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BY0053 DESCRI PTI ON METHOD FOR PRODUCI NG THI CETHER
COVPOUND 5 TECHNI CAL FI ELD The present invention
relates to an efficient and novel nethod for producing
a thioether conmpound or a thiol conmpound useful as a
phar maceuti cal conmpound or a production internediate
of it. BACKGROUND ART 10 Thi oet her conpounds are
di scl osed useful as phar mEsewrtPheiN conpounds. For
exanple, it is disclosed that a thioether conmpound
havi ng the follow ng chem cal structural fornula,
METNPP € BptROPUACIA BHIGIEEBR CAMRAURPot ease- i nhi bi tory
effect and is industrialized as a treating agent for
Al DS (see Stephen W Kal dor, et al., Journal of
TECHYEHALTAED Chemi stry, Vol . 40, pp. 3979-3985 (1997)).
O‘| H Nt gﬂsenﬂn%ntﬂﬂh'relm%ﬁ cfiidida Sdd¥Bvel Nﬁth’éd 'fo:%r(!ﬁﬂ%ng a thioether

15 WD2004/ 081001 di
comp{{F 55t B “ORAYB0 LT B P EY A e RO AgErbodatinisrmediae of i

a preventing agent for diabetes and also as a

BACK@KE%ﬂﬂ@ ent and/or a preventing agent for diabetes
conplications. On the other hand, the follow ng nethod
i s knovifiorder qumpdirsls arg diseloset Wveful sipoundsical CsmpouNdn For example,

¥ a T | (3 i) 1
it is di ZJT@SS% 816%9 tél%)%:thtﬂ C])Q‘%B]ﬂﬁ ha91fn% ng gr@{‘ds\&rl] A :é%c%fe{ﬁﬁct }é? kdrmgél V racept

(AG13) bpvg Wﬂﬁ@mkze&mrywéﬁe@ydmd@m Padyee afewiseage for ADDS (sce
StephdaSWOK 41067, §thE, Jo@asltdf Oedicinal Dhéribry, WeWay 8f, 34708 0y4 @'967)91‘
ogl he t hi oet her coppound is | ow, and the nethod
therefore unsujtp for industrial-scale productlon.
ThiMs patent ref & e 2 says that the production
thqg f ot hi [oet hér. gconpounds di scl osed therein is
t | i éabl vt 0 4 thlol nucl eophi |l e such as benzene

. ¥n ofher Yapr dsM=S®H may be said that the
uctfon met hod Roul d not produce diaryl 25
Ifigé;. o NH
Me Me
Me

Viracept (AG1343) ‘

W02004/081001 discloses thioether compounds useful ae a treating agent and/or a
preventing agent for diabetes and also as a treating agent and/or a preventing agent for diabetes
complications.

On the other hand, the following method is known for producing thioether compounds
(see Nan Zheng, et al., Journal of Organic Chemistry, Vol. 63, p. 9606-9607 (199%)).

In this non-patent reference, as a weak base, KpCO3, NaHCO3 and Triethylamine are
used for the reaction, in which, however, the yield of the thioether compound is low, and the method is
therefore unsuitable for industrial-scale production. This patent reference 2 says that the production
method for thioether compounds disclosed therein is not applicable to a thiol nucleophile such as
benzene thiol. In other words, it may be said that the production method could not produce diaryl

sulfides.
[ Al

0~ SO,CF, - - Pd(dba), S~
(R)-(+)-BINAP n-Bu
+ n-BuSH — —
Base

Base Yield of Compound [A]
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O SQzZCF3 Pd(dba)2 n1 Al (R (+)-BINAP -Bu n-BuSH
Base | Base Yield of Conpound [A] 1 BY0053 K2C03 57%
NaHCC3 27% trieth | am ne 65% BINAP PPh2 PPh2
Further, it is known to produce a thioether conpound
by the use of a palladi um conpound such as POPD 1,
POPD2 or POPD, and a strong base such as KO Bu (see

G,Q{z%}Y. Li, et al{, Jour naggtyof Organid Chem stry,
Vot——66—pp-— 867786812001 —5Fhe-pall adi um

PP
coRBEGRE i s poor in universal27%pplicabiliity and is
e B’ﬁslﬁﬁ" and therefore th roducti on (et hod for
BINAPOET iifl\éllﬁnebUIlpUUIldb s—unsti t%guc! e—for—ndustrial -scal e
production. OPP-OH/ dPd\ /H OP P~ POPD jly-
A0, P Pd C A C/ ~dA \P/OH POPD2 A OH PIPd-P HO
PP 2CPD 10 Al so known is a nethod for producing
i oet her conpounds, using Pd2(dba)3 and DPEphos and,
apbase, CsCOB (see Urich Schopfer, et al.,
ahedron, Vol. 57, pp. 3069-3073 (2001)).
ording to the production nethod, the yield of the

i nt end eehllﬁﬁa'r, QEt ReFwnGe FRAUEh thﬁ)etlh@ﬁ%omg&ﬂld bl e BN ThEum
Comp%ﬂﬁéj éutcg1 Qs 1?01;1912 PIOBS&I %}' f;&)%, a%ﬁ%'strgng%zge s?xgh as KOtBu (see George Y. Li, et al.,
Journal of Organic Chemistry, Vol.-66, pp. 8677-8681 (2001)).

The palladium compound is poor in universal applicability and is expensive, and

therefore the production method for thioether compounds is unsuitable for industrial-scale production.

;}w_\ ~CL A0

H Pd__ _Pd H

s /Tl /
POPD1

POPD2

Cl OH

gbﬁ

POPD
Also known is a method for producing thioether compounds, using Pdy(dba)3 and

DPEphos and, as a base, CsCO3 (see Ulrich Schopfer, et al., Tetrahedron, Vol. 57, pp. 3069-3073
(2001)). According to the production method, the yield of the intended thioether compound is low, and
the method is unsuitable for industrial use. ' |
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Pd2(dba)3 Me I \ HS\ :;: I \ / O M/ OW Yield:
23 % rC) (DPEphos: PPh, PPh, Al so known is a nethod
for producing thioether conpounds, using Pd(PPh3)4 and
t- BuONa (strong base) (see Toshihiko Mgita, et al.,
Bul letin of the Chem cal Society of Japan, Vo. 53, pp.
1385-1389 (1980)). \ Bra HS I \ Pd(PPh3)4 | S~ MO/
tBuO\Ia MeO / Yield: 80 %d ba-)'HS OPBuO\Ia4I /I S1 1/

d.rtragg. C HS Pd(
l46% Al sotkno a met ngp?j%?fr pr od ]
Me sompgounds, usitng.Lul and K2CO3 ( Fyk (fee K

al ., Organi c Lett er 9Mevots;,C4; ppte 3517- 3520 z
Ml \ I+ HS\ Cut M| \ S\ / K2COB Me Me Yield:

92%AI so disclosed is a e q r duci g+ 2%
al kyl t hi oet her rrEound tar rom an iodine 10
compound ( Shya pa , Synthetic

Conmuni cat i ons, VoI ppmp 1431 1440

(1996) )Aisébkcfno %fi‘sr %Jn&gocj Pr it t?x{?gﬁxgr ‘i"g}éﬁ‘&%ﬁ’ ugléllg?’d{%? h3)4 and ¢-

production e
BuONa-(BufskibiidBiee Pﬂﬁﬂid{b&)@ltﬁ -eBal" BuildiBache CefddaDRREtt 8Qkban, Vo. 53, pp.
1385. ?(19% 69/oAI so disclosed is an exanple of the

Io re tion case (see JP A 2002- 47278) The
n actP@ﬂ’hﬁase | 5
strlal leclon th hodis

unswtabl e for 15 i'ndust rM@él use -3 BY0053

Yield; 86 %

Cl HS __ Pd(PPhy),
(" Oraee (70

Yield: trace
Qe Om- -0
HS
Q t-BuONa

Yield: 46%
Also known is a method for producing thioether compounds, using Cul and K2CO3 (Fuk

Yee Kwong, et al., Organic Letters, Vol. 4, pp. 3517-3520 (2002)).

Me
I HS Me S
Cul
w0 1@
K,C0,
Me Me

Yield: 92%

Also disclosed is a case of producing alkylthioether compounds, starting from an iodine
compound (Shyamala Rajagopalan, et al., Synthetic Communications, Vol. 26, No. 7, pp. 1431-1440

(1996)). As starting from an iodine compound, the production method is poor in universal applicability.

t-BuSH
I Pd,(dba
NEt - Y: 69%

Also disclosed is an example of the following reaction case (see JP-A 2002-47278). The
yield in the reaction case is too low for industrial-scale production, and the method is unsuitable for

industrial use, -
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t-BuSH t-BuOK Br M _ Pd(PPh3)a t-Bu-s N s t-BuOH s~
Ytetd: 44% For renoving a benzyl group or a phenyl

Y0053 group bonding to a thiol group, the follow ng nethods
are known. (a) Treatnment with netal sodiumin liquid
ammonia (see J. E. T Corrie, et al., Journal of 5
Chem cal Society, Perkin Transaction, Chap. |, p. 1421

(1977)). (b) mament with hydrogen fluoride in
ani sol e (see g a%aki bara, et at., Bulletin of
Cherri cal Soci T%)" Japan VoI 40, p. 4126 (1967)).

INect rol ypyspigge D | ves, Canadi an Jour nal
)y———vg——i@ t1§3G97 9)\)_._ The above

dss may USERIi®RYent s dangeFous and unsuitable for

i ndustrial -scale 10 production that requires use of a

| arge anount of chem cal Sicld:@sd may require specific

pr oduct 'r%prt'ewggﬁﬂg B%&&l ré'clﬁll\?;)o r%%ﬁngrlyfgrtbﬂ %‘E}S tc|§: g *hliosl ’gro%ﬂ,qhe following

therefore seare
methpdpiregaavion in  some points. The present invention is

t 0 devel(éaﬁ“r@atrﬁ&f? %ﬁﬁﬂe@é" sdih di ﬁ@%ﬂo@xmqgeeqf £l ’PC%E' o al., Journal of

duci ng t hi oet her_conpound or_a th conpoun
3 Che‘B‘%lfﬁﬁ’Fle%’sP%{k‘ﬁﬁé%‘ﬁ?fé‘éﬁtqhé%II RAMIdGATdor a production 15
i nt er medh)atreéau@ént Iwﬁth h@&o@an&ﬁioﬁaee@l ahiSolStse®P ETkMibaa kO Bulletin of

t RN I istry, Vol. 40, .
Ch""‘g@?'gj’-"ﬁ'ﬁ‘é@??%’g%% AP %%@%’6 100 1. DI SCLOSURE OF

THE | NVENEICNKoWES (sbhb. @rJehemCanmvaadbmnﬂ ofi @emistry, Vol. 47, 3697 (1969)).

assi duo"f‘ﬁéx 0%'& g{hg&is ? Lciﬁ:d uftaﬁl;'leofg{ fﬂ%stnal—scale

20 conpoun s an ound a nov
10 prodpgsion gt feawiras uesiefcilorge @m@w @@hh@waié @mb AN tLauirhspapifie hroguction

eqm%ﬁ@?& RRALYSGRNRR LA, afd R HhARLMEINE QFRAH M. 8P haBstBBKplication in
ase are used,” and a brom de, a chloride or a

SOMERAGHHnat e corrpound that are readily available as

startin ghm%@:m aléantiaf B w8@diopa pﬁfdﬁdidﬁeneﬂioﬂ Rb®lclvE efficiently producing
asjc .condition

a tmoe%?go%;gmr? w3 tﬁ %:ngplogﬁuﬁlp g Las%a%%utle%} r?Bﬁ“B?“éIS or il Hzg)ﬁlgction
15 interpedigten itiandiseibied m S@Hheh (Y thrddor, ohel., hawras! af Bloditipalricheoustry, Vol. 40, pp.
397923%8???3@'aﬁEﬂWé‘%b%@'hJo?r introducing a thiol group into

ring or a heteroaryl ring, taking advantage
of the novel production nmethod for a thioether

DIS(Q_QJBUKH@F H@WV'E@M@ONOW eted the invention.
Speci fi , the nethod for uc:|n a thioether :
c g mpoun a aPIeAR B aiere ?Vﬁﬁsﬁﬁ‘ﬁioﬁgﬂ St“‘f‘ a ‘&‘etpﬂ‘?gﬂr producing thioether
20 compbﬁﬁﬂa @udGs etesiilh davavoadid Melhﬁbﬂﬁ)dtth:rédmlcing \Witlfigether compound, in which a
phos;?ho\r/uas CE)I% eusrldfa%allﬂ,ﬁgrg%})%%&aa 3 gc? a \E;er:a% 6?@%%&9 usg , taﬂcfl %exionEe d chloride or a
sulfouatmmmdanthattatfereadﬂyammlabh ag siprting me@rials e usest to prodderra thioether

compm.u'ldjath yﬁeld: glllth lc@ﬂa 10%9(11{15&1 Lﬂlﬁ&ﬁﬁ@ﬁa@m%ﬁ’ H]!l dﬁ‘rﬁi?[%ewg Ra? completed

unst abl e un a st rong asic con
the present mvent10n

25 Further, we have also found out an efficient method for introducing a thiol group into an
aryl ring or a heteroaryl ring, taking advantage of the novel production method for a thioether compound,
and have completed the invention.

Specifically, the method for producing a thioether compound and the production method
for a thiol compound of the invention have the following advantages for industrial-scale production of

30  the compounds.

{2} The method for producing a thioether compound of the invention can be carried out
under a mild basic condition, and is therefore applicable to a compound unstable under a strong basic
condition.
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-4 BY0053 (b) In the method for producing a thioether
conpound of the invention, a bromde, a chloride or a

sul fonate conpound that are | ess reactive than an

i odi ne conpound may be used as starting materials for
produci ng thi oether conpounds. (c) In the nethod for
produci ng a thioether conpound of the invention, a

br oni de(b)an the afethod ifdiqzrcmmmag 5 tﬂléeaﬁa&&n@aﬁmﬁummmyﬁoma bromide, a

chlo%%&gﬁ A %%t% rct m O%ng'xaF arg?:s% ﬁ@c%&g{l{%ggﬁ eofgion% E%IB%OéIPd 3% Re used as starting
Hmwﬁﬁaﬁnmﬂﬁaﬂyg%nmmmrMBEMth usi ng an i odi ne conpound,

and the ﬁiﬁ?& gngﬁﬁodm? ﬁfdh&llgz a th th%p ﬁl@?ﬁl?ﬁ(q- R ifvénfad lb}[ormde a

avallab According t r producl rig
chloridgiop a s Eanate SprpRARY 18Y be Hied Wﬁ%ﬁ@g @ﬁerlﬁs g Gerefasoivp emﬂlaatwn latitude

of th&mBEbd is %Ircﬁaer%atnhhaﬁlof ﬁma«m RcBbAURINFRY ldaﬁlerceﬁfsﬁq Mt starting
etero npound 10 having a chlorid

“mwﬂgﬁgﬁﬁwg“ﬁp & ﬁ%bg? a substituted sul fonyl group
t o t her @hycedrdingtoahd hythpd P pioduding 4 thio@ﬁbmmpﬁﬂfm tHednvention, a thio}

comp%Pr?dl JHBSRLF%J] thl'r; ?e %\éﬁbnie 1%15}? %Ey <] Igac?eed wi naglva%:l ﬁ)é geteroilryleco}/npound

Cl en ce group
havingjarehlogide £, hé'rceméfaxrwp o1 arsgbsug@d slforsh geuphehodbtticienty produce a

ﬂuoefh@%\ﬂfﬁgﬁxﬁi &{dQHeRl th§reﬁio§éb@§érb1%#¥h§ﬂ;e‘}5m%§ @&Ex‘eﬂf&[glgmnﬂy introduce a

benzy rou substT unsubsti t u
thml&ﬁ@h@ﬁh Fm@ BRALT thehefppgpryd singeprpved in any ordi nary -
eq ui pregy hlliﬁétaﬁheﬂe th@reiio%l@ém@ﬂ"ﬁ a@hﬁsﬂﬁﬁed(b@ Uﬁ’dubét@ﬁte& llﬂsﬁﬁ‘yl group, or a

Substllhl e eCI i call

-

vent i onal
LR O LR PR . By By Ehoh 6o Capipe wnder
simplamedold adldborongitiotthes ging othhi @atdneionat erhodnd or its salt

of ag l...f0 EY1l nt R7 n2
ot of roy e b Bigpn Sl ebbloally SR O
gener.al (1} Smertiiod for pydpging a\ﬁeoqﬂtﬂe C@apremﬁelaltﬂ saly of aigeneral formula:
nti oned bel ow, {which conprises reacting an aryl or
eroaryl npound or its salt of a general fornula

-4 Il I 11'] X wherein Rl represents a

; hal ogen atom a cyano group, an al kyl
4 havhkngzfbom 1 to 25 10 carbon atons, an al koxy

group havi'ng ‘ffom1 to 10 carbon atons, an al kylthio

wheregt RUPY h&0j B RO 02 atdo grdifh «fargeeotaldbafiks; an

I kyl sul finyl group having from1l to 10 carbon atons,

an al kyl sul fonyl group having froml| to 10 carbon
atons, a hydroxyl group, a carboxyl group, an
have thé kemeyro@ningnasl mayrioned bhlawi ng from 2 to 10 carbon

whichgcttoglﬁ@?es %ﬁc%}ﬁﬁ%@%ﬁ |818 %%ferg%rﬁ%mggl}/nid%g itg L9 Dr % g‘ér%reg[ Qor%n%[attﬂﬂ
R1—Y) 1
X

wherein R1 represents a hydrogen atom, a halogen atom, a cyano group, an alkyl group having from 1 to
10 carbon atoms, an alkoxy group having from 1 to 10 carbon atoms, an alkylthio group having from 1 to
10 carbon atoms, an alkylsulfinyl group having from 1 to 10 carbon atoms, an atkylsulfonyl group having
from | to 10 carbon atoms, a hydroxyl group, a carboxyl group, an alkoxycarbony! group having from 2
to 10 carbon atoms, an alkanoyloxy group having from 2 to 10 carbon atoms, an aryl group, an
arylcarbonyl group, an arylcarbonyloxy group, a heteroaryl group, a heteroarylcarbonyl group, a

heteroarylcarbonyloxy group, a nitro group, an alkanoylamino group having from 1 to 10 carbon atoms,
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aryl carbonyl group, an aryl cat bonyl oxy group, a

het eroaryl group, a heteroaryl carbonyl group, a 30

het er oaryl car bonyl oxy group, a nitro group, an

al kanoyl am no group having from1l to 10 carbon atons,

-5 BY0053 an aryl carbonyl am no group, a

het er oaryl car bonyl am no group, or an al kanoyl group
an ah@afmgylﬁlﬁmmg}out) @ heRroaga¢abiainy Biniitsgronf, o ApiRs@N E®uphaving from 1 to 10
Cmbg 5% gne group having from1 to 6 carbon atons of

¢h™t he carbon chai n may have a group selected from

vl faprswmfs @n aliylomn graupdalvihi frpi Igp GLsprbon awms PHWirich deserbon ehrin may have a

grouk¥B&E AR T sulRr %&bgﬁﬁﬁ{iny@ %Hﬂ a suﬁoxﬁﬁ gx%ﬁy Gak ?ﬁ%ﬂ Etom, a carbonyl group,
group, a carbonyloxy group and a group o ener a

an ORYSATPIIA BrORD: 3 Ity @IRnd REFUESF & SRIFHA & oamwgdr ogen
f‘atom an al kyl group having from1l to 6 carbon atons,
N benzyl group, a phenyl group, a naphthyl group or a
7 pwidyl group; X represents a bronine atom a chlorine
whel% r)?%g 1ie u efrn{sfal grrog(gpa %QQS%HJH ,‘grgé{;glggéf}z/ng%%)éﬁyuf%ooﬁﬁcarbon atoms, a benzyl group,
a ph‘gwbgrpun a n@mﬂthyé greup Pf anyyidphayoup: oup or a

X re?ﬂe&e'h@k&%ﬁﬁceﬁbﬁlnf DOV Yo, @ Hﬂluo%métl{hqéﬁtﬁ&%ﬁox@' g%up, a methylsulfonyioxy
h roup, of general fornula; O means an aryl rin

grou&radwaze&?wgowéwww toluepeguIERnyIony 2r8p BF HREakazénRsHfonyloxy group;
n! indhers Xoi § a chlorine atom then the group of a genera
nl is an el ectron-w thdraw ng group,

f or mul a;
tm’*'@?%?ﬁmﬁﬁf% Eﬁnd have the same meani ngs as above;
th a thiol corrpound or its salt of a general fornula
I]: HS HR7 20 R8 z wherein R6 and R7 may be the
sanme _or. different., ea resentlng a hydrogen atom
““mgﬁnéPkﬁ?gaP%U%aqﬁgvPﬂé“P%%g’& to 6 carbon atons, an
proviged thet wreoupis aghlodngphenythenghogpup na gndikfatredaf rom 0 to
Rj_g 8 represents a hydrogen atom a hal ogen atom a
group, an am no group, an al kyl group having 25
fro to 10 carbon atons, a trinmethylsilyl group, an

man%k&ﬂ%¥wﬂ&9ﬂﬂn§§¥hﬁg from1 to 10 carbon atons, an
P having from1 to 10 carbon atoms, an

Whersm I:§ W.‘%wava%aﬁnmmswwq to 10 carbon atons,

with @ fhidllckbsuatl bPRydalt @F 9 bdheBMGrAGlalIpm 1 to 10 car bon
atons ay ydr oxyl group, a carboxyl group, an

onyl group having from2 to 10 carbon atonms,
HS noyloxy group having from2 to 10
R/ 2

wherein R6 and R7 may be the same or different, each representing a hydrogen atom, an alkyl group
having from 1 to 6 carbon atoms, an amino group, or a phenyl group;

n? indicates from 0 to 6;

RS8 represents a hydrogen atom, a halogen atom, a cyano group, an amino group, an alkyl group having
from 1 to 10 carbon atoms, a trimethylsilyl group, an alkoxy group having from 1 to 10 carbon atoms, an
alkylthio group having from 1 to 10 carbon atoms, an alkylsulfinyl group having from 1 to 10 carbon
atoms, an alkylsulfonyl group having from 1 to 10 carbon atoms, a hydroxyl group, a carboxyl group, an
alkoxycarbonyl group having from 2 to 10 carbon atoms, an alkanoyloxy group having from 2 to 10
carbon atoms, an aryl group, an arylcarbonyl group, an arylcarbonyloxy group, a heteroaryl group, a
heteroarylcarbonyl group, a heteroarylcarbonyloxy group, a nitro group, an alkanoylamino group having
from 1 to 10 carbon atoms, an arylcarbonylamino group, a heteroarylcarbonylamino group, an alkanoyl

group having from 1 to 10 carbon atoms, or a group of a general formula:

-6 -
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carbon atons, an aryl group, an aryl carbonyl group, an
aryl carbonyl oxy group, a heteroaryl group, a 30

het er oaryl carbonyl group, a heteroaryl carbonyl oxy
group, a nitro group, an al kanoyl am no group havi ng
from1l to 10 carbon atons, an aryl carbonyl am no group,
a heteroaryl carbonyl am no group, an al kanoyl group

havi nggsfrom 1 to 10 carbon atons, or a group of a
n-ngygl fornmula: -6 BYO053 RO ~(y2) ~3 wherein y2
epré&sents an al kyl ene group havi ng fron11 to 6 carbon
wheregleﬁf Herggrg%n,fvgqag %ltegcggr?)%; ag{]r@c o?rg{]g{? Cfarw %t\ggl‘s gﬁ B’hlcg the carbon chain may
have agudupealyttedfrai p sulfid a@xy g@ﬂﬁﬂil@?ﬁupaa RORE: 09 0 ) @l;blup agroaygbn afdfh, a carbonyl
R R
$ hydrogen atom an al kyl group having froml to 6
carbon atons, a berizyl group, a phenyl group, a

< \haphthyl group or a pyridyl group; n3 indicates 0 or
whereih; R7R9préﬁﬁlrs @$gdibgenatdiy, dh @lk@hpradpoinlving ol 10g ERadb BlomS, a benzyl group,

n_am no a nitro group, an alkyl
aphen%&&%o qlln!ﬁgl%ou%orarﬁyflg{ﬂ %5’ carbon atons, an al koxy
n3 mdgmsv®OMEV|ng fron11 to 10 carbon atons, an alkylthio

R9 repgersgi’ﬂpa Hﬁl\%g@g att)ﬁl,oghéo%a agogq Q zﬁg%r PO iB Ig)g%:r%ugna nitro %OUP’ an alkyi

I'ny oup Vi ng omI
group ngefrq@yl sﬂdlofcafgwn 2GRS aﬁwy egup hayingiap! E)Oloéafhl% ptoms, an alkylthio
group Hdvﬁik FHronsll E)Yi@rcﬁfb)ﬁh atghng h%aall@lsﬁfﬂ?h?@iﬂdp lﬁ{qﬁ BomaNo 10 catlrbon atoms, an
xycar,ba roup. having fro car bon at ons,
sty g RSV IB R G680 FRATAPY R GOD0 8P SCAPOOH B i
alkoxyedrbeng| gratp lavinlg fooLi, 10aarbat yﬂoﬁﬁ,rah(aﬂ(yhoygfx@ lgp:;up &Bving from 2 to 10

carbon‘%@ﬁllscﬁ{ ggl]r%éuclﬁxé/n 39{182%{‘901?13? grtt])gg %fégg{c\é.rbo%(lox ggouﬁ) ah l?eteroaryi group, a

het ef oa roar
heterogyyloarponyhgmi, ﬁcbetgm@wﬁpart@nylahkmmy R aitforgpougy mq@cahe)damgo group having

from 116 %Qalbdn%tol& &?ﬁfrﬂ@ﬁb@r{y%ﬁno &luf Elﬁlt:t@l%ﬁgfﬁ:g%lo%rﬂﬁo SAb Ror an

a eteroarﬁpcarbon yl am no group, or an al Kanoyl ~“group
alkenoplgroupdiayipg Hem litp 19 prrbony ey at ons; the group of a

the grodf B @neiDloMlia: 0 20 neans an aryI ring group or a
heteroaryl ring group, in the presence of a palladium

onpound selected froma group consisting of palladium
acetate, Pd2(dba)3 and Pd(dba)2, a base selected from

means 8n Y0 LQPSI 8 biBGagl rigegbupn car bonate, am ne

f
i the {IEERAE R Ehalp GRS Slooio b0 adian SrsgineptrellpRE socate
Pdy(dbalsend PdgP®2ent i ng an aIkyI group having from1 to 6

a li;%se %ﬁc?gy oftt4 %&B}] c%n%&@é&k‘ g%g or?r%g/ta%at? Eﬁgl){é ?egigén&bg s ¥ a e&neral formula:
R*—N

R5/
wherein R3, R4 and RS may be the same or different, each representing an alkyl group baving from 1 to 6
carbon atoms, a benzyl group, a phenyl group or a pyridyl group], 1,5-diazabicyclo[4.3.0]non-5-ene and
1,8-diazabicyclo[5.4.0Jundec-7-ene, and a phosphorus compound selected from a group of a compound

of a formula:

—FPh:

Fe

&S —PPh,

a compound of a formula;
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15

1, 8-di azabi cycl o[ 5. 4. O] undec- 7-ene, and a phosphorus
conpound sel ected froma group of a conpound of a
formula: (r)--PPh2 Fe (r)-PPh2 30 a conpound of a
formula: 7 BYO053 jjj~P(i-Pr)2 Fe 4~-P(-Pr)2 a
compound of a formula: (r)-P(t-Bu)2 Fe (r)-P(t-eu)2
a conpound of a fornmula: 5 PPh2 PPh2 a conpound of a
g§%?¥ﬁ@b@é PCO PPh2 PPh2 a conpound of a fornula: Ph2P
h2 10 a conpound of a formula: Q10 I / PMePh
FeoMePh  a conpound of a formula: q(O 9 PPh2 PPh2 a
oand of a formula: t-Bul \ I \ t-Bu/ O 15 PPh2
PPh2 ound of a formula: / o/ PPh2 PPh2 and a

:S?W§ﬁ§ ﬂﬁﬁm & formula: 8
@— P(t-Bu),

a compound of a formula:

0
PPh,  PPh,

a compound of a formula:

(L

o
PPh, PPh,

a compound of a formula;

a compound of a formula:

W,
W,

0
PMePh  PMePh

a compound of a formula:

S

PPh,  PPh,

W,

a compound of a formula:

0

PPh,  PPhy

a compound of a formula:

o5 ol

PPh,  PPh,

and a compound of a formula:
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BYOO53 H \ No |l rr' PPh2 PPh2. (2) The nethod for
produci ng a thioether conpound or its salt of (1),
wherein the thiol conmpound of formula [I1] is a thio
conpound or its salt of a general fornula [Il-a]: [I]
a] 5 HS-Re wherein Re represents a group of a genera
formula: H2 Ra Rb wherein Ra and Ro nay be the sane
orHdi fferent, each representing a hydrogen atom an
OX¥ group, a nitro group, or an al koxy group
avd roml to 6 carbon atons, 10 a group of a
g¢herdl formula: / (CH2)2 Rc [ Rd wherein Rc and Rd
PPhay bEBPH:he sanme or different, each representing a
hydrogen atom a nitro group, or an al koxy group
having froml| to 6 carbon atons, or a group of a
gener al (2§ thaméthod for prodijcire altbiowther catnpowidror irasaltndi( Datvbgein the thiol

r - r )
commpyoc Bty S AFRARAE O BB s,
phenyll-agroup, a trityl group, a di am nonethyl group,
lﬂgkﬁetrinéthylsilylethyl group or a
-(2- et hyl hexyl oxycar bonyl )et hyl group]. 20 (3) The
whereie Rb oghrbants pgrogiuaianpgnaaltfbicadt her conpound or its salt
1af (2),5wherein Re is a group of a general fornula:

-~ R wherein Ra and Rb may be the sane or
di fflergnt, each representing a hydrogen atom an
ace roup, a nitro group or an al koxy group having

from!| t® 6 carbon atons, or a group of a genera

Whertzfiﬁ)f{Mdef{b mgy &ﬁ?géﬁqe(o%e?engeaﬁerresenting a hydrogen atom, an acetoxy group, a

nitro group, or an alkoxy group having from 1 to 6 carbon atoms,

a group of a general formula:

(CHy)» €
7 f/]R
N

Rd
wherein RC and Rd may be the same or different, each representing a hydrogen atom, a nitro group, or an
alkoxy group having from | 16 6 carbon atoms,

or a group of a general formula:
«—(CHy)n®

o

$)

wherein n2 indicates 1 or 2,

or a (1-naphthyDmethyl group, a (2-naphthyl)methyl group, a 4-acetoxyphenyl group, a phenyl group, a
trityl group, a diaminomethyl group, a 2-trimethylsilylethyl group or a 2-(2-ethylhexyloxycarbonyl)ethyt

groupl.
(3) The method for producing a thioether compound or its salt of (2), wherein R€is a

group of a general formula:

Hz a
R
T
’ Ld

wherein R2 and Rb may be the same or different, each representing a hydrogen atom, an acetoxy group, a

nitro group-or an alkoxy group having from 1 to 6 carbon atoms, or a group of a general formula:

-9
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wherein Re and Rd may be the sane or different, each

representing a hydrogen atom a nitro group, or an

al koxy group having fromi to 6 carbon atons, or a

group of a general formula: -.(CH2)Ba ~'N 5 wherein

na indicates | or 2, or a (1-naphthyl)nmethyl group, or

a (2-naphthyl)nmethyl group. (4) The nethod for

PER ucing_a thioether conpound or its salt of (1),
,/&E i e thiol compound of forrmula [Il1] is a thio

conpfgund! or its salt of a general fornula: [I |-Db]
wherein Rf represents a 4-pyridylethyl group,
phenyl group, a 4-pyridylnethyl group, a

g a 4- acetofybenzyl group, a_ 4-nitrobenzyl

wherg*n p'mdg M&’éf%@?’ﬁﬁ glhcy erﬁ?togfaﬁh I‘G{i}l‘%?{é]ﬁlg p hﬁ‘#ﬁ%ﬁﬁ‘ atomy a nitro group, or an
alkokyr grbw ha@ihg@ iam l1ato @i camsbi iRk it la gghg ld)lﬂa géheral formula:
net hyl silylethyl group, or a 2-(2-
@ﬂexyloxycarbonyl)ethyl group. (5) The method for
cthng a thioether compound or its salt of (1),
wherei iy the 15 pal | adi um conpound is Pd2(dba)3. (6)
The thod for producing a thioether conpound or its

Whmgﬂhﬁlﬁﬁm$%loryhereln the phosphorus conpound is a
ound of a fornula: ccc PPh2 PPh2, a conpound of

onp
ora Q-P@h%l)@ethﬁ@rmzw afpmephihyNsestybeiedP-of a fornul a: I\
I\ / O {4) ThVREMPMe Bhbducig &Qﬁmﬂiéﬂ%n@fouﬁﬂ $rQtst &€ (17, ¥erein the thiol

nd f la: t-Bu
comppt g o 3 Ao OmpoRih O O B g G Le
[11-b]
HS—R'
wherein Rf represents a 4-pyridylethyl group, a 4-methoxyphenyl group, a 4-pyridylmethyl group, a

benzyl group, a 4-acetoxybenzyl! group, a 4-nitrobenzyl group, a 4-acetoxyphenyl group, a phenyl group,
a trityl gro.up, a diaminomethyl group, a 2-trimethylsilylethyl group, or a 2-(2-
ethylhexyloxycarbonyl)ethyl group.

(5) The method for producing a thioether compound or its salt of (1), wherein the
palladium compound is Pd2(dba)3.

{6) The method for producing a thioether compound or its salt of (1), wherein the

phosphorus compound is a compound of a formula:

(G

o)
PPh; PPhy,

a compound of a formula:

Ph,P PPh,

a compound of a formula:

(LI

PMePh  PMePh,

a compound of a formula:

-10-



I \ Sgq/ o5 PPh2 PPh2 , or a conpound of a formnul a:

BY0053 HI -(I NI \' O/ PPh2 PPh2, (7) The nmethod for
produci ng of (1), wherein the base is cesium
carbonate, diisopropylethylanm ne, tributylam ne,
triethylamne, trinethylam ne, dibenzylnethylam ne, 4-
10 di net hyl am nopyri di ne, tribenzyl am ne,

~di azabi cycl o[ 4. 3. 0] non-5-ene, or 1, 8-

t‘azabixcycl o[ 5. 4. 0] undec-7-ene. (8) The method for

g a thioether conpound or its salt of (1),

WH@T eifh the base is di i sopropyl ethylam ne. (9) The

PPhet ho@Phor producing a thioether conpound or its salt

Ofié iMhereln the 15 palladi um conmpound is
a conpy dfgrmula e nhosphorus conpound is a conpound of a
tBu.f : A= Jiwy PPh2 PPh2, a conpound of a fornula:

a compound of a forrmula: I\ I\ o 20 PMePh
gnpound of a fornula: -11 BY0O053 O PPh2

Lompound of a formula: t-Bu 1?- | \ t-Bu O
& conmpound of a formula: \ S1 \ / O/ 5

a conﬂ}Bﬁﬂsi d?Bff&mulz@ r

0O
a compound of a formula:

H
N

o
PPh,  PPhy,

(7) The method for producing of (1), wherein the base is cesium carbonate,
diisopropylethylamine, tributylamine, tricthylamine, trimethylamine, dibenzylmethylamine, 4-
10 dimethylaminopyridine, tribenzylamine, 1,5-diazabicyclo[4.3.0]non-5-ene, or 1,8-
. diazabicyclo[5.4.0lundec-7-ene.
(8) The method for producing a thioether compound or its salt of (1), wherein the base is
diisopropylethylamine.
(9) The method for producing a thioether compound or its salt of (1), wherein the
15 palladium compound is Pdp(dba)3, the phosphorus compound is a compound of a formula:

(I JC

0
PPh; PPhy,

a compound of a formula:
PhaP PPhy

a compound of a formula:

(O

20 PMePh  PMePh,

a compound of a formula:

-11 -



a compound of a forrmula: H PPh2 PPh2, the base is
cesi um car bonate, diisopropyl ethylam ne,
BY0033 tributyl amine, triethyl anmine, di benzyl nethyl ani ne,
1, 5-di azabi cycl o[ 4. 3. 0] non-5-ene, or
1, 8-di azabi cycl o[ 5. 4. 0] undec-7-ene. 10 (10) A nethod
for producing a thiol conpound or its salt of a
sneral forrmula [I-b]: Rt-4yt [I bJ SH wherein R
nd the group of a general formula: O have the
Ani ngs as nentioned bel ow], which conprises
an aryl or heteroaryl conmpound 15 or its
pragal t ePha general formula [I11]: Rl-4y n~ [ IIl X
wherein Rl represents a hydrogen atom a hal ogen atom
3 e, an al kyl group having from1 to 10
+.88Nn al koxy group having from1 to 10
an al kylthio group having froml to 10
, an al kylsul finyl group having from1 to
g bon! at ons, an al kyl sul fonyl group having 20 from
1 @210 dEMBon atons, a hydroxyl group, a carboxyl

amx@ﬁ@&pﬁaaanﬁﬁkoxycarbonyl group having from2 to 10
an al kanoyl oxy group having from2 to 10

rbo ons, an aryl group, an aryl carbonyl group,
Ny .rbonyloxy group, a heteroaryl group, a
ero.w%lcarbonyl group, a -12 BY0053
het'er oar yf ¢&f bonyl oxy group, a nitro group, an
a conpbyeaindyfamubao group having from 1l to 10 carbon atons,
aﬁjar_lcarbonylanino group, a heteroaryl carbonyl am no
r oy or an al kanoyl group having froml to 10
r.BbQp~at ons; Yl represents an al kyl ene group havi ng
froml to 6 carbon atons of which the carbon chain may
ve M5 group selected froma sul fur atom a

the ba%é’ls cb% cAh S, d@oﬁ;‘d{a;ﬁl&ﬁ%!ﬂg&% qrigutiylglﬂmgxtﬁgtﬁﬁa 1b yylmethylanune

bonyl an oxgcar , _a car
15-%%3819;501 é%éﬂogrfo% Gt @@@V@P[SMW% -epR vvher e| n R2
10 r epr esgNg)sA Achyd i gRAuAALNhiA BoBhdaid oﬁfs%ul@ oha. %/éneﬁl fok R [1-b]:
1, to 6 canpgn atons, a benzyl group, a p enyl group,
lﬂ'{ rlapht hyl group or a pyridyl group; 10 X represents a
e atom a chlorine atom a
roBdnet hanesul f onyl oxy group, a net hyl sul f onyl oxy
a benzenesul fonyl oxy group, a

wheretrp}kl.lmeﬁwrfd%éy@aiyofgrg@h@al%mﬁddﬁI trobenzenesul f onyl oxy

roup; nl indicates O or 1; the group of a genera
"I'}ornula. 0 _

have the same meanings as mentioned below], which comprises reacting an aryl or heteroaryl compound

15  orits salt of a general formula [III]:
1t
R~y L]
X

wherein R1 represents a hydrogen atom, a halogen atom, a cyanb group, an alkyl group having from I to
10 carbon atoms, an alkoxy group having from 1 to 10 carbon atomns, an alkylthio group having from 1 to
10 carbon atoms, an alkylsulfinyl group having from 1 to 10 carbon atoms, an alkylsulfonyl group having
20  from 1 to 10 carbon atoms, a hydroxyl group, a carboxyl group, an alkoxycarbonyl group having from 2
to 10 carbon atoms, an alkanoyloxy group having from 2 to 10 carbon atoms, an aryl group, an
arylcarbony! group, an arylcarbonyloxy group, a heteroaryl group, a heteroarylcarbonyl group, a

~12-
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15 nmeans an aryl ring group or a heteroaryl ring
group; provided that when X is a chlorine atom then
the group of a general fornula: Rl-4yk ni wherein R,
nl and Yl have the sanme neani ngs as above] is an

el ectron-wi thdrawi ng group, wth a thiol conpound or
its salt of a general formula [Hal: JIl-a] 20 HS-Re

heterdﬁ?@&a%oﬂyl@%ér@ﬂ{ %%ﬁﬂ)t g?o & Qkﬁoﬁbmﬂm%?&grh@lfm% 868U 1810 carbon atoms,

an anyleptogy lgino TR '%féﬁﬁ?aéﬂeﬂﬁbwbmanwa% gt Aonyl gsgvp having from 1 to 10
carboAG®MOXY group, a nitro group, or an al koxy group

havi f lto carbon at , 25
V1 refichPp s GBI R R aPar ST ROR F RO agein may bave s
grouplyeledtivifiraa ppulbur athinf, & eul Bt groaﬁ,eisutfémﬂ gﬁﬁptanngy@nhm[, agabonyl group,
t ing froml
o °x>?°5%1%m[%8 i SRR QUR ety 80 s AL BIEHRRRR 1D 1 275
BY0053 - (CH2)na N mhereln na |nd|cates | or 2, or a
/ \(1 napht hyl ) met hyl group, a (2- napht hyl ) met hyl group,

a 4-acet oxyphenyl group, phenyl group, a trityl
wheregy R ispresenthi adyridiogercatony angtﬂ@bgroula vingrfromel kg earbopl atanipyh benzyl group,

aphe@lgu@p %a@m%ng%usbmlkﬁﬁ?wér@mcar bonyl)ethyl 5 group,

resence of a |"adi_ um conpound selected from
X feprﬁseg‘P&ﬁ’ﬁ BRIy 3 ﬁ‘ﬁor&F aipa, p Afupnenagt n%"a% utfonylgyyureipag methylsulfonyloxy
group aatibniidésifagy2oxyqrdupseiobohRalian1dxl @riud ofls BltBb&RE RS Mgy group;
nlum%;wg85|yn1carbonate am ne derivatives of a genera
R3 RA7TN R5 10 wherein R3, R4 and R5 may be

the groupef g gersrad foratitief er ent, each representing an al kyl

group having from1l1l to 6 carbon atons, a benzyl

group, a phenyl group or a pyridyl group,

1, 5-di azabi cycl o[ 4. 3. 0] non-5-ene and
mew@neeﬂnaeabumgqﬂhﬁ@%m@1@pee@em-7 ene, and a phosphorus

prowd@c@imnt](}blgg X R8lcRoHRGA b M AN ALIEQUP o P s ReGPRRYRd Of a
R1-{Y

wherein R1, nl and Y1 have the same meanings as above] is an electron-withdrawing group,
with a thiol compound or its salt of a general formula [II-a]:
{ll-a]
HS-R® _
wherein R€ represents a group of a general formula:
Hy a
R
/ C\CZ'
L]
-*
\_Rh
wherein R2 and RP may be the same or different, each representing a hydrogen atom, an acetoxy group, a
nitro group, or an alkoxy group having from 1 to 6 carbon atoms,
a group of a general formula:
(CH2)2

\O

wherein R and Rd may be the same or different, each representing a hydrogen atom, a nitro group, or an
alkoxy group having from 1 to 6 carbon atoms,

or a group of a general formula:

-13-



-PPh2 Fe -PPh2 15 a conpound of a fornmnula:

Y0053 (r)-P(i-Pr)2 Fe P('-Pr)2 a conpound of a fornula:
(r)-P(t-Bu)2 Fe ~P(t-Bu)2 a conmpound of a fornula:
P-u-9 20 PPh2 PPh2 a conpound of a fornula: ~Q PPh2
PPh2 a compound of a formula: 14 j BY0053 Ph2P O PPh2
a conpound of a formula: Q O PMePh PMePh a conpound
of a formula: Q-O5 PPh2 PPh2 a conpound of a
FéFfFea: t-Bul \ I \ t-Bu ~ PPh2 PPh2 a conpound
of mula: o q PPh2 PPh2 10 and a conpound of a

forpul & HAT

where_in n@ indicates I or 2,

or a (1-naphthyl)methyl group, a (2-naphthyl)methyl group, a 4-acetoxyphenyl group, a phenyl group, a

trityl group, a diaminomethyl group, a 2-trimethylsilylethyl group or a 2-(2-ethythexyloxycarbonyl)ethyl
5 group,

in the presence of a palladium compound selected from a group consisting of palladium acetate,

Pdy(dba)3 and Pd(dba)j,

a ggse selected from a group consisting of cesium carbonate, amine derivatives of a general formula:
R*—N
R5/
10 wherein R3, R4 and RS may be the same or different, each representing an alkyl group having from 1 to 6
carbon atoms, a benzyl group, a phenyl group or a pyridyl group,
1,5-diazabicyclo[4.3.0]non-5-ene and 1,8-diazabicyclo[5.4.0Jundec-7-ene, and a phosphorus compound

selected from a group of a compound of a formula:

Sy PPh,
Fe
& —pph,
15  acompound of a formula:
g P(i-Pr);
Fe
&S P(i-Pr,
a compound of a formula:
Sz P(t-Bu),
Fe

&S—r(t-Bu),

a compound of a formula:

O
20 PPh2 PP h2

a compound of a formula:

s0%
PPhy PPh,

a compound of a formula:

-14 -
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O PPh2 PPh2, thereby affording a thioether conpound
or its salt of a general formula [I-a]: R _-EY' Il a]
S-Re wherein R, YI, Re, nl and the group of a
general fornula: (1) 15 have the sane neani ngs as
above], and then renoving the protective group of Re
of the resulting thioether conpound of fornmula [I-a].
/s, net hod for producing of (1) or (10), wherein
yl ene group having from1l to 6 carbon atons,
[ t he carbon chain may have a group of a
thPgeneraI PPBrmul a: R7 20 N -15 BY0053 wherein R7
%gq{ hydrogen atom an al kyl group having from
amxﬁﬁﬁﬁf l@% atons, a benzyl group, a phenyl group,
hyl group or a pyridyl group], is a nethylene .
an et hyl ene group, a trinethylene group, a
hyl ene group, a pentanet hyl ene group, a
ifaphene group, a propylene group, an
| ene group, or a group of a general formula:
'uxléiq%%$ﬁ5n4 (H2O n5 wherein Y represents a sul fur
sul finyl group, a sulfonyl group, an oxygen
carbonyl group, an oxycarbonyl group, a
oxy group, and a group of a general fornula:
ppR2 4N wherein R2 represents a hydrogen atom an
d1ky| grioup having from1 to 6 carbon atoms, a benzyl
a compewipf a fagde: phenyl  group, a naphthyl group or a
y{ groupy n4 and n5 each indicates an integer of
5 and the sumof the two nust not be nore
/) The nethod for produci ng of (1) or (10),
wh is 0. (13) The nethod for producing of (1)
orPRR20), Rfferein n2 is 0. (14) The nmethod for

acon@bﬂﬁﬁﬁbmgn@ﬁ,(l) or (10), wherein n3 is 0. 15 (15) The
3 produci ng for a thiol conmpound or its salt

1 wherein the base is cesium carbonate,
3 |a pyl ethyl am ne, tributylamine, trietylam ne,
b, e nlne di benzyl net hyl am ne,
élneth an1nopyr|d|ne tribenzyl am ne,

aﬂdaf?gmﬂwﬁﬁ fOEYER o[ 4. 3. 0] non- 5- ene, or

o)
PPh,  PPh,,

thereby affording a thioether compound or its salt of a general formula [I-a]:
l-a
RI~{Y) 1 I
S-R®

wherein R1, Y1, Re, nl and the group of a general formula:

O

have the same meanings as abovel,
and then removing the protective group of R€ of the resulting thioether compound of formuia [I-a].
(11) The method for producing of (1) or (10), wherein the alkylene group having from 1

to 6 7carbon atoms, of which the carbon chain may have a group of a general formula
R
N

7N

-15- .
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1, 8-di azabi cycl o[ 5. 4. O] undec- 7-ene. (16) The net hod
for producing a thiol conpound or its salt of (10),
wherein the 20 palladium conpound is Pd2(dba)3, the
phosphorus conpound is a conpound of a fornmula: Q---0O
PPh2 PPh2, a conpound of a fornmula: Ph2P PPh2 a
conpound of a fornmula: QO 25 PMePh PMePh, a

whe&Wféﬁ%ss%Fs aehypr%?m‘%t&ﬁ, ahjaﬁgﬁég\gés%é&)lgggﬁg?a%ﬁ%?bon afbms, a benzyl group,
a phwhgr@um @ nathtlyl proppror apyridyl goypl\is Omgthgleppgrpuippm sthylegsy group, a
trlméhﬁ&wda RirarBethQEANS A, a ﬁnum\éﬁ@fﬂe}fe E{P t}% aRnettiy¥e group, a

se i s ces carbonate d||so | am ne,

Pfopff PHIPY ANFIRECYIPREPRR, A FEUP ¢ r"ﬁ]gﬁréetfﬂ P,

ylnethylan1ne
g _anlnopyrldlne trlbenzylan1ne
afi‘a Fcyclo[4 3. O]non 5-ene, or 10

whex]'jelngi? gépﬁeggl@ C%ﬁ%.uo% ??m 51 sgllﬂ'l %&#Pd a%&?on%f‘ 19&1 fln gp”%r&%?zg a carbonyl group,

uci n

an og/m@qb@m grohp a cglrbgmé@m gy@lpga@lmwfp e geweral ferolap of a
Rgeneral formula: HZ Ra Rb wherein Ra and Rb may be

Nthe same or different, each representing a hydrogen
7 Mom an acetoxy group, a 15 nitro group, or an al koxy

whengn%eﬁg}@s‘éh@ d hpﬁﬁé@n]at&ﬁ) afl 2§ 60 BV RTFrom Pro$ @HBn Hom?, a benzyl group,

eneral fornu
a phenyl group, a naphthyl group or a pyridyl group; n4 and n3 each indicates an integer of from 1 to 6,

and the sum of the two must not be more than 6.

(12) The method for producing of (1) or (10), wherein nl is 0.

(13) The method for producing of (1) or (10), wherein n? is 0.

(14) The method for producing of (1) or (10), wherein n3 is 0.

(15) The method for producing for a thiol compound or its salt of (10), wherein the base
is cesium carbonate, diisopropylethylamine, tributylamine, triethylamine, trimethylamine,
dibenzylmethylamine, 4-dimethylaminopyridine, tribenzylamine, 1,5-diazabicyclo{4.3.0Jnon-5-ene, or
1,8-diazabicyclo[5.4.0]Jundec-7-ene. '

(16) The method for producing a thiol compound or its salt of (10), wherein the
palladium compound is Pdz(dba}3, the phosphorus compound is a compound of a formula:

(J 2

o
PPh, PPh,,

a compound of a formula:
Ph,P PPh,

a compound of a formula:

(L

. PMePh  PMePh,

a compound of a formula;

-16 -



/(CH2)2 Re Rd wherein Re and Rd may be the sanme or
different, each representing a hydrogen atom a nitro
BY0053 group, or an al koxy group having from| to 6 carbon
atons, 20 a (1-naphthyl)nmethyl group, or a
(2-napht hyl ) met hyl group. (18) The nethod for
produci ng a thiol conmpound or its salt of (10),
efein the protective group of Re is a phenethyl
. Qf a general fornula: -17 BY0O053 (CH2)2 R Rd
; Re and Rd may be the sanme or different, each
<15 énting a hydrogen atom a nitro group, or an
PHAl kox.pgroup having froml| to 6 carbon atons, and the
sfep of renDV|ng the protective group of Re conprises
a corpayad pbnformile:h a pot assi um al koxi de or a sodi um

al koxnde. 5 ( l) The nmethod for producing a thio
# A7 salt of (10), wherein the protective
y Belis a group of a general formula: Zi ,Ra
Rb wﬁéreln Ra and Rb may be the sane or different,
ea€Rhr epr BBent i ng a hydrogen atom an acetoxy group, a
] .or an al koxy group having froml to 6
2% f&ﬁ£°§gﬁﬁﬁ“, 10 a (1-naphthyl)nmethyl group or a
@ nag /I ) met hyl group, and the step of renoving the
ROt B¢ group of Re conprises treatnent with a
[ compound of a general fornula: RO M 9." Rh
ein d& ré&presents a hal ogen atom or an al kyl
a corffoRbPotBimga:f rom | to 10 carbon atons; Rh represents
anHaIkyI group having from1 to 10 carbon atons, 15 in
.xence of one additive selected froma group
ng of copper compounds, iron conpounds,
aI compounds, silver conpounds, titani um conpounds
Pbe thEthhydrates (20) The nmet hod for producing a
the b%sg (Jﬁo(lief R ‘%‘h %Tﬁapm@a awot(rﬂ’%%réfénm % @%Eﬁhﬂrﬁ: trimethylamine,
dibeﬂylﬁleﬂlédanﬁle()} BimethlOkESOAGN2  riksadl anindd NoBaabic@pd F13Oiidn-5-ene, or
10 ISdE@%%nEQ QH&Q7Q%£ produci ng a thiol conpound or its
wherein the 20 nmagnesi um conpound is
di met hy{ 1 ¢thed foripredusirerrebinbenmpeynd or its salt of (10), wherein the

prote@ti\re%r&#ltoy REBANSSIP T Bherdl TorRfu@PY | Magnesi um
but yI magnesi um chl ori de, n-butyl magnesi um brom de,

gfiesi um chl ori de, net hyl magnesi um br omi de,
nesi um chl ori de, etyl magnesi um br om de,

p 1nagnesiun1 chl oride, n-propyl magnesi um

opr opyl magnesi um chl ori de or
|sopropylﬂagne5|un1bron1de

wherein R2 and Rb may be the same or different, each representing a hydrogen atom, an acetoxy group, a

15  nitro group, or an alkoxy group having from 1 to 6 carbon atoms,
a group of a general formula:
(CHz)z

W:]

wherein R¢ and Rd may be the same or different, each representing a hydrogen atom, a nitro group, or an
alkoxy group having from 1 to 6 carbon atoms, |
20 a(l-naphthyl)methyl group, or a (2-naphthyl)methyl group. _
(18) The method for producing a thiol compound or its salt of (10), wherein the

protective group of R€ is a phenethyl group of a general formula:

-17 -
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The synbols and the terns used in this description are

descri bed below, and the 25 invention is described in

nore detail. "Hal ogen atom' neans a fluorine atom a

chlorine atom a brom ne atom or an iodine atom

"Al kyl group having from1l to 6 carbon atons" neans a

linear or branched al kyl group having from1l to 6

ggggon at oms, including, for exanple, a nethyl group,

group, a n-propyl -18 BYO053 group, an

|so opyl group, a n-butyl group, an isobutyl group, a

sec- Y| group, a tert-butyl group, a pentyl group,

an isopeﬁ@yl group, a hexyl group, an isohexyl group.
wherflAlR@aérrld g{l aE C\F/l Isan a(fr 4§ relnt egch TE r%%inpl%n% }?ytdg EF. ?tg%l{;r%tr% group, or an
alkoxygrdyphadnoiren litme bfubkmvgomsr, @md t(lm siapb leremavingthh plotagiogroup of R¢

comp%@es%e%en&ﬁﬂyanpotﬁsIUmQ[k%QMlz oPa Qfdﬁllx‘rpalk@&ﬁe' sopr opy!|
group, a n-butyl group, an isobutyl group, a sec-

yl
group, 4% Fﬁtm pr Ig?@j{&‘gig aéhmllfé)mpg)qmdg),r g8 E,alt of (10), wherem the

protebtmmb)bhfRgrsqty%upaﬁag&@(ayEorgmaup an i sohexyl group, a
ethylhexyl group, a n-heptyl group, an isoheptyl

// n-octyl group, an isooctyl group, a n- nonyl
p;-{an i sononyl group, a decyl group "Al kyl ene
gLiiz: aV|ng froml to 6 carbon atons" neans a |inear

or branghed al kyl ene 10 group having froml| to 6

1 A WL TR L W T

nitro gmatqﬁ,a)ﬁat hydu@rga:ug rhaﬂpg frem eft asrbdhatbene group, a

a (l—na%&%(qgr]tl% )}1: grgc])gp & X %aph%lRﬁLm l G g%p % gl\%l’siﬁa 0¥ remong {.hoe péotective group
of Re€sambases treatumrent m@amgaesmnn@mpoum efrcengaldormanec| i c

ahgoxy group having from1l to 6 carbon atons,

yncl udi ng, for exanple, a nmethoxy group, an ethoxy 15

MQ_qroup, a n-propoxy group, an isopropoxy group, a

nRbut oxy group, an isobutoxy group a sec- butoxy group,

a tert-butoxy group Fentyloxy group h
whergig Bg éﬁ*@f@@r@g@y aéqgg{lj Btomaor(’ay@ lgbgﬁm/ha(y%g f’{j’l“bb@ 10é>arb0n atoms; R
repred36o$ Yh @B’cyl ﬁtﬁdﬁqﬂwngﬂoﬂnﬂQ@ exydeona@rpup, a cycl ohexyl OXy

in the%éfgﬁlg‘, gf ?x}eﬁgéiﬁvegﬁfegﬁg Era\” lgpgg%%mtggf %‘g’ﬂgf%[‘j?’gg‘ﬂﬁs ron compounds
cobalt@wtipngndk rsiiver lcompouhfs, dantnencoatpowsls o their bighiratgs. f or

exanpl e( gaf g%eﬁ%)ci)for%roodﬂgm%gghlﬁtcgglégmd%pltggag%? 19Y, wherein the additive

is Culaci-lo aH2 P distin BB (26O CHESP O 999121 AENO3 or CpTiCIp
tert- b Eﬁxﬁﬁe GcaidB ffor%rcﬂi’u@ﬁ?ﬁ Yﬂl&l)&fmg(gtf?lﬂ Br it&dd1t of (19), wherein the

i sopenty oxy grou a cyclopentyl oxy group
magnesEyy, PR i dinetaimass i, Wishmanetipn, & néwha%@iwa»&}-n-
pmpygﬁa%ﬁ&mn@ n[but}&ﬂzigﬁle@a&ﬂ b ADn-bafnhERRaRE bl meh@HRAgnaium chloride,

an i.soo |.OoX ro n- nonyl ox
et gt oep i Ry B PG5 5 ROt Ry e ppancaion
chloritlg mqﬁ@mmgnmyungbmmﬁﬂe Rbpropllydntding cilotdior iepiopglinfagnsium bromide.

et T ! Qe EERNSln i 68 g0i2h BRSO GO ]dbl e

ﬁwmmumubd@mﬂgﬁiﬁmmme&aﬁple a methyl thio group, an

et hyl t hh@logéxpd‘ﬂtﬂn" Redhs Qﬁﬁ&ﬂe aanP aBhiBHRe at@lﬁ a bromine atom, or an iodine
i sopropyl thio group, a n-butylthio group, an

atom.j gsobutyl thi o group, a sec-butylthio group, a
tert-b uhm&yl Bloth mvﬁigmonaﬂtor& dedh YtohRi BreflisQUReardPbranched alkyl group

having E‘(?IB? rEon at s liltB:Iudmg, for cxample a methyl group, an ethyl group, a n-propyl

-18 -
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cycl opentyl thio group, a n-hexylthio group, an

i sohexylthio group, a cyclohexylthio group, a

n- heptyl thio 30 group, an isoheptylthio group, a

n-octylthio group, an isooctylthio group, a

n-nonyl thi o group, an isononylthio group, an

n- decanyl t hi o group, an iosdecanylthio group.
group, # 1&3&@5}1 drbipy b n%&@ﬂﬁoﬁkﬁ\ih %blﬁt I%Lib 5 &c—l’;@ty@éﬂbb@r& t&4-0F%1 group, a
ent NS ¢ Ilen ar._or F%ﬂf finyl group having
P y]fgrr%r?fi PP 2D o %rr‘?ﬁp 2R ONGNT HGYP-f or exanpl e, a

nmet hyl S’Hlkﬁ/l @yl lgmimg ffiromento 18tchbs btbfnk Myidang s Gikfar oﬂ)ranched alkyl group

havmé‘fr@ﬁ? Q(? %golnrz]%lmsglo v H@xh% r3%(§u%§ O’D{I) ?/tﬁjléil fd nyl S gxp oup, a n-propyl
gr Oupe@dsqswyll SOHDE & WPtybgreurp an gsobwiylterdypt wembwﬁ/hgrbulg ra@upbutalrgmup a

pentylrgrcﬂ%nzﬁnl\ﬁlscﬁ):éﬁtw bfdp YhAEE ofilp, a'nsié?)ﬂe‘[ﬁ F‘ljfoﬁl)“ bl Mlh&&pﬁ&p S n-heptyl

fmyl group, "an jso exylsu I'n group
grouprinH%)B?%;ylgﬂupnaw oﬁylmp afhisocctyd gmgg@ony group an 1son0ny1 group, a decyl
gnuplsoheptylsulflnyl group, a n-octylsul finyl group, an

i sooct y fln rou -nonyl sul f I u
isonony%ﬁﬁi %yW’ F@ﬁ%bﬂgh&ﬁﬂﬁg%ﬁﬁ9F§tW%FﬁgWn8$858mmﬁﬁdamybne
group havveisieany tcsﬁwatbmytongr mulpdingd flydxamplecruyéthy ergtgnotpaen etgylene group, a

. ne
ek R0 AT ol T B
Propylﬁ‘@ecﬁ?%‘lp f“h‘?ﬁ ﬂ@hﬂ‘@ﬂe - exarrpl e a methyl sul fonyl 5

group, “ﬁl‘&o@t éﬂ&lpsﬂdwng mﬂn I%Qléﬁrboﬁl at@m@ r ﬂpa)ﬁL 8 Hhd-2W¥inched or cyclic
grou butylsulfonyl

alkoxyggrcblwgiawgﬁ fI‘Plgld Hag y%rgeﬂ Tte???ﬁlm(\é’fdé"tﬁa E)r sxagple 31691°§¥I BoyPryn ethoxy

group,@ment{pox§ giop,tan hmbxy)bsw éT&[pyh ndudWP grod) an 151@81!&63/3} Sohd Da¥lbutoxy
rou

n ent
eroun, 38 Buo B ko BCPRRIN S, BERY o MabiBig etnop elogrsndgny srov
hexyloah giogp hewh@wloﬁnwup growdphexaio@y gloomexyl sul fo ny | group,

a n-h ep&x&,@#@%—&@ﬁ%bmg £OMA 1030 cérﬁ&hﬁt}@fy 61?61%;{1 ear bgangﬁég 'or cyclic

a n-qctyls an I sooct
alkoxyrﬁf%ﬁw% fremrye Q;?%‘Eﬂ? s, insbydivayfoseampleyd methexw@up an ethoxy
group, aM- Ij’ﬂopﬁﬁﬁ 2iMp, SH ksBﬁBM&xy@é’r&tha n-%ﬁtok? gdee @H%b&ﬂbi}og?&kp a sec-butoxy

) Alkox n g up, havi ng from2 to
gm“P@é%‘gﬂﬁm%’(tga% %Yﬂf 515) *Sormn%ﬂ?éﬁgwu&ra cyglppgrtydoxy group, a
hexyloay kowy ea Esbhmtyloxg £roukp ah@ﬁdb]ﬁgy]bkﬁgf’o&p h(ﬂbhkﬁtyféay Rip ainQsBheptyloxy

i.nc or. . ex car bon ro an
group, 3 A drou U S ATRE srofl, A FEAROE BB O hsalsioRy hp,
decanﬂ%yﬂ?(@pmywéﬂb@yiww grogroup, a n- but oxycar bonyl group,

an i's O‘%I{ﬁeﬁ}{) q‘{%ﬂn% A 1@ 0?1%8 QH&LQ )ﬁfe%ﬁg ? HM branched or cyclic

up, a tert 1 t oxycar roup
alkylthw %@mf?m& ﬁe@rl Bo kY Paf@‘?rbﬁlﬁ‘i@'ﬂs qdmp@mmim metiiip group, an

ethylthgf@blﬁ)g a A-prdp HIS %%ﬁfb@&lﬁ@@%ﬁ&@ F%)Lyﬁgyétfﬁgogrﬁgﬁp Sl’; ga%utylthlo group,

asecb / i( car rOUﬁ an I so
4y l\éw PreX it l@‘e‘ﬂ BOHR: 120 GRSt amumtlgﬂpw&fa? BOHR2
cyclopgntyohp greup, & S-hbsifthivl gootpca 1b@fexﬂrlthgj’ @b, a aydlbhexylthzo group, a n-heptylthio

b t b
s, SN AR S8, . RS . o
isononyjhingroup an H-Aédasyidid gsm}p gu maqechedthiogrdupom 2 to 10

glalr( ggrohyl Xy n??%‘gé%lga\\/rlﬂg%?l{ 1 toblg%?l%gxigto%g'rrgg%g L’l tllﬁear or branched
alkylsujfiy] gra'm@vmg %pmelﬁariﬁ F@bomatﬂm anclushing. for example, amegtisulfioy] group, an

ethylsulI@ltoupia ﬁfpﬂfi}&@ﬂﬁhﬁ)@‘oﬁr iBoprépyRYIRAGYrONY 2 beQH/@suliﬁ&l group, an

t | o valerylox
isobury 3 29 B35BT Eeretpe R s imb By SRy tselplfing group, ao
isopentplssl&hyl ghodpsys ighaayiisulfiaylpecupnayibehsyylgitfayPerodp, a n-heptylsulfinyl group, an
cycl ohexyl car bonyl oxy group, a heptanoyl oxy group, an
oct anoyl oxy group, a nonanoyl oxy group, a 25 '
decanoyl oxy group. "Aryl carbonyl group"” neans an
aryl carbonyl group includingg_for exanple, a benzoyl
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group, a 1-naphthyl carbonyl group, a

2- napht hyl car bonyl group. "Aryl carbonyl oxy group”
nmeans an aryl carbonyl oxy group including, for exanple,
a benzoyl oxy group, a 1-naphthyl carbonyl oxy group, a
2-naphthy|carbony|oxy group. 30 "Heteroaryl carbonyl
group" neans a heteroaryl carbonyl group including, for

isoh MRt 91 gr@up nfoufy}‘sh%gpé}gdﬂ algfsQéb@ylm@ﬁn?y'I Exlé[qy |Gk Mhnyl group, an

t hi enyl c group en | car bonyl
lsonﬂvgwﬁﬂylw%w R 1Ak Sty ﬁwﬂg B Efadeca%ukfw 9% ar bonyl
group, a.ll«%}spyﬁdyﬂg‘ﬂoﬁlah@&l’g}ﬂ'ong[ QU catboR afytis! ks @ambeMyrhnched or

cychg &%Q%]f ngi (f) W ol %%rﬁ%rlbtgqg cargorhall'{gms cIudllrigr fé)é F:%agll’%lﬁ’ a methyisulfonyl

rou azo
grougyran @@yls@f@yl grmpd ag@kqubaif@o’h grlou;g rag igppropylsulfonyl group, a n-butylsulfonyl
group, aHYJo&&ﬁLMFo‘ﬁgrg? S&rbgH/ﬁ)Sll F %%%L&Qﬁﬂ?&&)’émup, an n-
razol yl car ony

pcntgsubfwxl BTOUP ﬁyu@a%ﬂﬁs}fon@lr%w a gye, pﬁwluswmawh@rpwaﬁ Bdysyyisulfonyl group,

_ an is§HeRyRulfodyl Rroupyd ¢)ﬁloﬂbﬁl’§uﬁ&{ﬁ@fbﬁb - ﬁbeBrIsuﬁ’onyI grouF an 1soheptylsulfonyl
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2-thiazo ar bon rou oxazol n up,
groul%jl ag- Qﬁfiﬁuh%x}v? ﬁvp%fé 130%%@“@%@15%’0@4 8 Bﬁlox%}lsu?gonﬁ g¥oup an 1S(Pnonylsu1f0ny1
gnm@apy«bﬂmﬂyﬂﬁﬂﬂhpmwlmgmmhpmwﬁummqhgnqtyICarbonyl group

"i‘ g :'12 gﬂd%ik&?rl %LOI%&H{% ha%bng quqr?b YO ﬁ)% Po% Xéong'r 288ks aFincar, branched or

cyclie ﬂ@p@pqgml g;rgtppbl@mﬂg@mq :gmd@pfmbpg at]qgls,ancludmg, for example, a
meth&@(:%[y&@[ YoGRER Qéﬂb!iﬁé%o&w Qi-bgp ' zﬁ%ﬂdﬁéﬁ@arbcfn?[ 0B @ARbFropékycarbony!

carbony OXy grau a 3-furyl car bonyl oxy group,
grou% ag: hf,li%xéqg 08 r%‘?ﬂf?y"l‘*rb‘ﬁib ARt bonxl goupSa sec-buloxycarbony! group, a tert-
butoxdybirBaiiyl grazﬁ;b@ﬁsﬂeﬁmwxgu"amayl gdoup; aylrscbpéydymy&amyly@mp a

dyl b
erciof P Byr R nb Kbty R e b eRyR B Prdiopasghan o,
cyclogexylopycaghoBylpysupod phepylboyryibonyl gompLap, ische@yloxycarbonyl group, a n-
e R
mmm@?Pﬁ@@P?ﬂ%@Pmbnyloxy group, a 4- pyrazolylcarbonyloxy

group, '@Ufém@MBﬂzzé%bﬁﬂ RN TRV PAY1 0B5BHR atoks Aeans a linear, branched or

n1d|n bon rou
cyclnggll PY A¥Y, éﬁng %’tﬁa Frg%atmgs including, for example, a formyloxy group,
an ac&eRydroup, dpmyioﬁﬁbgogyﬁmxyu@fmm grcalp;lzﬁl 1sobutyryloxy group, a valeryloxy group,

an 1sovalelarho?qu%l' | Caaclryc g%jlt}ﬁ%%%cgl&%gﬁ gﬁog& )?_pgxzrélgaa o|x¥ gxgogl{:, Ot@éanoy%xy group, a
Cyclomxb'bzehbnwlmrgbmnyd leptengyloggrowp, 28 upjlammlloyj,r g@ani@mpharyloxy group, a

3-isoqui nol yl car bonyl oxy group, 2-
d 1
emmg%ggf?]@%rbonyloxy roup, a

1, 8- nap Mwbwhmuglwawleworw gape inclnflingrfey$xampie, a benzoyl
groupgﬁ QR HAR VBN lpRiBp 1a 3-RaphthyE@FioR oRh ms means a

l'inear, branched or cyclic alkan y haV|n from
1 to 10ACHFBIYRKSFEuP| READS & gl BIFY%?SY penchyd '%%a fhyprample, a
benzogTo@Y Brou a Iaﬁﬁhtm/lcﬂr&)rgﬁcﬁy I@Touii #I- ﬁ@hﬂ@},&brbgﬁ)ﬂbb@ gréup.

butyryl " O £ a val
C ; C |y O)[Z/) e H[%{ef()él 5@%6 r?nP’ gr%lijpoég%'l a%le?egé;%?aé}?{ F@%%{U%CIH ll?lg, fgr example, a
2 ﬁll'}mavlfa)lnyiﬂmlgr m&@rylamhmmyp agr-tbiepylcabayt frotys x\BHbenylomlydnyl group, a

2-pyrid{RHBon yfgtjag‘;ptd@%ylhy CQ‘B&‘%’P Fro a%gﬁyﬁﬁ%/elr})&{g? EIB’.IP,% 2- o]afrrolylcarbonyl

nonano eca
grouph@a%ﬂ*golr%?ﬁnx Foug a@&%ﬁ"@?@hﬁﬂﬁ B S 4a1rre§a@pla nyl group, a 5-

mudaﬂﬂﬁéb@bd?@ygr&ga afjfp%'ﬂz@lyfc&b@nﬁ 3fhph %ﬁ%lyldaﬂ&b'n&'[cﬁr&ﬁn 2 kor

grou a cycl obuty gb

PW&Z@V‘E%W}]WPP’ a?@Y&PBi‘%BYmé LY 0¥ )%ﬂrPYBF’b‘H’bV cegoony gm“P> as
pyrim@l el \proug) ORHhiRblyRkafyey1@esipyd 2-gXauiRlcarbonyl group, a 3-pyridazinyloxy

"Het er oaryl car bonyl am no group” neans a

het er oaryl car bonyl am no group including, for exanple,

a 2-fiuyl carbonyl am no group, a 3-fu ylcarbonylam no

group, a 2-thienylcarbonylanigo group, a

3-thi enyl carbonyl am no group, a 2-pyridyl carbonyl am no

group, a 3-pyridylcarbonyl anm no group, a 4-

pyri dyl car bonyl am no group, a 2- pyrrolylcarbonylanlno

group, a 3- pyrrolylcarbonylan1no group, a 2
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25 i m dazol yl carbonyl am no group, a
4-i m dazol yl car bonyl am no group, a
5-i m dazol yl carbonyl am no group, a
3- pyrazol yl car bonyl am no group, a

4- pyrazonyl car bonyl am no group, a 5-
pyrazol yl car bonyl am no group, a

group Zx llyjfrhdﬁl)dctafbdnﬂ@’rwy b@[ﬁinﬁ@'l(ﬂﬁ)@ﬂﬁ,gr@p a 3-isoquinolyl group, 2-

o Y RO A B0,

2-1 hI aZHbtydomtcbxanIam group heayDs, a let@earylearbonyloxy group including, for
S(Qé n . }
cxampie, oyri aC(z‘ill%ﬁ‘&q&é) %gﬂlﬁ)y? %rﬁfggré)?%doxy group, a 2-thienylcarbonyloxy group, a 3
thleﬂ)@ﬂ@ymé@mqu’v@a? %@Wﬂ%ﬂﬁh@@ﬁgﬂoﬂpm 36- mndylcarbonyioxy group, a 4-
pyndy?caﬁﬂéhﬂ@i;yér&@r @Q@%ﬁ@mc&@o@l%o@ a 3-pyrrolylcarbonyloxy group, a 2-
-1'S ul _no | car Qny ITI ?
lmda@lyl%g)g)pylprﬁy B\gxn? f épﬁclz%o )glngmpy oxy group, a S-imidazolylcarbonyloxy group, a 3-

_pyrazdlyl &sinaplokinyrioin] iar- @r@tb@f&ﬂfb@ﬁﬁdb@'@r&ﬁ) g Bwﬁzolylcarbonyloxy group, a 2-

yil am n O an ar ar bon
prim g EESLRR A, L PP BT EOM e ety iR PO gy rowp.
2- thiazplmmwﬂyx)cmm AR toandofydeagironsioxy group, a 3-pyridazinylcarbonyloxy group, a 2-

pyradlgylmw&)ﬁl{ gr%{qp 91 &%32&6%9}&&% %u@éﬁg@%&ﬁw}%&gﬁy}p group, 2-

aving from 1 0 carl 1’near
mdolﬂ&ﬁféﬂ EEIPed k&ﬁwth@déu%;ylﬁ@rb@%owml to 10 carbon
at ons, "Algloyirbigh hafvﬂlrg ﬁ%l‘rﬁ%' I@ca@oﬁ Qo ABANS Q 1EER URancBl or cyclic

alkano%fﬁr?%/%}}%rgnxﬁg %81%91 BB carg I 0 E}%/Mga?ﬁr% na{f(b 38011‘[5(1 groyp, an acetyl

group, I\éﬁ@ﬁc&ymbm y bamym grogp,mu rmobavryll govA laaklehagionp, LGfyoldpentsicarbonyl
group,%h Ys%l/aq uph ﬂ F%'ough ano %%1 aEh% clofil&alcarbgnyl group, a heptanoyl

ptano
group,ﬁ@ n@tmsy amm@ngra@mﬂ grcalpdse@eaml gmvno group. "Aryl

gr OuUP” "R AAfRy PR Hlvin rff?) fodatifdh ngmsf Rearts gﬁl}aﬁkyl oup having

enyl dgroup’or a naphth group Het er oar
from 3r?‘é§ﬁ%rb%il oS SR EIG. T6F e)@mﬁ%fnb éYCéleHYbﬁ@ERA @loyelobty rzmupca cyclopentyl

group, BRYASIREN @i, Q&y@%ﬁalf\@r&ﬁ ok a @YcléBRyE grolp. ef er abl y from 1

to 3, ferent hetero atons
from ax}gef%?f’ﬁy E%ﬁ(gp’ PRETBTP" AFaBk ‘ﬁ"%{’%ﬁlﬂsﬁ @Blé}hmcludmg, for

examplt ©2Afapldarborglaknfing gram;o aB-farylcarbonylgiains gebup, ar@&ﬁepplembonylarmno group,

o RIS YE DM A s o -
pyridylgarbenylamiiiq growh e 2ayovklcabanylamiod ey 2 ?gpquwlcayborwmmoup, a2-
imidazb fc%%[&ﬁﬁ@ﬁﬂgﬁtaMQHmﬁgol&ﬁ%b&ﬁﬂ@m% giqhé aBL ﬁﬁ(ﬁalzol%fégrba&lanuno

ove- ent i oned _nonocyclic aromatic het'erocyc
group, @Pwﬁéolylﬁﬁboqﬂfﬂ@vmgup péroveszaliispdondamipe gt 2 Jr oup,
pyrazoBchiboy}larBihe Bidup,a Z—;B}lrﬁﬁbﬁlnylﬁzirﬁ‘é{‘@lanﬁnd o 2 AlpihinSdiRHBarbdhylamino

¥ zok%ﬁrgrou a thiazo iéﬁigég%g n J sot hi azol yl
group, § SxtmidicRntinio YR pylgming SEip, * 2
oxazolylcarmmayimogr@,lppa 3-@y1ﬁ@zfn§]2:@dbyrhylegmﬁml Brougia 2psashig2@tohylamino group,

di
a 2-qu1%§lglg%b?rﬁﬁnéno a%‘ 1|1p, a}solgﬁi%g y}fsatjl?g@g%gpﬂ £roup aaz2o1nd?iylc?.rgoraflammo group,

al,8- n@hﬁyndm;ﬂ-ylgqrmplamo gyaazi nyl group, a pyrimdinyl
gr OU p " 3y 1DMh I BAdiRY éroﬂ{"%"rbgns &h, al‘y&%r cfnty[a'rrﬁ'&d é}}‘llép 818 Be, B example,

triazinyl 15 an 1|
a beﬂmd&w&’aﬁ HPEm 1~ n@lﬂé%ﬂ%@ﬂﬁl@mw@nw ngrlﬁhyécaﬂ@nyimmno group.
benzi mzﬂl&ﬁ@jl'léﬁnng P hadn®RHA 9 XQZ®¢Yhon B Meanda linear or branched

enzi o az enzo 3] di oxo
alkanoyg Igﬁ)élﬁ X fg‘ﬁgll t(g (b?fgbonéthnilﬁ éﬁ ﬂg,]efﬂwxaﬁnp Uzp?ongyiammo group, an
acetylaimemmtdm agropiphylgniad proup, dtenzyisainbigssp) al isdudulamido group, a
i ndazol yl group, a purinyl group, a quinolyl group, an
i soqui nolyl group, a phthal azi nyl group, a
napht hyri di nyl group, a quinoxalinyl group, a
qui nazolinyl group, a cinnghinyl group, a pteridinyl
group, a pyrido[3,2-b]pyridyl group. 20 "Aryl ring
group” neans "an aryl group substituted with two
substituents”. "Heteroaryl ring group"” nmeans "a
het eroaryl group substituted with two substituents”.
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group having from1l to 6 carbon atons, including, for
exanpl e, an acetyl group, a propionyl group, a

butyryl group, an isobutyryl group, a valeryl group

an isoval eryl group, a pivaloyl group. 25 "Aryl oxy
group"” includes, for exanple, a phenoxy group, a
1-napht hyl oxy group, a 2- naphthyloxy group. "Alkylene

valer@la@ie | .ﬁﬁscfv‘éﬁ:@lzlrmh@ gr@uﬁ gLy RS erokp, WRE:Gho I Aino group, a
car.bon ai n nay grou seIFcted fro a suglﬁu

hepta&?ﬂmma SEPFARRY an@ﬁ BO ZRUR G OBHYY a@fll?t%oupa% GRAPYEHIne group-
atom a"&gl foay I m@hoanryl gaoupaxahadind) 6ot ykangilQ | pherdl group or a naphthyl
car bonyl oxy group and a group of a general formula: R2

FOU30 (wherein R2 represents a hydrogen atom an al kyl _
gr oup h&kitergarfrgsenp! ntegns: Taeipberedordnpemberdsempydeyclic aromatic

hetergcrﬁfﬁp%ro | %’F% or %o éj Breféi‘aﬂi?ﬁ%h%la 3O e AT A atoms selected

group exanpl e, a nethyl ene group, an
from @ grapp éﬁ@‘sﬁﬁ%%ﬂn omqn.aitﬁé% ﬁwtéwén gPBapd 2 é‘ﬂ@éﬁtf’ﬁln‘értw%‘?‘i’éed ring-type
arom@icHERroRcIRERE @Bl tﬁﬁ@glﬂ:foﬁ&@lsatﬂm o afmabdyylienengicdidferocyclic group
with %%go%&%ﬂ%eg Eﬁ{ﬂug, or ?cl)rq;%d hLYg%ne NS silg?xfﬁfé?ensoamegé&lf%rent the
abovBiofisdied mhmrcgéliv axomaip hes@nydic graps, fand inalidey) foacsiptd, apyrrolyl group,
a fur)q Ig?olilxg’ a tgheﬁ%i )ggr/cglﬁy% ﬁz](%lgrl %%'gb gyﬂg@g%&pox%m%@lgﬁ%&ﬂ an, isothiazolyl
groum ag pxaply birowp, geiseraadlyf opyn. b sriazelal groupya te(fr\méy EFNPRM Oxadlazolyl group,
al2 @Qﬂﬁ&%ﬂh $rofip YOS, @.aﬁmﬁb@ngmam aaljsadmmaeapl é@@nﬁ AyddyPBoup, a

to 6 carbhon atons, benzy
pyrazgwh SHOHR- RyP IR ZOMD- Péfflf‘?zb‘w gfg% &6)204 szgw&r%@ %&%*ﬂazmﬂ group,
an mdmyall 2ERipEa Wﬂzd»fﬁltaﬁﬂ%i'ou@f a Ben@éthidnyl tefoup, a BRgmidagolglymo@f a benzoxazolyl

sour, B Pt o) BRI AN DGR SRR oSty g tisantheeny grow, 2
benzahibzodyd eeoup, gheakiswhinmiy] group, ainddzelyt growp. i purinyh eroup, a quinolyl group, an
1soqum?) g%luﬁ ﬁ%%ﬁzﬁgl g@o&gg g&%ﬁgﬁhﬁg gréhpnﬁ gﬁlﬁox%;l% g'rouﬁ a quinazolinyl
groups 8 pmeolgwbgrpup, wtensam growe aRwridel &bipmésrl rmppby a

functi ongl Iq{gqéllcﬁlpa Ma@n'a@%ﬂgaﬁp AbRAKEd prfw@@@amh&ts" a

car boxy| oup sul fo a thiol

r Qu .
ol iR o Ao S et HE S v 0 suBtients”,
pot assi WikanoiIt Qﬂmupﬂiavmg fromt lho 6ri:atbbg amme“ @eans e liseae br @snched alkanoyl
wrourey P g sl o BlrENn JIRRE g Sl R ol Pongy PR o
butyrgiggralip, mi isobiutyrdgrap, avadrylgrouy auisovabryhgraapsd mraloshigtolp.an
al kal i . t {01 YiPh 2-
ol ekl DGR 5000 e L 38 L g .«
naphthylexsperout. - Pr" means an i sopropyl group.
"Alkylene group having from 1 to 6 carbon atoms of which the carbon chain may have a

group selected from a sulfur atom, a sulfinyl group, a sulfonyl group, an oxygen atom, a carbonyl group,
an oxycarbonyl group, a carbonyloxy group and a group of a general formula:

[2
7 N N
(wherein R2 represents a hydrogen atom, an alkyl group having from 1 to 6 carbon atoms, a benzyl
group, a phenyl group, a naphthyl group or a pyridyl group)" includes, for example, a methylene group,
an ethylene group, a trimethylene group, a tetramethylene group, a pentamethylene group, a
hexameth\;;lene group, a propylene group, an ethylethylene group, or a group of a general formula:

7N\

=(CHz)a (HC) 5~

-2
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"Me" neans a nmethyl group. "t-Bu" neans a tert-butyl
group. 20 "Cp" neans a cycl opent adi enyl group. The
production nethod of the invention is described
concretely hereinunder. The nethod that conprises
reacting an aryl or heteroaryl conpound or its salt of
a general formula [I11]: t nt I 11l ] R1-4Y X 25
(whe('e)Mﬂ Erreiréseink a Elﬁﬁfr aeenh §ulﬂnﬁ£ﬁh’u@9&ﬁ:ﬁhlf@ﬁﬂ @iou@ alﬁ@k@@ﬁ ﬁtom, a carbonyl

rouf) gR By N A0 L on PR . o8 € HRur R Pl PRl 1§

jcarbon atons, an al kylthio group having fron11 to 10
hparbon atons, an al kyl sul finyl group having from1l to
7 18 carbon atons, an alkylsulfonyl group having from|

(whe}e?n &9 ’re%xaersgn ok at Qoggl} %tgtﬁ)y ]?yé%sl ﬂg I’(fl‘P g%{ tgcar QR 2j¢gus, a benzyl
grou, ambml gioo e Ilaamh)d lztoap oy pytidyberous); dfoanid nd efchomliitd an ifBger of from 1

to 6, Qﬂfﬁ@ﬁn@&ﬂg%mo%s@ﬁwbeg{op&ﬂarh@n 30 aryl carbonyl group,

an aryl carbonyl oxy group, teroarﬁ group, a
het er oarkipRpisatgaviiecpnp” meane Soupdhaféaets o yalesign or a n-electron in

the n@leRUIR, sudh & al HaR o8 AGR, 2 @ho BIISANRAHARI B! PMPRAVGAD, 2 cyano group, a
1ffroml to 10 carbon atons, an aryl carbonyl am no
sufoefWBn a het eroaryl car bonyl ami no group, or an al kanoyl
group hBalthapedns Gmlﬂ.fohﬁecﬂ@ a fuactvadl gdu@rid an 23d HYAES P\ﬁlr example, a

carbo&?lg%%st?pegglﬁ o% u%lt%ke fggl ﬁns asalt ngvgthf ! olg%lgm'étgi sglt rguc:h as sodlurn,
potasgiginelithingh, pr with an @ganﬁqnnnad; arh aatr@tlnmammcl tr!gﬁl@lapunea An amino group
formSHalt QA anGFiAYRoh R Ry @Y a@fdo Misufc $3E,RARY gcxgraq}ﬁgl og;?forms a slat

oxycar bonyl _group, “a car bony! oxy group and a grou
with ap Jlgbapeipl spcdyarspdvmpopssupyiHBINE: n R2 represents a

hydLoge'mbatlﬁéﬁhs &Be@&ﬁd&ee&%ﬂ@ havi Eg f:rom 1to6
car bon group, a phenyl group, a
naphthyﬁ%gpﬁﬂﬁaQ ¢ fé???dyl group); X represents a
br om ne"i®tr'omganaarchd@opyhgroapom a

trifluon e fon | oxy group, a nethyl sul fonyl oxy
gr oup, hﬁ%ﬁ%%%%g%u ¥6%9Pbxy group, a

t ol uene$dRuf megtsavtsrt-betpligrowr a ni t r obenzenesul f onyl oxy

group; . Qiuhﬁgk%g&agp&héﬂéﬁh ~the group of a general
formula;~ O neans an aryl An ‘group or a heteroaryl

ring growProdyrién radbpd i she iprraHonds idescebedfonsrpigly hetegnder.
t hen t NEheGhathtid tet cmBIRBereadtink@h A & hetehryll ¥6mpund Br its salt of a
ﬂ% ﬁgﬁl nl and Yl have the sane neani ngs as
gen 8@%? n Electron withdrawing group], with a
¥ﬂ—{? th conp its salt of a general fornula [11]:

X

(wherein R1 represents a hydrogen atom, a halogen atbm, a cyano group, an alkyl group having from 1 to
10 carbon atoms, an alkoxy group having from 1 to 10 carbon atoms, an alkylthio group having from 1 to
10 carbon atoms, an alkylsulfiny] group having from 1 to 10 carbon atoms, an alkylsulfonyl group having
from 1 to 10 carbon atoms, a hydroxy! group, a carboxyl group, an alkoxycarbonyl group having from 2
to 10 carbon atoms, an alkanoyloxy group having from 2 to 10 carbon atoms, an aryl group, an
arylcarbony! group, an arylcarbonyloxy group, a heteroaryl group, a heteroarylcarbonyl group, a

heteroarylcarbonyloxy group, a nitro group, an alkanoylamino group having from 1 to 10 carbon atoms,

- anarylcarbonylamino group, a heteroarylcarbonylamino group, or an alkanoyl group having from 1 to 10

carbon atoms;

-23 -
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HS PR7 Rs n2 (wherein R6 and R7 may be the sane or
different, each representing a hydrogen atom an al kyl
group having from1l to 6 carbon atons, an am no
group, or a phenyl group; 20 n2 indicates fromO to 6;
R8 represents a hydrogen atom a hal ogen atom a cyano
group, an am no group, an al kyl group having from!|l

Y1 rebRsekds HANQRA %B%Tﬁavu% fhduh RS WSl a¥dms QT QURE ﬂ@n;a@;bk @ﬁ% may have a
havi n rom1l tlgn 0 carbon atoms an al k}/

gmupg%ﬂl%a%d AaEAd G & spgmtl@reny HEony GruP, agypxyeen ato
an ox@takydngldrdripny tarlgmelapy v ngl 4 group df atgendtd) feanbkon at ons,

l?an al kyl sul fonyl group having from1 to 10 carbon

Ny atonms, a hydroxyl group, a carboxyl group, an 25

z’ al koxycarbonyl group having from2 to 10 carbon at ons,
(Whel%{lll 1@! rlégrgsge}{a%)%d re%l‘é orrli] %\r{ Ia ﬁft&?f@g%ﬂ% I(f'rmnol to% catb on atoms, a benzyl
groupg yﬂl@alrgy@lwdl mpythgkgmp) ora mrstijé goaey | group, a
X repPBLRY PEHMrE Ao R ¥hio@i i hn, 2R8I ELARMLERRASRYIONY a methylsulfonyloxy

group, a nitro group, an al kanoylam no grioup havi ng
g“’“Pf # B?Wfﬂef%f%ﬁ%%ﬁfwaa iplyspesulfgpylofEreuROn ﬁwﬂh?ﬁZﬁ&Sﬁfoam'ﬁxy group;
Iﬁlmﬁqiﬂgtoeﬁoarylcarbonylamno group, an al kanoyl group
avi 0 10 carbon atonms, or a group of a
& '&’n"efpa% %?‘PH}}“ RO ~(Y2) n3 30 24 BY0053 e
wherein y2 represents an al kyl ene group having from1
0 6 carbon atoms of which the carbon chain may have
a ar sel ecte a sulfur atom a sulfinyl grou
mean%angalﬂqfrglﬁﬁouﬁo Qeter%aﬁy 5%()59%01‘pat om a carbonyl yglr gup, P
provided thﬁkybaﬂémlﬂcgm@aqgm then thelgorplobx gengrabfoppuland a gr oup
Rt_e¢1a general formula: R N 5 (wherein R7 represents a
Fogen atom an al kyl group having from1 to 6
carBon atoms, a benzyl group, a phenyl.group, a
ht 1
(e NI 8100, O o8 %a%%bg*’nﬁ%aa“ DR e Gy,
with aé&ﬂﬁh@ﬂ@f)wr ltaﬁﬁlteﬂﬁargénqgaﬂ% wlg{Hfi tro group, an al kyl
Qup h&Wlng froml to 10 carbon atonms, an al koxy
oymgrshaving from1l to 10 carbon atons, an alkylthio
HS roup having froml to 10 carbon atons, an
IREYhsul finyl group haV|ng fron11 to 10 carbon atons

(whergfl lo{?i'lfh&/ g§ ul ! E%%ﬁ Fa%gﬁ erﬁ31t }L%g{?nfena?%%%y%r%n atom an alkyl group
havm@frchmxy@éwdmml)dtorga; axuqumhagmug, draehen?l grougtO0 car bon at ons,

nznmﬁgwghkg%qgkoxy group having from2 to 10 carbon
group, an arylcarbonyl group, an

R8 remsym@ ahhmgrsh @w;n, ghdogen atpnh @tcarroaraup, Yramip) graup, an alkyl group having
from NBUBLABEYIGAL, Q@zﬂi{éthﬁ£xfw Brouf} aﬂ%ﬁ(@JE)PQBIYﬂ RPN OXM0 carbon atoms, an

group, a nitro group, “an a ’kanoyl'am no group. havi ng
alkylthm group having from 1 fo 10 carbon atoms, an alkylsulfinyl group having from I to 10 carbon
atoms, an alkylsulfonyl group having from 1 to 10 carbon atoms, a hydroxyl group, a carboxyl group, an

alkoxycarbonyl group having from 2 to 10 carbon atoms, an alkanoyloxy group having from 2 to 10

,a carbonyl group,

carbon atoms, an aryl group, an arylcarbonyl group, an arylcarbonyloxy group, a heteroaryl group, a
heteroarylcarbonyl group, a heteroarylcarbonyloxy group, a nitro group, an alkanoylamino group having
from 1 to 10 carbon atoms, an arylcarbonylamino group, a heteroarylcarbonylamino group, an alkanoyl

group having from 1 to 10 carbon atoms, or a group of a general formula: -
RQ
(Y%a

-4 -
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15 from1 to 10 carbon atons, an aryl carbonyl am no
group, a heteroaryl carbonyl am no group, or an

al kanoyl group having froml| to 10 carbon atons); the
group of a general formula: O nmeans an aryl ring
group or a heteroaryl ring group), 20 in the presence
of a palladi um conpound sel ected froma group of

(wherbid MZQ'QIMEH%@Q@ LiRbiEne ggvﬂ)(tgabfﬁ)r %roﬂ'pldto 6PQ£bgp A ofw @ﬁ&le carbon chain

sel ected from a group ConSIS InNg Oor cesium car
may hayg @rogelegiad froms Samﬂét%@épﬁinykgﬁmﬂ aplfonpigprup, wxyg@ atom, a

carbofyMa®Iup, s oRAarbodyl @fship RbcaiBinyRRy Eld %%ﬂ(ﬂ@ g@lp 8t 4 feBEBNbsmula:

R7each representing an al kyl group having froml to 25
N 6 carbon atons, a benzyl group, a phenyl group or a
7 “yridyl group), 1,5- diazabicyclo[4 3. O]non 5-ene and

(Whergln %79%)%%%&% i] ethro il tom Ln Ql%fl (%(bup v1ohlg 2% E 8ar E horus , a4 benzyl

roma
gTOUPsla Etfen)b} g qohehtwlmhprm A lpml)d)é groogkene) of a fornul a

n31nd(craaesﬁ>epz Fe (r)-PPhZ a conpound
1, 1' - bi's(dii sopropyl phosphi no)ferrocene) of a

RY reH(r?ﬁa%P Bydrogep Jatonp{i palpge)nzttqné 2 C3YW-Zogyp me)ngn(agrgw@@m:cgroup, an alkyl
group hdvidg frdrh $ (i 0-dartod RSP @ hﬁ\ﬁﬂgﬁﬁ&ﬁ 19 1Pca Mg an alkylthio
MR i e O NG N
alkylsid fongl grodpetaving B 2o PPh2ben aomf abndrotyDigipp asdartdkylaroup, an
alkox;lzc%}ﬁ)gnﬁiﬂl gl‘:oup ﬁan@*%?oﬁl E E)hl% Sl IR na% agk)z(lgg};i xt}og%gup%avmg from 2 to 10
carbon atoms, an aryl group, an arylcarbonyl group, an arylcarbonyloxy group, a heteroaryl group, a
heteroarylcarbonyl group, a heteroarylcarbonyloxy group, a nitro group, an alkanoylamino group having
from 1 to 10 carbon atoms, an arylcarbonylamino group, a heteroarylcarbonylamino group, or an
alkanoyl group having from 1 to 10 carbon atoms);

the group of a general formula:

means an aryl ring group or a heteroaryl ring group),
in the presence of a palladium compound selected from a group of palladium acetate, Pdy(dba)3 and

Pd(dba)o,

a bgse selected from a group consisting of cesium carbonate, amine derivatives of a general formula:

R
R4:>N

e

R5
(wherein R3, R4 and RS may be the same or different, each representing an alky] group having from 1 to
6 carbon atoms, a benzyl group, a phenyl group or a pyridyl group), 1,5-diazabicyclo[4.3.0Jnon-5-ene and
1,8-diazabicyclo[5.4.0Jundec-7-ene, and a phosphorus compound selected from a group of a compound
(DPPF, 1,1’-bis(diphenylphosphino)ferrocene) of a formula:
= e

Fe
&S —PPh,
a compound (1,1’-bis(diisopropylphosphino)ferrocene) of a formula:
ot —P(-Pr)

Fe

&P,

a compound (1,1-bis(di-t-butylphosphino)ferrocenc) of a formula:
- .2
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/ O PPh2 PPh2 10 a conpound (MeXant phos) of a fornmula:
O PMePh PMePh a conpound (t-Bu-xantphos) of a fornul a:
t-Bul \' I \ t-Bu O/ PPh2 PPh2 a conpound
(Thi axant phos) of a formula: \ S1 \ / O/ 15 PPh2
PPh2 and a conpound (N xant phos) of a formula: H N\
PPh2 PPh2, thereby producing a thioether conpound or
w=—=rterm)t of a general fornula [I]: 26 BY0O053 RI1-4Y1
nli li! 6 AS(COR8 n2 (whCerein R, Yl, R6, R7, RS,
€nl, n2 and the group of a general fornula: A have the
-Bwani ngs as above] may be carried out by addi ng
ival nts to 0.1 5 equivalents, relative
”PEP‘FF H%%ﬂl the heteroaryl conpound or its
fornula [III], of the phosphorus conpound,
7005 equivalents to 0.1 equivalents of the
um conpound, and from 1.5 equivalents to 2
ui vii ®nts of the base to a sol vent not havi ng any
git (hereoxantbhasp olcefoomulathe  reaction, and reacting the
conpdungds at 50C to 100C for 2 hours to 15 hours. The
ot having any negative influence on the
'-- i ncl udes, for exanple, dioxane, toluene,
tetrahydrofuran 10 tetrahydrofuran,
PHN N-dln%%hylforHHHIde di nmet hyl i m dazol i di none,
aconiislorﬁmlt(bﬁl?mo&)'dflalfﬁk@{m& di met hyl ether, diethyl ether.
T pbase includes ce5|un10arbonate am ne
ves of a general formula: R4-%

o}
PhyP PPh,

a compound (Xantphos) of a formula:

PPh, PPh,
a compound {(MeXantphos) of a formula:

PMePh  PMePh
a compound (t-Bu-xantphos) of a formula:

I.But-au

PPh,  PPh,

a compound (Thiaxantphos) of a formula:
S

0
PPh,  PPh,

and a cogipound {(Nixantphos) of a formula:
N

0
PPh,  PPh,

thereby producing a thioether compound or its salt of a general formula [1]:

~26 -
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R5 / (wherein R3, R4 and R5 may be the sane or
different, each representing an al kyl group having
from1l to 15 6 carbon atons, a benzyl group, a phenyl
group or a pyridyl group),
1, 5-di azabi cycl o[ 4. 3. 0] non-5-ene and | , 8 -diazab
cyclo [5.4.0] undec-7-ene. The am ne derivatives of a
neral formullg: R3 R4 \N R5 (wherein R3, R4 and RS

@@ same or different, each representing an
g having from1l to 20 6 carbon atons, a

o 5, a phenyl group or a pyridyl group)

i ncT ude\ H. exanpl e, tertiary am nes such as

(whel‘iini I§19?E,;/“‘$’%'Ret ﬁy lnqr%ﬂ%d ﬂfc ety U[}l) g%gﬁepa(:f fo ! {11 et hyl am ne,

m he, enzy

rime
(::éinethylan1nopyr|d|ne or trlbenzylan1ne. The net hod
hat conprises produci ng a thioether conpound or its

have ﬁl@ Isztmeq];leaﬁm% ?ﬂea%%e rrfa%%gwr?ecl c!ué @% %dda{é i{'c)m 0. E)(lé &Juwaﬁnts tclﬁs)l

wher el n
equWFlslﬁtﬁﬁ?lﬁwe t(Uhff P B)fmsgd Hephsterdaeyt s@mmunéawitsmgb oé‘@rmula (O], of the

phospﬂb@y G)mpoﬂﬁlﬂ ﬁbﬂﬁﬂ)(fs%@\ﬁl&ﬂs foh)el RuBhREE bi’fﬁe gﬁl%dﬁmpéonﬁb%und and from
t he. resu hi oet h r conmpound

15 o3 PRl B isds oIt BN QoBHIF fhgagern the
reactiof, aad gamag de chapsmdaat SPC @) 100K fotk h’d)hlrs/ﬁo Sﬁh&m{ VIRIs6IvBnt not having

any ng%uvexhﬂuem:e oallﬂge ;eac%og cgt%e()for%x F@% &Oé(FIFEi %)(]j;e&&t —meth)l;ltetrahydrofuran

tetrahygrefgragi My'- dlmef&mléonmmhbddlmbthvlsmduohgmmas Mbstthtipwnilidone, dimethyl
ether, AR &4, Ve group) bonding to a thiol group, as
di scl osed in _the follow ng known references, or
oa accordi The base gelndessesiyinrgroeniin gninsiderivasives of aigeneralornjulam
\R Katritzky, et al.; Tetrahedron Letters, vol. 25,
R*—No. 12, pp. 1223-1226 (1984). Daniel A. Pearson, et
R‘/al ; Tetrahedron Letters, Vol. 30, No. 21, pp
273 27426§1989) Constantinos G Screttas, et a
(wherga Rp di{band B mastbedhessamyor diffaeent, poh répBentEE 25 alkgH3)p havmg from 1 to

arbOW & 4 tsef; -5~
6¢ l-)f __"%935"’6 | %ﬁ&pégghéﬁyi oglﬁ(B I\ﬁqﬁﬁﬁfl %ﬁ 115%di8rab ¥§é;1o[4f§?o]non 5-ene and
1,3-didgghieyelol s 41 U&@&nﬁft@ Chem stry, Vol. 68, pp. 5758-5761

(2003) The amine derivatives of a general formula:

R3
AY
R4 — N
/
RS

- (wherein R3, R4 and R may be the same or different, cach representing an alkyl group having from 1 to

6 carbon atoms, a benzyl group, a phenyl group or a pyridyl group) include, for example, tertiary amines
such as diisopropylethylamine, tributylamine, tricthylamine, trimethylamine, dibenzylmethylamine, 4-
dimethylaminopyridine or tribenzylamine. ,

The method that comprises producing a thioether compound or its salt of a general

formula [I-aj:
RI—Y]) 1 L2
S-R®

(wherein R1, Y1, Re, nl and the group of a general formula:

®
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15 Bulletin of the Chem cal Society of Japan, Vol. 37,
pp. 433-434 (1964). However, when the protective group
of Re is a group of a general formula: H2 Ra Rb
(wherein Ra and Ro may be the sane or different, each
representing a hydrogen atom an acetoxy group, a
nitro group, or an al koxy group having fromlto 6

have GR/sRAOMAIR1ES )13 a&@e)aarﬁlh&ﬁ@%&hﬂé %%Fo@éhv%@ﬁ&bfq{e thofa the Bosulting

thme&@r (foglrfjélllr)éirr% 5a]g&|ﬁ1§:p}§*atyt%}6pﬁa |tlgol R gfgeq%dlz)\l{%s ga&tool'tlg ggifleral formula
[I-b]:(Wwherein Ra and Rb may be the same or different, each
representin @ hydrogen atom an acetoxy group, a
;ﬁ*&ﬂ @ group, Or an al koxy group having from1 to 6
R atons), or a (1-naphthyl)nethyl group or (2- 25
get hyl group, then the protective group of Re
renoved in a sinplified and efficient manner

r t he net hod |ch he present inventors
W‘EH&@ SH u’ﬂoa“gﬁtiegr%ﬁé)élang‘&eé?l‘Q}m en the protective

group of Re is a group of a general fornmula: -28
Y0053 B /(C}Q)Z R Rd (wherein Re and Rd may be the

have ﬁw ﬁar{leorrgeagin%%%r }{é) gﬁly P ﬁ%ﬁ% @ft g%lr %ﬁlgé/tg%tgﬁe c% r%%c?v’ £ a substituent
(Pi‘OtQEHVdfmmpamem')g, to titteol grdvp, sstdigploadd memoiellowging Reown references, or according
toar&ﬂﬂ&@ﬁ&ﬂ%ﬁsﬂ&ﬁ&ﬁ;@f Re nay be attained through

treatnent wt ot assi um al koxi de or a sodi um
Alan B} kggsiizlge f 4 a*ets@mrem:etmﬁ val. BaWNon iR, @nylzaéga%ﬁ (1884).

Danidl Af Pé&%@ﬁ &t QN Ttet}ﬁmefea%ﬁa@ v&)/aouﬂb ng {)15 Qmﬂzﬁzt(pgs@)
reI tive to one u va ent of

ul v nts
Consi@ifoy P St Pl crsecion 8ty Vol by bb- SB35 5633 (Pbah-ent s
AustioK. Etameﬁamsmmmc&blknmeebever 48, ppsmpwnomzl@oagl de, and

Iean—lgif:%%ﬁf fltng IhJeurna amc egu%%/u % %g @g?g6p&863)t °

S prerera rom
BulletnF’@&th@Cs‘hmaaBmY d’éIaaamd Vob dv.um @33k43>4i(b%4) i ncl ude, for

exanpl §1,ROLASRIMA %ﬁ@e%’g‘# of Re ;PP %‘@?6%@ LR

otaSS|un1n pr opoxi potassi um i so pOXI
otaSS|Gﬁ1n but oxi de, potassi um i sobutoxi de,

S1um t - but oxi de, potassi um n-pent oxi de, potassi um
h XQ%L sodi um net hoxi de, sodi um et hoxi de, sodi um
n pr sodi um i sopr opoxi de, sodi um n- but oxi de,
sodlun1|sobutOX|de sodi um t - but oxi de, sodi um

(wheréln KR@ Iﬁh(DRb fiay bsodi lsdiﬁﬁ 41 cﬁﬂ@éﬁéﬁﬁ | e re?fe@dcnﬁﬁ@b h})ﬂr@g%h A%, iiMhcetoxy group,

LI N T ——
Imﬂﬂ@@ﬂ&ﬂﬂi@B@UbDXIde 15 "Sol vent not havi ng any negative

| when {h@%%o %ﬂsee%fggzi S8 i ?g]%){lﬁ) P, getn?rat) @5% I’ n this nethod

csulfoxide, 1, 3 dlnethyl 2 i m dazol i di none, N
yrrol i done, cycl opentyl nethyl ether,

1, & dijret hoxyet hane, N, N-di net hyl formam de, N, N-
di kﬁ%@cetam’de; preferably diglyne,
N, N- di ngt hyl acet am de.

(wherein R2 and Rb may be the same or different, each representing a hydrogen atom, an acetoxy group,
a nitro group, or an alkoxy group having from 1 to 6 carbon atorss), or a (1-naphthyl)methyl group or (2-
naphthyl)methyl group, then the protective group of R€ may be removed in a simplified and efficient
manner according to the method which the present inventors have found out.

Specifically, when the protective group of R€ is a group of a general formula:
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The group of a general formula: /(CN Rc \tT/vh 20 Rd
(wherein Re and Rd may be the sane or different, each
representing a hydrogen atom a nitro group, or an
al koxy group having from1l to 6 carbon atons)
i ncl udes, for exanple, a phenethyl group, a 4-
ni trophenet hyl group, a 4-nethoxyphenethyl group, a
- di ni_t rophenethyl group or a 3, 4-
phenet hyl group; preferably a phenet hyl
groyyp.”" 5 When the protective group of Re is a group
eral formula: Hp Ra Rb (wherein Ra and Rb

may be thé sanme or different, each representing a

hydrogen atom an acetoxy group, a nitro group, or an
(whergip RS 2d B s bhthe stee qudgfiranticaclereprasdnting altysmen atom, anitro group, or
an alkbxly g Hakink FOBL 1Ny l6 @fbel Bodk), (n 4R sBYBPRAoving tl%e ptroﬁective group of Re

napht t hyl group, and. when the renpval ~of 'the
may by ?‘E%I’éeg%%‘gﬁ‘g}f%ﬁﬁgb it pelessiggm alker of @ sQstigmalkoxids i splvent not
havinganymegativagpfiesice on denpotictd bplsite Ganessad 5 banvaldng, reRoive Mbne

. I.n.Rg re en hal pgen_.atom. or .an.
cavivalyg of e s MR RELT el BRLERED? TP el pBAC 2 SR whide ora
sodiurp alspde andprasessnkipb cappupd fald°Ggo 1 28 for It lwul ® XMadobopreferably from
2 houdtdPdBJurd. N the presence of one additive selected from
a group_ consisting of copper conpounds, iron )
conpountriessigpadforide gnhindhersalkaxidey include fprovinmisle, natpgsium methoxide,
potasstuirt ARIxiTE) SRATRIQMNHASopdx RN dtdseiin JsoprdpOxie, otdisiA} £BhtSxide, potassium
i“mmégéat%ve.to onekg ui val ent of the startlgp g te&lal, .
PP BYLBIPR FPERICS RUSSURGRD QI RRS 8T IR SRRl WdtyR etboxide,
sodiung ethadin ebdin n@lmﬁoiide, wdrBurp m{sxlepm}edeo iodfﬂn@ﬂbut@xiﬂé sbdiurh isobutoxide,
. ' ety QY 0. 1 of . the.startjn . .
sodias BRI ot £l ok, bty E8icRios' bR olyiampigpide potasiom
isobutepide; pretasaigen tthugazide avedivphebuw oo sridhng Solproddes sein rbugoxide.

sol ventsdiht RA%IE AYYieBItIYE L 0 .
ti on,att - 10(@%0 ?08 pr ef‘glféa !hg?&%fo% ‘%{}ﬁ%%l&thls method

includ SRS ) . % at -10C O
includgs ghglyme, friglyme, t%glﬁﬁﬁsr‘%ffietb}‘l@#@mﬁl \3-digrethyl-Priypidazofiginoreq N-

methylbﬂwlﬁiopéfbﬁ:lcgfeﬂgnn&ﬁyl RtIGEN ,@ttcﬁdneth&ryamh@, Iai_,rﬁlﬂme‘t@go&m%é N,N-
: rel.n 2 €. sane. or | erent, eacC
mﬂmﬂ&@%ﬁ%@‘%ﬁgﬁaa yﬂ@%?%géﬁegpﬁﬂwbﬁ?mﬁ@%toxy group, a

ni tro Greogroyp dia gamerd lféeorxaja: gr oup having from1l to 6
©arbon atons) includes, for exanple, a benzyl group,
7 a Arobenzyl group, a 4-methoxybenzyl group, a
2, Id{jitrobenzyl group, a 3, 4-
-~

Rd
(wherein RC and R4 may be the same or different, each representing a hydrogen atom, a nitro group, or
an alkoxy group having from 1 to 6 carbon atoms) includes, for example, a phenethyl group, a 4-
nitrophenethyl group, a 4-methoxyphenethy! group, a 2,4-dinitrophenethyl group or a 3,4-
dimethoxyphencthyl group; preferably a phenethyl group.

When the protective group of R€ is a group of a general formula:
Hz a |
R

O
| l
(wherein R2 and RP may be the same or different, each representing a hydrogen atom, an acetoxy group,

a nitro group, or an alkoxy group having from 1 to 6 carbon atoms), or a (1 -naphthyl)methyl group or (2-
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di met hoxybenzyl group, and is preferably a benzyl
group. "Sol vent not having any negative influence on
the reaction” for use in this method 20 includes, for
exanple, diglyne, triglyme, tetraglyne, ethyl ether,
di oxane, nethyltetrahydrofuran, tetrahydrofuran,

nmet hyl t-butyl ether, and is preferably diglyne.

naphtlﬁ@d'leihmlgi}ougf Bid WigR tlhen"eltnbi/afﬁ offBt hRtkciincdlBes Refidiitained through treatment

C12- FeCl3, FeCli2,
with, "E%E“(Sf““b?%}l’?“ﬁd(ﬂ%éﬁ%‘?éﬁ%“ﬁla CoCl2, AgNO3, CP2Ti C12

erein Cp neans a cycl opentadi enyl group);
Egreferably, CuCl2, CuCl2.2H20 or Cp2Ti Cl2. 25
gnesi um conmpound” for use in this nethod includes,
for exanple, dinethylmagnesi um diethyl magnesi um
{(whegtjin R mtqtmwmem anonana&ybgthngé‘wuni torl<) carbon atoms; Rh

repré%ﬂtsyz{n'mgﬁ‘ g3l mv‘;rfélhfﬁfnll d gyel Orba*w& Xﬁo%ﬁﬂ &R ;HéEEIWe %%ﬁje?ddltwe selected

yl magnesi um ¢ wagne5|un1 br
from@twpﬁa@%@g aﬁ‘ioéPﬁféPlFlﬁfémd%tfH? FW@% ebrlb ppogeds, silver compounds
and tRarRird BYthPOREAES Srehl H’bﬁh' b I5@GuivAlentd) kQRWe APEHRQGhVAnt of the starting

matepélgé)rnpgw yréoéxﬁ% &p% eSI gg]e %}glg:?eréljlllg%oglpﬁfndgbused in the presence of from
0.05 m>- bwwahfmgmlwm 1 melbxﬁﬂ;elstmgtgemwm ehifesblg &om 0.05 to 0.5 equlvalents of
the a@%g’ qﬁ%&g\@o&m 1? gx%gésged 1? (gvc%r g&l Sgs%%)ngrt&l%gggrg %l’ll uﬁaéceeon the
reactjop at 136?{1 od 0RHo W@qu@tlm@d K*Ciof0°€xdanphar tetsdondi prgfetably for 2 hours to
24 hdkdi nary separation and isol ation nethods of colum

-30 BY0Q53 chromat ography with silica gel or absorbent

resin, Frogare dreswatldgrihy, thin-1ayer

@mronatggraphy, sol vent extraction, recrystallization
-6 ecipitation to be attained S|ngly or optionally

as fonfJi ned. The starting materials for the

pr odtre qgn net hods of the invention may be

connercﬂ%lly avai | abl e products or may be produced
(whegircR?Y ohid R rhay Henloawa bodiffextemoéacﬁﬁtpm&ﬁmg ahydBbfeh aMobn acetoxy group,

Ih f
LTI AT T ———
grouriEr dmprabsnzybgroupah ﬂ@mthqwbvemé igroup.eel. #-dingrebeom! shaukd ,4ﬂ ot
dxmetlﬂgxylblet{?yf ﬁgup, E’Igizlg Q%zﬁ)lsy@%ngﬂ Wolhl, from Johnson &

hos . was bought from Al dri ch. "10
An hy d ro @IV%Mhavawﬁyﬂma%ve@w% arhgepeioa” fon 2eas thigpethod

mcludﬁﬁmﬂéx@ilmple%@ﬁ@ ttﬂg&ﬁe batagtytnef 6tﬁ’§ﬂgth‘é\a b?ﬁﬁngaethylltetmhydmﬁuan
cal s r ea u I n e anpl es
w“ﬂwQP ?W1$T%ﬁ1 &?EFigh gly®Er em Thiols, ary

hal i des"Adéltllvyl fog vaefm thlsan@lmsﬂl in@wies.donmxgapliecCwdp NBElB2H20, FeCls,
FeCly\m@lz(@ @ktlg)at c&t:???%hz Ccd@f c%né;(aﬁlbs}’(wﬂ@&ﬁ Cl,‘fﬁﬁgdns a

I'ecul ar eve troms) and

CYCIOB%‘&&%@&TOW IPreferably.datd. snsr Father Goediites were
carried mghesml &nﬂ:’bﬁn&”f&ﬂlﬁgﬁﬂhémﬁ %Llﬁe% st Renfle, 19

s chamber dried wt drier. or mance
dmﬁ*ﬁﬁﬁﬂﬂf&ﬁl&ﬁr Gy Bg ey, m@wiwa@e%a@m prgpylmagnesium, n-
butylii@Bsile CAIOHARAGEy Inhdpfidtiveh &Bﬁ]ﬁﬁ&h&gﬁﬂﬁgﬂ@s1mQﬂloﬁXWethylmagnesmm

asi,c revetse ol um For. col
bromigdf 2454 gﬂgf&@eﬁh B P[LC. GRroRlAEpsiy eleride, o
propyhn@aesnﬁh Blzémﬁcb Bo@8pydmgnesian bM&lmrsbpmylma@631m bromide; preferably di-
n-butylmagnesium, n-butylmagnesium chloride, n-butylmagnesium bromide.
The products obtained in the above methods may be purified and isolated according to

per-se known methods, for example, according to ordinary separation and isolation methods of column
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20 NVR data were determ ned with Bruker AV-500.
Exanple 1 to Exanple 27: According to the basic
processes nentioned bel ow, the conpounds of Exanple 1
to Exanple 27 were produced. (Basic Process) 25 An
aryl halide or heteroaryl halide or aryl sulfonate, a
base, a thiol conpound and dry 1, 4-di oxane are poured

chrofnith ga;éhyl’ vaiinglica @bt o? BBdrtehBigkn, lﬂlﬁﬁi &{tﬁha’f@bﬁﬁ)ﬁ v, b 8REShromatography,
er

sul ti
sovenl B G nE Pl IR i B gaansl Re PRl o conbined
h avi ng &hestartiogenteridi foo spiperdecidianehals oNex inve@in may be commercially-

avai 0 a 1 101 ME d
O PR Bt BRI GBI p A eSO
times with nitrogen, and heated under reflux for 6

BEsﬁmmF@RtmNGoﬁﬁmNﬂbmf the reaCtl on is
conflrmgd t hraugh p erformance |iq
chr omat '@erlabqwmlsﬁ‘s%‘f“ ongrgtely W%@fer?éla%m thhfolpying Espmples, by

which, ioweat,elk ihantionsiotEmpebalinited, the insoluble matter is

k
E gn g 2 . ?ir’ﬁazt(&ﬂahqu%rbouéﬁt kr{){nlqﬁféxﬁg% ﬁc?g%tt%ege)(gﬁtéﬁ S %a? b&fghtafrom Aldrich.

Anhygdioys kaPP4-jaaydeays SagR3, Fhudpusizgis d ﬁMt@ngﬂ% Wire hought from
Wakc?'Pdré @ﬁerﬁ@z!ls ’f‘ﬂ&%ﬁﬁe{' E:rage ?SfLIS ﬂ'tH@E}IaIﬂ?le% Wep ngﬂt ﬂ'OH’l Tokyo Kasei and

npou nd possi IS Is pu
Stremg r%l% R E%hd% ﬁllmtmﬁqloaosglf@rta&mr@awov@w wessvoggta igmeT okyo Kasei, and

they W60 dé.éﬁtaftémiri@& with MESI&EQKY BRAZ M anpiRmé) arpieldsga: - - 31
BY0053 S Heating._and refluxing tinme: 6 hours

Aryl R 1 P8 RS RRLS 8 S B Hh 8 inogen amgpphere, using a
glass 2hannivot c)ned vath Bhiriet. conpound and its anount used:

g dg?ggg%%?%ﬂ é%rfg b 8(|)6 lsq%tsl Wm@%&,ﬁ%ﬁ#acﬁgm% ormance
liquid phpognataggirmnl)- 7000 leMﬁr_bBSlc reBers@l- Ehasb qottsnram)u nt used: 10
- Pr2N Iy ofTia xca 1Z ol
L 2rnLE%péggg?%?}é&@%QJ%°“§éyue per en#ﬂggﬁggg &%ﬁ%¢ 063 pm)

as the gattigt. hoxybenzyl phenyl sulfide: Pale yellow solid;
yi el d ANMRWBta werLdterfke nth 38 er A0 -560. Devel opnent

srampB R By P acet ate = s/ 1. o

According to the basic processes mentioned below, the compounds of Example 1 to
Example 27 were produced.
{Basic Process) ,
An aryl halide or heteroaryl halide or aryl sulfonate, a base, a thiol compound and dry
1,4-dioxane are poured into a round-bottomed flask, and the round-bottomed flask with the resultmg
mixture therein is purged repeatedly three times with nitrogen gas, therefore having a nitrogen
atmosphere therein. Next, as catalysts, Pd2(dba)3, Xantphos and a thiol compound are added to it, then
this is purged repeatedly two times with nitrogen, and heated under reflux for 6 hours to 13 hours.
Completion of the reaction is confirmed through high-performance liquid chromatography, then the
resulting reaction solution is cooled to room temperature, the insoluble matter is taken out through
filtration, and the filtrate is concentrated. The resulting concentrate is separated and purified through
flash column chromatography with silica gel, therefore affording the thioether compound. If possible,

this is purified through crystallization with a suitable solvent.

Example 1:
Production of 4-methoxybenzyl phenyl sulfide:
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Melting point: 79C-80C. 1H NWMR (CDClI 3, 500 MHz) 6 ppm
7.17-7.31 (m 7H), 6.81 (dt, 2H, J = 2.1 Hz, 6.5 Hz),
4.07 (s, 2H), 3.77 (d, 3H, J = 2.1 Hz). 13C NWR
(CDC13, 125 MHz) 6 ppm 20 159.18, 136.97, 130. 34,
130.18, 129.80, 129.22, 126.66, 114.31, 55.66, 38.86.
Exanpl e 2: Production of diphenyl sulfide: DS\ 25
Heat i BMeef | uxing time: 6 hours. Aryl halide and
i%{z}@? used: Bronobenzene (211 L, 2 mmol). Thi ol
o and its anount used: Thiophenol (205 L, 2
ol ). 30 Anount of Pd2(dba)3 used: 46 ng, 0.05 mol .

Amount of Xant phos used: 58 ng, 0.1 mmol. Base and
Heating apdgefbering timeeé hours.pr 2NEt (700 L, 4 nmol). Anount of

Ary“gﬂh&egid%gﬂlguﬂ{%ga 4.2 nm.. -32 BY0053 Property, yield
d yield per cent a e _of diphenyl sulfide: Colorless

I | qui d; Br?‘in%'?eﬁzegi L, $PY- per cent age, 85 %
Thiolaanﬁjua@mtsa&@hmemd in fI ash col um chr omat ogr aphy:

Hexane 1 NVR . 500 ) S ppm 7.21-7.35

(m ‘i? %\%@ﬁ&% S ppm  136. 21,
AmouI‘B":LfP%( 5)2956610461112’1)%3111111@ Exanpl e 3: Production of
Aol Qi AROEILL, RAGIYY T 1 det - CEN © | Heating and

uxi n ours Aryl halide and its anmount
Base%@é@ﬂmi@tgsﬁ t r obr orobenzene (404 ng, 2 mol). Thi el
conpoundraNm (Taoquiadmmnnil). used: Thi ophenol (205 .tL, 2

nmoj ) .
Amount oij 1),4-dioxane used: 4.2 mL.
Property, yield and yield percentage of 4-methoxybenzyl phenyl sulfide:

Pale yellow solid; yield 414 mg; vield percentage, 90 %.
Development solvent in flash column chromatography:
Hexane/ethyl acetate = 5/1.
Melting point: 79°C-80°C.
IH NMR (CDCl3, 500 MHz) & ppm:
7.17-7.31 (m, 7H), 6.81 (dt, 2H, J = 2.1 Hz, 6.5 Hz), 4.07 (s, 2H), 3.77 (d, 3H, ] = 2.1 Hz).
13C NMR (CDCl3, 125 MHz) & ppm:
159.18, 136.97, 130.34, 130.18, 129.80, 129.22, 126,66, 114.31, 55.66, 38.86.

Example 2:
Production of dipheny! sulfide:

(2L

Heating and refluxing time: 6 hours.

- Aryl halide and its amount used:

Bromobenzene (211 pl, 2 mmol).
Thiol compound and its amount used:

Thiophenol (205 pL, 2 mmol).
Amount of Pdy(dba)3 used: 46 mg, 0.05 mmeol.
Amount of Xantphos used: 58 mg, 0.1 mmol.
Base and its amount used:

i-PrpNEt (700 pL, 4 mmol).
Amount of 1,4-dioxane used: 4.2 mL.
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Amount of Pd2(dba)3 used: 46 ng, 0.05 mmol. Anount of

Xant phos used: 58 ng, 0.1 nmmol. 20 Base and its

anount used: i-Pr2Net (700 L, 4 mmol). Anount of

1, 4-di oxane used: 8.1 nL. Property, yield and yield

per cent age of 3-nitrophenyl phenyl sulfide: Pale

yellow liquid; yield 416 ng; yield percentage 90 %
Prop2idy, Déelted nd pisbhiersalayestt dipiendilsal$ide:col urm chr omat ogr aphy:

e o ) B e . o0 1)
Devglggmepiolventlig GaivRIvODBIByatde2phivHz) S ppm 30 134. 26,
133. 45, yl3de14, 129.87, 129.68, 128.98, 128. 96,

| , 123, 20.93. Exanple 4: Production of
IH%&%I@%FS@%%Q al dehyde: OHC S 35 Heating and

7.21786I(mxiong. tine: 6 hours. Aryl halide and its anount

13CN‘§HQ:CD - Bromobenzal dehyde (233 L, 2 nmol).
T |o$ c‘% ’lggg@%irﬁplgts anount used: Thi ophenol (205 L,

136.21, bhip46) 129.68rb2mn5. of Pd2(dba) 3 used: 46 ng, 0.05 mol .
5 Amount of Xantphos used: 58 ng, 0.1 mol. Base and

its amount used: i-Pr2Net (700 L, 4 mol). Anount of
Exampleid:di oxane used: 4.7 nL. Property, yield and vyield

ProdR€ibR 8M1-A@spihy1dnalle Mgl f anyl benzal dehyde: 10
otqrl e quid; 'yield 368 ng; yield percentage 86 %
. |@ op solvent in flash col unm chromat ography:
O,N'He¥ans acetate = 15/1. 1H NWR (CDC13, 500 MHz)
: -93. (s . 1H), 7.76 (dt, 1H J = 1.8 Hz),
Heat‘ﬁ?%@?ﬂ‘?‘i“g(%}h’(‘e'fﬁf‘,ws?. 50-7.52 (m 1H), 7.42-7.45 (m
Aryl e amt] iggunon st ued38 (m 3H). 13C NMR (CDC13, 125 MHz) 8
ppm 3-Nitrobromobenzene (404 mg, 2 mmol).
Thiol compound and its amount used:

Thiopheno! (205 pl., 2 mmol).
Amount of Pdp(dba)3 used: 46 mg, 0.05 mmol.

Amount of Xantphos used: 58 mg, 0.1 mmol.

Base and its amount used:
1-PrpNEt (700 pL, 4 mmol).
Amount of 1,4-dioxane used: 8.1 ml..
Property, yield and yield percentage of 3-nitropheny! phenyl sulfide:
Pale yellow liquid; yield 416 mg; yield percentage 90 %.
Development solvent in flash column chromatography:
Hexane/ethyl acetate = 5/1.
LH NMR (CDCl3, 500 MHz)  ppm:
7.99-8.04 (m, 4H), 7.47-7.51 (m, 3H), 7.39-7.43 (m, 2H).
13C NMR (CDCl3, 125 MHz) & ppm:

134.26, 133.45, 132.14, 129.87, 129.68, 128.98, 128.96, 128.40, 123.17, 120.93.

Example 4:

Production of 3-phenylsulfanylbenzaldchyde:

OHC S
Heating and refluxing time: 6 hours.

Aryl halide and its amount used:
-33.-
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192.16, 139.22, 137.52, 135.76, 134.03, 132.89,

131.03, 130.11, 129.98, 128.57, 128.03. Exanple 5: 20
Production of 4-phenyl sul fanyl acet ophenone: O M ~ s
Heating and refluxing tine: 6 hours. Aryl halide and

Its anmount used: 4-Bronoacetophenone (398 ng, 2 mol).
25 Thiol conpound and its anount used: Thi ophenol (205

L, 2 nmmaBlomobBrRtRhydei293da( dhalad). used: 46 ng, 0.05
unt of Xagtphos used: 58 ng, 0.1 n no

Thm §’8°‘H}4An$ft§arﬁ?ﬂ%ﬁs(e used: 30 i-Pr2NEt (700 L, 4 mol).
Anmount Bliioghedold2@qdne misedd: 8 nl. Property, yield and

Amob(ﬂt%l’ﬁdz@@{aﬁelﬁ%@g% 065 pigmy! sul f anyl acet ophenone:
Wiite solid; yield 411 ny; yield percentage 90 %

Anwm@@éKwpﬂﬁnvﬁﬁoﬁv@aﬁlhmnmlash col umm chr omat ogr aphy: 35
Base HeX@aNGiehikg.acetate= .10/ 1. Melting point: 66C 67C
34 BYO0O 3 500 MHz) S ppm 7.82 (dt, 2H
J-lSB%QkE%HW‘*é)m‘?%O(dt oH, J = 1.8 Hz, 7.8
Amolni# bf 1,4-dB8ank.ddd: ¢mmiBH) , 7.21 (dt, 2H, J = 1.8 Hz, 6.7
. 2.55 (5, 3H). 1 VR 3 Hz) S ppm 5
propd§sis andyfiRngis i 7 phenysairagy behagbichyt! 1) 5!
128. 90, CA@B:s80quid; 37eidB,8 B vikTd per&nagqaa(e‘%: Pr oducti on
S\ 10 Heating and
Devegé?zlénte&ggﬁf I'ISHASE @ﬁ[éh?@ﬁr%&lﬁ%gr’&?d& hal 9

uxing t hour s ide and its anpunt

used: diBﬁwﬁﬁhﬁﬁgﬁﬁ@ @280 L, 2 mml). Thiol conpound
1H NBRRK(CDICE3, 500 MHz) 8 pes:

9.93 (s, 1H), 7.76 (dt, 1H, T = 1.8 Hz), 7.69-7.71 (m, 1H), 7.50-7.52 (m, 1H), 7.42-7.45 (m, 3H), 7.26-

7.38 (m, 3H).
13C NMR (CDCl3, 125 MHz) 8 ppm:

192.16, 139.22, 137.52, 135.76, 134.03, 132.89, 131.03, 130.11, 129.98, 128.57, 128.03.

Example 5:
Production of 4-phenylsulfanylacetophenone:

x@ e

Heating and refluxing time: 6 hours.
Aryl halide and its amount used:
4-Bromoacetophenone (398 mg, 2 mmol),
Thiol compound and its amount used:
Thiophenol (205 pL, 2 mmol).
Amount of Pdy(dba)3 used: 46 mg, 0.05 mmol.
Amount of Xantphos used: 58 mg, 0.1 mmol.
Base and its amount used:
i-ProNEt (700 pl, 4 mmol).
Amount of 1,4-dioxane used: 8 ml.
Property, yield and yield percentage of 4-phenylsulfanylacetophenone:
White solid; yield 411 mg; yield percentage 90 %.
Development solvent in flash column chromatography:
Hexane/ethyl acetate = 10/1.
Melting point: 66°C-67°C.
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Thi ophenol (205 L, 2 nmmol). 15 Anmount of Pd2(dba)3
used: 46 ng, 0.05 mmol. Anount of Xantphos used: 58
ng, 0.1 mol. Base and its anount used: Cs2CO3 (652
ng, 4 mmol ). Amount of 1,4-dioxane used: 5 ni. 20
Property, yield and yield percentage of

4- phenyl sul f anyl ani sole: Pale yellow liquid; yield 311

1H NMR (QD@E SoperiesBtppge 72 %). Devel opnent sol vent in
ash_col um chronmat o ra h Hexane/ et hyl acetate =

7.82 (ffgﬁl =g HavR 300 O} -8 $lzppitlzR5-39- 7442 (el3E), 3R] (dt, 2H, T =
1.8 Hd, 67 Bo)12 bz (s, &I Hz) | 7 13 .24 (m SH), 6.89 (dt, 2H,

130N1MR 2pk 3.81 (s, 3H). 13C NWR (CDO 3,
( ég’%z“@ﬁ&) “o5 139.01, 135.76, 129.33,

5 19713_2184622 13142@ 13 871232 1251 29169% 128090, $88.907 127 F#x aepr.e .7: 30
Production of 4-(4-nmethoxyphenyl)sulfanyl anisole: MO
W s Heating and refluxing time: 8 hours. Aryl halide
Examgl§@: i t s anpunt used: 4-Bronmanisole (250 gL, 2 nmol).
pmduggbnTqujhe@@ isapd its amount used: -35 BY0053

MeO. 4-Aft ho hi ophenol (246 L, 2 mml). Anount of
dba sed: 46 ngy, 0.05 mmol. Anmount of Xant phos
Sel™g , 0.1 nmol. Base and its anmount used: 5
1 - Pr.2NEt . 700 4 mmol ). Anmount of 1, 4-dioxane
10 Heatnffsaélg.“l}lg‘.x % grl?)c’b‘ésrty yield and yiel d percentage of
Arylmlitémﬁetshmxwlumdyl )suI fanyl ani sol e: Pale yellow
[ qw dig4. I j percentage 79 %
vel o rr%tlﬁ?m%g%%% yjfrﬁ%gll)l col uim chr omat ogr aphy: 10
F@W@‘g@tdh?lame@tua@de 5/1. 1H NWR (CDC13, 500 MHz) 6
ppm 7. a?u(ﬁ)gg,olﬁz up, nglo Hz 6 7 Hz), 6.83 (dd, 4H, J
15  Amount toP%Q('Ei%aB use% I)ng 0305 >

Amount of Xantphos used: 58 mg, 0.1 mmol.

BY00353

Base and its amount used:
Cs2C03 (652 mg, 4 mmol).
Amount of 1,4-dioxane used: 5 mL.
20 Property, yield and yield percentage of 4-phenylsulfanylanisole:
Pale yellow liquid; yield 311 mg; vield percentage 72 %.
Development solvent in flash column chromatography:
Hexane/ethyl acetate = 15/1.
IH NMR (500 MHz, DMSO) & ppm:
25 741 (4, 2H, J = 2.1 Hz, 6.8 Hz), 7.13-7.24 (m, 5H), 6.89 (dt, 2H, J = 2.1 Hz, 6.8 Hz), 3.81 (s, 3H).
13C'NMR (CDCl3, 125 MHZ) & ppm:
160.25, 139.01, 135.76, 129.33, 128.64, 126.18, 124.75, 115.40, 55.77.

Example 7:
30  Production of 4- (4—methoxyphenyl)sulfanylamsole

Heating and reﬂuxmg time: 8 hours.
Aryl halide and its amount used:
4-Bromoanisole (250 pl., 2 mmol).

35  Thiol compound and its amount used:
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13C NWR (CDCI 3, 125 MHz) S ppm 158.99, 132.73,
127.45, 114.76, 55.35. 15 Exanple 8: Production of
2-tolyl phenyl sulfide: Ccc Heating and refl uxing
time: 7 hours. 20 Aryl halide and its anount used:
2-Bronotoluene (241 L, 2 mol). Thiol conmpound and
its anmount used: Thi ophenol (205 L, 2 mmol). Anount

of Pd2( dibmi}pBoxisiaebhedd (2, 110 2 @ond1jTO! 23 Amount of
5(;! ] L Base and its anobunt
m&%ﬂ&@hﬁ@byyg%ged ?@‘6‘%0 ob ol Amount of 1, 4-di oxane

used NEt mol ) .
Amepgedf XahtBontsed: SBmgped mymdf 2-tolyl phenyl sul fide: 30

Bmggmﬁmxgb “gdqu|d Devel opnent solvent in flash

col um G 6§H%¢§% Hexane/ et hyl acetate = 15/ 1.

1H NWVR ( @I\%é)“% ppm  7.19-7.29 (m 9H), 2.38
A e 0 Ah0L . 120 45 128 30 127 98,
Pfopfﬂsff%*%d gyl g%efwf%e 9i5!- (%etb%wh@eﬁw%@é@mé&anm e o

Pr oduct IP@i&ye]ﬁonthﬁd]Q'iedxp&S%hgﬁ')ﬂld]&Iﬂﬁﬁmge wdfide: a-- S

and r € tlne 6 hours. Aryl

Dev%glfrh% §Olv Ejlmtfisg‘gﬂacr(r)ouu useg gT%’regm)benzene (211 RL, 2

ol ) . HWWQﬂ“M@N%@Uﬂﬁﬂhnd its anount used:
H{ﬁ&ﬂkgng@pﬁMﬂﬁﬂzﬁmﬁﬁﬁi0| (303 RL, 2 mol). 10 Amount of

gdb ) 3 used mg 05 I
727(dd 21Hz67Hz)6 (dd4HJ 21Hz68Hz)378(36H)

13C NMR (CDCl3, 125 MHz) & ppm:
158.99, 132.73, 127.45, 114.76, 55.35.

Exampie &:
Producticﬁ)n of 2-tolyl phenyl sulfide:
e
4N e
Heating and refluxing time: 7 hours.
Aryl halide and its amount used:
2-Bromotoluene (241 pL, 2 mmol).
Thiol compound and its amount used:
Thiophenol (205 pL, 2 mmol).
Amount of Pdy(dba)3 used: 46 mg, 0.05 mmol.
Amount of Xantphos used: 58 mg, 0.1 mmol.
Base and its amount used:
i-PrpNEt (700 pl, 4 mmol).
Amount of 1,4-dioxane ﬁsed: 4.8 mL.
Property of 2-tolyl phenyl sulfide:
Pale yellow liquid.
Development solvent in flash column chromatography:
Hexane/cthyl acetate = 15/1.
1H NMR (500 MHz, DMSO) & ppm:
7.19-7.29 (m, 9H), 2.38 (s, 3H).
13C NMR (CDCl3, 125 MHz)  ppm:
133.43, 131.01, 130.05, 129.54, 129.48, 128.32, 127.95, 127.57, 127.13, 126.75, 21.00.
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Anmount of Xant phos used: 58 ng, 0.1 mmol. Base and
its anmount used: i-Pr2Net (700 R, 4 mol). Anount of
1, 4-di oxane used: 4.2 nL. 15 Property, yield and yield
per cent age of isopropyl phenyl sulfide: Colorless
liquid;, yield 402 ng; yield percentage 88 %
Devel opnment solvent in flash colunmm chromat ography:
Fbxane/ethyl acetate = 10/1. 1H NWR (CDC13, 500 VHz)

ppm 20 7.11-7.36 (m 9H), 3.56 (hept, I1H J 6.9

, 1.21 (d, 6H, J 6.9 Hz). 13C NWR (CDC13, 125 MHz)

H@dwﬁ@pﬁfzﬁﬁmvﬁﬂﬂwmﬂphgﬁdm&ﬁ@a93 132.50, 129.36, 129.04,
126.58, 126.11, 126.09, 30.64, 23.54. Exanple
25_Froducti on of

-|sopropylphenylsulfanyl) 2-met hyl pyridine: shMe
Ny VE Heating and refluxing tine: 6 hours.

ryl halide and its anmount used:
Hea‘@ge?cgﬁ?ﬁ“@nm% PIBYEi di ne (344 mg, 2 mol). 30 Thi ol
Aryl tglip ads Aftlni dsed:anmount used:  2- | sopr opyl benzenet hi o
(303 RL,, 2 Pd2(dba) 3 used: 46 ny,
0. 05 nnnP“mﬁ%%Jk62Q¢q§§ s used: 58 ng, 0.1 mmol
TmOhsﬁmBMﬂaﬁsuBamnmamﬂdlts anDunt used: i-Pr2NEt (700 Al,

Exa

4 nnnl)zl“) ﬂiﬂ }ﬁ%rcengggg oz o
Aﬂmgﬂ gﬁ&ﬂéﬁ 9ﬁ§HWF%nyI) 2- nethylpyfldlne 5

Amoﬁwbpxérﬁﬁﬁ)shéeausgqn Yiieh#lot43 ny; yield percentage 91 %
el opnment solvent in flash col utm chromat ogr aphy:
Base F iR

ERHY tdacetate = 15/1. 1 H NWR (CDC13, 500 MHz)

S ppm nsl’rzlgﬁr((aoomlﬂ-lmmbl): 2.3 Hz), 7.40 (dt, | H J =
34 (dt, | H'J = 1.4 H, 7.8 He),

!
Am"“}‘tﬁ%r%'dféa"(”sed)i& L 7.21 (dt, 1H, J = 1.4 H, 7.8
Propdrly) yield aBbyidld p@rcénage 2Flsppr@p8 phfvlybpdfidelH, J = 6.9 Hz),

2.52 ( SColg’rwss Iiciltdd?, %rieid 402 mg; yield percentage 88 %.
Development solvent in flash column chromatography:
Hexane/ethyl acetate = 10/1.
1H NMR (CDCl3, 500 MHz) § ppm:
7.11-7.36 (m, 9H), 3.56 (hept, 1H, J = 6.9 Hz), 1.21 (d, 6H, J = 6.9 Hz).
13C NMR (CDCl3, 125 MHz) § ppm:
150.51, 137.37, 133.93, 132.50, 129.36, 129.04, 128.46, 126.58, 126.11, 126.09, 30.64, 23.54.

Example 10:
Production of 5-(2'-isopropylphenylisulfanyl)-2-methylpyridine:

Me Me
»
Me N

Heating and refluxing time: 6 hours.

Heteroaryl halide and its amount used:
5-Bromo-2-methylpyridine (344 mg, 2 mmof).

Thiol compound and its amount used:
2-Isopropylbenzenethiol (303 uL, 2 mmol).

Amount of Pdy(dba)3 used: 46 mg, 0.05 mmol.

Amount of Xantphos used: 58 mg, 0.1 mmol.
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(d, 6H, J = 6.9 Hz). 13C NWR (CDC13, 125 MHz) S ppm
156. 62, 150.29, 149.87, 138.16, 132.90, 132.27,
130.43, 128.40, 126.72, 126.16, 123.62, 30.65, 23.99,
23.49. 15 Exanple 11: Production of
5- phenyl sul fanyl i ndol e: at? Heating and refl uxing
time: 6 hours. 20 Heteroaryl halide and its anount
Basqmpdds am&uBpsgrdoi ndol e (392 gL, 2 mmol). Thiol conpound
and its;2pBuRt700$€d mmdifli ophenol (205 L, 2 mmol ).
Amount of Pd2(dba)3 used: 46 ng, 0.05 mmol. 25 Anount
Amaypt ofd drdiergae w0 BB g, 0.1 mmol. Base and its

Propafif yitld 448 §ftld ﬂer&gﬁtggﬁf SC(quog%pyIﬁeﬂ?mif_)myl)—ﬁﬁ@ﬁﬂ?ﬁjyl@éine:

1, 4-di oxa %Vu§ed; .0 nm. Property, yield and yield

per cent é@@r &t ‘§9lﬂh3éﬂ8ﬁ§%’ln&a‘ﬁ§}ﬁ PHENAEE 9500-\Whi t e sol i d;
Devgloratett sbBontrig flashi celuthnprcearizapRy: 90 % . Devel opme?t o

I t ol | unn .chr omat ogr aphy: Hexane/ et hy

ccetal efﬂgﬁi‘yf@&h‘%ﬁ‘tﬂi_ﬁgﬂpoi nt: 98C 99C. 1H NMR ( CDCL3,
IHI@%(W@& 5§00 o3pmg_ 18 (bs, 1H), 7.85 (d, 1H, J = 0.8
839 )1, =33 g&ggﬁio((gﬂatﬁ,?)mzl 5&%{ 7 Héﬁ Kémdﬁ?i 5 1-.91571%?.8'%), 7.26-7.29 (m,
LH), %@%S)Hhéé lw\ﬂz’%@ﬁlﬂa?-oﬂrw 2D S Sohertal B 6PHz), 2.52 (s, 3H), 1.22
(d, 6HI36= §8HZ)129. 31, 129. 23, 128. 64, 128. 14, / 1I27.c;|7, c

. Example 12: | ~ S

IBC%EE%:%%S?@ZP%%{HQ ti g: 8 hours. Aryl halide and
156.62t 5502901498 7uE8d6, BR2opiBreZersd .40 2108.40, 12, 7m1de) 16, 123.62, 30.65, 23.99,
23.49.

Example 11:
Production of 5-phenylsulfanylindole:

Shee

Heating and refluxing time: 6 hours.
Heteroaryl halide and its amount used:
| 5-Bromoindole (392 pL, 2 mmol).
Thiol compound and its amount used:
Thiophenol (205 pL, 2 mmol).
Amount of Pdp(dba)3 used: 46 mg, 0.05 mmol.
Amount of Xantphos used: 58 mg, 0.1 mmol.
Base and its amount used:
i-PraNEt (700 pl, 4 mmol).
Amount of 1,4-dioxane used: 8.0 mL.
Property, yield and yield percentage of 5-phenylsulfanylindole:
White solid; yield 405 mg; yield percentage 90 %.
Development solvent in flash column chromatography:
Hexane/ethyl acetate = 10/1.
Melting point: 98°C-99°C.
1H NMR (CDCl3, 500 MHz)  ppm:
8.18 (bs, 1H), 7.85 (d, 1H, J = 0.8 Hz), 7.31-7.36 (m, 2H), 7.15-7.23 (m, 5H), 7.07-7.11 (m, 1H), 6.53
(dd, 11, T = 0.8 Hz, 2.1 Hz). |
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Thi el conpound and its anmount used: 10 4- Mercaptothio
(252 nmg, 2 mmol). Anmount of Pd2(dba)3 used: 46 ny,
0.05 nmol . Amount of Xant phos used: 58 ng, 0.1 mol.
Base and its anobunt used: i-Pr2Net (700 |, 4 mmol).

15 Amount of 1, 4-di oxane used: 4.2 nL. Property, yield
and yield percentage of 4-phenyl sul fanyl phenol:

IBCI\@gkm]begslg]ym@cgppm eld 356 ng; yield percentage 88 %
solvent in flash colum chronat ography:

8.140. %%éﬁ@g eltzPr;“?l 132é3.deeo% 12814, 127.70 12570NRS- ét@@ls 500
M—Iz)Sppm736(dt 2H, J = 2.1 Hz, 6.7 Hz),
. 1 725(m 2H), 7.12-7.18 (m 311), 6.81 (dt, 2H, J
Xaml”’ .7 Hz), 5.18 (bs, 1H). 13C NMR (CDC13, 125
pn1 155. 81, 138.36, 135.49, 128.96, 128. 35,
2 \88 124.66, 116.49. 25 Exanple 13: Production of
3 c cI ohexyl phenyl sulfide: Heating and refl uxing
Heatingjapgreflu@npbwe:st houB0 Aryl halide and its anmpount used:

mlhﬁﬁ&tgg@gpm&&&é&l L, 2 mmol). Thiol conpound and its
anount used Cycl ohexgl mercaptan (245 L, 2 mmol).

Armount B&?mqbﬁlﬂ(e%@)‘?,”h o6 my, 0.05 mmol. 35 Anpunt
Thiol &mpSaid A OS ams@fused8 ny, 0.1 mmol. -39 BY0053 Base and
its a t us Pr2NEt (/00 |, 4 nmmol). Anmount of
A d:‘fgig??‘éap %@(h%ﬁg’ﬁm&?operty yield and yield
Amou@@f@éﬂ(ﬂla@g}au@ﬁ 4yad, 696 xyolphenyl sul fide: 5 Col orl ess
Amomltsec@k:al%ghc%l ?’.’.mg’n@m% el d percentage 80 %

Iash col um chr omat ogr aphy:
Baseané»tamquetwﬂ acetate= 10/1. 1H NWMR (CDC13, 500 MHz) S
pPM  i-ProNEt (700 pl, 4 mmol).
15 Amount of 1,4-dioxane used: 4.2 mL.

Property, yield and yield percentage of 4-phenylsulfanylphenol:

BY0053

Colorless liquid; yield 356 mg; yield percentage 88 %.
Development solvent in flash column chromatography:
Hexane/ethyl acetate = 10/1.
20 1H NMR (CDCl3, 500 MHz) & ppm:
7.36 (dt, 2H, T =2.1 Hz, 6.7 Hz}), 7.22-7.25 (m, 2H), 7.12-7.18 (m, 3H), 6.81 (dt, 2H, J = 2.1 Hz, 6.7 Hz),
5.18 (bs, 1H).
13C NMR (CDCl3, 125 MHz) & ppm:
155.81, 138.36, 135.49, 128.96, 128.35, 125.88, 124.66, 116.49.
25
Example 13:
Production of cyclohexyl phenyl sulfide:

ST
Heating and refluxing time: 13 hours.
30  Aryl halide and its amount used:
Bromobenzene (211 pL, 2 mmol).
Thiol compound and its amount used:
Cyclohexylmercaptan (245 pl., 2 mmol).
Arpount of Pdy(dba)3 used: 46 mg, 0.05 mmol.

35  Amount of Xantphos used: 58 mg, 0.1 mmol.
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7.38-7.40 (m 2H), 7.26-7.29 (m 2H), 7.19-7.22 (m

1H), 3.07-3.13 (m 1H), 1.97-2.00 (m 2H), 1.75- 10

1.79 (m 2H), 1.60-1.63 (in, 1H), 1.23-1.41 (m 5H).

13C NWR (CDC13, 125 MHz) S ppm 135.58, 132.27,

129. 13, 126.97, 46.98, 33.75, 26.46, 26.17. Exanple

14: 15 Production of benzyl phenyl sulfide: Heating
Baseoand its ethbumxiigeg: ti nme: 8 hours. Aryl halide and its

amount  usetic: Boewplengane (211 L, 2 mmol). 20 Thi ol
conpound and its anopunt’ used: Benzyl mer captan (235 L,

Amopniafd [4ydiosappesad: 49X mPd2( dba) 3 used: 46 ng, 0.05 nmol .
PropSRYRd L yMe%&ﬁ%é&%gelolﬁ;%{lr%mg@Sﬁﬁm| Base and

its anmoynf used 4 mol ). Anount
of 1, 4- {PKerdayidetcld 30Hmg, yiel P@ﬁ%’r‘ftgﬁgoy’q eld and yield

Dev@@’nﬁbﬁfﬁoa@ﬁ i0 fladhebrytn chivadgraphy:f i de:  Yel | ow sol i d;

yield 3 i el d percentage 92 % Devel oprent
sol vent ﬁsx n?@&i’hac ! tI‘zuﬁé‘i)g;lchr omat ogr aphy: 30

HW&&%‘F&WMH@&@% 15/1. Melting point: 40C 41 C.

73837'2!0341}@[() 309 Q%ng%&%gﬂ‘lg% ﬁ}z; @11({?2 9??‘30 (m, 2D), 1.75-
179&%72@91 601 @elHiée?3216 1(ppgH25, 128. 90, 127 59,
13CNB@1(ZE)CI§92&MHz)SéﬁnBY0053 Exanpl e 15: Production of

rid | fide: N OS\ Heating
135. %ﬂgﬁq@f F?[?XII% gzng?n%g BSBSE&FE% 14 yl halide and its
amount used: Bronobenzene (211 L, 2 mol). Thiol

Exarrﬁ) pound and its ampunt used: 4- Pyri di net hanet hi ol
dro

chloride (351 ng, 2 mmol).
Production of benzyl phenyl sulfide:

g

Heating and refluxing time: 8 hours.

Aryl halide and its amount used:
Bromobenzene (211 pL, 2 mmot).

Thiol compound and its amount used:
Benzylmercaptan (235 pl, 2 mmol).

Amount of Pdo(dba)3 used: 46 mg, 0.05 mmol.

Amount of Xantphos used: 58 mg, 0.1 mmol.

Base and its amount used:
i-ProNEt (700 pl, 4 mmol).

Amount of 1,4-dioxane used: 4.2 mL.

Property, yicld and yield percentage of benzyl phenyl sulfide:
Yellow solid; yield 368 mg; yield percentage 92 %.

Development solvent in flash column chromatography:
Hexane/ethyl acetate = 15/1.

Melting point: 40°C-41°C,

1H NMR (CDCl3, 500 MHz) 3 ppm:

7.16-7.31 (m, 10H), 4.10 (s, 2H).

13C NMR (CDCl3, 500 MHz) § ppm:

137.89, 136.80, 130.26, 129.25, 128.90, 127.59, 126.76, 39.48.
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Amount of Pd2(dba)3 used: 46 ng, 0.05 mmol. 10 Anount

of Xantphos used: 58 ng, 0.1 mml. Base and its

anount used: i-Pr2Net (1.05 nmL, 6 nmmol). Anount of

1, 4-di oxane used: 4.2 nL. Property, yield and yield

percent age of phenyl 2-(4-pyridyl)ethyl sulfide: 15

Pale yellow liquid; yield 396 ny; yield percentage 92
Emﬁ@blﬁevelopnent solvent in flash colum

I / et acetate = 5/1. 1H NMWR
n%tg @wﬂiﬁ%ﬁﬁq ‘8“%%1 1H, J = 1.6 Hz), 8.50
, 1.6 Hz), 729737(m 4H), 7.20-7.23 (m
,2HJ:2060HZ)317(dt,2H,J:
) 2.91 (dt, 2H, J = 7.3 Hz, 8.0 Hz).
Hea&%%“ﬂlﬁ?“(‘ s 6 h9s \tp) 8 ppm  150. 28, 149. 26,
Aryﬂl&ﬁd@&dﬂBﬁioﬂrRuseﬁZQ 46 126.87, 124.29, 35.23, 34.52.
Exanpl e gl ﬁﬂ on of)2 et hyl hexyl
3- phenylde? oploha O SI1 0 Heating and
Thlqiefpmmndlgldtltsmemuﬁwams Aryl hal i de and its anount
used: BrONRRRBEERG &mk‘»’wl]}o/ﬁé@? )ng 2 ot} Ni 0l conpound

unt ed: mer capt opr opi onat e
Am‘t“&@‘%ff’td (B3 s ‘Fﬁs Pd2( dba) 3 used: 46 ny,

m@%mh@smg@hﬁblmlphos used: 58 ng, 0.1 mmol.
Base and its amount used: 35 i-Pr2NEt (700 gL, 4

Bas 5 amoupt U840053 Amopunt of 1, 4- di oxane used: 4.2 ni.
PropertyPUQE%Kbﬂ%mb qingiol. per cent age of 2- et hyl hexyl

ionate: Colorless liquid; yield
Amoglﬂ JHU:YAR%&%% %%% oF CI%E

yie entage 88 % Devel opnent sol vent in
Propeita geldast wiekl refreptane ofghami P-4 Hysilbtel sulfides NVR ( CDCL3,

500 N;E);%l@ AR i @gle?d % ngglyna?d“{}erceﬁtagelgi%zs (m7 Ele)
Dev%op_{n;ent @gfentzmﬂash column chromatograp y: )

Hexane/ethyl acetate = 5/1.
IH NMR (CDCl3, 500 MHz) & ppm:
8.51(d, 1H, J= 1.6 Hz), 8.50 (d, 1H, J = 1.6 Hz), 7.29-7.37 (m, 4H), 7.20-7.23 (m, 1H), 7.11 (d, 2H, ] =
6.0 Hz), 3.17 (dt, 2H, J = 7.3 Hz, 8.0 Hz), 2.91 (dt, 24, J = 7.3 Hz, 8.0 Hz).
13C NMR (CDCl3, 125 MH7) § ppm:

150.28, 149.26, 135.98, 130.17, 129.46, 126.87, 124.29, 35.23, 34.52.

Example 16:
Production of 2-ethylhexyl 3-phenylsulfanylpropionate:

Q/\)LACA

Heating and refluxing time: 6 hours.
Aryl halide and its amount used:
Bromobenzene (211 pL, 2 mmol).
Thiol compound and its amount used:
2-Ethylhexyl 3-mercaptopropionate (460 uL, 2 mmol).
Amount of Pdp(dba)3 used: 46 mg, 0.05 mmol.
Amount of Xantphos used: 58 mg, 0.1 mmol.

Base and its amount used;
i-ProNEt (700 pL, 4 mmol).
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J =4.3 Hz, 7.4 Hz), 2.63 (dd, 2H, J = 4.3 Hz, 7.4

Hz), 1.57 (m 1H), 1.36 (m 2H), 1.30 (m 6H), O0.87-

0.90 (m 6H). 10 13C NWR (CDC13, 125 MHz) 8 ppm

171.92, 135.32, 130.07, 129.02, 126.54, 67.21, 38.73,

34.49, 30.41, 29.14, 28.92, 23.79, 22.97, 14.05,

11. 00. Exanple 17: 15 Production of
Amobnt(of 1 petidanyiednzyl Ul f anyl ) - 2- met hyI pyridine: Owe S

nd refl hal i de
Propf':\%d yl.e[de a%Ei %gﬁi rﬁ%rcenta%e féx %Qﬁhexyg?%lgpﬂsﬁg@})rgpmn%? ‘344 In‘g’
2 mmol ) Cologess Tinwd] vidd mpdumsdyidd dercetagaidbint used:

Deve%g%htgramh@ﬁxdh%ruﬁama Gy, 2 mmol). Amount of
dba) 3 used: 46 Anmount of Xant phos

used 58°FS 0. 1 rmDI Base and its anpbunt used: 25
1H NMR(CONMEL, {0P0QHL),5 pprrmol ) . Amount  of 1, 4-di oxane used:

735338 o rDnia e et Ty 25 B ARGy B o, 17 s om

J=48dl3, 84 He),&l63 (dd, 2Hiv)= 4B 164, 0408 Cleft (ag €HB 3. 3%(m, 2H), 1.30 (m, 6H), 0.87-
opment solvent in flash colum chromat ography:
13 % e/ etgﬁ{ Scet ate = 2/1. Melting point: 59C 60C.
C BOOPWHz) S ppm 8.41 (d, 1H, J = 2.2

171. 9‘2233523%@) 0(70'139 O]2|i:|1|22)6154—6’2214 (3!#273 33.43, jdzd)l; 297 141§8 b,@'tzs 73 Fﬁz 97,1405,

1100(o|t 2H, J:ZOHZ 6.7 Hz), 400(s 211) 378(3
2.51 (s, 3H). 35 13C NMR (CDC13, 125 MHz) S ppm
Exa g%l BY0053 159. 25, 157.34, 151.78, 139.85, 130. 37,
mp 56 123.59, 114.34, 55.64, 39.81, 24.42. Exanple
Prodik8on ﬁb@umtthmb@&ylsulfanyl) 2-methylpyridine:
2- net hyl pféet hyl sul fanyl pyridine: 5 Me N Heating

and kef | ng time: 6 hours.
i)

Me N
Heating and refluxing time: 7 hours.

Aryl halide and its amount used:
5-Bromo-2-methylpyridine (344 mg, 2 mmol).
Thiol compound and its amount used:
4-Methoxyphenylmercaptan (279 puL, 2 mmoi).
Amount of Pdp(dba)3 used: 46 mg, 0.05 mmol.
Amount of Xantphos used: 58 mg, 0.1 mmol.
Base and its amount used:
i-PrpNEt (700 pL, 4 mmol).
Amount of 1 4-dioxane used: 13.8 mL.
Property, yvield and yield percentage of 5-(4-methoxybenzylsulfanyl)-2-methylpyridine:
White solid; yield 417 mg; yield percentage 85 %.
Development solvent in flash column chromatography:
Hexane/ethyl acetate = 2/1.
Melting point: 59°C-60°C.
1H NMR (CDCl3, 500 MHz) 8 ppm:
8.41(d, 1H, J=2.2 Hz), 7.45 (dt, 1H, J=2.4 Hz, 8.1 Hz), 7.13 (dt, 2H, = 2.0 Hz, 6.7 Hz), 702(d 1H,7J
= 8.1 Hz), 6.80 (dt, 2H, J = 2.0 Hz, 6.7 Hz), 4.00 (s, 2H), 3.78 (s, 3H), 251 (s, 3H). '

13C NMR (CDCl3, 125 MHz) & ppm:
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Aryl halide and its anount used:

5-Brono-2-net hyl pyridine (344 ng, 2 mol). Thio

conmpound and its anount used: 10 Benzenet hanet hi o

(268 L, 2 mmol). Anmount. of Pd2(dba)3 used: 46 ny,

0.05 mmol .  Anount of Xant phos used: 58 ng, 0.1 nmol.

Base and its anmount used: i-Pr2NEt (700 L, 4 nmol).
159.25 35 Ao UAL. 70 f139.8%-180.0% dA2 S d@859,6.19.34155 6Py Brr 2442.yi el d

and yi el d percentage of

2- et hyl - 5- phenet hyl sul f anyl pyri di ne: Pale yell ow
Example 48ii d; yield 381 ny; yield percentage 83 %

Produ@i%‘ﬁ%fmﬁ[@ﬂfﬂf!—S%ﬁéﬂéﬂlﬁ}Isullﬁfhyf ife:cOl uMm chr onat ogr aphy:

acetate = 1. 20 1 H NWR (CDC13, 500
1) 6pp 50(d 1H, J = 2.3 Hz), 7.57 (dt, 1H J
5 7.29 (dd, 2H, J = 7.1 Hz, 7.6 Hz),
—12Hz 7.6 Hz), 7.17 (dd, 2H J =

Hea““% %‘?ﬁ?‘d““’%g%mﬁzf) U 08 (d, IH, J = 8.1 H), 3.12 (dd,

Aryl blide agd its gingmised: 81 Hz), 2.89 (dd, 2H, J = 7.5 M,
8.1 Hz}.préme3 methyl Sy‘fﬂimeg} nwﬁ 13, 125 MHz) 6 ppm

25 156, 61 150 0y 144 T '129. 52, 128. 55,

Thiol cpppoend and jtg ameunt ysed: 33, 36. 06, 35.78, 23.98. Exanpl e
10 19: Pr pauehdienetafol GoBi Umh@){)yl phenyl sulfide: 2N ~
Anmm§ FF%ﬁd gmquo(ﬁ i ng time: 7 hours. Aryl

BY(053

& ampunt. used: 4- Nitrobenzene
Anmmnmfxmuﬂmmmmﬁmamegulf@mﬂﬂe (542 ng, 2 mmol ). Thiol

its anount used: Thiophenol (205 L, 2
mea&@ﬂ$§ q@%g%nount of Pd2(dba)3 used: 46 ngy, O. 05 nmol .
- 43 BYOPEYERSY tiHt- bmmRhint phos used: 58 ny, 0.1 nmol .

15 Amouz@%?ﬂ%ﬂﬂaﬁéxﬁe@'@%ﬁi used: "PerEt (700 L, 4 mmol).
unt of. 1,4-di oxane used: .. 5 Pro perty, yield

Pfope%&ewgqi Heldenercspipass 2dﬂetwlﬁrnhﬁ@%hvéfrﬂfﬁﬂw - sul fide:

Pale yellow liquid; yield 381 mg; yield percentage 83 %.
Development solvent in flash column chromatography:
: Hexane/ethyl acetate = 5/1.
20 1HNMR (CDCl3, 500 MHz) 8 ppm:
- 8.50 (d, 1H, J =2.3 Hz), 7.57 (dt, 1H, Y =2.4 Hz, 8.1 Hz), 7.29 (dd, 2H, ] = 7.1 Hz, 7.6 Hz), 7.22 (dt, 1H,
J=12Hz, 7.6 Hz), 7.17 (dd, 2H, J = 1.2 Hz, 7.1 Hz), 7.08 (d, IH, I=8.1 Hz),3.12 (dd, 2H,J=7.5 Hz,
8.1 Hz), 2.89 (dd, 2H, J = 7.5 Hz, 8.1 Hz), 2.53 (s, 3H).
13C NMR (CDCl3, 125 MHz) & ppm:
25 156.61,150.62, 139.78, 138.53, 129.52, 128.55, 128.51, 126.55, 123.38, 36.06, 35.78, 23.98.

 Example 19:
- Production of 4-nitrophenyl phenyl sulfide:

peue

30  Heating and refluxing time: 7 hours.
Aryl sulfonate and its amount uséd:
4-Nitrobenzene trifluoromethanesulfonate (542 mg, 2 mmol).
Thiol compound and its amount used:
Thiopheno! (205 plL, 2 mmol).
35 - Amount of Pdp(dba)3 used: 46 mg, 0.05 mmol.
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Meltln

Pal e yell ow solid; yield 425 ng; yield percentage 92
% Devel opnent solvent in flash colum

chr omat ogr aphy: Hexane/ ethyl acetate = 10/1. Melting
poi nt: 54C-55C. 10 1 H NWR (CDC13, 500 MHz) S ppm
8.06 (dt, 2H, J = 2.0 Hz, 7.0 Hz), 7.53-7.55 (m 2H),
7.46 (d, 2H, J = 2.4 Hz), 7.45 (d, 1H, J = 1.0 Hz),

Amouht d8X{ntlhos @deki: 5§ riig, B.1Gnk®, 7.0 Hz). 13C NMR (CDC13, 125
B h@zg S Brﬁm [148.90, 145,78, 135.15, 130.88, 130.44,
WCHEITFPOMIF11, 124.44. 15 Exanple 20: Production of

4-t ol yII'Pr!iIi‘éEi)(VOOs@P flingaol). Me | / S\ Heating and
Aman%h%hlega (aluggg llg’l?'smpours 20 Aryl sulfonate and its

anount use trifluoronmethanesul fonate (358 L,
Propegty,rpiiddl ynd vietéh pgpen@@np%moamyi nbendwllide: used:

Thi ophgngl ﬁ&@&liﬂ 81drm9 HBLagRf92Rg2( dba) 3 used:
ge ;yl %’leﬂ?QXan?%hos used: 58 ny,

Develepf&&ﬁﬁ%veﬂt mé%@caéw ?llf%m%fﬂ%”éﬁhy used: i-Pr2NEt (700 L,
4 ol )Hexasitihbcetrte 41044 di oxane used: 7.2 niL.

Pro Yo ¥deld and yield percentage of 4-tolyl phenyl
n%a§4céécgale yellow oil; yield 316 ng; yield

IHNl}ﬂgr(@Qﬁ:ﬂi'aé@)Wz%PPﬂDevel opment solvent in flash col um

h / 5/ _
8.06 (&Sm’ﬂiﬂi 9@%{%%1{@"‘%99%5%'{)‘2}?) @Q&E‘Eﬁ)r 24%{62) 743 @'ﬁ[ J=1.0 Hz),
718 ¢( J=3 His%g)ﬁm (CDC13, 125 MHz) S ppm 137 52,
13CI\11/HB((918C131I3221\®H2)8];$311 20, 130. 10, 129 68 128. 89,

148. 9%%%@%}?3%??9%1?{?’4?@(%”? BX3[mLg 21 Production of

Example 20:
Production of 4-tolyl phenyl sulfide:

R

Heating and refluxing time: 15 hours.
Aryl sulfonate and its amount used:
4-Toly! trifluoromethanesulfonate (358 pl., 2 mmol).
Thiol compound and its amount used:
Thiophenol (205 pl., 2 mmol).
Amount of Pdy(dba}3 used: 46 mg, 0.05 mmol.
Amount of Xantphos used: 58 mg, 0.1 mmol.
Base and its amount used:
i-PrpNEt (700 pL, 4 mmol).
Amount of 1,4-dioxane used: 7.2 mL.
Property, vield and yield percentage of 4-tolyl phenyl sulfide:
Pale yellow oil; yield 316 mg; yield percentage 79 %.
Development solvent in flash colamn chromatography:
Hexane/ethyl acetate = 5/1.
1H NMR (500 MHz) & ppm:
7.45-6.90 (m, Ar-H), 2.26 (s, 3H, CH3).
I3C NMR (CDCl3, 125 MHz) 3 ppm:

137.52, 136.98, 132.09, 131.20, 130.10, 129.68, 128.89, 126.33, 21.05.
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5 Heating and refluxing time: 6 hours. Aryl sulfonate
BY0053 and its anount used: Benzene trifluorosul fonate (324
gL, 2 mmol). Thiel conmpound and its anount used:
Thi ophenol (205 gL, 2 mmol). 10 Anount of Pd2(dba)3
used: 46 ngy, 0.05 mmol. Amount of Xantphos used: 58
mg, 0.1 mmol. Base and its anmount used: i-Pr2Net (700
gL, 4 mol). Anmount of 1, 4-dioxane used: 6.5 nL. 15
rty, yield and yield percentage of diphenyl
Exagh@BETLY Ll ol eos liquid; yield 335 my; vield
l%mb@%@eﬁﬂ&gangaﬂﬂ&x Devel opnent solvent in flash col um
hro graphy: Hexane. |H NWR (CDC13, 500 MHz) S
m 7.21-7.35 (m 10H). 13C NWR (CDCI 3, 125 MHz)
S fpm™~ 136.21, 131.46, 129.60, 127.45. Exanple 22:
5 Healdig did oclliging Gimeod hdurpapht hyl phenyl sulfide: i 1 S

i,bhg time: 7 hours. Aryl sulfonate
AryI'jﬁgI)AaEEganaqg ar('l?ljnt Hs)gg 1- Napht hy! _
tri f | uvodfsneohaifbewsilomated334Q93 2gumol2 nmol ). 30 Thi el

Thuﬁggﬂgﬂagm@ngah&al% nt used: Thiophenol (205 gL, 2
Anount of Pd2(dba)3 used: 46 ng, 0.05 mmol .

AnDunt diiorbFrebF8S 1ise™o88 ny, 0.1 mol. Base and
10 Amduhisof Rdpidhbd)3 u&ddﬁlémgﬁ)(B\fﬁlﬁﬁB i-Pr2NEt (700.iL, 4 nmol).

oxa d 7.9 nm.. Property, yield
Amoé’ﬁtooq?{a@p OSp‘EF‘Egh -napht hyl phenyl sul fide:

BaseGal as hesisit hiedui d; yleld 435 ng; yield percentage 92 %
i-PraNEt (700 pL, 4 mmol).
Amount of 1,4-dioxane used: 6.5 mL.
15  Property, yield and yield Iﬁercentage of diphenyl sulfide:
Colorless lignid; yield 335 mg; yield percentage 90 %.
Development solvent in flash column chromatography:
Hexane.
LH NMR (CDCl3, 500 MHz) & ppm:
20 7.21-7.35 (i, 10H).
13C NMR (CDCl3, 125 MHz) § ppr:

136.21, 131.46, 129.60, 127.45.

Example 22:
25  Production of 1-naphthyl phenyl sulfide:

S

Heating and refluxing time: 7 hours.

Aryl sulfonate and its amount used:
_ 1-Naphthy! trifluoromethanesulfonate (393 ptL, 2 mmol).
30 Thiol compound and its amount used:

_ Thiophenol (205 pL, 2 mmol).

Amount of Pdy(dba)3 used: 46 mg, 0.05 mmol.

Amount of Xantphos used: 58 mg, 0.1 mmol.

‘Base and its amount used:
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5 Devel opnent solvent in flash colum chromat ography:
Hexane. |H NWR (500 WHz) 8 ppm 8.37-8.39 (in, IH),
7.83-7.87 (m 2H), 7.66 (dt, IH J =1.1 Hz, 7.2 Hz),
7.49-7.52 (m 2H), 7.41 (dd, IH, J =7.2 Hz, 8.2 Hz),
7.14-7.22 (m 5H). 10 13C NMWR (CDC13, 125 MHz) S ppm
137.35, 134.66, 134.02, 132.98, 131.66, 129.63,

129. 50, i-H2ZQEA%00 3284 B8o1)127. 37, 126. 85, 126. 55,
126. 06, Exanple 23: 15 Production of

126, 25, . :
Amoynt b fdieykeensd ddiMlanyl ani sole: Me0 S Heating and
Propérs{ j(iblmiaﬂngyiblidrlmrberl@;hﬁ Wnﬁphth)ff\bﬂényfﬁsiﬂﬁ(ﬁn at ehand i It fs

amount ed: 4- Met enyl .trifluor t hanesul f onat e

(565", C9%kss e B BNttt bSO [ amount
Develpgmgnt s3lvem phidasb kol(@0 8hroma@grapigl: ) . Anount of Pd2(dba) 3

used: e)HHE[' 0.05 mmol . Anpunt of Xantphos used: 58

, 0.1 nmmol. Base and its anmount used: 25 Cs2CO3

IHN%@OWHQSWJ). Amount of 1, 4-di oxane used: 7.2 ni.
8.37-E800HY, 7.05 Bt neh) Vil (&, PRI e nh @9537.9?]2?, 7.49-7.52 (m, 2H), 7.41 (dd, 1H,

i - : i ) ’
1= 7 S I 4Tty aont age. 62 o - bovel opment <
130§MR\i6B/C13, Mﬂl‘Méfzh? mﬂl:ur_m chr omat ogr aphy: 30 )
137.35‘,21’%%3,_ 1}%.'6%, dlt?’?gg’l—ﬁtl %sglzéz%é,%ﬁg;sﬁ;z%'.%@g% % @%@gﬁﬁss 126.25,

126.06H), 6.89 (dt, 2H, J = 6.8 Hz, 2.1 Hz), 3.81 (s, 3H).
13C NWR (CDC13, 125 WMHz) S ppm 160. 25, 139.01,
135. 76, 129.33, 128.64, 126.18, 124.75, 115.40, 55.77.
Examgls 285 anpl e 24: - 46 BY0053 Production of 4-nitrophenyl

Produdh@ibfl4-sethdxiypl@nyls@ &bl iknisolé:

aeve

Heating and refluxing time: 15 hours.
Aryl sulfonate and its amount used:
4-Methoxyphenyl trifluoromethanesulfonate (362 pL, 2 mmol).
Thiol compound and its amount used:
Thiophenol (205 pL., 2 mmol).
Amount of Pd2(dba)3 used: 46 mg, 0.05 mmol.
Amount of Xantphos used: 58 mg, 0.1 mmol.
Base and its amount used:
Cs2C03 (652 mg, 4 mmol).
Amount of 1,4-dioxane used: 7.2 mL.
Property, yield and yield percentage of 4-methoxyphenylsulfanylanisole:
Pale yellow liquid; yield 268 mg; yield percentage 62 %.
Development solvent in flash column chromatography:
Hexane/ethyl acetate = 15/1.
1H NMR (500 MHz, DMSO) § ppm:
7.41 (dt, 2H, J = 6.8 Hz, 2.1 Hz), 7.13-7.24 (m, 5H), 6.89 (dt, 2H, T = 6.8 Hz, 2.1 Hz), 3.81 (s, 3H).
13C NMR (CDCl3, 125 MHz) § ppm: .
160.25, 139.01, 135.76, 129.33, 128.64, 126.18, 124.75, 115.40, 55.77.

‘Example 24:
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/ S\ Heating and refluxing tinme: 13 hours. Aryl
BY0053 halide and its anobunt used: 5 4-Nitrochl orobenzene
(315 ng, 2 nmmol). Thiel conpound and its anmount used:
Thi ophenol (205 L, 2 nmol). Anount of Pd2(dba)3 used:
46 rTg, 0.05 nmmol .  Anmount of Xant phos used: 58 ng, 0.1
10 Base and its anmount used: Cs2CO83 (652 ng, 4
Prodﬁﬂﬁin)of4-nﬂmpumy1@fenﬂl,sélfdeoxane used: 6.3 L. Property,
OzN e . an vi el d percentage of 4-nitrophenyl phenyl
al e yellow solid; yield 425 ng; yield
S 892 % 15 Devel opnent solvent in flash
I y. Hexane/ethyl acetate = 10/1.
Heatﬁ}%aiimﬂmﬁg SRR TR (CDC13, 500 Mz) S ppm
Aryl l@}@apgttsargwntgseg 7.0 Hz, 2.0 Hz), 7 53 7 55 (m 2H),
5 7.46 (dg. I\a{ﬂach{]ort?oegzé‘le;ﬁ)&m 724{5110(1}:' = 1.0 Hz),
EO 7.18 ( t 13C NMR ( CDCL13,
Thiok esunnpjupd ang its gmpunt #gedn . 145, 78 135 15, 130. 88,
130. 44, ThidPhdddl (2021L, PlmmdB4. 44. Exanple 25: 25
' Arend | 2-isopropyl phenyl sulfide:
Amo%%ﬁlﬁ?&%(ﬂ%?? Q%d\%mrﬁll\%é%%%%ati ng and refluxing time: 8
Amohgipf éiantpmsyﬂsedwﬁ inged. hmdhol.t s amount used:
enzene (315 ng, 2 mmol ). 30 Thi el

10 Base%n&m & b
conpoun ﬁ?&ﬁ $ unt1 used: 2-1sopropyl benzenet hi ol
(303 L, &2 ? e BRE Do f Pd2(dba) 3 used: 46 mg, O.05

Amomlfmcﬁmmse@fﬁ%ant phos used: 58 ng, 0.1 nmol. Base

nt used: -47 BY0053
Property, ylefd angl yield percentage of 4-nitrophenyl phenyl sulfide:

Pale yellow solid; yield 425 mg; vield percentage 92 %.
15  Development solvent in flash column chromatography:
Hexane/ethyl acetate = 10/1.
Melting point: 54°C-55°C.
13 NMR (CDCI3, 500 MHz) § ppm:
8.06 (dt, 2H, J = 7.0 Hz, 2.0 Hz), 7.53-7.55 (m, 2H), 7.46 (d, 2H, J = 2.4 Hz), 7.45 (d, 1H, J = 1.0 Hz),
20 7.18 (dt, 2H, J = 7.0 Hz, 2.0 Hz). '
13C NMR (CDCl3, 125 MHz) 8 ppm:

148.90, 145.78, 135.15, 130.88, 130.44, 130.07, 127.11, 124.44.

Example 25:
25  Production of 4-nitrophenyl 2-isopropylphenyl sulfide:

02N \©\
° ;
Me Me

Heating and refluxing time: § hours.
Aryl halide and its amount used:
4-Nitrochlorobenzene (315 mg, 2 mmol).
30  Thiol compound and its amount used:
2-Isopropylbenzenethiol (303 plL, 2 mmol).
Amount of Pdz{dba)3 used: 46 mg, 0.05 mmol.
Amount of Xantphos used: 58 mg, 0.1 mmol.

~ Base and its amount used:
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C52C33 (652 ny, 4 nmol). Anount of 1, 4-dioxane used:
Y0053 6.3 nL. Property, yield and yield percent age of
4-ni trophenyl 2-isopropyl phenyl sulfide: Pale yellow
solid; yield 410 nyg; yield percentage 75 % 5
Devel opnent sol vent in flash col umm chromat ogr aphy:
Hexane/ ethyl acetate = 5/1. Melting point: 91'CG92'C
H NI\/R(Is§OOgMﬂ2)mg$4amm) 8.03-8.06 (m 2H), 7.50-7.54
7. 46- m 2H), 7.25-7.28 (in, IH),
m@%‘@%}sxa@ﬁwé Smi. 47 10 (hept, 1 H, J = 6.9 Hz),
Propkrtt, Sridl€landGlitld %ei'gen@f9 oﬁﬁﬁroﬂl&ﬁyl%ﬁ;ml Syl %ﬂﬁc:l[d;/gt é 5 S
ppm 15
127. 73, %’f%ﬂ’eli‘it” SO@ 5"5‘%%{)‘15‘& ﬂégpﬁ":‘%ﬁ%f Exanpl e
5 Devaépm%sc}l’vendmdlas}owlm Quabdtydripdyy |
: 3- phenyI}Ee%I{e %{eglm.omt e: OO Heating and refl uxing

time: 6 hours. sul fonate and its anmount used:
Mel'B@’Pﬁeﬁe‘?lf@ﬁ?‘inoronet hanesul fonate (324 L, 2 nmml). 20
1 NR bommﬂgﬂ and its anmount used: 2-Et hyI hexyl

5035 g0 e A B0 9 el Y 46T ab Pk o (oL - . 210, .47

10 (hethSHdJ 63 HY,1.18.(4, V6.9 Base and its anount used: 25
13(3!;\11\51(?@{5@1&(172@%%)3% pppol ). Amount of 1, 4-di oxane used:

ropert leld and yield percent age of
153. 2+, dthid, Hé&ﬁﬂ 131 %ﬂaéﬁwlsdlll& éﬁqyﬂ"p’v’b@il’b%ﬂéé 21, CA .41 Beds, 24.15.
liquid; yield 530 ng; yield percentage 90 %
Devel opnent solvent in flash colum chromatography: 30
Exampple 26ie/ et hyl acetate= 10/1. |H NVR (CDCl 3, 500 MHz) 6

15 ProdPfidh of 2-3fylhe:33 3 Hﬂ:ny?sﬁbfanyﬁ)ré’plon&ezs (m 2H), 7.19-7.23

m 1H) o 4.01 (dd, 2H, J = 2.7 Hz, 5.7 Hz), 3.17 (dd,
H Jf4.3H, 7.4 H), 263(dd 2H, J = 4.3 Hz,

“78 e 5% (m T~H), 1.36 (m 2H), 1.30 (m 613),
0.87- 0.90 (m_ 6H). 35 13C NMR (CDCI 3, 125 MHz) S ppm

48 BY0053
Heating and refluxing time: 6 hours.

Aryl sulfonate and its amount used:
Benzene trifluoromethanesulfonate (324 ul, 2 mmol).
20  Thiol compound and its amount used:
2-Ethylhexyl 3-mercaptopropionate (460 pl, 2 mmol).
Amount of Pd(dba)3 used: 46 mg, 0.05 mmol.
Amount of Xantphos used: 58 mg, 0.1 mmol.
Base and its amount used:
25 i-ProNEt (700 pL, 4 mmol).
Amount of 1,4-dioxane used: 6.5 mL.
Property, yield and yield percentage of 2-ethythexyl 3-phenylsulfanylpropionate:
Colorless liquid; yield 530 mg; yield percentage 90 %.
Development solvent in flash column chromatography:
30 Hexane/ethyl acetate = 10/1.
IH NMR (CDCl3, 500 MHz) 8 ppm: _
7.35-7.38 (m, 2H), 7.31-7.28 (m, 2H), 7.19-7.23 (m, 1H), 4.01 (dd, 2H, J=2.7 Hz, 5.7 Hz), 3.17 (dd, 2H,
J=43Hz, 7.4 Hz), 2.63 (dd, 2H, ] = 4.3 Hz, 7.4 Hz), 1.57 {(m, 1H), 1.36 (m, 2H), 1.30 (m, 6H), 0.87-
0.90 (m, 6H). '
35  I3C NMR (CDClg, 125 MHz) § ppm:
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171.92, 135.32, 130.07, 129.02, 126.54, 67.21, 38.73,

34.49, 30.41, 29.14, 28.92, 23.79, 22.97, 14.05,

11. 00. Exanple 27: 5 Production of 2-ethyl hexyl

3-(4-nitrophenyl sul fanyl ) propionate: 02N O SO

Heating and refluxing tinme: 13 hours. Aryl halide and

its amount used: 4-Nitrochl orobenzene (315 ny, 2
171 Brd By-32, 13Q07TA2Y02, éé@r@‘b@ﬁélaﬁcﬁ 164%ADHh2914.618:92, 23.79, 22.97, 14.05,
11.08- Et hyl hexyl 3-sul fanyl propi onate (460 L, 2 mmol).

Amount of Pd2(dba)3 used: 46 ng, 0.05 rmDI . Amount of

Xant phos used: 58 ng, 0.1 nmmol. Base and its anount

Exatigle 7 15 Cs2CO8 (652 ng, 4 mol ). Anount of _
5 Prodglct%n or 9% éﬁe’fﬁgq‘éflﬁyplﬁeg‘x/gwifany 1% It_‘n naté” eld and yield

centag
nltro henyl sul fanyl) propi onate: Col orl ess

I yi el d percentage 70 %
Devel opmant sollvent in flash col um chromat ogr aphy:
20 Hexane/ et hyl acetate = 15/1. 1H NMR (CDC13, 500

Heatjgaand Sflpping ti@e:14 hpas, 2H, J = 7.0 Hz, 2.0 Hz), 7.36

Arylﬁﬁlﬁdeagt'l'lltsal-nountzus{:,)dHZ 7.0 Hz), 4 04 (dd, 2H, J = 5.7
(t, 2H 3= 7.3 Hz), 2.72 (t, 2H J

— 7 3 Fﬁ)l\llr(fh@gabfzmenq_ﬁ)wngg,%gu@l)zg (m 8H), 0.89 (t,

10 Thxoﬁddmp&uxﬁlaﬁd&sﬂﬁéuntus]agc NVR (CDC13, 125 MHz) S ppm 25
171. 29, 124. 10 67.54, 38.74, 33.69,

6,37,
30. 40, %%A%“’XFQ? Sy anY sopignatoldGmL, 2rmmel) - 10, 99.
Amopy oirBeasdingy use: @ w96 mwol.
h | )sul fapyl benzenecarboxylic acid: ~
MO§nt%%%)ﬁ¥£ %@(‘% 0213 Er onobbenzenecar boxylic acid
Base@n@@s&ngaun@sm&ml) i-Pr2NEt (700 L, 4 nmol) and dry

15 1, 4- di og&i®)3((852%hy, E%El).PUt i nto a round-bottoned
: Oaks and the round-bottoned flask with the resulting

Amoypt of | f-@ioxpreriseds 6ddl-pur ged repeated three tinmes with
Propdtiyl yieigand giald pelentige of Q%ﬁﬂfhfé}y’i 3((4§utf@henyguﬁe§1y[§mbéonate

Xant pho hoxyt hi 6phenol
(246 L, é‘ﬂgﬁfﬁﬁ@ M}eid‘?dg% yf% pgreentage, i l/"hl s was purged
Develoep!@latseldbry irt fidsk eolwinh bhroinktog@et: gas, and t hen heat ed

20 under r 0 Next, 35 the conpletion of
ﬁéﬂaHée&\}g b0 ligﬁn&*d t hr ough hi gh- perf or mance

e react
N A RS s | 1o Chrough i
8.14 (dt, 21, I = 7.0 Hz, 2.0 Hz), 7.36 (dt, 2H, Y =2.0 Hz, 7.0 Hz), 4.04 (dd, 2H, J = 5.7 Hz, 3.0 Hz), 3.31
(t,2H,J=73 Hz), 2.72 (t, 2H, J = 7.3 Hz), 1.59 (m, 1H), 1.38-1.28 (m, 8H), 0.89 (t, 6H, J=7.3 Hz).
. I3CNMR (CDCl3, 125 MHz) 6 ppm:
25 171.29, 146.37, 126.65, 124.10, 67.54, 38.74, 35.69, 30.40, 28.92, 27.18,23.78, 22.97, 14.04, 10.99..

BYQ053

Exampie 28:
Production of 3- (4—methoxyphenyl)sulfanylbenzenecarboxyhc acid:

oV

30 - 3-Bromobenzenccarboxylic acid (402 mg, 2 mmol), i-PrpNEt (700 pL, 4 mmol) and dry

1,4-dioxane (8 mL) were put into a round-bottomed flaks, and the round-bottomed flask with the
resulting mixture therein was purged repeated three times with nitrogen gas. Next, Pdp(dba)3 (46 mg,

0.05 mmol), Xantphos (58 mg, 0.1 mmol) and 4-methoxythiophenol (246 pL, 2 mmol) were added to it,
and this was purged repeatedly twice with nitrogen gas, and then heated under reflux for 6 hours. Next,
35 the completion of the reaction was confirmed through high-performance liquid chromatography, then this
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BYO053 was cooled to roomtenperature, and nmade to
have a pH of 3 to 4 with acetic acid. The insol uble
matter was renoved through filtration, and the
filtrate was concentrated. The resulting concentrate
liquid was isolated and purified through flash colum
chromat ogr aphy (devel oper: hexane/ethyl acetate =
was q:@}egi)o wemhempidtire cang elads wrhavng pld of Atcchwith egetic adid r Bigyinsoluble matter

was ﬂhl\ﬂ{fé'&ghlég’@l fﬂgat{&ﬁ' ﬁ'ldqma g’[ﬁat@wa@t:or%m(ﬁé]ateﬁ The res%jltm%concentrate liquid was

zenecar I C acCl

met hoxyp
isolaigd pl@cbpl,glgpql leougwlagh qq;émmﬁhfﬂmatq&g@yi yelgperhaxagefRthyl acetate = 10/1) with

silicd deDéstdng £3QQaMM? theReby Riing/438 Ind (yieldl BB %) 0F32-]|_-;l 63 HE) b Z 85

t
meth&t‘zvph%lygé”ké?ylbgf‘z%"fcafb%h? i saiegodS (gt om 9= 2.1
Meltiig poigt: 820°)121%.84 (s, 3H). 10 13C NMR (CDCI3, 125 M)

1Hmmmcg75bogmz)g%%ﬂg8, 140.16, 135.95, 132.76, 129.97,
129. 15, 129. 00, 127.31, 122.99, 115.27, 55. 40.

7.89 @:o‘%ér-dtﬁ e, Eﬁéfﬁbl 165 ) ‘f th)HG 8.88T9 ohpodh @B Ay 2(1350 848d{2).27.32-7.35 (m,
2H), m@ NG =3 1C9RAUTL x (1% 2 #30 ﬂg 3dmm|)|}/ve[je added
13 ane and a pal |l adi um
C%@ﬁp@?ﬂ@?&{%ﬁ % a phosphorus compound (2) (10
171.20p16%)28, Bi0d 6 a1 35851 3%, Voo, exbded domoal Bod 1y ermtod 4)5.27a8840.
refluxed for 2 hours. The result is shown in Table 1.

Table 1 confirns the followi ng: Even though phenyl
Comparating Beampdesdttabt i ng material in the invention, is

TR M A B
to dirggghoxyienge (05 ik Andunesladibmaiomeetndi({ (19 el %), b shosphorus compound (2)

(10 meSLhida]age (f3ﬁ{$veﬂe@d&l§1tt6 h 8b1vdde %ﬁ r&hxedfbr @‘Bmﬁ@uﬁﬂe xégtﬁt is shown in
Tabled! Ove Phosphorus Conpound (2) I1<Z Owe + i --s
ableBase (3) (A) (B) Solvent (4) (C) Table 1. Nunber of

Phosphorabk l\ﬁoﬁﬁﬁlns(t% foﬁﬁwm@o Epﬁftﬁédgh @h&@l G dartidd material in the

invenii I{TPSQ.\léer}.p a]r_xgi ecu% g n%um@'}%&g 4% rca 6?tgrg})&i gﬁeélg:r compound (C)

COUIdZOWOPQh@ﬁmr edn m@bﬁmed Bis yehldie ansitald¢ fatdtdaettieltbrodiction.
" Pd(OAc)2 D-t-BPF K2CD3adompcahel0% 4 Pd( OAc)2 DPEphos

BP3 di oxa - 8. 213Me5 Pd(OAc) 2 Xan hos K2CQR]_ dDpasane
20/ 6 Pd( Xant BFR?Q“"R? BPANSRane 40 e
2 u oxi de. S
Base (3}
Solvent (4) (C)
Table 1:
Number of Phosphorus Yield (%) of
C t PdC d P reldin) o
c])Empara ive ompound (1) Compound (2) Base (3) Solvent (4) Compound (C)
xample
1 not used not used KOt-Bu DMSO not detected
2 Pd(PPh3)4 not used KOt-Bu dioxane not detected
3 -| Pd(OAc) D-t-BPF KpCO3 dioxane 10%
4 Pd(OAc)? DPEphos K2CO3 dioxane 21%
5 Pd(OAc) Xantphos K2CO3 dioxane 32%
6 Pd(dba)3 Xantphos K2C03 dioxane 40%

DMSO: dimethyl sulfoxide,

KOt-Bu: potassium t-butoxide.
D-t-BPF: 1,1°-bis(di-tert-butylphosphino)ferrocene.
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KO - Bu: potassiumt-butoxide. 25 D-t-BPF

1,1 -bis(di-tert-butyl phosphi no)ferrocene. -50 BY0053

DPEphos: Ph2P PPh2 5 Xant phos: POP PPh2 PPh2.

Exanple 29: S n-Bu2My SHLi ~ + |I~s CuCl2 2H20 10

Under a nitrogen atnosphere, benzyl phenyl thioether

(92,5 ng, 0.462 mmol) and copper(l1) chloride

di hydrate (7.9 ng, 0.0463 mmol) were dissolved in
megkglyne (1 n), and dibutyl nagnesium 1.0 M hexane

solution (1.16 n., 1.16 mml) was added thereto. This
ated at 50C, stirred for 5 hours, and anal yzed
high-perfornance [ iquid chronmat ography, which

was h

dopyi €l d 68 %9 and di phenyl disulfide (15.1 15
thPrrg; yield 30 %9. The recovery of the starting
XanypRb€ri al, benzyl phenyl thioether was 2 % (1.9 ny).
gnples 30 to 40: i \ Z n-Bu2Mgy \ gH\ SAS |
N e~ Starting Conpound ("i) (2) Under a nitrogen
; lssa-re benzyl phenyl thioether (1 equivalent) and
e (10 nmmol % were dissolved in diglyme (1 nl),
pPRNd appmgnesi um conpound, di-n-butyl magnesium 1.0 M
20 hexane solution (2.5 equival ents) was added
thereto. This was reacted under the reaction condition
Exanplagn in Table 2, and the obtained reaction solution
was anal yzed through high-performanceg_|iquid

chrorraa whi ch confirmed_thd rmatlon of the
0t S0aeg HF%%%% SHang-diphegyidi sul fide (2).
@i dat a Tabl along with the recovery

0f the st hﬁ&2 terial, benzylphenyl t hi oether. 25

1012 RAPL LA ke 1SS Bl 0SB YRR nd
coppep(lI) chloride dikydrate (7.9 mg, 0.0463 mmol) were d1ssolved in diglyme {1 m[), and
dibutylmagnesium 1.0 M hexane solution (1.16 mlL, 1.16 mmol) was added thereto. This was heated at
50°C, stirred for 5 hours, and analyzed through high-performance liquid chromatography, which
confirmed the formation of the intended thiophenol (34.6 mg; vield 68 %) and diphenyl disulfide (15.1
mg; yield 30 %). The recovery of the starting material, benzylphenyl thioether was 2 % (1.9 mg).

Examples 30 to 40:
S \D n-Bu,Mg SH S. /©
O Addmve @l @l

Starting Compound

Under a nitrogen atmosphere, benzylphenyl thioether (1 equivalent) and additive (10
mmol%) were dissolved in diglyme (1 mL), and a magnesium compound, di-n-butylmagnesium 1.0 M
hexane solution (2.5 equivalents) was added thereto. This was reacted under the reaction condition
shown in Table 2, and the obtained reaction solution was analyzed through high-performance liquid
chromatography, which confirmed the formation of the intended thiophenol (1) and diphenyl di.sulﬁdc
(2). The data are shown in Table 2 along with the recovery of the starting material, benzylphenyl
thioether.

Tabie 2 confirms that the use of the additive resulted in the removal of the benzyl group.
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Exanpl e No. Additive Reaction Reaction Recovery of

Yield of Yield of

mat eri al

5 47%
2% 57% 34%

13% 25%

Tenper at ur e,
Compound (1) Conpound (2)
5 2% 68 % 30% 31 Cud 50 5 12% 68% 17%
33 AgNG3 50 5 59% 39% 2%
35 FeCl1l3 50 5 2% 82% 1

30 CuClz.
32 CQu
34 F
% 36 CoCl

C Tinme Starting

21-120 50
(OTf)2 50
eCl 2 50 5
2 50 5

Tabl24% 0% 49% 37 TiCl2(i-1rOQ2 50 5 28 %68 %1 % 38
Example®] | Cl 2140 3 [0% B14id% IJIrECREANM ! ZR&Q%errﬂperﬁa%e Yield of
ﬁo[O%UQS % 2% 4’9313&1%-[15‘ @ 0 ?F mQ% 97Sta{ﬁr%__xﬁa@1qpa(f(§ﬁﬂo¥1§i(l) Compound (2)
3G rif %H&H%npqulﬁﬂnnvl gr nu?) (‘9341 ope adié8iy| 30 %
3group. dgeanplie 41:505 I%ot-gu(](li S, 11 SAS pder 17%
amigr at n'ospnere phenethylr pghenyl  tThi o&t ner 99
32,rrg, gg@ﬂ‘ ) an pot assiumt-huto {'] 4 K, 25%
390. 927 g ()3 war e smpended i ns N, N-idi mg by acel am_gde/o 29
(1.0 ): Thig was stirred af rodgmtepperature 7or 2 Y
3 1OLH-6 ril anal yzed t-he nunh h$ nh Fnrf ortfance i Q'ul de 34 %
35phromt 6g¢1aphy, whisph confl | rnjad t he fozﬂmti on of sbhke 1%
S by I e e Lyl o194 e odover § 2| 49%
3% he bfigkliif@2iat erisal , phenethyl phen% % hi odt hers8 %nas 1%
0.2 6 (0rfcnm). Exagples 42 1p 461 Undgy, a ilrogen |,
dat 11u IICIC ICIICLIIyI PITCITy T CTImogtuTIct UL CY lVd.l U1ll}
3%nd g S%Teélel) roopetespsargpendeld inja sob%ent ([2). 9TRé s 2%
40Nas re@gﬁ@lzurder tge reagtion condltl(p? shown i ;o 39
Tabl 11 I5—ohtarmedireactior ronwas . .
Compar"‘fﬁ%ﬁ zea li'ﬁd'r:‘ough hi“gh- per f ormance |l i qBJ{Jé’ 04 % 0%
Exam tht ohat-ear aph\ _ The yl eldlof the - ilpntended-thi nnhannl

97

Tf: tn(ﬂ)qror&ﬂhhntshﬁoﬁ;&@mﬂﬁry of the starting material,

phenyl thi oet her

et FOp R

Examf¢ éphenol (a), potassium
useful for the renoval

BYOOS.

»

ar

e

shown bel ow. TabI e 3

fromthe yield of the intended product
butoxide is industrially

t-

of the phenet hyl

B@B@cﬂd ©/su @,

Uiy

Under a nitrogen atmosphere, phenethyl phenyl thicether (99 mg, 0.462 mmol) and
potassium {-butoxide (104 mg, 0.927 mmol) were suspended in N,N-dimethylacetamide (1.0 mL). This

was stirred at room temperature for 2 hours, and analyzed through high-performance liquid
chromatography, which confirmed the formation of the intended thiophenol (45.3 mg; yield 89 %) and
diphenyl disulfide (1 mg; yield 2 %). The recovery of the starting material, phenethyl phenyl thioether

was 0.2 % (0.2 mg).
Examples 42 to 46:

Under a nitrogen atmosphere, phenethyl phenyl thicether (1 equivalent) and a base (1)

were suspended in a solvent (2). This was reacted under the reaction condition shown in Table 3. The

obtained reaction solution was analyzed through high-performance liquid chromatography. The yield of
the intended thiophenol (a), and the recovery of the starting material, phenethyl phenyl thioether are

shown below.

Table 3 confirms that, from the yield of the intended product thiophenol (a}, potassium t-

butoxide is industrially useful for the removal of the phenethyl group.
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Solvent (2) Starting Conpound (a) Table 3:

Exanpl e

Base (1) Solvent (2) Reaction Recovery of Yield of

Time Starting Conmpound material (a) 42 KO
30%85 % (3 e q.) 43 KO-Bu NWP 3 0% 90%
KOt-Bu NVP 2 1 %89% (2 e .) 45 KOt -Bu DM

-Bu diglyne
(3 eq.) 44
2 4% 88%

(2 eq.) 46 KOX-Bu DVBO 2 0% 93% (2 eq.) Conparative

agple 8 LiG-Bu DVA 2 99.% 0% (2 e.) Conparative
@énp e iR 2 1 % (2 eq.) Conparative
anpl e B 0 %0% (2 eq.) DVBO
Oty toyrpsiod T OXI de.” KO- Bu: pot assi umt-butoxide. 5

Li Ot-Bu: |ithiumt-but@®ide. DM: 1,
Tabia3.di Met hyl - 2-i m dazol i di none.  NVP:

N et hytpyrrofdone - DME_ N Ndi-nethyacetarmide: .
EXERTHS 47: | BUPREUSH | SOVPND 1h (EESP o |URgeeeof | Yieldof
ni trogen atnmosphere, 2-frethyl -5-benzyi®hi opyr it (1 Compound
equivalent) and Cp2Tid2 (10 mm] % were di sdetsried in ()
diglghe (1 ni), KaeBdi - p- bliglyheraghesi idn (1.0 Mh¥xang 85%
solution, 2.5 equia@dl enfs) was added theretlo, and
reacged at 0C fogodmhouy. TNwgpobt@ai ned readti omoy, 90 %,
(3 eq.)
44 _ KGt-Bu NMP 2 1% 89 %
(2 eq) '
45 KOt-Bu DMI 2 4% 88 %
(Zeq)
46 KOt-Bu DMSO 2 0% 93 %
(2 eq.)
Comparative Example 8 LiOt-Bu DMA 2 99 % 0%
(Zeq.)
Comparative Example 9 KOH DMA 2 100 % 0%
(2eq)
Comparative Example 10 K3CO3 DMA 2 100 % 0%
(2 eq.)

DMSO: dimethylsulfoxide,

K Ot-Bu: potassium t-butoxide.
LiOt-Bu: lithium t-butoxide.

DMI: 1,3-dimethyl-2-imidazolidinone.
NMP: N-methylpyrrolidone.

DMA: N, N-dimethylacetamide.

Example 47:
\/@
S X~ h-Bu,Mg - SH
| > e {1
N szTiClz N

Under a nitrogen atmosphere, 2-methyl-5-benzylthiopyridine (1 equivalent) and
Cp2TiCl2 (10 mmol%) were dissolved in diglyme (1 mL), and di-n-butylmagnesium (1.0 M hexane

solution, 2.5 equivalents) was added thereto, and reacted at 0°C for 1 hour. The obtained reaction

solution was analyzed through high-performance liquid chromatography, which confirmed the formation

of 2-methyl-5-mercaptopyridine at a yield of 100 %.

The condition of the high-performance liquid chromatography employed for the analysis
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sol ution was anal yzed through hi gh-performance |iquid

chr omat ogr aphy, which confirned the formation 15 of

2-met hyl - 5-nmer captopyridine at a yield of 100 % The

condition of the high-performance |iquid

chromat ogr aphy enpl oyed for the analysis of the

reaction solutions in Exanples 29 to 47 and
Cola@pmpaM@riM-80bariM@s 7 to 10 is as follows: -53 BY0053
Cohg;g[wggw YMC AM 303 (by YMC). Colum size: Dianeter:

6 mm Length: 250 mm 5 Particle size: 5 gm
Dm’@‘é%ﬁﬁ‘?"érrper ature: 40C. Flow rate: 1.0 nL/mn.
Len@ﬁtmtnﬁﬁ wavel engt h: 220 nm Injection volune: 10 gL.
Partlcge M $I e phase: A: 0.1 % phosphoric acid. B:

acetdnitPile (MCN). A/B = 50/50 (0 min), 50/50 (5
ColymmtemperdBrel ®0°d0 (13 min), 10/90 (20 min). | NDUSTRI AL

¥l v@‘P?é—'l%? oY The production nmethod for a thioether
° oun An; ‘the invention is characterized in that 20

Dete&wré’agqlmﬁla%?&mm e bromi de, chloride or sulfonate

Inje@RAROMAE: foutused as the starting naterial, and this is

M rea&} ed according to Suzuki-M yaura reaction under a
obfle BRaFasi ¢ condition to produce the intended

A: Otltth phésprdricaeigpound at a high yield. Accordingly, the

uct thod of the invention has nmade it
B: agelionﬂng (M)? industrially, efficiently and

AfBHﬁ@#é}Bé@lgmr\),el y produce thioether conpounds for
c@ 69 y,and medi ci nes, which, 25 however, could not
roduced according to conventional Suzuki-M yaura
ré‘%fg(?(léﬁmn)b n addition, according to the production
med/bego@dint he invention, thioether conpounds can be
efficiently produced fromthiol conpounds having a
renovabl e- substituent; and according to a known
INDUSTRIgd ARRLICABOMITYg a t hi ol - pr otective group or

accordi met hod VI n ect i . o

onzyl ore BRABIERE kO R AR LR LCbE R lGa mogpracerved n
an 6@&3&@Vafldlj¢1bromalet ¢hlaidegr mlrﬁgnatayoﬂmumd Hiusdden thestaihg material, and this is
reactbc!‘&crc&qﬂl%%jSﬁzﬂh% i hktidd Jﬁgerqar‘/}léar B%@Joﬂaﬁlyl td ﬂé&:g.\fce the intended

heref ore telventlonlsus Int
loeawgmp@un%@; Atiebgteld

Accordingly, the production method of the invention has made it possible to industrially,
efficiently and inexpensively produce thioether compounds for chemicals and medicines, which,
however, could not be produced according to conventional Suzuki-Miyaura reaction.

In addition, according to the production method of the invention, thioether compounds
can be efficiently produced from thiol compounds having a removable substituent; and according to a
known method for removing a thiol-protective group or according to a method for removing a protective
benzyl or phenethyl group which the present inventors have found, a thiol group may be efficiently
introduced into an aryl ring or a heteroaryl ring. Therefore, the invention is useful in the field of organic

synthesis,
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-54 BY0053 CLAIMS 1. A nethod for producing a

t hi oet her conpound or its salt of a general fornula:
R1+ SRs On s 2 bwherein R, Yl, R6, R7, R8, nl, n2
and a group of a general formula: O have the sane
meani ngs as nenti oned bel ow, which conprises reacting
an aryl or heteroaryl conpound or its salt of a
general formula [I11] RL AYappé [ 111 ] A X 10
wherein Rl represents a hydrogen atom a hal ogen atom
a cyano group, an al kyl group having from1l to 10
carbon at afethcdTodré@ine dibhdR a¥inp&int bPM daltlo@a 2&heral formula:
bon atons, an ﬁqkyltﬁio group having froml to 10
son atons, an alkylsulfinyl group having from1l to

10 on oys, an al kyl sul fonyl group having froml
td Jag s, a hydroxyl group, a carboxyl

gr n\at kexycarbonyl group having from2 to 10
car bon at owrs; al kanoyl oxy group having from2 to 10

wher6if RRO1 3L60RB, RAY1 F2%hd 9%:%&1;90%?%&1&1%1 ﬁ)ﬁ?{ﬁl&af bonyl group,
{n aryl carbonyl oxy group, a heteroaryl group, a

t eroaryl carbonyl group, a heteroaryl carbonyl oxy
group, a nitro group, an al kanoyl am no group havi ng

have tHeQihd mbAhirkl a $RERRRFIR¥E. an aryl carbonyl ani no
a heteroarylcarbonylan1no group, or an al kano

. group, . I
whic ?%P&SWJWQQ!% 1 B of hetgroanyl commpopphordts s of aﬂenﬁrélpfpggléﬁ@]
RL4¢ al kyl en broup having from1 to 6 carbon atons of
ekt he carbon chain may have a 20 group sel ected
%, | fur atom a sulfinyl group, a sulfonyl
gNQup/ an oxygen atom a carbonyl group, an o2
/carbonyl group, a carbonyl ox roup and a group of a.
Whef%’é R represpss o EcRtomNR hRjfEsn 10w Rfy?%@ﬁ‘é@eﬁ’? o group having from 1 to
10 catbypd gﬁgﬁ,l’hnallmm/ gidlp Hdvlﬁ?@ fro@f Dupld'tabﬂoﬁgtolftr[spdﬂ alkylitBioGroup having from 1 to
arbon at o nz I o en roup, .
10 cafiBh B R o P i D D S kon A s ffatoqyt group having

- from b okl qadboaktoms, ahydidxgl growp, atahoxyhgroup, an alkoxycarbonyl group having from 2

to 10 bdrbd] HHRO Qﬁaﬁmg@gg( g@%%ﬁé %ngggc mgcars%h'amyénfa?ﬂyglr&eﬁyan

group, a benzen
arylearpgmyegren, pi wilpribny ey @ or haierparyk asimnz betersuyfcatbgind gypup, a

heter@fAsiB5onloxy Q@%}Q ahfD Hoyy, arlatkdnBGlaBiRUP P hafing BBRM13b 10 carbon atoms,
ana f%%lg)up{sla: o o A EanS algarl%ny an{ixllongoélJ y ?nl:I :En a%gang 1 group having from 1 to 10
AP{PP BF9URGP RSRASY y group, yl group g

carbon atoms;
Y1 represents an alkylene group having from 1 to 6 carbon atoms of which the carbon chain may have a
group selected from a sulfur atom, a sulfinyl group, a sulfonyl group, an oxygen atom, a carbonyl group,
an O)chcarbonyl group, a carbonyloxy group and a group of a general formula:

N
/’N\\
wherein RZ represents a hydrogen atom, an alkyl group having from 1 to 6 carbon atoms, a benzyl group,
a phenyl group, a naphthyl group or a pyridyl group;
X represents a bromine atom, a chlorine atom, a trifluoromethanesulfonyloxy group, a methylsulfonyloxy
group, a benzenesulfonyloxy group, a toluenesulfonyloxy group or a nitrobenzenesulfonyloxy group;
nl indicates 0 or 1;

the group of a general formula:

means an aryl ring group or a heteroaryl ring group;
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-55 BY0053 provided that when X is a chlorine atom
then the group of a general fornmula: Rt--EY ni
wherein R, nl and Yl have the sane nmeani ngs as above]
is an electron-withdrawi ng group, wth a thio
conpound or its salt of a general formula [I1]: HS
1] PR7 5 RB n2 wherein R6 and R7 may be the sane

pron{Ed @Ha{ $h80ks a BRFA: 516R!I BSEML ihElp Bf Jn% EQPRAn@hom an
3 group having from1 to 6 carbon atons, an am no
R ‘g é&g or a phenyl group; n2 indicates from0 to 6: RS
ephesents a hydrogen atom a halogen atom a cyan
0._.grou an alk rou havi n 10.from
wher r"fl%p DT SR HES g oned Ay Pl 7O ByaginS 870w
with akiabepmgoeidpr hasalltmgafgémml fforimnlalfd): c ar bon atons, an
alkylthi ijgroup having froml!l to 10 carbon atoms, an
yAsyl tnyl group having from1 to 10 carbon atons,
HS | sul fonyl group having from1l to 10 carbon
a\gnpg.. a hydroxyl group, a carboxyl group, an
al koxycarbonyl group having from2 to 10 car bon at ons,
whergin R&|ded R yaw g thyrsemporviffing. ¢achmpgesenting @ hydragapatpm, an alkyl group
hav1r%tfﬁﬁ§§1 toPdcaRtfolhlatoRsOAMPami AR 2R Y lof @f}pé?lpf)’émﬂf oup, an
5 yl car bgnyl oxy group, a het'eroaryl group, a 15
I mﬂ@?@% AR JItE%r bonyl group, a heteroaryl car bonyl oxy
R8 re@ﬁ@&t@s a Rydidgeif @to@[ thogea Atodd, K amys |pediib e a@fi @Rl ¥ MGy1 group having

tom i ) Syt et BORYPAIN (YT LR ARG ol B choon soms,n

alkytthavgrogp Havmmfibmnt loto 10 ca:rhmbanmataomﬂqlsmhﬁngl gyouphpviag fram 1 to 10 carbon

atom§ (S.E @sulf‘o?l?f%&ﬂ) haa%ﬁ ﬁ()%zl) 1%31 ?%Btgﬁt hﬁ%ﬁﬁ%ﬁ(ﬂl& a @a@boxyl group, an

havi carbo
alkoxyparbay} ﬁeun:law% rﬁomw%@doﬁa@oon gompapalkaneyley grayie bavpg from 2 to 10

carbonla@isarSat T ebup 24 rOiRy lcAb St éﬂoﬂ% lan G RYPon Ao B U ERNY beteroaryl group, a

n ato onyl
hetergreyledthopgl rpurt A Geigronm et BYRD BRYP. § RGP AlksgPYypingeroup baving
from & t@ BNeiitain afcﬁi{smﬁ ﬂylcd_ﬂonyl‘dtmmgﬁﬁi a hEinoé@p:ﬁﬁﬁﬁﬁirﬁina group, an alkanoyl

dro rou aV|n
srour g 0 D OB ot on Ttb oL kone I8 up. o
hty group or a pyridyl group, 25 n3 indicates O
YR represents a hydrogen atom a hal ogen atom a
ano group, an amno group, a nitro group, an al kyl
wher@h W@eﬂ'ﬂ@\z‘ﬁtﬂgl {1A8Aelgrdud hAGing A6RANo BleFBn atdfs 8f WKI¥Y the carbon chain may

rou haV| from1l to 10 £ bon ato an aIkXIthlo
have %FT(S’ saﬁw E%mf 3 atomg, ﬁ%ll éuarﬁ BGHD: 365 y gRup, an OXygen atom, a carbonyl
groupahxkgclysarbcﬁnyh yious) f@ebomdasdyigodpt am algréup of@ gergdiA) Gormataons,
R an al kyl sul fonyl group having from1l to 10 carbon

N atons, a hydroxyl group, a carboxyl group, an
N

wherein R7 represents a hydrogen atom, an alkyl group having from 1 to 6 carbon atoms, a benzyl group,

a phenyl group, a naphthyl group or a pyridyl group;

n3 indicates 0 or 1;

RO represents a hydrogen atom, a halogen atom, a cyano group, an amino group, a nitro group, an atkyl
group having from 1 to 10 carbon atoms, an alkoxy group having from 1 to 10 carbon atoms, an alkylthio
group having from 1 to 10 carbon atoms, an alkylsulfinyl group having from 1 to 10 carbon atoms, an
alkylsulfonyl group having from 1 to 10 carbon atoms, a hydroxyl group, a carboxyl group, an
alkoxycarbonyl group having from 2 to 10 carbon atoms, an alkanoyloxy group having from 2 to 10
carbon atoms, an aryl group, an arylcarbonyl group, an arylcarbonyloxy group, a heteroaryl group, a
heteroarylcarbonyl group, a hetercarylcarbonyloxy group, a nitro group, an alkanoylamino group having
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30 al koxycar bonyl group having from2 to 10 carbon
atons, an al kanoyl oxy group having from2 to 10
carbon atons, an aryl group, an aryl carbonyl group, an
aryl carbonyl oxy group, a heteroaryl group, a

. het eroaryl carbonyl group, a heteroaryl carbonyl oxy
group, a nitro group, an al kanoyl am no group havi ng

from-196 1 BYRREtdksOM dylc@bdB 1HBhP SRR ¥R roaAbarbonylamino group, or an
|.am no a heteroaryl car bony¥am no

aryl carbon roup,
MkmﬁfﬁﬁﬂﬁﬂﬁwngﬁnméﬁRéﬁB?ngW8%§ having from1 to 10
the gwap bbngatahisimilite group of a general fornula: 0 5
pans an aryl ring group or a heteroaryl ring group,
the presence of a palladi um conpound sel ected from
a group consisting of palladiumacetate, Pd2(dba)3
5  meangpdarPbifirddmdnid, or a bbtaseryd ehggoen] from a group consi sting
; [ r \/ e . .
in thel e o T o R b 2ol PRI apace
Pda(qbpls @Q%Q(dB‘i‘)z’di fferent, each representing an al kyl

a bas@SMeRd Tavl IGody @Mibtide@f BesimPERNR! £iRe dRvREREYE 2 general formula:
R® group, a phenyl group or a pyridyl group,
R4_‘:g,,, 5- di azabi cycl o[ 4. 3. 0] non- 5-ene and
,~’1, 8-di azabi cycl o[ 5. 4. 0] undec- 7-ene, and a phosphorus
R* compound sel ected froma group consisting of a
10 whergnRpRAMaIF reeyftertimsame or differeRPhfhFepresBitng an dfikylbgroup having from 1 to 6

]Jﬁgaﬂg”ﬂg qQr orenthlor Pl Fe -P(i-Pr)2 a
o O_con'poun n%? ggm{‘”or rru\l'}g:gm_ﬂf)roé)_gil E&T%JYE%%%) Fe P(t-Bu)2 a
1,5-diggkiselpld-3dtinen-F-enerpnd 4:8-dize 19@’5?25-5’#3 dee-Tenfpound of a
and afpREsPdras conPolrfd@icBBN &om a group consisting of a compound of a formula:
—=—FPh,
Fe
& —PPn,
15" acompound of a formula:
g —P(-Pr)
Fe
&S P(i-Pr),
a compound of a formuia:
sy P(t-Bu),
Fe

&S P(t-Bu),

a compound of a formula:

BY0053

0
20 PPh,  PPh,

a compound of a formula:

o
PPh, PPh,

* a compound of a formula:
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a conmpound of a fornmula: 57 BYO053 Ph2P PPh2 a
conpound of a-formula: qgq(O/ PMePh PMePh a conpound
BY0053 of a fornula: o 5 PPh2 PPh2 a conpound of a formul a:
t-Bul | t-Bu O PPh2 PPh2 a conpound of a formula: \
S1 \ / O/ PPh2 PPh2 10 and a conpound of a
formula: HI1 \ N\ PPh2 PPh2, 2. The nethod for
rQduging a thioether conmpound or its salt as cl ai nmed
Qi@ 1l, wherein the thiol conpound of fornmula
) S\a thiol conpound or its salt of a general
Ph,H Ofr mJI a:PPhpl 1 -a] 15 HS-Re wherein Re represents a
nﬁgpf x| %eneral formula: H2 CNRa Rb wherein Ra
€ the sane or different, each representing
en atom an acetoxy group, a nitro group, or
dy group having from1l.to 6 carbon atons, 20 a
a general formula: 58 BY0053 /(CH2)2 Rc Rd

PMePh  PMePh
a compound of a formula:

(L2

5 PPh,  PPh,

a compound of a formula:

T

PPh,  PPh,

a compound of a formula:

a COlgl(a,l

o
PPh,  PPh,

10  and a compound of a formula:

H
N

0
PPh, PPh,,

2. The method for producing a thioether compound or its salt as claimed in claim 1,

wherein the thiol compound of formula [II] is a thiol compound or its salt of a general formula:

| [li-a]
15 HS~R®

wherein R€ represents a group of a general formula:

Hz R®
/Cf(]'
» -
\Rb
wherein Ra and Rb may be the same or different, each representing a hydrogen atom, an acetoxy group, a

nitro group, or an alkoxy group having from 1 to 6 carbon atoms,

20 agroup of a general formula:

-58- .



BY0053

10

15

20

wherein Re and Rd may be the sane or different, each
representing a hydrogen atom a nitro group, or an
al koxy group having from1l to 6 carbon atons, or a
group of a general forrmula: _(CH2)na IN 5 wherein na
indicates | or 2, or a (1-naphthyl)nethyl group, a
(2- napht hyl ) net hyl group, a 4-nethoxyphenyl group, a
Qaggetox phenyl group, a phenyl group, a trityl
SO0r80paA di ami nonethyl group, a 2-trinethylsilylethyl
gr oyp é} a 2-(2- ethyl hexyl oxycarbonyl)ethyl group. 10
3. \qe}hod for producing a thioether conpound or
its saltRas claimed in claim2, wherein Re is a group
wherefn Fe 208 REmRly bk Hetth@or differei ca¥rephSdtihga RRirépRd a3, BRiYro group, or an
be the sanme or different, each representing a hydrogen
alkO’S’t%‘?Hperﬁﬁm% 8y 6@?%9‘;5?“’5‘3’ 15 nitro group or an al koxy
or a gow kT alpandrildorfntuien 1 to 6 carbon atons, or a group of a
_gﬁ ral fornmula: (CHZ) 11R wherein Rc and Rd may be
t e or different, each representing a hydrogen

at nitro group, or an al koxy group having from1l
to & cqybon atons, or a group of a general fornula:
- ( n N 20 wherein na indicates | or 2, or a

wherbihnA afaihiey h hbret hyl group, or a (2-naphthyl) met hyl

ora @%ﬁ%@%ﬁwggﬁ] gfpgr?,tgﬂg? dﬁé@%@%ﬁ&g&i} n[g a grléﬁt | (J)(%f)hrég / i an4-acetoxypheny1

groug, la@héryl gloug @mglgrdupo b dfaoinvulethy| frbby, ai2grimethilsibtiethyl group or a 2-(2-

nd gp ' t of a general fornmula: -59 BY0053
ﬂhﬂﬁ%%?%# Jﬁﬁﬁﬁﬁéﬁ'in Rf represents a 4-pyridyl et hyl
group, a 4-nethoxyphenyl group, a 4-pyridyl nethyl
group, & TRENENIJ B HEBicif ARBERLLMPGREY it9BUP clafhed in claim 2,
4-ni trobenzy|l group, a 4-acetoxyphenyl group, a phenyl
whergfp B s 2 ergun ofiaggpergfidigila: a di ami nonmet hyl group, a
G&trine&@ylsilylethyl group, or a 2-(2 5

~ 2Xy| oxycar bonyl ) et hyl group. 5. The nethod for
proglucipg a thioether conpound or its salt as clained
in I,
Rh

wherein R2 and Rb may be the same or different, each representing a hydrogen atom, an acetoxy group, a

nitro group or an alkoxy group having from 1 to 6 carbon atoms, or a group of a general formula:

(o) c
"
<
\Rd

wherein RC and Rd may be the same or different, each representing a hydrogen atom, a nitro group, or an

alkoxy group having from 1 to 6 carbon atoms, or a group of a general formula:

——(CHy)n?

@

wherein n2 indicates 1 ot 2,

or a (1-naphthyDmethyl group, or a (2-naphthyl)methyl group.

4. The method for producing a thioether compound or its salt as claimed in claim 1,

wherein the thiol compound of formula [II] is a thiol compound or its salt of a general formula:

-50 .



wherei n the pall adi um conpound is Pd2(dba)3. 10 6. The
Y0053 nmet hod for producing a thioether conpound or its salt
as clainmed in claiml1, wherein the phosphorus
conpound is a conpound of a forrmula: PCOp PPh2 PPh2,
a conpound of a formula: O Ph2P PPh2 15 a conpound
of a formula: Q10 PMePh PMePh, a conpound of a
formJ[ g(O\ PPh2 PPh2, a conpound of a fornula:
- l?] \ t-Bu/ o/ 20.PPh2 PPh2 a conpound of a
H$-e-eruIa I\ SI\ / o/ PPh2 PPh2 , or -60 BY0O053 a
und of a formula: HN O PPh2 PPh2. 7. The
Whe‘i%‘t GEPIESPLs pAdatidilethyl group) at-metdormhenyhgann a 4upyeddmgthyt group, a

benzsrrgeo@% F—abtﬁo;@@&ﬁ&ﬂ@r(tﬁlpcﬂh%&&rﬁyi gébﬂ@@@fasaa&dyﬁﬁéﬁyi @B 8 phenyl group,
ani ne ie m.ne am n
a i ity § FRBERY AN HEOP. .2 HP RO HDIER Bt A
5 ethylhesybemeabagi)akyl gloup- di azabi cycl o[ 4. 3. 0] non-5-ene, or
1, 8- diazabicycl o[ 5. 4. 0]undec-7-ene. 8. The nethod for

produci ng a thioether conmpound or its salt as clained
i n cl ai M The matodifee proflyringrehipgber dogpound or its salt as claimed in claim 1,

wherdini tROpulladiyrh ebhyduadisPp(dBa)3 The met hod for producing a
t hi oet her compound or its salt as claimed in claim1,

10 6. The method for producing a thioether compound or its salt as claimed in claim 1,

wherein the phosphorus compound is a compound of a formula:

(.

0
PPh, PPhy,

a compound of a formula:

2
g

PhyP PPhy

15  acompound of a formula:

{4
W

0
PMePh  PMePh,

a compound of a fornmila;

J

PPh,  PPhy,

W,

a compound of a formula:

t-Bu i O {-Bu
O

20 PPhy PPh;

a compound of a formula:

&
<

PPh; PPhy o
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wherein the pall adi um conpound is Pd2(dba)3, the
BY0053 phosphorus conpound is a conpound of a formula: ~Q
PPh2 PPh2, 15 a conpound of a formula: 70 Ph2P PPhz,
a conpound of a formula: Q O PMePh PMePh, a conpound
of a formula: POl / 20 PPh2 PPh2, a conpound of a
formula: t-Bu I/ t-Bu O PPh2 PPh2 a conpound of a
a cohipiidib i forndila: BYO0O53 PPh2 PPh2 or a | npound of a
foMnuIa HN OY PPh2 PPh2, and the base is cesium

di i sopropyl et hyl am ne, tributyl am ne,
anlne 5 di benzyl net hyl am ne,
8. dilazabi cycl o[ 4. 3. 0] non- 5- ene, or
PPI;S dPBRabi cycl o[ 5. 4. 0] undec- 7-ene. 10. A nethod for
producing a thiol conpound or its salt of a genera
formula [I-b]: Rt -Y, Il-bi SH wherein R, Y, nl
and t he7.gklsupetlyfd for geﬁ@rrml as plafmndlin claingl, Wheprary e birg is cesium

5 carbo%@t@%ﬂ%ﬁy%ﬁdéﬁﬁn%‘tﬂﬁﬁﬂe Qﬁét%mn%h&@thﬁ%e' & lmethylamine, 4-
acting an aryl or heteroary ngoun or |ts sa

dlmewla@lr@@ﬂ&*%ﬂ tr#)e%f{ﬂnanef f Prdjlazawxc Qluon-fepe, pr 1.8

diazabicyclo[5.4.0Jundec-7-ene.

8. The method for producing a thioether compound or its salt as claimed in claim 1,

10 wherein the base is diisopropylethylamine.

9. The method for producing a thioether compound or its salt as claimed in claim 1,
wherein the paliadium compound is Pda(dba)3, the phosphorus compound is a compound of a formula:

(L

0
PPh, PPhy,

15  acompound of a formula:
! O !
PhyP PPhy

a compound of a formula:

{4
W

0
PMePh  PMePh,

a compound of a formula:

W,
W,

0
20 PPh, PPh,,

a compound of a formula:

t-Bu O O t-Bu
O

PPh,  PPh,

a compound of a formula:
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A X wherein Rl represents a hydrogen atom a hal ogen
atom a cyano group, an al kyl group having froml to
15 10 carbon atons, an al koxy group having from1l to
10 carbon atons, an al kylthio group having from1l to
10 carbon atons, an al kyl sul finyl group having from|
to 10 carbon atons, an al kyl sul fonyl group havi ng '
i 0 carbon atons, a hydroxyl group, a
jr oup, an al koxycar bonyl group having from 2
grbon atons, an all canoyl oxy group having from
mphp 10ppgy bon atons, an aryl group, an aryl carbonyl
éﬁ n anﬁlcarbonyloxy group, a heteroaryl group, a
%3 Honyl group, a 20 heteroaryl car bonyl oxy

r ) a n|tro group, an al kanoyl am no group havi ng
mo 10 carbon atons, an aryl carbonyl am no
]9

heteroarylcarbonylan1no group, or an al kanoyl
roupgﬁﬂV|ng froml to 10 carbon atons; Yl represents
an al kyl @ne group having from1 to 6 carbon atons of

and tibash istdegiuro asrbamii Hmoprqpaly:thmameambguytaum@ gletgtaedne r om

dibe&{ﬁﬁgtl{ Innz?t,I delﬁa}? g'O 1%5%”@91& 2(% 158%52%‘1}5%1 gg%mmd&n?-ene

ygen atom a car an oxycar bony
group, a carbonyloxy group and a group of a genera
for mul a30.RR melNd forGRodB¥R0 athi¥BiBbdhdR2 itk @a@t%?%%@ﬁe?ai formula [I-b]:
ydr ogen atgrg; an al kyl group having from1
iy fpon atons, "a benzyl group, a phenyl group, a
XT 1 group or a pyridyl group; X represents a
@ _afpm a chlorine atom a
oronethanesulfonyloxy group, a nethyl sul f onyl oxy

abenzenesul f.onyl o roup, a
Fr%ﬁ§ﬁ8wy°§P§ z'ﬁr&‘ﬁltrobenzenesulfonyloxy
oup 5 nl indicates 0 or 1; thQup of a genera

romula: A means an aryl ring group or a heteroaryl
r oV | orine at.o

Qup;: p ed at en Xis a
naveieind 8 Bien B P T el LR s el o P54 gyt compound
mwmgmeefaguwmﬁ&mnmaﬂmy group, wherein RL, nl and Yl have
e sanme nehlnijngs as above, with a thiol conpound or
qi'salt of a general formula [Il1-a]: 1ll-a] HS-Re
& ein Re represents a group of a general fornula:

wherein R! represents a hydrogen atom, a halogen atom, a cyano group, an alkyl group having from 1 to
10 carbon atoms, an alkoxy group having from 1 to 10 carbon atoms, an alkylthio group having from I to
10 carbon atoms, an alkylsuifinyl group having from 1 to 10 carbon atoms, an alkylsulfonyl group having
from 1 to 10 carbon atoms, a hydroxyl group, a carboxyl group, an alkoxycarbonyl group having from 2
to 10 carbon atoms, an alkanoyloxy group having from 2 to 10 carbon atoms, an aryl group, an
arylcarbonyl group, an arylcarbonyloxy group, a heteroaryl group, a heteroarylcarbonyl group, a
heteroarylcarbonyloxy group, a nitro group, an alkanoylamino group having from 1 to 10 carbon atoms,
an arylcarbonylamino group, a heteroarylcarbonylamino group, or an alkanoyl group having from 1 to 10

carbon atoms;

Y1 represents an alkylene group having from 1 to 6 carbon atoms of which the carbon chain may have a

25

group selected from a sulfur atom, a sulfinyl group, a sulfonyl group, an oxygen atom, a carbonyl group,

an oxycarbonyl group, a carbonyloxy group and a group of a general formula:
R2
1
N

RN
-62 -
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25

h R wherein Ra and Ro may be the sane or different,
each representing a hydrogen atom an acetoxy group, a
nitro group, or an al koxy group having from1l to 6
carbon atons, a group of a general fornula: ,(CH2)2"
tiRc 20 Rd wherein Re and Rd may be the sane or
different, each representing a hydrogen atom a nitro
whergjh B pepr@Ent@inhyd@dded %y BIOMRyIRAp MGvihg B8 1 th 6 cHbERLHAY a benzyl group,
a he%télorrns{I or & glrou of a.(%;inera_l formula: -[C]lna /IN
PheRy SRR EIRHY STVt L APRAT BBPn J63 BY0053 or a
X repfebemapbromyde)amat, kb yhlognoatin, atriflBerompthtduyljomploky broap, authylsulfonyloxy
= I - a
gf_“P?ﬁé%f%?*@%?%%?ﬁﬂé‘{w@ta%‘?eélf%a%?ﬂéﬁ’ﬁa RS ahseBH Bt iory gou
nt mdicaigsiGfsthy| si |yl et hyl group or a 2-(2-
the giotyt RN IGEMGAL: bonyl ) et hyl group, in the presence of
g pal | adi um conmpound sel ected froma group consi sting
f pal | adi um acetate, 5 Pd2(dba)3 and Pd(dba)2, a
pase sel ected froma group of consisting of cesium
mean€al NARRE @roup Bt ABetét8iyMddd Jt6; Of a general formula: R3

RN\, 7 S rein R3,, R4 and Ry ma t he sanme or
pm"“ﬁl hak ?ﬂ,ﬁlseaﬁ@ﬁ“ &8s BWP?}P?&T%HRO F%V%‘%?%ﬁ‘ﬁlahavi ng
R1—Y il to 6 carbon atons, a benzyl group, a pheny
group or a pyridyl group, 10
1, 5-'di azabi cycl o[ 4. 3. 0] non-5-ene and
is an dgc8outatactviggyabo[ 5. 4. 0] undec- 7-ene, and a phosphor us
C s r onsisting of a
wher R B 2 bl A o U T pns

a conpound

) npound of a fornu
with ad}u[o oifr@pmﬂ qits sqly oL apener@rfyprenuirdl-ad: P(i - Pr) 2
l-a
HS-R®

wherein R® represents a group of a general formula:

Ha a
R
e
e

wherein Ra and Rb may be the same or different, each representing a hydrogen atom, an acetoxy group, a
nitro group, or an alkoxy group having from 1 to 6 carbon atoms,

a group of a general formula:

/(CHZ)Z .‘[Rc
)

<

wherein R€ and R4 may be the same or different, each representing a hydrogen atom, a nitro group, or an

~ alkoxy group having from 1 to 6 carbon atoms,

or a group of a general formula:
"‘""(CHz)na

wherein n2 indicates 1 or 2,
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10

i5

20

15 a conpound of a formula: (r)-P(t-Bu)z Fe P(t-Bu)2
a conpound of a fornula: PPh2 PPh2 a conpound of a
formula: CO 20 PPh2 PPh2 a conpound of a fornula: .
~t;c/ Ph2P PPh2 a conpound of a fornula: -64 BY0053
gOQ PMePh PMePh a compound of a formula: PO/ PPh2
PPh2 a conmpound of a fornmula: t-Bu |l t-Bu 5 PPh2

ora B%hthﬁl)lﬁ@ﬂiﬂ%ﬂﬂlﬁ eD(Q rﬁgﬁtﬂfl%’ﬂt@t@l gﬂoup, a34 xhethoxyi)h@lyi grmEfP B 3-acetoxyphenyl
a Cco or

Eroup 3 5 gy By ERP TG PP BB S g 2-C-

cthybhetsioxytarbongBetbylaroubormul a [1-a]: [l1-a] Rt--EYt S-Re

in th%"gx%ge%]kgof@ pallﬁmm E@mp&ﬂtd Q&r]&tédr}ﬁ)ng %Hj%p %Imsﬁti.gg &eﬂ’aﬂ!ldium acetate,

Pd2(dba)3 and Pd(dba)?, .
a base selected from a group of consisting of cesium carbonate, amine derivatives of a general formula:
R3
AN
R*—N
/s
R® .
wherein R3, R4 and R may be the same or different, each representing an alkyl group having from 1 to 6
carbon atoms, a benzyl group, a phenyl group or a pyridyl group,
1,5-diazabicyclo[4.3.0]non-5-ene and 1,8-diazabicyclo[5.4.0Jundec-7-¢ne,

and a phosphorus compound selected from a group consisting of a compound of a formula:

= PPl
Fe
&&—PPh,
a compound of a formula:
S P(-Pr),
Fe -
&S —P(i-Pr,

a compound of a formula:

Q‘—P(t'BU)Z

Fe
&Py,

a compound of a formula:

0
PPh,  PPhy

a compound of a formula:

(J 2

o)
PPh, PPh,

a compound of a formula:

PhyP PPh,

a compound of a formula:
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O have the sanme neani ngs as above], 15 and then
renmovi ng the protective group of Re of the resulting

t hi oet her conmpound of formula [[-a]. 11. The nethod
for producing as clainmed in claim1 or claim 10,
wherein the al kylene group having from1 to 6 carbon
atons, of which the carbon chain may have a group of a

general formula: R7 20 -65 BYO053 wherein R7
O réSents a hydrogen atom an al kyl group having from
t 4 carbon atons, a benzyl group, a phenyl group,
achap thyl group or a pyridyl group], is a nethyl ene
PMefffou?Melth et hyl ene group, a trinmethyl ene group, a
a compaind affefdamythllane group, a pent anet hyl ene group, a
‘hexamet hyl ene group, a propylene group, an
hyt 84 hyl ene group, or a group of a general fornula:
-(CH2)n4 (H2C)ne wherein Y represents a sul fur
aPomYT a sulfinyl group, a sulfonyl group, an oxygen
PPrat omPF&z car bonyl group, an oxycarbonyl group, a
acmn%ﬁ&ggﬂykﬁﬁmagroup, and a group of a general formula: R
erein R2 represents a hydrogen atom an al kyl
tBu. greup~iawipgtBrom 1 to 6 carbon atons, a benzyl group
3 group, a naphthyl group or a pyridyl
g ' ¥ and n5 each indicate an integer of from1l to
6ppnand phg, sum of the two nust not be nore than 6.
12. The.nmethod for producing as clainmed in claim1l or
a“mW9%§ 3Mlgerein nl is 0. 15 13. The nethod for
0 g as clained in claim1l or claim 10, wherein
A2 2 14. The nethod for producing as clained in
gl aimil, or claim10, wherein n3 is 0. 15. The nethod
fér proaﬁcing a thiol conmpound or its salt as clained
and a gompetmgl ofe f@muBO wherein the base is cesium carbonate,

dﬂis ropyl et hyl am ne, tribuylam ne, triethylam ne,
t ri yl am ne, di benzyl net hyl am ne,
&? hyl ar ni nopyri di ne, tribenzylam ne, 1,5-

azabi cycl o[ 4. 3. 0] non- 5-ene, or
PPh21,8-8F3‘?.zabicyclo[5.4.0]undec-7-ene. 16. The met hod for
10 therebjpﬁf@cgﬁiﬁ%g thiGttleP EhpoR QTR O 2 é&h&aﬁf@hﬁul@ﬁ—a lai med in
claim10, 2p wherein the palladi um conpound is
_Rt—{ na(dba)S, he phosphorus conpound is a conpound of a
3y a:  PCO PPh2 PPh2, a conpound of a fornul a:

S-R®

BY0053

wherein R1, Y1, Re, nl and the group of a general formula:

O,

- have the same meanings as above],
15 and then removing the protective group of R€ of the resulting thioether compound of formula [I-a].

11. The method for producing as claimed in claim 1 or claim 10, wherein the alkylene
group having from I to 6 carbon atoms, of which the carbon chain may have a group of a general
formula:

R7
N
20 7N
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9cp Ph2P PPh2 a conpound of a fornula: 66 BYO053 | \
O PMePh PMePh, a conpound of a formula: gOQ PPh2
PPh2, a conpound of a fornmula: t-Bul \ t-Bu O 5
PPh2 PPh2 a conpound of a formula: \ S\ O PPh2 PPh2
or a compound of a formula: H N PPh2 PPh2, 10 and
the base is cesium carbonate, diisopropylethylam ne,
whetain Blteptesamtsreehydtogeredtyth amialiey] gionp haidpyftaan weq carbon atoms, a benzyl group,

o P RS S LN BAOYELELIE g o
trimgthylgnegireppabicyrostbylecar@punpratantethyirae groWp, afiqearmiiirng group, a

profyRhe BoQ Uk ERGe@ylit Bbuf 8PP ﬁ}ﬂoﬁrgehérﬁ‘l f8@hfla:as cl ai med
in glaim10,” 15 wherein the protective group of Re is

a/érbqp of a general fornula: C Ra Rb wherein Ra and
—(Rblz)p}ﬁy(l-lge)-ghe sane or different, each representing a

hydrogen dfom an acetoxy group, a nitro group, or an
whegdnkK'0 xepregemppsulfaratorg, f sulfinyllerbap, 6 selémpbgrodd, ansxygen gomcarbonyl group,

an o%tcar%o:gﬁ Ql%{lfi‘,la cfa%BH%LJg; grodp(, %?!2 e? équ%eof azggne%zi f6n6n?11a:
132
e N N
wherein R2 represents a hydrogen atom, an alkyl group having from 1 to 6 carbon atoms, a benzyl group,

a phenyl group, a naphthyl group or a pyridyl group; n4 and n5 each indicate an integer of from 1 to 6,

and the sum of the two must not be more than 6.
12. The method for producing as claimed. in claim 1 or claim 10, wherein n! is 0.
13. The method for producing as claimed in claim 1 or claim 10, wherein n2 is 0.
14. The method for producing as claimed in claim 1 or claim 10, wherein n3 is 0.

15. The method for producing a thiol compound or its salt as claimed in claim 10,
wherein the base is cesium carbonate, diisopropyiethylamine, tributylamine, triethylamine,
trimethylamine, dibenzylmethylamine, 4-dimethylaminopyridine, tribenzylamine, 1,5-
diazabicyclo[4.3.0]non-5-ene, or 1,8-diazabicyclo[5.4.0jundec-7-ene.

16. The method for producing a thiol compound or its salt as claimed in claim 10, .
wherein the palladium compound is Pdy(dba)3, the phosphorus compound is a compound of a formula:

L C

0
PPh, PPhy,

a compound of a formula:
! o !
Ph,P PPh,

a compound of a formula:
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BYO053 wherein Re and Rd may be the sanme or different,
each representing a hydrogen atom a nitro group, or
an al koxy group having from1l to 6 carbon atons, a
(1- napht hyl ) met hyl group, or a (2-naphthyl)nethyl
group. 5 18. The nmethod for producing a thiol conmpound
or its salt as clained in claim210, wherein the

/I(CH2)z /IR Cc C Rd wherein Re and Rd may
same or different, each representing a hydrogen
m {a nitro group, or an al koxy group, 10 and the
PMefep BMePenovi ng the protective group of Re conprises
amxﬁkgﬁiagﬂﬁnmﬂgh a potassi um al koxi de or a sodi um
. 19. The method for producing a thio
'necwd or its salt as clained in claim110, wherein
ective group of Re is a group of a genera
Cz RA '"- C:) 15 R wherein Ra and Rb nmay be
prhhe sam@ or different, each representing a hydrogen
aton1 an’ acetoxy group, a nitro group, or an al koxy
figdoimidp-from | to 6 carbon atons, a
t-8u_( Ly naj gt hyl group or a (2- naphthyl)npthyl
D, he step of renoving the protective group

formula: R9 My 20 Rh wherein Rg represents
FReom . or an al kyl group having from1 to 10

1§&§Rﬁa@&ﬁﬁﬁ} Rh represents an al kyl group having
, O carbon atons, kin the presence of one

sel ected froma group consisting of copper
i ron conpounds, cobalt conpounds, silver
>, titanium conpounds or their hydrates. 25
. meét'hod for producing a thiol conmpound or its
or a cepdundsf loamiied in claim 19, wherein the additive is
12, CuCl2.2H20, FeCl3, FeCl2, Ti Cl2(i-PrO 2,
020) 2, COC12, AgNG3 or CP2TiC 2. -68 BY0053
nmet hod for producing a thiol conpound or its

s&8t Bs claimed in claim 19,
PPh, PPhy,

and the base is cesium carbonate, diisopropylethylamine, tributylamine, triethylamine, trimethylamine,
dibenzylmethylamine, 4-dimethylaminopyridine, tribenzylamine, 1,5-diazabicyclo[4.3.0]non-5-¢ne, or

1,8-diazabicyclo[5.4.0Jundec-7-ene.

17. The method for producing u thiol compound or its salt as claimed in claim 10,

wherein the protective group of R€ is a group of a general formula:

e R
/ \G’
L
-
\\Rb
wherein R2 and Rb may be the same or different, each representing a hydrogen atom, an acetoxy group, a

nitro group, or an alkoxy group having from 1 to 6 carbon atoms,

a group of a general formula:

/(CHz)z . /Rc

QL
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wherei n t he magnesi um conpound i s di met hyl magnesi um
di et hyl magnesi um di - n- but yl magnesi um di -

n- propyl magnesi um n-but yl magnesi um chl ori de,

n- but yl magnesi um br om de, net hyl magnesi um chl ori de,
met hyl magnesi um br om de, et hyl magnesi um chl ori de,

et hyl magnesi um brom de, n 5 propyl nagnesi um chl ori de,

wheFeiPRO P TOBGAESH tHe e il Rrent, SAIN rORARGNASRFELCAbA] d € o group, or an
or isggto %In?3355|un1?ronlde. - 69
alkoxy group vmgp om carbon afoms,

a (1-naphthyl)methyl group, or a (2-naphthyl)methyl group.

18. The method for producing a thiol compound or its salt as claimed in claim 10,

wherein the protective group of R€ is a group of a general formula:

(CHz)z Re
/ \@
’ -
wherein R¢ and Rd may be the same or different, each representing a hydrogen atom, a nitre group, or an
alkoxy group,

and the step of removing the protective group of R€ comprises treatment with a potassium alkoxide or a

sodium atkoxide.

16. The method for producing a thiol compound or its salt as claimed in claim 10,

wherein the protective group of R€ is a group of a general formula:

H, Ra
-~ Crs/
| 7]
-
\Rb
wherein R2 and RP may be the same or different, each representing a hydrogen atom, an acetoxy group, a
nitro group, or an alkoxy group having from 1 to 6 carbon atoms,
a (1-naphthyl)methyl group or a (2-naphthyl)methyl group, and the step of removing the protective group
of R® comprises treatment with a magnesium compound of a general formula:
R9
Mg/
\Rh
wherein RE represents a halogen atom, or an alkyl group having from 1 to 10 carbon atoms; Rh
represents an alkyl group having from 1 to 10 carbon atoms,

kin the presence of one additive selected from a group consisting of copper compounds, iron compounds,

cobalt compounds, silver compounds, titanium compounds or their hydrates.
20. The method for producing a thiol compound or its salt as claimed in claim 19,

wherein the additive is CuClp, CuCly-2H20, FeCl3, FeCly, TiCla(i-PrQ)2, Cu{CF3S020)2, CoCly,
AgNO3 or Cp2TiCl.
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21. The method for producing a thiol compound or its salt as claimed in claim 19,
wherein the magnesium compound is dimethylmagnesium, diethylmagnesium, di-n-butylmagnesium, di-
n-propylmagnesium, n-butylmagnesium chloride, n-butylmagnesium bromide, methylmagnesium
chloride, methylmagnesium bromide, ethylmagnesium chloride, ethylmagnesium bromide, n-
propylmagnesium chloride, n-propylmagnesium bromide, isopropylmagnesium chloride or

isopropylmagnesium bromide.
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