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Recently, we required a method for effecting vicinal 
dicarboxylation or dicarbalkoxylation of a trisubstituted 
olefin and were unable to find any suitable procedures in 
the literature. The best known method for effecting this 
kind of transformation is the palladium-catalyzed carbo- 
nylation reaction; however, this is very limited in scope, 
being applicable only to certain types of mono- and di- 
substituted olefins.' 

Our interest in the chemistry of a,a-dichlorocyclo- 
butanones2 led us to consider the possibility of effecting 
dicarboxylation through the intermediacy of the di- 
chloroketene-olefin cycloadducts3 (eq 1). In this note we 
offer a straightforward procedure based on such an ap- 
proach. 

In a few cases, cleavage of the -CCl&O-bond of these 
cycloadducts to give potentially useful intermediates has 
been possible through reaction with alkoxides or 
a m i n e ~ ; ~ * * ~ # ~  most often, though, the products from these 
and similar treatments are those resulting from cleavage 
of the other carbon-carbonyl bond, ring contraction, and 
ring expansion (processes involving cine d is~ lacement ) .~~ ,~  
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2036-2037. (c )  Greene, A. E.; Luche, M. J.; Depres, J. P. J .  Am. Chem. 
SOC. 1983, 105, 2435-2439. 
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Table I. Vicinal Dicarboxylation of Olefins 
dichloro- 

olefin cyclobutanone yield" succinic acid yield 
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"Yield of distilled product based on olefin (2a,f) or reagent 
(2b,c,e,g). *Reference 2a. cmp 87 "C (lit.ldJ5 mp 90 "C). Lithium 
dimethylcopper was used.'* dReference 10. emp 199 "C dec [lit.16 
mp 209 "C (198 "C dec)]. 'See Experimental Section. gmp 128 "C 
(lit.16 mp 129 "C). 5a-Chole~t-2-ene.~ 'Reference 11. Crude 
product used in next step. 'Yield based on Id. kReference 3c. 
'mp 146 "C (lit." mp 152 "C). "'References 3b,c. "mp 156-157 "C 
(lit.'8 mp 159.5-161 "C). Omp 196 "C (lit.I9 mp 200 "C) .  

Instead of searching for other nucleophiles that might more 
generally attack the carbonyl, we sought to profit from an 
earlier observation that the a,a-dichlorocyclobutanones, 
in most cases, can be cleanly converted to the corre- 
sponding a-chloro enolates merely through treatment with 
n-butyllithium.6 While we were unsuccessful in finding 
a high-yield method for directly oxidizing the enolates to 
succinic acids, an efficient, normally one-pot procedure was 
found for carrying out the desired cleavage via these 
enolates, viz., through successive treatment of the a,a- 
dichlorocyclobutanones with n-butyllithium, acetic anhy- 
dride, and sodium metaperiodate-ruthenium dioxide.7 
Examples of the vicinal dicarboxylation are given in Table 
I. 

The overall yields for the dicarboxylation range from 
52% to 83% and average 68%. Not unexpectedly,s the 
conversion is totally stereospecific: lb yields only 3b and 
IC gives only 3c. Finally, in that lithium dimethylcopper 
can be used in place of n-butyllithium,2brc the procedure 
can accommodate certain additional functional groups, as 
illustrated in eq 2. 

We expect that this dicarboxylation method will prove 
useful due to its simplicity, generality, and high yields. 

(6) Greene, A. E.; Luche, M. J., unpublished results. Lithium di- 

(7) Carlsen, P. H. J.; Kabuki, T.; Martin, V. S.; Sharpless, K. B. J.  Org. 

(8) Montaigne, R.; Ghosez, L. Angew. Chem., Int .  Ed. Engl. 1968, 7, 

methylcopper can also be used. See ref 2b,c and 12. 

Chem. 1981,46, 3936-3938. 
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Experimental Section 

Solvents were generally distilled prior to use. Tetrahydrofuran 
and ether were distilled from sodium hydride-lithium aluminum 
hydride. Phosphorus oxychloride was distilled from potassium 
carbonate. Reaction mixtures were generally stirred under a 
nitrogen or argon atmosphere. Thin-layer chromatography was 
performed on Merck 6OFZu (0.25 mm) sheets, which were visu- 
alized with molybdophosphoric acid in ethanol. Merck 70-230- 
mesh silica gel 60 and Florisil (60-100 mesh) were employed for 
column chromatography. A Perkin-Elmer Model 397 spectro- 
photometer was used to record the IR spectra. A Bruker WP 80 
SY spectrometer was employed for the 'H NMR spectra (Me4Si 
as the internal reference). Mass spectra were obtained on a VG 
Micromass 70 70F instrument. Melting points were obtained with 
a Buchi-Tottoli apparatus and are not corrected. Microanalyses 
were performed by the Central Service of the CNRS. 

Dichlorocyclobutanones. The cycloadducts 2a-g and 5 were 
obtained from the commercially available olefins la-c and le-g 
and the known olefins ld9 and 4,2c by using the procedure of 
Krepski and H a ~ s n e r . ~ ~  The cycloadducts 2a,2a 2b," 2d," 2e,3c 
2f,3b9c 2g,3btc and 52c have been reported previously. 

trans -2,2-Dichloro-3,4-dimethylcyclobutanone (2c): bp 
30 "C (0.5 torr); 'H NMR (CC14) 6 1.30 (d, J = 7.1 Hz, 3 H),  1.44 
(d, J = 6.3 Hz, 3 H), 2.30-2.70 (m, 1 H), 2.95-3.25 (m, 1 H); IR 
(film) 1802 cm-'; mass spectrum, m / e  168 (M' + l ) ,  167 (M'), 
166, 140, 139, 138, 109 (100%). 

Succinic Acids. General Procedure. To a stirred solution 
of 4 mmol of the a,a-dichlorocyclobutanone in 16 mL of dry 
tetrahydrofuran at -78 "C was added over 1 min 2.84 mL (4.4 
mmol) of 1.55 M n-butyllithium12 in hexane. After 15 min, 2.8 
mL (29.7 mmol) of acetic anhydride were added and the solution 
was allowed to come to room temperature. After being stirred 
for 1.5 h, the reaction mixture was concentrated under reduced 
pressure13 and the resulting solid residue was dissolved in 28 mL 
of acetonitrile-carbon tetrachloride-water (8:812) and treated 
with 4.8 g (22.4 mmol) of sodium metaperiodate and 100 mg (0.75 
mmol) of ruthenium d i ~ x i d e . ~  After being efficiently stirred for 
14 h, the mixture was treated with 24 mL of 10% aqueous sodium 
hydroxide and stirring was continued for an additional 6 h in order 
to hydrolyze any anhydride pre~ent. '~ The mixture was extracted 
with ether and the aqueous phase was acidified to pH 2-3 with 
10% aqueous hydrochloric acid and then thoroughly extracted 
with ether or ethyl acetate. After being washed with 2% aqueous 
sodium thiosulfate, the organic phase was dried over sodium 
sulfate and concentrated under reduced pressure to  yield the 
diacid, which generally crystallized spontaneously. Diacids 3a,'415 
3b,16 3c,16 3e,17 3f,ls and 3g" have been described previously. 

(9) Douglas, G. H.; Ellington, P. S.; Meakins, G. D.; Swindells, R. J .  

(10) Huber, M. K.; Martin, R.; Rey, M.; Dreiding, A. S. Helu. Chim. 
Chem. SOC. 1959, 1720-1723. 

Acta 1977, 60, 1781-1800. 
(11) Fletcher. V. R.: Hassner. A. Tetrahedron Lett. 1970, 1071-1074. 

Cragg, G. M. L. J.  Chem. SOC. C 1970, 1829-1832. 
(12) Treatment of 2a and 5 with lithium dimethylcopperzb,c in lieu of 

n-butyllithium led to considerably higher yields of the diacids 3a and 6, 
respectively. (In these cases, the enol acetates were isolated by extraction 
prior to oxidative cleavage.) Generally, however, the greater simplicity 
of the n-butyllithium procedure more than compensates for any lower 
yield. 

(13) With volatile substrates, the reaction mixture was instead treated 
with aqueous sodium bicarbonate and the crude enol acetate was then 
isolated with 1:l ether-hexane [IR (film) 1770, 1680 cm-'; 'H NMR 

(14) This step was omitted in the conversion of 5 to 6. 
(15) Barry, V. C.; Twomey, D. Proc. R. Ir. Acad., Sect. E 1947, 51, 

137-144; Chem. Abstr. 1947,4I, 4453e. 
(16) Pollock, J. R. A., Stevens, R., Eds. 'Dictionary of Organic 

Compounds", 4th ed.; Eyre and Spottiswoode Ltd.: London, 1965; Vol. 

(CDCl,) 6 -2.15 (8 ,  3 H)!. 

11, p-1225. 

Pappo, R. J A m .  Chem. SOC. 1962,84, 2181-2196. 

(17) Reference 16, Vol. V, p 3189. 
(18) Johnson, W. S.; Allen, D. S., Jr.; Hindeninn, R. R.; Sausen, G. N.; 

(19) Reference 16, Vol. V, pp 3028-3029. 

5a-Cholestane-2a,3ar-dicarboxylic acid (3d): mp 207-208 
"C (dichloromethane-pentane); 'H NMR (CDC13) 6 0.65 (s), 0.82 
(s), 0.90 (s), 2.50-2.85 (m), 3.20-3.40 (m), 8.60 (br, s); IR (Nujol) 
3080,2660,1710 cm-'. Anal. Calcd for C&4804*1/2H20: C, 74.16; 
H, 10.52. Found: C, 74.18; H, 10.44. 

(1R,2S,4r )-4-( Methoxycarbonyl)-4-methylcyclopentane- 
If-dicarboxylic acid (6): mp 132 "C (dichloromethane-hexane); 
'H NMR (CDC13) 6 1.31 (s, 3 H), 1.78-2.13 (m, 2 H), 2.54-2.87 
(m, 2 H),  3.05-3.45 (m, 2 H),  3.68 (s, 3 H), 10.70 (br s, 2 H); IR 
(Ndjol) 3030, 2700, 1730, 1700 cm-'. Anal. Calcd for C10H14O~ 
C, 52.17; H, 6.13. Found: C, 52.03; H, 6.02. 
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In contrast to the many procedures that exist for ob- 
taining a-methylene-y-butyrolactones,' there are relatively 
few methods available for the synthesis of P-methylene- 
y-butyrolactones.2 Not unexpectedly, a direct approach 
to &,a-disubstituted lactones of this type by successive 
alkylation of 3-methylbut-2-enolide fails due to preferential 
proton abstraction a t  C-4.3 While in principle this 
problem could be overcome through the use of P-methy- 
lene-y-butyrolactone, in practice the instability to conju- 
gation of this m o l e ~ u l e ~ ~ , ~  (and its a-monoalkyl deriva- 
t i v e ~ ~ ~ )  renders its use in synthesis impractical at  best. 

I t  seemed quite likely that a suitably protected y-hy- 
droxy dimethylacrylate derivative would, in contrast, un- 
dergo selective deprotonation at  the methyl position5 and 

(1) See: Grieco, P. A. Synthesis 1975,67-82. Newaz, S. S. Aldrichi- 
mica Acta 1977, 10, 64-71, and references cited therein. 
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