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ABSTRACT

1-(Alkylthio)difluoropropynes regioselectively add di-
alkylamines and mercaptans with formation of 1-(al-
kylthio)-2-dialkylamino(alkylthio)ethenes, which ex-
ist only in the form of one (presumably the trans
isomer) geometrical isomer. Thermal transformation
of 1-(alkylthio)difluoropropynes occurs at a tempera-
ture of under 100°C and leads to the formation of 2,4-
bis(polyfluoroalkyl)-3-(alkylthio)thiophenes. © 1998
John Wiley & Sons, Inc.Heteroatom Chem 9:151-
154, 1998

INTRODUCTION

The introduction of polyfluoroalkyl groups into acet-
ylene molecules activates the C=C bond. The result
of this activation is a high reactivity to nucleophilic
reagents [ 1] and the ability of the adducts to be trans-
formed into fluorine-containing aromatic com-
pounds [2] or polymers with unique properties [3]
that can be obtained only with difficulty by another
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method. In this connection, the synthesis and inves-
tigation of the properties of fluorine-containing acet-
ylenes, RfC=C-X, with different functional groups
at the sp-hybridized carbon atom, seem to be of pos-
sible value[4].

In developing these investigations, we have re-
cently reported on a method of synthesis of 1-(alkyl-
thio)polyfluoroacetylenes (1a,d) [5] that have been
obtained by dehydrofluorination of 1,1-dihydro-
(polyfluoroalkyl)sulfides (2a,d). Only one repre-
sentative of fluorine-containing acetylene sulfides,
1-(phenylthio)trifluoropropyne, is known at the
present time [6].

Recently, we have shown [5] that, due to the in-
fluence of a polyfluoroalkyl substituent, the com-
pounds la,d add morpholine readily. The reaction
proceeds easily at room temperature and results in
the formation of only one geometric isomer of an
enamine (3a,b). These compounds are suitable start-
ing materials for the synthesis of fluorine-containing
ketones (4a,b), which, in turn, can be used for the
synthesis of biologically active compounds [7].

It should be noted that the direction of morpho-
line addition to compounds 1a,d is opposite to that
of amine addition to trifluoropropyne [8] and thio-
acetylenes containing a phosphoryl group [9]. In
both cases, the amino group adds to the carbon
atom that is in the f position to the electron-with
drawing substituent. In our work, we have in-
vestigated the addition of mercaptans to 1-(alkyl-
thio)difluoropropynes.
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RESULTS AND DISCUSSION

We have established that ethyl mercaptan and benzyl
mercapnan add to acetylene sulfides 1b and 1la at
20°C only in the presence of a catalytic amount of
triethylamine. As in the case with morpholine [5],
the reaction proceeds with high regioselectivity, with
formation of only one of two possible geometric iso-
mers (5a,b). This is confirmed by the presence of
only one set of signals in the 1H and 19F NMR spec-
tra of the compounds obtained (5a,b). According to
known data [10], constants of the spin-spin inter-
action of H and F 22 for the trans isomer, containing
the fragment CF-C=C-H, is equal to about 2 Hz,
but, for the cis isomer, this constant is in the region
of 0. Based on these data, we consider the com-
pounds 5a,b to have the transconfiguration, because,
for these compounds, the constants of this spin—spin
interaction are seen in the region of 1.8 Hz.

Additional evidence for the geometry of 5a,b was
obtained by the investigation of the '*C NMR spectra
of compound 5a. The APT methods [11] for the in-
vestigation of compound 5a confirm the fact that the
carbon atom of the ethene fragment bonded to the
hydrogen atom has the constant of spin-spin inter-
action with the fluorine nucleus of 8.6 Hz. Also, the
corresponding constant J.. for the second ethene
carbon atom is 22.9 Hz. Such parameters of the con-
stants of spin-spin interactions are only possible for
the structure 5a.

The finding of the direction of addition of mor-
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SCHEME 2

pholine and mercaptans to polyfluoroalkylacetyl-
enes (1a,b,d) and the structures of the products of
these reactions presented us with the possibility to
interpret the structures of the products of thermal
transformations of compounds 1 on a more firmly
grounded basis.

Acetylenes that contain only polyfluoroalkyl
groups undergo thermal transformations only at
high temperature. Polyfluoro-containing cyclobuta-
dienes or aromatic compounds are the products of
such thermolysis [1,2]. Thermal transformations of
acetylenes 1a,c take place under heating up to 100°C.
A mixture of compounds, from which thiophenes
6a,b in about 30% yield are obtained by vacuum dis-
tillation, is formed.

Thiophenes 6a,b are stable red liquids. The
structure of the compound 6b is in accord with the
data of 'H, '°F, 3*C NMR spectra, analytical analysis,
and mass spectroscopy (see Experimental part). Ac-
cording to the NMR spectroscopic data, the thio-
phene fraction (6a) obtained by distillation contains
approximately 15% of by-products. That is why the
compound 6a was identified by conversion to the
sulfone 9, which was isolated as a crystalline product
after oxidation of the contaminated thiophene by hy-
drogen peroxide in acetic acid.

The scheme for the formation of compounds
6a,b includes the dissociation of the S-C bond in the
first stage of the reaction. The anion 7 is formed as
a result of this process. The anion 7 reacts with a
second molecule of acetylene (1) to give a cyclic car-
banion (8), which, due to the addition of a proton,
forms thiophene (6). The source of the proton is
probably an alkyl cation, which is formed at the
stage of acetylene dissociation and is transformed
into the corresponding alkene. In the case of the
compound 1c, the evolution of butene is observed
during thermolysis. This fact adds support to the
proposed scheme for the thermolysis of thioacet-
ylenes (1). Additional investigations of the thermol-
ysis of acetylenes (1) are being carried out.

The thermolysis of acetylene (1c¢) in the presence
of a catalytic quantity of KOH results in the forma-
tion of the thiophene 10 that was identified as the
disulfone 11.

Based on NMR spectroscopy, thiophene 6a is
formed under these conditions only as a by-product,
in 5% yield. Probably, a cyclic carbanion formed (8)
under the conditions of basic catalysis reacts with
the starting acetylene (1c¢) to give the compound 10.
The addition of a proton to the cyclic carbanion (8)
under these conditions does not take place readily,
and the formation of the thiophene (10) is the major
course of the reaction.

The structure of compound 11 is confirmed by
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the data of analytical analysis and NMR spectros-
copy. The constant of spin-spin interaction of the
nucleus of the acyclic carbon atom bonded to hydro-
gen with the nuclei of the fluorine atoms (3Jg.y), de-
termined by the APT method, equals 8.0 Hz; that is
a characteristic feature for compounds containing
the F-C-C =C- fragment [12].

EXPERIMENTAL

Melting points were measured on a Nagema melting-
point apparatus and are uncorrected. 'H, '°F, and *C
NMR spectra were recorded on a Varian VXR (300
MHz) spectrometer as solutions in CDCI; with TMS
and CCLF as internal standards. Mass spectra were
obtained at 70 eV with the AMD-604 spectrometer.

Sulfides (2a,c,d) are described in Ref. [5]. The
sulfide 2b was obtained by the method described in
Ref. [5]. Yield 70%, bp 118°C, '"H NMR, ¢ 1.23 (3H,
t, Wy = 7.5 Hz, CH,), 2.63 2H, q, ¥V, = 7.5 Hz,
CH,), 2.96 (2H, t, 3J4 = 16.5 Hz, CH,), 5.94 (1H, tt,
2], = 53.7 Hz, 3,z = 4.0 Hz, CF,H); °F NMR,
—138.09 (2F, d, 2Jx; = 53.7 Hz, CF,H), —116.10 (2F,
t, 3Jex = 16.5 Hz, CF,); found: S, 19.14%. C,H,F,S
requires: S, 18.19%.

1-(Alkylthio)difluoropropynes (la,d) are de-
scribed in Refs. [5] and [7]. Compounds 1b, ¢ were
obtained by the method similar to that given in Ref.
[5]. 1-(Ethylthio)difluoropropyne (1b), yield 70%, bp
30°C (0.1 mm Hg). '"HNMR, J 1.36 (3H, t, 3Jy; = 7.2
Hz, CH,), 2.77 (2H, q, /.y = 7.2 Hz, CH,), 6.20 (1H,
t, 2Jyr = 55.2 Hz, CF,H); F NMR, § —104.91 (2F, d,
2Jex = 55.2 Hz, CF,H); found: S, 22.98%. C;H,F,S
requires: S, 23.55%.

1-n-(Butylthio)difluoropropyne (1c), yield 60%,
bp 27-28°C (0.05 mm Hg). '"H NMR, ¢ 0.91 (3H, t,
3y = 7.2 Hz, CH;), 1.41 (2H, m, CH,), 1.43 (2H, m,
CH,), 2.62 (2H, t, 3,y = 7.2 Hz, CH,), 6.09 (1H, t,
2Jex = 52.8 Hz, CF,H), F NMR, 6 —104.97 (2F, d,
2]y = 52.8 Hz, CF,H); found: C, 50.92; H, 5.95; S,
19.55%. C,H,/F,S requires: C, 51.19; H, 6.14; S,
19.53%.

1,2-Bis(alkylthio)-3,3-difluoropropynes (5a,b).
The mixture of 0.01 mol of acetylene 1a or 1b, 0.01
mol of the corresponding mercaptan, and 0.02 g of
triethylamine was stirred for 10 hours at room tem-
perature and then distilled in vacuo. 1,2-
Bis(benzylthio)-3,3-difluoropropene-1 (5b). Yield
55%, bp 130-135°, C (0.05 mm Hg). 'H NMR, ¢ 3.74
(2H, s, CH,), 3.81 (2H, s, CH,), 5.68 (1H, t, Uz =
56.0 Hz, CHF,), 6.98 (1H, t, 3/y: = 1.7 Hz, CH=),
7.17 (5H, m, C,H.); 1°F NMR, § —110.43 (2F, dd, 2/,
= 56.0 Hz, 3J; = 1.7 Hz, CF,H); found: S, 19.21%;
C,-H,/F, requires: S, 19.88%. 1,2-Bis(ethylthio)-3,3-
difluoropropene-1 (5a). Yield 50%, bp 68-70°C
(0.045 mm Hg). 'H NMR, ¢ 1.19 (3H, t, 3/ = 7.0
Hz, CH,), 1.28 (3H, t, ¥/,,; = 7.0 Hz, CH,), 2.73 (2H,
q, *uu = 7.0 Hz, CH,); 2.76 (2H, q, ¥y = 7.0 Hz,
CH,), 6.03 (1H, t, 2/, = 56.6 Hz, CHF,), 7.52 (1H, t,
37, = 1.8 Hz, CH=); 1°F NMR, 6 —109.84 (2F, dd,
2], = 56.6 Hz, %I, = 1.8 Hz, CF,H); °C NMR, §
14.61 (s, CH,), 15.25 (s, CH,), 27.29 (s, CH,), 27.73
(s, CH,), 114.71 (t, U = 239.5 Hz, CHF,), 120.96 (t,
2J. = 22.9 Hz, C-CF,H), 143.91 (t, 3J = 8.6 Hz,
CH=); found: S, 31.98%. C,H,,F,S, requires: S,
32.51%.

2,4-Bis(difluoromethyl )-3-(alkylthio)thiophenes
(6a,b). A solution of 0.01 mol of the acetylene 1a or
1c in 5 mL of toluene was heated for 4 hours at 100—
110°C and then distilled in vacuum. 2,4-Bis(di-
fluoromethyl)-3-(benzylthio)thiophen (6b), yield
30%, bp 116-118°C (0.05 mm Hg). '"H NMR, J 3.84
(2H, s, CH,), 6.57 (1H, t, 2J,» = 54.0 Hz, CHF,), 6.71
(19, t, 2/, = 54.0 Hz, CHF,), 7.10 (5H, m, C/H,),
7.60 (1H, s, CH=); 1°F NMR, 6 —110.35 (2F, d, 2/,
= 54.0 Hz, CF,H), —111.52 (2F, d, Jz; = 54.0 Hz,
CF,H); found: S, 19.95%; m/z 306. C;HIl,F.,S, re-
quires: S, 20.93%; M 306.33. 2,4-Bis(difluoro-
methyl)-3-1n-(butylthio)thiophene (6a), yield 30%, bp
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100-115°C (0.06 mm Hg). '"H NMR, § 0.99 (3H, 3/,
= 7.2 Hz, CH,), 1.49 (2H, m, CH,), 1.65 (2H, m, CH,),
2.75 (2H, t, 3,y = 7.8 Hz, CH,), 6.81 (1H, t, 2,y =
53.3 Hz, CHF,), 6.98 (1H, t, 2/, = 53.3, CHF,), 7.74
(1H, S, CH=); °F NMR, 6 —110.10 (2F, d, /sy, =
53.3 Hz, CF,H), —111.29 (2F, d, 2/,,, = 53.3, CF,H).

2,4-Bis(difluoromethyl )-3-(n-butylsulfonyl )thio-

phene (9). The mixture of 0.01 mol of thiophene
(6a) and 7 mL of 30% hydrogen peroxide in 30 mL
of acetic acid was stirred for 24 hours at room tem-
perature and then poured into 150 mL of water. The
oil that had formed was separated, washed with wa-
ter (2 X 30 mL), and purified by recrystallization
from hexane after it had solidified. Yield 70%, mp
67-68°C. "H NMR, 6 0.95 (3H, t, 3J,; = 7.2 Hz, CH,),
1.45 2H, m, CH,), 1.61 (2H, m, CH,), 3.27 (2H, t,
3un = 8.1 Hz, CH,), 6.90 (1H, t, 2/ = 54.0 Hz,
CHF,), 7.42 (1H, t, 2J,,, = 54.0 Hz, CHF,), 8.11 (1H,
s, CH=); "FNMR, 5 —110.68 (2F, d, ¥/ = 54.0 Hz,
CF,H), —111.52 (2F, d, 2J,,, = 54.0 Hz, CF,H); 13C
NMR, 6 13.39 (s, CH,), 21.42 (s, CH,), 24.66 (s, CH,),
58.45 (s, CH,), 109.10 (t, Jz. = 238.2 Hz, CF,H),
109.34 (t, Jec = 238.5 Hz, CF,H), 132.66 (t, 3¢ =
6.9 Hz, CH=), 135.88 (tt, 2Jzc = 27.1 Hz, 3Jc = 4.6
Hz, C-CF,H), 136.59 (t, 2J,. = 25.6 Hz, C-CF,H),
143.17 (t, 3Jzc = 9.0 Hz, C-SO,C,H,); found: C, 40.43;
H, 3.97; S, 20.97%; m/z 304. C,,H,,F,0,S, requires:
C, 39.47; H, 3.98; S, 21.07%; M 304.32.

2,4-Bis(difluoromethyl )-3-(n-butylsulfonyl )-5-[ 1-
butylsulfonyl]-3, 3-difluoro-2-propenyl Jthiophene
(11). A mixture of 0.02 mol of acetylene (1c¢) and
0.01 g of KOH in 5 mL of toluene was heated for 4
hours at 100-110°C and then distilled in vacuum.
The fraction of bp 150-200°C (0.05 mm Hg) was col-
lected. Hydrogen peroxide (10 mL, 30%) was added
to the solution of this fraction in 40 mL of acetic
acid, and the mixture was stirred for 24 hours at
room temperature and then was poured into water
(200 mL). The oil that had formed was washed with
water (2 X 50 mL), dissolved in 15 mL of CHCI,, and
dried over Na,SO,. The solvent was evaporated in
vacuo (0.05 mm Hg). Yield 30% Oil. '"H NMR, 6 0.91
(6H, t, 3y = 7.4 Hz, CH,), 1.42 (4H, m, CH,), 1.80

(4H, m, CH,), 3.10 2H, t, *J,;; = 8.4 Hz, CH,), 3.21
(2H, t, 3T, = 7.8 Hz, CH,), 6.81 (1H, s, CH=), 6.92
(1H, t, 2J4 = 53.3 Hz, CHF,), 7.35 (1H, t, 2J 4 = 53.3
Hz, CHF,), 7.55 (1H, t, /4 = 53.0 Hz, CHF,); F
NMR, 6 —106.88 (2F, d, 2J,; = 53.3 Hz, CHF,),
—109.52 (2F, d, 2J; = 53.3 Hz, CHF,), —117.21 (2F,
d, 2Jz; = 53.0 Hz, CHF,); *C NMR, ¢ 12.85 (s, CH,),
20.88 (s, CH,), 21.07 (s, CH,), 21.14 (s, CH,), 23.53
(s, CH,), 55.01 (s, CH,), 57.91 (s, CH,), 106.74 (t, Ucr
= 240.5 Hz, CHF,), 108.37 (t, Jo = 238.0 Hz,
CHF,), 109.22 (t, U = 239.1 Hz, CHF,), 134.55 (t,
2Jor = 25.7 Hz, C-CF,H), 135.38 (t, 2Jor = 27.7 Hz,
C-CF,H), 137.27 (t, 2J.x = 26.5 Hz, C-CF,H), 138.83
(t, 3 = 8.0 Hz, CH=), 139.70 (s, C-S), 144.27 (t,
3 = 85 Hz, C-SO,C,H,); found: S, 18.88%.
C,;H,,F.0,S; requires: S, 19.22%.
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