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N-Nitroso chloro diazepoxide 2 was found to react with a variety of nucleophilic reagents to yield 2-substituted
benzodiazepines and diazomethane. This novel reaction was used for the synthesis of the 2-alkoxybenzodiaze-
pines 3, the 2-hydrazinobenzodiazepines 4 and 5, the 2-aziridino derivative 6, the 2-ethylthiobenzodiazepine 11,
the 2-oximinobenzodiazepines 12, the 2-guanidino derivative 18, and the 2-malonyl derivatives 14. Reduction of
the nitrosoamidine 2 with lithium aluminum hydride gave the known 4-hydroxybenzodiazepine 15.

In a recent publication we reported that the nitrosoami-
dine group in compound 2 can be readily hydrolyzed under
basic conditions to give the lactam 1.! As a continuation of
this work it has been found that the nitrosoamidine group
is readily replaced by a variety of nucleophiles. For exam-
ple, nucleophilic reagents such as alkoxides, basic amines,
and carbanions all effectively replace the nitrosoamidine
function in compound 2. In this manner the facile synthesis
of a number of unusual 2-substituted benzodiazepines has
been accomplished.

Treatment of the nitrosoamidine 2 with methanol and
sodium methoxide at room temperature or with methanol
and triethylamine at reflux, led to the imino ether 3a2 in
nearly quantitative yield. This efficient synthesis of imino
ethers under alkaline conditions was especially useful for
the preparation of the allylic ether 3b and the basic ether
3c (see Scheme I).

Some examples of the use of basic amines as nucleophiles
are given by the reaction of hydrazines, hydroxylamines,
aziridine, and guanidine with the nitrosoamidine. The reac-
tion with hydrazine proceeded well at room temperature
and afforded the known 2-hydrazinobenzodiazepine 4.3
Compound 4 was converted by standard techniques into
the acetyl derivative 7. This compound was also obtained
together with the triazolobenzodiazepine 10 ‘when the ni-
trosoamidine 2 was treated with acetylhydrazine. Meth-
ylhydrazine attacked the nitrosoamidine 2 predominantly
with the more nucleophilic methylated nitrogen and
formed compound 5. The position of the methyl group on
the hydrazine was confirmed by the conversion of 5 into
the hydrazone 8 on treatment with formaldehyde. The
reaction of 2 with ethylenimine at room temperature pro-
duced mainly the aziridinobenzodiazepine 6. Under the
more vigorous conditions of refluxing in ethylenimine, the
only prodct isolated was compound 9. The formation of
higher “homologs” was not observed under these condi-
tions. It should be pointed out that the aziridine protons of
compound 6 appear as a sharp singlet in the nmr spectrum,
but in compound 9 where the nitrogen inversion must be
quite slow, possibly due to hydrogen bonding, the aziridine
protons appear as an A;Bg system. The flipping of the di-
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azepine ring seems to be fairly rapid since none of the nmr
spectra given in the Experimental Section showed AB sys-
tems for the Cg protons but singlets of varying broadness.

Hydroxylamines also reacted readily with the nitrosoam-
idine group and led to the formation of compounds 12a and
12b (see Scheme II). The spectroscopic data were consid-
ered to be more compatible with the assignment of the ami-
doxime structure rather than with the hydroxyamidine,
bearing the double bond in the ring. The 4-deoxy deriva-
tive corresponding to 12a has previously been prepared5 by
reaction of the benzodiazepine-2-thione with hydroxyl-
amine. Since the 2-thione 4-oxide cannot be prepared by
the normal route, which would consist of the reaction of 1
with phosphorus pentasulfide, the method via the nitro-
soamidine obviously has a considerable advantage. The
unavailability of the 2-thione 4-oxide was probably also the
reason that the thioether 11 has not been described earlier.
Compound 11 was obtained by treatment of the nitrosoam-
idine with potassium ethylthiolate. As expected reaction of
2 with guanidine afforded compound 13.

The nitrosoamidine also underwent smooth reactions
with the carbanions of dimethyl malonate and malononi-
trile. While the anion of malononitrile reacted at room
temperature, the reaction with potassium dimethyl malo-
nate required more vigorous conditions. The spectral data
of the products 14a and 14b are in agreement with the indi-
cated structures. In the nmr spectra the large chemical
shift (11.5 ppm) of the proton on the nitrogen in the 1 posi-
tion can be explained as being due to hydrogen bonding.
The reduction of 14a and 14b with phosphorus trichloride
led to the corresponding 4-deoxy derivatives 16a and 16b
while lithium aluminum hydride reduced the nitrosoami-
dine as expected to the known hydroxylamine 15.6

Experimental Section

Melting points were determined in a capillary melting point ap-
paratus and are not corrected. The uv spectra were measured in 2-
propanol on a Cary Model 14 spectrophotometer. Nmr spectra
were recorded with a Varian T-80 instrument in deuteriochloro-
form or deuteriodimethyl sulfoxide with TMS as internal stan-
dard. Ir spectra were determined on a Beckman IR-9 spectrometer.
Silica gel Merck (70-325 mesh) was used for chromatography.
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7-Chloro-2-methoxy-5-phenyl-3 H-1,4-benzodiazepine
Oxide (3a).2 A. Potassium tert- butoxide (1 g, 9 mmol) was added
to a solution of 10 g (0.03 mol) of 7-chloro-2-(N- nitrosomethylam-
ino)-5-phenyl-3H- 1,4-benzodiazepine 4-oxide (2)! in 50 ml of
ether and 50 m! of methanol. After stirring for 30 min at room
temperature, the mixture was partially evaporated. The crystalline
material was collected and washed with methanol-water and with
methanol to leave 7.9 g of product with mp 186-188°. From the
mother liguor another batch of 0.7 g with the same melting point
was obtained; yield 8.6 g (94%).

B. A mixture of 3.3 g (0.01 mol) of 7-chloro-2-(N-nitrosometh-
ylamino)-5-phenyl-3H-1,4-benzodiazepine 4-oxide (2), 50 ml of
methanol, and 5 ml of triethylamine was refluxed for 10 min. The
solvents were evaporated under reduced pressure, and the residue
was crystallized from methanol to leave 2.6 g (86%) of product with
mp 188-187°.

2-Allyloxy-7-chloro-5-phenyl-3 H-1,4-benzodiazepine 4-
Oxide (3b). A mixture of 3.3 g (0.01 mol) of 7-chloro-2-(N- nitroso-
methylamino)-5-phenyl-3H- 1,4-benzodiazepine 4-oxide (2), 50 ml
of tetrahydrofuran, 5 ml of allyl alcohol, and 0.3 g (2.7 mmol) of
potassium tert- butoxide was stirred at room temperature for 15
min. The solvents were removed under reduced pressure and the
residue was partitioned between saturated agueous sodium bicar-
bonate solution and benzene. The benzene layer was separated,
dried over sodium sulfate, and evaporated. Crystallization of the
residue from ether yielded 1.6 g (49%) of product with mp 118-
120°. The analytical sample was recrystallized from acetone—hex-

b, R = CH,CH==CH,
¢, R = CH,CH,N(CH,),

NHCH,CH,N]

ane: mp 120-122°; nmr (CDCl3) 6 4.5 (s, 2, C3-H), 4.8 (d with fine
structure, 2, OCHy), 5.1-6.5 (m, 3, olefinic H), 6.9-7.8 ppm (m, 8,
aromatic H); uv Apmax 245 my (e 25,550), 255 (25,700), 310 (10,400).
Anal. Caled for C15H;5CIN;Os: C, 66.16; H, 4.63; N, 8.57 Found:
C, 66.16; H, 4.51; N, 8.63.
7-Chloro-2-(2-dimethylaminoethoxy)-5-phenyl-3 H-1,4-
benzodiazepine 4-Oxide (3c). A mixture of 6.6 g (0.02 mol) of 7-
chloro-2-(N-nitrosomethylamino)-5-phenyl-3H-1,4-benzodiaze-
pine 4-oxide, 80 ml of tetrahydrofuran, 10 ml of 2-dimethylami-
noethanol, and 0.8 g (7 mmol) of potassium tert- butoxide was al-
lowed to stand at room temperature for 16 hr. The solvent was
evaporated under reduced pressure and the residue was parti-
tioned between benzene and saturated aqueous sodium bicarbon-
ate solution. The benzene layer was dried over sodium sulfate and-
evaporated under reduced pressure at the end azeotropically with
xylene to remove the rest of 2-dimethylaminoethanol. The residue
was chromatographed over 200 g of silica gel which had been treat-
ed with 10% (v/v) triethylamine in acetone. The pure fractions
eluted with acetone were combined and evaporated. Crystalliza-
tion from ether-hexane yielded 3 g (42%) of product with mp
105-110°. For analysis it was recrystallized from ether: nmr
(CDCly) 6 2.34 [s, 6, N(CH3)g), 2.7 (t, 2, J = 6 Hz, N-CHy-), 4.42
(t, 2, J = 6 Hz, O-CHj-), 4.53 (s, 2, C3-H), 7-7.8 ppm (m, 8, aro-
matic H); uv Apax 245 mu (e 25,300), 252 (25,400), 310 (10,200).
Anal. Caled for CigH20CINgOg: C, 63.77; H, 5.63; N, 11.74.
Found: C, 63.63; H, 5.74; N, 11.75.
7-Chloro-2-hydrazino-5-phenyl-3H- 1,4-henzodiazepine 4-
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Oxide (4).3 A mixture of 3.3 g (0.01 mol) of 7-chloro-2-(N- nitroso-
methylamino)-5-phenyl-3H- 1,4-benzodiazepine 4-oxide (2), 30 ml
of tetrahydrofuran, 30 ml of methanol, and 3 ml of hydrazine was
allowed to sit at room temperature for 1 hr. The solvents were
evaporated under reduced pressure and the residue was parti-
tioned between methylene chloride and water. The methylene
chloride layer was dried over sodium suifate and evaporated. Crys-
tallization of the residue from methylene chloride-ether yielded
2.5 g (83%) of yellow product with mp 288-290° (the melting point
reported in the literature? is considerably lower): nmr (DMSO) 6
4.46 (broad s, 2, Cs-H), 8.78 (m, 1, Cs—H), 7.2-7.7 ppm (m, 7, aro-
matic H) (the exchangeable protons appear very broad with unde-
fined chemical shift); uv (2-PrOH) A, 244 mp (e 52,500), 267
(48,800), infl 310 (20,100), infl 360 (4300); mass spectrum m/e 300
(M),

Anal. Caled for Cy;sHi3CIN,O: C, 59.91; H, 4.36; N, 18.63.
Found: C, 59.85; H, 4.25; N, 18.38.

7- Chloro 2- (lmmethylhydrazmo) -5 phenyl 3 H-1,4-benzodi-
azepine 4-Oxide (5). A mixture of 3.8 g (0.01 mol) of 7-chloro-
2-(N-nitrosomethylamino)-5-phenyl-3H-1,4-benzodiazepine 4-
oxide, 30 ml of tetrahydrofuran, 30 ml of methanol, and 3 ml of
methylhydrazine was allowed to sit at room temperature for 16 hr.

The solvents were evaporated under reducted pressure and the
residue was crystallized from methylene chloride-ether to yield 1.8
g (67%) of light yellow crystals with mp 218-221° dec. .

The analytical sample was recrystallized from methylene chlo-
ride-2-propanol: mp 220-222° dec; nmr (DMSO-d) § 3.34 (s, 3,
NCH3), 5.05 (broad s, 2, NHj3) (Cs protons appear as very broad
absorption between 4.2 and 5.6 ppm), 6.77 (d, 1, J .= 2 Hz, Cs-H),
7.1(d,1,J = 8Hz, Co-H),7.85(q, 1, Jag = 8 Hz, Jax = 2 Hz, Cs-
f{), 7-?5 (8, 5, CeHs); uv Amax 246 mpu (e 25,500), 274 (34,200), sh 355
2700).

Anal. Caled for CigH 5CIN4O: C, 61.05; H, 4.80; N, 17.80.
Found: C, 61.08; H, 4.78; N, 17.91.

7-Chloro-2-(2-methylene-1-methylhydrazino)-5-phenyl-
3H-1,4-benzodiazepine 4-Oxide (8). A mixture of 1 g (3.2 mmol)
of  7-chloro-2-(1-methylhydrazino)-5-phenyl-3H-1,4-benzodiaze-

pine 4-oxide (5}, 50 ml of ethancl, and 0.5 ml of aqueous formalde-
hyde (30%) was heated on the steam bath for 5 min. After concen-
tration down to half of the volume the product crystallized upon
cooling. The colorless crystals were collected (0.9 g, 86%) and re-
crystallized from ethanol for analysis: mp 240-242° dec; nmr
(CDCl3) & 3.44 (s, 3, NCH3) (C3 protons appear as very broad sig-
nal centered at ca. 5.2 ppm), 6.47 (d, 1) and 6.68 (d, 1) (AB system,
J =11 Hz, =CHs), 7-7.9 ppm (m, 8, aromatic H); uv Amax 247 mpu
(¢23,000), 284 (43,350), infl 360 (2500).

Anal. Caled for Ci7HisCINGO: C, 62.48; H, 4.63; N, 17.15.
Found: C, 62.40; H, 4.48; N, 17.06.

2-(2-Acetylhydrazino)-7-chloro-5-phenyl-3 H-1,4-benzodi-
azepine 4-Oxide (7). A, Acetic anhydride (1.5 ml) was added to a
solution of 2.5 g of 7-chloro-2-hydrazino-5-phenyl-3H-1,4-benzo-
diazepine 4-oxide (3) in 50 ml of methylene chloride. After stirring
for 15 min at room temperature, the mixture was concentrated and
crystallized by addition of ether to yield 2.6 g (91%) of product.
The analytical sample was recrystallized from dimethylformanide:
mp 272-275°; uv Amax 244-245 mu (€26,800), 268-269 (30,500), infl
315 (8300), infl 350 (2800).

Anal. Caled for Ci17Hy15CIN4O2: C, 59.57; H, 4.41; N, 16.35.
Found: C, 59.26; H, 4.60; N, 16.34.

B. A mixture of 3.3 g (0.01 mol) of 7-chloro-2-(N- nitrosometh-
ylamino)-5-phenyl-3H- 1,4-benzodiazepine 4-oxide (2), 30 ml of
ethanol, 3 ml of triethylamine, and 2 g of acetylhydrazine was re-
fluxed for 24 hr. The solvent was evaporated and replaced by 1-
butanol and refluxing was continued for another day. The residue
obtained after evaporation was crystallized from methylene chlo-
ride. The crystals were collected and recrystallized from methylene
chloride~ethanol to leave 1.85 g of product with mp 265-270° dec.
The filtrate was chromatographed over 70 g of silica gel using 10%
ethanol in methylene chloride. Beside an additional amount of
0.11 g of product 7 (total yield 57%), 0.31 g (9.5%) of 8-chloro-1-
methyl-6-phenyl-4H-s-triazolo[4,5- a][l 4]benzodiazepine 5-oxide
(10)* was also obtained.

2-(1-Aziridino)-7-chloro-5-phenyl-3 H-1,4-benzodiazepine
4-Oxide (6). Aziridine (15 ml) was added to a solution of 10 g (0.03
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mol) of 7-chloro-2-(N-nitrosomethylamino)-5-phenyl-3H- 1,4-
benzodiazepine 4-oxide (2) in 100 ml of dry tetrahydrofuran. After
stirring for 5 hr at room temperature under a stream of nitrogen,
the solvent was removed under reduced pressure and the residue
was crystallized from ether-hexane to yield 5.7 g of product with
mp 135-140°,

It was further purified by chromatography over 100 g of silica
gel using methylene chloride-ethyl acetate 1:1 (v/v). The pure
product was crystallized from ether: mp 136-138°; nmr (CDCls)
2.43 [s, 4, N(CHy)s], 4.55 (s, 2, Cs-H), 6.9-7.8 ppm (m, 8, aromatic
H); uv Mnax 239 myu (e 27,800), 272 (28,400), infl 310 (9200).

Anal. Caled for Ci7H(4CIN3O: C, 65.49; H, 4.52; N, 13.47.
Found: C, 65.39; H, 4.49; N, 13.44.

2-[2-(1-Aziridino)ethylamino]-7-chloro-5-phenyl-3 H-1,4-
benzodiazepine 4-Oxide (9). A mixture of 10 g (0.03 mol) of 7-
chloro-2-(N-nitrosomethylamino)-5-phenyl-3H-1,4-benzodiaze-
pine 4-oxide (2) and 30 ml of aziridine was stirred for 10 min under
a stream of nitrogen. The escaping diazomethane was destroyed by
bubbling through a solution of acetic acid in ether. After heating to
reflux for 5 min, the reaction mixture was partitioned between
water and methylene chloride. The organic layer was washed with
water, dried over sodium sulfate, and evaporated.

Crystallization of the residue from ether yielded 8.6 g (80%) of '

product with mp 160-162°. For analysis it was recrystallized from
methylene chloride-ether: mp 163-165°; nmr (DMSO-d) 6 1.1 (m,
2) and 1.53 [m, 2, A;Bg system, N(CHy)s), 2.32 (t, 2, J = 6.5 Hz,
-CHs-N), 34 (q, 2, J = 6 Hz, -NHCH,--), 4.4 (broad s, 2, C3-H),
6.7(d, 1,J =2 Hz, Cs-H), 7.05 (d, 1, J = 8.5 Hz, Co-H), 7.1-7.6 (m,
6, CeHs and Cg-H), 8.06 ppm (t, 1, J = 5.5 Hz, NH); uv Ayax 224
my (e 28,600), 267 (33,150), infl 315 (7300), infl 355 (2900).

Anal. Caled for C19H,9CINO4O: C, 64.31; H, 5.40; N, 15.79.
Found: C, 64.36: H, 5.55; N, 16.00.

7-Chloro-5-phenyl-2-ethylthio-3 H-1,4-benzodiazepine 4-
Oxide (11). A mixture of 16.5 g (0.05 mol) of 7-chloro-2-(N- nitro-
somethylamino)-5-phenyl-3H- 1,4-benzodiazepine 4-oxide (2), 25
ml of ethanethiol, 150 ml of tetrahydrofuran, and 1 g of potassium
tert- butoxide was stirred for 20 min with cooling in ice-water. The
reaction mixture was partitioned between saturated aqueous sodi-
um bicarbonate solution and benzene. The benzene layer was dried
and evaporated. Chromatography of the residue on 250 g of silica
gel using 10% ethyl acetate in methylene chloride and crystalliza-
tion of the clean fractions from methylene chloride—ether~hexane
yielded 4.7 g (28%) of product with mp 142-144°: nmr (CDCly) 6
1.27 (t, 8,J = 7 Hz -CHj), 8.14 (q, 2, J = 7 Hz, S-CHy), 443 (s, 2,
Cs3-H), 7.03 (m, 1, Cs-H), 7.2-7.9 ppm (m, 7, aromatic H); uv A infl
224 my (e 18,800), max 246 (21,400), 284 (32,050), infl 320 (9700).

Anal. Caled for Ci7H5CIN2OS: C, 61.72; H, 4.57; N, 8.47.
Found: C, 61.54; H, 4.63; N, 8.41.

The major product of the reaction (7.5 g) was identified as 7-
chloro-2-methylamino-5-phenyl-3H-1,4-benzodiazepine 4-oxide.

7-Chlore-2,3-dihydro-2-hydroxyimino-5-phenyl-1 H-1,4-
benzodiazepine 4-Oxide (12a). A mixture of 3.3 g (0.01 mol) of
7-chloro-2-(N- nitrosomethylamino)-5-phenyl-3H- 1,4-benzodi-
azepine 4-oxide (2), 35 ml of ethanol, 5 ml of triethylamine, and 3 g
of hydroxylamine hydrochloride was heated to reflux for 20 min.
The product was crystallized by addition of water. It was dissolved
in methylene chloride—ethanol. The solution was dried over sodi-
um sulfate and evaporated. Crystallization from methylene chlo-
ride-ethanol yielded 2.2 g (73%) of product with mp 250-255° dec:
nmr (DMSO0-d) 6 4.51 (broad s, 2, C3-H), 6.75 (m, 1, Cs-H), 7.2-7.6
(m, 7, aromatic H), 9.5 (s, 1, OH or NH), 10.2 ppm (s, 1, OH or
NH); uv Amax 240 mu (e 29,000), infl 279 (17,900), infl 310 (10,000),
infl 360 (2800); ir (KBr) 1660 cm ™! (C==N-OH).

Anal. Caled for Ci5H12CIN3O2: C, 59.71; H, 4.00; N, 13.93.
Found: C, 59.47; H, 4.16; N, 13.80.

7-Chloro-2,3-dihydro-2-methoxyimino-5-phenyl-1 H-1,4-
benzodiazepine 4-Oxide (12b). A mixture of 3.3 g (0.01 mol) of
7-chloro-2-(N- nitrosomethylamino)-5-phenyl-2H- 1,4-benzodi-
azepine 4-oxide (2), 35 ml of triethylamine, and 3 g of methoxyam-
ine hydrochloride was refluxed for 16 hr. The crystals precipitated
by addition of water were collected and recrystallized from methy-
lene chloride—ethanol to yield 2.5 g (79%) with mp 232-234°. The
analytical sample was recrystallized from the same solvents: nmr
(DMSO-d) 6 3.77 (s, 3, OCH3), 4.53 (broad s, 2, Cs-H), 6.75 (m, 1,
Ce-H), 7.2-7.6 (m, 7, aromatic H), 9.6 ppm (s, 1, NH); uv Apax 242
mu (e 29,600), infl 259 (4400), infl 310 (9600), infl 357 (2600); ir
KBr) 1650 em~! (-C=N-0).

Anal. Caled for CigH14CIN3Og: C, 60.86; H, 4.47; N, 13.31.
Found: C, 60.84; H, 4.40; N, 13.38.

7-Chloro-2-guanidino-5-phenyl-3 H-1,4-benzodiazepine 4-
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Oxide (13). A mixture of 3.3 g (0.01 mol) of 7-chloro-2-(N-nitroso-
methylamino)-5-phenyl-3H- 1,4-benzodiazepine 4-oxide (2), 30 ml
of tetrahydrofuran, 50 ml of tert- butyl alcohol, 2 g of guanidine
hydrochloride, and 2.3 g of potassium tert- butoxide was stirred at
room temperature for 3 hr. After evaporation under reduced pres-
sure, the residue was washed with water and dissolved in methy-
lene chloride-ethanol. The solution was dried and evaporated.
Crystallization from methylene chloride-ethanol yielded 2 g (61%)
of product with mp 245-248° dec. For analysis it was recrystallized
from the same solvents: mp 250-252° dec; nmr (DMSO-d) § 4.33
(s, 2, C3-H), 6.8 (d, 1, J = 2 Hz, Ce-H), 7.16 (d, 1, J = 8.5 Hz, Co-
4), 7.2-1.6 (m, 6, C¢Hs and Cs-H), 4 exchangeable protons appear
as very broad signal between 7.4 and 10 ppm; uv Aypay 245 mu (e
17,700) 290 (38,600) infl 300 (3400).

Anal. Caled for C;6H4CIN:O: C, 58.63; H, 4.31; N, 21.37.
Found: C, 58.74; H, 4.33; N, 21.38.

7-Chloro-1,3-dihydro-2-(dimethoxymalonylidene)-5-phe-
nyl-2H-1,4-benzodiazepine 4-Oxide (14a). A mixture of 3.3 g
(0.01 mol) of 7-chloro-2-(N-nitrosomethylamino)-5-phenyl-3H-
1,4-benzodiazepine 4-oxide (2), 20 ml of dimethylformamide, 5 ml
of dimethyl malonate, and 1.3 g (0.0115 mol) of potassium tert-
butoxide was heated to 100-120° for 5 min under a stream of ni-
trogen. After the addition of 2 ml of glacial acetic acid the cool
reaction mixture was partitioned between methylene chloride and
water. The methylene chloride layer was washed with water, dried
over sodium sulfate, and evaporated. Crystallization from ether
yielded 2.75 g (69%) of light yellow product with mp 194-195°. For
analysis it was recrystallized from methylene chloride-hexane:
nmr (CDCly) 6 3.78 (s, 3, OCHz), 3.84 (s, 3, OCH3), 4.92 (broad s, 2,
Cs-H), 7-7.8 (m, 8, aromatic H), 11.6 ppm (s, 1, NH); uv Apax 228
mp (¢ 23,500), 304 (38,110), infl 340 (12,500); ir (CHCl3) 3200
(NH), 1720, 1675 cm™1 (COOMe).

Anal. Caled for CooH17CIN2Os: C, 59.93; H, 4.28; N, 6.98. Found:
C, 59.78; H, 4.21; N, 6.90.

7-Chloro-1,3-dihydro-3-(dicyanomethylene)-5-phenyl-2 H-
1,4-benzodiazepine 4-Oxide (14b). A mixture of 3.3 g (0.01 mol)
of 7-chloro-2-(N- nitrosomethylamino)-5-phenyl-3H- 1,4-benzodi-
azepine 4-oxide (2), 20 ml of dimethylformamide, 2.3 g (0.035 mol)
of malononitrile, and 1.3 g (0.0115 mol) of potassium fert- butoxide
was stirred at room temperature for 30 min. After the addition of 2
ml of glacial acetic acid the product was crystallized by addition of
water. It was collected, washed with water, and recrystallized from
methylene chloride-ethanol to leave 2.65 g (79%) with mp 240-
242° dec. Nmr indicated these crystals to contain methylene chlo-
ride. Other solvents also produced solvates, e.g., 2-propanol and di-
oxane. A sample recrystallized from dioxane had the same melting
point and analyzed well for a hemidioxanate: nmr (DMSO-d) 3.57
(s, 4, dioxane), 4.83 (s, 2, C3-H), 6.95 (m, 1, C¢-H), 7.2-7.7 (m, 7, ar-
omatic H), ca. 11.5 ppm (very broad signal N-H); uv Apayx 231 mu (e
16,750), 303 (35,400), infl 300 (13,700).

Anal. Caled for CigH11CINLO - %CHgOs: C, 63.41; H, 3.99; N,
14.79, Found: C, 63.42; H, 3.93; N, 14.65.

7-Chloro-1,3-dihydro-2-(dimethoxymalonylidene)-5-phe-
nyl-2H-1,4-benzodiazepine (16a). Phosphorus trichloride (4 ml)
was added to a solution of 4 g (0.01 mol) of 7-chloro-1,3-dihydro-
2-(dimethoxymalonylidene)-5-phenyl-2H- 1,4-benzodiazepine  4-
oxide in 100 ml of methylene chloride. After sitting at room tem-
perature overnight the solution was washed with 10% aqueous so-
dium carbonate solution. The methylene chloride layer was dried
and evaporated. Crystallization of the residue from 2-propanol and
recrystallization from methylene chloride-2-propanol yielded 3.2 g
(83%) of product with mp 138-140°. A different crystalline modifi-
cation with mp 165-166° was also observed: nmr (CDClg) 6 3.75 (s,
3, OCH3y), 3.85 (s, 3, OCHy), 4.43 (broad s, 2, C3-H), 7.05 (d, 1, J =
8.5 Hz, Co-H), 7.1-7.6 (m, 7, aromatic H), 11.5 ppm (s, 1, NH); uv A
sh 277 mu (e 14,000), max 310 (31,200); ir (CHClg) 3150 (NH),
1720, 1670 cm~! (COOCHy). ‘

Anal. Caled for CooH17CINoOy: C, 62.43; H, 4.45; N, 7.28. Found:
C, 62.68; H, 4.47; N, 7.11.

7-Chloro-1,3-dihydro~2-(dicyanomethylene)-3-phenyl-2 H-
1,4-benzodiazepine (16b). A mixture of 1 g of 7-chloro-1,3-dihy-
dro-2-(dicyanomethylene)-5-phenyl-2H- 1,4-benzodiazepine  4-
oxide (14b), 100 ml of methylene chloride, and 1 ml of phosphorus
trichloride was stirred at room temperature for 5 hr. The solution
was washed with 10% aqueous sodium carbonate solution, dried
over sodium sulfate, and evaporated. Chromatography of the resi-
due over 20 g of silica gel using 10% ethyl acetate in methylene
chloride and crystallization from tetrahydrofuran—ethyl acetate
yielded 0.55 g (58%) of product with mp 274-276°.

Anal. Caled for C1sH;;CINg: C, 67.82; H, 3.48; N, 17.58. Found:
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C, 67.95; H, 3.40; N, 17.33.
7-Chioro-4-hydroxy-5-phenyl-2,3,4,5-tetrahydro-1H-1,4-

benzodiazepine (15).5 A solution of 3.3 g (0.01 mol) of 7-chloro-
2-(N-nitrosomethylamino)-5-phenyl-3H-1,4-benzodiazepine 4-
oxide (2) in 10 ml of tetrahydrofuran was added to a suspension of
2 g (0.05 mol) of lithium aluminum hydride in 50 ml of ether
cooled to —~20°. The mixture was stirred at —20 to —15° for 15 min
and 10 ml of water was added cautiously. The inorganic material
was separated by filtration; the filtrate was dried over sodium sul-
fate and evaporated. Crystallization of the residue from 2-propanol
yielded 2.2 g of product with mp and mmp 167-169°.
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Two types of reactions were used to study the effect of substituents (CHs, OCHj3, and CO2CHj) on the conden-
sation of 5(6)-substituted benzofurazan 1-oxides with acetonyl methyl sulfide (BFO reaction, A), and 4-substitut-
ed o0- quinone dioximes with pyruvaldehyde (OQD reaction, B). Each reaction allowed the isolation of only one of
the two possible isomers and the study of its nmr properties. The nitrogen atom is an electrophile in reaction A
and a nucleophile in reaction B. Thus the same substituent is expected and does favor the formation of opposite
ratios of 6:7 isomeric substituted quinoxaline hydroxamic acid esters 4. The ratios were determined from nmr
spectra of these esters where the chemical shifts of the H-5 and H-8 protons, unlike their counterparts in quin-
oxaline 1,4-dioxides, are assignable. The results are interpreted by assuming that benzofurazan 1-oxides react in

their ortho dinitroso tautomeric forms.

A few years ago, an elegant method for the preparation
of quinoxaline 1,4-dioxides was reported. It involved a con-
densation of benzofurazan 1-oxide (BFO) with either ena-
mines or enolate anions.23 Although the exact mechanism
was not elucidated, initial attack at either one of the two
nitrogen atoms of BFO followed by cyclization with con-
comitant elimination of amines, in the former, and water,
in the latter, would explain the experimental results. Par-
tial support for this mechanism came from the isolation of
dihydroquinoxaline 1,4-dioxide which is a suggested inter-
mediate in the above mechanism.*

Only one quinoxaline 1,4-dioxide can be obtained when a
carbony!l compound, which under the reaction conditions
forms one enolic form, is condensed with unsubstituted
BFO. However, a mixture of 6- and 7-substituted quinoxa-
line 1,4-dioxide isomers is expected when 5(6)-substituted
BFQ’s are used. Indeed such a case has been reported when
5(6)-trifluoromethyl BFO was condensed with acetyl ace-
tone.?

Contradictory reports concerning reactions of other
5(8)-substituted BFQ’s with various ketones have also ap-
peared. While Haddadin and coworkers claimed the forma-
tion of mixture of isomers when the 5(6)-substituted BFQO’s
(la, 1b, and 1d) were condensed with benzoylacetophe-
none,® Mason and Tennant reported the isolation of only
the 7-substituted quinoxaline 1,4-dioxide when BFQO’s (1b,
1d, and le) wer . allowed to react with benzoylacetonitrile.”
Later results partially supported the above claims. While

the condensation of G-keto esters with 5(6)-chloro-BFO
(1d) was found to give a mixture of the corresponding 6-
and 7-chloroguinoxaline 1,4-dioxides, 5(6)-methoxy-BFO
(1b) furnished the 7-methoxy isomer only.® In the present
work a rigorous study of isomer formation was made in
which the electronic effects of a 5(6) substituent on the
course of BFO reaction with acetonyl methyl sulfide is re-
ported.

Determination of isomer ratios in 6(7)-substituted quin-
oxaline 1,4-dioxides is not an easy task since both isomers
have very similar spectral and chromatographic properties.
Their conversion to other derivatives where H-5 and H-8,
unlike their couriterparts in the parent compounds, are in
different chemical environment allows full structural deter-
mination by nmr. Such a conversion has been reported ear-
lier when 2-cyano-3-phenyl-7-substituted quinoxaline 1,4~
dioxides were treated with sodium ethoxide to furnish the
corresponding hydroxamic acids.” In the present com-
pounds (2a, 2b, and 2¢) treatment with aqueous potassium
hydroxide furnished the highly insoluble hydroxamic acids
(3) followed by conversion to the esters (4) made possible
their structural assignment by examining the aromatic re-
gion in the nmr spectra (Scheme I). Unlike the earlier
method, these ompounds have no other aromatic protons
which could complicate spectral analyses.

Scheme I depicts two types of reactions (A and B) used
to determine substituent effects; a BFO reaction (A) in
which the nitrogen atom is an electrophile, and a condensa-



