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METODO PARA PREPARAR ACIDOS CICLOHEXAN CARBOXILICOS %f’
REIVINDICACIONES:

1 Un proceso para preparar un compuesto de la férmula (I)

R

en donde,

R es halo, alquil Cy, alquil C, sustitwudo por 1 a 4 halégenos, alcoxa Cy.5, alqueml
Cis, -O(CHa)ncicloalquil de 3 a 6 dtomos,

neslas,
mesO0ab,y
R’ y R” son independiente hudrégeno o CO(O)X donde X es hudrogeno o alquil C,,

cuyo proceso consiste en decarboxilar el diacido o diéster de la Férmula (A)
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2

en donde R es hidrégeno o un grupo formador de alquil-éster Cy. de 1 6 Atomos y ‘%Z
R y n son lo mismo que para la Formula (I)

2 El proceso de 1a resvindicacidn 1, en donde el diéster o didcido es combmado
con aproximadamente 1 equivalente de una base, aproximadarmente 3 equivalentes de agua
y aproximadamente 3 equivalentes de una sal élcah en un solvente adecuado calentado a
entre aproximadamente 100 a 150°C durante aproximadamente 4 a 8 horas

3 El proceso de la reivindicacién 1, en donde R, es hidrogeno, metil o etil y 1a
base es pindina y la sal es cloruro de hitio

4 El proceso segun cualquiera de las retvindicaciones 1 a 3, endondenesR, y
un grupo es sustituido en la posicién 3 y el otro grupo es sustrtuido en la posicidn 4

5 El proceso de cualquiera de las reivindicaciones 1 a 4, en donde R, es metil,
uno de R, es metoxy, -O-CF;, -0-CHF,, 0 -O-CH2CHF; v el otro es cicloalcoxi Cus

6 El proceso segiin cualquiera de las resvindicaciones 1 a 5, en donde n en R,
es 2 y uno de 3-ciclopentilox: y un segundo grupo R, es 4-metoxi

7 Un compuesto de la formula (A)

RO OR,

en donde

R es halo, alquil C;.6, alquil Cys sustituido con 1 a 4 halogenos, alcoxi C,.6, alqueni!
Cis, O-(CHa)pcrcloalquil de 3 a 6 &tomos,
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neslas,
mes0aé,

R; es hidrogeno o un grupo formador de alqul éster C,5 de 1 a 6 atomos de
carbono,

8 Un compuesto segun la revindicacién 8 en donde nen Ro es 2 y R, es
metoxi, -O-CFa, -O-CHF,, o -O-CH,CHF: y el otro es cicloalquiloxiCag

9 Un compuesto segiin cualquiera de las remndlcamon donde n en

R, es 2 y uno es 3-ciclopentiloxa y un segundo grupo Rn es 4-metoxi

Un compuesto de la Formula (B)

(B)

en donde

R es halo, alquil Cy, alquil C;.¢ sustituido por 1 a 4 halogenos, alcoxi C,., alqueml
C.¢, -O-(CHz)xcicloalquil de 3 a 6 étomos,

neslas,
mes0ab,y
M es OH, un grupo hidroxil activado, o halo

Un compuesto segun la reivindicacién 11, en donde nen Ry, es 2 y R, es
metoxi, -0-CFy, -O-CHF,, o -0-CH;CHF; y el otro es cicloalquiloxiCas
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13 Un compuesto segiin la rervmdicacién 11 ¢ 12, en donde n en R, es 2 y uno

Y

3)

es 3-ciclopentiloxi y el segundo grupo R, es 4-metoxa %E),

14  Un compuesto de la Férmula ( C)

{c)
en donde

R es halo, alquil C,, alquil C,¢ sustitwido por 1 & 4 halégenos, alcox: Cy5, alqueml
Ci.6, “-O«(CHz)ncicloalquil de 3 a 6 atomos,

neslas,
mes0ab

15  Un compuesto segiin la reivindicacion 14, en donde n en R, es 2 y R, es
metoxs, -O-CF;, -O-CHF;, 0 -O-CH,CHEF; y el otro es cicloalquiloxiCes

16 Un compuesto segun la rervindicacién 14, en donde n en R, es 2 y uno es 3-

ciclopenhlox: y el segundo grupo R, es 4-metox:

17 Un proceso para preparar un compuesto de la Formula ( C )

60-147,578 — gep 00



Rn
©)
en donde

R es halo, alquil Cy., alquil C,¢ sustitwido por 1 a 4 halégenos, alcoxa C,, alquenil
Ci-6, -O-(CHz)mCicloalquul de 3 & 6 éitomos,

neslas,

mesQab,

que consiste en tratar el mitnlo de la Formula (D)

CN

Rn
(D)

con 2-cloroetil vinil éter y una base fuerte,
donde, en la Férmula (D),

R es halo, en donde alquil C,., alquil C.¢ sustituido por 1 a 4 halogenos, alcox1 C;.
s, alquenil C,4, -O-(CHz)mcacloalquil de 3 a 6 atomos,

neslas),

mesQ0ab
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18 Un proceso para preparar~un compuesto de la Férmula (I) segin la
P
retvindicacién 1, cuyo proceso consiste en

X

¥

a convertir el vimletil éter de la Férmula (C) ;

\ /

(o

CN

An
O

en donde R y n son R es halo, en donde alquil C,.¢, alquil C,. sustido por 1 a 4
halogenos, alcoxi Cy.6, alquenil Cy¢, -O-(CHz)mc1cloalquil de 3 a 6 dtomos,

neslas,

mesDaéb

en un compuesto de la Férmula (B)

®)

en donde M es OH,

b convertir el grupo hudroxil de la Formula (B) en un compuesto de Ia Formula
(B), donde M es un tostlato, mesilato o un tnflato
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c convertir el tosilato, mesiata o tnflato en la Férmula (B) en un compuesto

de la Formula (B), donde M es halo’ - %
d tratar el compuesto dihalo con malonato de dialqul para obtener un
compuesto de la Férmula (A)
RO OR,
CN
Rn
(A)

donde R, es alquil més bajo,

e opcionalmente, saponificar el diseatero de la Formula (A= para obtener un
compuesto de la Formula (A), donde R, es ndrégeno, y

f descarboxilar un compuesto de Ia Férmula (A), donde R; es lidrégeno o
alquil C,¢ para obtener un compuesto para la Férmula (T), donde uno de R’ es hidrégeno y
el otro es CO(O)X, donde X es alquil Cy¢ 0 ludrogeno

19 El proceso de la reivindicacion 18, en donde n en Ry es 2 y R, es metoxi, -
O-CFs, -O-CHF;, o0 -O-CH2CHF, y el otro es cicloalquiloxiCys, M es tosilato, y de alli en
adelante yodo, y R, es mehl o etil

20  Un compuesto segin la retvindicacidn 18 o 19, en donde n en R, s 2 y uno
es 3-ciclopentiloxa y el segundo grupo R, es 4-metox
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This mnvention relates to a method for preparmg 4-subststated -4- U[‘ﬁ
cysnocyclohexancarboxyhc acyds Exemplary compounds are useful as PDE 4 miubitory
Backeround of the Invention
The process of thus mvenhion relates to making compounds which are usefol 1o freating
diseases modulsated by the 1soforms of the phosphodiesterase 4 enzyme The novel
merroedintes and processes of this invention are useful m malnng acids which are known
PDE 4 miubitors. They are usaful for, among other things, treating puilmonary diseases such
s chronc obstructive pulmonary disease (COPD) and asthma. The compounds which are
prepared by the methods of this mvention are described 1n, for exampls U.S patont
5.554,238 1ssued 03 September, 1996. That patent u mcorpomated here by reference in foll
Thoss compounds, particularly the 4-cyanocyclohexanoic acids, have marked effects on
neutropiul achivaty, inlubrting neutrophil chemotaxis and degrasmistion in vitro In angmal
models, thoss compounds reduce neutrophil extravasation from the circulation, pulmonary
sequestration and the edematous responses to a number iflammatory msults in vivo They

have been foond to be nseful m treatmg COPD in humans, and possibly m other mammalan
species wiich suffer from COPD

Summary of the Inventicn
Tn a first aspect, tus invenhion relates to a proceas for preparing a compound of
formula (T)
R
Rn
nl
oN @
where

R 15 halo, Cy_galkyl, C1.galkyl substituted with 1 to 4 halogens, Cj_galkoxy, Cj_
galkenyl, -O-(CHa)cycloalkyl of 3-6 casbous,

nis -5,

mu-6, and

R’ and R” are independently hydrogen or CO(O)X where X 13 hydrogen or Cy.
calkyl,

which process comprises docarboxylatmyg the dhester or diacid of Formula (A)
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(LN
where R 18 hydrogen or a C1_galkyl-ester foromg group and R and n aro the sams as for
Foramla (T)
In a further aspect tns invention relates to a compound of formula (A) per se.
5 In a thard aspect thns invention relates to prepanng certain other intermechates that

are wseful 1n preparmg the drester or di-acid of Formula (A), and the intermedhates
themselves, 1.0.

leunpamﬂoﬂ‘mh(ﬂ)u

(B)
10 wherem R and o are the same as m Foanula (T) and M 13 OH, an achvated hydroxyl group,
or halo; and

e compoond of Formula (C)
A\ 4
WS
CN
=
Pui

©
wherein R and n are ths same az m Formmls (.

15 In yet another aspect, the invention provides a method for making a compound of
Fornmla (C) by treating the nnrils of formmia (D)



66D080G" 8L54LHTOS

- . X
(- AU

D)

where R and p are the same as defined above, with 2-chloroethyl vinyl ether and a strong
base,

‘This wvention also provides a method for prepanng a compound of Formala (T)
5  wiuch comprises
o convertmg the vinylethyl ether of Foromula (C)

3 S

o

CN

Rn
©

10 wherein R and n ere halo, C;_galkyl, C;.galkyl substituted with 1 to 4 halogens,
C1.galkoxy, Cy.galkemyl, -O-{CHa)yeyeloalkyl of 3-6 carboms,

nis 1.5;
miwsid-6,

to a compound of Fornmula (B)
15
M M

®

where M is OH,
b converung the hydroxyl group of Formala (B) to a camponnd of Formula (B)
20 wheso M 1s a tosylate, mesylate or a tnflate,

c. convertng the togylats, mosylate or tnflate mn Formula (B) to a compound of
Forrmula (B) where M 15 halo,
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d treating the di-halo compound with dialkyl malonate to obten a compound of
Formmila (A)

RO OR,

An
A)

where R} 1z lower alkyl,

e. optionalty saponfymg the chester of Rormmla (A) to obtain a compound of
Formaola (A) where R} 18 hydrogen, and

f decarboxylatmg a compound of Farmutla (A) where R} 18 hydrogen or Cj_galkyl
to obtam a compound for Formula (T) whare one of R’ 1 hydrogen and the other 15 CO(O)X
where X 1s C;_galkyl or hydrogen

RGN Wi i J AENAE

This invention provides a
provides an alternative moans for prepanng the cyclohaxanoic acids disclosed m U.S patent
5,554,238 where the 4-posthon on the cyclohsxane nng bas a CN group

*Halo" as used berean mcludes fluoro, chloro, bromao, and 10do "Halide® includes
fluonde, chloride, brammde and 1odide.

For all of the compounds disclosed herem, a prefarred embodunent 18 one where
there are two R groups, 1.6. n15 2. Most preferred are those compounds where ane R group
12 at the 3 posshion and the second R group 15 on the 4 posthion of the benzene mug  More
partcularly st 18 preforred that each R gronp be independently C4-goycloalkyloxy aor Cy.
salkoxy unsubstituted or substituted by 1 or more halogens More prefesred are methoxy,
C1.2alkoxy substituted by up to 3 fluoro stoms, cyclopropylmethaxy or cyclopentyloxy
The more preferred R groups are those wherain the 4-position R group 1s methoxy, -0-CF3,
-0-CHF2, or -O-CH2CHF}. and the 3-pomtion R group 1 cyclopropylmethaxy or
cyclopentylaxy

In Formula (A) the most preferred Ry groups are hydrogen, methiyl ar ethyl

In Formnla (B) the most prefecred M groups ave OH, tosyl and 10do

The mast preferred product of the process of this imvention are those compounds
which have a 3-cyclopentylaxy-4-methoxyphenyl substitution pattem.

Reaction Scheme I provides a disgrammatic overview of the mtermedaates and
chemmstnes employed 1n thus mrvention.
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Yo = O
N (l RO I OR,

RO OR, O\

8+
waber
CN __pyidine MeO R
DMSO
o
o CN
OMe
15,18
5 The starting matenigl 3-cyclopentyloxy-4-methoxybenzeneacetonitnlo 15 & known

compound. Sce for example U.S patent 5,449,686 The 2-chloroethylvinyl cther 13
commercially available (Aldrich) To effect the reactson, a strong base 1y chargad to a
reaction vessal contmining a svitahle non-polar solvent to whuch the vinyl ether 1s added.
Thus muxtmro 18 beated to between about 30 to 70 °C and charged with the

10  benzeneacetomitrile (A) pre-dussolved m the same solvent as the bage and the vmyl ether
Toluene 15 a prefarred sotvent, A proferred base 1 sodiom amide  The amount of base 15
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equivalent, on a molar basis, to that of the vinyl ether Both are used in about a three-fold

excess relative to the substrate  After the benzencacetonitnis has been charged to the W
reaction flask, the solution 18 furthes heated o around 80 °C move orless  Usually the

reaction 15 compiote m about 30 munutes to 2 hours The product (1-1) is 19clated uamg

standard procedwres

The bus 2-hydroxyetityl compound (1-2):s prepared by treating the vyl ether
manety prepared as per the precedmg paragraph wath a strong mmeral acad m an aqueous
solvent. For example water can be sdded to the 2-(ethenyloxy)ethyl compound (1-1),
heating that combination to sbout 70-90 °C end then adding a molar excess of a minernl
acid such as HCl or the hiks. A preferred set of conditions 18 one where the 2-
(ethenyloxy)ethyl 1z treated with water snd heated to sbout 80 °C more or less followed by
the addmion of a 50% molar excess of concentrated HCl. Under theae conditions the
reacticn 18 complets m 5 - 20 minutes,

To obtmn the halogenated compoand 1-4, the diol 18 convertsd to a group which can
be displaced by a baliude 1on. For example the diol can be converted to a tosylate, mesyliate,
or the like, by treating the diol with reagents and under condrhions winch form the tosylate,
etc. By way of example the diol 15 dissolved m an argamc solvent and traated with an
excess of p-toluenssulfonyl chlonde at room temperature far 3- 7 bours. Preferably the
reaction 15 run 1 pyndins with sbout a 2.5 molar excess of the p-toluenesulfonyl chlonde.

Tis tosylste (or mesylate, tnfiste, etc) (1-3) 12 converted to the di-halo 1-4 by
dussolving 1t m a polar aprotic solvent, and adding a weak base and 8 bahide salt. This
miuxture 18 heated to reflux for a number of hours, for example overmight. A preferred
salvent 15 acetons ar donethyl formamide. A prefarred hahde salt 13 sodiom ar hthmm
10dida though other sodum or potassnrm aalts of fluorma, chionne and bromune can be used
as well. A 2 to 6-fold excess of the hahde salt 18 preferred. Refhuung overmght usually
effects completon of the reaction.

Forming the cyclohexane dicarboxylates or diacads 1-5 and 1-6 18 effected by
chargng the di-halo compound (1-4) to a solution of a dialky] malonate or malomic acid and
& weak base in a dipolar aprotic solvent. This slurxy 13 stirred for an extended period of tme
at an elevated temperature, for example overmght. Moo specafically socdum or potassrom
carbonate 13 combsned with the hlkag of dimethyl malonate 1n a solvent such as
dimethylformamide. Then the di-halo 1-4 15 added and the resulting storry is stuxed
ovemight ot about 75-95°Corso  The malonate 13 added in about & 1 1molar ratio to that
of the di-halo compound

The dicster may be saponified to give the diacad, though thus stsp 18 not illustrated m
Scheme 1  This 1s accomplished by treating the diester with an aqueous base 1 a warer-
wscible solvent. For example the diester 1s charged to a reaction vessel contmiming the hikes
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of tetrahydrofuran to whach 18 added water and an allah kydroxde base such as httuum
hydroxude. This solutson 1s heated at refhx for & mmmber of hours, for example overmght.

Decarboxylating the chestur or dacaid to got the mono-ester or mono-acad m
sccomplished by dissolving the chester in the likes of dunethylsulfoxide, adding about an
equivalent of a baso such as pynicine, sbout 3 equrvalents of water and sboat 3 equivalents
of a salt such as hthium chionde. This solution 18 stirred for several hours at 100 o 150 °C
or thereabouts for 4-8 hours Product 18 extracted from an acidified aqueons solution and
further punfied by conventional means The product 15 a muxture of cis and trans 1somess m
about a 1 1 mtio. The cir form of the ester or acid can be enriched by dwssolving a mixture
of somers 1n a lower alkamol and treating that solution with tho alkah metal salt of the
alkanol. A preferred alkanol 15 ¢-butanol and a prefesmed alkah metal salt is potassium -
butanol The acid may be obtamned by saponifymg the ester unng a bass and then acuhfying
the resulting salt with using a mineral acid, for example

The following exsmples are providad to illusirate the mvention. These illustrative
oxamples are not intended to linit the elmmed mvention m any faxinon

A 1 L fiask was charged with 150 ml. of toleene, sodium annde (16.5 g, 0.38 mals,
29 equivalents), and 2-chloroethyl vinyl ether (419 g, 0.39 mole, 3.0 equvalents) The
suspension was heated to 50 °C, thea charged with & solution of 3-cyclopentylaxy-4-
methoxybenzensacetonutnle (30 g, 0.13 mole, 1.0 equvalents) mn 150 mL of toluene. The
reactyon was then carefully beated to 80 °C  The progress was followed by HPLC
(acetonitnie/) 1 N aquecus smmonum acetate at 65/35, 15 o Backman ODS Ultrasphere,
2 mL/min, 215 nm UV) After 60 nunntes, the solution was poured mto 1 L of water and
300 mL of t-butyl methyl ether The layers were separated, the organic Iayer washed with
watez, then brme  The solvent was ramoved under reduced pressure to give & brown ml
(521 g The cepticoed compound was isolated by columa chromatograpiry (230-400 mesh
mibcs gel, 1071 hexane/ethy] acetnte).

Mass spectrometry gave m/z = 372 (M+HH)+

(JH NMR, 300 MHz, CDCl3, 8 ppm) & 1.55-1 65 (m, 2H, ring CH), 8 1 70-2.00
(m, 6H, nng CHaY), 5§2.2-3.5 (m, 4 H,(CH2)CCN), §3.50-3.85 (m, 4H, CH30), 53 85
(s, 3H, OCH3), 83 954.10 (m. 4H, CH3 alkene), 54 8 (m, 1H, ring CH), 5 6.30-6.40 (m,
CH, alkene), §6.85-7.0 (m, 3H, aromatic)

K
i

-



8639030" BLSLNTAES

10

15

30

P50972P

Punfiad 3-{cyclopentyloxy)-a,o-bis[2- loxy)eth
methoxybenzensacetomtnils (5 g, 13.5 mmol) was treated with water (50 mL) and heated to
80 °C with rapid stirring  Concentrated hydrochlonc acad (1.85 mL, 22.2 mmol) was added
and stiming was coptinved for 10 mumutes  The solution was poured 1ntp sce water (50 mL)
and methylane chlonde (S0 mL) The Ixyers were separated, and the aqueous layer was
extracted once with methylene chloride The combined organc layers were washed with
water, then brine, and concentrated to a hght yollow o1 m quantitative yield, Structure and
punity were confirmed by 1H NMR

(1H NMR, 300 MHz, CDCl3, 5 ppm) § 1.55-1 70 (m, 2H, nng CH5), §175-195
(m, 6H, rmg CH3Y%), §2.10-2.40 (m, 4H, (CH2)2CCN), 3 3.55-3.85 (m, 4H, CH,0), 1.88
(s, 3H, OMbo), § 4.8 (m, 1H, nng CH), 5 6.80-7.00 (m, 3H, aromatic)

A 250 ml. fiask was charged with 3-(cyclopeatyloxy)-a,0-bi(2-hydroxyethyl)-4-
methoxybenzeneacetonitnls (6.4 g, 20 1 mmol), pyrdine (65 mL), and p-toluenesulfonyl
chlonde (9.56 g. 50.2 mmol) The solution warmed shightly (exothernuc), then was stirred
at room tempersture for 5 hours. The reaction was deemed complets by HPLC
{acotomtnle/0 1 N aquecus smmomum acetate at 65735, 15 cm Beclanan ODS Ultrasphere,
2 mlL/min, 215 am UV) The reaction was poured mto 100 mL of 5% HCl and 50 ml. of
methylene chlonds. The layers were separated, and the argamc layer was washed with 5%
HClunhl nevtral  The neutrahized organic Ixyer was then washed once with bnne and
concentrated. The captioned compound was wolsted as & white sohd by eyystalhization from
othanal end t-buty] methyl ether

Mass spectrometry gave iz = 645 (M+NH4*)+

(1H NMR, 300 MHz, CDCl3, 8 ppm) 5 1.55-1 70 (m, 2H, nng CHy), §172-2.0
(m, 6H, ang CHy'¥), §2.20-245 (m, 4H, (CH2)2CCN), 2.45 (s, 3H. ar-CHg), 3.85 (s, 3H,
OMe), 5 3 85-4.28 (m, 4H, CH,0), 54 75 (m, 1H, nng CH), 8 6.75-7.75 (11H mdicated,
ayomaic)

=
on o ) - sy

= YEODEnty o SR b e —t g '
A 250 mL flask was charged with 3-(cyclopentyloxy)-4-methoxy-a,a-bus[2-[[(:
methylphenyl)sulfonyljoxylethylJbenzencacetonitnle (5.0 g, 7 97 mmol), acetons (75 mL),
and sodinm bicarbosate (50 mg). This salution was stured well whils sodium 10dide (5 93
£ 395 mmol) was added, then heated to reflux overmght The reaction was poured into
agueous ammaonnm chionde and sodium bisulfite, then extracted with t-butyl methyl ether

de =tbrcte S ettt
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The organuc Isyer was dned over sodiom mifate, then concentrated to a clear colorless ml qb%
The caphoned compound was crystallzed from t-butyl methyl ether and hexanes to give s
whate solid -
Mass spectrametry gave m/x = 540 (M+H Y+
CHN analyus calculated for CgHzqNOI5 (539 12) € 40.10, H 4 30, N 2.60;
found C40.06,H4.30,N, 245
(JH NMR, 300 MHz, CDCl3, § ppm) § 1 55-1 70 (m, 2H, nng CHy), 3 175-2.05
(m, 6H, rmg CHab), §2.35-2.62 (m, 4H, (CH2)2CCN), 52.8 (m, 2H, CHp1), 83 15 (m,
2H, CHaD), 3.87 (s, 3H, OMc), 5 4.8 (m, 1H, omg CH), 56 85 (s, 1H, aramatc), § 7 18-7.30
(m, 2H, aromatxc)

A 125 mL flask was charged with 60 ml. of dumethyformamide, potassizm carbonate (5.02
8. 364 mmol, 3.6 equivalents), dimethyimalonate (1.33 g, 10.1 mmol 1.0 equvalents), and
then 3-(cyclopentylaxy)-a.0-bis(2-iodoethyl)-4-methoxybenzensacetonnis (6.0 g, 11 1
mmol, 11 equuvalents) The slmrry was stirred at 80 “C overmight. The completed reaction
was poured mto SO ml. of water and 50 mL of r-butyl methyl ether The orgamc Layer was
extracted thres times with water, then once with brme. The product was jsolated by colomm
chromatograplry (Flash shea [230-400 mesh], 80/20 hexanes/ethy] scetats) Alternatively it
was crystallized from hexanes/cthyl acetate (3/1) to give white crystals. The diethyl
denvahive was prepared namg the same procedare,

Dimethyl cater

Mass spectrometry gave m/z = 416 (M+HF)*

CHN analysis calculated for C73HgNOg (539 12) C66.49, H 704, N 3.37, found.
C6624,H694,N,3 33

(1H NMR, 300 MHz, CDCly, § ppm) 3 1.55-1 67 (m, 2H, nng CHp), 5175-2.60
(m, 14H, nng CH4Y%), 3 75 (s, 3H, COpMbs), 3 78 (s, 3H, O0Me), 3.42 (s, 3H, OMe), 548
(m, 1H, rmg CH), § 6.80-7.02 (m, 3H, aromatic)

Dicthy] ester

Mass spectrometry gave miz = 444 (MHH)*

mp 74.0-74.5

(1H NMR, 300 MHz, CDCl, 8 ppm) 8 1.20-1.38 (m, 6H, ethyl CH3), § 1.50-2.60
(m, 16H, ring CHy's), 3.85 (s, 3H, OMe), 3 4.65-4.85 (m, 4H, athyi CHp), 34 8 (m, 1H,
nng CH), 8 6.80-7 05 (m, 3H, aromatic).
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Hwdrolvus of the dicti ester to the diacid
A 25 mL flask was charged with tetrahydrofuran (5 mL), the daethyl estex (SB L‘(’
220523,0.5 g, 1 13 mmol, 1 0 equvalent), water (5 mL), and lithinm hydroxide
monohydraie (0.95 g, 22.6 mmol, 20 eqauvalents) The sohitton was stured at refhux for 18
hours. The reaction was deemed complets by HPLC (15 cm Supelcocil LC-ABZ, 40060/0.1
[acetomtrila/ovates/TFA), 1.5 mL/mn., 215 nm UV) The reaction solution was then coaled
and diluted with 10% HCl and t-butyl methyl ether The layers were scparsind and the
agqueous layer was washed once with t-butyl methyl ether The orgamc layers were
combmed and washed with water and then brine. The solution was then concentrated to 8
tan sobd. Water was removed by reconcentrating once with acetomutrale. The crude product
was obtmned i about 90% yield The crude product showsd residual ethy] egter (< S%) by
HPLC end IHNMR.
(1H NMR, 300 MHz, CDCl3, 8 ppm) 3 1.55-1 70 (m, 2H, ring CHy), §1 75-2.35
(m, 12H, nng CHy's), §2.52-2.63 (m, 2H, nng CHy), 3 85 (s, 3H, OMs), §4 8 (m, 1H,
ring CH), § 6.8-7.0 (m, 3H, aromatic)

Y

A 100 L flask was charged wath dumethylsulfoxide (35 mL), dumethy) 4-cyano-4-
[3-(cyclopentyloxy)-4-methoxyphenyl}-1,1-cyclohexanedicarbaxylate (3.5 g, 8.43 mmol,
10 equivalent), water (0.455 g, 25,3 mmol, 3.0 equivalents), pyndine (0 66 g, 8.43 munol,
1.0 equivalent), and hthivm chionde (1.07 g, 253 mmol, 3.0 equivalents) The salution was
stured at 130 °C for 6.5 hours. The reactson solutson was then cooled and diluted with 1%
HCl and t-buty] methyl ether The layers wers separated and the organsc layer was washed
with water twnce and with brine once The salotion was concentrated to & clear ou. Water
was removed by reconcentrating ance with methanol. The product was obtmined 1n
quantitative y1eld as a clear ol and as a mixture of cis and trans isomers in about a 1 1 mtio.

Mass spectrometry gave m/z = 372 (M+H )

(1H NMR, 300 MHz, CDCl3, 8 ppm) 8 1.29 (t, 3H, ethyl CH), § 1.55-1 70 (m, 2H,
ring CH), 51 75-2.30 (m, 14H, nng CH3Y), § 2.75-2.80 (m, 1H, CHCOZEt), 3.85 (s, 3H,
OMc), 84.13-4.22 (g, 2H, ethyl CHy), 8 4.8 (m, 1H, ring CH), 8 6.8-7.0 (m, 3H, aromstic)

The 1somenc mixture (spproximately 1 to 1 ratio) of the methyl esters prepared in
Example 5 (2.94 g, 8.2 mmol, 1.0 equivalent) wes dissotved m 2-botanol (30 mL) under a
pitrogen stmosphere Potasmum s-butoxide (1 8 g, 16.5 mmol, 2.0 equrvalent) was added

and the mxture was stured 6-18 hours to give & rat1o of cis to fmns womers of 14 to 1

-11-
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The same procedure was used to treat the ethyl esters and gave arstio of 8to 1  The ratios
were monitored using HPLC (15 cm Supelcocil LC-ARZ, 40/60/0.1
[acetomtrlefwate/TRA], 1.5 ml/mn, 215 nm UV)

To hydrolyzs the equilibrated ester product, two drops of water were added to the
reaction solution and tha solotion was strred until no ester conld be detected. The reaction
was then dilated with r-butyl methyl sther and 5% HCI (the pH of the aqueous layer was
between 1-2) The [ayers were sepamted and the organic layer was washed with brme. Tha
mtio of cis to rrans acid was mmproved even further (to 121 to 1) by crystalhimng the
ciz/trans mistore from 20 ml of hexanee/otiryl acetats (3/1)

-12-
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What is clmred 1s. LM
1 A process for prepanng a compound of formmla (T)

R
Hl

CN 1))
where
R is halo, Cy.galkyl, C}_galkyl substitnted with 1 to 4 halogens, Cy_galkoxy, Cj.
galkenyl, -O-(CHz)pycycloalkyl of 3-6 carbons,
nis 15,
m1s0-6; and
R’and R* are independently krydrogen or CO(O)X where X is hydrogen or Cy.

Ayl
which process compnses decarboxylating the diacid or diester of Formulz (A)

RO OR,
=

| Rn
=

(A)
where R1 13 hydrogen or Cy_g alkyl-ester formng group of 1-6 carbon atoms and R and n
are the sume sz for Fornmila (T)
2. ‘The process of clam 1 wherem the chaster or diacy 18 combined with ahout

1 equivalent of u base, about 3 equivalents of water snd sbout 3 equivalents of an alkah salt
m & surtable solvent and beated to between about 100 to 150 °C for about 4-8 hours

k| The process of claim 1 wherein R} 18 hydrogen, methyl or ethyl and the
base 15 pyndine and the salt 18 Isthwum chlonds

4, ‘The process of any ane of clanms 1 - 3 wherem n m Ry, 18 2 and ons group 15
substituted on at the 3 posttion and the other group 15 substituted on the 4 position.

5 The process of any one of clanns 1-4 wherean R} 13 methyl, one of Ry 18
methoxy, -0-C¥3, -0-CHF, or -0-CH2CHF2 and the other is C4-gcycloslkyloxy

6. The process of any one of claum 1-6 wherein n m Ry, 152 and one 18 3-
cyclopentyloxy and a second Rn group 15 4-methaxy

7 A campound of formmla (A)

-13-
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wharein

R 13 halo, Cj_galky), Cj_galkyl substituted with 1 to 4 halogens, C;_galkoxy, Cy.
galkenyl, -O-(CH2)meycloalkyl of 3-6 carbons,

nis 1-5,

mis0-6;

Rj 13 hydrogen ar a C;_g alkyl-sster forming group of 1-6 carbon atoms.

8 A compound according to clamm 8 wheren n 1n Ry, 18 2 and Ry, 18 methoxy,
-0-CPF3, -O-CHF, or -0-CH2CHP? snd the other is C4_geycloalkyloxy

9 A compound according to any one of claims 8 or 9 whersin n in Ry, is 2 and
ono u 3-cyclopentyloxy and a second Ry, gronp 18 4-mathaxy.

10. AempumddFm:'mh(n) "

B)

wherenn

R 15 halo, C;. galkyl, C}_galkyl substitried with 1 1o 4 halogens, C._galkoxy, Ci.
galkenyl, -O-(CHp)mcycloalkyl of 3-6 carbons,

as 1§,

mu0-6; and

M 15 OH, an activated hydroxyl group, or halo

12 A compound acconding to clmm 11 wherem n in Ry, 18 2 and Ry, 18 mathoxy,
-0-CF3, -0-CHF, or -0-CH2CHF; and the other Is Cy-goycloalkyloxy

13 A compound according to clmm 11 or 12 wherem n in Ry, 12 2 and ope is 3-
cyclopentyloxy and the sscond Ry group 1s 4-methoxy

14. A compound of Fornula (C)

-14-
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N

CN

Rn
)

wherein

R 18 halo, Cy_galkyl, C1_galkyl mubstuuted with 1 to 4 balogens, C;_galkoxy, Cy.
galkenyl, -O-(CHp)mrycloalkyl of 3-6 carbans,

n 1 1-5, and

mis0-6.

15 A compound secording to clamm 14 wherein b 1n Ry, 18 2 and Ry, 13 methoxy,
-0-CF3, -0-CHP2, or -0-CH2CHF2 and the other 18 C4-gcycloalkyloxy

16 A compound according to claim 14 or 15 wherein n in R, 15 2 snd one 12 3-
cyclopentyloxy and a second Ra group 18 4-methaxy

17 A process for prepenng a compound of Formula (C)

N !

+) Q

CN
Rn
©

wharein

R 18 balo, C1_galkyl, Cy_galkyl substituted with 1 to 4 halogens, Cy.galkaxy, Cy_
gAlkenyl, -O-(CHz)cycloalkyl of 3-6 carbons,

nw 15, and

mnd-§

membdml&dhmhm)

-15-
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with 2-chloroethyl vinyl ether and a strong base

where, 10 Formula (D):

R 15 halo, C;_galkyl, C)_galky] substituted with 1 to 4 halogens, C)_galkoxy, C).
galkenyl, -O-(CHy)pcycloalkyl of 3-6 carbons;

o1y 1-5, snd

mwd-6

18 A proceas for prepanng a compound of Fornmila () acconding to claim 1,

winch process compnises
a. converting the vinylethyl ether of Formmia (C)

©

wherein R and n are halo, C1_galkyl, C1_galkyl substituted with 1 to 4 halogens,
C1.galkoxy, C1_galkenyl, -O-(CH2)pcycloalkyl of 3-6 carbons,

nis 1-5,
mis0-6,
to a compound of Formula (B)
M M
CN
Rn
®)
where M 1s OH,
b. converting the hydroxyl group of Formula (B) to a compound of Formula (B)
where M 18 a tosylate, mesylate or a trifiate,

¢ convertmg the tosylate, mesylate oc tniflste m Formmila (B) to a compound of
Formmila (B) where M 15 halo,

-16-
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d. treating the di-halo compound with dualkyl malonate to obtmn a compound of
Formula (A)

RO on,

A)

where R 13 lower alkyl,

¢. optianally ssponfymg the diseater of Farmula (A) to obtam & compound of
Formula (A) where Ry 13 hydrogen, and

f decarboxylating a compound of Farmnla (A) where R 18 hydrogen or Cy_galkyl
to obtain & compound for Formmula (I) where ane of R’ is brydrogen and the other 18 CO(O)X
where X 15 Cj_galkyl or hydrogen

19 The process of clazm 18 wherein n m Ry, 15 2 and Ry, 13 methoxy, -O-CF3, -
O-CHP, or -0-CH2CHF2 and the other 15 Cy_goycloalkyloxy, M 15 tosylate, and thereafter

1odo, and R1 is methyl or ethyl
20 A compound according to claim 18 or 19 wherem n in Ry, is 2 and one is 3-

cyclopentyloxy and the second 1s 4-methaxy

-17 -
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ABSTRACT
Thus invention relates to & method for propeanng 4-substituted-4-cyanocyclohexans
carboxylates by formmg the cyclohexane nng by treating a o, 0-bss(2-halonthyl)-4-
benzensscstonitrile with a dialky] malomate and decarboxylatmg the resulting hester

"
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