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8,8-Dimethyl-7-(mercaptomethyl)-5-thia-l-azabicyclo- 
[4.3.0]-6-nonen-9-one (3d): 64% yield; mp 82-84 OC; IR 1680 
cm-’; ‘H NMR 6 1.24 (s, 6 H, &CH3), 1.78 (t, J = 6.9 Hz, 1 H, 
D20 exchangeable, SH), 2.1-2.2 (m, 2 H, 3-CHz), 2.9-3.0 (m, 2 
H, 4-CHz), 3.34 (d, J = 6.9 Hz, 2 H, CHzSH), and 3.5-3.6 (m, 2 
H, 2-CHz); I3C NMR S 18.3 (t, 7-CHzSH), 22.8 (q, 8-Me), 24.0 (t, 

(s,6-C), 181.8 (8,  C-0). Anal. Calcd for ClJ-II5NOS2: C, 52.36; 
H, 6.59; N, 6.10. Found C, 52.15; H, 6.53; N, 6.06. 
2-(5’,5’-Dimethyl-4’-oxo-3’-thiolanyl)-2-oxazine (2e): 77% 

yield; mp 77-79 OC; IR 1660 and 1685 cm-’; ‘H NMR 6 1.04 (8,  
3 H, 5’-Me), 1.29 (a, 3 H, 5’-Me), 1.8-1.9 (m, 2 H, 5-CHz), 2.84 

Hz, 1 H, 2’-CH), 3.4-3.5 (m, 2 H, 6-CHz), 3.55 (dd, J = 11.7 and 
10.8 Hz, 2’-CH) and 4.1-4.2 (m, 2 H, 4-CH2); 13C NMR 6 19.6 (q, 
5’-Me), 21.9 (t, 5-C), 24.4 (q, 5’-Me), 29.5 (t, 2’-C), 42.2 (t, 6-C), 

(s, C-0) .  Anal. Calcd for CloHlbNO2S: C, 56.31; H, 7.08; N, 
6.56. Found C, 56.25; H, 7.06; N, 6.55. 
Registry NO. la, 141249-21-0; lb, 141249-22-1; IC, 125880-12-8; 

Id, 141249-23-2; le, 141249-243; 2a, 141249-25-4; 2b, 141249-26-5; 
2c, 141249-27-6; 2e, 141249-28-7; 3d, 141249-29-8; 2,2-dimethyl- 
butenoyl chloride, 57690-96-7; thiazolidine-2-thione, 96-53-7; 
oxazolidine-2-thione, 5840-81-3; pyrrolidine-2-thione, 2295-35-4; 
‘tetrahydro-l,3-thiazine-2-thione, 5554-48-3; tetrahydro-1,3-oxa- 
zine-2-thione, 17374-18-4. 

3-C), 24.6 (t, 4-C), 39.4 (t, 2-C), 47.4 (8, &C), 118.6 (8, 7-C), 126.9 

(dd, J = 10.8 and 6.6 Hz, 1 H, l’-CH), 3.18 (dd, J = 11.7 and 6.6 

51.4 (8,5’-C), 53.8 (d, 1/42), 65.0 (t, 4C), 157.4 (8, C=N), and 211.7 
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Sulfonyl compounds are useful raw materials for engi- 
neering plastics which are clear and thermostable. The 
synthesis of diaryl sulfones and disulfonyl compounds has 
been extensively studied and reviewed.’Z Generally, diaryl 
sulfones have been prepared from aromatic compounds by 
two- or three-step reactions via aryl sulfonic acids or 
sulfonyl chlorides. 

HSOSF-SbFh 

? ? 

I 

S0,CI 

Lewis acid 

The main synthetic methods for preparing diaryl sul- 
fones have been Friedel-Crafts sulfonylations between 
arylsulfonyl halides and aromatic compounds in the 
presence of a suitable Lewis acid.’ Other synthetic 
methods are the condensation of arylsulfonic acids with 
aromatic compounds using dehydration reagents3 such as 
H3P04 and P205. A one-pot synthesis of diaryl sulfones 

(1) Olah, G. A. Friedel-Crafts and Related Reaction; Wiley-Inter- 
science: New York, 1964; Vol. 111, p 1319. 

(2) See ref 1, p 1355. 
(3) (a) Graybill, B. M. J. Org. Chem. 1967, 32, 2931. (b) Sipe, H. J., 

Jr.; Clary, D. W.; White, S. B. J. Chem. Soc., Chem. Commun. 1984,283. 
(c) Ueda, M.; Uchiyama, K.; Kano, T. J. Chem. Soc., Chem. Commun. 
1984.323. (d) Tedder. J. M. Chem. Rev. 1955,55, 787. (e) Field, L. J. 
Am. ‘Chem..Soc. 1952,’74, 394. 
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Figure 1. Influence of HS03F-SbF5 Compositions. Sulfonation 
was carried out using 174 mmol of HSOg and 20 mmol of benzene 
at 50 “C for 1 h (1) benzenesulfonyl fluoride; (2) diphenyl sulfone. 

from aromatic compounds using H2S04 and (CF3C0)20 
has been r e p ~ r t e d . ~  

In our previous work on the formylation of alkylbenzenes 
with CO in HS03F-SbF5, unexpected products, namely 
bis(alkylpheny1) sulfones and alkylbenzenedisulfonyl 
fluorides, were formed in a one-pot reaction as f01lows:~ 

P P R 

I 

I CHO CHO 
I 

R R 

I I R = alkyl group S02F S02F 

Therefore, we focused on a convenient synthesis of diaryl 
sulfones and disulfonyl compounds in HS03F-SbF5 and 
wish to report herein the results of these studies. 

Aromatic compounds reacted with HS03Fs in the 
presence of a suitable amount of SbF, to give arylsulfonyl 
fluorides and diaryl sulfones as the main products a t  0-50 
OC: 

I R = alkyl or halogen 
S02F 

The results of application of this reaction to a variety of 
aromatic compounds are summarized in Table I. Diary1 
sulfones were obtained in high yield from benzene, toluene, 
xylenes, 1,2,4-trimethylbenzene, and fluore, chloro-, and 
bromobenzene by a one-pot reaction when an excess 
amount of SbF, relative to the substrate was added to 
HS03F. The appropriate amount of SbF5 depended on 
the reactivity of the aromatic compounds for the electro- 
philic substitution, and the required amount of SbF5 de- 
creased with increasing reactivity of the aromatic com- 
pounds. In the case of polyalkylbenzenes such as 1,3,5- 
and 1,2,3-trimethylbenzene and tetramethylbenzenes, at- 
tempts to obtain diaryl sulfones with good yield were un- 
successful, and arylsulfonyl fluorides were formed as the 
main products. Although the sulfonyl group was mainly 

(4) (a) Tyobeka, T. E.; Hancock, R. A.; Weigel, H. J. Chem. SOC., 
Chem. Commun. 1980, 114. (b) Bourne, E. J.; Stacey, M.; Tatlow, J. C.; 
Tedder, J. M. J. Chem. SOC. 1951, 718. 

(5) Tanaka, M.; Iyoda, J.; Souma, Y. J. Org. Chem., in press. 
(6) (a) Baker, W.; Coates, G. E.; Glockling, F. J. Chem. Soc. 1951, 1376. 

(b) Baker, B. R.; Cory, M. J. Med. Chem. 1971, 14, 119. 
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Table I. Synthesis of Diary1 Sulfones” 

products, yield/ % 

substrate temp/”C SbFJmmol sulfonvl fluoride d im1 sulfone 

benzene 

toluene 

o-xylene 

m-xylene 

p-xylene 

50 27.6 

0 27.6 

0 27.6 

0 27.6 

25 27.6 

fluorobenzene 

chlorobenzene 

bromobenzene 

0 20.7 

50 69.0 

50 69.0 

50 69.0 

4 

1 
(100:OO)b 

3 
(64:1620ld 

4 
(87:13)f 

2 
(100:O)h  

20 
(55:23:22).” 

0 

0 

3 
(100.0)” 

94 
p 3  

95 (30:58:4:5:3)‘ 

92 (53:45:2)’ 

83 (75:25:0)g 

83 (9352) ’  

71 (67:24:9)k 

83 (80:17:3)’ 

94 (66:27:7)’ 

63 (67:22:11)’ 

Sulfonation was carried out using 174 mmol of HSOBF and 20 mmol of aromatic compounds for 1 h. The structures of the main diary1 
sulfone were depicted. Isomer ratio of 
bis(4-methylphenyl) sulfone-2-methylphenyl 4’-methylphenyl sulfone-bis(2-methylphenyl) sulfone-3-methylphenyl 4‘-methylphenyl sul- 
fone-2-methylphenyl 3’-methylphenyl sulfone. Isomer ratio of 3,4-dimethylbenzenesulfonyl fluoride-2,3-dimethylbenzenesulfonyl fluor- 
ide-2,4-dimethylbenzenesulfonyl fluoride. e Isomer ratio of bis(3,4-dimethylphenyl) sulfone-2,3-dimethylphenyl 3’,4’-dimethylphenyl sul- 
fone-bis(2,3-dimethylphenyl) sulfone. ’Isomer ratio of 2,4dimethylbenzenesulfonyl fluoride-2,6-dimethylbenzenesulfonyl fluoride. 8 Isomer 
ratio of bie(2,4-dimethylphenyl) sulfone-2,4-dimethylphenyl a’,b-dimethylphenyl sulfone-bis(2,6-dimethylphenyl) sulfone. Isomer ratio of 
2,5-dimethylbenzenesulfonyl fluoride-2,4-dimethylbenzenesulfonyl fluoride. Isomer ratio of bis(2,5-dimethylphenyl) sulfone-2,l-di- 
methylphenyl 2’,5’-dimethylphenyl sulfone-bis(2,4-dimethylphenyl) sulfone. ’Isomer ratio of 2,4,5-trimethylbenzenesulfonyl fluoride- 
2,3,&trimethylbenzenesulfonyl fluoride-2,3,5-trimethylbenzenesulfonyl fluoride. Isomer ratio of bis(2,4,5-trimethylphenyl) sulfone-2,3,6- 
trimethylphenyl 2’,4’,5’-trimethylphenyl sulfone-2,3,5-trimethylphenyl 2’,4’,5’-trimethylphenyl sulfone. Isomer ratio of bis(4-halophenyl) 
sulfone-2-halophenyl4’-halophenyl sulfone-bis(2-halopheny1)sulfone. ” Isomer ratio of 4-bromobenzenesulfonyl fluoride-2-bromobenzene- 
sulfonyl fluoride. 

Isomer ratio of 4-toluenesulfonyl fluoride-3-toluenesulfonyl fluoride-2-toluenesulfonyl fluoride. 

introduced to the para position of the substituent, the 
selectivity was not high. The l,!2-shift of the methyl group 
occurred in 0- and p-xylene during sulfonation to give 
m-xylene derivativea. This behavior has also been observed 
in Friedel-Crafts alkylations, and the migration of the 
methyl group was interpreted to be caused by the forma- 
tion of the arenium ion, u-complex, in strong acid.’ 

Sulfonation of benzene was carried out in various com- 
positions of HS03F-SbF6. The results are shown in Figure 
1. The yield of benzenesulfonyl fluoride decreased with 
increasing amounts of SbF,. On the other hand, diphenyl 

sulfone was obtained in the highest yield when the molar 
ratio of SbF5/benzene was 1:1.5. Diphenyl sulfone was also 
obtained in the absence of SbF5, and this result showed 
that the reaction path to diphenyl sulfone was not only 
the Friedel-Crafts sulfonylation. Furthermore, the for- 
mation of benzenesulfonic acid was confirmed in the 
HS03F-SbF3 system. Consequently, benzenesulfonyl 
fluoride and diphenyl sulfone are secondary products, and 
the initial product is benzenesulfonic acid, a similar situ- 
ation to sulfonation using HS03C1.8 Therefore, the re- 

(8) (a) Albada, M. P. v.; Cerfontain, H. J. Chem. SOC., Perkin Trans. 
2,1977,1548. (b) Albada, M. P. v.; Cerfontain, H. J. Chem. SOC., Perkin 
Trans. 2 1977,1557. 

(7) (a) Marvell, E. N.; Graybill, B. M. J. Org. Chem. 1966,30, 4014. 
(b) Olah, G. A. J. Am. Chem. SOC. 1965,87, 1103. 
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action path of diphenylsulfone can be represented as 
follows: 

HSOiF Q- 
HSOsF 

SO,H 

S0,F 

Furthermore, we found out that HS03F became an ex- 
tremely strong sulfonation reagent by the addition of SbF5 
in disulfonyl compounds synthesis from arylsulfonyl 
fluorides and diaryl  sulfone^.^ 

In summary, the HS03F-SbF, system was useful for a 
one-pot synthesis of diaryl sulfones and disulfonation of 
aromatic compounds under mild conditions. 

Experimental Section 
All aromatic starting materials, HS03F (Moritakagaku), and 

SbF5 (Aldrich) were of highest available purity and were used 
without further purification. A Yanagimoto G-3800 and G-6800 
gas chromatography equipped with an on-line automatic integrator 
was used for GC analysis. A 25-m capillary column (OV-1701) 
and a 1.5-m packed column (FFAP) were used for isomer sepa- 
ration, whereas a 1.5-m packed column (OV-17) was utilized for 
yield determination. MS analysis (GC-MS) was performed on 
a Hitachi M-2000 fitted with a 50-m capillary column (OV-1701). 
'H-NMR spectra were recorded on a Hitachi R-24B, and 'V-NMR 
spectra were recorded on a Nihondenshi FX-200. Infrared analysis 
was accomplished on a Nihonbunko IRA-1. 

Sulfonation Procedures. The required amount of HS03F 
and SbF5 were added into a 300-mL three-necked flask under 
temperature control, and then aromatic compounds were added 
with vigorous stirring into the mixture of HSOsF and SbF,. After 
the reaction was over, the reaction mixture was quenched in 
ice-water and extracted by benzene. Products were characterized 
by IR, 'H-NMR, W-NMR, and mass spectroscopy and elemental 
analysis, and the yields of them were determined by GC using 
intemal standards. Products isolation was carried out by vacuum 
distillation or recrystallization in acetone-n-hexane system. 

Supplementary Material Available: Spectral data for diaryl 
sulfones and disulfonyl compounds and the results of disulfonyl 
compound synthesis experiments (7 pages). This material is 
contained in many libraries on microfiche, immediately follows 
this article in the microfilm version of the journal, and can be 
ordered from the ACS; see any current masthead page for ordering 
information. 

(9) Refer to supplementary material. 
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An efficient preparation of unsymmetrical a-diketones 
has long been of interest,' and several important methods 

0022-3263/92/1957-374O$O3.OO/O 

have been d e ~ e l o p e d . ~ ~ ~  We have sought to uncover a 
general and convergent strategy which would provide 
formation of the central carbon bond between two un- 
symmetrical carbonyl segments. Such a scheme would 
provide an efficient pathway for ongoing studies in the 
construction of highly oxygenated spiro ketal natural 
p r o d ~ c t s . ~ ~ ~  In the course of our investigations, it became 
clear that the numerous routes for preparation of a-sul- 
fonyl ketones, as well as the stable nature of these sub- 
stances, would make them ideal starting materials. Fur- 
thermore, the direct oxidative desulfonation of alkyl, al- 
lylic, and benzylic sulfones was recently reported? Herein, 
we wish to report a convenient procedure which allows 
conversion of readily available a-sulfonyl ketones 1 to the 
corresponding a-diketones 3 through a mild oxidative 
desulfonylation utilizing 2-[ (p-chlorophenyl)sulfonyl]-3- 
(p-chlorophenyl) oxaziridine (2). 

" ' Y O  

[Ar I pchlorophenyl] 

CH, 

I 

Pioneering efforts of Franklin Davis have documented 
the utility of N-sulfonyloxaziridines as a new family of 
oxidants? These reagents have been used for epoxidations 
of alkenes: heteroatom (S, Se, N) oxidations: and the 
synthesis of alcohols and phenols from organometallic in- 
termediates.'O More recently this methodology has been 
developed as a practical route for the direct oxidation of 
ketone, ester, and amide enolates." Furthermore, the 

(1) Rabjohn, N. Org. React. 1976,24,272-281. Prelog, V.; Speck, M. 
Helu. Chim. Acta 1955,38,1786. Kornblum, N.; Powers, J. W.; Anderson, 
G. J.; Jones, W. J.; Larson, H. 0.; Levand, 0.; Weaver, W. M. J. Am. 
Chem. SOC. 1957, 79,6562. 

(2) Wasserman, H. H.; Han, W. T. J. Am. Chem. SOC. 1985,107,1444. 
Wasserman, H. H.; Fukuyama, J.; Murugesan, N.; van Duzer, J.; Lom- 
bardo, L.; Rotello, V.; McCarthy, K. J. Am. Chem. SOC. 1989,111, 371. 
Wasserman, H. H.; Ivea, J. L. J. Org. Chem. 1985,50,3573. Verlhac, J.-B.; 
Chanson, E.; Jouaseaume, B.; Quinard, J.-P. Tetrahedron Lett. 1985,26, 
6075 and references cited therein. 

(3) Trost, B. M.; Massiot, G. S. J. Am. Chem. SOC. 1977, 99, 4405. 
Carre, M. C.; Caubere, P. Tetrahedron Lett. 1985,26,3103. Mukaiyama, 
T.; Atsumi, K.; Takeda, T. Chem. Let. 1975,1033. Nagao, Y.; Kaneko, 
K.; Kawabata, K.; Fujita, E. Tetrahedron Lett. 1978,5021. Coutrot, P.; 
Legris, C. Synthesis, 1975, 118. Ogura, K.; Katoh, N.; Yoshimura, I.; 
Tsuchihashi, G. Tetrahedron Lett. 1978,375. Martre, A.-M.; Mousset, 
G.; Rhlid, R.-B.; Veschambre, H. Tetrahedron Lett. 1990,31,2599. 

(4) Our natural product syntheses which illustrate a-keto spiro ketala 
include breynolide and phyllanthocin. Williams, D. R.; Jass, P. A,; Tse, 
H.-L. Allan; Gaston, R. D. J. Am. Chem. SOC. 1990,112,4552. Wdiame, 
D. R.; Sit, S.-Y. J. Am. Chem. SOC. 1984,106, 2949. 

(5) For a review of extensive efforts in the spiro ketal area: Perron, 
F.; Albizati, K. F. Chem. Reu. 1989,89, 1617. 

(6) Little, R. D.; Myong, S. 0. Tetrahedron Lett. 1980,21,3339. Hwu, 
J. R. J. Org. Chem. 1983,48,4432. Baudin, J.-B.; Julia, M.; Rolando, C. 
Tetrahedron Lett. 1985, 26, 2333. 

(7) For a review: Davis, F. A.; Sheppard, A. C. Tetrahedron 1989,45, 
5703. 

(8) Davis, F. A.; Abdul-Malik, N. F.; Awad, S. B.; Harakal, M .  E. 
Tetrahedron Lett. 1981,22,917. Davis, F. A.; Harakal, M. E.; Awad, S. 
B. J. Am. Chem. SOC. 1983,105, 3123. 

(9) Davis, F. A.; McCauley, J. P.; Harakal, M. E. J. Org. Chem. 1984, 
49, 1467. Davis, F. A.; Stringer, 0. D.; Billmers, J. M. Tetrahedron Lett. 
1983,24, 1213. 

(10) Davis, F. A.; Mancinelli, P. A,; Balasubraminian, K.; Nair, U. K. 
J. Am. Chem. SOC. 1979, 101, 1044. Davis, F. A.; Lal, G. S.; Wei, J. 
Tetrahedron Lett. 1988,29, 4269. 

(11) (a) Davis, F. A,; Vishwakarma, L. C.; Billmers, J. M.; Finn, J. J. 
Org. Chem. 1984,49,3241. (b) Davis, F. A.; Vishwakarma, L. C. Tetra- 
hedron Lett. 1986,26, 3539. (c) Davis, F. A,; Haque, M. s.; Ulatowski, 
T. G.; Towson, T. G. J. Org. Chem. 1986, 51, 4083. (d) Evans, D. A.; 
Morrissey, M. M.; Dorow, R. L. J. Am. Chem. SOC. 1985, 107, 4346. 

0 1992 American Chemical Society 


