29 January 2007 METHOD FOR PREPARI NG SULFONE OR SULFOXI DE COWP

BACKGROUND OF THE INVENTION 5 Field of the Invention The przgsjgﬁl\lp%@pti on
relates to a nethod for preparing a sulfone or sulfoxide conpound and a
catalyst for use therein. Background of the Invention 10 Sul fone or

sul foxi de conpounds are inportant for the production of chem cal products
and internedi ates thereof. There have been reported processes of preparing

sul fone orsul foxi de conpo h [ Slole im0l i

sul fide COWDOMHOQ__SF%I‘IB%&E%%?%? §U£Eragé @ge%h?gg&%%go (gggﬂ?%jed;/mszroses
a process of preparing 2-phenylsul fonyl ethanol by the reaction of

2- phenyl ner capt oet hanol with hydrogen peroxide in the presence of a sodium

tungstate. However, said mpidiekoa®d ot T fBCIENEIGOr other e [
sul fide other than 20 2-phenyl nmercaptoethanol, which is rather ?Za(r:te;a\cltel ve
sul fide. There have been also reported (1) a process using a

cetyl pyridi ni umtungstophosphoric acid as a catalyst (Chem Lett., 1
(1994)9, ¢2pla process Lisiengimoret hylirheni untrioxi de catal yst (Bull .

Chem Soc. Jpn., 69, 2955 (1996) ), (3).a process 2 j
2(r)rgrpn| u[n hyd{ og@h?!_tl{PraﬁenﬁnﬂnEﬁ@ﬁyPEh’é%b?'ﬂbg? &o é‘cfnﬁi’ltﬁ%agglr? E%%S% gﬁb ﬁe
umtungstate et rahedor.on, 57, 249 0 I
ar gwmr)te daf\gﬁvlkffi’“?l%% Bi |f|°9‘l¢§aFP’§P88P§r§Pﬁi 2O0Ri 1y RE EoE &S%P%SSE npYy e
nplicate operatio f i
Tor the 1 28 Janusry 2807 ions for preparing the catal y§t, t he catal yst

Background of the Invention

10 sulfone or sulfoxide compounds are important for the

production of chemical products and interinediates thereof.

There have been reported processes of preparing sulfone
or sulfoxide compounds by the reaction of hydfogen peroxide with
sulfide compounds.

15 For example, J. Org. Chem., 28, 1140 (1963) discloses a
process of preparing 2-phenylsulfonylethanecl 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 (Cheﬁ.
Lett., 1 (1994)), (2) a prccess usingaimethylirheniumtrioxide
catalyst(Bull.Chem.Soc.Jpn.,gg,2955(1996)), (3) a process

25 usingquaternaryammonimnhydrogensulfateandphenylphosphonic
acid in additiocn to the sodium tungstate (Tetrahedoron, 57, 2469
(2001)) . However,theseprocessesareruﬂ:alwaysindustrially
satisfactory in that the first process (1) required complicated

operations for preparing the catalyst, the catalyst for the
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second process (2) is expensive, and the third process (3) required
expensi ve phenyl phosphoni ¢ acid. SUVMARY OF THE | NVENTI ON 5 ﬁﬁﬂf 'ﬂﬂ) o]
the present invention, sulfone or sulfoxide conpounds can %e prggt (f
industrially advanpageously and with good selectivity by the reaction of a
sul fide conpound with hydrogen peroxide in the presence of a netal oxide
descri bed beloy 10 -The present invention provides: 1. a nethod for
preparing, Eﬂ}bﬁ‘? ) 0xé dexp&REDEENdanuhtnb chtpri peoaesact(Hg a
sul fide co%boun éz%ygéﬁgen perOX|de Pn the presence of a netaIQOX|de
catal yst B N8 D diealhé ﬂgh@:yﬁlp]gesphéﬁlpeaoxdde with at |east one netal
or netal cohpound selected roma) tungsten netal b) nol ybdenum net al ,
E; a trrg;tervgonggund conEr|S|ng 20 i) tungsten and ii) an el enent of a
oup II'lb, Vb, , or Vi excl udi ng _oxygen ?n? d) a nol ybdenum conpound
{:/logprl Si Ingd i) mol ybdenum SV¥MARY] iOF grrﬁ ﬁﬁé‘%ﬁ G oup |1 Yb | Vb, Vbrrp or
excl udi ng oxygen. DETAI LED DES RTIL.ON GQF TH I
oxi deScat al yst Agarding e pRERARSTH C%éﬁ]tve(%:l guljfg%ﬁg:—éggéo JheoREaS
compounds can be produced industrially advantageously and with

good selectivity by the reaction of a sulfide compound with

hydrogen percxide in the presence of a metal oxide described

below.
10 The present invention prov1des.
1. a method for preparing a sulfone or sulfox1de
compound which comprises reacting
asulfldecompoundw1thhydrogenperoxlde:Jlthepresence
of a metal oxide catalyst obtained by reactlng hydrogen
15 peroxidewithatleastonemetalormetalcompoundselected
from |
a) tungsten metal,
b) molybdénum 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 melybdenum compound comprising
i) molybdenum and
25 ii) an element of Group IIIb, IVb, Vb, or VIb

excluding ocxygen.

DETAILED DESCRIPTION OF THE INVENTION

The metal oxide catalyst used in the present invention



i s described bel ow. Exanples of the tungsten conpound conpri si

and the elenent of groupllib include, ?or exangFe, tunggPeQangituthten
Exanpl es of the tungsten conpound conprising tungsten and 5 the e e%%%i of
G oup IVb include, for exanple, tungsten carbide and tungsten silicide.
Exanpl es of the tungsten conpound conprising tungsten and the el ement of
G oup Vb el enent include, for exanple, tungsten nitride and tungsten

phosphidei 19 rpLeSpHRh ofyhe tungsten conmpound conprisin
e ti g tungsten and
the el ement 0O Eé?oup VI'b excl udi ng oxygen include, for exanple? tungsten

sul fide. Exanpl ggagb1the fmohyhderisoanopapadnd g si signgbbpgeseanan
: nd th
el ement of Goup Il1b include, for exanple, nnlybdenJﬁ?115 goride, Exanpleg

of the notybdanxBmooparuhcdipbiisiaigdenl §oderaRD kihvd tHRESERBRM 1% - G oup

| Vb include, for exanple, nolybdenum carbide d d ilici
Exanpl es of theEmmpbdemfrrtb@W%ﬁﬁﬁpwﬁaa%%%?@%%‘c#g'

el emrent of Group Vb el enent include, for gexanpl.e I Lk

o zggggugnnwﬂﬁh%plf&wg;;f%owmedﬁm€%?ﬁﬁp&§%ééﬁ§§§§§p€%£§%§@ e
u an el enent_, G oup VIb excl udi i ncl

exanpl e, aﬁﬁl§58@ﬁ§ﬁpsﬁgﬁﬂﬁége25 Preferred arg lzgggﬁg%egelgf,u?ﬁhggfgn

Formof an aquelBereearots R AT Rt PPy e oraan ¢ 2ol ven Solution of
hydrogen Qﬁéoé‘ié’rﬁeﬁf@bﬁ@r@%@Vbt&llerﬁéwiedu&]}’t;ctk,ogerr peevRlde tungsten
nitride and tungsten phosphide.

10 Examplesofthetungstencompoundcomprisingtungstenand
the elemenf of Group VIb eﬁcluding oxygen include, for example,
tungsten sulfide.

Examplesofthemolybdenumcompoundcomprisingmolgbdenum
and the element of Group IIIb include, for example, moiybdenum

15 Dboride.

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

Examplesofthemolybdenumcompoundcomprisingmolybdenum

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

Examblesofthemolybdenumcompoundcomprisingmolybdenum
andtheelementofGroupVIbexcludingoxygeninclude,forexample,
molybdenum sulfide.

25 Preferred are tungsten metal, tungsten boride, and

‘tungsten sulfide.
Hydrogen peroxide are generally used ina formof an aqueous
solution. Alternatively, an organic solvent solution of

hydrogen peroxide may be used, but aquecus hydrogen peroxide

3



3 29 January 2007 is preferred in terns of easy handling. The
concentration of the aqueous hydrogen peroxide or the orgagi o100 74
solution of hydrogen peroxide is not linmted, and is usual?g§§§@hgt a
concentration of 1 to 60% by weight in terns of volume efficiency 5 and
safety. Commercially avail abl e aqueous hydrogen peroxide may be used as it
is, or diluted or concentrated to a desired concentration for use. The

' I | uti, : _
Ty e pr EPATEE By SR HonEats O 08 poron T wh h {he s ani

aque rog e wmth the organic

sol vent i i i i L .
v O’Ell‘xg'enCELIéAﬁS}%C%éﬂ&%ﬁ%&%M@@Q%”tH@@i‘@é’ﬁlt:r‘séi‘@erﬂ)ﬂf%@ﬁ&ﬁ t he

organi c sO de 1s usually used in an anpbunt of at

least 3 gplggdrHG6hepabbyiat Lsasst 51imlesd peandolis ofstakl yesat ar anmet al
conpound w thout upper limt. The netal or netal conmpound is usually

reacted WedRcedbriytdongenlprr 68% dey vaight dqueeunssol wolone eftfel ¢leeREY on
also may be conducted in an organic solvent such as an ether solvent such
as di 6t hyhnétdefst et Bpmmegraiaiuty b vetAableapdueptr RYJHP O HRRE ORI @st er

sol vent such as ethyl acetate; ,al I I t h
et hanol , By @%ﬁqﬁqah%ﬁNHE 150 QggdéTHggQ??Es§%¥€£ﬂF%gg8ﬂa§gq%é éég#??ile

Tetal of FRREPEEAGONA AT he AT BGRR par ot Ay 2y ot ca S w5aa

nmet al The en peéroxi de are ypi ca xed to

contact V@é?oﬁ?ﬁ@éc%ba\;}eﬁ?xg%@ sh@%aﬁ‘ig’f@é:éé Ry b pieisd ded Bonsuct £k Dyg

stirring TR Suc y the net 25 or “metal conpound is sufficiently
di sper sedagﬁ@e@@g hglglﬂggeqpp@foxﬁué WSt 106 ofrgta nfoepal veangt blredinet 1l 1 g de.

Specifically, smal particle size powder of the nmetal or netal conpound is
pr ef @pabl yqueous hydrogen peroxide in the presence of the organic solvent.

Hydrogen peroxide is usually used in an amouﬁt of at leést
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 agueous 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 sclution or
susupension for preparing themetal oxide. Specifically, small
particle size powder of themetal ormetal compound is preferably

used to enhance the contact efficiency between themetal ormetal

compound and the hydrogenperoxideand facilitatethe controlling



used to enhance the contact efficiency between the netal or netal
conpoundandt he hydrogen peroxi de andfacilitate the controll

January 2007 of the production of the netal oxide. The netad P elqg
generally prepared at a tenperature of -10C to 100C. The netal or netal
conmpound and the hydrogen peroxide are 5 allowed to react wth each other
usually in water, the organic solvent, or the m xture solvent of the water

and the o(gaphe oSOLHER orl BeCNoEG ITBkaeor et al compound i s partially

or entir® e 0 forma honogeneous preparation solution or a

suspensi on cont g 8i fgchDeoFBHA! 1 OXidteer dNEy Ricpamed der dOcampebetientr act ed
fromthe preparation solution through concentration or the like to use it ‘

as th_e ca@,gl y$b9cotot heoepr,eparation solution my be used as it is. Next, a
description will be made to the process for producing the sul fone or
sul f oxi de conpoDhed ristakacthetsl enpEinslipnidde SYFEATE WP EROKy 8P GHER
peroxide in the presence of the above-mentig ed .net a The_ oxidation

5;(r)ice§s o&f%pgeﬁr@eﬂﬁaqm\‘ﬂéﬁﬂ BACHSCHRRE M4 YaB‘(S’vgalc‘Eﬁf%)flbgggpop]f‘?ae%ll?o
gﬁﬁ;é;igﬁzﬁggﬁrﬁﬂg%ﬁﬁﬁg L?Sﬁﬁ%ﬂ%f‘if ??% Ry e
or unsubs??;ﬁ?g ’h§7la_r%%Jagr: y eg?%utgﬂ( é’{ﬂ;?{‘éﬂgg gg;sﬁl%%g?ﬁfgtégggg%lﬁ%iﬁgif::3% :g
al kyl grogpy; 2e3YP§i558166d%0 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 1ike to use it as the catalyst, or the
preparation solution may be used as it is.
Next, a description will be made to the pfocess 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.

Theoxidationprocessofthepresentinventionasdescribed
above can be applied to various sulfide compounds.
Examples of the sulfide compound include, for example,

20 a sulfide compound of formula (1):
LN )
R R

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

represent
a substituted or unsubstituted hydrocarbyl group (e.g,
25 a2 substituted or unsubstituted alkyl group, a substituted or
unsubstituted alkenyl group, and a substitutedor unsubstituted
aryl group), or R' and R?, together with the sulfur atom to which

they are bonded, form a substituted or unsubstituted cyclic

5



unsubstituted al kenyl group, and a substituted or unsubstituted aryl
group) , or RL and R2, together with the sulfur atomto whi

bonded, forma substituted or unsubstituted cyclic 5 29 Jaggg?§ag%ggﬁe
sul fide conpound. Exanples of the sulfide conmpound of fornmula (1) include,
for exanple, a thiophene conmpound of fornmula (2): RBSR6 R4 Z/ ' 5
wherein R3, R4, R5 and R6 are the sane or different and each i ndependently
represent 2 pdi0Qep 2hg. @ substituted or unsubstituted hydrocar byl
group, a hélogen atom a nitro group, a cyano group, 10 a substituted or
unsubstitut ed Sigkampdl@UBF Ehs Wslifiildd edmpoundsabsformulal (10 decgudep of
formula: O o wherein Qrepresents a substituted or unsubstituted

al kyl ene @b raryaepd egr auphiopiena opmppand $Drhormulx- ¥2) swherein X
represents a hydrogen atom or a substituted or unsubstituted hydrocarbyl
group, and Y represents -0-, -CO, -C(0)0-, -QOC, -CCON2-,
-N(Z2) (O -, wherein Z represents & hydrogen atom 20 or a substituted or
unsubsti tuted hydrocarbylR ?aoent groups anong R3, R4, R5
and R6 together with the thio ng to which they are bonded forma
fused ring. 2)

wherein R®, RY, 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,
10 a substitufed or unsubstituted silyl group,

a substituted or unsubstituted imide group of formula:

O

—N

v

’

wherein Q represents a substituted or unsubstituted
alkylene or arylene group, O
15 a group of formula: X-Y-,
wherein X represents a hydrogen atom, oOr
a substituted or unsubstituted hydrocarbyl group, and
Y represents -0-, -CO-, -C(0)0O-, -0 (0)C-,
-C({Q)N(Z)-, =N(Z)C(O)-, wherein 72 represents a hydrogen atom
20 or a substituted or unsubstituted hydrccarbyl 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



The cyclic sul fide conpound of formula (2) include, for 6 29 January 2007 .
exanpl e, a di bezot hi ophene conmpound of fornula (3): R7 Rl4 , J§&u¢§?007R13
RO R o Rasherein R7, R8, R9, R10, Rl11l, R12, R13 and R14 are t%e sa

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 formula: O JI~QO0 wherein Q
representsg $m§EQStgt§£§€28wﬁﬁeﬁHgﬁelbéh@duh& alfkyfloamerlar @)yl ene group, or
a group of * erein X represents a hydrogen atom or a
substituted or unsubstituys’ed hydrocar byl gg , and Y represents -0-,

-CO, -C(0)0-, -0(0)C, b -C(O)N(Z)-, -N(;2)C(0)-, wherein Z represents a
hydrogen atom or a substi »unsubsfi t ut ed hydrocarbyl group, or two
adj acent groups anopg R 7 R11l, R&2 , R 13 and Rl4
toget her with the Renzepf o\’ onded (gprm a fused
rig(e.g naphtho group a‘d the | / January 2007 A description

R12

f{lo , Rll

13 14 :
whereinR’, %, R?, R}, RY, R*?, R and R are the same or different

and each independently represent a hydrogen atom,
a substituted or unsubstituted hydrocarbyl group,
5 a halogen atom, a nitro group, a cyanc group,
a silyl group,

an imide group of formula:
o

—)?1
0

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 unsubstiﬁuted hydrocarbyl group, and
Y represents -0-, -CO-, -C{0)0O-, -0(0)C-,
15 ~C{O)N(Z)-, -N(Z2)C(0)-, wherein Z represents a hydrogen atom
or a substituted or unsubstituted hydrocarbyl group,
or two adjacent groups among R, R®, R%, R, R, R'?, R
and RY together with the benzene ring to which they are bonded

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



Exanpl es of the unsubstituted hydrocarb i
yl group include, for exanpl

EkaI, al knenyl, and aryl groups and an aral kyl, arylal kenyl XIEP > e

gnples of the substituted hydrocarbyl group represented % J%i ﬁPz%ﬁg X
aP Z include, for exanple, a hydrocarbyl group substituted with a haloéen
atomor atoms (e.g. fluorine, chlorine, bromne, and iodine), a nitro,
fyépo, or t&ksubstltuted silyl group, 10 an im de group of formula (a): O
o (3) o Fpﬁl&g%% ré§$§$e@1§lab§u@§aétU&edherRgmsmbs |ng@@SaIkerne
{ 2g ] |nF yl ene P ene and the like) or arylene group
groug gpyfgpﬁu B &)ﬁ?@@fd‘f}’l\:ﬁéﬁn%%t-ﬂnqﬁwﬂyyéneca:bsfén@r@lhlé uqqéé)ég%rr a

-, erein X represents a hydrogen ato

ug?uog)étl tﬂgc%%) i ;@qaabfollw]?uplkaady% arrébaés'érﬁrso‘ﬁ/@s a%_ na]é(%;
- -, - N(Z)C(O wherein Z' re resents a h
atom or afrylaskésyltgtredphydrocar byl group Exanpleg of the groﬁgrggen

formul a: X-Y- as defined above _inc¢lud
gpgabﬂ ;t ut gd abkonylge edpne ?Bbétéﬁggteeptkiﬁ %fggg%l?%%ééa%%g;
p, g; s{|tutqg o[ unsu stl%ghgg argl kgl axyigroup, 8 29 January 2007

a hydrocarbyl group substituted with
a halogen atom or atoms (e.g. £luorine, chlorine, bromine, and

iodine), a nitreo, cyano, OX trisubstituted silyl group,

10 an imide group of formula (a):

wherein Q' represents a substituted or unsubstituted alkylene
(e.g. dimethylene, trimethylene and the like) or arylene
group (e.qg. 1,2-phenylene, 1, 8-naphthylene, 2,2’ -biphenylene
15 and the like) or
a group of formula: XM=xr-
wherein X’ represents a hydrogen atom, Or
an unsubstituted hydrocarbyl group, and
Y’ represents -O-, -C0-, -C{0)0-, -0 (0)C—-, =C{O)N(Z7)-,
20 -N(Z")C(O)—, wherein Z’ represents a hydrogen atom or an
unsubstituted hydrocarbyl group.
Examples of the group of fornula: X-Y- as defined above
include, for example,
a substituted or unsubstituted alkoxy group,
25 2 substituted or unsubstituted aryloxy group,

a substituted or unsubstituted aralkyloxy group,



a substituted or unsubstituted acyl group, a substituted or unsubstituted
acyl oxy group, a substituted or unsubstituted carboxy group

substituted or unsubstituted am de group (e. g. acylam no g9§%$552007

am nocar bonyl group). Exanples of the substituted or unsubstituted al kyl
group include, for exanple, a straight or branched chain or cyclic alkyl
group having 1 to 20 carbon atons such as a nmethyl group, an ethyl group,
a n-propyl group, sabskiaptepy b rguosmbsa ircutsdy lachfl groayr, an i sobutyl
group, asec-butyl group, a tert-butyl group, a n-pentyl group, a n-decyl
group, a cycl opaopybsgisupedacr? unsgibattifyite lasitiopy IFBIP, a cycl openty

group, a cyclohexyl group, a nmenthyl group, and al kyl groups substituted

with at |east oﬁesgbéghtutgds@Fe@@é@bﬁ%&ﬁW%?qmqaﬁaPﬁﬁ(ﬁh?% .gﬁng net hoxy

group, an ethox roup nd, the like),..an arylo roup (e, g. henqxy

group, and the i%%?ﬁtlgﬁ}%}%fE?@HQ?H&E%%?% mlégggoﬁgﬁfyﬁ%X§cg%%ﬂngand

t he I|5ke)Or aﬁgngcggFgggﬁ g&gg&@e.g. fluorine and chlorine atons), an acyl
acetyl "group an

group~(e.g. an a benzoyl group), an al koxycarbonyl group

(e.g.a methoxycarbapyk s OYRABHbs 8Nt EBOXYE /UMY ¢ i al&Yl group
aryl oxycar bonyl group (e.g a phenoxycarbonyl group), 25 an

ar al kyl oxyear hesy! fgrospafplg, a bepaybhxycarboaythedrobpinand aychiboxyl
group. Exanpl es of the al koxy group include, for exanple, a C-20 al koxy
group suchl kgl ayrmithday igrpdpto @0 erlron gtoug, suchraxky methyl group,

an ethyl group, a n-propyl group, an isopreopyl group, a n-butyl

10 group, an isobutyl group, a sec-butyl group, a tert-butyl group,
a n—pentyl'group, a n-decyl group, a cyclopropyl group, a
2,2-dimethylcyclopropyl group, a cyclopentyl group, a
cyclohexyl group, a menthyl group,

and alkyl groups substituted with at least one group

15 selected from
an alkoxy group (e.g. a methoxy group, an_ethoxy group

and the like),
an aryloxy group (e.g. a phenoxy group, and the like),
anaralkyloxygroup (e.g. abenzyloxygroup, andthe like),

20 a hélogen atom (e.g. fluorine and chlorine atoms},

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

an alkoxycarbonyl group (e.g. amethoxycarbonyl 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



9 29 January 2007 group, an iSsopropoxy group, n-butox ro i

group, a sec-butoxy group, a tert-butoxyggrogp, an n-pgn?ylgggmgF |sobu;gxy
n- hexyl oxy group, an n-heptyl oxy group, an n-octyl oxy group a aﬂVﬁb@?

2- et hyl hexyl oxy group, an n-nonyl oxygroup, ann-decyl oxy groub 5a3, 7

- di et hyl octyl oxy group, a lauryloxy group, cyclopropyl oxy broup ’

2, 2-di met hyl cycl opropyl oxy group, a cyclopentyloxy group, a cyclbhexyloxy

group, - a QgQEBYEﬁ¥¥s %98 ox@ GHUIGEY horur oxgogiesyb pan 1sobdecklyogyoup,

t et radecyFoXxy; " oentadecyr oxy,” hexadecyl oxy, heptadecyl oxy, octadecyl oxy,

nonadecyl 9xyec 49, d0dp@roney, arcdhe-tutkex -
; / y Bxangy e snoh~peBt HL 9REXGT
i ncl ude, ?or exanpl €, "a phenoxy group, a 1-na6hthy|oxy r09 Sh e

2- napht hyh @y 1gh:6Hmx padoupheare ratpbéy lok t Heo8bbsiTt BOPE Y&up’y ©
include, for exanple, the aryloxy group substituted wt tPZI0§§ dPoup
ﬁgfggégenafeaeﬁgfﬁaﬁMQﬂX%ﬂxﬁﬁg:@ﬁ@‘é@@&égﬁﬁﬂ?Q%%daﬁmﬁd%Fy FtHI*RE’ a
atom Exanples of the aryloxy group.ingcl f : -
grglffztﬁ??gﬁ;ﬂfﬂ?%ﬁyLQQE%}ﬂﬁ¥ﬁE%Bﬁyﬁﬁ%ﬁﬁ&h%§g9%%%%k§i&§gﬁg§%g%?£? go
- y.,grou 5 et :ﬁmk o
gentaTIUOQSBHBno yzgp&ﬁ%ﬁhﬁ%gﬁﬁﬁgéxggggﬁéxhggik}Vbiiqaroudge?%%%aﬁg, for
xanpl e, dg%}’zi-% 0 aafs’g‘r'c&}sh%ﬂ;l% r SOPPESREN Bhyl BR yapomes menthdaegdlakioxy
grouplan _ aryl™groups; an peci fic exanpl es thereof include, for
exanp! e, ?oBSE§15Q§¥ #-adR cy2oRRE Neaitimec ydranu, @5 HagdenyPBt oxy group,

oo B ey by oo gcean e e ATa Ty nonadBIF TSP %Y
10 dodecyloxy or the like.

Examples of the aryioxy grdup inclﬁde, for example, a
phenoxy group, a l-naphthyloxy group, 2-naphthyloxy group, and
the examples of the substituted aryloxy group include, for
example,thearyloxygroupsubstitutedwiththeabove—mentioned

15 alkyl group, the_above-mentioned alkoxy group, and a halogen
atom.

Examplasofthearyloxygroupinclude,forexample,CG-GO
aryloxy group such as 4-methylphenoxy group, 4-ethylphenoxy
gioup, 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
groupandthearylgroups,andspecificexamplesthereofinclude,
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



Exanpl es of the hal ogen atominclude, for exanple, a fluorine atom a
chlorine atom 10 29 January 2007 Exanples of the acyl groﬂ?]&ﬂ&&?ﬂﬁﬁ for
exanple, a Cl-20 acyl group such as an acetyl group, a propiony roup, a
butyryl group, an isobutyryl group, a pivaloyl group, a benzoyl, a

trufl uoroacetyl group, a pentafluorobenzoyl, and the like. 5 Exanples of

t he al koxycarbonyl group include, for exanple, C2-20 al koxycarbonyl group

conposed of a cahoiyledFiRhandcy heyralpiacienle, ofed &kiaxpye grouns.2mnd
speci fic exanples thereof include, for exanple, a nethoxycarbonyl group

and an et hoxylcgrbapysugh @spaaratdthel birbep, 14 pPopiwingsl. gkotithe a butyryl

aryl oxycar bonyl group include, f or exanple, C7-60 aryl oxycarbonyl group
conposed ofraumardronysoluovpy hngrouhe argiﬁayogloqﬁou§rdéféﬁé@oﬁﬁové; and
speci fic exanpl es thereof include, for exanpl a henoxycagbonyl group,

€, P
and the |iRaIfHGERAGRIBE HURr af KOFRXFERFBEAYENEPBLp PREI GBE, 1E6E: 15
exanpl e, C8-60 al kyl ox rbonyl qgroup conposed af car bonyl rQup and
the ar i kyl oxy LR5 HbHHREAL Sovert R pBorp i i T ek Sratidsr
i ncl ude, f.o5_ I I rﬁ@@y e~LLke. es of
t he subst |%t2?égg?1?§?°%%%§’%@?in§?%§g rése%gg%r?a@gry% ?Eg[rigr%ﬁ?:ﬂélgroup,
a chl or omefdikle -G orfed L1 K MPTAMRILY) 08P cd MR bXhipllee ehlyeod oup,
a perfluoro butyl, a perf luorohexyl group, a perf |uorooctyl group, a
met hoxy nieidiyddeyr dity, examgd hoxyaetdyhogyocarboayheghoxpethydl agr oup, a

met hoxynet hyl carbonyl group, etc. 25 Exanples of the substituted or
unsubst i t tddxtgaraprgah group and the like.

10 Examplesofthearyloxycarbonylgroupinclude,forexample,
C7-60 aryloxycarbonyl group composed of a carbonyl'group and
the aryloxy group as defined above, and specific examples thereof
include, for example, a phencoxycarbonyl group, and the like.

Examples of the aralkyloxycarbonyl group inclﬁde, for

15 example, C8-60 aralkyloxycarbonyl group composed of a carbonyl
group and the aralkyloxy group as defined above, and specific
examples thereof include, for example, 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, aperfluorocctyl 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

11



include, for exanple, a C6-60 aryl group such as a phenyl group, a

napht hyl group, and a substituted phenyl or naphthyl group ? m%ﬁ%ffvi
aromatic ring(s) has a substituent(s) such as the above-nentione yl

group, an aryl group, an aral kyl group 11 29 January 2007 as descri bed
bel ow, an al koxy group, an aryloxy group, an aral kyl oxy group, a hal ogen
atom an acyl group, an acylamno group, a nitro group, a cyano group, a

car boxyl gisOWRsA1bed HRUA RAN 1 18 r:qmqa,tr@l&kyuoﬁySgecupi,caaxanm es
t hereof include, for exanple, a 2-nethyl phenyl group, a 4-chl orophenyl

group, a éraetdwilopyenybupgr auipalagdnnztdoxgrheaoll growp, andaphéaoiyghenyl
group, 2-nitrophenyl group, 4-cyanophenyl group, 3-nethoxycarbonyl phenyl

group andgtrlap,i ke nitlobEguepites ofCHane sIRRMR + 1A 2R BPOXWsUBEOHPuUt 88 ar al kyl
group include those cqonposed of the aryl group and the al kyl group, and
speci fic StEFHYESOREYdofl0novE Fel § le, a benzyl group, a

3 heroyoonsyl SRisi? BATHAP SR MR R BN OB ERREY, o @
2, 3,5, 6-t gt [afl | ]
235 6- tgtr% h&%%%é%yqpég €ggﬁgy gggggheﬁyl.group,ai4 methylphenyl

2,3, 5, 6-t glebat), UQr Q- 4mBiAPpHBISY IPenzy) OrdushenpRepeehyl group,
phenylbutyl group, phenyl héxyl group or the 20 Iike. Exanples of the

subst i t ut gdnaltk@pheyydug rdowgl, udiescfarioptestaypl growp t ri f | uor omet hoxy group, a
pent af | uor oet hoxy group, a par fluorobutoxy group a perfluor hexyl oxy
group, 3-methoxycarbonylphenyl group and the like.

10 Examples of the substitutederunsubstitutedaralkyl group
include those compoéed of the aryl group and the'alkyl group,
and specific examples thereof include, for example, a benzyl
group, a 4-chlorobenzyl group, a 4-methylbenzyl group,

a 4-methoxybenzyl group, a 3-phenoxybenzyl group,
15 =a 2,3,5,6-£etrafluorobenzyl group,
a 2,3,5,6-tetraflucro-4-methylbenzyl group,
a 2,3,5;6—tetrafluoro—4—methoxybenzyl group,
a 2,3,5,6-tetrafluoro-4-methoxymethylbenzyl group,
phenethyl group, phenylbutyl group, phenylhexy; group or the

20 like.

Examples of the substituted alkoxy group include, for
example, a trifluoromethoxy group, a pentafluoroethoxy group,
a par fluorobutoxy group, & 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~-ethylphencxy group, 2,4-dimethylphenoxy group,
2,4,6-trimethylphenoxy group,

12



a perfluorooctyl oxy group, a nethoxynethoxy group, 25 2-nmethoxyethoxy

group, etc. Exanples of the substituted aryl oxy group inclu

exanpl e, 2-met hyl phenoxy group, 4-nethyl phenoxy group, 2-e?ﬁ§?%ﬁé%%¥y
group, 2, 4-dinet hyl phenoxy group, 2,4,6-trinmethyl phenoxy group, 12 29
January 2007 2-nmethyl - 4-et hyl phenoxy group, 4-decyl phenoxy group,

4- chl orophenoxy group, 4-nethoxyphenoxy group, 3-phenoxyphenoxy group,

2-nitroglycﬁﬁkﬂ§lpbeggﬁ¥l@m@%gxy 4O EheR@YL Hentdky group, _
3- et hoxycar bonyl phenoxy group, "5 pentafl uorophenoxy group, and the like.

Exanpl es pfchhersphehbkyt ettoar, kK l-met hgryuhdnmetwdeodmr  exanple, a

4-chl orobenzyl oxy group, a 4-nethyl benzyl oxy group, a 4-nethoxybenzyl oxy
group, a 3-phenoxybbenpkyxyrgueup 2-rd t3 oy laaestirng |RATEEH T @XY - gr oup, 10
2,3,5,6-tetrafl uoro-4-net hyl benzyl oxy group,

2,3,5,6-t étmangﬁh@n@xmgﬁ@%@beﬁm%@@@f&oﬂﬂ?henoxy group,
2,3,5,6-tetrafl uoro-4-nmet hoxynet hyl benzyl oxy .group, a phenyl et hoxy group, a
pheny%ut BRYL8F UL CRNERERY Hé)?&llp(jxfndé)r{:&?p?ﬁ‘lg?ec'. 15 Exanpl es of the

unsubst it uted giﬂggaégggggyF&f{e“thQEithgguﬁﬁg%@%ggrq% 12 cakikenykogroup

such as an eth propeny nyl “group,

L-met hy| eLbenyl o0rDURcn Lbxobhailod ghPup?-DYt-aBYhydbeupy13uuyesup, or oup.
1- nmethyl -1-propenyl group, a 2-nmethyl-I|-propenyl group, 20 a

1- net hyl - 2- prapenykyBeauylokypeoany! agBopherpardranyloxy oypoup 3- pent enyl
group, 1-hexenyl group, 2-cyclopentenyl group and
2,3,5,6-tetrafluorobenzyloxy group,

10 2,3,5,6-tetrafluoro-4-methylbenzyloxy group,
2,3}5,6-tetrafluoro—4—methoxybenzyloxy gfoup,
2,3,5,6-tetrafluoro-4-methoxymethylbenzyloxy 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,
1-propenyl group, 2-propenyl group, l-methylethenyl group,
1- butenyl group, 2-butenyl group, 3-butenyl group,

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

20 él—methyl—z-propenylgroup,l—pentenylgroup,2—pentenylgroup,
3-pentenyl group, l-hexenyl group, 2—cyclopentenyl group and
2-cyclohexenyl, l-decenyl group, and the like.

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

25 group, an aralkyloxy group, & 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



2-cycl ohexenyl, 1-decenyl group, and the |ike. Exanples of the substituted

al kenyl group include, for exanple, an al kenyl group substbég&ﬁgnﬁﬂxﬁlkoxy
“group, an aryloxy 25 group, an aral kyl oxy group, a hal ogen atom -an acyl

group, a al koxycarbonyl group, a aryoxycarbonyl group, a
ar al kyl oxycar bonyl group, and a carboxyl group. Specific exanples of the
substituted or unsubstituted alkenyl group include, for exanple, an

aryl al kenyls @r g4y rsuchyrolp 2 glanuary 2007 as a styryl group etc. Exanples
of the silyl group substituted with 1-3 substituents selected fromthe

substituted or Exaupdidst wifedhealsdylylgrgnaqup &uwddsittiutieddydeh ubhsdbsti t ut ed
aryl group, and a 5 substituted or unsubstituted aral kyl group. Specific
exanpl es sfubistid tusndishstsiliagtted! ingn Growrbstdiuerd ¢bruexapprituged

i hyl si |yl , i et hyl silyl hyl , i (n- ) silyl .
T Sy 2oL SLIEL L 8 L RO S L0 P
di et hyli . si | t.ert.-butyl di,met i1yl ,
o et ud SSRLaRUSLIo) 4 v RSB Mgl orovp: 2
triphenyl silyl. eoun.e;a. Liiheiad U Wndnoumus cf ity | 61y gkbb 0 oup.

a di net hyl phenyl'SiTyl""group, = a tert-butyl di phenylsilyl group, "etc.

Exanpl es” g, cibgieSUliel laketh 1@y, uWnsubsidtngiagiaey) group include, for
exanpl e, groups conposed of the substituted or unsubstituted al kyl, aryl,

or aral kylh grdephandid ydardohmwl, gr dupl (rsttorasl Jat ekt gt oupr opi onyl ,
butyryl, isobutyryl, pivaloyl, benzoyl, trifluoroacetyl,
pent af | uorotiariicyr ropvliss lylkgroup, a dlmethyllsOPropy151lyl group,

10 adiethyliscpropylsilyl group, atert-butyldimethylsilyl group,
a pentyldiméthylsilyl.group, a héxyldimethylsilyl group,

a triphenylsilyl. group, a tribenzylsilyl group,
a diphenylmethyléilyl group, a dimethylphenylsilyl group,
a tert—butyldiﬁhenylsilyl group, etc.

15 Examples of the substituted or unsubstituted acyl group
include, for example, groups composed of the substituted or
unSubstitutedalkyl,aryl,oraralkylgroupandiacarbon&lgroup
such as an acetyl, propionyl, butyryl, isobutyryl, pivaloyl,
benzoyl, trifluoroacetyl, pentaflucrobenzoyl or the like.

20 Examples of thearalkylcarbonyl group include, for example,

| 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, &
propionyloxygroup,abutyryloxygroup,anisobutyryloxygroup,

25 apivaloyloxygroup, abenzoyloxygroup, atrifluoroacetoxygroup,
a pentafluorcbenzoyloxy 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



20 Exanpl es of the aral kyl carbonyl group include, f or exanple, those
conposed of the aryl group and a carbonyl group. Specific oy r@f7 t he
substituted or unsubstituted acyloxy group include, for exanple, dn acetoxy
group, a propionyloxy group, a butyryloxy group, an isobutyryl oxy group,
25 api val oyl oxygroup, abenzoyl oxy group, atrifluoroacetoxy group, a

pent af | uor obenzoyl oxy group, etc. Exanples of the substituted or

unsubst i t L2 ebir bfd dergroegpamide| gueupt of prakpféuCFobenTRMige GrOWP, ah
acetam de group, a propionam de group,, a butyram de roug, a benzam de
group, 145 TEMBEAS IXOUP. AdLACATABLASEI AN dé GrREpPLIghamide group,

pent af | uor obenzam de grou a difor nide.grou sud di,acet am de group, a
dipropionéﬂi % %Eﬁﬁ %.%?%ﬁ?yranﬁﬁggﬁFaﬂb,eagglH@hzgnide group, a
ditrifluor ' . A di afLu ' ;

Exanpl es o tﬁ%ég% §??§€?%Hl%? %%gﬂéét%tgéggﬁﬁﬁ?ggggfgﬁgggméﬁg ﬁ%ﬁﬁg?rated
bel ow. 51 n dthe, figure below, " "denotes a bonding position. OO0 0 OOO

O0O0\ -NI / N\ / CH3 -NI / NCH2 O00O 0O0O--NN\/ 2H5 -N
N-C2HS 0 O O O Examples of the substituted or unsubstituted imide groups

areillustratedbelow. Inthefigurebelow, ™*”denotesabonding

position.

0 0 Q 0
-—-;5 wﬁ@ wa?Q@
o] o 0o o]
0 0 0 o)
HMO _NMN_%
0 0 o} O
O O 0 0
@) o) o 0
0 0 0
O O
—N N—C3H7 —N
Q N
0O e} O
O O

10 Examples of the substituted or unsubstituted carboxyl
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0O OO0 NCBH7 ~N'-N 00 10 Exanples of the substituted or unsubstituted
carboxyl 15 29 January 2007 group include, for exanple, a
substitutedcarbonyl group as al koxycarbonyl group which na§96%nnuy2007
substituted. Specifically, a nmethoxycarbonyl group, an ethoxycarbonyl

group, a propoxycarbonyl group, a hexyloxycarbonyl group, etc. 5 Exanples
of the sulfide conpound used for this invention include, for exanple,

di met hyl  subfibdencdiglhy e otulehdadh e did Nritystiut sdd S sty Wi tys
sulfide, d %’nk’anﬁc) sul'fide, di(n-Hexyl) sulfi%e, di(n-hyep![%/??mgu?(fi)de,

di (n-octyk) ksuhtadeonydl grow@nwhiciuifaydde divastdsnigd sul fide, 10
di (n-dodecyl) sulfide, di(isopropyl) sulfide, di(isobutyl) sulfide,
di (sec-butyl) sBpkidéicadiliter mebbbylyragtionydegr @il i 3650 IXEGRFPARY L

met hyl butyl sulfide, dicyclopentyl sulfide, dicyclohexyl sulf ide
di cycl ododeoyb, sulHfiagmx wHasaii ]l §yrtipded heﬁﬁ’]&’%’éﬁz‘iﬁo%ﬂf BERHP et fiy |

B oo rgenb sl e e Sl OBl s e on

O HRIRAR AR 4 um igplotsnipe e, o 1 e
di(n—propyl)sulfide,di(n-butyl)sulfide,di(n~amyl)sulfide,
di(n~hexyl)sﬁlfide,di(n—heptyl)sulfide,di(n—octyl)sulfide,
di (n-nonyl) sulfide, di{n-decyl) sulfide,

10 di (n-dodecyl) sulfide, di(isopropyl) sulfide,

di (isobutyl) sulfide, di (sec-butyl) sulfide,
di (tert-butyl) sulfide, di(isoamyl) sulfide,
methyl butyl sulfide, dicyclopentyl sulfide,-
dicyclohexylsuifidefdicyclododecylsulfide,diphenylsulfide,

15 dibenzyl sulfide, methyl phenyl sulfide, ethyl phenyl sulfide,
di(4-chlorophehyl) sulfide, di(3-methoxyphenyl) sulfide,
di(2,4~dichlorophenyl) sulfide,

di (4-trifluoromethylphenyl) sulfide,
di(4-nitreoglycerine phenyl) sulfide,

20 (4-fluorophenyl) (4-tolyl) sulfide,
(3-chlorophenyl) (4-tolyl) sulfide,
(4-nitrophenyl) (4-chloromethylphenyl) sulfide,
(2-nitrophenyl) phenyl sulfide,
(4-chloromethylphenyl) phenyl sulfide,

25 9H-thioxanthene-9-on, 3-acetamide-9H-thioxanthene-9-on,
3-methoxycarbonyl-9H-thioxanthene~9%9-on, phenoxathyne,
l-ethylphenoxathyne,
3—(2—trifluoromethyethoxy)phen&xathyne,

(2-hydroxyethyl} phenyl sulfide,

16



(4-nitrophenyl) (4-chloronethyl phenyl) sulfide, (2-nitrophenyl) phenyl

sul fide, (4-chloronethylphenyl) phenyl sulfide, 25 9H-thioxg &?ﬁg@ &Ep
3-acet am de- 9H-t hi oxant hene-9-on, 3-net hoxycar bonyl - 9FFth|oxan ne-9-on,

phenoxat hyne, 1-ethyl phenoxat hyne, 3-(2-trif|uoronethyethoxy)phenoxathyne,
(2- hydroxyethyl) phenyl sulfide, 16 29 January 2007 (chloronethyl) phenyl
sul fide, tetrahydrothiophene (et hoxycar bonyl nmet hyl ) benzo[ b] t hi ophene,

3-chl orob enz%ﬁqﬁh@n Mipf&@ﬂ@&%f‘él‘??@?@@hlophene,

3,5-dibro p ene 3, 4- dlchlorobenzo[b t hi ophene,

4, 7- di met haxeHpenan] §M$E¥K¥ 1 yh&yerg pb htlopheene,
octyloxybenzo[b]thlophene -octyl oxybenzo[ b] t hi ophene,

, 5- di oct B-exketainyd b aphessherdd), 35 4nelilogllyénzxybehzbibphkenephene,
7-di octyl oxybenzo[ b] t hi ophene, 2, 3-dioctyl di benzot hi ophene,

8- di oct \3l, di-loHrzminttibepptanidy | tiei @ehroet vyl oxydi benzot hi ophene, 15
,8-d|octyloxyd|benzothlophene 1, 9-di oct yl oxydi benzot hi ophene,
g-gl%ct@héxyhi BRhe hiaphene o- t et r aoct yI oxydi benzot hi ophene,

,4,6,9-tetr
aoqﬁééﬁ&%ﬁéﬁﬂ?ﬁ’ﬁ?t 1o$kéne, dibenzothiophene,

3-octyloxybenzo[b]thiophene,
5-octyloxybenzo [b] thiophene,
3,5-dioctyloxybenzo[b]thiophene,

10 3, 4-dioctyloxybenzo[blthiophene,
4,7~dioctjloijenzo[b}thiophene,

2, 3-dioctyldibenzothiophene,
2,8-dioctyldibenzothiophene,
2,3-dioctyloxydibenzothiophene,

15 2,8-dioctyloxydibenzothiophene,

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

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

25 2,3-dichlocrodibenzothiophene, 2,8-dichlrodibenzothiophene,
2,3-difluorodibenzothiophene, 2,8-difluorodibenzothiophene,
2,3-diphenyldibenzothiophene,
2,8-diphenyldibenzothiophene,
2,3-dipehnoxydibenzothiophene,

17
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1, 3-
3,4
25
2, 3-
2, 3-
2, 3-
2, 8-
8- di
2, 8-
2, 8-
2, 3-
2, 8-
2, 3-
2, 8-
2, 8-
2, 8-
2, 8-

0 1, 2,4,6, 8, 9- hexaoct yl oxydi benzot hi ophene,

di oct yl oxydi benzot hi ophene, 1,2,9-trioctyl oxydi benzot hi
i octyl oxydi benzot hi ophene, 1,2,3,4,6,9-hexaocty|oxydiBgﬁgﬁgﬁﬁ%%ﬁ%ne
, 3-di chl or odi benzot hi ophene, 2, 8-di chl r odi benzot hi ophene,

i fl uor odi benzot hi ophene, 2, 8-difl uorodi benzot hi ophene,
i phenyl di benzot hi ophene, 2 8- di phenyl di benzot hi ophene,
i pehrfodyt A H i b thﬂogmﬁﬂ%nuary 2007

|pheno§%d|benzoth|ophene 2, 3-di benzy| di_ benzot hi pphene
enzyl4t N Yo SHe R 20 ?@W%z@lro&y@%%@ﬂ%ﬁi—ﬁ% 5ﬂéﬁ§hlophene,

d
d
d
d
d
b
di ben i benzot hi pphene 3- bls(trlnethyIS|IyI)dlbenzothlophene,
bi s(t %%% é1 ?ﬁQﬁﬁ¥§h

b

bi

bi

b

d

d

b

::Ezilphen Si 9%%%y%¥§§§g$#oﬁﬂg%§1

i §(trd bepay @ﬂﬁd&ﬂiﬁ%&g}ﬂl%&%tﬁpo%hene,

|s(tr|benzyIS|IyI)d|benzothlophene di acet yl di benzot hi ophene,
I acet2ylscibdenzatifeayes, 1 y 12, Biish ot loyhiesze) hi ophene,

i acet oxybenzot hi ophene, 15 2, 3-bi s(di acetyl am no) di benzot hi ophene,

i s( diZadetoylsdrrinighdirhydrszdiyhl Jabitizareg otz Geiené st yryl ) di benzot hi ophene,
2,8-bis{triphenylsilyl)dibenzothiophene,
2,3-bis(tribenzylsilyl)dibenzothiophene,

10 2,8-bis(tribenzylsilyl)dibenzothiophene,
2,3-diacetyldibenzothiophene,
2,8-diacetyldibenzothiophene,

.2,3—diacetoxybenéothiophene,
2,8—diacetoxybéﬂzothiophene,

15 2,3-bis(diacetylaminc}dibenzothiophene,
2,8-bis{diacetylamino)dibenzothiophene,
2,3-bis(styryl)dibenzothiophene,
2,8-bis(styryl)dibenzothiophene,
2,3-dicyanodibenzothiophene,

20 2,8-dicyancdibenzothiophene,
dinaphtho[2, 1-b: l',2';d]dibenzothiophene,
dianthro([2,1-b: 1' 2'-d]ldibenzothiophene, 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):

18



2, 8-bi s(styryl)di benzot hi ophene, 2, 3-di cyanodi benzot hi ophene, 20

2, 8-di cyanodi benzot hi ophene, di naphtho[2,1-b: 1',2'-d]dibe i ,
dianthro[2,1-b: |' 2'-d]dibenzothi ophene, etc. By the react?%ﬁ&gkafﬂgﬁe

sul fide conpound with the hydrogen peroxide in the presence of the
above-nentioned netal oxide 25 catalyst, the sulfur atomof the sulfide
conpound is oxidized and the sulfone or sulfoxide conpound is formed. The
sul fide conpound of fornula (1)~is Msed to formthe sulfone conpound of
formula (4): 18 29 January 200';D »é?/ R mR2 (4) wherein RL and R2 have the
same neani ng as defined above, ox/the sulfoxide compound of fornmula (5): O
RI'--"S~RZ (5) 5 wherein Rl apd aye the salfe meani ng as defi ned above.
The sul foxi de conpound of foRnula (5R"may al so be used to produce the
sul f one conpound og fornuLa (4) and the reaction is ususally conducted by
reacting whersdnf &i dedcBhpmaigl Wie fovamaredming 2 dafinedeabperoxide in
the presence of .the netal oxide catalyst 10 as used to produce the sul fone
conmpound &R€s §HG:ECEd o mEFRMI NS M EGFEEA fiHe conpound of fornula (1).
The foll ow ng sul fone conpound‘gf formula (6): R3 S R6 (6)

|
RI/S\RZ 2
5 wherein R! and R? have the same meaning as defined above.
The sulfoxide compound of formula (5)‘may also be used to produce
the sulfoné compound of fotmula {4) and the reaction is ususally
conducted by reacting the sulfoxide compound of formula (5) with
hydrogen peroxide in the presence of the metal oxide catalyst
10 as used to produce the sulfone compound or sufoxide compound
from the sulfide compound of formula (1).

The following sulfone compound of formula (6)}:
(x\4¢3
R \5 RS

\ 6)

R R

wherein R3, RY, R® and R® have the same meaning as defined above,

or the following sulfoxide compound of feormula (7):
15

\  / )



R4 R5 wherein R3, R4, R5 and R6 have the sanme neani ng as defined
the foll ow ng sul foxide conpound of formula (7): 15 O 11 R32§J
29 January 2007 wherein R3, R4, R5 and R6 have the sane nmeadhi hg

above, or

19
lesuagg%efined

above, is obtained by reacting the sulfide conpound of forrmula (2) as

defined above with hydrogen peroxide in the presence of the netal

oxi de

catal yst of the present invention. 5 The follow ng sul fone conpound of
formul a (@hereRR &,/ R*RIRS &d RS Rite (Bl sReRiaing REldefhoed ab®vet 0 R14
are the sanme as defined above, or the follow ng sulfoxide conmpound of.
fornul a (0% ol7ained B resctigicRtBe( oy lfRde maompanRef formula (2) as

defined above with hydrogen peroxide in the presence of themetal

oxide catalyst of the present invention.

5 The following sulfone compound of formula (B):

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

sulfoxide compound of formula (9):

)

wherein R’ to R** have the same meaning as defined above is ocbtained
10 by the reaction of the sulfide compound of formula (3) above
withhydrogenperoxide inthepresenceof themetal oxidecatalyst
of the present invention.
In the reaction of the sulfide compound with the hydrogen
peroxide, themetal oxideisgenerallyusedinacatalyticamount,
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,

20



wherein R7 to R14 have the sanme neaning as defined above is obtained 10 by
the reaction of the sulfide conpound of fornula (3) above whh, s Rgen
peroxide in the presence of the metal oxide catalyst of the present
invention. In the reaction of the sulfide conpound with the hydrogen

peroxi de, the netal oxide is generally used in a catalytic amount, 15 and
usual ly in an amount of at |east 0.0005 not per not of the sulfide conpound

W t hout u@ﬂegmlo.hm:gofbgkei fﬂo&efagsl@%steﬁgf?%l_ o20:K8 dansany 20fRouan

anmount of “oné 1o rless per not o e sulfide conmpound is preferably

used. The;Rhydragen paroxisdeis generally used in the formof aqueous
hydr ogen per oxi de. O “course, a hydrogen peroxide in 5 an inert organic

sol vent sol uti onrheayybeocygeedpetoa iaguesugehpdadden usedoindeher fola ofgani c
sol vent solution can contain the hydrogen peroxide at any concentration
\tM t hout :clan;mltapulsuh%z?pogeni patbyide.a @DrsBHtIeat ifoR Y opeoP8a%BEeneght in
erms _of volume efficiency and safety. Commercially ayailable 10 aqueous
gyd_rogfgn par oxeds pagasd used wang sqlutinn Ry %?egcorﬁ%tar%‘f‘:e%@?o a
desired concentration for use. [For exanple, , th r 0X] | ution
in an 11 nefy dﬁPQ&Hi ReLBRYERt O e %r%caﬁg&vﬁﬁl%e%%éﬂé%q%n%gEgéuégﬂgaagldr ogen
per oxi de t Lpe i i.gtsidd | e Ry d en
peroxi de %§ F%H?ﬂ%égréésgﬁggagf% ﬁa(eml}/?g)trntcgglrtglaaﬁ%lcdﬂsg{l\%ent ) %E@l%d%ggen
peroxi de s genenahkyausgdcshcbrashto8 #Pl1 thereo®ibyoketightstibf idems

conmpound W thout upper limt. However, too much a usage nmay be
econoni cablry vdilaadvaftfdgdeussy andl 1€ famy es Commesssl ey rasraiofakle sul fi de
conmpound is preferred. In
10 aqueous hydrogen peroxide may be used as it is, or diluted or
concentratéd 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 aquéous hydrogen peroxide
15 in the presence of the inert organic seclvent.
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
20 the reaction, éither 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
25 compound, and the sulfoxide compound can selectively be 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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20 the reaction, either the sulfone conpound or the sul foxide conpound can

sel ectively be produced by controlling the anount of the hygr
per oxi de. For exanple, the sulfone conpound can selectivel?ggéggﬁﬁ%ﬁgéd by

usi ng the hydrogen peroxide, for exanple, in an anmount of 1. 5 noles or
nore per not of the sulfide 25 conpound, and the sulfoxide conpound can
sel ectively be produced typically by using the hydrogen peroxide in an
anount of gatcheastint®. hevhmandt! ehertdudh th Deolssd per nol of the sul fide
compound. If the netal oxide-containing |liquid preparation is used, the
amount of the hyHeogeacpépoxidegenerablpraphpueiioho nBoseefakBn258k 29

January 2007 account into the anmount thereof to be used. The [reagcti [
gener al | yaal bogeni € o prericted qrnav@%%FPrea?PJo‘f%J?liocfe%ll 95%}"1&3%?%{;2{8& IeS

sol vent of an organic I t . : i

“nei ude e@ﬁggwgftga-'vea%é’méﬁgﬁ SR A R
an et rahydr of uran: , ester. h ; ,
sol vert s §8¥He§§sn§Pﬁgn8%,aé ﬁgﬁgréégﬁgngé??g%t%%SF?SE? ?i?ghgggfﬁgﬁts

such as a%@t%%in iﬂo%u%%%;pé%é?@dlﬁ}é@ds ek b et ihyduesasten asbtwhols such
as toluene,” xyl'ene, and chl orobenzene; 10 and al i phatic hydrocarbon

sol vents guakeas sCyabRNexana ANt ] Netéptraris. afiletambubtitehioflieniirédeor the
organic solvent that nmay be suitably used is not Iimted, but in. ternms of
vol une ebbilvieansy samth tise adekonitog Imand Brawightt 6L eesaTPBAtiCpart by

wei ght of the sulfide conpound i tical.
R IE RO LR AR S A R St e

L?ggh@ggsggﬁfg&giha %%P%%QJJ€£¥%6H Jd&, L avs syl di des COpPPYRExOhet BRA
| 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 thé 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 é temperature, side reactions such as
decompositionof the rawsulfide compound or the produced sulfone
or sulfoxide compound can proceed. The reaction temperature
is therefore preferably in the r.ange of -20°C to 100°C.

20 Generally, the reaction is allowed to proc;eed by mixing
the sulfide compound, the hydrogen peroxide, and the metal oxide
catalyst to bring them into contact with each other, with no
limit to the order of mixing. Alternatively, themetal ormetal
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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or sul foxi de conmpound can proceed. The reaction tenpera i

preferably in the range of -20C to 100C. 20 GEneraFPy, :E;egg;;;Fhe:igore
allowed to proceed by mxing the sulfide conpound, the hydrogen e%oxide
and the netal oxide catalyst to bring theminto contact wth each other ’
wth no limt to the order of mxing. Alternatively, the netal or rretal1
conpound, the hydrogen peroxide, and the sulfide conpound may 25 be m xed

and brought, 1 1yOr CORt BGhe Wkt 6268r 9t AemonSomt bal tshe '

_ ( quegacniagy of the
SEIflde conpéE%d wth the hydrogen peroxide is allowed to proceed while
the met alpiidpsieosatmlsesttd S apdeparge-r The pakacetivnr fay Hee AURGRER A
proceed in the‘presence of a phase-transfer catal yst. Exanples of the
phase-t r anef@tiuR2s 2Dt  annar yrederredat al yst i ncl ude quaternary anmoni um

salts, quaternary phosphoniumsalts, and |large-ri .
quat ernary ambxampdeal ¢ Bhe grarerpety ﬂﬁﬁéﬁgsgg%ﬁgagﬁgﬁgflgfy

anmonium sal ts include 5 quaternary a ju i )
triocPyl rBidyR EMMBNI AR OLH |éﬁi§r%§?%c ykégﬁgpgﬁégg'u%%ﬁﬁ%ﬁﬁ%ﬁgnlum

di I auryl di.net hyl amppi ' anyl BRi BBt REl i i
stearyltr?ﬁiﬁ% ?%ﬂggﬁ%§§#§E%gﬁygngbﬁggﬁng?ﬁg%ﬁﬁfggﬁ?;:gg;nﬁrhg:gﬁﬁbride,

10 tri capyy] SBEhyh aA0PA| YANEBheGnden] bEidecy Laathy karimertinyharetvrgry
tr|hexylne?%%?a?nnnlun1ghloride, tridodecgrnethe?annnniJﬁ?thlo:?ﬁgme’
t et r abut yhpremrigm sebheyl deimbehgybmbnethy chiwgddem chl ori de ’
benzyl tri et hyl ammoni um chl oride. N-1auryl pyri di ni um chl ori de 15
N-cetylpyla@rpldﬁmehhplbdezYéﬁmmNnﬂé@rthpééﬁﬁmiun1ch|oride;

10 tricaprylmethylammonium chloride, tridecylmethylammonium
éhloride, frihexylmethylammonium‘chloride,
tridodecylmethylammonium chloride, tetrabutylammonium
chloride, benzyltrimethylammonium chloride,
benzyltriethylammoniumchloride,N—laurylpyridiniumchloride,

15 N-cetylpyridinium chloride, and N-laurylpicolinium chloride;
quaternaryammoniumbromideseachhavingthebromideioninplace
of the chloride ion in each structure of the above-mentioned
quaternaryammoniumchlorides;quaternaryammoniumiodideseach
havingtheiodideioninplaceofthechlorideionineachstructure

20 of the above-mentioned quaternary ammonium chlorides;
quaternaryammoniumsulfiteseachhavingthesulfiteioninplace
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 structureoftheabove—mentionedquaternaryammoniumchlorides;
and guaternary ammonium hydrogensulfates each having the
hydrogensulfateioninplaceofthechlorideionineachstructure
of the above-mentioned quaternary ammonium chlorides.

Examples of the quaternary phosphonium salts include
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guat er nary. anmoni unbr om des each having the bromde ion in place of the
chloride ion in each structure of the above-nentioned quatggqﬁhﬁﬁg ni um
chl orides; quaternary anmoni um i odi des each having the iodiide 1onm Tn 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

quat er nar ye 8FEBAL YIHEBLPhibBAE ST HHEh Ed8Arahdxanplass ulff cheslasgetr iaygi ng
the sulfate ion in place of the chloride ion in each 25 structure of the

above- nenpbbdpethgnat énpanyeaienirommel], oli8degsownard @uat er nary anmmoni um
hydr ogensul f ates each having the hydrogensulfate ion in place of the
chl ori de benzpnlBachownrécture of the above-nentioned quaternary anmoni um

chl ori des. Exanpl es_of the quaternar hosphoni um salts include 23 29
January 2007 tERe RBASA PHEIHGH %ﬁ%}gﬁ?d@,g%ﬂrﬁigﬁﬁs It PRSP Ge-ri ng

| yet h i.ncl 2- -4, 18- - d -1.8- .
Phacet 1 anE Pep OB et C e g eRAT B LEdan T R SRR o B R - 0RE ol ar
tinmes ornpre. baged; ont e, syl fi de, £ oIpasib A POU  URRSINE | I tandUloidrt er ns
of econony[5 an anounf o? one nolar tine or Ybss based on the sulfide

conpound ¢ $pPreeticad hae dphase- tnapster ceapaliydt iggyradsodche. uskdei n the
above-nmentioned preparation of the oxide nmetal catalyst. 10 The reaction
may be al plosed-t oapsbeearhtaidest mbyosihe biecus gd dsstuhe abovsrawnt eenedd
pressure. The reaction process may be nonitored by conventional analysis

t echni queBrepahationast thhr okatdsgraphy, CRIt@R Y§ér-f or mance |i quid

chr or{%t ogr aphy’Tl:[lglrneaction may be allowed to proceed under atmospheric.

pressure or pressurerized pr“essure. 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 suchor optionally treated with a reducing agent such as secdium
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, fhe reaction
liquid, as suchoroptionallywithwaterand/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

24



| ayer chromat ography, NVR IR and the like. 15 After the conclusion of the

reaction, the reaction liquid, as such or optionally treat
reduci ng agent such as sodium thiosulfate and sodiun1hydrogggé%%¢¥%29%(n

deconposition of the remnaining hydrogen peroxide, is subjected to such a
treatment as concentration and crystallization for collecting the target
20 sul fone or sul foxide conmpound. Alternatively, the reaction Iliquid, as

such or optianak!ys M 1y Wk €F 2 R0 /alc A RIS Ob HAl &h L OF @pdEE; salneant
added, is subjected to extraction, and the resulting organic |ayer is

concent r atRg et \e&1dmhe ss W ifediey 0t haidd, f ansitdhsy 1c arrdiHio: t ylhe thesyl timd
sul fone or sul foxide 25 conpound nmay be purified by such a process as

di still at itert rmhg/d mofwrem © hndnes ogr aphlyenBsasptle e soéthiid aatertd nsdingbl e
organi ¢ solvent include, for exanple, aromatic hydrocarbon solvents such
as tol uenaisagey|tderecihd & MYk ddeRzbAel aRbY ogRRBF £8TRFdr ocar bon sol vents

24 29 J 2007 di_chl t ,.dichl hane, and _.
chi oroform ot hole SBRURRLORGLN e BERGE BURGASSET hiT LA SBAtFPbt her,

Ther eof | € HCHRPE: Bt ary oreer et d. Sy Y Riefrili AR Bretifes “The
removal of, 1 he degisi6¢  ryubiaRs (?.ray%'-ijl L@gde +aenBeund A dih@rocess of

crystallization process, ~or the résulting water |ayer after the extraction

process oOfthd Reareaehi anxfuxtutentanhai tise tnike: aletoati dxicder adatsed,y sthiabhi ch
may be usable for further reaction. The filtrate or the water 10 | ayer, as
such or optaiyobel hyabachnt fathe mepaos ivged The fhetrabacey dine 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) sulfqne,

di(n-butyl) sulfone, di(n-amyl) sulfeone, di(n-hexyl) éulfone,

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

20 dicycledodecyl sulfone, diphenyl sulfone, dibenzyl sulfone,
methylphenyl sulfone, ethylphenyl sulfone, di(4-chlorophenyl)
sulfone, di (3-methoxyphenyl) sulfone, di(2,4-dichlorcphenyl)
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-chlorcmethylphenyl) phenyl sulfone
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Exanpl es of the sul fone conpound include, for exanple, dinethyl sulfone,

di et hyl sulfone, di(n-propyl) sulfone, di(n-butyl) sulfonezgg' - ﬁ
sul fone, di(n-hexyl) sulfone., 15 di (n-heptyl) sul fone, di(n-o%+§H§§66

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,

di cycl opentyly g1 { opfll vyl eheydnsud fene, 20 di cycl ododecyl sul fone,
di phenyl sulfone, dibenzyl sulfone, nethylphenyl sulfone, ethylphenyl

sul fone, dig (H-cd sophesddamisdd 4 Brech th{ah e hoxypbrpyl ) sul fone,
di (2, 4-di chl orophenyl) sulfone, di(4-trifluoronethyl phenyl) sulfone,

di (4- ni t r dpherfHdi e Dmes t I8k e fid ey bpfersth yoXanthéney 9sanf one,
3-chl orophenyl 4-tolyl sulfone, (22-nitrophenyl) phenyl sulfone,
(4- ni t r optErAAgxg ot oFbpHETAA9XXAR f one (4- chl or onet hyl phenyl ) pheny
phenoxat hyTeL 00 TR HRL E AL EREIORa Wy 10: 18- 6 8t
L ey g GciSuthank g ey
phenyl sul frithosdeid et yidedre, Sul gioseyl sulfone,

tetramethylene sulfone,

10 benzo[b]thiophenesulfone,3-chlorobenzo{b]thiophenesulfone,
3,5~dibromobenzotb]thiophene sulfone,
3,4-dichlorobenzo[b]thiophene sulfone,
5-methylbenzo[b]lthiophene sulfone,
4,7—dimethoxybénzo[b]thiophene sulfone,

15 3—octyloxybenzo[b]thiophene sulfone,
5-octyloxybenzo[b] thiophene sulfone,

3, 5-dioctyloxybenzo[b]thiophene sulfone,
3,4-dioctyloxybeno[blthicphene sulfone,
4, 7-dioctyloxybenzo[blthiocphene sulfone

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

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

1,2,4,6,8,9-hexaoctyloxydibenzothiophene sulfone,
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10 benzo[ b] t hi ophenesul f one, 3- chl or obenzo[ b] t hi ophenesul f one,

3, 5-di br onobenzo[ b] t hi ophene sul f one, 3,4-dichlorobenzo[b]kgigﬁm§y§b

sul fone, 5-nethyl benzo[ b] t hi ophene sul fone, g 07
4, 7- di met hoxybenzo[ b] t hi ophene sul fone, 15 3-octyl oxybenzo[ b]t hi ophene
sul fone, 5-octyl oxybenzo[ b]thi ophene sul fone,

3, 5-di octyl oxybenzo[ b] t hi ophene sul fone, 3, 4-dioctyl oxybeno[ b]thi ophene

sul fone 4744l | Ry

. . 143739Le¢ty bepuienzelRHikirirne sudene 20
d|ben;othlbphene-g?SrgﬁbX| e, 2,3-dioctyldibenzothi ophene sul fone,

2, 8- di oct y| di benzeblirgnhanel ipenfane i ophehadisaritfidreey di benzot hi ophene
sul f one, , 8-di octyl oxydi benzot hi ophene sul fone, 25

1, 9-di oct gl, axydibben2otdyiddpleerze thildmrene shilgadicoct yl oxydi benzot hi ophene
sul fone, 1,2,8,9-tetraoctyl oxydi benzot hi ophene squqP ,

1, 4, 6, 9- t &t Radcty ey di i ihengatgiphene su fone,

1,2,4,6, 8, 9-hexaoct yl oxydi benzot hi ophen ulfbne 26 29 Januar
. . ) : y 2007
1,3-dﬁbct?h§X9épbéﬁﬂﬁHQQﬂﬂﬁ§ﬂ%QHBQ4%NEH ‘Y-t rioctyl oxydi benzot hi ophene

sul fon - di ' '

S hexaos ;zgggﬁ?sﬁé%%5° e T SRt Todi benzot hi ophene

2,3-difl u%f%&?glg(%%ﬁ?%%’%%%sulw AR,
2,8-difluorodibenzothiophene sulfeone,
2,3-diphenyldibenzothiophene sulfcone,

10 2,8~-diphenyldibenzothiophene sulfone,
2,3—diphehoxydibenzothiophéne sulfone,

2, 8-diphenoxydibenzothiophene sulfone, .
2,3-dibenzyldibenzothiophenersulfonev
2,8-dibenzyldibenzothiophene sulfone,

15 2,3-dibenzyloxydibenzothiophene sulfone,
2,8—diben2yloxydibenzothiophene sulfone,
2,3~bis (trimethylsilyl)dibenzothiophene sulfone,
2,8-bis(trimethylsilyl)dibenzothicphene sulfone,
2,3—bis(t;iphenylsilyl)dibenzothiophene sulfone,

20 2,8-bis(triphenylsilyl)dibenzothiophene sulfone,
2,3-bis(tribenzylsilyl)dibenzothiophene sulfone,
2,8-bis(tribenzylsilyl)dibenzothiophene sulfone,
2,3-diacetyldibenzothiophene sulfone,
2,8-diacetyldibenzothicphene sulfone,

25 2,3-diacetoxydibenzothiophene sulfene,
2,8-diacetoxydibenzothiophene sulfone,
2,3—bis(diacetylamino)dibenzothiophene sulfone,
2,8-bis (diacetylamino)dibenzothiophene sulfone,

2,3-bis(styryl)dibenzothiophene sulfone,
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2, 8-di fl uorodi benzot hi ophene sul fone, 2, 3-di phenyl di benzot hi ophene

sul fone, 10 2, 8-di phenyl di benzot hi ophene sul f one,
2, 3- di phenoxydi benzot hi ophene sul f one, 2,8-diphenoxydibenz%?%?%%ﬂg%§7
sul fone,. 2, 3-di benzyl di benzot hi ophene sul f one,

2, 8- di benzyl di benzot hi ophene sul fone, 15 2, 3-di benzyl oxydi benzot hi ophene
sul fone, 2, 8-di benzyl oxydi benzot hi ophene sul f one,

2, 3- bi s(t pi gebhyl syl didierzeidtiapieimes Wdilohme,
2,8-bis(trfnethy|siP&P}dibenzothiophene sul f one,

i s(tpi phatylanbylipbenzerhdidpheplee e lfidrfeane, 20

i s(triphenylsilyl)dibenzothi ophene sul fone,

i s(t 2i Bediyplsnbdibeinzetrhdapihegiterallidione,

i s(tribenzylsilyl)dibenzqthi gphene sul fone,

. 3-di aceﬂynapbghﬁd?hiloaﬁe&er@uﬁdd %%@%%@t%%i%%%%%i opA@ne sul f one,
5 2, 3-di g¢et oxydi henzot hi.qphgne,,sulf one,. , .2, 8-di ac i benzot hi ophene
ul f orve, 8??@%%9([2?36 t‘yIlarﬁEno)ddidé‘m%qholpqu}l%&%u%?‘%%?{eb

2,8-bis(diacetyggg%ﬁg%gingﬁﬂiQh?@Bgﬁeesagéﬁggnd include, for example,

2,3-bis(styryl) hi ophene sul t one, January 2007

2, 8- bi s(syypythghhanzel i aphane syl f O0ELoRi de didayanedidpsngos bl sphede,

sul fone, 2, 8-di cyanodi benzot hi ophene sul fone, di napht ho[ 2, 1-b:

1', 2' - d] dihenzbubiyophend fodikiene diamd-ary i anthfafdd, bdi (n-hexyl)

1',2' -d] di benzot hi ophene sul f one ,
sulfoxide, di{n-heptyl) sulfoxide, di(n-octyl) sulfoxide,

W oo W o w
S o oo

10 di(n-nonyl) sulfoxide, di(n-decyl) sulfoxide, di(n-dodecyl)
sulfoxide, di(isopropyl} sulfoxide; di (iscbutyl) sulfexide,
di(sec—butyl)sulfoxide,di(tert—butyl)sulfoxide,di(isoamyl)

. sulfoxide, methyi butyl sulfoxide, dicyclopentyl sulfoxide,
dicyclohexyl sﬁlfoxide, dicyclododecyl sulfoxide,

15 diphenyl sulfoxide, dibenzyl sulfoxide, methyl phenyl sulfoxide,
ethyl phenyl sulfoxide, di (4-chlorophenyl) sulfoxide,

di (3-methoxyphenyl) sulfoxide,
di(2,4-dichlorophenyl) sulfoxide,
di(4-trifluoromethylphenyl) sulfoxide,

20 di(4—nitrophenyl)sulfoxide,4—fluorophenyl4—toiylsulfoxide,
(3-chlorophenyl) (4-tolyl) sulfoxide,

(4-nitrophenyl) (4-chlorophenyl) sulfoxide,
(2-nitrophenyl) phenyl sulfoxide,
(4-chlorcmethylphenyl) phenyl sulfoxide

25 10-ox0-9H-thioxanthene-9-on,
10-oxo-3-acetamide-9H~-thioxanthene-9-on,
10-oxo~3-methoxycarbonyl-9H-thioxanthene-9-on,
phenoxathyne-10-oxide, l-ethylphenoxathyne-10-oxide,

3-(2-trifluoromethylethoxy)phenoxthyne-10-oxide,
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Exanpl es of the sul foxide conpound include, for exanple, dinethyl sulf
oxi de, diethyl sulf oxide, di(n-propyl) sulfoxide, di(n-butyl i de,
di (n-anyl) sul foxide, di(n-hexyl) sulfoxide, di(n-heptyl) g%ﬂ%gﬁﬂéégﬁ

di (n-octyl) sul foxide, 10 di (n-nonyl) sulfoxide, di(n-decyl) sulfoxide,

di (n-dodecyl) sul foxide, di(isopropyl) sulfoxide, di(isobutyl) sulfoxide,
di (sec-butyl) sulf oxide, di (tert-butyl) sulf oxide, di (isoanyl)

. sul f oxi deehematlhy{chutydmesii floxi slel fak gl opent yl sul f oxi de, di cycl ohexy
sul f oxi de, di cycl ododecyl sul foxi de, 15,diphen¥I sul f oxide, dibenzyl sulf
oxi de, met@ihyshemyetal) oliegyl sediprigeenyetsampshivdene sulfoxide,

di (4-chl orophenyl) sul foxide, di(3-nmethoxyphenyl) sul{axide,
di (2, 4- di d &ﬂﬂ%)onéf MRt e, b%%ﬁ&ﬁ%ﬁ%‘%@tmigﬂéﬁg?) sul f oxi de,
20 di (4-nitrophenyl). sulf.oxide, 4-f | ophenyl 4-tolyl sulf oxide,
(3-chforo&ﬁé%@ﬁf%égqaﬁﬂﬂgyﬁﬁﬂq %ﬂ%kzﬁigﬁ#% ?%phenyl)y(4-chlorophenyl)
sul f oxd de, ‘R ?Q?% fox : 4d 4- chl or onmet hyl phenyl
phenyf% sul3f'(§>(a%- &? r%{ Oﬁxgo[zbdﬁlﬁh%&%% hée?%(llef-jc%glo%é,' viphenyl)

10- oxo- 3- ag et-aicte rMdHorAihietdhedul foxide,

10- oxo- 3- net hoxycar bonyl - 9H-t hi oxant hene-9-on, phenoxat hyne- 10- oxi de,

1- et hyl phéroeahinlbent@-[@Xitde,ophene sulfoxide,

3-(2-trifluoronethyl et hoxy)phenoxt hyne-10-oxi de, 28 29 January 2007 phenyl
( chl or omretthyFRiggthexivéen ol hydvioghany Suldtastide sul f oxi de, tetranet hyl ene
sul f oxi deg_ogr{?&gg{x (:e%rzl:()3 @ﬁltﬁto@ﬂe?nebesnuﬁoﬁ[obit ei’ophene sul f oxi de,

10 5-octyloxybenzo{b]thicphene sulfoxide,

3, 5-dioctyloxybenzo[b]thiophene sulfoxide,
3,4-dioctyloxybenzo[b]Jthiophene sulfoxide,
4,7-dioctyloxybenzo[b]thiophene sulfoxide
dibenzothiophene-5-oxide,

15 2,3-dioctyldibenzothiophene sulfoxide,
Z2,B8-dioctyldibenzothiophene sulfoxide,
2,3~-dioctyloxydibenzothiophene sulfoxide,
2,8-dioctyloxydibenzothiophene sulfoxide,
1,9%-dioctyloxydibenzothiophene sulfoxide,

20 4,6—dioctylpxydibenzothiophene sulfoxide,
1,2,8,9-tetraoctyloxydibenzothiophene sulfoxide,
1,4,6,9-tetraoctyloxydibenzothiophene sulfoxide,
1,2,4,6,8,9-hexaoctyloxydibenzothiophene sulfoxide,
1,3-dioctyloxydibenzothiophens sulfoxide,

25 1,2,9-tricoctyloxydibenzothiophene sulfoxide,
3,4-dioctyloxydibenzothicphene sulfoxide,
1,2,3,4,6,%-hexaoctyloxydibenzothiophene sulfoxide,

2,3-dichlorodibenzothiophene sulfoxide,

2,8-dichlrodibenzothiophene sulfoxide,
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3-chl orobenzo[ b] t hi ophene sul foxi de, 5 3, 5-dibrombenzo[ b]thi ophene

sul foxi de, 3,4-dichlrobenzo[b]thi ophenesul f oxi de, 2007
5-met hyl benzo[ b] t hi ophene sul foxi de, 4, 7- dlnethoxybenzo[b}talop
sul f oxi de, 3-octyl oxybenzo{b]thi ophene sul foxi de, 10

5-octyl oxybenzo[ b] t hi ophene sul foxi de, 3, 5-di octyl oxybenzo[ b]thi ophene
sul f oxi de, 3,4-dioctyloxybenzo[b]thiophene sul f oxi de,

4, 7-dioct yl &}ﬁtl%rﬂﬁlm r{é))g\plefo}gl&genzot hi ophene- 5- oxi de, 15
2, 3- dloctyrg benzo kﬁtne su fOXIde 2, 8- dloctyldlbenzothlophene

sul f oxi dep 82d§ﬂ'&@dﬂh@@%rbﬁ_@dﬁ@mn@}$ﬂdé oxi de,
2, 8- di oct yI'oxydi benzot hi ophene sul foxi de, 1, 9-di octyl oxydi benzot hi ophene

SU|fOXId€2 3@dép&eﬂymﬁnﬂawauﬁﬂxﬂphﬁdu(nﬂ&ﬁnxxdﬂJOX|de

1,2,8,9- tetraoctyloxydlbenzothlophene sul f oxi de,

9- t8 etéeﬁmmmwwmvhwsﬁn Fep e s
exaoct yl oxydi benzot hi gphene_su fox de,
PEGRAST FHEE RAAR

6,
5)ct Pl Gxgdipberia ey a

| ct Irétyl .oxydi bewﬁz%m%e hour{éc Oﬁﬂijj:%xlde,

tr

0

4,6,9-h %Qﬁ{ t 2xd de,

chlgfgd enzo h|o éﬁgnéﬁl kﬁ#ﬁ? 2, 8 dlchlrodlbenzothlophene
i dep %9d@%eﬁyyyﬁﬂbéH%HehﬁbﬁhéhéIsuxmhimmapthuophene sul f oxi de,

2,3-dibenzyloxydibenzothiophene sulfoxide,

1, 4,6,
1, 2,4,
1, 3-di
1,2,9-
3, 4-di
1, 2, 3,
2, 3-di
sul fo

i
ul f ox

10 2,8-dibenzyloxydibenzothiophene sulfoxide,
2,3-bis (trimethylsilyl)dibenzothiophene sulfoxide,
2,8—bis(trimethy;silyl)dibenzothiophene sulfoxide,

- 2,3-bis(triphenylsilyl)dibenzothiophene sulfoxide,
2,8-bis(tripheﬁylsilyl)dibenzothiophene sulfoxide,

15 2,3—bis(tribenzylsilyl)dibenzothiophene sulfoxide,
2,8-bis(tribenzylsilyl}dibenzothiophene sulfoxide,
2,3-diacetyldibenzothiocphene sulfoxide,
2,8-diacetyldibenzothiophenesulfoxide,
2,3~diacetoxydibenzothiophene sulfoxide,

20 2,8-diacetoxydibenzethiophene gsulfoxide,
2,3-bis(diacetylamino)dibenzothiophene sulfoxide,
2,8-bis (diacetylamino)dibenzothiophene sulfexide,
2,3-bis(styryl)dibenzothiophene sulfoxide,
2,8-bis (styryl)dibenzothiophene sulfoxide,

25 2,3-dicyanodibenzothicphene sulfoxide,
2,8-dicyanodibenzothiophene sulfoxide,
dinaphtho[Z,lﬂbzl',2'~d]dibenzothiophene sulfoxide,

dianthro[2,1-b:1',2'-d]dibenzothiophene sulfoxide, etc.
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2, 8-di fl urodi benzot hi ophene sul foxi de, 2, 3-di phenyl di benzot hi ophene

sul foxi de, 2, 8-di phenyl di benzot hi ophene sul foxide, 5 29 Janu 007
2, 3- di phenoxydi benzot hi ophene sul f oxi de, 2,8-diphenoxydibenzo?hﬁgb ene
sul foxi de, 2, 3-di benzyl di benzot hi ophene sul f oxi de,

2, 8-di benzyl di benzot hi ophene sul foxi de, 2, 3-di benzyl oxydi benzot hi ophene
sul foxi de, 10 2, 8-di benzyl oxydi benzot hi ophene sul f oxi de,

2, 3-bi s(trimethyhsl odihenzobhicophens subfpkdgescribed in detail in
2, 8-bis(trinmethylsilyl)di benzot hi ophene sul f oxi de,

3- bi s( t riHEhemyl Isdw g dibenzDs &i ophenet sbihbkedeto them.
8-bi s(triphenyl silyl)di benzot hi ophene sul foxi de, 15

3-bis(tribenzyl silyl)di benzot hi ophene sul f oxi de,
, 8-bi s(tribenzyl silyl)di benzot hi ophene sul f oxi de,
3
8

2

2,8-b

2,3-b

2,8-b

2, 3- di acetBpaditblenhZot hi ophene sul f oxi de,
2

s

2

2

, 8-di acet yl di benzot hi gphenesul foxi de, 2, 3-di gcet axydi,benzof hi e

ul f ox?de, 20 2,%-3R%EEt B&?@?B%ﬂﬂﬂtfﬁ%oﬁ’ﬁénadgﬁaf%?(% ml SRAPLEL PRARIS

, 3- bi s(di_ acetyl am di_henzot hj g faxi t 5

, 8- bi s( di%%eﬁ#ﬁoﬁﬁé&néedt %“o%%g}gf% fagitglge, rocm temperature, 3g

2, 3-bi s( st 'g))w%bﬁ QllicPPRere x3ukf QX5 08ided Sail st wred) dirhenapidvaphene

sulfoxidefﬁ§§ 2,3-§?by ﬁod?benzothiophene sul f oxi de,

2, 8- di cyandlihienzoidd ephgeecpubkodedeatalyst was prepared. The aqueous

di napht ho[ 2, 1-b: 1', 2' - d] di benzot hi ophene sul f oxi de,

di ant hr o] Zdll-ukiln Wasl]kiiftertotddl ‘Chhemel JAFW ®f esthanslo 2N AffrgL 2007

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,
andtoluenewasadded,andextracted.Afterwashingtheébtained

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% aquecus hydrogen peroxide
at room temperature. The mixture was stirred at 27°C for 30
minutes to form an aquecus solution of tungsten oxide catalyst.
25 Totheagueoussolution, 4gofdiphenyl sulfidewasaddeddropwise
over 10 minutes and reacted under stirring at 27°C for two hours.
In the course of the reaction process, solid diphenyl sulfone
was produced and precipitated toprevent stirring, and therefore

5 ml of ethyl acetate was added and the reaction was continued.

31



The present invention is further described in detail in the follow ng

exanples but hot limted to them Exanple 1 5 0. 55g of tunggt was
added to 2. 6m of water under nitrogen atnosphere, and st??ggﬂu€f§¢¢k

roomtenperature, 5g of 30wt % hydrogen peroxi de was added and stirred, and
aqueous solution of tungsten oxide catal yst was prepared. The aqueous
sol ution was kept at 40C, and 1280nml of ethanol, and 44g of 10

2, 8-di oct Wﬂ%&déé}?z&&b&%ff@&?e a5 et agded 1t, ge;; 8% 0.0w250 @fe SO hydicegen
e

per oxi de was added, and and reacted at 45 or 5 hours. Then, it was

cool ed W If 5681iuh30PdAbgehshl fit 0wd s agideal s osolle uneddii sullfiape dalnd i on
were added thereto, and toluene was added, and extracted. Af ter washing
t he obt ai med rkedfgadDminayers vindthand0nl htebhydmas tettasandasdecane
concentrated to give 47. g of 2,8-dioctyl oxydi benzot hi ophene sul fone,

Yi el d: 99%RnEatgiea bspangard ssishrnaaf engnalge 1§l §e® 3d4eC nPtiogEs wer e
added 8.0 ng of tungsten, 20.6 f nmethyltrioctyl anmoni,um

hydr og&ns GF‘]daF@tEﬁrﬁdﬁ. 1TEeﬁe@@g\ggﬁgqﬁg%%%ﬁﬁ%eg%ry%mlgge%lbyr g6
tenperature. Th I xture was stirred at 27C for 30 mnutes to form an
aqueous 58$6Pﬁ§%#§I%§ﬁH§sten oxi de catal yst. 25 To the aqueous solution, 4

gof di phe'?weﬁlgb%iorﬁﬁ%:%% Od‘él%‘i@ro%"é'i $Q . 5@VeBakl@dnbAUbEBhARY 1N gatiEgdynder

stirring at urs. In the course of the reaction process,
sol i d di peryld sgl HopRenyp@ssPLOCKLEd: ahdd PriEd id atredibhepydvent fitdenri ng,

and therefore 5 m of ethyl acetate was added and the reaction was
continued. 31 29 January 2007
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
minutestogiveénaqueoussolutimnofatungstenoxidecatalyst.
15 To the aqueous solution, 14.3 mg of methyltrioctylammonium
chleride 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% aqueous 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 crganic layer was analyzed
by gas chromatcgraphy.
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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After conpletion of the reaction, 11. 3 g of | Om % aqueous sol uti on of
sodi um hydrogensul fite was added to the reaction |liquid and i r 30
m nutes, and then 50 mM of ethyl acetate and n-decane (an F%?é?%érﬂXﬁo
standard substance f or analysis) were added, stirred 5 and settled. The
separated organic |ayer was anal yzed by gas chromatography. Yield of

D phenyl sul fone: 94.5% (Based on Di phenyl sulfide) Yield of D phenyl

sul f oxi de:,+5.,49 iohe ikti,6e) 0 e °
at-rb g%g@%g%gﬁeq frk auktide waédggg%a}g@ a? 10°2 for 20

50-m . schlenk tu with nitrogen were 3 ng of tungsten and

5. 6 g of PHMbLEYERIH Aty deReensPes DXt Tien odta toRgEteARatiaddicatalhetm xture
was stirred at 27C for 20 mnutes to give an aqueous solution of a
tungsten @ daecatiakyab.sdBiffbohhe3 agoéoashsnd litama,3 L4 ¥y wg diphenyl

met hyl tri octyl ammoni um chl ori de was added and then 3.7 g of di phenyl

sul fi de wssilfdded wedreopdidsd, ognd tlteni 1A &9 oFd3Pwacét adugader hydrpgeng at

27C for two hours. After conpletion of the reaction,ﬁéo m of ethyl
acet at® am@rPxisiegwss rofed, S56PHESSsOIEEi oA BINLER aRF26°RFERGgEREEI i te

wer e added . and .stirred.for 30 m nutes, d then .n: an_interna
etandard Suoetanat 10; taenuRTUhEs G COlor P LGRS erEl TONR
separ at ed ~@r gani G | E%FHV C y i of
Di phenyl g@l?@hg& §%¥§&ngase on 5heﬁ3 suIF%@gﬁaggéﬁ%?efgg%?gggphenyI
sul f oxi desudstUnRaged a1y Phenweraubiida)andsvipiredt Taha bEsalltsall enk
tube purged with nitrogen were added 11 ng of tungsten and 100 ng of 30wt
0 aqueous shydi-dgen waer axiade/ zeRP M9 grenusrnoni®graphy .

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

Yield of Dipheﬁyl 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 aguecus solution, 7 g of methanol and 3.9 g
df 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 acetate and 10.3 g of 10wt% agqueous
solution of sodium hydrcgensulfite 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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at roomtenperature. The m xture was stirred at 40C for 20 mnutes to form
an aqueous solution of a tungsten oxide catalyst. To the aggggﬁ{ﬁﬁig G i on,
3 g of ethanol and 372 ng of diphenyl sulfide were added, and the 00 ny
of 30wt % aqueous hydrogen 5 peroxi de was added dropw se over 10 m nute and
reacted under stirringat40Cfortwohours. After conpletion of the reaction,
20 M of ethyl acetate and n-decane (an internal standard substance for
anal ysis) were d@ded>8né Schieed. tvhe pesgfdi withsalitrpeanwasranaddedd by

gas chromatography. 10 Yield of D phenyl sulfone: 99.0% (Based on Di phenyl
sul fide) W&l A o'}{uﬁﬂﬁﬁ%ﬂy@“%&qm ¢ %P.‘*’GO% PB&é”é’@eélnpér KerP aSuFPre)

I -m h K ith ni dded )
moof ¢ unGERRATASEA AP SU6T BP0k RAAEIH Ny AT ST SRR THEOHS  oom
tenper at u%@ﬁ.u-{ﬁ%nmo;ft WS WaRio3lld % i¥e @aﬁa:ﬂ;\gt 203#“ Wtrﬁétﬁé’nzgi’r?ha.”
aqueous. solution of a tungsten oxide catalyst. To the aqueous sol ufion, 7

g of et haeakoand+di3phenel 268RHaWd asldld, denwes ®omg dad 3dieRV $8royen 10
m nutes and 20 reacted under .stirring at 27C for two hours. After

conpl eti operokitihewseactwar: a2iad cobrelbythimces s earmhdeh@tR2dytof gl Gat %
aqueous solution of sodium hydrogensulfite were added and stirred for 30
m nut es, andaghenun- desahaofaati A0 2Enkdr s? amelar d. shibseancempletianabfsi s)
was added, stirred and settled. The _separated 25 o&ganic | ayer_ was

anal yzed E?ega§a8ﬁ98ﬁatgaﬂépﬁf.eVP@ﬁd%ﬂeqaﬁﬂuﬂﬁﬂ EHIGHRE 1B WIBAsed on
D phenyl subLhgel (Yiekda ol PLRhEON SHLEOKLAS" ,80.026B0°EAo 20 B BAENY
10 stirred and settled. The organic phase was analyzed by gas
chromatography.
Benzo[b]lthiophene sulfone yield: 99.5% ((benzo[blthicphene
.basis}.

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

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 1llmg of tungsten, and methanocl was used in place of
ethanol. Diphenyl sulfone yield: 99.5% (diphenyl sulfide
basis) .Diphenyl sulfoxide yield: 0.5% (diphenyl sulfidebasis).

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
cf 1lmg of tungsten, and methanol was used in place ¢f ethanol.
Diphenyl sulfone yield: 69.0% {diphenyl sulfide basis).
Diphenyl sulfoxide yield: 31.0% (diphenyl sulfide basis).
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To a 50nL Schl enk tube purged with nitrogen were added | 1ng of tungsten and
100nmg of 30wt % hydrogen peroxi de at room tenperature, and %bﬁ&@ﬁﬁ%i@xﬂoc
for 20 m nutes to prepare agueous solution of the tungsten”oxide tatal yst.
3g of nethanol and 5 benzo[ b]thi ophene 268ng are added, and 500ng of 30w %
hydr ogen peroxide water were added over 10 minutes, and reacted to give

an aqueous solution at 40C for 2 hours. After conpletion of the reaction,
20mL of ethyl acetate and n-decane (analysis business internal-standard
substance) were added thereto and 10 stirred and settled. The organi c phase
was anal yZggmbys09s chronatography. Benzo[ b]thi ophene sul fone yield: 99.5%
((benzo[ b] t hi'ophene .basis). Benzo[b]thi ophene sul foxide yield: 0.5%
((benzo[ b] t hi ophieseredSt basiwas Exenpée dFuiThien reaxcimibla nasanmeriasl bt in a
simlar manner as in Exanple 4, except that 15ng of tungsten sulfide were
used in R@apphee! ofeddapt chatubngteh nakbdaniamsirasisedsét PhapeRe of

et hanol . Di phenyl sul fone yield: 99.5% (di pheny| sulfjde

basi sP. Di bHesy®E (T 4Ras tRN y| 21 et IRR b AR A M RIIRRISS cBapte 8 25
The reactjpon was. carried out in a,sinilar.moner as.i l&e 4, except

t hat 12nng$h?%%bs?%LfBB?iHée;gresgsgg 381538831 %Plfﬁﬁﬁﬁgggﬁﬁsgéten, and
met hanol LN of, anek. noDi/pk ul f i ;1 69. 0%

(di pheny! 5@?#‘?@% Bast é??ge D& ﬁﬁéﬁw QEOP%)E?EEH%:“X% S (%daipsplhgnyl

sul fide basis). 34 29 January 2007

According to the present invention, the sulfone or

10 sulfoxide compound can be readily and selectively prepared.
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Exanple 9 The reaction was carried out in a simlar nanner as in Example

4, except that 6ng of nol ybdenum were used in place of aﬁ%w§g@g§ten
and net hanol was used in place of ethanol. D phenyl sulfone yire 0%

(di phenyl sulfide basis). Diphenyl sulfoxide yield: 11.0% (di phenyl

sul fide basis). According to the present invention, the sulfone or 10
sul f oxi de conpound can be readily and selectively prepared. 35 29 January
2007 Whatyhia$ Glsaicmedmest ik: A nethod for preparing a sul fone or sul foxide
conpound, which conprises reacting a sulfide conpound with hydrogen
peroxi de in thelpresartbodyqf pacpetiahgexsuef arad akysstl fubtiadeedmpyundact i ng
hydrogen peroxide with at |east one netal or netal conpound selected from
a) tungsten net@ghichbrompinjilsésnummasdiialg 10 c) a tungsten conpound
conprising i) tungsten and ii) an elenment of a Goup Illb, 1Vb, Vb, or VIb
excl udi ng oxygef, S‘&flk 45 C&“‘@ﬁ’l‘-‘ﬂﬁ’d‘éﬁﬁh‘nhY@a?ﬁﬁﬂihaeEQ%Fjﬁs%lﬁﬁhelBrFFPBICE

nol ybdenum and iy) _ an eI cl udi

f
oxypert 2 The Lt LGy P8 AR OB A RERRPX FRRCS TR BEAECEBouNd
I's a sulfide COBB?Bdigf éﬂgyh%égponemetalormetalcompoundselected

from
a) tungsten metal,
b) molybdenum metal,
10 c) a tungsten compound comprising
i) tungsten and
ii) an element of a Group IIIb, IVb, Vb, or VIb
excluaing 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):

- 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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20 RI/SR2 (1) wherein R1 and R2 are the sane or different and

i ndependently represent a substituted or unsubstituted hyd&gggﬁﬂ%&z -oup,
or Rl and R2, together with the sulfur atomto which they aré bormded, 25
forma substituted or unsubstituted cyclic sulfide conpound, and the

sul fone conpound is a sul fone conpound of fornula (4) 36 29 January 2007

y (4) R1' ~wherein Rl and Rz have the sane neani ng as defined above, or

the sul foxi de conpound is a sulf oxigle conpound of formula (5) O Il Res\Rz
(5) 5 wherein R1 and Rz have th Zgne meani ng as defined above. 3. A nethod
according to Caim1, wherein theysul fide coqaﬁund is a sulfide conpound
of formula (2): R3 S R6 (2) grein R3 , R5 and R6 are the sane or
di fferent and each independ%ntly reBresent a hydrogen atom 10 a

bstit d bsti d hyd byl 0, hal i
Oroup, & GYRABLEr BUFEIG RUBSHIR GG TN AR & Bk 1570 gPotBe, aoF
substitut ggeosrufpgz}cjpéé 'r}olfﬁ[peodur'lcfni%eagé’SPPoQ{dé %o'?ﬂﬂo%nd Q)f E‘lo%nhﬁ.ao(f») :

O

S (5)
\ !
R}/’/ R?
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):

2

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

a substituted or unsubstituted imide group of formula:

o]

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

a group ¢f formula: X-Y-,
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O 15 wherein Qrepresents a substituted or unsubstituted alkylene or

aryl ene group, or a group of fornmula: X-Y-, 37 29 January in X
represents a hydrogen atom or a substituted or unsubstitut ég(}%@uﬁgg@?}byl

group, and Y represents -0-, -CO, -C(OO, -QOC1 -CCON2-,
-N(Z2)C(O -, wherein Z represents a hydrogen atom5 or a substituted or
unsubsti tuted hydrocarbyl group, or two adjacent groups anong R3, R4, R5,

and R6 together wthyhleethi Rphepeesentst @ W?a@bg@hemt@m kanded form a
fused ring, and the sul fone conpound is a sul fone conpound of fornula (6)

\0 R3 SR s (6) aR4ustibunbdr ek nuRBubR4itREednt yRS ceavd ilheyrsape rsahi ng as
defi ned above, or the sulfoxide conpound is a sul foxide conpound of
formula (7) : 0 11 YRBer®8eliy —~®d, RSCQher eCAORS-R4C (RB Camd R6 have the
sanme neani ng as defined above. )

~-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 R}, 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):
0. 0
\V
RB' RG
-a 6)
R - R

10 wherein R?}, RY, 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):



15 4. A nmethod according to Claim3, wherein the cyclic sulfide conpound
is a sulfide compound of fornula (3): 38 29 January 2007 Ragggéﬁ§§26§ﬂ3
(3) Rs R12 Rla R11 wherein R7, R3, R9, R10, Rl1l1l, R12, R13 an are the
sanme 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
formula: 0 -Nc Q O wheq?fn Q represents @léubstituted or unsubstituted
al kyl ene or arylene group,y or 10 a group of formula: X-Y-, wherein X
represents a hydrogen ato bst i t utfed or unsubstituted hydrocar byl
group, and Yreer§§ents 9K -G, -CCON2-,
-N(2) (O -, whereilh Z~+rgf § ‘ oFh or a bstituted or
unsubsti tuted hydrocar by wo adj gcent groups ng R7, R3, R9,
R10 R11, R12, R13 and : | benzene ring to which they
are bonded forma fused

R9

R12

Rl0 pil

whereinR’, R, R?, R'?, R, R'?, R*¥ andR!* 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:
o
<#:>Q
a

wherein Q represents a substituted or unsubstituted
alkylene or arylene group, or
10 a group of formula: X-Y-,
wherein X répresents a hydrogen atom, or
a substituted or unsubstituted hydrocarbyl group, and
Y represents -0-, -CO-, ~-C(0)0-, -0(0)C-,
-C(OYN{Z)~-, -N(Z)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,
R'?, R and RY together with the benzene ring to which they
are bonded form a fused ring, and

the sulfone compound is a sulfone compound cf formula (8) :

20
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t he sul fone conmpound is a sul fone conpound of formula (8) 20 39 29 January
2007 R7 % R14 S RB1/ \ R13 ~ (8) RO R12 R110 Ru wherg aﬁg#$

are the sane as defined above, or the sulfoxide conpound |s a su OXId
conpound of forrmula (9): R7 i R4 RB R13 (9) RO R12 R10 R11 wherein R7 to
R14 have the sane neani ng as defined above. 5. A nethod for preparing a

sul fone or sul foxide conpound 5 according to Claim1l, wherein the group
[11b el enent is boron. G.R@ met HQd f prepgt4 ng a sul fone or sul foxide

conpound according to Caima1l, mhé\ n the group |IVb elenment is carbon. 7.
A nmethod for preparing a sulfone o] i de conpound according to Claim
1, wherein the group 8Vb el ek i e r phosphorus. B. A nethod
for preparing a sul fome—qy/sul f oXy . gor’ding tg,Caima1l,
wherein the VIb el ement ekcl usiveé\of ¢ s sulfur. 9. met hod for

R0 gl

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

compound 1s 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 sulfoéide compound
5 according to Claim 1, wherein the group IIIb element is bozxon.

6. Amethod for preparing a sulfone or sulfoxide compound
according to Claim 1, wherein 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 phosphcrus.

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 accerdingtoClaiml, wherein the hydrogen peroxide 1s an aqueous

hydrogen peroxide.
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15 according to daim1l, wherein the hydrogen peroxide is an aqueous

hydr ogen peroxi de. 40 29 January 2007 10. A nethod for pre rgﬁgn?miwlfone
or sul foxi de conmpound according to Claim1l, wherein the reag?gon (S
conducted in the presence of a phase-transfer catalyst. 11. A nethod for
preparing a sul fone conpound, which 5 conprises reacting a sulfide
conpound wi th hydrogen peroxide in the presence of a netal oxide catalyst

obtai ned by reactj ng SMHQIEBr REsid ey Widdl Rind 82sduDAex 1@ donpouret al
conpound selected from 10 a) tungsten netal, b) nolybdenumnetal, c) a

tungst en coimotdche APCilaingl, ighdzmngsttere apdctipnansetemdmcted o Gheup
[11b, Vb, Vb, or VIb 15 excluding oxygen, and d) a.nolybdenum conpound
conpri si ngpregemmd ydbiflenuphasedt rans ber etebehysof Goup 111b, 1Vb, Vb, or
VIb excludi ng oxygen, 20 wherein the hydrogen peroxide is used {n an
anount of at |edsk. A methrdsiperPrRPaBINg H %%ff?@% combeuRd: ¥21CR net hod
for preparing a sul foxide conmpound, which conprise reacting a sulfide

conpouﬁd\ﬁqqfqﬁﬁﬁ§xﬁﬁﬁiﬁ&2&ide in the presence 25 of a metal oxide
catalyst obtained Ry &acting, W4L998 ™ vdrogen peroxide in the presence

of a metal oxide catalyst obtained by reacting hydrogen
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 ¢f 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, IVbk, 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 method 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
peroxidewith at least onemetal or metal compound selected
from
a) tungsten netal,

b) molybdenum metal,
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peroxide with at |east one netal or netal conpound selected from a)

tungsten netal, b) nolybdenum netal, 41 29 January 2007 <c qggg
2 conpound conprising i) tungsten and ii) an elenment of a Grog[g)??‘rf ?(?(@B

Vb, or VIb excluding oxygen, and 5 d) a nol ybdenum conpound conprising i)
nol ybdenum and iii) an elenment of Goup I[I1lb, Vb, Vb, or VIb excluding
oxygen, wherein hydrogen peroxide is used in an anount of 0.8 noles to 10

1.5 ol es per myly of bW i Mg URPUnSp kS 1y et hod for preparing a
suf one compound, 'which “conprises reacting a sultoxide conpound with
hydrogen peroxide inithe presenceane the netal oxide catalyst as defined
in Caim 1. 15 14. Use of a netal oxide catalyst as defined in Claimal,
for preparing a sul f one)oansellemende oforpGuadpby Iléactiiy &b subs i dEDd
conpound wi th hydrogen peroxide. 15. Use of a netal oxide catalyst solution
whi ch conprises the gfgéudéngolawioen ofNthe netal oxide catal yst as

defined in 20 Caiml _and an organic %?Ivent Iortfreparing a sulf one or
sul f oxi de Congdu@qu¢ybdenum compound comprisin

i) molybdenum and
iii) an element of Group IITIb, IVb, Vb, or VIb
excluding oxygen,
wherein hydrogen peroxide is used in an amount of 0.8 moles to
10 1.5 meles 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 Qf'the metal oxide catalyst as defined in Claim
1. |

15 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. Usecfametal oxidecatalyst sclutionwhichcomprises
the aqueous solution of the metal oxide catalyst as defined in

20 Claimlandanorganicsolventforpreparingasulfonéorsulfoxide

compound.
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