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1,4-Benzodiazepines bearing a carbon substituent at the 2-position were obtained by reaction of 2-chloro- 
methylquinazoline 3-oxides with stabilized carbanions. The carbanions of alkyl acetates, N,N-disubstituted 
acetamides, acetonitrile, dimethylsulfone, N,N-dimethyl methanesulfonarnide and 2-methylpyridine were 
successfully applied. The conversion of some of the 2-carbon substituted 1,4-benzodiazepines to 
irnidazo[l,5-a] [1,4]benzodiazepines and [ 1,2,5]oxadiazino[5,4-a] [1,4]benzodiazepines is described. 

J .  Heterocycl ic  Chem., 23, 1303 (1986). 

Sternbach (21 discovered that the reaction of the quin- 
azoline 3-oxide l c  with methylamine resulted in ring ex- 
pansion to yield the 1,4-benzodiazepine chlordiazepoxide. 
Although other nucleophilic reagents such as hydroxide 
and alkoxides were subsequently found to effect the same 
ring expansion, the use of carbanions for this purpose has 
received little attention. After having shown that the anion 
of nitromethane effectively converted the quinazolines 1 
to the 2-nitromethylene-l,4-benzodiazepines 2 [3], the ap- 
plication of this reaction to other stabilized carbanions 
was studied. The  2-substituted benzodiazepines were of in- 
terest to us as  precursors for derivatives with a hetero- 
cyclic ring fused to the 1,2-bond, in particular 
imidazo[ 1,5-a] [ 1,4] benzodiazepines [4]. 

The results listed in Table 1 demonstrate that a variety 

of stabilized primary carbanions were capable of effecting 
the Sternbach ring expansion, some of them in excellent 
yield. The anions of the reagents were generated with 
lithium diisopropylamide in tetrahydrofuran at  tempera- 
tures ranging from - 60 to - 40°, depending on the stabil- 
ity of the carbanion. The  best yields were obtained with 
the anions of t-butyl acetate. Reaction of 1 (X = F) with 
the anion of acetonitrile under similar conditions gave on- 
ly small amounts of the desired benzodiazepine 8 and the 
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Compounds 

2 
3 
4 
56 
5b 
Q 
6b 
6c 
7 

8 
9a 
9b 
10 
11 
12 
13 
14 
156 
15b 
15c 
16 
176 
17b 
18 
19 

Compound 

21 
n 
236 
23b 
24 
25 
26 
27 
28 
29 
30 
31 
32 

Substituente 
R 

NO, 
COOEt 
COOi-Pr 
COOt-Bu 
COOt-Bu 
CONMe, 
CONMe, 
CONMe, 
Cmethylpiper- 
azinocarbonyl 
CN 
SOINMel 
SO,NMe, 
S0,Me 
2 - p y r i d y I 
COOEt 
COOi-Pr 

CONMe, 
CONMe, 
CONMe, 
CN 
SO,NMe, 
SO,NMe, 
S0,Me 
2-pyridyl 

COOt-Bu 

R 

COOEt 
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COOt-Bu 
COOt-Bu 
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2-pyridyl 
COOEt 
COOi-Pr 

CONMe, 
CN 
SO,NMe, 
2-pyridyl 

COOt-Bu 

Substituents 

X 

F 
F 
F 
F 
CI 
F 
CI 
H 
F 

F 
F 
CI 
F 
F 
F 
F 
F 
F 
CI 
H 
F 
F 
CI 
F 
F 

X 

F 
F 
F 
CI 
H 
F 

Table 1 

Yield 
% 

ref [3] 
93 
94 
98 
87 
67 
66 

30 

20 
61 
73 
80 
39 

71 

36 
65 
60 
44 
79 

Table 2 

Yield 
% 

78 
85 
79 
80 
73 
67 
85 
92 
78 
70 

73 
71 

78 

mp OC 

150-152 
175-1 77 
182-183 
168-110 
159-160 
222-225 
221-223 
202-204 

247-248 

182- 184 
185-187 
212-214 
109-1 11 
144-145 
158-160 
170-1 72 
176-178 
182- 184 

150- 153 
161-163 

168-170 

189-191 

131-134 
169-! 72 

mp 'C 

225-226 
231-233 
19 1-192 
233-234 dec 
254-255 
191-193 dec 
230-233 
244-245 
212-2 14 
250-253 
248-250 
149-150 
220-222 

Solvent of 
Recrystallization 

Ether 
CH,CI,lEtOH 
CH,CI,lHexane 
Ether 
EtOH 
EtOAc 
CH,CI,/EtOH 
EtOH 

THFlEtOH 
EtOHlether 
EtOAclHexane 
THFlEtOH 
EtOAc 
EtOH 
2-PrOH 
Hexane 
EtOH 
EtOAclHexane 
CH,Cl,lether 
CH,CIJHexane 
EtOAclHexane 
EtOH 
CH,CI,lEtOH 
CH,CI,lHexane 

Solvent of 
Recrystallization 

THFlEtOH 
CH,CI,/EtOH 
CH,Cl,IEtOH 
2-PrOH 
THFlEtOH 
CH,CI,lEtOH 
THFlEtOH 
THFl2-PrOH 
CH,CI,lHexane 
CH,CI,lEtOH 
THFlEtOH 
MeOH 
MeOH 

dihydroquinazoline 20 was isolated as the major product. 
This compound was converted to 8 by treatment with 
potassium t-butoxide in 2-propanol. This suggests that the 
anion of acetonitrile adds as expected to the 2-position of 
the quinazoline at low temperature but cannot effect the 
subsequent rearrangement during the warming of the re- 
action mixture to room temperature. We speculate that 
the acetonitrile anion is being destroyed during warm-up 

by condensation with a second molecule of acetonitrile. 
The ring expansions were carried out with three equiva- 
lents of carbanions to allow for the neutralization of the 
eliminated hydrogen chloride and the double deprotona- 
tion of the product. The reaction worked satisfactorily 
with the anions of dimethylsulfone, N,N-dimethylaceta- 
mide and N,N-dimethyl-methylsulfonamide, but the yields 
were mediocre for the compounds 7 and 11. 
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The  nitrones 3-6 and 8-11 were reduced to the corre- Schame I l l  
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sponding imines by treatment with phosphorus trichlo- 
ride, a standard reagent for this type of transformation. 
Both the nitrones 3-6 and 11 and the imines 12-17 and 19 
were nitrosated as described previously [5] with sodium ni- 
trite in  glacial acetic acid to give the oximes 21-25 and 
26-32 in good yields. (See data  in Table 2). Nitrosation of 
the sulfones 10 and 18 failed. The  reason for this failure 
was not uncovered. Hydrogenation of the oximes over 
Raney nickel in the presence of ammonia allowed re- 
duction of the oxime functionality with retention of the ni- 
trone. T h e  imidazo[ 1,5-a] [ 1,4]benzodiazepine-5-oxides 
were thus obtained by reacting the crude hydrogenation 
product with dimethylformamide dimethylacetal (for com- 
pounds 36 and 31) or with acetaldehyde and manganese 
dioxide (for compounds 33-35) (See Table 3). 

The same procedures were used for the preparation of 
the esters 38-42 and the dimethylamide 43. The I-ethoxy- 
carbonyl derivative 44 was obtained by stirring a methy- 
lene chloride solution of the crude hydrogenation product 
of 28 with glyoxalic acid ethyl ester in the presence of air. 
Hydrogenation over palladium on carbon of 26 in the 
presence of acetaldehyde also led to the imidazoben- 
zodiazepine 39, although in lower yield. This catalyst thus 
not only reduced the oxime to the enediamine but also de- 
hydrogenated the intermediate imidazoline to the imidaz- 
ole. 

We attempted to apply these methods for the conver- 
sion of the oximes 30-32 to the corresponding imidazoben- 
zodiazepines. The hydrogenations of the cyanooxime 30, 
the sulfonamide 31 and the pyridine derivative 32 led to 
complex mixtures. However, alternate methods for the 
elaboration of these intermediates into imidazobenzodi- 
azepines were explored. Treatment of the cyanooxime 30 
with zinc in acetic acid resulted in reduction to the desired 
enediamine with simultaneous saturation of the imine. 
The  reduction product was not characterized but directly 

Table 3 

Yield 
76 

51 
71 
52 
58 
38 
61 
65 

58 
68 
73 
72 
35 
53 

mp  "C 

225-227 
206-208 
272-274 
217-220 dec 
277-279 dec 
255-257 dec 
176-179 
195-1 98 
200-202 
21 5-2 17 
183-185 
209-210 
2 16-2 17 
195-196 

Solvent of 
Recrystallization 

EtOAdMeOH 
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Scheme I V  
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condensed with dimethylformamide dimethylacetal to give 
the amidine 45. Ring closure of 45 to 46a required 
heating in glacial acetic acid. (See Scheme 111). Oxidation 
of 46a with manganese dioxide in boiling 1,2-dichloroeth- 
ane afforded the carboxamide 48a, the nitrile apparently 
having undergone hydration to the amide under these 
conditions. The oxidation of the amine to the imine could 
be carried out with other reagents such as  diethyl azodi- 
carboxylate in refluxing toluene. As shown for the oxida- 
tion of the 2-chlorophenyl substituted analog 46b, the 
double bond isomer 49 was formed in addition to 47 and 
the products were separated by chromatography. Inter- 
conversion of the amide and nitrile was possible by stan- 
dard methods, hydration of 47 and 46b with concentrated 
sulfuric acid yielded the amides 48b and 50, respectively, 
while dehydration of 48b by means of phosphorus pentox- 
ide in pyridine gave the nitrile 47. Zinc in acetic acid 
cleanly reduced 48b to 50. 

Another synthesis of imidazobenzodiazepines previous- 
ly reported [6] involved the reaction of alpha-amino ox- 
imes of type 51-54 with aldehydes. The  selective reduction 
of the 1,2-imine bond in compounds 28-32 was performed 
with sodium borohydride in ethanol (See data  in Table 4 
and reaction Scheme IV). Unlike compounds related to 

51-54 in which R represents an electron donating substi- 
tuent, compounds 51-54 condensed with formaldehyde 
and acetaldehyde in hot glacial acetic acid to give almost 
exclusively the corresponding oxadiazinobenzodiazepines 
57-61. T h e  electron withdrawing quality of the substituent 
R in compounds 51-54 impeded the formation of the 
imidazobenzodiazepines by this method. The  reaction of 
51 with acetaldehyde in the presence of molecular sieves 
gave a mixture of two diastereomeric oxadiazinoben- 
zodiazepines of which the major one was crystallized and 
fully characterized with exception of the stereochemistry. 

We expected that methylation of the oxime oxygen in 
compounds 51-54 would enhance the electron density a t  
the oxime nitrogen and block the formation of the oxadi- 
azines and thus favor the ring closure to the imidazoles. 
Compounds 31 and 32 were therefore methylated with 
diazomethane. The  pyridine 55 obtained by this reaction 
from 32 was then reduced with sodium borohydride in 
ethanol to the 1,2-dihydro derivative which was directly 
treated with paraformaldehyde and acetaldehyde in hot 
glacial acetic acid to yield the 3-(2-pyridyl) substituted im- 
idazo[ 1,5-a] [ 1,4]benzodiazepines 63 and 64, respectively. 
Diazomethane methylated the sulfonamide 31 both at  the 
oxygen and the nitrogen of the oxime function and led to a 
mixture of 56 and 62, separated by chromatography. 
Reduction of 56 with sodium borohydride gave a complex 

Scheme V 
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Compounds 

51 
52 
53 
54 
57 
58 
59 
60 
61 

R 

COOt-BU 
CONMe, 
SO,NMe, 
2-pyridyl 
COOt-Bu 
CONMe, 
SO,NMe, 
2-pyridyl 
C 0 0 t . B ~  

Synthesis of 1,4-Benzodiazepines 

Table 4 

Substituents Yield 
R' % 

37 
50 
66 
66 

H 45 
H 96 
H 26 
H 54 

Me 44 

mixture unsuitable for further transformation to the 
desired imidazobenzodiazepine 65. Compound 65 was ob- 
tained, however, by heating the nitrone 62 in refluxing 
acetic anhydride. The  acetylated hydroxamic acid 66 was 
also isolated from this reaction. The  formation of the imid- 
azole 65 from the nitrone 62 may proceed through the re- 
arrangement product 67 which could then ring close as  in- 
dicated and aromatize by loss of a proton. The  acetylated 
hydroxamic acid 66 may arise from acetylation of the 
nitrone oxygen in 62 followed by addition of acetate to 
give the possible intermediate 68. Elimination of 
NJ"dimethy1acetamide and sulfur dioxide from 68 as in- 
dicated could then lead to the observed product 66. 

EXPERIMENTAL 

Melting points were determined in a capillary melting point apparatus. 
The uv spectra were measured in 2-propanol on a Carey Model 14 
spectro-photometer. The nmr spectra were recorded with a Varian T-60 
instrument with TMS as internal standard. The ir spectra were determin- 
ed on a Beckman IR-9 spectrometer. Silica gel Merck (70-325 mesh) was 
used for chromatography and anhydrous sodium sulfate for drying. The 
yields of most experiments were not optimized. 

7-Chloro-5<2-fluorophenyljl,3.dihydro-2H-l,4~benzodiazepine-2-ylidene- 
acetic Acid Ethyl Ester 4-Oxide (3) [7]. 

A solution of n-butyllithium in hexane. 0.3 mole, was added at -50' to 
200 ml of a 2-molar solution of diisopropylamine in dry tetrahydrofuran 
mixed under an atmosphere of nitrogen. Ethyl acetate, 40 ml, was added 
slowly at - 50' to - 45'. After complete addition a solution of 32.5 g (0.1 
mole) of 6-chloro-2-chloromethyl-4~2-fluorophenyl)quinazoline 3-oxide 
(la) [3] in 200 ml of tetrahydrofuran was poured in and the reaction mix- 
ture was stirred for 2 hours while allowing i t  to warm to room tem- 
perature. It  was acidified by addition of 30 ml of acetic acid and was par- 
titioned between water and methylene chlorideltoluene. The organic 
phase was washed with brine, dried and evaporated. The crystalline 
residue was collected with ether to yield 34.5 g (93%) of product with mp 
150.152O. 

Using isopropyl acetate and I-butyl acetate in place of ethyl acetate the 
following esters were prepared in the same fashion: 

7-Chloro-5<2-fluorophenyljl,3-dihydro-2H- 1,4-benzodiazepine-2-ylidene- 
acetic Acid Isopropyl Ester 4-Oxide (4). 

This compound was obtained in 94% yield with mp 175-177O. crystal- 
lized from methylene chloridelethanol. 

Solvent of 
mp "C Recrystallization 

203-204 dec 
2 14-2 15 
242-244 
211-213 
216-217 dec 
177-179 
240-242 dec 
241-243 
196-1 97 

EtOAc 
CH,CI,/EtOH 
THFlEtOH 
MeOH 
EtOH 
2-PrOH 
CH,CI,/EtOAc 
CH,CI,/EtOAc 
EthedHexane 

1307 

Anal. Calcd. for C,,H,,CIFN,O,: C, 61.78; H, 4.67; N, 7.20. Found: C, 
61.85; H, 4.83; N, 7.01. 

7-C hloro-5-(2-fluorophenyljl,3-dihydro-2H-l,4-benzodiazepine-2-ylidene- 
acetic Acid t-Butyl Ester 4-Oxide (54. 

This compound was obtained in 98% yield with mp 182-183O, crystal- 

Anal. Calcd. for C,,H,,CIFN,O,: C, 62.61; H, 5.00; N, 6.95. Found: C, 
lized from methylene chloridelhexane. 

62.73; H, 4.77; N, 6.83. 

7-Chloro-5-(2-chlorophenyl j l  ,3-dihydro-2H-l,4-benzodiazepine-2-ylidene- 
acetic Acid I-Butyl Ester 4-Oxide (Sb). 

This compound was similarly prepared by reacting 6-chloro-2-chloro- 
methyl-442-chloropheny1)quinazoline 3-oxide (lb) [8] with the anion of 
t-butyl acetate. It was obtained in 87% yield and had mp 168-170'. crys- 
tallized from ether. 

Anal. Calcd. for C,,H,,CI,N,O,: C, 60.15; H, 4.81; N, 6.68. Found: C, 
60.12; H, 4.80; N, 6.66. 

[7-Chloro-5-(2-chlorophenyl j 1  ,3-dihydro-2H-1,4-benzodiazepin-2-ylidene]- 
N,N-dimethylacetamide 4-Oxide (6b). 

A 2-molar solution of diisopropylamine in tetrahydrofuran, 40 ml(O.08 
mole), was stirred under nitrogen and cooled to -60'. A solution of 
n-butyllithium in hexane, 0.065 mole, was added followed by 7.4 ml (0.08 
mole) of N,N-dimethylacetamide, keeping the temperature below - 50'. 
After stirring for 5 minutes a solution of 6.8 g (0.02 mole) of quinazoline 
l b  in 40 ml of tetrahydrofuran was poured in all at once. The cooling 
bath was removed and stirring was continued for 1 hour. The mixture 
was acidified with acetic acid and diluted with saturated aqueous sodium- 
bicarbonate solution. The product was extracted with methylene chloride 
and the extracts were dried and evaporated. Crystallization from ether 
gave 5.2 g (66%) of crystals with mp  21 1-214". The analytical sample re- 
crystallized from ethyl acetate to give colorless product with mp 
222-225O; nmr (deuteriochloroform): 3.05 (s, 6, N(CH,),), 4.6 (s, 2, C,-H), 
5.25 (s, 1, =CH-) 6.83 (d, 1, J = 2 Hz, Cs-H), 7.03 (d, 1, J = 9 Hz, C,-H), 
7.1-7.6 (m, 5, aromatic H), 12.0 (broads, 1, NH). 

Anal. Calcd. for C,,H,,CI,N,O,: C, 58.47; H, 4.39; N, 10.77. Found: C, 
58.48; H, 4.38; N, 10.66. 

[7-Chloro-5-(2-fluorophenyljl,3-dihydro-2H-l,4-benzodiazepin-2-ylidene]- 
N,N-dimethylacetamide 4-Oxide (6a). 

The analogous reaction of la  with the anion of N,N-dimethylaceta- 
mide gave 6a in 67% yield. After recrystallization from ethanol it had 
mp 159-160°. 

Anal. Calcd. for C,,H,,CIFN,O,: C, 61.05; H, 4.58; N, 11.24. Found: C, 
61.05; H, 4.62; N, 11.13. 

[7-Chloro-l,3-dihydro-5-phenyl-2H-1,4-benzodiazepin-2-ylidene]- 
N,N-dimethylacetamide 4-Oxide (6c). 

This compound was similarly obtained by reaction of 6-chloro-2- 
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chloromethyl-4-phenylquinazoline 3-oxide (lc) [2] with the anion of 
dimethylacetamide. The analytical sample was recrystallized from 
methylene chloridelethanol and had mp 221-223'. 

Anal. Calcd. for C,,H,,CIN,O,: C, 64.14; H, 5.10; N, 11.81. Found: C, 
64.17; H, 5.01; N, 11.64. 

2-[7-Chloro-5-(2-fluorophenyl)-2,3-dihydro-lH-l,4-benzodiazepin-2- 
ylidene)-1{4-methyl-l-piperazinyl)ethanone 4-Oxide (?a). 

The quinazoline l a  was reacted as described above with the anion 
generated in the same fashion from 1-acetyl-4-methylpiperazine. The 
reaction mixture quenched by addition of dry ice and was partitioned 
between toluene and aqueous sodium bicarbonate. The organic phase 
was dried and evaporated and the residue was chromatographed over 20- 
fold amount of silica gel using 5 %  (vlv) of ethanol in methylene chloride. 
Crystallization from ethanol yielded 30% of product with mp 202-204'; 
nmr (deuteriochloroform) 2.3 (s, 3, NCH,) 2.42 (m, 4, NCH,), 3.65 (m, 4, 
CONCH,), 4.6 (s, 2, Cj-H), 5.3 (s, 1, -CH =) 6.8-7.6 (m, 7, aromatic H), 11.8 
(s, 1, NH). 

Anal. Calcd. for C,,H,,C~FN,O,: C, 61.61; H, 5.17; N, 13.06. Found: C, 
61.84; H, 5.35; N, 13.07. 

[7-Chloro-5-(2-fluorophenyl)-l,3-dihydro-2H-l,4-benzodiazepine-2- 
y1idene)acetonitrile 4-Oxide (8). 

The anion of acetonitrile was generated in the same way at -50' and 
reacted with 32.5 g (0.1 mole) of the quinazoline la. The crude product 
obtained after the workup described above was dissolved in 300 ml of 
isopropanol and the solution was treated with 20 g (0.178 mole) of 
potassium f-butoxide. After stirring at  room temperature for 0.5 hour the 
mixture was acidified with acetic acid and diluted with water. The 
crystalline precipitated product was filtered off, washed with water and 
sucked dry. Recrystallization from methylene clorideltetrahydrofuranl- 
ethanol gave 6.4 g (20%) of product with mp 247-248'; nmr (d-DMSO): 
mixture of two isomers 4.4-5.1 (m, 3, C,-H and -CH =), 6.74 (d, 1, J = 2 
Hz, C,-H), 7.0-7.8 (m, 6, aromatic H), 10.7 (s, 1, NH). 

Anal. Calcd. for C,,H,,CIFN,O: C, 62.30; H, 3.38; N, 12.82. Found: C, 
62.17; H, 3.51; N, 12.94. 

7-Chloro-5-(2-fluorophenyl)-l,3-dihydro-2-([(dimethylamino)sulfonyl]- 
rnethylene)2H-l,4-benzodiazepine 4-Oxide (9a). 

A solution of 73.8 g (0.6 mole) of N,N-dimethyl methanesulfonamide in 
300 ml of tetrahydrofuran was added dropwise to a solution of 0.6 mole 
of lithium diisopropylamide at -60'. After complete addition stirring 
was continued for 5 minutes and a solution of 48.5 g (0.15 mole) of l a  in 
400 ml of tetrahydrofuran was added all at once. Cooling was discon- 
tinued and the mixture was stirred for 45 minutes. After the usual 
workup (extraction with toluene), the product was crystallized from 
ethanollether to give 39 g (61%) of crystals with mp  168-170'. The 
analytical sample was recrystallized from ethyl acetatelether and had the 
same mp; nmr (deuteriochloroform) 2.75 (s, 6, N(CH,),), 4.56 (s, 2, C,-H), 
5.1 (5, 1, -CH=), 6.9-7.7 (m, 7, aromatic H), 9.28 (s, 1, NH). 

Anal. Calcd. for C,,H,,CIFN,O,S: C, 52.75; H, 4.18; N, 10.25. Found: 
C, 52.72; H, 4.26; N, 10.56. 

7-Chloro-5-(2-chlorophenyl)-l,3-dihydro-2-([dimethylamino)sulfonyl]- 
methylene)-2H-l,4-benzodiazepine 4-Oxide (9b). 

This compound was similarly prepare in 73% yield by reaction of l b  
with the anion of N,N-dimethyl methanesulfonamide. Crystallization and 
recrystallization from ethyl acetateihexane gave colorless product with 
mp 182-184'. 

Anal. Calcd. for C,,H,,CI,N,O,S: C, 50.71; H, 4.02; N, 9.86. Found: C, 
50.77; H, 4.07; N, 9.92. 

7-Chloro-5-(2-fluorophenyl)-2,3-dihydro-2-[(methylsulfonyl)methyl- 
ene)lH-1 ,4-benzodiazepine 4-Oxide (10). 

The anion of dimethyl sulfone was generated as described above with 
lithium diisopropylamide at - 50' and reacted with the quinazoline la. 
After the usual workup and extraction with toluene the product was 
crystallized from ethyl acetateiether to yield 80% with mp  180-181'. 

Recrystallization for analysis from tetrahydrofuranlethanol gave product 
with mp 185-187'C; uv: sh 220 (25000), sh 240 (21500) max 282 (38400) sh 
355 (2200); nmr (deuteriochloroform) mixture of two isomers, most likely 
tautomers 3.07 and 3.17 (2 s, 3, CH,) 4.36 (s, 0.85, CH,SO,), 4.52 (s, 1.45 
C,-H), 4.75 (s, 0.85, C,-H), 5.26 (s, 0.7, -CH =), 6.9-7.7 (m, 7, aromatic H), 
9.55 (broad s, 0.7, NH). 

Anal. Calcd. for C,,H,,CIFN,O,S) C, 53.62; H, 3.71; N, 7.36. Found: C, 
53.71; H, 3.83; N, 7.02. 

7-Chloro-5-(2-fluorophenyl)2,3-dihydro-2-[(2-pyridyl)methylene]-l H-l,4- 
benzodiazepine 4-Oxide (11). 

Reaction of 16.1 g (0.05 mole) of the quinazoline la with the anion of 
2-picoline generated as described above yielded after the standard 
workup and crystallization from 2-propanol 7.3 g (39%) of product with 
mp 201-204' dec. Recrystallization from ethyl acetate for analysis gave 
yellow crystals with mp 212-214' dec; uv: max 227 nm (23100), sh 236 
(21900), 283 (25500), 384 (27000) sh 405 (3100); ir (chloroform) 1650 
cm-'; nmr (deuteriochloroform) 4.67 (s, 2, C,-H), 5.49 (s, 1, -CH=), 
6.8-7.8 (m. 10, aromatic H), 8.42 (m, 1, C6-H of pyridine ring), 12.1 (s, 1, 
NH). 

Anal. Calcd. for C,,H,,CIFN,O: C, 66.41; H, 3.98; N, 11.06. Found: C, 
66.40; H, 4.00; N, 11.02. 

7-Chloro-5-(2-fluorophenyljl,3-dihydro-2H-l,4-bezodiazepine-2-ylidene- 
acetic Acid Ethyl Ester (12). 

Phosphorus trichloride 10 ml, was added to a solution of 10 g (0.0266 
mole) of 3 in 100 ml of methylene chloride. After standing at room tem- 
perature for 3 hours, the reaction mixture was evaporated under reduced 
pressure and the residue was partitioned between methylene chloride 
and 10% aqueous sodium carbonate solution. The organic layer was 
separated, dried and evaporated. The crude product was directly used for 
nitrosation in the next step. For the purpose of characterization a sample 
was purified by filtering over a pad of silica gel using 10% (vlv) of ethyl 
acetate in methylene chloride. Crystallization from ethanol gave col- 
orless crystals with mp 109-1 1 1'. 

Anal. Calcd. for C,,H,,CIFN,O,: C, 63.60; H, 4.49; N, 7.81. Found: C, 
63.66; H, 4.30; N, 7.98. 

In the same fashion were prepared: 

7-Chloro-5-(2-fluorophenyl j 1  ,3-dihydro-ZH-l,4-benzodiazepine-2-ylidene- 
acetic Acid Isopropyl Ester (13). 

This compound crystallized from 2-propanol, mp 144-145'. 
Anal. Calcd. for C,,H,,CIFN,O,: C, 64.43; H, 4.87; N, 7.51. Found: C, 

64.54; H, 4.97; N, 7.43. 

7-Chloro-5-(2-fluorophenyl)-l,3-dihydro-2H-l,4-benzodiazepine-2-ylidene- 
acetic Acid t-Butyl Ester (14). 

This compound crystallized from hexane, mp 158-160O. 
Anal. Calcd. for C,,H,,CIFN,O,: C, 65.19; H, 5.21; N, 7.24. Found: C, 

65.45; H, 5.1 1; N, 7.07. 

[7-Chloro-5-(2-chlorophenyljl,3-dihydro-2H-l ,4-benzodiazepin-2-ylidene]- 
N,N-dimethylacetamide (15b). 

A solution of 2.5 g (6.4 mmoles) of 6b in 100 ml of methylene chloride 
was treated with 2.5 ml(28 mmoles) of phosphorus trichloride and stirred 
for 30 minutes. The mixture was washed with sodium carbonate solution, 
dried and evaporated. The residue was passed over a pad of silica gel us- 
ing 10% (vlv) of ethyl acetate in hexane. Crystallization of the clean 
eluate from ethyl acetatelhexane yielded 1.7 g (71%) of product with mp 
176-178'; nmr (deuteriochloroform): 3.0 (s, 6, NMel), 4.4 (s,2, C,-H), 5.07 
(s, 1, -CH=), 6.8-7.6 (m, 7, aromatic H), 11.9 (s, 1, NH). 

Anal. Calcd. for C,,H,,CI,N,O: C, 60.97; H, 4.58; N, 11.23. Found: C, 
61.12; H, 4.77; N, 11.10. 

In the same manner were obtained: 

[7-Chloro-5-(2-fluorophenyljl,3-dihydro-2H-l,4-benzodiazepin-2-ylidene)- 
N,N-dimethylacetamide (15a). 
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This compound had mp 170-172' after recrystallization from ethanol. 
Anal. Calcd. for C,,H,,CIFN,O: C, 63.78; H, 4.79; N, 11.74. Found: C, 

63.71; H, 4.78; N,11.70. 

[7-Chloro-l,3-dihydro-5-phenyl-2H- 1,4-benzodiazepin-2-ylidene]-N,N- 
dimethylacetamide (1st). 

This compound had mp 182.184' following recrystallization from 

Anal. Calcd. for C,,H,,CIN,O: C, 67.16; H, 5.34; N, 12.37. Found: C, 
methylene chloridelether. 

67.23; H, 5.41; N, 12.01. 

[ 7 - C h lor 0-5-( 2-f I u o r o p h e n y I)- 1,3-d i h y d r 0-2H- 1,4- be n zo d i a z e p  i n-2- 
ylidene]acetonitrile (16). 

Treatment of 5.9 g (18 mmoles) of 8 in 750 ml of methylene chloride 
with 12 ml (137 mmoles) of phosphorus trichloride for 3 hours at room 
temperature yielded after the usual workup followed by chromatography 
over silica gel with methylene chloride yielded 2 g (36%) of product. It 
was recrystallized from ethanol for analysis and had mp  189-191'. 

Anal. Calcd. for C,,H,,CIFN,: C, 65.60; H, 3.56; N, 13.48. Found: C, 
65.53; H, 3.52; N, 13.66. 

7-Chloro-5{2-fluorophenyl)-l,3-dihydro-2[(dimethylaminosulfonyl)methyl- 
ene]-2H-1,4-benzodiazepine (17a). 

This compound was obtained in 65% yield by reduction of 9a with 
phosphorus trichloride and chromatography over a pad of silica gel us- 
ing ethyl acetatelmethylene chloride 1:l (vlv). Crystallization from ethyl 
acetatelhexane and recrystallization from the same solvents gave product 
with mp 150-153'; nmr (deuteriochloroform): 2.72 (s, 6, NMe,), 4.37 (s, 2, 
C,-H), 4.9 (s, 1, -CH =), 6.9-7.7 (m, 7, aromatic H), 9.16 (broad s, 1, NH). 

Anal. Calcd. for C,,H,,CIFN,O,S: C, 54.89; H, 4.35; N, 10.67. Found: 
C, 54.96; H, 4.33; N, 10.69. 

7-Chloro-5-(2-chlorophenyl)- 1,3-dihydro-2-[(dimethylaminosulfonyl)- 
methylene]-2H-l,4-benzodiazepine (17b). 

This compound was prepared in 60% yield from 9b. It was crystallized 
and recrystallized from ethanol, mp 161-163O. 

Anal. Calcd. for C,,H,,CI,N,O,S: C, 52.69; H, 4.18; N, 10.24. Found: C, 
52.76; H, 4.15; N, 10.05. 

7-Chloro-5-(2-fluorophenyl> 1,3-dihydro-2-[(methyIsulfonyl)methylene]-2H- 
1,4-benzodiazepine (18). 

A mixture of 5 g (13.1 mmoles) of 10, 100 ml of tetrahydrofuran and 50 
ml of methylene chloride and 5 ml(57 mmoles) of phosphorus trichloride 
was stirred for 40 minutes at room temperature. After dilution with 
methylene chloride the solution was washed with 10% aqueous sodium 
carbonate containing 10 ml of ammonia. The organic layer was dried and 
evaporated. The residue was chromatographed over 100 g of silica gel us- 
ing 10% of ethyl acetate in methylene chloride for elution. The clean 
fractions were combined and evaporated and the residue was crystallized 
from ether to yield 2.1 g (44%) of product which was recrystallized from 
methylene chloridelethanol for analysis, mp 131.134'; uv: max 263 nm 
(22600), 287 (2400), 343 (2500); nmr (deuteriochloroform): 3.0 (9, 3, CH,), 
4.33 (s, 2, C,-H), 5.1 (s, 1, -CH =) 6.8-7.8 (m, 7, aromatic H), 9.33 (broad s, 
1, NH) about 15% of the other tautomer was also detected. 

Anal. Calcd. for C,,H,,CIFN,O,S: C, 55.97; H, 3.87; N, 7.68. Found: C, 
56.00; H, 3.83; N, 7.72. 

7-Chloro-5-(2-florophenyl)-2,3-di hydro-2-[(2-pyridyl)methyIene]-lH-1,4- 
benzodiazepine (19). 

A solution of 10 g (26 mmoles) of 11 in 250 ml of methylene chloride 
and 250 ml of tetrahydrofuran was stirred at room temperature for 15 
minutes with 10 ml of phosphorus trichloride. After the usual workup the 
product was crystallized and recrystallized twice from methylene 
chloridelethanol to leave 7.6 g (79%) with mp 168-171'. The analytical 

sample was recrystallized again from methylene chloridelhexane and left 
yellow crystals with mp 169-171O; nmr (deuteriochloroform): 4.5 (s, 2. 
C,-H), 5.3 (s, 1, -CH=), 6.8-7.8 (m, 10, aromatic H), 8.45 (m, 1, C6-H of 

pyridine), 12.0 (broad s, 1, NH). 

69.28; H, 4.9; N, 11.45. 

6-Chloro-2-chloromethyl-4-(2-fluorophenyl)-1,2-dihydroquinazoline-2- 
acetonitrile 3-Oxide (20). 

Anal. Calcd. for C,,H,,CIFN,: C, 69.33; H, 4.16; N, 11.55. Found: C, 

A 2-molar solution of diisopropylamine in tetrahydrofuran, 20 ml (40 
mmoles) was diluted with 10 ml of tetrahydrofuran and cooled to - 50'. 
A solution of 30 mmole of butyllithium in hexane was then added follow- 
ed by 3 ml of acetonitrile keeping the temperature at - 50'. A solution of 
3.2 g (10 mmoles) of l a  in 40 ml of tetrahydrofuran was then added all a t  
once and the reaction mixture was allowed to warm to room temperature. 
After acidifying with 5 ml of acetic acid, the mixture was diluted with 
water and was extracted with toluene. The extracts were washed with 
saturated sodium bicarbonate solution, dried and evaporated. The 
residue was chromatographed over 120 g of silica gel using 20% (vlv) of 
ethyl acetate in methylene chloride for elution. The fractions containing 
the major component were combined and evaporated and the residue was 
crystallized from ethyl acetatelether to give 1.1 g(30%) of yellow product 
with mp 162.164'; nmr (d-DMSO): ca. 1:l mixture of two conformers. 

Anal. Calcd. for C,,H,,CI,FN,O: C, 56.06; H, 3.32; N, 11.54. Found: C, 
56.10; H, 3.31; N, 11.45. 

7-Chloro-5{2-fluorophenyl~alpha-hydroximino-3H-l ,CbenzodiazepineS- 
acetic Acid Ethyl Ester 4-Oxide (21). 

Sodium nitrite, 1.6 g (23 mmoles), was added over a period of 5 
minutes to a suspension of 7.5 g (20 mmoles) of 3 in 30 ml of glacial 
acetic acid. After stirring for 15 minutes at room temperature the mix- 
ture was diluted with water, 30 ml, to complete the crytallization of the 
product. The solids were collected, washed with water, ethanol and ether 
and recrystallized from tetrahydrofuranlethanol to give 6.2 g (78%) of 
light yellow crystals with mp  225-226'. 

Anal. Calcd. for C,,H,,CIFN,O,: C, 56.52; H, 3.74; N, 10.41. Found: C, 
56.79; H, 3.87; N, 10.28. 

The following esters were prepared analogously: 

7-Chloro-5-(2-fluorophenyI)-alpha-hydroxyimino-3H-l,4-benzodiazepine- 
2-acetic Acid Isopropyl Ester 4 0 x i d e  (22). 

This compound was obtained by nitrosation of 4, crystallized from 

Anal. Calcd. for C,,H,,CIFN,O,: C, 57.49; H, 4.10; N, 10.06. Found: C, 
methylene chloridelethanol, mp 231-233O, in 85% yield. 

57.16; H, 4.20; N, 9.91. 

7-Chloro-5-(2-fluorophenyl)-alpha-hydroxyimino-3H-l ,Cbenzodiazepine- 
2-acetic Acid t-Butyl Ester 4-Oxide (23a). 

This compound was obtained in 79% yield by nitrosation of Sa, crys- 

A n d .  Calcd. for C,,H,,CIFN,O,: C, 58.41; H, 4.43; N, 9.73. Found: C, 
tallized from methylene chloridelethanol, mp 191-192'. 

58.62; H, 4.22; N, 9.54. 

7-Chloro-5-(2-chlorophenyl)-alpha-hydroxyimino9H-l,4-benzodiazepine- 
2-acetic Acid t-Butyl Ester 4-Oxide (23b). 

This compound was obtained in 80% yield by nitrosation of Sb, crys- 

Anal. Calcd. for C,,H,,CI,N,O,: C, 56.26; H, 4.27; N, 9.37. Found: C, 
tallized from 2-propanol, mp 233.234'. 

56.18; H, 4.50; N, 9.13. 

7-Chloro-alpha-(hydroxyimino)-~,N-dimethyl-5-phenyl-3H-l,4-benzo- 
diazepine-2-acetamide 4-Oxide (24). 

A solution of 2.2 g (7.9 mmoles) of 6c in 10 ml of acetic acid was 
treated with 0.71 g (10.2 mmoles) of sodium nitrite and stirred for 1 hour. 
The product was precipitated by addition of water, was filtered off, wash- 
ed with water and sucked dry. It was dissolved in methylene chloride con- 
taining 10% of ethanol and the solution was dried and evaporated. Re- 
crystallization from tetrahydrofuranlethanol yield 2.2 g (73%) of 
yellowish crystals with mp 254-255'. 

Anat. Calcd. for C,,H,,CIN,O,: C, 59.30; H, 4.45; N, 14.56. Found  C, 
58.99, H, 4.58; N, 14.60. 
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[7-Chloro-5-(2-fluorophenyl~3H-1,4-benzodiazepine-2-yl]-2-pyridylmeth- 
anone Oxime 4-Oxide 0.66 Molar Ethanol Solvate (25). 

Nitrosation of 3 g (7.9 mmoles) of 11 with 0.71 g (10.2 mmoles) of 
sodium nitrite as described above yielded 2.4 g (67%) of product which 
crystallized from methylene chlorideiethanol as a solvate with mp 
191-193O dec. According to nmr and microanalysis the crystals contained 
0.66 mole of ethanol; nmr (d-DMSO): 1.07 (t, J = 6.5 Hz, ethanol), 3.4 (m. 
ethanol), 5.08 (broad s, 2, C,-H), 6.9 (d, 1, J = 2 Hz, C,-H), 7.1-8.2 (m, 9, 
aromatic H), 8.56 (m, 1, C6-H of pyridine). 

Anal. Calcd. for C,,H,,CIFN,0,.0.66 C,H,O: C, 60.73; H, 4.43; N, 
12.32. Found: C, 60.85; H, 4.14; N, 12.58. 

7-Chloro-5-(2-fluorophenyl)-alpha-hydroxyimino-3H- 1,4-benzodiazepine- 
2-acetic Acid Ethyl Ester (26). 

The crude 12 obtained by reduction of 10 g of 3 with phosphorus 
trichloride was dissolved in 40 ml of acetic acid. Sodium nitrite, 2.45 g, 
was added and the mixture was stirred for 15 minutes at room 
temperature. The product started to crystallize and was further precipi- 
tated by addition of 50 ml of water. The crystals were collected, washed 
with water, ethanol and ether to yield 8.8 g (85%) of product. The 
analytical sample was recrystallized from tetrahydrofuraniethanol to give 
pale yellow crystals with mp 230.233'. 

Anal. Calcd. for C,,H,,CIFN,O,: C, 58.85; H, 3.90; N, 10.84. Found: C, 
59.02; H, 3.93; N, 10.63. 

The following oximes were similarly prepared: 

7-Chloro-5-(2-fluorophenyl~alp~a-hydroxyimino~3H-l,4-benzodiazepine- 
2-acetic Acid lsopropyl Ester (27). 

This compound was obtained by nitrosation of 13, crystallized from 
tetrahydrofuraniethanol, light yellow crystals with mp 244-245', 92% 
yield. 

Anal. Calcd. for C,,H,,CIFN,O,: C, 59.78; H, 4.26; N, 10.46. Found: C, 
59.85; H, 4.29; N, 10.48. 

7-Chloro-5~2-fluorophenyl)-afpha-hydroxyimino-3H-l,4-benzodiazepine- 
2-acetic Acid t-Butyl Ester (28). 

This compound was obtained in 78% yield by nitrosation of 14, crys- 

Anal. Calcd. for C,,H,,CIFN,O,: C, 60.65; H, 4.61; N, 10.10. Found: C, 
tallized from methylene chloridelhexane, mp 212.214'. 

60.89; H, 4.57; N, 10.48. 

7-Chloro-5-(2-fluorophenyl)-alpha-hydroxyimino-N,N-dimethyl-3H~l,- 
4-benzodiazepine-2-acetamide (29). 

This compound was obtained in 70% yield by reduction of 6a with 
phosphorus trichloride followed by nitrosation of the crude 15a with 
sodium nitrite. Recrystallization from methylene chlorideiethanol gave 
light yellow crystals with mp 250-253'. 

Anal. Calcd. for C,,H,,CIFN,O,: C, 59.00; H, 4.17; N, 14.48. Found: C, 
58.90; H, 4.01; N, 14.12. 

7-Chloro-5-(2-fluorophenyl).alpha-hydroxyimino-3H-l4-benzodiazepine-2- 
ace toni tr ile (30). 

This compound was obtained in 78% yield by nitrosation of 16, 

Anal. Calcd. for C,,H,,CIFN,O: C, 59.92; H, 2.96; N, 16.44. Found: C, 
recrystallized from tetrahydrofuraniethanol mp 248-250'. 

59.78; H, 3.09; N, 16.23. 

7-Chloro-5-(2-fluorophenyl)-N,N-dimethyl-3H- 1,4-benzodiazepine-2- 
(N'hydroxy)irninomethylsulfonamide (31). 

This compound was obtained in 73% yield by nitrosation of 17a, 
recrystallized from methanol, mp 149-150'; nmr (deuteriochloroform + 
d-DMSO): 2.9 (s, 6, NMed, 4.27 (broad s, 2, C,-H), 6.8-7.8 (m. 7, aromatic 
H), ca. (broad s, 1, OH). 

Anal. Calcd. for C,,H,,CIFN,O,S: C, 51.13; H, 3.81; N, 13.26. Found: 
C, 51.01; H, 3.62; N, 12.98. 

[7-Chloro-5-(2-fluorophenyl).3H-1,4-benzodiazepine-2-yl]-2-pyridylmeth- 
anone Oxime (32). 

This compound was obtained in 71 % yield by nitrosation of 19. After 
dilution with water the reaction mixture was extracted with methylene 
chloride. The product was crystallized from ethanol and recrystallized 
for analysis from methanol to give pale yellow crystals with mp 220.222'; 
nmr (d-DMSO): 4.5 (very broad s, 2, C,-H), 7.0-8.0 (m, 10, aromatic H) 8.5 
(m, 1, C6-H of pyridine) 12.1 (broad s, 1, OH). 

Anal. Calcd. for C,,H,,CIFN,O: C, 64.61; H, 3.59; N, 14.26. Found: C, 
64.19; H, 3.46; N, 14.45. 

8-Chloro-6-(2-fluoropheyl)-l-methyl-4H-imidazo[ 1,5-a] [ 1,4-]benzodia- 
zepine-3-carboxylic Acid Ethyl Ester 5-Oxide (33). 

A mixture of 2 g (5 mmoles) of 21, 100 ml of tetrahydrofuran, 30 ml of 
ethanol, 2 g of Raney nickel and 0.5 ml of methanol containing 20% (viv) 
of ammonia was hydrogenated at  atmospheric pressure for 2 hours. The 
catalyst was filtered off and the filtrate was evaporated. The residue was 
dissolved in 30 ml of methylene chloride and treated with 0.6 ml of ace- 
taldehyde. After stirring for 15 minutes at room temperature 2 g of ac- 
tivated manganese dioxide was added and stirring was continued for 15 
minutes. The manganese dioxide was separated by filtration over celite 
and the filtrate was evaporated. Crystallization of the residue from ethyl 
acetatelether yielded 1.05 g (51%) of product which was recrystallized 
from ethyl acetatelmethanol for analysis to leave off white crystals with 
mp 225-227'. 

Anal. Calcd. for C,,H,,CIFN,O,: C, 60.95; H, 4.14; N, 10.15. Found: C, 
60.83; H, 3.93; N, 9.98. 

By the same procedure were prepared: 
8-Chloro-6-(2-fluorophenyl)-l-methyl-4H-imidazo[ 1,5-a] [1,4-1- 
benzodiazepine-3-carboxylic acid isopropyl ester 5-oxide (34). 

This compound was obtained in 71 % yield from compound 22, 
crystrallized from ethyl acetatelmethanol, mp 206-208'. 

Anal. Calcd. for C,,H,,ClFN,O,: C, 61.76; H, 4.48; N, 9.82. 
Found: C, 61.90; H, 4.43; N, 9.69. 
8-Chloro-6-(2-fluorophenyl)-l-methyl-4H-imidazo[ l,S-a]benzo- 
diazepine-3-carboxylic Acid t-Butyl Ester 5-Oxide (35). 

This compound was obtained in 52% yield from compound 
23a, crystallized from methylene chloridelhexane, mp 272-274'. 

Anal. Calcd. for C,,H,,CIFN,O,: C, 62.51; H, 4.79; N, 9.50. 
Found: C, 62.65; H, 4.65; N, 9.55. 
8-C hloro-6-(2-fluorophenyl)-4H-imidazo[ 1,5-a] [ 1,4]benzodiaz- 
epine-3-carboxylic Acid Isopropyl Ester 5-Oxide (36). 

A mixture of 12.6 g (30 mmoles) of 22, 225 ml of 
tetrahydrofuran, 50 ml of 2-propano1, 12.5 g of Raney nickel and 
3 ml of methanol containing 20% (vh) of ammonia was 
hydrogenated at atmospheric pressure for 3.5 hours. The catalyst 
was separated by filtration over celite and the filtrate was evapo- 
rated. The residue was dissolved in 200 ml of methylene chloride 
and the solution was treated with 6 ml of dimethylformamide diethyl- 
acetal and 12 g of silica gel. After stirring at room temperature for 3 
hours, the silica gel was filtered off and the filtrate was evaporated. Crys- 
tallization of the residue from ethyl acetatelether gave 7.2 g (58%) of 
product which was recrystallized from analysis from tetrahydrofuranl- 
ethyl acetate to leave colorless crystals with mp 217-220" dec; nmr (deu- 
teriochloroform): 1.42 (d, J = 6 Hz, 6, Me,), 5.32 (m, 1, CHMe2), ca. 5.15 
(broad d) and ca. 6.15 (broad d) AB-system, 2, C,-H), 7.0-7.8 (m, 7, 
aromatic H), 8.03 (s, 1, C,-H). 

Anal. Calcd. for C,,H,,CIFN,O,: C, 60.95; H, 4.14; N, 10.15. Found: C, 
60.95; H, 4.05; N, 10.23. 

By the same method were obtained: 

8-Chloro-6-(2-fluorophenyl)-4H-imidazo(l,5-a] [ 1,4]benzodiazepine-3- 
carboxylic Acid t-Butyl Ester 5-Oxide (37a). 

This compound was obtained in 38% yield from 23a, crystallized from 

Anal. Calcd. for C,,H,,CIFN,O,: C, 61.76; H, 4.48; N, 9.82. Found: C, 
methylene chloridelethyl acetate, mp 277-279' dec. 

61.90; H, 4.70; N, 9.65. 
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8-Chloro-6-(2-chlorophenyl)-4H-imidazo[ 1,5-a] [ 1,4]benzodiazepine-3- 
carboxylic Acid t-Butyl Ester 5-Oxide (3%). 

This compound was obtained in 61 % yield from 23b,  crystallized from 

Anal. Calcd for C,,H,,CI,NIOI: C, 59.47; H, 4.31; N, 9.45. Found: C, 
methylene chloridelethyl acetate, mp 255.257'. 

59.38; H, 4.41; N,  9.37. 

8-Chloro-6-(2-fluorophenyl)-l-methyl-4H-imidazo[ 1,5-a] [1,4]benzodi- 
azepine-3-carboxylic Acid Ethyl Ester (38). 

A. A mixture of 15.5 g (40 mmoles) of 26, 400 ml of tetrahydrofuran, 
40 ml of ethanol, 15. 5 g of Raney nickel and 4 ml of methanol containing 
20% (viv) of ammonia was hydrogenated at atmospheric pressure for 5.5 
hours when hydrogen consumption had ceased. The catalyst was 
separated and the filtrate was evaporated. The residue was dissolved in 
200 ml of methylene chloride and treated with 4 ml of acetaldehyde. 
After stirring for 20 minutes, 15.5 g of activated manganese dioxide was 
added and stirring was continued for 30 minutes. The residue obtained 
after filtration and evaporation was crystallized from ether over night to 
yield 10.4 g (65%) of tan product with mp 174-176O. The analytical sam- 
ple was recrystallized from cthyl acetatelpetr. ether to give off white 
crystals with mp 176-179'. A higher melting crystalline modification with 
mp 195-198O was also observed; nmr (deuteriochloroform): 1.38 (t, J = 
6.5 Hz, 3, CH,), 2.55 (s, 3, CHI), 3.92 (d, 1) and 6.0 (d.1) (AB-system, J = 
12.5 Hz, CCH) 4.37 (9, J = 6 Hz, 2, OCH,), 6.7-7.8 (m. 7, aromatic H). 

Anal. Calcd. for C,,H,,CIFN,O,: C, 63.40; H, 4.31; N, 10.56. Found: C, 
63.42; H, 4.26; N, 10.60. 

B. Phosphorus trichloride, 1 ml was added to a solution of 1 g of 33 in 
25 ml of methylene chloride. After standing at room temperature for two 
days, the solution was washed with 10% aqueous sodium carbonate solu- 
tion, dried and evaporated. Crystallization of the residue from ether gave 
0.8 g (83%) of product with mp 174-176'. 

C. A mixture of 0.5 g (1.24 mmoles) of 21,30 ml of tetrahydrofuran, 10 
ml of ethanol and 0.25 g of 10% palladium on carbon was hydrogenated 
at atmospheric pressure for 3 hours. A solution of acetaldehyde in tetra- 
hydrofuran 10% (vlv) was then added in three 0.2 ml portions at 1 hour 
intervals. After a total reaction time of 6 hours the catalyst was filtered 
off and the filtrate was evaporated. The residue was chromatographed 
over 7 g of silica gel using methylene chloridelethyl acetate 1:l. 
Crystallization of the clean fractions from ether gave 80 mg(16%) of pro- 
duct which was recrystallized from ethyl acetatelhexane to show mp 
196-1 98'. 

In  a similar fashion as described under A. were obtained: 

8-Chloro-6-(2~fluorophenyl)-l-methyl-4H-imidazo[ 1.5-01 [ 1,4]benzodi- 
azepine-3-carboxylic Acid lsopropyl Ester (39). 

This compound, obtained in 58% yield from 27 and in 86% yield from 
the N-oxide, was crystallized from ether and recrystallized from ethyl 
acetate, mp 200-202'. 

Anal. Calcd. for C,,H,,CIFN,O,: C, 64.16; H, 4. 64; N, 10.20. Found: C, 
64.28; H, 4.74; N, 10.20. 

8- C h I o r o .6 -( 2. f I u o r o p h e n y I)- 1 . m e thy I -4H- i m id a z o[ 1,5 -a] [ 1.41 b e n z o d i - 
azepine-3-carboxylic Acid r-Butyl Ester (40). 

This compound was obtained in 68% yield by hydrogenation of 28 
followed by oxidative condensation with acetaldehyde. I t  was crystallized 
from methylene chloridelhexane to leave colorless crystals with mp 
215-217O. 

Anal. Calcd. for C,,H,,CIFN,O,. C, 64.86; H, 4.97; N, 9.86. Found: C, 
64.96; H, 4.87; N, 9.89. 

8-Chloro-6-(2-fluorophenyl)-4H-imidazo[ 1,5-a] [ 1,4]benzodiazepine-3- 
carboxylic Acid Isopropyl Ester (41). 

This compound was obtained in 73% yield by reduction of the cor- 
responding N-oxide 36 with phosphorus trichloride. I t  was crystallized 
from ethyl acetatelhexane and had mp 183.185'. 

Anal. Calcd. for C,,H,,CIFN,O,: C, 63.40; H, 4.31; N, 10.56. Found: C, 

63.24; H, 4.15; N, 10.75. 

8-Chloro-6-(2-fluorophenyl)-4-imidazo[ 1,5-a] [ 1,4]benzodiazepine-3.  
carboxylic Acid t-Butyl Ester (42). 

This compound was prepared in 72% yield by hydrogenation of 28 
followed by reaction with dimethylformamide dimethylacetal. It was crys- 
tallized from methylene chloridelether and had mp 209-210O. 

Anal. Calcd. for C,,H,,CIFN,O,: C, 64.16; H, 4.65; N, 10.20. Found: C, 
64.13; H, 4.58; N, 10.07. 

8-Chloro-6-(2-fluorophenyl)-N,N~dimethyl~4~~imidazo[ 1,5-a] [ 1,4]ben- 
zodiazepine-3-carboxamide (43). 

A mixture of 230 mg (0.6 mmole) of 29, 20 ml of tetrahydrofuran, 10 
ml of ethanol, 0.5 g of Raney nickel and three drops of methanolic am- 
monia was hydrogenated at  atmospheric pressure for 5 hours. The 
catalyst was separated and the orange colored filtrate was evaporated. 
The residue was dissolved in ethyl acetate and treated with 0.2 ml of 
dimethylformamide dimethylacetal. After heating this solution to reflux 
for 5 minutes, it was evaporated and the residue was chromatographed 
over 7 g of silica gel using 5% (vlv) of ethanol in methylene chloride. 
Crystallization of the combined clean fractions from ether gave 80 mg 
(35%) of product with mp 210-215'. The analytical sample was recrystal- 
lized from ether and had mp 216-217O; nmr (deuteriochloroform): 3.24 
(broad s, 6, NMe,), the C,-protons appear as very broad signal between 4 
and 6 ppm, 6.7-7.8 (m, 7, aromatic H), 7.8 (s, 1, C,-H). 

Anal. Calcd. for C,,H,,CIFN,O: C, 62.75; H, 4.21; N, 14.69. Found: C, 
62.67; H, 4.29; N, 14.50. 

8-Chloro-6-(2-fluorophenyl)-l-(ethoxycarbonyl)-4Himidazo[ 1,5-a] [ 1,- 
4]benzodiazepin-3-carboxylic Acid r-Butyl Ester (44). 

A mixture of 20 g (48 mmoles) of 28,200 ml of tetrahydrofuran, 100 ml 
of methanol, 20 g of Raney nickel and 10 ml of methanolic ammonia 
20% (vlv) was hydrogenated at atmospheric pressure for 4 hours. The 
residue obtained after the usual workup was dissolved in 300 ml of 
methylene chloride and treated with 12 g of ethyl glyoxalate. After stirr- 
ing this mixture in an open flask for 24 hours it was evaporated and the 
residue was crystallized from ether to yield 12.5 g (53%) of product 
which was recrystallized from ethanollether for analysis, mp 195-196'; 
nmr (deteriochloroform): 1.38 (t, J = 6.5 Hz. 3, CH,), 1.65 (s, 9, CMe,), 
3.97(d,l)and6.11(d.l)(AB-system,J = 12.5Hz,C4-H),4.43(q,J = 6.5 
Hz, 2, OCH,), 6.8-7.8 (m, 7, aromatic H). 

Anal. Calcd. for C,,H,,CIFN,O,: C, 62.05; H, 4.79; N, 8.69. Found: C, 
62.18; H, 4.84; N, 8.53. 

2-([(Dimethylamino)methyl]imino) [7-chloro-5-(2-fluorophenyl)-l,2,3,4- 
tetrahydro-2~-1,4-benzodiazepin-2-ylidene]acetonitrile (45). 

A solution of 0.34 g (1.2 mmoles) of 30 in 20 ml of acetic acid and 25 
ml of methylene chloride was treated with 0.34 g of zinc dust and stirred 
for 2 hours. The mixture was filtered and the filtrate was diluted with 100 
ml of water and 100 ml of methylene chloride and was made alkaline with 
ammonia. The methylene chloride layer was dried and evaporated. The 
residue was dissolved in 50 ml of ethyl acetate and reacted with 0.16 ml 
(1.2 mmoles) of dimethylformamide dimethylacetal and then heated to 
reflux for 5 minutes. After dilution with 25 ml of hexane the reaction 
mixture was cooled and the separated crystals were collected and washed 
with ether to yield 0.22 g (48%) of product with mp 215.218'. For 
analysis it was recrystallized from methylene chloridelethyl acetate. 

Anal. Calcd. for C,,H,,CIFN,: C, 62.58; H, 4 .98 N, 18.24. Found: C, 
62.41; H, 4.83; N, 18.11. 

8-Chloro-6-(2-fluorophenyl)-5,6-dihydro-4~-imidazo[l,5-a] [1,4]benzo- 
diazepine-3-carbonitrile (46a). 

A solution of 5.3 g (13.8 mmoles) of 45 in 40 ml of acetic acid was 
heated to reflux for 5 minutes with stirring. After dilution with water the 
product was extracted with methylene chloride. The extracts were dried 
and evaporated and the residue was crystallized from ethyl acetatelhex- 
ane to yield a first crop of 2.4 g with mp 163-166O. The mother liquor was 
poured over a pad of silica gel using 10% (vlv) of ethyl acetate in 
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methylene chloride. The fractions containing products were combined 
and evaporated and crystallized from ethyl acetatelhexane to leave 
another 1.7 g of crystals for a total yield of 4.1 g or 88%. The analytical 
sample was recrystallized from the same solvents and had mp 165.168'; 
nmr (deuteriochloroform) 2.46 (broad s, 1, NH), 3.7 (broad d, 1) and 4.33 
(broad d, 1) (AB-system, J = 15 Hz, C4-H), 5. 2 (s, 1, C,-H), 6.8-8.0 (m, 8, 
aromatic H). 

Anal. Calcd. for C,,H,,CIFN,: C, 63.28; H, 3.57; N, 16.54. Found: C, 
63.85; H, 3.70; N, 16.81. 

8-Chloro-6-(2-chlorophenyl)-5,6-dihydro-4H~imidazo[ 1,5-a] [1,4]benzo- 
diazepine-3-carbonitrile .0.66 Molar Ethanol Solvate (46b). 

A solution of 3 g (8.5 mmoles) of 47 in 25 ml of acetic acid and 25 ml of 
methylene chloride was treated with 3 g of zinc dust and stirred for 2 
hours a t  room temperature. The zinc was filtered off and the filtrate was 
diluted with water, basified with ammonia and extracted with methylene 
chloride. The extracts were dried and evaporated. The residue was crys- 
tallized from tetrahydrofuranlethanol to yield 2.8 g (86%) of product 
with mp 130-133'; nmr and analytical data indicated the incorporation of 
0.66 mole of ethanol. 

Anal. Calcd. for C,,H,,CI,N, .0.66 C,H60: C, 60.14; H, 4.10; N, 14.53. 
Found  C, 60.17; H, 4.43; N, 14.56. 

8-Chloro-6-(2-chlorophenyl)-4H-imidazo[ 1,5-11] [ 1.4lbenzodiazepine-3- 
carbonitrile (47). 

A mixture of 4.5 g (12 moles) of 48b [5], 13.5 g of phosphorus pentox- 
ide and 200 ml of pyridine was heated to reflux with stirring for 30 
minutes. The liquid was decanted and evaporated under reduced pres- 
sure and then recombined with the resinous residue which was treated 
with methylene chloride, ice and 10% aqueous sodium carbonate solu- 
tion. The orgainic phase was separated, dried and evaporated. Crystal- 
lization of the residue from ethyl acetatelhexane gave 3.6 g (82%) of 
crude product which was recrystallized from the same solvents for 
analysis, mp 215-217O; nmr (deuteriochloroform): 4.86 (broad s, 2, C.-H), 
7.1-7.7 (m, 7, aromatic H), 8.13 (s, 1, C,-H). 

Anal. Calcd. for C,,H,,CI,N,: C, 61.20; H, 2.85; N. 15.86. Found: C, 
61.46; H, 2.97; N, 16.16. 

8-Chloro-6-(2-fluorophenyl)-4H-imidazo[ 1,5-a] [ 1,4]benzodiazepine-3- 
carboxamide (48a). 

A solution of 200 mg (0.59 mmole) of 46a in 40 ml of 1,2-dichloro- 
ethane was treated with 1 g of activated manganese dioxide and heated 
to reflux with stirring for 2 hours. The manganese dioxide was filtered 
off and the filtrate was evaporated. The crystalline product was collected 
and washed with ether to give 120 mg (57%) of product with mp 
302.305'. It was identical in every respect with a sample prepared from 
the ester 42 via the corresponding acid. The analytical sample was recrys- 
tallized from tetrahydrofuranlethanol. 

Anal. Calcd. for C,,H,,CIFN,O: C, 60.94; H, 3.41; N, 15.79. Found: C, 
61.16; H, 3.50; N, 15.87. 

8-Chloro-6-(2-chlorophenyl)-4H-imidazo[ 1,5-a] [ 1,4]benzodiazepie-3- 
carboxamide (48b) (51. 

A solution of 0.1 g (0.28 mmole) of 47 in 1 ml of concentrated sulfuric 
acid was allowed to stand at room temperature for 1.5 hours and was 
then poured on ice. This mixture was stirred and made alkaline by addi- 
tion of ammonia. The crystalline product was filtered off, washed with 
water and sucked dry. After drying overnight at 100' under vacuum, 92 
mg (88%) of product with mp 325-328' was obtained, identical in every 
respect with a previously prepared sample [S]. 

8-Chloro-6-(2-chlorophenyl)-6H-imidazo[ 1,5-a] [ 1,4]benzodiazepine-3- 
carbonitrile (49). 

A mixture of 1 g (2.6 mmoles) of %b, 1 ml of diethyl azodicarboxylate 
and 50 ml of toluene was heated to reflux for 2 4  hours. The solvent was 
evaporated and the residue was chromatographed over 30 g of silica gel 
using 10% (vtv) of ethyl acetate in methylene chloride. The less polar 

product was crystallized from ethyl acetate to yield 0.45 g (49%) of col- 
orless crystals with mp 257-259'; nmr (deuteriochloroform): 5.6 (d, 1, J = 
2 Hz, C6-H), 6.66 (s with fine structure, 1, C,-H), 7.2-8.4 (m, 7, aromatic 
H), 8.65 (d, J = 2 Hz, 1, C4-H). 

Anal. Calcd. for C,,H,,CI,N,: C, 61.21; H, 2.85; N, 15.86. Found  C, 
60.94; H, 2.99; N, 15.87. 

The fractions containing the more polar component were combined 
and evaporated. Crystallization from ethyl acetatelhexane gave 0.3 g 
(33%) of compound 47 with mp 214-216'. 

8-Chloro-6-(2-c hlorophenyl)-5,6-dihydro-4H-irnidazo( 1,5-a] [ 1,4]benzo- 
diazepine-3-carboxamide (50). 

A. A solution of 0.1 g (0.26 mmoles) of %b in 2 ml of concentrated sul- 
furic acid was allowed to sit at room temperature for 3 hours. After pour- 
ing into ice-water, the solution was made alkaline by addition of am- 
monia. The precipitated product was collected, sucked dry and recrystal- 
lized from methylene chloridetethanol to give 80 mg (83%) with rnp > 
320'. The analytical sample was recrystallized from dimethylformamide. 

Anal. Calcd. for C,,H,,C,,N,O: C, 57.92; H, 3.78; N, 15.01. Found: C, 
58.02; H, 3.72; N, 14.86. 

B. A mixture of 3.7 g (10 mmoles) of 48b (51, 50 ml of acetic acid, 50 
ml of methylene chloride and 3.7 g of zinc dust was stirred at room 
temperature for 1 hour. The zinc was separated by filtration and the 
filtrate was diluted with methylene chloridelethanol and treated with 
dilute ammonia. The insoluble product was filtered off, dissolved in 
methylene chloridelmethanol and the solution was combined with the 
methylene chloridelethanol extract. The crude product obtained by evap- 
oration was recrystallized from boiling dimethylformamide to yield 2.7 g 
(73%) of 50. 

7-Chloro-5-(2-f~uoropheny1)-2,3-dihydro~a~~ha-(hydroxyim~no)-lH-l,4- 
benzodiazepine-2-acetic Acid t-Butyl Ester (51). 

Sodium borohydride, 12 g, was added in two portions within 2 hours to 
a solution of 20 g (48 mmoles) of 28 in 800 ml of ethanol and 400 ml of 
methylene chloride. After heating to reflux for 5 hours, the reaction mix- 
ture was partitioned between methylene chloride and 10% aqueous 
sodium carbonate solution. The organic phase was dried and evaporated. 
The residue was chromatographed over 400 g of silica gel using 
methylene chloridelethyl acetate 7:3 (vlv) for elution. Crystallization of 
the combined clean fractions from methylene chlorideletherlhexane 
yielded 7.5 g (37%) of light yellow product which was recrystallized from 
ethyl acetate for analysis, mp 203.204' dec; uv: max 226 nm (26000), sh 
244 (24000). man 372 (3000); nmr (deuteriochloroform + d-DMSO): 1.43 
(s, 9, CMeJ, 4.13 (m, 2, C,-H), 5.37 (m, 1, C,-H) 6.07 (broad s, 1, NH), 
6.6-7.6 (m, 7, aromatic H), 12.1 (broad s, 1, OH). 

Anal. Calcd. for C,,H,,CIFN,O,: C, 60.36; H, 5.07; N, 10.06. Found: C, 
60.16; H, 4.86; N, 9.87. 

7-C hloro-5-(2-fluorophenyl)-2,3-di hy dro-alpha-(hydroxy imino)-N,N-di- 
methyl-lH-1,4-benzodiazepine-2-acetamide (52). 

A mixture of 10 g (26 mmoles) of 29, 400 ml of ethanol and 3 g of 
sodium borohydride was stirred at  room temperature for 48 hours. The 
reaction mixture was partitioned between methylene chloride and 
aqueous sodium carbonate solution. The organic phase was dried and 
evaporated. Crystallization of the residue from ether gave 5 g (50%) of 
light yellow crystals. The analytical sample was recrystallized from 
methylene chloridelethanol and had mp 214-215'; nmr (d-DMSO): 2.76 (s, 
3, NMe), 2.8 (s, 3, NMe), 4.05 (m, 2, C,-H), 4.8 (m, 1, C,-H), 6.4-7.8 (m, 8, 
aromatic H and NH), 11.4 (5, 1, OH). 

Anal. Calcd. for C,,H,,CIFN,O,: C, 58.69; H, 4.67; N, 14.41. Found: C, 
58.94; H, 4.71; N, 14.33. 

7-Chloro-5-(2-fluorophenyl)-2,3-dihydro-N,N~dimethy~-l H-l,4-benzo- 
diazepine-2-(N'-hydroz~~iminomefhonesu[fonamide 153). 

A suspension of 3.9 g (9.2 mmoles) of 31 in 85 ml of ethanol was 
treated with 2 g (52.6 mmoles) of sodium borohydride and stirred for 3 
hours. The mixture was diluted with water and saturated sodium bicar- 
bonate solution and stirred for 3 hours. The precipitated product was 



Sept-Oct 1986 Synthesis of 1,4-Benzodiazepines 1313 

filtered off to leave after drying 2.6 g (66%) with mp 194.202' dec. Re- 
crystallization from tetrahydrofuranlethanol gave yellow crystals with 
mp 242.244'; nmr (d-DMSO): 2.85(s, 6, NMe,), 3.7-4.6(m,2, C3-H)5.2(m, 
1, C,.H) 6.5 (broad s, 1, NH), 6.6-7.7 (m, 7, aromatic H). 

Anal. Calcd. for C,,H,,CIFN,O,S: C, 50.88 H, 4.27; N, 13.19. Found: 
C, 50.89; H, 4.12; N, 12.95. 

[7-Chloro-5-(2-fluorophenyl)-2,3-dihydro- 1H- 1,4-benzodiazepin-2-y1]-2- 
pyridylmethanone Oxime (54). 

A mixture of 3.92 g (10 mmoles) of 32,200 ml of tetrahydrofuran, 200 
ml of ethanol and 3.9 g of sodium borohydride was stirred for 4.5 hours. 
The mixture was partially evaporated under reduced pressure and parti- 
tioned between methylene chloride and sodium bicarbonate solution. 
The organic layer was dried and evaporated and the residue was crystal- 
lized from ether to leave 2.6 g (66%) of product with mp 202-206'. The 
analytical sample was recrystallized from methanol to give off white 
crystals with mp 211.213'; nmr (d-DMSO): 3.96 (m. 2, C,-H), 5.2 (m, 1, 
C,-H), 6.6-8.0 (m, 11. aromatic H and NH), 8.65 (m, 1, C,-H of pyridine), 
11.4 (s, 1, OH). 

Anal. Calcd. for C,,H,,CIFN,O: C, 63.88; H, 4.09; N, 14.19. Found: C, 
63.69; H, 4.21; N, 14.18. 

[7-Chloro-5-(2-fluorophenyl)-3H-l,4-benzodiazepin-2-yI]-2-pyridylmeth- 
anone 0-Methyloxime (55). 

A solution of 8.7 g(22 moles)of 54 in 250 ml of methylene chloride and 
125 ml of methanol was treated with an excess of diazomethane in ether 
and stirred for 1 hour. The excess diazomethane was destroyed by addi- 
tion of acetic acid and the mixture was diluted with 250 ml of methylene 
chloride and washed with saturated sodium bicarbonate solution. The 
organic layer was treated with charcoal, dried and evaporated. The 
residue was passed over a pad of silica gel using 10% (vlv) of ethyl 
acetate in methylene chloride. Crystallization of the combined clean frac- 
tions from etherlhexane gave 3.2 g (36%) of crystals with mp 171.173'; 
nmr (deuteriochloroform) 4.02 (s, broad s, 2, C,-H) 6.7-8.0 (m, 10, 
aromatic H), 8.65 (m, 1, Cb-H) of pyridine). 

Anal. Calcd. for C,,H,,CIFN,O: C, 64.95; H, 3.96; N, 13.77. Found: C, 
64.94; H, 4.14; N, 13.78. 

7-Chloro-5-(2-fluorophenyl)-N,N-dimethyl-3H-l,4-benzodiazepine-2- 
( N ' - m  e t hoxy) i  m i n  o m  e t  h a n e s u l f o n a m i d e  a n d  
7-Chloro-5-(2-fluorophenyl)-N,N-dimethyl-3H- I ,4-benzodiazepine-2- 
(methylimino)methanesulfonamide "-Oxide (62). 

(56) 

A suspension of 2.92 g (6.9 mmoles) of 31 in 50 ml of ethanol was 
treated with an excess of diazomethane in ether, added in portions over a 
period of 45 minutes. The excess diazomethane was destroyed by addi- 
tion of acetic acid and the reaction mixture was evaporated. The residue 
was chromatographed over 100 g of silica gel using 10% (vlv) of ethyl 
acetate in methylene chloride. The fractions containing the separated 
products were evaporated. The less polar compound 56 was crystallized 
from ether to give 1.2 g (40%) with mp 165.168' after recrystallization 
from ether; nmr (deuteriochloroform): 2.88 (s, 6,  NMe,), 4.0 (s, 3, OMe), 
4.13 (s, 2, C,-H), 6.8-7.8 (m, 7, aromatic H). 

Anal. Calcd. for C,,H,,CIFN,O,S: C, 52.24; H, 4.15; N, 12.82. Found: 
C, 52.53; H, 4.25; N, 12.55. 

The more polar compound 62 was crystallized from ether to leave 0.9 g 
(30%) with mp 173.175' after recrystallization from ether; nmr (deuterio- 
chloroform): 2.67 (s, 6, NMe,), 4.23 (broad s, 2, C,-H), 4.28 (s, 3, NMe), 
6.8-7.8 (m, 7, aromatic H). 

Anal. Calcd. for C,,H,,CIFN,O,S: C, 52.24; H, 4.15; N, 12.82. Found: 
C, 52.26; H, 3.92; N, 12.81. 

9-C hloro-7-(2-fluorophenyl)-4a,5-dihydro-lH-[ 1,2,5]0xadiazino[5,4-a] - 
[ 1,4]benzodiazepine-4-carboxylic Acid t-Butyl Ester (57). 

A mixture of 1.5 g (3.6 mmoles) of 5 k 0 . 7 5  g of paraformaldehyde, 100 
ml of ethanol and a few crystals of para-toluenesulfonic acid was heated 
to reflux for 6 hours. After partial evaporation the remaining reaction 
mixture was partitioned between methylene chloride and sodium bicar- 
bonate solution. The organic phase was dried and evaporated and the 

residue was crystallized from ether to give 0.7 g (45%) of product which 
w a s  recrystallized from ethanol for analysis and had mp 216-217' dec; 
nmr (deuteriochloroform) 1.53 (s, 9, CMe,), 3.3 (dd, 1, J = 11 Hz and J 
= 12 Hz, C,-H), 4.56(dd, 1, J = 11 Hz and J = 4 Hz, C5-H), 5.22(dd, 1, J 
= 12 Hz and J = 4 Hz, C,a-H), 5.28 (center of AB-system, J = 11 Hz, 2, 
C,-H), 6.8-7.8 (m, 7, aromatic H). 

Anal. Calcd. for C,,H,,CIFN,O,: C, 61.47; H, 4.92; N, 9.78. Found: C, 
61.53; H, 4.69; N, 9.48. 

9-Chloro-7-(2-fluorophenyl)-4a,5-dihydro-N,N-dimethyl~lH-[ 1,2,5]- 
oxadiazino[5,4-a] [ 1,4]benzodiazepine-4-carboxamide (58). 

A mixture of 3 g (7.7 mmoles) of 52,0.75 g of paraformaldehyde, 2 g of 
pivalic acid and 200 ml of 1.2-dichloroethane was heated to reflux for 1.5 
hours. The solution was washed with 10% aqueous sodium carbonate 
solution, dried and evaporated. Crystallization of the residue from ethyl 
acetatelether gave 3 g (96%) of product which was recrystallized from 
2-propanol for analysis, mp 177.179'; nmr (deuteriochloroform + 2 
drops of d-DMSO): 3.06 and 3.1 (2s. 6, NMe2), 3.76(dd, 1, J = 12 Hz, J = 
6 Hz, C,-H), 4.65 (dd, 1, J = 12 Hz, J = 1.5 Hz, C5-H), 5.0-5.6(m, 3, C,-H, 
C4a-H), 6.7 (d, 1, J = 9 Hz, C,,-H), 6.9-7.8 (m, 6, aromatic H). 

Anal. Calcd. for C,,H,,CIFN,O,: C, 59.93; H, 4.53; N, 13.98. Found: C, 
60.00; H, 4.60; N, 14.11. 

9-Chloro-7-(2-fluorophenyl)4a,5-dihydro-N,N-dimethy~-l~-[ 1,2,5]oxadi- 
azino[5,4-a] [ 1,4]benzodiazepine-4-sulfonamide (59). 

A solution of 1.7 g (4 mmoles) of 53 in 250 ml of toluene was treated 
with 0.36 g (12 mmoles) of paraformaldehyde and 1.7 g of pivalic acid 
and heated to reflux with separation of water for 3 hours. I t  was then 
washed with saturated sodium bicarbonate solution, dried and evapo- 
rated. The residue was chromatographed over a short column of silica 
gel using ethyl acetatelmethylene chloride 1:l. Crystallization of the 
clean fractions from methylene chloridelethyl acetate yielded 0.45 g 
(26%) of product with mp 240-242' dec; nmr (deuteriochloroform): 3.0 (s, 
6, NMe,), 3.45 (t, J = 11.5 Hz, 1, C,-H), 4.78 (dd, 1, J = 11 Hz, J = 4 Hz, 
C,-H), 5.18 (dd, 1, J = 12 Hz, J = 4 Hz, C4a-H), 5.35 (center of AB- 
system, J = 11.5 Hz, 2, C,-H), 6.8-7.8 (m. 7, aromatic H). 

Anal. Calcd. for C,,H,,CIFN,O,S: C, 52.24; H, 4.15; N, 12.82. Found: 
C, 52.19; H, 4.25; N, 12.58. 

9-Chloro-7- (2- f luorophenyl ) -4a ,5-dihydro~4~(2~pyridyl )~ l~- [  1,2,5]0x- 
adiazino[5,4-a] [ I  ,4]henzodiazepine (60). 

A mixture of 4.5 g (1 1.4 mmoles) of 54, 1.02 g (34 mmoles) of parafor- 
maldehyde, 4.5 g of pivalic acid and 250 ml of toluene was heated to 
reflux with separation of water for 3 hours. After evaporation, the residue 
was partitioned between methylene chloride and sodium bicarbonate 
solution and the organic phase was dried and evaporated. Crystallization 
of the residue from ethyl acetate yielded 2.5 g (54%) of product with mp 
230.233'. Recrystallization from methylene chloridelethyl acetate for 
analysis gave colorless crystals with mp 241.243"; nmr (d-DMSO): 3.73 
(dd, 1, J = 12 Hz, J = 6 Hz, C5-H), 5.1 (m, 2, C,a-H and C,-H), 5.78 (nar- 
row AB-system, 2, C,-H), 6.95 (d, 1, J = 9 Hz, c,,-H), 7.0-8.4(m, aromatic 
H, 8.55)(m, 1, C,-H of pyridine), 8.95 (d with fine structure, J = 8 Hz, I ,  
C,-H of pyridine). 

Anal. Calcd. for C,,H,,CIFN,O: C, 64.95; H, 3.96; N, 13.77. Found: C, 
64.73; H, 3.90; N, 13.90. 

9-Chloro-7-(2-fluorophenyl)-4a,5-dihydro-l-methy~-lH~[l,2,5]oxadiazi- 
no[5,4-a] [ 1,4]benzodiazepine-4-carboxylic Acid t-Butyl Ester (61). 

A mixture of 3 g (7.2 mmoles) of 51, 75 ml of ethanol, 3 ml of 
acetaldehyde and 5 g of molecular sieves 5A was allowed to stand at  room 
temperature for 3 days. Following the addition of another 5 g of 
molecular sieves stirring was continued for additional 24 hours. The 
separated crystals and the molecular sieves were separated and washed 
with a little ethanol. The crystalline product was separated from the 
molecular sieves by dissolving in methylene chloride. The solution was 
evaporated and the residue was crystallized from etherlhexane to give 1 g 
of colorless crystals with mp 196-197' dec. From the original filtrate ad- 
ditional 0.4 g of product with the same mp was obtained for a total yield 
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of 1.4 g (44%); nmr (deuteriochloroform): 1.53 (s, 9, CMe,), 1.6 (d, 3, J 
6 Hz, Me), 3.12 (dd, 1, J = 1 1  Hz, J = 12 Hz, C,-H), 4.55 (dd, 1, J = 1 1  
Hz, J = 4 Hz, C,-H), 5.08 (dd, 1, J = 12 Hz, J = 4 Hz, C,a-H), 5.37 (q, 1, 
J = 6 Hz, C,-H), 6.8-7.8 (m, 7, aromatic H). 

Anal. Calcd. for C,,H,,CIFN,O,: C, 62.23; H, 5.22; N, 9.47. Found: C, 
62.19; H, 5.21; N, 9.19. 

8-Chloro-6-(2-fluorophenyl)-3-(2-pyridyl)-4H-imidazo[ 1 ,5-a] [ 1,4]ben- 
zodiazepine (63). 

A mixture of 0.5 g (1.23 mmoles) of 55, 20 ml of ethanol and 0.5 g of 
sodium borohydride was stirred at  room temperature for 6 hours. The 
reaction mixture was partially evaporated and the residue was partition- 
ed between methylene chloride and aqueous sodium bicarbonate solu- 
tion. The organic layer was dried and evaporated. The yellow residue of 
crude [7-chloro-5-(2-fluorophenyl)-2,3-dihydro-lH-l,4-benzodiazepine3- 
yl]-2-pyridylmethanone 0-methyloxime was dissolved in 12 ml of glacial 
acetic acid. The solution was treated with 0.25 g of paraformaldehyde 
and heated on the steam bath for 10 minutes. After evaporation of the 
solvent, the residue was partitioned between methylene chloride and 
sodium bicarbonate solution. The organic layer was dried and evapo- 
rated. The residue was chromatographed over 8 g of silica gel using 5% 
(viv) of ethanol in methylene chloride. The fractions containing product 
were combined, evaporated and crystallized from ethyl acetatelether to 
give 80 mg (17%) of crystals. The analytical sample was recrystallized 
from the same solvents to give colorless product with mp 199-201O; uv: 
max 217 nm (38000) 247 (29100) sh 259 (26700) 292 (18600); nrnr 
(deuteriochloroform): C,-protons appear as very broad signals at ca. 4.2 
and 6.3 ppm, 6.7-8.2 (m, 10 aromatic H), 7.98 (s, 1, C,-H), 8.65 (m, 1, C,-H 
of pyridine). 

Anal. Calcd. for C,,H,,CIFN,: C, 67.96; H, 3.63; N, 14.41. Found: C, 
68.06; H, 3.48; N, 14.47. 

8-Chloro-6-(2-fluorophenyl).l-methyl-3-(2-pyridyl~H~imidazo[ 1,5-a] [ 1,4]- 
benzodiazepine (64). 

Reduction of 0.7 g of 55 with sodium borohydride as described above 
gave 0.5 g of crude dihydro derivative which was heated to reflux in 20 
ml of glacial acetic acid containing 0.5 ml of acetaldehyde for 15 
minutes. The usual workup followed by chromatography over 5 g of silica 
gel using methylene chloridelethyl acetate 1:1 (vlv) and crystallization 
from ether yielded 0.1 g (14%) of product with mp 245.248'; nmr 
(deuteriochloroform): 2.55 (s, 3, Me), 4.0 (d, 1) and 6.35 (d, I )  (AB-system, 
J = 12.5 Hz, C4-H), 6.7-8.0 (m, 10, aromatic H), 8.43 (m, 1, C,-H of 
pyridine). 

Anal. Calcd. for C,,H,,ClFN,: C, 68.57; H, 4.00; N, 13.90. Found: C, 
68.24; H, 3.85; N, 13.95. 

8-Chloro-6-(2-fluorophenyl)-N,N-dimethyl~4H~imidazo[ 1,5-a] [ 1,4]ben- 
zodiazepine-3-sulfonamide (65) and N-Acetoxy-7-chloro-5-(2-fluoro- 
phenyl~N-methyl-3H-l,4-benzodiazepine-2-carboxamide (67). 

A solution of 425 mg (0.97 mmole) of 62 in 20 ml of acetic anhydride 
was heated to reflux for 20 minutes. The reagent was evaporated and the 
residue was chromatographed over 10 g of silica gel using etheritoluene 
3:7. The less polar component 67 was crystallized from ether to leave 48 
mg (13%) with mp 145-148' after recrystallization from ethedhexane; ir 
(chloroform): 1800 cm" (N-OAc), 1667 (CO); nmr  (deuteriochloroform): 
1.93 (s, 3, Ac), 3.42 (s, 3, NMe), 4.25 (s, 2, C,-H) 6.8-7.8 (m, 7, aromatic H). 

Anal. Calcd. for C,,H,,CIFN,O,: C, 58.85; H, 3.90; N, 10.84. Found: C, 
58.73; H, 3.74; N, 10.83. 

The more polar 65 was crystallized from ethyl acetatelhexane to yield 
95 mg (23%) of crystals with mp 178-180O; nmr (deuteriochloroform): 2.9 
(s, 6, NMe,), ca. 4.2 (very broad s) and ca. 5.7 (very broad s) (AB-system 
of C,-H), 6.8-7.9 (m, 7, aromatic), 8.03 (s, 1, C,-H). 

Anal. Calcd. for C,,H,,CIFN,O,S: C, 54.48; H, 3.85; N, 13.38. Found: 
C, 54.41; H, 3.94; N, 13.38. 
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