HHEF AL W7 © N IR K B E A Il o
Ktk 2 FIH L7 2B E B R A WA Rk

&R O]
7 B R oAb - Adn Lokt

ZEREHAL SN FRBRIT, WEEMEAM B, B3, BIEOFK L L A b TEY, &V
DI ZNHE2ERT D FIE T720bbERBRILFITAREFEZAK X 0 15020 Lo/, 3ifT
VED R BEEZHER L CWARARMES T TH 5, ZEBEZERZARTDHICITREL
i T, OZEOEBRILEZ FFORIBRKRZ LA/ bE CTRILITHNORREEZED Hik, ©
FHRIC R A EFBRICH CEFEEREEAZEA L TV FERD S, BiglL. HEW LAY oRk
ERKRELSBRLT0, BbEMOERL— bR A A=V LICK K, ESICEHERHERE
EL 0T, ZEBEHILIERAT v 7ERIFFTETHRVRTVLEND D, —HHEIL. T8
BIZTELNR > TWVWDHED, L — MIA A=V LTV, < OBE ., HBRTEMEOIK
WIRFZTIKBREEE BRI THZ L ITRDTDFH LGNNI D, bivbivld, g
WZOWTITHEEE « & L ALEW ORISR EE FRND & LT, %&EX, BHER JE
BN 12 FFD /)T U0 ASEIRD RSB -KFERE S BEEEREE LIS TOmVWEEZFIH L T fHx
DL ERERRICEMORER AR & ER L TE T,

(1) BEEXZHOIRBRFOEREEIEZERERRILEVEREDORE
*FAT I FORF-RERERIENEFLRLCLZHESI P FRRLEREICK 2 EERERREBE
AR LB O

- o Wilgerodt S lo N
L 72 TE AL % %  He \+%«ww+]/kN \, pvridne Il
BRI OBibE% | RTOH N DR N oCenn 2 =
5&[{5&1\ ﬁ*%%/ﬁ\lﬂz 15 min high yields
JZFIJED:< FHZNTWS, bIvtbiliEEd Z Ot " CuCl (20 mol%) @
ICEH L ARAES R N2-E ) DV AFLF AT o Leltam g S0, ()

N I\ 1 O3 TEEBRILH L T 55N R™°N” "R Dms0,80°C R™ "N "R

BESIZ R . A4 4V [1,5-a]

BV 2 OEERMERRA K J’\f\ A

FIEBLEGE DY, 2B, 213 AIW ﬂFWR4T 'S
S Nu- CuCl (20 mol%) J\ RN )IR

TR B, EE AL NHC

mm%&amwmmﬁ&aéRﬂ_)%&? N e
NTnB, —J7 ., SARBEAETE Rfﬂﬂ. X "I

F A IR = AL ROV RUNT R T

(l:}i}'—é; S A <E JILEI:Z)‘ %“?375)

IS L SRR S L o | o R
T%%?é&f&@x@ j“A Bu [ NS T }W I@W Iﬁwaw
ST st 20 N Fh N neb12 Hn=0,1

HL7=GE 22, Z oKk

ZIGH UL T AT 2 ROFRBEY) CEESE 2 FR LAl & 92 4y T INER LI BLRR BR AL RO % 28Rk L 72 (G
3)3, 7B, REMEEHIL Z FF O e BRALAIRIRIX, 747 I FEFFORISEZRIAT 5 Z &
THEZHIELNDZZEHLRELTEBY WX 4., NS FIEOHAEDLEIZL Y RS
%‘“E’%@ﬂef/ﬂt/\%/\ﬁkﬂﬁﬁfﬁ 7o



CBEAAY - ELUDETH - BIEREMHIEIC KD HILaS U ERE

—J. ZZTHVBFADAR=MEEMOARITIETNL S s R s .
OMORERESN TV D), Uk Lbhbhuit, b~ ) ST o == I
ST & U CHISMIC By DV 5 A BRI & BB | S=Co9 MaS NasS

LY BRI ARTEMAL TR ERIT B AR ACBVIOE ) s mrrt o At a gt
BERAV IO % 720 L 72 GR B, 2 O RS TIHE, BITAlE & O
FHIEA E L TCAFERS 27 e KevJ a2, HSICl;
HARBBLOY TV OFMAAE LTOTIVER [+ ac—me . § T @
M2 ENEECTH T2, ZOGIE, HifkiZFcrnr RBR S #@zmie RTR RTOR
<HEEBELVZHWD L bR EICbEHETHD ., CuTe(cat)
PRI L= EREAFECEREED 2 ENTE 0, es, _ar .
T-. 7o, RO L B2K 2 WLH & T 5 it 72 BELASR L

BRI L T 57 v DRI R TE IS X B B ERILG W ~D AL 2 7 8 AR b B L7 G
6)5,

(6)

(2) PA-ZERRTERUFEMELTIRF-KEEEEEERELOFRRHA

A O A I #1541 = _
U2~y B 5 CNE\T/N [Pd(pggn():%(PFe)z (Nj\rN
B RTEIRE AT 58 | ) 1) s Ly oFs 7
T, flx DIRFE-RFRERE L ) s 24h, 99% v
BREE bR L, €O
e, BT U — ERISE R L
[l SN N G VA =D R O I LA

[Pd(phen),](PFe), O N

4N
DIEFRERDRA T 4 &M F ] SpH 4 Co0s B )
k?é%ﬁ%?@ﬁﬁ@ﬁkh@ﬁlgﬁe :C>[M““n““ﬂb %j<>
L7278, A L R T o 61%

IRV HEEZ R ILEY 3 D

BRI B AR E 52 B = .
EERFER L, ZOMREL LICE y 3 steps “ Me

FR R, RIS 1,10-7 =) Iﬂ%H—t::, N Me o)
hE U EENF &S PSS, 4 N OO Ne %

Z DL D i THR D T W iE M & MeO

RTZEERE LGS, Z o filii Tie2 FO >+ ) —EHERDREE K EER

RTIE, ZRETHEINTEZS

TR IR IR T o 127 — oo

JVHAD CAN & & Te, TLEREHRERED Pd-cat

IRV IRF-KFEMEZT UV —ib N, Af-Br Al AR N\>_©
Bz emaEThY . fagry LY o e v (10
—VEICHBEEO Ak 7 U — M mmp s ypmgrE: 729

/V%}iﬁ; X B L . _éA/\_,C @ﬁ$—7}( Fs;C 37% overall yield

FEAN =BT V= TELZ LWL LIEGE 8), —FF. RSS2 m U #i4#-4
I BEEROT ) — VI L3 DDA T ) = VEAIEICEATEAZ EHALMNIT LT,
ZOFEREFIATAZLICXY Tie2 Fr v —ERERO MRS ER TX 72X
9)’,

6, MUMBETTY V—NVHOETORBZARBEEEICSEDZENTEDHZD, U
VIR hToa A AbT ) — L EZIEREAN L THREEOZERT U — AL BN A EE T H - 7= (il 2.



T 10)8, — . Z OfREER T
ﬁA_ﬁLme%ﬁﬁé%rﬁ Jiooa 7 AT U — kT B RO
BINH ST, ZORSEIZHEH L.

IR FE-IKFE

e
=72 11,

o

I-Ar

[Pd(phen),](PFg),

Br4N
z Iﬁﬂb
R

‘\ Br/ 5

N AR TS

X5l
TS — VO RF KR

HEM L. ZABEROAER LV b AW E

oL R, EEICR R

DTS EDRF-RZFE
BN R ONE R Lz, ZOHEEZFIHATLE, L7 LALX—FlO

et

Br

=+ O\ 28 I \>_Ar
C-H Z&8ZRBI7U—/IAE By H ;5% it DEERAT
EHEBEHRI {

2. BEIBRAMNFRHRAT 4 v L ITBEWVEBEEETHLRE
SEAS R R T AR ALV EET A= LT A v ) T
M A~ T 2 & 250

(CAE T X 2R

CHEHLWNWHNTEZPATRAT ¢ R & i+ 25 &

ARV ME

ShE S a7 Y — VD RFE-IK

DHGEE LA B T

wTLINF—F

WZHEHE L.

L2 12), £

Pd cat (0.5 mol%) O.N NO,
N - Ag CO (150 m0|°/o)
BEELTNTHIRE HH/ i N N
HpH i Tr¥x= DMF+DMSO (5%VAY) = \ N\

. SRS 10 - Initial: 0 equiv 120 °C, 2h 42% Bn Pd”
e =G 13)", o dropwise: 2 equiv drop time: 90 min AcO  OAc
KSR RT3 = Lo oo

D, —RICAFES 2 Ph—=—=—H (2 equiv)
T Na AT — Pd cat (0.5 mol %) CgHsMe-4

/ . /7 fe _ Br A92C0;3 (1.5 equiv) / eraMe CeHaMe-4
MDD DBIRI 72T L F = H—</N]/ AcOH (1 equiv) H . N Z (13)

- SR E DMF + DMSO (5% Sonogashira { :

MMEIZ LD HERFRE AT 720 °C, 1(h Vi) Coupling Ph | good yield

VX =T S — VA E

AREIC e T, ZOFRIEICEVHEOND, BEATAF=)LA I ZV[15alE ) VUL, ®b%
WP ELEALET Y —ATIF= i EOBBREDO AN A v NEEDPEIE OB % 759 ok
WIS BN 72D Z & BRIFFICH S 2N LTV D, LLE, IRFEIKER O EEE RSN
WZBWT, PAd-EHR AR SRR OMAEDLEN, 2=— 7 Rt ZE T2 E 26T L
ETNOEHNDLEET Y — VEOEKREZRERT 52 L2k Z OfEERAE R HRD T
EFMNTHEHTHALZ L ERLT,

1) Shibahara, F.; Kitagawa. A.; Yamaguchi, E.; Murai, T. Org. Lett. 2006, 8, 5621.

2) Shibahara, F.; Suenami, A.; Yoshida, A.; Murai, T. Chem. Commun. 2007, 2354.

3) Shibahara, F.; Yoshida, A.; Murai, T. Chem. Lett. 2008 , 37, 646.

4) Shibahara, F.; Sugiura, R.; Murai, T. Org. Lett. 2009, 11, 3064.

5) Shibahara, F.; Kanai, T.; Yamaguchi, E.; Kamei, A.; Yamauchi, T.; Murai, T. Chem. Asian J.
2014, 9, 237.

6) Shibahara, F.; Yamaguchi, E.; Murai, T. Chem. Commun. 2010, 46, 2471.

7) Shibahara, F.; Yamaguchi, E.; Murai, T. J. Org. Chem. 2011, 76, 2680.

8) Shibahara, F.; Yamauchi, T.; Yamaguchi, E.; Murai, T. J. Org. Chem. 2012, 77, 8815.

9) Yamauchi, T.; Shibahara, F.; Murai, T. J. Org. Chem. 2014, 79, 7185.

10) Shibahara, F.; Dohke, Y.; Murai, T. J. Org. Chem. 2012, 77, 5381.



Synthesis of Polyfunctionalized Heterocycles by Means of
Characteristic Features of Organosulfur Compounds and
Catalysts for C-H Bond Activation
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Polyfunctionalized heterocycles are an important motif for pharmaceuticals and functional
materials, and the synthesis of these compounds has been extensively studied for over a century.
Herein we report development of synthetic methods for polyfunctionalized heterocycles via
characteristic features of reactivities of organosulfur compounds and palladium/nitrogen-based
ligand-catalyzed C-H bond functionalizations.

Organosulfur compounds play an important role in organic synthesis owing to their unique
reactivities. During our course of studies on those compounds, we found that oxidative activation of
sulfur atom on organosulfur compounds efficiently promotes substitution reaction involving elimination
of sulfur moieties.'>  On the other hands, hydrochlorosilane-mediated reductive activation of elemental
sulfur promotes direct thionations of carbonyl compounds.* Combination of those reactions made it
possible to access a variety of heterocycles. With similar strategy, we also developed direct sulfidation
of aromatic compounds via copper-catalyzed oxidative activation of elemental sulfur.’

Recently, direct C—H bond arylation of the parent heteroarenes has emerged as a significant
alternative to conventional transition-metal-catalyzed C—C bond-forming reactions to obtain
polyarylated heteroarenes. Meanwhile, we have developed a direct C-H bond arylation of azoles
catalyzed by palladium—1,10-phenanthroline complexes.® This catalytic system made it possible to
achieve direct arylation of all C-H bonds on azoles including C4 position in a catalytically controlled
manner that can hardly be achieved by other catalytic systems.” With our system, stepwise sequential
triarylations such as three steps synthesis of Tie2-tyrosine kinase inhibitor from unsubstituted
N-methylimidazole are achieved. One-pot sequential direct C-H bond arylations of azoles was also
developed by the present catalytic system with simple sequential addition of aryl iodides to the reaction
mixture to give products that contain three different aryl groups.®
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