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Summary : Regioselective enol ester formation results frcm the addition of saturated and 

unsaturated carboxylic acids to phenylacetylene in the presence of RuC13, RuClj/2PRj 01 

R~C~~(PMe~)(arene~ catalysts. 

Mononuclear ruthenium complexes, such as RuC13 or RuClz(PR3)(arene), have been shown 

recently to be more efficient catalysts than Ru3(CO) 12 for the addition of ammonium carbamates to 

terrninal akynes in the synthesis of vinyl carbamates.’ As enol esters, which can be obtained from 

the addition of carboxylic acids to vinylmercury derivatives’, were shown to be useful precursors 

for the functionalization of substrates3 It appeared interesting to investigate whether these 

ruthenium complexes could also perform the addition of carboxylic acids to alkynes giving the 

corresponding enol esters. Very recently, unsaturated carboxylic acids were shown to add to 

alkynes4b and the addition of saturated carboxylic acids to hex-r-yne4a, using a 

Ru! nS-cyclooctadienyl)J maleic anhydride system as catalyst, has been described. This leads US to 

report our preliminary results on the addition of a variety of cacboxylic acids to phenylacetylene, 

using easily accessible mononuclear ruthenium catalysts. 

RuC13,3Hz0 ra and RuClz(PMe3)(p-cymene) rb catalyze the addition to phenyl acetylene 

of saturated carboxylic acids such as acetic 2a and 2-phenylbutyric zb acids and a, B-unsaturated 

carboxylic acids such as benzoic 2c, a-thiophene carboxylic zd, and crotonic ze acids. 
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Complex Ib catalyzes the addition of both saturated (runs 4, 8) and unsaturated (run 12) 

carboxylic acids to phenylacetylene. The enol ester 4 is always obtained with a good selectivity. 

In a typical experiment, acid zb (1.64 g, IO mmol), phenylacetylene (1.02 g, IO mmol) 

and complex Ib (76.4 mg, 0.2 mmol) were dissolved in 20 ml of ethylbenzene in a Schlenk tube. The 

mixture was heated for 15 h at 120°C. The residual acid zb was extracted using NaHC03 aqueous 

solution and the esters were obtained via distillation (1.5 g, 56 %) (run 8). 

In contrast, if ra also catalyzes the addition of both saturated and unsaturated acids to 

phenylacetylene, the (E&3 isomer is then obtained as the major product (runs I, 5, g, 13, IS). 
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Table : Synthesis of enol esters from phenylacetylene and ruthenium catalyst I a.b 

Run acid Ru PR 
3 4 

ester Yield % Run acid Ru PR ester Yield I 
3Z 3E 3 4 3Z 3E 

I (za) Ia --- 3 20 61 g (2.~1 ra --- 6 18 6r 

2 ” ia PBu3 54(46) II 8 IO ” Ia PBu 63 I 7 

3 ” Ia PCy3 36 5 I II ” ra PMd 73 I 
3 

4 ‘I Ib --- 46 IO IO 12 " Ib --- 68(61) - 4 

5 (zb) Ia --- 6 24 61 13 (zd) xa --- 28 21 38 

6 ” Ia PBu3 44 3 I 14 ” xa PBu 52 I2 
3 

4 

7 ” Ia pcY3 3’ I - - 

8 ” lb ____ W56) 6 2 15 (2e) Ia --- 5 I7 56 

(a) (Ru) : Ia (RuCl , 3H20) ; 

mmol); I (0.2 

Ib (RuC12(PMe3)(p-cymene); (b) Phenylacetylene (IO mmol); acid (IO 

mmol ; 3 PR3 (0.4 mmol); ethylbenzene (20 ml): rzo”C, 15 h. (c) GLC yields and ( ) 

isolated yields. 

When two equivalents of a basic and bulky phosphine such as PMe 
3’ 

P(n-Bu)3 and PCy3 (runs 2 and 

3 ; 6 and 7 ; IO and II ; 14). The conversion is always high (go-loo “0) but when a phosphine was 

added, the parallel formation of the alkyne dimer PhCH=CHCECPh (E + Z) occurs and undergoes to 

a decrease of the yield in enol esters. 

The catalytic systems do not appear to be specific of terminal alkynes, RuC13 Ia with 

PBu3 also catalyzed the addition of acetic acid to diphenylacetylene. as it was already observed 

using Ru3(C0JIz5 as catalyst. 

Ph-C = C-H Ia/PBu3 _ Ph, ,OCOCH H, 
+ CH3C02H 
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