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An efficient one-pot reaction of indoles, nitroacetate,
and paraformaldehyde for the synthesis of tryptophan derivatives
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Abstract—An efficient method for the synthesis of tryptophan analogues has been developed via one-pot reaction of commercial
available indoles, ethyl nitroacetate, and paraformaldehyde in the presence of molecular sieves. The reaction provided tryptophan
nitro-precursors in moderate to good yields, which were further converted to a-hydroxymethylated tryptophan derivatives catalyzed
by DABCO in high yields.
� 2007 Elsevier Ltd. All rights reserved.
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As an essential amino acid, tryptophan along with its
analogues has attracted much attention in the area of
pharmaceutical and biochemical research. a-Trypto-
phan was reported to inhibit the growth of Bacterium
coli1 and to be used as IDO inhibitors.2 In addition,
tryptophan analogues are important building blocks
for the synthesis of biologically active compounds rang-
ing from peptide mimetics to natural products.3 Among
various synthetic methods, two strategies have been used
for the preparation of tryptophan analogues. One is
based on indole chemistry4 and another involves the
construction of indole ring by Fischer-indole cyclization
or palladium catalyzed heteroannulation.5 However,
most methods either need pre-synthesized substrates or
require multi-step synthetic reactions.

Nowadays, one-pot multicomponent reactions have
emerged as valuable tools in organic synthesis for reduc-
ing operative steps and enhancing synthesis efficiency.6

In 1978, Yonemitsu reported a one-pot reaction of
indoles, Meldrum’s acid, and aldehydes to synthesize
indolepropionates7 that was developed to tryptophan
derivatives by Laronze via further multistep chemical
transformation of alcoholysis, domino acylazide forma-
tion-Curtius rearrangment-benzylalcohol solvolysis and
deprotection.8 Such synthetic methodology provided
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an approach to b-substituted tryptophan derivatives.
However, in case of simple tryptophan derivatives with-
out substituents in b-position, base-catalyzed one-pot
reaction of indoles, Meldrum’s acid and formaldehyde
afforded a mixture of condensation products and further
hydroxymethylated derivatives.9 On the other hand,
nitroacetate, a widely used reactive methylene com-
pound,10 has been rarely reported in Yonemitsu
reaction, probably due to the highly reactive intermedi-
ates generated in condensation with formaldehyde,
which is easily polymerized under heating and basic con-
ditions. Herein, we wish to report an efficient one-pot
reaction of indoles, nitroacetate, and paraformaldehyde
to provide tryptophan precursors in the presence of
molecular sieves. Tryptophan derivatives are obtained
in high yields upon reduction of nitro group to amino
group.

In the preliminary study, 37% aqueous formaldehyde
solution was used in the one-pot reaction (Scheme 1).
In the presence of HOAc as a promoter, the reaction
of indole (1a), ethyl nitroacetate (2), and aqueous form-
aldehyde (3) provided tryptophan nitro-precursor 4a in
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Table 1. One-pot reaction of indole 1a, nitroacetate 2, and paraform-
aldehyde 3a

Entry Ratio (1a:2:3) Solvent Additive Yieldc (%)

1b 3:1:3 THF HOAc 27
2 3:1:3 THF 4AMS 40
3 3:1:3 Toluene 4AMS 62
4d 3:1:3 Toluene 4AMS 50
5 1:4:8 Toluene 4AMS 92
6 1:4:8 Toluene 4AMS/Cu(OTf)2

e 38
7 1:4:8 CH3CN 4AMS 35
8 1:4:8 Toluene — 14

a 4 Å MS: 500 mg per 1 mmol ethyl nitroacetate, 70 �C, 7 h.
b 37% aqueous formaldehyde solution, 3 equiv HOAc.
c Isolated yield.
d Reflux.
e 5 mol % Cu(OTf)2.

Table 2. One-pot reactions of indoles 1, ethyl nitroacetate 2, and
paraformaldehyde 3 for the synthesis of tryptophan precursors 4a
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only 27% yield (Table 1, entry 1). Since synthesis of
compound 4a by such one-pot reaction could be consid-
ered as sequential reactions of nitroaldol condensation
and Michael addition and a molecule of water would
be generated (Scheme 2),11 we used paraformaldehyde
instead of aqueous formaldehyde solution, in which
molecular sieves were employed to absorb the water.
As expected, one-pot reaction of indole (1a), ethyl nitro-
acetate (2), and paraformaldehyde in the presence of
molecular sieves afforded 4a in 62% yield in toluene
(entry 3). Solvent played a key role in the reaction.
The one-pot condensation proceeded in toluene better
than in THF or in CH3CN (entries 3 and 4). High tem-
perature (in reflux toluene) resulted in low yield (entries
4 vs 3).

It was important to note that in the absence of molecu-
lar sieves,12 the yield dropped dramatically (entries 8 vs
5). A stepwise one-pot reaction which ethyl nitroacetate
(2) reacted with paraformaldehyde (3) first in the pres-
ence of molecular sieves, then added indole resulted in
only 61% yield of 4a and remained indole was recovered.
Therefore, indole reacted with in situ generated 6 is very
important in order to obtain high yield. When a Lewis
acid Cu(OTf)2 was added in the reaction system, the
yield was decreased dramatically (entry 6). It should
be noted that the side reaction of indole with paraform-
aldehyde (3) was entirely inhibited under the reaction
conditions, even though excess paraformaldehyde was
used (entry 5). The control experiment showed that the
reaction of indole with paraformaldehyde provided only
N-alkylated product 7 in 34% yield. The best ratio of
indole, ethyl nitroacetate, and paraformaldehyde was
found to be 1:4:8 and toluene was the best solvent (entry
5).
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Under the optimized conditions, various indole deriva-
tives 1 could react with ethyl nitroacetate 2 and paraform-
aldehyde 3 in one-pot (Table 2). In all cases,
tryptophan nitro-precursors 4 were obtained in moder-
ate to good yields. When indoles have electron-donating
substituents, the reaction provided 4a–i in excellent
yields, but the electron-withdraw group resulted in low
yield (entry 6).

Tryptophan precursors 4 could be easily transformed to
the corresponding tryptophan analogues by reduction of
nitro group. As an application of the present one-pot
reaction, b-carboline 8 was synthesized from 4. Treat-
ment of 4a with Zn/H+13 followed by Pictet–Spengler
reaction using EtCHO in the presence of TFA provided
ethyl 1-ethyl-2,3,4,9-tetrahydro-1H-b-carboline-3-carb-
oxylate 8 in 65% overall yield and 7:3 ratio of cis/trans
diastereomers (Scheme 3).

In the one-pot condensation of indole 1c, ethyl nitroac-
etate (2), and paraformaldehyde (3), trace amount of
hydroxymethylated product 9c was observed by a fur-
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a Reaction temperature: 70 �C, 1:2:3 = 1:4:8.
b Isolated yield.
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ther aldol reaction. Since a-substituted tryptophans
showed interesting biological properties,14 we trans-
formed tryptophan precursors 4 to corresponding
hydroxymethylated derivatives 9 under basic conditions.
Table 3 showed the one-pot reaction for the synthesis of
a-hydroxymethylated tryptophan precursors 9. After
three component condensation of indoles, nitroacetate,
and paraformaldehyde, 5 mol % DABCO was added
to generate the hydroxymethylated derivatives 9 in good
yields (Table 3).15

In conclusion, an efficient method for the synthesis tryp-
tophan analogues or its a-hydroxymethylated deriva-
tives has been developed via one-pot reaction of
commercial available indole, ethyl nitroacetate, and
Table 3. One-pot reactions of indoles 1, ethyl nitroacetate 2, and
paraformaldehyde 3 for the synthesis of hydroxymethylated trypto-
phan precursors 9a
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a 1:2:3 = 1:4:8, 70 �C, 10 h; then 5 mol % DABCO, 3 equiv paraform-
aldehyde, 70 �C, 6 h.

b Isolated yield.
paraformaldehyde. In the presence of molecular sieves,
the reaction provided tryptophan nitro-precursors in
moderate to good yields. A further reaction catalyzed
by DABCO affords a-hydroxymethylated tryptophan
precursors in good yields.
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