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Thermal cyclization of N-trifluoroacetyl enehydrazines under mild conditions:
A novel entry into the Fischer indole synthesis
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Abstract: An efficient thermal cyclization of N-trifluoroacetyl enchydrazines for the synthesis of indoles is described.
© 1999 Elsevier Science Ltd. All rights reserved.

The indole nucleus is an important element in many pharmacologically active compounds. The Fischer
indole synthesis is the most widely used method for the preparation of indoles.! However, two major
drawbacks to the Fischer indole synthesis are that yields are sometimes low!-3 with numerous byproducts being
formed, and the reactions involving unsymmetrical hydrazines or ketones often give products with low
regioselectivity. 147 Particularly, the low yields are a persistent problem in the Fischer indole synthesis.
Although the Fischer indole synthesis is usually carried out in the presence of an acid catalyst, the acid may
cause decomposition of the indole produced and, therefore, thermal cyclization in the absence of a catalyst
(without a catalyst) appears to offer advantages over the acid-catalyzed procedure. However, a high
temperature (180-250 °C) is required for such cyclization. In order to solve these problems in the Fischer
indolization under the conventional conditions, we investigated thermal cyclization of N-trifluoroacetyl
enchydrazines 1 at below 90 °C and established a new and efficient version of the Fischer indolization (Scheme
1). The newly-found reaction provides an alternative method for the synthesis of indoles 3 and indolines 2.
Although the Fischer indolization of N-acetyl enehydrazine has previously been reported,8 it required either an
elevated temperature (170 °C) or an acid catalysis (dichloroacetic acid) to achieve successful cyclization.
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Scheme 1

We first examined the thermal cyclization of N’,N’-diphenylcyclopentenyl-N-trifluoroacetyl enehydrazine
4a (Table 1). 4a was prepared by acylation of the corresponding hydrazone 7 with trifluoroacetic anhydride
(TFAA) at 0 °C. A solution of 4a in THF was heated at 65 °C for 5 h 10 give the indoline Sa in 99% yield
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(entry 2). Surprisingly, the reaction also proceeded at room temperature but required prolonged reaction time
(entry 1). Reductive deamination of Sa with sodium cyanoborohydride proceeded smoothly to give the
corresponding indoline unsubstituted at the 3a-position in quantitative yield. In general, it is difficult to isolate
2-aminoindolines such as Sal which is proposed as an intermediate of Fischer indolization. To our knowledge,
the literature contains only a few referencesS-11 pertaining to the isolation of 2-aminoindoline derivatives. The
thermal cyclization of 4a in xylene at 138 °C gave the indole 6a in 92% yield (entry 3). Under the same
conditions, the indoline Sa was converted into the indole 6a in quantitative yield as a result of the elimination of
trifluoroacetamide.  The reaction of N’'-monopheny] enehydrazine 4b proceeded smoothly in toluene at 90 °C
to give the indoline 5b along with the unreacted starting material (entry 4). In this case, upon prolonged
heating the indoline Sb was converted into the corresponding indole 6b. The substituent effect in the
cycloalkene part of N-trifluoroacetyl enchydrazines was then investigated (entries 5-7). The indolines Sc,d!2
and indole 6e were obtained in high yields under similar mild conditions. In the cases of
cyclohexenehydrazines 4f,g, the indoles 6f,g were obtained as the sole product with no isolation of the
indolines (entries 8, 9).
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Table 1. Thermal cyclization of the N-trifluoroacetyl enehydrazines 4a-g
Entry Substrate Conditions  Time (h) 5 Yield (%)
1 4a : R'=Ph, R%=H, n=1 A 480 % —_
2 4a : R'=Ph, R2=H, n=1 B 5 ® —
3 4a : R'=Ph, R2=H, n=1 D 4 — ?
4 4 : R'=R2=H, n=1 c 7 56 —
5 4c : R'=Ph, R2=Me, n=1 B 5 7% -
6 4d : R'=Ph, R2=CH,SPh, n=1 A 168 %9 —
7 de : R'=H, R2=Me, n=1 c 7 _— 90
8 4 : R'=Ph, R2zH, n=2 B 1 _— 53
9 4g : R'=Ph, R?=Me, n=2 o] 9 — 8

condition A: standing at r.t. (25 °C); condition B: heating at 65 °C in THF;
condition C: heating at 90 °C in toluene; condition D: heating at 138 °C in xylene.

The difference between the structures of products (indolines Sa-d from cyclopentenehydrazines 4a-d and
indoles 6f,g from cyclohexenehydrazines 4f,g) could be explained as follows.? The indole double bond is
not readily accomodated in a fused system such as 1,2,3,3a,4,8b-hexahydrocyclopent{blindoles in which the
two rings are five-membered and rather rigid. On the other hand, it is clear that no comparable difficulty exists
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in the elimination of triflucroacetamide when the more flexible six-membered cyclohexane ring is present as
shown in 6f,g. The regioselective thermal cyclization of N-trifluoroacetyl enehydrazines prepared from
unsymmetrical ketones would be useful for synthesis of various polycyclic indole alkaloids.

In order to investigate the electronic effect of the trifluoroacetyl group, we examined the thermal
cyclization of hydrazone 7 and the N-acetyl enchydrazine 8 (Scheme 2).  These cyclizations did not proceed
at 65-90 C and a high temperature (138 °C) was required for successful cyclization.  However, the yield of
indole 6a was low (18-36 %) probably due to decomposition of the product.  This result suggests that the
"non-catalytic" thermal cyclization involving [3,3]-sigmatropic rearrangement of the N-trifluoroacetyl
enehydrazines is an efficient method for the indole synthesis.
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Table 2. Thermal cyclization of the A-trifiuoroacety! enehydrazines 9a-c

Yield (%

Entry Substrate Conditions Time (h) 10( b
1 9a : R'= R%=Me B 10 v
2 9 : R'=Me, R%=Et B 4 ®
3 % : R'=Me, R%=Et A 480 50
4 9¢ : R'=H, R2=Et (o] 10 7

condition A: standing at r.t. (25 °C); condition B: heating at 65 °C in THF;
condition C: heating at 90 °C in toluene.

To demonstrate the generality of the cyclization of N-trifluoroacetyl enehydrazines, we next investigated
thermal cyclization of the acyclic substrates 9a-c¢ (Table 2). Under similar conditions, 9a-c readily afforded
the corresponding indoles 10a-c. Since thermal cyclization of N-trifluoroacetyl enehydrazines occurred with
no isomerization of olefin under mild conditions, the substituted indoles such as 2-mono- and 2,3-disubstituted
indoles were selectively obtained as the sole product. The high reactivity of N-trifluoroacetyl enehydrazines
would be explained as follows. The facility of conversion of N-wifluoroacetyl enehydrazines to indoles
depends on the reaction rate of [3,3]-sigmatropic rearrangement and the reactivity would increase because of a
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small energy difference between LUMO!3 of an olefin substituted with the trifluoroacetamido group and HOMO
of another olefin of the phenyl ring.

In conclusion, we have now established a novel synthetic route to indoles via thermal cyclization of N-
trifluoroacetyl enehydrazines which proceeds smoothly under mild conditions.  Further work on application
of this method to the synthesis of biologically active natural products having an indole nucleus is in progress.

Acknowledgement
We wish to thank the Ministry of Education, Science, Sports and Culture of Japan and the Science
Research Promotion Fund of the Japan Private School Promotion Foundation for research grants.

References and Notes
1. Reviews of Fischer indole synthesis: a) Robinson, B. Chem. Rev. 1963, 63, 373-401. b) Robinson, B.;
Chem. Rev. 1969, 69, 227-250. c) Robinson, B. The Fischer Indole Synthesis; John Wiley and Sons,
New York, 1982. d) Hughes, D. L. Org. Prep. Proced. Int. 1993, 25, 609-632.
Kelly, A. H.; McLeod, D. H.; Parrick, J. J. Chem. Soc. 1965, 43, 296-301.
Kidwai, M. M.; AhLuwalia, V. K. IndianJ. Chem. 1988, 27B, 962.
Miller, F. M.; Schinske, W. N. J. Org. Chem. 1978, 43, 3384-3388.
Hughes, D. L.; Zhao, D. J. Org. Chem. 1993, 58, 228-233.
Zhao, D.; Hughes, D. L.; Bender, D. R.; DeMarco, A. M.; Reider, P. J. J. Org. Chem. 1991, 56,
3001-3006.
Maruoka, K.; Oishi, M.; Yamamoto, H. J. Org. Chem. 1993, 58, 7638-7639.
8.  Schiess, P.; Sendi, E. Helv. Chim. Acta 1978, 61, 1364-1372.
Southwick, P. L.; McGrew, B.; Engel, R. R.; Milliman, G. E.; Owellen, R. J. J. Org. Chem. 1963, 28,
3058-3065.
10. Eberle, M. K.; Brzechffa, L. J. Org. Chem. 1976, 41, 3775-3780.
11. Bast, K,; Durst, T.; Huisgen, R.; Lindner, K.; Temme, R. Tetrahedron 1998, 54, 3745-3764.
12. The stereostructure of 5d was established unambiguously by single-crystal X-ray analysis.

A S

=~

The relative configuration of 5 ¢ was deduced from comparison of the IH-NMR spectrum with that of 5d.
13.  Energy levels (eV) of LUMO of several olefins shown below were calculated with a semiempirical
MOPAC method utilizing a PM3 Hamiltonian and the CAChe system (SONY Tektronix).

A Me ANCHO A ONHCHO 2 “NHCOCFs
1177 (eV) 0.184 0.464 0302



