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Some fluoro- and iodo-derivative of 5-[[4-[(4-diisobutylamino)butyl]-1-phenyl]acetyl]-10,11-dihydro-
SH-dibenzo[b,e][1,4]diazepin-11-one and 11-[[{4-[(dialkylamino)butyl]-1-phenyljacetyl]-5,11-dihydro-6H-
pyrido[2,3-b]{1,4]benzodiazepin-6-ones 6 (Scheme 1) and their analogues were synthesized. The synthesis
of dibenzodiazepinones 1 (Scheme 1) is based on the reaction between 1,4-phenylenediamine and substi-
tuted benzoic acids. The intermediate pyridobenzodiazepinones 3 (Scheme 1) were prepared by condensa-
tion of 2-chloro-3-aminopyridine with methyl anthranilate and its chlorine derivative. The condensation of
4-[(halo)alkyl]phenylacetyl chloride with dibenzodiazepinones and pyridobenzodiazepinones followed by
the reaction of mono- or dialkyl- or dialkenylamine provides 6 (Scheme 1).

J. Heterocyclic Chem., 35, 675 (1998).

Alzheimer’s disease is a neurodegenerative disorder
characterized by a profound and specific loss of N. basalis
neurons [1,2]. These cholinergic neurons project to the
cortex and the degeneration of their presynaptic elements
causes the severe cholinergic hypofunction that is charac-
teristic of this disease [3,4]. Much recent evidence sug-
gests that these degenerating presynaptic elements also
possess m2 muscarinic autoreceptors: losses in m2 recep-
tors from Alzheimer's disease brain have now been pub-
lished [5,6].

In our current work, we have focused on developing an
m2-selective radioligand. On the basis of existing struc-
ture-activity relationships, we have designed and synthe-
sized a m2-selective mAChR antagonist, 5-[[4-[(4-diethyl-
amino)butyl]-1-piperidinyl]acetyl]-10,11-dihydro-SH-di-
benzo[b,e][1,4}diazepin-11-one (1) (Chart 1) [7]. This

compound has been determined to be 10 times more
potent at the m2 receptor than the previously reported
most highly m2 selective antagonist 11-[[4-[4-(diethyl-
amino)butyl]-1-piperidinyl]acetyl}-5,11-dihydro-
6H-pyrido[2,3-b][1,4]benzodiazepin-6-one (2) (Chart 1)
(7]. However, 1 (Chart 1) did not appear to be able to
cross the blood brain barrier. More recently, we have syn-
thesized a series of m2 selective antagonists 3 (Chart 1),
capable of crossing the blood brain barrier [8]. The most
highly m2 selective compound in this series in in vitro
studies was found to be 5-[[4-[(4-diisobutylamino)butyl]-
1-phenyl]acetyl]-10,11-dihydro-5H-dibenzo(b,e](1,4]-
diazepin-11-one (3) (Chart 1, R; = R, = isobutyl; n = 4).
We have therefore prepared some fluoro-, chloro-, and
iodo-derivatives of 5-[[4-[(4-diisobutylamino)butyl]-1-
phenyl]acetyl]-10,11-dihydro-5H-dibenzo[b,e][1,4]-
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diazepin-11-one (Schemes 1 and 2; Tables 5 and 6) and its
tritiated derivative 6 (R = R, = isobutyl). We have also
prepared compounds with reduced lipophilicity, the deriv-
atives of 11-[[4-[4-(dialkylamino)butyl]-1-phenyl]-
acetyl]-5,11-dihydro-6 H-pyrido[2,3-b][1,4]benzo-
diazepin-6-ones (Chart 1, 4; Scheme 1, 6, Y = N).

Chemistry.

The required 11-0x0-10,11-dihydro-5H-dibenzo[b,e]-
[1,4]diazepine and its substituted monofluoro- or mononi-
tro-derivatives (Scheme 1, 1; Tables 1 and 2, 1a-f) were
prepared from the reaction between fluoro- or nitro-deriv-
ative of 2-chlorobenzoic acid and ¢-phenylenediamine by

Vol. 35

the modification of method reported by Giani er al. [9].
The 2- and 4-nitro-11- oxo-10,11-dihydro-5H-dibenzo-
[b,e][1,4)diazepines (Scheme 1, 1; Tables 1 and 2, 1e,f)
were converted into the corresponding 2- and 4-amino-
11-0x0-10,11-dihydro-5H-dibenzo[b,e][1,4]diazepines
(Scheme 1, 1g,h; Tables 1 and 2) by catalytic reduction
(palladium on activated carbon). Reaction of 1g,h
(Scheme 1; Tables 1 and 2) with benzyl chloroformate by
a modification of Holley et al. [10] provided 2- or 4-ben-
zyloxycarbonylamino-11-0x0-10,11-dihydro-5H-
dibenzo[b,e][1,4)diazepine (Scheme 1, 2; Tables 1 and 2,
2i,j). The intermediate pyridobenzodiazepinones
(Scheme 1, 3; Tables 1 and 2, 3a,b) were prepared by

Scheme 1
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Table 2

'H NMR Data on 11-Ox0-10,11-dihydro-5H-dibenzo[b,e][1,4]diazepine,
5,11-Dihydro-6H-pyrido[2,3-b][1,4]benzodiazepin-6-one and Derivatives 1b-h, 2i,j, 3a,b (Scheme 1, 1-3)

Compound 'H NMR: 3 [a] Formula Elemental Analysis
Calcd./Found
C H F N

1b 10.07 (1H, br), 7.94 (1H, br), Cy3HoFN,0 68.42 3.97 8.32 12.27
7.29 (1H, m), 6.99 (4H, m), 68.84 3.72 791 11.90
6.87 (1H, d, J = 8.2 Hz),
6.74 (1H, dd, J = 10.5, 8.3 Hz)

1c 9.87 (1H, br), 8.09 (1H, bx), C3HoFN,O 68.42 3.97 8.32 12.27
7.74 (1H, dd, J = 8.8, 7.0 Hz), 68.05 3.79 8.35 12.05
6.92 (4H, m, 6.78 (1H, dd,
J=10.7, 2.5 Hz), 6.70 (1H, m)

1d 9.88 (1H, br), 8.03 (1H, br),
7.61 (1H, d,J = 2.7 Hz), 7.36 (1H,
dd, J = 8.6, 2.7 Hz), 6.94 (5H, m)

1le 10.07 (1H, br), 9.04 (1H, br), C;3HgN;05 61.18 3.55 16.46
8.55(1H, d,) =2.8 Hz), 8.10 60.85 3.42 16.27
(1H,dd,J =9.1, 2.8 Hz), 7.05
(1H, d, ] =9.1 Hz), 6.97 (4H, m)

1 10.38 (1H, br), 8.78 (1H, br), C;3HgN30, 61.18 3.55 16.46
8.19 (1H, dd, J = 8.1, 1.5 Hz), © 6111 3.44 16.32
8.04 (1H, dd, J = 7.7, 1.5 Hz),
7.12 (1H, t, J = 8.1 Hz), 7.03
(4H, m)

1g 9.68 (1H, br), 7.18 (1H, br), 6.88 Cy5H; N3O0 69.32 492 18.65
(5H, m), 6.71 (1H, d, J = 8.4 Hz), 69.46 5.08 18.37
6.59 (1H, dd, J = 8.1, 2.7 Hz),
4.76 (2H, br)

1h 9.88 (1H, br), 7.10 (1H, m), 6.94 Cy3H; N30 69.32 4.92 18.65
(3H, m), 6.87 (1H, dd, } = 7.5, 1.8 Hz), 68.76 5.02 18.73
6.75(1H, dd, J = 7.8, 1.8 Hz),
(2H, m), 5.24 (2H, br)

2i 9.89 (1H, br), 9.68 (1H, br), 7.83 (1H, Cy1H7N304 7018 4.17 11.69
d, J =2.2 Hz), 7.73 (1H, br), 7.47 (1H, 69.50 4.70 11.40
dd, J = 8.5, 2.2 Hz), 7.35 (5H, m), 6.94
(5H, m), 5.13 2H, 5)

2j 10.03 (1H, br), 9.14 (1H, br), 7.52 CyH9N304 70.18 417 11.69
(1H,d, J = 7.1 Hz), 7.39 (6H, m), 6.94 69.89 4.79 11.50

(6H, m), 5.16 2H, 5)

3a 9.90 (1H, br), 8.53 (1H, br), 7.87 (1H,
dd, J =438, 1.6 Hz), 7.71 (1H, dd, ] = 7.9,
1.6 Hz), 7.32 2H, m), 7.12 (1H, dd,
J=8.14,0.9 Hz), 6.91 2H, m)

3b 10.03 (1H, br), 8.75 (1H, br), 7.88
(1H, dd, ] = 4.8, 1.6 Hz), 7.64 (1H, d,
J=2.7Hz), 7.40 (1H, dd, J = 8.7, 2.7 Hz),
7.29 (1H, dd, J = 7.8, 1.6 Hz), 7.15 (1H,
d,J =8.7 Hz), 6.95 (1H, dd, ] = 7.8, 4.8 Hz)

[a} The H nmr spectra were obtained in deuteriochloroform solution.

condensation of 2-chloro-3-aminopyridine with the
methyl anthranilate and its chlorine derivative according
to the procedure described by Engel et al. [11]. The con-
densation of 4-[(halo)alkyl]phenylacetyl chloride
(Scheme 1, 4) with dibenzodiazepinones (Scheme 1, 1,2)
and pyridobenzodiazepinones (Scheme 1, 3) will provide
compounds § (Scheme 1; Tables 3 and 4). The condensa-

tion of mono- or dialkyl- or dialkenylamine with 5§
(Scheme 1) provide 5-[[4-[(mono-, dialkyl- or dialkenyl-
amino)alkyl]-1-phenyl]acetyl]-10,11-dihydro-5H-
dibenzo[b,e][1,4]diazepin-11-ones and 11-[[4-[4-(dialkyl-
amino)butyl]-1-phenyl]acetyl]-5,11-dihydro-6H-
pyrido[2,3-b][1,4]benzodiazepin-6-ones, and their deriva-
tives (Scheme 1, 6; Tables 5 and 6). The 2- and 4-benzyl-
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Table 4
1H NMR Data on 5-[[4-[(Halo)alkyl]-I-phenyl]acetyl]-10,11-dihydro-SH-dibenzo[b,e][1,41diazepin-11-ones,
11-[{4{(Halo)alkyl-1-phenyl)acetyl]-5,11-dihydro-6H-pyrido[2,3-b]{1,4]benzodiazepin-6-ones and Derivatives 5a-h (Scheme 1, 5)
Compound 1H NMR: & [a] Formula Elemental Analysis
Calcd./Found
C H F N Br Cl

5a 8.81 (IH, br), 7.95 (1H, d,J = C,sH3BIN,0, 64.80 5.00 605 1724
8.1 Hz), 7.61 (1H, t, } = 7.6 Hz), 6521 5.11 6.00 17.36
7.40 (4H, m), 7.23 (1H, m), 7.07
(4H, m), 6.94 (1H, m), 3.64 (2H, s)
3.37 (2H,1,J = 6.7 Hz), 2.53 (2H, m),
1.75 (4H, m)

Sb 9.09 (1H, br), 7.51 (1H, m), 7.26 C,5H,,BrFN,0, 62.38 4.61 3.95 5.82 16.60
(4H, m), 7.06 (5H, m), 6.92 (1H, m), 62.48 5.09 3.66 5.80 16.33
3.64 (2H, s), 3.50 (2H, m), 2.52
(2H, m), 1.73 (4H, m)

5¢ 9.32 (1H, br), 7.97 (1H, m), 7.13 C,5H,,BrFN,0, 62.38 4.61 3.95 5.82 16.60
(10H, m), 3.63 (2H, s), 3.42 (2H, 62.75 4.35 4.15 6.02 16.85
m), 2.51 (2H, m), 1.71 (4H, m)

sd 9.06 (1H, br), 7.91 (1H, d, J = 2.2 Hz), CyH3,C1,N,0, 65.61 459 6.38
7.55 (14, dd, J = 8.5, 2.5 Hz), 65.12 4.84 6.03
7.33 (4H, m), 7.00 (5H, m), 3.64
(2H, s), 3.47 (2H, m), 2.65 2H, m),
2.05 (2H, m)

Se 8.86 (1H, br), 8.72 (1H, br), 7.72 C43H3,BrN;O, 64.71 4.94 6.86 13.05
(1H, m), 7.34 (8H, m), 7.21 (3H, m), 64.68 5.08 6.57 13.04
7.01 (3H, m), 6.93 (1H, m), 5.20
(2H, d, 1 =11.0 Hz), 3.61 (2H, 4,
J=4.2Hz), 3.37 2H, t,) =6.6 Hz),
2.52 (2H, m), 1.76 (4H, m)

Sf 8.94 (1H, br), 8.10 (1H, br), 7.68 C33H40BrN;04 64.71 4.94 6.86 13.05
(1H, dd, J = 7.8, 1.4 Hz), 7.42 (7TH, m), 64.41 5.26 6.53 13.39
7.29 (2H, m), 7.1 (3H, m), 6.41 (3H,
m), 5.23 (2H, d, ] = 1.9 Hz), 3.59
(2H,d,J=2.1Hz),349(1H,t,J =
6.2 Hz), 3.36 (1H, t, ] = 6.2 Hz), 2.48
(2H,t,J =7.4 Hz), 1.74 (4H, m)

5g 10.11 (1H, br), 8.37 (1H, dd, J = 4.7, Cy4H45BrN;0, 62.08 4.78 9.05 17.21
1.7 Hz), 795 (1H, d, } = 7.8 Hz), 62.70 5.36 9.39 17.40
7.65 (2H, m), 7.43 2H, m), 7.27
(1H, m), 6.90 (4H, m), 3.83 (2H, s),
3.44 (2H, m), 2.41 2H, m), 1.63
(4H, m)

5h 9.84 (1H, br), 8.38 (1H, dd, J = 4.6, C,4H,CIBIN;0, 57.79 4.24 8.42 16.01 7.10
1.7 Hz), 7.89 (1H, ¢, ] = 1.2 Hz), 57.43 4.38 8.15 16.42 745

7.59 2H, d, J = 1.7 Hz),7.32 (2H, m),
6.92 (2H, d, J = 7.6 Hz), 6.82 (2H, d,
J=17.6 Hz), 3.83 (2H, s), 3.47 (2H,

t, J =6.2 Hz), 2.46 (2H, m), 1.66
(4H, m)

[a] The 'H nmr spectra were obtained in deuteriochloroform solution.

oxycarbonylamino-5-[[4-[4-(diisobutylamino)butyl]-
1-phenyl]acetyl]-10,11-dihydro-5H-dibenzo[b,e][1,4]-
diazepin-11-ones (Scheme 2, 6; Tables 5 and 6, 6b,c)
were deprotected by hydrogenation at room temperature
in the presence of palladium on active carbon according to
Fletcher et al. [12] to obtain their respective amine
(Scheme 2, 8; Tables 5 and 6, 8b,¢). The 2- and 4-iodo-5-
[[4-[4-(diisobutylamino)butyl]-1-phenyl]acetyl}-10,11-di-
hydro-5H-dibenzo[b,e][1,4]diazepine-11-ones (Scheme 2,
9; Tables 5 and 6, 9b,c) were synthesized from reaction of

the diazonium intermediate with potassium iodide. Since
catalytic reduction of a suitable unsaturated precursor
with tritium gas is usually the most satisfactory procedure
for tritiating a compound, we have prepared the 5-[[4-[4-
[di(2-methylallyl)amino]butyl]-1-phenyl]-
acetyl]-10,11-dihydro-SH-dibenzo[b,e][1,4]diazepin-11-
one (unsaturated precursor for preparing tritiated
5-[[4-[(4-diisobutylamino)butyl]-1-phenyl]acetyl]-10,11-
dihydro-5H-dibenzo[b,e](1,4]diazepin-11-one; Scheme 1,
6 Tables 5 and 6, 6a).
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1H NMR Data on 5-[[4-[(Mono-, dialkyl-, and dialkenylamino)alkyl]-1-phenyl]acetyl]-10,11-dihydro-5H-dibenzo[b,e]([1,4]diazepin-11-ones,

Compound

6a

Ge

6f

6g

6i

6j

'H NMR: & [a]

8.49 (1H, br), 7.96 (1H, m), 7.59 (1H, t,
J=17.6 Hz), 7.44 2H, m), 7.31 2H, m),
7.22 (14, m), 7.02 (4H, m), 6.91 (1H,

m), 4.86 (2H, s), 4.80 (2H, 5), 3.62 QH, s),
2.80 (4H, 5), 2.51 (2H, m), 2.28 (2H, t,
J=7.0Hz), 1.71 (6H, 5), 1.56 2H, m),
1.43 (2H, m)

8.75 (1H, br), 8.38 (1H, br), 7.73 (1H, m),
7.33 (8H, m), 7.18 2H, m), 7.02 (4H, m),
6.90 (1H, m), 5.20 2H, d, J = 9.8 Hz), 3.60
(@H, 5), 2.53 2H, t, ] = 7.5 Hz), 2.29 2H, t,
J=69 Hz), 2.01 (4H, d, ] = 7.1 Hz), 1.62 (4H,
m), 1.41 QH, m), 0.85 (12H, d, J = 6.5 Hz)
8.65 (1H, br), 8.08 (1H, br), 7.67 (1H, d,
1=17.6Hz), 7.32 (8H, m), 7.04 (SH, m),
6.85 2H, d, J = 7.9 Hz), 5.22 (2H, ), 3.58
(2H, d,] = 2.8 Hz), 2.48 @H, 1, ] = 1.5 Hz),
2.28 2H, t, ] = 6.9 Hz), 2.01 (4H, d,] =

7.1 Hz), 1.59 (4H, m), 1.39 (2H, m), 0.85
(12H, d, J = 6.5 Hz)

8.61 (1H, br), 7.48 (1H, m), 7.19 (8H, m),
6.92 (2H, m), 3.67 2H, m), 2.51 (6H, m),
2.41 (2H, m), 1.56 H, m), 1.42 (2H, m),
1.00 (6H, t, J = 7.2 Hz)

7.50 (1H, m), 7.25 (44, m), 7.06 (SH, m),
6.88 (1H, m), 3.63 2H, m), 2.99 (2H, m),
2.53 2H, m), 2.37 2H, m), 1.54 (H, m),
1.42 2H, m), 0.98 (12H, d, J = 6.5 Hz)
9.32 (1H, br), 7.96 (1H, m), 7.33 (2H, m),
7.14 (6H, m), 6.91 2H, m), 3.63 CH, m),
2.52 (6H, m), 2.38 (2H, m), 1.52 2H, m),
1.42 (2H, m), 1.00 (6H, t,  =7.1 Hz)

9.02 (1H, br), 7.97 (1H, m), 7.33 2H, m),
7.13 (6H, m), 6.91 2H, m), 3.62 (2H, 5),
2.98 (2H, m), 2.51 2H, m), 2.36 (H, m),
1.51 (2H, m), 1.39 (2H, m), 0.97 (12H, d,
1=6.5Hz)

8.54 (1H, br), 7.96 (1H, m), 7.32 (2H, m),
7.23 (2H, m), 7.04 (64, m), 3.62 (2H, ),
2.52 (2H, m), 2.28 (24, t, J = 6.8 Hz), 2.01
(4H, d, ] = 7.1 Hz),1.62 (4H, m), 1.41 2H,
m), 0.85 (12H, d, J = 6.5 Hz)

7.90 (1H, d, J = 2.4 Hz), 7.53 (1H, dd, J =
8.5, 2.5 Hz), 7.32 (4H, m), 7.08 (4H, m),
6.85 (1H, m), 3.64 2H, 5), 2.61 (6H, m),
2.18 (1H, 5), 1.77 2H, m), 1.09 GH, t,
J=17.1Hz)

7.91 (1H, m), 7.58 (1H, t, J = 7.5 Hz),

7.42 (3H, m), 7.24 2H, m), 7.05 (4H, m),
6.78 (1H, d, ] = 7.7 Hz), 3.68 (2H, m), 2.62
(6H, m), 2.17 (1H, 5), 1.61 (2H, m), 1.46
(2H, m), 1.10 3H, t, J = 7.1 Hz)

836 (1H,t,J =3.1Hz), 79 1H, 4, ] =

7.7 Hz), 7.62 2H, m), 7.42 (14, m), 7.26
(2H, m), 6.97 (3H, m), 6.79 (1H, m), 3.84
(2H, m), .55 (6H, m), 2.39 (2H, m), 1.53
(2H, m), 1.42 (2H, m), 1.00 (6H, t, ] = 7.1 Hz)

(Continued)

(Scheme 1, 6-9)

Formula

Cy3H3N;30,

C41HagN4Oy

C41H4gN4O4

CyoH3FN;0,

C3,H36FN30,

Cy9H35FN30,

C3 H36FN30,

C33HgFN30,

CaeHasCIN;O,

Cy7Hy9N;30,

Cy3H3NO,

C

78.07
717.63

74.52
73.82

74.52
74.19

73.55
73.19

74.22
73.99

73.55
73.34

74.22
74.00

74.83
74.62

69.71
69.91

75.85
75.38

73.66
72.82

H

7.35
717

732
7.35

7.32
7.22

6.81
6.49

7.23
7.23

6.81
6.93

1.23
7.28

7.61
1.70

5.85
6.00

6.84
6.74

7.06

Elemental Analysis

Caled./Found

F N
8.28

8.16

8.48

8.30

8.48

8.36

4.01 8.87
4.18 8.68
379 8.38
3.93 8.25
4.01 8.87
4.07 8.79
3.79 8.38
3.81 8.29
3.59 7.93
3.67 7.84
791

7.53

9.83

9.50

12.27

11.88

Cl

9.38
9.12

11-[{4-[4-(Dialkylamino)butyl-1-phenyl]acetyl]-5,11-dihydro-6 H-pyrido[2,3-b][1,4]benzodiazepines and Derivatives 6a-p, 7a-g, 8b,c, 9b,c
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Compound

6m

6n

6p

Ta

Tc

7d

Te

(s

1998

TH NMR: § [a]

8.37 (1H, m), 7.93 (1H, d, ] = 7.9 Hz), 7.63
(2H, m), 7.42 (14, m), 7.27 (2H, m), 6.96
(2H, m), 6.83 (2H, m), 3.83 (2H, m), 2.98
(2H, m), 2.48 (2H, t, ] = 7.4 Hz), 2.36 (2H,
t,J =7.4 Hz), 1.50 (2H, m), 1.39 (2H, m),
0.98 (12H, d, ] = 6.5 Hz)

8.92 (1H, br), 8.38 (1, dd, J = 4.2, 1.8 Hz),
7.93 (1H, d, J = 7.7 Hz), 7.62 (2H, m), 7.43
(1H, m), 7.28 (2H, m), 6.94 (2H, m), 6.84
(2H, m), 3.81 (2H, 5), 2.46 (2H, m), 2.26
(2H, m), 2.00 (4H, d, ] = 6.9 Hz), 1.67 2H,
m), 1.52 (2H, m), 1.36 (2H, m), 0.85 (12H,
d,J=6.5 Hz)

8.36 (1H, m), 7.87 (1H, m), 7.56 2H, m),
7.24 2H, m), 6.91 2H, m), 6.75 (2H, m),
3.86 (2H, m), 2.54 (6H, m), 2.38 (2H, m),
1.52 (2H, m), 1.30 (2H, m), 1.00 (6H, t,

J =7.1Hz)

8.38 (1H, t, J =23.2 Hz), 7.88 (1H, 1, ) =
1.4 Hz), 7.57 2H, m), 7.25 (H, m), 6.94 (2H,
d,J=7.5Hz), 6.79 2H, m), 3.82 H, s),
2.99 (2H, m), 2.49 (2H, t, 7.5 Hz), 2.36 (2H,
t,J =72 Hz), 1.50 2H, m), 1.37 2H, m),
0.98 (12H, d, J = 6.6 Hz)

8.77 (1H, br), 8.39 (1H, t, ] = 3.2 Hz), 7.86
(1H, s), 7.57 (2H, d, ] = 1.7 Hz), 7.28 (2H,
m), 6.94 2H, d, J = 7.4 Hz), 6.81 (2H, m),
3.81 (2H, 5), 2.47 QH, t, ] = 7.5 Hz), 2.27
(2H, 1, 6.8 Hz), 2.00 (4H, d, J = 7.1 Hz), 1.64
(2H, m), 1.53 (2H, m), 1.37 (2H, m), 0.85
(12H, d, J = 6.5 Hz)

9.08 (1H, br), 7.87 (1H, m), 7.55 (1H, t,
J=7.2 Hz), 7.26 (7H, m), 6.97 2H, d, ] =
7.7 Hz), 6.68 (1H, m), 3.65 (2H, m), 3.45 (4H,
m), 2.59 (2H, m), 1.82 (2H, m) 1.53 (2H,
m), 1.24 (11H, m), 0.89 (3H, t, ] = 7.1 Hz)
9.38 (1H, br), 7.83 (1H, 5), 7.49 (1H, d,

J = 8.4Hz),7.38 2H, d, ] = 8.4 Hz), 7.21
(4H, m), 6.96 2H, d, ] = 8.4 Hz), 6.64 (1H,
m), 3.72 H, m), 3.42 (4H, m), 2.54 (2H, m),
1.89 (2H, m), 1.53 (2H, m), 1.27 (11H, m),
0.89 3H,t,1=7.2)

8.87 (1H, br), 7.90 (1H, m), 7.54 (1H, m),
727 (TH, m), 6.98 (2H, m), 6.84 (1H, m),
3.6 (2H, m), 3.37 2H, m), 3.26 2H, m),
2.53 (2H, m), 1.50 (6H, m), 1.20 (11H, m),
0.85 (3H,t, ] = 7.3 H)

9.04 (1H, br), 7.89 (1H, 5), 7.53 (1H, d,
J=8.5Hz), 7.29 (SH, m), 7.00 3H, m),
6.82 (1H, m), 3.65 (24, s), 3.38 (4H, m),
2.56 (2H, m), 1.53 (6H, m), 1.23 (11H, m),
0.88 3H, ¢, J = 7.2 Hz)

8.88 (1H, br), 7.92 (1H, m) 7.57 (1H, m),
7.29 (6H, m), 6.97 (3H, m), 7.78 (1H, m),
6.39 (2H, 5), 3.10 (4H, m), 2.55 (2H, m),
2.26 (2H, m), 1.91 (1H, m), 1.62 (6H, m),
0.90 (9H, m)

8.71 (0.5H, br), 8.50 (0.5H, br), 7.94 (1H,
m), 7.58 (1H, m), 7.31 (7H, m), 6.97 (3H,
m), 3.63 (2H, s), 3.14 (4H, m), 2.76 (1H,
m), 2.56 (2H, m), 1.93 (1H, m), 1.5 (4H,
m), 1.10 (6H, dd, J = 6.7, 1.9 Hz), 0.89 (6H,
dd, J = 22.5, 6.6 Hz)

(Continued)

Table 6 (cont.)

Formula

CsoH36N40,

C3HgoN4O,

Ca5H3,CINSO,

C30H35CIN,O,

C35H3CINGO,

C33H3gN304

C33H33CIN;O4

C34H41N;30,4

C34H4oCIN;O;

C33H3gN304

C33H39N304

C
74.35
73.80

74.47
74.67

68.49
68.83

69.43
69.00

70.25
70.11

75.40
74.90

70.76
70.79

75.66
75.72

71.13
70.86

75.40
74.73

75.40
75.56

H
7.49
7.40

7.86
7.74

6.36
6.39

6.80
6.81

7.18
7.21

7.48
7.43

6.84
6.90

1.66
7.64

7.02
7.04

7.48
7.43

7.48
7.49

Synthesis of Some Substituted Dibenzodiazepinones and Pyridobenzodiazepinones

Elemental Analysis

Calcd./Found
F

N

11.56
11.37

10.93
10.67

11.42
11.12

10.79
10.53

10.24
10.17

7.9
790

7.50
7.32

179
7.43

7.32
7.15

1.9
7.85

7.99
175

7.22
7.28

6.83
6.87

6.48
6.48

6.33
6.59

6.17
6.36

683



684 V. 1. Cohen, B. Jin, E. L. Cohen, B. R. Zeeberg and R. C. Reba Vol. 35

Table 6 (cont.)

Compound H NMR: 3 [a] Formula Elemental Analysis
Calcd./Found
C H F N Cl 1
Tg 8.78 (1H, br), 7.93 (1H, m), 7.58 (1H, m), C34H41N305 75.66 7.66 7.79
7.29 (7TH, m), 6.94 (3H, m), 3.63 (2H, m), 75.18 1.64 7.52

3.12 (4H, m), 2.55 (2H, m), 2.17 2H, m),
1.91 (1H, m), 1.81 (1H, m), 1.54 (4H, m),

0.89 (12H, m)
8b 892 (1H, br), 7.20 (9H, m), 6.90 (1H, m), Cs3HeN4O, 7525  8.04 10.64
6.80 (1H, m), 3.96 (1H, br), 3.83 (1H, br), 7546 8.08 1037

3.61 (2H, m), 2.53 (2H, m), 2.29 (2H, m),

2.01 (4H, d, J =7.1 Hz), 1.63 (4H, m), 1.41
(2H, m), 0.85 (12H, 4, J = 6.5 Hz)

8c 833 (1H, br), 7.26 (6H, m), 6.99 (4H, m), C33HipNO, 7525  8.04 10.64
6.89 (1H, d, J = 8.0 Hz), 4.19 (1H, br), 4.01 7507 8.01 10.52
(1H, br), 3.60 2H, 5),2.52 2H, 1] =
7.2 Hz), 2.29 2H, ¢, J =7.1 Hz), 2.01 (4H, d,
J=1.2Hz), 1.62 (4H, m), 1.41 (2H, m),
0.85 (12H, dd, } = 6.5, 2.6 Hz)

9  8.77(1H, br), 8.25 (1H, s), 7.88 (1H, dd, Cs3HgIN;0, 6216 632 6.60 19.90
J=83,2.1 Hz), 7.31 (2H, m), 7.21 (1H, m), 6237 631 6.66 19.85
7.02 (4H, m), 6.89 (2H, m), 3.62 2H, 5),
2.51 (2H, m), 2.27 (2H, m), 2.00 (4H, d,
J=7.1Hz), 1.63 (4H, m), 1.39 2H, m),
0.85 (12H, d, J = 6.6 Hz)

9c 840 (0.5H, br), 8.20 (0.5H, br), 8.13 (0.5H, C33Hy0IN30, 6216 632 6.60 19.90
dd, ] =79, 1.5 Hz), 8.04 (0.5H, dd, J =17.9, 6248 625 6.80 19.79
1.4 Hz), 7.88 (1H, m), 7.73 (1H, m), 7.25
(2H, m), 7.10 (1H, m), 6.98 (4H, m), 6.85
(1H, m), 3.59 (2H, m), 2.50 (2H, m), 2.27
(2H, m), 1.99 (4H, m), 1.66 (2H, m), 1.54
(2H, m), 1.38 2H, m), 0.84 (12H, m)

[a] The 'H nmr spectra were obtained in deuteriochloroform solution.

Scheme 2
H 0 o} 0O
\ K
(o]
H I
N N—C—0—CH;CeHls N NH, N !
(l:=0 ‘ (':= é:O
‘3 H, éHz 1. KNO,, HCI 2
Palladium on Active Carbon 2. KI
(CHz)4 (?{2)4 (CHy)s
N(i-Bu), N(i-Bu), N(i-Bu),
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EXPERIMENTAL

The melting points were obtained on a Fisher-John apparatus.
The !'H nmr speetra were recorded on a Bruker AC-300 instru-
ment and expressed as parts per million (8) from internal tetra-
methylsilane. The hplc was performed on an Altex Model 110A.
2-Chlorobenzoic acid, o-phenylenediamine, 2-aminobenzoic
acid, 3-amino-2-chloropyridine, 2,5-dichlorobenzoic acid,
2-chloro-4-fluorobenzoic acid, 2-chloro-6-fluorobenzoic acid,
2-chloro-3-nitrobenzoic acid, 2-chloro-5-nitrobenzoic acid, ben-
zyl chloroformate, palladium on activated carbon, mono- and
dialkylamines, and chloroacetyl chloride were obtained from
Aldrich.

11-Ox0-10,11-dihydro-5H-dibenzo[b,e][1,4]diazepine and its
Fluoro-, Chloro- and Nitro-derivatives (Scheme 1, 1; Tables 1
and 2, 1a-f).

They were prepared by condensation of o-phenylenediamine
with 2-chlorobenzoic acid or its derivatives by the modification
of the method reported by Giani et al. [9].

5,11-Dihydro-6 H-pyrido[2,3-b][1,4]benzodiazepin-6-one and its
8-Chloro-derivative (Scheme 1, 3; Tables 1 and 2, 3a,b).

They were prepared by treating methyl 2-aminobenzoate or
methyl 2-amino-5-chlorobenzoate with 2-chloro-3-aminopyri-
dine by the procedure described by Engel et al. [11].

Procedure for the Preparation of 2- and 4-Amino-11-0x0-10,11-
dihydro-5H-dibenzo[b,e][1,4]diazepines (Scheme 1, 1g,h;
Tables 1 and 2).

A mixture of 0.77 g (3 mmoles) of 2- or 4- nitro-derivative
(Scheme 1, 1; Table 1, 1e,f), 300 ml of methanol and 0.2 g Pd-C
10% was shaken with hydrogen in a Parr pressure flask at 3
atmospheres and room temperature for 48 hours. The catalyst
was filtered and the solvent was evaporated under reduced pres-
sure. The residue purified by preparative tlc using chloro-
form/methanol (10:1) as eluent.

Procedure for the Preparation of 2- and 4-Benzyloxycarbonyl-
amino-11-o0x0-10,11-dihydro-SH-dibenzo[b,e][1,4]diazepines
(Scheme 1, 2; Tables 1 and 2, 2i.§).

They were prepared by treating a solution of 0.7 g (3.11 mmoles)
2- or 4-amino-derivative (Scheme 1, 1g,h; Table 1), and 0.467 ml
of triethylamine in 10 ml of tetrahydrofuran and cooled in ice
bath with 0.531 g (0.45 ml) of benzyl chloroformate. After 10
minutes the mixture was removed from the ice-bath and left at
room temperature for 30 minutes with stirring. The mixture was
poured into water, made basic with sodium bicarbonate solution,
and extracted with chloroform. The extract was washed with
water, dried, and purified by preparative tlc using chloro-
form/methanol (10:1) as eluent.

General Procedure for the Preparation of 5-[[4-[(Halo)alkyl]-1-
phenyl]acetyl]-10,11-dihydro-5H-dibenzo[b,e][1,4]diazepin-
11-ones, 11-[[4-[(Halo)alkyl]-1-phenyl]acetyl]-5,11-dihydro-
6H-pyrido[2,3-b][1,4]benzodiazepin-6-ones and their Deriva-
tives (Scheme 1, §; Tables 3 and 4, 5a-h).

To 0.05 mole of 4-[(halo)alkyl}phenylacetic acid in 100 ml of
chloroform, was added thionyl chloride (30 ml), and it was
heated at reflux for 3 hours. The solvent and the excess thionyl

Synthesis of Some Substituted Dibenzodiazepinones and Pyridobenzodiazepinones 685

chloride were evaporated under reduced pressure. To the residue
was added 1, 2 or 3 (Scheme 1) 0.05 mole of N,N-dimethylani-
line (3 ml), and tetrahydrofuran or dioxane (100 ml), and
refluxed for 2-5 hours or at room temperature (Table 3). The
mixture was evaporated to dryness under reduced pressure. A
10% potassium bicarbonate solution was added and the mixture
was extracted with chloroform. The chloroform extract was
washed with water, dried over sodium sulfate, and evaporated to
dryness under reduced pressure. Purification by flash chro-
matography on silica gel, provided the product.

General Procedure for the Preparation of 5-{{4-[(Mono-,
Dialkyl- and Dialkenylamino)alkyl]-1-phenyl]acetyl]-10,11-
dihydro-5SH-dibenzo[b,e][1,4]diazepin-11-ones, 11-[[4-[4-(Dial-
kylamino)butyl]-1-phenyl]acetyl]-5,11-dihydro-6H-
pyrido[2,3-b][1,4]benzodiazepin-6-ones and their Derivatives
(Scheme 1, 6; Tables 5 and 6, 6a-p).

A solution of § (5 mmoles), mono- or dialkyl or dialkenyl-
amine (3 ml), and sodium carbonate (3 g), in acetonitrile (40 ml),
were refluxed (Table 5). The solvent was removed under
reduced pressure and the residue was partitioned between chlo-
roform-water. The organic layer was separated, washed with
water, and dried over sodium sulfate. The solvent was removed
under reduced pressure and the residue purified by flash chro-
matography.

General Procedure for the Preparation of 5-[[4-[4-
(Monoalkylmonoacylamino)alkyl]-1-phenyl]acetyl]-10,11-dihy-
dro-5H-dibenzo[b,e][1,4]diazepin-11-ones and their Derivatives
(Scheme 1, 7; Tables 5 and 6, 7a-g).

A solution of monoalkylamine derivative 6 (2 mmoles) and
N,N-dimethylaniline (1.5 g) in tetrahydrofuran (30 ml) was
cooled in a dry ice/acetone bath, and treated with acyl chloride
(4 ml). The mixture was stirred overnight at room temperature,
and then washed with 5% potassium carbonate and water. The
solvent was removed under reduced pressure. The crude product
was purified by flash chromatography or preparative tlc.

General Procedure for the Preparation of 2- and 4-Amino-5-
[[4-[4-(diisobutylamino)butyl]-1-phenyl]acetyl]-10,11-dihydro-
SH-dibenzo[b,.e][1,4]diazepin-11-ones (Scheme 2, 8; Tables 5
and 6, 8b,c).

A solution of the benzyloxycarbonyl derivative 6b or 6¢c (1.32 g,
2 mmoles) in ethanol (200 ml) was hydrogenated over 10%
Pd-C (0.5 g) in a Parr pressure flask at 3 atmosphere and room
temperature for 72 hours. The catalyst was filtered and the sol-
vent was removed under reduced pressure. The residue was puri-
fied first with flash column chromatography and then, if neces-
sary, by preparative tlc, to obtain the respective amino-derivative
(Scheme 2, 8; Tables 5 and 6, 8b,c).

General Procedure for the Preparation of 2- and 4-Iodo-5-
[[4-{4-(diisobutylamino)butyl}-1-phenyl]acetyl]-10,11-dihydro-
S5H-dibenzo[b,e][1,4]diazepin-11-ones (Scheme 2, 9; Tables 5
and 6, 9b,c).

A solution of 8b or 8¢ (0.53 g, 1 mmole) in 15 ml of 10%
hydrochloric acid and 3 ml of acetone was cooled to 0° followed
by treatment with a solution of sodium nitrite (30 mg, 1.3 mmoles)
in 2 ml of water. A yellow suspension formed as the solution
was stirred for 15 minutes at 0°, and then urea (100 mg) was
added. To the suspension of diazonium derivative was added a
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solution of potassium iodide (200 mg, 1.2 mmoles) in 5 ml of
water slowly and with stirring. The mixture was allowed to
stand overnight at room temperature with stirring, then made
alkaline by the addition of 10% solution of sodium hydroxide
and finally was extracted with chloroform. The organic layer
was washed with water and dried over magnesium sulfate.
Rotary evaporation of the solvent afforded the crude product.
Preparative tlc using chloroform-methanol (10:1) as eluent pro-
vides the pure compound.

Procedure for the Preparation of Tritiated 5-[[4-[(4-Diisobutyl-
amino)butyl]-1-phenyl]acetyl]-10,11-dihydro-5H-dibenzo-
[b.e][1,4)diazepin-11-one.

Tritiation of 5-[[4-{4-[di(2-methylallyl)amino]butyl]-1-phen-
yllacetyl]-10,11-dihydro-5H-dibenzo[b,e][1,4]diazepin-11-one
(Tables 5 and 6, 6a), was performed by Dupont as follows. To a solu-
tion of 61.6 mg of 6a in 2 ml of ethanol was added 75 mg of 5%
Pd/C and 80 Ci of tritium gas. The mixture was stirred for 2 hours at
room temperature. An uptake of 6.5 ml of tritium was observed.

The labile material was removed with ethanol. Purification of
[3H]5-[[4-[(4-diisobutylamino)butyl]-1-phenyl]acetyl}-10,11-
dihydro-5H-dibenzo[b,e][1,4]diazepin-11-one was first carried
out by preparative tlc using chloroform/methanol (20:1) as the
eluent followed by hplc using RP C;g Radial Pak Cartridge in a
Z-Module and methanol/0.01 M phosphate buffer pH 7.4 (1:9)
as the eluent. The fraction eluting at 10 minutes was collected;
tlc [silica gel, chloroform/methanol (20:1)] R¢ 0.50. The R val-
ues of co-spotted [3H]5-[[4-[(4-diisobutylamino)butyl]-1-
phenyljacetyl}-10,11-dihydro-5H-dibenzo[b,e][1,4]diazepin-11-
one and 5-[[4-[(4-diisobutylamino)butyl]-1-phenyl]ace-
tyl}-10,11-dihydro-5H-dibenzo[b,e][1,4]diazepin-11-one are
identical.
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