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MILD REDUCTION OF INDOLES TO INDOLINES WITH ZINC BOROHYDRIDE
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Abstract — Mild reduction of indoles to .indolines was achieved

by using zinc borohydride as 'a neutral reducing agent,

In the course of our studies on the use of zinc borohydride for the selective reduc-
tion of various functional groups, we have reported that the reagent is wvery useful
for the reduction of benzenethiol esters,1 acyl chlor:i.das,2 acetals and ketals.3

In this paper we wish to describe a mild reduction of indoles to indolines.

There has been known a variety of methods for the reduction of indoles to indolines4
including the reagents such as borane,5 amine—borané complexes,6 borohydrides,7

11 12

NaCNBH 8 silicon hydrides,9 dissolving metals,l0 Hz over catalysts, and others.

3'
The utility of this transformation has become increasingly important in connection
with the synthetic interest of an antitumor agent CC-1065 (1) or phosphodiesterase

13, 14

inhibitors PDE-I (2) and PDE-II (3). Generally, for this purpose borane or
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Table 1. Reduction of Indoles to Indolines with
Zinc Borohydridea
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a Reactions were carried out for 2 days at room temperature
unless otherwise noted. All the products gave satisfactory
ir, nmr, and high resclution ms data.

b All yields refer to isolated materials, values in parentheses
are recovery.

c At 40 °C. d Trans : cis =16 : 1. e Trans : cis=4,5: 1.
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NaCNBH3 has been employed under strongly acidic conditions (e.g., in CH3COOH or

13, 15

CF.,COOH} .

3
We found that indoles can be reduced to the corresponding indolines with zinc
borohydride at room temperature under neutral cgonditions, although there is a
remarkable difference in reactivity depending on their structure {Table 1). Thus,
indole and 2-methylindole gave indoline and 2-methylindoline in 92 and 94 % yields
respectively.

Reduction of 3-methylindole, 2,3-dimethylindole, and tetrahydrocarbazole was rather
slow and a considerable amount of starting material was recovered in every case,
However, it would be worth to note the high stereoselectivity of the reduction of
2,3-dimethylindole providing a 16 : 1 mixture of trans- and cis-products,l6 whereas
the use of bis(trifluorcacetoxy)borane or borane itself gives a 2:1 or 53 : 47

mixture of each isomer.s' 17

In the case of tetrahydrocarbazole only cis-product
was obtained.l8
l1-Methylindole and ethyl indole-2-carboxylate were recovered unchanged.

13 the above

Since zinec borchydride is readily available from chl2 and NaBH, ,
procedure is a useful addition to the present methodology for the mild and selective
reduction of indoles to.:i.ndolines.20 The advantage of this reaction is the use of
ether as a solvent which precludes the contamination by alkylation on nitrogen or
the destruection of the reducing agent.

The general procedure is as follows. To a solution of indeles(l mmol) in 1.3 ml of
dry ether at ¢ °C under N, was added 6.7 ml of zinc borohydride (eca. 0.15 M ether
solution, 1 mmol) and the mixture was stirred at room temperature for 2 days.

During the reaction a white inscluble substance was gradually formed. After quench-

ing by addition of dil HCl followed by basification with 2N NaOH, the mixture was

extracted with AcOEt. Conventional treatment and purification by preparative TILC

(silica gel) gave the desired indolines in pure form.21

REFERENCES

1. H. Kotsuki, N, Yoshimura, Y. Ushio, T. Ohtsuka, and M. Ochi, Chem. Lett., 1986,
1003.

2. H. Kotsuki, Y. Ushio, N. Yoshimura, and M. Ochi, Tetrahedron Lett., 27, 4213
(1986).

3, H. Kotsuki, Y. Ushio, N. Yoshimura, and M., Ochi, J. Org. Chem., in press.

4, For a review see B. Robinson, Chem. Rev., 63, 785(1969).

5. a) B. E. Maryanoff, D. F. McComsey, and S. D. Nortey, J, Org. Chem., 46, 355
(1981) and references cited therein. b) K. M, Biswas, R, Dhara, §. Roy, and
H, Mallik, Tetrahedron, 40, 4351(1584).

— 1773



10,

11.

12.

13.

14,

15.

ls
17.

18
19.

20,

21.

{Review) R. 0. Hutchins, K. Learn, B. Nagzer, D. Pytlewski, and A. Pelter, Org.
Prep. Proe. Int., 16, 337{(1984). Y. Kikugawa, S. Tachibana, and K. Araki,

Pept. Chem., 16th, 17(1978); Chem. Abstr., 93, 186776£(1980).

(Review) G. W. Gribble and C. F. Nutaitis, Org. Prep. Proe. Int., 17, 317
(1985), HN. F. Kucherova, N, N. Novikova, and N. M. Sharkova, XKhim. Geterctsikl.
Soedin, 1977, 995; Chem, Abstr., 87, 167920h(1977). N. F. Kucherova, N. M.
Sipilina, N. N. Novikova, I, D. Silenko, S. G. Rosenberqg, and V., A, Zagorevskii,
ibid., 1980, 1383; Chem. Abstr., 94, 121372x(1981). Y. Kikugawa, Chem. Pharm.
Bull., 26, 108(1978). T. Wakamatsu, H. Inaki, A. Ogawa, M. Watanabe, and Y.
Ban, Heterocyeles, 14, 1441(1980). G. W. Gribble, C. F. Nutaitis, and R. M.
Leese, ibid., 22, 379(1984).

(Review) R. O, Hutchins and 8. R. Natale, Org. Prep. Proc. Int,, 11, 201{1879).
See alsc Ref. 7 {review).

(Review) D. N. Kursanov, Z. N. Parnes, and N. M. Loim, Synthesis, 1974, 633.

A. E. Lanzilotti, R, Littell, W. J. Fanshawe, T. C. McKenzie, and F., M. Lowvell,
J. Org. Chem., 44, 4809(1979) and references cited therein.

W. A. Remers, G. J, Gibs, C. Pidacks, and M. J. Weiss, J. Org. Chem., 36, 279
(1971). H. G. Schouten, U.S. US 448524], 1984; Chem. Abstr., 102, 78722£(1985).
A. Smith and J. H. P. Utley, J. Chem, Soe. (C), ;212, L. V. M. Rogovik, V. T.
Chumak, R. I. Dzvinka, and S. M. Shein, Zh. Prikl. Khim. (Leningrad), 54, 1356
(1981); Chem, Abstr., 95, 132602u(1%81). Jpn. Kokai Tokkyo Roho, JP 59 65,072,
1984; Chem. Abstr,, 101, 171090n(1984)}.

H. Nohe and H. Hannebaum, Ger. Offen. 2,658,951, 1978; Chem. Abstr., B89,
109092v(1978). ¥, Kikugawa and M. Kashimura, Synthesis, 1982, 785, V. N.
Krasnosel'skii, E. I. Steblina,; and L. A. Ponomareva, Elektrokhimiya, 19, 944
(1983); Chem. Abetr., 99, 122226t(1983). Y. Kikukawa, Jpn. Kokai Tokkyo Koho
JP 58 170,754, 1983; Chem. Abstr., 100, 209623h{1984).

R, J. Jones and M, P. Cava, J. Chem, Scec.,, Chem, Commun., 1986, 826. V. H.
Rawal and M., P, Cava, J. Am. Chem. Soe,, 108, 2110(1986). V. H, Rawal, R. J.
Jones, and M. P, Cava, J. Org. Chem., 52, 19(1987) and references cited therein.
D. L, Boger and R. 5. Coleman, J. Org. Chem., 51, 3250(1986) and references
cited therein.

V. H, Rawal and M. P, Cava, J. Chem. Soe., Chem. Commun., 1984, 1526, R. E.
Bolton, C. J. Moody, C. W. Rees, and G. Tojo, tbid., 1985, 1775. See also P.
Magnus and S. Halazy, Tetrahedron Lett., 26, 2985(1985),

The ratio was determined by glc and nmr, See Ref. 17.

F. A. L. Anet and J. M. Muchowski, Chem, Ind., 1963, 8l., S, A. Monti and R. R.
Schmidt, III, Tetrahedron, 27, 3331(1971).

H, Booth and T. Masamune, J, Chem. Soe., Perkin Trans. II, 1972, 354.

W. J, Gensler, F. A, Johnson, and A. D. B. Sloan, J. 4Am, Chem. Soe., 82, 6074
(1960). T. Nakata, ¥, Tani, M. Hatozaki, and T. Oishi, Chem, Pharm, Bull., 32,
1411(1984) . . o
As pointed out by referee, borane and amine-borane complexes are also mild
reducing agents and in some cases rather reactive under slightly acidic
conditions. See Ref. S and 6,

All the products gave satisfactory ir, nmr, and high resclution ms data,

Received, 25th March, 1987

— 1774 —




