;1 me3el i 46TIN8 0 MAR Z002 CATALYST FOR HYDROXYLATI ON AND PROCESS Séﬁi
PRCDUCING AROMATI C HYDROXY COMPOUND FI ELD OF THE | NVENTI ON The g 2002
invention relates to a catalyst for hydroxylating an aromatic conpound and
to a process for producing an aromatic hydroxy conpound using such
catalyst, in particular, by hydroxylating a phenol by hydr ogen peroxide to

obtain the contenpl ghedLASOMRORCHRPRORYLATOORONRD. PROGESEONE
conmpound, such ‘as hydroqui none or catechol, to be produced by th@m ‘umr’ m,"m""”m

producti on process EOROPHDDQCINGthBOﬁA@SénHYDRO&“tCOMPDHNDsefuI
intermediate or a starting material for synthesizing various organi c'66166
conpounds and has found its application to fields of, such as reducing

agent, rubber_additives ﬁest uf fs, medicanments, agricul tural u,mmﬂmm”m
pol ymer i zBTEBR PRNTBE BPVE I3t i oxi dants. BACKGRQJND OF THE

There had, fromof old, been known for hydroxylating a phenol usicgpoz+
hydr ogen peroxide a nethod in which the reaction is perforned in the

presence of dival 165, (195Q) } 0G4 N which
hydr of | uori c aci d‘?iﬁ{;, rrrgzréoe;?g;I {MH?@ §~grlna[JH%S %088 cal%’?gﬁp (ég so on.

't was a!ﬁpafsﬁgiaeﬂn hath aat&fdi dlUeokpbAEdPHHAPhES PROIpEo@Ed €l iEB Y _
conbination with perchloric acid or an alkaline earth netal salt thereof is

i ndustri aprgdusehygl {@lapaareseaPhtenthyfolcaty domp8ufd MARAGHP Heucl- 240743
A (corresponding to USP No. 5,245,086)}. However, these prior art nethods

reveal prodtahgstn timt gt @s ,an8Yb ot n@r a¥mka bk s ar ®heaqdi r &3 f or

i solation of the contenpl ated conpound b% r enovi gg the catal yst fromthe
reacti on PYOEREED FeExidR c%ﬂalospsttaﬁns N&sof9BUEMR A& eAEPBRIFI quor
hcrmgene hat i ou ter r th pp us for
t he react|%é¥%lx% %0 enﬁdge o?rhggahgﬁ ?téés:rro’g&%/(ge’?gmg), pé)ﬁ%‘f ?L%h
neutral i zgdi Orﬁ‘y&‘fé&u?n@ﬁée b5 Teakbéngf oredi sposabrodutbe Spgnt that al yst

aci d.
production process according to the present invention

is useful as an intermediate or a starting material for
synthesizing various organic compounds and has found
its application to fields of, such as reducing agent,
rubber additives, dyestuffs, medicaments, agricultural

chemicals, polymerization inhibitor and antioxidants.
BACKGROUND OF THE INVENTION

There had, from of old, been known for
hydroxylating a phenol using hydrogen peroxide a method
in which the reaction is performed in the presence of
divalent iron ion ({Nature, 165, 401 (1950)}, a method
in which hydrofluoric acid is employed {J. Org. Chem.,
35, 4028 (1970)} and so on. It was also reported that
a technique using pyrophosphoric acid in combination
with perchloric acid or an alkaline earth metal salt

thereof 1is industrially useful {Japanese Patent Kokai



Afterwards, techniques were proposed, in which a catal yst of het erdg®AMR028s?
system for easy renoval fromthe reaction m xture, for exanple, crystalline
titanosilicate or the like, is used {Japanese Patent Kokai Hei 1-149744 A
(corresponding to EP No. 314582 -A and to USP No. 5, 254, 746), Japanese

Pat ent Kokai Hei 2-298350 A and Japanese Patent Kokai hei 4-66546 A}. Anong
these pripeiapt2gevhBi guesoraespbhadnysitBguUBPCNYSt 8l kkBeOBIEYgnOSi | i cate of
MFI structure is industrially advantageous, since the renoval of the |

catal yst from t heloeeeeron tires¢ugrtem betefmeddioss sreyeyl bprabieysi cal
means. However, there remains a problemin that all these prior art

t echni quedncamadt tEPP Bl Pwhe AN | RRENSATGNE SVATES hidFodtf HohESAnd OFat echol

or dor 10 B0 AFLOPNEYe BRB0I SHRCSTRL? E S RERBELoR. (R e R%hi oh o
phenol is $H£’i§§£6dfrto tﬁ&drPC%éé‘{én?” W dt&&ydr%_gg{;l pecrhoé" g%tprié(‘s*%e

presence o hér,” su as di oxane or t

M CR 2002; & %}é%foqldédne A1 E@ROSH A SRS 6n Cali ket l{o}ﬁ’cﬂj’é}?é&: ent pisekali rei
5-170684 ,16\ (correspondi 1ng to USP No. 5, 425%244) and Japaneés:?Patent Kokai

Hei 6-26387}rediid empeadiiag t 0s Ui réd 426 r24¥e ampplapanase £Bat ent
Kokai Hei 7-2714 A). In these Patent Gazettes, it is noted that the
sel ectivitke ofrelaydtrloquidltmetcbectbmas:lsimcoéasedlitghltyhectanmssivm ecid;cyclic

ether. In this prior techni que, however, the hydroqui none/catechol ratio

anount s t@n@)nlklh%tbomewqala#ﬁﬁt%%r A, & rﬁﬁrs@' 18r oR8GNAEG S uFSTessi on
of by-production offc t echol h ? ya l e. . SUMMARY OF THE | NVENTI ON The
first obj2tFPYFaLhf pFReefPePhvEREFR s2F4%rovi de a novel and useful

catal yst for hydrg%syé%éggsof 5{3% sc &@g@o#}%}%ﬁt W9 3 DY IHQPLY, or an

al koxy substitutent group, st can a 0 ‘i ntroducé a

hydroxyl grodpesiyeet !yl nﬁ@tébsgéﬁeaﬁél Cs{s@mat rhbe paky- Peembv@n Wi th
respect to the hydroxy | or the al koxy substituent group at a high

sel ecti vi fyom Theéheec@rdchhjpact ndfx i ,pr efent éxaeplée pn ceystapldampese a
process for producing an aromatic hydroxy conpound,. i n which a hydroxyl
group i s thtaneositkiicabret her aridrmat ilcikd .ng it wusedpaddapesesieonPaitentr espect

ocens Attt R RO AR o B A A
menner at, gahigh Yl dpﬁ”d 32840 98) 5! SRANLLY - PTG R eoRAY
2-298350 A and Japanese Patent Kokai hei 4-66546 A}.
Among these prior art techniques, a method using a
crystalline titanosilicate of MFI structure is
industrially advantageous, since the removal of the
catalyst from the reaction product can be effected
simply by a physical means. However, there remains a
problem in that all these prior art techniques can
attain a 1lower selectivity, since hydroquinone and
catechol are formed by the hydroxylation reaction in
nearly equal proportion.
In order to obviate these problems, there was
proposed a technique in which a phenol is subjected to

a hydroxylation with hydrogen peroxide in the presence

of a cyclic ether, such as dioxane or the like, and of



~ 0 MAa 2002 catal yst for hydroxylation and the process for producing an
aromatic hydroxy conpound as given below (1) A catalyst for hydrggyMAR 2800
of an aromatic conmpound conprising an ol eophilized crystalline
titanosilicate. (2) The catalyst as defined in the above (1), wherein the
ol eophilization is effected with an organosil oxane. (3) The catal yst as
defined ia tbeyabaveifid),titahes £l hicdte agailogmt oXdepanese diPaltleyltsi | oxane
oligoner. (4) The catalyst as defined in at |east one of the above (1) to
(3), wherBpkathe Beyst 131 Hb84 t adosi Krearesnandangt r uke ur d8T MMo. (5) A

process for producing an aronmatic hydroxy, conpound, conpri Si reacting at
| east onescéﬁﬁoaﬁé)seﬁééte&apﬁﬂﬁﬁFhePGFﬁﬁﬁ cgﬁgpétiﬁ610f65§éﬁgﬁ§, A

al koxybenzenes _and derivativ of, .t hem, wit dr n | de . e
presence gfzoﬁrggf’gf’gépga?ode‘ﬁ%_egoi'n%aﬁysd%éucy}f aﬁﬂﬁ %%gélgé% ) Pta%e%’l})_. (6) A
process fRBkBEOqH%:* 19-2719" ol | € 1Y I AX K eC PN, GaQBRERS|, N0 £ a6t i ng at
| east one compound sel ected fromthe group consisting of phenols,
al koxybenzgaea anthaderivaéi ves1kbeioetyw tJE hywy@86du PesRi ddeicomridie _
presence of a conpound havi ng ether |inkage and of a catalyst as defined in
any one ofintheaabdvery 1xhto @it T AbEER DESERL BTIedheG . THELh NYEBNE ON 4
3 0 MAR 2002 ((The Catal yst for Hydroxylation of Aromatic Conpound
prior technique, however, the hydroquinone/catechol
ratio amounts to only about 7/1 and, therefore, a more
pronounced suppression of by-production of catechol is

desirable.
SUMMARY OF THE INVENTION

The first object of the present invention is to
provide a novel and useful catalyst for hydroxylation
of an aromatic compound having a hydroxy or an alkoxy
substitutent group, which catalyst can afford to
introduce a hydroxyl group directly into the aromatic
ring at the para-position with respect to the hydroxy
or the alkoxy substituent group at a high selectivity.

The second object of the present invention is
to propose a process for producing an aromatic hydroxy
compound, in which a hydroxyl group is introduced in
the aromatic ring at the para-position with respect to
a hydroxy or an alkoxy substitutent group on the
aromatic ring, which process can afford to produce the
aromatic hydroxy compound in a simple manner at a high
vield and at a high selectivity.

Thus, the present invention consists in the



The catal yst for hydroxylation of aromatic conpound (in the follow ng,
denoted sonetines sinply as "the catalyst") conprises an oIeophBIthég?UU2
crystalline titanosilicate obtained by ol eophilizing a known crystalline
titanosilicate. For the crystalline titanosilicate to be ol eophili zed,
those represented by the structural formula (Si02 )x ~ (TiGz ), _ x may be
enpl oyed aatabyst afiprr dstdriostylatidrorandethat Perogess x§Or nBFEAPCinEe Si/ T
atomc ratio, of the crystalline titanosilicate, there is no special
restrictian, anpihabioshia@roxyreprpepee S GiVen P8lP¥ose in the range from1
to 10,000, preferably from5 to 1,000, espegi.ally eferably from10 to
500. For the crys@aIFPHQIYFFanggFIi2§%€9 yﬁ@&éQﬁ Pég t9Pe ﬁé@?ﬁglﬁF
structure_are preferred. The crystalline_.ti i;Li.Gat e repared by
known tecﬁﬂmﬁﬂggs H:?ﬁﬂP?ﬁf?ﬂ%ducgﬁ{ fo?agkgﬁg?é?bgy fo?%gfgﬁﬁﬁé%?irst a
reaction pj xtyre; ¢pappsed of a silicon source, a titanium source, nitrogen
source and water and subjecting the nixture then to a hydrot her mal

synt hesi s¢aPs thergél i earalgerce,ad hedef imyd beianpltheed, above exdidpl.e,

al koxi des of silicon and colloidal silica. As the titaniumsource, there
may be exengréined wh&oxiclesomfitizamianm tlist anieffesdieddes wittiht anig® aci d
and titaniumsulfide. As the nitrogen source, there nmay be enunerated

ni t r ogen-cogandmi hgxan@pounds, for exanple, quaternary ammoni um salts, such
as salts of tetrapropyl amgonium and tefrabutyl a ni u 3 MAR 20n7?
As a concf@le tec ?quEaFéﬂYﬁFoddﬁingé?%bn%gysfglmghft{%%é%%ilﬁgafe, t he
foll ow ng nethod ma e e lLifi.ed. e mxturesof Kh Lbh G ce, the
titani um %%F%le? théhgitrg’g nnggulﬁig)exa-é%d vvaftger a% gi 52%13 é\%gq?’g%g)gléirtat ed
whi | e adjgfiégg fhe pH thereof at an adequate val ue, whereby a gel -forned
precipitate Ts ?orned. This precipitate is then subjected to a hydrothernal
reaction phyl e heahéngatalysitenper defieed iIM0at 2b8ask f omel of 18Mehours to
obtain a solid product. This solid product is washed with deionized water
and dri edabewer édporta t (33, cuheraéd dthea cenpezblime sitaposildg@te in air
whereby the crystalline titanosilicate is obtained.- In such a production
nmet hod, ahagyatatrpaturet@fodFficate of MFI structure can easily be

obt ai ned, en a jetrapropyl niumsalt is I th i en

sour ce. F*%@essesimePﬁgﬁFg%logga f&Fﬁgﬁ?t?' ndsgfy§¥§ﬁ??;8 t??gﬁﬁéﬁgicates
in, for e Ja : nt I3 0 - A bgerr eero to USP
No. 4,410%@@?%32%6 gggﬁ%gégaggteﬁ?gﬁgkgghkéﬁﬁ4?%%%%% Aéand t he cr;g?alline

titanosilicpt@Bedr odpedmby thése greapssesonsiisaling beo€npl phesholds the
crystalline titanosilicate, comrercial products may al so be used. Al so, for

the MFl typeogyyshaéhése shflandserivehtieescontrer them pwddict Hydaedsn used.
For ol eophilizing the crystalline titanosilicate, there nay_ be enpl oyed,
for exanpberowni@et higd ithewhpepseneecrgkt & | FAE2LYEAN0RFI 22fE Y tifbat ed
wi th a conpound having oleoghili ?rozgg) to cause the crystalline

titanosi|?¢hteneCEafhy #hE Sléégh Pit"8* ~ p MAR 2t~~ group- contai ni ng

Cdnpound.(s) A process for producing an aromatic hydroxy
compound, comprising reacting at least one compound
selected from the group consisting of phenols,
alkoxybenzenes and derivatives thereof with hydrogen
peroxide in the presence of a compound having ether
linkage and of a catalyst as defined in any one of the

above (1) to (4).

DETAILED DESCRIPTION OF THE INVENTION



As the ol eophilic group, there may be exenplified aliphatic hydrocarbyls
such as alkyls etc., ‘aromatic hydrocarbyls such as phenyl and t 30 MARe2002
hal ogenat ed hydr ocar byl s such as hal ogenated al kyls etc. including
fluorocarbyls such as trifluoronmethyl and the |like. For the ol eophilic
group-cont ai ni ng conpound, those having the ol eophilic groups) given above
can be ' gnpheyesdtalyHpoufonyydesiylstion. of tArempes o1 Ssmpbentihjt t he

ol eophilic group-contai ning conpound contai ns one or nore ol eophilic

groups. As the ol Bophi ldadagmsup- cbarai mydraounshinn ocdanosrppabihes havi ng

the ol eophilic groups) given above are preferred, wherein preference is
gi ven i n gaFReeRd alifp ofgaRBYiiPaxarftenhfhgsare i B8RS iMP LY pdFt of the

I le | th 1 th | hili s Ol ] ' d
having & SboncATRE hol SROFE S¥r ShoiCifRbLlrehancsy SERLFEMRay The
t 1 kal kyl, si ' [ h-H
gggg‘:; ai ﬁgjltgaﬁcé)saﬁ(f%?&?he ér’r%f%%ﬁ?%? e%%rsrinl ifre gioin%r e ;fyggy Rélow

di met hyl si}-pxee1 phé gL Sos FPIcdhe, di al kyl sil oxane ol i gomer, commerci al
products nmay be enpl oyed. There may be exenplified KF-99 (trademark) of

Shi n- Et su Chem cafo£0. ,théd. angsBIM e (it bcenms k) iodtéenetal Ebectric
Co. The ol eophilic group-containing conpound may be enployed solely or in a
conbi nat i@kheaphiwbzed, nortthasge sustepseseateds. Plye pkbport$sbnuoturad

ol eophilic groupcontai ni ng conpound carried on the crystalline 7 $ p M4R
2002 tit aFRSTH} & at S iRey) f VYD 1y sbe MY t RE r BMGEO¥ESM ¥1£HO8Y paR¥s by

i ght, f bly f 0 b i , 00 b i gh f
theor | gl FETEERSRTaRT | nefRt ¢ 4RGs TPEER o X /KT -tle PRIRTLT o e TH/ The range
of 1 - 3%@&5%@ s £4%) 9hh £ SH?{J' %&}aem%s E%@%ﬂaeal%gke@e ghbaikned,

that the catalytic function w y be revealed, that the catalytic
activity |l lhoscapeel ¥1 berdsadticadicmd Wwhalet Resual By Obrdifsappre anse of
hydrogen peroxide may difficultly be ' decreased. ' A practical way for
renderi nggiven cr yst althose t i tanosiHd catangéeoflridni ¢ by dausi hg, 00e,
crystalline titanosilicate to carry one or nore organosil oxanes includes a
met hod corggierall brifFemgst e oigéﬁ@si leskariald Pagfgrabiin hfree

crystalline tita ilicate, followed by a procedure for. effectj bri dgi ng
o T ham 8 o BB oxy o BTt Hht t SR HATIE e ETBRoEs Tertey. hFBfEE

nol ecul ar j.oht b i is fixed onto the
crystall ionﬁﬁat%gﬁ%%%fe%{Lﬂgt?%%%rép%éé%%%ﬁhcti ng them may be

realized by di ssopyd NG A& ONGaROSitiPsadR 1A ca+e0! vant BRd pedbageghe
crystalline titanosilicate to the resulting solution with agitation. The

bri dgi ng mndkhbwnngethn inmensd f ectlad byy ber pxedipded, hdalr ngxahple,
contacting-treated crystalline titanosilicate in air to bake it. Now, the
practi calbymfoeeamudtimg e€iral téhe reegdtignl imextirensnpased ©d tae

ol eophilizing treatnent by the organosiloxane is, described concretely with
refer encE oI CAN eRNPFE  of 2 uSITGTL UM aFRYFSEI ot agen gsQUER 2802

water and subjecting the mixture then to a hydrothermal
synthesis. As the silicon source, there may Dbe
employed, for example, alkoxides of silicon and

colloidal silica. As the titanium source, there may be

exemplified alkoxides of titanium, titanium halides,
titanic acid and titanium sulfide. As the nitrogen
source, there may be enumerated nitrogen-containing

compounds, for example, quaternary ammonium salts, such
as salts of tetrapropyl ammonium and tetrabutyl

ammonium.



oligonmer. First, the dialkylsiloxane oligomer is dissolved in n-hexane at
roomtenperature. To the so-obtained solution, there is added t®ig MAR 207
crystalline titanosilicate and the m xture is agitated in the atnospheric
air at roomtenperature for a duration of 0.1 to 48 hours. The m xi ng
proportion of themmay preferably be in the range from1l to 30 parts by
wei ght of the di ahkyl & | ogkanerekegonchperquid0 fart s gmwodweciphg ofthehe
crystalline titanosilicate. The resulting ' mxture is then freed from

n- hexane angetailinduckitgnasisiircatend the rissilqwing mabhedt evay o beacuum
drying at a tenperature of 20 - 150 C. The resulting mass is then _baked in
air at a eEEPBLALLRE-of 1O - mMigducer oPf1 theg iR o SCUFGE 1 héhe

dialkylsi%o ane oligoner to _be bound to the crystalline titanosilicate.

Horeby a £ GAPAPRI (T G%noRT | BAEEOSRBopTIITSEaRRY PSSR af Ry BBk ane
i . Cai _ : it : ' .

oi 1 oxane S5998LnY That Lattd, RRIT RIS LR TRREP IR EndRee PAETT

ot her sol ygahuhBet hQalhidace ohetelbgxanse. g@ir%é@vepbsemf»@ics%osq@ for
ol eophilizing a crystalline titanosilicate by an organosil oxane, for

exanpl e, fordedChem THas , pieriploate. , i§19%Renl3subdectedr etof @our se
applicable to the ol eophilization of the crystalline titanosilicate

accor di nghydrohbepmagemeaahiam i ohilghbeadtiagysat aecdrefireraburée ofr esent
invention has a catalytic function to hydroxylate directly the aromatic
ring of ahO@romat4:P cSfpodRE ahd s 1PQs hPwiR! &7 - RRFRdTY | & i §§1d&k al yst .

Hy the catal yst. 9 .according to the present .inyent.iaqn, .a.reaction

pr oduct c%ﬁ°%8°5roduggﬂf i%ogbékﬂﬁrQéﬂé% I&F oTRS raﬁﬁi gFSdSnF§Ed
introducegd oo t argpptic ripgQf, starti;ng apgQpptjheagconpound or, in
particular, a hydroxyl group is Introduced Into the aromatic ring of a
starting pémpatheueeNPoEnd 40 t he pgo@- positijgn Wi, r espeeeby0 tthe hydroxy
or the al koxy substituent group present in the starting aromatic conpound.
The cat al ysyststbidengttivahbsipieatnt iisvembtainesi.a hetEmnogsnebus asystem
catal yst and_can be separated fromthe reaction systemeasily by, for

exanpl e, PFedvation drethnrd. i Re. cyWistall faee titanrshetsater &k r Mt on for

t he aronatéc c€n£ound to b%%gﬁgr X Ia&gg, in the follomjgg, denot e
sonet i mesS 95UCtHES st R i P oifd" PREIEERES ngWhE™ h8 pFESERPTPRYENt i on so
| ong as i . LC.[] refergpce. | Lye hose in which one
or nore H% roxigﬁrééfggié %%g£?¥?€e%% %ﬁ%ygétg?gééogﬁggf%'the aromatic
ring, preferably pfoapggeycli cuORes | NaybELHseasi Ngksrsuchpsubsiihigent
group is bound to the aromatic ring, for exanple, phenol, alkoxy benzenes
and ' | daefrystaVesnesuthtasoal kytatlesi vahj veSorof ekbepleller gapaheskeesul ting
product may be a dival ent phenol, an al koxyphenol or a derivative thereof,

such as apteRry| kikdivabhoe Db-160E0 Gonfrervesranpiog ofot HESRt Hot.i ng
conpound such_as_ phenols and derivatives_thereof include Ehenol, cresol,

xyl 6ol , hy Al GcEh honenshal BRRFES n Pabs okekakakifiiest oF 53tRoxy beRfene and
derivati vege thereolelplige 2pioghSs: F1EDEDY' °bPShuehSOPELYPY! (Rl2RYY! ether
processes can also be employed. As the crystalline
titanosilicate, commercial products may also be used.
Also, for the MFI type «crystalline titanosilicate,
commercial products can be used.
For oleophilizing the crystalline titano-
silicate, there may be employed, for example, a method
in which the crystalline titanosilicate is treated with

a compound having o©leophilic group(s) to cause the

crystalline titanosilicate to carry the oleophilic



8 0 MAR 2002 Concrete exanples of the reaction product include
hydr oqui none, catechol, 4-nmethoxyphenol, 2nethoxyphenol, AR AR
2- met hyl hydr oqui none, 3-net hyl catechol, 4-nethyl catechol, 30 MAR
3- et hyl hydr oqui none, 1, 4-di net hyl hydr oqui none, 1, 4-di net hyl cat echol,

3; 5-di net hyl cat echol , 2, 3-di net hyl hydr oqui none, 2, 3-di net hyl cat echol,

1, 2, 4- bengeoeprcohtadnihg dcoypoong phenyl et her and i sopropyl

4- hydr oxyphenyl ether. Wien a phenol or an al koxybenzene or a derivative

t hereof is enpl oy®8 fofthehe SL&PPHA 1S om@LMFoonpdtifthe it PaY abl B€t o

introd h _ ) irectly into t ti i tt

ngr ;?pgg??’?‘?}ﬁgﬁ;?ﬁg‘%eg‘égg’%at :}rc?ﬁ}éy%ﬁ‘lag?)g?ygg ?S[ﬂ’g: Ilﬂgx%’ll 5 iFggnt’ group
t hi gh Lvity! hi i el d. ti d,
Shenol e SgnefLly hYasBEdeBlg Nefllntl Bl Rl NRET B CORRRUNC s
the reactj onpEegucd dhyarBcahoyekectdydny and afaibdbitod e dipath

suppressed by-production of catechol. (~ Process for Producing Aromatic
Hydroxy Ceppoundnylddifg proeesschebylkodutidly ad®neticf hydeenythgrpound
according to the present invention conprises reacting at |east one conpound
sel ect ed dmdnthéel tkoup consi sting of phenols, al koxybenzenes and
derivatives of themw th hydrogen peroxide in the presence of the catal yst
according to the Peesefihei n@d OPS lent | BrRWP=HIVIEA iRl G ntaRParBAat i c
hydr oxy conpound. The starti conpound use nd {he reaction product. are
oo SHGRA ofiar By i cO HPORRLL L 6n SETRLSY SELEPM ABOVE (FH 108 8 o
MAC ~~Q0' nt J i a f i s ydr o C 0 L hgh a
hydr oxyl eg“r‘%ﬁ%’?‘?‘g iwt%c(%]%egﬂfynt O@e%ﬁ?%é&%ar{‘.i C rlﬁrég ggptﬁgg%%rgg\pgggi tion
wW'th respgedt t id1e JOEHPRiM 1 %b}%ua%wa%%@ t uBRboBhAUPcBhEaeRE i N the
starting aromatic conmpound can be produced in a sinple manner at a high
sel ecti vidrye anfirat marbi gblgbphdlids ighi@upisarti n(asontiveindol @bpRal ics
preferred, wherein hydroqui none can be produced at high yield at a high
sel ect i viagowp+tdontpin Bsgedcopppunduct pagaposddiogangs. Teaviampunthef the
catal yst to be incorporated may favorably be in the range from0.5 to 50
parts by NEPRLILIF efadioMn (F ) r BAVENt RROVGadZE bPTRERFRED  petPEBOiBarts by
wei ght of thi startin con?ound. VMentthe cata%gst is_ e Io¥eg in_an anount
wi thin t RFFSRGETT o0, 31Y8" 50 haPE& tBY ke ght® p&P 1%’65%‘&? §BYREi ght  of
the starting comMaued, phiBsPelh 0% ObatkMesti lind hGoGamphet i P8gREnkLRE
reacti on at which hydrogen peroxi de added di sappears w || becOne decreased
and a hi g 4 oduet | yleypwilicbegymdumigied. Theleranst 1 Aydeegpoupar oxi de
to be used may |

having Si-0 bond in the molecule. For such

organosiloxanes, there may be enumerated, for example,

linear dialkylsiloxane oligomers having Si-H bond(s) in

a part of the molecule, exemplified concretely by
dimethylsiloxane oligomers. For the dialkylsiloxane
oligomer, commercial products may be employed. There

may be exemplified KF-99 (trademark) of Shin-Etsu
Chemical Co., Ltd. and RTV-615 (trademark) of General
Electric Co. The oleophilic group-containing compound
may be employed solely or in a combination of two or
more of such compounds.

The proportion of the oleophilic group-

containing compound carried on the crystalline



favorably be in the range fromO0.02 to 0.5 nole, preferably fromO0.05 to
0.3 nole, with respect. to one nole of the starting conpound. Hgdr MARI2002
peroxide is incorporated usually in a form of an aqueous hydrogen peroxi de
solution, wherein no special restriction is placed on the concentration
thereof and it is permssible to use a conventional aqueous hydrogen

per oxi de sbtanémil bfataomay30favdmaiei ghe dm t bhesaands ghrewndenteat i on
aqueous hydrogen peroxide solution under dilution in the reaction systen
with an i:XRer fparts by Ve DOOPTREGFARELY| tEFQMf AvoF8bI4P t RAT tSheP¥eact i on

tenperature lies in the r e from50 to 130 referably from60.to 100
C. rrpV\hen ;J‘r‘f’el?}lé%ct: BRTt enlppgfgt B?’ég?s ; thi"FFth{lca% rgﬂge 5?"35% OTiGaNEL {he
eriod of 1 j t he, td of thege io i hydr ogen

Ber oxi de %d%%%afdilis'g%pre]calrtgaq{v%]ﬁlbecoeﬁe degrfeagg%{ aﬁaggoﬁ?éﬁgpr%guc?ﬁvi ty

will be aifai pefgeThreli s aﬂzéoparﬁzgnwcweighe, hisgleer ¥dehdtebeblia

reaction product. The reaction duration may favorably be in the range from
0.2 to 30cdwtiises pwaflar abty dutemred t ehd@ hoiy scatheyteéact fencpieasure
will not specifically be limted. The reaction can be effected using the
wat er of wikl agesdly hydr ogewvepdedyxi dthatl uthen aadtslghiforachevisacti on
medi um or under addition of an inert reaction nediumto the reactian

system Asithe se€adcedy meBeumredied napnBe ebb@byedbd or Tét&npl €F

acetonitrj]e, ethanol, Lrirﬁ{h?&m and wat er. ,é\hen an int %nsig &eac i on.

medi um | S1RARPEIFAN S SrOSE™ oPEECHIEE nBY | 15 hEPAF1Ys aB8rabl y be

inther - 200 i parts by weight, preferably 20 - 150 parts by
tpeel?

wei ght , parts by weight of the starting conpound, though there is

no special restrigtigkcditdine wayodgek OBeHBQEQEg agRer dkPgs £ 811 hgepr esent
invention, the reaction may favorably be effected in the co-existence of a

conpound thisbargs i€l iwatd | nkagephithet the r eadsiiony | Shper forystial hihbe
presence of a conpound havi ng ether |inkage, the introduction of hydroxyl
group i ntol tarosirloimate riqg aerriie paca- Pasi MAE wiFIFRRHELOXBBEEhe
hydroxy or the 1 3 8 0 MAR 2002 -, al koxy substitutent grou resent in
the star tifg ¥ ifotndetBRh LRI IS NG a}c’rgn%Pg ﬁlg’ﬁﬂe‘?r%%'?%%&g?‘f‘i?g

into contact with the crystalline titanosilicate,
followed by a procedure for effecting bridging of them

through an oxygen atom to combine together to form a

higher molecular weight product, whereby the
organosiloxane is fixed onto the crystalline
titanosilicate. Here, the treatment by contacting them

may be realized by dissolving the organosiloxane in a
solvent and adding the crystalline titanosilicate to
the resulting solution with agitation. The bridging
and fixing may be effected by, for example, heating the
contacting-treated crystalline titanosilicate in air to
bake it.

Now, the practical manner of subjecting the
crystalline titanosilicate to the oleophilizing
treatment by the organosiloxane is described concretely

with reference to an example of using a dialkylsiloxane



As the conpound having ether |inkage, there may be enunerated, for exanple,
cyclic ethers, such as. 1, 4di oxane, 1, 3-di oxane, 1, 3-di oxol ane and :
tetrahydrofuran; and linear polyethers having about 4 - 10 car boid hMARs2002
such as ethylene glycol dinethyl ether, ethylene glycol diethyl ether,
propyl ene glycol dinethyl ether and diethylene glycol dinmethyl ether. ' The
amount of ol hgomespound havsRg ettiy | BDKaRE1ED1bRahBCOIgIOl GdRer My s
favorably bhe in the range of 1 100 parts by weight, preferably 2 - 50 parts
by wei ghtdipeolt€@ pant snbhewsnght adf rbemst dempaygasnventi c Fonpdimed. 4Jhen
such et her conEognd is-incorporated in the reaction systemin an anount in
t he ranges@fobtadnedar 691BYiqBi ghthpsr 188 padeedpythei grrystadddné arting
conpound, e aboye-nentioned effect of co-existence, of §¥ch,eth r _conpound

is accept%%??nﬂﬁb IGRER allGmpalienti¥Fush ad§amﬁﬁﬁ§?ﬁe ediBt i &heof t he
work f or !F]ESSXSEAPQJ ne £t Rgr ?88'}30% I J RACELPN Qalrgic;}r)zeatefér?c.to‘%d ei ther

in a batchw Se operation or in a con uous operation. a ‘continuous
operationg, ihedeagli gRuFRY be fiRal ndgdng tg%pbft%ﬁuscp@nsem | fhafy
honbgeneous m xing tank or in a once-through solid bed reactor in a plug
flow. It ppeperablyedet A eENE! eahhe rfaemyver etdouninegad etk shar Weightkonpound
to use it again for the reaction. The aronmatic hydroxy conpound, such as
hydr oqui nofie tived dia Bohs |1 obare ned igpmelri vemnhed panksefby weight
internediate or a raw material for various 1 4 ~ p MAR 2002 organic,
synt hesesPfind thén bervistaliénei n titamasdldsage. such e r ed@SAS 18Fent

rubber addjtjves, dyestuffs,_ned]c nts, ricultural cheni cal_s,
pol yneri ZAt¥ATF nht Hi t‘b‘?e%ndf%erﬁé oxi faht .n'%%xd’&ecr iuﬁ‘gl&rab(?\/e,reflllfé:eﬁr esent

| hventlon, plow es a?xﬁigoi\.’ﬁé HUL SRAT U o NUIYRE Al OBoC AN Wﬁ}iﬁ%a“

afford to 1ntroduce hydroxyl group info an-aromatic ring having a hydroxy
or al koxyauBstdehpritat@ir@up i pectl st dde pahe- pasdditmPi maysh is .
substituent group at a high selectivity. Hy reacting at | east one aronatic
conpound gedecbatellr dm t &tr gadum cbespstabgref ofhermd s- AdxybedEsanes and
derivatives of themw th hydrogen peroxi de using the above catal yst, an
aromati ¢ hydr 04 demrsundiohamauge a thedr kgl kgl sbbokare oduckaPmerer &ion at t he

para-position with respect to the hyﬂroxg,or al koxy substitueanProup
present 7€t RO EPngtRE ofSE AdiSund i EaRCBE L AFEd6ced iHEEERY nfi e

ranner atexALgh SeLecti ¥l 1n 308 oo fohl aMovbelfe YesoncupLent yse of o

conpound % nkage, e“8efecti Vi y-can~tuarther "be increased.

THE BEST MODRHR FABGRY BE: TBRe -NMENTLSM: Bedow.  tihe g e%@?ﬁi%@‘i‘fﬂ@ on will
further be described by way o0f Exanples. Exanple 1 In a 100 m eggpl ant

type gl asto f liagdorpgdieite wetheehad §€8n 2c graioxdneél @oyplodlrld nénstead
titanosilicate TS-1 (a product of the firmN E. Chentat, with Si/Ti atomc
rati o of @5),tBe05dgadkyvdEidnxengancdillgoxenre (cr to employ other
solvent in the place of n-hexane.
methods have been disclosed for oleophilizing a
crystalline titanosilicate by an organosiloxane, for
example, in J. Chem. Soc., Chem. Commn., (1997) 137,
which are of course applicable to the oleophilization
of the crystalline titanosilicate according to the
present invention.
The catalyst according to the present invention
has a catalytic function to hydroxylate directly the

aromatic ring of an aromatic compound and is thus a

nuclear-hydroxylating catalyst. By the catalyst



15 3 p MAR 2002 dinethyl sil oxane oligonmer with a trademark of KF-99 of
Shin-Etsu Chemical Co., Ltd.) and 20 ml of n-hexane and the mXQ?*IﬂAR\@m
agitated in the atnospheric air at roomtenperature for 1 hour h t he
solvent was distilled off under a reduced pressure and the residue was
dried under vacuum at a tenperature of 100 C for 1 hour, whereupon the

dried masgcuwegabakedd nthee piédspheringeditionl, 280 x@afd?crlcﬂn hewoqueher eby a
di met hyl si | oxane ol i gonmer-treated product of TS-1 was obtai ned. The anpunt

of the di sehhyesi powdneedl i gomewhioht hexsateldhy,ai oad datdatosstl wasogund t o
be 2.5 parts by weight per 100 parts by weight of the starting crystalline
titanosilisatimtdmeped 2nte athed arowggpramingpefyl &he f siaktinigere were
charged 2 granms of TS-1 nentioned above, 0.10 gram of KF-99 nentioned above
and 20 i 3BPMALhEX FRMRAHPE hE Ti xTr ep%@%‘g]r?’ét e i RYHO* A o IFR&P ¢ air
at roomterrperat for Then, the, solvent was_distill] ed off under a

reduced p’r%ss?ﬂJ c?ﬂe ?ng’dugh? wa’éo’a?Fé‘a uht8d vgguu% af t& Y ér?ﬁerature
Of 100 S PomgthOUTconthRIRUPAR, 1. (e BRSS cith DRKefl 1bdii &l Hspher i c

air at 20 ereby a di nethyl sil oxane ol goner- treat ed

product ofhd Shlydarsy0 bbai na@  InRoAPOWHDsAS: tilemtdi gRbHY Prexa@ne aln gomer
in the so-obtained catalyst was found to be 5 parts by wei ght per 100 parts

by wei ghttloé tshardtiavg | agomway st alcdompeunidt.anoThei catteal Esdanpkeo¥dimga 25 ml
doubl e necked eggpl ant type flask 1 6 "8 0 MAR 2002 equi pped with a,

Di nt ot h comdehber, prieseatwei@vendrigsed GiSS gararisemrw@n@ousf spedieal grade
chem cal , 3 O.grans of distilled water, 2. rans of 1,4-di oxane and 0. 65

gr am of tFRt %IH’r%F h?lr’éii I%?(%né’eol FﬁBﬂE?t?ﬁiezftrQJ‘ TEhe FREG RN | SYBESMpl e 1
and t he néxé uie was gp%épg? g glédé(rjeghg rlnwgml bat h of 85 _C

under a ni¥ f aqueous sol ution

of hydrogen perOXWH'Ple t”anf’lé IGONABNT &5 ¢ Lah UKk 18 YA IE AN thige
heating agitation was further continue In the course of continuing the

heating agiéméton tompbunidhetot we hopfoxyrated. §inl afe t BO1a6UGHES

hydr ogen peroxi de sol ution was added to the reaction m xture at each

occasi on ddneted0 swmedtise sanas 80 thenus eart i g peompoaind " JAf aecocdipiget i on of
the reaction, the reaction m xture was cooled to roomtenperature and was
freed fro‘?ﬁ’tﬁéecét’%ﬁ%%"tt uépﬁgnélﬂpr|%Flarrh°§@pé‘lsat4hghﬁ§nrf§} apPmatigdi ng a

smal | armunt of 1, ztl di oxane, wher eby r%d brown reacti on m xture was
obt ai ned.Ting, preference is given o those in which one or more

hydroxy or alkoxy substituent groups are bound to the
aromatic ring, preferably of monocyclic ones in which
a single such substituent group is bound to the
aromatic ring, for example, phenol, alkoxy benzenes and
derivatives, such as alkyl derivatives, of them. Here,
the resulting product may be a divalent phenol, an
alkoxyphenol or a derivative thereof, such as an alkyl
derivative of them,

Concrete examples of the starting compounds,
such as phenols and derivatives thereof include phenol,
cresol, =xylenol, hydroquinone and resorcin. Concrete
examples of alkoxybenzene and derivatives thereof
include anisole, diphenyl ether, isopropyl phenyl ether

and so on.

10



The amounts of phenol, hydroqui none and i catechol in the reaction mxture
were quantitatively analyzed by a gas chromatography. The conver s88nMAR 2003
and the selectivity were calculated fromthe di sappeared anount of the
starting phenol used and fromthe forned amounts of hydroqui none and
catechol, respectively. The conversion yield was found to be 19.0 nole ~

and the Se|eCt'V'é6§§ré€% hydr o dwone and kple cat-eabehower epkedpdtt 0 be
67.1 nole ~ and 6.0 nole ~, respectively. Exanple 4 The reacglon was

per f or nedindldde sSaneirinaionke,’7 oc3teckMéR,2002-megdokrpheadal,e 32-except
that the catal yst obtained in Exanple 2 was enpl oyed instead of the
cat al yst mshtlzp¥wphémo Exanpl-endthyshydreguinone he convetbidaayeehdlof phenol
was found to be 19.8 nple ~ and the selectivities for hydroqui none and for

cat echol 4wRtethBlFRiteehdk: 66. 3-MEILEYLhyfaogud nemee ~, ieépeémre@nf}-

Co ti Ex le 1 Th t, or.nmed nner as in
Exgﬁg{g §¥%E%§g 5%%& c?ﬁg aa Ph%gh$ﬁF§% |cateI QEXSHB§86 as such

it hout R8I0, subbeal qmte%héca%y? ggqgoweamt {I\fm%t gegggcm,

conversion yi'eld of enol bé 19
sel ecti vijt, |§s4_f15gn{g/,qiépgwpone algdl'—Qﬁ AR haife fogrgiely0 begfg 3 nole

$ and 6.7 nole ~, respectlvely
isopropyl 4-hydroxyphenyl ether.

When a phenol or an alkoxybenzene or a
derivative thereof is employed for the starting
aromatic compound, it is able to introduce a hydroxyl
group directly into the aromatic ring at the
para-position with respect to the hydroxy or the alkoxy
substituent group at a high selectivity. and at a high
yield.

As the starting compound, phenol is at the most
preferred, wherein hydroquinoﬁe can be obtained as the
reaction product at a high selectivity and at a high
vield, with suppressed by-production of catechol.

{ Process for Producing Aromatic Hydroxy Compound )

The process for producing aromatic hydroxy
compound according to the present invention comprises
reacting at least one compound selected from the group
consisting of phenols, alkoxybenzenes and derivatives
of them with hydrogen peroxide in the presence of the
catalyst according to the present invention mentioned
above to form an aromatic hydroxy compound. The
starting compound used and the reaction product are as
given previously.

By the production process according to the



8 0 MAR ~0z 19 Clains 1. A process for producing an aromatic hydroxy
conpound) conprising.reacting at |east one conpound sel ected fr P“mlggﬂup
consi sting of phenols, al koxybenzenes and derivatives of themw Th hydrogen
peroxide in the presence of a catal yst conprising an ol eophilized
crystalline titanosilicate to introduce a hydroxyl group into the conpound

sel ectivepyedénthe 191%'23%t9%$1' ti gfh W fhomgePect nyaridye exdSipdengubshi t uent
on the aromatie ring. 2. A process for producing an aromatic hydroxy

conpound, wE D8RI iaSi Hgdf@ﬁpll Goalp | easti mpredmEdundtseltdet edrbmatiche group
consi sting of phenols, al koxybenzenes and derivatives of themw th hydrogen
per oxi de rimghetpr ébencpané-posbhpounditdvi mgspersr to nkdge hwdrokya

catal yst conprising an ol eophilized , crystalline titanosilicate to

i ntroducee® KP8r ABAHOXF oBBPFRESUERE AFHMTUNBTeEERE iLvelfPert StRELPARA

position WIth_L r espect tcc)i the e |st|n stjtuent ,on.the aromati ¢ ring.
3. The prdte3 IS CPEPRERY (Fa7 &P P18 uf)e%\/\/rféfe?nstlﬁlglgl SUPMITT 28t on i's
heroi o L Ri R OLARAARLLOXGNCand, H1S BY OGS Ay LA T T Ret Tt %)

wherei n the organosi oxane i Ial Kyl s gormer . The process as

cl ai med 'élt@:wlﬂ@e OEoﬁnbéhHE 1 t@ntnothereid ther&rystad) i newhbtré@ﬂs' licate
has a structure of

A A3.A(, hfdl‘baﬁﬁ@é‘né\ AfarA. BeADAbadcedu.at . Aigh . Aleld at a high
] t) E$&( 1<AEOnd} wr mhc”XU] ca] ca] ca]ca]calc aU] c
a] ca] ca] csaﬁ}bex]:tautm] witbajupifesied] brl pTadhckadvadE raptatbalca] cal cal cal ¢
alUjca]ca | gy~i $n _Ié *0*: *7/ 0000666;
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0.5 to 50 parts by weight per 100 parts by weight of
the starting compound, the period of time till the
completion of the reaction at which hydrogen peroxide
added disappears will become decreased and a high
productivity will be attained.

The amount of hydrogen peroxide to be used may
favorably be in the range from 0.02 to 0.5 mole,
preferably from 0.05 to 0.3 mole, with respect to one
mole of the starting compound. Hydrogen peroxide is
incorporated usually in a form of an aqueous hydrogen
peroxide solution, wherein no special restriction is
placed on the concentration thereof and it is
permissible to use a conventional aqueous hydrogen
peroxide solution of about 30 % by weight or to use a
high concentration aqueous hydrogen peroxide solution

under dilution in the reaction systen with an inert

1 2
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medium.

It is favorable that the reaction temperature
lies in the range from 50 to 130 °C, preferably from 60
to 100 °C. When the reaction temperature is within the
range of 50 - 130 °C, the period of time till the
completion of the reaction at which hydrogen peroxide
added disappears will become decreased and a high
productivity will be attained. There is also a
tendency to a higher yield of the reaction product. The
reaction duration may favorably be in the range from
0.2 to 30 hours, preferably from 0.5 to 10 hours. The
reaction pressure will not specifically be limited.

The reaction can be effected using the water of
the aqueous hydrogen peroxide solution as such for the

reaction medium or under addition of an inert reaction

medium to the reaction system. As the reaction medium,
there may be employed, for example, acetonitrile,
ethanol, methanol and water. When an intrinsic

reaction medium is used, the amount thereof to be used
may, in general, favorably be in the range of 10 - 200
parts by weight, preferably 20 - 150 parts by weight,
per 100 parts by weight of the starting compound,
though there is no special restriction.

In the production process according to the
present invention, the reaction may favorably be
effected in the co-existence of a compound having ether
linkage. When the reaction is performed in the
presence of a compound having ether 1linkage, the
introduction of hydroxyl group into the aromatic ring

at the para-position with respect to the hydroxy or the

13
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alkoxy substitutent group present in the starting
compound can be realized at a more higher selectivity.

As the compound having ether linkage, there may
be enumerated, for example, cyclic ethers, such as 1,4-
dioxane, 1,3-dioxane, 1,3-dioxolane and tetrahydrofuran;
and linear polyethers having about 4 - 10 carbon atoms,
such as ethylene glycol dimethyl ether, ethylene glycol
diethyl ether, propylene glycol dimethyl ether and
diethylene glycol dimethyl ether.

The amount of the compound having ether linkage
to be incorporated may favorably be in the range of 1 -
100 parts by weight, preferably 2 - 50 parts by weight,
per 100 parts by weight of the starting aromatic
compound. When such ether compound is'incorporated in
the reaction system in an amount in the range of 1 -
100 parts by weight per 100 parts by weight of the
starting compound, the above-mentioned effect of
co-existence of such ether compound is acceptably high
with accompaniment of an advantege of reduction of the
work for recovering the ether compound.

The reaction can be effected either in a batch-
wise operation or in a continuous operation. For a
continuous operation, the reaction may be realized
either in a suspension in a homogeneous mixing tank or
in a once-through solid bed reactor in a plug flow. It
is permitted to recycle the recovered unreacted
starting compound to use it again for the reaction.

The aromatic hydroxy compound, such as
hydrogquinone and catechol, obtained in this manner is

useful as an intermediate or a raw material for various

14
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- &10%m MY fgarshy &gFAthvBséys- 4nd can be utilized in the fields of,
such .as reducing agent, rubber additives, dyestuffs,
medicaments, agricultural chemicals, polymerization
inhibitor and antioxidant.

As described above, the present invention
provides a novel and useful hydroxylation catalyst
which can afford to introduce hydroxyl group into an
aromatic ring having a hydroxy or alkoxy substituent
group directly at the para-position of such substituent
group at a high selectivity. By reacting at least one
aromatic compound selected from the group consisting of
prhenols, alkoxybenzenes and derivatives of them with
hydrogen peroxide using the above catalyst, an aromatic
hydroxy compound having a hydroxyl gfoup introduced
therein at the para-position with respect to the hydroxy
or alkoxy substituent group present in the starting
aromatic compound can be produced in a simple manner at
a high selectivity and at a high yield. By concurrent

use of a compound having ether linkage, the selectivity

can further be increased.
THE BEST MODE FOR EMBODYING THE INVENTION

Below, the present invention will further be
described by way of Examples.
Example 1

In a 100 ml eggplant type glass flask, there
were charged 2 grams of a crystalline titanosilicate
TS-1 (a product of the firm N. E. Chemcat, with Si/Ti

atomic ratio of 25), 0.05 gram of an organosiloxane (a
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&0)- the mixture was agitated in the atmospheric air at room
temperature for 1 hour. Then, the solvent was
distilled off under a reduced pressure and the residue
was dried under vacuum at a temperature of 100 °C for 1
hour, whereupon the dried mass was Dbaked in the
atmospheric air at 200 °C for 1  hour, whereby a
dimethylsiloxane oligomer-treated product of TS-1 was
obtained. The amount of the dimethylsiloxane oligomer
in the so-obtained catalyst was found to be 2.5 parts
by weight per 100 parts by weight of the starting
crystalline titanosilicate.
Example 2

In a 100 ml eggplant type glass £flask, there
were charged 2 grams of TS-1 mentioned above, 0.10 gram
of KF-99 mentioned above and 20 ml of n-hexane and the
mixture was agitated in the atmospheric air at room
temperature for 1 hour. Then, the solvent was
distilled off under a reduced pressure and the residue
was dried under vacuum at a temperature of 100 °C for 1
hour, whereupon the dried mass was baked in the
atmospheric air at 200 °C for 1 hour, whereby a
dimethylsiloxane oligomer-treated product of TS-1 was
obtained. The amount of the dimethylsiloxane oligomer
in the so-obtained catalyst was found to be 5 parts by
weight per 100 parts by weight of the starting
crystalline titanosilicate.

Example 3

In a 25 ml double necked eggplant type flask
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- equipped with a Dimroth condenser, there were charged
6.5 érams of phenol of special grade chemical, 3.0
grams of distilled water, 2.0 grams of 1,4-dioxane and
0.65 gram of the dimethylsiloxane oligomer-treated TS-~1
obtained in Example 1 and the mixture was agitated by
magnetic stirrer on an o0il bath of 85 °C wunder a
nitrogen atmosphere. Thereto was added 0.5 ml of
aqueous solution of hydrogen peroxide of 30 wt. %
concentration using a syringe and the heating agitation
was further continued. In the course of continuing the
heating agitation for further two hours, each 0.5 ml of
the aqueous hydrogen peroxide solution was added to the
reaction mixture at each occasion after 40 minutes and
80 minutes, respectively. After combletion of the
reaction, the reaction mixture was cooled to room
temperature and was freed from the catalyst using a
Kiriyama separating funnel while adding a small amount
of 1,4-dioxane, whereby a red brown reaction mixture
was obtained.

The amounts of phenol, hydroquinone and
catechol in the reaction mixture were gquantitatively
analyzed by a gas chromatography. The conversion yield
and the selectivity were calculated from the disappeared
amount of the starting phenol used and from the formed
amounts of hydrogquinone and catechol, respectively. The
conversion yvield was found to be 19.0 mole % and the
selectivities £for hydrogquinone and for catechol were
found to be 67.1 mole % and 6.0 mole %, respectively.
Example 4

The reaction was performed in the same manner
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in Example 1. As a result, the conversion yield of
rhenol was found to be 19.8 mole % and the selectivities
for hydroquinone and for catechol were found to be 66.3
mole % and 6.3 mole %, respectively.

Comparative Example 1

The reaction was performed in the same manner
as in Example 3, except that crystalline titanosilicate
TS-1 was employed as such without being subjected to the
surface treatment. As a result, the conversion yield
of phenol was found to be 19.0 mole % and the
selectivities for hydroquinone and for catechol were

found to be 62.3 mole % and 6.7 mole %, réspectively.
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Ent ryWor domaurieing reagfigg (at- eas) 0apg46oRg9und selected from the

<:>?@BCEE(|):1?;I ggkmgsg%ﬁxzo[l\s], A:Tl\k%tgtcy %fngzr:eix{-eks and derivatives of
them with hydrogen peroxide in the presence of a catalyst
comprising an oleophilized crystalline titanosilicate to
introduce a hydroxyl group into the compound selectively at the
para position with respect to the existing substituent on the
aromatic ring.
2. A process for producing an aromatic hydroxy compound,
comprising reacting at least one compound selected from the
group consisting of phenols, alkoxybenzenes and derivatives of -
them with hydrogen peroxide in the presence of a compound
having ether linkage and of a catalyst comprising an
oleophilized.crystalline titanosilicate to introduce a hydroxyl
group into the compound selectively at the para position with

J respect to the existing substituent on the aromatic ring.
3. The process as claimed in claim 1 or 2, wherein the
oleophilization is effected with an organosiloxane.
4. The process as claimed in claim 3, wherein the
organosiloxane is a dialkylsiloxane oligomer.

5. The process as claimed in any one of claims 1 to 4,

wherein the crystalline titanosilicate has a structure of MFI.



