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A new method for the synthesis of novel 1,4-benzodiazepine
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munodeficiency virus (HIV) transactivator Tat antagontsisd
reverse transcriptase inhibitdtJ.o further discover molecules
with potent and selective biological activity, it is of importance
to explore new methodology for the synthesis of novel 1,4-
benzodiazepine entities. A few synthetic approaches to 1,4-
benzodiazepine skeletons have been reported in literature, and
the most frequently employed methods include (A) the reaction
of 2-aminobenzoic acids and their derivatives or 2-aminoben-
zophone derivative$ with o-amino acid derivative$(B) the
cyclocondensation of 2-halobenzoic acids and their derivatives
or 2-halobenzophone derivativ@swith diamine derivative$,

and (C) the reaction of diamine3 with bis-electrophile’
(Scheme 1). The PicteSpengler reaction of with aldehydes
was also used to yield 1,4-benzodiazepine struétu(®,
Scheme 1). On the basis of oxidative formation of electrophilic
N-acylnitrenium from amides, Tellitu, Dominguez, and their
co-workers! recently introduced an aromatic amidation route
to 1,4-benzodiazepine derivatives (E, Scheme 1).

As a three-membered-ring heterocycle, aziridine compounds
show interesting and diverse reactivity, and they have become
useful synthons in organic synthe¥iS he C-activated aziridine
compounds such as aziridine-2-carboxylic acid derivatives and
aziridine-2-phosphonates, for example, have been reported to
undergo various ring-opening reactions and reactions on both
nitrogen and carbon atoms of the ring, producing a large number
of functionalized organic molecules that are not easily accessible
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derivatives has been established from a one-pot reaction of (6) Pauwels, R.; Andries, K.; Desmyter, J.; Schols, D.; Kukla, M. J.;

methyl 1-arylaziridine-2-carboxylates witN-[2-bromom-
ethyl(aryl)Jtrifluoroacetamides. The reaction proceeds through
the N-benzylation and highly regioselective ring-opening
reaction of aziridine by bromide anion followed by;HNt
mediated intramolecular nucleophilic displacement of the
bromide by the amide nitrogen. The easy availability of
starting materials, simple and convenient synthetic procedure
and formation of functionalized 1,4-benzodiazepine scaffold
ready for further chemical manipulations render this strategy
useful in synthetic and medicinal chemistry.

1,4-Benzodiazepines are one of the most important and widely
used scaffolds in medicinal chemistnA large number of 1,4-
benzodiazepine derivatives, for example, have been found to
act as anxiolytic, anticonvulsant, and antihypnotic agénts,
selective cholecystokinin (CCK) receptor subtype A or B
antagonists, platelet-activating factor antagonistauman im-
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SCHEME 1. Reported Synthetic Approaches to
1,4-Benzodiazepine Derivatives
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SCHEME 2. Highly Regioselective Ring Opening Reaction
of C-Activated Aziridines with Benzyl Bromide and a
Nucleophile
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by other means. Very recently, Weand other research grodps
have revealed that aziridine-2-carboxylic acid derivat&ese
able to react with benzyl bromide to give a mixture of ring-
opening products8 and 9. Treatment of the mixture with

SCHEME 3. Reaction of
N-[2-Bromomethyl(phenyl)]trifluoroacetamide 11a with
Methyl 1-Phenylaziridine-2-carboxylate 12a
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TABLE 1. Intramolecular Cyclization Reaction of 13a and 14a
Base (2 eqiv.)F3COC
CHACN N\Scone NHCOCF,
13a reflux 12 h
14a N, “Ph
Ph
15a 16a
entry
1 2 3 4 5
base NaOH KCOs CsCOs EtsN DABCOQOP
15a(%)? 31 65 80
16a(%)? 82 47 21 7 73

a|solated yield.? 1,4-Diazabicyclo[2.2.2]octane.

in 11 h, as monitored by TLC, the reaction was quenched and

nucleophilic agents such as an amine led to the formation of a mixture of ring- opening products3aand14awas isolated

vicinal diamine productdO. The exclusive formation ol0
indicated an equilibrium o8 and9 with aziridinium specie§
(Scheme 2).

We envisioned that, instead of using consecutively benzyl

in 86% combined yield. The ratio df3aover 143 which was
determined by*H NMR spectroscopy, was 10:1, indicating a
highly regioselective attack of bromide to the C-2 position of
the aziridine ring. It should be noted that, under the reaction

bromide and amine, the employment of a bifunctional reactant conditions, viz refluxing in acetonitrile, no intramolecular

containing both electrophilic and nucleophilic sites in such a

cyclization was observed. This was most probably due to the

reaction as depicted in Scheme 2 would result in the formation low nucleophilicity of the nitrogen atom of the trifluoroaceta-

of N-heterocyclic products. Herein we report a novel and very

mide moiety. Elongating the reaction period to 24 h did not

convenient synthesis of new 1,4-benzodiazepine derivatives fromeffect intramolecular cyclization either. Instead, the ratiG.3d

the reaction of l-arylaziridine-2-carboxylates with[2-bro-
momethyl(aryl)]trifluoroacetamides.

We first tested the reaction ®i-[2-bromomethyl(phenyl)]-
trifluoroacetamidella with methyl 1-phenylaziridine-2-car-
boxylatel2a(Scheme 3). The reaction proceeded smoothly in
refluxing acetonitrile. After consumption of starting materials
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over 14awas decreased from 10:1 to 6:1. The variation of the
ratio 13al4aupon heating for a long period reflected ti&a
was able to transform into its thermodynamically more stable
isomerl4avia aziridinium intermediaté.

To facilitate the intramolecular nucleophilic displacement of
bromide by amide, several bases were used to enhance the
nucleophilicity of the nitrogen of trifluoroacetamide. As sum-
marized in Table 1, the use of NaOH (2 equiv) did not lead to
the desired cyclization reaction. On the contrary, the ring-
opening productsd3al4a underwent decomposition to give
N-[2-anilinomethyl(phenyl)]trifluoroacetamidesaas the major
product (entry 1, Table 1). Fortunately,®0O; assisted the
cyclization reaction to afford 2-methoxycarbonyl-4-phenyl-1-
trifluoroacetyl-1,4-benzodiazepine produddain a moderate
yield (entry 2, Table 1). The yield df5awas improved to 65%
when CgCO; was used as an inorganic base (entry 3, Table 1).
While a strong organic base such as DABCO caused decom-
position of13a14a (entry 5, Table 1), triethylamine acted as
an effective organic base to facilitate the formationlég in
high yield (entry 4, Table 1). It was noteworthy that, in all cases,
no 3-methoxycarbonyl-4-phenyl-1-trifluoroacetyl-1,4-benzodi-
azepine isomer was found, suggesting that the intramolecular



TABLE 2. One-Pot Synthesis of 1,4-Benzodiazepine Derivatives
15a-j

T\ |- NHCOCF,4 1
% B =0
2 r * CO2Me
11a-e 12a-f
F3COC

1. CH3CN, reflux 11 h
2.EtsN (2 equiv), CHiCN, R N\S
=

reflux 12 h _ |
N\
Ar
15a-j
entry 11 R 12 Ar 15 yield (%)
1 l1a H 12a  GCgHs 15a 65
2 11a H 12b  4-F-GHs 15b 71
3 l1a H 12c  4-Cl-GgHs 15c 54
4 l1a H 12d  4-Me-GHs 15d 54
5 11a H 12e  3-Me-GHs 15e 49
6 l1a H 12f 4-MeO-GHs ~ 15f 53
7 11b  5-Cl 12a  CgHs 15¢g 53
8 lic  4-Cl 12a GCgHs 15h 48
9 11d 4-Me 12a CgHs 15i 51
10 lle 3-Cl 12a  CgHs 15j 25

a|solated yield.

cyclization reaction did not occur with intermedidtéa This
outcome might be rationalized most probably by the lower
reactivity of nonactivated alkyl bromide withitdaalong with

the low content ofl4a presented in an equilibrium with5a
via aziridinium species.
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SCHEME 4. Hydrolysis of Compound 15h
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molecules that are not readily available by other synthetic
methods. In addition, the products obtained from the current
study are very useful for further chemical modification. When
treated with KCOs;, for example,15h underwent efficient
hydrolysis to affordl7 in 89% yield (Scheme 4). Synthesis of

a 1,4-benzodiazepine library based on further functionalizations
on the secondary amino group and carboxylic groud dfs
feasible.

In conclusion, we have established a new strategy for the
synthesis of 1,4-benzodiazepine derivatives based on the
interaction of methyl 1-arylaziridine-2-carboxylates WiNH2-
bromomethyl(phenyl)]trifluoroacetamides. This one-pot syn-
thesis proceeded via tiNebenzylation and highly regioselective
ring-opening reaction of aziridine by bromide anion followed
by the EtN-mediated intramolecular cyclocondensation between
amide nitrogen and alkyl bromide moieties. The easy availability
of starting materials, simple and convenient synthetic procedure,
and formation of functionalized 1,4-benzodiazepine scaffold
ready for further chemical modifications render this method very
useful in synthetic and medicinal chemistry.

Experimental Section

Encouraged by the aforementioned results, we then attempted Ring-Opening Reaction of Methyl 1-Phenylaziridine-2-car-

the one-pot synthesis df5a from the tandem ring-opening
reaction of 12a with 11la followed, without isolation of
intermediated 3aand14a by the EtN-mediated intramolecular
cyclization reaction. Gratifyingly, the reaction proceeded ef-
fectively to furnish15ain good yield (entry 1, Table 2). To

examine its scope and limitation, this one-pot synthesis of 1,4-

boxylate 12a with N-(2-(Bromomethyl)phenyl)-2,2,2-trifluoro-
acetamide 1l1a.A mixture of methyl 1-phenylaziridine-2-car-
boxylate 12a (1 mmol) and N-(2-(bromomethyl)phenyl)-2,2,2-
trifluoroacetamidella (1 mmol) in acetonitrile (10 mL) was
refluxed for 11 h. After completion of the reaction, as monitored
by TLC (ethyl acetate:petroleum ether 1:8), the reaction

benzodiazepine derivatives was further studied with a number Mixture was cooled to room temperature and the solvent was

of substitutedN-[2-bromomethyl(phenyl)]trifluoroacetamides
11b—e and methyl 1-arylaziridine-2-carboxylatd®b—f. As
demonstrated in Table 2, with the exceptionldg with a Cl

removed under vacuum. The residue was chromatographed on a
silica gel column eluting with a mixture of petroleum ether and
ethyl acetate (10:1) to give a mixture @Ba and 14a Products
13aand 14awere not separable by column chromatography, but

atom at the meta position of the benzene ring, all substrateSheir ratio could be estimated satisfactorily from thé NMR
irrespective of the electronic nature of the substituents on both spectrum of the mixture.

benzene rings underwent efficient tandem reaction to produce

the corresponding 1,4-benzodiazepine prodtbts-i in mod-

Intramolecular Cyclization Reaction of 13a+ 14a.A mixture
of 13aand14a (0.5 mmol) and base (0.6 mmol) (see Table 1) in

erate to good yields (entries 2 to 9, Table 2). The low chemical acetonitrile (10 mL) was refluxed for 12 h until the startibga

yield obtained for product5j was probably attributable to the
steric hindrance of reactadtle In other words, the 3-chloro

substituent might pose an unfavorable steric effect on the

reactivity of benzyl bromide.

and 14a was consumed, which was monitored by TLC (ethyl
acetate:petroleum ether 1:8). After the reaction mixture was
cooled to room temperature, the solvent was removed under
vacuum. The product was extracted into ether, the organic phase
was dried with anhydrous MgSQand the solvent was evaporated

All spectroscopic data and microanalysis results were in i yacuo. The residue was chromatographed on a silica gel column
agreement with the structure of 1,4-benzodiazepine products.e|uting with a mixture of petroleum ether and ethyl acetate (10:1)
However, 2- and 3-methoxycarbonyl-1,4-benzodiazepines areto give pure produci5a

not easily differentiated on the basis of spectra. To allow a

definitive assignment of structure, X-ray crystallographic analy-
sis was performed oh5e(Figure S1, Supporting Information).

General Procedure for Synthesis of 1,4-Benzodiazepine
Derivatives 15 from the One-Pot Reaction ofN-[2-Bromom-
ethyl(phenyl)]trifluoroacetamides 11 and Methyl 1-Arylaziri-

It is interesting to note that the 1,4-benzodiazepine molecule dine-2-carboxylates 12A mixture of 11 (1mmol) andl2 (1 mmol)

adopts a boat conformation with the substituents on bot
nitrogen atoms being cis-oriented.
The reaction betweeN-[2-bromomethyl(phenyl)]trifluoro-

hin acetonitrile (10 mL) was refluxed. After the starting materials

were consumed (11 h), which was monitored by TLC (ethyl acetate:
petroleum ether= 1:8), the mixture was cooled and triethyla-
mine (1.2 mmol) was added. The resulting mixture was then

acetamides and methyl 1-arylaziridine-2-carboxylates not only refluxed for another 12 h. The solvent was removed under
provided a straightforward synthetic route to the 1,4-benzodi- vacuum, and water (30 mL) was added. After extraction with diethy!
azepine core structure, but also generated a set of functionalizecether (20x 3 mL), the organic phase was dried with anhydrous
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Hydrolysis of Compound 15h.A solution of15h (1 mmol) and
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Supporting Information Available: Full characterization of all

products!H and®*C NMR spectra of products, and X-ray single-
stal structure ofL5e (CIF). This material is available free of
arge via the Internet at http:/pubs.acs.org.
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