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Abstract - The 2-substituted 1,4-benzodiazepines (4 and 6) were synthe-
sized. The reaction of 2-amincbenzophenone oximes with ethyl 4-chlero-
acetoacetate gave the 1,4-benzodiazepines (4) and the 1,2~-dihydroquina-
zolines (5); the latter were treated with a base to result ring expan-

sion giving the 1,4-benzodiazepines (86).

The 2-substituted 1,4-benzodiazepines were of interest as precurscrs for deriva-
tives with an heterccyclic ring fused at the 1,2-bond. Tricyclic 1,4-benzodiaze~
pines fused with a pyrrole, imidazocle or triazole moiety have led to clinically
useful derivatives such as midazolam, estazolam and triazoclaml~%. We now report
a direct synthesis of 1,4-benzodiazepin-2-ylideneacetate and the synthesis
of functionalized 1,2-dihydroquinazolines which can be converted into the
former by ring expansion. We found that ethyl 4-chlorcacetoacetate 1 condensed
with Z2-aminobenzophenone oximes 2 or 3 to yield 2-substituted 1,4-benzodiazepi-
nes 4 or quinazolines 5 {Scheme 1). If the reaction was carried out with the
syn iscmer 2, the benzodiazepine compound 4 was mainly obtained and quinazoline
compound 5 only in minor amounts, while with anti isomer 3, the quinazoli-
ne 5 was the major product (Table 1).

Previously a type of condensation between anti-2-amino-5-chlorobenzophenone
oxime 3b and a-chloro aldehydes or e-chloro ketones was described but
the formatien of 1,4-benzodiazepines was not founa?~8. Ethyl 4-bromoaceto-
acetate reacted with the condensed products of 2-aminobenzophenone oXimes

and acetone
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Table 1

Yields % of 1,4-benzodiazepines and gquinazolines

. ° 1,4-benzodiazepine quinazoline
R oxime mp "C yield (%) yield (%)
H syn 2a 167 da 64 5a 14
H anti 3a 127 " 10 " 70
Cl syn 2b 169 4b 69 Sb 1G
cl anti 3b 132 " 6 N 66
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te afford 1,2-dihydro-2,2-disubstituted quinazolinesg. In this instance the
compounds with 1,4-benzodiazepine structure were obtained only by enlarg-
ment of the guinazoline ring. Prolonged heating of 5 in beiling benzene-glacial
acetic acid (9:1) did not lead to 4 (Scheme 1} but to 1l,4-benzodiazepine Ng-
oxide 6 (Scheme 2). The same product was obtained when 5 was treated with
a base such as sodium hydroxide or diethylamine, whereas the reaction of 5
with methylamine led only to the product derived from substitution of the
halogen o©of the chloremethyl group by methylamine with subsequent dehydregena-
tion, and amide formation from the carbethoxy group 110‘12. The mechanism
of reaction was not studied. The reaction of 6 with acetic anhydride in pyridine
at room temperature resulted in a Polonovsky-type rearrangement to give the

acetoxy compound 8 (Scheme 2).

Scheme 2
H H CH=NCH
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O CH,COOE O CH,CONHCH,
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-
©
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When 4 was treated with acetic anhydride in pyridine at room temperature,

the ©Q-acetyl derivative 9 was obtained as the sole isclated product (Scheme

3.
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To all the compounds with exocyclic double bond, the structure 10 with hydrogen

bonding between the Nj-hydrogen atom and the carbonyl of the carbethoxy group

was assigned; the cornjugated acetate carbonyl stretching ap-

rfoj; OcHHs peared at 1660 cm™l in the ir spectrum. The chemical shift of
the vinylic preoton at 5.0 ppm appeared as a sharp singlet in
=N the nmr spectrum, whereas multiplet having an unresolved fine
10 structure appearing at 4.2-4.8 ppm was assigned to the methy-
lene protons of the benzodiazepine ring.
EXPERIMENTAL

Melting points are determined in open capillaries on a Biichi apparatus and

are uncorrected. Microanalyses were carried out on a Perkin-Elmer 24C0c Elemental
Analyzer. Merck silica gel 60, 70-230 mesh, was used for column chromatography.
Ir spectra were recorded in nujol mulls with a Perkin-Elmer mod. 397 spectro-

photometer.ly and 13c nmr spectra were recorded with a Varian XL 200 spectrome-

ter for DMSO d-6 solution {(TMS as internal standard): the values of chemical
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shifts are expressed in ppm and coupling ccnstants (J) in Hz. Fast Atom Bom-

bardment mass spectra were recorded on a Kratos MS 80 spectrometer.

General procedure for the condensation of 2-aminobenzophencne oximes with

ethyl 4-chloroacetoacetate.

A solution of ethyl 4-chloroacetcacetate (1.97 g, 12 mmol} in anhydrous benzene
{10 ml) was added dropwise to a solution of the appropriate 2-amincbenzophenone
cxime (10 mmol) in anhydrous benzene (30 ml) and glacial acetic acid (10 ml).
The mixture was stirred at room temperature for 1 h and refluxed for an additic-
nal 1 h. After cooling, water was added and the mixture was neutralized with
sodium hydrogen carbonate (sat.sol.). The organic layer was separated, washed
with brine and dried over sodium sulfate. Removal of the solvent under reduced
pressure afforded an orange thick oil which was chromatographed eluting with
benzene-ethyl acetate (95:5) to yield 4 and then with ethyl acetate to yield

5. Recrystallization from suitable sclvents gave analitycal samples.

2,3-Dihydro-2- [(ethoxycarbonyl)methylene} -4-hydroxy~5-phenyl-1H-1, 4-benzodiaze-

pinium chloride (4a).

Colorless needless from ethanol, mp 144°C. Ir : 3240,3140,1680 eml. lE Nmr:
1.15  (t,3H,J=7.0,CHy-CH3), 4.01  (q,2H,J=7.1,CHp-CH3),  4.10-4.90 (bread
m,2H,CHy), 4.96 (s,l1H,=CH)}, 7.07-7.46 {m,9H,Ar-H), 9.8l (s,1H,NH), 11.93
(s,1H,0H). 33C Nmr 14.30 (CHp-CH3), 41.76 (CHp), 58.60 {CHy-CHjy), B9.22 (=CHJ,
seven signals at 125.20, 125.37, 126.80 (2CH), 128.15 (2CH}, 129.0, 129.17,
129.30 due to 9 CH aromatic groups and six signals at 129.67, 135.70, 136.82,
153.41, 155.27, 168.30 due to guaternary C atoms., Anal.Caled for CjgHjgClN304:
C,63.59:H,5.34;N,7.80. Found: C,63.81;H,5.61;N,7.86. FAB-Ms (glycerol), m/z:

359 (Mt+1).
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7-Chloro-2,3-dihydro-2-[(ethoxycarbonyl )methyleng-4-hydroxy-5-phenyl-1H-1, 4-

benzodiazepinium choride (4b).

White crystals from agqueous ethancl, mp 119-120°C. Ir: 3200,3140,1660 cm~Ll.
lg Nmr: 1.14 (t,3H,J=7.1,CHy-CH3), 4.0l (q,2H,J=7.2,CH3-CH3), 4.20-4.60 {broad
m,2H,CHy), 4.99 ({s,l1H,=CH), 7.16 (&,1H,J=1.8,CH-6), 7.29-7.50 (m,7H,Ar-H),
9.76 (s,lH,NH}, 12.10 (s,1H,0H). Anal.Calcd for C1gH1gClaN20%:

C,58.02;H,4.61;N,7.12. Found: C,58.29;H,4.63;N,7.02.

2-Chloromethyl-1,2-dihydro-2-[(ethoxycarbonyl)imethyll-4-phenylguinazoline-3-

oxide (5a).

Yellow prisms from ethanol, mp 147-148°C. Ir: 3350,1750 em™l. lH Nmr: 1.04
(t,3H,J=7.0,CH-CH3), 2.74 and 3.23 (dd,2H,J=14.9,J=15.0,CH,-CO), 3.84 and
4.39 (4d4,2H,J=11.4,J=11.4,CHp-Cl), 3.93 (q,2H,J=7.1,CH2-CH3), 6.46-7.51 (m,9H,Ar-H),
7.37 (s,1H,NH). Anal.Calcd for CjgH1gClN203: C,63.60;H,5.34;N,7.80. Found:

C,63.45;H,5.40;N,7.61. FAB-Ms (glycercl), m/=z: 35% (M*t+1),

6—Chloro-2-chloromethyl-1,2-dihydro-2-[(ethoxycarbonyl)methyl]-4-phenylquinazoli~

ne-3-oxide (5b).

Yellow prisms from ethanol, mp 145°C. Ir: 3360,1750 em~l. 1l wNmr: 1.06
(t,3H,J=7.0,CHy—CH3), 2.75 and 3.29 (dd,2H,J=15.3,J-14.3,CH5-CO}, 3.83 and
4.40 {(44,2H,J=11.5,J=11.4,CH»Cl), 3.96 {q,2H,J=7.2,CHp-CH3} 6.34 (4,lH,J=2,.3,CH-5),
6.72 (d,1H,J=8.6,CH-8}, 7.10 ({(d4d,lH,J=2.3,J=8.5,CH-7), 7-32-7.53 I(m,SH,Ar-
H), 7.67 (s,1H,8H).13c Nmr: 15.71 (CHp-CH3), 42.60 (CH3-CO}, 51.10 (CHyCL),
62.22 (CHyCH3), six signals at 116.43, 125.71, 130.41(2CH), 131.10, 131.29(2CH},
131.37 due to 8 CH groups and seven signals at 84.65, 118,34, 122.99, 132.31,
140.15, 142.29, 169.78 due to quaternary C atoms. Anal.Caled for CjgHygClsNpDas:
¢,58.02;H,4.61;N,7.12, Found: C,57.93;H,4.66;N,7.05. FAB-Ms (glycercl), m/z:

394 (MY+1).
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2, B—Dihydro-z—[( ethoxycarbonyl)methylene]—S-phenyl-lH—l ,4-benzocdiazepine-4-oxide

(6a).

Method A.

A mixture of 2.3 ml of 2N scdium hydroxide and 25 ml of 1,2-dimethoxyethane
was chilled te 0-5°C and 1.2 g (3 mmol) of 5a was added. After 30 min, 33
mt: of water was added slowly, while keeping the temperature at 0-5°C. The
precipitate so obtained was separated by filtration, washed with water and
dried in vacuc over phosphorus pentoxide to give 1.0 g (vield B83%) of 6a.
Recrystallization from cyclohexane gave colorless prisms melting at 154-155°C.
Ir: 3200,1660 em~l. 1E Nmr: 1.20 {(t,3E,J=7.1,CHz-CH3), 4.1l (gq,2H.J=7.1,CHp-
CH3), 4.49-4.66 (broad m,2H,CHy) 5.00 (s,1Hd,=CH}, 6.90-7.51 (m,9H,Ar-H), 10.45
{s,1H,NH). 13C Nmr: 14.27 (CHp-CH3), 58.94 (CHp-CH3}, 66.29 (CHp), B7.52 (=CH],
seven signals at 121.86,123.26,127.75 (2CH),129.10,130.10,130.32 (2CH),13L.24
due to 9 CH arcmatic groups and six signals at 124.91,133.65,138.50,140.92,153.39,
168.85 due to guaternary C atoms. Anal.Calcd for CpgHjgNp03: C,70.77;H,5.63;N,8.69.

Found: C,70.64;H,5.55:N,8.61. FAB-Ms (glycerol}, m/z: 324 (mt+1).

Method B

To a solution of 0.9 g (2.5 mmol) c¢f 5a in dry benzene (20 ml), 0.37 g (5
mmol) of diethylamine was added dropwise and the resultant mixture was refluxed
for 16 h. The precipitate obtained after cooling was filtered, washed to neutra-
lity with water and dried in vacuc over phosphorus pentoxide. The solid was
recrystallized from benzene to give an analytical sample (mp 150°C, yield
50%) whose ir and 1 Nmr gpectral data and C,H,N analyses were consistent
with the structure proposed for ba.

Method C

A solution of 0.9 g (2.5 mmol) of 5a in a dry benzene-glacial acetic acid
{9:1) (20 ml) was refluxed for 36 h. After cooling a little amount of water

was added and the mixture was neutralized with sodium hydrogen carbonate.
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The usual work up of the organic layer gave a residue which was chromatographed
with chloroform-ethyl acetate (8:2) as eluent (yield 30%). A further chromato-
graphy on silica gel 60 Fpgg TLC plates, 20x%20 cm, thickness 2 mm, gave an

analytical sample identical with Ba.

7—Chloro—2,3—dihydr0v2—ﬂethoxycarbonyl)methyleneks—phenylklﬂ—l,4—benzodiaze—

pine-4-oxide (6b).

Frepared with the same procedure used for 6a, starting from 5a. White plates
from benzene, vyield B88%, mp 150°C. Ir: 3300, 1660 cml. 1y wWNmr: 1.20
(t,3H,7=7.2,CHp-CH3), 4.10 (d,2H,J=7.1,CHy-CH3), 4.40-4.80 (broad m,2H,CHy),
5.04 (s,1H,=CH}, 6.84 (d,1H,3=2.0,CH~6), 7.35-7.53 (m,7H,Ar-H), 10.44 (s,1H,NH).
L3¢ mmr: 14.24 (cHz-CH3), 59.00 (CHp-CH3), 66.37 (CHz), 88.20 (=CH) six signal
at 124.00,127.92 (2CH),129.35,129.73,129.94,130.24{2CH) due to 8 CH aromatic
groups and seven signals at 126.37,126.93,133.21,137.63,140.00,152.75,168.66
due to quaternary C atoms. Anal.Calcd for C19H17C1N03:  C,63.95;H,4.80;N,7.85.

Found C,63.88;H,4.82;N,7.78. FAB-Ms (glycerol), m/z: 358 (M*+1).

l,2—Dihydro—2—N~methylacetamide—2—methy1aminomethy1ﬁ4—phenylquinazoline—3—

oxide (7a).

A suspension of 0.716 g (2 mmol) of 5a in 7 ml of methanolic methylamine (30%)
was stirred at room temperature for 15 h. The solid product formed was filtered
off and the solution was concentrated in vacuo. The residue was treated with
ether and ice-cold aqueous dJilute hydrochleric acid. The ether was discarded
and the acidic aqueous solution was made alkaline with ice-cold sodium hydroxi-
de. The reaction product was then extracted with methylene chloride, the organic
layer was dried over sodium sulfate and evaporated in_ vacuo. The residue

S0 obtained was c¢hromatographed using ethyl acetate-methancl (1:1) as eluent
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(yield 80%). A further chromatography gave an analytical sample as light brown
flakes, mp 196-198°C  (dec.). Ir 3610,3300,1660 em 1. lg  w®mr: 1.93
(s,3H,CONHCH3}, 2.40 (da,2H,d=17.0,3=17.4,CEy-CO), 2.78 (s,3H,N-CH3), 4.40
(s,1E,=CH}, 6.5% (m,4H,3 Ar-H+Ar-NH), 7.02-7.56 (m,6H,hr-H), 8.48 (s,1H,C0-
NH) . Anal.Calcd fer C1gHpoNy02: C,67.82;H,6.00;N,16.66. Found:

C,67.50;H,5.78;N,16.74,

6-Chloro-1, 2—dihydro—Z—N-methylacetamide—meethyliminomethyl-4—phenquuinazoli—

ne—-3-oxide (7b).

The same synthetic procedures employed for compound 7a were used to obtain
7b in 80% yield, as white needles from ethyl acetate-isopropanol (1:1), mp

928-229°C. Ir: 3480,3330,3280,1680 cm~l. 1H Nmr: 1.95 (s,3H,CONHCH3), 2.42

{dd,2H,J=17.3,J=16.9,CH,-CO}, 2.79 (s,3H,NCH3), 4.41 (s,1H,=CH), 6.52
(d,1H,J=2.4,CH-5), 6.66 (d,1H,J=8.6,CH-8), 6.84 {s,1H,NH}, 7.11
(dd,1H,J=2.4,J=8.5,CH-7), 7.37-7.58 (m,SH,Ar-H), 8.62 {s,1H,CONH}.13C Nmr:

27.03 (CONHCH3), 28.28 (N-CH3), 78.10 (Clip-CO), 118.29 (-CH=), six signals
at 129.45(2CH), 130.06, 130.17, 131.50(2CH), 131.67, 133.33 due to 8 CH aromatic
groups and seven signals at 90.41, 92.59, 121.54, 124.57, 137.70, 144.93,
171.02 due to guanternary C atoms. Anal.Caled for C19H19CIN,0p:
c,61.52;H,5.17;N,15.11. Found: C,61.1%;:H,5.20;N,15.20. FAB-Ms {glycerol),

m/z: 372 (MY+1).

3-Acetoxy-2. 3—dihydro—2—[( ethoxycarbonyl )methyleneg-5-phenyl-1H-1, 4-benzodiaze-

pine (8a).

0.22 g (1 mmol) of 6a in a mixture of the 5-fold amount of acetic anhydride
and the 5-fold amount of pyridine was stirred at room temperature overnight.
The solntion was then poured onto crushed ice. The precipitate so obtained
was collected and washed carefully to neutrality, then dried in wvacuo cver
phosphorus pentexide (yield 70%). Colourless prisms from petroleum ether—cyclo-
hexane {1:1), mp 124-125°C. Ir: 3275,1780,1680 em~-l. lH Nmr 1.18 (t,3H,J=7.0,CHp-
cH3), 2.30 (s,3H,COCH3), 4.07 (q,2H,J=7.0,CHp-CH3), 4.98 (s,1H,=CH), §6.18
(s,1H,CE-3), 7.17-7.61 (m,9H,Ar-H), 10.38 (s,1H,NH}. Anal.Calcd for C31HzgN2C4:

€,69.20;H,5.53;N,7.68. Found: C,69.08;H,5.50;N,7.55.
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3—Acetoxy—7—chloro—2,3"dihydro—2—ﬂethoxycarbonyl)methylend—s—phenyl—lH—l,4—

benzodiazepine (8b).

Prepared with the same procedure used for 8a in 60% yield, as colourless needles
from petroleum ether, mp 142-143°C. Ir: 3250,1755,1670 cm~l. 1H Nmr: 1.18
{t,3H,J=7.0,CHp-CH3), 2.24 (s,3H,CO-CH3), 4.08 (q,2H,J=7.0,CHy-CH3), 5.00
(s,1H,=CH}), 6.22 (s,1lH,CH-3), 7.16 (d4,1H,J=2.4,CH-6), 7.44-7.65 (m,7H,Ar-H),
10.36 (s,1H,NH). Anal.Calcd for Cp1H1g9ClN204: C,63.22;H,4.80;N,7.02. Found:

C,63.12;H,4.68;N,7.12.

4—Acetoxy—2,3—dihydro—2—ﬁethoxycarbonyl)methylenéFS-phenyl—lH—l,4«benzodiaze—

pinium chloride {9a).

Prepared with the same procedure used for 8a starting from 4a in 83% yield,
as white needles from ethanol, mp 132-134°C. Tr: 3280,1800,1680 cm~i. 1E Nmr:
1.14 (t,3H,J3=7.1,CHy-CH3), 2.15 (s,3H,CO-CH3), 4.00 {q,2H,J=7.1,CH;-CH3),
4.20-4.60 (brecad m,2H,CH3), 5.02 (s,1H,=CH}, 7.44-7.57 (m,9H,Ar-H), 2.83
{s,1H,NH). Anal.Calcd for C21H21C1N04: C,62.92;H,5.28;N,6.98. Found:

C,63.07;H,5.30;N,6.96.

4-acethoxy-7-chlore-2,3-dihydro-2-{(ethoxycarbonyl)methylenel5-phenyl-1H-1,4-

benzodiazepinium chloride (9b).

Prepared with the same procedure used for 8a starting from 4b in 78% yield,
as colourless needles from ethanel, mp 135°C. Ir: 3250,1780,1660 em~1, 1y
Nmr: 1.13 {t,3H,J=7.1,CH3-CH3), 2.16 (s,3H,CO-CH3), 4.00 {g,2H,J=7.1,CH;-CH3),
4.24-4.67 (broad m,2H,CH;), 5.05 (s,lH,=CH), 7.35-7.65 (m,8H,Ar-H), 9.79
{s,1H,NH). Anal.Calcd for Cp1HppClzN304: C,57.89;E,4.63;N,6.43, Found:

C,58.05;H,4.70;N,6.49.
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