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Abstract: A new method for introduction of indolylmethyl group to
aldehydes or ketones using diethyl (o-isocyanophenylmethyl)phos-
phonate through Horner-Wadsworth-Emmons condensation, thiol-
mediated radical cyclization, and the subsequent desulfurization is
described. The Horner-Wadsworth-Emmons reagent was prepared
from 2-nitrobenzaldehyde in a concise three-step sequence.
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The indole nucleus is ubiquitous among a wide range of
natural products, and the synthesis of this important struc-
ture have attracted attention of synthetic chemists.2

Among the numerous methods that have been developed
for the synthesis of indoles, there appear to be few practi-
cal and mild procedures available  for  the  synthesis  of
3-substituted indoles.3 Although several methods for in-
troduction of substituents at C3-position, namely nucleo-
philic addition to indoleines generated by gramine
fragmentation4 or Pd-catalyzed coupling with 3-
haloindoles5, have been well documented, these proce-
dures have some problems with the versatility of the sub-
stituents and/or the stability of the substrates.
Furthermore, the venerable Fischer indole synthesis using
aldehydes often requires heating in the presence of strong
acid, precluding therefore preparation of indoles with
acid-labile functionalities. 6

In our earlier studies, we reported a construction of substi-
tuted indoles by radical cyclization of 2-alkenylphenyl
isocyanide 1 under mild and neutral conditions (Scheme
1).7 The success of this methodology encouraged us to de-
velop a suitable Horner-Wadsworth-Emmons reagents
such as 2 (Scheme 2). This reagent would be condensed
with a variety of aldehydes, which would provide a con-

venient access to a wide variety of 2-alkenylphenyl isocy-
anide 1. Herein, we report a novel strategy for
introduction of indole moiety using diethyl (o-isocy-
anophenylmethyl)phosphonate as an indolylmethylation
reagent.

A facile route to the requisite Horner-Wadsworth-Em-
mons reagent using Pudovik reaction was established
(Scheme 3).8 2-Nitrobenzaldehyde (3) was condensed
with diethyl phosphite, followed by simultaneous catalyt-
ic hydrogenation of the nitro group and the hydroxy group
at the benzylic position to give the corresponding aniline
5. According to the Ugi’s protocol, 9 5 was converted to the
desired isonitrile, diethyl (o-isocyanophenylmethyl)phos-
phonate (2) (47% overall yield from 3). Because of the
simple operations of the sequence, this protocol can be
easily applied to a large-scale preparation.10

Scheme 3

The new Horner-Wadsworth-Emmons reagent 2 has
proven to be quite useful for the synthesis of a wide range
of  2-alkenylphenyl  isocyanides.  A  typical procedure in-
volves addition of either aliphatic or aromatic aldehyde to
an  anion  of  2,  generated  by treatment with LDA at �
78 °C,  and raising the reaction temperature to 23 °C (Ta-
ble 1, entries 1-3).11 In contrast, glyceraldehyde12 ace-
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tonide and the Garner’s aldehyde13 were relatively less
reactive, and as a result, an intramolecular attack of the
benzylic anion of 2 to the isonitrile occurred to give dieth-
yl 3-indolylphosphonate as a side product. This undesired
side reaction could practically be suppressed by the addi-
tion of HMPA (entries 4 vs. 5).

Table 1 Horner-Wadsworth-Emmons Condensations with 2

a) Only E isomer was obtained unless otherwise noted.
b) E/Z ratio was 11 / 1. c) E/Z ratio was 3.7/1.

Depending on the substituents at the olefin terminus of the
indole precursor 1, there remains a problem in the radical-
induced indole formation. While substrates with radical-
stabilizing substituents generally provide cleanly the de-
sired indoles, isonitriles bearing simple alkyl groups such
as 6a resulted in the formation of a considerable amount
of tetrahydroquinoline 8 due to a 6-endo-trig radical cy-
clization (Scheme 4).7a In order to achieve selective 5-
exo-trig cyclization, we have carefully reinvestigated the
reaction conditions.

Scheme 4

Instead of the standard radical conditions using tri-n-bu-
tyltin hydride, we examined the conditions with a various
thiols, and eventually found that the use of excess
ethanethiol was quite effective for the radical cyclization

(Table 2).14 While only 31% of the desired indole 9a was
obtained using 1.5 equivalent of ethanethiol and AIBN in
acetonitrile at 100 °C for 15 minutes, the use of five
equivalents of ethanethiol improved the yield to 71% (en-
tries 1 and 2). Under these reaction conditions, formation
of the corresponding tetrahydroquinoline was not ob-
served. Although the use of other thiols such as thiophenol
or 2-mercaptoethanol also furnished the corresponding 2-
indolyl sulfide in high yields, we chose ethanethiol be-
cause of the higher yields in the subsequent desulfuriza-
tion process (entries 2 vs. 3 or 4). Finally, it was found that
carrying out the cyclization and the desulfurization pro-
cesses without isolation of 2-thioindoles 9 gave 3-substi-
tuted indoles 7 in higher yields.15

Table 2 Thiol-Mediated Radical Cyclization

a) Compound 9a was desulfurized immediately after removal of sol-
vent due to its instability in air.

As summarized in Table 3, a range of 2-alkenylphenyl
isocyanides were converted to the corresponding 3-sub-
stistuted indoles by the optimized reaction conditions
(vide supra).16 In particular, this sequence is compatible
with such acid-labile functionality as acetonide and Boc
group (entries 4 and 5).

A further synthetic application of the present protocol is
demonstrated by the reaction with ketones. Horner-Wad-
sworth-Emmons reaction of 2 with cyclohexanone took
place smoothly in the presence of five equivalents of
HMPA to give olefin 10 in 73% yield. Indole formation
reaction and the subsequent desulfurization afforded 3-in-
dolylcyclohexane 11 in almost quantitative yield (Scheme
5).

In conclusion, we have demonstrated a facile and versatile
method for introduction of indolylmethyl group using a
new Horner-Wadsworth-Emmons reagent. The facile and
practical preparation of the indolylmethylation reagent
coupled with mild cyclization conditions would make this
protocol a general method for the construction of indolyl-
methyl unit from the structurally complex carbonyl com-
pounds.
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1476, 1455, 1364, 1265, 1090, 1040, 972, 756; 1H NMR (250 
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J = 16.0 Hz, 1H), 7.22 (dd, J = 1.2, 7.4 Hz) 7.29-7.32 (m, 2H) 
7.55 (d,  J = 7.5 Hz, 1H); 13C NMR (62.5 MHz, CDCl3) � 29.2, 
33.8, 119.0, 124.4, 125.6, 126.9, 127.2, 129.1, 134.4, 146.3, 
166.3; HR-MS (EI) m/z calcd for C13H15N 185.1204, found 
185.1203.
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See, also; Nakagawa, M.; Yamaguchi, H.; Hino, T. 
Tetrahedron Lett. 1970, 47, 4035.

(16) General Procedure. A mixture of isonitrile (1.0 equiv.), 
ethanethiol (5.0 equiv.) and AIBN (0.1 equiv.) in dry 
acetonitrile in a sealed tube was heated at 100 °C for 15 
minutes under an argon atmosphere. Upon cooling to room 
temperature, the solution was evaporated under reduced 
pressure. After removal of solvent, the residue was dissolved 
in ethanol, to which was added Raney-Ni, and then stirred at 
room temperature. The reaction mixture was then filtrated 
through a pad of Celite. The filtrate was evaporated under 
reduced pressure to yield 3-substituted indoles as analytically 
pure material.
7a; IR (film, cm-1) 3316, 3054, 2962, 2850, 1618, 1460, 1423, 
1343, 1234, 1101, 1010, 743; 1H NMR (250 MHz, CDCl3) � 
0.92 (t, J = 6.6 Hz, 3H), 1.14 (m, 4H), 1.74 (sep, J = 7.4 Hz, 
1H), 2.77 (t, J = 7.4 Hz, 2H), 6.97 (s, 1H), 7.12 (t, J = 7.1 Hz, 
1H), 7.20 (t, J = 7.3 Hz, 1H), 7.36 (d, J = 7.3 Hz, 1H), 7.63 (d, 
J = 7.1 Hz, 1H), 7.88 (s, 1H); 13C NMR (62.5 MHz, CDCl3) � 
14.1, 22.6, 29.8, 30.7, 31.8, 111.0, 117.2, 119.0, 120.9, 121.8, 
127.6, 132.2. HR-MS (EI) m/z calcd for C13H17N: 187.1361. 
Found: 187.1363.
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