 72%, di-epoxide2 with 22% and recovery of starting

material 6%.

O O
MCPBA
S +
© DCM, 0°C - r.t. ©
1.5h.
(¢}
50 mL 1 2
30.6€ 72% 22%

Scheme 45. Oxidation reaction of cycloocta-1,5-diene with MCRB

Under treatment with cyanotrimethylsilane usingAEEl as catalyst, compountiwas set to react
and vyielded regio and stereoselectively 2-trimedihgky-cyclooct-5-enocarbonitril® in 100%
yield. The studies of Utimott)’ showed the effect of the catalyst in the regio siedeoselective
opening of oxiranes using cyanotrimethylsilane dadending on the reaction conditions, it could
be obtained isonitriles or nitriles due to the aalit character of the reagent, as it can be obderve

in Scheme 46.

%7 1mi, K.; Yanagihara, N.; Utimoto, K. J. Org. Chem. 1987, 52, 1013-1016.
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R4 CN . R, H . CN H
Me3SiCN Me3SiCN
RZ"H"RS 4% RZ"W"R:S 3T> Ry .>_<..R3
Me3SiO H 0 R} OSiMe3

Scheme 46. Reagents and conditions: (i) Al(Oi-Pr);, iBu,AlOi-Pr, ELAICI. (ii) PA(CN),, SnC}h, Me;Ga

In previous studies conducted in our research grdifferent catalysts have been tested in the
opening of monoepoxidé and in the presence of cyanotrimethylsilaneBasAlOiPr, Al(GiPr)
and E$AICI. It was observed that in the reaction whergAELl was used as catalyst, this one was
guantitative and regioselective affording compoGmnehich presents the two substituentsrans-
disposition as it showed the geminal proton-pratonpling (7.9 Hz) and the signal at 2241tm

in its IR spectrum confirms the presence of thelaigroup.

By treatment of the nitril& with KOH followed by HCI additioff® it was obtained a 1:1 mixture
of the acid¢d and5 that could be resolved by column chromatography abel best isolated by CC

at the ester stage.

It has been studied different methods to estehig/mixture of the acid4 and5 to optimize this
step (Scheme 47). In all of them, it was obtained tinsaturatedert-butyl estersé and 7,
respectively, as a 1:1 mixture. The reaction inghesence of isobutylene was carried out in acid
media at 78°C to afford the esters in 71% yield. The reactiothwért-butanol was set up at
room temperature but the addition of TFAA and tlwetol was carried out at 0°¢° to afford the
esters in 78% yield. On the other hand, the additibtert-butyl trichloroacetimidaté® in the
presence of BFELO leads to the same results with 82% vyield. In éh#see procedures the

obtained yields are similar and the starting mat@an be easy recovered by acid-base extraction.

1% prout, F. S.; Hartman, R. J.; Huang, E. P-Y.; Korpics, C. J.; Tichelaar, G. R. Org. Synth. Coll. 1963, 4, 93-98.

109 (a) “Sintesis Asimétrica de B-aminoacidos ciclopentanicos via Adicion de Amiduros de Litio Quirales y
Resolucion Cinética Paralela”. Mohamed Merouane El Hammoumi, Tesis Doctoral 2002.( b) Garrido, N.M.;
El Hammoumi, M.M.; Diez, D.; Garcia, M. and Urones, J. G. Molecules 2004, 9, 373-382.

1o (a) Greene, T. W.; Wuts, P. G. “Protective Groups in Organic Synthesis”. Wiley-Interscience publication.
1998, p. 373, 404-407, 506-507. (b) Kocienski, P. J. “Protecting Groups”. Foundations of organic chemistry
series. 1994.

1 (a) Armstrong, A.; Brackenridge, I.; Jackson, R. F. W.; Kirk, J. M. Tetrahedron Letters, 1988, 29, 2483-
2486. (b) Baldwin, J.E.; Adlington, R. M.; Gollins, D. W.; Schofield, C. J. Tetrahedron, 1990, 46, 4733-4748.
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L

COOH COOH m COO'Bu COO'Bu
@ @ IBUOHY - - © @
+ +
78%
4 5 v 6 7
82%

NH

CI3C)J\O’BU, BF3-Et,O

Scheme 47. Methods to esterify the mixture of the aciland5.

In spite that the higher yield is obtained wiht-butyl trichloroacetimidate, the conditions that we
chose as the best procedure were with TFAA'Ba®H because this reaction presents operational

advantages and the recovery of starting materedsser and faster.

Preparation of monounsaturated esters:

Alternatively, starting with cyclooctene, route Bcheme 48) and following the same path of
reactions: epoxydation, opening of epoxide and dlydis we obtained compountD that by
esterification led to the parent estdr This route gave poor yield, especially in therdpg of the

epoxide even when we tried with different Lewisdacatalysts.
MesSiQ  CN COOR

O?C:)L ) =

10R=H
dE11 R=Bu

Scheme 48. Reagents and conditions: (a) MCPBA, DCM, 0°C-r.t, 100%. (b) M8ICN/ELAICI, 20%. (c) i:
KOH!/ ethylenglycol. ii: HCI aq, quant., 85% 1:1) (BFAA/'BUOH, 80% (15% of the acid are recovered)

Nevertheless, hydrogenation 6fand 7 separately, or as a mixture, gave compodfdwith

excellent yield.

COO¢-Bu COO¢-Bu

EtOAc, PtO,

—_—
Ho, r.t., 30 min
97%

Scheme 49. Hydrogenation reaction conditions
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ASYMMETRIC SYNTHESIS OF (1S,2R)-2-AMINOCYCLOOCTANECARBOXYLIC
ACID:

With the tert-butyl cyclooct-1-ene carboxylate&g 7 and 11 in hand, we tried the protocol of
asymmetric Michael addition of chiral lithiud-benzylN-a-methylbenzylamideR)-C, to obtain
precursors adducts of tfieamino acid target moleculéa different starting materials, in order to

simplify and get the most efficient synthetic ro(@&eheme 50).

COO'Bu

6
H,N  COOH COO'Bu ©

COO'Bu

ZOZQ

11

Scheme 50Retrosynthetic analysis for the asymmetric synthef3-cyclooctanic amino acid

Michael addition of chiral lithium N-benzyl-N-a-methylbenzylamide R)-C:

The methodology and procedure followed for the Mahaddition of R)-C, as previously
mentioned, is that one introduced by Davies al.®*® who have recently published a
comprehensive review in this area of chemistry dogethe scope, limitations and synthetic
applications of the use of enantiomerically purthilim amides as homochiral ammonia

equivalents in conjugate addition reactions.

As it can be observed in Scheme 51, the correspgfidamino ester derivatives: $PR,aR)-12,
(1S2R,aR)-13 and (I52R,aR)-14 were achieved stereoselectively, in 42%, 100% 149 yields,
respectively. Contrary to §2R,0R)-12 and (52R,aR)-14, that were stable upon purification.
However, chromatography on silica gel of the cradetaining (5,2R,aR)-13 led to the required
compound in 22% vyield, which allowed its characation, together with cycloocta-1,7-
dienecarboxylat@-and R)-N-benzylN-a-methylbenzylamine. Due to the instability of corapd

13, retro-Michael reaction of the latter leads baxK tvhich is more stable on silica gel. To assess
this reaction, a solution of 2R aR)-13 with Si0, in DCM was stirred for 1 hour, and the retro-

73



Results and Discussion chapter 11

Michael compound¥ and R)-N-benzylN-a-methylbenzylamine were obtained quantitatively.
The higher acidity of H-C-1 within 82R,aR)-13 related to the other Michael adducts accounts
for this behavior and could be used in synthetigats'*> Nevertheless, crude $2R aR)-13 could

be used for further reaction or purified by crylstation in a mixture of hexane and ether (Annexe
A).

L

COO'Bu Ph™ "NBn COO'Bu
. A
© —_— O 7 + Ph NHBn
42%
6 (1S,2R0R)12 b
/L 100% /L
COO'Bu Ph™ "NBn COOBu Ph™ "NH COO'Bu
_a . _c .
100% 23%
7 (1S,2R0R)-13 (1S,2RaR)-15
77%ld 57%lc
COO'Bu Ph/LNBn COO'Bu COO'Bu COOCH
_a
15% T00% 100%
11 (1S,2R0R)-14 (18,2R)-16 (18,2R)-17

Scheme 51Reagents and conditions: (a) lithildrbenzylN-a-methylbenzylamideR)-C, THF, -78°C, 2h.
(b) SiG,, DCM, quant. (c) Pd/C, 5IAcOH, 4 atm, 24 h. (d) POH,, EtOAc, 3 h. (e) TFA, quant, 1.5 h, r.t.

The results obtained suggest a way to differentigteeactivity the Michael acceptosand 7
(Table 1). Interestingly, when a 1:1 mixtureGand7 was subjected to reaction witR){C (1.6
equiv, Entry 4) over 30 min §2R,aR)-13 was obtained together withand a minimum amount
of (1S2R,aR)-12 that can be easily separated.

Table 1.
Enty | 6:7 | t(min) | (R-C(eq) | 6(%) | (IS2RaR)-12 (%) (15'2(%”'13
1 1.0 120 >4 22
2 0.1 120 2.4 100
3 1.3 120 2.4 10 60
4 1.1 30 16 26 2 49

The '"H NMR spectrum of ($2RaR)-12 shows a NOE effect between H-C-1 and H-C-2
confirming acis relationship (Fig. 15), which was anticipated bg established way of addition of
lithium amide R)-C and when the acceptor has andlkyl substituent, as applied by Davigsl.

to the synthesis of cispentach.

12 Garrido, N. M.; Diez, D.; Dominguez, S. H.; Garcia, M.; Sanchez, M. R.; Davies, S. G. Tetrahedron:

Asymmetry, 2006, 17, 2183-2186.
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thm%

HI:. .\\H

Figure 15.Nuclear Overhauser Effect correlations of compoLd

The configuration of the newly formed stereogergatoe was confirmed to be §PR) through

single-crystal X-Ray structure analysis (Fig. X), the case of @2R.0R)-13 product™ and
corroborated the stereochemistry of related comgeun

Figure 16.Representation of the molecular structure &2R,aR)-13 obtained by X-Ray

As a background of this research, it was propostiiglly that the structure of the di-unsaturated
ester6 corresponded to the cycloocta-1,5-dienecarboxykdtieh led to formulate that this ester
after the Michael addition will be a potential puesor in the asymmetric synthesis of tashiromine
(Scheme 52) and also to formulate a hypothesisxptam the different reactivity and yields
obtained after the addition of the chiral lithiumide betwee and7.***

Ph
Ph/'\N)
H (£)H20H U COOR
Z (R)-C
a0 = )
(-)-Tashiromine €

Scheme 52Retrosynthetic analysis of (-)-Tashiromine fromlogcta-1,5-dienecarboxylate

113 crystallographic data (excluding structure factors) for this structure has been deposited at the Cambridge
Crystallographic Data Centre as supplementary material n2. CCDC 705369.

114 Garrido, N. M.; Blanco, M.; Cascon, I. F.; Diez, D.; Vicente, V. M.; Sanz, F. and Urones, J. G. Tetrahedron:
Asymmetry 2008, 19, 2895-2900.
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Initial analysis ofH NMR spectrum of compoungl suggested an almost symmetric structure for
this compound. There are only two signals at dosWifi5.69 and 6.92 ppm and three signals at
high field: 2.06, 2.33 and 1.43 ppm to be obser{fad. 17), which agrees with a symmetric
structure. On the other hand th&NMR spectrum from compouril(Fig. 18) shows according to
the Pascal's triangle, which is normally introdugethe discussion of proton magnetic resonance,
a triplet g 8.0) for H-C-2 at 6.85 ppm, a doubldt}1.2) for H-C-8 at 6.09 ppm and a doublet of
triplets g 11.2 and 7.2) for H-C-7 at 5.80 ppm.

ppm
6.92702
6.91730

=

COO'Bu

6
N G A
E 4 = i 5
oon 7 g 3 2 H
Figure 17.*H NMR spectrum of compourgl
g2l GERELEEED RERIIIERRC3a83283%513
N/ N SN SN/ N SN
Chus ar 28-32
1H CDCI3
528 g8 g8
\I/ N\ s g
COO'Bu 3 T T
7
‘ S:B 6:7 5‘.6 8:5 S.‘4 6.‘3 6.2 Gj‘ 6.‘0 5.‘5 ip;:m
230 225 220 2.15 210 j_pp; r
il T /C/\ﬁ )L
7.0 6.5 a‘n srs 5.‘0 a5 4fo 35 30 2'5 20 15 ppm

Figure 18."H NMR spectrum of compourid
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Full characterization 06 was carried out using 2-D NMR techniques (Table s 2D NMR
part), to establish its structure unambiguouslytrélation between H-2 and H-3 was observed by
COSY (Fig. 19.).

rrrrrr 0188 Magda B F-7 |
5

|

i
R L]

Figure 19.COSY spectrum from compourd

Table 2.0ne bond and long-range 2B-*C correlations for compourgi

c e One bond Long-range connected
OH protons

1 133.6 3

2 135.7 6.92 4,8

3 1354 5, 69 1,5

4 124.5 5, 69 6

5 29.8 2.06 3

6 21.9 1.43-1.52 4

7 24.1 1.43-1.52 5

8 26.3 2.33 2,6

COOC(CH3)3 166.0 2,8

COOC(CH3); 79.9 (CH)s

COOC(CH3)s 28.2 1.43 C(CHa)s
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After exhaustive determination of the structurecofmpoundé and due to the great difference in
reactivity by addition of the chiral lithium amid&)-C between compounds 7 and11, it was
decided to carry out a conformational analysishefse substrates. The presence of an additional
double bond, in the conjugate estérand 7, might change the conformational profile of the
substrates, which are determinant in the postesgmmetric Michael addition. For this reason
was carried out with Jaguar v. 7-8.,applying Density Functional Theory (DFT) with the
Becke'$' three-parameter hybrid exchange (B3) together with Lee-Yang-Parr't (LYP)
correlation functional (B3LYP). 6-31G(df basis set has been chosen to perform the catmsati

because it provides good accuracy/time ratio.

First, the structures of the substrates were miedi using OPLS-AA as force field. Then,
conformational search was achieved to each steiatith the same parameters: those results
within a 10 kJ/mol range from the minimum were relenl to subsequent DFT optimization. The
choice of this energy range permits to take th&%9of the conformational structures duetso
population according with Boltzmann distribution1®5.15 K (-78°C, reaction temperature). The
selected structures were then optimized through BBILYP/6-31G(d). Final vibrational mode
analysis was accomplished to check the natureeofrtimima. The results are showed in Table 3,

together with those internal coordinates which befines each conformer.

Table 3.Relative energies and populations of the obtaimedarmers

Conformer Relative-energy Population Relative Michael Dihedral
kJ/mol # percent” conformation angle(®)©

1lla 0.31 26% s-trans -08.8

11b 0.00 32% s-trans 98.7

11c 0.27 27% S-Cis 98.8

11d 1.29 14% S-Cis -08.8

6a 0.00 58% strans -83.3

6b 0.53 42% s-cis -83.3

7a 0.00 84% s-cis 82.6

7b 2.71 16% strans 82.7

®Relative energy to the most stable conformer it eacies.
®Population at 195.15 K.
° The dihedral angle listed is the C(4)-C(5)-C(6}-dihedral angle.

1> Jaguar, version 7.6, Schrodinger, LLC, New York, NY, 2009.

1% Backe, A. D.; J. Chem. Phys. 1988, 38, 3098.

7 | ee, C.; Yang, W.; Parr, R. G.; Phys. Rev. B, 1988, 37, 785.

Hehre, W. J.; Radom, L.; Schleyer, P. v. R.; Pople, J. A.; Ab Initio Molecular Orbital Theory, Wiley, New
York, NY, 1986.
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saleaf ca i
2K,

@ @k@ {}M«é o3

A
Ta 7b

Figure 20. Structure of the minimized conformers of the thkéiehael acceptors.

In compoundLl, four conformations were founded (Fig. 20), whosen differences are from two
dihedral angle changes: endocyclic C(4)-C(5)-C(6)}Cdihedral and the exocyclic O(ester)-
C(ester)-C(1)-C(2) torsion. Observing the Tableer¢his no special selectivity to a defined

conformer, so the ratio between them is almostregigcular at 195.15 K.

Compound6 only shows two major conformers, differing in thelative disposition of the
carbonyl double bond. The ratio of almost 1:1 imaekable, which is equal to the ragdrans/s-
cisof 11 In 6 and7, the disposition of both endocyclitdouble bonds is non planar, otherwise

the steric tension of the ring would be too muaihbr.

On the other hand, compouidshows a different behavior, beifg@ the most stable conformer
without any doubt. This is reasonable, having & lamthe structures in Figure 20: thdrans
conformer has a strong interaction betweenstherbitals of the carbonyl system and the 7,8-
double bond, which has an energy penalty for tbig@mer. Then, the-cis conformer is more
stable than the other analogs and according tamhertance reported by Daviesal,.**® of the
s-cis conformation in the conjugated addition, due sixamember transition state characterized.
So, it is reasonable to think that the conformatigeredisposition of the substrates is a limiting
factor in the posterior asymmetric conjugate additiNevertheless, a more detailed mechanism
reaction pathway study is required to check theselts and further studies involving this issue

are being developed.

Finally, returning to the explanation of Schemeaslit is summarized below, hydrogenolysis of
(1S2R,aR)-13 gave the monodebenzylated compoun§2R,aR)-15 in poor yield due to retro-
Michael reaction, but the strategy of hydrogenatiorgive (152R,aR)-14 (77%), followed by

79



Results and Discussion chapter 11

hydrogenolysis (100%), provided §2R)-16 with an excellent overall 77% yield in four steps.
Treatment of ($2R)-16 with trifluoroacetic acid gave rise to tifgamino acid (§2R)-17
quantitatively[a]2°=-16.5 € 0.7, HO), [lit. " For (IR 29-17 [a]?°= +17.8 € 0.4, HO)].

COO'Bu NBn COO'Bu NBn COO'Bu COO'Bu COOH
@ 100% @ 77% @ 100% O 100% O
(18,2R,aR)-13 (1S2R,aR)-14 (1S2R)-16 (18,2R)-17

Scheme 53Reagents and conditions: (a) lithildrbenzylN-a-methylbenzylamideR)-C, THF, -78°C, 2h.
(b) PtG, H,, EtOAC, 3 h. (c) Pd/C, $1AcOH, 4 atm, 24 h. (d) TFA, quant, 1.5 h, r.t.

" Eorré, E. and Fiilép, F. Org. Lett. 2003, 5, 1209-1212.
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FUNCTIONALIZED CYCLOOCTANE-B-AMINO ACIDS:

The contribution made by Fuldal. in 2010%" introduced to literature as the first time exaraple

of mono and di-hydroxylated cyclooctarfieamino acids, which can be used as staring material
in the synthesis of peptides and different heteriasywith high biological potential. This research
work is focused in the functionalization of the dta bond from thecis-2-aminocyclooct-5-

enecarboxylic acid with the amine group protect&chéme 54).

I +
NH SNH, 4o 'NH
@)1 (+)-N ) (-
n V
RS
IR.COOEt @cooa {B.COOH
o (1]
55 NHBoc 55" NH,.HCI %s~NHBoc

(v (v (Vi

Scheme 54. Reagents and conditions: (i) Lipase,iPr,O, 70°C. (ii) SOC], EtOH, 30 min, 0°C, 3 hr.t, 1 A,
88%. (iii) EEN, BogO, THF, 2 h, r.t, 91%. (iv) Dioxanei®d, BocO, 4 h, r.t, 76%.

The racemi@-lactam (+)} was prepared by 1,2 cycloaddition of chlorosultdagcyanate (CSl)
in dry DCM at room temperature. Tiseamino acid (+)H was synthesized from (1)by highly
enantioselective lipolase-catalysed ring openinth Vi equiv of HO in iPrL,O at 70°C'?° The
enantiopure amino acid (4)-(ee > 99%) was esterified in the presence of E&#DH SOC] to
furnish amino ester hydrochloride (Y- which was then reacted witert-butoxy pyrocarbonate,
affording theN-Boc amino ester (-‘%. An alternative synthesis of (¥); which was used in the
case of racemic compounds, comprised hydrolysigtpd with 22% ethanolic HCI at room

temperature to give (H)V, which was then acylated (Scheme 54).

The  starting material in  the iodolactonization teac was  cis-2ert-
butoxycarbonylaminocyclooct-5-enecarboxylic acig\(t, which was prepared from (+)-with
Boc,O, while (£)V1 was synthesized by the ring opening of (#ith 18% aqueous HCI and after
acylation with ditert-butyl dicarbonate.

2% Eorré, E.; Fiilép, F. Tetrahedron: Asymmetry 2004, 15, 2875-2880.
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O

! COOH | @ " d
2s NHBoc s NHBoc 2s"NHBoc
(Vi / (v
@ 8 COOH
25" NH,.HCI V' s NH2

()X (X

Scheme 55. Reagents and conditions: (i) I,/KI, NaHCQO;, DCM. 20 h, r.t, 71%. (ii) BssnH, DCM, 20 h,
40°C, 76%. (iii) Microwave irradiation, @, 1h, 150°C, 65%. (iv) 10% HCI4, 24 h, 82%. (v)
Microwave irradiation, KO, 1 h, 150 °C, 65%. (vi) propylene oxide, 1Ah652%.

TheN-protected acid (-)#1 reacted with#Kl/agueous NaHC®in DCM to give iodolactone a (-)-
VIl regio- and diastereoselectively as a white cryelbroduct, in good yield. Reduction of the
iodo group with BYSnH in DCM yielded lactone (Y411 which, after hydrolysis with microwave
irradiation gave (R,2S6R)-2-amino-6-hydroxycyclooctanecarboxylic acid X)in good yield.
When ring opening of the Boc-lactone ¥£)4I was attempted with HCI, deprotected lactone (-)-
I X was observed, which was transformed to hydroxyaaracid (-)X upon microwave irradiation

followed by heating in propylene oxide (Scheme 55).

The 5,6-dihydroxyB-amino acid (-)XII (Scheme 56) was yielded lajs-hydroxylation catalyzed
reaction with Os@ and N-methyl-morpholineN-oxide (NMO) as the stoichiometric co-oxidant

afforded the desired product K)-as a single diastereoisomer in good yield.
U COOEt : fSCjRECOOEt ; ﬁs/;jRECOOH
28 NHBoc HO 5R 28 NH2 HO 5R 2S NH2
QR (X ()-xn

Scheme 56. Reagents and conditions: (i) 2.0% w/w Os@t-BuOH, NMO, acetone, 4 h, r.t, 91%. (ii)
Microwave irradiation, KO, 1 h, 150°C, 69%.

APPROXIMATION TO THE SYNTHESISOF TASHIROMINE:

Tashiromine is an indolizidine alkaloid, was firsblated in 1990 fronMaackia Tashiroi, a bush
from subtropical Asia and due to the low isolategamfity, its rotation power an absolute

configuration was unknowft until 1997, which total asymmetric synthesis waported by

121 Ohmiya, S.; Kubo, H.; Otomasu, H.; Saito, K.; Murakoshi, I. Heterocycles, 1990, 30, 537-542.
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Functionalized cyclooctane-f-amino acids: Approximation to the synthesis of Tashiromine

Branchaud research grotfdthrough an alkylation of pyrroles, this methodglagas used a years
later by Smithet al."*

Tashiromine has been a popular objective amongyththetic chemist and until today there have
been reported around 15 total synthesis, obtairif)gashiromine*’as well as each of its

enantiomer using a large number of synthetic stéped specially to the establishment of the
asymmetric centers. Due to the large number oflastipublished about this topic, we will focus

on the most recent and relevant for the developwiethis work.

The first synthesis of tashiromine was carriedinut990 by Nagao (Scheme 57 this synthesis
was developed using as a key step the alkylatiobrA€etoxy-2-pyrrolidinone employing chiral
tin(Il) enolates obtained from treatment of theresponding 3-acyl-&)- or 4(R)-isopropyl-1,3-

thiazolidine-2-thiones to control the diastereosiiNgy of the reaction.
_ 2H—x * _
OAc O§:/ H

*T_0-Sn(ll) - = H
5 N, H
Cl U) S

—N 'S

‘\\\;H

—OH

T*=

Scheme 57. First reported synthesis of tashiromine

In 1997 the synthesis of both tashiromine enantisnveas performed in 13 steps by Bruce
Branchaud?® Cyclization of (5N-pyrrolyl-2-hydroxypentyl)-cobaloxime proceeded by
intramolecular electrophilic aromatic substitutioina cobaloximer cation onto the pyrrole ring to
provided 6-exo cyclization producKIll in 95% vyield and this cyclization is highly

enantioselective (Scheme 58).

22 Gage, J. L.; Branchaud, B. P. Tetrahedron Letters 1997, 38, 7007-7010.

Banwell, M. G.; Beck, D. A. S.; Smith, J. A. Org. Biomol. Chem. 2004, 2, 157-159.

2% For selected syntheses of racemic tashiromine, see: (a) Beckwith, A. L. J.; Westwoods, S. W. Tetrahedron
1989, 45, 5269-5282. (b) Pandey, G.; Lakshmaiah, G. Tetrahedron Lett. 1993, 34, 4861-4864. (c) Kim, S. =H.;
Kim, S.-l.; Lai, S.; Cha, J. K. J. Org. Chem. 1999, 64, 6771-6775. (d) Bates, R. W.; Boonsombat, J. J. Chem.
Soc., Perkin Trans. 1 2001, 654-656. (d) McElhinney, A. D.; Marsden, S. P. Synlett 2005, 2528-2530. (e)
Amorde, S. M.; Jewett, |. T.; Martin, S. F. Tetrahedron, 2009, 65, 3222-3231.

125 Nagao, Y.; Dai, W. M.; Ochiai, M.; Tsukagoshi, S.; Fujita, E. J. Org. Chem. 1990, 55, 1148-1156.

Gage, J. L.; Branchaud, B. P.; Tetrahedron Letters, 1997, 38, 7007-7010.
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HO —Co(dmgH),Py
:  Co(dmgH),Py E a2

HO
— - OH . — N
s m
[\ N~ 4\ N~ -\
N
H
o o (RIS)-XIII
Ve Ill\ ';'/N Me
Co(dmgH)2Py = I 3, 1
Me' '}‘ py N Me
fe) (0]

N

H

Scheme 58. Reagents and conditions: (i) TsCl, EsN, DMAP, DCM. (ii) Na[Co(dmgH)Py], MeOH. (iii)
PPTS, CHJ, r.t.
In 1999, Gerard Lhommet al."*" carried out the synthesis through an asymmetdaation of a
B-enamine di-ester controlled by the auxiliarg)-¢-methylbenzyl joined to the pyrrolidinic

nitrogen as shown in scheme 59.

H H
Br ) COOMe N COOMe
4}5 R MeOOC/\/kCOOMe A % Lb

. - (CH2)2COOMe
Ph™ I\H Ph" I\H o)
Me Me

Scheme 59. Reagents and conditions: (i) Phs, NEt,, CH;CN.

Other approximation was reported by McElhinney atarsden'”® through an intramolecular
addition of allylsilane tdN-acyliminium ion to obtain the indolizidine skelat¢4.3.0]-azabicyclo
(Scheme 60), wherein the vinyl group acts like adba to install the lateral chain which
incorporates the hydroxy-methyl proper of the tashine. A years later, this research group
reported the racemic synthesis of tashiromine usiiregsame methodology and new advances
aimed to its asymmetric synthe§i3The synthesis of azabicyclos assembled by intracoder
cyclizations of allylsilane/N-acyliminium where dir studied by Hiemstra and Speckamp in
1985

i SiMeg_ o
oy N 4 | D
(@) /\/\/
N — N — ,\Q — N — ¥ OH
% i ® o | Me3Si,, 7 OH Me,Si” 7

Scheme 60. Formation reaction of the indolizidine [4.3.0]-bizAclo skeleton

127 David, O.; Blot, J.; Bellec, C.; Fargeau-Bellassoued, M-C.; Haviari, G.; Célérier, J-P.; Lhommet, G.;

Gramain, J-C.; Gardette, D. J. Org. Chem., 1999, 64, 3122-3131.

28 McElhinney, A. D.; Marsden, S. P. Synlett, 2005, 2528-2530.

Marsden, S. P.; McElhinney, A. D. Beilstein Journal of Organic Chemistry, 2008, 4, 8.

3% Hiemstra, H.; Sno, M. H. A.M.; Vijn, R. J.; Speckamp, W. N. J. Org. Chem. 1985, 50, 4014-4020.
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131 \wherein a novel domino

Among the most recent published synthesis is tlzatenioy Chiowet al.
reaction, alkyne-mediated domino hydroformylatiawhle cyclization was carried out for rapid

preparation of indolizidine type alkaloids (Sche®ig.

R
R R R | Sol._R
i @ i o ; |
( Z RICOm: | Il ( [N +Sol,
mH | H*/Protic Solvent m H) M (T ’ _»( m HY (T
N\) N N -H0 N N N
@
0] o) o) o) 0) o)
XIvV XV XVI XVl Xvill XIX
m=162

Scheme 61. Domino reaction in the obtention of indolizidingogyalkaloids

The bicyclization process is initiated by Rh-cataly hydroformylation of amid¥1V, affording
exclusively linear aldehydXV as the major product. This aldehyde through a tsp@ous
intramolecular cyclization leads to the formatidnttee hemiamidalXVI. In the presence of an
acid, dehydration of hemiamidalVI yields N-acyliminium XVII. Subsequent intramolecular
cyclization of N-acyliminium XVII with the alkyne moiety as @ carbon nucleophile leads to
formation of a cation intermediateVIll, followed by solvent addition to yield bicyclo mhact
X1X, which completes the whole bicyclization procéas.demonstrate the viability of this novel

methodology, it was easy to achieved the syntlufgis)-Tashiromine (Scheme 62).

0._O0. HO
yz PMP MCPBA %:/H PMP E H
=z HFIP/DCM, N LiAlH, NG
H | phosphate buffer THF, reflux
N 40°C, 66% N 73% N
0 o}

PMP = 4-MeOCgH,

Scheme 62. Reagents and conditions: (i) Rh(acac)(CGO)(0.5 mol%), BIPHEPHOS (1.0 mol%), CO (2 atm),
H, (2 atm),p-TSA (10 mol%), AcOH, 60°C. (ii) KCO; (25 mol%), MeOH, r.t

By treatment of the ketone using the Uneyama pobfdtit can be obtained the indolizidine ester
showed in the previous scheme with 66% yield and bgduction reaction with LiAllit can be
achieved Tashiromine in 73%. The overall yieldhi$ isynthetic route is 33% and the alkaloid can

be reached in 4 steps.

B Chiou, W-H.; Lin, Y-H.; Chen, G-T.; Gao, Y-K.; Tseng, Y-C.; Kao, C-L.; Tsai, J-C. Chem. Commun., 2011, 47,

3562-3564.
132 Kobayashi, S.; Tanaka, H.; Amii, H.; Uneyama, K. Tetrahedron, 2003, 59, 1547-1552.
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Other recent approach to the synthesis of indalizidalkaloids like Tashiromine has been
developed by Racet al.'*® utilizing ring closing metathesis followed by aemtoselective

hydrogenation and usirigproline as starting material.

OH b (_)\/ d
O\COOH 95‘% (3\/ OH — OBn

H 69% N 89°/ N 88% N
o Boc Boc Boc OH
L-prolina
OBn 91 %1e

OBn ~> OBn - OBn
82% C&g 80% W 99% O\(\ 61%

55:45 ratio (H,, Pd- C)
74:26 ratio (H,, PtO2)

go%lk

Scheme 63. Reagents and conditions: (a) LiAlH,, THF, 0°C-t.a, 1 h. (b) (i) DMSO, (COGJ)EtN, DCM, -78°C, 1
h. (ii) PhP=CH,, THF, -10°C, 3 h. (c) OsQNMO, acetone/kD (3:1), 0°C-rt, 6 h. (d): (i) B&&nO, tolueneA, 8 h. (i)

BnBr, TBAI, A, 16 h. (¢) TEMPO, NaBr, NaOCI, NaHGQoluene/EtAc/HO (3:3:1) 0°C, 1 h. (f) P®=CH,, THF,

-10°C, 4 h. (g) TFA/DCM (1:1), BN, 0°C, 1 h. (h) 3-butenoic acid, ethylchloroforma@M, THF, 0°C-rt, 3 h. (i) 10
mol% Grubbs cat.12 generation, DCM, 50°C, 6 h. ())H,, Pd-C, MeOH, rt, 2 h. (ii) benzoyl chloride, Nt cat
DMAP, DCM, 0°C, 2 h. (k) KCO;, MeOH, rt, 2 h.

As shown in scheme 63, by the reductiorLgdroline with LAH is obtained the alcohol, which
was converted to the olefin through Swern oxidatfollowed by the Wittig homologation. The
di-hydroxylation of the olefin led to the diasteismmmeric mixture of diols, followed by a
regioselective benzylation with B&nO in toluene and addition of benzyl bromide & pinesence
of catalytic TBAI gave the protected hydroxy-detiva in 88% yield. The secondary alcohol was
oxidized to ketone by treatment with TEMPO and sgjoent converted in olefin by a Wittig
homologation. Deprotection of the amine followedn®utralization of the resultant TFA salt with
EtN gave the secondary amine in 99% yield. Latteivdéve was subjected to an acylation
reaction by addition of 3-butenoic acid, ethylcbformate and NMM in THF achieving the
compound with the required lateral chain to obtii@ Tashiromine bicyclo, which underwent
ring-closing metathesis with*1generation Grubbs' catalyst to yield the unsatdratycle

derivative in 82% yield. Hydrogenation in the pmse of PtQ followed by protection of the

3 Reddy, K. K. S.; Rao, B. V.; Raju, S. S. Tetrahedron: Asymmetry, 2011, 22, 662-668.
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hydroxy group such as benzoate gai® andtrans-diastereomers in 74:26 ratio, respectively,
unlike the obtained in the presence of Pd-C (55:#83 last one could be isolated by preparative
HPLC. Deprotection of the benzoate group in eackhefisomers by treatment with,8O; in

MeOH led to obtention of closest indolizidine datives to the Tashiromine structure.

The last one and most recent is the total syntludgig-Tashiromina. It has been developed by the
research group of Brown? using imino-aldol reactions of enolates derivednfrphenyl 5-
chlorovalerate. High levels afn selectivity (dr~13-16:1) were obtained using lithi enolates of
phenyl esters in combination wittert-butylsulfinyl imines. The imino-aldol adducts were

deprotected and cyclized to afford (-)-epilupining-)-tashiromine, as shown in the following

scheme.
o $SI) PhO O HO
O~y H H
Q HN t-Bu 1) HCl/dioxano, LiAIH4, THF,
PhO 1) LDA, THF, -78°C, 30 min. Cl ta, 2 h. ta, 16 h. )
0 PhO n 2 K,CO Nal )y h
Q 2CO3, Nal, N N
cl 2) >rs\N J1h. ol MeCN, t.a, 16 h.
L~y n=1,78%, dr=16:1 n=1,56% n=1,69%
n n=2,70%, dr=13:1 n=2,59%% n=291%

n=1
n=2

Scheme 64. Synthesis of (-)-Epilupinine (n=2) y (-)-Tashirami(n=1)

34 cutter, A. C.; Miller, I. R.; Keily, J. F.; Richard, K. B.; Light, M. E.; Brown, R. C. D. Organic Letters, 2011, 13,

3988-3991.
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FUNCTIONALIZED CYCLOOCTANIC- B-AMINO ACIDS:

COOR RN COOR Ro,N  COOR H CH,0OH

@ = © = e 3D
OHC CHO

(1S,2R)-XX Tashiromine

Scheme 65Retrosynthetic pathway for the synthesis of Tashine

Our initial plan in the synthesis of Tashirominéeimded as a key step, after the Michael addition
of the chiral lithium amide, to perform the doublend rupture by an ozonolysis reaction to afford
the corresponding di-aldehyde, which by a hydrobesimreaction will lead in just one step to the
indolizidine skeleton, which by a reduction reactiof the ester will bring us to the desired
alkaloid. As we have obtained the 1,3-diene isomar,tried to model within it the proposed

reactivity and at the same time to afford high tioralized derivatives.

Reactivity of tert-butyl (1S,2R,aR)-2-N-benzyl-N-a-methylbenzylamino-cyclooct-3-ene-

carboxylate 12:

Firstly, the reactivity of isomer 82R,aR)-12 was studied. Cleavage of the double bond2n
would lead to a di-aldehyde, which in turn could then transformed into its amino-tri-acid
(Scheme 68).

Cleavage of the double bond in compourby direct treatment with ozone did not provide the

expected results and even strong reaction condjtioeatment with HG}"*®

previous to oxidation
also failed. It was suggested to attenuate thdivitgof the amine by getting an amide. As it can
be observed in Scheme 65, treatment of the honadieirtiary aminel2 with ceric ammonium
nitrate in aqueous acetonitrile resulted in cldamono-debenzylatidi® to yield exclusively, by
'H NMR spectroscopic analysis of the crude reactiimture, the corresponding homochiral
secondary amind8 which was isolated in 95% vyield after column chabography (Entry 1).
Unexpectedly, only in one reaction compour@icould be obtained in low yield. Daviesal.**’
have demonstrated that CAN mediatidedebenzylation protocol proceeds in uniformly good

yields for acyclictri-, di- and monaN-benzyl tertiary amines that do not cont&lfive or N-Et

%> Garrido, N. M.; Rubia, A. G.; Nieto, C.; Diez, D. Synlett, 2010, 4, 587-590.

Bull, S. D.; Davies, S. G.; Fenton, G.; Mulvaney, A. W.; Prasad, S.; Smith, A. D. Chem. Commun., 2000,
337-338.

137 Bull, S. D.; Davies, S. G.; Fenton, G.; Mulvaney, A. W.; Prasad, S.; Smith, A. D. J. Chem. Soc., Perkin Trans
1, 2000, 3765-3774.
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substituents, with preferential cleavage of umbhaddN-benzylic substituents overbranched\-

benzylic substituents (Scheme 66).

Ph F’h>
>\N COOt-Bu >\NH COOt-Bu HN COOt-Bu
PH Ph
CAN
CHyCN/H50 (5:1 Vi), *
r.t,
12 18 19
Entry 1 17 h. 95% -
Entry 2 20 h. 65% 14%

Scheme 66N-Benzyl elimination reaction of compout2iwith CAN

Thus, cleavage oN-a-methylbenzyl fragment by CAN treatment goes adathe published
results, but in spite of the fact that the onlyfetiénce between the two entries was the reaction
time; the only evidence to prove that this kincebfination took place was the isolation and full
characterization of compount® yielded in 14%, whoséH and **C NMR spectra show the
absence signals for the methyl group. In spitehef, tthe major reaction product in Entry 2 is

compoundL8 obtained in 65% yield and previously characterizeBntry 1.

According to the literature and related to the na@i$m of thidN-benzyl elimination from tertiary
amines:*’ competitive experiments with tertiaN:benzylN-4-methoxybenzyl-substituted amines
indicate that the outcome of the reaction is uradfe by arene substitution, implying initial single
electron oxidation by CAN at the tertiary nitrogeentre of the amino nitrogen rather than at the
arene ring of th&l-benzyl substituent but further mechanistic stueighin this area are currently

ongoing to delineate the reaction mechanism.

Different derivatives were prepared from S@RoR)-12 like (1S2R,aR)-2-N-(benzyIN-a-
methylbenzylamino)-cyclooct-3-enyl-methan2D (Scheme 67) by a reduction reaction with
lithium aluminium hydride achieve®0 in 55% vyield, which was submitted to protectiontioé
alcohol by introducing a benzyl group, th& NMR spectrum of the crude showed the recovery of

starting material.
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Ph Ph Ph

>\N COOt-Bu >\N CH,OH >\N CH,OBn
Ph PH Ph
LAH THF, NaH, 0°C
THF, 0°C - r.t, 48 h. BnBr, TBAI, r.t.
55% 8 h.

12 20
>\NH CH,OH
PH

‘ CAN
CH3CN:H,0, 60 h.

Scheme 67Preparation of other derivatives from compodd

Compound20 was also used as starting material in the preperadf a secondary amine by
addition of CAN. In spite of the long reaction tintee’H NMR spectrum of the crude showed the
recovery of starting material. Formation of an amolecular hydrogen bond is the most

reasonable explanation why the elimination of teeayl group did not take place.

e 1 IR 13-

NBn COOBu Ph” "NH COO'Bu Ph” "N COOBu Ph” N  COO'Bu
a b [ OHC
95% 74% 100% OHC
(1S,2R,0R)-12 (1S,2R,0R)-18 (18,2R,aR)-21 22
RoN  COOR H CH,OH
: N
(1S,2R)-XX Tashiromine
Scheme 68Reagents and conditions: (a) CAN, CHCN/H,O (5:1 v/v). (b) EN, AcClI, THF. (c) Q, DCM,
Me,S, -78°C

Upon reaction with Ba© at different temperatures and conditions (Taldleske experimental
part) and acetic anhydride the protection of treosdary amine in compouri8 did not happen
either. However, under addition of acetyl chlorgtevided the required amide§2R,aR)-21 in
74% vyield that quantitatively afforded the di-algidl 22 by cleavage of the double bond with
ozone (Scheme 68). THel NMR spectrum of compoun#?2 clearly shows the existence of a
formyl group in positior to the ester group andto the amine, establishing the structure that is
indicated in the Scheme 67 (3.78 ppm (1H, 36,0 and 1.8, H-2) and 9.64 ppm (1H,Jd1.8,
CHO). Despite that this route did not bring us to tHesired alkaloid product, this
polifunctionalized3-aminoester could be a potential key intermediatesymmetric synthesis, and
also the way to the synthesis of Tashiromine whenwill try the described reactions with
(1S2R)-XX (Scheme 68), the aforementioned alkene isomelS2R,aR)-12.
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Reactivity of tert-butyl cyclooct-1,3-dienecarboxylate 6: Asymmetric synthesis of 3,4-

dioxygenatedp- aminocyclooctane carboxylate derivatives.

According to literature, very few cyclooctarfie@mino acids functionalized are kno#n.

COO'Bu COO'Bu COO'Bu COO'Bu
. 0.,
2 o . HO.,, . ><
67% 62% HO 100% 0O
6 (+)-23 (+)-25 (+)-26

Scheme 69Reagents and conditions: (a) MCPBA, 0°C, 1.5 h. (b) HCIQDioxane/HO (1:9 v/v), 0°C-r.t,
9.5 h. (c) Acetone, 2,2-DMP, CSA, 80°C.

In order to get further oxygenateglaminocyclooctane carboxylic acid derivatives, iasw
proceeded as shown in Scheme 68. Oxidatio with MCPBA give rise to the monoepoxide
(1E,3R*,4S)-tert-butyl cycloocta-1,2-diene carboxylate 3,4 oxidg9-ZB (67%) together with
S.M. (23%) and (B*,2S+,3E)-tert-butyl cycloocta-3,4-diene carboxylate 1,2 oxidg-Z# (7%)
(Scheme 70).

COOt-Bu COOt-Bu O COOt-Bu COOt-Bu
DCM, 0°C -r.t.
1.5h.
6 (#)-23 (¥)-24 6
67% 7% 23%

Scheme 70Epoxidation reaction of compouidvith MCPBA

Compound ()23 was subjected to addition of lithiung){N-benzylN-a-methylbenzylamide,
recovering starting material after the work up.sTitgaction did not take place probably due to the
extra-reactivity of the epoxide. For this reasadffetent conditions were used in the epoxide ring
opening reaction of (¥?3. The diol (£)25 was only afforded upon treatment with perchlodida
during 9.5 hours in 62% yield and recovery of signnaterial (20%). Then it was subjected to
treatment with dimethoxypropane to obtain the @pomding isopropilidendioxi (26 as a

racemic mixture.

The protocol of asymmetric Michael addition of tlehiral lithium amide baseS-C was
performed for compound (6, obtaining stereoselectively the correspondingddpfygenated
B-amino ester ($2R,09-27 and(1S,2R,09-28 in 57% vyield and 4:1 ratio, (Scheme 71).

The spectroscopy data analysis of compo@iddshowed the incorporation dfi-benzylN-a-
methylbenzylamide in it4H NMR spectrum at 1.15 ppm (3H, 8.0, Ce)Me), 4.02 ppm (2H,
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CHaHg, CH-N), 4.47 (1H, g,J 8.0, CH@)) and 7.40 ppm (10H, m, H-Ar). Furthermore, it is

found that the signal from the double bond in thel@octadiene ring has disappeared.

COOBu NBn COOtBu Ph NBn COO’Bu

o R R
57%

o) 41
(£)-26 (1S,2R,35,4S,0.5)-27

Scheme 71Reagents and conditions: (a) LithiumN-benzylN-a-methylbenzylamideS)-C, -78°C, 2h.

In Figure 21 are shown the observed correlationthérNOE experiments. The NOE between H-1

and H-3 led us to establish the stereochemistthiisfstructure.

(1S,2R,3S,4S,0.5)-27
Figure 21.Nuclear Overhauser Effect correlations of compo2nd

The conjugate addition to a homochisgt-unsaturated ester containingia andtrans-dioxolane
units has been studied recently by Davéesal.*® concluding that doubly diastereoselective
conjugate addition reaction of the antipodes dfidin N-benzylN-(a-methylbenzyl)amide to a
range of homochirab,p-unsaturated ester containingcia and trans-dioxolane units result in
“matching” and “mismatching” effects. In the “matadi cases a single diastereoisomer of the
corresponding3-amino ester is produced. Upon conjugated additioan o,p-unsaturated ester
containing acis-dioxolane unit in the “mismatched” case it is gtereocontrol of the substrate
which is dominant over that of the lithium amidehilst upon addition tax,p-unsaturated ester
containing atrans-dioxolane unit the stereocontrol of the homochiithium amide is dominant
(Scheme 72). Consistent with these observatior®) apnjugated addition of lithiutd-benzylN-
isopropylamide to homochiral,-unsaturated esters, modest to high levels of mtbstontrol
leading to the corresponding 34ti-diastereoisomerif-amino ester product are observed in each

case, which can be rationalized by invoking a medifelkin-Anh transition state.

138 Davies, S. G.; Durbin, M. J.; Goddard, E. C.; Kelly, P. M., Kurosawa, W.; Lee, J. A.; Nicholson, R. L. Price, P.

D.; Roberts, P. M.; Russell, A. J.; Scott, P. M.; Smith, A. D. Org. Biomol. Chem., 2009, 7, 761-776.
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Ph
Ph
COOBU  pn NJ COO'Bu
L|
>< Ij THF, 78°C, 2h. ><
Matched case 50%. >98% de
- Ph - Ph
- pn Ph” "N Ph” °N
>< :Ccoofsu PN XOIE/COUBU O._~__COOBu
[ & R +
THF -78°C, 2h. = >< :@/
Mismatched case 0 36:24 0
14%, >98% de 11%, >98% de
= j’h Ph /L Ph
Ph" N _
., _~_-CO,Bu phA' . CO,/Bu ph ., CO,Bu ., CO,Bu
>< /(; ~THF, 78°C, 2. 73C2h >< Ji:/ THF, 78°C 20, 7802h >< >< /C/
0 Matched Mismatched
76%, >98% de 21%, >98% de 65:35 14%, >98% de

; Ph Ph /L Ph
coszu PR - CO2'Bu ph CO,'Bu CO,'Bu
>< OTBDMS THF.-78C,2h. >< OTBDMS THF,7C. 20, >< OTBDMS >< \(:)/TBDMS

Matched Mismatched
69%, >98% de 60%, >98% de 85:15 8%, >98% de

Scheme 72Doubly diastereoselective conjugated addition ahbohiral lithium amides to homochira)p-
unsaturated esters containitig- andtrans-dioxolane units

The conclusion from this study is in agreement sungport the results we have obtained, being in
this case the matching conditions where the homalctithium amide is dominant over the
substrate. Its approximation takes place on theedage from the oxygen in C-3 position, for this
reason the major product from the addition of thaide is the single diastereoisomer of the
correspondingp-amino ester observed b4 NMR spectroscopy in the reaction crude and
according to Masamune's thebRresulting in compoun@7. The reaction of$)-C with the other
enantiomer corresponds to the mismatched pair,evier stereocontrol from the lithium amide is
as well dominant given rise 8 and probably it could be obtained the other diasisomer
where the stereocontrol is carried out by the satesin the mismatched pair, but in this case it

was not isolated.

Different experiments were performed for the acefa@ning reaction, just whe2v was treated
with PTSA it was achieved a mixture 29 and30 in 57% and 32% vyield, respectively (Scheme
73).

139 Masamune, S.; Choy, W.; Petersen, J. S.; Sita, L. R. Angew. Chem. Int. Ed. Engl., 1985, 24, 1-76.

94



Functionalized cyclooctane-f-amino acids: Approximation to the synthesis of Tashiromine

NBn COOtBu

XO

(1S,2R,3S,4S,a.S)-27
?|

Ph NBn NBn COOH

\/Ph HO.,,
OH

(1R6S,9R,10S,05)-29 (1R,2R,3S,4S,0.5)-30
57% 32%

H

Scheme 73Reagents and conditions: (a) HCl gasy PTSA, HO, 4 h

It is deduced from the spectroscopy data analylssompound30 the deprotection of the ester
wherein both its'"H and **C NMR spectra show the absence of the-butyl signal and the
downfield shift of the carbon from the acid groupgent at 176.6 ppm (COOH).

The spectroscopy data analysis of compo@@d(Table 27) showed the formation of the 7-
oxabicyclo[4.2.2]decan-8-one wherein its nOe showselations of H-9 at 3.09 ppm (1H, dH,
9.2 and 2.1) with H-10 at 3.94 ppm (1H, d®.2 and 5.6) and this one with H-6 at 4.63 ppm, (1H
td, J 5.6, 3.0) as shown in Scheme 74.

X@ o] th o

Ph
L o
N.__Ph T’ N.__Ph

o] -OH

O-)><3 s AN He

Hg
A
Scheme 74Formation mechanism and Nuclear Overhauser Effacéltions of compouna9

The previous reactivity should be studied more Hebpcause of its nature and because it brings
to the synthesis of compou2® and30 which are of great importance in the contributiorthe
functionalized cyclooctanif-amino acids through deprotection protocol of thmides by
hydrogenolysis reaction.

However, in order to check the stereochemical eatiirthe proposed structure, conformational

analysis was achieved in each epimer and forwakldéupling constants were calculated.
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First, conformational search was carried out owheepimer employing OPLS-A® as force
field under the TINKER"! software. For epimel (Fig. 22), seven conformers were founded
within a 5 Kcal/mol barrier form the minimum energyyucture. On the other hand, forty eight
conformers were founded for epim2i(Fig. 22). This great difference is due to the tre¢acis
conformation between the amine and the free hydmgraup, establishing a hydrogen bond (1.847
A approx.), which appears in all the conformerss thads to a significant decrease of the energy
of this conformational cluster related to the tatahformational space. In epim&r the trans
conformation leads to a 2.465 A distance betweemttrogen and the hydrogen of the hydroxy
group, leading to a hydrogen bond much longer: soithmolecular interaction is no intense and
no lower energy cluster was found. Later, a DFTnddy Functional Theory) optimization was
carried out with the B3LYP/6-31G* thedfy through Jaguar v 7% In epimeril, all the
conformers were minimized, while in epim2ronly the set of six minimum conformers were
taken to the forward optimization. No solvent iaigions were taken into account: the geometrical
optimizations in gas phase are enough to obtainatéé¢ data. Finally, H-H coupling constants
were measure by means the Haasnoot-de Leeuw-Affoeapirical equation, which is a
significant improvement of Karplus equation dueth® inclusion of the substituents group

electronegativities. MestreJ was employed in théssure (Table 4 and 55.

10 jorgensen, W. L.; Maxwell, D. S.; Tirado-Rives, J.; J. Am. Chem. Soc., 1996, 118 , 11225-11236.

Ponder, J. W. TINKER Molecular Modeling Package, v. 5.1; Washington University Medical School: St.
Louis, MO, 2010.

%2 (a) Becke, A. D.; J. Chem. Phys. 1988, 38, 3098-3100. (b) Lee, C.; Yang, W.; Parr, R. G.; Phys. Rev. B, 1988,
37, 785-789.

143 Jaguar, version 7.6, Schrodinger, LLC, New York, NY, 2009.

Altona, C. In Encyclopedia of Nuclear Magnetic Resonance; Grant, D. M., Harris, R. K., Eds.; Wiley:
Chichester, U.K., 1996, p 4909.

145 Navarro-Vazquez, A.; Cobas, J. C.; Sardina, F. J.; Casanueva, J.; Diez, E.; J. Chem. Inf. Comput. Sci., 2004,
44(5), 1680-1685.

141

144
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Epimer 1 Epimer 2

Conformer E/kcalmol % Conformer E/kcalmol %
1 0.00 63.5 1 0.00 0.24
2 2.41 8.6 2 0.52 0.15
3 1.38 20.2 3 0.03 0.23
4 3.65 3.1 4 1.00 0.10
5 4,78 1.2 5 0.38 0.17
6 4.11 2.1 6 0.95 0.11
7 471 1.3

Figure 22.Found conformers for Epimédrand Epimeg.

Table 4.Calculation of dihedral angle and coupling constaneach previous conformer of epimer 1

Dihedral angle (°) J (HLA)
H;-C-C- | Hy-C-C- | HyoC-C- He-C-C- He-C-C- H1,Hg Hg,H1o HioHe He,Hsa He,Hsp
Hog Hig He H5§ Hsp
-81.4 -17.6 103.7 -69.3 44.6 1.4p 7.43 1.32 1.22 465.
-82.2 -17.8 104.2 -69.4 44.5 1.3 7.41 1.35 1.21 475.
-81.3 -14.5 103.0 -43.9 69.5 1.40 7.61 1.28 442 961.
-80.6 -16.9 105.4 -44.2 69.3 1.44 7.47 1.44 4.37 981.
-91.0 -4.3 97.4 -71.8 42.1 1.07 7.93 1.0D 1.05 5.86
-79.4 -19.8 106.9 -69.4 44.6 152 7.27 1.55 1.21 465.
-80.9 -18.7 106.6 -69.6 44.4 1.43 7.34 1.53 1.19 465.
Weighted average 1.40 7.47 1.32 1.96 4.65
Experimental 2.10 9.20 5.60 3.00 5.60

Table 5.Calculation of dihedral angle and coupling constaneach previous conformer of epimer 2

Dihedral angle (°) J (HLA)
H3-C-C- | Hg-C-C- | H;¢C-C- | Hg-C-C- | HeC-C- HyHo | HoHio | HioHe | HeHsa | HeHsp
HQ HlC HG H5§ H5h
-112.8 161.5 -54.3 -54.3 58.4 2.06 7.85 4.27 2.84 .333
-121.6 165.4 -58.0 -90.0 23.3 3.20 8.31 3.79 0.93 .528
-118.2 164.4 -58.0 -90.3 23.1 2.72 8.20 3.79 0.95 .548
-112.6 160.4 -52.3 -53.8 58.9 2.08 7.71 4.53 2.91 263
-121.4 165.0 -57.9 -89.9 23.4 3.17 8.2Y 3.80 0.93 .508
-118.1 163.7 -56.2 -89.9 23.4 2.70 8.1P 4.02 0.93 .662
Weighted average 2.71 8.10 4.02 1.56 6.19
Experimental 2.10 9.20 5.60 3.00 5.60
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These results are in both cases in reasonable ragntewith those obtained experimentally,
although only the epimet has got asyn arrangement with the lactone and the hydroxy group
consistent with the proposed mechanism. Furthermitve coupling constanly ;o = 9.2 Hz,
observed experimentally foR9, it is identically to the observed for thd,s; in the
bicyclo[2.2.2]octane (Fig. 23), which structure teen corroborated by X-Ray spectroscopy and
is discussed in chapter IV.

o) COOBu

H2a
NHR

]
Hop

Ha

Figure 23. bicyclo[2.2.2]octane

Approximation to the synthesis of Tashiromine:

In order to control the functionality in C-5 and83ahich is susceptible to migration when it is a
double bond, previously observed when a hydrolsesgstion of the nitrile group was carried out

for compound3, it was decided to establish oxygen functionshis position to allow the bond

cleavage.
COOR o)
X0  OX X0  OX

Scheme 75Potential synthesis pathway to establish oxygentfans in C-5 and C-6

Thus in Scheme 76, dihydroxylation with QsMO of 1,2-epoxicyclooct-5-ené previously
obtained, led to epoxydiol (831 in 73% yield after isolation by continuous extiant Due to its
polarity it was protected and full characterized deuterated toluene at 85°C as t%-

butyldimethylsilyloxy (+)32 obtained in nearly quantitative yield.

O o) O
0s04, NMO TBDMSCI, Imidazole
THF : H,0, DMF, 25°C, 20 h.
0°C-r.t, 22 h. 94%
73%
HO OH TBDMS-O  O~TBDMS
1 (%)-31 ()-32

Scheme 76Dihydroxylation reaction of compouridwith OsQ-NMO
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This route is more efficient than the approach jmasly studied by Hodgsoet al. via the alkene
(5R*,6S")-5,6-Bis(tert-butyldimethylsilyloxy)cycloocteneXXl and it uses less OsQ(Scheme
X).*® Epoxidation of compoun¥XI, available from cycloocta-1,5-diene by dihydroxiga and
subsequent protection, resulted in exclusive fownatf epoxide ()32 (97%), assigned as the all
cis compound \ide infra), thiscis assignment has been also corroborated ir8%tp compound

that is described below by NOE experiments.

o)
i, i iii
23% 97%
€ TBDMS-O  O~TBDMS TBDMS-O O-~TBDMS
(£)-XXI (+)-32

Scheme 77Reagent and conditions: (i) cat. OsQ, NMO, THF/Acetone/HO (1:1:1), 0°C to 25°C, 16 h. (ii)
TBDMSCI, imidazole, DMF, 2 °C, 18 h. (iii) MCPBA,&CO;, DCM, 0°C to 25°C, 30 min.

Different protected diols were synthesized in order explore the reactivity of different
derivatives. Treatment with dimethoxypropane, gatd by Camphor sulfonic acid and refluxed

at 80°C achieved the corresponding isopropilidexidi)-33in 97% vyield.

O O
Acetone, 2,2-DMP
CSA, 80°C, 16 h.
97%
HO OH O)<O
(*)-31 (%)-33

Scheme 78Protection reaction of the di@t)-31

Experiments 2D NMR were submitted for this reactiproduct and the NOE spectrum
corroborates theis assignment for compound (88 and the rest of derivatives which starting

material has been compound @){Fig. 24).

146 Hodgson, D. M.; Cameron, |. D.; Christlieb, M.; Green, R.; Lee, G. P.; Robinson, L. A. J. Chem. Soc., Perkin
Trans. 1, 2001, 2161-2174.
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O, H
O i “*“‘“W’*
0]

(#)-33 ‘

T T T
7.3 7.0 6.5 €.0 5.5 015 40 353 25 2.1 15pr

Figure 24.NOE spectrum of compound (83

Acetylation reaction of compound (B}t by addition of acetic anhydride in pyridine was
performed at room temperature achieving compounB44n 55% vyield and a 1:1 ratio mixture
of compound5 and36in 28% yield.

ACzO
Py rt,20h.

HO OH AcO OAc
(¥)-31 (£)-34
55% 28%

Scheme 79Acetylation reaction of compourgi

The 'H NMR spectrum of compound (84 reflects the symmetry present in this molecule,
characteristic of the existence of a plane of sytnynelhe low yield, quantity, formation of
secondary products and purification problems compgawith the other two protections makes it a
not suitable adduct to carry on with the synthedithe a,f-unsaturated ester. The formation of
compounds35 and 36 under protection reaction conditions is interestand can be perfectly
observed in thé’C NMR spectrum due that the signals are more erdeglicated. Some related
diastereoisomers have been obtained by Dutleakr,**’ i
et al.,** in 2004 through three different routes, all frogtloocta-1,5-diene (Scheme 80). With

performic acid formed in situ from formic acid ad®% hydrogen peroxide to obtain 38:62

in 1972 and their enantiomers by Haufe

17 Duthaler, R. O.; Wicker, K.; Ackermann, P. and Ganter, C. Helvetica Chimica Acta 1972, 55, Fasc. 5, 1809-

1827.
8 Hegemann, K.; Fréhlich, R. and Haufe G. Eur. J. Org. Chem. 2004, 2181-2192.
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mixture of meso-XXIl and (£)XXIll in 70% combined yield, whereas a 1:1 mixture afsth
products was obtained by treatment with peraceiit @and subsequent saponification reported by
Duthaler, with rather low yield of 28%. A third athative pathway by acid-catalyzed ring opening
of the bis-epoxide of cycloocta-1,5-diene and taamnsilar O-heterocyclization gave mixture of
meso-XXIl and (£)XXIIl in 55% overall yield base on starting materiale Beparation of the
isomeric diolsmeso-XXII and (x)XXIll or the corresponding diacetatesso-XXVI and (%)-

XXVII by either crystallization or column chromatogramigs as well very difficult.

AcO“‘@’“OAC
HCOzH/HzOz HO ACQO meso-XXVI
or CH3CO3H RO™ OR “"OR Pyndlne A *

cO
meso-XXIl (R=H) (2)-XXIII (R=H) @
(£)-XXIV (R=Ac) (£)-XXV (R=Ac) ""OAC
()-XXVII

Scheme 80Reported formation of these kind of bicycles

Having the protected alcohols in hand, with gooelds and under control of the C-5 and C-6
positions, the idea is to follow the pathway madethe synthesis of unsaturated esters to obtain
the a,f-adduct for the Michael addition. Compound @2-and (+)33 were set to react with
cyanotrimethylsilane using #&ICI as catalyst (Scheme 81), andR{12R* 55,6 R*)-5,6-bis-tert-
butyldimethylsilyloxy)-2-(trimethylsilyloxy)-cyclootane-carbonitrile (37 in 81% yield and
(1R*,2R* ,55%,6R*)-5,6-isopropilidendioxicyclooct-2-trimethylsilybo/-1-carbonitrile ()38 in
88% yield were obtained regio and stereoselectivithe signal at 2240 c¢hin the 1.R. spectrum

of compound (£)37 confirms the presence of the nitrile group anddempound (38 at 2241
(C=N) cmi*.

o) MesSIO  CN
Et,AICI
MesSiCN, r.t, 68 h.
81%
TBDMS-O  O~TBDMS TBDMS-O 70\TBDMS
0] MezSiO  CN MesSiO  C
Et,AICI
Me3SiCN, r.t, 18 h.
2 2
(¥)-33 (+)-38 (+)-39
88% 12%

Scheme 810pening reaction of the epoxides
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The formation of (R*,2R*,55%6R*)-5,6-isopropilidendioxicyclooct-2-trimethylsilybo-1-
chloride (x)39is not usually observed but the competition betw@&eor CN could account for it.
The absence of signals in the I.R. spectrum forrégon of GN or N'=C corroborates the
presence of other group and its mass spectros€hgy FO3SiCl: 329.1310found 329.1300A =
-3.0 ppm) confirms the group as a Chloride.

Treatment of the nitrile (£37 with KOH at 200°C for 20 hours followed by HCI atiloh (Table
6) led to aciddO (Entry 1), which was purified by column chromataginy with 59% vyield, but due
to its polarity it was best isolated at the estage43 (80%).

MesSiQ  CN COOH coo \OH
= ) - O
1 2- ethanedlol
TBDMS/O(+) 370\TBDMS TBDMS/O O\TBDMS TBDMS/O O\TBDMS TBDMS/O O\TBDMS
COOMe
TMSCHN>

Benzene: MeOH, r.t.
4 h., 80%

TBDMS-O  O~TBDMS
43

Table 6.Hydrolysis reaction of the nitrile group in compaluft)-37

(2)-37 KOH 1,2-Ethanediol
ENY (ol (mmol) mh) t(h) | 40 (%) | 41 (%) 42 (%)
1 0.30 1.8 2.0 20 59 - -
2 0.90 4.3 4.0 21 37 26 -
3 0.30 1.6 2.0 54 47 - 14

The formation of they,p-unsaturated ester can be corroborated by therspeopy of compound
43 (Table 28, see 2D NMR part), which shows in iR. 11727 crit (C=0), has a triplet signal at
downfield in 6.91 ppmX8.0, H-2) and at 141.3 ppm (CH, C-2) in théirand"*C NMR spectra,
respectively. In Entry 2, almost at the same caomit of Entry 1 the acid0 was yielded in 37%
and it was also observed that the hydrolysis ofritrle did not take place but it yield anp-
unsaturated nitrild1 confirmed by its signal in the I.R. spectrum al22ni' (C=N), a triplet at
6.17 ppm (1H,J 8.0, H-2) and 146.2 ppm (CH, C-2) in thél and *C NMR spectra,
respectively. A longer reaction time led to adidlin 47% yield (Entry 3) and a secondar-
unsaturated hydroxy-ester. This latter productade obtained in situ by esterification of the acid
with excess of 1,2-ethanediol present in the melg.spectroscopy data show in I.R. the
characteristic signals like 3449 (O-H), 1720 (C=®)*, in *H NMR a triplet at 6.68-7.11 ppm
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(1H,J 7.8, H-2) and if*C NMR at 61.6 (Ck CH,CH,OH), 66.1(CH, CH,CH,0OH), 142.7 (CH,
C-2) and 167.7 (GZOO) ppm.

By treatment of (88 with KOH followed by HCI addition, the hydrolysigaction of the nitrile
group took place as it can be observed in Schemb2ieprotection of the diols took place due
to the strong conditions and just a low yield ompmund44 (3%) was recovered from the,Bt
extraction, the deprotected product was extracsatgm-butanol. Expected from the nature of this

polar compound it was necessary esterificationprotection for its isolation and characterization.

Me;SiO CN COOH COOH
2 1) KOH / 1,2-Ethanediol,
200 °C, 22 h. R
2) c. HCI
O)<O O)<O HO OH
(£)-38 44 45
3% 65%
COOMe COOMe
Acetone, 2,2-DMP TMSCHN;
CSA, 80°C, 5 h. Benzene: MeOH, r.t.
21%
O)<O HO OH
47 46

Scheme 82Hydrolysis reaction of the mixture 1:1 (38

The spectroscopy of compoudd show distinctive signals like 1711 (C=0), 1214@fand 1039
(C-O-C) cnt* in its I.R spectrum; 6.96-7.02 (1H, dt5.4 and 2.0, H-2) and 141.7 (CH, C-2) and
168.5 (C,COOMe) ppm in itsH and**C NMR spectra, respectively.

In spite that the best results obtained in thel®gis ofa,-unsaturated ester with C-5 and C-6
functionalized have been those ones using comp@)ABR2. An alternative would be desirable in
order to find another way to increase the yieldiding the strong conditions of the hydrolysis
reaction of the nitrile. In this way, direct esfermation reaction of the nitrile would be an

appropriate route (Scheme 83).
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MesSiO  COOMe

Me;SiO  CN /j Q

MeOH. PTSA TBDMS-O  O~TBDMS

65°C, 7h. HO CN HQ CN

TBDMS-O  O~TBDMS
(£)-37 Acetone, 2,2-DMP

CSA, 80°C, 16 h.
28%

H- O O~ H (0] (0]
)<
(%)-48 (#)-49

Scheme 83Direct ester formation reaction of compound

Under esterification conditions, the only produbserved in the crude of the reaction was4g)-
due to the presence of 1 eq. of PTSA compoun@{#uffers complete deprotection and due to
its polarity is best isolated by CC at the 5,6-remiidendioxi-stage. The hydroxy and nitrile
group can be observed in its I.R. spectrum at 24¥#2243 ci, respectively.

Other pathway was studied using 2-trimethylsiloxiiooct-5-ene-1-carbonitrile8 as starting
material, which incorporates a double bond in Gl €-6, used previously in the first synthetic

route (Scheme 84).
MesSiQ  CN

0504, NMO
t-BuOH / THF / H,0O
Me;SiO  CN

HO OH
()-50

MesSiO CN  MesSiO  CON

MCPBA
DCM, 0°C - r.t +
15h., 98% _

o} 11 o
@)-51a (2)-51b

Scheme 84Addition of oxygen functions in compouid

Dihydroxylation with Os@NMO possibly gave compound (5P but it could not be recovered
after extraction. Epoxidation by addition of MCPRyave 1:1 ratio mixture of (¥31aandb in
nearly quantitative yield. As its spectroscopy hessteveal, characteristic signals are presensin i
I.R. spectrum at 2218 and 1252 teprresponding to €N and C-O functional groups and in its
'H and"*C NMR spectra show the vanished of the double tsigmuial and obvious presence of the

diastereoisomeric mixture because all the signalslaplicated.
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Treatment of mixture (xpla andb with KOH at 200°C for 22 hours followed by HCI atiloh
(Scheme 85) led to the aci® present in théH NMR spectrum of the crude but due to the low
guantity and presence of impurities it was notceffit to carry on its isolation. Furthermore, direc
ester formation was performed for reducing the mgfrcconditions of the hydrolysis but

unfortunately with not results.

COOH
1) KOH / 1,2-Ethanediol,
200 °C, 22 h.
MesSi0O  CN 2)c. HCI
g o]
52
Me;SiO  COOEt
¥ .
(£)-51a & b PTSA
EtOH, 110°C, 6 h.
0

Scheme 85Reactivity of (x)51aandb under hydrolysis and esterification of the nitgi@up

The optimization and recovery of products were patformed at the moment since we already

have the necessary products to check their repctivi

With the cyclooct-1-encarboxylaté®, 43 and47 in hand, the protocol of asymmetric Michael
addition of chiral lithium N-benzylN-a-methylbenzylamide R)-C was performed for these
compounds, to obtain precursors adducts in thehegig of Tashiromine (Scheme 65) but the

addition did not work out in none of the explordiganatives (Scheme 86).

COOMe )\NBn COOMe
Ph«( Ph Ph
1) HN— THF, -78°C
2) n-BulLi
TBDMS-O  O~TBDMS TBDMS-O  O~TBDMS
43
H H
coo \ P )\NBn coo \ NP
Ph—( Ph Ph
1) aN— . THF,-78°C
2) n-BuLi
TBDMS-O  O~TBDMS TBDMS-O  O~TBDMS
42
COOMe )\NBn COOMe
Ph—( Ph PH
1) yn— o THF,-78°C
2) n-Buli
> >
47

Scheme 86Asymmetric Michael addition of chiral lithiunR}-C
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In order to get a diene from the double bond in, @-bromination reaction of compoudd was

performed (Scheme 87).

N
COOMe ( Br coome COOMe
L Br
_ B ,
CCl4, 0°C-r.t., 2 h.
68% | L
TBDMS-O ,, O~TBDMS %Si/Q O~TBDMS 53 O~TBDMS

Scheme 87Reactivity of the double bond in compoud@l

The obtention of compoun83 shows the facility of these types of compoundscaory out
intramolecular cyclizations as it was previous obsé when compound (831 was submitted to a
normal acetylation reaction. The HMRS&8 shows a molecular ion at 415.0915vhose results
reveals that the molecular formula corresponds t610,SiBrNa, the proposed structure in the

previous Scheme.

Despite the great effort to find adducts that cobithg us to the synthesis of the alkaloid
Tashiromine (Scheme 75), this study helped us ®gdeits synthesis from §2R,aR)-XX.
Compound (§2R,aR)-12 needs appropriate amine protection to performzamalysis reaction to
afford the di-aldehyd@2 which can be converted into fisamino tri-acid. Furthermore, we have
been demonstrated the synthesis of interestingituradized cyclooctani@-amino acid29 and
30via a fascinating and complex Michael addition of ahlithium amide to the racemic mixture

of isopropilidendioxi ()26 (Scheme 88).
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13- 1

Ph" >N COO'Bu Ph” “NBn COO'Bu
OHg j
OHC —

22 (1S2R aR)-12
COOR

H,N  COOH

HOOC

HOOC

J

RN COOR CH,OH

- ) =@

(1S,2R,aR)-XX Tashiromine

7

COOMe COO(CH,),0H
RO OR RO OR
43 42
R = TBDMS R = TBDMS oh 4 Ph

N
COOMe ﬁu%}

COOBu
()
0] o_0
Pl
(¥)-26 47
6] U ; U
o NBn COOH 0]
\/Ph >< O
(1R,6S,9R, 1OS ,0.S)-29 (1R,2R,3S,4S,0.5)-30 RO OR
Scheme 88.

From all the previous reactions carried out forakggen functionalization of C-5 and C-6, it was
observed that the bromination reaction of compodidcould be a pathway to obtain a
Tashiromine precursor. The following alternatives. aise of substituents with less conformational
freedom which could prevent the participation ofy@en in the opening of bromonium ion, and
with the double-unsaturated ester compound in hanekrform experiments reactions of addition

of chiral lithium amides to this favorable systeassshown in Scheme 89.

COOMe Br COOMe COOMe COOMe
Br
_____ . . (R, NR
or
(8)-C
(0] (e} (e} o] O (0] (0] (0]
b <y s <x
47

Scheme 89Future synthetic proposal
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Pericyclic reactions and rearrangements

PERICYCLIC REACTIONSAND REARRANGEMENTS:

A pericyclic reaction is a reaction in which borate formed or broken at the termini of one or
more conjugated systems. The electrons move around in a cirdédyceilds are made and broken
simultaneously and an no intermediates intervehe. fEquirement of concertedness distinguishes
pericyclic reactions from most polar or free-ratlicaactions, although for many pericyclic
reactions reasonable alternative stepwise mecharasnalso be drawi? Between the concerted
pericyclic reaction, almost always, such reactiture out to be “symmetry allowed”. That is,
certain symmetry characteristics of the moleculdoitals involved in a transformation are

necessary in order for a concerted reaction tordétu

Some interesting rearrangements can be drawn withis kind of reactions and the
stereoselectivity achieved understood by the reagtiaths discussed in the comprehensive paper

of Woodward and Hoffmant!

Woodward and KafZ® observed an intramolecular rearrangement of tregsBAlder adduct-1-
hydroxydicyclopentadiene at 140°C, which could belaned by the rupture of the borg]
followed by recombination of the resulting doubllyléic fragment, achieving sin-8-

hydroxydicyclopentadiene, as shown in scheme 90.

H_OH
a H H
74 o . /
5 _— —_—
HO
H
ao-1-hydroxidiciclopentadiene syn-8-hydroxidiciclopentadiene

Scheme 90. Intramolecular rearrangement at 140°C

149 (@) Grossman, R. B. “The Art of Writing Reasonable Organic Reaction Mechanism” 2" Edition, 2003,

Springer-Verlag, N.Y. (b) Miller, A. “Writing Mechanisms in Organic Chemistry”. University of Connecticut,
Academic press, Inc. San Diego, California, 1992.

Y% Fukui, K. Pure & Appl. Chem., 1982, 54, 1825-1836.

Woodward, R. B.; Hoffmann, R., Angew. Chem. Int. Ed. Engl., 1969, 8, 781-853; “The Conservation of
Orbital Symmetry”, Academic Press, New York, 1969; and their preceding papers cited therein.

> Woodward, R. B.; Katz, T. J., Tetrahedron, 1959, 5, 70-89.
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Introduccién chapter IV

Other interesting example, is the thermal cyclaati of cyclooctatetraene to

bicyclo[4.2.0]octatriene (Scheme 91).
H
O =
H

Scheme 91. Thermal cyclization example

Only 6 n electrons are necessary to affect this cyclizatéomd only these 6 electrons control the
stereochemical course of the reaction. Thus, therthl reaction follows a disrotatory mode, which
gives cis orientation at the ring junction. If all eight etons had been counted, a conrotatory
process would have been predicted, leading ti@ras ring junction which is unlikely for such a
ring fusion. In practice, cyclooctatetraene isitiee stable isomer and the presence of the bicyclic

compound has been demonstrated only through trgepiperiments*®

An example of a reaction, in whichcabond and & bond are involved, is shown in the following

intramolecular cycloaddition (Scheme 9%)The bonds reacting are highlighted.

Scheme 92. Analysis of a [2+2] reaction

The lobes of the involved frontier orbitals, in ttp@und state configuration, are shown in the next
equation. Ther bond is the HOMO and thebond, the LUMO. There is no geometrically feasible
way for both termini of each component to interemhcerted in a bonding way. The appropriate
lobes do not match in one of the necessary interact Thus, this reaction is not thermally

allowed.

53 Fukui, K. Acc. Chem. Res., 1971, 4, 57-64.
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If the HOMO is thes bond and the LUMO is thebond, there is the same problem:

7 5 Lumo
7l
HOMO ]
Scheme 93.

Now, it is the other end of the termini where tkaation is not feasible. The front lobe of the
bond does not extend far enough to the left andhé@nd to overlap effectively with the necessary

+ lobe of the HOMO (Scheme 93).

The next thing to consider is a photochemical pgscdhe HOMO is an antibonding orbital,
because upon absorption of light, an electron @npted from the bonding to the antibonding
orbital of the double bond. (It is easier to phowmically excite ar bond than a bond). The
symmetries now match for the transformation. Thhis is a photochemically allowed reaction

(Scheme 94).

HOMO
=D

v

D —_—
9“37@
LUMO

Scheme 94. Photochemical process

It is also surprising the change of the structhed ts shown in the following scheme. Starting from

a bicycle[2.2.1]heptene system, it is achievedpiperidinel via an aza-Cope rearrangem&it.

7 >j/
A
) 21% \

N MeOOC
COOMe

Scheme 95.

To sum up, this examples show the tendency of ratdsavith several double bonds to reorganize

their structures and to give compounds with diffieskeletons from the starting materials.

B4 \Wu, P.-L.; Chu, M.; Fowler, F. W., J. Org. Chem. 1988, 53, 963-972.
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Synthesis and reactivity of (1E,3Z)-tert-butyl and methyl 5-oxo-cycloocta-1,3-diene carboxylate

SYNTHESIS OF A FUNCTIONALIZED C-5 INTERMEDIATE IN T HE APPROACH TO
THE SYNTHESIS OF ANATOXIN- A

As it can be observed in Scheme 96, the objectivepound Anatoxira could be obtained from
the intermediaté through transformation of the ester group intohyeketone and formation of
the double bond. The 9-azabyciclo[4.2.1]nondnecan be generated fromi throughout
condensation of the amine group with the functigralp in C-5 position. In turl comes from
the hydrogenation reaction of the double bond mteiselll followed by a hydrogenolysis of the
benzyl groups from the amine. The key step is treétion of the intermediatél , where the
stereogenic centers have to be generated throegMlithael addition of the chiral lithium amide
(R)-C overlV, which can be easily afforded from cycloocta-1,5qdieThe intermediatdél and its
analogues can lead to important adducts in thehegi® of alkaloids by modification of the

functionality in the conjugate unsaturated ester.

H,N  COOBu
H O
N COO'Bu
\ L%'H
Anatoxin-a FG I
Ph
COO'Bu >\N> COOMe
Ph
(R) -C
Ph
Cycloocta -1,5-diene FG

Scheme 96Retrosynthetic analysis of Anatoxin-

Synthesis and reactivity of (E,3Z)-tert-butyl and methyl 5-oxo-cycloocta-1,3-diene

carboxylate:

Preparation of starting materials:

The synthesis ofert-butyl cycloocta-1,3 and 1,7-dienecarboxylabeand 7 respectively, were
previously described. Due to the stability of thethyl esters, compoundg! and55 respectively
prepared from the acidsand5 (1:1 ratio) by addition of Trifluoroacetic anhydel and MeOH
gave a 1:1 ratio mixture in 70% yield (Scheme Jhrough acidulation of the aqueous phase with

HCI. and extraction with DCM the unreacted mixturelef acids could be recovered (12%).
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COOH COOH COOMe COOMe
TFAA, 0°C - r.t.
+ +
MeOH, 0°C - r.t.
70%

4 1:1 5 54 1:1 55

Scheme 97Preparation of the methyl esters

This reaction can also be carried out by additibRMSCHN, in benzene:MeOH (1:1 v/v), which
generally provides very good yields.

Synthesis of (E,3Z)-tert-butyl and methyl 5-oxocyclooct-1,3-diene carboxyta:

Taking into account that the key step in the syithef Anatoxina is the introduction of a
functional group in C-5 position of the cyclooct®-tliene system. In our research group the
reactivity of cyclooctadiene esters with differemtidants has been previously studi&tlike
MCPBA, NaCrO, and Se@ being well known the capacity of the last onex@date an allylic
methylene position. The reaction of the unsaturastdrst and54 by addition of Se@led to the

formation of functionalized compounds in the 5 fiosi

When compound6 and54 were treated with SeQo reflux in a mixture of glacial acetic acid and
tert-butanol for 5.5 and 5 hours, respectively, thdayctadienones6 and58 were obtained with
51% and 46% yields after column chromatographyléatadienol$s7 and59 were also isolated
with 32% and 18% yields (Scheme 98).

COOR COOR
COOR
i» +
HO
6,R=1Bu 56, R =Bu51% 57, R =Bu 32%
54, R=Me 58, R = Me 46% 59, R =Me 18%

Scheme 98Reagents and conditions: (a) Se@, CH;COOH,t-BuOH, 105°C, RBu, 5.5 h., R=Me, 5 h.

The oxidation with TPAP of the allylic alcoho&7 and 59 led us to recover the important
intermediates56 and 58 in 90% and 87%. Similarly, oxidation &7 with SeQ afforded
compounds6 with 62% yield, which suggests that the alcohdnsintermediate in the oxidation

reaction of the ester to the ketone as it is shio@low in Scheme 98°

155,/ . . . , . . sy e .
Victor M. Vicente Barbero “Aproximacion a la sintesis asimétrica de Anatoxina-a” Grado de Salamanca,

2003.

16 ¢, Paulmier, “Selenium Reagents and Intermediates in Organic Synthesis”, Pergamon Press, Oxford,
1986.
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COOR COOR
a
o}
57 R =1Bu 56, R = Bu 90%
59,R =Me 58, R = Me 87%

Scheme 99Reagents and conditions: (a) TPAP/NMO, 3A Mol. Sieves, DCM.

Selenium dioxide will convert an allylic methylergroup into the corresponding alcohol
(Guillemonat-Sharpless allylic oxidatioh).In terms of reaction mechanism, Sedd the allylic
substrate reactia pericyclic process, beginning with an ene reactioat activates the C-H

bond?®®

The second step is a [2,3] sigmatropic reactidmn this kind of oxidations involving
SeQ, are often carried out with catalytic amounts o selenium compound in presence of a
catalyst or co-oxidant such as hydrogen peroxideestt-BuOOH at room temperatut&. Unlike
this process, in our case, a large excess of &© used, with glacial acetic acid as catalysttand
BuOH as a solvent. Unreacted Seffill present in the reaction medium will possibbntinue the
oxidation affording the unsaturated ketone. In &dikj we have to take into account that epoxides
or unsaturated ketones might also be formed inkihis of reactions (Scheme 100).

O'%e + ROH — HOg O
OR

COOR COOR COOR COOR COOR

HO- Se
+ Se(OR),
RO- Se

c‘;ﬁH

R

Scheme 100Mechanism of Selenoxide oxidation

Furthermore, it has been observed that when contpéuis left at room temperature and
atmospheric conditions for extended time (1 morgbinpound56 is obtained by oxidation
reaction with the atmospheric oxygen. The spectigciata analysis of compoun86 allow us
to deduce the incorporation of the carbonyl graui5 position as shown it3C NMR spectra at

205.2 ppm and the spectroscopy data analysis opeonus57 and59 show us the incorporation

7 Guillemonat, A. Ann. Chem. (Warsaw), 1939, 11, 143.

>8 Arigoni, D.; Vasella, A.; Sharpless, K. B.; Jensen, H. P. J. Am. Chem. Soc., 1973, 95(23), 7917-7919.
% Sharpless, K. B. and Lauer, R. F. J. Am. Chem. Soc., 1972, 94(20), 7154-7155.
160 Jerussi, R. A. Selected Org. Transf. 1970, 1, 301.
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of the hydroxy group in C-5 position from théid NMR spectra at 4.36 ppm (1H, dii8.2 and
9.6) and 4.06-4.17 ppm (1H, dili7.4 and 8.8), respectively.

On the other hand, treatment of compourdand55 under the same oxidation conditions with
SeQ affordedtert-butyl and methyl 4-oxo-9-oxabicycle[3.3.1]non-2ee?+carboxylatés0 and61

in 29% and 11% vyield, respectively (Scheme 101)Hi¥ of by-products in each reaction, which
could not be identified due to the low quantityaibed.

COOR COOR
Se0,, CH;COOH Crystallization
t-BuOH, 105 °C, o Hex: Ether
5h.
7,R="1Bu 60, R = 'Bu 29%
55, R=Me 61, R=Me 11%

Scheme 1010xidation reaction of compoundsand55 with SeQ

The spectroscopy data analysis of compowtland61 allow us to deduce the incorporation of

the carbonyl group in C-4 position in & NMR spectrum at 199.2 ppm and experiments 2D
NMR (Table 29) corroborate the formation of the gagated bridge, specially by cross-peak
between H-1 and C-5 (Fig. 25).

COOt-Bu

B
Figure 25.Heteronuclear multiple bond conectivity of compo@@g**C-"H long distance.

The mechanistic proposal for the formation of compuis 60 and61 via Selenium dioxide will
convert an allylic methylene group into the cormgting alcohol as it was above described for
compounds7 and59, followed by an intramolecular Michael addition @vl the enolate anion is
facilitated by the selenium ion to give the intrdemmlar epoxide. The next step is [2,3]
sigmatropic reaction from the Selenoxide compounditve the oxygenated intermediate in C-4

position, which evolve to give the final ketone shewn in Scheme 102.
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COOR COOR COOR COOR COOR
_OH
N ST or -H0_
- (0N + SeOR
'/o‘ .OH H
Sle
H OR
o\
H\
o}
I
COOR COOR COOR COOR

_ /OR
+ Se\oR Se
e—OR \ OH HZO HOR
/Se

Scheme 102Mechanisrproposal of Selenoxide oxidatiaf compound:7 and55

To corroborated the structure of this compound tWweesterswere leftin a mixture of Hex:Ethe
(1:1 v/v) and after a montcrystals from compoun®2 coming from60 were obtained. The
structure shown in Schemel was corroborateda X-Ray spectroscopfor compound6?2 (Fig.
26, AnnexeC). The NMRspectri are simple and similar to those ones from the maromith the
absence of the double bonue to the existence of a C2 symmetry gXiable 3(, see 2D NMR
part).

Figure 2€. Molecular structure representation of Compo6&d

The reaction that takes place in the formationiofed 61 is a photochemical cyclizatiat,s +n,S
which is allowed for the rules of Woodward and Hiadir.*>*

COOR 0
COOR COOR
. —_—
COOR COOR
60, R ='Bu @)
61,R = Me

Scheme 13. Mechanism proposal for the formation of ttiener
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Attracted by the functionalization of these oxabieg[3.3.1]60 and 61 a short study of their

reactivity was made.

With the functionalized oxabicycle[3.3.6D in hand, we started with the normal Michael additi
of (R)-C at -78°C which was left to react for 3 hours. Osigrting material was recovered after
work up. The possible formation of the conjugatadlate may prevent thep-unsaturated ester
act like the Michael acceptor as observed for camd®6. By reduction of the ketone group with
sodium borohydride was quantitatively achieved coama 77, which was protected by addition
of benzyl bromide givingert-butyl 4-benzyloxy-9-oxabicyclo[3.3.1]non-2-ene-&Hooxylate78
with 74% yield (Scheme 104), which was full chaeaizied.

COOt-Bu COOt-Bu COOt-Bu
NaBH4 THF’ NaH’ 2
EtOH, 0°C - rt,, BnBr, TBAI, r.t, 24 h.
© 45 min. OH 74% OBn
100%
60 77 78

Scheme 104Deprotection and protection reactions

Spectroscopic data of compouiA show new signals at 4.60 ppm (2H, $J.Bh) and 7.35 ppm
(5H, H-Ar) due to the addition of a benzyl molecatarroborated by it$3C NMR at 71.7 ppm
(CH,, CH,Ph), 127.9, 128.1 and 128.7 ppm (CH x 5, Ph) a®d11@, Gs).

With compound78 in hand, we subjected it to addition of primary asecondary amines (Table
19) under different conditions with no resultsalhcases, only starting material was quantitagivel
recovered after the works up, which show us thbil#taof its precursor bicycle ring and its
ability to crystallize. Chiral lithium amides tuout to be unreactive as the lithium atom probably
suffers chelation with the two oxygen atoms, whichirespond to the ester and the epoxide, as

shown in Figure 27.

Figure 27.
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Reactivity of (1E,32)-tert-butyl and methyl 5-oxocyclooct-1,3-diene carboxyta:

When compoun®6 is submitted to react witlR{-C (2.2 eq.) in THF at -78°C, using the standard
procedure, only starting material was recovere@raf hours reaction. Deprotonation in

probably led to the formation of the conjugatedlat® which prevents the-unsaturated ester
act like the Michael acceptor (Scheme 105).

J\ Ph
COOBU  p ™y COO'Bu
Li
(R)-C
o o
56 56
COO'Bu I
BLe

Scheme 105Formation of the conjugated enolate

To avoid this we decided to protect the carbonglugras an imine by treatment with primary
amines.

Compounds6 was dissolved in ethanol and submitted to addibdlbenzylamine. The system was

refluxed at 110°C for different periods changing trguivalents of benzylamine to optimize the
reaction (Table 7).

COOt-Bu COOt-Bu COOt-Bu
Ph™ NH, 0+/] COOt-Bu § ?
_— H + +
EtOH, 110°C \—Ph
o} (0] O
56 63 64 65
Table 7. Addition of benzylamine, variation of the concexitbn and reaction times
Entry Be”(zé’('q?;“'”e t(h.) 63 (%) 64 (%) 65 (%) Efegg‘z%’
1 1 20 30 25 23
2 1.2 24 40 40
3 1.6 30 41 38 1
4 1.6 114 42 23 5

As it can be observed in the previous Table, th&t gield of 63 (42%) was obtained by the
addition of 1.6 eq. of benzylamine after 114 haeaction. Compoun@5 is formed by oxidation
of 64 during purification by CC, beinf4 the only by-product observed By NMR spectroscopy
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of the reaction crude. This fact was confirmed ly dbtention 065 when a solution 064 was
exposed at atmospheric oxygen for a period of timeéng the aromatization the driving force of

the process (Scheme 106).

COO'Bu COO'Bu

(0] CH3 ¢ CHS
64 65

Scheme 1060xidation under atmospheric conditions

The spectroscopy data analysis of compo@dallow us to deduce the incorporation of
benzylamine in itSH NMR spectrum at 7.21-7.32 ppm (5H, m, Ph) an® &d 3.80 ppm (2H,
Sas, J 13.2, HN-CH,-Ph). Furthermore, no signals of the double bonthefcyclooctadiene ring
are observed. In thEC NMR spectrum the most remarkable signals arelat02ppm (C, C-5)
observed for a ketone group and tee-butyl signals of the ester are present at 27.9 (ipH X

3, COOCC(CHj3)3), 80.8 (C, COQ(CHz)3) and 173.8 (CCOOC(CH)3), respectively. Highlights
the emergence of two methylenes at 45.6 ppm,(@H6) and 50.6 (HNGH,-Ph) as well as a
quaternary carbon at 43.5 ppm (C, C-1) assignediiaycle system [2.2.2]octane incorporating a
ketone and as a substituenest-butoxicarbonyl and benzylamine groups. The 2D NMR
experiments (Table 31) led us to establish itscatre and the complete assignment of its

spectroscopy data. Figure 28 shows the most releeamectivities observed.

Figure 28.Heteronuclear multiple bond conectivity of compo@3i**C-'H long distance

Figure 29 shows the observed correlations in th& M&periments spectrum. The NOE between
H-3 and H-4 indicates theis-configuration and other NOES led us to the assigneof the

methylenes hydrogen like mor -position.
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H.__H

0
H COO'Bu
10% H
H

Nﬁﬂph

Hanll  H
N
5%

7%
Figure 29.Nuclear Overhauser Effect correlations of compo&®d

However the proposed structure of the bicycle syq@2.2]Joctane can be corroborated later by

X-Ray spectroscopy data.

When compound4 is isolated, it draws particular attention for thienplicity of its 'H NMR
spectrum: 1.49 (9H, s); 2.34 (3H, s); 2.46-2.48,(nHt 6.94 (1H, S.ABJ 6.0); 7.02 (1H, S.ABJ)
6.0) and in its”>C NMR spectrum also shows four olefinic carbong) tf them quaternaries at
136.0 and 140.3 ppm, and the other two methind8@8 and 138.3 ppm, tlert-butoxicarbonyl
group, a carbonyl at 198.0 ppm, two methylene®gat and 21.8 ppm and a methyl at 25.4 ppm.

Given the unexpected ring contraction reaction foyeiooctane ring to a cyclohexanic system we
decided to make the unequivocal assignment oftthetare64. The 2D NMR experiments allow
us to deduce the structure and to make the complstggnment of the signals. The most

significant connectivities are shown in Figure 3d dable 32.

Figure 30.Heteronuclear multiple bond conectivity of compodgd**C-*H long distance.

It is worth to mention that the correlation of tb&bonyl at 198.0 ppm with the methyl and the
hydrogen at 6.94 ppm fix the acetyl group conjuddtethe double bond CH at 6.94 and 132.3
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ppm. Correlation at three bonds of the carbons8@t0land 140.3 ppm with the hydrogens at 6.94

and 7.02 are relevant because they allow to eshathle diene as a 1,4-disubstituted.

Taking into account that the isolation of the urentpd ring contractiof4 from this reaction is
kind of surprising, this compound may take parirdasrmediate in the formation of the bicycle
system [2.2.2]. For this reason it was submittecetct under the same conditions (Scheme 107).
In Entry 1, the reaction was refluxed for 69 hours.the 'H NMR spectrum from the crude
starting material, benzylamine and an unknown camgovere detected. This last one could not
be isolated after CC. A second reaction was refiure a shorter time (Entry 2) and the sare
NMR spectrum was obtained (annexed in spectrospaply which shows the three compounds,
we proposed that the unknown compound might bentiree, which can be easily deprotected by

the silica from the CC.

COOt-Bu
Entry 1
—2 . + Ph”ONH, + Unknown
COOt-Bu 69 h. compound
o
I 64
COOt-Bu COOt-Bu
0 Entry 2
64 a ~
T + Ph” "NH, +
9 P N7

64

Scheme 107Reagents and conditions: (a) Benzylamine (Entry 1=1.22 eq., Entry 2 = &), EtOH, 110°C.

It is noteworthy that purification of fractions daming compound4 after a time also afforded
the aromatic compoun@5 and a small quantity of the epoxidized compo66dScheme 108),
which structure has been corroborated by its spsotipy data and 2D NMR experiments (Table
34).

COO'Bu o COO'Bu
%; ’ §
0™ “CH,4 0~ CHs;
64 66

Scheme 1080xidation under atmospheric conditions.
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Figure 31 shows the most relevant observed coiwakain the NOE experiments for compougd

and66, like the 1,3 disposition for the epoxide dieneqursor. This allows us to corroborate the 4

COO'Bu (O\COOtBu
H (H :)
H HS

65 66

position of the acetyl group.

Figure 31.Nuclear Overhauser Effect correlations.

From the spectroscopy data of compouthe most important correlations are between the
carbonyl carbon at 197.2 ppm and H-3 at 6.89 pphicinfix the acetyl group conjugated to 131.9
ppm, also its long distance coupling with kl-&t 2.72 ppm and at three bonds coupling of the
methylenes at 18.9 ppm with H-2 at 3.62 ppm an@lal ppm with H-3 at 6.89 ppm. The
chemoselectivity exhibit by this reaction, beingdized only the double bond at C-1 position is

really interesting and can be used for synthetipqses.

Given the ease to the partial oxidation of compo@ddo yield compounds5, we decided to
performed some oxidation reactions to afford ardematompounds as it is described in
bibliography®! like indicates Table 8.

181 (a) Fieser, L. F.; Ourisson, G. J. Am. Chem. Soc. 1953, 75, 4404-4414. (b) Zee-Cheng, K.-Y.; Cheng, C. C. J.

Heterocycl. Chem. 1967, 4, 163. (c) Van Tamelen, E. E.; Hildahl, G. T. J. Am. Chem. Soc. 1956, 78, 4405-4410.
(d) Jpn. Patent 56 055 345, CA 1981, 95, 186 653e.
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COO'Bu COO'Bu COO'Bu
og ECH oi ECH3 HoE ECH
64
Table 8.0Oxidation reactions to afford aromatic compo@éd
64 Reagent Solvent o o o
Entry (mmol) (mmol) (mL) t(h.) | Recovery of 64(%)| 65 (%)| 67 (%)
1 0.26 Se@(0.54) | EtOH (10) 66 60 40 -
Decomposition
SeQ(0.39), | . . i i
2 0.099 CH.COOH t-BuOH 15 of the starting
material
DDQ
3 0.049 (0.056) PhH 20 41 52 -
4 0.13 DDQ (0.19) PhH 62 31 50 -
5 0.06 DBU (0.11) PhCH 20 7 64 12.5
6 0.015 B (0.03) CC} 2 - 100 -

The aromatic compoun@s can be quantitatively afforded by treatment urigier(Entry 6) and
probably with some of the reagents used but witigéo reaction periods of time. The obtention of
the alcohol67 by addition of DBU is possibly due to the hydridrusion in the aromatization of
the original anion formed under basic treatmenhégwe 109), or alternatively, the hydride could

attack the ketone straight intramolecularly afteprdtonation and aromatization.

COO’Bu COO'Bu COOBu COO'Bu
Q H
+ 8
©07 “CHs 07 “CHj, HO™ “CHj
64 ~ 67

Scheme 109Mechanistic proposal of compou6d

Finally, structures64 and 65 have been corroborated by total synthesis usimgnuercial 4-

acetylbenzoic acid as starting material, as shaw®cheme 110.

COOH COO'Bu COO'Bu
Scheme 110Reagents and conditions: (a) TFAA,t-BuOH. (b) TFA. (c) NaBl, MeOH.

124



Synthesis and reactivity of (1E,3Z)-tert-butyl and methyl 5-oxo-cycloocta-1,3-diene carboxylate

The esterification reaction of the commercial alalié 4-acetylbenzoic acid with TFAA and
BuOH afforded a compound with identical physic mdies as compoun@5 and this one by a
reduction reaction with sodium borohydride quatitiedy yielded compound?. Likewise, the

hydrolysis of compoun@5 with TFA produced the acid with 100% yield.

Going back to the reactivity ¢&f6 with amines, the previous reaction afforded amacemixture
because the substrate and reagent were not dkirathis reason we decided to carry on the study

of the reactivity by using chiral-substituted amines, as shown in Table 9.

COOt-Bu COOt-Bu COOt-Bu
O/ coot-Bu
H
_ RNH, /1 7 Ngr . .
EtOH, 110 °C
o o o
56 X 64 65

(+)-68 R = Ph"\
(-)-68 R = ph~
(£)-69R = PN

Table 9. Treatment 056 undero-substituted amines

Entry RNH , (eq.) TeC) | t(h) Rgg‘z(‘,f)ry X | o (305)
1 (R)-N-a-nzifgyék()]e.)nzylamine 110 40 i (4(-%;36)8 2((; 0 )1
> (R)-N-a-nzifgyék()]e.)nzylamine 110 114 7 (4(-:)3;16)8 1(1‘31 2 )1
3 (S)-N-a-n}elfgylek;e.)nzylamine 110 48 19 (&S)S él(jé)l
48 (S)-N-a-n}elfgylek;e.)nzylamine 110 45 7 (22??)8 5(?:,5)1
5 (S)-N-a-n}it.gytlak;e')nzylamine 130 96 i (2383)8 6(%3:)1
6 (S)—N—a-rr}it.gytlasz)nzylamine 110 116 1 ((ég)s 1(553 6 )1
p | Oty e G w

#Reaction under light, hv = 200 W.
P Reaction in the absence of light and Monoglyme@ihoxyethane) was used as a solvent.

It is worth to emphasize the generality of the tieag being applicable to different primary amines
(substituted i or not), although, there is a decrease in thalyigthen substituted amines are
used or when the amines are not benzylic (EntnAlgo, there is not a big difference when the

reaction is performed in the presence or absenlightf

Once again, after performing purification by CC tharrangement and contraction prodaand
the bicycle[2.2.2]octane were isolated. Analysighe*H NMR spectra from the crudes did not

125



Results and Discussion chapter IV

show the presence of other diastereocisomers, ¢hésedetermined by the own homochiral amines
employed. (e.e. >95%). For this reason, it can détefer compound (+$8 a d.e.>95% and
e.e.>95%, data that agrees with the high optidaltiom power measured {am]zl;’: +32.7 € 0.90,
CHCIy), but it cannot be corroborated due that it is fig time that this compound has been

obtained according to the literature review.

Compound (+)88 was crystallized in a mixture of Hex/EtOAc (1:lvi/and its structure and
absolute configuration was corroborated by X-Ragcspscopy (Fig. 32, AnneX®2) and therefore
the analogues obtained in this series of reactfieen the reaction is performed by addition of
(9-N-a-methylbenzylamine analogously 6% is obtained, with the same physic properties and
spectroscopy data but with opposite rotation poﬁu}%’ =-31.8 € 0.99, CHC)) which allow us

to propose it as the above enantiomer.

biciclojpg

Figure 32.Molecular structure representation of Compo(hd68

However, in an attempt to transform the carbongugs from compounds (+) and % into
amine by treatment with benzylamine, compoundsard (-)63 were respectively achieved.
These compounds have been previously describddyualh with rotatory powers measurement
near to zero, which opens up new uncertainties tateuabsolute assigned stereochemistry and

proposes the development of new pathways to deterin{Scheme 111).
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OE\ é COO¢-Bu O/ coot-Bu
H Ph BnNH>» H Ph
N\( N—/

EtOH, 110 °C, 24 h.

(+)-68 (+)-63
[]*p = +32.7 (¢ 0.90, CHCl3) [a]*°p = +0.20 (c 0.58, CHCl3)
. 9y cootBu Qy/| coot-Bu
/\N BnNH2 H
U EtOH, 110 °C, 27 h. PhN
(-)-68 (-)-63
[0 = -31.8 (¢ 0.99, CHCl3) [0]*’p = -3.30 (¢ 0.84, CHCl3)

Scheme 111Reactivity of compounds (+) and @8 with benzylamine

It remains to determine the mechanism of this aamsation reaction where can be involucrate an
anchimeric assistance of the carbonyl group or firenation of an oxetane by additional
nucleophilic attack of the benzylamine to the cagboand elimination of thea-
methylbenzylamine, and by a new opening of the ametby benzylamine regenerating the
carbonyl group again. Currently, attempts to aféarthe hydrogenolysis of compound (+) and (-)-
68in order to determine the rotation powers of thén@s products have been unsuccessful (Table
10) because the formation of a polymeric specigeigected and it might be avoided by previous

protection of the carbonyl group.

The treatment of compourtsb by addition of secondary and tertiary amines caileg us more
information about the mechanism of the observedtingty, for this reason were performed the

following reactions as shown in Table 10.

COOt-Bu COOt-Bu
a I
o o
56 56

Table 10.Reactivity with secondary and tertiary amines stadbility of compound6

Entry (a) Solvent T (°C) t(h) Observations
1 - EtOH 110 176 Recovery 66 (S.M.)
2 EtNH EtOH 110 54 Recovery &6 (S.M.)
3 R-C EtOH 110 40 Recovery &6 (S.M.)
4 EtN EtOH 110 84 Recovery &6 (S.M.)
5 PTSA THF 110 90 Recovery 66 (S.M.)
6 DDQ PhH 95 62 Recovery 66 (S.M.)
56 (S.M.):65
! DBU PhCH 110 185 2:1 ratio mixture
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When compoundb6 is refluxed in EtOH for a long period (Entry 1l)ettstarting material is
recovered unchanged which means that it is negessadd a promoter even to obtain compound
64 and also made us to realize that it is not a fnipérmodynamic reaction. The same happens
when secondary amines like diethylamine or the athione R)-N-benzylN-(a)-
methylbenzylamine (Entry 3) or tertiary like trigthmine were added into the reaction systems.
For going further into this study, it was also nem@d compoun®6 by addition of and oxidant
like DDQ or strong acid like PTSA. Only when thaecgon was performed by addition of DBU in
toluene at 110°C for 185 hours reflux it affordemmpound56 and 65 in a 2:1 ratio mixture
observed in théH NMR spectrum from de crude (Scheme 112).

COOt-Bu COOt-Bu COOt-Bu

DBU
+
Toluene, 110°C, 185 h.
o o)
56 65

Scheme 112Reactivity of compoun&6 with DBU

56

Despite of the lower nucleophilicity shown by thigagen in the aniline, we decided to study the
reactivity of compound6 by addition of this one and in order to extent thage of amines
(Scheme 113).

COOt-Bu COOt-Bu COOt-Bu
H
Entry 1: Aniline ph/N + ph/N +
COOt-Bu EtOH, 110 °C, 408 h.
(6] (6]
N 70 71 o 64
30% 9% 9%
4 COOt-Bu COOt-Bu
5 Entry 2: Aniline |
6 freshly distilled © CO:') BBu | .
EtOH, 110 °C, 92 h. N~ph
(6] (0]
72 64 14:1 65
3% 45%

Scheme 113Reactivity of compoun86 with aniline

In the first Entry, the reaction was set to reamtmlled by TLC, but after 408 hours it was
stopped as no significant changes were observad Gy it was interesting to observed that when
purification by CC of the crude from Entry 1 wasrfpemed, 5% of starting material was
recovered in the last fractions in spite that ihis less polar compound, which means that a retro-

Michael reaction took place in the chromatogragioicmn as it was previously observed for other

128



Synthesis and reactivity of (1E,3Z)-tert-butyl and methyl 5-oxo-cycloocta-1,3-diene carboxylate

Michael adducts such as compoun& 2R,aR)-13. In the second entry we used freshly distilled
aniline and compoun®6 was submitted to react under the same conditiafisy 92 hours
different spots were observed by TLC, by analysishe '"H NMR spectrum from the reaction

crude compound?2 could be identified and its yield was calculatezhf the spectrum.

The data analysis of compoufi@ led us to deduce that in the initial structuredhdine molecule
was incorporated due to the signals present atpp1(2H, t, H-3’and H-5°), 6.78 ppm (1H, t, H-
47) and 6.60 ppm (2H, d,9.4, H-2" and H-6"). Furthermore, it was found tih@ signals from the
previous double bond in C-3 have disappeared arahibe observed the displacement to low field
of the proton bonded to the amine found at 4.72 fpifh ddd,J 4.2, 8.5, 12.1, H-3). In it§c
NMR it can be observed and ketone at 210.0 ppmghheacteristic signals of thert-butyl ester

at 28.0, 81.0 and 165.0 ppm, the appearance ofrtethines at 49.0 ppm (C-3) and the olefinic at
144.0 ppm (C-2) and also a quaternary carbon at4l®pm (C-1). The four methines
characteristic of the aromatic ring from the amlican be observed at 113.3 ppm (2 x CH, C-2°
and C-6), 118.5 ppm (CH, C-47) and 129.4 ppm (CH £-3 and C-57) and finally its quaternary
carbon at 146.0 ppm (C,&). The 2D NMR experiments led us to corroboratesitacture and
the complete assignment of the signals (Table BBk most relevant connectivities can be

observed in Figure 33.

Figure 33.Heteronuclear multiple bond conectivity of compoditd**C-*H long distance.

Compound70 appears as an intermediate in the obtentiori2adind in spite that the aniline has
lower nucleophilicity for reacting with the carbdnyt does in a 1,4 Michael addition. The
migration of the double bond to the C-7 positiorcampound/1 is something that we have been

observing in these cyclooctanic systems.

As compound’Q is sensed as an intermediate in the formatiohebicycle system [2.2.2]octane
and since the aniline does not react with the aaibgroup, it was subjected to react with
benzylamine under the same conditions previousserilged. This reaction achieved with much
better yield and in a shorter reaction time compa@3 (53%) and64 (47%) detected previously

from the direct reaction of compouB8 and benzylamine (Scheme 114).

129



Results and Discussion chapter IV

H COOt-Bu COOt-Bu
Ph/N BnNH, 0 COOt-Bu
EtOH, 110°C, 6 h. H
\—Ph
o 0
70 63 64
53% 47%

Scheme 114Reactivity of compound0 with benzylamine

According to our results based on the study ofati@ievements and limitations tert-butyl 5-
oxo-cycloocta-1,3-diene carboxylate, we proposedfdtiowing mechanisms for the formation of
compounds4, which has been yielded along this set of reastaod probably can give us a clue to

propose a mechanism for the formation of the biggistem [2.2.2]octane.

Proposed mechanism for the formation of compound 64

The proposed mechanism for the formation of comddishas shown in Scheme 115, starts with
enol or enamine formation to give intermediatefollowed by a [1,7] thermal hydride shift to
produce the tri-unsaturated intermediate which bgrneelectrocyclization turn into unstable
bicycle, which suffers easily i22r ring opening followed by an intramolecularr 6
electrocyclization reaction affording the six memhbag where, depending on the substituent, the
enamine or the enol can turn into the ketone,ititesmediate ends by a [1,5] thermal hydride shift

to obtain compoun@4.

COOR COOR COOR COOR

RNH, H1 [1,7]-H shift _ 6r — electrocyclization = :|

- J - o
X
) X X H
\")

X =NHR or OH
COOR COOR COOR COOR

= 2n + 271
[1,5]-H shift 6rn-electrocyclization Ring opening
- - e E—— -
AN
H
o 0] X X

64
Scheme 115Mechanism of formation compourtd
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Proposed mechanisms for the formation of the bicyelsystem [2.2.2]octane:

Mechanism A:

Using compound64 as a potential intermediate in the formation oé thicyclic system

[2.2.2]octane (Scheme 116). Reaction of the keteiie the amine provides the enamine which
could rearrange to give the [2.2.2] bicyclo alkemoNevertheless, it is difficult to explain the
formation of the final product from this and thetdwe 64 does not provide the bicycle [2.2.2]

octane experimentally.

COOR COOR

RNH, OE\é COOR Ry, OE\é COOR
/ RHN
HOY
NS
R

Scheme 116Proposed mechanism A

Mechanism B:

We proposed the following mechanism (Scheme 1lifiated by amine Michael additiorV()
followed by enamine formatiorv(l ) and double bond conjugatio¥I{l ). The breaking of bond

within intermediateVIll is the key step toward the obtention of the dbscribicycle [2.2.2]

octane X).
COOR COOR HH COOR ’ COOR
_NH _N Double bond N —
R-NH, R R-NH, R migration R’ |
Y
a
0 o RHN RHN
VI Vil Vil
COOR COOR
H @
O;é COOR RHNzé COOR _|[RHN
NHR NHR
RHN RHN
X IX

Scheme 117Proposed mechanism B
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The described mechanism (Scheme 117), due to itgplegity needs further experimental

contribution, but some facts that support it are:

» The initial formation of intermediatél seems plausible since we have been able to isolate

it when R= Ph. This fact also indicates that thejugated carbonyl system is more
reactive than the ester.

The mobility of the double bonds in the cyclooctasystem observed throughout this
investigation explains the rearrangement presemh /Il to VIl , favoured by the
conjugation.

In intermediateVlll by bond breaking oh a double homoallylie bond system leads to
IX which evolves by electronic reorganization intotuer bicyclic isomer. To the best of
our knowledge, this is the first time that a doubtemoallylic doubles bond breaks to
produce this kind of bicycle [2.2.2] octane.

The reaction can be described througtisat+ o%s intermediate type as shown in Figure 34,
which it is thermodynamically allowed reaction axlit has been shown, it is the way that

takes place experimentally.

Lumo diene
RHN
COOR =
RHN Homo & bond

Figure 34.

Due to the surprising reactivity found and sinceréhare no bibliographic precedents for the

formation of this type of bicycle[2.2.2]octanewts decided to obtain new derivatives to see the

results and to draw relevant conclusions.

The synthesis of functionalized intermediates a# ©<lI) from the previous functionalized

derivative (E,32)-tert-butyl 5-oxocycloocta-1,3-dienecarboxyld&® would be good candidates in

order to contribute to the herein studied reagtivits indicated in the following retrosynthetic

Scheme 118, the strategy will be the synthesisbwbmo derivative such &gl
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COOt-Bu COOt-Bu COOt-Bu
) [ e—

o o
Xl 74 56

Scheme 118Retrosynthetic analysis of £€functionalized derivative

Although literaturé® describes the production of a vinyl bromide fromeabonylo,p-unsaturated
in just one step by treatment with, and E{N, in our case these conditions achie the di-

bromide derivative73 with low yield (26%). The best conditions found ahved a two steps
reaction, as shown incBeme 19.

COOt-Bu COOt-Bu
Bry, EtsN
CCly, 26%

56 74

COOt-Bu
Et3N [THF, r.t., 95 h.
83%

Scheme 19. Obtention of Bromid&4, C-4 functionalized.

CCly, 0T -1t
4h., 91% Br

Treatment ob6 with Br, in CCl, let us to get the di-bromide compour8iwith 91% vyiel¢, which
by addition of E4N in THF at room temperature for 95 hours yield theno bromide compour
74 with 83%. Compoundr4 crystallizes in Hex/EtOAc (1:1 v/ivand its structure has be
corroborated by X-Ragspectroscop(Fig. 35, Annexe).**

Figure 3E. Molecular structure representation of Compoufd

182 Smith, A. B. Ill; Branca, S. J.; Guaciaro, M. A.; Wovkulich, P. M. ; Korn, A. Org. Synth., Coll 1990, 7, 271-

275.
1% Blanco, M.; Garrido, N. M.; Sanz, F.; Diez, D. Acta Cryst. 2012, E 68, 0.
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Significantly, the indicated conditions are the i@, being crucial the temperature in the
dehydrohalogenation process, because when we teshen conditions as indicated bellow
(Scheme 120) we obtained different results. Threstment of73 with EEN in THF at 70°C for 77
hours yielded the expected mono-bromide derivatvén 18% yield together with the aromatic
product65 (3%), the trienon&5 (19%) and a bicycle sistem [5.1.0]octatte(10%).

COOt-Bu COOt-Bu COOt-Bu COOt-Bu COOt-Bu

—»Et3N + + +
THF, 70°C,
77h. Br
o o o o
74 65 75 76

Scheme 120Dehydrohalogenation reaction of compoutact 70°C

73

The espectroscopy analysis of compouBded us to deduce that the estructure correspands t
bicycle [5.1.0]octane wherein the protons H-1, tad H-8 are coupled as follows from their
coupling constants. The olefinic protons can beeplesl at 6.86 ppm (1H, d,7.8, H-3), 6.41 ppm
(1H, dd,J 7.8 and 12.5, H-4) and 6.13 ppm (1H,112.5, H-5). In its°C NMR spectrum shows
at 198.4 ppm the carbonyl group, the characterssgjoal of thetert-butyl ester at 28.1, 82.0 and
165.6 ppm. The appearance of two methinésasfi31.4 ppm (C-5) and 131.7 ppm (C-4) and the
presence of the conjugated double bond with ther @ét127.2 and 141.1 ppm for C-3 and C-2,
respectively. The 2D NMR experiments led us to awoorate its structure and to assign
spectroscopy data (Table 36, see 2D NMR part). rEig86, shows the most relevant

connectivities.

Figure 36.Heteronuclear multiple bond conectivity of compoid™*C-'H long distance.

It is reasonable to think, that under the reactionditions compound5 and76 have the same
intermediate precursoX(), yielded by dehydrohalogenation reaction78fas shown in Scheme
121.
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COOt-Bu

COO'Bu |

COOt-Bu
N ‘> 75
COOt-Bu

NEt3 b\\

L le _

76

Scheme 121Mechanism proposal for the formation of compo@band76

The abstraction of different hydrogen atom in Géufea) or C-6 (routeb) by the amine produces

a new dehydrohalogenation intermediates, whichsl¢adhe formation of the isomers and76.

Compound73 was treated with DBU since these were the onlgagiffe conditions for the
transformation of compoun®6 (previously discussed along this chapter). Thactien achieved

compounds5 and76 with 50% and 37% yield, respectively (Scheme 122).

COOt-Bu COOt-Bu COOt-Bu
DBU
+
Toluene, 110°C, 5.5 h.
o) (0]
65 7
50% 37%

Scheme 122Reactivity of compound3 with DBU

It is surprising to obtain the aromatic isoné& which was previously yielded in reactions were 5-
oxo-cycloocta-1,3 dienorgt was incorporated as starting material. It is mdgd out here a basic
mechanism of their formation and as in the previcage the isomer @b, compound’5 may be a

precursor, which explains the results obtained utidetreatment with DBU.

Since the main objective is to observe the reactidnthe cyclooctadienones with the
functionalized C-4 position by addition of primaaynines, it was decided to test the reactivity of

the mono-bromide derivativé4 and also for the di-bromidé3 as shown in Scheme 123.
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COOt-Bu COOt-Bu
(e} 5
BNNH, BnNH, § ]fCOHOt th
EtOH, 110°C, 67 h. Br EtOH, 110°C, 31 h. N—/
15% 15%
(6] 63
74

Scheme 123Reactivity of compoundg5 and76 with benzylamine

The reaction of compound by addition of benzylamine after purification bz Conly afforded
as a known compound the mono-bromide intermedidtwith low yield (15%). When compound
74 was submitted to react under the same conditamrapoundé3 was the only isolated product
in 15% yield, instead of the expected derivativéhve bromide substituent in C-6 which supports
the proposed mechanism and it is difficult to ekpthe loss of bromine without counting for an
extra unsaturation. Taking into account these tesml the future will be convenient the synthesis

of derivatives with less labile substituents.

From this chapter we can conclude that the obteriomportant intermediates in the synthesis of
Anatoxin-a with the C-5 position activated was carried oging56 and58 obtained by an allylic
oxidation with Se@ The yield on56 and58 can be improved because they are easily obtained
from the alcohol$7 and59 by TPAP oxidation. These reaction conditions akbow us to make

an important contribution to the production of athgclooctanic derivatives such &st-butyl and
methyl 4-oxo-9-oxabicyclo[3.3.1]non-2-ene-2-carblaty, 60 and 61 when 7 and 55 were

subjected to react under the same conditions.

COOR COOR COOR COOR
Se0, R
6,R = Bu © HO ©
54 R = Me 56, R = 'Bu 51% 57, R = 'Bu 32% 56, R = 'Bu 90%
’ 58, R = Me 46% 59, R = Me 18% 58, R = Me 87%
v \
0 O; é COOR RHNE % COOR RHN_ /| coor
e -
Lb\fk NHR NHR NHR
Anatoxina-a Xil RAN
Scheme 124.

Furthermore, through a complete study of the reitgtof 56 with primary amines, compounds

with a bicycle[2.2.2]octane structure were obtain€hlis fact opens a new and very interesting
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research pathway as its functionalization makesiptesto achieve intermediates likél or XIlII .
These type of compounds exhibit potential as orgatatysts, particularly derivativ€lll which

presents an own axis of symmetry C3 and could berdxd by the recently methodology reported

by Whiteet al.*** of remote methylene functionalization.

164 Chen, M. S. and White, M. C. Science 2007, 318, 783-787.
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APPROXIMATION TO THE SYNTHESISOF ANATOXIN-A:

Anatoxina was isolated in 1977 and it was reported by Edsatdal.'® its structure was
corroborated by X-Ray diffraction fronN-acetyl derivative. The first Asymmetric synthesisre
performed from tropane alkaloids such as cocaimeutih ring expansion (Scheme 125). The
majority of theses syntheses were published by Etsvaesearch grouf® Years later, a more

efficient synthesis was performed as well usingiiydrate of (-) cocain€’

@ e

Anatoxin-a (-)-Cocaine

Scheme 125. (-)-Cocaine as starting material in the synthe§i&natoxina.

The first total racemic synthesis of anato@imas described by Edwards in 1979 using cycloocta-

1,5-diene, as shown in Scheme 1%6.

HO  NHMe

o HO
pr— :} f—

(¥)-Anatoxin-a Cycloocta€-1,5-diene

Scheme 126. First racemic synthesis of Anatoxin-

Due to the importance that its synthesis meanséndbtention of new adducts with similar

biological characteristic as the anatoginand the achievement of such as unusual 9-
azabicyclo[4.2.1]nonane skeleton, several resegimohps have been working in its synthesis and
therefore exist a large number of articles aboigtttieme. Among these, it can be found different

obtention of (+)-Anatoxirg,'®® being relevant to our research group the repdsedarsons in

18> pevlin, J. P.; Edwards, O. E.; Gorham, P. R.; Hunter, N. R.; Pike, R. K. Can. J. Chem. 1977, 55, 1367-1371.

Campbell, H. F.; Edwards, O. E.; Kolt, R.; Can. J. Chem. 1977, 55, 1372-1379.

Wegge, T. Schwarz, S.; Seitz, G. Tetrahedron: Asymmetry, 2000, 11, 1405-1410.

Campbell, H. F.; Edwards, O. E.; Elder, J. W.; Kolt, R. Pol. J. Chem. 1979, 53, 27-37.

1% (a) Danheiser, R. L.; Morin, J. M. Jr.; Salaski, E. J. J. Am. Chem. Soc. 1985, 107, 8066-8073. (b) Parsons, P.
J.; Camp, N. P.; Edwards, N.; Sumoreeah, L. R. Tetrahedron, 2000, 56, 309-315. (c) Roe, S. J.; Stockman, R. A.
Chem. Commun., 2008, 3432-3434.
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2000, whose synthesis has been achieved throfdactam ring opening-transannular cyclization

sequence to set up the bridged bicyclic framewotk® natural product (Scheme 127).

O 0
o} o 0o /[( o )OJ\ )OJ\
(0]
HN % N >ﬁ NH )R %o N O %o N O
i . R| . R
1} [11] v
70% \
PhSe
R =Me, 75% R = Me, 55%, 2 pasos
R = Ph, 96% R = Ph, 42%, 2 pasos
R = n-Bu, 97% R = n-Bu, 36%, 2 pasos
i X X
%OJLN o %o N  OTBDMS 0N O
=
LW\R vii M\R vi LWLR v
R =Me, 81% R = Me, 94% R = Me, 95%
R =Ph, 76% R =Ph, 94% R = Ph, 95%
R = n-Bu, 73% R = n-Bu, 65% R =n-Bu, 77%

Scheme 127. Reagents and conditions: (i) Boc,0O, DMAP, CHCN, r.t, 12 h. (i) MeMgBr, PhMgBr -
BuMgCl (1.1 eq), -40°C, 1 h, r.t, THF. (iii) PhSe@H,CN, r.t, 30 min. (iv) HO,, THF, 0°C- r.t (v) H,
Pd/C, MeOH, 1 h. (vi) Addition of MeOH or BnOH, NaHHF, r.t, TBDMSCI, 9 h. (vii) 1) PhSeCl,
CH3CN, r.t, 30 min. 2) HO,, THF, 0°C- r.t

This synthesis involves a cycloaddition of chlofémuyl isocyanate with cyclooctadiene followed
by Boc protection of the resultin§-lactam. Reaction of the latter one with a variety
nucleophiles, followed by selenium-mediated cytima and oxidation gave the skeleton of
anatoxina bearing various sidechains. The methodology usedhie obtention of the last two

intermediates (Scheme 126) was reported by RapYfort

Other examples of enantioselectives synthesis dfAfatoxina found in literature are: the
reported by Somfaiet al., using L-pyroglutamic acid/* chirospecific synthesis of
conformationally constrained anatoxin analogtiéand cyclization of electrophilic allen&s.

A formal asymmetric synthesis of (+)-Anatoxarising an enantioselective deprotonation strategy
on an eight-membered ring by Aggarweil al.'’* is really interesting because useid-1,5-
cyclooctanodiol as starting material and it is afighe most concise and efficient (34% overall
yield) synthesis reported (Scheme 128). The keysstm this synthesis are the highly
enantioselective desymmetrization of the cycloomt&i and a novel cascade reaction to set up

the 9-azabicyclo[4.2.1]nonane skeleton.

170 Sardina, F. J.; Howard, M. H.; Koskinen, A. M. P.; Rapoport, H. J. Org. Chem. 1989, 54, 4654-4660.

Somfai, P. and Ahman, J. Tetrahedron Letters, 1992, 33, 3791-3794.

Hernandez, A.; Rapoport, H. J. Org. Chem. 1994, 59, 1058-1066.

Mansell, H. L. Tetrahedron, 1996, 52, 6025-6061.

7% aggarwal, V. K.; Humpbhries, P. S.; Fenwick, A. Angew. Chem. Int. Ed. 1999, 38, 1985-1986.

iva)
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OH .B», o} o- P(oph)2

ab NHBn _S .
81% + 95% 89% 84% 92%
HO Bn—N_! n/N n/N

Z

OH

Z = Benciloxicarbonil

Scheme 128. Reagents and conditions: (a) PDC, DCM, 100%. (b) 1 ag. PheMtH, (40%), p-TsOH (30
mol%), A, 2. SO, (10%). (c) PhCHOCOCI, Sc(OTH (5 mol%),iPr,Net, MeCN. (d) RR)-NH, HCI, n-
BuLi (2 eq), (PhOPOCI, THF, -100°C. (e) [Pd(PRk, CH,=CH(OEt)SnBy, LiCl, THF, A. (f) 45% HBr
in AcOH. (g) Pd/C, H MeOH, ¢-BuCO)0.

Another more recent and interesting contributioth&® enantioselective synthesis of (+)-anatoxin-

a using enyne metathesis was reported by Sato amd(Sttheme 129)7°

NHBoc
BnO(CH,)3Br, Mg ~_0OSi
4>
OIB‘COOH — ACHQOSI THF, 86% BnO™ " T
Boc o
(S)-(-)-pyroglutamlc acid Si = Sil-BuPh, 150% gl(::sﬁOOH
\/\/O\/OS’?—”ggm?::m HO\/\/D\/OSi e Bno\/\/O\/OSi
N 2) CH3PPh3Br, N 2) TsCl, Et;N N
Ts BuOK Ts 3) Pd(OH)y, Hy
97% (2 pasos) 84% (3 pasos) (S)-, 92%

3) CBry4, PPh3 | 1) TBAF
4) BuLi 2) Dess- Martin Ox.

\/\/&\ RU‘/ 1) Hg(OAC)2, NaBH4, 42%
R 2) Dess- Martln Oxid., \

BuL.,TMsc||:(28 58)-R=H, 65%
95% (2S,5S)-R= ™S (1S,65)-R=H, 7%
61% (1S,6S)-R= TMS

(-)-N-Ts-anatoxina-a
Scheme 129. Synthesis oN-tosylanatoxina

The formal total synthesis of (+)-anatoxinaas accomplished using enyne metathesis as a key
step. It was very interesting that (+)-anatoxinaswynthesized frong)-pyroglutamic acid via an
unusual inversion of chirality, which is rationad in terms of a skeletal rearrangement of 9-

azabicyclo[4.2.1]nonene derivative at the stagexgfnercuration of the diene.

During the development of this research, it waorea the synthesis of anatoxranalogue by
resolution of the amino acitl using chiral R)-4-phenyl-oxazolidin-2-thione as derivatizing

agent, using cycloocta-1,5-diene as starting natt3cheme 130Y°

7> Tomita, T.; Kita, Y.; Kitamura, T.; Sato, Y.; Mori, M. Tetrahedron, 2006, 62, 10518-10527.

Marc, M.; Outurquin, F.; Renard, P-Y.; Créminon, C.; Franck, X. Tetrahedron Letters, 2009, 50, 4554-
4557.
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)

Scheme 130. Resolution of the racemic mixture of amino acidd approach to the synthesis of anatain-
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Approximation to the synthesis of Anatoxin-a

APPROXIMATION TO THE SYNTHESIS OF ANATOXIN- A

Retrosynthetic analysis:

H O H,N  COOR
N COOR
\ L‘i&”
Anatoxin-a FG 1
Ph
COOR COOR N COOR

Cycloocta 1,5-diene

0- L w8
¥

\\\ COO'Bu
(R-C
Ph
Ph/LN J
O Li

56

Scheme 131Retrosynthetic analysis of Anatoxan-

As it can be observed in Scheme 131, the key stéipei synthesis of Anatoxiais the formation

of the intermediatdll where the stereogenic centers have to be generfitésl compound is
coming from adduckV that itself can be obtained frovh) which has been prepared in the previous
chapter as compourisb. The study of its reactivity by direct addition thie chiral lithium amide
(R)-C with no results and the addition of different kiodamines which has opened the door to a
new and interesting research pathway, bring us tmthke point of trying new routes. For example
when the carbonyl group in derivati%é is protected as a dioxolane, it is possible tordffthe
diene system observed in derivatife away from the quaternary carbon in C-5 positiorictvh
will not have the stabilization from the carbonyl tonjugation. It will also be interesting to have
this 1,7-diene system because we have observamgunous chapters, that the Michael addition

reaction takes place quantitatively for this sddfianlike with the cycloocta-1,3-diene system.

Our first approach froril will be in just one step to perform deprotectidrth@ carbonyl group at

C-5, hydrogenolysis of amine protecting groupstaimiolecular condensation and a subsequent
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Results and Discussion chapter V

reduction. A detailed bibliographic search for amwlecular cyclization throughout condensation
of an amine group with a carbonyl group was madecliertet al. has published an interesting
highly selective cross-coupling reaction iprotected allylic and homoallylic amines withB-
unsaturated ketones and acrylates followed by te@ucyclization as a general approach to the

synthesis of mono- and bicyclic-piperidine and pljdine derivatives!’

Cross-coupling ofN-protected allylic and homoallylic amines with erenor acrylates should
easily afford aminoenones, which upon catalyticrogdnation are converted into the satura&ted
heterocycles in a sequence of double bond redychiesheprotection and cyclization (Scheme
132)!"® Simple reductive aminations affording piperidirsesl pyrrolidines are known to proceed
cis-selectively under the control of the stereocerddjacent to the nitrogeh? In addition,
aminoenones containing a second carbonyl groupranen to undergo a further diastereoselective

cyclization® yielding bicycles like (+)ndolizidine 209D and (+)Xenovenine.

i LD
Hept N H,, Pd/C, MeOH Hept N e,
72 h., 73%
HN 0 /

CIIOOBn (*)-Xenovenine
O
X o]
/(\)J\/\%J Hy, Pd/C, MeOH/HCI Hex N
Hex NH 24 h., 88%
COO0Bn

(¥)-Indolizidine
Aminoenones 209D

Scheme 132Synthesis of (+)-Xenovenine and (+)-IndolizidinedZn

Even when nucleophilic alkylation on anti-Bredt muoim ions to the synthesis of 1l-alkylated 2-
azabicyclo[3.3.1]nonanes have been descrifeds shown in Scheme 133, the alternative
obtention of the amin# (Scheme 131) and the appropriate change of thetiéumal group in this

intermediate will give a synthetic versatility teetproposal.

7 Gebauer, J.; Dewi, P.; Blechert, S. Tetrahedron Letters, 2005, 46, 43-46.

(a) Davies, S. B.; McKervey, A. M. Tetrahedron Letters, 1999, 40, 1229-1232. (b) Benetti, S.; Risi, C.;
Marchetti, P.; Pollini, G. P.; Zanirato, V. Synthesis, 2002, 3, 331-338. (c) Boeglin, D.; Heitz, A.; Martinez, J.;
Fehrentz, J. A. Eur. J. Org. Chem. 2003, 16, 3139-3146.

179 Mota, A. J.; Langlois, N. Tetrahedron Letters, 2003, 44, 1141-1143 and references cited therein.

Randl, S.; Blechert, S. J. Org. Chem. 2003, 68, 8879-8882 and references cited therein.

181 (a) Yamazaki, N.; Suzuki, H.; Kibayashi, C. J. Org. Chem. 1997, 62, 8280-8281. (b) Suzuki, H.; Yamazaki, N.;
Kibayashi, C. Tetrahedron Letters, 2001, 42, 3010-3015.

178

180

144



Approximation to the synthesis of Anatoxin-a

Nri@ — pﬁﬁ@ or )Q — (“Ng@

H N "o __’R O-L;\R
<JOLA OLA Rmgx O~A~R (or AIR)

o) N/\
N/\ |:O>—\_MgBr d H2 Pd-C
Et,AICI, THF “in MeOH, then
&O #75%) OH  HaIMeOr

K/O

Scheme 133Nucleophilic alkylation on anti-Bredt iminium ions

In this way compound6 was subjected to 1,3-dioxolane protection as shimwe following
Table.

COOt-Bu COOR COOR COOH
1 3-dioxolane
protectlon
56 79 R=H 56,R = t-B
80, R = -(CHy),-0-(CH,),-OH  82,R= Ho
81, R=t-Bu

Table 11. 1,3-dioxolane protection of compouri®. General reaction conditions: Benzene, Dean-Stark
110°C.

entry | 56 Eth;f; o | PTSA |t ROV 79 | g0 | 81 | 82 | 83
(mmol) | =TSN mmoh) | (1) | geoe 0 | 00 | 06 | (8 | (%)
1 1.20 12.00 0.06| 27 ; 21 8 _ ; _
2 0.34 0.70 0.02| 24 i5 34 ; 46 : ;
3 0.54 1.08 0.03 24 i3 - - 3¢ 27 11

2Where obtained as a mixture in a 3:1 ratio
b \Where obtained as a mixture in a 3:1 ratio

Broadly, the desired protected product was achiemetbw yield due to ester reaction and

formation of by-products. Migration of the conjugatouble bond from 1,3 to 1,7 was expected in
acid media. In this manner, by using PTSA the dedwnd could be isomerized to the farthest
position from the spiranic centre beintert-butyl 5,5-ethylenedioxycyclooct-1,7-diene-1-

carboxylate81 or its respective acid@9 the major products. Under the reaction conditions
highlighted in Entry 1, the protected compound whtained in its acid form and isolated as its
ester by treatment with TMSCHNMNs shown in the following Scheme, compo@0ds formed due

to the 12 fold excess of 1,2-ethanediol, by redy¢ire amount of 1,2-ethanediol to 2 eq. and the
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reaction time (Entry 2), we obtained the proteqieatiuct81 in 46% yield and the protected acid
79 in 34 % yield. In Entry 3, although the conditiowere maintained, the reproducibility and

control of this protection starts to play an impaittyield control.

To recover efficiently the above acids, the metlkgters were obtained by treatment with

trimethylsilyldiazomethane (Scheme 134).

COOH COOMe
Entry 1
a
21 oh.
o 94% 0
Lo Lo
79 84
COOH COOH COOMe COOMe
Entry 2
[ I I a I I
+ +
24 h.
o (0] o (0]
82 21 83 58 85
: 63% 32%

Scheme 134Reagents and conditions. (a) TMSCHN, Benzene/bLD (1:1 v/v), r.t.

Compound84 was isolated and full characterized showing inlii. spectrum the functional

groups like C=0 at 1723 chand C-O at 1256 cfand its *H NMR showsthe characteristic

splitting for its conjugated double bond in 1,7 iios at 5.79-5.96 ppm (1H, m, H-7), 6.34 ppm
(1H, d,J 11, H-8) and 7.02-7.09 ppm (1HJt6.6, H-2).

Due to the difficulty of isolating compoun@8 and85 and taking into account that the protection
of the carbonyl group as dioxolane promotes therdhin of compoun®4 as a major product, it

was decided to make the treatment on this mixtficeding the results shown in Scheme 135.

COOMe COOMe COOMe COOMe

1,2-Ethanediol, PTSA
Benzene, 110°C, 22 h.

o o k/o k/o
58 2:1 85 84 86
89% 7%

Scheme 1351,3-dioxolane protection for the unsaturated medkters

Dioxolane protection for the 2:1 ratio mixture 58 and85 was nearly quantitative and migration

of the double bond is significantly observed obitagrii3:1 ratio mixture 084 and86, respectively.
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Deprotection of the ester did not take place beimg methyl ester a stable group wherein
protection of the carbonyl group can be performeaunrtis conditions. The structure of compound
86 was corroborated by 2D NMR experiments (Table @herein the most important correlations
in its COSY spectrum are between H-C-2 at 7.20 (b 5.2) with H-C-3 at 5.89 ppm (dd,12.6
and 5.2) and H-C-4 at 5.59 ppm {d12.6) with H-C-3.

Considering that the reactivity of the cyclooctadies very peculiar, highlighting the trend of
double bonds migration in basic medium becauséefteater thermodynamic stability as it was
observed for Hubest al.,”* compound6 was set to react undeBuOK (Scheme 136).

COOMe COOMe COOH COOH
t BuOK, t-BuOH
110°C 24 h.
0
(0
86 ed Hioh

Scheme 136lsomerization reaction of the double bonds in basdia

In spite that this reaction yields by-products, poomd 79 and 83 have got the conjugate

unsaturated bond in the optimal position and caedstly esterified, and subsequently protected.
This reaction was performed again using freshlyliswdal t-BuOK and the same results were
observed. The isomerization of the double bondsbeaperformed as well in acid media but exists

a high probability of 1,3-dioxolane deprotection.

Assuming that the Michael addition of chiral litmuamides over compoun@§ and84 is going to
behave like in compound®and?, this is a hypothesis, because a small changeaimtmlecule
may cause a large change in its reactivity. In tiégner, to prove the behavior of compo&6dn
the addition reaction oR}-C is of great importance for further experimentbéodeveloped later
(Scheme 137).
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Reactivity of the protected cyclooctadiene carboxgtes with R)-C:

Ph

)\N COOMe
Ph
Entry 1 (a)
1.5h, -78°C
32%
COOMe o}
Lo
| (1S,2R,aR)-87
Ph Ph
o}
[ o ) )
N COOMe N COOMe
86 Ph Ph N
Entry 2 (a)
2.5h.,-20°C *
o o
Lo Lo
(1S,2R,0R)-87 (1R,2R,aR)-88
7% 3%

Scheme 137Reagents and conditions: (a) (R)-N-be%z/éN—a—methylbenzylamine 6 eqn;BulLi 5.8 eq., THF,
Comparing the yields achieved in the Michael additior compound (42%) and compoun#6
(32%) can show that the reactivity remains basicie same for the conjugated 1,3-unsaturated
ester, incorporation of a functionalized group b @rns to affect the reactivity slightly due tet
presence of the 1,3-dioxolane group which is dively strong chelating group, unlike the reaction
with compound6 starting material was not isolated in this caseorder to increase the vyield, it
was decided to raise the temperature at -20°Ctheubbtained results are those ones indicated in
Scheme 137, it was also the first time that thenfiion of theanti diastereocisomer @2R,0R)-88
was observed. The two addition products were isdlaand fully characterized, mainly
emphasizing their different rotation powers befialf? = +19.3 € 0.15, CHCY) and[a]?’ = -1.3 €
0.48, CHC}), for compound$7 and88, respectively. These diastereoisomers show dift=e in
their 'H and™*C NMR spectra, for compour&Y at 2.39-2.50 ppm (1H, m, H-1), 3.77 ppm (1H, m,
H-2), 52.6 ppm (CH, C-1) and 56.7 (CH, C-2); fongmund88 at 2.68-2.75 ppm (1H, m, H-1),
4.71 ppm (1H, ddj 12.0 and 8.0, H-2), 49.1 (CH, C-1) and 57.7 (CIF2)C

When the Michael addition is performed over metbyb-ethylenedioxycycloocta-1,7-diene-1-
carboxylate84 as shown in the following Table, the reactions hbeg#er yields than those ones
performed with compoun86 but unlike the Michael addition carried out wittngpound? this one

it is not quantitative, starting material could dieserved in théH NMR spectra from the reaction

crudes but longer periods of time may reduce thil\Entry 1).

148



Approximation to the synthesis of Anatoxin-a

Ph
COOMe COOMe COOMe
Q 3 entries @ Q
( ) 105

Table 12.Michael addition of IR)-C to compound4 at -78°C

84 (R-C | n-BuLil6M.| THF " | Yield
ENY | (mmol) | (mmol) (mmol) (mL) | (hours) | ()108:84 1 g
1 0.61 3.70 3.50 15 25 25 1 23
2 0.82 4.90 4.80 2.0 2 3.1 60
3 0.93 5.60 5.40 2.0 2 3.1 50

Tandem addition selenylation or hydroxylation reacions:

Due to a retro-Michael reaction observed whe82R,aR)-13 was purified through silica gel, it
can be predicted that the same behavior may bevauséor the Michael reaction produgj-105
obtained wherB4 is submitted to the chiral lithium amid®){C addition. An alternative for
achieving isolation of this product could be irusaddition of phenylselenyl chloride, which will be
added to the-position of the unsaturated ester position reptatihea-hydrogen preventing in this

manner, elimination of the chiral amide.

Tandem reaction: selenylation addition

Thea-phenylselenyl carbonyl compounds are importantrgifional synthons angtphenylselenyl
aldehydes and ketones have been extensively sttfdi€drlanti and Piancatelit al."® have
worked in the direct amino-phenylselenylation ofoa&tes as a route in the synthesis oef
phenylselen@-amino esters angHlactams. They have described that unactivateddaadtivated
olefins can be rapidly and efficiently functiona&iz by phenylselenyl chlorideja a Lewis acid
mediated stereospecific addition; the enhancedtivégicobserved in these conditions probably
arises from the interaction between the Lewis amid the chloride anion of the electrophilic

reagent®

182 (a) Lebarillier, L.; Outurquin, F.; Paulmier, C. Tetrahedron, 2000, 56, 7483-7493. (b) Houllemare, D.;

Ponthieux, S.; Outurquin, F.; Paulmier, C. Synthesis, 1997, 101 and references cited therein.

183 Torchiarolo, G. C.; D'Onofrio, F.; Margarita, R.; Parlanti, L.; Piancatelli, G.; Bella, M. Tetrahedron 1998, 54,
15657-15666.

'8 D*Onofrio, F.; Parlanti, L.; Piancatelli, G. Tetrahedron Lett. 1995, 36, 1929-1932.
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NHR'
R\ COOMe —— COOMe

SePh
Scheme 138Applied methodology in the synthesiscephenylseleng-amino esters

When addition of R)-C is performed oveB4 at -78°C followed after 1.5 hours by addition of
PhSeCl, it is achieved add&9 as a reaction product, instead of the selenytposition, probably

due to the high steric bulk.

Ph

)\N COOMe
Ph : 'SePh
o
COOMe (O
1) (R)-C, THF, -78°C Ph
2) n-BuLi
0 3) PhSeCl, THF, -78°C - r.t. >\N COOMe
k/o Ph
84 .
"'SePh
0
0
89

Scheme 1390ne-pota-phenylselenylation

Compound89 was isolated in 29% yield and the proposed stéogstry indicated in the
previous Scheme is in accordance to the pattetheotandem reactions of addition and anti
alkylation, even when in this case the influencdais away. Compoun@9 can be an useful
intermediate because it can be purified through @@l subsequent elimination of the
phenylselenyl group and hydrogenation of the douieds will afford an important adduct
(Scheme 140).
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Ph>
N COOMe
Entry 1 Ph
(a)
Ph 0°C - 25°C,
> 3 min. o
>\N COOMe (O
Ph
— Ph>
o Seph >\N COOMe
k/O Entry 2 Ph
89 (b)
0°C, 40°C,
1.5h. o)
Y

Scheme 140(a) H,O,, THF, 0°C-25°C, 3 min. (b) Pyridine, DCM 6, 0°C-40°C, 1.5 h.

Elimination reaction did not take place even wheas mixture was refluxed at 40°C for 1.5 hours,
probably the elimination of the-phenylselenyl group to the double bond has todréex out in
stronger conditions For corroborating the influermfe the double bond, compoun89 was
submitted to hydrogenation but as it can be obskirv&cheme 141, it was only recovered starting
material and full elimination of the amine and pyisalenyl groups destroying the previously

incorporated chirality so for this reason we chahtge strategy to incorporate a hydroxy group

instead.
Ph Ph
)\N COOMe )\N COOMe COOMe
Ph Ph
EtOAc, PtO,
+
"'SePh Hp, r.t., 18 h. "'SePh
0 o] o]
Lo Lo (Lo
89 89 84
45% 15%

Scheme 141Hydrogenation reaction of compou8é

Tandem reaction: hydroxylation addition

The examples found in literature on addition dfilim amides and subsequent hydroxylations of
cyclic enoates are not very common. In 2002, Dasties.,*®® reported the conjugated addition and

hydroxylation over ethyl 1-cyclopentene-1-carbox®laachieving the desired product with high

diastereoselectivity (>90%H NMR data analysis from the reaction crude) angrisingly the

185 Davies, S. G.; Epstein, S. W.; Garner, C.; Ichihara, O.; Smith, A. D. Tetrahedron: Asymmetry 2002, 13,

1555-1565.
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obtention of only one diastereocisomer was yielde@41% after purification, as shown in Scheme
142.

Ph
Ph/(N J
i) (R)-1, THF, -78°C
@7000& OAGY E&.—cooa
(i) ()-(2R,8a8)-D, THF, -78°C :

OH
62%, >90% d.e.

Scheme 142Reagents and conditions: (i) Lithium (R)-N-benzylN-a-methylbenzylamide (1.6 equiv.), THF,
-78°C, 2 h. (ii) (-)-(canforsulfonyl)-oxaziridin@ (equiv.), THF, -78°C-r.t

Using the conditions described above for the asymeongynthesis off-aminoe-hydroxy acidsvia
diastereoselective hydroxylation of homochifisamino enolates with oxaziridiné$.It was
performed a complete study to search for the bastitons for finding the matched pair when
compound55 was used as a model of starting material to dhtér to the more elaborated
compoundd4 once the optimal conditions are met. This argunemade by the major difficulty

of obtaining the latter compound.

Theoretical® and experimentdl’ studies have suggested @Sype mechanism for the oxygen
transfer fromN-sulfonyloxaziridines to nucleophiles. Although tlearly part of the reaction
coordinate is dominated by the four-electron rdpuolof the nucleophiles and the lone pair on
oxygen, the “electrophilic” nature of oxaziridinleas been attributed to the presence of a low-lying
empty Walsh orbitals (LUMO) that rapidly decreasasenergy during C-O and N-O bond
elongation induced by the attacking nucleophilesvds concluded that the molecular recognition

is steric in origin, dictated by the substituentstioe oxaziridine nitrogen and carbon atoms.

An S2 type mechanism has been proposed by Deiak for the hydroxylation of enolate anions
by oxaziridines (Scheme 143§.The enolate anion attacks at the oxaziridine omyafem to give
hemiaminal intermediat¥l which fragments to the sulfonimindl and alkoxide. When (%)-2-
(phenylsulfonyl)-3-phenyloxaziridine is used, exégidence implicating/l in the oxidation of
enolates. Oxidation of lithium enolates by the pyas (+)irans-oxaziridine gives, in addition to
the a-hydroxy carbonyl compound, the imino-aldol prodidtl resulting from addition of the

enolate to the sulfoniminéll .

'8 (a) Bach, R. D.; Wolber, G. J. Am. Chem. Soc. 1984, 106, 1410-1415. (b) Bach, R. D.; Coddens, B. A.;

McDouall, J. J. W.; Schlegel, H. B.; Davis, F. A. J. Org. Chem. 1990, 55, 3325-3330.
87 Davis, F. A.; Billmers, J. M.; Gosciniak, D. J.; Towson, J. C.; Bach, R. D. J. Org. Chem. 1986, 51, 4240-4245.
'8 Davis, F. A.; Sheppard, A. C.; Chen, B.-C.; Haque, M. S. J. Am. Chem. Soc. 1990, 112, 6679-6690.
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. om*
&x’Ph Ph_N'SO,Ph R
R’ PhSO” " “H 2 R
: 0._C(OR
ow Y :
R
=Li PhSO,N=CHPh
J(M—Ll) " N
Ph.__NHSO,Ph
o)
Vil

Scheme 143General mechanism for enolate oxidation WitSulfonyloxaziridine

For analyzing the stereoselective hydroxylationsinecessary to screen a variety of reagents.
Firstly, the reaction has to be performed by additof the Davis oxaziridinetj-trans-2-
(phenylsulfonyl)-3-phenyloxaziridine as source lgcerophilic oxygen (Scheme 144) to check the

diastereoselectivity of the reaction.

Ph> Ph>
COOMe 4( Ph>\N COOMe Ph>\N COOMe
1) PP HNJPh, THF, -78°C Q\OH
2) n-BuLi, 2 h. +
3) (*)-trans-oxaziridine, THF,
55 -78°C -r.t, 19 h. (-)-90 (+)-91
O ph 20% 3%
/ s
PhSO{NA\H

Scheme 1440ne-pota-hydroxylation of homochirg-amino enolate

In this experiment we could confirmed the seletgivds >95% d.e. since the alternatisym
diastereoisomer could not be identified in the NMR spectrum of the crude product. This
reasoning can be evidenced from previous addidr{R)-C over cyclooctanic unsaturated esters
where the stereoselectivity of the product is primalirected by the chiral amine without having
observed the formation of other diastereoisomeaking) into account the importance of the
temperature in this kind of addition. Compour§gs90 and(+)-91 were isolated in 20% and 3%
yields and fully characterized being their rotatimwers[a]?’ = -15.7 ¢ 1.15, CHCY) and[a]%) =
+4.7 (€ 0.64, CHCY), respectively. The low yield of compouli#)-91 is probably due to a retro-
Michael reaction which takes place during CC paaifion. For this reason the recovery of starting
material (37%). Characteristic signals for compo(d0 are: In |.R. spectrum at 3348 ¢rO-

H), in '"H NMR at 4.94 ppm (1H, s, ) and 5.40-5.48 ppm (2H, m, H-7 and H-8) an"@& NMR

at 76.4 ppm (C, C-1) and 134.5 ppm (CH x 2, C-7 @), this compound also crystallized in a
mixture Hex: ether (1:1 v/v) which melting pointli88-140°C and its structure has been confirmed

by X-Ray (Fig. 37) as it shows Anneke
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Figure 37. Molecular structure representation of compo(#)b0

The X-Ray spectroscopy results confirm the propostdcture represented in Scheme 144

confirming the stereochemistry of its three chiraters as @&,2R,0R).

Under the same conditions, treatment with (§82R)-D camphorsulfonyl oxaziridine in situ,

provides the results shown in Scheme 145, unlikepitevious experiment the presence of by-

products precluded an accurate assessment. Fudierisolation of the hydroxylated prodifex-

90 by flash chromatography was more complicated tefore.

") ™)
COOMe >\N COOMe >\N COOMe
pd  ph . Ph r\OH Phi
D HN— - THF, -78°C . 4 Unknown
2) n-BuLi, 2 h. compounds
3) *(-)-(2S,8aR)-D, THF
55 (-)-90 (+)-91
26% 2% 8%
* O\N
o0

Scheme 1450ne-pota-hydroxylation of homochirgs-amino enolate

To complete the screen, the last experiment wageastigld in situ by addition of (+)-R8a5-D
camphorsulfonyl oxaziridine (Scheme 146).
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Ph Ph
COOMe >\N COOMe >\N COOMe
1) Ph*,_i(N PN THE, 780c Phi .\ OH Ph
2) n-BuLi, 2.5 h. +
3) *(+)-(2R 8aS)-D, THF, 18 h.
55 (-)-90 (+)-91
. . 30% 1%
N
>s70

o

Scheme 1460ne-pota-hydroxylation of homochirg-amino enolate

The™ NMR spectrum from the crude product showed angeaeaction in spite of the low yield
and purification by CC was performed in a muchdyettay. The selectivity could be confirmed as
>95% d.e. from its spectrum. Compoufi90 was pure isolated showing a slight increase in its
rotational powefa]?’ = -17.7 € 1.18, CHCJ).

Interestingly, the corresponding hydroxylation gsthe antipodal chiral lithium amid&)(C by
addition of (-)-(58aR)-D in situ, led to recover 33% vyield of starting matkand to afford
compound(+)-90 in 24% yield and its rotation power was measure(ﬂaaazl;’ = +28.2 € 0.98,
CHCL). In spite that the rotation power has slightlgreased, th&H NMR from the crude product

IS not clean and the isolation of the hydroxylapedduct(+)-90 by flash chromatography was as
well complicated (Scheme 147).

Ph Ph
COOMe Ph - ~N COOMe N coome
L Ph/\ ~_ Z.OH Ph/\ P
1) H Ph  THF, -78°C
+
2) n-Buli, 2 h.
*(-)- -D, THF
55 3) *()-(2S,8aR)-D, (+)-90 (-)-91
24% 3%

Scheme 1470ne-pota-hydroxylation of homochirgt-amino enolate

With compounds(-)-90 and (+)-90 in hand, we tried the hydrogenation and hydrogesisl

reactions as we have been suggested in the rethesignanalysis of Anatoxia-
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Ph
>\N COOMe HoN COOMe
o W OH CH3COOH PdIC oA
Entry1 3 (glacial)s
Hy (4 atm.), r.t., 24 h.
60%
(-)-90 (-)-92
Ph
/—N  COOMe H,N  COOMe /\NH COOMe
Ph - aOH - aOH Ph OH
Entry 2 EtOAc, Pd/C .
Hy (4 atm.), r.t., 16 h.
(+)-90 (+)-92 (+)-93

40% 60%

Scheme 148Hydrogenation and hydrogenolysis reactions

In Entry 1, the reaction produ¢)-92 was afforded in 60% yield and successfully charzed. In
this procedure the use of glacial acetic acid ash#ent may affect the yield during the extraction
because in Entry 2 by addition of ethyl acetater&aetion products yields are quantitative. These
entries show us that is viable to perform the hgdrmation and full hydrogenolysis in EtOAc but
needs a longer period. In this way, we describedsymthesis op-amino«a-hydroxy cyclooctane

carboxylic acid derivatives.

With the best conditions in hand for the one-pdtydroxylation of homochirg-amino enolat&5

we used them for compoudd.

Ph
COOMe N COOMe COO (CH)3-CH3
wOH
9entr|es O

(0]

(o

84 ()94
38% 9%

Scheme 149Reagents and conditions: (a) (R)-C, n-BuLi, THF, -78°C, 2 h, (+)-(R,8a5)-D/THF, -78°C-r.t 20 h.

After performing 9 entries (Table 21, see experitakpart) making different variations on the
reagents equivalents the reaction was led to itisnggation (Entries 7-9, Table 21) by increasing
slightly the reaction product yield)-94, which crystallized in a mixture of Hex: etheri1/v) and
its structure has been corroborated by X-Ray spsotpy as shown in Figure 38 (Anne&@
confirming the stereochemistry of its three choahters as ®,2R,aR) and the measure of its mp
of 158-160°C and its rotation power[hqzl;’ =-5.11 € 0.97; CHCY)).
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Figure 38. Molecular structure representation of compo(#)eb4

Regarding to its spectroscopic data, intere signals in its I.R. spectrumppearat 3427, 1726
and 1224 crm accountingor the functionalized groups-H, C=0 and 09, respectively; bits H
NMR spectrum we can confirm the addition of the anat 1.41 (3H, dJ 7.0, N@)Me), 3.62-3.65
(1H, d,Jas, 14.0, GACHgPh), 4.19-4.23 (1H, d)as, 14.0, CHCHgPh) and 7.0-7.37 ppm (10H,
m, H-Ar); the presence of the ester3.64 ppm (3H, s, CORe); the 1,3dioxolane protection ¢
3.93-3.98 ppm (H, m, COO((H,),) and the unsaturated system at 5.55-pyh (2H, H-7 and H-
8). By analysis of its®C NMR spectrum we could establisinportant signals a12.0 (CH,
N(o)Me); 52.4 (CH, COQMe), 64.5 (CH, OCH,CH,0), 64.9 (CH, OCH,CH,0), 77.3 (C, C-1),
113.0 (C, C-5), 136.(CH x 2, (-7 and C-8) and 174.2 ppm (COOMe).

In spite that the bproduct at performing this conditions with compol55 was the Michael
addition compound+)-91, in the same reaction witB4 as starting material, secondary product
was isolated and fullycharacterized abutyl-1-hidroxy-5,5ethylenedioxycycloo+2,7-diene-1-
carboxylate95, showing thathe simplicity of its spect is due to the existence of a symme
plane in the molecule ahown'H and™*C NMR spectra at 5.78:81 ppm (4H, m, -2, H-3, H-7
and H-8) and at30.0 ppm (CH x 2, -2 and C-3) and34.4 ppm (CH x 2, -7 and C-8) assigned
to its double unsaturatiohe formation of this compoundan be explained by reaction with B

present as impurity in-BuLi and Cope elimination by oxidative reactiontioé tertiary amin:

Taking into account that thprotocol of hydrogenatiomnd hydrogenolysis was develo for
compounds(-)-90 and (+)-90, the key step nowbpefore subjecting these reactions is
deprotection of the carbonyl group becait may favour the intramolecular cyclization

condensation with the amir
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Two reactions were performed. The first one by @aldiof H,O, PTSA in acetone and stirred at
room temperature for 20 hours and the second dheed at 50°C for 60 hours. In the two cases
the deprotected compound was not yielded. On therdtand, due to the great stabilization that
this molecule shows, it could be that the hydrogenaand hydrogenolysis reactions will need a
stronger media to afford the desirable productséfaetion was subjected in glacial acetic acid as a
solvent, Pd/C (30 % Pd basis) and undg(4datm.) for 40 hours (Scheme 150).

Ph Ph

)\N COOMe )\N COOMe H,N  COOMe
Ph /..OH Ph /. \OH /.. OH
CH3COOH (gacial), PA/C

Hy (4 atm.), r.t., 40 h.
(0] o}

(0]
Lo Lo Lo
()94 (-96 ()97
11% 48%

Scheme 1500ne pot hydrogenation and hydrogenolysis readésn

In spite of a longer reaction time, compoyrd96 was achieved in 11% vyield. As a confirmation
that hydrogenation and hydrogenolysis took plabe, adduct(-)-97 was yielded in 48% and
characterized. Its functionalized groups are preisetine IR spectrum at 3385 &nfor O-H and N-
H, 1726 crit for C=0 and 1104-1056 chfor C-O-C. Its'"H NMR spectrum is kind of simple but
the ®*C NMR spectrum show all the 12 carbons presentiggtructure being the most important
the following: 52.6 ppm (Ck COQMe), 64.1 and 64.8 ppm for (GK 2, OCH,CH,0), 77.2 ppm
(CH, C-2), 82.2 ppm (C, C-1), 111.4 ppm (C, C-5) 4775.8 ppm (CCOOMe).

Application of the Weinreb's amide in earlier deriatives:
One of the processes envisaged in the retrosyatBeheme 151 for the synthesis of Anatoxin-
involves the conversion of the ester into the mlel®tone and it is planned to be performed

through the Weinreb's amide.

H H O H O

N coome N sOMe N

A — A
Anatoxin-a

Scheme 151Weinreb’s amide protocol in the approximation ® s$lgnthesis of Anatoxia-
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Therefore, it seems appropriate to test the rdgactiof this functional group in the initial
cyclooctadiene, as it is known preferential reaistiof the conjugate amide to overcome Michael
addition avoiding 1,2 addition reactivity. Diffeerexperiments were carried out. Firstly,
compound (-)-94 was led to react by previous addition of N,O-dimy#itydroxylamine
hydrochloride dissolved in THF amaBuLi (Scheme 152). Unfortunately the reaction prcidvas
not yielded perhaps because of steric factors.

Ph Ph

) ) OMe
)\N COOMe )\N CON-pte
Ph . \OH CH3ONHCH3.HCI / THF, Ph [ OH

-78°C
n-BuLi, THF, 2 h.

o} 0}

Lo Lo

(-)-94

Scheme 152Preparation of the Weinreb’s amide

In a similar manner, the Weinreb's amide method ezased out for compoun84 affording in
this case compour2B with 80% yield (Scheme 153).

COOMe coN-OMe
CH3ONHCH3.HCI / THF, Me
-78°C
n-BuLi, THF, 1.5 .
0,
o 80% 0o
84 98
Ph
) Owe
CON-OMe ol N PONS v
Me \OH 1) P THE, 780C
+
2) n-BuLi, 2 h.
0 0 3) (15)(+)-CSO, THF,
(O (0 -78°C -1t 17 h.
98 (-)-99
53% 38%

Scheme 153Preparation of the Weinreb’s amide

With compound8in hand, Michael addition of lithiunRj-N-benzyIN-a-methylbenzylamide and
subsequent in situ addition of§1(+)-(10-Camphorsulfonyl) oxaziridine was carriedt. After
purification by CC unreacted starting matergdl (53%) was recovered together with reaction

product(-)-99isolated in 38%, but due to the low quantity isethit was not fully characterized. In
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spite of this, the yield achieved for compoyAd99is good, accounting for the recovery of starting

material, and it could also be optimized for exjpigrfurther reactivity.

Intramolecular cyclization reactions:

Continuing the development of our planned synthetdige, the intramolecular cyclization is our
next step. Synthesis of (+)-Indolizidine 209D shdwa previous Scheme 132 resembles ours
wherein deprotection of dioxolane has to take plecehe formation of an anti-Bredt double

bond?!®!

Two experiments were performed for studying thespmity of intramolecular cyclization in
compound-)-94 under catalytic hydrogenation conditions. As shawB8cheme 154, compouigd
)-94 was dissolved in MeOH and Pd/C (30 % Pd basis)H@l (37%, 8 drops) were added into
the system and reacted under(# atm.) for 24 hours. This first entry yieldedeafpurification by
CC compound-)-100 and (-)-101 in 17% and 44%, respectively. The expected inttacutar
cyclization between the deprotected amine and dpeatected carbonyl group did not take place,
nevertheless intramolecular cyclization did takecpl between the hydroxy group and the
functionalized C-5 position. These results disaloggeresting issues to be considered, namely:
under these conditions both the amine and the iby®dne groups were deprotected but the amine
need longer reaction period, moreover intramolactyalization is possible albeit interference of

the hydroxy group in C-1 is observed.

NH COOMe HoN COOMe »\NH COOMe
E O
ntry 1
Ph e
>\N> COOMe MeO MeO MeO
Ph 7.WOH (-)-100 (-)-101 (-)-103
17% 44% 43%
COOMe
(e} WOH
Lo
H2N COOMe
(-)-94 Entry 2
70 h.
OH
(-)-101 (-)-102
44% 19%

Scheme 154Reagents and conditions: (a) c. HCI, MeOH, Pd/C, H4 atm.), r.t. (b) Bo®O, THF, r.t, 3 h.
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Compound(-)-100 was just identified by itSH NMR spectrum but its structure can be confirmed
by the full characterization of compourfg-101 (Table 41), which ha{;a]zl;’ = -9.85 € 1.02;

CHCl). The functional groups in the IR spectrum areseng¢ at 3383 (N-H), 1731 (C=0) and
1068-1041 (C-O-C) cthand its structure of 9-oxabicyclo[3.3.1]nonane barcorroborated by its
%C NMR spectrum with the two quaternary carbondring at 81.2 ppm (C, C-1) and 98.0 ppm
(C, C-5). On the other hand, by the preparatiothefprotected derivative)-103 afforded in 43%
yield confirms that the nature of the amine is puiyn because if this functional group was forming
the intramolecular cycle when we carry out its ectibn with BogO would be tertiary and it can
be corroborated by the following signals in‘isNMR being the most representative at 4.07 ppm
(1H, m, H-2) and 4.40 ppm (1H, 89.6, N-H).

For studying the behavior of compoufai}t94 under longer reaction periods, this one was stdgjec
to react under the same conditions for 70 houris 3écond Entry yielded after purification by CC
compound(-)-101 and(-)-102in 44% and 19%, respectively. Formation of commb{ai102is a
great achievement and its structure can be confirbyeanalysis of its spectroscopic data. In its
I.R. spectrum we can observed the typical vibratidrands of functional groups such as 3375 (N-
H, O-H), 1739 (C=0), 1141 and 1037 (C-O-C)tifihe most important signals in itsl NMR
spectrum are at 3.68-3.72 (3H, m, H-1 and QCHHOH); 3.78 (3H, s, COMe); 3.80-3.85 (2H,

m, OCH,CH,OH) and its"*C NMR spectrum corroborates the presence of theatlfons at 20.0
(CHy); 24.5 (CH x 2); 32.1 (CH x 2); 52.8 (CH, COQMe); 63.2 (CH, O-CH,-CH,-OH); 64.6
(CH,, O-CH,-CH,-OH); 76.6 (CH, C-1); 92.4 (C, C-2); 98.1 (C, C-&)4.0 (CCOOMe).

Taking into account that compoug-101 may be an intermediate in the formation of denest
with a nitrogen bridge, encouraged us to perforfiedint kind of reactions to promote the desired
intramolecular cyclization by activation of the aigroup or/and opening reactions of the

intramolecular [3.3.1] ring, with no resuifs.

H,N  COOMe 1) (Pr),NH , -78°C COOMe
e 2) n-Buli, 2 h. . OH
MeO TMSOTf Med

4A mol. sieves, DCM,
(-)-101 0.5 h.

Scheme 155Test reactions, reactivity of compoufg-101

189 (a) Sugiura, M.; Hagio, H.; Hirabayashi, R.; Kobayashi, S. J. Am. Chem. Soc. 2001, 123, 12510-12517. (b)

Sugiura, M.; Kobayashi, S. Organic Letters 2001, 3, 477-480. (c) Reisman, S. E.; Doyle, A. G.; Jacobsen, E. N. J.
Am. Chem. Soc. 2008, 130, 7198-7199. (d) Furukubo, S.; Moriyama, N.; Onomura, O.; Matsumura, Y.
Tetrahedron Letters 2004, 45, 8177-8181.
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To avoid the observed interaction of tlhehydroxy group and to promote intramolecular
cyclization of the amine group, compou@it94 was subjected to a protection reaction with methyl
chloromethyl ether (MOMCI), affording the protecteproduct (-)-104 pure after flash
chromatography in only 0.3%.

After a careful study of the results obtained sp fee reconsider an alternative and feasible
pathway in the synthesis of Anatoxan-Taking into account the retro-Michael reaction of
compound-)-105 occurring during purification by CC, the low yisldnd not viable intermediates
obtained in the one-pet-phenylselenylation and one-pethydroxylation of homochiraB-amino
enolates together with the results obtained inrttramolecular cyclization reaction, it was decided
to perform the addition ofR)-C to compound84 and further continue with the hydrogenation

reaction without isolating the Michael add(gt105

As shown previously in Table 12, were performede¢hentries which crude$H NMR spectra
show the ratio mixture of the products from the Miel addition reaching under the best
conditions a 3:1 ratio of-)-105and84 in 60% yield (Table 22). Subsequently, the crudese
subjected to hydrogenation reactions performing éxperiments, in the first one, and after 2.5
hours reaction, compounds)-106 and 108 were isolated after CC with 40% and 20% yields,
respectively. The second test (Entry 2, Table &y 49 hours reaction and purification by flash
column chromatography yielded compoutgsl06, (-)-107 and108in 39%, 1% and 13% with a

significant general increase.

Ph Ph
COOMe N COOMe COOMe N COOMe >\NH COOMe COOMe
Q 3 entnes @ Q 2 entrles @ Q Q
( ) 105 -) 106 ( ) 107
3:1,60%

Scheme 156Reagents and conditions: (a) R)-C, n-BuLi, THF, -78°C, 2 h. (b) EtOAgy), PtQ, Hy, 1.t

Table 13.Reaction conditions for protocbl

Entr (-)-105: 84 EtOAC PtO, t (-)-106 (-)-107 108
y (mmol) (mL) (mmol) (hours) (%) (%) (%)
1 0.37 15 0.36 25 40 - 20
2 0.57 15 0.56 19 39 1 13
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The study on the reactivity of compouh@8 has helped us to corroborate that deprotectidheof
1,3 dioxolane group can be achieved under acidytiatdydrogenation conditions (Scheme 157).
On the other hand, it can be used to regenerageMithael acceptor by addition of phenylselenyl
chloride affording compoun@l10in 29% yield followed by elimination of the phesglenyl group
obtaining compound11in 100% vyield (Scheme 157) whose recovery is ingntrdue to the value
of this intermediate for performing new Michael dith and because show the way to make the

final double bond in Anatoxia-synthesis.

COOMe
c.HCI, MeOH, Pd/C
COOMe Hs (4 atm.), r.t., 24 h.
| o 109
31%
(e} COOMe COOMe
(0 . L 'SePh
108 1) (Pr),NH , THF, -78°C Hy0,, THF
2) n-Buli, 1 h. 0°C-25C
3) PhSeCl, THF, -78°C - r.t. fe)
k/o
110 111
29% 100%

Scheme 157Reactivity of compound08

With compound(-)-106 in hand, the previous hydrogenolysis, deproteciod intramolecular
cyclization reaction was subjected. After 24 howaction, it yielded compoun@d)-112 and(-)-
113in 14% and 27%, respectively.

Ph
Ph>\N COOMe >\NH COOMe MeOOC
c.HCI, MeOH, Pd/C
H> (4 atm.), r.t., 24 h.
(0]
Lo
(-)-106 (-)-1 12 (-)-1 13
14% 27%

Scheme 158Hydrogenolysis, deprotection and intramoleculaiizgtion reaction

These two compounds are highly advanced intermesliat the synthesis of Anatoxin-Methyl
(1S 2R,aR)-2-N-a-methylbenzylamino-5-oxocyclooctane-1-carboxylé)el12 could be subjected
to react under the same conditions to form probabé/ methyl 9-azabicyclo[4.2.1]nonane-2-
carboxylate which by protection of the amine withoc®) and addition-elimination of

phenylselenyl bromide we will led to the unsatwldtecyclic ring.
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Results and Discussion chapter V

)\NH COOMe MeOOC MeOOC MeOOC
Ph

1) LDA, PhSeBr
c.HCI, MeOH, Pd/C Boc,0 AR 2) H,02, NaHCO3 AR
Ho (4 atm.), r.t.,, 24 h. THF, r.t, 3 h.

(-)-112
Scheme 159Possible route to follow from addug}-112

The main objective of this work was the synthedisAnatoxin-a but the obtention of similar
adducts is of great importance in the study ofdsvity to trace human and nonhuman nicotinic

acetylcholine receptors.

In conclusion in this chapter we have reached séggals, that there are shown in the general
Scheme 160. Firstly, the preparation and optinoratf the synthetic procedure that yields
compound84 obtained after 2 steps from cycloocta-1,3-diendmeylate in 75% overall yield.

Product84 represents derivatii® in the proposed retrosynthetic scheme of Anataxin-

The study of the reactivity of compoun85, to find appropriate conditions for the
diastereoselective hydroxylation of homochifahmino enolates with oxaziridines afforded in
reasonable yields the two products: methylR2R)- and (5529-1-hydroxy-2-amino-
cyclooctanecarboxylate§;)-92 and(+)92, respectively, which can be further converted ittieir

respective functionalized cyclooctarfiiamino acids enriching our adducts library.

Through application of the aforementioned condgitm compoun@®4, adduct(-)-94 was obtained
which provides(-)-101 and (-)-102 in 5.0% and 2.1% yield, respectively. These ater@sting
functionalized bicycles derivatives. In additiomeir obtention made us redirect the synthesis
pathway towards the direct addition 8){C to compound4 wherein the intermedia(e)-106 was
isolated and through catalytic acid hydrogenatiomgoundg-)-112 and(-)-113 were afforded in
6.3% and 12.2% vyield, respectively, being the tfvthem highly advanced synthons of Anatoxin-

a synthesis.
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Approximation to the synthesis of Anatoxin-a

1.0% overall yield

COOMe COOMe COOMe
© - +
€ 55 54 8/0
g CSOl(R) or (S)-C (R)-C 7?-)%/
Ph/\NH 98(|_)|Me HN 988Me / overall yield
Ph R)-C
OO VL &
e 08(|_)|Me Ph>
(+)-93 +)-92 N
60% P . % N COOMe Ph
N COOMe
HN  COOMe coOMe Y PH " OH
or O
O (+)-90 k/o
(1-106 0
G Lo
l ()04
MeOOC NH COOMe l
H,N  COOMe
+ \OH
0 (0]
(-)-113 1OH (-)-112 0 o)
4.0% overall yield 2.0% overall yield N\
(-7
+
Ph
% )
H,N  COOMe |MeOOC OH N COOMe
- Cat. acid Hydr. Ph . \OH
e cond.
+ -~
MeO o 8,
e
(9-101 ()-102 \\\OH (-)-96

0.4% overall yield

Scheme 1600btention of highly potential synthons for thexthesis of Anatoxira
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TECNICAS GENERALES

(General techniques)



Metodologia Experimental: Técnicas generales

1.INSTRUMENTACION

Rotaciones especificas:
Se midieron en un polarimetrigital Perkin-Elemer 241 (Fig. 39en cubetas de 1 dm de pi
Optico y en disolucion de cloroformo. Lconcentracién a la que se realizé la medid

especifica en cada caso.

Figura 39.

Puntos de fusion:
Se determinaron en un microscopio latina caliente (Kofler) (Fig. 40y estan sin correg

Figura 40.

Espectroscopia de IR:
Las medidas se han realizado en un espectrofotdlIAVATAR 370 FT-IR Thermo Nicolet

(Fig. 41 en pelicula capilar sobre cristales de N

Figura 41.
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Espectroscopia de Resonancia magnética nuclear:

'Hy "c:

Se han realizado en un espectrometro VARIAN 200 (26iz ‘H y 50 MHz°C) (Fig. 42) y
en un espectrometro BRUKER AVANCE 400 MHz DRX (4@6iz *H y 100 MHz**C) (Fig.

43), equipado con una sonda de deteccion inversaatnina de gradientes y una sond&>C.

Figura 42.

Los espectros se realizaron en Cpétimo disolvente habitual y se referencian conaetspal
disolvente residual CHg(7.26 ppm erfH y 77.0 ppm erC). Los desplazamientos quimicos

(8) se expresan en ppm y las constantes de acopltaniigen Hz.

Figura 43.
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La multiplicidad de los carbonos se determina z#ilido la secuencia de pulsos DEPT
(Distorsionless Enhancement by Polarization Trapsfea secuencia distingue los carbonos

protonados CH, Cky CH; utilizando pulsos de proton a través del desadopla 90° y 135°.

nOe (nuclear Overhauser effect):

La irradiacion de una sefal de protdn causa varasia uno o varios protones. Esta variacion
esta relacionada con el reciproco de la sexta @atefe la distancia entre los nicleds.1Se
suele irradiar con baja potencia y de manera caatia sefial que interesa. Ademas, se obtiene
un espectro irradiado fuera de la zona de resoma®& restan ambos y se observa si hay
variaciones en la intensidad de la sefial. La setaantilizada permite irradiar todos los

componentes de un multiplete con una potencia moevwr que si se irradia el centro.

HMQC (Heteronuclear Multiple Quantum Coherence):

Los experimentos de correlacién heteronucledt®C a un enlace se adquieren utilizando la
secuencia Bruker inv4gs, con seleccion de la setaiele cero cuanto y doble cuanto con una
serie de tres pulsos de gradientes sinusoidalelonigitud del pulso de gradiente es de 1.5 ms
y los pulsos guardan una relacion de 50:30:40 espercto a la longitud total del pulso. El
intervalo de recuperacion del gradiente es de 190 m

Un experimento tipico adquiere 256 series de udotransientes cada uno. El intervalo de
reciclado es de tres segundos y la modulaciémsensia paralyc = 145 Hz, que corresponde
a un intervalo de 3.45 ms, y desacoplando con ecgesicia garp eHC en el momento de la
adquisicion.

La transformada de Fourier (FT) en ambas dimensi@eerealiza después de aplicar una
funcién exponencial de 0.3 Hz en PRIy una funcion sinusoidal en Fg). Se obtiene un
espectro de correlacién en magnitud con 1024 pumtd=2 y 512 en F1, que corresponde a una
resolucion de 4.68 Hz/pt en F2 y 45.2 Hz/pt en F1.

HMBC (Heteronuclear Multiple Bond Conectivity):

Para las correlaciones a larga distancia, 2 6 &es) se utiliza la secuencia inv4gslplrnd, que
utiliza un filtro de paso largo para la eliminacida la correlacion directa en funcion de la
constante de acoplamientd,c = 145 Hz. La secuencia de pulsos de gradientes laar

seleccidn de la coherencia es la misma que erselargerior y se aplica un nuevo intervalo de

evolucién [funcién'Jy c cuyos valores pueden ser 50 ms (10 Hz), 83 mszf6yH10 ms (4.5
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Hz)] antes de la seleccion de la coherencia y ndesacopla durante la adquisicién. Un

acoplamiento tipico se adquiere con 256 seriestdandientes cada uno.

La transformada de Fourier (FT) en ambas dimensigeerealiza con las mismas funciones
gue en el caso anterior y se obtiene un espectcordelacion en magnitud con 1024 puntos en
F2 y 512 en F1, que corresponde a una resolucidrBitz/pt ertH y 45.2 Hz/pt e°C.

COSY (COirrelation SpectroscopY):
La secuencia basica del COSY tiene dos pulsos #ley 9 tiempo de evolucion. Para el

procesado se utilizan funciones sinusoidales eraardirecciones, obteniendo asi una matriz
simétrica de 512 puntos en ambas dimensiones. Bgraese utiliza la secuencia con filtro de
doble cuanto, que permite la eliminacion o dismibwade las sefales intensas, ya sea de

disolventes o singletes en la diagonal y sus qooredientes artefactos.

Espectrometria de masas:
Se realizaron en un espectrometro VG TS-250 de rakalucion capaz de llevar a cabo
experimentos de impacto electrénico, ionizacionmiga y F.A.B. Dispone de inyeccion

directa y en alta resolucion es capaz de determinarmasa exacta con una precision de 15
ppm (Fig. 44).

Figura 44.

Difraccion de rayos X en monocristal:

La medida de intensidad de las reflexiones de loratristales sintetizados en este trabajo se
llevé a cabo con un difractdmetro automético deroueirculos SEIFERT XRD 3003 SC (Fig.7),
con geometria euleriana y detector puntual. Todesronocristales se midieron a temperatura
ambiente, utilizandose la radiacion GuK =1.54178 A), con el generador de Rayos X operando
a 40 kV 'y 30 mA.
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Determinacidn de estructuras cristalinas

El proceso de resolucion de estructuras cristatinasta de varias etapas:

1. Obtencion de las dimensiones de la celda unidddma de datos de intensidades de

difraccion.

2. Reduccion de datos, consiste en realizar una skrieorrecciones de las intensidades
medidas, para convertirlas en valores Utiles parapticacién a la resolucion de estructuras.
Este proceso permite obtener unas cantidadesvass|ty| denominadas “Modulo del Factor
de Estructura”. Estas cantidades se pueden calmddacamente a partir de un modelo. Las
intensidades medidas se relacionan con los médieldes factores de estructurag|Fpor la
siguiente relacion:

[Pl = (K g /L . p)*2 A
donde:
L: Factor de Lorenz
p: Factor de polarizacion
K: Factor de escala
A: Factor de absorcién

3. Resolucion estructural, consiste en obtener uoasdenadas atOmicas a partir de unos
factores de estructura medidos experimentalmeate, glo se aplican los métodos directos o
el método de Patterson. Una vez que se dispone d®delo, sucesivas sintesis de Fourier y
célculos de factores de estructura, permitiranlitcanael resto de los atomos para poder obtener

un modelo completo.

4. Refinamiento del modelo, se realiza ajustandorenpuimera etapa, las tres coordenadas (x,
y, Z) posicionales de cada atomo y un pardmetmmidér que da cuenta de su estado de
vibracion térmica isotrépica (esférica) alrededersdl posicion de equilibrio. En la segunda
etapa, es posible llevar a cabo un refinamientgnasido un tensor (6 variables) a cada
posicion atébmica que expresa el estado de vibrad@&run modo anisotrépico, es decir,
distinguiendo entre diferentes direcciones de ¢ibraen forma de elipsoide. El proceso de
refinamiento finaliza cuando se alcanza el mejaneedo entre los valores del espectro
calculado (E) con el modelo (coordenadas + factores de vibmgydel espectro observado
(Fo). El factor de acuerdo se define corRo=X [ | |R| - |R| | ]/ |R|
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Figura 45.

2. TECNICAS GENERALES CROMATOGRAFICAS

Cromatografia en capa fina (CCF):

Se realizaron sobre placas de 0.2 mm de espesgeldde silice Merck (60 5,). Para su
revelado se utilizaron disoluciones de molibdatémico en HSO/H,0 al 0.05/1 p/v, seguido
de calentamiento a 120° durante unos segundos.

Las sustancias que presentan fluorescencia soraligesdas por iluminacién con luz

ultravioleta de.= 254 nmh= 336 nm antes de ser reveladas.

Cromatografia en columna (CC):

Se realiz6 en columna de vidrio, empaquetando dma gel Merck-60. Existen dos tipos de
silice, dependiendo del tamafio de particula: 02063 mm, llamada silica gel normal y la
gue tiene un tamafo de particula de 0.063-0.040 llamada silica gel flash que necesita la
aplicacién de presion adicional. La relaciéon uszaldesde 20 g a 100 g de silica gel por gramo

de sustancia.
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La elucion se realiza con disolventes y mezclasdd®lventes de polaridad creciente

(generalmente mezclashexano/AcOEt on-hexano/éter) y se sigue la composicion de las

fracciones eluidas por CCF.

3. PURIFICACION DE REACTIVOS Y DISOLVENTES

Acetato de etilo (AcOE1)Se destila y se almacena con GacCl

Acetona (MgCQ): Se somete a ebullicion sobre KMpse destila.

Acido m-cloroperbenzoico n-CICsH,CO;H): Se lava con disolucion tampén de
NaHPO/NaH,PO, [0.1M] (pH=7.5), se evapora el disolvente organice seca.
Anhidrido acético (AfO): Se destila a partir del producto comercial.

Benceno (GHg): Se destila sobre Na y benzofenona bajo atmoésferar. Se

almacena con Na.

Cloroformo (CHC)): Se destila y se almacena co@f

Diclorometano (CHCl,): Se destila sobre Caldajo atmosfera de Ar.

Diisopropilamina (-Pr,NH): Se destila y almacena con KOH.

N,N-Dimetilformamida (HCONMg: Se destila sobre CaHbajo atmosfera de Ary

a presion reducida. Se almacena con tamiz mole@uiar

Dimetilsulféxido (DMSQ):Se calienta a reflujo sobre Cadtirante 2 horas, luego se

destila en atmoésfera anhidra. Se almacena con tapigcular (4A).

Eter (E$0): Se somete a ebullicion sobre Na y se destilaeshlry benzofenona.
n-Hexano (GH1,): Se destila y almacena con CaG€Na.

Metanol (MeOH) Se destila.

Piridina (GHsN): Se destila y almacena con BaO.

Tetrahidrofurano (@HsO): Se somete a ebullicion sobre Na y se destilaeshibry

benzofenona.
Trietilamina (EtN): Se somete a ebullicion sobre Gabe destila y almacena con
KOH.
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Experimental section

1. Asymmetric synthesis of ($,2R)-2-aminocyclooctanecarboxylic acid:

Synthesis of 1,2-epoxicycloocta-5-ene 1

O O
MCPBA .
—_—mT
DCM, 0°C - r.t.
(0]
€ 1 2
CgH120 CgH1202
Exact Mass: 124.0888 Exact Mass: 140.0837
Mol. Wt.: 124.1803 Mol. Wt.: 140.1797

Comercial available 1,5-cyclooctadiene (10.00 g6@2nmol) was dissolved in DCM (150 mL),
and stirred at 0°C, MCPBA (18.50 g, 107.20 mmol}wdded slowly and the solution was stirred
for 1.5 hours at r.t.. The reaction mixture wasrguned with NaS;03 (sat)(15 mL), extracted with
DCM (3 x 80 mL), washed with 4, NaHCQ (sa:) and NaS0; sy The combined organic
extracts were dried over p&O,, filtered and concentrated vacuo It was obtained a mixture of
1 and 2 (8.61 g). Fractional microdistillation vacuum wasrformed to give the following

compounds:

Monoepoxidel (= 15 mm Hg, 65°C) as a colourless oil (17.97 g, 728)vmax (Neat). 3050 (C-
H), 2955, 1655 (C=C), 1229 (C-0), 936, 862'chii NMR (200 MHz; CDCl3): & 1.90-2.25 (6H,
m, H-3, H-8, H-4 and H-%), 2.30-2.55 (2H, m, Hftand H-P), 3.02 (2H, m, H-1 and H-2), 5.52
(2H, m, H-5 and H-6)*C NMR (50 MHz; CDCl5): 5 23.5 (CH, C-3 and C-8), 28.0 (CHC-4
and C-7), 56.4 (CH, C-1 and C-2), 128.7 (CH, C-8 &n6).m/z (CI") (rel. intensity): 124 (M,
2), 95 (14), 80 (100), 67 (100), 54 (37).

[Lit., (Davies S.G. and Whitham G. Hournal Chemical Society Perkin1B75 pp 861-863)°C
NMR (22.6 MHz; CDCl5): & 23.7 (C-4 and C-7§; 28.3 (C-3 and C-8) 56.5 (C-1 and C-2);
128.9 (C-5 and C-6f]Ambiguous assignment, may be interchanged.

Diepoxide2 (remaining of the distillation) as a yellow oil.§5 g, 22%)IR vyac(neat). 3050 (C-
H), 2920 (C-H), 1258 (C-0), 912, 828 ¢mH NMR (200 MHz; CDCl5): & 1.80-2.10 (8H, m, H-
3, H-4, H-7, H-8), 2.90 (4H, m, H-1, H-2, H-5, H-6JC NMR (50 MHz; CDCl5): 5 21.9 (CH,
C-3, C-4, C-7, C-8), 55.1 (CH, C-1, C-2, C-5, C+8)z (EI") (rel. intensity): 140 (M, 1), 122 (1),
112 (2), 96 (8), 79 (34), 67 (80), 55 (100).

[Lit., (Davies S.G. and Whitham G. Hournal Chemical Society Perkin1075 pp 861-863)°C
NMR (22.6 MHz; CDCls): 8 22.0 (C-3, C-4, C-7 and C-8); 56.0 (C-1 and C-2)].
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Synthesis of (1R*,2R*,52)-2-trimethylsilyloxi-cyocbeta-5-enecarbonitrile 3:

e} Me;3SiO CN
Et,AICI
—_—
Me3SiCN, r.t.
1 3

C12H21NOSI
Exact Mass: 223.1392
Mol. Wt.: 223.3867

In a dried flask under Ar atmosphere was addeAl€L (1.0 M in heptane, 2.30 mL, 2.00 mmol)
followed by the addition of M&ICN (7.50 mL, 56.00 mmol), the resulting solutigas stirred for
30 min. at r.t. After via cannula compoutd5.72 g, 46.00 mmol) was added slowly into the
system and stirred for other 30 min. The crude p@sred on a mixture of NaOH 3M. and ice
(200 mL), extracted with ED, washed with NaClsy, dried over NgBO, filtered and
concentratedn vacuo The residue was purified for full characterizatioy silica gel for flash
column chromatography (pore 60A. 40-63 um) Hex/EtQ®:1-7:3 v/v) but purification can be
avoided. It was obtained compoudas a pale yellow oil (10.3 g, 100%R v« (neat). 3017 (C-
H), 2951, 2241 (€N), 1653 (C=C), 1251 (C-O), 1096, 1071 (Si-O), §88C) cm'. '"H NMR
(400 MHz; CDCly): 8 0.17 (9H, sMe;SiO), 1.66 (2H, m, H-3), 1.87 (2H, m, H-8), 2.0H(2n,
H-4), 2.23 (2H, m, H-7), 3.03 (1H, dddi11.7, 7.9 and 3.9, H-1), 3.90 (1H, &7.9 and 3.4, H-2),
5.56 (1H, dtJ 7.0 and 2.7, H-6), 5.73 (1H, dt10.8 and 7.0, H-5)°C NMR (50 MHz; CDCl5):

0 0.8 (3 x CH, Me;SiO), 22.7 (CH, C-8), 23.8 (CH, C-3), 28.8 (CH C-7), 35.9 (CH, C-4), 37.6
(CH, C-1), 71.6 (CH, C-2), 121.5 (C=N), 127.2 (CH, C-6), 131.2 (CH, C-Gn/z (CI") (rel.
intensity): 223 (MH'", 1), 208 (50), 195 (3), 180 (6), 167 (3), 152 (1136 (16), 116 (21), 101
(47), 80 (23), 73 (100), 59 (48).

Synthesis of cycloocta-1,3 and 1, 7-dienecarboxgleed 4 and 5 respectively

Me;zSiO  CN COOH COOH

1) KOH / 1,2-Ethanediol,
200 °C, 20 h. +
2) c. HCI

3 4 5

CoH1202
Exact Mass: 152.0837
Mol. Wt.: 152.1904

Compound3 (24.61 g, 110.00 mmol) was dissolved in a mixtufeK®H (28.50 g) and 1,2-
Ethanediol (469 mL) previously prepared and theltes solution was refluxed at 200 °C for 20
hours. After, the system was cooled down ap® K830 mL) was added. The crude was extracted
with Et,O (3 x 200 mL) and the aqueous phase was treatddH@I| c. reaching pH acid, this
solution was extracted with 2 (3 x 100 mL), washed withJ® and NaCls,,, dried over NgSO,,
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filtered and concentrateidh vacuo It was obtained a brown oil (16.44 g, 98%) thahtains a
mixture of4 and5 (1:1). Purification by silica gel for flash colunuhromatography (pore 60A.
40-63 pm) Hex/EtOAc (9:1-7:3 v/v) was performedfidi characterization.

Compound4: IR v (Neat): 3600 (O-H), 2958 (C-H), 2934, 1684 (C=0), 1622 (¢=ni*. 'H
NMR (400 MHz; CDCl3): 8 1.56 (4 H, m, H-6 and H-7), 2.21 (2H, m, H-5),@(@H, m, H-8),
5.85 (2H, m, H-3 and H-4), 7.28 (1H, m, H-C NMR (50 MHz; CDCl3): 5 21.5 (CH, C-7),
25.6 (CH, C-6), 25.8 (CH, C-5), 29.8 (CH, C-8), 124.0 (CH, C-4), 131.0 (C, C-1), 136.8 (CH,
C-3), 139.3 (CH, C-2), 173.0 (COOH).m/z (EI") (rel. intensity): 153 (MH'", 32), 136 (26), 124
(10), 107 (74), 89 (72), 77 (100), 69 (32), 63 (26)57).HRMS (CI*) m/zcalcd. for CoH1.0,:
152.0837found 152.0827A = -6.6 ppm.

Compound5: IR vpax (Neat): 3600 (O-H), 3021 (C-H), 2930, 1690 (C=0), 1622 QF=em™. *H

NMR (400 MHz; CDCl3): 5 1.25 (2H, m, H-5), 1.48 (2H, m, H-4), 2.13 (2H, F6), 2.31 (2H,
m, H-3), 5.88 (1H, dt) 11.3 and 7.2, H-7), 6.13 (1H, #11.3, H-8), 7.08 (1H, 1] 8.0, H-2).2*C

NMR (50 MHz; CDCl3): & 22.6 (CH, C-5), 25.5 (CH, C-4), 28.2 (CH, C-6), 28.4 (CH, C-3),
122.5 (CH, C-7), 129.3 (C, C-1), 133.9 (CH, C-8)4® (CH, C-2), 171.2 (GGOOH).m/z (CI")

(rel. intensity): 152 (MH", 10), 135 (9), 107 (41), 89 (36), 77 (100), 63)(23(56).HRMS (CI*)

m/z calcd. for CgH1,0,: 152.0837found 152.0833A = -2.6 ppm.

Synthesis of tert-butyl cycloocta-1,3 and 1,7-dieagboxylate 6 and 7 respectively

COOH COOH COOt-Bu COOt-Bu

TFAA, 0°C -r.t.
+ +
t-BuOH, 0°C - r.t.
4 5 6 7
C13H2002

Exact Mass: 208.1463
Mol. Wt.: 208.2967

In a flask was measured a mixture of the adidad5 (5.11 g, 33.60 mmol) and TFAA (9 mL, 64
mmol) was added at 0 °C, after the system wagdtatr.t. for 15 min. The temperature was again
cooled down to 0°C aneBuOH (11 mL, 110 mmol) was added into the systedhstirred for 4 h.
The reaction mixture was quenched with NaOH (10@6rh.), extracted with EO, washed with

NaOH 1M. and NaCl,, dried over NgSQ,, filtered and concentrated vacuo It was obtained as
a crude a brown oil (7.08 g) that contains a mixtof6 and7 (1:1). Through acidulation of the
aqueous phase with HCI c¢. and extraction with DG@Mould be recovered mixture of the acids
that did not react (1.58 g). Purification by siligal for flash column chromatography (pore 60A.
40-63 pm) Hex/EO (98:2-70:30 v/v) gave a mixture 6fand7 (1:1, 4.35 g, 79%) and the

following compounds:
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1,3-cyclooctadiene esté as a pale yellow oil (2.659, 48UR vmax (Neat): 2932 (C-H), 1709
(C=0), 1368 (C=C),1155 (C-O) ¢hi"H NMR (400 MHz; CDCl5): & 1.43 (9H, s, COOTH,)s),
1.43-1.52 (4H, m, H-6 and H-7); 2.06 (2H, m, H-B)33 (2H, m, H-8), 5.69 (2H, m, H-3 and H-
4), 6.92 (1H, dJ 2.0, H-2).*C NMR (50 MHz; CDCl5): 5 21.9 (CH, C-6), 24.1 (CH, C-7),
26.3 (CH, C-8), 28.2 (CH x 3, COOCCHj3)3), 29.8 (CH, C-5), 79.9 (C, COO(CHzy)s), 124.5
(CH, C-4), 133.6 (C, C-1), 135.4 (CH, C-3), 135CH( C-2), 166.0 (CCOOC(CH)3). m/z (CI™)
(rel. intensity): 152 (MH'-56, 36), 135 (13), 123 (6), 107 (35), 93 (5), 39)( 77 (13), 57 (100).
HRMS (MH *) m/z calcd. for CjsH»O,: 208.1463found 208.1444A = -9.1 ppm.

1,7-cyclooctadiene estéras a pale yellow oil (1.70 g, 31%R vmax (neat): 2930 (C-H), 1717
(C=0), 1456, 1368 (C=C), 1159 (C-O) émtH NMR (400 MHz; CDCls): & 1.49 (9H, s,
COOC(CHs)3 ), 2.11 (4H, m, H-4 and H-5), 2.24 (4H, m, H-3 &), 5.80 (1H, dtJ 11.2 and
7.2, H-7), 6.09 (1H, dJ 11.2, H-8), 6.85 (1H, 1] 8.0, H-2)"*C NMR (50 MHz; CDCl3): & 22.4
(CH,, C-4), 22.9 (CH, C-5), 28.2 (CHx 3, COOCCHs)s), 28.3 (CH, C-6), 28.4 (CH, C-3), 80.1
(C, COOZ(CHs)s), 123.7 (CH, C-7), 131.8 (C, C-1), 132.8 (CH, C-B}1.3 (CH, C-2), 166.6 (C,
COOC(CHy)s). m/z (CI*) (rel. intensity): 208 (MH', 1), 152 (31), 135 (12), 123 (6), 107 (32), 92
(12), 79 (41), 67 (13), 57 (100HRMS (MH*) m/z calcd. for CiH,dO,: 208.1463;found
208.1458A = -2.4 ppm.

Synthesis of cyclooctane oxide 8:

O
MCPBA
DCM, 0°C - r.t.
€ 8

CgH440
Exact Mass: 126.1045
Mol. Wt.: 126.1962

Comercial available cis-cyclooctene 95% from Allr{@.00 g, 27.00 mmol) was dissolved in 30
mL of DCM and the system was stirred and cooledrdatv0°C. MCPBA (5.31 g, 30.80 mmol)
was added slowly and the solution was stirred tértours leaving the system to reach r.t. The
reaction mixture was quenched with 10 mL of,.8}®; say €xtracted with DCM (3 x 30 mL),
washed with KO, NaHCQ (sa)and NaS,0; sy The combined organic extracts were dried over
NaSQ,, filtered and concentrateid vacuo It was obtained monoepoxideas a colourless to
white solid (3.28 g, 100%JjH NMR (200 MHz; CDCl5): 5 1.17 (4H, m, H-5 and H-6); 1.58 (4H,
m, H-4 and H-7), 2.17 (4H, m, H-3 and H-8); 2.9Ri(2n, H-1 and H-2).

[Lit., (Paulson D. R.; Tang F.Y.H.; Moran G. F.; May A. S.; Pelka B. P. And Vasquez E. J.
Org. Chem1975 40 (2), 184-186)°C NMR (50 MHz; CDCl5): 55.1 (C-1)].
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Synthesis of (1R*,2R*)-2-trimethylsilyloxi-cyclocaitcarbonitrile 9:

O Me3SiQ CN
Et,AICI
Me;SiCN, r.t.
8 9

C412H23NOSI
Exact Mass: 225.1549
Mol. Wt.: 225.4026

Following previous procedure, it was addedAEE! (0.80 mL, 0.80 mmol) followed by the
addition of M@SICN (2.50 mL, 18.00 mmol). Via cannula compo@d..90 g, 15.00 mmol) was
added slowly and the system was stirred for othieol®s. The crude was poured on a mixture of
NaOH 3M. and ice (50 mL), extracted with,@t washed with NaCls,, dried, filtered and
concentratedn vacuo The residue can be purified by silica gel fosfflacolumn chromatography
(pore 60A. 40-63 um) Hex/EtOAc (95:5-70:30 v/v)wias obtained compourfl(0.68 g, 20%).

'H NMR (400 MHz; CDCl3): 8 0.14 (9H, sMe;SiO), 1.17-1.99 (12H, m), 2.10-2.20 (1H, ddd,
12.2, 7.8 and 2.6, H-1), 2.85-2.95 (1H, dd,8 and 4.4, H-2).

Synthesis of cycloocta-1-enecarboxylic acid 10

Messiq CN COOH
/ 1) KOH / 1,2-Ethanediol,
rt.

2) ¢. HCI

9 10

CoH1402
Exact Mass: 154.0994
Mol. Wt.: 154.2063

Compound (0.68 g, 3.00 mmol) was dissolved in a mixture @HK(0.80 g) and 1,2-Ethanediol
(14 mL) previously prepared and the resulting sotutvas refluxed at 200 °C for 20 hours. After,
the system was cooled down and it was add#al (30 mL). The crude was extracted with@(3

x 30 mL) and the aqueous phase was treated with dd@aching pH acid, this solution was
extracted with BED (3 x 30 mL), washed with @ and NaCls.,, dried over Ng50,, filtered and
concentratedh vacuo It was obtained compourid (0.39 g, 85%) which was characterized as its

tert-butyl ester.

Synthesis of tert-butyl cycloocta-1-enecarboxylate

COOH COOt-Bu

TFAA, 0°C -r.t.
t-BuOH, 0°C - r.t.

10 1"

Ci3H2202
Exact Mass: 210.162
Mol. Wt.: 210.3126
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Following previous procedure, compoubd (0.23 g, 1.50 mmol) and TFAA (0.4 mL, 3.0 mmol)
was added at 0 °C, after the system was stirred &tr 15 min. The temperature was again cooled
down to 0°C and-BuOH (0.5 mL, 5.2 mmol) was added into the systamd stirred for 4 h. The
reaction mixture was quenched with NaOH (10%, 10),maxtracted with BEO, washed with
NaOH 1M. and NaClss, dried over NgSO, and concentratesh vacuo Through acidulation of
the aqueous phase with HCl c. and extraction witikMD it could be recovered
cyclooctenecarboxylic aciti0 (15%). Purification by silica gel for flash colunchromatography
(pore 60A. 40-63 pm) Hex/ED (98:2-70:30 v/v) gave the unsatured e4te(253 mg, 80%)H
NMR (200 MHz; CDCl3): 6 1.48 (9H, s, COOC(83)3), 1.55 (4H, m, H-5 and H-6), 2.24 (4H, m,
H-4 and H-7), 2.41 (4H, m, H-3 and H-8), 6.88 (1H] 8.4, H-2)"*C NMR (50 MHz; CDCl5): &
249 (CH, C-5); 25,5 (CH, C-6); 26.1 (CH, C-4); 26.8 (CH C-7); 28.4 (3 x CH
COOC(CHs3)3), 29.3 (CH, C-3); 29.4 (CH, C-8); 79.9 (C, COO(CHz)s), 135.0 ( C, C-1); 141.3
(CH, C-2), 167.3 (CCOOC(CH)3).

Synthesis of tert-butyl cycloocta-1-enecarboxylateby hydrogenation of compound 7

COOt-Bu COOt-Bu

EtOAc, PtO;

_ =

Ha, r.t.
7 11
In a dry flask was measured compoun@70.0 mg, 1.3 mmol) and dissolved in 20 mL of EtDA
after it was added P#®147.0 mg, 0.7 mmol). The reaction system waseuikgith H and stirred
under H atmosphere at r.t. for 30 min. It was obtained poumd11 (263mg, 97%).

Synthesis  of tert-butyl (1S,2RR,3Z)-2-N-benzyl-Na-methylbenzylamino-cycloocta-3-

enecarboxylate 12:

Ph
COOt-Bu >\N COOt-Bu
pn—{  ph Ph
1) QN—/ » THF, -78°C
2) n-BuLi
6 12
CagH37NO,

Exact Mass: 419.2824
Mol. Wt.: 419.5989

In a dry flask and under Ar atmosphere was addedctiral amine (4.1 mL, 19.6 mmol) and
dissolved in THF (15 mL). After, the system wasledodown to -78°C and-BulLi (1.6 M., 11.4

mL, 18.3 mmol) was added and stirred for 15 mifteravarmed it up to 0°C for other 15 min. The
system was cooled down to -78°C again and compéuf@)5 mg, 3.86 mmol) was added and

stirred for 6 hours. The reaction mixture was qhedcwith NHCI ) (5 mL), extracted with
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EtOAc, washed with D and NaCls,y, dried, filtered and concentratedvacuo After the crude
was diluted in DCM and washed with Citric acid 1@% NaHCQ, dried, filtered and evaporated
under reduce pressure. Purification by silica gelftash column chromatography (pore 60A. 40-
63 pm) Hex/ELO (98:2-90:10 v/v) afforded starting mater@a(531 mg, 42%) and compound@
(705 mg, 42%)[a]%°= +98.0 € 1.2, CHC}); IR vmax (neat): 2932 (C-H), 1700 (C=0), 1653
(C=C), 1559, 1493, 1368, 1248 (C-O), 1030, 783 H®m™. 'H NMR (400 MHz; CDCly): &
1.37 (9H, m, COOC(H3)3); 1.45 (3H, dJ 6.8, C@)Me); 1.20-1.65 (4H, m, H-6 and H-7); 1.22
(1H, m, H-8); 1.62 (1H, m, H-§); 1.92 (1H, m, H-R); 2.08 (1H, m, H-); 2.50 (1H, m, H-1);
3.85 (1H, m, H-2); 3.85 (1H, ABlas 17.1, NGHACHgPh); 4.10 (1H, ABJas 17.1, NCHCHgPh);
4.25 (1H, qJ 6.8, GH(a)); 5.80 (1H, m, H-4); 6.05 (1H, m, H-3); 7.30 (10M, H-Ar). °*C NMR
(50 MHz; CDCIl3): & 13.2 (CH, C(0)Me); 25.8 (CH, C-6); 27.5 (CH, C-7); 27.9 (CH x 3,
COOC(Ms3)3); 30.1 (CH, C-8); 30.6 (CH, C-5); 51.7 (CH, N-CH,); 53.5 (CH, C-1); 54.7 (CH,
CH(a)); 56.5 (CH, C-2); 80.0 (C, COTICH,)s); 126.5-129.9 (CH x 10, Ar); 128.0 (CH, C-4),
129.6 (CH-C-3); 141.9 (C, i) 144.1 (C, Gso; 174.9 (C,COOC(CHy)z). m/z (CI) (rel.
intensity): 419 (MH'", 19), 258 (21), 205 (8), 172 (11), 136 (6), 108Q)1. 77 (33)HRMS (CI*)
m/z calcd. for C,gH3/NO,: 419.2824;found 419.2843A = 4.5 ppmC,gH3NO, requires C, 80.2;
H, 8.9; N, 3.3found C, 80.0; H, 8.5; N, 3.2%.

Synthesis  of tert-butyl (1S,2BR,7Z)-2-N-benzyl-Na-methylbenzylamino-cycloocta-7-

enecarboxylate 13:

Ph
COOt-Bu >\N COOt-Bu
Ph—( Ph Ph
1) N/ . THF,-78°C
2) n-BuLi
7 13
CagH3a7NO,

Exact Mass: 419.2824
Mol. Wt.: 419.5989

Following general procedure for the Michael additieaction, it was added the chiral amine (3.14
g, 14.00 mmol), dissolved in THF (20 mL) and at®@&-BuLi (1.6 M, 7.4 mL, 12.0 mmol) was
added, stirred for 15 min, and after for other 1% @t 0°C. At -78°C compound (942 mg, 4
mmol) was added and stirred for 1.5 hours. Theti@amixture was quenched with NEI sa (5
mL), extracted with EtOAc, washed with,® and NaCls.,, dried, filtered and concentratéul
vacua After the crude was dissolved in DCM and washéith Witric acid 10% and NaHCO
dried, filtered and evaporated under reduce pres#was obtained compourdd (1.72 g, 100%)
that can be used without further purification ordoystallization from a mixture of Hex/f&. mp
119°C,[a]2;= -4.7 € 0.96, CHC)); IR vmax(neat): 2939 (C-H), 1717 (C=0), 1651 (C=C), 1541,
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1493, 1456, 1368, 1248 (C-0), 1155, 1030, 783 (3CA30, 700 cml. 'H NMR (400 MHz;
CDCly): 61.17 (3H, dJ 7.0, C)Me); 1.56 (9H, m, COOC(B5)3); 1.65-1.75 (4H, m, H-4 and H-
5); 1.90-2.10 (5H, m, H-1, H-3 and H-6); 3.61 (IHJas 15.2, NGHACHg); 3.65 (1H, m, H-2);
3.77 (1H, d,Jas 15.2, NCHCHg); 4.08 (1H, g,J 7.0, C&)H); 5.74 (1H, m, H-7); 5.85 (1H, §
10.1, H-8); 7.26 (10H, m, H-Ar}*C NMR (50 MHz; CDCl3): 8 20.7 (CH, C(0) Me); 26.3 (CH);
27.3 (CH); 27.5 (CH); 28.4 (CH x 3, COOC(®43)3); 30.2 (CH); 48.1 (CH, C-1); 50.8 (CHIN-
CH,); 63.2 (CH,CH(«)); 65.8 (CH, C-2); 80.5 (C, COTICH)s); 126.4 (CH); 128.6 (CH), 126.5
—128.3 (CH x 109, m, p-Ph; 143.2 (C, Gso); 144.0 (C, Gso); 173.1 (CCOOC(CHy)z). m/z (CI™)
(rel. intensity): 420 (MH', 70), 258 (22), 154 (52), 105 (10RMS (CI*) m/z calcd. for
CogH3sNO,: 419.2824:found 419.2819:A = -1.2 ppm.C,gH3NO, requires C, 80.2; H, 8.9; N,
3.3;found C 79.9; H, 8.5; N, 3.1%R-X: See annexe A.

Synthesis of tert-butyl (1S,2RR)-2-N-benzyl-Na-methylbenzylamino-cyclooctanecarboxylate
14:

Ph
COOt-Bu >\N COOt-Bu
p—  pn Ph
1) gy—/ . THF, -78°C
2) n-BuLi
11 14
CagHagNO>

Exact Mass: 421.2981
Mol. Wt.: 421.6148

Following general procedure for the Michael adaiticompoundL1 (500.0 mg, 2.4 mmol) was
dissolved in THF (2 mL),R)-N-benzylN-a-methylbenzylamine (1.2 g, 5.8 mmol) was dissolved
in THF (10 mL) anch-BuLi (1.6 M., 3.6 mL, 5.7 mmol) were set to redetirification by silica gel
for flash column chromatography (pore 60A. 40-63) Hax/EtO (9:1-7:3 v/v) gave @ 2RaR)-

14 (152 mg, 15%).

Synthesis of tert-butyl (1S,2BR)-2-N-benzyl-Ne-methylbenzylamino-cyclooctanecarboxylate
14 by hydrogenation of compound 13

Ph Ph

N COOt-Bu N COOt-Bu
PH

Ph
EtOAc, PtO,

R

Ho, r.t.
13 14

Following general procedure for a hydrogenatiorctiea, (1S2R,aR,7Z)-13 (338.0 mg, 0.8 mmol)
in EtOAc (20 mL), PtQ(93.0 mg, 0.4 mmol) was stirred undey &imosphere at r.t. for 3 hours

188



Experimental section

gave crude (E2RaR)-14 (261 mg, 77%) and 23% of starting material was veped. This
compound was purified by crystallization from a tane of Hex/E1O. mp 110°C,[a]2;= +109 €
1.0, CHCY); IR vpmax (Neat): 2970, 2927 and 2852 (C-H), 1719 (C=0), 1455, 131@8 cni.'H
NMR (400 MHz; CDCls): 3 1.26 (3H, dJ 7.0, Cf)-Me); 1.41 (9H, s, COOC(8y)); 1.57-1.62
(8H, m, H-4, H-5, H-6, H-7); 2.24 (2H, m, H-8); R.52H, m, H-3); 3.12 (1H, m, H-1); 3.15 (1H,
m, H-2); 3.85 (1H, dJas 14.0, N-GHACHg); 3.90 (1H, dJas 14.0, N-CHCHg); 3.96 (1H, g, 6.5,
N-C(a)H). **C NMR (50 MHz; CDCl3): 8 17.0 (CH, C()Me); 24.3 (CH, C-6); 26.1 (CH x 2,
C-5, C-7); 28.2 (Chix 3, COOCCH,);); 28.3 (CH, C-4); 29.5 (CH, C-8); 29.6 (CH, C-3); 49.7
(CH, C-1); 51.6 (Chl N-CH,); 54.8 (CH, C-2); 58.7 (CHZH()); 80.2 (C, CO@(CH,)s); 126.5
(CH, o-Ph); 126.8 (CHp-Ph); 128.0 (CHm-Ph) 128.2 (CHm-Ph); 128.2 (CHp-Ph); 128.2 (CH,
p-Ph); 143.2 (C, Gx); 145.3 (C, Gs); 176.3 (C,COOC(CHy)s). HRMS (CI*) m/z calcd. for
CogH40NO, [M+H] *: 422.3054;found 422.3039A = -3.5 ppm.CygH3NO, requires C, 79.8; H,
9.3; N, 3.3found C 80.1; H, 9.5; N, 3.09R-X: See annexe B.

Synthesis of tert-butyl (1S,2ER)-2-N-a-methylbenzylamino-cyclooctanecarboxylate 15:

Ph

>\N COOt-Bu Ph>\NH COOt-Bu

Ph
CH3COOH (gjagialy, PA/C

Hs (4 atm.), r.t.

13 15
C21H33NO,
Exact Mass: 331.2511
Mol. Wh.: 331.4922

In a dried vial for hydrogenation compouih8 (67.0 mg, 0.2 mmol) was added and connected to a
high vacuum for 1h. After it was dissolved in gklccetic acid (3 mL), Pd/C (10 % Pd basis, 35
mg) was added into the system and connected und@r &m.) for 24 h. After, filtration through
Celite (eluent DCM) was performed, the organic fayas washed with NaHGQdried over
NaSQ, filtered and concentrateth vacuo Purification by silica gel for flash column
chromatography (pore 60A. 40-63 um) Hex/EtOAc (B:R-v/v) gave ($2RaR)-15 (12 mg,
23%). IR vmax (neat): 3374 (N-H), 2973, 2924 and 2856 (C-H), 1723 (C=0¥52, 1367, 1151
cm™. 'H NMR (400 MHz; CDCl3): & 1.34 (3H, dJ 6.2, Cf)-Me); 1.49 (9H, s, COOC(85)s);
1.20-1.70 (10H, m); 1.80-1.95 (2H, m); 2.75 (1H, kal); 2.95 (1H, m, H-2); 3.90 (1H, m, N-
C(o)H); 7.26 (5H, mH-Ar). *C NMR (50 MHz; CDCl53): & 24.6 (CH, C(x)-Me); 24.8 (CH, C-

6); 25.5 (CH, C-5); 26.0 (CH, C-7); 27.1 (CH C-4); 27.5 (CH, C-8); 28.4 (CH x 3,
COOC(CHj3)3); 32.3 (CH, C-3); 46.7 (CH, C-1); 54.3 (CHZ(w)); 55.4 (CH, C-2); 80.5 (C,
COQC(CHg)s); 126.9 (CH x 20-Ph); 127.1 (CH x 2m-Ph); 128.5 (CHp-Ph); 146.5 (C, Gso);
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174.9 (C,COOC(CH)s). HRMS (ESI) m/z calcd. for C;;H3NO, [M+H] *: 332.2584;found
332.2572A = -3.6 ppm.

Synthesis of tert-butyl (1S,2R)-2-amino-cyclooctaaeboxylate 16:

Ph>\NH COOt-Bu H,N  COOt-Bu

CH3COOH (gacialy, PA/C

Ho (4 atm.), r.t.
15 16
C13H25NO,

Exact Mass: 227.1885
Mol. Wt.: 227.3431

Following general procedure for a hydrogenolysection, compound5 (11.00 mg, 0.03 mmol)
was measured, dissolved in glacial acetic acidl(} and Pd/C (10 % Pd basis, 33 mg) was added
into the system and connected under(4atm.) for 24 h. After, filtration through Cadliteluent
DCM) was performed, the organic layer was washatt WaHCQ, dried over NgSQ,, filtered
and concentrateth vacuo Purification by silica gel for flash column chratography (pore 60A.
40-63 um) Hex/EtOAc (7:3-1:1 v/v) gaveS 2R)-16 (4.3 mg, 57%).

Synthesis of tert-butyl (1S,2R)-2-amino-cyclooctaaeboxylate 16 by hydrogenolysis of
compound (1S,2RR)-14:

Ph

>\N COOt-Bu H,N  COOt-Bu
PH
CH3COOH (giacial), Pd/C

Hz (4 atm.), r.t.

14 16
In a dried vial for hydrogenation compoubd (67.0 mg, 0.2 mmol) was added and connected to a
high vacuum for 1h. After it was dissolved in ghdccetic acid (4 mL), Pd/C (10 % Pd basis, 34
mg) was added into the system and connected undgf &m.) for 24 h. After filtration through
Celite (eluent DCM) was performed, the organic fayes washed with NaHGQDdried over
NaSQ, filtered and concentrateih vacuo Purification by silica gel for flash column
chromatography (pore 60A. 40-63 um) Hex/EtOAc (Z:Bv/v) gave ($,2R)-16 (45 mg, 100%).
[@]26=-11.2 € 1.2, CHCY), IR vmax(neat): 3375 (N-H), 2922 and 2847 (C-H), 1724 (C=0), 1464,
1370, 1153 ci. *H NMR (400 MHz; CDCly): 8 1.43 (9H, s, COOC(B5)s; 1.53-1.65 (6H, m, H-
5, H-6, H-7); 1.75-1.90 (6H, m, H-4 ,H-8, H-3); 2.6LH, m, H-1); 3.27 (1H, m, H-2J°C NMR
(50 MHz; CDCly): 8 23.6 (CH, C-6); 23.8 (CH, C-5); 25.9 (CH, C-7); 26.7 (CH, C-4); 28.2
(CH,, C-8); 28.3 (CHx 3, COOCCHs)3); 33.8 (CH, C-3); 47.6 (CH, C-1); 51.7 (CH, C-2); 80.4
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(C, COQC(CHg)3); 175.6 (C,COOC(CH)3). HRMS (ESI) m/z calcd. for CisHogNO, [M+H] ™
228.1958found 228.1941A = -7.4 ppm.

Synthesis of (1S,2R)-2-amino-cyclooctanecarboxyiid 17 by hydrolysis of thg-amino ester
(1S,2R)-16:

H,N  COOt-Bu H,N  COOH

CF3;COOH
rt.

16 17
CgH17NO,
Exact Mass: 171.1259
Mol. Wt.: 171.2368

Thep-amino ester (%2R)-16 (34.0 mg, 0.2 mmol) was dissolved in LLOOH (0.5mL, 7.0 mmol)
and stirred for 1.5 hours at r.t. The solution wascentratedn vacuoand dissolved in HCI 1 M.
(2.0 mL), organic impurities were washed with EtOARurification by lon-exchange resin
DOWEX 50 x 8-200 gave 82R)-17 (29 mg, 100%)[(1]2D6= -16.5 € 0.7, HO). '"H NMR (400
MHz; D,0): 6 1.49-1.52 (4H, m, H-5, H-6); 1.60-1.74 (4H, m, HH}7); 1.86-1.88 (4H, m, H-3,
H-8); 3.04 (1H, dddJ 8.5, 5.0 and 3.0, H-1); 3.73 (1H, dd®.0, 6.3 and 3.0, H-2°C NMR (50
MHz; D,0): 6 23.0 (CH, C-5); 24.4 (CH, C-6); 25.0 (CH, C-4); 25.7 (CH, C-7); 26.5 (CH, C-
8); 28.7 (CH, C-3); 42.7 (CH, C-1); 50.9 (CH, C-2); 177.6 (GO HRMS (ESI) m/z calcd. for
CoH1:NO, [M+H] *: 172.1332found 172.1336A = 2.3 ppm.

[Lit.,(Forro, E. and Fuldp, FOrg. Lett 2003 5, 1209-1212B-amino acid (R,ZS)-l?[a]ZDsz +17.8
(c 0.4, HO)].
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1.1 Reactivity of tert-butyl (1S,2R,aR,32)-2-N-benzyl-N-a-methylbenzylamino-cycloocta-3-

ene carboxylate 12:

Elimination reaction of benzyl alpha in compound 12

Ph

>\N COOt-Bu >\NH COOt-Bu

Ph Ph
CAN
Entry 1
CH3CN/H,0 (5:1 viv),
rt, 17 h.
18

12

C21H31NO>
Exact Mass: 329,2355
Mol. Wt.: 329,4763

Ph Ph>
>\N COOt-Bu >\NH COOt-Bu HN  COOt-Bu
Ph Ph
Entry 2 CAN .
CH3CN/H,0 (5:1 viv),
r.t., 20 h.
12 18 19
C21H31NO, C20H29NO>
Exact Mass: 329,2355 Exact Mass: 315,2198
Mol. Wt.: 329,4763 Mol. Wt.: 3154498

Procedure:

Entry 1:

Compoundl?2 (68.00 mg, 0.16 mmol) was dissolved in a mixtufFdoCN/H,O (5:1 v/v, 5 mL)
and Ammonium cerium (V) nitrate (0.53 mg, 0.96 nihwas added, the system was purged with
Ar and stirred for 17 hours at r.t. under inert aphere. The reaction mixture was quenched with
NaHCQO; sa)(10 mL), the double of mixture solvent volume usgdwas stirred for 15 min,
extracted with EtOAc, dried over b0, filtered and concentratéd vacuo Purification by silica
gel for flash column chromatography (pore 60A. 806m) Hex/EtOAc (9:1-7:3 v/v) afforded
tert-butyl (1S 2R,aR 32)-2-N-a-methylbenzylamino-cycloocta-3-ene carboxyldt8 (50.1 mg,
95%), IR vmax (Neat): 3374 (N-H), 2974 and 2927 (C-H), 1721 (C=0), 148267 (C-O), 1150,
701 (=C-H) cnit. 'H NMR (400 MHz; CDCl3): & 1.31 (3H, d,J 6.5, C&)Me); 1.44 (9H, s,
COOC(H3)3); 1.10-1.28 (1H, m, Hg); 1.28-1.35 (1H, m, H#); 1.55-1.85 (4H, m, H-§ H-74
and H-8); 1.85-2.10 (2H, m, Hs&nd H-5); 2.81-2.85 (1H, m, H-1); 3.68-3.72 (1H, did3.8 and
5.1, H-2); 3.95-4.00 (1H, ¢,6.5, GH(a)); 5.51-5.55 (1H, tJ 10.5, H-3); 5.70-5.77 (1H, dd,10.5
and 8.0, H-4); 7.22-7.35 (5H, m, H-AffC NMR (50 MHz; CDCl3): & 23.6 (CH, C(@)Me); 25.7
(CH,, C-6); 27.2 (CH, C-5); 28.1 (CH x 3, COOCCHj3)3); 28.6 (CH, C-7); 29.8 (CH, C-8);
50.9 (CH, C-1); 52.4 (CH, C-2); 54.7 (CBH(«)); 80.1(C, CO@(CHy)s); 126.6, 126.7 and 128.3
(CH x 5, Ph); 130.0 (CH, C-4); 132.8 (CH, C-3); ®IJC, Gso); 173.6 (C,COOC(CH)s).
HRMS [M+H] " m/zcalcd. for C,;H3,NO,: 330.2428found 330.2436A = 2.4 ppm.
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Entry 2:

Compoundl?2 (89.30 mg, 0.21 mmol) was dissolved in a mixturéoCN/H,O (5:1 v/v, 6 mL)
and Ammonium cerium (1V) nitrate (0.53 mg, 0.96 nihwas added, the system was purged with
Ar and stirred for 20 hours at r.t. under inert @aswhere. The reaction mixture was quenched with
NaHCG; sa)(12 mL), stirred for 15 min, extracted with EtOAdrjed over NaSQ,, filtered and
concentratedn vacuo Purification by silica gel for flash column chratagraphy (pore 60A. 40-
63 um) Hex/EtOAc (9:1-7:3 v/v) afforded compourdd (44.6 mg, 65%) andert-butyl

(1S 2R,aR 32)-2-benzylamino-cycloocta-3-ene carboxyldi® (10.2 mg, 14%)IR vmax (Neat):
3375 (N-H), 2928 and 2851 (C-H), 1720 (C=0), 11858 (=C-H) cril. '"H NMR (400 MHz;
CDCl3): 81.45 (9H, s, COOC(8,)3); 1.46-2.09 (8H, m, H-5, H-6, H-7 and H-8); 2.8H( m, H-

1); 3.73 (1H, m, H-2); 3.75 (1H, d,13.1, N-CH); 3.89 (1H, dJ 13.1, N-CH,); 5.66 (1H, tJ 10.4,
H-3); 5.84 (1H, dd) 10.4 and 8.4, H-4); 7.21-7.34 (5H, m, H-ABC NMR (50 MHz; CDCl): &
25.6 (CH, C-7); 27.3 (CH, C-6); 28.3 (CHx 3, COOC(®5)3); 28.9 (CH, C-8); 30.0 (CH, C-5);
51.8 (CH, CH,(N)); 52.3 (CH, C-1); 54.9 (CH, C-2); 80.6 (C, CO@Hs,)3); 127.1 (CH x 2, C-3,
C-4); 128.5 (CH x 5, Ph); 131.6 (C;p&); 173.9 (CCOOC(CH)z).HRMS [M+H] * m/z calcd. for
CooH3NO,: 316.2271found 316.2287A = 5.1 ppm.

Reduction of the tert-butyl group with Lithium Alumium Hydride in compound 12:

Ph Ph

% ) % )
N COOt-Bu N CH,OH

Ph Ph
LAH
THF, 0°C -r.t, 48 h.

12 20
Co4H31NO
Exact Mass: 349,2406
Mol. Wt.: 349,5090

In a dried flask with Ar atmosphere, compouti(82.5 mg, 0.2 mmol) was added and dissolved
in THF (3 mL). The reaction system was stirred & @nd LiAIH; (23.0 mg, 0.6 mmol) was
added. After, the reaction mixture was stirred.tatfor 48 hours. The reaction was quenched with
a mixture of EtOAc/HO (1:1 viv, 2mL) and filtered through a sinteredsy funnel layered with 1
cm of celite and 0.5 cm silice. The combined orgamktracts were dried over p&O, and
concentratedn vacuo Purification by silica gel for flash column chratography (pore 60A. 40-
63 um) Hex/EtOAc (9:1-7:3 v/v) afforded 2R aR 32)-2-N-(benzylN-a-methylbenzylamino)-
cycloocta-3-enyl-methan@0 (38.6 mg, 55%)'H NMR (200 MHz; CDCl): 6 1.46 (3H, d,) 7.0,
C(a)Me); 1.50-2.30 (6H, m, H-6, H-7 and H-8); 2.46-2.28( m, H-5); 3.48 (1H, CkHg, Jas
15.3, CH-N); 3.32-3.40 (1H, dd] 21.2 and 9.2, H-1); 3.53 (1H, m, H-2); 3.92 (1id, 9.7 and
3.2, H,-OH);); 3.94 (1H, CHHg, Jas 15.3, CH-N); 4.59 (1H, qJ 6.9, C@)H)); 5.50 (1H, tJ
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10.3, H-3); 5.72 (1H, dd] 18.4 and 10.3, H-4); 7.30 (10H, m, H-AHRMS [M+H] * m/z calcd.
for C,4H3,NO: 350.2478found 350.2461A = - 4.8 ppm.

Protective reaction of the alcohol group in compodi20:

Ph Ph

S VY
N CH,OH N CH,OBn

Ph Ph
THF, NaH, 0°C
BnBr, TBAI, r.t, 8 h.

20
In a dried flask under Ar atmosphere, compo@@d(38.60 mg, 0.11 mmol) was added and
dissolved in THF (2 mL). The reaction system wasext at 0°C and NaH (5.20 mg, 0.13 mmol)
previously dissolved in a minimum quantity of THRsvadded. After, at r.t. BnBr (0.03 mL, 0.22
mmol) and TBAI (4.10 mg, 0.01 mmol) were added &mel reaction mixture was stirred for 8
hours. The system was quenched witfOHat 0°C and extracted with EtOAc. Thd NMR

spectrum of the crude showed the recovery of startiaterial.

Elimination reaction of the benzyl group in the atal amine fragment in compound 20:

>\N CH,OH >\NH CH,OH
Ph

CH3CN:H;0, 60 h.

20
Under Ar atmosphere compourd (20.20 mg, 0.06 mmol) was dissolved in a mixtufe o
AcCN/H,O (5:1 v/v, 3.6 mL) and CAN (0.13 mg, 0.24 mmol)saadded into the system. The
reaction mixture was stirred at r.t. for 60 hotfee 'H NMR spectrum of the crude showed the

recovery of starting material.

Protective reaction of the secondary amine in corapd 18:

o) >L
e
o/ NH £00t8u N COOt-Bu

Ph
Boc,O

Entry 1-3

18 R.P.
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Table 14.
18 THF . . Time o
Entry (mg, mmol) (mL) Reaction conditions (hours) R.P. %
1 34.80, 0.11 25 BogO (24.00 mg, 0.11 mmol), r.t 70 -
5 3480 0.11 25 Boc,O (24.00 mg, 0.11 mmol), 24 i
T ' 110°C.
1) NaHMDS 0.6 M.
(0.27 mL, 0.16 mmol), r.t. i
3 24.30, 0.07 1.0 2) BogO 10
(16.20 mg, 0.07 mmol).
1) BogO
(46.00 mg, 0.21 mmol). i
4 31.10, 0.10 15 2) NaHMDS 0.6 M. 2
(0.48 mL, 0.29 mmol), r.t.
Procedure:

Entry 1 and 2:

Under Ar Atmosphere compourtB (34.80 mg, 0.11 mmol) was dissolved in THF (2.5)mL
Boc,O (24.00 mg, 0.11 mmol) was added previously digbin a minimum quantity of THF and
the reaction system was stirred at r.t. for 70 &oAfter, the reaction mixture was quenched with
NaHCG; 5% (12 mL), extracted with EtOAc, washed with Nag:) and KCO; 10%, filtered and
concentratedn vacuo The 'H NMR spectrum of the crude showed the presencstarting
material, for this reason it was submitted in thens reactions conditions as at r.t. but being

refluxed at 110°C., the protected product was btdioed.

Entry 3:

Compound18 (24.30 mg, 0.07 mmol) in THF (1 mL) was added 8odibis-(trimethylsilyl)-
amide (0.6 M., 0.27 mL, 0.16 mmol) at r.t. After dbn., a solution of diert-butyl dicarbonate
(16.20 mg, 0.07 mmol) in THF (1 mL) was added drelreaction was stirred for 10 hours. After,
THF was removed by rotary evaporation, followedpbytioning between 5 mL of HCI| 0.1 M. and
2 mL of EtOAc. A small amount of product may remainthe HCI layer at this point can be
removed by treatment of the HCI layer with 2 mLN&HCG; (s4) followed by extraction with
EtOAc. The combined organic layers were dried iN&iSO, and concentrateith vacuo The'H
NMR spectrum of the crude showed that the protepteduct was not obtained but maybe the

formation of a-lactam was instead.

Entry 4:
To avoid the formation of th@-lactam, compound8 (31.10 mg, 0.10 mmol) was dissolved in
THF (1.5 mL) and a solution of dért-butyl dicarbonate (46.00 mg, 0.21 mmol) in THF5(fnL)
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was added. After 15 min, Sodium bis-(trimethylgigmide (0.6 M., 0.48 mL, 0.29 mmol) was
added and the system was stirred at r.t. for 2shdtlre work up consisted in the remove of THF
by rotary evaporation, followed by portioning beeme mL of HCI 0.1 M. and 3 mL of EtOAc. A
small amount of product may remain in the HCI lagethis point can be removed by treatment of
the HCI layer with 3 mL of NaHCQs.) followed by extraction with EtOAc. The combined
organic layers were dried over }$0, and concentrateih vacuo The'H NMR spectrum of the

crude showed that the protected product was neirad.

Acetylation reaction of the secondary amine withetic anhydride in compound 18:

0}

Ph>\NH COOt-Bu >\N COOt-Bu

Ph
ACQO

Py, rt., 20 h.

18

Compoundl8 (21.50 mg, 0.06 mmol) was dissolved in Pyridin®40mL) and acetic anhydride
(0.04 mL, 0.42 mmol) was added. The reaction meciuas stirred at r.t. for 20 hours. The system
was quenched with ice, extracted with EtOAc, washitth HCI 2M., HO, NaHCQ 5% and
NaClsay, filtered and concentrateid vacuo The 'H NMR spectrum of the crude showed the

presence of starting material.

Acetylation reaction of the secondary amine withlohde acetate in compound 18:

0

>\NH COOt-Bu >\N COOt-Bu
Ph Ph
Et3N, AcCl
THF, 0°C, r.t.,, 18 h.
18 21
Ca23H33NO3

Exact Mass: 371,2460
Mol. Wt.: 371,5130

Compoundl8 (22.00 mg, 0.07 mmol) was dissolved in THF (1 mtigthylamine (0.03 mL, 0.20
mmol) and chloride acetate (0.01 mL, 0.20 mmol)enadded at 0°C and the system was stirred
for 1 hour at this temperature. After, the reacsgatem was stirred for other 17 hours at r.t. The
reaction mixture was quenched with EtOAgIH(1:1 v/v, 2 mL), extracted with EtOAc, washed
with H,O and NaClsa, dried over NgSO,, filtered and concentrated vacuo Purification by
silica gel for flash column chromatography (poreA6@0-63 pm) Hex/EtOAc (9:1-7:3 Viv)
afforded starting material8 (5.50 mg, 25%) andert-butyl (1S2R,aR,32)-2-N-acetamiddN-a-
methylbenzylamino-cycloocta-3-enecarboxyl&te (18.40 mg, 74%)IR vma (neat): 2977 and
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2848 (C-H), 1716 (C=0),1660 and 1630 (C=0), 1448431 735 (=C-H) cm. '"H NMR (400
MHz; CDCl3): & 1.25 (9H, s, COOC(E,)3); 1.67 (3H, dJ 6.9, Ca)Me); 1.68 (3H, s, CBe);
1.25-1.46 (2H, m, H-6); 1.79-2.00 (4H, m, H-7 an@}12.05-2.20 (1H, m, H; 2.20-2.35 (1H,
m, H-%); 2.52 (1H, m, H-1); 5.15 (1H, m, H-2); 5.32 (1M, CH()); 5.81 (1H, dd,J 10.4 and 8.1,
H-4); 6.30 (1H, t,J 10.2, H-3); 7.34 (5H, m, H-Arjc (50 MHz; CDC}) 19.4 (CH, C()Me);
24.4 (CH, COMe); 25.8 (CH); 26.9 (CH); 28.1 (CH x 3, COOC(®ls)3); 30.2 (CH); 30.6
(CHp); 51.9 (CH, C-1); 52.3 (CH, C-2); 54.4 (CHHG@)); 80.1 (C, CO@(CHsy)3); 126.9, 127.8
and 128.6 (CH x 5, Ph); 127.3 (CH, C-4); 130.8 (CH3); 141.9 (C, xo); 171.6 (C,COMe);
173.8 (C,COOC(CHy)3). HRMS [M+Na] m/z calcd. for CyHzsNOsNa: 394.2353; found
394.2352A = -0.3 ppm.

Ozonolysis reaction of compound 21:

| 3
>\N COOt-Bu >\N COOt-Bu
Ph Ph
03 OHC
DCM, Me,S, -78°C OHC
21 22

Ca3H33NOs
Exact Mass: 403,2359
Mol. Wt.: 403,5118

Under Ar atmosphere compoud (17.90 mg, 0.05 mmol) was dissolved in DCM (1 mihg
reaction system was stirred at -78°C and the mactiixture was purged and bubbled with O
until a blue colouration was observed (approxinyatelmin.), after dimethyl sulfide (54.00 mg,
0.87 mmol) was added and stirred for a while. Tystesn was warm up until r.t. and evaporated
under reduced pressure. Th¢ NMR spectrum of the crude showed the cleavagehefalkene
and the formation of 23S aR)-2-(N-acetamiddN-a-methylbenzylamino)-3ert-butoxy carbonyl-
octanedial22 (20.40 mg, 100%)IR vmax (Neat): 2966-2851 (C-H), 1716 (C=0), 1643 (C=0),
1145, 790 701 (=C-H) cth'*H NMR (400 MHz; CDCls): & 0.5-1.25 (6H, m, H-4, H-5, H-6);
1.41 (9H, s, COOC(8»)3); 1.66 (3H, dJ 6.5, C&)Me); 1.68 (3H, s, COMe); 2.21 (2H, m, H-7);
2.99 (1H, m, H-3); 3.78 (1H, dd,6.0 and 1.8, H-2); 5.23 (1H, 46.5, CH(a)); 7.38 (5H, m, H-
Ar); 9.46 (1H, GH0O); 9.64(1H, d,J 1.8, (HO). *°C NMR (50 MHz; CDClj): & 18.4 (CH,
C(x)Me); 21.8 (CH); 22.4 (CH, CO-Me); 26.3 (CH); 28.2 (CH x 3, COOCCHy)3); 29.0 (CH);
43.7 (CH, C-7); 44.7 (CH, C-3); 57.8 (CH, C-2); 63.4 (C8H(w)); 81.2 (C, CO@(CHy)3);
128.8 and 129.1(CH x 5, Ph); 139.0 (Gesds 171.0 (C,COMe); 173.9 (CCOOC(CHy)z); 198.9
(C,CHO, C-8); 202.6 (CCHO, C-1).
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Protective reaction of the secondary amine with BOdn compound 19:

" 3.5~

HN COOt-Bu /N COOt-Bu
Boc,O 52 >
THF, r.t.
19

Under Ar atmosphere compoud (4.00 mg, 0.01 mmol) was dissolved in THF (1 mBpc,0O
(2.80 mg, 0.01 mmol) was added previously dissolved minimum quantity of THF and the
reaction system was stirred at r.t. for 24 houre*H NMR spectrum of the crude showed that the

protected product was not obtained.

1.2 Reactivity oftert-butyl cycloocta-1,3-dienecarboxylate 6:

Epoxidation reaction of compound 6:

COO'Bu COO'Bu O COOBu COO'Bu COO'Bu
MCPBA
DCM, 0°C - r.t. 0 + + +
5h.
6 (£)-23 (£)-24 O 58 HO 59
Ci13H2003 C13H1803 Ci3H2003
Exact Mass: 224,1412 Exact Mass: 222,1256 Exact Mass: 224,1412
Mol. Wt.: 224,2961 Mol Wt.: 222,2802  Mol. Wh.: 224,2961

Following previous procedure, compoufd623.8 mg, 3.0 mmol) was dissolved in DCM (30
mL), and stirred at 0°C, MCPBA (568.5 mg, 3.3 mma§s added slowly and the solution was
stirred for 5 hours at r.t.. The reaction mixturaswguenched with N&O; (s5:)(10 mL), extracted
with DCM (3 x 80 mL), washed with @, NaHCQ sayand NaS,0O; sy The combined organic
extracts were dried over B0, filtered and concentrated vacuo Purification by silica gel for
flash column chromatography (pore 60A. 40-63 umy/BEDAC (99:1-70:30 v/v) gave recovery
of starting material (93.6 mg, 15%) and the follogvcompounds:

() (1E,3rR*,4S") tert-butyl cycloocta-1,2-diene carboxylate 3,4 oxi8(450 mg, 67%)JR vmax
(neat): 2976 and 2938 (C-H), 1701 (C=0), 1468, 1653'citd NMR (400 MHz; CDCl5): 5 1.49
(9H, s, COOC(El3)3; 1.40-1.80 (5H, m, H-4 H-6 and H-7); 2.10 (1H, ddd,9.2, 8.0 and 4.0, H-
5g); 2.22 (1H, ddJ 13.6 and 10.4, H4; 2.55 (1H, ddJ 14.4 and 8.0, H#); 3.20 (1H, ddd,]
12.0, 4.0 and 3.6, H-4); 3.56 (1H,113.6, H-3); 6.72 (1H, s, H-2J°C NMR (50 MHz; CDCl5): &
24.5 (CH, C-6); 27.5 (CHx 2, C-7 and C-5); 28.0 (GHk 3, COOCCHy)3); 28.2 (CH, C-8);
54.0 (CH, C-4); 58.6 (CH, C-3); 80.7 (C, CO(@Hy)3); 132.2 (CH, C-2); 137.7 (C, C-1); 166.3
(C, COOC(CHy)3). m/z(CI) (rel. intensity): 168 (MH', 5), 152 (4), 139 (2), 123 (63), 107 (9), 95
(16), 79 (22), 67 (19), 57 (100).
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(3)-(1R*,2S%,32) tert-butyl cycloocta-3,4-diene carboxylate 1,2 ox2i& (47 mg, 7%),IR vmax
(neat): 2932 (C-H), 1732 (C=0), 1468, 1248, 963, 843'ctil NMR (400 MHz; CDCly): &
1.50-2.40 (8H, m, H-5, H-6, H-7, H-8); 1.48 (9HCGQOC((H,)s; 3.80 (1H, s, H-2); 5.54 (1H, d,
J11.6, H-3); 5.79 (1H, ddl 11.6 and 7.0, H-4}3C NMR (50 MHz; CDCl5): & 25.1 (CH, C-7);
25.4 (CH, C-6); 27.6 (CH, C-8); 27.9 (CHx 3, COOCCHs)3); 29.2 (CH, C-5); 58.3 (CH, C-2);
62.6 (C, C-1); 81.9 (C, COTCHs)3); 121.7 (CH, C-4); 134.6 (CH, C-3); 169.2 (@DOC(CH)s).

(1E,32) tertbutyl 5-oxo-cycloocta-1,3-dienecarboxyldi8 as a pale yellow oil (27 mg, 4%R
Vmax (N€at): 2976 and 2868 (C-H), 1707 (C=0), 1663 (C=C), 14B&70, 1292 (C-O), 1252,
1157cnt. 'H NMR (400 MHz; CDCl3): 8 1.52 (9H, s, COOC(8:)3); 2.10 (2H, q,) 6.6 and 13.4,
H-7); 2.50 (2H, tJ 6.6, H-8); 2.57 (2H, t] 6.6, H-6); 6.03 (1H, dJ 12.6, H-4); 6.57 (1H, dd]
5.5 and 12.6, H-3); 7.26 (1H, 35.5, H-2).**C RMN (50 MHz; CDCl): & 26.3 (CH, C-7); 28.0
(CH;3 x 3, COOCCHs3)3); 31.8 (CH, C-8); 38.5 (CH, C-6); 81.4 (C, COO(CHs)3); 133.6 (CH,
C-4); 134.7 (CH, C-2); 135.8 (CH, C-3); 140.1 (G1X 165.5 (CCOOC(CH)3); 205.2 (C, C-5).
m/z (CI*) (rel. intensity): 222 (M, 5) 205 (3), 186 (5), 166 (19), 149 (19), 121 (Z)(13), 77
(26), 57 (100).

(1E,32) tert-butyl 5-hydroxycycloocta-1,3-dienecarboxyléi® as a brown yellow oil (47 mg,
7%), IR vma (Neat): 3412 (O-H), 2934 (C-H), 1705 (C=0), 1624 (C=C)502C-0) cnt. 'H
NMR (400 MHz; CDCl53): 8 1.50 (9H, s, COOC(83)3); 1.8-1.9 (4H, m, H-6 and H-7); 2.74 (2H,
dd,J 8.2 and 13.2, H-8); 4.36 (1H, d#18.2 and 9.6, H-5); 5.89 (1H, dd8i8.2 and 11.6, H-4); 6.09
(1H, dd,J 4.2 and 11.6, H-3); 7.08 (1H, #4.2, H-2)."*C NMR (50 MHz; CDCl5): & 22.4 (CH,
C-7); 27.0 (CH, C-6); 27.4 (CH, C-8); 28.3 (CH x 3, COOCCHa)3); 80.9 (C, CO@(CHz)s);
85.1 (CH, C-5); 125.6 (CH, C-4); 134.8 (CH, C-3B3516 (CH, C-2); 135.9 (C, C-1); 166.9 (C,
COOC(CHy)s).

This epoxydation reaction was performed again endhme conditions but for a shorter period to
give rise to the monoepoxideEBR*,4S") tert-butyl cycloocta-1,2-diene carboxylate 3,4 oxide
(+)-23 (67%) together with S.M. (23%) and RY2S+,3E) tert-butyl cycloocta-3,4-diene
carboxylate 1,2 oxide (24 (7%).

COOt-Bu COOt-Bu O COOt-Bu
MCPBA 1o +
DCM, 0°C - r.t.
1.5h.
6 (#)-23 (2)-24
67% 7%
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Addition of lithium (S)-N-benzyl-Ne-methylbenzylamide to compour{e)-23:

: j’h
COO'Bu . Ph” >N” COO'Bu
Ph—  Ph —
1 | THF, -78°C
o ) HN— / o
2) n-BuLi 1l
(#)-23 RP.

Following general procedure for the Michael additreaction, compound (£3 (24.50 mg, 0.11
mmol) was dissolved in THF (1 mL)SEtN-benzylN-a-methylbenzylamine (34.60 mg, 0.16
mmol) in THF (1 mL) andh-BuLi (1.6 M, 0.10 mL, 0.15 mmol) were added. Aftbe addition of
the unsaturated compound, the reaction was stiore@.0 hours. The reaction was quenched by
addition of NHCI () Purification by silica gel for flash column chrotography (pore 60A. 40-
63 um) Hex/EtOAc (95:5 v/iv—70:10 v/v) gave recoveftarting material (£23.

Epoxide ring opening reaction:

AlyO3, H,0

WL' S.M.
AlyO3, H,0 ;{

COO!Bu THF S.M.

o Entry 1-5 KOH /]

S.M.
Dioxane/H,0 //
(1:9 viv)
(£)-23 .
COOBu
HCIO, HO
Dioxane/H,0 "
(1:9 vIv), 0°C-r.t. HO
()25
C13H2204

Exact Mass: 242,1518
Mol. Wt.: 242,3114

Procedure:

Entry 1:

To a solution of AIO; (1.20 g) in EO (1 mL) was added 4 (0.12 mL) and under Ar
atmosphere was stirred for 20 min. After, compo()el3 (24.7 mg, 0.11 mmol) was added and
the reaction system was stirred for 18 hours. Afies time, MeOH (2.5 mL) was added; the
solution was filtered through Celite and conceetldh vacuo The 'H NMR spectrum of the

crude showed the recovery of starting material.

Entry 2:
A solution of ALO; (1.45 g) in THF (1.8 mL) and J@ (0.12 mL) was refluxed at 50°C. After,
compound ()23 (24.7 mg, 0.11 mmol) was added and the reactistesy was refluxed for 12
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hours and other 4 hours at 80°C. After this timeQW (2.5 mL) was added; the solution was
filtered through Celite and concentraiadvacuo The'H NMR spectrum of the crude showed the

recovery of starting material.

Entry 3:

To compound (£23(18.8 mg, 0.08 mmol) was added a solution of K@ibxane/HO (1:9 v/v,
2.7 M., 7.2 mL), the reaction system was stirred.tator 3.5 hours. After this time, the reaction
crude was extracted with DCM, washed witfOHdried over Ng5O,, filtered and concentrated

vacua The®H NMR spectrum of the crude showed the recovesstaiting material.

Entry 4:

Compound ()23 (17.00 mg, 0.08 mmol) was dissolved in THF (3mhdl &iOH (3M., 0.05 mL)
was added. The reaction system was stirred abrr216 hours. The reaction crude was extracted
with DCM, washed with H20, dried, filtered and eweated under reduce pressure. THNMR

spectrum of the crude showed the recovery of startaterial.

Entry 5:

To compound (£23 (352.5 mg, 1.6 mmol) was added a solution of HGlOdioxane/HO (1:9
viv, 60%, 3.2 mL) at 0°C. The reaction system waeesl at r.t for 9.5 hours. After this time,®l
was added; the reaction crude was extracted WiAEt washed with NaHC{) <4, dried over
NaSQ, filtered and concentrateth vacuo Purification by silica gel for flash column
chromatography (pore 60A. 40-63 um) Hex/EtOAc (&2-v/v) afforded starting material (28
(70.5 mg, 20%) and (+) B,4R*E) tert-butyl 3,4-dihydroxycycloocta-1-ene carboxyl@® (240
mg, 62%).IR vma (Neat): 3422 (O-H), 2930 (C-H), 1707 (C=0), 1653triH NMR (400 MHz;
CDCl3): 6 1.48 (9H, s, COOC(83)3; 1.65 (2H, m, H-6); 1.92 (2H, m, H-7); 2.12 (2H, 812.8
and 3.6, H-5); 2.61 (2H, d§, 7.2 and 3.6, H-8); 3.50 (1H, d,8.8 and 3.6, H-4); 4.30 (1H, dd,
8.8 and 6.8, H-3); 6.67 (1H, d,6.8, H-2)."*C NMR (50 MHz; CDCl3): 5 20.4 (CH, C-7); 25.6
(CH,, C-6); 27.2 (CH, C-5); 28.3 (CHx 3, COOCCHj3)3); 32.4 (CH, C-8); 74.4 (CH, C-4); 75.3
(CH, C-3); 80.8 (C, COO(CHzy)s); 133.9 (C, C-1); 140.7 (CH, C-2); 166.1 (COOC(CH)3).
HRMS (CI*) m/z calcd. for CiaH»,04: 242.1518;found 242.1508A = -4.1 ppmm/z (CI™) (rel.
intensity): 242 (M, 1), 204 (16), 186 (48), 141 (8), 123 (1105 (10), 95 (9), 79 (14), 58 (100).
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Protection reaction of compoungt)-25:

COOBu COO'Bu

HO Acetone, 2,2-DMP ><O"’
HO™ CSA, 80°C, 2 h. o

(¥)-25 (£)-26
C16H2604

Exact Mass: 282,1831
Mol. Wt: 282,3752

Compound ()25 (158.00 mg, 0.65 mmol) was dissolved in acetoiienil) and 2,2-DMP (10

mL) and CSA (catalytic amount) were added. Thetr@asystem was purged with Ar and under

inert atmosphere it was refluxed at 80°C and stifoe 2 hours. After, the reaction mixture was
extracted with ED, washed with NaHCQ.,:, NaCls.yand HO, dried over Ng50,, filtered and
concentratedn vacuo Purification by silica gel for flash column chratography (pore 60A. 40-
63 um) Hex/EtOAc (8:2 — 1:1 v/v) gave (i#rt-butyl 3,4-isopropilidendioxicycloocta-1-en-
carboxylate26 (184 mg, 100%)IR vmax (Neat): 2936 and 2866 (C-H), 1709 (C=0), 1458, 1370,
1238, 1163, 1067 cf’H NMR (400 MHz; CDCl5): & 1.42 (3H, s, CE); 1.43 (3H, s, CEy);
1.48 (9H, s, COOC(B,)s; 1.57 (4H, m, H-6 and H-7); 2.15 (2H, m, H-5); 2 @H, m, H-8); 3.48
(1H, dd,J 8.4 and 3.0, H-4); 4.40 (1H, ddig.4 and 6.0, H-3); 6.78 (1H, d6.0, H-2).°C NMR
(50 MHz; CDCly): 6 20.2 (CH, C-7); 24.6 (CH, C-6); 26.9 (CH x 2, CCHz3),); 27.8 (CH x 2,
C-5 and C-8); 28.1 (CHx 3, COOCCHs)3); 79.7 (C, CO@(CH;)3); 80.4 (CH, C-4); 81.4 (CH,
C-3); 108.3 (CCMe;); 133.6 (C, C-1); 137.6 (CH, C-2); 165.6 (COOC(CHy)3). HRMS (CI")
m/z calcd. for CieH»604: 282.1831found 282.1825A = -2.1 ppmm/z (CI™) (rel. intensity): 282
(MH", 1), 267 (2), 226 (9), 209 (3), 168 (54), 151 (291 (43), 77 (37), 57 (100).

Michael addition of lithium (S)-N-benzyl-Nz-methylbenzylamide to compourd)-26:

. ph 5 Ph
COO'Bu . N COO’Bu SN COO’Bu
><O© 1) Ph_H\N M ThHE, 780C ><
o) 2) n-BuLi O O
(2)-26
C31H43NO4

Exact Mass: 493,3192
Mol. Wt.: 493,6774

Following general procedure for the Michael additreaction, compound (£6 (188.6 mg, 0.6
mmol) in THF (2 mL), §-N-benzylN-a-methylbenzylamine (592.8 mg, 2.8 mmol) in THF (B)m
and n-BuLi (1.6 M., 1.7 mL, 2.6 mmol). After the additioof the unsaturated compound, the
reaction was stirred for 2 hours. Purification llica gel for flash column chromatography (pore
60A. 40-63 pm) Hex/DCM (6:4 — 1:1 v/v) gave recavef starting material (26 (55 mg, 33%)
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and (52R,354S,09 tert-butyl 2-(N-benzyIN-a-methylbenzylamino)-3,4-
isopropilidendioxicyclooctane carboxyla®¥ (107 mg, 36%), which was full characterized and
(1S2R,3R4R S) tertbutyl 2-(N-benzylN-a-methylbenzylamingeB,4-

isopropilidendioxicyclooctane carboxylé28 (27 mg, 9%).

(1S2R,354S09-27: IR vmax(Neat): 2980 and 2930 (C-H), 1734 (C=0), 1456, 1368, (D),
1055, 700 and 667 (=C-H) ¢hfH NMR (400 MHz; CDCl5): 5 1.15 (3H, d,J 8.0, Cf)Me); 1.40
(3H, s, Mey); 1.41 (3H, s, Bley); 1.50 (9H, s, COOC(8,)s; 1.20-1.72 (6H, m, H-6, H-7 and H-
8); 1.80-2.00 (2H, m, H-5); 2.60 (1H, ddH12.0, 8.0 and 4.0, H-1); 3.40 (1HJt8.0, H-2); 3.61
(1H, ddd,J 12.0, 8.0 and 4.0, H-4); 3.90 (1HJt8.0, H-3); 4.02 (2H, CkHs, CH,-N); 4.47 (1H,
q,J 8.0, CH¢)); 7.40 (10H, m, H-Ar)**C NMR (50 MHz; CDCl3): & 21.1 (CH, C-6); 22.2 (CH,
C(a)Me); 24.0 (CH, C-7); 25.4 (CH, C-5); 26.8 (CH, CMe,); 27.2 (CH, CMe); 29.3 (CH x 3,
COOC(CHs)3); 31.6 (CH, C-8); 49.1 (CH, C-1); 52.1 (GHCH,-N); 60.6 (CH, CH¢)); 63.5 (CH,
C-2); 79.7 (C, COG(CHs)3); 81.1 (CH, C-3); 81.2 (CH, C-4); 106.5 (CMe,); 126.1-129.0 (CH
x 10, H-Ar); 143.8 (C, &so); 145.7 (C, Gso); 173.5 (C,COOC(CH)s). HRMS (CI*) m/z calcd.
for C31H43NO,4: 493.3192found 493.3226A = 6.9 ppmm/z (CI7) (rel. intensity): 493 (MH', 4),
435 (4), 316 (6), 288 (15), 274 (32), 190 (10), {58, 105 (100), 77 (95).

Isopropilidendioxi-opening reaction:
Hsl0g
omEl T S
: jh H5l0g -
Ph” “N” COO'BU H,0 ;f o

O Entry1-4 | HslOs  jy
// S.M.
0 HCI, THF

- Ph - Ph
27 - -
Ph™ N Ph/\N) COOH
HCligas). PTSA HO/,, ><O©
+
H,O
2 o]
29 30
C24H29NO3 C27H3sNO4
Exact Mass: 379,2147 Exact Mass: 437,2566
Mol. Wt.: 379,4920 Mol. Wt.: 437,5711

Procedure:

Entry 1:

Compound27 (18.70 mg, 0.04 mmol) was dissolved in THF (1.5)rahd a solution of HOg
(21.6 mg, 0.1 mmol) in D (0.5 mL) was added. The reaction system wasedtiat r.t for 48

hours. The work up of the reaction was performedekiraction with EtOAc; the crude was

203



Experimental section

washed with Nz5,0; 5% and NaHC©5%, dried over N&O,, filtered and concentrated vacuo

The'H NMR spectrum of the crude showed the recovestarting material.

Entry 2:

To compound®7 (18.70 mg, 0.04 mmol) was added a solution g (43.0 mg, 0.2 mmol) in
H,O (0.5 mL). The reaction system was stirred gor.t.2 hours. The work up of the reaction was
performed by extraction with EtOAc; the crude wasshed with Ng5,0; 5% and NaHC@5%,
dried, filtered and concentratedvacuo The'H NMR spectrum of the crude showed the recovery

of starting material.

Entry 3:

Compound27 (18.70 mg, 0.04 mmol) was dissolved in THF (1 mdffer HCI 2M. (1 mL) and
HslO06 (43.0 mg, 0.2 mmol) were added. The reaction systas stirred at r.t for 4.5 hours. The
work up of the reaction was performed by extractidgth EtOAc; the crude was washed with
Na,S,0; 5% and NaHC@5%, dried, filtered and concentratiedvacuo The'H NMR spectrum of

the crude showed the recovery of starting material.

Entry 4:

Under Ar atmosphere, compougd (45.20 mg, 0.09 mmol) was dissolved in MeOH (5 rah)l a
catalytic amount of PTSA was added, after k4¢jwas passed for 2 min. The reaction system was
stirred at r.t for 4 hours. The crude was extragtgd DCM, washed with NaHCO10% and HO,
dried, filtered and concentrateth vacuo Purification by silica gel for flash column
chromatography (pore 60A. 40-63 um) Hex/EtOAc (B:2-v/v) afforded recovery of starting

material27 (2.0 mg, 5%) and the following compounds:

(1R,6S,9R,10S x9)-9-(N-benzylN-a-methylbenzylamino)-10-hydroxy-7-oxabicyclo[4.2.8tdn-
8-0ne29 (19.3 mg, 57%).d]% +28.4 € 0.89, CHCY); IR vmax (neat): 2926 and 2857 (C-H), 1728
(C=0), 1454, 1371, 1217 (C-O), 1074, 754 and 7@K cni'. *H NMR (400 MHz; CDCl5): &
1.20-1.30 (2H, m, H-4); 1.43 (3H, d6.8, C@)Me); 1.50-1.70 (2H, m, H-3); 1.82 (1H, m, H)
1.91 (1H, m, H-B); 2.02 (1H, m, H-R); 2.20 (1H, m, H-g); 3.05 (1H, m, H-1); 3.09 (1H, dd,
9.2 and 2.1, H-9); 3.79 and 3.84 (2H, £H, J 14.4, CH-N); 3.94 (1H, ddJ 9.2 and 5.6, H-10);
3.97 (1H, q,J 6.8, CH{)); 4.63 (1H, td,J 5.6 and 2.8, H-6); 7.38 (10H, m, H-AC NMR (50
MHz; CDCl3): 6 13.1 (CH, C(@)Me); 22.7 (CH, C-4); 24.6 (CH, C-3); 28.9 (CH, C-5); 33.8
(CH,, C-2); 41.8 (CH, C-1); 50.3 (GHCH,-N); 55.7 (CH, CH¢)); 59.1 (CH, C-9); 68.3 (CH, C-
10); 77.9 (CH, C-6); 127.4-128.7 (CH x 10, H-ArBa5 (C, Gso); 143.8 (C, Gso); 174.8 (C,
COO). HRMS (CI*) m/z calcd. for CyH»oNOs: 379.2147;found 379.2191A = 11.6 ppmm/z
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(CI) (rel. intensity): 282 (MH', 1), 267 (2), 226 (9), 209 (3), 168 (54), 151 (281 (43), 77
(37), 57 (100).

(1R,2R,354S n5)-2-(N-benzyIN-a-methylbenzylamino)-3,4-isopropilidendioxicyclooata
carboxylic acid30 (12.5 mg, 32%)IR vy (Neat): 3400, 2930 and 2859 (C-H), 1726 and 1711
(C=0), 1462, 1379, 1256 (C-O), 1065, 756, 731 ab@ EC-H) cn'. '"H NMR (400 MHz;
CDCls): 8 1.30 (3H, dJ 6.8, Cf)Me); 1.48 (3H, s, Gley); 1.58 (3H, s, ®le,); 1.60-1.70 (4H, m,
H-6 and H-7); 1.88-2.08 (2H, m, H-5); 2.18-2.40 (31 H-1 and H-8); 3.30 (1H, dd,10.0 and
8.0, H-2); 3.67 (1H, m, H-4); 4.10 (1H,X8.0, H-3); 4.10-4.30 (2H, m, GHN); 4.47 (1H, g, 8.0,
CH(w)); 7.40 (10H, m, H-Ar)**C NMR (50 MHz; CDCl3): & 14.1 (CH, C(0)Me); 22.1 (CH, C-
6); 23.2 (CH, C-7); 26.6 (CH, CMe); 27.2 (CH, CMe); 29.5 (CH, C-5); 31.4 (CH, C-8); 42.6
(CH, C-1); 62.7 (CH, C-2); 62.7 (CH, CH){; 68.4 (CH, CH,-N); 80.2 (CH, C-4); 80.5 (CH, C-3);
107.4 (C,CMey); 127.4-131.1 (CH x 10, H-Ar); 132.6 (C,,Q); 141.7 (C, Gs); 176.6 (C,
COOH).

2. Approximation to the synthesis of Tashiromine:
2.1. Reactivity of 1,2-epoxicycloocta-5-ene 1.

Cis-hydroxylation:

o) 0
0s04, NMO
THF : H,0
HO OH
1 (%)-31

CgH1403
Exact Mass: 158,0943
Mol. Wt.: 158,1950

CompoundL (200.0 mg, 1.6 mmol) was dissolved in a mixturd @f/H,O (1:1 v/v, 4 mL), Os@®
(0.04 mL, 4.20 mmol) and NMO (568.0 mg, 4.2 mmoBrev added to the system at 0°C. The
solution was allowed to warm to 25°C and stirred2® hours before being cooled to 0°C. Excess
NaS,0, was added. After filtration, the solution was cemicated under reduced pressure and
transferred to a liquid — liquid extractor and éoabusly extracted with EtOAc for 24 hours, then
with DCM for 72 hours. The combined organic phasese dried and evaporated under reduced
pressure. Purification of the residue by silicafgelflash column chromatography (pore 60A. 40-
63 um) DCM/MeOH (95:5 v/v) gave the epoxydiol @185 mg, 73%) as a white solid. Due to
its polarity, it was protected and full charactedzs 4,%ert-butyldimethylsilyloxy ()32.
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0 o)
TBDMSCI, Imidazole
DMF, 25°C
HO OH TBDMS-O  O~TBDMS
(¥)-31 (¥)-32

C20H4203Si>
Exact Mass: 386,2672
Mol. Wt.: 386,7167

In a flask was added compound @)+368.0 mg, 2.3 mmol), TBDMSCI (879.0 mg, 5.8 mmol)
imidazole (790.0 mg, 11.6 mmol) and DMF (0.5 mLpeTreaction mixture was stirred at r.t. for
20 hours. The solution was diluted with water ar@dMD The aqueous layer was extracted with
DCM (4x), dried and evaporated under reduced pressugive a clear oil. Purification of the
residue by silica gel for flash column chromatogmagpore 60A. 40-63 um) Hex/@ (9:1-7:3
v/v) (1IR*,25*5R*,65%)-1,2-bis-tert-butyldimethylsilyloxy)-5,6-epoxicyclooctane (82 (841 mg,
94%).IR vmax (N€at): 2954, 2928 and 2859 (C-H), 1476, 1256 (SkV2048 (Si-0), 831 and 782
(Si-C) cm®. 'H NMR (200 MHz; 85°C, ds-toluene): & 0.11 (6H, s, Si(B),; 0.15 (6H, s,
Si(CH3); 1.00 (18H, s, (C(H3)3) x 2); 1.50-1.92 (8H, m, H-3, H-4, H-7 and H-8)62-2.71 (2H,
m, H-5 and H-6); 4.01-4.05 (2H, m, H-1 and H3E NMR (50 MHz; 85°C, dg-toluene): 5 -4.9
(CHs x 2, SiCHs),); -4.7(CH x 2, SiCHs),); 18.1 (C x 2, (SE(Mes) x 2); 22.7 (CH x 2); 25.9
(CHs x 6, (SICCHg)3); 31.2 (CH x 2); 54.4 (CH x 2, C-5 and C-6); 77.4 (CH x 21@nd C-2).
HRMS [M+Na] m/zcalcd. for CyoH4:0:SibNa: 409.2565found 409.2558A = -1.7 ppm.

[Lit., (Hodgson D.M.; Cameron 1.D.; Christlieb MGreen R. Lee G.P. and Robinson L.A.
Chem. Soc., Perkin Trans. , 12001, 2161-2174.) (1R*,4S",5R*,89)-4,5-bisfert-
butyldimethylsilyloxy)-9-oxabicyclo[6.1.0]nonartel NMR (500 MHz; 85°C, d-toluene): 5 0.04
(6H, s, Si(®t3),; 0.15 (6H, s, Si(E3),; 0.94 (18H, s, (Ales)s) X 2); 1.49-1.89 (8H, m, C(24
C(3)Hs, C(6)H; and C(7)H); 2.61-2.64 (2H, m, C(1)Hand C(8)H); 3.95-3.98 (2H, m, C(4)H
and C(5)H). *C NMR (125 MHz; 85°C, d-toluene): & -4.9 (CH; X 2, SiCHs),); -4.6 (CH X 2,
Si(CHs),); 18.2 (C x 2, (ST(CHy)s); 22.8 (CH x 2); 26.0 (CH x 6, (SICCHs3)3); 31.3 (CH x 2);
54.5 (CH x 2COC); 77.6 (CH x 2COSi)].

Acetylation reaction of compoun(t)-31:

O-Ac

ACQO
Py r.t., 20 h.
HO OH AC/O O\AC AC/O
(¥)-31 (¥)-34
C12H4805 C12H1505
Exact Mass: 242 1154 Exact Mass: 242,1154
Mol. Wt.: 242,2683 Mol. Wt.: 242,2683
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Under Ar atmosphere compound 3-(51.3 mg, 0.3 mmol) was dissolved in Pyridine (BR)
and acetic anhydride (0.2 mL, 2.0 mmol) was addé&eé. reaction mixture was stirred at r.t. for 19
hours. The system was quenched with ice, extrastdd EtOAc, washed with HCI 2M., O,
NaHCGQ; 5% and NaCls,, filtered and concentrated vacuo Purification of the residue by silica
gel for flash column chromatography (pore 60A. &0ggn) DCM/MeOH (99:1-90:10 v/v) gave

the following compounds:

(1R*,2S7,5R*,6S*)-1,2-diacetoxy-5,6-epoxicyclooctane (33(40 mg, 55%)IR v (neat): 2938
(C-H), 1733 (C=0), 1365, 1249 and 1224 (C-0), 1619. '"H NMR (200 MHz; CDCly): & 1.38-
2.16 (8H, m, H-3, H-4, H-7 and H-8); 2.06 (6H,800Me) x 2); 2.95-3.01 (2H, m, H-5 and H-6);
5.08-5.14 (2H, m, H-1 and H-2FC NMR (50 MHz; CDCl3): 5 20.8 (CH X 2, (MeCOO)); 22.1
(CH, x 2, C-3 and C-8); 26.4 (G 2, C-4 and C-7); 54.2 (CH x 2, C-5 and C-6);17@_H x 2,
C-1 and C-2); 167.0 (C x 2, \i®©0O). HRMS [M+Na] m/z calcd. for C;,H¢0sNa: 265.1046;
found 265.1048A = 0.8 ppm.

1:1 ratio mixture of 9-oxabicyclo[3.3.1]Jnonane-2li§t diacetate 35 and 9-
oxabicyclo[2.4.1]nonane-2,5-diyl diaceta®€ (20 mg, 28%).IR vy (Neat): 2950 C-H), 1721
(C=0), 1368 and 1237 (C-0), 1013 tmH NMR (200 MHz; CDCl3): & 1.41-2.27 (16H, m, H-3,
H-4, H-7, H-8 and H-3°, H-4", H-7", H-8"); 2.03 (3El, CMeg); 2.06 (3H, s, CBle); 4.31-4.38
(2H, dd,J 9.6 and 3.0, H-1 and H-5 from [3.3.1]); 4.48 (ih, H-1 and H-6 from [2.4.1]); 4.67-
4.74 (1H, ddy) 5.0 and 4.0H-2 and H-6 from [3.3.1]); 4.94-4.98 (1H, p4.7, H-2 and H-5 from
[2.4.1])."*C NMR (50 MHz; CDCl5): & 21.4 (CH, COMe); 21.5(CH, COMe); 24.1 (CH, C-4);
24.6 (Ch, C-8); 24.8(CH, C-3); 30.2 (CH, C-7)); 73.9(CH x 2, C-1 and C-5); 78.9 (CH 21
and C-6); 79.0 (CH x 2, C-2 and C-6); 82.3 (CH, @l C-5); 170.2 (CCOMe); 171.0 (C,
COMe").HRMS [M+Na] m/zcalcd. for CoH150sNa: 265.1046 found 265.1040A = -2.3 ppm.
[Lit., (Duthaler, R. O.; Wicker, K.; Ackermann, Rnd Ganter, CHelvetica Chimica Actd972
Vol. 55, Fasc. 5, 1809-1827) 9-oxabicyclo[3.3.1]nonanedd/6 diacetate35, IR: 1730, 1468,
1368, 1250, 1132, 1100, 1042, 1022, 971, 8MR: 1.40-2.50 (m, H2-C(3), -C(4), -C(7), -C(8));
2.10 (s, HCOO-C(2), -C(6)); 3.95 (MW ca. 11) H-C(1), -C(5)); 4.74 @,25"%°=J,° (bzw. J
677%°=J 6779 = 4 [zusétzl. Aufspaltung durch , (bzw.Js¢) ca. 2)] H-C(2), -C(6).
9-oxabicyclo[2.4.1]nonane-2,5-diyl diaceta36, I.R: 1728, 1479, 1452, 1433, 1372, 985, 973,
904.NMR: 1.50-2.60 (m, H2-C(3), -C(4), -C(7), -C(8)); 2.&5 H:COO-C(2), -C(5); 4.78 (mW
~ca. 14) H-C(1), -C(6), 5.25 (M\(; ca. 13) H-C(2), -C(5)].
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Epoxide opening reaction in compound)-32:

o) MesSiQ  CN
Et,AICI
Me3SiCN, r.t.
TBDMS-O  O~TBDMS TBDMS-O  O~TBDMS
(£)-32 (2)-37

C24H51NO3Si3
Exact Mass: 485,3177
Mol. Wt.: 485,9231

In a dried flask under Ar atmosphere was addedl€t (0.16 mL, 0.16 mmol) followed by the
addition of MgSIiCN (0.40 mL, 3.00 mmol), the resulting solutioasastirred for 30 min. at r.t.
After via cannula compound (82 (456.00 mg, 1.18 mmol) was added slowly and theesysvas
stirred for other 68 hours. The crude was pourecd anixture of NaOH 3M. and ice, extracted
with Et,O, washed with NaClk,, dried, filtered and concentratéd vacuo The residue was
purified by silica gel for flash column chromatoging (pore 60A. 40-63 um) Hex/& (98:2-
90:10 v/v) gave () (B*,2R*,55,6R*)-5,6-bis-(ert-butyldimethylsilyloxy)-2-(trimethylsilyloxy)-
cyclooctane-carbonitril&7 (473 mg, 81%),|R vmax (Neat): 2958, 2926 and 2860 (C-H), 2240
(C=N), 1244 (C-0), 1076 (Si-O), 840 and 780 (Si-C)'cthl NMR (200 MHz; CDCl5): & 0.06
(9H, s, Si(®3)s); 0.07 (6H, s, Si(63),); 0.16 (6H, s, Si(63),); 0.89 (18H, s, (C(83)3) X 2);
1.40-2-05 (8H, m, H-3, H-4, H-7 and H-8); 2.18-2(3¥1, m, H-2); 2.98-3.05 (1H, m, H-1); 3.78-
3.95 (2H, m, H-5 and H-6}°C NMR (50 MHz; CDCl5): & -4.8 (CH; x 3, SiCHa3)s); -4.6 (CH; x

2, Si(CH3),); -4.3(CH: x 2, SiCH3),); 18.4 (C x 2, (ST(Me3)); 26.1 (CH x 6, (SICMe;) x 2); 30.9
(CH, x 4); 38.9 (CH, C-1); 74.3 (CH, C-2); 76.6 (CH,5-77.0 (CH, C-6); 122.8 (QCN).
HRMS [M+Na] m/zcalcd. for C,sHs;NO3SisNa: 508.3069found 508.3073A = 0.8 ppm.

Direct formation of the ester reaction from nitrilgroup:

Me3SiO  COOMe

()

MesSiO  CN
N TBDMS-O  O~TBDMS
MeOH, PTSA
65°C, 7 h.
HO CN
TBDMS-O  O~TBDMS N
(+)-37 ,
H-O  O-H
()48
CoH15NO3

Exact Mass: 185,1052
Mol. Wt.: 185,2203
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Compound ()37 (114.00 mg, 0.23 mmol) was dissolved in MeOH (3)rabd PTSA (46.00 mg,
0.24 mmol) was added and the reaction system wasdsand refluxed at 65°C for 7 hours. The
reaction was quenched with,® dissolving the ammonium salts. The organic layas washed
with NaHCQ (sa) dried over NgSQO,, filtered and concentrateéd vacuo The'H NMR spectrum
of the crude (88 mg) showed the deprotection ofaleehol groups and due to its polarity and
therefore difficulty to purify the crude was sulit to a protection reaction of the diols for full

characterization.

HO pN HO :CN
Acetone, 2,2-DMP
CSA, 80°C, 16 h.
H-O O-H O)<O
(¥)-48 (+)-49
C12H19NO3

Exact Mass: 225,1365
Mol. Wt.: 225,2842

Compound (£$48 (88.00 mg, 0.47 mmol) was dissolved in acetonm} and 2,2-DMP (5 mL)
and CSA (catalytic amount) were added. The readystem was refluxed at 80°C and stirred for
16 hours. After, the reaction mixture was extractéiti ELO, washed with NaHCQs,1y NaCl sar)
and HO, dried over Ng5Q,, filtered and concentratéd vacuo Purification by silica gel for flash
column chromatography (pore 60A. 40-63 pm) Hex/EtQ&:3 — 1:1 v/v) gave the racemic
mixture of compound () @*2R*5S",6R*)-5,6-isopropilidendioxicycloocta-2-hydroxy-1-
carbonitrile49 (27 mg, 28%)JR vma (Neat): 3444 (O-H), 2987 and 2942 (C-H), 2243=(Q,
1217 (C-0), 1078, 1058, 1033 ¢mH NMR (200 MHz; CDCl5): 5 1.31 (3H, s, Ch); 1.39 (3H,
s, CH); 1.61-2.05 (6H, m, H-3, H-4 and H-7); 2.18-2.2H( m, H-8); 2.72-2.89 (1H, ddd,12.0,
6.0 and 2.0, H-1); 3.59-3.73 (1H, m, H-2); 3.9924(2H, m, H-5 and H-6)°C NMR (50 MHz;
CDCly): 8 23.3 (CH, C-3); 25.3 (CH); 28.1 (CH); 28.9 (CH, C-8); 30.1 (CH, C-4); 32.2 (CH,
C-7); 38.8 (CH, C-1); 70.6 (CH, C-2); 76.9 (CH, &-38.8 (CH, C-6); 107.2 (G3(Me),); 120.8
(C,CN). HRMS [M+Na] m/z calcd. for C;;H1oNOgNa: 248.1257 found 248.1255A = -0.8 ppm.
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Hydrolysis reaction of the nitrile group in compou(+)-37:

MesSiO  CN COOH
X 1) KOH / 1,2-Ethanediol,
Entry 1 200°C, 20 h.
2)c. HCI
TBDMS-O O~TBDMS TBDMS-O O~TBDMS
(4)-37 40
C21H4204Si2

Exact Mass: 414,2622
Mol. Wt.: 414,7268

MesSiQ  CN COOH CN
\ 1) KOH / 1,2-Ethanediol,
Entry 2 200°C, 21 h. .
2) c. HCI
TBDMS-O  O~TBDMS TBDMS-O  O~TBDMS  TBDMS-O = O~TBDMS
()-37 40 41
C21H41NO2Si

Exact Mass: 395,2676
Mol. Wt.: 395,7267

Me;SiO  CN COOH coo™\f
R 1) KOH / 1,2-Ethanediol,
Entry 3 200°C, 54 h. .
2) c. HCI
TBDMS-O  O~TBDMS TBDMS-O  O~TBDMS TBDMS-O  O~TBDMS
(2)-37 40 42

C23H4605Si;
Exact Mass: 458,2884
Mol. Wt.: 458,7793

Procedure:

Entry 1:

Following general procedure for the hydrolysis tud hitrile group, compound (87 (166.0 mg,

0.3 mmol) was dissolved in a mixture of KOH (108, 1.8 mmol) and 1,2-Ethanediol (2 mL),
the resulting solution was refluxed at 200 °C forhdurs. After, the system was cooled down and
it was added kD. The crude was extracted with,@tand the aqueous phase was treated with HCI
c. reaching pH acid, this solution was extracteth &tO, washed with BD and NaCls.,, dried
over NaSQ,, filtered and concentrateith vacuo Purification by silica gel for flash column
chromatography (pore 60A. 40-63 pum) Hex(Et(95:5 v/v) — EtOAc (100 v/v) gaveE)-5,6-
bis(tert-butyldimethylsilyloxy)cycloocta-1-ene carboxylicid 40 as a white solig73.0 mg, 59%).

Due to difficulty in its purification it was fullltaracterized as its methyl es#&

COOH COOMe

TMSCHN;

Benzene: MeOH, r.t.

TBDMS-O  O~TBDMS TBDMS-O  O~TBDMS
40 43

C2oH4404Sip
Exact Mass: 428,2778
Mol. Wt.: 428,7534

Under Ar atmosphere compourtd (48.00 mg, 0.12 mmol) was dissolved in a mixtufe o
Benzene/MeOH (1:1 v/v, 1 mL) and TMSCKI®R.0 M (0.07 mL, 0.14 mmol) was added. The
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reaction system was stirred at r.t. for 4 hourderfthe solution was evaporated under reduced
pressure. The residue was purified by silica geflésh column chromatography (pore 60A. 40-63
um) Hex/EtO (95:5 viv) gave K)-methyl 5,6-bisert-butyldimethylsilyloxy)cycloocta-1-
enecarboxylatd3 (41.0 mg, 80%)IR vmax (neat): 2951, 2930 and 2860 (C-H), 1727 (C=0), 1255
(C-0), 1054 (Si-O), 833 and 777 (Si-C) tmiH NMR (400 MHz; CDCls): & 0.11 (6H, s,
Si(CHa),); 0.15 (6H, s, Si(Bl5),); 1.02 (18H, s, (C(B3)s) x 2); 1.50-1.56 (1H, m, Hg; 1.76-1.89
(1H, m, H-3, H-4a, H-8); 1.90-1.95 (1H, m, H); 2.08-2.10 (1H, m, H-); 2.45-2.51 (1H, m,
H-8,); 2.63-2.75 (1H, m, H3; 3.49 (3H, s, COWBle); 3.89-3.94 (2H, m, H-5 and H-6); 6.91 (1H,
t, J 8.0, H-2).°C NMR (50 MHz; CDCl3): & -4.9 (CH; X 2, SiCHs),); -4.6 (CH X 2, SiCH3),);
18.2 (C x 2, (S¢(Mey)); 20.8 (CH, C-8) 21.2 (CH, C-3); 25.9 (CH x 6, (SiCMe;) x 2); 34.2
(CH,, C-4); 34.4 (CH, C-7); 50.7 CH, COQMe); 77.7 (CH x 2, C-5 and C-6); 134.6 (C, C-1);
141.3 (CH, C-2); 167.1 (@OOMe).HRMS [M+Na] m/z calcd. for C,;H4404Si-Na: 451.2670;
found 451.2678A = 1.8 ppm.

Entry 2:

Following previous procedure, compound @7){457.0 mg, 0.9 mmol) was dissolved in a mixture
of KOH (241.0 mg) and 1,2-Ethanediol (4 mL) andweéd at 200 °C for 21 hours. After, the
system was cooled down and it was adde®,Hhe crude was extracted with,@tand the
aqueous phase was treated with HCI c. pH acid,sthiistion was extracted with £, washed
with H,O and NaClsay dried over NgBO,, filtered and concentrated vacuo Purification by
silica gel for flash column chromatography (pord680-63 pm) Hex/EtOAc (9:1 — 7:3 v/v) gave
the carboxylic acidd0 (133.0 mg, 37%) andE]-5,6-bistert-butyldimethylsilyloxy)cycloocta-1-
enecarbonitriletl (100 mg, 28%)JR vmax(neat): 2954, 2927 and 2862 (C-H), 2218{0), 1258
(C-0), 1071 (Si-O), 836 and 775 (Si-C) tmiH NMR (200 MHz; CDCls): & 0.10 (6H, s,
Si(CHs),); 0.13 (6H, s, Si(63),); 0.99 (18H, s, (C(Hs)s) x 2); 1.37-1.90 (4H, m, H-4 and H-7);
2.42-2.81 (4H, m, H-3 and H-8); 3.87-3.94 (2H, m5tnd H-6); 6.17 (1H, 1) 8.0, H-2).**C
NMR (50 MHz; CDCl53): & -5.04 (CH x 2, SiCHs),); -4.99 (CH x 2, SiCHs),); 18.1(C x 2,
(SiIC(Mey)); 22.3 (CH); 24.1 (CH); 25.9(CH x 6, (SICMe3) x 2); 33.4 (CH); 33.8 (CH); 76.3
(CH, C-5); 76.7 (CH, C-6); 116.2 (CN); 118.6 (C, C-1); 146.2 (CH, C-HRMS [M+Na] m/z
calcd. for C,3H41NO,Si;Na: 418.2568found 418.2555A = -3.1 ppm.

Entry 3:
Following previous procedure, compound 8#){164.0 mg, 0.3 mmol) was dissolved in a mixture
of KOH (90.0 mg) and 1,2-Ethanediol (2 mL) and ugéd at 200 °C for 54 hours. After, the

system was cooled down and it was adde®,Hhe crude was extracted with,@tand the
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aqueous phase was treated with HCI c. pH acid,sthiigtion was extracted with &, washed
with H,O and NaCls. dried over NgSO,, filtered and concentrated vacuo Purification by
silica gel for flash column chromatography (pord6@0-63 pum) Hex/EtOAc (95:5 — 80:20 v/v)
gave the carboxylic acid40 (66.0 mg, 47%) and H)-2-hydroxyethyl 5,6-bigért-
butyldimethylsilyloxy)cycloocta-1-enecarboxyla4@ (20 mg, 14%) IR vmax (Neat): 3449 (O-H),
2951, 2928 and 2862 (C-H), 1720 (C=0), 1257 (CAD{O (Si-0O), 832 and 774 (Si-C) emH
NMR (200 MHz; CDCl5): 6 0.01 (6H, s, Si(85),); 0.06 (6H, s, Si(B3),); 0.89 (18H, s, (C(85)s)
X 2); 1.04-2.18 (4H, m, H-4 and H-3); 2.24-2.42 (2/ H-7); 2.51-2.84 (2H, m, H-8); 3.60-.3.98
(2H, m, CHCH,OH): 4.18-4.37 (2H, m, B,CH,OH); 6.68-7.11 (1H, t) 7.8, H-2).*C NMR (50
MHz; CDCl3): & -4.97 (CH x 2, SiCH3)y); -4.70 (CH x 2, SiCHs),); 18.1 (C x 2, (ST(Mey));
21.0 (CH); 22.7 (CH); 25.8 (CH x 6, (SiCMe3) x 2); 33.8 (CH); 34.0 (CH); 61.6 (CH,
CH,CH,0H); 66.1(CH, CH,CH,OH); 77.0 (CH x 2, C-5 and C-6); 134.0 (C, C-1)214(CH, C-
2); 167.7 (CCOO0).HRMS [M+Na] m/z calcd. for CyH4eOsSi-Na: 481.2776;found 481.2762;
A=-2.9ppm.

Addition of lithium (R)-N-benzyl-Nea-methylbenzylamide to compound 43:

Ph
COOMe )\N COOMe
pn— Ph
1) HN— , THF, -78°C
2) n-BuLi
TBDMS-O  O~TBDMS TBDMS-O  O~TBDMS
43
Procedure:
Entry 1:

Following general procedure for the Michael additi@action, compound3 (28.00 mg, 0.07

mmol) in THF (1 mL), R)-N-benzylN-a-methylbenzylamine (0.02 mL, 0.10 mmol) in THF (1
mL) andn-BuLi (1.6 M., 0.06 mL, 0.10 mmol). After the addit of the unsaturated compound,
the reaction was stirred for 2 hours. Purificatlmynsilica gel for flash column chromatography

(pore 60A. 40-63 pm) Hex/ED (9:1-7:3 v/v) gave recovery of starting mate¢ial mg).

Entry 2:

Following previous procedure, compoud8 (17.00 mg, 0.04 mmol) in THF (1 mL)RX-N-
benzylN-a-methylbenzylamine (0.03 mL, 0.16 mmol) in THF (L)rand n-BuLi (1.6 M., 0.10
mL, 0.16 mmol). After the addition of the unsatechtompound, the reaction was stirred for 3
hours. Purification by silica gel for flash colurahromatography (pore 60A. 40-63 pm) Hex(Et
(9:1-7:3 v/v) gave recovery of starting materied (tg).
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Addition of lithium (R)-N-benzyl-Ne-methylbenzylamide to compound 42:

™
H
coo \ O )\N coo \OH
Ph—( Ph Ph
1) HN— , THF, -78°C
2) n-Buli
TBDMS-O ZO\TBDMS TBDMS-O  O~TBDMS
4

Following previous procedure, compoud@ (19.60 mg, 0.04 mmol) in THF (1 mL)REN-
benzylN-a-methylbenzylamine (0.04 mL, 0.18 mmol) in THF (L)rand n-BuLi (1.6 M., 0.11
mL, 0.17 mmol). After the addition of the unsatechtompound, the reaction was stirred for 3

hours. ThéH NMR spectrum of the crude (18 mg) showed recoeéstarting material.

Bromination reaction of compound 43:

COOMe COOMe
< Br

BI‘2
CCly, 0°C -r.t, 2h.
TBDMS-O  O~TBDMS O~TBDMS
43 53
C16HngrO4Si

Exact Mass: 392,1018
Mol. Wt.: 393,3886

Compound43 (27.00 mg, 0.06 mmol) was dissolved in €0 mL) and the reaction system was
stirred and cooled down to 0°C. After,,80.01 mL, 31 mmol) was added and stirred for 36, mi
the ice bath was removed and stirred for 2 hourg.afhe reaction mixture was evaporated under
reduced pressure. Purification by silica gel fasf column chromatography (pore 60A. 40-63 um)
Hex/EtO (9:1 viv) — CHGYMeOH (9:1 v/v) gave the supposable dibromide cammgloas a single
spot in TLC (24 mg, 68%). When the characterizaticas performed for this fraction, it was
observed than ifH and**C NMR spectroscopy the double bond signal vanidgheddue to the
number of signals present in the spectrums thegpragsignation could not be achieved and the
HRMS results are also inconsistent because onlys npesks are observed for compounds
containing single bromine being probably compot8dhe obtained product under this conditions.
IR vmax (Neat): 2951, 2928 and 2857 (C-H), 1741 (C=0), 1258 (C4DP3 (Si-O), 1048 (C-Br),
842 (Si-C), 771 (C-Br) cth HRMS [M+Na] m/z calcd. for CygH,40,SiBrNa: 415.0911;found
415.0915A = -1.0 ppm.
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Protection reaction of compoungt)-31:

O
Acetone, 2,2-DMP
CSA, 80°C, 16 h.
HO OH O)<O
(£)-31 (¥)-33
C14H1g03

Exact Mass: 198,1256
Mol. Wt.: 198,2588

Compound ()31 (107.50 mg, 0.68 mmol) was dissolved in acetonel($ and 2,2-DMP (8 mL)
and CSA (catalytic amount) were added, the systasinefluxed at 80°C and stirred for 16 hours.
After work up was performed, purification by siligel for flash column chromatography (pore
60A. 40-63 pm) DCM/MeOH (98:2 — 95:5 v/v) gave &P-isopropilidendioxi-1,2-epoxy-
cyclooctaned3 (131 mg, 97%)IR v (neat): 2987 and 2930 (C-H), 1214 (C-0), 1055, 870'cm
'H NMR (400 MHz; CDCl3): 8 1.33 (3H, s, €3); 1.45 (3H, s, E5); 1.65-1.81 (4H, m, H-3 and
H-8); 1.95-2.16 (4H, m, H-4 and H-7); 3.02-3.08 (2H, H-1 and H-2); 4.24-4.29 (2H, m, H-5
and H-6) *C NMR (50 MHz; CDCl3): 8 23.1 (CH x 2); 25.1 (CH x 2); 25.4 (CH); 27.9 (CH);
55.4 (CH x 2, C-1 and C-2); 77.1 (CH x 2, C-5 an@)C106.8 (CC(Me),). HRMS [M+Na] m/z
calcd. for C;3H1g03Na: 221.1148found 221.1155A = 3.2 ppm.

Epoxide opening reaction in compound)-33;

o) Me3SiO Me;SiO Cl

EtzAICI
Me3S|CN rt.
>
(¥)-33 (+)-38 (+)-39
C15H27NO3Si C14H27CIO5Si
Exact Mass: 297,1760 Exact Mass: 306,1418
Mol. Wt.: 297,4653 Mol. Wt.: 306,9009

In a dried flask under Ar atmosphere was addedl€t (1.0 M., 0.14 mL, 0.14 mmol) followed
by the addition of MgSICN (0.46 mL, 3.40 mmol), the resulting solutioasastirred for 30 min. at
r.t. After, via cannula compound(B3 (254.00 mg, 1.28 mmol) was added slowly and théegys
was stirred for other 18 hours. The crude was gbarea mixture of NaOH 3M. and ice, extracted
with E,O, washed with NaClk,, dried, filtered and concentratéd vacuo The residue was
purified by silica gel for flash column chromatoghg (pore 60A. 40-63 pm) DCM/MeOH (10:0-

9:1 v/v) gave the following compounds:
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(1)-(1R*,2R* 58,6 R*)-5,6-isopropilidendioxi-2-trimethylsilyloxy-1-c&onitrile cyclooctane 38
(333 mg, 88%)IR vmax(Neat): 2986 and 2951 (C-H), 22414), 1257 (C-0), 1102 (Si-O), 879
and 844 (Si-C) cth 'H NMR (200 MHz; CDCl3): 8 0.16 (9H, s, OSiles); 1.38 (3H, s, ®e);
1.39 (3H, s, ®ley); 1.46-2.33 (8H, m, H-3, H-4, H-7 and H-8); 2.782 (1H, m, H-1); 3.45-3.83
(1H, H-2); 4.01-4.32 (2H, m, H-5 and H-6fC NMR (50 MHz; CDCl3): & 0.20 (CH x 3,
OSiMey); 23.4 (CH); 25.3 (CH, CMe,); 28.1(CH); 28.2 (CH, CMe,) ; 29.8 (CH); 32.5(CH) ;
38.9 (CH, C-2); 71.4 (CH, C-1); 77.5 (CH, C-5); 78CH, C-6); 107.1 (CCMe,); 121.0 (CCN).
HRMS (Na) m/z calcd. for CisH,7sNO3SiNa: 320.1652found 320.1650A = -0.6 ppm.

(3)-(1R*,2R* 55,6 R*)-5,6-isopropilidendioxicycloocta-2-trimethylsilgky-1-chloride 39 (47.5
mg, 12%),IR vnax (nNeat): 2982 and 2955 (C-H), 1257 (C-0O), 1099 and 1055840 (Si-C)
cm™. *H NMR (200 MHz; CDCl5): 5 0.13 (3H, s, Si®le); 1.33 (3H, s, ®le,); 1.42 (3H, s, ®ley);
1.55-2.39 (8H, m, H-3, H-4, H-7 and H-8); 3.89-4(@81, m, H-1 and H-2); 4.10-4.25 (2H, m, H-
5 and H-6).3C NMR (50 MHz; CDCl;): & 0.42 (CH x 3, OSMe,); 23.3 (CH); 25.8 (CH,
CMey); 27.1 (CH); 28.5 (CH, CMe,) ; 28.8 (CH); 30.5(CH) ; 66.8 (CH, C-2); 76.6 (CH, C-1);
77.2 (CH x 2, C-5 and C-6); 107.4 (CMe,). HRMS (Na) m/z calcd. for CiH»0sSiCl:
329.1310found 329.1300A = -3.0 ppm.

Hydrolysis reaction of the nitrile group in compouh(+)-38:

Me;SiO CN COOH COOH
D 1) KOH / 1,2-Ethanediol,
200 °C, 22 h.
+
2) c. HCI
O)<O O)<O HO OH
(+)-38 44 45
C12H1804 CoH1404
Exact Mass: 226,1205 Exact Mass: 186,0892
Mol. Wt.: 226,2689 Mol. Wt.: 186,2051

Following general procedure for the hydrolysis led nitrile group, compound (88 (380.0 mg,
1.3 mmol) was dissolved in a mixture of KOH (337g) and 1,2-Ethanediol (5.5 mL) and
refluxed at 200 °C for 22 hours. After, the systeas cooled down and,B was added. The crude
was extracted with BD and the aqueous phase was treated with HCI chireppH acid, this
solution was extracted with &, washed with 5D and NaCls), dried over NgSO,, filtered and
concentratedn vacug gave a crude (65 mg) which was purified by silged for flash column
chromatography (pore 60A. 40-63 um) Hex/EtOAc (V/8) gave the expected unsaturated
carboxylic acid44 (9.2 mg, 3%) whose characterization was not peadraiue to the presence of
impurities. Unsatisfied for the low quantity obte¢hin the first extraction, the possibility of

deprotection in the reaction product is high, fais treason other extractions were performed in
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different solvents. Using-butanol was observed in itsi NMR spectrum the presence of the
deprotected carboxylic ac#b (190 mg, 65%), which was esterified and protectgairafor full

characterization.
COOH COOMe

TMSCHN,
Benzene: MeOH, r.t.

HO OH HO OH
45 46

C1oH1604
Exact Mass: 200,1049
Mol. Wt.: 200,2316

Following general procedure for the esterificatidracids, compound5 (178.50 mg, 0.96 mmol)
was dissolved in a mixture of Benzene/MeOH (1:1, ¥AmL) and TMSCHMN 2.0 M (0.60 mL,
1.20 mmol) was added. The reaction system wa®dgtat r.t. for 4 hours, the reaction crude was

used in a protection reaction:

COOMe COOMe

Acetone, 2,2-DMP
CSA, 80°C, 5 h.

HO OH O)<O
46 47
C12H1804
Exact Mass: 226,1205
Mol. Wt.: 226,2689

Following general procedure for the protectionhad tliol, compound6 (190.00 mg, 0.95 mmol)
was dissolved in acetone (10 mL) and 2,2-DMP (1Q amd CSA (catalytic amount) were added,
refluxed at 80°C and stirred for 5 hours. After wop was performed, purification by silica gel
for flash column chromatography (pore 60A. 40-63) (Hex/EtOAc (98:2 v/v) — CHGIMeOH
(9:1 v/v) gave Methyl 5,6-isopropilidendioxicycldael-en-carboxylatd7 (46 mg, 21%)IR vmax
(neat): 2990 and 2950 (C-H), 1711 (C=0), 1214 (C-0O), 1a6d 1039 (C-O-C) cth'H NMR
(200 MHz; CDClg): 8 1.30 (3H, s, ®ley); 1.44 (3H, s, ®ley); 1.95-2.63 (8H, m, H-3, H-4,H-7
and H-8); 3.73 (3H, s, CO®e); 4.10-4.20 (2H, m, H-5 and H-6); 6.96-7.02 (114,J5b.4 and 2.0,
H-2). *C NMR (50 MHz; CDCl3): 3 22.1 (CH); 24.3 (CH); 25.6 (CH, CMe,); 28.3 (CH,
CMe,); 28.5 (CH); 28.6 (CH); 52.2 (CH, COOMe); 77.9 (CH,C-5); 78.3 (CH, C-6); 106.8 (C,
CMe,); 133.0 (C, C-1); 141.7 (CH, C-2); 168.5 (@)OMe).
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Addition of lithium (R)-N-benzyl-Ne-methylbenzylamide to compound 47:

Ph
COOMe >\N COOMe
Ph—( Ph Ph
1) yn—  THF,-78°C
2) n-BuLi
> >

47
Following general procedure for the Michael adaiticompound47 (6.20 mg, 0.03 mmol) was
dissolved in THF (0.5 mL),R)-N-benzylN-a-methylbenzylamine (0.02 mL, 0.09 mmol) was
dissolved in THF (0.5 mL) and-BuLi (1.6 M., 0.05 mL, 0.08 mmol) were added. Afthe
addition of the unsaturated compound, the reaatten stirred for 2.5 hours at -78°C. The

NMR spectrum of the crude (12 mg) showed recovéstarting material.
2.2. Reactivity of 2-trimethylsiloxi-cycloocta-5-em-1-carbonitrile 3:

Cis-hydroxylation reaction of compound 3:

MesSiOQ  CN MesSiO  CN

0s04, NMO
t-BuOH / THF / H,0

HO OH
3 (2)-50

Compound3 (119.6 mg, 0.5 mmol) was dissolved in a mixture-BtIOH/THF/HO (7:2:1, viv, 4

mL), OsQ (0.03 mL, 3.20 mmol) and NMO (184.0 mg, 1.3 mmebre added to the system at
0°C. The solution was allowed to warm to 25°C atidesl for 15 hours before being cooled to
0°C. The reaction was quenched with,818; s.)and stirred for 30 min. Extracted with EtOAc,
washed with Ng5,0; 10%, HCI 2M. and KD, dried over Ng5Q,, filtered and concentratad

vacua The'H NMR spectrum of the crude (1.8 mg) showed thegmee of the reaction product
(2)-50. Due to the low quantity liquid — liquid extraaticould not be carry out but it should be

performed for these kinds of polar compounds.

Epoxidation reaction of compound 3:

Me;SiO  CN MesSIQ CN  MesSiQ  CN

MCPBA
> +
DCM, 0°C - r.t.
1.5h.

o) 0
3 (¥)-51a (+)-51b
C12Ho1NO,Si
Exact Mass: 239,1342
Mol. Wt.: 239,3861
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Compound3 (49.10 g, 0.22 mmol) was dissolved in DCM (5 mhgaooled down to 0°C with
previous stirring of the system, MCPBA (45.60 ¢8mmol) was added slowly and the solution
was stirred for 1.5 hours at r.t. The reaction omgtwas quenched with bBO; sy extracted
with DCM, washed with 5D, NaHCQ s.ryand NaS;0s sary The combined organic extracts were
dried over NgSQ,, filtered and concentratdd vacuo It was obtained 52.8 mg of crude which
was purified by silica gel for flash column chromgtaphy (pore 60A. 40-63 um) Hex§&t(95:5-
80:20 v/v) gave starting material(1.0 mg, 2%) and the racemic mixture in 1:1 raf#):(1R,29)-
5,6-epoxi-2-(trimethylsilyloxy)cyclooctane-1-carhite 51 (49.0 mg, 98%)IR vy (Neat): 2954
(C-H), 2218 (&N), 1252 (C-O), 1096 (Si-0), 879 and 844 (Si-C)'cid NMR (200 MHz;
CDCly): 6 0.14 (18H, s, (OMes) x 2); 1.25-2.28 (16H, m, H-3, H-4, H-7, H-8, H-3-4", H-

7 and H-8); 2.81-3.08 (6H, m, H-1, H-5, H-6, H-H-5"and H-6); 3.95-4.02 (1H, m, H-2); 4.04-
4.21 (1H, ddd)) 8.0, 3.0, 1.0, H-2")*C NMR (50 MHz; CDCl5): 4 21.8 (CH); 22.6 (CH); 23.9
(CHy); 25.0 (CH); 26.2 (CH); 26.5 (CH); 31.9 (CH); 33.4 (CH); 36.4 (CH, C-1); 36.8 (CH,
C-1%); 54.4 (CH, C-5); 55.0 (CH, C-5); 55.1 (CH6{; 55.7 (CH, C-6); 69.6 (CH, C-2); 70.0
(CH, C-2%); 120.2 (C, CN); 121.0 (C, C'NBIRMS [M+Na] m/z calcd. for C;oH,;NO,SiNa:
262.1234found 262.1228A = -2.3 ppm.

Hydrolysis reaction of the nitrile group in compoui(+)-51:

Me;SiO pN COOH
‘ 1) KOH / 1,2-Ethanediol,
200 °C, 22 h.
2) c. HCI
(¢] o
(+)-51 52

Racemic mixture of (£p1 (102.9 g, 0.4 mmol) was dissolved with a mixtureK@H (112 mg)
and 1,2-Ethanediol (1.8 mL) previously prepared @nedresulting solution was refluxed at 200 °C
for 22 hours. After the system was cooled down Bg@ (2 mL) was added. The crude was
extracted with BEO and the aqueous phase was treated with HCI chireppH acid, this solution
was extracted with BD, washed with bD and NaCls., dried over NgSO, filtered and
concentratedh vacuo It was obtained 15 mg of crude that'byNMR resonance showed a lot of

signals and because of the low quantity and presehicnpurities it could not be purified.

Alcoholysis reaction of the nitrile to ester in cgpound (£)-51:

MesSiO  CN Me3SiO  COOEt

PTSA
EtOH, 110°C, 6 h.

()-51
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Compound (£)51 (112.60 mg, 0.47 mmol) was dissolved in EtOH (3 rahjJl PTSA (91.00 mg,
0.47 mmol) was added. The system was stirred afhakeel at 110°C for 6 hours. The reaction
mixture was quenched by the addition gOH1.5 mL), which caused the separation in tworgye
The organic layer which contained the ester washeasvith NaHCQ s and dried over N&O.,.
Purification of the residue by silica gel for flasblumn chromatography (pore 60A. 40-63 pum)
Hex/EtOAc (95:5-0:100 v/v) gave a fraction that Idy. showed characteristics signals for O-H

and G=N groups but due to the low quantity it could netgurified again for full characterization.

3. Synthesis and reactivity of (E,3Z) tert-butyl and methyl 5-oxo-cycloocta-1,3-diene

carboxylate:
3.1 Preparation of starting materials:

Synthesis of methyl cycloocta-1,3 and 1,7-dienecasdates 54 and 55, respectively

COOH COOH COOMe COOMe

TFAA, 0°C - r.t.
+ +
MeOH, 0°C - r.t.

4 5 54 55

C10H1402
Exact Mass: 166.0994
Mol. Wt.: 166.217

In a flask was measured a mixture of the adidmd5 (0.98 g, 6.44 mmol) and it was added
TFAA (1.71 mL, 12.30 mmol) at 0 °C, after the systevas stirred at r.t. for 15 min. The
temperature was again cooled down to 0°C and Me@&38 (mL, 21.00 mmol) was added into the
system and stirred for 4 h. The reaction mixtures vgaenched with NaOH (10%, 15 mL),
extracted with EO, washed with NaOH 1M. and Nagl, dried over NgGO,, filtered and
concentratedh vacuo It was obtained a brown oil (749.40 mg, 70%) tt@itains a mixture &4
and55 (1:1). Through acidulation of the aqueous phasé WICl c. and extraction with DCM it
could be recovered mixture of the acids that didreact (116.50 mg, 12%). Purification by silica
gel for flash column chromatography of the estextame (pore 60A. 40-63 pm) Hex4ex (98:2-
80:20 v/v) was performed, it was obtained the felf@y compounds:

Methyl cycloocta-1,3-dienecarboxylaid (characterization of a pure fraction, 156 nig),NMR
(200 MHz; CDCly): 6 1.54-1.56 (4H, m, H-6 and H-7); 2.18-2.21 (2H,H¥5); 2.47-2.53 (2H, m,
H-8); 3.76 (3H, s. COMe); 5.83-5.87 (2H, m, H-3 and H-4); 7.15 (1H, m, H-2
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Methyl cycloocta-1,7-dienecarboxylab® (characterization of a pure fraction, 181 rig),NMR
(200 MHz; CDCly):  1.43-1.58 (4H, m, H-4 and H-5); 2.07-2.16 (2H,H6); 2.23-2.33 (2H, m,
H-3); 3.75 (3H, s, COMle); 5.78-5.91 (1H, m, H-7); 6.09-6.14 (1H,XH11.0, H-8); 6.94-7.02 (1H,
t,J8.2, H-2).

COOH COOH COOMe COOMe
TMSCHN,»
+ —_— > +
Benzene: MeOH
(1:1 viv), 0°C-r.t.
4 5 54 55

Under Ar atmosphere the mixture of compouddand5 (6.80 g, 44.7 mmol) was dissolved in a
mixture of Benzene/MeOH (1:1 v/v, 1 mL) and TMSCHRIO M (26.0 mL, 50.0 mmol) was
added. The reaction system was stirred at r.t2fohours. After, the solution was evaporated
under reduced pressure. The 1:1 crude mixture eofetiers was purified by silica gel for flash
column chromatography (pore 60A. 40-63 pm) Hex/Et@20:1 v/v) — CHGYMeOH (9:1 v/v). It

was recovered 3.84 g (56%) in total from differfeattions containing the estes4 and55.

Oxidation of the 1:1 ratio mixture of compounds éd 7:

COOt-Bu COOt-Bu COOt-Bu COOt-Bu COOt Bu
SeO2 CH3;COOH
+
t BuOH, 105 °C
6 7
C13H4 O Cq H 003 C13H1804
Exact Mass: 222.1256 Exact Mass: 224.1412 Exact Mass: 238,1205
Mol. Wt.: 222.2802 Mol. Wt.: 224.2961 Mol. Wt.: 238,2796

The unsaturated 1:1 ratio mixture of the estend 7 (1.40 g, 6.70 mmol) was dissolved tn
BuOH (30 mL), a mixture of Se6.00 g, 54.10 mmol) and glacial acetic acid (hb) was
added. The reaction system was stirred and reflatetl05°C for 5 hours. The reaction time
depends on the quantity, for this reason TLC mestdaried out. After, the system was cooled
down and-BuOH was evaporated under reduced pressure, tide evas poured into a mixture of
water/ice, extracted with gD, filtered through celite and concentratedracuo It was obtained a
crude mixture (2.42 g) which was purified by siligal for flash column chromatography (pore
60A. 40-63 pm) Hex/Ether (95:5- 8:2 v/v) gave compb56 (769 mg, 52%), compouris? (257
mg, 17%) and compoun@0 (250 mg, 10%). For optimization of the reactiord atudy of the

reaction products, this reaction was carried opassely for every ester.
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Synthesis of (1E,3Z) tert-butyl 5-oxo-cycloocta-ldi@necarboxylate 56:

COOt-Bu COOt-Bu

COOt-Bu
Se02 CH3;COOH
t- BuOH 105°C

6

Unsaturated est@&(1.88 g, 9 mmol) was dissolvedtiBuOH (39 mL), a mixture of Se§8.65 g,
78.00 mmol) and glacial acetic acid (1.5 mL) wadeatl The reaction system was stirred and
refluxed at 105°C for 5.5 hours. The reaction tuhe@ends on the quantity, for this reason TLC
must be carried out. After, the system was cooledrdandt-BuOH was evaporated under
reduced pressure, the crude was poured into a mixtuwater/ice, extracted with &1, filtered
through celite and concentratedvacuo It was obtained a mixture 66 and57 (2.91 g) purified

by silica gel for flash column chromatography (p6@A. 40-63 pm) Hex/EtOAc (9:1- 8:2 v/V)
gave the following compounds which were previodsly characterized: Compoursb as a pale
yellow oil (1.02 g, 51%) and B&,32) tert-butyl 5-hydroxycycloocta-1,3-dienecarboxyl&ié as a
brown yellow oil (0.64 g, 32%).

Synthesis of (1E,3Z)-methyl 5-oxo-cycloocta-1,3earboxylate 58:

COOMe COOMe
COOMe
@ Seo2 CH3COOH
t-BuOH, 105 °C
54
C10H1203 C10H1403
Exact Mass: 180.0786 Exact Mass: 182.0943
Mol. Wt.: 180.2005 Mol. Wt.: 182.2164

Unsaturated estéi4 (267.0 mg, 1.6 mmol) was dissolvedtiBuOH (7 mL), a mixture of SeO
(1.5 g, 14.0 mmol) and glacial acetic acid (0.13) mias added. The reaction system was stirred
and refluxed at 105°C for 5.0 hours. After, thetays was cooled down andBuOH was
evaporated under reduced pressure, the crude waedmto a mixture of water/ice, extracted
with EtO, filtered through celite and concentraiadvacuo Purification by silica gel for flash
column chromatography (pore 60A. 40-63 pum) Hex/EtQ8:1-8:2 v/v) gave the following
compounds:

(1E,32)-methyl 5-oxo-cycloocta-1,3-dienecarboxyla®(134.00 mg, 46%)'*H NMR (200 MHz;
CDCly): 8 2.04-2.18 (2H, gJ 7.0 and 13.6, H-7); 2.52-2.61 (4H, m, H-6 and H3®3B2 (3H, s,
COOMe); 6.03-6.09 (1H, dJ 12.8, H-4); 6.54-6.64 (1H, dd,5.8 and 12.8, H-3); 7.36-7.39 (1H, d,
J5.6, H-2).
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(1E,32)-methyl 5-hydroxycycloocta-1,3-dienecarboxyldi® (53.00 mg, 18%)H NMR (200
MHz; CDCl 3): 1.20-1.97 (4H, m, H-6 and H-7); 2.70-2.77 (2H,Hr3); 4.06-4.17 (1H, dd] 5.8
and 8.8, H-5); 5.76-5.84 (1H, dd 4.0 and 11.8, H-4); 5.95-6.06 (1H, dd3.0 and 11.8, H-3);
7.16-7.18 (1H, dJ 4.0, H-2).

Oxidation reaction of compounds 57 and 59:

COOt-Bu COOt-Bu
Entry 1 TPAP/NMO
3A Mol. sieves, DCM
HO o]
57 56
COOMe COOMe
Entry 2 TPAP/NMO
3A Mol. sieves, DCM
HO o]
59 58
Procedure:
Entry 1:

Compound57 (180.0 mg, 0.8 mmol) was dissolved in DCM (6 minda3A molecular sieves
previously activated, NMO (380.0 mg, 2.8 mmol) arfAP (catalytic amount) were added into
the system, under Ar atmosphere the reaction vimedsfor 2 hours at r.t. After, the residue was
filtered through celite/silica gel column passinguadant DCM and concentratéd vacuo
Purification by silica gel for flash column chrorogtaphy (pore 60A. 40-63 pm) Hex/EtOAc
(9:1-8:2 viv) gave compourkb (161.0 mg, 90%).

Entry 2:

Compound59 (53.0 mg, 0.3 mmol) was dissolved in DCM (2.5 nard 3A molecular sieves
previously activated, NMO (122.0 mg, 0.9 mmol) arfAP (catalytic amount) were added into
the system, under Ar Atmosphere the reaction weredtfor 8 hours at r.t. After, the residue was
filtered through celite/silica gel column passinguadant DCM and concentratéd vacuo
Purification by silica gel for flash column chrorogtaphy (pore 60A. 40-63 um) Hex/EtOAc
(9:1-8:2 v/v) gave compourtsB (47.0 mg, 87%).
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Oxidation reaction of compound 7 with Selenium dide:

COOt-Bu COOt-Bu
SeO,, CH3COOH
— > + By-products
t-BuOH, 105 °C O
7 60
C13H1804

Exact Mass: 238,1205
Mol. Wt.: 238,2796

Unsaturated estéf (316.20 mg, 1.52 mmol) was dissolvedtiBuOH (7 mL), a mixture of SeQO
(1.5 g, 14.0 mmol) and glacial acetic acid (0.13) mias added. The reaction system was stirred
and refluxed at 105°C for 5.0 hours. After, thetays was cooled down andBuOH was
evaporated under reduced pressure, the crude waedmto a mixture of water/ice, extracted
with Et,O, filtered through celite and concentraiadvacuo Purification by silica gel for flash
column chromatography (pore 60A. 40-63 pm) Hex/EtQ@88:2-80:20 v/v) gave 11% of by-
products which were not identified due to quanditgdtert-butyl 4-oxo-9-oxabicyclo[3.3.1]non-2-
ene-2-carboxylate60 (104.10 mg, 29%)which was allowed to crystallize in a mixture
Hexane/E{O (1:1, v/v)."H NMR (200 MHz; CDClj):  1.52 (9H, s, COOC(B5)3); 1.68 (2H, m,
H-7); 1.71-2.08 (4H, m, H-6, H-8); 4.23 (1H,34.8, H-5); 4.87 (1H, d] 5.2, H-1); 6.87 (1H, s,
H-3). °C NMR (50 MHz; CDCl3): & 14.7 (CH, C-7); 25.0 (CH, C-6); 26.2 (CH, C-8); 27.9
(CH; x 3, COOCCHj3)3); 68.4 (CH, C-1); 75.7 (CH, C-5); 82.9 (C, CO@H;);); 131.7 (CH, C-
3); 150.3 (C, C-2); 163.4 (GCOOC(CHy)z); 199.2 (C, C-4)HRMS [M+Na] m/z calcd. for
C1sH1g04Na: 261.1097found 261.1101A = 1.5 ppm.

Crystallization product of compound 60:

COOt-Bu o O

Crystallization
Hex: Ether S
O 3_0
5 1
[ (0]

60 0:

62
Ca2sH3608
Exact Mass: 476,2410
Mol. Wh.: 476,5592

Compound60 was dissolved in a mixture of Hex(ex (1:1 v/v) and it was leave for a period in
conditions of crystallization, it afforded the cooumd dimer62, (1R*,5S,1 R*,5 S*)-dimethyl
6,12-dioxohexadecahydro-1,5:7,11-diepoxycyclobygaBl4]di[8]lannulene-6b,12b-dicarboxylate,
mp 171-172 °CJR v (neat): 2947 (C-H), 1718 (C=0Bu), 1699 (C=0), 1458, 1370, 1262
(C-0), 1159, 1045 and 1024 ¢rtH NMR (400 MHz; CDCl3): 8 1.51 (CH x 6, COOCIle); and
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COOCMe)3); 1.48-1.65 (4H, m, H-7 and H-77); 1.75-1.97 (8Hl,H-6, H-8, H-6'and H-8"); 3.93
(2H, s, H-3 and H-3"); 4.18 (2H, d,4.0, H-1 and H-1"); 4.25 (2H, d,5.3, H-5 and H-5")**C
NMR (50 MHz; CDCl53): 6 16.8 (CH x 2, C-7 and C-7); 27.1 (GHk 2, C-6 and C-6); 27.9
(CHz x 6, COOC(CH)3; and COOC(CHh)s’); 29.1 (CH x 2, C-8 and C-8°); 51.6 (C x 2, C-4 and
C-4%); 54.6 (CH x 2, C-3 and C-3%); 74.5 (CH x 25Gnd C-57); 77.2 (CH x 2, C-1 and C-1°);
83.1 (C x 2, CO@Q(CH3); and CO@ (CHs)3); 169.4 (C x 2,COO0(CHs); and COO(CHy)s);
211.3 (C x 2, C-2 and C-2'l/z (CI") (rel. intensity): 420 (MH', 70), 258 (22), 154 (52), 105
(100).HRMS [M+Na] m/z calcd. for CysHzs0sNa: 499.2302;found 499.2301A = -0.2 ppmR-

X: See annexe C.

Oxidation reaction of compound 55 with Selenium dide:

COOMe COOMe
SeO,, CH;COOH
—_— +  By-products
t-BuOH, 105 °C (0]
55 61
C10H1204

Exact Mass: 196,0736
Mol. Wt.: 196,1999

Following previous procedure, unsaturated eS&1(173.0 mg, 1.0 mmol) was dissolved tin
BuOH (4 mL), a mixture of SeJ1.0 g, 8.7 mmol) and glacial acetic acid (0.1 migs added.
The reaction system was stirred and refluxed at@®r 5.0 hours. After, the system was cooled
down and-BuOH was evaporated under reduced pressure, tide evas poured into a mixture of
water/ice, extracted with KD, filtered through celite and concentratadvacuo Purification by
silica gel for flash column chromatography (poréd6@0-63 um) Hex/EtOAc (98:2-80:20 v/v)
gave 11% of by-products which were not identifiesk do quantity and compoured (22.30 mg,
11%) which was allowed to crystallize in a mixture Heg#Eb0 (1:1, v/iv)."H NMR (200 MHz;
CDCly): 61.66 (2H, H-7); 1.85-2.10 (4H, H-6, H-8); 3.85 (3BIOOMe); 4.25 (1H, dJ 5.4, H-5);
4.91 (1H, dJ 5.0, H-1); 6.95 (1H, H-3).
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3.2. Reactivity of (E,32) tert-butyl 5-oxo-cycloocta-1,3-diene carboxylate:

Addition of lithium (R)-N-benzyl-Ne-methylbenzylamide:

Ph
COOt-Bu )\N COOt-Bu
Ph—( Ph
THF -78°C
2) n-BuLi
(0] (0]

56
Following general procedure for the Michael additicompounds6 (40.0 mg, 0.18 mmol) was
dissolved in THF (2 mL), R)-N-benzylN-a-methylbenzylamine (0.09 g, 0.43 mmol) was
dissolved in THF (3 mL) and-BuLi (1.6 M., 0.26 mL, 0.41 mmol) were added. Aftee addition
of the unsaturated compound, the reaction wasestifor 2.5 hours at -78°C. Th#l NMR

spectrum of the crude showed recovery of startintenal.

Addition of benzylamine:

COOt-Bu o COOt-Bu COOt-Bu

PN COOt-Bu

Ph” NH,

- .

EtOH, 110 °C

114 h. \—Ph
O
56 63
CooH27NO3 Cq3 H1 C1 H1 603
Exact Mass: 329.1991 Exact Mass: 222 1256 Exact Mass: 220.1099
Mol. Wt.: 329.4333 Mol. Wt.: 222.2802 Mol. Wt.: 220.2643

Compounds6 (197.0 mg, 0.9 mmol) was dissolved in EtOH (15 rahyl Bn-NH (0.16 mL, 1.40

mmol) was added. The system was stirred and reflaxed 10°C for 114 hours. After the reaction
system was cooled down and evaporated under reduesdure. It gave a mixture (297 mg)
purified by silica gel for flash column chromatogng (pore 60A. 40-63 pum) Hex/EtOAc (98:2-

7:3 viv) gave the following compounds:

tert-butyl 3-benzylamino-5-oxo-bicyclo[2.2.2]octane-drboxylate63 as a pale yellow oil (123
Mg, 42%),IR vma (N€at): 2974 and 2875 (C-H), 1724 (C=0), 1455, 1370, 1@6D), 1162,
1073 cnt. *H NMR (400 MHz; CDCly): & 1.43 (9H, s, COO(B5)s); 1.40-1.69 (1H, m, H-D;
1.70-1.90 (4H, m, H-8 and H)7 2.23 (1H, dddJ 3.3, 9.2, 12.2, Hg); 2.35 (1H, dd,] 3.3, 18.3,
H-64); 2.52 (1H, m, H-4); 2.55 (1H, dd,3.3, 18.3, H-§); 3.17 (1H, dtJ 3.3, 9.2, H-3); 3.70 and
3.80 (2H, Sg, J 13.2, NH-GH,-Ph); 7.21-7.32 (5H, m, Ph)*C NMR (50 MHz; CDCl): & 20.3
(CH,, C-8); 27.2 (CH, C-7); 27.9 (CH x 3, COOCCHz)3); 45.6 (CH, C-6); 43.5 (C, C-1); 36.8
(CH,, C-2); 47.0 (CH, C-4); 54.0 (CH, C-3); 50.6 (HMH,-Ph); 80.8 (C, COO(CHz);) 127.0-
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128.0 (CH x 5Ph); 139.7 (C, Gpso); 173.8 (C,COOC(CH)3), 213.0 (C, C-5)HRMS (ESI) m/z
calcd. for C,oH,gNO3 [M+H] *: 330.2069found 330.2049A = -6.1 ppm.

tert-butyl 4-acetylcyclohexa-1,3-diene carboxylée(45.10 mg, 23%)IR vy (Neat): 2970 and
2870 (C-H), 1724 (C=0), 1252 (C-0), 1167, 1073'clH NMR (400 MHz; CDCl3): & 1.49 (9H,
s, COOC-(®13)3); 2.34 (3H, s, Els); 2.46-2.48 (2H, m, H-5); 2.46-2.48 (2H, m, H-6)94 (1H,
S.AB,J 6.0, H-3); 7.02 (1H, S.AB] 6.0, H-2).*C NMR (50 MHz; CDCl5): & 20.4 (CH, C-5):

21.8 (CH, C-6); 25.4 (CH); 28.0 (CH x 3, COOCCHz)3); 80.9 (C, CO@(CHzs)3); 138.3 (CH,
C-3); 130.8 (CH, C-2); 136.0 (C, C-1); 140.3 (C4X-165.7 (C,COOC(CH)3); 196.6 (C,CO-

Me). HRMS (ESI) m/zcalcd. for Ci3H1503 [M+Na]: 245.1154found 245.1145A = -3.7 ppm.

tert-butyl 4-acetylbenzoaté5 (8.75 mg, 5%)JR vnax (neat): 2932 (C-H), 1713 (C=0), 1693
(C=0), 1291 (C-O), 1164, 1117, 849, 769 (=C-H)'ctil NMR (400 MHz; CDCl5): 5 1.61 (9H,
s, COOC-(®3)3); 2.64 (3H, s, El3); 7.98 (2H, S.ABJ 8.6, H-3 and H-5); 8.07 (2H, S.AB,8.6,
H-2 and H-6)**C NMR (50 MHz; CDCl5): & 26.8 (CH, COCHy); 28.1 (CH x 3, COOCCHs)s);
81.7 (C, CO@(CHy)s); 128.0 (CH x 2, C-3 and C-5); 129.6 (CH x 2, @l C-6); 135.8 (C, C-
1); 139.8 (C, C-4); 164.8 (COOC(CHy)3); 197.6 (CCO-Me).

Addition of (R)-N-w-methylbenzylamine:

COOt-Bu COOt-Bu COOt-Bu

/L 0+/| COOt-Bu

Ph” “NH,
NH + +
EtOH, 110 °C,

114, )\ Ph

o o) o)
56 (+)-68 64 65

C21H29NO3
Exact Mass: 343.2147
Mol. Wt.: 343.4599

Compound56 (182.10 mg, 0.82 mmol) was dissolved in EtOH (15)nand D(+)-alpha-
methylbenzyl-amine (99%.e, 0.17 mL, 1.31 mmol) was added. The system wiasdtand
refluxed at 110°C for 114 hours. After the reacsgatem was cooled down and evaporated under
reduced pressure. It gave a mixture (254 mg) parifby silica gel for flash column
chromatography (pore 60A. 40-63 um) Hex/EtOAc (983230 v/v) afforded starting materiab
(10.10 mg, 7%), compoun@4 (66.00 mg, 39%), compoungb (4.70 mg, 3%) andert-butyl
(1S.3R,4SaR)-3-N-a-methylbenzylamino-5-oxo-bicyclo[2.2.2]octane- Limaxylate (+)-68 as a
pale yellow oil (90.00 mg, 34%), crystallized irld (v/v) mixture of Hex/EtOAcmp 108-109

°C, [a]ZDO: +32.7 € 0.90, CHC)), IR vmax (neat): 2970 and 2870 (C-H), 1724 (C=0), 1450 (N-H),

1370, 1252 (C-O), 1167, 1073 éntH NMR (400 MHz; CDCly): & 1.25-1.28 (3H, d,J 6.6,
CHs()); 1.40 (9H, s, COO(8y)); 1.60-1.76 (5H, m, H-2a, H-7 and H:8.23 (1H, ddd,] 3.3,
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9.2, 12.2, H-2b); 2.35 (1H, dd,3.3, 15.3, H-6a); 2.52 (1H, m, H-4); 2.55 (1H, d&.3, 15.3, H-
6b); 2.85-2.96 (1H, td) 3.3, 9.2, H-3); 3.85 (1H, gl 6.6, CH)); 7.21-7.32 (5H, mPh). ©°C
NMR (50 MHz; CDCl3): & 20.3 (CH, C-8); 25.1 (CH, HC-CHz-Ph); 27.2 (CH, C-7); 27.9
(CHs x 3, COOCCHg)s); 36.7 (CH, C-2); 43.7 (C, C-1); 45.6 (GHC-6); 46.9 (CH, C-4); 54.0
(CH, C-3); 50.6 (CH, NHZH-Ph); 80.8 (C, COO(CH),); 127.0-128.0 (CH x 52h); 139.7 (C,
Cipso); 173.8 (CCOOC(CHy)s), 213.0 (C, C-5)HRMS (ESI) m/zcalcd. for CyHgoNOs [M+H] *:
344.2226found 344.2207A = -5.5 ppmR-X: See annexe D.

Addition of (S)-Na-methylbenzylamine:

B , COOt-Bu COOt-Bu
FootBu : _ 0y/] CootBu
Ph”” NHa :
Ph/\N + +
EtOH, 110 °C, H
116 h.
(o] (@) (e}
56 (-)-68 64 65
C21H29NO3

Exact Mass: 343.2147
Mol. Wt.: 343.4599

Compound56 (195.40 mg, 0.88 mmol) was dissolved in EtOH (15)nand §-(-)-alpha-
methylbenzyl-amine 99+% (99%.e, 0.18 mL, 1.41 mmol) was added. The system wia®dt
and refluxed at 110°C for 116 hours. After the tieacsystem was cooled down and evaporated
under reduced pressure. It gave a mixture (263 pagified by silica gel for flash column
chromatography (pore 60A. 40-63 um) Hex/EtOAc (983230 v/v) afforded starting materia
(1.11 mg, 1%), compoun@i4 (113.12 mg, 53%), compourgb (5.58 mg, 3%) andert-butyl
(1R*,3S*,4R*,09-3-N-a-methylbenzylamino-5-oxo-bicyclo[2.2.2]octane-1{waxylate(-)-68 as a
pale yellow oil (115.00 mg, 39%|)a]2D°= -31.8 € 0.99, CHC)).

Addition of (S)-Na-methylbenzylamine in the presence and absenceghiti

COOt-Bu o COOt-Bu COOt-Bu
B - COOt-Bu
N o _ : :\\ é/j
Entry 1, Ph - NH, ,EtOH, 110 °C, hv=200W Ph/\H + +
o) Entry 2, Ph/-\NHz,monoglyme, >110°C o o
56 (-)-68 64 65
Table 15.
56 (S)-amine Time o \_RQ0 0 o
Entry (mg, mmol) | (mg, mmol) Solvent (mL) h) 56% | (-)-68% | 64% | 65%
1 EtOH
200W 110.0, 0.5 73.0,0.6 (10) 45 7 23 58 1
2 107.0,05 | 73.0,0.6 | Monoglyme | gq 0 30 62 1
isolated T T (18)
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Following general procedure for the protection tieacof the carbonyl group, compoubé was
dissolved andg)-amine was added. A system was refluxed in thegmee of a lamp (200W) at
110°C and the other system was completed lightiisdl and refluxed at > 110°C. Reaction
systems were concentratedvacuo Purification by silica gel for flash column chratography
(pore 60A. 40-63 pm) Hex/EtOAc (98:2-70:30 v/v) ergerformed for every entry.

Addition of phenylamine:

Entry 1
COOt-Bu COOt-Bu COOt-Bu COO¢-Bu
H H
- N N
Aniline Ph” + PN +
EtOH, 110 °C, 408 h.
o) 0 o 0
56 70 C19H25NO3 71 64
Exact Mass: 315.184
Mol. Wt.: 315.4072
Entry 2
COOt-Bu COOt-Bu COOt-Bu
O;é COOt-Bu
Distilled Aniline
+ +
EtOH, 110 °C, 92 h. H*Ph
o o) o)
56 72 64 65
C19H25NO;
Exact Mass: 315.1834
Mol. Wt.: 315.4067
Procedure:
Entry 1:

Following previous procedure, compoub@(111.00 mg, 0.50 mmol) was dissolved in EtOH (10
mL) and aniline (58.00 mg, 0.60 mmol) was added: $ystem was stirred and refluxed at 110°C
for 408 hours. After the reaction system was coodledn and evaporated under reduced pressure.
It gave a crude (75 mg) purified by silica gel flash column chromatography (pore 60A. 40-63
pm) Hex/EtOAc (98:2-70:30 v/v) afforded startingtaraal 56 (14.00 mg, 12%)54 (4.00 mg, 9%)

and the following compounds:

(E) tert-butyl 5-ox0-3-phenylaminocycloocta-1-ene carbote/lé0 as a pale yellow oil (46.00 mg,
30%)."H NMR (400 MHz; CDCl3): & 1.46 (9H, s, COOC(8,)5); 1.60 (1H, m, H-7b); 1.98 (1H,
m, H-7a); 2.31 (1H, m, H-8a); 2.46 (1H, m, H-6ap2(1H, t,J 12.1, H-4a); 2.64 (1H, m, H-6b);
2.87 (1H, m, H-8b); 3.08 (1H, dd4.4 and 12.1, H-4b); 4.72 (1H, ddt4.2, 8.5, 12.1, H-3); 6.60
(2H, d,J 9.4, H-2" and H-6'); 6.70 (1H, d,8.5, H-2); 6.78 (1H, 1) 8.2, H-4"); 7.21 (2H, t) 8.8,
H-3'and H-5")*C NMR (50 MHz; CDCl3): & 24.9 (CH, C-7); 27.0 (CH, C-8); 28.0 (CHx 3,
COOC(Hs3)3); 41.2 (CH, C-6); 49.0 (CH, C-3); 53.4 (GHC-4); 81.0 (C, COO(CHy)s); 113.3
(2 x CH, C-2" and C-3"); 118.5 (CH, C-4Y); 129.H 2, C-5'and C-6"); 134.4 (C, C-1); 144.0
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(CH, C-2); 146.0 (C, f=o); 165.0 (C,COOC(CH)3); 210.0 (C, C-5)HRMS (ESI) m/zcalcd. for
C1gH26NO3[M+H] *: 316.1907found 316.1903A = -1.3 ppm.

(E) tert-butyl 5-oxo-7-phenylaminocycloocta-1-ene carbote/al (11.00 mg, 9%). '"H NMR
(400 MHz; CDCl,): & 1.46 (9H, s, COOC(8,)3); 1.98 (2H, m, H-3); 2.31 (1H, m, H-8a); 2.87
(1H, m, H-8b); 2.46 (1H, m, H-4a); 2.59 (1H, m, E}62.64 (1H, m, H-4b); 3.08 (1H, m, H-6b);
4.72 (1H, m, H-7); 6.60 (2H, d,7.7, H-2" and H-6"); 6.70 (1H, dd,7.8, 17.7, H-2); 6.78 (1H, t,
J 7.3, H-4)); 7.21 (2H, t) 7.3, H-3’and H-5")*C NMR (50 MHz; CDCl,): & 26.6 (CH, C-7);
28.0 (CH x 3, COOCCHj3)3); 29.6 (CH, C-2); 38.0 (CH, C-6); 45.8 (CH, C-3); 50.5 (GHC-4);
81.2 (C, CO@(CHy)3); 113.3 (CH x 2, C-2" and C-67); 118.2 (CH, C-429.4 (CH x 2, C-3" and
C-5%); 134.4 (C, C-1); 136.5 (CH, C-8); 146.0 (Gl 173.4 (C,COOC(CHy)3); 212.9 (C, C-5).
HRMS (ESI) m/zcalcd. for C;gH,sNOzNa: 338.1726found 338.1738A = 3.5 ppm.

Entry 2:

Following general procedure for the protection tiesc of the carbonyl group, compourib
(81.00 mg, 0.40 mmol) was dissolved in EtOH (9 rahyl distilled aniline (50.00 mg, 0.50 mmol)
was added. The system was stirred and refluxedGCLfor 92 hours. After the reaction system
was cooled down and evaporated under reduced peedisgave a crude (75 mg) that was purified
by silica gel for flash column chromatography (p6@d\. 40-63 pm) Hex/EtOAc (98:2- 70:30 V/v)
afforded 14:1 ratio mixture of compound® and 65 (48.00 mg, 45%) andert-butyl 3-
phenylamino-5-oxo-bicyclo[2.2.2]octane-1-carboxgla as a pale yellow oil (7.00 mg, 3%jH.
NMR (400 MHz; CDCly): 6 1.43 (9H, s, COO(B5)3); 1.40-1.60 (1H, m, H-Q; 1.70-1.90 (4H,
m, H-7 and H-§; 2.23 (1H, dddJ 2.9, 6.0, 12.2, Hg); 2.35 (1H, ddJ 3.3, 15.3, H-R); 2.52 (1H,
d,J9.2, H-3); 2.55 (1H, dd] 3.3, 11.3, H-§); 3.17 (1H, dtJ 3.3, 9.2, H-4); 6.60 (2H, d,9.4, H-

2 and H-6"); 6.78 (1H, t, H-4); 7.21 (2H, t, H&\d H-5").

Addition of (£)-sec-butyl amine:

COOt-Bu COOt-Bu COOt-Bu
B e 0+/]_COO0t-Bu
NH, H
N + +
EtOH, 110 °C, 96 h. 7/Me
Et
(0] o o
56 (2)-69 64 65
C17H29NO3

Exact Mass: 295.2147
Mol. Wt.: 295.4171

Following general procedure for the protection tiesc of the carbonyl group, compourib
(64.00 mg, 0.30 mmol) was dissolved in EtOH (6 rahjisecbutyl amine (31.00 mg, 0.40 mmol)

was added. The system was stirred and refluxed GClLfor 96 hours. After the reaction system
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was cooled down and evaporated under reduced peedsigave a mixture (72 mg) purified by
silica gel for flash column chromatography (poréd6@0-63 um) Hex/EtOAc (98:2- 80:20 V/v)
afforded starting materid6 (9.00 mg, 14%), compounds} and 65 (22.00 mg, 39%) antert-
butyl 3-(secbutylamino)-5-oxo-bicyclo[2.2.2]octane-1-carboxg@dt)-69 as a pale yellow oil
(13.00 mg, 18%)IR vmax(Neat): 2967 and 2931 (C-H), 1724 (C=0), 1368, 1253 (C-Th2lcm .
'H NMR (400 MHz; CDCl5): 5 0.83-0.87 (3H, td) 7.4 and 1.8, CH); 0.97-0.99 (3H, dd) 7.4
and 2.7, CHand CH); 1.44 (9H, s, COOC(H5);); 1.40-1.60 (1H, m, H-2a); 1.76-1.78 (4H, m,
H-8 and H-7); 2.23-2.25 (1H, ddd] 3.3, 9.2, 12.2, H-2b); 2.26 (1H, d#i3.3, 15.3, H-6a); 2.35
(1H, dd,J 9.2 and 3.3, H-4); 2.45 (1H, dd 3.3, 15.3, H-6b); 2.40-2.65 (1H, t#3.3, 9.2, H-3);
3.50-3.51 (1H, m, NH-CH')*C NMR (50 MHz; CDCl3): 8 10.1 (CH, C-3°); 19.6 (CH, C-1");
20.3 (CH, C-8); 20.6 (CH, C-2°); 27.2 (CH, C-7); 28.0 (CH x 3, COOCCH),); 37.9 (CH, C-
2); 43.5 (C, C-1); 45.6 (CH C-6); 46.9 (CH, C-4); 50.5 (CH, C-1); 52.0 (C&:3); 80.8 (C,
COOC(CHa)s); 173.9 (C,COOC(CH)s), 213.4 (C, C-5)HRMS (ESI) m/zcalcd. for Ci7H3NO;
[M+H] *: 296.2220found 296.2223A = 1.0 ppm.

Addition of diethylamine:

COOt-Bu COOt-Bu
H

N
Et” CEt

EtOH, 110 °C, 54 h.
O

56 56

Following general procedure for the protection tiesc of the carbonyl group, compourib
(20.00 mg, 0.09 mmol) was dissolved in EtOH (5 mhy diethylamine (13.00 mg, 0.20 mmol)
was added. The system was stirred and refluxedGClLfor 54 hours. After the reaction system

was cooled down and evaporated under reduced peesdsafforded starting materi&6 (20.00

mg).

Addition of triethylamine:

COOt-Bu |Izt COOt-Bu

N
Et” CEt

EtOH, 110 °C, 84 h.

o o
56 56

Following general procedure for the protection tiesc of the carbonyl group, compouridh
(20.00 mg, 0.09 mmol) was dissolved in EtOH (5 rahy triethylamine (22.00 mg, 0.20 mmol)

was added. The system was stirred and refluxed@CLfor 84 hours. After the reaction system
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was cooled down and evaporated under reduced peessafforded starting materi&l6 (20.00

mg).

3.3 Stability tests of (E,3Z) tert-butyl 5-oxo-cycloocta-1,3-diene carboxylate in diérent

mediums:

Refluxed in Ethanol:

COOt-Bu COOt-Bu

EtOH, 110°C

176 h.

o o)
56 56

Compounds6 (20.00 mg, 0.09 mmol) was dissolved in EtOH (5 nil)e system was stirred and
refluxed at 110°C for 176 hours. After the reacsgatem was cooled down and evaporated under

reduced pressure. It afforded starting maté&s20.00 mg).

Addition of p-Toluenesulfonic acid:

COOt-Bu COOt-Bu

PTSA

THF, 110°C, 90 h.

o} o}
56 56

Compound56 (20.00 mg, 0.09 mmol) was dissolved in THF (5 mhJ &@TSA (25.00 mg, 0.13
mmol) was added. The system was stirred and reflaxel 10°C for 90 hours. After the reaction
system was cooled down and evaporated under reguesdure. It afforded starting mates&l
(20.00 mg).

Addition of 2,3-Dichloro-5,6-dicyano-1,4-benzoquine:

COOt-Bu COOt-Bu
DDQ
benzene, 110°C, 62 h.

o} o)
56 56

Compounds6 (11.00 mg, 0.05 mmol) was dissolved in benzenel(Band DDQ (43.00 mg, 0.20
mmol) was added. The system was stirred and raflaxel 10°C for 62 hours. After the reaction
system was cooled down and evaporated under reguesdure. It afforded starting mateb&l
(11.00 mg).
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Addition of 1,8-Diazabicyclo [5.4.0] undec-7-ene:

COOt-Bu COOt-Bu COOt-Bu

DBU

Toluene, 110°C, 185 h.

0] 0] 1e)
56 56 65

Unsaturated esté&6 (8.00 mg, 0.04 mmol) was dissolved in Toluene (5 mrhd DBU (12.00 mg,
0.08 mmol) was added. The reaction system wa®dtand refluxed at 110°C for 185 hours and
followed by TLC. The system was cooled down, exgdowith DCM, washed with NaHGD
dried, filtered and concentratéd vacuo It was obtained 2 mg of crude that By NMR

spectroscopy showed starting matebi@band compoun@5in a 2:1 relation respectively.

3.4 Reactivity of the reaction products of (E,3Z) tert-butyl 5-oxo-cycloocta-1,3-diene

carboxylate:

Dehydrogenation reactions:

COOt-Bu COOt-Bu COOt-Bu
entries 1-6
- - +
O (0] HO
64 65 67
C13H1803

Exact Mass: 222.1256
Mol. Wt.: 222.2802

Table 16.
64 . . % % %
Entry (mg, mmol) Reaction conditions Solvent 64 65 67
SeQ EtOH
1 58.00, 0.26 (60.00 mg, 0.54 mmol), (10 mL) 60 40 -
110°C, 138 h.
SeQ
> 22.00, 0.10 (44.00 mg, 0.39 mmol), t-BuOH Decomposmon of starting
2 drops CHCOOH, (10 mL) material
105°C, 15 h.
DDQ
3 11.00,0.05 | (12.60 mg, 0.06 mmol), Ezg”nﬁﬁ;‘e 41 52 :
90°C, 20 h.
DDQ
4 28.50,0.13 | (43.00 mg, 0.19 mmol), Ezg”nﬁf;‘e 31 50 :
95°C, 62 h.
DBU
5 13.30,0.06 | (16.50 mg, 0.11 mmol), T(g'“mel_r;e 7 64 13
110°C, 20 h.
Br ccl,
6 3.34,0.02 (5.00 mg, 0.03 mmol), 2 mL) - 100 -
0°C-r.t., 2 h.
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Procedure:

Entry 1:

Compound64 (58.00 mg, 0.26 mmol) was dissolved in EtOH (5 mbhfl Se® (60.00 mg, 0.54
mmol) was added previously dissolved in EtOH (5 mChe reaction system was stirred and
refluxed at 110°C for 138 hours and followed it BlyC and analyzing aliquots byH NMR to
control the formation of compour@b. After 66 hours reflux, it was observed the majetd of 65
after this time the signals of bof4 and65 decreased and it was observed the formation of othe
compounds with structures no common to ours. Theti@n mixture was poured into a mixture of
H.O (50 mL) neutralized with NaHGODeposited selenium was removed through Celiteafibn,
washed and extracted with GCfiltered and concentrated vacuo It was obtained 58 mg of
crude whose purification was tried by silica gel flash column chromatography (pore 60A. 40-
63 um) Hex/EtOAc (98:2-80:20 v/v).

Entry 2:

Compound64 (22.00 mg, 0.10 mmol) was dissolved ti8uOH (10 mL) and it was added a
mixture of Se@ (44.00 mg, 0.39 mmol) and GEIOOH glacial (1.5 mL). The reaction system was
stirred and refluxed at 105°C for 15 hours andofedld it by TLC. After this timaé-BuOH was
evaporated and the crude was poured into a mixfitd,O/ice (25 mL), extracted with D,
filtered through Celite and concentraiadvacuo It was obtained 53 mg that both by TLC ahrid

NMR showed the decomposition of the starting materi

Entry 3:

Compounds4 (11.00 mg, 0.05 mmol) was dissolved in PhH (6 mihdl it was added DDQ (12.60
mg, 0.06 mmol). The reaction system was stirred r@&fidixed at 90°C for 20 hours under Ar
atmosphere. The reaction mixture was concentratedacuoand purification by silica gel for
column chromatography (pore 60A. 40-63 um) wasqueréd to remove DDQ excess. It was
obtained 8 mg of crude whodd NMR spectrum showed compoubd and65 (52%) in 1:0.74

relation.

Entry 4:

Compounds4 (28.50 mg, 0.13 mmol) was dissolved in PhH (8 mhdl it was added DDQ (43.00
mg, 0.19 mmol). The reaction system was stirred &fidixed at 95°C for 62 hours under Ar
atmosphere. The reaction mixture was concentratedacuoand purification by silica gel for
column chromatography (pore 60A. 40-63 um) wasqueréd to remove DDQ excess. It was
obtained 24 mg of crude who¥¢ NMR spectrum showed compoufd and65 (50%) in 0.75:1

relation.
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Entry 5:

Compound64 (13.30 mg, 0.06 mmol) was dissolved in toluenend and it was added DBU
(16.50 mg, 0.11 mmol). The reaction system wasestiand refluxed at 110°C for 20 hours. The
reaction mixture diluted in DCM and HCI 10%, extext with DCM, washed with NaHGQu 4t
dried over NgSO,and concentrateith vacuo It gave 13 mg of a mixture purified by silica det
flash column chromatography (pore 60A. 40-63 umy/B#DAc (98:2-70:30 v/v) obtaining
compound 64 (0.50 mg, 7%), compoundé5 (4.00 mg, 64%) andtert-butyl 4-(1-
hydroxyethyl)benzoat67 (0.80 mg, 13%)IR vmax (neat): 3410 (O-H), 2974 (C-H), 1716 (C=0),
1373, 1295 (C-0), 1164, 852 and 7psh), 709, 662m’ .’"H NMR (400 MHz; CDCl5): & 1.44
(3H, d, CH-CH3); 1.61 (9H, s, COOC(85)3); 4.98 (1H, q, HO-B-CHy); 7.42 (2H, S.ABJ 8.6,
H-3 and H-5); 7.88 (2H, S.AR] 8.6, H-2 and H-6)'°C NMR (50 MHz; CDCl3): & 25.6 (CH,
CH-CHj3) 28.4 (CH x 3, COOCCHj3)3); 70.3 (CH, OHEH-CHy); 81.2 (C, CO@(CHg)s); 125.0
(CH x 2, C-3 and C-5); 129.9 (CH x 2, C-2 and CH}1.8 (C, C-4); 150.6 (C, C-1); 166.0 (C,
COOC(CHy)3). HRMS (ESI) m/z calcd. for C;3H1g0sNa: 245.1148;found 245.1166;A = 7.3

ppm.

Entry 6:

Compounds4 (3.34 mg, 0.02 mmol) was dissolved in €@ mL) the system was cooled down at
0°C and it was added B(5.00 mg, 0.03 mmol). The reaction system wasestifor 15 min. at
0°C and after at r.t. for 2 hours. The reactiontor was diluted in DCM (20mL) and washed
with HCI 2M., NaHCQ (sa)y H,O and NaClsy) dried over NgSO,and concentrateih vacuo It
afforded compoun@5 (3.00 mg, 100%)

Addition of benzylamine:

COOt-Bu COOt-Bu
A~
Entry 1 Ph”__ NHp + Ph/\NHz + Unknown
EtOH, 110°C, 69 h. compound
O (0]
64 64
COOt-Bu COOt-Bu COOt-Bu
N
Entry 2 Ph”_ NH + Ph ONH, o+
EtOH, 110°C, 32 h.
—
o o) Ph” N

64 64
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Procedure:

Entry 1:

Compound 64 (48.00 mg, 0.22 mmol) was dissolved in EtOH (5 ndnd it was added
benzylamine (29.00 mg, 0.27 mmol). The reactioniesysvas stirred and refluxed at 110°C for 69
hours and followed it by TLC. The reaction mixtuvas cooled down and concentratedracuo

It was obtained 68 mg of crude whose purificaticaswarried out by silica gel for flash column
chromatography (pore 60A. 40-63 um) Hex/EtOAc (99Q:30 v/v) gave starting materié#
(7.00 mg, 14%), benzylamine (24 mg) and an unkna®mpound that it could not be

characterized.

Entry 2:

Compound64 (89.5 mg, 0.40 mmol) was dissolved in EtOH (10 ndrnd it was added
benzylamine (0.07 mL, 0.64 mmol). The reactioneaystvas stirred and refluxed at 110°C for 32
hours and followed it by TLC. The reaction mixtuvas cooled down and concentratedracuo

It was obtained 98 mg of crude whitth NMR spectrum (R-300, CD spectroscopic data) sliowe
the presence of starting material and the unknoswnpound, due that this compound cannot be
isolated after purification by silica gel for flagtolumn chromatography. It is proposed the

formation of the imine which can be easily deprtadaluring purification.

Spontaneous oxidation of compound 64:

COO0t-B
t-Bu 0.__COOt-Bu
Enviromental oxidizing
conditions
(0] (0]
64 66
C13H1804

Exact Mass: 238,1205
Mol. Wt: 238,2796

Union of fractions (100 mg) that were stored duringnths from different reactions containing
tert-butyl 5-oxo-cycloocta-1,3-dienecarboxyldié to be purified from compoun@4 and65 (148
mg) was performed. Purification by silica gel ftash column chromatography (pore 60A. 40-63
um) Hex/EtOAc (99:1-60:40 v/v) afforded alsert-butyl 4-acetyl-1,2-epoxi-cyclohex-3-ene-1-
carboxylate66 (13 mg);IR vmax (Neat): 2974 and 2920 (C-H), 1716 (C=0), 1373, 1295 (C-0O),
1164, 852, 778, 709 ¢ *H NMR (400 MHz; CDCl5): 8 1.49 (9H, s, COOC(85)s); 1.95 (1H,

m, H-6a); 1.96 (1H, m, H-5a); 2.32 (3H, s, CB$2.43 (1H, m, H-6b); 2.72 (1H, m, H-5b); 3.62
(1H, d,J 4.0, H-2); 6.89 (1H, dd] 2.5 and 4.0, H-3)3C NMR (50 MHz; CDCl): 5 18.4 (CH,
C-5); 21.1 (CH, C-6); 25.3 (CH, COCH); 28.1 (COOCCH3)s); 52.0 (CH, C-2); 61.6 (C, C-1);
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82.6 (C, CO@(CHy)z); 131.9 (CH, C-3); 143.7 (C, C-4); 168.0 (CQOC(CHy)3); 197.2 (C,
COCH,). HRMS (ESI) m/zcalcd. for C3H1g04Na: 261.1097found 261.1103A = 2.3 ppm.

Deprotection reaction of the tert-butyl group in sgpound 65:

COOt-Bu COOH

TFA

_ =

DCM, r.t, 20 h

o o}
65

Compounds5 (10.00 mg, 0.05 mmol) was dissolved in DCM (2 naby it was added TFA (0.30
mL, 4.00 mmol). The reaction system was stirredtaunder Ar atmosphere for 20 hours. After,
solvent and reagent were evaporated. *FhBIMR spectrum of the crude showed the deprotected
product (11.00 mg, 100%), which could be corroborated bgngarison with its commercially
available one.

Esterification reaction of 4-acetylbenzoic acid cengial available:

COOH COOt-Bu

TFAA
0°C-r.t., t-BuOH,3 h.

o] o]
€ 65

To corroborate the proposed structure of compobfdit was used as a starting material 4-
acetylbenzoic acid (98%) comercial available frotdrgh (100.00 mg, 0.61 mmol), TFAA (0.20
mL, 0.63 mmol) was added at 0°C. The reaction syst&as stirred for 15 min. and leaved it to
reach r.t. After, at 0°C it was addé@uOH (0.20 mL, 3.46 mmol). The reaction mixtureswa
stirred for 3 hours, quenched with NaOH 10% (20 maxtracted with EO, washed with NaOH
1M. and NaCls.;, dried over NgSO,, filtered and concentrated vacuo TheH NMR spectrum
from the crude (75 mg, 56%) showed the formatiothefproposed compoura, 'H NMR (200
MHz; CDClI 3): attached.

Reduction reaction of the carbonyl group in compati5:
COOt-Bu COOt-Bu

NaBH,
MeOH, r.t., 3.5 h.

65 67
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Compound65 (11.00 mg, 0.05 mmol) was dissolved in MeOH (2rabhyl NaBH (1.00 mg, 0.03
mmol) was added. The reaction system was stirract.afor 3.5 hours. After, the mixture was
quenched with BD and some drops of HCI 2M., extracted with EtO¥eashed with KO, dried
over NaSO, and concentrateid vacuo The'H NMR spectrum of the crude showed the formation
of compounds57 (12.00 mg, 100%).

Hidrogenolysis reactions of tert-butyl-(benzylamiyb-oxo-bicyclo[2.2.2]octane-1-carboxylate:

0+./| coot-B .
Eé O u Entry 1-5 O;é COOt-Bu
N-_Ph NH,

63 R.P
C13H21NO3
Exact Mass: 239,1521
Mol. Wt.: 239,3107

Table 17.
Entry 63 Reaction conditions Solvent 63% R.P.%
(mg, mmol)
35
. (Identified by
1 | 1260,0.04 ©20MIPC/C bi4atm) CHffﬁ?S gacial | R and'H
' NMR, no
pure)*
> 48.00, 0.15 19.40 mg Pd/C, H(4 atm.), | CH;COOH yiagial o5 Polymgrlc
24 hours. (2mL) specie
11.00 mg Pd (OBJC, H, (4 EtOACc _
3 24.00, 0.07 atm.), 24 hours. (2mL) 100
11.00 mg Pd/C, H(4 atm.), EtOAC i
4 21.50, 0.07 54 hours. @mL) 79
10.00 mg Pd/C, K(4 atm.), EtOH )
5 17.00, 0.05 54 hours. @mL) 88

* Find the I.R. andH NMR in the CD (spectroscopic part) identified@a/-F1.

Procedure:

Entry 1:

In a dried vial for hydrogenation compou6d (12.60 mg, 0.04 mmol) was added and connected
to a high vacuum for 1h. After it was dissolvedjlacial acetic acid (1 mL), Pd/C (10 % Pd basis,
6.20 mg) was added into the system and connectddruip (4 atm.) for 24 h. After filtration
through Celite (eluent DCM) was performed, the aigdayer was washed with NaHGQlried
over NaSQ, filtered and concentrateith vacuo Purification by silica gel for flash column
chromatography (pore 60A. 40-63 um) Hex/EtOAc (B:Rv/v) gave(1R4R) tert-butyl 3-amino-
5-oxo-bicyclo[2.2.2]octane-1-carboxylafeP (3.00 mg, 35%). Due to its polarity, impuritiesdan
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low quantity, it could not be fully characterizedthhe deprotection of the amine can be observed
in its IR vnax (Neat): 3386 (N-H), 2924 and 2853 (C-H), 1727 (C=0), 1486260 (C-0O), 1162,
and 1072 cm.

Entry 2:

Following general procedure for a hydrogenolysection, compoun®3 (48.00 mg, 0.15 mmol)
was added, dissolved in glacial acetic acid (2 iRdyC (10 % Pd basis, 19.40 mg) was added and
connected under H4 atm.) for 24 h. After filtration through Celiteluent DCM) was performed,
the organic layer was washed with NaHC@ried over NgS5Q,, filtered and concentrated vacuo
Purification by silica gel for flash column chrorogtaphy (pore 60A. 40-63 um) Hex/EtOAc
(9:1- 1:1 v/v) gave compourdB (12.00 mg, 25%) and a polymeric specie (15 mgyadtaristic

because of the wide signals in‘its NMR spectrum and corroborated by mass spectroscopy.

Entry 3:
Compound63 (24.00 mg, 0.07 mmol) was added, dissolved in EBQAmML), Pd(OHYC (20 %

Pd basis, 11.00 mg) was added and connected unddraim.) for 24 h. After filtration through
Celite (eluent DCM) was performed, the organic tayes dried over N&Q,, filtered and

concentratedn vacuo The 'H NMR spectrum of the crude showed recuperatiorstafting

material63 (24.00 mg, 100%).

Entry 4:

Compound63 (21.50 mg, 0.07 mmol) was added, dissolved in @A mL), Pd/C (10 % Pd
basis, 11.00 mg) was added and connected ungé4 ldtm.) for 24 h. After filtration through
Celite (eluent DCM) was performed, the organic tayes dried over N&Q,, filtered and

concentratedn vacuo The 'H NMR spectrum of the crude showed recuperatiorstafting

material63 (17.00 mg, 79%).

Entry 5:

In a dried vial for hydrogenation compou68 (17.00 mg, 0.05 mmol) was added and connected
to a high vacuum for 1h. After it was dissolvedat©OH (2 mL), Pd/C (10 % Pd basis, 10.00 mg)
was added into the system and connected ungét &tm.) for 24 h. After filtration through Celite
(eluent DCM) was performed, the organic layer wasddover NaSQ,, filtered and concentrated

in vacuo The'H NMR spectrum of the crude showed recuperatiostaiting materiab3 (15.00

mg, 88%).
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Reactions of tert-butyl-(1S,3R,48R)- and (1S,3S,4&S)-3-N-w-methylbenzylamino-5-oxo-
bicyclo[2.2.2]octane-1-carboxylate (+) and (-)-68spectively with benzylamine:

Oy/| coot-Bu
E % H\/Ph

OE\é COOt-Bu
H Ph BnNH
N\( L
EtOH, 110 °C, 24 h.
(+)'68 (+)-63
= 0 COOt-Bu O/ cootBu
/\ E\/ /7 BnNH; X f
Pi” N EtOH, 110 °C, 27 h. ph” N
(')'68 (')-63
Table 18.
Starting .
Entry material Reaction conditions | Solvent S'N!)' 63 (Mg, %) Rotation
(mg, mmol) (mg, %) Power
20—
1 (+)-68 BnNH, EtOH (+)-68 (+)-63 [0]30=+0.20
(23.00, 0.07) | (10.00 mg, 0.20 mmol)| (5 mL) | (4.00, 17%) (15.00, 82%) (c0.58, CHCY)
2 (-)-68 BNNH, EtOH ] (1)-63 [a]20=- 330
(27.00, 0.08) | (15.00 mg, 0.14 mmol)| (6 mL) (22.11, 84%) (c 0.84, CHCY)
Procedure:

Entry 1 and 2:

The starting materials were dissolved in EtOH ardzglamine was added. The systems were
stirred and refluxed at 110°C for 24 and 27 horgspectively. After the reaction systems were
cooled down and evaporated under reduced predsiwgave 30.00 mg (entry 1) and 41.00 mg

(entry 2) of crude. Purification by silica gel flash column chromatography (pore 60A. 40-63
um) Hex/EtOAc (9:1-7:3 v/v) afforded as it showntlire table X compounds (+)-24 in 82% yield

and (-)-24 in 84% yield and their rotation poweespectively.

Addition of benzylamine to (E) tert-butyl 5-oxo-®tienylamino)-cycloocta-1-enecarboxylate 70:

COOt-Bu COOt-Bu
_N BNNH, O/ coot-Bu
Ph +
EtOH, 110°C, 6 h. N_Ph
© o
70 63 64

Following general procedure for the protection tiesc of the carbonyl group, compourid
(11.00 mg, 0.04 mmol) was dissolved in EtOH (2 rahyl benzylamine (6.00 mg, 0.06 mmol) was

added. The system was stirred and refluxed at 116°6 hours. After the reaction system was
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cooled down and evaporated under reduced predsgave a mixture (14 mg) purified by silica
gel for flash column chromatography (pore 60A. &0g6m) Hex/EtOAc (9:1-7:3 v/v) afforded
compounds3 (6.00 mg, 53%) and compouid (3.80 mg, 47%).

3.5 Synthesis of (E,3E) tert-butyl-4-bromo-5-o0xo-cycloocta-1,3-diene carboxylat

Bromination reaction of compound 56:

COOt-Bu COOt-Bu

BI'2
CCly, 0°C -1t 4 h.

56 73

C13H4gBr203
Exact Mass: 379,9623
Mol. Wt.: 382,0882

Compoundb6 (27.00 mg, 0.12 mmol) was dissolved in £I0 mL) and the reaction system was
stirred and cooled down at 0°C. After,,80.01 mL, 31 mmol) was added and stirred for 38, mi
the ice bath was removed and stirred for 4 hours.akhe reaction mixture was dissolved in DCM
(20 mL), washed with HCL 2M., NaHGQ, H.O and NaCl,; dried over NgSQO,, filtered
and concentrateth vacuo It afforded (R*4R*E) tert-butyl 3,4-dibromo-5-oxo-cycloocta-1-
enecarboxylat&3 (43.00 mg, 91%)[,(1]21;’: -0.33 € 0.61, CHCY)) which crystallizes in Hex/EtOAc
(1:1 v/v), mp 161-162 °CIR vmay(neat): 2976 and 2930 (C-H) , 1712 (C=0), 1449 (C=C), 1369
1292 (C-0), 1253, 1159, 1127, 1110 (C-Br)cid NMR (400 MHz; CDClg): & 1.47 (9H, s,
COOC(H5),); 2.00-3.02 (6H, m, H-6, H-7, H-8); 4.23 (1H,111.2, H-4); 5.01 (1H, dd] 11.2
and 9.6, H-3); 6.80 (1H, d,9.6, H-2).**C NMR (50 MHz; CDCl,): & 27.1 (CH, C-7); 27.8 (CH,
C-8); 28.2 (CH x 3, COOCCH3)s); 37.8 (CH, C-6); 46.8 (CH); 60.4 (CH); 82.2 (C,
COOQOC(CHg)3); 137.5 (CH, C-2); 138.1 (C, C-1); 164.7 (@QOC(CHzy)3); 202.0 (C, C-5)HRMS
(ESI) m/z calcd. for Ci3H18Br,O3 [M+Na]: 402.9515;found 402.9543A = 6.9 ppmR-X: See

annexe E.

Dehydrobromination reaction of compound 73:

COOt-Bu COOt-Bu COOt-Bu COOt-Bu COOt-Bu
EtsN
+ + +
THF, 70°C,
77h. Br
(¢} 18] (o} (o}
73 74 65 75 76
C13H17BrO; C13H1603 C13H1603
Exact Mass: 300,0361 Exact Mass: 220,1099 Exact Mass: 220,1099
Mol. Wt.: 301,1763 Mol. Wt.: 220,2643 Mol. Wt.: 220,2643
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Compoundr3 (13.00 mg, 0.03 mmol) was dissolved in THF (5 rah} stirred at r.t. It was added
triethylamine (5.00 mg, 0.05 mmol) and the reactivas followed by TLC for 24 hours. During
this period it was not observed other spot difeterthe starting material so a reflux system was
coupled and the reaction mixture was stirred aC7@fter 77 hours reaction, it was observed by
TLC three spots. At this point, it was added 1 egl@nt of triethylamine and the system was
refluxed for other 48 hours. After solvent andtirigamine excess were evaporated under reduced
pressure. It gave a mixture (20 mg) that it wasifigar by silica gel for flash column
chromatography (pore 60A. 40-63 pm) Hex/EtOAc (983530 v/v) afforded compourgb (0.30

mg, 3%) and the following compounds:

(1E,2E) tert-butyl-4-bromo-5-oxo-cycloocta-1,3-dienecarboxyla¢ (3.00 mg, 18%),IR vmax
(neat): 2914 (C-H), 1707 (C=0), 1678 (C=0), 1457 (C=C)68,31153, 1114, 872, 781 (C-Br)
cm™.*H NMR (400 MHz; CDCly):  1.52 (9H, s, COOC(8,)s), 2.15 (2H, m, H-7); 2.48 (2H, t,
J 10.0, H-8); 2.70 (2H, t) 10.0, H-6); 7.11 (1H, d] 15.0, H-3); 7.40 (1H, dJ 10.0, H-2).**C
NMR (50 MHz; CDCls): & 26.9 (CH, C-7); 28.3 (CH x 3, COOCCH,)3); 32.9 (CH, C-8);
38.1(CH, C-6); 82.1 (C, COQ(CHs,)3); 130.2 (C, C-1); 134.0 (CH, C-2); 138.5 (CH, C-B31.1
(C, C-4); 165.5 (CCOOC(CH)3); 197.3 (C, C-5)HRMS (ESI) m/z calcd. for C;3H,:BrOs
[M+Na]: 323.0253found 323.0236A = -5.3 ppm.

tert-butyl 5-oxo-cycloocta-1,3,7-trienecarboxyla® (2.00 mg, 19%)IR vnax(neat): 2925 (C-H),
1783 (C=0), 1709 (C=0), 1385, 1369, 1279, 1257011693 (C=C) cm.’H NMR (400 MHz;
CDCl3): 8 1.55 (9H, s, COOC(85)s), 2.95-3.07 (2H, m, H-6); 5.87 (1H, §,10.2, H-7); 6.65
(1H, d,J 13.2, H-4); 6.68 (1H, d] 10.2, H-8); 6.84 (1H, dd] 12.2 and 7.2, H-3); 7.41 (1H, 4,
7.2, H-2).°C NMR (50 MHz; CDCl5): 28.2 (CH x 3, COOCCHs,),); 43.7 (CH, C-6); 82.2 (C,
COOC(CH)s); 128.4 (CH, C-7); 129.8 (CH, C-8); 130.5 (C, G132.1 (CH, C-4); 135.8 (CH, C-
3); 141.1 (CH, C-2); 173.8 (COOC(CHy)3); 205.8 (C, C-5).

tert-butyl 6-oxo-bycicle[5.1.0]octa-2,4-diene-2-carbtateg 76 (1.00 mg, 10%)JR vmax (Neat):
3020 (C-H), 1694 (C=0), 1655 (C=0), 1280 (C-O), 3,16061 crit. ‘H NMR (400 MHz;
CDCly): 6 1.54 (9H, s, COOC(85)3), 1.60 (1H, dddJ 4.6, 6.3 and 7.2, H-8a); 1.99 (1H, ddd,
4.6, 9.0 and 13.5, H-8b); 2.55 (1H, ddd..5, 6.3 and 9.0, H-7); 2.72 (1H, dddl.5, 6.3 and 9.0,
H-1); 6.13 (1H, d J 12.5, H-5); 6.41 (1H, dd] 7.8 and 12.5, H-4); 6.86 (1H, d7.8, H-3).*C
NMR (50 MHz; CDCl3): 3 14.1 (CH, C-8); 23.4 (CH, C-1); 28.1 (GHk 3, COOCCHo),); 44.4
(CH, C-7); 82.0 (C, COO(CHjy)3); 127.2 (CH, C-3); 131.4 (CH, C-5); 131.7 (CH, -#41.1 (C,
C-2); 165.6 (CCOOC(CH); ); 198.4 (C, C-6)HRMS (ESI) m/zcalcd. for C;3H1605 [M+Nal:
243.0992found 243.0998A = 1.9 ppm.
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Optimization of the Dehydrobromination reaction:

COOt-Bu COOt-Bu

EtsN
e
THF, r.t,, 95 h. Br

(0] (e}
73 74

Compound73 (21.00 mg, 0.06 mmol) was dissolved in THF (5 rahyl triethylamine (23.00 mg,
0.20 mmol) was added. It was coupled to the reactioxture flask a CaGltrap and the system
was stirred for for 95 hours at r.t. After solvemd triethylamine excess were evaporated under
reduced pressure. It was obtained a crude (16 mag)ttwas purified by silica gel for flash column
chromatography (pore 60A. 40-63 pm) Hex/EtOAc (B:3-v/v) afforded compoun@4 (14 mg,
83%).

Addition of of 1,8-Diazabicyclo[5.4.0Jundec-7-ene:

COO¢-Bu COOt-Bu COO¢-Bu

DBU .
Toluene, 110°C, 5.5 h.
fe) (0]
65 76

Compound73 (21.00 mg, 0.06 mmol) was dissolved in toluenen(§ and DBU (96.00 mg, 0.60
mmol) was added. The reaction system was stirrettl@tC for 5.5 hours. After, the reaction
mixture was diluted with DCM and HCI 10%, extractedh DCM, washed with NaHCQsar)

dried over N&SQ, filtered and concentrateid vacuo It gave a mixture (17 mg) that it was

o
73

purified by silica gel for flash column chromatoghg (pore 60A. 40-63 um) Hex/EtOAc (95:5-
70:30 v/v) afforded the recovery of starting mater3 (10.00 mg, 48% ), compourib (3.00 mg,
23%) and compound6 (2.00 mg, 15%).

Reaction of (1E,3E) tert-butyl-4-bromo-5-oxo-cycldta-1,3-dienecarboxylate 74  with

benzylamine:
COOt-Bu
BnNH, Oﬁgaomu
Br EtOH, 110°C, 31 h. N___Ph
4 63

Compound 74 (14.00 mg, 0.05 mmol) was dissolved in EtOH (5 ndnd it was added
benzylamine (14.00 mg, 0.13 mmol). The reactiotesgsvas stirred at 110°C for 31 hours. After,

solvent and benzylamine excess were evaporated vedieced pressure. It was obtained a crude
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(34 mg) which presents the posibility of a saltfation, for this reason it was dissolved inEt
cooled down at 0°C and filtered through a sintagkeds funnel layered with 1 cm of celite. The
combined organic extracts were washed with NakigGQdried over Na&SO, and concentrateid
vacua It gave a crude (24 mg) that it was purified Bica gel for flash column chromatography
(pore 60A. 40-63 pm) Hex/EtOAc (98:2-70:30 v/v)aatfed compoun@3 (2.00 mg, 15%).

Reaction of tert-butyl-3,4-dibromo-5-oxo-cyclooclaenecarboxylate 73 with benzylamine:

COOt-Bu COOt-Bu

BnNH,
EtOH, 110°C, 67 h.

Br

o] o]
73 74

Compound 73 (16.00 mg, 0.04 mmol) was dissolved in EtOH (5 ndnd it was added
benzylamine (7.00 mg, 0.06 mmol). The reactionesysivas stirred at 110°C for 67 hours. After,
solvent and benzylamine excess were evaporated vedieced pressure. It was obtained a crude
(24 mg) which presents the posibility of a salination, for this reason it was dissolved in@t
cooled down at 0°C and filtered through a sintagkeds funnel layered with 1 cm of celite. The
combined organic extracts were washed with NakigGQdried over Na&SO, and concentrateid
vacua It gave a crude (13 mg) that it was purified Bica gel for flash column chromatography
(pore 60A. 40-63 pm) Hex/EtOAc (98:2-70:30 v/v)aatfed compound4 (2.00 mg, 15%).

3.6 Reactivity oftert-butyl 4-oxo0-9-oxabicyclo[3.3.1]non-2-ene-2-carboigte 60:

Addition of (R)-N-benzyl-Ne-methylbenzylamine:

COOt-Bu

1) Ph](N_/Ph, THF, -78°C
(0} 2) n-BuLi

60

Following general procedure for the Michael additi@action, compoun@0 (35.20 mg, 0.15
mmol) in THF (1 mL), B)-N-benzylN-a-methylbenzylamine (0.06 mL, 0.27 mmol) in THF (1
mL) andn-BuLi (1.6 M., 0.15 mL, 0.24 mmol). After 3 hoursaction it was not observed any
change in the TLC, for this reason the reaction guenched with NECL ( 2mL) and worked it

up recovering starting material.
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Reduction reaction of compound 60 with Sodium boyahide:

COOt-Bu COOt-Bu
EtOH, 0°C - r.t,,
0 45 min. OH
60 77
C13H2004

Exact Mass: 240,1362
Mol. Wt.: 240,2955

Compound60 (24.00 mg, 0.10 mmol) was dissolved in EtOH (2rabyd NaBH (1.50 mg, 0.04
mmol) was added at 0°C. The reaction system waedtat r.t. for 45 min.. After, the mixture was
guenched with FD and some drops of HCI 2M., extracted with EtO¥ashed with HO, dried
over NaSO, and concentratedn vacuo Purification by silica gel for flash column
chromatography (pore 60A. 40-63 um) Hex/EtOAc (8:4-v/v) gavetert-butyl 4-hydroxy-9-
oxabicyclo[3.3.1]non-2-ene-2-carboxylat@ (24.0 mg, 100%)*H NMR (200 MHz; CDCl,): &
1.45 (9H, s, COOC(B»)3); 1.66 -2.02 (6H, H-6, H-7 and H-8); 2.54 (1H, &dosinglet, H-4); 4.05
(1H, t,J 5.2, H-5); 4.62 (1H, dd] 6.2, 4.4, H-1); 6.96 (1H, d 2.6,H-3)"*C NMR (50 MHz;
CDCly): 8 15.2 (CH, C-7); 24.1 (CH, C-8); 27.8 (CH, C-6); 28.3 (CHx 3, COOCCHzy)3); 66.0
(CH, C-5); 67.4 (CH, C-1); 69.8 (CH, C-4); 81.3 (@DOC(CHs)3); 134.2 (C, C-2); 140.6 (CH, C-
3); 164.1 (CCOOC(CHy)3

Protective reaction of the alcohol group in compodi? 7:

COOt-Bu COOt-Bu
THF, NaH, 0°C
OH BnBr, TBAI, r.t., 24 h. OBn
7 78
C20H2604

Exact Mass: 330,1831
Mol. Wt.: 330,4180

In a dried flask under Ar atmosphere, compouiid(24.20 mg, 0.10 mmol) was added and
dissolved in THF (3 mL). The reaction system wasext at 0°C and NaH (4.80 mg, 0.12 mmol)
previously dissolved in a minimum quantity of THRsvadded. After, at r.t. BnBr (0.02 mL, 0.20
mmol) and TBAI (3.70 mg, 0.01 mmol) were added #mal reaction mixture was stirred for 24
hours. The system was quenched witHit 0°C and extracted with EtOAc. Purificationdiljca
gel for flash column chromatography (pore 60A. &0gEm) Hex/EtOAc (95:5-70:30 v/v) gave
tert-butyl 4-benzyloxy-9-oxabicyclo[3.3.1]non-2-ene-&rooxylate78 (24.4 mg, 74%)IR vmax
(neat): 2936 (C-H), 1706 (C=0), 1167 (C-0O), 1045 (=C-H)cii NMR (400 MHz; CDCl5): &
1.47 (9H, s, COOC(B,)3); 1.66-2.04 (6H, H-6, H-7 and H-8); 4.17 (1HJ1.8, H-1); 4.38 (1H,
m, H-5); 4.42 (1H, m, H-4); 4.60 (2H, sHgPh); 7.06 (1H, dJ 2.6, H-3); 7.35 (5H, H-Ar)**C
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NMR (50 MHz; CDCly): & 15.4 (CH, C-7); 24.9 (CH, C-8); 27.7 (CH, C-6); 28.3 (CH x 3,
COOC(EH,)s); 67.6 (CH, C-1); 68.4 (CH, C-5); 71.7 (gHCH,Ph); 72.6 (CH, C-4); 81.1 (C,
COOC(CHj)3); 127.9, 128.1 and 128.7 (CH x 5, Ph) ; 134.4Q); 138.1(C, Gso); 138.4 (CH,
C-3); 164.1(C,COOC(CHy)s. HRMS [M+Na] m/z calcd. for CyH,O.Na: 353.1723;found
353.1718A =-1.4 ppm.

Addition of (x)-@-Methyl-benzylamine and (R)-N-benzyl-k-methylbenzylamine to compound
78:

COOt-Bu
.\ Entry 1-2: 1) Amines, THF, -78°C
2) n-BuLi
0 OBn Entry 3: Amine, EtOH, 110°C
78
Table 19.
78 . n-BuLi
Entry | (mg, mmoly | Amine (mg, mmol)/ 16M. | T.(C) | t.(h) | °M
solvent (%)
solvent (mL, mmol)
20.70, 0.06 PhJ\NHZ
1 13.20 mg, 0.11 mmol 0.06, 0.10 -78 2 100
THF (1mL)
THF (1 mL)
21.00, 0.06 Ph_H(N_/P“
2 23.20 mg, 0.11 mmol 0.06, 0.10 -78 3.5 100
THF (1 mL)
THF (1 mL)
21.00, 0.06 /L
3 Ph” "NH, - 110 36 100
EtOH (3 mL) | 13.20 mg, 0.11 mmol
Procedure:
Entry 1:

Following general procedure for the Michael additiocompound’8 (20.70 mg, 0.06 mmol) was
dissolved in THF (1 mL), (x)+Methyl-benzylamine (13.20 mg, 0.11 mmol) was digsd in
THF (1 mL) andn-BuLi (1.6 M., 0.06 mL, 0.10 mmol) were set to reat-78°C. After 2 hours
reaction it was not observed any change in the To€ this reason the reaction mixture was

guenched with NECL ( 2mL) and worked it up recovering starting erél.
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Entry 2:

Following general procedure for the Michael additicompound/8 (21.00 mg, 0.06 mmol) in
THF (1 mL), ®)-N-benzylN-a-methylbenzylamin€23.20 mg, 0.11 mmol) in THF (1 mL) amd
BuLi (1.6 M., 0.06 mL, 0.10 mmol) were set to redkfter 3.5 hours reaction it was not observed
any change in the TLC, for this reason the reactioture was quenched with NEL ( 2mL) and
worked it up recovering starting material.

Entry 3:

Following general procedure for the protection tesc of the carbonyl group, compouri8
(21.00 mg, 0.06 mmol) was dissolved in EtOH (3 rahjl (x)«a-Methyl-benzylamine (12.40 mg,
0.10 mmol) was added. The system was stirred afhaxeel at 110°C for 36 hours. After the
reaction system was cooled down and evaporated wedeced pressure, it afforded the recovery
of starting material.

4. Approximation to the synthesis of Anatoxina:

Protective reaction of the carbonyl group in compai56:

COOH c00 O Ny
Entry 1 Q . @
27 h.
(0] (0]
Y (o
79 80
C11H1404 C15H2206
Exact Mass: 210,0892 Exact Mass: 298,1416
Mol. Wt.: 210,2265 Mol. Wt.: 298,3316
COOt-Bu COOt-Bu COOt-Bu COOH
Entry 2
24 h. * +
(0] (0]
o Lo g Lo
56 81 56 79
C15H2204
Exact Mass: 266,1518
Mol. Wt.: 266,3328
COOt-Bu COOt-Bu COOH COOH
24 h.
(0]
k/O (@) o (0]
81 56 82 83
CoH1003

Exact Mass: 166,0630
Mol. Wt.: 166,1739
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Procedure:

Entry 1:

Using a Dean-Stark apparatus, compo&6@266.0 mg, 1.2 mmol) was dissolved in Benzene. 1,2
Ethanediol (0.7 mL, 12.0 mmol) and PTSA (11.40 &6 mmol) were added and the reaction
system was stirred and refluxed at 110°C for 27rdofifter, the solution was evaporated under
reduced pressure, dissolved in@&t washed with NaOH 10% and,®| dried over Nz50,,
filtered and concentrated vacuo

Due to the reduction of the ester signal in tHeNMR spectrum of the crude, the inorganic layer
was treated with HCI c. reaching pH acid, extracteth DCM, washed with kD, dried and
concentrated, théH NMR spectrum from the inorganic layer showed titesence of 5,5-
ethylenedioxycycloocta-2,7-diene-1-carboxylic aci® (52 mg, 21%) which was fully

characterized by its methyl es@&tadded below.

The crude extracted from the organic layer was fipdriby silica gel for flash column
chromatography (pore 60A. 40-63 pm) Hex/EtOAc @:10 v/v) gave 2-hydroxyethoxy-ethyl
5,5-ethylenedioxycycloocta-2,7-diene-1-carboxyB@g27 mg, 8%)JR vmax(neat): 3498 (O-H),
2951 and 2878 (C-H), 1716 (C=0), 1257 (C-O), 11Z%4 cni-. *H NMR (200 MHz; CDCly): 3
2.24-2.46 (6H, m, H-3, H-4, H-6); 3.58-3.63 (2H, ®@H.CHLOH); 3.66-3.80 (4H, m,
COOCH,CHgOCHc); 3.90-4.02 (4H, m, OB,CH,0); 4.24-4.38 (2H, m, COOQ€,CHg); 5.77-
5.96 (1H, m, H-7); 6.26-6.39 (1H, 4,10, H-8); 7.01-7.13 (1H, 1 8, H-2).*C NMR (50 MHz;
CDCly): 826.0 (CH, C-3); 31.6 (CH, C-4); 36.6 (CH, C-6); 62.0 (CH, CH.CHpOH); 64.1 (CH,
CHcCHp); 64.7 (CH x 2, OH,CH,0); 69.4 (CH, COOCH.CHg); 72.5 (CH, COOCHACHp);
108.3 (C, C-5); 126.8 (CH, C-7); 128.8 (C, C-1)9B(CH, C-8); 143.6 (CH, C-2); 167.4 (C,
COO0).HRMS [M+Na] m/zcalcd. for C;sH»,06: 321.1308found 321.1309A = -0.3 ppm.

Entry 2:

Following general procedure for the protectionhaf tarbonyl group as a dioxolane, compob&éd
(76.40 mg, 0.34 mmol) was dissolved in Benzene-Ethanediol (0.04 mL, 0.70 mmol) and
PTSA (3.80 mg, 0.02 mmol) were added, the reacystem was refluxed at 110°C for 24 hours.
After, the solution was evaporated under reducextgure, dissolved in EtOAc, washed with
NaHCG; 6%, HO and NaCls,) dried over NgBO,, filtered and concentrateéd vacuo The'H
NMR spectrum of the crude (47 myg,61%) showed the presence of starting materialtarid
butyl 5,5-ethylenedioxycycloocta-1,7-diene-1-cafdate 81 in a relation 1:3 respectively.

The inorganic layer was treated with HCI c. reaghpi acid, extracted with DCM, washed with

H,0, dried and concentrated under reduced pressawve,tge acid9 (20 .1 mg, 34%).
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Entry 3:

Following general procedure for the protectionha tarbonyl group as a dioxolane, compo2@d
(120.00 mg, 0.54 mmol) was dissolved in Benzen2-Ethanediol (0.06 mL, 1.08 mmol) and
PTSA (5.70 mg, 0.03 mmol) were added, the reacystem was refluxed for 24 hours. After, the
solution was evaporated under reduced pressusgldesl in EtOAc, washed with NaHG®%,
H.O and NaCls.:) dried, filtered and concentratétvacuo The'H NMR spectrum of the crude
(61.40 mg~ 51%) showed the presence of starting materiaklamgrotected est&1 in a relation
1:3 respectively.

The inorganic layer was treated with HCI c. reaghpi acid, extracted with DCM, washed with
H.O, dried and concentrated gave a mixture of thleoatic acids82 and83 (30.0 mg, 38%), this
crude was purified by silica gel for flash columhr@amatography (pore 60A. 40-63 pm)
Hex/EtOAc (1:1 v/v) — CHGIMeOH (9:1 v/v) and gave 5-oxo-cycloocta-1,3-diera@boxylic
acid previously identified and full characterized its tert-butyl or methyl ester and 5-oxo-
cycloocta-1,7-diene carboxylic ac&B (9 mg, 11%),IR v (Neat): 2932 (C-H), 1708 (C=0),
1249 (C-0), 1037 cih'H NMR (200 MHz; CDCl3): & 2.59 (2H, m, H-3); 3.18 (2H, d,7.4, H-
6); 3.76 (2H, m, H-4); 6.01 (1H, m, H-7); 6.36 (1#,J 11, H-8); 7.33 (1H, tJ 7.2, H-2).**C
NMR (50 MHz; CDCl3): 8 26.2 (CH, C-3); 38.1 (CH, C-4); 44.2 (CH, C-6); 126.9 (CH, C-7);
128.1 (CH, C-8); 134.8 (C, C-5); 143.7 (CH, C-285 (C, C-1); 206.7 (CGCOOH).HRMS (CI")
m/z calcd. for GH1403: 189.0522found 189.0516A = -3.2 ppm.

Esterification reaction of the mixtures containinthe acids:

COOH COOMe
Entry 1 TMSCHN,
Benzene: MeOH, r.t.,
(0] (0]
(0o Lo
79 84
C12H1604
Exact Mass: 224,1049
Mol. Wt.: 224,2530
COOH COOH COOMe COOMe
Entry 2 . TMSCHN, R
Benzene: MeOH, r.t.,
24 h.
(0] (0] (e} (e}
82 83 58 85
C1oH1203

Exact Mass: 180,0786
Mol. Wt.: 180,2005
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Procedure:

Entry 1:

Under Ar atmosphere compour®® (18.10 mg, 0.09 mmol) was dissolved in a mixtufe o
Benzene/MeOH (1:1 v/v, 1 mL) and TMSCHI®.0 M (0.05 mL, 0.10 mmol) was added. The
reaction system was stirred at r.t. for 21 hourferAthe solution was evaporated under reduced
pressure. The residue was purified by silica geflésh column chromatography (pore 60A. 40-63
pm) Hex/EtOAc (95:5 viv) — CHE@MeOH (9:1 v/v) gave Methyl 5,5-ethylenedioxycyctba-
1,7-diene-1-carboxylaté4 (18.3 mg, 94%)IR vnax(neat): 2951 (C-H), 1723 (C=0), 1430, 1256
(C-0), 1065 crit. '"H NMR (200 MHz; CDCl5): & 1.78-1.85 (2H, m, H-3); 2.35-2.49 (4H, m, H-4
and H-6); 3.75 (3H, s, CA®e); 3.93-4.01 (4H, m, OB,CH,0); 5.79-5.96 (1H, m, H-7); 6.34
(1H, d,J 11, H-8); 7.02-7.09 (1H, 1 6.6, H-2)."*C NMR (50 MHz; CDCl53): & 25.9 (CH, C-3);
31.6 (CH, C-4); 36.6 (CH, C-6); 52.2 (CH, COQMe); 64.7 (CH x 2, OCH,CH,0); 108.3 (C, C-
5); 126.9 (CH, C-7); 128.8 (C, C-1); 129.4 (CH, 3-843.3 (CH, C-2); 167.9 (GZOOMe).
HRMS [M+Na] m/zcalcd. for C,H1604Na: 247.0941 found 247.0946 A = 2.0 ppm.

Entry 2:

Under Ar atmosphere a mixture of the add@sand83 (12.90 mg, 0.08 mmol) was dissolved in a
mixture of Benzene/MeOH (1:1 v/v, 1 mL) and TMSCHAO M (0.1 mL, 0.16 mmol) was added.
The reaction system was stirred at r.t. for 24 &odfter, the solution was evaporated under
reduced pressure. The residue was purified byasgil for flash column chromatography (pore
60A. 40-63 um) Hex/EtOAc (95:5 viv) — CHfMeOH (9:1 v/v) gave Methyl 5-oxo-cycloocta-
1,3-diene-1-carboxylaté8 (8 mg, 63%) and Methyl 5-oxo-cycloocta-1,7-dieneatboxylate85

(4 mg, 32%),IR vma (neat): 2947 (C-H), 1708 (C=0), 1438, 1264 (C-0O), 1056'ctd NMR
(200 MHz; CDCly): 3 2.47-2.63 (4H, m, H-3 and H-4); 3.16 (2H,X7.4, H-6); 3.77 (3H, s,
COOMe); 5.92-6.02 (1H, m, H-7); 6.34 (1H, @11, H-8); 7.19-7.26 (1H, §,6.8, H-2).°C NMR

(50 MHz; CDCly): 6 26.0 (CH, C-3); 38.3 (CH, C-4); 44.2 (CH, C-6); 52.1 (CH, COQMe);
127.4 (CH, C-7); 127.9 (CH, C-8); 130.8 (C, C-5%1T (CH, C-2); 166.8 (C, C-1); 206.9 (C,
COOMe).HRMS [M+Na] m/zcalcd. for C;gH1,0sNa: 203.0678found 203.0667A = -5.4 ppm.
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Protective reaction of the carbonyl group in a mixe containing the unsaturated methyl-5-oxo-

esters:

COOMe COOMe COOMe COOMe

1,2-Ethanediol, PTSA .
+
Benzene, 110°C, 22 h.
0 k/o k/o

C12H1604
Exact Mass: 224,1049
Mol. Wt.: 224,2530

58 85

Following general procedure for the protection tieacof the carbonyl group as a dioxolane, a
mixture of the ester§8 and85 (14.50 mg, 0.07 mmol) was dissolved in Benzern&Ethanediol
(0.01 mL, 0.13 mmol) and PTSA (0.62 mg, 0.01 mmeére added, the reaction system was
refluxed for 22 hours. After, the solution was emaped under reduced pressure, dissolved in
EtOAc, washed with NaHC{6%, HO and NaCls,, dried, filtered and concentratéd vacuo
The™ NMR spectrum of the crude (15.7 mg) showed tlesgnce of the two protected esidr
and 86 in relation 13:1 respectively. Purification byici gel for flash column chromatography
(pore 60A. 40-63 um) Hex/EtOAc (95:5 — 90:10 v/ayvg the unsaturated ester 84¢14.0 mg,
89%) and Methyl 5,5-ethylenedioxycycloocta-1,3-éidncarboxylate86 (1.0 mg, 7%),IR vpax
(neat): 2951 and 2882 (C-H), 1713 (C=0), 1272 and 122®}C1098 and 1042 (C-O-C) ¢m

'H NMR (400 MHz; CDCl3): & 1.72 (4H, m, H-6 and H-7); 2.45 (2H, m, H-8); 3.@H, s,
COOMe); 3.94-4.04 (4H, m, OB,CH,0); 5.59 (1H, d, 12.6, H-4); 5.89 (1H, dd} 12.6 and 5.2,
H-3); 7.20 (1H, dJ) 5.2, H-2).**C NMR (50 MHz; CDCl5): & 24.3 (CH, C-7); 25.3 (CH, C-8);
31.1 (CH, C-6); 52.2 (CH, COQMe); 65.0 (CH x 2, OCH,CH,0); 108.7 (C, C-5); 124.5 (CH, C-
3); 133.6 (C, C-1); 134.6 (CH, C-4); 136.6 (CH, -267.8 (C,COOMe).HRMS [M+Na] m/z
calcd. for C,H1604Na: 247.0941 found 247.0938A = -1.2 ppm.

Migration reaction of the double bond:

COOMe COOMe COOH COOH

_t-BUuOK, t-BuOH _
110°C, 24 h.
0]

(0

86

Compound86 (25.00 mg, 0.11 mmol) was dissolvedtiBuOH (5 mL) andt-BuOK (7.11 mg,
0.06 mmol) was added. The reaction system wagsdtand refluxed at 110°C for 24 hours. After
the t-BuOH was evaporated under reduced pressure, dilot®CM and washed with 4@ and

NaCl ) dried over NgSO,, filtered and concentrated vacuogave the crude (22 mg, 89%)
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which showed in itsSH NMR spectrum compoun84. Due to the high possibility of deprotection,
the inorganic layer was acidified with HCI c. andracted with DCM; it was observed in it
NMR spectrum of the crude the presence of the &8d8d83in a 1:1 mixture (3 mg, 11%).This
reaction was submitted again usiBuOK (sublimated). It was observed the same result

contrast to a slight increase in the amount ohtydrolysis products.

Addition of lithium (R)-N-benzyl-Ne-methylbenzylamide to compound 86:

Ph
COOMe Ph)\N COOMe
1) Ph HN_/Ph, THF, -78°C
Entry 1
2) n-BuLi, 1.5 h.
C T
o] (0]
86 87
Co7H33NO4
Exact Mass: 435,2410
Mol. Wt.: 435,5552
Ph> Ph>
COOMe )\N COOMe >\N COOMe
p—{  ph Ph Ph ?
1) HN—/ , THF, -20°C
Entry 2 +
2) n-Buli, 2.5 h.
(0] (0] (0]
Lo Lo Lo
86 87 88
Procedure:
Entry 1:

Following general procedure for the Michael additi@action, compoun86 (35.00 mg, 0.16
mmol) in THF (1 mL), B)-N-benzylN-a-methylbenzylamine (0.20 mL, 0.96 mmol) in THF (1
mL) andn-BuLi (1.6 M., 0.60 mL, 0.93 mmol) were added. Aftee addition of the unsaturated
compound, the reaction was stirred at -78°C for Hobrs. Purification by silica gel for flash
column chromatography (pore 60A. 40-63 um) Hex/Et(®5:5 viv) — CHGYMeOH (9:1 v/v)
gave Methyl (B2R,aR)-2-N-benzylN-a-methylbenzylamino 5,5-ethylenedioxycycloocta-3-ene
1-carboxylateB7 (22.5 mg, 32%)[(1]21;’: +19.3 € 0.15, CHC)); IR vmax (neat): 2932 and 2877
(C-H), 1726 (C=0), 1163 and 1072 (C-O-C), 701 (CPH) cm".'H NMR (100 MHz; CDCl5): &
1.35 (3H, dJ 6.6, C&)Me); 1.43-1.75 (6H, m, H-6, H-7 and H-8); 2.39-2.8%4( m, H-1); 3.52
(3H, s, COMe); 3.77 (1H, m, H-2); 3.64 (1H, ABlxg 17.1, NGHACHgPh); 3.84 (1H, ABJas
17.1, NCHCHgPh); 4.03 (4H, m, OB,CH,0); 4.52 (1H, g, 5.4, C)H); 5.73 (1H, dJ 12.2, H-
4); 6.04 (1H, ddJ 12.2 and 10.0, H-3); 7.20-7.49 (10H, m, H-APC NMR (50 MHz; CDCl): &
12.1 (CH, N(e)Me); 20.2 (CH, C-7); 29.7 (CH, C-8); 41.0 (CH, C-6); 51.8 (CH, COQVle);
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52.1 (CH, N-CH,); 52.6 (CH, C-1); 54.3 (CH, NJCH); 56.7 (CH, C-2); 64.0 (CH OCH,CH;0);
65.2 (CH, OCH,.CH,0); 109.7 (C, C-5); 128.0, 128.4, 128.5 and 128 & 10, Ar); 131.6 (CH,
C-4); 133.8 (CH, C-3); 142.0 (C,if6e CH,Ph); 144.0 (C, Gs» CHPh); 176.0 (C,COOMe).
HRMS [M+H] * m/zcalcd. for C;7H3NO,: 436.2482found 436.2464A = -4.1 ppm.

Entry 2:

Following previous general procedure, compo86¢121.00 mg, 0.54 mmol) in THF (1 mLR)
N-benzyIN-a-methylbenzylamine (0.70 mL, 3.24 mmol) in THF (2)nandn-BuLi (1.6 M., 2.00
mL, 3.13 mmol) were set to react. After the additaf the unsaturated compound, the reaction
was stirred at -20°C for 2.5 hours. Purification $ijca gel for flash column chromatography
(pore 60A. 40-63 um) Hex/EtOAc (95:5 viv) — CH®MeOH (9:1 v/v) gave Methyl @2R,aR)
carboxylate87 (17.0 mg, 7%) and Methyl R2R,aR)-2-N-benzylN-a-methylbenzylamino 5,5-
ethylenedioxycycloocta-3-ene-1-carboxyl&@ (6.0 mg, 3%),[u]2D°= -1.3 € 0.48, CHQ)Y); IR
Vmax (N€at): 2927 (C-H), 1727 (C=0), 1445, 1381 (C-0), 1099qC) cni*.'H NMR (200 MHz;
CDCl3): 6 1.36 (3H, dJ 6.6, C&)Me); 1.43-1.85 (6H, m, H-6, H-7 and H-8); .2.68-2(4%5, m,
H-1); 3.35 (3H, s, COMe); 3.62-3.84 (2H, m, NBACHgPh); 4.03 (4H, m, OB,CH,0); 4.33
(1H, q,J 6.8, C&)H); 4.71 (1H, dd, 12.0 and 8.0, H-2); 5.70-5.91 (2H, m, H-4 and H®B)4-
7.44 (10H, m, H-Ar)C NMR (50 MHz; CDCl3): & 13.6 (CH, N(@)Me); 18.5 (CH, C-7); 27.1
(CH,, C-8); 39.0 (CH, C-6); 49.1 (CH, C-1); 50.7 (GHN-CH,); 51.4 (CH, COCMe); 54.1 (CH,
N(a)CH); 57.7 (CH, C-2); 64.3 (CH OCH,CH,0); 65.3 (CH, OCHCH,0); 109.3 (C, C-5);
126.7-129.3 (CH x 10, Ar); 130.9 (CH, C-4); 133@H( C-3); 141.1 (C, o CHPh); 143.9 (C,
Cipse CHPH); 175.1 (C,COOMe). HRMS [M+H] * m/z calcd. for C,7H3NO,: 436.2482;found
436.2503A = 4.8 ppm.

Michael Addition of lithium (R)-N-benzyl-Ne-methylbenzylamide to compound 84 and addition

of phenylselenyl chloride in situ:

Ph

COOMe >\N COOMe
Ph‘( Ph Ph
1) HN—/  THF,-78°C
2) n-BuLi "'SePh
(0] 3) PhSeCl, THF, -78°C - r.t. (0]
Lo Lo
84 89

033H37NO4Se
Exact Mass: 591,1888
Mol. Wt.: 590,6112

Following general procedure for the Michael additi@action, compound4 (48.00 mg, 0.21
mmol) in THF (1 mL), R)-N-benzylN-a-methylbenzylamine (0.14 mL, 0.69 mmol) in THF (1
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mL) andn-BuLi (1.6 M., 0.40 mL, 0.63 mmol) were added. Aftee addition of the unsaturated
compound, the reaction was stirred for 2 hours Rin8eCl (132.00 mg, 0.69 mmol) was added,
previously dissolved in THF (1 mL) and transfernaader Ar atmosphere into the system, the
reaction mixture was stirred until the system reagcht. Purification by silica gel for flash column
chromatography (pore 60A. 40-63 um) Hex/EtOAc (9/f) — CHCL/MeOH (9:1 viv) gave
Methyl (2R, 7R,aR)-2-N-benzylN-a-methylbenzylamino 5,5-ethylenedioxy 7-
phenylselenylcycloocta-8-ene-1-carboxyl88x(34.1 mg, 29%)IR vmax (Neat): 2948 (C-H), 1720
(C=0), 1449, 1279 (C-0), 1147 &miH NMR (400 MHz; CDCl5): & 1.38 (3H, d,J 6.8, N@)Me);
1.50-1.75 (2H, m, H-6); 1.75-1.90 (3H, m, H-3 andi&); 2.01-2.05 (1H, df 13.3 and 2.1, H-4b);
3.66-3.70 (1H, m, H-7); 3.65-3.90 (6H, m, NdH€and O®,CH;0); 3.74 (3H, s, COWMe); 3.95-
4.05 (1H, m, H-2); 3.99-4.07 (1H, §6.6, CH{)); 6.32 (1H, dJ 9.3, H-8); 7.17-7.52 (15H, nhi-

Ar) *C NMR (50 MHz; CDCl3): 8 15.9 (CH, N(a)Me); 27.6 (CH, C-4); 34.5 (CH, C-7); 35.1
(CHy, C-6); 47.9 (CH, C-3); 51.1 (CH, N-CHy); 51.8 (CH, COQMe); 57.1 (CH, N¢)CH); 58.3
(CH, C-2); 63.7 (CH OCH,CH,0); 65.2 (CH, OCH,CH,0); 110.2 (C, C-5); 126.4-129.3 (CH x
10, Ar); 128.3 (C, C-1); 135.3 (CH x 5) 136.9(G,s& CHSéh) ; 138.8 (CH, C-8); 143.1 (C,i&
CH,Ph); 143.4 (C, Gs» CHPh); 168.6 (C, COOMe). HRMS [M+H] " m/z calcd. for
C33H3sNO,Se:592.1961found 592.1938A = -3.9 ppm.

Hydrogenation reaction of compound 89:

Ph Ph>
>\N COOMe )\N COOMe COOMe
Ph Ph
EtOAc, PtO,
+
"SePh Ha, r.t.,, 18 h. "'SePh
0} O (o]
O Lo e
89 89 84

In a dry flask was measured compo@8i33.30 mg, 0.06 mmol) and dissolved in EtOAc (4 mL)
after it was added P§012.70 mg, 0.06 mmol). The reaction system waggulirwith B and
stirred under K atmosphere at r.t. for 18 hours. Purification lilica gel for flash column
chromatography (60A. 40-63 pm) Hex/EtOAc (9:1 — VA® gave recovery of starting material
(15 mg, 45%) and the unsaturated e8tef2 mg, 15%).
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Elimination reaction of the fragment —SePh:

Ph> Ph>
>\N COOMe )\N COOMe
Ph PH
Entry 1 H,0,, THF
0°C - 25°C,
[e) SePh 3 min. o
k/o k/o
89
Ph> Ph>
>\N COOMe )\N COOMe
Ph PH
Entry 2 Piridine, DCM, H,0,
”tseph 0°C, 40°C, 1.5h.
0 0
k/o k/o
89
Procedure:

Entry 1:

Under Ar atmosphere, compou®® (15.7 mg, 0.03 mmol) in THF (1.5ml) at 0°c was edid
dropwise HO, (30% wi/v ag., 0.01 mL). The resulting yellow d@n was stirred at 0°C for 3
min., the ice-water bath was removed and the m@adtias stirred at 25°C for another 10 min,
diluted with EtO and washed with NaHGQ4:)and NaCls,y The organic layer was dried over
Na,SQ,, filtered and concentratéd vacuo The’H NMR spectrum of the crude (11.4 mg) showed

the recovery of starting material.

Entry 2:

Compoundd9 (11.40 mg, 0.02 mmol) was dissolved in DCM (4 nat)0°C; Pyridine (0.01 mL,
0.04 mmol) and kD, (30% w/v aq., 0.04 mL) were added. The ice-watgh lwas removed and
the system was refluxed at 40°C for 1.5 hours. rAftee reaction mixture was diluted with,®
and extracted with DCM, washed with NaHG6 yand NaCls,y, dried over NgSO,, filtered and
concentratedn vacuo The 'H NMR spectrum of the crude (12.0 mg) showed tlevery of

starting material.
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Michael Addition of lithium (R)-N-benzyl-Na-methylbenzylamide to compound 55 and addition

of (x)-trans-2-(phenylsulfonyl)-3-phenyloxaziridine in situ:

Ph Ph

COOMe )\N COOMe )\N COOMe
Ph_( Ph Ph /. \OH Ph
1) HN— - THF, -78°C
+
2) n-BulLi, 2 h.
3) (¥)-trans-oxaziridine, THF,
55 -78°C -r.t, 19 h. (-)-90 (+)-91
O ,Ph C25H31NO3 C25H31NO;
,NA\ Exact Mass: 393,2304 Exact Mass: 377,2355
PhSO H Mol. Wt.: 393,5185 Mol. Wt.: 377,5191

Following general procedure for the Michael additi@action, compoun8é5 (105.00 mg, 0.63
mmol) in THF (1 mL), R)-N-benzylN-a-methylbenzylamine (0.27 mL, 1.30 mmol) in THF (1
mL) andn-BuLi (1.6 M., 0.63 mL, 1.01 mmol) were added. Aftee addition of the unsaturated
compound, the reaction was stired for 2 hours afig-trans-2-(phenylsulfonyl)-3-
phenyloxaziridine (303.00 mg, 1.30 mmol) was adgedyiously dissolved in THF (1 mL) and
transferred under Ar atmosphere into the system réfaction mixture was stirred for 19 hours,
reaching r.t. Purification by silica gel for flagiolumn chromatography (pore 60A. 40-63 pm)
Hex/EtOAc (98:2 v/v) — CHGIMeOH (9:1 v/v) gave recovery of starting matef® mg, 37%)

and the following compounds:

Methyl (1R,2R,aR)-1-hydroxy-2N-benzylN-a-methylbenzylamino-cycloocta-7-ene-1-carboxylate
(-)-90 (47 mg, 20%); crystallized in a mixture Hex: etfterd v/v) mp 138-140°C [a]ZD"z -15.7 €
1.15, CHCYJ); IR vmax(neat): 3348 (O-H), 2932 and 2858 (C-H), 1728 (C=0), 148222 (C-0O),
1099, 751 and 697 (=C-H) ¢ém'H NMR (200 MHz; CDCl3): & 1.41 (3H, dJ 7.0, N@)Me);
1.42-1.62 (3H, m); 1.83-2.38 (5H, m); 3.06-3.12 (Hd,J 11.0, H-2); 3.59-3.62 (14 d, Jas 13.0,
N-CH,); 3.65 (3H, s, CO®Ie); 3.95-4.09 (1H, gJ 7.0, Ce)H); 4.27-4.34 (1H, d, Jas 13.0, N-
CH,): 4.94 (1H, s, ®); 5.40-5.48 (2H, m, H-7 and H-8); 7.04-7.37 (1®k,H-Ar). **C NMR (50
MHz; CDCl5): 5 12.0 (CH, N(@)Me); 24.5 (CH, C-4); 24.8 (CH, C-5); 25.3 (CH, C-3); 26.1
(CH,, C-6); 51.7 (CH, N-CH,); 52.4 (CH, COQMe); 57.8 (CH, N¢)CH); 64.8 (CH, C-2); 76.4
(C, C-1); 127.4-129.3 (CH x 10, Ar); 134.5 (CH x7 and C-8); 140.8 (C,if& CH.Ph); 142.7
(C, Gpso CHPh); 174.7 (C,COOMe). HRMS [M+H] * m/z calcd. for C,sH3,NO3: 394.2377;
found 394.2369A = -2.0 ppmR-X: See annexe F.

Methyl (1S2R,aR)-2-N-benzylN-a-methylbenzylamino-cycloocta-7-ene-1-carboxylétg-91 (7
mg, 3%);[(1]21;’: +4.7 € 0.64, CHC)); IR vmax(neat): 3028, 2928 and 2847 (C-H), 1735 (C=0),
1168, 774, 751 and 705 (=C-H) émMH NMR (400 MHz; CDCl5):  1.27 (3H, d,J 7.0, Ce)Me);
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1.57-2.17 (8H, m, H-3, H-4, H-5 and H-6); 3.35 (3EOMe); 3.43 (1H, NEIACHg); 3.54 (1H,
m, H-2); 3.64 (1H, NCRCHg); 3.67 (1H, m, H-1); 3.87 (1H, @JH); 5.80 (1H, m, H-7); 6.03 (1H,
t, J 10.1, H-8); 7.19-7.42 (10H, m, H-A*C NMR (50 MHz; CDCl3): & 15.9 (CH, C(@)Me);
26.4 (CH); 28.3 (CH); 29.8 (CH); 47.0 (CH, C-1); 51.7 (CH COQVe); 52.2 (CH, N-CH,);
58.5 (CH,CH(a)); 62.3 (CH, C-2); 126.4-129.2 (10 x Cbi, m, p-Ph; 129.4 (CH); 131.6 (CH);
141.7 (C, Gso; 144.3 (C, Gs); 173.8 (C,COOC(CHy)s). HRMS [M+Na] m/z calcd. for
CasH3:NO,Na: 400.2247found 400.2252A = 1.2 ppm.

Michael Addition of lithium (R)-N-benzyl-Ne-methylbenzylamide to compound 55 and addition
of (-)-(2S,8aR)-D camphorsulfonyl oxaziridine intsi:

Ph Ph
COOMe > >
N COOM N COOM
1) Ph—H(N PP hHE, 78c Ph>\ OH Ph>\ y
2) n-Buli, 2 h. " + go%r;)konﬁrmg
3) *(-)-(2S,8aR)-D, THF
55 (-)-90 (+)-91
*O\N
o050
Table 20.
Entry 55 a(rffi)ée n-BuLi (Fé)é(g' t 55 | ()-90 | (+)-91| 4U.C.
0, 0, 0, 0,
(Mg, €4) | (i eq) | (M-€D | (mg eq) | M) | ) | (%0) | (%) (%)
7
1 | 85.0,1.0| 021,1.8| 0551.6 2290,18 12 0 26 2 (F"'1F3)
(FL-F7)*
2 72.0,1.0| 0.20,2.0 | 0.43,1.6/ 197.0,2/0 22 15 9 Q 5
3 88.0,1.0 | 0.23,2.0 | 0.53,1.6/ 252.0,2/0 21 0 12 5 6

*IH, 1%C NMR, IR and MS spectrums of these fractions haenbattached in the CD (spectroscopy part) anddhey
be found with the fraction name appears in thestabl

Procedure:

Entry 1-3:

Following general procedure for the Michael additi@action, compoun85 was dissolved in
THF (1 mL), ®)-N-benzylN-a-methylbenzylamine in THF (1 mL) andBuLi were added. After
the addition of the unsaturated compound, the i@aetas stirred for 2 hours andR)t(-)-(10-
Camphorsulfonyl) oxaziridine was added, previoudigsolved in THF (1 mL) and transferred

under Ar atmosphere into the system, the reactietune was stirred respectively for every entry,
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reaching r.t. Purification by silica gel for flasolumn chromatography (pore 60A. 40-63 um)
Hex/EtOAc (98:2 v/v) — CHGIMeOH (9:1 v/v) were performed for every entry affimg the

corresponding compounds and yields as shown ipringous table X.

Michael Addition of lithium (R)-N-benzyl-Na-methylbenzylamide to compound 55 and addition

of (+)-(2R,8aS)-D camphorsulfonyl oxaziridine : isitu

Ph Ph
COOMe N COOMe >\N COOMe
1) Ph_,_ﬁ,JPh, THF,-78°C  Ph /. \OH Ph
2) n-BuLi, 2.5 h. + + By-products
3) *(+)-(2R,8aS)-D, THF, 18 h.
55 (1-90 (+)91
N
>s70

0*

O=

Following general procedure for the Michael additieaction, compoung5 (145.30, 0.87 mmol)
was dissolved in THF (1 mL)Rj-N-benzylN-a-methylbenzylamine (0.38 mL, 1.80 mmol) in
THF (4 mL) andn-BuLi (1.6 M, 0.88 mL, 1.4 mmol) were added. Aftdre addition of the
unsaturated compound, the reaction was stirre@.hours and @-(+)-(10-Camphorsulfonyl)
oxaziridine (412.00 mg, 1.8 mmol) was added, presip dissolved in THF (4 mL) and
transferred under Ar atmosphere into the system,réfaction mixture was stirred for 18 hours
reaching r.t. Purification by silica gel for flagiolumn chromatography (pore 60A. 40-63 pm)
Hex/EtO (98:2 v/v) — CHGI/MeOH (9:1 v/v) gave compour{e)-90 (102 mg, 30%)[0z]2D0 =-17.7
(c1.18, CHC}) and compoung+)-91 (3.6 mg, 1%) and by-products (2%).

Michael Addition of lithium (S)-N-benzyl-Na-methylbenzylamide to compound 55 and addition
of (-)-(2S,8aR)-D camphorsulfonyl oxaziridine intsi:

COOMe Ph - /N COOMe /~N COOMe

. PH" . ZoH PH
1) I\H/\Ph , THF, -78°C

+
2) n-BuLi, 2 h.

3) *(-)-(2S,8aR)-D, THF
55 (+)-90 ()91

Following general procedure for the Michael adaiti@action, compoun85 (156.20 mg, 0.94
mmol) was dissolved in THF (2 mL)SEN-benzylN-a-methylbenzylamine (0.42 mL, 2.0 mmol)
in THF (4 mL) andn-BuLi. (1.6 M, 1.0 mL, 1.6 mmol) were added. Aftdre addition of the
unsaturated compound, the reaction was stirred?fapurs and [®)-(-)-(10-Camphorsulfonyl)
oxaziridine (459.0 mg, 2.0 mmol) was added, preslipdissolved in THF (4 mL) and transferred

under Ar atmosphere into the system, the reactioune was stirred for 12 hours, reaching r.t.
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Purification by silica gel for flash column chrorogtaphy (pore 60A. 40-63 um) HexjBt(99:1
v/v) — CHCE/MeOH (8:2 v/v) gave recovery of staring matera2 (ng, 33%), compoun@)-90
(91 mgq, 24%)[a]2D°= +28.2 € 0.98, CHCJ) and compoung-)-91 (11 mg, 3%).

Hydrogenolysis reaction of compounds) and(-)-90:

Ph

)\N COOMe H,N  COOMe
Ph WOH WOH
CH3COOH (gacia), PA/C
Entry1 3 (glacial).
Ho (4 atm.), r.t., 24 h.
(-)-90 (-)-92
C10H19NO3
Exact Mass: 201,1365
Ph Mol. Wt 2012628 .
)\N COOMe H,N  COOMe J—~NH COOMe
PN - _T.OH ~_ ZOH PN"  ___ZOH
Entry 2 EtOAc, Pd/C .
H, (4 atm.), r.t.,, 16 h.
(+)-90 (+)-92 (+)-93
C1gH27NO3
Exact Mass: 305,1991
Mol. Wt.: 305,4119
Procedure:
Entry 1:

In a dried vial for hydrogenation compourfg-90 (35.50 mg, 0.09 mmol) was added and
connected to a high vacuum for 1h. After it wasdliged in glacial acetic acid (2 mL), Pd/C (30 %
Pd basis, 5.30 mg) was added into the system amdected under H(4 atm.) for 24 h. After
filtration through Celite (eluent DCM) was perforthethe organic layer was washed with
NaHCG; sy dried over NgSQ,, filtered and concentrated vacuo Purification by silica gel for
flash column chromatography (pore 60A. 40-63 pm)OGHVIeOH (95:5-80:20 v/v) gave methyl
(1S,2R)-1-hydroxy-2-amino-cyclooctanecarboxylatg-92 (11 mg, 60%).IR vmax (neat): 3364
(O-H), 3298 (N-H), 2920 (C-H), 1731 (C=0), 1450182C-0), 1145 cih 'H NMR (400 MHz;
CDCly): 6 1.35-1.40 (2H, m, H-5); 1.40-1.56 (4H, m, H-4 ah®); 1.56-1.84 (6H, m, H-3, H-7
and H-8); 3.72 (1H, m, H-2); 3.79 (3H, s, CH€). *C NMR (50 MHz; CDCl53): 8 21.7 (CH, C-

5); 25.9 (CH, x 2, C-4 and C-6); 29.3 (GH 3, C-3, C-7 and C-8); 52.6 (GHCOQMe); 63.8
(CH, C-2); 77.4 (C, C-1); 176.0 (GCOOMe). HRMS [M+H] * m/z calcd. For CyoH,oNOs:
202.1438found 202.1439A = 0.5 ppm.

Entry 2:

In a dried vial for hydrogenation compourié#)-90 (19.50 mg, 0.05 mmol) was added and
connected to a high vacuum for 1h. After it wasdliged in EtOAc (1 mL), Pd/C (30 % Pd basis,
4.00 mg) was added into the system and connectddruth (4 atm.) for 16 h. After filtration
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through Celite (eluent DCM and MeOH) was perforntbe, organic layer was evaporated under
reduced pressure, diluted in DCM and washed witA®3; 4y dried over NgSO,, filtered and
concentratedn vacuo Purification by silica gel for flash column chratagraphy (pore 60A. 40-
63 pm) Hex/EtOAc (8:2-0:10 v/v) - CHZMeOH (8:2 v/v) gave compour(d)-92 (4.0 mg, 40%)
and methyl (§29-1-hydroxy-2N-a-methylbenzylamino-cyclooctanecarboxyldtg-93 (9.2 mg,
60%).

Michael Addition of lithium (R)-N-benzyl-Ne-methylbenzylamide to compound 84 and addition

of (+)-(2R,8aS)-D camphorsulfonyl oxaziridine ints:

Ph

Y
N  COOMe

COOMe COO—(CH,)5-CHy
Ph 7. OH wOH
1) Ph_,_ﬁlJPh, THF, -78°C
o 2) n-BuLi, 2 h. o
3) *(1S)-(+)-CSO, THF (6]
Q/O k/o QO
84 (104 95
Ca7H33NOs C15H2205
Exact Mass: 451,2359 Exact Mass: 282,1467
Mol. Wt.: 451,5546 Mol. Wt.: 282,3322
Table 21.
(R)-amide . (9-(+)-CSO
84 n-BulLi t (-)-94 95
Entr mL, e mg, eq)/THF
Y moEmL) | e mLeqy | M9 50 ) o) @)
1 590/10 | 01320/ 45,14 (137420071 44 14 5
2.0 2.0
5 s80/10 | 013200/ 44, 14 (187020071 44 2 3
15 15
3 480/1.0 | Q1330011 54508 (187420011 5, 15 4
15 15
4 1130715 | @3L30)/ 419 ,g| (3443007 |, 20 8
14 15
5 176.0/2.0 | (0523001 4 44 55 (730,307 4 8 2
30 3.0
6 1200/15 | (034.30)/1 5g, 5| (366.0,30)/ ;¢ 19 12
15 15
7 1200/15 | ©343)/ 1 g9, 55 (3440.28)7 1 38 9
15 28
8 1200/15 | ©343)/ | 594 25| (8210.26)/1 5, 38 9
1.3 26
9 120.0/15 (O'i“é?’)/ 0.94, 2.8 (272'20'22'2)/ 20 38 9

§ Temperature - 40°C
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Procedure:

Entry 1-9:

Following general procedure for the Michael additi@action, compoun8&4 was dissolved in
THF, (R)-N-benzylN-a-methylbenzylamine in THF and-BuLi (1.6 M) were added. After the
addition of the unsaturated compound, the reacttas stirred for 2.5 hours andSji(+)-(10-
Camphorsulfonyl) oxaziridine was added, previowibsolved in THF and transferred under Ar
atmosphere into the system, the reaction mixture stiared reaching r.t. Purification by silica gel
for flash column chromatography (pore 60A. 40-63) (Hex/EtOAc (95:5 v/v) — CHGIMeOH

(9:1 viv) gave the following compounds:

Methyl (1R,2RaR)-1-hydroxy-2N-benzylN-a-methylbenzylamino-5,5-ethylenedioxycycloocta-
7-ene-1-carboxylat€)-94; crystallized in a mixture Hex: ether (1:1 viwp 158-160°C;[u]2D°= -
5.11 € 0.97; CHCY); IR vmax(neat): 3427 (O-H), 2970 and 2943 (C-H), 1726 (C=0), 1g82D),
1123, 1100 and 1059 (C-O-C), 756 and 707 (=C-H).¢f NMR (400 MHz; CDCl,): & 1.41
(3H, d, J 7.0, N@Me); 1.76-3.16 (6H, m, H-3, H-4 and H-6); 3.62-3.6BH( d, Jas, 14,
CHACHgPh); 3.64 (3H, s, CORe); 3.93-3.98 (4H, m, OC}CH,0) and CH¢)); 4.19-4.23 (1H, d,
Jas, 14, CHCHgPh); 5.49 (1H, tJ 13.2, H-2); 5.55-5.61 (1H, ddd,11.6, 4.1 and 2.2, H-7); 7.05-
7.08, d,J 11.6, H-8); 7.04-7.37 (10H, nH-Ar). *C NMR (50 MHz; CDCl3): & 12.0 (CH,
N(a)Me); 22.4 (CH, C-4); 34.9 (CH, C-3); 35.4 (CH, C-6); 51.6 (CH, N-CH,); 52.4 (CH,
COOMe); 57.9 (CH, N¢)CH); 64.5 (CH, C-2); 64.5 (Cl OCH,CH,0); 64.9 (CH, OCHCH,0);
77.3 (C, C-1); 113.0 (C, C-5); 126.8-129.4 (CH x Af); 136.1 (CH x 2, C-7 and C-8); 140.5 (C,
Cpse CHPN); 142.5 (C, G, CHPH); 174.2 (C,COOMe). HRMS [M+Na] m/z calcd. for
CoH33NOsNa: 474.2251 found 474.2230A = -4.4 ppmR-X: See annexe G.

Butyl-1-hidroxy-5,5-ethylenedioxycycloocta-2,7-deeth-carboxylat®5; IR vmax (neat): 3464 (O-
H), 2958 and 2868 (C-H), 1726 (C=0), 1213 (C-O%7a@and 1041 (C-O-C) cf'*H NMR (400;
CDCl3): 6 0.92 (3H, tJ 7.4, (CH)3CHz3); 1.33-1.38 (2H, m, (Ch-CH,-CHj); 1.61-1.65 (2H, o)
6.6, -CH-CH,-CH,CHj); 2.65-2.67 (4H, dd) 8.4, 6.1, H-4 and H-6); 3.98 (4H, s, -B{£,0-);
4.18-4.21 (2H, tJ 6.6, COO-G®i,-); 5.73-5.81 (4H, m, H-2, H-3, H-7 and H-8JC NMR (50
MHz; CDCl3): 8 13.8 (CH, (CH,)3sCHs); 19.2 (CH); 30.7 (CH); 34.0 (CH x 2, C-4 and C-6);
64.8 (CH x 2, OCH,CH,0); 66.8 (CH, COCCH,-); 75.4 (C, C-1); 112.5 (C, C-5); 130.0 (CH x 2,
C-2 and C-8); 134.4 (CH x 2, C-3 and C-7); 174.9@OO-). HRMS [M+Na] m/z calcd. for
CisH20sNa: 419.2824found 419.2819A = -1.2 ppm.
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Deprotected reaction of the 1,3-dioxolane groupdompound(-)-94:

Ph> Ph>
>\N COOMe >\N COOMe
Ph /.\OH Entry 1: Acetone, H,0, PTSA, Ph /. \OH
r.t, 20 h.
Entry 2: Acetone, H,O, PTSA,
o 50°C, 60 h.
Lo o
(-)-94

Procedure:

Entry 1:

Compound(-)-94 (6.30 mg, 0.01 mmol) was dissolved in acetone [}, H,O (3 drops) ang-
Toluene sulfonic acid (catalytic amount) were adddw reaction mixture was stirred at r.t. for 20
hours. After, the residue was diluted in EtOAc, ek with NaHCQ (5%) and NaCls.) dried
over NaSQ, filtered and concentrateid vacuo *H NMR spectrum of the crude showed the

recovery of starting material.

Entry 2:

Compound(-)-94 (6.30 mg, 0.01 mmol) was dissolved in acetone [, H,O (6 drops) ang-
Toluene sulfonic acid (catalytic amount) were add&He reaction mixture was stirred and
refluxed at 50°C for 60 hours. After, the residueswliluted in EtOAc, washed with NaHE(3%)
and NaClsa) dried over NgSO,, filtered and concentrated vacuo 'H NMR spectrum of the
crude (1.2 mg) showed no reaction product or siguntnaterial, for this reason the inorganic layer
was acidified reaching pH = 6 and extracted withMD@he*H NMR spectrum of the crude from
the inorganic layer (2.0 mg) showed decompositiiothe starting material and also the hydrolysis

of the ester.

Hydrogenolysis reaction of compour(g)-94:

Ph Ph
>\N COOMe >\N COOMe HoN COOMe
Ph /.\OH Ph .\ OH . \OH
CH3COOH (giacial), Pd/C
+
Ho (4 atm.), r.t., 40 h.
(0] O (o]
k/O k/O k/o
(-)-94 (-)-96 (-)-97
C27H35NO5 C12H21NOs
Exact Mass: 453,2515 Exact Mass: 259,1420
Mol. Wt.: 453,5705 Mol. Wt.: 259,2988

In a dried vial for hydrogenation compourfg-94 (19.30 mg, 0.04 mmol) was added and
connected to a high vacuum for 1h. After it wasdliged in glacial acetic acid (1 mL), Pd/C (30 %
Pd basis, 3.0 mg) was added into the system antected under (4 atm.) for 40 hours. After
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filtration through Celite (eluent CGj@l/MeOH 8:2 v/v) was performed, the organic layesisw
evaporated under reduced pressure, diluted in DEadhed with NaHC@. dried over NgSO,,
filtered and concentrateth vacuo Purification by silica gel for flash column chratography
(pore 60A. 40-63 um) Hex/EtOAc (8:2 viv) - CHMIeOH (8:2 v/v) gave the following
compounds, due to the low amount, full charactéomacould not be performed for Methyl
(1S 2R,aR)-2-N-benzylN-a-methylbenzylamino-1-hydroxy-5,5-ethylenedioxycymttane 1-
carboxylatg-)-96 (2.0 mg, 11%).

Methyl (1S2R)-1-hydroxy-2-amino-5,5-ethylenedioxycyclooctanedrboxylate(-)-97 (5.0 mg,
48%). IR v (Neat): 3385 (O-H and N-H), 2943 and 2880 (C-H), 1726 (§=1224 (C-O), 1104
and 1056 (C-O-C) cth 'H NMR (200 MHz; CDCl5): & 1.68-2.05 (10H, m, H-3, H-4, H-6, H-7
and H-8); 3.2-3.4 (2H, broad singletHd; 3.79 (3H, s, CO®le); 3.88-3.94 (5H, m, H-2 and
OCH,CH,0). **C NMR (50 MHz; CDClj): & 17.5 (CH); 32.7 (CH); 35.0 (CH); 35.7 (CH);
38.5 (CH); 52.6 (CH, COQVe); 64.1 (CH, OCH,CH,0); 64.8 (CH, OCHCH,0); 77.2 (CH, C-
2); 82.2 (C, C-1); 111.4 (C, C-5); 175.8 @DOMe).

Weinreb ketone synthesis in compound 84:

COOMe CON-OMe

Me
CH3ONHCH3.HCI

n-Buli, THF, 1.5 h.

(0] (0]
(Lo Lo
84 98
C13H19NO4

Exact Mass: 253,1314
Mol. Wt.: 253,2943

Under Ar atmosphere, N,O-dimethylhydroxylamine logaioride (179.00 mg, 1.80 mmol) was
dissolved in THF (3 mL). At -78°@-BuLi (1.6 M., 2.25 mL, 3.60 mmol) was added and th
reaction system was stirred for 15 min. and afortother 15 min. After, the reaction system was
cooled down to -78°C and the unsaturated é€rn3.00 mg, 0.19 mmol) was added, previously
dissolved in THF (1 mL) and transferred under Am@sphere into the system, the reaction
mixture was stirred for 1.5 hours. The reaction \wasnched with NECI sa) (2 mL), extracted
with EtOAc, dried over N&O, and concentrateth vacuo Purification by silica gel for flash
column chromatography (pore 60A. 40-63 pm) CH@EOH (98:2 v/v) gave the carboxamiéig
(40.4 mg, 80%)IR vnax (neat): 2935 and 2888 (C-H), 1653 (C=0), 1373 (C-O), 1ahd 1047
(C-0O-C) cm*. 'H NMR (400 MHz; CDCl5): 8 1.73-1.84 (2H, m, H-4); 2.29-2.47 (4H, m, H-3 and
H-6); 3.19 (3H, s, Ne); 3.59 (3H, s, NM™e); 3.90-4.00 (4H, m, OB,CH,0); 5.74-5.85 (1H, ddd,
J 11.0, 8.3 and 8.3, H-7); 6.14-6.21 (2H, m, H-2 &h8). **C NMR (50 MHz; CDCl3): & 25.5
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(CH,, C-4); 31.8 (CH, C-3); 33.8 (CH, NMe); 36.8 (CH, C-6); 61.3 (CH, NOMe); 64.6 (CH x
2, OCH,CH,0); 108.5 (C, C-5); 129.0 (CH, C-7); 129.6 (CH, £-B33.2 (C, C-1); 135.1 (CH, C-
2); 171.0 (CCON). HRMS [M+Na] m/z calcd. for CzH1gNO4Na: 276.1206;found 276.1223A
= 6.2 ppm.

Weinreb ketone synthesis in compou(-94:

Ph Ph
) ) owe
)\N COOMe %N CON-p1e
Ph /. \OH Ph \OH
CH3ONHCH3.HCI
n-BuLi, THF, 2 h.
o o}
Lo (O
(-)-94

N,O-dimethylhydroxylamine hydrochloride (30.00 n0g30 mmol) was dissolved in THF (1 mL),
n-BuLi (1.6 M., 0.34 mL, 0.54 mmol) was added. Aftéhe unsaturated hydroxy-estge)-94
(15.00 mg, 0.03 mmol) was added, previously dissbim THF (0.5 mL) and transferred under Ar
atmosphere into the system, the reaction mixture st&red for 2 hours. The reaction was
quenched with NECI ) extracted with EtOAc, dried over P8O, and concentrateth vacuo

'H NMR spectrum of the crude showed the recovestating material.

Michael Addition of lithium (R)-N-benzyl-Ne-methylbenzylamide to compound 98 and addition
of (1S)-(+)-(10-Camphorsulfonyl) oxaziridine in sit

Ph

) OMe
CON\’OMe ¢ Ph)\N CON__

1 Ph HN_/Ph, THF, -78°C \\OH
2) n-BuLi, 2 h.

0 3) (18)-(+)-CSO, THF, 0

(o 78°C-rt, 17 h. (O

98 (199
C2gH3sN205

Exact Mass: 480,2624
Mol. Wt.: 480,5958

Following general procedure for the Michael additi@action, compoun@8 (30.00 mg, 0.12
mmol) was dissolved in THF (1 mL)R(-N-benzylN-a-methylbenzylamine (0.10 mL, 0.36 mmol)
in THF (1 mL) andn-BuLi. (1.6 M, 0.2 mL, 0.34 mmol) were added. Aftée addition of the
unsaturated compound, the reaction was stirre® fapurs and @-(+)-(10-Camphorsulfonyl)
oxaziridine (82.0 mg, 0.36 mmol) was added, preslypdissolved in THF (1 mL) and transferred
under Ar atmosphere into the system, the reactioune was stirred for 17 hours, reaching r.t.

Purification by silica gel for flash column chroragtaphy (pore 60A. 40-63 um) Hex/EtOAc (6:4
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viv) — CHCL/MeOH (1:1 v/v) gave recovery of starting mater@8 (16.1 mg, 53%) and
compound-)-99 (9.0 mg, 38%). Due to its low quantity and presewicenpurities it could not be
purified again for full characterization.

Michael Addition of lithium (R)-N-benzyl-Na-methylbenzylamide to compound 98:

) OMe
CON-OMe )\N CON_
\ 1 Ph*( Ph . Ph
) pN—/  THE,-78°C
2) n-Buli, 4 h.
) 0
Lo

e
98
Following the general procedure, compol@&i(16.10 mg, 0.06 mmol) was dissolved in THF (1
mL), (R)-N-benzyIN-a-methylbenzylamine (0.04 mL, 0.20 mmol) in THF (L)rand n-BulLi.
(1.6 M, 0.11 mL, 0.18 mmol) were added. After tligliion of the unsaturated compound, the

reaction was stirred for 4 hour$d NMR spectrum of the crude showed the recoverstafting

material.

Hydrogenolysis, deprotection and intramolecular &igation reaction of compound-)-94:

Ph
)\N COOMe )\NH COOMe HoN COOMe
Ph /. .OH PH
Entry 1 c.HCI, MeOH, Pd/C .
Ho (4 atm.), r.t., 24 h.
(0]
k/o MeO MeO
(-)-94 (-)-100 (-)-101
Ci19H27NO4 C11H1gNO4
Exact Mass: 333,1940 Exact Mass: 229,1314
Mol. Wt.: 333,4220 Mol. Wt.: 229,2729
Ph
MeOOC OH
)\N COOMe HoN COOMe =
Ph /. \OH
Entry 2 C.HC|, MeOH, Pd/C +
Ho (4 atm.), r.t,, 70 h. 5
(0]
k/o MeO \\\OH
()94 (-)-101 (-)-102
C12H21NOs

Exact Mass: 259,1420
Mol. Wt.: 259,2988

Procedure:

Entry 1:

Compound(-)-94 (102.0 mg, 0.23 mmol) was measured and dissolwddeOH (10 mL), Pd/C
(30 % Pd basis, 20.5 mg) and HCI c. (37%, 8 dreyse added into the system and connected
under H (4 atm.) for 24 hours. After filtration through e (eluents EtOAc and MeOH) was

performed and the combined organic extracts evégayraliluted in DCM, washed with NaOH
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1M., dried over Ng5Q,, filtered and concentrated vacuo Purification by silica gel for flash
column chromatography (pore 60A. 40-63 um) EtOAGM) CHCL, CHCE/MeOH (1:1 - 0:10

v/v) gave the following compounds:

Methyl (1S 2R,5R,0R)-2-N-a-methylbenzylamino-5-methoxy-9-oxabicyclo[3.3.1]aoe-1-
carboxylate(-)-100(11.8 mg, 17%)*H NMR (200 MHz; CDCl3): & 1.25 (3H, d,) 6.6, Cf)-Me);
1.36-2.24 (10H, m, H-3, H-4, H-6, H-7 and H-8); B(LH, m, H-2); 3.17 (3H, s, COa¥); 3.67
(1H, g,J 6.6, GH(w)); 3.80 (3H, s, COIe); 7.20-7.36 (5H, mH-AT).

Methyl (1S 2R5R)-2-amino-5-methoxy-9-oxabicyclo[3.3.1]Jnonane-1lbmylate (-)-101 (21.3
mg, 44%);[a]2D°= -9.85 € 1.02; CHCY}); IR vmax (neat): 3383 (N-H), 2951 (C-H), 1731 (C=0),
1288 (C-0), 1129, 1068 and 1041 (C-O-C)’ctii NMR (400 MHz; CDCl3): 8 1.65-2.21 (10H,
m, H-3, H-4, H-6, H-7 and H-8); 2.38 (2H, broadgét, NH,); 3.20-3.25 (1H, m, H-2); 3.38 (3H,
s, CQMe); 3.77 (3H, s, CO®Ie) . *C NMR (50 MHz; CDCly): & 19.8 (CH); 24.5 (CH); 29.3
(CH,); 31.3 (CH); 32.8 (CH); 49.1 (CH, COMe); 51.6 (CH, C-2); 52.7 (CHCOQMe); 81.2 (C,
C-1); 98.0 (C, C-5); 174.2 (@OOMe). HRMS [M+H] * m/z calcd. for C;;H,NO,: 230.1387;
found 230.1392A = 2.2 ppm.

Entry 2:

Compound-)-94 (72.2 mg, 0.16 mmol) was measured and dissolvéte®H (15 mL), Pd/C (30 %
Pd basis, 20.6 mg) and HCI c. (37%, 6 drops) wdded into the system and connected under H
(4 atm.) for 70 hours. After filtration through @el(eluent CHCI/MeOH 8:2 v/v) was performed
and the combined organic extracts evaporated,edilit DCM, washed with NaOH 1M., dried
over NaSQ,, filtered and concentrateith vacuo Purification by silica gel for flash column
chromatography (pore 60A. 40-63 um) CH®IeOH (10:0-9:1 v/v) gave Methyl §2R 5R)-2-
amino-5-methoxy-9-oxabicyclo[3.3.1]nonane-1-carbdatgy (-)-101 (16.1 mg, 44%) and
(1R,2R 59)-methyl-2-hydroxy-6-(2-hydroxyethoxy)-9-azabicypl®.1]nonane-2-carboxylate-)-
102 (8.0 mg, 19%)JR vnax (neat): 3375 (N-H, O-H), 2947 (C-H), 1739 (C=0), 1388, 11ahd
1037 (C-O-C) ci.'H NMR (200 MHz; CDCly): & 1.75-2.15 (10H, m, H-3, H-4, H-5, H-7 and
H-8); 3.68-3.72 (3H, m, H-1 and OGEH,OH); 3.78 (3H, s, COMe); 3.80-3.85 (2H, m,
OCH,CH,0H). **C NMR (50 MHz; CDCl3): 8 20.0 (CH); 24.5 (CH x 2); 32.1 (CH x 2); 52.8
(CH;, COQMe); 63.2 (CH, O-CH,-CH,-OH); 64.6 (CH, O-CH,-CH,-OH); 76.6 (CH, C-1); 92.4
(C, C-2); 98.1 (C, C-6); 174.0 (COOMe).HRMS [M+H] * m/z calcd. for C;,H,,NOs: 260.1493;
found 260.1504A = 4.2 ppm.
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Protection reaction with Di-tert-butyl dicarbonatef compound(-)-101

(0]
HoN COOMe O>\\NH COOMe
Boc,0 7<
THF, rt., 3 h.
MeO MeO
(-)-101 (-)-103
C16H27NOs

Exact Mass: 329,1838
Mol. Wt.: 329,3887

Under Ar atmosphere compoug-101 (16.00 mg, 0.07 mmol) was dissolved in THF (0.5)mL
Boc,O (17.50 mg, 0.08 mmol) was added previously digbin a minimum quantity of THF (0.5
mL) and the reaction system was stirred at r.t. Johours. After, the reaction mixture was
quenched with NaHCO5% (1 mL), extracted with EtOAc, washed with Na&l) and KCO;
10%, filtered and concentrateth vacuo Purification by silica gel for flash column
chromatography (pore 60A. 40-63 um) Hex/EtOAc (6:4:5 v/v) gave the protected compound
(-)-103 (10 mg, 43%)]R vmax (neat): 3368 (N-H), 2951 (C-H), 1743 (C=0), 1712 (C=0)492
(C-0), 1172 and 1048 (C-O-C), 998 ¢tmH NMR (200 MHz; CDCly): & 1.61 (9H, s,
COOC(MHy)3), 1.66-2.13 (10H, m, H-3, H-4, H-6, H-7 and H-8)37 (3H, s, C®le); 3.73 (3H, s,
COOMe); 4.07 (1H, ddd,) 8.8, 5.0 and 3.8, H-2); 4.40 (1H, 89.6, N-H)**C NMR (50 MHz;
CDCly): & 19.9 (CH); 24.9 (CH); 27.9 (CH); 28.5 (CH x 3, COOCCHs3)3); 31.6 (CH); 32.4
(CHp); 49.1 (CH, COMe); 50.8 (CH, C-2); 52.9 (CH COQMe); 77.4 (C, C-5); 79.9 (C,
COOC(CHy)3); 97.8 (C, C-1); 155.1 (GZOOC(CH)3); 172.5 (C,COOMe).HRMS [M+Na] m/z
calcd. for C;gH,sNOgNa: 352.1731found 352.1748A = 4.8 ppm.

Reaction of compound-)-101with LDA:

H,N  COOMe COOMe
; L 'OH
1) (Pr),NH , -78°C
e 2) n-Buli, 2 h.
MeO MeO

(-)-101

In a dry flask and under Ar atmosphere was addediRA (0.01 mL, 0.06 mmol) and dissolved
in THF (0.3 mL). After, the system was cooled daen78°C andh-BuLi (1.6 M, 0.03 mL, 0.05
mmol) was added and stirred for 15 min., after wagmp to 0°C for other 15 min. The system
was cooled down to -78°C again and compo(@id01 (10.0 mg, 0.04 mmol) was added and
stirred for 2 hours. The reaction mixture was qhedcwith NHCI ) (5 mL), extracted with
EtOAc, washed with D and NaCls,;, dried, filtered and concentratédvacuo After the crude
was dissolved in DCM and washed with Citric aciddl@nd NaHC@ dried, filtered and
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evaporated under reduce pressure. *HhédMR spectrum of the crude showed the recovery of

starting material.

Opening reaction of the epoxide in compoufd-103and(-)-10L

BocHN  COOMe H,N  COOMe
Entry 1 TMSOTf
4A mol. sieves, DCM,
0.5h.
MeO MeO
(-)-103 (-)-101
H,N  COOMe COOMe
'OH
Entry 2 TMSOTf
4A mol. sieves, DCM,
0.5h.
MeO MeO
(-)-101
Procedure:
Entry 1:

Compound(-)-103 (10.00 mg, 0.03 mmol) and 4A molecular sieves w8 mg) in DCM (0.3
mL) and Trimethylsilyl trifluoro-methane sulfonat@.01 mL, 0.03 mmol) was added dropwise at
r.t. After being stirred for 30 min, the mixture svaguenched with NaHGQs, diluted with
EtOAc, filtered through a Celite pad. After sep@rmatof the organic layer, the aqueous layer was
extracted with EtOAc and washed with brine. The lbm®d organic layers were dried and
concentratedn vacuo The 'H NMR spectrum of the crude showed as the only yebd
unprotected-)-101

Entry 2:

Compound-)-101(10.00 mg, 0.04 mmol) and 4A molecular sieves mawd2 mg) in DCM (0.4
mL) and Trimethylsilyl trifluoro-methane sulfonai@.02 mL, 0.08 mmol) was added dropwise at
r.t. After being stirred for 30 min, the mixture svaguenched with NaHGQs, diluted with
EtOAc, filtered through a Celite pad. After sep@rmatof the organic layer, the aqueous layer was
extracted with EtOAc and washed with brine. The lbm®d organic layers were dried and
concentratedn vacuo The'H NMR spectrum of the crude showed the recovengtafting

material.
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Protection reaction with Chloro methoxymethyl of mpound(-)-94:

Ph

pu
N  COOMe

Ph WOH

Ph

Y
N  COOMe

Ph . .\OMOM
MOMCI, Nal, DIPEA

DME, 85°C, 12 h.

(6]
(0

()94

(0]

(0
(-)-104

Ca29H37NOs

Exact Mass: 495,2621
Mol. Wt.: 495,6072

A mixture of Nal (45.00 mg, 0.30 mmol) and MOMCI3(80 mg, 0.41 mmol) in DME (0.5 mL)
was stirred for 10 min. at r.t. Then a solutiontleé¢ alcohol(-)-94 (38.00 mg, 0.08 mmol) and
DIPEA (0.08 mL, 0.44 mmol) in DME (1.0 mL) were adbland the reaction system was stirred
for 1 hour at r.t. and for an additional 12 hoursler reflux at 85°C. The reaction mixture was
quenched with N&LO; (sar) (2 mL), washed with FD (1 mL) and extracted with DCM (4x). The
combined extracts were washed with brine, dried@mtentratedh vacuo Purification by silica
gel for flash column chromatography (pore 60A. &0pam) Hex/EtOAc (9:1 — 1:1 v/v) gave a
pure fraction with the protected compoupd104 (0.7 mg, 0.3%) and two fractions more with the
reaction product and impurities (24 mg). It wasmiited other flash column chromatography but
polar impurities could not be removed. Due to the& buantity of the protected product it could

not be characterized.

Addition of lithium (R)-N-benzyl-Ne-methylbenzylamide to compound 84:
Ph

pu
N  COOMe

COOMe
P
1) Ph_H(Nj’h, THF, -78°C -
+ .
2) n-BuLi
0 o
Lo e
84 (9-105
Co7H33NO,
Exact Mass: 435,2410
Mol. Wt.: 4355552
Table 22.
84 (R)-1 n-BuLi 1.6 M. | THF t _ Yield
Entry (mg, mmol) | (mL, mmol) | (mL, mmol) (mL) | (hours) (-)-105:S.M. (%)
1 136.00, 0.61| 0.77 mL, 3.70 2.20, 3.50 1.5 2.5 25:1 43
2 184.00, 0.82| 1.00 mL, 4.90 3.00, 4.80 2.0 2 3:1 60
3 209.00,0.93 1.20mL,5.60 3.40 mL, 5.40 2.0 2 013 50
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Procedure:

Entry 1-3:

Following general procedure for the Michael additieaction, compound4 was weight for every
entry and the quantities ofRY-N-benzylN-a-methylbenzylamine, THF and-BuLi were
calculated. After the addition of the unsaturatethpound, the reaction was stirred at -78°C for
the respectively times shown in the table. Due thatreaction product cannot be purifieid
column chromatography the yields were calculateddieytification of the reaction product from

the'H NMR spectrums from the crudes.

Hydrogenation reaction of the mixture of compoun@9-105and 84

Ph Ph

)\N COOMe COOMe )\N COOMe )\NH COOMe

Ph PH Ph

EtOAc (dry)s PtO,
+ _ > +
Ho, r.t.

o) o} o} 0
Lo Lo Lo Lo
(-)-105 84 (-)-106 ()-107
Ca7H35NO4 CaoH29NO4
Exact Mass: 437,2566 Exact Mass: 347,2097
Mol. Wt.: 437,5711 Mol. Wt.: 347,4486
COOMe
+
o
k/o
108
C12H2004
Exact Mass: 228,1362
Mol. Wt.: 228,2848
Table 23.
S.M. (crude) EtOAC PtO, t (-)-106 (-)-107 o
Entry | < (mg, mmol) (mL) (mg, mmol) | (hours) (%) (%) 108 (%)

1 161.30, 0.37 15 82.00, 0.36 2.5 40 - 20

2 250.00, 0.57 15 127.00, 0.56 19 39 1 13
Procedure:
Entry 1-2:

Following general procedure for a hydrogenatiorctiea, the crude from the previous reactions
were dissolvedn EtOAc, PtQ was added and stirred undes &tmosphere at r.t. for different
periods of time. Purification by silica gel for $ka column chromatography (pore 60A. 40-63 pum)
Hex/EtOAc (98:2 — 0:100 v/v) gave the following gooounds:
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Methyl (1S2R,aR)-2-N-benzylN-a-methylbenzylamino-5,5-ethylenedioxycyclooctane-1-
carboxylate-)-106. '"H NMR (200 MHz; CDCl3): 5 1.30 (3H, d,) 6.6, C)Me); 1.40-2.04 (10H,
m, H-3, H-4, H-6, H-7 and H-8); 2.52-2.65 (1H, m1} 3.46 (3H, s, COMe); 3.58 (1H, m, H-2);
3.68 (1H, AB,Jas 9.0, NCHACHgPh); 3.84 (1H, AB,Jas 9.0, NCH,CHgPh); 3.91 (4H, m,
OCH,CH,0); 3.99 (1H, gJ 5.4, Cf)H); 7.18-7.41 (10H, m, H-Ar).

Methyl (1S2R,aR)-2-N-a-methylbenzylamino-5,5-ethylenedioxycyclooctaneatboxylate (-)-
107.*H NMR (200 MHz; CDCly): & 1.29 (3H, d,J 6.8, C{)-Me); 1.39-2.05 (10H, m, H-3, H-4,
H-6, H-7 and H-8); 2.63 (1H, m, H-1); 3.48 (3HCHOMe); 3.66 (1H, m, H-2); 3.84-3.93 (5H, m,
N-C(a)H and OGH,CH,0); 7.18-7.36 (5H, nti-Ar).

Methyl 5,5-ethylenedioxycyclooctane-1-carboxyla@8 IR v (neat): 2939 (C-H), 1731 (C=0),
1164, 1118 and 1044 (C-O-C) ¢mH NMR (200 MHz; CDCl5): 5 1.13-2.04 (12H, m, H-2-H-4
and H-6-H8); 2.51-2.57 (1H, m, H-1); 3.65 (3H, £@Me); 3.90 (4H, s, COO(8,),). °C NMR
(50 MHz; CDCl3): 521.5 (CH x 2, C-3 and C-7); 30.6 (G 2, C-2 and C-8); 35.1 (G 2, C-
4 and C-6); 42.5 (CH, C-1); 51.7 (gHCOMe); 64.3 (CH, OCH,CH,O); 64.4 (CH,
OCH,CH,0); 112.0 (C, C-5); 177.6 (GGOOMe). HRMS [M+Na] m/z calcd. for CyH,00.Na:
251.1254found 251.1263A = 3.6 ppm.

Deprotected reaction of compound 108:

COOMe COOMe

¢.HCl, MeOH, Pd/C
Ha (4 atm.), rt., 24 h.
0

[0 0
108 109
C1oH1603
Exact Mass: 184,1099
Mol. Wt.: 184,2322

Compoundl08 (20.00 mg, 0.09 mmol) was dissolved in MeOH (2 nRJ/C (30 % Pd basis, 5.0
mg) and HCI c. (37%, 2 drops) were added into yfstesn and connected undey (4 atm.) for 24
hours. After filtration through Celite (eluents DCathd MeOH) was performed and the combined
organic extracts evaporated, diluted in DCM, washigd NaOH 1M., dried over N&Q,, filtered
and concentrateth vacuo Purification by silica gel for flash column chratography (pore 60A.
40-63 um) Hex/EtOAc (98:2 — 0:100 v/v) gave recgwalr starting material 08 (2 mg, 10%) and
methyl 5-oxo-cyclooctane-1-carboxylat89 (4 mg, 31% )IR vmax(neat): 2943 and 2862 (C-H),
1735 (C=0), 1701 (C=0), 1450, 1168 (C-O)tA NMR (200 MHz; CDCl3): & 1.21-2.37 (12H,
m, H-2-H-4 and H-6-H-8); 2.54-2.66 (1H, m, H-1)63.(3H, COMe). *C NMR (50 MHz;
CDCl3): 624.7 (CH x 2, C-3 and C-7); 30.4 (Gkk 2, C-2 and C-8); 42.2 (GH 2, C-4 and C-6);
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42.5 (CH, C-1); 51.9 (CEICOQMe); 176.9 (C.COOMe); 178.0 (C, C-5HRMS (Na) m/z calcd.
for C10H1603Na: 207.0992found 207.0976 A = -7.7 ppm.

Reaction of compound 108 with LDA and addition ohBeCl in situ:

COOMe COOMe

, L'SePh
1) (Pr),NH , THF, -78°C

2) n-Buli, 1 h.
0 3) PhSeCl, THF, -78°C - r.t 0
, THF, 1. Co
108 110
C18H24O4Se

Exact Mass: 384,0840
Mol. Wt.: 383,3408

DIPA (0.01 mL, 0.10 mmol) was added and dissolved HF (1 mL). The system was cooled
down to -78°C ana-BulLi (1.6 M, 0.06 mL, 0.10 mmol) was added andrsd for 15 min, after
warming up to r.t. and stirred for other 15 mineT¢ystem was cooled down to -78°C again and
compoundl08 (17.2 mg, 0.08 mmol) was added previously dissbiweTHF (1 mL) and stirred
for 1 hour. After, PhSeCl (20.00 mg, 0.10 mmolkdised in THF (1 mL) was added, the reaction
was stirred until the system reached r.t. The r@aanhixture was quenched with NaHg6%,
extracted with BED, washed with NaCl,, dried, filtered and concentratedvacuo Purification

by silica gel for flash column chromatography (p6@&. 40-63 um) Hex/EtOAc (95:5-80:20 v/v)
gave methyl 1-(phenylselenyl)-5,5-ethylenedioxytopctane-1-carboxylatel0(11 mg, 29%).

Elimination reaction of the fragment —SePh:

COOMe COOMe
{:SePh

Ha0,, THF
0°C - 25°C
(0]
Lo Lo
110 111

C12H1804
Exact Mass: 226,1205
Mol. Wt.: 226,2689

Compoundl10(11.00 mg, 0.03 mmol) in THF (1 mL) at 0°C was edidropwise KO, (30% w/v
ag., 0.02 mL, 0.12 mmol). The resulting yellow sion was stirred at 0°C for 5 min, and after at
r.t. for 1 hour. Diluted with EO, and washed with 4@ and NaClsa, The organic layer was dried
over NaSQ, filtered and concentrateith vacuo Purification by silica gel for flash column
chromatography (pore 60A. 40-63 pm) Hex/EtOAc (98:80:20 v/v) gave (E)-methyl 5,5-
ethylenedioxycycloocta-1lene-1-carboxyldtel (7 mg, 100%)*H NMR (200 MHz; CDCls): &
1.56-2.01 (8H, m, H-4, H-6, H-7 and H-8); 2.29-2(2#1, m, H-3); 3.73 (3H, s, COOMe); 3.89-
3.92 (4H, m, OEl,CH,0); 7.09 (1H, tJ 7.5, H-2).

271



Experimental section

Hydrogenolysis and deprotected reaction of compo(#)el06

Ph

%N COOMe >\NH COOMe MeOOC
Ph Ph
c.HCI, MeOH, Pd/C
PR TR . +
Ho (4 atm.), r.t., 24 h.
(0]
k/o (0] O\\\
(-)-106 (-)-112 ()-113 OH
C18H25N03 C12H21NO4
Exact Mass: 303,1834 Exact Mass: 243,1471
Mol. Wt.: 303,3960 Mol. Wt.: 243,2994

Following previous procedure, compou@it106 (54.00 mg, 0.12 mmol) was dissolved in MeOH
(5 mL), Pd/C (30 % Pd basis, 13.0 mg) and HCI 2%34 drops) were added into the system and
connected under H4 atm.) for 24 hours. After filtration through IZe (eluents DCM and MeOH)
was performed and the combined organic extractparated, diluted in DCM, washed with
NaOH 1M., dried over N&Q,, filtered and concentratad vacuo Purification by silica gel for
flash column chromatography (pore 60A. 40-63 pum)x/BEDAc (98:2 — 0:100 v/v) —
CHCI/MeOH (90:10 v/v) gave the following compounds:

Methyl (1S2R,aR)-2-N-a-methylbenzylamino-5-oxo-cyclooctane-1-carboxylgtg-112 (5 mg,
14%);[a]%0 = + 15.8 ¢ 0.33; CHCY); IR vmax (neat): 3356 (N-H), 2951 (C-H), 1731 (C=0), 1695
(C=0), 1167 (C-O), 1095, 698 (C-H, Ph)trtH NMR (200 MHz; CDCl,): & 1.22-1.26 (3H, d)
6.6, C)Me); 1.29-2.49 (10H, m); 2.61-2.74 (1H, m, H-1); 3880 (1H, m, H-2); 3.69 (3H, s,
COOMe); 3.80 (1H, gJ 6.6, GH(w)); 7.22-7.32 (5H, mH-Ar). *C NMR (50 MHz; CDCl5): &
24.0 (CH); 24.4 (CH, N(@)Me); 27.8 (CH); 29.5 (CH); 40.8 (CH); 41.3 (CH); 47.3 (CH, C-1);
51.8 (CH, COOMe); 56.6 (CH, CH¢)N); 57.0 (CH, C-2); 126.6, 127.1 and 128.6 (CH,%5m,
p-Ph); 146.8 (C, Gs); 175.5 (C,COOMe); 194.4 (C, C-5)HRMS [M+H] " m/z calcd. for
C1gH26NO3: 304.1907found 304.1912A = -1.2 ppm.

(1R,2S,6S)-methyl 6-(2-hydroxyethoxy)-9-azabicyclo[4]Bonane-2-carboxylaté)-113 (8 mg,
27%),[0]20= + 14.1 € 0.49, CHCY); IR vma(neat): 3364 (O-H, N-H), 2928 (C-H), 1728 (C=0),
1438, 1023, 1172 and 1091 (C-O-C)triH NMR (200 MHz; CDCly): & 1.48-2.17 (10H, m);
2.32-2.52 (1H, m, H-1); 3.20-3.50 (broad band frdvvH and O-H); 3.60-3.68 (4H, m,
OCH,CH,OH); 3.69 (3H, s, COMe); 3.74-3.81 (1H, m, H-2$°C NMR (50 MHz; CDCl5): &
21.8 (CH); 27.0 (CH); 31.3 (CH); 31.8 (CH); 41.8 (CH); 52.1 (CH, C-2); 52.2 (C5§ICOQVie);
56.2 (CH, C-1) 62.9 (Ckl OCH,CH,OH); 64.4 (CH, OCH,CH,OH); 96.5 (C, C-6); 176.1 (C,
COOMe).HRMS [M+H] * m/zcalcd. for CH,,NO,: 244.1543found 244.1555A = 4.9 ppm.
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13C NMR assignation

1. Starting materials and products from

aminocyclooctanecar boxylic acid:

the asymmetric synthesis of (1S2R)-2-

1215 173.0
O Me;SiO CN COOH
564 2 1 %64 551 9 q 551 s e 4 564 1303 1 1310
235 4 g 285 219 5 g 219 235 5 g 235 1368 5 g 28
28.0 4 7 28.0 21.9 4 7 21.9 28.0 4 7 28.0 124.0 4 7 256
1287 5 6 1287 551 5% 6 s5.1 12867 5 6 1287 2585 6215
1 2 3 4
28.2 28.2
173.0 166.0 80.1/ 166.6 80.1/ 163.9 79.9 /
wo COOH COO-C—282 s COO-C—282 .5 COO-C—284
. . 141,
1 4 1293 1359 o 1 4310 282 11318 g2 11350 284
, 28.4 293
284 3 g 1339 1354 4 8 23 3 8 1308 3 8 294
. 224 .
25 4 7 1225 1245 4 7 2ar 4 7 1237 6.1 4 7 266
265 6 22 2635 6 219 295 623 249 5 6 255
5 6 7 11
126.5-129.9 (CH x 10); 126.5-128.3 (CH x 10); 126.5-128.2 (CH x 10);
141.9 and 144.1 (C) 143.2 and 144.0 (C) 1432 and 145.3 (C)
132 PN 27.9 207 Ph 28.4 170 PN 28.2
51,? 174.9 80.0/ 50,9 1731 go5 51,9\ 176.3 go.2
pra7N  COO-C—27s phasN  COO-C—2s4 pra7N  COO-C—2s2
56.5 2 1 535 279 65.8 2 1 481 284 54.8 2 1 497 282
1206 3 8 75 275 3 8 1286 206 3 8 25
1280 4 7 s 2.3 4 7 1264 283 4 7 21
306 5 6 301 2735 6 302 2618 6 23
12 13 14
246 28.4 28.3
176.3 805 1756 0.4 1776
12681288 (CHxS): ) 27 NH  COO-C— 284 H,N  COO-C—283 H,N  COOH
1465 (€ x1) 554 2 1467 ‘284 517 2 1476 ‘283 509 2 147
323 3 8 75 338 3 8 282 287 3 8 %5
271 4 7 %0 27 4 7 259 2.0 4 7 257
2555 6 38 2385 6 235 23085 6 244
15 16 17
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1.1 Products from the

reactivity

of tert-butyl (1S.2R,aR)-2-N-benzyl-N-a-

methylbenzylamino-cyclooct-3-enecar boxylate 12:

23.6

1736 801/
NH COO-C— 281
126.6-128.4 (CH x 5) Ph 2 1
145.9 (C x 1) 4 209
132.8 3 8 28.6
1300 4 7 257
208 5 6 272
18
104 QO
171.6, 24.4
544} N173.8CO0-C—28.1
12691286 (CHx5) Ph, , 2 1519
141.9(C x 1)
1308 3 8 3502
1273 4 7 2538
306 5 6 2609
21

518 1739 806/
— 283
128.5 (CH x 5) Phgg\NH COO0-C
1316 (Cx 1) 1523
1274 3 8 29
1271 4 7 26

3005 6 273
19

18.4 0

171, (»\22 4 02/
63.4, N 173. 9COO C—282
128.8-129.1 (CHx 5) ppy

3
139.0 (C x 1) 57.8 447
2026 QHC 4 2,
1989 QHC 5 55
4377 6 23

22

1.2 Products from thereactivity of tert-butyl cycloocta-1,3-diene car boxylate 6:

|79.7

1663 lso7 1661 lgos 165.6
1322 COO-C—280 1407 COO-C—283 1376 COO-C—281
<2 1 a7 \ 753 2 1 81.4 2 1
586 g 137.7 HO3 133.9 03 1336
o 8282 744 4 8324 1os.>< 8278
5404 T ars HO™ 7204 %9 04 7202
2755  Bo45 2725 6256 8045 6546
27.8
(+)-23 (¥)-25 (*)-26
2% Ph
126.1-1200(CHx10) = | ras ~ 134
1438 (C x 1 4/ 1785 rer 0
1457( ’ )Ph@Neas COO-C—293 127.4-128.7 (CH x 10)
©x1 1 o 8 -Ph
272 A 494 338 /a1 /5. 139.5 (C x 1)
O,,, 3 246 3 20 1 N _Phiusscx
106.5 316 4 50.3
7 227 9683
%8 074 240 6 OH
8125 6 914 289779 10501
254
29
27
41 Ph
127.4-1314 (CHX10) T oo )
1326 (Cx1) _, 176.6
1417 cx 1) P27 N627 COOH
80. 5 .
27. 2 3 116
107 4 8314
266 7232
80 25 6221
30
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2. Approximation to the synthesis of Tashiromine:

2.1 Productsfrom thereactivity of 1,2-epoxicyclooct-5-ene 1.

55.4 2 1554

O
544 5 )7\ g 544
23.1
227 27 ’5 1
312 31.2 3 A '
7T'4 > {77 771 774
18.1 | 18.1 o.__0O

lye.
25.9—(|_;—s||/0 O\Sll—(i?— 259 279 %&§ 254

54.2 5 O 6 542
2644 7 26.4
221 3 8 22.1

W\ 02 1O l(/)
20.8/0/ 76.1 \C\ZO_S

(#)-32 (4)-33 ()-34
o 0.20 121.0
h 4.8 1228 20
o-C MezSiO  CN Me3SiO  CN
N 7439y 34389 714231389
30.9 30.9 325 208
30.9 309 253 28.1
o4 7|6'6 5 6 771018 o 7755, 6 757
e 261—C-8i-O  O~§ji-C—26.1 O)<O
7 o [\ 2827077 253
(0] 43 46
35 (2)-37 (2)-38
0.42 1162 1677 616
MesSiQ Ol s coo” O
ee8 —1" “ 2= 1186 1427 2—L 1340
305 28.8 334 338 3338 34.0
23.3 27.1 213 24.1 21.0 o7
.8 67 259 7|6.3 6 7e.r 25.9 %58 7|7_0 ¢ 77'F 258
18.1 o wai__ /81
0.0 %Sl*' °© 0 Sll% 1%7&/0 O-si
285707 0258 1o 504 | |
4. : 470 497
(£)-39 41 42
167.1 168.5 121.8
COOMeso0.7 1417 COOMe 522 HO CN
1413 2= 1346 2_ 130 706 2)—1 388
342 34.4 286 285 233 289
212 228 221 243 30.1 322
25.9 7|7.7 677 25.9 77908 6 753 769 5 6 758
18\ Qs . fs2
Si-O O\S|4é (6] (0] O (0]
4|6 _4| . 283 %& 256 28.1 1)03 253
43 47 (2)-49

2.2 Products from thereactivity of 2-trimethylsiloxi-cycloocta-5-enecar bonitrile 3:

120.2 121.0
MesSiO  CN MesSiO  CN
soe 2—L1 364 700 2—41 38
319 218 334 226
23.9 26.2 25.0 26.5
5445 Y 6 55.1 5505 03 557
(#)-51a (£)-51b
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3. Synthesis and reactivity of (1E,3Z)-tert-butyl and methyl 5-oxocycloocta-1,3-diene

carboxylate:

3.1 Starting materials:

165.5 1669  80.9 1634 g2/
Coosjé/ — 280 COO-C/— 283 684  COO-C—279
134.7 9 \ 135.6 AN 1 n \
1 1401 150.3
1358 3 8 : 134.8 3 28 314317
o8 7 4 1902
1336 4 723 1256 4 14.7 o)
5 63s5 5 6,70 2506 5757
O 2052 HQOss.1
56 57 60 279

3.2 Products from the reactivity of (1E,3Z)-tert-butyl 5-oxocycloocta-1,3-diene carboxylate

56:

456
21306 173.8 808/
0-5/| COO-C—27
272 7 43.5

36.8
20.38 4 3 NH

470550 \\Ph127.0-128.0 (CHx5)
50.6 139.7 (Cx 1)

63

456

2130 81738 808/
05 COO—C\—27.9

1657 809/ 1648 817/
COO-C— 280 COO-C— 281
1
1208 5 136.0 1206 1356
6 218 6 1206
1383 3 5 w0 1280 3 ) 5 1280
140.3
o6 1208 4] o
25.4 0 268
64 65
37.9

2130 8 1739 g0g/
0 5 C%O-C\— 28.0

4
37 272
72y 6.7 7 2 456
20.3 87 4 1o 203 8 4 3 NH
470 540 ‘Ph 520 459 08
127.0-128.0 (CH x 5) )
281 4397(Cx1) 196 101
(+)-68 (*)-69
1650 81.0/ 1734 812/
1440 CcO0-C— 280 #%  c00-C— 280
H 2 4 1344 \ H 2 /4 1344\
Ph—N 270 Ph—N
1185-113.3 (CHx5) 490 3 8 118.2-113.3 (CHx 5) 490 3 8 1365
1460(Cx1) 534 4 7 249 146.0 (Cx 1) 505 4 7 %6
210.0 50 6 412 2129 5 6 455
70 71
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3.3 Reactivity of the reaction products of (1E,3Z)-tert-butyl 5-oxocycloocta-1,3-diene

car boxylate:

168.0 826
O _.COO-C—281
52.0 61.6
2 6 211

1319 3 5 184

1437 4
197.2

253

66

1660 812/
COO-C—284

1 1506
6 1200
5 1250

129.9 2

1250 3
1318 4

HO 268
67

3.4 Synthesis of (1E,3E)-tert-butyl-4-br omo-5-oxocycloocta-1,3-diene car boxylate, products:

1375 1647 822/ 1655 g1/ 173.8 1656 82.0/
2 COO-C—282 1340 COO-C—=283 1411 OO C—282 COO- C—28.1
T2 2 1305 \ 1272 3
1358 3 g 1298 1817 4 1234
128.4
1321 4 7 131.4 5 g 14
6 47 198.4 7
205.8 44.4

73 74 75 76

3.5 Products from the reactivity of tert-butyl 4-oxo-9-oxabicyclo[3.3.1]non-2-ene-car boxylate

60:
1641 813,/
67.4 COO-C—283
8 q 1342\
oan T 9 1406
3 698
6
15.2 OH

278 5 4 660

77

164.1 81.1/
COO-C—283
67.6 g 1 1344\
oag T 9 1384
3 726
154 6 O-CH, _Pp 127:91287 (CHx5)

277 5 4 gg4 717 138.1(Cx 1)

78
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4. Approximation to the synthesis of Anatoxin-A, intermediates:

206.7 167.9
1437 COOH 1433 o COOMe 2.2
1 1685 250 11288
%23 8 128.1 ~3 8 1204
3814 7 1269 3164 71269
5 6440 0 5 6 36
O 1348 01083
64.7
83 84
128.0-128,6 (CHx10, Ar) 126.7-129.3 (CHx10, Ar)
206.9 - 12.1 142.0 and 144.0 (Cipso) Ph 141.1 and 143.9 (Cipso)
7, COOMes2s 1366, COOMes22 PLE 807175 4
‘2 1 1668 11336 54_3N COOMes51.8 o N COOMes1.4
%0 3 8 1079 1245 3 853 Ph 56.7 1526 Ph 57.7 J 491
' 1338 3 8207 1336 3 8271
383 4 7 1974 1346 4 7243 - :
5 6442 O™\ 5 6311 13164 7 202 1309 4 7185
O 1308 O108.7 O\ 5 6410 O\ 5 6390
65.0 O109.7 100.3
65.2 65.3
64.0 64.3
85 86 87 88
159 Ph 1‘212"1"12:'?;;:"‘;9' An 127.4-129.3 (CHx10, Ar) fy 12641292 (CHX10, A
>51';11:26 -4 (Cipso) 12,0 Ph>140.8 and 142.7 (Cipso) >141 7 and 144.3 (Cipso)
: 517 52.2
>5ﬁN COOMe 51.8 174.7 173.8
Ph> 11283 pH " aN 764COOMe 524 PH sesN,  COOMesi7
%8s 8 648 32— OH 623 22— 470
4793 138.8 3 8 3 8
. 7315 47.9 1345 479 129.4
27.6 '’SePh 4 7 4
0T 56351 1053 (CHxs) 245 1345 283 71316
01102 136.9 Cipso 2485 6261 2645 62938
85237
89 (-)-90 (+)-91
12681294 (CHX10, Ar)
N 1405 and 142.5 (Cipso) 174.9
176.0 516 754 , COO- CHZ'CHZ'CHZ'CHS
H,N 77.;1 COOMe526 =N 77sCOOMe 524 1300 2—OH 668 192" 13.8
63.8 'OH Ph s 12..0H 1300 3 8 1344
2033 8 203 3493 8 136.1 3404 7 1344
2594 7203 244 7 136.1 0 \5 8340
2175 6259 0] 05 6354 k/ 1125
113.0
e4.9k/ 648
64.5
(-)-92 (-)-94 95
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174.0
766 224 COOMes28
1710 oM 174.2 “1 2)..0H 155.1 172.5
1332 CON~“M€61.3 H,N  COOMes27 32.1 NH COOMes29
13519 1 516 8 245 0 978
338 ©2 1g12 709/~ 508 2—X1 7"
3183 8 3238 245 217 200 7< 324 24.9
’ 1206 ) ’ 245 28.5 ' '
2554 7 1290 29.3 19.8 o 6 08.1 ’ 316 19.9
(@) 5 6 36.8 5 31.3 5 27.9
01085 49.1MeO ~ %80 632 MeO ™ "™
64.0 64.6 OH 491
98 (-)-101 (-)-102 (-)-103
176.1
COOMes22
es51.7 : 175.2 :
306 125 304 5 COOMe 51.9 Pseé\NH COOMe s51.8 313 270
253 8'30,6 2474 d 425 126.6-128.6 (CHy3) 570 2 {473 31.8 218
4 7 o1s 8304 146.8 Cipso 295 27.8 6 48
35.1 0T, - iond 7 247 413 24.0 Q965
O1120 5 6400 5 408 62.9
64.4k/ O 1780 O 1755 64.4
64.3 OH
108 109 (-)-112 (-)-113
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TABIAS DE CORRELACIONES BIDIMENSIONALES
(Experiments 2D NMR)



Experiments 2D NMR

COO-C—
1
8
7
6
6
Table 24
C 6 °C DEPT HMQC HMBC
1 133.6 C 3
2 135.7 CH 6.92 (1H, s) 4,8
3 135.4 CH 5.69 (1H, m) 1,5
4 1245 CH 5.69 (1H, m) 2,6
5 29.8 CH 2.06 (2H, m) 3,7
6 21.9 CH 1.43-1.52 (2H, 4,8
m)
7 24.1 CH 1.43-1.52(2H, m) 5,CO0
8 26.3 CH 2.33 (2H, m) 2,6
COOC(CHy)s 166.0 C 2,8
COQC(CHs)s 79.9 C (CH)s
COOCCHa)s 28.2 CHx3 1.43 (9H, s) C(CHa)s
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Ph
Ph)\;\1> 0100-0—
3 8
4 7
5 6
12
Table 25
C 6 °C DEPT HMQC HMBC
1 53.5 CH 2.50 (1H, m) 2,3, 7
2 56.5 CH 3.85 (1H, m) CH(a)N, CHy(a)N
3 129.6 CH 6.05 (1H, ] 10) 5, GH(o)N
4 128.0 CH 5.80 (1H, m) 5
5 27.5 CH 1.92 (1F, m) 3,4,7
2.08 (1H;, m)
6 30.1 Ch 1.20-1.65 (2H, m) 5,8
7 25.8 Ch 1.20-1.51 (2H, m) 5,6,8
8 30.6 CH 1.22 (1h, m) 6,7
1.62 (1H;, m)
CH,N 51.7 CH 385 (IR, AB, Jpe 17.1) 2, CH(@)N, G,
4.10 (1H, AB, Jag 17.1)
CH(a)N 54.7 CH 4.25 (1H, q] 6.8) 2, CHy(o)N,
CH3(o)N 13.2 CH 1.45 (3H, dJ 6.8) CH(a)N
COOC(CHy); 174.9 C
COOC(CHs)s 80.0 C
COOC(CHs3); 27.9 CHx 3 1.37 (9H, m)
C i 141.9 C Go,m pr CH(@)N
C i 144.1 C GCo,m pr CH()N
Comp 126.5-129.9] CH x 10 7.30 (10H, m)
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/

>\NH COO-C—

Ph" oy /7 N\
3

8

4 7
5 6
18
Table 26
C 6 =C DEPT HMQC HMBC
1 50.9 CH 2.81-2.85 (1H, m); 2,8
3.68-3.72 (1H, dd] 8.8 and
2 52.4 CH 4, CH(a)N,
5.1)
3 132.8 CH 5.51-5.55 (1H, 4,10.5); 5
5.70-5.77 (1H, dd) 10.5 and
4 130.0 CH 2,6
8.0)
1.85-2.10 (2H, m, H-band
5 27.2 CH 6,7
H-5g)
1.28-1.35 (1H, m, H§;
6 25.7 CH 57,8
1.55-1.85 (1H, m, H-H
1.10-1.28 (1H, m, Hg);
7 28.6 CH 5,6,8
1.55-1.85 (1H, m, H-)
8 29.8 Ch 1.55-1.85 (2H, m, H-8) 6,7
CH(o) 54.7 CH 3.95-4.00 (1H, d,6.5) 2, CH , CHa(a)N
CHs(a)N 23.6 CH 1.31 (3H, d,) 6.5) CH(a)N
COOC(CH), 173.6 C 2
COQOC(CHy), 80.1 C COOC(€);
COOC(CH>); 28.1 CHx3 1.44 (9H, s);
C ipso 145.9 C Go.m p» CH(w)
Comp 126.6-128.4] CH x5 7.22-7.35 (5H, m, H-Ar). CH(a)
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- Ph
P p
8 yph Ph” N
Ol1 N._Ph g
4 8H — Ho,,,
5 % 10
29
Table 27
C 8 =C DEPT HMQC HMBC
1 41.8 CH 3.05 (1H, m) 2,8
2.02 (1H, m
2 33.8 CH ( ) 9
2.20 (1H;, m)
24.6 CH 1.50-1.70 (2H, m)
22.7 CH 1.20-1.30 (2H, m) 2
1.82 (1H,, m)
5 28.9 CH 4
1.91 (1K, m)
6 77.9 CH 4.63 (1H, td] 5.6, 3.0) 5, 10
7
8 174.8 CcO 9
9 59.1 CH 3.09 (1H, dd1 9.2 and 2.1) ()N
10 68.3 CH 3.94 (1H, dd1 9.2 and 5.6) 9
3.79 (1H, AB, Jug 14.4);
CH,-N 50.3 Ch ( e 14.4) CH(a)N
3.84 (1H;, AB, Jas 14.4)
CHZ(a‘)N1 G‘i:;((l)N,
CH(a)N 55.7 CH 3.97 (1H, q] 6.8)
9,CH,
CHa(a)N 13.1 CH 1.43 (3H, d,J 6.8)
C ipso 139.5 C G'z((l)N
CH o, m, ps CH3((X)N,
C ipo 143.8 C
CH(a)N
Comp 127.4-128.7, CHx 10 7.38 (10H, m)
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| 9 \6 |
S0 g

Table 28
C 6 =C DEPT HMQC HMBC
1 134.6 C
2 141.3 CH 6.91 (1H, 1 8.0)
2.63-2.75 (1H, m, H3
3 21.2 CH
1.76-1.89 (1H, m, H®
1.76-1.89 (1H, m, H-4)
4 34.4 CH
1.50-1.56 (1H, m, H+)
5 77.7 CH 3.89-3.94 (1H, m)
S|(CH3)2 -4.6 C"b X 2 0.15 (GH, S) Sl(eg)z
_ Si-C-(CH3)s,
Si-C-(CHa)s 18.2 Cx?2 _
Si(CHy),
Si-C-(CH3)3 25.9 (CH); x 3 1.02 (18H, s)
6 77.7 CH 3.89-3.94 (1H, m)
Si(CH»), -4.9 CHx 2 0.11 (6H, s)
2.08-2.10 (1H, m, H-)
7 34.2 CH
1.90-1.95 (1H, m, H)
2.45-2.51 (1H, m, H-8
8 22.8 CH H-2
1.76-1.89 (1H, m, H-§
COOMe 50.7 CH 3.49 (3H, s, CO@Ie)
COOMe 167.1 C COMe, H-2
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COOt-Bu
(3L,
60
Table 29
C 8 °C DEPT HMQC HMBC
1 68.4 CH 4.87 (1H, d15.2) H-3, H-5
2 150.3 C H-8
3 131.7 CH 6.87 (1H, s) H-1
4 199.2 C H-6
5 75.7 CH 4.23 (1H, 1 4.8). H-3, H-1
6 25.0 CH 1.71-2.08 (2H, m) H-1
7 14.7 CH 1.68 (2H, m, H-7) H-1, H-5
8 26.2 CH 1.71-2.08 (2H, m) H-5
COOC(CHy); 163.4 C H-3
COOC(MHz)s,
COQC(CHs)s 82.9 C
COOC(MtH3)s,”
COOC(CH3)3 27.9 (CH); 1.52 (CH x 3)
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Table 30
C 8 °C DEPT HMQC HMBC
landl’ 77.2 CHx?2 4.18 (2H, d 4.0) H-5, H-5°
2and2’ 211.3 Cx2 H-3, H-3°
3and3 54.6 CHx2 3.93 (2H, s) H-5, H-5
4 and4’ 51.6 Cx2 H-3, H-3"
5and5 74.5 CHx 2 4.25 (2H, d5.3). H-3, H-3
6and6’ 27.1 CH x 2 1.75-1.97 (4H, m) 7. :; 8,
7and7’ 16.8 CH x 2 1.48-1.65 (4H, m) L :; S,
8and8’ 29.1 CHx2 1.75-1.97 (4H, m)
COOC(CH); 169.4 Cx2 H-3, H-3°
COOC(GH3)s,
COQOC(CHs); 83.1 Cx?2
COOC(MHs)s,
COOC(CH.); 27.9 (CH);x 2 1.51 (CHx 6)
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/
COO-C—
\

7

Ph

H

Table 31
C 6 =C DEPT HMQC HMBC
1 435 C 2,6,8
1.40-1.69 (1H, m)
2 36.8 CH 1,3,6
2.23 (1K, ddd,J 12.2, 9.2, 3.3)
54.0 CH 3.17 (1H, dt, J 9.2, 3.3) 2,8, LN
47.0 CH 2.52 (1H, m) 7
213.0 C 3,4,6
2.35 (1H,, dd,J 18.3, 3.3)
6 45.6 CH 2,7
2.55 (1H, dd,J 18.3, 3.3)
27.2 CH 1.70-1.90 (2H, m) 2,4,6,8
8 20.3 CH 1.70-1.90 (2H, m) 7
3.70 (1H,, S, J 13.2)
CH,-N 50.6 CH 3, Ar-H
3.80 (1K, She, J 13.2)
COOC(CHy)s 173.8 [
COQOC(CH); 80.8 C (CH)s
COOC(CHs3)3 27.9 CHx3 C(CH3)s
C ipso 139.7 C CHN
C oo 128.4 CH 7.21-7.32 (2H, m) GN
C meta 128.4 CH 7.21-7.32 (2H, m) C para
C para 127.0 CH 7.21-7.32 (1H, m) C oo
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coo-c/—
\
2 6
3 5
4
o)
64
Table 32
C 6 °C DEPT HMQC HMBC
1 136.0 C 3,5
2 130.8 CH 7.02 (1H,8, J 6.0) 3,4,6,CO0
3 138.3 CH 6.94 (1H, 8, J6.0) 1,2,5,CO
4 140.3 C 2,6
5 20.4 CH 2.46-2.48 (2H, m) 1,3
6 21.8 CH 2.46 — 2.48 (2H, m) 2,4
COCHj 25.4 CH 2.34 (3H, s) co
COOC(CHy)s 165.7 C 2
COQC(CHs)3 80.9 C CHa)s
COOC(CHs3)3 28.0 CHx3 1.49 (3H, s) C(CHy);
COCH;, 196.6 C 3, CHl
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C1oo-c\/—
4
65
Table 33
C 6 °C DEPT HMQC HMBC
1 135.8 C 3,5
2,6 129.6 CH 8.07 (S, J 8.6) 3,4, COO
3,5 128.0 CH 7.98 (S, J 8.6) 1,CO
4 139.8 C 2,6
COCH, 26.8 CH 2.64 (3H, s) CcO
CcO 197.6 C 5, CH
COOC(CH); 164.8 C 2,6
COQC(CHs); 81.7 C CHs)s
COOC(CH>); 28.1 CHx3 1.61 (9H, s) C(CHs)3
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O C00-C—
2 6
3 ) 5
o)
66
Table 34
C 8 °C DEPT HMQC HMBC
1 61.6 C 5,6
2 52.0 CH 3.62 (1H, d, J 4.0) 3,6
3 131.9 CH 6.89 (1H, dd, J 4.0, 2.5) 2,5
4 143.7 C 5,6, CH
5 18.4 CH 1.96 (1F, m) 3,6
2.72 (1K, m)
6 21.1 CH 1.95 (15, m) 5
2.43 (1K, m)
COCH, 25.3 CH 2.32 (3H, s) co
cO 197.2 C 3,5 COCH;
COOC(CH); 168.0 C CH3)s
COQC(CHs); 82.6 C CH3)s
COOC(CH.); 28.1 CHx3 1.49 (9H, s) C(CHs);
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COO-C—
H 1
Ph—N
8
7
6
70
Table 35
C 8 °C DEPT HMQC HMBC
1 134.4 C 2,8
2 144.0 CH 6.70 (1H, d1 8.5) 4,8
3 49.0 CH 4.72 (1H, ddd} 12.1, 8.5,4.4) 4
2.59 (1H, t,J 12.1)
4 53.4 CH 6a
3.08 (1H;, dd,J 12.1, 4.4)
5 210.0 C 4, 6s
2.46 (1H, m)
6 41.2 CH 8, 4
2.64 (1K, m)
1.98 (1H, m
7 24.9 CH ( ) 6,8
1.60 (1H, m)
2.31 (1H, m
8 27.0 CH ( ) 2,6
2.87 (1, m)
COOC(CH); 165.0 C 2,8
COOC(CHs), 81.0 C (CH)3
COOCCHg)g 28.0 C% 1.46, s _(cCHg)g
Cipso 146.0 C Greta
Corto 113.3 CH 6.60 (2H, d19.4) Greta
Crneta 129.4 CH 7.21 (2H, 1) Ga
Coara 118.5 CH 6.78 (1H, t) Go
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76
Table 36
C 8 °C DEPT HMQC HMBC
2.72 (1H, ddddJ 9.0, 9.0, 9.0,
1 23.4 CH 3
1.5)
2 141.0 C 3,4
3 127.2 CH 6.86 (1H, d] 7.8) 1,5
4 131.7 CH 6.41 (1H, dd 12.5, 7.8) 3
5 131.4 CH 6.13 (1H, d1 12.5) 3.7
6 198.4 C 1,4
2.55 (1H, ddddJ 9.0, 9.0, 9.0,
7 44.4 CH 1,8
1.5)
1.60 (1H,, ddd,J 9.0, 9.0, 4.6)
8 14.1 CH 1
1.99 (1H;, ddd,J 9.0, 9.0, 4.6)
COOC(CH); 165.6 C 1, 3, (Chs
COOC(CHs), 82.0 C (CH)3
COOC(CH-); 28.1 CHx3 1.54 (9H, s) C(CHs)3
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Table 37
C 8 °C DEPT HMQC HMBC
1 133.6 C 2,3,7,8
2 136.6 CH 7.20 (1H, d15.2) 4,8
. 1245 o 5.89 (1H, dd,J 12.6 and
5.2)
4 134.6 CH 5.59 (1H, d] 12.6) 2,3
5 108.7 C 3,4,7
6 31.1 CH 1.72 (2H, m) 4,8
7 24.3 CH 1.72 (2H, m) 6, 8
8 25.3 CH 2.45 (2H, m); 2,6
COOMe 52.2 CH 3.75 (3H, s) CoO
OCH.CH,0 65.0 CHx2 3.94-4.04 (4H, m)
COOMe 167.8 C 2, CORle, 8
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Experiments 2D NMR

2
3
4 'SePh
P8
89
Table 38
C 5 °C DEPT COSY ROESY
1 128.3 C
2 58.3 CH 3.95-4.05 (1H, m) 85, COOMe
3 47.9 CH 1.75-1.90 (2H, m) 4,
1.75-1.90 (2H, m, H-4a)
4 27.6 CH 2.01-2.05 (1H, dt) 13.3
and 2.1, H-4b)
5 110.2 C
6 35.1 Ch 1.50-1.75 (2H, m)
7 34.5 CH 3.66-3.70 (1H, m, H-7) Bs
8 138.8 CH 6.32 (1H, d19.3) CH;,
COOMe 51.8 CH 3.74 (3H, s, COWIe);
OCH,CH,0 63.7 CHx 2 3.65-3.90 (4H, m)

CHx-N 51.1 CH 3.65-3.90 (2H, m) CORe
CH(o)N 57.1 CH 3.99-4.07 (1H, 4,6.6) COVe
CHa(o)N 15.9 CH 1.38 (3H, d,J 6.8);

C ipso 136.9 C
Comp 135.3 CHx5 7.17-7.52 (15H, H-Ar) CH,
C ipso 143.1 C
C ipso 143.4 C
Comp 126.4-129.3 CH x 10 7.17-7.52 (15H, FhAr) G-, COQVe
CH,-N
COOMe 168.6 C
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Experiments 2D NMR

H,N  COOMe
2y 1.OH
3 8
4 7
5 6
(-)-92
Table 39
C 6 °C DEPT HMQC
1 77.4 C
2 63.8 CH 3.72 (1H, m)
3 29.3 CH 1.56-1.84 (2H, m)
4 25.9 CH 1.40-1.56 (2H, m)
5 25.9 CH 1.35-1.40 (2H, m)
6 25.9 CH 1.40-1.56 (2H, m)
7 21.7 CH 1.56-1.84 (2H, m)
8 29.3 CH 1.56-1.84 (2H, m)
COOMe 52.6 CH 3.79 (3H, s)
COOMe 176.0 C
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Experiments 2D NMR

COO-CH,-CH,-CH,-CHs

2_1/.0OH
3 8
4 7
6
95
Table 40
C 6 °C DEPT HMQC HMBC
1 75.4 C
2 130.0 CH 5.73-5.81 (1H, m) H-4
3 130.0 CH 5.73-5.81 (1H, m) H-4
2.65-2.67 (2H, dd] 8.4,
4 34.0 CH H-3, H-6
6.1)
5 112.5 C H-4, H-6
2.65-2.67 (2H, dd] 8.4,
6 34.0 CH H-4, H-7, H-8
6.1)
134.4 CH 5.73-5.81 (1H, m) H-6
8 134.4 CH 5.73-5.81 (1H, m) H-6
COOCH-CH,-,
COOCH, 66.8 CH 4.18-4.21 (2H, t) 6.6) COO-(CH)-
CH.-
COOH,,COO0-
COOCH -CH - 30.7 CH 1.61-1.65 (2H, g 6.6) (CH,)>-CH,-,
COO-(CH)5-CHs
COO-(CH,)»
19.2 CH 1.33-1.38 (2H, m) COo0,
CH,-
COO-(CHy)5-CH5 13.8 CH 0.92 (3H,tJ7.4)
OCH,CH,0 64.8 CHx2 3.98 (4H, s)
COO- 174.9 C Cco08,
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Experiments 2D NMR

Table 41

H,N  COOMe

2 1
32.8 24.5
29.3 19.8

313
5

MeO
(-)-101
C 5 °C DEPT HMBC
1 98.0 C H-3, H-7, ®le
2 51.6 CH H-4, H-8
3 32.8 CH
4 29.3 CH H-2
5 81.2 C H-2, H-3, H-7
OMe 49.1 CH
6 31.3 CH
7 19.8 CH
8 24.5 CH H-2
COOMe 52.7 CH
COOMe 174.2 C 2, 15,
COOMe
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ESPECTROSCOPIA
En este apartado se recoge la espectroscopia I.R, *H y **C RMN de los

compuestos de esta memoria'

(Spectroscopic data, in this part is collected I.R, *H and **C NMR from all

compounds)

Tse puede consultar la espectroscopia completa en el CD-anexo de esta memoria.
(Full spectroscopic data can be found in the attached CD)
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data

BOBLE'T
PLOTF T
Baier T
SOFER ' T

BOVER" T
TELFF'T
BBFar |
E2LLF'T

B00rF0°2:
BGEGD '
00990° 2
OraLo" e
gIree’e
Gogee’ mm w
ELOGE'2

COOt-Bu

B02BY’S
08669°
TEQ0L”
BEPIL”

QELTE'S
204269

K

£L09° L2

.

GGe'8

ﬁ

r

190°€

ﬁ

Y

tesbajur

Ppm

90p

W

o5 p— e

a0

60

80

309



Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data

COOt-Bu

348




Spectroscopic data
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Spectroscopic data
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Spectroscopic data

%Transmittance
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data

373



Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Spectroscopic data
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Annexes

ESTUDIO CRISTALOGRAFICO:

La toma de datos y la resolucién de las estructtriatalinas que aparecen en esta memoria se han
llevado a cabo por el mismo procedimiento genekébnocristales de dimensiones y calidad
adecuadas se han montado sobre un capilar de eiriorientacion aleatoria. La recogida de datos se
ha realizado con un difractémetro automético déroudrculos Bruker Kappa Apex Il, provisto de un
detector de area CCD (charge-coupled device) de sdhsibilidad. Todos los monocristales se
midieron a temperatura ambiente, utilizandosedacidn Cuka (A =1,54178 A), con el generador de

rayos X operando a 40 kV y 30 mA.

Se exploré el espacio reciproco en tres orientasialistintas recogiéndose un total de 36 imagenes,
de las cuales se obtuvieron un determinado numercefliexiones que se ajustaron por minimos
cuadrados para determinar las dimensiones deda celidad. Posteriormente, se procedié a la toma
de datos sobre una esfera completa del espacipragecj recogiéndose 1638 imagenes con una
anchura de barrido de 0,5° y un tiempo de expasided10 s/imagen. Las imagenes se integraron con
el programa SAINT? usando un algoritmo de integracion de imagen-&sireA las intensidades de
las reflexiones medidas se aplicaron correccionesaldsorcion empiricas usando el programa
SADABS."°

Las estructuras se han resuelto por métodos dirgcte han refinado con el método de minimos
cuadrados basados ef Wilizando el paquete de programas SHELXtE™ Las posiciones de los
atomos de hidrégeno se fijaron geométricamenteemmalgunas de ellas que se obtuvieron mediante
sintesis de diferencias de Fourier. Las represients de las moléculas se han realizado con los
programas SHELXT™ ®y MERCURY %

La obtencién de los monocristales, algunos detdikds determinacién estructural, las tablas desdat
cristalogréficos y resultados del refinamiento,casno representaciones graficas para cada unesde lo

compuestos que cristalizaron durante esta invesigae recogen en los siguientes anexos.

189 |nternational Tables for Crystallography, Vol. C, Kluwer Academic Publishers, Dordrecht, New York, 1995.

M. Martinez-Ripoll, F. H. Cano, “An Interactive Program for Operating Rich. Seifert Single-Crystal Four-Circle
Diffractometers”. Institute of Physical Chemistry Rocasolano, C.S.I.C., Serrano 119, Madrid, 1996.

¥y M. Stewart, F. A. Kundell, J. C. Baldwin. The X-RAY80 System. Computer Science Center, University of
Maryland. College Pard, Maryland, USA, 1990.

192 siemens SHELXTL™ Version 5.1, Bruker AXS, Inc., Madison, Wisconsin 53711, USA, 1997.
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Annexe A:

tert-butyl (1S,2R,aR)-2-N-benzyl-N-a-methylbenzylamino-cycloocta-7-ene carboxylate, 13:

La estructura se resolvié y refind empleando elpgr@spacial monoclinico PAN°= 4). Las
posiciones de los atomos de hidrégeno enlazados griipos metilo se fijaron geométricamente y el
resto se localizaron por sintesis de diferenciafalgier. Los factores finales de acuerdo obtenidos

fueron R1 = 0.0293pR2 = 0.0721 para un total de 407 parametros.

En la tabla 42 se muestran los parametros crist#iogs, asi como algunas caracteristicas de la tom

de datos; una proyeccion de la estructura del cestpuGsHs/NO, se presenta en la Fig. 46 y en la

tabla 43 las coordenadas atémicas y factores gots.

Tabla 42.

396

Férmula empirica

Peso molecular

Temperatura

Longitud de onda

Sistema cristalogréfico

Dimensiones de la unidad de celdilla

Volumen

Z, Densidad calculada
Coeficiente de absorcion

F (000)

Tamafio de cristal

Limites ddl para datos colectados
Limites de los indices

Reflexiones recogidas / observadas
Método de refinamiento

Datos / restricciones / parametro
Bondad del ajuste erfF

indice R final [I| > 2 sigma (1)]
indice R (todos los datos)
Parédmetro de estructura absoluta
Coeficiente de extincion
Diferencia maxima pico y agujero

Cas Ha7 NG,

419.59

293 (2) K

1.54180 A

Monoclinico, P2

a=10.202 (2) A alfa =90 deg.

b =10.819 (2) A beta =90.87 (3)
c=11.253 (2) A gamma = 90 deg.
1241.9 (4)°
2,1.122 Mg/
0.069 mrit

456

0.6 x0.8x 1.0 mm
3.93 a 59.90 deg.
O<=h<=11,
-12<=1<=12

1947 /1947
Minimos cuadrados con matriz complé
en P

1947 /17429

1.087

R1=0.02860R2= 0.0698

R1= 0.0304pR2= 0.0710

0.35 (148)

0.3204 (109)

0.103y-0.106 &3

O<=k<=11,

pta
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Tabla 43.Coordenadas atémicas (x*19 factores isotrépicos de temperatu%ﬁ( 10°). U(eq) se
define como la tercera parte del tensor ortogotijal U

X y Z U (eq.
O (1) 11480 (2) 9351 (2) 9514 (1) 59 (1)
0 (2) 9841 (1 9348 (2 814¢ (1) 46 (1)
N (1) 12286 (2 8509 (2 666¢ (2) 35 (1)
c@) 11866 (2 9807 (2 647¢ (2) 33 (1)
C (2 11715 (2 10488 (2 769( (2) 35 (1)
C (3 12952 (2 11021 (2 819¢ (2) 43 (1)
C (4 13379 (3 12155 (2 796¢€ (2) 52 (1)
C (5) 12688 (3 13095 (2 7201 (3) 56 (1)
C (6) 12856 (3 12930 (2 5857 (3) 59 (1)
C(7) 12136 (3 11834 (2 529¢ (2) 50 (1)
C (8) 12687(2) 10548 (2 5601 (2) 41 (1)
C (9) 11027 (2 9654 (2 856¢ (2) 39 (1)
C (10 8887 (2 8665 (2 887¢ (2) 53 (1)
c (11 7710 (4 8584 (6 805¢ (4) 95 (1)
C (12 9430 (5 7434 (3 929( (6) 101 @)
Cc (13 8559 (4 9459 (4 9941 (3) 80 (1)
Cc (14 13712(2) 8340 (2 6675 (2) 41 (1)
C (15 14224 (2 7273 (2 740% (2) 41 (1)
C (16 15085 (2 6433 (3 6921 (2) 52 (1)
c @7 15629 (3 5489 (3 758¢€ (3) 65 (1)
Cc (18 15326 (3 5381 (3 876: (3) 69 (1)
C (19 14475 (3 6202 (3 926¢ (3) 65 (1)
C (20 13916 (3 7143 (3 8597 (2) 53 (1)
C (21 11498 (2 7619 (2 5941 (2) 39 (1)
C (22 11547 (3 6319 (2 645¢ (3) 56 (1)
C (23 11788 (2 7630 2) 461<(2) 44 (1)
C (24 11058 (3 8366 3) 385: (2) 58 (1)
C (25 11316 (4 8412 4) 263z (3) 80 (1)
C (26) 12307 (4 7719 4) 2172 (3) 87 (1)
C (27 13034 (4 6997 4) 290: (3) 83 (1)
C (28 12788 (3 6930 3) 412z (3) 63 (1)
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Annexe B:

tert-butyl (1S,2R,aR)-2-N-benzyl-N-a-methylbenzylamino cyclooctanecarboxylate, 14:

La estructura se resolvid en el grupo espacial (R2 = 4) perteneciente al sistema cristalino
monoclinico. Las posiciones de los atomos de hahidgse fijaron geométricamente, excepto las
correspondientes a los hidrogenos H1, H2 y HINsguebtuvieron mediante sintesis de diferencias
de Fourier. El refinamiento final converge parsoves de los factores de acuerdo R1 = 0.030R%

=0.1030. En la unidad asimétrica cristaliza un#é&mda del compuesto,gizgNO,.

En la tabla 44 se muestran los parametros cristfiogs, asi como algunas caracteristicas de la tom
de datos; una proyeccion de la estructura del cestpuGgHzgNO, se presenta en la Fig. 47 y en la

tabla 45 las coordenadas atémicas y factores gotus

Tabla 44.

Formula empirica Cys Hig NO,

Peso molecular 421.60

Temperatura 293 (2) K

Longitud de onda 1.54178 A

Sistema cristalografico Monoclinico, P2

Dimensiones de la unidad de celdilla a=10.9530 (2) A alfa = 90 deg.
b =9.12210 (4) A beta=91.2210 (10)
¢ =13.0534 (2) A gamma = 90 deg.

Volumen 1303.93 (4y°

Z, Densidad calculada 2,1.074 Mg/

Coeficiente de absorcion 0.510 mrit

F (000) 460

Tamafio de cristal 0.10 x 0.08 x 0.06 mm

Limites ddl para datos colectados 4.04 a 53.45 deg.

Limites de los indices -11<=h<=9, -7<=k<=9, -
11<=1<=10

Reflexiones recogidas / observadas 3118/1829 [R (int) = 0.0143]

Método de refinamiento Mm,iZmOS cuadrados con matriz completa
en

Datos / restricciones / pardmetro 1829/1/297

Bondad del ajuste er’F 1.076

Indice R final [I > 2 sigma (I)] R1=0.03750R2=0.1030

Indice R (todos los datos) R1=0.0378pR2=0.1035

Diferencia maxima pico y agujero 0.168y —0.133 &3
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Figura 47.(a) Representacion ORTEP d,gH3gN;O,. (b) Estructura molecular de;gH3zgN;O..
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Tabla 45.Coordenadas atémicas (x*L§ factores isotropicos de temperatu%é( 10°). U(eq) se

define como la tercera parte del tensor ortogoifijal U

X y z U(eq)

O (1) 646 (2) 1819 (3) 7583 (2) 68 (1)
0O (2 948 (3) -459 (4) 8152 (3) 117 (1)
N (2) -2456 (2) 666 (3) 7750 (2) 43 (1)
C(1) -1758 (3) -495 (3) 7223 (3) 45 (1)
C(2) -509 (3) -31(3) 6800 (3) 46 (1)
C(3) 45 (3) -1203 (4) 6112 (4) 72 (1)
C4) -728 (4) -1749 (5) 5219 (4) 89 (2)
C (5) -1648 (6) -2910 (7) 5375 (5) 133 (2)
C (6) -1900 (6) -3679 (5) 6277 (5) 115(2)
C(7) -2090 (10) -3259 (5) 7274 (5) 196 (5)
C (8) -1752 (4) -1910 (4) 7848 (3) 67 (1)
C(9) 422 (3) 385 (4) 7589 (4) 60 (1)
C (10) 1616 (4) 2509 (6) 8243 (4) 90 (1)
C(11) 1390 (6) 2278 (9) 9324 (5) 158 (1)
C (12) 1464 (8) 4105 (7) 7928 (7) 203 (1)
C (13) 2836 (4) 1942 (10) 7923 (5) 171 (1)
C (14) -1970 (3) 1082 (4) 8756 (3) 53 (1)
C (15) -2917 (3) 1225 (4) 9587 (3) 53 (1)
C (16) -3950 (3) 368 (4) 9594 (4) 67 (1)
C (17) -4788 (4) 479 (6) 10353 (5) 88 (1)
C (18) -4593 (5) 1459 (6) 11142 (4) 93 (1)
C (19) -3556 (5) 2307 (5) 11159 (4) 83 (2)
C (20) -2739 (4) 2197 (4) 10385 (3) 64 (1)
C (21) -2753 (3) 1940 (3) 7098 (3) 46 (1)
C (22) -3638 (4) 2969 (4) 7632 (3) 74 (1)
C (23) -3283 (3) 1500 (3) 6071 (3) 51 (1)
C (24) -2786 (3) 2006 (4) 5177 (4) 62 (1)
C (25) -3249 (5) 1636 (5) 4228 (4) 90 (1)
C (26) -4222 (5) 723 (6) 4144 (5) 108 (1)
C (27) -4754 (5) 194 (6) 5018 (6) 113 (1)
C (28) -4285 (4) 578 (5) 5984 (4) 80 (1)
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Annexe C:

Dimer from tert-butyl 4-ox0-9-oxabicyclo[3.3.1]non-2-ene-carboxyta, 62:

El resolucion y refinamiento de la estructura s#izé en el grupo espacial monoclinico /2
(N° = 14). Las posiciones de los atomos de hidrdgsa fijaron geométricamente. El

refinamiento final converge para valores de logoi@s de acuerdo R1 = 0.0407)R2 =

0.1094.

En la tabla 46 se muestran los parametros crist#iogs, asi como algunas caracteristicas de la tom
de datos; una proyeccién de la estructura del cesipuGgHszsOg Sse presenta en la Fig. 48 y en la

tabla 47 las coordenadas atémicas y factores Eots.

Tabla 46.
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Férmula empirica

Peso molecular

Temperatura

Longitud de onda

Sistema cristalogréfico

Dimensiones de la unidad de celdilla

Volumen

Z, Densidad calculada
Coeficiente de absorcion

F (000)

Tamafio de cristal

Limites ddl para datos colectados
Limites de los indices

Reflexiones recogidas / observadas
Método de refinamiento

Datos / restricciones / parametro
Bondad del ajuste erfF

Indice R final [I > 2 sigma (1)]
Indice R (todos los datos)
Diferencia maxima pico y agujero

Cz6 Hzg Og

476.55

293 (2) K

1.54180 A

Monoclinico, P2/n

a=13.5227 (3) A alfa =90 deg.
b=11.0781 (3) A beta =92.5800 (10)
¢ =16.5932 (4) A gamma = 90 deg.
2485.07 (11)°
4,1.274 Mg/

0.771 mrit

1024

0.15 x 0.10 x 0.08 mm
4.31 a 62.26 deg.
-15<=h<=15,
-18<=1<=18

13617 / 3855 [R (int) = 0.0277]
Minimos cuadrados con matriz complg
en P

3855/0/313

1.046

R1=0.04071R2= 0.1094
R1=0.04600R2=0.1139
0.169y—0.144 @3

-11<=k<=12,

bta
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Figura 48. (a) Representacion ORTEP dxH360g. (b) Estructura molecular degHz¢0s.
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Tabla 47.Coordenadas atémicas (x*L§ factores isotropicos de temperatu%ﬁ( 10°). U(eq) se
define como la tercera parte del tensor ortogotijal U

X y z U(eq)
o) 10295 (1) -882 (1) 7286 (1) 63 (1)
0 (2 9759 (1) 624 (1) 9087 (1) 52 (1)
0O (3) 8101 (1) 2637 (2) 9014 (1) 72 (1)
O 4) 8218 (1) 201 (1) 7641 (1) 52 (1)
O (5) 11493 (1) 3256 (1) 7534 (1) 72 (1)
O (6) 10715 (1) 4142 (1) 8549 (1) 50 (1)
O (7) 9217 (1) 3572 (1) 6339 (1) 75 (1)
O (8) 9874 (1) 1893 (1) 5818 (1) 46 (1)
C (1) 11268 (2) -585 (2) 9001 (1) 62 (1)
C (2 11889 (2) 551 (2) 8986 (1) 64 (1)
C (3 11354 (2) 1567 (2) 9401 (1) 59 (1)
C4) 10303 (1) 1738 (2) 9055 (1) 48 (1)
C (5) 10219 (1) -333 (2) 8665 (1) 52 (1)
C (6) 10194 (1) 2197 (2) 8187 (1) 42 (1)
C () 10247 (1) 1232 (1) 7509 (1) 41 (1)
C (8) 10233 (1) -69 (2) 7773 (1) 47 (1)
C(9) 9099 (1) 2496 (2) 7879 (1) 43 (1)
C (10) 9249 (1) 1733 (1) 7107 (1) 40 (1)
C(11) 8294 (1) 2073 (2) 8413 (1) 52 (1)
C (12 7681 (1) 980 (2) 8152 (1) 57 (1)
C (13) 8462 (1) 772 (2) 6899 (1) 46 (1)
C (14 6717 (2) 1372 (2) 7744 (2) 71 (2)
C (15) 6894 (2) 2007 (2) 6949 (2) 72 (1)
C (16) 7535 (2) 1203 (2) 6436 (1) 61 (1)
C(17) 10885 (1) 3249 (2) 8039 (1) 46 (1)
C (18) 11302 (1) 5277 (2) 8555 (1) 55 (1)
C (19 12387 (2) 4990 (3) 8721 (2) 96 (1)
C (20) 10866 (2) 5956 (2) 9248 (2) 94 (1)
C (21) 11121 (2) 5931 (2) 7767 (1) 74 (1)
C (22) 9440 (1) 2527 (2) 6383 (1) 45 (1)
C (23) 10216 (1) 2466 (2) 5068 (1) 46 (1)
C (24) 9342 (2) 2948 (3) 4577 (1) 87 (1)
C (25) 10686 (2) 1425 (2) 4646 (1) 64 (1)
C (26) 10980 (2) 3419 (2) 5294 (1) 79 (1)
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Annexe D:

tert-butyl (aR)-3-N-a-methylbenzylamino-5-oxobicyclo[2.2.2]octane-1-cadxylate, (+)-68:

Para la determinacién estructural del compuestblgNO; se seleccioné un monocristal prismatico
de dimensiones 0.15 x 0.10 x 0.08 mm. Las dimemsiae la celdilla unidad se establecieron por el
ajuste de minimos cuadrados de 25 reflexiones d@atradas en el rango angular 20 < 20°. Una
vez determinada la celda elemental y la simetriaidgtal se midieron las intensidades difractadas
mediante barridos/26 hasta un angulo maximo de Bragg de 120°, recog#n8581 reflexiones.
Una vez realizadas las correcciones de Lorentaaripacion quedaron 1758 reflexiones observadas ||
> 26 (I)] para la resolucion y refinamiento de la estima. Los factores de difusion y correccion de
dispersion andémala para los atomos de C, N y Oos®mrbn de las Tablas Internacionales de

Cristalografid®.

La estructura se resolvid en el grupo espaciatm@mubico P22,2; (N° = 19) usando métodos directos.
Refinamientos por minimos cuadrados con matriz ¢etmpempleando parametros térmicos
anisotrépicos para los atomos de carbono, nitrégemdgeno condujeron a los factores de acuerdo R
= 0.0646,0R, = 0.1661. Los atomos de hidrégeno se posicionarediante calculos geométricos
apropiados, incluyéndolos en las Ultimas fase&fileamiento estructural.

En la tabla 48 se muestran los parametros crist#iogs, asi como algunas caracteristicas de la tom

de datos; una proyeccion de la estructura del cestpuG;H,gNO; se presenta en la Fig. 49 y en la

tabla 49 las coordenadas atémicas y factores gotus

405



Annexes

Tabla 48.

406

Formula empirica
Peso molecular
Temperatura

Longitud de onda
Sistema cristalogréfico

Dimensiones de la unidad de celdilla

Volumen

Z, Densidad calculada

Coeficiente de absorcion

F (000)

Tamafio de cristal

Limites ddl para datos colectados
Limites de los indices

Reflexiones recogidas / observadas
Método de refinamiento

Datos / restricciones / parametro
Bondad del ajuste erfF

Indice R final [| > 2 sigma (1)]
Indice R (todos los datos)

Coeficiente de extinciéon

Co1 Hog NG;

343

293 (2) K

1.54180 A

Ortorrémbico, P22:2,

a = 6.4000 (13) A alfa = 90 deg.
b =8.812 (2) A beta = 90 deg
¢ = 35.433 (7) A gamma = 90 deg.
1998.3 (7)°

4,1.228 Mg/

0.643 mrit

798

0.15 x 0.10 x 0.08 mm

2.49 a 59.95 deg.

0<=h<=7, 0<=k<=9, 0<=1<=39
3581 /1758

Minimos cuadrados con matriz complé
enF

1757/0/231

0.994

R1=0.06460R2= 0.1661
R1=0.10200R2= 0.2042
0.0024 (8)

pta
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Figura 49 (a) Representacion ORTEP dgd,gNOs. (b) Estructura molecular deEi,gNOs.
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Tabla 49.Coordenadas atémicas (x'19 factores isotropicos de temperatu&é( 10%). U(eq) se
define como la tercera parte del tensor ortogotijal U

X y z U(eq)
O (1) 1228 (14) 4021 (8) 7752 (2) 143 (3)
0 (2) 3421 (9) 4878 (5) 8190 (1) 73 (2)
O (3) -2106 (7) 2654 (7) 9183 (1) 88 (2)
N (1) 3100 (8) 1496 (5) 9214 (1) 54 (1)
C(@) 5388 (11) -1451 (8) 9374 (2) 68 (2)
C (2 5985 (14) -2953 (9) 9323 (2) 90 (3)
C®3 4635 (19) -4090 (10) 9406 (3) 103 (3)
C @4 2670 (19) -3755 (9) 9542 (3) 103 (3)
C (5) 2086 (14) -2266 (8) 9580 (2) 78 (2)
C (6) 3407 (10) -1101 (7) 9498 (2) 53 (2)
C(7) 2750 (10) 566 (7) 9538 (2) 58 (2)
C (8) 2390 (9) 925 (7) 8849 (2) 53 (2)
C (9) -13 (10) 868 (7) 8851 (2) 55 (2)
C (10) -770 (11) 454 (9) 8458 (2) 77 (2)
C (11) -227 (14) 1 657 (9) 8183 (2) 83 (2)
C (12) 1238 (10) 2808 (7) 8351 (2) 55 (2)
C (13) 3116 (10) 1991 (9) 8535 (2) 76 (2)
C (14) -802 (9) 2411 (8) 8940 (2) 59 (2)
C (15) 74 (12) 3597 (7) 8692 (2) 64 (2)
C (16) 1948 (15) 3959 (9) 8075 (2) 83 (2)
Cc @17 4119 (13) 6196 (7) 7973 (2) 70 (2)
C (18) 5609 (24) 6939 (15) 8251 (4) 190 (7)
C (19) 5056 (22) 5803 (12) 7620 (3) 157 (5)
C (20) 2315 (19) 7225 (11) 7920 (3) 150 (5)
C (21) 3836 (12) 1304 (9) 9888 (2) 79 (2)
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Annexe E:

(3R*,4R*,E)-tert-butyl 3,4-dibromo-5-oxocyclooct-1-enecarboxylater3:

La estructura se resolvié en el grupo espacialrdmubico Pca2(N° = 29). Las posiciones de los
atomos de hidrégeno se calcularon teéricamentefisamiento final empleando parametros térmicos
anisotrépicos para todos los atomos distintos dedgeno condujo a los factores de acuerdo R1 =
0.0291,w0R2 = 0.0741. Todos los atomos de hidrégeno se leattugeométricamente, con distancias
C-H constrefiidas a 0.93 A (CH aromatico), 0.96 M{@etilo), 0.97 A (CH metileno) y 0.98 A (CH
metino). Esta estructura se encuentra depositattalmse de datos cristalografica de Cambridge con
numero de depdsito CCDC-XXXXXX y publicada en AGgyst. (2012). E68S, 0.

Los datos fundamentales del cristal y algunas teniaticas de la recogida de datos aparecen en la
Tabla 50. En la Fig. 50 se ha representado laatsteudel compuesto,,50:Br, y en la tabla 51 las

coordenadas atémicas Yy factores isotrépicos.

Tabla 50.
Férmula empirica Ci3HigBr, O
Peso molecular 382.09
Temperatura 293 (2) K
Longitud de onda 1.54180 A
Sistema cristalografico Ortorréombico, Pca2

Dimensiones de la unidad de celdilla a=14.0779 (10) A alfa = 90 deg.
b =9.6097 (7) A beta = 90 deg
¢ =11.2713 (10) A gamma = 90 deg.

Volumen 1524.8 (2y°

Z, Densidad calculada 4,1.664 Mg/

Coeficiente de absorcion 6.740 mrit

F (000) 760

Tamafio de cristal 0.06 x 0.08 x 0.10 mm

Limites ddl para datos colectados 4.60 a 59.16 deg.

Limites de los indices -15<=h<=11, -7<=k<=10, -10<=I<=7

Reflexiones recogidas / observadas 3360/ 1472 [R(int) = 0.0227]

Método de refinamiento Minlizmos cuadrados con matriz complé¢ta
en

Datos / restricciones / parametros 1472 /17203

Bondad del ajuste en?F 1.132

indice R final [I > 2 sigma (1)] R1=0.02070R2= 0.0505

indice R (todos los datos) R1=0.02110R2= 0.0508
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Figura 50 (a) Representacion ORTEP d;3H;g03Br». (b) Estructura molecular de;sH;503Br.
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Tabla 51.Coordenadas atémicas (x’1§ factores isotrépicos de temperatu%é( 10°). U(eq) se
define como la tercera parte del tensor ortogoiijal U

X y z U(eq)
Br (1) 2364 (1) 9680 (1) 8317 (1) 43 (1)
Br (2) 582 (1) 7277 (1) 7371 (1) 56 (1)
o (1) 548 (2) 14190 (4) 4932 (4) 64 (1)
0(2) 2052 (2) 13432 (3) 5156 (3) 39 (1)
0 (3) 405 (2) 9164 (4) 4578 (4) 58 (1)
C (1) 1266 (3) 10113 (4) 7299 (6) 32 (1)
C (2) 1037 (3) 8882 (4) 6485 (5) 33 (1)
C (3) 256 (3) 9291 (5) 5630 (6) 37 ()
C (4) -671 (3) 9851 (5) 6101 (7) 45 (2)
C (5) -800 (3) 11403 (5) 5884 (6) 44 (2)
C (6) -163 (3) 12331 (5) 6662 (7) 42 (1)
C (7) 859 (3) 12313 (4) 6256 (5) 32 (1)
C (8) 1487 (2) 11343 (4) 6555 (5) 31 (1)
C (9) 1124 (3) 13421 (4) 5382 (5) 38 (1)
C (10) 2488 (3) 14418 (4) 4303 (6) 41 (1)
C (11) 2076 (4) 14200 (6) 3097 (6) 69 (2)
C (12) 2359 (5) 15893 (5) 4771 (8) 82 (2)
C (13) 3519 (3) 13966 (6) 4323 (7) 69 (2)
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Annexe F:

Methyl (1S,2R,aR)-1-hydroxy-2-N-benzylN-a-methylbenzylamino-cyclooct-7-ene-1-carboxylate,
(-)-90:

La determinacion estructural y el refinamiento ls®d a cabo en el grupo espacial ortorrombico
P2,2,2, (N° = 19). El refinamiento final empleando paramettérmicos anisotropicos para todos los
atomos distintos de hidrégeno condujo a los fastale acuerdo R1 = 0.024@R2 = 0.0615. Las
posiciones de los atomos de hidrogeno se calcutaditamente, excepto aquellas correspondientes
a los hidrégenos unidos a los atomos de carbonoCZ21C3, C8 y C18 que se obtuvieron por sintesis

de diferencias de Fourier.

Los datos fundamentales del cristal y algunas teniaticas de la recogida de datos aparecen en la
Tabla 52. En la Fig. 51 se ha representado laatsteudel compuesto,gHzNO; y en la tabla 53 las

coordenadas atémicas y factores isotrépicos.

Tabla 52.
Férmula empirica CosH31NGs
Peso molecular 393.51
Temperatura 293 (2) K
Longitud de onda 1.54178 A
Sistema cristalografico Ortorrémbico, P22,2;

Dimensiones de la unidad de celdilla a=7.9167 (2) A alfa = 90 deg.
b =13.8411 (4) A beta =90 deg
¢ =20.0788 (5) A gamma = 90 deg.

Volumen 2200.15 (10p°

Z, Densidad calculada 4,1.188 Mg/ rh

Coeficiente de absorcion 0.610 mrit

F (000) 848

Tamafio de cristal 0.10 x 0.08 x 0.06 mm

Limites ddl para datos colectados 3.88 a 47.63 deg.

Limites de los indices -5<=h<=7, -13<=k<=13, -19<=I|<=19

Reflexiones recogidas / observadas 9887 / 2033 [R(int) = 0.0250]

Método de refinamiento Minllzmos cuadrados con matriz compléta
en

Datos / restricciones / parametros 2033/0/285

Bondad del ajuste en?F 1.056

indice R final [I > 2 sigma (1)] R1=0.02430R2= 0.0615

indice R (todos los datos) R1=0.02500R2= 0.0621

Diferencia maxima pico y agujero 0.092y -0.087 &:®

412



Annexes

Figura 51 (a) Representacion ORTEP dgjd:;N,Os. (b) Estructura molecular de4Ei3;N;Os.
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Tabla 53.Coordenadas atémicas (x*19 factores isotrépicos de temperatu%ﬁ( 10°). U(eq) se
define como la tercera parte del tensor ortogotijal U

X y z U(eq)
O (1) 1933 (2) -1472 (1) 8231 (1) 68 (1)
O (2) 2295 (2) -73 (1) 8752 (1) 65 (1)
O (3) 4599 (2) -69 (1) 7687 (1) 60 (1)
N (1) 5212 (2) -1620 (3) 7150 (1) 44 (1)
C(1) 4682 (2) -672 (1) 8182 (1) 43 (1)
C(2) 5760 (3) -296 (2) 8748 (1) 54 (1)
C(3) 5893 (3) -648 (2) 9352 (1) 60 (1)
C 4) 4994 (3) -1511 (2) 9613 (1) 62 (1)
C (5) 5996 (3) -2443 (2) 9539 (1) 70 (1)
C (6) 6690 (3) -2637 (2) 8845 (1) 63 (1)
C(7) 5465 (3) -2523 (1) 8257 (1) 51 (1)
C (8) 5588 (3) -1569 (1) 7867 (1) 42 (1)
C(9) 2840 (3) -816 (2) 8387 (1) 50 (1)
C (10) 558 (3) -89 (2) 8961 (1) 86 (1)
C (11) 3852 (3) -2286 (2) 6952 (1) 55 (2)
C (12) 3086 (3) -2010 (2) 6293 (1) 51 (2)
C (13) 2857 (5) -2672 (2) 5808 (1) 104 (2)
C (14) 2157 (7) -2425 (3) 5202 (2) 155 (2)
C (15) 1686 (5) -1522 (3) 5073 (2) 113 (1)
C (16) 1900 (4) -840 (2) 5540 (2) 100 (1)
C (17) 2576 (3) -1088 (2) 6152 (1) 82 (1)
C (18) 6740 (2) -1717 (2) 6716 (1) 50 (1)
C (19) 7894 (3) -2569 (2) 6880 (1) 71 (1)
C (20) 7647 (3) -758 (1) 6682 (1) 48 (1)
C (21) 8991 (3) -515 (2) 7089 (1) 64 (1)
C (22) 9712 (3) 393 (2) 7069 (1) 79 (1)
C (23) 9121 (4) 1070 (2) 6633 (2) 83 (1)
C (24) 7816 (4) 841 (2) 6212 (1) 74 (1)
C (25) 7087 (3) -63 (2) 6237 (1) 61 (1)
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Annexe G:

Methyl (1S,2R,aR)-1-hydroxy-2-N-benzyl-N-a-methylbenzylamino-5,5-ethylenedioxycyclooct-7-
ene-1-carboxylate, (-)-94:

La estructura fue elucidada empleando el grupo c&spanonoclinico P2 (N° = 4).
Refinamientos por minimos cuadrados con matriz ¢et@gempleando parametros térmicos
anisotrépicos para los atomos de carbono, nitrogeowigeno condujeron a los factores de
acuerdo R1 = 0.0284 wR2 = 0.0741. Las posiciones de los atomos de hamh@gse
calcularon tedricamente, excepto aquellas correbpotes a los hidrégenos unidos a los
atomos de carbono, C1, C2, C3 y C18 que se obtwvipor sintesis de diferencias de
Fourier.

Los datos fundamentales del cristal y algunas teniaticas de la recogida de datos aparecen en la
tabla 54. En la Fig. 52 se ha representado laatsteudel compuesto,@3:3NOs y en la tabla 55 las

coordenadas atémicas Yy factores isotrépicos.

Tabla 54.

Formula empirica Cy7H 33N G5

Peso molecular 451.54

Temperatura 293 (2) K

Longitud de onda 1.54178 A

Sistema cristalografico Monoclinic, P2

Dimensiones de la unidad de celdilla a =7.8008 (2) A alfa = 90 deg.
b =7.9231 (2) A beta = 94.410 (2) deg
¢ =19.9878 (5) A gamma = 90 deg.

Volumen 1231.72 (5)°

Z, Densidad calculada 2,1.217 Mg/

Coeficiente de absorcion 0.673 mrit

F (000) 484

Tamario de cristal 0.15x0.10 x 0.8 mm

Limites ddl para datos colectados 2.22 a 62.24 deg.

Limites de los indices -8<=h<=8, -9<=k<=6, -22<=I<=22

Reflexiones recogidas / observadas 6688 /2776 [R(int) = 0.0222]

Método de refinamiento Ml'nlizmos cuadrados con matriz comple¢ta
en

Datos / restricciones / parametros 2776/1/318

Bondad del ajuste en?F 1.023

indice R final [I > 2 sigma (1)] R1=0.02840R2=0.0741

indice R (todos los datos) R1= 0.03000R2= 0.0755

Diferencia maxima pico y agujero 0.137 y -0.092 &
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Figura 52. (a) Representacion ORTEP Cx;H33N;Os. (b) Estructura molecular (C,7H33N;Os.
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Tabla 55.Coordenadas atémicas (x*19 factores isotrépicos de temperatu%é( 10°). U(eq) se
define como la tercera parte del tensor ortogoiijal U

X y z U(eq)
O (1) 2503 (2) 1077 (2) 1833 (1) 70 (1)
0O (2) 5337 (2) 1188 (2) 1759 (1) 69 (1)
O (3) 4807 (2) 3559 (2) 2773 (1) 68 (1)
O (4) 1322 (2) 4197 (2) -90 (1) 62 (1)
O (5) 3082 (2) 6447 (2) -83 (1) 74 (1)
N (1) 1548 (2) 4442 (2) 2755 (1) 51 (1)
C (1) 4052 (2) 3709 (3) 2103 (1) 49 (1)
C(2) 5302 (3) 4683 (3) 1705 (1) 57 (1)
C 3 5271 (3) 4826 (3) 1047 (1) 59 (1)
C@4) 3995 (3) 4016 (3) 551 (1) 57 (1)
C (5) 2500 (2) 5148 (3) 336 (1) 52 (1)
C (6) 1594 (3) 5934 (3) 913 (1) 56 (1)
C () 1125 (2) 4730 (3) 1478 (1) 52 (1)
C (8) 2352 (2) 4774 (3) 2123 (1) 47 (1)
C(9) 3820 (3) 1866 (3) 1875 (1) 51 (1)
C (10) 5337 (4) -564 (3) 1563 (2) 93 (1)
C (11) 93 (3) 3246 (3) 2730 (1) 58 (1)
C (12) -107 (3) 2472 (3) 3407 (1) 54 (1)
C (13) -1564 (3) 2710 (4) 3745 (1) 70 (1)
C (14) -1701 (4) 1985 (4) 4368 (1) 85 (1)
C (15) -400 (4) 1010 (5) 4654 (1) 89 (1)
C (16) 1040 (4) 750 (4) 4324 (1) 85 (1)
C (17) 1196 (3) 1485 (3) 3707 (1) 69 (1)
C (18) 1195 (3) 6000 (3) 3144 (1) 57 (1)
C (19) 70 (3) 7310 (4) 2757 (2) 78 (1)
C (20) 2867 (3) 6682 (3) 3467 (1) 54 (1)
C (21) 3691 (3) 8089 (3) 3239 (1) 69 (1)
C (22) 5253 (4) 8620 (4) 3544 (2) 92 (1)
C (23) 6007 (4) 7750 (6) 4086 (2) 102 (1)
C (24) 5205 (4) 6372 (5) 4319 (2) 94 (1)
C (25) 3646 (3) 5826 (4) 4018 (1) 71 (1)
C (26) 523 (3) 5361 (4) -563 (1) 78 (1)
C (27) 1735 (3) 6833 (3) -571 (1) 67 (1)
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(Numeration of the synthesized compounds)



Relacion de las moleculas sintetizadas
O O Me3SiO COOH COOH COOt-Bu COOt-Bu O MesSiO COOH
[e)

1 2 3 4 5 6 7 8 9 10

COOt-Bu NBr‘I COOt-Bu NBn COO¢-Bu NBn COOt-Bu COOt-Bu  HoN COOt-Bu

Ph O O
COOH COOt-Bu HN COOt-Bu NBn CH,OH COOt Bu )L_Soot Bu
COOt-Bu COOLBU COOt-Bu COOt-Bu ’ Bn COO! Bu Ph ’ Bn COOt Bu
@ O ><o© ><0”,
O“ \\\

(£)-23 (£)-24 (*)-25 (£)-26

QAR Q

OH TBDMSO  OTBDMS ACO
29 ()31 (£)-32 (:)43 (£)-34 35

Me;3SiO CN Me;SiO

OAc C g Me3SiO Cl COOH
OAc TBDMSO OTBDMS
36

0 TBDMSO  OTBDMS TBDMSO  OTBDMS
(#)-37 40 M
(z) -38 (:)49
COO(CH,),0H COOMe COOH COOH COOMe COOMe
TBDMSO  OTBDMS TBDMSO  OTBDMS ' ‘ L ‘ ‘
42 43 44 45 46 47
HO  CN
HO  CN 3 Me3Si0 Me;Sio Me3Sio COOH COOMe
| ( j Q [ j @ [j ijBr
o_ _O N f, 3
HO OH >< HO  OH O\TBDMS
(£)-48 (2)-49 (£)-50 (£)51a (£)-51b
COOMe COOMe COOt-Bu COOt-Bu COOMe COOMe COOt-Bu
© @ @ @ © ‘§o
[} HO o HO
54 55 56 57 58 59 60
! COOt-Bu COOt-Bu ° COO'Bu COOBu
E\é COOt-Bu ? § @
o o 07 “CHs HO™ “CHs
63 64 65 66 67
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Relacién de las moleculas sintetizadas
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Conclusions

CONCLUSIONS:

1. A efficient method aimed to the synthesis of cyclael,3- and 1,7-diene carboxylates

has been achieved from cycloocta-1,5-diene.

2. A highly efficient asymmetric synthesis of§2R)-2-aminocyclooctanecarboxylic acid
17 has been completed using cycloocta-1,5-dieneaa8ngf material. It is achieved in
77% vyieldvia a four-step sequence frotert-butyl cycloocta-1,7-dienecarboxylate

where the extra double bond adjacent to the uresaaiester is essential to improve the

yield.
H.N  COOH COO'Bu COO'Bu
O =0 =0 =
(1S.2R-17 7 € 6

3. From the cyclooct-1,3-diene carboxylate derivatiGe has been achieved the
functionalizedp-amino acid22 incorporating in its structure two aldehydes g
30% overall yield. This strategy will lead to thgnthesis of Tashiromine by using as

starting material th@-amino cycloocta-5-ene isomxix.

0}

I e

COOBu Ph/LNBn COO'Bu Ph™ "N  COO'Bu

O — O — &)

6 (1S,2R aR)-12 22

COOR RN COOR RN COOR H CH,OH

O = O &0 ,=d

(1S,2R,aR)-XX Tashiromine

4. The highly functionalized cyclooctanfizamino acid29 and30 have been obtained in
2 steps from (£26 in 26% and 15%, respectively. Through a Michaelitamh of chiral
lithium amide to the racemic mixture of isopropdidlioxi derivatives (26, a

matched pair approaches transformation accountbdonbtained results.
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o] :
Ph = Ph
o NBn COOH COO'Bu
N._Ph .
H
(1R,6S,9R,10S,0.5)-29 (1R,2R,35,4S,0.5)-3 (*)-26

5. An oxygen functionalized C-5 and C-6 addd¢thas been proposed to the approach of
Tashiromine. As the Michael addition of chiral lithh amide did not take place, further

functionalized derivatives frodi7 are suggested for future research works.

COOMe Br. COOMe COOMe COOMe
Br
_____ . . R, NR:

or
(9

o__0 o. 0 o__0 o__0

X><x X><X X><x X><X

47

X =Me

6. (1E,32) tert-butyl and methyl 5-oxo-cycloocta-1,3-diene carlaigs56 and58 were
obtained from their respective cycloocta-1,3-dieagboxylates. The yield of the 5-oxo

compounds is optimized by oxidation with TPAP af @lcohol intermediate.

COOR COOR COOR COOR
@ Seoz Q O o @
+
6,R= Bu £ HO t ° 1 0,
54.R = Me 56, R = Bu 51% 57,R = 'Bu 32% 56, R = 'Bu 90%
58, R = Me 46% 59, R =Me 18% 58, R =Me 87%

7. Through application of the same conditions usedHerobtention of compound@$é and
58 with the unsaturated estefsand55, different cyclooctanic derivatives were found
such astert-butyl and methyl 4-oxo-9-oxabicyclo[3.3.1]non-2ee?-carboxylate 60
and61. When 60 is subjected to crystallization, the di®2 is obtained throughout a
[2+2] cyclization. The structure of these compouhdse been determined by X-Ray
diffraction of 62.

COOR COOR

Se0,, CH3;COOH Crystallization
t-BuOH, 105 °C, o Hex: Ether
5h.
7.R=1Bu 60, R = 'Bu 29%
55,R = Me 61,R=Me 11%
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8. Through a complete study of the reactivity 5§ with amines, compounds with a
bicycle[2.2.2]octane structure were obtained withmpry amines. This fact opens a
new and very interesting research pathway as itstienalization makes possible to
obtain intermediates lik&Il or XIII. These type of compounds exhibit potential as

organocatalysts, particularly derivativélll which presents an own axis of C3

symmetry.
COOR
O? é COOR RHNE é COOR RHN COOR
NHR NHR NHR
0 63,R=Bn Xi RAN i
56, R = ‘Bu (+)-68, R = CHMePh
58, R = Me (-)-68, R = CHPhMe
(%)-69, R = CHMeEt
72,R = Ph

9. Methyl 5,5-ethylenedioxycycloocta-1,7-diene-1-catydate 84 is obtained in 6 steps
from cycloocta-1,5-diene in a 75% overall yield.iS'ltompound represents a key

derivativel V proposed in the approach to the synthesis of Alratm.

Ph
COOMe COOR COOR

DR NOR O =

Anatoxin-a

10. Methyl (1S2R)- and (1529-1-hydroxy-2-amino-cyclooctanecarboxylat€s)-92 and
(+)92 are obtained in 16% and 26% overall yield fromlagcta-1,7-diene carboxylate
55, respectively. Through a tandem reaction with ahiithium amide followed by
oxaziridine addition, which can be further convdnato their respective functionalized

cyclooctanigi-amino acids enriching our adducts library.

Ph

COOMe >\N COOMe
Ph /..OH
1) (R)-C or (S)-C
2) ()-trans-oxaziridine
or (1R)- or (1S)-(-)-CSO
55 (-)-90
or
(+)-90
H,N  COOMe HoN COOMe
___S.OH WOH
EtOAc, Pd/C CH3COOH (giacial), Pd/C
Hp (4 atm.), rt,16h.  H, (4 atm.), r.t, 24 h.
(+)-92 ()92
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11. Using the previous tandem reacti¢+);94 is obtained in 32% frorB4 and it has led to

the synthesis of the bicyclég-101 and(-)-102.

Ph

COOMe )\N COOMe HN ~ COOMe | MeOOC OH
Ph . \OH R
1) (R-C 1) Ho .
2) (15)-CSO 2) Cat. acid Hydr.
o) o cond.
(0] 0 MeO 0
bu 9(_)_9 . ()-101 02\,

12. When thep-amino ester without the hydroxy gro@p-106 is used in the previous

cyclization reaction, the deprotected product fréme carbonyl group and partial
hydrogenolysis (-)-112 is obtained in14% vyield, together with the O-
azabicyclo[4.2.1]Jnonang)-113 in 27% vyield. The latter is a highly advanced byt
into the synthesis of Anatoxia-

Ph

COOMe COOMe h)\NH COOMe MeOOC
Q Cat. acid Hydr. Q
NRC_ __cond.”
+
2) Ha
(0]
k/o o} O\\\
84 ) -106 (-)-112 (-)-113 OH
2.0% overall yield 4.0% overall yield
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