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Although solvolyt.ic reactions of both primary and tertiaay 

systems have for same time been considered to be fairly well under- 

stood in tenas of the traditional SgL-Sk2 picture, an understanding 

of solvolyses of secondary sFstQs has been more elusive. The earlier 

literature spoke in terms of "borderlinen behavior ' or described the 

transition state as a resonance hybrid ofboth Sd “dS$ capoaentm? 

Although most authors have taken the view that a single mechanln 

operates in these borderline solvolqses "' scme have ccntinued to 

think in terms of distinct, caapeting caaponent mechanist.' 

We have undertaken a rather intensive examination, collecting 

both kinetic and steraochesical data, of the 80lvolqsi.s reaotiofm of 

2-octyl sulfonates with and without added nucleophiles (particulars 
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1310 Solvolyses of 2-octyl sulfonates No.20 

aside ion). Solwnt system varied frop pure msthanol to pure water d 

included mixtures of diaane-t&or, dioxanbmethsnol, acetone-water and 

acetcne4lethanol. Our results lead us to formulate a rather detailed 

picture of the various mechanistic happenings. A SW of our resulta 

and their mechanistic impications provide the subject matter of this 

letter. e 

The results of our experiments, many of which are slmnsrised in the 

acc~patxyingtables, deusndthat any picture of the solvolyees conducted 

in the tied solvents include & intermediates: 1, sn ion folmed by 

the intervention of the "lnertn ccsuponent of the solvent mdxture (di-e 

or acetone); snd 2, sn ion-pair. The latter intermediate suffices for an 

explanation of the observed behavior in pure solvents. Arguments for 

each of these types of intermediates dll be discussed in turn. 

MdancefpESolvsnt-. - h a recent cammication' the 

intervention of di-e as a nucloophilic agent in competition with 

water in the hydrolysis of optically active 2-octyl brceylate in aqueous 

di-e, with resultant formation of an intermediate oxonium ion, was 

advanced as an em&nation for the obeerved ability of added sodiun aside 

to increase the optical purity of the inverted alcohol fms 7?$ in the 

absence Iof this salt to 1OM in its presence. The function of the aside, 

presumably, is to react preferentialJ.y with the ion, thus dkverting it to 

alkyl aaide: 

'A recent paper by A. Streitdeser, Jr. and T. D. Walsh reports 
experiments dealing with the stereochanistry of acetolysiz of 2-octyl 
ptoluenesulfonate. Their conclusiorm canplement, and in many cases, 
parallel ours. Tetrahedron Letters No. 1, 1 (1963). -) 

'H. Weiner and R. A. Sneen, p. Am. Chem. a., & 3599 (1962). 
- 
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vlth the limited data avaIlable to ua at that tine the intemediate 

mqulred by our data could not be definitely Identified ae the 

moniu ioni m considered the alternative that it Qht be a aolrated 

aarbonim ion but this latter poeribillty can nom be ruld out. 

This conclusion is borne out by the data of Table I. Of partlaular 

intereat ia the observation that, both ln pure methanol' ae well aa in 

a-the iaobted aolmlqeia prcductprordtobe eaeentiw 

a~et.el.y tiertedj thuethe opticalplrit~ of productindxd l olvente 

wuld appear to be an inverne fun&Ion of the diomne comentntioo. 

Only in the mixed aolvente, in diaxanbmter and, ecrembat leer kpreeair~, 

indlcuan~ethanol, ia optical-Q tipure prcduatfolred. SFaee w wald 

expect carbonilm ion fomatlon to be relatively more important In the 

better ionidngsol~~tethid species canbe def'init- -nated ae an 

intomediate, even in prre water. 

Interpretation of the accupulated data of Table I relatjngthe 

optlcal purity of tiolated %octrl adde aa a function of both l olveat 

avition and sodim aside concentratlm can be ehom to be aomirtatt 

dthdloaaaeintemantion, providedaeeco&re&ania,Lnvolrlng 

mly, an ion-pair intemediate, Ute for the capetitlve 

%hae been reported that ethanolqela of&oct~ltoe~late(O.2 19 
takee place with eaaentM.ly coplete invemlon of conflgurti6. 
Sea A. Streitttrieaor, Jr. and A. C. YLa, Jr., J. a aa., a, 
290 (1962). 



1312 Solvolyses of 2-octyl sulfonates No.20 

formation of inverted 2-octyl aside. Suffice It here to note that at 

low conaentrations of aodium aside, 0.00637 & In 75% aqueous dloxana, 

the aU@ aalda Is formed, pa.rtIy inverted, with only 39% optlcaI 

prrity, aonalatent with the view that same of the al.kyl adde is 

foxmod by attack of aside Ion on the prbformed oxonlwn Ion; in eaaamce 

thla ia a double inversion reaultlng in overall retention of confl& 

uratlon.' 

Evidence for Io+Palr Intsnentlon. -4elected kinetic data aru 

SWISH in Table II. Rates wwe, in aaae casw, foIl& both 

tltrlmetticaIIy (kt) and poIarimetrlcaIIy (ku). It wil.I be apparent 

that, in 75% aqueous dloxane, aalde Is influencing the rate of reaotlon 

and muat therefors be included in the rate-determining step. Such i.s 

not the case, however, lnthemore aqueous 25% dloxana systag hem 

the rata of reaction la unaffected by added sodlra aside, even at 

0.0463 3, &we 3I% of the starting ester ends up as al.kyl aaide. 

Furthermore, the al&l aalde irolatad fram thla in uroved to be -- 

essential& ctietels inverted. (Table I). To accomaodate thsss 

facts an optically active intermediate must be invoked, an lnter- 

mediate fomed in the rats-detenaining step, nhose subsequent reaction 

with so&u aside gives overdl imelaiOn of configuration. Such an 

lnte~edlata lamat.reaaonabIy anlohpalr: 

'The rqults o$_sqwdments implicatingacetone as a nucleophlla *ill 
ba pubJiabed el.se&era amd will thus only briefly ba mentionad hen: 
sdlvo 

$ 

is of 2-octyl broaylate in W% nethanoIlc acetone fumlahed, 

it. 
tlon to the expected 2-ootPl methyl ether, l&% of 2-octanol. 
ohol forma, premmab~,by the acld-cataIywd cleavap oftho 

dud methylSootP1 k&al of acetone rhlch is folrad lnturn~ the 
24atPl. acatwniu ion, [(CHJaCG&~ 
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Confirmation of this interpretation of the data is provided by 

several linea of evidence. First the polarimetric rate constant, k,,, 

proved alwags to be rcmetit greater than the titrimetric con&ant, kt. 

The ratio, kdkt, varied frarn 1.05 in the absence of added salt, to 

1.15 in the presence of 0.0126 ,H sodium tosylate. Thus a mechanism 

must udst for racauization of starting material, competitive with 

the product-forming reactions. Such a concluc4on ia equally apparent 

frar~ the observation that the optical purity of isolated alcohol fYa 

the solvolysia of Z-ootyl brosylate in 75% aqueous dioxane wns decreased 

fran 7% in the absence of salt to 708 in the presence of 0.02Olj 

lithim brosylate (Table I). These data require that the mechanistic 

schene be expanded to include thia catalyzed racemization: 
10 

"An alternate explanation of the facts, that racanization proceeds by 
direct attack of anion on covalent starting material, is less attract- 
ire in riew of the low nucl~philicity of sulfonate aniona. In acetic 
acid aolvoQwa Streitdeser haa detected similar exchanges and hae 
argued ConrinCinglythatthe axchangemusttake place at the ion-pair 
stage. 
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1.26 

10.65 

337 

64.9 

77.6 

a&ckjtyl maylate lma wed in all experiment-e carried out in 54 and 
b&j$ aquwua dloxane ae wIlea In pure wter. Z-Octylbroa~lato 
49 uead in allotharruna. Allproductrum mra carried out at 

ff~ol&a dioxana methanol h aqueous acabnq [ROF&]l 
(Rcql-o.ol71ro.cn8ow fora.llrum In 75%aquecUa dicOran0. 

0.0&n BS for rum h 25$, 5& and 67.7% aquwua dlox~~~:[~~~~~' 
cmQ7~.00349_nin~ -tar. 
b civm aa rolume parcanta~ of fimtnmad carponaat. D, dicuun; 
U, wteq & methanol) A, awtone. 

C Mtial oonoantration. 

dpmduat. mm). in all caaoa,~rtad. 
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75$ D:W 
75% D:W 
75% D:W 
7% D:W 

25% D:W 
25% D:W 

65.0 
65.0 
65.0 
65.0 
65.0 
65.0 
65.0 
38.6 

:z 
38:6 

l.Zd 
0.633; 
1.26 
1.25 
2.52 
U.96 

2.90 
4.63 

3":: 3 

23.5 ; 0.3 0.6 
23.6 3 0.6 

24.7 ; 

23.3 1 1.0 
27.2e- 0.8 

1.17 
23.7 - 
32 5= 

0.3 
zf 

1.08 

b= l 

162 
36.7 f 

0:6 174 r 5 

35.0 + 
37.6 3 0.6 
37.2 - 0.8 

2-Oct~lmsylate wan used in experds4aIt.a lll25saqueoua diQJusn0. 
2-Octylbrosylate ma urmd in experlaemta In76 aquecw dkaane. 

bGivem ae rolma percentage of fir& named ccasponent: D, diaxam; 
w, later. 

CIuitisl concentration uulea~ otheruiae noted. 

dPrepared in situ frrQ NaN3 (O.OU6l) and HOTa (0.0138! ). 

&pared in situ fras N.sN:, (0.0063 H) and liberated IiDTa. 
Polarinetric rate constant, b c&ulatud fras data after 20$ 
reaction. 

fPrepared in situ fmm NaN3 (0.0126 H) and HOTa (0.00688 H). _- 
Polarimetric rate constant detenr&d frcm data after 26 reaction. 

%i tial rate. 
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Final wldance fortheio~~pair ia pravldedby an aqmriment In 

&.lch 2-octylbrcqlate e rolvolysed (75% aqwoua dioxane) In the 

premencc of 0.122 t lithiu taylate. Althou& the rate (titrlmetria) 

appeared to be fairly constu& o~~rthemeaaurd axtont of reaotion the 

upount of acid foaed after 8.0 hilf-liven of reaction (99,s roution) 

of 2-octyl broqlate YI only 95.H of theory. Aftor an additional 2.5 

and 4.5 half-Urea, 98.4$ axl 99.4, respactlveQ, of the theoretical 

acid had been prcduced. 'IWm an exchange reaction 5.a evident, the 

slowr solTolydng 24ct~ltowhte acculilating a8 lwactioa proQv8ar. 

Only in selected rented do our data allowun to conelude that 

m~cleophilic attack occura at the iorqair rtage nthar than on 

covalent startingmatmihl. But, for #metry and eimpicltr, our 

mschar&tlc schme includea only the foner mode of reaction. It ia 

of interest. to consider the intriguing poasibilitr that at leaat wae 

scwxllnd S$ reaction w proced~ a rate-determining attack by 

nucleophils on a reversibly folmedliarpair. I& am curr~tly 

looldng into this problea. 

Admcwl.edmsnt. -This *ark ma rupported inputbJ a @mat fra 

the Anqf Research Office (IMU) and tti U8i~t.m~ ia g?atOw 

MkIloUledtd. 


