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An Efficient Catalytic Synthesis and Antimicrobial Activities of
Derivatives of 2-Ethoxycarbonyl(carboxyl)-4-substituted
phenyl-2,3-dihydro-1H-benzo[b][1,4]diazepine

Wang, Lanzhi* Hua, Zhongxia Wang, Shasha
(College of Chemistry & Material Science, Hebei Normal University, Shijiazhuang 050024)

Abstract Seven novel ethoxycarboxyl-containing 2-ethoxycarbonyl-4-substituted phenyl-2,3-dihydro-1H-benzo[b][1,4]dia-
zepines 4a~4g and four novel carboxyl-containing 2-carboxyl-4-substituted phenyl-2,3-dihydro-1H-benzo[b]-[1,4]diazepines
6a~4d were efficiently synthesized by the Friedel-Crafts acylation reaction, aza-Michael addition reaction, esterification,
dehydration cyclization reaction, where different substituted benzene and maleic anhydride were used for the raw materials.
The structures of these new compounds were determined by 'H NMR, IR, FAB mass spectral analysis and elemental analysis.
The exhaustive researches on the synthetic reaction of the class of compounds were carried out and the reaction mechanism
has been unequivocally established in this paper. Furthermore, newly synthesized compounds were evaluated for their antim-
icrobial activity. The result showed that most of the title compounds are biologically active and have obvious specificity and
selective antibacterial activities to different classificatory bacterium. Density functional theory (DFT) B3LYP with 6-31G
basis set has been used to investigate target compounds. Inferred N(11) and the group of C=N were active sites of inhibition
bacterial (B. subtilis) and fungal (C. albicans and C. neofonmans) respectively.

Keywords 2-cthoxycarbonyl(carboxyl)-4-substituted phenyl-2,3-dihydro-1H-benzo[b][1,4]diazepine; catalytic synthesis;
antimicrobial activity; density functional theory (DFT)
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Reagents and conditions: (A) anhydrous aluminum chloride (AICl3);
(B) ethanol, H", reflux; (C) o-phenylenediamine, p-TsOH or Lewis
acid, ethanol, 15~25 °C; (D) p-TsOH or Lewis acid, 15~25 C.
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Table 1 The effect of different acid catalysts on synthetic reaction

Entry  Compd. R Catalyst Yield/% of 3 Yield“/% of 4 Yield/% of 5§
1 4a F Catalyst-free 15.2 35.6 49.2
2 4a F HOAc 53 34.2 56.2
3 4a F TsOH 0 62.2 37.8
4 4a F AlCl, 6.2 71.3 22.6
5 4a F FeCls 0 42.5 57.5
6 4a F ZnCl, 0 81.3 19.7
7 4b Cl Catalyst-free 16.2 28.9 54.9
8 4b Cl HOAc 322 61.2 6.6
9 4b Cl TsOH 7.3 83.1 9.6
10 4b Cl AlCI, 0 85.5 10.5
11 4b Cl FeCls 0 89.5 10.5
12 4b Cl ZnCl, 16.4 40.4 432
13 4c Br Catalyst-free 19.2 28.2 52.6
14 4c Br HOAc 18.1 34.6 473
15 4c Br TsOH 1.8 85.8 124
16 4c Br AlCly 0 88.3 11.7
17 4c Br FeCls 0 89.2 10.8
18 4c Br ZnCl, 12.7 48.6 38.7
19 4d H Catalyst-free 26.5 68.8 4.7

20 4d H HOAc 31.7 54.5 13.8
21 4d H TsOH 443 46.2 9.5

22 4d H AlCl, 9.8 81.7 8.5

23 4d H FeCls 27.0 58.1 14.9
24 4d H ZnCl, 0 80.7 19.3
26 4e CH; Catalyst-free 24.7 18.7 56.6
27 4e CH; HOAc 2.5 75.4 22.1
28 4e CH; TsOH 0 61.8 38.2
29 4e CH; AlCI, 4.5 76.9 18.6
30 4e CH;, FeCls 0 89.4 10.6
31 4e CH;, ZnCl, 0 78.0 22.0
32 4f C,H; Catalyst-free 56.0 28.4 15.6
33 4f C,H;s HOAc 49.8 28.2 22.1
34 4f C,H;s TsOH 5.6 72.6 21.9
35 4f C,H; AlCI; 234 56.3 20.1
36 4f C,H; FeCls 17.8 62.6 19.6
37 4f C,H; ZnCl, 34.0 47.5 18.6
38 4g OCH; Catalyst-free 25.4 58.2 16.3
39 4g OCH; HOAc 29.5 46.2 243
40 4g OCH; TsOH 25.1 53.8 21.1
41 4g OCH; AlCly 12.1 65.5 22.5
42 4g OCH; FeCls 16.9 56.7 26.4
43 4g OCH; ZnCl, 31.3 45.3 23.4

“ Chromatographic yield.
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FESEPE, RIS BB (1 R B B RN T 2R R Bk R ) A
PRI B 0T 40 T CRG B AT BRI P, T 40 R (R A
PR A7 S PRI S DR TC AT (1 3 B v AT TR B Bk
BB TG, L JRPR AT e 16 R B T R ARV B AL B
BRUA S FLAZ LW, TR RAT R A, PR
AL AN HRE IR RS o S RN T, BRI R AN TR], B
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[i].
1.4 BirEEMREIENESIEIFEEXRS T

KHE AT, 78 DFT-B3LYP/  6-31GHO 12
K EX PTG R 11 B HbRAEPEEAT T B TR
1S5 15 T LR (4a, 6a) I & 1 B, %3 51 T 6
G FT A BRI 4y FROE TTER. R4 THUEEE, B

F2 LAY 4a~4g T 6a~6d HIHNE G T/ (ngedisc ]
Table 2 Antimicrobial activity of compounds 4a~4g and 6a~ 6d [Dose/(ugedisc™ )]

C. albicans C. neofonmans B. subtilis
Compd.

200 100 50 200 100 50 200 100 50
4a — — — 9.4 7.0 — — — —
4b — — — — — — 9.0 7.0 —
4c — — — — — — 8.2 — —
4d 12.1 10.2 7.0 11.1 — — — — —
4e — — — — — — 7.8 7.0 —
4f — — — — — — 10.0 8.5 —
4g 7.0 — — 7.0 — — — — —
6a — — — — — — — — —
6b 132 9.3 7.0 — — — — — —
6¢c 11.3 8.9 — — — — — — —
6d — — — — — — — — —

Fluconzole 32 30 25 35 34 33 NT NT NT
Ceadroxil NT NT NT NT NT NT 25 22 20

“ The values indicate the average diameters in mm (of three trials) for the zone of growth inhibition observed. Error values are within 0.5 mm. NT: not tested.
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# 3 HOMO 45 LUMO #Uilf #2153 4341 (%)
Table 3 The HOMO and LUMO orbital compositions (%)

HOMO LUMO

C4) C5) N7 N(I1) C5) N7) C@8)
42 950 7.50 1420 1470 580 16.00 14.80
4b 1020 7.10 930 29.80 6.10 1590 14.50
4c 1050 6.60 11.80 1620 6.10 1550 16.40
4d 1030 750 10.00 29.10 640 16.00 15.55
4e 890 7.50 1550 11.10 5.80 1540 16.60
4f 1018 726 1029 29.82 6.16 1553 15.79
4g 979 737 1158 2282 6.04 14.99 15.00
6a 1042 7.68 11.14 2520 630 1640 16.20
6b 1040 7.50 10.50 25.60 620 1640 15.30
6c 1030 7.50 1040 2640 620 1640 15.00
6d 1050 7.80 11.30 26.00 650 16.60 16.40

fT 1 HEHOMO) FlEAR A7 Pl (LUMO) K il
(153 T a5 AR PR 5ok, HOMO HAT R sE$ it
M7 B AR ], LUMO H A7 $% Wi 1 1) B 24
FWSL A WiE PR 2 R A AE AT R LG (LUMO . Al
HOMO) -1, (R SAIF 5 i B 1 5 ml DA o 3%
PEIA AR F B L5 32 it e 4 7,

D R0 T IO 2 PE X ™, R 3 g
T Bt ERE TR T 5% SR . R 3 ]
LUE H, % HOMO Da#k K& N(11), % LUMO ik -k
72 N(7), C(8), fEZiBlrh, MW sr+ 5 2R AH H
VEFII, 0 200308 3ok 5 25 2 [ B (R A LA T SR gk A 70,
AT HET B ARt &0 0 N W] RERAE A it
5 SZARBEAERL, N(7), COVWE N W52 14 5 52 AR A
H. ZRa MR 2 ISR 3, IR AT B A g
PEMIALE Y2 4, 4b, 4dc, de, FHAEJMHITG T 1) BRI (46>
4b>4c>4e), 4 FLEYF N1 1)X HOMO [1J#LiE vTk
(29.82%, 29.80%, 16.20%, 11.10%)WBE 2 FEA%; [F]HF &
TRXT 1 € 2 R 1 R 2R B Bk R L AT RS PE S 6b,
4d, 6¢, 4a, 4g, XLENWEWHIETES 21 C=N K41
X LUMO B DR SR, AT TERFRK C=N X
A% LUMO ¥ %18 v1 ik (31.70%, 31.55%, 31.40%,
30.80%, 29.99%)bfi 2 F#AE. b al 4w, N1l RE &S

Compd.
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85.5%, 87.0%, 75.6%, 90.4%, 87.2%, 81.6%, 84.6%.
WEY) p-75 H-af-ANHLFT T I R £ IR (2a~2g) IH)
B FREL p- 95 3 -a - ANEF T AR 1a~1g (10
mmol) # T 100 mL [AECEH, MMATEK LEE(S0 mL),
ZR(10 mL), KARE(S mmol), bu?ﬂlﬁlmﬁ{c »/K, TLC ¥
W N IERE, N2 8 h, RVSEEE, AHIRER, A
YRR R S AN % pH=7~8, Mﬁz KIZHIEK L
Bt Z0, A IFENUZ, IJCKR RN T 45, gk s,
AT JZ AT 5 B A3 HAR=1). 7= 2d~2f 4Gt
PR, 2a~2¢ J 2g BN E A, 2505000
88.5%, 91.0%, 85.6%, 85.4%, 83.2%, 85.6%, 84.5%.

AW 4a~4g ARG 78 100 mL B LR A
A8 2K —Jf#(2 mmol), 2a~2d (2 mmol)E¥ 2e~2g (4 mmol),
To/K LWEB0 mL), HEALFI(S mmol%), = SiHidE,
TLC R0l e N2 R, V2 7 h, FEIREBA U, BT H B
g, K CREESS A3 HALEY) 4a~4g.

2- LA FRIE -4-(4- AR )-2,3- & -1H- K I [b][1,4]
TR AR (4a): R ALK 050 g, 72 81.3%. mup.
82~84 C; '"H NMR (CDCl;, 500 MHz) d: 1.30 (t, J=
7.00 Hz, 3H), 2.85 (dd, Jsa=13.50 Hz, Jx»=4.00 Hz, 1H)
3.44 (dd, Jxg=13.50 Hz, Jxz=11.00 Hz, 1H), 4.53 (dd,
Jax=4.00 Hz, J5x=11.00 Hz, 1H), 4.24 (q, J=7.00 Hz,
2H), 4.28 (s, 1H), 6.96~8.06 (m, 8H); IR (KBr) v: 3356
(N—H), 1734 (C=0), 1605 (C=N) cm'; MS (ESI") m/z
(%): 313 ([M++1], 100). Anal. calcd for CigH7FN,O,: C
69.22, H 5.49, N 8.97; found C 69.02, H 5.48, N 8.96.

2- LA IRHE-A-(4- G A HE)-2,3- A -1H- AT [b][1,4]
TR (4b): IR AR 0.59 g, 7P 89.5%. mup.
88~90 C; 'H NMR (CDCl;, 500 MHz) § :1.31 (t, J=
7.20 Hz, 3H), 2.86 (dd, Jsx=13.50 Hz, Jx,=4.00 Hz,
1H), 3.45 (dd, J,g=13.50 Hz, Jxz=11.00 Hz, 1H), 4.52
(dd, Jyx=4.00 Hz, Jsx=11.00 Hz, 1H), 4.24 (q, J=7.20
Hz, 2H), 4.34 (s, 1H), 6.96~7.94 (m, 8H); IR (KBr) v:
3363 (N—H), 1731 (C=0), 1609 (C=N) cm '; MS
(ESI") mlz (%): 329 (M '], 100). Anal. caled for
C1sH,CIN,O,: C 65.75, H 5.21, N 8.52; found C 63.74, H
5.20,N 8.51.

2- LRI -A-(A-VR IR HE)-2,3- A -1H-4 7 [b][1,4]
TRk (de): R AR 0.67 g 7 89.2%. mup.
99~100 C; 'H NMR (CDCls;, 500 MHz) d: 1.30 (t, J=
7.20 Hz, 3H), 2.85 (dd, Jsa=13.75 Hz, Jx»=4.00 Hz,
1H), 3.44 (dd, Jyp=13.75 Hz, Jxz=11.00 Hz, 1H), 4.52
(dd, Jyx=4.00 Hz, Jsx=11.00 Hz, 1H), 4.24 (q, J=7.20
Hz, 2H), 4.34 (s, 1H), 6.95~7.99 (m, 8H); IR (KBr) v:
3362 (N—H), 1730 (C=0), 1609 (C=N) cm '; MS
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(ESI") m/z (%): 373 (M "], 100). Anal. calcd for
CsH;BrN,0, : C 57.92, H 4.59, N 7.51; found C 57.81, H
4.60,N 7.52.

2- LR K4 TR R 2 3- AT H- AR [b][1.4] A
ek (4d): AEEA 048 g 77F 81.7%. m.p. 84~86
‘C; '"H NMR (CDCls, 500 MHz) d: 1.29 (t, J=7.00 Hz,
3H), 2.84, (dd, Jsa=12.87 Hz, Jx,=4.00 Hz, H), 3.94
(dd, Jy5=12.87 Hz, Jxs=11.00 Hz, 1H), 4.54 (dd, Jox=
4.00 Hz, Jsx=11.00 Hz, 1H), 4.23 (q, J=7.00 Hz, 2H),
429 (s, 1H), 6.95~8.03 (m, 9H); IR (KBr) v: 3345 (N—
H), 1734 (C=0), 1611 (C=N) cm'; MS (ESI") m/z (%):
395 (IM"+1], 100). Anal. calcd for C;sH;sN,O,: C 73.45,
H 6.16, N 9.52; found C 73.44, H 6.18, N 9.53.

2- L B KR -4-(4- W L R 0 )-2,3- A-1H- R JF
[PI[1,4] — A A% 5 (de): s A A 0.55 g, /7% 89.4%.
m.p. 80~82 ‘C; '"H NMR (CDCls, 500 MHz) 6: 1.31 (t,
J=7.20 Hz, 3H), 2.42 (s, 3H), 2.81 (dd, Jga=13.25 Hz,
Jxa=3.75 Hz, 1H), 3.47 (dd, Jag=13.25 Hz, Jxz=11.50
Hz, 1H), 4.53 (dd, Jax=3.75 Hz, Jsx=11.50 Hz, 1H),
425 (q, J=7.20 Hz, 2H), 4.26 (s, 1H), 6.95~7.94 (m,
8H); IR (KBr) v: 3367 (N—H), 1731 (C=0), 1605 (C=
N) em™'; MS (ESI") m/z (%): 309 (IM"+1], 100). Anal.
caled for C;oH,oN,0O,: C 74.00, H 6.54, N 9.08; found C
74.01, H 6.55, N 9.07.

2- LR KL -44- £ DR HE)-2.3- A -1H- AT
[D][1,4] % 5 (4f): /\@Iﬁsom g, 7% 72.6%. m.p.
92~94 °C; '"H NMR (CDCls, 500 MHz) 6: 1.27 (t, J=
7.50 Hz, 3H), 1.30 (t, J=7.20 Hz, 3H), 2.74 (q, J=7.50
Hz, 2H), 2.61 (dd, Jsa=13.00 Hz, Jxx=11.50 Hz, 1H),
3.48 (dd, Jy\s=13.00 Hz, Jxz=4.00 Hz, 1H), 4.53 (dd,
Jax=11.50 Hz, Jsx=4.00 Hz, 1H), 4.24 (q, J=7.20 Hz,
2H), 4.26 (s, 1H), 6.95~7.96 (m, 8H); IR (KBr) v: 3368
(N—H), 1731 (C=0), 1605 (C=N) cm'; MS (ESI") m/z
(%): 395 (IM"+1], 100). Anal. calcd for C,0H»nN,0,: C
74.51, H 6.88, N 8.69; found C 74.54, H 6.89, N 8.69.

2- R BRI -4(4- TR R R R )-2,3- A-1H- R OF
[PI[1,4] — A A% sh (4g): 4K 042 g, 7% 65.5%.
m.p. 96~98 C; '"H NMR (CDCl;, 500 MHz) 6: 1.31 (t,
J=6.80 Hz, 3H), 2.81 (dd, Js»=12.50 Hz, Jx,=10.50 Hz,
1H), 3.46 (dd, Jas=12.50 Hz, Jxz=4.00 Hz, 1H), 3.88 (s,
3H), 4.53 (dd, Jyx=10.50 Hz, Jsx=4.00 Hz, 1H), 4.25 (s,
1H), 423 (q, J=6.8 Hz, 2H), 6.97~8.02 (m, 8H); IR
(KBr) v: 3360 (N—H), 1732 (C=0), 1604 (C=N) cm ';
MS (ESI') m/z (%): 325 (IM" 1], 100). Anal. calcd for
C19HyN,05: C 70.35, H 6.21, N 8.64; found C 70.24, H
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6.22, N 8.64.
322 2-RAK-4-BARKI-23- = A-1H-KFHF[b][1,4]
R (6a~6d) 4 A AR,

7£ 100 mL FREJEFEH, MALBIR %4 mmol)
5 9-05 H-a, AR T I W R (2a~2d) (4 mmol), A
oK GWE(15 mL), {EVKERE IS F(—10 °C), Bii¥i
PE, TLC A 280k, £ 3~5 h HTH A AR R,
(] A FH 500 e 5l P I Lo 0 465 43 T 408 AR BTk H
b &4 6a~6d.

2-FR L -A-(4- R HHE)-2,3- A -1H-FIE[b][1.4] A
R (6a): VRIETOH R 0.64 g F7H 56.6%. m.p. 130~
132 “C; '"H NMR (CDCl;, 500 MHz) §: 3.08 (dd, Jga=
18.13 Hz, Jxx=4.75 Hz, 1H), 3.14 (dd, Jy\z=18.13 Hz,
Jxs=7.75 Hz, 1H), 4.51 (dd, J;x=4.75 Hz, Jyx=7.75 Hz,
1H), 5.77 (s, 1H), 6.61~8.09 (m, 8H), 12.74 (s, 1H); IR
(KBr) v: 3293 (N—H), 1706 (C=0), 1602 (C=N) cm /;
MS (ESI") m/z (%): 285 (IM" =411, 100). Anal. calcd for
C1sH13FN,O,: C 67.70, H 4.61, N 9.85; found C 67.65, H
4.60,N 9.84.

2-FR L -A-(4- S HHE)-2,3- A -1H-FIE[b][1.4] A
R (6b): R ORIK 0.81 g 7K 67.8%. m.p. 138~
139 “C; '"H NMR (CDCl;, 500 MHz) §: 3.07 (dd, Jga=
12.63 Hz, Jxx=4.50 Hz, 1H), 3.13 (dd, Jy\z=12.63 Hz,
Jxs=7.00 Hz, 1H), 4.52 (dd, Jy,x=4.50 Hz, Jsx=7.00 Hz,
1H), 5.84 (s, 1H), 6.81~8.00 (m, 8H), 12.69 (s, 1H); IR
(KBr) v: 3294 (N—H), 1707 (C=0), 1601 (C=N) cm /;
MS (ESI") m/z (%): 299 (IM"—1], 100). Anal. calcd for
C16H13CIN,0,: C 63.90, H 4.36, N 9.31; found C 63.91, H
438,N9.31.

2-FR KL -A-(A- W HE)-2,3- A - 1H- I [b][1,4] &
R (6c): HEMAK 0.87 g, FFHK 63.5%. m.p. 140~142
‘C; 'TH NMR (CDCls, 500 MHz) d: 3.07 (dd, Jsa=13.50
Hz, Jxx=5.50 Hz, 1H), 3.13 (dd, Jys=13.50 Hz, Jxg=
8.50 Hz, 1H), 4.52 (dd, Jyx=5.50 Hz, Jsx=8.50 Hz, 1H),
5.87 (s, 1H), 6.81~7.99 (m, 8H), 12.74 (s, 1H); IR (KBr)
v: 3295 (N—H), 1707 (C=0), 1586 (C=N) cm '; MS
(ESI") m/z (%): 345 (M '], 100). Anal. caled for
C1H3BrN,O,: C 55.67, H 3.80, N 8.12; found C 55.68, H
3.80, N 8.11.

2-FR I 4TI D 3- TR IH-FIF[P][1,4] A
(6d): FEFERAK 075 g, 7°F 70.6%. m.p. 135~136
‘C; 'TH NMR (CDCls, 500 MHz) d: 3.06 (dd, Jsa=14.00
Hz, Jxx=6.00 Hz, 1H), 3.15 (dd, Jys=14.00 Hz, Jyp=
9.00 Hz, 1H), 4.52 (dd, Jax=6.00 Hz, J5x=9.00 Hz, 1H),
5.74 (s, 1H), 6.84~7.99 (m, 8H), 12.75 (s, 1H); IR (KBr)
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v: 3294 (N—H), 1707 (C=0), 1605 (C=N) cm'; MS
(ESI") m/z (%): 267 (IM"+H], 60). Anal. calcd for
Ci6H14N,O,: C 72.16, H 5.30, N 10. 52; found C 72.14, H
5.30, N 10. 52.
3.3 BiEYeIEmIEENK
KHIEAC VX BT & 0 11 Bl B Ar b &34 740
BEVENNR, K FE S RRS B RS, fuEAty B2y
Y& 510 200, 100, 50 pg. F YPD B3R 3Eim Ak (4
TOIRERT, bRAEEr AR BEKEE, MR, AL T E
BRI, PRI T MHA B3R b, R TS,
3G b IR A R B 9EAC A, 37 CCIEIRBIE R R 24
h, MEEEEEIAL, TEbR 1= RO 40 T B 1R K.
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