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A direct synthesis of 2-arylpropenoic acid esters having nitro
groups in the aromatic ring: a short synthesis of (±)-coerulescine

and (±)-horsfiline†
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Abstract—A short synthesis of 2-arylpropenoic acid esters that possess nitro groups in their phenyl ring using common and less
expensive reagents is described. The usefulness of this methodology is substantiated by the efficient total syntheses of
(±)-coerulescine and (±)-horsfiline from the 2-arylpropenoic acid esters obtained. © 2002 Elsevier Science Ltd. All rights reserved.

2-Arylpropenoic acids signify a medicinally important
class of non-steroidal anti-inflammatory agents.1 2-
Arylpropenoic acids possessing nitro groups in their
aromatic rings such as 2 are potential starting materials
for the preparation of several analgesic and anti-inflam-
matory 2-(4-aminophenyl)propionic acid derivatives of
type 1 (Fig. 1).2 In addition, these compounds have
served as potential intermediates in certain natural
product syntheses3,4 and other purposes.5 There have
been a few reports concerning the syntheses of this class
of compounds. While the procedure of Cho et al.
started with p-nitroacetophenone,6 the other two proce-
dures warranted p-nitrophenylacetic acids as starting
materials.7,8 Furthermore, the first procedure involves
reaction of dichlorocarbene in a two-phase system
using a phase-transfer catalyst and is not commonly
followed in the literature. The classical procedure that
is frequently used in the preparation of these com-
pounds involves reacting the appropriate phenylacetic
acid ester with ethyl oxalate under basic conditions
followed by treating the resultant oxalo-ester with aq.
formaldehyde in the presence of K2CO3.7 The third
procedure involved a Mannich reaction in converting
p-nitrophenylacetic acid to the target compound.8 Very
recently, a palladium-catalyzed coupling of an �-stan-
nyl acrylate to a nitro-aryl iodide has been disclosed as
a method of preparing these compounds.9 Herein, we

report a direct and straightforward synthesis of the title
compounds from readily available starting materials in
two steps employing less expensive reagents.

Our synthesis started from commercially available aro-
matic nitro compounds having leaving groups in either
the ortho or para position with respect to the nitro
group. The aromatic nucleophilic substitution of
dimethyl malonate onto 2-fluoronitrobenzene 3
afforded the nitro-malonate 4 as reported earlier from
this laboratory (Scheme 1).10 The treatment of nitro-
malonate 4 with aq. formaldehyde in the presence of
K2CO3 cleanly afforded the nitro-aryl propenoate 5.
This conversion was expected to occur with initial
decarboxylation followed by the aldol condensation of
the resultant aryl acetic acid derivative with formalde-
hyde in one-pot and this was eventually confirmed by
carrying out the conversion in a stepwise manner. Thus,
treatment of nitro-malonate 4 with aq. K2CO3 resulted
in decarboxylation giving the nitro-phenyl acetate 6,
which underwent aldol condensation with formalde-
hyde leading to the nitro-aryl propenoate 5.11 This
preparation of compound 5 from commercially avail-
able 2-fluoronitrobenzene in two steps constitutes a
short synthesis of a 2-arylpropenoic acid ester possess-
ing a nitro group in the aromatic ring.
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Scheme 1. Reagents and conditions : (a) NaH, dimethyl mal-
onate, THF, rt, 83%; (b) K2CO3, formalin, 60°C, 75%; (c)
K2CO3, H2O, 60°C, 70%; (d) K2CO3, formalin, 60°C, 62%.

the systems, the second step had varied yields from
moderate to very good. The diversity with which the
2-arylpropenoic acid esters could be prepared as shown
in Table 1 reveals the potential of this method in the
synthesis of this type of compound.

In addition to the anticipated use of these compounds
in preparing analogues of anti-inflammatory com-
pounds, we have also used them as starting materials
for the synthesis of oxindole alkaloids in a bid to
substantiate the potential of these compounds in
organic synthesis. (−)-Horsfiline 15 was the first alka-
loid isolated in 1991, among other known alkaloids,
from a Malaysian medicinal tree Horsfieldia superba
Warb. belonging to the Horsfieldia genus by Bodo and
co-workers.13 Recently, Colegate and co-workers iso-
lated a related oxindole alkaloid (−)-coerulescine 8 from
Phalaris coerulescens.14 Horsfiline had attracted wide
attention from synthetic chemists and many method-
ologies were applied to its synthesis.15 We report the
syntheses of both the natural alkaloids in their racemic
form from the 2-arylpropenoic acid esters obtained
using the above methodology.

The 2-arylpropenoic acid ester 5 obtained in two steps
from 2-fluoronitrobenzene was converted to (±)-
coerulescine 8 in two further steps using the route
reported byPalmisano and co-workers.15a Thus, the 1,3-
dipolar cycloaddition of the nitro-ester 5 to a N-methyl-
azomethine ylide, generated from N-methylglycine and
paraformaldehyde, afforded smoothly the pyrrolidine
nitro-ester 7 in very good yield (Scheme 2). Subsequent
hydrogenation of the compound resulted in clean
cyclization leading to (±)-coerulescine 8 in only two
steps from the nitro-ester 5 obtained using our method.
Thus, the synthesis of (±)-coerulescine was achieved in
four steps from commercial material with an overall
yield of 45%.

Analogously, the synthesis of (±)-horsfiline 15 war-
ranted the synthesis of nitro-ester 13 possessing a
methoxy group in the aromatic ring starting the synthe-
sis from 2,4-difluoronitrobenzene (Scheme 3). Our ini-
tial plan was to introduce a methoxy group to the
fourth position of 2,4-difluoronitrobenzene by a selec-
tive aromatic nucleophilic substitution but this proce-
dure failed as the reaction occurred at both fluorine
atoms resulting in 2,4-dimethoxynitrobenzene. Thus, we
changed our strategy to introduce initially dimethyl
malonate, though we expected both regioisomers, and

Having obtained a 2-arylpropenoic acid ester possess-
ing a nitro group in the aromatic ring in two steps from
commercial materials, we turned our attention to gener-
alize the protocol and the results are summarized in
Table 1. A wide variety of aromatic nitro compounds
possessing functional groups ranging from halogens
such as chlorine (entries 2 and 3) and fluorine (entries 5
and 6) to methyl (entry 7) and trifluoromethyl groups
(entry 8) were chosen as starting materials for the
study. While the first step of aromatic nucleophilic
substitution occurred in excellent yields in almost all

Table 1. Examples of the preparation of 2-arylpropenoic
acid esters

Starting materialEntry Yield of
compound
analogous to

4 (%) 5 (%)

1-Chloro-2,4-dinitrobenzene 89 591
3,4-Dichloronitrobenzene2 85a 70
1,2,3-Trichloro-5-nitrobenzene 483 80
1-Fluoro-4-nitrobenzene4 88a 33b

5 3,4-Difluoronitrobenzene 89 32b

3,4,5-Trifluoronitrobenzene 836 24b

3-Fluoro-4-nitrotoluene7 62 52
8 2-Chloro-3,5-dinitrobenzotrifluoride 86 41

a Reported from this laboratory before.10

b The poor yield is due to the formation of a Michael addition
product (ca. 25%).12

Scheme 2. Synthesis of (±)-coerulescine. Reagents and conditions : (a) Sarcosine, (CH2O)n, 3 A� molecular sieves, toluene, reflux
86%; (b) H2, 10% Pd/C, MeOH, 84%.
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Scheme 3. Synthesis of (±)-horsfiline. Reagents and conditions : (a) NaH, dimethyl malonate, THF, rt, 73%; (b) H2, 10% Pd/C,
MeOH, 62%; (c) NaH, MeOH, rt then 60°C, 51%; (d) K2CO3, formalin, 60°C, 80%; (e) NaH, MeOH, rt, 76%; (f) Sarcosine,
(CH2O)n, 3 A� molecular sieves, toluene, reflux 66%; (g) H2, 10% Pd/C, MeOH, 83%.

subsequently introduce the methoxy group to the para
position of the 2-isomer. To this end, the treatment of
dimethyl malonate with 2,4-difluoronitrobenzene and
NaH was carried out and we obtained predominantly
one isomer in good yield (the other isomer formed in
less than 5%). We identified the major isomer as the
required ortho-addition product 9 based on the similar-
ity of its aromatic splitting pattern in the 1H NMR
spectrum with that of commercially available 2-nitro-4-
fluorotoluene. The structure of 9 was unambiguously
confirmed by hydrogenating to the oxindole compound
10, which exists as the aromatic indole compound.
Having obtained the required isomer 9, we next turned
our attention to introduce the methoxy group to the
para position. Thus, treatment of nitro-diester 9 with
NaOMe in methanol at rt resulted only in recovery of
starting material. However, at 60°C substitution of the
methoxy group to the fourth position occurred with
concurrent decarboxylation yielding the unwanted
nitro-ester 11. Consequently, we planned to introduce
the methoxy group after forming the 2-arylpropenoic
acid ester moiety, which was accomplished under the
usual conditions giving the nitro-acrylate 12. Treatment
of 12 with NaOMe in methanol cleanly gave the desired
methoxy nitro-acrylate 13 in 76% yield.15a,16 The further
steps to complete the synthesis of (±)-horsfiline 15 were
performed as usual. Thus, the synthesis of (±)-horsfiline
was achieved in five steps from a commercially avail-
able substance with an overall yield of 24%. The spec-
tral data of synthetic (±)-coerulescine 8 and
(±)-horsfiline 15 were comparable in all respects with
those of literature values.17

In conclusion, we have developed a short and direct
method for the preparation of 2-arylpropenoic acid
esters possessing nitro groups in their phenyl rings. The
synthesis involves commercially available starting mate-

rials and less expensive reagents than those previously
reported. We believe that the methodology, which led
to the accessibility of a wide range of nitro-acrylates,
would be useful in the preparation of analogues of
anti-inflammatory drugs. The potential of this method
was substantiated by the short syntheses of the oxindole
alkaloids (±)-coerulescine 8 and (±)-horsfiline 15 in
excellent overall yields from commercially available
starting materials and the syntheses should be amenable
for the preparation of the natural products in large
scale for biological evaluation.
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