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The generation of alkylsulfonyl and arylsulfonyl radicals 
for study by EPR spectroscopy can be accomplished 
“cleanly” and conveniently by direct UV photolysis in the 
spectrometer cavity of a deoxygenated solution containing 
the appropriate sulfonyl chloride, di-tert-butyl peroxide, 
and triethylsilane in a hydrocarbon ~ o l v e n t ~ - ~  (eq 1-3). 

Me3COOCMe3 2Me3CO- (1) 

Me3C0. + Et3SiH -+ Me3COH + Et3Si- (2) 

(3) 

This procedure could be usefully employed in kinetic 
studies of reactions involving sulfonyl radicals provided 
reaction 3 is sufficiently rapid. 

Transient optical absorptions due to sulfonyl radicals 
(A, = 344 nm)899 were detected by using the pulses (337.1 
nm, 8 ns, up to 10 mJ) from a nitrogen laser on sulfonyl 
chlorides dissolved in deoxygenated Me3COOMe3/EtSiH 
(kl ,  v/v), but they were too weak to be used for accurate 
kinetic studies. Benzil was therefore employed as a probe 
to monitor the Et3Si- radical concentration, as described 
in our earlier kinetic work with this radical.1°-12 The rate 
constants, measured at ca. 300 K, show that reaction 3 is 
essentially a diffusion-controlled process for both alkyl- 
and phenylsulfonyl chlorides (see Table I). 

The similarity in the k3 values for CH3SOzCl and c g -  
H5SOZC1 was not unexpected since both alkylsulfonyls and 
arylsulfonyls have been shown by EPR spectroscopy to be 
u r a d i c a l ~ . ~ - ~ , ~ ~  In such u radicals the sulfwchlorine bond 
strength, D[RS02-C1], should be virtually independent of 
the nature of R since there can be little or no delocalization 
of the unpaired electron even when there is a neighboring 
aromatic ring.14 Nevertheless, it has been ~uggested’~ that 

Et3Si. + RSOzCl - Et3SiC1 + RS02 
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Table  I. Absolute  R a t e  Cons tan ts  f o r  Halogen 
Abstraction b y  Et,Si.  Radicals f r o m  S o m e  Sul fonyl  

Halides a t  ca. 300 K a  
10-6k, ,  

CH,SO,Cl 3.18 * CH,SO,F 13.0 ? 

M-1 s - l  
10-9k3,  

R S 0 , C l  M-I s-l RSO ,F 

0.01 1.2 
C,H,SO,Cl 4.56; p-CH,C,H,SO,F 8 . 9 3 +  

0.18 1 . 0 5  
C,H,CH,SO,Cl 5.73 ?r 

0.28 

Solvent  is Me,COOCMe,/Et,SiH ( 1 : l  v/v). Rate con- 
s tands  were measured by  t h e  benzil  p robe  technique. lo-’’ 
Errors  cor respond to 95% conf idence  limits. 

the phenylsulfonyl radical has a stabilization energy that 
is very similar to that of the benzyl radical. Since kinetic 
discrimination on thermodynamic grounds is not possible 
for diffusion-controlled reactions, we decided to measure 
and compare rate constants for a “slow” atom abstraction 
from an alkylsulfonyl compound. Two suitable sulfonyl 
fluorides were available and were shown by EPR spec- 
troscopy at  reduced temperatures to react with Et3Si- 
radicals (eq 4) to form the corresponding sulfonyl radicals 

(4) 
(this being one of the rare examples of fluorine abstraction 
in free-radical chemistry). Rate constants for reaction 4 
with CH3SOzF and 4-CH3C6H4SOzF were measured by 
laser flash photolysis in the usual way. These reactions 
are considerably slower than diffusion-controlled but have 
similar k4 values (see Table I). We therefore conclude that 
arylsulfonyls are not stabilized appreciably relative to 
alkylsulfonyl radicals.16 

An attempt was made to measure the rate constant for 
the a scission of the benzylsulfonyl radical (reaction 5) by 

(5) 
laser flash photolysis. By use of 0.01 M C6H5CHzS0zC1 
and Me3COOCMe3/Et3SiH (1:3 v/v), the growth of the 
benzyl radical was directly monitored at its A, (317 nm).17 
The measured rate constants and the Arrhenius parame- 
ters were found, however, to be equal to those previously 
measured1°J8 for reaction 2, i.e.,18 Az = M-’ s-l and 
E2 = 2.6 kcal/mol. The desulfonation of C6H5CHzS0z 
therefore occurs on a shorter time scale than that required 
for the generation of the Et3% radicals.lg The time scale 
involved, which is, for example, ca. 300 ns at 190 K, implies 
that k5 L 2 X lo6 s-l at this temperature. If we take the 
Arrhenius preexponential factor to be the same as that for 
the decarbonylation of the phenylacetyl radical 
(C6H5CHzC0 - C6H5CH2. + CO), viz.,M 10l2.O M-lsd, the 
activation energy E5 is 15.0 kcal/mol. This value is in line 
with the activation energies that have been reported for 
some other RSOz desulfonations,21 provided allowance is 

Et3Si. + RSOzF - Et3SiF + RS02 

C6H5CHzS02 - C6H5CH2 + SOz 
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made for differences in the stabilization energies of the 
organic radicals that are produced. Thus, the activation 
energy for desulfonation of CH3S02 is reported to be ca. 
22.4 kcal/mol in the gas p h a ~ e , 2 ~ 1 ~  which is consigtent with 
our limiting value of 15 kcal/mol for C6H5CH2So2 since 
the methane-based stabilization energy26,27 of benzyl 
[E,M"H(C6H5CH2.) = D[Me-HI - D[C6H5CH2-H]] is 19 
kcal/mol. Some additional activation energies which have 
been reported for RSOz desulfonations also appear to be 
consistent with our result,% but others are clearly in error. 
We also note that a value of 12.0 + 3.2 kcal/mol which has 
been estimatedB for D[ C6H5CHz-So2] is both inconsistent 
with our present data and with a failure to detect this 
radical by EPR spectroscopy in solution at temperatures 
as low as 130 K.30931 The rapid disulfonation of 
C6H&H2S02 makes it a useful probe for laser flash pho- 
tolytic investigation of various reactions which generate 
sulfonyl radicals from sulfonyl halides.33 

Finplly, rate constants for the self-reactions of CH3S02, 
C2H5S02, C6H5S02, and the (2,5-dichlorophenyl)sulfonyl 
radical" were measured by kinetic EPR spectroscopy. The 
sulfonyl radicals, which were generated in an RS02C1/ 
Me3COOCMe3/Et,SiH/c-C3H6 mixture (1:1:1:5, v/v) with 
the pulse from a nitrogen laser, decayed with clean sec- 
ond-order kinetics (reaction 6). At 223 K the values found 

2RS02 - products (6) 

for 2k6,were in the range (4.5 f 1.5) X lo9 M-'s-l for all 
four RSOz radicals. Reaction 6 is clearly a diffusion-con- 
trolled process. Previous measurements of 2k6 in solution 
by time-resolved optical absorption spec t ro~cop$~~*~ have 
given rate constants which would imply that reaction 6 
might be slightly slower than diffusion controlled. We 
attribute this discrepancy to uncertainties in the values 
used for the sulfonyl radicals' extinction coefficients in the 
optical kinetic work. 

Experimental Section 
All materials were commerical products that were carefully 

purified by standard procedures before use. The experimental 
procedures for the kinetic measurements by laser flash photolysis 
were identical with those employed to study other reactions of 
triethylsilyl radicals."12 These radicals were generated by 
photolysis of di-tert-butyl peroxide in the presence of Et3SiH, 

(22) Horowitz, A. Int. J .  Chem. Kinet .  1976, 8, 709-723. 
(23) Good, A.; Thynne, J. C. J. Trans. Faraday SOC. 1967, 63, 

(24) The data from which this activation energy was derived have been 
severely criticized.26 

(25) Calvert, J. G.; Slater, D. H.; Gall, J. W. In "Chemical Reactions 
in Urban Atmospheres"; Tuesday, C. S., Ed.; Elsevier: New York, 1971; 
pp 133-158. 

(26) Davies, A. G.; Griller, D.; Ingold, K. U.; Lindsay, D. A.; Walton, 

(27) Dewar, M. J. S.; Fox, M. A.; Nelson, D. J. J.  Organomet. Chem. 

(28) See, e.g.: Good, A.; Thynne, J. C. J. Trans. Faraday SOC. 1967, 
63,2720-2727. Thoi, H. H.; Iino, M.; Matsuda, M. Macromolecules 1979, 

(29) Busfield, W. K.; Ivin, K. J.; Mackle, H.; O'Hare, P. A. G. Trans. 
Faraday SOC. 1961,57, 1064-1069. 

(30) Chatgilialoglu, C.; Gilbert, B. C.; Gill, B.; Sexton, M. D. J. Chem. 
SOC., Perkin Trans. 2 1980, 1141-1150. 

(31) A radical, purported to be CsH5CHZSOz but with uncharacteris- 
tically large a-H hyperfine splitting, has been observed by EPR in the 
solid phase at room temperat~re .~~  

(32) Geoffroy, M.; Lucken, E. A. C. J .  Chem. Phys. 1971, 55, 
2719-2723. 

(33) Nazran, A. S.; Chatgilialoglu, C.; Ingold, K.  U., unpublished re- 
sults. 

(34) Chosen because the SOz moiety in this radical is in a locked 
conformation: whereas it rotates freely in the other three RSOz  radical^.^^^ 

(35) Bjellqvist, B.; Reitberger, T. N u l .  Sci. Abstr. 1971, 30, 12. 
(36) Komissarov, V. D.; Safiullin, P. L. React. Kinet. Catal. Let t .  1980, 

2708-2719. 

J. C. J. Chem. Soc., Perkin Trans. 2 1981, 633-641. 

1980,185, 157-181. 

12, 338-339. 

14, 67-72. 

0022-3263/83/1948-3589$01.50/0 

and rate constants were determined at ambient temperatures (300 
h 3 K) in deoxygenated Me3COOMe3/Et3SiH (1:l v/v) as the 
solvent with benzil as the probe. The experimental procedures 
for the kinetic measurements by EPR spectroscopy were similar 
to those employed in the study of other bimolecular radical-radical 
self- reaction^^^ except that the intermittent light source was the 
pulse from a nitrogen laser, rather than a mechanically chopped 
light beam from a high-pressure mercury lamp. Rate constants 
for sulfonyl radical decay were measured at 223 1 K in a de- 
gassed mixture of the sulfonyl chloride, Me3COOCMe3, Et3SiH, 
and cyclopropane (1:1:1:5 v/v), the radicals being generated in 
the cavity of a Varian E-4 EPR spectrometer. 
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In this paper we describe a convenient chromatographic 
technique for routine purification of polar as well as of 
nonpolar organic compounds. 

Reversed-phase high-performance liquid chromatogra- 
phy (HPLC) has found widespread application, and results 
are often satisfactory on an analytical scale. Preparative 
reversed-phase HPLC is more seldom used and often in- 
volves tedious and time consuming repetitive fraction 
collection. 

In the course of the synthetic work we needed prepa- 
rative reversed-phase HPLC. A few such systems have 
been described in the 1iterature,lv2 while others are com- 
mercially a ~ a i l a b l e . ~ ~  However, these are often designed 
for special purposes and are slow or quite expensive. 

Evans and co-workers have developed a method for the 
preparation of chemically bonded phases, especially n- 
octadecyldimethylsilyl modified phases suitable for 
HPLC.6 We have designed a convenient system for 
preparative separations on this type of stationary phases 
and observed factors of importance for the performance 
of reversed-phase flash chromatography (RPFC).7 
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