10

15

20

25

DESCRIPTION METHOD FOR PRODUCING THIOETHER COMPOUND
5 TECHNICAL FIELD The present invention relates to an efficient and
novel method for producing a thioether compound or a thiol compound
useful as a pharmaceutical compound or a production intermediate of it.
BACKGROUND ART 10 Thioether compounds are disclosed useful as
pharmaceutical compounds. FoDEgamptelOitiis disclosed that a thioether
compound having the following chemical structural formula, Viracept
METH(é 1343) has an Hlvﬁxg,protease -inhibitory effect and is industrialized as
RrEGhHe %) A ESH Al @é@%f@%ﬁ@ﬁ) IP(aldor et al., Journal of
Medicinal Chemistry, Vol. 40, pp. 3979-3985 (1997)). OHH \ Me
TECHNDZAE¥IMeso9n O NH Me Me Me Viracept (AG1343) 15 W02004/08
1001 dlzfﬁloses thioether comounds u&eful as tre tlngﬁ{ %ept and/or. a

Tesent jnve t1 L 1c1ent, ang nove roducing a thioeth
preventing Rgent for diabefes and Also A2 & RSN AgERt g g glucing a thioether

compoysKeYiehtitigy @eg@mw& ‘tﬁ%&’lé@éé Rupicatioh soopeind Bthar prisdothatermediate of it.

following method is known for producing thioether compounds (see Nan
RACKERBMShaly Journal of Organic Chemistry, Vol. 63, p. 9606-9607

(1998)). 20 In this non-patent reference, as a weak base, K2CO3,

NaHCORSser semuRdhaafsclised Rfthes RserareuRcl femPAiey Epr cxample,
it is distheeyield: oftbirethiosthppcohipeingdhs fowwangddhemmndthad isaterefose Viracept

(Aezsm%@mqﬁoﬁ industiahssais-preduction, Thigpalentreference, f%a%%}(tsfor AIDS (sec
roduct n method for. thjoether compounds disclosed
Stepherhsg i%gci

Eabid'y %“EH%P OEIRSHRIS BEBR'RS HEnZ MR tidl Ty Gtk 7
OB words, it may be e production method could not produce diary!l
25weulfides. | Al ’q =
ase EBase Yeld ¢f Confpound A -1
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Viracept (A(G1343)

W0O2004/081001 discloses thioether compounds useful as 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 (1998)).

In this non-patent reference, as a weak base, K2CO3, 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 prodaction. 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.
~w~0SO,CF, Pd(dba), S~ Al
C n (R)-{+)-BINAP n-Bu
= n-BuSH Base

Base Yield of Compound [A]
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BY0053 K2CO3 57% NaHCO03 27% | triethylamine 65% BINAP \ (/
PPh2 PPh2 Further, it is known to produce a thioether compound by the
use of a palladium compound such as POPE) I, POPD2 or POPD, and a
strong base such as KOtBu (see George Y. Li, et al., Journal of Organic
Chemistry, Vol. 66, pp. 8677-8681 (2001)). 5 The palladlum compound is
poorin universal applicability and is expensive and thereforretthhee
préddétipn method for th oether compaands is unsuitalle for
ir q@mﬁ@3scale production P H Pd' Il\y7u/—| Cl\/ O-P R POPDI J~'Y_
O,PYCI7/CtPaPd—Ci|'CITOHRPOPDZ CIroH—P_P P~ HO Cl POPD
ML IEREN is a methbd for nrndlmmﬁrhmm‘hpr cemipounds, using
2(dba)3 and DPEphos and, as a base CsCOa3 (see Ulrich Schopfer, et
[ Tetrahedron, Vol. 57, pp. 3069-3073 (2001)). According to the
ed ;pn method the yleld of the mtended thioether compound is low,

Bl

Further, it is known to produce a thioether compound by the use of a palladium
compound such as POPD1, POPD2 or POPD, and a strong base such 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.

TN al o

H e’ P Y

Y, ool N /
POPD

Q(b\é/

POPD
Also known is a method for producing thioether compounds, using Pd2{dba)3 and

DPEphos and, as a base, CsCO3 (see Ulrich Schopfer, et al., Tetrahedron, Vol. 57, pp. 3069-3(G73

(2001)). According to the production method, the yield of the intended thioether compound is low, and

the method is unsuitable for industrial use.

.



Yield: 23 % CDPEphos: C a PPh, PPh, ) Also known is a method for
BY0053 producing thioethgr comp_ounds, using P(_JI(PPh3)4 and t BuONg (strong
~ base) (see Toshihiko Migita, et al., Bulletin of the Chemical Society of
Japan, Vo. 53, pp. 1385-1389 (1980)). \ Br HS y \ Pd(PPh3)4 MeO f:: / +
t BuONa MeO Yield: 80 % CI + HS Pd(PPh3)4 S t-BuONa Yield: trace ClI
Pd(PPh3)4 S + HS t-BuONa 5 Y g 46% Also known is a method for
producmg thloether compound |n§13CaI and K2CO3 (Fuk Yee Kwong,
rg nit VoI 4, ppPB3BE-3520 (2002} M [+ HS Cut
C03 Me m o 92%Atsodisctosed is!a case of p ¢ing
afkylthioether compoundgygtartitgdfom atviedine” 10 compotind OMe
(Shyamala Rajagopalan, et al., Synthetlc Communications, Vol. 26, No. 7,
pp. 1431-1440 (199 )) As st f jodine cor’ﬁ%%ﬁfﬂ, the
production method i riln u ability. t-BuSH i ( NHBoc
Pd2(dba)3 t-Bu" I N cpl‘lbo DP‘P’F OON NEt3 Y: 69% Also
disclosed is an example of the fdtfbwing r&Betion case (see JP-A

2002-472%8 )krbhe ryieldamdquammr@aae)iﬁhwam&mmduﬁtgia&@mlm and -
BuONE Estréjn(:gtlé)arslé)a@eeﬂ?osﬂ% I!gsltg nest% ta Iu 12?{11]3? Iﬂg 832%81’!:3 Society of Japan, Vo. 53, pp.

1385-1389 (1980)).

Br HS
Pd PPh
"0 (70
MeO t BuONa

Yield: 80 %

Cl HS Pd(PPh S
@ t-BuONa \©

Yield: wace
Pd(PPh
1
O “ o+ I{S‘.O @
Q -RBuONa
5 Vield: 46%

Also known is a method for producing thicether compounds, using Cul and KoCO3 (Fuk
Yee Kwong, et al., Organic Letters, Vol. 4, pp. 3517-3520 (2002)).

U0 QT

Yield: 92%
Also disclosed is a case of producing alkylthioether compounds, starting from an iodine
10 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 appiicability.

t-BusSH
I Pd.{dha
COOH DPPF COOH
NEt; Y: 69%

Also disclosed is an example of the following reaction case (see JP-A 2002-47278). The

vield in the reaction case is too low for industrial-scale production, and the method is unsuitable for

15 industrial use.
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-3 t-BuSH t-BuOK Br N Pd(PPh3)tt-Bu-S I N s t-BuOH s Yield:44% For
removing a benzyl group or a phenyl group bonding to a thiol group, the
following methods are known. (a) Treatment with metal sodium in liquid
ammonia. (see J. E. T Corrie, et al., Journal of 5 Chemical Society,
Perkin Transaction, Chap. I, p. 1421 (1977)). (b) Treatment with hydrogen
fluoride in anisojgp(gelgy S. Sakakibara, et al., Bulletin of Chemical Society
of Japan, Vol. 4{)?% 26 (1967)). (c) Electrolysis (see D. A. J. lves,
Canadlan Journa emistry, Vol. 47, 3697 (1969)). The above
Br Qds m ts RroUsang unsuitable for industrial-scale
o?i“t:ﬂo?l’ﬁé%s Es% of @ aymount of chemicals, and may
requl?e specific fidde |on equipment such as electrolytic cells, and
therefore these are unfavorablg, for industrial application in some points.
The present invention is to develop a production method capable of
efficientiy iGeRIEHG RetHIbstpiEr Eonpbeiin @ er RSN ip Bl drgyefiieliowing
methoda phasmaceutical compound or a production 15 intermediate of it, as

d 'SC'OS‘?Q) I@ré&%@l?@&ﬁ’m@lqg&lﬁﬁ ﬂl ]1%19 H rﬂﬁ'ﬁ'ﬂ% i %gécj nél ”FES’JH%:S‘JVM , Journal of

) and W020
Chemm&k%?ﬁ"&ﬁigg f‘é@fﬁ?ﬁ“ﬁ%‘@@t %é i8 drA@\}lél}qu Q)method for producmg a
thioethdb)20ceompounidhyditesathofidcgenerallédsmaiaS Rdkdyrd, i [Bulletin of

c;wml?gﬁ@dlaliggfzj\%r?g 1R, ;Ylf’lﬁ’f{}%)ﬁs nl, nt2 and a group of a general

ormula ave the same neaning ion

comprls%.l%gﬁé? Rgae %I Oriag%g%i é%?n g (? % gqﬁg;g?? (1969)).
formulaThEipbRE mythailfrmay E%%ﬁ%h@r@m@b Fé‘é)mig@mbiﬁfhlymbg@ﬁl -scale

produc@é® Macr ARIGGERAIOM ad CHANH OO UiknABal ko Oy R aviNg ka0 driRuction

equipment such as eiectrolytic cells, and therefore these are unfavorable for industrial application in some

points.

The present mvention is to develop a production method capable of efficiently producing
a thioether compound or a thiol compound useful as a pharmaceutical compound or a production
intermediate of it, as disclosed in Stephen W. Kaldor, et al., Journal of Medicinal Chemistry, Vol. 40, pp.
3979-3985 (1997) and WO2004/081001.

SUMMARY
According to a first aspect, there is provided a method for producing a thioether

compound or its salt of a general formula:

RI—Y; i

RB
R/ 2

wherein R1, Y1, R6, R7, R8 nl, n? and a group of a general formula:

O

have the same meanings as mentioned below,

which comprises reacting an arvl or heteroaryl compound or its salt of a general formula [11I]

1l
RI—Y]) Lin]
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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 | to
10 carbon atoms, a hydroxyl group, a carboxyl group, an a.lkoxycarbonyl
group having from 2 5 to 10 carbon atoms, an alkanoyloxy group having

Whereu{rl?llrl’%)lg&é%s%q{ﬁﬁ[;g@ﬁ%ﬁl ?mﬁﬁ\élegra@&g §55ﬁ£}t5|§@ﬁ99'35{ laﬂ(@%ﬁm%avmo from 1 to
ary carbonyiox roup,. a neteroar up,.a netero ny

0 ar ANl RSB & R QPR i S R o from |t
10 Carbhmtﬁ@%remitbtbui@whm bwmg frczm Jaﬁylﬁhﬁbrhwlaﬁ@rmoagl@&ﬁswonyf group having

from 1 t&eie@afylﬁamylﬁmﬂ@gg%; @E@Boagk@w gmmbaya&n&ﬁwm@g%@ng from 2

0 10 cacl:%ob oRAomsL Shiepresents.an alkylens ﬂf”}%or};aa"thr}%f%%@ 19

on atéms o W%cﬁ thie c% a‘é‘ﬁlgt a|n may have a group se cf’edpﬂ’
arylearboryigipator 2w 'Sathag igrs @ W sﬂﬂ%ﬁyﬁ@flcﬁjﬁ%r? B%f;g@%wmna group, 4
heteroagdchtoyl, Broupouanoxearboiy | arolme eatbopytoxhgiayprand & goepboh atoms,
an ary]&xggﬁﬁﬁﬁl B%rg%ﬂs ﬁ%t%a%%m% A rg‘?ﬁ'ﬁ‘;m& %1h¥%99ﬁ%r%%51@ﬂo from 1o 10

alkyl group having from 1 td 6 carbon atoms, a benzyl group; 15 a phe

carbon gl a naphthyl group or a pyridyl group: X represents a bromine atom
Y1 reprasehiloringlatens, sotrifluoiogfethahestifohyloxygy ofiphicmetaidulfchyioxysy have a
group sEIQHR @omﬁﬁﬂﬁ"%wfﬁ NYAQA G MR 3 LRIHENBSWHANIOXY FEQURAY Rcarbony] group,
ooy oSG O, oD ) P Catcs O Shara I of 2 general

nz Tor Jag D46 Keans an aryi g or uppor o REtErdANT TG group;

' provided that when X is a chlorine atom, then the group of a general
Ve \formula' R1 -4Yk n1 wherein R1, nl and Y| have the same meanings as

oV fJ is an elec iSron Wi hdraW| roup,, 25 wi h a h|oI co ound or
wherem represents ag ﬁwla(ﬁﬁ aﬁ TE%P L% avx erem ?2 aﬁ ms, 4 [ta%nzy group,

ait of a generat
a pheﬂ}t’r@%@nﬁ’é’&?‘@’#ﬁégé‘mp ebtRYEpiggeming a hydrogen atom, an alkyl group

X reprelaningbitanht tect carhRniaiams, amaiﬂﬂﬂmgﬁmps@foa}p&wbgpowmmﬁ%su fonyloxy
Indi i 0 rogen, at a halo tom

giou;;, ) fy?%%%uftﬁéa(% 9)[?? %§ 0\? 0%%015[%5% zl?;]%é?ﬁ? %ra%p%ar \?i ﬁbprgl])bnzenes%nﬂ Xy group

nt maicates U or

the group of a general formula:

means an aryl ring group or a heteroary! ring group;

provided that when X is a chiorine atom, then the group of a general formula:

R?—(Y%1

wherein R, nl and Y! have the same meanings as above] is an electron-withdrawing group,
with a thiol compound or its salt of a general formula [IT]:
o )
HS
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;
n2 indicates from 0 to 6;
R8 represents a hydrogen atom, a halogen atom, a cyano group, an amine 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 { to 10 carbon atoms, an alkylsulfinyl group having from 1 to 10 carbon

- dg -
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from | to 10 carbon atoms, a trimethylsilyl group, an alkoxy group having
from | to 10 carbon atoms, an alkylthio group having from I to 10 carbon
atoms, an alkylsulfnyl group having from I to 10 carbon -4a atoms, an
alkylsulfonyl group having from | to 10 carbon atoms, a hydroxyl group, a
carboxyl group, an alkoxycarbonyl group having from 2 to 10 carbon
atoms, atangsdfoalkanoylaxyhgréom havingduion 2ttoni( batfan atoopsa amrisuyd group, an
alkoxycIHOHR: ARAHIGAEBORY] STRUR, c%&%':%ﬂ{?%M%X&EQ%P%&M%%Q{JW 210 10

group, a heteroarylcarbonyl group, a heteroarylcarbon roup, a nitro
carbon @‘Pﬁﬁpa%f‘fﬂlﬁ%‘@y%ﬂﬁ’%aé By HAVM G RO ‘P?Byi‘ﬁ%afﬁ‘&a %FSP?f§a§/rlu group, a
heteroapiyicariyd rgytaminbegroany aetetoargoarh emytangimopg ro wkaanyédikamogloup having
from ] @rw&hﬂwwéf% |a191330b%%§l%9ﬂ1ﬁ¢‘3¥8§p o 1R GFOMHPION BB AL IQUTMIR atkanoy]
r]3 wherein y2 represents an U)élenq group I having from | to 6
O"roup h%‘”ﬂgg ne

Omg)rr?s SR RS e SHEhER S r‘ﬁa Havea'g group selected from

;u.r atom, a sulfinyl group, a sulfonyl group, an oxygen atom, a
10 group, an oxycarbonyl group, a carbonyloxy group, and a
—~group of a general formula: R7 N wherein R7 represents a hydrogen
whereingYgrrerarsamRyingtblsiraaiony frovng frens lckirbearbapsiams penpghghegprban chain may
have a @BENYIEIRU Bronnaitng: g U RO, Pyidy) DsarpnZringicates@eralon. s carbonyl
QJent t N & an

e B e e A

! atoms, an alkoxy group having from | to 10 carbon atoms, an alkylthio
Ve \group having from | to 10 carbon atoms, an alkylsulfinyl group having from

wherein 10 1,S2I0Q0 AloMS, AN, alk 'SH!f‘?“}’o‘%r él%ao%‘r’ﬁkﬁ%f[%‘ LB USRI enzy1 aroup,

Nnts a 2n atom, ah

aomé’resﬂydro yrgﬁoup, a’car OXngr up, arm ‘alkoxycar ony%igroup
a phenyh gigiigy fropARIYG 2OUEHHHAVEBINECER alkanoyloxy group havingfom 2 to
n3 indick@20 @arbon atoms, an aryl group, an arylcarbonyl group, an

RY repr@ﬁy l&azm?m}@g@fy 22AUR hﬂc@%ﬁeéﬂﬂ{yé gif’%bogi‘gug %5? 59@1‘%' g?cmp )i 1962 an alky!

heteroarylcarbonyloxy roup, a nitro group, an al an lamino
group RGOt drie 1 Y6 Bo2 BBty a?oﬁwg%ﬁfawlé%rfw i g %Ofaawim an alkylthio
group hhetar Ganyltarb O rytansinmgsoups oy aniiaikaneyl lgroap having ftérmbeo 40ms, an
alkvlsuﬁ@x'{p%cﬁ&?}g]&?n@ﬁ &iilolutB 6 aaa%a%?#{@mulﬁoxaﬁc?meﬂ&z@m@fbw \Gin

or a heteroaryl ri in the presence of a palladium co

oy G T Gt oI L Pt S Bt qBAf R I o 10
carbon Egbal) 2 S8R seletied Trarh g ap %Wﬁ@ﬁﬁ@l@mﬁgw Gaipetateroup. a
heteroaflRHAB-AEI rativeshefrogsNerabioIeaY & cup, 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 consisting of paliadium acetate,
Pda(dba)3 and Pd{dba)z,

a base selected from a group consisting of cesium carbonate, amine derivatives of a general formula:
RB
AN
R =
R5
wherein R3, R4 and R5 may be the same or different, each representing an alkyl group having from | to 6
carbon atoms, a benzyl group, a pheny! group or a pyridyl group,

1,5-diazabicyclo[4.3.0]non-5-ene and 1,8-diazabicyclo[5.4.0Jundec-7-ene,

- 4b -
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R3 R4 -\N 30 R5 wherein R3, R4 and R5 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-one,
4b and a phosphorus compound selected from a group consisting of a
and a peaROLNGapaufarmidasd (e RhiZohe BiRhting 60Mmpaipochal-a fosmulR;
% (PPR(i-Pr)2 Fe P(i-Pr)2 5 a compound of a formula: P(t-Bu)2 Fe
Fe P(t-Bu)2 acompound of a formula: PPh2 PPh2 a compound of a
@_fggpzula: 10 NN PPh2 PPh2 a compound of a formula: Ph2P PPh2 a
compound of a formula: PO ? 15 PMePh PMePh a compound of a
a compgptheia: fPmmePPh2 PPh2 a compound of a formula: t-Bu |\ t-Bu
S PP,
Fe
& PP,
a compound of a formula:
Yoy P(E-Bu)y
Fe

& —P(t-Bu),

a compound of a formula:

o
PPh,  PPh,

a compound of a formula:

LS

o
PPh, PPh,

a compound of a formula:

. :o: !
Ph,P PPh,

a compound of a formula:

W,
W,

o
PMePh  PMePh

a compound of a formula:

JO

PPh, PPh,

a compound of a formula:

-Bu ‘ ‘ t-Bu
O

PPh, PPh,

),

-do -
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/ 0/ PPh2 PPh2 -4c a compound of a formula: S PPh2 PPh2 and a
compound of a formula: H PPh2 PPh2. 5 According to a second aspect,
there is provided a method for producing a thiol compound or its salt of a
general formula [I-b]: R1_(Y~n [l b[ SH wherein R1, Y1, nl and the group
of a general formula: O 10 have the same meanings as mentioned
a compOBIOW] avdighicomprises reacting an aryl or heteroaryl compound or its
I of ergerreral formula [111]: R1.-EYt n [lIl] X wherein R1 represents a
\@dr atom, a halogen atom, a cyano group, an alkyl group having
frofh 1T 10 carbon atoms, an alkoxy group having from 1 to 10 carbon
PRatoms, Bnhalkylthio group having from 1 to 15 10 carbon atoms, an
and a c@hdsudftng geaimhaving from Ito 10 carbon atoms, an alkylsulfonyl group
Iiﬂbvin from | to 10 carbon atoms, a hydroxyl group, a carboxyl group, an
a
ol

rbonyl group having from 2 to 10 carbon atoms, an alkanoyloxy
ving 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 havingiirgme k tecbddcarizon thtoms pRE idedaryletrdoiy lamimong rotyyla
compol@teraaryicarnonylamipagieup, or an alkanoyl group having from | to 10
arbon atomg;.gfl represents an alkylene group having from | to 6 carbon
atgms of which the carbon chain may have a group selected from a sulfur
foma sulfinyl group, a sulfonyl group, an oxygen atom, a carbonyl
—arbdxycarbonyl group, a carbonyloxy group and a group of a

PPh,

wherein R1, Y, n! and the group of a general formula:

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

or its salt of a general formula {HI}]:

RI—Y]) L]

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 alkylsulfonyl group having
from 1 to 10 carbon atoms, a hvdroxyl group. a carboxyl group, an alkoxycarbonyl group having from 2
fo 10 carbon atoms, ap 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 alkanoylamineo group having from 1 to 10 carbon atoms,
an aryicarbonylamino group, a heteroarylcarbonylamine group, or an alkanoy! 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
group selected from a sulfur atom, a sulfinyl group, a sulfonyl group, an oxygen atom, a carbony! group,
ain oxycarbonyl group, a carbonyloxy group and a group of & general formula:

R2

[
AN

-d4d -
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4d wherein R2 represents a hydrogen atom, an alkyl group having from |
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

whereﬁﬂm‘éﬁf&&ﬁ%ka%gw&ﬁ%pmﬁﬁgaﬁmﬁtﬁﬁ@ﬁ%ﬁ th® SR AbAs, 2 benzyt group,
ring group or a heteroaryl rng group,

. hen)geperalﬁfgrr?%{la}:] 0 means a_r.lda{ré
P pr%?/}l(?éd HECWhER Y 18 & BRISHE B m, then the group of a general

X reprefgpiiglaroRing Rign1 Dokl eme etronh tattvaaing grssp fwtlereigrRIp.ri medisyiulfonyloxy

group, HBMELRSEAMEINEABIRYS ASuRAENMRA:IBIR GaMmRPeIRE-ekdts &0k Agroup;

ol ing;d8Neyal ?_Qrmula [ll-a): Ill-a] HS-Re 15 wherein Re represents a group of a
general formula: H2 Ra" C) Rb wherein Ra and Rb may be the same or

the grounspd fefn@alch fddiesenting a hydrogen atom, an acetoxy group, a nitro
group, or an alkoxy group having from | to 6 carbon atoms, a group of a
general formula: ~(CH2)2 aRc 20 R wherein Re and Rd may be the same

means Q{nygﬁ%tgr&ﬂcd? 1eRIgsenting rogen atom, a nitro group, or an

.. alkoxy group having from 1 to 6 carbon atoms, or a group of a general
provid WﬁhTéﬁe“-(’é)ﬁ SR SR A HRTCARSTEE 2 W or o (
R —(‘if hthyl)methyl group, a (2-naphthyl)methyl group, a 4-methoxyphenyl
graup, a 4-acetoxyphenyl group, a phenyl group, a trityl group, a
diaminomethyl group, a 2-trimethylsilylethyl group or a 2-(2-

is an eiaﬁmﬁ&ﬁﬁ?ﬁﬁnyl)ethyl group,

wherein R1, nl and Y1 have the same meanings as above,

with a thiol compound or its salt of a general formula {Il-a]:
fli-a]
HS~R®

wherein R® represents a group of a general formula:

HZ Ra
g
.
-~
\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,

a group of a general formula:

/(CHQ)E /R"
\ﬁ.]
\Rd
wherein R¢ and R€ may be the same or different, each representing a hydrogen aton, a nitro group, or an
alkoxy group having from 1 to 6 carbon atoms,

or a group of a general formula:
""—(CHQ)HE

@

wherein né indicates ! or 2,

- de .
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in the presence of a palladium compound selected from a group
consisting of palladium acetate, 5 Pd2(dba)3 and Pd(dba)2, a base
selected from a group of consisting of cesium carbonate, amine
derivatives of a general formula: R3 R4 R5 wherein R3, R4 and R5 may
be the same or different, each representing an alkyl group having from | to

or a { ! -GapRROMaloMecaph e ZykghtyDnethhienyl grodpethayytieyigioup, dBacetoxyphenyl

group, }p%éqgﬁé?gjﬁ}/g%[%r%(?g'cﬁé?rﬁ';?oﬁl@gx B ellpZabIGYEIo 4:10M4R %aﬁpe&% 2-(2-
and a phosphorus compound selected from a group consisting of a

ethylhexglngoRRars e 850H8: (r)-PPh2 Fe (r)-PPh2 a compound of a formula:
in the pREeRR) 21 F @l B&iNm-eempbynd{€eRe)2115 2 compoundsof @adopatiatinm acetate,
Pdo(dbiREdBU)dre P(t-Bu)2 a compound of a formula: Z' PPh2 PPh2 a

b c%mpé)?_nd of a forn?ula: _Q;_P 29 PPh2 PF{)hZ a comp%und Qf af rn]jula: 1 formula:
a R%Sﬂ S% C&? llgﬁlz‘il:gligy%ﬂcgﬂ%lﬁgdﬁ%oo 88%%1}]rﬁalia0n_%]@, anine aerivatives O a general 10rmuia:

N
R e N
Ve
RS
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 phenyi 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 consisting of a compound of a formula:

| ==l
Fe
&—PPh,

a compound of a formula:

S P(-Pr),
Fe
& PP,

a compound of a formula:
e P(t-Bu),
Fe

& P(t-Bu),

a compound of a formula:

o
PP,  PPh,

a compound of a formula:

LG

0
PPh, PPh,

a compound of a formula:

CIr$y

o)
Ph,P PPh;

a compound of a formula:

_4f-
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P~o0 PMePh PMePh a compound of a formula: 0 PPh2 PPh2 a
compound of a formula: t-Bu t-Bu 5 PPh2 PPh2 a compound of a
formula:\s\ /0/ PPh2 PPh2 and a compound of a formula: HN /\ 0/
PPh2 PPh2, 10 thereby affording a thioether compound or its salt of a
general formula [I-a]: Rt-4Y (I al A S-Re wherein RI, Y1, Re. nl1 and the
bup of a general formula: 0 have the same meanings as above], 15 and

gese t inventors have assiduously studied a method for producing
PMeRKioeffé#FBompounds and, as a result, have found a novel method for
a comppadlaEmigraniioether compound, in which a 20 phosphorus compound, a

ppp,undeppyild basic condition, and on the basis of this finding, we have

a COH]pégﬁBpl

ted the present invention. Further, we have also found out an
R4 for introducing a thiol group into an aryl ring or a
ing.ttaking advantage of the novel production method for a
npound,

PPh, PPh,
a compound of a formula:
S

]
PPh, PPh,
and a compound of a formula:

H
N

o)
PPh,  PPh,

thereby affording a thioether compound or its salt of a general formula {I-a]:

R1__<(Y1 El-al

. S-Re

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

have the same meanings as above],

and then removing the protective group of R€ of the resulting thioether compound of formula [I-a],

DISCLOSURE OF THE INVENTION

We, the present inventors have assiduously studied a method for producing thioether
compounds and, as a result, have found a novel method for producing a thioether compound, in which a
phosphorus compound, a palladium compound and a weak base are used, and a bromide, a chioride or a

sulfonate compound that are readily available as starting materials are used to produce a thioether

- 4g -
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5 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 the compounds. (a) The method for

producing a thioether compound of the invention can be carried out 10
compoutidehighnilddasie ednditian candrisithedkbiareapplicabie d6ral egnyduind completed
the pres%ﬁﬁﬁ@lﬁ;&?der a strong basic condition. -4h BY0053 (b) In the method for

producing a thioether compound of the invention, a bromide, a chloride or

a sulforl AR Ebip o atPe Res8TeH v tﬂ%{hoéhf%ﬁ’iﬁ%defx‘ﬁﬁ)"’oﬁ‘r‘fﬂ group into an
aryl ringray beaisslagstéaiting adnaterals fbe produninty¢himethgéroddmpobieddie{cpmpound,
and ;ﬂa\,lanC methed 1{9,@,wgﬁiucmg a thioether compound of the |nvent|on a

bromld%}aS c or| e or fonat comp und ma be us gs starti

materiaf®<y lgatl‘yéreF RSO, e ap Sﬁca‘{cm o tler Gmpound an the rog tion method
for a thiglgariraret eipdiromionatiedy L@ﬁh@v% ?é@lm&ﬁwﬁfpom*mp aﬁdc‘ﬂq\%productlon of
the complasttRg materials for the method are readily available (d) According to

the meg:% LR Eﬁcgcy anN It%dé'&{?et 8@1}) 6) d h?tfl \Detf%%h%aftm% carried out

compo supstitute a removable grou may e reacte

under a gyl GetHe ESAFOR i FollRG T RERMRRPY EhioTRleParBti Bt BIOHIRSE GitoRs basic

conditid@r a substituted sulfonyl group to thereby efficiently produce a thioether
compound, and then the removable group may be removed to thereby
efficiently introduce a thiol group into the aryl ring or the heteroaryl ring.
(e) In case where the removable group is a substituted or unsubstituted
benzyl group, or a substituted or unsubstituted phenethyl group, it may be
removed in any ordinary equipment under a 15 simpler and milder
condition than in any other conventional method. Specifically, the
invention relates to the following (1) to (21): (1) A method for producing a
thioether compound or its salt of a general formula: Rt"t/Y1 n~ 1116 SR$
HR7 2 w herein RI, YI, R6, R7, R8, nl, n2 and a group of a general
formula: O 20

- 4h -
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have the same meanings as mentioned below, which comprises reacting

an aryl or heteroaryl compound or its salt of a general formula [I11] [l ]

R1-4Y b~-x wherein RI represents a hydrogen atom, a halogen atom, a

cyano group, an alkyl group having from 1 to 25 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 atéwig ‘%%W@MW@?W& HEOREC fPOrPPTed of bt s items bepmide, a
chlorliydiioxytigreup caparhexyhgieupssataalkexyeadraoying e Bavingalr 08 g as starting
mateﬁ%lé@of;é{?d?ﬂl@qmtﬁ& alkangylexy group having from 2 to 10 carbon

atoms, an a % roup an arylearbonyl , an arylcarbonyloxy group, a

heteroary‘ HOSFBaryACarBs I 8 57 &O%W?Sﬁﬁ@dmeﬁwaﬁyomxde a
chlorgioerm allrﬁmategrmupomd aidnahmy&admmstgtmgpﬁamna@ fandnibhado tharpphication latitude

of th&tRIMSd 1&05%&@@?&1@9&%*%@%@%@9095%Hygaan iodine com fpound and the starting

teroarylcarbonylamin or an alkanoyl group having from 1 to 10
mateﬂagrg{x%a (I)Ilrﬁ%lo‘é]{?éear(ie‘g%n‘f Ligiﬁl alkylene group having from | to 6 carbon

atoms of Whi‘b‘?\?‘tﬁé%&ﬂa‘bﬁ BhGEin feapledveins yloogiveleoredindmishsutfurntion, a thiol
compat@mmﬁuﬁwlvgwmmﬂf@@ad@r&ug baRaX¥ISNARNM A EAEBRMAYMY! compound
havin%rg&ﬁbﬁior%]());()y % l;%%rl] € %{0 or a, SL?E éotﬂ}é@ Xgig) e%f?)‘@éjrg' elé?!é% e?faclently produce a

enera ula: R2 | erein represen na

thioe ﬁf;ﬂog?ﬁﬂﬁ]%é\?ﬁﬁ%h‘f 190 B AP RIS o R Qj’réﬁﬁb?aeéﬁ@ﬂ%iy introduce a
thiol grayypna rephihyihgreupeorapyridyingroup; X represents a bromine atom,
a chlormqe@tﬁms@ fifluoremethanas Wiy %M%MJES OASHIRONRY 1 group, or a

up,abenzenesulf onyloxy group, a toluenesulfonyloxy group or a
E’Fﬁﬂﬁ”ﬁ

S“b“w% P ERELHIEhDISRS th|W&%B‘Eé&”@oﬁ?‘imtﬁ@’@r&ﬁﬁ%feél‘{j@ﬁ%’?hvﬂdef'a
simplfgrmdimild® meditisrathaanyl smgegrouporatietérostyking group; 15

provided ﬁ@@ém@@ &&@&M@ﬂ@&@é@m,@q&mx@@}a&&m general

formula: n electron-withdrawing grou erei I, nla
have the& 8uc1 BISM Wi erc%ngf“éo 66’3% ?l%ggﬁﬁfémula

A me
me meanlnﬁ% as a ve Wi

R1—{geheral formula6[ll].

S RS
R/ 2

- wherein R1, Y1, R6 R7 R8 nl, n2 and a group of a general formula:

have the same meanings as mentioned below,

which comprises reacting an aryl or heteroaryl compound or its salt of a géneral formula [HI]
il
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 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,
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HS HR R8 20 n2 wherein R6 and R7 may be the same or different, each
representing a hydrogen atom, an alkyl group having from | to 6 carbon
atoms, an amino group, or a phenyl group; n2 indicates from 0O to 6; R8
represents a hydrogen atom, a halogen atom, a cyano group, an amino
group, an alkyl group having 25 from | to 10 carbon atoms, a trimethylsilyl
group, an alkoxy group having from 1 to 10 carbon atoms, an alkylthio
an argRsteMAVIREPTEOPHPL 2d eI eryber ans v imestkpisulinpligrovpdiawidgving from 1w 10
carbdh@Bndsto 10 carbon atoms, an alkylsulfonyl group having from 1 to 10
1 1 GARAR A0S ALV AR 2. CAPON OB AR ANRNEAROM i may have o
roup hawngy]lrom 1 10 carbon atoms, an aﬁ<anoyloxy group having
groupHACEAATOR ISP NS R B ST G U AT AR GRSt Sy @ carbonyl group,
an oxayilbanpbiyploxy gadipy mheteroanytigrouppa B0 deaterbDiarytiasrbonyl group,
F}%\ heteroarylcarbonyloxy group, a nitro group, an alkanoylamino group
yhaving from 1 to 10 carbon atoms, an arylcarbonylamino group, a
7 eteroarylcarbonylamino group, an alkanoyl group having from 1 to 10

wheERARORAIONR:s 9 AaOURRf:R g@ﬁﬁﬁ@%ﬁgﬁﬂ%@&%@%ﬁ%&%ﬂé a benzyl group,

erein y2 represents an alkylene group having from I to 6 carbon atoms

W :
2 Phegy| gHORR- the RATBO S CRRM AT WATEWyroup selected from a sulfur atom,
X represesfia/brgroune atesuiohidigrogoman wigernzibanesuianbbomyl sgnaup, rambylsulfonyloxy

groufRIRABARM| FBHURy R A QRYIRAL GEMRA ARG QMR AtAganalabifonyloxy group;
1 Eormulﬁ: R7 1 N 5 wherein R7 represents a hydrogen atom, an alkyl
n! mdicates Oor 1 .
group havirig from | to 6 carbon atoms, a berizyl group, a phenyl group, a
the eroapiodiee@E @PBBYridyl group; n3 indicates 0 or 1; R9 represents a

@ drogen atom, a halogen atom, a cyano group, an amino group, a nitro
group, an alkyl O group having from | to 10 carbon atoms, an alkoxy

meargr&%gg@&é&rgrlatge}%ogq};plqggag]g%%s,, an alkylthio group having from 1
y

to 10 carbon atoms, an alkylsulfinyl group having from | to 10 carbon
provigeg et yhemik i HBRTI G PSR HEDiAE FoiP £16 doreatbomitoms, a
R1-Ayd axyl group, a carboxyl group, an alkoxycarbonyl group having from 2

to 18 carbon atoms, an alkanoyloxy group having from 2 to 10 carbon
_atoms, an aryl group, an arylcarbonyl group, an arylcarbonyloxy group, a
is an eI U SE1% Preteroarylcarbonyl group, a heteroarylcarbonyloxy
whergoRp, @ nitdd/drioup, tansatkaneytarmine group having
with a thiol compound or its salt of a general formula {II}:

. fu]
R
RS

7
R/ 2

HS

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

nZ indicates from O to 6;

R8 represents a hydrogen atorn, 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 alkyisulfonyl 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 heteroarylearbonyloxy group, a nitro group, an alkanoylamino group baving
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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from | to 10 carbon atoms, an arylcarbonylamino group, a

heteroarylcarbonylamino group, or an alkanoyl group having from Ito 10

carbon atoms; the group of a general formula: 0 20 means an aryl ring

group or a heteroaryl ring group, in the presence of a palladium compound

selected from a group consisting of palladium acetate, Pd2(dba)3 and

Pd(dba)2, a base selected from a group consisting of cesium carbonate,
mg,%gerlvatlves of a general formula: R3 R4 R5 25 wherein R3, R4

YR 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
whereirpyﬁdyprgsgmp]grgz;ﬁqjm@mdl@fmg Broh+B-emetamditoms of which the carbon chain may

have a grétgliRZRRIEYLIR[2 éuﬂliﬂ@ﬂ;%@ o Sﬁ%ﬂ%@%%%%&ﬁ@ﬁ%&?&n atom, a carbonyl
selecte from ao‘ﬂrou%i pou lf_,(aré a formulg PPh2 e PPh2 30a

& ng’ com %)aund.1 %f% ormufa r"jfr T8 B Ormu 1o

a compound of a

1 formula: P(t-Bu)2 Fe P(t- Bu)2 a compound of a formula. NNfOn 5
/N\PPhZ PPh2 a compound of a formula: C04 PPh2 PPh2
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;
RY represents a hydrogen atom, a halogen atom, a cyano group, an amino group, a nitro 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 alkylsulfinyi 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 alkanoyioxy 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

20

25

30

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 consisting of palladium acetate,
Pdy(dba)3 and Pd(dba)y,

a base selected from a group consisting of cesiun carbonate, amine derivatives of a general formula:
RB
\
RY=——N
v
R5
wherein R3, R4 and RS 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], 1,5-diazabicyclof4.3.0]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:

PP,
Fe

S>—pPh,

a compound of a formula:
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a compound of a formula: XOP Ph2P PPh2 10 a compound of a formula:
I\I'\ PMePh PMePh P O 9 a compound of a formula: O |i PPh2 PPh2 a
compound of a formula: t-Bu (\ I\ t-Bu ;)~ O 15 PPh2 PPh2 a
compound of a formula: I\s I\ O r PPh2 PPh2 and a compound of a
formula: -8 BYO0O53 H O PPh2 PPh2 (2) The method for producing a
thioether compound or its salt of (1), wherein the thiol compound of
@‘r‘rﬁﬁ@f[ﬂ] is a thiol compound or its salt of a general formula [lI-a]: [ | I-a |
Feb HS-Re wherein Re represents a group of a general formula: 2 . Ra
@h_q;mg} Iz?a and Rb may be the same or different, each representing a
hydrogen atom, an acetoxy group, a nitro group, or an alkoxy group
a corpppripd Frerferal® carbon atoms, 10 a group of a general formula:
S, (B892 /Rc Rd
Fe

&S—P(t-Bu),

a compound of a formula:

0
PPh,  PPhy

a compound of a formula:

(L

0
PPh, PPh,

a compound of a formuia:

Ph,P PPh,

a compound of a formula:

J

PMePh  PMePh
a compound of a formula:

J

PPh,  PPh,

S EAY;

a compound of a formula:

t_sut-au

PPh; PPhy

a compound of a formula;

o)

PPh, PPh,

£

and a compound of a formula:



wherein Re and Rd may be the same or different, each representing a
hydrogen atom, a nitro group, or an alkoxy group having from | to 6
carbon atoms, or a group of a general formula: _(CH2)na 15 vN wherein
na indicates 1 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

BY0053

ér compound or its salt of (2), wherein Re is a group of a general
“H2 Ra R wherein Ra and Rb may be the same or different, each
prkePresgpfing 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 BY0053 (CH2)2 R |\ Rd wherein RC and Rd may be the

same or (iffehenictadhoepresehingiddayitiogenatamealBidia groUPwAER: the thiol

compBUSEOF SRR, ';ﬁyigg HNAIBRLAE0A0 21O, goeaagr%r@agp?ga neral

formula: _,(c\)na N 5 wherein na indicates | or 2, or a thyl)methyl
groupl!b&h (2-naphthyl)methyl group. (4) The method for producing a
3 H3RiRE&ther compound or its salt of (1), wherein the thiol compound of
wher forﬁkurlg Llageis a}athiol cotmpound r itsPeFaIt of a general formula: [li-b] HS-R'
:ﬁ) WHEPETY Y T ShreR h PSS A By EE 1 group, a 4-methoxyphenyl
pyridylmethyl group, a benzyl group, a 4-acetoxybenzyl group,
enzyl group, a 4-acetoxyphenyl group, a phenyl group, a trityl
iaminomethyl group, a 2-trimethylsilylethyl group, or a 2-(2-
ethylhexylBRycarbonyl)ethyl group. (5) The method for producing a

whereqﬂi Q%t!ﬁﬁf IQQWQE:OJE&E% %@léiﬁfel(gi'}ﬂ, \évat%%rr%i}%etshe%ting a hydrogen atom, an acetoxy group, a

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

10 agroup of 2 general formula:

/(C?‘fz)z »/R
S

P
N

wherein RC and R4 may be the same or different, each representing a hydrogen atom, a nitro group, or an

C

alkoxy group having from 1 to 6 carbon atoms,

or a group of a general formula:
“—(CHZ)ﬂa

¥

15 @
wherein n2 indicates 1 or 2,
or a (1-naphthylymethyl group, a (2-npaphthyl)methyl group, a 4-acetoxyphenyi group, a phenyl group, a
trityl group, a diaminomethyl group, a 2-trimethylsilylethyl group or a 2-(2-ethylhexyloxycarbonyl)ethyl
group].

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

group of a general formula:

22 Ra
s
|
- -
wherein R2 and RY 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.



15 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: cop PPh2 PPh2, a compound of a formula:
0 20 Ph2P PPh2, a compound of a formula: p o p PMePh PMePh, a
compound of a formula: -10 BY0053 9 0 PPh2 PPh2, a compound of a
formula: t-Bu t-Bu PPh2 PPh2 a compound of a formula: \SI\/O/5
2 PPhzg or a compound of a formula: H/ O/ PPh2 PPh2. (7) The
erd 98¢ producing of (1), wherein the base is cesium carbonate,
vlethylamine, tributylamine, triethylamine, trimethylamine,
dibenzymeéthylamine, 4- 10 dimethylaminopyridine, tribenzylamine,
1,5-diazabicyelo[4.3.0]non-5-ene, or 1,8- diazabicyclo[5.4.0]lundec-7-ene.
where@) Rbandririony fosr hroauisi gt sardsRpsuHBEsT hslsgentten), a nitro group, or an
alkoxwhereimibrbase is ol seprapyiethylamineulf khennetieshios: producing
__gg&pﬁirr compound or its salt of (1), wherein the 15 palladium
c

BY 0053

nd is Pd2(dba)3, the phosphorus compound is a compound of a
P-~O

for Ta:i
> N

5 wherein n? indicates 1 or 2,
or a (1-naphthylymethyl group, or a (2-naphthylymethyl group.
(4) The method for producing a thicether compound or its salt of (1), wherein the thiol
compound of formula [IT] is a thiol compound or its salt of a general formula:
[li-b]
HS—R'
10 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 group, 2 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
15 palladium compound is Pda(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:

(L

o
PPh, PPh,.

a compound of a formula:
! O !
20 PhoP Pth’

a compound of a formula:

(LI

PMePh  PMePh,

a compound of a formuia:

-10 -
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PPh2 PPh2, a compound of a formula: P-OP Ph2P PPh2 a compound
of a formula: / O 20 PMePh PMePh, a compound of a formula: -11
BY0053 pop PPh2 PPh2, a compound of a formula: t-Bu -1 (0 t-Bu
PPh2 PPh2 a compound of a formula: \S q/O 5 PPh2 PPh2,ora
compound of a formula: H/ O/ PPh2 PPh2, the base is cesium
carbonate, diisopropylethylamine, tributylamine, triethylamine,

PPIwherei FL%IQ, YI, n1 and the group of a general formula: O have the same
meanings as mentioned below], which comprises reacting an aryl or
a conpapsrb@irgl feBmiound 15 or its salt of a general formula [II]: n [ 11l | R1-4Y

PPh, PPh,

a compound of a formula:
S

O
PPh, PPh; or
a compound of a formula:

H
N

o}
PPh, PPh,.

(7") The method for producing of (1), 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{5.4.0Jundec-7-ene.

(8) The method for producing a thioether compound or its sait of (1), wherein the base is
diisopropylethylamine.

{9) The method for producing a thioether compound or its salt of (1), wherein the
palladium compound is Pdp(dba)3, the phosphorus compound is a compound of a formula:

(O

o)
PPh, PPhy,

a compound of a formula:
! O !
Ph,P PPh,

a compound of a formula:

(L

PiePh  PMePh,

a compound of a formula:

-1l -
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10 carbon atoms, an alkoxy group having from | 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 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 arylcarbonyl
gup, an arylcarbonyloxy group, a heteroaryl group, a heteroarylcarbonyl
12 BY0053 heteroarylcarbonyloxy group, a nitro group, an
yramino group having from | to 10 carbon atoms, an
ylamino group, a heteroarylcarbonylamino group, or an alkanoyl
2

group havihg from I to 10 carbon atoms; Y| represents an alkylene group
a compRiiA§FEOMTME 6 carbon atoms of which the carbon chain may have a 5

reppgsents gepydrogen atom, an alkyl group having from | to 6 carbon
atoms, a benzyl group, a phenyl group, a naphthyl group or a pyridyl
a com lﬁ@)‘,’fﬂ)f ‘esents a bromine atom, a chlorine atom, a
uo anesulfonyloxy group, a methylsulfonyloxy group, a
Ef) fonyloxy group, a toluenesulfonyloxy group or a
F?j,gro en g,rp}esulfonyloxy group; nl indicates 0 or 1; the group of a general
ormula: O 15 fieans an aryl ring group or a heteroaryl ring group;
a compeeniddd: thatwihen X is a chlorine atom, then the group of a general
fdﬂmul: R1 4Y1 ni wherein RI, nl and Y| have the same meanings as

pprgroup ph@ general formula: H2 Ra Re wherein Ra and Rb may be the

same or (ﬁ’fferent, each representing a hydrogen atom, an acetoxy group,
the basgg is cesium carbonate, diisopropylethylamine, tributylamine, triethylamine, dibenzylmethylamine,

1,5-diazabicyclo[4.3.0]non-5-ene, or 1,8-diazabicycio[5.4.0Jundec-7-ene.

(10) A method for producing a thiol compound or its salt of a general formula [T-b]:
[1-b]
R1-{y] i

SH

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

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

or its salt of a general formula [1I]:
R~ 1 {1
X

wherein R1 represents a hydrogen atom, a halogen atom, a cyano group, an alkyl group having from | 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

~12-
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nitro group, or an alkoxy group having from 1 to 6 carbon atoms, 25 a

group of a general formula: /(CH2)2 Rc Rd wherein Re and Rd may be

the same or different, each representing a hydrogen atom, a nitro group,

or an alkoxy group having from | to 6 carbon atoms, or a group of a

general formula: -13 BY0053 -(C)n' H23 wherein na indicates | or 2, or a

(I-naphthyl)methyl group, a (2-naphthyl)methyl group, a 4-acetoxyphenyl
hetero%%?%ﬁﬁ%w%@mirgo #itying roupccadirminometimitaiopioan 1 to 10 carbon atoms,
an aryEZaEEil‘m@liﬁﬂ)éﬁfﬁMQﬁ%ﬂ)ﬂ@ﬂﬁb@lﬁﬁwmﬁd%%ﬁi@Qﬁl’)ﬁﬁ@}hﬂo@pg{% from 1 to 10

carborliEhg.presence of a palladium compound selected from a group

consisting of palladium acetate, Pd2(dba)3 and Pd(dba)2, a base _
Y1 repgesentsan HISHERCGROUP kORISR bivce stikeraitsonateviphite sativatbes may have a
group sflevgéherabioiulacrkd R Kk lawiiesein R RAnang RS 408y Pearbonyl group,

an oy ARSATE a0k AASHIER 2aentng, AR Al drauR ARYIng from 1o 6
Rr? carbon atoms, a benzyl group, a phenyl groupor a pyridyl group,
,{, 1,5-diazabicyclo[4.3.0]non-5-ene and
7/ \l,8-diazabicyclo[5.4.0]undec-7-ene,and a phosphorus compound
hereRGIRGIBELIEAM A QMR Of @compeund gl Armula PPh2, Ee PPh2 158
v ere’c m;c?und of a f%rrgg%a: P(i-Pr)Z&%egrP(i?Pfa)Zg% ég%po%n(f%P%n ormula; o roup,
a phen?[gg&_%)azna'g hyl 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;

provided that when X is a chlorine atom, then the group of a general formula:

R —(Y%1

wherein Rl n! 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]:
[l-a]
HS-R®

wherein R€ represents a group of a general formula:

Ha &
R
.
-~
A
wherein Ra 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:

/(Cﬂz}z < R
&

<
Nge

wherein RC and Rd may be the same or different, each representing a hydrogen atom, a nitro group, or an

c

alkoxy group having from 1 to 6 carbon atoms,

or a group of a general formula:

-13-
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/~ (r)-P(t-Bu)z a compound of a formula: 20 PPh2 PPh2 a compound of
a formula: 9C04 PPh2 PPh2 a compound of a formula: -14 BY0053
Ph2P PPh2 a compound of a formula: pop PMePh PMePh a compound
of a formula: I\ ~ o0 5 PPh2 PPh2 a compound of a formula: t-Bu I\ 1\
t-Bu ~ PPh2 PPh2 a compound of a formula: \S1\0 q PPh2 PPh2 10
and a compound of a formula: H O PPh2 PPh2, thereby affording a
_lk(@%tjp,er compound or its salt of a general formula [1-al: R1-4Y tnilll a]
S-Werein RI, YI, Re, nl and the group of a general formula: 0
>~ ‘N

wherein n@ indicates 1 or 2,

or a (I-naphthyl)methyl group, a (2-naphthylymethyi group, a 4-acetoxyphenyl group, a phenyl group, a
trityl group, a diaminomethyl group, a 2-trimethylisilylethyl group or a 2-(2-ethylhexyloxycarbonyiethyl
group,

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

Pdp(dba)3 and Pd(dba)y,

a base selected from a group consisting of cesium carbonate, aming derivatives of a general formula:

R3

AN
R* =N

e

R5
wherein R3, R4 and R5 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 pyridy!l group, '
1,5-diazabicyclo]4.3.0Inon-5-ene and 1,8-diazabicyclo]5.4.0]undec-7-ene, and a phosphorus compound

selected from a group of a compound of a formula:

PPN
Fe
&>—Pph,
a compound of a formula:
Sy Pi-P1);
Fe
&S —P(i-Pr),
a compound of a formula:
anar — P(tBU),
Fe

@“ P(t-Bu),

a compound of a formula:

se

PPh,  PPh,

a compound of a formula:

L

O
PPh, PPhs

a compound of a formula:

- 14 -
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15 have the same meanings as above], and then removing the protective
group of Re of the resulting thioether compound of formula [I-a]. (11) The
method for producing of (1) or (10), wherein the alkylene group having
from | to 6 carbon atoms, of which the carbon chain may have a group of
a general formula: R7 20 N -15 BY0053 wherein R7 represents a
hydrogen atom, an alkyl group having from 1 to 6 carbon atoms, a benzyl
hhenyl group, a naphthyl group or a pyridyl group], is a
pthyfen@ group, an ethylene group, a trimethylene group, a
tetr&nethy]@ne group, a pentamethylene group, a hexamethylene group, a
propylene group an ethylethylene group, or a group of a general formula:
a commoundefipimE42C)n5 wherein Y represents a sulfur atom, a sulfinyl
a sulfonyl group, an oxygen atom, a carbonyl group, an

hyl group, a carbonyloxy group, and a group of a general

‘ R2 N wherein R2 represents a hydrogen atom, an alkyl group
pvaaNINggiup to 6 carbon atoms, a benzyl group, 10 a phenyl group, a

a Conﬁggmwlagfr%égr a pyridyl group; n4 and n5 each indicates an integer of
[to 6, an the sum of the two must not be more than 6. (12) The

PhoP

of¢1) o (10), wherein n3 is 0. 15 (15) The method for producing for a thiol
PPompotinet or its salt of (10), wherein the base is cesium carbonate,
a con@bﬁﬁ@mmﬁ@mmamme trlbutylamlne trlethylamlne trlmethylamme

of (10), Owhe ein the 20 palladium compound is Pd2(dba)3, the

ph%’ﬁﬂworuspgts'mpound is a compound of a formula: 0 P PPh2 PPh2, a
a COHmmgmﬁﬁdcmﬁlaiﬁOrmula

o]
PPh, PPh,
and a compound of a formula:

H
N

0
PPh, PPh,,

thereby affording a thioether compound or its salt of a general formula [I-al:

[I-a]

S-R®

wherein R, Y1, R¢, nl and the group of a general formula:

O

have the same meanings as above],
and then removing the protective group of R€ of the resulting thioether compound of formula [I-a].
(11) The method for producing of (1) or (10), wherein the alkylene group having from 1
to 6 7carbc)n atoms, of which the carbon chain may have a group of a general formula:
R
AN AN
-15 -
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0 P Ph2P PPh2 a compound of a formula: pop 25 PMePh PMePh, a
compound of a formula: -16 BY0053 90 PPh2 PPh2, a compound of a
formula: 1-Bu t-Bu -IgC O PPh2 PPh2 a compound of a formula: O -gsq
5 PPh2 PPh2, or a compound of a formula: H O PPh2 PPh2, the base
is cesium carbonate, diisopropylethylamine, tributylamine, triethylamine,
trimethylamine, dibenzylmethylamine, 4-dimethylaminopyridine,

wherbiRRTZY|RPAE o hixi el 3zalienCIo] 413/ D1Rair B2e08: @EmlDto 6 carbon atoms, a benzyl group,
lazabicy
it

-d 19[5.4. dec-7-ene. (17) Th df duci hiol
L

] Its 'salt o protective group ag
trimedhylcge SR folfHitiethyie g oup. 3 IRBIADREHRRECH A RE AR yteRRgroup, a

propgamezongliferaniceatiheepsesantingeup ydogenrstoimmala: acetoxy group,
a 1¥.itro group, or an alkoxy group having from | to 6 carbon atoms, a
_(ésjp f a general formula: (CH2)2 R \\Rd wherein Re and Rd may be

sanit ghfferent, each representing a hydrogen atom, a nitro group,
wher@[n3P r%})l?g)@%tg E%ﬂﬂﬁﬂ%\[g&g, grguqh%}ﬁog o&&rg) Qurif%E?fWg%bup, an oxygen atom, a carbonyl group,

an oxycarbonyl group, a carbonyloxy group, and a group of a general formula:
RZ
k

e N AN

wherein RZ represents a hydrogen atom, an alkyl group having from 1 to 6 carbon atoms, a benzyl group,
a phenyl group, 2 naphthyl group or a pyridyl group; n4 and n5 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[4.3.0]non-5-ene, or
1,8-diazabicyelo{5.4.0Jundec-7-ene.

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

(L

0
PPh; PPhy,

a compound of a formula:

’ :o: !
Ph,P PPh,

a compound of a formula:

L

PMePh  PMePh,

a compound of a formula:

-16 -



20 a (1-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 Re is a phenethyl group of a general formula: -17
BY0053 /(CH2)2 >/ Re ~.~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, and the step of removing the

BYQ053

alkoxide. 5 (19) The method for producing a thiol compound or
#'(10), wherein the protective group of Re is a group of a general
ppiformulaphi2 Ra i] Rb wherein Ra and Rb may be the same or different,
each r@eg?re’senting a hydrogen atom, an acetoxy group, a nitro group, or
KEX3 f@F@HE‘:having from | to 6 carbon atoms, 10 a (1-naphthyl)methyl
-napRthyl)methyl group, and the step of removing the
p of Re comprises treatment with a magnesium compound
geperatformula: R9 Mg "an wherein Rg represents a halogen atom,
oregih alkyl gigip having from | to 10 carbon atoms; Rh represents an
alkyl group having ffom 1 to 10 carbon atoms, 15 in the presence of one
a comﬁﬂ‘(‘f@\ﬂg% BEMR) from a group consisting of copper compounds, iron
O cobalt compounds, silver compounds, titanium compounds
ef theihydrates. (20) The method for producing a thiol compound or its
alt of (1}, wherein the additive is CuCl2, CuC12.2H20, FeC13, FeCl2,
TinlZ(i-Pr(%Z: ©u(CF35020)2, 00012, AgNO3 or Cp2TiCl2. (21) The
a compyetitoef foleprobiuicing a thiol compound or its salt of (19), wherein the 20
nesium compound is dimethylmagnesium, diethylmagnesium,
magnesium, di-n- propylmagnesium, n-butylmagnesium chloride,
Hutrragnesium bromide, methylmagnesium chloride,
ppiNethylspgagnesium bromide, ethylmagnesium chloride, ethylmagnesium
bromide, n-propylmagnesium chloride, n-propylmagnesium bromide,
the bagedp SpiHEEPRISTENTEtIRIRE Shisepisp imayhesaniistarioée hignethylamine,
dibengymbbjsaant theliaehsl saadimibiscdeseriptiamiace IdesahBdRRIONE ARGh-5-ene. or

10 1,8-di£|2§oi_3§l:ﬂ %ﬁgﬁd&dﬁgg&ibed in more detail. "Halogen atom" means a

fluorine atom,_a chlorine atom, a bromine atom, or an iodine
(17) The method for producing a thiol compound or its salt of (10), wherein the

protective group of R€ is a group of a general formuia:

Hy Ra
e
- -
\Rb
wherein R2 and RD may be the same or different, each representing a hydrogen atom, an acetoxy group, a

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

a group of a general formula:

(CHa)z Re
/ \Cﬁ
e
\Rd

wherein R¢ and R 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(1-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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atom. "Alkyl group having from 1 to 6 carbon atoms" means a linear or
branched alkyl group having from | to 6 carbon atoms, including, for
example, a methyl group, an ethyl group, a n-propyl -18 BY0053 group,
an isopropyl group, a n-butyl group, an isobutyl group, a sec-butyl group,
a tert-butyl group, a pentyl group, an isopentyl group, a hexyl group, an
isohexyl group. "Alkyl group having from 1 to 10 carbon atoms" means a
gy or bpanched alkyl group having from | to 10 carbon atoms,
mchﬁf: for example, a methyl group, an ethyl group, a n-propyl 5 group,
an isgpr, H)yl group, a n-butyl group, an isobutyl group, a sec-butyl group,
a tert- group, a pentyl group, an isopentyl group, a n-hexyl group, an
isohexyl group, a 2-ethylhexyl group, a n-heptyl group, an isoheptyl
Whe“@Po%‘pa‘&z“gW BF SRfpSAT R E%F&‘rd‘aﬁ‘ ?W%W%?gxﬂr%ﬁ%éﬁ{ﬁr@?”m group, or an
alkoxgrgupp Aadzeyogroup 6 Atkyltenengrcug thavirg Hfomnbtodtvarbancatensiup of Re
compqtk%gma@nlgﬁ%%tg f@f@&fgnﬁﬁifﬁ&s&l@@@tr gﬁogr&mﬁzama ftrr?nl] 1 to 6 carbon
atoms, i ing, for ex mpe a methyle an ethyle rou
imethy A gH BB LPARIGHHSIERE THoLs S I BHaa Qo te
protepiéscanpithyldife graupra prapyterdagratp, an ethylethylene group. "Alkoxy
ngoup haping from 1 to 6 carbon atoms” means a linear, branched or
~C oxy group having from 1 to 6 carbon atoms, including, for
a methoxy group, an ethoxy 15 group, a n-propoxy group, an
|sopr \)(Mbgroup, a n-butoxy group, an isobutoxy group a sec-butoxy
group, a tert-butoxy group, a n-pentyloxy group, an isopentyloxy group, a
wher@ycﬁgﬁ@ﬁ@]bw}g{p@gﬁ’ samﬁ@y(wég@e@]}o@ﬁp a@{g@ﬁm@)ﬁyﬁﬁg@@ algm, an aceloxy group, a
nitro gy&lohe>ad ax6 gF eegup Ail@X\aro U pohrairg frewnd,to 10 carbon atoms”
af{ 1—na§ﬁ£‘)ﬁ)%lelprﬁﬁgroqx%%f: 1%)1&}{9%%1 %?Xyogé L] hl?evépe% 1310{ n#tg the profective group

on‘atoms,’inc example, a met group, an ethoxy™ 2

of Re@%ﬁlﬁﬁfﬁ%&%b&ﬁﬁ%ﬁ%@&pf&ﬁ@ﬁyﬁsﬁﬁgaﬂﬁrﬁd%&%roup an

isRBuUtoXy group a sec-butoxy group, a tert-butoxy group, a n-pentyloxy

roup, an isopentyloxy group, a cyclopentyloxy group, a hexyloxy group,

a¥x lsohexyloxy group, a cyclohexyloxy group, a n-heptyloxy group, an

isoheptyloxy group, a n-octyloxy group, an isooctyloxy group, a
wherEiNRAYPIA@IO Wz lageisanon yloxy atioiupoahadegaiytokyogd tgban atoms; Rht
reprebﬁgg%%%?éwwn&%@é'WHW@&;%M@&W@ from | to 10 carbon

atoms" méans a_linear, branched or cyclic alkylthio group having from | to
0 0 RFEERE  AYS L AT T e R HE R THERSIT 6 GRS "2 ey compounds.
cobaly roupeandspsdpy tiorgrop, tamisopropyithidsgrotisirdwyibutylthio group, an

isob Uty|th{90§ Hnethe® %MA@%@&QHB!E @o&ﬁﬁ%@y&&hl@ QIOMY) &) wherein the additive

is cu[’:iﬁeﬁwﬁ 10 QYR [SORSAINIO. ﬁ{é}boc%(éiﬁ fﬁ% '@&%&r%@«r@g or CpaTiClo.

exylthio group, an isohexylthié group’, a cyclo thio grodp, a
n-heptyltHi B@gm@b@fmszsh@wlﬂﬁd@bwmnﬂé@mhwlméoﬁ&)awherem the

magr&HRGYHRIQ SO WL AdhPRMEBIA S Qighdagnesium, 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.

The symbols and the terms used in this description are described below, and the
invention is described in more detail.

"Halogen atom" means a fluorine atom, a chlorine atom, a bromine atom, or an iodine
atom.

" Alkyl group having from 1 to 6 carbon atoms" means a linear or branched alkyl group

having from 1 to 6 carbon atoms, including, for example, a methyl group, an ethyl group, a n-propyl

- 18 -
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isononylthio group, an n-decanylthio group, an iosdecanylthio group.
"Alkylsulfinyl group having from 1 to 10 carbon atoms" means a linear or
branched alkylsulfinyl group having from | to 10 carbon atoms, including,
for example, a methylsulfinyl group, an ethylsulfinyl group, a
n-propylsulfinyl group, an isopropylsulfinyl group, a n-butylsulfinyl group,
an 35 isobutylsulfinyl group, a sec-butylsulfinyl group, a tert-butylsulfinyl
group, st iprey rizounty BNy Braupnasphisopermytsalfirybyrbamua. a tert-butyl group, a
pentyl gxmfpxylsutfjw{;g@u@ amé&gh@kﬁ)&kstdﬁnsdw@mer@@ heptylsulfinyl group,
| BAA{ q5F§ I%Oﬂaevp ?r%lr];{qy cga% Wil o%lsi%g!&rr]lglaqro 2{3 ?ranched alkyl group
sooctyls inyfgroup, a -nonylsulfiny group an isonony Sult group
having from. H&b%%é‘iﬂﬁﬁ&ﬂ%ﬂ&‘“ﬁﬁ%&ﬂ&‘éﬁw mﬁwwﬁumﬂyréwm a n-propyl
group, gmosiphayirgimmil-toriilzoathen atdme! preans ectineal, drapched: ofutyl group, a

pentyl gaeﬁlbc @ky&gyf&tga%ggoyﬂ néwngrémmo%gug(@gm a&@f@wﬂw NG, {0 n-heptyl

e meth 5°group, an etylsulfonyl group, a

smoup, 58 ”‘5 SURBHYY éfbaﬁy‘amap%&ﬂ%ﬂ%ﬁgﬂ“gr&dbnw Hitfstirsippny! eroup. a decyl
group. group, an isobutylsulfonyl group, a sec-butylsulfonyl group, a

tert-butylgul{omd g&@y %ﬁﬂﬁﬁ%ﬁy{gt@m&ﬁﬁ%{@s @ﬂe!ﬁ@@qw:l?%lf@@ﬂched aliylene
group (P S G C{qlog) ()lz’slléll E)?‘H x?ﬁ%?ﬂ he?c)éﬁ'ﬁs Ifon %r%ng thylene group, a

ISON. xylsu fon rou , cyc ﬁSu(Tf ro’u ra é’yf’ onﬁ
mmﬁ’th@}“éﬂ?rgfa?ﬂ%ﬁ%ﬂ?@&ﬂ%ﬁﬂog%a m’eatméwl%ﬂfawpgaé@paraﬁhylem group, a
propyl&ﬁ@@ﬂjyisuff@nwgh@m;: arauponylsulfonyl group, an isononylsulfonyl 10

group, aO\H«gSf Qly S ﬂ{éy}rggg YRy %Q:ziﬁ:(a)d N 'I'Snl{grgl@él ]gne L{'pbranﬁhed or cyclic

"Alkoxycarbony ?rou aving from 2 to 10 carbon atoms" means a linear,
alkoxy @f&%ﬁ%‘a%rffe% &ﬂaﬁﬁaw’&&fwg}wé%affw% 2 fBeUy EAEBRIP: an cthoxy
group, atomspinglgding afosexampiegraumethoxycarpony] grawpp@ay group a sec-butoxy

group, § RAMNESKD AN AR P DY Y SR ROPUL YT amp'%oaraegesmsg%}xhp a
hex io’gbé é) an- buéﬁxycarbon yl group, an isobutoxycarbonyl group, a
Yo BB RO SPGB & T&F ohie; ?59(;%3?Bonyl group, a

n-pentylG¥earinr brvop femiddpéftyidxycaidsoriyhepmoupliaear, branched or r cyclic
alkoxy @@J@nﬁmw&w&ar&prwwmm&ﬂgeﬁwm@rﬂae BYASFRUR n@hoxy group, an ethoxy

so e carbon rou Iohe carbon I
FOUP: L hEL g/(fo&ér ony grﬁm)('ﬁép&loxycg ylé{}é%oguw)ﬁy group a sec-butoxy
group, ammrwyl @mtﬁ%%mléxymk@ BopR. & cyclopentyloxy group, a
hexyloRyResyoxyBatboryk ¢ oD, amﬁﬁ@lﬁlﬁ@%@}@g@&ﬁb%wi@f@dﬂxﬁgmup an isoheptyloxy
group, A@m&k@g&%& LGNNI Nl Oalnon%aw 00 USRS TEB0R, aségegrféug an-

branched or cyclic alkarioyloxy g oup havmg carbon ato
decanylQxK S fOriRsFAPIRY BMRloxy group, an acetoxy group, a

propionylsbkyigrowoow betyiy Gwn graup) extien biskysyimxyngolifsad, branched or cyclic
alky th XA OUIONN BEOHBm ATISOVRIGENIRSY0 QYR 1Y RIP REREL DOOY KN HEAUR: an

a pivaloy a hexanoyloxy group, a_cyclohe [ylcarbon yloxy
e RO G o SRR ofal & o ERE Gy gt erun
a sec-but Pghidegramoyl doy yrotipio Enyiparb oryingyblip"amepns aomnidtroqmylp, a
cyclop HQURIINGMAINGs R4 AXaMPIG: A Qﬁ@gﬁéélygﬁﬂpﬁoﬁpl -RERRUSAINGBYhup, a n-heptyithio
group, gn 1g&ept}%tg1%%rr%n¥|%ar{gggx lhgo group, an iscoctylthio group, a n-nonylthio group, an
isononylthio group, an n-decanylthio group, an iosdecanylthio group.

"Alkylsulfinyl group having from 1 to 10 carbon atoms" means a linear or branched
alkylsulfinyl group having from 1 to 10 carbon atoms, including, for example, a methylsulfinyl group, an
ethylsulfinyl group, a n-propylsulfinyl group, an isopropylsulfinyl group, a n-butylsulfinyl group, an
isobutylsulfinyl group, a sec-butylsulfinyl group, a tert-butylsulfinyl group, an n-pentylsuifiny! group, an
isopentylsulfinyl group, a n-hexylsulfinyl group, an isohexylsuifinyl group, a n-heptylsulfinyl group, an
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"Arylcarbonyloxy group" means an arylcarbonyloxy group including, for
example, a benzoyloxy group, a | -naphthylcarbonyloxy group, a
2-naphthylcarbonyloxy group. 30 "Heteroarylcarbonyl group™ means a
heteroarylcarbonyl group including, for example, a 2-furylcarbonyl group,
a 3-furylcarbonyl group, a 2-thienylcarbonyl group, a 3-thienylcarbonyl
group, a 2-pyridylcarbonyl group, a 3-pyridylcarbonyl group, a
isohedspyrifiyit arbanyl groudsuwdiiRspercatyl cars omyl L griding] erd:pysrehdogidadingt group, an
isonoB QURrR1 240 a;qbélg&,mwpg&euls il r@&&@@wl%mﬁg&wgup, a5-

imidazoly rou Icar onyl group, a
4- pyrazol‘kjgérso([)}r%? %P%SF )a{zt8ly$c t%uﬁ“‘ﬁns a linear, branched or
cyclicza}écyiﬁﬁfamlﬁamdwww&@pl htawmanwmmbmnwc@e@fpr gx@mple, a methylsulfonyl

grouppyﬁi Bﬂi@i?&ﬂi@&&b@l‘%;ﬂ Hlﬂp;o@ﬁsmfaﬂﬁh@%?w@ﬁl)@(ﬁﬁ@ﬁﬁs@lfonyl group, a n-butylsuifonyl
2-0Xazolyi rou ZINYylox
group an 1%)20 lC aﬁb gly%f%u?o P& - %éggfsgﬁ'?yﬂ OXPI Qe?f%uty?sglgo%)lﬂp Ri

radi ycar up, uino roup,’a
pem}’&f& YD iBONA RSO RS Py FoRif 250 %%}t?iﬂﬁ?? ] ?ﬁﬁ%ﬁd%@ﬁw @rlwlyisuifonyf group,
an 1soltdeye:[ﬁﬁm§|b@rdﬁ®nyIwmyhukﬁwﬁl‘@”@bﬂimaﬁwmibﬁ@y lexsyrge@Uoheptylsulfonyl
grouy! W@%Lﬁ%ﬂﬁ@gﬁgl%ﬁ}sgo@&y ﬁﬁgﬁg}ﬂ%@? QWH&&%&’]{{%{ %%Q;Q r!3>H?§9ﬁony[suifcmyi
thienylcarbonylo

group, a 2- thlenylcarbony oXxy grou Xy group, a

BIOUDo 30t %ﬁﬂ%‘g WA e G, ‘5°geﬁ§‘fi‘?’d§}f&@fﬁ’6ﬁ§f?8§y group, a 4
pyridylcaiddrylpseyigrol granPbeyine fioard onifoseyhgroaipina” means a linear, branched or

cycli&%ﬂ@&@&[ﬁ%&@)ﬁéﬁ%ﬁ 21d rrﬂttaa%x'%&ﬁmymr@rqyp@@mpie, a

carbon 5- |m|dazol Icarbo roup, a 3-
e A RISy R R BOPB g T BRRSTAy DI o soproporycarbony
%mupsaﬁyb&mwé%%mxy gmaﬁmaozywh@ﬁbd@sﬂembewmxgm@anai group, a tert-
butox4epysimitinyleashonierygeaupns @r&y;ﬁlrmdwkﬁﬁwﬁwwwr@mpaalo

cyc;oge @%@&%M%ggyﬁ&%xﬁc%re s‘giy géf d%;g ?8”9’ beof group, a

an n-

ridazinylcarbonyloxy grou caroonyl grou
CY"‘O%‘“'E]X}%’@ et WW@B%W@@@W&%%%WY Bfponyl group, a n-
octylorgahficaybonyioxy geouyle sk 8taphiiyridin2aylcaskorytaxylgroup, an

isonorAIEANRAM FEPYRBRviIng from 1 to 10 carbon atoms™” means a linear,
branched, %}f%ghc alkano%P%rou%g aving from I to 10 carbon atoms,

including, IpiETAR Gh? & 1&%@@%@6@&?dmg?{ypranched or
cycliqgtyapedost gryirgrotipg ﬁmsblwi)@ryﬁ@a@moawahemdl@mﬁp example, a formyloxy group,
an aC&M@%%YEﬁWl&@gﬁuﬁmiwy@%ﬂ, arodp 8 RB@J% 95@*@90@3 a valeryloxy group,

clo e a roup tan
e A S ELAe T o JeIBAA  ptons .
Cyclewavwgrmﬂ%xm%mtat@mgxmﬁs W SyoatkoRBup favingndrithy Zroup, a
decarl®/B0agham.atoms, including, for example, a cyclopropyl group, a

cyclobutyl guain S,V EIORSING, 0.0 Laeaf%o%grpy@@angr 8 or cxamplc, a benzoy!

cycloheptyl group o acy oocty roup. "Hetero onylamino group
groupnfeliARPAREtAFRI €510 W@WW&I@TG% for example, a
2-fu rylcarmmmmcglgogpua"&ﬁmaamnyfamexg{mpp ancluding, for example, a
benzc%] ga@&@rpm TR B gf&megxl QHX@FQHE%QQ%PO@
pyridylc

arbony amlno group, a 3-pyridylcar laniino group,

oyridyloay DSHGAFHITG WOl 2 BB ST AR B sluding, or cxampl,
2-fur@epshvoly igarpon jlamiterropiga, a 2-thienylcarbonyl group, a 3-thienylcarbonyl group, a
2-pyridylcarbonyl group, a 3-pyridylcarbonyl group, a 4-pyridylcarbonyl group, a 2-pyrrolylcarbonyl
group, a 3-pyrrolyicarbonyl group, a 2-imidazolyicarbonyl group, a 4-imidazolylcarbonyl group, a 5-
imidazolylcarbonyl group, a 3-pyrazolylcarbonyl group, a 4-pyrazolylcarbonyl group, a 5-
pyrazolylcarbonyl group, a 2-pyrimidinylcarbonyl group, a 4-pyrimidinylcarbonyl group, a 5-
pyrimidinylcarbonyl group, a 2-thiazolylcarbonyl group, a 2-oxazolylcarbonyl group, a 3-pyridazinyloxy
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15 imidazolylcarbonylamino group, a 4-imidazolylcarbonylamino group, a
5-imidazolylcarbonylamino group, a 3-pyrazolylcarbonylamino group, a
BY0053 4-pyrazolylcarbonylamino group, a 5- pyrazolylcarbonylamino group, a
2-pyrimidinylcarbonylamino group, a 4-pyrimidinylcarbonylamino group, a
5-pyrimidinylcarbonylamino group, a 2-thiazolylcarbonylamino group, a 2-
oxazolylcarbonylamino group, a 3-pyridazinylcarbonylamino group, a
group, 2-hyyaxinylicarbony lemipo: Groupe BB @i gdipciyicarbonylaniiyd gropps-a
indolyBalSGRMIBRIMICArDORYIARNANGI OURRrifialigarbonylamino group, a

1,8-nap ridin-2-ylcarhonylaminp group. "Arylcarbonylamino group™ . .=
eans AR G TR ST EToc A TaP SRRV och fcludin, o

examp@eﬁ%(fwgﬁﬁmwﬁp g@@@%ﬁ“ﬂ}%b@@mm}g m@'ﬁk’xianyicarbonyioxy group, 4 3-
5 thienyl2aftaphitylcashonylaping grampyoidkan ) Q%Jadrﬂiﬁﬁ?éi}éﬂ?ﬂ&l}ﬁwﬂ@f%ﬁiﬁplata—
. s me inear.or.branched 35 a oyl.aro avin
P B D e T AR B >
imidazglylcarhag s Wb Al s8I TRRTE o STP b Ut R A e rIu rgroup: a 3-
_pyrazolgbhtityrylammigowrcup parazaly AN005B vatesylarioygaotplcaronyloxy group, a 2-
pyrimilREMBITYIRTBIR LAY R DA ANARIRG HIBYP o A IS PNBHARINR IR Boxy group, a
10 2mthiazhg§)ta}§o&7mmo %roup,_(%p Pczﬁ;{?noylarwno group, a_nonanoylamlno roup, ).
S SN ARy N U S g S A GYOEPY P L Bn P GH B A tgmg o8 i8roue- 2
pyradigssenmiiolylexplaerw. groapier dadphtiykygrowp. 53Yideqeivdritagbonpoxy group, 2-
indolylAGRNTI8:x5-Remeradnap inmembered-soaperyglied/omatic heterocyclic
group hayng | morey preferably o L1o.3, e same ot differentheterg oy
atoms selecied froma group consisting ot an oxygen atom, a nlfrogen orcyelt
alkanograroua hgvipg diftr Atonh? srrhcecehded whestyprecampirandratsrewsyplien acetyl
15 group, graupidayimecuhobighr glandan Satienb of HiEmeapoCyalie RIS cyclopentylcarbonyl
gmup,t*argﬁ%%xgucgmae A, 1§rel?p9%qfé9§£b§9@?&s;x' ER8Rx Lo f%%f’gmlg, a heptanoy]

rough condensation of'the same or different, the 10 e-merntione
£10UP, ARRFRAPN ERHP ARV FRA SEENE rERN9Y! BF¥Pincludes, for example, a
pyrrolyl gﬁoulpai}ayfwhgmmgafmhiehﬁ @mmraahm'tdamﬂyhgmypl,oaikyl group having
from 3RY @a&QMPQf@HR; ﬁﬁéi}ﬂ@iﬁg!%gé%ﬁﬂp%p?@gimww tg%gﬁf,%’ @318@%9&”)11}), a cyclopentyi
roup, an jsoxazolyl grqup, a triazolyl group, a fetrazolyl group, an
20 group, ofgﬁﬁ)‘%{lz%ﬁjl%%ﬂpa, Cé(%‘%%ﬁi%ﬁﬁz%ﬁl%’f’g‘gﬁf‘é §*P8-thiadiazolyl group, a
1,3,4-thidditerotytigrcyy Ripinidybupb usaas piadiesyipabprdepyriosdiny including, for
examp @ QUPfRy RUKEIRZIRM: S5 QP R L3254k IdaZI BN BHMB ofoby3 2 tHAGIN A OMRamino group,

.15 an.indalyl group, a benzofuranyl grqup, a benzothienyl group, a ., .
O GrouD, & DL ORI GO e B S BAAS Y B ipe Eoue. = 4

pyridylGarbegplanig ot ra dp B b harai MBS U, thiaRyekEEsThgrspnigo group, a 2-
'S imidazbRhzetbinralhe @, a benzisoihiazalyh gewpo &gz olihGaerdyBapsiig}mino

group, AU 0H12QIY), SLOHR, 3R, ISQAHINOIV], r@%@bgﬁahé&ﬁlna%zﬁw | group, a

naphthyridinyl group, a quinoxalinyl group, a qufnazo roup, a .
PYrRZo AR R E A BRI car ol B 1yria v grotms iy cosbgpylamino
group, Higpgronipinpheahsydmary logropi 3uhititéch withytwoi sy e erits".

oxazoll}lfu%f?ﬁ%ﬂ@ MBPP%-WZH@&%%%%L% %E,@§%%Wgﬂg¥\fgdamino group,
0 a 2-qm%gg?ég%%g§?ahﬁno group, a 3-isoquinolylcarbonylamino group, a 2-indolyicarbonylamino group,
a 1,8-naphthyridin-2-ylcarbonylamine group.
"Arylcarbonylamino group" means an arylcarbonylamine group including, for example,
a benzoylamino group, a 1-naphthylcarbonylamino group, a 2-naphthylcarbonylamino group..
"Alkanoylamino group having from 1 to 10 carbon atoms means a linear or branched
35 alkanoyl group having from 1 to 10 carbon atoms, including, for example, a formylamino group, an

acetylamino group, a propionylamino group, a butyrylamino group, an isobutyrylamino group, a
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"Alkanoyl group having from 1 to 6 carbon atoms" means a linear or

branched alkanoyl group having from 1 to 6 carbon atoms, including, for

example, an acetyl group, a propionyl group, a butyryl group, an

isobutyryl group, a valeryl group, an isovaleryl group, a pivaloyl group. 25

"Aryloxy group" includes, for example, a phenoxy group, a I-naphthyloxy

group, a 2- naphthyloxy group. "Alkylene group having from | to 6 carbon
valergdtons efonhieh twadaronichamunayphale kngrouwpeseledtedifrotarai suifiaup, 2
heptaAt9Mima S YHHny! ﬁfg@@n@/ﬂﬁlﬁaaxgkgipb%@ﬁ@wﬂﬁﬁ@g@mp 2 CREBYhmino group.

group, ap ox car o] a,carbonylox u

general for %Ef%ﬁl ergin glcr%ptpégn’% alﬁ%foé) angid%o "anre naphthyl
8T0URalkyl group havmg fromlto 6 carbon atoms, a benzyl group, a phenyl

group, a nepltbyhgreupOhr-pYy Ay grobpdd inchuseshiosde xamates 1R aromatic
heter P(y lgq'ggpg{Mg 130 ﬁ)%}¥l%p§§£8%@r&riqbe§hm§ NEROYUR e Brent hetero atoms selected

ramethylene group, a pentamethylene group, a hexamethylene group,
from 3 %P&Bﬁ%rﬁ&@%&ﬁ i, P EITEHS OF 47 0P O A riFondensed ring-type
aromdorrhetlaochéli Brof@HI ! (H2@ineo 2B 0053 (wherewmyYlikepresentdaerocyclic group

with S/Fb AN @R Y] Q&Lﬁpo@féHH&mﬂrgﬁQHQom&éb{gﬁefiiﬁ@%&%mﬁ@ﬂém the
rou an 0x carbanyl a carbgn on rou

abovegmen 10 DOGY (%'PUE ll%eteroc Cié r%rpr é)sgéalfcsp ipeludes O%‘;?gg ﬁ'—: o pyrrolyl group,

genera ormu ereln ) ena 0
a fur}élklydugr@ablwﬁrgif?omw%zelb%gﬁ@ﬁ atoyrodybeiony| 5@1@@&1 arphemﬁ isothiazolyl
groupy EURa 2o RARRIRY) G QYRR @y&i@yhgmdﬂbl%ﬂﬁchr@rﬁﬁﬂﬂ indigAate @Radiazolyl group,
ger of from.| to the of the t st more than.
o 12 O b ALY QN I USR0S R IPOUE S smou. o
PYraziig) SR8 N RY TR ST 0N, %@aﬁdéé%g{a@%@ ét%ﬁwtr%wbg@%&pa §3,5-triazinyl group,
an m@apbgn:yipg raupzehoanybxyhgralpnatyand graypa aesutiddgrolypgbp Sadthzoxazolyl

,1§o§9i5f91r BELOYIR M?tﬁﬁiﬁkgf %ﬁflﬁb@&é‘ﬁiﬁr%ﬁ %@&}?% ﬁ%nthrenyl group, a

exa Ee a carb OXyl group asulo group or a thiol group rms a salt w

bm‘ﬁ’?f f %??é‘%l%‘é??@ﬁ%‘ﬁ%%olé’é)éfﬁhﬁ ap‘8ﬂi§8|ﬁ‘rﬁ“?ﬁﬁ1ﬁr?1“’8}y\’r\ﬁfﬁ‘ﬁ’n "o‘?ﬁb‘i’ﬁ%‘ group. an
isoquamiyiersuphaashthigtayizngimep. trietyibmidey hgramninqurosdinidrensip, sajtinazoliny!

groupViRiARD AEIH SHEH, @%@Mdﬁ%@@%ﬂﬁ %CiJSinééﬂﬁng ﬁgsyng{ga@md a thiol
group forms aI slat with,an alkali metgl suc otass

cans - arl St%)s{ltute Wxt}[?two su Stztuents
lithium. 15 n% enz;?l darﬁe Seton
"Heteroaryl ring group“ means "a heierearyl group substituted with two substituents”.

"Alkanoyl group having from 1 to 6 carbon atoms"” means a linear or branched alkanoyl
group having from 1 to 6 carbon atoms, including, for example, an acetyl group, a propionyl group, a
butyry! group, an isobutyryl group, a valeryl group, an isovaleryl group, a pivaloyl group.

"Arvioxy group" includes, for example, a phenoxy group, a 1-naphthyloxy group, a 2-
naphthyloxy group.

"Alkylene group having from | to 6 carbon atoms of which the carbon chain may have a
group selected from a sulfur atom, a sulfinyl group, a sulfonyt group, an oxygen atom, a carbonyl group,
an oxycarbonyl group, a carbonyloxy group and a group of a general formula:

R2
£

e N AN

(wherein R2 represents a hydrogen atom, an alkyl group having from 1 to 6 carbon atoms, a benzy!

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

hcxameﬂglene group, a propylene group, an ethylethyiene group, or a group of a general formula:
7\

—{CHy) 4 (Hac);;-"'
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"Ph" means a phenyl group. "i-Pr" means an isopropyl group. "Me" means

a methyl group. "t-Bu" means a tert-butyl group. 20 "Cp" means a

cyclopentadienyl group. The production method of the invention is

described concretely hereinunder. The method that comprises reacting an

aryl or heteroaryl compound or its salt of a general formula [l11]: “fit nt [l1li

Rt"C a x 25 (wherein RI represents a hydrogen atom, a halogen atom, a
(wWhergj o grseftethsal ki 2paup HRUMG Srow. 2 v Dostarben aromigeantalkoxgarbony!

grougraup haviogylranup te dovearhery gtomsaanatiiihia gretghavingirom |
Rto 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
b to, ]ﬁfarbon atoms, an alkanoyloxy group having from 2 to 10 carbon

(whergB RS e AR OV OB 3t By e AT Oriy P ER S B ARy L S S SAERY G, oz
groum hehersbeydugr eupphtind eromrytcapbonyl grow, i drete?canil datibermyloxyteger of from 1
to 6, SHOUR RN IBFAYAHPLAR AJaRAMIaMIRA group having from 1 to 10 carbon

atoms, ar, J&Ir%%[b%ﬂxg_éavrpilno royp, a hgger%agylgatrbt?n laming group, or el .

an alkanoyl group having fror. 1 1o 15 &arBon htoha = ?é‘?(%%gg%ora R-electron in
the mypieisetid 4 BlRIASHR A BU P THEVI AT Ao e RS LEIBEN 2atarprxsf sbipha cyano group, a
sulfotia@wgarbon chain may have a group selected from a sulfur atom, a sulfinyl

group, a Sggﬁnﬁﬁe%gggaﬁ'ﬂ)%&g%? aa%@tigngﬁé%%gﬂ&rgg Reidfl} 4 base. For example, a

b ogcarbonyl g{roup, a carbonyloxy group an up of a general Tormula:
car

P (WHERHP R YD eEH e Hhaalkficgrot rafing sodium,
potasiiom, lithircarbarh atomngrechenzysgrbupiracplhbmihgroighdanaphty amino group
formPQUR PiRRMIAYLFOLR X JERSESERES SuRTRMINCAAM. 2RDIOHRS B0 Brms a slat

‘b triflyoromethanesulfonyloxy qrou,p, a methylsulfonyloxy group, a
with g RS SH Rty S P FORIE ROy oxy group o a

nitrobenzéfes aifany kbkyngrbodpraatétdicates 0 or 1; 10 the group of a

general fomuige.d MmBaRg adalyl ring group or a heteroaryl ring group;
"I-Pr'" means an isopropyl group.
"Me" means a methyl group.
"t-Bu" means a tert-butyl group.
"Cp" means a cyclopentadienyl group.
The production method of the invention is described concretely hereinunder.
The method that comprises reacting an aryl or heteroaryl compound or its salt of a

general formula [1IT]:
nl
R‘l 4y1 n 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 I 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 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 heteroaryicarbonyl 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 alkanoy! group having from 1 to 10

carbon atoms;
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provided that when X is a chlorine atom, then the group of a general
formula: R1-4Ykl n 15 (wherein RI, nl and Y| have the same meanings
as above) is an electron-withdrawing group], with a thiol compound or its
salt of a general formula [ll]: Rb fill R8 HS R7 n2 (wherein R6 and R7
may be the same or different, each representing a hydrogen atom, an
alkyl group having from | to 6 carbon atoms, an amino group, or a phenyl
Y1 reppesus; 2okRlsne Rrateshrone Gresnd; (RE rérrbrés:émesazwhr@géﬁ @tom, Qain may have a
group E@é@@@ﬁr&%ﬁi&u&@é@(ﬂ@ grﬁﬂﬂﬁﬁ@l@ﬂﬁ[@s@f%@l gkt groL Baving carbony! group,
an oxsfIOILL (0, RIBON PP, AN G728, a0 iy group having
R? fom I'to L0 carbon atoms a?ﬂyl?h oup having from 1 to 10 carbon
,; atoms, an alkylsulfinyl group havrng from | to 10 carbon atoms, an
- “alkylsulfonyl group having from | to 10 carbon atoms, a hydroxyl group, a
arboxyl 25 alkox carb havr fr 0 carbon
e e L U BT 1 RO SRS b
group, @r&’ﬂf‘rﬁ‘%ﬁ%l&éﬁ%ﬁyﬂ @F%ﬁbo%%ﬂﬂéé%‘%}ﬁ?loxy group, a heteroaryl
X reprgtaiips Broneieroaiylcaamy gronp, @i iwisnaartylcantddmylioxy grawps anedisdsulfonyloxy

group, glrgéfﬁeﬁégﬂgr%n%%ygﬁ QEQMQIQQM%%A%%JQ&% &Pa%&@&%ﬁ&hﬁf%loxy group;

arylcarbonylamrno group, a heteroarylcarbonylamino group, an alkanoyl
5% Raving from Ito 10 carbon atoms, or a group of a general formula:
the grqRP o{ ¥ 2pmesaB=@1BY0053 (wherein y2 represents an alkylene group

aving from | to 6 carbon atoms of which the carbon chain may have a

roup selected from a sulfur atom, a sulfinyl group, a sulfonyl group, an
means any e[nngtom C.(r:%rb an Prlil an oxycarbonyl group, a carbonyloxy

roup of & ge era imitla: R N 5 (wherein R7 represents a

prmdﬁg/&r@g’éw%maahl@rm Feou P rathagrenviaecscsdbomdtoms, a beazyl
R1—'( up, a phenyl group, a naphthyl group or a pyridyl group); n3 indicates
1; R9 represents a hydrogen atom, a halogen atom, a cyano group,

an amino group, a nitro group, an alkyl
(wherein R1, nl and Y! have the same meanings as above) is an electron-withdrawing group],

n!l ind

with a thicl compound or its salt of a general formula [I}:
=6 [u]
RB

R/ 2

HS

" (wherein R6 and R7 may be the same or different, each representing a hydrogen atom, an alkyl group

having from ! to 6 carbon atoms, an amino group, or a phenyl group;

n? indicates from 0 to 6;

R8 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 fo 10 carbon atoms, an
alkylthio group having from 1 to 10 carbon atoms, an alkyisulfinyl group having from 1 to 10 carbon
atoms, an alkylsulfonyl group having from 1 to 10 carbon atomns, 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 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:
) R®
(vzrﬁs

- 24 -



BY0053

10

15

20

25

30

group having from 1 to 10 carbon atoms, an alkoxy group having from 1 to
10 carbon atoms, an alkylthio 10 group having from 1 to 10 carbon
atoms, an alkylsulfinyl group having from | 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
(where’@r&?{g?@ﬁsmwéawwgg@@m Wiagy[mtiowﬁg;@ybgm%@dfmét@aﬂw carbon chain
may haQEQUBodb &ﬁ&@d&?ﬂﬁ&'_’maﬂ E@tﬁﬁiﬁ Q'S_alﬁﬁfgél?ﬁfﬂ,l %@?%ﬁﬂ%ﬁ%x@g@m&om, a
r an alkaneylazning group havin rom Ito 10 carhon atoms, an
o R A R R s R P ot
& alkanoyl group having from Ito 10 carbon atoms); the group of a general
< Nformula: 0 means an aryl ring group or a heteroaryl ring group), 20 in the

res lladi ound,selected from a grqoup of palladium
B A T S LB v
group, ¢ Bhendlisty Ut aderithdA158RSte: BYithd HatRktives of a general formula: R

n3 indiR4AN oRE (Wherein R3, R4 and R5 may be the same or different, each
R9 repfQBRESERNNG.AR Ak zgﬁgfé%emaa_\(gﬂg, from EPO\%E :ﬁa%{m%&%sm?r? El%%¥! an alkyl
h%rou fran% ?c%/é?roup or a gynd%)(}ggroup), , :
group N M (T IO A3 B AR - BhE el AA0BP ARSI EBid]so4 D figrRpsPRhan alkylihio
group hgripaiphosphobusbonpoundselbriadifnshymygrbepef flocohtpdlndrbon atoms, an
alkylsu(RRR @@mﬁ@mﬁmy}ptm@@tammﬁ&ﬁ@@qg@}@&@%%m}ﬂ%EOEW%TE@;;, an
aikoxycgﬁ%l)jlgggogxgqﬁé)v%?gé%‘g‘ %l?ézl(r%%%%%%) E%'J%Q,%?Pﬂkg%y Eﬁ%cgrgﬁg g:flvamgo ggrlflllg'to 10
carbon efopsyiey iv-BRAHOXPIFE R SE8 e ot farhnd o x P& By GOBIRArBLERup, 2
heteroahgchiioBul) ol heteroarylcarbonyloxy group, a nitro group, an alkanoylamino group having
from 1 to 10 carbon atoms, an aryicarbonylamino group, a heteroarylcarbonylamino group, or an
alkanoyl group having frqm I 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}3,

a bgse selected from a group consisting of cesium carbonate, amine derivatives of a general formula:
R
N
R® =N
7~
RS
(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-diazabicyclof4.3.0]non-5-ene and
1,8-diazabicyclof5.4.0Jundec-7-ene, and a phosphorus compound selected from a group of a compound

{DPPF, 1,1’-bis{diphenylphosphino)ferrocene) of a formula:
G PP
Fe
&&—PPh,
a compound (1,1’-bis{diisopropylphosphino)ferrocene) of a formula:
St P(-Pr)
Fe
& —P(i-Pr),
a compound (1,1’ -bis(di-t-butylphosphino)ferrocene) of a formula;
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a compound (DPEphos) of a formula: PPh2 PPh2 a compound
(homoxantphos) of a formula: o 5 PPh2 PPh2 a compound (DEFphos) of
a formula: pcQ Ph2P PPh2 a compound (Xantphos) of a formula: q(O | ~
/ PPh2 PPh2 10 a compound (MeXantphos) of a formula: \I\/ O/
PMePh PMePh a compound (t-Bu-xantphos) of a formula: t-Bu Il I t-Bu/ O
PP&%EE h2 a compound (Thiaxantphos) of a formula: f~sI~/0O/ 15

PPh2 and a compound (Nixantphos) of a formula: H\ N (\ PPh2

Fe PPh2, thereby producing a thioether compound or its salt of a general
%1l]: -26 BYO053 Ri_4Ytn'| HR7 sSz (wher ein RI, YI, R6, R7, RS,

a comgédng%ﬁﬁgpm% %E%utgmgnfu?ageneral formula:

o
PPh,  PPh,

a compound (homoxantphos) of a formula;

pe

PPh, PPh,

W,

a compound (DEFphos) of a formula:

g
9

Ph,P PPh,

a compound (Xantphos) of a formula:

o I

PPh, PPh;

),

a compound {(MeXantphos) of a formula:

W,
W,

O
PMePh  PMePh
a compound {t-Bu-xantphos) of a formula:

-Bu O O t-Bu
0

PPh, PPh,

a compound (Thiaxantphos) of a formula:
S

o)
PPh,  PPhy

Y
2

and a compound (Nixantphos) of a formula:
H
N

p ¥
Y,

0
PPh, PPh,,

thereby producing a thioether compound or its salt of a general formula [1]:
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0 have the same meanings as above) may be carried out by adding from
0.005 equivalents to 0.1 5 equivalents, relative to the aryl compound, the
heteroaryl compound or its salt of formula [lll], of the phosphorus
compound, from 0.005 equivalents to 0.1 equivalents of the palladium
compound, and from 1.5 equivalents to 2 equivalents of the base to a
solvent not havmc}; gny negative influence on the reaction, and reacting
he compounds OC to 100C for 2 hours to 15 hours. The solvent not
; a gative influence on the reaction includes, for example,
' , 2-methyltetrahydrofuran, 10 tetrahydrofuran,
N, -dlme mmamide dimethylimidazolidinone N-methylpyrrolidone,
thyl thyl e base | cludes esium carbonate, amine

whergﬁﬁ?&?ﬂﬁgﬁfﬁeﬁﬁoﬁ%ﬁ -k EM WRE 8v%/ eresl% R3, R4 and. R5
o ay be the same or different, each representing an alkyl group having

“from 1 to 15 6 carbon atoms, a benzyl group, a phenyl group or a pyridyl
have thecep); rhebatiar abibyetd 43 Binaribdenetandding from 0.005 equivalents to 0.1

equwzﬁeﬁ?—%@ﬁ'&ygg Eﬁe“a@l 'w;f@ NEe ﬂ-g?grmrq BWIQ}IXP&%EQ (gf%%%lla [11], of the
a: R3 R4-\N _R5 (wherein R3, R4 and R g/m be the same or

phmp&ﬁ%&éﬁ‘f‘?@&%ﬁ F&Oﬁ?@s%%??@“é{?ﬂ%ﬂmg%&a%}ﬁ?&ﬁ CIReLasyg cqppspynd, and from
L5 eqaivienisbe peyivgrot fahshesyigroopror aqyrdylcgroupiemnla de]derce on the
reactuﬁi(&mm&ctﬁfé'ﬂfé/c@m&!)@@@ss&@@)@tg'mp@ﬁy |@th¥@mm?5 LAY ANy ent not having

tr| ine, trimethylamine, dibenzylmethylamine,
any ne&m é/ uence onmh Xagl nge %X exarFé/ll oghaga ttﬁg.{egg,r%Fmgggltetrahydroﬁlran,

et yamlnopyrl ine or rnoenzy amlne e'me

tetrﬂh)ﬁ%t’j%mé“é“tﬁ}@@thﬂfmp@er@r@fpthglgaw@phdg@wal rhethyinarfpldone, dimethyl
ether, Rie(diti [dtdr A S-Re 25 (wherein R, YI, Re, nl and the group of a general

formula: 1. L BY %&g &% theboe}zn}g me%@ I&% gfgsbo a gbnergl tftg)rr:quia

RS\removmg the protective group of Re from the result

RY*—N

e
RS

(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[4.3.0Jnen-5-enc and
1,8-diazabicyclof5.4.0lundec-7-ene.

\ The amine dertvatives of a general formuia:
R
R*—N
e
RS

- (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) include, for example, tertiary amines
such as diisopropylethylamine, tributylamine, triethylamine, trimethylamine, dibenzylmethylamine, 4-
dimethylaminopyridine or tribenzylamine.

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

formula {[-a]:
R'—{v]) l-al
$-R®

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

ST
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thioether compound of formula [I-a], thereby affording a third compound or
its salt of a general formula [I-b]: Rt--EYt nt [I-h] SH 5 (wherein RI, YI, nl
and the group of a general formula: (D have the same meanings as
above) may be carried out according to the method of removing a
substituent (protective group) bonding to a third group, as disclosed in the
havet ollowin kn%wn re erences ! raccogdu g to a rtengow RIpod S|m|h31r to i
i%“ﬁ\ FRMR AR ot PR AR L BHRFS VG EDRP RN L BOpyhe resulting
thloeﬂa.ezzgnmz@d(q%nnul@amb|t1aer ehyaridonlies alhiTleteairedrdrpt bttenis ol/okederal formula
[I-b]: No. 21, pp. 2739-2742 (1989). Constantinos G. Screttas, et al.;
Tetrahedron Lei tgl;s Vol. 44, pp. 5633-5635 (2003). Austin K. Flatt et al.;
R*—jf\é ghedron Letters, Vol. 44, pp. 6699-6702 (2003). Jean-Michel Becht, et
Jourpal of Organic Chemistry, Vol. 68, pp. 5758-5761 (2003). 15
¥ Chemical Society of Japan, Vol. 37, pp. 433-434 (1964).
ever, when the protective group of Re is a group of a general formula:
(wherd2 iR bn (\WinbrainBapand fRhamagohadlae same or different, each
epresenting a hydrogen atom, an acetoxy group, a nitro group, or an

alkoxy group having from Ito 6 carbon atoms), or a (1-naphthyl)methyl

%oup or (2- 20 naphthyl)methyl group, or when the protectlve group of Re
have the SRORFBIREJErBPEFI AR A CH 2P Reoerdng t (hhRrdhadRd wg e 2 substituent

(protechay drevthdcainne oradifferentygashirepreganting fallwydnpdenaionierances, or according
toa re@g@,ﬁgé%g@;g)ldgmgigymtgroup or an alkoxy group having from 1 to 6

oms thyl)methyl g 2- 25 na Ymethyl
At KR S draLEror ey b B dacir i L and
Damebﬁl@e@rﬁqﬁaﬁ’q ﬁbr%@c@ftﬂﬁmg lettiaes. r?f@ﬂhé@t Whiéh thi %?é%élﬁﬁm@ﬁ&)rs
Consthiaeoune Qb éﬂﬂcm@@&y@mﬂ&spwwﬂvgpgm@ s Redsa)group of
Austmalg%a { al f?fﬁlﬁr ed%on% tiers %/0 Cﬂiﬁz %%9%’% and Rd may be

e same or rent, eac re resentl dro e ato anltro group,
Jean- Ig],chel Becht, et al ; Joumai of Organic Chermstry, Vol 68 Pp. 5758-5761 (2003).

Bulietin of the Chemical Society of Japan, Vol. 37, pp. 433-434 (1964).
However, when the protective group of RC is a group of a general formula:

o
\li:d]
2N

(wherein R4 and Rb may be the same or different, each representing a hydrogen atom, an acetoxy group,

Rb

a nitro group, or an alkoxy group having from 1 to 6 carbon atoms), or a (1-naphthyl)methy! group or {2-
naphthyDmethyl group, or
when the protective group of R€ is a group of a general formula:

(CHz)z
WQ

(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 ! to 6 carbon atoms), or a {1-naphthyhmethyl 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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an alkoxy group having from | to 6 carbon atoms), then the step of
removing the protective group of Re may be attained through treatment
with a potassium alkoxide or a sodium alkoxide in a solvent not 5 having
any negative influence on the reaction, by using from 1.5 to 5 equivalents,
relative to one equivalent of the starting material, preferably from 2 to 3
equivalents of a potassium alkoxide or a sodium alkoxide, and processing
/( compeund at -10C to 120C for 1 hour to 24 hours, preferably from 2
howyfs ¥y6 hours. "Potassium alkoxide and sodium alkoxide" include, for
ple) potassium methoxide, 10 potassium ethoxide, potassium
Nn-propoxige, potassium isopropoxide, potassium n-butoxide, potassium
isobutoxide, potassium t-butoxide, potassium n-pentoxide, potassium
(wherejp ﬁé%&%&g nyhG AT A e rsB iR aROSIER NSO AROBSH PRI group, or
an alkog gionp isopgiaxidesditimnnbhikgxiten sedidpuvisehisaxidae ekt group of R¢

may be a*&%%‘#ﬁmﬁgﬁ 't%xgegﬁvq %%%TH%QQM%QQEXQ%E?U(R& f%ﬁ@o@! P g%glvent not

n-butoxide, potassium isobutoxide potasswm t-butoxide,

having gy Regatie i, RGeS BrH e ER T kit IR ‘i‘?&'{“ﬁﬁx‘ﬁ’r@‘e
equivaigniyoh dgativerigfiueace, orefhebipdotion? tto3bemuisadnn s pmethioch iticlkidesr a

sod:umqigdé(ﬂl%g trialymesstatragunapsimethvisutfoxitdRec for 1 hour to 24 hours, IPlreferalbly from
5 hours Ch qlmethyl -2-imidazolidinone, N- methylpyrrolidone, cyclopentyl met

ili -dimethoxyethane, N,N-dimethylformamide, N,N-
d|methy'lﬁ@@ﬁéfﬁmlélkpﬁefiém@lwéﬁg#yﬁiéOWN' éimheihﬁacemmidem”meium methoxide,

potassi@fioetpoRid, gﬁ%ﬁﬂlﬁﬂﬂi@ﬁﬂ&@ H&iﬁ:@xﬁ@sﬁiﬂcﬁ%ﬁﬁl@kﬁbﬁ%zﬁﬂﬁl@dﬁﬂ% BRtassium

1sebut0t)tﬂ§e I?B?%S%nql'ffbeg ont eac rese%tl % %d{asgﬁn at e étg%cgrougethomdu
or a roup rom Intgélcar 0 atoms |ncu es, for

sodxumeg@%ﬁ% 5§ Mﬁm%i%%ﬁocg%n ﬁﬁfﬁﬂ?@ﬂ%@hﬁ]‘b‘i‘@fbbﬁomde sodium isobutoxide,
sodium4-huetkioxy phidine thykgrotif, scdidndiniitoptienatyé:gbupoaisdutdr-butoxide, potassium

isobutciBRe RRRRENEH Lo REGTRTARY R, e@an&tmg{&a@e %§d J%%ébome
protective %,oup of Re Is a group of a %lpera formula:

(wherein"RY ARGRBHIE BE ML BB RERHE fé?é%‘f? fﬁégéﬁﬁwams method
includdydarbyen tahymcatraas o droupyisalfitrogrodigioethyl-Ahkoidagiadipone, N-
methylbﬁmgd‘ﬁ@ Moy bR QuGRHRAR, ALAS), RlifdnbRhYL Methy @aVRPhE2Had N N-

h o nd When the removal of the protective
dlmethgace% of E‘é‘eg |stll:'];1}té%a|¥|edﬁéﬁrol(jﬁ?lgl\Ttrgé?;i1 r%wgnatceimﬁﬁda magnesium compound of
a generdbforraue [Rgenyal fomiuia

{Chak Re

g \C{]Z
e
\Rd

(wherein R€ and Rd may be the same or different, each representing a hydrogen atom, a nitro group, or
an alkoxy group having from | 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-
dimethoxyphenethyl group; preferably a phenethyl group.

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

Hy a
R
/C\CZ
¥
-
\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), or a (1-naphthyl)methy! group or (2-
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9\ Rh (wherein Rg represents a halogen atom, or an alkyl group having

from 1 to 10 carbon atoms; Rh 5 represents an alkyl group having from |

to 10 carbon atoms) in the presence of one additive selected from a

group consisting of copper compounds, iron compounds, cobalt

compounds, silver compounds and titanium compounds, then from 15t0

ents, relative to one e nt of the startin feria

oo B S0 5 5 TUAIGHLE 5] B AT B P SO AT s e estme
with zpagressen cerafdro G 08l &quvalent, relative to | mol of the starting

rRa&terial, preferably from 0.05 to 0.5 equivalents of 10 the additive, and

Mg/the compound is processed in a solvent not having any negative influence

%the reaction at -IOC to 100C, preferably at -10C to 50C for 1 hour to

36 hours, preferably for 2 hours to 24 hours. The (%roup of a general
(Whe‘?dﬁﬁél‘éepr?ﬁ’és Iall}aéﬁefﬁtﬁ%éfémaﬁéléﬁﬂ%hafﬁ% Fanthdoskhrarhen atoms; R
repreghife renikelashuepreseriting ahydragem atom:,) antacptexyi@roffne additioe seiected

from JEOMB afna@tagewogﬁgy&mxm;rm lomp%&ﬁrpeabaf%&wgl&d @ﬁvépeempounds

example, a enz;{(’%5 a 4-nitrobenzyl group, a 4-methoxybenz
and GG compaus ‘Hbﬁ%?l grdp, e&‘%"&““’&fﬁn é‘?ﬁ&%ﬁ%ﬂ%@t@‘f&’&bﬂ“&ﬂﬁ% starting
materpiiefeesiohpla bemA/igicapiveBolvehthrontegingnasympegadivevisfiue toerorsence of from
0.05 #he J@ﬁ@éi&&" xf&w&etm this pretbad2Q inelueas pfokrxamplg, JigIYMEs cquivatents of

riglyme, ¢ tra thyl ether dloxa Itetrah drofuran
the ac{eltra?iy? ro lfr(é%rx e @! FEBGRT ST, San Illg%):ie erab Iy‘%lgff;ﬁ%m IRamggen the
rcactlﬂ?rms&ﬁtﬁué%&wefﬁﬁ@udﬁsi %Qé@(éﬁwﬁléﬂf(id@ﬁ tCHfapRreHppekrably for 2 hours to
24 hoktl®C13, FeC12, TiC12(i-PrO)2, Cu(CF3S020)2, CoClI2, AgNO3,

Cp2T|C1%&N%}85 |Qf§Be%ggqgr%ugyeIopentadlenyl group); preferably,

CuCI2 CuCl 20 or Cp2TICI2. 25 "Magnesium compound" for use in
thB8 includes, for example, dimethylmagnesium,
gnesium, di-n-butylmagnesium, di-n-propylmagnesium, n-
nesium chloride, n-butylmagnesium bromide, methylmagnesium
chloride, ni&thylmagnesium bromide, ethylmagnesium chloride,

(whet@lﬁ}dﬂr@@ﬂéﬁhﬁ? hrera @&emﬁwma%&m%w{édﬂw%ogm atom, an acetoxy group,
a mtrls%rglygl;ny?gg gﬁ(u? L%}Qé‘):h%% IS%p 3{(%«3 g{;bezgga%xgbtongudes for example, a benzyl

magne omide; pre erab y magnesmm

groupy_ fwﬁ%ﬁ@sﬁﬁﬁ%mﬁmf@% sEMeshuht SipiHrbsrherpradté
dimetbbtatredyinihe pidve prgthdds abayhe gratified and isolated according to
per-se knayn MEHHOAS, {91 @( B%e %ﬁ%&&?&@%%@&%@é&é S%?%E%tiﬁ%?s’l%hod

isolation methods of column™-3 053 chromat%l?raphy with silica gel
includss 65 GBRRL rééﬁvlﬂadréséfwaﬁré%mweﬂ.ﬁtﬁay VRS Syl drofuran,

tetrahydrofuran, methyl t-butyl ether, and is preferably diglyme.
"Additive" for use in this method includes, for example, CuClz, CuClp-2H»0, FeCls,

FeClp, TiClp(i-PrO)), Cu(CF35020)2, CoClz, AgNO3, CpaTiClp (wherein Cp means a
cyclopentadienyl group); preferably, CuCla, CuCly-2H20 or CpaTiClo.

"Magnesium compound" for use in this method includes, for example,
dimethylmagnesium, diethylmagnesium, di-n-butylmagnesium, di-n-propylmagnesium, n-
butylmagnesium chloride, n-butylmagnesium bromide, methylmagnesium chloride, methylmagnesium
bromide, ethylmagnesium chioride, ethylmagnesium bromide, n-propylmagnesium chioride, n-
propylmagnesium bromide, isopropylmagnesium chloride, isopropylmagnesium 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 isclation methods of column
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solvent extraction, recrystallization or reprecipitation to be attained singly
or optionally as combined. The starting materials for the production
methods of the invention may be commercially available products or may
be produced according to known production methods. 5 BEST MODE
FOR CARRYING OUT THE INVENTION The invention is described

concretely with reference to the followjng Examples, by, which, however,
o S 0 B T BroteE P BN HSHPSBr g omanhy
solverg, avfsieHey. Kantphesivas bengsiriorrAld herriaiged singlironsndgmdy as combined.

anhyd rC])c H&é@.ﬁ@@,x@ﬁ&&'ﬁ@ﬁ@ﬁ th@%@@&i@ﬂi&ﬂﬁ&i@ UBGSRRE3 hﬂi@i%e commercially-

. W Pur. micals. The other reagents used in the

o A, L S O e,

allyl trifulorosulfonate organic solvents were bought from Tokyo Kasei,
BESTaviOIIAED v ereRIseiNaf e drigdEntthy BiglaCmar Sieve (4 angstroms) and

degassegh, Al b 1RACIRNS I NS L XARPIeYEHE SR IS RO AR B AN xamples, by
Hg a 15 glass chamber dried with a drier. For

. . hjtrogen atmosphere, usi
Whmhhllbaﬁ%veeffééﬁfﬁ‘ﬁ%g‘ﬂaﬁmg AthatdEMBhy, used was Hitachi's
high-perfoifEiied Wigirreh Srmatagrsas 5-Yo0boy Mebsie was bought from Aldrich.
AnhydeverSebphase doksBnCOoraaldmn chioT@iagiBaiydused wds B M&tiBaught from
| 6 article .sjze: 0.04 to 0,63 gm) as the carrier. 2Q NMR dat re .
wake e P et o 5 EYS SRS Doty SRS st an
Stremyh Bhipdsiargrbekss gl drifit progublorsie Qreame ANpEES ¢ Exemkigiom {ekyo Kasei, and
they viexampla 2 dyrrevarotided {Baisie: Rraagssymd A asghhalide or

h eter_oarﬂlf‘f%@%a%&{s}’ lémg%éﬁp@sb\@&% 'c%r%gﬁé)gg{% %‘é’%ﬂ%ﬂgg\eg Q(r;aosphere, using a

1,4-dioxane are poured into a round-bottome
glass chAAbELsBHGHEE $198& with the resulting mixture therein is purged

repeatedipthigepinfesaitie Hifnddengasptihaiefoisch avin g dittogigh-performance

liquid?AMAsRhg e herain (et Bsicalalysis HRA2 ([dhg)dy Xantphos and a thiol
compour¥d ariadd d to it, then thisi u[ﬁ@d _rlepeatedly twa times with
nitrogen, Sha’ REREH ARG Y676 1B (5113 RIS Psrelsipietion to 063 km)
as thegfufies reaction is confirmed through high-performance liquid

chromatogpiny. ther theHeatitingnreagtion sokaion is cooled to room

Exam%ﬁmqgrﬁ%ekﬂ}g:msoluble matter is taken out through filtration, and the

trate s concentrated. The resulting concentrate is separated and purified

through fleshdpnimAchremersgrapHywirnedibel gel iheretorandiofditgmple 1 to
ExamtheXhicgthese@ampound. If possible, this is purified through crystallization
(Basié/\{jmc@s@uitable solvent. 35 Example 1:

An aryl halide or heteroary! 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 resulting
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.
Compietion 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.

Exampie 1:
Production of 4-methoxybenzyl phenyl sulfide:
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Production of 4-methoxybenzyl phenyl sulfide: -31 BY0O053 OMe Heating
and refluxing time: 6 hours. Aryl halide and its amount used:
Bromobenzene (211 L, 2 mmol). 5 Thiel compound and its amount used:
4-Methoxybenzylthiol (279 L, 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 usedyh@ i-Pr2NEt (700 L, 4 mmol). Amount of 1,4-dioxane used:
4.erty, yield and yield percentage of 4-methoxybenzyl phenyl
Bifide™~Pale yellow solid; yield 414 mg; yield percentage, 90 %.
Development solvent in flash column chromatography: 15 Hexane/ethyl
acetate = 5/1. Melting point: 79C-80C. IH NMR (CDC13, 500 MHz) S

Heating gpd- rofysping $merd BeYyS6.81 (dt, 2H, J = 2.1 Hz, 6.5 Hz), 4.07 (s, 2H),
Aryl h3iTT afel, iBHmbEnQuichtz). 13C NMR (CDCI3, 125 MHz) S ppm: 20 159.18,

136.97, 4303030181 120,80, 429.22, 126.66, 114.31, 55.66, 38.86.
Exampl(; 2: Production of diphenyl sulfide: ¢ S ¢ 25 Heating and refluxing

Thiol GRREoIR AL HPIPABKFS and its amount used: Bromobenzene (211 L, 2
mmol). Fhiettconigourithan 23 Wmdunteised: Thiophenol (205 L, 2
Amouimod &) (A med it ©R 02 (dbaydlused: 46 mg, 0.05 mmol. Amount of
sed: 5§8rrr1[% 8.}mmmrgpl. Base and its amount used: i-Pr2NEt

s RS
Base and its amount used:
1-ProNEt (700 pl., 4 mmol).
Amount of 1,4-dioxane used: 4.2 mL.
Property, yield and yield percentage of 4-methoxybenzyl phenyi sulfide:
Pale yellow solid; yield 414 mg; yield percentage, 90 %.
Development solvent in fiash column chromatography:
Hexane/ethyl acetate = 5/1.
Melting point: 79°C-80°C.,
1H NMR (CDCI3, 500 MHz) & ppm:
7.17-7.31 (m, TH), 6.81 (dt, 21, J = 2.1 Hz, 6.5 Hz), 4.07 (s, 2H), 3.77 (d, 3H, ] = 2.1 Hz).
I3C NMR (CDCl3, 125 MHz) & ppm:

159.18, 136.97, 130.34, 130.18, 129.80, 129.22, 126.66, 11431, 55.66, 38.86.

Example 2:
Production of diphenyl sulfide:

oW

Heating and refluxing time: 6 hours.
Aryl halide and its amount used:

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

Thiopheno! (205 pl., 2 mmol).
Amount of Pd3(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 nsed: 4.2 mlL..
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Amount of 1,4-dioxane used: 4.2 mL. -32 BY0053 Property, yield and yield
percentage of diphenyl sulfide: Colorless liquid; yield 316 mg; yield
percentage, 85 %. Development solvent in flash column chromatography:
Hexane. 5 1H NMR (CDC13, 500 MHz) 8 ppm: 7.21-7.35 (m, IOH). 13C
NMR (CDC13, 125 MHz) 6 ppm: 136.21, 131.46, 129.60, 127.45. 10

e 3. Pr ?UC'[IOI’] of 3 tr n enyI sulfide: I~ ~I 02N S
p
mpe w%%%% rei elﬁce{%tl An% syq %rydﬁallde and its amount used: 15

3 Nltrobr&ﬁ@b‘éﬁﬁzlé‘ﬂédfmdlﬁ@6 mgpiely. PaeRstagsniiddand and its amount
DeveligeatnT hiophendl(205iLnmad shroalitofapaynt of Pd2(dba)3 used: 46 mg,
0.05 mmgk,,Amount of Xantphos used: 58 mg, 0.1 mmol. 20 Base and its

1 }&Eo Mse t 700 L, 4 mmol). Amount of 1,4-dioxane used: 8.1
H @%péftsoéue?g ;ﬁ y|eId percentage of 3-nitrophenyl phenyl sulfide:

7.21-Pafe(yelol}liquid; yield 416 mg; yield percentage 90 %. 25 Development
13C npiventiafiashsoalams ghromatography: Hexanel/ethyl acetate = 5/1. 1H

D, z) 6 ppm: 7.99-8.04 (m, 411), 7.47-7.51 (m, 3H),
1362, %ﬁ% %}%%%C} %C NMR (CDC13, 125 MHz) 6 ppm: 30 134.26,
133.45, 132.14, 129.87, 129.68, 128.98, 128.96, 128.40, 123.17, 120.93.
Exanfpkainple 4: Production of 3-phenylsulfanylbenzaldehyde:
Production of 3-nitrophenyl phenyl sulfide:

poue

Heating and refiuxing time: 6 hours.

Aryl halide and its amount used:
3-Nitrobromobenzene (404 mg, 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:
1-PraNEt (700 L, 4 mmol).

Amount of 1,4-dioxane used: 8.1 mL.

Property, yield and yield percentage of 3-nitrophenyl phenyl sulfide:
Pale yellow liquid; yield 416 mg; yield percentage 90 %.

Development solvent in flash column chromatography:
Hexane/ethyl acetate = 5/1.

TH NMR (CDCl3, 500 MHz) & ppnu

7.99-8.04 (m, 4H), 7.47-7.51 (m, 3H), 7.39-7.43 (m, 2H).

13C NMR (CDCI3, 125 MHz) § ppm:

134.26, 13345, 132.14, 129.87, 129.68, 128.98, 128.96, 128.40, 123.17, 120.93,

Example 4:
Production of 3-phenylsulfanylbenzaldehyde:

OHC S
Heating and refluxing time: 6 hours.

Aryl halide and its amount used:

-33 -



BY0053

10

5

20

25

30

35

OHC S\ 35 Heating and refluxing time: 6 hours. Aryl halide and its

amount used: -33 BY0053 3-Bromobenzaldehyde (233 L, 2 mmol). Thiol
compound and its amount used: Thiophenol (205 L, 2 mmol). Amount of
Pd2(dba)3 used: 46 mg, 0.05 mmol. 5 Amount of Xantphos used: 58 mg,
0.1 mmol. Base and its amount used: i-Pr2NEt (700 L, 4 mmol). Amount

of 1,4-dioxane used: 4.7 mL. Property, yie g and yield percentage of

3-phenyISUHSm %ﬁ%ﬁéﬂa%g‘%ﬁ(f‘g)%ﬂ%ll s liquid; yield 368 mg; yield
Thiol pergentalpadgtsgnopsveidpment solvent in flash column chromatography:

Hexane/athyhrertiate s 454 mbbtl NMR (CDC13, 500 MHz) S ppm: 9.93

Amoukt 0¥ (8 dlei 4d FHel B Rhn09-7.71 (M, IH), 7.50-7.52 (m, IH),
7.42-7.45 (m, 3H), 7.26- 15 7.38 (m, 3H). 13C NMR (CDC13, 125 MHz) S

Amoughat Xpgtnhes, upsd 5Hroga Emmeds 76 134.03, 132.89, 131.03, 130.11,
Base diddt98mbi2@.6:£d128.03. Example 5: 20 Production of

4-phenylspifanyaseiophengnen. O i Me |/ S\ Heating and refluxing time:
‘ 6 hours. Aryl halide and its amount used: 4-Bromoacetophenone (398
Amoupt 013 Jil¥§re38Phiel Blmpound and its amount used: Thiophenol (205

Propetty 2ymidholl v ootk ROX(Cpay8dsd mgBemenld:BBlenmol. Amount of
Xantphog-beed:S&;808 i Dol Base padiis apeunt used:
Development solvent in flash column chromatography:
Hexane/ethyl acetate = 15/1.
TH NMR (CDC13, 500 MHz) 8 ppm:
9.93 (s, 1H), 7.76 {dt, 1H, J = 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) § 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:
O

“ 0L

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 Pdp{dba)3 used: 46 mg, 0.05 mmol.
Amount of Xantphos used: 58 mg, 0.1 mmol.
Base and its amount used:
i-PryNEt (700 L, 4 mmol).
Amount of ,4-dioxane used: § mL.
Property, yield and yield percentage of 4-phenylsulfanylacetophenone:
White solid; vield 411 mg; yield percentage 90 %.
Development solvent in flash column chromatography:
Hexane/ethy! acetate = 10/1.
Melting point: 66°C-67°C.
-34 .-
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30 i-Pr2NEt (700 ItL, 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: 35 Hexane/ethyl acetate = 10/1. Melting

point: 66C-67C. -34 BY0053 1H NMR (CDC13, 500 MHz) 8 ppm: 7.82 (dt,

8 z 50(dt2HJ 1.8 Hz, 7.8 Hz), 7.38-7.42 (m,

1HN}§{: C'J[?(ijf f{dﬁ%ﬁ{gﬁg z 6.7 Hz), 2.55 (s, 3H). 13C NMR (CDC13, 125
7.82 (dM P:Ii) Bppiiis A9 HIB 74 d02H1 345X H33. 8 HADH32137 1296 FHI28.8I0(dt, 2H, J =
1.8 H-188.80, 32%. éOg,ﬁgﬁ 47. Example 6: Production of 4-phenylsulfanylanisole:
13¢ NMﬁQéQ eatng a4 glg%é%mg time: 15 hours. Aryl halide and its amount

used: 4-Bromoanisole (250 ItL, 2 mmol). Thiol compound and its amount
197. 13u§éﬂ.9?hléﬁ)ﬁénb33(§@51ﬁ2 @Mﬁﬁﬁﬁ hB At behBof RA2UB&YY used: 46
mg, 0.05 mmol. Amount of Xantphos used: 58 mg, 0.1 mmol. Base and
its@mount used: Cs2CO3 (652 mg, 4 mmol). Amount of 1,4-dioxane
used 5 mL. 20 Property, yield and yield percentage of
ﬂrgg‘l‘:&‘ L r@%ﬁﬁéﬁ%%@iﬁs le yellow liquid; yield 311 mg; yield percentage
@- pment solvent in flash column chromatography:
HexanelethyPacetate = 1511. 1H NMR (500 MHz, DMSO) 8 ppm: 25 7.41
t,2H . J = 21Hz 68Hz) 7.13-7.24 (m, 514), 6.89 (dt, 2H, J = 2.1 I-1z,
H"'a““% @W%@% wesly houst NMR (CDC13, 125 MHz) 8 ppm: 160.25,
Aryl h4l8@.6dd 1851p8nt2ed33, 128.64, 126.18, 124.75, 115.40, 55.77.

4-Bromoanisole (250 pL, 2 mmol).

Examp

Thiol compound and its amount used:
Thiophenol (205 plL, 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:
Cs2C03 (652 mg, 4 mmol).
Amount of 1,4-dioxane used: 5 mL.
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.
1H NMR (500 MHz, DMSO) 8 ppm:
7.41(dt, 2H, J =21 Hz, 6.8 Hz), 7.13-7.24 (m, 5H), 6.89 (dt, 2H, ] = 2.1 Hz, 6.8 Hz), 3.81 (s, 3H).
I3C NMR (CDCl3, 125 MHz) 8 ppm:
160.25, 139.01, 135.76, 129.33, 128.64, 126.18, 124.75, 115.40, 55.77.

Example 7:
Production of 4-(4-methoxyphenyl)sulfanylanisole:

S

Heating and refluxing time: & hours.
Aryl halide and its amount used:
4-Bromoanisole (250 ul., 2 mmol).

Thiol compound and its amount used:
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Example 7: 30 Production of 4-(4-methoxyphenyl)sulfanylanisole: MeO
We 1)~j S\ Heating and refluxing time: 8 hours. Aryl halide and its
amount used: 4-Bromoanisole (250 L, 2 mmol). 35 Thiol compound and
its amount used: -35 BY0053 4-Methoxythiophenol (246 L, 2 mmol).
Amount of Pd2(dba)3 used: 46 mg, 0.05 mmol. Amount of Xantphos used:
58 mg, 0.1 mmol. Base ang its amount used: 5 i-Pr2NEt (700 I, 4 mmol).
Amount of 'f‘,/'f-taf’&%ﬂ%ph?? £%§%12 BP§PYkrty, yield and yield percentage
AmaypyofAdtbrox s AR 1aRlole: Pale yellow liquid; yield 389 mg:

Amdyieldmenagrtagc.d S ¥mDeyalgpment solvent in flash column
B chl_rip atog&aph .10 Hexane/ethyl acetate = 5/1. 1H NMR (CDC13, 500
asean ZSS moun ?;s%g}

M ppm ﬁjd, 4H, J = 2.1 Hz, 6.7 Hz), 6.83 (dd, 4H, J = 2.1 Hz,
6.8 Hz), 378 2SEEH )Y ta& RRAR (CDC13, 125 MHz) S ppm: 158.99,
AmobB0oT 3 41Adx4h: dskd: G, £5.35. 15 Example 8: Production of 2-tolyl phenyl

A

amount used: toluene (241 L, Z mmol). Thiol cgmpound and its
amount uS&tf: *FHIOPHENST {206 31, Bemmisbhp K #st O Pd2(dba)3 used:
Devczl@amgl,t Bod&Emmdlash column chromatography:
Hexane/ethy! acetate = 5/1.
tH NMR (CDCl3, 500 MHz) § ppm

7.27(dd, 4H, J = 2.1 Hz, 6.7 Hz), 6.83 (dd, 4H, J = 2.1 Hz, 6.8 Hz), 3.78 (s, 6H).
I3C NMR (CDCl3, 125 MHz) 8 ppm:
158.99, 132.73, 127.45, 114.76, 55.35.

Example 8:
Productijn of 2-tolyl phenyl sulfide:
e ,

0
Heating and refluxing time: 7 hours.
Aryl halide and its amount used:

2-Bromotoluene (241 pl, 2 mmol).
Thial compound and its arnount used:

Thiophenol (205 uL, 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:

1-ProNELt (700 pl, 4 mmol).
Amount of 1,4-dioxane used: 4.8 mL.
Property of 2-tolyl phenyl sulfide:

Pale yellow liguid.
Development solvent in flash column chromatography:

Hexane/ethyl acetate = 15/1.
IH NMR (500 MHz, DMSO) & ppm:
7.19-7.29 {m, 9H), 2.38 (s, 3H).
13C NMR (CDCls, 125 MHz) 8 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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used: i-Pr2NEt (700 1, 4 mmol). Amount of 1,4-dioxane used: 4.8 mL.
Property of 2-tolyl phenyl sulfide: 30 Pale yellow liquid. Development
solvent in flash column chromatography: Hexane/ethyl acetate= 15/1. 1H
NMR (500 MHz, DMSO) S ppm: 7.19-7.29 (m, 9H), 2.38 (s, 3H). 35 13C
NMR (CDC13, 125 MHz) S ppm: 133.43, 131.01, 130.05, 129.54, 129.48,
128.32,127.95, 127.57, 127.13, 126.75, 21.00. -36 BY0053 Example 9:
Examplg@uction of 2-isopropylphenyl phenyl sulfide: S Me Me 5 Heating and
Produefhidng-tsmesfyhouns) phey)halide:and its amount used: Bromobenzene
211 mol). Thiel compound and its amount used:

-Is pylbenzenethiol (303 L, 2 mmol). 10 Amount of Pd2(dba)3 used:
468mg 0.05 mmol. - Amount of Xantphos used: 58 mg, 0.1 mmol. Base
angyjts amgunt used: i-Pr2NEt (700 p1, 4 mmol). Amount of 1,4-dioxane

HeaquQ'ESId f Q]!’r ;liglf%og%‘rty yield and yield percentage of isopropyl phenyl
sulfid olorless I|qU| yield 402 mg; yield percentage 88 %.

Aryl I@E%Wéﬁ‘f"gﬁmé‘ﬁﬂn flash column chromatography: Hexane/ethyl
acetate =RtOdobdhkMMRI(GRCIBEO0 MHZ) 8 ppm: 20 7.11-7.36 (m, 9H),

Thiol hept, JHxsd58:2 Ha), 1.21 (d, 6H, J = 6.9 Hz). 13C NMR (CDC13,
:_|'25 Hzé§sggrrcr>}5ylbenzenethiol (303 ulL., 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).
Amount of 1,4-dioxane used: 4.2 mlL.
Property, yvield and yield percentage of isopropyl phenyl sulfide:
' Colorless liquid; yield 402 mg; yvield percentage 88 %.
Development solvent in flash column chromatography:
Hexane/ethyl acetate = 10/],
TH NMR (CDCl3, 500 MHz)  ppm:

7.11-7.36 (m, 9H), 3.56 thept, 1H, J = 6.9 Hz), 1.21 (d, 6H, | = 6.9 Hz).
13C NMR (CDCl3, 125 MHz) 8 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"-isopropylphenylsulfanyl}-2-methylpyridine:
Me. . Me

Me”™ "N
Heating and refluxing time: 6 hours.
Heteroary! halide and its amount used:
3-Bromo-2-methylpyridine (344 mg, 2 mmol).
Thiol compound and its amount used:
2-Isopropylibenzenethiol (303 ul, 2 mmot).
Amount of Pda{dba)3 used: 46 mg, 0.05 mmol.

Amount of Xantphos used: 58 mg, 0.1 mmol.
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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: 25 Production of
5-(2'-isopropylphenylsulfanyl)-2-methylpyridine: e Me M S Me N Heating
and refluxing time: 6 hours. Heteroaryl halide and its amount used:
5-Bromo-2-methylpyridine (344 mg, 2 mmol). 30 Thiol compound and its
Base AMNRLSE:2rISopropylbenzenethiol (303 RL, 2 mmol). Amount of

Pd2(dba)3p§z;$gvé§gng O 05 mol. Amount of Xantphos used: 58 mg,
0.1 mmol 5'Base and its amount used: i-Pr2NEt (7001, 4

Amoynyrdh.4-Ameontelll /A didxane used: 7.0 mL. Property, yield and yield
PropeR@{GentAga ﬁ%ﬁrﬁ%rdé%%@va@nwéwﬁ@mﬂér%mﬁwﬁwmﬁ pyGalgrless

liquid; yield 443 eId %. Devel ent solvent in flash
column c érﬁag?%a}/ yie exan 3(?16??1 Ctar{tagggg/ 71H NMR (CDC13,

Deve@emwmsvslb‘ﬁrﬂa%l39‘1(@111#0313{%@@42) 7.40 (dt, 1 H, J= 2.4 Hz, 8.1
Hz), 7.34Heiarkldhy FcdideHz) 5718 Hz), 7.26-7.29 (m, 10 IH), 7.21 (dt, 1H,

L1 N debHiz, i@@lb]!g}])% 915[[17 12 (m, 2H), 3.54 (hept, II-l, J = 6.9 Hz), 2.52 (s,
9 Hz). 13C NMR (CDC13, 125 MHz) S ppm

3HgH61.2_2
539 Gelthd “Th0148, 1466 s 18,142 b6, Yo o tog sl 196146 796372, 26729 m,
1H), "1.26(26,1 123624 30,658 P13)99.023 4l R HXaMplédil,; Riptuatiornf 2.52 (s, 3H), 1.22
(d, 61-phemyigylfanylindole: S H

13C NMR (CDCl3, 125 MHZ) 6 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.

Example 11;
Production of 5-phenylsulfanylindole:
SRSH
N
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 mamol).
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-PraNEt (700 pl, 4 mmol),
Amount of 1,4-dioxane used: 8.0 mlL..
Property, yicld 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, SH), 7.07-7.11 (m, 1H), 6.53
(dd, 1H, J = 0.8 Hz, 2.1 Hz).
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Heating and refluxing time: 6 hours. 20 Heteroaryl halide and its amount
BYDOS3 - used: 5-Bromoindole (392 L, 2 mmol). Thiol compound and its amount
used: Thiophenol (205 ItL, 2 mmol). Amount of Pd2(dba)3 used: 46 mg,
0.05 mmol. 25 Amount of Xantphos used: 58 mg, 0.1 mmol. Base and its
amount used: i-Pr2NEt (700 I, 4 mmol). Amount of 1,4-dioxane used: 8.0
mL. Pro ield percentage of 5-phenyisulfanylindole: 30
B3¢ %ﬁ% %ﬁﬁ%@gﬂq “yield percentage 90 %. Development solvent in
8.140.1fmshaxoﬂummnhmaﬁogmmzny:1 Meaxanglsthybacetates=1,0/1. Melting point:
98C-99C. 1H NMR (CDC13, 500 MHz) S ppm: 35 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),
éeég dd, &4, J = 0.8 Hz, 2.1 Hz). -38 BY0053 13C NMR (CDC13, 125
ppm: 8.140.12, 136.08, 129.31, 129.23, 128.64, 128.14, 127.77,
25.F6,125.55, 12. Example 12: 5 as/( (OH Heating and refluxing time: 8
Heat g& I htallde ?d its amount used: Bromobenzene (211 ItL, 2 mmol).
eam%ﬁ“ eBi B& R ahdWE*amount used: 10 4-Mercaptothiol (252 mg, 2
Aryl batidsat)d oot oPRd2(dba)3 used: 46 mg, 0.05 mmol. Amount of
Xantph@r&ﬁaghxé&lmm) dinnmehddase and its amount used: i-Pr2NEt
Thiol c(gmoooh ?dand 195 15 Amo Int of 1,4-dioxane used: 4.2 mL. Property, yield

mountu
yield percentage of henylsulfanylphenol

10 ercaptothloi (252 mg, 2 mmol)
Amount of sz(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 ul, 4 mmol).
15 Amount of 1,4-dioxane used: 4.2 mL.
Property, vield and vield percentage of 4-phenylsulfanylphenol:
Colorless liquid; yield 356 mg; yield percentage 88 %.
Development solvent in flash column chromatography:
Hexane/ethyl acetate = 13/1.
20 IH NMR (CDCl3, 500 MHz) & ppm:
7.36 (dt, 2H, 1 = 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 (CDCls, 125 MHz)  ppn:
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 ul, 2 mmol).
Amount of Pdp(dba)3 used: 46 mg, 0.05 mmol.

35  Amount of Xantphos used: 58 mg, 0.1 mmol.
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Colorless liquid; yield 356 mg; yield percentage 88 %. Development
BY0053 solvent in flash column chromatography: Hexane/ethyl acetate = 10/l . 20

1 HNMR (CDC13, 500 MHz) 6 ppm: 7.36 (dt, 2H, J = 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 (CDC13, 125 MHz) 6 ppm: 155.81, 138.36,

Base aaPi3ndad- 396(1128 35, 125.88, 124.66, 116.49. 25 Example 13:
Productlo g @exlyl phen sulfide: S Heating and refluxing time: 13
hours. Sb 1\%/1 ? hd its'amount used: Bromobenzene (2111L, 2

Amoymmbl).4-Tleieleonsgotiddnand its amount used: Cyclohexylmercaptan (245

Properry2yRMQkk ﬁﬁ@ﬁ@%&ftf&%@)&%ﬁ%ﬁ@yﬂ%ﬂiﬁ mmol. 35 Amount of
5 Xantpho gcﬁg f errE %YO}_O%B B%SS% Jd its amount used:
i-Pr2NEt 7, ‘il ol Lﬁﬂyoef RTGSRsE Uskd: 4.2 mL.
DGVEPPGTF?@?EPl‘gﬁéqdﬂé}ﬂﬁlweldmﬁémww@yeIohexyl phenyl sulfide: 5

ColorlessHiguidieyigld 3284ng;yield percentage 80 %. Development

1HN@g{v@@gﬂg@ﬁqp%r@@&gromatography Hexane/ethyl acetate = 10/1.
NMR (CDC13, 500 MHzi)lﬂgém 7.38-7.40 (m 7 26-7.29 (m

7.38- 774%“7 A2 1037 2800 3 -4 T D) (2, é%z%@% Dy, W5l 210?52%12?{) 1.75-
10 1.79 @HRH), 6GEIEE (@m, IH), 1281144 InfnsEBH). 13C NMR (CDC13, 125 MHz) S

13¢ mm{@ﬁ@@,&z:s&@g%,g]ﬁﬂnl& 126.97, 46.98, 33.75, 26.46, 26.17.

Xam 14: 15 Production of benzyl phenyl sulfide:
135, SE 1a32 78129 13,126.97, 46,98, 33.75, 2 4% ){

Example 14:
15 Production of benzyl phenyl sulfide:

G

Heating and refluxing ttme: 8 hours.
Aryl halide and its amount used:
Bromobenzene (211 ul., 2 mmol),
20 Thiol compound and its amount used:
Benzylmercaptan (235 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:
25 t-PeaNEt (700 pl, 4 mmol).
Amount of 1,4-dioxane used: 4.2 mL.
Property, vield and yield percentage of benzyl phenyi sulfide:
Yellow solid; yield 368 mg; yield percentage 92 %.
Development solvent in flash column chromatography:
30 Hexane/ethyl acetate = 15/1.
Melting point: 40°C-41°C.
TH NMR (CDClz, 500 MHz) & ppn:

7.16-7.31 (m, 10H), 4.10 (s, 2H).
13C NMR (CDCla, 500 MHz) & ppm:

35 137.89, 136.80, 130.26, 129.25, 128.90, 127.59, 126.76, 39.48.
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Heating and refluxing time: 8 hours. Aryl halide and its amount used:
BY00S3 Bromobenzene (211 L, 2 mmol). 20 Thiol compound and its amount
used: Benzylmercaptan (235 L, 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: 25 i-Pr2NEt (700 1, 4 mmol). Amount of 1,4-dioxane
Exarﬁiﬁ@%:d“z mL. Property, yield and yield percentage of benzyl phenyl
sulfide: Yellow solid; yield 368 rgg; yield percentage 92 %. Development

Produgfoamt ipf 2 [ EGRITRY Dhisthsttgkaphy: 30 Hexanelethyl acetate = 15/1.
@:Iting paint: 40C-41 C. | H NMR (CDC13, 500 MHz) S ppm: 7.16-7.31
s 20 (s, 2H). 13C NMR (CDC13, 500 MHz) S ppm: 35 137.89,
Head b0 801 0201 A2% 35,k28.90, 127.50, 126.76, 30.48. -40 BY00S3
Example 15: Production of phenyl 2-(4-pyridyl)ethyl sulfide: ~ Heating and

> Ayl hadideipy dihamerRoied 5 Aryl halide and its amount used: Bromobenzene
(211 L, 2 Bmaobdherthiel{@dmdotnaant. its amount used:

ThioPebyHgingthangthiolhvdroghloride (351 mg, 2 mmol). Amount of
Pd2(dba)3 Ese%: 4}%m21,1§).05 mmal. 10 Amount of Xantphos used: 58 mg,
HLENE

0.1 mmol.” Th(HEHEEHAE PIoNES ABBIHL, 6 mmol).
Amopghet P2 B-Bisk e ss8#-42RIL. Property, yield and yield percentage

10 Amofhidbregnid-ryad)athyl suifide:

Base and its amount used:
i-PraNEt (1.05 mL, 6 mmol).

Amount of 1 ,4-dioxane used: 4.2 mL.
Property, yield and yield percentage of phenyl 2-(4-pyridyl)ethyl sulfide:

15 Pale yellow liquid; vield 396 mg; vield percentage 92 %.
Development solvent in flash column chromatography:
Hexane/ethyl acetate = 5/1,
IH NMR (CDCl3, 500 MHz) 8 ppm: ‘
8.51 {(d, 1H, J= 1.6 Hz), 8.50 (d, 1H, T = 1.6 Hz), 7.29-7.37 (i, 48), 7.20-7.23 (m, 1H), 7.11 (d, 2H, I =
20 6.0Hz), 3.17 (dt, 2H, J= 7.3 Hz, 8.0 H2), 2.91 (dt, 2H, J = 7.3 Hz, 8.0 Hz).
13C NMR (CDCl3, 125 MHz) 8 ppm:

150.28, 149.26, 135.98, 130.17, 129.46, 126.87, 124.29, 3523, 34.52.

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

0
©\ S&/U\o/\i\/\
Heating and refluxing time: 6 hours.
Aryl halide and its amount used:
Bromobenzene (211 pL, 2 mmol).
30 Thiol compound and its amount used:
2-Ethythexyl 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:
35 1-PryNEt (700 pL, 4 mmol).
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15 Pale yellow liquid; yield 396 mg; yield. percentage 92 %. Development
BY0053 solvent in flash column chromatography: Hexane/ethyl acetate = 5/1. 1H
NMR (CDC13, 500 MHz) S 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, IH), 7.11 (d, 2H, J = 20 6.0 Hz),
3.17 (dt, 2H, J = 7.3 Hz, 8.0 Hz), 2.91 (dt, 2H, J = 7.3 Hz, 8.0 Hz). 13C
AmoINRI (CREGARe 123:MbZ)S ppm: 150.|28, 149.26, 1d35.98, 1?;0.17}]1%9.4(:1,
126.87,124.29, 35.23, 34.52. Exam : 25 Praduction. of 2-ethylhexy
Prope B SRR 0 g AR YR G SR G sours. Ary
halide andoielasnbawdusistl Bromebasidaseceerzd 882 mmol). 30 Thiel

Devel6oRaRuideant lissamauntusadhadothyiigexyl 3-mercaptopropionate (460
5 L, 2 mmq}%ex&@%%%nt of Pd2(dba)3 used: 46 mg, 0.05 mmol. Amount of

{ n used: , 0.1 mmol. Base and its amount used: 35 i-Pr2NEt
e

-Zﬂ 8053 Amount of 1,4-dioxane used: 4.2 mL.
7.35-FPropertiyielkl ek yieldipercetiage (ef. 2thydhedd/I2H, T = 2.7 Hz, 5.7 Hz), 3.17 (dd, 2H,

1 = 4. 3henyisyifapylpiepignate; £olorassliquich MelgB18908ny8Ig 1 30 (m, 611), 0.87-

0.90 gﬁrr?centage 88 %. Development solvent in flash column chromatography:
" (B498ane. 1H NMR (CDC13, 500 MHz) S ppm: 7.35-7.38 (m, 2H),
10 C NMR (#1813 22tH2) P 3 (m, 1H), 4.01 (dd, 2H, J = 2.7 Hz, 5.7 Hz),

171.98,175(0, 13607 P03 Hze 34 $H221 263{deh. B30 21 08, HZ08 4 H2)70. 5797, 14.05,
11.0{).(m’ 1 H), 1.36 (m, 2H), 1.30 (m, 6H), 0.87- 0.90 (m, 6I-1). 10 13C NMR

(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.
Exampl¢ample 17:

15 Production of 5-(4-methoxybenzylsulfanyl}-2-methyipyridine:

S )

-

Me N
Heating and refluxing time: 7 hours.

Ary! halide and its amount used:
' 5-Bromo-2-methylpyridine (344 mg, 2 mmol).
26 Thiol compound and its amount used:
4-Methoxyphenylmercaptan (279 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:
25 i-PrpNEt (700 ul, 4 mmol).
Amount of 1,4-dioxane used: 13.8 mL.
Property, vield and yield percentage of 5-(4-methoxybenzylsulfanyl)-2-methylpyridine:
White solid; vield 417 mg; vield percentage 85 %.
Development solvent in flash column chromatography:
30 Hexane/ethyl acetate = 2/1,
Melting point: 59°C-60°C.
1H NMR (CDCi3, 500 MHz) 8 ppm:
841 (d, 1H,J=22Hz), 745 (dt, 1H, =24 Hz, 8.1 Hz), 7.13 (dt, 2H, J = 2.0 Hz, 6.7 Hz), 7.02 (d, 1H,J
= 8.1 Hz), 6.80 (dt, 2H, } = 2.0 Hz, 6.7 Hz), 4.00 (s, 2H), 3.78 (5, 3H), 2.51 (s, 3H).
35  13CNMR (CDCl3, 125 MHz) & ppm:
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15 Production of 5-(4-methoxybenzylsulfanyl)-2-methylpyridine: OMe Me
BY0053 N Heating and refluxing time: 7 hours. Aryl halide and its amount used:
5-Bromo-2-methylpyridine (344 mg, 2 mmol). 20 Thiel compound and its
amount used: 4-Methoxyphenylmercaptan (279 L, 2 mmol). Amount of
Pd2(dba)3 used: 46 mg, 0.05 mmol. Amount of Xantphos used: 58 mg,
0 I S [ 0 [ E 0 ).
50 L e Lo 150 L PropLrsy yiokl St
percentage of 5-(4-methoxybenzylsulfanyl)-2-methylpyridine: White solid;
Exampygellet 417 mg; yield percentage 85 %. Development solvent in flash
pmdu&gmm qmmtgéaan isﬁ@?%@ﬁﬁ(@thyl acetate = 2/1. Melting point:
C-60C NVR (CDC13, MHz) S ppm: 8.41 (d, 1H, J = 2.2 Hz),
4Hz 8.1 Hz), 7.13 (dt, 2H, J = 2.0 Hz, 6.7 Hz), 7.02 (d,
6.80 (dt, 2H, J = 2.0 Hz, 6.7 Hz), 4.00 (s, 2H), 3.78 (s,

Heating bl 2eBd:48e 3hhk: 32d3¢ NMR (CDC13, 125 MHz) S ppm: -42 BY0053
38 139.85, 130.37, 129.56, 123.59, 114.34, 55.64,

59.25, 157.34, 151
Al hégﬁ%inﬁﬁsﬁ 0‘I'fxample 18: Production of
2-methyf-3usiemathgisuaiidipy fidiheeS :melN Heating and refluxing
Thiol dﬂiﬁg@ﬁl&@ms:s é‘rﬁysluhaﬂgiﬁ -and its amount used: 5-Bromo-2-methylpyridine

(344 m e I its amount used: 10
o gB -ﬁmﬁ’ f@glﬁ_ rﬁn@rﬂount of Pd2(dba)3 used: 46 mg,

Amourg%%(’ n%@% 3 use mg,

Amount of Xantphos used: 58 mg, 0.1 mmol.

Base and its amount used:
i-ProNEt (700 uL, 4 mmol).
15 Amountt of 1,4-dioxane used: 6.9 mlL.
Property, yield and yield percentage of 2-methyl-5-phenethylsulfanylpyridine:
Pale yellow liquid; yield 381 mg; yield percentage 83 %,
Development salvent in flash column chromatography:
Hexane/ethyl] acetate = 5/1.
20 1H NMR {(CDCl3, 500 MHz) & ppm:
8.50(d, 1H, J =23 Hz), 7.57 (dt, 1H, J = 2.4 Hz, 8.1 Hz), 7.29 (dd, 2H, J = 7.1 Hz, 7.6 Hz), 7.22 (dt, 1H,
I'=12Hz, 7.6 Hz),7.17 (dd, 2H, J = 1.2 Hz, 7.1 Hz), 7.08 (d, 1H, J = 8.1 Hz), 3.12 (dd, 2H, I = 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) 8 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:

L0

30 Heating and refluxing time: 7 hours.
Aryl sulfonate and its amount used:
4-Nitrobenzene trifluoromethanesulfonate (542 mg, 2 mmol).
Thiol compound and its amount used:
Thiophenol (205 uL, 2 mmeol).
35 Amount of Pd)(dba)3 used: 46 mg, 0.05 mmol.
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Amount of Xantphos used: 58 mg, 0.1 mmol. Base and its amount used:

BY0053 i-Pr2NEt (700 ILL, 4 mmol). 15 Amount of 1,4-dioxane used: 6.9 mL.
Property, yield and yield percentage of
2-methyl-5-phenethylsulfanylpyridine: Pale yellow liquid; yield 381 mg;
yield percentage 83 %. Development solvent in flash column

AmouffRICRAGYARRY: Hexane(sihylacetate = 5/1. 20 1H NMR (CDC13, 500
Rasc UI}/JHZ Sé:) m: 8d50 (d,H,J=2.3Hz), 7.57 (dt, 1 H, J = 2.4 Hz, 8.1 Hz),
ase 2 39 W 1EES) = 7.1 Hz, 7.6 Hz), 7.22 (dt, IH, J = 1.2 Hz, 7.6 Hz), 7.17
(dd, 2H 132N (490 #l3 4pmeddog (d, | H, J = 8.1 Hz), 3.12 (dd, 2H, J = 7.5
AmoudrlZf 181 Hidn2u8Q1(d0.82H. J = 7.5 Hz, 8.1 Hz), 2.53 (s, 3H). 13C NMR
CD 25.MHz) 6. ppm:. 25.156.61,,150.6 .78, 138.53, 129.52,
s properd R s R I © o e T
Productfotearionitoliteisif Fheme-simdecrorrees %30 Heating and
Develofefkntingvimen fdbustumArHshilianadetand its amount used:
4-Nitrobﬁ%g%&gy!ggé&ggg@@qesuIfonate (542 mg, 2 mmol). Thiol

' __compound and its amount used: Thiophenol (205 ILL, 2 mmol). 35
Melting Bt Pd2(dba)3 used: 46 mg, 0.05 mmol. -43 BY0053 Amount of
10 IH NMRy¢ibrds SReNHEE fipop.1 mmol. Base and its amount used: i-Pr2NEt
8.06 (d(789 b ~5prmoly.o AMowRt of sk dadiganesdsadz 08 mk 1B Propeidy Mield 1 o ),
718 (dglr}?ly}ezlcé B(ﬁ%e.p@qz of 4-nitrophenyl phenyl sulfide: Pale y(_—:‘llow solid;
; ield 425 srcentage 92 %. Development solvent in flash

mg; yié
e N@dﬁ'ﬁ%ﬁr&ﬁ%ﬁ%WHexane/ethyl acetate = 10/1. Melting point:

148.900HG-BHT35.15, 130.88, 130.44, 130.07, 127.11, 124.44.
15

Exampte 20:

Production of 4-tolyl phenyl sulfide:

Heating and refluxing time: 5 hours.
20 Aryl sulfonate and its amount used:
4-Tolyl irifluoromethanesulfonate (358 puL, 2 mmol).
Thiol compound and its amount used:
Thiophenol (205 gL, 2 mmol).
Amount of Pdp(dba)3 used: 46 mg, 0.05 mmol.
25 Amount of Xantphos used: 58 mg, 0.1 mmol.
Base and its amount used:
i-ProNEt (700 plL, 4 mmol}.
Amount of 1,4-dioxane used: 7.2 mL.
Property, vield and vield percentage of 4-tolyl phenyl sulfide:
30 Pale yellow oil; yield 316 mg; vield percentage 79 %.
Development solvent in flash column chromatography:
Hexane/ethyl acetate = 5/1.
LH NMR (500 MHz) & ppm:
7.45-6.90 (m, Ar-H), 2.26 (s, 3H, CHa3).
35 13C NMR (CDCls, 125 MHz) & ppm:
137.52, 136.98, 132.09, 131.20, 130.10, 129.68, 128.89, 126.33, 21.05.
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BYG053

10

15

20

25

30

10 1 H NMR (CDCI3, 500 MHz) 8 ppm: 8.06 (dt, 2H, J = 2.0 Hz, 7.0 Hz),
7.53-7.55 (m, 2H), 7.46 (d, 2F1, J = 2.4 Hz), 7.45 (d, 1 H, J = 1.0 Hz),
7.18 (dt, 2H, J = 2.0 Hz, 7.0 Hz). 13C NMR (CDCI3, 125 MHz) S ppm:
148.90, 145.78, 135.15, 130.88, 130.44, 130.07, 127.11, 124.44. 15
Example 20: Production of 4-tolyl phenyl sulfide: Me ~ S\ Heating and
refluxing time: 15 hours. 20 Aryl sulfonate and its amount used: 4-Tolyl
trifluoromethanesul.fonate (358 L, 2 mmol). Thiel compound and its
Examgiigilnt used: Thiophenol (205 1ZL, 2 nunol). Amount of Pd2(dba)3 used:
Proddﬁ;mg;fﬂlﬁﬁemnmlﬁ% Amount of Xantphos used: 58 mg, 0.1 nnnol. Base
nd ount used: i-Pr2NEt (700 ItL, 4 mmol). Amount of 1,4-dioxane
mL Property, yield and yield percentage of 4-tolyl phenyl
su |de 30 Pale yellow oil; yield 316 mg; yield percentage 79 %.
HeatBé%‘i’dﬁﬂ\’éﬁt%ﬂ%r@thﬁlﬁﬁsh column chromatography: Hexane/ethy!
Aryl ackbabe=adl its abibddMIi2e500 MHZz) S ppm: 7.45-6.90 (in, Ar-H), 2.26 (s,

311 CHYJ 313G NN (GRCIA128 Mg ppm: 17,52 136,98
132.09, 131.20, 130.10, 129.68, 9 1263 21.05. -44 BY0053

ThmB?é?ﬁ%‘f@dﬂ‘dP%ﬂﬁ%‘%ﬁ‘Wd|phenyl sulfide: I~ /1 5 Heating and refluxing
time: 6 hollesphengl $20fophté ameblls amount used:
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 ul., 4 mmol).
Amount of 1.4-dioxane used: 6.5 mL.
Property, vield and yield percentage of diphenyl sulfide;
Colorless liquid; vield 335 mg; yield percentage 90 %.
Development solvent in flash column chromatography:
Hexane.

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

7.21-7.35 (m, 10H).
I3C NMR (CDCl3, 125 MHz) & ppnu:

136.21, 131.46, 129.60, 127.45.

Example 22:
Production of 1-naphthyl phenyl sulfide:

S

Heating and refluxing time: 7 hours.
Aryl sulfonate and its amount used:
I-Naphthyl trifluoromethanesulfonate (393 pl., 2 mmol).
Thiol compound and its amount used:
Thiophenol (205 pL, 2 mmol).
Amount of Pda(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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BY0053

10

15

20

25

30

35

Benzene trifluorosulfonate (324 L, 2 mmol). Thiel compound and its
amount used: Thiophenol (205 L, 2 mmol). 10 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: i-Pr2NEt (700.iL, 4 mmol). Amount of
1,4-dioxane used: 6.5 mL. 15 Property, yield and yield percentage of
diphenyl sulf I@ orles ug yield 335 mg; yield percentage 90 %.
Developrrslb;%%gs},eg enti |ir£1ele§a‘-"f%ll | lumn chromatography: Hexane. IH NMR
AmoufCHIC ¥3]i500 Bz $Dmpi: 20 7.21-7.35 (m, 10H). 13C NMR (CDC13,

Prope%?%Mﬁ'Zﬁcﬁyi}i&%_%er&ﬁ&ﬁa%@ﬂg:ﬁll;ﬁm%%l@%ﬂil&kﬂ@ Eﬁamﬁle 22: ’[25 .
roducti (0] n SUultl eatin re UXIng ime:
R E e

hours. Ary Pﬁon Its am
Develgprstsmietidn dasrepiany 3u3maogriphsl). 30 Thiol compound and its

amount usediael hiophenol (205 L, 2 mmol). Amount of Pd2(dba)3 used:
g Nﬁ@\l@g@ QPS ryga)glll Amount of Xantphos used: 58 mg, 0.1 mmol. Base

amount used: -45 BY0053 i-Pr2NEt |£7OO L, 4 nunol% Amount of

8.37- 8132 (a'i‘okﬁhéf S3dd el Bréhbityl Hidia hhdicid Balcbtaga’o 2H), 741 (dd, 11,
J = 7.1 Hva pi3thig) phiehyl28ulfic6H)Colorless liquid; yield 435 mg; yield percentage
3¢ NsCidRevesapmerd sedvent in flash column chromatography: Hexane.

137.35, 134.66, 134.02, 132.98, 131.66, 129.63, 129.50, 129.41, 128,98, 127.37, 126.85, 126.55, 126.25
126.06.

7

Example 23:

Production of 4-methoxyphenylsulfanylanisole:

oW

Heating and refluxing time: 15 hours.
Aryl sulfonate and its amount used:
4-Methoxypheny! trifluoromethanesulfonate (362 ul, 2 mmol).
Thiol compound and its amount used:
Thiopheno! (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:
Cs2C03 (652 mg, 4 mmol).
Amount of 1,4-dioxane used: 7.2 mL.
Property, vield and vield percentage of 4-methoxyphenyvisulfanylanisole:
Pale yellow liquid; vield 268 mg; yield percentage 62 %.
Development soivent in flash column chromatography:
Hexane/ethyl acetate = 15/1.
1TH NMR (500 MHz, DMSO) & ppn:
7.41 (dt, 2H, I = 6.8 Hz, 2.1 Hz), 7.13-7.24 (m, 5H), 6.89 (dt, 2H, J = 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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| HNMR (500 MHz) S ppm: 8.37-8.39 (m, 1H), 7.83-7.87 (m, 2H), 7.66
BY0053 (dt, 1H, J = 1.1 Hz, 7.2 Hz), 7.49-7.52 (m, 2H), 7.41 (dd, IH, J = 7.2 Hz,
8.2 Flz), 7.14-7.22 (m, 5H). 10 13C NMR (CDCI3, 125 MHz) S ppm:
137.35, 134.66, 134.02, 132.98, 131.66, 129.63, 129.50, 129.41, 128.98,
127.37, 126.85, 126.55, 126.25, 126.06. Example 23: 15 Production of

pmduélt-rg}pgmwpgﬁ{gx LH{QQ f@g gqle: MeO | ~ s ~ I Heating and refluxing

O,N u- ho ryI su onate and its amount used: 4-Methoxyphenyl
\*rnon'}‘esulfonate (362 L, 2 mmol). 20 Thiol compound and its
oungtsed: Thiophenol (205 L, 2 nunol). Amount of Pd2(dba)3 used:

HeatiftPaMiGe 803 ML) 1 ARguNt of Xantphos used: 58 mg, 0.1 mmol. Base
its mount used: 25 C52C0O3 (652 mg, 4 mmol). Amount of

Ayl }T%%l%lxaﬁﬁé“ﬁ%ma ufeﬁt ‘'mL. Property, yield and yield percentage of
5 4-methoxyPHeepsuttenytanicdie m@lersiiow liquid; yield 268 mg; yield
Thioi@@m@atﬂgﬁcﬁ&%noaﬂ\@&pment solvent in flash column chromatography:
30 Hexa l%pggl }5/1 H NMR (50)0 MHz(dDMSO) S ppm: 7.41
dt, 24 (m, 5H), 6.89 (dt, 2H, J = 6.8 Hz,
?fé%zgébé@ (i:?eéz o T.“L%&? RNIEEDCI3, 125 MHZ) S ppm: 160.25,
AmobBOf Obnlpdbs Ai6ed:28. 33, 82&:6vs1126.18, 124.75, 115.40, 55.77. 35
10 Base imiample;24:.,:46.BY0053 Production of 4-nitrophenyl phenyl sulfide: 02N

Cs2C03 (652 mg, 4 mmol),
Amount of | ,4-dioxane used: 6.3 mL.
Property, yield and yield percentage of 4-nitrophenyl phenyl sulfide:
Pale yellow solid; yvield 425 mg; vield percentage 92 %.
15 Development solvent in flash column chromatography:
Hexane/ethyi acetate = 10/1.
Melting point: 54°C-55°C.
PH NMR (CDCl3, 500 MHz) 8 ppm:
8.06 (dt, 2H, } = 7.0 Hz, 2.0 Hz), 7.53-7.55 (m, 2H), 746 (d, 2H, J = 2.4 Hz), 7.45 (d, 1H, J = 1.0 Hz),
20 7.18(dt, 2H, T = 7.0 Hz, 2.0 Hz).
13C NMR (CDCl3, 125 MHz) § 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-isopropyiphenyl sulfide:

) ;
Me Me

Heating and refluxing time: 8 hours.
Aryl halide and its amount used:
4-Nitrochlorobenzene (315 mg, 2 mmoi).
30 Thiol compound and its amount used:
2-Isopropylbenzenethiol (303 pl., 2 mmol).
Amount of Pdp(dba)3 used: 46 mg, 0.05 mmol.
Armount of Xantphos used: 58 mg, 0.1 mmol.

Base and its amount used:
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Heating and refluxing time: 13 hours. Aryl halide and its amount used: 5
BY0053 4-Nitrochlorobenzene (315 mg, 2 mmol). Thiol compound and its amount
used: Thiophenol (205 L, 2 mmol). Amount of Pd2(dba)3 used: 46 mg,
0.05 mmol. Amount of Xantphos used: 58 mg, 0.1 mmol. 10 Base and its
amount used: Cs2CO3 (652 mg, 4 mmol). Amount of 1,4-dioxane used:

6.3 mL. P{:OEEH ’&Xg‘il%gqtdr&g%lﬂ percentage of 4-nitrophenyl phenyl

sulfide: Palé yellow sofid; yield 425 mg; yield percentage 92 %. 15
Amopuwé bprientrsolvehtid fidsh column chromatography: Hexane/ethyl

Prop@égta@Faddiie1dValting pobtt: Sdfeprefa hEsHMB(SHRGA3uBRR:MHZ) S

ppm: 8. t J=7.0Hz 20 Hz), 7.53-7.55 (m ), 7.46 (d, 2H, J =
D oy, s YT P A0 B e e 10 1

5 Develagmagtsriyebe frsh solwi £ Bpaerads:oo, 145.78, 135.15, 130.88,
130.44, 18@Qde/2RY kdstd2444.. Example 25: 25 Production of

Meltfh-%g{gg{?mra@_@z&%qpropylphenyl sulfide: 02N al S Me Me Heating and
retluxing time: 8 hours. Aryl halide and its amount used:

'H NMGi (S8 SisbRREBne (315 mg, 2 mmol). 30 Thiol compound and its
8.03-8H0(mt USed: SRS ropyibehseicthiol, (308 L2 Tahiot., IGLOR-B08 (m, 2H), 3.47

10 (heptqu,(@mq@g H§§q; @Q@Q{,Q;Q%@mgl. Amount of Xantphos used: 58 mg,
130 %mgbfﬁgﬁﬁq)@pﬁmpunt used: -47 BY0053

153.34, 149.84, 145.46, 137.32, 131.31, 128.35, 127.73, 127.44, 126.21, 124.40, 31.48, 24.15.

Example 26:
15 Production of 2-ethylhexyl 3-phenylsulfanylpropionate:

O
©\3/\/1LO/\E\/\
Heating and refluxing time: 6 hours.
Aryl sulfonate and its amount used;
Benzene trifluoromethanesulfonate (324 pl, 2 mmol).
20 Thiol compound and its amount used:
2-Ethylhexyl 3-mercaptopropionate (460 ul., 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 mumol),
Amount of 1,4-dioxane used: 6,5 ml.
Property, yield and yield percentage of 2-ethylhexyl 3-phenyisulfanylpropionate:
Colorless liquid; vield 530 mg; vield percentage 90 %.
Development solvent in flash column chromatography:
30 Hexanc/ethyl acetate = 10/1.
1H NMR (CDC13, 500 MHz) § ppm:
7.35-7.38 (m, 2H), 7.31-7.28 (m, 2H), 7.19-7.23 (m, 1H), 4.01 (dd, 2H, T = 2.7 Hz, 5.7 Hz), 3.17 (d4, 2H,
J=43Hz, 7.4 Hz), 2.63 (dd. 2H, I = 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 13C NMR (CDCl3, 125 MHz) & ppm:
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C52C03 (652 mg, 4 mmol). Amount of 1,4-dioxane used: 6.3 mL.
BY0033 Property, yield and yield percentage of 4-nitrophenyl 2-isopropylphenyl

sulfide: Pale yellow solid; yield 410 mg; yield percentage 75 %. 5

Development solvent in flash column chromatography: Hexane/ethyl

acetate = 5/1. Melting point: 91C-92C. IH NMR (500 MHz) S ppm:
171.98.0358306! ) RHIO 502054, (M 2IH} 877 A6Y.499 (ond 12B8),14,28-72283([9, B4)97, 14.05,
11.007.05-7.08 (m, 2H), 3.47 10 (hept, 1H, J = 6.9 Hz), 1.19 (d, 6H, J = 6.9

Hz). 13C NMR (CDC13, 125 MHz) 5 ppm: 153.34, 149.84, 145.46,

137.32, 131.31, 128.35, 127.73, 127.44, 126.21, 124.40, 31.48, 24.15.
Exampleaiiiple 26: 15 Production of 2-ethylhexyl 3-phenylsulfanylpropionate: O

5 Produdeatiogamel iefivkingimephanouistadyylsylipnate and its amount used:
O:N.Bengzene triflyoromethanesulfonate (324 L, 2 mmol). 20 Thiol compound
amoulit used: 2-Ethylhexyl 3-mercaptopropionate (460 L, 2 mmol).
Amount of Pd2ftiba)3 used: 46 mg, 0.05 nnnol. Amount of Xantphos used:
58 mg, 0.1 mmol. Base and its amount used: 25 i-Pr2NEt (700 L, 4
Heatimmod)refmiogritef 134s6liexane used: 6.5 mL. Property, yield and yield

Aryl RAIGEINAGE 2 s-ethylhexyl 3-phenylsulfanylpropionate: Colorless liquid;
yield 530 mg; yield percentage 90 %. Development solvent in flash

column cAPSIHRATBIgrapHa0 efetiBticetate = 10/1. | H NMR
10 Thiol@DE1BI500MkENSted: 7.35-7.38 (M, 2H), 7.31-7.28 (m, 2H),

7.19-7. 23 (i 0L Beh BB o (K48 3.7 HAWGH 17 (00, 2H, J=4.3

AmobiZof hiTE 2634t 2604 Addiz, 7.4 Hz), 157 (m, 1H), 1.36 (m, 2H),
150 (me6r)20.57- 0 95 (m. BH) 45 13C NMR (CDC13, 125 MHz) S ppm:

Amoupigef Xantphos used: 58 mg, 0.1 mmol.
Base and its amount used:
I5 Cs2C03 (652 mg, 4 mmol).’
Amount of |,4-dioxane used: 6.3 mL.
Property, yield and yield percentage of 2-ethythexyl 3-(4-nitrophenylsulfanyl)propionate:
Coloriess liquid; yield 475 mg; yield percentage 70 %.
Development solvent in flash column chromatography:
20 Hexane/ethyl acetate = 15/1,
TH NMR (CDCl3, 500 MHz) 8 ppm:
8.14 (dt, 2H, J = 7.0 Hz, 2.0 Hz), 7.36 (dt, 2H, J = 2.0 Hz, 7.0 Hz), 4.04 (44, 2H, J = 5.7 Hz, 3.0 Hz), 3.31
{t, 2H, J = 7.3 Hz), 2.72 (t, 2H, T = 7.3 Hz), 1.59 (m, 1H), 1.38-1.28 (m, 8H), 0.89 (¢, 6H, J = 7.3 Hz).
13C NMR (CDCl3, 125 MHz) 8 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.

Example 28:

Production of 3-(4-methoxyphenyl)sulfanylbenzenecarboxylic acid:

HO,C S

30 3-Bromobenzenecarboxylic acid (402 mg, 2 mumol), i-ProNEt (700 1L, 4 mmol) and dry

I 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, Pda(dba)3 (46 mg,
0.05 mmol), Xantphos (58 mg, 0.1 mmol) and 4-methoxythiophenol (246 uL, 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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BY0053 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. Example 27: 5
Production of 2-ethylhexyl 3-(4-nitrophenylsulfanyl)propionate: O2N 0 SO
Heating and refluxing time: 13 hours. Aryl halide and its amount used:
4-Nitrochlorobenzene (315 mg, 2 mmol). 10 Thiol compound and its
was c@iﬁ@@@td&ﬁ&nﬂy&ﬁﬂ)ﬁmaﬁyhﬁa&ﬂﬁaﬁw}e FORIDREte d 460ith,a2dMinel). AMaBluble matter

was ré%nove %ﬁ%‘ﬁ (026,109, 9 Ap. WOIS &%‘%HP&% X2ninhos Hsed: 28 M liquid was
nnno ase an |ts amount used: 15 C52C0O3 (652 mg mmo?

miats&ﬁ&swﬁfg?ef Hughstairstiseiyms, ehfﬁﬁla%ﬁ%wdm@%d%r&fﬁ%éﬁ%ﬁ% 10/1) with
silica ol 2eetinghexyhdiM-riitrophervytaulfanyb frapdodate) €a6lotless liquid; yield

methﬁ%é@ﬂgnyd% BLaeLagf Qi Levrlormentsalvent in flash column
ato :ﬁp ézy 20 Hexane/ethyl acetate = 15/1. 1H NMR (CDC13, 500

?""’“"i\% A(dt, 2H, 3 = 7.0 Hz, 2.0 Hz), 7.36 (dt, 2H, J = 2.0 Hz,
H NM1Ry é@(ta@HmmﬁmmHz 3.0 Hz), 3.31 (t, 2H, J = 7.3 Hz), 2.72 (t,

7.89 (2 FrMJ.F:? 1% %% , B dmit), 511%1%& %8(%%%453(38 glg GH, §]6F éZz38|'2$2912)0 7.32-7.35 (m,
p 5171 146.37, 1 5,124.1
EH) @%?%‘5;4 %% %@%%‘%53@9% %)18 23.78, 22.97, 14.04, 10.99.
ﬁ%?g% Prolidet %Hp(‘}:f 3-(4-methoxyphenyl)sulfanylbenzenecarboxylic
171 mcudo BMecHO2C534,30 378 romabenzenscarposyliz7addi (02 ngs 27, 55.40.

mmol), i-Pr2NEt (700 L, 4 mmol) and dry 1,4-dioxane (8 mL) were put

into a round-bottomed Oaks, and the round-bottomed flask with the
Compazatiy Ky amplirk th&rein was purged repeated three times with nitrogen

gas. Nex#y 2uz{cba) 3546 70 g1g R ednmihal) Xamphas! (@B (L) Od, Primod)) were added
to dmi%ﬁ%fygﬂﬁ%%wgl&%ﬁ %@Ia@é@&u& GH&%%W@(%EW%E%)‘L ;ﬁ{aaqptlli}!ﬁ#v%poand 2)
(10 m%r/ geﬁrbue?, & g%[ 3? )'{Ntﬁ\{”\g%%gv J torgtg&gent ?ASS %reﬁuggd}}gf £%10Llflrg S:I"Elel;eresl:{l)ft is shown in
Table 1.

Table 1 confirms the following: Even though phenyl bromide, a starting material in the

invention, is used and subjected to known Suzuki-Miyaura reaction, the intended thioether compound (C)

could not be obtained, or even when obtained, its yield is unsuitable for industrial production.
Pd Compound (1) '

O‘ Br OMe Phosphorus Compound (2) O OMe
+ HS e S A

Base (3)
(A) (B) '

Solvent (4} (C)
Table 1;
Number of .
Comparative Pd Compound (1) ?:l;ﬁg :z:;s @) Base (3) Solvent (4) zéiigfg dO{C)
Example
1 not used not used KOt-Bu DMSO not detected
2 Pd(PPh3)4 not used K.Ot-Bu dioxane not detected
3 Pd(OAc) D-t-BPF K2C03 dioxane 10%
4 Pd(OAc)2 DPEphos K2CO3 dioxane 21%
5 Pd(OAc)2 Xantphos K2CO3 dioxane 32%
6 Pd(dba)3 Xantphos K2CO3 dioxane 40%

DMSQ: dimethyl sulfoxide.
KOt-Bu: potassium t-butoxide.
D-t-BPF: 1,1°-bis(di-tert-butylphosphinc}errocene.
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35 the completion of the reaction was confirmed through
BY0053 high-performance liquid chromatography, then this -49 BY0053 was
cooled to room temperature, and made to have a pH of 3 to 4 with acetic
acid. The insoluble matter was removed through filtration, and the filtrate
was concentrated. The resulting concentrate liquid was isolated and
purified through flash column chromatography (developer: hexane/ethyl
DPEphag_etate =10/1) with silica gel serving as a carrier, thereby giving 432 mg
&l'eld: 83 %) of 3-(4 5 methoxyphenyl)sulfanylbenzenecarboxylic acid as a
white solid. Melting point: 120C-121 C. 1H NMR (CDC13, 500 MHz) S
9 (t, IH, J=1.6 Hz), 7.85 (dt, IH, J = 1.6 Hz, 8.8 Hz), 7.45 (dt, 2H,
J Kz, 8.8 Hz), 7.32-7.35 (m, 2H), 6.93 (dt, 211, J = 2.1 Hz, 8.8 Hz),
Ph,P 3.84 (s, #Hh,10 13C NMR (CDC13, 125 MHz) S ppm: 171.20, 160.28,
140.16, 135.95, 132.76, 129.97, 129.15, 129.00, 127.31, 122.99, 115.27,
5 Xantplgsi40. Comparative Examples 1 to 6: A compound (A) (350 mg, 2 mmol)
' ompound (B) (420 mg, 3 mmol) were added 15 to
yethane (10.5 mL), and a palladium compound (1) (10 mol%), a
rus compound (2) (10 mol%), and a base (3) were added to a
, and refluxed for 2 hours. The result is shown in Table 1.

material in the invention, is used and subjected to known Suzuki-Miyaura
Exampie&6tion, the intended thioether compound (C) 20 could not be obtained,

or even when obtained, its yield is unsuitable fogaadustrial production. Pd
'(‘ !ﬁ)

Cogwp 1) Buge Phospfiprus Compoun OMe ~i+ HS S 6i
@?5'3 (A) (B). Salyen (C)+T - Nuthber of Phosphorus Yield (%)
Comparative! ZeHED und (1) B&se (3) Solvent (4) Compound (2)

Compound (C) Example 1 not used not used KOt-Bu DMSO not detected
10 2 Pd(PPHBY At TRt REILBICHoMEIE Rt btRher (2.5 me, 0.462 mmol) and

copper(ll) chloride dihydrate (7.9 mg, 0.0463 mmol) were dissolved in diglyme (1 mL), and

dibutylmagnesium 1.0 M hexane solution (1.16 mL, 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; yield 68 %) and dipheny! disulfide (15.1
15 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"‘S/©
O O+ U
Addifive
Starting Compound ( 1 ) (2)

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
20 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 disulfide
(2). The data are shown in Table 2 along with the recovery of the starting material, benzylphenyl
thioether.

25 Table 2 confirms that the use of the additive resulted in the removal of the benzyl group.
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3 Pd(OAc)2 D-t-BPF K2CO3 dioxane 10% 4 Pd(OAc)2 DPEphos K2CO3
dioxane 21% 5 Pd(OAe)2 Xan hos K2C03 dioxane 32% 6 Pd(dba)3 Xant
hos K2CO3 dioxane 40% DMSO: dimethyl sulfoxide. KOt-Bu: potassium
t-butoxide. 25 D-t-BPF: 1,1'-bis(di-tert-butylphosphino)ferrocene. -50
BY0053 DPEphos: Ph2P PPh2_ 5 Xantphos: pop PPh2 PPh2, Example
Tabi9: S 1n-Bu2Mg " SH S\ g1 f+1S CuCI22H20 10 Under a nitrogen

Examplé‘{\?monpn HDen 'Ph%@X&EE‘i"e‘h‘ M {22319 Uf%e v@mc?ﬂ) NS4 of Yield of
copper(ll) chioride difydrate (7.9 mg, 80463 mmall wer disselved 1 1) | Compound ¢
diglyme-(L mt),; anddibutyimagnesiunt 1.0 M Hexarie soiatran (16 mt;

301 16 ’nq;H I?g\ O.'-l dded ths reto.-This was_heated.at 2&%(‘, stirted fd185/0 30 %
31hours, andwanalyzed throsigh high-perfarmance liquidechromatogragstey, 17 %
32\ivr1icr (@gﬁfm%d Iihepforrg&tiolrj of the irgteno!ed thloph;;nol (34.6 mg, weld 25 9
68%%6) and ou&nen raisutfide(15-1715 mg;yield-30-%). The rgcovery of the
33ctarf| Ehl hpnz\/!pﬂ}nny! thirmthnﬁ_’ was- 2 9% j_gd%mg) Examp g8 30 2%
34to 40 \s ﬁeBIQZMc \ SH -$0Cr S\S |1 Additive | / Startiig Compouraf ¢4 ° 34 %
35(2) .U 1<Ijtle_r_1:@d}£rog 2N atmggphere berllzyllp_henyl thlogt,her (1 equ!v%gag}ot) 1%
and gdditive (10 mmol%) were dissotved indjglyme (I mi); and a
36magr QQEL%C %mn hund, rﬁ-n bu |f\/|r ) i ;L_Q_Mi&@_hexaqn en!ﬁf{hn 49 %
37(2.5 € @Mﬁd?r@)zwas added there lo. This was reacieth under|the remetion 1%
3gcon§iirtioqp§hqyypl in Tables% and the obgained reacti%n,/;sollutlon wag, o, 29
anatyzed through high- perrormance ||qum chromatography; which
39¢confitm Mm PR .enoL@?yi’and diphenyp % - 2%
4odisulfildeCg2)iCthe data are}shown n Table 2 along with the recovesy @f the 3%
Compargtasing matedal, benzylpfenyl thipether. 97 % 0.4 % 0 %
Example 7

10

15

Tf: trifluoromethanesulfonyl group.
Cf: cyclopentadienyl group.
Example 41; -

@, +BUOK SH_ .S\S,©

Under a nitrogen atmosphere, phenethyl phenyl thioether (99 mg, 0.462 mmol) and
potassium t-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; vield 2 %). The recovery of the starting material, phenethyl phenyl thioether
was 0.2 9% (0.2 mg).

Examples 42 to 46:

Under a nitrogen atmosphere, phenethyl phenyl thioether (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 usefud for the removal of the phenethyl group.
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25 Table 2 confirms that the use of the additive resulted in the removal of
BY0053 the benzyl group. -51 BY0053 Table 2: Example No. | Additive Reaction
Reaction Recovery of Yield of Yield of Tem erature, C Time Starting
material Compound (1) Compound (2) 30 CuC12 2H20 50 5 2% 68 %
O% 31 CuCI 505 12% 68% 17% 32 Cu(OTfH)2 505 47% 13 % 25% 33
03 50 559% 39% 2% 34 F 50 52% 57% 34% 35 FeC13 505
@g/o 6 GO0L2 50 Y6 49% 37 TiCI2(i-PrO)2 50 5 28 %
% 1% 3 -,« ngJg; 91 % 2% 39 Cp2TiCI2 room temperature
3096 O596290 40 Cp2T|CI2 19 O% 97% 3 % Comparative not used 50 5
97 % 0.4 % 0% Example 7 f trifluoromethanesulfonyl group. Cf:
Table 8yclopentadienyl group. Example 41:5'S (/tB~i SH{' % SAS Under a

nittegescatmospherezphenethyl slarayl thioethek{Q9amg, 0.262memet) and Yield of

potassium t-butokide (104 mg,;0.927 mmol) wereTsuspended Starting Compound
N,N-dimethylacetamide (1.0 mL). This was stirred at room tempesature (a)
for 24a0urs, and analyzegihrough highsperformance liquid 0% 85 %

chromatography, whicheggnfirmed the formation of the int¢nded thiophenol

(45.3mg; yield 8D %y and 10 dipherykeisulfide (1 mg; yield 2 %), The 90 %
recovery of the slarting ggaterial, phenethyl phenyl thioether was 0.2 %

(0.2 mg). Examples 4Htq:46: Under@pitrogen atmosphete, phepethyl 89 %
phenyl thioether (1 equiyglent)jand a base (1) were suspended in a

solvent (2). This wasggagied under g reaction condifionishownein Tal
3. The 15 obtained r@_ﬁlg&iﬁ)n solution was analyzed through

€ 88%

high-performance Tiquig, ghyomatograplyy- THe yield, of thefinterged 03 9,
thiophenol (a), and th@ rggovery of the starting material, phenethyl phenyl
ComIREELAl8e 5 LiOt-Bu DMA 2 99 % 0%
(2eg)
Comparative Example 9 KOH DMA 2 100 % 0%
{2 eq.)
Comparative Example 10 K2 CO3 DMA 2 100 % 0%
(2 eq.)

" DMSQ: dimethylsulfoxide.
KOt-Bu; potassium t-butoxide.
5 LiOt-Bu: lithium t-butoxide.
DMI: 1,3-dimethyi-2-imidazolidinone.
NMP: N-methylpyrrolidone.
DMA: N,N-dimethylacetamide.

Example 47:
=2
| t S\/Q n-Bu,Mg i \: SH
10 N Cp,TiCl, N

Under a nitrogen atmosphere, 2-methyi-5-benzylthiopyridine (1 equivalent) and
Cp2TiCl2 {10 mmol%) were dissolved in digiyme (I ml), and di-n-butylmagnesium (1.0 M hexane
solution, 2.5 equivalents} was added thereto, and reacted at 0°C for I hour. The obtained reaction
solution was analyzed through high-performance liquid chromatography, which confirmed the formation
I5  of 2-methyl-5-mercaptopyridine at a vield of 100 %.
The condition of the high-performance liquid chromatography employed for the analysis

of the reaction solutions in Examples 29 to 47 and Comparative Examples 7 to 10 is as follows:
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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. -52 BY0053\ S (\ Base (1) SH /// Solvent (2)
Starting Compound (a) Table 3: Example Base (1) Solvent (2) Reaction
Recovery of Yield of Time Starting Compound material (a) 42 KOt-Bu
Colughiglymve 3. 008B5 9% Y@ ey.) 43 KOt-Bu NMP 3 0% 90% (3 e q.) 44

ColufSPERUNMP 2 1 % 89% (2 eq.) 45 KOt-Bu DMI 2 4% 88% (2 eq.) 46

__KOt-Bu DMSO 2 0% 93% (2 eq-) Comparative Example 8 LiOt-Bu DMA 2
Diamgtio §987(2 eq.) Comparative Example 9 KOH DMA 2 100% 0% (2 e.)
Leng@omaparative Example 10 K2CO3 DMA 2 100 % 0 % (2 eq.) DMSO:
rartidinggthylgulfoxide. KOt-Bu: potassium t-butoxide. 5 LiOt-Bu: lithium

t-bl{I'[OXide. Dr\%%&dimethyl-2-imidazolidinone. NMP:
Colu emperatire: .
Ngmgﬁz]y'f‘pyrro idone.
Flow rate: 1.0 mL/min.
Detector wavelength: 220 nm,
Injection volume: 10 pL.
Mobile phase: '
A: (.1 % phosphoric acid.
B: acetonitriie (MeCN).
A/B = 50/50 {0 min},
50/50 (5 min),
10/90 (13 min),

10/90 (20 min).

INDUSTRIAL APPLICABILITY

‘The production method for a thioether compound of the invention is characterized in that
an easily-available bromide, chloride or sulfonate compound is used as the starting material, and this is
reacted according to Suzuki-Miyaura reaction under a weak basic condition to produce the intended
thioether compound at a high vield.

. 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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DMA: N,N-dimethylacetamide. Example 47: S n-Bu2Mg SH 10 N
Cp2TiCI2 N Under a nitrogen atmosphere, 2-methyl-5-benzylthiopyridine
(1 equivalent) and Cp2TiCI2 (10 mmol%) were dissolved in diglyme (I
mL), and di-n-butylmagnesium (1.0 M hexane solution, 2.5 equivalents)
was added thereto, and reacted at OC for 1 hour. The obtained reaction
solution was analyzed through highgesfonsance liquid chromatography,
which confirmed the formation 15 of 2-methyl-5-mercaptopyridine at a
yield of 100 %. The condition_of the high-performance liquid
chromat&gréﬁﬁi}f@ﬂqmz &W%t%ﬁa%%ﬁgowwaeﬁéﬁ%ﬁm&?ﬁ% formula:
R‘—(? mples 29 to 47 and'€omparative Examples 7 to 10 is as follows: -53
B%B653 Colyrfiy YMC AM-303 (by YMC). Column size: Diameter: 4.6
o

NEA m. 5 Patrticle size: 5 m. Column temperature: 40C.
FIt ate: 110 min. Detector wavelength: 220 am, Injection volume:
10 ItL. 10 Moblfe rﬁﬁase: A: 0.1 % phosphoric acid. B: acetonitrile
wherdMRCN)L, R9BR2, 50/50 (2rai)s BALEQ.(3 Baifkai k5420 (13 min), 10/90
(20 min). INDUSTRIAL APPLICABILITY The production method for a
loether compound of the invention is characterized in that 20 an
— easily-available bromide, chloride or sulfonate compound is used as the
have QeiiiNg HeatEea R anentHBeS betted according to Suzuki-Miyaura reaction
whicliigigirRey eakdhasic sonditieriaRiedugaihe dniendad thieatiarformula [111]
cempound at{aihigh yield. Accordingly, the production method of the
«_}- ion has made it possible to industrially,

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 alkyisulfinyl 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

aryicarbonyl group, an arylcarbonyloxy group, a heteroaryl group, a heteroarylcarbonyl groupr, a

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

an arylcarbonylamine group, a heteroarylcarbonylamino group, or an alkanoy! 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
group selected from a sulfur atom, a sulfinyl group, a sulfonyl group, an oxygen atom, a carbonyl group,
an oz;ycarbony! group, a carbonyloxy group and a group of a general formula:

I
e N ~
wherein RZ represents a hydrogen atom, an alkyl group having from 1 to 6 carbon atoms, a benzy! group,
a phenyl group, a naphthyl group or a pyridyl group;
X represents a bromine atom, a chiorine 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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efficiently and inexpensively produce thioether compounds for chemicals
and medicines, which, 25 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;
providgé ghalcebptl i dsto RIRHBWIP I ABsd Mo ramel/ rngF ee i Mprdeective group or
Rf_..(qd grding to a method for removing a protective benzyl or phenethyl
group which the present inventors have found, a thiol group may be
efficiently 30 introduced into an aryl ring or a heteroaryl ring. Therefore,
whereip B inobaad Ishavetd mrisenfiannst aygbeiel syrklssionsvitairporg eroup,
with 2@hd Mapdudl Grethad oeeeHtiRgruthgRther compound or its salt of a
general fgmula: R1-4Y tnili] 6 AS2 HR7 5w herein RI, YI, R6, R7,
I,R@Z and a group of a general formula: 0 have the same meanings
HS ntioned below, which comprises reacting an aryl or heteroaryl
%fﬂmd or its salt of a general formula [111] R'+- ni [111] X 10 wherein
whercIKERIESENTS, 2 RVHIOGEN B0 ARAOGRDIOA L1A00JIOURAN Aty grouy

group avm g ffom Tto 10 carbon atoms, a Xy group aving from 1
ha““&@%ﬂb@rﬁ%h% a&%ﬂﬁ?lﬂ%&@r@’ﬂﬁ’hﬁ%@%ﬁﬁ% *10 carbon atoms, an
nZ indidkds idmgligr@up having from | to 10 carbon atoms, an alkylsulfonyl
R8 re&fe%ﬁs*ﬁ%ﬁ)g@&%hi% %Ql&@ép%rﬁtg@y%nﬁ Eﬁg@?})ﬂlm%@u %Qgﬁwl group having
m

fr 10 carbon atoms

grourg an alkoxycarbon havin ‘1 8

from Lip NS5 Z@‘P&Efp%é\?ﬁ%/ 8 FRAGRAEEY BRI aRA Yol arpgn atoms, an

alkylthiyranbdmyingrisomp, late awmmwgp@nﬁm&ﬂmet@mamagmﬁom 1 to 10 carbon

atomsh%%ﬂlgﬁ%li@é\{%}éhﬂ mu&g@rmtff@aelé%%%&xx W%Ry?gm{fﬂ JEQHRxy1 group, an
ano avi rom 1 to ca tom .

o BG4 LGP R BRI oo B AR 1

carbogy Wﬁhavﬁﬁ@ 91D | 30 AP CRERBOH SN SE VT ERTRBIRE AT IRy THIRBUErouD, &

heterda@tRgbiemetdopb Ot giomsef whighohe Carbofreliim m&ynbﬁMMO%@oup having

from PIGY8B & %Le%tgf%x{{s g&wi%o%ﬁmn&%ﬂ[aﬂy 29Q iﬁ%a%l%gllf)% g %lﬂ%‘raﬂ) an alkanoyl

oxygen atom, a carbori | group, an oxycarbonyl group, a c onyloxy

gmupéﬁtﬂﬂgl @?d@ﬁ%?%@é‘ﬁ%%dl’%ﬁﬂﬂ&"f a genﬂfa formula:

wherein Y2 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 oxycarbonyl group, a carbonyloxy group, and a group of a general formula:

7

R
[

7 N N

wherein R7 represents a hydrogen atom, an alkyl group having from 1 to 6 carbon atoms, a benzy! group,
a phenyl group, a naphthyl group or a pyridyl group;

n3 indicates 0 or 1;

R represents a hydrogen atom, a halogen atom, a cyano group, an amino group, a nitro group, an alkyi
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
aikylsulfonyl 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 afoms, 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

.56 -



R2 zN\ 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; 25 X represents a bromine atom, a chlorine
atom, a trifluoromethanesulfonyloxy group, a methylsulfonyloxy group, a
benzenesulfonyloxy group, a toluenesulfonyloxy group or a

from hitrébenmtenesulfoayloxicgtouplantiindieate sathaerbathiegrotlfiacgesesabr an

alkangqg}g@:hg,ﬁg ReanNs.an ggmgmo%gup or a heteroaryl ring group; -55
BY%(%%% rovuiled that when X is a chlorine atom, then the group of a

the BT A SR 3@&1%_4\{?, 1 n wherein RI, nl and YI have the same
e eanings as above] is an electron-withdrawing group, with a thiol
~compound or its salt of a general formula [Il]: s fil R Ra HS 5 R7 n2

5  means¥ier@IniRGANG B4 mavde the sameor different, each representing a
. _hvdrogen.ato n alkyl group having.from | to 6 carbon atoms, an amino
e R ER e R A
2 ’i‘)ér 'bde g > a halogen atom, a cyano group, an amino group, an alkyl
a basegrepeddning: dodipaontitankbeaskion atorasa@, Himedpsibl @R @eral formula:
RE’\ alkoxy group having from I to 10 carbon atoms, an alkylthio group having
R*~~fom 1 to 10 carbon atoms, an alkylsulfinyl group having from 1 to 10
grs~ carbon atoms, an alkylsulfonyl group having from | to 10 carbon atoms, a

10 wherclﬂy ﬁ@)ﬁ’}d &H{?RQm%?@éqgé(ﬂr%%qr@iﬁ&eﬁ!kgg%cr %Qgsrt]: I‘.‘lg LOMR, avin f(;%g\]!i%g fromlto6

. to 10 carbon atoms, an alkanoyloxy group having from=2 to l&r
carbon, Ahomes. 8 REAFY} &t 2 RHCAW ERHRSHVE BYSEY, ER%Rryicarbonyloxy group, a
1,5-dibsteirgalofH Grolnon & behatbt dadideatrivonid] §rodipndeheterearylcarbonyloxy

and a PEOSFhoRBEES, MSM@&QWA%W&%BBME @QOHLBMA&%%O{&%HQD

Tmyators, an arylcarbonylamino group, a heteroarylcarbonylamino group, an
e alkanoyl group having from 1 to 10 carbon atoms, or a group of a general

@fgr,ggHzla: R9
15 acompound of a formula:
PP
Fe
&S —P(i-Pr);
a compound of a formula:
S P(-Bu);
Fe

& —P(t-Bu),

a compound of a formula:

BY0053

Q
20 PPh2 pphg

a compound of a formula:

(L 2

0
PPh, PPh,

a compound of a formula:
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(YZ) n3 wherein y2 represents an alkylene group having from 1 to 6
carbon atoms of which the carbon chain may 20 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: R7 N wherein R7 represents a hydrogen atom, an
having from | to 6 carbon atoms, a benzyl group, a phenyl
#aphthyl group or a pyridyl group; 25 n3 indicates O or 1; R9
représen F% hydrogen atom, a halogen atom, a cyano group, an amino
i;‘h‘?Pgroup, a nitro group, an alkyl group having from | to 10 carbon atoms, an
a congiaxdogrdioprtidazing from 1 to 10 carbon atoms, an alkylthio group having
10 carbon atoms, an alkylsulfinyl group having from | to 10

tpms, an alkylsulfonyl group having from 1 to 10 carbon atoms, a

PVARR 10% Qn atoms, an alkanoyloxy group having from 2 to 10 carbon
aco atg n.ar ?}é roup, an arylcarbonyl group, an aryicarbonyloxy group, a
nreroaryl grotis; a heteroarylcarbonyl group, a heteroarylcarbonyloxy
¢ itro group, an alkanoylamino group having -56 BY0053 from | to
| atoms, an arylcarbonylamino group, a heteroarylcarbonylanuno
gr an alkanoyl group having from | to 10 carbon atoms; the group

PPof a geRetial formula: 5 means an aryl ring group or a heteroaryl ring
a confQHR-JfLIRERIEsSence of a palladium compound selected from a group
ing of palladium acetate, Pd2(dba)3 and Pd(dha)2, a base
eldste 2 grBYip consisting of cesium carbonate, amine derivatives
of a_genels mula: R3 R'N R5 10 wherein R3, R4 and R5 may be the
same df différent, each representing an alkyl group having from 1 to 6
cafidn atonf€fa benzyl group, a phenyl group or a pyridyl group,
a corputdaralieyekd]4.3.0]Jnon-5-ene and 1,8-diazabicyclo[5.4.0]undec-7-ene,
&whosphorus compound selected from a group consisting of a
%o Ind_of a formula: PPh2 Fe PPh2

PPh,  PPh,
and a compound of a formula:
H

N

o
PPh, PPh,

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

wherein the thiol compound of formula {If] is a thiol compound or its salt of a general formula:

{l-al
HS-R®

wherein R€ represents a group of a general formuta:

Hy Re
T
L
-
\Rb
wherein R and Rb may be the same or different, each representing a hydrogen atom, an acetoxy group, a

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

a group of a general formula:
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15 a compound of a formula: P(i-Pr)2 Fe -P(i-Pr)2 a compound of a
formula: P(t-Bu)2 Fe P(t-Bu)2 a compound of a formula: 20 PPh2 PPh2
a compound of a formula: / O/ PPh2 PPh2 a compound of a formula: -57
BY0053 Ph2P PPh2 a compound of a formula: O PMePh PMePh a
compound of a formula: pop 5 PPh2 PPh2 a compound of a formula:
/(c:lBu / t-lBe PPh2 PPh2 a compound of a formula: / O/ PPh2 PPh2 10
mpound of a formula: H/ O/ PPh2 PPh2_ 2. The method for
i7g a thioether compound or its salt as claimed in claim 1, wherein
the thiol c®mpound of formula [Il] is a thiol compound or its salt of a

whereg{aﬁ@[iﬁhfﬁa%ﬂg%e 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:

—{CHg)n®

wherein n2 indicates | or 2,

or a {1-naphthyl)methy] group, a (2-naphthyh)methyl group, a 4-methoxyphenyl group, a 4-acetoxyphenyl
group, a phenyl group, a trityl group, a diaminomethyl group, a 2-trimethylsilylethyl group or a 2-(2-
ethylhexyioxycarbonyl)ethyl group.

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

wherein R€ is a group of 2 generai formula;

Hy
Ra
v
| 7]
+
oo
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:
foes

/\v-zz < R
O

<
N
wherein R¢ and RA may be the same or different, each representing a hydrogen atom, a nitro group, or an

alkoxy group having from I to 6 carbon atoms, or a group of a general formula:

—(CHa)n®

wherein nd indicaies | or 2,

or a (1-naphthybymethyl group, or a (2-naphthyiymethyl group.

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

wherein the thiol compound of formula {1} is a thiol compound or its salt of a general formuia:
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lll-al 15 HS-Re wherein Re represents a group of a general formula: H2

Ra "- C) R 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 a group of a general

formula: -58 BY0053 ~(CH2)2 Rd Rd wherein RC and Rd may be the

sam I%rgifferent, each representing a hydrogen atom, a nitro group, or an

Hsg_l_%% group having from | to 6 carbon atoms, or a group of a general

ormula: -(C\)na'N wherein na indicates | or 2, or a (I -naphthyl)methyl

whereg Qﬁ%@eéﬁ&@hﬁaﬂmmaﬁbylgg&@ﬂﬁ, @Iﬂe{ﬂ@tw | 1|§fbﬂp9%0_419y_ﬁdyimeﬁ1yll group, a
-acetox n roup. a nyl aroup, .a trityl group, a diaminomethy!

by AR oot o u g, J A B R et oun.
a mtygw@: a@%m?ﬁ@%ékﬁsaw gfé’a?féﬁw&‘éyfﬁ‘ihﬂtﬁ’é}ul%d?ﬁﬁédﬁd or its salt as
ethylhelgiimedabeigirtiz] stherein Re is a group of a general formula: H2 Ra Rb

wherein Ra 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 front It BEAHSOR AR %Faoa%%m%%%&ﬁﬁemﬂ?l(frﬁ%rbclwm L
wherefy fheReflpdieresiatme widsRa2Hay be the same or different, each

representing a hydrogen atom, a nitro group, or an alkoxy group having

from 110 6 GRID e TP WA O B ISSraL IR (PHANR o i claim 1,
wherein the phosphorus compound is a compound of a formula:
o

PPh, PPhy,

(2

a compound of a formula:

2
9

Ph,P PPh,

a compound of a formula:

§4
W,

o)
PMePh  PMePh,

a compound of a formula:

0
PPh, PPy,

a compound of a formula:

OO
O

PPh, PPh,

a compound of a formula:
S

o
PPh, PPh, or

£
o

-60 -



20 wherein na indicates 1 or 2, or a (1-naphthyl)methyl 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 faint compound of
formula [11] is a thiol compound or its salt of a general formula: -59
BY0O053 lll-b] HS-R1 wherein Rf represents a 4-pyridylethyl group, a
a compaag PidpprBlyl group, a 4-pyridylmethyl group, abenzyl group, a
racetxybenzyl group, a 4-nitrobenzyl group, a 4-acetoxyphenyl group, a
phe @ oup, a trityl group, a diaminomethyl group, a 2-trimethylsilylethyl
wup;or a 2-(2 5 ethylhexyloxycarbonyl)ethyl group. 5. The method for
pPrprodueirig, a thioether compound or its salt as claimed in claim 1, wherein
the palladium compound is Pd2(dba)3. 10 6. The method for producing a
thioether compound or its salt as claimed in claim 1, wherein the
phosphofud eompberhibipwasnpesntiiofed forlaiial GlbertiPih2aRPh2¢aum
5 carbmg@ém;@#g%ﬂmpiﬁﬁmg% trﬂh%?aﬁﬁg,&ri%%ﬁ&@m ﬁ&gﬁ%ﬁé}m%&yhmmﬂmm, 4-
: e 0 P a compaund of a fqr ' ,Qo0qa
e o B SRR B SRS & cotpound of

diazabicysiahtyfhdndeet ene.

BY0053

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

16 wherein the base is diisopropyiethylamine.

9. The method for producing a thioether compound or its salt as claimed in claim 1,
wherein the palladium compound is Pd»(dba)3, the phosphorus compound is a compound of a formula:

2

PPh, PPhs

W,

15  acompound of a formula:

2
9

PhyP PPh;

a compound of a formula:

W,
W,

O
PMePh  PMePh,

a compound of a formula:

(¢
W,

O
20 PPhQ Pphzj

a compound of a formula:

t-Bu E ‘ {-Bu
O

PPh, PPh,

&

a compound of a formula:
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O q PPh2 PPh2, or -60 BY0053 a compound of a formula: HN 0 PPh2
PPh2 7. The method for producing as claimed in claim 1, wherein the
base is cesium 5 carbonate, diisopropylethylamine, tributylamine,
triethylamine, trimethylamine, dibenzylmethylamine, 4-
dimethylaminopyridine,tribenzylamine, 1,5-diazabicyclo[4.3.0)non-5-ene,
8 icyclo[5.4.0)undec-7-ene. 8. The method for producing a
mpound or its salt as claimed in claim 1, 10 wherein the base
s d|| opropylethylamine. 9. The method for producing a thioether
o pourf)dg B its salt as claimed in claim 1, wherein the palladium
or a coppmpdwihd istmu2(dba)3, the phosphorus compound is a compound of a
; fomula; g~o PPh2 PPh2, 15 a compound of a formula: Ph2P PPh2 a

d of a formula: pop PMePh PMePh, a compound of a formula:
20 PPh2 PPh2, a compound of a formula: t-Bu I? t-Bu PPh2
ppiPh2 gegompound of a formula: -61 BY0053 PPh2 PPh2

and the base 1s cesium carbonate, diisopropylethyiamine, tributylamine, triethylamine,

dibenzylmethylamine, 1,5-diazabicyclof4.3.0]non-5-ene, or 1,8-diazabicyclo[5.4.0lundec-7-¢ne.

10. A method for producing a thiol compound or its salt of a general formula [I-b]:
[1-b]

R—{Y]) 1

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

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

or 1ts salt of a general formula [IH]:

ri—{yi ]

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 | 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 heteroaryicarbonyl 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
group selected from a sulfur atom, a sulfinyl group, a sulfonyl group, an oxygen atom, a carbony! group,
an ox%rcarbonyl group, a carbonyloxy group and a group of a general formula:

R
e N AN
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or a cmpound of a formula: H N Ol PPh2 PPh2, and the base is cesium
carbonate, diisopropylethylamine, tribuylamine, triethylamine, 5
dibenzylmethylamine, 1,5-diazabicyclo[4.3.0]non-S-ene, or
1,8-diazabicyclo[5.4.0Jundec-7-ene. 10. A method for producing a thiol
compound or its salt of a general formula [I-b]: RIrYt 1l bj -i SH wherein
whereiR AMERsEsHE HHdPEEiHasTE g ARRITENR IR ing G havie frrashamaioms, a benzyl group,
a phenyh gRNINGS AN Fiancs belawl: whieh; comprises reacting an aryl or

X repr&%ﬁ% 9%%%%%?09}{' rlsdch%rﬁ% %ﬁﬁnOfa %ﬁ%?&%&ﬁ!ﬂ&'éu?ﬁ@'\@oﬁg (%431; . l!:tja )l<su1f0nyloxy

wherein R| represents a hydrogen atom, a halogen atom
roup. 3 RVEASHHORY HERVi BT Yo i RS IS O RURSE FRINAS A At aheosP et bhs%wioxy group;
nl indiatwirfyoirom 1 to 10 carbon atoms, an alkylthio group having from 1 to 10
the protdBOLAleMSoaRalkylsulfinyl group having from. 1 to 10 carbon atoms,

an alkylsulfonyl group having from 1 to 10 carbon atoms, a hydroxy!
°o roup, a carboxyl group, an alkoxycarbonyl group having from 2 to 10

carbon atoms, an alkanoyloxy group having from 2 to 10 carbon atoms, an
means 4pArylonp fvReylcheboryvhroweresparylcarbonyloxy group, a heteroaryl
provid&l%ﬂ't’M&l&iﬁfieirméﬁmﬂﬂéQ%Mh@fg@dﬁeiﬂ{%ﬁﬂﬁﬁf&%ﬂﬂ@xy group, a
R*—( group, an alkanoylamino group having from 1 to 10 carbon atoms,
ﬁirylcarbonylamlno group, a heteroarylcarbonylamino group, or an
oyl group having from 1 to 10 carbon atoms; YI represents an
is an e@ﬁgy&g@g@gg@é@%ng from 1 to 6 carbon atoms of which the carbon chain

Wherem ﬁy @V e £&,850up ﬁelected from a sulfur atom, a sulfinyl group, a sulfonyl

roup, an oxygen a e Carbo vl aroup, 25 an oxycarbonyl group, a

with a@aﬂéém@%%S&hdﬂ%@@@@ﬁb@a@éﬁéﬁaﬁormula R2 aN -62 BY0053
whéréih R2 represents a hydrogen atom, an alkyl group having from 1 to 6
HS~Rfarbon atoms, a benzyl group, a phenyl group, a naphthyl group or a

whereRMUEMSEQUR; 28R 688 IS &amiRe: atom, a chlorine atom, a
;.glfluoromethane fonyloxy group, a methylsulfonyloxy

/Cf/

L)

e

. \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 formuia:

{CHa)z Re
e L

Rd

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)ﬂ

Q)

wherein n? indicates 1 or 2,
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group, a benzenesulfonyloxy group, a toluenesulfonyloxy group or a
nitrobenzenesulfonyloxy group; 5 nl indicates 0 or 1; the group of a
general formula: 0 means an aryl ring group or a heteroaryl ring group;
provided that when X is a chlorine atom, then the group of a general
formula: R14Y nl 10 is an electron-attracting group, wherein R1, nl and
or a { vhdpdwtey theedahzeonpeafingsiabdiverby! withpa dHiokgbompoheng] grite saft-afetoxyphenyl
grOup?a%@@?%lf&ﬁmy lﬁt@i'@kué['ﬂihﬁiﬁﬁq&@!"ﬁhﬁ@@ RerRRESENSHRIFUP &fa 2-(2-
0 1ha)#;i-znera gor 1ultg: Fie Ra Rb wherein Ra and Rb may be the same or
Y iHeTENnt '/aTh Fe re%gﬁ[ﬁng a hydrogen atom, an acetoxy group, a nitro
in thegrgspyco plampaliadryroponpobadise ot iromo B2eeb sprarsme o brgHediyofagetate,
Pda(dhpenenal Pdrdwla; /(CH2)2 ~Rc 20 R wherein Rc and Rd may be the same
a baseo{ﬁijelgg(ﬁ%ﬂ}meacgurﬁegg ggr?s?sﬁn%éf@%@ gzprb%txg)artne’, gnﬂgé%ggg#p\iegré? 1 ﬁeneral formula:
r3 alkoxy group Having from I'to 6 carbon atoms, or a group of a gener
+_Normula: 0IV--N 25 wherein na indicates | or 2, -63 BY0053 or a
/(gL-naphthyI)methyI group, a (2-naphthyl)methyl group, a 4-methoxyphenyl
R® group, a 4-acetoxyphenyl group, a phenyl group, a trityl group, a
wherdigRAirromeat gl goup; adsdrmethiyikitteteytigreypsaitm@a(Paliyl group having from 1 to 6
carbof ARAREENERBAMMISHINA GH6PoI IsidyRSRNGE of a palladium

compound selected from a 9rou‘p co,nsistln$r of palladium acetate, 5
Lo~y rtdneriatnn 27 b e GBIE TP AGo (ifR6f consisting of
and a phsiphvcahonatedastvedanvatigesptengemarafl forompanniRaf a formuia:
S PP,

Fe

&>—PPh,

a compound of a formula:
oy P-Pr),
Fe

& P(i-Pr),

a compound of a formula:
Ty P(t-Bu),
Fe

& —P(t-Bu),

a compound of a formula:

(AL

PPh,  PPh,

a compound of a formula:

(L D2

0
PPh, PPh,

a compound of a formula:

sy

o
PhyP PPh,

a compound of a formula:
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R4 \N RS wherein R3, R4 and R5 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, 10
1,5-diazabicyclo[4.3.0]non-5-ene and 1,8-diazabicyclo[5.4.0Jundec-7-ene,
a phosphorus compound selected from a group consisting of a

BY0053

Fe P(i-Pr)2 15 a compound of a formula: P(t-Bu)2 Fe ~
a compound of a formula: PPh2 PPh2 a compound of a formula:
pMeah/ 202 PPh2 a compound of a formula: Ph2P O PPh2 a compound
acomp%tjﬁldfgfq]%gn ;4 BY0053\ / O/ PMePh PMePh a compound of a

poymula: q o PPh2 PPh2 a compound of a formula: t-Bu | | t-Bu

PPh,  PPh,

a compound of a formula:

t-Bu [ i t-Bu
O

5 PPh, PPh,

a compound of a formula:
S

O
PPh, PPh,
and a compound of a formula:
H
O
PPh, PPh,,

10 thereby affording a thioether compound or its salt of a general formula [I-a]:

[-a
RI—Y) 1 [l
S-R®

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

have the same meanings as above},

15 and then removing the protective group of R€ of the resulting thioether compound of formuta [I-a].

11. The method for producing as claimed in claim 1 or claim 10, wherein the alkylene
group having from 1 to 6 carbon atoms, of which the carbon chain may have a group of a general
formula:

RT

§

N
20 7N\
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/ O 5 PPh2 PPh2 a compound of a formula: | ~s q 'o PPh2 PPh2 and a
compound of a formula: HN PPh2 PPh2, 10 thereby affording a
thioether compound or its salt of a general formula [I-a]: R1_(Yt nt ll-al
S-Re wherein RI, YI, Re, n1 and the group of a general formula: CD have

the same meani as above], 15 and then removing the protective group
wherepy IRergF ﬂ%@%%ﬂ?%ﬁ@ﬁ?ﬁlﬁ@{ﬁé“@éﬁb@ﬁﬁa RIS i ta]ﬁ bl Bt ARyt group,

a pherforgasoplucinghas/iClatnest ipeladm drernpdlaim dehviberemuhenabyléne group, a
tnmet%%@ Q@Mﬁngtﬁ%&t@@ngagéaeg angtwmﬁbgﬁaﬁéﬁ%mg&aﬂ%m%oup,

have a group of a general Tormula: R7 20 /N\ 053 wherein
f’mpyl'%%fé,’ﬁﬁt?heﬁ‘)%é@ﬁea%’ﬁ? ShAFSFGPEGFHEA GBI 1 to 6 carbon
, @ benzyl group, a phenyl group, a naphthyl group or a pyridyl
__(ngg)%p](pg@-methylene group, an ethylene group, a trimethylene group, a
tetramethyléne group, a pentamethylene group, a hexamethylene group, a

wherepropsdemesgsougul an athy lethifenezgrop s wifamyienpipfa geyreradtanyutacbonyl group,
an ox§cx%n§%y% (HRGH RO LI SEPEESENIS AaStlif-B10mhut SuUlfiny]
S

RZ group, a sulfonyl group, an oxygen atom, a carbonyl group, an
N oxycarbonyl group, a carbonyloxy group, and a group of a general
~ “ormula: R2 i /N wherein R2 represents a hydrogen atom, an alkyl group

wherf,li]ﬁﬁmﬂ:&%&gs 5%9&%99{}&9%%1@?5{86}5'}&@% 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 I 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 nlis0.
13. The method for producing as claimed in claim 1 or claim 10, wherein n is .
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, diisopropylethylamine, tributylamine, triethylamine,
trimethylamine, dibenzylmethylamine, 4-dimethylaminopyridine, tribenzylamine, 1,5-
diazabicyclo[4.3.0)non-5-ene, or 1,8-diazabicyclof5.4.0lundec-7-ene.

16. The method for producing a thiol compound or its salt as claimed in claim 10,
wherein the paltadiuem compound is Pd2(dba)3, the phosphorus compound is a compound of a formula:

(S

0
PPh, PPhy,

a compound of a formuia:

PhoP PPhy

a compound of a formula:
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BY0053 10 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 | or claim
10, wherein nlis 0. 15 13. The method for producing as claimed in claim

gr claim 10, wherein n2 is 0. 14. The method for producing as claimed

pMetpkﬁnethy,{am!ne, dibenzylmethylamine, 4-dimethylaminopyridine,

a comtgbe ' q‘al ,5- diazabicyclo[4.3.0]non-5-ene, or

3 aza cyc 0[5.4.0Jundec-7-ene. 16. The method for producing a thiol

yound or its salt as claimed in claim 10, 25 wherein the palladium

d is Pd2(dba)3, the phosphorus compound is a compound of a

: O PPh2 PPh2, a compound of a formula: O Ph2P PPh2 a
F’Ph@omp@lﬁ‘hgj of a formula: -66 BYO053 0 PMePh PMePh, a compound of a

4 com;§8£HHJA§a%%&EiEh2 PPh2, a compound of a formula: t-Bu 1?_t-Bu0 5

2 a compound of a formula: I\s |~ oq PPh2 PPh2 ora

t-Bu .\-:- NOTQ ee. a-fdtmula: H 11

5 PPh, PPh,

a compound of a formula:
S

o
PPh,  PPh,

or a compound of 2 formula:
H
O
PPh, PPh;,

16 and the base is cesium carbonate, diisopropylethylamine, tributylamine, triethylamine, trimethylamine,
dibenzyimethyiamine, 4-dimethylaminopyridine, tribenzylamine, 1,5-diazabicyclo[4.3.0Jnon-5-¢ne, or
1,8-diazabicyclo{5.4.0lundec-7-ene,

17. The method for producing « thiol cornpound or its salt as claimed in claim 10,

15 wherein the protective group of R€ is a group of a general formula:

~ | ».‘(]t
"4
g

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:

{CHa)z
/ H\C[]R
2

20 R¢

c
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0 PPh2 PPh2, 10 and the base is cesium carbonate,

diisopropylethylamine, tributylamine, triethylamine, trimethylamine,

dibenzylmethylamine, 4-dimethylanunopyridine, tribenzylamine,

1,5-diazabicyclo[4.3.0]non-5-ene, or 1,8-diazabicyclo[5.4.0Jundec-7-ene.

17. The method for producing a thiol compound or its salt as claimed in
whereiRifrrn@Romay Re fBir st ﬁ?é%é‘??fﬁfév GrObEP BRI RAratipeGR AlgBrieRro group, or an
alkox fQimiplaaGh Radrbl wherethdratamd Rb may be the same or different, each
a (1-n B RIS PRINNG %&%g{ggqgnﬁ%%gqﬂn@g@%};@oup, a nitro group, or an

alkoxy group having from 1 to 6 carbon atoms, a group of a general

formula: (CH2)2 Rc 20 Rd -67 BY0053 wherein Re and Rd may be the

same or Hiffdilennegachive predming thitharopematonss sehiseigroep iroriam 10,
whercHOX¥rolQUPNAVIRG frrend 41¢6.68b AR fordilianaphthyl)methyl group,

R{I_%z(z-na thyl)methyl group. 5 18. The method for producing a thiol

co ad or its salt as claimed in claim 10, wherein the protective group
of Rélis ajgroup of a general formula: (CH2)2 Re Rd wherein Re and Rd
may be4 same or different, each representing a hydrogen atom, a nitro

group, or aff alkoxy group, 10 and the step of removing the protective
whergidpnf Réncorbptisesutie atrigfirauiteacipotassinnm alkbyddezer @osodiife group, or an
alkox@isgyide. 19. The method for producing a thiol compound or its salt as

claimed in claim 10, wherein the protective group of Re is a group of a .
ond IR TP ORI 18 RIRLT B KA RO RS BN e alkonide o a

sodiugliffieende.each representing a hydrogen atom, an acetoxy group, a nitro
group, or an alkoxy group having from I to 6 carbon atoms, a

ﬂ‘”"""’.“”hé')*?ﬁéh éﬁ&%%&orrc%ﬁ%”a&)ﬂﬁ%YQé&etQ&’ L roup. and the SIeR Ol 10,
removing the protective gygup or'Re comprises treatment with a
whergindfnasilsat corrpariRofaagBnet af formagrat formula:

Hp =
- C\C_‘/ ‘
]
-
oo
wherein R4 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 | 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:
RS
Mg/
\Rh
wherein RE represents a halogen atom, or an alkyl group having from 1 to 10 carbon atoms; Rb
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 CuCly, CuCl2-2H20, FeCl3, FeCly, TiCla(i-PrO)z, Cu(CF35020)2, CoCly,
AgNO3 or CpaTiCis.
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R9 /9\ 20 Ivl Rh wherein Rg represents a halogen atom, or an alkyl

group having from 1 to 10 carbon atoms; Rh represents an alkyl group

having from | to 10 carbon atoms, kin the presence of one additive

selected from a group consisting of copper compounds, iron compounds,

cobalt c unds, silyer compounds, titanium compounds og their, . .

ydrates: 20 30 PR tcthod ot PIOBCEIRY & 14l barmBbURd o s A 2 1%
whereip g magnes iR PO dimethalmagaves Etinibnasprsitpptisdupdnaggesium, di-
n-propHeai2s i b2 (i) Cu{ChRIM2 ©)2 ) Gos s sikg NOBide, G2l ZmG8im
chioridB YRARA2lnd G DRINAY fORPRRdMEING A ANI LOTRAUND QLR $RlkAGe, -

claimed in claim 19, wherein the magnesium compound is .
PrOPY Y S TR S TR BT 61 FeB YA RE R Fhtfride or
isopropyiprgpymadnesidm, n-butylmagnesium chloride, n-butylmagnesium
bromide, methylmagnesium chloride, methylmagnesium bromide,
ethylmagnesium chloride, ethylmagnesium bromide, n 5 propylmagnesium
chloride, n-propylmagnesium bromide, isopropylmagnesium chloride or
isopropylmagnesium bromide. -69
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