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Organoselenium Chemistry. a-Phenylseleno Lactones. 
A New General Route to the Synthesis of Fused 

a-Methylene Lactones 

Summary: A general high yield "a-methylenation se- 
quence" has been developed for cis- and trans-fused lac- 
tone rings employing the reported capabilities of alkyl- 
phenyl selenoxides to undergo facile syn elimination at  
low temperatures. 

Sir: We report here a general method for the conversion of 
cis- and trans-fused y- and &lactones into their corre- 
sponding a-methylene-y-butyrolactones and a-methylene- 
6-valerolactones which represent structural units found in 
many naturally occurring cytotoxic sesquiterpenes1 (e.g., 
vernolepinz) . Although the a-methylene lactone structural 
moiety has been a synthetic objective in several laborato- 
ries,3g4 the number of general approaches4 remains small. 

Our approach requires (a) a method for specific high 
yield methylation of preformed lactone enolates, (b) a 
method for stereospecific introduction of an a-phenylsele- 
no substituent (u ide  infra), and (c) a method for specific 
elimination of the corresponding selenoxide to the exocy- 
clic methylene group (Scheme I ) .  The method is based on 
the observations by Sharpless5 and Reiche that lithium 
enolates of ketones, aldehydes, and esters react rapidly 
and cleanly with phenylselenenyl halides to give a-phen- 
ylseleno carbonyl compounds7 and on the report that al- 
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kylphenyl selenoxides readily undergo syns elimination to 
form olefins.9 

In the case of the trans-fused y-butyrolactone 1, the 
overall method is illustrated for the conversion of 1 into 
the trans-a-methylene-y-butyrolactone ( 5 ) ,  with complete 
exclusion of the endocyclic isomer 6. The specific forma- 
tion of 5 comes about as a result of a stereospecific alkyla- 
tion of the lactone enolate derived from 2 with diphenyl 
diselenidelo which establishes the required anti relation- 
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ship between the a-phenylseleno substituent and the ad- 
jacent methine proton; hence, syn elimination of selenox- 
ide 4 can only lead to 5 .  

In the conversion of laqtones to a-methylene lactones 
employing the above scheme, the yields of monoalkylated 
a-methyl lactones are in the range of 90-9870.12 Similarly, 
yields for the introduction of the a-phenylseleno group are 
very high.11 Formation of the selenoxides is carried out 
with 30% hydrogen peroxide and results in 90-99% yields 
of a-methylene lactones. A typical procedure for the con- 
version of the trans-fused y-butyrolactone 1 into the 
trans-fused a-methylene-y-butyrolactone 5 is as follows. 
To a solution of 2.4 mmol of lithium diisopropylamide 
(LDA, prepared from 0.35 ml of diisopropylamine and 1.6 
ml of 1.65 M butyllithium in hexane under nitrogen at 
-78") in 3 ml of anhydrous tetrahydrofuran (THF) was 
added dropwise over a period of 1 hr, 280 mg (2.0 mmol) 
of trans-fused lactone 113 in 3 ml of THF. The solution 
was stirred at  -78" for 20 min, 0.15 ml of methyl iodide in 
1 ml of THF containing 1 equiv (430 mg) of hexamethyl- 
phosphoramide (HMPA) was added rapidly dropwise, and 
then the mixture was warmed to -40". The reaction mix- 
ture was stirred for 3 hr at  -40" and was quenched by the 
addition of 10% hydrochloric acid. The mixture was dilut- 
ed with ether and washed with water and saturated sodi- 
um chloride solution. There was obtained 310 mg (100%) 
of crude monoalkylated lactone 2 which was >95% pure 
by glc analysis. 
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Introduction of the a-phenylseleno substituent was 
achieved as follows. The enolate of methylated lactone 2 
was prepared as described above by addition of 154 mg 
(1.0 mmol) of 2 in 1.0 ml of THF to 1.2 mmol of LDA in 
3.0 ml of THF. After enolate formation was complete, 377 
mg (1.2 mmol) of diphenyl diselenide in 1.0 ml of THF 
containing 215 mg (1.2 mmol) of HMPA was rapidly 
added dropwise at  -78". The reaction mixture was stirred 
at  -78" for 40 min, then warmed to -40", and kept at  
that temperature for 1.5 hr. The reaction was quenched 
by the addition of 0.1 N HC1 solution. Usual work-up af- 
forded yellow crystals which after chromatography on sili- 
ca gel afforded 264 mg (85%) of the pure a-phenylseleno 
lactone 3, mp 124-125". Anal. Calcd for C15HlsOzSe: C, 
58.25; H, 5.86. Found: C, 58.14; H, 5.94. 

To a solution of the a-phenylseleno lactone 3 (62 mg, 
0.2 mmol) in 1.0 ml of THF containing 0.03 ml of acetic 
acid cooled to 0" was added 0.14 ml of 30% hydrogen per- 
oxide. The reaction was stirred for 30 min at  0", then 
poured into cold saturated sodium bicarbonate solution, 
and extracted with ether. Chromatography of the crude 
product on silica gel afforded 29 mg (96% yield) of pure 
trans-fused a-methylene lactone 5. Its ir [Amax (CHC13) 
5.65 (C=O), 6.00 (C=CH2) p ]  and nmr [6 (cc14) 5.95 (d, 
J = 3 Hz, 1 H), 5.30 (d, J = 3 Hz, 1 H),  3.9-3.4 (br, 1 H)] 
were identical with those of a sample of 5 prepared by an 
alternate procedure .4a 

The success of the a-methylenation sequence is depen- 
dent upon the proper stereochemical relationship between 
the a-phenylseleno substituent and the proton /3 to the 
lactone carbonyl. To achieve the required anti relation- 
ship, the introduction of the a substituents must take 
place with complete stereospecificity. Monoalkylation of 
the endo 6-lactone 714 proceeded in 95% yield affording 
lactone 8. Alkylation of the monomethylated lactone 8 
with diphenyl diselenide produced a 627012 isolated yield 
of a pure substance. Spectral data did not allow one to 
differentiate between the two possible isomeric com- 
pounds. However, treatment of 9 with 30% hydrogen per- 
oxide in THF containing a trace of acetic acid resulted in 
a 3:l mixture (glc analysis, SE-30) of a-methylene lactone 
lec [Amax (CHC13) 5.81 (C=O), 6.12 (C=CHz) p;  nmr 
(cc14) 6 6.11 (t, 1 H) ,  5.39 (t, 1 H),  4.18 (d, 2 H)] and the 
corresponding endocyclic double bond isomer 11, respec- 
tively, in 99% isolated yield. 
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Reaction of the enolate derived from the monomethy- 
lated cis-fused lactone 13 (prepared in 90% isolated yield 
from 1215) with diphenyl diselenide afforded the a-phen- 
ylseleno compound 14 (88%) which upon conversion to its 
selenoxide (30% H202) produced a 9O:lO mixture (glc 
analysis, SE-30) of endocyclic isomer 6 and cis-fused a-  
methylene lactone 15, respectively. in near-quantitative 
yield. 
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In view of the above results, the a-phenylseleno group 
and the adjacent methine proton in both cases must pos- 
sess a syn relationship. The obvious way to circumvent 
formation of the endocyclic isomers ( e . g . ,  6 and 11)  would 
be to reverse the order of introducing the a-methyl and 
a-phenylseleno groups maintaining complete stereospecifi- 
city during C-alkylation. 

a-Phenylselenenylation of cis lactone 12 with diphenyl di- 
selenide employing the general reaction conditions de- 
scribed above, followed by methylation, afforded lactone 
16, free from the isomeric lactone 14. Employing the usual 
oxidation procedure, 16 resulted in exclusive formation of 
the cis-fused a-methylene lactone 15 in very high yield 
[Amax (CHC13) 5.69 (C=O), 6.01 (C=CH2) F; nmr 6 
(CC14) 5.99 (d, J = 2.5 Hz, 1 H) ,  5.38 (d, J = 2.5 Hz, 1 
H), 4.40 (4, J = 6 Hz, 1 H)]. 
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This new a-methylenation procedure for the preparation 
of a-methylene lactones clearly has advantages in terms of 
yields and mildness of reaction conditions. 
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