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A Convenient Method for the Synthesis of 1,5-benzodiazepin-2-one
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Abstract: New

3-hydroxy-1,5-benzodiazepin-2-ones were synthesized

through condensation between o-

phenylenediamines with glycidic ester. Alkylation and oxidation of some of the obtained compounds were also explored
in different conditions yielding various oxidized and alkylated benzodiazepines. The structural elucidation of the synthe-
sized compounds was achieved by MS, NMR spectroscopy and also through X-ray diffraction analysis. The glycidic ester
was thus shown to be an interesting synthon in the synthesis of new 1,5-benzodiazepines used in alkylation and oxidation

reactions.
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INTRODUCTION

Benzodiazepine derivatives are important compounds
family with various biological properties. They have attrib-
uted to many pharmacological activities among which are
tranquilisant, antiviral, anti-inflammatory, analgesic, antipy-
retic and anticonvulsivant [1-12]. Benzodiazepine adducts
are also considered as important precursors in the synthesis
of benzimidazole, pyrazole, isoxazole and quinoxaline de-
rivatives [13-18].

These beneficial health properties have led to several
investigations on their chemical structures and have initiated
a number of synthetic efforts to access 1,5-benzodiazepine
derivatives [15, 19-28]. In this work, we describe a new
method for the synthesis of 3-hydroxy-1,5-benzodiazepin-2-
ones based on the condensation of o-phenylenediamines with
a cis and trans ethyl 3-phenylglycidate.

MATERIAL AND METHODOLOGY
Generals

Melting points were determined on a Mettler FP 62 and
are uncorrected. IR spectra were recorded on a Perkin-Elmer
1760x spectrometer. Mass spectra were recorded on a Ner-
mag R-10-10C spectrometer in EI mode or on a Varian Mat
311A spectrometer DCI/NH; mode. NMR spectra were ac-
quired using a Bruker AC 250 spectrometer. Chemical shifts
are given in ppm using TMS as an internal standard.
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Synthesis  of  3-hydroxy -4-phenyl
benzodiazepin-2-one (4) and (5)

tetrahydro-1,5-

A mixture of o-phenylenediamine 1 or its dimethylated
derivative 2 (0.03 mole) and ethyl glycidate (0.03 mole) was
refluxed in 80 mL of xylene during 48 hours. The obtained
crude mixture was left at room temperature during one night.
The trans diastereoisomers 4a or Sa which precipitate were
filtered under reduced pressure.

The filtrate was concentrated under reduced pressure and
the residual obtained oil was chromatographed on silica gel
column with a mixture of ether/chloroform (50/50) as eluent
and yielding the trans 4a or 5a and the corresponding cis 4b
or 5b 1,5- benzodiazepines with a predominance of the trans
isomers.

trans 3-hydroxy -4-phenyl tetrahydro-1,5-benzodiazepin-2-
one (4a)

Yield ( %) =85 %; F =166 — 168 °C (methanol)
MS (LE): m/z=254 (M)

'H NMR (DMSOds, ppm): &: 4.15 (dd, 1H, C3H, J= 10
Hz and 6 Hz); 4.45 (d, 1H, C4H, J= 10 Hz); 4.95 (d, 1H, OH,
J=6 Hz); 5.60 (s, 1H, NH); 6.80-7.45 (m, 9 H, Harom); 9.95
(s, 1H, NH).

3C NMR (DMSOd, ppm): o: 70.04 (CH); 70.31 (CH);
122.63 (CHarom); 123.48 (CHarom); 124.32 (CHarom);
126.90 (Cq); 127.45 (CHarom); 129.11 (CHarom); 135.43
(Cq); 139.83 (Cq); 173.78 (C=0).

cis 3-hydroxy -4-phenyl tetrahydro-1,5-benzodiazepin-2-
one (4b)

Yield ( %) =15 %; F =190 — 192 °C (methanol)
MS (LE): m/z =254 (M *F)
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'H NMR (DMSOdg, ppm): 8: 4.45 (t, 1H, C3H, J= 5 Hz);
4.60 (d, 1H, OH, J= 5 Hz); 4.90 (dd, 1H, C4H, J=5 and 6
Hz); 6.40 (d, 1H, NH, J= 6 Hz); 6.40-7.40 (m, 9 H, Harom);
9.95 (s, 1H, NH).
trans  3-hydroxy-7,8-dimethyl-4-phenyl
benzodiazepin-2-one (5a)

Yield (%) =90 %; F =236 — 238 °C (methanol)

MS (LE): m/z=282 (M**)

'"H NMR (DMSOdg, ppm): 3: 2.15 (s, 6H, 2 CHj;); 4.08
(dd, 1 H, C3H, J= 10 and 6 Hz); 4.40 (d, 1 H, C4H, J= 10
Hz); 4.85 (d, 1H, OH, J= 6 Hz); 5.25 (s, 1 H, NH); 9.85 (s, 1
H, NH); 6.75 (s, 2 H, Harom); 7.25-7.40 (m, 5 H, Harom).

BC NMR (DMSOdg, ppm): &: 19.22 (CHs;); 19.40 (CH;);
68.13 (CH); 70.92 (CH); 125.89 (CHarom); 126.84 (Cq);

128.26 (CHarom); 129.73 (CHarom); 130.29 (Cq); 131.69
(CHarom); 139.07 (Cq); 142.59 (Cq); 172.29 (C=0).

tetrahydro-1,5-

tetrahydro-1,5-

cis 3-hydroxy-7,8-dimethyl-4-phenyl
benzodiazepin-2-one (5b)

Yield (%) = 10 %; F = 184 — 186 °C (methanol)
MS (LE): m/z=282 (M*+)

'"H NMR (DMSOdg, ppm): 3: 2.05 (s, 3H, CH;); 2.10 (s,
3H, CH;); 4.40 (t, 1 H, C3H, J=5 Hz); 4.85 (dd, 1 H, C4H,
J=6 and 5 Hz); 4.50 (d, 1H, OH, J=5 Hz); 6.10 (d, 1 H, NH,
J= 6 Hz); 9.80 (s, 1H, NH); 6.75 (s, 2H, Harom); 7.20-7.40
(m, 5H, Harom).

Synthesis of Compounds (9) and (10)

To a 0,02 mole of compound 5a in benzol (15 mL) were
added 5 mL of 50 % NaOH solution and ethyl bromide
(0,0022 mole) in presence of triethylbenzylammonium chlo-
ride. The mixture was stirred at 70 °C during 2 hours and
extracted with methylene chloride. The organic layer was
washed with water and dried with magnesium sulphate. The
solvent was evaporated under reduced pressure and the ob-
tained oil was treated with ether and the solid obtained was
recristallized in methanol.

3-hydroxy-1-ethyl-7,8-dimethyl-4-phenyl
benzodiazepin-2-one (9)

Yield % =70 %; F = 153 — 155 °C (methanol)

MS (LE): m/z=310(M**)

'H NMR(CDCls, ppm): &: 1.21 (t, 3H, CHs, J= 7 Hz);
2.22 (s, 3H, CH3); 2.25 (s, 3H, CHj3); 3,40 (broad s, 1H, OH);
3.75 (d, 1H, C3H, J= 10 Hz); 4.01 (q, 2H, CH,, J= 7 Hz);
4.27 (d, 1H, C4H, J= 10 Hz); 4,32 (broad s, 1H, NH); 6.60
(s, 1H, Harom); 6.99 (s, 1H, Harom); 7.25-7.36 (m, 5H,
Harom).

C NMR (CDCls, ppm): &: 13.35 (CHj); 19.29 (CH3);
19.49 (CH;); 44.29 (CH,); 70.35 (CH); 71.38 (CH); 123.49
(CHarom); 124.44 (CHarom); 126.99 (CHarom); 128.19
(CHarom); 128.88 (CHarom); 129.47 (Cq); 131.32 (Cq);
135.83 (Cq); 137.55 (Cq); 143.42 (Cq); 171.78 (C=0).
3-hydroxy-1-benzyl-7,8-dimethyl-4-phenyl tetrahydro-1,5-
benzodiazepin-2-one (10)

Yield % =85 %; F = 162 — 164 °C (methanol)
MS (LE): m/z=344 (M *+)

tetrahydro-1,5-
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'H NMR (CDCl;, ppm): 6: 4.85 (s, 2H, CH,); 5.12 (d,
1H, C;H, J= 10 Hz); 4.88 (d, 1H, C4H, J= 10 Hz); 7.16-7.39
(m, 14H, Harom).

C NMR (CDClL, ppm): &: 53.74 (CH,). 70.25 (C3H);
68.74 (C4H); 124.68; 125.62; 126.99; 127.18; 128.32;
128.34; 128.85; 129.22; 129.38; 129.57 (CHarom); 127.40
(Cq); 132.01 (Cq); 135.39 (Cq); 135.72 (Cq); 171.78 (C=0).

Synthesis of Compounds (11) and (12)

The same procedure indicated above was used but with a
large excess of the alkylant agent and the mixture was heated
at 70°C during 48 hours.

3-ethoxy-1-ethyl-7,8-dimethyl-4-phenyl
benzodiazepin-2-one (11)

Yield (%) = 65%; F = 156— 158 °C (methanol)
MS (LE): m/z=338 (M *+)

'H NMR (CDCls, ppm): &: 0.89 (t, 3H, CHs, J= 7 Hz);
1.17 (t, 3H, CH;, J= 7 Hz); 2.20 (s, 3H, CHj3); 2.25 (s, 3H,
CHj3); 3.24 (m, 2H, CH,); 3.88 (m, 2H, CH,); 4.10 (d, 1H,
C;H, J= 10 Hz); 4.20 (s, 1H, NH); 4.63 (d, 1H, C4H, J= 10
Hz); 6.56 (s, 1H, Harom); 6.99 (s, 1H, Harom); 7.25-7.32
(m, 5H, Harom).

C NMR (CDCls, ppm): &: 13.29 (CHj); 14.82 (CH3);
19.34 (CHj3); 19.43 (CHs;); 44.08 (CH,); 66.10 (CH,); 70.05
(CH); 71.10 (CH); 124.00 (CHarom); 124.24 (CHarom);
126.93 (CHarom); 127.87 (CHarom); 128.87 (CHarom);
131.62 (Cq); 134.94 (Cq); 137.76 (Cq); 142.57 (Cq); 170.20
(C=0).

3-benzyloxy-1-benzyl-7,8-dimethyl-4-phenyl tet-
rahydro-1,5-benzodiazepin-2-one (12)

Yield (%) =75 %; F =170 — 172 °C (methanol)
MS (LE): m/z=434 M *+)

'"H NMR (CDCl;, ppm): 3: 5.26 (d, 1H, C3H, J= 10 Hz);
5.19 (d, 1H, C4H, J= 10 Hz); 3.78 (s, 2H, CH,-N); 4.51(s,
2H, CH,-0); 6.81-7.31(m, 19H, Harom).

3C NMR (CDCls, ppm): &: 51.30 (CH,-N). 61.68 (CH,-
0); 70.86 (C3H); 70.15 (C4H); 124.68; 125.62; 126.99;
127.18; 128.32; 128.34; 128.85; 129.22; 129.38; 129.57
(CHarom); 127.40 (Cq); 132.01 (Cq); 135.39 (Cq); 135.72
(Cq); 171.78 (C=0).

Synthesis of 3-(2-amino-4,5-dichloroanilino)-2-hydroxy-3-
Dphenyl ethyl propanoate (7)

tetrahydro-1,5-

A mixture of 2,4-dichloro-phenylene 6 (0,03 mole) and
ethyl glycidate 3 (0,03 mole) was refluxed in xylen during
24 hours. The obtained crude mixture was left at room tem-
perature during one night. The formed solid was filtrated and
recristallized in methanol.

Yield (%) = 60%; F = 132— 134 °C (methanol)

MS (IE): m/z = 368,370,372 (M*+)

'H NMR (DMSOds, ppm): 8: 1.15 (t, 3H, CHs, J= 7 Hz);
4.07 (g, 2H, CH,, J= 7 Hz); 4.37 (t, 1H, CH, J= 6.2 Hz); 4.63
(dd, 1H, CH, J=9 Hz); 5.89 (d, OH, J= 6.2 Hz); 5.37 (d, 1H,

NH, J=9 Hz); 5.10 (s, 2H, NH,); 6.37 (s, 1H, Harom); 6.70
(s, 1Harom); 7.22-7.43 (m, SH, Harom).
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3C NMR (DMSOd, ppm): &: 13.89 (CHs;); 59.15 (CH);
60.18 (CH,); 73.45 (CH); 112.02 (CHarom; 114.27
(CHarom); 117.52 (Cq); 118.13 (Cq); 127.17 (CHarom);
127.81 (CHarom); 127.87 (CHarom); 134.31 (Cq); 136.55
(Cq); 139.08 (Cq); 171.99 (C=0).

Synthesis of 7,8-dichloro-3-hydroxy-4-phenyl tetrahydro-
1,5-benzodiazepin-2-one (8)

The aminoester 7 (0,03 mole) was refluxed in xylene
during 48 hours. The mixture was then left at room tempera-
ture and the formed solid was filtered and recristallised in
methanol.

Yield (%) = 70%; F = 232— 234 °C (methanol)

MS (LE): m/z=322,324,326 (M)

'H NMR (DMSOds, ppm): &: 4.24 (d, 1H, C3H, J= 8
Hz); 4.57 (dd, 1H, C4H, J= 8 and 2Hz); 5.21 (broad s, 1H,
OH); 6.06 (d, 1H, NH, J=2 Hz); 9.93 (s, 1H, NH); 7.11 (s,
1H, Harom); 7.12 (s, 1H, Harom); 7.27-7.33 (m, 5H,
Harom).

3C NMR (DMSOd, ppm): o: 67.00 (CH); 72.89 (CH);
119.64 (Cq); 120.08 (CHarom); 122.27 (CHarom); 125.55
(Cq); 127.08 (CHarom); 127.31 (CHarom); 128.07
(CHarom); 139.933 (Cq); 142.47 (Cq); 171.78 (C=0).

Synthesis of 3-hydroxy-1-ethyl-7,8-dimethyl-4-phenyl tet-
rahydro-1,5-benzodiazepin-2-one (13b)

To a 0,0015 mole of pyridinium chlorochromate in 5 ml
of dichloromethane was rapidly added a solution of 0,001
mole of 11 in 5 ml of dichloromethane at room temperature
and under nitrogen atmospher. The mixture was stirred dur-
ing 1 hour and diluted with dichloromethane. The black solid
was removed by filtration under vacuum and the filtrate was
concentrated by evaporation under reduced pressure. The
obtained residual oil was twisted in methanol yielding pure
compound 13b.

Yield (%) = 60%; F = 112— 113°C (methanol)
MS (IE): m/z=336 (M"+)

'H NMR (DMSOdg, ppm): &: 0.96 (t, 3H, CHj, J= 6.8
Hz); 1.01 (t, 3H, CH3, J= 6.8 Hz); 2.29 (s, 3H, CH3); 2.31 (s,
3H, CHj); 3.37 (m, 2H, CH;); 3.96 (m, 2H, CH;); 4.39 (s,
1H, C3H); 7.21 (s, 1H, Harom); 7.36 (s, 1H, Harom); 7.45-
8.05 (m, 5H, Harom).

C NMR (CDCls, ppm): &: 16.43 (CHj); 17.14 (CH3);
22.50 (CHj3); 22.87 (CHj); 45.97 (CH,); 68.87 (CH,); 82.62
(CH); 126.83 (CHarom); 130.40 (CHarom); 131.53
(CHarom); 131.66 (CHarom); 132.77 (Cq); 133.85
(CHarom); 134.22 (Cq); 139.27 (Cq); 139.55 (Cq); 142.62
(Cq); 166.18 (C=N); 168.02 (C=0).

RESULTS AND DISCUSSION

In an ongoing program dealing with the synthesis of new
1,5-benzodiazepin-2-ones with potent biological properties,
a new method for the preparation of 3-hydroxy-1,5-
benzodiazepin-2-ones was investigated through the conden-
sation of o-phenylenediamines with a cis and trans ethyl 3-
phenylglycidate. This was achieved by heating both reactants
in xylen. In these conditions, a mixture of two cis and trans
3-hydroxy-4-phenyl-1,3,4,5-tetrahydro-1,5-benzodiazepin-2-
one 4a, 4b or 5a, 5b diastereoisomers were formed and sepa-
rated through silica gel column chromatography (Scheme 1).
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The obtained compounds were identified through MS and
'H and “C NMR spectroscopy. The configuration of each
diastereoisomer was determined from the '"H NMR spectrum
through the coupling constant between the 3 and 4 protons of
the seven membered ring. Thus in the case of compounds 4a
and 5a the obtained doublets showed a coupling constant of
10 Hz (trans) while a coupling constant of 5 Hz (cis) was
obtained in compounds 4b and 5b. The *C NMR spectrum
showed specific signals assigned as the methylene groups
appearing at 70 ppm.

R NH, o
:C[ i A
R Nm, Gl COOEt

cis isomers
4b: R=H
5b: R= CH,

trans isomers
4a: R=H
5a: R=CH;

Scheme 1.

It may be noted that no intermediate has been isolated in
these reactions. However, when the 4,5-dichloro o-
phenylenediamine 6 was refluxed during 24 hours in xylen
with the cis/trans ethyl 3-phenylglycidate mixture, the ami-
noester ethyl 3-(2-amino-4,5-dichloroanilino)-2-hydroxy-4-
phenylpropanoate 7 has been isolated. When the latter was
refluxed in xylen during 48 hours, the 7,8-dichloro-3-
hydroxy-4-phenyl-1,3,4,5-tetrahydro-1,5-benzodiazepin-2-
one 8 was isolated (Scheme 2), and identified through 'H,
3C NMR and MS spectroscopy.

Cl NH,
6]
Ij v /A\ e
A
Cl NH, CgHs COOEt
3

6
H  Ce¢Hs H CeHs
cl N cl N
I:[ ol xylene OH
cl N A cl EtOOC
NN NH,
8 7

Scheme 2.

This result showed the effect of the used diamine deriva-
tive on the reaction. Thus when the dichlorinated diamine 6
was used only one diastereoisomer 8 was obtained with the
aminoester 7 as intermediate.

A mechanism of formation of the synthesized benzodi-
azepinones 4, 5 and 8 has been proposed. The first step of
this mechanism is an attack of the amino group on the posi-
tion 3 carbon atom. This causes an opening of the oxirane
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ring and gives the intermediate aminoester which through the
attack of the second amino group on the ester carbonyl group
yield the seven membered ring.

After having synthesized the benzodiazepinones, we
were interested to their alkylation by various alkylant agents.
Thus the reaction of ethyl bromide and benzyl chloride on
the trans 3-hydroxy-4-phenyl-1,3,4,5-tetrahydro-1,5-
benzodiazepin-2-one 4b and 5b was investigated. The reac-
tion, achieved in the conditions of liquid-solid CTP condi-
tions, showed the influence of the used amount of the alkyla-
tion agent. Thus when the substrate was heated during 2
hours with a small excess of the alkylant agent, the only al-
kylated site was the nitrogen in position 1 giving 1-alkyl-3-
hydroxy-4-phenyl-1,3,4,5-tetrahydro  -1,5-benzodiazepin-2-
one 9 and 10. When the same reaction was conducted with a
large excess of the alkylant agent during 48 hours, only one
dialkylated derivative was obtained where the nitrogen in
position 1 and the hydroxyl oxygen atoms were involved
giving the dialkylated derivatives 11 and 12 (Scheme 3).

CeHs

H
R N
Ij o ' RI-X
R N RI: C2H5, X=Br
H 0

R,= CH2-C¢Hs, X=Cl

4b:R=H
5b: R=CHj,

NaOH 50 %, CETBA | Benzene, 70 °C

H CeHs
R N
ﬁ O
\
R N R,
/ o
R,

9: R= CH3, R1: C2H5, R2: H

10: R= H, R,= CH,-C4Hs, R,= H
11: R= CH;, R;= Ry= C,H;

12: R= H, RI: Rz: CH2-C6H5

Scheme 3.

It may be noted that when the same reaction was con-
ducted in the conditions of liquid solid CTP conditions using
DMF in presence of K,COj; as a basis and triethylbenzylam-
monium chloride as catalyst, only the monoalkylated adducts
9 and 10 were obtained even with a large excess of alkylant
agent. It may finally noted that during these reactions no
alkylation involving the position 5 nitrogen atom was ob-
served. The structures of the mono and dialkylated deriva-
tives were all elucidated through 'H and *C NMR spectros-
copy which showed the signals corresponding the alkyl
groups and were also confirmed by MS spectroscopy and X
ray diffraction analysis (Figs. 1 and 2).

We were also interested to oxidize the 3-ethoxy-1-ethyl-
7,8-dimethyl-4-phenyl tetrahydro-1,5-benzadiazepin-2-one
11 in order to prepare new 1,5-benzodiazepines with potent
biological properties. This was achieved through the Corey
and Suggs [29] method using pyridinium chlorochromate in
anhydrous dichloromethane and under nitrogen. Compound
13b was thus obtained and its structure was showed to be the

Rida et al.

1-ethyl-3-ethoxy- -7-8-dimethyl-4-phenyl tetrahydro-1,5-

benzadiazepin-2-one as confirmed by its 'H, *C and MS
spectral data. Its formation with a high yield could be ex-
plained by a dehydrogenation of compound 11 yielding the
dihydro-1,5-benzodiazepin-2-one 13 which exists in two 13a
and 13b tautomeric forms. The equilibrium being largely
dominated by the 13b form (Scheme 4).

Fig. (2). ORTEP of compound 11.

H,C NI HyC N
D[ 00, CHNHCIOLCI j(;[ N ocym,
H3C N ol ye N
C2H/5 0 13a Czﬁs 0

HsC N
I;[ 0C2H5
H;C

Scheme 4.
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The structure of compound 13b was elucidated through

'H and "*C NMR spectroscopy which results were in agree-
ment with the proposed structure. This was also confirmed
by MS spectroscopy and X ray diffraction analysis (Fig. 3).

Fig. (3). ORTEP of compound 13b.
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