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Rhodium complexes (RhC1L3' RhCl(CO)L2, [RhCl(COD)]2; L=PPh3) 

catalyze hydrostannation of terminal acetylenes (RC=_CH; R=Ph, Me 3Si, 

R1OC(R2)(R3), and R1OCH2CH2; R1=THP, OAc; R1, R2=H, Me) with Bu3SnH 

to produce R(Bu3Sn)C=CH2 selectively. Other transition metal 

complexes [MCl2L2(M=Ni, Pd, Pt, Co)] are also active for the 

hydrostannation, but with less selectivity. 

The hydrostannation of acetylenes producing alkenylstannanes is of particular 

synthetic interest, since the alkenyl group of such products can be transferred 

from tin to various other atoms including Li.1,2) The hydrostannation takes 

place considerably more readily than the corresponding hydrosilation, and is con-

sidered to follow a polar or a free radical way depending on substituents and con-

ditions. 3-5) However, few regio- and stereoselective hydrostannations have been 

known. The applicability of various catalysts, such as those used in the hydro-

silation reaction, has not been well investigated. Here we report the transi-

tion metal-catalyzed regioselective hydrostannation of terminal acetylenes.

The terminal acetylenes used here spontaneously reacted with Bu3SnH at 60℃

and Bu3Sn group generally added to terminal acetylenic carbon to give 2 (Eq. 1 

and Table 1). Radical initiator, AIBN, showed little effect. 6)

(1)

An addition of 1 mold of a rhodium, a nickel, a palladium or a platinum com-

plex to the reaction mixtures drastically accelerated the rate and completed the

hydrostannation within a half hour even at 0℃, and Bu3Sn group added considera-

bly to internal acetylenic carbon to give 1. Especially rhodium complexes not 

only accelerated the rate but also produced 1 selectively. Sometimes violent 

exothermic reactions were observed. Toluene or THE was examined to control the 

reaction temperature, but the regio- and stereoselectivity could not be improved. 

Since palladium complexes easily react with trialkylstannanes to give
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Table 1. Transition Metal-Catalyzed Hydrostannation of Acetylenes(Eq. 1) a)

a) The reactions were carried out with 1 mol% of a catalyst ans 5-10% excess of a 

RC CH under nitrogen. The consumption of Bu3SnH was monitored by GLC. 

b) Isolated yields by short pass distillation based on Bu3SnH. c) Determined 

by GC. t; trace d) After 1 day 25% of Bu3SnH was still retained. 

e) Bu3SnSnBu3 (6%) was contaminated. f) Bu3SnH was recovered.
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distannanes,7) the palladium complexes should be mixed with acetylenes before 

the addition of Bu3SnH. It is still difficult to obtain reproducible results 

with the palladium complexes. In the hydrostannation of acetylenes with Ph3SnH, 

the palladium catalysts were successfully used by K. Utimoto and coworkers, 

although the regiochemistry was considerably different from that of present 

hydrostannation.8) The rhodium complexes, however, should be mixed with Bu3SnH 

before the addition of acetylenes to obtain reproducible results. 9) Moderate 

and small effects were observed with cobalt and ruthenium complexes, respectively. 

Interestingly the rhodium complexes involving Rh-C1 bond caused violent exo-

thermic reactions and completely consumed Bu3SnH within a few minutes. Cationic 

rhodium complex, [Rh(COD)(PPh3)2]+PF6-, however, only moderately catalyzed the 

hydrostannation of phenylacetylene and was inactivated after 2 h when 75% of 

Bu3SnH was consumed. Furthermore the cationic complex exhibited no catalytic 

activity in the reaction with CH 3OCH2C=CH. 

A combination of galvinoxyl (radical inhibitor) and RhCl(CO)(PPh3)2 in the 

hydrostannation of phenylacetylene completely suppressed the formation of 2(R=Ph) 

and produced 1 (R=Ph) in an excellent yield. The radical inhibitor, however, had 

little effect on the regiochemistry of propargyl ethers but suppressed the forma-

tion of (Z)-2 (R=CH3OCH2) (Eq. 2). The formation of 2 (R=Ph) can be attributed

(2)

to a spontaneous free radical pathway. A. J. Leusink and coworkers have 

disclosed the trans-addition of Sn-H to C-C triple bond in either a free radical 

or a polar (nucleophilic) hydrostannation, i.e., (Z)-2 should be kinetic products 

in the spontaneous hydrostannation.4,5) Therefore, the formation of (E)-2 of 

propargyl ethers may come from the transition metal-catalyzed reactions, although 

a polar pathway can not be excluded. The rhodium catalyst system proved to give 

(E)-Ph(Bu3Sn)C=CHD stereoselectively in the reaction of PhD with Bu3SnH (eq. 

3).10)

(3)

This result clearly showed the cis-addition of Sn-H in the present transition 

metal-catalyzed hydrostannation. The cis-stereochemistry is commonly observed 

in the transition metal-catalyzed hydrosilation reaction. 11, 12) 

\Although the mechanism of present hydrostannation may not so different from 

that of transition metal-catalyzed hydrosilation, there is no clear-cut explana-
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tion for the present unusual regiochemistry. 

H. Nozaki and coworkers reported an excellent procedure for regio- and 

stereoselective preparation of alkenylstannanes through a stannylmetallation of 

C-C triple bond. 13) The present hydrostannation provides a simple method for 

the preparation of R(R'3Sn)C=CH2 with respect to starting materials and procedure, 

although the stereoselective preparation of RCH=CHSnR'3 is still problem. 

This work is supported by Grant-in-Aid for Scientific Research 

 (No. 62550636) from the Ministry of Education, Science and Culture. 

References 

1) E. Negishi, "Organometallics in Organic Synthesis," John Wiley & Sons, NY 

(1980), pp. 410 and 439; W. P. Neumann, Synthesis, 1987, 665. 

2) E. J. Corey and R. H. Wollenberg, J. Org. Chem., 40, 2265(1975); E. J. Corey 

and R. H. Wollenberg, J. Am. Chem. Soc., 96, 5582(1974). 

3) A. J. Leusink, H. A. Budding, and J. W. Marsman, J. Organomet. Chem., 9, 285 

(1967). 

4) A. J. Leusink, H. A. Budding, and W. Drenth, J. Organomet. Chem., 9, 295 

(1967). 

5) A. J. Leusink and H. A. Budding, J. Organomet. Chem., 11, 533(1968). 

6) E. J. Corey and R. H. Wollenberg reported the stereoselective hydrostannation 

of THPOCH2C=CH to give (E)-THP-OCH2CH=CHSnBu3 in the presence of AIBN (see 

Ref. 2); The Et3B-induced radical hydrostannation of R'C CH with R3SnH 

produced R'CH=CHSnR3 regioselectively (K. Nozaki, K. Oshima, and K. Utimoto, 

J. Am. Chem. Soc., 109, 2547(1987). 

7) I. P. Beletskaya, "Organic Synthesis an Interdisciplinary Challenge," ed by 

J. Streith, H. Prinzbach, and G. Schill, Blackwell Scientific Publications, 

Oxford(1985), p. 43; N. A. Bumagin, Yu. V. Gulereich, and I. P. Beletskaya, 

Izv. Akad. Nauk, SSSR, Ser. Khim., 1984, 1137. 

8) Y. Ichinose, H. Oda, K. Oshima, and K. Utimoto, Bull. Chem. Soc. Jpn., 60, 

3468(1987). 

9) In the absence of Bu 3SnH, the rhodium complexes changed terminal acetylenes 

to polymeric compounds. 

10) The isomer ratio was determined by NMR spectra with the following assignment 

(see Ref. 3).

11) R. A. Benkeser, Pure Appl. Chem., 13, 133(1966). 

12) K. Tamao, J. Yoshida, H. Yamamoto, T. Kakui, H. Matsumoto, M. Takahashi, A. 

Kurita, M. Murata, and M. Kumada, Organometallics, 1, 355(1982). 

13) J. Hibino, S. Matsubara, Y. Morizawa, K. Oshima, and H. Nozaki, Tetrahedron 

Lett., 25, 2151(1984). - (Received March 1, 1988)


