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Summary: We present evidence thet the reaction of anilines uith ArCH,SO,Cl and ArCH,SO,F goes 

mainly via the sulfene (ArCH=SO,) and is not a simple nucleophilic displacement at sulfur, as uas 

assumed in the above paper by I. Lee and H.K. Keng (Tetrahedron Lett. 28, 1183 (1987)). and hence 

that their conclusions about the interpretation of p and pXv values are unfounded. 

In a recent paper+ Lee and Kang have used kinetic studies of reactions between substi- 

tuted anilines and substituted phenylmethanesulfonyl chlorides and fluorides to explore the roles 

of conventional and cross interaction p constants.2 They state that they present "an 

example... in which o is only a measure of charge transfer whereas oij serves as a measure of bond 

tightness in the transition state", and conclude, "It is therefore dangerous to asseSs the degree 

of bond making at the TS by the magnitude of ok and/or pY values alone".' This topic is an 

aspect of the broader field of the application of structure-reactivity coefficients to the 

elucidation of reaction mechanisms, and as such has considerable current interest.' Lee and 

Kang's arguments are based on the assumption that "in this reaction nucleophilic displacement 

takes place at sulfur with the halides, F- and CR-, as the leaving group".' We wish to inject a 

note of caution by pointing out that the assumed mechanism of reaction of arylmethanesulfonyl 

halides is incorrect. 

It was reported some years ago 4 that the reaction of phenylmethanesulfonyl chloride with 

amines and other basic reagents proceeds under a variety of reaction conditions by way of the 

sulfene, PhCH=SO,; PhCD,SO,CP with aniline in refluxing benzene, for example, gave4a largely the 

monodeuterated product, PhCHDSO,WHPh. It therefore seemed likely to us that under the conditions 

of Lee and Kang's experiments, z the reactions of arylmethanesulfonyl chlorides were also taking 

place by way of the arylsulfene, ArCH=SO,. To examine the point we have carried out the reaction 

of PhCH,SO,CP with p-toluidine (respectively, 0.10 and 0.57 M) in methanol at 45OC, for 1 min and 

found the products to be methyl phenylmethanesulfonate (79%) and phenylmethanesulfon-p-toluidide 

(15%). The ester is gradually converted (tL; 110 min, at 25oC) on standing in the mixture to the 

phenylmethanesulfonate anion, and later workup gives only the sulfonamide. In CH,OD (91 atom% xs 

D) PhCH,SO,cP and p-toluidine-U, ( 9.G atOrn% xs D) after 10 h at room tenperatUre gave (after 

workup) the sulfonamide (31% yield) consisting of 72% PhCHDNHSOa-p-To1 and 26% PhCH,SO,NH-p-Tol. 

In CD,OD both the ester and the amide products of the reaction were mostly monodeuterated (97 and 

93 f 3%. respectively). These observations are consistent with the pathways shown in Scheme 1 

and incompatible with any process incorporating any more than a minor (- 5%) portion of the direct 

displacement reaction. 
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(95%) 

PhCH,SO,CQ + ArNH, + CH,OH - [PhCH=SO,] 

Ar = p-CH,C,H, 

PhCH,SO,NHAr + PhCHZSO,OCH, 

* These percentageS, which vary with ArNH, concentration, refer to [ArNH,] ,0.5 M 

Phenylmethanesulfonyl fluoride and p-toluidine (respectively, 0.26 and 1.28 M) also gave 

mainly PhCH,SO,- (,65X) and PhCH,SO,NH-p-To1 (16X), along with unreacted PhCH,SO,F (16X), after 

85 h at 45%. In CD,OD PhCH,SO,F undergoes H-D exchange to PhCHDSO,F and PhCD,SO,F. The 

sulfonyl fluoride was warmed relatively briefly with CH,OD and p-toluidine-d, (91 and 94 atom X 

xs D); the ratios of the CH,:CHD:CD, materials of 75:24:1 for the recovered sulfonyl fluoride, 

and 15:80:5 for the sulfon-p-toluidide are consistent with a mechanism involving the sulfene 

route as the major process (>YSX) and not with any significant direct displacement reaction. 

Our present observations and those of Lee and Kangl may be readily fitted into a consistent 

mechanistic pattern with the aid of previous work on ArCH,SO,CQ and related compounds of the 

general structure ArCH,SO,OAr' summarized in Table 1. 

TABLE 1. Summary of Previous Work on Arylsulfene Formation: ArCH,SO,X - ArCH=SO, 

P 
-a H-D exchange 

in starting Base Proposed 

X Pyridine Et,N material? catalysis mechanism Ref. 

CQ 2.35” - no (general) (ElcB)I or 4(b), 7(b) 
ElcB-like E2 

2,4-dinitrophenoxy 2.3Ec 2.7c no general (ElcB)I or 6, 7 

ElcB-like E2 

p-nitrophenoxy 0.54c yes specific (EIcB)R 6, 7 

a Correlation with u- was clearly better than with c in the cases in which rates for the key 

substituents (p-NO, and p-CN) were available (i.e. all except the Et,N - 2,4-dinitro-compound 

reaction). 

b III 1,2-dimethoxyethane (0.4 M in water) at 2o.o0C.+b*c 

c In 1,2-dimethoxyethane-water (80-20) at 2OoC.' 

The p value of 2.16 (or 2.02)1 and the lack of H-D exchange in the starting material in the 

reaction of ArCH,SO,CQ with PhNH, in UeoH are similar to the observations on ArCH,SO,CQ and 

2,4_dinitrophenyl arylmethanesulfonates (Table 1), and hence a similar mechanism, i.e. an (ElcB)I 

or an ElcB-like E2 process, may be proposed for the ArCHaSO,CQ - ArNB, reactions in MeOH. 
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On the other hand the B-D exchange and the relatively low p value (0.93 or 1.12)' shown by 

the reactions of AriX,SO,F with PhNB, in MeOH are features found in the (ElcB)B reaction of 

p-nitrophenyl arylmethanesulfonates (see Table 1) and hence the sulfonyl fluoride reaction may 

also be reasonably assigned this mechanism, as shown in eq. Cl].' 

MeOH 

[l] ArCIi,SO,F + Ar'Miz _- ArtiSO,F &HaAr* -----* ArCH=SO, -----f Products (as in Scheme 1) 

It should be noted that the p-nitro esters show specific base catalysis in the aqueous medium 

used8s7 and hence that interpretation of Lee and Kang's or value for the reaction of PhCH,SO,F 

and aromatic amines should be avoided until the role of the amines in this system is deter- 

mined.= 

The reactions reported by Lee and Kang' evidently proceed largely via the arylsulfenes, with 

the rate-determining step of the chloride reactions being proton abstraction and that of the 

fluorides being fluoride ion expulsion. The reaction mechanisms in the chloride and fluoride 

series are therefore not only different from that assumed by Lee and Kang' but are also different 

from each other. 

Lee and Kang's conclusions1 concerning the interpretation of standard p values and cross 

interaction constants (pry) must, at this stage, be dismissed as lacking experimental basis. 

Bxperimental: 

PhCR,SO,Cl reactions: (a) p-Toluidine (900 mg, 8.4 mmol) in CH,OH (1.64 mL) was added drop- 

wise over 1 min to a stirred solution of PhCH,SO,CQ (291 mg, 1.53 mmol) in CH,OH (13.0 mL) at 

45W. Immediate workup (by adding CH,CQ,, washing with dil. HaSO,, drying with MgSO,, and eva- 

porating the solvent under reduced pressure) gave a solid (285 mg) shown (by comparison of its 

lHmr spectrum with those of authentic specimens) to be a 16:84 mixture of PhCH,SO,BB-p-To1 and 

PhCli,SO,OMe (respective yields, 15% and 79%). (b) PhCH,SO,CQ (235 mg, 1.23 mmol), p-toluidine-d, 

(500 mg. 4.6 mmol) and CH,OD (4.44 mL) (respectively 94 and 91 atom X xs D) gave, on workup after 

10 h at 45W, 81 mg of the sulfonamide shown by concurring 'Hmr, i3Cmr and ms (molecular ion) 

analyses to consist of 28% PhCH,SO,NH-p-To1 and 78% (* 1%) PhCHDSO,BB-p-Tol. (c) A series of ten 

+Hmr spectra were run at intervals from 1 to 1470 min of a mixture of PhCH,SO,CQ (9 mg, 0.047 

mmol) and p-toluidine-U, (30 mg, 0.275 mmol) in CD,OD (0.639 mb). The first three spectra (1, 3, 

and 6 min) showed product peaks only for the methyl ester and the sulfon-p-toluidide (integration 

ratio about 7:3); the ester signal shrank while a peak at 6 4.04 due to the phenylmethane- 

sulfonate ion grew (tr, 110 f 5 min. 25OC). The ester signal was a 1:l:l triplet (6 4.47) due to 

the CHD group with no clear sign of any CH, singlet; the sulfonamide signal consisted of a very 

small singlet (6 4.31, CH,) superimposed on the partly resolved CBD peak at 6 4.30. 

PDCA,SO,F reactions: (a) A solution of PhCB,SO,F (312 mg, 1.8 sunol) and p-toluidine (960 mg, 

9.0 mmol) in CH,OH (7.0 ml.) after 8.5 h at 45OC, gave, on workup (addition of PhH (20 mL), five 

washings with H,o which were then evaporated, dilution with CH,CQ,, washing with dil. HaSOl, 

drying and evaporation of the solvent), (i) organic layer: 124 mg (solid) shown by 'Bmr to be an 

equimolar mixture of PhCB,sO,NH-p-To1 and recovered PhCH,SO,F (16% each), (ii) Ha0 wash: 449 mg 

shown by IBmr to be PhCH,SO,- (est. 65-70X yield) plus xs MeC,H,NB, + (presumably also as the F- 
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salt). (b) PhCH,SO,F (43 mg, 0.247 mmol), p-toluidine-U, (20 mg, 0.083 mmol) and CH,OD (2.22 mL) 

was heated at 45OC for 150 min and then worked up by washing with dil. H,SO, water (3x), drying 

and evaporation of solvent; the mass spectrum (molecular ion peaks, under conditions showing no 

M-l signals) gave the isotopic compositions presented in the text. 
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