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The Michael addition whereby a nucleophile adds in conjugate 
fashion to the u,@-unsaturated carbonyl and related compounds 
as illustrated in eq 1, path a, for an acetylenicacceptor constitutes 
one of the most important fundamental synthetic reactions in 
organic chemistry.' In contrast to the activation of the @-carbon 
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as an electrophile by such conjugation with an electron- 
withdrawing group, this same conjugation normally promotes 
deprotonation of the y-carbon and thereby its behavior as a 
nucleophile. Our flexibility to construct complex molecules would 
be aided if we could effect an 'umpolung" whereby the 7-carbon 
might also function as an electrophile. We report that just this 
unprecedented behavior is observed when triphenylphosphine (1) 
is used as a catalyst.2 

We previously reported the ability of triphenylphosphine to 
catalyze the isomerization of ynoates to dienoates as illustrated 
in eq 2.3+4 To rationalize this remarkable reaction, we hypothesized 
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that a vinylphosphonium species such as 2a or its enol 2b may 
be involved. In such a species, the y-carbon of the initial ynoate 
becomes electrophilic. If the isomerization to the diene is 
precluded by using a shorter alkyl chain, then such a species may 
be captured by a nucleophile. 

Heating a 1:l mixture of methyl 2-butynoate and dimethyl 
malonate in toluene with 35 mol 96 of 1,50 mol % of acetic acid, 
and 50 mol % of sodium acetate at 80 OC gave a 59% isolated 
yield of a 1 : 1 adduct. The spectroscopic properties clearly establish 
the structure of the adduct as 3.5 Notably, the IH NMR spectrum 
shows the absence of any CCHJ groups and the presence of the 
(E)-enoate (6 6.85, dt, J = 15.6,7.2 Hz, 1H; 6 5.88, d, J = 15.6 
Hz, 1H). While we had adopted the use of 35 mol % of 1 as our 
standard, we havesubsequently found that 5 mol % gavea slightly 
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higher yield (63%) in the same time period (20 h), whereas 1 mol 
% led to a 29% yield in the same time frame. 
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The remarkable facility of this process led us to investigate the 
range of pronucleophiles that may participate as shown in Scheme 
1. In all cases, only the E olefins are observed. In general, 
pronucleophiles for which pK, C 16 serve satisfactorily. Intro- 
ducing an alkyl group on the acidic carbon of the pronucleophile 
compromised the yield as illustrated in the comparison of dimethyl 
malonate and diethyl methylmalonate. Both the lower kinetic 
acidity of the pronucleophile and the increased steric hindrance 
of the resultant nucleophile may be responsible. Increasing the 
kinetic acidity by using a @-keto ester and minimizing steric 
hindrance by using a cyclic structure as in the cases of 
2-(methoxycarbonyl)cyclohexanone and 2-acetyl-y-but yrolactone 
restore the yields to >70%. 

Replacing the ester of the acetylenic acceptor by the less 
electrophilic amide led to smooth nucleophilic y-addition of 
malonate anion in toluene at reflux (eq 4). On the other hand, 
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using a more strongly electron withdrawing group like a ketone 
required a kinetically more effective pronucleophile than dimethyl 
malonate. Indeed, 1 -phenyl-2-butyn-l-one condenses with Mel- 
drum's acid to give a product which is not a simple 1:l adduct 
in 5 5 4 0 %  yield. Elemental composition establishes the formula 
as Cl~H1203. The infrared and I3C NMR spectra indicate the 
presence of a ybutyrolactone (1774 cm-I, 6 176.6) as well as the 
benzoyl group (1685 cm-1, 6 196.2). The IH NMR spectrum 
shows an ABX pattern at 6 3.25,3.64, and 5.20 with JAB = 17.4 
Hz, JAX = 7.5 Hz, and JBX = 5.2 Hz. The data indicate the 
product to be the lactone 6,s which derives from cleavage of the 
expected initial adduct 4 to the acid 5, which cyclizes to give the 
thermodynamically more stable product 6. 

The ability of triphenylphosphine to impart electrophilic 
character to the y-carbon of acetylene bearing an ester, amide, 
or ketone substituent results in a regiochemical complement of 
the Michael reaction. Triphenylphosphine cannot be simply 
serving as a base to deprotonate the pronucleophile since simple 
Michael addition would be expected. Scheme 2 outlines a 
potential mechanism in which the role of triphenylphosphine is 
proposed as a nucleophilic trigger.6 Other arylphosphines like 
tris( 2,6-dimethoxyphenyl)phosphine, tris( 2-methoxypheny1)phos- 
phine, and 1,3-bis(diphenylphosphino)propane also function, but 
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Scheme 1. ?-Addition to an Ynoate by Pronucleophiles0,b 
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a All reactions were run using 35 mol % of triphenylphosphine, 50 mol % of acetic acid, and 50 mol W of sodium acetate in toluene at 80 or 110 

O C  unless otherwise noted. bFor all new products, see ref 5 .  OIn this case, 1 equiv of sodium acetate was employed. 

Scheme 2. Rationale for Nucleophilic ?-Addition to 
Acetylenes Bearing Electron-Withdrawing Groups 
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no advantage is obvious. On the other hand, the aliphatic 
phosphine, tri-n-butylphosphine, appears to be too nucleophilic 
and led only to unchaiacterized oligomers. The requirement for 
protonation-deprotonation at various stages determines the pH 
range in which acetic acid-sodiumacetate fulfills the needs. Thus, 
the pronucleophile must be able to serve as a nucleophile in this 
pH range. For carbon nucleophiles, malonic esters appear to be 
the upper limit. This approach to adjust the electronic nature 

of an electron deficient acetylene whereby nucleophilic ?-addition 
becomes feasible represents a new type of addition process which 
contributes to synthetic efficiency by providing both unprece- 
dented regioselectivity and atom economy. 

A typical experimental procedure follows: A mixture of methyl 
2-butynoate (98 mg, 1.0 mmol), dimethyl malonate (132 mg, 1 
mmol), triphenylphosphine (13 mg, 0.05 mmol), acetic acid (30 
mg, 0.5 mmol), and sodium acetate (42 mg, 0.5 mmol) in 2 mL 
of toluene was heated at 80 OC for 20 h under nitrogen. Upon 
cooling, the reaction mixture was filtered and the solid was washed 
with ether. The combined organic fractions were concentrated, 
and the residue was purified by column chromatography (hexane/ 
ethyl acetate, 5:l) on silica gel to give 145 mg (63% yield) of 
dimethyl 5-(methoxycarbonyl)-2-hexenedioate (3). 
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