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Coumarins and their derivatives are very important structural
motifs that occur widely in natural products.1 Their synthesis has
attracted considerable attention from organic and medicinal chem-
ists for many years as members of this family have wide applica-
tions in medicinal chemistry,2 being known as anticancer,3

antioxidants,4 anti-HIV,5 enzymatic inhibitors,6 or vasorelaxants.7

Besides the medicinal applications, coumarins have been used in
fluorescent probes,8 triplet sensitizers,9 and cosmetic industries.10

Coumarins can be synthesized by one of such methods as the
Witting reaction, Perkin reaction, Pechmann reaction as well as
the Knoevenagel condensation.11 The classical Perkin condensation
is perhaps the most direct and simple method known for the prepa-
ration of substituted coumarins.12 While this procedure is a suitable
method, it suffers from drawbacks such as limited substrate scope,
the use of strong acids and sometimes the necessity of multi-step
reactions. In an attempt to improve on these procedures, Mashraqui
et al. have described a convenient and single step alternative to the
classical Perkin condensation to provide 3-substituted coumarins by
using Mukaiyama esterification protocol.13 Further optimization
leading to practical methods having broad substrate and functional
group tolerance is still essential and would extend the scope of cou-
marin synthesis.

Propylphosphonic anhydride (T3P) is a prevailing peptide cou-
pling reagent having low toxicity.14 Its versatility as a reagent in
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organic synthesis has generated innovative uses for this reagent
beyond peptide synthesis.15 There are quite a few examples,
wherein, T3P is utilized in molecular rearrangements,16 and dehy-
dration chemistry.17 Recently, T3P has been used as a reagent in
the preparation of a range of functionalized heterocycles.18 Herein,
we report our results on the highly effective T3P mediated one-pot
synthesis of functionalized coumarins via the Perkin condensation.

The preparation of 3a from salicylaldehyde (1a) was chosen as a
model reaction (Table 1). Accordingly, preliminary experiments
were done in n-BuOAc with equimolar amounts of 1a, cyanoacetic
acid (2a), and T3P (50% solution in EtOAc) in the presence of
2.0 equiv of triethylamine (TEA) at room temperature (Table 1,
entry 1). Under these conditions the reaction did not proceed be-
yond intermediate 4a, and the mixture was then heated to
100 �C for 10 h to provide 3a in 19% yield (Table 1, entry 2). Further
raise in the reaction temperature (Table 1, entry 3) and amount of
base (Table 1, entry 4) had no influence on the formation of 3a.
Interestingly, when 2.0 equiv of T3P were used (Table 1, entry 5),
3a was obtained in 97% yield within 7 h of stirring at 100 �C. A
comparable result was obtained in a shorter duration when the
reaction was performed at 120 �C in the presence of 2.0 equiv of
T3P, but could be limited to this substrate (Table 1, entry 6). Micro-
wave irradiation did not prove beneficial for the preparation of 3a
(Table 1, entry 7) as it led to an incomplete reaction even after 2 h
of irradiation at 150 �C. Further, formation of 3a was not observed
when the reaction was performed at 120 �C in the absence of T3P,
instead, the Knoevenagel product 5a was isolated in considerable
amount (Table 1, entry 8).
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T3P mediated coumarin synthesis
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Table 1
Screening optimal reaction conditions
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T3P 
TEA (2.0 equiv)
    n-BuOAc
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Entrya T3P (mol %) Time (h) Temp (�C) Yield (%)

3a 4a 5a

1 100 6 25 0 96 0
2 100 10 100 19 77 0
3 100 10 120 23 72 0
4b 100 10 100 21 76 0
5 200 7 100 97 0 0
6 200 5 120 97 0 0
7c 200 2 150 76 19 0
8d 0 10 120 0 0 61

a Reaction was monitored by LCMS.
b 3.0 equiv of TEA were used.
c Reaction was performed under MW irradiation.
d Reaction was performed in the absence of T3P.
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With optimal conditions in hand (Table 1, entry 5), various
commercially accessible salicylaldehydes (1a–f) and 2-hydroxya-
rylketones (1g–j) were reacted with 2a to evaluate the scope and
limitations of T3P mediated coumarin synthesis (Table 2). As
shown in Table 2, the conditions were compatible with various
substituents on the aromatic ring and provided the respective cou-
marins in good yields. Electronic disparities between substrates
had no influence on the rate of reaction or yield. While aldehydes
were more reactive and produced the corresponding coumarins in
6–7 h (Table 2, entries 1–6), 7–10 h of heating was required for ke-
tones to react to give the products in good yields (Table 2, entries
7–10). More importantly, this protocol could be applied to sub-
strates having a labile functional group, such as 1j, affording the
corresponding coumarin 3j without the loss of N-Boc group
(Table 2, entry 10). Such novel coumarins are useful synthetic
handles for further derivatization.

The substrate scope of the reaction was further extended to var-
ious substituted acetic acids (Table 3). Accordingly, 1b was reacted
with diverse carboxylic acids (2b–j) in the presence of T3P
(2.0 equiv) under the optimized reaction conditions.19 In general,
as observed from Table 3, the reaction proceeded well for all acetic
acids we tried, and gave good yields of respective coumarins. It is
noteworthy that chloroacetic acid reacted well under the reaction
conditions to give 3-chloro coumarin (3l) in moderate yield
(Table 3, entry 3). Similarly, N-acetyl glycine produced the respec-
tive coumarin in 81% yield (Table 3, entry 6). However, the reaction
did not tolerate the carboxamide functionality, instead, gave the
corresponding nitrile following dehydration mediated by T3P16a

(Table 3, entry 2). In addition to aryl and alkylsulfonyl acetic acids
(Table 3, entries 4 and 5), arylacetic acids (Table 3, entries 7 and 8)
as well reacted easily under the reaction conditions and gave
excellent yields of corresponding 3-substituted coumarins. In most
cases (Tables 2 and 3), the products were isolated by simple aque-
ous work-up, and purified by passing through a small plug of
silica gel.

Trifluoromethyl substituted coumarins are known to be fluores-
cent markers.20 Nevertheless, such applications are limited to 4-
trifluoromethyl substituted coumarins due to their easy access.21

Interestingly, the only two successful but low yielding prepara-
tions of 3-trifluoromethyl substituted coumarins reported so far
involve the reaction of coumarins with bis(trifluoroacety1)
peroxide22 and that of coumarin-3-carboxylic acids with sulfur tet-
rafluoride.23 As illustrated in Table 3, a convenient and high yield-
ing synthesis of 3-trifluoromethyl substituted coumarins could be
achieved by the reaction of 2-hydroxyarylcarbonyls with 3,3,3-tri-
fluoropropionic acid (Table 3, entry 9).

In order to validate the position of T3P in coumarin synthesis, a
control experiment was undertaken. Thus, 3p was prepared via a
stepwise procedure (Scheme 1). The reaction of 1b with phenylace-
tic acid in the presence of T3P (1.0 equiv) and TEA (1.0 equiv) in n-
BuOAc at room temperature for 4 h afforded the intermediate 4b in
96% yield.24 Subsequent heating of 4b at 120 �C in the presence of
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Scheme 1. Control experiment and probable mechanism of coumarin synthesis.

Table 3
T3P mediated coumarin synthesis: scope of acetic acids
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TEA (1.0 equiv) for 18 h afforded 84% conversion to 3p via
intramolecular aldol-type condensation as monitored by LC–MS
(Scheme 1). However, when 4b was heated at 120 �C in the
presence of 1.0 equiv each of T3P and TEA, complete consumption
of starting material was realized leading to the formation of 3p in
95% yield within 7 h (Scheme 1). Accordingly, the formation of
coumarin could be envisaged as a chronological coupling and
cyclodehydration process mediated by T3P in one-pot via the
intermediates 4b, 7, and 8 as shown in Scheme 1. The first
equivalent of T3P could be involved in the generation of ester
intermediate (4b) and subsequent cyclodehydration in the
presence of another equivalent of T3P would lead to coumarin.19

In summary, a convenient and versatile method has been opti-
mized for the synthesis of coumarins25 via the Perkin condensation
mediated by T3P, a mild and low toxic peptide coupling agent. The
method not only employs readily accessible T3P, but also tolerates
diverse 2-hydroxyarylcarbonyls and acetic acids giving access to
distinctively substituted coumarins in good yields. Further, the
reaction conditions are sufficiently mild that could tolerate sensi-
tive functional groups and make the process a practical method
for coumarin synthesis.

Supplementary data

Supplementary data (1H NMR, 13C NMR and LCMS report for 3a–
r, 4b and 19F NMR for 3i, 3j, 3q and 3r) associated with this article
can be found, in the online version, at http://dx.doi.org/10.1016/
j.tetlet.2012.06.037.
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