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b U 892 INSERM, Département de Recherche en Cancérologie, 9 quai Moncousu, F-44035 Nantes Cedex 01, France
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Abstract

A new and versatile strategy has been developed towards HA 14-1 analogues, selectively modified on position 4 and/or on the primary
amine function. An important aspect was the appropriate selection of the phenol protective group in the 5-bromosalicylaldehyde,
allowing the isolation of the key intermediate the 2H-benzopyrane-2-imine 20.
� 2008 Elsevier Ltd. All rights reserved.
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Apoptosis is a cell-death process that functions as a
barrier to cancer initiation, and on which the efficiency of
many currently used anticancer therapies relies.1,2 It is crit-
ically regulated by the Bcl-2 family of proteins. Overexpres-
sion of anti-apoptotic Bcl-2 members in cancer cells is
understood to promote their survival in the face of onco-
gene-induced pro-apoptotic signals, and their resistance
against therapy.3,4 In this context, the discovery of small
molecules which antagonise the aberrant survival conferred
to cancer cells by Bcl-2 homologues appears as an attrac-
tive strategy in the area of cancer research. Over a dozen
of Bcl-2 inhibitory molecules have been reported in the last
10 years and some of them are already in preclinical and
clinical studies.3 The 4H-chromene derivative HA 14-1
has been discovered by using computer screening strate-
gies.5 This compound has demonstrated promising pro-
apoptotic activity against cancer cells both in vitro and
in vivo, as a single agent or in combination with chemo-
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or radiotherapy.6–8 However, many questions remain open
concerning the mechanism of action of this molecule.8 This
is due, at least in part, to the very limited structure–activity
relationship available in these series. To the best of our
knowledge, only analogues modified on the aromatic ring
have been reported.9 The biological tests have shown that
the bromine in position 6 could be replaced by some alkyl
or aryl groups.9 As part of our studies in this area, it
appeared important to us to develop synthetic strategies
allowing the preparation of new analogues of HA 14-1.
In particular, modulations on the ‘upper part’ of the mole-
cule (the cyanoester substituent) and the free amino group
appeared very attractive (Fig. 1). The purpose of this Letter
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Fig. 1. HA 14-1 and designed analogues.
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is to present the strategies introduced towards this goal and
the preparation of a few new, selected, HA 14-1 analogues.

The synthesis of HA 14-1 is easily performed in 86%
yield by the condensation of 5-bromosalicylaldehyde 1 with
two molecules of cyanoacetate in the presence of molecular
sieves.10 Various types of catalysts and conditions were
used to prepare 4H-chromenes of this type.11 The synthesis
of HA 14-1 is a consecutive two-step process: Cope–Knoe-
venagel condensation leading to intermediate 2, followed
by Michael addition of a second molecule of cyanoacetate
on the cyclic isomer 20 affording the final product (Scheme
1). It has been reported, for a few salicylaldehyde deriva-
tives containing a second phenolic group, that it was possi-
ble to stop at the first stage and isolate the corresponding
2H-benzopyrane-2-imines intermediates.12 This is not the
case when starting from bromo derivative 1. Whatever
the reaction conditions, the condensation of 1 with 1 equiv
of cyanoacetate afforded a 1:1 mixture of starting material
1 and the HA 14-1 molecule. In that case, the second step
appears to occur faster than the first one.

Therefore, in order to prepare new HA 14-1 analogues,
it was necessary to develop an alternative strategy with the
temporary protection of the phenol group. For that pur-
pose, the use of ethylvinylether was found to be the most
suitable. The synthesis of a first series of analogues is
described in Scheme 2.
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Scheme 1. Reagents and conditions: (i) ethylcyanoacetate, EtOH, 3 Å
Mol. Sieves, rt, overnight.
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Scheme 2. Reagents and conditions: (i) ethylvinylether (6.3 equiv), cam-
phorsulfonic acid (0.2 equiv), THF, �10 �C, 4 h then Et3N and K2CO3

(90%); (ii) ethylcyanoacetate (1.1 equiv), EtOH, 3 Å mol. Sieves, rt,
overnight (65%); (iii) Amberlyst 15, 4 Å mol. Sieves, CH2Cl2, rt, 5 h (80%);
(iv) general procedure: malonate or cyanoacetamide (1.1 equiv), EtOH,
4 Å mol. Sieves, piperidine (cat), rt, 5 h, 5a (70%), 5b (79%), 5c (81%), 5d

(73%).
The protection of bromophenol 1 with ethylvinylether
afforded salicylaldehyde derivative 3 in 90% yield. Conden-
sation with 1 equiv of cyanoacetate gave the desired
electrophilic alkene 4 in 65% yield. Deprotection using
Amberlyst 15 in CH2Cl2 at rt afforded the desired key inter-
mediate (2–20) isolated in 80% yield as a pale yellow crystal-
line powder.13 The heterocyclisation occurred only on the
nitrile group. Extensive NMR studies indicated that this
compound was present as an equilibrium mixture of the
open form (2) and the closed 2H-benzopyrane-2-imine
form (20).14 This equilibrium is strongly shifted towards
the close form in CDCl3 and towards the open form in
DMSO-d6. In agreement with the literature data on similar
compounds,15 particularly representative are the chemical
shifts at 102.2 ppm characteristic of the C@(CN)CO2Et
carbon in 2 and at 131.2 pm for the benzopyrane-2-imine
form 20. On this intermediate, various types of malonate
derivatives reacted readily to afford the desired HA 14-1
analogues 5a–c in good to excellent yields (70–81%).16 In
the same manner the cyanoacetamide anion, selected as a
representative example of a dissymmetric system, afforded
the desired adduct 5d in 73% yield.

This strategy, taking advantage of an isolated intermedi-
ate 20, offers another very attractive possibility through the
possible modulations on the primary amine group.17 As a
first step towards this goal, the reaction of 20 with Ac2O
afforded the desired derivative 6 in 93% yield (Scheme
3).18 N-Chloro and hydrazino derivatives of 2H-benzo-
pyrane-2-imines are known,12 but very few N-Ac represen-
tatives have been reported to date.19 Reaction of 6 with the
cyanoacetate anion afforded, smoothly and in 82% yield 7a,
the N-acetyl analogue of HA 14-1.20 In a similar way, the
diester derivative 7b was also obtained in 76% yield by
addition of the malonate anion. This intermediate 6 proved
to have both a good stability and a good reactivity. In par-
ticular, it was possible to perform cuprate additions on 6.
For instance, reaction with the ethylacetate derived cuprate
afforded compound 7c in 55% yield.21 On the other hand,
the HA 14-1 analogue 7d with an aromatic group in
2

2'

Br

O

CO2Et

NH

Y Z

a: Y = CN, Z = CO2Et   
b: Y = Z = CO2Et
c: Y = H ,  Z =  CO2Et

7

Br

O

CO2Et

N

6 Ac
Ac

OMe
OMeMeO

d : Y,  Z  =

i) ii)

or iii)

Scheme 3. Reagents and conditions: (i) Ac2O (75 equiv), 4 Å mol. Sieves,
40 �C, 12 h; (ii) malonate or cyanoacetamide (1.1 equiv), EtOH, 4 Å mol.
sieves, piperidine (cat), rt, 5 h, 7a (82%), 7b (76%); (iii) EtOAc or 5-
bromo-1,2,3-trimethoxybenzene (2.3 equiv) THF, �80 �C, LDA or BuLi
(2.1 equiv), after 20 min CuI (1.1 equiv), and after 1 h at �35 �C addition
of 6 at �80 �C for 2 h, 7c (55%), 7d (71%).
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position 4 was also easily prepared in 71% yield by cuprate
addition.22

Therefore, this N-acetylimine derivative 6 appears to be
a very versatile intermediate towards HA 14-1 analogues
modified both on the amino function and on the ‘upper
part’ of this molecule.

In conclusion, this strategy involving the temporary pro-
tection of the phenol group proved to be very fruitful. It
allowed an easy synthesis of the two key intermediates 20

and 6. These derivatives should allow the preparation of
a large number of the HA 14-1 analogues modified on
the two positions required for Structure–Activity Relation-
ships. Such syntheses, as well as the biological evaluation
of the corresponding analogues, are under active study in
our groups.
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