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N-lodosuccinimide-Promoted Regioselective Arylsulfenylation of
Imidazo[1,2-a]pyridines with Disulfides
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Li, Chunsheng Yang, Shaorong™

(School of Chemistry and Chemical Engineering, South China University of Technology, Guangzhou 510640)

Abstract An efficient and practical N-iodosuccinimide-promoted regioselective arylsulfenylation of imidazo[1,2-a]pyridines
with disulfides has been developed to afford functionalized 3-sulfenylimidazo[1,2-a]pyridines heterocycles in moderate to
good yields. Their structures were confirmed by IR, 'H NMR, *C NMR and HRMS. Furthermore, this method has the ad-
vantages of mild reaction conditions, broad substrates scope and environmentally benign. Notably, the current methodology
could also be conveniently applied to the synthesis of thioarylated naturally occurring biologically active frameworks.
Keywords N-iodosuccinimide; ionic liquids; imidazo[1,2-a]pyridines; disulfides; arylsulfenylation

=21k Ji 1 B P TR F8 S L AT L 45 A 22 F 7 19 B
ZNRN, e — R EE B -AEE, BR-BsE I AE
TET RN AL iENE 43P R, R T
B TS SRS B RARBE K e  RIRE R R
PLE R 256 A LA R A B R R . i
R, B ZACRYE R & RS B SOl — ORI,
FEAFELLT =Fh: ()IEE B J7 2 s ) Sl il
BES =05 2k BRI UL K oA A (i A7) A AR S
JREBT: (2 dot i a2 5 A i A PR AR 5 AR A R
Hh 05 TR DL R B AR 2 AR R R (3)
B IR () R 5 VE A IR AR 38 AR R P R
B LSRR N AR BTN . ThEERIfLI) C—S
JITHHAG R R, (HAR AR b A A
IAN AR, LA BR Py B AT AR SR PR B ke F i 5 5 7K
i, BARIEAEE, Jf HA St i A SRR E
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(R Uil b, 3E— 25 DABKIE IR 1,2-a] e T AE MR &R
B 05 R EENRY), 1R TR T AR
NABBR R B, 25 5RRM, |BEN 60 C, BL N-BRT =
T M (NIS)PEFE AL, B8 AR [Bmim]BF, 1E¥ 7, LA
BERTE R (3%~ 86%) i HE . Rl X Sk B oh &
BRI SRR 1,2-a] e T AEYI(Eq. 1).

NIS (3 equiv.) /\/
R? R2 (1
\} + ASSAT e e R \/f (1)
60°C, 12 h 3 SAr

1 &HR51TR
1.1 NIS fRit YRR R SR

T AR BIRA BB A A, RO BL 2- R R e
[1,2-a]MEBE (1a) 5 2K FE AR BF(2a) AR s B Xt 15 Bk
SOSEHEAT TIRIC, B8 T A AR IR DL R
SN ST e N TR, HARGE AN 1 FR.

TEBA BURET, RN EAREREAT (Entry 1), AR
PRI % R W (Entries 2~9), 241# F NIS 15 B F)
TR, SN EA B B SR i (GO) R b R A i 11
X izt B (Entry 7), AR ARLIE X i S0 B 2 R 2 i3t
YER, WoHfie NIS ME A T I s FE 11 s B AR 2571,

R, W E T 075 5K W (Entries 10~ 15),
DMSO 2B NEERIRMIER, BisbaY 3a 1 GC
E A 69% (Entry 10). HABKIH YA, il DCM,
EtOH. HZK. THF LK CH;CN, KM GC #Ab %1
A FIRE BE I PEAIG. ARIE SCRRIRIE, & FilikRes
RO = TR 5 R R AL R B Rk, BRATTX
BRI AR AT T R, S R, ke
TRARTE— 72 BT R Y BE 8 2 = [ M. (1) GC % X% (Entries
16~20). 41# F [Bmim]BF, {E¥& IR, KN AT L1
GC ¥ A RN s 1 X 3 B 1 (Entry  16); HCARES T
&, W[Bmim]PFs, [Bmim]Cl, [C,0,mim]BF, LA X[C,0-
Hmim]BF,, M1 GC FAR IR IEm, Bl AZFMt
T, [Bmim]BF, /& HOAEE M PR, nTRem iR &
B ) Al B RS R T AR e AR R O B R I
B, R RS T B AR OE T2 A AR
U2l ety SR 2RI, % B AR ZR R B TR AT AAE AR
Fl 6 IRACREA B, (B2, S 7 RIS
BB, ATRER N 2 KRR REIFPINRR R, T
O TR PR, (RIS s B i R R P — e FE B
IR T DRI BE B AR R ), T SO LR T
B

BE— 0, TREZ %R W] (Entries 21~23), fE—
EFREE EA R, TR GC L Z (Entry
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R 2-FIFERRMEIE[1,2-a] MM (12) 15 = %36 Bk (2a) B X
SR S AFAL @

Table 1 Optimization of conditions for the coupling of 2-me-
thylimidazo[ 1,2-a]pyridine with diphenyl disulfide

A =N lodine source [~ =N CH
X N\/870H3 ¥ PhZSaSPh Solvent SN ’
1a H Temp., 12 h 3a SPh
Ent lodine Solvent Temp. Yield”/%
source
1 — DMF r.t. —
2 I, DMF r.t. 35
3 ICI DMF r.t. 43
4 TBAI DMF r.t. Trace
5 KI DMF r.t. 12
6 Nal DMF r.t. Trace
7 NIS DMF r.t. 51
8 1,05 DMF r.t. Trace
9 DIB DMF r.t. 17
10 NIS DMSO r.t. 69
11 NIS DCM r.t. 14
12 NIS EtOH r.t. 18
13 NIS Toluene r.t. 46
14 NIS THF r.t. 45
15 NIS CH;CN r.t. 59
16 NIS [Bmim]BF, r.t. 76
17 NIS [Bmim]PF r.t. 62
18 NIS [Bmim]Cl r.t. 60
19 NIS [C,0,mim]BF4 r.t. 52
20 NIS [C,OHmim]BF, r.t. 63
21 NIS [Bmim]BF, 50 84
22 NIS [Bmim]BF, 60 87 (80)
23 NIS [Bmim]BF, 70 83
24¢ NIS [Bmim]BF, 60 87

© 2017 Chinese Chemical Society & SIOC, CAS

“ Reaction condition: 1a (0.2 mmol), 2a (0.30 mmol), iodine source (3 equiv.)
and solvents (1.0 mL) under air for 12 h. The value in parentheses is the yield
of isolated product. NIS=MN-iodosuccinimide. DIB=iodobenzene diacetate.
[Bmim]BF;= 1-butyl-3- methylimidazolium tetrafluoroborate. [Bmim]PF¢=
1-butyl-3-methylimidaz- olium hexafluorophosphate. [Bmim]Cl= 1-butyl-3-
methylimidazolium chloride. [C,0,mim]|BF; = 1-carboxymethyl-3-meth-
ylimidazolium tetrafluoroborate. [C;OHmim]BF4= 1-hydroxyethyl-3-methyl-
imidazolium tetrafluoroborate. ” GC yield. © 24 h.

22); AHfHh, kSRt ER A E] 70 CHF, RMH GC
FAL R IR G, HOANNIEERN 60 CRENAIEN
SONRE. )R, IEK N EI A 24 h, M GC Ak
FIFRA I (Entry 24).

BRI, AR A0 5 B & R RO 2% A4 ;. BA[Bmim]BF,
R RLEF, 3 equiv. NIS AR BFIEER], NI E R
60 C, MNHFEN 12,

1.2 BREURNEMEEEER

FERAFAT T, BATHE— P IR R KR
WIE(R 2). WEE 2 AT 0 07 R TR SR
EU%. TEVRARIA UK & W H 7 2k [ 2 it H 7 3 4],
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R 2 DRMEIR[L,2-a] e 55 — 07 B B BRRR R AL A S R ¢
Table 2  Sulfenylation of imidazo[1,2-a]pyridines with disulfides

NIS (3 equiv.)

60°C,12h

= /N /YN

1_/\r 1 R2

R \/N\/rR2 * ArgSAr [Bmim]BF, R \/N¢
1 H

3 SAr

R = 4-Me, 3a, 80%;
R = 2-OMe, 3b, 76%;
R =4-Cl, 3¢, 71%,;

R =4-F, 3d, 75%;

AN
@/\nge
e
\ ¢
xR

AN =N Me
@\T\%Bu-t \(/\r,'j Bu.t
N N\87
S K } R s\©\
3, 80% F

R = Me, 3h, 81%;
R = Cl, 3i, 76%:
G AN
N N\/e
s\©\ s\g )
30, 76% P ap73% ¢

Me S

3e, 83%

Cl A~N
e

Me

o

Me A~ N
Bu-
S
3k, 75%
MeO

Me A~ N
\Q\‘/\/fph
s@
3q, 80%

N Me
v éY”
Me § < N \%Me
\©\Me S\@\
39, 78% c

3f, 84%

yo
/
N N\} R = Me, 31, 86%;

S R = CI, 3m, 79%;

Ccl R=Br, 3n, 78%;

=N

= O e

SN < N\/)*
e ute

3r, 75% cl

3s, 0%

¢ ] B4 1 (0.2 mmol), 2 (0.3 mmol), NIS (3 equiv.), [Bmim|BF, (1.0 mL), SBEEHN 60 C, SN E 12 h.

TR O AN S N RE 1 B AT etk (3a~3d). JFH., 2K
INER I, LR, AR, ORI 4r IR
RME T U O R . R, AR
AT BRI R B, B A A7 B 56 I B VR T (B 2 1)
S (3e~3g); HE— b, BRIEIF[1,2-a)MEREIR C2)L
BRI 2RI, i CQMR L, T 25, 2R3
E R TCHARIE, B3 Ag s AL B 7 R B 4L (Be, 3i,
3m, 3r). BN, EABKEEI[1,2-a] IR CQ2)F C3)NLIH
I A7 A5 K 2 R A7 BELFR) 75 S B, s B 7R i LA R G IR R
B HIMEAEYI3q, 3r). BRI, ERAK%&ET,
Jor i R R RS B H AR S 3s.

HRE I3 51206 &8 S DL AR I SCRRAR, 2 B AT
REMLELZ: BJt, NIS {0y B —mi kb 225 sl i)
) 44 ArSIPS™ ArSI #EX 5 B T-H0 75 & 8L &4
AR T TR IE B T, A8 S AT 1S 05 A A A
FEgpL,

1.4 FEYIERIRIE

IS &2 IR, "H NMR. °C NMR A
HRMS ffiiF. ZLAMRZE SRR, Hbrtb &Y qE
3066~3043 cm ' AR IE Jy C=C—H 4R IR 2
W, PEAE 1649~1620 cm ™' FIMRISIE Ny C=C 14145
PRSI, 4T B sk &9 "TH NMR w40, 6 A
8.02~7.92 &b H LI FLUE K [ 1,2-a]EBERR C(2)fE
ANEFNE R F AR (31~ 3p).
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2 i

SR FH EA A3 P B 2R DRI [ 1,2-a ] L e
G5 05 R TR R BIR Y, @ik NIS 2 R
FeAl [ AL 2 R AR &AM & ). T s
KK £ LABmim]BF, AR P, 3 equiv. NIS &
MR TR, 60 CHAET, R 12 h, & Fhokme
[1,2-alMtBE b &P RE S — 05 3 B AT A Lo &2
e R 7= A5 B H bk &4, 1 HOR R 3 H B ) X
BOEREYE. Ak, ZRMNARA, 5T ERAL R,
AT HAT Rt B & B Y 1) & 3 £ i 13
g1
3 SRS
31 B 5EHHA

25 [E PERKIN-ELIMER 1730 FT-IR 4£L4hJ%ilA%,
KBr J£ /i; ##[% Bruker 23] 400 MHz DRX-400 1% f3t
PRAL, ¥H CDCL, WFRTMS; 2£E LCQ Deca XP MAX
YRR o B B A 43 (5 € Bl FINNIGAN TRACE DSQ
FIHEAL, 70 eV); WA THAXEARAR X-5 BEHM
I A

B RFIE e o dral, Rait—Saitk. 855
WA ([Bmim]BF,"™, [Bmim]PF"%, [C,OHmim]BF,!"7,
[C,0,mim]BF,!" )2 25 #1373k & K.
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32 E¥ Gk

25 mL F PN 0.2 mmol BKMEFE[1,2-a]MEIE (1)
0.3 mmol 753 “HREk(2). 3 equiv. NIS. 1 mL &F¥&
K[Bmim]BF,, #EHN 60 CEMFT, &M 12 h. M4
WG, Wi 10 mL 2B ZHE (10 mLX3), 3
B, ANUZTOKBRREE TR, R e T4 M, HENT
5 3. Hipb &EWR4EHZ IR, 'THNMR, °C NMR #
HRMS HfilE.

2- FAJE-3-(4-FH L 2R B8 DK I I 1,2-a] ML RE (3a): =
% 80%. 'H NMR (400 MHz, CDCl;) d: 8.13 (d, J=6.8
Hz, 1H), 7.57 (d, J=9.0 Hz, 1H), 7.20 (t, J=7.6 Hz, 1H),
6.97 (d, J=7.6 Hz, 2H), 6.85 (d, J=7.6 Hz, 2H), 6.75 (t,
J=6.8 Hz, 1H), 2.59 (s, 3H), 2.22 (s, 3H); *C NMR (100
MHz, CDCl;) 0: 146.8, 135.9, 131.8, 130.0, 126.0, 125.9,
124.3, 116.9, 112.5, 108.0, 20.8, 14.0; IR (KBr) v: 3056,
2952, 2832, 1646, 1488, 1463, 1239 cm '; HRMS (ESI)
caled for CsH sN,S [M+H]": 255.0950, found 255.0948.

3-(2- AR R Bt Ok )-2- FH R K e [ 1,2-a ] IEE E (3b):
P % 76%. "H NMR (400 MHz, CDCl3) 0: 8.17 (d, J=6.8
Hz, 1H), 7.60 (d, J=8.8 Hz, 1H), 7.26 (t, J=8.0 Hz, 1H),
7.10 (t, J=7.6 Hz, 1H), 6.87 (d, J=8.0 Hz, 1H), 6.80 (t,
J=6.8 Hz, 1H), 6.69 (t, J=7.6 Hz, 1H), 6.32 (d, J=7.8
Hz, 1H), 3.93 (s, 3H), 2.56 (s, 3H); *C NMR (100 MHz,
CDCly) 6: 156.0, 151.7, 147.0, 126.9, 125.8, 125.7, 124.5,
123.6, 121.3, 116.8, 112.4, 110.8, 106.3, 55.8, 13.9; IR
(KBr) v: 3062, 2917, 1646, 1589, 1484, 1007 cm ™ '; HRMS
(ESI) caled for C;sH;sN,OS [M+H]": 271.0900, found
271.0903.

3-(4- SRR )-2- LKL IE[1,2-a] N (3e): 725
71%; '"H NMR (400 MHz, CDCl3) o: 8.14 (d, J=6.8 Hz,
1H), 7.62 (d, J=9.0 Hz, 1H), 7.34~7.27 (m, 1H), 7.17 (d,
J=8.4 Hz, 2H), 6.86 (d, J=8.0 Hz, 3H), 2.58 (s, 3H); °C
NMR (100 MHz, CDCly) 6: 151.4, 145.9, 134.4, 131.6,
129.2, 129.1, 126.6, 122.5, 121.8, 116.3, 106.1, 13.8; IR
(KBr) v: 3049, 2920, 1645, 1491, 1468, 770 cm '; HRMS
(ESI) caled for C4H,CIN,S [M+H]+: 275.0404, found
275.0400.

3-(4-FA IR I )-2- FH L BRI IR 1,2-a] I BE (3d): 723
75%. 'H NMR (400 MHz, CDCl;) 6: 8.16 (d, J=6.0 Hz,
1H), 7.66~7.55 (m, 1H), 7.33~7.28 (m, 1H), 6.90 (ddd,
J=16.8, 12.4, 5.4 Hz, 5H), 2.59 (s, 3H); *C NMR (100
MHz, CDCl3) 6: 161.5 (d, J=245.9 Hz), 151.5, 146.9,
130.5, 127.8 (d, J=7.7 Hz), 126.1, 124.1, 117.0, 116.4 (d,
J=22.4 Hz), 112.7, 107.7, 13.9; IR (KBr) v: 3066, 2920,
1647, 1456, 1268, 769 c¢cm '; HRMS (ESI) caled for

Chin. J. Org. Chem. 2017, 37, 720~725
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C4sH,FN,S [M+H]": 259.0700, found 259.0696.

2,5- 7 FF B3 (4- F DR A ) K M 9 [1,2-a] ML WE (3e):
7% 83%. 'H NMR (400 MHz, CDCl;) d: 8.00 (s, 1H),
7.62 (d, J=8.8 Hz, 1H), 7.17 (d, J=8.8 Hz, 1H), 7.03 (d,
J=17.6 Hz, 2H), 6.88 (d, J=7.6 Hz, 2H), 2.59 (s, 3H), 2.31
(s, 3H), 2.28 (s, 3H); *C NMR (100 MHz, CDCl;) o:
153.5, 148.5, 138.2, 136.5, 135.3, 130.1, 126.2, 124.9,
115.3, 114.3, 108.4, 20.8, 20.3, 14.1; IR (KBr) v: 3043,
2914, 1646, 1463, 1416, 1266, 770 cm '; HRMS (ESI)
calcd for C¢H7;N,S [M+H]": 269.1107, found 269.1105.

2,6~ -3 (4- HH R Bt 25 ) K M [ 1,2-a] ML BE (36):
772 84%. "H NMR (400 MHz, CDCl;) d: 7.99 (d, J=6.8
Hz, 1H), 7.34 (s, 1H), 6.97 (d, J=7.6 Hz, 2H), 6.83 (d, J=
7.6 Hz, 2H), 6.58 (d, J=6.8 Hz, 1H), 2.55 (s, 3H), 2.36 (s,
3H), 2.22 (s, 3H); *C NMR (100 MHz, CDCl;) é: 151.1,
1472, 137.1, 135.8, 1322, 129.9, 125.9, 123.5, 115.5,
115.0, 107.1, 21.2, 20.8, 13.9; IR (KBr) v: 3047, 2921,
1519, 1425, 1126, 771 cm '; HRMS (ESI) caled for
C1H17N,S [M+H]": 269.1107, found 269.1102.

3-(4- SR 2k )-2,8- — A L K e I [1,2-a] ML UE (3g):
7 78%. 'H NMR (400 MHz, CDCl;) §: 8.01 (d, J=6.8
Hz, 1H), 7.03 (d, J=6.8 Hz, 1H), 6.96~6.82 (m, 4H),
6.70 (t, J=6.8 Hz, 1H), 2.62 (s, 3H), 2.61 (s, 3H); "°C
NMR (100 MHz, CDCly) o: 150.7, 147.1, 130.7, 127.7,
126.8 125.0, 121.9, 116.4, 116.1, 112.6, 107.9, 16.7, 13.9;
IR (KBr) v: 3057, 3028, 2957, 1629, 1436, 1295, 765
ecm”'; HRMS (ESI) caled for C;sH,CIN,S [M+H]":
289.0561, found 289.0558.

2T -3-(4- FH SRR ) K e - [ 1,2-a] L 1E (3h) )
772 81%. "H NMR (400 MHz, CDCl;) d: 8.09 (d, J=6.8
Hz, 1H), 7.67 (d, J=8.8 Hz, 1H), 7.20~7.12 (m, 1H),
6.94 (d, J=8.0 Hz, 2H), 6.76~6.65 (m, 3H), 2.19 (s, 3H),
1.56 (s, 9H); *C NMR (100 MHz, CDCl3) 6: 162.0, 145.6,
1352, 132.3, 129.9, 125.5, 1249, 123.7, 117.2, 112.5,
105.0), 33.9, 30.5, 20.8; IR (KBr) v: 3056, 2936, 1628,
1506, 1425, 1126, 698 cm '; HRMS (ESI) caled for
CysH4CIN,S [M+H] " 289.0561, found 289.0558.

2- T FE-3-(4-FU KB I ) BRI I [1,2-a] ML B (3i)'
P& 76%. 'H NMR (400 MHz, CDCl;) §: 8.10 (d, J=6.8
Hz, 1H), 7.70 (d, J=9.0 Hz, 1H), 7.25 (t, J=8.0 Hz, 1H),
7.13 (d, J=8.0 Hz, 2H), 6.78 (dd, J=12.4, 7.2 Hz, 3H),
1.54 (s, 9H); *C NMR (100 MHz, CDCl3) 6: 162.6, 145.8,
134.6, 131.4, 129.4, 126.0, 125.9, 123.6, 117.5, 112.9,
104.0, 34.0, 30.4; IR (KBr) v: 3044, 2930, 1649, 1490,
1467, 1059, 800 cm '; HRMS (ESI) caled for Cj7Hs-
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CIN,S [M+H]": 317.0874, found 317.0872.

20T -3 (4- A 2L )-7- F BE KPR I [ 1,2-a ] L i
G 722 80%. 'H NMR (400 MHz, CDCl5) 6: 7.99 (d,
J=6.8 Hz, 1H), 7.45 (s, 1H), 6.85 (dt, J=13.4, 8.4 Hz,
4H), 6.61 (d, J=6.8 Hz, 1H), 2.37 (s, 3H), 1.53 (s, 9H);
C NMR (100 MHz, CDCl3) 6: 162.2, 161.1 (d, J=245.2
Hz), 146.1, 136.9, 131.3 (d, J=3.1 Hz), 126.4 (d, J=7.8
Hz), 122.8, 116.4, 116.1 (d, J=15.5 Hz), 115.2, 103.8,
33.9, 304, 21.2; IR (KBr) v: 3048, 2936, 1628, 1506,
1425, 1126, 698 cm ™ '; HRMS (ESI) caled for CigH,0FN,S
[M+H]": 315.1326, found 315.1322.

2-RT FE-3-(2- W AR 2 IR T 2 )-7- HY BRI 9 [1,2-a]
HE3K): 773 75%. '"H NMR (400 MHz, CDCL3) 6: 7.95
(d, J=6.8 Hz, 1H), 7.45 (s, 1H), 7.02 (t, J=7.6 Hz, 1H),
6.83 (d, J=8.0 Hz, 1H), 6.62 (t, J=7.6 Hz, 1H), 6.54 (d,
J=6.8 Hz, 1H), 6.11 (d, J=7.6 Hz, 1H), 3.91 (s, 3H), 2.34
(s, 3H), 1.53 (s, 9H); “C NMR (100 MHz, CDCl3) o:
162.4, 155.5, 146.2, 136.6, 126.1, 124.6, 124.3, 123.1,
121.3, 115.8, 114.9, 110.5, 102.5, 55.7, 33.8, 30.4, 21.1; IR
(KBr) v: 3046, 2929, 1620, 1466, 1414, 1138, 702 cm ';
HRMS (ESI) caled for CoH»3N,0S [M+H]': 327.1526,
found 327.1523.

3-(4- IR BR I )-7- F JE K M IF [ 1,2-a] e (3D, 77
% 86%. 'H NMR (400 MHz, CDCl;) d: 8.00 (d, J=6.8
Hz, 1H), 7.92 (s, 1H), 7.45 (s, 1H), 7.11 (d, J=8.4 Hz,
2H), 6.89 (d, J=8.4 Hz, 2H), 6.66 (d, J=6.8 Hz, 1H), 2.38
(s, 3H); *C NMR (100 MHz, CDCl;) §: 142.4, 137.3,
134.1, 131.9, 129.2 (2C), 127.2 (2C), 123.2, 116.6, 115.8,
21.2; IR (KBr) v: 3048, 2932, 1648, 1500, 1467, 1420,
1124, 698 cm ™ '; HRMS (ESI) calcd for Ci4H;>CIN,S [M+
H]': 275.0404, found 275.0401.

7-5-3-(4- SRR L) KR I [1,2-a ] L 0E 3m)!™): 7=
# 79%. '"H NMR (400 MHz, CDCl;) d: 8.21 (s, 1H), 7.99
(s, 1H), 7.64 (d, J=9.6 Hz, 1H), 7.25 (d, J=9.6 Hz, 1H),
7.15 (d, J=8.0 Hz, 2H), 6.93 (d, J=8.0 Hz, 2H); "*C
NMR (100 MHz, CDCLy) o: 146.4, 143.2, 133.1, 132.5,
129.5,127.6, 127.5, 122.1, 121.9, 118.6, 111.2; IR (KBr) v:
3049, 2918, 1645, 1489, 1406, 770 cm '; HRMS (ESI)
caled for C;3HyCLN,S [M + H] *: 294.9858, found
294.9853.

718 -3-(4- SR B 3 ) K e 5 [1,2-a] L BE (3m)! ¥ 7=
# 78%. "H NMR (400 MHz, CDCl3) 6: 8.32 (s, 1H), 7.98
(s, 1H), 7.59 (d, J=9.4 Hz, 1H), 7.35 (d, J=9.2 Hz, 1H),
7.17 (d, J=8.2 Hz, 2H), 6.93 (d, /=82 Hz, 2H); "*C
NMR (100 MHz, CDCLy) d: 143.1, 133.1, 132.6, 129.7,
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129.5 (2C), 127.6 (2C), 124.3, 118.9, 108.5; IR (KBr) v:
3046, 2933, 1626, 1502, 1459, 1425, 1132, 699 cm ';
HRMS (ESI) calcd for C,3sHyBrCIN,S [M+H]": 338.9353,
found 338.9350.

7-5-3-(A- SRR BRI K[ 1,2-a] L BE (30)'™: P2
7222 76%. '"H NMR (400 MHz, CDCl3) J: 8.24 (s, 1H),
7.99 (s, 1H), 7.63 (d, J=9.4 Hz, 1H), 7.23 (d, J=9.4 Hz,
1H), 7.10~6.99 (m, 2H), 6.98~6.79 (m, 2H); *C NMR
(100 MHz, CDCl;) 6: 161.7 (d, J=247.0 Hz), 146.3,
142.9, 129.4 (d, J=3.3 Hz), 128.7 (d, J=8.1 Hz), 127.4,
122.0, 121.8, 118.5, 116.5 (d, J=22.3 Hz), 112.1; IR
(KBr) v: 3052, 2928, 1628, 1514, 1403, 1136, 708 cm ';
HRMS (ESI) caled for C3HyCIFN,S [M—+H]": 279.0154,
found 279.0152.

7-G-3-(2- F AR ) K M - [1,2-a] Rk e 3p) '™ 7=
# 73%. "H NMR (400 MHz, CDCl5) d: 8.23 (s, 1H), 8.02
(s, 1H), 7.68 (d, J=9.2 Hz, 1H), 7.37 (d, J=7.8 Hz, 1H),
7.30 (d, J=8.8 Hz, 1H), 7.09 (t, J=7.6 Hz, 1H), 6.99 (t,
J=17.6 Hz, 1H), 6.37 (d, J=7.6 Hz, 1H); *C NMR (100
MHz, CDCly) &: 143.8, 134.1, 131.2, 130.1 (2C), 127.8,
127.5, 127.2, 126.2 (2C), 122.3, 122.1, 118.7; IR (KBr) v:
3038, 2915, 1628, 1500, 1456, 1408, 1122, 700 cm ';
HRMS (ESI) caled for CisHyCLN,S [M+H]": 294.9858,
found 294.9852.

6- 2 L3 (R AR ) WK IR [ 1,2-a]HE I (B )™
7228 80%. "H NMR (400 MHz, CDCl5) J: 8.24~8.14 (m,
2H), 8.05 (s, 1H), 7.62 (d, J=9.2 Hz, 1H), 7.44~7.38 (m,
2H), 7.37 - 7.31 (m, 1H), 7.22~7.17 (m, 2H), 7.15 (dd,
J=9.0, 1.6 Hz, 1H), 7.11 (dd, J=8.4, 6.4 Hz, 1H), 7.02~
6.97 (m, 2H), 2.27 (s, 3H); *C NMR (100 MHz, CDCl5) §:
151.3, 146.2, 135.6, 133.6, 129.8, 129.5, 128.5, 128.4,
128.3, 125.9, 125.5, 123.0, 122.2, 117.0, 105.7, 18.4; IR
(KBr) v: 3041, 2926, 2834, 1636, 1455, 1417, 1336, 1025
cm '; HRMS (ESI) caled for C,H;;N,S [M+H]":
317.1107, found 317.1103.

3-(4- SR 52 )-2-(4- B R B ) K W 9 [1,2-a] Mt g
@B 722 75%. '"H NMR (400 MHz, CDCly) d: 8.19~
8.13 (m, 2H), 8.02 (s, 1H), 7.63 (d, J=8.8 Hz, 1H), 7.46~
7.39 (m, 2H), 7.36 (ddd, J=7.2, 3.6, 1.2 Hz, 1H), 7.21~
7.15 (m, 3H), 6.94~6.88 (m, 2H), 2.31 (s, 3H); °C NMR
(100 MHz, CDCLy) ¢: 151.5, 146.3, 134.1, 133.3, 131.9,
130.0, 129.6, 128.6, 128.5, 128.2, 126.7, 123.2, 122.0,
117.1, 105.1, 18.4; IR (KBr) v: 3038, 2926, 1622, 1488,
1328, 1026 cm '; HRMS (ESI) caled for CyoH sCIN,S
[M+H]": 351.0717, found 351.0711.
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