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Configurational Equilibria in 2,4-Disubstituted-y-Butyrolactones 

By S. A. M. TAYYEB HUSSAIN, W. DAVID OLLIS,* CHRISTOPHER SMITH, and J. FRASER STODDART 
(Defiartunent of Chemistry, The University, Shefield S3 7HF) 

Summary Equilibration studies on seven 2,4-disubstituted- RECENTLY, we established1 the constitutions of the natural 
y-butyrolactones indicate that the cis-isomer is thermo- products, rubrenolide and rubrynolide, isolated from 
dynamically more stable than the trans-isomer in all cases. Nectandra rubra (Lauraceae) . In order to investigate the 

relative configurations associated with the lactone rings in 
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these compounds, it became necessary to synthesise some 
model 2,4-disubstituted-y-butyrolactones by stereoselective 
routes and examine their base-catalysed equilibration. 

TABLE 1 
Stereoselective hydrogenation (Pd-BaSO,) of 2,4-disubstituted- 

4-hydroxybut-2-enoic lactones in ethanol. 
Lactone cis-Isomer trans-Isomer Isomer ratio 

R1 R2 M.p. M.p. (cis : trans) 
Me Me (1) Oil Oil 98 : 2e 

Ph Ph (3)' 105-107"C 68-69"' 88 : 121 
Ph Me(4) Oil Oil 84 : 161 
a Pd-C catalyst. b Ref. 3. c Ref. 9. d Refs 8 and 9. e By 

g.1.c. By lH n.m.r. spectroscopy. 

Compounds (1),2 (2),3 (3),4 and (4)6 were prepared by 
known routes. In all cases, hydrogenation over a pallad- 
ium catalyst yielded preferentially (Table 1) one isomer of 
the corresponding 2,4-disubstituted-y-butyrolactones. 
Assuming that the catalytic hydrogenation of the ccp-un- 
saturated lactones, (1)-(4), proceeds from the least 
hindered side of the carbon-carbon double bond, the major 
isomer obtained after each reduction was assigned the cis 
configuration. 

Bu' But(2) 87-88"' 66-68" >99: <1e  

(1) R'= R2= M e  
(2) R'= Rz= But 
(3)  R1= R2= Ph 
(4 1 R'= PhjR2= M e  

Mixtures of cis- and trans-isomers of (5),6 (7)J7-9 (8) ,697 

(9),10 (lo),? and (11)T were obtained by known routes. 
Separation of isomers was achieved by preparative g.1.c. in 
the case of lactones (5 ) ,  (9), (lo), and (ll), and by silica 
gel chromatography in the case of lactones (7) and (8). Our 
assignment (Table 1) of configuration to the two isomers of 
2,4-diphenyl-y-butyrolactone (7) agrees (cf. ref. 9) with that 
originally proposed by Johnson, Lowry, and Rigs7 on the 
basis of lH n.m.r. vicinal coupling constant data. 

TABLE 2 

Base-catalysed equilibrations (ButOH-ButOK) of 2,4-disub- 
stituted-y-butyrolactones a t  25". 

Lactone 
R1 R2 
Me Me (5 )  
But But (6)  
Ph Ph (7)a 
Ph Me (8) 
Et Et (9) 
Et Me (10) 
Bun Me (11) 

Isomer ratio 
(trans : cis) 

44 : 56 
12 : 88 
40 : 60 
42 : 58 
43 : 57 
49:51 
42 : 58 

kcal mol-l 
-0.14 
- 1.20 
- 0.24 
-0.19 
- 0.17 
- 0.002 
-0.19 

a Equilibrated in CC1,-Et,N. b By g.1.c. C By lH i1.m.r. 
spectroscopy. 

Base-catalysed equilibrations were performed on all 
seven pairs of isomers. The results (Table 2) indicate that 
the cis-isomer is always favoured thermodynamically over 
the trans-isomer. The substituents on C-2 and C-4 in the 
case of the cis-isomers can assume quasi-equatorial orienta- 
tions in an envelope conformation in which the C-C(0)-0-C 
group is p1anar;ll in the trans-isomers one of the substituents 
must be quasi-axial in such an envelope conformation. 

Our observations should be compared with the exclusive 
configurational preference for the cis-isomers in the more 
highly flexible 2,4-disubstituted-l,3-dioxolans12 on acid- 
catalysed equilibration with their trans-isomers. 

(Received, 6th June 1974; COWL 645. 

t We thank Professor C. Szantay for providing us with these samples. 
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