DESCRI PTI ON PROCESS FOR PRODUCTI ON Or 4- ALKYLPHENOLS 5 TECHNI CAL FI ELD The
present invention relates to a process for the production of

4- al kyl phenol s, 4-al kyl phenol s produced in accordance with the present

i nvention can be used as synthetic raw materials of every 10 kind, and
particularly 4-tert-butyl phenol (hereafter abbreviated as 4-TSP) is useful
as a nolecular weight controlling agent for pol ycarbonate resins, or as a
raw material. for producing phenol resins or surfactants. 15 BACKGROUND
ART Conventional processes for thBEPFBRERELPBn of 4-- al kyl phenols, in which
a phenol is reacted with an olefin, an alcohol, or an ether in the
presence of a catalyst, thereby alkylating the phenol, are al ready known.
One known process 20 for producing a 4-al kyl phenol from a phenol and an

ol ef i n PROWILSY eBOR OFRISYENYoRNORJAL 41 RPLPRBEOL.ON bet ween t he phenol and

the olefin in the presence of an acid catalyst, and then conducting a
di sproportionation reaction (see Japanese Patent Laid-Qpen Publication No.
Hei 8-12610). In the case of this 25 process, an olefin having very high
purity nust be usef in 1 order to suppress the generation of by-products
der Pved ¥ a0 CAhet YW nat eri al ol efi n. Particularly in those cases where an
olefin having a boiling point is used, obtaining a sufficiently pure olefin
by distillatiBreiBreaigts citenhban Fglateantal 2onbPcesF AATrethér t hat
functions as the raw material for the olefin nust be purified, the
dehydr apreduceehot i @h ofaleplpleeholszati on of this raw material, nust be
performed with a
4~alkylphenols produced in accordance with the present
invention can be used as synthetic raw materials of every
10 kind, and particularly 4-tert-butylphenol (hereafter
abbreviated as 4-TBP) is useful as a molecular weight
controlling agent for polycarbonate resins, or as a raw

material for producing phenol resins or surfactants.

15 BACKGROUND ART
Conventional processes for the production of 4-

alkylphencls, in which a phencl is reacted with an olefin, an
alcochol, or an ether in the presence of a catalyst, thereby
alkylating the phenol, are already known. One known process

20 for producing a 4-alkylphenol from a phenol and an olefin
involves conducting an addition reaction between the phenol
and the oléfin in the presence of an acid catalyst, and then
conducting a disproportionation reaction (see Japanese Patent
Laid-Open Publication No. Hei 8-12610). 1In the case of this

25 process, an olefin having very high purity must be used in



hi gh selectivity level, and the resulting olefin nust then be purified to
the desired purity level using a purification 10 procedure such as,
distillation, nmaking the production process expensive and uneconom c. in
contrast, in those cases where an alcohol or an ether is used as the raw
material, the preparation costs are cheaper, and handling of the materials
is sinpler than in the process using a highly pure olefin. 15 However, on
the other hand, if either the water generated in the case of an al cohol
raw matardedt torsumherafeohvt generatren ¢hH bPreprrtadects darévher fraw
material, causes a deterioration in the catalytic activity, then that the
wat er dhd heavalreotot i a nuste ben r ermaved dulemliheinr edodd ©ncsyss ewhe2d &xanpl es
of processes for producing a 4-al kyl phenol by reacting a phenol and an

al coholside the, Arasenc i1 tgatdystisiwebddesbLaiaiRgogess in which a
phenol. and a secondary or tertiary alcohol are reactéd together at a

pressure not . e eding 4 atpospheres (typically.at .a_pressure_close to 25
B rosphioh i o EEET & O BT POT EPab B fRon Y Foaf Bt ERFY" SnEuBEfg
180C), in the presence of a dehydration and condensation catal yst such as
act Pvatdt THBRUNPT AR FiReActHiet WP FRigRRerat BASWAREr MPECTABor 2B (see
U S Pat. No. 2,140,782), (2) a process in which tert-butanol (hereafter 5
abbr evitdied st IMBAY)u sk the apuapproXi neltel gellPdrat 800 coatehbnopbr wat er by
weight is reacted with a phenol, in the presence of a synthetic

si | i ca-cad dlirddreo hiasei et of ysh i s ang aba tet eapenas ur be. peffoZ2Bdt @i 8A0aC (see
Japanese Patent Lai d-Open Publication No. Sho 56-57727), and (3) a process

for al kyd & i G PRENO) Wil 105 JBAKE +88uPEEREN6EePinamGat! @ReRXERANgE
resin [Catalysis Letters, 19 (1993), pp. 309 t0o 317]~
purified to the desired purity level using a purification

10 procedure such as distillation, making the production process
expensive and uneconomic. In contrast, in those cases where an
alcohol or an ether is used as the raw material, the
preparation costs are cheaper, and handling of the materials
is simpler than in the process using a highly pure olefin.

15 However, on the other hand, if either the water generated in
the case of an alcohol raw material, or the alcohol generated
in the case of an ether raw material, causes a deterioration
in the catalytic activity, then that the water or the alcohol
must be removed from the reaction system.

20 Examples of processes for producing a 4-alkylphenol by
reacting a phenol and an alcohol in the presence of a catalyst
include (1) a process in which a phenol and a seccondary or
tertiary alcohol are reacted together at a pressure not

exceeding 4 atmospheres (typically at a pressure close to

25 atmospheric pressure, and at a temperature of approximately



Each of the above processes (1) through (3) enables the production of a

4- al kyl phenol in a single step~ The properties of the activated clay used
in the aforenenti oned process (1) 15 vary depending on the locality and the
sits-, fromwhich it was mned, and as a result, the reproducibility of
the catalytic, effect is poor. Furthernore, the generated water tends to
adsorb between |l ayers of the clay, making the clay prone to be reduced in
acidity, which leads to a fall in the catalytic 20 activity, If sulfuric
acid isléSelio 1Rt helprhorPersenty of a Kehsidmarien aﬁﬂ% vari es markedly
depending on the quantity of water that is generated, causing |arge

vari at i ensdensaheoncapibyvisd ascuchviasy addomridichgtyayi angdhevpgfogadss aciy,

wat er nmust be vaporized and renoved fromthe, reaction system but in 25

t he casenhwher gelBAatsdusedeasiktheapbenbeli, (kbe TBA.vapari Zes 3
azeotiopically with water, neaning, a large quantity of TBA nust be used,

meking §heqBr 9883S peananheakbysdifadianhageousputhBoingnabansRy! i oned

process (2), because the proportion of the ortho isomer increases; rapidly

at tenperatures.less t 5 220cC. the reactio t . be nduct ed  at hi gh
Censor St OPEL v RLPAnaPrmPR) PAEG: B “PBTRARRCAERTI NS tOqi0d SHOSETS £t o

the reaction mxture, the reaction nust al so be conducted under

pressur V28T cBRdVEL 8RS, 1AeRRPAGCE ¥pERi &l PREBSdur é APFaPACESE s Afedui r ed.
Qperation of the, aforenentioned process 10 (3) can be conplex, as the

dur abi | $ygtbétihestaitonadnohangbasedscatpdysdo Row Bd endleheezadome nuous,
long-termreaction at the tenperature that pronotes the dehydration

reacti oprob2dBho 3507 hes d®T Bapdies € atd ©dh €XCHBNISp & €SP b 8k 68t UPAERgoes

gradual deconposition, causing acidic conmponents such as sulfonic acid 15
to gradggbl ysconyam nahgat 8)r gaptheBsg0kYEi AlkyTBRANWRTal BRencl with

10 TBA in the presence of a cation exchange resin [Catalysis
Letters, 19 (1993), pp. 309 to 3171.

Each of the above processes (1) through (3) enables the
producticn of a 4-alkylphenol in a single step. The properties
of the activated clay used in the aforementioned process (1)

15 vary depending on the locality and the site from which it was
mined, and as a result, the reproducibility of the catalytic
effect is poor. Furthermore, the generated water tends to
adsorb between layers of the clay, making the clay prone to be
reduced in acidity, which leads to a fall in the catalytic

20 activity. If sulfuric acid is used, then the proton acidity of
the sulfuric acid varies markedly depending on the gquantity of
water that is generated, causing large variations in the
catalytic activity. Accordingly, in the process (1), water

must be vaporized and removed from the reaction system, but in

25 the case where TBA is used as the alcohol, the TBA vaporizes



reacti on product nust be neutralized prior to the. distillation step that
is used to obtain the final product. Exanples of processes for producing a
4- al kyl phenol by reacting a phenol and an ether in the presence of a
catalyst 20 include (4) a process in which a phenol is alkylated using
met hyl tert-butyl ether (hereafter abbreviated as MIBE) in the presence of
a cation exchange resin (see Catalysis Letters, 19 (1993), pp. 309 to
317), and (5) a_process in which a hydroxylated aromatic coqpound

under god%e ¢ ereParglbuit YR BAteds BHaPeast ind 3 IRy ArGRHde®farSifat i c
conmpound such as phenol or 4 pyrocatechol witb an al kyl tert-butyl ether,
at a t empet aberesedf B86kipgl8DeCpripneshe eprasaricaldly sijisfadvian tageduwr- an
ion exchange resin, and renoving the generated al cohol, so that the
reacti om -tise cenpreheftibnad ppvceesment ,f beecadkecakeeh@rdpoiaaen aFanese
Lai d. - OQpen Publication No. Sho 57-67529). COperation of the aforenentioned

pr ocessege (4} 35%; 6 BheFalncPEaCARPLaK 1he0AUSe (LhiBoduabild tyecaf h cation

exchange resin is too lowin the presence of the generated al cohol, at the

tenmperature at. which the cation exchange resin deconposes the .10 ether to
gener at €% ArF ol 85 £ €3 Rel TaTHht Xe hamyerresfnat uﬂd’%ggﬁe?ﬂ?ﬁﬁﬁ&}‘re :

deconposi ti on, causing acidic conponents such as sulfonic acid to

gr adual T9C ERRtACREnatB PRECFeilt MAPtadPultN6n Limafi RE aSKe STtEdE i%n product
must be neutralized ~'.~riox to the distillation step that -is used to
obt ai n tihe d&aéinah pivduce. Fbet berpbien musgulaflgoi deacicdustesied, t hen
the generated olefin isonerizes in the presence of the sulfuric acid,
causi nquiderrgastsonipeaduehdtioibaeonMmieanaodplaexe@dci@l pdesdurer -" ~ In

recent years, synthe.Lic, zeo-Lites have been attracting

apparatus is required. Operation of the aforementioned process

10 (3) can be complex, as the durability of the cation exchange
resin is too low to enable a continuous, long-term reaction at
the temperature that promotes the dehydration reaction of TBA.
Furthermore, the cation exchange resin also undergoes gradual
decomposition, causing acidic components such as sulfonic acid

15 tc gradually contaminate the reaction sclution, meaning the
reaction product must be neutralized prior to the distillation
step that is used to obtain the final product.

Examples of processes for producing a 4-alkylphenol by

reacting a phenol and an ether in the presence of a catalyst

20 include (4) a process in which a phenol is alkylated using
methyl tert-butyl ether (hereafter abbreviated as MTBE)} in the
presence of a cation exchange resin (see Catalysis Letters, 19
(1993), pp. 309 to 317}, and (5) a process in which a

hydroxylated aromatic compound undergoes tertiary butylation,

25 by reacting a hydroxylated aromatic compound such as phenol or



20 considerable interest as catal ysts, net only because they display
excel l ent al kylation activity and selectivity for aromatic conpounds, but
al so because they are non-corrosive, environnentally friendly, and offer
excellent durability, Exanples of reported processes that use synthetic
zeolitess in 25 the al kylation of phenol with TBA include (6) gas phase 5
al kyl ati on processes u-s-ing a zeolite catalyst (see U-S. Pat. No.
4,391,998, U S, Pat, No~ 4,532,368, and Japanese Patent Publication No.
Sho 52-HPu®d3te¢ryl prdtessesatbyl atrkytrabbhglacthasnoptwitt heRreaREOEE!
and/or an ether, in the presence of a 5 neta. | -con Laining Y-type,

zeol it eof Net heo | L gotcd, phashe aitbsdied esmbdyl Alr e tedp@rat uie wohhin a
range from 200 to 3200C (see Japanese Patent Lal d-OQpen Publications Nos.
Sho 62-@£@@§R%gaﬁés§h9 8Ra2/8nr3¢i ng aPde (§:nRraceaseschabial kyl ahkhg a

phenol wth TBA using a synthetic zeolife, such as a process far 10

conducly .reaction | b t - j i e p of an
- typebeorrtectolath, Clphle ERRCEA o PEFT-BhhERE) PrE g5 patHH0] “and
processes that use Iar%e pore zeolites such as HY-t¥pe and H--type

zeoPi t €53 SAPHRBYCSEal-AF JsPREA: PERNEFAF10168°( 1898) P /ppZ°89 )t 0 95, and 207
(2001), 15 pp~ 1-83 to 11301. In the aforenentioned processes (6), because
t he. reacti orPré¢xatbmduef eth¢ naf preemert phase, PhotedREY (ﬂ)aanérgé)qgaﬁtity
of heat _-equax-e(l, but because the ~ueaction tenperature is close L(_"~
t he dedseposhplen pecatsef tde TBRPyaldifaty of the seteohi ¥xtjadBel sesin

unavoi dabl e, and noreover, carbon deposit:.:; fromthe phenol cause a
signi figantodeigfi ohathenpklsthee Cakatiti GeAthYElYalcbAolNeadf @henenti oned
processes (7), the selectivity of the generated 4-al kyl phenol -is poor,

and trm%éﬁf@%§{ﬁ98 9{ aﬁich the cation exchange resin decomposes the
10 ether to generate an olefin, the cation exchange resin
undergoes gradual decomposition, causing acidic components
such as sulfonic acid to gradually contaminate the reaction
solution, meaning the reaction product must be neutralized
prior to the distillation step that is used to obtain the
15 final product. Furthermore, if sulfuric acid is used, then the
generated olefin isomerizes in the presence of the sulfuric
acid, causing the reaction preduct to become a complexed
mixture.
In recent years, synthetic zeolites have been attracting
20 considerable interest as catalysts, not only because they
display excellent alkylation activity and selectivity for
aromatic compounds, but also because they are non-corrosive,
environmentally friendly, and offer excellent durability.
Examples of reported processes that use synthetic zeolites in

25 the alkylation of phenol with TBA include (6) gas phase

5



al kyl phenol by-products, which are difficult to separate from 25

4- al kyl phenol, tends to be a problem The contents of the references
describing the aforementioned processes (8) detail investigations of the
effects that the state of the zeol.ite, including the mcropore structure
and the acidity, and specific reaction conditions, including the
tenperature, the 5 feed rate of the raw material, and the ratio of the raw
materials, have on the catalytic activity and the reaction selectivity. In
t he reaciiypie ekanpbesce beeauseifd hydeotatbonatallygandisseeale Sgerrertat ed, t he
selectivity of 4-TBP is poor, and no nention is nmade of an industrially

usef ul N5 ocessef 04940 Wrodushng Rohi ghsybebdsof adaTBRBpafR sebjpedleraf the
present invention is to provide an industrially useful process that

enabl e . t; on 4z, a en ' ecthyi .and _.a high
yie|d.$%§§?3§§§¥¥%5§B%E %QOT%% #k%éﬁ#rcﬁkihékégggg%g ?%%e%%?§3%¥§% 5#ocess
for the production of a 4-a|ky|gheno|, conﬁrising the steps of: reacting a
4- unsUBEER? bt Bt nERoPLGRRAL AR RY | 281 BHRBF - of Pah Pl RYFSENREr °5i & t he
presence of a synthetic zeolite, at a tenperature of 50 20 to 110C (a first
step); egtdbrcorhdinihgdt hetyeherapdit@aier theoAighadd Phieski.nane |i qui d
phase of the produced reaction mxture in the case where an al kyl al cohol
i's usebtafdhenlfisstasteppepatiesOVitgihha gangeatedmakoohal gentai ned
within the liquid phase of the produced reaction mxture in the case 25

where ansad kyhp£hdes pstégedLhfatbgehi peb18EAR16AsS®EANd shleR):- 2a0d 37
subsequently conducting a rearrangenent reaction in the reaction nmb-4ture

from which &he 8?%5@%@9)‘,’"&3% PE) L PEocOERELAEEE aheORak 1h3s PeeRLgmVed,
at a tenperature o to .
with TBA using a synthetic zeolite, such as a process for
10 conducting the reaction in carbon tetrachloride in the
presence of an HY-type zeolite [see J. Chem. Research (S),
(1988) pp. 40 to 41], and processes that use large pore
zeolites such as HY-type and Hf-type zeolites [Applied
Catalysis A: General, 166 (1998), pp. 89 to 95, and 207 (2001},
15 pp. 183 to 1%0].

In the aforementioned processes (6}, because the reaction
is conducted in the gas phase, not only is a large gquantity of
heat required, but because the reaction temperature is close
to the decomposition point of 4-TBP, a fall in the selectivity

20 is unavoidable, and moreover, carbon deposits from the phenol
cause a significant deterioration in the catalytic activity.
In the aforementioned processes (7), the selectivity of the
generated 4-alkylphenol is poor, and the generation of 2-

alkylphenol by-products, which are difficult to separate from

25 4-alkylphencol, tends to be a problem. The contents of the



150C and in the. presence of an acid catalyst (a third step). 5in a
preferred enbodi nent of the present invention, in the third step, the

wat er concentration of the liquid phase of the reaction m xture is
adjusted to no nore than 0.5% by weight for those cases where an al kyl

al cohol is used in the first step, or alternatively, the al cohol
concentration of the 10 liquid phase of the reaction mxture is adjusted to
no nore than O. 5@% % _ight for those cases where an al kyl gtg used
in the FPTETeREeD, IGHar thERIt hBer QSPFﬁﬁﬁeﬁéﬂPePeBEPFSﬁSP§ (g ﬁéf"é with
the quantity of the 4-unsubstituted phenol adjusted so as to represent a1
to 10-fordepblagtiens codisthel affeetsothht ghansteyeoPtt hbeakrRplliiecohol or
the al kyl ether that is consuned during the a.lky.lation reaction of the
first stepludin@dthéiebcrdpeTBPscancherpr adacedebycuding,phedol as the
4-unsubstituted phenol, and using either TBA as the alkyl al cohol, or MIBE

as the s%,!t)gaifféhﬁéacgﬂoﬁhsoﬁa%%h@rI §Bb§u&§ﬁ%ufﬁé oEmbReaRLeseNtHENVeNt i on
ha

are an al kyl ati on reaction of 4- -unsubstituted phenol is conducted
in he presep nthetjic.zeolite d r r thin a range
fro§150 ?%élﬁég? %fa¥$¥s gt@% e%QF%e aﬁ eFﬁ%rg npgo%%# geﬁgrated by the
al kyl ation reaction 25 and contained within_ the I| qui d_phase of the

produceB teEER1on 82Y%, R uFReLSaF_hBled ?FﬁévéFEpa?? tHﬁdrFﬁEtBQHproducts
such as the 2- alkylated phenol s, 3-al kyl ated phenols, 2,4-dial kyl at ed
phenol2$32?6tUVéIRyIébedﬂphem%ﬁ%tiqnuﬁﬁﬁmgkﬁsxibﬁ@@¢%@e@4 hhdpetasbon
contained within the reaction m xture following the 5 renoval of the water
or the altohotrsaars hganbeaeédli ctrat byleconvetryedfi nt0BPhes4pabkyl phénal ,
at a tenperature within a range from90 to 1500C, and in the presence of

an aci dhgahahtySén is made of an industrially useful process for
10 producing a high yield of 4-TBP.
An object of the present invention is to provide an

industrially useful process that enables the production of 4-

alkylphenols with gcod selectivity and a high yield.

|
L

DISCLOSURE CF THE INVENTION

The present invention is a process for the production of
a 4-alkylphencl, comprising the steps of: reacting a 4-
unsubstituted phenol with an alkyl alcohol or an alkyl ether
in the presence of a synthetic zeolite, at a temperature of 50
20 to 110°C (a first step); either removing the generated water
contained within the liquid phase of the produced reaction
mixture in the case where an alkyl alcohol is used in the
first step., or removing the generated alcohol contained within
the liquid phase of the produced reaction mixture in the case

25 where an alkyl ether is used in the first step (a second



(the third step)~ As a result of the above characteristic features, there

10 is no marked reduction in the catalytic activity caused by the

generated water, as is observed in the aforenentioned process (1), and TBA

with an approximately 12 to 30% content of water by weight can be used as

a raw material. Puithernore, the type of catalyst deterioration observed

in the aforenenti oned 15 processes (3) through 15) can be s)-7ppressed~ and

because the reaction mxture, contains no acidic conponents, conplex

oper at i ®¥&P suchn@sswbseavant 24t Fondvpeiasi anseganapgeagditdegactii®raddi ti on,

t he above characte-ristic features ensure a high 4-alkyl phenol

sel ect i vin¢ yreacthomgni heugenérani shioh the typera@edf wanseparalhe

2-al kyl phenol s observed in the above processes (7) can be suppressed.

Gener atome PAtédcaldohydr R63r BeBn PLhEOBRI Sadbsekupdeird ke aFoVe pocesses

(8) can also be suppressed. In addition, within the tenperatu: E: e

- E. -angg, .. descyi.bed .above, the reaction mxture exjsts i .tge iguid 25

phase, fr‘ué%rﬁjr?gn he t hpee e SHt A yos abnetaecf]l{%r% ?%%Y#augaeldlcﬁ]yr Eg?ggh

depqsits observed in {he aforeneationed grocesses %6% .can %e suppr essed.

Mor €over, by TRrdVPTY $hESNatBPCOt™thE ©4l EBfioPT§ehBlrat-8ePhPRe <8cond

step, any reduction in the activity of the acid catalyst during the third

step cahdethisdppiersetheneantagceneeakkgtignoap tegr Aangdsewhas€acti on

from 2, 4-di al kyl ated phenol . s, 2, 6-dial kyl ated phenol s, and

2,4, -trild kydéat etdophenwtsrantdst A@jhskedt bot he Aoakkyhphewols% pyoceeds with

good selectivity in a relatively short period of time. Even in those cases

wher e afe 86h€li £o£athOBe €X69a90RndPe 81 A1k§1USRE0BS 1t HE aGkd Gat alhest, the

4-al kyl phenol can still be produced with a high level of selectivity, and

In first step, or alternatively, the alcoheol concentration of the

10 1liquid phase of the reaction mixture is adjusted to no more
than 0.5% by weight for those cases where an alkyl ether is
used in the first step, and then the rearrangement reaction is
conducted with the gquantity of the 4-unsubstituted phenol
adjusted so as to represent a 1 to 10-fold melar ratio

15 relative to the gquantity of the alkyl alcohel or the alkyl
ether that is consumed during the alkylation reaction of the
first step. In addition, 4-TBP can be produced by using phenol
as the 4-unsubstituted phenol, and using either TBA as the
alkyl alcohol, or MTBE as the alkyl ether.

20 The characteristic features of the present invention are
that an alkylation reaction of a 4-unsubstituted phenol is
conducted in the presence of a synthetic zeolite and at a

temperature within a range from 50 to 110°C (the first step),
the water or the alcohol generated by the alkylation reaction

25 and contained within the liguid phase of the produced reaction



t hese cases, the tenperature of the rearrangenent reaction can be |owered
to 90C, and because the generated water or the generated al cohol has been
removed, elution of the acid 15 conponents, leading to a deterioration of
the ion exchange resin, can be prevented. BEST MODE FOR CARRYI NG QUT THE

| NVENTION First is a description of the first step. 20 In the first step, a
4-unsubstituted phenol is reacted wth an al kyl al cohol or an al kyl ether
in the presence of a synthetic zeolite at a tenperature of 50 to 1100C,

t her ebyMigEkyEatEngempEed- {Ghubdert dtled apiferidle PEXAFRFIWS 6 as
4-unsubsti tuted phenol include phenol, 2- cresol, 3-cresol., 2-ethyl phenol,

3- et hyl phendlalRypeapyl phenolls,10-31pydpylegheheinol2-,i sopr-caad jpheatad
s-isopropyl phenol, 2-tert- butyl phenol, and 3-tert--butyl phenol. An al kyl

al cohol peeABNESI BY 6t-RG an RGUIARE gb@}sblgr,omdtQ,qp%-it&tiraqqktyq@ié@ used in
the present invension, and suitable 5 exanples include nmethanol, ethanol,

1- - 1 - canol . t | I,
cve. | oRBsaner T CaRaate L ks Fep A it AR e P AT
al cohol is géﬁggrably within a ran%i from nol es,_.and even nore

0.1to 2
or ofter aBPYOYPONPS. SOFOVELAT] 87 §BF PIRONGI0F Ahd PE™ Go AEISTITULSH phenol
An al kyl ether conprising the required alkyl group to be introduced is

used i nceREeptedeantiontbrsiorlkafehenctlabled aexampleds tivae wddheér7iavet hyl
ether, diethyl ether, di-n-propyl ether, diisopropyl ether, di-n-butyl
et her, diahgebgkyh evheb, 159°dMBmdetihythéopiebuhyk efFhen, abiprepyklyst
tent-butyl ether, isopropyl tent-butyl ether, n-butyl text-butyl. ether,
and (the third step).
As a result of the above characteristic features, there
10 is no marked reduction in the catalytic activity caused by the
generated water, as is observed in the aforementioned process
(1), and TBA with an approximately 12 to 30% content of water
by weight can be used as a raw material. Furthermore, the type
of catalyst deterioration observed in the aforementioned
15 processes (3) through (5) can be suppressed, and because the
reaction mixture contains no acidic components, complex
operations such as neutralization operations can be avoided.
In addition, the above characteristic features ensure a high
4-alkylphenol selectivity, meaning the generation of the type
20 of inseparable 2-alkylphencls observed in the above processes
(7) can be suppressed. Generation of the C4 hydrocarbon
oligomers observed in the above processes (8) can also be
suppressed. In addition, within the temperature range
described above, the reaction mixture exists in the liguid

25 phase, meaning the type of catalyst deterioration caused by

9



i sobutyl tert-butyl ether. The quantity used of the alkyl ether Is
preferably within a range fromO0.1 to 2 noles, and even nore preferably
fromO0.2 to 1 nole, per 1 nole of the 4- 201 unsubstituted phenol. Suitable
exanpl es of the synthetic zeolite include |arge pore zeolites such as
X-type, Y-type, [3-type, L-type, and nordenite zeolites, nedi um pore
zeolites such as ZSM and SAPO zeolites and nesoporous silicates such as

MOM O these, .Y 25ty (3 é type, and nordenite zeolites are
pr ef er r @rPyn 15?9BF&5P| 9bsﬁﬁée yhPh'éPFcaf%PF‘F@t&BHﬁfil PELGEFTE 1 64l kal i .
metals or alkaline earth nmetals within the zeolite structure. 1In the

presentc@nvent $vRPraszedl i toreoused by wiehing teasvatarport tba of these
i ons have been replaced with at |least one 5 ion selected fromthe group

consi stabgonblt yansrkien tmt ahe sebsndaktspnuaniyomeduaidopr Anonse | N or der
to inprove the reaction efficiency, the acidity of the synthetic zeolite,

nanel y £B€1§i£yCQEaEH€‘HélﬁaEhQaly§t @E%&ﬁba@hﬁ ekl s%@% the @lekal i
netals and al kaline earth 10 netals contained in the zeolite have.

preferabl been .substitu drogen atons. Fuith romre, |n order to
orove tHR Serade | TEpy b PRe aluPiy PRASR. et o e

that best suits the_nolecular size of the 4-_al kyl phenol is preferred. Foi
exanpl ef PR ¢hé-gledtEtPERIOPNEDOISS FEP] déP%ﬁ@FaﬁBPdBFFWq e 6P9R-type
zeolite is pre-ferably used as the zeolite, and the silica/alumna ratio

preferably.6atréalhﬂﬂhtﬁdaphangé5fﬂod1thEOIZBe,tandh@vénaﬁbwdppﬁgbérably
from5 to 150, and nost pref~,.rably from5 to 50. There are no particular
restri chronsedn whenhf gpovotelbeti2@tgynhhat relaeakielle, sandtp@atdacs, of
granul es, or lunps car, be used,
time. Even in those cases where an acidic cation exchange
10 resin is used as the acid catalyst, the 4-alkylphenol can
still be produced with a high level of selectivity, and in
these cases, the temperature of the rearrangement reaction can
be lowered to 90°C, and because the generated water or the
generated alcohol has been removed, elution of the acid

15 components, leading to a deterioration of the ion exchange

resin, can be prevented.

BEST MODE FOR CARRYING QUT THE INVENTION
First is a description of the first step.

20 In the first step, a 4-unsubstituted phencol is reacted
with an alkyl alcohol or an alkyl ether in the presence of a
synthetic zeolite at a temperature of 50 to 110°C, thereby
alkylating the 4-unsubstituted phenol.

Examples of the 4-unsubstituted phenol include phenol, 2-

25 cresol, 3-cresol, 2-ethylphenol, 3-ethylphenol, 2-propylphenol,

10



Fu. ct hernore, powders or granU ES can al so be nolded prior to use, and

sui tabl e shapes for these nolded fornms include spheres, circular

cylinders, rings, o.r star shapes, Furthernore, there are no particul ar
restrictions on the size 25 of the synthetic zeolite particles, although
smal l er particle.,, 12 generally result in an increased surface area and

i nproved reactivity, The particle size is nornally selected so as to have
no effect on normal operations, and is typically within a range froml to
800 mi c¥opseprplihenquantiigopfopliérbgnthet Bcizeplrrpy lpbepe lused tearti-es
depending on the reaction system For exanple, in the case of a batch
systembitel guandlt yanfi Bheesynbheyilphzeollite is preferably within a range
froml to 100% by weight relative to the weight of the 4-unsubstituted

phenol . i f reggtiony10;eE6h61 €RENpEsahgotranstdeieda bR 10UaBLD ites
within a range from5 to 25% by wei ght "are even nore desirable. If the

quantity of_the hetic_zeoljte, LS . the rate. reaction
t ends t%ed%% ?%gﬁggﬁe%%ags?ﬁ %he%aﬁaﬁ%??§§?ghbgghgﬁgpge%ngh%%ngggfion
becomes unecononi ¢, _and both of _these 15_scenari os are undesirabl e, .The

al kyl at$da"PLaet BAIHES BetEeRadct 84NEPPher 1T REPREMOPr e <6 REEPEF - sdlMvent
or in a solvent-free environnent. 'There are no particular restrictions on
t he sollehanopr o¥iHetaneli sTBAnepeniinhlr ebpaenoile thielodgetrined, and
sui t abl e exanpl es 20 include aliphatic hydrocarbons such as hexane,

hept anereeyBnglconohanerhd apanet i By ok €€ | @hekianealldybnaltehbydiocar bons
such as benzene, toluene, xylene, and nesityl ene; and hal ogenated

hydrocaﬁpgﬁérgygf @§tﬁ§ﬁb8nrﬁﬁFéa@PbﬁerQ,téya‘QBQEEQFQ%Hh%%%n mRd
chl or obenzene. t hese solvents, the use of toluene is
preferably from 0.2 to 1 mole, per 1 mole of the 4-
10 unsubstituted phenol.

An alkyl ether comprising the required alkyl group to be
introduced is used in the present invension, and suitable
examples include dimethyl ether, diethyl ether, di-n-propyl
ether, diisopropyl ether, di-n-butyl ether, diisobutyl ether,

15 MTBE, ethyl tert-butyvl ether, n-propyl tert-butyl ether,
isopropyl tert-butyl ether, n-butyl tert-butyl ether, and
iscobutyl tert-butyl ether. The guantity used of the alkyl
ether is preferably within a range from 0.1 to 2 moles, and
even more preferably from 0.2 to 1 mole, per 1 mole of the 4-

20 unsubstituted phenol.

Suitable examples of the synthetic zeolite include large
pore zeolites such as X-type, Y-type, f-type, L-type, and
mordenite zeolites, medium pore zeolites such as ZSM and SAPO
zeolites, and mesoporous silicates such as MCM. Of these, Y-

25 type., f3-type, L-type, and mordenite zeolites are preferred.
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25 preferred. In those cases where a solvent is used, there are 13~ no
particular restrictions on the quantity of the solvent, although fromthe
vi ewpoi nts of reaction efficiency, ease of operation, and economc
viability, al to 20-fold weight relative to the quantity of the
4-unsubstituted phenol is 5 preferred. The al kyl ation reaction is conducted
at a conparatively |ow tenperature within a range from50 to 1100C. If the
reaction tenperature is less than 50C, then the reaction slows narkedly,
and t he'¥Rbe21 bn. et$¢c$%%%@eﬁe@e?@%*ht%scomﬁrlﬁeﬁohPﬂﬁst pikehé reaction
tenperature exceeds 1100C, then not only does the selectivity of the
target rMetdkylphembkalshé  eabut héeabd kyltlaigohbe peciheeabkybicetlrer, and
the 4- unsubstituted phenol as the raw naterial can al so undergo

pol yrrerixzaﬁﬂl@;% ré£&k €abh V@ t hén ProUes i ofe 0f s Nhghaboh! WAGcASaROhBhSst
by- product s e al kyl ation reaction can be conducted under nor mal

pressure, gl cEnr@PU&‘?Q &' £33 rﬁavgr%é'\?rqefe éh‘r\'&@ﬂ ?QEE'tOBEe The
ch COI’]

reaction em can enp oy ei her a en1or 'nUous system
The reactlon can use_a fixed 20 bed system mhere the -unsubsti t ut ed

pheRol MY $HECQFRYI EXAP ORI IBPUR HePBF kS LB BT E’r‘@“ﬁé%éaa PREBAgh a

synthetic zeolite-filled layer, or fluidized bed or noving bed systens.
The reai®n alweifgn i@@ﬁalk@¢aﬁ¥@ﬁpm%-preferably within. a range from1l
to 30 hours, and preferably from5 to 10 hours. 25 If the reaction tine is
| ess than . l.Ithocardet hem therseacthonréeésctidomnabftctenpyocebd suffiityently,
and the reaction efficiency tends to fall, whereas if the tine exceeds 30
hours, d#€the synthetic zeolite, namely the silica/alumina ratio, is
preferably small, and the alkali metals and alkaline earth
10 metals contained in the zeolite have preferably been
substituted with hydrogen atoms. Furthermore, in order to
improve the selectivity of the 4-alkylphenol, a zeclite with a
pore size that best suits the molecular size of the 4-
alkylphenol is preferred. For example, in the production of 4-
15 TBP, either mordenite or B-tvpe zeolite is preferably used as
the zeolite, and the silica/alumina ratio preferably falls
within a range from 1 to 200, and even more preferably from 5
to 150, and most preferably from 5 to 50.
There are no particular restrictions on the form of the
20 synthetic zeolite, and powders, granules, or lumps can be used.
Furthermore, powders or granules can also be molded prior to
use, and suitable shapes for these molded forms include
spheres, circular cylinders, rings, or star shapes.
Furthermore, there are no particular restrictions on the size

25 of the synthetic zeolite particles, although smaller particles

12



quantity of by-products having high boiling points tends to increase, and
both of these scenarios are undesirable. 5 If required, the synthetic
zeolite can be renoved from the reaction m xtuxe obtained after the

al kylation. reaction, and the left mxture is then supplied to the second
step. Next is a description of the second step. In the second step, either
the generated water is renoved 10 fromthe |iquid phase of the produced
reaction mxture in those cases where an al kyl al cohol was used in the
first stepcrabiytResgéheit 88 AREBRAFCHs SHEABFE aFedmarile IMPFAVE Dhase of

t he produced reaction m xture in those cases where an al kyl ether was used
in the feastigiep. ~Ths pranpkés ofizsuitablemmtflyods lefctedhow e thre wat er

i nclude distillation, bubbling an inert gas such as nitrogen or argon

t hroughhite reagkkeBtNbxt Hbemadndpe@BdohisNd andeABdratiiQa1uSi RG td water
adsorbent such as a nol ecul ar sieve, zeolite, alumna, or activated carbon

and so Pg?ggfffghg§ X égBEHEEQth_nEthod~~, of renoving the al cohol

i ncl ude ation, ing an inert gas such as nitrogen O argon
thr%ugh the. _reaction, m xtur and rempval by _adsorption usi.ng can al cohol

e /
adsorbent such@sT82RbEE¥UP rtEFe§¥?t985FFtéﬁ%&Fﬁﬁiﬁg, 6r U55& G&LES car bon

and so on, In order to ensure maxi mum activity for the acid catal yst used
in the ¢apeadspgpon’ Sheeserrba@nbENEWE™: h& CFoREGHPAELI R dher €HSGUAIT wat er
or residual alcohol within the liquid phase of the reaction mxture

subj ect edbdochheyseam; anhgengointéaigt bdn the preft@ealblcy zeeduded itso no nore
than 0.5% by weight. If this concentration q exceeds 0.51 by weight, then

the actpyetyrabiiyhgiasid sakahyst rrdpes ret 1abkaiy satigfraclqrddiye ard the
rate of the
the weight of the 4-unsubstituted phenol. If reaction
10 efficiency is also considered, then guantities within a range
from 5 to 25% by weight are even more desirable. If the
guantity of the synthetic zeolite is teoo small, then the rate
of reaction tends to decline, whereas if the guantity is too
large, the reaction becomes uneconomic, and both of these
15 scenarios are undesirable.

The alkylation reaction may be conducted either in the
presence of a solvent or in a solvent-free environment. There
are no particular restrictions on the soclvent, provided it is
inert with respect tc the reaction, and suitable examples

20 include aliphatic hydrocarbons such as hexane, heptane, octane,
nonane, decane, and cyclohexane; aromatic hydrocarbons such as
benzene, toluene, xylene, and mesitylene; and halogenated
hydrocarbons such as carbon tetrachloride, 1,2-dichlorcoethane,

and chlcorobenzene. Of these solvents, the use of toluene is

25 preferred. In those cases where a solvent is used, there are
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rearrangenent reaction of the third step declines markedly. Next is a
description of the third step. In the third step, an "al kyl group
rearrangenent 10 reaction is initiated in which the alkyl groups are
elimnated fromthe 2-al kyl ated phenols, 3-al kyl ated phenol s,

2, 4-di al kyl ated phenol s, 2, 6-dial kyl ated phenols, and 2,4,6- trialkylated
phenol s produced in the first step, and are subsequently added to the
4-poeition of the 4-unsubstituted 15 ghenol, t hereby obtaining the

4- al kyl PReRBFtipudpht REELELEEAPPFeOBr tRA dBRBFdtFalFoPEXxERANGEtresin s
used as the acid catalyst~ in order to ensure that the alkyl group is

i ntr odugéthatght heod- pbei viiewpofintheod- uagsabsbnt effédcpkeryl., eblse $y¥nt heti c
20 zeollte preferably contains a pore size that best suits the nol ecul ar
size of opbeatanget adaakkyhphenediaburt hgr mare, tbheo-aendi tyighhe
silica/alumna ratio) of the zeolite is preferably small, and the alkal

net al s | kal L pe r I AL hiR_ 1 a ferably been
substitggga§5§8m}€htﬁgdégagggg?o§£$kﬁg ?hgﬂggﬁggé$hgfﬁtégeg§§t gtic zeolite
16 is too Fi?hé then the deconposition reaction of the target 4--

al kyl phBhof ©F5°Pr onot ed, and the selectivity of the. 4- al kyl phenol tends
to decrease, For exanple, in the. production of 4-TBP, either P-type or
Y-type zeolitBh¢sapkeietapnyresesian Lstaenduespflt 8t an@OMREBTELREVEAFal unmi na
ratio preferably falls wthin a range froml to 200, and even nore
preferabby teapebattpelbBrhandanmpahgpr etemnabbytbr amo5ct o IH0+HBecause t he
synthetic zeolite adsorbs water, it is preferably subjected to a

dehydratboptibgat BRPE-RELOE 19 ¥88s thdR Behydraldongan-bgc £058Usi 685 by
heating at a tenperature of
markedly, and the reaction efficiency detericorates. 1In
10 contrast, if the reaction temperature exceeds 110°C, then not
only does the selectivity of the target 4-alkylphenol fall,
but the alkyl alcohol or the alkyl ether, and the 4-
unsubstituted phencl as the raw material can also undergo
polymerization, increasing the production of high boiling
15 point by-products.

The alkylation reaction can be conducted under normal
pressure, under reduced pressure, or under pressurized
conditions. The reaction system can employ either a batch
system or a continuous system. The reaction can use a fixed

20 bed system, where the 4-unsubstituted phenol and the alkyl
alcohol or the alkyl ether are passed through a synthetic
zeglite-filled layer, or fluidized bed or moving bed systems.

The reaction time for the alkylation is preferably within
a range from 1 to 30 hours, and preferably from 5 to 10 hours.

25 If the reaction time is less than 1 hour, then the reaction is
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100 to 3000C for a period of several hours. Dehydration can, also be

achi eved under a streamof nitrogen or air. The synthetic zeolite nmay be
the sane zeolite as that used during the alkylation reaction, but may al so
be different. The 1.5 rearrangenent may be conducted after the synthetic
zeolite used in the alkylation reaction is renoved, or be conducted with
the zeolite still present, The quantity of the synthetic zeolite to be used
varies depending on the reaction system For exanple, in the case of 20 a
bat ch systiehg ?%epraﬁaﬁﬂiFyfﬁicﬂﬁétiymtﬁéﬁiéhEeGP?F§1P§ BEEAEABIOY Wi thin a
range froml to 100% by weight relative to the total weight of the

4- unsubsnduted phdchol whadetbheipr bdect imé- akkegkepghedél hasirishe thaw nmat eri al .
If reaction efficiency is also considered, then quantities within a range

from5 §eaRbfe@50bynepgbtiuate B¥OANHDRE gleBbRARNE. pbfintike tawant ity of the
synthetic zeolite is too small, then the rate of reaction tends to

decl i ne, Lf -t t] -1 L. t [ b
unecono e Care both or At ReseEetner P AemaPe B S uE P ER e '8 "su t abl o

i di ti h i nc| ude . ti h in_that
G s ays.aci o y-SEREFG ngPet JTBREC EACoH LUt PoRPD B HOFEYERs P or e are

no particular restrictions on the formof the acidic cation exchange
resin, Hrovierdtientuhstpsascrbasaedspicesr thg adkylaaigny FLacalitRough
typically, mnute particles with an average particle. size of 0~401 to
.1-0 Mandrthepheftcalixtnreylisnthepabupaitied ¢s, tbanskeonsied,tefhe quantity
of the acidic cation exchange resin to be used varies depending on the
reaction systiesm:+Fos gxagpteiptionlod the easenaf s@epbatch system the

gquantity of the acidic cation
In the second step, either the generated water is removed

10 from the liguid phase of the produced reaction mixture in
those cases where an alkyl alcohol was used in the first step,
or the generated alcohol is removed from the liquid phase of
the produced reaction mixture in those cases where an alkyl
ether was used in the first step.

15 Examples of suitable methods of removing the water
include distillation, bubbling an inert gas such as nitrogen
or argon through the reaction mixture, and conducting
dehydration using a water adsorbent such as a molecular sieve,
zeolite, alumina, or activated carbon and so on. Examples of

20 suitable methods of removing the alcochol include distillation,
bubbling an inert gas such as nitrcgen or argon through the
reaction mixture, and removal by adsorption using an alcochol
adsorbent such as a molecular sieve, zeoclite, alumina, or
activated carbon and sc¢ on. In order to ensure maximum

25 activity for the acid catalyst used in the third step
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exchange resin is preferably within a range. fromIl to 100% by wei ght
relative to the total weight-- of the 4-unsubstituted phenol as the raw
mat eri al and 4-al kyl phenol as the product. |If reaction efficiency is also
considered, then quantities 20 within a range fromb5 to 25Wby wei ght are
even nore desirable. |If the quantity of the acidic cation exchange resin
is too small, then the rate of reaction tends to decline, whereas if the

quantit% is too Iarge, t he reaction becones unecononmi.c, and .1 both of
these s¢@feFibedaPe BHde§F?aﬁPECGQtSaTH8“rQarF&ﬁ@@ﬁéﬁtwﬁﬁﬁrbér'onducted
either in the 18 presence of a solvent or in a solvent-free environnent.
There =®eeideapapicehbdrwiebini theohsqondt bbasel vénthepreeicdédnit is inert
with respect to the reaction, and suitable exanples include aliphatic

hydr ocanbretisreusivgschbept anberhectranerangaana: redecane, idan@referably

met hyl eycl obexane; aromatic hydrocarbons such as toluene, xylene, and

nesi tyl PasucaadtBahggﬁa%e‘éhgxdb%@r B9n§e1§peh apr Chy P& 0bsRZEREr 2 X ot hese

solvents, the use of toluene is partlcu arly preferred, In those cases
mhere a solv

t he solvﬁﬁ? ?hg §$g8ﬁggﬁ gﬁﬁfgg%%gggggP OﬁhngEU?Q%% 1§g§e of

oper ati on, and econonlc V|ab|I|ty a -1. to 20-fold weight excess relative
to the. d?%?apoﬁeﬁﬁﬁﬁlﬁfSPﬁésﬁaCEﬁ§ﬁB¥tl?B?eahﬁhéﬁép 8§ the raw material and
t he 4-al kyl phenol as the product is preferred. i5 The rearrangenent
reacti onepsragonaduetédratchioenpér dhar ¢hiwidt hitepadeangeetr pArg@dfly - 1500C~ | f
the reaction tenperature is too high, then the introduced al kyl group
tends to di sseekatesandaeetviptiontbe tAW pRieai akepcausing a reduction
In the third step, an "alkyl group rearrangement
10 reaction” 1s initiated in which the alkyl groups are
eliminated from the 2-alkylated phenols, 3-alkylated phencls,
2,4-dialkylated phenols, 2,6-dialkylated phenols, and 2,4,6-
trialkylated phenols produced in the first step, and are
subsequently added to the 4-position of the 4-unsubstituted
15 phenoles, thereby obtaining the 4-alkylphenol.
A synthetic zeolite or an acidic cation exchange resin is
used as the acid catalyst.
In order to ensure that the alkyl group is introduced at
the 4-position of the 4-unsubstituted phenol, the synthetic
20 zeolite preferably contains a pore size that best suits the
molecular size of the target 4-alkylphencl. Furthermore, the
acidity (the silica/alumina ratic) of the zeclite 1is
preferably small, and the alkali metals and alkaline earth
metals within the zeolite have preferably been substituted

25 with hydrogen atoms. If the acidity of the synthetic zeolite

16



in the, conversion ratio of the al kyl ated phenol, and a 20 reduction in the
selectivity of 4-al kylphenol. In contrast, if the reaction tenperature is
too low, then the rate of the rearrangenent reaction slows narkedly,
maki ng the reaction wuneconom c. The rearrangenent reaction can be
conduct ed under normal 25 pressure, under reduced pressure, or under

pi essuri~~ed conditions. The reaction system can enploy either a batch
system or a continuous system The reaction can be conducted by a fixed
bed systemouHet@ t heh@akh® o APRPUF &L 6B aF ARAT4P" PRetBBCOAHIEEf i S
passed across the acid catalyst, or 5 fluidized bed or.- noving bed

syst enrrlFELpethk vi gwpoiated of agdipphessehgetheigenefathendef by-

products, and inproving the selectivity of the 4-al kyl phenol, the reaction

time f1kEpHesT anged®ento r@acté08e | S Ruefarall e, Wi hime aprenget fsom | to
20 hours, 10 During the rearrangenment reaction, the proportion of 4-

vt o it i e B Sper i TR EE aRor g, FROREE EEDRPRraPAN R ReP %08 e

val ue w a specific tamnge unsub heno
reacgtion solutjon as r ired,. .thereby.inproving the. selectiyity of the
1< abky | Herte Lt 1A ot o byt eREE PR ST PEAE P EREeRABLELARLTEY of (e
4- unsubstituted phenol within the reaction mxture is preferably

equi valehEntn & Targe 109® H Hol 8%0r epBfli G¥CRoMPRe BEARErEYLEf framkyl
groups introduced with in the first step, nanely, the quantity of alkyl

al coholtori %l kydn@trinest consteredb tyr fngmt het@05@l kyl ati on reaction of the
first step~ If this quantity is less than 1-fold nole, then initiating an

al kyl group Hesduisngeiendyieactionzésome, 4adbabkyhated, phents' ~I's, 2, 6-
di al kyl ated phenols, and 2, 4, 6-tr~al kyl ated pheni-_~l s becones
preferably subjected to a dehydration treatment prior to use.
10 Dehydration can be conducted by heating at a temperature of
100 to 300°C for a period of several hours. Dehydration can
also be achieved under a stream of nitrogen or air. The
synthetic zeolite may be the same zeolite as that used during
the alkylation reaction, but may also be different. The
15 rearrangement reaction mayv be conducted after the synthetic
zeolite used in the alkylation reaction is removed, or be
conducted with the zeolite still present.
The qguantity of the synthetic zeolite 1o be used varies
depending on the reaction system. For example, in the case of
20 a batch system, the guantity of the synthetic zeolite is
preferably within a range from 1 to 100% by weight relative to
the total weight of the 4-unsubstituted phenol and the product
4-alkylphenol as the raw material. If reaction efficiency is
also considered, then quantities within a range from 5 to 25%

25 by weight are even more desirable. If the quantity of the
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difficult, whereas; -if the cuant-ity is larger than a 10-fold 25 nol es,
then the conversion ratio of the 4-unsubstituted phenol 20 tends to
decline. The reactions and operations fromthe first step through to the
third step can be conducted within the sane reaction vessel, or may al so
be conducted within consecutive reaction 5 'vessels. The 4-al kyl phenol
produced in accordance with the present invention can be isolated and
purified using normal isolation and_purification procedures of organic
conpoun8¥lthetiexafpléte tRetqei gm@dtal FEENcaRehéaftie Ofr & AT AT he
reaction mxture as 10 required, and the 4-al kyl phenol is then isolated and
puri fi etlenfisotrrt Bechéseal t whgreikbt idt ¢ hesiangnpridyedsr évosdehraes dibe | ati on,
recrystallization, and chronmatography and so on. EXAMPLES hereinafter, the
present reA¥€AbhoBewbhksbendesabinied analbodeat aifl thy sway e axawples,

al t hough the present inventionis .in no way limted by the foll ow ng
exanpl egqLBithAg Labl es, 2- TBP represents 2-tert-butyl phe.nol., and
2,4-DTBP represents 2,4-di-tert-butyl phenol. The conposition values (%
following re ctioBleach r.e res$nt a ggbcenta e value d t%rnined fromthe

20 rel ative argat8PLEh8CpEak FBFL8BcR*CHABERehf S8BSerPsd1Cs §gasation

chromat ogr aphi ¢ analysis (colum: G 100 (manufactured by Chemicals

Eval uat f8fhaRdeREgsaPchhphsfiiceley s)aFan) tYdet 86t 9Ad NIRISHYEEETR3SE[i zat i on
detector), tenperature of detector and vaporization chanber: 270C, pattern
of tenpenadtaonéci pciédasesiS.held at 80C for 3 mnutes, raised to 2.50C at a
rate of 2 1

There are no particular restrictions on the form of the
acidic cation exchange resin, provided it functions
10 satisfactorily as a catalyst, although typically, minute
particles with an average particle size of 0.01 to 10 mm, or
spherical or cylindrical particles, can be used.
The quantity of the acidic cation exchange resin to be
used varies depending on the reaction system. For example, in
15 the case of & batch system, the guantity of the acidic cation
exchange resin is preferably within a range from 1 to 100% by
weight relative to the total weight of the 4-unsubstituted
phenol as the raw material and 4-alkylphenol as the product.
If reaction efficiency is also considered, then guantities
20 within a range from 5 to 25% by weight are even more desirable.
If the guantity of the acidic cation exchange resin is too
small, then the rate of reaction tends to decline, whereas if
the quantity is too large, the reaction becomes uneconomic,
and both of these scenarios are undesirable.

25 The rearrangement reaction may be conducted either in the
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10C/ m nute, and then held at 250C for 15 mnutes]. The selectivity (% of
the 4-TEP is derived with reference to phenol, and the yield (% of the
4-TEP is derived with reference to either TBA or' MIBF, 5 Reference Exanple
1. (First Step) A 4-neck flask with an internal capacity of 100 ni,

fitted wth a stirrer, a condenser., and a thernoneter was charged with
50.0 g (531 mmol) of phenol and 12.5 g of a 10 proton-substituted (i-type
zeolite (HP,, manufactured by N.F. Chenctat Corporation), and the

resul t iREFENGUref WasSetVeRedoT Thea nfivieRt nhEehealEBdTPEME0600, TAAEE 22.6 ¢
(266 mmol ) of TBA with 13% content of water by wei ght was added dropw se
to the am xtarmaoverubapereodroft Bohours tise ngoaveyki ngeovikded 1% resul ting
m xture was stirred for a further 3 hours at the sanme tenperature, thus

ef fectifngean @ Kyl oddpbct east{98. reAPed ¥81 SaRd thethBact eRAmPekUt i On by gas
chromat ogr aphy reveal ed a product conposition conprising phenol (42.0%, 4-

T e R A Rt i i

conversion ra eno t he ectivi is an

yield of 4-TBP is.75, 9% le 1 (First, Ste A 4-neck flask with an
!t e EaRe 190 R HOOL T OB F 3¢t o GRS BYRFPERT DR SoRtEsEr. and a
thernmonmeter was 22 charged with 50.0 g (531 nmol) of phenol and 12.5 g of a
pr ot on-subagne ut el ¢3e t yped Z80$ 1 telerer BErd 2Balpaanpaetdub¥drBgar8end Cheni e

group), and the resulting m xture was stirred. The mxture was heated to
90C, anh@2,#&s clfRGfowamtgneof THA tkidde solvents, the use of toluene

is particularly preferred. In those cases where a solvent is
used, there are no particular restrictions on the quantity of

10 the solvent, although from the viewpoints of reaction
efficiency, ease of operation, and economic viability, a 1 to
20-fold weight excess relative to the total weight of the 4-
unsubstituted phenol as the raw material and the 4-alkylphenol
as the product is preferred.

15 The rearrangement reaction is conducted at a temperature
within a range from 90 to 150°C. If the reaction temperature
is toc high, then the introduced alkyl group tends to
dissociate and return to the raw material, causing a reduction
in the conversion ratio of the alkylated phenol, and a

20 reduction in the selectivity cof 4-alkylphencl. 1In contrast, if
the reaction temperature is too low, then the rate of the
rearrangement reaction slows markedly, making the reaction
uneconomic.

The rearrangement reaction can be conducted under neormal

25 pressure, under reduced pressure, or under pressurized
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5 131 content of water by weight was added dropw se to the

peri od

further 5 hours at the sane tenperature, thus effecting an al kyl ati on

m xture over a

of 3 hours using a syringe. The resulting mxture was stirred for a

reaction. The resulting reaction solution was anal yzed by gas

chr omat ogr aphy,

internal tenperature 90 to 120C), thereby renoving water. Measurenent

the wattgg £ONCENE Nl d Oé‘%&térﬁ' nwlthPe mxd Uf@aé@iBHV‘anQtEPbSob%QM@EeEtr enoval

r eveal
record

reactio ofs??ﬁp |?Eﬁps%%ppasﬁﬁ icﬁosz ?dagi

a value of O,

Yo by wei ght. Furt ernmore, the quantity of phenol,

10 and the relative proportions of the various conpounds,
the conversion ratio of phenol, and the selectivity and yield of the

4-TBP were determned.. The results are shown in Table 1.
p-type cwolitieonmas Maroveddlyidn |gysdtarorednr amithey dbtheaca itont ¢ Xt ur e
obtained in the first step. The resulting
di stil |afdiodm wided ¢@gucetoupr egstee. ( 2he/ tendk lorkRear 200 ¢OnSSctdd) ,

(Second Step) The

filtrate was then subjected to

of

n&Ek flask with

ratio relative to e TBA, d in the alkylatlon
do7apaTxe:

an internal capacity of 100 nL, 23 fitted with a stirrer, a condenser,

a t Rer rohet&hzemhsbed HaF gBel Wi ¥ hoe AeSehe@F at ed mi xture obtained in the

and

second step, and 12.5 g of proton-substituted Y-type. zeolite (HSZ-
360HUA, manufiaoin i tled biewWpsonht CorHosappoedsinanthe hgenesationgod hyxture
was heated to 1200C, and then stirred for I hour to .jent.nt rpaction.

The

rpsu- 3-gidd@hded( "an®@nimefdechgatieasé doctivispl uti eneWasaapal yrefoby gas
chromat ography, and the relative

10

15

20

25

the reaction time for the rearrangement reaction is preferably
within a range from 1 to 20 hours.

During the rearrangement reaction, the proportion of 4-
unsubstituted phenol within the reaction mixture can be
adjusted to a value within a specific range by adding the 4-
unsubstituted phenol to the reaction solution as required,
thereby improving the selectivity of the 4-alkylphenol and
increasing the rate of reaction. The guantity of the 4-
unsubstituted phenol within the reaction mixture is preferably
eguivalent to a 1 to 10-fold moles reiative to the quantity of
alkyl groups introduced within the first step, namely, the
guantity of alkyl alicohol or alkyl ether consumed during the
alkylation reaction of the first step. If this quantity is
less than 1-fold meole, then initiating an alkyl group
rearrangement reaction from 2,4-dialkylated phenols, 2,6-
dialkylated phenols, and 2,4,6-trialkylated phenols becomes
difficult, whereas if the guantity is larger than a 10-fold

moles, then the conversion ratio of the 4-unsubstituted phenol

20



proportions of the various conpounds, and the selectivity and vyield of
4-TBP were deterirdned. The results are shown in Table Table |I E-xar';ple I
ltem- ----- R R - - - --- - - R R
- ----r1'lrst step Th ird step - - - R T Il o------
------ - ----- phfnol 39,439.4 Raact~.on Solut|4ol-l TBP 54.258~0 ' E~P 2-~5
ion 3.8 2 -DIBP .1 1.2 46 - ---- - ----- T T R
----------------- i conversion ratlo(~) of pbeno! 4" -- -- -- -----
selectlw?%?%9@9 SECUITEP 61 ~ 2 ---- oo oo R e -

Yiel d(- 9@ 0] ﬂhéEFE&ﬁxﬂﬁns3a@&amp¢2a21QEECﬁndmbep)fissfhstﬁp-typeugbol|te
was renoved by filtration fromthe reaction mxture obtained in the first
step oftéhenexewpte dtep Thgnresutbhagectiht watpinashbheAmsukjeaetadnt o

distillation wunder reduced pressure [26~7 to 4.7 kPa (200 to 15 rani 1q),
vessel, or may also be conducted within consecutive reaction
5 wessels.

The 4-alkylphenol produced in accordance with the present
invention can be isolated and purified using normal isolation
and purification procedures of organic compounds. For example,
the acid catalyst can be filtered from the reaction mixture as

10 required, and the 4-alkylphenol is then isolated and purified
from the resulting filtrate using procedures such as
distillation, recrystallization, and chromatography and so on.
EXAMPLES

Hereinafter, the present invention will be described in

15 detail by way of examples, although the present inventiocn is
in no way limited by the following examples. In the tables, 2-
TBP represents 2-tert-butylphenol, and 2,4-DTBP represents
2,4-di-tert-butylphencl. The composition values (%) following
reaction each represent a percentage value determined from the

20 relative area of the peak for each component observed in a gas
chromatographic analysis [(column: G-100 (manufactured by
Chemicals Evaluation and Research Institute, Japan)}, detector:
FID (flame ionization detector)}, temperature of detector and
vaporization chamber: 270°C, pattern of temperature increase:

25 held at 80°C for 3 minutes, raised to 250°C at a rate of

21



internal tenperatu're 90 to 1.200CI , thereby renoving water, 20
Measurenment of the water concentration within the mxture followng this
wat er renoval reveal ed a value of 0,1-% by 24 weight. Furthernore, the
guantity of phenol, recorded as a nolar ratio relative to the TBA consuned
in the alkylation reaction of the first step, was 1-1. (Third Step) 5 A
4-neck flask with an internal capacity of 200 snL, fitted with a stirrer,
a condenser, and a thernoneter was charged with the dehydrated m xture
obt ai nel0 Gy secomed Shep hahd ab0290dt fsHendl miThikeshablT t he
gquantity of phenol, recorded as a nolar ratio relative to the TBA consuned
in the sdDeat}yytival #}i of tbacti-@BPoflst berfivesgt witdp reffedemcadjtusted to a
value of 6. 12,5 g of proton-substituted Y-type zeolite (as described
above) pmsnbhenanddede gndithesnesul thagnirepune Wasiveeatadr o 120C., and
then stirred for | hour to effect a rearrangenent reaction. The resulting

reactiope§gkgﬁ%gntgaéik§e§nquzgg Qngqs chromat ography, and the rel ative

proportions of the various conpounds, and the selectivity and yield of 4-
TBP wer g geterninﬁd. The results are shown in Table 2. Table 2 -- - -----
5 ? erence am 6 i

______________ X 1Y ___Un'p___________________ e e e e e e e e e e m e e e me ==
=== === == === ==- e e o - 102 7. tem ----- --- N --- First rte

p ; Third stepFiPR&nBEEBY. 4 80.9 Reaction solution ; 4-TISP 54,2 18.5
conposition ("s) 2- SP 3.8 0.46
A 4-neck flask with an internal capacity of 100 mL,

fitted with a stirrer, a condenser, and a thermometer was
charged with 50.0 g (531 mmol) of phenol and 12.5 g of a
10 proton-substituted f}-type zeolite (H-B, manufactured by N.E.
Chemcat Corporation), and the resulting mixture was stirred.
The mixture was heated to 100°C, and 22.6 g (266 mmol) of TBA
with 13% content of water by weight was added dropwise to the
mixture over a period of 3 hours using a syringe. The
15 resulting mixture was stirred for a further 3 hours at the
same temperature, thus effecting an alkylation reaction.
Analysis of the reaction solution by gas chromatography
revealed a product composition comprising phencl (42.0%), 4-
TBP (50.1%), 2-TBP (4.7%), and 2,4-DTBP (3.1%), representing
20 the conversion ratio of phenol is 46.2%, the selectivity of 4-
TBP is 81.9%, and the yield of 4-TBP is 75.9%.
Example 1
{(First Step)
A 4-neck flask with an internal capacity of 100 mL,

25 fitted with a stirrer, a condenser, and a thermometer was
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2, 4 -)'II ,._ - 0.005 -. - . .-..BP e - B
---------- 2.6 FCbnverS|on AatICX ) of phenol 42.5 Select .V tty(@@ of
4- TSP 61 2J 97.3 Yield(% of 4-TB' 52.1 82.7 20 Exanple 3 (Second St ep)
25 The f5-type zeol.ite was renoved by filtration fromthe reaction

m xture obtained in the first step of the exanple 1. The resulting
filtrate was then subjected to distillation wunder reduced pressure [26.7
to 4.7 kPa (200 to 35 mHg) internal tenperature 90 to 120 C], thereby
removi ngPwWa? et . W1REa§%r%n%ni56F PRe L hafEr PREARENEREt £ 6n>wht RNt he mi xt ur e

followng this water renoval. reveal ed a value of 0.1% by weight.

Furt herpootoni frebguatuteq BftpbenséoliteotideBEns22, wehafacaticedrblvative to
the TBA. consumed in the alkylatior, 10 reaction of the first step, was 1.
1 (Thisdd Stieppid. Gheuprk fhasknhwi rbsabtingennatucapaakt ytatrz@0 nithe
fitted wth a stirrer, a condenser, and a thernoneter was charged with the

dehydr af ed. o Xt yr.e ﬂggfga;eg ol Botdie SEEON IS LAy ch 125 Bslu el di

cat| on exchnange resl eriyst acture

ot Prea torean B 0 VEFFEcbIved ﬁa‘% S DG 000, ?QSUTP?EQ

reaction solution was analgzed by gas chromatography, and the relative
mixture over a perio hours using a syrihge. he

resulting mixture was stirred for a further 5 hours at the
same temperature, thus effecting an alkylation reaction. The
resulting reaction solution was analyzed by gas chromatography,
10 and the relative proportions of the variocus compounds, the
conversion ratio of phenol, and the selectivity and yield of
the 4-TBP were determined. The results are shown in Table 1.
(Second Step)
The P-type zeolite was removed by filtration from the
15 reaction mixture obtained in the first step. The resulting
filtrate was then subjected to distillation under reduced
pressure [26.7 to 4.7 kPa (200 to 35 mmHg), internal
temperature %0 to 120°C}, thereby removing water. Measurement
of the water concentration within the mixture following this
20 water removal revealed a valve of 0.1% by weight. Furthermore,
the guantity of phenol, recorded as a molar ratio relative to
the TBA consumed in the alkylation reaction of the first step,
was 1.1,
(Third Step)

25 A 4-neck flask with an intermnal capacity of 100 mL,
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20 proportions of the various conpounds, and the selectivity and vyield of
4--TBP were determ ned. The results are shown in Table 3. 25 26 Table 3
Exanpl e3 ItenFi x-,t StepThirdstep Phenol 39.438.2 Reaction sol ution

-------- --- Consersion ratio(% of phenol- ------- -"------"---- "-----.

fitted with a stirfer, a condenser, and a thermometer was
charged with the dehydrated mixture obtained in the second
step, and 12.5 g of proton-substituted Y-type zeolite (HSZ-
360HUA, manufactured by Tosoh Corporation), and the resulting
5 mixture was heated to 120°C, and then stirred for 1 hour to
effect a rearrangement reaction. The resulting reaction
solution was analyzed by gas chromatography, and the relative
proportions of the various compounds, and the selectivity and

vield of 4-TBP were determined. The results are shown in Table

10 1.
Table 1
E
Item : xample l‘
First step AT‘ Third step
Phenol 39.4 | 39.4
Reaction solution | 4-TBP 54,2 58.0
composition (%) 2-TBP 3.8 1.5
2,4-DTBP 2.6 1.2
Conversion ratio(%) of phenol 42.5
Selectivity(%) of 4-TEP 61.2 { 95.6
Yield(%) of 4-TBP E 52.3 | 81.3 |
Example 2
{Second Step)
15 The [-type zeolite was removed by filtration from the

reaction mixture obtained in the first step of the example 1.
The resulting filtrate was then subjected to distillation
under reduced pressure [26.7 to 4.7 kPa (200 to 35 mmHg),
internal temperature 90 to 120°C)], thereby removing water.

20 Measurement of the water concentration within the mixture
following this water removal revealed a value of 0.1% by
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S6i'" 2 97~ electivity(% of 4-'BP'" V 52.1 f geld(% of 4-TFSP--- -------
------------------------------------------- Exanple 4 (First Step) 5 A
4-neck flask with an internal capacity of 200 m,, fitted with a stirrer,
a condenser, and a thernmoneter was charged with 125.0 g (1.33 nol) of
phenol and 1.2,5 g of a proton-substituted f3-type reol.itr. (H BEA>-25,
manuf actured by Sid-Chem e Catalysts japan, Inc.), and the resulting

m xture 10 was stirred. The m xture was heated to 100C, and 22.6 g (266
rmol ) wsefigrEA wiFulr th3%roaet. e rh eofaugaitdrt vo w finsihgghie Iwa e eafdate d dropwi se t o
the m xture over a period of 3 hours using a syringe,. The resulting

m xt ur enofas tdtieded it tvd urd hgte rBAhotdss @ted hien selne ABppesaaione, thus
effecting an al kylation 15 reaction. The resulting reaction solution was

anal yzed Dy i385 o€ et par-aptyep angh d he yel ative proportions of the
vari ous conpounds, the conversion ratio of phenol, and the selectivity

and yield of 4-TBP. were determ ned. The results are shown in Table 4. 20
(Second St ep)(%ﬁ‘ferdpg%tegfb)e zeolite was renoved by filtration fromthe 27
reaction mxture obtained in the first step. The resultinégoofiltrate was

t heR subj ect dd 4dedfistiiast ot urdferiHedinddld capacity of mL,

fitted with a stirrer, a condenser, and a thermometer was
charged with the dehydrated mixture obtained in the second
step, and 100 g of phenol. This enabled the gquantity of phenol,
recorded as a molar ratio relative to the TBA consumed in the
10 alkylation reaction of the first step, to be adjusted to a
value of 6. 12.5 g of proton-substituted Y-type zeolite (as
described above) was then added, and the resulting mixture was
heated to 120°C, and then stirred for 1 hour to effect a
rearrangement reaction. The resulting reaction soclution was
15 analyzed by gas chromatcgraphy, and the relative proportions
of the various compounds, and the selectivity and yield of 4-

TBP were determined. The results are shown in Table 2.

Table 2
Item : Example 2.

First step Third step

Phenol 39.4 80.9

Reaction solution | 4-TBP 54.2 18.5

composition (%) 2-TBP 3.8 0.46
2,4-DTBP 2.6 0.005

Conversion ratio(%} of phenol 42.5
Selectivity(%) of 4-TBP 61.2 97.3
Yield{%) of 4-TBP 52.1 82.7

20 Example 3
(Second Step)

25



pressure [26.7 to 4.7 kPa (200 to 35 mmHg), internal tenperature 90 to
120C], thereby renoving water. Measurenent 5 of the water concentration
within the mxture following this water renoval reveal ed a val ue of 0.15%
by weight. (Third Step) A 4-neck flask with an internal capacity of 100 ni,
fitted wth a stirrer, a condenser, and a thernoneter was 10 charged with
t he dehydrated m xture obtained in the second step, and 12.5 g of
proton-substituted Y-type zeolite (as described above), and the resulting
m xture was et ¢d tvp el 20Q1itghdrashereseved doy forltirahoum fooeftkeet a
rearrangenent reaction. The resulting reaction solution was anal yzed by
gas 15 mdwuamstrogriaphyse amdt 4 heed elmt tve pioporstensedf thheewampdasl .
conmpounds, and the selectivity and yield of 4-TIP were determ ned. The

resul t sprad eSO A ﬂ_ﬁpi:ﬁaf‘elﬁ_@g'?hén subjected-to-distillation-- ---
------------------ ---- e tem----- - LTI

(902" }yé%%%%gﬁﬁﬁg%%é °(‘2§°‘1 uu> f’!_i‘f‘7 T]EE§3< 468 @ocggpgafngg,'_) on

meme mmmen ooe-- meme m L mmmoe oo ---- Conversion ratlo(@a of

pheﬁm %ﬁﬂe%ﬁﬁ%\ﬁﬁﬂqiﬁa%ﬂrg_901t$>}§@(y96thereby removing water.

Measurement of the water concentration within the mixture

following this water removal revealed a value of 0.1% by

weight. Furthermcore, the quantity of phencl, recorded as a

molar ratio relative to the TBA consumed in the alkylation
10 reaction of the first step, was 1.1.

(Third Step)

B 4-neck flask with an internal capacity of 100 mL,
fitted with a stirrer, a condenser, and a thermometer was
charged with the dehydrated mixture obtained in the second

15 step, and 12.5 g of acidic cation exchange resin (Amberlyst
15E, manufactured by Organo Corporation), and the resulting
mixture was heated to 290°C, and then stirred for 1 hour to
effect a rearrangement reaction. The resulting reaction
solution was analyzed by gas chromatography, and the relative

20 proportions of the various compounds, and the selectivity and
yvield of 4-TBP were determined. The results are shown in Table

3.

25
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Yield(% of 4-TOP83.9f.9.0 20 Conparative Exanple 1 A 4-neck flask with an
internal capacity of 100 m ,, 28 fitted with a stirrer, a condenser, and
a thermoneter was charged with 50.0 g (531 mmol ) of phenol and 12.5 g of a
proton-substituted r3-type zeolite (H PEA-25, manufactured by Sud-Chem e
Catal ysts ,japan, Inc..), and the resulting m xture 5 was stirred. The

m xture was heated to 100C, and 22,6 g (266 nmol) of TBA with 13% cont ent
of water by weight was added dropwi se to the m xture over a period of 3
hours using a syringe. The resultl'Ifﬂthﬁx%ure was stirred for a further 2
hours at—tie same tenperature, thus effecting am glkyghgtion 10 Tegction.
Anal ysis of the reactilédAamsol ution by gas qumgﬂc&;g Y I.yhiir%vgféﬁlu a product
conposition Tconprising #HEH&T 390% P3gog. 09T, 2= TRE §4.079, and

2, 4- DT?'Beaé?’loQ/%oléteR)re £nidpng the. conversioR,ratioof phggol is 44.5%
the se e%hﬂégh&h@ ¢y TBP, i1588. 8% and tihe yi elidgof 4-TBP g 45 7(} 0%
Measur enent of the, watpej, @@Qggntratl on lof the xeactijon sohugion reveal ed
a val UecBhv 9o RY: LIRS - of MReRol YPe ~ Zgoli Te,yas Suhseque oved by

filtralEpnectAvdtPEOK Skl @SkepM th an internal cgpagi Ty [of 10G;m, |fitted
wth a sgéjg@i oF @%@enser and a thernonet e,Was ten  2@scharged with

the filtrate obtained above, and 1Z2.5 g of proton-substituted Y-Type
zeolite (as described above), and the resulting m xture was heated to 120C
and stirred for 5 hours, but no rearrangenment reaction took place. 25
Conpar attanellexanpl e 2 29 A 4-neck flask with an internal capacity of 100

o>

(First Step)

5 A 4-neck flask with an internal capacity of 200 mL,
fitted with a stirrer, a condenser, and a thermometer was
charged with 125.0 g (1.33 mol) cof pheneol and 12.5 g of a
proton-substituted B-type zeolite (H-BEA-25, manufactured by
Sid-Chemie Catalysts Japan, Inc.), and the resulting mixture

10 was stirred. The mixture was heated to 100°C, and 22.6 g (266
mmol)] of TBA with 13% content of water by weight was added
dropwise to the mixture over a period of 3 hours using a
syringe. The resulting mixture was stirred for a further 3
hours at the same temperature, thus effecting an alkylation

15 reaction. The resulting reaction solution was analyzed by gas
chromatography, and the relative proportions of the various
compounds, the conversion ratio of phencl, and the selectivity
and yield of 4-TBP were determined. The results are shown in
Table 4.

20 (Second Step)

The [-type zeolite was removed by filtration from the

27



fitted wth a stirrer, a condenser, and a thernoneter was charged with
50.0 g (531 mmol) of phenol and 12~5 g of proton substituted P-type zeolite
(B- MA- 25, manufactured by SOCd 5 Chem e Catal ysts japan, Inc.), and the
resulting mxture was stirred. The m xture was heated to WC, and 19.7 g
(266 mmol) of TBA was added dropwi se. to the m xture over a period of 3
hours using a syringe, The resulting m xture was stirred for a further 5
hours at the sane tenperature, thus an 10 al kyl ation reaction, The

resul tiTRATERR iSOt at PP IRES ARalys et byt gBkeRhr ol ogf phyi"%nd t he
relative proportions of the various conpounds, the conversion -ratio of
phenol ,fiakdratheszel deen viuyiahteqgi ep ddost Ul IBPiger endererfilnedd The
results are shown in Table 5. Measurenent of the water 15 concentration of
L. r. -presobtdipre reveal £07 akwal gpoof to 13 9%mbyg i ghterithe P-type zeolite
was subsequently renmoved by filtration~ A 4-neck flask wth an internal
capacit van fdtt it h j gandenser, _q]%_IE rponet er
was theyner%z [o a]li:fé(l]_egd0 V\H h%dg]f’i I?}%éeg%%{eﬂoﬁelﬁbove&én%%%. 3%6‘;{0
proton-substitu-le. d Y-lLype zeolite.. (as described _aboy and he

oot tith T i oo nel A Coon 0 h B8R EREDRRSSET Py ThordReerbls: o
rearrangenent reaction. The reaction solution was analyzed by gas

chr omat®yrap ARl YRl <374319@ Fo¥aivumont, O aher® Pﬁeﬂeé§§f¥n after stirring
for 5 hours, and at each stage the 30 relative proportions of the various
conpounds, thelltonveitssmn rati o of phenol, and the selectivity and yield
of 4-TBP were determned. The results are shown in Table 5. Table 5
Conpar ative EBxaqqezk flask with an internal capacity of 100 mL,

fitted with a stirrer, a condenser, and a thermometer was

10 charged with the dehydrated mixture obtained in the second
step, and 12.5 g of proton-substituted Y-type zeolite (as
described above), and the resulting mixture was heated to 120°C,
and then stirred for 1 hour to effect a rearrangement reaction.
The resulting reaction solution was analyzed by gas

15 chromatography, and the relative proportions of the various
compounds, and the selectivity and yield of 4-TBP were

determined. The results are shown in Table 4.

Table 4
Item Example 4.
First step Third step

Phenol 73.6 69.5
Reaction solution | 4-TBP 23.4 29.6
composition (%)} 2-TBP 1.8 0.8
2,4-DTBP 1.2 0.2

Conversion ratic(%) of phenol 18.4
Selectivity(%) of 4-TBP 90.9 96.7
Yield(%) of 4-TBP B3.9 89.0

20 Comparative Example 1
A 4-neck flask with an internal capacity of 100 mL,
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R eat on 3Arne- -- Stemslbcylation- - - ---- -- At At reactione rrf
rs ReactionPhenol 39. 040. 4 solution54.6 ;4.456.5 conposition J2-TBP3,93.0 8
~ ()2,4-7TBP2.51. 9.3 Conversion ratio(% of phenoi 40.242.3 1- 43.4 -
------ [ T

fitted with a stirrer, a condenser, and a thermometer was
charged with 50.0 g (531 mmol) of phenol and 12.5 g of a
proton-substituted P-type zeolite (H-BEA-25, manufactured by
Sid-Chemie Catalysts Japan, Inc.), and the resulting mixture
5 was stirred. The mixture was heated to 100°C, and 22.6 g (266
mmol) of TBA with 13% content of water by weight was added
dropwise to the mixture over a pericd of 3 hours using a
syringe. The resulting mixture was stirred for a further 2
hours at the same temperature, thus effecting an alkylation
10 reaction. Analysis of the reaction solution by gas
chromatography revealed a product composition comprising
phenol (39.0%), 4-TBP (54.0%), 2-TBP (4.0%), and 2,4-DTBP
(3.0%), representing the conversion ratio of phenol is 44.5%,
the selectivity of 4-TBP is 88.8%, and the yield of 4-TBP is
15 792.0%. Measurement of the water concentration of the reaction
solution revealed a value of 5.0% by weight. The J-type
zeolite was subsequently removed by filtration.
A 4-neck flask with an internal capacity of 100 mL,
fitted with a stirrer, a condenser, and a thermometer was then
20 charged with the filtrate obtained above, and 12.5 g of
proton-substituted Y-type zeolite (as described above), and
the resulting mixture was heated to 120°C and stirred for 5

hours, but no rearrangement reaction took place.

25 Comparative Example 2
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___________________________________ S C D e m m D e e e D m M mmmm e 2 omm= - -
---------------------- ----91."794.8 S- electivity{% of -"1i,P. 89.5
"Yield(% of4-TB .91 6--- ---82-3 --- 1 5 Exanple 5 (First Step) A 4-neck
flask with an internal capacity of 100 niL, fitted with a stirrer, a
condenser, and a thernometer was 10 charged with 50.0 g (531 nmol) of
phenol and 12.5 g of a proton-substituted p-type zeolite (H BEA-25,

manuf actured by Slid-Chenie Catal ysts Japan, Inc.), and the resulting
mxture was Attrieek Thashi ki tkechairheated £8P2006CY ahd194. Plg (266

mmol ) of MIBE was added dropwi se to the m xture over a period I5 of 3 hours
usi ng afsyteédgeitilhe stsurerngantabdersemns stir pethefopmatedr wher 5 hours
at the same tenperature, thus effecting an alkylation reaction. The

resul tifigargagtorh sed Ubi @N(¥as mada) ygedphyngasaalr onatogr aghyroand -t he

rel ative proportions of the various conpounds, the conversion ratio of

Fosul t 5= TPErERalel; BELTET Jebt PRCUEERE 25 R B el B8 M eroved
by filt atiog %ro thg eaction m turedogﬁained Ln.the tirstestep. The
Cesdl £ T T T ET By BE Gl P Ren S0B] Lot @80t b6 SEFPLAEPEnTIRGEF e, ¥abced
stirred. The mixture was heated to 90°C, and 19.7 g (266 mmol)
of TBA was added dropwise to the mixture over a period of 3
hours using a syringe. The resulting mixture was stirred for a
further 5 hours at the same temperature, thus effecting an
10 alkylation reaction. The resulting reaction solution was
analyzed by gas chromatography, and the relative proportions
of the various compounds, the conversion ratio of phenol, and
the selectivity and yield of 4-TBP were determined. The
results are shown in Table 5. Measurement of the water
15 concentration of the reaction sclution revealed a value of
1.0% by weight. The [-type zeolite was subsequently removed by
filtration.
A 4-neck flask with an internal capacity of 100 mL,
fitted with a stirrer, a condenser, and a thermometer was then
20 charged with the filtrate obtained above, and 12.5 g of
proton-substituted Y-type zeolite (as described above)}, and
the resulting mixture was heated to 120°C, and then stirred to
effect a rearrangement reaction. The reaction scolution was
analyzed by gas chromatography after stirring for 1 hour, and

25 then again after stirring for 5 hours, and at each stage the
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pressure [26.7 kPa (200 mmHg), internal tenperature 30 to 4(c)"C], thereby
renmovi ng nmet hanol. Measurenent of the nethanol concentration within the
m xture following this nmethanol renoval reveal ed a value of 0.1% by

wei ght. Furthernore, the 10 quantity of phenol, recorded as a nolar ratio
relative to the MISE consuned in the alkylation reaction of the first
step, was |.l. (Third Step) A 4-neck flask with an internal capacity of
100 mL, 15 fitted with a stirrer, a condenser, and a thernoneter was

char ged adiati ehep ezt aieh 2l ¢§ Wt haaol ovendveRo Wi dts ur Ehe opPAVAEBELIPA t he
second step, and 12.5 g of proton-substituted Y-type zeolite (a.s

descri bed iabafe)phangl t hend eshd t sabe et Xt Lre am@syheddedft 6-12P0€rand t hen
stirred for 1 hour to effect a 20 rearrangenent reaction. The resulting
reacti QietsGiti N, Wage arahmzed Be gavwehremataaraphy, and the relative
proportions of the various conpounds, and the selectivity and yield of 4-
TSP were determ ned. The results arg gf & in Table 6. 25 :32 Table 6
Reaction solution conposition (k) 19ém Phenol 4- BP 2-TBP 2, 4- BTBP

-Exanple 5 First step Third step 49. 2 39. 4 comparative Example 2
3 Rearrangement reaction
ftem "igii;;gn After 1 After 5
hour hours
Reaction Phenol 39.0 40.7 40.4
solution 4-TBP 54.6 54.4 56.5
composition | 2-TBP 3.9 3.0 1.8
(%) 2,4-DTBP 2.5 1.9 1.3
Conversion ratio(%) of phenol 40.2 42 .3 43.4
Selectivity(%} of 4-TBP 89.5 91.7 94.8
Yield(%)} of 4-TBP 71.9 77.6 82.3

Example 5
(First Step)
A 4-neck flask with an internal capacity of 100 mL,
fitted with a stirrer, a condenser, and a thermometer was
10 charged with 50.0 g (531 mmol) of phenol and 12.5 g of a
proton-substituted P-type zeolite (H-BEA-25, manufactured by
Sud-Chemie Catalysts Japan, Inc.}, and the resulting mixture
was stirred. The mixture was heated to 100°C, and 24.2 g (266
mmol)} of MTBE was added dropwise to the mixture over a period
15 of 3 hours using a syringe. The resulting mixture was stirred
for a further 5 hours at the same temperature, thus effecting
an alkylation reaction. The resulting reaction soluticn was
analyzed by gas chromatography, and the relative proportions
of the various compounds, the conversion ratio of phenol, and

20 the selectivity and yield of 4-TBP were determined. The
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C.on ersion .ri:ti.e(% ol phenai~ "~ 45.9 2.

5 .4 46.0 Selectivity( %
of 4-TB"' 73.6. ~' ~----- 3, GCG-------- Yield

1

fr

2

(~) of 4--T-BP ----- ----
"3 Exanple 6 (Second Step) 5
The $-type zeolite was renoved by filtration omthe reaction mxture
obtained in the first step of the exanple. 5. The resulting filtrate was
then subjected to distillation wunder reduced pressure [26.7 kPa (200
mHg), internal tenperature 30 to 40C), thereby renoving nmethanol. 10
Measur EREHE t6f afife SherHaddl T&dHEeftration within the nmixture follow ng
this methanol renoval reveal ed a value of 0.1% by weight. Furthernore, the
quantity of pRewroind ISéegrlded as a nolar ratio relative to the MIBE
consuned in the alkylation reaction of the first step, was I.1. i5 (Third

Step) A 4-neegkef Ragkp AR tlRkN@lenfRRACIHYY £af1 t2Q04 iln £ddd g Wi th a
stirrer, a condenser, and a thernoneter was "charged with the substantially

et hanolremmyed it Sl ivhd 8 80U S! eRncnd 400 9.1 phenol

This ena e quantity of phe s a molar ratio relative

to _the MIBE consu in the alkylation reaction of the first step, 33 to

be d] éleaats FrarmerpedIstre 2o, B ST bt S yhe sool i te
(as described above) was then added, and the resulting m xture was heated

to 120@reasdrenhdri?6st eRed (2610 mmHg), internal temperature 30 to 40°C],

thereby removing methanol. Measurement of the methanol
concentration within the mixture following this methanol
removal revealed a value of 0.1% by weight. Furthermore, the

10 gquantity of phencl, recorded as a molar ratio relative to the
MTBE consumed in the alkylation reaction of the first step,
was 1.1.

(Third Step)
A 4-neck flask with an internal capacity of 100 mL,

15 fitted with a stirrer, a condenser, and a thermometer was
charged with the substantially methanol-removed mixture
obtained in the second step, and 12.5 g of proton-substituted
Y-type zeclite (as described above), and the resulting mixture
was heated to 120°C, and then stirred for 1 hour to effect a

20 rearrangement reaction. The resulting reaction sclution was
analyzed by gas chromatography, and the relative proportions
of the various compounds, and the selectivity and yield of 4-

TBP were determined. The results are shown in Table 6.

25
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hour to effect a rearrangenent
was anal yzed by gas chronmat ogr aphy,
vari ous conpounds,
The results

reaction.
and
and t he

The resulting reaction solution

t he

relative proportions of the
selectivity and yield of 4-TBP were determ ned.
are shown in Table 7. Table 7 Item Exanple 6 First step Third

step ----------- R T T e T -
Phenol . 49.'|l 80.9 i Reaction solution 4.-TBP 45.9 18.5 F conposition { }
1! 2-TBP 2.5 0,46 22,4-DIBP 2.4 0.T005l versi.On rat 1@"~4-TAP 'ph -----

S roo-..... 463 . 0 .... “8P2% R7<~ -
---------------------------- ---Yrelra(yr) of 4-TBPaRhed350~2. % . -}-----
------- - ---- -- -- --LReM0 Exanpl e 7 (SecpRgsSIRRL Thethizd Yepzepl i te was
renoved Dy TTItratrronm TTeMidJie TeactrTon m XTUUWe€ 00T al ned 134 yhe Tj rst step
of the Q@@gphﬁ,golutgﬁl*bemﬁesulting filtrate mas then subjgched to
di still atbgposinder [educedrgyressure [26.7 kra (2260 mHg), i nternal
tenper$ture 30 to 40Q, | therg®y renovi ngl net hangl.. Measuranent of the
met hangkoaeneaRih akt N W bhighelhBe m xturle Toldsqw ng [ hi s methanol| r enoval
reveal ¢@decaeyalieyol) Gel% Byr 21) wer ght. [Furthersmere, fhe quankity |of
phenol | viecoredas-@sp 67.3 81.3 |

Example 6

{Second Step)
5 The B-type zeolite was removed by filtration from the

reaction mixture obtained in the first step of the example 5.

The resulting filtrate was then subjected to distillation

under reduced pressure [26.7 kPa (200 mmHg), internal

temperature 30 to 40°C), thereby removing methanol.

10 Measurement of the methanol concentration within the mixture
following this methanol removal revealed a value of 0.1% by
weight. PFurthermore, the guantity of phenol, recorded as a
molar ratio relative to the MTBE consumed in the alkylation
reaction of the first step, was 1.1.

15 {Third Step)

A 4-neck flask with an internal capacity of 200 mL,
fitted with a stirrer, a condenser, and a thermometer was
charged with the substantially methanol-removed mixture
ocbtained in the second step, and 100 g of phenol. This enabled

20 the guantity of phencl, recorded as a molar ratio relative to

the MTBE consumed in the alkylation reaction of the first step,
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molar ratio relative to the MIBE consuned in the al kylation 34 reaction of
the first step, was I.1. (Third Step) A 4-neck flask with an internal
capacity of 100 nmLt, fitted with a stirrer, a condenser, and a thernoneter
was 5 charged with the substantially nethanol -renoved m xture obtained in
the second step, and 12.5 g of 3-type zeolite (H BEA-25, manufactured by
Sud- Chem e Catal ysts Japan, Inc.), and the resulting mxture was heated to
120C, and than stirred for 1 hour to effect a rearrangenment reaction. The
resul titRy o FEHTtoh B2l atTohuewelt ahal Yred 8y YaPThrohetWyFabiytednd t he
rel ative proportions of the various conmpounds, and the selectivity and

yi el d of-¥rpeSi zavwet et alet ® ndeaedrifée akswud} swagar ehehoadded, TablietBe Table 8

------------------------------- - Example 7--- -- , lItem-- ------First
step Thudsst€thg mitture was heated fo-120°C, "ddd “then "stirred "£6r I -
------------- S LIt LTI LI TP en 0 ~1L --SiSIIIILTI L 490 2

24 DTAD T 4§t X Fediedilodrne QaPcfOIPOhId Abdllemg 187 2.5 11

--- phenol 46_ . O
- % reaction scolution was analyzed by gas chromatography, and the

relative proportions of the various compounds, and the
selectivity and yield of 4-TBP were determined. The results

are shown in Table 7.

Table 7
Item . Example 6.

First step Third step

Phenol 49.2 80.9

Reaction soluticon | 4-TBP 45.9 18.5

composition (%) 2-TBP 2.5 0.46
2,4-DTBP 2.4 0.005

Conversion ratio{%) of phenol 46.0
Selectivity(%) of 4-TBP 73.0 97.3
Yield(s) of 4-TBP ] 67.3 82.7

10
Examnpie 7
{Second Step)
The fB-type zeolite was removed by filtration from the
reaction mixture obtained in the first step of the example 5.
15 The resulting filtrate was then subjected to distillation
under reduced pressure [26.7 kPa {200 mmHg), internal
temperature 30 to 40°C], thereby removing methanol.
Measurement of the methanol concentration within the mixture
fellowing this methanol removal revealed a value of 0.1% by
20 weight. Furthermore, the quantity of phenol, recorded as a
molar ratio relative to the MTBE consumed in the alkylation
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Setact vty of -4-T,0z---------------“------------- 73.0 --... L..----89.5
-BP Y---e 1 d (%] Of -- -----nn o cmmoaa- r 7 .-J------------ .- -
R Yy --------- 15 Exanpl e 6 (Second St ep) The 0--type zeolite was
removed by filtration fromthe reaction mixture obtained in the first step
of the exanple- 5. 20 The resulting filtrate was then subjected to
distillation under reduced pressure (26; , 7 kPa (200 mmHg) , internal 35
tenperature 30 to 40C), thereby renoving nethanol. Measurenent of the
nmet hangleacdnoentafattiten st nstdre. Mac ukel- foll owi ng thi s nmet hanol renoval
reveal ed a value of 0,1% by weight. Furthernore, the quantity of phenol,
recorded as arhiva atgm@tio relative to the MIBE consuned in the al kyl ation
reaction of the first step, was 1.1. (Third Step) A 4-neck flask with an
nternal capacidpedhc 10dnbysei idd ahidihR Sidddery @ congagser. and a
t hermoneter was 10 charged with the Duhstantial ly rret hanol -renbved mi xture
obt ai ned |tn th(?11 econd st ep. and densqa of ac(#dl C catllnonetexchange resin
(Amber )} iiSI‘E’ thfufactured by ﬁ'bano Cor pr%) ati o 31? AN the"Fesul ti ng
m xture was heated to 90C, and then stirred for 1. hour to effect a
rea? r agEmSea reddt itdie %@W?%Uh’?ﬁ:}”?%l%ﬁi“@b?%tmbﬁt%% anal yzed by
gas chromatography, and the relative proportions of the. various
conpounds.aiaed tine t3ed entdand ysiaaml, ydred dl Df5 45 KSP fvetepe ded @Y miare(d - The
results are shown in Table 9. Table 9 - -------

BEA-25, manufactured by Sid-Chemie Catalysts Japan, Inc.), and

the resulting mixture was heated to 120°C, and then stirred for
1 hour to effect a rearrangement reaction. The resulting

10 reaction solution was analyzed by gas chromatography, and the
relative proportions of the various compounds, and the
selectivity and vield of 4-TBP were determined. The results

are shown in Table 8.

Table 8
Ttem Example 7
First step Third step

Phenol 49.2 39.5
Reaction solution | 4-TBP 45.9 58.6
composition (%) 2-TBP 2.5 1.1
2,4-DTBP 2.4 0.81

Conversion ratio(%) of phencl 46.0 T
Selectivity(%) of 4-TBP 73.0 96.8
Yield(%) of 4-TEP 67.3 89.1

15
Example 8
(Second Step)
The B-type zeolite was removed by filtration from the
reaction mixture obtained in the first step of the example 5.
20 The resulting filtrate was then subjected to distillation
under reduced pressure {[{26.7 kPa (200 mmHg), internal
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---------------------------- Example 8 Item-- - ------ ------

Firststep Third step z henol . 49238.2 1 Reaction sol uti on4SP45. 960. 0
conposition (k)2-TSP2.5i.0 2,4-DIBF2.40,8 --------------- ------------

- .0 -_ Conversion ratio(% of phenolj46~~--"'""-. ~ 3

,51 Salectiv3-t:t{$? of 4-TBP. --- ~3 - - -- -

10

20

temperature 30 to 40°C], thereby removing methanol.
Measurement of the methanol concentration within the mixture
following this methanol removal revealed a value of 0.1% by
weight. Furthermeore, the guantity of phencl, recorded as a
meolar ratio relative to the MTBE consumed in the alkylation
reaction of the first step, was 1.1.

(Third Step)

A 4-neck flask with an internal capacity of 100 mL,
fitted with a stirrer, a condenser, and a thermometer was
charged with the substantially methanol-removed mixture
obtained in the second step, and 12.5 g of acidic cation
exchange resin (Amberlyst 15E, manufactured by Organo
Corporation}, and the resulting mixture was heated to 90°C, and
then stirred for 1 hour tc effect a rearrangement reaction.
The resulting reactiocon solution was analyzed by gas
chromatography, and the relative proportions of the various
compounds, and the selectivity and yield of 4-TBP were

determined. The results are shown in Table 9.

Table 9
Item . Example 8-
First step Third step

Phenol 49.2 38.2
Reaction solution | 4-TBP 45.9 60.0
composition (%) 2-TBP 2.5 1.0
2,4-DTBP 2.4 0.8

Conversion ratio(%) of phenol 46.0
Selectivity({%) of 4-TBP 73.0 57.4
Yield(%) of 4-TBP 67.3 87.7

Example 9
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~ ~ 87.7 Yie.td{f, of 4-"TBA--- .3 ------ ------ 6 -- ------- 7 220 Exanpl e
9 36 (First Step) A 4-neck flask with an internal capacity of 200 mi,
fitted with a stirrer, a condenser, and a thernoneter was charged with
125.0 g (1.33 nol) of phenol and 2,5 g of 5 proton-substituted (i-type
zeolite (H pEA -25, manufactured by Siir_7-Chem .e Catal ysts Japan, Inc
and the resulting mxture was stirred. The m xture was heated to 1. 00C,

and 24.2 g (266 mmo.|l) of MIBE was added dropwi se to the m xture over a

peri od

of 3 Wourst ust%®) a syringe. The resulting mixture was stirred 10

for a further 5 hours at the sane tenperature, thus effecting an
al kyl ati on reéactimack Theaskswl th ngn r eateFoal sokpecohywas, 208nalkyzed by gas
chromat ography, and the relative proportions of the various conpounds,
conver sfioncgdtwOtiofa pheddoterand coéh@esebect auit 4 andryoekdeaf wasTSP were
determ ned. The 1.5 results are shown in Table 10.

10

15

20

25

charged with 125.0 g (1.33 mol} of phenol and 12.5 g of
proton-substituted f-type zeolite (H-BEA-25, manufactured by
Sid-Chemie Catalysts Japan, Inc.), and the resulting mixture
was stirred. The mixture was heated to 100°C, and 24.2 g (266
mmol) of MTBE was added dropwise to the mixture over a period
of 3 hours using a syringe. The resulting mixture was stirred
for a further 5 hours at the same temperature, thus effecting
an alkylation reaction. The resulting reaction solution was
analyzed by gas chromatography, and the relative proportions
of the various compounds, the conversion ratio of phenol, and
the selectivity and yield of 4-TBP were determined. The

results are shown in Table 10.

{Second Step)

The f-type zeolite was removed by filtration from the

reaction mixture obtained in the first step. The resulting
filtrate was then subjected to distillation under reduced

pressure [26.7 KPa (200 mmHg), internal temperature 30 to 40°C],

thereby removing methanol. Measurement of the methanol
concentration within the mixture following this methanol

removal revealed a value of 0.15% by weight.

({Third Step)
A 4-neck flask with an internal capacity of 100 mlL,

37
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(Second Step) The [-type: zeolite was renoved by filtration fromthe
reaction mxture obtained in the first step. The resulting filtrate was
then subjected to distillation under reduced 20 pressure: [25.7 kPa (200
mHg), internal tenperature 30 to 40C], thereby renoving nethanol.
Measurenent of the nethanol concentration within the mxture follow ng
this nethanol renoval reveal ed a value of 0.15. @6by wei ght. (Third Step)
25 A 4- neck flask with an internal capacity of 100 , 37 fitted with a
stirrerftBedntendet , SHhETET t her FBheE Feﬁasanéhﬁr688rWPWﬁt?ﬁew§ﬁbstant|aIIy
met hanol - rermoved ni xture obtained in the second step, and 12.5 g of
pr ot on-s3ed feth Yoeypebskantiel{dsmaebenpbeteapyed) Mizkdrehe resul ting
m xture 5 was heated to 120°C, and then stirred for 1 hour to effect a 10
rear r angieneited eact tion. sdhendesukpi ngndeaet 6on o6l prbapnwasbsanabyzed by
gas chromat ography, and the rel ative proportions of the various conpounds,

and th?YS%;g@tié/éii/tén a¥l 8bdcpindy Jﬁng%r eaﬂst eha @@guﬂaﬁgr psukheeare
shown in 10. Table 1.0 item?2, 4-DIBP - " --------

Feadii SHPSHERTEN 1 WD S (TN S b Lo PR e

rearrangement reaction. The resulting reaction solution was
analyzed by gas chromatography, and the relative proportions
of the various compounds, and the selectivity and yield of 4-

TBP were determined. The results are shown in Table 10.

10 Table 10
Ttem Example 9 W
First step Third step

,Phenol 73.6 69.5
Reaction solution | 4-TBP 23.4 29.6
composition (%) 2-TBP 1.8 0.8
2,4-DTBP 1.2 0.2

Conversion ratio(%) of phenol 18,4 T
Selectivity(%) of 4-TBP 90.9 96.8
Yield(%) of 4-TBP 83.9 §9.0

Comparative Example 3
(Second Step)
The [(-type zeolite was removed by filtration from the
15 reaction mixture obtained in the first step of the example 5.
Measurement of the methanol concentration within the resulting
reaction solution revealed a value of 5.0% by weight.
A 4-neck flask with an internal capacity of 100 mL,
fitted with a stirrer, a condenser, and a thermometer was ther
20 charged with the filtrate obtained above, and 12.5 g of
proton-substituted Y-type zeolite (as described above}, and
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tj 73.6 23.4 1.8 .-------- -1 - -- 18.4 Third step-- 69.5 29.&
0.8 0.7, -------- ---mommn-- Yleld(%) ~ oof ( 4-TB? ------ - -

R L R 8 3--~------ | -- --- --89.0
Conparative Exanple. 3 (Second Step) The n-type zeolite was renoved by
filtration fromthe 15 reaction mxture obtained in the first step of the
exanple 5. Measurenent of the nethanol concentrati on within the resulting
reaction solution revealed a value of 5.0%b ght. A 4-neck flask with
an i nt éhgalrecagdding Mo tg® mMas Heatel St (bcstal“rq ertinrebidender, and a
t hernoneter was then 20 charged with the filtrate obtai ned above, and 12.5
g of phoues- s gt incutisd r-angsanesso| 1aac i dexdt ibeacabove), and 38 the
resulting mxture was heated to 1200C and stirred for 5 hours, but no
rearrangenent reaction took place. I NDUSTRI AL APPLI CABILITY 5 The prevent

i nvention enables an industrially useful

INDUSTRIAL APPLICABILITY
5 The present invention enables an industrially useful

production of 4-alkylphenols with good selectivity and a high

yield. As a result, highly pure 4-alkylphenols can be produced.
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production of 4-al kyl phenols with good selectivity and a high vyield. As a
result, highly pure 4-al kyl phenols can be produced. 39 CLAIMS A process for
production of a 4-al kyl pheriol, conprising the steps of: reacting a
4-1-1nsubstituted phenol with an alkyl 5 alcohol or an alkyl ether in the
presence of a synthetic zc,o0-,..ite, at a tenperatuj:e of 50 to 110*C (a
first step), either renoving the generated water contained within the

l'i quid phase of the produced reaction nmixture', in the case where. an

al kvl. alcohol is used in the firstL8d¥p, or renoving the generated 10

al cohol contained within the liquid phase of the produced reaction m xture
in the case where an al kyl ether is used in the first step (a second
step), and subsequently conducting a rearrangenent reaction in the

reacti an m i@ dd B edaddei ogese' & af GZrk ¢l yaees1 or cbhpr 9enggated
al cohol has been removed, at is a tenpe~rature of 90 to 1-SO C and i.n the

presen-{e i f&}%ysfr&ﬂté' %ﬁs&@s%ﬂ&@eét%@nof wil PR QBF’&fﬁﬁlfor

productlo eno accordlng aim1 : conpri-sihg the rteps

t tut.ed ph th aD al k | |
o1 - 3sa i’ ¢ af SIS hET S V. g1 et C3ETGet SR STAIESBH50 to 11 oo

(the first step) renmovi ng generated water contained within the liquid
phase ofectiHe e hist pr doreaiaeane | oh 70 xtar bl ¢lhe s dtiorat stteqn): evtdher
subsequent |y conducting a rearrangenent reaction in the reaction. mxture
f r om whiestowing geree raa res svat @ rwdiasr beent 256n1ed enbViedn the aligupérpbase of 90
to and in presence of an 40 acid catalyst (the third step) 3. The process
for preguatieoomp@iducad 4rad &yl phanottae€oidi fige case where an alkyl
alcohol is used in the first step, or removing the generated
10 alcohol contained within the liquid phase of the produced
reaction mixture in the case where an alkyl ether is used in
the first step (a second step); and subsequently conducting a
rearrangement reaction in the reaction mixture from which the
generated water or the generated alcohol has been removed, at
i5 a temperature of 90 to 15C°C and in the presence cof an acid
catalyst (a third step).
2. The process for production of a 4-alkylphencl according
to claim 1, comprising the steps of: reacting a 4-
unsubstituted phenol with an alkyl alcohol in presence of a
20 synthetic zeolite, at a temperature of 50 to 110°C (the first
step); removing generated water contained within the liquid
phase of the thus produced reaction mixture (the second step):
and subseguently conducting a rearrangement reaction in the

reaction mixture from which the generated water has been

25 removed, at a temperature of 90 to 150°C, and in presence of an
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to claim2, wherein in the third step, the concentration of water of the
liquid phase of the reaction mxture is adjusted 5 to no nore than 0.5 by
wei ght. 4. The process f+or production of a 4 -al kyl phenol according to
either one of claim2 and claim3, wherein in the third step, the
rearrangenent reaction is conducted with a quantity of the 4-unsubstituted
phenol within the reaction m xture 10 adjusted so as to represent a 1 to
10--fold nolar ratio ,relative totgnguantity of the al kyl al cohol. consuned

duri ng 39 FHARTonl FRacHR bR of first step. 5. The process for
production of a 4-al kyl phenol according to any one of claim2 to claimi4,
wher ei i ¢ he ALhiiaEe s uit Bl 18T phepblon sophendt alkHdrhRacal RFFCEHRE8HOl s
tert-butanol. 6. The process for production of a 4--al kyl phenol accordi to
cl ai m 1o cangpim st ngwlidree 5h eps ohe tieacd i figen, 4thansvbsentubedophefol w t h
an al kyl ether in presence of a g synthetic zeolite, at a tenperature of 50

to 110Gdide df rote 2008i€MPLatENBYI A% t PEagENBRAKEG take0hal sa90kakned
within the liquid phase of the thus produced reaction m xture (the second

steg);,@pqu§qg§g9u§m£$y ?%ﬁdgﬁt&gg%gtrearrangenent reaction in the

reaCtion mXxture from e generated al cohol has been renoved, at a
tenperature of 90 to 150"C, and in presence of art _25 acid catalyst (the
third sdep). WE RTOFE briREoRE PSRN rSHuRt 4T ohFBPRCASE RGFBRERDY)
according to claim®6, wherein in the third step, the al cohol
concentfatdomherd emre ¢f qul @iphasendfciabmr dacvherem xior &hej $hizgdj usted to
no nore than 0.5; by weight. 5 8. The process for production of a

4- al kyi phemol tlae cosati ngngement reaction is conducted with a quantity

of the 4-unsubstituted phenol within the reaction mixture
10 adjusted so as to represent a 1 to 10-fold molar ratio
relative to a guantity of the alkyl alcohol consumed during an
alkylation reaction of the first step.
5. The process for production of a 4-alkylphenol according
to any one of claim 2 to claim 4, wherein the 4-unsubstituted
15 phenol is phenol, and the alkyl alcohol is tert-butanol.
6. The process for production of a 4-alkylphenol according
to claim 1, comprising the steps of: reacting a 4-
unsubstituted phencl with an alkyl ether in presence of a
synthetic zeolite, at a temperature of 50 to 110°C (the first
20 step); removing the generated alcohol contained within the
liguid phase of the thus produced reaction mixture (the secocond
step); and subsequently conducting a rearrangement reaction in
the reaction mixture from which the generated alcohol has been
removed, at a temperature of 90 to 150°C, and in presence of an
25 acid catalyst (the third step).
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toclaim6 or claim7, wherein in the third step, the rearrangenent
reaction is conducted with a quantity of the 4- unsubstituted phenol w thin
the reaction mxture adjusted so as to represent a 1 to 10-fold nol ar
ratio relative. to a 10 quantity ol' the al kyl ether consuned during an

al . kyl.ati.on reaction of the first step. 9. The process for production of
a 4-al . kyi phenol according to any one of claim6 to claim8, wherein the

4-unsuhst.ituted phenol is phenol, and the al kyl ether is nethyl
tert-bdlyl 157 ¢ hefocgss for production of a 4-alkylphenol according

to claim 6, wherein in the third step, the alcohol
concentration of the liquid phase of the reaction mixture is
adjusted to neo more than 0.5% by weight.

5 8. The process for production of a 4-alkylphenol according
to claim 6 or claim 7, wherein in the third step, the
rearrangement reaction is conducted with a quantity of the 4-
unsubstituted phenol within the reaction mixture adjusted so
as to represent a 1 to 10-fold molar ratioc relative to a

10 guantity of the alkyl ether consumed during an alkylation
reaction of the first step.
9. The process for production of a 4-alkylphenol according
tc any cone of claim 6 to claim 8, wherein the 4-unsubstituted
phenol is phenol, and the alkyl ether is methyl tert-butyl

15 ether.
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