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METHOD FOR PRODUCING ORTHO-ALKYLATED PHENOLS

BACKGROUND OF THE INVENTION
Field of the Invention
The present invention relates to a method for producing

ortho-alkylated phenols.

DeScription of the Related Art

Aromatic ring alkylated phenols are industrially used as
raw materials or intermeé.iates of medical and agricultural
chemicals, resins, various additives, polymerization
_inhibitors, antioxidan}:é, dis.infectants, preservatives,
industrial chemicals and the like. For example, thymol having
a structure in which an isopropyl group is bonded to 2-position
and a methyl. group is bonded to 5-position of phenol is used
as a vermicide.

Conventionally,,_ for producing ortho-alkylated phenols, a
- gas phase reaction in which phenols and alcohol are vaporized
and allowed to flow through a catalyst phase for reaction, a
liquid phase reactionutilizing a Friedel and Crafts'® reaction,
and other methods, are known. 'JP-A No. 2000-38363 discloses
éL method in which pheflols and alcohol are heated é_tt 400C in
the supercritical region ﬁsing zirconium oxide as a catalyst
to produce ortho-alkylated phenols. However, this method has

a problem that when the reaction is conducted by a batch system,



i1

components having higher boiling points composed of dimers of
phenols and derivatives thereof as main components are

by-produced in large amount.

SUMMARY OF THE INVENTION

An object of ﬁhe present invention is to provide a method
for producing ortho—aikylated phenols fromphenols and alcohol,
with high seléctivity and by-producing a small amount of
components having higher boiling points even if the reaction
is conducted by a batch system.

The present inventors have intensively studied a method for

producing ortho-alkylated phenols by a reaction of phenols with

‘alcohol, and resultantly found that ortho-alkylated phenols can

be produced, by reacting phenols with alcohol using germanium
oxide as a catalyst under the supercritical condition of the
alcohollor by reacting phenols with alcohol in the presence of
Qermanium oxide and carbon dioxide under conditions in which
a mixture of alcohol and carbon dioxide is in the supercritical
condition, with high selectivity and by-produced a small amount
of components having higher boiling points even if the reaction
is conducted by a batch system, and have completed the present
invention. |

Namely, the present in{rention relates to [I] 'a method for
producing ortho-alkylated phenols com]‘:_arising reacting phenols

represented' by the general formula (1) with monohydric or



dihydric alcohol in' the presence of germanium oxide under
conditiong in which said alcohol is in the supercritical
condition, wherein each of Ry, Rz, Ri3, Ry and Rs independently
represents a hydrogen atom, or a linear or branched alkyl group

having 1 to 10 carbon atoms.

(1)

Further, the present invention relates to [II] the method
according to [I], wherein the method comprises reacting phenols
represented by the general formula (1) with monohydric or
dihydric alcohol in the presence of germanium oxide and carbon
dioxide under conditions in which a mixture of said alcohol and

carbon dioxide is in the supercritical condition.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention will be illustrated in detail below.
As the linear or branched alkyl group having 1 to 10 carbon
atoms represented by Ri, Rz, R3, Ry and Rg inphenols of the general
formula (1) used as a starting raw material in the presént

invention, amethyl group, ethyl group, n-propyl group, isopropyl



group, n-butyl group, isobutyl group, t-butyl group and the like
are listed, and as specific examples of phenols of the general
formula(l),phenol,o—cresol,m—cresol,p—cresol,2,3~xylenol,
2,4-xylenol, 2,5-xylenol, 3,4-xylenol, 3,5—xylenol, aﬁisole,
t-butylphenol and the like are listed.

In the preéent invention, the alcohol which is another
starting raw material is not partidularly restricted providing
it is monohydric or dihydric alcohol, and it is preferably
monohydric alcohol of the general formula (2):

Rg—-OH (2)

(wherein, R¢ represents a linear or branched alkyl grbup having
1 to 10 carbon atoms). Here, a methyl group, ethyl group,
n—propylgroup,isopropylgroup,n—butylgroup,isobutylgroup,
t-butyl group and the like are listed as Rg.

Asthemonohydricalcohoiofthegeneralformula(2),methanol,
ethanol, n-propanol, isopropanol, n-butanol, isobutanol,
t-butanol, pentanol, hexanol, hebtanol, n-octanol, n-nonanol,
n-decanol and the like are specifically‘iisted, and because of
high selecti&ity, methanol, ethanol, n-propanol and n-butanol
are preferable, methanol and ethanol are more preferable,
methanol is further preferable.

As the dihydric aléohol, ethylene glycol, propylene glycol
and the like are listed. . |

In the present invention, the molar ratio of monohydric or

dihydric alcohol to phenols of the general formula (15 is



appropriately determined depending on compounds used, and
generally from1 to'1000, and ratios from1l to 200 are preferably
used.

substances have inherent three conditions, gas, liquid and
solid, and further, at the critical temperature or more and
critical pressure or more, a fluid phase exists which is not
condensed even if it is pressed. This condition is called the
supercritical condition.

When a substance is chemically reacted in fluid.under-the
supercritical condition, this substance may manifest higher
reactivity than in fluid under gas phase condition and in fluid
under liquid phase condition, the reason for this being not
apparent, and being guessed that the fluid under the
supercritical condition presumably has high density and high
diffusion property.

Further, under the supercritical condition, the size of a
feaction appératus can be decreased as compared with the gas
phase reaction since the supercritical condition has a density
near liquid phase.

In the presént invention, the upper limit of the reaction
temperature is not restricted, andgpreferably 450C or less so
that phenols of the gené'ral formula (1) are not decomposed. The
upper limit of the reacti&h pressure also is not restrictive,
and preferably 25 MPa or less since it is expensive to increase

pressure resistance of a reaction apparatus.



In the production method [I] of the present invention, a
reaction is conducted under conditions in which monohydric or '
dihydric alcohol is in the supercritical condition in the
presence of germanium oxide. When methanol is used as this
alcohol, the reaction is conducted under conditions of 240C
or more and 8 MPa or more sincemethanol hasacritical temperature
of 240C and acritical pressure of 8 MPa. Whén ethanol is used,
the r_eaction is conducted under cénditions of 243C or more and
6.3 MPa or more since ethanol has a critical temperature of .243°C
and a critical pressure of 6.3 MPa. When n-propanol is used,
the reaction is conducted under condit;_ions of 264C or more and
5 MPa or more since n-propanol has a critical temperature of
2_64°C and a critical pressure of ‘5- MPa. When isopropanol is
used, the reaction is conducted under conditions of 235C or
more and 4.8 MPa or more since isopropanol has a critical

temperature of 235C and a critical pressure of 4.8 MPa. When

n-butanol is used, the reaction is conducted under conditions
of 287°C ormore and 4.8 MPa or more sincen-butanol hasacritical

temperature of 287°C and a critical pressure of 4.8 MPa.

Next, thé production method [II] of the present invention
will be illustrated.

In the production fnethod [II] of the present invention, a
reaction is conducted in t.:.he presence of germanium oxide and
carbon dioxide under conditions in which a mixture of monohydric

or dihydric alcohol and carbon dioxide is in the supercritical



condition.

The mixing ratio of the above-mentioned alcohol to carbon |
dioxide is not particulai‘ly restricted, and determined in view
of the solubility of phenbls of the general formu].a (1) used.
in the reaction into the above-mentioned alcohol. The mixing
ratio of the above-mentioned alcohol to carbon dioxide is
preferably from 10:90 to 99:1.

A case in which methanol is used as the above-mentioned
alcohol and phenol is used as the phenols of the general formula
(1) will be specifically illustrated. For example, in the case
of a mixture having a molar ratio of methanol to carbon dioxide
of 75:25, this mixture has a critical temperature of 204C and
a critical pressure of 12.75 MPa according to J. Chem.
Thermodynamics, vol. 23, p. 970 (1991) .

When ortho-methylation of bhenols is conducted under
temperature and pressure conditions in which a mixture of
methanol and carbon dioxide is in the supercritical condition,
temperature and pressure conditions are necessary under which
the mixture is in the supercritical condition. For example, |
in the case of the above-mentioned mixture h_aving a molar ratio
of methanol to carbon dioxide of 75:25, it is necesséry to conduct.
the reéction at a température of 204C or more and a pressure
of 12.75 MPa or more, and t';he reaction is preferably conducted
at a temperature of 240°C or more and a pressure of 12.75 MPa

or more.



The reaction times in theproductionmethod [(I] of thepresent
invention and theproductionmethod [II] of thepresent invention
are appropriately determined depending on the kinds of the
phenols and the alcohol, respectively, and the like, and usually
in the range from 1 minute to 24 hours.

Intherespectiveproductionmethods of thepresent invention,
it is preferable to effect a batch system reaction of phenols
with monohydric or dihydric alcohol using as germanium oxide
as a catalyst, and by adopting such a reaction embodiment,
by-production of components having higher boiling points
composed of dimers of phenols and derivatives thereof as main
components is suppressed, and selectivity of ortho-alkylated
phenols increases.

Further, the amount of germanium oxide added as a catalyst
maybesmall,andtheamountofgermaniumoxideaddedispreferably
from 0.05 to SQ%_by weight, more preferably from 0.1 to 30% by
-_ﬁeight,_further preferably from 0.5 to 10% by weight based on
phenols .of the general formula (1).

In ahy of the productionmethod [I] and the production method
[II] of the present invention, it may be conducted by a batch
system or by a flow system, and the batch system is preferable.

In any of the produotion method [I] and the production method
[II] of the present invention, since the reaction mixture after
completion of the reaction may sometimes contain unreacted raw

materials or by-products or impurities in addition to



ortho-alkylated phenols of the general formula (1), the
ortho-alkylated phenols of the general formula (1) can be
separated and purified to purities required for various uses.
The separation and purification methods are not particularly
restricted, and methods industrially usually used such as
distillation, extraction and thé like can be appl_ied.
According to the productionmethod of the present invention,
ortho-alkylated phénols can be produced from phenols of the
general formula (1) and monohydric or dihydric alcohol, using
a relatively small reaction vessel, at high selectivity under
conditions in which by-production of components having higher
boiling points such as dimers of phenols and derivatives thereof
and the like is small. The production methods of the present
invention have also characteristics that é reaction is possible
even if the amount of a catalyst is small, and that by-production
of components having higher boilingpoints is small particularly

in the batch system.

According to the method of the present invention,
ortho-alkylatedphenols canbe produced fromphenols and alcohol
uéing a relatively small reaction vessel with high selectivity
under conditions in which by-production of components having
higher boiling points such as dimers of phenols and derivatives
thereof, even if the reaction is conducted by batch system,

therefore, the method of the present invention is industrially



useful.

EXAMPLES

The following exampies illustrate the present invention
further in detail, but do not limit the scope of the present
invention.

Reac_tion materials and products in exaﬁples were idéntified
by using a gas chromatography mass selective detector, HP-6890
(cC: manufactured by Yokogawa Electric Corp.)~-HP5973 (MS:
manufactured by Yokogawa Electric Corp.), and gquantitatively
analyzed using a gas chromatography apparatus, GC-353B
{(manufactured by GL Science) equipped with FID (flow ionization
detector). Conversions and selectivities in examples were
calculated by the following methods. The conversion was
calculated using the formula: (conversion) (%)={1l-(area of
chromatograph of reaction substrate remaining unreacted in
feaction liquid) ./ (sum of areas of chromatograph of remaining
reaction substrate .and all reaction products)}X100. Further,
selectivity was calculated, hypothesizing areas of gas
chromatograph per mol of reaction products are the same, using
the formula: (selectivity) (%)={(area of gas chromatograph of
reaction product to b.e calculated)/ (sum of areas of gas

chromatograph of all reaction products)}X100.

Example 1
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0.460 g of phenol (manufactured by Wako Pure C;hemical
Industries Ltd.), 1.451g of methanol (manufactured by Wako Pure
Chemical Industries Ltd.) and 0.030 g of germanium oxide (GeO,,
manufactured by Kojundo KagakuK.X.) were charged inanautoclave
(made of SUS316, inner volume 4.5 ml, no pressure gé.uge) , the
mixture was heated up to 400C in a sand bath to initiate the
reaction. 30 minutes after, the autoclave_ was quenched, and
the temperature was returned to room temperature (ca. 25C),
then, the reaction liquid was removed out of the autoclave.
Namely, the reaction was conducted by batch system.
Quantification was cbnducted by the above—ﬁentioned method to
find that the conversion of phenol was 44 mol%, the selectivity
Qf o-cresol was 71 mol%, the selectivity of 2, 6-xylenol was 25
mol%, the selectivity of anisole was 1 mol%, and the production
amount of componeni:s having higher boiling points composed of
dimers of phenol of the following chemical formula (5) and
aerivative thereof as main components was as.small as 3 mol$%
intotal. p-cresol, 2,4-xvlenoland?2, 4, 6—trimethyl_phenol were
not produced. Components were separated from the reaction
liquid by using liquid cl'-lromatogr.aphy (elution liquid; water
and methanol), and o~cresol and 2, 6~xylenol were separalted out
from them. The separéted liguid was analyzed by using a gas
chromatographymass selective detector, toconfirm that o-cresol
and 2, 6~-xylenol were separated from the products. 8Since this

autoclave was not equipped with a pressure gauge, the following
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experiment was conducted to estimate_ the pressure during the
reaction. Namely, a pressure gauge was installed to the same
autoclave, phenol and methanol in the same amounts were charged,
and the mixture was heated up to 400C in a sand bath, and the
pressure was measured. The estimated pressure during the
reaction was 15.4 MPa.
A higher boiling point componeﬁt of the formula:
m(HsC (CHy)y

O .
o CH,

< HO OH
(5) '
wherein, each of m and n independent_ly represents an integer

from O to 4.

Comparative Example 1

0.403 gofphenol, 1.405gof methanol and 0.031 gof zirconium
oxide (Zr0O,, manufactured by Kojundo Kagaku K.K.) were charged
in an autoclave (made of SUS316, inner volume 4.5 ml, no pressure

gauge), the mixture was heated up to 400C in a sand bath to

initiate the reaction. 30 minutes after, the autoclave was
quenched, and the température was returned to room temperature,
then, the reaction liquic.i' was removed out of the autoclave.
Quantification was conducted by the abéve_-mentioned method to

find that the conversion of phenol was 3 mol%, the selectivity
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of o-cresol was 49 mol%, the selectivity of p-cresol was 2 Iﬁol%,
the selectivity of anisolewas 13 mol%, and the production amount
of components having higher boiling points composed of dimers
of phenol of the above-described chemical formula (5) and

derivative thereof as main components was 32 mol% in total.
2,4-xylenol, 2, 6—xylenol and 2,4,6-trimethylphenol were not
.'produced. Pressufe was measured in the same manner as in Example
1 except that phenol andmethanol were charged in the same amounts
as described above into the same autoclave, and the pressure
during the reaction. was estimated. The es_timated pressure

during the reaction was 15.0 MPa.

Comparative Example 2 .

0.411 g of phenol, 1.363 gof methanol and 0.031 gof titanium
oxide {(TiO,, manufactured by Kojundo Kagaku K.K.) were charged
in an autoclave (made of SUS316, inner volume 4.5 ml, no pressure

gauge),- the mixture was heated up to 400C in a sand bath to

initiate the reaction. 30 minutes after, the autoclave was
quenched, and the temperature was returned to room temperature,
then, the reaction liquid was removed out of the autoclave. .
Quantifi.c'ation was conducted by the above-mentioned method to
find that the conversibn of phenol was 24 mol%, the selectivity
of o—cresol was 43 mol%, ﬁhe selectivity of 2, 6-xylenol was 2
mol%, the selectivity of p-cresol was 2 mol%, the selectivity

of 2,4-xylenol was 1 mol%, the selectivity of anisole was 9 mol%,
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and the production amount of components having higher boiling
points composed of dimers of phenol of the above-described

chemical formula (5) and derivative thereof as main components
was 42 mol% in total. 2,4,6-trimethylphenol was not produced.
Pressure was measured in the same manner as in Example 1 except
that phenol and methanol were charged in the same amounts as
described above into the same autoclave, and the pressure during
the re_action was estimated. The estimated pfessure during the

reaction was 14.7 MPa.

Comparative Example 3

O-.407 g of phenol, 1.353 g of methanol aﬁd 0.031 g of niobium
oxide (NbyOs, manufacturedby Wako Pure Chemical Industries Ltd.)
were charged in an autoclave {(made of SUS316, inner volume 4.5
ml, no pressufe gauge) , the mixture was heated up to 400C in
a sand bath to initiate the reaction. 30 minutes after, the
éutodlave was quenched, and the temperature was returned to room
temperature, then, the reaction ligquid was removed out of the
autoclave. Quantificationwasconductedby the above-mentioned
method to find that the conversion of phenol was 8 mol%, the
selectivity of o-cresol was 16 mol%, the selectivity of p-cresol
was 2 mol%, the s_eledtivity of anisole wés 22 mol%, and the
production amount of compénents having higher boiling points -
composed of dimers of phénol of the above-described cher'n'ical

formula (5)- and derivative thereof as main components was 53
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mol% in tdtal. 2,4-xylenol, 2,6-xylenol and
2,4,6-trimethylphenolwerenot produced. Préssure wasmeasured
in the same manner as in Example 1 except that phenol and methanol
were charged in the same .amounts as described above into the
same autoclave, and the pressure during the reaction was
estimated. The estimated pressure during the reactionwas 14.7

MPa.

Comparative Example 4

'0.408 g of phenol, 1.353 g of methanol and 0.032 g of chromium
oxide (Cr03, manufacturédby Wako Pure Chemical Industries Ltd.)
were charged in an autoclave (made of SUS316, inner volume 4.5
ml, no pressure gauge), the mixture was heated up to 400°C in
a sand bath to initiate the reaction. 3.0 minutes after, the
autocla%re was quenched, and the temperature was returned to room
temperature, then, the reaction liquid was removed out of the
é.utoclave . Quantif ipationwas conductedby the above-mentioned
method to find that the conversion of phenol was 5 mol%, the
selectivity of o-cresol was 16 mol%, the selectivity of p-cresol
was 1 mol%, the selectivity of anisole was 6 mol%, and the
production amount of components.having higher boiling points
composed of dimers of-phenol of the above-described chemical
formula (5) and derivative thereof as main components was 71
mol% in total. 2,4-xylenol, 2,6-xylenol and

2,4, 6-triméthy1phenol werenotproduced. Pressurewasmeasured
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in the same manner as in Example 1 except that phenol and methanol
were charged in the same amounts as described above into the
same autoclave, and the pressure during the reaction was

estimated. The estimated pressure during the reactionwas 14.7

MPa.

Comparative Example 5

0_.' 410gofphenol, 1.355gofmethanol and0.031 gofmolybdenum
oxide (MoO3, manufactured by Wako Pure Chemical Industries Ltd.)
were charéed in .an autoclave (made of SUS316, inner volume 4.5
ml, no pressure gauge) ,' the mixture was heated up to 400C in
a sand bath to' initiate the reaction. 30 minutes after, the
autoclave was quenched, and the temperature was returned to room
temperature, then, the reaction liquid wé.s removed out of the
autoclave. Quantificationwasconducted by the above-mentioned
method to find that the conversion of phenol was 97 mol%, the
éelectivity of o-cresol was 22 mol%, the selectivity of
2,6-xylenol was 39 mol%, the selectivity of 2,4-xylenol was 3
mol%, the selectivity of anisole was 2 mol%, the selectivity
of 2,4,6-trimethylphenol was 9 mol% and the production amount
of components having higher boiling points composed of dimers
of phenol of the abov-e-described chemical formula (5) and
derivative thereof as mai.n'components was 19 mol% _in total.
p-cresol was nbf broduced.' Pressure wés measured in the same

manner as in'Example 1 except that phenol andmethanol were charged
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in the same amounts as described above into the same autoclave,
and the pressure during the reaction was estimated. The

estimated pressure during the reaction was 14.7 MPa.

Comparative Example 6
0.410 g of phenol, 1 363 gof methanol and 0.031 g of tungsten |
oxide (WO;, manu.factured by Wako Pure Chemical Industries Ltd.)
were Acharged in an autoclave (made of SUS316, inner volume 4.5
mi, no pressure gauge), the mixture was heated up to 4007C in
a sand bath to initiate the reaction. 30 minutes after, the
autoclave was quenched, .and the temperature was returned to room
temperature, then, the reactiop ligquid was removed out of the.
. autoclave. Quantificationwasconductedby theabove-mentioned
method to find that the conversion of phenol was 21 mol%, the
selectivity of o-cresol was 16 mol%, the selectivity of
2,6-xylenol was 1 mol%, the selectivity of p-cresol was 4 mol%,
t;_he selectivity of 2,4-xylenol was 1 mol%, the selectivity of
anisolewas 21mol% and theproduction amount of components having
higher boiling points composed of dimers of phenol of the
aboﬁre-described chemical formula (5) and derivative theréof as
main components was 51 mol% in total. 2,4,6-trimethylphenol
was not produced. Préssure was measured in the samé manner as
in Example 1 except that éhenol and methanol were charged in
the same amounts as described above into the same autoclave,

and the préssure during the reaction was estimated. The
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estimated pressure during the reaction was 14.7 MPa.

Comparative Example 7

0.405gof phenol, 1. 3.58 g of methanol and 0.031 g of manganese
oxi.de (MnO,, manufactured by Kojundo Kagaku K.K.) were charged
in an autoclave (made of SUS316, inner volume 4.5 ml, no pressure
gauge), the mixture was heated up to 400TC in a sand bath to
initiate the reaction. 30 Iﬁinutes after, the autoclave was
gquenched, and the temperature was returned to room temperature,
then, the reaction liquid was removed out of the autoclave.
Quantification was condilct-ed by the above-mentioned method to
find that the conversion of phenol was 19 mol%, the selectivity
o_f o-cresol was 39 mol%, the selectivity of 2,6-xylenol was 1
mol%, the selectivity of p-cresol was 1 mol%, the selectivity
of 2,4~xylenol was 1 mol%, the selectivity of anisole was 2 mol$
and the production amount of components having higher boiling
pbints composed of dimers of phenol of the above-described
chemical formula (5) and derivati{re thereof as main components .
was 54 mol% in total. 2,4,6-trimethylphenol was not i:roduced.
Pressure was measuréd in the same manner as in Example 1 except
that phenol and methanol were charged in the same amounts as
described above into tﬁe same autoclave, and the pressure during
the reaction was estimateéi; The. estimated préssure during the

reaction was 14.7 MPa.
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Comparative Examplé 8

0.401 .g of phenol, 1.354 g of methanol and 0.031 g of iron
oxide (Fe,;03;, manufactured by Kojundo Kagaku K.K.) were charged
in an autoclave {(made of SUS316, inner volume 4.5 ml, no pressure
gauge), the mixture was heated up to 400C in a sand bath to
initiate the reaction. 30 minutes after, the autoclave was
quenched, and the temperature was returned to room temperature,
then, _ the reaction liquid was removed out of the autoclave.
Quantification was conducted by the above-mentioned method to
fiﬁd that the .conversion of phenol was 21 mol%, the selectivity
of o-cresol was 70 mol%, the selectivity of 2,6-xylenol was 4
mol%, the seiectivity of anisole was 1 mol% and the production
amount of components having higher boiling points composed of
dimers of phenol of the above-described chexﬁical formula (5)
and derivative thereof as main components was 24 mol% in total.
. p-cresol, 2,4-xylenol and 2,4, 6-trimethylphenol were not
pfoduced. Pressure was measured in the same manner as in Example
1 except that phenol andmethanol weré charged in the same amounts
as described above into the same autoclave, and the pressure
during the reaction was estimated. The estimated pressure

during the reaction was 14.7 MPa.
Comparative Example 9

0.413 g of phenol, 1.364 g of methanol and 0 .032 g of cobalt

oxide (Co0O, manufactured by Wako Pure Chemical Industries Ltd.)
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were charged in an auﬁoclave (made of SUS316, inner volume 4.5
ml, no pressure gauge), the mixture was heated up to 400C in
a sand bath to initiate the reaction. 30 minutes after, the
autoclave was quenched, and the temperature was returned to room
temperature, then, the reaction liquid was removed out of the
autoclave. Quantificationwasconductedbytheabove—mentionéd
method to find that the conversion of phenol was 48 mol%, the
selectivity of o-cresol was 31 mol%, the selectivity of

2, 6-xylenol was 2 mol%, the selectivity of p-cresol was 1 mol%
and the production amount of components having higher boiling
points composed of dimers of phenol of the above—described_
chemical formula (5) ana<ierivative thereof as main components
was 6 mol% in total. 2,4-xylenol, anisole and
2,4,6~trimethylphenol Qere not produced. In this reaction,
hydrogenathn1ofanaromaticringprogressed,andconsequently,
cyclohexanol was produced in a selectivity of 15 mol% and
éyclohexanone was produced ina selectivityof 38mol%. Pressure
was measured in the same manner as in Example 1 excepﬁ that phenol .
and methanol were charged in the same amounts as described above
into the same autoclave, and the pressure during the reaction
was estimated. The estimated pressure during the reaction was

14.7 MPa.

Comparative Example 10

0.415 g.of phenol, 1.359 g of methanol and 0.031 g of zinc
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oxide (ZnoO, ménuf_actured by Wako Pure Chemical Industries Ltd.)
were charged in an autoclave (made of SUS316, inner volume 4.5
ml, no pressure gauge), the mixture was heated up to 400C in
a sand bath to initiaté the reaction. 30 minutes after, the
autoclave was quenched, and the temperature was returned to room
temperature, then, the reaction liquid was removed out of the
autoclave. Quantificationwas conductedby theabove-mentioned
metho_d to find that the conversion of phenol was 5 mol%, the
selectivity of o-cresol was 27 mol%, the selectivity of p~cresol
was2mol%, theselectivityofanisolewas5mol%andtheproduction
amount of components having higher boiling points composed of
dimers of phenol of the above-described chemical formula (5)
a.nd derivative thereof as main components was 63 mol% in total.
2,4-xylenol, 2,6-xylenol and 2,4,6—trimethy1phenol wefe not
produced. Pressurewas measured inthe samemanner as in Example
1 except that phenol andmethanol were charged in the same amounts
és described above into the same autoclave, and the pressure
during the reaction was estimated. The estimated pressure

during the reaction was 14.7 MPa.

Comparative Example 11
0.414 gof phenol, 1.360 g of methanol and 0.031 g of aluminum
oxide (Al50i, manufacturedby Wako Pure Chemical IndustriesLtd.)

were charged in an autoclave (made of SUS316, inner volume 4.5

ml, no pressure gauge), the mixture was heated up to 400TC in
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a sand bath to initiate the reaction. 30 minutes after, the
autoclave was quenched, and the temperature was returned to room
temperature, then, the reaction liquid was removed out of the
autoclave. Quantificationwasconductedby theabove-mentioned
method to find that tﬁe conversion of phenol was 19 mol%, the
éelectivity of o-cresol was 17 mol%, the selectivity of p-cresol
was 1 mol%, the selectivity of anisole was 51 mol% and the
production amount of components having higher boiling points
composed of ‘dimers of phenol of the above-described chemical
formula (5) and derivative thereof as main_ components was 28
mol% in total. 2,4-xylenol, 2,6-xylenol and
2,4,6-trimethylphenol werenot produced. Pressurewasmeasured
in the samé manner as in Example 1 except that phenol and methanol
.were charged in thé same amounts as described above into the
same autoclave, and the pressure during the reaction was
estimated. The estimated pressure during the reactionwas 14.7

MPa.

Comparative Example 12

0.415 g of phenol, 1.356 g of methanol and 0.031 g of indium
oxide (Iny0;, manufactured by Kojundo Kagaku K.K.) were charged
in an autoclave (made o.f SUS316, inner volume 4.5 ml, no pressure
gauge), the mixture was héated up to 400C in a sand bath to
.initiate the reaction. 30 minutes after, the autoclave was

guenched, and the temperature was returned to room temperature,
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then, the reaction licquid was removed out of the autoclave.
Quantification was conducted by the above-mentioned method to
find that the conversion of phenol was 23 mol%, the selectivity.
of o-cresol was 52 mol%, the selectivity of 2,6-xylenol was 2
mol%, the selectivity of p-cresol was 1 mol%, the selectivity
of anisole was 3 mol% and the production amount of components
having higher boiling points composed of dimers of phenol of
the above-described chemical formula (5) and deri\}ative thereof
as main components was 40 mol% in total. 2,4~-xylenol and

2,4,6-trimethylphenol werenot produced. Pressurewasmeasured
in the same manner as in Example 1 except that phenol and methanol
were charged in the same amounts as described above .into the
same autoclave, and the pressﬁre during the reaction was

estimated. The estimated pressure during the reactionwas 14.7

MPa.

Comparative Example 13

0.402 g of phenol (manufactured by Wako Pure Chemical'
Industries Ltd.), 1.353 g of methanol (manufactured by Wako Pure
Chemical Industries Ltd.) and 0.031 g of silicon oxide (SiO,,
manufactured by Nitto Kagaku K.X.) were charged in an autoclave
(made of sUS316, inner volume 4.5 ml, no pressure gauge), the
mixture was heated up to é.ll-OO"C in a sand bath to initiate the
reaction. 30 minutes after, the autoclave was quenched, and

the tempera'ture was returned to room temperature, then, the
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reaction liquid was removed out of the autoclave.
Quantification was conducted by the above-mentioned method to
find that the conversion of phenol was 17.mol%, the selectivity |
of o-cresol was 14 mol%, the selectivity of p-cresol was 1 mol%,
the selecti;rity of anisole was 2 mol%-and the production amount
of components having higher boiling points composed of dimers
of phenol of the above-described chemical formula (5) and
deriv_ative thereof as main components was 81 mol% in total.
2,4-xylenol, 2,6-xylenol and 2,4, 6-trimethylphenol were not
produced. Pressurewas measured in the same manner as in Example
1 except that phenol and methanol were charged in the same amounts
as described above into the same autoclave, and the pressure'
during the reaction was estimated. The estimated pressure

during the reaction was 14.7 MPa.

Comparative Example 14

. 0.389 ¢ bf phenol, 1.372 g of methanol anid 0.029 g of tin
oxide (Sn0,, manufactured by Wako Pure Chemical Industries Ltd. )
were charged in an autoclave (made of SUS316, inner volume 4.5
ml, no pressure gauge), thé mixture was heated up to 400C in
a sand béth to initiate the reaction. 30 minutes after, the
autoclave was quenched., and the temperature was returned to room
temperature, then, the rea.tlction liquid was removed out of the
autoclave. Quantificationwasconductedby theabove-mentioned

method to find that the conversion of phenol was 24 mol%, the
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selectivity of o-cresol was 25 mol%, the selectivity of
2,6-xylenol was 1 mol%, the selectivity of p-cresol was 1 mol$%,
the selectivity of anisole was 1 mol% and the production_amount
of components having higher boiling points composed of dimers
of phenol of the above-described chemical formula (5) and
derivative thereof as main components was 71 mol% in total.
2,4-xylenol and 2,4, 6-trimethylphenol were not produced.
Pressure was measured in the same manner as in Example 1 except
that phenol and methanol were charged in the same amounts as
described above into the same autoclave, and the pressure during
the reaction was estimated. The estimated pressure during the

reaction was 14.7 MPa.

Comparative Example 15

| 0.408 g of phenol, 1.354 gof methanol and 0.031 g of magnesium
oxide {MgO, manufactured by Koljundo Kagaku K.K.) were charged
in an autoclave (made of SUS316, inner volume 4.5 ml, no pressure
gauge), the mixture was heated up to 400C in a sand bath f.o
initiate the reaction. 30 minutés after, the autoclave was
quenched, and the temperature was returned to room temperature,
then, the reaction liquid was removed out of the autoclave.
Quantification was coﬁducted by the above-mentioned method to
find that the conversion of phenol was 3 mol%, the seiectivity
of o-cresol was 23 mol%, the selectivity of p-cresol was 2 mol%,

the selectivity of anisole was 29 mol% and the production amount
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of components having higher boiling points composed of dimers
of phenol of the above-described chemical formula _(5) and

derivative thereof as main components was 36 mol% in total.
2,4—xylenél, 2,6-xylenol and 2,4,6—trimethy1phen61 were not
produced. Pressurewas measured in the same manner as in Example
1 except that phenol andmethanol were charged in the Same amounts
as described above into the same autoclave, and the pressure
during the reaction was estimated. The estimated pressure

during the reaction was 14.7 MPa.

Comparative Example 16'

0.407 g of éhénol, 1.357 g of methanoi and 0.031 g of calcium
qxide (éaO, manufactured by Wako Pure Chemical Industries Ltd.)
were charged in an autoclave (made of SUS316, inner volume 4.5
ml, no pressure gauge), the mixture was heated up to 400C in
a sand bath to initiate the reaction. 30 minutes after, the
éutoclave was quenched, and the temperature was returned to room
temperature, then, the reaction. liguid was removed out of the
autoclave. Quantificationwasconductedby theabove-mentioned
method to find that the conversion of phenol was 10 mol%, the
selectivity of o-cresol was 45 mol%,_ the selectivity of
2, 6—xyienol was 1 mol%_,' the selectivity of p-cresol was 11 mol%,
the selectivity of 2,4—xyi'e_nol was 1 mol%, thé selectivity of
anisolewas 8 mol% and the production amount of components having

higher boil'ing points composed of dimers of phenol of the
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above-described chemical formula (5) and derivative thereof as
main components was 32 mol% in total. Pressure was measured
in the same manner as in Example 1 except that phenol and methanol
were charged in the same .amounts as described above into the
same autoclave, and the pressure during the reaction was

estimated. The.e'stimated pressure during the reactionwas 14.7

MPa.

Comparative Example 17

0.406 gof phenol, 1.353 gofmethanoland0.031g oflstrontium
oxide (SrO, manufactured by Kojundo Kagaku K.K.) were charged
in an autoclave (made of SUS316, inner volume 4.5 ml, no pressure
gauge) , the mixture was heated up td 400C in a sand bath to -
initiate the reaction. 30 minutes after, the autoclave was
quenched, and the temperature was returned to room temperature,
then, the reaction liquid was removed out of the autoclave.
Quantificatihon was conducted by the above—mentioned method to
find that the conversion of phenol was 61 mol%, the selectivity
of o-cresol was 43 mol%, the selectivity of 2,6-xvlenol was 6
mol%, the selectivity of p-cresol was 13 mol%, the selectivity
of 2,4-xylencl was 8 mol%, the selectivity of a_lnisole was 13
mol%, the selectivity 'of 2,4,6-trimethylphenol was 1 mol%, and
thé production amount of coiﬁponents having higher boilingpoints
composed of dimefs of phenol of the above-described chemical

formula '(5)' and derivative thereof as main components was 13

- 27 -



mol% in total. PJ;'essure was measured in the same manner as in
Example 1 except that phenol and methanol were charged in the
same amounts as described above into the same autoclave, and
the pressure during t;he reaction was estimated. The estimat.ed

pressure during the reaction was 14.7 MPa.

Comparative Example 18

0._411 g of phenol, 1.361 g of methanol and 0.030 g of bariur_n
oxide (BaO, manufactured by Kojundo Kagaku K.K.) were charged
in an autoclave (made of SUS316, inner volume 4.5 ml, no pressure
gauge), the mixture waé ‘heated up to 400C in a sand bath to
initiate the reaction. 30 minutes after, the autoclave was
quenched, and the temperature was returned to room temperature,
then, the reaction liquid was removed oﬁt of the autoclave.
Quantification was conducted by the above-mentioned method to
find that the conversion of phenol was 38 mol%, the selectivity
of o-cresol was 24 mol%, the selectivity of 2,6-xylenol was 1
mol%, the selectivity of p-cresol was 16 rﬁol%, the selectivity
of 2,4—xylehol was 3 mol%, the selectivity of anisole was 8 mol%
and the production amount of components having highei‘ boiling
points composed of dimers of phenol of the abm.re—described
chemical formula (5) ahd derivative thereof as main components
was 46 mol% in total. 2, 4,l.6—trimethy1phenol was not produced.
Pressure was measured in the same manner as in Example 1 except

that phenoll and methanol were charged in the same amounts as
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described above into the same autoclave, and the pressure during
the reaction was estimated. The estimated pressure during the

reaction was 14.7 MPa.

Comparative Example 19

0.401 g of phenol, 1.355 g of methanol and 0.030 g of yvttrium
oxide (Y205, manufactured by Wako Pure Chemical Industries Ltd.)
were charged in an autoclave (made of SUS316, inner volume 4.5
ml, no pressure gauge), the mixture was heated up to 400C in
a sand bath to initiate the reaction. 30 minutes after, the
autoclave was quenched, and the temperature was returned to room
temperature, then, the reaction liquid was removed out of the
autoclave . Quantificationwas conductedby the above-mentioned
methodlto find that the conversion of phenol was 2_ mol%, the
selectivity of o~cresol was 17 mol%, the selectivity of p-cresol
was 1 mol%, the selectivity of anisole was 10 mol% and the
broduction amount of components having higher boiling points
composed of dimers of phenol of the above-described chemical
formula (5) and derivative thereof as main components was 66
mol% in total. 2,4-xylenol, 2,6-xylenol and
2,4, 6—trimethylphenol Were not produced. Preséure wasmeasured
in the same manner as iﬁ Example 1 except that phenol ahd methanol
were charged in thé same émounts as described above into the
same autoclave, and the pressure during the reaction was

estimated. The estimated pressure during the reactionwas 14.7
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MPa.

_Comparatiﬁe Example 20

0.419 gof phenol, 1.357 gof methanol and 0.030 g of lanthanum
oxide (La30s, manufactur'edby Wako Pure Chemical Industries Ltd.)
were charged in an autoclave (made of SUS316, inner volume 4.5
ml, no pressure gauge), the mixture was heated up to 400TC in
a sand bath to initiate the reaction. 30 minutes after, the
autoclave was quenched, and the temperature was returned to room
temperature, then, the reaction liquid was removed out of the
autoclave. Quantificationwasconductedbytheabove—mentioned
method to find that the conversion of phenol was 4 mol%, the
selectivity of o-cresol was 26 mol%, the selectivity of p-cresol
was2mol%,theselectivityofanisolewas9mol%andtheproduction
amount of components having higher boiling points composed of
dimers of phenol 6f thé above-described chemical formula (5)
énd dérivative thereof as main components was 59 mol% in total.
2,4-xylenol, 2,6-xylenol and 2,4, 6-trimethylphenol were not
produced. Pressurewas measured in the same manner as in Example
1 except that phenol andmethanol were charged in the same amounts
as described above into the same autoclave, and the préssure
during the reaction was estimated. The estimated pressure

during the reaction was 14.7 MPa.

Comparative Example 21
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0.401 g of phenol, 1.357 g of methanol and 0.030 g of nickel
oxide (NiO, manufactured by Hanni Kagaku K.X.) were charged in
an autoclave {made of SU§316,- inner volume 4.5 ml, no pressure-
gauge), the mixture was. heated up to 400C in a sand bath to
initiate the reaction. 30 minutes after, the autoclave was
quenched, and the temperature was returned to room temperature,
then, the reaction liquid was removed out of the autoclave..
Quant;ification was conducted'by the above-mentioned method to
find that the conversion of phenol was 9 mol%, the selectivity
of o-cresol was 27 mol%, the selectivity of p-cresol was 1 mol%,
the selectivity of anisole was 4 mol% and the.production amqunt
of components having higher boiling points composed of dimers
Qf phenol of the above;-described chemical formula (5) and
derivative thereof as main components was 63. mol% in total.
2,4-xylenol, 2,6-xylenol and 2,4, 6-trimethylphenol were not
produced. Pressurewasmeasured inthe samemanner as in Example
1 except that phenol andmethanol were charged in the same amounts
as described above into the same autoclave, and the pressure
during the reaction was estimated. The estimated pressﬁre'

during the reaction was 14.7 MPa.

Comparative Example 2-2
0.400 g of phenol, 1.352 gof methanol and 0. 031 g of samarium
oxide (Smp0,;, manufactured by Kojundo Kagaku K.K.) were charged

in an autoclave (made of SUS316, inner volume 4.5 ml, no pressure
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gauge), the mixture was heated up to 400C in a sand bath to
initiate the reaction. 30 minutes after, the autoclave was
quenched, and the temperatu.re was returned to room temperature,
then, the reaction liquid was removed out of the autoclave.
Quantificat_:ion was conducted by the above-mentioned method to
find that the conversion of phenol was 6 mol%, the selectivity
of o-cresol was 17 mol%, the selectivity of p-cresol was 2 mol%,
the s_electivity of anisole was 5 mol% and the production amount
of components having higher boiling points composed of dimers
of phenol of the above-described chemical formula (5) and

derivative thereof as main components was 73 mol% in total.
2,4-xylenol, 2,6-xylenol and 2,4,6-trimethylphenol were not
produced. Pressure was measured in the same manner as in Examplé
1l except that phenol andmethanol were charged in the same amounts
as described above into the same autoclave, and the pressure
during the reaction Was estimated. The estimated pressure

during the reaction was 14.7 MPa.

Comparative Example 23

 0.404 g of phenol, 1.359 g of methanol and 0.031 g of tantalum
oiide (Ta.0s, manufacturedby Wako Pure Chemical IndustriesLtd.)
were charged in an autbclave (made of SUS316, inner volume 4.5
ml, no pressure géuge) ’ tﬁe mixture was heated up to 400°C in
a sand bath to initiate the reaction. 30 minutes after, the

autoclave was quenched, and the temperature was returned to room
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temperature, then, thé reaction liquid was removed out.of the
autoclave. OQuantificationwasconductedby the above-mentioned
method to find that the conversion of phenol was 5 mol%, the
selectivity of o-cresol was 20 mol%, the selectivity of p-cresol
was 1 mol%, the selectivity of anisole was 20 mql% and the
prbduction amount of components having higher boiling points
composed of dimers of phenol of the above-described chemical
formula (5) and derivative thereof as main components was 53
"mol% in total. 2,4-xylenol, 2,6-xylenol and

2,4, 6—trimethylp_hénol werenot produced. Pressurewas measured
in the .same manner as in EScample 1 except that phenol and methanol
were charged in the same amounts as described above into the
same autoclave, and the pressure during the reaction was
estimated. The estimated pressure during the reaction was 14.7

MPa.

Comparative Example 24
0.406 g of phenol, 1.441 g of methanol and 0.030 g of copper
oxide (Cu0, manufactured by Kojundo Kagaku K.K.) were charged

in an autoclave (made of SUS316 , inner volume 4.5 ml, no pressure

gauge), the mixture was heated up to 400C in a sand bath to

initiate the reaction. 30 minutes after, the autoclave was
quenched, and the temperature was returned to room temperature,
then, the reaction liquid was removed out of the autoclave.

Quantification was conducted by the above-mentioned method to
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f£ind that the conversion of phenol was 43 mol%, the selectivity
of o-cresol was 32 mol%, the selectivity of 2,6-xylenol was 3
‘mol%, the selectivity of p-cresol was 2 mol%, the selectivity
of 2,4-xylenol was 1 mol%, the selectivity of anisole was 1 mol%
and the production amount of components having higher boiling
points composed of dimers of phenol of the above-described

chemical formula (5) and derivative thereof as main components
was 53 mol% in total. 2,4, 6—trimelthylphen01 was not produced.
Pressure was measured in the same manner as in Example 1 except
that phenol and methanol were charged in the same amounts as
describedaboveintothésameautoclave,andthe;messureduring
the reaction was estimated. The estimated pressure during the

reaction was 15.3 MPa.

The results of Example 1 and Comparative Examples 1 to 24

are summarized in the following Table 1. 
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Table 1

No. Conversion Selectivity (% by mole)

(% by mole) OoCL 26Xyl OMP HBP
Ex.1 44 71 25 96 3
Com.1 3 49 0 49 32
Com. 2 24 43 2 45 42
Com.3 8 16 0 16 53
Com. 4 5 16 0 16 71
Com.5 97 22 39 61 19
Com. 6 21 16 1 17 51
Com.7 19 39 1 40 54
Com.8 21 70 4 74 24
Com.9 48 31 2 33 )
Com.10 5 27 0 27 63
Com.11 19 ' 17 0 17 28
Com. 12 23 52 2 54 40
Com.13 | 17 14 0 14 81
Com.14 24 25 1 26 71
Com.15 3 23 0 23 - 36
Com.16 10 45 1 46 : 32
Com. 17 61 43 6 49 13
Com.18 38 24 1 25 46
Com. 19 2 17 0 17 66
Com. 20 4 26 0 26 59
Com.21 9 27 0 27 63
Com. 22 6 17 0 17 73
Com.23 5 20 0 20 53
Com. 24 43 32 3 35 53

OCL: o-cresol; 26Xyl: 2,6-Xylenol
OMP: total of all ortho-methvlated phenols
HBP: components having higher boiling points composed of dimers

of phenol of the above-described chemical formula (5) and

derivative
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What is claimed is:

1. A method for producing ortho-alkylated phenolé
comprising reacting phenols represented by the general formula
(1) with mbnohydric or dihydric alcohol in the presence of
germanium oxide under conditions in which said alcohol is in
the supercritical condition, wherein each of Ri, Rz, 33, Rs and
Rs independently represents a hydrogen atom, or a.linear or

branched alkyl group having 1 to 10 carbon atoms.

(1)

2. The method according to claim 1, wherein the method
comprises reacting phenols represented by the_general formula
(1) with monohydric or dihydric alcoﬁol.in the pfesence of
germanium oxide and carbon dioxide under conditions in which
a mixture of said alcohol and carbon dioxide is in the
supercritical.condition. |

3. The method according to Claim 1, wherein the alcohol
is monohydric alcohol.

4. The method according to Claim 2, wherein the alcohol

is monohydric alcohol.
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5. The method according to Claim 3, wherein the monohydric
alcohol is alcohol represented by the general formula (2},
wherein, R¢ represents a linear or branched alkyl group having
1 to 10 carbon atoms.

Rg—OH (2)

6. The method according to Claim 4, wherein the mdnohydric
alcbhol is alcohol represented by the geﬁeral formula (2),
wherein, R¢ represents a linear or branched alkyl group having
1 to 10 cafbén atoms.

R¢—OH (2)

7. Themethod according toClaim5, wherein R¢ in the general
formula (2) is a.methyl grdup.

8. Themethod according toClaim 6, whereinR¢ in the general
formula (2) is a methyl group.

9. The method according to Claim 1, wherein germanium oxide
is added in the amount of from 0.1 to 30% by weight based oni
Ehe phenols of the general formula (1).

10. ThemethodaccordingtoClahnZ,whereingermaniumoxide
is added in the amount of from 0.1 to 30% by weight based on

the phenols of the general formula (1).
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