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Abstract A one-step synthesis of pyrrolo[1,4]benzodiazepine dilact-
ams has been developed. The high yielding method involves direct cou-
pling of unprotected anthranilic acids with proline esters. This transfor-
mation was successfully applied in the first total syntheses of
boseongazepines B and C as well as oxoprothracarcin and limazepine E.

Key words pyrrolo[1,4]benzodiazepine, dilactams, total synthesis,
oxoprothracarcin, boseongazepine

Pyrrolo[1,4]benzodiazepines (PBD’s) 1 are naturally oc-
curring tricyclic antitumor antibiotics, possessing an S-con-
figuration chiral center at C11a, resulting in right-handed
twist of the molecule (Figure 1). The first PBD class mem-
ber, anthramycin (2)1 was isolated in 1968 by Leimgruber et
al. and immediately attracted the attention of scientific
community due to its interesting biological properties. It
was found that PBD’s covalently bind to C-2 amino group of
guanine residues within the minor groove of DNA.2
Nowdays a significant amount of information3 (over 200
publications and 40 patents) on PBD’s can be found in the
scientific literature. The reports include the isolation of
new natural products, novel synthetic pathways, as well as
new applications of PBD’s. Furthermore, one PBD class
member, SJG-136 is in Phase II clinical trials for treating
ovarian carcinoma.4

PBD dilactams, containing the oxidized N10-C11 amidic
moiety have become popular due to their robustness to-
wards a number of synthetic transformations and nowa-
days several protocols for conversion of the N10-C11 amide
functionality to the DNA-alkylating imine function are
known.3d Furthermore, in the past decade there has been a

growing interest in PBD dilactams themselves, since they
have shown interesting biological activity towards several
different targets.5

The published protocols for the synthesis of the PBD di-
lactam skeleton usually consist of several synthetic steps.3a

Typically, the last step of PBD dilactam 3 synthesis is the B-
ring formation of prefunctionalized substrates (Scheme 1).

Classical methods include a reductive cyclization of azi-
doesters 4 or nitroesters 5, or a condensation of proline es-
ters 7 with isatoic anhydrides 6. Furthermore, PBD dilact-
ams can also be obtained via transition-metal-catalyzed
processes (8 and 9).

The number of synthetic steps as well as the harsh con-
ditions and reagents used in published protocols encour-
aged us to develop an alternative protocol for the synthesis
of PBD dilactams.

In our previous studies6 we found that PBD dilactam 12
could be readily synthesized in a two-step sequence by first
cleaving the nitrogen protecting group of proline 10, fol-
lowed by coupling the intermediate proline ester hydro-
chloride to the corresponding unprotected anthranilic acid

Figure 1  Representative PBD structures
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11 (Scheme 2). These noteworthy results directed us to
study the scope and limitations of this novel method for the
synthesis of PBD dilactams. Herein we report an efficient
method for the synthesis of PBD dilactams in a single step
from unprotected anthranilic acids and proline esters.

A number of commercially available anthranilic acids
and proline esters were examined for the synthesis of the
corresponding PBD dilactams, and the results are shown in
Table 1.

Table 1  Synthesis of PBD Dilactams

Scheme 1  Retrosynthetic analysis of PBD dilactams3a
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Scheme 2  Synthesis of dilactam 12; ACE-Cl = 1-chloroethyl chlorofor-
mate; BOP = (benzotriazol-1-yloxy)tris(dimethylamino)phosphonium 
hexafluorophosphate; HOBt = 1-hydroxybenzotriazole hydrate
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Table 1 (continued)

After optimization of the reaction conditions initially
found, the best results were obtained using BOP as the am-
ide coupling reagent in combination with HOBt·H2O and
Et3N in DMF.8 The transformation generally proceeds with
good yields of up to 96% (Table 1, entries 5 and 6) and a
number of functional groups are tolerated; even unprotect-
ed hydroxyl groups (Table 1, entry 3) and phenol groups
(Table 1, entries 4 and 10). Unprotected proline also could
serve as a coupling partner (Table 1, entry 1). However
higher yields were obtained by using a proline ester (Table
1, entry 2). In contrast, the reported methods for the syn-

thesis of these PBD dilactams often contain multistep syn-
thesis (six steps in case of 159) or harsh reaction conditions
(several hours at 120 °C–150 °C in DMSO in case of 13,10

1411 and 1812). The transformation was also applicable to
the total synthesis of two natural products, namely,
boseongazepine B13 (20) and oxoprothracarcin14 (19) as
well as the key intermediate 12 used in the total synthesis
of limazepine E.6 Oxoprothracarcin (19) was selectively
transformed into boseongazepine C (23) by reduction of the
N10-C11 amide group (Scheme 3).
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73a,b
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64b

a Cat. HCl in THF–H2O was necessary to effect the cyclization.
b Yield in three steps, including the PMB protecting group cleavage of the proline nitrogen using ACE-Cl.7
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Scheme 3  Total synthesis of boseongazepine C

The reported method15 for selective reduction of the
N10-C11 amide group gave very low yields of the desired
boseongazepine C (23) and the reaction was also not repro-
ducible. A reduction of the double bond was also observed
using these conditions. To increase the yield of the reduc-
tion we applied the described3d concept by introducing an
N10 nitrogen protecting group to lower the electron densi-
ty on nitrogen N10, thereby increasing the electrophilicity
of the C11-carbonyl. Although the N10 protecting group
was successfully installed, the subsequent reduction se-
quence was again low yielding. Nevertheless, the spectro-
scopic data of boseongazepine C (23) obtained by either re-
duction method were in a good agreement with the litera-
ture data.

In summary, we have developed a convenient and high
yielding method for the synthesis of pyrrolo[1,4]benzodiaz-
epine dilactams in one step from unprotected anthranilic
acids and proline ester derivatives. Notably, a number of
functional groups are tolerated, even unprotected hydroxyl
and phenol groups. The broad number of commercially
available proline esters and anthranilic acids makes this
method a valuable tool for the synthesis of large PBD dilact-
am libraries in short time.
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