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ISOMERIZATION OF y-KETO VINYL SULFIDE,
SULFOXIDE, SULFONE

NAOMICHI FURUKAWA, MITSUO FUKUMURA, TAKEHIKO NISHIO and
SHIGERU OAE

Department of Chemistry, University of Tsukuba, Sakura-mura, Niihari-gun, Ibaraki 300-31,
Japan

(Received May 15, 1978)

y-Keto vinyl sulfides(la—d and Ile,f), sulfoxides (IIla~d) and sulfones(Va—c) were prepared and their behavior under UV-
irradiation or thermal treatments were examined by nmr. Upon uv irradiation, a few y-keto vinyl sulfides(Ia—d), having E
forms were found to be isomerized to the corresponding Z-forms, while those of Z-form were transformed to the E-form

when they were treated at elevated temperatures.

INTRODUCTION

Photochemical reactions of a few y-keto vinyl
sulfides, sulfoxides and sulfones have been reported.
However, the examples cited in the literature are
limited to the cyclic compounds~* and photo-
chemical reactions of acyclic analogues have received
very little attention.

Recently, we found that photolysis of a few y-keto
vinyl amines or ethers having at least one methyl or
methylene group attached to nitrogen or oxygen
atom afforded the corresponding pyrrole or furan
derivatives.*® These reactions are shown in the
following Scheme 1.

/
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SCHEME 1

In order to extend this reaction to the sulfur
analogues, expecting to see photochemical thiophene
ring formation, we photolyzed a few y-keto vinyl
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sulfides, sulfoxides and sulfones. However, contrary
to our expectation these compounds did not give the
corresponding thiophene derivative; instead the
photochemical Z-E isomerization was observed.
Therefore, in order to explore the scope of this
photochemical isomerization of keto vinyl sulfur
compound, several derivatives of y-keto vinyl sul-
fides, suifoxides and sulfones were prepared and
subjected to both photochemical and thermal
isomerization.

This paper describes the results obtained in the
photochemical and thermal E-Z isomerizations of
these y-keto vinyl sulfides, sulfoxides and sulfones.

RESULTS AND DISCUSSION

Preparation of y-Keto Vinyl Sulfides, Sulfoxides
and Sulfones

y-Keto vinyi sulfides were prepared according to the
following two methods: first the acid-catalyzed
condensation of benzoylacetone and mercaptans
(Method A);® and second the nucleophilic addition
of thiolate anion to benzoylacetylene (Method B),’
as shown below.

TsOH
Method A. _—

PhCOCH,COCH, + RSH
PhCOCH=C(CH,)SR

R =Et, Pr
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MeONa
Method B. PhCOC=CH +RSH ——

PhCOCH=CHSR
R =Et, Pr, Ph, PhCH,

Under the reaction conditions of both A and B, the
y-keto vinyl sulfides(Ia—d, Ile,f) formed are a single
stereoisomer, namely the E- or the Z-isomer. The
structure of Ia or Ib obtained by method A was
assigned as the E-form by comparison of the uv, ir
and nmr spectra with those of the Z-isomer.
However, the stereochemistry of the formation of
the y-keto vinyl sulfides by method B is not simple
and appears to depend on the structure of the thiol
employed in the reaction. Generally, addition of
nucleophiles to acetylene is considered to proceed

0] 1 2
R! R R
Ph a Me Et
b Me Prt
2
H SR ¢ H Et
E-form (I) d H Prt

0o
IS K Y
P a H Et
b H S—R? b H Prn
i ¢ H Ph
0
E-form (III)
D
; a H Et
Py NsRz b H Ph
/\ ¢ H CHPh
0O O
E-form (V)

hv
I(a—d) —

preferentially with trans geometry. Thus, the ad-
dition of thiophenol or benzyl mercaptan gave
normally (Z)-y-keto vinyl sulfide i.e., Ile or IIf,
whereas either ethyl or propyl mercaptan gave only
(E)-y-keto vinyl sulfide. The structures of these
olefinic products may be assigned by the usual
spectroscopic analysis and by their behavior toward
uv-irradiation; namely, the olefin Ile or IIf does not
isomerize to Ie or If, whereas Ic or Id isomerizes by
uv-irradiation to Ilc or IId, which is readily con-
verted back to Ic or Id at room temperature in the
nmr tube. Therefore, although IIc or I1Id was formed
initially, the Z-isomer IIc or IId appears to be
thermally unstable and underwent facile isomer-
ization to the E-isomer during the isolation.

y-Keto vinyl sulfoxides were prepared by oxi-

Q S___RZ R! Rz
Ph a Me Et
b Me Pro
H R ¢ H Et
Z-form (II d H Pr?
orm (ID e H Ph
f H CH,Ph
(¢}
o) 1
Ph a H Et
H R! b H Pr?
¢ H Ph
Z-form (IV) d H CH,Ph
0O O
0 \S/lRZ R! R?
Ph a H Et
R! b H Ph
H ¢ H CH,Ph
Z-form (VI)
II (a—d)

hy
Il(ac¢) ——= 1V (a—x)
Aor HY

V (a) <h_—v—z VI (a)
A

SCHEME 2
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sulfones were obtained by treatment with H,0,. The
detailed structural assignments of the respective E or
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Z forms are described in the following section.

193

The products thus obtained either by synthetic
methods or by photochemical transformation are
shown in Scheme 2 and their properties are
summarized in Table I. The nmr data of the

compounds are summarized in Tables II, III and IV.

TABLE 1

Physical properties of (E)- or (Z)-y-ketovinylsulfides, sulfoxides, sulfones

]
R! R? Yield (%) bp Em():/(goé? oy max (ecm™) A nf:)?glm) Elementary analysis (%)
Ia Me Et 42.7 125/1 1645 251 (=086 x 10 C,,H,0S: C H
320(e=23 x 109 Calcd. 69.9 6.84
Found 69.9 6.87
HE] Me Et 76.7 (C¢Hg, 100 h)* 77.5-78.5 1620 215 (6=0.93 x 10%
62.5 (EtOH, 100 h) 254 (¢ =0.70 x 10%) —
332 (e=150x 10%
b Me Prm 52.5 130/1 1645 252 (=099 x 109 C;H,0S: C H
(1650)° 320(c =24 x 10% Calcd. 7087 7.33
Found 7087 7.27
1Ib Me Pr® 70.0 (C¢H,, 100 h)? 63.0-64.0 1620 214 (e= 1.1 x 10%
(1630b) 253 (¢=0.83 x 10% —
1645 333(e=19 x 10%
Ic H LIt 70.4 146-1/3 1640 — —
(lit.” 125-6/0.5)
Id H Pro 47.0 170-1/2 1638 — C,,H,0S8: C H
Calcd. 69.86 6.84
Found 69.59 6.68
Ile H Ph 520 79.0-80.0 1630 — —_
(lit.® 80-81)
If H CH,Ph 44.6 61.5-62.5 1620 — C,H,,0S8: C H
Calcd. 75.56 5.55
Found 75.53 5.55
IMa H Et 95.5 65.5-66.5 1660 — C,,H,,0,8: C H
1060 Calcd. 6344 581
Found 63.46 571
m» H P 95.2 79.5-80.5 1655 210(e=09 x 10 C,,H,0,S: C H
1065 228 (sh) Caled. 64.84 635
271 (e = 1.01 x 10% Found 64.79 6.31
IVb H P 50.3 (C4Hg, 3 h)? liquid 1650 210 (¢ =095 x 10%)
58.2 (C;H,, 20 h) 1065 228 (¢=0.79 x 10%) —
9.0 (MeOH, 5 h) 269 (£ =0.85 x 10%
IVe H Ph 70.0 93.0-94.0 1659 C,H,,0,8: C H
1042 — Caled. 70.29  4.72
Found / 7029 472
Ivdi H CH,Ph 64.1 85.0-86.0 1640 C,6H,,0,8: C H
1050 — Calced. 7109 522
Found 71.04 5.18
Vaa H Et 55.8 115-116 1670, 1340 205 (¢ = 1.21 x 109 C,;H,,0,S: C H
1310, 1140 221 (¢ = 1.04 x 10%) Caled. 5891 5.39
267 (e=0.92 x 10% Found 59.08 5.55
Via H Et 70.1 (C¢H,, 20 h)? 96.0-97.0 1665, 1345 205 (e = 1.23 x 10%) —
1305, 1120 254 (¢=0.95 x 10%
Vib H Ph 59.0 145-146 1675, 1340 — —
(lit.* 146-147) 1310
Vic H CH,Ph 62.0 138.0-138.5 1670 C,H,,0,S8: C H
1340 —_ Calcd. 67.11 493
1310 Found 67.17 493

2 Irradiation solvent and time in the parentheses.
® Measured in CCl, solution.
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TABLE II
Nmr Data of y-ketovinylsulfides (I and II)
R! R? Solvent E-form (I) Z-form (II)

a Me Et CDCl,  1.37(t,3 H), 2.50 (s, 3 H), 2.91 (q, 2 H), 6.63 1.31 (t, 3 H), 2.36 (s, 3 H), 2.89 (g, 2 H), 6.92
(s, 1 H), 7.30-7.65 (m, 3 H), 7.75-8.10 (s, 1 H), 7.30--7.60 (m, 3 H), 7.80-8.01
(m, 2 H) (m, 2 H)

b Me Pr CDCl,  1.05(t, 3 H), 1.50~2.00 (m, 2 H), 2.46 (s, 3 H), 1.09 (t, 3 H), 1.40-2.05 (m, 2 H),2.40 (s, 3 H),
2.93 (t, 2 H), 6.50 (s, 1 H), 7.25-7.55 (m, 3 H), 2.87 (t, 2 H), 6.95 (s, 1 H), 7.20-7.65 (m, 3 H),
7.65-8.00 (m, 2 H) 7.80~8.10 (m, 2 H)

¢ H Et CDCl, 1.40(t,3H),2.92(q, 2 H),6.87(d, 1 H, 15 Hz), 1.38 (1,3 H), 2.93 (q, 2 H), 7.03 (d, 1 H, 8.5 Hz),
7.92(d, 1 H, 15 Hz), 7.30-7.60 (m, 3 H), 6.80-7.45 (m, 4 H), 7.75~8.10 (m, 2 H)
7.80--8.10 (m, 2 H)

d H Pr” CDCl, 1.00 (t, 3 H), 1.30-2.03 (m, 2 H), 2.80 (t, 2 H), 1.00 (t, 3 H), 1.30-2.03 (m, 2 H), 2.07 (t, 2 H),
6.90 (d, 1 H, 15 Hz), 7.17-7.53 (m, 3 H), 7.17 (d, 1 H, 10 Hz), 7.19-7.53 (m, 3 H),
7.77-8.03 (m, 2 H) 7.77-8.03 (m, 2 H)

e H Ph CDCl, —_— 7.10 (d, 1 H, 9.0 Hz), 7.25-7.60 (m, 9 H),

7.87-8.07 (m, 2 H)
f H CH,Ph  CDCl, — 3.93(s,2 H),6.97 (d, 1 H, 10 Hz), 7.23-7.63

(m, 9 H), 7.77-793 (m, 2 H)

TMS was used as the internal standard in CDCl,.

TABLE III
Nmr data of p-ketovinylsulfoxides (111 and IV)
R! R? Solvent E-form (I1) Z-form (IV)
a H Et CDCl, 1.37(t, 3 H),2.47-3.26 (m, 2 H), 7.37-7.77 —
(m, 5 H), 7.93-8.10 (m, 3 H)
b H Pr? CDCl, 1.10 (¢, 3 H), 1.86-2.39 (m, 2 H), 2.87 (t, 2 H), 1.10 (t, 3 H), 1.50-2.17 (m, 2 H), 2.92 (t, 2 H),
7.33-7.77 {m, 5 H), 7.93-8.13 {m, 2 H) 7.33-7.77 {m, 5 H), 7.93-8.13 (m, 2 H)
c H Ph CDCl, 7.03-7.60 (m, 10 H), 7.87-8.03 (m, 2 H) 6.95 (d, 1 H, 10 Hz), 7.30-7.77 (m, 7 H),
7.97-8.10 (m, 4 H)
d H CH,Ph  CDCI, —_— 4.30 (s, 2 H), 6.87 (d, 1 H, 10 Hz), 7.30-7.70
(m, 9 H), 7.93-8.10 (m, 2 H)
TABLE 1V
Nmr data of p-ketovinylsulfones (V and VI)
R! R? Solvent E-form (V) Z-form (V1)
a H Et CDCl, 1.37 (t,3 H), 3.13 (q, 2 H),7.18-7.77 (m, 5 H), 1.37 (t,3H), 3.12(q, 2 H), 6.50 (d, 1 H, 11 Hz),
' 7.87-8.07(m,2 H) 7.20 (4, 1 H, 11 Hz), 7.37-7.60 {m. 3 H)
b H Ph CDCl,  7.33-7.53 (m, 8 H), 7.87-8.17 (m, 4 H) 6.83 (d, 1 H, 10 Hz), 7.33-7.70 (m, 7 H),
7.87-8.17 (m, 4 H)
c H CH,Ph CDCl, 7.13-7.60 (m, 8 H), 7.70-7.97 (m, 4 H) 4.43 (s,2 H), 6.47 (d, 1 H, 12 Hz), 7.13
(d, 1 H, 12 Hz), 7.40-7.60 (m, 8 H), 7.77-1.97
{m, 2 H)
Isomerization . of y-Keto vinyl Sulfides, Sulfoxides through a Pyrex filter in an argon atmosphere for
and Sulfones 100 h, the ratio of (E):(Z)-isomer (Ia):(Ila) was
23.3:76.7 (in C,H,) and 37.5:62.5 (in EtOH) %
As a typical run, when (E)-3-ethylthio-1-phenyl-2- yields, respectively. The uv spectrum of Ia has an
buten-1-one (Ia) was irradiated in benzene or absorption maximum at 320 nm (¢ = 2.3 x 10%),

methanol with a high pressure mercury lamp whereas that of 1la appears at 332 nm (¢ = 1.5 x
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10*). The ir absorption band due to the carbonyl
stretching frequency of Ia appears at 1645 cm™,
and that of Ila is found at 1620 cm™, respectively.
These uv and ir data seem to indicate clearly that
there is a definite interaction between the carbonyl
group and divalent sulfur atom in the Z-isomer
resulting in the ir stretching of the carbonyl band
and a shorter wave length shift of its uv spectrum as
shown below.?

o—
5+ (”)
e TRy .
RS c-ph R-5 C—Ph
T PR
CH; 'H CH, H
(A (aorlb)  (B)

SCHEME 3

The nmr spectra of Ia showed a singlet at §6.63
ppm(1H) in CDCI,, attributed to the olefinic proton,
whereas that of the Ila appeared at §6.92 ppm(1H).
These nmr observations were in good agreement
with the generally accepted phenomena of the E-Z
relationship which is observed in f-substituted a,f-
unsaturated ketones.*~!! These spectroscopic
analyses suggest that Ia and Ila have E(la)- and
Z(ITa)-forms, respectively. An analogous photo-
chemical treatment of Ib afforded IIb without any
decomposition of Ib. However, when either Z-
form (Ila) or Z-form (IIb) was heated in benzene at
60°C for 5 h, thé Z-E-isomerization took place
affording the E-isomer (Ia) or (Ib) quantitatively.
Similarly, upon irradiation, the (E)-y-keto vinyl sul-
fide (Ic) or (Id) isomerized to the Z-isomer (IIc) or
(Ild), which was converted back to the corres-
ponding (E)-isomer upon keeping it in benzene or
methanol even at room temperature. Therefore,
isolation of the pure Iic or IId was unsuccessful and
hence the E-Z isomerization was followed by the
change of their nmr spectra. However, the (Z)-y-
keto vinyl sulfide (Ile or IIf), which was prepared by
the known method (Method B), was not converted
to the corresponding isomer (Ie or If) upon UV-
irradiation.

The (E)-y-keto vinyl sulfoxide (Illc), which was
obtained by treatment of (IVc) with acid, isomerized
to the (Z)-isomer (IVc) upon irradiation. Further-
more, upon irradiation of (E)-y-keto vinyl sulfoxide
(IlTa) or (IIIb), a mixture of (E) and (Z) isomers
(Illa and IVa) or (IITb and IVb) was obtained in a
ratio of 2:5 or 1:2, respectively. Although these

(Z)-compounds (IVa or TVb) were not isolated, their
formation was confirmed by their nmr patterns (see
Table III), since the (Z)-isomer (IVa) or (IVb),
which was photochemically produced was not stable
enough to be isolated but converted back to the (Z)-
isomer on standing at room temperature. Uv
irradiation of the (E)-y-keto vinyl sulfone (Va) in
benzene at room temperature for 20 h also gave the
(Z)-isomer (VIa) in 70.1% yield. Thus the photo-
lyses of the p-keto vinyl sulfides, sulfoxides and
sulfone are quite different from those of the similar
keto vinyl amines and ethers; i.e., no ring formation
is observed but isomerization takes place. The
different behavior of the sulfur compounds may be
due to the longer sulfur—carbon bond as compared
to those of the nitrogen—carbon or oxygen—carbon
bonds, suggesting that the stereoelectronic require-
ments for the hydrogen-abstraction step is not
favored for the formation of a thiophene ring.'?

EXPERIMENTAL

Preparation of y-keto Vinyl Sulfides

Method A A mixture of benzoylacetone (5g), ethylmercaptan
(3g) and p-toluenesulfonic acid (0.5g) in benzene (50 ml) was
refluxed for 5 h and then water was removed by a Dean Stark
separator during the reaction. The benzene solution was washed
with water, dried over MgSO,, and distilled in vacuo and the
residual oil was distilled to give (E)-3-ethyithio-1-phenyi-2-
buten-1-one(la) (2.37 g, 43.2%), bp 125°C/1 mm Hg. (E)-3-
Propylthio-1-phenyl-2-butene-1-one (1b) was prepared simi-
larly, bp 130°C/1 mm Hg.

Method B To a mixture of benzoylacetylene (10 g) and a
catalytic amount of sodium methoxide in ether (30 ml), a
solution of ethyl mercaptan (5 g) in ether (20 ml) was added
dropwise with vigorous stirring and cooling in an ice bath. After
addition of the mercaptan, the mixture was stirred for 1 h at
room temperature. The solvent was distilled in vacuo. The
residual crude product was distilled in vacuo to give pure (E)-3-
ethylthio- I-phenyl-2-propen-1-one(Ic) (10.4 g, 70.4%), b.p.
146-7°C/3 mm Hg.” Other y-keto vinyl sulfides(Id, Ile, ) were
prepared similarly. The sulfide (Id) was an oil and was purified
by distillation, bp 170-1°C/2 mm Hg, but Ife and IIf were
crystalline and were recrystallized from ethyl acetate-hexane,
mp (Ile), 79-80°C (lit.® 80-1°C), IIf, 61.5-2.5°C.

Preparation of y-keto vinyl sulfoxides

(E)-3-Ethylsulfinyl-1-phenyl-2-propen-1-one(Illa) To a solu-
tion of Ic(3g) in isopropyl alcohol (30 mi), 91.3% aqueous
methanol solution of NalO,(54 mi)!* was added dropwise with
stirring at room temperature. Then the mixture was stirred for
24 h at room temperature.!* The reaction mixture was then
extracted with chloroform. The extract was dried over MgSO,
and the solvent was removed in vacuo. The solid residue was
recrystallized from ethyl acetate-hexane affording pure sulfox-
ide(I1Ia) (3.1 g, 95.5%), mp 65.5-6.5°C.
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(E)-3-Propylsulfinyl-1-phenyl-2-propen-1-one(IIIb) was pre-
pared similarly, mp 79.5-80.5°C.

(Z)-3-Phenylsulfinyl-1-phenyl-2-propen-1-one(IV) To a solu-
tion of Ile (2.5 g) in chloroform (50 ml), a solution of m-
chloroperbenzoic acid (3.2 g) in chloroform (50 ml) was added
slowly. The solution was stirred at room temperatre for 24 h.
The reaction mixture was then filtered to remove m-
chlorobenzoic acid. The filtrate was washed twice with 100 ml
of 5% aqueous Na,CO,, dried over MgSO, and the solvent was
removed in vacuo to afford the sulfoxide (IVc). The crude
sulfoxide was purified by column chromatography on silica gel
and eluted with chloroform to afford pure IVc (1.73 g, 70.0%),
mp 934°C.

(Z)-3-Benzylsulfinyl-1-phenyl-2-propen-1-one(I¥) To a solu-
tion of IIf (2.7 g) in acetonitrile (30 mi), a solution of NalIO,
(6.3 g) in acetonitrile (60 ml) was added slowly.’® Then the
solution was stirred at room temperature for 24 h. The precipi-
tates were filtered and the filtrate was extracted twice with 50 ml
portions of chloroform. The chioroform extract was dried over
MgSO0,. The crude sulfoxide (IV), obtained after the solvent was
removed in vacuo was chromatographed (silica gel-chloroform)
to afford pure IVd (1.36 g, 64.3%), mp 85—6°C.

Preparation of y-keto Vinyl Sulfone

(E)-3-Ethylsulfonyl-1-phenyl-2-propen-1-one(Ve) To a solu-
tion of Ic (2g) in acetic acid (30 ml), a solution containing
excess 35% H,0,'® was added dropwise with stirring at 40—
50°C and then kept for 24 h. Then the reaction mixture was
extracted with chloroform. The extract was washed with 5%
aqueous NaHCO, and dried over MgSO,. The crude product
obtained upon removal of the solvent in vacuo was purified by
recrystallization from ethyl acetate-hexane to afford Va (1.3 g,
55.8%), mp 115-6°C.

(Z)-3-Phenylsulfonyl-1-phenyl-2-propen-1-one(VIa) To a sol-
ution of Ile (1.0 g) in chloroform (30 ml), pulverized m-
chloroperbenzoic acid (2.5 g) was added portionwise with
stirring at room temperature. The solution was kept stirring for
3 days at room temperature. Then the precipitates were filtered.
The filtrate was washed twice with 5% aqueous NaHCO, and
dried over MgSO,. After solvent was removed in vacuo, the
crude sulfone was recrystallized from ethyl acetate-hexane to
afford pure VIb (0.67 g, 59%), mp 145-6°C (lit.°> 146-7°C).

(Z)-3-Benzylsulfonyl-1-phenyl-2-propen-1-one(VIc) was pre-
pared similarly, mp 93—4°C.

A typical run of the uv-irradiation of the sulfide A solution of
(E)-form (Ia) (300 mg) in benzene (30 ml) or methanol (30 ml)
was irradiated with a high pressure mercury lamp with a Pyrex
filter under an argon atmosphere at room temperature for 100 h.
After removal of the solvent, the residual oil was chromato-
graphed through a silica gel column with benzene-ethyl acetate
(19:1). The crystalline compound obtained was recrystallized
from hexane to give (Z)-form (Ila) (230 mg, 76.7% in the case
of benzene solution), m.p. 77.5-8.5°C. Other compounds (Ib,
I1Ib, Va) were irradiated similarly but the products of IVb or
VIa were purified by column chromatography (silica gel-chloro-
form) and recrystallized from ethyl acetate-hexane. The physical
properties of the photoproducts are shown in Table 1.

Photolysis of y-keto Vinyl Sulfide (Id) A solution of Id (50
mg) in deuterobenzene (0.8 ml, internal standard; cyclohexane)

was irradiated in a Pyrex nmr tube under the conditions
described above. The nmr spectrum was checked from time to
time, ie, 0.5, 1, 3, 5, 10 and 20 h, respectively, at room
temperature. The ratio of E-Z photoisomerization was
measured by integration of nmr shifts at several time intervals.
The sulfoxides (Illa,b) and sulfone (Va) were measured
similarly.
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