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benzyl sulfide (9) with sodium dichloracetate in anhydrous 
acetonitrile, which would be expected to give 7 directly, was 
found instead to produce the dibenzylmercaptal of benzal- 
dehyde (5a) in 70% yield. This result provides good evidence 
for the intermediacy of a-acyloxy sulfide 7 in the formation 
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of 5a and is supportive of the mechanism proposed in Scheme 
I. 

If an a-acyloxy sulfide is first formed during the reaction 
of a sulfoxide with an acid anhydride or an acid chloride, the 
question of whether the a-acyloxy sulfide survives intact or 
is converted to the corresponding thioacetal would be ex- 
pected to be governed by the usual factors affecting rates of 
SN1-SN2 reactions. Thus, the nature of the substituents in 
the sulfoxide as well as the stability of the departing acyloxy 
anion should play a role. We have carried out several experi- 
ments to gain insight regarding these factors and the results 
are summarized in Table I. 

Thus, the reaction of benzyl phenyl sulfoxide (4b) with 
dichloroacetyl chloride under the same conditions as before 
gave mainly the diphenylmercaptal of benzaldehyde (5b) as 
would be expected. Although methyl phenyl sulfoxide, which 
lacks benzylic activation, was converted by dichloroacetyl 
chloride to the corresponding diphenylmercaptal of formal- 
dehyde, the yield was quite poor. Furthermore, the reaction 
of methyl phenyl sulfoxide with either acetic anhydride or 
dichloroactic anhydride gave the corresponding a-acyloxy 
sulfides in good yield. In these instances the reaction condi- 
tions were not sufficiently severe for the further conversion 
of the a-acyloxy sulfides to the acetals. However, when the 
product, dichloroacetoxymethyl phenyl sulfide (lo),  was 
heated in N-methylpyrrolidone (NMP) a t  120 "C for 48 h, it  
was converted to the diphenylmercaptal of formaldehyde (1 1) 
in 45% yield. 

0 

From these studies it can be concluded that the reaction of 
sulfoxides with acid halides or acid anhydrides may yield ei- 
ther a-acyloxy sulfides or thioacetals, depending upon the 
substituents present and the nature of the acid halide or acid 
anhydride. 

Experimental Section 
General. Infrared spectra were recorded on a Beckman IR7 spec- 

trophotometer. Solids were recorded as KBr pellets whereas liquids 
were recorded as thin films on NaCl plates. NMR spectra were re- 
corded on a Varian XL-100 spectrometer using CDC13 as solvent. 
Elemental analyses were obtained with a Perkin-Elmer Model 240 
C, H, N analyzer. Mass spectra were recorded on a CEC 21-llOB mass 
spectrometer. Melting points were taken with a Dreschel melting 
point apparatus and are uncorrected. Boiling points were obtained 

using a micro boiling point tube and are uncorrected. All preparative 
layer chromatography was done on Analtech silica gel plates. 

General Procedure for  Reaction of Sulfoxides with Acid 
Chlorides. A solution of 2 mmol of sulfoxide in 25 ml of anhydrous 
THF at 25 "C was treated with an equimolar amount of acid chloride. 
After 15 min 1 equiv of triethylamine was added. The reaction mixture 
was stirred overnight at 25 "C and the triethylamine hydrochloride 
was removed by filtration. Concentration of the filtrate under reduced 
pressure gave an oil which was purified by chromatography. 

General Procedure for Reaction of Sulfoxides with Acid 
Anhydrides. A solution of 2 mmol of sulfoxide in 10 ml of solvent was 
allowed to react with the appropriate acid anhydride. After comple- 
tion of the reaction the solution was concentrated under reduced 
pressure and the resulting oil was purified by chromatography. For 
specific experimental details see the footnotes of Table I. 

Reaction of a-Chlorobenzyl Benzyl Sulfide (9) with Sodium 
Dichloroacetate. A solution of 0.46 g (2 mmol) of dibenzyl sulfoxide 
(4a) in 10 ml of anhydrous CHzC12 was added dropwise over a 30-min 
period to a refluxing solution of 0.17 ml(l5% excess) of thionyl chlo- 
ride in 20 ml of anhydrous CHZC12. The solution was refluxed for 3 
h and concentrated under reduced pressure to give 9 as a slightly 
yellow oil. A solution of 9 in anhydrous acetonitrile was treated with 
0.30 g (2 mmol) of sodium dichloroacetate. A milky precipitate formed 
immediately. The mixture was stirred for 3 days a t  25 "C, the pre- 
cipitate was removed by filtration, and the filtrate was concentrated 
under reduced pressure to give a viscous oil. Preparative layer chro- 
matography gave 235 mg (70%) of the dibenzylmercaptal of benzal- 
dehyde (5a), mp 59-61 "C (lit9 mp 61 "C). 

Pyrolysis of Dichloroacetylmethyl Phenyl Sulfide (10). A so- 
lution of 120 mg (0.48 mmol) of 10 in l ml of anhydrous oxygen-free 
N-methylpyrrolidinone was heated a t  120 "C for 48 h. The solution 
was diluted with 25 ml of CHC13 and washed with three 15-ml portions 
of HzO. The solution was dried (MgS04) and concentrated under 
reduced pressure to give a dark oil. Preparative layer chromatography 
gave 25 mg (45%) of the diphenylmercaptal of formaldehyde (1 1). 
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It has been observed previously that 01,w dihaloalkanes will 
alkylate dianions of /3 diketones to form bis-/3 diketones (eq 
1) where n = 3 or higher. However, it  was also observed that 
the alkylation reaction did not work for n = 1 or 2 under the 
same c0nditions.l We have recently found that cuprous ions 
can catalyze coupling reaction of dianions of /3 diketones that 
do not readily occur under the conditions or with reagents 



Notes 

usually used for coupling in t h e  absence of cuprous ions (eq 
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We now report that sodiolithio-2,4-pentanedione (4, R = 
CH3) reacts with methylene and ethylene bromide (2, n = 1 
and 2, respectively) t o  form t h e  alkylation products 3. These 
products were not obtained when t h e  reaction was run under 
t h e  same conditions in t h e  absence of the copper catalyst. 
When dibromomethane was used (-63 t o  0 "C, 3 h) as t h e  
substrate, 2,4,8,10-~ndecanetetrone was isolated in 8-10% 
yields. The low yield could be attributed t o  unreacted starting 
material (observed by gas chromatography) and intramolec- 
ular condensation of the alkylation p r ~ d u c t . ~  When  diio- 
domethane was used as the substrate, a t a r  was formed from 
which the bis-0 diketone 3 could not  be isolated nor could 
s tar t ing material be detected b y  gas chromatography. 

When 1,2-dibromoethane (2, n = 2) was used as substrate  
with 1 in t h e  presence of cuprous ions 2,4,9,11-dodecanete- 
t rone was isolated as a solid in  25-33% yield. T h e  somewhat 
low yield of t h e  bis-0 diketone may be caused by incomplete 
crystallization of t h e  low-melting product  or intramolecular 
condensation side reactions3 since ethylene bromide was 
shown t o  be absent  from the  crude reaction product. Whe; 
1,2-dichlorethane was used as the  substrate, 2,4-pentanedione 
and 1,2-dichlorethane were recovered in 52 and 33% yields, 
respectively. This  suggests that E2 elimination may be t h e  
main reaction as in  t h e  reaction between disodio-2,4-pen- 
tanedione and ethylene chloride in liquid amm0nia.l This  
difference in alkylation reactivity of bromo compounds vs. 
chloro compounds is consistent with previous observations 
of reactions of' some haloacetals4 and h a l o c a r b ~ x y l a t e s ~  with 
dianions of (3 tliketones. 

That t h e  alkylation products from these reactions are 3, n 
= 1 and 2, respectively, is supported by analogy with homo- 
logues, ir and IH NMR spectra, and elemental analysis (see 
Experimental  Section). 

Experimental Section 
Melting points were determined using capillary tubes in a 

Thomas-Hoover melting point apparatus. Infrared spectra were ob- 
tained with a Perkin-Elmer 257 grating infrared spectrophotometer 
using KBr pellets. The 'H NMR spectra were obtained using a Varian 
Model A-60D splectrometer and samples dissolved in cc14 with Me& 
as internal standard. 

Condensation of Dibromomethane with 4. The sodiolithio- 
2,4-pentanedione (0.05 mol)-cuprous chloride (0.0076 mol) reagent 
was prepared in the THF as described previously.2 To this mixture 
a t  -63 "C under an argon atmosphere was added a solution of 4.4 g 
(0.025 mol) of dibromomethane in 15 ml of THF over 15 min. After 
the mixture haol stirred for 3 h, the reaction mixture was allowed to 
warm to 0 "C. It was quenched with ice and acidified with cold con- 
centrated hydrochloric acid. The aqueous phase was extracted three 
times with 25 ml of ether. The ethereal solution was washed once with 
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30 ml of saturated sodium chloride solution and dried over anhydrous 
sodium sulfate. 

Removal of solvent afforded about 8.0 g of a green, viscous liquid 
containing 2,4-pentanedione and dibromomethane as major compo- 
nents (VPC analysis). I t  was triturated in absolute ethanol and pe- 
troleum ether (bp 35-60 OC) and cooled in liquid nitrogen to afford 
8-10% of 2,4,8,10-~ndecanetetrone as a light yellow solid, mp 59-60 
"C. The solid was enolic to ferric chloride solution (red-brown color): 
ir (CCl4) 2980,2950,1730,1710 (m), 1680 cm-l; lH NMR (CC1.i) T 8.0 
(s,6 H) O=CCH3,7.4-7.85 (m, 6 H) O=CCH&HzCH&=O, 4.55 (s, 
2 H) -CH=C, and -4.50 (broad hump, 2 H) -C=COH. Anal. Calcd 
for CllH1604: C, 62.27; H, 7.55. Found: C, 62.18; H, 7.46. 

The reaction was repeated using diiodomethane. A yellow, viscous 
liquid (4.8 g) was obtained. VPC analysis showed the absence of 
2,4-pentanedione and diiodomethane. No 3, n = 1, could be isolated 
from the liquid. 

Condensation of 1,2-Dibromoethane with 4. To the sodioli- 
thio-2,4-pentanedione-cuprous chloride reagent at -5 'C under a 
nitrogen atmosphere was added a solution of 4.7 g (0.025 mol) of 
1,2-dibromomethane in 20 ml of dry THF over 15-20 min. The re- 
sulting yellowish-brown mixture was stirred for 8 h while the tem- 
perature slowly rose to 25 "C. The workup procedure described above 
afforded 4.0 g of a yellowish-green syrup. The liquid was dissolved in 
absolute ethanol and cooled in a freezer to obtain 1.4-1.8 g (25-33%) 
of 2,4,9,11-dodecanetetrone as a pale yellow solid, mp 48-52 "C. The 
compound gave a red-brown coloration with ferric chloride solutions. 
Recrystallization from absolute ethanol and vacuum drying gave an 
analytical sample: mp 52-53 "C; ir (CCl4) 2960, 2930, 2860, 1715, 
1680-1550 (broad), 1460,1430,1360,1235,1130,1000 cm-l; IH NMR 
(CC14) 78.3 (m,4.H),&O(s,6H),7.7 (m,4H),7.4 (s,-l.5H),4.64 (9, 

-2 H), -5.0 (hump, -2 H).6 Anal. Calcd for C12Hla04: C, 63.70; H, 
8.02. Found: C, 64.17; H, 8.17. 

The reaction was repeated using 1,2-dichloroethane. This afforded 
8.0 g of a liquid which showed starting materials by VPC. Fractional 
distillation gave 2.6 g (52%) of 2,4-pentanedione and 0.8 g (33%) of 
ethylene chloride and about 2.4 g of intractable pot residue. 

Registry No.-3 (R = CH3; n = l), 58816-10-7; 3 (R = CH3; n = 
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T h e  use of chiral solvents in t h e  determination of optical 
purity, particularly in  t h e  presence of lanthanide shift re- 
agents, has received a great deal of recent attention.1 In our 
studies of synthetic schemes leading to chiral solvents, we have 
developed a new and convenient route to t h e  chiral bicyclic 
ether, (+)-pino12,3 (4), by t h e  use of t h e  oxymercuration- 
demercuration reaction. The route involves the  stereospecific 
reduction of (-)-carvone with lithium aluminum hydride to  


