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niullrod for lllc synLltcsis of the title compountls ib proposecl. ‘J‘lle sLarl.ing fluorinfllcd colnponntl? are 
commercially nvniltt IIC lrlflimrouLlinnol uud higher Imli-iologucs, which were Lrnnsformcd iu Lhrce steps intr (2i2-dicil101.,0- 

j~2l’jjUolwll~yj) ~~llcylsullldcs. ‘l’hc last slcp consililctl in n 5ubsLitution of chlorine by biilW Ly li'cd1110111 will, aj~lc tailiirlo, 

The source ol’ ziuc sulfide is cruciui aud he possihe rok ul’ c~~lulyLic imjxwilics WIW i&csL/ynLcd. ,‘I~sc diLiliocslcrtf ~I’C 
oxcollout dlouojhljos, Sonlo cyclonrl~ijLiou rcwtioiru with 2,iJ-rjjtnethyll~uLtl-l,3-tliu~ie r&l I-(trll~i~tl~ylsjlyl~xy)l~~l~ll- 1 ;:&~m 
nrc roporLcc1. 

porfluorl~u~tod ditl~loost~r / polyfluorlt:nted sulfide / cyclonddition / Lot~ol~lydI.otiiiopyrrila 

R&urn6 - Syntl&sa de porfluoronlcnneditldoc~~ boxylatcs d’alkylo et quelques aspects de Jeur r&ctivitd dnns des 
r&actions de cyclonddition. IJnc ncuvcllc m6Lhodc dc syntllksc dc perfluoroalItatmcliLl~iocnrl~oxy1ates d’all~yle est d$crlLbi 
il. piirlir tic compos& cpn!mcrciaux. Lc trifliroro6tlianol ou Its liomologues superieurs sol!t transform& cu trois dtapcs en 
t2,2 ‘f”‘j.l’!:. b,,Cfl -C IC 1 010 CI uoroalkyl) nlkylsulfurcs. La dcrnibre 6lapc c:onsistc cm unc s~ibslit~~tion des ntomcs de chlorc par Ic soufre 
par traitcmciii au sulfure de zinc. La source de sulfurc de zinc s’esl revelcc ~elermim~nle CL lo r6lc caLalyLic]ue d’impuret6s 
a Bt@ BLudid. Ces dithiocsters sent d’excellents didnophiles, comme illustrd dans &s reactions nvcc Ic 2,3-~iln~thyIl,t~tndihlth 
ot lo l-(trimdtl~ylsilyloxy)buta-l&diene. 

dithioestcr perRuorQ / sulfurc polyfluor& / cyclonddition / tetrnhydrothiopyrnno 

Introduction 

Derivatives of thiocarboxylic acids ark versatile interme- 
diates in organic syntl!esis [l]. Perfluoroana!ogues are 
scarcely used, duo to the lack of a convenient method 
of j,reparation [2, 31. In contrast to their hydrogenated 
analogues [4] perfluorodithiocstcrs were shown to react 
very e&asily in 4 + 2 cyclonddition with rlienes (2, 31. 
One of us recently reported a new method to pre- 
pare such dithioesters by reaction of zinc sulfide with 
l,l-dichloroperfluoroalkyl sulfide, obtained by chlorina- 
tion of a pcrfluoroaldehyde dithioacetal [5]. We report 
in this paper a new and general approach to the syn- 
thesis of alkyl perfluoroalkanedithiocarboxylates which 
uses l,l-dihydropr!rfluoroalcohol as starting material. 
Some cycloadditions of tltese dii;hioesters, especially 
with dienoxysilanes, will also be described. 

@xxi wit!1 the thiol in basic medium to give the sulfi$e 
3 [7]. a-Chlorh?ation OF 3 witlf sulfuryl chloride gave +e 
oj,q-dichloro pulfide 4. The overall yield OF these t!$ee 
stc~s’<v~.G ih the range of 55% ul!c/ j;lie bi-ocess worked 
with trifluoroe&dnol and iligher liijiiibjdgues as well. 

RlXH20H------+ ‘IN” R,CHzOTs 

1 2 

3a-3f 4a-4f 

Fig 1. Preparation of l,l-dicl~loropcrfluoroalkyl sulfides (for 
Lhe dcfirrition of a-f, see table I). 

Results and discussion 

Preparation of clithioeste~~ 

The first steps of this synthesis arei described in figure 1. 
Tosylation of the starting alcohol 1 [6] gave 2 which re- 
-_-_-__ 
+ Correspdndence and reprints 

The main problem encbtinbcd in the synthesis of 
dithioesters 5 was tile substitution of chlorine by sulfur 
(gable I), which was strongly dependent on the origin of 
the zinc sulfide used. Sulfides 4a-f did not react with 
pure ZnS (99.99% from Aldrich) under the conditions 
described in a preliminary report [3]. In contrast, the 
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Cl/S exchange took place when zinc sulfide was pre- 
pared according to a reported procedure [B]: addition 
of ammonium hydroxide to an aqueous solution of sine 
chloricle, filtrution of the residual suspension, addition 
of NasS to the filtrate ‘for precipitation of ZnS. Hence 
the prepared ZnS contained some impurities that act 
as fl catalyst. Some experiments were carried out in or- 
der to get some information about the nature of this 
catalyst. Addition of 5-10% of ZnCls to the ‘pure ZnS’ 
did not allow any reaction to start, indicating that the 
activation of the cz,cr-dichloro suliide was not a sim- 
ple Lewis acid catalysis by some starting zinc chloride 
remaining in the solid. As mentioned above, the ‘pre- 
pared ZnS’ wns obtained by a procedure in which the 
Iirst stop is the elimiiiation of some insoluble material 
by treathlg aqueous ZnCl:! with ammonium hydroxide. 
In order to assess its possible catalytic ability, 10% of 
this solid was addecl 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- 
cler reiiux 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 measurements after careful drying in 
vacuum, the composition ZnO1.sClo.4sNo.4H2.2 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. 

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

The dithioesters So-f are thermally stable, distill- 
able red liquids which exhibit, besides a strong UV ab- 
sorption, a wide absorption band at 495 /Lrn (CHsCN, 
E = 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, hut it was 
trapped in situ hy dienes (see below). According to the 
boiling points observed for the higher homologues (SC: 
95 “C; 5d: 100 “C) compound 4a seems to be much 
more volatile than reported earlier [2a]. 

Reaction of dithioestem 5 with Wenes 

The easy cycloaddition reaction of dlthioesters 5 with 
dienes constitutes a convenient access to fluorhrated 
derivatives of thiopyran, which hydrogenated analogues 
were hrtensively studied 191. Compounds 5 reacted ef- 
ficiently with 2,3-dhnethylbutadiene to lead to the, 
thiopyran 7 (fig 2). The dithioesters 5b and 5c reacted 
at room temperature without solvent, as reported in 
a preliininary account [3], whereas the trifluoromethyl 
analogue Sa, obtained as a solution in acetonitrile, was 
converted into the corresponding thiopyran 7a by sim- 
ply adding the diene to the solution. 

5a, b, c 
Table I. Prcpuration of the perfluorodilllioesters. 

R~CCIZSR -I- ZnS TR~cS~~X 

4a-4f Sa-5f 

R Reaction time (7~) Yield (5%) 

7a RF =CF,, R = Et 

7b R, =CF,, R = i31-1 

7c R ,z = C,F,, R = Et 

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

C gz 
Et 5 
Bn 8 

: 
Cal?, lx 3 
C3Pt 3 

0 Cd-+ iz: 8 
f I-I(CF& Pr 3 

” Not determined (codistilled with the solvent). 

n 

x: 
51 
76 
70 

The exchange step was faster with long perfluoro- 
alkylated sulfides. On the other hand, for a given RF, 
we observed a feaster 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 

IS202 
CF3CC12SEt TFA + CF&CleS(O)Et 

4a 6 

ZllS 
-u, CFsC(S)S(O)Et 

The reaction with 1-(trhnethylsilyloxy)buta-1,3- 
diene was carried out under similar conditions. The 
regio- and stereoselectivity depended on the structure 
of the dithioester (fig 4). The trifluoromethyl compound 
5b was converted into a mixture of two regioisomers, 
each being obtained as a mixture of two d.iastereomers. 
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 long F-ally1 dithioester 5f reacted 
more regio- and stereoselectively with the siloxydiene. 
The ‘sF NMR spectrum of the crude product reveaied 
that one of the four possible isomers, 11, was formed in 
more than 60% relative yield. We attempted to isolate 
this compound by distillation but a retro-Diels-Alder 
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Fig 3. Cycfondclition reactions with I-(trimcthylsilyloxy)butil-1,3-dierle. 

reaction occurred at temperatures above 100 “C giving 
back the starting dithioester. This major cycloadduct 
11 was isolated by chromatography together with the 
correspondir.g 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. F’ur- 
ther examples of synthetic uses in [4 + 21 cycloaddition 
illustrate the high reactivity of these compounds. Other 
aspects of their reactivity are reported elsewhere [lo]. 

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. 
‘H, 13C and ‘“F NMR spectra were recorded in CDCls 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 nerformed with a Perkin-Elmer CHN 2400 anua- 
i.atus. The starting perfluoroalkylmethanol was purch&ed 
from Aldrich and Fluorochem. 

l,l-Dihydropolyfluoroalkyl sulJdes 3: general procedure 

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

l Ethyl (2,2,2-t7_i,fluoroethyl) sulfide 3a 
Yield 73%. Bp 74-75 “C. 
‘H NMR: b 1.30 (t, J = 7 Hz, CIfs); 2.70 (q, J = 7 Hz, 

C&); 3.09 (q, 2H, &,F = 12 HZ, C&CFa). 
13C NMR: 6 14.1 (CHs); 27.1 (CHsCH3); 33.7 (q, J = 32 Hz, 

CHeCFs); 121.7 (q, J = 270 Hz, CF3). 
lr’F NMR: 6 -67.1 (t, J = 12 Hz, W3). 
Anal talc for C4HrFsS: C, 33.33; H, 4.89. Found: C, 33.21; 

H, 4.75. 

l Benzyl (2,2,2-trifiuoroethyl) sulJide 3b 
Yield 68%. Bp 50 “C (0.1 mbar). 
‘H NMR: 6 2.88 (q, &F = 10 Hz, CH2); 3.81 (s, CH2); 7.30 

(m, C&a). 
“F NMR: 6 -66.3 (t, J = 10 Hz, CF3). 
Anal talc for CsHeFeS: C, 52.42; II, 4.40. Found: C, 52.36; 

H, 4.36. 

l Ethyl (2,2,3,3,4,4,4-heptajluorobutyl) sulfide 3c 
Yield 68%. Bp 75-77 “C (0.1 mbar). 
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‘I-I NMIE: 6 1.30 (t, J = 7 I-h, C%); 3.10 (LL, Jllp = 23 Hz, 
JIIl’ = 1.5 Hz, ClIzCF~); 3.50 (q, J = 7 Hz, C&). 

“1~ NMR: 6 -81.2 (Lm, &IF = 11.5 Hz, CFs); -127.8 (m, 
C&); -144.7 (Lm, JIW = 23 Hz, CFz). 

a (~,2,3,3,4,4,4-IIept(LfEuoro6ut~l) pt’opyl sulfide 3d 
Yield 63%. Bp 91-92 ‘C. 

‘I-1 NMR: d 0.95 (L, J = 7 Hz, CI&); 1.60 (scxl, J = 7 Hz, 
CI&); 2.50 (1, J = 7 Hz, CI-12); 3.10 (1, 21-1, JI’.~ = 18 Hz, 
CL’2CIf~). 

“I? NM!& 6 -81.2 (tm, JIW = 11.5 Hz, C&s); -114.7 (Lm, 
./111? = 18 He, CI;i); -127.80 (m, Cli;). 

l Benzgl (2,2,3,3,.4,4,4-hcptafZuoroht$) sulfide 3e 
Yirld G8%. Bp 80-82 OC (0.15 mbar). 

‘I-1 NMR: 6 2.9 (t, .JIIF = 18.5 Hz, CJ&); 3.9 (s, CI-12); 7.3 
(m, CGI.IG)+ 

‘“F NMR: 6 -81.1 (L, JPp = 11 Hz, Cr;;); -114.1 (Lm, 
,/m” = 18.5 Hz, Cl&); -127.8 (m, C&). 

l (2,%,3,3,4,4,5,5-Octafluoropentyl) pro& sulfide 3f 
Yield 60%. BIJ 158-160 OC. 

‘I-1 NMR.: IS 0.95 (t, J = 7 Hz, CFZs); 1.61 (soxt, J = 7 Hz, 
C&z); 2.52 (t, J = 7 HE, C112); 3.09 (t, JIIP = 18 Hz, 
CI12CF2); G (tt, Jup = 50.0 Hz, JW = 5 Hz, CP21-I). 

“17 NMR: 6 -113.9 (Lm, ,IIIIT = 18 Hz, CW2CI-12); -125.4 
(m, CA); - 130.3 (m, Cfii); -137.7 (dm, Jup = 50.0 Hz, 
CPZH). 

(1,1-Dichloropolyf~uoroalkyl) aliqjl sulfides 4: 
general procedure 

SOzCl2 (0.02 mot) in CH&l2 (10 mL) was slowly added, 
at room temperature Lo a solution of sulfide 3 (0.01 mol) 
in CH2C12 (20 mL). The mixture was stirred 2 11 at room 
temperature, the solvent was evaporated in vacua (lo- 
20 mm Hg) and the resulting sulfide 4 was distilled. 

l (l,l-Dichloro-2,2,&t$%~oroetlqjl) ethyl sulfide 4a 
Yield 90%. Bp 122 “C. 
‘1-I NMR: 6 1.31 (I;, J = 7 Hz, CIj3); 3.09 (cl, J = 7 Hz, 

CJ&) . 

“P NMR: S -77.8 (s, C&). 

Anal cak for &HeCI#&: C, 22.55; H, 2.3G. I?ound: C, 
22.59; I-I, 2.70. 

l Ben.& (l,l-dichloro-2,2,2-trifhoroethyl) sulfide 4b 
PI 

Yield 85%. Bp 70-72 OC (0.1 mbar). 

‘I-1 NMR: d 4.21 (s, CW2); 7.30 (m, Cs1fs). 

‘“I? NMR: 6 -77.4 (s, CFs). 

l (l,l-Dichloro-2,2,3,3,4,&$-Itepta~uorobuQ~l) ethyl 
sulfide 4c 

Yield 83%. Bp 30 “C (0.1 mbar). 
‘I-1 NMR: 6 1.31 (t, J = 7 Hz, CF1s); 3.15 (q, J = 7 Hz, 

CI-12) ., 
IoF NMR: d -81.6 (t, JFF = 11.5 HZ, Cl&); -107.2 (tm, 

&F = il.5 Hz, c&-CI2); -120.3 (m, C&r;). 

l (l,l-Dichloro-2,2,3,3,4,4,4-heptafluorobutyl) propyl 
sulfide 4d 

Yield 88%. Bp 60 “C (0.2 mbar). 

‘1-I NMR: 6 1.1 (1, J = 7 Hz, CI-/3); 1.8 (sext, J = 7 Hz, 
CI&); 3.3 (t, J = 7 Hz, CI-12). 

“P NMR: 6 -81.6 (t, & = 11.5 Hz, CFa); -107.2 (Lm, 
JFF = Il.5 I-b, C&-CC&); -120.3 (m, CP2). 

htlt cntc for C7I-I7Cl&S: c, 25.70; II, 2.lG. Found: C, 
25.60; I-I, 1.93. 

l Benzyl (l,l-dict~lo~~-2,%,3,3,~,~,~-t~e~~ta~uoro~~~t~l) 
sulfide 4e 

Yield 80%. Up 90 “C (0.2 mbar). 
‘I-l NMR: 6 4.30 (s, CI-12); 7.35 (m, Csl15). 
“I? NMR: 6 -8l.G (t, JFF = 11.5 Hz, C&); -106.9 (Lm, 

JFF = 11.5 Ha, CJ’2); -120.3 (m, C&i;). 

l (I,l-Dichlo~~o-2,2,3,3,~,~,~,~-octaJEuo~ope~~t~l) 
propgl sulfide (4f) [5, 61 

Yield SC%, Up GO OC (0.4 mbar). 
‘1-I NMR: 6 1.09 (t, J = 7 Hz, (X3); 2.10 (s, J = 7 Hz, 

CI-12); 3.07 (t, J = 7 Hz, CI-12). 

‘“F NMR: 6 -106.6 (t, JI;‘F = 9.5 Hz, cl;i-CC12); -117.7 
(m, Cl;i); -130.2 (m, CF”); -137.3 (dm, Jup = 52 Hz, 
Cl72). 

Alkf~l perfhoroa~kanedithiocarhox~j~ates 5: 
general procedure 

A mixture of sutIidc 4 (0.01 mol) and zinc sulfide (0.2 mot) 
in acetonitrile (20 mL) was refluxcd for 3 h, (sulfides Lic,d,f), 
5 h (5a), 8 Ii (5b,c). The mixture was cooled to room tem- 
pcraturc and flltcred, acetonitrile disLittcd at atmospheric 
pressure and the residue fractionated at atmospheric prcs- 
sure (esters (5n,e,d)) or in vacua. 

l Ethgll tv@vorodith:~oacetate 5a 
Distilled at 80 ‘C Logether with acetonitrile. 
“I? NMR: 15 -05.6 (s, C4). 

l Be~~yl tri$luorodithioacetate 5b 
Yield 50%. Bp 67-68 “C (0.1 mbar). 
‘H NMR: 6 4.42 (s, CI-I2); 7.30 (m, CGH~). 
13C NMR: c5 44.3 (CI-12); 118.1 (cl, J = 280 Hz, CFs); 128.2; 

128.40; 129.0; 132.7 (CsHs); 211.3 (t, J = 35.5 HZ, C=S). 
‘“I? NMR: d -65.G (s, CF3). 
Anal talc for CgH71?13S2: C, 45.75; I-I, 2.99, Found: C, 44.12; 

II, 2.32. 

l Et/& perfluorobutanedithioate 5c 
Yield 49%. Bp 95 OC. 
‘1-I NMR: 6 1.35 (t, J = 7 I-12, cX3); 3.30 (q, J = 7 Hz, 

CH2). 

‘“I? NMR: 6 -80.7.(t, &I? = 11.5 Hz, C4); -104.0 (L, 
JFF = 11.5 Hz, Cl;i); -124.7 (m, Cl;;). 

Anal catc for CsHsF&: C, 26.28; I-1, 1.84. Found: C, 26.5G; 
I-I, 1.58. 

l Propyl perJluorobutanedithioate 5d 
Yield 51%. Bp 100 OC (0.1 mbar). 
‘1-I NMR: 6 1.05 (t, J = 7 Hz, CX13); 1.78 (sext, J = 7 Hz, 

CH2); 3.25 (t, J = 7 Hz, CI-12). 
‘“F NMR: 6 -80.7 (t, JFF = 11 HZ, C&); -103.9 (t, 

JFF = 11 Hz, CI;i); -124.6 (m, CI;;). 

Anal cak for C7HrI?7Sz: C, 29.17; I-I, 2.45. Pound: C, 29.45; 
II, 2.10. 

l Benzyl perfluorobutanedithioate 5e 
Yield 76%. Bp 90 OC (0.1 mbar). 



‘I-I NMR: d 4.45 (s, CH2); 7.30 (m, C&G). 
13C NMR: 6 41.8 (CH2); 104.0-121.0 (m, CF&‘F2CF3); 

128.1; 120.0; 130.1; 132.7 (CoHc), 211.3 (t, J = 25.5 Hz, 
C=S). 

loI’ NMR: 6 -80 , ( .f t, J = 11 Hz, CP!); -103.9 (tm, 
J = 11 Hz, Cr;;); -124.5 (m, C&). 

Anal talc for CllH7F&: C, 39.29; II, 2.09. Found: C, 39.37; 
I-I, 1.72. 

l Propyl w-H-perfluo~opentanedithioate 5f (31 
Yield 70%. Bp ti8-70 OC (0.4 mbar). 
‘1-l and “17 NMR: see 131. 
13C NMR: 6 13.4 (CH3); 20.0 (Cl-I& 36.2 (CHz); 107.8 

(11, CHF2, J = 255 Hz, J = 30.5 Hz); 105.0-119.0 (m, 
CF2CP2CF2); 212.5 (I, C=S, J = 25 Hz). 

(l,l-Dichloro-2,2,24rijIuoroethyl) ethyl sulfoxidc G 

Hydrogen peroxide (3mL, 30% soluCon in I-120) was added 
lo a solution of the suIIide 4a (0.01 mol) in CF3COOI-I 
(10 mL) at 0 OC. Tile mixture was stirred for 1 II at room 
temperature, diluted witl! I-120 (200 mL) and extracted 
with dietIlyI elher (3 x 25 mL). Tile etl~ereal solution was 
dried over sodium sulfate, tile ether was evaporated and tllo 
sulfoxidc 6 was distilled in vacua. 
Yield 40%. Bp 40 ‘C (0.1 mbar). 
‘1-I NMR: 6 1.50 (t, J = 7 Hz, CI-13); 3.20 (dq, J = 14.5 Hz, 

J = 7.5 Hz, CI-l~IIa); 3.11 (dg, J = 14.5 Hz, J = 7.5 Hz, 
CHAI-lO). 

‘OF NMR: 6 -73.7 (s, C&). 

Cycloaddition of dithiocarho.nJlaks 5 with dienes: 
gcueral procedure 

A mixture of dithiocarboxylates 5 (0.01 mol) and tlie di- 
cnc (0.015 mol) wtls stirred for 10 Ii at room temperature 
and distilled in vacua. In tile case of l-(trimetIlylsilyloxy)- 
butadiene, tllc excess of diene was evaporated and the crude 
reaction mixture was purified by cliromatograpby on silica 
gel (pctrolcum eLlicr/CI-I&12, 4:l). 

l 2-(Eth~~lsulfn~~1/1)-4,8-d~meth~l-2-(t~~uorometh~1)- 
3, G- diihydro-2H-thiopyran ?a [2/ 

Yield 85%. Bp 45 OC (0.1 mbar). 
‘I-I NMR: 6 1.25 (t, J = 7 Hz, Cffa); 1.70 (s, CH3); 

1.79 (s, C&); 2.20 (d, J = 18.5 Hz, CI-lnHa); 2.75 (d, 
J = 18.5 Hz, CI-1,&o); 2.78 (cl, J = 7 Hz, CIf&X13); 
2.91 (d, J = 15.5 Hz, CI-lnHa-S); 3.30 (d, J = 15.5 Hz, 
CI-Il\llo-S). 

13C NMR: 6 13.7 (CI-13); 18.9 (CI.13); 19.9 (CH3); 25.3 
(CH2); 30.0 (CH2-S); 37.3 (CI-12); 58.9 (q, J = 28 Hz, 
C-CF3); 123.1 (C=); 123.9 (C=); 126.8 (q, ,I = 282 Hz, 
CF3). 

“1’ NR4R: 6 -73.B (s, Cr;;). 

l 2-(Benzylsulfanyl)-~,5-dimethyl-2-((trifluoromctl~yl)- 
3, G-dihydro-2H- thiop yran 7b 

Yield 75%. Bp 58 ‘C (0.2 mbar). 
‘1-I NMR: 6 l.GQ (s, Clfa); 1.78 (s, CH3); 2.21 (d, 

J = 19.0 Hz, CX&Hn); 2.78 (d, J = 19.0 Hz, CHaffe); 
2.90 (d, J = 15.0 Hz, CWAH~-S); 3.30 (d, J = 15.0 Hz, 
CHANB-S); 4.30 (s, Clf2); 7.30 (m, C&5). 

‘“I? NMR: 6 -73.5 (s, CF3). 
Anal talc for C1sI-I17F3&: C, 513.58; I-I, 5.38. J?ound: C, 56.49; 

I-I, 5.21. 
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l 2-(Eti~yls~~lfanyl)-~,6-dintetlr.~~l-2-per~~f~1~oro~~ropyl- 
3,&dihydro-2H-thiopyran 7c 

Yield 72%. Bp 70 ‘C (0.1 mbar). 
‘1-I NMR: 6 1.21 (t, J = 7.0 Hz, Clf3); 1.71 (6, cXf3); 

1.80 (s, Wa); 2.30 (d, J = 18.5 Hz, CW~11a); 2.85 (d, 
J = 18.5 Hz, CH,jI-la); 2.79 (4, J = 7.0 Hz, CH2); 2.90 
(d, J = 17 Hz, CWnI-lu-S); 3.30 (d, J = 17 Hz, CI-l~ff~- 
S)* 

‘“I? NMR: b -81.5 (t, Jy2 ;L12tiOP;I;I g?$ z:O;:, [;I, 
Jtzr = 280 Hz, JIpF = 
&I? = 280 Hz, JFV = 12 I-1;: ciA&c-S);i-120.0 (d:n: 
JIPF = 286 Hz, CPAF~); -122.8 (dm, &F = 286 IIz, 
CFA&). 

Anal caIc for ClZIIleI”&: c, 40.45; II, 4.24. Found: C, 40.73; 
I-I, 3.79. 

2-(Bentylsulfanyl)-2-(h~fluoromethyl)- 
G-(t~im,ethylsilylo~y)-3,G-dil~ydro-2H-thiopyra~t 8 
and 2-(lrenzylsulfanyl)-2-(trifluoromethyl)- 
3-((trimethylsilyloxy)-3, G-dihydro-2H-thiopyran 9 

Yield 42%. Bp 70 “C (0.2 mbar). 
‘1-I NMIE: 6 0.10 (s, SiAJe3); 0.18 (s, SiA$e:j); 2.30-3.30 

(m, C&); 4.10 (s, CI-12); 5.00 (In, CW), 5.50-6.00 (m, 
CI-I=CI-I). 

‘“F NMIt: 6 -G&G (s, CP3); --88.8 (5, cV3); -73.0 (s, Cfi); 
-73.8 (s, CP3) (relative intensily: 2.5:l; 2.3:3.2). 

Anal talc for CloI-I21F3O&Si: C, 50.76; 11, 5.59. Fourid: C, 
50.06; H, 5.30. 

l Compound 9 (after chromatographic separation) 
Yield 10%. 
‘I-1 NMR (double homonuclcar resonance): d 0.10 (s, SiAde3); 

2.86 (ddm, J = 17 Hz, J = 4 Hz, Clf~Hn); 3.33 (dq, 
J = 17 Hz, J = 2.5 Hz, CI-I,+,No); 5.00 (m, Cff-OSi); 
4.00 (s, Cffz), 5.42 (dq, J = 12.5 Hz, J = 2.5 Hz, CII=); 
5.78 (ddt, J = 12.5 Hz, J = 4.5 Hz, J = 2.5 Hz, Cl-l=). 

13C NMR: 6 0.02 (SiAfcs); 24.9 (CH2); 35.4 (CI-12); 62.0 ((I, 
,J = 25 Hz, C-CF3); 69.5 (C-OSi); 123.9 (s, C’A~); 127.5 
(s, CA,.); 128.7 (s, CH=); 129.4 (s, CI-I=); 131.3 (s, C,,r); 
137.0 (s, CAr-CH2). 

‘“F NMR: S -68.8 (s, Cli;). 

2-(Propylsulfar1yl)-2-(w-Il-pe7~uoroDut~~1)-3,G-dihydro- 
2H-thiopyran-3-01 12’ 

Yield 30%. 
‘1-I NMR (double llomonuclear resonance): S 1 .OO (L, 

J = 7 Hz, Cff3); 1.61 (sext, J = 7 Hz, CI-12); 2.50 (s, 
Off); 2.81 (t, J = 7, Hz, CXf2); 2.95 (dd, lH, J = 18.5 Hz, 
J = 5.0 Hz, Cff/,I-IB); 3.40 (d, J = 18.5 Hz, CI-I,,ffB); 
4.22 (d, J = 5.0 Hz, CJf-OH); 5.85 (dm, J = 10.5 Hz, 
CI-I=); 5.98 (ddd, J = 10.5 Hz, J = 5.0 Hz, J = 1.5 Hz, 
CH=); 6.06 (tt, JHF = 52.0 HZ, J = 5.5 112, CF2I-I). 

13C NMR: 6 14.8 (CH3); 22.2 (CH2); 24.2 (CI-12); 32.9 
(CH2); 64.5 (t, J = 17.5 Hz, C-Cl+); G4.6 (C-OH); 108.2 
(tt, J = 265.0 Hz, J = 29.5 IIz, CF2I-I); 125.4 (CH=); 
128.1 (CH=). 

“F NMR: 6 -98.5 (d, JFF = 292 HZ, CFAFB); -101.5 
(d, JFF = 292 Hz, CFAFB); -116.3 (d, J~F = 290 HZ, 
CFAF~), -121.3 (d, JFF = 290 Hz, CFAFD); -130.8 (m, 
CFz); -137.5 (dm, &F = 52 Hz, C&I-I). 

Anal talc for Cl~HlilFsOS2: C, 36.92; I-I, 3.61. Found: C, 
37.42; H, 3.69. 
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