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AbahcG-Tinz PMR spectra of several methoxy substituted benzenethiols and related phenols have 
been examined in various solvents over a wick range of concentrations. Tk positions of the sulfhydfyi 
proton twwuu~ signals @&of o-metboxybenzenethiol and 2,64imethoxybcnz.enethioethiol in inert solvents, 
and tbe 6, values of the thiols carrying o-OMe groups am less afTected by the interaction with the solvents 
than those without o-OMe groups. The signifiint difFercnce5 in the behaviour of ckmical shifts of these 
compounds have been best interpreted by the intramokcuhr S-H.. ~0 H-bonding. Additional evidence 
for the intramolecular H-bonding in o-OMc substituted hzenethiols ha= been obtained from the JR 
spectmscopic data. 

S~LJDKES on NMR spectra of thiols have been reported by several authors,‘-9*‘5* l6 
but the existence of the !GH+**X H-bonding had not been coax before the 
recent investigations by Copley’* because the SH group is affected slightly by the 
H-bond formation. His studies showed that aryhnercaptans forms an S-H***N or 
S-H***0 intermolecular H-bond with the nitrogen- or oxygen-coma.ining solvent 
as hydrogen acceptor. 

Formation of such weak H-bonds, particularly if intramolecular, is observed by 
nuclear magnetic measurements, so that great progress in this field has been made 
within recent years. It was confirmed first by F&en2 that an intermolecular H-bond 
of the S-H.-*!3 type exists in ethylmercaptan in the liquid state. 

As to the ~tr~ol~lar H-bond of thiols, Wagner et al. concluded the existence of 
the !%---H~~~O intramolecular H-bond in thiosalicylic acid and its esters by means of 
IR spectroscopy. r3 However, the intramolecular H-bonding of thiols has not been 
extensively studied. Is It iswellknownthat theS-memberedringsformedby 0-H***X 
intramolecular H-bonds are present in phenols carrying ortho substituents (X) of 
proton accepting ability (X = OMe, halogen and others) ;I ‘7 lB therefore the presence 
of intramolecular H-bonds analogous to those in phenols is expected in properly 
substituted benzenethiols. 

In order to investigate the formation of intermolecular and intramolecuIar H- 
bonds in or&o substituted benxenethiols, PMR spectra of several OMe substituted 
benzenethiols and related compounds were determined in various solvents over a 
wide range of concentration. IR spectra of these compounds were also measured and 
the results compared with those from PMR spectra. 
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RESULTS AND DISCUSSION 

The PMR spectra of benzenethiols and phenols investigated are given in Table 1. 
As shown, the positions of the sulfhydryl proton resonance signals 6, of o-methoxy- 
benzenethiol and 2,6dimethoxybenxenethiol are located at lower fields than in 
pmethoxybenzenethiol, and the 6, values of the thiols increase in the order: p- 
methoxybenzenethiol < o-methoxybenzenethiol < 2,6dimethoxybenzenethiol. The 
&, values are less affected by the interaction with the solvents than the 6, of the 
corresponding phenols, though the two series of compounds behave similarly when 
the solvents are altered. 

The chemical shifts of sultbydryl proton of benzenethiols in various solvents 
(Table 1) are plotted against a solvent polarity parameter (8 - 1)/(2c + 23, where 
E is the dielectric constant of the solvent, and it is proposed as a measure of the 
polarity of the solvent by Onsager. ” But no good linear relations were observed 
and the deviation from the line is particularly significant with the phenol series. As 
to the thiols, the deviation of the 6, values from the line is considerably large in 
DMSO, which is a very polar solvent and is regarded as strong proton acceptor, as 
well as in aromatic solvents. The deviation might be caused by specific solvent-solute 
interaction, 
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ha. 1 The plots of NMR chemical shifts of the hydroxyl or sulphhydryl protons versus 
onsager’s pammcta. 

The solvent shift of the O-H stretching absorption of methanol (Av), which has 
been used as a criterion for the hydrogen accepting power and sometimes referred 
as “hydrogen bond shift”, was chosen as another parameter for the property of 
solvent. The H-bond shift is defined as the difference between the voH frequency in 
the reference solvent (CCl, in this investigation) and that in the designated solvent. 
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Thus the solvent shift is expressed by the equation : Av E vou(CCIQ) - vo&olvent). 
Here the monomeric vou frequencies of methanol in dilute solution are used to calcu- 
late the shilt values. In the present investigation, having been unable to find a proper 
set of the Av values of the solvents used for the PMR measurement, we determined 
them by the IR spectral measurement. The 6, values of the thiols, as well as the So,, 
values of the corresponding phenols, were plotted against the Av values and shown 
in Fig 2. As the Av is a parameter evaluating the overall effect of the solvent polarity 

FIG. 2 The plots of NMR chemical sbii of XH protons &,, versus hydrogen bood shifts 
Av, for vatious solvents. 

and the association through intermolecular H-bonding, a better linear relation is 
expected, and in practice the deviation from the line is much less marked except 
with proton-accepting aromatic solvents, The abnormal 6, values in the aromatic 
solvents is due to the specilic S-H**T interaction between the aromatic x-electrons 
and the sulfhydryl hydrogen. In the interacted state, the sullhydryl hydrogen is 
located at a position just above the aromatic nucleus of the solvent molecule as 
illustrated by (1) and the shift of the Sm value to a higher field is effected by the 
anisotropy of the aromatic ring. \ 
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The signals of the sulfhydryl hydrogen of o_OMe substituted benxenethiols appear 
at considerably lower fields than those of the benxenethiols without o-OMe group in 
non-polar solvents incapable of forming H-bonds, and the deviation from the plot 
of &, us Av or the solvent polarity parameter (E - 1)/(2s + 2.5) is not so significant 
for 2,6dimethoxy- or o-methoxy-benxenethiol as for the unsubstituted one. The 
intramolecular !S-H***O H-bonds are present in both 2,6dimethoxybenxenethiol 
and o-methoxybenxenethiol, and the intramolecular H-bonded &conformation 
(2a) of o-methoxybenxenethiol is assumed to be more favorable than the free con- 
formation (2h). These two conformations are in equilibrium and, in solvents of hydro- 
gen accepting ability, the intramolecular H-bond in the cis conformation is replaced 
by the intermolecular H-bond with solvents, in which the trans conformation (3) is 
more favorable. Thus the intermolecularly H-bonded frans conformation (3) becomes 
predominant as the hydrogen accepting ability of the solvent increases and this 
causes a shift of the sulfhydryl proton signal toward lower field. 

2 2b 

free hydrogen-bonded 

XI C-O. s-0. N etc 

3 

But the low field shift of the 6, and the tangent of the line are the least in 2,6- 
dimethoxybcnxenethiol in which the non-planar conformation is enforced to associate 
with the solvent molecule and the most in the benxenethiols without o_OMe group. 
The above mentioned facts are interpreted as follows. 2,6Dimethoxybenzenethiol 
remains in the planar intramolecular H-bonded conformation in most solvents 
except those of very strong proton accepting ability, so the as,, is nearly independent 
of the nature of the solvent unless it is strongly basic. o-Methoxybenxenethiol, which 
exists as an equilibrium mixture of the intramolecularly H-bonded cis- and associated 
&arts-conformations, are affected more than 2,6dimethoxybenxenethiol but less 
than benxenethiols which have no o-OMe groups and exist entirely as associated 
forms with the solvents. 

both conformations are intramolecularly 

hydrogen-bonded 

& 

nobplanar 
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To reject the possibility of the steric crowding to hinder the intermolecular H- 
bonding with solvents, the behavior of the asu of o-toluenethiol was compared with 
those of o-methoxybenxenethiol and orrho unsubstituted benzenethiols. If the 6, 
values of o-methoxybenzenethiol are less sensitive to the solvent effect, due to the 
steric hindrance of the o-OMe group to association with solvents, then the Ssn of 
o-toluenethiol should behave similarly to o-methoxybenzenethiol, since the Me 
group is bulkier than the OMe group and a steric effect of the same order as the 
o-OMe derivative is expected to occur. But the solvent effect on the 6, of o-toluene- 
thiol is similar to that of pmethoxybenzenethiol and p-toluenethiol, and no steric 
effect on the solvent-solute association is evident. So the nature of the solvent effect 
is best explained by the intramolecular H-bonding. 

Additional evidence for the intramolecular H-bonding in o-OMe substituted 
benxenethiols are obtained from the IR spectroscopic data. Thus the S-H stretching 
absorptions of several benxenethiols were measured in carbon tetrachloride, chloro- 
form and acetone, and shown in Fig. 3. As exemplified by the spectrum of ptoluene- 
thiol in carbon tetrachloride, the S-H stretching bands of free thiols are weak in 
intensity, but the intensity of the S-H stretching band increases considerably with the 
formation of the H-bond. This infers that the S-H bond is elongated and polarized 
by the H-bond formation and that the transition moment of the stretching vibrational 
transition (proportional to (dn/dr)) increases as a result. The vsu absorptions of 
o-methoxybenxenethiol and 2,6dimethoxybenxenethiol are much stronger than 
that of ptoluenethiol even in carbon tetrachloride which is additional evidence of 
the presence of the intramolecular H-bonds in these compounds. Details of the IR 
spectra of substituted benxenethiols will be reported elsewhere. 

-_ 
r 
i - 

Lct’cm 

.A, c ;I4 CHCI, 

2550 2t00 265G 

cm-’ 

FIG. 3 The S-H stretching bands of bcnzcnethiola at concentrations about 5 wt % in three 
solvents. 
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The concentration dependence of the Em of several benzenethiols were shown in 
Fig. 4. On the whole, the chemical shift of the S-H group moves to higher field on 
dilution with carbon tetrachloride and to lower field on dilution with acetone. The 
6, values change slightly by the dilution when the concentration of the solution is 
below 5x, and the solutions of the benznethiols investigated (Table 1) are so pre- 
pared that their concentrations are below this concentration. The ?& of o- and p- 
toluenethiols are affected only to a small extent by the dilution with carbon tetra- 
chloride, and this can be interpreted that the self-association of benxenethiols is 
weak and does not alter the state of the S-H bond. On the other hand, the inter- 
molecular H-bonding between the sulthydryl and the OMe groups may occur in 
p-methoxybenzenethiol at high concentrations, resulting in more marked low field 
shifts with increase in concentrations. 

100 wol 
Concentration 

0 ‘J%G@H 0 E-CH,OC,H, SH A 2.6~W&C,H,SH 
0 CCI, 0 WOW 0 Z- CYCahSH 

e 4.CtLOC k:P 
‘(im Ccl,) 

FIG. 4 Dilution chcmicd shifts for the S-H protons of the &nxencthiols in two solvents. 

EXPERIMENTAL 

Renxenethiols employed (p-toluenethio& pme.thoxyhzenethio~ o-methoxybenznehio~ o-toluene- 
thiol and 2,6dime.thoxybenxenethiol) were prepared according to Sutar” and purified by recrystallhation 
or hctional distillation. AU solvents used were commerhlly avaikbk spectra-grade or were pufied by 
the usual methods. The solvents were dried over appropriate des&ants and re4ktiUai when neassary. 

NMR spectra were obtained with a JEOL JMN C4OH spectrometer in a soln of a concentration of 
approximately 5% of various solvents. Further dilution doea not affect the spectm remarkably. The con- 
centration dependence of the &emical shiRs of some thiok were measured in CCl, aad acetone solns over 
the conamtrations ranging from @l to 100 wt % of the solutes. In solid sampka at ordiuaxy temp the 
qxctrum was measured at an ekvated temp. The spectra at very low concentrations m obtained with a 
JRA-1 spectrum accumuktor. 
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The IR spectra in 400&650 cm-’ region were obtained by a Hitachi EPI qectrophotometcr. High 
resolution spectra in tbc S-H strctcbing region were observed with a P&in Blmcs ModcJ 112G IR 
spaztrophotomctcr. 
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