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One Pot Solvent-Free Synthesis of Benzodiazepinones
Catalyzed by Cul
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Abstract Benzodiazepinones are the important class of organic heterocyclic compounds with physiological activities. Here-
in, one pot procedure for the synthesis of benzodiazepinones has been developed under solvent-free condition. The substituted
ethyl 2-bromobenzoates were cross-coupled with adjacent diamine compounds using Cul as a catalyst to give the intermedi-
ates, which spontaneously underwent an intramolecular N-acylation producing corresponding benzodiazepinones. This method
has the advantages of enviroment frendly, mild reaction conditions, simple one pot operation and high yields. Under the opti-
mized conditions, the effect of various substituted group on the reaction was investigated and the tolerance of this system was
evaluated. This protocol could tolerate a variety of functional groups, and provide efficient access to a wide variety of substi-
tuted benzodiazepinones in good yields, including biological active molecules.
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Scheme 1 Synthetic routes of the methods reported
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[lZ(DMF), 1,4-dioxane 1ERAHLIEFIXS R BT REM, 25
REIRTEIX =PRI =R A S (R 1, Entries 1~
3), 124 DMF fE¥ AT, WAREI=Y(ER 1, Entry 1),
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Table 1 Optimization of reaction conditions

0 o
[ :I OC;Hs + FN Cul R N
Br HoN N/@
1a 2a H
4a
Entry Base (equiv.) Solvent ~ Temp./C Product Yield/%
1 Cs,CO;(2.0) DMF 120 4a —
2 CsyCO;(2.0) 1,4-Dioxane 120 4a 353
3 Cs,CO;(2.0) H,O 120 4a 25.5
4 K;PO,(2.0) HO 120 4a 31.5
5 TEA (2.0) H,O 120 4a 34.6
6 Pyridine (2.0) H,O 120 4a 28.6
7 None H,O 120 4a —
8 Pyridine (2.0) None 120 4a 67.5
9 Cs,CO;(2.0) None 120 4a 63.2
10 DBU (2.0) None 120 4a 70.5
11 TEA (2.0) None 120 4a 83.6
12 TEA (2.0) None 80 4a 61.5

© 2017 Chinese Chemical Society & SIOC, CAS

“ Conditions: ethyl 2-bromobenzoate (1.0 mmol), ehtylenediamine (1.0 mmol),
Cul (0.1 equiv.), base (2.0 mmol), 120 °C, 10 h, Ar.
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Table 2 Synthesis of substituted benzodiazepinones from ethyl 2-bromobenzoates

(0]

HoN
Br H2N
1 2

o)
Cul, TEA Xy~ N
B ———— R_
solvent-free -
120 °C, 10 h H
4

o o] o} 0 0
NH F NH NH HsC NH ~ ~NH Q
| NH
N Br N N/ N 4 |
N
H N H N H s
H

4a Yield 83.6% 4b Yield 82.3% 4c Yield 75.6%

4d Yield 78.8%

4e Yield 68.8%

o} (0] 0 0] o o}
w, W, W, ) ) e
H H H H H H

4f Yield 55.6% 4g Yield 60.2% 4h Yield 48.5%

4i Yield 64.6%

4j Yield 77.7% 4k Yield 66.8%

¢ Conditions: ethyl 2-bromobenzoate (1.0 mmol), ehtylenediamine (1.0 mmol), Cul (0.1 equiv.), TEA (2.0 mmol), 120 C, 10 h, Ar.
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Scheme 3 Synthetic applications of the protocol to biologically active compounds
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'H NMR A1 ®C NMR # ] Varian Mercury 400 5§
300, Inova-500, System-600 ZA% g SLHRACI 52, T F v
#J9 CDCl; #1 DMSO-dg, LA TMS M Fx; BREACR
Thermo LCQ Deca XP Max (ESI)ll5E; ¥4 5 5 ASCK FH
Yanaco micrometer {2 fUE m I B AX CGlRLE R ZRLIE). S
55 B AR5 T 65 2 i 2R, Rk — B alifb b 2.
3.2 LWHE
3.2.1 b4 da~daKk A= 5 695 %,

AR T, K 2-IRAH R LB (276 mg, 1.0
mmol). 4B " %(108.2 mg, 1.0 mmol). Cul (19 mg, 0.1
mmol) 1= Z%(TEA) (202 mg, 2.0 mmol) I N5,
120 'C M 10 h. M RFBEH A HO 15 mL, 5
FE(30 mLX3)AHL, J5/K Na,SO, . HEEM [N LR
CH8) ¢ VAR =20 © 80115 7% B o [ 1A 5,10- A& -
11H- " I [b,e][1,4] R E-11-{(4a) 175 mg, YF
83.6%. m.p. 250~253 ‘C; 'H NMR (DMSO-d,, 300
MHz) d: 9.82 (s, 1H), 7.82 (s, 1H), 7.68~7.65 (d, J=7.8
Hz, 1H), 7.35~7.29 (dt, J=7.8, 1.5 Hz, 1H), 7.00~6.85
(m, 6H); *C NMR (DMSO-d,, 100 MHz) J: 167.9, 150.4,
134.0, 133.2, 132.1, 129.8, 124.5, 122.9, 122.8, 121.3,
120.7, 119.8, 119.0; HRMS calcd for C,3H;;N,O 211.0866,
found 211.0870.

A da~4k 1 5 6 BOTIEFGED) 4a.

2-9-5,10- ~ A -11H- % I [be][1,4] — R = -11-F
(4b): R AR 176 mg, WHE 82.3%. mp. 197~
199 °C; '"H NMR (DMSO-d,, 300 MHz) &: 10.00 (s, 1H),
7.85 (s, 1H), 7.41~7.37 (dd, J=9.6, 3.0 Hz, 1H), 7.27~
721 (dt, J=8.1, 3.0 Hz, 1H), 7.06~6.90 (m, 5H); "*C
NMR (DMSO-ds, 100 MHz) d: 166.8, 157.7, 155.4, 147.0,
140.2, 129.7, 124.7, 1242, 1242, 123.1, 121.46, 120.9,
120.8, 120.5, 120.3, 119.8, 117.3, 117.1; HRMS calcd for
C13H,0FN,0 229.0772, found 229.0769.

3-1-5,10- Z & -11H- Z K I [b,e][1,4] — & & -11-
(4¢): PO AR 218 mg, WHK 75.6%. m.p. 247~
250 ‘C; '"H NMR (DMSO-d, 300 MHz) 6: 9.94 (s, 1H),
8.04 (s, 1H), 7.60~7.57 (d, J=8.4 Hz, 1H), 7.22 (s, 1H),
7.07~7.04 (d, J=8.4 Hz, 1H), 6.95 (s, 4H); “C NMR
(DMSO-ds, 100 MHz) §: 166.9, 151.3, 138.7, 134.1, 129.5,
126.5, 124.6, 123.4, 123.4, 121.6, 121.4, 1212, 119.89;
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HRMS calcd for C3H;,BrN,O 288.9971, found 288.9968.
2-F3E-510- ~ & -11H- K [b,e][1,4] & E-11-
fiil(4d): R EFE A 176 mg, UCE 78.8%. m.p. 225~
227 °C; '"H NMR (DMSO-d;, 300 MHz) 6: 9.80 (s, 1H),
7.69 (s, 1H), 7.48 (s, 1H), 7.16~7.14 (d, J=8.1 Hz, 1 H),
6.99~6.88 (m, 5H), 2.20 (s, 3H); *C NMR (DMSO-d,
100 MHz) &: 168.0, 148.1, 140.4, 133.9, 1319, 129.8,
129.5, 124.4, 122.7, 122.7, 121.2, 119.6, 119.1, 19.9;
HRMS calcd for C4H;3N,0 225.1022, found 225.1023.

6,11- & -5H-F I [p]MELE [2,3-e][1,4] — Z 5 -5-F
(4e): KM K 145 mg, WLE 68.8%. m.p. 247~
250 °C; '"H NMR (DMSO-d;, 300 MHz) 6: 9.94 (s, 1H),
8.04 (s, 1H), 7.60~7.57 (d, J=8.4 Hz, 1H), 7.22 (s, 1H),
7.07~7.04 (d, J=8.4 Hz, 1H), 6.95 (s, 4H); *C NMR
(DMSO-d, 100 MHz) 6: 166.9, 151.3, 138.7, 134.1, 129.5,
126.5, 124.6, 123.4, 123.4, 121.6, 121.4, 1212, 119.9;
HRMS calcd for C3H;,BrN,O 288.9971, found 288.9968.

1,2,3,4- VU S -5H-F I [e][1,4] — B -5-F (4f): xR
55.6%. m.p. 135~137 C; '"H NMR (CDCls;, 300 MHz) ¢:
7.98~7.95 (d, J=8.4 Hz, 1H), 7.23~7.21 (t, J=6.9 Hz,
1H), 6.81~6.76 (t, J=7.5 Hz, 1H), 6.61~6.59 (d, J=
8.1Hz, 1H), 3.59~3.56 (m, 2H), 3.52~3.50 (m, 2H),
1.79~1.74 (m, 1H); “C NMR (CDCls;, 125 MHz) §:
172.0, 145.8, 133.1, 132.7, 118.4, 118.0, 117.7, 49.0, 42.0;
HRMS calcd for CoH(N30; 208.0717, found 208.0719.

7-Ti % -1,2,3,4- VU & -5 H- 75 3 [e][1,4] — 5 & -5-
(4g): W& 60.2%. m.p. 143~145 C; 'H NMR (DMSO-
de, 300 MHz) 0: 8.70 (s, 1H), 8.32 (s, 1H), 8.09 (s, 1H),
7.95~7.92 (d, J=9.0 Hz, 1H), 6.77~6.74 (d, J=9.0 Hz,
1H), 3.45 (s, 2H), 3.31 (s, 2H); *C NMR (DMSO-d;, 100
MHz) §: 168.1, 152.2, 136.1, 131.7, 127.0, 118.8, 114.9,
47.7, 41.2; HRMS calcd for CgH;oN;O 164.0818, found
164.0819.

7-H 4 3E-1,2,3,4- U A -SH-K FF [e][ 1,4] — 5 E-5-F
(4h): [E1E 93 mg, WHK 48.5%. m.p. 152~154 C; 'H
NMR (DMSO-d,, 300 MHz) d: 7.99 (s, 1H), 7.21 (s, 1H),
6.84~6.82 (d, J=6.0 Hz, 1H), 6.66~6.63 (d, J=8.7 Hz,
1H), 5.99 (s, 1H), 3.64 (s, 3H), 3.33~3.30 (m, 2H), 3.22
(s, 2H); *C NMR (DMSO-d,, 100 MHz) ¢: 170.3, 150.7,
141.9, 121.0, 120.2, 118.2, 114.8, 55.7, 48.9, 41.7; HRMS
calcd for C1oH,3N,0; 193.0972, found 193.0972.

(5aR,9aS)-5,5a,6,7,8,9,9a,10- /N & -11H- — Z I [be]-
[1,4] % E-11- (41): 3R 1A 139 mg, YE 64.6%.
m.p. 226~228 C; 'H NMR (CD;OD, 300 MHz) J:
7.62~7.60 (d, J=5.7 Hz, 1H), 7.18~7.14 (t, J=5.7 Hz,

http://sioc-journal.cn/ 957



BIHE

R

1H), 6.72~6.68 (m, 2H), 3.60 (s, 1H), 3.48~3.46 (d, J=
5.7 Hz, 1H), 1.79~1.74 (m, 1H), 1.71~1.54 (m, 5H),
1.46~132 (m, 1H), 1.34~1.32 (m, 1H); *C NMR
(CD;0D, 125 MHz) §: 173.4, 148.3, 133.6, 132.0, 120.1,
119.3, 61.25, 52.3, 31.7, 29.5, 23.6, 22.5; HRMS calcd for
C13H7N,0 217.1335, found 217.1334.

(5aR,9aS)-2- 1§ 3£ -5,52,6,7,8,9,9a,10- /N A -1 1 H- — 7
IH(b,el[1,4] R EE-11-Fi(4j): ¥ OEE 203 mg, fE
77.7%. m.p. 232~234 C; '"H NMR (DMSO-d;, 300
MHz) 6: 8.70 (s, 1H), 8.26 (s, 1H), 7.96~7.93 (d, J=7.8
Hz, 1H), 7.68 (s, 1H), 6.90~6.87 (d, J/=8.7 Hz, 1H), 3.66
(s, 1H), 3.49 (s, 1H), 1.82 (s, 1H), 1.59 (s, 5H), 1.37 (s,
2H); “C NMR (DMSO-d;, 100 MHz) J: 166.8, 152.2,
136.4, 131.0, 127.0, 118.9, 115.1, 57.1, 51.4, 30.6, 29.2,
21.8; HRMS caled for C;3H;gN;O; 262.1186, found
262.1186.

(5aR,9aS)-2- H 4 %£-5,52,6,7,8,9,9a,10- /5 & - 11H-
FKIE[be][1,4] 5 E-11-BH(4Kk): 7% ¥ (L & 165 mg, UL
# 66.8%. m.p. 215~217 ‘C; '"H NMR (DMSO-d,, 300
MHz) d: 7.90 (s, 1H), 7.09 (s, 1H), 6.85~6.82 (m, 1H),
6.75~6.73 (m, 1H), 5.39 (s, 1H), 3.66 (s, 3H), 3.48 (s,
1H), 3.31 (s, 1H), 1.73~1.70 (m, 1H), 1.59~1.49 (m,
5H), 1.35~1.34 (m, 1H), 1.24 (s, 1H); *C NMR (DMSO-
ds, 100 MHz) d: 170.0, 152.2, 141.3, 123.2, 120.9, 119.8,
114.2, 60.2, 55.7, 50.6, 30.8, 28.7, 23.0, 21.4; HRMS calcd
for C14HsN,O, 247.1441, found 247.1445.

3-(3- A K HE)-5,10- ~ & -11H- - H 3 [b,e][1,4] —
BE-11-F(5): R OFE A 65 mg, BFR 78.3%. m.p.
200~202 ‘C; '"H NMR (DMSO-d,, 300 MHz) d: 9.83 (s,
1H), 7.93 (s, 1H), 7.76~7.73 (d, J=8.4 Hz, 1H), 7.40~
7.37 (t, J=17.5 Hz, 1H), 7.29 (s, 1H), 7.20~7.15 (m, 3H) ,
6.99~6.90 (m, 5H), 3.82 (s, 3H); °C NMR (DMSO-d,
100 MHz) 6: 167.52, 159.75, 150.59, 144.62, 140.41,
139.48, 132.86, 130.11, 129.69, 124.47, 122.98, 121.46,
121.25, 119.78, 119.07, 118.91, 117.08, 113.91, 112.05,
55.20; HRMS calcd for C,0H;7;N,O, 317.1285, found
317.1286.

322 10N-6-T B ¥ B5-5- A.-11H- =3k H[b,e][1,4] =
R E-11-B(6) 89 & A%

AT, Ktk & Yr4a (105 mg, 0.5 mmol)¥&fE T T
HEDMFH, i ANaH (30 mg, 60%, 0.75 mmol). =54
1 b, SRS IR ONIRH INN6-1R 2R BB (125 mg, 0.6
mmol). KB ERERE2 d, RJEIA H0 (10 mL).
ZH#(30 mL X 3)ZKHL, T/KNa,SO, T, A EM [N

958 http://sioc-journal.cn/
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CHE) © V(A EE) =20 1 80115 vk B A A, i
59.9%!"*1. 'TH NMR (DMSO-d,, 300 MHz) J: 7.80 (s, 1H),
7.59 (d, J=7.8 Hz, 1H), 7.32~7.27 (m, 2H), 7.12~7.03
(m, 4H), 6.94 (t, J=7.8 Hz, 1H), 3.97 (t, J=6.0 Hz, 2H),
3.53 (s, 3H), 2.20 (t, J=7.5 Hz, 2H), 1.46~1.40 (m, 4H),
1.27~1.24 (m, 2H); *C NMR (100 MHz, DMSO-d) 6:
173.19, 167.62, 152.06, 145.84, 133.26, 132.08, 13191,
125.76, 124.97, 124.21, 123.54, 121.39, 120.58, 118.68,
51.14, 48.15, 33.17, 26.87, 25.34, 23.96; HRMS calcd for
C20H23N,0;5 339.1703, found 339.1700.

HBh A4 &l (Supporting Information) fi & AL & 91
'H NMR 1 ®C NMR EAE 3 R EdE. X bRy bl g
2 WASFI 33 (http://sioc-journal.cn/) | N %K.
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