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Synthesis of Mutisubstituted Dihydropyridino[1,2-a]benzimidazole
Derivatives via Tandem Reaction of 2-Arylbenzimidazoles

Guo, Yuyu Chen, Xiangjie Li, Shiwu™* Cai, Zhihua  He, Lin™
(School of Chemistry and Chemical Engineering, Shihezi University, Shihezi, Xinjiang 832000)

Abstract A new one-pot method for the synthesis of dihydropyridino[1,2-a]benzimidazole derivatives has been developed.
Under the mediation of base and oxidant, mutisubstituted dihydropyridino[1,2-a]benzimidazoles were obtained in 38%~85%
yieldsand 4 : 1to >25 : 1 d.r through a tandem intermolecular Michael addition/intramolecular Michael addition/ oxidative
dehydrogenation process of 2-arylbenzimidazoles. The structures of these products were characterized by '"H NMR, *C NMR,
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HRMS, IR and single-crystal X-ray analysis.
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Figure 1 Pyrido[1,2-a]benzimidazole molecules with biological
activity

1 &R511R

WK 1 foR, &8 2-95 5 LJH R IEKME(12) AR
JRPIXS R B AF AT T AR, B S, BAPY MK (THF)
R, MnO, AEEAT, 5 SEAS R RT3 e
(Entries 1~6). TELHLER KOH HIfEH T, KN LA 36%FH]
FERM>25 111 drfHS 2 BARFAY) 2a (Entry 1), 51
AHUE, a1 1,8- % M —8k-7-M(DBU). AUT BE
B(--BuOK). 1,5,7- =& 2% — ¥ [4.4.0]%%-5-1%(TBD). 1,5-
TR WIR[4.3.0] F-5-475(DBN) A AT A2 3 N R AT,
fF L DBN ABEE, ATLL 71%M0 72 AM1>25 0 1 /) d.rfd
BRI Y) 2a (Entry 5); A 1,4- %2 —3R[2.2.2]%
Ft(DABCO) NI, T HARMEE TS, ARz v
(Entry 6). F1-T R H A N A= I S b bk AU )
AR, DB T AT B R (Entries 7~
12). {5 #EAF], 41 HoOo. NaClO. KMnOsy Oas
KCIO; I}, [N RCRAEAR, (X5 BRIP4, 2Hff
H KoCr07 18, AT LA 51%H) 72 %453 21 H 457 #)(Entry 12).
FE G 126 AT RN, 8 A A 1 () S AR AN R AR 1
(Rt EHFR=4) 2a IR, AT B8 i T 5 i S A 77
ﬁﬁﬁ%@kmﬁiﬂ Tt AL, BT ROBIR AT T

i 36 . HR 2R AT HE AR 9 R N OB = 2R AR AIK (Entries 13,
14); 2 F - F R WE A (DMSO) R R I BV IR, BE DA
T6%IF= R A >25 1 1 W drfES 2= 2a (Entry 15).
HE— 501 HoAB VA7), 40 CH;CN. CHaClys N,N-—F3E
Bt (DMF). 1,2- & Z%¢(DCE), 1XHE L) 7 %
B3 E 77 ¥) 2a (Entries 16~19). F I, %&£ DMSO Ky
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Table 1 Optimization of reaction conditions

@EM @M
s}

base oxidant
solvent rt. 48 h

2a
Entry Solvent Base Oxidant  Yield’/% d.r.c
1 THF KOH MnO» 36 >2501
2 THF DBU MnO: 58 >2501
3 THF t-BuOK MnO: 37 >2501
4 THF TBD MnO: 66 >2501
5 THF DBN MnO: 71 >2501
6 THF DABCO MnO: N.R. /
7 THF DBN HxO» N.R. /
8 THF DBN NaClO 9 >2511
9 THF DBN KMnOg4 Trace /
10 THF DBN (0] Trace /
11 THF DBN KCl103 16 >2511
12 THF DBN K2Cr207 51 >2501
13 Toluene DBN MnO> Trace /
14 CH3O0H DBN MnO: 16 >2501
15 DMSO DBN MnO: 76 >2501
16 CH3CN DBN MnO: 65 >2501
17 CH2CL DBN MnO: 65 >2501
18 DMF DBN MnO: 67 >2501
19 DCE DBN MnO: 63 >2501
20 DMSO  DBN MnO2 83 >25:1
(15.0 equiv.)
21 DMSO  DBN MnO2 79 >25:1
(10.0 equiv.)
22 DMSO  DBN MnO: 77 >2511
(5.0 equiv.)
23 pmso | DBN MnO2 76 =251
(0. 5 equiv.) (15.0 equiv.)
2 pmso | DBN MnO2 71 =251
(1. 5 equiv.) (15.0 equiv.)
250 DMSO  DBN MnO: 56 >25:1

(15.0 equiv.)

© 2021 Chinese Chemical Society & SIOC, CAS

“ Reaction conditions: 1a (0.3 mmol), solvent (3.0 mL), base (1.0 equiv.),
oxidant (20.0 equiv.), r.t., 48 h; ? Isolated yield. ¢ The d.r values were deter-
mined by '"H NMR analysis of the crude product. ¢ The reaction temperature is
70 C.

FERRERGT A BAATIE T, #E—Pxt it
FUANGE ) AT 7. 2 MnO, AJEY) 1a ] 15
equiv., DBN A 1 equiv.B5, PG FTHEMN, DL 83%H =3
321 HAr/=¥) 2a (Entry 20); 25 MnO; [ &= R
1a 19 10 equiv.iif, P=F F[FZE 79% (Entry 21); 24 MnO,
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HE— LN 1a 1) 5 equiv., FERMPEFK, BL 77%
7= R 455 2a (Entry 22). Hfl [ Mg A2E, Higds
DBN [ FH i, B ARG Bl i mst i FH B 250 AN e 4 g S 1o
722 (Entries 23, 24). M7t m R NIRER] 70 CHY, F=%
BN 56% (Entry 25), XA RE&Z H T8 iR E 5 350 R
A%, [P N . R E T A 1a IRV
SN B AR A2 AR, L DBN (1.0 equiv.) A
B, MnO; (15.0 equiv.) N AL, DMSO (1.0 mL) A,
i N RV 48 h.

TEWHE T A S %A 5 (Table 1, Entry 22), ¥
JEVI I ESE AT T, S5 RREER 2 b HeE
ST 2-T5 5L L A IR I I I 5 5 S A T AR Xf
FEVIIREIE . 2 2- 07 Bk IR R DRI R M 5L 0 e B
AT LA A AR BE R, T DL 78% 1 84% [ Z R >25
1 1) dr 83 EIAI N K P=22b, 2¢). {HH3E 75 & B X7
HEA RS T, . NN RE R, RN
JEERERIAR, BAREIY) 2d 1 2e. BT ERIELE
DBN {ER FAEMRSRIE TR AR 7, T NN-—H
R EAT R T, X SR 2-97 5 20 R ke
R ()% FELME U R B, S RSB SR A OB BRI,
WEAREAE B H AR, AR IR EXRER R S
R FEE. SHETE. BRI TR, AL 38%~
80%IHI =R M >25 1 1 [ drft G2 Y(2f~2K). FHR
75 FEEAR R LA 38% 7= R 15 2 H ARr=4 2f, %It
HoAl pg REUCRY), 2 GO RE(TLC) B R R I Bk
FREI =%, SRR rE R, ST T
B b I e B A BUREER M I, SEER 5 R, AL
HA AR A MESERIN, BREDRLT R
>25 11 B drABAS EIFHRI =) (21~2n); 2 BRI
FITRMAELL TT%MP= R A >25 1 1 (1) drfEE37=Y)
20. UERNER HUREEHAINT, Bl 60%MIF=%F1 411 1)
drER R =Y 2p. BT PR R X B AL A P A T
M LU A g oy 5, BT AR R T A R AR S
W, HEW T 8 PR N AT AR 2 1) 2 () Az BEAE P 5 Bk
XTRRIEFEVE T, 2 2-BRK A 2R FRIR I Ay JFORHEE, BT
PL 85%[KIF= A >25 1 1 1) d.rAaB3 37 %) 2q. 4L g-
ZEIE IR R IFEURMEAE R, AT LA 55% 1 F= 2 il >
2501 [ drfEHEEF=Y) 2r. E— B2 T a-BEY . B-
WY . MEERE L P[RSR AR AT AR IR A ) RS, G A gy
R EYIREIRF RS20 28 A1 2¢, T 5 HL 1 FR AL g il
W) R AT 2B R I LR, AN BB A5 BB B P2 (2u, 2v).
e E F T A TR i AR, (R 3 B-ik )
oF HL M PR, AT ME LB R S5 A% SN R, R, 2R
T e R AR A I RIS 2 A I A L R B2, TLC
INRMARFE R, RO B H TR 2w AT 2x. HE
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B BRI R ARSI p-2, 72 DBN HIfERR
R BRI T 5 R AR RN, PR N R 2, AT
IR KR ).
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Figure 2  Single crystal X-ray structure of 2a

RN TIRFURNALEE, X 2-ZK3 20 A FF IR (1) 12
1T 7ML 7T, EAMBI KT, RNARE KA.
HEM1Z S B2 R A FEBURI/E T HE R N—H _E BRI
T, TERBA AR B AR T, 51K 5 S HR Rk
L. AEAINEA IR T, TLC IR EA B
FRr=4 2a (AR Rl AR B S AR R R IR ARG E, 7R 7E
AT F R A g e 3L 5T =4, TAE B AT )
AET, IR N AR R =Y. &, 22
TR 2-07 HE MR FFR M N—H H GRS, KR
PRI S T S, B SR A kAT g A, It
KRR B A=W 2y, 36 N — P UEsE 7K
YIRIsEE 5 N—H ERIB A4 Be KA — 8 I R )
i85 (Scheme 1).

BT B 45 R, 2 Scheme 2 PR
Al e MHLER: DBN AE NI, 65—+ 2-KE L
W AR TR S B, AR AT SRR R A B e R I
RSB TR 1 2-REE CIR IR IR I L B-
BRIEAT SRA% B, KA FIA] ) Michael J0 SR AR J%
SRIEIEENS | BRI | R NS e i s DY B Y R S
by, @it 1M Michael JNERSN, A= BFACR A ]
A TIL, A (R)4A TOE 35 OS2 A R o 1 e B4 TV, B
JEAEEA T I R AL I S A5 2 B bR 2a.

2 #R
ARIARIE T — M iR AR MEE I (1,2-a]
RIFKPERT A 757, £E DBN Al MnO, ITER T, 2-
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Table 2 Evaluation of substrate scope

DBN (1.0 equiv.)

N\>_(/_Ar ©:N\>_(/_A’ MnO, (15.0 equiv.)
+
N CN N CN DMSO, rt. 48 h
H H

2b, 78%, d.r. > 25:1 2c, 84%, d.r. > 25:1 2d, trace

H3;COOC OMe NO, MeO
2k, 50%, d.r. > 25:1 21, 74%, d.r. > 25:1 2m, 81%, d.r. > 25:1 2n, 47%, d.r. > 25:1 20, 77%, d.r. > 25:1

2p, 60%, d.r. = 4:1

0, . .
2q, 85%, d.r. > 25:1 2s, 45%, d.r. > 25:1 2t, 50%, d.r. > 25:1

2u, trace 2v, trace 2w, trace 2x, trace

@ Reaction conditions: 1 (0.3 mmol), DMSO (3.0 mL), DBN (0.3 mmol), MnO; (4.5 mmol), the d.r values were determined by 'H NMR analysis of the crude prod-
uct.
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C[prh . N\>_(/—F’h MnO, (15.0 equiv.)
N N N N DMSO, rt., 48 h
H H
1a 1a

Ph CN
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@[ X =N )
N N
H pr @

2a, yield = 0%

N Ph N Ph ;
@[ \>_(/— . @[ \>_(/— DBN (1.0 equiv.), N,
N oN N oN DMSO, r.t.,48 h
H H
1a 1a

Ph  CN
@ENSC —
AT
N N @
H pyf @

2a, yield = 0%
MnO, (15.0 equiv.)
C[prh . @ENMP*‘ DBN (1.0 equiv.)
N CN N CN DMSO, I'.t.,48 h
\ \
1y 1y
Ph CN
NNC )—
CrfN oy
N N
I pH
2y, yield = 0%

B 1 sl

Scheme 1 Control experiments
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Scheme 2 Possible reaction mechanism
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AFx Wi FEPE G AR T A E I [1,2-a) AR IR AL &
Y. SR EAER G B A L
Lo AR X M S SR R, B e BRI e 92K
FEBRIESI IR SISt TR T,

3 LIRS
3.1 UE5EFA

WRS-1B #!4% 4%, Bruker Avance 111 400 HD 4%
T HEARAIL(DMSO-ds NP7, TMS NP Fx); Bruker Vertex
70v L AMEREI(KBr | F); Thermo Scientific LTQ
Orbitrap XL 8553 ## )51 81X ; Bruker D8 Venture %! X 4f
R g at. FTA RIS e bk, BN I G
T BR/K AL L.
32 ZLWHE
321 R E R

JEA) 1a~ 1y FRHE SCHR[ 11~ 12] 75 14 &
322 RFFeRHEH[1,2-a]= EHIEAT A 09 AR,

FREUES 1a 73 mg (0.3 mmol) T 10 mL B,
eI 3 mL DMSO #H 584 #, BiJ5 0 DBN 37
uL (1.0 equiv.), FAERFEHMAB B L MnO, 521
mg (15.0 equiv.), =M 48 h (TLC W), smife ik
5, KR A TGS IE LR MnO,, FHH 15 mLAR & H b
VR IEVE =%, WEEIER, JFIMA 10 mL 1K, SRE%E
B, WA NI, B 10 mLARI/KEZR=K,
R Z RN DMSO, &AL, FHIJC/KBRER 8T 1,
B WAE, AR (300~400 H)HEH [N Z&H
FE) © V(M ER)=100 : 115 B AT 57 mg Al 1) 8 £ [
 2a. UAMHFETTEA LAY 2a~2¢, 2f~2t. 2K
SO JE g ) MnO, WiE, FKBEE, =R TR, 28
JEAES I Ll 5 C/min FHEEF RS 200 CF
Sike 5 h iR, PIIEIMEA, AEE TG R AR
fk.

2-(1H-ZE I [d] K e -2-3)-1,3- — 2K Bk -1,2- &R It
[4,5]PKME I [1,2-a] Mt E-2,4- —Hi5(2a): 57 mg B[ A,
723 83%. m.p. 310.8~311.2 C; 'H NMR (400 MHz,
DMSO-ds) d: 13.44 (s, 1H), 7.77~7.72 (m, 2H), 7.57~
7.43 (m, 12H), 7.30~7.22 (m, 4H), 6.90 (s, 1H); '*C NMR
(100 MHz, DMSO-ds) 0: 148.3, 147.3, 143.8, 143.5, 134.5,
134.4, 133.7, 131.8, 130.6, 129.8, 129.5, 128.7, 128.1,
125.7, 124.3, 120.9, 115.8, 114.4, 111.2, 108.7, 63.3, 53.1;
IR (KBr) v: 3061, 2921, 2236, 1618, 1595, 1447, 1270,
1005, 834, 738, 692 cm ™ '. HRMS (ESI) calcd for C3,H, N
[M+H]" 489.1822, found 489.1826.

2-(LH-E - [d] ke -2-HE)-1,3- -0 L1 2- — %

Chin. J. Org. Chem. 2021, 41, 3692~3700
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K IF[4, 510K FE[1,2-a] M IE-2,4- —F5(2b): 60 mg F [
%, P5E 78%. m.p. 279.6~280.0 ‘C; 'H NMR (400
MHz, DMSO-ds) 6: 13.44 (s, 1H), 7.78~7.64 (m, 3H),
7.45~7.39 (m, 5H), 7.35~7.33 (m, 2H), 7.24~7.22 (m,
6H), 6.86 (s, 1H), 2.34 (s, 3H), 2.26 (s, 3H); '3C NMR
(100 MHz, DMSO-ds) 0: 148.1, 147.0, 143.3, 143.2, 141.6,
139.7, 1332, 131.3, 131.1, 129.8, 129.6, 128.3, 127.6,
125.1, 123.8, 120.4, 115.5, 114.2, 110.8, 107.5, 62.8, 52.8,
21.1, 20.8; IR (KBr) v: 3061, 2920, 2238, 1702, 1612,
1508, 1435, 1271, 1191, 1124, 1070, 1017, 819, 746, 609
cm . HRMS (ESI) caled for C3HysNg [M+ H] '
517.2135, found 517.2141.

2-(LH-ZE FF[d] R M -2-3E)-1,3-X0 (4- FH AR 4 36 )-1,2-
TEATEIE[4, 5 KT 1,2-a] M NE-2,4- —fi5(2¢): 69 mg FE
E AR, 773 84%. m.p. 201.7~202.4 “C; '"H NMR (400
MHz, DMSO-ds) 6: 13.41 (s, 1H), 7.81~7.40 (m, 8H),
736~7.17 (m, 4H), 7.16~6.90 (m, 4H), 6.85 (s, 1H),
3.80 (s, 3H), 3.72 (s, 3H); 3C NMR (100 MHz, DMSO-ds)
5: 161.6, 160.3, 147.8, 147.1, 143.4, 143.3, 142.3, 133.1,
130.3, 129.1, 126.2, 125.9, 124.9, 123.7, 120.3, 115.7,
114.5, 114.4, 110.7, 106.5, 62.5, 55.5, 55.1, 52.9; IR (KBr)
v: 3062, 2832, 2231, 1709, 1601, 1512, 1441, 1258, 1178,
1028, 840, 746, 539 cm'. HRMS (ESI) calcd for CaqHas-
NeO;Na [M+Na]" 571.1853, found 571.1858.

2-(LH-ZE FF[d] kM -2-3)-1,3- X0 (- K 3 )-1,2- &
ZRFF[4,5]KMEFE[1,2-a] b mE-2,4- [ (2f): 30 mg F 4[]
A, FE 38%. m.p. 285.3~286.1 ‘C; 'H NMR (400
MHz, DMSO-ds) 6: 13.60 (s, 1H), 8.69 (s, 1H), 8.50 (s,
1H), 8.44~8.39 (m, 1H), 8.34~8.28 (m, 1H), 8.02~7.97
(m, 1H), 7.92~7.81 (m, 3H), 7.78~7.58 (m, 3H), 7.53~
7.48 (m, 1H), 7.34~7.22 (m, 5H); 3C NMR (100 MHz,
DMSO-ds) d: 147.8 (d, J=3.0 Hz), 145.9, 144.0, 143.3,
142.3, 135.0, 134.8, 134.3 (d, J=246.9 Hz), 133.5, 133.1,
131.6, 131.2, 126.1, 125.8, 1252, 124.3, 123.8, 123.3,
122.8,120.8, 119.8, 115.0, 113.5, 112.5, 110.8, 110.4, 61.5,
52.2; IR (KBr) v: 3080, 2199, 1701, 1618, 1528, 1439,
1356, 1278,1102, 1003, 805, 744, 682 cm™ . HRMS (ESI)
caled for C3Hi;sFoNgNa [M + Na]© 547.1453, found
547.1459.

2-(1H-EFF[d] R mE-2-35)-1,3- XU (4-F K FE)-1,2- &
EFE[4,5TKMEF[1,2-a] L mE-2,4- 5 (2g): 62 mg 5 (0[]
i, PR 74%. mp. 236.2~236.9 ‘C; 'H NMR (400
MHz, DMSO-ds) d: 13.46 (s, 1H), 8.01~7.40 (m, 12H),
7.34~7.11 (m, 4H), 6.97 (s, 1H); 3C NMR (100 MHz,
DMSO-ds) J: 146.4, 146.1, 143.3, 142.7, 136.3, 135.0,
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133.1, 132.9, 132.8, 130.2, 129.7, 129.4, 129.3, 125.4,
124.0, 120.6, 1152, 113.7, 110.8, 108.9, 62.0, 52.4; IR
(KBr) v: 3095, 2926, 2231, 1624, 1496, 1432, 1336, 1263,
1094, 1012, 884, 843, 751, 514 cm™!. HRMS (ESI) calcd
for C3,HsC1,NgNa [M~+Na]" 579.0862, found 579.0869.

2-(1H-ZE I [d] R ME-2-35)-1,3- XU (4-TR K FE)-1,2- &
AKFF[4,5]PKME I 1,2-a] L IE-2,4- —JfE(2h): 77 mg 3 (A
&, 77% 80%. m.p. 227.4~228.3 ‘C; 'H NMR (400
MHz, DMSO-ds) 6: 13.47 (s, 1H), 7.81~7.74 (m, 3H),
7.68~7.53 (m, 6H), 7.49~7.43 (m, 3H), 7.30~7.22 (m,
4H), 6.95 (s, 1H); 3C NMR (100 MHz, DMSO-dq) o
146.4, 146.2, 143.3, 1427, 133.2, 133.2, 133.1, 132.4,
132.3, 130.4, 130.0, 125.5, 125.3, 124.1, 123. 8, 120.6,
115.2, 113.8, 110.8, 108.8, 62.1, 52.3; IR (KBr) v: 3067,
2926, 2231, 1624, 1496, 1432, 1336, 1263, 1094, 1012,
884, 843, 751, 514 cm™'. HRMS (ESI) caled for CsHjs-
Br,NgNa [M+Na]" 666.9852, found 666.9859.

2-(1H-ZEFF[d] R mE-2-3E)-1,3- X (4- B A )-1,2-
SR I[4,51KME IR [ 1,2-a] b iE-2,4- —fiF(2): 48 mg & (R
AR, 723 60%. m.p. 245.6~246.2 ‘C; 'H NMR (400
MHz, DMSO-ds) 6: 13.49 (s, 1H), 8.04~7.99 (m, 2H),
7.92~7.87 (m, 2H), 7.84~7.74 (m, 3H), 7.69~7.53 (m,
4H), 7.46~7.41 (m, 1H), 7.28~7.19 (m, 4H), 7.07 (s,
1H); *C NMR (100 MHz, DMSO-ds) J: 146.0, 144.7,
143.4, 142.3, 138.8, 1382, 133.4, 133.2, 129.4, 129.0,
125.8, 124.3, 120.8, 118.1, 118.0, 115.0, 113.9, 113.5,
113.2, 110.9, 110.1, 62.1, 51.9; IR (KBr) v: 3060, 2994,
2923, 2847, 2232, 1604, 1428, 1263, 1055, 1022, 819, 752,
559 ¢cm '. HRMS (ESI) caled for C34H sNgNa [M+Na]"
561.1547, found 561.1552.

2-(1H- 25 I [d] WK M -2 )-1,3- B (4-( = 98 1 3 ) 2
58)-1,2- “E IR FF[4,5] 0K ME I [1,2-a] L IE -2,4- —fiF (2)):
66 mg FHOEE, 77K 70%. mp. 267.8~268.3 C; 'H
NMR (400 MHz, DMSO-ds) J: 13.54 (s, 1H), 7.99~7.92
(m, 2H), 7.90~7.79 (m, 5H), 7.78~7.68 (m, 3H), 7.65~
7.56 (m, 1H), 7.55~7.45 (m, 1H), 7.35~7.23 (m, 4H),
7.14 (s, 1H); *C NMR (100 MHz, DMSO-ds) &: 146.1,
145.3, 143.3, 142.4, 138.2, 137.8, 135.1, 133.2, 130.8 (q,
J=32.0 Hz), 129.4, 128.9, 126.4, 126.3, 126.2, 125.7,
1242, 123.8 (q, J=270.0 Hz), 123.7 (q, J=270.0 Hz),
122.8, 120.7, 119.7, 114.9, 113.5, 112.5, 110.8, 109.8,
62.0, 52.1; IR (KBr) v: 1761, 1688, 1635, 1546, 1519,
1487, 1465, 1386, 1336, 1320, 1234 cm™'. HRMS (ESI)
caled for CiHisFsNgNa [M + Na]* 647.1389, found
647.1393.
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TR R4 4-Q-(1H-HE 3 [d) R ME-2-98)-2,4- —E U k-
1,2- SR H[4,5]K I FE[1,2-a] Mk BE-1,3- 2 3%) 2K F R
fig (2k): 45 mg ¥ B[R, 2% 50%. mp. 148.0~
148.8 ‘C; 'H NMR (400 MHz, DMSO-ds) d: 13.55 (s,
1H), 8.12~7.99 (m, 4H), 7.84~7.55 (m, 7H), 7.50~7.40
(m, 1H),7.35~7.18 (m, 4H), 7.08 (s, 1H), 3.94~3.75 (m,
6H); *C NMR (100 MHz, DMSO-d¢) J: 165.5, 165.4,
146.2, 143.3, 142.6, 1423, 138.4, 138.2, 135.0, 133.1,
131.9, 131.2, 130.1, 129.8, 128.9, 128.3, 125.5, 124.1,
1227, 120.6, 119.7, 114.9, 113.6, 112.5, 110.7, 109.4,
62.2,52.5,52.4,52.2; IR (KBr) v: 1708, 1688, 1676, 1630,
1545, 1496, 1455, 1408, 1329, 1320, 1237, 1178, 594, 556,
542 cm !. HRMS (ESI) calcd for C3gHxaN¢OsNa [M—+
Na]" 627.1751, found 627.1759.

2-(LH-ZE FF[d] kM -2-3)-1,3-X0 (3- FH AR 4 36 )-1,2-
TEATEIE[4, 5 KT 1,2-a] M NE-2,4- B QD): 61 mg
EAR, 723 74%. m.p. 296.0~296.8 C; 'H NMR (400
MHz, DMSO-ds) 6: 13.41 (s, 1H), 7.80~7.54 (m, 3H),
7.51~7.42 (m, 2H), 7.39~7.11 (m, 7H), 7.10~6.94 (m,
4H), 6.88 (s, 1H), 3.78 (s, 3H), 3.73 (s, 3H); *C NMR
(100 MHz, DMSO-ds) 6: 159.2, 159.1, 147.6, 146.7, 143.3,
1429, 135.4, 135.1, 133.3, 130.8, 130.5, 125.2, 123.9,
120.5, 120.2, 118.7, 116.2, 1152, 115.0, 114.6, 114.3,
113.8, 110.9, 108.2, 62.7, 55.3, 55.2, 52.6; IR (KBr) v:
3078, 2925, 2859, 2221, 1602, 1574, 1488, 1450, 1436,
1293, 1227, 1041, 751, 694 cm™'. HRMS (ESI) calcd for
C34H24N4O,Na [M+Na]" 571.1853, found 571.1859.

2-(1H-K I [d]kmE-2-35)-1,3- XU (3- 5 K 3E)-1,2- &
K IF[4, 510K TE[1,2-a] M IE-2,4- 5 (2m): 68 mg F5 {1 [
%, P7& 81%. m.p. 207.9~208.6 ‘C; 'H NMR (400
MHz, DMSO-ds) 6: 13.48 (s, 1H), 7.89 (s, 1H), 7.82~7.77
(m, 1H), 7.74~7.63 (m, 3H), 7.62~7.40 (m, 6H), 7.39~
720 (m, 5H), 6.95 (s, 1H); *C NMR (100 MHz,
DMSO-ds) J: 146.3, 1452, 143.3 142.4, 136.1, 135.7,
133.6, 133.5, 133.1, 131.7, 131.3, 131.2, 130.2, 128.6,
128.0, 126.9, 125.6, 125.5, 124.0, 120.6, 115.0, 113.6,
110.8, 109.4, 62.0, 52.3; IR (KBr) v: 3063, 2239, 1600,
1559, 1431, 1272, 1119, 1022, 797, 740, 679, 612 cm .
HRMS (ESI) caled for C;HisCl:2NgNa [M + Na] *
579.0862, found 579.0869.

2-(1H-FE[d] R mE-2-FE)-1,3- X (3-Fil FE A L) -1,2-
AORH[4,5]KMEFE[1,2-a] ML RE-2,4- 5 (2n): 41 mg B
B4R, P2% 47%. m.p. 201.8~202.3 C; 'H NMR (400
MHz, DMSO-ds) 6: 14.49 (s, 1H), 7.86~7.53 (m, 9H),
7.48~7.39 (m, 2H), 7.37~7.12 (m, 6H); '*C NMR (100
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MHz, DMSO-ds) : 164.8, 164.1, 162.3, 161.6, 143.2,
1429, 133.1, 131.3, 1312, 130.6, 130.4, 130.3, 130.0,
125.3, 123.9, 120.4, 116.3, 116.1, 115.2, 113.9, 110.8,
108.0, 60.6, 52.6; IR (KBr) v: 3074, 2995, 2230, 1692,
1598, 1516, 1425, 1237, 1159, 1020, 853, 763, 744, 534
cm '. HRMS (ESI) caled for C3;H;sNgO;Na [M+Na]®
601.1343, found 601.1350.

2-(1H-ZK I [d] Wk e -2- B )-1,3- X (3,4- — FH 4 2
F)-1,2- A K IF[4, 510K MEFE[1,2-a] ML BE -2,4- i (20):
70 mg OB, P2 77%. mp. 215.2~2159 C; 'H
NMR (400 MHz, DMSO-ds) J: 13.34 (s, 1H), 7.78~7.52
(m, 3H), 7.50~7.44 (m, 1H), 7.32 (s, 1H), 7.28~7.18 (m,
5H), 7.15~7.08 (m, 2H), 7.0~6.94 (m, 2H), 6.86 (s, 1H),
3.80 (s, 6H), 3.72 (s, 3H), 3.70 (s, 3H); *C NMR (100
MHz, DMSO-ds) 8: 151.4, 149.8, 148.4, 1483, 147.9,
1472, 143.4, 133.3, 126.1, 125.9, 124.9, 123.7, 122.1,
120.3, 119.5, 115.8, 114.5, 112.2, 112.1, 112.0, 111.8,
110.9, 106.4, 62.9, 55.7, 55.7, 55.4, 52.9; IR (KBr) v:
3068, 2933, 2832, 2238, 1595, 1524, 1459, 1418, 1335,
1270, 1153, 1017, 841, 804, 740, 603 cm '. HRMS (ESI)
caled for CssHasN¢OsNa [M+ Na]”™ 631.2064, found
631.2069.

2-(1H-ZE I [d] R mE-2-38)-1,3- X0 (2- A K 3 )-1,2- — A
R [4,51 KM [1,2-a] b mE-2,4- —fEQ@p) A1 2-(1H-#FF
[d] WK P -2-58)-1,3- X0 (2- AR KR )-1,2- K IF[4,5] WK e
F[1,2-a]tmE-2,4-— H 5 (2p"): 50 mg #HOEE, A
g4k 2p A1 2p', E7EFE 60%. 'H NMR (400 MHz,
DMSO-ds) d: 13.36 (s, 1H), 13.02 (s, 1H), 7.90~7.80 (m,
4H), 7.74~7.65 (m, 4.6H), 7.61~7.52 (m, 3H), 7.50~
7.44 (m, 2.3H), 7.40~7.34 (m, 3.3H), 7.33~7.24 (m,
5.7H), 7.18~7.12 (m, 1.8H), 7.10 (s, 1H), 7.07~7.02 (m,
1.2H) , 6.88~6.81 (m, 1.2H); '3C NMR (100 MHz,
DMSO-ds) 6: 143.9 (2p), 142.9 (2p), 133.8 (2p), 133.7
(2p"), 133.6 (2p), 133.2 (2p), 133.1 (2p), 132.8 (2p"),
132.5 (2p), 132.4 (2p), 132.1 (2p"), 131.9 (2p), 130.8 (2p),
130.6 (2p), 129.4 (2p), 128.8 (2p), 128.7 (2p), 128.4 (2p),
128.1 (2p"), 126.3 (2p"), 126.1 (2p), 124.7 (2p), 121.4
(2p"), 121.2 (2p), 114.1 (2p), 113.2 (2p), 112.0 (2p), 110.9
(2p), 60.0 (2p), 52.5 (2p), 52.0 (2p"); IR (KBr) v: 3180,
3062, 2245, 1613, 1579, 1476, 1437, 1334, 1271, 1041,
831, 742 cm . HRMS (ESI) caled for C;H;sCbNgNa
[M+Na]" 579.0862, found 579.0869.

1,3- 7 ([1,1'-BE 2K ]-4-38)-2-(1 H- 25 3F [d] Wk M -2- 3 )-
1,2- & [4,5] 8K e I [1,2-a] L IE -2,4- — 5 (2q): 82
mg ¥ A E K, 773 85%. m.p. 302.1~302.9 C; 'HNMR
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(400 MHz, DMSO-ds) J: 13.56 (s, 1H), 7.91~7.84 (m,
2H), 7.83~7.61 (m, 13H), 7.58~7.52 (m, 1H), 7.51~
7.41 (m, 4H), 7.41~7.33 (m, 2H), 7.32~7.18 (m, 4H),
7.06 (s, 1H); 3C NMR (100 MHz, DMSO-ds) J: 147.4,
146.9, 143.4, 143.1, 142.9, 141.6, 138.9, 138.6, 133.2,
133.0, 132.9, 129.1, 129.0, 128.4, 128.0, 127.4, 127.1,
126.8, 126.7, 125.3, 123.9, 120.5, 115.6, 114.1, 110.8,
108.0, 62.6, 52.7; IR (KBr) v: 3050, 2925, 2850, 2220,
1765, 1725, 1605, 1493, 1458, 1422, 1275, 1123, 1003,
855, 744, 695, 508 c¢cm !'. HRMS (ESI) caled for
CasH2sNgNa [M+Na]" 663.2268, found 663.2271.

2-(1H-ZE I [d] Wk ME-2-FE)-1,3- 2 (ZE-2-3)-1,2- — &
HIF[4, 510K TE[1,2-a] M IE-2,4- —F5(2r): 49 mg F [
&, PAE 55%. m.p. 200.2~201.0 C; 'H NMR (400
MHz, DMSO-ds) 6: 13.60 (s, 1H), 8.38 (s, 1H), 8.33 (s,
1H), 8.12~7.88 (m, 6H), 7.85~7.64 (m, 4H), 7.63~7.47
(m, 6H), 7.37~7.19 (m, 4H), 7.15 (s, 1H); 3C NMR (100
MHz, DMSO-ds) d: 147.8, 147.0, 143.4, 143.1, 133.7,
133.4, 133.3, 132.5, 132.1, 131.7, 131.6, 129.5, 129.2,
128.7, 128.5, 128.3, 128.0, 127.8, 127.7, 127.4, 127.3,
126.9, 1252, 124.4, 124.1, 123.9, 120.5, 115.5, 114.3,
110.8, 108.5, 63.4, 52.7; IR (KBr) v: 3064, 2914, 2196,
1700, 1600, 1510, 1454, 1426, 1276, 1196, 1130, 1074,
825, 750, 478 cm !. HRMS (ESI) caled for CqHsNgNa
[M-+Na]" 611.1955, found 611.1960.

2-(1H-ZK - [d] WK e -2- 35 )-1,3- — (MEMy-2-FE)-1,2-
AR [4,5]KMEFE[1,2-aMERE-2,4- 15 (25): 34 mg B fh
B4R, 722 45%. m.p. 211.8~212.5 ‘C; 'H NMR (400
MHz, DMSO-ds) d: 13.40 (s, 1H), 8.03 (d, J=4.7 Hz, 1H),
7.78~7.45 (m, 8H), 7.36~7.21 (m, 5H), 7.10~7.03 (m,
1H); 3C NMR (100 MHz, DMSO-d¢) J: 145.6, 143.4,
142.6, 142.4, 141.1, 135.8, 134.8, 134.4, 133.2, 132.8,
132.6, 130.7, 128.6, 128.3, 127.1, 125.5, 124.1, 122.7,
120.5, 119.5, 115.5, 114.1, 112.4, 110.9, 106.2, 59.3, 53.4;
IR (KBr) v: 3107, 2926, 2852, 2236, 1768, 1718, 1560,
1415, 1338, 1247, 1038, 938, 856, 811, 738, 611 cm ..
HRMS (ESI) caled for CisHisNeS:Na [M + Na] *
523.0770, found 523.0778.

2-(1H-ZK H-[d] WK e -2-FE)-1,3- - (MEWY-3-FE)-1,2-
ORI [4,5]0KMEFE[1,2-a] ML RE-2,4- 5 (2t): 38 mg Bifh
B4R, 2% 50%. m.p. 197.1~197.9 C; 'H NMR (400
MHz, DMSO-ds) 0: 13.34 (s, 1H), 8.28 (dd, J=2.9, 1.4
Hz, 1H), 7.98 (dd, J=2.8, 1.3 Hz, 1H), 7.79~7.65 (m,
3H), 7.62~7.50 (m, 3H), 7.37~7.16 (m, 6H), 7.12 (s,
1H); 3C NMR (100 MHz, DMSO-d¢) J: 146.7, 143.3,
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142.8, 142.4, 134.8, 134.7, 134.2, 133.3, 130.8, 128.4,
128.1, 127.1, 127.0, 126.1, 125.1, 123.9, 123.7, 122.6,
120.3, 119.5, 115.7, 114.4, 112.4, 110.7, 106.3, 58.9, 51.8;
IR (KBr) v: 3101, 2928, 2853, 2235, 1730, 1445, 1272,
1127, 841, 799, 752 cm '. HRMS (ESI) calcd for
CasH16N6S:Na [M+Na]" 523.0770, found 523.0777.

#H B#1 KL (Supporting Information) L&) 2a 55
GRS AL &Y TH NMR AT 3C NMR % E. X
LA sl ] DA 4 2 AR T 35 (http://sioc-journal. en/) R
#.
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