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Abstract

A simple and environmentally friendly method is developed for the synthesis of substituted indoles from commercially available

aryl hydrazines and cyclic enol ethers with Montmorillonite-K10 as

a heterogeneous catalyst. The catalyst is non-toxic, inexpensive

and recyclable and the process is clean, high yielding and operationally simple.
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Indoles are an important class of compounds which
have attracted considerable interest in recent years due to
their therapeutic and pharmacological activities.' > Substi-
tuted indoles are sometimes referred to as ‘privileged struc-
tures’ due to their high affinity towards many receptors.”*
For example, the neurotransmitter serotonin (5-hydroxy-
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tryptamine) is involved in various physiological functions
such as appetite, sleep, body temperature and sexual
behaviour.”

Numerous serotonin-like compounds, such as sumatrip-
tan (1), avitriptan (2) and indomethacin (3) are well-known
anti-migraine and anti-infammatory drugs.®®
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Scheme 1.

Among the various approaches towards the synthesis of
indoles,”!° the Fischer indole synthesis has maintained its
prominent role. Further, the Fischer indole reaction with
aldehydes or ketones often involves a two-step process,
that is, hydrazone formation followed by cyclization and
can result in low yields of products.'''* The reaction con-
ditions range from warming with acetic acid to fusing with
ZnCl,, and refluxing with HCl/CH;COOH, and PPA.'*+!®
However, these catalysts are environmentally unfriendly,
hazardous or difficult to handle and are also required in
very large amounts (e.g., PPA in 8- to 9-fold excess by
weight, ZnCl, in 3-fold excess).

Campos has recently reported!® the synthesis of substi-
tuted indoles from cyclic enol ethers, used as aldehydes
equivalents, and enol lactones using 4% H,SO, and
dimethylacetamide (DMACc) as a co-solvent.

Thus, the discovery of a new, inexpensive and environ-
mentally benign approach towards the synthesis of indoles
continues. The use of clays as catalysts has gained signifi-
cant interest in different areas of organic synthesis due to
their environmental compatibility combined with good
yields, reusability, non-corrosiveness, low cost, operational
simplicity and the selectivities that can be achieved.?*

Thus, herein we report a convenient and practical one-
pot synthesis of 3-substituted indoles from commercially
available cyclic enol ethers or enol lactones and aryl hydr-
azines using Montmorillonite K10 clay as catalyst (Scheme
1).

In our preliminary study, the reaction of phenylhydr-
azine hydrochloride with dihydropyran (DHP) was selected
as a model reaction to test the activity of different hetero-

Table 1
Reaction of phenylhydrazine hydrochloride with dihydropyran in the
presence of various solid acids®

Entry Catalyst Yield® (%)
1 Silica 25
2 Amberlyst-15 75
3 Amberlite-120 73
4 Indion-130 70
5 Montmorillonite K10 88
6 Zeolite-HY 52

? Phenylhydrazine hydrochloride: 5 mmol, dihydropyran: 5 mmol,
catalyst: 800 mg, solvent: H,O: N,N-DMAc (1:1 v/v) 15mL, reaction
temperature 80 °C, 3 h.

® Isolated yield.

geneous Brensted acidic catalysts—silica, Amberlyst-15,
Amberlite-120, Indion-130, Montmorillonite K10 and
zeolites-HY at 80°C in 50% N,N-dimethylacetamide
DMAc-H,0 for 3 h (Table 1).

It was found that Montmorillonite K10 was superior to
all the other catalysts examined and gave a good yield of
product. When we tried the same reaction in water as
solvent, the product was obtained in only 50% yield. A
significant amount of by-product 4 was formed."’

OH
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4

In a purely aqueous system, the product and dihydro-
pyran were insoluble creating a highly concentrated
‘organic layer’ that resulted in increased formation of the
triol by-product 4. It was found that the addition of a
co-solvent to the reaction decreased the formation of by-
product to less than 5%. Encouraged by this result, we
investigated the scope of this reaction in other polar
solvents such as 50% aqueous acetonitrile, THF, DMF
and DMACc (Table 2).

It was found that the reaction proceeded smoothly and
gave an excellent 88% yield in 50% aq DMAc. To extend
the scope of the reaction and to generalize the procedure,
we investigated the reactions of a series of aryl hydrazine
hydrochlorides with enol ethers such as DHP and DHF
in the presence of Montmorillonite K10 at 80 °C in 50%
aqueous DMACc (Table 3).

TZ
TZ

Table 2
Effect of solvent on the reaction of phenylhydrazine hydrochloride with
dihydropyran in the presence of Mont. K10 at 80 °C*

Entry Solvent Yield® (%)
1 H,O 50
2 H,O-CH;CN (1:1) 66
3 H,O-N,N-DMAc (1:1) 88
4 H,O-DMF (1:1) 75
5 H,O-THF (1:1) 60

# Phenylhydrazine hydrochloride: 5 mmol, dihydropyran: 5 mmol,
Mont. K-10: 800 mg, 3 h, solvent: 15 mL.
® Isolated yield.
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Table 3

Synthesis of 3-substituted indoles from cyclic enol ethers or enol lactones using Mont. K10?

Entry Aryl hydrazine Enol ether/enol lactone Time (h) Product Yield® (%)
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Table 3 (continued)
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Entry Aryl hydrazine

Enol ether/enol lactone

Time (h) Product Yield® (%)

E )
10 )
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& All reactions were run in 50% aq DMAc at 80 °C.
® Isolated and unoptimised yields.
° Determined by 'H NMR spectroscopy.

The reaction with m-tolylhydrazine hydrochloride led to
the formation of a 55:45 mixture of regioisomeric indoles
(entry 3). When the same procedure was employed on
angelica lactone, the cyclic acyl hydrazone (31) was the only
observed product.”® Formation of a cyclic acyl hydrazone
could be possibly due to cyclization of acid hydrazone 5
rather than the expected 3,3-sigmatropic rearrangement
to afford 2-methylindole 3-acetic acid (6) (Scheme 2). This
could be successfully avoided by protecting the 1-NH of
phenyl hydrazine with benzyl bromide** and subjecting
N-benzyl phenylhydrazine to the same conditions, which
afforded N-benzyl-2-methylindole acetic acid (3m) in 65%
yield.

A tentative mechanism to rationalize the formation of
the products is shown in Scheme 3. The cyclic enol ether

_—
NHNH,.HCI >0% aq. DMAc

80 °C

can be hydrated easily in the presence of the acid catalyst
in water to give 1a®>?® which then undergoes facile ring
opening in water to produce 1b. The condensation reaction
between phenylhydrazine and 1b generates hydrazone 1Ic,
which subsequently undergoes a 3,3-sigmatropic shift
followed by a further rearrangement to give product 3a.
The catalyst was recovered by filtration, washed with
ethyl acetate, dried and recycled for use in subsequent reac-
tions without significant loss in activity. For example, the
reaction of phenylhydrazine hydrochloride and DHP under
the present reaction conditions afforded, 86%, 88% and
83% yields of the corresponding indole over three cycles.
In summary, we have developed a simple and general
method for the synthesis of substituted indoles, which
offers several advantages including good to excellent yields,
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use of an inexpensive and recyclable catalyst and cleaner
reaction profiles.

Typical experimental procedure: To a mixture of phenyl-
hydrazine hydrochloride (5 mmol) and Montmorillonite K-
10 (800 mg) in 50% aqueous DMAc (15 mL) at 80 °C was
added dihydropyran (5 mmol) dropwise over 1 min. The
resultant reaction mixture was stirred at 80 °C or 3 h.
The catalyst was then filtered off and the filtrate was
extracted with ethyl acetate (5 x 2mL). The combined
organic layer was washed with water and concentrated.
The crude product was purified by flash column
chromatography (silica gel: 60—120 mesh and eluted with
20% ethyl acetate—petroleum-ether). All the products were
fully characterized by comparison with authentic samples'”
and by elemental analysis and spectroscopic methods.

Representative data for compound 3a, 3-(1 H-indol-3-yl)
propan-1-ol; IR (neat) 3544, 3412, 2937, 1458, 1339, 1229,
1054, 743 cm™'; "TH NMR (300 MHz, CDCl;): é = 8.05 (br
s, 1H), 7.58 (d, 1H, J=7.8 Hz), 7.26 (d, 1H, J=7.8 Hz),
7.15 (t, 1H, J=7.5Hz), 7.08 (t, 1H, J=7.2 Hz), 6.8 (s,
1H), 3.65 (t, 2H, J = 6.4 Hz), 2.8 (t, 2H, J = 7.5 Hz), 2.01
(m, 2H); MS (EI, 70eV) m/z, 175 (M), 130 (100), 77
(15). Anal. Caled for C;H3NO: Caled: C, 75.43; H,
7.43; N, 8.00. Found, C, 75.40; H, 7.45; N, 8.03.

Acknowledgement

P.R.S. thanks the CSIR, New Delhi, for the award of a
fellowship.

3339

References and notes

~

12.
13.

14.
15.

. Sundberg, R. J. The Chemistry of Indoles; Academic Press: New York,

1970.

. Kaon, T. S. In Alkaloids, Chemical and Biological Perspectives;,

Pelletier, S. W., Ed.; Pergamon: Amsterdam, 1999; Vol. 4, p 285.

. Thara, M.; Fukumoto, K. Nat. Prod. Rep. 1995, 277.
. Evans, B. E.; Rittle, K. E.; Bock, M. G.; DiPardo, R. M.; Freidinger,

R. M.; Whitter, W. L.; Lundell, G. F.; Veber, D. F.; Anderson, P. S.;
Chang, R. S. L.; Lotti, V. J; Cerino, D. J.; Chen, T. B.; Kiling, P. J.;
Kumbkel, K. A.; Springer, J. P.; Hirshfield, J. J. Med. Chem. 1988, 31,
2235.

Castro, J. L.; Matassa, V. G. Tetrahedron Lett. 1993, 22, 4705. and
references cited therein.

Hopkins, S. J. Drugs Today 1992, 28, 155.

. Feniuk, W.; Humphrey, P. P. A. Drug Dev. Res. 1992, 26, 235.
. Shen, T. Y.; Windholz, T. B.; Rosegay, A.; Witzel, B. E.; Wilson, A.

N.; Willett, J. D.; Holtz, W. J.; Ellis, R. L.; Matzuk, A. R.; Lucas, S.;
Stammer, C. H.; Holly, F. W.; Sarett, L. H.; Risley, E. A.; Nuss, G.
W.; Winter, C. A. J. Am. Chem. Soc. 1963, 85, 8.

Humphrey, G. R.; Kuethe, J. T. Chem. Rev. 2006, 106, 2875.

. Gribble, G. W. J. Chem. Soc., Perkin Trans. 1 2000, 1045.
11.

Zepeda, L. G.; Morales-Rios, M. S.; Joseph-Nathan, P. Synth.
Commun. 1992, 22, 3243.

Fischer, G. W. J. Heterocycl. Chem. 1995, 32, 1557.

Pete, B.; Bitter, I.; Szantay, C. J.; Schon, L.; Toke, L. Heterocycles
1998, 48, 1139.

Dave, V. Org. Prep. Proced. Int. 1976, 8, 41.

Kissman, H. M.; Farnsworth, D. W.; Witkop, B. J. Am. Chem. Soc.
1952, 74, 3948.

. McKittrick, B.; Failli, A.; Steffan, R. J.; Soll, R. M.; Hughes, P.;

Schmid, J.; Asselin, A. A.; Shaw, C. C.; Noureldin, R.; Gavin, G. J.
Heterocycl. Chem. 1990, 27, 2151.

. Brodfuehrer, P. R.; Chen, B.; Sattelberg, T. R., Sr.; Smith, P. R,;

Reddy, J. P.; Stark, D. R.; Quinlan, S. L.; Reid, J. G. J. Org. Chem.
1997, 62, 9192.



3340

18.

19.

20.

21.

Nenajdenko, V. G.; Zakurdaev, E. P.; Prusov, E. V.; Balenkova, E. S.
Tetrahedron 2004, 60, 11719.

Campos, K. R.; Woo, J. C. S.; Lee, S.; Tillyer, R. D. Org. Lett. 2004,
6, 79.

Balogh, M.; Laszlo, P. Organic Chemistry using Clays; Springer: New
York, 1993.

Sartori, G.; Ballini, R.; Bigi, F.; Bosica, G.; Maggi, R.; Righi, P.
Chem. Rev. 2004, 104, 199.

22.
23.

24.
25.

26.

P. R. Singh et al. | Tetrahedron Letters 49 (2008) 3335-3340

Clark, J. H.; Macquarrie, D. J. Chem. Soc. Rev. 1996, 25, 303.

This is a commonly observed intermediate when the N-acylhydrazone
forms a six-membered heterocycle: Gouault, N.; Cupif, J. F.; Picard,
S.; Lecat, A.; David, M. J. Pharm. Pharmacol. 2001, 53, 981.

Lerch, U.; Konig, J. Synthesis 1983, 157.

Woods, G. F.. In Organic Syntheses; Wiley: New York, 1955; vol. 3,
p 470 Collect.

Schniepp, L. E.; Geller, H. H. J. Am. Chem. Soc. 1946, 68, 1646.



	An expeditious and environmentally benign methodology for the synthesis of substituted indoles from cyclic enol ethers and enol lactones
	Acknowledgement
	References and notes


