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4-Methoxy-3,6,6-trimethyl-2-cyclohexenone (Ze).-A solution 
of methylmagnesium iodide, from 360 mg of magnesium and 1 
ml of methyl iodide in 50 ml of ether, was added dropwise over a 
0.5-hr period to an ice-cold solution of 1.55 g of keto ether 3c in 
25 ml of dry ether and the mixture was stirred at room tempera- 
ture for 14 hr. Saturated ammonium chloride solution (100 ml) 
was added and the ether solution was separated and evaporated. 
A suspension of 1.27 g of chromium trioxide in 20 ml of acetic 
acid was added to a solution of the residual carbinol stereoisomer 
mixture 4b (1.62 g) in 10 ml of acetic acid and the mixture was 
kept at room temperature for 4 hr. It then was poured into 
water and extracted with ether. Evaporation of the extract, 
chromatography of the residue (0.97 g) on alumina (activity 
IV), and elution with hexane yielded an oil whose distillation 
gave 780 mg of ketone 2e: bp 75’ (0.5 Torr); uv (EtOH) A,,, 
232 nm ( E  9900); ir (neat) 5.98 (s, C=O), 6.12 p (m, C=C); 
pmr 6 1.12 (s, 3, Me), 1.16 (s, 3, Me), 1.0-2.3 (m, 2, CH2), 1.99 
(t ,  3, J = 2 Hz, olefinic Me), 3.43 (s, 3, OMe), 3.98 (m, 1, 
OCH), 5.74 (m, 1 ,  olefinic H).  

Anal. Calcd for C ~ O H I ~ O ~ :  C, 71.39; H ,  9.59. Found: C, 
71.51; H ,  9.69. 

Dienones 7.-A mixture of 500 mg of ketone 3a and 1.3 g of 
selenium dioxide in 4 ml of water and 20 ml of dioxane was re- 
fluxed for 30 hr. It was filtered and the filtrate was diluted with 
water and extracted with ether. The extract was evaporated 
and the residue (390 mg) was chromatographed on alumina 
(activity IV).  Elution with 20: 1 pentane-ether gave 70 mg of 
liquid 4,4-dimethyl-2,5-cyclohexadienone (7a), ir and pmr 
identical with those cited in the literature.4’7 

A solution of 9.6 g of keto ester 3dZd in 125 ml of 0.5 M aqueous 
potassium hydroxide and 125 ml of methanol was kept at room 
temperature under nitrogen for 10 min. I t  was brought to pH 
6 with acetic acid and evaporated under vacuum at  room tem- 
perature. Extraction of the residue with ether, evaporation of 
the extract, and distillation of the residue gave 5.0 g of liquid 
4,4-dime t hyl-6-hydroxy-2-cyclohexenone (3e) : bp 50 (0.2 
Torr); ir (neat) 2.86 (in, OH), 5.92 (s, C=O), 6.15 p (m, 
C=C); pmr 6 1.19 (s, 3, Me), 1.27 (s, 3, Me), 1.89 (d, 1, J = 
13 Hz,  H-5), 2.12 (dd, 1, J = 7 , 2  Hz, H-5), 4.38 (dd, 1, J = 13, 
7 Hz, H-6), 5.92 (d, 1, J = 10 Hz, H-2), 6.68 (dd, 1, J = 
10, 2 H a ,  H-3). A mixture of 2.8 g of the latter and 9.3 g of 
bismuth trioxide in 40 ml of acetic acid was kept a t  100” for 10 
min. I t  then was cooled, diluted with ether, and filtered. The 
precipitate was washed thoroughly with ether and the combined 
washings and filtrate were washed with saturated sodium bi- 
carbonate solution and with water and evaporated. Distillation 
of the residue yielded 1.5 g of liquid 4,4-dimethyl-2-hydroxy-2,5- 
cyclohexadienone (7b): bp 53-54’ (0.3 Torr); uv (EtOH) 
Amax 238 nm ( E  6300), 283 (2440); ir (neat) 2.92 (m, OH), 6.06 
(br s, C=O), 6.23 p (w, C=C); pmr 6 1.31 (s, 6, Me,), 5.98 
(d, 1, J = 2 Hz,  H-3), 6.18 (d, 1, J = 10 Hz, H-6), 6.82 (dd, 
1, J 10, 2 Hz,  H-5). 

Anal. Calcd for C s H ~ ~ O z :  C,  69.55; H ,  7.30. Found: C, 
69.31; H, 7.50. 

A mixture of 1.4 g of 7b, 2.2 g of anhydrous potassium car- 
bonate, and 5 ml of methyl iodide in 70 ml of dry acetone was 
stirred at  room temperature for 18 hr. It was filtered and the 
filtrate was evaporated. Chromatography of the residue (1.6 g) 
on alumina (activity 11) and elution with 10: 1 hexane-ether 
yielded 720 mg of oil whose distillation produced liquid 4,4- 
dimethyl-2-methoxy-2,5-cyclohexadienone (7c): bp 81 (0.3 
Torr);  uv (EtOH) Amex 238 nm (e 9200), 283 (3100); ir (neat) 
6.05 (s, C=O), 6.15 (5, C=C), 6.26 p (s); pmr 6 1.31 (s, 6, 
Me,), 3.62 (s, 3, OMe), 5.71 (d, 1, J = 2 Hz, H-3), 6.18 (d, 1, 

Anal. Calcd for CSH1IO2: C, 71.03; H, 7.95. Found C: 
70.75; H, 7.96. 

A mixture of 26.8 g of keto ether 96 and 23.2 g of selenium 
dioxide in 192 ml of glacial acetic acid and 1.5 1. of dry tert-amyl 
alcohol was refluxed under nitrogen for 24 hr. It was filtered 
and the filtrate was concentrated at atmospheric pressure and 
finally evaporated fully under vacuum. A methylene chloride 
solution of the residual oil was washed with 5% sodium hydroxide 
solution and saturated brine solution, dried over potassium 
carbonzte, and evaporated. Distillation of the residue gave 

J 10 Hz, H-6), 6.79 (dd, 1, J = 10, 2 Hz,  H-5). 

(7 )  E. W. Garbisoh, J .  Org, Chem., 30, 2109 (1965); G. Legler and B. 
Quiring, Tetrahedron, 23, 2683 (1967); H. E. Zimmerman, E. W. Binkley, 
J. J. MoCullough, and G. A. Zimmerman, J .  Amer. Chem. Soc., 89, 6589 
(1967). 

20.4 g of dienone 7c, physical properties identical with those of 
the above sample. 
4-Methoxy-3,6,6-trirnethyl-Z ,4-cyclohexadienone ( la )  .-A solu- 

tion of 180 ml of ethereal 1.5 M methyllithium was added to a 
stirring solution of 20.4 g of 7c in 300 ml of ether under nitrogen 
at  such rate as to assure gentle refluxing. After 14 hr water 
was added and the organic solution was separated, dried over 
potassium carbonate, and evaporated. The residual keto1 8 
(22.3 g) [ir (neat) 2.90 (m, OH), 5.93 (m, C=C), 6.11 p (m); 
pmr 6 1.05 (8, 3, Me), 1.11 (s, 3, Me), 1.37 (6, 3, carbinol Me), 
3.57 (s, 3, Oille), 4.54 (s, 1, p-methoxy olefinic H) ,  5.53 (broad 
s,  2, olefinic Hs)] was used in the next reaction without further 
purification. Dry chromium oxide (13.5 g) was added to a 
stirring solution of 21.3 g of pyridine, distilled from barium 
oxide, in 350 ml of methylene chloride. After 15 min 2.78 g of 8 
in 5 ml of methylene chloride was added to the mixture and 
stirring was continued for 15 min. The mixture was poured into 
ether and washed with 5% sodium hydroxide solution and 10% 
cupric sulfate solution. The organic solution was dried over 
magnesium sulfate and evaporated. Distillation of the residue 
gave 1.77 g of liquid ketone la:  bp 55’ (0.2 Torr); ir (neat) 6.01 
(s, C=O), 6.10 ( s ,  C=C), 6.32 p (s); pmr 6 1.19 (s, 6, Men), 2.03 
(s, 3, olefinic Me), 3.57 (s, 3, OMe), 5.04 (9, 1, H-j), 5.85 (9, 1, 

Anal. Calcd for CIOHI~OP: C, 72.26; H,  8.49. Found: C, 
72.45; H ,  8.42. 
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Despite their importance as polymerization activa- 
tors1 and as proposed intermediates in photochemical 
smog systems,2 no simple one-step method appears to 
be available for the synthesis of aliphatic sulfinic acids 
in high yields and purity. For example, in the most 
important prepara t i~n ,~  the reduction of sulfonyl 
chlorides with zinc, iron, aluminium, or magnesium, 
the yields are reduced and the work-up is complicated 
by further reduction to disulfides and mercaptans. 

Another favored method,3 the treatment of organo- 
metallic compounds (RMgX and RLi) with sulfur 
dioxide, though preferable in cases where the sulfonyl 
chloride is unstable, suffers similarly from complica- 
tions arising from competing side reactions. During 
the course of a study of the photochemical reactions of 
excited sulfur dioxide with hydrocarbons4 we found it 
necessary to devise a synthesis capable of yielding 

(1) C. S. Marve landR.  S. Johnson,J. Ore. Chern., 18, 822 (1948). 
(2) P. A. Leighton, “Photochemistry of Air Pollution,” Academic Press, 

New York, N. Y . ,  1961, p 298. 
(3) For reviews see W. E. Truce and A. &I, Murphy, Chem. Rev., 48, 

69 (1951); M. Quaedvlieg in “Enzyklopildie der organiachen Chemie,” E. 
MUller, Ed.,  Fourth ed, Band 9, Georg Thieme Verlag, Stuttgart, 1955, p 343. 

(4) R. D. Penzhorn, L. Stieglitz, W. G. Filby, and K. GUnther, Chemo- 
sphere,  8 ,  111 (1973). 
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aliphatic sulfinic acids in gram amounts. We have 
observed that the direct oxidation of aliphatic mer- 
captans with m-chloroperoxybenzoic acid (MCPBA) 
(2 equiv) in methylene dichloride yields sulfinic acids 
in a high state of purity and in good yield. The ex- 
perimental procedure is extremely simple and was ap- 
plicable, in our hands, to all paraffinic isomers in the 
homologous series from ethyl to butyl. Preliminary 
experiments have also demonstrated that the reaction 
proceeds cleanly in the case of the analogous system 
thiophenol3 benzenesulfinic acid. 

From the stoichiometry the reaction appears to 
proceed via the intermediate sulfinic acid RSOH, 
which must then undergo a preferential rapid oxidation 
t o  sulfinic acid. 

[Ol  LO1 
RSH + RSOH --it RSOzH 

This reasoning is supported by our failure t o  observe 
disulfides in the reaction products by combined mass 
spectral-glc analysis. The latter are reported to  be 
disproportionation products of sulfinic acids.j 

2RSOH + RSH + RSOgH 

RSOH + RSH + RSSR + HzO 

Additionally we observed no trace of sulfonic acid in 
the freshly isolated sulfinic acids. Presumably m- 
chloroperoxybenzoic acid is too mild to further oxidize 
the sulfinic acid. 

Experimental Section 

Mercaptan (0.05 mol) was dissolved in methylene dichloride 
(10 ml) and cooled t o  -30" in a deep freeze. Similarly, MCPBA 
(0.1 mol) was dissolved in methylene dichloride (200 ml) and 
cooled to  -30'. At 0.5-hr intervals MCPBA slurry (10 ml) 
was pipetted slowly with vigorous stirring (exothermic) into the 
mercaptan solution and the flasks were returned to the deep 
freeze. This procedure is necessary in order to prevent an excess 
of MCPBA building up in the presence of sulfinic acid. Neglect 
of the latter point leads to  formation of sulfonic acid, which is 
difficult to  separate in the purification stage. The reaction can 
be monitored for excess oxidant by removing a spot of reaction 
mixture and testing with acidified potassium iodide solution. 
After addition of all the oxidant solution the reaction flask was 
allowed to stand overnight a t  -30", before filtration of the pre- 
cipitated m-chlorobenzoic acid (MCBA). Removal of the last 
traces of the latter proved difficult. Our most successful method 
consisted of cooling the original solution to ca. -80" by immers- 
ing in liquid nitrogen and then rapidly filtering. Two repeats 
of this process gave an end product showing no MCBA peaks 
in its ir spectrum. After removal of the MCBA the procedure 
consisted solely of evaporating the solvent in a rapid nitrogen 
stream. The sulfinic acids remained as pale yellow oils or solids. 
A short period (30 min) in an evacuated desiccator ( P z O ~ )  re- 
moved the last traces of moisture. The yields ranged from 80 to 
85%. 

In a typical run n-butyl mercaptan (0.05 mol, 4.5 g) gave 4.95 
g (81.5%) of n-butanesulfinic acid after purification: ire,? (CH- 
CL) 3000 ( s ) ,  2520 (s), 1470 (s), 1335 (s), 1130 (5, broad), 1075 
( 6 ,  broad), 1015 (m, shoulder), 960 cm-1 (m, shoulder); mass 
spectrum6 (70 eV) m/e (re1 intensity, assignment) 137 (2.1, 

Anal. Calcd for CaH&OzH: C, 39.39; H, 8.2; S, 26.22. 
Found: C, 39.1; H,8.4;  S,26.08. 

Evacuated samples maintained a t  low temperature (-30') 
could be preserved for months without any noticeable decom- 

M + I), 136 (4.3, M), 105 (16.4, CaHBSO), 80 (60, C&SOz), 65 
(24, SOzH), 57 (100, C ~ H B ) .  

( 5 )  hf. Kharasch, S. J. Potempa, and H. L. Wehrmeister, Chem. Rev., 39, 

(6) F. Wudl, D. A. Lightmer, and 13. J. Cram, J .  Amer. Chem. Soc., 89, 

(7) 8. Detoni and D. Hadzi, J .  Chem. Soc., 3163 (1956). 

269 (1946). 

4099 (1967). 

position (mass spectrum-glc). Samples warmed in either 
vacuum or air, however, rapidly undergo decay, turning t o  a 
deep orange yellow and precipitating white crystals.* For the 
purpose of long-term storage we have found it preferable t o  
prepare the silver salts and store these under vacuum and low 
temperature. The latter can then be used at  wish as a source of 
fresh sulfinic acid. 

Registry No.-m-Chloroperoxybenaoic acid, 937-14-4; n- 
butyl mercaptan, 109-79-5; n-butanesulfinic acid, 5675-04-7. 

(8) W. G. Filby, unpublished observations. 
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Polyphosphoric acid (PPA) has been utilized ex- 
tensively in organic synthesis. It is one of the most 
effective reagents for carrying out alkylation and 
acylation reactions on aromatic and olefinic systems. 
PPA is often the favored reagent for a variety of syn- 
thetic transformations such as dehydrations, the 
Fischer-Indole synthesis, the Beckmann rearrangement, 
the Schmidt rearrangement, and many ~ t h e r s . l - ~  As 
has been widely recognized, however, polyphosphoric 
acid has certain unfortunate physical properties. It 
is extremely viscous and is virtually impossible to stir 
effectively or manipulate conveniently at temperatures 
below 60-90'. It is difficult t o  handle on a large 
scale, even at elevated temperatures. Some organics 
are only sparingly soluble in PPA, and, in any case, 
rates of dissolution are low. Hydrolysis of PPA in 
work-up procedures is always tedious. 

To escape the difficulties encountered with poly- 
phosphoric acid, we have developed a ne$+- reagent com- 
posed of a 1 : 10 solution by weight of phosphorus pent- 
oxide in methanesulfonic acid.4 This reagent, prepared 
by simply dissolving phosphorus pentoxide in methane- 
sulfonic acid, is a mobile, colorless liquid that can be 
poured and stirred (even magnetically) without diffi- 
culty. Organic compounds dissolve readily in this 
medium. Unlike the related phosphorus pentoxide- 
trifluoromethanesulfonic acid reagent reported earlier 
from this l ab~ra to ry ,~  the material is inexpensive, 
readily available, and safe t o  handle. Work-ups of 
phosphorus pentoxide-methanesulfonic acid reaction 
mixtures are easy and clean. The reagent can be 
destroyed conveniently with approximately three times 

(1) F. D. Popp and W. E. h'IcEwen, Chem. Rev. ,  88, 321 (1958). 
( 2 )  L. F. Fieser and M. Fieser, "Reagents for  Organic Synthesis," Vol. I ,  

(3) F. Uhlig and H. R. Snyder, Advan. Ow. Chem., 1,35 (1960). 
(4) The 1: 10 ratio of components merely represents the limit of ready 

solubility of phosphorus pentoxide in methanesulfonic acid a t  room tempera- 
ture. More ooncentrated reagents can easily be prepared at elevated tem- 
peratures. However, neither these nor more dilute solutions were investi- 
gated in any detail. 

( 5 )  Cf. P. E. Eaton and R. H. Mueller, J .  Amer. Chem. Soc. ,  94 ,  1014 
(1872). 

Wiley, New York, N. Y., 1967, pp 894-905. 


