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Abstract- Phosphonitrilic chloride was found to be an efficient
reagent for the preparation of 1,5-benzodiazepine derivatives of
o-phenylenediamine and ketones. This method is an easy, rapid,
and high vyielding reaction for the synthesis of 1,5-
benzodiazepine derivatives. The remarkable advantages offered
by this method include green and reusable catalyst, mild reaction
conditions, fast reaction rate, and excellent yield of products.
This novel methodology maintains atom economy and an
environmentally friendly approach.

I. INTRODUCTION

Heterocyclic compounds containing five or six membered

ring with one or more nitrogen atoms are always of great
importance in the pharmaceutical sector because of having
bioisosteric ~ factor. In 1971  Sternbach introduced
benzodiazepines as drug." Meanwhile Benzodiazepine is widely
used as a primary etiological agent for the acquired
immunodeficiency syndrome against the human
immunodeficiency virus type 1 (HIV-1)2 The anti-HIV
chemotherapy era has started a decade ago. In the search for
more effective and safe chemotherapeutic agents there has been
considerable interest in non-nucleoside reverse transcriptase
inhibitors or NNRTI’s.® It was found that a number of
compounds representing various structural types inhibit HIV-1
reverse transcriptase (RTase). *

In the view of 1,5-Benzodiazepine derivatives have received
significant attention because of their accessibility, easy
functionalization, and potential pharmacological properties
including anti-inflammatory, antianxiety, anticonvulsant, and
hypnotic activities. ° It represents a “privileged scaffold” found
in compounds active against a variety of target types including
peptide hormones, ® interleukin converting enzymes.*® and
inhibitors of mitochondrial F1FO adenosine triphosphate (ATP)
hydrolase.

Consequently many methods has been developed for
synthesis ofl,5-Benzodiazepine derivatives , the area of
biological interest in 1,5-benzodiazepines has been extended to
various diseases such as cancer, @ viral infection, ™ and
cardiovascular disorders. "® These derivatives are also used as
dyes for acrylic fibers in the photography industry. ® Because of
their wide range of pharmacological activity , industrial and
synthetic applications, the synthesis of 1, 5-benzodiazepines has
received increasing attention.

In addition, 1,5-benzodiazepines are key intermediates for
the synthesis of various fused ring compounds such as triazolo-°
and oxadiazolo-benzodiazepines. *° The general and simplest
method for synthesis of 1,5-benzodiazepines involves the acid
catalyzed reaction of o-pheneylenediamine with ketones, B-
haloketones and a,B-unsaturated carbonyl compounds. Many
catalysts have been reported in the literature for this reaction
including BF3-OEt,'* polyphosphoricacid-Si02,**  NaBH,,*
MgO/POCl,,**  Yb(OTf);,® CH3COOH using microwave,®
Al,04-P,0s. " ZnCl,, *® cerium ammonium nitrate (CAN). *°

However, many of them suffer from the drawbacks such as
high temperature, drastic conditions, relatively expensive
reagents, and nonenvironmental friendliness except for some
methods.?’ In camparison with broad spectrum utility of 1,5-
benzodiazepines in many field , their preparation methods are
limited in number and the chemical processes often employ large
amounts of hazardous and toxic solvents. The choice of pursuing
a low-waste route and reusable reaction media to minimize the
economic cost and environmental impact of a chemical process is
becoming ever more urgent for the future, so there is pressure on
organic chemists to investigate clean, economical, and
environmentally safer methodologies. Due to wide range of
biological application of 1,5-benzodiazepines, the development
of efficient, clean and environmentally friendly protocols for the
synthesis of 1,5- benzodiazepines are desirable.

Recently, Phosphonitrilic chloride trimer (PNT) has
received considerable attention as an inexpensive, nontoxic,
readily available catalyst for various organic transformations,
affording the corresponding products in excellent yields with
high selectivity. The Lewis acidity associated with
Phosphonitrilic chloride trimer (PNT) enhanced its usage in
organic synthesis to realize several organic transformations using
stoichiometric levels to catalytic amount. Owing to numerous
advantages associated with this eco-friendly synthesis.

Il. RESULTS AND DISCUSSION

In the present work, herein we wish to report PNT catalyzed
efficient, simple and practical procedure for direct synthesis of
1,5-benzodiazepines through the reaction of o-phenylene diamine
and ethyl methyl ketone (1:2) under stirring at room temperature
in ethanol.
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Scheme 1

In our preliminarily investigation on model reaction of o-
phenylene diamine and acetophenone , it was found that reaction
could be finished under very simple reaction condition in the
presence of catalytic amount of Phosphonitrilic chloride acid
(PNT) and few ( 3 to 4) drop of EtOH as solvent which give
desired 1,5-benzodiazepines product in good yield . The effect of
solvent , catalyst, reaction time on the reaction was

systematically investigated and result were summarized in Table
1. To optimize reaction condition to examine the effect of
different solvent H,O, CH;CN, MeOH, THF, Toluene, DCM,
Ethanol and molar ratio of the catalyst at different . The reaction
was monitoring by TLC and the entire yield reported in Table 1

Table 1 Optimization of reaction condition

Entry Solvent Time Yield 2%
(Hr)

1 H,0 12 Hr Nil

2 CH4CN 10 Hr Nil

3 MeOH 8 Hr 20 %

4 THF 12 Hr 45 %.

5 Toluene 8 Hr Nil.

6 DCM SHr 65 %

7 Ethanol 2 Hr Above 80 %

2 1solated Yield

As can be seen from Table 1, solvent play an important role
in the model reaction. It was found that Ethanol is the best one
among the solvent tested and reaction proceeded smoothly in the
ethanol and gave desired product in 80% yield, while DCM
afforded the product only in 65% vyield. Use of H,O, CH;CN,
MeOH, THF and Toluene as solvent led to slower reaction
(Table 1, Entry 1-5). To our delight, above 80% of model
product was isolated when the model reaction was carried out in
the presence of ethanol at room temperature for 1 Hr stirring
only. With respect to catalyst loading, when 1 mol% to 5 mol %

of PNT was used, the reaction goes to completion gave a
satisfactory result.

During the course of our further optimization of reaction
condition, the reactions were generally complete in a matter of 1-
2 hours. Meanwhile experimental data indicated that the reaction
was not complete when reaction time was less than 1 Hr.
However, no increase in yield was observed when the reaction
time was prolong with respect to solvent (Table 1). The
optimized reaction conditions for the reaction were found to be
PNT 2.5 mol % under stirring at room temperature for 1-2 Hr.
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Having established the optimized reaction condition, we are listed in Table 2.
turn our attention to explore the scope of this protocol. The result

Table 2 PNT catalyzed synthesis of 1, 5-benzodiazepines in ethanol®

M.P.°C
Entry Substrate Product Time (Hr) Yield ®% Reported Found
Ph
NH, N=
1 ©: @[ 2 87  150-152 152
NH, N Ph
H
cl
° ()
NH, N=
2 C[ 1.2 82 143-144 145
NH, N
S
cl
NO,
° &
3 ©:NH2 5 C[N\ 3 80 156-158 155
NH N
| e
NO,
° ()
NH, N=
4 ©: C[ 2.2 90 98-99 101
NH, N
O
( Mo,
NH, N 2.4 85  151-153 157
s s
NH,
N
T
NH, N=
6 1.4 90 137-138 136
NH2 N
H

Continue on next page
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From Table 2
M.P.°C
Entry Substrate Ketone Product Time (Hr) Yield® % Reported  Found
NH, 0 N
7 ©: PP 2 85 142-143 141
NH2 H
(0]
NH, N=—
8 ©: & C[ 15 80 138-139 140
NH, N
H
NH, 9 N
9 ©: é C[ 25 85 136-137 136
NH, N
NH, 0 N=
10 \©: \C[ 2 82 127-128 126
NH, )J\ N
Ph
11 3 80 ;
\©:NH N J 92-93 92
NH, Q N
12 \©: \C[ 2 84 142143 142
NH, N
NH, o N
13 :@: P D{ 25 80 112114 112
NH, N
H
NH, o N Ph
14
Ph)J\ m 3 85 115-116 115

NH,

Continue on next page
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From Table 2
. b o M.P.°C
Entry  Substrate Ketone Product Time (Hr) Yield® % Reported  Found
O,N NH, O,N N
15 \@: )CJJ\ \C[ 2.5 75 113-114 114
NH, H
136-138 136

Ph
02N NH2 O 02N N\
16 3 80
LA 1TX
NH, N Ph

4Reaction Condition : o-phenylene diamine ( 1 mmole ) , acetone (2 mmole) and
Phosphonitrilic Chloride (Trimer) ( 2.5 mole %) in ethanol ( 2-4 drops) stir, 2 Hr R. T.

bIsolated Yield

As shown in the Table 2, in the most cases, o-phenylene
diamine reacted with wide variety of substituted acetophenone
completely and afforded the corresponding 1,5-benzodiazepines
in good to excellent yield ( Table 2 , Entries 1-5). Substituted
acetophenone  containing electron-donating or  electron-
withdrawing group on the benzene ring reacted with o-phenylene
diamine smoothly under optimal condition to give the desired
product. Furthermore, sterically demanding ortho-substituents
hampered reaction so which are not shown in the Table 2.

To our delight cyclic ketones such as cyclopentanone,
cyclohexanone whereas 3-pentanone (Table 2, Entry 8, 9,7)
also reacted well and equally efficiently with similar success to
afford fused ring 1, 5-benzodiazepines in high yields. Meanwhile
substituted o-phenylene diamine with electron donating or
electron withdrawing groups on the benzene ring reacted with
ketone or cyclic ketone to generate corresponding product in
high yield (Table 2, Entry 10-16) . It is important to note that
substituted o-phenylene diamine with a strong  electron
withdrawing groups, such as nitro group on the benzene ring
showed lower reactivity than those of ones with electron
donating groups . (Table 2, Entry 15-16)

I11. CONCLUSION

We have presented an elegant and simple methodology for
the synthesis of 1, 5-benzodiazepine derivatives from o-

Spectral analysis

phenylene diamine and cyclic or acyclic ketone in the presence
of Phosphonitrilic Chloride by stirring in ethanol at room
temperature. The reactions were performed smoothly to generate
the corresponding products in high yields under the safe
experimental condition and the procedure is simple and
convenient. Furthermore, the catalyst is environmentally friendly
and expensive. This method offer one of the important motifs for
the synthesis of 1, 5-benzodiazepine, as natural product,
biological active compounds and pharmaceutical agents.

Experimental Section
(a)General Experimental Procedure for the synthesis of 1, 5-
benzodiazepine:

A mixture of o-phenylenediamine (1 mmol) and ketone (2.
mmol) was stirred in the ethanol solvent at room temperature
using Phosphonitrilic chloride (2 mol %) for an appropriate time
as 2 Hr . The progress of the reaction was followed by TLC using
20%-40% EtOAc in n-Hexane as eluent. After completion of the
reaction, the reaction mixture was separated from ethyl acetate
(5ml) and water . The organic layer was evaporated and crud
products were purified by recrystalization in n-Hexane or by
column chromatography by silica gel using EtOAc : n-Hexane 20
: 80 as eluent.

2-methyl-2,4-phenyl-2,3-dihydro-1H-1,5-benzodiazepine ** (Entry 1):

Yellow solid; M.P. 152 °C IR (CHCls, v max): 3325, 2100, 1635, 1465, 1245, 1055, 815 cm™.;*H NMR (CDCls): & 6.83-7.60
(m, 14H, ArH), 3.52 (s, 1H, NH), 2.96-3.15 (d, 2H, J = 13.2 Hz), 1.76 (s, 3H, CH3).; *C NMR (CDCls, 100 MHz): § 168.2 (C=N),
148.0, 140.5, 139.9, 130.2, 128.8, 128.5, 127.5, 126.7, 125.9, 122.1, 121.9, 74.2, 43.5, 30.3.Elemental Analysis: C»H»N, Calcd. C,

84.58; H, 6.45; N, 8.97. Found C, 84.43; H, 6.37; N,8.91.

4-(4-Chlorophenyl)-2- methyl-2,3-dihydro-1H-1,5-benzodiazepine™ (Entry 2):
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M.P. 147°C 'H NMR (CDCI3): & 6.84-7.53(m, 12H, ArH), 3.43 (s, 1H, NH), 2.87-3.09 (dd, 2H, J; = 12 Hz, J, = 12.8 Hz), 1.74
(s, 3H, CH3).

2-methyl-4-(4-nitrophenyl)-2,3-dihydro-1H-1,5-benzodiazepine™ (Entry 3):
M.P. 155°C ; 'H NMR (CDCl,):  6.90-8.08 (m, 12H, ArH), 3.64 (s, 1H, NH), 2.99-3.32 (m, 2H, CH,), 1.85(s, 3H, CHy).
;Elemental Analysis: C,,H1gN4O4 (402.13) caled.: C, 65.66; H, 4.51; N, 13.92.Found: C, 65.37; H, 4.47; N, 14.01

2-methyl-4-(4-methyl phenyl)-2,3-dihydro-1H-1,5-benzodiazepine (Entry 4) *: M.P. 101°C ;*H NMR (CDCls): & 6.81-7.59
(m, 12H, ArH), 352 (s, 1H, NH), 2.96-3.11 (m, 2H, CH,), 2.34 (s, 3H,CHs), 2.31 (s, 3H, CHa), L.74 (s, 3H, CHy)..C NMR
(CDCl5):8 168.1 (C=N), 145.5, 140.8, 140.5, 138.7, 137.4, 137.2, 129.5, 129.3,129.0, 127.6, 126.6, 125.7, 122.1, 122.0, 73.9, 43.3,
30.3,21.8, 21.4.

2-methyl-4-(3-nitrophenyl)-2,3-dihydro-1H-1,5-benzodiazepine® (Entry 5):

Mp 157 °C;'"H NMR (CDCls, 400 MHz): §6.92-8.48 (m, 12H, ArH), 3.56 (s, 1H, NH), 2.99-3.28 (m, 2H, CH,), 1.87(s, 3H,
CHs). *C NMR (CDCly): & 164.6 (C=N), 149.6, 148.7, 141.0, 139.8, 137.6, 133.0, 132.4, 130.0, 129.7, 129.4, 127.9, 124.9, 122.9,
122.7,122.0,121.3, 104.0, 74.6, 43.3, 37.6, 30.4. HRMS (m/z): calcd. For C,,H1gN,0,; 402.1328; found 402.1295.

2,2,4-Trimethyl-2,3-dihydro-1H-1,5-benzodiazepine'® (Entry 6):

Pale Yellow Solid M.P. 136°C ."H NMR (CDCly): & 7.12-7.14 (m, 1H, ArH), 6.96-7.01 (m, 2H, ArH), 6.72-6.74 (m, 1H, ArH),
2.97 (s, 1H, NH), 2.37(s, 3H, CH3), 2.22 (s, 2H, CH,), 1.34 (s, 6H, 2CH3). *C NMR (CDCl,): 5 173.1 (C=N), 141.1, 138.3, 127.1,
125.9, 122.5, 122.2, 68.9,45.4, 30.8, 30.2;Elemental Analysis: C1gH24N,; Calcd. C,80.55; H, 9.01; N, 10.44. Found: C, 80.36; H,8.84;
N, 10.31

2,2,4-Triethyl-3-methyl-2,3-dihydro-1H-1,5-benzodiazepine'®® (Entry 7):
M.P. 141 °C :'H NMR (CDCl,):  6.59-7.34 (m, 4H, ArH), 3.85 (s, 1H, NH), 2.81-2.83 (m, 1H), 2.49-2.57(m, 2H), 1.52—1.56
(m, 2H), 1.20-1.37 (M, 4H), 0.68-0.96 (M, 10H).

10- Spirocyclopentane- 1, 2, 3, 9, 10, 10ahexahydro-1H-dibenzo[b]-cyclopenta [e] [1,4] -diazepine (Entry 8);Yellow solid;
M. P. 140°C; IR (CHCIs, vmax): 3338, 2150, 1670, 1640, 1245, 1050, 850 em™ ;*H NMR: (CDCl3) 6 6.6-7.39 (m, 4H). 4.54
(brs, 1H), 2.30-2.61 (m, 3H), 1.3-1.92 (m, 12H). ;**C NMR: (CDCls) & 178,143.1, 139, 132.2, 128.6, 126.3, 119.4, 1183, 66.7,
54.4, 39.3, 38.5, 34.4, 33.2, 28.7, 24.5, 24.1, 23.2.;Elemental Analysis: C1sH,N, Calcd. C, 79.96; H, 8.39;N, 11.66. Found: C, 79.78;
H, 8.24; N, 11.43

10-Spirocyclohexane-2,3,4,10,11,11a-hexahydro-1H-dibenzo[b,e][1,4]

diazepine **® (Entry 9): Pale Yellow;M.P. 136°C. ;IR(CHCls, vmax): 3290, 2100, 1850, 1640, 1150, 945, 758 cm™.;*H NMR
(CDCly): & 6.99-7.33 (m, 4H, ArH), 3.80 (br, 1H, NH), 2.87-3.24 (m, 3H), 1.55-2.75 (m, 16H).;HRMS (m/z): calcd. CigHxuN; ;
268.1939, found 268.1929.

2, 2, 4-Trimethyl-2, 3-dihydro-8 -methyl-1H-1, 5-benzodiazepine (Entry 10)

Yellow solid; M. P. 126°C ;IR (CHCls, vmax): 3325, 2800, 2200, 1665, 1450, 1150, 945, 850, 710 cm™.;"H NMR (CDCl3): &
7.05- 7.10 (m, 1H), 6.70-6.80 (m, 1H), 6.65-6.75 (s, 1H), 2.80 (s, 3H), 2.23 (s, 3H), 2.19 (s, 2H), 1.30 (5,6H).;*C NMR (CDCl,)
:6174.3, 138.1, 136.7, 127, 126.6, 122.6, 67, 45.8, 30.8, 30.8, 30.4, 29.6, 20.9.;Elemental Analysis: C43H;gN,; Calcd. C, 77.18,H, 8.97,
N, 13.85. Found C, 77.10, H, 8.78, N, 13.72.

2-Methyl-2, 4- diphenyl — 2 , 3 — dihydro — 8- methyl-1H-1,5-enzodiazepine (Entry 11)

Yellow solid; M. P. 92°C: IR (CHCls, vmax): 3275, 2750, 2100, 1659, 1240, 1045, 935, 850, 745 cm™.; *H NMR(CDCly): &
6.70-7.69 (m, 13H), 3.5(brs, 1H), 3.13-3.17 (d, J= 13 Hz, 1H), 2.98-3.03 (d, J= 13 Hz, 1H), 2.41(s, 3H), 1.8 (s, 3H).;*C NMR
CDCly) : 6164.6, 136.9, 134, 131.2, 130.8, 129, 128.6, 128.5, 128.3, 128.2, 127.4, 126.3, 125.7, 123.5, 113.5, 51, 45.9, 28.7,
20.9.Elemental Analysis: C,3H,,N, Calcd. C, 84.63;H, 6.79; N, 8.58. Found C, 84.51; H, 6.65; N,8.42.

2, 2, 4- Trimethyl - 2, 3-dihydro — 7, 8 -dimethyl-1H-1,5-benzodiazepine ( Entry 13)

Yellow solid; M. P. 112°C.;IR (CHCls, vmax): 3290, 2230, 1635, 1240, 1035, 850, 745.cm™;'"H NMR(CDCl,): & 6.52(s, 1H),
6.39 (s, 1H), 2.80 (brs, 1H), 2.34 (s, 3H), 2.22 (s, 2H), 2.20 (s, 3H), 2.19 (s, 3H), 1.35 (s, 6H).;**C NMR(CDCls): & 171.3, 138.4,
135.5, 133.6, 129.9, 127.8, 122.8, 67.7, 45.3, 30.4, 30.3, 29.8, 19.1, 18.9.;
Elemnetal Analysis: C14H5N, Calcd. C, 77.73; H, 9.32; N, 12.95. Found C, 77.52; H, 9.15; N, 12.82.

2-Methyl- 2, 4-diphenyl-2 , 3 — dihydro — 7 ,8 -dimethyl-1H-1,5-benzodiazepine (entry 14):Pale yellow solid; M. P.

115°C;IR(CHCl,, vmax): 3285, 2200, 1950, 1635, 1130, 1050, 940, 835 cm™ ;*H NMR(CDCl): & 7.50-7.60 (m, 4H), 7.30-7.18 (m,
6H), 7.15 (s, 1H), 6.6 (s, 1H), 3.45 (brs, 1H), 3.10 (d, J= 12.8 Hz, 1H), 2.90 (d, J= 12.8 Hz, 1H), 2.25 (s, 6H), 1.70 (s,3H).;°C
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NMR(CDCIl,): 6 166.8, 147.8, 139.7, 137.6, 135.7, 134.8, 129.6, 129.4, 128.2, 127.8, 126.9, 126.8, 125.4, 122.3, 73, 43.2, 29.7, 19.3,
18.6.;Elemental Analysis: C,4H24N, Calcd. C, 84.67;H, 7.11; N, 8.23. Found C, 84.42; H, 7.02; N,8.15.

2-Methyl-2, 4-diphenyl-2 , 3-dihydro-8-nitro- 1H-1,5-benzodiazepine (Entry 16):

Dark yellow solid; M. P. 136°C; IR(CHCls, vmax): 3300,2150, 1950,1651,1430,1250,1085,970, 850. cm™; *H NMR(CDCl5): &
6.80-7.95 (m, 13H), 4.40(brs, 1H), 3.35 (d, J = 12.6 Hz, 1H), 3.05-3.15 (d, J =12.6 Hz, 1H), 1.80(s, 3H).

B3C NMR (CDCly): & 168.4, 145, 136.9, 132.4, 130.8, 129, 128.6, 126.2, 121.2, 118.3, 60.8, 45.6, 29.2.;Elemental Analysis:
C,HaoN30,;Calced. C, 73.72; H, 5.62; N, 11.72. Found C,73.62; H, 5.51; N, 11.53.
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