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Bases convert 3-(4-substituted phenyl)-4-sulfolenes to 3-aryl-3-sulfolenes, which are sub-
sequently isomerized to 3-aryl-2-sulfolenes. The ratios of the products depend on the charac-
ter of the substituent in the phenyl ring, and electron-acceptor substituents accelerate the iso-
merization,

We have found that 3-aryl-4-sulfolenes (Ia-d), synthesized via the Friedel—Crafts reaction [1], are
converted in aqueous and alcohol solutions of bases (alkali, alkoxides, and amines) to the isomeric 3-aryl-

3-sulfolenes (Ifa-d) and 3-aryl-2-sulfolenes (Illa-d).
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Compounds Ia-c are converted to IIa-c in 0,01 M KOH at 20-40°C, and further isomerization to Illa-c oc-
curs in 0.4-1,0 MKOH, ThereactionIld — IId was carried out in 0,001-0.005 M KOH, and the reaction IId —~
IIId was carried out in 0.01-0.05 M KOH, '

It was shown by means of thin-layer chromatography (T LC) and PMR and UV spectroscopy that the
isomerization of Ia-d to IIa-d under the selected conditions is practically irreversible. In the isomeriza-
tion of 3-aryl-3-sulfolenes to the corresponding 3~aryl-2-sulfolenes an equilibrium mixture of products
is formed if X = H, NO,, whereas when X = OCH;, NH,, the equilibrium is shifted completely to favor 3-
substituted isomers HIb and IIc. The results are in agreement with the results of isomerization of 3-
methoxy-3-sulfolene [2]. '

The IR spectra of the compounds obtained in this research do not contain the C—H frequency charac-
teristic for a cis double bond [3] at 640-670 cm~! that is present in the IR speectra of starting Ia~d, and the
intensity of the frequency of the C = C bond is increased due to conjugation with an aromatic ring.

The PMR spectrum of the starting compound has the typical group of lines of a three-spin ABX sys-
tem at 2.8-4.6 ppm. a narrow doublet centered at 6.85 ppm, and a signal of protons of a phenyl ring. The
two protons of the methylene group in the 2 position and the proton attached to the carbon atom in the 3
position correspond to the ABX system. The vinyl protons attached to the carbons in the 4 and 5 positions
of the sulfolene ring unexpectedly have identical chemical shifts, This is probably associated with the effect
of the magnetic anisotropy of the phenyl ring and also with the strong electron-acceptor effect of the adja-
cent 8O, group, which leads to the anomalous chemical shifts of the protons of the vinyl system [4]. The
intensities of the signals of the protons of the sulfolene ring (2:1:2) are in agreement with their assign-

Institute of the Chemistry of Macromolecular-Weight Compounds, Academy of Sciences of the Ukrai-
nian SSR, Kiev. Translated from Khimiya Geterotsiklicheskikh Soedinenii, No. 8, pp. 1072-1077, August,
1975, Original article submitted August 29, 1974,

®1976 Plenum Publishing Corporation, 227 West 17th Street, New York, N.Y. 10011. No part of this publication may be reproduced,
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming,
recording or otherwise, without written permission of the publisher. A copy of this article is available from the publisher for $15.00.

935



TABLE 1. Arylsulfolenes

Com- | Empirical ~ |___ Found, %~
pound | X Y mp, °C R+ | formula lc'umin|s
Ia [H 84—851
Ib {OCH; | 3-Sulfolen-4-y1| 118—119!
IC INH, 157—168 0,16 CioHiINO,S 57,31 5.2 | 6,7 | 15,1
1d {NO; 145—146 025 | CiHeNO,S 504139 162|134
1la [H . 132—133 0,47 | CyoH160:8 61,5 5,2 16,6
IIb |OCH, | 3-Sulfolen-3-yl| 130—131 | 0,37 | €;H;50:8 58,81 5,6 14,2
11€ |NH; 1 75176 0,13 CyoH;NO,S 57,81 5,4 6.3 | 153
I'd NGO, 195-—196 0,,28 CoHeNO,S 50,4 3.9 6,1 13.5
Itla |H 171172 0,3 CoH10:S 61,7/ 53 16.4
11k OCH; 3-Su1folen-2-y— 148— 149 0.16 CyHi3058 58,71 &7 14.3
IIIC |NH: 224205 0,10 CioHnNG,S 57.1153 153
v |H 4-(3-Butylthio)-| 9596 0,60 | CisHxn0,S, 5931 7.4 (6,2 | 225
suifolanyl.
Vv |H 4~(3-sulfolanyi-| 380 dec, — CioH,1105S:2Na | 4021 3,6 21.5
sulfatosodium)

ment. The signals of the protons of the sulfolene ring in the spectra of isomers Ila and Iila in one case
are in the form of a quintet, quartet, and multiplet centered at 3.97, 4.17, and 6.50 ppm, respectively, with
a relative intensity of 2 :2 :1, and in the other case are in the form of twe narrow peaks at 3.34 and 7.13
ppm with a relative intensity of 4:1.

An appreciable shift of one of the absorption bands of the phenyl ring {o the longwave region when it )
is conjugated with a double bond [5] is observed in the UV spectra of the isomeric sulfolenes (Table 1).
The differences inthe UV spectra of the isomeric arylsulfolenes were used for a study of the kinetics of
migration of the double bond in the sulfolene ring. The kinetics of the base-catalyzed isomerization of 3-
sulfolenes and 3-methyl-3-sulfolenes to 2-sulfolene and 3-methyl-2-sulfolene have been described [6, 7].
No kinetie data on the isomerization of 3-substituted-4-sulfolenes are available.

The isomerization was accomplished in a 10% solution of dioxane in water under pseudomonomolecular
conditions (100 : 1 excess of KOH). The rate of isomerization is described by the equation

dx _
o =k{AC][KOH].

The k,, E, and AS* values found from the temperature dependence of k, are presented in Table 2, The fact
that a linear relationship exists between AH = Egxp— RT and TAS~ in the isomerization of 3-aryl-3-sul-
folenes to the corresponding 3-aryl-2-sulfolenes with a slope of almost unity indicates the mutual compen-
sation of the changes in the heats and entropies of activation. Under these conditions, the activation param-
eters found cannot serve for the evaluation of the mechanism of the reaction under investigation.

A comparison of the k, values in the isomerization of 3-phenyl-4-sulfolene and 3-phenyl-2-sulfolene
to 3-phenyl-3-sulfolene (Ia — IIa and Illa — IIa) shows that the rate of the first reaction is higher by a
factor of 300 than that of the second and higher by a factor of almost two orders of magnitude than the rate
of migration of the double bond from the 3 position to the 2 position (Ila = IIla), The Ia — IIla conversion
has a lower activation energy. The high value of the equilibrium constant of the reaction IIa = Illa as com-

TABLE 2. Results of Isomerization of 3-Aryl-4-sulfolenes

Reaction I Ky 10%, liter - mole™! sec-l | F, keal- I as”,
; 200 ; - l e r mole i eu

ja —ila 26.2 62,1 156 s 16,29 —12,29

Ib -1Ib — 31,39 —

e —Ilc ~— 9,6 -—

14 —1Id 896 2590 7940 19,80 +6,70
Ifa —1ila 0,25 0,846 2,08 19,24 .—-1L12
I1ia - 11a 0,075 0,276 0,636 19,39 —12,88
11 - HIb 0,52 L2 2,65 14,85 - 14,84
11 e Hlc 0.347 1,001 2,70 18,59 —12.90

936



Cale.. % UV spectrum, PMR spectrum, chemical { vield
A ) A Yield,
c ! H N s w» om (& shifts, &, ppm, in (CD3%CO | %
- - CGHS 2-H2 3‘H 4'H 5'H
730 | 300 | 445 | 685 | 6.85
3.70
-~ %
574 | 53 | 66 | 183 | — — 70
502 | 38 | 59 | 134 | 260 (4300=100) .
61,8 | 52 165 | 251 (18300:500) |CoH; | 2-He | 4-H |  5H,
257  (2600300) 7,30 | 3.97 | 6.30 417 4,17 96
267 (6200:+300) 3.97 98
58.6 57 14.2 260 (14500 300)
57.4 53 6.6 15.3 306 (8300=100) 99
50.2 3.8 59 13.4 260 (11000 300) 99
61,8 5.2 16.5 257 (5900 100) CeHs 2-H 2-H 3-Ha 50
730 | 713 | 334 3.34
586 | 57 142 | 267 (18200+500) | 99
574 | 53 | 66 | 153 | 280 (18400+500) 3
59,1 7.8 22.8 340 (7000+200) 80
403 3.7 215 l 23

pared with the isomerization of 3-sulfolene to 2-sulfolene [7] is probably responsible for the increased
stability of Illa as compared with 2-sulfolene. In the series of arylsulfolenes Ia-d the change in the k,
value satisfies the Hammett equation with oP substituent constants [8]:

Ig £=0.0621+2.457 o?

with correlation coefficient r = 0.995 and computational error S = 0.092. The positive p value constitutes
evidence for aceceleration of the reaction by electron-acceptor substituents in the para position of the phenyl
ring and retardation by electron-donor substituents.

During the investigation of the reactions Ia — IIa and Ila = MlIa in D,O with NaOD we found that ex-
change of the vinyl protons in the 2 and 5 positions by deuterium, as in [9], precedes migration of the double
bond in Ia and Ifa. This can be judged from the decrease in the intensity and the conversion of the signal
of the vinyl proyons at 6.85 ppm in the spectrum of Ia to a singlet with retention of the original form and
intensity of the signals of the remaining protons. The signal of the vinyl proton at 7,13 ppm in the spec-
trum of ITla vanishes, and the form of this signal at 3.34 ppm changes because of exchange of the proton by
deuterium in the 2 and 5 positions prior to the appearance ofthe signal of the vinyl proton of isomer IIa.

The addition. of NaOD to a solution of Ila in D,O leads to exchange of only the allyl protons in the 2 and 5
positions of the sulfolene ring, as may be judged from the disappearance in the PMR spectrum of the sig-

TABLE 3. Results of the Isomerization of 3-Phenyl-3-sulfolene

CRope= f Ky, Mter. g, liter.
KOH | k?}zsk_l K ky, sec=t kg, see=l ggcc)lel"' ' mole~1-sect
20
0.799 2,50-10~4 | 3,27 1,91-10-* | 5,85-10-5 2,39-10—* 7,32-10-3
0.872 241104 3,38 1.86-10-* | 550-10-5 2.41-10-4 7.12-10-%
0.998 3.58- 104 3.40 2.76-10-% | 8.13-10-% 2.70-10-4 8.14-10-5
i335 2.50- 10—+ 7.52-107%
30°
0,152 1,79-10-4 2,92 1,33-10—* | 4,57-10-5 8.76- 10—+ 3,01-10-*
0.568 3,16-10-4 3.4 3,99-10~¢ | 1,16-1G—* 7.03- 10— 2.04-10—
0.779 1-10-2 2,974 7.48-10-* | 2.58-10* 9.60-10-* 3,23. 10
311 8.46-10—* 2.76-10~*
49“
0520 | 141-16-2 | 348 1,0i8-10-3 | 3,14-10~* 2,00-10-3 | 6,04-10-*
0,635 1.37-10-32 3,34 1,051-10-2 | 3.24.10—* 1,65-10-2 3.0 10
0,779 2,67-10-8 3,33 2,05-10-% 6.2-10- 2.57-10-2 7.96-10—4
3,36 2,08-10-3 6.36- 10—+
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nals at 3.97 and 4.17 ppm and conversion of the signal of the vinyl proton in the 4 position (6.5 ppm) to a
singlet because of the absence of splitting in the protons of the methylene group in the 5 position.

The results can be explained by isomerization via the scheme

OO = | 5O — o
s 's

o# o L oo . 0

( i X — X

A i o No
The 1t sulfonyl group promotes the formation of an o -carbanion [7], whereas the tendency toward
T zation of the double bond with the aromatic ring promotes migration of the double bond; the 7— =
conj is possible facilitated by the carbanion formed and is realized through a mesomeric carbanion,
the tion of which in the 2 position leads to 3-aryl-3-sulfolene, The migration of the double bond
fror position to the 2 position has been previously described {2, 6]. Products of addition to the double

bond of the sulfolene ring were isolated from the reaction of Ia with NaHSO, and C,H,SH in the presence of
C4HSSN3..

EXPERIMENTAL METHOD

Column chromatography and thin-layer ehromatography(TLC) on a loose layer of activity IT Al,O,
(elution with ether and chloroform) were used for the separation and evaluation of the individuality of the
compounds, The chromatograms were developed in iodine vapor.

The IR spectra of KBr pellets of the compounds were recorded with a UR-20 spectrometer. The UV
spectra were recorded with an SF-16 spectrophotometer. The PMR spectra of solutions of the compounds
in (CD,),CO with and without NaOD were recorded with a Varian-60A spectrometer with hexamethyl disi-
loxane as the internal standard.

3-Aryl-4-sulfolenes Ia, Ib, and Id were previously obtained in [1].

3-(4-Aminophenyl)-4-sulfolene (Ie, Table 1). A mixture of 4.8 g (0.02 meole) of Id, 2.4 g of tin metal,
and 30 m! of HC! was heated to 60° and stirred until Id dissolved, The solution was then neufralized with
alkali solution to pH 7.5-8 and extraected with boiling benzene. The benzene was evaporated, and the re-
sidue was crystallized from methanel to give 3.8 g of Ic.

3—Phenjr1—-3-—su1‘-folene (Ila, Table 1), A 1.96-g (0.01 mole) sample of Ia was dissolved in a mixture
of 5 ml of butylamine and I ml of water, and the mixture was stirred at room temperafture for 2 h, The
resulting precipitate was removed by filtration and recrystallized from methanol to give 1.9 g of IIa.

3-Aryl-3-sulfolene (ITb-d, Table 1). These compounds were obtained by the method used to prepare

IIa.

3-Phenyl-2-sulfolene (IIIa, Table 1). A solution of 1.96 g (0.01 mole) of Ia in 16 ml of dioxane was
stirred with 10 ml of 1 M KOH at 50° for 2 h, after which it was cooled to room temperature, and the re-
sulting precipitate was removed by filtration and separated with a column (20 mm in dlameter and 400 mm
high) filled with Al,0; to give 0.9 g of Ifa and 0.95 g of IIla,

3-Aryl-2-sulfolenes (fiib, ¢ Table 1), These compounds were obtained by the methods used to pre-
pare IIla.

Sodium 3-Phenylsulfolane-4-sulfonate (V, Téble 1). A 2-g sample of Ia was refluxed in 10 ml of a
40% solution of sodium bisulfite for 1 h, after whlch the precipitate was removed by filtration and crystal-
lized from water to give 2,9 g of V.,

3-Butylthiophenylsulfolane (IV, Table I). A 0.4-g sample of sodium and 0.9 g of n-butanethiol were
dissolved in 5 ml of methanol, and 2 g of Ia was added fo the resulting solution of sodium butylthiolate.
The mixture was stirred at 0° for 2 h, after which it was neutralized with HCI and vacuum evaporated,
The residue was crystallized from methanol to give 2.5 g of IV.
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Isomerization; Kinetic Measurements. The kinetic experiments were carried out in the thermostated
cuvette of an SF-16 spectrophotometer (with an accuracy of + 7,29, The solutions of the starting compounds
in dioxane (~4 -10~* M) and of KOH in water (0.01-0.1 M) were thermostated prior to mixing., The time at
which the solutions were mixed was taken as the start of the reaction, and the change in the optical density
of the solution at a selected wavelength was measured at definite time intervals up to D, at which point
the optical density of the solution remained practically constant with time, The D_, values observed for Ia-
d and IIb, c in the experiments coincided with the values calculated from the molar extinction coefficients
(e) of the corresponding isomers and the starting concentration of the compounds, and this indicated prac-
“tically 100% conversion and was in agreement with the results of monitoring of the reaction by TLC. The
€ values at the working wavelengths (A) are presented in Table 1.

In the case of the isomerization of Ila to IIIa the optical densities attwo wavelengths were determined,
inasmuch as the absorption curves of the two isomers are superimposed on one another over the entire
spectrum; their concentrations were calculated from the following formulas [5]:

h D,
Elllas, -7 elar, 7

Cl la= y
Ellaj, " Elllas, ™ Eillap,” Ellak,

. WD
Sifar, = T Eliah, ras

Cll {a ==
1lap, " Elllar, ~ ®Ilaz,” Sllai,

The rate constant for the isomerizations ia-d — Ila-d and IIb, ¢ — IIIb, ¢ were found from the equation for
a unidirectional first-order reaction:

In =k:0bs: -t,

Do —~Dy
where T is the optical density of the solution at time t.

The equilibrium constant and the sum of the rate constants of the forward and reverse reactions were
calculated for the reversible reaction IIa = IIla [10].

C 1 c
G S S
Co—Ceq ! Ceq-Cl
and the following values were found:
K kytkoy
Ry= ki+k ), B = .
1 1+K ( 1 1) 1

where Cy, Cy, and Cg, are the concentrations of the substance at the start of the reaction, at time t, and
in the equilibrium statc,

The experiments were repeatednoless than three times, and the data were averaged. The results
of the kinetic measurements are presented in Tables 2 and 3.
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