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SIGMATROPIC REARRANGEMENTS OF ALKENYL BENZOFURYL
AND BENZOTHIENYL SULFIDES

A, V. Anisimov, V. §. Babaitsev, UDC 547.728.1'732%736:542.953:1:541.127'128
T. A. Kolosova, and E. A. Viktorova

The thio Claisen rearrangement of 2-butenyl 2-benzofuryl sulfide, cyclopenten—2-
vyl 2-benzofuryl sulfide, 2-butenyl 2-benzothienyl sulfide, and cyclopenten-2-yl
2-benzothienyl sulfide was investigated. The rates, energies and entropies of
activation of the process were calculated, and the effect of the structure of the
sulfide, the polarity of the solvent, and the temperature was demonstrated by com-
parison of these values. The 1,3-thioallyl rearrangement of l-methylallyl 3-
methyl-2-benzothienyl suylfide was studied, and itiwas shown that this reaction
competes with the thio Claisen rearrangement.

Transformations of allyl thienyl and allyl sulfides via a scheme involving a concerted
[3,3]-sigmatropic shift-lead to the formation of alkenylthiophenethiols and furanthiozs [1],
which undergo cyclization to condensed derivatives of thiophene and thiopyran [2]. The ex-—
tension of this reaction to sulfides of the benzofuran and benzothiophene series makes it
possible to expect the production of difficult-~to-obtain benzofuranthiols and benzothiophene~
thiols, as well as benzothienothiophenes and benzothienothiopyrans.

When alkenyl 2-benzofuryl and alkenyi 2-benzothienyl sulfides Ia~d are heated in the
presence of solvents with .various polarities andwithout asolvent, ‘theyundergo rearrangement
to isomeric thiols ITa-d (Table 1):

RI

R? ' R !
o AN :‘" = 2N
X I = U |
KNSR xR XNSH
. d ,

. ta- na-d
: cugl R?
I-llla,c R'=H, R*=CH,; b,d RI+R? = (CH,),; X SCH, i
ab X=0; ¢,d X=5S - na-d

In a number of cases thiols IIa-d are formed in significant yields (up to 197%) even when
sulfides Ia-d are allowed to stand for a long time (10 days) at room temperature.

The rearrangement of all of the investigated sulfides proceeds irreversibly as a first-
order reaction with inversion of the allyl group; this follows from.the structures of thiols
Ila,ccand the methyl derivatives 1lIa,c; which were isolated in the transformations of sul-
fides Ia,c.

A comparison of the kinetic parameters Egqt and AS for the rearrangement of sulfides Ia-
d indicates the absence of an effect of the hetercatom .(S or 0) on their resistance to re-

M. V. Lomonosov Moscow State University, Moscow 117234. Translated from Khimiya Geter-
otsiklicheskikh Soedinenii, No. 10, pp. 1338-1341, October, 1982. Original article submitted
March 10, 1982.
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TABLE 1. Results of Experiments on the Re-
arrangement of Sulfides

Sul- Exptl. time, %elds of thiols,
fide i Solvent min

110° | 130° | 180°
I¢ |m-Xylene 20 — 60 65
Dibutyl ether 20 — 68 37
Ib |m-Xylene 3 18 8 | —
Dibutyl ether 3 12 30 —
Ia |m-Xylene 5 17 35 —
Dibutyl ether 5 38 50 -
Id |m-Xylene 20 — 40 14
Dibutyl ether 20 — 45 12

TABLE 2. Kinetic Parameters of the Rearrangement of the

Sulfides

E —AS
K, 1073 act’ ’

Sut- Solvent rec | _110 "lkcal fmote, | keal/mole
fide sec $0.5 deg
Ia m-Xylene 120 3,64 13,4 34,0
Dibutyl ether 120 .| 2,26 11,8 430
b The same ~ 130 6,87 12,8 430
Ic m-Xylene 130 115 13.7 44,5
Dibutyl cther 130 0.67 12,0 415
1d ylene . 130 3,03 146 36,5
- Dibutyl ether 130 0,83 11,7 46,5

TABLE 3. Results of Experiments
on the Mutual ‘Isomerization of’
‘1-Methylallyl 3-Methyl-2-benzo-
thienyl. Sulfide (V) and 2-Buten-
yl 3-Methyl-2-benzothienyl Sul-

fide (VI)
Sul- . Exptl, V: VI
fide T.°C | time, h ratio
A% 20 336 90: 10
20 2160 55: 45
75 1 80:20
100 1 76 : 24
150 1 35:65
200+ 1 5:95
Vi 20 0,5 5:95
200* 1 5:95

*Partial destruction~6f the sul-
fide with cleavage of the G5
‘bond is observed.

arrangement (Table 2).

The slight change in the Ko rate constants calculated in the initial sections of the
kinetic curves from a first-order equation and the E . values on passing from m-xylene to
dibutyl ether constitutes evidence for a small degree of separation of the charges in the
transition state; the large negative AS values also indicate the high symmetry of the latter.

According to the IR gpectroscopic data, thiols IIa~d formed as a result of the reaction
are stabilized due to the formation of associates with the solvent (a broad band at 2400-2550
em™' in the case of dibutyl ether) or umdergo cyclization to give difficult—-to-separate mix-
tures of derivatives of thieno[233-=b]thiophene and thieno[2,3-bjthiopyran in the case of IIla-
c. Unstable ammonium salts of the corresponding thiols are formed when the reaction is car-
ried out in nitrogenous bases.

The cyclization of. thiol IId proceeds selectively to give cyclopentano~2,3-dihydrobenzo-
thieno[2,3-b]thiophene, since in this case the formation of an isomeric. sulfide with a six-
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membered ring requires considerable distortion of the bond angles and the interatomic dis-
tances in thiol I1d: .
A N
e T
SN NS
v

[1,3];Sigmatropic rearrangement of allyl phenyl sulfides in a number of cases proceeds
simultaneously with the principal process, viz., the thio Claisen rearrangement, and compli-
cates its study substantially [3-5]. 1-Methyl-allyl 3-methyl-2-benzothienyl sulfide (V) and
2-butenyl 3-methyl-2-benzothienyl sulfide (VI), for which [3,3]-sigmatropic rearrangement is
impossible by virtue of their structural peculiarities [6], are convenient subjects for the
study of their [1,3]-sigmatropic rearrangement..

According to the PMR spectroscopic data, sulfide V undergoes 5-957% isomerization to sul-
fide VI when it is heated without a solvent at 20-200°C (Table 3), while sulfide VI under-
goes noO more than 57 reversible isomerization to sulfide V under these conditions. Thus an
equilibrium exists between sulfides V and VI and is shifted to a significant degree to favor
sulfide VI.

Partial destruction of sulfides V and VI with cleavage of the C—S bond and the formation
of bis(3-methyl-2-benzothienyl) disulfide is observed at temperatures above 175°C. Consider-
ing the absence of intermolecular processes in the rearrangements of allyl hetaryl sulfides
[7], it may be assumed that the [1,3]-thioallyl rearrangement of sulfides V and VI occurs as
an intramolecular concerted reaction through a four-center transition state:

- _ cH, e, CHy | cu, -
Qe =[Ol =
S S/K/ § N8 <\ 2 ~$ YN
~ \.
v ' Vi

EXPERIMENTAL

The PMR spectra of solutions of the compounds in CCl, were recorded at 20°C with a Varian
T-60 spectrometer with hexamethyldisiloxane as the internal standard.

- 2-Butenyl 2-Benzofuryl Sulfide (Ta). This compound was obtained in 34% yield by the
action of 1,3-butadiene on 2-benzofuranthiol at —5°C in the presence of ethylsulfuric acid
and had nj® 1.6200 and d%° 1.1045.+ PMR spectrum; 1.70 (3H, d, CHs), 3.51 (2H, d, CHp), 5.48
(2H, m, CH s CH); 6.70 (lH, ‘s, benzofuram B-HY, and-7:.23"ppm (4H, m, ‘aromatic). . Found: C 71.4;
H 6.0; S 15.6%. Cy,H;,08. Calculated: C 70.69; H 5.9; S 15.7%.

Cyclopenten—-2-yl 2-Benzofuryl Sulfide (Ib). This compound was obtained in 48% yield by
the method in [8] by the action on benzofuran of n~butyllithium, sulfur, and 3-chlorocyclo-
pent-l-ene in absolute ether and had nf® 1.6240 and di° 1.1840. PMR spectrum: 2.15 (4H, m,
CH,CH,), 3.95 (1H, m, CH), 5.65 (2H, s, CH = CH), 6.53 (1H, s, benzofuran B-H), and 7.13 ppm
(4H, m, aromatic). :

2-Butenyl 2-Benzothienyl Sulfide (Ic). This compound was obtained in 5% yield from 2-
benzothiophenethiol and 1,3-butadiene by a method similar to that used to prepare Ia and had
bp 125-126°C (1 mm) (with decomposition), nﬁo 1.6465, and d?° 1.1845. PMR spectrum: 1.52
(3H, m, CHs), 3.35 (24, m, CH,), 5.42 (2H, m, CH # CH), and 7.4 ppm (5H, m, aromatic). Found:
C 65.8; H 5.23 S 30.0%Z. C12H;,S,. Calculated: C 65.5; H 5.5; S 29.1%.

Cyclopenten—-2-yl 2-Benzothienyl Sulfide (Id). This compound was obtained in 87% yield
by the action on.benzothiophene of n-butyllithium, sulfur, and 3-chlorocyclopent-l-ene in ab-
solute ether by a method similar to that used to prepare Ib and had bp 131-132°C (1 mm) (with
decomposition), .np° 1.6012, and d3° 1.2530.. PMR spectrum: 2.32 (4H, m, CH,CH.), 4.20 (1H,
m, CH), 5.85 (2H, m, CX = CH), and 7.48 ppm (5H, m, aromatic). Found: C 67.5; H 5.0; S 27.5%.
Ci15H:28,. Calculated: C 67.2; H 5.2; S 27.67%.

1-Methylallyl 3-Methyl-2-benzothienyl Sulfide (V). This compound was obtained in 84%
yield from potassium 3-methyl-2-benzothiolate and 3-chloro-l-butene in dimethylformamide (DMF)
at 0°C and had bp 125-126°C (1 mm) (with decomposition), nj°® 1.6331, and d%° 1.2084. PMR
spectrum: ~ 1.50 (3H, d, allyl CHs;), 2.45 (3H, s, thiophene ring CH;), 3.67 (1H, m, CH), 4.92
(28, W, =€H,),.5.85 (1H, m, CH=), and 7.48 ppm (4H, m, aromatic). Found: C 66.8; H 6.0} S
26.9%. Cy3H;4S8;. -Calculated: C 66.7; H 6.0; § 27.47.
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2-Butenyl 3-Methyl-2-benzothienyl Sulfide (VI). This compound was obtained in 80% yield
from 3-methyl-2-benzothiophenethiol and 1,3-butadiene in the presence of 20% (by weight) of
ethylsulfuric acid at 5°C and had bp 131-132°C (2 mm), np* 1.6465, and d7° 1.1765. PMR spec-
trum: 1.55 (3H, d, allyl CHs), 2.28 (3H, s, thiophenme ring CHs), 3.32 (aH, d, CH.), 5.37 (2H,
m, CH=CH), and 7.43 ppm (4H, m, aromatic). Found: C 66.8; H 5.9; S 27.4%. CisH,4S,.
Calculated: C 66.7; H 6.0; S 27.4%.

Rearrangement of Sulfides Ia-d. The rearrangement was carried out in sealed ampuls in
an argon atmosphere (Table.l). At the end of the reaction, the ampuls were cooled with dry
ice, the contents were dissolved in ether, and the ether solution was washed three times with
10% aqueous KOH solution. The alkaline extracts were acidified with 10% HCl, and the liber-
ated thiol was extracted with ether. The ether solution was washed with water and dried with
MgSO,, the ether was removed, and the residue was analyzed by TLC and PMR spectroscopy. If
the thiol cyclized rapidly under the rearrangement conditions, it was isolated in the form
of the S-methyl derivative by treatment of an alkaline solution of the thiolate with a three-
fold excess of CH;I.

Isomerjzation 6f Sulfides V and VI. This process was carried out without a solvent in
sealed ampuls in an argon atmosphere. At the end of the reaction, the ampul was cooled with
dry ice, and the PMR spectrum of the reaction mixture was recorded.

3-(1-Methylallyl)-2-benzofuranthiol (IIa). This. compound was obtained in 257 yield.
PMR spectrum: 1.50 (3H, d, CHs), 3.4 (1H, s, SH), 3.75 (1H, m, CH), 5.05 (2H, d, =CH.), 5.95
(1H, m, CH=), and 6.55 ppm (4H, m, aromatic). Found: C 70.6; H 6.1; S 15.8%Z. C,;.H;,0S. Cal-
culated: C 70.6; H 5.9; S 15.77%.

3- (Cyclopent-2-yl)-2-benzofuranthiol (IIb). This compound was obtained in 37% yield.
PMR spectrum: 2.25 (4H, m, CH;CH,), 3.35 (1H, s, SH), 4.20 (1H, m; CH), 5.72 (2H, m, CH=
CH), and 7.15 ppm (4H, m, aromatic). )

3-(1-Methylallyl)-2-benzothiophenethiol (IIc). This compound, with bp 50-51°C, was ob-
tained in 65% yield. PMR spectrum: 1.45 (3H, 4, CHs), 3.20 (1H, s, SH), 3.30. (1H, m, CH),
4.95 (2H, m, =CH,), 5.90 (1H, m, CH=), and 7.25 ppm (4H, m, aromatic). Found: C 65.1; H 5.1;
S 30.0%. C;zH;,S,. Calculated: C 65.5; H 5.5; S 29.1%.

3-(Cyclopent-2-y1)-2-benzothiophenethiocl (IId). This compound, with bp 35-36°C, was ob-
tained in 67% yield. PMR spectrum: 1.45 (3H, d, CHs), 3.20 (1H, s, SH), 3.30 (1H, m, CH),
4.95 (2H, m, =CH;), and 7.35 ppm (4H, m, aromatic). Found: C 67.4; H 5.6%. C;3H;28,. Cal-
culated: C 67.2; H 5.2%.

Methyl 2-[3-(1-Methylallyl)benzofuryl] Sulfide (IIIa). This compound, with bp 110-112°C
(2 mm), nj° 1.6040, and d2° 1.0650, was obtained in 85% yield. PMR spectrum: 1.50 (3H, d,
allyl CHs), 2.45 (3H, d, CHs), 3.4 (1H, m, CH), 5.05 (2H, d, =CH;), 5.95 (1H, m, CH=), and
7.2 ppm (4H, m, aromatic). Found: C 70.9; H 5.9; S 14.6%. C.sH;{,08. Calculated: C 71.2;
H 6.42; S 14.77%.

Methyl 2-[3-Cyclopent-2-yl)benzofuryl] Sulfide (IIIb). This compound, with nﬁo 1.5980
and d3° 1.1306, was obtained in 88% yield. PMR spectrum: 2.41 (34, s, CHs), 3.4 (1H, m, CH),
3.90 (4H, m, CH,CH,), 5.60 (2H, m, CH=CH), and 6.90 ppm (4H, m, aromatic).

Methyl 2-[3-(1-Methvylallyl)benzothienyl] Sulfide (IIIc). This compound, with bp 131-
132°C (1 mm), nf° 1.6309, and dz° 1.1805, was obtained in 897 yield. PMR spectrum: 1.50
(38, d, allyl CH,), 2.50 (3H, 4, CHs), 4.35 (1H, m, CH), 5.10 (2H, m, =CH,), 6.20 (1H,m, CH=),
and 7.38 ppm (4H, m, aromatic). TFound: C 66.5; H 6.2; S 28.1%Z. C;sH,,5,. Calculated: C
66.7; H 6.0; S 27.47.

Methyl 2-[3-(Cyclopent-2-yl)benzothienyl] Sulfide (IIId). This compound, with bp 132-
133°C- (2 mm), np° 1.6218, and di° 1.2005, was obtained in 70% yield. PMR spectrum: 1.95
(4H, m, CH,CH,), 2.4 (3H, d, CHsS), 4.05 (2H, m, CH), 5.8 (2H, m, CH=CH), and 7.3 ppm (4H,
m, aromatic). Found: C 67.6; H 6.0; S 26.0%. C,.H;,S,. Calculated: C 68.3; H 6.0; S 26.0%.

Cyclopentanc-2,3-dihydrobenzothieno[2,3-b]thiophene (IV). A mixture of 0.2 g of 3-(cy-
clopenten-2~yl)-2-benzothiophenethiol (IId) and 0.4 ml of quinoline was heated in an argon
atmosphere in a sealed ampul at 120°C for 2 h, after which the ampul was cooled, and the con-
tents were dissolved in 100 ml of ether. The ether solution was washed three times with 50-
ml portions of 10% agueous KOH solution and water until the wash waters were neutral. The
ether solution was then dried with calcined magnesium sulfate, after which the ether was re-
moved by distillation, and the residue was purified by chromatography on silica gel by elu-
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tion with hexane. PMR spectrum: 2.14 (6H, m, aliphatic), 4.10 (1H, m), 4.65 (1H, m), and
7.40 (4H, m, aromatic).
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INVESTIGATION OF THE STEREOCHEMICAL DIRECTION
OF THE CYANOETHYLATION OF SIX-MEMBERED HETEROCYCLIC KETONES
AS A FUNCTION OF THE NATURE OF THE HETEROATOM

K. Kh. Tokmurzin, V. V. Kozyrev, : UDC 547.812.5'818'824.07:541.63
and A. Sh. Sharifkanov

Only a momno(cyanoethyl) ~compound is formed from thiopyranone in the cyanoethylation
of six-membered heterocyclic ketones that contain a methyl group attached to the C;
atom of the heteroring, whereas primarily bis- and tris(cyanoethyl) derivatives are
obtained from pyranone due to the effect of the heteroatom.

We have previously studied [1, 2] the cyanoethylation of some N-substituted 2,5-dimethyl-
4~piperidones and 2,5-dimethyltetrahydro-4-thiopyranone. Continuing these studies, we have
carried out the cyanoethylation of 1,2-dimethyl-4-piperidone (I), 2-methyltetrahydro-4-pyra-
none (IT), and 2-methyltetrahydro-4-thiopyranone (III) with acrylonitrile in equimolar ratios
in the presence of potassium hydroxide.

SCHN C H,N
—CN C3H,N
CH,CH—CN_ N L
Hy cH,

-1 1vV-vi vl
1,1V, VI X=N-—CHy; 1LV, VIl X=0; Iil, VI X=§

From piperidone I we obtained 1,2-dimethyl-5-(B-cyanoethyl)-4-piperidone (IV) and 1,2-dimeth-
y1-3,5,5~-tris (8—cyanoethyl)-4-piperidone (VIII) 4in 1 and 847 yields, respectively, from tetra-
hydropyranone II we obtained 2-methyl-5-(B-cyanocethyl)tetrahydro-4-pyranone (V) and 2-methyl-
5, 5-bis (B-cyanoethyl) tetrahydro-4—pyranone (VII) in 2 and 737 yields, respectively, whereas
from tetrahydrothiopyranone ITI we obtained only 2-methyl-5-(B-cyanoethyl)tetrahydro-4-pyran-
one (VI) in 20% yield.

Thus tris(cyanoethylation) product VIII is primarily formed from piperidone I, bis (cy- -
anoethyl) derivativeVIL is primarily formed from pyranome II; and only mono(cyancethylated)
compound VI is obtained from thiopyranonme III. This difference in the behavior of heterocy-
CllC ketonesin cyanoethylatlon is apparently explained by the different effects of the hetero-
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Kazakh SSR, Gurev 465050. Translated from Khimiya Geterotsiklicheskikh Soedinenii, No. 10,
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