WD 03/ 000652 PCT/ US02/ 19753 PROCESS FOR PREPARATI ON OF CYCLOHEXANOL

DERI VATI VES BACKGROUND OF THE I NVENTION Field of the Invention [01] The
present iwoanbi@wa2rel ates to a process for preparation of pegalsohewanol
derivatives such as 1-[cyano (4-nethoxyphenyl)nethyl] cycl ohexanol .
Background of the Related Art [02] Cycl ohexanol derivatives such as

1-[ cyano( 4- met hoxyphenyl )met hyl] cycl ohexanol are useful internediates for
maki ng conpounds |i ke venl af axi ne which have anti-depressant effects by

inhibiting re-u ' r i ' g@&pnin.
As di scl osed in?33§5E$§53ﬁ¥Tﬁ%ﬁ®§§§@?§@é§?(%yc @%gggggﬁhggggpsgﬁﬁves can be
produced by reaction of a cycl oal kanone or cycl oal kenone with .an
appropriately substituted (ortho or para) phenylacetonitrile anion. [03]
The preparation method disclgggﬂg'ﬁ Tﬁﬁ Emjnvolves the use of
an organonetal | i c base such as—né%ugyﬂﬁkgﬁmﬂmégﬁﬁiﬁikw—to i nduce

phenyl acetonitrile anion in the reaction. The organonetallic base is
expensive, has to be used in an anount of at |east one equival ent of the
reactant at %mhggfﬁgqg$§@%gre_belom1-SQ 'C, is characteristically

suscepti bl e to—mager—rn—arr with the risk of fire or explosion, and
provides a | ow production yield of |less than 50 percent. Therefore,
organonetal lic bases are considered inpractical for industrial scale

synthesis. 1 WO 03{09?9‘@? %regg[/iﬁ%%g%r}?eﬁ%gs to a process for preparation of cyclohexanol

derivatives such as 1-[cyano (4-methoxyphenyl)methyl] cyclohexanol.

Backeround 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 anti-depressant effects by inhibiting re-uptake of neurotransmitters,
norepinephrine and serotonin. As disclosed in U.S. Patent No. 4,535,186, cyclohexanol
derivatives 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 induce 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 T, 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.



[04] U. S. Patent No. 5,043,466 discloses a process for preparation of

cycl ohexanol derivatives which use an organonetallic base such as a |lithium
di - isoprwpybBamiecde as illustrated in the foll ow ng reacti eaTnsohaassm The
US 466 patent varies the m xed ratio of hydrocarbon solvents in an
attenpt to inprove reaction tenperature and yield, but there still remains
the problem of the base, lithiumdi- isopropylam de being inpractical for

i ndustrial scale synthesis as it too is expensive, hard to handle, and can
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wth a ket On‘iasopropylamide being impractical for industrial scale synthesis as it too is expensive,

hard to handle, and can be a fire or explosion risk.
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[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 5C. However, the disclosed bases were used in
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
phenylacetonitiile 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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conmpound. In particular, the reaction in the anion-producing step involves
sone difficulties with regard to determ nation of the end point of the
step and woanwdiear i ve anal ysis of the ani on produced. Su®kTarSobi®ss gi ve
rise to variations in yield in the 2 WD 03/000652 PCT/ US02/ 19753 coupling
step and therefore they are also difficult for industrial application for
this reason. SUMVARY OF THE | NVENTI ON [07] Accordingly, the present
invention is directed to a process for preparation of cycl ohexanol
derivatives E%li@%@?ﬁﬂtth&lefo}‘e e LEOIRSdiB ! f%f‘&dﬁﬁﬁaﬁip%ﬁ_@e\’:ﬁﬂtféﬂﬁ% _of the
conventional art. [08] An object of the present invention is to provide a
process for p&gpgration of cyclohexanol derivatives by reaction of

phenyl acetonitrile with cycl ohexanone to enable econom cal and reasonabl e
mass quantity production. [09] Another object of the present invention is
to provide a process for preparation of cyclohexanol derivatives that is
safe and environnmental |y frienghyiviXRyomiraE&vESticg fire or explosion
and sinpler than conventional 'syntheses because the reactants are all

m xed in one reaction. [10] One aspect of the present invention is a
process for preparation of cyclohexanol derivatives of formula |, 3 WO

03/000652 PCT/ USO 2{037?,15&rdingly, the present invention is directed to a process for preparation .

of cyclohexanol derivatives that substantially overcomes problems and disadvantages

of the conventional art.

[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,



CNORO 8; R6 (CH2)p (I) wherein R6 and R7are ortho or para substituents,
i ndependently selected fromthe group consisting of hydrogen, hydroxyl,
Cl- C6 al kwb,03@10686 al koxy, C7-C9 aral koxy, C2-C7 al kanoyPeTyusSoZ19766

al kyl mercapto, halo or trifluoronethyl; R8 is hydrogen or C1-C6 alkyl; p
is one of the integers 0, 1, 2, 3 or 4, and RO is hydrogen or O -C6 al kyl;

conprising reacting a conpound of formula Il with a conpound of formula
11, CNO ~R7 RBR6 (CHz2) (Il) (Il'l') in the presence of
non-organonetal | i c base catal ysts represented by the formula IV or V, in

the presence or absence of a reaction sol veply 4 WO 03/ 000652
PCT/ US02/ 19753 N-O Rtr (1V) (V)

@

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

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

CN
R—iL R i
T 8 i
£
R B (c HZ)p
(ID (11D

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

in the presence or absence of a reaction solvent,



wherein Ais -(CH2) n -where nis an integer from2 to 4, Bis - (CH)m
where mis an integer from2 to 5 ; Xis CH, 0, NHor NR where R is a
Cl-C4 al kyboawomsy |, or an al kyl supporting polyner ; eaekhTafSoardsRl to R4
i s independently hydrogen, an alkyl, a cycloalkyl or an al kyl or

cycl oal kyl supporting polyner, and all of R to R4 are not hydrogen, and
R5 is an al kyl, a cycloal kyl or an al kyl or cyloal kyl supporting polyner,
and where R9 is an al kyl, alkyl group is introduced by al kylation. [11] The
non-organonetal | ic base used in the present invention conprises am dines
or guanidines representgd by fornmula IV or V. Mre specifigally, exanples
of non- organone lic byses of the present invention i E&g am di nes,

e.g. 1,8- diazabptyclo [5 ndec- 7-ene (DBU) and

1, 5-di azabi cycl©[ 4,3, O ngh-5-eng (DBN); cyclic gganlq#dhs
1,5,7-triazabigycl o[ 4, 4, Q¥ dec- ne (TBD) and 7- 7, "4
D); al kyl guanid etra nethyl

triazabi cycl o[ 4,4, J dec-
guani dine (TMO?Y Lekna -%Fﬁ i di ne, penta net guanld , penta
butyl guanidine and N'- butyl“ N'-di cycl ohexyl guani di ne. The base

catal yst of the present invention may be a honogeneous catal yst or may be
a catal yst containing an am di ne- or guani di ne- based organi c am ne base

i mmobi li zed on a pol ynmer support (e.g. polystyrene) or an inorganic
support (e.g. silica). ﬁﬁg non-organonetal li ¢ base of thfv present i nvention
5 WD 03/000652 PCT/ USO2 753 is at |least one selected Tromthe group
consi sting of the above-nentioned bases. [12] The anount of the

non- organonetal | i c base used is not specifically limted and nmay be in the

range from abmgfeiPARO0EHG ,2RALE nds G HERY BBRS2 (PR K0! @19 &f Whé&lhyis an

integer from 2 to 5 ; X is CHz, O, NH or NR" where R" is a C;-C4 alkyl or acyl, or an

alkyl supporting polymer ; each of and R; to R4 is independently hydrogen, an alkyl, é
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 [5,4,0]Jundec-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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fromabout 0.005 to 0.5 equivalents relative to one equival ent of the
conpound of formula Il. The reaction of the present invention can be
successf uwby3aews2zrpl i shed with the base catal ysts used omCy/tisn2/®76at al ytic
amount, which i s advantageous. [13] The present invention may optionally
not use an organi c solvent conprising hydrocarbons or ethers that are
required in conventional synthesis. Wether to use an organic solvent or
not is optimally decided by those skilled in the art, but it is generally

preferred nogg 4Qe 46 ARIQELERA tl%oérﬁﬁé)éons[sgiﬂk of thePbERALRK Sk dasdshe
cycl ohexanol derivatives such as 1-[cyano(4-

met hoxyphenyl ) met hyl ] cycl ohexanol represented by formula | according to the
present invention, the reaction tenperature is preferably in the range of

about -20 to 801C, 112/Phe RSN Yorehighontdallil b3 dsed TRt RPQEHESHy Himifede
P

present invention can be" conducted even at roomtenperature, which is

advant ageous amF i]n'élﬂ/ bERE Y B & froh RBERI]. QD 1RE GRS @i AIREL 884 fBfe MERRMIRL I ON
of cycl ohexano erivatives by reaction of an appropriately substituted,

. Phery] S8 AL Syl oo Dy e
N -butyl - N', N' - dii cycl baline) i y SRTRYY | oF
oL Vi) AR AR A e e i

with the base catalysts used only in a catalytic amount, which is advantageous.

[13] The present invention may optionally not use an organic solvent
comprising hydrocarbons or ethers that are required in conventional synthesis.
Whether to use an organic solvent or not is optimally decided by those skilled in the art,

but it is generally preferred not to use an organic solvent.

[14] In preparation of the cyclohexanol derivatives such as 1-[cyano(4-
methoxyphenyl)methyl]cyclohexanol represented by formula I according to the present
invention, the reaction temperature is preferably in the range of about ~20 to 80C,
more preferably about 10 to 30°C. 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 accordance with

reaction mechanism I.



R7 INI Rs + R7 Ro (CHp R6 (OH2)p (1) [16] In the above reaction, R6 to
R9, and p are the sane as defined above, and where RO is an alkyl, it is

i nt roduceaolwg/oaleky | ation. [17] In the preparation of the egtiushzxasdl
derivatives such as 1-[cyano(4- nethoxyphenyl)nethyl]cycl ohexanol

represented formula I, a non-organo netallic base such as DBU, DBN, TBD,
MIBD, TMG or N -butyl-N', N'-di cycl ohexyl guanidine that is an am ne base is
used instead of an organonetal lic base such as n-butyl lithium or lithium

di i sopropyl am de used in conventional processes to induce a

phenyl acetontirile anif8n. The use of a non- organonetal [ ic ba B ina
relatively small amoynt that g¢s relatively inexpensive, les 5H§ceptib|e
to hydration, o %t roo eratQatalyssi th no ri r

expl osi on, erfabTiE ssRguahtilty pf oducriom —ThrotghRra—saf
si nmpl e industrial/~process. Onl ¥ al ytic amounts of or ga Rghalllc
base are needed Tn t he present invention, which produce% hi ghl'y puPe hi gh
yi el d cycl ohexanol derivatives. [18] The present process is also nore
sinplified and environment-friendly w thout production of organonetallic
byproducts as use of organic solvents is avoided. 7 WO 03/000652

PCT/ US02/ 19753 (D

>

[16] In the above reaction, Rg to Rg, 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, a 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.



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS [ 19] The present
invention will now be described in detail with reference to the follow ng
exanpl es,watusohesr e not intended to limt the scope of theCpriseymrss3
invention. [20] Exanple 1 [21] 100 g (0.68 nole) of

p- met hoxyphenyl acetonitrile, 100 g (1.02 nole) of cyclohexanone and 32 ¢
(0,21 nole) of 1,8-diazabicyclo [5,4,0] undec-7-ene (DBU) were added to a
flask and kept at 15 to 20 Cwith stirring for 48 hours. 1IN HC1l was then
added to the resulpENOmFe) BHSORIPPIGIEGH Fle HRIFHRRED FMAGBODIRN TS Af ter one
hour of stirring at roomtenperature, the Tornmed precipitate was separat ed
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 conpound,

1-[ cyano(4- net hOXY[EI NEI\M& bﬂéﬁéﬂﬂﬁ{vkﬁﬁ{&l @hﬁff&ﬁ' 8k dodeyibEd th F490 wEkrERECR S

123.7 O . [22] 1H Anal ysi s : 6 7.27-6.93 (4H, q, aromatic).
4.85 (1H, i/ 10H,
458 19y ARG S P i Rl ik

aromatic). 3.82 (3H, s, OCH3), 3.73 (1H, s, CHCN), 1.72-1.16 (10H m
cycl ohexyl) [24] 13C NMR Anal ysis (DVSO-d6) : 6 159.4, 131.3, 125.8, 121.4,

114.1, 72.2, 55.8py éﬁ%l{gq 0, 34.7, 25.9, 22.0, 21. 9 [ 25] Mass Spectral
Anal ysi s: Mol ecul g[r ﬁel 0 45 [ M+ by Cl.MS'] 8 WO 03/000652

PCT/ US02/ 19753 [26] IR (KBr pallet) : 3408 cm1 (-OH), 2249 cm1 (-CN)

[21] 100 g (0.68 mole) of p-methoxyphenylacetonitrile, 100 g (1.02 mole) of
cyclohexanone and 32 g (0.21 mole) of 1,8-diazabicyclo [5,4,0] undec-7-ene (DBU)
were added to a flask and kept at 15 to 20 °C with stirring for 48 hours. 1N HC1 was
then added to the resulting solution to regulate 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)methyl]cyclohexanol

(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, s, OCH3), 3.76 (1H, s, CHCN), 1.69-1.08 (10H, m, cyclohexyl)

[23] " NMR Analysis (CDCls) : & 7.23-6.89 (4H, q, aromatic). 3.82 (3H, s,
OCH3), 3.73 (1H, s, CHCN), 1.72-1.16 (10H, m, cyclohexyl)

[24] 13C 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.LM.S.]
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[27] Example 2 [28] 52.7 g (0.36 nole) of p-nethoxyphenylacetonitrile, 35.8
g (0.36 nole) of cyclohexanone and 28.6 g (0.19 nole) of

1, 8- di azawDagobwfS, 4, 0] undec-7-ene were added to a fl askpramdiSkEp7sat 15 to
20 Cwith stirring for 90 hours. 1N HC1 was then added to the resulting
solution to regulate the pHto acid |evel. After one hour of stirring at
roomtenperature, the fornmed 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 conpound,

1- [ cyano( 4- net hoxyphenyl ) net hyl ] cycl ohexanol (yield 70%. [29] Exanple 3

[30] The procedure[?%\tﬁ( %pgglgbrr%qogenprt%ﬁ @4%9181?(:}9@?0%%” bed in

Exanpl e 1, except gui'val ent of 1, 8-di aza [ 5, 4, 0] undec- 7- ene
was used in the 6-day reaction to yield 67 g of a white solid as the
target conpound, 1-[cyano(4- methoxyphenyl)nethyl]cycl ohexanol (yield 80%.

[31] Exanple 4 [32}hy %Qarﬁgl@@- 68 nol e) of p-nmethoxyphenyl acetonitrile, 167 g
(1.70 nole) of cyﬂczljé exanone and 52 g (0.34 nole) of

1, 8-di azabi cycl o[ 5, 4, 0] undec-7-ene were added to a flask and kept at 0 C
with stirring for 60 hours. 1IN HO was then added to the 9 WO 03/ 000652

one hour of Ui rriBey o Eaame T eRna TR i o B p oAt
separ at ed by {d)hidxahdRhndDR PN S mMe) B 1,8-diazabicyclo[5,4,0Jundec-7-ene were
added to a flask and kept at 15 to 20 °C with stirring for 90 hours. 1N HC1 was then
added to the rgsulting solution to regulate 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 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)methyl]cyclohexanol (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[5,4,0Jundec-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



purified water and then with ethyl acetate and n-hexane to yield 147 g of a
white solid as the target conpound,

1- [ cyano(wormnbisxy phenyl ) met hyl ] cycl ohexanol (yield 88% . pCragp2/Exahpl e 5

[ 34] The procedures were perforned in the sane manner as described in
Exanpl e 1, except that 0.5 equival ent of 1,8-diazabicyclo[5, 4, 0]undec-7-ene
was used, in the 8-hour reaction to yield 116 g of a white solid as the
target conpound, 1- [cyano(4-methoxyphenyl)nethyl]cycl ohexanol (yield 70%.

[35] Exanpl e &uliBblso I ioft t&rdgliate thg%@i%) agfdgllé’véf?t Ry Wr?@ L taf idogn 41. 8

g (0.42 nole) of “cycl ohexanone an (0.087 nole) o

1, 8- di azabi cyghghaufs, %Lﬂ}gﬁﬁi}aZNe Eﬂﬁuc\!&lr@as Reged e farkt@sdndansnkepithat 25 C

with stirring for 24 hours. Cl was then added to the resulting

solution to pLegHb@aePhhd heAGith d8M ketaBlah h-RAGIS AT 491k JTRIWe sofl cohol
and one hour of stirring at roomtenperature, the precipitate produced was

separ at ed by af {Hetthi@bi dava Lrhdth Sphé 1fdycRiRex i thyl
acetate and a%ltﬂﬁeti%%e%@?i ceLI d%?%%ﬁ%tf&;yp&hi}tq}gnﬁ ;]9(!3/ as t%}dg@p é‘?lgtglts %§
conpound, 1-[cyano(4- nethoxyphenyl)nethyl] cycl ohexanol (yield 56.1 %.
[37] Example 7 [38] 50.3 g (0.34 nole) of p-nethoxyphenyl acetonitrile, 34.8
g (0.35 nole) of /B PAA3300652 PCT/ US02/ 19753 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 251C with stirring for 90 hours. To the

{34] 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]Jundec-7-ene was used,
in the 8-hour reaction to yield 116 g of a white solid as the target compound, 1-

[cyano(4-methoxyphenyl)methyl]cyclohexanol (yield 70%).

[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[5,4,0]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



resulting solution were added 50 ml of nethyl alcohol and 200 m of
purified water. After one hour stirring at roomtenperature, the
precipit awe opoedsred was separated by filtration and wasired/usor/w7purifi ed
water and then with ethyl acetate and n-hexane to yield 116 g of a white
solid as the target conmpound, 1-[cyano(4-nethoxyphenyl)

nmet hyl ] cycl ohexanol (yield 709%. [39] Examidle 8 [40] 20 g (0.14 nole) of
p- met hoxyphenyl acetonitrile, 13.7 g (0.14 nole) of cycl ohexanone and 21.2

i uted w nA00IAF FEPRT G SanaP BN BRSPS BN T
for 20 hour s, 10,4428 of ot LGPk @ose rﬁlt@&&ﬁqg%&qﬁhow; el al cohol

and 150 ni|l of puri one our irrn

tenper at ure. L., R felRi fal qRaoguGest ﬁyl%?&ﬁgf%nedgznd@vmf_ W ALhonand

washed wi th puri er and then et ace xane to yield

i7[2 ﬁygﬂﬁi £ oS So Rl 15004 gﬁ%ﬁ%%tﬁé?ﬁﬁw%%?w%%e EREE A RRY

4 T

Ex Lplejlprgéggﬂggﬁﬁa éghgféﬁgrggﬂ a&?%¥ﬁ§ dlazgﬂﬁgﬁc 0F33§56? ech7 ene
target -compodii b £Ps WREF ORI Be ik Sobot Aol e Bph ety B,
90.5% . 11 V%e?f?ﬁ]%%%ﬁécaﬁﬁr(y%?&’%(%?.753 [ 43] Exarrple 10

[39] Example 8

[40] 20 g (0.14 mole) of p-methoxyﬁhenylacetonitrile, 13.7 g (0.14 mole) of
cyclohexanone and 21.2 g (0.14 mole) of 1,8-diazabicyclo[5,4,0]undec-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 ml of purified water. 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 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 performed 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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[44] 25.4 g (0.17 nole) of p-nethoxyphenylacetonitrile, 83.6 g (0.85 nole)
of cycl ohexanone and 26.7 g (0.17 nole) of 1, 8-diazabicyclo[5, 4, 0]

undec- 7- WO 030052 added to a flask and kept at 20 to 25 CPwirtusox149763 i ng f or
24 hours. To the resulting solution were added 50 ml of methyl al cohol and
200 M of purified water. After one 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 yield 18.0 g of a
white solid as thgﬁg FQ6] r)'lgcmpound 1-[ cyano( 4- et hoxyphenyl)

met hyl ] cycl ohexan ? Teld 42.6% . [45] Exanple 11 [46] The procedures were
performed in the sane nmanner as described in Exanple 1, except that the
reaction tenperature was kept in the range from35 to 40 C to yield 30.6 g

%Eyw):fréf ] cycl ot ann%%-t? ‘?@r@%"@%‘* %félﬁ‘ﬁﬁx&é‘m@&W%é‘]-g%%ﬂ%:ﬁghgs
and 0,47 § ( %@%M{%ﬁ%ﬁ TR0 e et TP OL B LD,
were added d&d%%?%sl@grgddféegygta%fdtto% otcowﬁgts&nwgtfaﬁ@gwrum R 2

hours. 1N H he resul ting°so Ion to reqgula

to acid | evelow i StaBRchS I oPlocibl LELAG o8 60BN EBIRBLALUEE. ARS:onc

precipitate pro was separa n and purified

parer and ;gﬁaﬁgggy@%ﬂw 1 Rl At RS i Rt flodudetBi Rbarfied By VO

filtration and washed with purified water and then ethyl acetate and n-hexane to yield

18.0 g of a white solid as the target compound, 1-[cyano(4-methoxyphenyl)

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 kept 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] dec-5-ene (TBD)
were added to a flask and kept at 20 to 25 °C with stirring for 10 to 12 hours. 1N HC]
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 gof a

12



white target conpound, 1-[cyano(4-nethoxyphenyl)nethyl]cycl ohexanol (yield
77% . [49] Exanple 13 [50] The procedures were perfornmed in the sane
manner aswoasooisbed in  Exanple 1, except that 0.03 equi vacantsowiorzs
methyl-1, 5, 7-triazabicyclo [4, 4, 0] dec- 5-ene (MIBD) was used in the 20
to 22-hour reaction to yield 128 g of a white solid as the target

conpound, 1-[cyano(4-nethoxyphenyl)nethyl]cycl ohexanol (yield 77% . [51]
Exanple 14 [52] 50 g (0.34 nole) of p-methoxyphenylacetonitrile, 50 g (0.51

Tote) agabi oy AT iR} Rdabd SR Bl e berpal preld Y o

20 to 256C with stirring for 19 hours. The reaction m xture was dissol ved
in 500 mM of ethyl acetate and, after addition of 200 mM of purified

wat er, was neutrali i N HCl. Fol |l owi ng phase separation at 30 to 35
C, the organic sol@éﬁ Xwnllgl%rmved under vacuum and 500 m 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 was gTK\% H?)ce é&/él% ﬁ@fn%d @Qﬂe %zﬂ&@ ?fu’ieﬁ' a?h@@élab@c?ﬁt ate and

n- hexane to yield e sol arge oun

1- [Cya”°(4 }éplh%Qé/épl 66'}.]«: éﬁ% NE330 el '1eL5d Phbicy % gple 15
o Ergbie 3 Hﬁ] e o

[ 54] 25 oxyp eny acetonltrllé cycl o-

233 23 0 ni 3a\?\%5(2f§1? 8%‘%@0‘%%8%% @ggtﬁ—lhohrr feactlcqf t%%ﬁ’éﬁ rﬁgélog lﬂ%lfy dfa¥er €

the target compound, 1-[cyano(4-methoxyphenyl)methyl]cyclohexanol(yield 77%).

[51] Example 14

[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 addition 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
temperature, 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]cyclohexanol (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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to a flask and kept at 20 to 25C with stirring for 24 hours. IN HCO was
then added to the resulting solution to regulate the pHto acid | evels.
After onewbmamnows2 stirring at roomtenperature, the precippirtshr1gsdduced
was separated by filtration and washed with purified water and then with
ethyl acetate and n-hexane to yield 30 g of a white solid as the target
conpound, 1-[cyano(4-nethoxyphenyl)nethyl]cycl ohexanol (yield 72% . [55]
Conpar ative Exanple 1 [56] 50g (0.34 nole) of p-net hoxyphenyl acetonitrile

nﬁZe?i;u;??rog%ﬁaa nDsp g%éﬁh¥£§q%%?@y§%%%%?ﬁ?4%' i bu?ﬂgéfg%fﬂ' %kﬁguLl)
was dropped %ﬂ%trg%&l{"ﬁo%véoq@%@ﬂo;}g xﬁ&%‘ﬂﬁé to Y3 ie%e | kgh@%m#r%?stgtgﬂ%%{ ature

of the solution solut on was en s Irre nut es

and, after aggf ke&#qe?ﬁtu{%httﬁtpg%p@gaé{ﬁﬂoﬁﬁce fw%%%éﬁ?t%?%g‘?ﬂ&atm Vi v%sb&{ Fenfor

45 m nutes nore, n was ess

than -50C. Tgﬁ ?tf &5 {er 815({]&13}1 meeﬁt@ﬂ%&a fand H%CE(EI?BC&) dd %g &Lbé‘ a%ﬂ'ées%hﬁ% sed

to 0C, and ura anmoni um chl or1 de solu Ion to cause phase
separation onblned
with the orgé%ﬁ%&¥§§%#&“k$thaﬁﬁ ﬁégéo %%ggh?ﬂ§%ﬂ¥%ﬁ§%£§%da “’t educed
pressure to yield 25.2 g of the target conpound,

1-[ cyano( 4- nethoxyphenyl)nethyl]cyclohexanol (yield 34.2% . [57] Melting
poi nt : 3] .1 Spectr.al Anal ysis: Ml ecul ar wei ght 245 [ M+
by C. 1. 506+ CT7US62/ 19753 [59] 1H NMR Anal ysi s
(DNBC)dG) 6 7. 32 6.95 (4H, g, p-substituted

[56] 50g (0.34 mole) of p-methoxyphenylacetonitrile was diluted with 250ml
of dry tetrahydrofuran (THF) and cooled to -70°C under a nitrogen atmosphere.
210ml (0.34 mole) of n-butyl lithium (n-BuLi) was dropped into the resulting solution
while maintaining the temperature 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 was raised to 0°C,
and a saturated ammonium chloride solution was added to cause phase separation.
The aqueous layer was extracted with diethyl 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]1 Melting point: 123 to 126 °C.

[58] Mass Spectral Analysis: Molecular weight 245 [M* by C.LM.S.]
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aromatic), 3.8 (3H, s, OGCH3), 3.76 (1H, s, CHCN), 1.56 (10H m aliphatic
cycl ohexyl) [60] Conparative Exanple 2 [61] Wil e maintaining internal

t enper at Wwe oBebwdz 10C, 76.5 g of p- net hoxyphenyl acet oni t PCrasd/iarsed with
75 mM of toluene was slowy added to lithium diisopropylam de sol ution
made by adding 73 ml of diisopropylamne to 325 ml of 6M BuLi and 300 ml
of toluene under a nitrogen atnosphere. After 30 m nutes of stirring,

46. g of cycl ohexanone diluted with 50mL of toluene was slowly added with

ﬁn-“lﬁui s, «”?'get res 5Ff%]ﬂfﬁs”?@ﬁ%?%ﬁi%ﬂf?h%@g%i?{ §960% q@?g‘l?%%“fﬁﬁ;: aaucous
s di Lut ed PR G B RGP S D, LI Bihe Ly 1 T

di chl oronet h lo'h@@lfced with diisopropyl ether, the solvent was renoved
under reduced”’pressure and the filtrate was cooled down and filtered to
yield 91.0g of a white solid as the target conpound, 1-[cyano(4-

met hoxyphenyl ) met hyl ] met hyl ] cycl ohexanol (yield 79% . [62] Reference

Exanmpl e [63] 12 gi) %]@ g g F %
1-[ cyano( 4- met hoxy ﬁ)e] ififvetample exanol prepared in Exanple 1 was

di ssolved in 250m of a m xture of amonia and ethanol, wth the m xing
ratio of 2:8 (v/v), and 2.8g of 5% rhodiumon alum na was added to cause a

Dy ogenat on =iy [t A Hs AL gHPEpealeg v

provide a Comaﬂ%pih@nﬁg&t(;n%ﬂle diluted with 75 ml of toluene was slowly added to lithium
diisopropylamide solution made by adding 73 ml of diisopropylamine to 325 ml of 6M
BuLi and 300 ml of toluene under a nitrogen 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 dichloromethane 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)methylJmethyl]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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WO 03/ 000652 PCT/ US02/ 19753 formof oil, which was then diluted with 100mnil
of toluene and acidified to pH 2. After filtration, 9 g of a white solid
was obt aiwedsasisshe target conpound, 1-[2-am no PCT/US02/19753

1- (4- et hoxyphenyl ) et hyl ] cycl ohexanol (yield 57% . [64] Melting point: 168
to 172 C. [65] Mass Spectral Analysis: Ml ecular weight 250 [ M+ by
Cl.MS.] [66] 1H NWVR Analysis (DM5O-d6): 6 7.85 (3H, s, NH3) 3.75(3H, s,

0- CH3), 3.20 (3H m CHCH2), 1.35 (10H, m aliphatic cyclohexyl) [67] As

descri bed abof‘éﬁp of Bﬁhﬁ RS tﬁéﬁ"ﬁ{ﬁ‘téa‘%ﬂ?ﬁ@dxbﬂ oﬁeﬁ@E AR abe L pbrrsel Y

si npl e process rlal sca mass’ quan uction o

cycl ohexanol ,

1-[ cyano4- et hg%ff) eny’?/@sréﬁﬁf{‘}rcyc?h Végl(SaorP(g?merde%srﬂel%teaﬁ‘%etgoglyom%ddrln[&laml ° The
present inven i non-netallic base in

smal | am)untsfl(ZP |gﬁ&§g%mX© gﬂ¥§h¥lkrleKﬁP@“ﬁ?@'avoids organi ¢ sol vents,
to produce highly pure 1-[cyano4-nethoxyphenyl] nethyl]cycl ohexanol in
high yield. 16 WD 03/000652 PCT/US02/19753 WHAT IS CLAIMED IS: 1. A

%;OESS?CLE; preparT&hngﬁ%gi%ﬁﬁpggﬁgq9i<erivatives of formulal CN OR9

[65] Mass Spectral Analysis: Molecular weight 250 [M* by C.LM.S.]

[66] "H NMR Analysis (DMSO-d6): & 7.85 (3H, s, NH**), 3.75(3H, s, O-

CHs), 3.20 (3H, m, CHCH3), 1.35 (10H, m, aliphatic cyclohexyl)

[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-methoxyphenyl]methyl]cyclohexanol represented by
formula I. 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]cyclohexanol in high yield.
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(I') wherein R6 and R7 are ortho or para substituents, independently
selected fromthe group consisting of hydrogen, hydroxyl, Cl1-C6 al kyl,

Cl - C6 al kewyw3/o@ssO ar al koxy, C2-C7 al kanoyl oxy, Cl-C6 alrkyluser/ceps o, hal o
or trifluoronethyl; R8 is hydrogen or C1-C6 alkyl; p is one of the
integers 0, 1, 2, 3 or 4; and RO is hydrogen or Cl1-C6 al kyl; conprising
reacting a conmpound of formula Il with a conmpound of formula Ill, CNO R7
| 8J KAO R6 (CH2) (IlI) (Il11) in the presence of a non-organonetallic
base cat al yst formula IV or V, in the presence or absence
of a reacti orWé%ﬁ%ﬁ?ﬁAwEi%%Sl 000652 PCT/US02/ 19753 P N, %R | (IV) (V)
wherein Ais - (CH2)n - where nis an integer from2 to 4, Bis - (CH2)m -
where mis an

1. A process for preparation of cyclohexanol derivatives of formula I

@

wherein Rg and Ry are ortho or para substituents, independently selected from the group

consisting of hydrogen, hydroxyl, C;-Cg alkyl, C;-C¢ alkoxy, C7-Cy aralkoxy, C,-C;
alkanoyloxy, C;-Cg alkylmercapto, halo or trifluoromethyl; Rg is hydrogen or C;-Cg
alkyl; p is one of the integers 0, 1, 2, 3 or 4; and Ryis hydrogen or C;-C alkyl;

comprising reacting a compound of formula IT with a compound of formula IIT,

CN

I 0
R;—& / R .
Rﬁ (C H2}p

Im (1)

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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integer from2 to 5; Xis CH2, O, NHor NR, where R is a d-C4 alkyl or
acyl, or an al kyl supporting polyner; and each of R to R4 is

i ndependewOlog/obnssz ogen, an al kyl, a cycloal kyl or an al kpcTarsoryobspal kyl
supporting polyner and all of Rl to R4 are not hydrogen, and R5 is an

al kyl, a cycl oal kyl or an al kyl or cycl oal kyl supporting polyner, and
where RO is an alkyl, alkyl group is introduced by al kylation. 2. The

process of claim1, wherein the conpound of fornmula Il is p-nethoxy-
phenyl acetonitrile. 3. The process of claim1l, wherein the conmpound of
formula I'll is cycl ghexanone. 4. The process according tqQ any one of
clainms 1 to 3, whefein tNe non- organonetal lic base ca gt is a mxture
of catalysts sel gtted from-ene,or nore amdines or g i di nes of formula
(I'v) or (V). 5.£/The procefs accirding to any ongy of cl & ns to 4, wherein

the base catalyst is either h geneous or i ™ ~a ol ynmer
support. 18 WOY3/ 000652 IPCT/ US02ZY 19753 6. The Féﬂ Ss €ording to any
one of clains 1 %0_b~ y N t hef non-organo- netfaglic baseﬁias sel ected
fromthe group consisti'ng of’4-8%di azabi cycl o[ 5, 4, 0] undec-7- ene (DBU),

1, 5-di azabi cycl o[ 4, 3, 0] non-5-ene (DBN), 1,5,7-triazabicycl o[ 4, 4, 0] dec-5-
ene (TBD), 7-nmethyl-1,5,7-triazabicyclo[4,4,0]dec-5-ene (MIBD), tetra

met hyl guanidine (TM3 and N -butyl-N', N'-di cycl ohexyl guani di ne. 7. The
process according to anyrpne of claims 1 to 6, wherein Qg? anount of the
non- organonetal I i c base 'used is in the range from about 02005 to about 0.5

equi val ents wherein A is - (CHz), — where n is an integer from 2 to 4; B is - (CH;)p, - where m is an
integer from 2 to 5; X is CHj, O, NH or NR', where R' is a C;-C4 alkyl or acyl, or an
alkyl supporting polymer; and each of R; to R4 is independently hydrogen, 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 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 ITI 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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relative to one equival ent of the conpound of forrmula H 8. The process
according to any one of clains 1 to 7, wherein no solvent is used. 9. The
process awoms@dsg2to any one of clains 1 to 8, wherein theCrasorions
tenperature is in the range of about -20 to 80C. 10. The process of claim
9, wherein the reaction tenperature is in the range of about 10 to 30 C
11. The process according to any one of clains 1 to 10, wherein the
conpounds of fornmulas Il and 111 and the base catalysts are used in

equivalent rgtios gfe I;roéesg' aéco}di§g to argr Q%1 Qtatns 1% 5, wherein the non-organo-
metallic base is selected from the group consisting of 1,8-diazabicyclo[5,4,0]undec-7-
ene (DBU), 1,5-diazabicyclo[4,3,0]non-5-ene (DBN), 1,5,7-triazabicyclo[4,4,0]dec-5-
ene (TBD), 7-methyl-1,5,7-triazabicyclo[4,4,0]dec-5-ene (MTBD), tetra methyl

guanidine (TMG) and N’-butyl-N”,N”-dicyclohexylguanidine.

7. The process according to any one of claims 1 to 6, wherein the amount of the
non-organometallic base used is in the range from about 0.005 to about 0.5 equivalents
relative to one equivalent of the compound of formula II.

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 IT and III and the base catalysts are used in equivalent ratios of 1 : 1 ~1.5:

0.005 ~ 0.5.
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