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962. Search for Spectral Evidence of Expansion of the Valency
Shell of Sulphur in Aromatic Sulphides.

By A. ManGiNI and R. PAsseriNI

The possibility of spectral changes through the occurrence of a type of
conjugation in which sulphur is the electron acceptor in systems p-X:C¢H, SR,
where X = O-, OH, NH,, or NMe,, has been examined. For this purpose
the near-ultraviolet absorption spectra of some 30 aromatic sulphides or (for
comparison) ethers have been traced, often in more than one solvent, and, in
some cases in which acid or basic groups were present, at more than one pH.
It is concluded that none of the observed spectral effects can be assigned with
certainty to conjugation of the type considered. These results, together with
parallel work on the dipole moments of aromatic sulphides, indicate that this
form of conjugation, if operating, is not important in these systems.

WE have for some time been studying the spectral evidence of sulphur conjugation in
aromatic sulphides. There are two basic types of possible conjugation. The best
understood (I} involves inclusion of sulphur 3p electrons in an aryl = shell: evidence
concerning it comes from the study of chemical equilibium,! dipole moments,? and spectra.?
The other type (II) depends on incorporation of aryl = electrons into 34 sulphur orbitals,
and we began our spectral study of this possible effect by considering its expected
consequence that a combination of processes (I) and (II) in a diaryl sulphide should, as
shown in (III), lead to conjugation between one aromatic ring and the other. The main
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result of this study was to show that process (III) is spectrally unimportant in
structures such as (IV), which should provide for it a maximum of opportunity: for a
variety of substituents, R, with and without unshared electrons, in the para-position in (V),
and for purposes of control, in the meta-position, and also in the homologous structure (VI),

1 Baker, Barrett, and Tweed, J., 1952, 2831.

2 Chierici, Lumbroso, and Passerini, Bull. Soc. chim., 1955, 686.

3 Mangini and Passerini, J., 1952, 1168; Leandri et al., Gazzetta, 1954, 84, 3, 73; Mangini et al.
ibid., p. 47.
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did not affect the long-wave band assigned to the chromophore S-:C¢H,NO,, except for
small modifications attributable to the inductive effect :
p-Me;N-CgHS:CHNO,-p R-CgH,S-CeHNO,-p R+CgH,'S-CH,y-CoHyNO,-p
1v) V) (VD)

Although this was clearly a negative result as regards through-conjugation of the form
(III), one could not accept it as excluding the component process (II) in general, because
steric twisting in diaryl sulphides might have broken an otherwise effective conjugation.
We therefore sought spectral evidence of the octet-enlarging aryl-sulphur conjugation (II)
in a more direct way, and, in part, in simpler systems.

The main numerical results (wavelengths and extinction coefficients of band maxima)
are in Tables 1-—3, and a few of the more significant spectra are illustrated in Figs. 1—3.
The following is a summary of the main conclusions.

Starting with methyl phenyl sulphide, benzyl phenyl sulphide, or diphenyl sulphide, a
bathochromic shift of a few my and intensification of the band near 250 my is the general
result of introducing the substituents O~ or NH, into the para-position of the S-phenyl
group. The red shifts produced by the dimethylamino-group are considerably larger
(about 23 my) than by the other groups, and therefore the spectral effect of this substituent
in other positions, and in other parent compounds, has been studied with some care. It
may be noted first that the red shift largely disappears when the dimethylamino-group is
introduced into the meta-position in methyl phenyl sulphide or diphenyl sulphide, where
the formal conjugation between nitrogen and sulphur is removed, and also when the
dimethylamino-group is introduced into the para-position in methyl phenyl ether and
diphenyl ether, where octet expansion is impossible.

These results alone might have suggested that a spectral effect of the conjugative
process (II) was under observation in the p-dimethylaminophenyl sulphides : but, because
of the somewhat small magnitude of the effect, and our inability always to interpret small
differences in the spectra of such complex molecules, more extensive control experiments
seemed necessary. A series of such controls is included in the record. Two illustrations
of their general effect may first be given. These are that a dimethylamino-group, if
introduced into the para-position of dimethylaniline, or into the para-position of the benzyl
group of benzyl phenyl sulphide, induces red-shifts of at least half as much as those found
in p-dimethylaminophenyl sulphides.

In more detail, the following results show how the long-wave band of dimethylaniline,
Amax, 250 my, log € 4°15, is affected by a series of sulphur-containing para-substituents.
The figures represent the bathochromic shift A2 in my, and (in parentheses) the intensity
log ¢ of the shifted band :

S-CH, S-CoHs S-CgHeNO,-p S-CHy-CgH,-NO,-p
+22 (431) +24 (439) +25 (4-41) +22 (4-48)
CH,S:CH, CH,S:C¢Hs CHy'S-C,HNO,-p
+12 (427) +14 (439) +16 (4-24)

We see that the excess of the shift when nitrogen-sulphur conjugation of type (II) is
formally permitted, over the shift obtaining when it is excluded, is only of the order of
magnitude of the latter shift and is therefore not large enough to allow us to conclude that
aryl-sulphur conjugation involving octet expansion produces the spectral consequences
which have been observed.

Moreover, the original bands at 255 mp in p-aminodipheny! sulphide and 274 my in
p-dimethylaminodiphenyl sulphide are only very little enhanced by para-substitution
with NX,, OR, and O~ (see Table 3).

These results confirm our former provisional conclusion.* Sanesi and Leandri recently
found no evidence of conjugation of type II in their dipole-moment measurements on
aromatic sulphides.? It would appear therefore that this form of sulphur conjugation is
unimportant in aryl sulphides.

4 Mangini and Passerini, loc. ¢it., ref. 3; J. Phys. Radium, 1954, 15, 625; Gazzetta, 1954, 84, 606 ;
Experientia, 1956, 12, 49.
" s Sémesi and Leandri, Boll. Sci. Fac. chim. ind. (Bologna), 19565, 18, 56; Ann. Chim. appl., 1955,
, 1106.
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EXPERIMENTAL

Spectra were determined with a Hilger Uvispek photoelectric spectrophotometer. The
concentrations used were 10°M. The compounds were measured in cyclohexane (or in #-hexane,
as indicated in the Tables) in order to reduce the solvent effect. The results are reported in
Tables 1—3, where the wavelengths of maxima and minima are given as my, and extinction
values as log € : minima are indicated in parentheses.

References are given in the Tables to the methods used in the preparation of the compounds,
and also references to spectra already recorded by other authors and in other solvents. The
absorption curves are reproduced in Figs. 1—3.

The following descriptions relate to the preparation of new compounds or of known compounds
by modified methods.

m-Dimethylaminodiphenyl sulphide was prepared as follows. m-Aminodiphenyl sulphide &
(10 g.) was suspended in water (100 c.c.), and sodium hydrogen carbonate (13 g.) and then
dimethyl sulphate (16 g.) were added with constant stirring. The mixture was kept at 30° until
evolution of carbon dioxide had ceased, and then at 5§0—60° for 30—60 min. On cooling, an
oil separated (together with a small amount of a crystalline product which was neglected) and
was extracted with ether. Distillation of the dried ether extract afforded an oil, b. p. 180—
181°/5 mm. (Found : N, 6-1. C,,H, NS requires N, 6-19,).

m-Dimethylamino(thioanisole) was obtained in better yield and more easily by methylation
of m-amino(thioanisole) as above than by distillation of the quaternary iodide. The product
had b. p. 165—166°/16 mm. p-Methoxydimethylaniline, obtained by methylation of p-anisidine
as indicated above, crystallised from water in plates, m. p. 48° (in agreement with Griess,® who
obtained it by distillation of the quaternaryiodide). NN-Dimethyl-p-phenoxyanilinewasprepared
similarly from p-aminodiphenyl ether, as an oil, b. p. 193°/16 mm. (Found : N, 6-7. C,H,;ON
requires N, 6-6%,).

p-Dimethylaminobenzyl phenyl ether. A solution of p-dimethylaminobenzyl alcohol (5 g.) in
concentrated hydrochloric acid (25 c.c.) was heated for 2 hr. in a sealed tube ® at 100°, and to
the cooled reaction mixture, which contained p-dimethylaminobenzyl chloride, was added
aqueous-ethanolic sodium phenoxide (25 g. of phenol in 50 c.c. of ethyl alcohol and 60 c.c. of
aqueous 20% NaOH). The mixture was refluxed for 15 min.; after cooling, a white product
was separated. Crystallization from ligroin gave the ether as needles, m. p. 119—120° (Found :
N, 6-2. C,;H,,ON requires N, 6-2%).

p-Dimethylaminobenzyl methyl sulphide was prepared as was the preceding ether, except that
the p-dimethylaminobenzyl chloride was condensed with sodium thiomethoxide in a sealed tube.
Extraction of the solution with ether yielded an oil, which on distillation had b. p. 123°/6 mm.
(Found: N, 7-9. C,,H,;NS requires N, 7-7%). p-Dimethylaminobenzyl phenyl sulphide was
prepared similarly from p-dimethylaminobenzyl chloride and sodium thiophenoxide. It
separated in plates, m. p. 106—107°, from ethanol (Found: N, 5-9. C,;H,,NS requires N,
5:15%). p-Dimethylaminobenzyl p-nitrophenyl sulphide, prepared from p-dimethylamino-
benzy! chloride and sodium p-nitrothiophenoxide, crystallized from isopropy! alcohol in orange-
yellow plates, m. p. 136—137° (Found : N, 9-7. C,;H,,0,N,S requires N, 9:7%,). p-Dimethyl-
aminophenyl p-nitrobenzyl sulphide was prepared from a solution of dimethylaminothiophenol
(10 g.) in aqueous sodium hydroxide (3 g. in 30 c.c.) and an ethanolic solution (150 c.c.) of
p-nitrobenzyl bromide (15 g.). After the mixture had been refluxed for 15 min. a red crystalline
product separated on cooling, and crystallized from ligroin in prisms, m. p. 102—103° (Found :
N, 9-72. C,;H,,0,N,S requires N, 9-79%,).

This work has benefited from a financial contribution from the Italian *‘ Consiglio Nazionale
Ricerche.”” The authors are indebted to Prof. C. K. Ingold, F.R.S., for helpful discussion.

IsTiTuTO CHIMICA INDUSTRIALE,
UNIVERSITA DEGL!I STUDI, BOLOGNA, ITALY.
[Present address (R. P.): IsTituTo CHIMICA ORGANICA INDUSTRIALE,
UNIvERSITA STUDI, CATANIA, COoRrRSO ITALIA 21, ITALY.] [Recetved, May 9th, 1956.]

¢ Hiinig, Chem. Ber., 1952, 85, 1056.

7 Zincke and Muller, ¢bid., 1913, 48, 781.

8 Griess, ibid., 1880, 18, 249.

? As described by Barun and Kruber, Ber., 1912, 45, 2992.



