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Sumnary : Treatment of methyl 3-phenylsulphonyl orthopropionate with n-BuLi gives the 

corresponding carbanion which reacts with aldehydes or ketones to yield 8-phenylsulphonyl 

y-lactones. Base-catalysed elimination of sulphinic acid yields o,B or 8,y-butenolides. 

We recently reported the conjugate addition of the anion derived from methyl 3-phenyl- 

sulphonyl orthopropionate 1 to enones and its application to a new method for cyclopentan- _ 
nulationl. We now report the reaction of this new homoenolate reagent with aldehydes and 

ketones as a practical synthetic method for the preparation of y-lactones and 

butenolides.' 
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Reagent 1 was readily deprotonated with n-BuLi (1.1 equiv.) in THF at -78°C. Reaction - 

of the resulting anion with aldehydes or ketones (1.1 equiv.) at -78°C to -45"C3 followed by 

hydrolysis with dilute sulphuric acid yielded the y-hydroxyesters 2 together with variable _ 
amounts (20-40%) of the cyclised products 3 (Scheme 1). The crude mixtures were quantita- - 
tively converted into the lactones 3 by treatment with dry p-toluenesulphonic acid (0.2 _ 

equiv.) in 1,2-dichloroethane at 50°C for several hours4. Flash chromatography gave pure 

lactones 3 in good overall yields (Table 1) as a mixture of diastereoisomers. The procedure _ 
is applicable to aliphatic and aromatic aldehydes and ketones. Good yields were also obtai- 

ned with enolizable ketones. 

These results show that homoenolate reagent 1 is more efficient in reactions with - 
carbonyl compounds than other previously reported homoenolate reagents5, such as the dianions 

derived from 3-phenylsulphonylpropionic acid5a or N-monosubstituted 3-phenylsulphonyl propio- 

namides5c. 
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Table 1 : Synthesis of f3-Phenylsulphonyl-y-Lactones (3) from Aldehydes and Ketones. _ 

r-Lactones 3 R RI Yield (%)a Isomer ratiob - 

3a 

3b - 
3c 

i-Bu H 76 I:1 

0- H 80 3:2 

Ph H 84 5:4 

3d Me-CH=CH- (trans) H 75 3:2 - 
3e n-Bu Me 68 3:2 

3f Ph Me 70 3:l 

39 Ph Ph 76 

3h 82 - -(CH2)5- 

a Yield of pure product after chromatography. 
b 

Determined by 'H-NMR. Stereochemistry was not established. 

-- 

-- 

The y-lactones 4 could be obtained in good yield from the desulphonylation of 3 _ - C 
following the general procedure reported by Trost and al' (Scheme 2). 

Scheme 2 
RI Yield (%) 

i 

o- 
R 

L-l= 

; H 67 

0 n-Bu Me 74 
R’ o -(CH2$ 85 

i : Na(Hg) 5% (3 equiv.), Na2HP04 (4 equiv.), CH30H, -lO'C, 30min. 

Basic elimination of phenylsulphinic acid from lactones 3 could be readily effected with - 

either DBU or triethylamine in dichloromethane (Scheme 3 and Table 2). Under these conditions 

both lactones 3a and 3b (entries 1 and 2) exclusively gave the more stable a,B-butenolides7 -- 
5a and 5b in very good yields. Excellent yields of a,@-butenolides were also obtained with 

lactones 3f, 3g and 3h (entries 8, 9 and 10). -- _ 
In contrast, lactones 3c and 3d bearing a phenyl or a propenyl group at the y-position - - 

yielded the corresponding 8,y-butenolides 6c and 6d under normal conditions (entries 4 and - 

6). However, using less than an equimolecular amount of DBU, a lower temperature and a 

shorter reaction time the a,8-butenolides 5c and 5d were obtained as the major products - - 
(entries 3 and 5). This indicates a facile isomerization of the cL,8-butenolides 5c and 5d - - 

(kinetic products) into the more stable 8,y-butenolides SC8 and 6d. As a result of prolonged _ 

exposure to an excess of triethylamine, compound 6d was further converted into the fully - 
9 

conjugated y-propylidene-cL,8-butenolide 7 (Z:E ratio = 9:l) , which could also be directly - 
prepared from lactone 3d (entry 7). This result suggests a potential new route to - 
y-ylidenebutenolides, many of which show interesting biological properties 

10 . 
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R = ALkyl , R’=H 

or 

R and R'fH 

RfiO 0 

Scheme 3 

R= Ph or MQ-CH=CH- 

Table 2: Rutenolides frcxn lactones J_. 6 

Entry Lactone 1 Reaction Conditionsa Butenolide Yield (%f 

1 3a DBU (1.1 eq), O'C, 15min. 

2 212 Et3N (IOeq), 22'C, 10h. 

3 c DBU (0.6eq), -2O'C, 20min. 

4 c Et3N (2eq), 22"C, 8h. 

5 x! DBU (0.6 eq), -lO"C, 7min. 

6 3d - DBU (l.Oeq), O“C, 15min. 

7 a 

8 2f 

9 2s 

10 3h 

Et3N (4eq), 22'C, 6h. 

DBU (1.1 eq), O'C, 25min. 

DBU (1.1 eq), O'C, 15min. 

Et3N (lOeq), 22'C, 30h. 

Ph 

/qLo w 

- 
P 0 O 

(7) 
- 

Ph - 
L-J- 

(SF) 
0 

-0 - 

- 
G (59) 

0 
0 - 

&J=Jo (2-h) 

97 

60' 

82 

7od 

76 

71e 

100 

100 

98 

E 0.3- 1.Ommokscal.e. 
b 

Yield of pure product after silica gel chromatography. 
358 of & was also isolated. d 22~ of 6d was also isolatede Z:E ratio= 9:l. - 
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It is clear from the above results that the reaction of homoenolate reagent 1 with - 
aldehydes and ketones provides one of the most efficient and practical entries for the 

synthesis of y-lactones and butenolides. 
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