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Diazepine analogs of thieno[2,3-b]pyrrolizin-8-ones were
synthesized by aromatization of 2-hydroxypyrrolo[1,2-
a ]thieno[3,2-e ][1,4]diazepines. These compounds were
evaluated in vitro for their antiproliferative activity
against the L1210 leukemia cell line. The activity of these
compounds was in the micromolar range, the best result
being for the mixture of the isomers 5 and 6 which
showed a 0.35 mM IC50 against cell growth.
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INTRODUCTION

The discovery of new anti-tumoral agents remains
very important in the therapeutic approach to cancer.
Our laboratory very recently described a series of
new compounds with antiproliferative activity: the
thieno[2,3-b ]pyrrolizin-8-ones or tripentones which
probably interact with tubulin, however, their
precise mechanism of action remains unknown.
The in vitro antiproliferative activity of tripentones
against tumoral cells of leukemia L1210 was in the
nanomolar range, the best compound being I ðIC50 ¼

15 nMÞ (Figure 1).1 The structure activity relationship
studies in the series have demonstrated that the
potency of the compound was directly linked with
the position of the hydroxy or methoxy group on the
aryl substituent.

Other tricyclic heterocyclic compounds, the pyr-
rolo[2,1-c ][1,4]benzodiazepines (PBDs), are known
to recognize and bind to specific sequences of DNA.

Extensive studies have been carried out on PBDs2

and the anti-tumor activity has been demonstrated
for many representatives of this series such as DC-81
(Figure 1).3 Nevertheless, no in-depth study has been
reported on aromatic PBDs since their synthesis
remains difficult.

We recently described the aromatisation of
2-hydroxypyrrolo[2,1-c ][1,4]benzodiazepines by
using thionyl chloride (Scheme 1).4 This method
prompted us to apply it in the thiophene series and
to further synthesize analogues of tripentones I in
which ring B would be replaced by a diazepine one.
Presented in this preliminary communication are the
first chemical and biological results from these
studies.

MATERIALS AND METHODS

Chemistry

All common chemicals and solvents utilized were
reagent grade and purchased from Sigma-Aldrich
(Saint Quentin, France) or Acros-Organics (Noisy-
Le-Grand, France). Melting points were determined
on a Kofler melting point apparatus and are
reported uncorrected. Infrared (IR) spectra were
obtained in KBr pellets or neat liquid films with a
Genesis Series FTIR spectrometer. 1H-NMR spectra
were obtained using a JEOL Lambda 400 spec-
trometer operating at 400 MHz in d6-DMSO or
CDCl3 as solvent. Chemical shifts are expressed as d

values (ppm) relative to Me4Si as internal standard.
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All reactions were monitored by TLC, using
0.25 mm-thick precoated silica gel plates (E. Merck)
eluted with ethyl acetate/cyclohexane gradients.
Compounds were purified by CC using silica gel 60
as stationary phase and eluted with ethyl acetate/
cyclohexane gradients. Literature procedures were
used for the preparation of compounds 1a,8 1b–c,9,10

2a,5 3a.6

Synthesis

7-(4-chlorophenyl)-2,4-dihydro-1H-thieno[3,2-

d ][1,3]oxazine-2,4-dione 2b
10 g (37 mmoles) of 1b were suspended in 100 ml

of a solution of potassium hydroxide (3.14 g,
56 mmoles) and 50 ml of ethyl alcohol was added.
The mixture was refluxed under microwave
irradiation (500 W) for 1 h. The resulting solution
was cooled to 08C and phosgene was gently bubbled
until pH 1. After 30 min., the precipitate was filtered
and washed successively with water (200 ml),
saturated sodium hydrogen carbonate solution
(200 ml) and diethyl ether (200 ml). 7.14 g (69%) of
anhydride 2b were obtained as a white solid
(mp . 2608C). IR (KBr) (n: cm21): 3587 (NH), 1791
(CO), 1724 (CO), 1630, 1470, 1335, 851, 791. 1H NMR
(d6-DMSO; d: ppm): 7.42 (d, 2H, J ¼ 8:6 Hz; Hphenyl),
8.08 (d, 2H, J ¼ 8:6 Hz; Hphenyl), 8.18 (s, 1H, Hthioph.).

7-(3,4-dimethoxyphenyl)-2,4-dihydro-1H-

thieno[3,2-d ][1,3]oxazine-2,4-dione 2c
Using the same procedure as for 2b, we obtained

from the aminoester 1c (10 g, 34 mmoles) 5.5 g (55%)
of the anhydride 2c ðmp ¼ 2208CÞ: IR (KBr) (n: cm21):
3346 (NH), 1788 (CO), 1722 (CO), 1523, 1464, 1264,
1244, 989, 810. 1H NMR (d6-DMSO; d ppm): 3.76
(s, 3H, OCH3), 3.78 (s, 3H, OCH3), 6.98 (m, 2H,
Hphenyl), 7.27 (s, 1H, Hphenyl), 8.06 (s, 1H, Hthioph.).

3-(4-chlorophenyl)-7-hydroxy-5,5a,6,7,8,10-hexa-

hydro-4H-pyrrolo[1,2-a ]thieno[3,2-e ][1,4] Diaze-

pine-5,10-dione 3b
1.1 g (3.9 mmol) of anhydride 2b and 0.77 g

(5.9 mmoles) of trans-4-L-hydroxyproline were sus-
pended in a mixture of dioxane (25 ml) and water
(25 ml). The reaction mixture was refluxed for 2 h.
The solution was evaporated under reduced pres-
sure and the residue taken up in a saturated sodium
hydrogen carbonate solution. The solid was filtered
and washed with water. Recrystallization in propan-
2-ol gave 0.83 g (61%) of 3b (mp . 2608C). IR (KBr)
(n: cm21): 3460–3010 (NH and OH), 1686 (CO), 1615,
1424, 1090, 727. 1H NMR (d6-DMSO; d ppm): 2.16 (m,
1H, H6a), 2.69 (m, 1H, H6b), 3.39 (d, 1H, J ¼ 12:2 Hz;
H8a), 4.03 (d, 1H, J ¼ 12:2 Hz; H8b), 4.41 (m, 2H, H5a

and H7), 4.48 (broad s, 1H, OH), 7.29 (d, 2H, J ¼
8:3 Hz; Hphenyl), 7.38 (d, 2H, J ¼ 8:3 Hz; Hphenyl), 8.64
(s, 1H, Hthioph.).

3-(3,4-Dimethoxyphenyl)-7-hydroxy-5,5a,6,7,8,10-

hexahydro-4H-pyrrolo[1,2-a ]thieno[3,2-e ][1,4]

Diazepine-5,10-dione 3c
Using the same procedure as for 3b, we obtained

from the anhydride 2c (4.5 g, 15 mmoles), 2.02 g
(36%) of diazepine 3c (mp . 2608C). IR (KBr)
(n: cm21): 3400–3086 (NH and OH); 1691 (CO),
1614, 1461, 1437, 1416, 1259, 1022, 727. 1H NMR (d6-
DMSO; d ppm): 2.11 (m, 1H, H6a), 2.69 (m, 1H, H6b),
3.33 (d, 1H, J ¼ 11:2 Hz; H8a), 3.69 (s, 3H, OCH3), 3.76
(s, 3H, OCH3), 3.98 (d, 1H, J ¼ 11:2 Hz; H8b), 4.37 (m,
2H, H5a and H7), 4.43 (broad s, 1H, OH), 6.72 (s, 1H,
Hphenyl), 6.77 (m, 2H, Hphenyl), 7.28 (broad s, 1H,
NH), 8.37 (s, 1H, Hthioph.).

5-Chloro-10H-pyrrolo[1,2-a ]thieno[3,2-

e ][1,4]diazepine-10-one 4a
1.5 ml (18.5 mmoles) of pyridine was added to

150 ml of a cooled solution (08C) of thionyl chloride.
4 g (17 mmoles) of diazepine 3a were added and the
mixture was refluxed for 2 h. The thionyl chloride
was evaporated and the residue taken up in crushed
ice. The solid was filtered and washed successively
with water and saturated sodium hydrogen carbon-
ate solution. Recrystallization in acetonitrile gave
2.4 g (60%) of 4a as a yellow solid ðmp ¼ 1908CÞ:
IR (KBr) (n: cm21): 1650 (CO), 1586, 1437, 1316,
1156, 829, 769. 1H NMR (CDCl3; d ppm):

FIGURE 1 Structure of tripentone I and DC-81.

SCHEME 1 Aromatization of 2-hydroxypyrrolo[2,1-c][1,4]
benzodiazepines.
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6.85 (dd, 1H, J ¼ 3:8 and 3:1 Hz; H7), 7.40 (d, 1H, J ¼
5:0 Hz; H3), 7.65 (dd, 1H, J ¼ 3:8 and 1:8 Hz; H6), 7.82
(d, 1H, J ¼ 5:0 Hz; H2), 8.38 (dd, 1H, J ¼
3:1 and 1:8 Hz; H8). 13C NMR (CDCl3; d ppm): 114.7,
123.4, 125.0, 126.7, 127.0, 131.6, 134.8, 146.6, 146.8,
156.2. MS (m/z): Mþ: 236 (100); Mþ þ2: 238 (53).

5-Chloro-3-(4-chlorophenyl)-10H-pyrrolo[1,2-

a ]thieno[3,2-e ][1,4]diazepine-10-one 4b
Using the same procedure as for 4a, we obtained

from diazepine 3b (0.12 g, 0.34 mmole) 0.044 g (37%)

of 4b after recrystallization in cyclohexane ðmp ¼

1758CÞ: IR (KBr) (n: cm21): 1668 (CO), 1584, 1455,
1418, 1261, 1094, 1018, 801. 1H NMR (CDCl3; d ppm):
6.80 (m, 1H, H7), 7.37 (d, 2H, J ¼ 8:3 Hz; Hphenyl),
7.56 (m, 3H, H6 and Hphenyl), 7.80 (s, 1H, H2), 8.33
(m, 1H, H8).

5-Chloro-3-(3,4-dimethoxyphenyl)-10H-pyr-

rolo[1,2-a ]thieno[3,2-e ][1,4]diazepine-10-one 4c
Using the same procedure as for 4a, we obtained

from diazepine 3c (2 g, 5.4 mmoles) 0.48 g (24%) of 4c
after silica gel chromatography with ethyl acetate/-
cyclohexane (1/2) as eluent (mp ¼ 1588C). IR (KBr)
(n: cm21): 1672 (CO), 1588, 1452, 1412, 1258, 1069,
1024, 832. 1H NMR (CDCl3; d ppm): 3.91 (s, 3H,
OCH3), 3.94 (s, 3H, OCH3), 6.86 (m, 1H, H7), 6.99 (m,
2H, Hphenyl), 7.27 (s, 1H, Hphenyl), 7.62 (m, 1H, H6),
7.95 (s, 1H, H2), 8.40 (m, 1H, H8).

5-chloro-3-(3-hydroxy-4-methoxyphenyl)-10H-

pyrrolo[1,2-a ]thieno[3,2-e ][1,4]diazepine-10-one

5 And 5-chloro-3-(4-hydroxy-3-methoxyphenyl)-

10H-pyrrolo[1,2-a ]thieno[3,2-e ][1,4]diazepine-

10-one 6
0.4 g (1.1 mmole) of 4c was dissolved in methylene

chloride (30 ml) and excess of aluminium trichloride
was added. The brown mixture was refluxed for 1.5 h
and cooled to room temperature. The methylene
chloride was evaporated and the residue was
triturated in crushed ice. The mixture was extracted
with ethyl acetate (2 £ 50 ml). The organic layer was
washed twice with water, dried over magnesium
sulfate and the ethyl acetate evaporated. The solid
was recrystallized in petroleum ether to give 0.2 g
of a mixture of 5 and 6 (53%). 1H NMR (CDCl3; d
ppm): 3.92 and 3.95 (2s, 3H, OCH3), 5.59 and 5.76

TABLE I In vitro antiproliferative activity

Compound IC50 (mM)

3c 28.60
4b 6.20
4c 2.50
Mixture of 5 and 6 0.35

0.015

11.70

8.00

IC50: drug concentration that inhibits cell growth by 50%

SCHEME 2 Synthesis of compounds 4a–c.
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(2 broad s, 1H, OH), 6.85 (m, 1H, H7), 6.98 (m, 2H,
Hphenyl), 7.06 (s, 1H, Hphenyl), 7.61 (m, 1H, H6), 7.83
and 7.93 (2s, 1H, H2), 8.39 (m, 1H, H8).

Pharmacology

Compounds 3c, 4b, 4c, and the mixture of 5 and 6
were evaluated in vitro for their antiproliferative
activity against the L1210 leukemia cell line
(Table I).7

RESULTS AND DISCUSSION

Chemistry

The synthesis of 2-hydroxypyrrolo[1,2-a ]thieno[3,2-
e ][1,4]diazepines 3a–c commenced from methyl
3-aminothiophene-2-carboxylate 1a and methyl
3-amino-4-arylthiophene-2-carboxylates 1b–c. The
ester moiety was hydrolysed in ethanolic potassium
hydroxide solution under microwave irradiation and
phosgene was added in situ to give the thiaisatoic
anhydrides 2a–c.5

The anhydrides 2a–c were then reacted, according
to a reported procedure,6 with trans-4-L-hydroxypro-
line in a mixture of dioxane and water to give the
corresponding 2-hydroxypyrrolo[1,2-a ][thieno[3,2-
e ][1,4]diazepines 3a–c. The aromatization of diaze-
pines 3a – c was realized as described in the
corresponding benzene series.4 Thus, refluxing the
diazepines 3a–c in thionyl chloride in the presence of
pyridine led to the isolation of the aromatic
pyrrolo[1,2-a ]thieno[3,2-e ][1,4]diazepines 4a–c in
moderate to good yields (Scheme 2).

Attempts to selectively monodemethylate 4c
using aluminium chloride in methylene chloride in
order to synthesize a diazepine analogue of I, only
led to a mixture of 5 and 6 in an equimolar ratio
in 53% yield (Scheme 3). An efficient preparative
method of separation is now being sought.

Biology

The first biological results confirm our working
hypothesis since analogues of I present a micromolar

antiproliferative activity. 4c is 10-fold more active
than 3c showing the importance of an aromatic
system that is probably quasi-planar. Moreover, 4c is
4-fold more active than II (Table I). These results and
the increase in activity of the mixture of 5 and 6 in
regard to 4c show a close correlation with those of the
tripentone family.

Nevertheless, in regard to the great difference in
activity between II and III, it would be of interest to
separately test compounds 5 and 6. Should the
separation of these compounds prove difficult, the
unequivocal synthesis of these compounds would be
considered as for the synthesis of I.

CONCLUSION

We have synthesized diazepine analogues of
thienopyrrolizinones known as antiproliferative
compounds. The promising results of this new
family and the similarity of the antiproliferative
activity between the two families prompt us to
continue the exploration of this new pyrrolothieno-
diazepine series.
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