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Friedel-Crafts alkylation of indoles with
nitroolefins in the presence of 3-cyclodextrin in
water under neutral conditions

Vydyula Pavan Kumar, Regati Sridhar, Boga Srinivas, Mendu Narender, and

Kakulapati Rama Rao

Abstract: Various indolyl nitroalkanes were prepared by the reaction of indoles with nitroolefins in the presence of -
cyclodextrin in water under neutral conditions. B-Cyclodextrin can be recovered and re-used several times without loss

of activity.
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Résumé : On a préparé divers nitroalcanes d’indolyle par réaction d’indoles avec des nitrooléfines, en présence de cy-
clodextrine, dans des conditions aqueuses neutres. On peut récupérer la B-cyclodextrine et la réutiliser un certain

nombre de fois sans perte d’activité.
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[Traduit par la Rédaction]

Introduction

Indoles are present in many biologically active and natu-
rally occurring compounds (1) and are also important inter-
mediates for the synthesis of drugs and pharmaceuticals (2).
Many indole alkaloids were synthesized utilizing the in-
creased nucleophilic reactivity of the 3-position of the indole
ring (3). The addition of indoles to electron-deficient alkenes,
which in many respects is considered as Friedel-Crafts reac-
tion (4), is a reaction of considerable synthetic utility, and
the adducts resulting from the reaction are key intermediates
for the synthesis of many biologically active compounds (5).
However, the synthesis of 3-substituted indoles in the classi-
cal methodologies utilized indolylgrignard reagent (6),
whereas the later reports involved either acid or base cata-
lysts (7). These methods suffer from various disadvantages,
such as drastic reaction conditions, longer reaction times,
lower yields, and undesirable side products due to polymer-
ization (8). Thus, there is a need to develop mild and envi-
ronmentally benign Friedel-Crafts synthesis of these high
value 3-substitued indoles in water under neutral conditions
with a recyclable catalyst. The use of aqueous medium as
solvent under neutral conditions reduces the harmful effects
of organic solvents and also precludes the use of either acid
or base. This becomes further sophisticated if these reactions
can be performed under supramolecular catalysis. Though
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there are reports in aqueous media with Lewis-acid catalysts
(9), there are no reports under neutral conditions in water.
The fundamental problem in performing these reactions in
water is that many organic substrates are hydrophobic and
are insoluble in water. Therefore, we made an attempt at the
Friedel-Crafts synthesis of 3-substituted indoles in water
through supramolecular catalysis using B-cyclodextrin (-
CD) under neutral conditions.

The choice towards cyclodextrins was dictated by the fact
that many interactions are dominated by hydrogen bonding
in organocatalysis. Recently, metal-free hydrogen-bonding
based catalysts have been put on a rational basis (10). Hy-
drogen-bonding motif is becoming a powerful tool in
organocatalysis for the activation of carbonyl groups and re-
lated compounds through weak hydrogen-bond interactions
(11). It is well-known that substituents of aromatic rings ca-
pable of hydrogen bonding can bind the OH groups of the
cyclodextrin edges (12). Cyclodextrins, which are cyclic oli-
gosaccharides, exert micro-environmental effects leading to
selective reactions (13). They catalyze reactions by supramo-
lecular catalysis through noncovalent bonding as seen in en-
zymes. Complexation depends on the size, shape, and
hydrophobicity of the guest molecules. These attractive fea-
tures of cyclodextrins and our earlier expertise in the
biomimetic modeling of chemical reactions (14) prompted
us to examine their utility in Friedel-Crafts reaction of
indoles with nitroolefins.

Results and discussion

In general, the reactions were carried out by the in situ
formation of the B-CD complex of the indole in water fol-
lowed by the addition of nitroolefin and stirring for 1-3 h at
50 °C to give the corresponding products (Scheme 1).
Alkylated indoles were formed as single products with high

© 2008 NRC Canada



908
Scheme 1.
R5
R2 R2 NO,
DR SN0, _ BCD.HO N\ g
N + ORETNXATY2 50°C N
s R rs R*
NO.
03 o om0,y )
H N ks

degree of conversion (Table 1). This methodology is also
compatible ~with  various substituted indoles and
nitroolefines. Several examples illustrating this simple and
practical methodology are summarized in Table 1. All the
products were characterized by 'H NMR, IR, mass spectros-
copy, and elemental analysis. No asymmetric induction was
observed in these reactions. The catalyst B-CD can be easily
recovered and re-used. To see the further application of this
reaction, it was also extended to pyrrole heterocycle (Ta-
ble 1, entries 17 and 18).

The reaction also occurs at room temperature, but longer
reaction times (48 h) are required and the isolated yields of
products obtained are also low (1%—15%). All compounds
listed in Table 1 failed to react with nitroolefins in water at
50 °C without the presence of B-cyclodextrin. Use of a cata-
lytic amount of B-CD (0.1 mmol per mole of the substrate) at
50 °C had no impact on the reaction. These experiments in-
dicate the substantial role of cyclodextrin. However, the re-
action did not proceed when substituents such as bromo and
nitro were present in the 5-position of indole ring, whereas
the presence of other functionalities improved the reaction,
which explains the important role of electron density on
heterocycle. It is observed that the reaction did not proceed
with alkyl substituted nitroolefins such as ((E)-2-
nitrovinyl)cyclohexane and (E)-1-nitrobut-1-ene. The impor-
tance of this methodology can be seen in the case of 5-
hydroxy indole (Table 1, entries 9 and 10), which reacts with
nitroolefins in very good yields, whereas the reported meth-
odologies utilize either acidic or basic catalysts leading to
low yields even after prolonged reaction times because of
the interaction of the indolyl hydroxyl group with the cata-
lyst (4d, 7f).

Inclusion complexes of indole with B-cyclodextrin have
been studied by Galian et al. (15). In this model, it was pro-
posed that the indole is included in the B-cyclodextrin cavity
in such a way that the pyrrole moiety of indole ring is di-
rected towards primary face of B-cyclodextrin and a hydro-
gen bonding formed between indolic proton and oxygen of
the primary hydroxyl (C¢—O) of B-cyclodextrin. This hydro-
gen bonding enhances the nucleophilicity of indole. Under
the present reaction conditions of supramolecular catalysis,
this type of positioning of indole in the cyclodextrin cavity
facilitates the complexation of nitroolefin from the primary
side, which can be activated by hydrogen bonding with Cs—
OH of cyclodextrin for further reaction with indole. This is
depicted in Fig. 1. However, in the case of N-substituted
indoles (Table 1, substrates 1g and 1h), longer reaction times
are required, since the hydrogen bonding is not possible in
these cases. This clearly explains the importance of the pres-
ence of free indolic NH group.
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The evidence for this mechanistic approach (Fig. 1) was
deduced from 'H NMR spectroscopy. The studies were car-
ried out with indole (1a) and 2-((E)-2-nitrovinyl)furan (2b)
as representative examples. NMR spectroscopy is one of the
most important techniques used for the characterization of
inclusion complexes. The formation of an inclusion complex
results in the shift changes in the resonances of the host
cyclodextrin and the guest protons (16). A comparison of the
"H NMR spectra (D,0) of B-CD, B-CD : indole complex, and
freeze-dried reaction mixture of B-CD : indole complex with
the nitroolefin 2b at 1 h were studied. It is observed from
Fig. 2 that there is an upfield shift of H; (0.03 ppm) and Hs
(0.05 ppm) protons of cyclodextrin in the 3-CD : indole
complex as compared with B-CD, indicating the formation of
an inclusion complex of indole with B-CD from the second-
ary side of cyclodextrin. It is further observed from the spec-
tra of the reaction mixture of B-CD : indole complex with
the nitroolefin 2b at 1 h that there is also an upfield shift of
Hg proton by 0.06 ppm. This indicates the complexation of
the nitroolefin 2b from the primary side of cyclodextrin for
the reaction to proceed (Fig. 2). This clearly demonstrates
that the nitroolefin is elegantly set for the addition reaction
with the indole in the hydrophobic microenvironment of -
cyclodextrin cavity.

Thus, we have demonstrated for the first time an opera-
tionally simple and efficient aqueous phase Friedel-Crafts
synthesis of indolyl nitroalkanes and pyrrolyl nitroalkanes
by using P-cyclodextrin under neutral conditions. J3-
Cyclodextrin, apart from being nontoxic is also considered
metabolically safe (17). In contrast with the existing meth-
odologies using many acidic and basic catalysts, this method
is very simple, high-yielding, and environment-friendly. Fur-
ther potential applications of this reaction are under study.

Experimental

General

Melting points were recorded on a Buchi R-535 apparatus
and are uncorrected. IR spectra were recorded on a
PerkinElmer FTIR 240-c spectrometer using KBr optics. 'H
NMR spectra were recorded on Gemini-200 spectrometer in
DMSO using TMS as internal standard. Mass spectra were
recorded on an Agilent 1200 spectrometer. Starting materials
were obtained commercially from Aldrich, Lancaster and
were used without purification.

General procedure for the synthesis of indolyl
nitroalkanes and pyrrolyl nitroalkanes

B-CD (1 mmol) was dissolved in water (20 mL) by warm-
ing to 50 °C until a clear solution was formed. Then,
indole/pyrrole (1 mmol) dissolved in methanol (0.5 mL) was
added dropwise, followed by nitroolefin (I mmol), and the
mixture was stirred at 50 °C until the reaction was complete
(as monitored by TLC) (Table 1). The mixture was extracted
with ethyl acetate, and the extract was filtered. The organic
layer was dried over anhyd. Na,SO,, the solvent was removed
under reduced pressure, and the resulting product was further
purified by column chromatography. The aqueous layer was
cooled to 5 °C to recover B-CD by filtration.
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Table 1. Freidel-Crafts reaction of indoles and pyrrole with nitroolefins in the presence of B-CD in water at 50 °C.

Entry Substrate R! R? R3 R* Nitroolefin R’ Product®  Time (h)  Yield” (%)
1 la H H H H 2a Ph 3a‘¢ 3.0 88
2 1la H H H H 2b 2-Furyl 3b¢ 3.2 86
3 1b Me H H H 2a Ph 3¢ 2.1 92
4 1b Me H H H 2b 2-Furyl 3d¢ 2.4 93
5 le Ph H H H 2a Ph 3ed 2.5 90
6 1c Ph H H H 2b 2-Furyl 3f 3.0 89
7 1d COOH H H H 2a Ph 3g 2.4 85
8 1d COOH H H H 2b 2-Furyl 3h 2.5 86
9 le H OH H H 2a Ph 3id 34 91
10 le H OH H H 2b 2-Furyl 3j 3.5 90
11 1f H H Et H 2a Ph 3k 2.2 93
12 1f H H Et H 2b 2-Furyl 31 2.4 94
13 1g H H H Me 2a Ph 3m* 5.3 82
14 1g H H H Me 2b 2-Furyl 3n¢ 5.5 84
15 1h H H H Bn 2a Ph 30¢ 6.2 81
16 1h H H H Bn 2b 2-Furyl 3p° 6.3 80
17 Pyrrole — — — — 2a Ph 3q¢ 33 89
18 Pyrrole — — — — 2b 2-Furyl 3r¢ 3.4 92

“All the products were characterized by 'H NMR, IR, and mass spectroscopy.

’Isolated yields after purification.
‘Ref. 7g.
“Ref. 9b.
‘Ref. 7h.

Fig. 1.

Characterization data for new compounds

3-(1-(Furan-2-yl)-2-nitroethyl)-2-phenyl-1H-indole (3f)

Light yellow solid; mp 125-127 °C. IR: 3429, 3057,
2924, 1456 cm™!. 'H NMR (CDCl;, 300 MHz) &: 8.13 (s,
1H), 7.59-7.04 (m, 10H), 6.35-6.27 (m, 1H), 6.14 (d, 1H, J
= 3.21 Hz), 5.35 (t, 1H, J = 7.74 Hz), 522 (dd, 1H, J =
12.46, 7.55 Hz), 493 (dd, 1H, J = 12.46, 7.93 Hz). 1’C
NMR (CDCls, 75 MHz) &: 152.58, 142.16, 136.98, 135.97,
131.90, 129.08, 128.73, 126.72, 122.59, 120.25, 119.82,
111.32, 110.46, 107.37, 107.31, 77.12, 35.48. ESI-MS m/z:
333 (M + 1). Anal. caled. for C,yH(N,O5: C, 72.28; H,
4.85; N, 8.43. Found: C, 72.02; H, 4.98; N, 8.56.

3-(2-Nitro-1-phenylethyl)-1H-indole-2-carboxylic acid (3g)

White solid; mp 198-200 °C. IR: 3367, 2961, 1556 cm™.
'"H NMR (CDCl; + DMSO-d,, 200 MHz) &: 11.15 (s, 1H),
7.53-7.07 (m, 8H), 6.96 (t, 1H, J = 7.32 Hz), 6.08 (t, 1H, J
= 8.05 Hz), 5.47-5.12 (m, 2H). '3C NMR (CDCI; + DMSO-
dg, 75 MHz) o: 168.43, 156.72, 146.14, 141.83, 132.52,
130.65, 128.31, 125.64, 122.84, 122.31, 121.74, 121.43,
120.58, 80.74, 41.27. EI-MS m/z: 310 (M*). Anal. calcd. for

Fig. 2. '"H NMR spectra of (a) B-CD, (b) B-CD : indole complex,
and (c) reaction mixture after 1 h. The spectra were obtained in
D,0 at 25 °C.

c8-H

3,
CHH flesy

c)

b)

a)

40 38 36 34

C,7H4N,0,: C, 65.80; H, 4.55; N, 9.03. Found: C, 66.04; H,
4.43; N, 9.12.

3-(1-(Furan-2-yl)-2-nitroethyl)-1H-indole-2-carboxylic
acid (3h)

Brown solid; mp 201-203 °C. IR: 3506, 2972, 1574 cm™!.
'"H NMR (CDCl; + DMSO-ds, 200MHz) &: 11.44 (b s, 1H),
7.65-6.84 (m, 5H), 6.39-6.06 (m, 3H), 5.27 (dd, 1H, J =
12.50, 8.59 Hz), 5.02 (dd, 1H, J = 13.28, 7.03 Hz). 13C
NMR (CDCl; + DMSO-d;, 75 MHz) &: 168.16, 157.41,
146.52, 141.19, 130.93, 129.84, 129.67, 125.66, 125.10,
121.53, 117.76, 115.38, 111.79, 81.81, 39.48. ESI-MS m/z:
301 (M + 1). Anal. calcd. for C;5H;,N,O5: C, 60.0; H, 4.03;
N, 9.33. Found: C, 60.23; H, 4.11; N, 9.24.

© 2008 NRC Canada



910

3-(1-(Furan-2-yl)-2-nitroethyl)-1H-indol-5-0l (3j)

Oil. IR: 3419, 1550 cm™'. '"H NMR (CDCl;, 200MHz) &:
10.18 (s, 1H), 7.21-6.95 (m, 2H), 6.88-6.80 (m, 1H), 6.76—
6.59 (m, 2H), 6.32-6.22 (m, 1H), 6.13 (d, 1H, J = 2.94 Hz),
5.16-4.78 (m, 3H). '*C NMR (CDCl;, 75 MHz) §: 150.62,
141.04, 131.04, 126.19, 123.40, 113.62, 112.27, 112.0,
110.18, 109.47, 106.87, 102.43, 77.23, 35.57. ESI-MS m/z:
273 M + 1). Anal. caled. for C;,H,N,O,: C, 61.76; H,
4.44; N, 10.29. Found: C, 61.51; H, 4.57; N, 10.17.

7-Ethyl-3-(2-nitro-1-phenylethyl)- 1H-indole (3k)

Oil. IR: 3422, 3058, 2965, 1550 cm™'. '"H NMR (CDCl,,
200 MHz) &: 7.94 (b s, 1H), 7.41-7.17 (m, 6H), 7.06-6.87
(m, 3H), 5.25-4.77 (m, 3H), 2.83 (q, 2H, J = 7.39 Hz), 1.35
(t, 3H, J = 7.39 Hz). '3C NMR (CDCl,, 75 MHz) &: 139.23,
135.36, 128.86, 127.74, 127.48, 126.77, 125.83, 121.23,
121.14, 120.23, 116.60, 114.83, 79.49, 41.63, 23.84. 13.68.
ESI-MS m/z: 295 (M + 1). Anal. caled. for C;gH;gN,O,: C,
73.45; H, 6.16; N, 9.52. Found: C, 73.68; H, 6.29; N, 9.40.

7-Ethyl-3-(1-(furan-2-yl)-2-nitroethyl)-1H-indole (31)

Oil. IR: 3417, 3018, 2929, 1552 cm™'. '"H NMR (CDCl,,
300 MHz) 6: 7.98 (b s, 1H), 7.39-7.31 (m, 2H), 7.08-6.95
(m, 3H), 6.29-6.24 (m, 1H), 6.13-6.09 (m, 1H), 5.19 (t, 1H,
J =7.74 Hz), 499 (dd, 1H, J = 12.46, 7.93 Hz), 4.86 (dd,
1H, J = 12.46, 7.36 Hz), 2.81 (q, 2H, J = 7.74 Hz), 1.35 (4,
3H, J = 7.74 Hz). '3C NMR (CDCl;, 75 MHz) &: 142.23,
140.56, 132.41, 129.71, 128.52, 123.47, 121.20, 120.43,
117.61, 116.46, 112.23, 107.36, 77.84, 35.81, 22.70, 13.73.
ESI-MS m/z: 285 (M + 1). Anal. caled. for C;(H;(N,O5: C,
67.59; H, 5.67; N, 9.85. Found: C, 67.82; H, 5.78; N, 9.72.
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