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Como reéultado del Examen de Fondo realizado, con fundamento en el Articulo 45
de la Decision 486 de la Comisién de la Comunidad Andina, se comunica:

1. Documentos estudiados

Descripcion: Folios 97 a210 01/Noviembre/2009
Reivindicaciones: Folios 211 a 230 01/Noviembre/2009
Prioridad: EP 07105572.7 03/Abril/2007

i
2. Analisis de la Prioridad
Se acepta la reivindicacion 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 invencion

!
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 preparacion de compuestos lactama-lactona
C8, para asegurar su fabricacién de una manera simple y eficiente.
Para resolver este problema técnico la solicitud en estudio proporciona un proceso

para la preparaciéon de compuestos lactama-lactona C8 de la formula I, mediante
la utilizacién de reacciones organocataliticas de Michael y Henry.

N ”

Formula |

R1

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, C07C205/45, C07C205/51, C07D207/16, C07D207/26,
C07C47/277, CO7D403/04, CO7F7/18.

4. De la Solicitud de Patente

Reivindicaciones (Art 30 D 486, Art 22 PCT)

La reivindicacién 1 no es concisa porque la 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 férmula (IVb) en la
reivindicacion 6 o incluir estos compuestos en la reivindicacion 1.

Las reivindicaciones 2 y 3 son reivindicaciones independientes porque no
dependen de la reivindicacién 1. La reivindicacion 4 depende de la reivindicacion
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 reivindicaciéon 18 es independiente porque la reaccién de los productos
intermedios (V1) y (VIII), produce el producto final (IX), el cual es diferente a los
productos finales de las reivindicaciones 11 a 13 y 15 a 17. Se le sugiere al sefior
solicitante cambiar la dependencia de las reivindicaciones teniendo en cuenta que
la dependencia estd dada porque todas las caracteristicas esenciales de la
reivindicacion independiente estan presentes en la reivindicacién dependiente.

En la solicitud existen las siguientes reivindicaciones independientes de proceso:

Rv. 1 proceso: (XII) + (IV) Reaccién de Michael= (V)
Rv. 2 proceso: (V) + reducciéon = (V)
Rv. 9 proceso: (VI) + GP (bencilo) = (VII)
Rv. 14 proceso: (Vil) + Reaccién de Nef = (V)
Rv. 18 proceso: (VI) 6 (V) + (VIII) = (1X)
Rv. 24 proceso: (IX) + hidrogenacién = (X)
Rv. 33 proceso: (X) + oxidacién = (1)
Rv. 34 proceso: (VIil) + reduccion = (X1V)
Primer Articulo 45-Expediente 09 107976




257

|
Rv. 35 proceso: (XV) + Reacciéon de Henry = (XVI)
Rv. 37 proceso: (XVI) + hidrogenacion = (XVII)
Rv. 40 proceso: (XVII) + oxidacion = (XVIII)

Se sugiere al sefior solicitante agrupar las etapas o subprocesos en el capitulo
reivindicatorio contemplando los procesos necesarios para preparar los productos
finales o compuestos de interés de féormulas generales (l) y (XVIll) 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 reune las reivindicaciones 1, 2, 3, 9, 14, 35y 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 la estructura quimica.

Las siguientes reivindicaciones reclaman 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 (I)

Rv. 51 se reclaman los compuestos (XVIII)

Rv. 52 se reclaman los compuestos (XVIIA), (XVIIIC) o (XVIIID)
Rv. 53 se reclaman los compuestos (XVIIB), (XVIIIE) o (XVIIIF)

Por lo ant‘erior, se deduce que los productos finales de interés para el sefior
solicitante'son: (I1A), (IC), (ID), (IB), (IE), (IF), (XVHIIA), (XVIIIC), (XVIID), (XVIIB),
(XVHIE) y KXVIIIF).

Las reivindicaciones 34 y 35 no son claras porque el compuesto de formula (XIV)
tiene estructuras diferentes en cada reivindicacion. Se sugiere al sefior solicitante
aclarar cual es la férmula 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 reivindicacién 50 no es clara porque define el compuesto de la féormula (V) o
(VI) de acuerdo con la reivindicacién 50. Se sugiere al sefior solicitante corregir la
dependencia.

En la definicién de los radicales mas representativos de la férmula (I), 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 descripcién
RT 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 preparacién compuestos lactama-lactona de
manera secuencial, mostrando de manera clara los compuestos de partida, las
condiciones de reaccion, las etapas de manera sistematica hasta llegar a los
compuestos de férmula | 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
que relacionan la fabricacién de productos intermedios 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 reaccion para obtener el compuesto (XI).

5. Unidad de invencion (Art 25 D 486)

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

R2
HN( =
LU (1) P (1T} V)
R2_. _R3 0

Ny R1 N%
Rv.1 N V) + O O - 0 "0
o) H
|
R1 Ny R1 N
Rv. 2 ° V) + reduccion = © O (i

No hay unidad de invencién para el proceso para la preparacion de los
compuestos lactonas-lactamas, porque las etapas no estan concatenadas y no
existe una interrelacién 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 preparacion de los compuestos
lactama-lactona no comparte un concepto comuin inventivo y se encuentran 3
grupos inventivos.

! Organizacién mundial de la propiedad intelectual. Tratado de cooperacion en materia de patentes
(pct). Directrices de busqueda internacional y de examen preliminar internacional del PCT. 11 de
marzo de 2004. Pag. 90, 91y 100 a 103.
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Los grupos inventivos estan definidos a priori, por las siguientes caracteristicas

esenciales: ’L
tivo 1°;

Grupo Inve
| L
R2
-
H HN\ ‘/]
|
7 R3
Rv.3 0 (D)4 (y - R (V)
| LG._
0
’2 /\'0 +
N R1 __.Ny
Ry. 1 ¢ (V) 4 OO0 xmy - o "0
o OH
| ]\‘/\)
R1 - < R1 __.N%
Rv. 2 ’ (V) + reduccion = !
OH
PG—
R1 N RI _N;
0 ] . . o Yo
Rv. 9 (V) + PG (grupo protector de hidroxilo)= )
PG—0
PG—O
R1 __.N% |
Rv. 14 O (VI+ Reaccién de Nef = R0 vy
OH PG—O 0—R5 OH R1
‘\‘/\’ K{\ W/O—'PG
R1 ___.NL l .
Rv.18 [ © 7% o+ RO = Mo™My (IX)
0—RS  OH R OH oH &
0—PG OH
N R1 HN
Rv.24 o™ (IX) + hidrogenacion = SAct (X)
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del grupo NO2
R1
OH OH Rt % 0._.°
W/k/on M
o” N ”
Rt HN | R1

Rv. 33 “Act (X) + oxidacién selectiva = Act ()

de alcoholes primarios PRODUCTO FINAL

Grupo Inventivo 2°:

'0 N
R2
C oW

N\
rea®oan, B oy R v
Rv.1 © (V) 4 0o iy - 0 0

Rv. 2 O V) + reduccion = © 0wy

PG—0 PG—O

Rv. 34 (X4 reduccion del = R0 vy
grupo nitrilo

H PG—O O—RS5 OH R1

R1 N | .
~ R1  .NJ
Rv. 18 © To i+ R0 vm= o0 (IX)
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0—RS OH Ri1
{
R1 Ny
Rv. 24 o) 0
|
i
OH OH Ri
"Rt HN
Rv. 33 | SAct

|
Grupo Inventivo 3°:

261

OH OH R1
O0—PG ‘Y\M/OH
' B R1  HN_
(IX) + hidrogenacion = Act (X)
del grupo NO2
o I =T
N 7,
o "R
Act

(X) + oxidacion selectiva =

de alcoholes primarios PRODUCTO FINAL

- R3
| IO N7
| R2
~
C o
| R3
RV. 3 R? an 4 (my 2 R (V)
R2
i \N/R3 O[
RN
7~ . .
_N R1 __.NY
Rv.1 T (V) + O O o °© % W
o OH
[Kf\
; R1 O,JN:\ R1 OJN:\
Rv. 2 (V) + reduccion = © ()
|
PG—0 PG—0
l
| ™
\' R1 N I
Rv. 34 (XIVi+ reduccion del = R0 v
|
bG—0 0 0 OH R
[
0—PG
TR
| R8 R1 _.NL .
N RE Rl N,
R.35  R1 O (s 0 0 xy =0 MMy XVi)
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0 OH R
I
R8E R N
Rv. 37 0 o
OH Rt
R
Rv. 40 0

262

OH Rt
0—PG OH
R1tn:
NH
(Xvi)+ hidrogenacién de = 0 XVl
del grupo NO2
R1, o 0
(XVII) + oxidacion selectiva= RY (xvit)

cierre de la lactona

PRODUCTO FINAL

Se sugiere presentar las Solicitudes Divisionales que considere necesarias, 6
limitar la solicitud inicial a una sola invencion, eliminando de ella las otras
invenciones.

6. Determinacion del Estado de la Técnica

El estado de la técnica se determindé con base en la fecha de prioridad
(03/Abril/2007) y se encontraron los siguientes documentos que anticipan el objeto
de esta solicitud:

. . Fecha de Fecha de
Item Documento Titulo Publicacion prioridad
Hurd c. Journal of
the american .
chemical society, ring-chain tautomerism of .
D1 american chemical hydroxy aldehydes 05/Noviembre/1952 o
society, Washington,
vol. 74
Convergent Enantioselective
Paquette Leo. Synthesis of Vinigrol,
Department of anArchitecturally Novel
Chemistry, The Ohio Diterpenoid with Potent
D2 State University, Platelet Aggregation Inhibitory 14/Abril/2003 o
Columbus, Ohio and Antihypertensive
43210. J. Org. Properties. 1. Application of
Chem. 2003, 68, Anionic Sigmatropy to
6096-6107 Construction of the Octalin
Substructure
Cycloalkyl, lactam, lactone and
D3 US6683075 P elated compounds 27/enero/2004
pharmaceutica
D4 C02008-38593 Derivados de 3-alquiks-(4- | T 17/octubre/2005
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| alquil-5-oxo-tetrahidrofuran-2-
il)-pirrolidin-2-ona como
intermediarios en la sintesis de
inhibidores de renina

i
D1http://www.sinab.unal.edu.co:2108/ehost/search/basic?sid=cbh6aed 1b-c39d-
4d23-bf56-b5bf74cbf414%40sessionmgr13&vid=1&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
carbona‘da de 4 atomos (Pag. 6096-6107).

D3http:/iwww.google.com/patents/US66830752printsec=abstract&dg=lactone+lact
am+reaction+michael&ei=VexDUKPtG4b88qT2vIGgDg#v=onepage&g=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 reaccion de adicion nucledéfila para producir un
producto intermedio (columna 115).

|
D4. Divulga los compuesto lactona-lactama con formulas (ll) y (V1) FI. 309, 314 y
315 |

|
7. Examen de Patentabilidad (Art 14 D486)

|

Novedad (Art 16 D486)
|

La reivindicacién 45 consiste en un compuesto de formula | 0 una sal del mismo, el
cual tlené una de las S|gu1entes estructuras:

‘ Act Act Act

(1A) (ic) 0 (D)
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 selecmonado a partir
de un grupo protector de amino, en particular uno que, junto con el atomo de
m’trogenoT forma un carbamato.

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

Caracteristicas esenciales D1
Compuesto de formula ID Compuesto de férmula VI
R1/‘ (@) R3
T DS
‘ |
(o) N )\
| |
\ Act G h|‘
Act
(ID)

Primer Articulo 45-Expediente 09 107976



264

R4=H

R3= alquilo, cicloalquilo

1_ . . R
R'= alquilo, cicloalquilo FIL 314y 315

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

En consecuencia, la reivindicacién 45 no es nueva, segun lo divulgado 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 reivindicacién 45, por lo cual tampoco se considera
que la reivindicacién sea nueva.

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

D—Cr O /j/ 0.0 0. C
St e
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 nitrébgeno, forma un
carbamato.

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

Caracteristicas esenciales D1
Compuesto de formula | RS Compuesto de férmula VI
J \-"‘.‘ O -, O
//fl, O O )
—
o~ N -
N | R4
0 I Act
Act R4=H
R3= alquilo, cicloalquilo
/,,’ Fl. 314y 315
1

Las caracteristicas técnicas esenciales de la estructura de la reivindicaciébn 47
habian sido divulgadas previamente en D4, el cual da a conocer los compuestos
lactona-lactama con formula (VI) Fl. 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 reivindidacién 51 consiste en un compuesto de formula (XVIII):

RL%_ . O O

.\ O ’ M ) ',,/ |

\‘ H ‘ .

| RT xvii)

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. .

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

Caracteristicas esenciales D1
Compuesto de formula (XVIil) Compuesto de férmula (Il):
R1 ; R3, ~
%, 0.0 “ O~ 0

. -, N """t
0 N 7 0 R4
| RY kv )

. R4=H
R'= alquilo, ciclo;alquilo R3= alquilo, cicloalquilo
R4= alquilo, cicloalquilo

Fl. 309

R'= alquilo, cicloalquilo

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

i
|

En consecuencia, la reivindicacion 51 no es nueva, segun 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 (XVIIl) definidos en la
reivindicacion 51, por lo cual que se considera que tampoco son nuevas.

Nivel Inventivo (Art18 D486)

|
i

La reivindicacion 3 consiste en un proceso (Fl. 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: Proceso que comprende;
o) 0
I i OR
HN R2 R
N\ Reaccion de R? con
Reaccion de R1 con R3 R NH
N2 para producir
R2\ /R3 0
N
N
7
= R! OR
para producir R1 (compuestos 2
de la formula IV) R (columna 115).

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

D1 divulga métodos de preparacion de lactonas lactamas por medio de la adicion
de un carbanion a una amina en una reaccion de adicién nucleéfila para producir
un producto intermedio (columna 115).

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

No se evidencia que por el hecho de tener una amina secundaria, se tenga un
efecto técnico inesperado.

Por lo tanto, el Problema Técnico Objetivo que pretende resolver esta invencion se
puede formular asi: “cémo modificar la reaccion de adicion nucledfila conocido en
D1 para conseguir una reaccién de preparaciéon de compuestos de la formula IV”.

Sin embargo, es conocido una reaccién de adicién 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.

Conclusién:
La reivindicaciéon 3 no cumple con el requisito de nivel inventivo (Art. 18).

La reivindicacion 15 consiste en un compuesto de la formula (VH):

PG—O

N

R1 0
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 4tomos
de carbono, o bencilo;

PG es un grupo protector de hidroxilo;

0 una sal del mismo

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

Caracteristicas
esenciales D1 D2

compuesto de la formula

I 0(VHI) 4-metoxibutanalO compuesto 11
; . /\/\/ \CH3 CHO
H \,\eL/OTBS
| Lk
R1 0
R1 es hidrogeno, alquilo, H H

cicloalquilo o bencilo

PG es un grupo protector
de hidroxilo o una sal del
mismo .

CH3 (Pag. 5327, Columna 2, | TBS (trimetilsitilo)
linea 9). (Pag. 6098).

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

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

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

La diferencia entre la invencién, 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 invencion tiene un atomo de hidrégeno en el carbono 3.

No se evidehcia 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 invencion se
puede formular asi: “como modificar el metoxibutanal conocido en D1 para
conseguir compuestos de la férmula VIII™.

Sin embargo, es conocido en el documento D2 la utilizacién 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.

I
Conclusion:
La reivindicacién 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:

Reivindicaciones Requisito que

Item Documento afectadas afecta

Hurd c. Journal of the american
D1 chemical society, american chemical 15a17 Nivel inventivo
society, Washington, vol. 74
Paquette Leo. Department of
D2 Chemistry, The Ohio State University,

Columbus, Ohio 43210. J. Org. Chem. 15a17 Nivel inventivo
2003, 68, 6096-6107
D3 US6683075 3 Nivel inventivo
D4 C02008-38593 45a 53 Novedad
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de la respuesta subsistieran los impedimentos 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.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal e),
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The semicarbazone was prepared in agueous ethanol an
then recrystallized from methanol; m.p. 214.8-213.9
(cor.).

Anal, Caled, for Cx.sI‘Im;\T:,Oa? C, 6183, I{, 7.27; N,
N, 14.45. Found: C,62.01; H, 7.43; N, 1445,

The eluate fractiony contained 35 ro 85% benzene, were
concentrated individudlly to give oily material, whici were
bulked, dissolved in ethanol and treated with 12 g. of semi-
carbazide hydrochloride and 18 g. of sodium acemate,
Water was added untﬁl practically no solid remained and
the solution was then heated at gentle reflux for two hours.
At the end of the heuting period crystals began to appear.
The solution was cooled and filtered, The dried substance
weighed 8.01 g. and melted at 178-184°.  After recrystalli-
zation from methano! there was obtained 6.29 g. of white
crystals, m.p. 185-18§.4° (cor.), This was the semicarba-
zone of 1 4-dimethoxy-S-methyl-6-tetralone.

Anal. Caled. for CuHeN:Op: C, 60.63: H, /.91 N,
1514, Fomud: C, 6079; 11, 7.01; N, 14.97.

d

Vol, 74

A mixture of the semicarbazones of the monomethyl- and
dimethyltetralones melted at 172-180°.

1,4-Dimethoxy-5-methyl-6-tetralone from the correspond.
ing Semicarbazone.-~The above semicarbazone (6.25 g.)
was gently warmed with 15 ml. of acetic acid until solution
was complete. The solution was diluted with 10 ml, of
water and 3 g. of redistilled pyruvic acid in 3 ml. of water
was added. The whole was refluxed one-half hour and then
was diluted with 15 m! of water. An oil separated and
when the mixture was cooled a ¢rystalline solid, presumably
pyruvic acid semicarbazore, separated aizo, The mivture
was extracted twice with ether and the combined oil Jayers
were wasied with sodium bicarhonate solution and then
with water. The ecther =olution was dried and distilied.
After removal of the volatile solvent the residue boiled at
128~1301" (0.3 wmm. . The |.4-dimethoxy-3-methylretru-
lone could not be induced 1o crystallize,

Anal. Caled. for CptlnO C, TR 5L
C,70.80; 11, 7.8,

Renssernase, NV,
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Ring-Chain Tautomerism of Hydroxy Aldehydes

By Cuarees D, Hurp axp Winniasr Ho Savsnrrs, R,

!

Recrmven Aprn, 21, 1052

A study of the ultraviolet absorption spectra of some simple w-hydroxy aldehyces has disclosed that in aqueous dioxane
4-hydroxybutanal and 5-hydroxypentanal exist predominantly as the cyclic hemiacetals, containing an estimated 11.4 and
6.1%, respectively, of free aldehyde at 25°. The higher members studied exist as 89909, free aldehyde. These values
were obtained by comparing the extinction coefficients at the carbonyl maximum with thase of the corresponding w-methoxy
aldehydes. A number of hydroxy and methoxy aldehydes not previously reported in the literature were prepared, some of
these by a new synthetic procedure involving a cvelic acvioin us the sturting muterial,

The position of equilibrium of acyelic =2 cvelic
forms of hydroxy aldehydes has been qualitatively
known to be essentially at the acvelic stage for
B-hydroxy aldehvdes! (aldols) and at the cvclic
stage for y- and érhvdroxy aldehydes. The Jatter
includes aldoses® as well as simple hvdroxy alde-
hydes.® There is evidence for cvclization also
with 0O-hyvdroxyndnanal and 4-methyl-6-hvdroxy-
hexanal.’

Quantitative approaches to this problem have
been surprisingly few, These mclude “instan-
taneous’’ combination with hvdrogen cyanide,?
reduction of the acyclic form at the dropping
mercury electrode,® and absorption spectra.  Solu-
tions of glucose do not show a maximum in the
carbony! band region of the ultraviolet’ except
under strongly acid conditions, presumably  be-
cause of the very small quantity of free aldehvde
present,  3-Hydroxypentanal,® however, shows a
maximum at 200 mu and from the intensity of this
band it was estimated that the equilibrivm mixture
contained about 3% of free aldehyde.

It seemed reaspnable to suppose that this ap-
proach would be gapable of further refinement and

(1 C.D. Hurd and J. I.. Abernethy, Tais Jour~ar, 63, 1060 0 1941).

(2} W. W. Pigman and R. M. Goepp, “Chemistrv of the Carhu-
hydrates,” Academic Press, luc.,, New York, N. Y., 1940, Chapter ],

(3) B. Hellerich and co-workers, Ber., 53, 1123, 1800 (1416;: 64,
930, 2640 (1921); BB, 702 (1922); 86, 2088 (1923),
{#) B. Helferich and|W. Schafer, ibid., 87, 1011 (1024); B. Hel
ferich and G, Sparmberg, ibid., 64, 104 (1931).

(6) F Lippich, Biochern. Z., 248, 280 {1932).

(6) S. M. Cantor add Q. P. Peniston, THIS Jourwal, 68, 2;.3
(1840); P. Delahay end J. E. Strassner, sbid., 74, 883 (1852).

(7) E. Pacsu and L. A. Hiiter. {67d., 70, 523 (1948).
(8) 1. B. Schnicpp agd H. 18, Geller, (i, 88, 1040 (1440).

extension to other simple hvdroxv aldehvdes.
With this in mind, a study of the ultraviolet ab-
sorption of a number of simple w-ltydroxy aldehydes
was undertaken. The corresponding w-methoxy
aldehydes were chosen as standards, it heing
assuined that they would show essentially the same
carbonyl absorption as would the hydroxy alde-
hydes if they were entirely in the open-chain form.
The w-hvdroxy and w-methoxy aldehvdes prepared
were those having 4, 5, 6, §, 9 and 10 carbon atoms
between the carbouvl oxvgen and the hydroxy (or
wethoxy)  group. Of  these, .4-hvdroxyvbutanal,
A-hydroxypentanal, 9-hvdroxynonanal, 4-mmethoxy-
butanal and 3-methoxypentanal were compounds
known prior to this investigation.

Ozonolvsis of 4-penten-1-0] and S-octadecen-1-cl
according to the directions of Helferich and Schifer?
vielded 4-hyvdroxybutanal and 9-hvdroxynonanal,
respectively. Methylation, then ozonolysis of the
resulting unsuturated ethers gave rise to 4-methoxy-
butanal and 9-methoxynonanal. The same ap-
proach was used in the preparation of 10-hvdroxy-
and 10-methoxydecanal, 10-undecen-1-nl heing the
starting material.

o-Hydroxvpentanal was synthesized from di-
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

(9} R. Pummerecr and M. Schopamasgruber, Ber,, T8, 1834 (1938).

(10) This sequence of reactions was sdapted from pracedures for the
preparation of open-chain aldose derivatives, See E. Fischer, sbid.,

27, 647 (1894); P. A. Levene aud G. M. Meyer, J. Biol. Chem. 69,
173 (1926), M. L. Woltram, Tuis Juuaxnac, 81, 2188 (18207,

26
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5-h_vdmxyvaleraldéhycle ethyl mercaptal, then
methylation, vielded 3-methoxyvaleraldehyde 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 cvclic acyloin
Ia (adipoin) was obtained by hvdrolvsis of 2-

, L C=0  PB{DAc)
7). !

e 3
i CHOH CH:OH
A }L/S(“)(
1
. LiAlH,
CH@OOC(C}{Q)HCH(OCHS}Q e
11
NaH
HO(CH:}\CH(OCH;), ?Tﬁ’ CH;O(CH,).CH(OCH; )
111 v
lH*, H0 lHﬁ H.0
HO(CH.),.CHO CHO(CH:).CHO
s _ Vi
voa, o= 4
b, o= 6

chlorocyclohexanone!! 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
IIb were obtained by treating methanolic solutions
of the acyloins with lead tetraacetate!3 followed by
addition of sulfuric acid to catalyze the reaction of
the aldehvdic acids with methanol, IIb was con-
taminated with a yellow liquid, presumably 1,2-
cyclotctanedione 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 hydroxy acetals
IT1a and I1Ib, since the acid promoted formation
of condensation products by the hydroxy alde-
hydes Va and Vb. Even under the very mild
conditions of treatment with cold saturated tar-
taric acid solution,™ IITb gave only a 379 yield of
Vb along with a higher-boiling residue. This
tendency to form condensation products was much
less troublesome int the preparation of the methoxy
aldehydes VIa and VIb.

The hydroxy aldehydes of six carbons and more
were waxy solids insoluble in all common solvents
in the cold but soluble in many on heating. Their
dual nature is reflected in rather indefinite and
variable melting points. The most striking ex-
ample is 6-hydroxyhexanal, whose melting point
ranged from 57 to 88° and varied with the age of the
sample and the rate of heating.

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

(11} A. Koaty, K. Blendermann, R, Rosenbusch and B
Ann,, 400, 62 (1013).

{(12) V. Prelog, L. Fredkiel, M, Kobelt and P, Barman, Helo. Chim,
Aco, 30, 1741 (1947},

(13) E. Buer, Tars JourNar, 64, 1418 (19482), has reported the
cleavage of some cyclic acyloins, including Ia, with lead tetramcetate

in mcetic seld.
(14) O. Filacher snd X, Loweaberg, Adnn,, 404, 272 (1033),

2. Sirringhaus,
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there would be no uncertainties in results due to
interaction of compound and solvent. Dioxane
was the first tried, but a satisfactory equilibrium
could not be established in this medium. The
solvents finally chosen were Qa,b ethanol and a
3:1 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 ror*natlor Y g0 that no comparison could be
made ir: alcohoi. In the dioxane-water mixture
such interaction: appeared to be quite small 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-
droxyl group to the carbonyl oxygen in the ring
closure and effect the reverse process in the ring
opening.i®

Solutions of the hvdroxy and methoxy alde-
hyvdes were measured in (37 dioxarne, the measure-
ments on the hvdroxy aldehydes being made at
25 ahd 35°. From the extinction coefficients the
percentage of free aldehyde was estimated as in the
following example: 4-methoxvbutanal had ¢ 17.4
and 4-hvdroxvbutanalhad ¢ 1. 0% at 257, from which
the percentage of free aldehvde at 23° is 114
(1997174 X 100). These results are recorded
in Table I, the extinction coefticients of the hydroxy
aldehvdes in both 757 dioxane and in $5¢% ethano!
being included for convenient comparison. No
suitable solvent could be found for measurements on
10-hydroxydecanal. The diffuse and irreproduci-
ble maxima shown bv this compound in various
solvents suggest that it tends to exist as a colloid
rather than as a true solution.

For an equilibrium between cyclic and acyclic
structures, one would expect the two main factors
influencing the position of the equilibrium to be the
probability of ring formation ard the amount of
strain in the resulting ring,’"  The greater stability
of the six-membered 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 in simple
sugars.? There is much evidence that strain is also
present in the medium-size rings, such strain being
ascribed chiefly to hydrogen-hvdrogen repulsions
in the unfavorable constellations required by the
geometry of these rings 3% Since both the ring
strain and probability factors favor the open-chain
form bevond the six-membered ring, a large in-
crease in free aldehvde from &-hvdroxypentanal

(18) A. M. Buswell, E. C. Dunlop, W H. Rodebush and [. B
Swartz, THI1s Journat, 62, 325 (1910;.

(18) E. R. Alexander, "Principles of Ionic Orgzanic Reactions
John Wiley and Sons. Inc., New York N. Y, 1930 pp 159-140.

(17) L. Ruzicka, W. Brugger, M. Pfeiffer, H. Schunz and M. Stoll,
Helv. Chim. Acta, 9, 499 {1626), postulate these same factors to explain
the variation in yields of cyclic ketones from the pyrolysis of saits of
dicarboxylic seids.

(18) H.C. Brown, R, 8, Fletchier aad R, Johannesen, TRIS JOURNAL,
78,212 (1981). See also K, Pitzer, Science, 101, 672 (1045).

(18) V. Prelog, J. Chem. Soc,, 424 (19560); Abstracts of Papera pre-
sented at Americen Qhemical Society Maating, New Vork, N, V,, Sep:

tember, 10561,
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TasLE 1

| HO(CH,).CHO

Free aldehyde#

{in 75% dioxane), % In 75% dioxane
At 25° t 35¢

n . Concn.® mu e
3 11.4 13.4 0.141 286 1.99
4 5.1 7.8 2232 287 1.17
5 83 S 308 258 6.9
7 8n o L0140 289 N1
8 ai ; RO 288 14
I CHO(CHaCHO
3 0.0367 286 17.4°
4 L0383 283 in.2
5 L0257 289 19.4
7 0209 289 20.1
g [ .0361 287 21.1
9 : 0208 290 21.6

e

Extinction coefficients?®
In 95%, ethanol

s Conen, b mu a0 2 TH
2.3 0.203 286 1.00 1.24
1. 3 LATS 285 0.42 .57
T2 04 288 3.44 4,43

! 287 4,08 5.08
TS RAES fi.32 7.ond

¢ Though most values are given to three significant figures, the actual precision is in most observations 42 to 39%. ? In

moles per liter. ¢ No appreciable temperature effect. ¢ Measurement at 30°.

samples because of sensitivity to oxidation by air.
quite insensitive to temperature.

to 6-hvdroxvhexanalis to be anticipated, though the
great magnitude of the change 1s somewhat sur-
prising.  The reversal of the order between G-
hydroxyhexanal and S-hydroxyoctanal in 735
dioxane would not be predicted, and mav be caused
by an error or failure to aftain true equilibrium,
dlthough repeated runs vielded essentially the same
results. [t will be noted that the expected order
is observed in 859} ethanol. The more gradual
increase in free aldehyde with chain length (as
measured by the extinction coethcients; observed
in 95% ethanol probably is the result of a greater

variation in solvent interaction with the aldehydic
form rather than any large solvent effect on the
equilibrivm 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 a
more significant variation in percentage of iree
aldehyde. Uncertainties as to the solvent inter-
actions preclude any detailed thermodynamic
analysis of the results. of these studies, since more
than one equilibrium is involved. The possibility
of some intermolecular hemiacetal formation by the
hydroxy aldehvde should also be mentioned.
However, the fact that measurements were made in
rather dilute solutions in hydroxylic media makes
it probable that this reaction is negligible, par-
ticularly in comparison with the reaction between
aldehyde and solvent. . In spite of these difliculties,
this approach still seems capable of vielding valu
able semi-quantitative information where rela-
tively large differences are involved and the per-
centage of free aldehyde is neither veryv small nor
verv large,

Experimental

S-Hydroxypentanal was prepared according to the direc-
tions of Schniepp and Geller.® TFrom 50 g. of dihydropyran
there was ohramerl 29 g. (489,) of 3- hydro\ypent.anal h.p.
R3-88° (13 mm, Redistillatior vielded a sample of b.p.
81° (12 mm.), n”D 1.4530 (lit. n%p 1.4514).8

5-Hydroxyvaleraldehyde Ethyl Mercaptal.—To a solution
of 10.2 g. (0.1 mole) of 3-hydroxypentanal in 20 ml, of 8 N
hydrochloric acid was added, while shaking and cooling the
flask, 13.6 g. (0.22 mole) of ethy! mercaptan. The fAask

¢ Measuremeuts tnade on freshly distilled

No temperature control was used since the absorption was found 1o be

was stoppered and shaken at intervals for one hour. The
mixture was then extracted with three 13-ml. portions of
ether, the extracts washed successively with 20 ml. of 5%
sodium hydroxide and 21) ml. of saturated sodium chloride,
and dried over sodium sulfate. Removal of the ether and
vacuum distillation of the residue yielded 18.8 g. (90%) of
the desired mercaptal, b.p. 133-158° (8§ mmn.). An analyti-
cal sample had b.p. 110° (0.5 mm.), #*p 1.5177.

Anal. Caled. for CgH»0S,: C, 51.87; H, 9.67. Found:
C, 51.39; H, 9.65.

5-Methoxypentanal.—A solution of 9.0 g. of 5-methoxy-
valeraldehyde ethyl mercaptal in a mixture of 10 cc. of
water and 40 cc. of ucetone was placed in a 200-cc., 3-neck,
r.b. 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 mercuric chbloride 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 and washings were combined and heated under
reduced pressure at 40~50° to remove most of the acetone.
The resulting water solution of the product was extracted
with four 30-cc. portions of cther, some separation of solid
occurring during this process. After drying over sodium
sulfate, the product was distilled under reduced pressure.
The material darkened as the distillation proceeded, but
the product came over clear and colorless.

There was obtained 2.5 g. (53%,) of material boiling at 81-
83° (40 mm.). Redistillation yielded a center cut of b.p.
67° (20 mm.), n®p 1.4139 (1it.* b.p. 59° (14.5 mm.), n¥p
1.4162).

2- Hydroxycyclobexanone (Adipoin).—This was obtained
in 48% yield by hydrolysis of Z-chlorocyclohexanone? as
directed by Kétz, ef «l.'  The colorless crude product was
used without further purification.

Methyl 6,6-Dimethoxyhexanoate.—To a solution of 20 g.
of 2-hydroxyceyclohexanone in 200 cc. of methanol there was
udded, with shaking and cooling, small porticns of lead
tetraacetate until a slight molar excess persisted for ten
minutes, as shown by starch~iodide paper. This required
about 80 g. of the tetraacetate. The excess was then de-
stroved by the addition of a few drops of glycerol and a
solution of 32 g. of coned. suifuric acid in 80 cc. of methanol
was added,

After the mixture had stood in a stoppered flask for two
days, lead sulfate was removed by suction filtration through
celite and washed with three 23-cc. portions of methanol.
The filtrate and washings were combined and poured, with
vigorous stirring, into 300 ecc. of 309, sodium carhonate
solution. Some =:0jid separated which was separated.
The clear solution was extracted with four 200-cc. portions
of ether and the combined extiacts washed with 100 ce. of
“ater Aftex drvmg over sodium sulfate, the ether and re-

(20) M. S. .\cv-m.\u, M. Y Furbinun and TT. Hipsher, 05y <en-
theses, 28, 22 (1045).
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‘ TasLe 11
RESULTS OF MBTHYLATION REACTIONS
Yield, B.p., Carbon, % Hydrogen, %
Name % °C. Mm, nip Caled. Pound Caled. Found
5-Methoxy-1-pentene® 71 96 750 1.4027
5-Methoxyvaleraldehyde ethyl mercaptal 73 140-145 10 e
89 0.6 1.4959 54.00 54.00 9.97 10.04
1,1,6-Trimethoxvhexane | 73 101~104 19 :
96 13 1.4189 51.33 81.39 11.44 11.14
1,1.8-Trimethoxyoctane | 29 95~98 3.8 1.4258° 64,66 684,83 11.84 11.66
1-Methoxy-8-octadecens 80 135-145 0.8 ¢
1i-Methoxy-1-undecene | 78 115-120 18 e
89 2.8 1.4342 78.19 7791 13.13 13.30

¢ Lit.5 gives b.p, 96-98°, #n¥p 1.4032. b At 21.5°. ¢ Unsatisfactory analysis even after redistillation, hut ozonolysis of

this material was satisfactory,

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

Vacuum distiliation of ‘the residue yielded 21.7 g. (65%)
of a colorless liguid of b.p. 79-83° (1.8 mm.). A portion of
this was redistilled through a 7-cm. vacuum-jacketed Vig-
reux column to yield a liquid of b.p. 83° (2.2 mm.), »%D
1.4262. .

Anal. Caled. for CHuO4 C, 56.84; H, 9.54. Found:
C, 56.93; H, 0.38.

6.6-Dimethoxy-1-hexanol.—A solution of 21.3 g. of
methy! 6,6-dimethoxyhexanoate in 30 ml. of dry ether was
added with stirring over 1,5 hiours 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 Nelson.3! A yield of 18.5
g (91%); of 6&6-dimethoxy-1-hexanol, b.p. 83-88° (0.9
mm.), was obtained. Redistillation gave an analytical
sample of b.p. 84° (1.0 mm.), n%¥p 1.4358.

Anal. Caled. for C:His0;5: C, 53.24; H, 11.18. Found:
C, 39.33; H, 11.14. _

6-Hydroxyhexanal. —Ten grams of 6,6-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 weakly alkaline (pH 7-8) by the
addition of solid potassium carbonate, saturated with so-
dium chioride and extracted with five 10-ml. portions of
ether. The zther solution was dried over magnesium sul-
fate, the ether removed and the residue distilled #n vacuo
to yield 3.7 g. (32%) of 6-hydroxyhexanal, b.p. 72-77°
(0.9 mm.). A center cut of b.p. 73° (0.9 mm.) was ana-
lyzed. Both fractions solidiﬁed on standing.

4nel. Caled. for CHpOs: C, 62.03; H, 10.42. Found:
C, 61.65; H, 10.39.

Melting points of the solidified product ranged from 57-
86° far different runs, fucreasing with the age of the sample,
and generally covered about a 10° range unless the tempera-
ture was raised very slowly. The solid was insoluble in all
common solvents at room temperature. Although it dis-
solved in a variety of solvents ou heating, it separated with
reluctance on cooling and no suitable medium for recrystalli-
zation could be found. A Rast molecular weight deter-
mination in camphor gave values of 115 and 119, as com-
pered to 116 calculated for ‘CoH 10,

6-Methoxyhexanal —The same hydrolytic and processing
procedures were applied as for 8-hydroxyhexanal, starting
with 1,1,8-trimethoxyhexane. The yield of 6-methoxy-
hexanal, b.p. 82-85° (19 mm.) was 70%. An analytical
sample had b.p. 82° (18 mm,), n%p 1.4205.

Anal. Caled. for C:HOyp: C, 84.58; H, 10.84. Found:
C, 64.07; H, 10.01. '

Preparation of Aldehydes by Ozomolysis.—Helferich’s
directions®* were followed fdr ozonizing 4-penten-1-0l? and
8-octadecen-1-ol. The 4-hvdroxybutanal obtained had
these constants: b.p. 37.5-58° (9 mm.), #®p 1.4450. Hel-
ferich reported no b.p. but did give #i%p 1.4201. Paul®

(21) L. H. Amundsen and L.'S. Neisou, Tuis YOURNAL, T8, 242
(1951).

{22} Obtained as in Org Syntheses, 38, 84 (1943).

(23) R. Pawl, Compt. rend., #15, 803 (1849); R. Paul and 8. Tchellt.
cbeff, Buil. soc. chim., (5] 18, 197 {1648). ’

obtained the compound by periodate cleavage and by lead
tetragcetate cleavage of 1,2 3-pentanetriol and reported
b.p. 39-60° (8 mm.;, »®p 1.4403. In the present work
difficulty was encountered in purification when any unre-
acted 4-penten-l-ol remained in the reaction mixture.

The 9-hydroxynonanal obtained melted at 58-39° (lit.¢
58%) after severa! recrystallizations from xylene—ligroin.
On standing, the m.p. increased ‘o 62-64°.

4-Methoxybutanal. —To ozonize 5-methoxy-1-pentene,
5.2 g. of it in 20 ml. of methylene chloride was chilled to
—78% and subjected to a stream of ozonized oxygen for three
hours. It was then added to 2 misture of 10 ml. of glacial
acetic acid, 20 ml. of ether and 1 g. of water., Four grams
of zinc dust was added in 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 waskings washed with cou-
centrated potassium carbonate solution. After drying with
magnesium sulfate, the solvent was removed and the residue
distilled under reduced pressure. The yvield of 4-methoxy-
butanal, b.p. 36~61° (40 mm,}, was 2.2 ¢, or 429%. On re-
distillation there was obtained a samnple of b.p. 66° (50 mm.),
7% 1.4101 (lit. b.p. 138-140°, #%p 1.4073%).

9-Methoxynonanal.—An ozone stream was passed
through a solution of 11.6 g. of crude I-methoxy-9-octa-
decene in 13 g. of glacia! acefic 2cid. After processing with
zine dust, washing, etc., distillation gave 2 forerun of pelar-
gonaldehyde, foliowed by 2.7 g. (38%;) of 9-methoxynonanal,
b.p. 100-110° (4 mm.). Redistillation yielded an analyti-
cal sample of b.p. 81° (1.7 mm.}, #24p 1.4326.

Anel. Caled. for CipHaQs: C, 68.70; H. 11.70. Found:
C, 70.00; H, 12.04.

10-Hydroxydecanal.—-A solution of 6 g. of 10-undecen-I-
ol in 12 ml, of glacial acetic acid was ozonized similarly.
From the products was obtained 5.7 g. of a viscous oil which
on cooling turned to a waxy solid. The crude product was
recrystaliized five times from a xvlene-ligroin misture to
vield a powdery solid of m.p. 68-70°. This value increased
to 71-73° ou standing for several weeks.

Anal. Caled. for CuMHuQy: C, 68.70; H, 11.70. Found:
C, 68.71; H, 11.97.

10-Methoxydecanal.—11-Methoxy-1-undecene {in acetic
acid) was ozonized similarly. From 6.5 g. there was ob-
tained 4.5 g. (699%) of l0-methoxvdecanal, b.p. 75-80°
(0.5 mm.). Redistillation gave a center cut of b.p. 78°
(0.5 mm.j, n¥p 1.4357. )

Anral. Caled. for CyHgQ,: C, 70.92; H, 11.91. Found:
C,71.44; H, 1212,

Methylations.~In a 3-neck, r.b. flask fitted with a sealed
stirrer, reflux condenser and dropping funnel was placed 0.1
mole of sodiumn hydride and 50 cc. of dry ether. Then, with
stirring, 0.1 mole of the aleohol (4-penten-1-o0l, 3-hydroxy-
valeraldehyde ethyl mercaptal, 6,8-dimethoxy-1-hexanol,
8,8-dimethoxy-1-octanol, 9-octadecen-I-ol, 10-undecen-1-01)
was added at such a rate as to keep the evolution of hydrogen
under control. After 24 hours the ether was remaoved and
to the gray-brown paste was added 0.12-0.2 mole of methyl
icdide. IHeat of reaction caused gentle refluxing. Stirring
was continued for 1.5 hours 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 in Tahle II.



AA28 Crarees D, Hurp axvn W

'

High Dilution Reflux' Cycle.—This apparatus was pre-
pared for use in the next synthesis. A 2-liter, 3-neck, r.b.
flask was fitted with a sealed Hershberg stirrer, a gas inlet
tube through which a slow stream of cry, pure? mtrogen
was admitted and a hxgn dilution reflux cycle. The las
conmted of three parts: [1) a side-arm tube about 30 X 1,)0
mm.; (2) above this and 11*ted to it, a reflux condenser:
(3) 9tuached at the top of the latter, 4 dropping funnel ans
gas vent.

The side arm was equigped with a stopesck at the oonom
for convenience in draining, and with a 24,40 female joint
at the top to accommnodate the condenser. The side-arm,
near the top of the tuhe, wrz.s of 12 nun. diameter, and wis
bent to fit into one neck of the flask. The tube contained a
funnel to force the condensed vapor to flow to the hottomn of

the tulbe before returning {o the flask,

The gas vent wus simply a tube which conveyed the es-
caping gas through a laver of xvlene in a test-tube, thus
forniing a seal. The redix cyvele s sketehed o Fig. 1.

N/
XYLENE - SEALED N,

‘il
BUBBLE VALVE ; CONDENSER

0; /REACTION FLASK

Fig. 1.—Reflux cycle.

2-Hydroxycyclodctanone (Suberoin).—Except for the
design of the dilution eycle, the procedure essentially fol-
lowed the general directions of Prelog and collaborators.)?
The flask was charged with 800 ml. of dry xylene and a
little was distilled off to remdve any moisture. There was
added 37 g. (1.6 moies) of clear sodium and the sodium dis-
persed by rapid stirring in the refluxing (135-137° ) xylene,
A solution of 76 g. (0.38 mole) of methy! suberate in 70 ml.
of dry xylene was added through the dilution cycle over
seven hours. After it had been stirred with refluxing for
two more bours the mixture was cooled and processed.!?
The xylene was removed from the dried solution through a

(24) L, Fileser, Tuia Journat, “. 2839 (1924).
|
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Vigreux column under reducer! prcasurc ah(l the residue dise
tilled 7 vacuo.  There was obtained 25.4 g. (479%) of 2
pale yeilow semi-snlid, b, B. 801 q0° 15 mm Yo Attempts at
further purification by distillatior. and recrystallization failed.
On <tanding the product decomvposed slowly to suberic
acid, xde_lfmcd by m.p. and mixed m.p.

The 2,4 initrophenylosazone was prepared from 0.4 g
o. suberoin and a solution of 14 g, of 2,4-dinitropheny!-
Avdrazine in strongly ucidic squeocus ethanol.®  Recry«-

villization of the product from chloroforin—ethano! vielded
erunge-red neehlu wwlll:;; with decoiup. at 215-210° (cor. 1,

Awalo Crloed dor CoMieNsGe N, 2239, Found: N,
9932,

Methyl 8,8-dimethoxvoctanoate was prepared according
to the procedure given for methyl 6,6-dimethoxyhexanoate,
From 15 g. of 2—hydrox)cvcloomanone {contaminated with
the yellow diketone; in 130 ml. of metha'lol and 50-53 g. of
ieud tetrascetate there wus obtained 14.9 g, (65%) of a pale
yeilow oil, bop. 105-110° (1.7 mm.). Redistillation yielded
a calorless center cut, b.p. 81° (0.5 mm.}, ntp 1.4321.

Anal. Caled. for C‘ C, 60.52; H, 10.18. Found:
C, 630, H, 9.45.

8.8-Dimethoxy-l-octancl.—The reaction of 17 g. of
methyl & 8-dinethoxyoctanoate (pale yetlew materia! oh-
tained in the first distillation) in 20 ml. of dry ether with
2.4 g, of lithium ciuminun hydride in 10U ml. of dry ether
followerd by the aforementioned processmg,“ felded 11.3
(THG of R,S dimethoxy-i-octanol as a LOIOIIE“N oil, l) p
TOATIOY {08 mmLi. An e wlvtical sample had b.p‘ G4
{4 mm, | n%¥p 13426,

Anal. Caled. for C,11..0:: C, 63.11
C.63.24; H, 11.74.

8-Hydroxyoctanal.—Hydrolysis of 8, 8-dimethoxy-1-oc-
tarol with dilute hydrochloric acid gave poor vields of the
aidehyde (219, so a modification of the procedure devised
iy Fischer' for the hvdrolysis of sensitive acetals was used.

There was mixed 3.0 g. (0.026 mole) of redistilled (b.p.
85-007 ut 0.4 mim.) 8,8-dimethoxy-1-octano! and 3 cc. of
suturated tartarie acid sotution. The mixture was shaken
untit it became homogeneous ‘about one minute) and al-
lowed to stand for 15 minutes, On the addition of 10 cc. of
saturated sodium chloride solution, the aldehyde separated.
[t was extructed with three 13-ce. portions of cther and the
combined extracts were washed with 10 ce. of 5% potassium
carbonate solution.  After dryving over magnesium sulfate.
the mixture was distilled.

There was obtuined 1.4 g. (47 % of the theoretical) of mate-
rizl Doiling 90 100® ‘0.5 mm.\. This was viscous and it
slowly turned <emi-solid, In addition 0.6 g, came over in
the range 1WO-150° 7003 mm. Y. No suitable medium for
recrystallization of the first fraction could be found, but
purification wus accomplished by grinding the 90-100° (0.3
mitt fraction with dry ether in a mortar, fiitering, and
washing the residue repeatedly with dry ether. In this
manser there wus obtained a powdery white solid of m.p.

G3-65°.  This m.p. decreased after a week to 59-63°. Re-
peated ether treatiment gave a sample melting at H6-68°,

Anal. Caled. for Celf )0y C, 65.62; 11, 1118, Found:
C,66.:0; H, 1147,

8-Methoxyoctanal. ~The procedure given for 8-hydroxy-
octanal was followed using 7.0 g. of 1,1,8-trimethoxyoctane
and 20 ml, of saturated tartaric acid except the heterogene-
ous misture was shaken at intervals for one hour and the:n
worked up as described above to yield 3.9 g. (729]) of S-
methoxyoctanal, b.p. 81-86° (3.2 mm.). This product
gave a poor analysis, so it was further purified through its
bisulfite addition compound, giving a liguid of b.p. 67°
(1.2mm.), #n¥p 1.4282,

Anal. Caled. for CiH 02 C, 68.32;
C, 68.52; H, :1.38.

2,4-Dinitrophenylhydrazones of all aidehydes not pre-
viously reported were prepared. Melting points and anualy-
ses ate recorded in Table [17.

Spectrophotometric measurements were made on a Beck-
man DU spectrophotometer. For the hydroxy aldchydes
the cell compartment was kept at the stated temperature
it} 1°. The 05% ethanol was a commercial grade while

i H, 11.66. Found:

H, 11.47. Found:

(25) R. L. Shriver and R. C. Fuson, "'ldentification ol QOrganic
Compounds,’”” Third Edition, Jobu Wiley and Son-, Ioc., New York,
N. Y. 1948, p. 50.

"
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TasrLe III

2,4-DINITROPHENVLHYDRAZONES®
: M.p. of DNP,
“C.

~

Nitrogen. 7%

Aldehyde Calcd, Fouud
5-Methoxypentanal 79-79.5 18.91 19.10
G-Hydroxyhexadal 104-105 18.91 19.09
8-Methoxyhexanal 74-74.5 18.06 18.38
$-Hydroxyoctanal 91913 17.28 17.33
8.Methoxyoctanal 73-74 16.56  16.48
g-Methoxynonanal 73-T4 15.90  15.98

8o
10-Hydroxydecana! {101_103 15.90 16.33
10-Methoxydecanal 77 15.29 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., 1948, p. 342. ® Double m.p.
sintered at 80° and melted 161-108°,

“75% dioxane’' was prepared by mixing three volumes of
dried and purified?® dioxane with one volume of distilled

(26) L. Fieser, "Lixpetiments in Organic Chemistry,” D. C. Heath
Co., New York, N. Y., 1?41. p. 360,
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water. The samples measured were generally the same as
those submitted for analysis or were purified as described
wnder their preparation. Equilibrium conditions in solu-
tions of the hydroxy aldehydes were obtained within one to
three days. [Initial absorption was usually considerably
lower than that zt equilibrium. The existence of equilib-
rium was verified by rechecks on different solutions or by
returning to the original temperature after measurements
at another temperature. The equilibria were quite mobiie
once established, about one-half hour at a given tempera-
ture generally being sufficient for the attaimment of stabie
rcadings. The precision of the results may vary somewhat,
since a few of the measurements were made at high trans-
mittancies where the spectrophotometer is less accurate.?
Data on the methoxy aldeliydes are given in Table I.

Acknowledgments.—One of us (W, H. S.) 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, bydrogen,
nitrogen were performed by Misses C. Brauer and
J. Sorensen.

(27) G H. Ayres, Anal. Chem,, 31, 652 (1940).
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Rates of Chromic Acid Oxidation of Some Cyclanols'?

By Hexry G. KurviLa anp WiLLiam J. Becker, 111

RECEIVED Mavy 19, 1952

The rates of chromicl‘acid oxidation of isopropy! alcohol and four eyclanols foliow the order CoH;sOH > C:/H;0H > CH;-

OH > CsH,0H > CHOH > C;H,;0H.

It is well known that the rates and equilibria of
reactions involving alicyclic compounds often 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 legs strained due to the bond an-
gles imposed by the ring structure than a tricovalent
(e.g., 1on, radical or ketone) or pentacovalent (trans-
ition state in an SN2 displacement) species. Trans-
formation from the first to either of the latter two
is therefore relatively difficult; the reverse trans-
formation is relatively easy. A similar argument
applies to cyclobutane derivatives where the dif-
ferences in strain are smaller. However, complica-
tions can be introduced, for example, by the fact
that the cations from some cyclobuty! and cyclo-
propylmethyl derivatives may be identical.$ For
the 5- and 7-membered rings torsional forces due to
hydrogen-hydrogen repulsions®S appear to account
for the greater ease of the quadricovalent-to-trico-
valent transformation of a carbon atom compared

(1) Takea in part from the' Master’s Thesis of W. J, Becker, 111,
June, 1851, |

{2) The authors gratefully agknowledge the assistance provided bya
Frederick Gardner Cottrell grapt of the Research Corporation.

(3) H. C. Brown and M. Cetstein, THIS JOURNAL, 72, 2028 (1950);
H. C. Brown, R, S. Fletcher ami R. B. Johannscao, thid., 78,212 (1051).
The latter paper contains a summary of pertinent data for 5., 6- and 7-
membered ring compounds. See also H. C. Brown and M. Borkowski,
ibid., T4, 1807 (19525, ‘ ,

(4) J. D. Roberts and R. H. Nfazur, ibid., T8, 2509, 3542 (1951).

(8) XK. 8. Pitzer, Science, 104, 672 (1945); J. Kilpatrick, XK. S.

Pitzer and R. Spitzer, TRIS JOURNAL, 69, 2483 (1947); C. W. Beck-
ett, K. 8. Pitzer and R. Spitzer, thid., 68, 2488 (1047).

L

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

In order to obtain additional quantitative in-
forimation on the reactivities of alicyclic derivatives
we have measured the rates of chromic acid oxida-
tion of isopropyl alcohol and the series cyclobutanol
through cyclodetanol.  As a result of the elegant
investigations of Westheimer and co-workers® the
mechanisms of oxidation of secondary alcohols 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
distinguishable species in water. Furthermore, re-
moval of the hydrogen on the carbinol carbon is
part of this step, as evidenced by the fact that 2-
deutero-2-propanol reacts only about one-sixth as
fast as ordinary 2-propanol®® The mechanisms
may be represented as

fast
R:CHOH -+ HCrO~ + H*
HL
R,CHOCrOH 77> [R,CHOCrOH,1* (1)

+ 4,0
slow
R,CHOCrO;H 4+ H;0 ——;——) H,O0* 4+ Ry,C=0 + IICrO;~
H

(2)

(6) (a) F. H. Westheimer and A. Novick, J. Chem. Phys., 11, 508
(1842); (b) F. Westheimer and N. Nicolaides., TrIs Jourxar, T1,
25 (1948): (¢} F. Holloway, M. Cohen and F. H. Westheimer, ibid.,
78, 65 (1951).
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CoxMergent Enantioselective Synthesis of Vinigrol, an
Architecturally Novel Diterpenoid with Potent Platelet
Aggregation Inhibitory and Antihypertensive Properties. 1.
Apphcatmh of Anionic Sigmatropy to Construction of the Octalin
Substructure

Leo A. Paqu ctte Ronan Guevel,'* Shuichi Sakamoto.'® In Ho Kim

“and Jason Crawlord!?

Department of Chemistry. The Ohio State Universitv. Columbus. Ohio 43210

I

paguette.

Eosuectu

! Reeejved April 11 2004

I

The coupling <’ﬁ[>111 ding blocks 15 and 36e in the presence of MgBr-Olkitar O € pm(((ds with an
ext stercoselectivity (3.2: 1) considerably more advantageous for the acquiisition ot carbinet 37e
than in the ahsence of the additive (exo/endo = 1:5.7). The pivotal transformation that sets all of

the relevant sterencenters of the cisoctalin 55 is the oxyanionic accelerated {3 3

3} sigmatropic

rearrangement of 37e. A salient feature is the structurally enforced ;ulapt‘ion of a boatiike transition
state that serves to properly set four vicinal methine hxdmvens in an ail cis arrangement. The
ensuing conversion of 55 into fodo sulfone 62 has permit tted X-rav crysrallographic confirmation of
all ab'mluw stereochemical assignments since the isopropyl substituent was initially installed
enantiosclectively via the Evans uxcuohdmonc protocol. No intramolecular anjonic cyclization of
62 to generate the tricyclic framework was seen. This absence of reactivity is attributed fo
conformational factors that inhibit attainment of the proper Sy2 reaction trajectorv.

i

Fungi have been the source of a wide variety of

structurally unique angd pharmacologically active com-
pounds. In 1987/1988. a group of scientists from the
Fujisawa Ph armaceutical Co. reported the isolation from
Virgaria nigra and the'structural elucidation of a diter-
penmd, the antihypertensive and platelet-inhibiting prop:
erties of which held wnusual promise? Spectroscopic
studies, capped bv an'X-ray crvstallographic analysis.
established this substance. named vinigrol, to possess a
totally unprecedented decahydro-1.5-butanenaphthalene
framework as defined; by 1. These unusual structural
features. and the sul W quent discovery that vinigrol is
also a power{ul UG Necrosis factor antagonist and an
agent capahle of “arrvesting the progression f)ft e ALDS-
lemt_w 1 complex 1o ATDS, S have fueled interest in 1 as a

challenging synthetic dl_)‘_}e(.uwzf ® Despite the application
[

(1) Current addresses: ‘L:} ( PU Pharma, 34 Avenue jean )amos
659153 Decines, rance. (b)) Yamanmichi Pharninaceutical Co. Lid., 21

Miyukigaoka. Tsukuba Ihrm]\x 205-8585 Japan. {0) Laboratory of

Bicorganic Chenistry, National Institute of Diabetes, Dlgestne and
Kidney Dise: NIH. Reghesda, MD 20892, {d} AnorMED Ine.. 200-
20353 64th Ave. Langley. B.C.. Canada V2Y INS.

(2} (a) Uchida, L Ando; T.; Fukami, N.; Yoshida, K. }lashimota,
M. Tada. T.: Keda. S \Tf)rlmum. Y. J. Org Chern. 1987. 525292 (1)
Ando. T.. Tsurumi. Y Oara, N.: Uchida. 1. Yoshida, K.: Okubara.
M. T Antibior 1988, 4} 2B e} Ando, T Yoshida, K., Okuhara. M. J.
Antibiot 1988. 11,3 i

3} Norris, D. B D< plodi Po Jackson, A, P PCT Int. Appl. WO 91
53: Chem Ahote 1981, Jl 3. (,4//{)1
a) Devaun, J-F Hapoa, 1o Latkemand. J.-Y 7 Org. Chen, 1993,
39 (b Devaux, E,‘L Fraisse £ ffanna. - Lallemand, J.-V
Tf trahedron Lett 1995, 35 9471, {0 Devaux, J-F.. Hanna T: Lalle-
mand. J-Y. .J Or rg. Chemy 1997, 62, 5062, (dh Centric, L. Hanna, L.
Ricard, L. Org. Leiz, 2003, 5 1139

131 Mehta, G Subba Reddy. K. Sinler 1896, 625

I

07

6096 J Org. Chem. 2003. 68.6096~6107
|

of several imaginative strategies to this problem. a de
novo route Lo 1 has not vet been achieved. Heremy we
describe. with full experimental detail. a toute o an
advanced precursor of vinigrol. The present investigation
highlights the utility of anjonic oxy-Cope chemisiry for
constructing an extensively functionalized octalin ring
system having the dual R configuration present in
appendages housing both C9 and C12.

H
HQ OH\/CHa

&
oMb,
1

Results and Discussion

Retrosynthetic Analysis. In line with our long range
plan to advance to 1 in nonracemic fashion. the strategy
as defined in Scheme 1 was based on the expectation that
the cyclization of 3 ov a close relative thereof would tead
via 2 to the enantiopure diterpenoid tavget., With the
focus on 3. proper access to this intermediate by meth-
odelogy capable of accommodating the proper juxtaposi-
tioning of six cantiguous stereogenic centers was accorded
attention. It was luwmed that this important abjective

(6) @) Kito M. Sakai, T Haruta, N Shirabama HoMasuda ©
Syalert 18896, 1057, by Marsoda, Fo Kite, AL Sakarn, T Obade N
Mivashita, Mo Shueabanna H Tenrahefren 1999 57 11359

10,1021 jo0301301 CCC $25.00 9 2003 American Chemical Saciety
Published on Web 06:26/2003
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Enantioselective Synthesis of Vinigrol

SCHEME 1 |

could be realized in a single step by anionic oxy-Cope
rearrangement’ of the tertiary bicyclo{2.2.2Joctenol 4.
Another attractive feature of 4 is the convenient allow-
ance provided by it for convergent assembly. Thus, we
envisioned that ketones such as 5 and appropriately
substituted vinyli halides would serve as reaction part-
ners. Proper delineation of the stereoselectivity associ-
ated with the coupling of these building blocks was also
mandated. Nuclegphilic addition te § ﬁ om the x surface
opposite the unsaturated bridge would give rise to a
diastereomer having olefinic centers too remote for
possible engagement in charge-accelerated [3.3]sigma-
tropic wdndng(\m@m We therefore hoped to skirt its
formation. The degree of control available from solvent.
temperature. and precise nature of the organometallic
reagent was not g priori predictable. and we planned to
launch a systematic study in order to define crmditions
leading to maximpm exo <;t01(>ose19rtmw ‘The impact of
thdllUé‘b it the chémical nature of the XR substituent was
also to be probed,

Synthesis of Representative Bicyclo[2.2.2]oc-
tenones. After brief. unprofitable encounters with routes
to 5 based on Diels— Alder and Ireland ~Claisen protocols
as kev transformations,® attention was directed instead
to a pathway feaguring a Michael- Michael sequence for
elaboration of the structural framework. The route began
by acviation of the lithiated form of (S)-oxazolidinone 6%
with isovalervl chloride (Scheme 2).7° Excellent levels of
diasterenselectivity (dr > 95:5) were subsequently real-
ized in the atkylation! of 7 with allyl bromide. Traces of
the minor reaction cornponent were conveniently removed
by preparative HPLC to give 8 of very high quality (> 99%

ee). Some difficu tl(*s were #x pmwn(ed in removing the
LhII al auxiliary resident in 8.7 The use of LiAlH, resulted
in the formation of a significant amount of ring-cleaved
amino alcohol. »?\Irhoum Damon’s two-step procedure

(7Y (&} Paquette, L
I AL Synierr 1990 b"} (¢ Paquette, L.
1890, 29. 609,
(8) Guevel. R, Ph {7 Di‘s&mtation, The Ghio State University, 1994,
(9 (&) bvans, DAL Bartali, JoShih, VoL Am, Chem. Soc. 1981,

A ["(*Imlm(iwn1997 3313971, () Paquette.
A Angew. Chem. It Ed. Engl.

1032127 b} Fvans, DA _Frmis. M. D Mathre D A Chees
Soc. 1982, 104 1737,

‘H', (2) Sng v!.’fm%ﬁ:in. A Carpine. PP
fw 1987 52 £ 3759 ibd Tseke, KO
el et l‘)‘H 4. 2164, ) Thom, €

A \h’\ak(‘ FoHoprins P B
Nagai. T Kebavashi Y
SRactenski B Suntiesis

SRS vu.*Trm’bir EL A Nederas 1O T 4m Chea, Soc 1986, 108

6397 I Foaeis AL Saloun, J fevohechon Lert 1988, 9 (6257, (¢
Herald, P TMurhaler, R Ribs, G Angse, C0 1 T Chens. 1989, 54
1178,
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involving the use of lithium benzyl mercaptide was
effective on a 100 g scale ¥ only a 12% vield of 9 was
realized at the 10 g evel. In contrast. the hindered acv]
oxazolidinone responded well o the action of Hithium
borohydride in THF containing 1 equiv of ethanpl ** The
ahsence of racemization during Q”m mation of alcohol 9was
ascertamed by Mosher ester analvsis *0 1~ 97% ee;

Protection of 9 as the rert-hbutvldimethvisilvi ether
foltowed by ozonolvsis afforded aldehyde 11 While the
direct alkvlation of aldehvdes is recognized to be sluggish
and competitive with concomitant operation of unwanted
aldol condensations or Cannizarre type reactions. " priov
conversion to an enamine, hvdrazone, ar imine derivative
has been reported to allow alkvlations to proceed ef-
ficientlv.!” From rhese options. the pvrrolidine enamine
alternative proved most successful in conjunction with
methyl vinyl ketone. giving rise to 12 in 847 vield The
hest conditions uncovered for the cyclization of the
resulting keto aldehyde were adapted ﬁ om those devel
oped in Burke's qu.idxone synthesis. © Folluwing the
heating of 12 with potassium hvdroxide and dibenzo- 18-
crown-6 in benzene, there was isolated 16% of 13 wdr
1.7:1) and 47% of the intermediate g-hvdroxy thonPs
Resubmiission of the latter to the basic reaction conditions
resulted in an increase of the overall vield of cvelohex-
enones to 80%.

Following the «’-monomethylation of 13, compound 14
50 obtamed was subjected to a double-Michael reacuumy
involving phenyt vinyl sulfoxide as the co-reactant,
Without purificetion. the intermediate bicvelic adcirs
were heated i toluene containing calchum carbonate in
order to induce the direct thermal extrusion of benzene
sulfenic acid ™ Although the overall vield in which 15

and 16 were tormed was modest (41%), these diasters

VE2Y ad hvans, 1 AC Bilodean. ML Somvaers,
Chevey, D Raro, Y I g Chenn, 1991, 56 53770
Black W. C.o J Am. Chem Soc 1992, 114 2260,
Lo Zo Kyle I J. Teirahedron Letr. 1993, 2422

3 (@b Damon R E Cuppola GoNL Tetranedran Lo 1898, 70
2849, thy Shapiro, G Chengzhi, C. Terrahechan (e 1992, 33 244

(14 4a) Perming. T Do Y)]mn S. W Haark. RA: Ralish. V1
Mivashico, J M. Rowell, B W Ya S8 Swith Comniun 1890 2
307. (b} Chibale. K., Warren. S. fetre 1 Lot 1992 33, 1369

(150 {a) Ward, D Fo: Rhee, C. K Tetrahedron Tert 1991, 32 7107
o Daje LA DL D Lo Mosher HLS 7 Org, Clien 1969 = 2542

(16 {a) House, HL O Liang, W. G Weeks, P I O » 1974
34, 3102 ) Dieti. 1L K : Brannock ?\ C Tewatad on oo 1973 1073

(17 Whitesell, . 1K Whitesell, M. A Svarhesis 1983, 547

18 Burke, S 1Y Murniashaw, C. W Saunders 7 O Opliswer, |
ADike, MOS) 7 A Chomn Soc, 1984, 106, 155

A9 (ay thars, \'lz Tuwta‘ M Fukumote Ko Kametani T. Trrg
hechron Tert 1984, 25 3235 (b Fou activation of salfoxide ;m Dieis -
Alder reartions »ee: Ronan B. Kagan H. B. Teyahadron
1992, 3 113, (¢) Tor a review on -\h‘\m C.osees Posner, GO HL Cher
Rev 1986, 85 831 (d) For a review on the im::\rmﬂwmlm" doublts
Michae! reacrion. see: ]ham. hU "‘ul\umnm Koodagee, herr Jor
Ed. Engl 1993, 32 1010, {ey Oare. D. Az Heatheack © oo g
i Stereechenosiny Eliel B L O Wilen, 5 B Bds Wikes Now Yo
1G89. \nl 19 374 4 Biawn, PooJo dones ) v Khaoo MO
Meanwell, N A0 Richards. P L Chens. Soc ek ooars 71984
2049 tgp Jone s 1Y N Meanwell NOA - Mirza S Ml S
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SCHEME 2

LDA, 0 9
HN)L __nBulic J\/b\ /lL A Br ! y ;
A A
‘ b T - N° O
| j /kJJ\Cl \l THF, -78°C .t
93%
THF, 78 °C (83%) | j
(95%)
6 7 8
\ : Z >
! LiBH, . CHO
EtOH (1equ:v) OR Mi__. N w N
TRE CH,Cly, -78 °C RN oTBs CHj
(72%) | (91°%) j H ///\.T/
’ 0
|
! 9,R=H "] TBSCL T Cole, &
10, R=TBS~— imid, THF (84%)
(99%)
KOH 1. LiN (SiMe ).
Py
DBIBCr6 __Phso””
CeHg, 1t THF,0°C
(80%) 2. CaCOa. toluene
o A
12 13, R=H LDA, CH4!
14, R=CHg THF (>80%)
+
\
oT8S
15 (27%)
SCHEME 3 aldehydes were stored {or any extended time peried even
‘ at low temperatures. Immmediate submission of 21 o the
O phsseh Takai reaction™ was ohserved to lead almost exclusively
15 (n-BulgP to the F vinvt lodide 22. At this polm effort was expended
toluene for the purpose of determining the extent of confizura
puty
(92%) tional loss during the reaction sequence. To this end. the
unstable vinvl iodide 22a was hydrogenated over pluu~
17 18
‘ 22) (g Tsukuda. T Kaekisawa H ., Tarcabedron Leti 1989
o ) (SIEM;. by White, §. 1. fawasalkd, M. Org e, Z
omeric .y unsaturatef] ketones were conveniently ame (B! (¢} Rinet mn I\ L. Harada K.T.. Namikoshi,
nable to chromatographic separation. A Munre, M. Blm £ W Mg, POL
Deprotection of 15 with TRAF s hly cave 17 i Dahlem. & \L(mmn hael WOW T A Chu e Soc. 18
eprotection of 15 with 1TBAF smoothly gave 17 and (EE) (@) Roush W R : Palkowitz. A D Ande K7 dny Chem S
made possible the mq}xmg conversion to the phenylthio 1990, 112 6348 (IBDMS. TBDPS, Bt (e) \(»xg;.‘:rs}\a‘ ;1 jushi v
derivative 18 through the comhbined action of diphenyl Z”;ﬂ}"“;n’“ LKL 37w sy L *‘“;Q’ e ST ‘*’{f
~ . N Al Loiins, L4 lIY;Ul" cnnin LN \”IdIHK
disulfide and tri-n- hur_vlphosp hine?' (Scheme 3). We were Hudspeth, 1 P Kane 1. M. Reider, P b S’Ohm £ §1 Shitne 7
now in a good position to examine the possible role of K. Tomioka. K Walkup. R'D.J A Chen Soc 1983, 560 201 ¢
different heteroatomicl groups n-face diastere oC- White J. Do oedic J O Cut S, Ohire 8 Javasinghe © R 7
}ff it heteroatonic] groups on n-face diastereoselec OrgChen, 19920 57 L0700 SEADL (hy Remo, U dalinse
ton. Flarnondorc T oAy, T Setaviber, S 17 i 1992 o
Construction of the Nucleophilic Synthons. A rich (e, ) Seer Addeiching St 1984, 1 : !
collection of O-«abstituted derivatives of methvl (K1-2 ',‘-'()7',‘“?'»;’",‘\'1 '1(“: h”,‘m:f H ,‘)”‘”"f’k”g‘g% L v
X | R .\ X Hr %l LS O <t ¢ p 3 ¥ B
l'w("lv<)\<\mmh\'l ;"nnp&mat@ has been described in rhe O'Mabonv AL T Swain, U0 Jerralaeaar Fer 1986 27 30T THIP,
prior art.>- Of these. [9a—e were selected for evaluation D Boctkian R o Chacete A B Asherom, T Johnstor 8.7
R S « TLGOTSAT AT ND une Hegg w
{Scheme 4). Reduction of these esters with LiAIH, or A Soc 1987, 7533 ARE g Horl B Hilte 8
- A A Ao NMaris S0 Nomere ) Yosha L ore e 1993, . \’ih.x i,
Dibal-H furnished mﬁ corresponding alcohols. Subse- i Patersos 1 Dister AL A Ryan, G R Terntwrfron Feri 1991
quent careful exidation of intermediates 20 under Swern 174‘}'3 \ Ny a1 ;o 7 1978
SRS S 23 st e N T PO 2 | e }ial Maneuso / “Huang, S Lo Swern Iy e hep 197
%OndlthﬂS ot ‘\m.h the pcquthendlte reagent®’ was 43,2480 b} Omuva, K. Sween, D Tetrafuedion 1978, 4 163
implemented without any obvious epimerizaton. How- For this specific example. consult: Shirvizu. S Nabereura, s N s
ever. stereochemical integrity could not be ensured if the M. Shibasaki. M. Terrahech o 1996 2 15301 .
A (24) Gridfith, W P Lov S Vo Whitcombe, O, P White. A D/
t Chem Soc, Chem Commuon, 1987, 1625
(21} {a) \dkdwma L Hata, T, Tewrahedron Lert, 1975, 1409, {y 25 Takan K o Nitta Ko Utimote, Ko 7 A Chen Soc 1987 10w
Marshall. J. A Cleary, D. ¢, J. Org. Chem. 1986. 5]. 858. Ga]
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SCHEME 4

CHF Ugerd ?Ha Swern
meooe R Trtees IONAOR =
19 (85-97 %) 20 TPAP
‘ GHa
CHs | CHL,CICL e~ OR
ore” >R ToCoN,
21 2

a, R=SﬁM; b, R=TBDPS: ¢, R=M: d. RB=MOM; &, R=PMB

g H,. PO Cho
I e
3|
2 .
(MBUNF
4A MS
CHS‘ CH3
1% . (R-MTPAC ;
I/\\\/\/OH ———————— MO'(H)MTPA
CDCl,
24 25
SCHEME 5 |
CHs
CBry, PPh, B CHa oR _MBuLi__ A _OR
Aade Zmrm T g SN e
78°C -1
! 26 27

a=SEM; d=MOM; e=PMB

num oxide ip the presence of triethylamine ®# This
process gave rise to 23. which was independently pre-
pared from pure (9)-(=)-2-methyl-1-butanol.”” Compari-
son of |ajp values indicated the enantiomeric excess to
be 75%. The same sample of 22a was treated as well with
anhvdrous tdtra-n-butylammonium fuoride at 80 °C
under reduced pressure®™ to provide alcohol 24. Mosher
ester analvsis of 25 by 'H and YF NMR established more
reliablv that the enantiomeric excess was greater than
80% and thergfore suited for further deployment. Parallel
behavior was seen with 22b and 22¢.

To gain greater quantitative appreciation of the ste
reoselectivity of nucleophilic capture by bicvclic ketones
15 and 18. the alkynes 27a. 27d. and 27e¢ were also
produced (Scheme 5). The Corev—Fuchs procedure®® was
selected among several options and found to be satisfac-
tory for our purposcs.

Stereochetnical Course of the Coupling Reac-
tions. The ulfimate acquisition of 4 requires that 1.2
addition o the carbonyl group in 15 and 18 occur
predominantly from the direction syn to the double bond.
The consequences of methyl substitution at the proximal
bridgehead site and of the endo-oriented side chain on
reaction trajuctories were not known. Consequently,
feasibility studies involving vinylmagnesium bromide
were initially undertaken, The conversion to 28 and 29.

|

{(26) (&) I’aqm“j‘.\.c L. A Bareetw JU L Spity, R P Pitchet R T
Am Chem, Soc 19658 87, 3417, (I Sugimura, T Paguette 1. A 1,
Anr Chenr Soc 1987, 009, 2017

270 Lapshute, B L Pegram. J J. Teaahedron Lo 1980 21,3343
P84 Cerey, Lobuens 200 Jerra o feie 1872 3769
8 Wangl 7€ Kibayashi. € A Chesar Soc 1993 710,

SCHEME 6

15b CHo=CHMgBr ’

THF
-78°C - 0°C

Y
AN
OTBS

28 (53%)

KH, 18-cr-6
THF, 25 ‘C
(719%)

1

O™
g

N
0188
30

realized in anhvdrous THE at —78 to 0 °C. proceeded with
minimal competing enolizarion. Column chromatogtaphy
conveniently separated the less polar 28 (53%) from its
more polar counterpart 29 (24%) (Scheme 6). The exo
orientation of the vinyl substituent in 28 was «asjly
recognized on the hasis of NOF studies. The significant
amount of 29 formed under these circumstances was not
entirely expected because of the postulare that the hulky
group projected to the endo surface might well sterically
impede appreach from this direction.

The literature precedent in this area is limited and
rather disparate. At one extreme such as that involving
the conjugate reduction of 31 with LiAlH. hvdride
delivery occurs stereospecifically from the exo direction
to give 32.°% In a related allylation example. treatinent
of ketone 33 with LDA and 1-iodobutane produced the
exo product (727453 egudlibrarion of which with merhanolic
sodium hvdroxide produced a 73 27 excrendo mixrure
Where ditect addition to the carbonyl is involved. product
ratios arve significantly iess imbalanced For example. the
coupling of vinvimagnesiom bromide to parenr kerye 34
gives rise to a 2:1 mivture of the exo adduet and its
epimer ** Higher levels of substitution as in 35, a ketone
more structurally allied to 18h. have little obvious impact
on product distribution. The exposuce of 35 to 2-littuadi-
hydropyran has been reported o lead to a 1.5:1 distribu-

2

tion of exo and endo carbinols .+

) ~S0,Ph
SiMes
31
HsC
o ..
33 34

g Wiktams RV Chadluse K Gadgdh VR 20y S
701981 173G v iHiams By Gadgtlo v K arne
e LD UNY N Tetrabwdiien Fest 1999 500 26%4,

Chp e o Hleng SOV Parkc U W LR £ o et 1997 22643
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TABLE 1. Stereochemical Course of 1,2-Addition to
Bicyclol2.2.2]octenones 18 and 18 (THF, -78 ()

expt ketone  grganometallic reagt yield‘%exo/endo

ratio

1 15 CHy=CHMgBr 77 2.2:1

|

2 15 : :
LiMOSEM 72 1:3.5

' 36a
L
3 15 3.6
T A ~NOTBDPS 73 13
x 36b
L -

4 15 : :
\ U/\/\/oan 93 1:4.8
| 36¢
‘ OPMB

5 15 ML‘/\/ 47 157
H 39%e

5 18 . 3.5
UMOPMB 58 1:3.5

36e

7 15

27e, CoHsMgBr, THF 35 1:1.8

27e Mg, i, -~ B, THF

8 15 33 1.5:1
D))) ,15-30°C, 2h
22e, +-BuULi; MgBr,+*OEt,, )

9 15 ethér, 78°C—0°C 60 1.8:1
22e; +Buli; MgBrrOEt,

10 15 ether, 0°C, 20 83 3.2

As aresult of the above. we defined as an interim goal
a clearer definition df those conditions most conducive
to production of the appropriate exo isomers. The com-
patibility of those structural feature resident in 28 to a
potential synthesis of vinigrol was brought to the fore
when 1ts sigmatr opic rearrangement to 30 was found to
occur readily at ro()m temperature in the presence of
potassium hxdlu}e and 18 crown-6 in tetrahydrofuran.

The ready availability of the lithiated alkenes 36 by
metal—halogen exchahge involving rert-huryllithium in
THF ar —78 *C® ndmptod rhmr initial exploitation.
Following "hmmarogx:ﬂp e separation of the less polac
37 from the more polar 38. it was possible to ascertain
by NOFE analvsis rhat the preferred a-facial stereosclec-
tivity was in fact oppusite to that observed with vinyl-
magnesium broniide (Fable 1). The proportion of 38
varied from 3.5 1 when Rowas the SEM protecting gioup
to 5.7:1 lor the p-muthoxybenzvl (PMB) derivative.
Recourse to HMPA ag cosolvent on the basis of its
capanility to disrupt lithium aggregates™ had no effect

|

T
x”h Beison, JUA hmm M. Je oA Chem. Soc 1964 86,5019,
{ax) Oplinged, J Pa(‘ue‘w 1A Terrahechon Lert, 1987, 28
.’)-M] (b} §~0x a mare recent pertinent example, consult: Kim. I Shon,

P.oJiLee JPark. €W, Houw SOWe me S, Org Chem. 2000,
65, 4864

(33) Fvam D. A Thomas.! R = Walker. J. AL Tetrahedron Lert.
1976
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on the isomer distrinution, The replacement of THE by
ether led to exrensive enolization of 15 and 18, resulting
in tow vielding conversion 1o addition products. The
abitity of wuethylalunsnun bis2.6-di-tere-butvl-4-meth-
viphenoxide) MADY to influenc facial selectiviey is well
tecongnized. © However, the precomplesation of 18 suith
MAD did nor result in a change of product composition
at very short exposure times, When reactions were
allowed to proceed bevand 20 min at —78 *(
decomposition was noted

. extensive

\
OTBS  HeC

40 4

Although recourse 1o the vinvl rerates™ and zincares®
was also inelfoctive and lithium acetvlides afforded no
advantage. Grignard reagents proved more ideally suitod
to preferted « xo addition, provided that proper conditions
were emploved tlable i expts 7—10). Alrhough the direct
entrainment riethod involving the metalation of atkyviw
27e with ethvlmagnesium bromide in THE failed to give
rise to o useful distribution of 40 and 41 {expt 77
significant improvements were noted when sonicaticr of
the vinvliodides in the presence of magnesium metal ani
L.2-dibremoerhane was utilized {expt 8) More serviceable
vetwere those conditions involving exposune of the viovl
iodide 22e to cert-butvllithium followed by magnesium
bromide etherate {expts 9 and 10). The 3.2:1 exo/endo
ratio observed in the last of these expeviments accorded
us the opportunity to access reasonable quantities of 37e
for the continuation of o studies as discussed in the
sequel.

Probe of Possible Cyanohydrin and Enol Ether
Alternatives Although the preceding results proved 1o
be reproducible, we simultaneously v ptobed othe: passible
means for stereocontrolled cathinol synthesis. The alrer
native interim goal was the constriction of c-hudroxy
aldehydes of the type 46. 47, or 32, which possess an ex
carhonyl greup potentialy suited to Wirtig and relared
condensations. To this end. 15 was treated with r7-
burvidimerhvisiivi evanide™ in the presence of a caralvtic

3 Charray N v vy B0 ML WO F Y e Sl 1988
1083 '

35t Mruokha Ko Breh T Yaramote H T Ay Cler o S0
1985 iy 677 " Hlieds ew TooShe [0 Woa s 4
Ferfrs T 21993217 "nmum for ol NIADY Seere N T Reheo
Job Swerier 15 T fa 1989 540 bbby

(36) @ maaots b S Yo rakvara, N
1984, 25 4234 th, snamoto. T Sugiure Y 7,01. i 1980
285 C21 {e; Pacucue [0 A Oplinger J A Tooraaor 1989 40
107 4dY Greeves o Lvinisl U fefrapedron (ot 1992, 3% 375

37 Willus, D R Kissel, W S0 Y Chern, e 1998, 007
11198,
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SCHEME 7

X
15, X=0TBS
18, X=8Ph  «—0_
0.05N NaOH
’ CH30H, H,0
R3SICN,
| | anz i

/@m

42, XR=0TBS, R'=TBS
44, XR=SPh, R'sTMS

43, XR=0TBS, R'=TBS
45, XR=SPh, R'=H

Dibal-H
(71-72%)

CHy QHa ?Hs
CHOPhgpy, A._OPMB

OoR' e

H

46, XR=0TBS, R'=TBS

37, X=0TBS, R'=TBS
47, XR=8Ph, R'=TMS

48, X=8Ph, R'=TM8

amount of zinc iodide. Chromatography on silica gel was
necessary to separate the nonpolar adducts 42 and 43,
which 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 to these conditions
during overnight stirring.

Therefore, the reeveling process could, if warranted,
be used advantageously o produce exclusivelyv the exo
nitrile 42. the reduction of which to aldehyvde 46 with
Dibal-H was conveniently accomplished in 729 vield,

Comparable exposurp of 18 to trimethylsilyl cyanide™®
gave rise to a less favorable 1.4:1 mixture of 44 and 45,
As expected, these addlicts and the derived aldehyde 47
proved to be somewhal more sensitive compounds as a
result of the sterically|smaller, more reactive nature of
the protecting group. The hydrolysis leading to 45 during
chromatography is noteworthy.

The attempted homglogation of 46 and 47 to 37 and
48. respectively. proved te be unsuccessful. Neithet
Wittig methvlenation nor Julia elefination®® resulted in

(38) Narasaka, Ko Twakura, Ko Okauchi, T, Chem, Lett. 1991, 423,

(39 {a) Lidy, W Sundermever. W Chem. Ber. 1973, 106, 587 {b)
Evans, DA Corroll, G Lo Traesdale, L. K J. Org. Chen, 1974, 39,
Ot4.

A0 Marko. I E.- Murphy, F.: Dolan, S, Tetrahedron Leit. 1996, 37.
2089 and relevant references therein.
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SCHEME 8

— —

TBSO  CH,

I

AN : OPMB
15 49
Azo
O CHj
H J\’/'\\_/OPMB
50
SCHEME 9
9
NoCHP(OMe), MCPBA
KOfBu THF-H0 (3:1)
MeOH, 0°C —~ 1t ~ (83%)
(75%)

51 7 CHs
~OH
* CHO
(3:1)
52 53
acidic or

basic reagents

generation of the desived olefin. In the tirst instance.
modest amannts of aldehivde 50 were isolated 1y addirion
to the starting ketorie 15. On this basis. it would appea
that the sechanistc pathway shown in Scheme § i
be operative ' This fragmentative aption results in the
expulsion of silvl enol ether 49 the hvdrolyvsis of whih
gave rise to 50.

Our requirements for highly controlled exo orientarion
of the unsaturated side chain at C-2 of the bicyclooctanal
were also met by homologation of 15 to enol ether 51 wirh
dimethyl diazonicthylphosphonate™ and oxidation of the
tatter with m-chloroperbenzoic acid*" (Scheme 9). These
conditions afforded 52 and §3 as a 31 mixture in good

G Marvaneft, B F - Rettze AL B Chan Rev 1989, &9, 863

42y Gilbore 100 - Weerasooriva, Vo Wiechnwn, B oo o Citers
hecfron Lert, 1980, 21, 5003,

435 (a) Mardin, S F: White ] Bo Wagner K7 Org Cliern, 1982
473190 () NMarting S F . Assereq. JoML Aastine BT Do
taparavana, A. P Fishpaugh, 1 R Gluchowske O Guinn 101
Hartmanmn Mo Tanaha, T . Wagner, R, White, [ B, Derrchedd on 1995
31034535
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|
|
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!
!
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X ~~SaCH3
e HsC
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\
SOzTOI
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60, X=0H
CH.Cl, (81%E 61, X=OTs
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reflux (82%)

62, X=I

Paquette el 911.14!\

H
t.CHj
1. Nai, MEK
HaC reflux —
0] 2. TsNa, DMF

110 °C, (82%
o 0°C, (82%)

| TTH
N

OR

TBAF, THF 56, R=TBS
(100%) 57, R=H
TsCl, DMAP L, 58, R=Ts
CHyCly, (91%)

H
ToISOQ,LLJ\F‘CHa

- V@J

O

63

vield. The sensitivity of these compmunds to acidic and
basic conditions precluded their chromatographic sepaia
fion. Furrhermotie, all attempts to protect their tertiary
hydroxvl group b to effect chain extension generatly
vesulted in operation of an a-ketol rearrangement o give
94. This result pfompted ressation of this phase of the
effort and solidified the stance that further advance
would be made via the route defined by experiment 10
in Table 1. l\

Construction of the Octalin Core. Given the ease
with which 28 was noted to undergo oxyanionic sigma-
tropy to form 30. the expectation was that 37e and its
congeners would likewise rearrange at or slightly above
room temperature, Quite to the contrary, exposure of 37e
to potassium hexamethyldisilazide and 18-crown .6 in
THF between —78 and 30 °C induced only gradual
degradation of thelcarhinal. After considerahle experi-
mentation, it was determined that rapid heating of such
samples to 120 °C iny sealed tubes for 1 h with subsequent
rapid cooling providéd 55 in vields exceeding 70% {Scheme
1. That a strurtxvlréily enforced hoatlike transition state
had been adopted {o set the four contiguous methine
hydvogens of the 1‘\&>ik'ly crafted octalin ring system in a
vigorous all-cis relat i.rmship was tltimately confirmed by
X-ray crystatlographic studies (see below),

To develop the functional group array in 55 while
simultaneously addrgssing the unconfirmed stereocher-
ical issues. we chase) to venture forward via the acetal
56. Following temporary masking of the ketone carbonyl
in this manner. desilviation was implemented and the
hydroxyl group so uncovered was transformed via tosy-
late 58 to sulfone 59. A comparable few steps transformec
the p methoxybenzyloxy terminated side chain into a
primary jodide. These advances made available the
highly crvstalline substance 62, single crystal X ray
analysis of which confirmed the original stereocheinical
assumptions while simultaneously defining its solid state
conformational features (Figure 1), This rigorous evi-
dence establishes all \smreogcmc centers to be of the
proper vinigrol e‘absolutk configuration as a consequence

6102 J. Org Chem.. Vol. 68. No. 16, 2003
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of their relative relationship to C-17. which was installed
in enantiocontrolled tashion. Bevond that, the parr of
beavily functionalized side chains are clearly seen th he
strongly directed o the equatorial plane. A major oo

sequence of this orientational preference. the m iging of
which are obviously steric in nature. is to posizion the
incipient nucleophilic conter neighboring the sulfone
sulfur (viz. C-21) remotely from the electrophilic carbon
bonded to todine (C-15). Althouglh it is quite likelv that
this conformation of 62 or a closely related variant is also
preferentially adopted in solution. no information is
available concerning the topological flexibility of this cis
octalin. cis-Decalins are well recognized to he mabile
systems subject to being hiased toward one of two chair -
chalr arrangements depending on the locus of substitu

tion In ris-octalins, the situation is sonewhat more
complex since the double hond intraduces an added
degree of rigidification,

Attempted Tricycle Formation via Intramolecu.
lar Nucleophilic Displacement. The nexi majo goal
in the synthesis was cvelization 1o close Lhe eight-
membered ring. The various basic reagents thai we ¢ hose
to employ. ranging from potassium hexamethyldisilazide
to potassium hydride. proved ro e untformly incapable
of generaring 63. Depending on the specific canditions,
either unreacted 62 was returned or elimination of Hi
was seen. Based on these results, i1 would appear that
intramolecular nueleophilic attack s impeded by an
nability of the reaction centers to orient themselves
properly along the necessary collinear trajectory. We
recognize that 5.2 displacement reactions represent
perhaps the most stereoelectonically demanding carhon—
carbon bond forming reactions. For that reason. PeCourse
to this tactic for medium-ring construction has been most
often applied only when favorahle low energy conforma
tions are populated.” MM2 transition structures hased

(44} Stereacheinisi: s of Grganic Componids: Elicl F L Wilen S
o Mander, 1AL s iohn Wiley and Sons: New York 1404 op
TI6--781.

49) Takahasnt. T Stud Nat Prod Chem 1991, & 175204
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\
{1.51 ratio of 2 diastereoisomers) and 987 mg (20°%) of more
polar unveacted 13 which can be recycled.

For 14: IR {(near. cm™¥), 1690, 1625, 1480, 1400: 'H NMR
(250 MHz. CDCLY 8 7.01 (dd, J = 10.3, 2.8 Hz, 1H. minor}.
6.90 {dd, J = 10.2, 2.8 Hz, 1H, major), 5.91 (m, 1H). 3.67 (m.
2H). 2.80 (m. 1H}.12.55 (m, 1H). 2.10 {m, 1H}, 1.84 (m. 2H).
1.50 {m. 1H. ma;m 141 {m, 1H. miner). 115 (d. J =7 Hz,
3F, minor). 1.13(d} /=7 Hz. 3H. major}. 0.98 {d. /= 6.8 Hz,
3H), 0.95 {d, J = 6.8 Hz, 3H, major). 0.94 (d. J= 6.8 Hz. 3H,
minor), 0.86 (s. 9H), 0.02 (s, 6H); 'C NMR (62 MHz, CDCLy)
{major diastereoisomer) o 203.2 {s), 155.1 (d). 127.7 (d). 61.5
(t). 198 (), 39.3 (d). 33.4 {d), 32.1 (1), 27.1 {d), 25.8 (g, 3C).
21.8 (q), 19.9 (q), 18.1 (s), 13.5 (q), =5.6 tq. 2C): (minor isomer)
A 203.04s). 194.8 (¢ J} 127.41d), 61.0 (1), 49.9 (). 39.4 1d), 33.7
(1}, 32.8 {d). 27.4 (¢}, 25.8 (q ’%(") 216 (g}, 196 {g), 18.1 (s},
15.6 (). -5.6 (g H MS miz (M’ —~ CHy caled 295.2093, obsd
2952114,

Anal. Caled for
69.88: H, 11.13.

(1S,4S.8R)-8-{(R?-14[(t‘m'r-Butyldime(hylsiloxy)methyl}
2-methylpropyl]-1-methylbicyclo|2.2.2]oct-5-en-2-one (15}
and (1R4R.8S5) 8-!?2)-1—{(tert-Buty]dixm{thylsiloxy)met]1-

CraHy 0,81 C, 69.62: H, 11.04. Found: C,

vi]-Z-methyipropyl]-1-methylbicyclo[2.2.2}oct-5-en-2-
one (16). o a cold {0 “C) solution of hexamethyldisilazane
(8.2 mL, 38.9 mmol}'in THF (36 mL) was added n-butylithium
in hexanes (20.1 ml, 32.2 nmml After 30 min, 14 4.0¢. 12,9
nunol) dissolved in <i_z_\ THE 1515 ml) was introduced. and the
brownish mixture was 5[1110(1 at 0 °C for 30 min, treated with
phenylvinvl sulfoxide (4.12 g 27.1 mmol} in THF {65 mL) via
a syringe pump during 3 h at 3—6 °C, and quenched with
saturated NHCL solution (40 mL). The aqueous phase was
extracted several times with ether, and the combined organic
layers were dricd apd concentrated. The residue was taken
up in ether, filtered through a pad of Celite. and concentrated.
The residue was dissoh ed in toluene (40 mL). calcium carhon-
ate {26 g, 26 mmog was added. and the vellow suspension
was heated at reflux for 24 h. After filtration of the cooled
mixture through a rjad of Celite. the filtrate was evaporated
and the residus \\aw chromatographed on silica gel (elution
with 9% ethyvl acetate in hexanes) to give 2.3 g (58%) of a
mixture of 15 and 16. Further puu(lmrmn hy MPLC afforded
1.16 g (27%) of purel15 and 609 mg {14%) of 16.

Fox 15: coloress mhd mp 38—40 °C; TR (neat, em™7) 1730,
1470, 1415, 1390: 'HINMR (300 MHz. CiDy) 6 6.21 (dd. J = 8.
7 Hz [H). 5.83 (br d J= 8 Hr, 1H). 3.55 (dd. J = 10.5, 3 Hz.
TH}. 3.39 {dd. = 1015, 5 Hz, TH). 2.48 (m, 1H). 2,01 (dd. J =
18. 2 Hz. 1H). 1.88~1.76 (series of m. 2H}, 1.67 (septer « d.
J=7.3Hz 1t 1.59 {dd, .J= 13, 10.5 Hz, 1H), 1.26 (s. 3H),
1.24 (dd, J= 13 8 Hz 1FD. 0.89 (m. 1FD. 0.92 (d, J = 7 Hz.
3H). 0.91 (s, 9H) 0. zﬂ {d, J=17Hz. 3H). 0.00 {s. 6H): '"H NMR
{300 MH7, CDCL) 0 854 (dd, J= 7.4, 7.1 Hz, 1H), 5.83 {d
J=T.7 He, 1HG 3.68&{(151. J=10.5.3.5 Mz, HH). 3.61 (dd. J =
10.5. 3 Hz 1HY. 2.88 (br s. H“{}. 207 (dd. J = 183, 1.6 Hz.
THY 1.90 wWdd, S = 1.6 Hz, TH) 188 on, THY ] (}‘l
dd. J = 1:1.1. 1 ;"; H7'. ‘.H) ! {7 (dd. J =132, 6 Hz, 11, 1.24
(m, 2H). 1194 {) G944l =T Hz 3HB. 090 (d J=7 Hz‘
3H). (.86 (s ‘)H\ 0 ()2 5. GH): Y0 NMR (75 MH7. Cald) 0 2104
s}, 1384 ¢ .i}. 133.9 4], 61.7 (¢ ), 4‘3. (). 486 (D), 37.2 (). 36 3
{d), 33.540), 338 ( ) k7.9 (). "h‘() {q. 3C). 208 (g), 18.3 (s),
18.1 (\ l/Mq) 5. —5.6 (q) ! ( NMR (73 \HI7 CDCIy)
52135 (). 1385 (d), 1335 (d). 61.6 (1), 49.4 (s). 48.7 (d1. 57 1
(t). 36.4 {dy, :_‘-1./ ), B35 ( d), )7.7 {d}, 25.9 {q. 3C), 21.7 {q).
18.1 (s). 17 B1g). 17 5 {g), —5.5 (@), —5.6 (g MS myz (M) caled
336. 2483 obsd 336.2481: [a}%, ~273 (¢ 1.35, CHCI3).

Anal, Caled for Canllss0:81: C, 71.37: H, 10.78. Found: C.
71.56: H. 10.87.

For 16: IR mvat) 1730, 1470. 1415, 1390: 'H NMR (300
MHz. C¢De) 0 6.33(dd, J = 8.7 Hz. 1H). 5.66 (brd, J = 8 Hz
1H). 3.46 ¢dd. J= 103 3 Hz. 1H). 3,40 {dd, J= 105 4.5 Hz,
tH). 2.89 sm. 1H). 7.3@ {dd. J=18.2 Hz, 1H). 1.96 (ddd. J =
18.35.2 Hi TH), 177 (mo 1H)Y. 157 tseptet x d, 7= 7. 3 Hz,
tHy, 112 dd 7= 13 1(’)\5 Hz, 1H). 1.25 (s, 3H), 1.05 tm. 1HD.

0
}:)\.,11“[ Cre /ﬁ

1.00 {dd, /= 13, 6 Flz. 1ID. 092 s 9H), 087 (. 7= 7 1{v,
3H). 0.71 ((J. J = 7 Hz. 3H). H)O fs, 6H): 2C \‘ﬂ% (75 Mri7
Caldg) 0 210.7 15} ;8 O (). 1335 (d). 61.3 (1), 49.2 (&), 491
(s}, 38.7 {d). 37.0 1), 34.9 (t). Ii-i,‘) (di, 28.5 {di. 20.9 (g 30,
224 {q). 18.2 (s). ‘8.1 g 17.1 a1, —3.3 {q ~5.6 () MS iz
{M7) caled 336.2485. obsd 336.2482: (o ¥p +278 (¢ 1.1, CHU 0.

Anal. Caled for CoHORLS1 € 71.37: HL 1078 Found, €,
7151 H, 1078,

(15,45,8R)-8-[(1 R)-1-(Hydroxymethyl)-2-methylpropyl]-
1-methylbicyclo{2.2.2]oct-5-en-2-ane {17). To a solurion of
15 (200 mg. 0.6 mmoly in THF (20 mi) was added at 0 C a
M osolution of TBAF in THEF (1.4 nl. 1.4 nimob. After being
stitred at 0 7C for 5 hand at ot for 100 the reaction misture
was treated with saturated NHiCl solution (30 mL) The
aqueous laver was oxtracted with ether (5 » 60 mb) and the
combined organic layers were dried. Purification of the residue
by chromatography (Florisil, elution with 10% ethul acetate
in petroleum ether) gave 113 mg (85%) of 17 as a colorless nil:
IR {neat, em™4) 3416 (br). 1714, IGIG 14530 FH NMR (300 Mz
C‘.,D(,) 06,19 (rid =8 7 Hz IHy 5. h% ibrd =8 Hz 1FD
335 tmu 2HY. 2. 44 (oo LHD, 109 (v d F= 18 Hz 1t} 1 76 e
do /- 18 He THY Led in ZH 147 dd, 7= 13 105 Hz
TR, B2% dhy s 1ED, 1222 08 SHL 135 idd 7= 13,6 1z 1M
090, T= 71z 3D 098t gn, T H) 086 7 - 7 Hez 3G
HONMR (T3 MHz Cad 9 2113 %) ’)8 Fd 1238 idy 615
{0, 49.3 (s 190 id), 37 1 0 36.6 o 345 (0 538wl 208
() 217 (g 187 (). 17.5 {gh MS sez /M3 caled 222 1620
obsd 2221619,

Anal. Caled for C.H -0y C, 750630 H, 1003, Faand
7584 H 1003

{15.488K)-8-[{1 R)-1-(Phenyithiomethyl)-2-methvipro-
pyll-t-methvibicyclof2.2.2]loct-5-en-2-0one (18). A scluticn
of 17 1300 mg. 2.25 mmal} and diphenvl disulfide 1970 myg 4.4
mmol} in teluene (5 mb) was treated wath i butviphosphine
(Lt mb 44 mmol} sudrred overnight at v and divectly
charged onto a column of silica gel. Elution with 0-10% of
ethyl acetate in hexanes gave 18 (630 mg. 927} as a white
solid: mp 82.5-83.5"C: 'H NMR (300 MHz, CDCLY 6 732 -
724 10719 7014 om. IH), G.A3 (L, J= 7.4 Hz 1H.5.82
(d. 7=74Hz 1H), 295 {dd. J=57 12.4 Hz. {H), 2.84 1w,
1H), 2.82 (ddd. .7 = 1.0, 3.6, 12.4 Hz, 1H) 217 (ddd, .= 1 0,
L7183 Hz by 2.11-1.80 (m, 3FD. 1.659—1.49 {m. 1H). 1.40—
135 m 2 H), S 18 (s, 3 HL 1.02(d. J=09Hz, 3H) 096 W
/= 6.9 Hz, 3 H); C NNIR (75 MHz, CDCL, 4 21280 138 2,
137.7.133.7.129.3 (2€). 1288 (2().126.0. 49.2, 46.9. 39 6. 37 0.
345 339 (2C;. 284, 210, 175 16.% f\iS mz (AN calcd
346.1780. obsd 346 1768 Jaj™ 303 {66 CHCL,

Anal Caled for CpH 08 CO 7638 H B33 Found: (.
76.34 H 837,

Methyl (2R) 3-(p-Methoxvbenzyloxy)-2 methylpropi-
onate (19¢). To anice cold suspension of sadium bvdy ide 7300
mg. 20 mmeh i dry ether \’_26 mibowas added draetse g
solution of jonethoxyvhenzyl alcohol (25 g .20 mob iy
ether (30l Y aver o 13 min period. Afler an additional 50
min. tichloroaceroniirife (19 mlL, Q.89 mol) was introduced

dropwise at ice-bath teraperature. The minture was stured
overnight and enncentvared to leave the imidate as an off (164
g. 90%).

Yo a mixture of methyvl (3-2-thvdroxymethyvbpropionaie
(10.0 g. 0.085 mob and the freshly prepared imidare 116 4 s,
( HZCI (20 m] ., and perroleum ether (40 mL) was added at 0

~a solurion of triflic acid {0 024 mL. 0.094 mmael} in CHA 3
(3 mbL) under NG The reaction mixture was stirred for 3%
at rt, diluted with tce water. and filtered with the aid ot
hexane. The aqueous laver of the filtrate was extracted with
hexanes. and the combined organic phases were washed wi'h
brine. dried and evaperated. Purification by ehromatog sty
on silica gel gave 19e (9.6 g 47%) as a colorless it M \\é}{
(300MHz CDCL) S 7T24d. T=90Hz, 2H) 6764 =490
Hz. 2H). 4.34 (5. 2H). 369 (5. 3H). 337 (s 3Hy 3.52 dd ,’ -
G174 He 1HL 333 (et J=91.39 Hy, THL, 267 «ddd
74071059 He 1), 106 (do J = 7.1 Hez 3H.
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p»Methoxybenz_ylll {28.3E) 4-1Iodo-2 methyl-3-butenyl
Ether (22e). A cold (=78 ~C) solution of 19 (480 my, 201
mmol) in dry ether {10 mL) was treated dropwise with a
solution of diisobutylaluminum hydride in hexanes (2.1 mL
of 1 M, 2.1 mmol). s med at =78 °C for 1.5 h. quenched wirh
saturated NHCT solution. and allowed to warm to vt. The
product was extracter into ethyl acetate. the combined organic
lavers were washed with brine. dried. and evapaorated. and the
residual aldehyde (420 mg) was used immediately.

To a cold 10 °Cy suspension of dry chremium(II) chloride (1.4
@) in anhydrous THF (10 mL) and dioxane (4 mL) was added
dropwise a solution t)f the above aldehvde and iodoform (1.3
2. %8 mmoel) in drv THF (8 mlL). The reaction mixture was
stirred at ¢ °C for 1 l‘{ and at rt for 4 h prior to being quenched
with saturated NH.CI solution and extracted with ethvl
acetate. The combined organic layers were washed with brine,
dried and concentrated. Purification of the residue on silica
gel (elution with 0~3% ethyl acetate in hexanes) gave 322 mg
(42 % over two steps) of 22e as a colorless oil: 1 NMR (300
MHz. CDCl1 ;«) 8 7.23(d J=289Hz 2H) 688 (d. /=89 Hz.
2H), 6.51 {dd, J== 7.4, 14.5 Hz, 1H). 6.08 (d. 7= 14.5 Hz, 1H).
4. 43 {s, 2H). 3 81 (s. 3H), 3.30 (m, 2H). 2.50 (m. 1H). 1.02 (d,

= 6.9 Hz. 3H): \I%‘m {7 (M™) caled 332.0273. obsd 332.0266;
[a]‘“,, ~-4.2 (¢ 0.17. CHCLy).

(15.25,45,8R)-2-[(1E.35)-4-(p-Methoxybenzyloxy)-3-
methyl-1-butenyli-8-[(1 R)-1-{(tert-butyldimethylsiloxy)-
methy]-2-methylpropyl]-1-methylbicyclo{2.2.2]oct -5-en-
2-ol (37¢) and (1S.2RA45.8R)-2-[(1E35)-4-(3-Methoxy-
benzyloxy)-3-methyl-1-butenyl]-8-[(1 R)-1-{{terr-butyldi-
methylsiloxy}methyli-2-methylpropyl]-1-methylbicyclo-
{2.2.2]oct-5-en 2-0l (38¢). A. By Barbier Type Reaction.
A mixture of nmgan%mn turnings (270 mg. 0.81 inol? 1.2-
dibromoethane (0.03 mbL. 0.35 mmoli. 22e {2 70 mg. 0 81 mmol).
and 15 (95 mg. 0.28 punol) in dev THF (3 mL) was sonicared
for 2 har 15~20 *C. After heing cooled to 0 °C. the reaction
mixture was quenc 1qd with saturated NH4C1 solution (1 mL)
and diluted wirh ether. The organic phase washed with brine,
dried. and concentrated to leave a residue that was purified
chromatographically (silica gel, elution with 5% ethvl acetate
in hexanes) to give il mg (20%) of 37e and 20 mg {13%) of
38e.

For 37e: colorless oil: ]R {CHCls. ™ 3400, 1627, 1439
HONMR (300 MHz, Celds) 6 7.28 (d, J = 6.8 Hz. 2H}. 6.81 (d.
J =638 Hz ZH) 6.27 (del. J=8.0. 7.1 Hz. 1H). 5.88 id. J:
8.0 Hz, 1H). 5.58 {m. |°H 41.31 (brs. 2H). 3.76 (dd. J = 10.5.
2.5 Hz. IH) ’377 (dd. 7= 105 4.1 Hz. 1H). 3.32 (s. 311)

{m. FH), 3.20 (mv. TH) 2.51 ibr q. J= 6.0 Hz. 1H). 2 (hl S,
THY. 2.02 idd. J - 13, 4.5 Hz, 1H). 1.87 {m, 1H}. 173 {m. 2H).
155 {ddd. J= 1321 1.3 Hz. 1H}). 1.40-1.20 {m, 3H). 1.08
{d. =70 Hz 3H).1 Jl')i") (. J =63 Hz 3H). 102 (s. 3. 0.96
(s. 9H) 0.3 {d, J=17.0 Hz. 3H), 0.02 {s. 6H): ¥C NMR (75
MHz, CsDe) & 1594 {s). 1384 (s). 138.1 (d), 135.8 (). 1290
(s}, 128.7 (d. 20,

127 3%‘11$/d2C 172(5 TH.2{).72.6
(t 62.3 (1), 341(1 A7.7 (. 41.9 (s). 380 ) 36.9 (d). 36.1
{d). 34.0 (y, 32.7 ¢ !) 7.9 (LJ 25.6 (q. 30, (;) 18.9 ).
18.4 .,lf.) q). 17.4 (g, —>>(q) -57 q) N’Nm/(\l*—
CsHu) caled (! i )1&3 obsd - 3128 [alfy =71 (¢ 18.
CHCY)

Anal, Caled for ColH,0.5 C. 7400 HL
7293 H. 10.07.

For 38e: colorfess ail: "H NMR (300 MHz. CDCla) 6 6.55 ¢,
J =84 Hz, 1H), 53.90:d, J = 8.4 Hz, 1H). 5.63 (m. 2H). 3.62
{dd. J=6.9 21 Hz, ‘\H) 351 (dd. .7=6.8 3.1 Hz. 1H), 3.39
{dd. J= 8.1, 41 Hr 1 2.55 (br s. 1H). 2.41 (m. 1H). 1.85
{m, 3HY, 1.35 (m. 1H). | 26--1 20 (m. 1H), 1.21 (brs. 3H). 1 .05
(d, J=8689Hz 3H). 103, J=68 H7 3H), 0.88 {2s. 18H).
0.81{d, J=7.1Hz, fﬂl) 0.05 (43 P2ZHY: MS miz (M~ CeHuD)

10.03. Found: C.

caled 421.3138, obsd 421.3142,

B. Use of Magneslum Bromide Etherate at —78
0 "C. A cold {=78 °C) selution of 22e (186 mg, 0.56 mmol) in
drv ether (3 mL) was treated with tert-hutyll !tl dwmn 0.75 mbL
of 1.7 M in pentane, ‘ .28 mmol) until a pale yellow color
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appeared  After 10 min of stirving. magnesium hramide
etherate fexcesst and a solution of 15 193 me. 028 mmel were
inteodured at this temperaturc. and the reacton mixt e voas
allowed to warm to 0 ' C avey £ h. After the reaction mxture
was quenched with saturated NHLCI solution {1 mi). the
mixture was ditured with ether. and the organic phase was
washed with brine. dried. and concentrated. Chx()ﬂuﬂ()(ilrlph\
of the residue as above afforded 60 mg (39%) of 37e and 032
mg (219%) of 38e.

C. Use of Magnesium Bromide Etherate at 0 °C. A cold
{(~78 *C) solution of 22e (101 myg. 0.30 nunol) in dry tthu {2
mLi was treated with tert-butvllithium (0.4 mL of 1.7 M in
pentane 0.68 mmol) until a pale vellow color appeared. After
10 min of stirring. magnesiwn bromide etherate {excess) was
introduced at this temperature and the reaction mixture was
warmed directly to 0 °C. stirred for 20 min, and treated with
a solution of 15 (51 mg. 0 15 mmol) in THF (2 m ). After 2 h
of stirring ar 0 ¥C. the above wor kup was applied. and theye
was isolated 52 mg (63%) of 37e and 16 my (207 of 38e.

Compound 355. To a cold (0 "C solution of 37e (177 mg.
0.326 mmel} and 18-cvown-6 (86 mg. 0.33 mamols in drv THE
{6 mL) was added potassium hexamerthvidisilazide (2 ml ol
() 5 Moin toluene, T mmol). After being stived fur 5 mir at 0

" the vellowish mixture was direcriv heated ar 120 C for |

h in ascaled tube returned to 0 °C, quenched with satuvared
NH;Cl solution, and diluted with ether. The organic phase was
washed with brine. dricd, and concentrated The residue was
putified hv chramarography on silica gel lelusion with 8.1
other h(‘\am s) to give 127 mg (72%;) of 55 colorless oil: IR
mmt e T LTEO0 1510, 1460 HNMR 300 MHz CDOL) -

2A by . F= 806 Hr 2HY 6.86 thrd, S = 806 He 2HY 71 3
hrs THY 447 71d. 7 - V16 Hz, IHY 4404k T - 116 H, Y
379 (5. 3H), 369-3.62 tm, 2H). 348 (dd. J=9.1. 3.7 Ha H)
338 tdd. S~ 9.0, 6.2 Hrzo 1H). 261 (b s. TH). 231 thed. 7 =
1U6 He 1TH: 220 2.02 fin, BH). 1,94 170 (nu 4HY. 170 {b)
s 3HY. T12--1.07 (m 1H) 1.02 (4. 7 =66 Hz JH). 0497 L
J=6.9 Hz 3H). (.89 (s. OH}. 0.89 (. /= 7.0 Hz. 3H}. 0.05 thr
s 6H) FONMR (70 MHz. CDCL) 4 212.7. 1581 136.9.130.7.
1290 (2C 118 1 1137 (2C). 73.1 72.8.60.4.55.2.46.7 33.7.
41.5.38.2. 37.3. 37.0, 36.6. 34.7. 32.1. 267, 259 (305 «3.7.
217181175162, =55, —=3.7: MS m/z M~ ~ CH caled
527.3557. obsd 327.3536; {a¥ +5.9 (¢ 1.60. CHCL.

Compound 56. A solution of 55 {185 rng. 0.31 mmol),
erhvlene glveol (0.38 mL. 6.8 mmol). and p-roluenesulfonn acid
{19 mg. 0.1 mamaol} in benzene (4 mL) was refluxed for 4 hunder
a Dean—Stark trap, cooled to rt.and queniched with sarurated
NaHCO; solution. After dilution with ether the organic phase
was washed with additional bicarbenate solurion dried. and
evaporated. Chromategraphy of the residue on silica gel
{elution with 101 he\ar‘e’ Jerhyl acetate' aftorded 168 my
(840 of 56; colorfess oil IR (peat s 1610 1510 1450
HNMVR 300 MHz, CDCLy o720 brd /- 84 Hz 2H: 6 88
thrd. /=83 H/ 2Hy 5. 2? {br s 1H), 447 ¢ F= 1165 Hz
TH), 440 (. 7 = 11.6 Hz 1HD 393 (s 4FD. 3.80 (0 3R
370 360 {m. LH;. 3.51 \dd i=00 35 Hy HY 332 526
{m, Ty, 2240 thr s  THY 2.09-1.97 o, 4H. 1841 58 i, §HD
164 hr s, 3FD 143 116 tm 4 105 (d 7= 65 Hlye 3t
0.99 ¢, J = 6.9 Hz 311080 thy < 9 088 id J— 741z
3HY 0,03 s, GHI, *"( NMR TS MH CDCEY A 15300 133.9
131.00129.0 2C 1187, 113.6 (2Ch 149 9. 7;'»5 T2 640 6y

GU.9. 55 2. 469 408, 38.1. 364, 34.5. 34.2. 340 3206 2404
26.7,25.93C. 23,7, 21 6, 181 17.8, 164, =55 3.6 NS nor
(M7} caled 386.1054. obsd 386.4023; luj 102 (0 14D,
CHCl).

Compound 57, A solution of 536 (54 mg 0.082 mmoli in
dry THEF 4 mL) was treated with a 1 M solution of TRAF m
THE (0.28 inl, 0.28 mmol}, stirved at rt for 14 9 diluied wit):
hexanes, and hllcxed through a short plug of silica gel The
evaporated fikrate was punified by chroma mqraph\f {sthra ge
elution with 2:1 hexanes/ethyl ‘-‘((matv) to give 57 143 mn
100%) as a colorless vil: IR ineat. un ¥) 3420, 1600, 1500 1420,
HNMR (00 MHz, CDCL 6 7.24 by d‘ J= 84 Hz 2HL B ES
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|
(brd. J= 86 H.z. ZH) 5.21 (brs, 1H). 4.45 (d, ]—— 11.7 Haz.
1H). 4.37 {d. J = 117 Hz, 1H), 3.81 (br s, 4H). 3.79 (s. 3H).
3.77-3.67 i, /‘H 3 4‘\ (dd. J = 9.0, 3.6 He. 1H 3.28 (dd
J=98.0,7.1Hz IHD, 2.37 (brs TH), 211183 (m. 4H). 1 82—
157 (m. 41D, 1.64 tbr s, 3H). 1.43-1.18 (m. 5H). 1.02 4. J=
6.5 Hz. 3H). 1L.01 (. J = 6.9 Hz 3H), 089 (d. J = 7.0 Hz, 3H).
BCNMR (75 MHz CDClay 4 159.00 1356, 130.9, 129.0 120y,
I8 Y. 1136 2CH 109 8. 73.53.726.684 2.63.8.681.2, 057,474
40.7.38.0. 36.5. 34.5. 34.1. 34.0. 32.7. 29.2. 26.5. 23.7. 21.6.
V77,164 MS i 7 ('\1 = HY caled 473.3267, obsd 473.3285:
fed¥ <7 6 {¢ 1.33ICHCH

Compound 58. To a stirred solution of 187 {43 mg, 0.081
mmol} and DMAP 67 mg. 0.55 mmol) in CH-C l> (4 ml ) was
added p-toluenssuifonyvl <l loride (52 mg, 0.27 mmoll. and the
mixture was stirred overnight at rt, quenched with saturated
NaHCO, solution. and extracted with ether. The combined
organic phases werg dried and (Jvapmated to leave a residue
that was chromatographed on silica gel. Elution with 2.5:1
hexanes/ethyl acetate ;,cwe 52 myg (91%; of tosylate as a
colorless gum: IR (feaL em™Y) 1590, 1505, 1440, 1350: 'H NMR
{300 MHz. CDCly} 9 7.79 (br d, J = 8.2 Hz, 2F) 7.34 (br d.
J=81Hz 2H). 724 (brd. J=85Hr, 2H). 686 brd. J=
8.6 Hz. 2H) 5. 18 (hrs. 1H), 4.45 (d. J==11.7 Hz. 1H). 4.23 (d.
J=117Hz, 1H). 4109-3.29 (sevies of m, ZH). 3.89 (br s, 4H)
379 {s. 3H). 347 (e, T= 9.0, 35 Hz, 1H). 3.26 (dd. J =
7.2 Hz, TH). 2.45 {5 3H). 2.34 (brs. [H), 2.00~1.80 (m, 3H).
1.76—1.48 (m. 3H). 1.54 (brs, 3H). 1.43-1.15 (in, 4H). 1.00 «d.
J=65H7 3H), 087 (d. J =69 Hz 3H). 0.81 (d. /= 7.0 Hz,
3H); BC NMR (75 MMz, CDCl) 6 159.0. 1447, 135.0 1329,
130.8, 129.8 {2Cy 129.0 (2C). 128.0 (2C). 119.0. 113.6 (200,
109.6.73.2.72.6. 689, 64.1, 62 9. 552, 44.6, 106, 37.8. 35.9,
34.4.34.0, 33.6. 321, 29.1, '762 234,216, 212,172,163
MS iz (M~ CHAJ) taled 611.3043, absd 611.3054; fu 9.2
{c 243, CHCL.

Compound 5‘) A4 mixture of 58 {32 mg. 0 083 mimel and
sodium iodide (124 mg. .83 numell in methvl ethvs ketone (5
mLY was refluxed foir 1.0 h ander N cooled to vt chiluted with
ether, and washed with saun‘ared sodium thiosulfate solution
The arganic phase was dried and evaporated. The residue was
taken up in DMF (4 mLj, treated wirh sodium p-toluenesulfi-
nate {148 mg, 0.83 npmol). and heated at 110 °C for 11 h. The
cooled reaction niixture was diluted with ether and washed
with brine. The aqueous phase was extracted with ether. and
the combined orgarlic layers were dried and concentrated.
Purification of the product was accomplished by flash chro-
matographv on silita gel (elution with 3:1 hexanes/ethvl
acetate) to furnish 42 mg (82%) of 59 as a colorless gum: IR
meat, cm 1) 1590, 1160 14A 00 'FTNMR (300 MHz, CDCL) o
779 byrd J=82Hz 2H). 735 (hrd. J= 80 Hz 2H; 7.25
{brd, /=89 Hz 2H). 8 86 hrd, /=86 H i7 2H), 316 (br s,
IHV. 445¢d. T— 117 Hz, 1H). 4.354d. J= 117 Hz. 1H), a.95~
388 (m. 411). 3.78 (hr' 5. 2H), 3.45 1dd. J =9.0. 3.5 Hz, 1H).
3.25(dd. J= 8§ ) 7.0'Hz, 1H). 3. 07 (ddd, .J=15.2. 4.3 Hz, 1H).
2.86 (dd. J= 152, 3.7 He. 1H), 2.44 (s, 3H). 2.34 (br s, 1H).
2.13-2.04 tm. 1), 1.93-1.90 (m. 2H), 1.80-1.49 (m. 5H). 1.54
{brs. 3H), 1. 43---1 7 {m, 4H), 1.00 {d, J = 6.5 Mz 3H). 0.86
{d. J =68 Hz 3H), 0.73 (d }« 6.8 Hz. 3H): "*C NMR {73
MHz, CDCly) N I 3000 144.5, 137.6, 135.3. 130.8, 129 8 :2C),
129.0(2C). 128.2 2C), 118.8, 113.6 (2C), 108.5,73.3.72.6. 6.2
64.0. 56.4, 55.2. 40.6, 40.01, 39.96. 38.1, 34.6, 34.4. 34 0. 32.5.
29.0. 27.1. 233, 21.9, 20,4, 16.3, 16.2; MS miz ™M ) caled
610.3328. obsd 610.31}92: [053g +1.1 (¢ 2.00. CHCl.

Compound 60. A mixture of 59 (42 mg. 0 069 mmol} and
DD (23 mg. 0.1 mmoly in 18:1 CHLCL/H0 (4 ml ) was stirred
at 1 for 13 h. quenched with saturated NaHCO; solution. and
diluted with ether. The aqueous phase was extracted with
ether. and the combined organic lavers were dried and
concentrated  The rediduc was purified by flash chromatog-
raphy (silica gel, elution with 111 lwxmww(ﬂnl acetatej to
provide 32 ing i84%) of 60 as a colorless gun IR {near, cm="
3460. 1590, 1376 'HUNMR (300 MHz, CDCla) & 7.88 br d.

JOCArticte
7= 83 Hz 2Hy 7.35 (hrd, J=82Hz 215 218 (by s 1HL
3.95-3.91 {m. 4H). 367 (dd. J= 10.6. 3.3 Hz. 1] 3.47 'dd
=105, 6.0 He IH). 3.06 (dd. /=152, 1.4 He THY 283
tdd, J - 1»4 38 Hz IH). 267 J~87Hz ¢H) 241 s
3. 2,30 (e s 1FD 200196 gn. 1HD. 1.95--1 .90 {m 2.
1.78-152 tmy SH: 155 s ”HI, £ 30120 (. 3H). 099 {d
J=06Z2He 3H 086 7=069HA3H 072« T=68Hy
SHVG OANMERE oo MEZ CDC 140 0, 176 130 %1798
203 12824203 11851095, h; 3642 640564401 400
399, 38 1. 358, 34.7. 34.5. 32 5, 28.9 27 L2355 216205,
6.2 13 H:AS a7 (MY caled 190.2753, obind 1902754 lal-
=41 e 178 CHCLL.

Compound 61. To a mixture of 60 (32 mg. 0.065 mnnl
and DNAP 148 g, 0.39 mmoll in CH.LCE (3 ml Y was added
p-toluenesulfonyl chloride 37 mg, 0.19 minal). After being
stirred over mghr at rt. the reaction mixture was guenched with
saturated NaHC O, solution and extracted with ether. The
conthined organic lavers were dried and concentrated 1o leave
a residue that was purified bv flash chromatograpby ~ilica
gel, elution with 2.5:1 hexanesiethvl acetate!. Tuere was
isolated 34 mg {81%) of 61 as a color less gum: IR fneat, am )
1590, 1440, 1340: 'H NMR 300 MHz CDCIY 8 7.79 thr o
J=83Hz 2H). 7.75 (he d. J= 84 Hz. 2H). 725 thr d. J -

A Hz 2H), 730 (brd. J=38.1 Hz, 2 H), 488 hr s TH: 4.05
(dd. J =94 34 Hz, 1H). 3.93-3.85 (m. 5H;. 307 dd. 7 =
152, 43+, 1H). 284 (dd. /= 15.0. 3.7 Hy. 1FD. 245 ¢s 2H)
243 (5. 3H). 2 18 (brs. [H}. 2.04~196 (m. 1H}. !. 94--1.67 im
4HY. 1 66-1.47 (m. 3FD. 1.53 (b s 3FDY 1471 14 um (H
0.92 . .7=06.5Hz dH). 0.861(d, J=068Hz ° H G672ul.7=
6.7 Hz 3D PONMR (T Mz, CROT: A 116 1445 u,,f,_
1364, 1331, 1299 (20 1297 (200, 1282 20 1279 (20,
117.5.1092,73.2. 642, 64 1. 58,3 30.93. 3989, 3982 377
345 343.333.3 .:'). 289 271 2 D210 2157204 6.2
l’;() MS w0, M caled G4 1 2841 obsd 644 2863 ! o v
(e 249, THCOL)

Compmmd 2. A mixture of 61 {12 ma 0013 mvrnl andd
sodium iodide 285 me, 0 19 mmol® in me *IX\ ethv] kKetone (2
mb) was heater ar refllux temperature for I3 0 conled (oot
diluted with etber. and washed with saturated sodiun thie
sulfate solution, The organic phase was dried and evaporated
and the residue was purified by flash chiromatography isilica
gel, elution with 4:1 hexanesfethy! acetate) to furnish 9 g
(824) of 62 as a white solid: mp 193 “C: IR (neat. cm 1580,
1420, 1360: "H NMR (300 MHz, CRCMY o 780 brd .J= 82
Hz, 2Hj. 7.36 (br d. .J = 8.0 Hz, 2H. 3 lO brs, TH: 394 (b
s 4H). 334 (dd. 1~ 98 26 Hz IH). 322 @dd /=97 32 He

Hj. 3.08 «d, .J— 152. 13 Hz. tH). 286 idd 7 — 151,18
Hz. 111}, 2.45 (s. 31). 2 38 (brs. 1P 2,151 90 (e, 314 . 184
1.50 (m SH). 188 thy s 3H). 1461 20 Gy 4H). 1.0 d /=
6.3 Hz 3 ) 0.87{d. 71=069Hz )H T4 =03 i'/ 3
O ,\I:\'I (75 MHz. CDCLY 6 1445, 1377 1365 1209 208
1282 (201 1176, 1094, 643, 64 564, 42.6. 40.04, .ﬁ&).&)h.
375,344, 34.3.33.5. 326 289. 27.2 235 21.6. 20.4 “)"
17.5.16.2: VS ey (M7 caled 600 1770, obsd 60D176 1
+7.6 1c0.87. CHCL).
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'CAPITULO REIVINDICATORIO MODIFICADO 7

1. Un compuesto de la Farmula (I1):

|

T

| {1
en donde:

R® es alquilo de 1 a 7 atomos de carbone o cicloaiquito de 3

a B atomos de carbono; y

| _
R* es alquilo de 1 a 7 atomos de carbano, alquenilo de 2 &
7 dtomos de c“arbono, cicloalquilo de 3 a 8 atomos de carbono, fenil- o

naftil-alquilo de 1 a 4 Atomos de Carbono. ¢ada uno ins'u'.s'tituido Q

mono-, di-, o tri-sustituide por alquilo de 1 a 4 atomos de carbona, O-
alquilo de 1 al‘4 atomaos de carbono, OH, alquilc de 1 a 4 atomos de

carbono-amino, di-alquilo de 1 a 4 4tomos de carbono-amino, halégeno,

y/o por trifluoro-metilo;

|

| .
o una sal‘del mismo.

|

2. El compuesto de acuerdo con la reivindicacion 1, en donde

R® y R* son independiantemente alquilo de 3 a § atomos de carbono

ramificado. \

|
3. El compuesto de acuerdo con la reivindicacion 1 6 2, el ¢ual
|
tiene la siguiente estereoquimica:

|

R3,, o
’ P~
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1 (V}
en donde R® y R* son coma se definen para un compuesto
de la Formula (Il), y R es atquilo 'de 1.a 7 &tomos de carbono o
cicloalquilc de 3 a 8 atomos de carbono, o una sal del mismo,; seguido

por hidrogenacién para convertir la fraccién de azida hasta una amina,

y para efectuar el cierre del anillo de lactama.

13.  Un método Apa'ra la preparacién de un compuesto de la
Formula (V1) '

R3

Vo N '
9 Ra
\ Act L)

en donde R® y R* son como se definen para un compuesto
de la Férmula (Ili, y Act es un grupo activador seleccionado a partir de
un grupo protector de amino, en particular un carbamato, 0 una sal del
mfsmo; que combrende-in'troducir el grupo activador en el nitrégeno de

un compuesto de la Formula (I)), como se da en cualquiera de las

reivindicaciones 1 a 4, ¢ una sal del mismo.
|

| f

14.  Un compuesto de Ia Formula (Vi):

|
|

| R3 o 0

}



| %0
| | 7

|

NG

L

TG Pnr Your complimentary : A :
- use period has ended. Expediente No 03-038.593
*® C m p|ete Thank you for using Modificaciones Vohunitarias
i I PDF Complete.

ot

R® es alquilo de 1 a 7 atomos de carbono o cicloalguilo de ﬂ
a 8 atomos de carbono;

|
R* es alquilo de 1 a 7 atomos de carbono, alquenilo de 2 a

7 atomos de c;rbono, cicloalquilo de 3 a & a4tomos de carbono, fenii- o
naftii-alq.uilo dé 1 a 4 atomos de carbono, cada uno insustituido o
mono-, di-, o tr‘i-sustit'uido par alquilo de '1' a 4 Atomos de“ carbono, O-
alquilo de 1 a 4 Atomos de carbono, OH. alquilo de 1 a 4 &tomos de

. carbono-amino.ldi—alquilo de 1 a 4 atomos de carbono-amino, haldgeno,
yio por trifluoroi-metiioé Y

. |

- : Act Tes un,grupo activador seleccionado a partir dé un grupo

protector de amino, en particular un carbamato; ’ |

o0 una sal del mismo.

15. El compuesto de acuerdo con la reivindicacién 14, el cual

_tiene la Férmula:

\

16. El compuesto de acuerdo con la reivindicacién 14 6 15, el
cual tiene la Férmula:

|

/l | /Lf,,, o
o
0 /’L 7/ O’go f/
or ~0 x
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