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674. Elimination-Addition. Part 11X Quinonoid Intermediates
in Reactions of ww’-Dialkylsulphonylxylenes.

By A. T. KapEr and C. J. M. STIRLING.

ww’-Diethylsulphonyl-p-xylene (II; R = Et), on treatment with sodium
ethoxide, gave the ethoxy-sulphone (IV; R = Et, X = OEt). The di-
sulphone did not react with piperidine, but on the addition of sodium
ethoxide gave the piperidino-sulphone (IV; R = Et, X = C;H;(N). The
sulphones (II; R = Ph or Bu%) and (III) behaved similarly; the formation of
quinonoid intermediates R-SO,*CHIC;H,:CH, is suggested.

Elimination occurs more slowly in the xylenes than in the open-chain
vinylogue (VIII), and deuterium-labelling experiments indicate that it is
concerted.

FORMATION of o- and p-quinonoid intermediates CHy.CgH,.CH,y * in eliminations has
frequently been suggested to account for the products of reactions with w-substituted
xylenes.24 These intermediates usually dimerise * or polymerise 2% but in a few cases
monomeric products formed by addition of electrophiles have been isolated,* and nucleo-
philic addition to the closely related o- and p-methylene-imines (I) has been observed.®
In the latter case, the dipolar structure encourages the attack of the nucleophile at the
methylene-carbon atom.

CH,-50,-R CH,X
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Elimination-addition reactions of 1,2-diarylsulphonylalkanes have been discussed in
the preceding paper,! and it was of interest to discover whether similar reactions would
occur with the vinylogous dialkylsulphonyl-p- and -o-xylene (II) and (III). ww’-Diethyl-
sulphonyl-p-xylene (II; R = Et) was readily obtained from ww’-dichloro-p-xylene and
ethanethiol, with subsequent oxidation of the bis-sulphide to the sulphone. Treatment
of the sulphone with sodium ethoxide in ethanol-pyridine at 80° gave the ethoxy-sulphone
(IV; R = Et, X = OEt) in 73%, yield. In a partial reaction, only recovered sulphone
(619,) and ethoxy-sulphone (279%,) were obtained. This sulphone was identical with the
ethanolysis product of the bromide (IV; R = Et, X = Br), obtained by treatment of the
sulphone (IV; R = Et, X = H) with N-bromosuccinimide. The position of bromine
in the bromo-sulphone was shown by conversion into the disulphone (II; R = Et).

As for 1,2-diarylsulphonylalkanes,' these observations may be accommodated by
mechanisms which involve either direct replacement of the alkylsulphonyl group by
ethoxide ion, or elimination-addition, which, in the present instance, involves the
quinonoid intermediate (V). Sulphonyl groups in simple monosulphones are replaced
only under severe conditions & and so it is improbable that direct substitution occurs. In

* Frequently termed xylylenes.
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support of this conclusion, benzyl ethyl sulphone and the sulphone (IV; R = Et, X = H)
were found to be unaffected under the conditions used. To show that the intermediate (V)
is involved, we have again used the method of carrying out reactions in the presence of
piperidine. This reagent is too weakly basic to cause elimination but is more nucleophilic
than ethoxide ion in addition to vinyl sulphones.! Thus, while piperidine in ethanol did not
react with the disulphone (II; R = Et), addition of sodium ethoxide gave a mixture of
the piperidino-sulphone (IV; R = Et, X = C;H,,)N) (65%,) and the ethoxy-sulphone
(IV; R = Et, X = OEt) (13%,). Piperidine did not react with the ethoxy-sulphone in
the absence of sodium ethoxide and we therefore consider elimination-addition via (V) to
be the mechanism. w’-Diethylsulphonyl-o-xylene (III) reacted similarly with sodium
ethoxide, to give the ethoxy-sulphone, and the ortho-analogue of (V) was presumably
involved as an intermediate.

CH —so1
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In connection with deuterium-exchange studies (below), the phenyl (II; R = Ph) and
t-butyl (II; R = But) sulphones have been prepared and both undergo similar elimination-
addition, yielding the ethoxy-sulphones. Polymeric products have not been obtained in
any of these reactions and this indicates, by analogy with the conclusions of Mann and
Stewart,2 the contribution of a dipolar structure to the intermediate (V). This polaris-
ation, due to d-orbital resonance stabilisation 7 of the carbanion by the adjacent sulphonyl
group, allows nucleophilic attack at the methylene group to compete with polymerisation.
It has been stated ® that the resonance energy of 1,2-dimethylenecyclohexadiene is
comparable with that of benzene, but elimination in the sulphones (II) and (III) is much
slower than in either 1,2-diarylsulphonylalkanes ! or the open-chain vinylogue, 1,4-diethyl-
sulphonyl-frans-but-2-ene (VIII). The latter yields a diethoxy-sulphone, presumably
(IX), on treatment with ethanolic sodium ethoxide.

In order to differentiate between concerted E2 and Elcb mechanisms ?® for the elimin-
ations, we have carried out partial reactions in deuteroethanol (EtO2H) and have examined
the recovered sulphone for contamination by deuterium which would indicate the operation
of the latter mechanism. Diethylsulphonyl-p-xylene (II; R = Et) was unsuitable as it
possesses hydrogen atoms, which are not concerned in elimination, adjacent to the
sulphonyl groups. Diphenylsulphonyl-p-xylene (II; R = Ph) reacted too rapidly under
the standard conditions for sufficient unchanged sulphone to be recoverable, but the
t-butyl sulphone (II; R = But) was readily recovered from partial reactions together
with the ethoxy-sulphone (IV; R = But, X = OEt). When reactions with this sulphone
were carried out in deuteroethanol, no deuterium incorporation was detectable by com-
parison of the infrared spectra of the recovered sulphone and the starting material. We
tentatively conclude, therefore, that elimination follows too rapidly after proton removal
to allow exchange with the solvent.

7 Cilento, Chem. Rev., 1960, 60, 147.

8 Pullman Berthier, and Pullman, Bull. Soc. chim. France, 1948, 450; Namiott, Dyatkina, and
Syrkin, Compt. rend. Acad. Sci. U.R.S.S., 1945, 48, 267.

® Cf. Skell and Hauser, J. Amer. Chem. Soc., 1945, 7, 1661.
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EXPERIMENTAL
For general directions see Part I.1

w’-Diethylsulphonyl-p-xylene.—Ethanethiol (7-43 g.), ww’-dichloro-p-xylene (10 g.), and
sodium ethoxide (8-15 g.) in ethanol (50 ml.) were refluxed together for 30 min. The mixture
was poured into water, acidified, and extracted with chloroform. Evaporation of the extracts
and distillation of the residue gave ww’-diethylthio-p-xylene (11-76 g.), b. p. 110°/0-1 mm., m. p.
31—32° (from methanol) (Found: C, 64-1; H, 7-95. C,,H,S, requires C, 63-7; H, 8-:0%).
Oxidation of the sulphide gave the disulphone (919,), m. p. 185-—186° (from ethanol) (Found:
C, 49-5; H, 6-1. C;,H,,0,S, requires C, 49-7; H, 6-3%).

Reactions of the Sulphone.—(a) With sodium ethoxide. The sulphone (2-9 g.) and sodium
ethoxide (6-8 g.) in ethanol (75 ml.) and pyridine (25 ml.) were kept at 80° for 24 hr. Distill-
ation gave w-ethoxy-w’-ethylsulphonyl-p-xylene (1-77 g., 73%), b. p. 150°/0-05 mm., m. p. 40—
41° alone or mixed with an authentic specimen (below) (Found: C, 59-5; H, 7-5. C;,H,;0,S
requires C, 59-7; H, 7-4%). When the period of heating was reduced to 15 min., recovered
sulphone (61%,) and ethoxy-compound (279%,) were obtained.

(b) With sodium ethoxide and piperidine. The preceding experiment was repeated with the
addition of piperidine (4-68 g.) to the reaction mixture. After the mixture had been kept at
80° for 24 hr., most of the solvent was remov&d and the residue was poured into water.
Extraction with benzene gave a product (2-3 g.) which, on recrystallisation from benzene-light
petroleum, gave w-ethylsulphonyl-o’-piperidino-p-xylene (1-83 g., 85%), m. p. 116—117° alone
or mixed with an authentic specimen (below). Distillation of the mother-liquors gave the
ethoxy-sulphone (0-32 g., 13%), b. p. 160°/0:2 mm., m. p. and mixed m. p. 41—42°.

The disulphone and the ethoxy-sulphone were both unaffected by treatment with piperidine
in the absence of sodium ethoxide. Benzyl ethyl sulphone and w-ethylsulphonyl-p-xylene 10
were quantitatively recovered from reactions with sodium ethoxide.

w-Bromo-w’-ethylsulphonyl-p-xylene —w-Ethylsulphonyl-p-xylene (3 g.), N-bromosuccin-
imide (4-1 g.), benzoyl peroxide (0-1 g.), and carbon tetrachloride (70 ml.) were refluxed together
for 1 hr. Removal of the solvent and extraction of the residue with benzene gave the bromo-
sulphone (2-5 g.), m. p. 134—136° (from benzene-light petroleum) (Found: C, 43-2; H, 4-75.
C,0H,3BrO,S requires C, 43-3; H, 4:7%). Treatment of the bromo-sulphone with ethanethiol
(1-25 mol.) in ethanolic sodium ethoxide (1-1 mol.) gave the crude sulphide, oxidation of which
afforded ww’-diethylsulphonyl-p-xylene, m. p. and mixed m. p. 185—186°.

w-Ethoxy-w'-ethylsulphonyl-p-xylene —The bromo-sulphone (1 g.) was refluxed for 48 hr.
with a suspension of calcium carbonate (2 g.) in ethanol (30 ml.). The mixture was poured
into water and extracted with chloroform. Distillation gave the ethoxy-sulphone (0-8 g.),
b. p. 146°/0-01 mm., m. p. 45° (Found: C, 59-6; H, 7-559,).

w-Ethylsulphonyl-o’-piperidino-p-xylene.—The bromo-sulphone (1 g.) was refluxed with
piperidine (1-53 g.) in ethanol (30 ml.) for 1 hr. Most of the solvent was removed and the
residue, after treatment with aqueous sodium carbonate, was extracted with benzene. Evapor-
ation of the extracts gave the piperidino-sulphone (0-81 g.), m. p. 105—107°, raised to 117—
118° (from benzene-light petroleum) (Found: C, 64-3; H, 7-85. C,;H,;,NO,S requires C, 64-1;
H, 8-2%).

ww’-Diethylsulphonyl-o-xylene.—The bis-sulphide, obtained from we’-dibromo-o-xylene by
the procedure used for the para-isomer, had b. p. 170°/3 mm., » 7 1-5780 (Found: C, 63-8;
H, 80%). Oxidation gave the disulphone, m. p. 130—131° (Found: C, 50-0; H, 6-4%).
Treatment of the sulphone (2-9 g.) with sodium ethoxide in ethanol-pyridine for 24 hr. at 80°
as for the para-isomer gave w-ethoxy-w’-ethylsulphonyl-o-xylene (1-83 g.), b. p. 160°/0-1 mm.,
n,1® 1-5323 (Found: C, 59-6; H, 7-49%). The residue from the distillation yielded recovered
sulphone (0-52 g.), m. p. and mixed m. p. 130—131°.

ww’-Diphenylsulphonyl-p-xylene.—Treatment of ww’-dichloro-p-xylene with thiophenol and
ethanolic sodium ethoxide as before gave the bis-sulphide (86%,), m. p. 141—142° (from ethanol)
(Found: C, 74-8; H, 545. C,H, S, requires C, 74-5; H, 5:6%). Oxidation gave the
disulphone (72%), m. p. 280° (from chloroform) (Found: C, 62-4; H, 4-9. C,H,,0,S, requires
C, 62-2; H, 4-6%).

10 Shriner, Struck, and Jorison, J. Amer. Chem. Soc., 1930, 52, 2060.
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Treatment of the sulphone (1-93 g.) with sodium ethoxide (13-6 g.) in ethanol (100 ml.) and
pyridine (100 ml.) for 24 hr. at 80° gave w-ethoxy-o’-phenylsulphonyl-p-xylene (1-32 g., 91%),
m. p. 120—125°, raised to 128° (from benzene-light petroleum) (Found: C, 66-2; H, 6-3.
C,6H,304S requires C, 66-2; H, 6-29,). The aqueous extracts yielded benzenesulphinic acid
(95%) as 4-nitrobenzyl phenyl sulphone, m. p. and mixed m. p. 208—209° (lit.,'* m. p.
208—209°).

ww’-Di-t-butylsulphonyl-p-xylene—The bis-sulphide (76%,), m. p. 90° (from benzene-light
petroleum), was obtained from ww’-dichloro-p-xylene and 2-methylpropane-2-thiol (Found:
C, 67-9; H, 9-2. C,;H,S, requires C, 68-1; H, 9-29%,). Oxidation gave the disulphone (83%),
m. p. 246—247° (from methanol) (Found: C, 55-5; H, 7-5. C,;H,,0,S, requires C, 55-5;
H, 7-5%).

Reactions of the Di-t-butyl Sulphone with Sodium Ethoxide.—(i) The sulphone (1 g.) and
sodium ethoxide (1-36 g.) in 1,2-diethoxyethane (10 ml.) and ethanol (10 ml.) were kept at 80°
for 24 hr. The usual working-up gave w-ethoxy-w’-t-butylsulphonyl-p-xylene (0-67 g., 86%),
m. p. 83° (from benzene-light petroleum) (Found: C, 62-2; H, 8-3. C,,H,,0;S requires C,
62-2; H, 8:29%). The aqueous extracts gave 2-methylpropane-2-sulphinic acid (85%) as
4-nitvobenzyl t-butyl sulphone, m. p. 178° (from benzene-light petroleum) (Found: C, 51-0;
H, 5-8. C,;H,;NO,Srequires C, 51-4; H, 5-8%,).

(ii) The sulphone (0-7 g.), in 1,2-diethoxyethane (9 ml.), was added to sodium ethoxide
(0-476 g.) in [O-2H]ethanol 12 (5 ml.). The mixture was kept at 80° for 5 min. and then was
added to a mixture of saturated brine (50 ml.) and concentrated hydrochloric acid (2 ml.). The
usual working-up gave recovered sulphone (0-56 g.), m. p. 242—245°, together with the ethoxy-
sulphone (0-059 g.), m. p. and mixed m. p. 81—82°, which was obtained by extraction of the
mixture of neutral products with cold benzene. The recovered sulphone was recrystallised to
constant m. p. from ethanol, and the infrared spectrum (109, solution in CHCl;) in the range
3000—2000 cm.™' was compared with that of the original sulphone. The Perkin—Elmer 21
infrared spectrometer was used with 1 mm. micro-cells. Although the recovered sulphone
showed a slightly reduced intensity of absorption in the 2900 cm.™! region, there was no
detectable difference in absorption in the region near 2100 cm.™ (C-D stretching).

1,4-Diethylsulphonyl-trans-but-2-ene.—1,4-Dibromo-trans-but-2-ene was converted by treat-
ment with ethanethiol and sodium ethoxide into the bis-sulphide (89%), b. p. 118°/1 mm.,
7,20 1-5256 (Found: C, 54:3; H, 89. CyH,,S, requires C, 54-5; H, 9-1%). Oxidation gave
the disulphone (67%), m. p. 104° (from ethanol) (Found: C, 40-4; H, 6-9. CgH,;O,S, requires
C, 40-1; H, 6-79,). The disulphone (1-6 g.), in N-ethanolic sodium ethoxide (67 ml.), was kept
at 20° for 15 min. The usual working-up gave 1,3-diethoxy-4-ethylsulphonylbutane (1-38 g.,
89%,), b. p. 170°/10 mm., »,'? 1-4612 (Found: C, 50-2; H, 9-0. C,,H,,0,S requires C,
50-4; H, 9-29%,).
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