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The novel 1,4-benzodiazepino[4,5-d][1,4]benzoxazepine ring system has been constructed via preformed
benzoxazepine intermediates. Several derivatives have been prepared as potential anxiolytic agents.
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Several oxazolobenzodiazepines (I) have exhibited sig-
nificant pharmacological profiles as potential anticonvul-
sant/anxiolytic agents with improved potency over diaze-
pam (1-3). In the interest of developing novel psychotropic
agents of therapeutic potential, we have undertaken the
synthesis of the isomeric 1,4-benzodiazepino[4,5-d][1,4]-
benzoxazepines (II).
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This report outlines an approach to this novel benzodi-
azepine system by cyclization of functionalized benzoxaze-
pine intermediates rather than utilization of preformed
benzodiazepine precursors.

The benzoxazepine nucleus was constructed via a
Bischler-Napieralski cyclization route (4) as illustrated in
Scheme I. Condensation of S-bromophenetole (1) with
potassium phthalimide in warm dimethylformamide pro-
vided phthalimide 2 in 87% yield. Hydrazinolysis
generated amino derivative 3 which was readily acylated
with 5-chloro-2-nitrobenzoyl chloride to give amide 4 in
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67% overall yield. Cyclodehydration of substituted N{2-
phenoxyethyl)benzamides to the corresponding benzox-
azepines has been subject of several reports (5,6). Reflux-
ing amide 4 with a mixture of phosphorous oxychloride
and phosphorous pentoxide in xylene followed by conver-

sion to the hydrochloride provided benzoxazepine 5 in
44% yield.
Reagents: a. potassium phthalimide, DMF; b. NH,NH,H,0; c.
S-chloro-2-nitrobenzoyl chloride; d. POCI,-P,0;, xylene; e. HCI (g).
Elaboration of nitrobenzoxazepine 5 to the desired
benzodiazepine ring system is outlined in Scheme II.
Reduction of a number of substituted dihydrobenzoxaze-
pines to their tetrahydro derivatives has been reported to
occur with hydrogen using standard catalysts and with
sodium borohydride (7). In our hands, the free base of
compound 5 gave a complex mixture of products under
these conditions. Apparently, the presence of the ortho-
nitro group complicates the situation (8). However, selec-
tive reduction of the nitro substituent with tin(II) chloride
in an acetic-hydrochloric acid mixture (9) provided amino
derivative 6. Acylation with chloroacetic anhydride (10)
gave chloroacetanilide 7. Cyclization in refluxing
l-propanol yielded iminium salt 8. Hydrogenation with
1% platinum on carbon or facile reduction with sodium
borohydride presented the 1,4-benzodiazepino[4,5-d][1,4}
benzoxazepine skeleton 9.
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Reagents: f. SnCl,2H,0, HCl, HOAc; g. chloroacetic anhydride,
K,CO,, CH,Cl,; h. n-PrOH, 4; i. H,, 1% Pt/C, CH,0H; j. NaBH,, CH,OH.
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Modification of the unsubstituted benzodiazepinone 9
provided several interesting derivatives. Alkylation using
sodium hydride and dimethyl sulfate in dimethyl-
formamide gave methyl analog 10. Borane reduction of
amides 9 and 10 yielded the corresponding benzodi-
azepines 11 and 12. Oxidation with meta-chloroper-
benzoic acid (11) resulted in tertiary amine oxide 13.
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Reagents: k. NaH, (CH,),SO,, DMF; I. BH,/THF; m. MCPBA, CH,ClI,.

EXPERIMENTAL

Melting points were determined on a Thomas-Hoover capillary
melting point apparatus and are uncorrected. Infrared spectra were
recorded on a Perkin-Elmer 727 or a Pye Unicam SP3-200 spectrophoto-
meter. Nuclear magnetic resonance spectra were taken at 60 MHz on
either a JEOL C-60HL or a JEOL FX-60 spectrometer, and chemical
shifts are given relative to internal tetramethylsilane. Mass spectra were
obtained from a Finnigan Model 4000 spectrometer interfaced to a
Finnigan 9610 gas chromatograph and equipped with an INCOS data
system. Elemental analysis was performed by Micro-Tech Laboratories,
Skokie, Illinois. Thin layer chromatograms were run on silica gel PF-254
plates and column chromatography was performed using silica gel 60 (E.
Merck, AG) or absorption alumina (Fisher Scientific).

N{2-Phenoxyethyl)phthalimide (2).

A mixture of 8-bromophenetole (1) (94.8 g, 0.47 mole), potassium
phthalimide (104.7 g, 0.56 mole) and 400 ml of anhydrous dimethyl-
formamide was warmed at 85° for one hour. After cooling, chloroform
was added and the resulting mixture was washed with 0.2N sodium
hydroxide and water, dried (sodium sulfate), and concentrated in vacuo.
The solid residue was triturated with ether and collected by filtration to
give 109 g (87%) of colorless crystals, mp 126-128°. Recrystallization
from ethyl acetate/ether gave an analytical sample, mp 127-129°; ir
(chloroform): 1710 cm™ (C=0); nmr (deuteriochloroform): & 4.18 (t, 4,
CH,), 6.70-8.00 (m, 9, aromatic H).

Anal. Caled. for C,;H,,NO,: C, 71.90; H, 4.90; N, 5.24. Found: C, 71.81;
H, 4.75; N, 5.03.

N{2-Phenoxyethyl)}-5-chloro-2-nitrobenzamide (4).

A mixture of 2 (96.7 g, 0.36 mole), hydrazine hydrate (22.7 ml, 0.38
mole) and 1500 ml of methanol was refluxed for 2 hours. The cooled mix-
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ture was filtered and the filtrate was concentated in vacuo. The combined
solids were suspended in ether and shaken with 40% potassium hydrox-
ide (12). The aqueous was extracted with ether and the combined
organics were dried (potassium carbonate) and concentrated in vacuo to
give 39.5 g of a light yellow oil (3).

A solution of 5-chloro-2-nitrobenzoyl chloride (11.0 g, 0.05 mole) in 15
ml of dioxane was added dropwise to a mixture of sodium hydroxide (2.0
g, 0.05 mole) in 25 ml of water and 3 (7.9 g, 0.06 mole) in 10 ml of dioxane
with ice bath cooling. After stirring at room temperature overnight, the
mixture was diluted with water and extracted with dichloromethane. The
organic extract was washed with water, dried (sodium sulfate) and con-
centrated in vacuo. The residue was recrystallized from toluene giving
12.7 g (80%) of pale yellow needles, mp 126-128°; ir (chloroform): 3480
(NH), 1680 cm™ (C=0); nmr (deuteriochloroform): § 3.88 (t, 2, N-CH,),
4.15 (1, 2, 0-CH,), 6.40 (bs, 1, NH), 6.70-7.70 (m, 7, aromatic H), 8.01 (d, 1,
aromatic H ortho to NO,).

Anal. Caled. for CjH,,CIN,O,: C, 56.17; H, 4.08; N, 8.74. Found: C,
56.50; H, 4.16; N, 8.54.

545'-Chloro-2"-nitrophenyl)-2,3-dihydro-1,4-benzoxazepine (5).

To a mechanically stirred mixture of 4 (45 g, 0.14 mole) and phos-
phorous oxychloride (125 ml, 1.40 moles) in one liter of xylene at reflux
was added phosphorus pentoxide (100 g, 0.90 mole) in five portions at 15
minute intervals. This mixture was refluxed for 4.5 hours, cooled and
poured into ice water. (The organic layer was separated and yielded 9 g
recovered 4.) The aqueous was made basic with concentrated ammonia
and extracted with dichloromethane. The extracts were washed with
water, dried (magnesium sulfate) and concentrated in vacuo. The residue
was taken up in dichloromethane/toluene and treated with hydrogen
chloride (g) to yield 27 g of a tan solid. Recrystallization of 6 g from
ethanol gave 3.7 g (44%) of yellow crystals, mp 236-239° dec; ir (potas-
sium bromide): 1670 cm™! (C=N); nmr (trifluoroacetic acid): 4.50 (m, 2,
N-CH,), 4.98 (m, 2, O-CH,), 7.00-8.10 (m, 6, aromatic H), 8.53 (d, 1,
aromatic H ortho to NO,).

Anal. Caled. for C jH,,CIN,0,-HCI: C, 53.11; H, 3.57; N, 8.26. Found:
C, 53.09; H, 3.61; N, 8.30.

54{2'-Amino-5'-chlorophenyl)-2,3-dihydro-1,4-benzoxazepine (6).

A warm solution of 5 (21.4 g, 0.06 mole) in 250 ml of glacial acetic acid
was added dropwise to a mixture of tin(II) chloride dihydrate (113.6 g, 0.5
mole) in 300 ml of concentrated hydrochloric acid and 65 ml of glacial
acetic acid and stirred at room temperature overnight. This mixture was
poured into 10% sodium hydroxide/ice water and extracted with di-
chloromethane. The organic extract was washed with water and brine,
dried (magnesium sulfate), and concentrated in vacuo. Filtration chroma-
tography through 350 g silica gel with 1% methanol/chloroform gave 10
g of a light brown solid, mp 107-109°. Recrystallization from cyclo-
hexane gave 7.5 g (44%) of a tan solid, mp 108-110°; ir (chloroform):
3440 cm™' (NH,); nmr (deuteriochloroform): 6 3.74 (t, 2, N-CH,), 4.60 (t, 2,
0-CH,), 6.17 (bs, 2, NH,), 6.50-7.60 (m, 7, aromatic H).

Anal. Caled. for C;H,,CIN,O: C, 66.06; H, 4.80. Found: C, 66.26; H,
4.81.

5-(2'-Chloroacetamido-5'-chlorophenyl)-2,3-dihydro-1,4-benzoxazepine
@.

A solution of chloroacetic anhydride (37.0 g, 0.22 mole) in 300 ml of di-
chloromethane was added dropwise to a mixture of anhydrous potassium
carbonate (60.2 g, 0.,44 mole) and 6 (25.8 g, 0.10 mole) in one liter of di-
chloromethane with a cold water bath present. Stirring was continued at
room temperature for 30 minutes and water was added to dissolve the in-
organic material and hydrolyze the unreacted anhydride. The organic
material was washed with water, dried (magnesium sulfate) and stirred
with and decanted from 25 g silica gel. Concentration in vacuo gave a
yellow solid that was recrystallized at room temperature from dichloro-
methane/hexane to give 19.2 g (58%) of pale yellow crystals that decom-
posed slowly above 130° without melting; ir (chloroform): 1670 cm™
(C=0); nmr (deuteriochloroform): 6 3.90 (t, 2, N-CH,), 4.28 (s, 2, CH,Cl),
4.75 (t, 2, 0-CH,), 7.10-7.90 (m, 6, aromatic H), 8.85 (d, 1, aromatic H or-
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tho to NHC=0), 13.65 (bs, 1, NH); ms: M* m/e 348.
Anal. Caled. for C,H,,CI,N,0,: C, 58.45; H, 4.04. Found: C, 58.84; H,
3.94.

14-Chloro-6,7,9,11-tetrahydrofl,4)benzodiazepino[4,5-d][1,4}benzoxa-
zepin-10-one Chloride (8).

A solution of 7 (8.6 g, 25 mmoles) in 500 ml of 1-propanol was refluxed
for 1.5 hours. Concentration in vacuo gave an orange solid that was re-
crystallized twice from methanol/ether to yield 5.7 g (65%) of a yellow
solid that decomposed above 232°; ir (potassium bromide): 1700 (C=0);
1660 cm™! (C=N); nmr (methanol-d,): 6 4.30-5.90 (m, 6, CH,), 7.20-8.40
(m, 7, aromatic H); ms; [(M-HC)H]* m/e 313.

Anal. Caled. for C,,H,,CI,N,0,: C, 58.45; H, 4.04. Found: C, 57.79; H,
4.25 (13).

14-Chloro-6,7,11-15b-tetrahydro[l,4]benzodiazepino[4,5-d]{1,4]benzoxa-
zepin-10(9H)-one Hydrochloride (9-HCI).

A solution of 8 (5.4 g, 15 mmoles) in 300 ml of methanol with 0.27 g of
1% platinum on carbon was hydrogenated in a Parr apparatus at 15 psi
until the uptake of hydrogen subsided after 2.5 hours. Filtration and con-
centration in vacuo gave 5.1 g of light yellow solid that was recrystallized
from methanol/ether to give 1.7 g (31 %) of white needles, mp 246-249°
dec; ir (potassium bromide): 1690 cm™ (C=0); nmr (DMSO-ds): 6
3.10-4.00 (m, 6, CH,), 6.03 (s, 1, CH), 6.90-7.20 (m, 7, aromatic H), 8.80
(bs, 1, NH), 10.80 (s, 1, NH); ms: (MH)* m/e 315.

Anal. Caled. for C,;H,,CIN,0,-HC!: C, 58.13; H, 4.59; N, 7.98. Found:
C, 58.43; H, 4.67; N, 7.93.

14-Chlore-6,7,11,15b-tetrahydro[1,4)benzodiazepino[4,5-d]{1,4]benzox-
azepine-10(9H)one (9).

To a solution of 8 (8.8 g, 25 mmoles) in 200 ml of methanol at ice bath
temperature was added powdered sodium borohydride (1.0 g, 26 mmoles)
in small portions. Stirring was continued for 10 minutes and the result-
ing mixture was diluted with dichloromethane. The organic extract was
washed with aqueous sodium carbonate and water, dried (sodium
sulfate), and concentrated in vacuo to yield 7.0 g (88%) of a yellow solid
that decomposed s10wly above 88°. This compound was identical with the
free base obtained from 9-HCl by ir, nmr and tlc and could be used in
subsequent steps without further purification.

14-Chloro-6,7,11,15b-tetrahydro-11-methyl(1,4]benzodiazepino[4,5-d}-
[1,4]benzoxazepin-10(9H)one Hydrochloride (10-HCI).

A solution of 9 (10.0 g, 32 mmoles) in 40 ml of anhydrous dimethyl-
formamide was added to sodium hydride, prepared by washing 50% oil
dispersion (1.8 g, 37 mmoles) with pentane, with ice bath cooling. After
stirring for 20 minutes, a solution of dimethyl sulfate (3.2 ml, 34 mmoles)
in 10 mi of dimethylformamide was added dropwise and stirred for 3
hours. The mixture was poured into 5% sodium carbonate and extracted
with dichloromethane. The organics were washed with water, dried (mag-
nesium sulfate) and concentrated in vacuo to give 9.5 g of an orange oily
solid. A hydrochloride was obtained from 7 g of this residue and recrys-
tallized from ethanol to give 4.5 g (53%) of pale yellow crystals that
decomposed with melting above 165°; ir (potassium bromide): 1670 cm™
(C=0); nmr (trifluorocacetic acid): 8 3.50-5.00 (m, 9, CH,, CH,), 6.25 (s, 1,
CH), 7.20-8.00 (m, 7, aromatic H); ms: M* m/e 328.

Anal. Calcd. for C,H,,CIN,0,-HCL: C, 59.19; H, 4.97. Found: C, 59.40;
H, 5.35.

14-Chlore-6,7,9,10,11,15b-hexahydro[1,4]benzodiazepino[4,5-d][1,4]-
benzoxazepine (11).

A mixture of 9 (6.0 g, 17 mmoles)in 100 ml of tetrahydrofuran was stir-
red mechanically under nitrogen while adding 1.0 M borane/THF (69.6
ml, 69.6 mmoles). This mixture was refluxed for 3 hours, quenched with
50 ml 6N hydrochloric acid and refluxed for one hour. The cooled mix-
ture was made basic with 5% sodium hydroxide and extracted with di-
chloromethane. The organic extract was washed with brine, dried (mag-
nesium sulfate) and concentrated in vacuo. The residue was recyrstal-
lized from dichloromethane/hexane to give 2.1 g (40%) of a white solid,
mp 212-214°; ir (potassium bromide): 3330 cm™ (NH); nmr (DMSO-d,): &
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3.00 (m, 6, N-CH,), 4.00 (m, 2, O-CH,), 5.25 (s, 1, CH), 5.68 (bs, 1, NH),
6.50-7.40 (m, 7, aromatic H); ms: (MH)* m/e 301.

Anal. Calcd. for C,,H,,CIN,O: C, 67.87; H, 5.69; N, 9.32. Found: C,
67.82; H, 5.63; N, 9.56.

14-Chloro-6,7,9,10,11,15b-hexahydro-11-methyl[1,4]benzodiazepino-
[4,5-d}{1,4]benzoxazepine (12).

To a solution of 10 (8.6 g, 26 mmoles) in 220 ml of tetrahydrofuran
under nitrogen was added 1.02 M borane/THF (90 ml, 92 mmoles) and
the resulting mixture was refluxed for 3 hours. After cooling, 80 m! of 6N
hydrochloric acid was added carefully and stirred at room temperature
overnight. Workup as for 11 gave 2.5 g (30%) of pale yellow crystals, mp
171.5-173°; nmr (deuteriochloroform): é 2.70-3.30 (m, 9, N-CH,, N-CH5),
4.10 (m, 2, 0-CH,), 5.45 (s, 1, CH), 6.80-7.30 (m, 7, aromatic H); ms: M*
m/e 314.

Anal. Caled. for C,,H,,CIN,O: C, 68.67; H, 6.08. Found: C, 68.27; H,
5.99.

14-Chloro-6,7,11,15b-tetrahydro-11-methyl{1,4]benzodiazepino[4,5-d}-
[1,4]benzoxazepin-10(9H)one 8-Oxide (13).

A solution of 85% meta-chlorobenzoic acid (2.65 g, 13 mmoles) in 65
ml dichloromethane was added dropwise to a solution of 10 (4.3 g, 13
mmoles) in 90 ml dichloromethane at ice bath temperature. After one
hour, the reaction solution was poured onto a column of 160 g alumina
and eluted with dichloromethane followed by 3% methanol/dichloro-
methane to give a yellow solid. Recrystallization from methanol/ether
gave 3.0 g (67%) of off-white crystals, mp 210-212°; ir (potassium
bromide): 1675 cm™ (C=0); nmr (DMSO-d¢): 6 3.35 (m, 2, N-CH,), 3.50 (s,
3, N-CH,), 3.70-4.10 (m, 4, 0-CH,, N-CH,-C=0), 5.43 (s, 1, CH), 7.10-7.80
(m, 7, aromatic H); ms: (MH)" m/e 345.

Anal. Caled. for C,,H,,CIN,0,: C, 62.70; H, 4.97; N, 8.13. Found: C,
62.56; H, 5.07; N, 8.07.
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