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A Domino Reaction for the Selective Synthesis of Functionalized
Benzo[b][1,4]diazepines

Sun, Yuewei Zhou, Laiyun Wang, Lanzhi*
(College of Chemistry & Material Science, Hebei Normal University, Shijiazhuang, 050024)

Abstract 12 novel substituted 3,4-diethoxycarbonyl-2-(thiazol-2-yl)benzo[b][1,4]diazepines were obtained via a domino
sequence of a nucleophilic addition/dehydration/cyclization/H" shift. These reactions were achieved by reacting substituted
1,2-phenylenediamines, 2-thiazolecarboxaldehyde with diethyl acetylenedicarboxylate in EtOH. Benzo[b]-[1,4]diazepines of
the two structures of imine structure and enamine structure were found in this reaction process due to chem-/regio-selectivity.
The influence of reaction conditions on the selectivity of target products was also studied in detail. The selectivity law of syn-
thesis reaction was obtained, and the yield of single product was maximized. A simple synthesis strategy for the selective syn-
thesis of benzo[b][1,4]diazepines was provided. To understand the reaction mechanism and further prove the conclusion,
quantum chemical calculations were performed, and density functional theory (DFT) studies based on B3LYP method and
6-31G basis set were employed to carry out the study. Natural bond orbital (NBO) charge analysis of the substituted
1,2-phenylenediamine was carried out to justify the selective attack at the nucleophilic centers. NBO charge analysis of the
target compounds was carried out to explain the stability of benzo[b][1,4]diazepine isomers with imine or enamine structure.
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Moreover, the plausible reaction mechanism was proposed.

Keywords benzo[b][1,4]diazepine; synthesis; selectivity; mechanism; density functional theory (DFT)
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Scheme 1 Synthesis of benzo[b][1,4]diazepines III and IV via
domino reactions
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Table 1 Effect of reaction conditions on selectivity of IIla and IVa
S/\ (SR
N COOEt OHC\(S H N H N
©:NH2 + |‘| + ,11‘/7 - @[N /) —COOEt  + @[N/ COOEt
la COOEt H COOEt COOEt
llla IVa
Entry Solvent Catalyst Temperature/‘C Time/h Illa : IVa Yield®/%

1 EtOH p-TsoH" 25 1.5 83:17 23

2 EtOH Free 25 3.0 77123 58

3 EtOH Et;N“ 25 3.5 6733 88

4 EtOH DBU 25 3.5 70 330 73

5 EtOH K,CO; 25 3.5 66 : 34 60

6 EtOH C,H;ONa 25 3.5 69 : 31 75

7 EtOH Et;N“ 25 0.5 34 66 74

8 EtOH Et;N? 25 2.0 49 : 51 62

9 EtOH Et;N¢ -10 3.5 29 : 71 43

10 EtOH Et;N? 0 3.5 31:69 42

11 EtOH Et;N“ 50 2.0 69 : 31 64

12 EtOH Et;N? 0 0.5 27173 89

13 MeOH Et;N“ 25 3.5 66 : 34 89

14 CH;CN Et;N? 25 3.5 57143 78

15 (CH,Cl), Et;N¢ 25 3.5 53 .47 67

16 Et,0 Et;N? 25 3.5 49 : 51 39

17 Et,0 Et;N“ 50 3.5 50 : 50 41
¢ RN A 1 mmol AFZE %, 1 mmol MEME-2- HIEE, 1 mmol Z.6 — HER — .18, 2 mL &7, ToH B M. 2 b A4 1la A1 1Va (14 B 7% 5 SR © 5 mol%. ¢ 0.05
mL.
). N EREE, Wk 3 Fos. ffEEE T Es N
112 R B JEMT BARL A4 = E b %ok AN B G, (H, 3R EERIEX A E3E N g

TE e R B2 Al b, PR T I BE 8 3&
P — RAVIRIIAR A Ak &4 1 3T OB, HF 982K
IR IR ST T B H ARk &4 IR TV F= 2R (152
Ml (2 2). FHER 2 AT, 20K e 05 3 EJow R H T
FH(F, Cl, Br), 225 T2 H(Me), XL WA HE
FIHh AT, SR, 5ARBURAIAER % Ta FHLL, A5 A H
B AR IR (4 v - JE A1) LS 4 7= 22453 B AR R Y B
FRF=H), TAEZRIE B s A (W o7 56 ) B 20K —
Jie Pt 2 1) B AR G 07 ZE AR RIS, PR a4 1 2k 4]
BN T IRIRIE M, R T R SR s N
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Table 2  Effect of 1,2-phenylenediamin compounds for synthe-

§7N S/N
1 H =N H =N
sis of benzodiazepines III and IV R ’1“ X Hb R! ’1“ >
ji:( COOEt B COOEt
R? [f]’ ° R2 lfl /3
. NH, COOEt oHe. S 4 COOEt 14 COOEt
j@ * |‘| * \EJ v 1]
R? NHz  Coort T R
! N B2 FIF[bI[1L4] —RAEL AT ATV EAL
S/_\ H o =N Scheme 2 Mutual conversion of benzo[b][1,4]diazepines III
R! H N R! N and IV
;K:I )—CooEt * QI:IW_‘E%‘ £4 HEFLAY IRV H C(3), C@), N(5), Ha, Hb [ #1 1
R P
N Ccookt COOEt P
m v Table 4 Calculated NBO charges of C(3), C(4), N(5), Ha, Hb in
compounds IIT and IV
Entry Compd. R R’ Time/h  Yield/% Compd.  C(3) C(4) N(5) Ha Hb
1 IIa’ H H 4.5 88 IIa —0.23411 0.15948 —0.59597 0.43707 —
2 b’ H CH; 4.0 91 IVa  —0.42980 0.23245 —0.41494 — 0.30426
3 e’ H F 4.0 86 b  —0.23508 0.15981 —0.59476 0.43658 —
4 InId’ H Cl 5.5 85 IVb  —0.42915 0.23452 —0.40538 — 0.30150
5 IIe’ H Br 5.5 87 IIc  —0.23000 0.15769 —0.59600 0.43857 —
6 I CH; CH; 35 94 IVe —0.42951 0.24161 —0.40733 — 0.30131
7 Iva“ H H 0.6 75 IId —0.22989 0.15810 —0.59584 0.43870 —
8 IVb* H CH; 0.5 80 IVd —0.42957 0.24289 —0.40786  — 0.30139
9 IVee H F 0.7 75 . . o .
10 IvVd® H cl 0.7 74 Scheme 3. B 5G, HUARHIAR IR & (1) 1t 2 Ik 5 e k-2 -
1 Ive H Br 0.7 74 P I 1R P i 2 S A I SR 7K e 7 32 6 A FE Rl
12__ VP __CH, CH, __ 04 81 724 L SRR, PRI TR 5 NI 2

@ N ZEAE: 1 mmol AR TR, 1 mmol MEME-2-FHEE, 1 mmol 2k —HR 2
fig, 2 mL 2.8, 0.05 mL = 2%, TR, " EiRk/25 CT,°0 C, e
Ila Al IVa )55 S5~ %,

R3 PRIIAEE AL A Ib~Te ] NBO HLfif 70 #7
Table 3 Calculated NBO charges of optimized substituted 1,2-
phenylenediamine compounds Ib~1Ie

Compd. Ib Ic Id Ie
N(I) —0.87425 —0.87973 —0.89655 —0.87002
N(2) —0.87029 —0.86260 —0.89506 —0.86700

1 1 1 1
NH, NH, NH, NH,
H30/©[§IH2 F/C[fmz CI/(:[rinBrJi:[ﬁH2
Ib Ic Id le
IV 1 C(3)FHIE ) Hb Y 1E HL 1 (0.30426). iR i ds 15 B,
il 28 EI 1 NS 5 Ha TR N—H 8 bETw e 714 2
IV 1 C(3)5 Hb A C—H ZE[E, Ha AN Hb HL#E
MEMETE, WML BTV h Hb B4 5 KA TR HAL YA
IO PR I e B 2 B, X i — DR RE T B A Ak
A M LGRS A Y IV R R e B R I
[P][1,4] = &A% &y 4 7 2 45 il 7= 1) 1 WP i B oK JF
[bI[1,4] = AR & 9 B 7 % 58 Wil 772 ) 3X A S B 5k
(Scheme 2).
1.3 E&FEME R BIR ST BERIHLIE
1E R g B ah b, i T PR R AL EE L
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A A, FETS T AR RRF A B, #HE
& B &1 [1,3]-Ha iIEB /G 2GR A L. 25 (A4 B
Z34[1,5]-Hb TR ABIW R AEIV. mikn &, BT
HE R B 2 IEGER AN, AT BSom A S fA. M
HE A B 1 EGER BB T, SN R0 e i s g
I AR, BT DA R 2 BT e 3k v T W0 e 72 2
HIV, 590 HE S S E R RE. R, EE
THREIFEY V WIS HLEE, 40 Scheme 4 TR,

2 i

PSR T 3,4- T R IR FE-2-(HEME-2-3E)-
VH2H,5SH-R 37 [b][1,4] — A4 S0 G T i 24 Fi
3,4- T LR RIE 2-(WEME2-FE)- 1 H-2,3- A K FE[b][1.,4]
TRIENEY IV, R TR, &
SETfRE S E AR A RO B RS
HIELE B3LYP/6-31G FE4L /KT B X e N4 K i H bis
FE AT JURTARAL AT B, ERE ERRRE T I 2 2
B AL T B B S5 v P B R 2 55 Ak S 0 TV LR A3
SERGEE R, Rk P A B R AL, %A T T
PRAETIE, & RO favs, B, BRT& s
FRIE[BI[1,4] R 2 E A &Y B A AT A A 2
A E, X RS Ja it — B AT iE PR IR 4T S A,
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Scheme 3 Reaction mechanism for synthesis of benzo[b]-[1,4]diazepines
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Scheme 4 Reaction mechanism for formation of by-product V

3 X
3.1 UHES5HF

BRI (500 MHz). BUKH €3 5 33 BB FH 4%
(AB SCIESX). Thermo SCIENTIFIC %! {# B IH-£T 4}l it
434X (Thermo). VarioELIIT %Y 0 & AT AX (45 [E ). RY-1
B RO 8 A (T T AR A IR ST A H]). 84-B BY
SRAE IR (L R A S RO BR A ) IR =
A oA (R R MRHCA TR AR B8 AR
EETERIKEAAR) ) HZF B RSP (Ra M A SR
A PR A T AV IR IR R RO GBI K3 R TR A
PR D).

A T 4-FIEAR IR % 4,5- T FIRARTR
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HE, CRHRR L. = OEATEK L.

32 ZLWHE

32,1 34-—CT AHEHKE-2-(FE-2-3)-1H2H 5H- X 5
[b][1,4] = & F= 3 (11D 49 & A%,

i) 50 mL 5 1 FECBEIE I 1 mmol f48 2K —
At &%) 2 mL Jo/K LEEFT 1 mmol MEME-2-FRFE, 7EUK
KW AR T R AN, I 2 3% (TLC) W 8L 56
45, RN 0.05 mL = 2%, $iiEE 2 min J5,
I 1 mmol 24t —HIE — 28, 25 C&MF R R, 4
4.5 h MR, i B s E TR 2 H bR
) 111

AN AA N -(2-MEME I WY FR E)-1,2-2K — fi%(THa): 35
AR B, 2% 95%. m.p. 96~98 ‘C; 'H NMR (400
MHz, DMSO-dy) d: 8.74 (s, 1H), 7.48 (d, J=4.0 Hz, 1H),
7.36 (d, J=4.0 Hz, 1H), 6.57~7.13 (m, 4H); MS m/z: 204
[M+H]"; IR (KBr) v: 3464, 3368, 1592, 1488, 1424 cm .
Anal. calcd for CoHgN;3S: C 59.11, H 4.43, N 20.69; found
C 59.32, H 4.42, N 20.62.

3,4- L L R R 2-( 1 e 2 SR )-1H 2H S H- 2K It
[Pl 4] = A AR E (1a): % E Gk R, 725 87%.
m.p. 185~186 C; 'H NMR (500 MHz, DMSO-dy) J:
9.45 (s, 1H), 7.59 (d, J=3.5 Hz, 1H), 7.41 (d, J=4.0 Hz,
1H), 6.61~6.97 (m, 4H), 6.48 (d, J=8.0 Hz, 1H), 5.80 (d,
J=7.5 Hz, 1H), 4.20 (q, J=8.5 Hz, 2H), 4.01 (g, J=9.0
Hz, 2H), 1.31 (t, J=8.5 Hz, 3H), 1.11 (t, J=9.0 Hz, 3H);
BC NMR (125 MHz, DMSO-d) o6: 173.33, 165.99,
165.83, 146.60, 142.74, 137.90, 131.35, 123.76, 121.74,

Chin. J. Org. Chem. 2019, 39, 3516~3523
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121.13, 120.65, 120.37, 99.34, 62.01, 60.17, 57.54, 14.64,
14.17; IR (KBr) v: 3343, 3326, 1723, 1692, 1564 cm ';
MS m/z: 374 [M+H]+. Anal. calcd for C;gHgN;O,S: C
57.89,H 5.13, N 11.25; found C 57.66, H 5.23, N 11.17.

3.4- 2 B FE 2-(ME M 2- JE - 1H2H S H- 7K
[PI[14] A EH(b): R B AR AREE, 722 90%.
m.p. 160~162 C; 'H NMR (500 MHz, DMSO-dy) J:
9.26 (s, 1H), 7.58 (d, J=3.5 Hz, 1H), 7.38 (d, J=3.5 Hz,
1H), 6.50~6.80 (m, 3H), 6.20 (d, J=6.0 Hz, 1H), 5.79 (d,
J=6.0 Hz, 1H), 4.25 (q, J=7.0 Hz, 2H), 4.00 (q, J=7.5
Hz, 2H), 2.09 (s, 3H), 1.31 (t, J=7.0 Hz, 3H), 1.09 (t, J=
7.5 Hz, 3H); *C NMR (125 MHz, DMSO-d;) &: 173.56,
166.05, 165.85, 146.69, 142.69, 135.47, 131.30, 129.84,
124.53, 121.80, 120.99, 120.30, 99.37, 61.93, 60.09, 57.78,
20.57, 14.63, 14.18; IR (KBr) v: 3321, 3241, 1724, 1698,
1562 cm '; MS m/z: 388 [M+H] . Anal. caled for
C1oH»N30,4S: C 58.90, H 5.46, N 10.85; found C 58.78, H
5.35,N 10.98.

3.4- 2 B FE 2-(ME M 2- JE - 1H2H S H- 7K
[PI[1,4] &R E (Ie): ¥ 3E Euky AR B4, =% 84%.
m.p. 169~170 ‘C; '"H NMR (500 MHz, DMSO-d;) o
9.48 (s, 1H), 7.60 (d, J=3.0 Hz, 1H), 7.44 (d, J=3.5 Hz,
1H), 6.53~6.80 (m, 3H), 6.46 (d, J=6.0 Hz, 1H), 5.80 (d,
J=6.0 Hz, 1H), 4.27 (q, J=7.0 Hz, 2H), 4.02 (q, J=7.5
Hz, 2H), 1.31 (t, J=7.0 Hz, 3H), 1.11 (t, J=7.5 Hz, 3H);
BC NMR (125 MHz, DMSO-ds) o: 17291, 165.89,
165.73, 158.05, 156.18, 146.04, 142.80, 134.41, 134.40,
132.64, 122.78, 122.71, 120.41, 110.23, 110.04, 106.84,
106.63, 100.76, 62.14, 60.35, 57.67, 14.59, 14.16; IR
(KBr) v: 3334, 3263, 1724, 1678, 1562 cm™'; MS m/z: 392
[M+H]". Anal. calcd for CisH sFN;0,S: C 55.23, H 4.64,
N 10.74; found C 55.27, H 4.72, N 10.69.

3.4- . O B FE -2-( e M 2= BE)-1H 2H 5H- 7K 5F
[PI[1,4] R IR E(d): R B AREAE, 7% 81%.
m.p. 150~152 C; 'H NMR (500 MHz, DMSO-dy) J:
9.49 (1H, s), 7.61 (d, J=3.5 Hz, 1H), 7.45 (d, J=3.0 Hz,
1H), 6.62~7.01 (m, 3H), 6.65 (d, J=6.0 Hz, 1H), 5.78 (d,
J=6.0 Hz, 1H), 4.27 (q, J=7.0 Hz, 2H), 4.03 (q, J=7.5
Hz, 2H), 1.31 (t, J=7.0 Hz, 3H), 1.12 (t, J=7.5 Hz, 3H);
BC NMR (125 MHz, DMSO-ds) o: 172.71, 165.85,
165.59, 146.06, 142.85, 136.99, 132.62, 124.42, 123.18,
122.98, 120.51, 119.68, 100.66, 62.16, 60.40, 57.27, 14.59,
14.16; IR (KBr) v: 3340, 3256, 1724, 1704, 1562 cm .
MS m/z: 408 [M+H]+. Anal. calced for C;sHgCIN;O,S: C
53.01, H 4.45, N 10.30; found C 53.27, H 4.36, N 10.48.
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3,4- . 2 R L 2-(E W 2- - 1H2H 5H- 7K IF
[PI[14] A E (e): %3 A AR B K, 722 80%.
m.p. 161~162 C; 'H NMR (500 MHz, DMSO-dy) o:
9.47 (s, 1H), 7.62 (d, J=3.0 Hz, 1H), 7.46 (d, J=3.0 Hz,
1H), 6.66~7.14 (m, 3H), 6.58 (d, J=6.0 Hz, 1H), 5.78 (d,
J=6.0 Hz, 1H), 4.26 (q, J=7.0 Hz, 2H), 4.03 (q, J=7.0
Hz, 2H), 1.31 (t, J=7.0 Hz, 3H), 1.12 (t, J=7.0 Hz, 3H);
BC NMR (125 MHz, DMSO-ds) o: 172.69, 165.84,
165.55, 146.04, 142.85, 137.39, 132.95, 125.99, 123.34,
122.49, 120.52, 111.97, 100.68, 62.15, 60.40, 57.20, 14.59,
14.17; IR (KBr) v: 3353, 3249, 1724, 1698, 1548 cm ',
MS m/z: 453 [M+H]". Anal. calcd for CsH;sBrN;0,S: C
47.80, H 4.01, N 9.29; found C 47.69, H 4.16, N 9.23.

3,4- 7 L5 B Fk 2-(WE W -2- FE)-1H2H 5 H- # 5
[PI[1,4] = 4% B (LD PR A AR [ A, =% 92%.
m.p. 171~172 ‘C; 'H NMR (500 MHz, DMSO-dy) §:
9.31 (s, 1H), 7.60 (d, J=3.5 Hz, 1H), 7.40 (d, J=3.5 Hz,
1H), 6.39~6.74 (m, 2H), 6.20 (d, J=6.5 Hz, 1H), 5.77 (d,
J=6.0 Hz, 1H), 4.24 (q, J=7.0 Hz, 2H), 3.99 (q, J=7.0
Hz, 2H), 2.01 (s, 3H), 1.97 (s, 3H), 1.30 (t, J=7.0 Hz, 3H),
1.10 (t, J=7.0 Hz, 3H); °*C NMR (125 MHz, DMSO-d;)
8: 173.65, 166.08, 165.88, 146.63, 142.70, 135.48, 131.44,
128.77, 128.46, 122.59, 121.62, 120.35, 98.88, 61.90,
60.03, 57.60, 19.04, 18.94, 14.65, 14.18; IR (KBr) v: 3353,
3308, 1724, 1698, 1581 cm™'; MS m/z: 402 [M+H]".
Anal. caled for C,0H»3N30,4S: C 59.83, H 5.77, N 10.47;
found C 59.69, H 5.86, N 10.62.

322 34-ZCTARBHA2-(EE2-K)1H23-—AXK
F[b][1,4] = R 7= 2 (IV) 89 & A%,

i) 50 mL 5 1 B FEHE AN 1 mmol AR —
Jetb &40 2 mL Jo/K ZBEAT 1 mmol MEME-2-FIE, 7EUK
K AR N KA, 8 TLC M B 54 a, iz
MIEF IO 0.05 mL =28, #iFE 2 min J5, A 1
mmol ZH " HR — 28, 0 C&MH FRM, £0.6 hx
|NRZY S i PO =R itV E N SR v a7/l A

3,4- LRI 2-(EME-2-3E) -1 H-2,3- & K IF
[Pl A] A A E(IVa): S O AR EAE, =2 82%.
m.p. 182~183 C; 'H NMR (500 MHz, DMSO-dy) o:
7.86 (d, J=7.0 Hz, 1H), 7.64 (d, J=3.5 Hz, 1H), 7.54 (d,
J=3.5 Hz, 1H), 6.71~7.21 (m, 4H), 5.55 (m, 1H), 5.52
(d, J=4.0 Hz, 1H), 4.20 (q, J=7.0 Hz, 2H), 4.02 (q, J=
7.0 Hz, 2H), 1.24 (t, J=7.0 Hz, 3H), 1.00 (t, J=7.0 Hz,
3H); "C NMR (125 MHz, DMSO-d;) d: 173.55, 168.17,
164.82, 149.69, 142.93, 142.39, 135.18, 130.79, 130.67,
121.49, 119.01, 118.49, 61.73, 61.57, 57.741, 53.67, 14.56,
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14.23; IR (KBr) v: 3263, 1743, 1704, 1614 cm™'; MS m/z:
374 [M+H]". Anal. caled for C;gHoN;0,S: C 57.89, H
5.13, N 11.25; found C 57.72, H 5.09, N 11.19.

3,4- T LR IE-2- (-2 -3 - 1 H-2,3- I
(P11 4] = E A EAVD): HE Ok AREE, 725 74%.
m.p. 162~164 C; '"H NMR (500 MHz, DMSO-d,) o:
7.65 (d, J=7.0 Hz, 1H), 7.63 (d, J=3.5 Hz, 1H), 7.52 (d,
J=3.5 Hz, 1H), 6.83~7.02 (m, 3H), 5.52 (m, 1H), 5.49
(d, J=3.5 Hz, 1H), 4.20 (q, J=7.0 Hz, 2H), 4.02 (q, J=
7.0 Hz, 2H), 2.16 (3H, s), 1.23 (t, J=7.0 Hz, 3H), 1.02 (t,
J=17.0 Hz, 3H); C NMR (125 MHz, DMSO-ds) o:
172.69, 165.84, 165.55, 146.04, 142.85, 137.39, 132.95,
125.99, 123.34, 122.49, 120.52, 111.97, 100.68, 62.15,
60.40, 57.20, 14.59, 14.17; MS m/z: 388 [M+H]"; IR
(KBr) v: 3372, 1730, 1710, 1633 cm™'; Anal. calcd for
C1oH,N;30,4S: C 58.90, H 5.46, N 10.85; found C 58.84, H
5.53, N 10.76.

3,4- T L RIE -2 (M -2 -3 - 1 H-2,3- A KT
[PI[1LA4] A A E(IVe): e O AR EE, 7% 89%.
m.p. 159~160 ‘C; '"H NMR (500 MHz, DMSO-dy) §:
7.75 (d, J=7.0 Hz, 1H), 7.64 (d, J=3.0 Hz, 1H), 7.56 (d,
J=3.0 Hz, 1H), 6.94~7.09 (m, 3H), 5.58 (m, 1H), 5.46
(d, J=4.5 Hz, 1H), 4.21 (q, J=7.0 Hz, 2H), 4.03 (q, J=
7.0 Hz, 2H), 1.23 (t, J=7.0 Hz, 3H), 1.01 (t, J=7.0 Hz,
3H); “C NMR (125 MHz, DMSO-d;) J: 173.49, 167.94,
164.54, 156.19, 154.32, 152.25, 142.94, 138.89, 131.32,
131.24, 121.55, 120.44, 120.37, 118.98, 118.81, 118.28,
118.09, 61.91, 61.68, 58.82, 53.64, 14.51, 14.21; IR (KBr)
v: 3269, 1743, 1710, 1633 cm™'; MS m/z: 392 [M+H]".
Anal. calcd for C;sHgFN;O,4S: C 55.23, H 4.64, N 10.74;
found C 55.27, H4.73, N 10.68.

3,4- T L RIE -2 - (E -2 -3 -1 H-2,3- A I
[Pl A1 = E A EAVA): Loty AR EAE, 725 87%.
m.p. 160~161 C; '"H NMR (500 MHz, DMSO-d,) o:
8.13 (d, J=7.0 Hz, 1H), 7.64 (d, J=3.0 Hz, 1H), 7.56 (d,
J=3.5 Hz, 1H), 6.91~7.33 (m, 3H), 5.58 (m, 1H), 5.55
(d, J=4.0 Hz, 1H), 4.21 (q, J=7.0 Hz, 2H), 4.04 (q, J=
7.0 Hz, 2H), 1.24 (t, J=7.0 Hz, 3H), 1.02 (t, J=7.0 Hz,
3H); “C NMR (125 MHz, DMSO-d;) §: 173.09, 167.85,
164.53, 151.29, 142.97, 141.82, 136.53, 133.03, 131.59,
121.66, 120.96, 108.65, 61.92, 61.73, 57.41, 53.84, 14.51,
14.23; IR (KBr) v: 3269, 1743, 1710, 1639 cm ™ '; MS m/z:
408 [M+H]". Anal. caled for C,sH;sCIN;0,S: C 53.01, H
4.45,N 10.30; found C 52.97, H 4.34, N 10.45.

3,4- " LA RIE - 2-(HEME-2-FE)- 1 H-2,3- A AT
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[Pl 4] —F AR E(IVe): W Ok RAREE, F=% 84%.
m.p. 160~162 C; '"H NMR (500 MHz, DMSO-dy) J:
8.10 (d, J=7.0 Hz, 1H), 7.64 (d, J=3.5 Hz, 1H), 7.56 (d,
J=3.0 Hz, 1H), 6.96~7.20 (m, 3H), 5.58 (m, 1H), 5.54
(d, J=4.0 Hz, 1H), 421 (q, J=7.0 Hz, 2H), 4.04 (q, J=
7.0 Hz, 2H), 1.24 (t, J=7.0 Hz, 3H), 1.02 (t, J=7.0 Hz,
3H); "C NMR (125 MHz, DMSO-d;) d: 173.17, 167.85,
164.55, 151.47, 142.97, 141.39, 133.51, 131.19, 130.35,
121.65, 121.48, 120.66, 61.92, 61.72, 57.59, 53.81, 14.51,
14.22; IR (KBr) v: 3256, 1736,1704, 1633 cm™'; MS m/z:
453 [M~+H]". Anal. calcd for C;gH,sBrN;0,S: C 47.80, H
4.01,N 9.29; found C 47.93, H4.21, N 9.14.

3,4- LR RFE-2-(EME-2- - 1 H-2,3- ARG
[PILA] —AAREAVD: W ARE L, =5 70%.
m.p. 164~167 C; '"H NMR (500 MHz, DMSO-dy) o:
7.65 (d, J=8.5 Hz, 1H), 7.61 (d, J=4.0 Hz, 1H), 7.51 (d,
J=4.0 Hz, 1H), 6.70~6.98 (m, 2H), 5.51 (m, 1H), 5.45
(d, J=4.0 Hz, 1H), 4.19 (q, J=8.5 Hz, 2H), 4.03 (q, J=
8.5 Hz, 2H), 2.08 (s, 3H), 2.15 (s, 3H), 1.24 (t, J=8.5 Hz,
3H), 1.05 (t, J=8.5 Hz, 3H); “C NMR (125 MHz,
DMSO-ds) d: 173.61, 168.26, 164.89, 149.61, 142.85,
139.99, 134.91, 132.76, 131.85, 130.66, 127.26, 121.41,
119.08, 61.68, 61.54, 57.56, 53.72, 19.94, 14.56, 14.24; IR
(KBr) v: 3263, 1736, 1710, 1626 cm™'; MS m/z: 402 [M—+
H]". Anal. caled for CyHy3N30,S: C 59.83, H 5.77, N
10.47; found C 59.91, H 5.89, N 10.39.

RIF=H) 2-(3-5AR-3,4- A B IR IR-2(1 H)- %) 1R
ZIER(V): FEREERMAREE, 723 67%; m.p.P%: 215~
216.5 ‘C; 'H NMR (400 MHz, DMSO-dy)"*"! 6: 11.76 (s,
1H), 11.09 (s, 1H), 7.43 (d, J=8.0 Hz, 1H), 7.02~7.09
(m, 3H), 5.52 (s, 1H), 4.18 (q, J=8.0 Hz, 2H), 1.27 (q, J=
8.0 Hz, 3H); MS m/z: 233 [M+H]"; IR (KBr) v: 3477,
3209, 1685, 16622 1385 cm .

4 BhA %L (Supporting Information) H AR AW Ila~
IHIf Al IVa~TVE, a4 S 8= "H NMR.*C NMR
A MS EE]L X ERPREAT DL 9 AT 9 55 (http://sioc-
journal.cn/) | N #K.
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