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Summary — A ”G‘T molbhod for Lhe synthesis of the title compounds is proposed: Tlie starting fluorinated compoupds arc
commercially available Lrifluorocthanol and higher Lomologues, which were transformed in three steps info (2;2-dichioro-
poiitdotonlleyl) alkylsuliides, The last step consisled in a substitution of chlorine by &iilfik by Liealment wlIh zine sullido,
The source of zine sulfide is crucial and Lhe possible role of vatalytic impurities was investigated, These dithioesters ato
oxeellent dlonophiles. Some eyclonddition reactions with 2,3-dimethylbuta-1,3-dicne z.ii(‘ l-(_Lrimethylsilyloxy)I)Ul11-;;3-(|lrmo
arc raported.

perfluorinated dithioester / polyflucrisated sulfide / cycloaddition / Lettahydrotliiopyraii

Résumé — Synthése de perfluoroaleanedithiocaiboxylates d’alkyle et quelques aspects de leur réactivité dans des
réactions de cycloaddition. Une ncuvelle méthode de synthése de perfluoroalkanedithiocarboxylates d'alkyle est déerite
i parbii to composés cominerciaux. Le trifluoroéthanol ou les homologues superieurs sont transformés en trois étapes en
('2,2-(“'(:1i‘di‘db¢i‘ﬂtiot‘oallcyl) alkylsulfures. La derniére étape consiste en une sibstitittion des atomes de chlore par le soufre
par traitement au sulfure de zinc. La source de sulfure de zinc s’esl revelee determinante ct le réle catalylicjue d'impurctés
a 6té étudié. Ces dithioesters sont d'excellents diénophiles, comme illustré dans d-s réactions avec le 2,3-diméthylbutadiene
et le 1-(triméthylsilyloxy)buta-1,3-diene.

dithioester perfluoré / sulfure polyfluoré / cycloaddition / tetrahydrothiopyrane

Introduction acted with the thiol in basic medium to give the sulfide
3 [7]. a-Chlorination of 3 with sulfuryl chloride gave the
Derivatives of thiocarboxylic acids are versatile interme- a,a-dichloro sulfide 4. The overall yield of these three
diates in organic synthesis [1]. Perfluoroanalogues are steps was in the range of 55% and flie process worked
scarcely used, due to the lack of a convenient metliod with trifluoroethanol and higher hisitiblogues as well.

of preparation [2, 3]. In contrast to their hydrogenated
analogues [4] perfluorodithioesters were shown to react o
very easily in 4 4 2 cycloaddition with dienes {2, 3]. RpCH,OH—2¢ R CH,OTs
One of us recently reported a new method to pre-

pare such dithioesters by reaction of zinc sulfide with 1 2
1,1-dichloroperfluoroalkyl sulfide, obtained by chlorina-

tion of a perfluoroaldehyde dithioacetal [5]. We report roniso SOsCita

in this paper a new and general approach to the syn- — A RpCHaSR—25RrCCLSR
thesis of alkyl perfluorcalkanedithiocarboxylates which 30-3F da—df

uses 1,1-dihydroperfluoroalcohol as starting material.
Some cycloadditions of these dithioesters, especially Fig 1. Preparation of 1,1-dichloroperfluoroalkyl sulfides (for

with dienoxysilanes, will also be described. the definition of a~f, see table I).

Results and discussion The main problem encolintered in the synthesis of
dithioesters 5 was the substitution of chlorine by sulfur

Preparation of dithioesters (table I), which was strongly dependent on the origin of

_ the zinc sulfide used. Sulfides 4a—f did not react with
The first steps of this synthesis are described in figure 1..  pure ZnS (99.99% from Aldrich) under the conditions
Tosylation of the starting alcohol 1 [6] gave 2 which re- described in a preliminary report [3]. In contrast, the
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C1/8 exchange took place when zinc sulfide was pre-
pared according to a reported procedure [8]: addition
of amumonium hydroxide to an agqueous solution of zinc
chloride, filtration of the residual suspension, addition
of NagS to the filtrate for precipitation of ZnS. Hence
the prepared ZnS contained some impurities that act
as a catalyst. Some experiments were carried out in or-
der to get some information about the nature of this
catalyst. Addition of 5-10% of ZnCl; to the ‘pure ZnS’
did not allow any reaction to start, indicating that the
activation of the a,a-dichloro sulfide was not a sim-
ple Lewis acid catalysis by some starting zinc chloride
remaining in the solid. As mentioned above, the ‘pre-
pared ZnS’ was obtained by a procedure in which the
first step is the elimination of some insoluble material
by treating aqueous ZnCly with ammonium hydroxide.
In order to assess its possible catalytic ability, 10% of
this solid was added to the ‘pure ZnS’' and the mix-
ture was introduced in an acetonitrile solution of the
sulfide 4 and warmed. 4 was completely converted un-
der reflux and the course of the reaction was very sim-
ilar to the one with the ‘prepared ZnS’. This catalyst
was not identified, but according to microanalysis and
atomic absorption ineasurements after careful drying in
vacuum, the composition ZnQj,¢Clo.45No.4Hs,2 could be
proposed. Some carbonyl analogue of 5 was present as a
by-product. It is interesting to notice, that the amount
of this by-product strongly decreased when the reac-
tion was carried out with the excess ZnS recovered from
the first experiment. Although we have no satisfactory
interpretation of these observations, we can assume a
similar substitution of chlorine with zinc oxide present
in the reagent.

Table I. Preparation of the perfluorodithioesters.
H3CN

RrCCLSR + ZnSi—A——»RpCSQR
da-4f 5a—5f
Rp R Reaction time (h) Yield (%)
a Clg Et 5 8
b CPFg Bn 8 50
c CsFy Es 3 49
d Csl'y Pr 3 51
e CabF Bn 8 76
f H(CFa): Pr 3 70

% Not determined (codistilled with the solvent).

The excliange step was faster with long perfluoro-
alkylated sulfides. On the other hand, for a given Rp,
we observed a faster reaction for alkyl (Et, Pr) than for
benzyl sulfides. Aryl sulfides did not react under the
same conditions.

The substitution of chlorine was also strongly depen-
dent on the oxidation state of sulfur in the substrate.
For example, the sulfoxide 6 prepared by oxidation of

H2032
CF3CClSEt —FA , CF3CCl,S(0)Et
4a 6

ZnS
—X— CF;C(S)S(O)Et

4a was completely recovered after several hours of treat-
ment with ZnS in the same conditions.

The dithioesters Ba-f are thermally stable, distill-
able red liquids which exhibit, besides a strong UV ab-
sorption, a wide absorption band at 495 um (CH3;CN,
€ = 22). The thiocarbonyl carbon atom gives a charac-
teristic resonance signal at 211-212 ppm as a triplet.
The trifluoromethyl compound 5a could not be sep-
arated from acetonitrile by distillation, but it was
trapped in situ by dienes (see below). According to the
boiling points observed for the higher homologues (5¢:
95 °C; 5d: 100 °C) compound 4a secems to be much
more volatile than reported earlier [2a).

Reaction of dithioesters 5 with dienes

The easy cycloaddition reaction of dithioesters 5 with
dienes constitutes a convenient access to fluorinated
derivatives of thiopyran, which hydrogenated analogues
were intensively studied [9). Compounds 5 reacted ef-
ficiently with 2,3-dimethylbutadiene to lead to the
thiopyran 7 (fig 2). The dithioesters 5b and e reacted
at room temperature without solvent, as reported in
a preliminary account (3], whereas the trifluoromethyl
analogue 5a, obtained as a solution in acetonitrile, was
converted into the corresponding thiopyran 7a by sim-
ply adding the diene to the solution.

R;:C SzR + I — E
\
R

Sa,b.c 7a Ry =CF,, R = Et
7b RF =CF‘3, R=Bn
7c RF = C3F7, R = Et

Fig 2. Cycloadditions with 2,3-dimethylbuta-1,3-diene.

The reaction with 1-(trimethylsilyloxy)buta-1,3-
diene was carried out under similar conditions. The
regio- and stereoselectivity depended on the structure
of the dithioester (fig 4). The triffuoromethyl compound
5b was converted into a mixture of two regioisomers,
each being obtained as a mixture of two diastereomers.
According to the F NMR data, the reaction proceeded
without noticeable selectivity (2.5:1; 2.3:3.2). The sep-
aration of this mixture was difficult. Only one of the
isomers was isolated as a pure material by silica gel
chromatography, whereas the remaining material par-
tially decomposed. We assume that the latter was es-
sentially the regioisomer 8 with. a hemithioketal-type
structure, less stable to hydrolysis. Hence the structure
9 (stereochemistry undetermined) was assigned to the
isolated compound and was in agreement with the spec-
tral data.

Interestingly, the lung F-alkyl dithioester 5f reacted
more regio- and stereoselectively with the siloxydiene.
The F NMR spectrum of the crude product revealed
that one of the four possible isomers, 11, was formed in
more than 60% relative yield. We atternpted to isolate
this compound by distillation but a retro-Diels—Alder
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SiMe, SiMeg SiMe,
Bn
=
5b + — Fa + Fa
™
8n
9
SiMe, SiMeg SiMes
Pr
=
5¢ + —r CF2)4H + CF2)4H
"
11
10
I aq HCl!
Y
H
Pr
CFo)4H
12

Fig 3. Cycloaddition reactions with 1-(trimethylsilyloxy)buta-1,3-diene.

reaction occurred at temperatures above 100 °C giving
back the starting dithioester. This major cycloadduct
11 was isolated by chromatography together with the
corresponding desilylated compound 12. 11 was com-
pletely converted into 12 by hydrolysis with dilute hy-
drochloric acid. As mentioned above, the stability of
this compound on silica gel as well as in acidic medium
involves the regioisomeric structure 11 rather than the
hemithioketalic structure 10. Structure 12 (stereochem-
istry undetermined) was in complete agreement with
spectral data.

Conclusion

A new and general methodology for the synthesis of
alkyl perfluorodithiocarboxylates is now available. Fur-
ther examples of synthetic uses in [4 + 2] cycloaddition
illustrate the high reactivity of these compounds. Other
aspects of their reactivity are reported elsewhere [10].

Experimental section

All reactions were carried out in an efficient hood, under
an inert atmosphere (argon). Silicagel Merck (Kieselgel 60,
0.040-0.063 mm) was used for chromatographic separations.
1H, 13C and '°F NMR spectra were recorded in CDCl3 on
a Bruker AC 250 at 250.13, 62.90 and 235.36 MHz respec-
tively. Chemical shifts are given from tetramethylsilane ('H,

13C) and CFCls (F) as interna; .andards. Elemental anal-
yses were performed with a Perkin-Elmer CHN 2400 appa-
ratus. The starting perfluoroalkylmethanol was purchased
from Aldrich and Fluorochem.

1,1-Dihydropolyfluoroalkyl sulfides 3: general procedure

Compounds 3 were synthesized according to the method
reported in [7].

o Ethyl (2,2, 2-trifluoroethyl) sulfide 3a

Yield 73%. Bp 74-75 °C.

'H NMR: & 1.30 (t, J = 7 Hz, CHa); 2.70 (q, J = 7 Hz,
CHy); 3.09 (q, 2H, Jur = 12 Hz, CH2CF3).

130 NMR: 6 14.1 (CH3); 27.1 (CH2CHa); 33.7 (q, J = 32 Hz,
CH,CF3); 121.7 (q, J = 270 Hz, CF3).

19 NMR: § —67.1 (t, J = 12 Hz, CF3).

An:ll cdalc for C4H+F3S: C, 33.33; H, 4.89. Found: C, 33.21;

, 4.75.

o Benzyl (2,2,2-trifluoroethyl) sulfide 3b

Yield 68%. Bp 50 °C (0.1 mbar).

'H NMR: 6 2.88 (q, Jur = 10 Hz, CH>); 3.81 (s, CHz); 7.30
(m, Csffs).

19F NMR: § —66.3 (t, J = 10 Hz, CF3).

Anal cale for CoHsF3S: C, 52.42; H, 4.40. Found: C, 52.36;
H, 4.36.

o Ethyl (2,2,3,3,4,4,4-heptafluorobutyl) sulfide 3¢
Yield 68%. Bp 75-77 °C (0.1 mbar).
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'H NMR: 6 1.30 (t, J = 7 Hz, CH3z); 3.10 (tt, Jur = 23 Hz,
Jur = 1.5 Hz, CH2CF3); 3.50 (q, J = 7 Hz, CH?2).

19 NMR: § —81.2 (tm, Jrr = 11.5 Hz, CF3); —127.8 (m,
Cry); —144.7 (tm, Jur = 23 Hz, Cl%).

® (2,2,3,8,4,4,4-Heptafluorobutyl) propyl sulfide 3d

Yield 63%. Bp 91-92 °C.

'H NMR: 6 0.95 (4, J = 7 Hz, CHs); 1.60 (sext, J = 7 Hz,
CHaz): 2.50 (b, J = 7 Hz, CHz); 3.10 (t, 2H, Jur = 18 Hz,
CF2CH3).

19 NMR: § —81.2 (tm, Jpp = 11.5 Hz, CFy); —114.7 (L,
Jur = 18 Hz, CIy); —127.80 (m, CF%).

o Benzyl (2,2,3,3,4,4,4-heptafluorobutyl) sulfide 3e

Yield 68%. Bp 80-82 °C (0.15 mbar).

'H NMR: 6 2.9 (L, Jur = 18.56 Hz, CH2); 3.9 (s, CHz); 7.3
(m, CgH5).

p NMR: 6§ —81.1 (t, Jer = 11 Hz, CF); —114.1 (tm,
Jur = 18.5 Hz, CIR); ~127.8 (m, CI%).

® (2,2,3,3,4,4,5,5-Octafluoropentyl) propyl sulfide 3f

Yield 60%. Bp 158-1G60 °C,

111 NMR: 6 0.95 (¢, J = 7 Hz, CH3); 1.61 (sext, J = 7 Hz,
CHaz); 252 (t, J = 7 Hz, CH2); 3.09 (t, Jur = 18 Haz,
CH2CF2); 6 (t, Jur = 50.0 Hz, Jpr = 5 Hz, CFaH).

B NMR: 6 —~113.9 (tm, Jur = 18 Hz, CiLCH3z); —125.4
(m, CFy); —130.3 (m, Cfh); —137.7 (dm, Jur = 50.0 Hz,
CIyH).

(1, 1-Dichloropolyfluoroalkyl) alkyl sulfides 4:
general procedure

S50,Clz (0.02 mol) in CIHzCl2 (10 mL) was slowly added,
al room temperature to a solution of sulfide 3 (0.01 motl)
in CH2Clz2 (20 mL). The mixture was stirred 2 h at room
temperature, the solvent was evaporated in vacuo (10-
20 mnm Hg) and the resulting sulfide 4 was distilled.

e (1,1-Dichloro-2,2,2-trifluoroethyl) ethyl sulfide 4a

Yield 90%. Bp 122 °C.

' NMR: 6 1.31 (t, J = 7 Hz, CHz); 3.09 (q, J = 7 Hz,
CIf).

YR NMR: § —77.8 (s, CF3).

Anal cale for C4HsCloF3S: C, 22.55; H, 2.36. Found: C,
22.59; H, 2.70.

e Benzyl (1,1-dichloro-2,2,2-trifluorcethyl) sulfide 4b
[7

Yield 85%. Bp 70-72 °C (0.1 mbar).

'H NMR: 6 4.21 (s, CHz); 7.30 (m, Cs Hs).

190 NMR: 6§ —77.4 (s, CF3).

e (1,1-Dichloro-2,2,3,8,4,4,4-heptafluorobutyl) ethyl
sulfide 4c

Yield 83%. Bp 30 °C (0.1 mbar).

'H NMR: § 1.31 (t, J = 7 Hz, CHz); 3.15 (q, J = 7 Hz,
CH3).

YF NMR: 6§ —81.6 (t, Jrr = 11.5 Hz, CF3); —107.2 (tm,
Jrr = 11.5 Hz, CF2-Clz); —120.3 (m, CI%).

o (1,1-Dichloro-2,2,3,8,4,4,4-heptafluorobutyl) propyl
sulfide 4d
Yield 88%. Bp 60 °C (0.2 mbar).

TH NMR: 6 1.1 (¢, J = 7 Hz, CH3); 1.8 (sext, J = 7 lz,
CHa); 3.3 (t, J = 7 Hz, CHz).

R NMR: 6 —81.6 (t, Jrr = 11.5 Hz, CF); —107.2 (Lm,
Jrr = 11.5 Hz, CFL-CCly); —120.3 (m, Cfa).

Anal cale for CzH-Cl2F7S: C, 26.70; H. 2.16. Found: C,
25.60; H, 1.93.

e Benzyl (1,1-dichloro-2,2,8,8,4,4,4-heptafluorobutyl)
sulfide de

Yield 80%. Bp 90 °C (0.2 mbar).

'H NMR: § 4.30 (s, CHz); 7.35 (m, CsHs).

190 NMR: 6 —81.6 (t, Jrr = 11.5 Hz, C[3); —106.9 (tm,
Jrr = 11.5 Hz, CFa); —120.3 (m, Cy).

e (1,1-Dichloro-2,2,3,8,4,4,5,5-octafluoropentyl)
propyl sulfide (4f) [5, 0]

Yield 86%. Bp 60 °C (0.4 mbar).

'H NMR: 6 1.09 (t, J = 7 Hz, CHz); 210 (s, J = 7 Hz,
CHa2); 3.07 (t, J = 7 Hz, CH3).

Y9F NMR: § —106.6 (t, Jrr = 9.5 Hz, CF-CClp); —117.7
gr}ﬂ, )CFg); —130.2 (m, CI%); —137.3 (dm, Jur = 52 Hz,

12 .

Alkyl perfluoroalkanedithiocarbozylates 5:
general procedure

A mixture of sulfide 4 (0.01 mot) and zinc sulfide (0.2 mol)
in acetonitrile (20 mL) was refluxed for 3 h, (sulfides 5c,d,f),
5 h (5a), 8 h (5b,e). The mixture was cooled to room tem-
perature and filtered, acetonitrile distilled at atmospheric
pressurc and the residue fractionated at atmospheric pres-
sure (esters (5a,e,d)) or in vacuo.

o Ethyl trifluorodithioacetate 5a
Distilled at 80 °C together with acetonitrile.
9 NMR: § —65.6 (s, CF3).

e Benzyl trifluorodithioacetate 5b

Yield 50%. Bp 67-68 °C (0.1 mbar).

1H NMR: 6 4.42 (s, CHz); 7.30 (m, CoHs).

13Q NMR: 6 44.3 (CHz); 118.1 (q, J = 280 Hz, CF3); 128.2;
128.40; 129.0; 132.7 (CsHs); 211.3 (t, J = 35.5 Mz, C=S).

197 NMR: § —65.6 (s, CI%s).

Anall calc for Coll7F3Ss: C, 45.75; H, 2.99, Found: C, 44.12;
H, 2.32.

o Ethyl perfluorobutanedithioate 5c

Yield 49%. Bp 95 °C.

'H NMR: § 1.35 (t, J = 7 Hz, CH3); 3.30 (q, J = 7 Hz,
CHz).

9 NMR: § —80.7.(t, Jrr = 11.5 Hz, CI3); —104.0 (t,
Jrp = 11.5 Hz, CF}); —124.7 (m, CI%).

Anal cale for CsHsF7S2: C, 26.28; H, 1.84. Found: C, 26.56;
H, 1.58.

e Propyl perfluorobutanedithioate 5d

Yield 51%. Bp 100 °C (0.1 mbar).

' NMR: & 1.05 (t, J = 7 Hz, CH3); 1.78 (sext, J = 7 Hz,
CHz); 3.25 (t, J = 7 Hz, CHa).

F NMR: § —80.7 (t, Jer = 11 Hz, CI3); —103.9 (t,
Jrr = 11 Hz, CFy); —124.6 (m, CF%).

Anal cale for C;HyF7S2: C, 29.17; H, 2.45. Found: C, 29.45;
H, 2.10.

o Benzyl perfluorobutanedithioate 5e
Yield 76%. Bp 90 °C (0.1 mbar).



'H NMR: 6 4.45 (s, CHa2); 7.30 (m, Cels).

3¢ NMR: 6 41.8 (CHz); 104.0-121.0 (m, CF2CF2CF3);
ézsg); 129.0; 130.1; 132.7 (CgHs), 211.3 (t, J = 25.5 Hz,

Y NMR: 6§ —80.6 (4, J = 11 Hz, C[%); —103.9 (tm,
J = 11 Hz, Cfy); —124.5 (n, CI%).

Anilll cale for C11H7"7S2: C, 39.29; H, 2.09. Found: C, 39.37;
1, 1.72.

e Propyl w-H-perfluoropentanedithioate 5F (3]

Yicld 70%. Bp 68-70 °C (0.4 mbar).

'H and '°I" NMR: sce [3].

3¢ NMR: 6 13.4 (CHa); 20.0 (CHz); 36.2 (CH2); 107.8
(tt, CHF2, J = 255 Hz, J = 30.5 Hz); 105.0-119.0 (m,
CF2CF2CF2); 212.5 (t, C=8, J = 25 Haz).

(1,1-Dichloro-2, 2, 2-trifluoroethyl) ethyl sulfozide 6

Hydrogen peroxide (3mL, 30% solution in Ha0) was added

to a solution of the sulfide 4a (0.01 mol) in CF3COOH

(10 mL) at 0 °C. The mixture was stirred for 1 h at room

temperature, diluted with 20 (200 mL) and extracted

with diethyl ether (3 x 26 mL). The ethereal solution was
dried over sodium sulfate, the ether was evaporated and the
sulfoxide 6 was distilled in vacuo.

Yield 40%. Bp 40 °C (0.1 mbar).

' NMR: 6§ 1.50 (t, J = 7 Hz, CH3); 3.20 (dq, J = 14.5 Ha,
J = 7.5 Hz, CHaHpg); 3.11 (dq, J = 14.5 Hz, J = 7.5 Hz,
CHAHp).

19 NMR: 6§ ~73.7 (s, CF3).

Cycloaddition of dithiocarbozylates 5 with dienes:
general procedure

A mixture of dithiocarboxylates 5 (0.01 mol) and the di-
ene (0.015 mol) was stirred for 10 h at room temperature
and distilled in vacuo. In the case of 1-(trimethylsilyloxy)-
butadiene, the excess of diene was evaporated and the crude
reaction mixture was purified by chromatography on silica
gel (petroleum ether/CH2Clg, 4:1).

o 2-(Ethylsulfanyl)-4,5-dimethyl-2- (trifluoromethyl)-
8,6-dihydro-2H-thiopyran 7a [2]

Yield 85%. Bp 45 °C (0.1 mbar).

'H NMR: 6 1.25 (t, J = 7 Hz, CHs); 1.70 (s, CHs);
1.79 (s, CH3); 2.20 (d, J = 18.5 Hz, CHaHp); 2.75 (d,
J = 18.5 Hz, CHAHg); 2.78 (q, J = 7 Hz, CH{2CHa);
2.91 (d, J = 15.5 Hz, CHAHp-8); 3.30 (d, J = 15.5 Hz,
CHA Hp-8).

HG NMR: 6 13.7 (CHs); 18.9 (CHjs); 19.9 (CHa); 25.3
(CH.); 30.0 (CH,-S); 37.3 (CHz); 58.9 (q, J = 28 Hz,
C-CF3); 123.1 (C=); 123.9 (C=); 126.8 (¢, J = 282 Haz,
CF3).

YR NMR: 6§ —73.6 (s, CF3).

e 2-(Benzylsulfanyl)-4, 5-dimethyl-2- (trifluoromethyl)-
3,6-dihydro-2H-thiopyran 7b

Yield 75%. Bp 58 °C (0.2 mbar).

'H NMR: § 1.69 (s, CHs); 1.78 (s, CHs); 2.21 (d,
J = 19.0 Hz, CH4Hg); 2.78 (d, J = 19.0 Hz, CHAHg);
2.90 (d, J = 15.0 Hz, CH2Hg-5); 3.30 (d, J = 15.0 Hz,
CHp Hp—S); 4.30 (s, CHz); 7.30 (m, CgHs).

BF NMR: § —73.5 (s, CF3).

Anal cale for C15sH17F3S2: C, 56.58; H, 5.38. Found: C, 56.49;
H, 5.21.
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o 2-(Ethylsulfanyl)-4,5-dimethyl-2-perfluoropropyl-
8, 6-dihydro-2H-thiopyran 7c

Yield 72%. Bp 70 °C (0.1 mbar).

'H NMR: 6 1.21 (t, J = 7.0 Hz, CHy); 1.71 (s, CH3);
1.80 (s, CHs); 2.30 (d, J = 18.5 Hz, CH{aHp); 2.85 (d,
J = 18.6 Hz, CHAH p); 2.79 {q, J = 7.0 Hz, CHy); 2.90
(S()l, J =17 Hz, CH aHp-S); 3.30 (d, J = 17 Hz, CHA Hp—

YF NMR: 6§ —81.5 (t, Jer = 12,0 Hz, CFy); —107.1 (dt,
Jrr = 280 Hz, Jrr = 12 Hz, CFAF C-S); ~109.0 (dt,
Jrr = 280 Hz, Jpp = 12 Hz, CFAFpC-8); —-120.0 (din,
Jpp = 286 Hz, CFAFg); —-122.8 (dm, Jrr = 286 lz,
CFaFg).

Anal calc for C12H15F782: C, 40.45; H, 4.24. Found: C, 10.73;
H, 3.79.

2-(Benzylsulfanyl)- 2- (trifluoromethyl)-
G-(trimethylsilyloxy)-3, 6-dihydro-2H-thiopyran 8
and 2-(benzylsulfanyl)-2- (trifluoromethyl)-
3-(trimethylsilyloxy)-3, 6-dihydro-2H-thiopyran 9

Yield 42%. Bp 70 °C (0.2 mbar).

'H NMR: 6 0.10 (s, SiMes); 0.18 (s, SiMey); 2.30-3.30
(m, CH2); 4.10 (s, CH32); 5.00 (i, CH), 5.50-6.00 (m,
CH=CH).

190 NMR: 6 —66.6 (s, CFs); —68.8 (5, CIb); —~73.0 (s, CFh);
—~73.8 (s, CF3) (relative intensity: 2.5:1; 2.3:3.2).

Anal calc for CisH21 F30828i: C, 50.76; H, 5.59. Found: C,
50.06; H, 5.30.

e Compound 9 (after chromatographic separation)

Yield 10%.

'H NMR (double homonuclear resonance): § 0.10 (s, SiMes);
2.86 (ddm, J = 17 Hz, J = 4 Hz, CHaHg); 3.33 (dq,
J =17 Hz, J = 2.5 Hz, CHAHg); 5.00 (m, CH-0Si);
4.00 (s, CHa2), 5.42 (dq, J = 12.5 Uz, J = 2.5 Hz, CH=);
5.78 (ddt, J = 12.5 Hz, J = 4.5 Hz, J = 2.5 Hy, CH=).

13C NMR: 6§ 0.02 (SiMe3); 24.9 (CHz); 35.4 (CHg); 62.9 (q,
J = 25 Hz, C-CF3); 69.5 (C-08Si); 123.9 (s, Car); 127.5
(s, Car); 128.7 (s, CH=); 129.4 (s, CH=); 131.3 (s, Car);
137.0 (s, Car—CHa).

9 NMR: § —68.8 (s, CF3).

2-(Propylsulfanyl)-2- (w-H-perfluorobutyl)-3, 6-dihydro-
2H-thiopyran-8-ol 12’

Yield 30%.

'H NMR (double homonuclear resonance): § 1.00 (t,
J = 7 Hz, CH3); 1.61 (sext, J = 7 Hz, CHz); 2.50 (s,
QH); 2.81 (t, J = 7 Hz, CH2); 2.95 (dd, 1H, J = 18.5 Hz,
J = 5.0 Hz, CHaHg); 3.40 (d, J = 18.56 Hz, CHA HB);
4.22 (d, J = 5.0 Hz, CH-OH); 5.85 (dm, J = 10.5 Hz,
CH=); 5.98 (ddd, J = 10.5 Hz, J = 5.0 Hz, J = 1.5 Hz,
CH=); 6.06 (tt, Jur = 52.0 Hz, J = 5.5 Hz, CFzH).

13C NMR: § 14.8 (CHs); 22.2 (CHz); 24.2 (CHz); 32.9
(CHz); 64.5 (t, J = 17.5 Hz, C-CF2); 64.6 (C-OH); 108.2
(tt, J = 265.0 Hz, J = 29.5 Hz, CFzH); 125.4 (CH=);
128.1 (CH=).

9 NMR: § ~98.5 (d, Jrr = 202 Hz, CF4Fg); —101.5
(d, Jrr = 292 Hz, CFaFB); —116.3 (d, Jrr = 290 Hz,
CFAFg), —121.3 (d, Jrr = 200 Hz, CFa Fs); —130.8 (m,
CF3); —137.5 (dm, Jur = 52 Hz, CF>H).

Anal calc for C12H14FgOSa: C, 36.92; H, 3.61. Found: C,
37.42; H, 3.69.
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