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Benzodiazepines. 4.2-Oxyamino-5-phenyl-3H- 1 ,4-benzodiazepines1 
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A series of 2-oxyamino-5-phenyl-3H-1,4-benzodiazepines has been prepared by the reaction of oxyamine derivatives 
with 1,3-dihydro-5-phenyl-2H-1,4-benzodiazepine-2-thiones. Pharmacologic testing in animals has shown that some 
of these compounds have interesting CNS depressant activity and suggests that they will have useful anxiolytic ac- 
tivity in man. 

Because of our interest’-3 in the potential antianxiety 
activity of new 1,4-benzodiazepine derivatives,4-6 we have 
prepared a series of 5-phenyl-3H- 1,4-benzodiazepines with 
oxyamino substituents a t  (2-2.7 Several of these com- 
pounds have excellent activity in our animal test  systems 
which suggests tha t  they will be useful anxiolytics in man. 

T h e  preparation of 1,3-dihydro-5-phenyl-2H-1,4-benzo- 
diazepine-2-thiones (e.g., 1 and 2) and the condensation of 
these compounds with amines to  give 2-amino-5-phenyl- 

U @  NHOR 

1,R1= H 
2, R1 = CI 

5-14(Table I) 

3H-1,4-benzodiazepines have been described by Archer 
and Sternbach.8 We have utilized this method for the 
preparation of the  2-oxyamino derivatives shown in Table 
I. When the oxygen was unsubstituted (uiz. 5,  Table I) the 
derivative -could be condensed with phosgene in the  pres- 
ence of triethylamine to give the lH,4H-[1,2,4]oxadiazolo- 
[4,3-a][1,4]benzodiazepin-l-one (3).t It  i s  interesting tha t  
the  reaction of 5 with carbonyldiimidazole gave the im- 
idazolide 4 rather than the expected cyclic product 3. The 
reaction of 5 with acetic anhydride in pyridine gave the ace- 
ta te  ester 16. 

Ph 
3 

Ph 
4 

t A preliminary report of this reaction has been published: see ref 2. 

Experimental Section 
Chemistry. Melting points, taken in a capillary tube, are cor- 

rected. The structures of all compounds were supported by ir, uv, 
and nmr spectra. Ir spectra were determined in Nujol using a 
Perkin-Elmer Model 421 recording spectrophotometer. Uv spectra 
were determined in 95% EtOH using a Cary Model 14 spectro- 
photometer. Nmr spectra were recorded on a Varian Model A- 
60A; chemical shifts were recorded in parts per million downfield 
from Me&. The silica gel used for chromatography was obtained 
from E. Merck A.G., Darmstadt, Germany. Skellysolve B (Sk B) 
is a commercial hexane, bp 60-70”, made by Skelly Oil Co., Kan- 
sas City, Mo. 

7-Chloro-2-( hydroxyamino)-5-phenyl-3H- 1 ,I-benzodiazepine 
( 5 ) .  Procedure A. A mixture of 7-chloro-1,3-dihydro-5-phenyl- 
W-1,4-benzodiazepine-2-thione (1, 14.4 g, 0.05 mol), hydroxyl- 
amine hydrochloride (4.55 g), NaHC03 (5.45 g), and MeOH (250 
ml) was refluxed for 1.5 hr with a stream of NZ bubbling through 
the mixture. The cooled mixture was filtered and the filtrate was 
concentrated in vacuo. The residue was chromatographed on sili- 
ca gel (750 g) with Et3N-MeOH-EtOAc (2:13:85) and the product 
was crystallized from EtOAc to give 4.92 g, mp 122.5-130”, and 
3.38 g, mp 128-132”, of 5. 

N -  (7-Chloro-5-phenyl-3H-1,4-benzodiazepin-2-yl)-O-(imida- 
zol-1-ylcarbony1)hydroxylamine (4). A solution of carbonyldiim- 
idazole (CDI, 2.62 g, 0.0162 mol) in dry THF (65 ml) was added 
to a stirred, ice-cold solution of 5 (2.32 g, 0.0081 mol) in THF (25 
ml) and the resulting mixture was refluxed for 18 hr. Additional 
CDI (1.31 g, 0.0081 mol) was added and reflux was continued for 2 
hr. The mixture was concentrated and the residue was suspended 
in HzO. The solid was collected by filtration, washed with HzO, 
dissolved in CH2C12, dried, concentrated, and crystallized from 
EtOAc-Skellysolve B to give 1.61 g (52.3%) of 4, mp 105.5-106.5”. 
The analytical sample had mp 106.5’; uv end absorption, h max 
224.5 nm ( e  34,280), 250 (14,180), 300 (sh, 2350); ir 3140, 3120 
(NH), sh 1795, 1770 cm-l (C=O); nmr (CDC13) 6 4.33, 5.03 
(broad singlets, 2, C-3), 10.69 (s, 1, NH). Anal. ( C I ~ H I & ~ N ~ O ~ )  
C, H, C1, N. 

8-Chloro-6-phenyl-lH, 4H-[1,2,4loxadiazolo[4,3-a][1,4]benzo- 
diazepin-1-one (3). A stirred solution of 5 (2.86 g, 0.0100 mol) 
and Et3N (3.05 ml, 0.0220 mol) in dry toluene was cooled in an 
ice bath under Nz. Phosgene (0.795 ml, 0.011 mol) was evaporated 
into this mixture during 20 min. Excess phosgene was removed by 
bubbling a slow stream of Nz through the mixture which was re- 
moved from the ice bath and allowed to stand at ambient tem- 
perature for 1 hr 15 min. The mixture was then poured into ice 
water and extracted with CHC13. The extract was dried 
(NaZSOI) and concentrated in vacuo. The residue was crystal- 
lized from EtOAc-Skellysolve B to give 1.56 g, mp 193-194”, and 
0.80 g, mp 191-192” (75.6% yield), of 3. The analytical sample 
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had mp 191-192"; uv X max 226 nm ( 6  31,200), 252 (13,100), 300 
(sh, 2250); ir 1795 (sh), 1770, 1725 cm-1 (sh) (C=O); nmr 
[(CD~)ZSO] 6 4.73 (br s, 2, C - 3 ) .  Anal. (C16H10C1N302) C, H, C1, 
N .  
O-Acetyl-N-(7-chloro-5-phenyl-3H- 1,4-benwdiazepin-2-y1)- 

hydroxylamine (16). A stirred solution of AczO (1.02 g, 0.01 mol) 
in pyridine (10 ml) was cooled in an ice bath and treated with 5 
(1.44 g, 0.005 mol).. The resulting mixture was allowed to stand 
under Nz at  ambient temperature for 18 hr and was poured into 
ice water. This mixture was stirred for 2 hr. The solid product 
was collected by filtration, washed (HzO), and dissolved in 
CHzClz. The solution was dried (KzC03) and concentrated in 
cucuo. Crystallization of the residue from MeOH-EtOAc gave 
0.92 g (56%) of 16, mp 217-218". The analytical sample had mp 
212.5-213.5"; uv (EtOH) end absorption, A max 248 nm ( e  33,400), 
329 (2350), 210 (sh 32,350), 233 (29,800); ir (Nujol) 3310 (NH), 
1745, 1705 (C-O), 1655, 1635 cm- '  (C=N); nmr (CDC13) 6 2.23 
(s, 3, COCHs), 4.42 (s, 2, (2-3). Anal. ( C I ~ H ~ ~ C I N ~ O Z )  C, H, C1, 
N. 

7-Chloro-2-(methyltho)-5-(o-chlorophenyl)-3H-l,4-~~~i- 
azepine (15). A solution of 7-chloro-5-(o-chlorophenyl)-1,3-dihy- 
dro-2H-1,4-benzodiazepine-Z-thione (2, 7.42 g, 0.0244 mol) in 1 N 
NaOH solution (28.9 ml) and MeOH (36 ml) was treated during 
20 min with a solution of (CH3)2SO4 (3.35 g) in MeOH (12 ml). 
This mixture was stirred for 10 min, diluted with H20, made 
strongly alkaline with NaOH, and extracted with EtzO. The ex- 
tract was washed (HzO), dried (KzCOs), and concentrated. The 
residue was chromatographed on silica gel (500 g) with EtOAc- 
cyclohexane (25:75). The resulting product was crystallized from 
Et20 at  0" to give 3.71 g (45%) of 15, mp 113-118.5". The analyti- 
cal sample was crystallized from C H ~ C I ~ - E t ~ O  and had mp 118- 
120". Anal. (C16H12ClZNZS) H, C1, N; C: calcd, 57.32; found, 
57.82; S: calcd, 9.57; found, 8.97. 
7 -Chloro-5-(o-chlorophenyl)-2-(methoxyamino)-3H- 1 ,4-ben- 

zodiazepine (13). A mixture of 15 (1.60 g, 0.00476 mol), methoxy- 
amine hydrochloride (0.794 g), NaHC03 (0.794 g), and absolute 
EtOH (50 ml) was refluxed for 4 hr with a slow stream of Nz 
flowing through the reaction mixture. This mixture was concen- 
trated in uacuo; the residue was mixed with HzO and extracted 
with CHzClz. The extract was washed (HzO), dried (K&03), and 
concentrated. Crystallization of the residue from EtOAc gave 1.11 
g (70%) of 13, mp 157-159". 

Pharmacology. Methods. Carworth Farms male, albino mice 
(CF-1) weighing 18-22 g were used for all studies reported here. 
Unless otherwise indicated the test compounds were dissolved or 
suspended in 0.25% aqueous methylcellulose solution and admin- 
istered intraperitoneally to groups of six mice per dose, at multi- 
ple dose levels distributed at 0.3 log intervals. Procedures for 
measuring the effect of test compounds on overt behavior: loss of 
righting reflex (LRR) and traction (Tr); antagonism of nicotine- 
induced tonic extensor convulsions (TE) and death (D); potentia- 
tion of EtOH and pentobarbital-induced narcosis; antagonism of 
thiosemicarbazide- and strychnine-induced convulsions and leth- 
ality. Antagonism of electtoshock convulsions, pentylenetetrazole- 
induced clonic convulsions, and foot shock-induced aggression 
have been described previously.l-g-*l ED30 values were calculated 
by the method of Spearman and Karber.12 

Results and Discussion 
The pharmacologic results are presented in Table n. 

Data obtained for diazepam (17) and chlordiazepoxide 
(18) in the same test systems are included for comparison. 
In general, although the toxicity data are not reported 
here, the compounds were relatively nontoxic; the neuro- 
toxic dose as reflected by LRR was greater than the high- 
est dose tested. 

Our initial observation that T-chloro-2-(methoxyamino)- 
5-phenyl-3H-1,4-benzodiazepine (9), which coincidentally 
has the same empirical formula as chlordiazepoxide, was 
moderately active in our test systems prompted us to  
study the structure-activity relationships in this series. As 
might be expected the size and type of substituent on 
oxygen of the oxyamino function was important for biolog- 
ical activity. Thus the hydroxy derivative 5 was more po- 
tent than the methoxy derivative 9 which in turn was  
more active than compounds with larger substituents (uiz. 
6 and 7); the benzyloxy derivative 8 had little activity. 
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Table 11. Pharmacological Data“ 

Antagonism Antago- 
Thio- Pentyl- Potentiation nism, 

__ Nicotine semicar- Strvch- tro- enetet- Pento- foot 
No. LRR T r  T ‘E D bazide nine shock razole Ethanol barbital shock 

3 >200 >200 23 20 45 178 >200 >50 >loo >loo 
4 >200 >200 3.1 3 . 1  10 178 50 12 36 

16 5 >200 >zoo 2 . 5  2 . 5  8 >lo0 100 1 2 . 5  
6 >200 >200 16 20 14 126 >lo0 50 45 
7 >200 >200 50 56 >lo0 >lo0 >lo0 > lo0  > 50 
8 >zoo >200 >200 >200 
9 >loo >loo 4 4 45 >loo >loo 22 29 

10 >zoo >200 6.3 6 . 3  >lo0 >lo0 >lo0 >50 >loo >40 
11 >200 >200 >200 >200 >loo >loo >loo >loo >loo 
12 >200 >zoo 28 40 100 >200 >200 89 >loo 
13 >loo  >loo 1 . 2  1 . 4  0 . 7  40 >lo0 2 . 1  25 25 
14 >200 89 0 . 2  0 . 2  0 .5  36 >200 0 . 8  36 36 2 . 5  
16 >200 >200 23 23 
17b 50 7 0 .28  0 .28  0 . 7  8.0 50 0 . 8  0 .9  5 . 0  1.8 
lfJb 126 18 1 . 4  1 . 8  1 . 1  16 28 3 . 1  1 2 . 5  11 7 . 0  

nSee Experimental Section for explanation of the symbols. Values are EDm’s expressed in mg/kg. *Samples of diazepam 

14 >lo0 > lo0  5 .6  >50 

(17) and chlordiazepoxide (18) were obtained from Hoffmann-La Roche, Inc. 

The acetoxy derivative 16 retained activity in the pentyl- 
enetetrazole and thiosemicarbazide tests but  was less ac- 
tive than 5 for antagonizing nicotine induced TE and D. 
The high activity of the imidazolide 4 was interesting; 
however, this may have been an artifact since compounds 
of this type are often readily hydrolyzed in aqueous sys- 
tems. In this case the hydrolysis product would be the ac- 
tive compound 5. 

The oxadiazole 3 was less active than  the acyclic hy- 
droxyamine derivative 5. This result was surprising since 
t h e  isosteric 2,4-dihydro-6-phenyl-lH-s-triazolo[4,3- 
a][l,4]benzodiazepin-l-ones are highly active in these test 
systems.13 

I t  has been noted previously tha t  incorporation of an  or- 
tho halogen substituent on the 5-phenyl ring of diazepam6 
or on the  6-phenyl moiety of the 4-H-s-triazolo[4,3- 
a][l,4]benzodiazepines1 enhances the biological activity of 
the resulting analog. This effect was, however, not ob- 
served for 7-chloro-2-( methylamino) -5-( o-chlorophenyl) - 
3H-1,4-benzodiazepine 4-oxide which was somewhat less 
active than  chlordiazepoxide. It is particularly notewor- 
thy, therefore, tha t  in the present series an o-chloro sub- 
stituent on the 5-phenyl moiety markedly enhances the 
biological activity (compare compounds 6 and 9 with 14 
and 13, respectively). This effect was particularly appar- 
ent in tests which are believed to  indicate potential anti- 
anxiety activity in man. Thus compound 14 was as active 
as diazepam ( 17) in the nicotine, thiosemicarbazide, 
pentylenetetrazole, and foot-shock tests. I t  was, however, 
less active than diazepam in its ability to potentiate the 
hypnotic effects of ethanol and  pentobarbital and to  an-  
tagonize strychnine-induced convulsions and the traction 
response in mice. These results suggest tha t  compound 14 

(U-31,920) will be an  effective antianxiety drug with low 
sedative and muscle relaxant potential. 
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