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Various 1,5-benzodiazepine derivatives have been synthesized
from o-phenylenediamines and ketones using catalytic amount of
GaCl; (5 mol%) under solvent free conditions. This method is
facile, efficient, environmentally benign and affords 1,5-
benzodiazepines in excellent yield.
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In mid 1950’s Hoffmann-LaRoche announced the
discovery of Librium® (chlorodiazepoxide) and
Valium® (diazepam) which brought revolution in the
research for more potent and efficient central nervous
system (CNS) acting agents'. This led to the
discovery of around two dozen new CNS acting
agents with highly selective biological activities.
These researches certainly triggered more intensive
efforts in other related benzodiazepine scaffolds, more
clearly 1,5-benzodiazepines. This scaffold is also one
of the privileged structures of organic chemistry
possessing a variety of biological activities like
antianxiety, anticonvulsant, hypnotic, sedative,
antidepressive”. This scaffold is also found use for
synthesis of commercial dye and acrylic fibers’. In
addition these molecules are also good synthons for
the production of fused ring compounds like oxazino-,
triazolo-, or furano-benzodiazepines4. Because of this
unique position in synthetic as well as medicinal
chemistry there have been intensive searches for their
efficient and facile synthesis. One established method
for the production of these molecules seems to be
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condensation of 1,2-diamines with «-methylene
ketones. A variety of catalysts like BF;.OEt, (Ref. 5),
polyphosphoric acid-SiO, (Ref. 6), NaBH, (Ref. 7),
MgO-POCI; (Ref. 8), ALO;-P,Os (Ref. 9), YbCl;
(Ref. 10), Yb(OTf); (Ref. 11), CAN (Ref. 12) and
ionic liquids”, efc. have been employed for the
synthesis of 1,5-benzodiazepines. In spite of some
good procedures available to chemist, many of these
suffer from disadvantages like requirement of
anhydrous conditions, use of strong acid or organic
solvents, elevated temperature, prolonged reaction
time, efc. Some of these catalysts break up into even
more hazardous and non degradable toxic compounds
during aqueous work-up. Therefore, search for a safe
and mild protocol for synthesis of these important
molecules is a subject of continued investigations'*.
Though both indium and gallium are in the same
group i.e. IIIA of the periodic table, indium and its
salts have been studied extensively and are reviewed
from time to time'", in contrast gallium and its salts
remained almost ignored. The comparable ionization
potentials (Ga: FIP, 5.99 eV, E’, Ga"/Ga = -0.56 V;
In: FIP, 5.79 eV, E’, In*/In = -0.345 V) indicate that
they should have equally attractive properties. Very
recently, the use of gallium is reported in some major
reactions of organic chemistry like Reformatsky'®,
Barbier'’, Grignardlg, bromination of aromatics'®* and
allylation of indoles'”". The application of gallium(III)
halides are developing® at a very fast pace and have
been reviewed recently’. In continuation” to the
studies on the exploration of these important catalytic
activities of gallium and its salts, this catalyst was
employed for the synthesis of 1,5-benzodiazepines
from o-phenylene diamine and a-methylene ketones.
The investigation was initiated with o-phenylene-
diamine, acetone and GaCls (1:2.1:0.1) under solvent
free conditions and RT stirring (Scheme I). The
reaction was carried out for 30 min and 1,5-
benzodizepine was isolated in 94% yields (entry 1,
Table I). Further, the catalyst quantity was optimized
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Table I — GaCl; mediated synthesis of 1,5-benzodiazepines

Entry Diamine Ketone Benzodiazepine® Time (min)  Yields (%)
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All compounds were chracterised by spectral and physical data and comparison with those of authentic samples
Pyields refers to pure isolated products; using 5 mol% of GaCl;, using 2 mol% of GaCl,, ‘using 10 mol% of
GaCls; 'using 20 mol% of GaCl,
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Scheme I1

to 5 mol% of GaCl; and excellent results were achieved.
Using less amount of catalyst, i.e. 2 mol%, resulted in
the decrease of product yield (Table I). Increasing the
amount of catalyst (i.e. 20 mol%) did not show any
significant effect on the reaction rate as well as yields.
However, this reaction did not yield the desired product
in the absence of catalyst even after stirring for 20 hr.
Similarly, other 1,5-benzodiazepine derivatives have
been synthesized from o-phenylenediamines and
ketones in 87-94% yields (Table I).

Regarding the scope of the reaction and to check the
efficacy and applicability of this catalyst the desired
products could be successfully obtained from variously
substituted diamines. Diamines with electron releasing
(entry 8-9) and o-naphthylene diamine also reacted
smoothly with ketones to afford products in excellent
yields. Both aromatic and aliphatic ketones (acyclic
and cyclic) reacted well with diamine to afford the
corresponding 1,5-benzodizepines in excellent yields.
In case of unsymmetrical ketones (Table I, entries 2,
4), cyclization occurred selectively from one side of the
carbon chain and only less sterically hindered o-
methylene was involved in the cyclization reaction to
give the desired product. The reaction of cyclic ketones
(Table I, entries 6, 7) with diamines gave fused-ring
1,5-benzodizepines. The reaction is presumed to
proceed via the initial formation of diimine 4 from the
reaction of o-phenylenediamine with two equivalent of
ketone with the assistance of GaCl; (Scheme II, the
proposed mechanism is purely probable/conjectural).
Ga(Cl; is an established water scavenger and seems to
help both in the formation of imines and the cyclisation
step. Diimine thus formed undergoes 1,3-hydrogen
shift to produce enamine 5 which cyclizes to form the
seven membered ring.

In summary, the present method employing GaCl;
is mild, efficient and environmentally benign protocol
for the synthesis of 1,5-benzodizepines under solvent
free conditions. 1,5-benzodizepine derivatives are
obtained in excellent yields with short reaction time.
Operational simplicity, avoidance of organic solvents
and anhydrous reaction conditions are the other
attractive features which make this procedure superior
to the existing procedures. Needless to say, during
work-up no hazardous/unsafe products were formed
in this new method being reported.

Experimental Section

Melting points were determined in open capillaries
and are uncorrected. Reagent-grade chemicals were
purchased from commercial source and used as
received. IR spectra were recorded in KBr discs on a
Perkin-Elmer 240C analyzer. '"H NMR spectra were
recorded on Varian Gemini 300 (300 MHz)
spectrometer using TMS as internal standard. The
progress of the reaction was monitored by thin layer
chromatography (TLC) using silica gel G (Merck).
GaCl; was procured from Aldrich and ketones were
obtained from SD Fine Chem Ltd. and used without
further purification. All other chemicals and solvents
used were obtained from commercial sources and
used as received or dried using standard procedures.

General procedure for preparation of 1,5-benzo-
dizepines

To a stirred mixture of o-phenylenediamine
(I mmol) and ketone (2.1 mmol) at RT was added
GaCl; (0.05 mmol). Further, the reaction mixture was
stirred for time given in Table I. After completion of
reaction (monitored via TLC), the reaction mass was
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diluted with ethyl acetate (20 mL), washed with
saturated NaHCO; solution (3x15 mL) and then with
brine (3x10mL). The organic layer was dried over
anhydrous sodium sulphate. Evaporation of the
solvent under reduced pressure gave the crude product
which was purified by recrystallization from ethyl
acetate:hexane mixture.

Representative spectral data

2,2,4-Trimethyl-2,3-dihydro-1H-1,5-benzodiaze-
pine (entry 1): m.p. 133-134°C; IR (KBr): 3311,
2978, 1643 cm'; '"H NMR (300 MHz, CDCly): &
7.29-7.11 (m, 4H), 3.05 (br s, 1H), 2.42 (s, 3H), 2.23
(s, 2H), 1.27 (s, 6H); °C NMR (75 MHz, CDCl,): &
174.8, 142.1, 138.4, 129.0, 127.3, 126.9, 123.8, 122.5,
70.1, 46.1, 32.7, 30.9; EIMS: m/z 188.

2,2,4-Triethyl-3-methyl-2,3-dihydro-1H-1,5-ben-
zodiazepine (entry 3): m.p. 144-146°C; IR (KBr):
3315, 2957, 1647 cm™; '"H NMR (300 MHz, CDCl5):
5 7.36-6.88 (m, 4H), 3.49 (br s, 1H), 2.87 (q, J = 6.7
Hz, 1H), 2.71-2.54 (m, 2H), 1.73-1.51 (m, 2H), 1.39-
1.19 (m, 4H), 1.12-0.87 (m, 10H); “C NMR (75
MHz, CDCLy): & 173.8, 143.7, 139.6, 132.9, 128.6,
126.9, 126.4, 126.1, 120.5, 118.4, 70.7, 46.9, 35.4,
29.3: EIMS: m/z 244.

2-Methyl-2,4-diphenyl-2,3-dihydro-1H-1,5-benz-
odiazepine (entry 5): m.p. 152-153°C; IR (KBr):
3316, 2967, 1636 cm™; '"H NMR (300 MHz, CDCl5):
87.53-7.41 (m, 4H), 7.36-7.11 (m, 7H), 7.04-6.87 (m,
3H), 3.36 (br s, 1H), 3.21 (d, J = 12.5 Hz, 1H), 2.89
(d, J = 12.5 Hz, 1H), 1.77 (s, 3H); *C NMR (75
MHz, CDCLy): & 173.5, 168.5, 147.8, 139.9, 139.3,
130.5, 128.8, 127.9, 126.2, 125.9, 124.8, 119.7, 72.8,
45.6, 30.5, 29.6; EIMS: m/z 312.
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