; €3e6p6<6TpCh METHOD FOR PREPARI NG SULFONE OR SULFOXI DE COVPOUND
BACKGROUND OF THE INVENTION 5 Field of the Invention The present invention

relates to a nethod for preparing a sulfone or sul foxide co

catal yst for use therein. Background of the Invention 10 Suﬂmmmmmwmm

sul f oxi de conpounds are inportant for the production of chemca proaucts

and internedi ates thereof. There have been reported processes opsﬂ?eparing

sul fone or sul i r [ ide with
ul 1 de compoutis #05s SREY RERsNC e il LR AT RREE G Sul oses
a process of preparing 2-phenyl sul fonyl et hanol by the reaction of

2- phenyl nmer capt oet hanol wi th hydrogen peroxide in the presence of a sodi um

tungstate. However, said neibrdr®@spnot efitectiverTior other | ess reactive
sul fide other than 20 2-phenyl mer capt oet hanol, which is rather reactive

sul fide. There have been also reported (1) a process using a
cetyl pyridi ni umtungst ophosphoric acid as a catalyst CChem Lett . , 1 (
1994 )5) ,Field)of preockrveensiay a nethylirheniuntrioxi de catal yst (Bull

Chem Soc. Jpn.,_ 69, 2955 (1996) ), (3) .a process 25 using quaternary
anmoni um hydr ogerfs&I LR ¥ N d Tyl PhoSpRGFPCE AT S THAUF BF PSS

sodi um t ungst at Tetra oro 57, 246 00 However ese .
o ocesses BEUITGr oA s Ty col e PR bR e ERA 1h SRR
process ( 1) required conplicated operations for preparing the catalyst,

the catalyst for the second process (2) is expensive, and the third

process (Jadiefmblied €Rpensi vevehenyhphosphoni ¢ acid. SUMVARY OF THE
| NVENTI ON 5 According to the present invention, sulfone or sulfoxide

conpoliids can besypkiaheedlr i sidliSexide| gomdvantdagavasippantanict fogotte
selectivity by the reaction of a sulfide conpound vvith,hédr ogen peroxi de in
the preseREUiCHLItF SREHECHLSEFPPRALBefDW. 12BeTREApRESENTPRA®OHt-i oNn

prowtdost 1. 2. TELL00 0 BESRTELA: oA L9021, it (o Somaundo i o
presence Qfy guiebali d@xtoige SR B3t 90 RIaRe4 Yo £ BEREYEF99E8e with
sulfide compounds.

15 For example, J. Org. Chem., 28, 1140 (1963) discloses a
process of preparing 2-phenylsulfonylethanol by the reaction
of 2-phenylmercaptoethanol with hydrogen peroxide in the
presence of a sodium tungstate. However, said method was not
effective for other less reactive sulfide other than

20 2-phenylmercaptoethanol, which is rather reactive sulfide.
There have been also reported (l) a process using a
cetylpyridinium tungstophosphoric acid as a catalyst (Chem.
Lett., 1 (1994)), (2) a process using a methylirheniumtrioxide
catalyst (Bull. Chem. Soc. Jpn., 69, 2955 (1996)), (3) a process

25 usingquaternary ammoniumhydrogensulfate and phenylphosphonic
acid in addition to the sodium tungstate (Tetrahedoron, 57, 2469
(2001)). However, these processes are not always industrially
satisfactory in that the first process (1) required complicated

operations for preparing the catalyst, the catalyst for the
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15 peroxide with at | east one netal or nmetal conpound selected from a)
tungsten netal, b) nolybdenum netal, c) a tungsten conpound conprising 20
i) tungsten and ii) an elenment of a Goup Illb, IVb, Vb, or VIb excluding
oxygen, and d) a nol ybdenum conpound conprising i) nolybdenumand 25 ii) an
el ement of Goup Illb, IVb, Vb, or VIb excludi ng oxygen. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON The netal oxide catalyst used in the present

i nvention 2 iis_describ bel ow. Exanpl es of e ngst en conpou

Conpri 51 NS PRt BROGRAS k) oRnEHPEOF LgPoud TR DS FOLEde DHE Beardl e,
tungsten bori a t 0 conprising tungsten and 5
t he eIenen?éggfﬁggugg#gﬁsggglEggbyﬂgﬁgggg%%gg,g?gﬁdsten car bi de and
tungsten silicide. Exanples of the tungsten conpound conprising tungsten

and the elenent of Group Vb elenent include, for exanple, tungsten nitride
and tungsten phosphide. 10 EBrmArRs af THE INVESTEONconpound conpri sing

tungsten and the elenent of Goup VIb excluding oxygen include, for
exanpl &, tungst eicsatdine.t Exhrpbesseft timeramt ydrdesuhfoorpon e Idtowirdsi ng
nol ybdenum and the element of Goup Il1b include, for exanple, nolybdenum
compounds can be produced industrially advantageously and with
good selectivity by the reaction of a sulfide compound with
hydrogen peroxide in the presence of a metal oxide described
below.
10 The present invention provides:
1. a method for preparing a sulfone or sulfoxide
compound, which comprises reacting
a sulfide compound with hydrogen peroxide in the presence
of a metal oxide catalyst obtained by reacting hydrogen
15 peroxidewith at least onemetal ormetal compound selected
from
a) tungsten metal,
b) molybdenum metal,
c) a tungsten compound comprising
20 i) tungsten and
ii) an element of a Group IIIb, IVb, Vb, or VIb
excluding oxygen, and
d) a molybdenum compound comprising
i) molybdenum and

25 ii) an element of Group IIIb, IVb, Vb, or VIb

excluding oxygen.

DETAILED DESCRIPTION OF THE INVENTION

The metal oxide catalyst used in the present invention



15 boride. Exanples of the nol ybdenum conpound conpri si ng nol ybdenum and
the el ement of Goup |IVb include, for exanple, nolybdenum carbide and

nol ybdenum si |l i ci de. Exanpl es of the nol ybdenum conpound conpri sing

nol ybdenum 20 and the el ement of G oup Vb el enent include, for exanple,

nol ybdenum nitri de and nol ybdenum phosphi de. Exanpl es of the nol ybdenum
conpound conpri sing nol ybdenum and the el enent of G oup VIb excluding
oxygen i nc) ud for e e, nolybdenum sul fide. 25 Preferred are tungsten
net al , tunb%té%F%ﬁﬁ?%%%ggkﬁqtungsten sul fide. Hydrogen peroxi de are

general ly used i f i 3kl rjgani c
sol vent sol uti onﬂo%né]%ﬁ%getn@pg?g%gggﬁn@ﬁdﬁgaﬁgg%gg uﬁéﬁj@s/s%%?@ggn
peroxi de Jhe ellsmehefEf gedupm 1By MEcRhideasfohardhpng, tihgysancepkiaki,on of

t he agqueous hydrogen peroxi de or the organic solvent solution of hydrogen
peroxi de i s not Bxamglesk odrnthe sungsakhysegiowtd aonpréehhgaturonstodn dntdo 60 o
by weight in terns of volune efficiency 5 and safety. Comrerci al

avai | abl e Hpiedesenfde bGaPuretYRiine béoysexpmple ﬁ@gﬁrefdplaﬁéédeor

concentrated to a desired poqgentration for use. The organic sol vent
sol uti on cItdydiRgRrehet bkt hat nay be suitably used may be prepared by

extracting aquegus, fiydrogen peraxl e W L I 0% OLOARLE SRLYSN oL digti 111 ng

10 aqueous hydr ogén ‘peroxi de 1n tHAE prese organi ¢ sol ven

Hydrogen pg{o¥idéent HeUdtdyp UaLd1bReAR ARRURbe Off it eashi e, BufBkeen
preferably at |least 5 noles per not of the nmetal or netal conpound w t hout

upper |i mditdige eidl twigseéml pleosgpiolas. i s usual ly reacted with 15

hydr ogen peroxi de in an aqueous solution. The reaction also may be
condudfed i n an Exaemies ebltentusgeheasanpatirbroppkienngsusty sisenliaathy |
ether, methyl tert-butyl ether, and tetrahydrofuran;_an ester solvent such
as ethyl dei gtemeas af &P UEP Rt L udidhe REYREPhRRGFUdRt HeHoPXaBRd S /
tert-butanol ; ;%rg@%ﬁ%rgérite sol vent such as acetonitrile and
propionitr'ng ¥l xtite of the organi ¢ solvent and water. The netal or

metal conpound angd,{ %§¥9E@1@%Pﬁ6@é‘ﬁ&ﬁcégﬁﬁh}%i SHp i 41 Aol GoaRRLACT

with each other, and the contacting Is usu y conducted by stirring in
such a wayaddiahet Beefi®htl o 2GS r@upetdb Lwepadad for swhhipliegninby yddepamsed in
the solution or susupension for preparing the netal oxide. Specifically,
smal | 1par thatiedeasi ze powder of the metal or netal conpound is preferably
used to enhance the contact efficiency between the netal K or nmetal conpound

"and the hydr ogeF¥8HRbG Rt &HE FALYPFS BB CORR LB G ;g ng molybdenum :

and the element of Group IVb include, for example, molybdenum
carbide and molybdenum silicide.

Examples of the molybdenum compound comprising molybdenum

20 and the element of Group Vb element include, for example,
molybdenum nitride and molybdenum phosphide.

Examples of the molybdenum compound comprising molybdenum
andtheelement of GroupVIbexcludingoxygen include, forexample,
molybdenum sulfide.

25 Preferred are tungsten metal, tungsten boride, and
“tungsten sulfide.

Hydrogenperoxide aregenerallyusedina formof anaqueous

solution. Alternatively, an organic solvent solution of

hydrogen peroxide may be used, but aqueous hydrogen peroxide

3



4 of the production of the netal oxide. The netal oxide is generally
prepared at a tenperature of -10C to 100C. The netal or netal conpound and
t he hydrogen peroxide are 5 allowed to react with each other usually in
wat er, the organic solvent, or the m xture solvent of the water and the
organi c solvent, in which the netal or netal conpound is partially or
entirely dissolved to forma honbgeneous preparation solution or a
suspensi on containing the nmetal oxide. The Eﬁtal oxi de 10 may be, extracted

fromthe ptepfetsorcdotuitisomd RfoBERYCBAREMEPEL i ohPRrcaHe N it 1 e it
th tal t t ti SOl ut i be. it i,S., .Next,
Goscr i pr ol 19uFen et S, B B Bk o PRe BT HY TP e Sohon
oy . o .
poront de 1 S BEUEdad BEk R e T D I O 2 on

process of cbheeRt£8ENENIJW e 003 &Y FHesEh t Red: 8baY @ FCAH1 Bfte 1FH AR AL,
various sul fide conpounds. Exanples of the sul fide conpound include, for

exanpl &, 26nd safidtiye Compeurd adflf evadlablé) aqiReoSs R2yd 9 gevereaiox ikle and
R2 are the sane or different and i ndependently represent a substituted or
unsubst i t un@d g disrchrasy 1 tgisupotedifuted ar stdreenbrabedrturs destinad ed
al kyl groug, a substituted or unsubstituted alkenyhggfoqf, and asubstituted
or unsubstFPUERAEERGEOBEGTIYSE - orl RICEFR FB SOLFGELRTL Wi t P PRAEYSHAAFIR™ at om

to which they,af g RAI4eHay i MR SHRFI LY £ yBe BIRMATES B Sh P G
aqueous hydrogen peroxide with the organic solvent ordistilling
10 aqueoushydrogenperoxide inthepresence of the organicsolvent.

Hydrogen peroxide is usually used in an amount of at least
3 moles, preferably at least 5 moles per mol of the metal or
metal compound without upper limit.

The metal or metal compound is usually reacted with

15 hydrogen peroxide in an aqueous solution. The reaction also
may be conducted in an organic solvent such as an ether solvent
such as diethyl ether, methyl tert-butyl ether, and
tetrahydrofuran; an ester solvent such as ethyl acetate; an
alcohol solvent such as methanol, ethanol, and tert-butanol;

20 and a nitrile solvent such as acetonitrile and propionitrile,
or a mixture of the organic solvent and water.

The metal or metal compound and the hydrogen peroxide are
typically mixed to contact with each other, and the contacting
is usually conducted by stirring in such a way that the metal

25 or metal compound is sufficiently dispersed in the solution or
susupension for preparing the metal oxide. Specifically, small
particle size powder of themetal ormetal compound is preferably
used to enhance the contact efficiency between the metal or metal

compound andthehydrogenperoxideand facilitate thecontrolling



sul fi de conpound. Exanples of the sulfide conmpound of fornula (1) include,
for exanple, a thiophene conpound of formula (2): Rs S Rs (2) 5 wherein R3,
R4, RS and R are the sane or different and each independently represent a
hydrogen atom a substituted or unsubstituted hydrocarbyl group, a hal ogen
atom a nitro group, a cyano group, 10 a substituted or unsubstituted silyl
group, a substituted or unsubstituted imde group of formula: 0 -NQ1I O

wherein Q represents a substituted or _unsubstituted al kyl ene or aryl ene
group, or Olé DYrRIUFIEFEF O a?hg(-lﬁ‘@?ag:h%ﬁ‘é fi* X represents a hydrogen

t bstl t : tit | , t
LM 7, @ SUbSLHUAL f MRDS WAL Seath SaUn, g iacoert s

hydrogen gdom2®r+ padpsti tuted or unsubstituted hydrocarbyl group, or
two adj acent groups anong R3, R4, R and R6 together with the thiophene
ring to which the aeeabostestfalr soapbuaddcnd npe Hpe¢royehipesonfdelare
conpound of formula (2) include, for 6 exanpl e, a di bezot hi ophene
conpoubd cofl ¥aweriita €8RctRYiRl4L RN other usually in water, the organic

solvent, or the mixture solvent of the water and the organic
solvent, in which the metal or metal compound is partially or
entirely dissolved to form a homogeneous preparation solution
or a suspension containing the metal oxide. The metal oxide
10 may be extracted from the preparation solution through
concentration or the like to use it as the catalyst, or the
preparation solution may be used as it is.
Next, a description will be made to the process for
producing the sulfone or sulfoxide compound by reacting the
15 sulfide compound with hydrogen peroxide in the presence of the
above-mentioned metal oxide.
The oxidationprocessof thepresent inventionasdescribed
above can be applied to variocus sulfide compounds.
Examples of the sulfide compound include, for example,

20 a sulfide compound of formula (1):
1SN M
R R

wherein R! and R? are the same or different and independently
represent

a substituted or unsubstituted hydrocarbyl group (e.g,

25 a substituted or unsubstituted alkyl group, a substituted or

unsubstituted alkenyl group, and a substituted or unsubstituted

aryl group), or R! and R?, together with the sulfur atom to which

they are bonded, form a substituted or unsubstituted cyclic



o

R9 13 R C3) R12 wherein R, Re, RO, Rl1, Rl1l, R12, R13 and Rl14 are the sane
or different and each independently represent a hydrogen atom a
substituted or unsubstituted hydrocarbyl group, 5 a halogen atom a nitro
group, a cyano group, a silyl group, an imde group of fornmula: 0 Qi o ,
wherein Q represents a substituted or unsubstituted 10 al kyl ene or aryl ene
group, or a group of fornmula: X-Y-, wherein X represents a hydrogen atom
or a substitﬂ%% oro%p%ubstituted hydr ocar byl group, and Y represents -0-,
-CO-, - C(OP0-FtEG 6PEF “C(O)N(Z)-, -N(Z)C(0)-, wherein Z represents a

hydr ogen at om or [ t@pﬁg bst i r rnhyl 1 gr t wo
adj acent groups g%%ﬁgq%%,égﬁ, PlE%?%R§§@bgéggé%§Q§%§QE§%(%gget e?géﬁth
t he benzengoki 'é_&ain%l‘é’f)l @h thiiepnane kengefiddror Fdmead ring{e. 9., naphtho
group and the like). 7 A description will be made to the RL to Rl

groups. Exanpl es of the unsubstituted hydrocarbyl group include, for
exanpl e, an alkyl, alknenyl, and a§yl groups and an aral kyl, aryl al kenyl
a

group. 5 Exanples of the tit rbyl group represented by Rl to
R1', X and Z include, for exa rocarbyl group substituted with a
hal ogen atom or atons (e.g. chlorine, bromne, @)d iodine), a
nitro, cyano, or trisubstituted group, 10 an imde group of formula
(a): 0 -N\a, 4
5 R

wherein R®, R? R® and R® are the same or different and each

independently represent a hydrogen atom,
a substituted or unsubstituted hydrocarbyl group,
a halogen atom, a nitro group, a cyano group,
iO a substituted or unsubstituted silyl group,

a substituted or unsubstituted imide group of formula:
o]

wherein Q represents a substituted or unsubstituted
alkylene or arylene group, or
15 a group of formula: X-Y-,
wherein X represents a hydrogen atom, or
a substituted or unsubstituted hydrocarbyl group, and
Y represents -0-, -CO-, -C(0)0O-, -0(0)C-,
-C(O)N(Z)-, -N(Z)C(0O)-, wherein Z represents a hydrogen atom
20 or a substituted or unsubstituted hydrocarbyl group, or
two adjacent groups among R’, R*, R® and R® together with
the thiophene ring to which they are bonded form a fused ring.

The cyclic sulfide compound of formula (2) include, for



*

o (a). wherein Q represents a substituted or unsubstituted al kyl ene (e. g.
di net hyl ene, trinmethylene and the Iike) or arylene group(e.g.

1, 2- phenyl ene, 1, 8-napht hyl ene, 2,2'-bi phenylene 15 and the like) or a
group of fornmula: X -Y -, wherein X represents a hydrogen atom or an
unsubsti tuted hydrocarbyl group, and Y represents -O, -CO, -C(0)O,
-0(0)CG, -C(O)N(Z')-, 20 -N(Z' )C(0)-, wherein Z' represents a hydrogen atom
or an unsubstituted_hydrocarbyl group. Exanples_.of the.qgr ,of fornul a:

S v-as ceTRHBRL s e L her araLop R Rl ARy S EnEP TR 1oh “unsubst ] tut ed
al koxy group, 25 a substiited or unsubstitutsed aryl oxy group, a
substituted or unsubstitulg a substituted or
unsubstituted aryl group, 3§ unsubstituted acyl oxy group, a
substituted or unsulbstitutg and a substituted or
unsubstituted am dR graug a 'gﬁéarbony group). Exanples
pup 1 ncl ude, r exanple, a

atons such as a net hyl
i sopropyl group, a n-Z# group, a 12 group, a sec-butyl group,
a tert-butyl group, a‘'n-pentyl) group, & group, a cycl opropyl group,
a 2, 2-dinmethylcycl opropyl grodp, a cydopentyl group, a cyclohexyl group, a
ment hyl group, and al kyl groups substituted with at |east one group 15

sel ect ed fwherein & k&Ry Rjr ®ip, RE, B'?, R'etritoky agreotipe sameet hobiyf fgremr and
the like), an aryloxy group (e. g. a phenoxy group, and the like), an

ar al kyl oxy2yd o8®Ch elngepandentyy ok§rEesapt andyekredpnkarom,20 a hal ogen

atom (e. g. fluoé'éﬁ%é%%k&%g réPeugéggggituted hydrocarbyl group,

a n-propyl group, an

3 a halogen atom, a nitro group, a cyano group,
a silyl group, -

an imide group of formula:’

wherein Q represents a substituted or unsubstituted
10 alkylene or arylene group, or
a group of formula: X-Y-,
wherein X represents a hydrogen atom, or
a substituted or unsubstituted hydrocarbyl group, and
Y represents -O0-, -CO-, -C(0)0O-, -0O(0O)C-,
15 -C(O)N(Z2)-, -N(Z2)C(0)~, wherein Z represents a hydrogen atom
or a substituted or unsubstituted hydrocarbyl group,
or two adjacent groups among Ru RB,Eﬁ, Rm, Rn, Ru, R13
and R* together with the benzene ring to which they are bonded

form a fused ring(e.g., naphtho group and the like).



an acyl group (e.g. an acetyl group and a benzoyl group) , an

al koxycarbonyl group (e. g. a nethoxycarbonyl group and an et hoxycar bonyl
group), an aryl oxycarbonyl group (e.g a phenoxycarbonyl group), 25 an

ar al kyl oxycarbonyl group (e. g. a benzyl oxycarbonyl group, and a carboxyl
group. Exanples of the al koxy group include, for exanple, a Cl-20 al koxy
group such as a net hoxy group, an ethoxy group, n-proxy 9 Or group an

i SOpr opoxy group_n-but ox roup . I sobut.oxy group_a sec-but ox roup a
tert-butoxy grouf gﬁSFgﬁéPgBHt Fggybﬁrgﬁﬁea on;ﬁ€x§lo Qngréﬁéﬁﬁ%‘

n- hept yl oxy grou -.QC \/ - g ) yl oxy
group an n-decy|§§§H8?8§6£%k§§79%%§%$%€T%%§§P%ég%é%%ﬁé”a5?§§P3ﬁ82@ﬂ%$bup
cycl opopyl exy &QMP1 2, andd BY DY laAKGlARNOPYA@RY Ar §HBuBs B QR&M ¥ 19Xy, gr oup
a cycl ohexyl oxy group dno~b ~I xouaudoaonT~E~uad a pua OQZ ' dnoab
~Cxouaud~xadyaatkanyldgeabpAxouaudT~CU~au~z.z ~.-S ' ' T ' dnoab
Axoua~dT~u~a- ~ ' dnoab AxouaudT~u~a~u-~ se eons dno.zb ~xo0Z~C zs 09-9~
'aTd~a¥a , zoo ' aPrkopzedmds the sChsTitrtedikydracaayllgarupweprastoled a
pua 'dno~b AxoxT~ payoz-uauz-a-qq~ auk 'dno.zb T~~Tp ST pauoz~uam anog~ auk
u~zM pa~n~B2¥sBnst@Ind, zb*f REZ-Z~ 1HGL UdgTd +Oax £X2F®d € rapnTou~r dnozb ~xoT~l z~
pa~n~z~sqns auk é~ﬁ aaTd~u~x§ auk. DUtblgn%'ébd~CX% | U~udau-Z ' dno. zb

fxoTf u~udau-T ~ 2dR¥IHCARERYLdILOURTIIRS x4 t1ES 'gﬁ uz dno~b fxoTT. zs auk.
30 saTdu~a = . * ~ p Lk xaZr = R ~~ 00
'~xo|~oap~é aﬁfQQ%§%#?%%apsggﬁﬂgj%ﬁgﬁl§§§g£?§§6 gﬁ%@ﬁgg%é82§%giﬂép and

' ~Cx0T~1 oapgdine) ;C0R1QRBYP cyaXds~@aPui i subShaal taxd £iu-Hatdkcup dnosb

f xozZf xauoTo~l 0 s 'dno. zb ~xoT~I ~uadoTo~0 p 'dno. zb

~x0T~d®d. zdefioinIdeUgaoupr pfz'formirie, Zk)~<l xoT~l do, zdoTo~0 ' dnoab ~xo0ZLznsT ~

"dnozb ~CxoTl ~o0Zf u~auyp-~'" ~ S '_dno, zb ~I xoT~loap-a ua ' dno. zb
AxoT~luou-a ua ' dno~b ~CxoT~Cxaujff~u~a-Z a 'dno, zb ~I xoT~l ~00-a u~ ' dno. zb
~CxoZf ~dau-a u~ ' dno.zb ~IxoT~xau-a ua 'dno.zb ~xoT~~uad-a u~ 'dnoab

| Xx0~. ng-~. za~ a 'dno. zb ~I xo~ngy6as\g ' dno. zb | xo~nqosz u~ 'dno.zb Axo~ng-a
"dno. zb fxodo. zdos-r ua 'dnoab npl es of the aryl group include, for

exanpl e, a Cl1-20 acyl group such gps an acetyl group, a propionyl group, a
butyryl group, an isobutyryl group, a piyal oyl group, a benzoyl, a
trufl uoroacetyl group, a pentafluorobenzoyl, and the like. 5
Exanpl esof ¥heatkoxytardmmmdenttai@ scbete thoedxanmplres ulg2t R2Outd d edicardony|
group conposed of a carbonyl group and the above-nentioned al koxy groups,
and speci f (- Exafpreshyhensef TrAdIeldy 1ens: adaipice LidSetdodrai®vhyl group
and an eth8§¥88%298¥'1959gﬁe%9 e%%% HL%ghaphthylene, 2,2"-biphenylene
15 and the like) or
a group of formula: X’'-Y'-,
wherein X’ represents a hydrogen atom, or
an unsubstituted hydrocarbyl group, and
Y’ represents -0-, -CO-, -C(0)0-, ~O(0)C-, —-C(O)N(Z')-,
20 =N(Z’)C(0)-, wherein Z’' represents a hydrogen atom or an
unsubstituted hydrocarbyl group.
Examples of the group of formula: X-Y- as defined above
include, for example,
a substituted or unsubstituted alkoxy group,
25 a substituted or unsubstituted aryloxy group,

a substituted or unsubstituted aralkyloxy group,



[

10 Exanpl esof the aryl oxycarbonyl group incl ude, for exanple, C7-60

aryl oxycar bonyl group conposed of a carbonyl group and the aryloxy group as
defi ned above, and specific exanples thereof include, for exanple, a
phenoxyca. rbonyl group, and the |ike. Exanples of the aral kyl oxycar bonyl
group include, for 15 exanple, C8-60 aral kyl oxycarbonyl group conposed of a
carbonyl group and the aral kyl oxy group as defined above, and specific
exanpl est her eof i ncl ude, f or exanpl e, a benzyl oxycar bonyl group, and the |ike.
Exanpl es of the &uB¥RT 1R ERA Ky UGF oot T %F%%e?CY%rgEGuéxanple, a

fl uoronet hyl group, ,a chl oronethyl grou a trifluoromethyl group, a
pent af | uoro et hy? %HQﬁﬁgkgf?égaWLﬂﬁ%hyﬁﬁ%F?t%qp%?¥fﬁ6¥oﬂ5§9?’group, a

per fl uorooctyl o) : y I up, a

met hoxyet hyl grgéﬁgﬁgﬁ%ggﬁ%gﬁﬁ%gﬂ@%%%%%%%g#gaggﬁ%fgggg.8gégéka%%§es of the
substituted or LH‘§HB§E!’LEHE@Qo%*dﬂms%@t‘@thﬂé&‘éﬁﬁdef@fo@@f@@pc%:eac?l%i@l% aryl
group such as a phenyl group, a naphthyl group, and a substitufed phenyl or
napht hgl groumitosddednghegeswoatic ring (s ) has a substituent ( s )
such as the above-nentioned al kyl group, an aryl group, an aral kyl group 11
as descri bed belExampleabiokye gnings 1 tuteg piroxysgeetpt ubad &l Ky beoupgr oup,
a hal ogen atom an acyl group, an acylam no group, a hitrq group, a cyano
group, a cdrPH8R FRUFEXTPLE k& PEHBARA Yr FFREREY KEALKOr SYSEdEi fic
exanpl es thereof_ incl f ex I 2-et hyl phenyl _ qgr a

o ehlor optiY: GRS, HATheel i aReroro 8P U r et et dgeums, a

3- phenoxy r 2-Niht Y, rQu < € r —
3-nethoxyg§f%§h¥?p gﬁﬁ?'5?%u%92%gat%€8¥§k§?l%sgéggggpe§%$u€hg§ﬁbEFFQ&ted or
unsubspi t Wesh@r ahkidoupl preligdes shespuecqnppsath ob tder aswtyDgewppand the
al kyl group, and specific exanples thereof include, for exanple, a benzyl
group, a 4 chiparoiehzytouwoup,neaddeykt hydbenzgl cpebapronyd- gethpxybenzyl

group, a 3-phenoxyhenzyl group, 15 a 2, 3,5, 6-tetrafl uorobenzyl group, a
2,3, 5, 6- t &rdrdipton vk s ?@4?&¥&y¢r%VBup? gyclopentyl group, a
2,3,5,6-tetrafl.uoro-4- et hoxybenzyl group, a

2,3,5,6-t e%%cgjfcfrheo}f@: Ao r%‘é?fh’gﬁl% n%??u%f oup, phenethyl group,

phenyl butyl - gr oupnphanihexdudl b i g0, dken « Exagpl esnof gLbg
substituted al koxy group 1 nclude, for exanple, a trifluoronethoxy gr%up, a
pent af buorsagidwed ofxtp, a par fluorobutoxy group, a perfluor hexyl oxy
group, a perfluorooctyl oxy group, a nethoxynethoxy group, 25

2- met hoxyet hoxy &y @koxst graypan(s a6 ¢f mefhoxybgtrioum, e@naeyhoxy growp

i nclude, for exanple, 2-nethyl phenoxy group, 4-nethyl phenoxy group,

2- et hyl phéiskyE Rt ouipk® )2, 4- di net hyl phenoxy group, 2,4, 6-tri net hyl phenoxy
group, 12 ~Z eqQns Q T~ | e TF ~ ! ~~ .20, < | 0 nozb
T~l uaxT~ pa~n~25§gﬁ§§ﬁi§§bgﬁggﬁlff§ 's%hﬁgéigﬂ§%¥gﬁEéYaagﬁigggd§€3%ﬁdzb

Tl X09.z~0 ~ pug arflgeZ P JT8RAF WP (! g TRIse sz y N7 B r ShBOGAPERE 21%E) 7 _
“'dnozb T~uoqz~o~I xoxT~ g 'd%?ﬁb Ao~ %e 'nD~3’uabo$ u E " dnozb ~;0Tlxz~z~
ue 'dadzb SZ Fxaltelagerd ditozb (xox.J~fluwopana~andqosldndzb dtbmaxJP u~
"aTdunxa

~

an acyl group (e.g. an acetyl group and a benzoyl group),

an alkoxycarbonyl group (e.g. a methoxycarbonyl group and

an ethoxycarbonyl group),

an aryloxycarbonyl group (e.g a phenoxycarbonyl group),
25 an aralkyloxycarbonyl group (e.g. a benzyloxycarbonyl

group, and

a carboxyl group.

Examples of the alkoxy group include, for example, a C1-20

alkoxy group such as a methoxy group, an ethoxy group, n-proxy
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.20, ~ "apnTouz dnozb TAuaxT~ pa~n~z~sqns auk ~o saTdnx~ axzT auk pug
‘dnoab Tfuaaap-T ' T~l uaxauoTo~o0-Z pue dnozb T~ua~uadoTo~lo-Z ' dnoab
T~uaxau-T 'dnozb T~lua~uad-S 'dnozb T~lua~uad-Z 'dno.zb Tfua~uad-T 'dnozb
TAuadozd- Z- T~u~au~-T ~ OZ 'dno. zb T~uadozd-T- T~ U~auz-Z ~ 'dnozb
T~uadozd- T- TAU~au~ -T 'dno.zb Tfua~ng-~ 'dnozb T~ua~ng-Z 'dnozb T~ua~nq -T
"dnozb T~uag~aT~u~au~-T 'dnozb T~uado, zd-Z 'dno. zb T~uadozd-T 'dno. zb
T~uau~a u~ s~ eons_dnozb T~uaxT-~ d~~xa .z 'apnTouz dnozb

d T~ ZT-Z~ "aT ,
T-CuaxT~ paZRUP-ctmESRPEAP oY I EaFay Tpu e - grg iy A hsORBT PRI AT tRud a

"dnozb ~xozngJd=u = XOU=aT=I ..gno _
fxoTquaqT‘?LE%(r:rAxug‘gggié%} ~-0 dn%~€ézl£g~k3%y§¥g'%q%’oé n-pentyloxy group,

~OxoTr ~zuaghxpusay Toy £98tp; dmd -YeBtyloky §80E8, an n-octyloxy group,

~X0TAzuaqT~u~au~-~-0. zonT~~z~a~-g noz
AX0T~zuaqoa@ etttz idre xyd &Sty Froumpanin-hroniizsaod xouapdn 3 —deogrieny group,
~X0T~l zuag~xou~am ~ ~ 'dnozb ~CxoT~zuaqT~u~am ~ ~ 'dnozb ~I xoT~zuagozoTUo- ~

~ ' aTdunkaazod - dipretduzl oo A KO TORD , 21 PAarnt-oxy grro uau ke Yol erey laxy ~a~z T
auk pug 'dnozb ~Cxouaudo.zonT~2~uyad S 'dnozb ~xouaudT~Cuog. z~0~Cxou~ant ~
"dnozb ~x0@&QHBu~<0 L= LFRGIY LOVGHERE ORYZ Yo ISR, BU- CIARRIF-Y1oxY

AxouaudAxouaud- ~ ' dnozb, ~xoyaud~xou~au~- ~ 'gno b r~xouaudozox}b-~ ' dnozb
| XouaudTI G351 1T§5H ORI RN FEAuBs F2BEHY FOXY HF Ry o IRl B .

Exanpl es ofohe, Syl 959uBCIBNL) Lot Middy 1k SURHIARIT LA ected from

the substitute ubstit | Kyl group, a“substitute
unsubsti t uhestaaeyl 18kQUP hedtd dacy1ouyst icidtaeid Bl dis Ui ddd e aw) Kyl

group. Specific exanples of the trisubstituted silyl group include, for
exanplld) adbderwilbxlysiolrylthea ltikieet hyl silyl nethyl, a tri(n-propyl)silyl
group, a triisopropylsilyl group, a_dinethylisagpraopylsilyl group, 10 a
di et hyl i sopropyl BkRJPgrsupL &hér BrydefvdiemetRy Lialydegr gy, example, a
phenoxy group, a l-naphthyloxy group, 2-naphthyloxy group, and
the examples of the substituted aryloxy group include, for
example, the aryloxy group substituted with the above-mentioned
15 alkyl group, the above-mentioned alkoxy group, and a halogen
atom.

Examples of the aryloxy group include, for example, C6-60
aryloxy group such as 4-methylphenoxy group, 4-ethylphenoxy
group, 1,3, 5-trimethylphenoxy group, 2-methoxyphenoxy group,

20 and a pentafluorophenoxy group.

Examples of the aralkyloxy group, include, for example,
C7-60 aralkyloxy group composed of the above-mentioned alkoxy
group and the aryl groups, and specific examples thereof include,
for example, a benzyloxy group, 2-phenylethoxy group,

25 4-phenylbutoxy group, a 5-phenylpentyloxy group, a
6-phenylhexyloxy group, a 7-phenylheptyloxy group, a
8-phenyloctyloxy group, and the like.

Examples of the halogen atom include, for example, a

fluorine atom, a chlorine atom.

10



a pentyldinethylsilyl group, a hexyldinmethylsilyl group, - a triphenylsilyl
group, a tribenzylsilyl group, a diphenylnmethylsilyl group, a

di et hyl phenyl silyl group, a tert-butyldi phenylsilyl group, etc. 15
Exanpl es of the substituted or unsubstituted acyl group include, for
exanpl e, groups conposed of the substituted or unsubstituted al kyl, aryl,
or aral kyl group and a carbonyl group such as an acetyl, propionyl,

butyryl, isobutyryl. pival b |, trifl tyl, t af | |
o The i ke, 20" BAmFRRE % hhe R ArosbLbhg L Bh S L pror s E s axahard )
th | b F QUp: i fi f
he” subst | it SeetBradtt iR bk 8: 680 PUNEORIOHEL SREGD, Ll PERLES ©
acet oxy gr didurd, RIrPRi LUBHL Xy O7 p A DUWIIOXY SFOUD, AMbdsPHYtyr ¥l oxy

group, 25 & pival oyl oxy group, a benzoyl oxy group,a trifluoroacetoxy group,

a pent af | uarmiffinzemd apet W apouEet ca geeeigt Rso dbdrivo pUpPSsind utied Dike.
unsubstituted am de group include, for exanple, a formam de group, an

acet am Be group, ExamaEophthda lgraiysarodnlyy eenplénglode, ohexnaapide
group, 14 a trifluoroacetam_de group, a pentafl uorobenzam de groug a
di f or mani dégrdifhalEodyseEPaRYded B WRIE MR OFiSst OpitoRaRPAB Yo SERUP #nd he

di butyramd rou a di benzam de group, a ditrifl uoroacetam de_grou a
i pent af | uGPSHST AR A d e e o Bl SBP T R CoRRePPLRE el TBPEDE
unsubsti t uts g de il I i gu bel ow,

"" denot esab%% |dr?géj'po%1;)itg3§ﬁ1@%ﬁed ()A(L){éé&?Néfﬁz—%%l \dﬁﬁ‘ﬁ? %h% %EO 00O
~-NI| N ~ et QB NdodN and &1 ik O -02H5 10 Exanpl es of the

substituted or unsubstituted carboxyl 15
10 Examples of thearyloxycarbonyl group include, forexample,

C7-60 aryloxycarbonyl group composed of a carbonyl group and
the aryloxygroup as defined above, and specificexamples thereof
include, for example, a phenoxycarbonyl group, and the like.
Examples of the aralkyloxycarbonyl group include, for
15 example, C8-60 aralkyloxycarbonyl group composed of a carbonyl
group and the aralkyloxy group as defined above, and specific
examples thereof include, forexample, abenzyloxycarbonyl group,
and the like.
Examples of the substituted alkyl group include, for
20 example, a fluoromethyl group, a chloromethyl group, a
trifluoromethyl group, a pentafluoro ethyl group, a perfluoro
butyl, aperfluorohexyl group, aperfluorooctyl group, amethoxy
methyl group, an ethoxymethyl group, a methoxyethyl group, a
methoxymethylcarbonyl group, etc.
25 Examples of the substituted or unsubstituted aryl group
include, for example, a C6-60 aryl group such as a phenyl group,
a naphthyl group, and a substituted phenyl or naphthyl group
in which the aromatic ring(s) has a substituent(s) such as the

above-mentioned alkyl group, an aryl group, an aralkyl group
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group include, for exanple, a substitutedcarbonyl group as al koxycarbonyl

group which may be substituted. Specifically, a nethoxycarbonyl group, an

et hoxycar bonyl group, a propoxycarbonyl group, a hexyl oxycarbonyl group,

etc. 5 Exanples of the sulfide conmpound used for this invention include,

for exanple, dinethyl sulfide, diethyl sulfide, di(n-propyl) sulfide,

di (n-butyl) sulfide, di(n-anyl) sulfide, di(n-hexyl) sulfide, di(n-heptyl)

sul fide, di(n-octyl) sulfide, di(n-nonyl) sulfide, di(n-decyl) sulfide, 10

G (e dodeyl FRSGHPAS DL s G GAROF S AR, A0 (ORI 1R 1 R

di (sec- but fide [.(tert,: ide, _dii 1) _sul figde. .nethyl

but yl squ%%é}§&?8§ I85§H%9I£§H$#§%é% %#%@b?@hggyﬁsggﬁggé,ag aéyfgmlno

di cycl odod ul £i de i+ di syl fi.de, e i hyl_ phenyl
cylipul Gi de ¢ d reﬁggw o d@mo B @z%auﬁgid\}eﬁegrm, dn

sul fide, ethyl phenyl sulfi di (4- orophényl) s

di ( 3- met hoxypbegyh)bsulili deoud Aad-thechlioreophenyl ) sul fi de,

di (4-trifluoronethyl phenyl) sulfide, di(4-nitroglycerine phenyl) sulfide,
20 (4-f3 uor ophengbkcifitokybnpdelst itthe recd- dnlcduagherfydy) gxbripdleyl )a sul fi de,
(4-nitrophenyl) (4-ch|oronethy|pheny|i sul fide, (2-nitrophenyl) phenyl

sul fi de, (4-ERIOYIREERYILOHERYP) apheahlosopPheagl OB WH aht Uk hlplkey bn,

3-acetam de-9H-thio anthﬁne-Q-on, 3-nethoxyc%Lb nyl - 94t hi oxant hene- 9- on,
Shenoxat hyAECUR: oeh i FRERGXAPRFIYL SHCRRn 1 [IEHARSLINRATIRY BiRiox at hyne,
(2- hydr oxyet I | fide,,_ l.Qs,0 hyl) phenyl sulfide,
tetrahydro?h?%%%gﬁggﬂ%%e§%8% éaﬂb%&ﬁ%ﬁ#ﬁ?ﬁ?bgﬁ%b ] t hi ophene

3-chl or obenzgkhhbk ea_&%elyl%h@tyhy?wu@[am hrepheng .

3, 5-di br omobenzo[ b] t hi ophéne, 573, 4-di chl or obenzo[ b] t hi ophene,

4, 7- dilrtet hoxybenEgphplbsafhene subdshénnakhicaphesebstitutedaralkyl group

3-oct yl oxybenzo[ b] t hi ophene, 5-octyl oxybenzo[ b] t hi ophene,
3, 5- di oct yipgyberzoheehcophened aD theladivdcoylborybadzblie] 2 hkvprereup,

, 7-di octyl oxybenzo[ b] t hi ophene, 2, 3-dioctyl di bepzot hi ophene,

G Gl oot yPORDBRSBL AT bpRERBD 9S 5t AR BRPSI Das HPBBNTBO R SERBRLE. 13 benzyl

i octy i benzot hi ek Q-di gct yl i aof hj.op
ioctybgéégfbgngo%ﬂﬁgg g%gfy%,%F%, Jtét%é%%?éﬁzg%fl engggﬁﬂaphene,

, 9-tegr a%bxhe&?l,élea@gaoblﬂo here.3-2henoxybenzyl group, _

, 6, 8, 9- hexaoct yl oxydi benzot hi ophene, 1, 3-di oct'yl oxydi benzot hi ophene,

d
d
6
4
9-1% i oat 2l BxBdbberzatliilophreben 23,14 -gticagt,y| oxydi benzot hi ophene,

3,4, 6, 9- hexaoct yl oxydi benzot hi ophene, 25 2, 3-di chl or odi benzot hi ophene,
dic

d

d

d

b

d

4
2
2
4
1
1
1,
1
2
2
2
2
8
2

i chl r 8dRbdn2ebhiteRanauoz oz Adathelieingeiz stisiudphene,
i fl uorodi henzat hi hene, 2, 3-di phenyl di benzot hi ophene,
| Lhool dr Bens Gt A ea R alG o5 4 A AR e, 17

i phengxydkbengzot Qi 2 3=di i 110 2,

i enzylgigé?ﬁgfﬁi%gkgﬁgﬁﬂgfg-éigéﬁi$$§%%ﬂ#§§%%%ﬁ f% ene,’

- di benzyhexydhbengebibpppragylbutyl group, phenylhexyl group or the
20 like.

COQ 00O NNNPAOOOO

Examples of the substituted alkoxy group include, for
example, a trifluoromethoxy group, a pentafluoroethoxy group,
a par fluorobutoxy group, a perfluor hexyloxy group,

a perfluorooctyloxy group, a methoxymethoxy group,
25 2-methoxyethoxy group, etc.

Examples of the substituted aryloxy group include, for
example, 2-methylphenoxy group, 4-methylphenoxy group,
2-ethylphenoxy group, 2,4-dimethylphenoxy group,
2,4,6-trimethylphenoxy group,
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5 2,3-bis(trinmethylsilyl)di benzot hi ophene,

2, 8-bis(trinmethylsilyl)dibenzot hi ophene,

2, 3-bis(triphenyl silyl)di benzot hi ophene,

2, 8-bi s(triphenyl silyl)di benzot hi ophene,

2, 3-bi s(tribenzyl silyl)di benzot hi ophene, 10
2,8-bis(tribenzyl silyl)di benzot hi ophene, 2, 3-di acetyl di benzot hi ophene,
2, 8-di acet yl di benzot hi ophene, 2, 3-di acet oxybenzaqt hi ophene

8 df acet SRTBERT A SERETero . SR o HERy LG BB ophene,
2, 8- bi s(di gc | am ihe i ophene, IS | ).di benzot hi ophene,
2,8-bis(st3r§ﬁ¥8§§§ﬁ%é%ﬁgb%%%%%/ g,ggﬁ?%%%é@é%ﬁ%&%&%ﬁ%?%ﬁhene, 20

2, 8-di cyangdbgg%qg,gbg@]la%@,egﬁyu PBRGlAckRicek ind dHAHNapzptdiophene,

dianthro[ 2, 1-b: 1 di'benzot hi ophene, "et'c. By the reaction of the

sul fi de compeyadophthokie giywitipggen meeheodyde ibd e nymsanar-@ip t he
above-nentioned netal oxide 25 catalyst, the sulfur atomof the sulfide

conpourfd i peokiadilzedophenokxy suloligne amd $ilef dxiikds conpound is formed. The
sul fide conpound_of fornulatéé? is used to formthe sul fone conpound of
formula (4): 18 ExpmpderioH\tRe subpsphtrErd FallantPRy WP LRelydre HRBNI ng

as defined above, or t%gﬁsul oxi de conpound of forgglg %5;: ORI/S\R2 (S) 5
wher ei n R1LEZATPRS e PHO TSR aﬁﬁY%ragpd@r#a%a BOPER2YREX I FIRP de
conpound of f0 | used Q... t fﬁQ§ onpound of
formula (4 éng\gghgx&g)gggﬁgﬁgﬁy:%tf?ﬁgél I%yBCg)r?%&g)t Eélglya&‘eﬁa‘}é%i g Fﬁ’e
sul f oxi de gonpeugdrat rhenMdlrdped) Wokdy Rrdrggen peroxide in the presence
.of the netal oxide catalyst 10 as useéd to produce the sul fone conpound or
suf oxilde cappetné-teamattieosw-ii-the thybemny lafxf gl (1). The fol | ow ng

sul fone conpound of fornula (6): RS S Rs (6) wherein R3, R4, R5 and R6 have
the same nmBadi Agbasedspifds rapdvae thoxyienzalosi 8 % f oxi de conpound of

formul a (7%13}?,gL§%t§a§iu%;%-%gmethoxymethylbenzyloxy group,

a phenylethoxy group, a phenylbutoxy group, a phenylhexyloxy
group, etc.

15 Examples of the unsubstituted alkenyl group include, for
example, a C2-12 alkenyl group such as an ethenyl group,
l-propenyl group, 2-propenyl group, l-methylethenyl group,
1- butenyl group, Z2-butenyl group, 3-butenyl group,

1- methyl-l-propenyl group, a 2-methyl-l-propenyl group,

20 al-methyl-2-propenyl group, l-pentenyl group, 2-pentenyl group,
3-pentenyl group, l-hexenyl group, 2-cyclopentenyl group and
2-cyclohexenyl, 1l-decenyl group, and the like.

Examples of the substituted alkenyl group include, for
example, analkenyl group substituted analkoxy group, anaryloxy

25 group, an aralkyloxy group, a halogen atom, an acyl group, a
alkoxycarbonyl group, a aryoxycarbonyl group, a
aralkyloxycarbonyl group, and a carboxyl group.

Specific examples of the substituted or unsubstituted

alkenyl group include, for example, an arylalkenyl group such

13



wherein R3, RO, RS and R6 have the sane neani ng as defined above, is
obt ai ned by reacting the sulfide conpound of fornmula (2) as def fined above
wi t h hydrogen peroxide in the presence of the netal oxide catalyst of the
present invention. 5 The follow ng sul fone conpound of fornula (8): R7 R8
RO O- ~O Rl~ R14 13 wherein R to R14 are the sanme as defined above, or the
foll ow ng sul foxi de conmpound of fornmula (9): R7 ~ R 14 R8 13 C9) wherein R
to R19 have the anelneanin s defined above is obtained IO by the
reaction oft%t e Wi Td& & o‘%ﬁ:d of formula (3) above with hydrogen

peroxide in the g f t i %@Hg - t resent
invention. In thgxgzlggj%?o%_fo%%%he@%slﬁ)llfi é)ql?o.rrpour?cyi' v&ﬁd p‘ﬁlgcrﬁygfﬁgen

peroxi de, tsh@sHttdler®d @R licrt@RNEN AN s efliddt i R @l I | en AN s udeqand
usually in an anmount of at |east 0.0005 not per nol of the sulfide conpound

W t hout uppérkylli grbupbus subselteted @ causupbstdGutedrdiivytbuel, ane gol or
| ess per nol of the sulfide conpound is preferably used. The hydrogen

per oxi d2 i suppsitértaltied wyedinsulsid thdrad efraddudogr durir ogen peroxi de. O
course, a hydrogen peroxide in_5 an inert organic solvent solution nay be

used. The aqueousSPRfdLdGeR*FEPEiSdO forthend riydsitd sk ntl Lol BFUHP can
contain the _hydroge eroxi de at _any .concentr.ati.on without limt, but
practical | ﬁn ug%do%é%nterxgﬂpgﬁ’ofa %yrilén yg'sda'%i ght in terns of volune
ef ficiency jand ;$ak&t1%4 1 rgiial | a ; rogen peroxide
may be useg gglit ?g'?élo?imgﬁﬁed c?yt?g?cde_%ttyrogjtyéig %g%?%wg'd concentration
for use. Far texampheopt %ih.\&d.r@gﬁzﬁhmeF&Hi&%tﬂ’@}llﬂédﬁkdﬁymiﬁ@rér@lﬂ%ﬂmC

sol vent can be prepared by extracting aqueous hydrogen peroxide with the
i nert b0 gamidisthykdopropybsilyl ggroaguentsrhytnogén ipertdwilee.lyl group,
a pentyldimethylsilyl group, a hexyldimethylsilyl group,
a triphenylsilyl group, a tribenzylsilyl group,
a diphenylmethylsilyl group, a dimethylphenylsilyl group,
a tert-butyldiphenylsilyl group, etc.

15 Examples of the substituted or unsubstituted acyl group
include, for example, groups composed of the substituted or
unsubstituted alkyl, aryl, or aralkyl group and a carbonyl group
such as an acetyl, propionyl, butyryl, isobutyryl, pivaloyl,
benzoyl, trifluorocacetyl, pentafluorobenzoyl or the like.

20 Examplesof thearalkylcarbonyl group include, forexample,
those composed of the aryl group and a carbonyl group.

Specific examples of the substituted or unsubstituted
acyloxy group include, for example, an acetoxy group, a
propionyloxy group, a butyryloxy group, an isobutyryloxy group,

25 apivaloyloxygroup, abenzoyloxygroup, atrifluoroacetoxygroup,
a pentafluorobenzoyloxy group, etc.

Examples of the substituted or unsubstituted amide group
include, for example, a formamide group, an acetamide group,

a propionamide group, a butyramide group, a benzamide group,

14



15 in the presence of the inert organic solvent. The hydrogen peroxide is
generally used at |east 0.8 nol per nol of the sulfide conpound w thout
upper limt. However, too much a usage may be econonically di sadvant ageous,
and 10 noles or less per nol of the sulfide conpound is preferred. In 20
the reaction, either the sul fone conpound or the sulfoxide conpound can

sel ectively be produced by controlling the anount of the hydrogen peroxide.

For exanpl e, the_ sulfone conpound can selectiyv b roduced by using the
hyr ogen’ pet B L L G TRA AT SHOSy At Yot o R REESE FotBper o
of the sulfj, 0 ng. L j co | ect i y be
pr oduced t§%ﬂ%ﬁ%ﬁ§Jﬁgpggﬁgﬁ'?%glﬁggF%ééég é%%%?dggﬁgﬂgﬁﬁgﬁgﬁﬁfﬁ%ékéﬁbreast
0. 8 mol and 855 jiaide -goUP) 65 PBSePinMe tdeogy) fade conpound. If the
met al oxi de-contai'ning |iquid preparation is used, the anount of the
hydrogen petiog iofel uidk ddtee tereids af i ®ulp ey dEpdrakefl 2drobaseanhiiei gkouphe
anount thereof to be used. The reaction is generally allowed to proceed in
wat er, an @tgani c solvent, or a m xture solvent of an organic sol vent and
wat er. Exanpl es of the organic solvent include ether 5 solvents such as

di et hyl ether, nettdfipkas pLflesubshéiutaden ersuhslibrhedrimicsa grosssvent s
such as ethyl acetate; alcohol solvents such as nethanol, ethanol, and
tert-but andite httrsFEa et PeAPY - suthths TG I e andSFhPPRALeY
aromatic hﬁgﬁgﬁgﬂgﬁnsolventssuchastoluene,xylene,and chl orobenzene; 10 and
al i phati c hydrocarbon sol vents such as cycl ohexane and n-heptane. The
anount of the ter or theQrganic solvent §hat may be fuitably used is not

limted, but inWterns of volune efficiency and t

wei ght or |ess 1 part @ of the Aul actical .
15 At too I'ow er drure action S too high
a tenperature, ptde reactiq}' such”as deconposSit i\ | fide

conmpound or th¢ produced syl fone or sulfoxbie conmpound \an proceed. The
reaction tenperature is t Her ef or e preferabl’y in the ranﬁb of -20C to 100C.
20 Cenerally, the reaction is allowed to proceed by m xing the sulfide
conpound, the gXi de, i de

i nto cont act mﬁ&h each othﬁn

Al ternatively, @
o A

sul fi de corfpoid
B

allowed to progeed while tRe netal oxide catal yst i/ prepared. \The reaction
may be al l oned®t o proceed i? the presence of a phaSe-transfer c@talyst.
Exanpl es of thq phase-trans.er 22 catal yst include quaternary amoni um
salts, quatern.\y phosphonijum sal ts, and | arge-rindg pol yet hers.?The

quaternary anmopiumsalts dre pretenred. Exanpl es of\ t he quat efnary

_ammoni um sgl t /i nc b quytery 3 Jum chl ori/des TYas

trioctyl met hylamoti umghl ori de, pct yT’et hyl SmmoRi um i de N—CeHs
T » .

di | auryl di met hyf/ammo m cqyl ori de; /éuryltrinethylayf NP C
stearyltrinet g’ W oride, lauryldinethylbghzyl ammoni uny chlori de,
10 tricapryl met hyl ammoni um chl oride, tridecyl net hyt anmoni um chl©ri de,

tri hexyl met hyl -niun1ch|qside, tridodegyl meth Iannnniun1ch|oride;l

W

t et rabut yl anmo un1ch|orid7, benzyltrinet\yla' D m chl ori de,
' chl ori de,

10 Examples of the substituted or unsubstituted carboxyl
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guat er nary anmoni um brom des each having the bromde ion in place of the
chloride ion in each structure of the above-nentioned quaternary amoni um
chl ori des; quaternary anmoni um i odi des each having the iodide ion in place
of the chloride ion in each structure 20 of the above-nentioned quaternary
ammoni um chl ori des; quaternary anmoni um sul fites each having the sulfite
ion in place of the chloride ion in each structure of the above-nentioned

guat er nary _anmoni,um,ch] orides; _quat.ernary ammni ym sul f at es. each _havi ng t he
duTat o1 PR Bt 1o P aTRaE A ah 5P et AR A Sy e

above- nment i L RAr nJ c ide lﬁﬂg:qﬂﬁf nary anmmoni um
hydrogensu}a?g?gg&g?gﬁ) av%ér%%ghﬁ'y@&r g[{ga%sb% fssa € ion |e§1£'pl ace of the

chloride ion in eaghigticuatiyl e AbthBQy2BR¥INEN  ANed aAURE 188 DAE Y riBERPNI UM
chl orides. Exanples of the quaternary phosphonium salts include 23

t et rabut yl glresphosigyoguorgatorarid gesapy| € heddy lidxeydaatgeryl ggopel, yetber s

i nclude 12-crown-4, 18-crown-6, and benzo-18-crown-6. The phase-transfer
catal yst is geneExkinplesedfitheasudfodest csmppund. uPHDFonpLhd st imesnoioonr e
based on the sul fide conpound wi thout upper limt, but in terns of econony,

an anount &PCéHECHDERE EXPEREE /| Sddadydd B ke /s e tdey k oHpoteei s
tical. [T h - t t.gl yst | s0. di .
P bove. mont FonBaDECEyar ot ThRL 8t iid MeBra ey i Lt Al ar -0 MThe 6481 on

may be all - C el iC re:qQr _pr rerq

pressure. $%gqrg§§ ﬁgﬁﬁggggggéH#3§H§§B§§ﬁ?t%$%§§%§'?63@e§f?§ﬁ§|§%h§?€%fs

techniquesdgqﬁhnaﬁygqss@hﬁgﬁﬁ@O@ﬁg@@ﬁedyﬂﬁ1guyﬁﬁaémance liquid

chromat ography, thin | ayer chromatography, NVR IR and the like. 15 After

t he cdrxl udign-dbdely 1) eactlifdale,t e (Hesgirapy )i quildides, such or optionally

treated with a reducing agent such as sodi um thiosul fate andsodi um

hydr ogensuPfi(iepdrtddeo ideon G ( sEve A Ini sty Hydfogen peroxide, is

subj ected Lo uch _ %r;gtnequﬁﬁ copcentrati.qn and crystallization for

col 1 ecti ng%tH ef&r%@ty SHGNE 0P HT G & . Alternatively, the

reaction I jdaupd; ggtgchdyfﬁﬁgigﬂgkgﬁo'éﬁk tel Ayl or a water-insoluble

organi ¢ solvent added, i's subj écted to extraction, and the resul ting

organi ¢ | ageeyks oBeRGeNd i Bf Bde | aigiyve obldeienyllf ONEE Dile sdliftxinde serposad.

The resulting sulfone or sul foxide 25 conpound may be purified by such a

pr ocesls asddbstizlyllasubfiidad msdihyinpbokngdas obf dpdy e tibydnphesydfstheide,

wat er -i nsol ubl e organi ¢ sol vent i ncl ude, for exanple, aromatic_ hydrocarbon
GO

sol vents s@éK4ashiorgenenyd)| svdfigded ¢Hi hany byeviak Eifle,

hydr ocar bon, sqal vent,s, 24 uch .as di.chl oronet hane, dichl oroet hane, and
chIorofornalzghéFg§8P§§ﬁF§§§ﬁgﬂga§u&%ﬁfﬁ?l ether, methyl tert-butyl ether,
and tetrahydratyrar; %@T%Néﬁyﬂﬁ5§ﬂ¥@¥ﬁ§ ethyl acetate. The usage

[ [ 5T

thereof is not particularly restricted. e resuiting filtrate after the
renoval of dihe-desiroed yarfiore pbrensul)f @dlde dgnrpound by the crystallization
process, or the resulting water |ayer after the extraction process of the

react iZh mildtdleocophainyd )t He rhotlal)oxdudef it al yst, which nay be usable for

further reaction. The filtrate or, the ter 10 layer, as such or optionally
concentratééfcgé9r8§$%ﬁﬁ&}>fgﬁ’Fﬁéygéaéﬁfkﬁide'
(4-nitrophenyl) (4-chloromethylphenyl) sulfide,

(2-nitrophenyl) phenyl sulfide,
(d-chloromethylphenyl) phenyl sulfide,

25 9H-thioxanthene-9%9-on, 3-acetamide-%9H-thioxanthene-9-on,
3-methoxycarbonyl-9H-thioxanthene-9-on, phenoxathyne,
l-ethylphenoxathyne,
3-(2-trifluoromethyethoxy)phenoxathyne,

(2-hydroxyethyl) phenyl sulfide,
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Exanpl es of the sul fone conpound include, for exanple, dinethyl sulfone,
di ethyl sulfone, di(n-propyl) sulfone, di (n-butyl) sulfone, di (n-anyl)
sul fone, di (n-hexyl) sulfone, 15 di (n-heptyl) sulfone, di (n-octyl)

sul fone, di (n-nonyl) sulfone, di(n-decyl) sulfone, di(n-dodecyl) sulfone,
di (i sopropyl) sulfone, di(isobutyl) sulfone, di(sec-butyl) sulfone,
di(tert- butyl) sul fone, di(isoanyl) sulfone, nethylbutyl sulfone,

A A S e R
di (2, 4- dICh oﬁ%%%géfﬁ%)l##Q§ﬁg§ % %F%%féﬁluwégg¥%€1pﬁenyl) sulfone

di (4-ni trophesldr @d&ﬁw&» %&ﬁnéwormﬂbéﬁzé%ﬁ 1%@5&9@,6

3-chl orophenyl 4-tolyl sulfone, (2- ni trophenyl) pheny one,

(4-ni tropheyd)dilFratdsaronhpyinisptdronge (4-chl oronet hyl phenyl ) phenyl
sul fone 25 10, 10- di oxo- 9H-t hi oxant hene- 9- on,

10, 10- db ox @, 3t-atiethalm wee e3¢ d | loxaind diesres 9- on,

10, 10- di oxo- 3- net hoxycar bonyl - 9H-t hi oxant hene- 9- on,
phenoxathyﬁaTnﬂ%mﬁﬁﬂQﬁﬁQﬁﬁzQﬂQl%h*ﬂ@ﬁﬂnﬁmn@ﬁ¢@méﬂqblQBhﬁnéx|de

3-(2-triflypro t hox ne- 10, 10- di oxi de, (2-hydroxyethyl)
phenylsulf rgi%#%y %%@?‘ﬁh@ﬂ@ﬁ fone, (methoxycarbonyl methyl) phenyl
sul f one, ﬁqﬁ;

benzo[b]thlo Q%%&Q%E é : r&%%ﬁ?%[b]thlophenesulfone

3, 5- di br omxpenzpdd S fasprdede di chl or obenzo[ b] t hi ophene
sul fone, 5- nethylbenzo[b t hi ophene sulfone 4, 7- di met hoxybenzol[ b] t hi ophene

sul fong) 13 ,3tatitodtoxlydranya] 4 tin) hpiwestesrsal) f one,

5-octyl oxybenz t hi ophene sul fone, 3,5-di octyl oxybenzo[ b]t hi ophene

]
sul f one, 344%m4kﬁqﬂxﬁgﬁxhﬂﬂ Eﬁ#ﬂﬁhﬁ%@ﬂfone
4, 7-di oct yl oxype b].t hi.o hen sul fone 20 di benzot hi opr. ene-5, 5-di oxi de,
2, 3- dloctyﬁhl&ﬁdAQJFQﬁﬁiﬁé; (%%ﬂﬂp %?8 di oct yl di benzot hi ophene sul f one,

I\JNI\)HU)_I—‘Hl—‘-bU)I\)

3 di oct yl t S Rgg , 2,8-dioctyl oxydi benzot hi ophene

u f one, go?ygig)o t Cﬂ Cg%nzé(#;u op(hene sul f one,

, 6- di oct yloxd skeiaat tcm W, st { ireene,

, 2,8, 9- tetraoctyloxydlbenzothlophene sul f one,

, 4, 6, 951 etr, ot id aogyldh shyehizod i aipiiieseh e f one,

2,4,6, 8, 9- hexaoctyloxydlbenzothlophene sul fone, 26

,3-d|octyﬂ0 R b aih ¥ Qﬂhﬁnq/2 9-tri octyl oxydi benzot hi ophene
ul f one, xydi penzot ne sulfone

Y r?dé&ay %&fﬁmﬂ% SREsul fone,

, 3-di chl r qdi ‘Sﬂﬂﬁﬂﬁ’ odi benzot hi ophene sul f one,
,3 dlfluord bénzgnalop ene SLﬁéanmaéégﬁéééﬁgféwodlbenzothlophene sul f one,
, 3- dlphenmhdukﬁmyﬁéuﬁaaaﬁyaéaydfwghzothlophene,

20 1,2,4,6,8,9-hexaoctyloxydibenzothiophene,
1,3-dioctyloxydibenzothiophene,
1,2,9-trioctyloxydibenzothiophene,
3,4-dioctyloxydibenzothiophene,
1,2,3,4,6,9-hexaoctyloxydibenzothiophene,

25 2,3-dichlorodibenzothiophene, 2,8-dichlrodibenzothiophene,
2,3-difluorodibenzothiophene, 2,8-difluorodibenzothiophene,
2,3-diphenyldibenzothiophene,
2,8-diphenyldibenzothiophene,

2,3-dipehnoxydibenzothiophene,
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10 2, 8-di phenyl di benzot hi ophene sul fone, 2, 3-di phenoxydi benzot hi ophene

sul fone, 2, 8-di phenoxydi benzot hi ophene sul f one,

2, 3-di benzyl di benzot hi ophene sul fone, 2, 8-di benzyl di benzot hi ophene sul f one,
15 2, 3-di benzyl oxydi benzot hi ophene sul fone, 2, 8-di benzyl oxydi benzot hi ophene
sul fone, 2,3-bis(trinethylsilyl)dibenzothi ophene sul fone,
2,8-bis(trinethylsilyl)di benzot hi ophene sul f one,

8 oA s s e
2,3-bis(tri b5 [ thi | _qpy ; :
b1 S(t1 BN Y Be S ot R SERGG SL1 oheneyidibenzothiophene,

, 3- di acet Yl di-keneaizyil NS HidN®paE,di acet yl di benzot hi ophene sul f one,
5 2, 3-di acet oxydi benzot hi ophene sulggne, 2, 8- di acet oxydi benzot hi ophene
u

| f one, 2,23-8biddfdinaydionyanbemzhdrarmpdidnegphene sul f one,

- bi s(di acet yl am no) di benzot hi ophene sul f one,

, 3- bi sé st >2r,@l-%disuérrzlmemhddwédé/lémm,otmophene,

, 8-bi s(styryl)di benzot hi ophene sul fone, 2, 3-di cyanodi benzot hi ophene

Ll T one, 228 80PAFARSBEA b N SRR SHEPRA Rt hol 2. 1- b:

1', 2' -d] di benzot.hi,oph syl f.qne,, and 5 di.anthraq[2, 1-b:
1',2'-d]di%é%z%ﬁ%ﬂ§5ﬁ§ﬁ%n &Sﬁoﬁg)Q%B%QQ%;Qﬁoéh? Sul f oxi de conmpound

i nclude, for 4 1Sl OH G+ 4 | f oxi de, di (n-propyl)
sul f oxi de, @dis?)ﬁ?%ﬁttsll g‘s‘?ﬁ%ﬂilﬁ,)“g‘fﬂfﬁl— é’&?ﬁ?’%%xi de, di (n-hexyl)

sul f oxi de, 2di3cpibkegptrybensylfsaxivdg ditieroadtidphesid f oxi de, 10 di (n-nonyl)
sul f oxi de, di (n-decyl) sulfoxide, di(n-dodecyl) sulfoxide, di(isopropyl)
sul f oxi@e, 2di8C-lbsedarybenaylisdiivie dibenzothiophene,

di (sec-butyl)sul foxide,di(tert-butyl)sulfoxide,di(isoanyl) . sulfoxide,
net hyl but ¢l 3sGLRERIEYS AipearAtidOmAnesul f oxi de, di cycl ohexyl sul f oxi de,
dicyclodonCéL sulggx&gg 1%C%iphe@ylsulfoxide, di benzyl sul f oxi de,

met hyl phenyl’ SGFFETEaE L CEPRIZ FhA 45 f oxi de, di (4- chi or ophenyl)

sul f oxi de, odis( 3 aREREXYRREDW i$WHepe de, di (2, 4-dichl orophenyl) sul foxide,
di (4-trifluoronethylphényl) sulfoxide, 20

di (4- ni t r opheryli heekbaybde.zqthivpheplkenyl 4-tol yl sul f oxi de, (3-chl orophenyl)
(4-tolyl) sulfoxide, (4-nitrophenyl) (4-chlorophenyl) sulfoxide,

(2- ni tIDphénykpipHdapkesyliamingds dipsnctdtdviomdtend phenyl ) phenyl sul f oxi de
25 10- oxo- 9H-t hi.oxant hene- 9- on, 10-oxo- 3-acet am de- 9H-t hi oxant hene- 9- on,

10- oxo- 3- meét RoRy-E4Ab8RFIEYIAMLRICY LiReReRs Ng-.amieShenoxat hyne- 10- oxi de,

1- et hyl phegoxat hyne: 10- oxi de, .
3-(2-trif|20?0%Fé%RﬁFé’FP{giﬁg’ﬁg&&Wﬁ&eﬁ'oxi de, 28 phenyl (chloromethyl)
sulfoxide,zgg;gxgqgﬁygyhyth@Q%@ghfygggy@’de, t etranmet hyl ene sul f oxi de,
(et hoxycar bonyl net hyl ) benzo[ b] t hi ophene sul f oxi de,

3- chl or obeazGFdlithaapbtebenzolthdxptene 3, 5- di br onobenzo[ b] t hi ophene
sulfo%gge,

2
2
2
S
2,8
2,3
2

S

2,8~-dicyanodibenzothiophene,
dinaphtho([2,1~-b: 1',2'-d]dibenzothiophene,
dianthro(2,1-b: 1' 2'-d]dibenzothiophene, etc.

By the reaction of the sulfide compound with the hydrogen
peroxide in the presence of the above-mentioned metal oxide
25 catalyst, the sulfur atom of the sulfide compound is oxidized
and the sulfone or sulfoxide compound is formed.

The sulfide compound of formula (1) is used to form the

sulfone compound of formula (4):
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3, 4-di chl robenzo[ b] t hi ophenesul f oxi de, 5-net hyl benzo[ b]t hi ophene sul f oxi de,
4, 7-di met hoxybenzo[ b] t hi ophene sul f oxi de, 3-octyl oxybenzo[ b]thi ophene
sul f oxi de, 10 5-octyl oxybenzo[ b]t hi ophene sul f oxi de,

3, 5-di octyl oxybenzo[ b] t hi ophene sul f oxi de, 3, 4-di octyl oxybenzo[ b] t hi ophene
sul f oxi de, 4, 7-di octyl oxybenzo[ b]t hi ophene s. ul f oxi de

di benzot hi ophene-5-oxi de, 15 2, 3-di octyl di benzot hi ophene sul f oxi de,

2, 8-di octyl di benzot hi ophene sul foxi de, 2, 3-di octyl oxydi benzot hi ophene
sul f oxi de, 2, 8-di octyl oxydi benz®} hi Sphene sul f oxi de,

1, 9-di oct yl oxydi benzot hi ophene s xi de, 20 4, 6-di octyl oxydi benzot hi ophene
sul foxide, 1,2,8,9-tetraoctyl oxy Sbgg;othiophemé)sulfoxide,

1, 4,6, 9-t et raoct yl oxydi benzothi“Ophentr%ul f oxi de,

1 2,4,6,8,9-hexaoct¥onydibenzothiophene sul f oxi de,

1, 3- di oct ywhaydiheRz adrd (g éraeres whicoxsiatte, n2Gning as defined above, or
1,2,9-triooctyl oxydi benzot hi ophene sul f oxi de,
3, 4-di oct ytbrydibénxddri ophpnendubfoficdmula (5):
1,2,3
2

, 2,3,4,6, 9- hexaoct yl oxydi benzot hi ophene sul f oxi de,
, 3-di chl or odi benzot hi ophene sul¥oxide, 2,8-dichlrodi benzot hi ophene
sul f oxi de, 29 2, 3-di fl urodi berjzot hi ophene sul f oxi de,
2, 8-di fl urodi benzot hi ophene sul foxi de, 2,3-di@yenyldibenzothiophene
sul f oxi de, 2, 8-di phenyl di begzethi Ophene sul f oxi de, 5
2, 3- di phenoxydi benzot hi ophene sul f oxi de, 2, 8-di phenoxydi benzot hi ophene
sul f oxisde, wRe Bedhbahzyh dli ife hzatdhiteh enens Wil .as defined above.
2, 8- di benzyl di benzot hi ophene sul f oxi de, 2, 3-di benzyl oxydi benzot hi ophene
sul f oxi de, TH& L2y 1gEad ivkEnzyhpeydd kehZothiidbphidnemsylaflesa de,used to produce
2,3-bis(trimethylsilyl)di benzot hi ophene sul f oxi de, . .
2, 8- bi s(triReHALINS FPaPBeRdathifopREAe &) ROLitee reaction is ususally
2, 3-bi s(triphenylsilyl)di benzothi ophepe syl foxi de .

3 bi o(t PRRERVF SR Fer BERSB e S kORiefind gf formula (5) with
-bis(try i i : .0 | fexide, .
bl ot 1B T B e OB S o g metal oxide catalyst
- dijgcet yk dir Heazes b epdhene il faxifii¥he compound or sufoxide compound
- di acetyl di benzot hi ophenesul f oxi de, 2, 3-di acet oxydi benzot hi ophene
f oxi de, f26m2tBedsatEét dgydphbpnzothobpliemaudeal f(dxi.de, ¢
- bi s(di acetyl am no) di benzot hi ophene sul f oxi de,

, 8- bi s(di et yrakPreid BehEBPRI GpRRABNEUPoXPgRULE (6) :

, 3-bi s(styryl)di benzot hi ophen sutjoxide, 2, 8- bi s(styryl)di benzot hi ophene
ul foxi de, 25 2, 3-di cyanodi benzgt iophene sul f oxi de,
2, 8-di cyanodi benzot hi ophene su?%ﬁ%:de,
di napht ho[ 2, 1-b: 1", 2' - d] i &ul f oxi de,

dianthro[ 2, 1-b: 1", 2' -d] di benZQt hi opjj€ne sul foxide, etc. 30 The present
invention is further described\i tail in the follow (@) exanpl es but 'not
limted to them Exanple 1 5 Q of tungsten netal was added to 2. 6nl of
wat er under nitrogen atnos e, and\skirred at the roomtenperature, 5g of
30w % hydr ogen peroxi de was added andRstirred, and aqueous sol ution of
tungsten oxi de catal yst was prepared. The aqueous sol ution was kept at 40C,
and 1280miwinéreihaiol R aRd a@Rgmm 2h8- sine mEaoxydj Bendef hiepdmerajer e
added thereto 5 % i S , .and reacted at
asc ror 5 Tburaé SplroR Rt SIYEERPEY BRRRELER 23S e A% of “aqueous
sodi urh® hi osul fate sol ution were_added thereto, and tol uene was added, and
extracted. After washing the obtg ned 15 organic |ayer with water, the
organi ¢ phase was concentrated t{ give 47 g of
2,8-diocty|oxydibenzoth%gphene fone.Fﬁ el d: 99%

(")



Exanple 2 20 To a 50-m schlenk tube purged with nitrogen were added 8.0 ng
of tungsten, 20.6 ng of nethyltrioctyl ammoni um hydrogensul fate and 6.1 g of
30w % aqueous hydrogen peroxi de at roomtenperature. The m xture was
stirred at 27C for 30 mnutes to forman aqueous solution of tungsten oxide
catalyst . 25 To the aqueous solution, 4 g of Bi phenyl sulfide was added
dropwi se over 10 m nutes and reacted under stirring at 27 C for two hours .

b ngﬁgzv?r?%f%ént Rl R ChRe RS "f“"‘” ' mé%) P&%ﬂ%ﬁoo%%egf;fid
Faaction. FECHNE SRR 93883 nGOPRE PR &S ool B2TPRERLTR B8} 14 s
added to ther{£agHIRA dzﬂﬁ'ﬁ%y%,%g%ﬂﬁ%?&x{@é 134 gk'[eg%nc@rlﬁjf {:Hsg?é@aiﬂ of

et hyl acetate andn-decane (an i1 nternal standard substance for analysis )
were addedox bdiér eetabyandosethbegdretBatsepaeatednor gani c | ayer was anal yzed
by gas chromat ography. Yield of biphenyl sulfone: 94.5% (Based on bi phenyl
sul fidé) Yield oThéi pbehytisgl fuXifdee Sodpe(Bdsed dnrbuphenyl) :sul fide) 10
Exanple 3 To a 50-m schlenk tube purged with nitrogen were added 7 . 3 ny
of tungsten and 5. 6 g of 30wt % qugﬁus hydr ogen peroxi de at room
tenperature. The m xture waR 'stir 27C ﬁgﬂ 20 mnutes to give an
aqueous sol ution of a tungsten oxi 42atalys . 15 To the aqueous sol uti on,
14.3 ng of nethyltrioctyla i PQri de
di phenyl sulfide was

stirring at 27C for / | e e reaqﬁ?on, 20 M of
et hyl acetate and 10.3 g of 3 ' i on of sodium 20
hydrogensul fite were added \and m nutes, and then n-decane (

an internal standard subspance as added, stirred and
settled. The separatedfdfgani c \ayer was/anal yzwgd?by gas chromat ogr aphy.
Yi el d of biphenyl sulfone: 96. 8% sul fide) 25 Yield of
bi phenyl sul foxide: 3.1% (Based on bi phehyl sulfide) Exanple 4 To a 50-nil

schi enk 1 uhe, purged w the niLr ogen, %%%sa&i%fgr'}%& SR LYnosd %f%e%q’nji%o my

of 30w % aqueous hydr ogen peroXxide om tenderature ure
was stirreg; ptod06ef 86mgOuAlingEesctAufiar mogn aqueous sol ution of a tungsten
oxi de catalyst . To the aqueous solufion, 3 g of ethanol and 372 ny of

di phenyl sulfide were addedR7and thﬁ%}SOO ng gk 30wt % aqueous hydrogen 5
per oxi de was added dropw se over 10 [iM nute a reacted under stirring at 40
C for two hours . After conphetion ¢f ction, 20 m of ethyl acetate
and n-decane (an integnal 3 a.for anal ysis) were added and
stirred. The resultiRg o.Fl%hronat ?raphy. 10

Yi el d of biphenyl sulfone: eny sulfidé§ Yi el d of

bi phenyl sul foxide: 1.0% (K | fide) Exanple 5 To a 50-m
Schl enk tube purged with pi 3 deet—15 7.8 ng of tungsten netal
and 2.6 g of 30wt % aqu : i rF{:.]aomtenperature. The

m xture was stirred at "27C for 23om nutegjto fo an aqueous solution of a
tungsten oxide catalyst. To the =queousF%qution, 7 g of nmethanol and 3.9 g
of di phen i de 18 i i ; # t

nder st 1 e 5t o o P ha AR A S I T PSR A DRI
M of 1t hydy aged ateadibd &b f ik CHul'ﬁMé’/Ocﬁﬂdégﬁﬁ-tﬁi o WHdrg1f S0diadybve
hydrogensul fite were added and stirred for 30 m nutes, and then n-decane
(an i nt er nal tishgddege ngudrsisainbeei h dh egrred 3esi @) o fdd eankded], ost derad adnd t

settled. The separated 25 organic |ayer was anal yzed by gas chronatography.
of the present invention.

In the reaction of the sulfide compound with the hydrogen
peroxide, themetal oxide isgenerallyusedinacatalyticamount,
15 and usually in an amount of at least 0.0005 mol per mol of the

sulfide compound without upper limit, but in terms of econony,
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Yield of
bi phenyl

50nL Schl enk tube purged with nitrogen were added |l ng of tungsten and

100nmg of

reaction,
i nternal -

bi phenyl sul fone: 18.8% (Based on bi phenyl sulfide) Yield of

sul foxi de: 80. 6% (Based on bi phenyl sulfide) Exanple 6 33 To a

30w 0 hydrogen peroxide at roomtenperature, and stirred at 40 C
for 20 mnutes to prepare aqueous solution of the tungsten oxide catal yst.
3g of nethanol and 5 benzo [b] thiophene 268ngy are added, and 500ngy of
30wt % hydrogen peroxi de water were added over 10 ninutes, _and reacted
gi ve an aqé@oé§°§8FuPﬁoﬂn§tm@éc9¥o¥e%5Hﬂ%¥§m°¥ﬁ?%ftQ§nﬁH¥§¥Qﬁ1Qﬁmﬁ?ﬁﬁd

20mL of Bi acetate and n-decane (anal ysis business
sﬂﬁn@é?ée§ﬁ ¥alE&f ‘were added thereto and 10 stirred and set

e R e i R e e R

yield: O.

5%%@@'@@@Zﬁilgléeéﬁp@§9@xi§e bafdﬁ)cou@é%”pbeh§7/dfbgehe§§£bﬁﬂd@/a§n

carried out in a simlar nmanner as in Exanple 4 except ‘that |5ng of
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aqueous hydrogen peroxide may be used as it is, or diluted or
concentrated to a desired concentration for use. For example,
the hydrogen peroxide solution in an inert organic solvent can
be prepared by extracting aqueous hydrogen peroxide with the
inert organic solvent or distilling aqueous hydrogen peroxide
in the presence of the inert organic solvent.

The hydrogen peroxide is generally used at least 0.8 mol
per mol of the sulfide compound without upper limit. However,
too much a usage may be economically disadvantageous, and 10
moles or less per mol of the sulfide compound is preferred. In
the reaction, either the sulfone compound or the sulfoxide
compound can selectively be produced by controlling the amount
of the hydrogen peroxide. For example, the sulfone compound
can selectively be produced by using the hydrogen peroxide, for
example, in an amount of 1.5 moles or more per mol of the sulfide
compound, and the sulfoxide compound can selectivelybe produced
typically by using the hydrogen peroxide in an amount of at least
0.8 mol and less than 1.5 moles per mol of the sulfide compound.
If the metal oxide-containing liquid preparation is used, the

amount of the hydrogen peroxide in the preparation may be taken
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5 11 nmg of tungsten, and nethanol was used in place of ethanol. biphenyl
sul fone yield: 89.0% (di phenyl sulfide basis). biphenyl sulfoxide yield:
11. 0% (di phenyl sul fide basis). According to the present invention, the
sul fone or 10 sul foxi de conpound can be readily and sel ectively prepared,
35 VWhat is claimed is: 1. Anethod for preparing a sulfone or sulfoxide
conpound, which conprises reacting a sulfide conpound wi th hydrogen

peroxide in the presence 5 of a net% OX|d§ ngﬁlySt obt ai ned by reacting
hydr ogen p@F&RMdE WER épeléEQPHGné Rt &P ebnpound sel ected from

oy 3&835’%%5‘5#%Qg?”g%é’f‘f%%‘%%%"%ﬁo@%é ot HTTRSAE Moy vin
excl udi ng %ysfg%@ od @J%v&mldfbg%m&ﬁm%rp@w Ll @%&élélg lvent

nnlybdenunland el enment of Goup [11b excl udi ng

oxygen. 2. zghkewarkhlqd BLEMpULH00E Ot Kk abiydnivheseranthensubiiedet@erpound is
a sulfide conmpound of formula (1): 2 o RL /s \RZ (1) wherein RL and RZ are
t he sarfe osodwéheseBUChndsidﬂepbﬁﬂeammgrremwthyﬁﬂtertnbmt?iLﬁmhbrw and
unsubsti tuted hydrocarbyl group, or Rl and RZ, together with the sul fur
atomto mt@ﬁra}ﬁyﬁrarféraam&%fteanldfremt@ §H§§t45! loncahatipsta kel

| | f d d | f d of
Formul a (4FOSG=R00 RO RI3TRE NERP e EFBRAORL S8 10 HeRB- FPEL Carer ”%. g
defi ned ul.f |.f
as def | ned aBgue, 06.Che SULEAXEAS GaTBOUN L5 R sl e command of

formla ( erein have the Same nmeani ng as
defi ned abﬁ‘{/@.-rocarbonsolventssuchastoluene,xylene,andchlorobenzene,

10 and aliphatic hydrocarbon solvents such as cyclohexane and
n-heptane. The amount of the water or the organic solvent that
may be suitably used is not limited, but in terms of volume
efficiency and the like, 100 parts by weight or less per 1 part
by weight of the sulfide compound is practical.

15 At too low a temperature, the reaction can less proceed,
and at too high a temperature, side reactions such as
decompositionof therawsulfide compoundor the produced sulfone
or sulfoxide compound can proceed. The reaction temperature
is therefore preferably in the range of -20°C to 100°C.

20 Generally, the reaction is allowed to proceed by mixing
the sulfide compound, the hydrogen peroxide, and themetal oxide
catalyst to bring them into contact with each other, with no
limit to the order of mixing. Alternatively, themetal or metal
compound, the hydrogen peroxide, and the sulfide compound may

25 be mixed and brought into contact with each other, so that the
reaction of the sulfide compound with the hydrogen peroxide is
allowed to proceed while the metal oxide catalyst is prepared.

The reaction may be allowed to proceed in the presence

of a phase-transfer catalyst. Examples of the phase-transfer
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3. A nmethod according to Claim1, wherein the sulfide conmpound is a sulfide
conpound of formula (2): R3 S Rs. (2) R4 ERs wherein R3, R9, R5 and R6 are
the sane or different and each i ndependently represent a hydrogen atom 10
a substituted or unsubstituted hydrocarbyl group, a halogen atom a nitro
group, a cyano group, a substituted or unsubstituted silyl group, a
substituted or unsubstituted imde group of fornmula: 0 -N QI O 15 wherein
Q represents a substitfted or unsubstituted al kyl ene or aryl ene group, or a

group of f6?ﬁﬁﬂ¥?tx;vg_u§? quﬁﬁ@F@?ﬁyan@BPég@nFéiéShy&Mﬁiﬁ?Qﬁ%ﬁn or a

"205) o1 Pt o ML AR B PR, LRSS Run i
hydr ogen a : sti.Lu r substituted hydrocarbyl group, or two
adj acent %@@BgéegngﬁgH%B%ké4?§%§%r§%9'R6 together with the thiophene ring

to which they arsxbﬁ?ﬂég ber gha u&@@rhh%g,aﬂmGnihﬁ sulf@nencanprund is a
sul fone conpound of fornmula (6) S Rs ) RA ERs 10 wherein R3, R4, RS

and R6 shaveuahersang aemaonibgmashbefides sbrves ar itk ydueftoni ldemcompound i s
a sul foxi de conpound of fornula ;7) ORs S. Rs (7) R4 ~R5 wherein R3, R9,
R5 and R6 @alerifde,sheoptahrhjyasmaeninadchbovade,

dilauryldimethylammonium chloride, lauryltrimethylammonium
chloride, stearyltrimethylammonium chloride,
lauryldimethylbenzylammonium chloride,

10 tricaprylmethylammonium chloride, tridecylmethylammonium
chloride, trihexylmethylammonium chloride,
tridodecylmethylammonium chloride; tetrabutylammonium
chloride, benzyltrimethylammonium chloride,
benzyltriethylammoniumchloride, N-laurylpyridiniumchloride,

15 N-cetylpyridinium chloride, and N-laurylpicolinium chloride;
quaternary ammoniumbromides each having thebromide ioninplace
of the chloride ion in each structure of the above-mentioned
quaternary ammoniumchlorides; quaternary ammonium iodides each
havingthe iodideioninplaceofthechlorideionineachstructure

20 of the above-mentioned quaternary ammonium chlorides;
quaternary ammoniumsulfites eachhavingthesulfiteioninplace
of the chloride ion in each structure of the above-mentioned
quaternary ammonium chlorides; quaternary ammonium sulfates
each having the sulfate ion in place of the chloride ion in each

25 structure of the above-mentioned quaternary ammoniumchlorides;
and quaternary ammonium hydrogensulfates each having the
hydrogensulfate ioninplaceof thechlorideionineach structure
of the above-mentioned quaternary ammonium chlorides.

Examples of the quaternary phosphonium salts include
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15 4. A nmethod according to Claim3, wherein the cyclic sulfide conpound is
a sulfide conmpound of fornmula (3): 38 R7 Rl4 SR8 ~\ Rs (3) RO ~~R 2
RoRi werein R, R8, RO, R, Rl1l, R12, R13 and R14 are the same or
different and each independently represent a hydrogen atom a substituted
or unsubstituted hydrocarbyl group, a halogen atom a nitro group, a cyano
group, 5 a trisubstituted silyl group, an imde group of fornmula: 0 -N Q|

aroup, “or HerEr R e B faldRT i P Sl R BRe et S il f8Eas siRe o
unsubsti t Ovds P af by | GE OUP.. BRI Ya T epBeseBl§-50- angCO, - (0)0-,
-0(0) G, -<§§kr«ﬁ%-, - %%SC%O?-, aﬁereln Z represenfs a hydrogen atom 10 a
group of fudmad-algXcowndd,or a substituted or unsubstituted hydrocar byl
group, or two adj acent groups anobng R, Re, R9, Rl, R-1, Rz ~ R13 and Rl14
t oget her with tHehdphaeeetriangfea vdtialhydthey gere dedridedsédrim an boeechtr | ng,
and the sul fone conpound is a sul fone conpound of fornmula (8) 20 39 R7 R8
5 o0f0.0005molartimesormorebasedonthesulfide compoundwithout
upper limit, but in terms of economy, an amount of one molar
time or less based on the sulfide compound is practical. The
phase-transfer catalyst may also be used in the above-mentioned
preparation of the oxide metal catalyst.
10 The reaction may be allowed to proceed under atmospheric .
pressure or pressurerized pressure. The reaction process may
be monitored by conventional analysis techniques such as gas
chromatography, high performance liquid chromatography, thin
layer chromatography, NMR, IR, and the like.
15 After the conclusion of the reaction, the reaction liquid,
as suchoroptionally treatedwith a reducing agent such as sodium
thiosulfate and sodium hydrogensulfite for decomposition of the
remaining hydrogen peroxide, is subjected to such a treatment
as concentration and crystallization for collecting the target
20 sulfone or sulfoxide compound. Alternatively, the reaction
liquid, assuchoroptionallywithwaterand/orawater-insoluble
organic solvent added, is subjected to extraction, and the
resulting organic layer is concentrated to give the sulfone or
sﬁlfoxide compound. The resulting sulfone or sulfoxide
25 compound may be purified by such a process as distillation and
column chromatography.
Examples of the water-insoluble organic solvent include,

for example, aromatic hydrocarbon solvents such as toluene,

xylene, and chlorobenzene; halogenated hydrocarbon solvents
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RO o~ ~0 R14 R13 (8) R12 wherein R to R14 are the sane as defined above,
or the sul foxide conpound is a sul foxide conpound of fornmula (9): R7 ~ ~
Rl4 .S. R8/ ~ R13 C9) RO ~ R12 n10 ,-,11 5 10 15 wherein R to R14 have
the sane neani ng as defined above. 5. A nethod for preparing a sulfone or
sul f oxi de conpound according to Caim1, wherein the group Illb elenent is
boron. 6. A nmethod for preparing a sulfone or sulfoxide conpound according

to daiml, mhereinc%ﬁg roup |Vb len?nt is carbon. 7. _A nethod for
preparing &St #®5e Lo 3 cOMPBLABCRER BT T IF Y GNEPEPAPER WHERRF n t he

JUr one. o SCHUPRHE EenBSuNASHE 0T SPRGE M2 AT oL FHAP B TRASY b¥ Bement
excl usive %fet%l‘mgﬁ’}oif%r% T4y 3r et Q@W@ﬂ# %ow&ﬁgt{] ché’dBEQr}e e

sul f oxi de compou according to Caim1l, erein t ogen peroxide is

an aqueous uRydeoger refoxisdeotd@art icullG rl A reRithaddd, preparing a sul fone
or sul foxi de conpound according to Claim1l, wherein the reaction is

conduct®d i n theTheesesuétbhgaf phaseté rafitsd ertheatrampstal dF. the nit dibcked or
preparing a sul fone conpound, which 5 conprises reacting a sulfide conpound
wi t h hydr ogead fpaeorr deul fox ke mrampoind by haetaysoad dbzehianysroediai ned

by reacting hydrogen peroxide with at |east one netal or nmetal conpound

sel ect ed f%5n¥ge gesu?tlng water Tayer a?ter {he extraction process of
the reaction mixture contains the metal oxide catalyst, which
may be usable for further reaction. The filtrate or the water

10 layer, as such or optionally concentrated, may be used for the
reaction.

Examples of the sulfone compound include, for example,
dimethyl sulfone, diethyl sulfone, di(n-propyl) sulfone,
di (n-butyl) sulfone, di(n-amyl) sulfone, di (n-hexyl) sulfone,

15 di(n-heptyl) sulfone, di(n-octyl) sulfone, di(n-nonyl) sulfone,
di (n-decyl) sulfone, di(n-dodecyl) sulfone, di(isopropyl)
sulfone, di(isobutyl) sulfone, di(sec-butyl) sulfone,
di(tert-butyl) sulfone, di(isocamyl) sulfone, methylbutyl
sulfone, dicyclopentyl sulfone, dicyclohexyl sulfone,

20 dicyclododecyl sulfone, diphenyl sulfone, dibenzyl sulfone,
methylphenyl sulfone, ethylphenyl sulfone, di(4-chlorophenyl)
sulfone, di(3-methoxyphenyl) sulfone, di(2,4-dichlorophenyl)
sulfone, di(4-trifluoromethylphenyl) sulfone,
di(4-nitrophenyl) sulfone,

25 (4-fluorophenyl) (4-tolyl) sulfone,
3-chlorophenyl 4-tolyl sulfone,

(2-nitrophenyl) phenyl sulfone,
(4-nitrophenyl) (4-chlorophenyl) sulfone
(4-chloromethylphenyl) phenyl sulfone
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10 a) tungsten netal, b) nolybdenum netal, c) a tungsten conpound
conprising i) tungsten and ii) an elenment of a Goup Illb, IVb, Vb, or VIb
15 excl udi ng oxygen, and d) a nol ybdenum conmpound conprising i) nol ybdenum
and ii) an element of Goup Illb, Vb, Vb, or VIb excluding oxygen, 20
wherein the hydrogen peroxide is used in an anount of at least 1.5 noles
per nol of the sulfide conpound. 12. A nethod for preparing a sul foxide

conmpound, ich conprise reacting . a sulfide conmpound with hydrogen peroxide
in the preg@ngg 58 C&P §%n§§épx8Q&@§n@a€aP§st obt ai ned by reacting hydrogen

per oxi de with 18 dseast. sone etab o mpbal Gataand sgyected from 2

tungsten metal’, nol ybdenum et a a tungsterd conpound conprising
i) tungstenoand-idib xR k@Rl yofa rd oB AU H-thl o da¥it h ey - ArorV] b excl udi ng
oxygen, and 5 d) a nol ybdenum ¢onpound conprising i) nolybdenumand iii) an
el enent of pGeawxalthlyibe~-119h,1 0Valioxidé,b excl udi ng oxygen, wherein hydrogen
peroxide is used in an anmount of 0.8 noles to 10 1.5 noles per nol of the
sul fi ded coApethylph@noxabiyned 100l Opidépariideg a suf one conpound, which
conprises reacting a sul foxide conpound w th hydrogen peroxide in the
presence of-tlke tiefdrosergs hydeahpsy ) aseaeraidyrier @ didndtoxiglers. Use of a

Sul foxi de. QamEYaT Ry PEACtT NG . SUIFPHE CURHOTE GHn FyGPEgei HEToR de.
15 . Use of(nd+MRk3ca®bod 16RkalMSt phhth! Qiwingh conprises
tetramethylene sulfone,

10 benzo[b]thiophene sulfone, 3-chlorobenzo [b]thiophene sulfone,
3,5-dibromobenzo(b]thiophene sulfone,
3,4-dichlorobenzo{b]thiophene sulfone,
5-methylbenzo[b]thiophene sulfone,
4,7-dimethoxybenzo[b]thiophene sulfone,

15 3-octyloxybenzo[b]thiophene sulfone,
5-octyloxybenzo{b] thiophene sulfone,
3,5-dioctyloxybenzo[b]thiophene sulfone,
3,4-dioctyloxybeno[b] thiophene sulfone,
4,7-dioctyloxybenzo[b]thiophene sulfone

20 dibenzothiophene-5,5-dioxide,
2,3-dioctyldibenzothiophene sulfone,
2,8-dioctyldibenzothiophene sulfone,
2,3~dioctyloxydibenzothiophene sulfone,
2,8-dioctyloxydibenzothiophene sulfone,

25 1,9-dioctyloxydibenzothiophene sulfone,
4,6-dioctyloxydibenzothiophene sulfone,
1,2,8,9-tetraoctyloxydibenzothiophene sulfone,
1,4,6,9-tetraoctyloxydibenzothiophene sulfone,

1,2,4,6,8,9%-hexaoctyloxydibenzothiophene sulfone,
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t he aqueous solution of the netal oxide catalyst as defined in 20 Claim1l
and an organi c solvent for preparing a sul fone or sulfoxide conpound. 42
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2,8-bis(diacetylamino)dibenzothiophene sulfone,

2,3-bis(styryl)dibenzothiophene sulfone,
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(2-hydroxyethyl) phenyl sulfoxide, tetramethylene sulfoxide,
(methoxycarbonylmethyl) benzo[b]thiophene sulfoxide,
3-chlorobenzo[b]thiophene sulfoxide,

5 3,5-dibromobenzo{b] thiophene sulfoxide,
3,4-dichlrobenzo[b]thiophenesulfoxide,
5-methylbenzo[b] thiophene sulfoxide,
4,7-dimethoxybenzo[b]thiophene sulfoxide,
3-octyloxybenzo[b]thiophene sulfoxide,

10 5-octyloxybenzo(b]thiophene sulfoxide,
3,5-dioctyloxybenzo[b]thiophene sulfoxide,
3,4-dioctyloxybenzo[b]thiophene sulfoxide,
4,7-dioctyloxybenzo[b]lthiophene sulfoxide
dibenzothiophene-5-oxide,

15 2,3-dioctyldibenzothiophene sulfoxide,
2,8-dioctyldibenzothiophene sulfoxide,
2,3-dioctyloxydibenzothiophene sulfoxide,
2,8-dioctyloxydibenzothiophene sulfoxide,

1, 9-dioctyloxydibenzothiophene sulfoxide,

20 4,6-dioctyloxydibenzothiophene sulfoxide,
1,2,8,9-tetraoctyloxydibenzothiophene sulfoxide,
1,4,6,%-tetraoctyloxydibenzothiophene sulfoxide,
1,2,4,6,8,9-hexaoctyloxydibenzothiophene sulfoxide,
1, 3-dioctyloxydibenzothiophene sulfoxide,

25 1,2,9-triooctyloxydibenzothiophene sulfoxide,
3,4-dioctyloxydibenzothiophene sulfoxide,
1,2,3,4,6,9-hexaoctyloxydibenzothiophene sulfoxide,
2,3-dichlorodibenzothiophene sulfoxide,

2,8-dichlrodibenzothiophene sulfoxide,
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2,3-dibenzyldibenzothiophene sulfoxide,
2,8-dibenzyldibenzothiophene sulfoxide,
2, 3-dibenzyloxydibenzothiophene sulfoxide,

10 2,8-dibenzyloxydibenzothiophene sulfoxide,
2,3-bis(trimethylsilyl)dibenzothiophene sulfoxide,
2,8-bis(trimethylsilyl)dibenzothiophene sulfoxide,
2,3-bis(triphenylsilyl)dibenzothiophene sulfoxide,
2,8-bis(triphenylsilyl)dibenzothiophene sulfoxide,

15 2,3-bis(tribenzylsilyl)dibenzothiophene sulfoxide,
2,8-bis(tribenzylsilyl)dibenzothiophene sulfoxide,
2,3-diacetyldibenzothiophene sulfoxide,
2,8-diacetyldibenzothiophenesulfoxide,
2,3-diacetoxydibenzothiophene sulfoxide,

20 2,8~-diacetoxydibenzothiophene sulfoxide,
2,3-bis(diacetylamino)dibenzothiophene sulfoxide,
2,8-bis(diacetylamino)dibenzothiophene sulfoxide,
2,3-bis(styryl)dibenzothiophene sulfoxide,
2,8-bis(styryl)dibenzothiophene sulfoxide,

25 2,3-dicyanodibenzothiophene sulfoxide,
2,8-dicyanodibenzothiophene sulfoxide,
dinaphtho(2,1-b:1’,2'-d]dibenzothiophene sulfoxide,

dianthro(2,1-b:1',2'-dldibenzothiophene sulfoxide, etc.
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5 0.55g of tungsten metal was added to 2.6ml of water under

nitrogen atmosphere, and stirred at the room temperature, 5g
of 30wt$% hydrogen peroxide was added and stirred, and aqueous
solution of tungsten oxide catalyst was prepared. The aqueous
solution was kept at 40°C, and 1280ml of ethanol, and 44g of
10 2,8-dioctyloxydibenzothiophene were added thereto.
25g of 30wt% hydrogen peroxide was added, and and reacted at
45°C for 5 hours. Then, it was cooled with ice, 1300 ml of 6
wt% of aqueous sodium thiosulfate solution were added thereto,
and toluene was added, and extracted. After washing the obtained
15 organic layer with water, the organic phase was concentrated
to give 47 g of 2,8-dioctyloxydibenzothiophene sulfone.
Yield: 99%.

Example 2

20 To a 50-ml schlenk tube purged with nitrogen were added
8.0 mg of tungsten, 20.6 mg of methyltrioctylammonium
hydrogensulfate and 6.1 g of 30wt% aqueous hydrogen peroxide
at room temperature. The mixture was stirred at 27°C for 30
minutes to form an aqueous solution of tungsten oxide catalyst.

25 Totheaqueoussolution, 4gofdiphenyl sulfidewasaddeddropwise
over 10 minutes and reacted under stirring at 27°C for two hours.
In the course of the reaction process, sclid diphenyl sulfone
was produced and precipitated toprevent stirring, and therefore

5 ml of ethyl acetate was added and the reaction was continued.
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5 and settled. The separated organic layer was analyzed by gas
chromatography.
Yield of Diphenyl sulfone: 94.5% (Based on Diphenyl sulfide)

Yield of Diphenyl sulfoxide: 5.4% (Based on Diphenyl sulfide)

10 Example 3
To a 50~-ml schlenk tube purged with nitrogen were added

7.3 mg of tungsten and 5.6 g of 30wt% aqueous hydrogen peroxide
at room temperature. The mixture was stirred at 27°C for 20
minutes to give an aqueous solution of a tungsten oxide catalyst.

15 To the aqueous solution, 14.3 mg of methyltrioctylammonium
chloride was added and then 3.7 g of diphenyl sulfide was added
dropwise over 10 minutes and reacted under stirring at 27°C for
two hours. After completion of the reaction, 20 ml of ethyl
acetate and 10.3 g of 10wt% agqueous solution of sodium

20 hydrogensulfite were added and stirred for 30 minutes, and then
n-decane (aninternal standardsubstance foranalysis) was added,
stirred and settled. The separated organic layer was analyzed
by gas chromatography.
Yield of Diphenyl sulfone: 96.8% (Based on Diphenyl sulfide)

25 Yield of Diphenyl sulfoxide: 3.1% (Based on Diphenyl sulfide)

Example 4
To a 50-ml schlenk tube purged with nitrogen were added

11 mg of tungsten and 100 mg of 30wt% aqueous hydrogen peroxide
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substance for analysis) were added and stirred. The resulting
solution was analyzed by gas chromatography.

10 Yield of Diphenyl sulfone: 99.0% (Based on Diphenyl sulfide)

Yield of Diphenyl sulfoxide: 1.0% (Based on Diphenyl sulfide)

Example 5
To a 50-ml Schlenk tube purged with nitrogen were added
15 7.8 mg of tungsten metal and 2.6 g of 30wt% aqueous hydrogen
peroxide at room temperature. The mixture was stirred at 27°C
for 20 minutes to form an agueous solution of a tungsten oxide
catalyst. To the aqueous solution, 7 g of methancl and 3.9 g
of diphenyl sulfide were added dropwise over 10 minutes and
20 reacted under stirring at 27°C for two hours. After completion
of the reaction, 20ml of ethyl acetateand 10.3 gof 10wt% aqueous
solution of sodium hydrogensulfite were added and stirred for
30 minutes, and then n-decane (an internal standard substance
for analysis) was added, stirred and settled. The separated
25 organic layer was analyzed by gas chromatography.
Yield of Diphenyl sulfone: 18.8% (Based on Diphenyl sulfide)
Yield of Diphenyl sulfoxide: 80.6% (Based on Diphenyl sulfide)

Example 6
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peroxide water were added over 10 minutes, and reacted to give
an aqueous solution at 40°C for 2 hours. After completion of
the reaction, 20ml of ethyl acetate and n-decane (analysis
business internal-standard substance) were added thereto and

10 stirred and settled. The organic phase was analyzed by gas
chromatography.
Benzo[{b]thiophene sulfone yield: 99.5% ((benzo[b]thiophene
basis).

Benzo[b]thiophene sulfoxide yield: 0.5% ((benzo[b]thiophene
15 basis).

Example 7
The reaction was carried out in a similar manner as in
Example 4, except that 15mg of tungsten sulfide were used in
20 place of 1lmg of tungsten, and methanol was used in place of
ethanol. Diphenyl sulfone yield: 99.5% (diphenyl sulfide
basis) .Diphenyl sulfoxide yield: 0.5% (diphenyl sulfide basis).

Example 8

25 The reaction was carried out in a similar manner as in
Example 4, except that 12mg of tungsten boride were used in place
of 1lmg of tungsten, and methanol was used in place of ethanol.
Diphenyl sulfone yield: 69.0% (diphenyl sulfide basis).
Diphenyl sulfoxide yield: 31.0% (diphenyl sulfide basis).
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0%&' ()--!#10

10%m&’ () - | %%Tﬁ%v?%%%’-ﬁéﬁw&lﬁﬁﬁdl F1$18%&: (@ PrepgtosklGide Pa8itde () - $10%
& ()-11$10% ()-LB~ @!1ft! 10%| & ()-1t!10% & ()-1t!10%}| & ()- 10 10
10S&<10%& ()-!i 6! 100& ()-ch}r<~ @11 #10% | & ()-yF3! 109%| & ()- Yfs! 10%4| & () -
Ys!10%| & () -! YBce#2¥ay' t& the! ¥3esent invention, the sulfone or

g#10% " & ()-h>&2~ @1 Y] Z10%| & ()-! ~ $#10% | & ()-!  $#109%&' ()-

L$10%P& (3ul¥YSokifadc&npdundOedhlbe) r&AdVK@ bhdlB4flectively prepared.
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104] 104|L< 10%}| & ()-710%| & () - &6@L0%| & ()-0 10% & ()-m 0

100 ()-mhvL{\: VK@ ! 109%& ()-#109%4| & ()- #10%

B ()-)1#10% | & ()-f10%478& ()--!110%| 5| & ()--Lt 4} "2VK@! ! YF410%2& ()-: Y+ 1
0% & ()-!Y+ 10% | & ()-"10%& ()-!1"10% | & ()-" 10%k: & ()-d#L~\=!1! @0%| & ()
-1 @O0% | & ()-yz10%& ()--1yz10%, & ()-- 104] 104 104|9<

109 & ()-L}[<-\=!11+1094G& ()-!+10% | & ()-"10% & ()-!"10% | & ()-10%| & ()

S1~109%&' () mE! L L 04| 41L& ()-1ff 109B5& ()-YI0%H & ()- 104| 104
104" <10t(y§1W ) 19 [Egié%ﬁg&%) ﬁ/l)*rm ZWa4_=!1 H) 1(¢)10% | & |()- ( % $10% | |

& ()-1t$10% | & ()-!t4 &é@?@&%’o(r)pfé?&@f@e’is)su!l‘ffo%%’/ﬁ%ﬁlféﬁa@%‘tﬂdp&%,L<
109%| & () - F7S10%t| & () - Y&610%| &' () - YY410%!| & () -) #10%&*
& ()-1)#10%& ()-QrEsh! cdRPk18¥Besehrtihgy®& () - S@10%Z* & () -, ! S@10%n& () -,
S@10% " & ()-, 104| 104|\+X }[<F=!!
103+Z10%Z&' () - ! 3aZL0UgR do <¥hpOUAE ) th Wyteugeh)pa09ZEU¢ )il the@ Hosdrice =! |
101 10%& ()-f 10% h& ()--!f 10%& ()-- .10Z 10Z 10Zf< 10%Z& ()-3
4109Z&'Y ) - 9i cDp* PEa matal] gxidel GoE8&YE)- APtadsd RY -1eapbsm hydnamsn
"()-1~100 "()-100 INAWEAV) 1ol 0 (). ~ R () -1 1 100
Bg. 8 o 10%h& (%e%gx/ql g‘w(i)th a\I/t g.%g's't one z%%t?aﬁfg% ertal cor%;lagé%d(s)el clti.[éc}o o
from
a) tungsten metal,
b) molybdenum metal,
10 c) a tungsten compound comprising
1) tungsten and
ii) an element of a Group IIIb, IVb, Vb, or VIb
excluding oxygen, and
d) a molybdenum compound comprising
15 iii) molybdenum and
iv) an element of Group IIIb, IVb, Vb, or VIb
excluding oxygen.
2. The method according to Claim 1, wherein the sulfide
compound is a sulfide compound of formula (1):

2 Rl/S\Rz (1)

wherein R} and R? are the same or different and independently
represent
a substituted or unsubstituted hydrocarbyl group, or
R! and R?, together with the sulfur atom to which they are bonded,
25 form a substituted or unsubstituted cyclic sulfide compound,

and the sulfone compound is a sulfone compound of formula (4):
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10 h 10 h 10 hL< 10% h& ()-! Y+ 109 ()-m HR}{Y: {Z8!! !' $10%

U& ()-!~ $109MJU& ()- ~ $109%& ()-!x$L0%UE ()-z! $10%WU& ()-z $10%

& ()-"~\:11 11y#109RR& ()- !y#10%WN& ()- 'y#10%[& ()- 10 U 10 U 10 U9<
10% U& ()-34110% U& ()- }r<~\: 11

1 F+&$109& () -"&$109%Z& () -!"&$10%& () - $109ZE& ()-!p $10% ()- mlO%Z& ()- 57}

rg\: 11 11yg#l0%h& ()- @ 10Z 10Z

10Z9<109@& ()- ! | 6! 1092Z& ()- | 61 1092ZH& ()-! F+&$109@Z& ()-"j {Y:g\:!! !S$10%
h& ()-3 !S$10%h h& ()-3 S$109 ()/03 1 $109%h& () -! $10%h& () - yg#10%

h& ()- @R} ~SH=! | \ 7/

S 4
R g2
wherein R! and R? have the same meaning as defined above, or

the sulfoxide compound is a sulfoxide compound of formula (5):
ﬁ
S )
R}’// \\~R2
5 wherein R! and R? have the same meaning as defined above.
3. A method according to Claim 1, wherein the sulfide

compound is a sulfide compound of formula (2):

3 RG-

S
\  / @
4 5

R R

R

wherein R®, R*, R® and R® are the same or different and each
independently represent a hydrogen atom,
10 a substituted or unsubstituted hydrocarbyl group,
a halogen atom, a nitro group, a cyano group,
a substituted or unsubstituted silyl group,

a substituted or unsubstituted imide group of formula:
0

15 wherein Q represents a substituted or unsubstituted
alkylene or arylene group, or

a group of formula: X-Y-,
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1 10 h 10 h 10 hL<10% hé& ()-1910% h& ()-!1 +$10%hhé& () -1 +$10%
F& ()-!1+$109Mh& ()-SUaBSH=!! | 10F! 109@Z& ()-! Sy#10%WE ()-F

1109%2& ()-F@!' 1092Z& () - Yss! 1092Z& ()- &10%Z& ()- HIESH=!! | 10
. 1092& () - 3! 1092Z& () - 3, 109Z& () - 3

L09ZE& () - gH#109%Z& () - 3@ 109%Z& ()-" & "?SH=! 1 |

30109&Z& ()-3-"110%& ()-!"' $10%n& ()-mn ' $10%&Z& (

isiones () SLeinies (o AL L SISO lioge () cloz 107
L9 ) Dt IS OO OV 5 i
ég"o/i%&' () - AMBVK@ !, $1090@Képteséht $109& (Jcdt, 38004 OLf &0 o) c$J0%Z& () -! 4,
-C(O)N(Z)-, -N(Z)C(0)~, wherein Z represents a hydrogen atom
5 or a substituted or unsubstituted hydrocarbyl group,
or two adjacent groups among R3, R, R®, and RS
together with the thiophene ring to which they are bonded form
a fused ring, and
the sulfone compound is a sulfone compound of formula (6) :
O\/O
R \5/ RE

\ / )

R* R’
10 wherein R®, R*, R® and R® have the same meaning as defined above,

or the sulfoxide compound is a sulfoxide compound of formula
(7):

\ / )

wherein R?, R, R® and R® have the same meaning as defined above.
15 4, A method according to Claim 3, wherein the cyclic

sulfide compound is a sulfide compound of formula (3):



& ()-!&D$10%& ()-z}~SH=!! 10Z 10Z

10Z&<109@& () -! SO#109& ()-M ~ O#109%& ()- MF. 109@Z& ()-3,!109@Z& ()- LA?SH=!!
‘@ 109Z& ()- !-109ZZ& ()-nB ! 109ZS& ()-3! 109Z& ()- 109Z& ()- !'~10%]& ()-
DO A?SHE! | f&s! 100Z&' () - 3$mLo%&& () - " ! 109&& () -

| h3s109@@& ()-!s3s10%>& ()- 109Z& ()- D{ aBSH=! !

4" 1092& ()-!1L-10% ()-L-109Z& ()- +109%&Z& ()- )&L09%&Z& ()-

3(Y109@Z& ()-$ZbCl! "~ &109%&7()- 10%& ()- 10Z 40Z 10Zy&<109%&Z& ()-

@L09%Z& () - 3s6mL0%Z& () - ZipdEbCl!  @O0%& ()R s! 109& ()- | 109%& () -

,410%. ()-3 ! 10%& () - ; 7/°1100& ()- !P

POBLOYE () - z9B10YB& 888 ()-1T 10%& () -

1"#7 @ 010% ()- R 5 Rl3
10f &<10%&' () - 393510%&' () 71098 ()3 10%& () -
10940& ()-!109%& () -

EQIO R11

whereinR’, RY, R?, R1?, R, R'?, R¥ and R'* are the same or different
and each independently represent a hydrogen atom,
a substituted or unsubstituted hydrocarbyl group,
a halogen atom, a nitro group, a cyano group,
5 a trisubstituted silyl group,

an imide group of formula:

wherein Q represents a substituted or unsubstituted
alkylene or arylene group, oOr
10 a group of formula: X-Y-,
wherein X represents a hydrogen atom, or
a substituted or unsubstituted hydrocarbyl group, and
Y represents -0-, -CO-, -C(0)0O-, -0(0)C-,
-C(O)N(Z)-, -N(Z2)C(0)~-, wherein Z represents a hydrogen atom
15 or a substituted or unsubstituted hydrocarbyl group,
or two adjacent groups among R’, R%®, R%?, R!?, R!I,
R?, R!® and R together with the benzene ring to which they
are bonded form a fused ring, and
the sulfone compound is a sulfone compound of formula (8) :

20
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d109&' ()-9)!<l 109& ()-9(cnl}r< @!!i,! 109%& ()-m 9*10%& () - &L0%& ()- |

$109%& ()-!], @ 10%ix#x& ()-!N, @10%& ()-1NpaB_ @!!i |

8109%&' ()-610%& ()-!~Y1$10%8& ()- Y1$10% & ()- (109%& ()-,!109%& ()-nmbCl!!i @ 10
% ()-F 109& ()-GF 109%& ()-F 10 10 10f 9<10%& () -

:109&' ()-ET_~\=bCl!!110% & ()-! F!10%& ()-F! 10%& ()-!H&LO%H& () -9

0&10%&' ()-93' 10%& ()- | vx{~~ _@CH!!3!1109%& ()- F7

109%& ()-Y. 109%& () - @s109%& ()7 O O s

V010% & ()-! Aul0% ()- n9PS~¥=hCl ! ! & () - IR%31 100& ()-933! 10%& () - 9! n30!
109& ()-3!1109& ()- !s3!!109% Z[\I M V! &10Y" s! 109&' ()- ' 109%& ()- 10
10 1010%&'()-th‘V&'()-FL‘gl LA0%& ()- @109&' ()-y

&109%& ()-f109%&' () - G M ! 13109 (8- 109& () -
1098 ()-f10%& ()- " 109%& ( 8)

-10%& ()-Zb@M ! I'! VYF+ | 108
9$109&' () -

#1098 ()- ' #10% w & ()-

R10 pil

wherein R’ to R are the same as defined above, or the sulfoxide

compound is a sulfoxide compound of formula (9):

(9)

wherein R’ to R! have the same meaning as defined above.
5. Amethod for preparing a sulfone or sulfoxide compound
5 according to Claim 1, wherein the group IIIb element is boron.

6. Amethod for preparing a sulfone or sulfoxide compound
according to Claim 1, wherei-n the group IVb element is carbon.

7. Amethod for preparing a sulfone or sulfoxide compound
according to Claim 1, wherein the group Vb element is nitrogen

10 or phosphorus.

8. Amethod for preparing a sulfone or sulfoxide compound
according toClaiml, wherein the VIb element exclusive of oxygen
is sulfur.

9. Amethod for preparing a sulfone or sulfoxide compound

15 accordingtoClaiml, wherein the hydrogen peroxide is an agqueous

hydrogen peroxide.
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13] ¢c" "Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Fbading

gglmc;P;;(eagizngigﬁh%@%ggpg@ogg%gparggg%' 091 2348 sDEEAYL Rl A9r ARk
"SR U: %FQS"G]J. %JM\@@ ]r-é%(at}l[oq)f%l conducted in the

R 5#B$>%n&" *8+ 721 02R46: | =W@r) DEFFL | HKoN+POQIUVB YR\

ddcf Chk‘qup\:bébhb&me 2 p&éBel-r2Bhe e rabedefl ghit ki rmOloqrst UVV\MYZ{ |} ~6Ti nes
New RomanAri al Courier New'h Root EntryWrdDocument p

I"#B9R ()*+,-./01234B6M88hpd for preparing a sulfone compound, which
<= >7@ABCDEFGHIJKLNNCPQRSTUVWXYZ[\]A_ abcdef ghi j kIl mopqgr st uvwxyz{| } ~
| " #$9R J ) * $OMPLo$28456284¢1ing

<=>?@\BCDEFGHI JKL TUVWKYZ[\] ", " abc hi klnno r t
I " #$%- () *+,-./ Oi%ppmpoukd]wi‘th hy ro%elnjperox eslnug\l%ypéé;ence

<=>? @\BCDEFGHI JKLMNORERSTINUKYA Lh'ta190¢985001 hKLMDPAL SLUV A ddsyen
peroxidewithat least onemetal ormetal compound selected
from
10 a) tungsten metal,
b) molybdenum metal,
c) a tungsten compound comprising
i) tungsten and
ii) an element of a Group IIIb, IVb, Vb, or VIb
15 excluding oxygen, and
d) a molybdenum compound comprising
i) molybdenum, and
ii) an element of Group IIIb, IVb, Vb, or VIb
excluding oxygen,
20 wherein the hydrogen peroxide is used in an amount of at least
1.5 moles per mol of the sulfide compound.
12. A methed for preparing a sulfoxide compound, which
comprise reacting
a sulfide compound with hydrogen peroxide in the presence
25 of a metal oxide catalyst obtained by reacting hydrogen
peroxidewithat least onemetal ormetal compound selected
from
a) tungsten metal,

b) molybdenum metal,
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20

c) a tungsten compound comprising
i) tungsten and
ii) an element of a Group IIIb, IVb, Vb, or VIb
excluding oxygen, and

d) a molybdenum compound comprising

i) molybdenum and
iii) an element of Group IIIb, IVb, Vb, or VIb
excluding oxygen,
wherein hydrogen peroxide is used in an amount of 0.8 moles to
1.5 moles per mol of the sulfide compound.

13. A method for preparing a sufone compound, which
comprises reacting a sulfoxide compound with hydrogen peroxide
in the presence of the metal oxide catalyst as defined in Claim
1.

14. Use of a metal oxide catalyst as defined in Claim 1,
for preparing a sulfone or sulfoxide compound by reacting a
sulfide compound with hydrogen peroxide,

15. Useofametaloxidecatalyst solutionwhichcomprises
the aqueous solution of the metal oxide catalyst as defined in
Claimlandanorganicsolvent forpreparingasulfoneorsulfoxide

compound.
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