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The facile desulfation of neutral sulfate ester salts in boiling moist dioxane is well known. The present studies 
provide evidence that the solvolysis requires initiation by traces of impurities presumably behaving M e1ect.m- 
philes. The surface of a glass containing vessel is adequate to initiate a reaction which is precipitously catalyzcd 
to completion by the acidic product's produced. In clean 1'eflon vessels but not in glass, 2-octanol (potassium 
sulfate) (I)  and the cholestan-3&ol analog (11) are stable for prolonged periods in hot moist dioxane, but are al- 
most instantly solvolyeed following addition of almost any trivial potentially acidic contaminant cncountcred in 
a laboratory environment. At ambient temperature, dioxane solutions-suspensions of I and I1 are solvolyzed in 
less than 1 hr after addition of a trace of H2SO4 or other electrophilic reagents. 

Sulfate esters of steroids,*J many carbohydrat,e~,~J 
and simple  alcohol^^^^ are notably resist,ant to  hydrolysis 
in neutral or acidic aqueous systems; however, under 
appropriate conditions many of these are rapidly sol- 
volyzcd in, relatively nonpolar, nucleophilic solvents, 
espwially moist (<l% H20) ether, dioxane, and tctra- 
hydrofuran. I n  these solvents, the free acid esters de- 
sulfate easily at  ambient temperature while neutral 
alkali metal salts, with modest exceptions,2$8 are or- 
dinarily s t a b k g  

Ammonium salts (but not sodium salts) of specific 
sulfatides elaborated by i l lycobacterium tuberculosis 
also undergo facilc solvolytic hydrolysis at ambient 
temperature in reagent-grade "anhydrous" ether (H20 
content -0.005%) The principal mycobacterial 
sulfatide (SL-I) is a complex tctraacyl trehalose-2- 
sulfate.12 Studies with these sulfatides led us to the 
inference that alkali mctal sulfate ester or sulfatide salts 
in general should ordinarily be stable in ether solvents, 
that  a trace of mineral acid or appropriatc clectrophile 
should init iate solvolysis, and that the reaction would 
accelerate to  completion, since each desulfation event 
generates a strongly acidic anion (HS04-). For various 
salts of the mycobacterial SL-I, these deductions were 
verified." 

In  earlier st'udies of steroid sulfate esters Burstein 
and Lieberman concluded that the species undergoing 

(1) This investigation was supported by Grant No. AI-08401 of the U. 9.- 
Japan Cooperative Medical Science Program administered by the National 
Institute of Allergy and Infectious Diseases of the National Institutes of 
Health, Department of Health, Education and Welfare. 
(2) S. L. Cohen and I. B. Oneson, J. Biol. Chem., 204,245 (1953). 
(3) S. Burstein and S. Lieberman, J. Amer. Chem. Soc., 80, 5235 (1958). 
(4) J. R. Turvey. Aduan. Carbohyd. Chem., 20, 183 (1965). 
(5) K. B. Guisely and P. M. Ruoff, J. Org. Chem., 26, 1248 (1961). 
(6) R. L. I%urwell, J. Amer. Chem. Soc., T 4 ,  1462 (1952). 
(7) R. D. Batts, J .  Chem. SOC. B ,  547 (1066). 
(8) J. McKenna and J. I<. Norymberski, J. Chem. Soc., 3889 (1957). 
(9) The reported ambient-temperature solvolysis of certain apparently 

neutral steroid sulfates*~8 may result as a consequence of anchimeric participa- 
tion of unsaturated functions in appropriate positions, although such par- 
ticipation is contradicted from studies of Burstein and Lieberman.' It can- 
not yet be ruled out that  infinitesimal acidic impurities may account for the 
instability. 
(10) &I. B. Goren, Biochim. Biophys. Acta, 210, 127 (1970). 
(11) M. B. Goren, Ltpids, 6, 40 (1971). 
(12) M. B. Goren, 0. Brokl, B. C. Dss, and E. Lederer, Biochemistry, 10, 

72 (1971). 

reaction is the free steroid hydrogen sulfate, and offered 
a probable mechanism as reproduced in Figure l S 3  
Conclusions of Batt,s7 also implicate the zwitterion (of 
Figure 1) as the reactive species. The proposed mech- 
anisms of our own studirs and of Figurc 1 have in com- 
mon the requirement of an intermediatc in which the 
sulfat'c ester oxygen has accepted a proton ( c j .  also 
Benkovic l 3  and Benltovic and D~nikoski '~) .  

It is well known, however, that  alkali mctal salts of 
even simple sulfate cstcrs undergo rapid solvolysis in 
apparently neutral ether solvents stt elcvated tempera- 
ture, as, for example, in boiling moist dioxane.8*15j1e 
In  the Haines' group's studies of the sulfatides of 
Ochro?nonas danica,  thc solvolysis of (+)-2-octanol 
(potassium sulfate) as a model compound was examined. 
Like many steroid sulfatides, it' hydrolymd in minutes 
in boiling dioxane-1% H20 (with retention of optical 
configuratio11).~~,~7 In  their interpretat,iori of the re- 
action, Haines, et al., proposed a quite different mech- 
anistic modcl in which thc wator participating in the 
reaction was assigned a prominrnt rolc in hydrating the 
sulfate core to  generate a spccics proposed as reactive 
for the nucleophilic solvent (Ipigurc 2).  I n  this intcr- 
pretation,'* the intervention of elcctrophiles or protons 
is not, required-a concept, in contradiction with earlier 
conclusions. Thc "neutral" conditions of the solvolysis 
were implicitly sdvocatcd as a means of avoiding com- 
plicat'ions of acidic hydrolysis. 

However, reference to this high-temperature transfor- 
mation as a solvolysis in neutral moist dioxane becomes 
untenable after the initial few desulfation events. The 
intermediate dioxanc-SOs complcx must be considered 

(13) S. J. Benkovic, J. Amer.  Chem. Soc., 88, 5511 (1966). 
(14) S. J. Benkovic and L. K.  Dunikoski, Jr . ,  Biochemistr!/, 9, 1300 (1070). 
(15) G. A .  Grant and D. Ueall, Recent Frog. Hormone Res., 6, 307 (1950). 
(16) T. H. Haines, Frogr.  Chcm. Fats Other Lipids, 11, 290 (1971). 
(17) G. L. Mayers, M .  Pousada, and T. H. Haines, Biochemistry, 8, 2981 

(1969). 
(18) Respecting Figure 2, Mayers, et al.," and Haines'a suggest t h a t  a 

hydrated complex in which the water molecule is bonded to  two negatively 
charged oxygens (rather than as in the reactive complex postulated) would 
have greater stability. However, this would not lead to  the desired products 
on attack by the solvcnt. I t  was suggested therefore that  the "heat rewired 
for the reaction is necessary to  provide the initial reacting species" as formu- 
lated in Figure 2. 
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Figure 1.-Mechanism of Burstein and Lieberman for solvolysis 
of hydrogen sulfate esters. 

an electrophile, and hydrolyzes wit'h facility in the moist 
reaction medium t o  yield the strongly acidic KHSO4. 
The reaction mixture therefore quickly assumes the (pre- 
dictable) character of the acidic low-temperature reaction 
with t'he possible disadvantages conferred by the now 
unnecessary high temperature, Nevert'heless, the reac- 
tion unquestionably is in i t ia ted  in an apparently neu- 
t,ral system-a seeming paradox which we have sought 
to  resolve in the present, study. Beyond this we wished 
t o  test in simpler systems our earlier observations that 
salt,s of mycobacterial sulfatides which are stable in 
et'her solvent's may be gently and completely solvolyzed 
at, ambient temperat'ure following the addition to  the 
stable system of minutme amounts of electrophilic re- 
agents. l1 

Results and Discussion 

We prepared purified K salts of 2-octanol sulfate (I) 
and cholest,an-3/?-01 sulfate (11) for the present studies. 
These were entirely stable a t  ambient temperat'ure in 
moist, (<1% H20), purified dioxane; however, a gentle, 
rapid low-temperat,ure desulfation could be initiated 
with minute traces of appropriate electrophiles-io- 
dine, H2S04, ZnClz, NH4C1, hydrazine sulfate. With 
precise amounts of HzS04 (0.0025-0.005 equiv relative 
to sulfate salt) the solvolysis was complete in less than 
1 hr (Figure 3). The salt need not be dissolved in the 
solvent ; suspensions are easily desulfated. We con- 
clude that a host of organic sulfate esters, including 
natural sulfatides, may be effectively hydrolyzed under 
these gent'le condit'ions without significant degradation 
such as racemization or inversions, hydrolysis of gly- 
cosidic linkages, etc. ( c j .  ref 10, 11, 19-21). The 
methodology therefore recommends itself for synthesis 
and for structural investigat'ions. 

Solvolysis at High Temperature. -Respecting sol- 
volysis at  elevated temperatures we confirmed that  I 
and I1 solvolyzed in minutes in moist dioxane when 
heated in glass vessels near the boiling point (as little 
as 2 min for I). However, our evidence suggests that ,  
under these vigorous conditions, a multiplicity of con- 
taminants can function to ip i t iu te  the desulfation, 
which then progresses precipitously to  completion (in 
seconds) owing to the acidic product(s) generated : 
KHS04, a prot'onated dioxane-S03 complex (?); a 
dioxane-H2S04 complex (?) . 2 2  Trace contaminants 

(19) A. J. Ilancock and M. Kates, J .  Lipid Res, in press. 
(20) T. G. Kantor and RI. Schubert, J .  Arne?. Chem. Soo., 79, 152 (1957). 
(21) P. Stoffyn and -4. Stoffyn, Biochim. Biophys. Acta, 70, 218 (1963). 
(22) The "explosive" behavior which characterizes the desulfation in the 

experiments described, and which was men in numerous other experiments 
not reported here, led us to  consider the possible intervention of (transient) 
intermediates generated by the reaction itself, more potent in catalyzing the 
solvolysis than hydrated or solvated protons. Although we have no evidence 
in support of its existence, we speculate that  a dioxane-SO8 complex which 
is protonated on one of the SOa oxygens (or a dioxane-HzS04 complex) might 
have such characteristics-stemming from the combined nucleophilic and 
electrophilic properties, which may allow participation in a concerted attack 
on the ester. Al- 
though the former protonated complex is entirely speculative, a dioxane- 
HZ804 complex of appropriate structure is firmly established [ Y .  K. Syrkin 
and K. M. Anisimova, Chem. Abstv., 42, 6593 (1948)l. Similar complexes of 
dioxane with HClO4 and Hap04 are known. 

These species would also regenerate themselves as well. 
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Figure 2.-Proposed mechanism of Haines for solvolysis in 
neutral dioxane. 
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Figure 3.-Solvolysis of potassium sulfate esters in dioxane 

under acid catalysis: open circles, potassium 2-octyl sulfate 
(H+ % 0.25 mol % with respect to salt); closed circles, potassium 
P-cholestanyl sulfate (H+ si 0.5 mol %). 

on the surface of even diligently cleaned glass contain- 
ing vessels (or perhaps the glass surface itself) seem the 
most notable culprits. On the other hand, both I and 
I1 may be held near reflux in moist dioxane for pro- 
longed periods (as long as 2 hr for I under ideal circum- 
stances) in clean Teflon vessels and recovered un- 
changed: the reaction mixture remains neutral, and 
the salt merely recrystallizes from the cooled solvent.23 

The rationale for thecexperimental approach antici- 
pated that,  if the sulfate salt is contaminated by even 
undetectable quantities of sufficiently acidic material, 
these would detrimentally affect the prolonged stability 
of the sulfate esters even at ambient temperatures. 

(23) During this stable period we were unable, in numerous experiments, 
to  detect any measurable amount of solvolysis products, e.g., KHSOr or any 
released alcohol (by gas chromatography). If heating is prolonged suffi- 
ciently, invariably a sudden desulfation occurs, the reaction being completed 
in a few seoonds. Since our studies show tha t  nanogram amounts of, E.Q. ,  
HzSOi or HCIO4 initiate almost instantaneous desulfation when added to  
such hot stable systems, i t  is possible that  the "stable period" involves an  
immeasurably slow solvolysis which eventually produce6 a crztzcal concen- 
tration of acidic reaction produots, with a resultant cataclysmic comple- 
tion of the reaction. However, we were unable to obtain any  data  in  sup- 
port of this interpretation. 
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Accordingly, extraordinary precautions were t,akcn to 
mitigate as much as possiblc against such contaminants. 
AS a point, of dcparturo \VC speculated that the initial 
desulfation cvents might simply involve a (probably 
vcry slow) hydrolysis a t  the high temperature. To 
discriminatc: against t'hc catalytic influcncc of t,hc bi- 
sulfate which this would generate, the initial high-tem- 
pcrature cxpcrimcmts cxamincd the eff ccts of alkali 
(KO€€) on the solvolyt'ic behavior (in glass). Such 
allialinc systems were indectd found to be stable, but 
inordinately subject to abrupt destabilization, e . g . ,  
during sampling, removal of the condcnser, txist,ing of 
thc condcnsctr in its joint, insertion of a glass pipet- 
capricious incidents which made us suspect' thc possible 
cat'alytic intcrvcntion of t,hc glass equipment, We 
therefore cxamincd the reaction in Tcflon, first' wit8h 
very small amounts of addcd alkali, and then in the 
absence of any addcd rctagcnts. Completely stable 
systcms \\ere obtained. 

Finally, we cxamincd a variety of substances as po- 
tential init,iators. Hot' stable systcms in Tcflon wire 
almost, instantly solvolyzcd following the addition of 
traccs of mineral or Lcnis acids (nanogram amounts of 
H?SO, or HC1O.I as dilutc solut'ions, salts of Zn or Fe; 
pyridinc-S03 complcx ; precipitated KHSO., from a 
previous solvolysis) by apparently "neutral" salts 
such as 3IgS0,;  sulfur dust, Sa2S203, Ka2S20.1, citra- 
zinic acid; and, ad absudunz, dust from laboratory sur- 
faces. l\leny subst.ariccs were inactive: ;\aeCOs, 
KOH, SaHC03 ,  2-pyridonc, 2-aminopyridinc, iso- 
nicotinic acid, acctic acid, 2,4-dichlorophenol, quin- 
hydronct, arid pyrogallol. Some were sclcctcd to ass(:ss 
possible functionality as both clectrophilc arid nuclco- 

othcrs simply because of acidic propcrtics. 
We can only spcculat c that dichlorophcnol and acctic 
acid were incffcctivc initiators bocausc they arc too 
wcal<ly acidic undcr thc specific conditions (acetic acid 
is principally dimeric in hot d i o x a n ~ ? ~ ) .  

Many of t he initiators are clearly dectrophiles. 
Others may simply provide solid surfaccs that act 
catalyt'ically to initiat'e the reaction. We infcr, how- 
ever, that the f u n d o n  is mcrcly initiative, and that the 
rcaction thcn progrcsscs almost explosively owing to 
the catalytic influcncc of the geomctrically increasing 
acidic product(s) of thc hydrolysis. Although water 
in cxccss of about 2Oj, dramat'ically inhibits the sol- 
volysis,'j-'7 a sudden initiation, e . g . ,  with traces of 
citraziriic acid, pyridinc-S03, or nanogram quarit'ities of 
H2S04 in dioxane., cff cct's immediate and quantitative 
desulfation in systems containing as much as 7Yo 
H,0.22 Wc hope to incorporate the results and im- 
plications of the latter studies in a subsequent, brief 
communication. 

Prom our observations we concludc that the high- 
temperature solvolysis has an absolute rcquircment, for 
an initiator, presumably behaving as an clectrophile, 
thc rctaction thcn progressing almost instantaneously 
o\ving to tho acidic products gcncrated-and that a 
facile LLncutral" solvolysis as proposed is 
untenable. 

Experimental Section 
IXoxane was employed almost exclusively in the solvolytic 

Baker's reagent grade dioxane was purified ac- experiments. 

(24) S. Penoant-Eymard, Chem. Abslr.,  48, 7399 (1954). 

cording to the method of Hess and Frahma (cf. Fieser and Fie- 
serZB), and finally refluxed for several hours with either Na, 
LiAlH,, or CaHz and distilled. The H20 content as estimated 
from examination of the infrared band a t  1040 cm-1 and com- 
parison with shndard samples was below 0.1'70. Experiments 
were performed wit>h this solvent, and stable systems In Teflon 
obtained a t  high temperature; more often small amounts of 
water (usually about 0.4-0.556) were added to aid in dissolving 
the sulfate ester salts. 

2-Octanol (potassium sulfate) (I) was prepared by modifica- 
tion of the procedure described by Mayers, et  ~ 2 . ~ 7  The product 
was recrystallized from absolute ethanol or butanol: i t  sinters 
a t  165', foams at 175', and gives a clear me11 a t  182'. A71u1.27 
Calcd for CEHI~SOIK: C, 38.71; 13, 6.86; K,  15.74. Found: 
C, 38.55; 1 1 , 6 3 7 ;  K, 13.8. 

Cholestan-3-8-yl potassium sulfate (11) was prepared both by 
reaction of cholestan-3-8-01 with chlorosulfonic acid in dioxane 
and by reaction with pyridin&O3 complex followed by meta- 
thesis.s The products were recrystallized several times from 
hot methanol containing about 37, IIIO. Only the first crops 
of fine needles which crystallized were collected. The melting 
point of the vacuum-dried potassium salt depends upon the man- 
ner in which it is t>aken: 234-233' dec, 240-240.5' with gas 
evolution (reported mp 234-235',* 23(ioB). Anal. Calcd for 
C Z ~ I T ~ ~ S O ~ K :  C, 63.98; 1-1, 9.35; K,  7 .71 .  Found: C,  64.37; 
€1, 9.23; K, 8.06. 

Equipment.-AlI glassware, precleaned in acid dichromate and 
washed, and washed Teflon ware were heated in 5-10% aqueous 
alkali for several hours, exhaustively rinsed with deionized water, 
wrapped in protective A1 foil, and dried. For solvolysis studies 
in Teflon, we employed Nalgene narrow-mouth "Boston Ilound" 
Teflon bottles (4-07; capacity) with fluorocarbon closures. 

Methods.-Ordinarily 5-6 ml of dioxane was pipetted into 
the reaction vessel along with 10-20 p1 of deionized € 1 2 0  or other 
reagents dissolved to  appropriate concentration. The sulfate 
salt (40-50 mg) was neighed into a small, clean test tube, which 
was inserted far into the mouth of the container before the con- 
tents were emptied. The reaction vessel with cap or condenser 
was heated for brief periods with gentle shaking until the salt 
was in solution arid droplets of the dioxane (slightly below its 
boiling point) were condensing. The vessel was then inserted 
in a boiling water bath and a stopwatch was started. Solvolysis 
was recognizable by a sudden turbidity in the clear solution and 
precipitation of KIISOn. Analysis of these turbid reaction mix- 
tures invariably indicated that xolvolysis was complete. hlain- 
tenance of claiit,y was examined so many t,imes as a criterion of 
st,ability iis to bc definitive: many such clear samples, quenched 
and then analyzed for acidity or, when appropriate, for cctanol-2 
content (by gas chromatography), were entirely free of either 
product of solvolysis. 

Experiments.-Probably more than 100 solvolyses were ex- 
amined. 

A. Low-Temperature Solvolysis. Catalysis by Electrophiles. 
1.-I (193 ma)  was suspended in 10.0 ml cf dioxane to which 25 
p1 of 1110 was added and the mixture was stirred (magnetic 
stirrer) a t  room temperature. In  a period of 6 days the mixture 
remained neutral. A minute crystal of iodine was added. Within 
20 inin the suspension of sulfate ester was completely solvolyzed 
as indicated by titration of the released KHSO, with standard 
alkali. Other cffective initiatois included ZnCln, FeCla, mineral 
acids, and hydrazine sulfate. 

2 .-The conditions of experiment 1 were duplicated except 
that 25 p1 of 0.02 N I-InSO, was added instead of water (to 53 
mg of I in 15 ml of dioxane). Aliquots were withdrawn a t  in- 
tervals, quenched into 10 ml H20, and titrated to the methyl red 
end point. (The stabi1it.y of acidified I in such an aqueous mix- 
ture was demonstrated in a separate experiment.) The results 
given in Figure 3 indicate that complete solvolysis occurred in 
about 18 min. 

mol) was siispended in 5 ml of 
dioxane and stirred a t  rocin temperature. hft.er 12 hr the still 
neutral suspension was acidified with 10 p1 of 0.05 A' IIzSOd (0.54 
mol yo Il+ based on 11) and 0.1-ml samples were withdrawn peri- 

A few representative experiments are reported here. 

J.--II (46 mg, !).13 x 

(25) K. Hess and 13. Frahm, Uer. ,  71, 2627 (1938). 
(26) L. I;. I'iesor and XI. Fioser, "Iteagents for Organic Synthaais," Wiley, 

(27) Analyses by Iluffman Laboratories, Lakewood, Colo. We thank 

(28) A.  E. Sobel and hl. J.  Rosen, J .  Amer .  Chem. Soe., 63, 3536 (1941). 

KewYork, N. Y . ,  1967, p333. 

Donald Papineau for potassium analysis. 
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odically, quenched as in the preceding experiment, and analyzed. 
The solvolysis of the acidified K salt suspension was complete 
inless than 1 hr (Figure 3). 

Solvolysis at High Temperature (in Glass Vessels).- 
I (50 mg), 6 ml of dioxane, and 18 11 of HzO were mixed in a 
10-ml Bantam wale flask fitted with a condenser. The mixture 
desulfated before it had reached maximum temperature on top 
of a steam bath. In  many such experiments solvolysis occurred 
within 2-4 min. The solvolysis in glass could be prevented for 
many hours by 10-20 pl of KOH (8-1 M ) ,  but only if the ieac- 
tion mixture was not disturbed (vide supra) .  The aqueous 
alkali does not dissolve in the dioxane, but merely coats the 
walls of the flask. 

C. Stability at High Temperature in Teflon. 1.-A reaction 
mixture of 50 mg of I ,  5 ml of dioxane, and 20 pl of 8 X d l  
KOH (<0.001 mol/mol sulfate ester) was heated in a Teflon bot- 
tle for intermittent brief periods until the sulfate had dissolved, 
and thence continuously in a steam cone (96'). This concen- 
tration of KOH did not prevent desulfation in glass. After 
2 hr, the solution was chilled, sampled, and found not acidic to 
methyl red; ncr was octanol-2 detectable by glc. The solution 
was transferred to a clean, glass round-bottom flask with con- 
denser and heated on the steam bath. Desulfation occurred 
in about 3 min. 

2.--Experiment C-1 was repeated except that 18 pl of deionized 
water was substituted for the alkali. The mixture was heated 
a t  full steam bath temperature for 1 hr, carefully removed, and 
allowed to cool and crystallize. The crystalline material was 
recovered by filtration and washing with cold ethanol, 43 mg, 
sinters at 165", begins to foam and melt a t  174", and is com- 
plete a t  182O, Le.,  essentially identical with the starting 2-octanol 
(potassium sulfate). 

B. 

The mother liquor was neutral. 

3.-I1 (40 mg) in 5 ml of dioxane plus 10 p1 of 1320 in a Teflon 
bottle was heated as above. At 21 rnin the flask was removed, 
cooled, and sampled. The ma1,erial had not dissolved com- 
pletely and the smpension was not, acidic: to methyl red. I t  
was reheated for an additional 40 niin and now was completely 
desulfated. Thc insoluble material was identified as Kl-IS04 
(mp 206-208'); cholestan-3-b-ol (mp 143") was recovered from 
the organic phase. 

4.-The previous experiment was repeated with 51 mg of 11. 
After 20 min, the flask was removed from the steam bath and 
chilled. A small sample was tested and found to be not acidic. 
Water (19 ml) was added to the reaction mixture along with a 
drop of methyl red. A 30-p1 portion of 0.01 14' I-I*SOd was more 
than enough to give an intense red color. Accordingly, solvoly- 
sis could not have progressed to even 0 3 %  of the sulfatide 
charged. In glass the sulfatide solvolyxed completely in the 
interval between 6.5 and 7.6 min. 

From the preceding experiments (1-4) it is evident that the 
solvolysis occurs only suddenly-there is no evidence of a slow 
progression. 

D. Initiation of Solvolysis by Trace Materials.-In these 
experiments stable solutions of 2-octanol (potassium sulfate) 
(50 mg) in 5-6 rnl of dioxane plus 10-20 pl of H20 were main- 
tained in Teflon in a boiling water bath, usually for 20-30 min, 
a t  which time minute amounts of test solids or aqueous solutions 
were dropped in. Quantities of solids were ordinarily those 
left on the very tip of a microspatula or a needle-pointed capil- 
lary tube after insertion into a bottle of reagent and tapping 
off excess. Liquids were judged to be about 0.5 p1 (cf. Results 
and 1)iscussion). 

Registry No.-I, 41209-93-2; 11,41209-94-3. 
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The pK,'s of a series of substituted phenyl phenacyl sulfones (2) were determined. With variation of the 
phenylsulfonyl substituents, the sulfone acidities followed a linear correlation with u. The p value for this cor- 
relation was $2.01, indicating that electron-withdrawing substituents increase sulfone acidity and that this 
system is very responsive to substituent changes. Since correlation of acidity with u +  was not obtained, there is 
no enhanced resonance interaction between the substituent and the electron-deficient sulfone group. Variation 
of the phenacyl substituents gave linear correlation of acidity with u and a p value of +2.35. Acidifying effects 
in the sulfones are considered to be identical with the factors stabilizing the corresponding sulfone carbanions. 
The large positive p indicates that the carbanion is stabilixed substantially by p v d r  overlap with the sulfur. 
The magnitude of this Stabilization depends upon the electronegativity of the sulfur which, in turn, is determined 
by the electronic effects of the substituents. The interaction of the substituents through the phenyl ring with 
the sulfur is principally inductive in nature. 

It is well established that  the sulfone group can 
stabilize an adjacent carbanion.2 Sulfone carbanions 
have been utilized in numerous synt'heses, but there has 
been no quantitative systematic study of their elcc- 
tronic effects. This study was undcrtakcn to  determine 
the nature and magnitude of such carbanion stabiliza- 
tion. Several resonance structures which can be en- 
visioned for P-carbonyl sulfone carbanions arc la, 
utilizing sulfur d orbitals; lb,  the carbanion structure; 
and IC, the enolate structure. The magnitude of 
carbanion stabilization afforded through resonance 
structures la and IC was determined by measuring the 
acidity of the sulfone precursors. Schwarzcnbach and 
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Fcldcr3 determined the pK,'s (in water) of several 
sulfones [ L e . ,  CH3SO2CHzCOCH3, 10; (CH3S0z)2CH,, 

(3) G. Schwarzenbach and E. Felder, Helu. Chim. Acta, 27, 1701 (1944). 


