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TI' TLE OF THE | NVENTI ON PROCESSES FOR PREPARI NG
-4-tert. - BUTYLCYCLOHEXANOL AND 4-tert.-BUTYLCYCLOHEXYL ACETATE BN%@QJ\QLE_
THE | NVENTI ON Field of the Invention The present invention

rellates to a process for preparing 4-tert.-butylcycl ohexanol containing a
1 arger amount of a cis- isonmer by hydrogenating 4-tert.-butyl phenol. The
present invention also relates to a prqocgss for preparing

4-tert.-butylcycl ohexyl acetate by acetylating 4-tert.-butyl cycl ohexanol

obt ai ned by

4-tert.-But v

t he process descri bed above. Description of the Related Art
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as

_BFAQE(@;}@UNGOF%E{!WWMW acetate. I'n general,
4-tert.-butyTcyclohexanol 1S prepare y hydrogenating 4-tert.-butyl phenol.

JP- B- 42- 139 F el gehvemrioness for pr epari ng 4- tert.-butyl cycl ohexanol
conprising cata ytlcal |y reducing 4-tert.

The present invention relates to a process for preparing
4—tert.«butylcyclohexanol containing a larger amount of a cis-
isomer by hydrogenating 4-tert.-butylphenol. The present invention
also relates to a process for preparing 4-tert.-butylcyclohexyl
acetate by acetylating 4-tert.-butylcyclohexanol obtained by the

process described above.

- Description of the Related Art

4-tert.-Butylcyclohexyl acetate is widely used as a
perfume for cosmetics including soaps, and fragrance of its cis-
isomer is more favorable than that of its trans-isomer. To prepare
4-tert.-butylcyciohexyl acetate having a high gis-isqmer content, it
is dés_ired to provide .a process for preparing 4-tert.-butylcy¢lo-
hexanol containing its cis-isomer in a larger amount as a raw
material of 4-tert.-butylcyblohe$<yl acetate.

In general, 4-tert.-butylcyclohexanol is prepéred by
hydrogenating 4-tert.- -butylphenol.

JP-B-42-13938 discloses a process for preparing 4-
tert.-butylcyclohexanol comprising catalytically reducing 4-tert.-
butylphenol in the presence o_f' a rhodium-base catalyst. '
| 'MARUZEN OIL TECHNICAL REVIEW (MARUZEN SEKIYU GIHO)
(1971) page 77 discloses a process for preparing 4-tert.-butylcyclo-
hexanol comprising hydrogenating 4-tert.-butylphenol in the

presence of various transition metals of the 8 to 10 Groups of the



but yl phenol in the presence of a rhodi um base catal yst. MARUZEN
O L TECHNI CAL REVI EW ( MARUZEN SEKI YU G HO) (1971) page 77 discloses a
process for preparing 4-tert.-butylcyclo- hexanol conprising hydrogenating
4-tert.-butyl phenol in the presence of various transition netals of the 8

to 10 Groups of the _ -2- Periodic
Tabl e. JP- A-54- 122253 di scl Qsgs_a process for preparing a cis
al kyl cycl ohexanol conprising hydrogenating an al kyl phenol in the presence

of a rutheni um&%umﬁn% cat al yst. US- A- 2927127 di scl oses a
process for NRMQAFI 1@P¥e. tert. - butyl cycl ohexanol which has a high

e 571705 o oct oot B AT GGGl B gfebel 10 HEQRe 3t
combi ned catiyreonexafcl caprid hyaBeRgng dT RRIBRERT R Be. e
acid such apr&BEhEET bf a ruthenium-dIRWAKAr catdlgsEi S-isomer content in

4-tert.-butylcycl o- hexanol which is prepared by the processes disclosed in
JP-B-42- 13938, MARUZE)NG-A-ROPZAIY ChéclBEEsEW pnocdss Acrdpleidarnldgi 4- stil |

nsutticl enttért.T-rt]:?_Jt)Fl)lE:;gﬁ':shsexcgnollJS;vAﬁigr? 25&5 7aa%?ér$vgisé-%o¢\i\gp content
comprising hydrogenating 4-tert.-butylphenol.

JP-A-3-173842 discloses a process for preparing 4-
tert.-butylcyclohexanbl comprising hydrogenating 4-tert.-butyl-
phenol in the presence of a combined Catalyst of Rh supported on a
carrier and a boron fluoridé type acid such as HBF,.

However, the cis-isomer content in 4-tert.-butylcyclo-
hexanol which is prepared by the processes disclosed in JP-B-42-
13938, MARUZEN OIL TECHNICAL REVIEW and JP-A-54-122253 is
still insufficient. The process of US-A-2927127 achieves a high
cis-isomer content in ethanol in the presence of the rhodium |
catalyst, but the reaction should be performed under a high hydrogen

| pressure. Then, an improvement has been sought as a preparation
process of 4-tert.-butylcyclohexanol. Further, since the process of
JP-A-3-173842 uses the boron fluoride type acid, a workload is
required to recover fluorine and boron, and the generated acids such
as HF corrode a production equipment.

UMMARY OF THE INV ION
~ An object of the présent invention is to provide a

process for preparing 4-ten.-butylcyclohexénol-. which can be
carried out under a mild condit'.ion' and -'produée 4-tert.-butylcyclo-
hexanol having a high cis-isomer content.

Another object of the present invention is to provide a



cis-isomer content in ethanol in the presence of the rhodium catalyst, but

theé redt Sheet p Reptaeedper f or med unpger gty n pressure. Then, an
i nproveﬁﬁﬁmlmﬁmgought as ap j‘géﬁ gﬁ-én”é‘éo@@@tof
4-tert. nol . Further) sincRERUWGEBr ocesk of JP- A-3-173842 uses

:t he boron fluoride type acid, a workload 1s required to recover fluorine
and boron, and the generated acids such gs HF corrode a production

equi pnment. SUMMARY OF THE I NVENTION ~ % ~ An obj ect of the present
invention is to provide a process for preparing 4-tert.-butyl cycl ohexanol
whi ch can b@roeess efbroprepadeg 4-teri.dutyphxyl oacetatephatinge a high cis-
4-tert.-butylcycl o- hexanol having a high cis-isoner content.

Anot her obj é8eMer €ABt§Rtesent invention is to provide a process
for preparing 4-tert.-butylhexyl acetate having hi gh ci s-, i sopqer content.
According to the firsACSSFang 't?hﬁ‘%rfé!'%rﬂsﬁ%nf{?\eorpq'ﬁﬁﬁofd8¥eﬁt’BF‘ocess for

i tort. - but PrORES & PSR I BledtIRY, 2R BRI ot al yst ana
a conpound RJsfisihg’ Hylrb§Enating 4-tert.-butylphenol in a solvent in the
presence of a rhodium catalyst and a compound selected from the

group consisting of hydrogen chloride and (anhydrous) sulfuric acid.

- According to the second aspect, the present invention
provides a process for preparing 4-tert.-butylcyclohexyl acetate
comprising acetylating 4-tert.-butylcyclohexanol which has been
pfepared by hydrogenating 4;tert.-butylphenol in a sdlvent in the
presence of a fhodium catalyst and a compound selected from the
group consisting of hydrogen chloride, perchloric acid and
(anhydrous) sulfuric acid.

| PTION OF THE INV N

The rhodium catalyst to be used in the hydrogenation
reaction according to the present invention includes metal rhodium
(valency of zero) or a compound of rhodium having a valency of up to
6 such as rhodium chioride, rhodium oxide and so on.

The metal rhodium or rhodium compound is preferably
used in the form of a supported type catalyst, .that is, the metal
rhodium or rhodium compound supported on a carrier such as
activated carbon, SiOg, Al,O3, etc. Among the supported type
catalyst, metal rhodium supported on the carrier is more preferable.
In the case of the supported type catalyst, a supported amount of
metal rhbdium is usually between 1 and 10 wt. %, preferably
between 3 and 5 wt. % based on the weight of the carrier.

After the reaction, the rhodium catalyst may be



group consisting of hydrogen chloride, perchloric acid and (anhydrous)

- sulFfuric acid. According to the second aspect, the present
invention provides a process for preparing 4-tert.-butylcycl ohexyl acetate
conprising acetylating 4-tert.-butyl cycl ohexanol which has been prepared by
-hydrogenating 4-tert.-butyl phenol in a solvent in the presence of a rhodi um
catal yst and a conpound sel ected fromth group consi sting of hydrogen
chloride, perchloric acid and (anhydrodsy Sul furic acid. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON The rhodium catal yst to be used in
t he hydr ogenatéovered &am i areactionditigiure byea prarsaritidnal emiettood | sudhudss

nmet al rhodlun1(valency of zero) or a_ conpound of rhodi um having a val ency
of up to ecfiflgations deeantatiaml eemdfugabanunansi decyeiédso on.

The nmetal rhodi um or odi um co und i s preferahl in the formof a
supported type catal yé{'l'e ?munt"BPﬁMe I 'Fmr Rratal Mgﬁ eb%é’&iegmrbéfr\%ound
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carrier is 'FR&S ffﬁé%ﬂaf‘on ItHS. um ?%fo{h%h\%{) ur'ﬁ%?éﬁ Pt catal yst, | a

supported armun rho usual 10 w. %

0L, SRt ot et s sty e i i
amount of the catalyst (including the carrier}) depends on the
supported amount of the rhodium metal or compound, it is between

" about 0.1 and 50 wt. % (in a dry form) based on the weight of 4-
tert.-butylphenol. As the amount of the catalyst increases, the
selectivity of the cis-isorher increases. The amount of the catalyst
is preferably between 0.5 and 10 wt. % in view of the cost and
workability in the filtration step for recovering the catalyst.

Any solvent may be used as long as it has no adverse

-effect on the reaction. A solvent whiéh is liquid at room tempera-
ture (25°C) is preferable because of easy handling. Examples of the
solvent are alkanes-having 5 to 10 carbon atoms, ethers having 4 to
10 carbon atoms, alcohols having 1 to 6 carbon atoms, and so on.
Specific examples of the solvent are acyclic alkanes (e.g. pentane,
hexane, heptane, etc.), cyclic alkanes (e.g. cyclohexane, 'etc.), acyclic
ethers (e.g. diethyl ether, etc.), cyclic ethers (e.g. tetrahydrofuran,_
dioxane, etc.), and alcohols (e.g. methanol, ethanol, propanol, iso-
propanol, butanol, isobutanol, pentanol, hexanol, 4-methyi-2-
pentanol, cyclohexanol, etc.). Among them, Cyclohexane and
isopropanol are preferable. In particulaf, isopropanol is preferable.

The amount of the solvent is usually between abouf 0.2
and o 20 times,'preferably between 0.4 and 5 times the weight of 4-
tert.-butylphenol.



-4- recovered froma reaction mxture by a conventional nethod such as
fittration, decantation, centrifugation, and recycl ed. The
“anount of the rhodiumcatalyst to be used in the reaction is between about
0.01 and 1 w. % (in ternms of netal rhodiun) based on the weight of the raw
.material, 4-tert.- butylphenol. In the case of the supported type catalyst,
whi | e an anmount of the catal yst (inclugigg_the carri-er) depends on the
supported amount of the rhodium netal or“conpound, it is between about 0.1
and 50 wt. % (in a dry form) based on the weight of 4- tert.-butyl phenol.
As the anount of the dattheyprocens edsthe prhasestlieventiony the neastionsis somer
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exanples o e solvent are acyclic nés (e.g. penta hexane, “hept ane,
etc.), cyclithroldgtarthe teagiorcsystamyare adelimg )hydrogbloric eddidrio tieeg.

di ethyl ether, etc.), cyclic ethers (e.g. tetrahydrofuran,
reaction system. Alternatively, hydrochloric acid may be formed in
the reaction system, for example, by charging water and AICl3 or |
TiCl4 to the reaction system. In addition, a catalyst which
generates hydrogen chloride in the reaction éystem such as rhodium
chloride may be used. |

Also, (anhydrous) sulfuric éc_id may be supplied in the
reaction system in any form, for example, by bubbling SO3 gas |
through the reaction system or adding an aqueous sulfuric acid
solution to the reaction system. Perchloric acid is' added to the
reaction system generally in the form of an aqueous solution.

An order of the addition of the raw material, the
rhodium catalyst, the solvent and hydrogen chloride, perchloric acid
or (anhydrous) sulfuric acid is arbitrary. _

The amount of hydrogen chloride, perchloric.acid or
(anhydrous) sulfuric acid is 'usually between about 0.61 and 100
moles, preferably between about 0.05 and 10 moles, more preferably
between 0.1 and 10 moles per one mole of the rhodium atom in the
rhodium catalyst.

Th_e 'process of the present invention may be carried out
in a stream of hydrogen gas or in a pressurized hydrogen atmos- |
phere. Other reaction conditions may not be critical. In view of a

reaction rate, the reaction is preferably carried out in the pressu-



di oxane, etc.), and al cohols (e.g. nethanol, ethanol, propanol, iso-

propanol, butanol, isobutanol, pentanol, hexanol, 4-nethyl-2- pentanol,
“cycl ohexanol, etc.). Anpbng them cycl ohexane and i sopropanol are
preferable. In particular, isopropanol is preferable. The

.amobunt of the solvent is usually between about 0.2 and o 20 tines,
preferably between 0.4 and 5 tinmes the_wgight of 4- tert.-butyl phenol.

-b5- In the process of the présent invention, the reaction is
performed in the solvent in the presence of the rhodlun1catalyst and al so
hydr ogen chfigeddiyd is@emaémo(spa@rq oln thishgaseud) PEesIUre reartos.is used.

%g_ﬁ;?g; EC' bubb i g’ MGe3g Lkﬁ?ﬁv%éggaéﬁf## S8n3¥fier Thac st m “or
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a catal yst generates hydrogen chloride 1n e réeaction systée€m such as

ooy e TRTBYE KRG presaure reliftnpteHEONSLIHLAN oo
bubbl i ng SOpgitial @réssure of hydrogen is preferably between 3 x 105 and 2 X
108 Pa, more preferably between 5 x 105 and 1.5 x 106 Pa.

The reaction temperature is at least about 20°C in view
of the reaction rate and the selectivity of the cis-isomer, and
preferably 100°C or lower in view of the selectivity of the cis-
isomer. More preferably, the reaction temperature is between 40
and 80°C in view of the reaction rate and the selectivity of the cis-
isomer. |

The process of the present invention may be carried out
continuously or batchwise. |

' The termination of the reaction can be confirmed by a
conventional method. For example, the reaction mixture is'analyzed
and a time when the conversion of 4-tert.-butylphenol is 100 % is
used as the termination of the reaction, or a time when no further
decrease of the hydrogen pressure is observed is used aé the
termination of the reaction. |

Furthermore, 4-tert.-butylcyclohexanol obtained by the
above reaction cén be acetylated to obtain 4-tert.-butyicyclohexyl
acetate. _

| The acetylation can be performed continuously from the
above h'yd'rogenation of 4-tert.-butylphenol. Alternatively, 4-tert.-
butylcyclohexanol obtained by the above reaction can be once

isolated from the reaction mixture and then acetylated in a separate



t.hrough the reaction system or addi ng an aqueous sulfuric acid solution to
the reaction system Perchloric acid is added to the reaction system
generally in the formof an aqueous sol ution. An order of the
addition of the raw material, the rhodium catalyst, the solvent and
-hydrogen chl oride, perchloric acid or (anhydrous) sulfuric acid is
arbitrary. The amount of hydragen chloride, perchloric acid or
(anhydrous) sulfuric acid is usually betWweeén about 0.01 and 100 nol es,
preferably between about 0.05 and 10 noles, nore preferably between 0.1 and
10 nol es perstepe nole of the rhodiumatomin the rhodi um catal yst.

The process of the present invention may be carried out in a streamof .
hydrogen gas or in a prds@geiyationy anyaenuentionainacetylaior rageat sush

conditions may not, be gritical. In view of a, reaction ra the reactjon is
pref erabl y @g ﬁcghcoapﬁyqngﬁe agelicsgeid, acetyl chicride, and fhe Irnke may be

-6- rized Qﬁﬂkpgen at nosphere. In this case, a pressure reactor is used.
When the reacCtion is carried out under the pressurized hydrogen atnosphere,

L S Pt of THERBln vioind ek aeH. sbo o Ghast, Satedd o
resistance of nidie andi Srmdles,!preferably between 1 mole and 1.5 moles, per
| one mole of 4-tert.-butylcyclbhexanol.

The reaction temperature in the acetylation is usuall;}
between room temperature (about 25°C) and 150°C, preferably
between room temperature (about 25°C) and 130°C.

The acetylation can be terminated when the conversion
of 4-tert.-butylcyclohexanol is found to be 100 % through the '.
analysis of the reaction mixture. _

The presence of a solvent is not essential in the
acetylation process, while a solvent which is less acetylated may
be used. Solvents which are in the liquid state at room temperature
is preferable in view of easy handling. Examples of such the solvent
are acyclic alkanes (e.g. pentane, hexane, heptane, etc.), cyclic
alkanes (e.g. cyclohexane, etc.), unsaturated hydrocarbons (e.g.
toluene, etc.), acyclic ethers (e.g. diethyl ether, etc.), cyclic ethers
(e.g. tetrahydrofuran, etc.), and the like. Among them, toluene and
cyclohexane' are preferable.

| In addition to the acetylation agent, a catalyst may be
used in the acetylation reaction. The kind 6f the catalyst depends
on the acetylation agent to be used. For exémple, sulfuric acid,
hydrochloric acid, p-toluenesulfonic acid, zinc chloride., sodium
acetate, pyridine, and the like can be used, when acetic anhydride is

used as the acetylation age'nt. ~ Alternatively, sulfuric acid or BF5
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parti al essure of rogen is preferably bet 10[err] and 2 X

_10[err] js S 'y between s%ﬂ{EerMAépBEEm 5 x 10[err] Pa.
"The . reactl is at |east} a OUEEIZL ]C view of the reaction
rate and t of the cis-|i ably 100[err]C or

lower in view of the seI ect|V|ty of the cis- isonmer. More preferably, the
reaction tenperature is between 40 and 8Q[err]C in view of the reaction
rate and the selectivity of the cis- isofter. The process of the
present invention may be carried out continuously or batchw se.

The term natmay lé used, rwheniaceticcacichdés aused asethebpcetylatiormagental net hod.
For exanple, the reaction mxture is analyzed and a tinme when the

conver si on cﬁm@ﬂQeF'ﬁeSQ)lﬁa}ﬁWﬁén&J”PQCl@O' i$ Preferably iNhyiew ol @acosh of

the reaction, or at when no f her d crease of the dr oge re re
i s observed i s used arﬁ%@%w Rgtti‘SnC%?aYﬁe's?é‘é&'taﬁ%bewee”%81p 5

be acet yi at B0 FnPLFSrAL T AGRORETOR L AR R Re e S 4 ol SH 2, 8N
scely) oL Lon EREyRSCRAGor WhURLely dneThilt o cxliopengy on of
the above reafhlionheare&ctiomoate skl abedidwowthihe it eigctooniargsr u4geand then
acetylated in a separate

butylhexanol tends to be dehydrated.

When acetic acid is used as the acetylation agent, the
acetylation is preferably carried out while removing by-produced
-water in view of the reaction rate. Water may be removed by
evaporating water azeotropically with a solvent which can be
evaporated azeotropically with water under refluxing conditions, or
by adding a drying agent such-as silica gell to the reaction system.

When acetyl chioride is used as the acetylation agent,
the acetylation is.preferably carried oet while removing by-
produced hydrogen chloride in view of safety. Hydrogen chloride
may be removed with a base such as inorganic bases (e.g. potassium
carbonate, 10 % sodium hydroxide, etc.) or organic bases (e.g.
pyridine, etc. ) potassium carbonate.

Among the acetylating agents, acetic anhydﬁde is
preferable in view of the conversion of the raw material in the
acetylation reaction.

It is difficult to separate resulting 4-tert.-butylcyclo-
hexyl acetate from 4-tert.-butylcyclohexanol by distillation since
they have the close boiling points. Therefore, the conversion of 4-
tert.-butylhexanol is preferably edual or close to 100 %. To this
_ehd. for example, acetic acid or acetyl chloride is used as the

acetylation agent and the acetylation reaction is carried out until



-7- step. For acetyl ation, any conventional acetyl ation agent
such as acetic anhydride, acetic acid, acetyl chloride, and the |ike may be
‘used. The amount of the acetylation agent is usually between 1
nole and 5 noles, preferably between 1 nole and 1.5 noles, per one nole of .
-4-tert.-butyl cycl ohexanol . The reaction tenperature in the
acetylation is usually between roon1tenp§rature (about 25[err]C and

150[ err] C, preferably between roomtenpefafure (about 25[err]C) and
130[err] C. The acetylation can be term nated when the conversion
of 4-tert. - ltheytanndreioex ssathess abouwh G Seber highed tanddigéntthe anal ysi s of
the reaction m xture. , - The presence of a solvent is not essentia
in the acet\aaglylghiopr it ccampigiedewiths Aogdie: apiyslrides in cthe £ame madar may be
used. Solvents whjch ein.the liquid state at, roomtenperature is

pref erabl o (AMQUBL &% TRSsTETidHAl rAY. ARl 5O ghaluthe rRW JBRlRtAl & o

acyclic alk . , hexane, heptane, etc.), cyclic al kanes (e.qg.
cycl ohexane%ﬁﬁ?guﬁgﬁm@%’d hydr ocarbons (e.g. toluene, etc.), acyclic
ethers (e. g.ggfethgloe e naEi§nibncyclic ethers (e.g. tetrahydrofuran,
etc.), and t%?%%gnmm-r\ﬁ%tml uene and cycl ohexane are preferable.
In addition to the acefhd grbesssusinthe predieat iaventynbeansedsiiyr prégare
acetylation reaction. The kind of the catal yst depends on the "acetyl ati on
agent to be 4+$erd.-butylcyelonaixanct uhaving thei dhighydontdniorafc thei dis-isomer
p-tol uenesul fonic acid, zinc chloride, sodiumacetate, r{)yri di ne, and the
like can be ussfdl aghén rasetmatesiglyaf ialqperdume from 4-tert.-butylphenol.
That is, 4-tert.-butylcyclohexanol can be obtained at a yield of
about 90 % or higher, and the content of the cis-isomer in the
product reaches about 80 % or more.
4-tert.-Butylcyclohexyl acetate having the high content
of the cis-isomer can obtained by acetylating 4-tert.-butylhexanol
which has been prepared by the process of the present invention.
EXAMPLES
The present invention will be illustrated by the follow-
ing Examples, which do not limit the present invention in any way.
Example 1 |
4-tert.-Butylphenol (90 g, 0.60 mole), 5 %Rh/C (namely 5
wt. % of rhodium metal supported on a activated carbon carrier)
(1.35 g based on the dry material), isopropanol (180 g) and 36 %
hydrochloric acid (0.18 g) were Charged into an autoclave, and then
the interior of the autoclave was replaced with nitrogen gas by
injecting the nitrogen gas up to 5 x 105 Pa and evacuating it three
times. After replacing the interior of the autoclave with hydrogen
by injecting the hydrogen gas up to 5 x 105 Pa and evacuating it
three times, the hydrogen gas was injected up to 1.1 x 108 Pa, and

an interior temperature was raised to 60°C, followed by stirring for



used as the acetylation agent. Alternatively, sulfuric acid or BF3

-8: my be used, when acetic acid is used as the acetylation agent. Anong
‘these catalyst, sulfuric acid is preferably in view of a cost.

The amount of the catalyst is usually between 0.01 and 5 nole % preferably
-between 0.1 and 2 nole % of the amount of 4- tert.-butylcycl ohexanol.
VWen the anobunt of the catalyst is too_sgﬁtj, the reaction rate is too |ow,
while it is too larger 4-tert.- butyl hexahol tends to be dehydrated.

When acetic acid is used as the acetylation agent, the acetylationis
preferably cavbikautsit while renoving by-produced water in view of the

reaction rate. Water be renoved b eyaporating water azeotropically

with a sol vent which ﬁ#'bé’o@‘\aﬁﬁoﬂ&?e U'&EX%YQ @?%a’?ﬂ%’a%% téﬁt BTteBHBer

refl uxi ng congditiagn or by addi a drying agent such as sil.ica gel to

the reacti oﬁ”@s‘bgnﬁ“mgen gas”in \Pﬁgns%mgt Vla%cﬁgonl?‘a‘ée'i Eh%é'gﬁcggnt he

acetyl ation aggite was analyzed. The yield of 4-tert.-butylcyclohexanol was
83.4 %, and the ratio of the cis-isomer to trans-isomer was

89.9:10.1.
Examples 2-10

4-tert.-Butylcyclohexanol was prepared in the same
manner as in Example 1 except that the reaction conditions were
changed as shown in the Table. In Example 10, 98 % sulfuric acid
was used. o |

The results are shown in the Table.

in all of Examples 1-10,. the conversion of 4-tert.-
butylphenol was 100 %.

iV m -

4-tert.-butylcyclohexanol was prepared in the same
manner as in Example 1 except that no acid was used (Comparative
Example 1), phosphoric acid (85 %) was used (Comparative Example
2) or nitric acid (61 %) was used (Comparative Example 3).

The results are shown in the Table. '

Comparative Examples 4 and 5

4-tert.-butylcyclohéxanol was prepared n the same

manner as in Example 1 except that a Ru catalyst (5 %Ru/C) was
used (Comparative Examples 4 and 5) and nb hydrochloric acid was
used (Comparative Example 5)._ |

The results are shown in the Table.

in Comparative Example 4, the co_nversion c_jf 4-teft.?

butylphenol was 42.2 %, while in other Comparative Examples, the



the acetylation is preferably carried out while renoving by- produced
hydr ogen chloride in view of safety. Hydrogen chloride may be renoved with
*a base such as inorganic bases (e.g. potassium carbonate, 10 % sodi um

hydr oxi de, etc.) or organic bases (e.g. pyridine, etc. ). Anong
_the acetylating agents, acetic anhydride is preferable in view of the

conversion of the raw material in the gcﬂyl ation reaction. ' |t

is difficult to separate resulting 4-tert.-butylcycl o- hexyl acetate from

4-tert.-butyl cycl ohexanol by distillation since they have the close boiling
poi nts. Theragnwarsiameofc driest. Hutylphiene! was .1MUtYp. hexanol is preferably
equal or close to 100 % To this end, for exanple, acetic acid or acetyl

chloride is used as the acetylatjon agent d the acetvlation reaction is
carried out uftill « - nlslIsleleloloa] 9 +hel
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acetylati-on is conpleted with acetic anhydride in the sane nolar anmount as
the residual raw material so that the raw material is consuned conpl etely.
"EFFECTS OF THE | NVENTI ON The process of the present invention
can easily prepare 4-tert.-butyl cycl ohexanol having the high content of the
-ci s-isoner useful as a raw material of a perfunme from4-tert.-butyl phenol.
That is, 4-tert.-butylcycl ohexanol can _bgsobtained at a yield of about 90 %
or higher, and the content of the cis-isoner in the product reaches about
80 % or nore. 4-tert. -Butylcyclohexyl acetate having the high
content of the cis-i R oyt tert.-butyl hexano
whi ch has been prep 'hresené‘?ﬁvention. EXAMPLES
The present inventid tfe foll Q@\f i ng Exanpl es,
which do not limt t way. Exanple 1
4-tert.-Butyl phenol (nanel wt. % of rhodi um
net al supported on e )eo( 1. 35 ased on the dry
material ), isopropar cnrorrc d (0.18 g) were
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pto5 x 105 Pa and
d up to 1.1 x
[err]C, followed by

Hydrogen | Temp.

pressure
x 105 Pa

21

T

Solvent.

(9)

74

CHX

Acid

(9)

Amount | Kind | Amount | Partial

0.23

0.31

0.30

Kind

None

Phospho-

ric acid
Nitric

acid
Hydro-

chloric

acid

Catalyst

(9)

4.50

2.25

2.19

4.50

Isopropanol.

Kind | Amount

BCHL: 4-tert.-Butylcyclohexanol.

CHX: Cyclohexane.

IPA:

Ex.

No.

Table (cont'd)

C. 1

cC.2

C.3

C.4] Ru

C.5

Notes:




- 10 - .1.75 hours. After cooling the autoclave and repl acing
the interior wwth the nitrogen gas in the sane way as above, the reaction
“m xture was anal yzed. The yield of 4-tert.-butyl cycl ohexanol was 93.4 %
and the ratio of the cis-isomer to trans-isonmer was 89.9:10. 1.

.Exanples 2-1 0 4-tert.-Butyl cycl ohexanol was prepared in the
sanme manner as in Exanple 1 except that t?e reaction conditions were
changed as shown in the Table. In Exanpl 8210, 98 % sulfuric acid was used.

The results are shown in the Tabl e. In all of Exanples 1-10, the
conversion of 4-tert.-Examplefdnol was 100 % Conparative
Exanpl es 1-3 4-tert._-butyl cycl ohexanol was prepared in the sane
manner as in Exanpl e ](Qx‘l:‘é%ﬁt-'BHéY'P?;@nébi(ﬂovﬁs %@@dﬂp@}mgr%tﬁh@: Rd e

1), BrOSEUOIAE AP K80 Y e e LS ikh 5L, BD A st
'n the Tabl &4 1ution of perchidtR2aald (6. f6YPWete*cRlfhed into an autoclave,
and then the interior of the autoclave was replaced with nitrogen
' gas by injecting the nitrogen gas up to 5 x 105 Pa and evaduating it
three times. Hydrogen gas was injected ub-to 1.1 x 106 Pa, and an
interior temperature was raised to 60°C, followed by stirring for 5
hours. |
After cooling the adtoclave and replacing the interior

with the nitrogen gas in the same way as above, the reaction

mixture was analyzed. The yield of 4-tert.-butylcyclohexanol was

95.5 %, and the ratio of the cis-isomer to trans-isomer was

82.1:17.9. |

 The reaction mixture was filtrated to remove the
catalyst, and evaporated for concentration to obtain crude 4-tert.-
butylcyclohexanol (91 ¢, 0.57 mole, a purity of 98.4 %, the ratio of
the cis-isomer to trans-isomer being 82.1:17.9).

(2) Sulfuric acid (0.17 g, 1.8 mmoles) was added to the
above. concentrated mixture while maintaining thé mixtdre at 90°C,
and then. acetic anhydride (76.06 g, 0.75 mole) Was dropwise added
to the mixture over 3 hours, followed by keeping that temperature

- for 1 hour.

The analysis of the reaction mixture revealed that the
yield of 4-tert.-bu_tylcycloh_exyl acetate was 99 % (based on 4-tert.-
butylcyclohexanol), and the ratio of the cis-isomer to tréns-isomer
was 82.1:17.9.

The reaction mixture was washed with 5 % aqueous



4-tert.-butyl cycl ohexanol was prepared n the sanme manner as in Exanple 1
except that a Ru catalyst (5 %u/C) was used (Conparative Exanples 4 and 5)
“and no hydrochloric acid was used (Conparative Exanple 5). The ~
results are shown in the Table. . I n Conparative Exanple 4, the
.conversion of 4-tert.- butyl phenol was 42.2 % while in other Conparative
Exanpl es, the conversi on of {|Ia_t<_art.-buty| phenol was 100 %

sodium bicarbonate (each' 120 g) three times, and with ion

exchanged water (120 g) once. An oil layer was rectified, and 4-

tert.-butylcyclohexyl acetate having high purity was obtained at a

high yield. | o
xample 12

(1) 4-tert.-Butylphenc! (180 g, 1.20 moles), 5 %Rh/C (1.8
g based on the dry material), isopropanol (360 g) and 36 %
hydrochloric acid (0.12 g) were charged into an autoclave, and then
the interior of the autoclave was replaced with nitrogen gas by
injecting the nitrogen gas uﬁ to 5 x 105 Pa and evacuating it three
times. After replacing the interior of the autoclave with hydrogen
by injecting the hydrogen gas up to 5 x 105 Pa and evacuating it
three times, the hydrogen gas was injected up to 1.1 x 108 Pa, and
an interior temperature was raised to 60°C, followed by stirring for
4 hours.

After cooling the autoclave and replacing the interior
with the nitrogen gas in the same way as above, the reaction
mixture was analyzed. The vyield of 4-tert.-butylcyclohexanol was
93.2 %, and the ratio of the cis-isomer to trans-isomer was
88.6:11.4.

- The above reaction was repeated, and the two reaction
mixtures were combined. |

The combined reaction mixture was filtrated to remove
the catalyst, and evaporated for concentration to obtain crude 4- .
tert.-butylcyclohexanol (350 g, 2.20 mole, a purity of 98.4 %, the
ratio of the cis-isomer to trans-isomer being 88.6:11.4).

(2) Sulfuric acid (0.81 g, 8.1 mmoles) was added to the

above concentrated mixture while maintaining the mixture at 90°C,



[err]

- 12 - Jerr]
Exanple 1 1

- 15 -

and then acetic anhydride (312.4 g, 2.94 moles) was dropwise added
to the mixture over 3 hours, followed by keeping that temperature
for 1 hour. | '

The analysis of the reactioh mixture revealed that the
yield of 4-tert.-butylcyclohexy! acetate was 99 % (based on 4-tert.-
butylcyclohexanol), and the ratio of the cis-isomer to trans-isomer
was 88.6:11.4.

The reaction mixture was washed with 5 % aqueous
sodium bicarbonate (each 450 g) three times, and with ion

exchanged water (450 g) once. An oil layer was rectified, and 4-

tert.-butylcyclohexyl acetate having high purity was obtained at a

high yield.

13



(1) 4= - . (90 g, 0.60 nole), 5 %N/ C (0.9 g based on the dry
met eri - f (180 g) and a 60 % aqueous sol ution of perchloric
“acid NQ“HIM]METIer@Med into an autoclave, and then the interior of the
aut oclave was mepsaced with nitrogen gas by injecting the nitrogen gas up
-to 5 x 10[err] Pa and evacuating it three tinmes. Hydrogen gas was injected
up to 1.1 x 10[err] Pa, and an interiqrqgenperature was raised to 60[err]C,
followed by stirring for 5 hours. After cooling the autocl ave
and replacing the interior with the nitrogen gas in the sane way as above,
the reaction mxture YARakimJ3IBEd 1oe yiel d of 4-tert.-butyl cycl ohexanol

was 95.5 % and the ratio,of the cis-isoner.to frans-i Soner s . 82.,1:17.9.
The reaction m xture S ?‘i PIFCESH™ fPf) PERAINY h%‘tggtrﬁ“ag{ég/cﬁﬁe’&ﬁ%lorat ed
for concent | OR.; | L SLE b - yel ohe, ( 0. 57
nole, a pur??@%'_b@. ﬂ‘%%%%@éfﬁgfiétéﬁ- %ugymé-ﬁogoweré]t%&t%éﬁs&lggﬁer bei ng
82.1:17.9) . presence of a(rhbdftth e_'é'da‘ﬂfs%chﬁd(ﬂ-é&mﬁouﬁd%é]@t‘.‘t@é)fr@ﬁﬁt ded to
t he above, concentrated m xture while maintaining the mxture at 90[err]C,
and then acgtdsap-awy@isﬁd? 6%3660@@ Ochlloridfel, eperigriode oggidsanadded to the

m xture over 3 hours, followed by keeping that tenperature for 1 hour.

The anal ysi $anhydtaus)estifude acid.ure reveal ed that the yield of

4-tert.-butyl cycl ohexyl acetate was 99 % (based on 4-tert. -
butyl cycl ohexanol ), add tihe p&RGessoRcenedipgsta shaitt 1 ovheesin- a8 oAMOURS

2.1:17.9. The r, ' ' h i,t h % .
8 9 of hydrogen ch?orrlgg(:tp'e?&\l%)ét acid 'OF (gﬁﬁyglgouvg)t Sulturic®deid 18

- from 0.05 to 10 moles ber one mole of the rhodium atom in the
rhodium catalyst.
3. The process according to claim 1, wherein said
rhodium catalyst comprises metal rhodium sup;ﬁorted on a carrier.
4, Thé process according to claim 3, wherein an amount
of the rhodium catalyst (in terms of the dry material) is from 0.5 to
10 wt. % based on the weight of 4-tert.-butylphenol.
5. The process according to-claim 1, wherein said
. solvent_ is a solvent selected from the group consisting of alkanes
having 5 to 10 carbon atoms, ethers having 4 to 10 carbon atoms and
aicohols having 1 to 6 carbon atoms. _
6. The process according to claim 5, wherein said
solvent is an alcohol. |
7. The process according to claim 6, wherein said
alcohol is isopropanol. |
8. The process according to claim 1, wherein a reaction
temperature is from 20 to 100°C. ' .
9. A process for preparing 4-tert.-butylcyclohexyl
acetate comprising acetylatihg 4-tert.-butylcyclohexanol which has

been prepared by hydrogenating 4-tert.-butylphenol in a solvent in



=14- Sodium bicarbonate (each 120 -g) three tinmes, and with ion exchanged
wat er il layer was rectified, and 4-
_‘tert bmﬂlﬂmm)mmmn et ate having high purity was obtained at a high
(1) 4-tert.-Butyl phenol (180 g,
;1 20 nDIes) %Rh/C (1 8 g based on the dry material), isopropanol (360 g)

and 36 @6hydroch|or|c acid (0.12 g) werqycharged into an autocl ave, and
then the interior of the autoclave was replaced with nitrogen gas by

i mes. ATt cfhe deasNeg Oha M casalybhars o compoud relgasy Ay
AR ﬁﬁ%@ﬁ%&ygﬁ@‘é"ﬁﬁfﬁéﬁ‘[ Ebidride, BRspISTe B hid ., hes

interior te@ﬁﬁ%%&ﬁ)"‘@ﬁlfﬁﬁ sgdqo 60[err]C, followed by stirring for_ 4

hour s. er coo ing the autoclave and replacing the interior
with the nitrogen gas in the sane way as above, the reaction m xture was
anal yzed. The yield of 4-tert.-butyl cycl ohexanol was 93.2 % and the ratio
of the cis-isoner to trans-isonmer was 88.6:11. 4. The above
reaction was repeated, and the two reaction m xtures were conbi ned.

The conbi ned reaction mxture was filtrated to -renove :



the catal yst, and evaporated for concentration to obtain crude 4-
tert.-butyl cycl ohexanol (350 g, 2.20 noles a purity of 98.4 % the ratio of
tthe cis-isomer to trans-isoner being 88.6:11.4). (2) Sulfuric
acid (0.81 g, 8.1 mmoles) was added to the above concentrated m xture while
mai ntaining the mxture at 90[err]C,

- 15 - and then acetic anhydride (312.4 g, 2.94 noles) was-dropw se added
to the m xture over 3 hours foIIovved by keeping that tenperature for 1
hour . ﬁ& t ction m xture reveal ed that the
yield of 4-te was 99 % (based on 4-tert.

8. b ‘Hf’hf’“exa”"' : a”"ﬁ‘??%égﬁ‘o?ﬁaﬁ PB%%%%&%M@ G}?aqueous

T390 bcn D & APEIPUCTOLOEX YL REETATE 111 07, sxepanged et er

acet ate having high purAEtseeraBut;bcwthéxaho& havingyie!lldrger content of its
cis-isomer is prepared by hydrogenating 4-tert.-butylphenol in a
solvent in the presence of a rhodium catalyst and a compound
selected from the group consistinb of hydrogen chloride, perchloric
acid and (anhydrous) sulfuric acid. Furthermore, obtained 4-tert.-
butylcyclohexanol is acetylated to give 4-tert.-butylcyclohexyl

acetate.



- 16- REVHACSLENT aHBRES | 556 1. A process for preparing
4-tert.-butyl ﬂv*gksaﬁeXanotamﬁmﬂlosmgg(;h\}dr genating 4-tert.-butyl phenol in a
sol vent,in thg przasgnce: pigsd .Chwdpapricat af yst and a conp sel ect e

the group qopspetiingapts hydruge)m aaior. d gub@ﬂ@ﬁ? §hest a@lfgﬁﬂi?'?%?fhga%us)
sul faric acildi pbsirses  :ve2d . H® igbdeSs ccording to claim1, wherein an
anmount of hydrogen chlorr Je perchloric agig or (anhydrous) sulfuri c acid

is from 0. 05 tDAf'Q(SPﬁqJﬁ’?T egegqude of the rhodiumatomin the rhodi um

cat al yst . pioeess—aecorting to claim1, wherein said

r hodi um cat al y@ltoqaﬁsprfpée@remrmg rhréetubutyIpesyt eacelate Bavingera high cis-
4. The process accordl n tg claim 3, wherein an anpbunt of the rhodium
catal yst (in tEPMRELICY ry material) is fromO 5to 10 wt. % based on

Claim 1 wherei n sai d sofSERUING to Jbe, it asPdstediey BRETRR: JFEGRMORS O
consisting of 3idaes BayhGeSs! forlGregabm 34%'& _beitReySIdRAAILIA Lo 10

carbon atons an cohol having 1 to arbon at ons. 6. The

process accor %@mptr&md;ahyrdﬁ)%e/ptmr@ M-%éhdbiﬁi/m@tndlslrﬁra adsiobat . in the

7. The process accordin aim 6, wherein said al cohol is isopropanol.
presence of a rhodium catalyst and a compound selected from the

perchloric acid . .
group consisting of hydrogen chloride;/and (anhydrous) sulfuric acid.

According to the second aspect, the present invention
provides a process for preparing 4-tert.-butylcyclohexyl acetate
comprising acetylating 4-tert.-butylcyclohexanol which has been
prepared by hydrogenating 4-tert.-butylphenol in a solvent in the
presence of a rhodium catalyst and a compound selected from the
group consisting of hydrogen chloride, perchloric acid and
(anhydrous) sulfuric acid. _

DETAILED DESCRIPTION OF THE INVENTION

The rhodium catalyst to be used in the hydrogenatio‘n
reaction according to the present invention includes metal rhodium
(valency of zero) or a compound of rhodium having a valency of up to
6 such as rhodium chloride, rhodium oxide and so on.

The metal rhodiu-m or rhodium compound is preferably
used in the form of a supported type catalyst, _-that is, the metal
rhodium or rhodium compound supported on a carrier such as
activated carbon, SiO;, Al,O3, etc. Among the supported type
catalyst, metal rhodium supported on the carrier is more preferable.
In the case of the supported type catalyst, a supported amount of
metal rhodium is usuélly between 1 and 10 wt. %, preferably
between 3 and 5 wt. % based on the weight of the carrier.

After the reaction, the rhodium catalyst

may be
REPLACEMENT SHEET
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8. The process aFWP@AOEI&AENﬂSHEETnll, wherein a reaction tenperature is from
20 to 100[err]C A ————&—7A process for preparing

4-tert, ; butyl cyc] ohe e e nmprising acetyl at.in

4-tert® -butyl cyc oneééLé%ﬁhﬁﬁ%h been preﬁab@@uﬁgsgyatoéﬁhﬁﬁphﬁnbEF1999
4-teft.-butyl phepolin_a solv [

-17- the presenge of a rhodiumc
group consi sting '
sul furic acid.

N

al yst andga_conpound sel ected fromthe
de, 'perchlsori c acid and (anhydrous)

may be used, when acetic acid is used as the acstylation agent.
Among these catalyst, sulfuric acid is preferably in view of a cost.

The amount of the catalyst is usually between 0.01 and 5
mole %, preferably between 0.1 and 2 mole %, of the amount of 4-
tert.-butylcyclohexanol. When the amount of the catalyst is too
small, the_reaction rate is too low, while it is too larger 4-tert.-
butylhexanol tends to be dehydrated.

When acetic acid is used as the acetylation agent, the
acetylation is preferably carried out while removing by-produced
water in view of the reaction rate. Water may be removed by
evaporating water azeotropically with a solvent which can be
evaporated azeotropically with water under refluxing conditions, or
by adding a drying agent such as silica gel to the reaction system.

When acetyl chioride is used as the acetylation agent,
the acetylation is preferably carried out while removing by-
produced hydrogen chioride in view of safety. Hydrogen chloride
may be removed with a base such as inorganic bases (e.g. potaésium
carbonate, 10 % sodium hydroxide, etc.) or organic bases (e.g.
pyridine, etc. ).

Among the acetylating agents, acetic anhydride is
preferable in view of_ the conversion of the raw material in the
acetylation reaction.

It is difficult to separate resulting 4-tert.-butylcyclo-

hexyl acetate from 4-tert.-butylcyclohe‘§’5nol by distillation since
they have the close boiling points. Therefore, the conversion of 4-
tert.-butylhexan_ol is preferably equal or close to 100 %. To this
end, for example, acetic acid or acetyl chioride is used as the

acetylation agent and the acetylation reaction is carried out until



