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Como resultado del Examen de Fondo realizado, con fundamento en el Articulo 45
de [a Decision 486 de la Comision de la Comunidad Andina, se comunica:

1. Documentos estudiados

Descripcion:
Reivindicaciones:
Prioridad:

Folios 97 a 210
Foliocs 211 a 230
EP 07105572.7

2. Analisis de la Prioridad

01/Noviembref2009
01/Noviembre/2009
03/Abril/2007

Se acepta la reivindicacién de prioridad porque esta solicitud fue presentada
dentro del plazo establecido (Art. 9 D 486) y su contenido técnico corresponde con
el de la prioridad reivindicada.

3. Objeto de la invencidén

Titulo de la solicitud: “Métodos e intermediarios para preparar compuestos de
lactama lactona de 8 atomos de carbono activos como inhibidores de renina®
modificado en el folio 241
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|
El problema planteado en esta solicitud consiste en la necesidad de proporcionar
una ruta sintética alternativa para la preparat::lon de compuestos lactama-lactona
C8, para asegurar su fabricacién de una manéra simple y eficiente.

Para resolver este problema técnico la solicitdd en estudio proporciona un proceso
para la preparacién de compuestos lactama-Jactona C8 de la formula |, mediante
la utilizacidn de reacciones organocataliticas de Michael y Henry.

N %,

o ' “R1
Act
Formula;l

El objeto de la presente solicitud se relaciona con la Clasificacién Internacional de
Patentes (CIP): C07C231/12, C07C231/18, C07C237/20, C07C271/16,
C07C205/15, C07C205/29, CO7C205/45, C07C205/51, C07D207/16, C07D207/26,
C07C47/277, CO7D403/04, CO7F7/18. '

4. De la Solicitud de Patente
f

Reivindicaciones (Art 30 D 486, Art 22 PCT)

La reivindicacién 1 no es concisa porque Ia férmula estructural del intermediario
IV es muy general. Se sugiere al sefior solicitante definirlo como el compuesto de
formula (IVa) en la reivindicacion 5 y el compuesto de formula (IVb) en la
reivindicacion 6 o incluir estos compuestos en la reivindicacién 1.

Las reivindicaciones 2 y 3 son reivindicaciones independientes porque no
dependen de la reivindicacion 1. La reivindicacion 4 depende de la reivindicacién
3. Las reivindicaciones 5 a 8 y 48 dependen de la reivindicacion 1. Las
reivindicaciones 49 y 50 dependen de la reivindicacion 2. Asimismo, la
reivindicacion 18 tiene falsa dependencia a las reivindicaciones 11 a 13y 15 a 17
ya que la reivindicacién 18 es independiente porque la reaccion de los productos
intermedios (V1) y (Vll), produce el producto final (IX), el cual es diferente a los
productes finales de las reivindicaciones 11 a 13 y 15 a 17. Se e sugiere al sefior
solicitante cambiar la dependencia de las reivindicaciones teniendo en cuenta que
la dependencia esta dada porque todas las caracteristicas esenciales de la
reivindicacién independiente estan presentes en la reivindicacion dependiente.
b
En la solicitud existen las siguientes reivindicaciones independientes de proceso:

1
Rv. 1 proceso: (XII) + (IV) Reaccion de Michael= (V)
Rv. 2 proceso: (V) + reduccién = (VI)
Rv. 8 proceso: (VI} + GP (bencilo) = (VII)
Rv. 14 proceso: (VII) + Reaccion de Nef = (VIII)
Rv. 18 proceso: (VI) ¢ (VII) + (VIII) = (IX)
Rv. 24 proceso: (IX) + hidrogenacion = (X)
Rv. 33 proceso: (X) + oxidacién = (l) b
Rv. 34 proceso: (VIII) + reduccién = (XIV)
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Rv. 35 proceso: (XV) + Reaccién de Henry = (XVI)
Rv. 37 proceso: (XVI) + hidrogenacién = (XVII}
Rv. 40 proceso: (XVII) + oxidacion = (XVIil)

Se sugiere al sefor solicitante agrupar las etapas o subprocesos en el capitulo
reivindicatorio contemplando los procesos necesarios para preparar los productos
finales o compuestos de interés de formulas generales (I) y (XVIII) desde los
productos de partida e incluir las etapas necesarias con sus productos
intermedios. Por ejemplo un esquema general del proceso desde los productos de
partida hasta los productos finales incluyendo las etapas y condiciones de
reaccion esta en un conjunto que retine las reivindicaciones 1, 2, 3, 9, 14, 35 y 40.

Las reivindicaciones 5 y 6 reclaman el compuesto (IVa) y (IVb) pero se encabeza
en términos de procedimiento. Se le recuerda al sefior solicitante un procedimiento
se caracteriza por su etapas y condiciones y no por |a estructura quimica.

Las siguientes reivindicaciones reciaman productos finales:

Rv. 45 se reclaman los compuestos (IA), (IC) y (ID)

Rv. 46 se reclaman los compuestos (IB), (IE) y (IF)

Rv. 47 se reclaman los compuestos (1)

Rv. 51 se reclaman los compuestos (XVIli}

Rv. 52 se reclaman los compuestos (XVIIIA), (XVIIIC) o (XVIID)
Rv. 53 se reclaman los compuestos (XVIIIB), (XVIIIE) o (XVIIIF)

Por lo anterior, se deduce que los productos finales de interés para el sefor
solicitante son: (IA), (IC), (ID), (IB}, (IE), (IF), (XVIIIA), (XVIIIC), (XVIID), (XVIIB),
(XVIIE) y (XVIIF).

Las reivindicaciones 34 y 35 no son claras porque el compuesto de férmula (XIV)
tiene estructuras diferentes en cada reivindicacion. Se sugiere al sefior solicitante
aclarar cudl es la formula estructural correspondiente a (XIV).

Las reivindicaciones 52 y 53 no son claras porque tienen la definicién de la
abreviacion “Act” pero en las estructuras no aparece la abreviacion “Act”. Se
sugiere al sefior solicitante hacer las aclaraciones a las que haya lugar.

La reivindicacion 50 no es clara porque define el compuesto de la férmula (V) o
(V1) de acuerdo con la reivindicacién 50. Se sugiere al sefior solicitante corregir la
dependencia.

En la definicién de los radicales mas representativos de ia férmula (1), de acuerdo
con lo que se encuentra debidamente sustentado en el capitulo descriptivo, se
encuentra que siempre varian entre los siguientes sustituyentes:

Radical Soporte en la descripcion
R’ isopropilo
PG Hidroxi, bencilo

Por lo tanto se sugiere al solicitante presentar una generalizacién razonable y
eliminar aquellas definiciones que exceden el sustento descriptivo.

Las reivindicaciones 4 a 7 y 10 son procedimientos definidos por el producto o
compuesto. Se sugiere al solicitante que defina el procedimiento de sintesis por
sus etapas y no por las caracteristicas del producto a obtener. Asimismo se
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sugiere organizar el proceso de preparacidbn compuestos lactama-lactona de
manera secuencial, mostrando de manera clara los compuestos de partida, las
condiciones de reaccién, las etapas de mahera sistematica hasta llegar a los
compuestos de formula | o compuestos finales, para que la reivindicacién
independiente supere las objeciones de claridad.

Las reivindicaciones 41 a 44 no son claras porque reclaman procesos para la
preparacion del compuesto (XI) pero no definen los pasos de los procesos sino
gue relacionan la fabricacién de productostintermedios de forma aislada y no
definen cual es la etapa inicial y la etapa final de una forma sistematica y
ordenada. Se sugiere al sefior solicitante definir claramente las etapas, productos
intermedios y condiciones de reaccién para obtener e! compuesto (XI).

'

5. Unidad de invencidn (Art 25 D 486)

El concepto comun definido en el proceso para la preparacion compuestos
lactama-lactona C8 consiste en las etapas: |

R2
~ R3
| R2 o
/ s
HN\ =
R3
Rv.3 (s == w
R2
R3 o
N\ | |
LG\O/\I
= R j .
~Ns R1 _.N.
Rv. 1 R (V) + O 0 ()|(|l) = 0 0 (V)
OH
I )
R1 N ER1 N
Rv. 2 O % M+ reduccién = 0 0 ()

No hay unidad de invencion para el proceso para la preparacion de los
compuestos lactonas-lactamas, porque las etapas no estan concatenadas y no
existe una interrelacion técnica entre los productos intermedios y el producto final
en el capitulo reivindicatorio, es decir, se tiene una gran cantidad de intermedios
para llegar al producto final y con diferentes elementos estructurales, pero no
todos los productos intermedios estan involucrados en un mismo proceso para
preparar el producto final. Por tanto, el proceso de preparacién de los compuestos
lactama-lactona no comparte un concepto comun inventivo y se encuentran 3
grupos inventivos.

! Organizacion mundial de la propiedad intetectual., Tratado de cooperacién en materia de patentes
(pct). Directrices de blusqueda internacional y de examen preliminar internacional del PCT. 11 de
marzo de 2004. P4g. 90, 91y 100 a 103.
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Los grupos inventivos estan definidos a priori, por las siguientes caracteristicas

esenciales:

Grupo Inventivo 1°;

R2
-
HN\ %
e X, R R V)
R2
R3
\N/ LG l
'
0
- 3 .
N R1 _.N
Rv.1 (V) + S O 0O 0
0] OH
“\‘/\
R1 __.N% R1 __.NL
Rv. 2 © © W+ reduccion = © 0 wy
OH
H/\ PG—0
R1 0«‘"1*- Rt _N
Rv. 9 (M) + PG (grupo protector de hidroxilo)= 0 0 wn
PG—0
H/\ Fe-
R1 __.NL |
Rv. 14 © ©  (VI+ Reaccion de Nef = R0 v
H PG—O 0-R5 OH R1
0—PG
R1 N | .
Rv. 18 o7 To iy + RO wiy= oM (1X)
0—RS5 OH Ri oH OH Rt
0—PG OH
. _ N R1 HN
Rv.24 "o ™M (IX) + hidrogenacion = “act (X)
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del grupo NO2

OH OH R1 . 0%
WOH . D—q
N “
© “Ri
Rt HN_ . L . _ Act |
Rv. 33 Act (X) + oxidacién selectiva = ()

de alcoholes primarios PRODUCTO FINAL
I

Grupo Inventivo 2°; ,

I \N/.
R2
e
HN\ =
R3
Rv.3 OV () m-r v
R2_ g3
\N/ I
- . ' .
_Ns R1 N
Rv.1 N V) 4 © Ol - 0 70
H
I
. +*
R1 _.N% RT __.Ny
Rv. 2 © © )+ reduccién = _} © S
PG—0 l PG—0
— L4
Rv. 34 R (XIV}4 reduccion del = R1 0 vy
grupo nitrilo
H PG—0 0—RS OH R1
Lr\‘ % ! \\‘/\K‘\/y\/o—m’s
. } .
R1 _ .N N
Rv. 18 °© o w4 RiOpvip= Mo ™My (1X)
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s oH R OH OH R1
0—PG oH
N _ N Rl HN
Rv.24 "o (IX) + hidrogenacion = SAct X)
del grupo NO2
R1
OH OH Rf % 0-..C
WOH M
N %
R1  HN © Rt
~ . . . Act
Rv. 33 Act (X) + oxidacién selectiva = n
de alcoholes primarios PRODUCTO FINAL
Grupo Inventivo 3°:
R2 R3
| " b
-
HN\ ’2
res K1, Ry R av)
R2_  R3 o
o |
~
0
- ) *
_Ns R1 _.N.
Rv.1 (V) + O Clomy o 0 0 gy
H
|
R1 _.NL R1 __.NL
Rv. 2 © % M+ reduccion = °© 0w
PG—0 PG—O
\
Rv. 34 Rl (X4 reduccion del = RO vy
o)
PG—0 0 OH R
0—PG
I 7 ‘ ?W
R§ R1 _.N. .
N3 R8 R _N.
Rv. 35 RO v+ O "0 xv) - 0 %0 (XVI)
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0 OH R oH K
0—PG o
0 ; Rine
| . NH
R8 R1 N, .
Ry. 37 0 0 (Xvi+ hidrogeqacrén de = o {(XVIh)
del grupo NO2
I
04 Ri i
OH
R1,
Rim I : MO
NH
| 0 ﬁ K4
Rv.40 0 (XVII) + oxidacion ‘selectiva= RY (xviin

cierre de I’a lactona

PRODUCTO FINAL

Se sugiere presentar las Solicitudes Divisionales que considere necesarias, 0
limitar la solicitud inicial a una sola invencién, eliminando de ella las otras
invenciones.

6. Determinacion del Estado de la Técnica

}

El estado de la técnica se determind con base en la fecha de prioridad
(03/Abrilf2007) y se encontraron los siguientes documentos que anticipan el objeto
de esta solicitud:

' Fecha de Fecha de
Item Documento Titulo ] Publicacién prioridad
Hurd ¢. Journal of
the american
chemical society, ring-chain tautomerism of .
D1 american chemical hydroxy aldehydes 05/Noviembre/1952
society, Washington,
vol. 74 [
Convergent Enantioseiective
Paquette Leo. Synthesis of Vinigrol,
Department of - anArchitecturally Novel
Chemistry, The Ohio Diterpenoid with Potent
D2 State Umversnty, Platelet Aggr_‘egatiqn Inhibitory 14/Abril/2003 _—
Columbus, Ohio and Antihypertensive
43210. J. Org. Properties. 1. Application of
Chem. 2003, €8, Anionic Sigmatropy to
6096-6107 Construction of tihe Octalin
Substructure
Cycloalkyl, lactam/ lactone and
D3 US6683075 T e ated compounds 27/enero/2004
pharmaceltica
D4 C02008-38593 Derivados de 3-alquil-5-(4- 17/octubre/2005
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alquil-5-oxo-tetrahidrofuran-2-
il}-pirrolidin-2-ona como
intermediarios en la sintesis de
inhibidares de renina

D1http://www . sinab.unal.edu.co:2108/ehost/search/basic?sid=cbBaed 1b-c39d-
4d23-bf56-b5bf74cbf414%40sessionmgri3&vid=18&hid=9
Divulga el 4-metoxibutanal {Pag. 5324-5329).

D2http://www.sinab.unal.edu.co:2139/action/showPublications ?display=journals
Divulga un compuesto con los grupos funcionales alcoxi y aldehido y cadena
carbonada de 4 atomos (Pag. 6096-6107).

D3http://www.google.com/patents/US6683075?printsec=abstract&dq=lactone+lact
am-+reaction+michael&ei=VexDUKPtG4b88qT2vIGgDa#v=onepage&q=lactone%?2
Olactam%20reaction%20michael&f=false

Divulga métodos de preparacion de lactonas lactamas por medio de la adicién de
un carbanion a una amina en una reaccién de adicion nucledfila para producir un
producto intermedio (columna 115).

D4. Divulga los compuesto lactona-lactama con formulas (1) y (V1) Fl. 309, 314 y
315

7. Examen de Patentabilidad (Art 14 D486)

Novedad (Art 16 D486)

La reivindicacién 45 consiste en un compuesto de férmula | o una sal del mismo, el
cual tiene una de las siguientes estructuras:

° T .’,/R1 o T
Act Act

o
A
(1A) (IC) o {ID)
en donde R1 es hidrégeno, alquilo de 1 a 7 atomos de carbono, cicloalquilo de 3 a
8 atomos de carbono, o bencilo, y Act es un grupo activador seleccionado a partir
de un grupo protector de amino, en particular uno que, junto con el atomo de
nitrégeno, forma un carbamato.

ct

Comparacién de las caracteristicas técnicas esenciales, con las del Estado de la Técnica:

Caracteristicas esenciales D1
Compuesto de férmula 1D Compuesto de férmula VI
o N
Act R4
(D)
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R4=H

R3= alquilo, cicloalquilo

1— 1 i 1 .
R'= alquilo, cicloalgquile Fl. 314 y 315

Las caracteristicas técnicas esenciales de la estructura de la reivindicacién 45
habian sido divulgadas previamente en D4, él cual da a conocer los compuestos
lactona-lactama con formula (VI) Fl. 314 y 315, tal como se presenta en el cuadro
anterior. j

En consecuencia, la reivindicacion 45 no es nueva, segun lo divulgade en el
documento D4.

|
La reivindicacion dependiente 46 que reivindica los compuestos (IB), (IE} y (IF) no
menciona alguna caracteristica que haga nuevos a los compuestos de formula
estructural {ID) definidos en la reivindicacion 45, por lo cual tampoco se considera
que la reivindicacién sea nueva. |

La reivindicacién 47 consiste en un compuesto de féormula | o una sal del mismo, el
cual tiene una de las siguientes estructuras:

t

M O /L 0O N
o ’// o” N 0"

Act Act o Act

en donde Act es un grupo activador seleccionado a partir de un grupo protector de
amino, en particular uno que, junto con el atomo de nitrbgeno, forma un
carbamato.

Comparacion de las caracteristicas técnicas esenciales, con las del Estado de la Técnica:

Caracteristicas esenciales : D1
Compuesto de formula | & Compuesto de férmula VI
3
/j i \.-‘“ G .0
/Ih, O O : )
o~ N -
N ! | R4
Act R4=H
R3= alquilo, cicloalquilo
%, FI!314y 315
f1 .

Las caracteristicas técnicas esenciales dei la estructura de la reivindicacion 47
habian sido divulgadas previamente en D4; el cual da a conocer los compuestos
lactona-lactama con formula (V1) F1. 314 y 315, tal como se presenta en el cuadro
anterior.
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En consecuencia, la reivindicacion 47 no es nueva, segun lo divulgado en el
documento D4.

La reivindicaciéon 51 consiste en un compuesto de formula (XVIII):

R“’% O O

o~ N K
H R1 -
RT (xviny
en donde R1 es, independientemente uno de otro, hidrégeno, alquilo de 1 a 7

atomos de carbono, cicloalquilo de 3 a 8 atomos de carbono, o bencilo o una sal
del mismo.

Comparacion de las caracteristicas técnicas esenciales, con las del Estado de la Técnica:

Caracteristicas esenciales D1

Compuesto de férmula ().

Compuesto de formula (XVIID

R1 4, 0 0 HS”;,“ 0. 0

RT xviiy

R4=H
R'= alquilo, cicloalquilo R3= alquilo, cicloalquilo
R'= alquilo, cicloalquilo R4= alquilo, cicloalquilo

Fl. 308

Las caracteristicas técnicas esenciales de la estructura de la reivindicacién 51
habian sido divulgadas previamente en D4, el cual da a conocer los compuestos
lactona-lactama con formula (ll) FI. 309, tal como se presenta en el cuadro
anterior.

En consecuencia, la reivindicacién 51 no es nueva, segln lo divulgado en el
documento D4.

Las reivindicaciones dependientes 52 y 53 no mencionan alguna caracteristica
que haga nuevos a los compuestos de formula estructural (XVII) definidos en Ia
reivindicacién 51, por lo cual que se considera que tampoco son nuevas.

Nivel Inventivo (Art18 D486)

La reivindicacion 3 consiste en un proceso (FI. 212 a 213)
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Comparacién de las caracteristicas técnicas esenciales, con las del Estado de la Técnica:

Caracteristicas esenciales : D3
Proceso que comprende: T Proceso que comprende:
| ’ O
, OR
NS I :
N Reaccion de R2 con
Reaccion de R1 con R3 R— NH
— NH, .
para radugir
RZ\ _R3 P
N
| N
-~
= R!” OR
para producir R1 {compuestos 5
de la formula V) ‘ R (columna 115).

i
El documento D1 se considera el estado de la técnica cercano a la invencion
definida en la reivindicacién 1.

D1 divulga métodos de preparacion de Iactoﬁ\as lactamas por medio de la adicidn
de un carbanion a una amina en una reacciéon de adicion nucleéfila para producir
un producto intermedio {(columna 115).

La diferencia entre la invencién, definida en !a reivindicacién 1 y el compuesto de
D1 consiste en que la invencién tiene una amina secundaria.

No se evidencia que por el hecho de tener una amina secundaria, se tenga un
efecto técnico inesperado. k
Por lo tanto, el Problema Técnico Objetivo que pretende resolver esta invencion se
puede formular asi: “cémo maodificar la reaccion de adicién nucledfila conocido en
D1 para conseguir una reaccion de preparacion de compuestos de la formula IV”.

Sin embargo, es conocido una reaccion de adicion nucledfila se puede realizar con
aminas secundarias o primarias porque es posible usar diferentes bases que
reaccionen con el carbanion presente en la reaccion.?

|
En consecuencia, la persona del oficio normalmente versada en la materia, estaria
motivada a emplear una amina secundaria. Por lo cual se considera obvia.

Conclusion: '
La reivindicacién 3 no cumple con el requisito de nivel inventivo (Art. 18).

La reivindicacién 15 consiste en un compuesto de la férmula (V1II):

PG—O

N

R1, O
en donde: ¢

¢ Morrison R. Quimica organica. Quinta edicion. Editorial Addison Wesley. 1987. Pag. 1069 a 1071
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R1 es hidrégeno, alquilo de 1 a 7 atomos de carbono, cicloalquilo de 3 a 8 atomos
de carbono, o bencilo;

PG es un grupo protector de hidroxilo;

o una sal del mismo

Comparacién de las caracteristicas técnicas esenciales, con las del Estado de ta Técnica:

Caracteristicas
esenciales D1 D2

compuesto de la féormula

PG—-O(VIIII 4-metoxibutanalo compuesto 11
o /W \CH3 CHO
H ‘_\L,oms
| L
R1

R1 es hidrégeno, alquilo,
cicloalquilo o bencilo

PG es un grupo protector
de hidroxilo 0 una sal del

mismo

H H

CH3 (Pag. 6327, Columna 2, | TBS (trimetilsililo)
linea 9). (Pag. 6098).

Los documentos D1 y D2 se consideran el estado de la técnica cercano a la
invencién definida en la reivindicacién 1.

D1 divulga el 4-metoxibutanal (Pag. 5327, Columna 2, linea 9).

D2 divulga un compuesto con los grupos funcionales alcoxi y aldehido y cadena
carbonada de 4 atomos (Pag. 6098).

La diferencia entre la invencion, definida en la reivindicacion 1 y el compuesto de
D1 consiste en que la invencion tiene un grupo protector o sal del mismo.

La diferencia entre la invencién, definida en la reivindicacion 1 y el compuesto de
D2 consiste en que la invencién tiene un 4tomo de hidrégeno en el carbono 3.

No se evidencia que por el hecho de tener un grupo protector, se tenga un efecto
técnico inesperado.

Por lo tanto, el Problema Técnico Objetivo que pretende resolver esta invencién se
puede formular asi: “como modificar el metoxibutanal conocido en D1 para
conseguir compuestos de la formula VIII".

Sin embargo, es conocido en el documento D2 la utilizacion de un grupo protector
en el grupo metoxi.

En consecuencia, la persona del oficio normalmente versada en la materia, estaria
motivada a emplear un grupo protector en el grupo metoxi. Por lo cual se
considera obvia.

Conclusion:
La reivindicacion 15 no cumple con el requisito de nivel inventivo (Art. 18).

Puesto que las reivindicaciones dependientes 16 y 17 no mencionan
caracteristicas inventivas adicionales tampoco se pueden considerar inventivas.
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8. Conclusién '

Los requisitos de patentabilidad de la presente solicitud estan afectados asi:

: Féeivindicaciones Requisito que
Item Documento ' afectadas afecta

Hurd c. Journal of the american
01 chemical society, american chemical 15a 17 Nivel inventivo
society, Washington, vol. 74
Paquette Leo. Department of
N2 Chemistry, The Ohio State University, i

Columbus, Ohio 43210. J. Org. Chem. 15a17 Nivel inventivo
2003, 68, 6096-6107 |
D3 US6683075 3 Nivel inventivo
D4 C02008-38593 ) 45a 53 Novedad

En cumplimiento del articulo 45 de la Décisién 486 de la Comision de la
Comunidad Andina, se le indica que debe dar respuesta dentro del término de
sesenta (60) dias contados a partir de la fecha de notificacion de la presente
comunicacion. En caso de no dar respuesta al presente requerimiento, o si a pesar
de la respuesta subsistieran los impedimentqs para la concesion, se denegara la
patente. :

Se invita al solicitante se sirva indicar, si asi lo considera, su renuncia al término
faltante de sesenta (60} dias para dar respuesta a este requerimiento y presentarla
por escrito. b

Notifiquese el presente oficio conforme a lo dispugsto en el numeral 5.2, literal e),
del capitulo quinto del titulo primero de la Circular Unica No. 10 de 2001.
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JOSE LUIS SALAZAR LOPEZ
Director de Nuevas Creaciones (C)

El Laea{mEﬂ%“requerlmlento fue notificado por fijacion en lista, de fecha

Elaborado por: Ruth Angélica Lizarazo Pedr:-.\za%)L
Revisado por: Consuelo Leguizamén Leguizamén /4,
Aprobado por: José Luis Salazar Lapez
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The samicarbazone was prepared in aqueous ethanel an
then recrystallized from methanol; m.p. 214.9-215.9°
{cor.).

Anal, Caled, for CNI‘I-;[N;OQ.' C, 61.83; }'I, ?2:‘, N,
N, 14.45, Found: C,82.01; H, 7.43; N, i4.45.

The eluate {ractions contained 35 1o 85% benzene, were
concentrated individually to give oily materiat, which were
bulked, dissolved in ethanol and treated with 12 g. of semi-
carbazide hydrochloride and 18 g. of sodium acewats.
Water wes added until practically no solid remained and
the solution was then heated at gentle reflus for two hours.
At the end of the heuting period erystals began o appear.
The solution was cooled and filtered. The dried substance
weighed B.01 g. and melted ar 178-184°. After recrvetaili-
zation from methanol there was obtained .29 g. of white
erystals, m.p, I85-186.4° (cor.}, This war the semicarba-
zone of 1 4-dimethoxy-5-methyl-6-tetralone.

Anal. Caled. for CuHeNsO:: C, 8063 M, 0.01: N,
i th, Feuud: C, 0070 1T 761 N, 14.97,

Vol, 74

A mixture of the semicarbazones of the monomethyl- and
dimethyltetraloses melted at 178-180°,

1,4-Dimethoxy-5-methyl-6-tetraione fromm the correspond.
ing Semicarbazone.--The above semicarbazone (8.25 g.)
was gently warmed with 15 mi. of acetic acid until solution
was compiete. The solution was diluted with 10 ml. of
water and 3 g. of redistilled pyruvic acid in 5 ml. of water
was added. The whole was refuxed one-half hour and then
was diluted with 13 ml. of water. An oil separated and
when the mivture was cooled a crvstalline salid, presumably
pyruvic acid semicarbazone, separated alzo. The mivtur.
wuas extracted twice with ethier and the combined ofl laver-
were wasierd with sodium bicarhonate solution and then
with water. The wihier solution was driecl and distilled,
After removal of the volatile solvent the residue boiled at
128-1307 {03 mm.i, The | 4-dimethosy-S-methylietri.
lane could not be induced 1o crysiullize.

Anal. Caled. for Tyl O, 7T0R0: i, 702 Foanie
C, 708 1, 7.8,

RENSRELARR, N Y.
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Ring-Chain Tautomerism of Hydroxy Aldehydes

By Ciareces D), Horp axp WinLiaym I, Sarxprgs. TR,

REcriven Aprm, 21, 1952

A study of the ultraviolet absorption spectra of some simple w-hydroxy aldehydes has disclosed that in agueous dioxane

4-hvdroxybutanal and 5-hydroxypentanal exist predominantly

as the cyclic hemiacetais, containing an estimated 1.4 and

6.1%, respectively, of {ree aldehyde a1 23°. The higher members studied exist as 80-90)% Iree aldenyde. These values
were obtaired by comparing the extinction cosfficients at 1he carhonyl maximum with those of the corresponding w-mnethoxy
aldehydes. A number of nydroxy and methoxy aldebydes not previously reported in the liserature were prepared, some af
these by a new svithetie procedure involving a cvelic aevioiu as the starting material.

The position of equilibrium of acyclic &= cvelic
forms of hydroxy aldehydes has been qualitatively
knowi to be essentially at the wcvehe stage for
#-hydroxy aldehydes! (aldols) and at the evelic
stage for y- and §-hvdroxy aldehydes, The latter
includes aldoses® as well as simple hydroxy alde-
hydes.® There is evidence for cvelization also
with O-hydroxynoranal and 4-methyl-6-hvdroxy-
hexanal.®

Quantitative approaches to this problem have
been surprisingly few., These include “instan-
taneous’” combination with hvdrogen cvanide,
reduction of the acvelic form at the dropping
mercury electrede,® and ahsorption spectra.  Soju-
tions of glucose do not show a maximum in the
carbony! band region of the ultraviolet” except
under strongly acid conditions, presumablty be-
cause of the very small quantity of free aldehvde
present.  S-Hydroxypentanal,® however, shows a
maximum at 290 my and frons the intensity of this
band it was estimated that the equilibrimn mixture
contained about 597 of free aldehyde.

It seemed reasonable to suppose that this ap-
proach wounld be capable of further refinement and

(1) C. D, Hurd and J. L. Aberacthy, Tais Joursat, 63, 19641 1041),

(2} W. W. Pigman and R. M. Goepp, "Chemistry of the Carho-
hydrates,” Academic Press, Joc., New York, N. Y., 140, Chapier 1,

(3) B. Hzllerich and co-workers, Ber, 53, 1123, 3800 (1916): 54,
930, 2640 (1021); 08, T0Z (1922); B, 2088 (1923).

{4} B. Hellerich and W. Schifer, ibid,, 87, 1] (1024} B Hel.
ferich nod G. Sparmberg, ibid., 64, 104 (1931).

(8] F, Ldpplch, Biochern. Z., %48, 280 (1032).

() 3 M. Cantor aad Q. P. Peniston, THI® JounwaL, 63, 21:3
(1840); P, Delabay snd J. E. Strasancr, ibid., T4, 895 (1B52}.

{7) B. Pacsu wnd L. A, Hiller. ibid., 70, 623 (1348).
(8) 1. K. Behniepp nod H M. Geller, thidt., 88, 1040 [1040).

extension to other simple hydroxy aldelvdes,
With this in mind, a study of the ujtraviolet ab-
sorption of a numher of simple w-hydroxy aldehydes
was undertaken, The corresponding w-methoxv
aldehydes weare chosen us standards, it being
assumed that they would show essentially the same
carbonyl ahsorption as would the hydroxy alde-
hvdes 1f they were entirely in the open-chain form.
The w-hvdroxy and w-methoxy aldehvdes prepared
were those baving 4, 3, 6, €, 9 and 10 earbon atoms
between the carbnnyl oxvgen and the hydroxy {or
methoxy)  group, Of  these, .d-hvdroxybutanal,
G-hydroxypentanal, 9-hydroxynonanai, 4-methoxy-
hutanal and S-methoxvpentanal were compaunds
Lnown prior to this investigation,

Ozonolysis of d.penten-1-0] and D-octadecen-1.ol
according to the directions of Helferich and Scliifer
viekied J-hvdroxybutanal and hvdroxynonanal,
respectiveiv.  Methylation, then ozonolysis of the
resulting unsuturated ethers gave rise to 4-methoxy-
butanal and O-methoxvnonanal, The same ap-
proach was used in the preparation of J0-hvdroxy.
andd 10-methoxydecanal, 10-undecen-1-0] heing the
starting material.

- Hydraxypentanal was svnthesized from i
hvdropyran® A synthesis of 3-methoxvpentanal
was devised to replace the previous method, ozonol-
vsis of the difficulty obtainable G-methoxy-1-hex-
ene  Mercaptalation!® of 3-hydroxypentanal to

(1) R. Purmmerer and M. Schonamagruber, Ber., 78, 1834 (1939).

(10} Tuls sequence of resctions was adapted from proccdures for the
preparation of open-chain aldose derlvatives. See E, Fischer, ibid.,

2T, 047 (1894); P. A Levene antt 3. M. Mever, J. Biol, Chem. . BB,
170 (1920;, M. L. Welfrom, Tuie fuvaxar, 01, 2188 (1920).
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-hydroxyvaleraldehvde ethyl mercaptal, then
methytation, vielded 3-methoxvvaleraldehyde ethyl
mercaptal which was converted readily to 3-
methoxypentanal,

The remaining two pairs of the series were pre-
pared by a new synthesis starting with the cyclic
acyloin possessing the same number of carbon
atoms as the desired product, The cvelic acyloin
In {adipoin) was obtained by hydrolvsis of 2-

(;l':]'f ) C|:=O Ph{0Ac),
s —
i CHOH CH.OH
R HLS0,

I

LiAlH,
CH,00C(CHyj»CH(OCH,):

I
NeH
}TO(CHE)HCH(OCH]}‘] —E}_{_-[)- CH’;O(CH‘!)nCH(OCP[;)Q
1

11T v
,LI—I", H,0 lw. B:0
HO!CH,),CHN CHO{CH,).CHO
v VI
A, n e 4
hyn=28

chloroeyclohexanone!! while suberoin, Ib, was pro-
duced by the action of metallic sodium on methyl
suberate in boiling xylene according to the general
procedure of Prelog.!? The acetal-esters Ila and
ITb were obtained by treating methanolic solutions
af the acyloins with lead tetraacetate!? followed by
addition of suliuric acid to catalyze the reaction of
the aldehydic acids with methanol. IIb was con-
taminated with a yellow liquid, presumably 1,2-
cyclodctanedione carried over from the impure
Ib., The reduction and methylation steps pro-
ceeded smoothly but some difficulty was encoun-
tered in the acid hydrolysis of the hvdroxy acetals
[TIa and IIIb, since the acid prometed formation
of condensation products by the hvdroxy alde-
hydes Va and Vb, Ewven under the very mild
conditions of treatment with cold saturated tar-
taric acid solution, ¥ 11Tl gave only a 37 vield of
Vb alang with a higher-boiling residue. This
tendency to form condensation products was much
less troublesome in the preparation of the methoxy
aldehydes VIa and VIb,

The hydroxy aldehydes of six carbons and more
were waxy solids insoluble in all comimon solvents
in the cold but soluble in many on heating. Their
dual nature is reflecfed in rather indefinite and
variable melting points, The most striking ex-
ample is 8-hydroxyhexanal, whose melting point
ranged from 37 to 86° and varied with the age of the
sample and the rate of heating,

In choosing a selvent for the spectrophotometric
measurements on the hydroxy aldehydes, it was
hoped that an inert soivent could be used so that

(11} A Kotz, K. Blecdermann, R, Rosenbuseh and B, Sirringhaus,
Ann,, 400, 82 (1612).

(12) V. Pretog, L. Frenkiel, M. Kabelt apd ¥, Barman, Helo. Chim,
Acto, 80, 1741 (1047),

{13} E. Dset, Tae Jouksab, 64, 1418 (1043), hae reported the
cloavege of same cyclic acylolus, Includiog la, with tead tetrascetata

ln acetic scid,
(14) ©. Fischnr and K, Lowsubery, Ann., 404, 373 (1033).
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there would be no uncertainties in results due to
interaction of compound and solvent. Dioxane
was the first tried, hut a satisfactory equilibrium
could not be established in this medium. The
solvents finally chosen were 930¢ ethanol and a
311 mixture of dioxane and water, in both of which
satisfactory equilibration occurred within a few
days. The methoxy aldehydes underwent exten-
sive interaction with the former, presumably hemi-
acetal formation,*® so that no comparison could be
made in alcohol. In the dioxane-water mixture
such interactions appeared to be quite siall and a
comparison could be made. The failure to attain
equilibrium in inert solvents is probably associated
with the necessity of having some medium which
will effect the transfer of a proton from the hy-
droxy] group to the carbonyl oxygen in the ning
closure and effect the reverse process iu the ring
opening.*®

Solutions of the hyvdroxy and methoxy alde-
hyvdes were measured in 737 dioxane, the measure-
ments on the hydroxy aldehydes being made at
25 ahd 33°. From the extinction coeflicients the
percentage of Tree eldehvde was estirnated as in the
following example: 4-methexvbutanal had e 17.4
and 4-hvdroxvbutanal had ¢ }.8@ &t 23°, {from which
the percentage nof free aldehvde at 23% js 114
(1.96/17.4 » 100). These results are recorded
int Table I, the extinction coefficients of the hydroxy
zldehvdes in both 7307 dioxane and in §3%7 ethanol
being ircluded for convenieni comparison. No
suitable solvent could be found for measurements on
10-hvdroxydecanal. The diffuse and irreproduci-
ble maxima shown by this compound in various
solverits suggest that it tends to exist as a colloid
rather than as a true solution,

For an equilibrium bevween cwelic and acvelic
structures, one would expect the two main {actors
influencing the position of the equilibrium to be the
probability of ring formation and the amount of
strain in the resuiting ring.”” The greater stability
of the six-mermbered ring as compared to the five-
membered ring is as expected, since the former is
highly stable in the preferred chair form, while the
latter is under considerable strain arising from
hydrogen-hydrogen repulsions.'® This order is
also in accord with the observation that the pyran-
ose structure is almost invariably favored ir simple
sugars.” There is much evidence that strain is also
present in the medium-size rings, such strain being
ascribed chieflv to hydrogen-hvdrogen repulsions
in the unfavorable constellations required by the
geometry of these rings. ™3  Since both the ring
strain and probability factors iaver the open-chain
form beyond the six-membered ring, a large in-
crease in free aldehvde from 3-hiydroxvpentanal

(13) A. M. Buewell, E. C. Dunlop, W H. Rodehush and [ B
Swariz, THIS Jouryais, 63. 325 {(10:0).

(18} E. R. Alexander, "Principies of Ionlc Crzanic Reactions.
John Wiley anc Sons. Inc,, New Yark, N, Y., 1830 pp 159-1a0

(17Y L. Ruzicka, W, Brugger, M. Pleiffer, H. Schinz and 3. Stoli,
Helv. Chim, Acta, ¥, 499 (1926, postulate these same facters to explain
the varlation in yields of ¢yclic ketonea from the pyrolvais of salis of
dicarboxylic scida,

(18) H.C. Brown, R, 8, Pletcher aad R, johannesen, THIE JoURNAL,
78,212 (1981). See also K. Pitzer, Scienze, 101, 672 (1945).

(k8) V. Prelog, J. Cham, Soc., 424 (1560} Abetracts of Papers pre-
sented at Amaricen Chemicsl Society Meating, Naw Vaork, N. V', Sep-

tecnber, 1081,
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HO(CH2).CHO 2= O(CH,).CHOH
Free sldebydes Extioction coefScients®
(m .5’-}2 dxoxane). oy In 75% dioxans [0 95% ethapol
" At 2 35* Conep. b mp o e Conen.? ma we me
3 11.4 13.'*. 0.14] 286 1.99 2.3 0.203 286 1.00 1.24
3 At 9.8 a2 257 1.17 130 435 2835 0.42 0.57
5 24 S BRI 288 6.5 P dl 286 .44 443
7 8n BT 280 .1 181 287 4.08 3 08
g 0 ' 0178 285 4.1 TS 234 .32 T.ond
CHO{CH2aCHO

3 0.0367 286 17.4°

4 AI383 283 n2

5 L0257 289 16,4

7 (200 280 20.1

b 0331 287 21.1

9 L0208 290 21.6

¢ Though most values are given to three significant figures, the actual precision is in most observations —*—2 to8Y%. ¥In
moles per liter. = No appreciable temperature effect. ¢ Measurement at 30°. ¢ Measurements made on freshiv distilied
sampies because of sensitivity 10 oxidation by nir.  No temperature control was used, since the absarption was found tu bhe

quite in=engitive Lo fremperarnre,

to B-hvdrosvhexanal is to e unticipated, though the
great magnitude of the change i1s somewhat sur-
prising.  The reversal of the order hetween (-
tydroxyhexanal and  §-hydroxyoctanal in 739
dioxune would not be predicted, and mav be caused
by an error or failure to aftain true equilibrium,
although repeated runs vielded essentially the same
results. It will be noLed that the expected order
is observed i 935 ethanol. The more gradual
increase in free aldehyde with chain length (as
measured by the extinction coeflicients) observed
in 93% ethanol probably is the result of a greater
variation in solvent interaction with the aldehydic
form rather than any large solvent effecl on the
equilibriunt itself,

It might be pointed out that this method is less
capable of giving good results on the higher mem-
bers, since the values are much more closely spaced
and hence the same relative error could cause =«
more significant variation i percentage of free
aldehvde. Uncertaintics as to the solvent inter-
actions preclude any deiailed thermodynamic
analysis of the results of these studies, since wmore
than one equilibrivin is involved, The possibility
of some intermolecular hemiacetal formation by the
hydroxy aldehyde should also be mentioned.
However, the fact that measurements were made in
rather dilute solutions in hydrexylic media makes
it probable that this reaction is negligible, par-
ticutarly in comparison with the reaction between
aldehyde and solvent. In spite of these difficulties,
this approach still seems capable of vielding valu-
able semi-quantitative inforination where rela-
tively large differences are involved and the per-
centage of free aldehvde is neither very small ner
verv large.

Experimenta!

S-Hydroxypentang] was prepared according to the direc-
tions of Schaiepp and Gelter.®  From 30 g. of dihvdropyran
thiere was nhtained 28 g. (d8%) of 5-hydroxypentanal, b.p.
R3-88° 715 mm.). Redistillatior vielded a sample of b.p.
S1° 012 mun), »%p 1.4530 (lit, #%n 1.4514) 8

5- Hydroxyvaleraldehyde Ethyl Mercaptal.—To & salution
of 10.2 g. (0.1 mole) of 3-hydroxypentanal in 20 ml, of 8 ¥
hivdrochloric acil was added, white shaking and eooling rhe
fisk, 13.6 g, (1032 minle? uf i) mearcaptan,  The fusk

was stoppered and shaken at intervals for one hour. The
mixture was then extracted with three 13-ml. portions of
ether, the extraets washed successively with 20 ml, of 5%
sodium hvdroxide angd 20 ml. of saturated sodium chloride,
and dried over sodium sulfate. Removal of the ether and
vacuum distillation of the residue vielded 18.8 g. (90%) of
the desired mercaptal, b.p. 133-138° (8 mun.).  An analvii-
cal samuple had b.p. 110° {0.5 mm.}, n¥p 1.5177.

Anal. Caled, for CH»0S,: C, 31.87; H, 9.67. Found:
C, 31.09; H, 9.65.

S-Methoxypentanal.—A solution of 9.0 g. of S-methoxy-
valeraldehyde ethyl mercaptal in u mixture of 10 cc, of
water and 40 ce. of acetone was placed in a 200¢cc., 3-neck,
r.bh. flask fitted with sealed stirrer, reflux condenser and
dropping funnel. There was added 20 g. of cadmium car-
bonate and through the dropping funnel, with stirring, was
added a solution of 27 g. of mereuric chloride in 30 cc. of
acetone during 15 minutes.  After 24 hours of stirring, the
solid matter was separated and washed thrice with acetone.
The filtrate aud washings were combined and heated under
reduced pressure at 40-30° to remove most of the acetone.
The resulting water solution of the product was extracted
with four 30-cc. portion: of ether, some separation of solid
occurring during this process. After dryving over sodium
sulfate, the product was distilled under reduced pressure.
The material darkened as the distillation proceeded, but
the produet caine over ¢lear znd colorless.

There was obtained 2.5 g. \a3% ) of material boiling at 81-
83° (40 mm.). Redistillation yielded a center cut of h.p.
67° {20 mm.}, %0 1.4159 (1it.¥ b.p. 39° {14.5 mun.), »¥p
1.4162).

2-Hydroxycyclohexanone (Adipoin).—This was obtained
it 489% wvield by hydrolysis of 2-chlorocvelonexanone® as
directed by Kétz, et al3  The colorless crude praduct wus
used without further purification.

Methyl 6,6-Dimethoxyhexancate. —To a sclution of 20 g.
of 2-hydrexyeyelohexanone in 200 cc. of methanol there was
wdded, with shaking and cooling, small particns of lead
tetraacetate until g slight molar excess persisted for ten
minutes, as shown by starch-iodide paper. This required
about 80 g. of the retraacetate. The excess was then de-
stroved by the addition of z few drops of glycerol and a
solution of 32 g, of coned. suifurie acid in 80 ce. of methanoi
was added.

After the mixture had stood in a stoppered flask for two
days, lead sulfate was removed by siction filtration through
celite and washed with three 25-cc. portions of methanol.
The hltrate and washings were combined and poured, with
vigorous stirring, into 300 ec. of 309 sodium carbonace
solution. Some =solid separated which was separated.
The clear solution was extracied with four 2(}-cc. portions
of ether and the combined extiacts washed with 100 cc. of
water After drying over sodium sulfate, the ether and re-

('_’U) NLB .\r:\\uuu, ALY Parlvman amd 11 Hipzher, Ore Sune

theses, B8, 22 (1443).
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TasLe 11
RESULTS oF MEBTHYLATION REACTIONS
Yield, B.p., Carbon, % Hydroger, 7
Name [ eC. Mo, nip Caled. Found aled, ound
5-Methoxy-1-pentenc® 71 a6 750 1.4027
J-Methoxyvaleraldehvde ethyl mercaptal 73 140-145 10 Ce

B9 0.6 1.4959 54.00 5¢.00 9.97 10.04
1.1,6-Trimethoxvhexane 73 101-104 g e :

56 13 1.4180 A1.33 61.39 11,44 11.14
1,1,8-Trimethoxyoctane 8 #3-08 3.6 1.4238° B4.66 6483 11.84  11.68
I-A{ethoxv-G-octadeeene 80 185~145 0.8 : N,
I1-Methoxy-I-uudegens 78 115-12G 18 U

8 2.8 1.4342 78.19 7.0 13.13 153,30

@ Lit.* gives b.p. 96-98°, #n¥p 1.4032. ? At 21.5°,
this material was satisfactory.

maining methanol were distilled off, A small amount of
water elways separated at this point and had to be remaved
and extracted once or twice with ether., The ether extracts
were again dried and the ether renioved,

Vaecuum distillation of the residue yielded 21.7 g. (65%)
of a colorless liquid of b.p. 79-83° (1.8 mm.}. A portion of
this was redistilled througk a 7-cm. vacuum-jacketed Vig-
reux column fo vield a liguid of b.p. 83° {2.2 mm.), n¥p
1.4262,

Anal, Caled. for CiHnOu: C, 56.84; H, 9.53¢. Found:
C, 56.93; H, 9.30.

6.6-Dimethoxy-1-hexanol.—A solution of 21.3 g. of
methyl 6, 8-dimethoxyhexanoate in 30 mi. of dry ether was
added with stirring over 1.5 hours to 3.0 g. of lithium alumi-
num hydride in 100 ml. of dry ether, taking the usual pre-
cautions for exclusion of moisture. The processing followed
the procedure of Amundsen and Nelsen.® A yield of 16.5
g (91%) of 6.6-dimethoxy-l-kexanol, b.p. 83-88° (0.0
mm.}, was obtained. Redistillation gave an analytical
sample of b.p. 34° (1.0 mim.), n¥Dp 1.4358.

Anal. Caled. for CyHuOy: C, 39.2¢4; H, 11.18. Found:
C, 58.33; H, 11.14.

6-Hydroxyhexanal.—Ten grams of & 8-dimethoxy-1-
hexanol and 13 ml. of 1:10 hydrochloric acid were mixed
and warmed gently on the steam-bath for ten minutes.
The solution was made werkly alkaline (pH 7-8) by the
addition of solid potassium carbonate, saturated with so-
dium chioride and extracted with five 10-mi. portions of
ether, The ether solution was dried over magnesium sul-
fate, the ether removed and the residue distilled tn vacue
to yield 3.7 g. (32%) of B-hydroxyhexanal, b.p. 72-77°
(0.9 mm.), A center cut of b.p. 73° (0.9 mm.) was ana-
ivzed, Both fractiens solidified on standing.

Angl. Caled. for CHOr: C, 62.03; H, 10.42. Found:
C, 81.65; H, 10.39.

Melting peints of the solidified product ranged from 57—
86° for different runs, increasing with the age of the sample,
and geuerally covered about a 10° range unless the tempera-
ture was raised very slowly. The solid was insoluble in ail
common solvents at room temperature. Although it dis-
solved in a variety of solvents on heating, it separated with
reluctance on coeling and no suitable medium for recrystalli-
zation could be found., A Rast molecular weight deter-
mination in camphaor gave values of 115 2nd 1i9, as com-
pared to 116 caloulated for CH 0.

6-Methoxyhexanal.—The same hydrelytic and processing
procedures were applied as for B-hvdrexyhexanal, starting
with 1,1,6-trimethoxyhexane. The yield of B-methoxy-
hexanal, b.p. 82-85° {19 mm.) was 70%. An analytical
sample had b.p. 82° (18 mm.), »*p 1.43205.

Anal.  Caled. for CyH 050 C, 84,58; H, 10.84. Found:
C, 64.07; H, 10.p1,

Preparation of Aldehydes by Ozonolysis.—Helferick's
directions*! were followed for ozoaizing 4-penten-1-o0l** and
g-octadecen-l-al. The 4-hydroxybutanal obtained had
these constants: b.p. 57.5-58° (@ mm.), n¥p 1.4450. Hel-
ferich reported no 9.p. but did give n'p 1.4281. Paunl®

(21) L. H, Amunadsen und L. S. Nelson, THIS Joraxat, 78, 242
(1931).

{22) Ohtained aa in Org. Syntheses, 36, B4 (1045),

(23} R, Paut, Compt, rend., 818, 303 (1042); R. Paulwnd 8, Tchelits
chefll, Hwll. sor. chim., [5] 16, 197 (1048}, ’

¢ Unsatisfactory analysis even after redistillation, but ozonolysis of

obtained the compound by periodate cleavage and hy lead
tetraacetate cleavage of 1,2 5-pentanetrial and reported
b.p. 38-80° (8 mm.}, »™p 1.4403. In the present work
difficulty was encountered in purification when any unre-
acted #-penten-1-ol remained in the reaction mixture.

The 9-hydroxynonanal obtained melted at 38-39° (lit.!
58°%) after several recrystallizations from xylene-ligrain,
O standing, the m.p. inereased to 62-54°,

4-Methoxybutanel —To ozonize 3-methoxy-l-pentetie,
5.2 g. of it in 20 ml. of methylene chloride was chilled to
~ 787 and subjected to a stream of vzenized oxygen for titree
hours. It was then added to a mixture of 10 ml. of glacial
acetic acid, 20 mi. of cther and I g. of water. Four grams
of zinc dust was added iy small portions.  Decomposition of
the ozonide was completed by refluxing for 1.5 hours. The
mixture was filtered, the residue washed thrice with ether,
and the combined filtrate and washings washed with con.
centrated potassium carbonate solution. After drying with
magnesium sulfate, the solven{ was removed and the residue
distilled under reduced pressure. The yicld of 4-methoxy-
butanai, b.p. 36~61° (40 mm.), was 2.2 ¢. or 42%,. On re-
distillation there was obtained a sample of b.p. 88° (30 mm.),
#¥p 1.410% {lit. b.p. 138-140°, #¥p 1.40733%),

9-Methoxynonanal.—An ozone stream was passed
through a solution of 11.6 g. of crude l-methoxy-9-octa-
decene in 15 g, of glacial acetic acid. After processing with
zine dust, washing, ete., distillation gave a forerun of pelar-
gonaldehyde, followed by 2.7 g. (38%) of 9-methoxynonanal,
b.p. 200-110° {4 mm.}. Redistillation yielded an analyti-
cal sample of b.p. 81° {1.7 mm.), n?*Pp [ 4326,

Anel.  Caled. for CipHpOs: C, 89.70; H, 11.70. Found:
¢, 70.00; H, 12.04.

10-Hydroxydecanal.—4A solution of 6 §. of 10-undecen-1-
ol in 12 mi. of glacial acetic acid was ozonized similarly.
From the products was ohtained 5.7 g. of a viscous oil which
on coaling turned to & waxy solid. The crude product was
recrystallized fve times from a svlene-ligroin mixture o
vield & powdery soiid of m.p, 88-70°. This value increased
ta 71-73% an standing for several weeks.

Anal. Caled, for CuHaOy: C, 88.70; H, 11.70. Found:
C, 89.71; H, 11.97.

10-Methorydecapal.—-11-Methoxy-I-undecene {in acetic
acid) was ozosnized similarly. From 6.5 g. there was ob-
tained 4.5 g. {69%) of l0-methoxvdecanal, b.p. 75-80°
(0.5 mm.). Redistillation gave 4 center cut of b.p. 78°
(0.5 mm.), n¥p 14357,

Anal, Caled. for CaHyOy: C, 70.82; H, 11.81. Found:
C, 71.44; H, 12.12.

Methylations.--In a 3-neck, r.b, flask fittod with a sealed
stirrer, reflux condenser und dropping funnel was placed 0.1
mole of sodiwm hydride and 50 ce. of dry ether. Then, with
stirring, 0.1 mole of the alcoho] (4-penten-i-ol, &-hydroxy-
valeraldehyde ethyl mercaptal, B,8-dimethoxy-1-hexanq],
8,8-dimethoxy-1-cctanol, 9-petadecen-1-0f, 10-undecen-1-cl)
was added at such a rate as to keep the evolution of hydrogen
under coatrol.  After 24 hours the ether was removed and
to the gray-brown paste was added 0.12-0.2 male of methyl
iodide. Heat of reaction caused gentle refuxing. Stirring
was continued for 1.5 hoursz or longer, then 30 cc. of dry
ether was added. After filtration and rinsing of the pre-
cipitate with ether the filtrate was distilled. Results are
collected iu Tahble IT,

i



A28 Criarees DL Hekp v Wintau L Raexnres, Jr.

High Dilution Reflux Cy¢le.~This apparatus was pre-
pared for use in the next synthesis. A 2-liter, 3-neck, r.b.
flask was fitted with a scaled Hershberg stirrer, 2 gas iniet
tubc through which & slow stream of dry, pure® nitrogen
was admitted and a high dilution reflux cycle. The last
congisted of three parts: (1) a side-arm tube about 30 % 130
mm.; (2) above this and fitted to it, a reflux condenser:
(8} attached at the top of the lztter, a dropping funnel an:
gas vent,

The side arm was equipped with a stoncock at the botfom
for convenience in draining, and with a 24/40 femaie joint
at the top to accominadate the conden The side-arm,
vear the top af the tuhe, was of 12 mun. diamerer, aud was
bent to fit inro one neck of the Sask.  The <ube contained a
funnel to foree the condensed vaper to flow fo the bostam of
the tube before returning to the flask,

The gas vent was simply 1 tube which conveved the es-
caping gas through a Iaver of xviene in a test-tube, thue
farmiing a seal. The redux evele is sketched i Tig, 1.

=7
- ~
|

,yxﬁDROPHNG FUNNEL

v
L

{
!
XYLENE - SEALED K-g

1
|
BUBBLE VALVE !5 "i CONDENSER
IN
)
_J
— 24
L 40

{)EEF REACTION FLASK

Fig. 1.—Reflux cycle.

2-Hydroxycyclodctanone (Suberoin).—Escept for the
design of the dilution cycle, the procedure essentially fol-
lowed the general directions of Prelog and collaborators.i?
‘The flask was charged with 800 ml. of dry xylene and a
little was distilled off to renmove any moisture. There was
added 37 g. (1.8 moies} of clear sodmm and the sodium dis-
persed by rapid stirring in the reduxing (135-137°) xylenc.
A solution of 76 g. (0.38 mole) of methyl suberate in 70 ml.
of dry xylene was added through the dilution cycle over
seven hours, After it had been stirred with refiuxing for
two mote bours the mixture was cooled and processed.'t
The xylene was removed from the dried solution through a

(24) L. Flessr, Tsttn Jounnat, 48, 2838 (1934).

Vel 7

Vigreux colemn under reduced pressure and the residue dis-
tilledd fu vecuo.  There was obtained 254 g, (47%) of a
paie yvellow semsi-solid, bop, 00-100° (5 mn1, b, Attempis at
further purification hy distiilation and recrvstallization failed.
On =anding the product decomposed slowly to suberic
acid, identified by w.p. and mixed m.p.

The 2 4.diritrophenylosazone was prepared from 0.4 g.
of suberoin and a selution of 1.4 g. of 2 4-dinitrophenyl-
Avdrazine in strongly scidie ugueous ethanol,®  Recrys-
tnllization of the product from chioroform—ethonol vielided
orunige-red needies melliing with decownp. at 2153-216° (cor. 1,

Anaic Caled. for CoraNeGe: N, 22,30, Foumdd: N,

2332,

Methyl 8,8-dimethoxvoctanoate was prepared according
to the procedure given for methyl 6,8-dimethoxyhexanocate.
From L3 g. of 2-hydroxyeyclodetanone (contaminated with
the yellow diketane) in 130 ml. of methanoel and 50-55§. of
ieud teiraacetate there wus obtained 14.9 g. {83%) of a pale
yetlow oii, bop. 105-110% (1.7 mm.}. Redistillation vielded
a wolorless center cut, bop. 817 (0.5 mm.}, #lfp 1.4321.

dnal. Caled, for CyH=00 C,60.52; H,10.16. Found:
C. 5020 H, 9.98.

8.8-Dimethoxy-l-octanol.—The reaction of 17 g. of
wethy! ¥ 8-dimethoxyoctanoate (pule yellaw materia} obe
ruined inorhe frse distillatien) in 20 mi. of dry ether with
2.3 goof Hihium aluminun hydride in 190 ml. of dry ether,
fullowed Ly the aforementioned processing, ¥ vielded 11.3 g.
{7095 of 8,8-dimethoxy-l-octanol as a colorless ail, .y,
VAP0 L0 san. s A anulyticul sample had b.p. 80652
flid . nBp ) 3426,

Anai Culed. for Cil-:0n €, 63.11; H, 11.66. Found:
C,a3.24; H,11.74.

8-Hydroxyoctanal . —Hydrolysis of 8,8-dimethoxy-1-oc-
tarol with dilute hydrochioric acid gave poor vields of the
aklehyde (219%), s0 a modification of the procedure devised
by Fischor'* for the hydrolvsis of sensitive zcetals was used,

There war mived 5.0 g. (0.026 mole; of redistilled (b.p.
95-937 ut (.4 ) 8, 8-dimethoxy-l-octanol and 3 ec. of
suturated tartaric acid solution. The mixture was shaken
uniit it beeame homogaieous {about onc minute} and al-
towedd 1o stand for 13 minutes, On the addition of 10 cc. of
saturated sodium chioride solution, the aldehyde separated.
It was extracied with three 13-co. portions of ether and the
vombined extracts were washed with 19 ee. of 3%, potassium
carbondte solution.  After (rving over magnesium sulfate,
the mixture was distitled.

There was obtuined 1.4 g, (479 of the theoretical) of mare-
rial hoiling 00 100% (N5 mm.5. This wus viscous and il
slowly tarned semi-solid.  [n addition 0.6 g. cume over in
the range T0O-130° 70 5 mm.).  No suitable medium for
recrvstaliization of the frst fraciion could he found, but
purificution was aecomplished by grinding the 90-300° (0.5
Lt fraction with dry ether in a mortar, filtering, adl
wushing the residue repeatedly with dry ether. In this
manner there was obtained o powdery white solid of mop.
43657, This m.p. decrensed after a week to 50-63°, Re-
peated ellier trectinent gave a sample melting at 60-68°,

Anal. Cualed. for CiHOu: C, 688.02; 17, 1118, Found:
C, 08005 H, 1147

8-Methoxyoctanal. —The procedure given for §-hydroxy-
octanal was followed using 7.0 g. of |,1,8-irimcethoxyoctane
and 201 mi. of saturated turtarie acid except the heterogene-
ous mivture was shaken st intervals for one hour and then
warkerd up as described above to vicld 3.9 g. (729} of 8-
methoxyoctanal, b.p. 81-88° (3.2 mm.). This product
gave a poor analysis, so it was further purified through its
bisulfite addition compeund, giving a lignid of b.p. 67°
{1.2mm.}, #¥p §.4282.

Anal. Caled. for CsHpOn: €, 68.32; H, 11.47. Found:
€, 68.52; H, 11.58.

2.4-Dinitrophenylhydrazones of all aldehydes not pre-
vieusiy reported were prepared.  Melting points and analy-
ses ate recorded in Table 111,

Spectrophotometrlc meesurements were made on a Beck-
man DU spectrophotometer, For the hyiiroxy aldehvdes
the celi compartinent was kept at the stated temperature
#0.17. The 85%, ethanol was a commercial grade while

(28) R. L. Shriner and R, C, Fuson, “ldentification of Crganic
Compoupds.' Third Edition, Jobn Wiley aud Scos, Ioe, New Yark,
N.Y., 1948, 50,

7%
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TARLE 11]
24- DINITROPHEN YLHYDRAZONRS®
M.p, of ONP, Nitrogen, ¢
cc. .

Aldehyde aled. Foaund
5-Methoxvpenianal 79-79.3 18.91 19,10
6-Hydroxyhexanal 104105 18.91 19.09
0-Metboxyhexanal T4-7d. 3 18.04 18,36
S-Hydroxyoctanal 91-93 17.28 17.33
8-Methoxyoctanal 73-74 16.50 16,48
Y-Methoxynonanal ?3;—74 15.00 15.08

80
10-Hydzoxvdecana! {101-103 15.00 16.33
10-Methoxydecanzl i 13.28 15.25

° These derivatives were prepared by standard proce-
dures as giver by Shriner and Fuson® and A. I. Vogel,
“Practical Organic Chemistry,'” Longmans, Green and Co.,
Inc., New York, N. Y., 1048, p. 342. * Double m.p.
sintered at 80° and melted 101-108°,

[ e

'70% dioxane'' was prepared by mixing three volumes of
dried and purified® dioxane with one volume of distilled

(26) L. Fieser, “"Lxperiments in Organic Chemistry,” DL C. Heath
Co., New York, N. Y., 1941, p, 3065,
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watar. The samples measured were generally the same as
those submitted for analysis or were purified as described
under their preparation. FEgquilibrium conditions in solu-
tions of the hydroxy aldehydes were obtained within one to
three days. Initial abserption was usually considerably
lower than that at equilibriuin. The existence of equilib-
rium was verified by rechecks on different selutions or by
returning to the original temperature after measurements
at another temperature. The equilibria were quite nobile
once established, about one-half hour at a giver tenpera-
ture generally being sufficient for the attainment of stable
readings. The precision of the results mav vary somewhat,
since a few of the measurements were mace at high transe
mittaneies where the spectrophotometer is less accurate.®
Data on the methoxy aldebivdes are given in Table 1.

Acknowledgments.—One of us (W. H. 8.) is in-
debted to the Allied Chemical and Dye Corpora-
tion for financial aid in the form of a fellowship,
1950-1951. Microanalysis for carbon, hydrogen,
nitrogen were performed by Misses C. Brauer and
J. Sorensen.

(2¥) G H. Ayres, Anal, Chem,, 41, 052 {(1940).
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Rates of Chromic Acid Oxidation of Some Cyclanols'?

By Hexry G, KuiviLa AND WiLLIaM J. Becker, I11
REecutvep Mav 19, 1932

The rates of cliromic acid exidation of isopropy| atcohol and four cyclanols foliow the order CoHOH > CotaOH > CiHy-

OH > CHOH > CHOH > CH:0H.

It is well known that the rates and equilibria of
reactions inveolving alicyclic compounds eften vary
profoundly with ring size. Several factors appear
to be involved. Some of these have been em-
braced in the concept of I-strain by Brown and co-
workers.® Thus a quadricovalent cyclopropane
derivative will be less strained due to the bond an-
gles imposed by the ring structure than a tricovalent
(e.g.,ion, radical or ketone) or pentacovalent {trans-
itton state in an SN2 displacement) species. Trans-
formation from the first to either of the latter two
is therefore relativelv difficult; the reverse trans-
formation is relatively easy. A similar argument
applies to cyclobutane derivatives where the dif-
lerences in strain are smaller.  However, complica-
tions can be introduced, for example, by the fact
that the cations from some cyclobutyl and cyelo-
propylmethyl derivatives may be identical.* For
the 3- and 7-membered rings torsional forces due to
hydrogen-hydrogen repulsions®™ appear to account
for the greater easc of the quadricovalent-to-trico-
valent transformation of a carbon atom compared

(1) Taken in part from the Marter's Thesis of W. J. Becker, 111,
June, 1351,

(2) The authors gratefully ackaowledge the assistance provided bya
Frederiek Gardner Cottretl grant of the Research Corporation.

{3} H. C. Brown and M, Gerstein, THis JourxaL, T2, 2920 (LB50);
H. C. Brown, R. 8. Pletcher aud K. B. Johannsen, thid., 73, 212 (1931).
The latter paper cantains a summaty of pertiveat data for 5-, 6- and 7-
membered ring compounds,  See also H. C. Brows aad M. Rorkowski,
ébid,, T4, 1897 {1952). .

(4) J. D. Roberts and R. H. Mazur, ibid,, 78, 2509, 3542 (1951,

(8) K. S. Pitzer, Seience, 101, 672 (1048); J. Kilpatrick, K, 8.

Pitzer nod R, Spitzer, THIS JourxaL, 0%, 2483 ([A47); C. W. Begk.
ett, K. 5. Pitzer and R. Spitzer, {bid., 60, 2485 {1947).

with the 6-membered ring; in the latler hydrogen-
hydrogen repulsions are at a minimum because of
the possibility of a completely “staggered” con-
figuration.

In order {o obtain additional quantitative in-
formation on the reactivities of alicyclic derivatives
we have measured the rates of chromic acid oxida-
tion of isopropyl aleohol and the seres cyelobutanol
through cyclodetancl.  As a result of the elegant
investigations of Westheimer and co-workers? the
mechanisms of oxidation of secondary alechols are
fairly well understood. The slow step in the reac-
tion involves participation by the alcohol, acid
chromate ion and one or two protons as kinetically
distinguishahle species in water. Furthermore, re-
moval of the hvdrogen on the carbinol carbon is
part of this step, as evidenced by the fact that 2-
deutero-2-propanol reacts only about one-sixth ag
fast as ordinary 2-propanolft  The mechanisms
may be represenied as

fast
R:CHOH A HCrO- + HY 22
HJ.
R, CHOC-OH 2 [R:CHOCAO:M.1* (1)
+ H.0

slow
TLCHOCrH + H,0 -—k—)- ILO* 4+ R.C=0 + 11C:0;~
1
(2)

(8) (a) F. H. Westheimer sud A, Novick, J. Chem. Phys., 11, 508
(1943); (b) F. Westhelmer and N, Nicolaides, Tars Jovawxar, T1,
25 (1949); {c)} F. Holloway, M. Cohen nad F. . Westheimer, ibid.,
T8, 85 (1951).
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Convergent Enantioselective Synthesis of Vinigrol, an
Architecturally Novel Diterpenoid with Potent Platelet
Aggregation Inhibitory and Antihypertensive Properties. 1.
Application of Anionic Sigmatropy to Construction of the Octalin
Substructure

Leo A, Paquette”

Ronan Guevel,'? Shuichi Sakamoto ! Tn He Kim. ™ and Jason Crawflord'd

Department of Chemistry. The Chio State Uindversitv, Columbus. Ohic 43211}

paquatie 1&€nsu edhi

Keeeived April T, 20003

The coupling of building Mocks 15 and 36e in the presence of MaBr-GEt at 0 C procepds with an
oxo stercoselectivity ('3 2:1) considerably moie advantageous im‘ he acquisition of carbinagl 37e
than in the absence of the additive (exo/endo = 1:3.7). The pivetal wansformation that sets all of
the relevant sterencenters af the cisnctalin 53 is the oxyanionic accelerated {3.3] sipmntropic
reavrangement of 37e. A salient feature is the structurally enforced adoption of a beatlike transition
state that serves {o properly set four vicinal methine hydrogens in an all ¢is arrangement. The
ensuing conversion of 55 into iodo sulfone 62 has permitted X-ray crvsratlographic confirmation of
all absolute sterenchemical assignments since the isopropyl substituent was initially installed
cnantosclectively via the Evans oxazolidinone protocol. No inuamolecular anionic cyclization of
62 to generate the tricyclic framework was seen. This absence of reactivity is attributed to
conformational factors that inhibit attainment of the proper 542 reaction trajectory.

Fungl have been the source of a wide variety of
structurally unique and pharmacologically active com.-
pounds. In I987/1988. a group of sclentists from the
Fujisawa Pharmaceuticat Co. reported the isolation from
Virgaria nigra and the structural elucidation of a diter.
penoid, the antihypertensive and platelet inhibiting prop-
erties of which held uousual promise.? Sp(,(t:oqulc
studies. capped by an X-ray crystallographic analysis.
established Lhis subsiance. named vinigrol, to possess a
totally unprecedenter! decohyere-1.5-butanonaphthalene
framework as defined by 1. These unusual structural
features and the subsequent discov erv that vinigrel is
alse w powerful Lumgr necrosis faclor aniagonist and an
agent capahle of arresting the progression of the AIDS-
related complex 1a ATNDS, ¥ have fueled interest in L asa
challenging svnthetic objective ™ Despite the applicarion

(1} Curient addi esses: nl CRIT Phamn 24 A\emlt lmn Jaures.
FY153 Devmes, Prance. (b Yamanoichi Phaimaceatical Co. Lad., 21
Miyakigaghs, Tsukuba Ibaveki, 205-8585 Japan, (¢ Lahmamry of
Bioorganic Chemistry, National lnstitute of Diabetes, Digestive and
Kidney Diseases. NIH, Bethesda, MD 208892, [d} AnorMED Tue.. 200-
20353 G4 h Ave. Langley. B.C.. Canada V2Y INS.

12y {@) Uchida, L.; Ande, T, Fukami, N. Yoshida, K.; Jlashimoto.
M, Tada, 7. Koda. S Morimaoto. Y J. Org, Cher 1987, 32, 5202, (1)
Ande. T . Tsurumi, Y. Ohara, N Uchida, L. Yoshida K.: Okuhara.
MO T Antibiar mxs. rfi. 25 ) Ando, T Yostuda, .. Okuhara M. J
Amibior 1988, /1.

13 Narns. 0. 130 Dc-p]edp,t P Jackson AP PCT Ine Appl, WO 91
07 853, Chent Absre Y99 T4 647760,

W (@) Devans, LF  Hanee 1) Lalleneand, 1-Y. 7 Qre, Chein, 1993,
38,2319 b Devoux. F o Fraisse, B Hanna, L, Lallemaned. 1.,
Tetrabedron Lett 1995, 36, 9471, 4 Devaux, 1.-F . Hanna. 1: Lalle-
wand. 1Y F g Chem 1887, 62, 5062, {d) Centric. L; Hanna, §.;
Ricard, L Oy Let. 2003, 5, 1139

15 Mehta. G Subba Reddy, K Syaberr T, R25

6096 J Org Chem. 2003, 68 6096-6107

of several imaginarive strategies to this problent, a de
novo route (o0 1 has not vet been achicved. Herein we
describe. with full experimental detail. a route to an
advanced precursor of vinigrol, The present investigalinn
highlights the utility of anionic pxy-Cope chemisiry for
constructing an exl.ens:velv fumctionalized octatin ring
systemy having the dual R cunfiguration pesent in
appendages housing both CO and C12.

H

HO OHJ\LCHs
oML\,
1

Results and Discussion

Retrosynthetic Analysis. In line with our long range
plan to advance ta 1 in nonracemic fashion. the stratepy
as defined in Scheme 1 was based on the expectation that
the cyclizotion of 3 ar o close relative thereot would lead
via 2 to the enantiopure diterpeneid target. With tlx
focus on 3. proper access to this lﬂtPI]‘(‘lE‘dlaTP by nuth-
odology capable of accommodating the proper juxtapoesi-
tioning of six cantigueus stereogenic centers was aconrded
altention. It was reasoncd that this important objective

((‘) al Kiro M. S.xlc"n T: Ha! uea, N - %hu ahamsa H vasudal B
Syalers 1996, 1057, 1h) Matsuda, FoKito, M Sakai. T, Okads N
Mivashita M Shirabinna H Tetrafeerdion 19.‘19 SEO11G0

N 02 LjaN3n1301 GOC 32500 D 2003 American Chemical Sogjoty
Published on Web 0D6/2002003
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could be realized in a single step by anionic oxy-Cope
rearrangement’ of the tertiary bicycle{2.2.2Joctencl 4.
Another attractive feature of 4 is the convenient aliow-
ance provided by it for convergent assembly. Thus, we
envisioned that kefones such as 5§ and appropriately
substituted vinylic halides would serve as reaction part-
ners. Proper delineation of the stereoselectivity associ-
ated with the coupling of these building blocks was also
mandated. Nucleophitic addition to 5 from the a surface
opposite the unsaturated bridge would give rise 1o a
diastereomer having olefinic centers ton remote for
possible engagement in charge-accelerated [3.3]sigma-
tropic rearrangement. We therefore hoped to skiro its
formation. The degree of conrral available from solvenr,
temperature. and precise nature of the organmmetallic
reagent was nof a priori predictable. and we planned to
launch a systematic study in order ta deline conditions
leading to maximum exo stereoselectivity. The impacet of
changes in the chemical nature of the XR substiluent was
also to be probed.

Synthesis of Representative Bicyclo{2.2.2}joc-
tenones. After brief, unprofitable encounters with routes
10 H hased on Diels—Alder and Treland —Claisen protocols
as key transformations,® attention was directed instead
to a pathw ay featuring a Michael-Michael sequence for
elaboration of the structurat framework. The route began
by acvlation of the lithiated form of {5}- nxam[:dnmne 6"
with isovaler vi chloride (Scheme 2).1° Excellent levels of
dmstmec}selm,l..iv:ty (cr > 95:0) were subsequently reai-
ized in the alkviation!' of 7 with allyl bromide, Traces of
the minor reaction component were conveniently removed
by preparative HPLC to give 8 nf very high quality (= 99%
ge). Sarne difficulries were experienced in removing the
chiral auxiliary resident in 8.'¢ The use of LiAlH, resulted
in the [ormation of a significant amount of ring-cleaved
amino alcohol. Although Damon’s twe-step procedure

(7} (at Paqquette. L. AL Tetrahedron 1997, 33, 13971, (b) Paguctie
EAL Synletr 198067 (¢ Paguette, L. A Jingew. Chem., fnr Ed. Engl
1490, 29, 509

{8) Guevel, R. Ph.IY Dissertation, The Ohio State Usiversity, 1994,

0 4@ kvans, D AL Bartali, ) Shih 1L L. m Chem Soc, 1981,
FEL 2127 [ Fvans, DOAC Fnnas, M D0 Matlne, 1 00T i Chien
Soc 1982 pid 1737

LR G Spalteasteing A Carping PU A Mivake 7 Hopking P R
£oOrg Chene Y98T 32 2 3759 Isehic Ko Nagai T Kobayvash; Y
fatratechon feer TOO3, < 2168, 1) Tham, C - kocienskl P Svnghss
1992, 52,

Lt Toible LA Vederas 1O T dm Chemn, Soc ER86, 108,
GADT . Foadder A sataen L depcihodion Leid 1U88, 20 G257, 1o
Heraold, P Dhithaler RO Rihs, G Aot © 7 e, Cliern, 1989, A4
1178
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involving the wse of lithium henzyl mercaptide was
cffective on a 100 g seale ™ only a 12% vield of 9 was
realized at the 1) g level. In contrast, the hindered acvl
oxazolidinone responded well o the action of lithium
borahydride in THF containing 1 equiv of ethanol H The
absence of 1acemization during fovmation of aleohol 9vas
ascertained by Mosher ester analvsis ° 1977, ec)

Protection of 9 as the rersbutvldimethylsilyl ether
[ollowed by ozonolysis afforded aldehyde 11 While the
direct atkylation of aldrhyides is recognized ro be sluggish
and competitive with concomitant operation of unwanied
aldol condensations or Cannizarve type reactions, - prior
conversion to an enamine. hydrazone. or imine derivative
has been veported to allow alkylations to proceed of-
licientiv.!” From these options, the pyrrolidine enantine
altermative proved most successful in conjunction with
methyl vinyl ketone. giving rise to 12 in 849 vield: The
hest conditions uncovered for the cyclization of the
resulting keta aldehyde were adapted from those devel-
oped in Burke's quadione synthesis.™ Tollowing the
heating of 12 with porassium hydroxide and dihenzo- 15-
crown-6 in benzene, there was isolated 16% of 13 tdr =
1.7:1) and 47% of the intermediate g-hvdroxy ketones.
Resubmission of the latter to the basic reaction conditions
resulted in an increase of the overall vield of cyelohex-
enones o 80%.

Foltowing the o -monemethylation of 3, compound 14
so obtained was subjected 1o a double-Michael veactjon”
involving phenyl vinvl sulfoxide as the co-reactant.
Without purification. the intermediate bicvetic adducrs
were heated in toluene comaining calchsm carhonate an
order ta induce the divect thermal extrusion of benzene
sulfenic acid.™ Although the overall vield in which 14
and 16 were tormed was modest {d1%), these diastere

(12 ) Evans, 0 AL Bilodean, MO E; Semers, |0 Crandy
Cherry. DY Kato, Y.L g Chern, 1991, 56, 5750 (b Foans. T AL
Black W, C. /. Am. Chem. Soc, 1992, 114, 2250, o Mavanked B0
L 2o Kyla, Iy 0 Teerabwddran Letr, 1993, 34, 2253,

3 @ Bamon R B Coppola, G M. Tewafedron Lete 1990, 5§
284D, {by Shapln. G Chengzhi, C. Terrahechon { err 1992, 31 2147

{14} o) Perming. T D Djuric. S0 W - Haark. R A Kadsho Vo 1
Miyashiro, J M Rowelll BW : Yu, 8.8 Senth Conunun 1990 21
307, by Chibale, K. Warren, S. [eirahedron Let. 1992, 33, 1369

113 () Ward, I3 B Rhee, C K. Terrahedron Fetr, 1991, 32, 7105
thi Dale. 1A DAL DL Lo Mosher 1105 7 Qg Clrem, 1969 34 2543

(16} fa House, H.O: Liang., WG Weels, B I J hw Chem 1974,
J9.2102 00 Died. il K : Brannock K C Tewahedron { et 1973 1273

{17 Whatesell. | K. Whitesedl, M. AL Svirhesis 1983, 5317

118 Burke, 5 D Murnashaw, C W Saunders 0 O, Oplnger, |
A Dike. M S T Am Clar Soc 1981 106 1338

19 Al Thara, M. Toveto, M Fukumote Ko, Kametani. T 7egra
Nectrony Eetr, 1884 25, 3235, b For activation of sulfoxide m Disls -
Alder geactlons. see; Ronan, B Kagan H. B. Tetraliedion: i
1992, 2 115 ) Tor a review oo MINERC, see Postier 8 Chen,
Rev 1986, 80, 831 (d) Fer o review on the intramalsc ol dauble
Michael reaction. see: Thara, M, Fukumota, K. angew Chiem., fur
Fd Engl 1993, 32 {010, {e) Oare. D A& - Hearhieack © H Tn Fopns
m Stervachennsity Eliel E L. Wilen 8 H O Fds Wiler Nose Yoo
PORO Aol (D 371 4P Bvpwn, P dones YN Khano ML
Meanwell N A Riclwuds. POV Chenin Sor Perkizn Jrans 2 1984
209 (@ Jorms TN Meanwell, NOA G MirRa S OM 0 0 e S
Ferlin, frars (1985, 145 (e Yamaraks, | shikawa N [watsuh
Mo Ktazunee T80 Chete, Soe Chern, Cornerenr 1987 L3101 s
IC Ohnama T Qishic T Ban Y. Terchedion Lerr 1970 7723 4 Con
RN Chon DA T, Terrahedron e 1975, 34410 k) Cory, R M
Chans 1M Nownn ¥ OM 4 Rastall, M 3L Rennetwon RN
tir Cireng BUBO 7 AR52 10 Mantgomery, Lo therna 4 b o
Cher, 1993, 5. blio

2t Koppned G A Konick M D7 dwsir S O O e,
175, 474, (b Kamerani, T Yukuwa L Honda, T2 e S
Pephye Trans, FE90, 571 < De Groot, A | {atsen, B 2 W Reavess
Tedje. 2. M. Tetrahediron Lert 1981 22 4137
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SCHEMIE 2
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X
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Wy o D= N O AT [ ]
o 2 s o
5 < THF, -78° !
\] ol \| (saere? ¢ 5 L
THF, -78 °C | j
{85%)
6 7 .
—
| . »
LiBH Oy: PPh / CHO y
EtOH (1equiv) OR 3 3 / _ s
TTURHET CH,Cly, -78°C |~ -OTBS /_““CHE
(72%) | @1%) Q H . /\g’
9, R=H TBSC, NPT CgHe., &
10, R=TBS~ imid, THF -~ (B4%)
{99%)
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1. LiN {SiMag)..
A 3k
KOH
DB1B-Crg Hi __PnsoTs.
CeHg. 7l THF, 0°C
(80%) OTES 2, GaCO0y. iluene
7 A
12 13, R=H LDA, CHgl
14, R=CH3 = THF (>»80%%)
CHa
c
+

S °H
\
oTBS

15 (27%)

SCHEME 3
15 BuyNTE
THF
{85%)

nmeric 3.y unsaturated ketones were conveniently ame.
nable to chronategraphic separation.

Deprotection of 15 with TBAF smoothly gave 17 and
made possible the ensuing renversion to the phenylthio
derivative 18 through the comhined action of diphenyl
disulfide and tri-n-butviphosphine?' {Scheme 3). We were

now in a peod pesition to examine the possible role of

different heteroatomic groups on a-face diasterenselec.
tion.

Constructinn of the Nucleophilic Synthons. A rich
collection of O substituted derivatives of methy] (R)-2-
{Irvdraxvinethyl! propronnte has been desreihed in the
priorare - 0 these, 19a—e¢ were selected Tor evaluation
{Scheme 1), Reduction of these esters with TiAIH; or
Dibal-H furnished the corresponding aleohols. Subse-
gquent careful oxidation of intermediates 20 under Swern
conditions®”® or with the perruthenate reagent”™ wus
implemonted wilthout any ohvious epimerization. How-
ever, sterenchemical integrity could not be ensured if the

{21) {a} Nakagawa. 1.; Hota, T. Tetrahedron Lest, 1975, 1409 (W
Marshall, 1A Cleary, D. G, 1. Org. Chem. 1986, 31, 858,
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16 (14%)

aldehydes weve stored lor any extended Lime perind. even
at fow temperatures Immediate submission of 21 to the
Takai reaction® was ohserved 1o lead almost exclusivelv
to the Fyinyl iodide 22, At this point. effort was expended
for the purpese of determining the extent of configura
tional loss during the reaction sequence. To (his end. the
unstable vinyl iodide 22a was hyvdrogenated over pluti-

i22) { Touhuda, T Kakisawa, Ho: Tenahedranr Lent 1989, 41 1245
SEM. by White, 1, 1D kawasaxi, M. 1 (v, Chens, 1882 57, 3200
(Fi o) Riochary KL Hoada, WL, Nomikaoshi, C 0 3 Hanvs, ©
An Munro, dH, C Blunt, )W, Mullipan, P Beasley VR
Dahlem. & Mo Carmichael W W J Jyn e Soc, L9881 100 8307
(FF) () Roush. W R Palkowitz, A D Anda K 7 Am Chen So
1990, 112 6348 (TBDOMS TBDPS. Ba! (e} Nagaoka, H Asshi, Y
Tettaliedron T98L, 37,3872 (0 Mevers, A & Babick I, A Compbell
A L. Comins 121 Flemping. M P Herming, R Heuschinann v
Findspech. 1P Wane, | Mo Reider, P 1L Roland, ) A Shimoza
Koo Tomtoke K Walkup, BT T A Cher, Soc 1983 Tia »05n g
White L Do Auaedio PO Cul 90 Ohita & Javasingin B 1
(g ey 19920 07 22700 (SEAE (h) Remo, 1Y Jabiisen 1Y 10
Hlamondor. o Mina T Schweiber. 5010 7 O Chern 1992 57 56
(Be) 1) See: Adedetchum Acr2 1984 17 4204 Nagshima Yy - Ko
mezawa M Tachthana, H - Aunakora Y, Fujite. T Kihina K Rakn
Pl her Noo Pophaes Do 119930 357 iMONMY (KT Bake: W
ChMahonv, AL T Sawaiig O, Tetrahiedron Fote 1ORE 27 3051 UTTHTPY
(i Borckman, R | Chareete A B Ashetom 1 Johusten 807 An,
Ciwm Sec 1887009 7833 OdOM g Hor K Hikoas N Diigg e
A Mari, S Nomura, I Yoshi L Lo Chem 1992 7 N8N8 0T T,
len Paterson, T, Daster NN Rvan, & R Terrl o fer? 1991
§74%,

W3 Manruse A T i Huanp S Lo Swern I 7 e hea 1998
43 2480 i Omura, Ko Swern. D Telrehedion 1978 67 051, o,
tor this spiecific example. eonsale: Shimivu, & Nakamura, S Nakerda
M.: Shilmsaki. M. Terrafwdron 1996 52, 153673,

RO CrEfmh, WP Ley. S V- Whittenbe, G, P, White A D
Chemn Soc., Chem Coammun, 1987, 16245

125) Takar K Natta Ko Utimoto, KT A Chem, Sc 1987 [09
051

1
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Enantioselective Synthesis of Vinigrol

SCHEME 4

GH3 LiAIH, CHy .
i _OR O . HO._A__OR Swern
MeOOC™ ™ (iBulzAH T TRAP
e
1s { 85-G7 %) 0
GHe
¢Ha on GHb.CrCh 1 AR
oHE™ T~ 00N,
21 2

a, R=3EM; b, R=TBOPS: ¢, A=En:d. R=MCM; e, R=PMB

GHy CH
P A TEM Lo P10, AV SEM
Etai
223 23
(N-BU)NTFT
44 MS
tHy GHa
O (AMPAG R ACHAMTPA
cocy,
24 25
SCHEME 5
CH
Br CH3 T
C8ry, PPh3 T H -Bul.i i OR
- . o et L e
Dade 5 o N THE =
n 78°C—nt
26 27

a=SEM: d=MOM; e=PNMB

num oxide in the presence of triethylamine.?5 This
process gave rise to 23, which was independently pre-
pared from pure (5)-(=)-2-methyl-1-butancl.?” Compari-
sonn of |a)n values indicared the enantiomeric excess to
be 75%, The saie sample of 22a was treated as well with
anhvdrous tetra-r-butylammonium fueride at 80 °C
under reduced pressure?™ o provide alcohol 24, Masher
ester analysis of 25 by 'H and "F NMR established more
reliably that the enantiomeric exress was greater than
80% and therefore suited for fur ther deployment. Parallel
behavior was seen with 22b and 22¢.

To gan grester quantitative apprectation of the ste
reoselectivity of nucleophitic capture by bicychic ketones
15 and 18. the alkynes 27a. 27d. and 27e were also
produced {Scheme A). The Corev—~Tuchs procedure®® was
selected among several options and found 10 be satisfac-
Lory for our purposes.

Stereachemical Course of the Coupling Reac-
tions. The ultimate acquisition of 4 requires chat 1.2-
addition t¢ the carbonyl group in 15 and I8 oceur
predominantly from the direction svn to the double bond,
The conseguences of methyl substitution at the proximal
bridgehead site and of the endo-oriented side chain on
reaction crajectorics were not known. Consequently,
feasibility studies involving vinylmagnesium bromide
were initially undertaken. The conversion to 28 and 29.

{26) tal Paquette L. A Baveelu, J0He Spitz. B P Piwches R/
Yine Chein, Soer 1065, 87, 3417 () Sugimura, T Paguette. i AL 2
Am Cheny Soc, 1987, 100, 3017

(27 Lapshule 8B L Pegeasn, J. 3 Tavcaheciron Lot 1980, 22,3343

(78) (a} Carvev. -, F.: Furhs, 1.1 ](,,- hedrin Lo 1972, 3760 (b
Acyagi. 50 Wang, T.-Co Kibavashi © 7 A Chenr Soc 1993 115
11393

JoCA J't.r'uh.’/l/.x“l?

SCHEME 6
15h CHp=CHMgBr .
THF
-78'C —+0'C

\OTE!S

28 (53%)

29 (24%)

| KM, 18-cr-6
| THF, 25 C
o {71%)

]

realized in anhydrous THE at =78 1o 0 °C. proceaded with
minimal competing enolizarion. Column chromategraphy
conveniently separated the less pelar 28 (33%) from its
more polar counterpart 28 (24%) (Scheme 6}, The exo
orientation of the vinvl substituent in 28 wus easily
recognized on the basis of NOE studies. The signific ant
amount of 25 formed under rhese circumstances wias not
entirely expected because of the postulate that the hulky
group projected to the endo surface might well sterically
impede appranch from this direction.

The literature precedent in this area is limited and
rather disparate. At one extreme such as thar involving
the corjugate reduction of 31 with LiAlH. hwidvide
delivery occurs stereospecifically fram the exa divection
to give 32.9° Tn a related alkylation example, treatiuent
of ketone 33 with LDA and t-iodobutane producad the
exo preduet (73%) equilibration of which with methanalic
sodium hvdraxide produced a 73:27 exo‘endo mixrure ™
Where divect addition to the carbonst is involved. product
ratios are significantly less imbalanced For example. the
coupling of vinvlmagnesium bromide 1n parenr kerone 34
gives rise o a 21 mixture of the exo adduct and its
epimer.* Higher levels of substitution as in 35, a kerone
more stivcturally atlied to 15b. have lictle obvipus ilpact
on product distr ibution. The exposure of 35 to Z-lithiadi-
hydropyran has been reported tn lead foa 3.5.1 distribu-
tion of exn and endo carbinels ¥

21 (d] \\!”Iilt'l‘-a R A h*mhm l\. Ol VR T e Sy
Chemi Comrmuper 14017 %‘1 ) Williams BV Gadgil, & Ko Garneg

GoWillens J.D0 Ay AL Tetrabedion Levt 1999 40 2084,

Wth Kam L Hong, S5OW Park, W Chem Cemminen 1997 2203
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TABLE 1. Stereachemical Course of 1,2-Addition to
Bicvelo[2.2.2loctenones 15 and 18 (THF. -78 )

expt ketane  grganomerallic reagt  ylelg, % ©X0/870d0

ratio
1 13 CHa= CHMgBr 77 2.2
2 15 £ :
LA OSEM 72 135
36a
315 :
L~ OTEDPS 73 136
36b
4 15 :
LiMOBn 93 1:4.8
36¢
OFMB
515 /\’ a7 157
: 3ge
5 18 .
LN ~OPMB 58 1135
36e
7 15 27a, CoHgMgB:, THF 30 1:1.8
270, Mg, Br/\,Br THF
B 15 33 1.5:%
’D)) 18-30°C.2h
22¢, -Buli; MgBr*QEt;. )
¥ B her78cooc 80 181
22e, 1-Bult; MgBrz*QOEL,
0 15 gther,0°C, 2h 83 324

As aresult of the above. we defined as an interim goal
a clearer definition of these conditions most conducive
to producrion of the appropriate exa isomers. The com-
patibility of those stiuctural feature resident in 28 to a
poiential synthesis of vinigral was brought to the fore
when its sigmarropic rearrangement to 30 was found ta
occur readily at reom temperature in the presence of
potassium hydride and 18 crown.6 in tetrahydrofuran,

The ready availability of the lithiated alkenes 36 by
metal—halogen exchange invalving rert butyllithium in
THF at =78 “C* prompted their initial expioitation.
Follawing chromatographic separation of the less polar
37 [rown the more polar 38, it was possible tn ascertain
by NOFE analvsis that the preferred a-facial sterenselee-
tiviry was in fact opposite 1o that observed with vinyl-
miagnesium bhromide (Tabie 1), The proportion of 3R
varicd from 3 5 1 wheny R was the SEM protecting group
tw 370 tor the jrmethoxybenzvt (PMB) derivative.
Recourse e HMPA s vosulvent on the basis of its
capahility to disrupt Hirhivm aggregates™ had no effect

Wy Beesonn § AL fanes ML Jeo 1 Am. Chome Sae, 1964 86, 3014

GE ) Opdmges 1 A Paquette. 1 AL Ferrahecron Lerr, 1987, 08,
2111 i} For a mare recent pertinent examsple, consult: Kim, I3 Shin
P J:Lee J Park € W. Hong. 5. W Kim, S0 4. Ore, Chern 2000,
G35, 4864,

3% Evans. D. A Thomas. R.
1976, 1427.
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CWalker, AL Terrafiechron Ler

Paquelle et al. /9%

on the isomer distribution. The replacement of THT by
ether fed to extensive enolization of 15 and 18, resulting
in low vielding ronversion tn addition produrts The
ability of Hl(-‘Ul\ld‘UHlIHUIII his{Z 6-di-reve-hutvl-4-meth-
vIphenoxide) (MADI to influence facial selectivity is well
recngnized. ™ Hewever, the precomplexation of 18 with
MAD diel not result ina change of product compasition
at very short exposure times. When reactions woere
allowed to proceed hevord 20 min ar =78 'C. extensive
decompasition was netedd

5
OTES  HyC

4
0 41

Although recourse tn the vinvl cerates ™ and zincates ¥
wus also ineffective and Iithium acetvlides afforded nn
advantage. Grignard reagents proved maore ideally saired
o preferred exo addition, provided that proper conditions
were emploved {Table 1. oxpts 7— 1), Although the direct
entrabiineni method involving the metalation of alkviw
27e with ethvlmagnesiom bromide in THF failed 1o give
vise o o useful distribution of 40 and 41 (expt 7
significant improvements were noted when senication of
the vinvl iodides in the presence of magnesiun metal and
t.2-dihromoethane was utilized {cxpt 8). More serviceable
vet were those conditiens involviing exposure of the vinyl
indide 22e¢ to fere-butvllithium followed by magnesivm
bromide ctherate (expts 9 and 10). The 3.2:1 exoicndo
ratio ohserved in the last of these experiments accorded
us the opportunity to access reasonalbile quantities of 37e
for the continuation of our studies as discussed in 1he
sequel,

Probe of Possible Cyanohvdrin and Euol Ether
Alternatives. Although the preceding results proved tn
he reproducible, we >1mu]mnsouxlv probed orher possibie
means for stereocontrolled carbinol synthesis. The alres
native intedim goal was the construction of «-hydirnxy
aldehydes of the type 46. 47 ur 52, which possess an exo
rarhenyt group petentially suited to Wittie and related
condensations, To this end. 15 was recated with tere-
burvidimethvlsilvl cyanide™ in the presence of a catadvric

134) Chatg N U Doy TENM 1o W F0 2 ore Cleai THRH o
JOHB3

{351 da) Mavaoha K- Ttohh T Yawamoro, H S Yn Chen, S
1983 HIs 4yt i Hirdkowa Toshats T Kawe b " dhem s
Pockive Tinmes 11893, 217 e Preparanion of MAD. Stern & T Rohe,
Jo s Swentonn TS 2 (g e 1989 5404413

36} fal lnomote 1o Sagnna, Y dakvama, N Jearahess i derr
B4, 20 0233 (bj Imanwto. T Sughiea Y T (rvanomer o Moo 1983
285, C21 {c; Payquette, LA Opligeer, T, Teirafidlion 1RO s
107 4d) Greeves, Mo Lvtord, L Jetranedren (on. 1992, 33 17130

BN Willimns, 1 R Kissel W S T Ay Chern Soc THE8, 1 0
L1198,



Enantiosclective Svnthesis af Vinigrol

SCHEME 7

0.05N NaQH
CH30H, H0

42, XR=0QTBS, R'=TES
44, XR=5Ph, R'=TMS

43, XR=0TBS, R'=TBS
45, XR=5Ph, R'=H

! Dival-H
| {71-7294)

CHy GHy CHy
CHOPhgPy A CPMB
H

——

468, XR=0TBS, R'=TBS

a7, X=0TBS, R'=T8S
47, XR=SPh, A'=TMS

48, X=GPh, R'=TMS

amount of zinc ivdide. Chromatography on silica gel was
necessary to separate the nonpolar adducts 42 and 43,
whicl were formed quantitatively in a reasonably favor-
able 2:1 ratio. These isomers were distinguished spec-
troscopically and on the basis of the readiness with which
43 was converted to 13 in the presence of 0.05 N NaOH
in agueous methanol (Scheme 7).

The desired isomer 42 proved inert 1o these canditions
during overnight stivring.

Theretare the recveling process could, i warranted,
be used advantageousiy o produce exclusivelv the exo
nitrifc 42, the reduction of which o aldehyvde 46 with
Dibal H was canveniently accomplished in 72% yicld,

Comparahte vxposure of 18 to trimethylsilyl cyanide™
gave rise Lo a less favorable 1.4:1 mixture of 44 and 45.
As expected. these adducts and the derived aldehyde 47
proved to he somewhat more sensitive compounds as a
result of the sterically smalier. more reactive nature of
the protecting group. The hydrolysis leading to 45 during
chromatography is noteworthy.

The attemnpted homologation of 46 and 47 to 37 and
48. respectively. proved to be unsuccessful. Neither
Wittig methylenation noe Julia slefination®™ resulted in

(38) Narasaka, K lwakua, Ko Okaachi, 1. Chem. Lert, 1991, 423

39) fal Lady, W Sundvrmever. W Chenn. Ber. 1973, 100, 087 {h)
Evans, DA Carrell, G L Truesdade, LK e, Ches, 1974, 39,
914,

H Manko, T E L Murphy, B Dolan, S, Tetrahedi o Lo 199G, 37
208D and relevant teferences therein.
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SCHEME 9

i
NaCHP{OMe), MCPBA
KO!Bu TTHFHL0 (31}
MeQH,0'C —+nt (B3%)
{75%)

(31

acidic or
basic reagents

generation of the desired olefin. In the tiest instance,
modest amounts of aldehvide 50 were isolated in addition
to the starting ketone 15, On this basis. it wauid appear
that the wechanistic pathway shown in Scheme & man
he operative ' This fragmentative option results in the
expulsion of silyl enol ether 49, the hydrolysis of which
gave rise to 50

Our requirements for highlv controlled exo orientation
of the unsaturated side chain at C-2 of the bicyclonctann
were alse met by homalogation of 15 to enal ether 51 with
dimerhyl diazomethylphosphonate™ and oxidation of the
latrer with m-chloroperbenzoic acid®® (Scheme 9) These
conditions afforded 52 and 83 as a 311 mixture in good

W Marvanaff, BLE  Reiz. A B Chon Rev 1989, &9 BG3

(42) Gilbert. 1 O Wemtasomiva ¥V Wicchmans B o L ietia
fiedron L 1980, 24, 3003,

431 () Martin S FooWhite, LB - Wagner, R .7 (g Chean F9RZ.
473190, () AMarun 5 F . Assereg, JOML Austin B F L Dun
tanaray.ana, A P, Fishpaugh, | R Gluchowski O Guina, i3, U
Harmmann, M. Tanaka, T Wagner. R White, 1B Teaadieds 1 1995
a1 345
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SCHEME 10

Paguelle et al.’tdé\

H
OH oCHa
KN{SiMag)s, o il oG 1. Nal, MEK
37 18-cr-6 (TsQH) 3t raflux
THF, 120 'C A 0, 2. TsNa, DMF
sealed tube (84%) o) 10°Ce2w%)
(72%)
NN
OR
TBAF, THF R=T8S
- (100%) 37, e
TsCl, OMAP L. 58, R=Ts
CHaCly, (91%)
H
pMaO” ™~ CHa H
HiC. » DDa T0|502~11_J\E/CH3
Q CH,Clz, HoO — HiC
oJ (84%} >, 0
H 0\)
SOQTO|
TsCl, DMAP
- 0, X=0H
50 CHCl2 (81%} « g1’ X_OTs 63
Nal, MEK 82, X=I

reflux (82%)

vield. The sensitivity of these compounds th acidic and
Dasic conditions pr ecluded their chr omatographic separa-
tion, Furrhetmare, all attempts to protect theiv tevtiary
hvdroxvl group or 1o effect chain exrension generally
resulted inoperation of an w-ketol rearrangement w give
54 This result prompted cessation of this phase of the
elfort and sohdificd the stance that further advance
would be made via the route defined by experiment 10
in Table 1.

Construction of the Octalin Core. Given the case
with which 28 was nuted (o undergoe oxyanionic sigima-
tropy to [orm 30, the expectation was that 37e and its
congeners would likewise rearrange at or slightly above
reom temperature. Quite to the contrary, exposure of 37e
tn potassium hexamethyldisilazide and 18-crown-6 in
THF between —78 and 30 °C induced only gradual
degradation of the carbinnl. After considerable experi-
mentation, it was determined that rapid heating of such
samples to 120 *C in sealed rubes for 1 h with subsequent
rapid cooling provided 55 in yields exceeding 70% (Scheme
10). That a structuratty enforced hoatlike transition state
had been adopted o set the four contiguous methine
hydrogens of the newly crafted netalin ring system in a
rigorous all-cis relationship was uitimately confirmed by
X-ray crystatlographic studies {see helow}.

To develop the [unctional group arrav in 55 while
stimultaneously addressing the uneonfirmed stereschens-
ical issues, we chnse tn venture forward via rhe acetal
56. [ollowing termporary masking of the ketone carbonyl
in this manner desitviation was implemented and the
hydroxyl group o uncavered was transformed via tosy-
late 58 to sulfone 59 A comparable few steps transformed
the p-methoxybenzylnxy terminated side chain into a
primary iodide. I'hese advances made available the
highly crysralline substance B2, single crysral X ray
analysis of which confirmed the original stereochemical
assumptions while simulraneousty defining its solid state
conformational features (Figure 1). This rigovous evi-
dence establishes all stereogenic centers to be of the
proper vinigrol absolute configuration as a consequence

6102 J. Org. Chem.. Vol. 68, No. 16, 2003

of their relative yelationship to C-17. which was instadied
in enantiocontralled fashion. Bevarid that, rhe pan of
heavily functjonalized side chains are clewrly seen 1o be
strongly ditected o the equatorial plane. A major ron

sequence of this ovientational prelerence the onigins of
which are obviausty steric in nature. is o position the
incipient nucleophilic center neighboving the sulfone
sulfur (viz. C-21) remotely from the electrophilic carbon
honded Lo iodine (C-15}). .\Ithrm}_,h it is quite likely tha
this conformation of 62 or a closely related variant is also
preferentially adopted in solution. no information is
available concerning the topological [texibility of this eix
octalin. cis-Decalins are well recognized 1o be mahile
systems subject to being biased towvard ane of two chair -
chair arrangements depending on the locus of substiru

tion. ™ In gis-octalins. the situation is somewhat more
complex since the double band infrodures an added
degree of rigidification,

Attempted Tricvele Formation via Intramolecu-
lar Nucleophilic Displacement. The next major goal
in the synthesis was ovolizetion o close the oight
membered ring. The various basic reagents that we chose
to employ, ranging from potassinm hexawmethvldisilazide
te potassivun hdride, proved to be uniformly incapable
ol generating 63, Nepending on the specific comditions,
either unreacted 62 was returned or elimination of Hi
was seen. Based en these resulis, it would appear that
intramolecnlar ructeaphilic atrack 15 impeded by an
inability of the 1eaction centers 1o arient themsclves
preperly aleng the necessary collinear rrajectory. We
recogirize that 52 displaceinent veactions 1epresent
perhaps the most stereoclectonically demanding carbon—
carbon bonel fnrming reactions. For that reason, reratn ~e
to this tactic fos mediuwm-ring constriction has bren most
often applied only when faverable low energy coninrima
tions are pu]mlated.“ MAMZ tramsition structun es based

(H ‘s‘fu{(}f.’lf mfa'u, ni'e '.'éc,amr oot m,’\ Eficl. F L W |ln| S
i1, Mander. L. AL, Cds: lohm Wiley and Sans New York 1494; e
77h—731.

(43) Takahastn, T Stured Nad Frod Chem. 1991, 5, (79 -204
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FIGURE 1. Perspective plot of 62 in the solid state.

HaC..__CHg
HaC
o)
Ha wH
CH
CHa = °
64

15.497 keal/mol AEstrain 28.172 keal/mol
-92.083 keal/me AH¢ -79.408 kcal/mol
25.58 kealimol ABotal 38.25 keai/mo!

FIGURE 2. Encrgy scparating the diequatorial and diaxial
conformers of 64.

nn ab initio caleularions hold reasonably good predictive
ability, Our modeling of the structural prototype 64 has
provided indication that the diequatorial cordoniner is
approximately 12.5 keal/mol less strained than the di-
axial arrangement (Figure 2). These considerations pro-
vide insighr inte the extent ta which the framework
resident in 62 is precluded fram aligning the two reacting
cenrers suitably for intramolecular backside displace-
ment. This restriction can be expected to apply to other
aniortic C— bond-forming reactions that have been used
for meditun ring construction such as the aldal reaction
and compugate additions. 7 Somewhat grearer latitude
is recognized 1o be assaciated with radical cyclizatinns, ¥ ¥
samarium!ll and manganese(ITll-mediated processes. 7
and ring-closing olefin metatheses ' ** sincw comparably
high levels of stereoalignment no longer lurk as a

146) Petasis, N, A Patane. M AL ferraliedron 1992, 48, 3757,
(471 Mehta, G @ Singh. V- Chern, Rev. 1999, 05, 881
{418) Yet. L. Terrahiedron 1999, 55, 9349.

j0C /Uﬂdﬂ@

complicating factor. These and related proiocnls are
currently under artive investigation,

Experimental Section

[{45)-N-(3-MethylbutanoyD-4-(T-methylethyl)-2-oxazo-
lidinone (7). Toasolution of B3 1 isopropy] 2 oxazelidinone
{6, 100 g. 0.78 mol) in THEF (1000 ml} was added 16 N
a-bueyilichium tn hexanes (509 mL, 0.81 mol) at =60 UL Alter
heing vigorously stivred for 20 min al =30 "C. the thick white
shurry was slowly rreated with isovaleryl chloride (100w 0.85
mol}. Thx‘ruultmg homogeneous reacton mixture was stiveed
fou 1 hoat 0°C and weated with saturated K.COx sufution <300
mb). The agueous layer was extracted with several portions
of CHzCla The combined organic lavers were swashed awith
brine, dried. and roncentrated in varua, Pucification of the

resicue hy ch\ullalmn gave 157 g (95%) af 7 a5 a colurless oil:
bp 112115 °C {1 Torvk: IR (neat, em™!) 1780, 1700; ' NMR
{300 MHz, CDCI o 445 (de, J— 8 4 Hz, 11}, 4.24 el T
S 8Hz THL 47 (e, T=9.d He, TH). 283 (dd, T= 18 7 H/.
LHY 2.67 ddd, J— 18, 8 Hz. 1H). 2.35 theprer x o, T~ 7.4 Ha
100, 2 18 (hepret, J =7 Hz, 1HDL .98 {d, J= 5 Hy 31, 096
((h 7=15Hz 3H). 090 (d. /= 7 Hz, 3HN. 086 (. ./ T ilz.
1) B0 NMR (75 MH CDCL)Y A 172.5 {s)0 1539 (51 533 {0
582 {d). 13.8 {13, 2R3 (d4). 25.1 {d). 22 4 (n)). 22 2 {g). 7.4 [}
14.5 {q): MS vz (M) caded 213.1365. obsd 21313068 {a]™h
+79.5 (¢ 1.60. CHCly)

[(45)-4.Isopropyl-3-1(25)-2-isopropvl-4.pentenoyl]. 2
oxazolidinone (8). To an LDA solution prepaved ar ¢ °C [roin
diisopropvlamine (66 ml., 8.70 miol} and 1.6 M n-hurvltivhinm
in hiexanes (320 mi. .31 mmol} in THF (1500 im0 was slowhe
added at =63 "Coa solution ol 7 (100 g 0.47 mali in THIT I00
mL}. The resulring yellow reactinn mixture vwas viporoush
stirred at - 45 O for 3 howarmed to 0 'C over th, cooled bark

0-- G5 'C. and rreared with freshiv distilled alivl hramde (120
ml. LAY molp The resultiing salutian was stiried at 0 C
overnight amd quenched ar - 530 °C with saturared NH.(CO|
solution (300 L) The resulting aqueous laver was extracted
with CHOL (300 mE) The combined osreganie phises wede
dried and concentiqited in vacuo Purification of the reswdue
by chromatopraphy (silica gel, elution with 10 etind scetaie
in hexanes) afforded 110 g (93%) of 8 as a colarless ol (e
=052 IR (neat. em™y 1780, 1700, 1640: "H NMR (300 MHz,
COCL a5 77 (. 1), 503 (b dd, 7= 17 Hz [H), 4.96 thr d
4= 10Hz, 1H), 4.45 {m, tHY, 4.18 (m, 2H), 3.86 n, 1H). 2 36
(m. 3H). 1.92 foctet. J — 7 Hz, 1H), 0.94 (d. J = 5 Hz. 3t
092 (d. J=175Hz 3H), 088 (d. J= 7 Liz. 3H). 083 4. /=7
Hz. 3H): MO NMR (75 Mz, CDCIa 8 1757 M 153.8 155, 1305
W), 1167 (1, GZ 8 (). 58.6 (dy. 48.1 (), 33.0 (). 30.2 1), 28 3
{d), 20.8 {g). 1%.2 tg). 1RO lg). 14.5 (qh MS iz M oealed
253.1678, obsd 253 1883, [r;™"y, +92.2 {c 1 06, CHCLL.

Anal, Caled for CoHaNGy G 6637 H. 915, Found. C.
66.63: H. %.31.

{25}-2-1sopropyl-4-penten-1-01 {9). To a solution of § (27.0G
£ 0,109 mod) i ethier (G00 ml) were added absoluse erthannl
6.1 mL. 311 mal) and a 2.0 M sodution ufli[himn hoeolndride
in THY (60 ml.. U.12 mol) 1r 0 °C under N, The reactiom
mixture was stirred at 0 -5 "C overnight undm N guenchid
with 1 M NaCH solution. \Hlﬂ‘(l mmi hoth lavers were ¢ledt.
and poured inty =ther and water 1he ethor laver was swashen
with brine dried. and concentrared in vacua, Chromatographs
of the resrdue on T1LO arade silica ool {elutmn with 10% othyl
acetarean perroledm ether! op by MPL C (alica geb elunanwirhy

9@ Crubbs R HOAMiter S 1 Fu O € deg Chem Ken 1990
28 U6 by Schmary H G Angew e Tor Foo o 10950
1833, ic Filesuwt % fopnos Ceand 1997 40280 1 Avmostriees . S K
JoChem Sors Faraan Fram D998 510 i Pariva, O Javgn kosh
K. NG Sarhar A Conpet Cher Rev 1998 ok 10 Randall WL
Snapper. ML LMl Caral 4 Chern 7995133 24 4 Cratos R
L1 Chang S Tetrahedron 1998, 34 4113, th) Ivi, K0 Ay Eared
A,: Chewt 1988, 1331, 4} Wright DL Cure cag Chera, 19940
211,
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30% cther and 10% C1LCL in petreleum ether) afforded 10.04
£ 172 of 9 as o colorless Hguid: IR {neat. em ™) 3400 (br),
1635 TH NMR (200 MH. CDCL) 0 383 (. 1H). 5.03 (b d.
T 17T Hz, THYL A8 tor . = 10 Hz, FHYL 3.57 (m, 2H1 218
(m, ¥}, 2.03 (o, 1Y 1.78 (m, 11D 174 (hre s, EHD), 142 (i,
THY, 090 [d. 7= 7 Ho ) 080 {d. J = 7 Hz, 3H). U NMR
(75 MHz. CDCL) o 1381 (). 1E5.8 (U, 63.6 (1. 46,1 (d), 32.9
it). 27.9 {d). 19.8 (g). 19.3 (q): MS vz (M7} caled 12812010,
obsd 2R 1187 [a]*¥p +10.2 {r 0.49. CHClY).

Anal. Caled for Cyld,,0: C. 74.94: FHL 12.58. Found: C, 71.84:
H, 12.63.

tert-Butyl{[{(2R)-2-isopropyl-3-butenyljuxy|dimethylsi-
farte (10). To a solutian of 8 (11.67 g. 0.09 mol) and imidazole
(18,62 g 0.27 mol}) It dry DMF {10 mL) was adcded tert-
butyldimethylsilvi chloride (20,61 y. (.14 mal). The viscous
reaction mixture was stirved for 2 davs under Na at v, poured
into distilled water (150 L}, and extracted thoroughly with
several portions of pentane. The cambined arganic lavers were
dricd and concentrated in vacuo. Purification of the residuc
hy column chronotagraphy (silica gel, efution with petroteum
ether) allforded 19.8 g (90%) of 10 as u colorless liquid: 1R
(neat, em N 645, 1170, 14400 1395 T NMR (306G MHz,
CDCEY A 378 (m, 1M 500 e A, 7= 17 Fiz, LM} 496 (b o,
=10 He THY 383 (el - 56 Hz 2H. 2.06 4. 2HYL LD
i, THY 137 tmy TH) 090 id. 0= 8.8 He, 3H) (L9 (s, 9H).
G88 ¢l 7 - 68 Hz, 3H). 0.03 {s. 6H): **C NMR {73 MHz.
CDCL) & 1383 (). 1153 (1. 63.0 {t). 6.4 (). 324100, 27 7
(), 25.9 (q, 30), 199 (g, 195 (q). 18.3 (s}, —=5.4 (. 203 M5
mz (M) ealed 242.2066. obsd 2422038 [of™n 4 11.0 {0 1.08,
CHCla).

Anal, Caled for CiHaeOSi:
(G9.72: H, 12.56.

The MF signals for the Mosher esters in (CDCI) were seen
at —72.74 and ~73.04 ppm.

(35)-3-[{tert-Butyldimethylsiloxy)inethyl]-4-methylval-
eraldehyde (11}. Ozone was bubhled through a selution of
10 (4.0 g 17 mmiel) in acid-free MeOH (10 mL) and CH:Cl;
{45 mL) huffered with NaHCQ, ar ~78 °C untii the appearance
of a persisteni deep blue endor. The reaction mixiure was
stihsequently purged with o flow of dry Ny treared with methyl
sulfide (R mbl) at 78 *C. slowly warmed to v and stired
overnight. The vnlatiles were penmoved in vacun, aud the
residue was purified hy cabumn chromaingraphy o Flonsil
telution with 107 ether in petenlewn ether) to give 3.8 g (01%)
ol 11 as a colorless ol IR e era =Y 1735, 1470, 13945, 126G0:
TH ONMR (300 NPz CaDad 0 937 (0d, 0= 2.1 Hz, LH). 3.5]

C. 69.35; H. 12.47. Found: C.

fdd. J=10 5.1 Hi 1D, 3.40 1dd, J = 10, 6.9 H2, 11, 2.14
tddd. 7= 16.3. 8.5 2.7 Hz, TH). 2.01 (ddd. J= 163 44 1.4
He. 1H), 1.90 (mn. TH). §.62 {septel, J = 5 Hy, 1H), 0. ‘JH {5,

OFD. 076 {(d. J =7 Ha, 3H), 072 id, J= 7 Hz, 3H), 0.60 (s
BEN: 10 NMR (75 MHz, Cili) 0 200.9 (s). 64.5 (1}, 43.6 (1),
42.1 (). 28.5 {d}. 26.0 {g. 30), 20.2 (). 19.3 (), 18.4 {=). —=5.5
fq. 20 MS nve (M) caled 2441859, obsd 244,1828; {1]¥,
4168 (¢ V.02, CHCHY

Anal. Caled tor Cyal {50250:
G3.50: H.11.54.

2-[(R}-1-[(tere-Butyldimethyvisitoxy)methyl]-2-methyl-
propyll-5.oxohexanat (12). Water was azeorropically re
moved from a tefluxing selntion of 11 (13.0 g, 53.2 mnmal) and
freshiv disrillec tfrony Na) pvreolidine (18 mbL. 215 sumed) in
henzene (400 mLi via a Dean Stark apparatus for 24 h. The
resulting solution was concentrated in vacuo ta give 15 g (95%)
of @ maisture-sensitive, paie yellow vil which was used in the
next step wirheut further purification: IR (neat. cma 1Y 3060,
2940, 1650, 1465, 1380, 1370, 1260. 1100, 940, 850, 780: '+
NMR {300 MHz, CiDu) 6 6.22 (d, J= 13.6 Hz. 1 H). 4.03 (dd.
I= 134692 Hz | H). iTa(m 2 Hy, 286 (m. 4 H), 2.20 (m.
lH) 152 (m. 4 H) 12 {d, .J=7THz 3H). 1.07 (s. S H). 1.06
d. J=7Hz.3H)L 016156 H): RCNMR (50 MHz, C.Ds) ppin
137.74d 953 (D). 66 9 (1), 50.3 (I}, 491 (. 2C3, 28.2 {d). 26.2
lq. 3C), 250 (. 2C). 21.7 1q), 186 (). 17.9 (). -5.41g). -3 2
(.

C. 46388 H. 1155 Found. C.
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To a sotution of the above enamine (35.0 g, 50 & mimed) in
v benzene (300 ml) was acdded freshlv distilied merhivl vinyy
ketone (22.2 ml. 266 mminol} The resulting pale yellow reaction
mixiure, which became darker vellow as the reqtion pr
ceeded, was refluxed for 48 h under No, treated at 0 "0 with
agueeus oxalic acid solution (13 g in 200 mL of distilled watery
antl stirred for 1 h. The aqueous phase was extracred with
several portiens of echer (3 « 200 ml) The combined organie
lavers were washed with bripe (200 mL), dricd, and toncen-
trated in vacuo. Chromatography of the residue (Flesisil
elution with 1000 ether 1n petreleum ether) gave 11 g (844
of 12 as & rolorless, ailv. nseparable 1 2:1 diastereomern
mixture: [R (near. cin 'Y E725. 1470, 1310, 1390 'H NMR (300
MH2 CBCl d D69 {d, /= 2 Hz, 1H), 9.57 (he s, TH, 3.60 (m
LHY, 3.32 (dd, J=10. 5.5 Hz, TH. minor), 340 4id. J= 0. 0.1
Hz. tH. majon, 2.38 (m. TH). 2.14 (o, 2ED 1.98= 170 {spries
of m, 2. 1 60 (m. 1H}. 1 68 (s. 3H. major). 1 67 (s. 3F1 minar},
1.53 {m, TH, major). 1 38 (. 1H. minor), 0 98 (s, 91, 0.91 (4]
A=6.7 Hz, 3H, minoy) 0.8% {d. .7 = 6.8 Hz 34 o b 084
(b, /=67 He SH, minar, 082 (= 6.8 He 3H. 1tajon)
007 (s. GID: *C NMR (755 NMile, CDCLL major isomer) O
2058 (5) 2028 ), 61 9), S0 (), 47.9 (elh. 41.5 {t). 20.0 (g,
27042504 30C) 213tk 2053 (L 1RO 17 B ), 6.0
(ef 20, Amiron Tannen ] & 2005 5 (). 202 71y BO {1 a1 2 )
FO.6 (i, 30 01 290 {op 2604 4D 25.6 (. 30 e 2L e
fep 19,5 1 180 s =6 0 (o, 20 B NS oz (M7 caled 310 2277,
ohsd 314 27904

4-[1-(rert-Butvidimethylsiloxy)methylf-2-methylpropyl|
2-cyclohexen-1.ane (13), To a vigorously stivred solution ol
the above enamive (141 g 44.9 mmel) {121 ratiol in diy
benzene 11600 mL) was added a finely ground suspension of
KOH (three crushed pellets) and dibenzo-18 ciown-6 1N 1 p
1.1 nunob). The reaction mixrure was stivred under N for (4
b, treated with saturated NH4CE soturien (300 L), and
extracted with several portions of ether (4 x 200 ml). The
combined arganic Javers were dried and concentrated in vacun
The crude residue was fittered through a pad of silica gel o
remove mest of the dibenzo-18-crown- 6 {elution with 1394 ether
in petrateuin ethen) and purified by colurn chromatography
(silica pel, ehation with 134 ¢ther in petiolewn ether) to give
6.1 g (46%) of 13 {1.7:1 ratio) as a v ery pale vellow arl and 6.8
24 (l.lm] of S-hvdroxy ketone isomers, which were resubjectod
to the plmmus reartion condihions for 3 davs. Afler one
recveling o toral of 1006 g (80%1 of 13 (1.5:1 ratin of dizisteren
isorer s) was oblained: IR {ncat om™! 1680, 1470, 1300 1H
NMR (300 MET2. COCL) & 7.07 {hed, . f-- 103 Hz, (AED, 6.9
thrd, 7= 10311z 0.6H). 5.96 im, 1H). 3.6? inm. 2H, 274 1m,
PHY 251 {m, 1HY 2.34 fma TH), 198 [ 280 1.84 G LI
A7 vn 0.6H) 134 o 000HD. 0.57 tm GHDL 0 86 (5. 9HLE 002
fo. GHE PO NMR (750 MHz CDCH) (mujo diastercoisuime:)
P4 ‘)[li) 4 (\} I87.1 (). 128 3 {ch). B1.3 ). 504 (d, 37.9 400, 37,3

{cly, 235 (1), 26.9 {d). 25.3 (. 3Ch 218 {q). 203 {¢i. 181 (s},
-3 6 |q 208, tmnor isonery O 200 1 &4, 15361 b, 1283 [d)
B L SO A ey ARN {0, 36T G 2740 (t). 260 (B 268 g

S 2YA (. 203 (g 18 1 (31 5.3 {g. 200, AS i M-
-Bu) raed 239 1 IM absd 239 1402,

Anal, Caled for CoT00510 €, AR.86: H.
69.19; H, 11,94

4-[1-{tert Butvidimethylsilexy)merhylj-2.methylpropyl]-
6-methyl 2-cxvciohexen T-one (14). To an LDA solunen
prepared at U - from diisopropvlamime (3.1 ml 22 7 winob)
and a 1.3 M solution of n-butyilithlum (34 7 ml., 14 nymoli m
THF 120 mL) was slewly added at 0 °C a solution of 13 4 7
g. 16 mmol} in THE (50 ml). Afier heing stirced for 13 min.
the reaction mixture was rreated with purified methyl iodide
(1.3 mh, 20 mmal) treated 1.5 h lacer with saturated NELC)
sojution (100 mL). and extracted with several portions of ether,
The combined grganic lavers were washed with brine, dried,
and concentrated in vacuo Chromatography of the residue on
silica gel (elution with 5% ether in perrelewm ether) gave 240
mg (5%} of the axial meths lated epimer as a pale yellow oil
3.7 g [75% of the equalarial isomer 14 as 2 pale vetlow ail

1088 Found C
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(1.5.1 rann ol 2 diasiereaisomers) ol 987 mg (20%) of more
polar unreacted 13 which can be recveled.

For 14: IR (neat. em™). 1680, 1625, 1480, 1400: 'H NMR
{250 MHz, CDCL) 4 7.01 {¢d. J = 103, 2.8 Hz, 1H, minor),
6.90 (dd, ./ = 10.2, 2.8 Hz. 1H. majer), 5.91 (m. 1HL 3.67 (m.
2H). 2.80 {m. 1H}. 2,55 (m. 1H). 2.10 (m, 1H), 1.84 (m, 2H).
1.50 (m. TH. major). 1.41 (m, 1H. minor), 1.15 {d. J = 7 Hz,
3H, minor), 113 @, J= 7 Hz. 3H. major). 0.98 (d. 7= 6.8 Hz,
3H), 0.95 (d, J = 6.8 Hz. 3H. major}. 0.84 (d. J= 6.8 Hz, 3H,
minor), 0.86 (s. 9H), 0.02 (5. GH); "*C NMR 62 MHz, CDCL)
(major diasteremsomer) ¢ 203.2 (s}, 1535.1 (). 127.7 (). 61.5
(), 49.8 (), 39.3 (. 33.4 (). 32.1 (t) 271 4dy, 25.8 (g, 3C).
ZEB ), 19.9 (). 18.1 {s), 15.5 {q), - 5.6 {g. 2C); (mingr isamer)
& 203.0 (s, 154.8 (d). 127.4 {cl}. 51.0 [t‘. 49.9 (). 30.4 1<, 33.7
{t), 32.8 (. 27.4 (Y, 25.8 (q. 3C), 21.6 {g). 19.6 {g). 181 {s}.
15.6 (). 9.6 {1, 20, MS nrz M- — CHy) caled 295.2093. obsd
295.2119

Anal. Caled for CiHsQ0.8i0 € 69.62: H, 11.04. Found: C,
G9.88. H. 1i.13.

(15.45.8R}-8-{(R)-1-[{tert-Bulyldimethylsiloxy)methyl}-
Z-methylpropyl]-I-methylthicycloi2.2.2]oct-5-en-2-one {15)
and (1RAR85)-8-[(R)-1-[{tere- Butyldimethylsiloxyhneth-
yll-2-methytpropyl]-t-methylbicyclo[2.2.2]oct-5-en-2-
one (16}, To a cold {00 *C) solution of hexamethyldisilazane
(8.2 mL, 38.9 mmal) in THF (36 mL) was added n-bueyHithium
inhexanes 20 1 ml. 32.2 mmoD. Afrer 30 nin, 14 (1.0 0. 129
ol dissebved i dry THIE (515 mL) was introduced, and the
brownish mixture was stured at 0 °C for 30 min. treated with
phenylviny sutfoxide (4.12 g, 27.1 mmol} in THF (65 mL} via
a syringe pump during 3 b at 3-6 °C, and quenched with
saturated NHLCL solution {40 mL). The aguenus phase was
extracted several times with ether. and the combined organic
lavers were dried and concentiated. The residue was laken
up in ether, filleved through a pad of Celite, and concentrated
The residue was dissolyved mn toluene (40 mb), calchom carbon-
ate (2.6 g. 26 mmol) was added. and the yellow suspension
was heated at eeflux for 24 he After filuation of the cooled
mixture through a pad of Celire, the filtrate was evaporated
ad the residue was chromategraphed on silica get felution
with U% ethvl acetate in hexanes) to give 2.5 g (58%) of a
mixture of 15 and 16. Further purification py MPLC afforded
[.16 g (27%) of pure 15 and 609 g {14%) of 16.

For 15: colovless selid mp 38—40 °C; TR (neat, em=™') 1730,
1470, 1415, 1380; 1 NMR (300 MMz, CuDy} 8 6,21 (dd. J = 8.
7 Hz. lH] 583 (hrd. J=8Hz 1H). 355 (dd. J = 10,5, 3 11z
LH). 3.39 (dd. J= 105, 5 He, 1H). 2,48 (in, IH), 2.01 (dd. J =
18. 2 Hz 1H), 1.88-17.76 (series of m. 2H}, 1 67 (septet x d.
J=7.3Hz 1H)L 159 (dd, J= 13, 10.5 Hz, 1H), 1.26 (s. 3H).
1.24 {dd, J — 3.6 Hz, tHY. 0,99 frn, 1M, 0.02 (d, 7 = 7 Haz
3H), 0.91 (s 0HL 087 {d, J= 7 Hz. 3H), 0.00 (s, 6H): 1H NMR
(300 MHz, CDCLY o 654 {dd. J=7.4. 7.1 Hz, 1H), 583 {d.
J=TF 7 e 1D 368 (dd, J= 103 3.5 Hz. 1. 361 {dd. J =
105 5 Hz  THY 285 (brs, 111). 217 tdd. J = 1835, 1.G H».
THUL 190 {cided F= 185, 3.3, 1.6 Hz. 1THY, L¥8 G, 1. 169
W, T =13 £ A0 Iz TRD, AT Gl J=- 12,2, G Hz, 1), 1,24
(m, 2HY. P9 s, 3E 009 4, = T He. 3H), 190 (d. J= 7 Hz,
3H; 080 4s, OH), 002 (s, 6H): VO NMRE {75 MHz CeD) 0 21002
) L3R e 1330 i, 61T, 493 (8), 486 (), 37 2 (L. 363
(i, 3.5 (1), 33.8 i), 27 9 (d 26,0 (g, 3C). 21.8 (). 183 (s),
181 {egh. 17 & {gh. --3 5 b, = 3.6 (i MO NMR 173 MHz CDCH)
A 213,50 (51 13585 {d), 1335 {dy, 61 6 (U, 19.4 {s). 48.7 {d). 37.1
(®), 36,4 (), 347 (1), 33,5 (e, 27.7 (d), 25.9 (q. 3G, 21.7 (y).
18.1t5), 17 6{g). 17.5 (g}, —5.5 {g). —5.6 (g} MS nvz (M) caled
336.2485, obsd 336.2481: (o] ~273 (¢ 1.35, CHCIS).

Anal, Caled for C;nH40.5%i: C. 71.37: H, 10.78, Found: C.
71.56: H. 10.8T.

For 16: IR {neat) 1730, 1470, 315, 1390: tH NMR {300
MHz, Celde} 6 633 (ddd. J =38, 7 Hz, IH) 5.66 (brd, J= 8 Hz.
THY, 346 dd. J= 105 3 Hz 1H)L 3.40 {dd, J = 10.5. 4.5 Hz.
1), 289 4m THY. 230 {dd. J = 18. 2 Hz, 1H). 1.96 i0dd, ./ =
835 ZHz VH), V77 (e 1HY 1 57 dseptet x d, J= 7. 3 Hz,
tHY, LA2 (dd, 7 1301005 He, 1H). 1.25 (5. 3HY, 1.03 tm, 1H).

X
JOC Af'fh.‘h'/ﬁ

100 (el J =13, 6 Hr. LD, 092 (s, 958, 087 (d. . T He
SED. 0.7 (. J = 7 Hz, 3H). 0.00 5, 815 VG NMR i?w \,ﬂrt:r.
Calde) @ 2107 {5}, 138,49 (d). 1'33 5 (i, 61,3 (0, 49.2 ), 49 1
(), 38.7 {d). 37.0 ek, 349 (1), 345 (o), 2R.5 (d). 20.9 (g, 300,
224 (g). 1R2(s), 18.1 (@) 17.1 ( q) =55 (. -6 (gh MS iz
(MY ealed 3362485, obse 336.2482: {u] Tp +278 ¢ 11, 1801,

Anal, Caled for CoyHw0,81 €, 7137 H. 1078 Found, C.
7150 H, 1078,

(15458R)-8-[(1 R)-1-{Hydroxymethyl)-2-methylpropyl]-
I-methylbicyclof2.2.2]oct-5-en-2-one (17). To a soiution of
15 (200 my, 0.6 mumalt In THF {20 mI,} was added a1 0 Ca
Mosplution of THBAF in THF (14wl 14 mmeb. Alter being
sturved at ¢ °C far 5 hoand at it for 10 W the reaction mistare
was trealed with saturated NH.Ci solutron (30 mb} The
aqueous layer was extracted with ether (5 < 60 ml) and the
eombined organic layers were dijed. Purification af the residue
by chromratography {Flovisil, clution with 10% ediyl acetate
in petraleum ether) gave 113 mg (85%) of 17 as a colorless ail
IR (neat, em ™l 3446 (). 1713 1616, 1453, HFTNMR (300 MH,
CDAAGI0 tdd, 7~ 8 7 Hz YHY 363 thrd. 7— 8 Hz [H)
33 0n 2H)Y 2448 fm 1HYL 199 bed =18 Hz 1) 1.70
d. = 18 Hz THY), LG4 tm, ZHY LA47 fdd, /- 13 105 Bz
TN, 123 (hr s, DH, 5,22 (5, 318, 115 4dd. 7= 13.6 1z 111
000 G, 7 =7 Mz 3P0, 0.9 ans LED O8O 7- 7 Hz 3th-
LCONMI (75 MMz, CeIdd S 2013 {s), LAB H T 1338 &4} 61 5
(0 493 ts), 19,0 {d}. 37.0 {0, 306 (). 345 1) 338 (), 278
)y 217 iqh 160 ¢q). 17.5 tgq): MS ez {7 calod 222 1620
obsd 222.161%.

Anal. Caled tor £H-0x C, 7263 H 1003 Toand U
75.84; H, 1003

{(15.458R})-B-[{1 R)-1-(Phenylthiomeihyl)-2-methvipro-
pvl]-1-methylbicyclo]2.2.2]oct-5-¢n-2-ane (§8). A sofution
of 17 1500 ma. 2.25 mmal} and diphenvl disulfide (970 mg, 1.4
mumn}} in teluene 3 ml) was treated with tei-n butvlphosphine
(1.0 omb. 34 mmed). seirred yvernight at vr, and divectiy
charged onto a colunm of silica gel. Elution with 0- 10% of
r?thyl acetate in hexanes gave 18 (G30 mg. 92%}) as a whire
solid, myp 82.5--83 5 °C: TH NMR (300 Mllz coel) A 732
T24 (o, tFD T 19-7. 04t THDL G3 (L J — 7.4 Tz TH)L O 83
el F= ¥4 Hz tHL 295 {dd. /=57, 12.4 He 11D, 284 1m,
TH). 2.82 {ddd, J= 1.0, 36, 124 Hz, 130, 217 (edddd, J=10
P7185 Hz 1H) 2 11--1 80 (i, 3H) . 1.69-1.49 (m 18D, 1 40-
P35 mu 2 H) LIB s 3 HL 102 (d J =601z 3HD. 096 (¢
J - 6.8 Hzo 3 HE CONMR (75 MHz, CDCI A 2128, 128 2,
137.7.133.7, 1203 (2C). 128.8 (20).126.0, 49.2,16.9. 35 8, 37 0,
345, 339 (2C). 284, 210, 175, 16.9: MS m'z (M1 caled
3461780, obxd 346.1768: [ " 303 {c 66 CHUL)

Anal Caleg fm Coll 08 €0 7638 18 A3 Foumd ¢
76.34: H. 8 37,

Methvl (Z2R)-3-(p-Mcthoxyvhenzyloxy) -2 methylpropi-
onale {(19¢). T'o anice-rald suspension of soduan hveride 1500
mg, 20 mmoll m o dry ether 25 ml ) was added drapwise o
soluton of ponethoxvbenavl alcobol 25 g0 020 mall w div
glher (40 m) over @ 13 win period  After an additionat 30
min. rrichloroacetonitviie {19 ml. 0.89 mol) was introduced
drepwise a1 we-bath remperature The mixtare was stisred
overnight and conceatraied ro leave the hnidare as an ol (4164
g, %)

To a mixture of methyl {(R1-2-fhvdroxymethy tprepionate
110.0 g. 0,083 moh and the {reshly plcpatrcl imiflate L6 g o
CHLL: 20 il and perroleum other (40 mL;) was added ar O
"Ca wluti(m ol eriflic acid (0 024 i, 0004 munly m CH L
(2 mL) under e The reaction mixture was stirred for 36 nun
at o, diloted with ice water. and filtered with the aid o
hexane. The aquenus laver of the filtvare was extracred with
hexanes. and the combined organg phases were washed witly
brine. dried. and evaporated. Purification by chromatographs
on silica gel gave 19¢ (3 6 g, 47%3) as a eolorless oil 1 NMR
3NGMHz, CDCEY o T2 J=90Hz 2H) . 6 Th i, T=90
Hz. 2H). 4.34 (. 2D, 3.69 (s, 3H). 387 {5 GMY 352 dd T
91, 74 He 1H, 335 (del, S=81 539 Hz IH)L 267 1ddd, f =
7470059 Hez THY. 1.06 (d. J = ?.! Hz. 3H1.
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p-Methoxybenzyl (25.3E}-4-1ode-2 methyl-3-hutenyl
Ether (22e}. A coid (=78 “C) solulion of 19e (480 myg, 201
nmwol) in dey ether (10 mbL) was wreated dropwise with a
salution of ditsobutylaluminun: hydride in hexanes (4.1 mL
of 1 M, 2.1 mmal). stirred at =78 °C for 1.5 h. quenched with
saturated NITCLU sofution. and allowed to warm to v, The
product was extracted into ethyl seetate, the combined organic
layers were washed with brine, dried, and evaporated. and the
residual aldehyde (420 mg) was used immediately.

To a rold 10 °C) suspension aof dry chromium(I) chleride {1.4
g in anhydrous THE (10 mL) and dioxane {4 mL.) was added
dropwise a solution ol rthe above aldeliyde and jodoform (1.5
g, 3.8 munel) in dry THE (8 ml). The reaction mixture was
stivred at 0°C for 1 h and at st for 4 h prior 1o being quenched
with saturated NH,C1 solution and extracted with ethyl
acetate, The combined organic [ayvers were washed with brine,
dried and concentraied. Purificarion of the residue on silica
gel (elution with O -3% eihyl acetate in hexanes) gave 322 mg
{42% over two steps) of 22¢ as a colorless oif: 14 NMR (300
MHz CDCl) & 7 23 (d. .J = 8.9 Hz, 2H)}, 6.88 (d. .7 = 8.9 Hz.
2ZH} 6.5 {dd, /= 7.4. 145 Hz, 1H). 6.08 (¢d. /= 14.5 Hz, 1H).
4.43 (s, 2H), 3.81 {s. 3H), 3.30 {m, 2H). 2.50 {m. IH}. 1.02 {d.
J=186,9 Hz. 3H): MS mfz (MY caicd 332.0273, nhsd 332.0266:
oy ~4.2 (r 0.17, CHClg}.

(15,25.45,8R)-2-1(1 E.35)-4-(p-Methaxyhenzyloxy)-3-
methyl-I-butenyll-8-1(1 R)-1-[{rers- buty]dimethylsilowy)
methy|-2-methylpropyl]-1-mechyibicyclo|2.2. 2loct-5-0n-
2-0l {37e¢) and {(15.2R,458RK)- 2- [(1E,35)-4-(1-Methoxy-
benzyloxy)-3-methyl-I-butenyll-8-{(1 R}-1-Hteri-hutvldi-
mctlwlsiio‘q’)mothyll Z-methylpropyl]-1-methyibicyclo-
[2.2.2]oct-5-en-2-0] (38e). A. By Barbier-Type Reaction,
A mixture of magnesium tumings (270 g, NLET tvnell §.2-
cibromoethane {0.04 mL. (.35 mmnl! 22e (270 mg. 081 mmoll.
and 15 05 mg 0,28 mmol) in dev THF {3 ml) was sonicated
for 2 b ar 15-20 °C. Alter heing cooled to 0 °C, the reaction
mixture was quenched with saturated NHC] solution {1 L)
and diluted wirh ether. The organic phase washed with brine,
dried. and concentrated to leave a residue thar was purified
chremarographically (silica gel, elution with 5% ethv] acetate
in hexanes) to give 31 ng (L[J%] of 37e and 20 mg {13%)} of
38e.

For 37e: cuolorless oil: IR (CHCL, o™ 3400, 1627, 1439;
TH NMER (300 MHz, CoDe) 6 7.28 {d, J = 6.8 Hz, 2H). 6.81 [l
J = 6.8 Hz 2H). 627 td. J = 8.0. 71 Hz. 1H). 588 (d. ./ ==
SOHL FHE 568 {m, 210, 4.31 (br s, 2H). 3.76 (dd. J = 10.5,

3 Hez, YH). '177 {id. J=10.5. 4.1 Hz. 1H). 3.32 («, 3H). 3.28
[m. TH), 3.20 {oe THY. 251 (I i, J = 6.0 Hv. LH), 2.42 {bw s,
THY 2.02 wid. J 13 4.5 Mz, VF). 187 fm TH)L 175 (. 2H),
1553 (ddd J =132 1 1.3 He, 11} 1.40-1.20 (m. 3H). 1.08
(d 7= 7TO0Hz 3H.L.06(d J~ 63 He. 3H] 1.02 (5. 3H). (196
(». 9H) 0.03 {d. J = 7.00 He. 3H), 0.02 (5, GH) ”C NMR (73
MHz, CiDe) o 1594 {s). 1384 {s). 138.1 (d}, 135.8 (d), 129.0
(=), 128 7 (d 20y, 1274 (d). V13,7 (4. 2C), 77.2 (S}. 7h0.2(13.72.6
(1), 62.3 (1), 344 (e, 17.7 (). 1.9 (s), 38.0 (1h. 369 {d). 36.1
{1, 340 4, 32,7 «), 27.9 1d), 25,6 (. 30, 218 {g). 18.9 ().
184 ), 17 3 (q). 17.4 ), ~5.5 (), =5.7 (q): MS vz (MY -
CaHun caled (1213138, obsd 1213128 [o]*, -7 (¢ 18
CHCl).

Anal, Caled for CyF,G.SE C 7300 H, 10.03. Found: €.
72 093, H 10.07.

For 38e- colorless sl "H NMR (300 MH/ CDCla) & 6.35 (L.
J= 84 Hz, 1H)L 380 (d. 7= 84 Hz, 1H). 5.63 {m. 2H}, 3.62
(. J=06.9 2.1 Hz, 1H). 3.51 (dd, .7 = 4.8, 3.1 Hz, 111), 3.39
ldd. F= 8.1.4.1 Hz, LH}. 2.55 (brs. 1H}, 2.41 {m. 1H). 1.85
{m, 3HY, L1535 (m, 1H), 1 26—1.20 (m. 1H), 1.21 {br s. 3H), 1.05
. J=69%z 34y 103 . /=68 Hz 3H), 0.88 (2s. 18H).
0.81 (d, /= 7.1 Hz. 3H3, 0.05 (4s. 12H): MS iz (M- ~ CoHA0)
caled 421.3138, obsd 421 3142,

B. Use of Magnesium Bromide Etherate at - 78
0 -C. A vold (=78 °C) solurion of 22e (188 mg. 0.56 munol) in
dry ether (3 L) was weated with ere-butyllithivm (0.75 mil.
of 1.7 M tn pentane. 1.28 munol) until a pale vellow color
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appeared. After 10 min of stivring. magnesiim bromide
ciherate fexcesst and o solition ol 15 (85 g, 0.28 nnnoly were
introduced at this terperature, and the teadcton mixture was
allowsd to warm o 0 “C aver 2 h. Afrer the reaction misture
was mienched with saturied NILCE selution (1 mL) the
mixture was diluted with ether, and the viganic phase was
washed with brine, dried, and concentrated. CImnm:lt_r_:gmph_v
of the residue as above afforded 80 mp (39%) of 37¢ and 22
mg (21%,) nf 38e.

C. Use of Magnesium Bromide Etherate at 0 °C. A cold
(~78 °C) solution of 22e (101 my. (.30 mymed) in dev evher (2
mL) was treated with tersbuivllithium G4 mL ol 17 M in
pentane (.88 mmal} until a pale vellow eolor appeared. After
L0 nin of stirring. magnesivan hrontde etherate {exress) was
intraduced at this tenaperature and the reaction misture was
warmed dizectly ro @ *C. stireed for 20 min, and 1veated with
a solution of 15 {51 mg. U 15 mmol) in THF (2 ml oy After 2 h
of stirring a1 0 *C, the abiove workap was applied. and there
was isolated 52 mg (63%) of 37e and 16 myg (20%) of 38e.

Compound 35. To a cold (0 °C) solutinn of 37¢ (177 mg.
(.326 mmal) and 18-crown-6 (86 my, 0.33 nunel) in dry THE
(6 ml) was added porassium hex.nnerh\l(hmla/lde {2 ml. of
0.3 M in toluene, 1 mnob, Alter heing stined for 5 nrin a1 0
*C, the yvellowish mixture was directly heated at 1200 C far i
hinasealed tabe returned o O 7, qiu‘nrhvd with saturated
NELCsolution. and diluted with ether. The ovganic phase was
seaashedd with brine. dried, and concentrated. Fhe residue was
purdicd by chromatography on silica gel (elurinn with 8.1
etherhesanes) to give 127 mg (72%) of 53: cnloriess anl: 1R
(neat. am 3 ETHL 15100 1460, 1T NMR (300 MHz O I\J A
Tedlbrd 0=86Hr 2H), 686 (hrd = 86 1z 2ZHI 3.4
the s TH) 447 e T — 116 Flg, 1H), 440 4d T — 110 B2 11D,
379 (5, 3H), 3.69-3.62 iny, 2FN. 348 (olel J= 91,3 7 1z, 1H).
A38 (dd, T~ 9.0 62 Hz 1H. 261 br s. LMY, 231 fined. F—
11.6 He 1HYV, 2,20 2.02 L, GHY. 194 170 (e 4HY 170 (I
s AHY 1 t2-1.07 tm, LD, 1.02 od, J = 6.6 He 3iH, 0.97 (d
J 6.9 Hy 31 089 (s OH), 0.89 ¢l S = 7.0 Hz 3H). 003 (hy

5. 8Hy VG NMRA{TI MHz, CDCE) $212.7, 1591 1369, 1307
IZ‘J.O (2CY VIR, 1137 (2C), 731, 72,8, 60,1, 35.2, 46.7. 43.7.
41.5, 38.2. 37. 3 37.0, 36.6. 34.7. 32.1, 26.7, 259 (3C. 237,

70181175, 16.2, =5.5, =0.7: MS miz (M - CHY) caled
527.3537. (li)hd .)21.3535, [(x]“,. +5.9 (¢} 60, CHCL).

Comipound 36. A solurion of 55 (183 mg, 0.31 mmml),
ethylene glyeol €0.38 mL. 6.8 mmol). and p-toluenesulionic acid
{19 mg. 0 t mmal} in benzene {4 mL) was refliteed for 4 hander
a Dean—Stark trap, conled to ri.and quenched wirh saturated
NaHCOq sclution. After dilution with ethor. the organic phase
was washed with additional bicarbanale solurion, dried. and
evaporated, Chromatography ol the residue on sihica ecl
(eharien with 131 hexanes’ethyl d(f‘td[(’] aftomded 168 my
(R19) of 56; colorless oil IR {neat vm 5 1610, 1550 1430,
TH NMR 00 MHz CHC 726 (br d, J— 8.4 Hz, 2H), 683
(brd. /=53 Hs 2FD, 522 (r s, 1H), 4.47 {d, T = 11.6 17
B0 410 7~ 116 Hz. THY 3.93 (s, 411 3.80 (s, 3HL
3,70 3.60 {m. 2H). 355 (dd = 00,30 Ha 1HD, 342 326
(m, JH), 240 the s, THY 2.08~1.9% it AL LEI—1 58 tm, §H}
LG4 (b s, 3R 143 110 (mo 41 105 §d 7= &5 1z 3HD.
G99 (d. = G0 Hz 3HD 08D b s AFD). ORS (. = 79 Lz
AH) 005 (b s 6HY. YU NMERE (75 MHe COCHY A 1500 1354
131400 129.0 2C T1R7, 1136 (2C). 109.9. T4.5. T2.6, 6.1, 63.9
604, 55.2, 4649 40.8, 38t 36.4. 34.5, 34 2, 340, 32,6, 29.3,
26.7.25.9(3C, 23.7.21 G, 18,1, 17.8. 164, =5.5. =5 G MS vz
(M1 caled 386,1034. obsd 586.4023; fa]h, - 102 (0 140,
CHCly

Cmnpnund 57, A solution of 56 (54 mg, G.092 mmaol) in
dry THF (d mL) was treared with & 1 M solution of TBAI
THI (0.28 ml_, 0.28 mmod), stirred ar ot for 14 h. diluted with
hexanes. and iltered through a short plug of sitica gel Th
evaporated filtrate was purified by chramatography fsibea gl
elution with 2:1 hexanes/ethyl acetate] to give 57 (13 myg
1009) as a eolorless oil: TR (eac. cra 1) 3420, 1600, 1500, 1430
'H NMR (300 MHz, CDCL) A 7.24 (br d, J — 8.4 Hz, 2HI, 6 83
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(brd, J=86H. 210, 521 {brs. 1. 4453 (d. J= 11.7 He
T 437 (d, 7= V1.7 Ha, tHY, 3.91 {br s, 4H), 3.780 (5. 3H).
377 CA6T (m, 2HY, 349 (de J = 9.0, 3.6 He, 1H). 3.28 {dd.
J=907 1 He, 1H), 237 (bes, 1HD, 2.131=1 83 (m. 41D, 1.82~
157 (m. 4H), 164 the s, 3H), 1.4A3~1.18 Im. SHD, 102 d. J=
6.5 Hz, 3H) 1.0 (o, J= 6.9 Hz. M0, 0.89 (d. /= 7.0 Mz, 3H),
BC NMR (75 MHy. CDClLa) & 1590, 1358, 136,49, 129.0 (201,

LIRS, 1136 12C) 1098 733, 726, 84 2, 6.9, B2, a7 7.4,
40.7 3800365, 3405, 341340, 32 7, 202 265, 237, 21 .6,

L7 716,40 MS s (M7 = HD caled 473.32G7. obsd 473.3285;
I(LI-'”'n 7.6 (r ].5.";. CH(-"H

Compound 58 To a stirred solution of 57 {13 mg. ¢.0481
mmuoly and DMAP {87 mg. .35 mmal) in CH:Cle (4 ml) was
added p-roluenesulfonyl chloride {52 my, 0 27 mmoly. and the
mixture was stirred overnight at v, quenched with saturated
NaHCO; schution, and extracted with ether. The cambined
arganic phases were dried and evaporated (o leave a residue
that was chiromatepgraphed on silica gel. Elution with 2.3:1
hexanesfethyl acetate pave 52 rag (91%) of tosytate as a
colarless gum: IR (neat, em™") 1590, 1505, 1440. 1350; 'H NAR
(300 MHz. CDCla) & 7.79 (be d. J = 8.2 Hz, 2FD 7.34 (br d,
J=81Hz 2H). 7.24 {brd. /=85 Hr 2H). 6.86 (tw d. J —
86 Hz 2HY 5,18 (brs. 1H), 445 {d. J=11.7 Hz, 1H). 4.23 (d,
J=11.7Hz, 1H). 4.09-3.29 (servies of my, ZH). 3.89 (br 5, 4H).
3.79 (s, 3H), 3.47 (dd. J=90, 3.5 Hz, 1H). 3.26 (dd, J=85.8.
7.2 Hz, 1H). 2.45 (s, 3H). 2.34 (br s. 1H), 2.00-1.80 {m, 3H).
1.76--1.48 {m. 3H). 1.54 (s, 3H} 1.43~1.15 (m, 4H}. 1 00 (cf,
I=06.5Hz 3H). 087 (d. /=069 Hz 3H). ¢.81 (d. J= 7.0 Hz,
IHD: B0 NMR (75 MHz, CCLL) 6 159.0. 144.7, 135.0, 132 9,
1308, (208 {(2C) 1290 (2CH 128.0 (20). 118.0. 1136 201,
109.6. 73.2. 72.6. BR.9. B4.1, 63.9, 53.2, 44.6, 10.6, 37.8. 315.9.
344,340, 33.6.32 1,291, 28.2, 23.4, 21 6, 21.2.17 2, 16.3:
MS infz (VM — CHJ caled 6113043 obsd 611.3054; L)' +9.2
{243, CHCL.

Compound 59, A mixvure of 38 (32 mg. O 083 mmoli andl
sodium iodide (124 mg, (L3 mmol) in methyi ethyi ketone (5
k) was refluxed for 1 5 hunder N, coled ro rt. dilured with
ether, and washed with saturated sudium thiosulfute solution.
The orpanic phase was dried and evaporated. The residue was
taken up 10 DMFE (4 L), treated with sodium p-teluenesuifi-
nate {148 13, 0.83 mmnol). and heated at 110 °C for 11 h. The
cooled reaction mixture was diluted with ether and washed
with brine. The aqueous phase was extracted with ether. and
the combined organic layers were dried and concentrated.
Purification of rhe product was accomplished by flash chro
mategraphy on silica gel {eluticn with 3;1 hexanesfethyl
acetate} to furnish 42 mg (82%) of 59 as a colorless gun: IR
(neat, e~ 1390, 1460, 1440: 'H NMR {300 MHz, CNCLy) o
770 (brd J=82Hz 2H. 735 (rd, J= 80 Hz 2H) 7.25
thr d, f= 849 Hz, 2H1, 586 {br d../ = 8.6 Hz 2H). 3.16 (br s.
IHL 145 (e J— 1.7 Hz, 1H). 4.35{d. 7= 11.7 Hz. 1H), 3.95
386 (m. 415, 378 (s, 3HY, 345 1dd, J=9.0, 35 Hz, 11),
3.256 (dd. J= 3%, 7.0 Hz, 1H) 3.07 (dd, /= 15.2. 4.3 Hz, 1H).
2.86 (dd, J =152 3.7 Hz. TH), 2.44 (s, 3H}. 2.34 (hr s, iH),
2.13-2.04 (m, 1HY 193 190 (m. 2t 1.80~1.49 (my. 5H}. 1.54
br s. 3H), 1.46- 117 {m, 4H), 1.00 (d, J = 6.5 Hz, 3H), 0.86
(. J=568Fx 3H). 073 {(d. J= 68 Hz. 3H): B¢ NMR (75
MHz. CDClyb o 159.0. 144.5, 137.6, 135.3, 130.8, 122.8 12(C).
129.0 2C). 128.22C), 118.8. 113.6 {2C), 109.5. 73.3. 72.6. 6:1.2.
G4.0. 56,4, 55.2. 40.6, 40.01. 39 96, 38.1, 346, 34.4,34 0, 32.5,
290, 27.1. 23.5. 21.5, 20.4, 16.3, 18.2; MS 'z (M ) taled
G10.3328, obsd 610.3292: {0y +1.1 (¢ 2.00, CHCL.

Compound 6. A mixture of 59 (12 mg. 0.069 rmumol) and
DDQ 23 mg. 0.1 mmiob in 18:1 CH.CLMH, O {4 ml )\\"\Q stirred
at 1t for 1 5 h. quenched with saturated NaHC O solution and
diluted with ether. The agueous phase was eatracked wirth
ether, ang the cambined organic lavers wete dried and
caoncentvated The residue was purified by flash chiomatog-
raphy {silica gel clunon wirh 101 hexanes/erhyl acetite) 1o
provide 32 ms, {9471 of 60 as a colorless guny IR (heat, um B
3160, 3490, 1370 'H NMR (300 AMHz. CDCld & 7 88 {br d,
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J= 8.3 He, 211). 7.38 (hrd, J =82 Hz 210, 308 (brs. bR,
3.95-3.91 fin. 4bD. 367 (dd. J— 106, 3.3 He, H, 347 rdd.
A= 1035, 60 Hs IH)Y 3.06 (dd, /=152 1.4 He 1H). 285
Gld, J—15.2, 3R He, 1H), 267 (d, J - 87 Hz. 2H). 241 (s
3. 235 (br s 11D 2000 196 (o, TN 1.95--1.90 1m, 211,
1.78=1 32 {in 3HY 155 ¢ 3H) 130=120 (in. 3H:. 0.99 i
F=062 He 3HY O861{d, /= 0.9 H/, 3H) 07241 =68 Hs

3H): T ONMR o MElz CDC) A 14005, 137 6. 1338, 1298
(2CY 1282 12C), 11R.5, 1005659, 64,2, 6.0, 5644, 10,1, 40.0.
39.9, 38 1, 358, 34,7, 34,5, 32 5, 280, 27.1. 235 21 6. 2D 5.

16.2, 13.6: NS nrz (M) calod 1902733, obnd 90,2734 || n
=41 {e§ 78, CHCH).

Compound 61. To a mixiure of 60 (32 mg, 0.055 mmuol
and DMAP (8 g 0.39 mmali in CHAO 13 ml was added
p-toluenesulfonyl ehloride (37 mg, 019 muel). Alter being
stirred overnight at rt. the reaction mixture was quenched with
saturated NaHCQ5 solution and extracted wirh echer. The
corubined organic lavers were dried and concentrated o leave
A residue thal was pur ified by fash chrematog aply (silica
gel. elutlon with 2.5:1 hexanessethyl aretate). Thers was
isolated 34 mg 81%) of 81 as a colorless gum: IR theat, em %
1590, 1440, 1310 "H NMR (300 MHz CDOLO 4 7.79 (b
J=83Hz 2H). 775 (be d, J=84 Hz, 2H), 7.33 br d, J -
§.1 Hz 2H). 730 (tbrd J =81 Hz 2 H) 498 {hr s 1HH 405
(dd, J =94 34tz HIL 393-3.83 (m, 3H). 307 dd, 7=
192, 13 Ha TH), 2,84 {0, /= 1500, 3.7 He, 11, 2 35 {5 3H,
2433, 3H). 218 (brs. FH)Y. 204 1.96 {m. 1H). 1.94 .67 un,
4H). 1 66—1.47 (m. 3111 1.53 (br s, 3H), 147-1.14 1m. 4[D
092 J=65Hz. 3H). 086 (d, /=068 Hz 3H). 072 (. ./ =
6.7 He 3000 NMR (T3 MEL CDO) 8 TG 14D 3 137 6.
1364, 1331, 129.9 (20), 1297 (200, 128.2 (20, 127 9 (&0,
1170 1082 732, 64.2, 6d 1. 56,3, 3993, 3984, 3982, 37 7.
345,313, 333.325.289 27.1. 235 210121 57 204,16 2,
15 6; MS o (M7Y caled G4 284 Y, ohsed Gdd 2863, 0l 20
e a9 CHO Y,

Compound 62. A mixture of §1 {12 mg 0.00019 mmnh and
soditun indede 128 ma, 018 rmmel) v methel ethyl kesone (3
mL} was heated ar reflux temperature foe 1.5 10 cooled 1o 1t
dituted with ether. and washed with saturated sedivm thioe
sulfate solution. The organic phase was dried and evaporated,
and the restdue was purified by fash chromatogeapive (silica
gel, elution with 4:1 hexanes/othyl aceratel 1o fuinish % mg
182749 of 62 as a white solid: mp 192 °C IR (near cm 11580
1420, 1360: “H NMR (300 MHz, CDCE) 0 780 (br o /= 8.2
Hz 2H). 736 (wd. J=8.0Hz 2. 5,10 tbrs. 11 394 (br
5, AH)L. 334 (dd, /1~ 98, 26Hz 1HL3.22 1. /=97 52 Hs
IH). 3.08 wid, .J = 15.2. 1.3 Hz, 1H). 2.86 idd 7= 15.1. 3.8
Hz, 1115 2,45 (s, 311 238 thrs, 1T, 2151 90 {m. 3H}. 1.84
1.50 (u, 5H). 138 (br s, 3H), 1.46~1.20 an. 4H). 101 ¢ J -
G.3Hez 3i4). Q.87 (fl. /= 6.8 Hy, 3tH 0.74 (el /= 68 Hz 3ED
CONMER (75 MHz, CDCHY A 14450 137.7. 136.6. 120 9 200,
128.2 (201 117G, 1094, B4.3, B4.1, 56 4. 42.6. 30.04. 39496,
3700344, 34.3. 335, 326, 2B.6. 27.2. 235, 21.6. 204 107,
17.5. 16.2: NS 07 (D7) ealed 00 1770, gbsd 6001701 o
+7.6 (¢ 0.87. CHCIY.
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CAPITULO REIVINDICATORIO MODIFICADO

r

1. Un compuesto de la Férmula (1)

(1)
en donde:

R® es alquilo de 1 a 7 atomos de carbono o cicloaiquilo de 3

a 8 atomos de carbano; S*

-

R* es alquilo de 1 a 7 atomos de carbono, alquenilo deé a
7 atomos de carbone, cicloalquilo de 3 a 8 atomos de carbono, fenil- o
naftil-alduilo de .1 a4 dtomos de éarbon_o, cada uno insustituido o
mono-, di-, o tri-sustituido por alquilo de 1 a 4 dtomos de carbona, O-
alquilo de 1 a 4 atomos de carbono, OH, alquile de 1 a 4 atomos de

carbono-amino, di-alquilo de 1 a 4 d4lomos de carbono-amine, halégeno,

yfo por trifiuoro-metilo;
© una sal del mismo.

2. El compueste de acuerdo con la reivindicacion 1, en donde
R® y R* son independientemente alquilo de 3 a 6 &tomos de carbono

ramificado.

3. El compuesto da acuerdo con la reivindicacion 1 6 2, el cual

tiene la siguiente estereoquimica:

Ra//,
™\ ro'\ﬁo

A~

-

¢
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(V}

en donde R® y R* son como se definen para un compuesto
de la Féormula (I1), y R? es alquilo de 1.a 7 atomos de carbono o
cicloalquilc de 3 a 8 étémos de carbong, 0 una sal del mismo; seguido
por hidrogenacidén para convertir la fracciéon de azida hasta una amina,

y para efectuar el cierre del anillo de lactama.

13.  Un meétodo 'pa"ra la preparacion de un compuesto de la

Farmula {VI):

Act . (V)

en donde R® y R* son como se definen para un compuesto
de la Formula (i1}, y Act es un grupo activador seleccionado a partir de
un grupo protector de amino, en particular un carbamato, o una sal del
rnisfno; que comprende introducir e! grupo activador en el nitrégeno de
un compuesto de la Formula (I)), como se da en cualquiera de las

reivindicaciones 1 a 4, o una sal del mismo.
14.  Un compuesto de ia Formula (Vi):

R3

R4

1
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a 8 atomos de carbono:

R* es alquilo de 1 a 7 atomos de carkono, alguenilo de 2 a
7 atomos de carbono, cicloalquilo de 3 a &8 4&tomos de carbono, fenii- o
nafti!-alq.uilo de 1 a 4 atomos de carbono, ¢ada uno insustituido o
mono-, di-, o tri-sustituido par alquilo de Ta4 atomos de‘ carbono, O-
alquile de 1 a 4 atomos de carbono, OH, alquilo de 1 a 4 dtomas de
carbono-amino, di-alquilo de 1 a 4 Atomas de carbono-amino, haldgeno,

yfo por trifluoro-metiig; y

Act es un grupo activador seleccionado a partir deé un grupo
. , :
protector de amino, en particular un carbamato;

0 una sal de) mismo.

1S5. EI ccmpuesio de acuerdo con la reivindicacién 14, el cual

. tiene la Foarmula:

. T

16. El ¢ompuesto de acuerdo con ig reivindicacion 14 6 15, el

cual tiene la Férmula:

R? es alquilo de 1 a 7 atomos de carbono o cicloglguilo de :!,w

7"{‘0

ANF



