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Abstract: Borane-mediated reductive elimination of a-thiomethyl-, a-hydroxy-, or cc-alkoxy-, 

a ‘-substituted oxindoles affords 3-substituted indoles in high yield. Isatins, available via several routes - 
from oxindoles, also afford indoles. 

Indoles have been a key feature in many syntheses as well as the object of new synthetic 

methods” because of their relative abundance and importance in natural product and medicinal 

chemistry. Our recent synthesis of a novel indole-containing antiturnor agent incorporated new 

chemistry to a 3-substituted indole. 3 The development and generality of this chemistry is described 

herein. 

We chose the overall approach of aniline +oxindole+indole, since the Gassman and van Bergen 

procedure ab of preparing oxindoles had general precedent and since Wieland and Grimm ’ a had disclosed 

the conversion of an ~1 -substituted oxindole to an indole with lithium aluminum hydride (LAH)l O. It was 

quickly apparent, however, that the first step had some restrictions and the latter procedure was 

unacceptable for general use. In searching for alternatives and yet accommodate this general scheme, 

we found solutions to both of these problems. 

Reduction of oxindoles with hydride reagents has been reported usually to afford indolines5 but 

also indoles (N-substituted only) as a function of hydride reagent or substrate substitution pattern. An 

alternative two-step reductive procedure to indoles has been devised6 but appears unsatisfactory as a 

general approach.7 Treatment of a 3-substituted-2-ethoxy indole, available from the oxindole and 

triethyloxonium salts, with THF* BHs afforded the indole in moderate yield.’ These procedures lacked 

general utility. 

We have found that Me2S.BH3 (BMS)or THFaBH3"' converts 3-substituted-3-thiomethyloxindoles 

to 3-substituted indoles in high yield under mild conditionsI (Table 1)13. This procedure tolerates a 

variety of substitution patterns (including N-CH 3, entry 8) as well as groups that would be reduced by 

LAH (entries 6, 7). In further contrast with LAH, we found that refluxing LAH/THF was required for 

efficient conversion of 7-methoxy-3-methyl-3-thiomethyl oxindole (entry 1) to 7-methoxy-3-methyl 

indole. If this reaction was run at room temperature a dioxindole (12%) and oxindole (24%) were 

produced as by-products. Furthermore, the LAH procedure on entry 4 resulted only in recovered 

starting material and on entry 7 none of the desired indole was produced. 

The BMS process is equally adaptable to the conversion of 3-substituted-3-hydroxy and 3- 

methoxyoxindoles (dioxindoles) to the respective indole (entries 11-16). The yield of indole is poor or 

nonexistent with 3-bromo or 3-phenylselenyl oxindoles (entries 17,18). If there is no 3-substituent (entry 

9), the product is the 3-thiomethylindole. This can be converted to the 3-unsubstituted indole with 

Raney nickel. ’ b 
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Table I 

Entry 

I 

2 

3 

4 

5 

6 

7 

8 

9 

lod 

11 

12 

13 

14 

15 

16 

17 

18 

R1 Ii2 

H H OCH 3 CH3 H SCH 3 92% 

H H Cl CH3 H SCH 3 82% 

H H H CH3 H SCH 3 58% b 

H CH3 OCH 3 CH3 H SCH 3 86% 

H Cl OCH 3 CH3 H SCH 3 83% 

Nb, Cl 

M&H2 LHCH ,OAC 

OCH 3 CH3 H SCH 3 95% 

OCH 3 CH3 H SCH 3 90% 

H H OCH 3 CH3 CH3 SCH 3 92% 

H H H H H SCH 3 C 

H H H H H SOCH 3 50% e 

H H Cl CH3 H OH 90% 

H H CH3 Ph H OH 88% 

H H CH3 CH3 H OH 91% 

H H CH3 CH3 CH3 OH 93% 

H H Cl CH3 H OCH 3 89% 

H H CH3 CH3 CH3 OCH 3 88% 

H H Br CH3 H Br 25% f 

H H Cl CH3 H SePh g 

!t3 R” ii5 X % Yield 

a Reactions condition: 2.3 equiv. of Me2SBH3 or THFeBH 3 in dry THF under N, at room 

b 
temperature for 24 hr followed by 1 E HCI quench and work-up. 
Also isolated 9% indolinine and 9% starting material. 

: 
Product is 3-SCH s -indole. 
Prepared by MCPBA treatment of 3-methylthio-2-oxindole in CH ,Cl, at room 
temperature. 

e 
f 

Product is 3-SOCH 3 indole; also isolated 20% 3-SCH 3 indole and 7% indole. 
Also isolated 50% of oxindole (X = H). 

g Product exclusively oxindole (X = H). 
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a: R2 CH(C02CHa)SCHs. C12, proton sponge, -78’, CHzC12; Et3 N (-78 ’ to O”h AcOH, R.T., 12 hr; b: 

R2 X, Na,COa, DMF, R.T.; c: R1 X, NazC03, DMF; d: R2 MgX (2.5 eq), THF, 0’; e: NCS; BFY Et 30, 

HgO; f: MCPBA; (CF, CO),0/Ac20; HCI (1 Ij), HgO, acetone, R.T.; g: SO2Clz.(3.0 eq), silica gel (wet), 

CH2 C12, R.T., 3 hr (1 Jj HCI, 70”, 2 hr) 

A postulated mechanism involves reduction and elimination of H20 to the indolinine. This is then 

further reduced to the 3,3-disubstituted indoline which then eliminates HX to the indole. In following 

the reaction by GC-MS (entry 3), we identified an intermediate material as indolinine when the reaction 

was not allowed to go to completion. An attempt to enhance the leaving group capacity of the 

thiomethyl (entry IO), and thus the yield of indole, was unsuccessful. 

The utility of this process in preparing indoles is dependent on the ready availability of the 3- 

substituted-3-thiomethyl or 3-hydroxyoxindoles. In fact, these are readily available from the 

appropriate anilines (Scheme).’ 3 The 3-thiomethyloxindoles are efficiently derived in high yield )‘& a 

modified Gassman procedure. l4 The group R can be introduced in this operation or subsequently via 
alkylation chen6stry.l’ 

The 3-hydroxyoxindoles can be prepared in high yield frcm the addition of Grignards 

to isatins.16 Isatins are readily obtained via the Sanctneyer or related procedures16 and - 
can also be efficiently produced fro-n the 3-thiortethyloxindoles Blploying three different 

procedures. In addition to the Gassnan procedurel’ , we successfully utilized an 

oxidation-Punnerer rearrangerent procedure (reaction f) as well as a one-pot chlorination- 

hydrolysis procedure (reaction g) enploying sulfuryl chloride.‘* 
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Although all of the procedures afforded isatins from a -thiomethyloxindoles in good yields (> 65%)19, the 

latter procedure is recommended in view of the economics. BiMS or BH; THF treatment of isatins 

affords indoles directl$O in yields comparable or greater than LAH16 again with the added advantage 

of greater substituent group compatibility. Thus, these alternative pathways from anilines (Scheme) 

allow for the introduction of R2 either electrophilically or nucleophilically to provide a general, high 

yield route to 3-substituted indoles. 

Acknowledgment: We thank Mr. R.A. Morge for technical assistance on some of the chemistry in 

Table I. 

References and Notes 

1. 

2. 

3. 
4. 
5. 

6. 
7. 
8. 

9. 

10. 

11. 
12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 
21. 
22. 

R.J. Sundberg, The Chemistry of Indoles, Academic Press, N.Y., 1970; W.J. Houlihan, “Indoles” in 
the Cheinistry of Heterocyclic Compounds, Vol. 14, Wiley-Interscience, N.Y., 1972; J.P. Kutney in 
“Total Synthesis of Natural Products”, J.P. Ap Simon, ed., Vol. 3, Wiley-Interscience, N.Y., 1977. 
Recent synthetic approaches from anilines include A&. Shultz and W.K. Hageman, J. Or 
Chem., 43, 5391 (1978); R. Odle, B. Blevins, M. Ratcliff and L.S. Hegedus, ibid 45 2709 1980); --? 
J.E. Nordlander, D.B. Catalane, K.D. Kotian, R.M. Stevens, and J.E. HakyxibidT46, 778 (1981); 
P.A. Wender and A.W. White, Tetrahedron Letters, 22, 1475 (1981). 
W. Wierenga, J. Am. Chem. Soc.,E, 5621 (1981). 
P.L. Julian and H.C. Printy, S,Am. Chem. Soc.,7l, 3206 (1949). 
(a) H. Plieninger, H. Bauer, W. Buhler, J. Kurze, and U. Lerch, Justus Liebigs Ann. Chem., 680, 
740 (1964); (b) F.J. McEvoy and G.R. Allen, Jr., J. Org. Chem., 38, 3350 (1973) and references 
cited therein. 
A. Kubo and T. Nakai, Synthesis, 356 (1980). 
‘M. Sainsbury and D.K. Weerasinghe, J.C.S. Chem. Comm., 630 (1981). 
H. Plieninger, H. Bauer, W. Buhler, J. Kurze, and U. Lerch, Justus Liebigs Ann. Chem., 680, 69 
I I %41. .__ - .,_ 
(a) T. Wieland and D. Grimm, Chem. Ber., 98, 1727 (1965); (b) P.G. Gassman and T.J. van Bergen, 
3. Am. Chem. Sot., 96, 5508 (1974). 
Gassman and van Bergen reported the reduction of 3-methyl-3-methylthio-2-oxindole to 3- 
methylindole in 76% yield; this same reaction was done previously by Wieland and Grimm in 
unreported yield. 
Borane trimethylamine was ineffective. 
Extensive exposure of the product indole to excess borane will yield the indoline. Details will be 
reported elsewhere. 
All new compounds reported were homogeneous by TLC and gave satisfactory IR, NMR, MS and 
exact mass and/or combustion analysis. 
We have realized > 80% yields consistently by using one equiv. of proton sponge (1,8- 
bis(dimethylamino)naphthalene) with one equiv. of the aniline in the first step coupled with 
employing neat acetic acid to induce the cyclization to the oxindole. We have also utilized the 
chlorosulfonium ion rather than the chloramine route to the intermediate azasulfonium species for 
stability reasons and, in that regard, find the use of sulfuryl chloride much more convenient than 
chlorine. This 3-step sequence can be accomplished in a one-pot, 24 hr operation. 
Either employing the dianion approach of Kende and Hodges2’ or utilizing Nq CO3 /DMF/RX for 
accomplishing regioselective Cialkylation. 
F.D. Popp, “The Chemistry of Isatin”, in Adv. Heterocyclic Chem., l8, 1 (1975), A.R. Katritzky 
and A.J. Boulton, eds., Academic Press, N.Y. 
(a) P.G. Gassman, B.W. Cue, Jr., and T-Y. Lah, 3. Org. Chem., 42, 1344 (1977); (b) A. Taylor, J- 
Chem. Res. (S), 347 (1980). 
Adapted from a procedure for hydrolysis of dithianes: M. Hojo and R. Masuda, Synthesis, 678 
(1976). 
For example, o-anisidine afforded 7-methoxyisatin in 49% overall yield; isatin and 4-methyl-7- 
methoxy isatin and 7-fluoroisatin were also prepared by this procedure; note that the latter 
example has not yielded to synthesis yet by classical procedures.21 
7-Methylindole (55% yield), 1,7_dimethylindole (56% yield). 
V.Q. Yen, N.P. BUu-Hoi, and N.D. Xuang, J. Org. Chem., 23, 1858 (1958). 
A.S. Kende and J.C. Hodges, Synth. Commun., l2, 1 (1982). 

(Received in USA 2 March 1983) 


