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Synthesis of pyrrolo[2,1-c][1,4]benzodiazepines and their
conjugates by azido reductive cyclization strategy as
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Abstract—Synthesis of pyrrolo[2,1-c][1,4]benzodiazepines via azido reductive cyclization process employing FeCl3–NaI reagent sys-
tem. This methodology has been extended for the preparation of new nicotinamido-pyrrolobenzodiazepine hybrids linked through
piperazino-alkane-oxy spacers that exhibit good DNA binding affinity.
� 2005 Elsevier Ltd. All rights reserved.
The compounds that bind within the minor groove of
DNA have attracted much attention due to their
involvement in carcinogenesis and used as antitumour
agents, as well as probes of DNA structure.1 The pyr-
rolo[2,1-c][1,4]benzodiazepine (PBD) class of DNA
binding antitumour antibiotics has been investigated
extensively to develop new antitumour agents.2 The
PBDs are produced naturally from various Streptomyces
species. These molecules exert their biological activity by
covalently binding to N2 of guanine in the minor groove
of DNA through the imine or imine equivalent function-
ality at N10–C11 position of the PBD ring system and
thus interfere with DNA function. A number of these
molecules interact with DNA in a sequence selective
manner and as such have potential as gene targeted
drugs.3,4

In the last decade a number of synthetic routes have
been developed for the preparation of these antibiotics
and have met with varying degrees of success having
some limitations.5–9 The introduction of imine at N10–
C11 position has been generally problematic because
of its high reactivity. The reduction of azido functional-
ity to the corresponding amino group employing differ-
ent type of reagent systems have been investigated in this
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laboratory and recently FeCl3–NaI reagent system has
been utilized for the synthesis of fused quinazolinone10

and pyranoquinoline systems.11

In conjunction with these efforts, we herein report the
use of this reagent system for the preparation of pyr-
rolobenzodiazepines via azido reductive cyclization
process.

The starting materials 1a–d were prepared from their
nitro counterparts by the known literature methods,12

these upon reduction with DIBAL-H (2 equiv) gave the
corresponding aldehydes 2a–d in 55–61% yield. The reac-
tion of 1a–dwith FeCl3–NaI reagent system gave the cor-
responding dilactams 3a–d in 80–85% yield, while the
reaction of 2a–dwith the same reagent systemhas resulted
in their imine forms 4a–d16 in 70–80% yield (Scheme 1).

This methodology has been further extended towards
the synthesis of nicotinamido-pyrrolobenzodiazepine
hybrids. Recently, a series of N-substituted nicotin-
amides has been identified as a new class of potent induc-
ers of apoptosis and their potential as anticancer
agents.13 Additionally, nicotinamides could effect the
DNA binding potential of a molecule because of the
presence of a carbonyl and pyridyl functionality. There-
fore, nicotinamide has been linked to the PBD ring sys-
tem through a piperazino-alkane-oxy spacer chain at C8
position to unravel the DNA binding potential of such
hybrids.
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Scheme 1. Reagents and conditions: (i) DIBAL-H, �78 �C, CH2Cl2, 45 min; (ii) FeCl3–NaI, MeCN, rt, 15 min.
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The precursors 5a–c have been prepared by the methods
reported earlier.12 This was further treated with N-Boc
piperazine to give 6a–c, which on Boc deprotection
yielded 7a–c. This is coupled with nicotinoyl chloride
followed by reduction with DIBAL-H and on treatment
with FeCl3–NaI reagent system produced the com-
pounds 10a–c17 in 50–60% yield (Scheme 2).

The DNA binding ability for these nicotinamido-PBD
hybrids has been determined by thermal denaturation
studies using calf thymus (CT)-DNA. It is interesting
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Scheme 2. Reagents and conditions: (iii) N-Boc-piperazine, MeCN, K2CO3,

(v) nicotinoylchloride hydrochloride, MeCN, K2CO3, reflux, 24 h, 75–80% yie

NaI, MeCN, rt, 15 min, 50–60% yield.
to observe that in this assay all the three compounds ele-
vate the helix melting temperature of CT-DNA up to
4.5 �C (10c) after incubation for 18 h at 37 �C, whereas
DC-81 exhibits a DTm of 0.7 �C after incubation under
similar conditions (Table 1). Thus demonstrating that
these PBD hybrids posses good DNA binding ability.

The restriction endonuclease inhibition studies carried
out on these molecules also confirm the relative binding
affinity of these PBD hybrids. The experimental proto-
col described in the previous study has been
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Table 1. Thermal denaturation data of C8 linked PBD-nicotinamide

hybrids with CT-DNA

PBD hybrid PBD/DNA

molar ratiob
DTm (�C)a after 18 h
incubation at 37 �C

10a 1:5 3.5

10b 1:5 3.8

10c 1:5 4.5

DC-81 1:5 0.7

a For CT-DNA alone at pH 7.00 ± 0.01, Tm = 69.2 �C ± 0.01 (mean

value from 10 separate determinations), all DTm values are ±0.1–

0.2 �C.
b For a 1:5 molar ratio of [PBD]/[DNA], where CT-DNA concentra-

tion = 100 lM and ligand concentration = 20 lM in aqueous sodium

phosphate buffer [10 mM sodium phosphate + 1 mM EDTA,

pH = 7.00 ± 0.01].

Figure 1. RED100-restriction endonuclease digestion assay for A-C8

linked PBD with CT-DNA inhibitory activity of 10c on the cleavage of

plasmid pBR322 by restriction endonuclease BamH1 (20 units in 2 lL)
for 1 h at 37 �C. The cut (C) and uncut (UC) products were separated

by agarose gel electrophoresis and visualized by ethidium bromide

staining under UV illumination. Lane 1: control pBR322; lane 2:

complete digest of pBR322 by BamH1; lane 3–8: increasing concen-

tration of 10c.
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employed.14,15 The results of this experiment for a repre-
sentative compound 10c is shown in Figure 1, suggesting
the inhibition of BamH1 by this PBD hybrid.

In conclusion, a practical and useful azido reductive
cyclization of the PBD ring system has been developed
employing FeCl3–NaI reagent system. This methodol-
ogy is not only spontaneous, which takes place under
mild conditions but also employs less expensive reagents
used for such a reductive cyclization. Furthermore, this
reductive cyclization process has also been extended for
the preparation of nicotinamido-PBD hybrids that
exhibited good DNA binding affinity. The detailed bio-
logical studies for these compounds are under
investigation.
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