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CHAPTER I 

INTRODUCTION 

There are two possible isomeric structures for the an

hydrides from sulfinic acids. One is the sulfinyl sulfone 

structure with a sulfur-sulfur bond (la), and the other the 

sulfinic anhydride structure with an oxygen bridge (lb). 

0 0 0 0 
It If [I- II 

R-S-S-R R-S-0-S-R 
It 
0 

l a l b 

Normally sulfinic acids prefer to form the anhydrides with 

sulfinyl sulfone structure because the structure la is 

apparently thermodynamically of lower energy than the sul-

2 

finic anhydride structure lb. 

The equilibrium constant for the formation of aryl sul

finyl sulfones from the corresponding sulfinic acids (Eq. 

1) has been studied previously. Typically the equilibrium 

constant for the formation of an aryl sulfinyl sulfone 

(Eq. 1) from the corresponding aromatic sulfinic acids is 

very small in a medium containing an appreciable amount of 

water such as 40% H2O-60% dioxane. This in turn indicates 

K 
eq. 

0 0 
fi II 2 ArSO-H 7-̂ =̂  Ar-S-S-Ar + H^O (1) 



that the amount of aryl sulfinyl sulfone present at equili

brium with aromatic sulfinic acids in a medium containing 

much water is too small to be detected spectrophotometri-

cally. But in the medium of acetic acid containing a small 

amount of water (1% to 5%) the amount of aryl sulfinyl 

sulfone present at the equilibrium is large enough to be 

detected by spectrophotometric procedures and the equili-
4 

brium constant K can be accurately measured . It has 
eq '' 

also been found that the K varies with the nature of the 
eq 

aryl group. The noteworthy results are as follows: (a) 

electron-donating substituents in aromatic ring increase 

the value of K and electron-withdrawing substituents 

decrease it; (b) at a fixed water content increasing the 

amount of sulfuric acid in acetic acid medium increases 
K ; (c) the magnitude of K decreases with increasing eq eq 

water content of the acetic acid medium. The substituent 

effect in the aromatic ring is considered to be due to the 

fact that between the two adjacent somewhat electron-

deficient sulfur atoms in the sulfinyl sulfone there exists 

an. inductive repulsion which is not present in the sul

finic acid. Therefore electron-donating substituents in 

the aromatic ring can help to stabilize the sulfinyl sul

fone by decreasing the extent of electron deficiency at 

the two sulfur atoms, and thus the magnitude of the de

stabilizing repulsion is decreased. 



In a disulfinic acid such as naphthalene-l,8-disulfinic 

. ,5 
acid (£) the cyclic sulfinyl sulfone is strongly favored 

0=S 

K 
eq H^O 

(2) 

over the disulfinic acid at equilibrium. Even in the highly 

aqueous medium, 40% H2O-60% dioxane, almost 75% of the di

sulfinic acid is present as the sulfinyl sulfone 5_ at 

equilibrium. The fact that formation of the sulfinyl 

sulfone involves an intramolecular reaction in Eq. 2, in 

contrast with the intermolecular reaction in a case like 

Eq. 1, is presumably the reason that K for Eq. 2 is so 

much more favorable than K for Eq. 1. In another disul-
eq 

finic acid, 6_ (Eq. 3) , the formation of sulfinyl sulfone 

through intramolecular reaction, while still much more 

favorable than in a case like Eq. 1, is not so dramatic 

K 
eq 

+ H2O (3) 

i I 
g 

as £ . In the solvent medium, acetic acid-1% H-O containing 

0.10 M H2S0^, the cyclic sulfinyl sulfone 7_ is estimated to 



be present at equilibrium to the extent of 88%, whereas in 

the same medium (acetic acid-1% H2O-O.IO M H2SO.) only 

0.1% of the benzenesulfinic acid is present as the sulfinyl 
g 

sulfone at equilbrium. In 60% dioxane-40% H2O acidifi

cation of a 10~ M solution of disodium diphenyl-2,2'-

disulfinate leads to no significant fraction of the material 

being present as the sulfinyl sulfone 1_ (Eq. 3), in con

trast to the situation where acidification of a dilute 
-4 

(10 M) 60% dioxane-40% H2O solution of disodium naphtha-

lene-l,8-disulfinate results in over 75% of the material 

being present at equilibrium as the sulfinyl sulfone 5_ 

(Eq.2). This shows that the equilibrium constant for the 

equilibrium between £ and 5_ is much larger than that for 

the equilibrium between 6_ and 7̂. 

The heat of hydrolysis of phenyl benzenesuifinyl sul-

fine, PhS(0)S02Ph + H2O > 2PhS02H, AH° = -1.5 kcal/ 

mole, has been measured in previous work . Compared with 
7 

the hydrolysis of the other types of anhydrides such as 

carboxylic anhydrides, where CH3C(0)0C(0)CH3 + H2O ^ 

2 CH-COOH (AH° = -14.0 kcal/mol" ), a-disulfones, where 

Ph2S02S02Ph + H2O — ^ PhS02H + PhS03H (AH° = -16.2 kcal 

mol" ), phosphinic anhydrides, where Ph2p(0)0P(0)PH2 + 

H2O -> 2 Ph2P02H (AH° = -17.6 kcal mol" ), and car

boxylic phosphoric anhydrides, where CH3C(0)0P0-H" + H2O—> 

CH3COOH + ^2^^1 ^^^° ̂  "^-^ ^^^ mol"-̂ ) , one finds that AH° 



for the hydrolysis of the sulfinyl sulfone (PhS(0)S02Ph) 

is at least 7 kcal mol" less than those for the other types 

of anhydrides. This indicates that the energy difference 

between the sulfinyl sulfone and the sulfinic acid is con

siderably less than those between the other types of acids 

and their corresponding derived anhydrides. This in turn 

indicates that under a fixed set of conditions the tendency 

toward anhydride formation for sulfinic acids should be 

markedly greater than those for most other types of acids. 

From this a reasonable explanation can be made ^or why a 

18 mechanism for the exchange of H2O with the oxygen atoms 
p 

of a sulfinic acid involving the formation of the anhy

dride (sulfinyl sulfone) as an intermediate is a more 
18 

favorable process than one involving addition of H2O to 

the SO2H group (Eq. 4 and 5). 

0 H O^^ 
II ^^2 18 

2 ArSO^Hr^ H-0 -K ArS-SAr ^ ArS-0 H + 
2 2 II It 11 

0 0 0 

ArS02H (4) 

l^OH 

ArSO^H + Ĥ O"̂ ^ V » ArS-OH > Ar-S-0 H + '2" -2- V ^ 5 - '-T If 
OH 0 

H2O (5) 

The preceding discussions clearly show that anhydride 

formation is more favorable thermodynamically for a sul

finic acid than for most other types of acids. But it must 



be remembered that in media containing any significant 

amount of water the equilibrium in Eq. 1 for acyclic sul

finyl sulfones lies far to the left, and when placed in 

such media sulfinyl sulfones are hydrolyzed completely to 

the corresponding sulfinic acids. There follows a dis

cussion of what is known about the mechanism of this hydro

lysis reaction. 

In aqueous dioxane the spontaneous hydrolysis of aryl 

sulfinyl sulfones has a low activation energy (e.g., E = 
a 

9.4 kcal mol for Ar = p-tolyl) and the rate is rapid 

(e.g., t, = 43 seconds for PhS(0)S02Ph in 60% dioxane-40% 

H2O at 21 C). The activation entropy of the uncatalyzed 

hydrolysis of aryl sulfinyl sulfone has also been estimated 

to be AS' = -37.1 eu for Ar = p-tolyl. In dioxane-water 

the spontaneous hydrolysis of £-tolyl p-toluenesulfinyl 

sulfone shows a large solvent isotope effect, k„ ^/k_ ^ = 

2.7. The negative AS* and large solvent isotope effect 

suggest that a proton transfer must be part of the rate-

limiting step and that a substantial reorganization of 

water molecules on going from reactants to transition state 

must occur during the spontaneous hydrolysis of aryl sul-
9 

finyl sulfones. -There have been two suggestions as to 

how such a proton transfer could assist the spontaneous 
2 

hydrolysis. The first is illustrated by Eq. 6, where one 

water molecule acts as a base to remove a proton from the 



second water molecule concurrent with the attack of the 

second on the sulfinyl group of the sulfinyl sulfone. The 

x - ^ 0 0^ 
' * .. / ^ ^ '• 1̂oT.r +> I 

H^O + H-O:^ + S-SO-Ar -̂̂ ^̂ ^ H,0 + HO-S-SO^Ar ^ 
2 I I 2 3 I 2 

H Ar Ar 

ArS02H + ArS02 (6) 

second, exemplified by Eq. 7, can be important only if the 

departure of ArS02 group is the rate-limiting step and the 

transfer of a proton to ArSO^ group assists its leaving. 

k 0" V 0 0 

HoO + ArS-SO^Ar r » Ar-S-SO^Ar — » — ^ Ar-S S-Ar 
2 II 2 ^ I 2 slow X I 

0 -a +0H^ Q P 
9 transition state 

k^ 2 ArSO^H (7) 
C 2 

X > ̂ S02H2 + ArSo! 

(too slow compared to 
k to be imporant) -"a 

To date it has not been possible to determine which 

type of proton transfer is actually involved in the 

mechanism for the hydrolysis of aryl sulfinyl sulfone. 

The mechanism in Eq. 7 indirectly tells us that the loss 

of ArS02 as ArS02 from intermediate £ in step k is 



8 

apparently too slow compared to the loss of water (step 

k.^) to be of any kinetic importance. Either the depar

ture of ArS02 ^^°^P must be assisted by transfer of a 

proton to it concurrent with the breaking of the S-S 

bond (Eq. 7) or if ArS02 ^^ ^° ̂ ® lost as ArS02" one must 

by-pass formation of intermediate 9_ by using instead the 

mechanism in Eq. 6 where the intermediate £ is formed. In 

that intermediate loss of ArSO" is faster than the H3O -

assisted departure of the otherwise very poor leaving group 

0H~. 

Although, as noted earlier, the sulfinyl sulfone 

structure la is normally thermodynamically more favored 

over the sulfinic anhydride structure lb for anhydride 

formation from sulfinic acids, there are two cases known 

where the sulfinic anhydride structure lb is preferred. 
g 

These two are the anhydride of ethane-l,2-disulfinic acid 

and the anhydride of 2-methyl-2-prQpanesulfinic acid. 

For the anhydride of ethane-l,2-disulfinic acid, structure 

IQb is preferred over structure 10a. In this instance the 

strain associated with the four-membered ring in 10a is 

apparently sufficient to make 10a less stable than 10b. 

CH5—S^ C H ; r ^ S ^ 
| 2 I (2 -^n 

CHJ-SO2 C«2—2^0 

10a 10b 



The annydride of butane-1-sulfinic acid has the usual 

sulfinyl sulfone structure la, where R=n-Butyl . In con

trast the anhydride of 2-methyl-2-propanesulfinic acid has 

the sulfinic anhydride structure 1^ where R=t-Butyl . It 

is assumed that there exists some steric interference be-

tween the bulky t-butyl groups in structure l£. In structure 

lb less steric interference is present because the oxygen 

bridge makes the two Jb-butyl groups further away from each 

other. However, since the decrease in free energy related 

to relieving the interference between the two bulky t-butyl 

groups on going from la to lb would seem to have to be no 

more than 6 or 7 kilocalories, the fact that IJb is pre

ferred over la when R=t-Butyl must mean that the free 

energy for structure lb for a case when R is an n-alkyl group 

cannot exceed that for structure la by more than a few kilo-

calories. Thus it has been suggested that although a sul

finyl sulfone stiructure la is normally thermodynamically 

more stable than the isomeric sulfinic anhydride structure 

lb, the actual difference in free energy between these two 

isomers is really not large. 

The hydrolysis behaviour of 2-methyl-2-propanesulfinic 

anhydride is different from that of a normal acyclic sul

finyl sulfone . In aqueous dioxane the hydrolysis of 

acyclic sulfinyl sulfones (Eq. 8) does not exhibit acid 

catalysis, whereas the hydrolysis of 2-methyl-2-propane-



10 

sulfinic anhydride is subject to acid catalysis in the same 

0 0 
II Ii k, 

R-S-S-R + H^O ii » 2 RSO^H (8) 

0 

medium. The k^ for the hydrolysis of 2-methyl-2-propane-

sulfinic anhydride (t-BuS(0)OS(O)Bu-t) is thus given by the 

expression of the form: 

^h = ^o ^ ^H(^^3 (9) 

D O H O 
Because k̂ ^ /k^ ^ = 1.35, the k^(H } term in Eq. 9 is 

suggested to be due to a mechanism involving the attack of 

water on the protdnated 2-methyl-2-propanesulfinic anhydride 

(Eq.. 10) . The reason that acid catalysis is observed for 

+ + 
H^O + R-S-0-S-R >RSO^H^ -h RSO^H (10) 
Z K I 1 1 2 . 

0 OH 

11 R = t-butyl 

the hydrolysis of 2-methyl-2-propanesulfinic anhydride, 

while it is not observed for the hydrolysis of alkyl sul

finyl sulfone, is considered to be due to the fact that 

the sulfinyl groups in the sulfinic anhydride structures 

lb are much more basic than the sulfone groups in the sul

finyl sulfone staructures la. Thus at a given acidity the 

equilibrium concentration of protonated 2-methyl-2-propane-

sulfinic anhydride LI is many orders larger than the equili

brium concentration of sulfonyl-protonated structure 12. 



11 

As a result the reaction of protonated 2-methyl-2-propane-

sulfinic anhydride with water in Eq. 10 can compete with 

0 

H2O + R-S-S"''-R V ) not important, owing to the 
Q QT3 very small concentration of 12̂  

12 

the spontaneous hydrolysis of 2-methyl-2-propanesulfinic 

anhydride, while the acid-catalyzed hydrolysis of 1^ is 

unable to compete kinetically with the spontaneous hydroly

sis of _la because of the extremely small equilibrium con

centration of sulfonyl-protonated acyclic sulfinyl sulfone 

12. The fact that the hydrolysis of the sulfinic anhydride 

shows acid catalysis while that of the sulfinyl sulfone 

does not also shows that the function of acid catalysis 

must be protonation of the leaving group, and not protona-

tion of the sulfinyl group at which substitution is to 

occur . If protonation at the sulfinyl group at which 

the water molecule is going to attack were important there 

would be no reason why the hydrolysis behaviour of 11̂  and 

12 should be different. 

The preparation of a compound believed to be benzene-07 

disulfinic acid has been reported by Hendrickson . If 

one mole of water is eliminated from benzene-o-disulfinic 

acid by dehydration (Eq. 11), one might expect that because 

of the strain associated with the four-membered ring in 



12 

sulfinyl sulfone L3, the dehydration would lead to benzene-

o-disulfinic anhydride (1£) rather than to 13. If sulfinic 

13 

-H2O 

14 

(11) 

anhydride 1^ could be successfully made by dehydration of 

benzene-o-disulfinic acid, it would be the first example 

of an aryl sulfinic anhydride. A comparison of the hydro

lysis of benzene-o-disulfinic anhydride with that of a 

typical acyclic aromatic sulfinyl sulfone such as phenyl 

benzenesuifinyl sulfone should be informative. From pre-
g 

vious work it is known that the rate of spontaneous 

hydrolysis of aryl sulfinyl sulfones is not greatly influenc

ed by the incorporation of the sulfinyl sulfone into either 

a six- or five-membered ring. This can be seen from Table 

1 which shows the rate of hydrolysis of phenyl benzene

suifinyl sulfone and the two cyclic sulfinyl sulfones, 

naphtho-(l,8-cd)-l,2-dithiole 1,1,2-trioxide and dibenzo 

(c,e)-l,2-dithiin i,l,2-trioxide, under the same conditions, 

one sees that the rates of hydrolysis of the three sul

finyl sulfones differ by only a factor of 20. The open-

chain compound hydrolyzes about ten times faster than 
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Table 1. Rates of Spontaneous Hydrolysis of Selected 
Sulfinyl Sulfone in 60% Dioxane-40% H2O at 25 C 

Compound ^h d ^ ^̂ '̂ ' "̂"̂  

PhS(0)S02Ph 16 

q ^ 
e ^^ 1.6 
•S—SO-
d̂  2 

0.7 

diphenyl-2,2'-disulfinic derivative, while the latter 

hydrolyzes about twice as fast as the 1,8-naphthalene 

derivative. 

The data in Table 1 show that having the sulfinyl 

sulfone function present in a five- or six-membered ring 

does not lead to any large rate effect on the hydrolyses 

of either the 1,8-naphthalene or diphenyl-2^2'-disulfinic 

derivatives despite the large differences in K for sul-

finyl sulfone formation between the open-chain and cyclic 

compounds noted earlier in this section. This suggests 

that the hydrolysis rate behaviour of the cyclic sulfinic 

anhydride 1£ should provide a reasonably good working model 



14 

for what should be the hydrolysis rate behaviour of a 

typical open-chain aryl sulfinic anhydride, ArS(0)0S(0)Ar, 

a type of compound that cannot itself be prepared because 

of the greater thermodynamic stability of the corresponding 

sulfinyl sulfone ArS(0)S02Ar. 

The aim of the present research was thus to prepare 

benzene-o-disulfinic anhydride (1£) and then to study the 

kinetics of its hydrolysis. These would then be compared 

with those for a typical aryl sulfinyl sulfone, PhS(0)302* 

Ph. This comparison should, for the reasons outlined abovê , 

then be able to provide a dependable indication of how the 

hydrolysis rate, AH', AS^, etc. for an aryl sulfinic an

hydride, ArS(0)OS(O)Ar, differ from those for the isomeric 

sulfinyl sulfone ArS(0)S02Ar. 



CHAPTER II 

RESULTS 

Synthesis of Benzene-o-disulfinic Acid 

Dipotassium benzene-o-disulfonate (1̂ ) , a commercially 

availcdsle chemical, was converted to benzene-g-disulfonyl 
12 

chloride (1£) by treatment with phosphorus pentachloride. 

The disulfonyl chloride could be reduced to the disulfinate 

17 by treatment with sodium sulfite in sodium bicarbonate 

solution. Initially we attempted to change the disulfinate 

15 

SO-Cl ,̂ _^ 2 Na^S03 
= — » 

m 
SO2CI alka

line 
solution 

16 

S02Na 

S02Na 

17 

to the corresponding disulfinic acid and isolate it using 

the procedure described by Hendrickson, Okano, and Bloom ; 

this consisted of acidifying the solution of 12 at the end 

of the reduction with acid and then extracting the pre

sumed disulfinic acid from the acidified solution with 

methylene chloride. Howeverr when we attempted this pro

cedure, no material was found after evaporation of the 

13 
methylene chloride. Because of this an alternate route 

to the compound was worked out. Reaction of 12 with sodium 

15 



16 

nitrite in an acid medium at 0°C converted the disulfinate 

to the benzene-o-disulfonhydroxyimide (18_) , a solid, 

m.p. 88 C, which could be easily isolated. Treatment of 

18 with ammonia in a minimum volume, of water gave a con

centrated aqueous solution of the diammonium salt of 

benzene-o-disulfinic acid (!£) . Then after acidification 

of this solution, followed by extraction with methylene 

chloride, there was obtained, after removal of the methy

lene chloride, a reasonable yield (50%) of a product that 

appeared, from the comparison of its infrared spectrum with 

that previously reported by Hendrickson 11 to be the same 

substance which he has considered to be benzene-o-disul

finic acid. The material obtained in the present work, 

after recrystallization from methylene chloride-hexane, 

melted a few degrees higher (122-124 C) than the melting 

SO~Na , „ .„ 
2 + NaNO-

H ^ A 
» 

O^C 
S02Na 

NH. 2 

^N-OH -N2 

2 .2H3O 

SO^NH. 2 4 

NH 0 C. 
2^"4 

17 18 19 

"benzene-^-disulfinic 
acid" 

point reported by Hendrickson (113-115 C). However, the 

correspondence in the IR spectra leaves little doubt that 

despite the difference in melting points the substance 
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we have prepared and the one described by Hendrickson are 

chemically the same. 

Once we began to examine this compound and its pro

perties in more details it quickly became apparent that 

the compound to which Hendrickson has assigned the struc

ture benzene-o-disulfinic acid (2£) does not in fact have 

that structure but rather is instead benzene-o-disulfinic 

anhydride (L4). The evidence leading to that conclusion 

will be outlined in the next section. 

20 

Evidence Indicating Hendrickson's "Benzene-g-
disulfinic Acid" is Really Benzene-o-disul-
finic Anhydride 

I. The infrared spectrum of the substance obtained in 

the present work is shown in Figure 1. It shows a strong 

band at 1120-1145 cm' (8.73-8.93y). Sulfinic acids, both 

alkyl and aryl, normally show a strong band for their 

-1 14 
sulfinyl group at about 1090 cm (9.17u). The S=0 

stretching frequency of sulfinyl compounds is primarily 

affected by the electronegativity of the substituents 

attached to the S=0 group and not by conjugation or meso-

merism. Thus the S=0 frequency for the sulfinyl groups 

in the compound prepared in the present work, and by 
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0 

0) 
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•H 
!̂  
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Hendrickson, is at a lower wavelength than is normally 

associated with the S=0 group in a sulfinic acid. On the 

other hand, it is at exactly the same wavelength as the 

stretching frequency (1136 cm""̂ , 8.8y) found for the sul

finyl groups in the sulfinic anhydride t-BuS(0)OS(O)Bu-t. 

Thus the location of the strong stretching band for the 

sulfinyl group at 1120-1145 cm" fits much better with 

the compound having structure lA rather than 2£. 

II. The NMR (CDCI3) for the compound is shown in 

Figure 2. It consists of an A2B2 pattern located between 

5 7.65-8.20. This is presumably due to the aromatic protons 

in the molecule. There is no signal further downfield 

(5 > 9.0) such as would be expected of SO2H groups present 

in the molecule. The NMR spectra for two typical sulfinic 

acids, p-toluenesulfinic acid and benzenesulfinic acid, 

were measured and the SO2H protons in these two sulfinic 

acids were plainly visible at 5 9.2 and 9.92 respectively. 

Thus the fact that no signal corresponding to the protons 

of the two SO^H groups in 2Q_ can be found in the NMR of the 

compound also suggests that the correct structure for the 

compound is 14. 

III. Adding water plus acid to a solution of the 

compound in anhydrous dioxane is accompanied by a detectable 

change in the UV spectrum. This change is not instan

taneous but can in fact be followed kinetically. A change 
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6, ppm 

Figure 2. NMR (CDCl-) Spectrum for Benzene-o-disulfinic 
Anhydride. 
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of this type could not be explained if the compound were 

the disulfinic acid. With the disulfinic acid a change in 

UV spectrum upon addition of aqueous acid would have to 

be ascribed to an effect of solvent on the absorption 

spectrum of the acid and would have to be instantaneous. 

On the other hand if the compound is actually the sulfinic 

anhydride 1£, the change in UV spectrum with time upon the 

addition of aqueous acid is easy to understand because what 

is being observed is the hydrolysis of the disulfinic 

anhydride to the disulfinic acid. 

The considerations outlined above all indicate that 

the compound isolated in the present work, and Hendrickson's 

compound, is actually the benzene-o-disulfinic anhydride 

(14) , and not benzene-o-disulfinic acid (_2£) • 

Kinetic Studies of the Hydrolysis of Benzene-
o-disulfmic Anhydride and Phenyl Benzene
suifinyl Sulfone 

The hydrolysis of either sulfinic anhydride 1_£ or 

the sulfinyl sulfone, PhS(0)S02Ph, can be monitored either 

by conventional spectrophotometry, e.g., Gary Model 17 

Spectrophotometer, or by stopped-flow spectrophotometry 

by observing the change in absorbance at an appropriate 

wavelength. Adding H^O plus H to the sulfinic anhydride 

(or sulfinyl sulfone) in anhydrous dioxane leads to the 

formation of the corresponding sulfinic acids. The dis

appearance of benzene-o-disulfinic anhydride (14̂ ) in acidic 
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90% dioxane-10% H2O was followed by monitoring the increase 

in the absorbance of the solution with time at 250 nm 

using stopped-flow spectrophotometry. The hydrolysis 

followed good first-order kinetics in all cases. The 

rate constants for each case were calculated from the slope 

of plots of log (A -A. ) vs. time. Table 2 summarizes the 

results of the various kinetic runs dealing with the 

hydrolysis of 14. 

Rate data for the hydrolysis of phenyl benzenesuifinyl 

sulfone under the same conditions were obtained by monitor--

ing the decrease in absorbance with time at 300 nm using 

conventional spectrophotometry. The disappearance of the 

sulfinyl sulfone followed good first-order kinetics in all 

cases and the rate constants for the various runs are 

tabulated in Table 3. 

The effect of CH J on the rates of hydrolysis of 

benzene-£-disulfinic anhydride in 90%-dioxane-10% H2O is 

plotted in Figure 3. To check whether or not the increase 

in the rate of hydrolysis with the increasing concentration 

of perchloric acid between 0.01 N and 0.1 N HCIO^ was due 

to acid catalysis, a run was carried out using 0.01 N HCIO. 

plus 0.09 N LiClO,. This solution has the same ionic 

strength as 0.1 N HCIO., but the acid concentration is, of 

course, the same as for 0.01 N HCIO.. The rate constant 

for 0.01 N HCIO. plus 0.09 N LiClO. was found to be 9.5 X 
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Table 2. Hydrolysis of Benzene-£-disulfinic Anhydride in 
Aqueous Dioxane. 

( i i 
M 

2.5 X 

2.5 X 

2.5 X 

2.5 X 

2.5 X 

2.5 X 

2.5 X 

2.5 X 

2.5 X 

2.5 X 

2.5 X 

2.5 X 

3 

10-* 

10-* 

10-* 

10-* 

10-* 

10-* 

10-* 

10-* 

10-* 

10-* 

10-* 

10-* 

Temp. 

°c 

25 

25 

25 

25 

25 

25 

25 

25 

25 

34.8 

35.0 

43.7 

%o 
% 

10 

10 

10 

10 

10 

10 

10 

10 (D. 

5 

10 

10 

10 

(HCIO4) 

M 

0.01 

0.04 

0.06 

0.10 

0.30 

0.50 

0.01 

[LiClÔ ; 

M 

0.09 

,0) O.OKDCIO^) 

0.01 

0.01 

0.01 

0.01 

0^ 

-1 
sec 

6.1 

7.4 

8.0 

9.7 

9.4 

7.5 

9.5 

2.65 

1.88 

7.53 

8.05 

9.78 



24 

Table 3. Hydrolysis of Phenyl Benzenesuifinyl Sulfone in 
Aqueous Dioxane. 

[phS(0)SO, 

M 

1 X lO"^ 

1 X lO"^ 

1 X 10""̂  

1 X lO""̂  

1 X 10"^ 

1 X 10""̂  

1 X lo""* 

1 X lo"'̂  

1 X lO"'̂  

1 X 10"^ 

1 X 10""̂  

2Ph) Temp. 

°c 

25 

25 

25 

25 

25 

25 

25 

25 

25 

35 

45 

^20 
% 

10 

10 

10 

10 

10 

10 

10 

10 

10(D2O) 

10 

10 

CHCIO^] 
M 

0.01 

0.02 

0.04 

0.06 

0.10 

0.30 

0.50 

0.01 

CLICIOJ 

O.Oll(DClO^) 

0.01 

0.01 

M 

0. 09 

' 4 k X 10 
-1 sec 

2.81;2.86 

2.98 

3.18 

3.33 

3.75 

3.96 

3.20 

3.80 

1.63 

5.05;5.25 

9.09;9.21 
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10.0 

0 

o 

X 

0.05 0.10 0.30 0.50 

(ClO^'], M 

X = Effect of perchloric acid on the rate of hydrolysis. 

0 = Effect of salts, 0.01 N HCIO^ + 0.09 N LiClO^, on the 
rate of hydrolysis. 

Figure 3 Effect of Perchloric Acid on the Rate of Hydro
lysis of Benzene-o-disulfinic Anhydride in 10% 
H2O-90% Dioxane at 25^0. 
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-2 -1 
10 sec , a value essentially identical to that (9.7 X 
-2 -1 

10 sec ) for 0.1 N HCIO.. This shows that the increase 
4 

in rate of hydrolysis of benzene-o-disulfinic anhydride 

that is observed on going from 0.01 N HCIO^ to 0.1 N HCIO^ 

-is-not due to acid catalysis of the hydrolysis but rather 

to a salt effect. 

Analogous to the hydrolysis of benzene-o-disulfinic 

anhydride the effect of (H } on the rates of hydrolysis of 

phenyl benzenesuifinyl sulfone in 10% H2O-90% dioxane is 

plotted in Figure 4. In this case also 0.01 N HCIO. plus 

0.09 N LiClO^ was substituted for 0.1 N HCIO^ to investigate 

whether or not the increase in rate of hydrolysis with in

creasing concentration of perchloric acid between 0.01 N 

and 0.1 N HCIO. was due to acid catalysis. The rate con

stant for 0.01 N HCIO. plus 0.09 N LiClO. was found to be 
-4 -1 3.8 X 10 sec , almost exactly the same as that (3.75 X 

- 4 - 1 . . . 

10 sec for 0.1 N HCIO.. Here too it is evident that 

the increase in hydrolysis rate that occurs on going from 

0.01 N HCIO, to 0.1 N HCIO. is due to a salt effect rather 

than to normal acid catalysis. 

In Figure 5 is a plot of In k, for the hydrolyses of 

both benzene-o-disulfinic anhydride and PhS(0)S02Ph vs. 

1/T. Both plots of In k, vs. 1/T are satisfactorily 

linear. From their slopes we can estimate E_, AH', and 
GL 

AS*. For the hydrolysis of benzene-o-disulfinic anhydride 
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rH 

se
c 

o 

X 

-x: 

4 .0 

3.8 

3 .6 

3.4 

3 .2 

3 .0 

2 .8 

2 .6 

0.05 0.10 0.30 0.50 

(ClO^J , M 

X = Effect of perchloric acid on the rates of hydrolysis. 

0 = Effect of salts, 0.01 N HCIO^ + 0.09 N LiClO^, on the 
rate of hydrolysis. 

Figure 4. Effect of Perchloric Acid on the Rates of Hydro
lysis of PhS(0)SO-Ph in 10% H^O-90% Dioxane at 
250C. ^ ^ 



28 

10 

9 

8 

7 

6 

5 

ulfinic 
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X 

• 

10 
9 

8 

7 

6 

5 

phenyl 
sulfinyl - 4 

31 32 33 34 35 

1/T X 10 (T = absolute temperature) 

X 

NJ 

Figure 5. Effect of the Temperature on the Rates of 
Hydrolysis of Benzene-o.-disulfinic Anhydride and 
Phenyl Benzenesuifinyl Sulfone in 10% H-0-90% 
Dioxane Containing 0.01 N HCIO,. 
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AH* =4.3 kcal/mole and As''' = -49.7 eu, while for the 

hydrolysis of phenyl benzenesuifinyl sulfone AH''' = 10.3 

kcal/mole and AS* = -40.2 eu. The enthalpy of activation 

for the hydrolysis of benzene-07disulfinic anhydride is 

thus about 6 kcal mol" less than that for the hydrolysis 

of phenyl benzenesuifinyl sulfone, while the entropy of 

activation for the hydrolysis of 1£ is about 9.5 eu more 

negative than that for the hydrolysis of the sulfinyl 

sulfone. 

The effect of water concentration on the rate of 

hydrolysis of 1£ was also briefly investigated. In 5% 

H20-95% dioxane containing 0.01 N HCIO. the rate of 

hydrolysis of benzene-o-disulfinic anhydride is 1.88 X 10 

sec" , while in 10% H2O-90% dioxane containing 0.01 N 

-2 -1 
HCIO. the rate of hydrolysis is 6.1 X 10 sec » This 

indicates, as might be expected, that the rate of hydrolysis 

of benzene-o-disulfinic anhydride increases with the in

creasing concentration of water in aqueous dioxane solu

tion. 

The rates of hydrolysis of both benzene-o-disulfinic 

anhydride and phenyl benzenesuifinyl sulfone were also 

measured in D20-dipxane mixtiires in the presence of per

chloric acid; 0.01 N DCIO^ was substituted for 0.01 N HCIO^ 

while running these solvent isotope effects. In 90% 

dioxane-10% water containing 0.01 N acid the solvent iso-

-2 
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tope effect, k̂^ Q/'^-Q Q' ^^^ measured to be 2.3 for benzene-

a-disulfinic anhydride, and 1.75 for phenyl benzenesuifinyl 

sulfone. 



CHAPTER III 

DISCUSSION 

The present work has established that the compound 

isolated by Hendrickson and assumed by him to be benzene-

2-disulfinic acid actually is the corresponding sulfinic 

anhydride 1£. This represents the first aromatic sulfinic 

anhydride ever prepared. The availability of this compound 

has made it possible to study the kinetics of the hydrolysis 

of an aryl sulfinic anhydride, -S(0)OS(0)-, and to compare 

them with the kinetics of the hydrolysis of an aryl sulfinyl 

sulfone, -S(0)S02-/ ^^^®^ "̂ ê same conditions. Since, as 

noted in the Introduction cyclic five-membered aryl sulfinyl 

sulfone _5 hydrolyzes at a rate not greatly different from 

its acyclic analogs, comparison of the kinetics of hydro

lysis of benzene-g^disulfinic anhydride (14) with those of 

acyclic sulfinyl sulfone, PhS(0)S02Ph, under the same con

ditions should provide a fairly good indication of how the 

kinetics of the hydrolysis of PhS(0)OS(0)Ph would compare 

with those of PhS(0)S02Ph, if such an acyclic aromatic sul

finic anhydride could actually be prepared. 

Since the hydrolysis of benzene-o-disulfinic anhydride 

in 10% H2O-90% dioxane containing 0.01 N HCIO^ goes comple

tely to the corresponding disulfinic acid, the equilibrium 

constant for the formation of benzene-o-disulfinic anhydride 

from benzene-o-disulfinic acid, in 90% dioxane-10% H2O (Eq. 

31 
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12) must be much smaller than that for the formation of 

K 
eq 

0 + H2O (12) 

20 

K 
eq 

CM) 
14 

naphtho(l,8-cd)-l,2-dithiole 1,1,2-trioxide (5) from 

naphthalene-1,8-disulfinic acid (£) (Eq. 2). That the con-

+ H2O (2) 

K' 
eq 

HI 
( * ] 

centration of 1£ present at equilibrium in acidic 10% 

H^O-90% dioxane with 2£ is extremely small (<5%) was es-

tablished from the change in the UV spectrum that occurs 

when aqueous acid is added to a sample of benzene-£-disul-

finic anhydride dissolved in anhydrous dioxane. The be

haviour of the equilibrium in Eq. 12 contrasts markedly 

with the behaviour of the equilibrium involving the cyclic 

five-membered aryl sulfinyl sulfone 5, Eq. 12. There, in 
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acidic 40% H2O-60% dioxane, the ratio of (S^y(i'} present 

at equilibrium was approximately 3. 

From the data shown in Table 2 and 3, a comparison of 

rate constants for the hydrolysis of benzene-o-disulfinic 

anhydride and phenyl benzenesuifinyl sulfone shows that 

under the same set of conditions the rate of hydrolysis of 

the former is about 200 times faster than that of the 

latter. Since, as mentioned in the Introduction, the rate 

of hydrolysis of phenyl benzenesuifinyl sulfone is about 

20 times faster than that of cyclic five-membered sulfinyl 

sulfone 5_, the rate of hydrolysis of benzene-£-disulfinic 

anhydride is probably about 4000 times faster than that of 

cyclic sulfinyl sulfone 5̂. 

The value of AH' for the hydrolysis of benzene-o-di

sulfinic anhydride is very small (4.3 kcal/mole) and is 

approximately 6 kcal/mole smaller than that for the hydro

lysis of phenyl benzenesuifinyl sulfone. From the differ

ence in AH' alone, the rate difference for the hydrolysis 

of benzene-o-disulfinic anhydride and phenyl benzenesui

finyl sulfone should be much larger than 200, about 2.2 X 

4 4= 

10 . It is the fact that AS~ for 1£ is about 9 eu more 

negative than that for PhS(0)S02Ph that causes the differ

ence in the rates of hydrolysis of the two compounds to 

be only 200. Since the hydrolysis of benzene-o-disulfinic 

anhydride is believed to provide a reasonable model for the 
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hydrolysis of an acyclic aryl sulfinic anhydride, PhS(O)-

OS(0)Ph, the AH* data here suggest that an aryl sulfinic 

anhydride, PhS(0)OS(0)Ph, will be significantly thermally 

less stable than the corresponding sulfinyl sulfone, PhS(O)-

S02ph. If one can take the difference in AH' as a rough 

measure of difference in thermodynamic stability of PhS(O)-

S02Ph and PhS(0)0S(0)Ph, it would appear that an aryl sul

finyl sulfone is thermally more stable than the correspond

ing sulfinic cinhydride by approximately 6 kcal mol . Such 

a difference in stability in turn suggests that benzene-o-

disulfinic anhydride would be thermally less stable than 

naphtho (i,8-cd)-l,2-dithiole 1,1,2-trioxide (_5) , and this 

can explain why K for the formation of benzene-o-disulfinic 

anhydride (Eq. 12)^, is so much smaller than that for the 

formation of 5_, Eq. 2. 

The effect of added strong acid on the rate of 

the hydrolysis of benzene-o-disulfinic anhydride in 10% 

H^O-90% dioxane is shown in Figure 3. The fact that added 
mm 

LiClO. has the same effect on the rate as added HCIO^ 

indicates that the increase in rate with increasing (H 3 

in the range (H"̂ } = 0.01-0.1 N is due to a salt effect 

rather than to actual acid catalysis. A similar behaviour 

of the hydrolysis of phenyl benzenesuifinyl sulfone in 10% 

H2O-90% dioxane is shown in Figure 4. The effect of added 

LiClO. shows that also in this case the increase in rate 

with (H"^ in the range (H"̂ ] = 0.01-0.1 N is due to a salt 
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effect rather than to acid catalysis. 

The absence of detectable acid catalysis in the hydro

lysis of 1£ requires discussion, since acid catalysis was 

observed for the hydrolysis of the alkyl sulfinic anhy

dride t-BuS (O) OS (O)Bu-t. As mentioned in the Introduction 

the hydrolysis of t-Bus(0)0S(0)Bu-t is subject to acid 

catalysis, but that of alkyl sulfinyl sulfones, RS(0)S02R 

(R = n-butyl or methyl), is not. The data^^ for the 

effect of acid on the rates of hydrolysis of t-BuS(O)OS(O)-

Bu-t and RS(0)S02R (R = ri-butyl) are shown in Table 4. 

Table 4 shows that the rate of hydrolysis of the sulfinic 

anhydride, t-BuS(0)0S(0)Bu-t, increases with the increasing 

concentration of acid, whereas the rate of hydrolysis for 

sulfinyl sulfone, RS(0)S02R (R = n-butyl), does not increase 

with increasing concentration of acid. The following 

explanation for this difference in behaviour has been 

offered 

Table 4. Rates of Hydrolysis of both RS(0)S02R (R = n-butyl) 
and RS(0)OS(0)R (R = t-butyl) in Acidic 60% 
Dioxane-40% H2O at 21.40c. 

k^ X 10"̂ , sec""̂  

^ (HCIO^, M <, 

Compound 0..01 0.10 0.30. 0.50 0.60 

RS(0)S02Rf R = i i - b u t y l 2 .7 2.6 2.6 

RS(0)OS(0)R, R = t - b u t y l 0.15 0.20 0.3.5 0 . 5 1 0 .61 
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The solvent isotope effect associated with the acid-

catalyzed component of the hydrolysis of t-BuS(0)0S(O)Bu-t 

D2O H2O 

^^ ^H '^^H ~ 1.35, which indicates that the acid-catalyzed 

hydrolysis of t-BuS (0)0S (0) Bu-t^ is subject to specific 

acid catalysis, and that the mechanism therefore pre

sumably involves attack of water on the protonated sul

finic anhydride 21 (Eq. 13). The rate constant"^^ of hydro

lysis of t-BuS(0)OS(0)Bu-t is given by k̂ ^ = k + k^ (H"*'^ = 
k^ + k ^K, (E^^. o cat 1*- ^ 

+ ^1 + r̂a-l- + 

RS-O-SR -̂ H Z±L-.RS-0-SR g^^ > RSO-H;! + RSO^H (13) 
II II * I II H^O 2 2 2 
0 0 OH 0 

21 

(R = t-butyl) 
H2O k o 

•> 2 RSO2H 

Sulfonyl groups are known to be many orders of magni-
3 

tude less basic than sulfinyl groups. As a consequence, 

at a given acidity, the equilibrium concentration of sul

fonyl-protonated alkyl sulfinyl sulfone 2_2 (Eq. 14) , will 

be so many orders of magnitude smaller than the concentra

tion of 21 that reaction of 22̂  with water (Eq. 14, k' 

Kl ) is unimportant -kinetically compared to the rate of 

reaction of water with the sulfinyl sulfone itself (Eq. 14, 

]ĉ ) . In other words K^ is too small compared to k' to 
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make any contribution to the observed rate, and for n-Bus-

:; = kV 
h o 

(0)S0.5Bu-n k' = k'. 
^ — n r\ 

0 
II K' ^^ v' 

^~S-S-R + H"̂  A » fR-S-stp) cat p̂ -̂  „+ . 
J, J, 4 ^̂  M n H.,0 ' RSO2H2 + 
0 0 o n ^ 

H2O 

0 0 

22 

extremely unfavorable 
equilibrium constant for 
formation of this inter-

]̂» mediate 
Q (R = n-butyl) 

^ 2 RSO^H 

RSO2H (14) 

It was also suggested that this difference in be

haviour of t-BuS(0)OS(O)Bu-t and n-BuS(0)S02Bu-n shows 

that the function of specific acid catalysis in these 

hydrolyses is protonation of the leaving group (to make it 

a better leaving group) rather than protonation of the sul

finyl sulfur that is to be attacked by water (to make it 

more susceptible toward attack). Were this not true, one 

might possibly have expected to see specific acid catalysis 

also for the hydrolysis of n-BuS(0)S02Bu-n since the con

centration of sulfinyl-protonated sulfinyl sulfone 23̂  

present at equilibrium should not be too much smaller than 

+ 
R-S-SO^R 

I ^ 
OH 

the concentration of 21, and a reaction between 23 
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and water might have been expected to be kinetically detec

table in competition with k'. 
o 

The electron-withdrawing nature of (Sj , as compared to 

0 

a _t-butyl group should make the sulfinyl groups in 1£ 

less basic than those in t-BuS(0)0S(0)Bu-t, so that at a 

given acidity the fraction of 1A_ present in the sulfinyl-

protonated form 2^ should be significantly less than 

the fraction of t-BuS (0) OS (0) Bu-t present as 21̂ . The 

only explanation one can offer for the failure to observe 

any acid catalysis in the hydrolysis of 14 is that the 

effect is large enough to cause the concentration of 2_£ 

to be low enough that the acid-catalyzed pathway involving 

24 in Eq- 15 (Kl' k" ) is not kinetically competitive — 1 cat 

with the rate of uncatalyzed hydrolysis (k") of 1£. While 

H2O k" o 

+ H 

K£ 

SO^H 

SOjH 

K = K 

k" . 
cat 
H-0 

^l^cat (H^] 

(15) 

KJ is too small for ^'^^^^{t^'^) 
to be important compared to k" 
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it may at first seem surprising that the difference between 

K^ and K^ would be this large, one should remember that the 

S=0 group ortho to the one being protonated is relatively 

strong electron-withdrawing group (̂  for Me^=0 = + 0.5), 

and so the likelihood of a large difference between K, 

and K^ is not unreasonable. 

Turning now to consideration of the probable mechanism 

for the uncatalyzed (spontaneous) hydrolysis of benzene-o-

disulfinic anhydride (1£) , the large solvent isotope 

effect, k_- Q/^Q Q = 2.3, and large negative value of AS* 

(-4 9.67 eu) suggest that a proton transfer must be part of 

the rate-determining step of the hydrolysis and that 

going from reactants to transition state requires extensive 

organization of solvent water molecules. A simple attack 

of water on one of the sulfinyl groups of L4 would give 

inteznnediate 25̂  (Eq. 16) . Since -OH2 might be expected 

to be a much better leaving group than -SO2/ it is entirely 

possible that k for 25 would be so much faster than k. 

•s 
too slow to 
compete with k_. 

SO2H 
(16) 

20 
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that the mechanism shown in Eq. 16 would not represent a 

way in which 1£ could be converted to 2£ at an appreciable 

rate. There are two ways (both involving a proton transfer 

in the rate-determining step) by which one can get around 

the difficulty that k >>k, for 25 that Eq. 16 does not 
-a D -— 

provide a suitable mechanism for the hydrolysis. 

The first such mechansim for the hydrolysis of 1£ is 

illustrated in Eq. 17. In Eq. 17 one water molecule acts 

as a base to remove a hydrogen from the second water 

molecule concurrent with the attack of the second water 

molecule on the sulfinyl group of benzene-o:-disulfinic 

anhydride. This leads to the formation of intermediate 26 

H^O + H-0: + 
2 I 

H 

k 
slSw 

-X 
H30 

better leaving group 

26 

J ^ (17) 

rather than 25. In 26_, since the departure of -SO2 now 

competes with the acid-catalyzed departure of a poor leaving 

group (-0H) , one would, expect that K^ > k^ P^O J ' ̂ ^^ so 
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every time 26. is formed it should go on to products (k^) 

rather than reverting to reactants (k_ ). In such a 

mechanism step k^ will, of course, be rate-determining. 

Processes of this type that involve a proton transfer 

between two water molecules often exhibit not only rather 

sizeable solvent isotope effect (k_ ^/k_ .) but also quite 
H.^0 D.^0 

large negative entropies of activation^. 

A second possible mechanism for the uncatalyzed hydro

lysis of 1£ is shown in Eq. 18. In this 25 is the inter

mediate, but the collapse of 25̂  back to reactants (step 

k_^) competes not with k^, but with a step in which the 

H 

H2O + 
slow 

(18) 

departure of the leaving -SO2 group is assisted by the 

transfer of a proton to it from the -OH2 group (step k ) 

probably through an intervening chain of water molecules 

(Grotthus chainF- In this mechanism step k is rate deter-

mining, and while k. is slower than k , it is enough 
c -a 

faster than k̂ ^ so that L4 can be converted to 20 at a 

reasonable rate. In other words, while in Eq. 16 k_ >>̂ v,' 
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in Eq. 18 1̂_ >k , because in Eq. 18 proton transfer assists 

the departure of the -SO" group in the k step. Whether 

Eq. 17 or Eq. 18 is the better formulation for the mechanism 

of the uncatalyzed hydrolysis of benzene-£-disulfinic 

anhydride can not be established from the information 

available at present. 



CHAPTER IV 

EXPERIMENTAL 

Purification of Potassium Benzene-o-disulfonate 

Commercial (Aldrich) potassium benzene-£-disulfonate, 

10 g, was dissolved in about 600 ml of hot water and to 

this solution was then added a boiling saturated solution 

of barium chloride (6.3 g). The hot solution was then 

filtered to remove the precipitate that formed and the 

filtrate was cooled and allowed to stand in the refrigerator 

overnight. The precipitated barium benzene-o-disulfonate 

was filtered off and washed with a little ice water. About 

8.0 g of pure barium benzene-o-disulfonate were obtained. 

This was dissolved in 50 ml of water; to this was added 

a solution of 2.04 g of potassium Ccurbonate in 10 ml of 

water, and the mixture was heated to boiling for half an 

hour. The precipitate of barixim carbonate was filtered off 

and the filtrate was evaporated to dryness under reduced 

pressure. The residue was thoroughly dried under high 

vacuum to remove all traces of water. There was obtained 

about 6.0 g of pure potassium benzene-o-disulfonate. 

Preparation of Benzene-o-disulfonyl Chloride 

This compound was prepared according to the procedure 

12 
of Parham, Roder, and Hasek . The pure potassium benzene-
o-disulfonate, 3.41 g (10 mmoles), and 4.2 g (20 mmoles) 

of phosphorus pentachloride was placed together in a 25 ml 

43 
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round-bottom flask and the mixture was triturated for a 

few minutes. Then 2 ml of phosphorus oxychloride was added 

and a reflux condenser was attached-to the flask. A drying 

tube was attached to the top of the reflux condenser. The 

mixture in the flask was heated to 130°C for 4 hours. 

At the end of that time, the contents of the flask 

were cooled to room temperature and poured, with vigorous 

stirring, into about 100 g of crushed ice and water. Once 

the somewhat viscous material that separated initially 

had become crystalline, the solid was filtered off and 

washed repeatedly with ice-cold water until the wash water 

was no longer acidic. The solid was dried in a dessicator 

under high vacuum and then recrystallized from boiling 

benzene. There was obtained 1.75 g (64%) of pure benzene-£-

disulfonyl chloride: m.p. 146-147°C (Lit.-̂ ^ 143-144°C) ; 

IR (KBr) 3100 cm" (w), 1426 cm" (m), 1370 cm" (s), and 

1162 cm (s). This compound was stable indefinitely in 

a dessicator in the refrigerator. 

Conversion of Benzene-^-disulfonyl Chloride 
to Benzene-Q-disulfonhydroxyimide 

The procedure used was a combination of those described 

by Hendrickson , Suzuki , and Smiles . Sodium sulfite, 

1.0 g (7.94 mmoles), and sodium bicarbonate, 1.3 g (15.5 

mmoles), were dissolved in 10 ml of water and the solution 

was warmed to 40 C. Solid benzene-o-disulfonyl chloride, 
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1.0 g (3.7 mmoles)^was gradually added to this solution 

in small portions with continuous stirring. After the 

addition was complete, the mixture was allowed to stir 

for one additional hour at 40°C. The temperature was 

then raised to 70-80°C and the stirring continued 1.5 more 

hours. 

The solution was cooled to ice bath temperature and 

sufficient cold 3 0% sulfuric acid was added to make the 

pH < 1. A stream of nitrogen was passed through the 

solution to remove the sulfur dioxide generated when the 

solution was acidified. After the sulfur dioxide had 

been removed 0.25 g (3.62 mmoles) of sodium nitrite dissolv

ed in a minimum amount of water was added. The resulting 

precipitate of benzene-£-disulfonhydroxyimide was filtered 

off and washed with a small amount of ice water. It was 

then dried under high vacuum in a dessicator. There was 

obtained 0.80 g (92%) of benzene-o-disulfonhydroxyimide: 

m.p. 88^0 (Lit.-̂ ^ 90-91^C) ; IR (KBr) 3625 cm""̂  (m) , 3560 

cm""̂  (m) , 3105 cm""̂  (w) , 2800 cm"-̂  (s) , 1627 cm""̂  (m) , 

1450 cm" (m) , 1397 cm" (s) , 1372 cm""̂  (s) , 1205 cm""̂  

(s), and 1174 cm" (s) . 

Preparation of Benzene-Q-disulfinic Anhydride 

To 4 ml of 3 N ammonia was gradually added with good 

stirring 0.47 g (2 mmoles) of benzene-Q-disulfonhydroxyi-
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mide. After all the benzene-o-disulfonhydroxyimide had 

been added and completely dissolved, the solution was 

allowed to stir for 10 more minutes until gas evolution 

seemed to have ceased. 

The solution was then cooled to 0°C and acidified to 

pH < 1 with cold 30% sulfuric acid. The acidified solu

tion was extracted with nine 10-ml portions of methylene 

chloride. The methylene chloride extracts were dried 

over anhydrous magnesium sulfate and the methylene chloride 

was then evaporated under reduced p.-̂ essure. The residue 

was 0.21 g (56%) of crude benzene-£-disulfinic anhydride. 

To obtain the pure sulfinic anhydride the residue was 

dissolved at room temperature in 5 ml of methylene chloride 

and crystallization induced by adding 10 ml of hexane to 

this solution. There was obtained 0.12 g (32%) of pure 

benzene-£-disulfinic anhydride: m.p. 122-123 C; IR (KBr) 

3088 cm"''* (w) , 1575 cm""'" (w) , 1440 cm"-'- (m) , 1145 cm""'" (s) , 

and. 1120 cm" (s); NMR (CDCI3) 5 7.65-8.2, A2B2 pattern. 

This compound was stored in a dessicator in the freezer. 

Preparation of p-Toluenesulfinic Acid 

Sodium £-toluenesulfinate (Aldrich), 21.4 g (0.1 mole), 

was dissolved in the minimum amount of water. An equi-

molar amount of 6 N sulfur acid (16.7 ml) was added to 

this solution with good stirring. The precipitate that 
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formed was filtered off and washed with ice water until 

there was no trace of sulfuric acid remaining on the solid. 

The solid was dried under high vacuum, and was then dissolv

ed in a minimum amount of ether. To obtain the pure sul

finic acid an equal amount of hexane was added to the 

ether solution to induce crystallization: m.p. 87-88 C 

(Lit."'-̂  85°C) ; NMR (CDCI3) 5 2.42 (3H) , 6 7.22-7.30 and 

7.54-7.70 (4H), and 5 9.20 (IH). 

Preparation of Benzenesulfinic Acid 

Sodium benzenesulfinate (Aldrich), 16.4 g (0.1 mole), 

was dissolved in the minimum amount of water. Then an equi-

molar amount of 6 N sulfuric acid (16.7 ml) was added to 

this solution with good stirring. The precipitate that 

formed was filtered off and washed with ice water to remove 

any sulfuric acid that adhered to the solid. A pure product 

was obtained by recrystallization of the sulfinic acid 

from hot water. It was then dried under high vacuum: m.p. 

83-84°C (Lit.-̂ "̂  85°C); NMR (CDCI3) 5 7.42-7.84 (5H) , and 

6 9.92 (IH) . 

fpnversion of p-Toluenesulfinic Acid to 
p-Toluenesulfinyl p-Tolyl Sulfone-̂ "̂  

Dicyclohexylcarbodiimide, 1.03 g (5 mmoles), was 

added to a solution of p-toluenesulfinic acid (1.56 g, 10 

mmoles) in 25 ml of methylene chloride with good stirring. 
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The solution was stirred for 10 minutes, and the precipi

tate which had formed was then filtered off. The fil

trate was evaporated to dryness, and the residue was then 

redissolved in a minimum amount of methylene chloride. 

Twice the volume of hexane was added to this methylene 

chloride solution, and the sulfinyl sulfone that crystalliz

ed out was filtered off and dried: m.p. 84-86°C (Lit.-'' 

87°C) ; IR (KBr) 3070 cm"-*- (w) , 1598 cm""'' (s) , 1407 cm""̂  

(m) , 1325 cm" (s) , 1296 cm"-'" (m) , 1180 cm""'" (m) , 1135 cm""'-

(s) , 1095 cm" (s), and 1060 cm" (s). This compound was 

stored in a dessicator in the freezer. 

Preparation of Phenyl Benzenesuifinyl Sulfone 

This compound was prepared and recrystallized in the 

same general manner as described above for the preparation 

of p-toluenesulfinyl £-tolyl sulfone. Dicyclohexylcarbodii

mide (DCC), 1.03 g (5 mmoles), was added to a solution of 

1.42 g (10 mmoles) of benzenesulfinic acid in the minimum 

amount of methylene chloride. The solution was stirred 

for 10 minutes, and the precipitate that formed was then 

filtered off. The filtrate was evaporated to dryness. The 

residue was dissolved in methylene chloride and the sul

finyl sulfone crystallized by the addition of twice the 

volume of hexane to the methylene chloride solution: m.p. 

64°C (Lit."''̂  66-67°C) ; IR (KBr) 3080 cm""'" (w) , 1590 cm""'" 
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(m) , 1457 cm"-'- (s) , 1317 cm""̂  (s), 1143 cm""̂  (s) , 1100 

cm (s), and 106 0 cm (s). This compound was stored in 

a dessicator in the freezer. 

Kinetic Procedures 

Kinetic Runs in 90% Dioxane-10% H2O : 

All the solutions were freshly prepared just prior to 

running the kinetics. The procedures for the kinetic runs 

followed by stopped-flow spectrophotometry were as follows: 

A solution of appropriate concentration of perchloric acid 

in 80% dioxane-20% doubly-distilled water was prepared 

and placed in one of the reservoir syringes of a Durrum-

Gibson Model D-110 stopped-flow spectrophotometer. A 

second solution containing the appropriate concentration 

of benzene-o-disulfinic anhydride in anhydrous dioxane was 

prepared and placed in the other reservoir syringe. Upon 

mixing, the course of the reaction was monitored by follow

ing the increase in the absorbance of the solution with 

time at 250 nm on the storage oscilloscope. 

For the kinetic runs followed by conventional spectro

photometry, e.g., Gary Model 17 spectrophotometer, 3.5 ml 

of a 90% dioxane-10% H2O solution containing the appropriate 

concentration of perchloric acid was put in a 1-cm spectro

photometer cell in the cell compartment, the reaction was 
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initiated by the addition (via microsyringe) and rapid 

mixing of 35 ml of a stock solution of the sulfinyl sulfone 

in anhydrous dioxane with the solution in the spectrophoto

meter cell. The change in the absorbance of the solution 

at a fixed wavelength (e.g., 300 nm for benzenesuifinyl 

phenyl sulfone) was then followed. 

Pseudo-first-order rate constants for each run were 

determined from the slope of plots, either log (A^-A ) 

for the sulfinic anhydride, or log (A -A ) for the sulfinyl 

sulfone, vs. time. Excellent linearity was observed for 

all the plots. 

Kinetic Runs to Determine the Solvent 
Isotop'e Effect : 

To determine the solvent isotope effect, a sample of 

perchloric acid-d was first prepared. Deuterium oxide, 

10 ml, was added to 5 g of 70% perchloric acid and the 

mixture was evaporated under reduced pressure to about 

6-7 ml. This process was repeated three times, and part 

of the final solution was titrated with standard sodium 

hydroxide solution. The concentration of perchloric acid-

d in the final solution was found to be 8.0 N. 

Then the perchloric acid-d and deuterium oxide were 

substituted for normal perchloric acid and water respec

tively. After all the appropraite concentrations of solu

tions had been prepared, the same process described above 
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for the normal kinetic runs was repeated in order to 

determine the solvent isotope effect. 

Kinetic Runs to Determine the Salt Effect : 

Lithium perchlorate was substituted for perchloric 

acid in this kind of kinetic run. For instance, to check 

the salt effect on the acid hydrolysis of benzenesuifinyl 

phenyl sulfone, a solution of 0.09 N lithium perchlorate 

and 0.01 N perchloric acid in 90% dioxane-10% H2O was pre

pared. The rate of hydrolysis of the sulfinyl sulfone in 

this solution was then determined and the rate compared 

to the rate of hydrolysis of the sulfinyl sulfone in 0.1 

N HCIO. in the same solvent. 4 

Purification of Common Solvents 

1 /. r̂ • 20 1,4-Dioxane : 

A mixture of 3 00 ml water, 40 ml of concentrated hydro

chloric acid, and 3 liters of dioxane was refluxed under 

an atmosphere of nitrogen for 12 hours. The solution 

was cooled to room temperature, and then potassium hydroxide 

pellets were added with shaking pr stirring until no more 

dissolved and a separate layer formed. The dioxane (upper) 

layer was decanted, and then dried with fresh potassium 

hydroxide. The dried dioxane was then refluxed over sodium 

overnight until the sodium metal was shining. The pure 
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dioxane was then distilled and collected over sodium metal 

b.p. 102°C. 

Other Solvents : 

All the other solvents such as hexane, methylene 

chloride, ether, etc. were purified and collected through 

simple distillation. 
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