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The palladium-catalyzed reaction of ethyl 2-bromocarbanilate with trimethylsilylacetylene 

yielded ethyl  2-(trimethylsilylethynyl)carbanilate, which was treated with sodium ethoxide to give 
indole. The carbanilates having a methyl or a bromo substituent were similarly transformed to 
corresponding indole derivatives. Furthermore,  pyrrolo[3,2-b]- and  pyrrolo[3,2-dpyridines were 
synthesized by this method. 

Keywords - palladium-catalyzed reaction; trimethylsilylacetylene; ethyl 2-halocarbanilate; 
ethyl 2-halopyridinecarbamate; ethyl 2-(trimethylsilylethynyl)carbanilate; ethyl  o-(trimethylsilyl-
ethynyl )pyridinecarbamate; indole; pyrrolopyridine

When ethyl 2-nitrophenylpyruvate is hydrogenated in the presence  of  platinum oxide, the 
resulting ethyl 2-aminophenylpyruvate undergoes spontaneous dehydro-cyclization to give 
ethyl  2-indolecarboxylate.2) The reaction is named as the Reissert indole synthesis. We have 

previously  reported3) a Reissert-type indole synthesis from 2-(2,2-diethoxyethyl)nitrobenzene, 
which was obtained by the palladium-catalyzed reaction of 2-bromonitrobenzene and 
trimethylsilylacetylene (TMSA), followed by the reaction with sodium ethoxide. 

On the other hand, there are some reports of the cyclization of 2-ethynylanilines to 
indoles in the presence of cuprous halides through intramolecular addition of the amino 

group to the ethynyl  group.4) We describe in this paper another synthetic method to obtain 
indoles from 2-ethynylaniline derivatives, which were prepared from 2-haloacylanilines by the 

palladium-catalyzed reaction with TMSA. 
The reaction of 2-bromoaniline itself (1) with TMSA in the presence of di-

chlorobis(triphenylphosphine)palladium and cuprous iodide in  triethylamine5) resulted in 
the recovery of 1, whereas 2-bromoacetanilide (2b) reacted with TMSA under the same 
conditions to give 2-(trimethylsilylethynyl)acetanilide (3b) in moderate yield. When 3b was 
heated with sodium ethoxide in ethanol under reflux, indole (4) was obtained in  34% yield 
with a concomitant formation of 2-ethynylaniline (5) in  39% yield. 

Based on the above results, several acyl derivatives of 1 were examined in order to 
estimate the efficiency of protecting groups for the cross-coupling reaction with TMSA and 
the indole cyclization. As a result, ethyl 2-bromocarbanilate (2e) was ascertained to be the 
most satisfactory substrate for both reactions. That is, the carbanilate (2e) smoothly reacted 
with TMSA to give ethyl 2-(trimethylsilylethynyl)carbanilate (3e), which was convertible to 
indole (4) by treatment with sodium ethoxide in almost quantitative yield. 

Additionally, 2-ethynylaniline (5) was heated with sodium ethoxide in ethanol under 
reflux for 24 h, but no indole formation was observed, and 5 was recovered. Accordingly, it is 
likely that 3a-e were changed to indole (4) by way of the 1-acylindoles (6). 

According to the procedure described above, all the indole derivatives  (10a-d)
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containing a methyl group on the fused benzene ring were  easily synthesized from the 
corresponding bromotoluidines (7a-d) via the carbanilates (8a-d). For example, 2-bromo-
5-methylaniline (7c) was converted to ethyl 2-bromo-5-methylcarbanilate (8c) by treatment 
with ethyl chloroformate in pyridine. When ethyl  5-methyl-2-(trimethylsilylethnyl)carbanilate 

(9c), obtained from the reaction of 8c with TMSA, was treated with sodium ethoxide,  6- 
methylindole  (10c) was obtained; this is a simple and practical reaction. Further results are 
listed in Table II. 

It is known that in the palladium-catalyzed cross-coupling reaction with terminal 
acetylenes, aryl iodides commonly show higher reactivity than aryl bromides. Thus, the 
synthesis of 5-bromo- (14a) and 6-bromoindole (14b) was achieved by the cross-coupling 
reaction of ethyl 4-bromo-2-iodocarbanilate (12a) and 5-bromo-2-iodocarbanilate (12b) with 
TMSA, followed by treatment with sodium ethoxide. 

The above method was successfully applied to the synthesis of  pyrrolo[3,2-b]pyridine (18) 
and  pyrrolo[3,2-c]pyridine (25), as shown in Chart 3. As reported previously, 18 can be 
synthesized from 2-bromo-3-nitropyridine (19) by using the cross-coupling reaction with

Chart 1

TABLE I. 2-(Trimethylsilylethynyl)acetylenes  (3a-e)
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7a  :3-Me 

7b  :4-Me 
7c  :  5-Me 

7d  :6-Me

8a  :3-Me 

8b  :4-Me 

8c  :  5-Me 

8d  :6-Me

9a :  3-Me 

9b  :4-Me 

9c  :5-Me 

9d  :6-Me

10a  :4-Me 

10b  :5-Me 

10c  :6-Me 
10d  :7-Me

11a : 4-Br

11b : 5-Br

12a  :  4-Br 
12b  :  5-Br

13a  :  4-Br 

13b  :  5-Br

14a : 5-Br

14b : 6-Br

15 16 17

18

19 20 21

22 23 24

25

26 27 28

Chart 2

TABLE II. Methyl-  (10a-d) and Bromoindoles (14a, b)

Chart 3



1826 Vol. 35 (1987)

TMSA as a key reaction. The same compound (18) was obtained alternatively from 15, which 
is more readily available than 19. An attempted synthesis of 25 from 3-bromo-4-nitropyridine 

(26) failed, because the reaction of  3-(trimethylsilylethynyl)-4-nitropyridine (27) with sodium 
ethoxide gave resinous products instead of the desired compound (28). However, 25 was 
successfully prepared from 4-amino-3-bromopyridine (22).

Experimental

All melting points and boiling points are uncorrected. Infrared (IR) spectra were measured with a JASCO  IRA-1 

spectrometer. Proton nuclear magnetic resonance  (1H-N  MR) spectra were taken at 60 MHz with a JEOL JMN-PMX 

60 spectrometer. Chemical shifts are expressed in  ƒÂ (ppm) values. The following abbreviations are used:  s  =  singlet, 

d  =  doublet, t = triplet, q  =  quartet,  m= multiplet,  and br  =  broad. 

The following starting materials were  prepared by the reported procedures:  2-bromo-3-methyl-,11)  2-bromo-4- 

methyl-,12)  2-bromo-5-methyl-,13)  2-bromo-6-methyl-,14) and  4-bromo-2-iodoaniline.15) 

General Procedure for the Preparation of  2-(TrimethylsilylethynyI)-N-acylanilines (3a-e) - A mixture of a  2- 

bromo-N-acylaniline  (5  mmol), TMSA  (7.5,mmol),  Pd(PPh3)2Cl2  (160  mg), CuI  (80  mg), and Et3N  (2  ml) was heated 

in a sealed tube at 100 •Ž for 5 h. The reaction mixture was diluted with  H2O and extracted with ether. The ethereal 

extract was purified by  SiO2 column chromatography using  C6H6 for 3a, b, d, hexane-acetone (20 :  1) for 3c, or 

hexane-C6H6 (3 : 1) for 3e as an eluent. The crude product was purified by recrystallization or by distillation under 

reduced pressure. 

Reaction of 3a-e with Sodium Ethoxide - A mixture of 3 (2 mmol) and ethanolic sodium ethoxide [prepared 

from Na  (10  mmol) and dry  EtOH  (20  ml)] was refluxed until 3 was no longer detectable by  SiO2 thin-layer 

chromatography. After removal of the  EtOH, the residue was diluted with  H2O and extracted with CHCl3. The 

CHCl3 extract was purified by  SiO2 column chromatography using C6H6 as an eluent. 

5-Bromo-2-iodonitrobenzene - 4-Bromoacetanilide (10 g, 47 mmol) was gradually added to fum. HNO3 (20 ml) 

below 0  •Ž. After being stirred for 8  min below 0 •Ž and for 8  min at room temperature, the mixture was poured into 

ice-water. A suspension of the resulting precipitate in 3 N KOH (70 ml) was refluxed for 24 h, neutralized with 3 N 

HCl, and extracted with CH2Cl2. Sodium nitrite  (1.5  g,  22  mmol) was added to a suspension of the crude product 

obtained from the CH2Cl2 extract in  5  N HCl  (12  ml) at  0-10  •Ž, then an aqueous solution  (10  ml) of KI (4.1 g, 

25 mmol) was added as a batch. The reaction mixture was stirred at room temperature for 30  min, then heated on a 

water-bath for 45  min, and made alkaline with  K2CO3. The resulting precipitate was filtered off and purified by  SiO2 

column chromatography using hexane as an eluent. The product, obtained from the hexane eluate, was recrystallized 

from hexane-ether to give yellow needles, mp 87.5-88 •Ž. Yield  2.77  g  (18%).  1H-N  MR (CDCl3): 7.35  (1H, dd,  J= 

2.0 and 8.0 Hz),  7.86  (1H, d,  J  =8.0  Hz), 7.95  (1H, d,  J  =2.0  Hz). Anal. Calcd for  C6H5BrN2O2: C, 21.98; H, 0.92; N, 

4.27. Found: C, 22.01; H, 0.85; N, 4.26. 

5-Bromo-2-iodoaniline  (11b) - A solution of  95% SnCl2  (5.93g,  30  mmol) in conc.  HCl  (12  ml) was added to a 

solution of 5-bromo-2-iodonitrobenzene  (2  g, 6.1 mmol) in  EtOH (16 ml) at  15-18•Ž under stirring. The mixture 

was heated at  50-60  •Ž for  15  min, made alkaline with solid KOH, and extracted with CHCl3. The crude product, 

obtained from the  CHCl3 extract, was recrystallized from hexane-ether to give colorless needles, mp 55  •Ž. Yield 

1.25  g (69%).  IR  (CHCl3)cm-1: 3500, 3390.  1H-NMR  (CCl4): 4.04 (2H,  br  s), 6.53  (1H, dd,  J=2.0 and  8.0  Hz), 6.75 

(1H, d,  J=2.0  Hz), 7.37  (1H, d,  J  =8.0  Hz). Anal. Calcd for C6H5BrIN: C, 24.19; H, 1.69; N, 4.70. Found: C,  23.98; 

H, 1.65; N, 4.62. 

General Procedure for the Preparation of Ethyl 2-Halocarbanilates (8a-d and 12a, b) - Ethyl chloroformate 

(43  mmol) was added to a solution of a  2-haloaniline  (30  mmol) in pyridine (40 ml) at  0-10  •Ž with stirring, and the

TABLE III. Analytical Data for 2-(Trimethylsilylethynyl)acylanilines  (3a-e)
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mixture was stirred at this temperature for 3 h. After removal of the pyridine, the residue was diluted with  H2O and 

extracted with ether. The ethereal extract was washed with 3 N HCl and 1 N  NaHCO3. The residue, obtained from the 

ethereal extract was purified by  SiO2 column chromatography, followed by distillation under reduced pressure, or 

recrystallization. 

General Procedure for the Preparation of Methyl-  (10a-d) and Bromoindoles (14a, b) - A mixture of 8 or 12 

(5  mmol), TMSA  (8  mmol), Pd(PPh3)2Cl2 (0.25 mmol),  CuI  (0.4  mmol), and Et3N (8  mmol) was heated in a sealed 

tube for 2-3 h at  100-110  •Ž for 8 or 60  •Ž for 12. The mixture was diluted with  H2O and extracted with ether. The 

ethereal extract was purified by  SiO2 column chromatography. The crude product was added to ethanolic sodium 

ethoxide (prepared from Na  (20  mmol) and dry  EtOH (50  ml)), and the  mixture was refluxed for  12-24  h. After 

removal of the  EtOH, the residue was diluted with  H2O, and extracted with CHCl3. The CHCl3 extract was purified 

by  SiO2 column chromatography, distillation under reduced pressure, or recrystallization. 

Ethyl 2-Bromo-3-pyridinecarbamate (16) - According to the general procedure for the preparation of ethyl  2- 

halocarbanilate, 3-amino-2-bromopyridine (15)  (10  mmol) was treated with ethyl chloroformate (15 mmol) in 

pyridine  (20  ml) to give colorless needles, mp  52-53  •Ž, which were recrystallized from hexane. Yield  58%. IR 

(CHCl3)  cm-1: 3390, 1730.  1H-N  MR (CDCl3): 1.36 (3H, t,  J=7.0  Hz), 4.30 (2H, q,  J=7.0  Hz), 7.40  (1H,  br  s), 8.16 

(1H, d,  J=6.0  Hz), 8.45  (1H, d,  J=6.0  Hz), 8.65  (1H, s). Anal. Calcd for  C8H9BrN2O2: 39.21; H, 3.70; N, 11.42. 

Found: C, 39.20; H, 3.59; N, 11.33. 

Ethyl 3-Bromo-4-pyridinecarbamate (23) - According to the general procedure for the preparation of ethyl  2- 

halocarbanilate, 4-amino-3-bromopyridine (10 mmol) was treated with ethyl chloroformate (15 mmol) in pyridine 

(20  ml) to give colorless needles, mp  60-61.5  •Ž, which were recrystallized from hexane. Yield  52%. IR 

(CHCl3)cm-1: 3390, 1730.  1H-NMR (CDCl3): 1.35 (3H, t,  J=7.0  Hz), 4.32 (2H, q,  J=7.0  Hz), 7.0-7.3  (1H, m), 

7.5-7.9 (2H, m), 8.4-8.5  (1H, m). Anal. Calcd for  C8H9BrN2O2: 39.21; H, 3.70; N, 11.42. Found: C, 39.16; H, 3.63; 

N,  11.35. 

Pyrrolo[3,2-b]pyridine (18) - According to the general procedure for the preparation of indoles, treatment of 

16  (5 mmol) with TMSA (7.5 mmol) followed by reaction with  NaOEt gave colorless needles, mp 126-127  •Ž, which

TABLE IV. Ethyl 2-Halocarbanilates  (8a-d and 12a, b)

TABLE V. Analytical Data for Ethyl 2-Halocarbanilates  (8a-d and 12a, b)
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were recrystallized from cyclohexane-acetone.  Lit16) mp  127-128  •Ž.  IR  (CHCl3)cm-1: 3480.  1H-NMR (CDCl3): 

7.0-7.3  (1H, m), 7.4-7.9 (2H, m), 8.4-8.6  (1H, m), 10.85  (1H,  br  s). 

Pyrrolo[3,2-c]pyridine (25) - According to the general procedure for the preparation of indoles, treatment of 

23  (5 mmol) with TMSA (7.5 mmol) followed by reaction with  NaOEt gave colorless needles, mp  110-111 •Ž, which 

were recrystallized from cyclohexane.  Lit17) mp  111.5-112.5•Ž. Yield  58%. IR  (CHCl3)cm  -1: 3470.  1H-NMR 

(CDCl3): 6.6-6.9  (1H, m), 7.2-7.4 (2H, m),  8.35  (1H, d,  J=5.6  Hz), 9.20  (1H, s), 10.60  (1H,  br  s).
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