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(Z)- and Q-4-octene in intermolecular competition experiments. Equimolar amounts of two olefms (0.12 mrnol each) 

were sulfonated with 0.08 mm01 of SO3 complexed with 0.10 mm01 of dioxane-d8 and with 0.08 mm01 of trimethylsilyl 

chlorosulfonatel” at -20 to O’C and the amounts of the two p-sultones formed were determined on the basis of their 

specific absorptions in the IH NMR spectrum6 of the reaction mixture. The relative rate coefficients in Table I show tbat 

the difference in rate of p-sultone formation for internal and terminal alkenes is relatively small, The internal Z double 

bond is somewhat more reactive than the terminal one, whereas the E double bond is slightly less so. The largest rate 

difference is found between (Z.)- and (EJ-4-octene. The same observation was made for the in%rumoleculur competition 

using Q-l,lO-nonadecadiene.* 1 The small rate differences are in favor of a synchronous q&addition mechanism and are 

hard to explain when zwitter ions are considered as intennediates.7 

Primary formation of 2-alkenesulfonic acid from 1-alkenes and sulfur trioxide 

During our study of the reaction of sulfur trioxide complexed with dioxane with I-octene at low temperature (below 

-10°C) using IH NMR we noticed that the formation of 1,Zoctanesultone was accompanied by the formation of small 

amounts (15%) of a compound with typical absorptions at 6 5.85, 5.48, 3.91 and 3.82 ppm, which were assigned to 

2-octene-1-sulfonic acid12 present as a mixture of E- and Z-isomer in a ratio of 3 to 2. These alkenesulfonic acids can in 

principle be formed by thermal rearrangement of 1,2-sultones, but it is known l3 that this isomerization is slow at 

temperatures below O’C. 
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Using the mildly sulfonating agent ClSO3SiMe3 at O*C, we observed that the amounts of 2-octene-1-sulfonic acid14 

(ELZ = 3:2) and p-sultone increased simultaneously in a constant ratio of 1 to 5.5. Both the P-sultone and the 

2-octene-1-sulfonic acid are thus produced directly from the a-olefm in the sulfonation process as shown in Scheme I. 

From kinetic calculations on the thermal rearrangement of 1,Zsultones. Canselier et 01.~3 also concluded that a small 

portion of the 2-alkenesulfonic acid did not originate from the corresponding p-s&one. They proposed a common zwitter 

ionic intermediate for the formation of both the p-s&one and the 2-alkenesulfonic acid. We assume instead that alkenes 

react with SO3 to give simultaneously [2+2] cycloadditions and ene-type reaction products such as @alkenesulfonic acids, 

similarly as in singlet oxygenation reactions of olefii. 

On reaction of Q- and Q4-octene with SO3 at O’C the formation of 3-octene-4-snlfonic acids is far less pronounced 

(4%) and for these internal alkenes it remains therefore doubtful whether the primary ene reaction occurs. 

Elimination of sulfur trioxlde from jhultones 

p-Sultones are highly reactive species15 which isomerize thermally to alkenesulfonic acids and 5- and 6-membered 

ring sultones. As strained cyclic sulfonate esters, they are also prone to substitution reactions under mild conditions even 

with weak nucleophiles.16 In the course of our investigations on reactions of P_sultones with nucleophilas we noticed 



that the usual substitution reaction leadiig to p-substituted alkanesulfonic acids was accompanied by formation of starting 

material. the original alkenes. We have investigated this elimination reaction in detail for c&r- and Ircms-4,5-octanesultone 

and for l,Z-cctanesultone. In order to get high levels of elimination products we used water under acidic conditions at low 

concentrations in a heterogeneous dichloromethane-water mixture in order to trap the liberated sulfur trioxide in the water 

layer as sulfuric acid. Solutions of the P-sultones la-c (0.5 M) in CH2Cl2 were prepared by reaction of 27 mm01 of 
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SO3 and 30 mm01 of dioxane in 50 ml of dichioromethane with 24 mm01 of afkene at -20°C under an argon atmosphere. 

Then water (10 mi) was added and the heterogeneous mixture was stirred vigorously for 5 days at room temperature. After 

neutralization, the CH2Ci2 layer was analyzed for alkenes with GLC. l7 Freeze-drying of the aqueous layer afforded the 

P-hydroxyoctanesuLfonates.4~18 The yields of alkene 2. given in Table II, show that the internal p-suitones, particularly 

Imnr-4.5octanes&one la, eliminate SO3 to a high extent. Essentially the same results were obtained when the reactions 

Table II. Desulfonation of P-s&ones by water 

p-sultone 1 RI 

a n-C3H7 
b n-C3H7 

% 
=CgH13 
n-C6H13 

R2 R3 yield alkene 2 (%) 

H n-C3H7 86 

nC3H7 H 62 
H H 28 
H D n.d. 

were performed on a small scale and monitored with IH NMR using deuterated solvents to establish that the starting 

olefins had been fully converted into their p-sultones at low temperature prior to the start of the elimination reaction. The 

transfer of SO3 from rranr-P-sultone la to water is slow in spite of the high eventual yield. After one day only 40% of 

$sultone la had been converted and the complete p-sultone conversion. yielding 86% of the alkcne Za, takes 5 days. In 

contrast, 1.2-sultone lc reacts quickly to give mainly 2-hydroxy-l-octanesulfonic acid and only 28% of the elimination 

product 2c in one day. The rate of desulfonation of these two p-sultones is apparently of the same order of magnitude, 

just as is the case for the rate of formation of the p-sultones from the alkenes (Table I). The eventual high yield of 

desulfonation product for rrunr+sultone la is thus mainly caused by its thermal stability5 and its low reactivity towards 

substitution. Large amounts of desulfonation product are thus to be expected for unreactive p-sultones. In fact, for the 

stable fluorinated P-sultoneslg and for some adamantylidene substituted ~sultonesl such transfer reactions of SO3 were 

also observed. 

On treatment of a 0.5 molar solution of /3-sultone la in CDC13 with CD30D we observed with lH NMR a similar 

desulfonation and substitution reaction to the alkene and 5methoxy-4~octanesulfonic acid respectively. The ratio of 

substitution versus desulfonation product depends on the methanol concentration and decreases from 1.5 via 0.50 to 0.10 

on using 25.10 and 3.0 equiv of methanol respectively. The desulfonation of P-sultone la is definitely less dependent on 

the methanol concentration than the bimolecular substitution reaction. We therefore suggest that the desulfonation of 

p-sultones proceeds by retro-sulfonation and subsequent trapping of the liberated SO3 by the nucleophile. 
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Transfer of SO3 from B-sultones derived from linear olefins to other alkenes is usually slower than their isomerizations 

and will also depend on the mutual reactivity of the alkenes. We have observed transfer of SO3 when 0.24 mm01 of 

tram-3,4-hexanesultone5 was treated with one equiv of cyciopentene in 0.5 ml of CDCl3 at room temperature. The 

formation of cis-1,2-cyclopentanesultone5 was measured with IH NMR by the appearance of its typical low field 

absorptions centered at S 4.99 (m. 2H) ppm. In a slow reaction, after one day, 35% of cyclopentene was converted into its 

p-sultone with concomittant formation of an equal amount of 3-hexene. 

The elimination of sulfur trioxide from the p-sultones by water is srereospecvic. The reactions of trans- and 

&-4,5_octanesultone afforded (EJ- and (Z)+octene, respectively, each in more than 95% purity as established by GLC.17 

In a similar elimination reaction of Irans-l-D-1,2-octanesultone ld,6 which was monitored with JH NMR, only 

(E)-1-D-1-octene (2d) was formed. The sulfonation of linear olefiis by sulfur trioxide to yield B-sultones is thus a 

reversible process in which both the cycloaddition and elimination of sulfur trioxide proceed in a stereospecific syn 

fashion. The equilibrium of the reaction, however, lies very far to the side of the p-sultone. It should be noted that an 

analogous stereospecific syn elimination of sulfur dioxide has been reported in the mechanism of the formation of olefins 

from Phydroxy sulfmamides20 

Acknowledgment: The authors wish to thank Dr. T.A.B.M. Bolsman and Dr. I. Stapersma for stimulating discussions 

and Mr. Kruk and his staff for measuring the NMR spectra. The financial support by Shell Research B.V. is gratefully 

aclmowledged. 

References and notes: 

t Aliphatic sulfonation Part 4. For Part 3, see ref. 1. 

1. Bakker, B.H.; Cerfontain, H.; Tomassen, H.P.M. J. Org. Chem. 1989,54, 1680. 

2. Gilbert, HE.. Sulphonation and Related Reacrionr. Interscience, New York, 1965, p. 42. 

3. Roberts, D.W.; Jackson, P.S.; Saul, C.D.; Clemett. C.J. Tetrahedron Letr. 1987,28.3383. 

4. Nagayama, M.; Okumura, 0.; Noda, S.; Mandai, H.; Mori, A. Bull. Chem. Sot. Jopan 1974,47,2158. 

5. Thaler, W.A.; DuBmeil, C. J. Polym. Sci.. Polym. Chem. Ed. 1984,22,3905. 

6. Bakker, B.H.; Cerfontain, H. Tetrahedron Lelt. 1987,28, 1699. 

7. Roberts, D.W.; Williams, D-L.; Bethell, D. J. Chent. Sot. Perkin Tranr. II 1985,389. 

8. Castro, V.M. PhD Thesis No. 105, Institut National Polytechnique de Toulouse, France, 1985. 

9, Roberts, D.W.; Williams. D.L. Tenride Detergents 1985,22,4. 

10. Hofmann. K.; Simchen, G. LiebigsAnn. Chem. 1982,282. 

11. Boland. W.; Ney, P.; Jaenicke, L. Synthesis 1980, 1015. 

12. Boyer, J.L.; Canse.lier, J.P.; Castro, V. J. Am. Oil Chem. Sot. 19x2.59.458. 

13. Bayer, J.L.; Gilot, B.; Canselier, J.P. Phosphorus and Surfur 1984,20,259. 

14. It cannOt be rigorously excluded that the initial product is timethylsilyl2-octene-1-sulfonate! 

15. Mori, A.; Nagayama, M. Tenride Detergents 1973,10,64. 

16. Roberts, D.W.; Williams D.L. Tetrahedron 1987,43, 1027, and references cited therein. 

17. The analyses were performed by GLC ( steel column, 4 m x l/8 inch, 15% carbowax on chromosorb W, 40°C ). 

18. Piischel. F.; Kaiser, C. Chem. Berichte 1964,97,2903. 

19. Sokol’skii, G.A.; Belaventsev, M.A.; Knunyants, I.L. hv. Ak.ad. Nauk SSSR, Ser. Khim.(Eng) 1970.574. 

20. Corev. E.J.; Durst, T. J. Am. Chem. Sot. 1968,90,5553. 

(Received in UK 15 August 1989) 


