This article was downloaded by: [Michigan State University]

On: 08 March 2013, At: 06:34

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer
House, 37-41 Mortimer Street, London W1T 3JH, UK

Synthetic Communications: An International Journal
for Rapid Communication of Synthetic Organic
Chemistry

Publication details, including instructions for authors and subscription information:
http://www.tandfonline.com/loi/lsyc20

Molecular lodine Catalyzed Highly Rapid Synthesis
of 1,5-Benzodiazepine Derivatives Under Mild

Conditions

B. P. Bandgar ° , Sampada V. Bettigeri * & Neeta S. Joshi ?

# Organic Chemistry Research Laboratory, School of Chemical Sciences, Swami Ramanand
Teerth Marathwada University, Vishnupuri, Nanded, 431606, India
Version of record first published: 21 Aug 2006.

To cite this article: B. P. Bandgar , Sampada V. Bettigeri & Neeta S. Joshi (2004): Molecular lodine Catalyzed Highly Rapid
Synthesis of 1,5-Benzodiazepine Derivatives Under Mild Conditions, Synthetic Communications: An International Journal
for Rapid Communication of Synthetic Organic Chemistry, 34:8, 1447-1453

To link to this article: http://dx.doi.org/10.1081/SCC-120030695

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any substantial or systematic
reproduction, redistribution, reselling, loan, sub-licensing, systematic supply, or distribution in any form to
anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae, and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss, actions,
claims, proceedings, demand, or costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.



http://www.tandfonline.com/loi/lsyc20
http://dx.doi.org/10.1081/SCC-120030695
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Michigan State University] at 06:34 08 March 2013

SYNTHETIC COMMUNICATIONS®
Vol. 34, No. 8, pp. 14471453, 2004

Molecular Iodine Catalyzed Highly Rapid
Synthesis of 1,5-Benzodiazepine Derivatives
Under Mild Conditions

B. P. Bandgar,” Sampada V. Bettigeri, and Neeta S. Joshi

Organic Chemistry Research Laboratory, School of Chemical Sciences,
Swami Ramanand Teerth Marathwada University, Vishnupuri,
Nanded, India

ABSTRACT

Rapid reaction of o-phenylenediamines with both cyclic and acyclic
ketones in the presence of catalytic amount of iodine afforded 1,5-benzo-
diazepine derivatives in excellent yields at room temperature.

Key Words: 1,5-Benzodiazepine; Molecular iodine; o-Phenylenediamine;
Catalyst.

Benzodiazepines are very important class of heterocyclic bioactive com-
pounds.!"*! Most of the members of this family have wide applications in
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medicinal chemistry such as tranquilizing, anticonvulsant, antianxiety, and
hypnotic agents. In addition, 1,5-benzodiazepines are used as starting materials
for the preparation of fused ring compounds such as triazolo-,"**! oxazino-,
furano-benzodiazepine.'*> Benzodiazepine derivatives also find commercial
use as dyes for acrylic fibers'® and as anti-inflammatory agents.!”!

Despite their importance from a pharmaceutical, industrial, and synthetic
point of view, comparatively few methods for their preparation are reported in
the literature,”® ' a great number of which have appeared only very
recently.!'?~'% These include condensation reactions of o-phenylenediamines
with a-B-unsaturated carbonyl compounds,® B-haloketones'® or ketones in
the presence of BFs-etherate,'” NaBH,,!'"! polyphosphoric acid,'*
Si0,," MgO and POCI;,"¥ Yb(OTh);,"* ALO;/P,05,""1 AcOH!®
under microwave (MW) irradiation and ionic liquid.!"”! Many of these pro-
cesses suffer from one or other limitations such as drastic reaction conditions,
expensive reagents and low to moderate yields, relatively long reaction times,
and the occurrence of several side reactions. Almost all of them make use of an
acid catalyst giving rise to tedious work-up procedures.

In recent years, molecular iodine has received considerable attention as an
inexpensive and readily available catalyst for effecting various organic trans-
formations.!"® We now report here the synthesis of 1,5-benzodiazepine
derivatives by condensation of o-phenylenediamine with both cyclic and
acyclic ketones using molecular iodine in CH3CN as an efficient catalyst
under mild condition (25°C) in a very short time (Sch. 1).

The results are summarized in Table 1. The syntheses were carried out
simply by mixing o-phenylenediamine (1 mmol) with the ketone (2 mmol)
in the presence of a catalytic amount (10%) of iodine in CH3CN, whereupon

@:NH2 H3C 10%|2 CH: CN @
+ >=
NH, R 25°C, 5-10 min.

H CH3
1 2 3a-f
NH, 10% Iz CHs CN
OL "+ 2
NH, 25 C, 2 min.
1 4 3g
Scheme 1.
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Table 1. 1, catalyzed synthesis of 1,5-benzodiazepines.

Time Yield*®

Entry Substrate Ketone Benzodiazepines (min) (%)
a @[NH2 CH4COCH, NewrCHs3 5 99
NH @(
’ '[\‘?CHa
H CHs
b @[NHZ HsC—-COCH(CHjz), Newyr CH(CHa) 10 96
NH, @(N?
N CH(CHy)
H CH;
c NH, 0 NeePD 10 98
C:NHz ©/K CH; @[ 1
NTT™>cH,
H Ph
d NH, (0] N=Fh 10 97
CH
Me NH @A 3 /@ ?
’ Me NTT>ch,
H Ph

e @:[NHZ 0 cH, 10 98
NH; /@J\ CHs @
©f
['\] CHs
K©)
CH

3

f NH, 0 cl 10 98
: cl
NH; /@fl\ s @
Cl Cl @[N
[I\j CH3CI
H
cl
g @iNHz % N 02 99
w O O
[
H
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Table 1. Continued.

Time Yield*®
Entry Substrate Ketone Benzodiazepines (min) (%)

/@ENHZ 0 N 02 99
Me NH2 é Me@Ng

[

H

*Yields of pure isolated products.
*Products were characterized by IR, 'H NMR, 3¢ NMR, elemental analysis, and by
comparison with authentic samples.

h

the benzodiazepine derivatives were obtained in almost quantitative yield. It is
highly rapid method as compared to literature reported methods for the
synthesis of benzodiazepines. It was ascertained that a minimum 10% of the
catalyst, I, is required to achieve optimum conversion. No reaction was
observed when o-phenylenediamine was treated with acetone under similar
conditions in the absence of a catalyst. When the amount of catalyst used
was less than 10%, yields of benzodiazepine derivatives were decreased due
to incomplete conversion of substrates and any excess of catalyst beyond this
proportion (>>10%) did not show any further increase in conversion and yield.

In conclusion, we have developed a new and efficient method for the
regioselective synthesis of 1,5-benzodiazepines in excellent isolated yields
at room temperature in short reaction times. The easy work-up procedure,
mild reaction conditions, neutral, inexpensive, and readily available catalyst
makes the method amenable for scale-up operations.

GENERAL PROCEDURE

A mixture of o-phenylenediamine or 4-methyl o-phenylenediamine
(1 mmol), methylketone or cyclohexanone (2 mmol), and iodine (0.1 mmol)
in acetonitrile (10 mL) was stirred at room temperature. After completion of
the reactions (TLC), the solvent was removed under reduced pressure and
the crude product obtained was further purified by column chromatography
(pet. ether : ethyl acetate = 9: 1).

3a. M.p. = 82°C, IR (KBr): 1597 (Ar), 1637 (C=N), 3289 (NH) O
'H NMR (300 MHz, CDCl3): & 1.35 (s, 6H, 2 x CHj), 2.25 (s, 2H, —CH,),
2.33 (s, 3H, CHs), 3.45 (brs, 1H, NH), 6.60-7.25 (m, 4H). Anal. calcd for
CoH 6N, (188.26): C, 76.56%; H, 8.56%; N, 14.87%; Found: C, 76.77%,
H, 4.48%; N, 14.80%.
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3b. Mp.=119°C, IR (KBr): 1605 (Ar), 1665 (C=N), 32,689
(NH)em™'; '"H NMR (300MHz, CDCl;): & 0.94 (d, 6H, J=7.8Hz,
CH(CHs),), 1.15 (s, 3H, CH;), 1.42 (d, 6H, J = 7.2 Hz, N=C-CH(CHs),),
1.85 (m, 1H, CH(CHs),), 2.1 (m, 1H, CH(CH;),), 2.52 (d, 1H, J = 16.0 Hz,
CH3), 2.60 (d, 1H, J = 16 Hz, CH5), 3.65 (brs, 1H, NH), 6.75-7.40 (m, 4H,
Ar-H); >C NMR (75MHz, CDCly): & 14.7, 16.5, 23.5, 29.4, 36.3, 40.5,
113.8, 118.7, 123.0, 127.5, 132.81, 137.0, 164.5. Anal. calcd for C;gH,4N:
C, 78.64%; H, 9.90%; N, 11.46%; Found: C, 78.51%; H, 9.81%; N, 11.54%.

3c. M.p. = 121°C, IR (KBr): 1651 (C=N), 3270 (NH)cm ', 'H NMR
(300 MHz, CDCls): & 1.82 (s, 3H, CH3), 3.01 (d, 1H, J = 13.2Hz, CH3),
3.18 (d, 1H, J = 13.2Hz, CH)), 3.50 (brs, 1H, NH), 6.75-6.85 (m, 14H,
Ar-H). Anal. calcd for CooHoN, (312.40): C, 84.58%; H, 6.45%; N, 8.96%;
Found: C, 84.38%, H; 6.38%; N, 8.90%.

3d. M.p. = 91-92°C, IR (KBr): 1660 (C=N), 3280 (NH)cm '; 'H
NMR (300 MHz, CDCl;): & 1.80 (s, 3H, CH3), 2.41 (s, 3H, Ar-CH3), 3.02
(d, 1H, J = 13.0Hz, CH3), 3.15 (d, 1H, J = 13.0Hz, CHY), 3.50 (brs, 1H,
NH), 6.70-7.50 (m, 13H, Ar-H); '*C NMR (75MHz, CDCl;): 6 21.0, 28.5,
46.0, 51.0, 113.5, 124.0, 125.5, 126.0, 127.0, 128.1, 128.4, 128.6, 128.8,
129.0, 131.0, 131.5, 135.0, 137.0, 165.5. Anal. calcd for Cp3H,,N, (326.42):
C, 84.63%; H, 6.79%; N, 8.58%; Found: C, 84.75%; H, 6.68%:; N, 8.65%.

3e. M.p. = 143°C; IR (KBr): 1600 (Ar), 1645 (C=N), 3265 (NH)cm ™ ';
'"H NMR (300MHz, CDClL3): & 2.1 (s, 9H, 3 x Ar-CH3), 3.05 (d, 1H,
J = 13.5Hz, CH3), 3.17 (d, 1H, 13.5Hz, CH5), 3.60 (brs, 1H, NH), 7.1-7.5
(m, 11H, Ar-H); '*C NMR (75 MHz, CDCl5): 6 21.2, 24.5, 28.2, 29.1, 46.2,
52.7, 114.7, 122.3, 126.2, 127.1, 128.5, 132.7, 133.0, 133.7, 135.5, 136.1,
164.7. Anal. caled for C,4H»,N, (338.44): C, 85.18%; H, 6.55%; N, 8.27%.
Found: C, 85.12%, H, 6.50%:; N, 8.19%.

3f. M.p. = 132°C; IR (KBr): 1610 (Ar), 1670 (C=N), 3250 (NH) cm ™ ';
"H NMR (300 MHz, CDCl5): 6 1.75 (s, 3H, CH3), 2.41 (s, 3H, Ar-CHs), 2.95
(d, 1H, CH3), 3.1 (d, 1H, CHY), 3.60 (brs, 1H, NH), 7.2-7.6 (m, 9H, Ar-H).
Anal. calcd for C5,H;gN>Cly (450.19): C, 58.77%; H, 3.58%; N, 6.22%; Cl,
31.50%; Found: C, 58.56%; H, 3.62%; N, 6.98%; Cl, 31.41%.

3g. M.p. =94°C; IR (KBr): 1655 (C=N), 3260 (NH)cm '; '"H NMR
(300 MHz, CDClL3): & 1.90-2.65 (m, 16H, 8 x CH,), 2.90-3.25 (m, 3H,
N=C-CH and N=C-CH,), 4.80 (brs, 1H, NH), 7.2-7.6 (m, 4H, Ar-H); °C
NMR (75MHz, CDCly): 6 20.8, 23.8, 26.3, 27.7, 33.2, 34.8, 43.7, 47.6, 113.1,
123.5, 127.3, 128.5, 132.4, 134.1, 165.2. Anal. calcd for C;sHxuN, (268.39):
C, 80.56%; H, 9.01%; N, 10.43%; Found: C, 80.66%; H, 9.11%:; N, 10.55%.

3h. M.p. = 138°C; IR (KBr): 1665 (C=NH), 3260 (NH)cm ™ '; "H NMR
(300 MHz, CDCls): 6 2.1-2.75 (m, 19H, 8 x CH, and Ar-CHj3), 2.90—3.30
(m, 3H, N=C—CH and N=C-CH,)), 4.95 (brs, 1H, NH), 7.00-7.50
(m, 3H, Ar-H); >C NMR (75 MHz, CDCl;): & 20.2, 21.0, 23.7, 26.7, 27.5,
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33.0, 35.0, 43.8, 47.5, 113.5, 123.5, 127.5, 128.5, 132.7, 134.0, 164.5. Anal.
calcd for C;oH,6N5 : C, 80.80%; H, 9.28%; N, 9.92%; Found: C, 80.88%;
H, 9.19%; N, 9.85%.

10.

11.
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