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confirmed by the ir spectrum. Thus, all adducts in Table I 
showed a very strong, sharp band between 4.64 and 4.67 p. 
Isothiocyanates are known to absorb a t  longer wavelength- 
4.67-5.26 p-and these bands are usually broad.1° We have 
been unable to detect any appreciable amount of isothiocy- 
anate (by ir) in any of the crude reaction mixtures.ll 

That the reactions are homolytic in quality is supported 
by the nature of the adducts obtained which are analogous 
to those obtained in the known free-radical additions of 
sulfonyl iodides. Consistent also is the fact that  large quan- 
tities of polystyrene were obtained in the reaction of meth- 
anesulfonyl thiocyanate with styrene. The biting odor of 
sulfur dioxide was noted during the reactions in which alk- 
anesulfonyl thiocyanates were employed; this observation 
is consistent with the intermediacy of RSQz - ,  which de- 
composes to R - and SQz. 

The yields listed in Table I have not been optimized 
though it has been found that these additions require a 
large excess of hydrocarbon for best results. Thus, in reac- 
tion 2, as the molar ratio of cyclohexene was increased in 
the manner 1:1, 2:1, 4:1, and l O : l ,  the corresponding yields 
of isolated product were 15, 38, 53, and 84%. The yields 
given in Table I are the result of hydrocarbon excesses 
ranging from 2:l to 1O: l .  

Careful monitoring of several of the reactions (1-4, 9) by 
both tlc and glpc methods has revealed, in addition to 
starting materials and very slow moving components (most 
certainly polymeric in nature) no more than 10% minor 
products with Rf values and retention times comparable 
with those of the isolated adducts. 

PhCH=CH, + P-TolSO,SCN - 
2 

Ph H 

3 4 

That structure 3 correctly represents the adduct ob- 
tained in the p -  toluenesulfonyl thiocyanate addition to 
styrene was confirmed by its further, facile conversion to 4 
(93%). Based on the known trans additions of sulfonyl io- 
dides, it  seems reasonable to assign structures resulting 
from trans addition of the sulfonyl and thiocyanato 
moieties in reactions 2-8; however, this matter is currently 
under investigation. 

The spectral data of the adducts from reactions 9 and 10 
confirm that addition has occurred to the less substituted 
double bond. The nmr spectrum of the adduct from reac- 
tion 10 shows three unequal methyl groups as singlets, in 
addition to a methylene group (singlet). With 9, one of the 
methyl groups is replaced by a p -  tolyl function. That the 
thiocyanato group was attached to the terminal carbon was 
determined by the interesting borohydride conversion of 
this latter adduct to 2-(p-  toluenesulfonyl)-3-methylbut-~- 
ene in 57% yield. Similar borohydride treatment of 3 pro- 
vided 4 in 88% yield. 

Though the chemistry of these 1:l adduts may, in some 
respects, resemble that found when sulfonyl iodides are 
employed, the presence of the thiocyanato moiety in the 
current compounds provides an unusually reactive func- 
tionality which should be subject to the known transforma- 
tion of thiocyanates,6 thereby providing access to numerous 
unique P-substituted sulfones. 
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Condensation of tert- Butyl a-Lithioisobutyrate with 
Acid Chlorides. A Synthesis for P-Keto Acids and 

Ketones 

Summary:  The acylation of tert- butyl a-lithioisobutyrate 
with benzoyl chlorides gives the corresponding P-keto es- 
ters in good yield, and subsequent treatment of these esters 
with trifluoroacetic acid either a t  room temperature or a t  
reflux affords @-keto acids or isobutyrophenones, respec- 
tively. 

Sir: Recently dianions of carboxylic acids1 and 0- silyl ke- 
tene acetals2 have been used to prepare P-keto acids and 
P-keto esters, respectively. However, the former method 
does not work well for the preparation of a-benzoyl carbox- 
ylic acids and the latter method is inapplicable to the syn- 
thesis of a,a-disubstituted p-keto esters. Herein we report 
a new procedure3 for the facile synthesis of both of these 
classes of compounds and for their conversion into the cor- 
responding ketones. 

Treatment of tert- butyl a-lithioisobutyrate with benzoyl 
chlorides (1) gave the tert- butyl a-benzoyli~obutyrates~ (2) 
in fair to good  yield^.^ The tert- butyl esters 2 upon treat- 
ment with trifluoroacetic acid for 15 min at  room tempera- 
ture afforded the /?-keto acids6 3 in quantitative yield. The 
corresponding ketones 4 can be readily prepared, essential- 
ly quantitatively, by heating solutions of 2 in trifluoroacetic 
acid under reflux for 1 hr. 
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la-e 

a , X = H  55% 
b,X=CH3 68% 
c,X=OCH3 80% 

0 
I1 

3a-e 

2,a-e 

d , X = C l  68% 
e, X =  NO2 22% 

0 
H 

4a-e 

The nmr spectrum of 2a in trifluoroacetic acid exhibited 
a tert- butyl resonance a t  6 1.38 that disappeared after 45 
sec with a simultaneous appearance of a new resonance (a 
singlet integrating for nine protons) a t  6 1.60 that remained 
even after decarboxylation to 4a was complete. The only 
reasonable assignment of the 6 1.60 resonance is to tert- 
butyl trifluoroacetate. Thus, isobutylene is not expelled 
from solution when esters 2 are dissolved in trifluoroacetic 
acid, but rather the elements of isobutylene are transferred 
from 2 to trifluoroacetic acid generating tert- butyl trifluo- 
r ~ a c e t a t e . ~  These observations clearly indicate that the 
original 15-min period used for the conversions of 2 to 3 
was much longer than necessary. 

This use of tert- butyl a-lithio esters offers great promise 
for the synthesis of a wide variety of substituted ketones, 
especially a-monoalkylated ketones that are difficult to 
prepare by other means. These aspects are presently under 
investigation. 

The procedure for the synthesis of 2a is representative.s 
To a solution of 20 mmol of tert -butyl a-l i thiois~butyrate~ 
dissolved in 25 ml of dry benzene at  0" was added a solu- 
tion of 22 mmol of benzoyl chloride dissolved in 10 ml of 
dry benzene over 2 min. The cooling bath was removed and 
the reaction mixture allowed to come to room temperature. 
The reaction mixture was extracted with 10% potassium 
carbonate solution, washed with water and saturated brine, 
and filtered through anhydrous calcium sulfate. After the 
removal of solvent under reduced pressure, the yellow resi- 
due was chromatographed on silica gel with hexane to give 
2a as a colorless solid: mp 65.5-66.3"; ir (CC14) 1725, 1680, 
1390, and 1385 cm-l; nmr (CC14) 6 1.28 (s, 9), 1.47 (s, 6), 
7.5-8.1 (m, 5). 
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Oxidation by Metal Salts. XI. 
The Formation of Dihydrofurans 

Summary: Dihydrofurans are formed in high yields by the 
reaction of readily enolizable ketones, such as (3 diketones 
and (?-keto esters, with olefins in the presence of manganic 
acetate. The free-radical mechanism for their formation is 
presented and contrasted with the ionic mechanism ob- 
served in the case of lead tetraacetate, which leads to an 
isomeric product. 

Sir: In an earlier communication1 we described a novel 
free-radical addition reaction of enolizable ketones to ole- 
fins which took place in the presence of such oxidants as 
manganic acetate. The major products observed in these 
reactions were a saturated ketone, an unsaturated ketone, 
and a ketoacetate; the relative distribution of which de- 
pended on the reaction conditions and the nature of the re- 
agents employed. 

We now wish to report the facile formation of dihydrofu- 
rans in this reaction when highly enolizable ketones such as 
p diketones and p-keto esters are used as one of the re- 
agents. Thus, the reaction of manganic acetate with acetyl- 
acetone and a-methylstyrene afforded the dihydrofuran2 
shown in quantitative yield, based on the manganic ion 
consumed. In a typical experiment, 0.25 mol of Mn(0Ac)s. 

0 

2Hz0, prepared from potassium permanganate and manga- 
nous a ~ e t a t e , ~  was dissolved in 1 1. of glacial acetic acid a t  
45" under nitrogen. To this solution was added a mixture 
of 15.3 g of a-methylstyrene (0.13 mol) and 75 g of acetyl- 
acetone (0.75 mol). The reaction was over in 10 min as evi- 
denced by the disappearance of the brown manganic color. 
The product dihydrofuran was isolated by extraction with 
ether followed by distillation. Examples of other dyhydro- 
furans synthesized via this method are shown in Table I. 

The formation of these dihydrofurans can best be ex- 
plained by our previously postulated m e ~ h a n i s m l , ~  based 
on the selective generation of a-keto radicals from enoliza- 
ble ketones and the selective oxidation of organic free radi- 
cals, the details of which are shown in Scheme I. The pre- 
dominant formation of dihydrofurans from (?-dicarbonyl 
compounds contrasts sharply with the low yield found in 


