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Table. Palladium-Catalyzed Carbonylative Coupling of Vinyl Triflates with I-Alkynesa 

Entry Enol Triflateb 1-Alkyne Productc Yield * 
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Table. (continued) 

Enhy Enol Triflateb 1 -Alkyne Yield * 
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a All reactions were carried out for 2-3 h in the same manner as described in the text, unless otherwise noted. Disappearance of 
starting material was monitored by TLC. h En01 uiflates were prepared according to ref. 6. C All the products were adequately 
characterized spectroscopically. d Yields of isolated products. e Dppf (3.3 mol%) was used as the ligand. f Reaction performed at 
SOT. g Reaction carried out at room amperature in the prcscnce of CuI (1 mol%) as the cocatalyst. 
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phine ligan& was required for achieving a good selectivity for carbonyl-containing products formation. Thus, 
for istance, the use of Pd(OAc)2(PPh3)2 in the CarbonyIation of cholest-2-en-3-yl Qiflate with phenylacetylene 
resulted in extensive fo~ation of the nonc~bo~ylat~ coupled product (63%) d-de Only = ~~% of the deS&d 

a)kynyl ketone waS obtained. Simhr observations in regard with the use of the bidentate ligand dppf in the 
carbr,ylation of organic b&ides in the presence of terminal acetylenes have been reported by T~&QX.~ 

The reaction of 3~_a~etoxy-5~-androst-l6+1-17-yl triflate with p_henylacetylene required somewhat 

different conditions (entry 12). In f’act, under standard conditions, the triflate was Completely Consumed but only 
a 16% of the expected Jkynyl ketone was produced. However, upon addition of I % mol of CuI and carrying 
out the reaction at room tem~~t~~~ in order to minimize direct coupling, the alkynyl ketone could be obtained in 

synthetically useful yield. 
The major &-a&r&k which -.ve were not abIe to overcome was the faibe $0 obtain SatiSfactO~ res*h 

with &cmn-wr acetylenes such as ethyl propynoate7 and 3,3-diethoxy-l-propyne. 
Attempts to extend our procedure to aryl triflates met with substantial failure as Well. mUS, although LX- 

naphtyl gflate reacted with phenylacetylene under standard conditions to give the carbonylative coupling 
product in acceptabfe yield (59%), 4-carbomethoxyphenyl tiflate, 4-methoxyph~ny1 trigate, and 3_ 
triflyloxyestra- 1,3,5(10)-kjen- 17-0X WfXe all recovered practically unchanged when reacted as above. Higher 

rexdon temperature and/or the use of CuI as cocatalyst did not lead to substantial improvements. 
In conclusion, we have developed an efficient method for the ~ansfo~ation of ketones, via their enol 

tiflates, into l-alken+yn+ones. The method merits attention, despite its limitations, due to the use of readily 
available starting materials and the simplicity and mildness of the experimental prince. 

The reaction pathway is clearly related to that of the carbonylative coupling between organic halides and 
terminal acetylenes, for which a nucleophilic attack of an acetylide anion on an acylpd]a&um halide has been 
proposed by different authors +* The mechanistic details of this attack, e.g. Pd attack vs CO attack, remain 
however obscure. 

1. 

2. 

3. 

4. 
5. 

6. 
7. 
8. 

REVERENCES AND NOTES 

(a) Sheng, H.; Lin, S.; Huang, Y.Z. ~etruhedron Left. 1986,27, 4893-4894. (b) Cupps, T.L.; Boutin, 
R.H.; Rapoport, H. J. Org. Chem. 1985,50, 3972-3979 and references therein. (c) Logue, M. W.; 
Teng, K. J. Org. Chem. 1982,47, 2549-2553 and references therein. 
Nicolaou, KC.; Skokotas, G.; Furuya, S.; Suemune, H.; Nicolaou, D.C. Angew. Chem. Int. Ed. Engl. 
1990,29, 1064-1067. Jones, E.R.H.; Thailer, V. The Chemisf~ of rhe Carbon-Carbon Triple Bond; 
Patai, S. Ed.; Wiley: New York, 1978; Vol. 2, p 631. Metcalf, B.W.; Wright, CL.; Burkhart, J.P.; 
Johnston, J.O. J. Am. Chem. Sot. 1981,103, 3221-3222. 
Larock, R.C. Comprehensive Organic Tra~jor~ti~n~: A Guide to ~uncrio~l Group ~re~ar~f~ons; VCH 
Publisher: New York, 1989; pp 1060-1061. 
Kobayashi, T.; Tanaka, M. J. Chem. Sot., Chem. Commun., 1981, 333-334. 
(a) Goure, W.F.; Wright, M.E.; Davis, P.D.; Labadie, S.S.; Stiile, J.K. J. Am. Chem, Sot. 1984,106, 
6417-6422. (b) Crisp, G.T.; Scott, W.J.; Stille, 3.K. J. Am. Chem. Sot. 1984, 106,75OO-7506. (c) 
Bumagin, N.A.; Bumagina, I.G.; Kashin, A.N.; Beletskaya, I.P. Dokl. Akud. Nauk SSSR 1981,261, 
1141-l 144. (d) Echavarren, A.M.; Stille, J-K. J. Am. Chem. Sot. 1988,110, 1557-1565. 
Cacchi, S.; Morera, E.; Ortar, G. Synthesis 1986, 320-322. 
When ethyl propynoate was tried as the alkyne, sodium acetate replaced Et3N as the base; see ref. 6. 
Heck, R.F. Palladium Reagents in Organic Synthesis; Academic Press: New York, 1985; p 359. 
Hegedus, L.S. The Chemistry of the Metal-Carbon Bond; Hartley, F.R.; Patai, S. I!&.; Wiley: New 
York, 1985; Vo12, p 431. 

(Received in UK 18 July 1991) 


