Tetrahedron Letters,Vol.27,No.35,pp 4201-4204,1986 0040-4039/86 $3.00 + .00
Printed in Great Britain Pergamon Journals Ltd.

PALLADIUM- OR NICKEL-CATALYZED REACTION OF ALKYNES
WITH TRIMETHYLSILYL CYANIDE. A NEW SYNTHESIS OF 5-
AMINOPYRROLE-2-CARBONITRILES

Naoto Chatani* and Terukiyo Hanafusa
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Osaka University, Ibaraki, Osaka 567, Japan

Summary: The reaction of alkynes with trimethylsilyl cyanide (1) in the
presence of a palladium or nickel catalyst gave 5-aminopyrrole-2-carbonitriles

in high yields with high regioselectivity.

In the study of a new palladium-catalyzed reaction of (1),1 we have already
reported that the reaction of arylacetylenes with (1) in the presence of
PdClZ/pyridine resulted in addition of (1) to carbon-carbon triple bond to give
B-cyanoalkenylsilanes with high regio- and stereoselectivity.2 This reaction
represents the first example of the addition of (1) across a carbon-carbon
multiple bond. We now report a new and regioselective conversion of alkynes
into S5-aminopyrrole-2-carbonitriles by a palladium- or nickel-catalyzed reaction
of (1).
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Pd] or [Ni { 5
ArC=CR + Me3SiCN [Pd] [ ]7 NC /N\N(SiMe:;)2
H

R=Ar, H

In a typical procedure, a mixture of 2.5 mmol (0.45 g) of diphenylacetylene
(2a), 15 mmol (2.0 mL) of (1), and 4 mol% of PdC12 (18 mg) was heated under
reflux under nitrogen for 20 h. After evaporation of unreacted silyl cyanide
(1), the residue was chromatographed on silica gel (n-hexane/EtOAc=9/1) to give
850 mg (yield 84%) of the colourless solid (3a)3'4 {(mp 186-187°C, from n-
hexane). Product (3a) might have been produced by desilylation of (4), the
initial product, through the isolation procedure. Compound (4) apparently
consists of one molecule of diphenylacetylene and three molecules of (1). The
use of a solvent (e.g., toluene, DMF, CH3CN) resulted in reduced yield. The
reaction without a solvent gave the best results. Although PdClz/DIBAH (i-
Bu2A1H) was not effective, other palladium complexes such as PdCl, (84%), PdBr2
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4 5

(71%), Pd(OAc), (79%), PdClz/pyridine (86%), (PPh;),PdCl, (48%), Pd(PPh3), (62%)
showed a catalytic activity. Ni(0) catalysts, NiCl,/DIBAH (87%) and NiClZ/Et3Al
(80%), were also found to be effective for this reaction, but NiC12 alone had no
catalytic activity.

The results obtained for some substituted diphenylacetyles are shown in
Table 1. In each case, 5-aminopyrrole-2-carbonitrile derivative was obtained in
a high yield. To examine the regioselectivity of the construction of pyrrole
ring, (p-methoxyphenyl)-phenylacetylene (2d) was employed. The reaction of (p-
methoxyphenyl)phenylacetylene (2d) with 1 was less selective. Two regioisomers
(3d) and (3e) were formed in a ratio of ca. 1:1. The teaction of di(2-thienyl)-
acetylene (2f) gave (3f) in a high yield.

The palladium-catalyzed reaction of phenylacetylene (in toluene as a
solvent) proceeded to produce selectively R-cyanoalkenylsilane, an addition
product as previously reported.2 In contrast, when the reaction was conducted
with Ni(0) catalyst (no solvent), 5-aminopyrrole-2-carbonitrile (3g)5 was
obtained as a single product in a good yield (Table 2). No regioisomer (5) was
detected in the crude reaction mixture. The regiochemistry was confirmed by the
examination of 'H n.m.r. (§ 6.98 ppm, =CH).6a As shown in Table 2, 4-aryl-5-
aminopyrrole-2-carbonitriles were obtained with exclusive regioselectivity by
the reaction of substituted phenylacetylenes with (1) with the aid of
NiClz/DIBAH. In the case of 2,4,6-trimethylphenylacetylene, no reaction
occured.

In summary, from the synthetic point of view, the present reaction provides
a novel and regioselective method for the construction of pyrrole ring6'7
containing useful functional groups. In contrast to the extensive studies on
the Lewis acid-mediated reactions of (1),8 very few studies have been carried

out the transition metal-mediated reactions of (1).°
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Table 1. Pd- or Ni-Catalyzed Reaction of Diarylacetylenes with Me3SiCN (1)2

Arl  Ar2?

Pd] or [Ni
Ar'C=CAr2 Me3SiCN -[—]——L-L ch/N\>N(SiMe3)2
H

entry Ar! Ar, catalyst yield (%)b
1 CgHg CgHg (2a) pdcl, (3a) 84
2 CgHg CgHg (2a) NiCl,/DIBAH (3a) 87
3 CeHg CgHg (2a) NiCl,/Et;Al (3a) 80
4 p-CH30CgH, p-CH30CH, (2b) P4Cl, (3b) 83
5 p-ClCgHy p-ClCgH, (2c) PdCl, (3c) 82
6 p-CH30C¢H, CgHsg (2d) PdCl, (3d)(3e) 82°
7 C4H3S C4H3S (2f) Pdacl, (3£) 75

8 A1l reactions were carried out on a scale as described in the text.

b Isolated yields based on the acetylene. € The ratio of the regioisomers

was 46:54 as determined by GLC.

Table 2. Nickel-catalyzed reaction of arylacetylenes with Me3SiCN (1)2

H Ar
no=CH NN
rC= Me3SiCN NC N N(SiMe,),

H

entry Ar catalyst yield (%)b
1 CgHsg (2g) NiCl,/DIBAH (3g) 58
2 CgHg (2g) NiCl,/Et3Al (3g) 66
3 p-CH;0C¢Hy (2h) NiCl,/DIBAH (3h) 66
4 0-CH30CgH, (2i) NiCl,/DIBAH (3i) 54
5 p-ClCgHy (23) NiCl,/DIBAH (335) 52

4 In a 20 mL reaction flask was placed NiC12 (0.1 mmol, 13 mg),
and then 1N DIBAH (i-Bu,AlH) in hexane (0.2 mmol, 0.2 mL) was
added. The color of the catalyst turned to black. The silyl
cyanide (1) (15 mmol, 2.0 mL) and an arylacetylene (2.5 mmol)
were added. The mixture was stirred under reflux for 20 h. The
product was isolated by column chromatography on a silica gel.

b rsolated yields based on the acetylene.
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