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affords the corresponding indole-3-carboxamides (5) in good to excellent yields.
© 1998 Elsevier Science Ltd. All rights reserved.

Recent years have seen the discovery of several biologically active natural and synthetic indole-3-
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indole-3-carboxamides including 1, which contains the rare amino acid L-enduracididine,! and a large group o
synthetic 2,2'-dithiobis( 1 H-indole-3-carboxamides) of type 2 have significant tyrosine kinase inhibitory activity.2
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The availability of 3-trifluoroacetylindole (4) from indole (3)4 and the reports that 4 readily undergoes a
haloform reaction with sodium hydroxide to afford indole-3-carboxylic acid4 suggested to us that amide anions

might convert 3-trifluoroacetylindole (4) into indole-3-carboxamides (5). Moreover, zwitterionic adducts between

trifliinaramathul Fatanac and tartiary aminag ara bnawn S thiig illnetrating tha anhancad alantean dafinriancy of tha
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irifluoromethyl carbonyl group. indeed, treatment of 3-irifluoroacetylindole (4), which is prepared from indole

(3) in high yieid with trifiuoroacetic anhydride, with excess lithium dialkylamides resuits in the smooth
conversion to the corresponding indole-3-carboxamide (5). The secondary lithium 7-butylamide also reacts in this
fashion to yield Se. Our results are summarized in the Table. Amide 5d is a new compound and Se is

characterized for the first time.8:9
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Reactions with the corresponding amines gave hemiaminals and reactions with the lithium amides of

aromatic amines gave mixtures and were generally less satisfactory. Sodium amide gave no reaction with 4.
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aJsolated yields of chromatographed product.
It was of interest to examine the reaction of N-substituted 3-trifluoroacetylindoles since it seemed possible
that the reaction of 4—5 involves the intermediacy of ketene 6. Therefore, N-methyl- (7)!0 and N-

phc 1ylsulfonyl-3-trifluoroacetylindole (8)1! were prepared from 4 (NaH/Mel or PhSO,Cl). However, reaction

ith lithium plpendlde under the standard conditions afforded carboxamide 912 in 49% yield and alcohol 10
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is not a requisite intermediate since N-substituted-3-tr
what appears to be a slower rate.
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4 7, R=Me (85%)

8, R =502Ph (81%)
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1,2-addition to the carbonyl group. No evidence of haloform-type cleavage products was seen in these cases.
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Previous methods for the synthesis of indole-3-carboxarnides involve the reaction between indole Grignard
reagents and N,N-dialkylchloroformamides,” DCC-coupling of indole-3-carboxylic acid and aniline,!5 reaction of
indole with phenyl isothiocyanate followed by alkaline H202,!9 reaction of indole-3-carbon

11cil 1HULIIY tulluwoed vy difdlillc § LA 1 1

W
amines,!” reaction of indole with chlorothioformamidinium salts, and then base hydrolysis,!® irradiation of 3-

We believe that the method described herein is a reasonably general method for the synthesis of indole-3-
carboxamides that may be superior both in scope and efficiency to several of the known procedures for this
transformation. Moreover, this lithium amide cleavage of the trifluoroacetyl group to yield amides appears to be a

new variation of the haloform reaction.20 Qur further studies in this area will be reported in due course.

General Procedure: A solution of freshly distilled amine (1.6 mmol) in dry tetrahydrofuran (THF) (2 ml.)
5 M in hexanes). Afte being stirred for 1 h at

F (5 mL). The reaction mixture was stirred overnight while being allowed to
warm to room temperature. The mixture was quenched with HyO (5 mL), stirred for 30 min, further diluted with
ice water (50 mL), and stirred for 1 h. Some of the amides precipitated at this point and were collected by suction
filtration and dried in vacuo. The filtrate was extracted with CH,Cly (4 x 50 mL) and the CH,Cl; extracts were
washed with brine, dried (Na;SOy), concentrated in vacuo, and chromatographed over silica gel to give additional
product. If the product did not precipitate, then the reaction mixture was processed as described above to give the
yields shown in the Table.
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For a recent review of natural and synthetic biologically active indoles, see Gribble, G.W. in
Comprehensive Heterocyclic Chemistry II, Katritzky, A.R.; Rees, C.W.; Scriven, E.F.V., Eds.; Pergamon
Press, Oxford, 1996, Chapter 2.04.

(2) Whalley. W.RB. J. Chem. Soc. 1984 1651-1653. (b) Katn
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297-303. (c) Mackie, R.K.; Mhatre. S.; Tedder, I.M. J. Fluorine Chem. 1¢ , 437-4
Schilling, M.L.M.; Roth, HD Hcmdon WC J. Am. Chem. Soc. 1980, 102 4271 -427
Germain, C.; Bourdais, I. J. Heterocycl. Chem. 1976, 13, 1209-1218.

Wegler, R.; Binder, H. Arch. Pharm. 1937, 275, 506-516; Chem. Abstr. 1938, 32, 939.

5d: Mp 185-188 °C; IR (KBr) 3222 (NH), 2967 (CH), 1594 (C=0), 1533 (C=0) 1444, 1350, 1216,
1122, 744 cm!; H! NMR (CDCl3) 8 10.65 (s, 1 H), 7.76 (d, 1 H, J = 9 Hz), 7.41 (m, 2 H), 7.12 (m, 2
H), 4.03, (bs, 2 H), 1.40 (d, 12 H, J = 6.6 Hz); C!3 NMR (CDCl3) § 167.9, 135.9, 126.4, 124.08,
122.5, 120.5, 120.2, 113.3, 111.9, 24.0, 21.5; MS m/z 244 (M™1), 201, 144, 116, 86. Anal. Calcd for

CisHyoN7O: C, 73.74; H, 8.25; N, 1147 Found: C, 73.73; H, 8.33; N, 11.46.

Although Se was reported by Ito (Ito, Y.; Kobayashi, K.; Saegusa, T. Tetrahedron Lett. 1979, 1039-
1042), no data were given. Se: Mp 188-190 °C; IR (film) 3399, 3231 2964, 1627 (C=0), 1538, 1449,
1231, 737 cm™1; HI NMR (CDCI3) 8 10.92 (s, 1H), 8.24 (d, 1 6 Hz), 8.01 (d, 1 H, J = 3 Hz),
7.47 (d, 1 H, J =9 Hz), 7.20-7.12 (m, 2 H), 6.82 (s, 1 H), 1.° C!3 NMR (CDCI3) & 136.8,
128.6, 124.6, 1229, 121.7, 119.5, 112.6, 51.8, 29.6; MS 161, 144, 116, 89. Anal.

i
145,90, 140, 2.0, Mi> M [
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Calcd for CmHmNoO C, 72 19; H 7.46; N, 1295 Found: C, 72.
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7: Mp 104- 105°C ht4amp 105 °C; H! NMR (CDCl3)  8.38 (d, IH J=1. 8) 8.31(d,1H,J=9Hz),
7.65 (d, 1 H, J = 8.4 Hz), 7.47-7.37 (m, 2 H), 4.08 (s, 3 H); C13 NMR (CDCl3) & 124.9, 124.3, 122.9,
110.4, 24.0; F"9 NMR (CDClj referenced to CFCl3) & —193.5; MS m/z 227 (M™*), 158, 130, 103, 77.

8: Mp 149-150 °C; IR (KBI‘) 3133, 1696, 1534, 1446, 1383, 1271, 1189, 1133, 970, 870, 745, 682, 582
cm!; H! NMR (CDCl3) § 8.48 (s, 1 H), 8.31 (d, 1 H, J = 6 Hz), 8.00 (m, 3 H), 7.68-7.34 (m, 5 H); C!3
NMR (CDCl3) & 137.2, 135.4, 130.2, 127.6, 127.6, 127.0, 126.0, 123.1, 113.5, 24.0; F19 NMR (CDCl3
referenced to CFCl3) 6 -73.4; MS m/z 353 (M%), 284, 184, 141, 115, 77. Anal. Calcd for
C16H1oNF303S: C, 54.39; H, 2.85; N, 3.96. Found: C, 54.36; H, 2.82; N, 3.98.

9: Mp 104 °C; IR (KBr) 2934, 2850, 1611, 1534, 1433, 1233, 748 cm™!; H! NMR (CDCl3) 6 7.70 (d, 2

H, J = 6 Hz), 7.38-7.18 (m, 4 H), 3.83 (s, 3 H), 3.67 (t, 4 H, ] = 5.7), 1.69 (m, 6 H); C!3 NMR (CDCl3)

8 131.5, 122.5, 120.9, 109.9, 26.6, 25.0; MS m/z 242 (M), 158, 131, 103, 77. Anal. Calcd for
,-t‘"'l,l')( IT " AQ. AT 11 &« TasiemAd: Y 77477, 1Y M 1, AT 11 €N

CisH1gN2O: C, 74.35; H, 7.49; N, 11.56. Found: C, 74.23; H, 7.51; N, 11.50.

The reduction of ketones to alcohols by lithium dialkvlamides has amnle nrecedent: (a2) Wittie. G.: Schmidt
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H.-J.; Renner, H. Chem. Ber. 1962, 95, 2377-2383. (b) Majewski, M. Tetrahedron Lett. 1988, 29

4057-4060, and references cited therein.
11: Mp99°C; IR _(filn}) 3396 (O-H), 2975, 1619, 1459, 1421, 1376, 1338, 1287, 1242, 1172, 1102,
1012, 910 821 cm™!; H NMR (CDCl13)68.22 (s, 1 H),792(d, 1 H,J=8.1Hz),742(d, 1 H,]=78
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Hz) ].28-7 lb (m 4 H), 2.54 (s, 1 H), 1.91 (s 3 u), F19 NMR (CDClj; referenced to CFCl3) 8 -81.4; MS
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57.76; H, 4.41; N, 6.12.

Dave, V.; Warnhoff, EW. Tetrahedron 1975, 31, 1255-1258.
Papadopoulos, E.P.; Bedrosian, S.B. J. Org. Chem. 1968, 33, 4551-4554.
Peterson, P.E.; Wolf, J.P.; Niemann, C. J. Org. Chem. 1958, 23, 303-304.
Harris, RL.N. Aust. J. Chem. 1974, 27, 2635-2643.

(a) Carlock, I.T.; Bradshaw, J.S.; Stanovnik B.; Tisier, M. J. Org. Chem. 1977, 42, 1883-i1885. (b)
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The closest a..aln that we could find for this haloform cleavage reaction is the reaction of acyl cyanides

with primary a s to give amides: Murahashi, S.; Naota, T.;



