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Summary 

The isomerization of 2-butyne-1,4-diol to butyrolactone catalysed by 
ruthenium complexes is described_ 

The differential enthalpy of 2-butyne-1,4-diol (I) and butyrolactone (II), 
which are isomers, is ca 50 kca.l/mol. Yet the former do not spontaneously re- 
verts to the latter and are we not aware of any example of a chemically in- 
duced rearrangement The high exothermicity of the reaction stems from the 
large heat of formation of the triple bond, but a substantial kinetic energy bar- 
rier must separate the two isomers. Mechanistically, such a rearrangement 
must certainly be a complex multi-step process. It can be regarded as dispro- 
portionation reaction which formally calls for the transfer -of 4H atoms from 
the hydroxymethyl groups to the triple bond. 

HOCH,C--_CCH,OH - 

IA 
AH- -50 kcal I mol 11) 

(1) 0 0 

We reasoned that such a transformation might possibly be induced by transi- 
tion metal catalysts_ Our recent findings [ 1,2], as well as those of Murahashi 
[3], prompted us to examine the activity of several H-transfer catalysts 
toward 2-butyne-1,4-dial. The results are presented in Table 1. 

Dodecacarbonyltriruthenium gave a poor yield of butyrolactone [4], in 
spite of the fact that reaction of the diol was practically quantitative. 
Although competitive polyester formation may have taken place [2], the isdla- 
tiori of an impure solid with m/e 258, assigned to hexa(hydroxymethyljbenz- 
ene, indicates a competitive trimerization of I. Deeming et al. [5] recently 
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TABLE la 

RESULTS FOR THE CONVERSION P-BUTYNE-1.4-DIOL --‘r BUTYROLACTONE 

Catalyst (mmol) I (mmol) Solvent (9) ’ Temperature <“C) Time <h) Yield <%)= 

1 RuH,(PPhJ); 0.27 7.0 DigJyme(6.6) 145 3 21 
12 49 

2 RuH,(PPh,), 0.27 7.0 Diglyme(6.0) 110 12 21 
3 RuH,(PPh,), 0.27 7.0 1-Methylnaph- 180 6 36 

thalene (6.0) 
4 RuH= (PPh, )n 0.3 7.0 Diglyme(6.2) 145 1.5 li 

6.5 30 
5 Ru,<CO),. 0.05 a.5 DigIyme(2.0) 145 4 5 
6 RuCl, 0.10 7.5 Diglyme(6.0) 145 20 3 
i RuCI,(PPh,), 0.05 T-0 Diglvme~6.0~ 150 10 1 

“The reaction xx-as carried out in a glass-lined autoclave under argon. bAll solvents were dried and 
distilled. =The yields of butyroiactone wem determined by GLC using an internal standard calibration 
CUn.C_ 

isolated and characterized several complexes from stoichiometric reaction of 

Ru, (CO) i2 and I, but did not report the formation of butyrolactone. 
RuCI, (PPh, )s and RuCl, , either alone or with added triphenylphosphine, are 
inefficient in the conversion I-+11 (Table 1). However, RuH,(PPh,), 163 and 
RuEL(PPh, ), [63 give reasonable yields of butyrolactone, up to 490/o, under 
various reaction conditions (Table 1). 

Bo*h intra- and intermolecular hydrogen transfer are compatible with the 
above transformation_ Butyrolactone was obtained in 40% yield in the reac- 
tion of RUDER with cis-1,4-butenediol. Obviously, the double bond in the 
above compound cannot accommodate the transfer of 4II atoms. The very for- 
mation of butyrolactone from butenediol indicates that at least some of the H- 
transfer must occur via an intermolecular pathway. Thus, it is logical to in- 
voke similar behavior for reaction 1. 

If reaction 1 is confined to an intramolecular H-transfer pathway, the fol- 
lowing sequence of transformations induced by t.he active catalytic species can 
be envisaged: 

- 
OH 

I- HOCH2CH=CHCH0 M Q - 0= 
0 

0 0 
H 

This hypothesis is supported by three important experimental observations: 
(a) Aldehydes are intermediates in the catalytic oxidative coupling reaction of 
alcohols [1,2] with Ru,(CO) i2_ (b) 2Hydroxytetrahydropyrans and 2-hydroxy- 
tetrahydrofurans are oxidized to the corresponding la&ones under catalytic H- 
transfer conditions [ 71. (c) The cis mode of addition of hydrogen to a triple 
bond was observed in H-transfer reactions with Ru3(C0)i2 [S]. 

Similar intermediates may be invoked for the intermolecular reaction mode. 
Alternatively, succindialdehyde, formed by the disproportionation of I, may 
cyclize to butyrolactone in a Tishchenko type reaction [9]; both steps must 
be induced by a catalyst. However, we have excluded a Tishchenko type reac- 
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tion in the oxidative coupling of simple alcohols with Ru,(CO),, [ 21. The 
mechanism of this and related reactions is being currently investigated_ 

Finally, we note that the modest yields of butyrolactone does not detract 
from the remarkable nature of the isomerization. Further optimization of the 
reaction conditions, as well as a search for other catalysts, may improve the ef 
ficiency of this reaction. 
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