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This invention relstes to a method and intermediates for preparing certain nitriles
agents.
Background of the Invention

The process and intermediates of this invention provide a means for making coertain
4-substituted-4-(3,4-disubstituted phenyl)cyclohexanoic acids which are useful for treating
asthma and other discases which can be moderated by affecting the PDE 4 enzyme. The
final produocts of particular inerest are fully described in U.S. pateat 5,552,483 issued 03
September 1996. The informstion and representations disclosed therein, in 3o far as that
information and those representations are necessary to the undarstanding of this invention
and ity practics, are incorporated herein by reference, in total,

This inveation discloses a method for preparing a cyclohexanoic acid by
cyanohydrin homologation of a cyclohexanone precursor.
Summary of the [ovention

A process for preparing a compound of formmla ()

COOH
NN
N ®
where Ar is an aromatic group,
wherein the process comprises reducing a cyclohaxene of fornmla (A).
CN
N\N
CN " (A)
In & sccond aspect, this iuvention relstes to a compound of formmia (A) whersin Ar
is an aromatic group.

In yot a further aspect, this invention relates to a process for preparing a compound
of formmla (T) by the cyanokydrin homologation of cyclohexanone (X) as described berein

wherein Ar is an aromatic group.
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Descriotion of the I .

This invention can be used to homologate sny cyclobexanone. In this invention the
cyclohexanone has a 4-position nitrile group with or without another group at that 4
position. Since the homologation is believed to be independent of the 4-position
substitutent(s), the scope of the compounds which are homologated hersin are simply
examples of the chemistries being done on the I-position carbon. Herein the invention is
exemplified by compounds which have an aromatic group at the 4 position in addition to the
nitrile group.

A preferred group of compounds which can be prepared by this homologation route
are those of formula (la)

AX; a
R )
whezein

Rj is {CR4RS)Rg wherein the alky] moicties may be optionally substituted with
one ar more halogens;

Ry is -CH4 or -CH,CHj optionally substituted by 1 or more halogens;

Rj is -CN;

risOtw6;

R4 and RS are independently solected from hydrogen or a C1.2 alkyl;

Rg is hydrogen, methy), hydroxyl, aryl, halo substituted aryl, aryloxyCj.3 alkyl,
halo substituted aryloxyCy-3 alky), indanyl, indeayl, C7-11 polycycloalkyl,
tetrahydrofuranyl, furanyl, tetrahydropyranyl, pyranyl, tetraltydrothienyl, thienyl,
tetrahydrothiopymayl, thiopyranyl, C3.6 cycloalkyl, or 2 C4-6 cycloalkyl containing one or
two unsatursted bonds, wherein the cycloalkyl snd heterocyclic moictios may be optionally
substituted by 1 to 3 methy| groups or cne ethyl groups

R7 is hydrogen or Cy_g alkyl;

Xis YR2;

X2 is O ox NR7;

Y is O or S(O)yp whete mis 0, 1 ar 2; and

one of R’ or R” is hydrogen and the other is COOH or a salt thereof.

Preferred X groups for formula (Ia) are those wherein Y is oxygen. The preferred
X3 group for formula ([a) is that wherein X2 is oxygen. Preferred R2 groups are a C1.2
alkyl unsubstituted or substituted by 1 or more halogens. The halogen atoms are preferably
flnorine and chlorine, more peeferably fluorine. More preferred R groups are those
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wherein R) is methyl, or the fluoro-substituted alkyls, specifically a C1.2 alkyl, suchas a - .

CF1. -CHF2, or -CHCHF> moiety. Moast preferred are the -CHF and -CH3 moisting, W
Most prefeared arc those compounds wherein R1 is -CH2-cyclopropyl, cyclopentyl, A

3-bydroxycyclopentyl, methyl or CF2H; X is YRZ; Y is oxypen; X2 is oxygen; and Rg is
CF2H or methyl. The most preferred compounds are cis and rrans 4-cyano-4-(3-
cyclopontyloxy-4-methoxyphenyl)cyclohaxanoic acid, in particular the cis isomer, which is
the equitorial form the acid.

As regards the preferred embodiments for formula (A), they are those wherein:

Rj is (CR4Rs5)Rg wherein the alkyl moieties may be optionally substituted with
onc or more halogens;

Ry is -CHj3 or -CH7CH4 optionally substituted by 1 or more halogens;

Ry is -CIN;

ris0to6;

R4 and R§ are independently selected from brydrogen or a C1-2 alkyl;

Rg is hydrogen, methy), bydroxyl, aryl, halo substituted aryl, aryloxyC).3 alkyl,
halo substitted aryloxyC).3 alkyl, indanyl, indenyl, C7-11 polycyeloalkyl,
totrahydrofuranyl, furanyl, tetrahydropyranyl, pymayt, tetralrydrothienyl, thiearyl,
tetrahydrothiopyranyl, thiopyranyl, C3-6 cycloalkyl, or a C4-g cycloalkyl containing one or
two unsaturated bonds, wherein the cycloalkyl and beterocyclic maoieties may be optionally
substituted by 1 to 3 methyl groups or one ethyl group;

R7 is hydrogen or Cq_g alkyl;

Xis YR2; and

X2 is O or NR7;

Yis Oor S(O)p wheremis 0, 1 or 2,

Preferred X groups for formula (A) are thoss wherein Y is oxygen. The prefesred
X3 group for formmula (A) is that wherein X2 is oxygen. Preferred R2 groups sre a C).2
alkyl unsubstituted or substituted by 1 ar more halogans. Tho balogen stoms arc preforsbly
{lvorine and chiorme, mors preferably fluorine. More prefiared R2 groups ave those
wherein R2 is methyl, or the finoro-sbstituted alkyls, specifically a Cj.2 alkyl, suchasa -
CF3, -CHP>, or -CH2CHF2 moisty. Most preferyed aro the -CHF and -CH3 moieties.

Most preferred are those compounds wherein R is -CH2-cyclopropyl, cyclopentyl,
3-hydroxycyclopentyl, methyl or CP2H; X is YR2; Y is oxypen; X2 is oxygon; and R is
CFaH or methyl.

The homologation of substituted cyclohexan-1-ones (o the corresponding
cyclohexanoic acids are useful in making the compounds of U.S. patent 5,552.483. With
reference to Schome 1, one route is to convest 4-cyano-4-(3-cyclopentyloxy-4-
methoxyphenyl)cyclohaxan-1-one (the ketone) to ths cyanchydrin of forraula 2, then to the
aJ-unsaturited nitrile 3, theréafter t the saturstéd nitrile, and finilly t6 the Sabirtedagid5 ~ "~ — ~°
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oré,iec., cequenca | = 2e 3= 7w 5ot §, The key step in this sequence is hydrolysis of

the saturated nitrile 7 to the saturated acid 5 and 6.

OH
Katona TMSGN!
x (or NaCN) N‘\N‘cﬂ + N\Jm
CN CN
2 2

socy ~CN
CN

Rad
Hydrolys's
Mg (O)
H I-JPd
”\N‘GN
N COOH
7 NN
(axdal nitrile aiso N .
preasnt in mbxiure)
Reduction
\ l
. COOH
ar - Ar\.-w'
&y CIOIOH  MaOH,H* N
+-BuOK, heat
Saponification

An altcrnative novel reaction sequence is the ons in Scheme 1 illustrated by steps 1
w2 e 3= 4 = 5= 6. Intermediste 4 in this sequence, the ¢, f-unsatorated carboxylate is
10  reduced with Pd"C/eyclohexene and ammoninm bicarbonate or via catalytic hydrogenation

to yield a mixture of cis and trans isomers.

This invention can be applied gencrally to tha preparation and reduaction of an o.f-

unsaiurated cyclohexene carboxylate as illustrated in Scheme 2

N B ot Bl

A
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Al G e

equatorial carbaxylic acid (cis lsomer)
Compound 4 is prepared by the hydrolysis of the @,p unsaturated nitrile 3 with base
S  (for example 2 equivalents of Ba{OH),). This produces the unsaturated carboxylic acids
which are stable and can be characterized. Although the catalytic hydrogenation of 3 is
difficult to achieve, hydrogenation of 4 occurs readily and produces the saturated
carboxylate as a mixture of cis and zrans acid. This mixture can be converted to the cis
isomer by equilibmation of the methyl esters.
10 Reaction Schems 3 illustrates how a by-product of the base hydrolysis of compound
7 in Schems 1 can be converted to the 4-cyanocyclohexancic acid.

15 8

The following examples aro sot out to illustrate the invention. They sre not
intended to limit it in eny way or fashion. Reference is made to the claims for what is
reserved to the inventors hereunder.
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5 To a 100 m! round bottom flask equipped with magnetic stirrer and a nitrogen inlet
was charged 4-cyano-4-(3-cyclopentyloxy-4-methaxyphenyl)cyclohexan-1-cne (prepared as
illustrated in, for example, U.S. patent 5,552,483) (12.50 g, 40 mmol), 2inc iodide (0.35 g,
1.1 mmol) and methylene chloride (50 mL). Stirring produced a clear solution. This
solution was charged with trimethylsilyl cyanide (TMSCN).(8 mL, 5.952 g, 59.9 mmol).

10 After stirring for 1 hour under nitrogen S drops of the solution was quenched into dilate acid
and examined by reverse phass HPLC.
The reaction was cooled to 15 *C and treated with a streamn of HCl (gas) for 15 min.
The reaction was evaporated on the rotovap and the resulting thick oil was suspended in
ethyl acetate (150 mL) and washed with 2 x 50 ml. 3N HC, brine (25 miL) snd finally
n 15  evaporated to a residue. The residus was treated with ethanol (95%) (15 ml) and the

. ba solution cooled to 0 °C overnight. No crystallization had ocaurred. The solution was
| refluxed and treatad sequentially with acetane (5 mL) and water (deiopized, 15 mL). The
Eﬂ solution was cooled to room temperature and treated with 5 mg and seeds of anthentic
il cyanohydrin, The reaction was cooled to 0 °C and stirred for 1.5 hours. The resultant solida
f:' 20  were filtered and washed with cold HoO-EtCH (1:1) (10 mL).

(3] The product was dried at 45 “C st 20 inches of mercury. The elemental analysis was
:: _ satisfactory for CgHaN,0 Theary: C, 70.58; H, 7.11; N, 8.23. Found: C, 70.66; H, 7.03;
y) N, 8.47. . The NMR in CDC} 3 (400 MHzx) was in agrecment with the sssigned stracture
Eg (oce below),

25 400 MHz NMR data for 4-[3-(cyclopentyloxy)-4-mathoxyphenyl]-1,4-dicarbonitrile
cyclohexan-1-ol ) )
ABSORPTION No. of Multiplicity/ Coupling

protons constant
1.59-1.62 2 singlet, broad
1.75-20 6 multiplet, broad
2.1-248 (incl 2.20s) [ 8 nmltiplet,
290 1 singlet O-H
38s 3 singlet O-CH3
480 1 Multiplet (broad) cyclopeatyl
6.85 1 doublet , J =8 Hxz Arom
70 = 2 - ' Multiplet (arrow) Arom
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Mass speciral data

(Parent 340) | Conditions Assignment Relative Intensity

Mass

Absorption

375 Neg ion/ DCI Q- 88.5
methane

348 Neg ion/ DCT [37SHCN)- 100
methane

3 Neg ion/ DCI [M-H)" 25.75
methane

3 Neg ion/ DCI 17.1
methane

244 Neg ion/ DCI 1375 -CSHY -HCN]* | 369
methane

M1 DCl/methane M+ 199

314 DCU/methane [M+H-HCN] ¥ 743

287 DCl/methane {M -2HCN]) 100.0

771 DCl/methane [M+245 + C2H5) 14.84

245 DCl/msthane M -CSHO-HCNJH* | 369

To a 20 rul. round bottom flask equipped with magnetic stirrer and internal
thermometer was added 4-cyano-4-(3-cyclopentyloxy-4-methoxyphenyl)cyclobexan-1-ons
(1.00 g, 3.19 mmol) and sodium cyanide (0325 g. 6.6 mmol) in water (5 mL). The reaction
was stirred and cooled to 0-5 °C and an aqueous solution of sodinm bisulfite (0.625 g, in 2.5
mL waiter) as the temperaturc reached 8 °C. The reaction was cooled and after 30 min. the
reaction had set up as a solid. The reaction was warmed to 8-10 °C, and acetone (2 mL) was
added. The reaction was continued at 20 °C for 90 min. The reaction was partitioned
between water (5 mL) and ethyl acetate (10 mL). The organic layer was washed with water
(3 x) and brine, and dried with anhydrous MgSO, Evaporation of the ethyl acetate gave a
solid which wasdriecdin avacoumoven st 25°C for 1Showrs. . _ . __ .. .. _.
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300 MHz NMR data for compound 2:
ABSORPTION No of protons Mubiplicity/ Coupling

constant

1.60 4 (include solvent) | singiet, broad
1.75-2.0 6 rmaltiplet, broad
2.1-2.48 (incl 2.205) |8 multiplet,
296 1 unresolved doublet O-H
385 3 singlet Oo-CH3
480 1 Multiplet (broad) cyclopentyl
6.88 1 doublet ,J = 7.4 Hx Arom
70 2 Mubtiplet (narrow) Arom

To a 10 mL 3-necked round bottom flask equipped with magnetic stirring. &

thermometer, and reflux condenser was charged with 4-[3-(cyclopentyloxy)-4-

methoxyphenyl)-1.4-dicarbonitrile cyclohexan-1-ol (2 in Scheme 1) (0.50 g, 1.46 mmol),
taluene (1.5 mL) and pyridine (0.60 mL). The resulting solution was cooled to 0 °C and
treated with thionyl chloride (035 g, 294 mmol) in toluens (05 ml). A precipitate formed
sfter 1-2 min. The reaction was heated to 80 “C and refluxed for an additional 2.0 hours,

The solution was cooled and poured ioto & mixture of HC] and ice. The resction was
extracted with 2 x 15 mL of ethyl acetate. The organic phase was washed with 0.6 N HCl,

5% sodium carbonste and with brine. The arganic layer was dried (MgSO04) and evaporated
to a solid, i.e., compound 3. The NMR in CDC{ 3 was clean and compatiblé with that of the
stracture 4-[3-{cyclopentyloxy)-4-methoxyphenyl]-1-cyclohexene-1,4-dicarbonitrile, ie., |

nitrile 3 in Schema 1.

Elemental analysis: theoretical CpHnN;O,: C, 74.51; H, 6.88; N, 8.69. Found: C,
74.23; H,6.98; N, 8.64.
NMR of the unsaturated nitrile in CDCj 3 showed a diagnostic vinyl C-H at 6.67

ppm.

300 MHz NMR data

ABSORPTION

No of protons

Multiplicity/ Coupling constant

1.55-1.67

34

broad overlapping

1.80-20 ...__ |

34 ... _..
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2.05-2.18 12 multiplet,

2225 2 2 groups of protons

2629 23 2 groups of protons

M 3 singlet O-CH;

4.80 1 Multiplet (broad) cyclopemtyl

6.67 1 triplet (broad) vimyl
proton

6.83-6.95 3 8ix overiapping bands Arom

To a 1000 mL 3-necked round bottom fiask eqguipped with overhead stirring. a
pressure equalizing dropping funnel and a nitroges inlet was charged crode 4-(3-
(cyclopentyloxy)-4-methaxyphenyl}-1,4-dicarbonitrile cyclohexan-1-ol (2) alang with
toluene (140 L) and pyridine (40 mL). A clear solution was produce with stirring. The
reaction was cooled to 10 °C and thionyl chiaride (sbout 20 ml) was added st & mte to kecp
the reaction < 15° C. The reaction was refluxed and monitared by HPLC (4.6 x 250 rom

Beckman Ultrasphere; wavelength at 230 nm, fiow rate 1.0 ml/min) until exsemtially all of
the starting material had dissppeared, approximately 2. hours.

The reaction was cooled o 40 °C in an ice bath and queached with 6N HC3 (100
mL) followed by addition of ethyl acctate (400 ml). The arganic layer was scparated and
washed with two 100 mL portions of IN HCY, 10% aqueous sodium bicarbonate (100 mL),
and finally brine (100 mL). The organic layer was cvaponated to constant weight and

dissolved in warm isopropancl (50 mlL). Tbe sulutida was cooled to 0 °C ad the solid was

sirred st that tempersture for 2 bours, and filtered and washed with cold isopropenal (10
mlL)- Drying in a vacunm oven at 40 °C for 16 b (10 mmol Hg) gave a solid, i.e., compound
3. The NMR in CDCj3 was the same as the spectrum of ihe product prepared in Bxample 3.
The melting paint was 133.5-134.5 °C. Elemental Analysis of a recrystallized sample:
Calculsted: C, 74.51; H, 6.88; N, 8.69. Foand: C, 74.23; H, 6.98; N, 8.64.

A PO W LR bl ) 2 AR --'.',;'tu‘,"_..-

This example illustrates the preparation of compounds 7 in Scheme 1.
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Toa 1000 mL 3-necked round bottom firsk equipped with magnetic stirring, sn
intemal thermometer and a reflux condenser was charged with 4-{3-(cyclopentyloxy)-4-
methoxyphenyl}-1-cyclobexens- 1 ,4-dicarbonitrile, (10.00 g, 31.0 mmol) and methanol (200
mL). The solution was stirred and heated to 60 *C, at which tims a fine suspension resolted.

3  The reaction was charged with magnesium turnings (4.02 g, 165 mmol, 5 equivalents)
which had been activated by drying in a vacuum oven at 40-50 °C. The reaction was
refluxed for 3 b. The reaction mixture was cooled to < 30 "C and treated with 6N HCL The
reaction solvent was evaporated on the rotovap (40 °C) to constant weight and the residue
treated with ethyl acetate (200 mL). The isolated organic layer afier filtration was washed

10  with water (2 x 50 mL) and brine (2 x }5 mL). The arganic layer was concentrated on &
rotovap to an oil, i.e. 4-[3-(cyclopentyloxy)-4-methoxyphenyl}- 1-cyclohexane-1.4-
dicarbonitrile, compound 7 in Scheme 1. The product was diloted with absolute ethanol and
used directly in the hydrolysis of the nitrile with potassium hydroxide.

In the same manner as above the unsatursted nitrile (2.53 £,7.90 mmol) was

15  redoced with Mg(0) ( 0.98 g, 40.3 mmol, 5 eq) in methanol (SO mL) at 55 *C. After
refluxing for 3 h, the product was isolate as an oil. this il was used in the hydralysis
without firther purification.

4-[3-(Cyclopentyloxy)-4-methoxyphenyl}-1-cyclohexane-1,4-dicarbonitrile (7)
(2.120 g, 653 mmol) and ethanol (10 ml.) were charged to a 100 mL 3-necked round
bottom flask equipped with magnetic stiring, an interpal thermometer and a reflux
25 - condenser. The solution was stirmed and refluxed until clesr. Aftex removing hest the
reaction waa chargad dropwiss with a solution of KOH in water 34 g, 60.6 mmol in 10 mL. -
water). This selution was then refluxed for 4 b, The reaction mixture was redoced to one-
half volume on the rotovap and partitioned between ethyl acetate (50 mL) and 6 N HC1 (12
mL). The organic layer was separated and washed with deionined water (2 x 15 mL), brine
30 (1 x 15 mL), and evaporated to give a mixture of cis and trans isomers of 4-cyano-4-{3-
(cyclopentyloxy)-4-methoxyphsnyl]- I-cyclobexane- 1-carboxylic acid as an oil.

35

-10-



10

35

e e .-.._....-_..-—m=.MM'

P51088

Toa 5 mL 1-necked round bottom flask equipped with a magnetic stirrer, a nitrogen M
inlet, and an oil bath was charged the cis-4-{sminocarbonyl)4-[3-(cyclopentyloxy)-4-
methoxyphenyllcyclohexanecarboxylic acid (0.050 g, 0.138 mmol) and toluens (0.50 mL).

The flask was heated to 70 °C and the suspension trested with thiony! chloride (025 ml,

0.408 g, 3.43 mm, 25 eq) added in a single portion. A clear yellow solution was produced.

The reaction was heated a total of 4 h at bath temperatore 75 °C. The reaction was cooled to

10 *C and a small aliquot was evaporated with nitrogen and examined by HPLC. The

HPLC showed complete disappearance of the acid-amide and clean conversion to a mixtare

of the cis and trans isomers of 4-cyano-4-[3-(cyclopentyloxy)-4-methoxyphenyl]-1-
cyclobexane- 1 -carboxylic acid.

Tonﬂﬂ.&nmhdmdhmuﬂn&mmdwﬂhmm an interoal
tharmometer, and a reflux condenser was charged equal amounts of cis ssturated nitrile
{compound 7 iu Scheme 1, 4-[3-(cyclopentyloxy)-4-methaxyphenyl)-1-cyclohexane-1,4-
dicarbonitrile) (0.5016 g. 1.54 mmol) and the corresponding trans dicarbonitrile (05016 g,
1.54 mmol) (total 3.08 mmol) and absolute ethanol (10 mL). The reaction was heated to
reflux for 5 min, to obtain a solution. The reaction was treated slowly with a solution of
NaOH (1.16 g, 29 mmol, 9.4 eq) in deionized water (10 mL). The rate of addition was
adjusted to avoid precipitation of the starting nitriles. The solution was stirred and refluxed
for 4-5 h. At that time the HPLC showed (80% PAR) of the desired product a cis/trans
mixture of acids and a side product identified as an acid-amide, that is, the 4-position nitrile
had converted to -CONH;3. The solvent was evaporated to give an cil which was treated
with 6 N HC] (10 mL) and ethy] acetate (35 ml.). The laysrs were separated and the arganic
Iayer washed with water (2 x 10 mL) and trine (1 x 5 mL) and dried (magnesiom sulfate).
The product (compound 5 and its 4-position ~CONH; sanlog eis-4-(sminocarbonyl)-4-{3-
(cyclopentyloxy)-4-methaxyphenyi]-1-cyclobexans- 1-carbaxylic acid) was concentrated by
evaporation at reduced pressure.

This cruds product was placed in a 50 mL. 3-neck flask equipped with a magnetic
stirrer, nitrogen inlet, and a thermometer. Toluene (9.0 mL) was added and then thionyl
chloride (1.0 mL., 1.6 g) and the reaction heated at 70-75 °C. The reaction was judgad to be
complets after 3 h. The reaction was evaporated on the rotovap to 4 ml.., and rangferred to
a separatory funned with ethyl acetate (30 mL). The top layer was washed with water (2 x
5.5 mL), 3 N'HCI (1 x 5 mL), water (1 x 5 mL) and brine (1 x 5 mL) before drying with
magnesium sulfate. The resulting onganic layer was evaporated to constant weight (1.15 g)
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and dissolved in beiling ethyl acetate and treated with hexane. The product was further
treated by using a base-acid treatment of the cornhined agueous layers, followed by
extraction into ethyl acetate. Bvaporating the ethyl acetate gave a residue which was
dissolved then re-dissolved in ethyl acetats (S mL) and bexane (4 mL). Product, a mixture
of cis and trans 4-cyanocyclohexanoic scid, was crystailived from this solvent system.

To a 100 mL 3-pecked round bottom flask equipped with magnetic stirrer, an
internal thermometer, and a reflux condenser was charged the cis/trans satumared nitriles
(compound 7, 4-{3-{cyclopemtyloxy)-4-methoxyphenyl])- 1-cyclohexene- 1 4-dicarbonitrile)
(2.12 g 6.54 mmol) and absole ethemod (10 mL). The reaction was heated to reflux; a
solution was obtained. The reaction was treated slowly with a solution of KOH (3.4 g, 60.6
rmmol, 93 eq) in deionized water (10 mL). The addition was done dropwise over 10 min_
The solution was stirred and refhuxed for 4-5S h. At that time the HPLC showed the absence
of stating material and the presence of 4-cyano-4-[3-(cyclopentyloxy)-4-methoxypheayl]-
1-cyclohexane-1-carboxylic acid and the side product, the 4-carboxamide 8 (15 % PAR).
The reaction was evaporated to 1/2 volume and treated with 6 N HCI (12 L) and ethyl
acetate (SO mL). The layers were separated and the organic layer was washed with water (2
x 15 L) and brine (1 x 10 mL) and dried (magnesium sulfate). A crade product was
obtained by evaporation at reduced pressure.

‘The crude product obtained as per the previous pamagraph wes placed in a 100 mL
3-neck flask equipped with a magnetic stirrer, distillation head, and a thermometer. Toluene
(15.0 mL’) was added and then distillad to & volume of 6 ml.. Then fresh toluens (15 ml)
and thionyl chloride (2.0 mL, 3.2 g) was added and the reaction beated st 70-75 °C.  After
135 h some unreacted starting material had not gone into solution, so the reaction was
charged with thionyl chloride (1 mL) and toluens (S mL). After 4 h more the reaction was
judged to be complete (HPLC assay). The mixture was filiered and the filtrate evaporated
1o constant weight

The filtrate (2.71 ) from the preceding peragraph was charged w0 a 100 mL round
bottom flask equipped with a magnetic stirrer along with anhydrous tetrahydroforan (15
mL). To this well stirred solution was added 20% agueous NaOH (3 mL.) after which the
mixture was stirred at room temperature for 1 h. The resulting reaction was concentrated on
the rotovap, treated with ethyl acetate (50 mL) and 6 N HCI (10 mL) and the Iayers

separited. The organic Inyer wis isolated arid Wastied with watér (Zx 10 mLy bebrts (1x 5~-a7* - -
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mL) and dried over magnesium sulfate. Removal of ths volatiles left a thick oil which was
dried at 50 °C for 16 b at 20 mm of Hg. The resulting semisolid (2.00 g} was dissolved in
boiling ethyl acetate (10 miL) and then hot hexane (8 mL.). The reaction was slowly cooled
10-3 °C and stirred for2 h. A thick solid was present. The solid was collected and waghed
with a cold ethyl acetate/hexane mixture. After drying in a vacuum ovea at 50 °C (1 mm of
Hg), a white solid was obtained (compound § in Schame 1).

300 MHz NMR daia c-4-cyano-4-(3-cyclopentyloxy-4-methoxypbeayl)-r-

cyclohexanecarboxylic acid in CDCy3
ABSORPTION No of protons | Multiplicity/ Coupling
constant
1.64-1.7 2 singlet, broad
1.86-1.98 9-10 nultiplet, broad
228 4 triplet (distorted)
245 1 multiplet
3.89 3 singlet O-CH,
4.84 1 septuplet cyclopentyl
6.89 1 doublet , J =84 He Arom
701,7.02,7.041,7.048 | 2 Multiplet (narrow) Arom

Carbon 13 NMR (90 MHz, CDCly): 180.22, 149.10, 147.84, 132.78, 122.15, 117.34,
112.97, 111.96, 80.74, (solvent 76 t), 56.07, 42.98, 41.63, 3644, 32.77, 25.88, 24.10.
[ialicized signals arc C-H's and C-H3's].

Alternate synthesls

Hydrolysis of 4-[3-{Cyclopeatvioxy)-4-methoxyphenyll-1-cyclohexens-1.4-dicarbonityi
Toa 100 mL. 3-necked round bottom flask equipped with a magnetic stirrer, a
reflux condenser, and a nitrogen inlet was charged with 4-[3-(cyclopentyloxy)-4-
methoxypheayl}- 1-cyclohexens-1,4-dicarhonitrile pitrile, compound 3 in Scheyos 1, (200 g,
6.16 mmol) and absolute ethancl (25 ml.). The reaction was refluxed for 5 minutes; a clear
solution resulted. To this was added a suspension of Ba(OH)2+8H20 in water (6.00 g, 19
mmol, io 25 mL of distilled water). The solution was refluxed for 3.5 brs and cooled to
room temperature. The reaction was acidified with 3 N HCl and extracted with ethyl acetate
(1 x) and t-butylmathyl ether (1 x). The organic layers were combined and washed with
waler (2 x 15 mL) and brine. After drying with magnssiom sulfate the unsaturated acid 4-

-13-
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cyano-4-{3-(cyclopeatyloxy)-4-methoxyphenyl]-1-cyclohexene-1-carboxylic acid
(compound 5 in Scheme 1) was isolated as an oil by evaporation of the solvents on the
rotovap. This oil also contained an impurity identified as the unsaturated acid with a 4-
carboxamide (formed by concomitant hydrolyis of the 4-position nitrile). The prodoct was
purified by preparative reverse phase liquid chromatography. The product, compound 4 in
Schemel, weighed 0.450 g; compound 4 in Schems 1. The unsaturated acid with a 4-
carboxamide group was isolated and identified as indicated below.

IR FT-IR (KBr): 3300 (s, O-H st), 2235 (CN stretch), 1689 (C=O stretch of unsat
carboxylic acid); 1650 (C=C stretch), 1517 (C=C stresch), 1434, 1419, (C-H deform), 1258
and 1145 (C-O stretch).

The NMR (360 mHz) had a signal diagnostic foc the vinyl proton at 7.0 ppm (C6D6) and
7.16 ppm (CDCl3).

Proton NMR (360 MHz) o-4-cyano-4-(3-cyclopentyloxy-4-methoxypheayl)-r-

cyclohexanecarboxylic acid taken in C6D6.
[ABSORPTION | Noof protons | Multiplicity/ Coopling canstant

141-2.09 10 4 clusters (broad)

215227 15 doublet “allylic protons
238252 15 doublet allylic protons
2.80 1 Very broad allykic proton
350 3 singlet 0CH;

472 1 septuplet cyclopentyl

6.63 1 doublot, T=84 Hz arom (a to OCHg)
6.82 1 doublet of doublets, (J =84+ | arom

meta coupling, J = 2)
70 1 - | broad singlet vinyl proton
7.1 1 | doublet (met, J=2) Tsolated aryl C-H

C-13 NMR of unsaturated carboxylic acid (CHCL3, 90 HZ). ): 170.7, 1499, 1479,
137.36, 131.5, 129.7, 1223, 1175, 112.7, 111.9, 80.69, 56.1, 39.7, 33.0, 32.8, 326, 24.1,
2225

-14-
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Toa 5l 2-necked round bottom flask equipped with a magnetic stirrer and a
nitrogen inlet was charged 4-cyano-4-3-(cyclopentyloxy)-4-methoxyphenyl}-1-
cyclohexene- |-carboxylic acid (4 in Scheme 1) ( 0.021 g, 0.06 mmol) and dimethyl
formamide (DMF) (0.5 mL). Ammonium formate (0.050 g) was added to the pot and
hydrogenation catalyst (10% Pd/C; Aldrich 20569-9). The reaction was stimred at 20 °C for
20 b. The reaction was filtered and the DMF removed under high vacuum. The product was
extracted into ethyl acetste (2 x 4 mi). Ths organic layers were washed with water (2 x 4
ml) and brine (1 x 5§ mL). Evaporation gave an oil which had an NMR the same as
reference material of the cis form of the desired acid, 4-cyano-4-[3-(cyclopentyloxy)-4-
methoxyphanyl}-1-cyclobhexane-1-carboxylic acid, S in Scheme 1.

-15-
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What is clafmed is:
1. A process for preparing a compound of formmla (T)
Ar
N m
where Ar is an aromatic group,

wherein the process comprises reducing a cyclohexene of formala (A).

CN
N\N
N 0
2 A compound of forrmla (A) wherein Ar is an aromatic group.
3. A proceas for prepating a compound of formmla () by the cyanohydrin
homologation of cyclohexanona (X) as described herein

Ar
Il
N

wharein Ar is an aromatic group.

-16-
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Cyanohydrin bomologation of the 4-cyanocyclobexanone

Ar

Abstact

Ll T
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PROCESO E TOSP LA PREPARACION DE %
CICLOHEXTLNITRILO
REIVINDICACIONES

I. Un proceso para la preparacién de un compuesto de la formula (T)

donde Ar es un grupo aromético

en donde el proceso consiste en reducir un ciclohexeno de la formula (A)

Ar NCN

CN A

2. Un compuesto de la fdrmula (A) en donde Ar es un grupo aromético.

3. Un proceso pama la preparacién de un compuesto de la formula (I) mediante la

homologacién de cianohidrina de ciclohexanona (X) segln se describe aqui,

Ar

en donde Ar es un grupo aromético

5V



