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427. 3,7 -Dial kylnaphthalene - 1 - sulphonic Acids. Preparation, 
Properties, and Nuclear Magnetic Resonance Studies 
By D. C. F. GARBUTT, K. G. R. PACHLER, and J. R. PARRISH 
Dialkylnaphthalenes in which both alkyl groups were n-hexyl, n-octyl, 

branched-chain octyl, n-decyl, or n-dodecyl have been prepared and shown 
to be the 2, &isomers. From these the 3,7-dialkylnaphthalene- l-sulphonic 
acids have been made and characterised. Nuclear magnetic resonance data 
for these compounds and naphthalenesulphonic acids are reported. The 
substituent effects on the chemical shifts of the aromatic protons are derived 
and discussed. 

THE commercial ‘‘ dinonylnaphthalenesulphonic acid ” has been used in studies of micelle 
formation in non-polar solvents,l and as a liquid cation-exchanger in studies of complex 
ions.2 The substance is reported to be a mixture of isomers, and its equivalent weight may 
differ from the theoretical value.3 We have prepared five pure 3,7-dialkylnaphthalene- 
l-sulphonic acids in order to study their behaviour as liquid ion-exchangers. 

The straight-chain dialkynaphthalenes were made by acylation of the 2-alkylnaphthal- 
enes and reduction of the ketones. and 
2,6-dihexylnaphthalene has been reported previ~usly.~ Since the di-n-octyl, di-n-decyl, 
and di-n-dodecyl derivatives were made by the same method as the di-n-hexylnaphthalene, 
they were expected to be the 2,6-isomers too. This is supported by their ultraviolet spectra 
which are characteristic of 2,6-dialkylnaphthalenes and different from those of the 2,7-di- 
alkylnaphthalenes.6 

by direct low- 
temperature alkylation of naphthalene with 1,1,3,3-tetramethylbutyl chloride. A p,p’- 
configuration was assigned to  it on the basis of an X-ray crystallographic study. In this 
laboratory the same compound was obtained by low-temperature alkylation of naphthalene 
in nitrobenzene with 1,1,3,3-tetramethylbutyl bromide, but 1,1,3,3-tetramethylbutyl 
chloride under the same conditions gave a mixture of 2,6- and 2,7-di-t-butylnaphthalene. 
Its ultraviolet spectrum shows this dioctylnaphthalene to be 2,6-di-( lj1,3,3-tetramethyl- 
buty1)naphthalene. 

These 2,6-dialkylnaphthalenes were monosulphonated with chlorosulphonic acid at  low 
temperature. Under these conditions 2,6-di-t-butylnaphthalene has been shown to give 
3,7-di-t-butylnaphthalene-l-sulphonic acid,s and our compounds were expected to have 
the same structure. However, while this work was in progress the synthesis of 2,6-dioctyl- 
and 2,6-didodecylnaphthalene-l-sulphonic acid was r e p ~ r t e d . ~  These compounds were 
apparently made by the same method as we used, and the sulphonic group was assigned 
to the l-position on the basis of their nuclear magnetic resonance spectra, which were not 
published. Insufficient data on these sulphonic acids are available for a comparison to be 
made with our sulphonic acids which were characterised by the preparation of their 
S-benzylisothiouronium salts and their P-toluidine salts. Our compounds have been 
proved to be 3,7-dialkylnaphthalene-l-sulphonic acids (2,6-dialkylnaphthalene-4-sulphonic 
acids) by the detailed nuclear magnetic resonance studies reported below. 

The required 2-alkylnaphthalenes are well 

The branched-chain dioctylnaphthalene has been prepared before 
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PHYSICAL PROPERTIES 
The water solubilities and emulsion clearing times (see Experimental section) for the 

sulphonic acid derivatives of the straight-chain dialkylnaphthalenes are collected in Table 1. 
Solutions of the sulphonic acids in xyleiie were used for the partition experiments. 

Although 3,7-dihexylnaphthalene-l-sulphonic acid has a relatively high solubility in 
water and in the aqueous phase during partition, and it tends to increase the stability of 
the emulsion formed, the other compounds should be very suitable as liquid ion-exchangers. 
The relatively high absolute solubility of 3,7-dioctylnaphthalene-l-sulphonic acid is 
counteracted by the fact that it does not enter the aqueous phase to an appreciable extent 
during partition. 

TABLE 1 

Water 

bili t y 
sulphonic acid (p.p.m.) 

R = 3,7-di-n-hexyl ... > 100 
R = 3,7-di-n-octyl ... 100 

Compound solu- 
K-napht halene- 1 - 

R = 3,7-di-n-decyl ... 13 
R = 3,7-di-n-dodecyl 4 

Emulsion clearing 
time (sec.) 

12.2 10.4 i? ;i 
120 - - - 
105 90 100 90 
60 75 75 90 
45 60 60 60 

PH PH 

Concentration in aqueous 
phase (p.p.m.1 

PH PH 7: 12.2 10.4 8: :: ?: 
300 60 - - - 15 
9 0 1 2  1 < 1 1  

160 6 7 3 4 2  
4 5 2 3  1 < 1 2  

Comparative figures for the branched-chain derivative could not be obtained owing to 
its very low solubility both as the free acid and the sodium salt in either aromatic or ali- 
phatic hydrocarbons. Its absolute solubility in water was greater than 100 p.p.m. The 
solubilities of even the straight chain sulphonic acid derivatives in aliphatic solvents were 
remarkably low ( ~ 5 % )  when compared to the apparently high solubility (at least 48% 
in heptane) of the commercial “ dinonylnaphthalene sulphonic acid.” 

NUCLEAR MAGNETIC RESONANCE STUDIES 
Naehtha1ene.-The spectrum of naphthalene in deuterochloroform (5 mole %) was 

recorded as a reference, and analysed on an A2B2 basis,lO yielding the following parameters : 
Jl,2 = 8.3 c./sec.; J1,3 = 1.3 c./sec.; J2,3 - J1,4 = 6.2 c./sec.; T~ = 2-20; T~ = 2-56. 

Wells l1 has shown that the coupling constant J2,3 in dinitronaphthalene derivatives is 
7.2 to 7.8 c./sec., and the analysis of naphthalene-l-sulphonic acid and naphthalene- 
1,5-disulphonic acid yielded J2,3 = 7.3 c./sec. These coupling constants vary comparatively 
little with substitution. Thus the assumption that J1,4 = 0 c./sec.l0 does not seem to be 
justified. The coupling constant J1,4 will more probably be near 1 c./sec. 

The resonances of the low-field moiety (a-protons) of the naphthalene spectrum were 
considerably broadened, indicating inter-ring couplings (J1,5 and J4,*, respectively). This 
broadening of a-protons appeared to be a general feature of all spectra and has been utilised 
in the assignment of resonances. Such a long-range coupling J4,* of 0.8-0.9 c./sec. has 
been found in a 100 Mc./sec. nuclear magnetic resonance study of quinoline and its mono- 
nitro-derivatives.12 

2,6-Dialkylnaphthalenes and their Sulphonic Acid Derivatives.-Table 2 summarises the 
nuclear magnetic resonance data for these compounds. The T values for the aliphatic 
protons are included for completeness. Sulphonation of these compounds destroyed their 
symmetry leading to a doubling of some of their resonances, or a broadening if the separ- 
ation was not great enough to be resolved. 

The aromatic protons of dialkylnaphthalenes showed typical three-spin patterns and 
lo J. A. Pople, W. G. Schneider, and H. J. Bernstein, High-resolution Nuclear Magnetic Resonance,” 

l1 P. R. Wells, J. ,  1963, 1967. 
la P. J. Black and M. L. Hefferman, Ausf td .  J .  Chem., 1964, 17, 568. 

McGraw-Hill, New York, 1959, pp. 147-149. 



2326 Garbutt, Pachler, and Parrish: 
were analysed as ABX systems on the assumption that the $ara- and inter-ring couplings 
were negligible. The spectra of the monosulphonic acids were more complicated. The 
two protons of the sulphonated ring were shifted far towards lower field. They exhibited 
a characteristic meta-coupling of approximately 1-5 c./sec. , proving that the sulphonic group 
had entered the &position. The three-spin system of the protons of the other ring was 
not much changed as compared to the spectrum of the corresponding dialkylnaphthalene. 

To clarify the assignment of the two meta-coupled protons of the sulphonated ring we 
measured the spectra of the commercially available sodium salts of naphthalene-1,5- and 
naphthalene-2,7-disulphonic acids. 'Naphthalene-l,5-disulphonic acid showed a well 
separated ABC spectrum which was analysed by means of an IBM 704 electronic computer. 
In the three-spin spectrum of the napthalene-2,7-disulphonic acid, two of the protons 
happened to have almost equal chemical shifts. Thus the parameters derived are not as 
accurate. The results for both compounds appear in Table 3. 

TABLE 2 
Chemical shifts of aromatic Chemical shifts of aliphatic 

protons protons 
HO. Conipound T~ T~ r4 r6 T,  T~ Ar-CH,- -CH2- -CM, 

1 Naphthalene 2.20 2.56 = T ~  = T ~  =r3 =rl - - 
2 2,6-Dihexylnaphthalene 2-47 2.74 2.31 = T ~  =r3 = T ~  '7.27 8.2-8.8 9.12 

t: I = 7.2 c , .. 
3 2,6-Dioctylnaphthalene 2.46 2-72 2-38 = T ~  =r3 =r4 7.27 8.2-8.8 9.13 

4 2,6-Didecylnaphthalene 2.46 2-74 2.35 = T ~  =r3 =T,, 7.27 8-2-8.8 9.18 
t; .r = 7.3 C 

t: T = 7.1 C 
5 2,6-Didodecylnaphth- 2.47 2.74 2.35 = T ~  =r3 =r4 ' 5-27 8-2-8.8 9.12 

alene t; J = 6.9 c - 8.59 6 2,6-Di-t-butylnaphthalene 2.27 2.48 2.25 = T ~  =T3 = T ~  - 
7 2,6-Di-( 1,1,3,3-tetra- 2-29 2.49 2.29 =rl = T ~  =r4 - 8-17 9.26 (3,3,4) 

methyl-buty1)-naphth- s.55 (1,l) 

alene-l-sulphonic acid b, t; J-6.6 c 9.20 

alene T6 
8 3,7-Dioctylnaphth- I 1:63 1.60 2.27 2.65 2.29 7-32 8.3--5.8 9-15 

9 3,7-Didecylnaphthalene-l- - 1.99 1.59 2-27 3-61 3.23 7.16, 7.28 8.2-8-8 9.09 
sulphonic acid C 

l-sulphonic acid 

methylbutyl) -naphth- 9.36 (3,3,4) 
alene-l-sulphonic acid 8.55 

u, Not resolved due to low concentration; b, broad: c, complex pattern; t, triplet. 

10 3,7-Di-t-butylnaphthalene- - 1.80 1.46 R a u I - 8.78, 8.82 

1 1 3,7-Di-( lt1,3,3-tetra- - 1.69 1.40 2.18 2.43 2.13 I 8.17-8.21 9.29 

8.58 (1,l) 

TABLE 3 
Chemical shifts 

Compound T1 T2 r8 74 (c./sec.) 
r - v  Coupling constants 

Naphthalene-l,6-disulphonic acid -- 1.66 2.15 1.02 JeS3 = 7.3; J2,4 = 1.0; J3,* = 8.7 
Naphthalene-2,7-disulphonic acid 1.53 - 3-00 2.02 J1,3 = 1.5; J1,,, - 0; J3,4 = 8.6 

TABLE 4 
Coupling constants 

Coupling constant (c./sec.) Coupling constant (c./sec.) 
Compound No.* Jln3 (= JS,J Js,4 (= J7,d Compound No.* Jt,r Js,s J6.s 

2 1.6 8.1 8 1.6 8.9 -1.5 
3 1.8 8.6 9 1.6 8.6 1.7 
4 1.6 8.4 11 -1.3 8.7 3.6 
5 1.6 8.3 
6 1.7 8.7 
7 1.5 8.8 

* As listed in Table 2. 
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In naphthalene-l,5-disulphonic acid the proton in position 3 was identified by its two 
large ortho-couplings. It is clear from the results on naphthalene,losll on dinitronaphthal- 
enes,ll and from the values in Table 4, that the a,@-coupling is always approximately 
8.5 c./sec. and greater than the @,F-coupling, and that these couplings do not change 
appreciably with substituents. Thus we have assigned the low field proton to the 4- 
position. The assignment of the resonances in naphthalene-2,7-disulphonic acid is obvious 
from the magnitude of the splittings. In both compounds the hydrogen in position 4 
cshibited further line-broadening attributed to inter-ring couplings (J4,J. 

Although a quantitative comparison of the nuclear magnetic resonance results for the 
sodium salts of the sulphonic acids in deuterium oxide solutions, with those obtained from 
chloroform solutions of dialkylnaphthalenesulphonic acids, is not possible, a qualitative 
idea of the substituent effect of the sulphonic acid group on the chemical shifts of the 
aromatic protons may be gained. The chemical shifts relative to the 7 values of the 1- 
and 2-protons of naphthalene are given in the Figure. 

The effect of the sulphonic acid group on the proton in the +eri-position is small (-0.15 
p.p.m.) as seen from the ‘t value of the proton in position 4 of the sodium salt of naphthalene- 
l-sulphonic acid (T? = 1.17). Thus the substitution of a sulphonic acid group into the 
naphthalene ring shifts the nuclear magnetic resonances of the o- and $-protons appreciably 
to lower field, affecting the $-proton most. The shift of m-protons and the $&-effect are 
of less significance. 

We have therefore assigned those resonances of the 3,7-dialkylnaphthaleiie-l-sulphonic 
acids at lowest field to the proton in position 4. The assignment is supported by the fact 
that these resonances show the characteristic line-broadeEing mentioned above. 

Coujding constants.-The coupling constants observed agree well with those reported 
by other authors on similar systems (naphthalene,lO mononitronaphthalenes,ll and quinoline 
derivatives 12). The a,@ interactions are always found to be slightly larger than @,p inter- 
actions. It is known from X-ray analyses that the C,-C, bond distance is considerably 
shorter than the C,-C, distance (1.365 -81 as compared to 1.404 -81). This is thought to be 
due to the increased double bond character of the C,-C, bond.13a The nuclear magnetic 
resonance results may be explained on this basis. 

Chemical sh@ts.-The chemical shifts of the aromatic protoiis of 2,6-dialkylnaphthalenes 
show in general a small high-field shift compared to naphthalene. A significant difference 
is observed for naphthalene derivatives with straight-chain and branched-chain sub- 
stituents. The average relative shifts for each group are given in the Figure. 

Zweig and his co-workers l4 have shown that for methoxybenzenes the chemical shifts 
of aromatic protons are linearly related to the n-electron density of the corresponding carbon 
atom obtained from Hiickel molecular orbital calculations. The electron-releasing effect 
of an alkyl group attached to an aromatic ring is well known. Hence in the dialkyl- 
naphthalenes an increased n-electron density resulting in a high-field shift of the protoii 
resonances would be espected, but the observed high-field shift of branched-chain alkyl 
substituents is negligibly small. Since the inductive effect of these groups is greater than 
that of straight-chain alkyl groups, the observed high-field shift in naphthalene derivatives 
with straight-chain alkyl substituents must be attributed to hyperconjugation. 

The average values for the effects of the introduction of a sulphonic group on the 
chemical shifts of the aromatic protons in dialkylnaphthalenes (straight- or branched-chain) 
are given in the Figure. 

The detailed studies of nitronaphthalenes l1 and mononitroquinolines 12 have shown 
that in the interpretation of chemical shifts, inductive effects, electric field effects,l5 and 
magnetic anisotropy effects have to be considered as well as changes in n-electron density 

l3 R. T. Morrison and R. N. Boyd, “ Organic Chemistry,” Allyn and Baker, Boston, 1960, (a) p. 805, 

l4 A, Zweig, J. E. Lehnsen, J. E. Lancaster, and M. T. Neglia, J .  Amer. Chem. SOC., 1963, 85, 3940. 
l5 -4. D. Buckingham, Canad. J .  Cham., 1960, 38, 300. 

(b)  p. 812. 
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due to mesomeric effects. The sulphonic acid group is a strongly electronegative, electron- 
withdrawing substituent, and the general low field shift of all protons (see Figure) indicates 
an overall decrease of the n-electron density of the naphthalene ring system. The pro- 
nounced low-field shift of the protons in positions 2 and 4 is interpreted as a decrease in 

Effect of Substituents on the chemical shifts of naphthalene protons 

- 0.17 4- 0.26 + 0.08 S03N a 

@ -0.90 N a 0 3 s 1 3 3 s 0 3 N r  RaR R,m::08 00 
+ 0.07 

0 + 0.17 
$0.14 

0 -0.56 

-0.18 
-0.41 

- 1-18 
.NaO,S 

(Relative to naphthalene; R = straight-chain alkyl ; R' = branched-chain alkyl) 

-0.75 (Relative to alkyl naphthalenes; R = straight- 
and branched-chain alkyl) 

-0'08 R.@@ -0.08 -0.86 R 

x-electron density due to the mesomeric effect. It is well understood, by comparison of 
resonance structures and resonance energies, that the mesomeric effect only influences the 
ring to which the substituent is attached.13b It is, however, noteworthy that the chemical 
shift of the &proton is more affected than that of the 2-proton. To what extent the other 
two effects mentioned above influence the chemical shifts of these protons, and whether 
these. effects are responsible for the relatively great low field shift of the proton in position 8, 
is difficult to assess. 

EXPERIMENTAL 
The nuclear magnetic resonance spectra of naphthalene, dialkylnaphthalene derivatives 

and their monosulphonic acids were recorded for dilute solutions (<5 mole%) in deutero- 
chloroform on a Varian A-60 spectrometer operating at  60 Mc./sec. (sample temperature 38Oc), 
with tetramethylsilane as internal reference. The spectra of the sodium salts of the naphthalene- 
sulphonic acids were determined for dilute solutions in deuterium oxide (100 mg./0-5 ml.) with 
sodium 4,4-dimethyl-4-silapentane-l-sulphonate as internal reference. The 7-values reported 
are estimated to be accurate to f0.01 p.p.m., and coupling constants to &O-2 c./sec. 

6-Acyl-2-alkyZnaphthaZenes.-A solution of 2-alkylnaphthalene (0.2 mol.) and acid chloride 
(0.2 mol.) in nitrobenzene (150 ml.) was stirred and cooled to -5' while powdered aluminium 
chloride (0.23 mol.) was added in portions over a period of 60 to 100 min. The stirrer was 
replaced by a capillary bubbler and the reaction vessel was evacuated. After all the hydrogen 
chloride had been evolved the complex was decomposed with crushed ice. The organic layer 
was separated and washed with 2~-hydrochlonc acid. The nitrobenzene was removed by steam 
distillation and the crystalline residue purified by recrystallisation from a suitable solvent. The 
following 6-acyl-2-alkylnaphthalenes were prepared by the above method : 

6-Hexanoyl-2-hexylnaphthalene, 53% yield, m. p. 54-55' (lit.,6 55'). 
6-Octanoyl-2-octyZnaphthaZene, 49% yield, m. p. 57' (methanol) (Found : C, 85-3; H, 10.7. 

c,&380 requires C, 85.3 ; H, 10.4%) ; 2,4-dinitropheizyZhydrazone, m. p. 121*5-122' (ethanol) 
(Found: C, 70.6; H, 7.8; N, 10.3. 

6-DecanoyZ-2-decylnaphthaZene, 45% yield, m. p. 67-5-68' (ethand) (Found : C, 85.5; H, 
10.9. C,,H,,O requires C,  85.3; H, 10.9%) ; 2,4-dinitrophenylhydrazone, m. p. 120' (ethanol) 
(Found: C, 72.0; H, 8.6; N, 9.0. 

6-Dodecanoyl-2-dodecylna@hthaZene, 47% yield, m. p. 76.5-77.5' (ethyl acetate) (Found : 
C, 85.6; H, 11.4. C3,H5,0 requires C, 85.4; H, 11.3%) ; 2,4-dinitrophenyZhydrazone, m. p. 119- 
119.5' (ethyl acetate) (Found: C, 72.9; H, 8.8; N, 8-4. C4,H5,N,O4 requires C, 73.0; H, 8.8; 
N, 8.5%). 

C3,H,,N40, requires C, 70.4; H, 7-7; N, 10-3y0). 

C,,H,,N,O, requires C, 71.8; H, 8.3; N, 903%). 
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2,6-L>iaZkyZnapJithaZenes.-(a) By the Huang-Minlon reduction procedure used by Bannister 
and Elsner the following were obtained from the corresponding 6-acyl-2-alkylnaphthalenes : 

2,6-Dihexylnaphthalene, m. p. 36-37' (ethanol at 0') lit.,5 36-5-37'), A,, 324 (E 1300), 
316.5 (c 600), 309 (c lOOO), 303 (E 600), 274 (E GlOO), and 230 mp (E 172,000) (in cyclohexane). 

2,6-DioctyZnaphthalene, 55% yield, m. p. 43-44' (ethanol) (Found: C, 88.4; H, 11.3. 
C,,H,, requires C, 88.6; H, 11.4%), Amax. 324 (E 1500), 316.5 (E 700), 309 (E 1100), 303 (E lOOO), 
274 (E SSOO), and 230 mp (E 169,000) (in cyclohexane). 

(b) The Huang-Minlon reduction procedure of Asinger et aZ.16 was modified as follows: 
after the reduction, all unchanged hydrazone and the azine that had formed, were converted 
back into the ketone without separation from the hydrocarbon, by heating on a steam-bath with 
1 : 1 hydrochloric acid. The mixture was then reduced a second time and the hydrocarbon 
separated on silica gel by eluting with hexane. The following were prepared by this method from 
the corresponding 6-acyl-2-alkylnaphthalenes : 

2,6-DidecyZna~hthaZene, 500/:, yield, m. p. 47-48' (ethanol) (Found: C, 88.3; H, 11.9. 
C30H48 requires C, 88.2; H, 11.8%); Amax. 324 (E  1300), 316.5 (E 600), 309 (c goo), 303 (c 500), 
274 (E SlOO), and 230 mp (E 167,000) (in cyclohexane). 

2,6-DidodecyZnaphthaZene, 47% yield, m. p. 57-58' (ethanol) (Found: C, 87.8; H, 12.1. 
C,,H,, requires C, 87.9; €3, 12.1%); AMx. 324 (E 1300), 316.5 (E 600), 309 (E lOOO), 303 (c 900), 
274 (c 5900), and 230 mp (c 151,000) (in cyclohexane). 

2,6-Di-( 1,1,3,3-tetramethylbutyZ)naphthaZene.-A solutioii of naphthalene (10.6 g.) in nitro- 
benzene (50 ml.) was cooled to -5' and with constant stirring was treated first with powdered 
aluminium chloride (1 g.) and then dropwise with 1,1,3,3-tetramethylbutyl bromide (32 g.) in 
nitrobenzene (30 ml.) over a period of 35 miii. The reaction mixture was stirred a t  -5" for 
a further 25 miii., a capillary bubbler fitted and the reaction vessel was evacuated for a further 
GO min. Ice was added and the organic layer washed with water. The nitrobenzene was 
removed by steam distillation, leaving a crystalline mass (1 1 g.) . Repeated recrystallisation 
from methanol yielded 2,6-di-( 1,1,3,3-tetramethylbutyl)naphthalene (3.25 g.), m. p. 126" ; 
A,,,, 323 (c 600), 316 (E 300), 308 (E 500), inflexion 302 (E 400), 272 (E 5300), and 232 mp 
(E 135,000) (in cyclohexane). 

2,6-Di-t-butyZ~zafihthalene.-Naphthalene (50 g.) in nitrobenzene (300 ml.) was cooled to 0' 
and was treated with stirring first with powdered aluminium chloride (10 g.) followed by 1,1,3,3- 
tetramethylbutyl chloride (116 g.) dropwise over a period of 2 hr. Stirring at 0" was continued 
for a further 2 hr. Ice was added and the organic layer washed with water. The nitrobenzene 
was removed by steam-distillation leaving an oil (100 g.) . Thin-layer chromatography with 
hexane on silica gel showed the product to be a mixture of 2,6- and 2,7-di-t-butylnaphthalene, 
identical to a sainple prepared according to Crawford and Glesmann.17 No 2,6-di-( 1,1J3,3-tetra- 
methylbuty1)naphthalene was observed. A sample of 2,6-di-t-butylnaphthalene, m. p. 147- 
148', was isolated from the mixture by crystallisation from methanol. 

3,7-DiaZkyZnaphthaZene-l-suZ~honic A cids.-2,6-Dialkylnaphthalene (2 g.) in 1,2-dichloro- 
ethane (20 ml.) was cooled in ice and, with stirring, was treated dropwise with chlorosulphonic 
acid (1.1 mol.). The solvent was removed under 
vacuum aiid the oily residue treated with a few drops of water. The mass crystallised and was 
recrystallised from 1,Z-dichloroethane. The following sulphonic acids were prepared by this 
method : 

3,7-DiJze.xyZnaphthaZene-l-sulpJtonic mid (monohydrate), m. p. 67-68' (Found : C, 67.2; 
€3, 8.9. C22H,,0,S,H20 requires C, 67.0; H, 8.6%) ; A,,,. 327 (E 2400), 318.5 (c 1200), 312.5 
(E 1900), 280 (E SOOO), and 232 mp (E 80,200) (in ethanol); S-benzylisothiouronium salt, m. p. 
178" (methanol-water) (Found: C, 66.3; H, 8.0; S, 12.1. C,,H,,N,O,S, requires C, 66.4; 
H, 7.8; S, 11.8%) ; p-toluidine salt, m. p. 222-223" (decomp.) (ethanol-water) (Found: C, 72.2; 
H, 8.5; S, 6.9. C,gH41N0,S requires C, 72.1; H, 8.5; S, 6.6%). 

3,7-DioctylnaphthaZene-l-sul~honic acid (monohydrate), m. p. 79-80' (Found : C, 69.5 ; H, 
9.3; S, 7.3. C,,H4,O,S,H,O requires C, 69.3; H, 9.3; S, 7.1%); Amax. 327 (c 2200), 318 (c 1200), 
312.5 (c 1800), 280 ( E  SSOO), and 232 mp (c 78,500) (in ethanol); S-benzylisothiouronium salt, 
m. p. 152-153' (methanol-water) (Found: C, 68.3; H, 8.6; S, 10.8. C,,H,,N,O,S, requires 
C, 68-2; H, 8.4; S, 10.7%) ; p-tohidine salt, m. p. 212-213' (decomp.) (ethanol-water) (Found: 
C ,  73.6; H, 9.2; S, 6.1. 

The mixture was left to stand at  0' for 2 hr. 

C,,H,,NO,S requires C, 73.5; H, 9.1; S, 5.90/,). 
l6 F. Asinger, W. Berger, E. Fangh5ne1, and I<. R. Miiller, J. prakt. Chem., 1963, 22, 153. 

H. M. Crawford and M. C. Glesmann, J. Anzer. Chem. SOL, 1954, 76, 1108. 
4s 



2330 3,7- Dialkylnaphthalene-1 -sulphonic A cids 
3,7-DidecylnaphtAalene-l-swl~honic acid, m. p. 116-1 16" (dried in vacuum at 100") (Found : 

C, 73.6; H, 10.0; S, 6.6. C,,H4,03S requires C, 73.8; H, 9-8; S, 6.6%); A,, 327 (E 2300) 
318 (E 1200), 312.5 (c 1800), 280 (E 6000), and 232 mp (E 81,700) (in ethanol); S-benzyliso- 
thiouronium salt, m. p. 132-133" (methanol-water) (Found: C, 69-6; €3, 8.9; S, 10.0. 
C,,H,,N203S2 requires C, 69.7; H, 8.9; S, 9.8%); p-toluidine salt, 111. p. 194-195" (decomp). 
(ethanol-water) (Found: C, 74.7; H, 9.6; S, 5.7. C3,H5,N03S requires C, 74.6; H, 9.6; 

3,7-Didodecylna~htJaalene-l-sul~Jionic acid, m. p. 117-1 18" (dried in vacuum at 100") (Found : 
C, 75.1; H, 10.2; S, 6.0. C,,H,,O,S requires C, 75.0; H, 10.3; S, 5.9%); A,, 327 ( E  2400), 
318 (e 1300), 312.5 (E 1900), 280 (E 6300), and 232 mp (e 86,500) (inethanol) ; S-benzylisotJtiouroniuw 
salt, m. p. 132-133" (methanol-water) (Found: C ,  70.9; H, 9.3; S, 8.9. C42H66N203S2 
requires C, 71-0; €3, 9.3; S, 9.0%) ; p-toluidine salt, ni. p. 182-183" (decomp.) (ethanol-water) 
(Found: C, 76.7; H, 10.0; S, 5.1. C41H65N03S requires C, 75.6; H, 10.0; S, 4.9%). 

3,7-Di-( 1,1,3,3-tetrati~etk~yl~uty~)na~htTiaZene-l-sul~~on~c acid, m. p. 155-156" (dried in 
vacuum at 100") (Found: s, 7.5. c,6H4003s requires s, 74%);  hlmx. 326 (E 1400), inflexion 
318 (c 900), 311-5 (z 1300), 279 (e 5200), and 233 mp (E 73,400) (in ethanol); S-benzylisothiouronizcm 
salt, m. p. 223-224" (ethanol-water) (Found: C, 67.9; H, 8.7; S, 10.6. C,,H50N203S2 requires 
C, 68.2; H, 8.4; S, 10.7%); p-toluidine salt, m. p. 226" (decomp.) (ethanol-water) (Found: 
C, 73-2; H, 9.5; S, 6.1. C33H49N0,S requires C, 73.5; H, 9.1; S, 5.9%). 

3,7-Di-t-butylnaphthalene-l-sulphonic acid (nionohydrate), m. p. 159-160" (lit.,, m. p. 
158"). 

Physical Properties.-Solubilities of the sulphonic acids in water were determined spectro- 
scopically using the ultraviolet absorption band at 232 mp for concentrations less than 10 p.p.m., 
and the band at 280 mp for concentrations greater than 10 p.p.m. 

Each of these solutions 
was equilibrated as outlined below with the following solutions : 0-1x-sodium hydroxide a t  
pH 12.1; 0.1N-sodium chloride at pH 10.4, 9.1, and 7.6; 0.h-hydrochloric acid a t  pH 1.3. 

The organic solution (10 ml.) in a 100-ml. cylindrical, graduated, separating funnel was 
treated with the aqueous solution (60 ml,). The separating funnel was stoppered and laid 
horizontally in a reciprocating box shaker. It was shaken for 10 min., removed and immediately 
clamped upright for the emulsion to separate. The time taken for complete separation of the 
two phases was recorded. The organic layer was completely clear. The aqueous layer, which 
was slightly cloudy due to small amounts of entrained material, was left to  stand overnight for 
complete clarification. A sample of the aqueous layer was removed and its pH measured. 
The optical density of the aqueous layer was then determined using as a blank a sample of the 
same aqueous solution treated in the same manner with pure xylene. 

s, 5.4%). 

A 5% solution of each of the sulphonic acids in xylene was prepared. 
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