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REACTION OF PYRROLO[2,1-c][1,4]BENZODIAZEPINE-2,5,11-TRIONES
WITH PHOSPHORUS OXYCHLORIDE
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King Henry I Street, Portsmouth, Hants, POt 2DZ, UK.

Abstract: Reaction of pyrrolo[2,1-c][1,4]1benzodiazepine-2,5,11-triones of type 3a-c
with phosphorus oxychloride affords chloroalkenes of type 4a-c instead of the expected
chioroimidates (6a-c).

The pyrrolo[2,1-c1[1,41benzodiazepine (PBD) family of antitumor antibiotics'
includes members such as anthramycin, tomaymycin, sibiromycin, the neothramycins A and B,
and chicamycin. These compounds are thought to exert their biological activity through
covalent binding in the minor groove of DNA, via an aminal 1linkage from the electrophilic
carbinolamine-bearing C11-position to an N2 of guaninez. In view of the importance of
the carbinolamine functionality, we became interested in developing new strategies for
its synthesis. During the course of these efforts, we attempted to synthesize the 1t-
chloroimidate 6a by reaction of the pyrrolo[2,1-¢][1,4]benzodiazepine-2,5,11-trione (gg)
with phosphorus oxychloride. Our intention was to convert 6a to the corresponding imine
(a carbinolamine equivalent) using LiA1(tBu0)3H3, however, the 2-chloropyrrolo[2,1-c]-
[1,4]benzodiazepine-5,11-dione (4a) was formed in high yield instead of the desired
11-chlorpimidate.
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The precursor 3a was prepared by Jones oxidation of 2-hydroxypyrrolof2,1-c][1,4]-
benzodiazepine-5,11-dione, which in turn was synthesized by condensation of isatoic
anhydride (1) and trans-4-hydroxy-L-proline (2) in dimethyl formamide4. In a typical
reaction, a suspension of 3a (200mg) in phosphorus oxychloride {10m1) was heated in an
0il bath between 80-90°C for 1.5 h. The reaction mixture was then poured into ice water
(30m1) and left for 4-6 h, After extraction with ethyl acetate (3x10ml1), the combined
organic phase was dried (anhydrous MgSO4) and evaporated under vacuum to afford a solid
residue. Purification by column chromatography (silica gel, chloroform-methanol 9.8:0.2)
afforded 168mg (78% yield, m.p. 237-239°C) of 5,10,11,11a-tetrahydro-2-chloro-1H-
pyrrole[2,1-c][1,4]benzodiazepine-5,11-dione (4a), which was characterized by analytical
and spectroscopic data®. Furthermore, 3b and §5§ with substituents in the benzene ring,
gave the corresponding 2-chloro substituted derivatives (4b and 4c¢) in 75% and 71% yields
on reaction with phosphorus oxychloride, thus establishing the generality of the reaction,

It is interesting to note that the pyrrolo[2,1-c][1,4]benzodiazepine-5,10-dione
without a carbonyl functionality at CZ2 did not undergo reaction with P0C13, and only
starting material was recovered. Steric effects are the most Tikely cause of the
unreactivity of the N10-C11 amide, as the electronic structure appears normal from
spectroscopic data.

In conclusion, this reaction with POC]3 represents a specific conversion of a
pyrrolobenzodiazepin-2-one to the corresponding 2-chloroalkene in the presence of a
potentially enolizable amide. The reaction is regiospecific for C2-C3, which may reflect
the difference in acidity between the C1 and C3 protons. Most of the biologically active
natural products in the anthramycin family have C2-C3 unsaturation and C2-substituents,
and therefore this reaction may be useful in the preparation of synthetic precursors,
Further investigations are in progress on the applications of this work.
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