*159159* PROCESS FOR PREPARATI ON
DERI VATI VES BACKGROUND OF THE | NV I f the
Invention [01] The present inventi 0

process for preparation of cyclohexanoﬂ””ﬁbrlvatlves
such as 1-[cyano (4-nethoxyphenyl) net hyl ]

cycl ohexanol . Background of the Related Art [02]

Cycl ohexanol derivatives such as

1- [ cyano( 4- net hoxyphenyl ) et hyl] cycl ohexanol are
useful internmediates for making com ounds like

Ven pRGEESS FOR PREPARAEIQN OF @%ﬁ NQLDFRIYARVES
i nhibiting re-uptake of neurotransn1tters,

nor epi nephrine and serotonin. As disclosed in U S.

Patent No. 4,535, 186, cyclo deriyvatives can be
produced by reaéﬂHgﬁgggﬁggﬁﬁgiggi&gﬁgikigr
cycl oal kenone with an appropriately substituted (ortho
or para) phenylacetonitrile anion. [03] The
pregaratlon net hod di sclosed in the US " 186 patent

| Inyegtiolse  of an organonetal | i ¢ base such as
n-butyl lithiumin order to i nduce phenyl acetonitrile
anion in the reaction. The organonetal lic base is

expens LMST?J?@SCLQH%UWI%QEIS o Aproce ST Prepathtidatof b pdshiexanol

one eq t of the reactant at a | ow tenperature
helioMivebhch as 1 Scyahd@raghédyblsenirabthyl] syetohepnobl e t o
water in air wwth the risk of fire or explosion, and
provi des a | ow production yield of |ess than 50
percent. Therefore, organonetallic

Background of the Related Art

[02] Cyclohexanol derivatives such as 1-[cyano(4-methoxyphenyl)methyl]
cyclohexanol are useful intermediates for making compounds like venlafaxine which
have aﬁti-deprcssant effects by inhibiting re-uptake of neurotransmjttt‘ars,
norepinephrine and serotonin. As disclosed in U.S. Patent No. 4,535,186, cyclohexanol
deﬁvatives can be produced by reaction of a cycloalkanone or cycloalkenone with an

appropriately substituted (ortho or para) phenylacetonitrile anion.

[03] The preparation method disclosed in the US ‘186 patent involves the use
of an organometallic base such as n-butyl lithium in order to ihducc phenylacetonitrile
anion in the reaction. The organometallic base is expensive, has to be used in an
amount of at least one equivalent of the reactant at a low temperature below -50 C,is
characteristically susceptible to water in air with the risk of fire or explosion, and

provides a low production yield of less than 50 percent. Therefore, organometallic

bases are considered impractical for industrial scale synthesis.
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bases are considered inpractical for industrial scale

synt hesi s. [04] U.S. Patent No. 5,043,466 discloses

a process for preparation of cyclohexanol derivatives

whi ch use an organonetallic base such as a lithiumdi-
i sopropylam de as illustrated in the follow ng
reacti on nechanism The US 466 patent varies the

m xed ratio of hydrocarbon solvents in an attenpt to

i nprove reaction tenperature and yield, but there
still remains the problem of the base, |ithiumdi-

i sopr Opw4§1msji5at@ﬁ'lxﬂgs OIREGE kL GREs § 81{(1)ccls ﬂ@ [ 'aag?n gal e

synthesis as It too i s expensi ve, and

C %?cﬁﬁe)@nél'd%ﬁvé%ese%}m:fpﬁs'c%ﬂ of%aﬁ&ne R?% Eﬁ's!g I%{] ds é‘.lm?m BASE

00 RI -CHM OR2 MF-LI,

O-idpr3)atnide ﬁ1l$:sNﬁt€<ﬂ'hrﬁ)18followmg reaction mechanism. The US ‘466
patent varies the mixed ratio of hydrocarbon solvents in an attempt to improve reaction
temperature and yield, but there still remains the problem of the base, lithium di-

isopropylamide being impractical for industrial scale synthesis as it too is expensive,

hard to handle, and can be a fire or explosion risk.

O
SHC]
Rz0

M=L1,Na,K ,MgHal

Ry= CN,-C O-N(CH,),
-C-§-N(CH,),
R2=H,CHj3 Protective Group

[05] Chinese Patent Publication No. 1225356 (CNO1225356A) discloses the
use of bases such as sodium methoxide, sodium ethoxide, sodium hydride and sodium
amide in the preparation of cyclohexanol derivatives to enhance the reaction
temperature in the range of 0 to 5°C. However, the disclosed bases were usedin
amounts of at least one equivalent of the reactant, and are also dangerous as they too

are prone to combustion or explosion.

[06] The known processes above involve two steps, i.e. reacting
phenylacetonitile with a base to produce an anion and coupling the anion with a ketone
compound. In particular, the reaction in the anion-producing step involves some
difficulties with regard to determination of the end point of the step and quantitative

analysis of the anion produced. Such problems give rise to variations in yield in the
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R2=H, CH3, Protecti ve G oup [05] Chi nese Pat ent
Publ i cati on No. 1225356 (CN01225356A) di scl oses the
use of bases such as sodi um net hoxi de, sodi um

et hoxi de, sodi um hydride and sodium anmide in the
preparation of cycl ohexanol derivatives to enhance the
reaction tenperature in the range of 0 to 5 C.
However, the di sclosed bases were used in anounts of
at | east one equivalent of the reactant, and are al so
dangerous as they too are prone to conbustion or .
ex gbuingrstep [20dihetEfase than o 2jsp difBadtdfer ingestrial pnpligitin fonfhys
steps, i.e. reacting phenylacetonitrile with a base

t o TgASeRluce an ani on and coupling the anion with a

ket one conpound. In particular, the reaction in the
ani on- produci ng step involves sone difficulties with
regard to determ nagi RRAbNef the step
and quantitative vdoiss bNooduced. Such
problens give rise to variations in yield in the 2
coupling step and therefore they are also difficult
for indu i ' 5001 ifvehtidnls SirdcRa %O proSdMdABépadhtion
THE INVé@H%ﬁ#fO%F’KE?%?g?ﬁgIy, t he presen? inven??gn

I S oflkyc@6HeRshol Bervalid¥ed RS Subktaiitially @ paEaiies probleafs and disadvantages
cycl ohexanol derivatives that substantially overcones

pr @ptterenmendorchi ssadvant ages of the conventional art.

[08] An object of the present invention is to provide

a process for preparation

[08] An object of the present invention is to provide a process for preparation
of cyclohexanol derivatives by reaction of phenylacetonitrile with cyclohexanone to

enable economical and reasonable mass quantity production.

[09] Another object of the present invention is to provide a process for-
preparation of cyclohexanol derivatives that is safe and environmentally friendly
without the risk of fire or explosion and simpler than conventional syntheses because

the reactants are all mixed in one reaction.

[10] One aspect of the present invention is a process for preparation of

cyclohexanol derivatives of formula I,



of cycl ohexanol derivatives by reaction of

phenyl acetonitrile with cycl ohexanone to enable
econoni cal and reasonabl e mass quantity production.
[09] Another object of the present inventionis to
provi de a process for. preparation of cycl ohexano
derivatives that is safe and environnentally friendly
wi thout the risk of fire or explosion and sinpler than
conventional syntheses because the reactants are all
m xed in one reaction. [10] One_ aspect of the present
irnvention is a process for pre ation of

cycl ohexanol derivatives of forjrula I, 3 CN R7 (1)
wherein R6 and R7 are ort aPRgsubsti t uent s,

i ndependent |y sel ected - onsi sting of
hydr ogen, hydroxyl, Rg | koxy, C7-C9
ar al koxy, C2-C7 al kano g | mer capt o,
halo or trifluoronethyl & R8 i s hydrd§&h)por C1-C6

“al kyl; p is one of the |ﬁtegers 0, 1, 2, 3 or 4; and
RO is hydrogen or Cl1-C6 alkyl; conprising reacting a
compound of forrmula Il with a conpound of fornula II1,
CNR7 O

M

wherein R¢ and R are ortho or para substituents, independently selected from the group
consisting of hydrogen, hydroxyl, C;-C; alkyl, C,-Cg alkoxy, C7-Cy aralkoxy, C»-C;
alkanoyloxy, C;-Cs alkylmercapto, halo or trifluoromethyl; Rg is hydrogen or C;-Cg
alkyl; p is'“ one of the integers 0, 1, 2, 3 or 4; and Reis hydrogen or C;-Cs alkyl;

comprising reacting a compound of formula II with a compound of formula ITI,

CN
i
R7-—:k—-/ Rg E
Re (CH)p
Im (II)

in the presence of non-organometallic base catalysts represented by the formula IV or V,

in the presence or absence of a reaction solvent,



(1) in the presence of non-organonetallic base

catal ysts represented by the formula IV or V, in the
presence or absence of a reaction solvent, 4 (V)
wherein Ais -(CHs) n -where n is an integer from2 to
4; Bis - (CH2).- where mis an integer from2 to 5
Xis CH2, 0, NHor NR where R is a Cl1-C4 al kyl or
acyl, or an al kyl supporting polyner ; each of and Rl
to R4 is independently hydrogen, an alkyl, a

cycl oal kyl or an al kyl or cycloal kyl supporting

pol yner, aqg all of RL to R4 are not hydrogen, and R5

is an aI " cycl oal kyl or an alkyl or cyl ozﬂbkyl
suppor ng pol and where RO is an al I, “al kyl
group/is intro d y alkylation. [ ] Thej]

non- rganomst I | c e used in the ARHJ on
conpr ses |nes on guani di nes repres nt ediy

f or mul ?{ re specifically, eﬁg‘pl es oRjon-
organonetal c b of t he present invention include

am di nes, e.g. 1,8- diazabicyclo [5, 4, undec-7-ene

(DBU) and 1, 5-di azabi cycl o[ 4, 3, J non-5-ene (DBN);

cyclic guanidines, e.g.

1,5 7-triazalgtwycl o[ 4, 4, 0 dec-5-ene (TBD) aqw)

7-methyl -1,5,7- triazabicyclo[4, 4, dec-5-ene (MIBD);

al kyl guani di nes, e.g. tetra nethyl guanidine (TM3,
tetra buty uani di ne, penta nethyl guanidine, penta
bum}apregnuéaﬁ ,—é&ﬁ@ nawhprqm is an integer from 2 to 4; B is — (CH)- where m is an

butyl -N', N'-di c&gl ohex% uani di ne The base cat al yst
of lrtt?ssr ‘is?regéﬂé yEHe bwhese Roltddarfesiiyl or acyl, oran *

Cat 3 Zf?{f’%o%hgnl? n?e? glacﬁagr dy lf tto%? Pstlgéegénno%nt?y hy%rl:goen an alkyl a
cycloalkyl or an alkyl or cycloalkyl supporting polymer, and all of R, to R4 are not
hydrogen, and Rs is an alkyl, a cycloalkyl or an alkyl or cyloalkyl supporting polymer,

and where Ry is an alkyl, alkyl group is introduced by alkylation.

[11] The non-organometallic base used in the present invention comprises
amidines or guanidines represented by formula IV or V. More specifically, examples
of non- organometallic bases of the present invention include amidines, e.g. 1,8-
diazabicyclo [5,4,0Jundec-7-ene (DBU) and 1,5-diazabicyclo[4,3,0]non-5-ene (DBN);
cyclic guanidines, e.g. 1,5,7-triazabicyclo[4,4,0]dec-5-ene (TBD) and 7-methyl-1,5,7-
triazabicyclo{4,4,0]dec-5-ene (MTBD); alkyl guanidines, e.g. tetra methyl guanidine
(TMG), tetra butyl guanidine, penta methyl guanidine, penta butyl guanidine and N’-
butyl-N”,N"-dicyclohexylguanidine. The base catalyst of the present invention may
be a homogeneous catalyst or may be a catalyst containing an amidine- or guanidine-
based organic amine base immobilized on a polymer support (e.g. polystyrene) or an

inorganic support (e.g. silica). The non-organometallic base of the present invention
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based organi c am ne base inmobilized on a pol ynmer

support (e.g. polystyrene) or an inorganic support

(e.g. silica). The non-organonetal lic base of the

present invention 5 is at |east one selected fromthe

group consisting of the above-nenti oned bases. [12]

The anount of the non-organonetal lic base used is not

specifically limted and may be in the range from

about 0.0001 to about 2 equivalents, and nore

preferably, fromabout 0.005 to 0.5 equival ents

r as attleaseorfeaeleted et tvagrey conbistizef @RMPEWIGeRfonb L4, @

I1. The reaction of the present invention can be

successfully acconplished wth the base catal ysts

used only in a catalytic anount, which is

advant adéblike anjougy o opresgaenmetalic dateivsed iwayt specifically limited

optionally not use an organic solvent conprising

h;'ﬁ‘a‘a Bé¥ B%h%‘e sAnseirp@agout ﬂ&po bioabeut Qieiuizelents, and more preferably,

canvent i oqj&#]s s;brkt hesis. \Wether to use an organic

s ST Voo e ayiyelents Falajive &ong eguinglent iob the compound of
enerally preferred not to use

e AN G RN
: i vat i .as 1- 4-
CUph OMNA08l 8L oLy e FHRRS s

formula | according to the present invention, the
reaction tenperature is preferably in the range of

about {23 The p&@'cr@invcﬁﬂ?ih@na@roﬁti&faﬁ? hot lﬁ@ﬁ?r%régerﬁc tdtvedl ' C

The process of the present invention can congucted
evanprisingrhydmctrbonsarr atheis éhat a8 r@dirtSinaN@ALGAE O Shthekid 5]

The present invention presents a process for

pPestienio usnabraaye sabveekamol is opttmaliyadetidedbybiiosearitied Bithe art,
of an appropriately substituted,

pBit L1 BeASTALLY perferFrdinet foaisgyan drganic solvent.

[14] In preparation of the cyclohexanol derivatives such as 1-[cyano(4-
methoxyphenyl)methyl]cyclohexanol represented by formula I accordin g to the present
invention, the reaction temperature is preferably in the range of about —20 to 80 T,
more preferably about 10 to 30 TC. | The process of the present invention can be’

conducted even at room temperature, which is advantageous.

[15) The present invention presents a process for preparation of cyclohexanol
derivatives by reaction of an appropriately substituted, para-phenylacetonitrile with a
cyclohexanone in the presence of a non-organometallic amine base (e.g. DBU, DBN,
TBN, MTBD, TMG or N’-butyl-N",N"-dicyclohexylguanidine) in accordan.ée with

reaction mechanism I,



cycl ohexanone in the presence of a non-organonetallic
am ne base (e.g. DBU, DBN, TBN, MIBD, TMG or

N -butyl-N , N'-di cycl ohexyl guani di ne) in accordance
with reaction nechanisml. 6 CN (1) Catalyst R7 CN
[16] In the above reaction, R6 to R9, and p are the
sane as defined above, and where RO is an alkyl, it
is introduced by al kylation. [17] In the preparation
of the cycl ohexanol derivatives such as 1-[cyano(4-
met hoxyphenyl ) net hyl ] cycl ohexanol represented fornmul a
|, a non-qug@ano netallic base such as DBU, . TBD,
MIBD, TMGJor N -butyl-N', N'-di cycl ohexyl guan

that i g _ap am ne Rase is usgd i nstead of a
or,g alrgc pa ch_a_s_i]'ij&ﬁml_,l i 4 Difd
[ithi i1 soprop i de used in convéntg

procegses to i nduce©se phenyl acetontiril egani on.
use of a non-organonetallic base, in a relatively
small anpunt that is relatively inexpensive, |ess
susceptible to hydration, operable at room
tenperature, with no rjsk of fire or explosion,
enabl es mass quantity } oduct i on t hrough a safe and
relatively sinple industrial process. Only catal ytic
anmount s of '

[16] In the above reaction, Rg to R, and p are the same as defined above, and

where Ry is an alkyl, it is introduced by alkylation.

(17] In the preparation of the cyclohexanol derivatives such as 1-[cyano(4-
methoxyphenyl)methyl]cyclohexanol represented formula I, 2 non-organo metallic base
such as DBU, DBN, TBD, MTBD, TMG or N’-butyl-N",N"-dicyclohexylguanidine
that is an amine base is used instead of an organometallic base such as n-butyl lithium
or lithium diisopropyl amide used in conventional processes to induce a
phenylacetontirile anion. The use of a non-organometallic base, in a relatively small
amount that is relatively inexpensive, less susceptible to hydration, operable at room
temperature, with no risk of fire or explosion, enables mass quantity production
through a safe and relatively simple industrial process. Only catalytic amounts of
non-organometallic base are needed in the present invention, which produces highly

pure, high yield cyclohexanol derivatives.

[18] The present process is also more simplified and environment-friendly

without production of organometallic byproducts as use of organic solvents is avoided.



non- organonetal I i c base are needed in the present

i nvention, which produces highly pure, high yield

cycl ohexanol derivatives. [18] The present process is

also nore sinplified and environnent-friendly wthout

production of organonetallic byproducts as use of

organi c solvents is avoided. 7 DETAILED DESCRI PTI ON OF

THE PREFERRED EMBODI MENTS [ 19] The present invention

Wil | nomrbe descrrbed in detarl mnth reference to the

fol | owiipi ) i B i 1é :

t he scope of the present |nvent|on [20] Exanple 1

[21] 100 g (0.68 nole) of p- nethoxyphenylacetonltrlIe

100 g % 2 nol e) of  cyc] ohexanone_ and 32

ol e) o121 The Hrssz'dbreeyer %ﬂl[rembeo:}esqﬂba%tdménettrrefewe to the
ask and k ,

g SRR = R R LT

resulting solution to regulate the pHto acid |evel.

After one hour of stirring at roomtenperature, the

fornmed } i e was separated by filtration and

washed %Pﬁ%ﬁ%%%$¥ied water and then with ethyl acetate

and n-hexane, to yield 140 g of a white solid as,the

target conpound,

1- [ cyana(poved (058 i oy p-hiteioRyhkelEdeRRRRNITO g (1102 8hdlk) of

84% nelting point 123.7 C. [22]"H NMR Anal ysi s

( PyBcheione aftd 32 @ 0. H. i8de) of H,8-djazabicoeiat [i51)0] ¥ndB67{cheDBU)

OH), 4.05 (3H, s, OCH3), 3.76 (1H, s, CHCN),
1 Ve addg@toal sk and l\t:pyatllé m@/‘rq witle 8jrripg fVRS honars. yslthHCI was

(CDC13), : S 7.23-6.89 (4H, aromatic). 3.82 ¥3 S,
then added to the resulting solution to reguiate the pH to acid level. After one hour of

stirring at room temperature, the formed precipitate was separated by filtration and
washed with purified water and then with ethyl acetate and n-hexane, to yield 140 g of
a white solid as, the target compound, 1-[cyano(4-methoxyphenyl)methyljcyclohexanol

(yield 84%, melting point 123.7 °C).

[22] "H NMR Analysis (DMSO-d6) : & 7.27-6.93 (4H, q, aromatic). 4.85 (1H,
. s, OH), 4.05 (3H, 5, OCH3), 3.76 (1H, s, CHCN), 1.69-1.08 (10H, m, cyclohexyl)

[23]1'H NMR Analysis (CDCl;) : & 7.23-6.89 (4H, q, aromatic). 3.82 (3H, s,
OCHz), 3.73 (1H, s, CHCN), 1.72-1.16 (10H, m, cyclohexyl)

[24] °C NMR Analysis (DMSO-d6) : § 159.4,131.3,125.8, 121.4, 114.1,
72.2, 55.8, 48.8, 36.0, 34.7, 25.9, 22.0, 21.9

[25] Mass Spectral Analysis: Molecular weight 245 [M* by C.IM.S.]
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OCH3), 3.73 (1H, s, CHCN), 1.72-1.16 (10H, m

cycl ohexyl) [24] 13C NWMR Anal ysis (DMSO-d6) : S 159. 4,
131.3, 125.8,121.4, 114.1, 72.2, 55.8, 48.8, 36.0,
34.7, 25.9, 22.0, 21.9 [25] Mass Spectral Analysis:
Mol ecul ar weight 245 [Mby C.1.MS.] 8 [26] ]R (KBr
pallet) : 3408 cm1l (-OH), 2249 cm1 (-CN) [27]
Exanple 2 [28] 52.7 g (0.36 nole) of

p- met hoxyphenyl acetonitrile, 35.8 g (0.36 nole) of
cycl ohexanone and 28.6 g (0.19 nole) of

1, 8-di azabi cycl o[ 5, 4, O] undec-7-ene were added to a

flask apng) ReBrBhlled) 3408 &R COM),IA4stmr (JoN) for 90
hours.q?dlégéags Rﬁen addggm?o t he rgéﬂ?ting
solution to regulate the pHto acid |evel. After one
hour of stirring at roomtenperature, the forned
preci pi [RaExawmte eparated by filtration and washed
with purified water and then with ethyl acetate and

n- hexane to yield 62 g of a white solid as the target

(y1 o1 o Gk § Bop ey PE PRI B e P EL0 AGPE) of
Efé;é&icgg%n% R’éf{ ﬂfp_ g?ogf?dpn@gﬁ”og :]niﬂg?z% I%:?crlclafg %?O]Lnndec-%ggwler%
o) SRR (BRI S pRE R AT, B R e
R SR S et g ot
stirring at room temperature, the formed precipitate was separated by filtration and
washed with purified water and then with ethyl acetate and n-hexane to yield 62 g of a

white solid as the target compound, 1-[cyano(4-methoxyphenyl)methyl]cyclohexanol

(yield 70%).

[29] Example 3

{30] The procedures were performed in the same manner as described in
Example 1, except that 0.5 equivalent of 1,8-diazabicyclo[5,4,0]undec-7-ene was used
in the 6-day reaction to yield 67 g of a white solid as the target compound, 1-{cyano(4-

methoxyphenyl)methylJcyclohexanol (yield 80%).

[31] Example 4

[32] 100 g (0.68 mole) of p-methoxyphenylacetonitrile, 167 g (1.70 mole) of
cyclohexanone and 52 g (0.34 mole) of 1,8-diazabicyclo[5,4,0]undec-7-ene were added

to a flask and kept at 0 °C with stirring for 60 hours. 1N HCI was then added to the

9



[31] Exanple 4 [32] 100 g (0.68 nole) of _

p- met hoxyphenyl acetonitrile, 167 g (1.70 nol e) of
cycl ohexanone and 52 g (0.34 nole) of

1, 8-di azabi cyc] o[ 5, 4, O] undec-7-ene were added to a
flask and kept at O Cwith stirring for 60 hours. 1N
HCO was then added to the 9 resulting solution to
regulate the pHto acid | evel. After one hour of
stirring at room tenperature, the precipitate

produced S separate filtration,and shed. wi t

PP Eisalionns Fpafieitrptiq s efg *Redinas BOF g Sithe & room
tn:'ﬂ eg'g)?r% u&%rg%%é{géi%ta%é p7r0&1cg£l was é’c\e'fpulrtat%d %)Q hjtrqtioﬁa E’?’ndt “ha%hed with

1- - hex.anal i . .
SRS RS SRR Bl s yarle 6 e o
pe &l .
R L i
1, 8-di azabi cycl o[ 5, 4, 0] undec- 7-ene was used, in the
8-hour reaction to yield 116 g of a white solid as the
target ¢3BIERuAple 51-

[ cyano( 4- net hoxyphenyl ) net hyl ] cycl ohexanol (yield

709% . [35] Exanple 6 [36] 25.4 g (0.17 nole) of

p- met hoxyphenyl acetonitrile, 41.8 g (0.42 nole) of

cycl ohei¥ddhe praerule wergpefforrosiin it setne granner as described in
1,8-diazabiCycIe{5 4, 0]l undec-7-ene were added to a

f | Example b exespt that 0.5 squivalgnt af L-djazabigyclobh4.Olindesifrane wagused,
H%; e . result olution to

re

SPEF RO B el Do O a0l RS aomA b iy
e nET R Ao S e tn BT queaiti oRha GRS t erperature,

[35] Example 6

[36] 25.4 g (0.17 mole) of p-methoxyphenylacetonitrile, 41.8 ;g (0.42 mole) of
cyclohexanone and 13.2 g (0.087 mole) of 1,8-diazabicycle[S,4,0]Jundec-7-ene were
added to a flask and kept at 25 °C with stirring for 24 hours. 1N HCI was then added
to the resulting solution to regulate pH to acid level. After adding 50ml of methyl
alcohol and one hour of stirring at room temperature, the precipitate produced was
separated by filtration and washed with purified water and then with ethyl acetate and
n-hexane to yield 23.7 g of a white solid as the target compound, 1-[cyano(4-

methoxyphenyl)methyl]cyclohexanol (yield 56.1%).

(37] Example 7

[38] 50.3 g (0.34 mole) of p-methoxyphenylacetonitrile, 34.8 g (0.35 mole) of

10



separated by filtration and washed with purified water
and then with ethyl acetate and n-hexane to yield
23.7 g of a white solid as the target conpound,
1-[cyano(4- net hoxyphenyl) net hyl ] cycl ohexanol (yield
56.1% . [37] Exanple 7 [38] 50.3 g (0.34 nole) of

p- met hoxyphenyl acetonitrile, 34.8 g (0.35 nole) of 10
cycl ohexanone and 43.3g (0.35 nole) of
1,5-diazabicyclo[4,3,0]none-5-ene (DBN) were added to
a flask and kept at 20 to 25 "Cwth stirring for 90

hourc§eloﬁéaaﬁdae and £8 [ £9 uzco)lalagr?oﬁéalopi sfanum f}@ﬂﬂgﬁ,o@s Bhd (ON)

nmet hyl al cohol 0 of purif wat er After

one veadliddsd { iorarﬂla@[a ad kepCRM tEINE r»ﬁtmﬁmgtr’e@mmﬁsl pirh ake
produced was separated by filtration and washed with

pur irésukig 8altitsn dre addee 50 wil bhmehilicons @h@ped anet purified water.
n- hexane to yield 116 g of a white solid as the

t ar gdter emripousitiringl at ffeona reopdratve, the pygoipitatg Ipjoduced was separated by

met hyl ] cycl ohexanol (yield 70% . [39] Exanple 8 [40]

20 & t(a@lounchmséyd with parified wasey prvthgr ‘aléle@tbyhat:mtb end niBexgne to
cycl ohexanone and 21. (0.14 nol e

of 11,%1 H.g%zoéal\ﬂ% P@[dsasahedfraﬁ&e@pwénlel A-meihguepheny!

flask il uted h m of methyl al cohol and kept
at Pgthtygc 8‘%&@”‘%&%% ng for 20 hours. To the

resulting solution were added 20 nml of nethyl al cohol
and 150 m of purified water. After one hour of

stlrrlng ﬂiE&gggb%enperature the precipitate

produced was separated by filtration and washed with
purified water and

[40] 20 g (0.14 mole) of p-mctho;cyﬁhenylacetonitrile, 13.7 g (0.14 mole) of
cyclohexanone and 21.2 g (0.14 mole) of 1,8-diazabicyclo[5,4,0Jundec-7-ene were
added to a flask, diluted with 100 ml of methyl alcohol and kept at 15 to 20 °C with
stirring for 20 hours.  To the resulting solution were added 20 ml of methyl alcohol

- and 150 m! of purified water. ~ After one hour of stin’iﬁg at room temperature, the
precipitate produced was separated by filtration and washed with purified water and
then ethyl acetate and n-hexane to yield 17.4 g of a white solid as the target compound,

1-[cyano(4-methoxyphenyl)methyl]cyclohexanol (yield 52%).

{41] Example 9

[42] The procedures were perforroed in the same manner as described in
Example 1, except that 0.1 equivalent of 1,8-diazabicyclo[5,4,0Jundec-7-ene was used
in the 6-day reaction to yield 76.1 g of a white solid as the target compound, 1-

[cyano(4-methoxyphenyl)methyl]cyclohexanol (yield 90.5%).
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then ethyl acetate and n-hexane to yield 17.4 g of a
white solid as the target conpound,

1-[ cyano( 4- net hoxyphenyl ) net hyl ] cycl ohexanol (yield
529 . [41] Exanple 9 [42] The procedures were
performed in the sanme manner as described in Exanple
1, except that 0.1 equival ent of

1, 8-di azabi cycl o[ 5, 4, 0] undec-7-ene was used in the
6-day reaction to yield 76.1 g of a white solid as the
t ar get conpound 1-

[ cyano( 4 phenyl ) met hyl ] cycl ohexanol (yield
90. 5% rﬁ?ll%“ Exanple 10 [44] 25.4 g (0.17 nole) of
p- nethoxyphenylacetonltrlIe 83.6 g (0.85 nole) of

cycl ohexanone and 26.7 g (0.17 nole) of

1, 8- di az[@4] 25.¢ k.57 o] oftpqﬂetao@pemlawbmmlacmescg (0(85 anole) of
flask and kept at 20 to 25 Cwith stirring for

howyeoheéKandneand 26T ig0. kmokpbilt, Mmzmayeloaﬁjdehnﬁ@c Vden@\'ﬁ'ere
nethXI al cohol and 200 ml of purified water. After one
hoafdegito 8 flash dndgkepitat R tordSt ‘g irimaefor 2hkoups: e Jopthetrasulting
produced was separated by filtration and washed with
pusPIPiWets rddedpqdanliof @Wthé’l quhOb@ét@@@ﬂ@ﬁamﬁqdme After one

of a white solid as the target co und

) oot taned: Row g ﬁﬁ?ﬂyitﬂtey@ﬁgﬁé 25,64

42 :69. [4 T .
oot P FETR) Bl 8 aé"&a@g@?x.eaggtat%w% i

tlh 188330 W kold1R AR Ahpb I 2R il PRhy) "
methyl]cyclohexanol (yield 42.6%).

[45] Example 11

[46] The procedures were performed in the same manner as described in
Example 1, except that the reaction temperature was kcpi in the range from 35 to 40 °C
to yield 30.6 g of a white solid as the target compound, 1-[cyano(4-methoxy-

phenyl)methyl]cyclohexanol (yield 36.8%).

[47] Example 12

[48] 100 g (0.68 mole) of p-methoxyphenylacetonitrile, 100 g (1.02 mole) of
cyclohexanone and 0.47 g (0.0034 mole) of 1,5,7-triazabicyclo[4,4,0] dcc-?—cne (TBD)
were added to a flask and kept at 20 to 25 °C with stirring for 10 to 12 hours. 1IN HCI
was then added to the resulting solution to regulate the pH to acid level. After one hour
of stirring at room temperature, the precipitate produced was separated by filtration and

washed with purified water and then ethyl acetate and n-hexane to yield 128 g of a

12



to yield 30.6 g of a white solid as the target
conpound, 1-[cyano(4-nethoxy-

phenyl ) nmet hyl ] cycl ohexanol (yield 36.8%. [47] Exanple
12 [48] 100 g (0.68 nole) of

p- met hoxyphenyl acetonitrile, 100 g (1.02 nol e) of

cycl ohexanone and 0.47 g (0.0034 nole) of
1,5,7-triazabicyclo[4,4,0] dec-5-ene (TBD) were added
to a flask and kept at 20 to 25 Cwith stirring for 10
to 12 hours. IN HCI was then added to the resulting

s oWhitei targettcompewgd| Bfoyartdenetiok yphargil xhethgllexclohgf anelr(yiehie? 7%).
hour of stirring at roomtenperature, the precipitate
produced was separated by filtration and washed with
purified water and then ethyl acetate and n-hexane to
yi el d 16481 Exagmlel312 white target conpound,

1- [ cyano( 4- net hoxyphenyl ) net hyl ] cycl ohexanol (yiel.d
77% . [49] Exanple 13 [50] The procedures were

D gt T arotBe G et PO Faad ™ (PS5 affrel qesRAT ©
7'ﬂxah§ﬁ?8&fc¥ﬁé@at hﬁ?; céiuva% t BBF- mentyR. @3,3'\(@5&&@?[4‘@ & dec-

inth ourireaction to

W@ (MABDY waS useh REtht 26 G- }%F}E@éiﬂﬂ to yield 128 g of a whltc solid as
1- [cyano(4 nmet hoxyphenyl ) nmet hyl ] cycl ohexanol (yi e] d

7°E08 targbecbinp bR PY & addt4-Infe ox Pehely ikt BAlcyopd R X ardf(yield 77%).

p- met hoxyphenyl acetonitrile, 50 g (0.51 nole) of

cycl ohexanone and 0.24 g (0.0017 nole) of 1, 5,
7-triazabicyclo[4, 4, 0] dec-5-ene (TBD) were added

to a fllatkExamgleddpt at 20 to 25C with stirring for 19
hours. The

[52] 50 g (0.34 mole) of p-methoxyphenylacetonitrile, 50 g (0.51 mole) of
cyclohexanone and 0.24 g (0.0017 mole) of 1, 5, 7-triazabicyclo[4, 4, 0] dec-5-ene
(TBD) were added to a flask and kept at 20 to 25°C with stirring for 19 hours. The
reaction mixture was dissolved in 500 ml of ethyl acetate and, after acidition of 200 ml
of purified water, was neutralized with 6N HC1. Following phase separation at 30 to
35 °C, the organic solvent was removed under vacuum and 500 ml of ethyl] acetate and
200 ml of purified water were added to the filtrate. After one hour of stirring at room
tcmperatufe, the precipitate produced was separated by filtration and washed with
purified water and then with ethyl acetate and n-hexane to yield 74g of a white solid as

the target compound, 1-[cyano(4-methoxyphenyl)methyl]eyclohexanol (yield 89%).

[53] Example 15

[54] 25 g (0.17 mole) p-methoxyphenylacetonitrile, 25 g (0.25 mole) cyclo-
hexanone and 2.5g (0.0090 mole) N’-butyl-N",N”-dicyclohexylguanidine were added
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reaction m xture was dissolved in 500 m of ethyl
acetate and, after addition of 200 M of purified
water, was neutralized with 6N HC1. Foll owi ng phase
separation at 30 to 35 C, the organic solvent was

renoved under vacuum and 500 ml of ethyl acetate and
200 m of purified water were added to the filtrate.
After one hour of stirring at room tenperature, the
precipitate produced was separated by filtration and
e s{yek1ask bkt kdpbiad 20116 O5 0B 2K stﬁﬂgg foP 8P h¥hrs.N 188 HiTA was then added fo
acetate and n-hexane to yield 74g of a white solid as
t hetht adsglihg 661GIENBdegulate the pH to acid levels.  After one hour of stirring at

| -[ cyano( 4- net hoxyphenyl ) et hyl ] cycl ohexanol. (yield

89%oony tedperabarenihe @retipithte pfoddbedywds@efaratexbbyeflltration and washed with
p- met hoxyphenyl acetonitrile, 25 g (0.25 nole) cycl o-
hexpuridied wated ad then wih etb9lacateteand n-hexane to yield 30 g of a white solid as
N -butyl-N", N'-di cycl ohexyl guani di ne were added 13 to

a fqhasqig@aemnnx@pﬂ. lalcyno(4-methaxyphenymeth i key dighekanol fyield 7”%)
hours. IN HCI was then added to the resulting
solutlon to regulate the pHto acid levels. After one .
hour of rin roomtenperature, the precipitate
produced gL%@g%?é?%%gﬁglklItratlon and washed with
purified water and then with ethyl acetate and

n- hexane to yield 30 g of a white solid as the target

Corord T55) SOy @R eTe PHURISHE AR U SN2 somi
ol F)irPre X yrne vk sai0Ri-1g°0 Lﬁxd&a&smG'éJthaﬁﬁ’os%érJ‘

250mL ~ of dry tetrahydrofuran (THF) and cooled to -
uNdAOma (084 thOIgEsT nstut Sittiemh €n-BuRi) v (Ebpdd i th redilting solutlon

n-butyl lithium (n-BuLi) was dropped into the

r e swhileimmaintsioingttheotamperature of the solution below -50°C.  The solution was
then stirred for 30 minutes and, after addition of 50 g (0.51 mole) of cyclohexanone,
was stirred for 45 minutes more, while the temperature of the solution was kept at less
than -50°C. Thereafter, the temperature of the reaction solution waé raised to 0°C,
and a saturated ammonium chloride solution ».vas added to cause phase separation.
The aqueous layer was extracted with diethy! ether and combined with the organic layer.

The organic solvent was then removed under reduced pressure to yield 25.2 g of the

target compound, 1-[cyano(4-methoxyphenyl)methyl]cyclohexanol (yield 34.2%).
[57] Melting point: 123 to 126 °C.

[58] Mass Spectral Analysis: Molecular weight 245 [M* by C.ILM.S.]
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whi |l e mai ntaining the tenperature of the solution
bel ow -50C. The solution was then stirred for 30
m nutes and, after addition of 50 g (0.51 nole) of
cycl ohexanone, was stirred for 45 mnutes nore, while
the tenperature of the solution was kept at |ess than
-50C. Thereafter, the tenperature of the reaction
solution was raised to OC, and a saturated anmoni um
chloride solution was added to cause phase separation.
The aqueous | ayer was extracted with diethyl ether and
conbi BEP'HWMR Artudyssr(DMIQ:dd)apet.32, 6Phédldrqarsblstitddy ent
was then renoved under reduced pressure to yield 25.2
agomzftici Be8 (3Has, §eCHoohpo (i s, CH-CN), 1. 56 (10H, m, aliphatic

1-[ cyano( 4- nethoxyphenyl)nethyl]cyclohexanol (yield
cyglobexyl) [57] Melting point: 123 to 126 C. [58] Mass
Spectral Anal ysi s: Mol ecul ar wei ght 245 [ M+ by

.MS.] 14 [59] 1H NVMR Anal ysis (DMSO-d6): 6 7. 32,

.95 -substi.tyted aromatic), 3.8 (3H, s,

CHB‘-(66 xmn] CN), 1.56 (10H m allphatlc
cyclohexyl) [60] Cbnparat|ve Exanmple 2 [61] Wil e-
mai ntai ning internal tenperature below 10C, 76.5 g of

p- n%hpwmﬁméa&wlﬁt@mtarthxhserme%m MeE 6y &l p-of

tol uene was slowy added to Iithium d||sopropylan1de

rﬁ@ll.d;tmnm leaetaith)e dd@E Rgth 73 nillof Rliuefd wasvap yidditakithium
325 ¥ 6M BuLi and 300 nml of toluene under a

dits dprayybamiéd sohsiph erade byrdddimg 73 @l i ditsopopyhmat ta 335myg), of 6M
46. Og of cycl ohexanone diluted with 50nl of tol uene
Buds angl Moyl of ddesste wnden a piteogen atmosphere.  After 30 minutes of stirring,

46.0g of cyclohexanone diluted with 50ml of toluene was slowly added with the
internal temperature kept below 10°C, and stirred for more than about 30 minutes.

The resulting solution was then added to 100ml of 12N HCI aqueous solution and 1 L
of cold purified water.  After filtration, the filtrate was diluted with dichloromethane
and washed with purified water. With the dichIoromethan.e replaced with diisopropyl
ether, the solvent was removed under reduced pressure and the filtrate was cooled down

and filtered to yield 91.0g of a white solid as the target compound, 1-[cyano(4-

methoxyphenyl)methyl]methyl]cyclohexanol (yield 79%).

[62] Reference Example

[63] 12.g (0.05 mole) of 1-[cyano(4-methoxyphenyl)methyl]cyclohexanol
prepared in Example 1 was dissolved in 250ml of a mixture of ammonia and ethanol,
with the mixing ratio of 2:8 (v/v), and 2.8g of 5% rhodium on alumina was added to
cause a hydrogenation reaction. The catalyst was filtered out and washed with ethanol

and the filtrate was concentrated under reduced pressure to provide a compound in the
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internal tenperature kept below 10C, and stirred for
nore than about 30 mnutes. The resulting solution
was then added to 100m of 12N HC aqueous sol ution
and 1 L of cold purified water. After filtration, the
filtrate was diluted with dichloronethane and washed
wi-th purified water. Wth the dichl.oromnmethane repl aced
with diisopropyl ether, the solvent was renoved under
reduced pressure and the filtrate was cool ed down and
filtered to yield 91.08 of a white solid as the target

CON@AK Bfloil, WHidhAR e diluted wi 't idi
nmet hoxyphenyl ) net hyl ] ;ngtehylchl)?% o%feglgﬁnc?l an?)?f]gllﬁgld t?é% 2

[ 62Aftereilteationc®g bxpwhitedsoli® Whs ditaifled £ thDtafFRl @mpBlind, 1-[2-amino-
1-[ cyano( 4- met hoxypheny] ) nmet hyl ] cycl ohexanol © prepare

i n IEdampthexyphempbettlyliyoloednsl fyi2RdGmi)of a m xture of
ammoni a and ethanol, wth the mxing ratio of 2:8

(v/v), and 2.8g of 5% rhodi umon alum na was added to
cause a hydrogenation reaction. The catal yst was

filter edoBLMeBing poiak keHtow’2 FCet hanol and the filtrate
was concentrated under reduced pressure to provide a
compound in the 15 formof oil, which was then diluted

with 10 f tolue nd (dified to pH 2. After
P at 1000 Mass s Pesr Sl nglists Plschnar vietah 2sB by ot She
target conpound, 1-[2-am no- _

1- (4- met hoxyphenyl ) et hyl ] cycl ohexano] (yield 57% .

[64] Melibéingr MR nalydi o YA |
Analysis:]Nblgculé?)éb?%¥§ 250 N&gg 1 Hggﬁg%ggf(}
1HOMYR3 20 38N sth SCHEWG Q. 85501 0H S/ ali%ﬁat(é’éi‘cloﬁcxyNH )
3.75(3H, s, O-

[67] As described above, the present invention provides a safe and relatively
simple process for industrial scale mass quantity production of cyclohexanol
derivatives such as 1-[cyano4-methoxyphenyljmethyl]cyclohexanol represented by -
formulal. The present invention uses a relatively inexpensive, non-metallic base in

small amounts, which is environment-friendly and avoids organic solvents, to produce

highly pure 1-[cyano4-methoxyphenyl] methyl]cyclo};exanol in high yield.
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CH3), 3.20 (3H, m CHCH2), 1.35 (10H, m aliphatic
cycl ohexyl) [67] As described above, the present

i nvention provides a safe and relatively sinple "
process for industrial scale mass quantity production
of cycl ohexanol. derivatives such as

1- [ cyano4- net hoxyphenyl ] net hyl ] cycl ohexano
represented by formula |I. The present invention uses
a relatively inexpensive, non-netallic base in snal
anounts, which is environnent-friendly and avoi ds

or gBHAT ISaTlveIMED 18:0 produce highly pure

1- [ cyano4- et hoxyphenyl ] net hyl ] cycl ohexanol in high
yield. 16 WHAT IS CLAIMED I'S: 1. A process for
preﬁfration of cycl ohexanol derivatives of formula I
CN R7 (| Y progisesrfer prejréatign of YElohexanelrdetivatioves gfdornula I
substituents, independently selected fromthe group
consi sting of hydrogen, hydroxylgyCl-C6 al kyl, Cl1-C6
al koxy, C7-C9 aral koxy, C2-Cr7 alkanoyl oxy, Cl-C6

al kyl mercapto, halo or trifluorofrebryl; R8 is hydrogen
or C1-C6 alkyl; p is one ] s 0 1, 2, 3
or 4, and RO is hydrogB conpri si ng
reacting a conpound of for conpound of
formula Ill, CN R7 Rs (CH)p

@
wherein R¢ and R are ortho or para substituents, independently selected from the group
consisting of hydrogen, hydroxyl, C;-Cg alkyl, C;-Cs alkoxy, Co-Co aralkoxy, C,-Cy
alkanoyloxy, C;-Cs alkylmercapto, halo or trifluoromethyl; Rs is hydrogen or C;-Cs
alkyl; p is one of the integers 0, 1, 2, 3 or 4; and Reis hydrogen or C;-Cs alkyl;

comprising reacting a compound of formula II with a compound of formula I,

CN
%
| RT_:k—/ Rg E
Rs (CH2)p
(Im (I

in the presence of a non-organometallic base catalyst represented by formula IV or V, in

the presence or absence of a reaction solvent:
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R6 (Il1) (i) in the presence of a non-organonetallic
base catal yst represented by formula IV or V, in the
presence or absence of a reaction solvent: 17 (I1V) (V)
wherein Ais - (CH2)a - where nis an integer from2
to 4, Bis - (CH2),n - where mis an integer from?2
to 5 Xis CH, 0, NHor NR, where R is a d-4
al kyl or acyl, or an alkyl supporting polynmer; and
each of Rl to R4 is independently hydrogen, an al kyl,
a, cycloalkyl or an al kyl or cycloal kyl supporting
all of RL to R4 are not hydrogﬁn and R5
cycl oal kyl or an al kyl or ,gy€tsal kyl
. and where RO is an lkyl, al kyl
ucedgby al kyl ati on. g. - Thellpr ocgss of
n t he\conpound of fﬁ?ﬁw [ "gﬁ‘*
| acetoyitrile. 3. Thef;ggrocess‘ﬁ claim
1, wherernX'he ¢pmpound of formula | is 3
cycl ohexanone. 4. e process according to any one of
claims 1 to 3, wherein the non- organonetallic base’
catalyst is a mixture of catalysts selected fromone
or nore amdines or guanidines of formula_ (1V) or
(V). 5. The G?/bcess according to any one clains 1

S-St R S Lohh 30 £ CHSTOSRIESYE o

integer from 2 to 5; X is CH;,, O, NH or NR', where R'is a C;-C; alky! or acyl, or an

suppaorti ng pol

alkyl supporting polymer; and each of R; to Ry is independently hydrogen, an alkyl, a,
cycloalkyl or an alky] or cycloalkyl supportjhg polymer and all of R; to Ry are not
hydrogen, and Rs is an alkyl, a cycloalkyl oran alkyl or cycloalkyl supporting polymer,

and where Ry is an alkyl, alkyl group is introduced by alkylation.

2. The process of claim 1, wherein the compound of formula II is p-methoxy-
phenylacetonitrile.

3. The process of claim 1, wherein the compound of formula II is cyclohexanone.
4. The process according to any one of claims 1 to 3, wherein the non-

organometallic base catalyst is a mixture of catalysts selected from one or more

amidines or guanidines of formula (IV) or (V).

5. The process according to any one of claims 1 to 4, wherein the base catalyst is

either homogeneous or immobilized on a polymer support.
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18 6. The process according to any one of clainms 1 to
5, wherein the non-organo- netallic base is sel ected
fromthe group consisting of

1, S-di azabi cycl o[ 5, 4, 0] undec-7- ene (DBU), 1, 5-di

azabi cycl o[ 4, 3, Q non-5-ene (DBN),

1,5,7-triazabicycl o[ 4, 4, 0] dec-5- ene (TBD),

7-methyl -1,5,7-triazabicycl o[ 4, 4, 0] dec-5-ene (MIBD),
tetra methyl guanidine (TM3 and

N - butyl -N', N'-di ¢cycl ohexyl nidine. 7. Th 0 ;
Secor dIPregssAqeer H%to(ﬁnyg?{%gyr@mps:léo %,Whv?/f]cénrtgf ﬁgnt %g&%
amoynt. of .t he n- gr ganonet i S ir8 4 DThnlidrey-
aiille v insaiet BomJUEH R Ghgtires! 5o agd R 40

rel Alhye 110590 ' ts. 9 (HBR), AR Gklof 44, 0%bAs-
igne @éﬂ?ﬁé’spdrl%zgglggcgogg'\é%b%ﬁr?g&te(gb gngi one of (l:%iogm ?]‘dt 0

7 e | 38l | ech]dét-5-SiREMIBINEB &2 methyl
SCeor |)hléqnteg%gr§i§’7oﬁg£agi‘c§%?§fﬁs] 1to 8, whérein th}é
%ﬁﬁ‘rﬁ&fh@f"I‘MG?m'&IW@\I’*,N"-HiBydldﬂﬁx}‘lmﬁiirmf about -20 to
0C. 10. The process of claim9, wherein the reaction
tenperature is in the range of about 10 to 30 C 11.
The process according to any one of clainms 1 to 10,
Wiher ei Thetpnecessaopmding B any oné ofrqkimad tq 6, wheepin the aeint pihe

base catal ysts are used in equival ent ratigs 8f 1.1
-nott-ofganoret@is bgye gsedipin the range from about 0.005 to about .5 equivalents

relative to one equivalent of the compound of formula IT.
8. The process according to any one of claims 1 to 7, wherein no solvent is used.

9. The process according to any one of claims 1 to 8, wherein the reaction

temperature is in the range of about -20 to 80°C.

10. The process of claim 9, wherein the reaction temperature is in the range of
about 10 to 30 °C
11. The process according to any one of claims 1 to 10, wherein the compounds of

formulas II and I and the base catalysts are used in equivalent ratiosof 1: 1~ 1.5:

0.005 ~0.5.
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