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An exploratory study has been made on the SO, sulfonation 
of a number of alkylarenes in [D,]dichloromethane as an 
aprotic solvent, mostly in the presence of [D8]1,4-dioxane as 
a reactivity moderator, in order to obtain information on sul- 
fonic acid and sulfonic anhydride formation. 1,2-Dimethyl- 
benzene (1) with 1.0 mol-equiv. of SO3 yields predominantly 
the 4-sulfonic acid (1-4-S), whereas with 4.0 mol-equiv. of 
SO3, 18 mol-Yo of the corresponding (intermolecular) sulfonic 
anhydride ( 1-4-S02)20 is additionally formed. 1,4-Dimethyl- 
benzene (2) with 0.8 mol-equiv. of SO3 yields predominantly 
2-2-S, whereas with 4.0 mol-equiv. of SO, the sulfonic anhy- 
dride (2-2-S02)20 and its 6-S and 6,6'-S2 derivatives are for- 
med, the eventual main product being (6-S-2-2-S02),0. Re- 
action of 1-ethyl-4-methylbenzene (3) with 2.0 mol-equiv. of 
SO3-[D,]dioxane at -78 + -40 "C leads to the predominant 
formation of the 2- and 3-S derivatives in a molar ratio of 
26:74, with small amounts of the three corresponding inter- 
molecular anhydrides. Upon performing the sulfonation of 3 
at 0 + 22 "C, the relative amounts of the anhydrides are 

larger, and in addition the 3,5-s2 derivatives of the intermo- 
lecular anhydrides are formed. The absence of the isomeric 
2,6-S2 derivative is ascribed to the buttressing effect of the 
2-sulfo on the 1-ethyl group, hampering the sulfonation at 
C(6). Reaction of diphenylmethane (4) with 4.2 mol-equiv. of 
SO3 at -20 + 25 "C yields initially 4-4'-S and subsequently 
4-4',4"-S2. Sulfonation of 1,2-diphenylethane (5) with 4.0 
mol-equiv. of SO, at -78 + 22 "C for 4.5 h leads mainly 
to the cyclic dimeric disulfonic anhydride [5-4',4"(-S02)20]2, 
which upon hydrolysis affords 9% of 5-2',4"- and 91% of 5- 
4',4"-s2. However, sulfonation of 5 at 0 + 22 "C for ca. 0.8 
h was found to lead to the formation of the intermolecular 
sulf onic anhydride (4 ' - S -5 -4 ' '-SOz)zO. On sulfonation of 1,2 - 
di-p-tolylethane ( 6 )  with 1.0 mol-equiv. of SO3, only ca. 20% 
of the substrate was sulfonated to give, after hydrolysis, 3% 
of the 2'- and 12% of the 3'-sulfonate, whereas with 4.0 mol- 
equiv. of SO3 the initial monosulfonic acids are almost com- 
pletely converted to yield the 2',3",5"-s3, 3',3",5"-S3, and 
3',3 ",5' ,5"-S,. 

Introduction 

As an extension of previous studies on the sulfonation of 
ortho-"] and pum-xylene[2] and of a series of a,o-di- 
phenylalkane~[~l[~],  using both highly concentrated aqueous 
sulfuric acid and fuming sulfuric acid as reagents, we now 
report the results of an exploratory study on the sulfonation 
of a series of related alkylarenes, using SO3 as the reagent. 
Previously, we observed that intramolecular arene- 1,2-disul- 
fonic anhydrides can be obtained on reaction of benzenesul- 
fonic acids, containing a para-directing substituent in meta 
position, with a large excess of highly fuming sulfuric 
acid[5], and that the intramolecular 3,4,5,6-tetramethylben- 
zene- 1,2-disulfonic anhydride can be obtained in high yield 
upon dissolving the corresponding, more sterically 
crowded, 3,4,5,6-tetramethylbenzene- 1,2-disulfonic 
in 93-97% H2S0,[71. Later, we showed that sulfonation of 
[2,2]paracyclophane with 4.0 mol-equiv. of SO3 in dichloro- 
methane at -60 to 20 0C[8], as well as with 6.0 mol-equiv. 
of chlorosulfuric acid in dichloromethane at 0 "C['], affords 
the (intramolecular) ps-gem-disulfonic anhydride in yields 
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of 87 and 97%, respectively. However, upon reaction of 
[2.2]paracyclophane with a large excess of 98.50/0 H2S04 at 
20 0C[8], no ps-gem-disulfonic anhydride is formed, the 
main product being the ps-gem-disulfonic acid. Quite re- 
cently, intermolecular sulfonic anhydride formation was 
found to take place in part upon SO3 sulfonation of ben- 
zenes and naphthalenes containing a strongly deactivating 
oxy substituent [1°1[111['2]. Related product- and kinetic-type 
studies have been made in our laboratory on the sulfonation 
of chlorobenzene and 1,4-dichIorobenzene in nitromethane 
as solvent at 3.5-28 "C, and of 1,4-dichlorobenzene in 
trichlorofluoromethane at -47 to - 10 "C to afford as main 
products chlorobenzene-4-sulfonic acid and 1,4-dichloro- 
benzene-2-sulfonic acid, respectively, and in addition the 
corresponding sulfonic anhydrides 1' 31[141. 

Results and Discussion 
Sulfonation of 1,2-dimethylbenzene (1) (0.06 M) with 1.0 

mol-equiv. of SO, - [Ds] 1,4-dioxane in [D2]dichloromethane 
as solvent at 22 "C affords mainly the 4-sulfonic acid (1-4- 
S[I51) with additional small amounts of 1-3-S and 1-3,5-s2 
(see Table 1). The 1-3,5-S2 may result from 1-3-S as well as 
1-4-S, since the sulfonic acid substituent is both strongly 
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Scheme I .  Formation of arenesulfonic anhydrides from arenesul- 
fonic acids and SO3 

1 
ArS03H + SO3 - ArS206H 

2 + 
ArS206H + k S o 3 H  - ArSOQ-H + ArS0,- 

SO,H 

3 
(ArS02)20 + H2S04 

n +  
ArS03- + ArS02-$-H 

S03H 

deactivating and nzeta-dire~ting['~]['~I. Upon using 4.0 mol- 
equiv. of this sulfonating reagent, the intermolecular sul- 
fonic anhydride (1-4-so2)20 is additionally obtained, which 
upon hydrolytic work-up and subsequent neutralization 
with KHC03 at room temperature yields again two mol- 
ecules of 1-4-S[I5]. Upon mixing of l ,Cdirnethylbenzene (2) 
(0.116 M) with 0.8 rnol-equiv. of SO3 in [D2]dichlorometh- 
ane at -78 -+ 22 "C, a relatively rapid reaction occurs with 
formation of 2-2-S (see Table 2, entries la-le). Subsequent 
addition of 10 mol-equiv. of [D,]methanol did not lead to 
any change in the sulfo product composition, illustrating 
the absence of any preceding intermolecular sulfonic anhy- 
dride formation. The sulfonation of 2 (0.116 M) with 4.0 
mol-equiv. of SO3 at -78 + 22 "C is different from the 
reaction with 0.8 mol-equiv. in that it leads to the formation 

of the sulfonic anhydride (2-2-S02)20[181[201 and its 6-S- and 
6,6'-S2[151 derivatives; eventually the main product, formed 
in a yield of 2 95%, is (6-S-2-2-S02)20 (see Table 2, entries 
2a-20. The reaction mixture of entry 2f was subsequently 
divided into two equal parts. Hydrolysis of one of these 
samples with D 2 0  and subsequent neutralization with 
KHC03 afforded a solution containing 5% of 2-2,5-disul- 
fonate (2-2,5-s2), 93% of 2-2,6-S2, and 2% of (6-S-2-2- 
SOJ20. Addition of 10 mol-equiv. of [D,]methanol to the 
other sample led to methanolysis, to afford after a reaction 
time of 10 min a solution containing 1% of 2-2,5-s2, 42% 

S03CD3, and 2% of unconverted (6-S-2-2-S02)20 (for the 
mechanism of the methanolysis, see later). Upon reaction 
of 2 (0.1 16 M) with 2.0 mol-equiv. of SO3 in [D2]dichloro- 
methane at 0 + 22 "C, the sulfonation and subsequent 
methanolysis behaviour is intermediate between that ob- 
served employing 0.8 and 4.0 mol-equiv. of SO3. The sul- 
fonation mixture remained homogeneous for ca. 24 h; then 
some slow precipitation started to occur. 'H-NMR analysis 
of the homogeneous reaction mixture after 23.0 h showed 
the presence of 2-2-S, (2-2-S02)20, 6-S-(2-2-S02)20, and (6- 
S-2-2-S02)2 as the main products in yields of 29, 30, 27, 
and 12%, respectively (see Table 2, entries 3a-30. After 
addition of 10 mol-equiv. of [D4]methanol and a reaction 
time of 0.10 h, the homogeneous reaction mixture was 
found to contain 32% of 2-2-S, 6% of (2-2-S02)20, 2% of 
2-2,5-s2, 30% of 2-2,6-S2, 26% of 2-2-S03CD3, and 4% of 
6-S-2-2-S03CD3, the respective data after 3.4 h being 36, < 
2, 2, 29, 29, and 4%. These composition data show that 6- 
S-2-2-S03CD3 is formed in low yield (4%) as compared 
with the disulfonic acid 2-2,6-S2 (30%). This observation 
may be explained by a specific methanolysis of the asym- 
metric sulfonic anhydride 6-S-(2-2-S02)20, yielding mainly 
2-2-S03CD3 and 2-2,6-S2. Apparently, the 6-S-2-2-S03- 
anion is a better leaving group than the 2-2-S03- one. A 
small amount of the 2-2,6-S2 may result from demethylation 

The formation of the sulfonic anhydride (2-2-S02)20 
from 2-2-S03H may proceed as shown in Scheme 1. The 

of 2-2,6-S2, 2% of 5-S-2-2-SO3CD3, 48% of 6-S-2-2- 

of 6-S-2-2-SO3CD3. 

Table 1. Sulfonation of 1,2-dimethylbenzene (1) (0.06 M) with SO3-[D8]dioxane["1 in CD$& at 22 "C 

s o 3  Reactn Reaction mixture composition (mol%$" 

1-4-S (1-4-S02)20 1-3,5-S2 (mol-equiv) time (h) 1 1 - 3 4  

1 .o 0.5 58 

4.0 30 

96 31 

4.0 0.2 20 

3.1 

24 

96 

-loO[Cl 

36 

63 

64 

66 

82 

16 

I1 

93 

- <2 2 

- <2 2 

2 

8 3 

14 3 

18 3 

17 3 

4 

La] The amount of [D,]dioxane, which acts as reactivity moderator, is 1.5 mol-equiv. relative to the amount of SO3. - rb1 S stands for 
SOiH when the solvent is CD2C12 and for SO,K+ when it is DzO. - ['I Reaction mixture in D20, after hydrolysis and neutralization. 
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Table 2. Sulfonation of 1,4-dimethylbenzene (2) (0.116 M) with SO3 in CD2C12 

Entry SO3 Reactn Reactn 
(mol- temp time Reaction mixture composition (mol %)lb] 
equiv) 01) 

2 2-2-S (2-2-S02)20 2-2,5-S2 2-2,6-S2 6-S-(2-2-S02)20[c] (6-S-22-S02)20[d] 

la 0.8 
l b  

lc 

Id 

le 

2a 4.0 

2b 

2c 

2d 

2e 

2f 

2g 
3a 2.0 

3b 

3c 

3d 

3e 

3f 

-78 + -60 0.8 

-6O-t -40 1.0 

-40+ -20 1.8 

-2O-t 0 3.6 

0 + 2 2  124 

-78 - -60 1.3 

-60 + -40 1.5 

-40- -20 2.3 

-20+ 0 4.3 

0 -  22 24.0 

22 26.5 

22 27.0Le] 

o +  22 0.2 

22 0.6 

22 1.0 

22 1.6 

22 5.0 

22 23.0 

38 62 

35 65 

29 71 

28 72 

26 74 

82 

78 

59 

21 

12 

- 60 31 

52 32 

47 33 

41 33 

34 32 

29 30 

<..-- 18 

<..-- 22 

<---- 41 

<---- 79 

<---- 88 

<---- 95 
5lel 93[el 

9 

14 

18 

21 

24 

28 

Ld] The ‘H-NMR spectra were recorded at the latter of the two listed temperatures. - Lb] S stands for S03H when the solvent is CD2C12 
and for SOTK’ when it is D20. - [‘,dl Including 1-2% of 5-S-(2-2-S02)20 and [(5-S-2-2-S0,)(6-S-2-2-S02)]0, respectively. - Reaction 
mixture in D20, after hydrolysis and neutralization. 

Table 3. Sulfonation of I-ethyl-4-methylbenzene (3) (0.116 M) with 2.0 mol-equiv. of SO3 in CD2C12 

Entry Reactn Reactn 
temp time Reaction mixture composition (mol %)Lb1 

(“c)[al 01) 
3 3-2-S 3-323 (3-2-S02)20 [(3-2-S02)- (3-3-S02)20 3-3,5-S2 Monosulfonic 

(3-3’-S02)10 acids of ISAiC] 
la -78 --* -40 0.6 6 23 70 <-- 1 --> 

lb  -40 - -20 1.3 1 24 70 1 2 2 

lc -20 + 0 3.5 24 70 1 2 3 

Id 0 --t 22 48 25 71 1 1 2 

le 22 49[d] 26 74 

2a 0 0.2 18 39 6 17 20 

2b 22 0.9 <-- 51 --> <-- 41 --> 8 

2c 22 2.3 16 31 <-- 38 --> 15 

2d 22 5.2 15 28 <-- 35 --> 22 

2e 22 96Cd] 25 52 17 6 

La] The ‘H-NMR spectrum was taken at the latter of the two listed temperatures. ~ Lb] S stands for S03H when the solvent is CD2Cl2 
and for SO,K+ when it is D20. - 1‘1 ISA stands for intermolecular sulfonic anhydrides. - rd] Neutralized reaction mixture in D20. 

initial step is the conversion of 2-2-S03H with SO3 into the 
pyrosulfonic acid 2-2-S206H (step I)[”]. Its central oxygen 
atom is subsequently protonated by another molecule of 2- 
2-S03H to yield the ion pair 2-2-SOz-OtH-SO3H and 2- 
2-SO3 (step 2). Subsequent attack of one of the three oxy- 

gen atoms of the anion 2-2-SO3- on the carbon-bonded 
sulfur atom of the cationic species then yields a molecule of 
both the arenesulfonic anhydride and sulfuric acid (step 3). 

The methanolysis of mixed arenesulfonic anhydrides is 
proposed to proceed by nucleophilic displacement, as de- 
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Table 4. Products of the sulfonation of 1,2-di-p-tolylethane (6)  (0.058 M) with SOi in CD2C12, followed by hydrolysis and neutralization 

Entry SO3 Reactn Reactn 
(mol. temp time Reaction mixture composition (mol 
equiv) W) 01) 

6 6- 6- 6- 6-  6- 6- 6- 
2'4 3 ' 3  2',3"-s2 3',3"-S2 2',3",5"-S3 3',3",5"-s3 3',3",5',s"-s4 

1 1.0 -78+22 1.0 80 4.2(21) 11.8(59) 1.6(8) 2.4(12) 

2 1.0 0-22 24 80 3.0(15) - 3.0 (15) 14 (70) 

3 4.0 -78 --t 22 6.1 - 4 13 23 7 29 24 

4 4.0 0 + 2 2  46 - 29 65 3 3 

"'1 S stands for SO,K+. - lb] The data between brackets refer to the sulfo product composition. 

Table 5.  'H-NMR data of 1,2-dimethylbenzene (1) and its sulfonation products 

~ompounds[al Solvent 8 (PPW 

3-H 4-H 5-H 6-H I-CH3 2-CH3 

1 CDzC12 7.09 

1-3-S CD2CI2 

D20 

1-4-S CD2C12 7.66 

D20 7.44 

(1-4-S02)20 CD2C12 7.55 

1-3,5-S2 CD2CI2 

D20 

7.09 

7.83 7.24 

1.56 7.10 

7.61 

7.39 

7.58 

8.33 

8.00 

2.26 

7.42 2.30 2.58 

7.26 2.26 2.44 

7.31 2.34 2.34 

7.17 2.17 2.17 

7.29 2.28[b] 2.341b] 

7.90 2.44 2.64 

7.60 2.22 2.40 

["I S stands for SOiH when the solvent is CD2C12 and for SO,K+ when it is D20. ~ ['I The assignment may be reversed. 

picted in Scheme 2. It should be realized that the rate coef- 
ficients k l  and k2 for the methanolysis of mixed anhydrides 
are in principle different, due to the asymmetry of the sul- 
fonic anhydride. 

Upon reaction of I-ethyl-4-methylbenzene (3) (0.116 M) 
with 2.0 niol-equiv. of SO3- [D8]dioxane in dichlorometh- 
ane as solvent at -78 + -40 "C, the 2- and 3-sulfonic 
acids are formed as the main products in an initial ratio of 
26:74, with additional small amounts of the (intermolecu- 
lar) anhydrides (3-2-so2)20, [(3-2-S02)(3-3'-S02)]0, and 
(3-3-s02)20 (see Table 3, entries la-Id). The lower rate of 
formation of the 2- as compared with the 3-sulfonic acid 
is ascribed to the larger degree of steric hindrance upon 
introducing a sulfo group ovtho to the ethyl rather than the 
methyl substituent. On performing the sulfonation with 2.0 

Scheme 2. Methanolysis of a mixed arenesulfonic anhydride 

ArS03CD3 + Ar'S03D 

CD3OD k, I 
I 

Ar-SOz-O-SO~-Ar' 

CD3OD kz 

ArS03D + Ar'S03CD3 

mol-equiv. of SO3 at 0 + 22 "C, the relative amounts of the 
three anhydrides are significantly larger and, in addition, 
sulfonic acid derivatives of the anhydrides are found to be 
present (Table 3, entries 2a-2e). In view of the dominant 
deactivating and metu-directing effect of the sulfonic acid 
and sulfonic anhydride substituents already pre~ent [ '~] [ '~] ,  
the further sulfodehydrogenation is expected to occur ex- 
clusively meta to the initial sulfonic acid substituent to yield 
upon hydrolysis the 2,6- and 3,5-s2 diani~ns[ '~] .  However, 
the former disulfonate dianion is not formed. Its absence is 
ascribed to a buttressing effect of the 2-sulfo on the 1-ethyl 
group, a result of which is that its methyl group points 
towards 6-H, thereby hampering sulfonation at C-6[221. 

Reaction of diphenylmethane (4) (0.136 M) with 4.2 mol- 
equiv. of SO3 and 4.6 mol-equiv. of [D,]dioxane in [D2]di- 
chloromethane as solvent at -20 "C for 30 min was found 
to yield 14% of 4-4'-S and 7% of 4-4',4"-s2. Upon further 
reaction at 25 "C for 2 h, the reaction mixture was found 
to contain 43% of 4-4'4, 11% of 4-4',4"-S2 and 26% of 
unconverted substrate. The formation of the two sulfonic 
acid products has been reported previou~ly[~] [~~] .  

Upon reaction of 1,2-diphenylethane (5) (0.058 M) with 
4.0 mol-equiv. of SO3 in [D2]dichloromethane as solvent at 
-78 + 22 "C over a period of 4.5 h, an increasing amount 
of precipitate was formed, rendering the quality of the sub- 
sequent 'H-NMR spectra increasingly poor. After removal 
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Table 6. 'H-NMR data of 1,4-dimethylbenzene (2) and its sulfonation products 

Compounds[a] Solvent 6 (ppm) 

2 3 5 6 2' 3' 5' 6 I-CH3 4-CH3 I'-CH3 4 C H 3  

2 CD2Cl2 7.05 2.29 

2-24 CD2C12 1.69 7.36 1.21 2.60 2.33 

CD2CI2 I CD30D@] 7.73 7.22 7.16 2.57 2.33 

D20 1.70 7.30 1.26 2.56 2.35 

(2-2-S02)20 CD2C12 7.60 7.38 7.18 2.48 2.34 

CDC13 1.70 7.36 1.20 2.56 2.37 

2-2-SO3CD3 CD2C12 I CD30DLb] 7.16 1.36 7.26 2.54 2.31 

CDC13 7.80 7.33 1.24 2.59 2.39 

2-2,5-S2 CD2C12 I CD30D[b] 7.83 2.60 

D20 1.86 2.64 

2-2,6-S2 CD2C12 I CD30DLb] 7.96 2.81 2.38 

D20 7.91 2.90 2.43 

6-S-(>2-S02)20 CD2Cl2 <-- 7.9 - 8.2 --> 7.64 1.38 1.23 <-- 2.4 - 2.8 --> 2.52 2.36 

5-S-2-2-SO3CD3 CD2CI2 I CD30DLb] 7.83 7.86 2.60 2.65 

D20 2.61 2.67 

6-S-2-2-SO-jCD3 CD2C12 I CD30D[b] 7.96 8.09 2.86 2.43 

D20 8.06 8.15 2.87 2.46 

(6-S-2-2-S02)20 CDzC12 <.-- 8.0 - 8.3 ---> <--- 8.0 - 8.3 ---> <--- 2.4 - 3.0 .-.> 

La] S stands for S03H when the solvent is CDzClz and for SO,K+ when it is D20. ~ Lb] CD2C12/CD30D (10:1, v/v). 

Table 7. 'H-NMR data of 1-ethyl-4-methylbenzene (3) and its sulfonation products 

Compounds[a] Solvent 6 (ppm) 

2 3 5 6 2' 3' 5' 6 I-CH2 I-CH3 4-CH3 I'-CHz I'-CH3 4-CH3 

3 CDzC12 <-- 7.08 --> 2.59 1.20 2.30 

3-2-S CD2C12 - 7.70 1.43 1.34 
D20 - 1.69 7.36 7.36 

3 -34  CD2C12 7.74 - 1.30 7.40 
D20 7.73 - 7.30 7.32 

(3-2-S02)20 CD2CI2 - 7.58 1.44 7.25 

2.98 1.26 2.34 
2.97 1.23 2.35 
2.65 1.21 2.60 
2.66 1.21 2.56 
2.82 1.23 2.34 

[(3-2-SO2)(3-3'-S02)]0 CD2C12 - 7.58 7.44 7.25 2.84 1.23 2.40 2.58 1.12 2.37 

(3-3-502)20 CD2C12 7.64 - 7.22 1.42 2.70 1.18 2.48 

3-3S-Q D20 7.93 - 2.66 1.20 2.84 

6-S-(3-2-S02)20[bl CD2C12 - 7.9 8.0 - - 7.6 7.4 7.2 3.13 1.32 2.82 1.22 2.34 

5-S-(3-2-S02)20[b] CD2C12 7.88 - - 7.96 2.12 1.18 2.72 

D20 - 1.14 1.42 7.23 3.40 1.20 2.35 3.12 1.20 2.31 

1'1 S stands for S03H when the solvent is CD2CI2 and for SO;K+ when it is DZO. ~ Lb] The presence of relatively small amounts of 
[(5-S-3-3-S02)(3-2'-S02)]0 cannot be excluded. 

of the precipitate, the main product of the homogeneous 
solution, in [D2]dichloromethane as solvent, shows an AB 
system with chemical shifts at 6 = 7.08 and 6 = 7.61, which 
is ascribed to the cyclic dimer [5-4',411(-S02)20]2[291 (the 
various sulfonation products of 5 are shown in Scheme 3). 
On dissolving the precipitate in D 2 0  and subsequent neu- 
tralization with aqueous KHC03, the resulting solution was 
shown by 'H-NMR spectroscopy to contain 9% of 5-2',4"- 
and 91% of 5-4',4"-disulfonate. The reaction mixture of 1,2- 

diphenylethane (0.058 M) with 4.0 mol-equiv. of SO3 in 
[D2]dichloromethane as solvent at 0 + 22 "C remained 
homogeneous over a period of 0.8 h. Its 'H-NMR spectrum 
was again indicative of sulfonic anhydride formation. The 
main product shows two AB systems of equal intensity, one 
consisting of two sharp doublets at 6 = 7.92 and 7.36 and 
the other of two broadened doublets at 6 = 7.63 and 7.18, 
which are assigned to the intermolecular sulfonic anhydride 
(4'-S-5-4"-so2)20. After 3 days, the reaction mixture was 

Liebigs Ann.lRecueil1997, 2227-2233 223 1 



FULL PAPER H. Cerfontain, A. Koeberg-Telder, H. C. A. van Lmdert, B. H. Bakker 

Table 8. 'H-NMR data of diphenylmethane (4), 1,2-diphenylethane (5) and their sulfonation products 

C ~ m p o u n d s ~ ~ l  Solvent 6 (PPm) 

1-CH2 2-CH2 2'-H 3'-H 4'-H 5'-H 6-H 2"-H 3"-H 4 -H 5"-H 6-H 
3.95 <-.- 

4.07 7.41 

4.11 1.39 
4.12 1.40 
<--- 3.01 ---> 7.39 

<--- 3.02 ---> 1.36 

3.34 3.16 
3.33 3.08 
3.05 1.36 

3.13 2.83 1.36 

3.1 7.08 

3.41 3.10 

3.68 

3.41 

1.1 - 7.4 

7.90 

1.87 
1.13 
<--- 

7.11 

8.12 
7.88 
1.12 

1.92 

7.61 

8.30 

8.48 

8.3 1 

...> 

<--- 7.3 - 1.5 ---> 

1.34 ---> 

<--- 1.2 - 1.4 ---> 

-1.4 1.53 1.43 -1.4 1.95 
-1.4 1.58 1.43 1.39 1.70 

1.18 7.63 

7.83 7.44 1.44 1.15 

8.05 1.65 

1.87 1.53 

1.95 -1.4 
1.10 1.39 

['I S stands for S03H when the solvent is CD2C12 and for SO;K+ when it is DzO. - Lb] For reasons of consistency, the positions of the 
phenyl groups have been numbered similarly to those of 1,2-diphenylethane. 

dissolved in D20 and neutralized with aqueous KHC03 to 
yield a solution containing 41% of 5-4',4"-S2, 41% of 5- 
2',4',4"-S3, 10% of 5-2',2",4',4"-S4, and probably 8% of 
2',2"-S2-5-4',4"-(S02)20. 

Scheme 3. Sulfonation products of 1,2-diphenylethane $'" \ / 3" 0 2 7  m / 3' 3" 0 7 0 2  

P 
HO3S 5' 02sw'so2 \ 

5-4',4"-8, [5-4',4"(-so,),ol~ 

H O $ W  

(5-4'-S-4"-S0,)20 5-4',4"(-SO&O '*" 
The sulfonation of 1,2-di-p-toIylethane (6) in [D2]di- 

chloromethane was studied using 1.0 and 4.0 mol-equiv. of 
SO3 over temperature ranges of both -78 + 22 and 0 + 
22 "C. The results are collected in Table 4. With 1.0 mol- 
equiv. of SO3, only ca. 20% of the substrate is sulfonated to 

yield, after subsequent hydrolysis and neutralization, 3% of 
the 2'- and 12% of the 3 ' 3 ,  and relatively small amounts 
of the 2',3"- and the 3',3"-s2 derivatives (Table 4, entries 1 
and 2). Upon using 4.0 mol-equiv. of SO3, the substrate 6 
and the mono- and disulfonic acids are almost fully con- 
verted to yield, after hydrolysis and neutralization, the 
2',3",5"-S3, 3',3",5"-S3, and 3',3",5',S"-S4 polyanionic de- 
rivatives (entries 3 and 4). From the data of entries 2 and 
4, it was calculated that the initial ratios of sulfonation of 
6 at the 2'- and 3'-positions are 1634 and 17:83, respec- 
tively. This ratio is smaller than the corresponding ratio ob- 
served for the sulfonation of I-ethyl-4-methylbenzene (3), 
which is 26:74 (see above). Apparently, the steric hindrance 
is significantly larger for sulfonation ortho to the phenyle- 
thy1 than to the ethyl group. 

NMR spectra on the Bruker AMX-300 instrument. 
The authors wish to thank Mr. J A. .I Geenevusen for recording 

Experimental Section 
Cenercil: The 'H-NMR spectra were recorded with Bruker AC- 

200, WM-250, and AMX-300 spectrometers. - Materials: The 
high-purity aromatic hydrocarbon substrates were obtained com- 
mercially. - Sulfonation procedures and analysis: These were anal- 
ogous to those described p r e ~ i o u s l y ~ ~ ~ ~ ~ ~ ~ ~ " ~ .  

N M R  Anu/ysis: The 'H-NMR spectra were recorded of the vari- 
ous types of reaction mixtures, applying the NOEL3'] technique, as 
appropriate. The structural assignments of the components of the 
reaction mixtures were made on basis of the observed 'H-NMR 
chemical shifts, absorption area ratios and coupling constants in 
combination with the 'H-NMR shielding parameters of the S03H, 
SO,, S03Me, and S02-O-S02 s~bstituents["l['~]. The 'H-NMR 
assignments are compiled in Tables 5-9. The product compositions 
of the various reaction mixtures were determined by multicompon- 
ent 'H-NMR analysis['3]. For the sulfonation of diphenylmethane, 
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Table 9. IH-NMR data of 1,2-di-p-tolylethane (6) and its sulfonation products 

Cornoo~nd[~] Solvent 6 (ppm) 

I-CH2 2-CH2 2'-H 3'-H 4-CB3 5'-H 6'-H 2"-H 3"-H 4-CH3 5"-H 6 - H  

6 CD2C12 2.86 <---- 1.08 ----> 2.3 1 

6-2'-S D20 3.25 2.96 7.12 2.33 <---- 1.0 - 1.4 ----> 2.30 <-- 7.0 - 1.4 --> 

6-3'-S D20 2.88 2.88 1.61 2.53 <---- 1.0 - 1.4 ----> 2.25 <-- 1.0 - 1.4 --> 

6-2',3"-S2 CD2C12 3.25 2.94 1.81 2.38 <-- 1.0 - 1.4 --> 7.79 2.62 <-- 7.0 - 1.4 --> 

D20 3.29 2.96 1.12 2.33 <-- 1.0 - 1.4 --> 1.10 2.51 <-- 7.0 - 1.4 --> 

6-3',3"-S2 D20 2.96 1.70 2.54 <-- 1.0 - 1.4 --> 

[6-3',3"(-S02)20]2 CD2C12 2.86 1.08 2.66 1.40 1.41 

6-2',3",5"-S3 D20 3.41 2.94 1.72 2.41 <-- 1.0 - 1.4 --> 1.86 2.86 1.86 

6-3',3",5'-S3 D20 2.99 2.99 1.70 2.54 - 7.0 - 1.4 1.81 2.85 1.81 

6-3',3",5',5"-S4 D20 3.04 1.99 2.81 
~~ 

["I S stands for SOiH in CD2Cl2 and for SO,K+ in D 2 0  as solvent; (-SO2),0 stands for -S020S02-. 

the reaction mixture composition of 4, 4-4-S and 4-4,4'-S2 in 
[D2]dichloromethane was calculated from the relative areas of 
methylene singlets at F = 3.95, 4.07 and 4.17, respectively. 
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