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Aromatic Sulphonation. Part 652 On the Sulphonation of I -Methyl- 
naphthalene and Polymethylbenzenes 
By Koop Lammertsma, Cees J. Verlaan, and Hans Cerfantain," Laboratory for Organic Chemistry, University 

of Amsterdam, Nieuwe Achtergracht 1 29, Amsterdam, The Netherlands 

The isomer distributions for the mono-, di-, and tri-sulphonation of 1 -methylnaphthalene in respectively 90.1,98.4, 
and 11 0% sulphuric acid a t  25 "C have been determined. The degree of sulphonation a t  the 2-position is smaller for 
sulphonation in 98.4 than 90.1% H2S04. The results are discussed in terms of sulphonation by H,SO4+, H2S20,, 
and H2S4O13 as sulphonating entities and compared with those of the polymethylbenzenes. The mechanistic 
conclusion that the sulphonation with H3S04+ has a ' later ' transition state than that with H,S,O, i s  in agreement 
with the results of simple Huckel MO calculations. The deviating behaviour for the 2-substitution of 1 -methyl- 
naphthalene is ascribed to enhanced steric control, because of the shorter C( l  )-C(2) bond distance in 1 -methyl- 
naphthalene as compared with toluene. The isomer distribution for the mono-, and di-sulphonates resulting from 
1 -methylnaphthalene with SO, in nitromethane is also reported. 

ELECTROPHILIC aromatic substitution has recently at- 
tracted renewed interest. Fundamental questions have 
been raised about the reaction path in nitration and 
hal~genation.~ The character of the electrophilic entity 
reactive in sulphonation has-been estab1ished.h. Elec- 
trophilic aromatic substitution has also been the subject 
of theoretical treatment.5 In order to obtain insight into 
the behaviour of polyaromatic compounds we thought 
it of interest to study first the sulphonation of methyl 
substituted naphthalenes. The results on naphthalene 
itself were published some time ago.6 Here we describe 
the results of the sulphonation of l-methylnaphthalene 
under various conditions. The results of 2-methyl- 
naphthalene have recently been reported.' 

Some results are available for other electrophilic 
substitutions of 1 -met hylnaphthalene . Pro tonation,8 
chloromethylation,Q succinoylation,1° bromination,ll and 
Friedel-Crafts acylation,12 occur mainly at  the 4-posi- 
tion. Chlorination l3 also gives mainly the 4-derivative ; 
a recent study revealed that substantial amounts of 
addition products are also formed.2 The order of reac- 
tivity of the various positions for protiodetritiation was 
established as 4 > 2 > 5 > 8 > 7 21 3 > 6.14 The sub- 
stitution rate order for the nitration with HNO, in acetic 
anhydride was found to be 4 > 2 > 8 > 5 > 3 (>6 and 
7), but depends on the reagent emp10yed.l~ The pro- 
duct isolated on mononitration 15916 contains mainly the 
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4-nitro derivative, with some of the 2-, 3-, 5-, and 8-iso- 
mers. Nitration of 1 -met hyl-4-nitronaph thalene yields 
mainly the 4,5-dinitro compound with some of the 2,4-, 
4,8-, and an unknown dinitro isomer.16 Sulphonation of 
l-methylnaphthalene at  5 4 0  "C with concentrated 
sulphuric acid l7 and chlorosulphonic acid l8 at  -7 to 0 "C 
gives mainly the 4- with some 5-sulphonic acid. At 110 
"C the 3-sulphonic acid l9 is formed, whereas with sul- 
phuric acid at  165-185 "C the major product is the 7- 
sulphonic acid.20 With SO,-dioxan the sulphonation 
proceeds exclusively at the 4 -po~ i t ion .~~  

RESULTS 

Sulphonation with 90.1 % H2S04: Monosull5honic Acids.- 
The sulphonation of l-methylnaphthalene with 90.1 yo sul- 
phuric acid at 25 "C leads to the formation of monosulphonic 
acids. The product composition was followed by 1H n.m.r. 
spectroscopy (Figure 1). The isomer distribution for 
monosulphonation was determined, by extrapolation to 
zero reaction time, as 27 yo l-methylnaphthalene-2-sul- 
phonic acid and 73% l-methylnaphthalene-4- and -5-sul- 
phonic acids. In the sulphuric acid reaction mixture the 
4- and 5-isomer cannot be distinguished by 1H n.m.r. 
After isolation of the potassium sulphonates the 5-isomer 
could be identified in D 2 0  solution by its n.m.r. signals a t  
6 8.77 (4-H), 8.32 (6-H), and 2.27 (l-CH,). The isomer dis- 
tribution of the 2-, 4-, and 5-sulphonic acids was determined 
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from the lH n.m.r. spectrum of such a quantitatively worked- 
up sample to be 25, 60, and 15% respectively. 

Sulphonation with 98.4% H,SO, : Disulphonic Acids.- 
With 98.4% sulphuric acid the disulphonation of l-methyl- 
naphthalene at  25 "C is completed in 26 h. The presence of 

I % 

0 1 2 "5 15 25 35 
t l h  

Variation of the  composition of the sulphonic acid 
mixture resulting from 1-methylnaphthalene in 90.1 yo H2S04 a t  
25 "C with reaction time 

FIGURE 1 

the 2,4- and 4,7-disulphonic acids is directly apparent from 
the lH n.m.r. spectrum of the sulphuric acid reaction mix- 
ture. The two disulphonic acid components were isolated 
by fractional crystallization. The additional presence of 

characteristic 5-H signal a t  6 9.46 (98.4% H,SO,) and 9.55 
(D,O) ; its methyl signal was found as a shoulder a t  6 3.14 
(98.4% H2S0,). The lH n.m.r. data of the four disulphonic 
acids formed are listed in Table 1. The disulphonic acid 
isomer distribution was obtained by 1H n.m.r. analysis 22 

of the D20 solution obtained from the original reaction 
mixture to be 22% 2,4-, 22% 2,5-, 9% 4,6-, and 47% 4,7- 
disulphonic acid. 

The sulphonation of potassium l-methylnaphthalene-4- 
sulphonate was also studied. The isomer distributions are 
given in Table 2. 

Sulphonation with 110% H,SO, : Trisulphonic Acids.- 
Trisulphonation of 1-methylnaphthalene was effected with 
l l O ~ o  H2S0, a t  25 "C. The 1H n.m.r. spectrum of the re- 
sulting solution showed the presence of one major product 
(76%) , viz. l-methylnaphthalene-2,4,7-trisulphonic acid. 
The minor components were assigned to be the 2,4,6- (16%) 
and 2,5,7-trisulphonic acids (8%). The lH n.m.r. assign- 
ment of the 2,4,7-isomer was supported by the observation 
that sulphonation of I-methylnaphthalene-4-, -2,4-di-, and 
-4,7-di-sulphonate each with 110% H2S0, resulted in form- 
ation of the same product. With the 4-monosulphonic 
acid only a second product was obtained, the 2,4,6-trisul- 
phonic acid. The 2,5,7-isorner was only obtained from 1- 
methylnaphthalene; i t  was recognized by its low field 8-H 
signal a t  6 9.81. Supporting evidence for the correct assign- 
ment of the 1-methylnaphthalene-2,4,6- and -2,4,7-trisul- 
phonic acids comes from a comparison with the naphthal- 
ene-2,4,6- and -2,4,7-trisulphonic acids, the lH n.m.r. data 

TABLE 1 
lH N.m.r. data of naphthalenesulphonic acids a 

Chemical shift (6) 
Substituted r A > 
naphthalene Solvent 1 2 3 4 5 6 7 8 

c A 
-l 

1-Me-2-S03H 90% H2S0, 2.93 8.36 7.1-8.3' 

1-Me-2-S03- D2O 3.04 8.12 7.0-7.9' 

1-Me-4-S03H 90% H2S0, 2.55 7.23 8.17 8.52 7.4--8.0- 
r 7 

1-Me-4-S03- D2O 2.22 7.05 8.13 8.92 7.3-7.9 b 
1-Me-5-S03H 90% H2S04 2.55 unr. unr. unr. unr. unr. unr. unr. 
l-Me-5-SO; D2O 2.27 7.2 7.6. 8.77 8.32 7.gC 7.6' 

1-Me-2,4- (S0,H) 
1 -Me-2,4- (SO;) 
1-Me-2,5-(S03-) 
1-Me-4,7-( S0,H) 
1-Me-4,7-(S03J2 
1-Me-4,6-(S03H), 
1-Me-4,6- (SO3-) 
l-Me-2,4,6- ( S03H), 
l-Me-2,4,6- (SO,), 
1-Me-2,4,7- (SO,H), 
1-Me-2,4,7- ( SO3-), 
l-Me-2,5,7-(SO3H) 
2,4,6-( SO3H) 3 
2,4,6-( So,), 
2,4,7-(SO,H), 
2,4,7-( SOL), 

95% H2S04 3.48 9.1 9.1 
3.26 9.10 9-00 
3.43 8.55 9.09 

9.1 
2.58 7.23 8.33 9.25 

9.46 
2.47 7.1-8.6' 9.55 

9.4 9.8 110% H2S04 3.71 
3.54 unr. 9.65 

9.41 9.34 110% H2S04 3.71 
3.58 9.16 9.30 

unr. unr. 110% H2S04 3.68 
llOyo H2S04 9.50 9.30 9.69 

9.04 8.97 8.63 

D2O 9.14 8.99 9.28 

D2O 
D2O 

D20 

D2O 

D2O 

D2O 

D2O 

95% H2S04 3.17 7.94 8.7 

95% H2S04 3.15 7.94 7.gC 

9.4 9.4 llOyo H2S0, 9.4. 

c 

7.4- 
8.5 
7.9 = 
8.52 

8.84, 
8.59 
unr. 

8.8 
8.60 

7.8-9.0 ' 
-8.1 ' 8.11 

7.95 8.5C 
8.6 
8.71 

7.8-9.0' 
7.1-8.6b 

8.8 8.8 
unr. unr. 

9.60 
9.29 
9.81 

8.76 8.99 
8.46 8.69 

9.4" 
9.07 

0 Unr. = unresolved; coupling constants Ja,s and J b . 8 ~  are 8-10 and Ja,p 1-2 Hz. 
Centre of unresolved multiplet. 

Unresolved multiplets in between the 
quoted chemical shifts. 

l-methylnaphthalene-2,5-disulphonic acid was revealed 
from the lH n.m.r. spectrum in D20 of the potassium sul- 
phonate mixture obtained upon carefully working up a 
sulphuric acid reaction mixture and confirmed by the 
double resonance technique. The presence of l-methyl- 
naphthalene-4,6-disulphonic acid was apparent from its 

of which are also listed in Table 1. For the two sets of 
homologues the characteristic absorption of 5-H is com- 
parable. 

22 (a) H. Cerfontain, A. Koeberg-Telder, C. Kruk, and C. Ris, 
Analyt. Chem., 1974, 46, 72; (b )  A. Koeberg-Telder, C. Ris, and 
H. Cerfontain, J.C.S. Perkin 11, 1974, 98. 
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Sulphonation with SO, in Nitromethane.-Treatment of 1- 
methylnaphthalene with 0.9 equiv. SO, in nitromethane a t  

sulphuric acid concentration over the acid range 90- 
110% H2S04, as will be outlined. In  90% sulphuric 

TABLE 2 
Isomer distribution in the sulphonation of l-methylnaphthalene and some sulphonic acid derivatives 

Sulphonic acid isomer distribution (yo) 
Substituted I A > 
naphthalene Reagent 2- 4- 5- 2,4- 2,5- 4,G- 4,7- 2,4,G- 2,4,7- 2,5,7- 

1-Me 90.10/, H2S04 25 GO 15 
98.4% H,SO, 22 22 9 47 

110% H2S04 16 76 8 
1 equiv. SO, in MeNO, > 95 
3 equiv. SO, in MeNO, 53 5 42 

1-Me-4-S03H 95.0% H2S04 30 10 60 
98.4Oj, H2S0, 24 11 65 

3 equiv. SO, in MeNO, 56 3 41 
llOyo H,SO, 16 84 

1-Me-2,4-(SO3H), 110% H2S04 95 
1-Me-4,7- (S0,H) llOyo H,SO, 95 
2,6-(SO,H) 2 llOyo H2S04 95 
2,7-(SOSH), llOyo H2S04 95 
a The temperature for sulphonation with sulphuric acid is 25 "C, whereas that for SO, in nitromethane is 12 "C. 

0 and 12 "C yielded exclusively 1-methylnaphthalene-4- 
sulphonic acid. Using three equiv. SO, a t  12 "C l-methyl- 
naphthi~lene was ~ o m x r t e d  (92%) into a mixture of the 2,4-, 

acid the ratio of the monosulphonic acids is 2 : 4 : 5 = 
25 : 60 : 15 (Table 2). The isomer distribution of the 
disulphonic acids, calculated using the isomer distribu- 

4,6-, and 4,7-disulphonic acids. The isomer distributions tions for tile monosulphonation of l-.methylnaphthalene 

p- 
f 

Me f 

M e  Me 

Me S f  
s 

S 
S S 

SCHEME; S = SO,H 

for the SO, disulphonation of 1-methylnaphthalene and its 
4-sulphonic acid are listed in Table 2. 

DISCUSSION 

The overall sequence for the sulphonation of 1- 
methylnaphthalene in sulphuric acid based on the present 
results is presented in the Scheme. 

LWonoszdphonic Acid Formation.-The isomer distribu- 
tion of the monosulphonic acids changes with increasing 

in 90% H2S0, and of l-methylnaplithalene-4-sulphonic 
acid in 95% H,SO, and considering that the 2- and 5- 
sulphonic acids only yield the 2,4- and 2,5-disulphonic 
acids (Scheme), was found to be (2,4 + 2,5) : 4,6 : 4,7 = 
58 : 6 : 36, i.e. significantly different from that actually 
observed (see Table 2). Apparently in the initial sul- 
phonation of l-methylnaphthalene in 98.4% H2S04 the 
relative amount of either the 2- or the 5-sulphonic acid 
is (or both are) less than presumed. Actually it is 
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mainly the 2-isomer, as will now be demonstrated. 
In 98.4% H2S04 the relative amount of 2,4-disulphonic 
acid resulting from 1-methylnaphthalene is 22% and the 
amount of that acid obtained upon sulphonation of 1- 
rnethylnaphthalene-4-sulphonic acid is 24%. In view of 
the monosulphonic acid isomer distribution in 90.1 yo 
H2S04 it can be inferred that the 2,4-disulphonic acid 
obtained in the disulphonation of l-methylnaphthalene 
results predominantly from the 4-sulphonic acid. 

The amount of 2,5-disulyhonic acid obtained in the 
sulphonation of l-methylnaphthalene in 98.4% H,SO, is 

60 1 
Ik 

46-and 4.7- 
\ -4-53-2,4-  and 2,5- 

tdU ' 
\.-I+ and 5- 

I-$/'- 
I kl I I / I  I I I 
0 2 4 6 / / 1 0  25 40 

t l h  
FIGURE 2 Variation of the composition of the sulphonic acid 

mixture resulting from l-methylnaphthalene in 95.0:lo H2S04 a t  
25 "C with reaction time 

22% (Table 2). This acid results from the 2- and 5- 
monosulphonic acids (Scheme) and if the isomer distri- 
bution for the nionosulphonat ion of 1 -met hylnaphthalene 

that for this sulphonic acid the deactivation by the sul- 
phonic acid substituent is strongly reduced. * 

Since 1-methylnaphthalene-4-sulphonic acid gives 
24% of substitution in the sulpho-carrying ring (k 
formation of 2,4-disulphonic acid), it is to be expected 
that 1-methylnaphthalene-2-sulphonic acid, because of 
its reduced deactivation towards electrophilic substitu- 
tion, would yield at least a similar degree of substitution in 
the same ring and accordingly only a limited amount of 
the 2,5-disulphonic acid. This isomer thus largely re- 
sults from the 5-sulphonic acid. Hence it follows that 
the degree of 2-substitution in the monosulphonation 
of l-methylnaphthalene is lower for 98.4% than for 
90.1yo H2S0,.t 

It was demonstrated that for sulphonation in sul- 
phuric acid, different mechanisms operate depending on 
the acid c~ncen t r a t ion .~~  In sulphuric acid of low acid 
strength (75-80y0) the electrophilic entity is H3S04+, 
whereas a t  higher acid strength (95-99y0) it is H2S,0,.4" 
In the intermediate region (80-95y0 H2S04) a gradual 
changeover in mechanisms takes place. The acid con- 
centration at which both mechanisms are equally im- 
portant depends on the reactivity of the position to be 
substituted and the steric hindrance to be encountered. 
The isomer distribution for the sulphonation of e.g. poly- 
alkylbenzenes is dramatically different for both mechan- 
isms.25-27 Some characteristic data are listed in Table 3. 
For all the methylbenzenes the degree of sulphonation 
at  the sterically most hindered position increases with 
increasing sulphuric acid concentration. At first sight 
this seems rather surprising as one expects with a bulkier 
reagent an increase in steric repulsion. However, the 

This point deserves further comment. 

TABLE 3 
Sulphonation of methyl substituted benzenes a 

Isomer distribution (yo) 
r h 

-I 

Ref. 
Substituted H3S04+ H2S207 

benzenes mechanism mechanism 
l-Me 2- 21.2; 3- 2.1; 4- 76.7 2- 45.5; 3- 5.2; 4- 49.3 24 
1, %Me2 3- 6.5; 4 93.5 3- 45.1; 4- 54.9 25 
1,3-Me, 2- 0.5; 4- 98.9; 5- 0.6 2- 14.5; 4- 84.3; 5- 1.2 25 
1 , 2, 3-Me3 4- 86; 5- 14 4- 90; 5- 10 26 
1,2,4-Me3 5- 89; 6- 11 5- 75; 6- 25 26 

0 The first da.tum gives the position of substitution, the second the relative amount (:A,) of isomer formed. 

in 98.4% H,SO, would be the same as observed in 90.1% activation entropy data show that the H3S04+ mechanism 
sulphuric acid, then the formation of the 2,5-disulphonic is more subject to steric hindrance than the H,S,O, 
acid would be at  most 32 [= 25 - (22 - 60 x 0.24) +' mechanism.26 This was explained in terms of a shorter 
151%. It is highly improbable that this diacid is formed distance between the incoming S03H+ group and the 
largely from the 2-sulphonic acid. Figure 2 shows that reaction centre (and thus to the adjacent methyl group) 
l-methylnaphthalene-2-sulphonic acid is far more re- in the transition state leading to the 0-complex for H3S0,+ 
active towards sulphonation than its isomers, illustrating as electrophile than for H,S,O,. This indicates that the 

* This may be explained in terms of hyperconjugative electron 
release by the adjacent methyl s u b s t i t u e ~ i t , ~ ~ - ~ ~  and possible in 
addition by steric repulsion between the adjacent methyl and 
sulpho-groups. 

t On the assumptions that for 98.4% H,SO, the rates of 
formation of the 2,4- and 2,Fj-disulphonic acids irom the 2- 
monosulphonic acid are about equal and that the degree of form- 
ation of the 5-sulphonic acid is the same as observed for 90.1% 
H2S04 (see however later), i t  can be calculated that the degree of 
the initially formed 2-sulphonic acid in 98.47; H,SO, is cu. 8%. 

23 A. J.  Prinsen, A. Koeberg-Telder, and H. Cerfontain, Tetra- 

24 C. W. F. Kort and H. Cerfontain, Rec. Truv. chim., 1968, 87, 

%5 H. Cerfontain, F. L. J. Sixma, and L. Vollbracht, Rec. Trav. 

26 A. J. Prinsen and H. Cerfontain, Rec. Trav. chim., 1969, 88, 

27 H. Cerfontain, A. Koeberg-Telder, C. Ris, and 2. R. H. 

hedron, 1970, 20, 1953. 

25. 

chim., 1963, 82, 559. 

833. 

Schaasberg-Nienhuis, J.C.S. Perkin 11, 1975, 970. 
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H2S207 sulphonation has an ' earlier ' and that the 
H,SO,+ has a ' later ' transition state. According to 
the Hammond 28 principle the site of attack for the 
H2S207 mechanism should then be more influenced by 
the electron densities of the various positions of the sub- 
strate, whereas the position of substitution by the H3S04+ 

lene 31c). The incoming H2S207 group may thus en- 
counter a larger steric repulsion from the methyl substi- 
tuent as a result of its closer proximity in l-methyl- 
naphthalene than in toluene. This effect seems to over- 
rule the difference in isomer distribution as a result of the 
differences in C(2) - S bond distance in the transition 

1-Me - 
1 -119 2.5360 
2 
3 

5 
6 +47 2.4290 

%l L 

+4; - Zffl: 
4 +3; - y;;; 

TABLE 4 

MO Calculations of methyl substituted benzenes a 
1,2-Me2 1,3-Me2 1, 2,3-Me3 

T - 7  r--.-----h---7 

-73 2.4290 -121 2.5367 - 7 4  2.4343 
-73 2.4290 + 9 4  2.3383 -25 2.3383 
+45 2.4343 -121 2.5367 - 7 4  2.4343 

+28 2.4315 - 6  2.5371 + 2 5  2.4253 

89 L 84 L L 

+28 2,4315 +77 2.3401 + 7 4  2.3434 

-45 2.4343 + 7 7  2.3401 + 7 4  2.3434 

1,2,4-Me3 
------7 

&I L 
-43 2.3401 
-76 2.4235 
+91 2.3417 

+76 2.3269 
f 4 3  2.4283 

-91 2.4315 

a q is the electron density in lo3 electron units; L is the localization energy in units of p. 

mechanism should be more governed by the localisation 
energies of the different positions of the molecule. 

In order to test this prediction, simple Hiickel MO 
calculations were performed for the methylbenzenes 
based on the inductive model using k' 0.3.299* The 
numerical data are in Table 4. They are in line with 
the conclusion drawn before on the difference in nature of 
the transition states for the H3S04+ and H2S207 mech- 
anisms. With 1,2,4-trimethylbenzene there is no sul- 
phonation a t  the 3-p0sition.~7 Similarly, the degree 

state leading to substitution at the 2-position for the 
H3S04+ and H2S20, types of sulphonation, as observed 
in toluene. 

The same effect as to the 2-substitution is observed 
for the monosulphonation of l-methylnaphthalene with 
110% H2S04 which is apparent from a comparison with 
l-methylnaphthalene-4-sulphonic acid in 110% H,SO, 
(Table 2). The electrophilic entity for this sulphonation 
is H2S40,3,4n which because of enhanced steric hindrance 
apparently does not lead to initial 2-substitution and by 

TABLE 5 

MO Calculation of l-methylnaphthalene 
Position 

* r \ 

Parameter a 1 2 3 4 5 6 7 8 
-132 + 6 3  -5 + 41 + 7  - 2  + 10 - 8  2 2.2985 2.3289 2.1483 2.1926 2.2708 2.4802 2.4408 2.3007 

a See subscript a t  Table 4. 

of 2-substitution with m-xylene 25 is smaller than ex- 
pected on the basis of the MO calculations. Both these 
differences may be explained in terms of a buttressing 
effect upon forming the arenesulphonic acid from the 
preceding a-complex, this effect being stronger with the 
1,2,4-trimethylbenzene than m-xylene because of the 
additional adjacent methyl group. 

As to 1-methylnaphthalene, from a comparison of the 
electron densities with the localisation energies obtained 
by simple Huckel MO calculations (Table 5 ) ,  it is to be 
expected that the degree of 2-substitution is higher for 
the H2S20, than the H,SO,+ mechanism. The actual 
results, however, are just the opposite (cf. the results 
for 90 and 95% H2S04 of Table 1). This may be ex- 
plained in terms of an enhanced steric repulsion for ortho- 
substitution with l-methylnaphthalene as compared 
with toluene, as a result of the shorter C(l)-C(2) bond 
length (1.395 in benzene veyszts 1.361 A in naphtha- 

* C N D 0 / 2  Calculations have been performed,30 but they hardly 
differ from our simple Hiickel MO calculations. 

G. S. Hammond, J .  Amer. Chem.  SOC., 1955, 77, 334. 
2Q E. L. Mackor, G. Dallinga, J .  H. Kruizinga, and A. Hofstra, 

Rec. Trav. chim.,  1956, 75, 836. 

comparison with the entities H3S04+ and H2S20, will 
have a still ' earlier' transition state than H2S207. 
Accordingly, the reaction path will follow the reactivity 
order indicated by the electron densities more precisely. 
Thus a reduced substitution at  the 5-position is to be ex- 
pected which is in fact observed by the low yield of 1- 
methylnaphthalene-2,5,7-trisulphonic acid (8%). 

In the sulphonat ion of 1 -met h ylnaphthalene with 
1 equiv. SO, in nitromethane as complexing solvent the 
4-sulphonic acid is the only product. 

Disulphonic Acid Formation.-Upon disulphonation 
of l-methylnaphthalene under various conditions two 
main products are formed, the 2,4- and 4,7-disulphonic 
acids. The substantial formation of the 2,4-isomer is 
remarkable, as it is common for electron-withdrawing 
substituents to deactivate the ring to which they are 
attached more strongly than the other, and thus that 
substitution occurs at the most reactive (i.e. the M-) 

30 N. S. Isaacs and D. Cvitas, Tetrahedrouc, 1971, 27, 
4139. 

31 Tables of Interatomic Distances and Configuration in Mole- 
cules and Ions, Chem. SOC. Special Publication, (a) No. 11, 1958, 
p. M196; (b)  No. 18, 1965, p. M 1 2 7 ~ ;  (c) zbid., p. M 1 5 4 ~ .  
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positions of the other ring.32a This is in fact observed in 
the sulphonation of l-nitronaphthalene and various 1- 
s~lphonaphthalenes.~~~ With l-methylnaphthalene the 
situation is complicated, as sulphonation of l-methyl- 
naphthalene-4-sulphonic acid at  an a-position does not 
occur as a result of the steric repulsion for the peri- 
substitution. With the corresponding 8-sulphonic acid, 
substitution at an a-position, vix. the 4- and 5-position is 
possible, but there the situation is different as a result of 
the adjacent methyl and sulpho-groups which diminishes 
the deactivating effect of the sulpho-group. 

The main product in the sulphonation of l-methyl- 
naphthalene-4-sulphonic acid by the H2S20, mechanism 
is the 4,7-disulphonic acid (60-65%). The amount of 
2,4-disulphonic acid is smaller in sulphonation with 95% 
H,SO, (i.e. by the H2S20, mechanism) than with SO, in 
nitromethane as solvent. This may be explained in 
terms of a higher degree of steric hindrance with the 
former than the latter type of sulphonation which pro- 
ceeds by a different mechan i~ rn .~~  

TrisuZ@onic Acid Formation.-For all the disulphonic 
acids obtained upon sulphonation of l-methylnaphthal- 
ene the number of relatively still reactive substrate 
positions is one. The 2,4- and 4,7-disulphonic acids 
both give 1 -met h ylnapht halene-2,4,7- trisulphonic acid 
as the only product, whereas the 4,6-isomer gives the 
2,4,6-isomer. It cannot be excluded that some 2,4,6- 
trisulphonic acid originates from the 2,4-disulphonic 
acid. Evidently the 2,5,7-isomer is formed from the 
2,5-disulphonic acid. 

From the lH n.m.r. spectra of the trisulphonic acids 
one peculiar observation attracts attention. The 8-H 
signal of the 2,4,7-isomer is a t  lower field (6 9.60) than 
that of 3-H, which is in between the two sulphonic acid 
groups (6 9.41). This may be explained in terms of both 
steric and electronic effects, as suggested before with e.g. 
the polymethylbenzenesulphonic acid(s) .33 

EXPERIMENTAL 

Materials.-Potassium l-methylnapkthalene-2,4- and -4,7- 
disulfihonate. The homogeneous mixture obtained upon 
sulphonating l-methylnaphthalene (2.5 g) in 95% H2S0, 
(35 ml) a t  25 "C afforded a precipitate. Filtration after a 

32 H. Cerfontain, ' Mechanistic Aspects in Aromatic Sulfon- 
ation and Desulfonation,' Interscience, New York, 1968, (a) p. 
70; (b)  ch. 9. 

week and subsequent neutralization of the residue with 
KOH in water, removal of the solvent, and subsequent 
continuous extraction with ethanol afforded l-methyl- 
naphthalene-2,P-disulphonate. Addition of the filtrate to 
an appropriate amount of ice-water resulted in a second 
precipitate. This afforded, after work-up, l-methylnaph- 
thalene-4,7-disulphonate. For the lH E.m.r. data see Table 
1. 

Potassium l-methylnaphthalene-4-swlfihonate. SO, (1 ml) 
in nitromethane (20 ml) was added over 15 min at  0 "C to a 
solution of l-methylnaphthalene (3.1 g) in CH,N02 (20 ml). 
After 30 min water (20 ml) was added and the resulting 
mixture heated to 50 "C. The water layer was separated, 
extracted with CH,C12, neutralized with KOH, and after 
remsval of the solvent the sulphonate was obtained. For 
1H n.m.r. data see Table 1. 

Sulphonation Procedure.-Sulphonation with sulphuric 
acid was performed by adding sulphuric acid (1 ml) of 
known concentration to the aromatic substrate (10.5 mmol) 
at  25 "C and shaking of the resulting mixture to homogeneity. 
The progress of the reaction was followed by examining 
the sulphuric acid solution directly by lH n.m.r., except for 
the fuming sulphuric acid solutions which were first freed 
from the excess of SO,. The sulphonates were obtained by 
quenching the sulphuric acid solutions in ice-water. After 
neutralizing with KOH, the solvent was removed and the 
resulting material extracted with ethanol. 

The sulphonation of 1-methylnaphthalene with SO, was 
performed by dropwise addition with stirring under dry 
nitrogen of SO, (0.9 and 3 equiv. respectively) in nitro- 
methane to the substrate (0.3 g) in CH,NO, ( 5  ml) at  0 or 
12 "C. After 1 h D,O (1-2 ml) was added, and the solution 
heated in order to hydrolyse any (solid) anhydrides. After 
cooling the D20 layer was separated, washed with CH,Cl,, 
and nitrogen was bubbled through for 30 min. The D,O 
solutions were analysed by lH n.m.r. 

1H N.m.r. A naZyses.-The structural assignments of the 
products were based on 1H n.m.r. analyses. The composi- 
tions of the reaction mixtures were determined by multi- 
component lH n.m.r. analyses, 22 with use of the double re- 
sonance technique. The lH n.m.r. data are given in Table 
1. The assignments were based on substituent shielding 
parameters, signal area ratios, and coupling constants. The 
spectra were recorded with Varian HA 100 and XL 100 
spectrometers, using tetramethylsilane as an external 
standard. 
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