
3588 VOL. 27 KRESPAN 

Fluorinated Thiolanes and a Selenolane 

C.  G. KRESPAN 

Central Research Department, Experimental Station, E.  I .  du Pont de Nemours and Company, Wilmington, Delaware 

Received AIay 4, 1968 

A versatile new synthesis of fluorinated thiolanes hits been found in the reaction of sulfur, a fluoroolefin, and another un- 
saturated reactant a t  150'. This synthesis has also been extended to the preparation of a selenolane. Reaction of iodine 
with tetrafluoroethylene and another olefin appears to  offer a similar general route to partially fluorinated 1,4-diiodides. 

A one-step synthesis of octafluorothiolane from 
sulfur and tetrafluoroethylene was described in a 
previous paper.' Modification of this reaction by 
the addition of an unsaturated third component has 
now been found to be a general preparative method 
for partially fluorinated thiolanes. Thus, a mix- 
ture of equimolar amounts of sulfur, tetrafluoro- 
ethylene, and another unsaturated component 
combines at  150" in a remarkably specific reaction 
to  form, in yields up to SO'%, a thiolane containing 
one molecule or atom of each of the reactants. 

The third component can contain terminal, 
internal, or aromatic unsaturation, and functional 
groups such as ester, anhydride, nitrile, hydroxyl, 
ether, sulfide, and halide will survive the reaction. 
Furthermore, chloro- and bromotrifluoroethylenc 
can be substituted for tetrafluoroethylene, and even 
difluorovinylidene chloride will give low yields of 
thiolanes. Use of selenium rather than sulfur re- 
sulted in the formation of the selenolane, but in 
lower yield than for the corresponding thiolane. 
Equations 1 and 2 present the synthesis in general 
terms. 

FX 
F a Q R z  

M + CFz=CFX + CHz=CRa + 

M t C F z = C F X  + RCH=CHR - (2) 
M 

where M = S, Se 
X = F, C1, Br 
R H, CH,, CK, COaCH,, OCOCH,, OCH,CH,, 

C1, CH,OH, CFI, CcHs, etc. 

Table I contains examples of the reaction of 
sulfur and tetrafluoroethylene with a variety of 
olefinic compounds. Mono- and disubstituted 
ethylenes react well, but tri- and especially tetra- 
substituted ethylenes gare low yields in the few 
cases tested. Compounds such as acrylonitrile 
which undergo rapid cyclodimerization with tetra- 
fluoroethylene lead to production of both a thiolane 
and a cyclobutane. 

An unusual aspect of this reaction is that aro- 
matic compounds can participate in the same man- 
ner as olefins. Styrene appears to  react preferen- 
tially a t  the vinyl group, indicating the olefinic 

(1) C. G. Krespan and C. hl. Langkanirnerer, J .  0 , g .  Chen . ,  27, 
3584 (1962). 

unsaturation to have the expected greater suscepti- 
bility to attack. In  the absence of such reactive 
centers, however, an aromatic system will itself 
enter into thiolane ring formation. Under condi- 
tions similar to those employed for the reactions in 
Table I, sulfur and tetrafluoroethylene react with 
benzene to give a volatile product composed mainly 
of two isomeric tricyclic compounds that may 
have structures I and 11. These structures are 
favored over isomers differing only in stereochemis- 
try about asymmetric carbon atoms because of the 
mechanism postulated for the reaction by which 
they are formed (see below). Thiophene reacts 
similarly to give a tricyclic compound that probably 
has structure 111. These preparations and the 
available evidence for the structures of the prod- 
ucts are described in the Experimental. 

I I1 I11 

Table I1 contains examples of variations in the 
reaction where substitutions for sulfur and for 
tetrafluoroethylene have been made. The halo- 
trifluoroethylenes give yields comparable to those 
from tetrafluoroethylene, but extension to difluoro- 
vinylidene chloride leads to greatly diminished 
efficiency of the reaction. The use of selenium 
rather than sulfur gives a much slower reaction, 
a predictable result when the insolubility of sele- 
nium in the reaction medium is considered. 

Sulfur and tetrafluoroethylene interact a t  150" in 
the presence of a solvent to give octafluorathiolane.' 
This reaction is interpreted as starting with attack 
on tetrafluoroethylene by the free radical ends of 
open sulfur chains. After addition of the resulting 
fluorocarbon radical to a second molecule of tetra- 
fluoroethylene to form a four-carbon chain, ring 
closure with elimination of sulfur would be steric- 
ally favored. The free radical mechanism proposed 
for the present thiolane synthesis inrolves inter- 
vention in the above mechanism by the second 
unsaturated reactant as illustrated below. 

Step A (above) has been found to proceed faster 
for a highly fluorinated ethylene than for olefins 
like ethylene and propylene. Hydrocarbon olefins 
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J. 
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could serve a5 the olefin used in Step B, however. 
since they readily add fluorocarbon radicals.2 
This sequence of reactions accounts for the presence 
of both of the olefins and only monosulfide sulfur in 
the products. The stepwise nature of the mecha- 
nism also fits the observed formation of trans as 
well as cis ring junctures when sulfur and tetra- 
fluoroethylene are added to cyclohexene. 

The products actually isolated have structures in 
accord with this mechanism if it is assumed that 
an unsymmetrical olefin will add a free radical to 
give the more stable of the new free radicals pos- 
4ible.3 Polarity of the double bond was not found 
to have an appreciable effect, since similar products 
are obtained from such oppositely polarized vinyl 
compounds as propylene and acrylonitrile. This 
observation is strong evidence for a free radical 
rather than an ionic mechanism Attack of sulfur 
on olefins at temperatures near 150" is considered 
by 13ateman and his eo-workers to proceed in 
general by an ionic mechan i~m.~  One of the tests 
used as evidence for the ionic character of such 
reactions, catalysis by amines, mas applied to the 
interaction of sulfur, tetrafluoroethylene, and 
vinyl acetate. This reaction, very slow at 120", 
was not noticeably accelerated by the addition of 
0.25 equivalent of triethylamine. 

It has been shown1 that a difluoromethylene 
group attached to sulfur or selenium gives rise to  a 
n.m.r. band shifted markedly toward lower field, 
thereby allowing identification of the re~onance for 
--PFZS- and -CF2Se- in the present tetrafluoro- 
thiolanes and the selenolane. This low field reso- 
nance is split into a w-s-s-w group when one of the 

( 2 )  R N. IIaszeldrne dnd A. G .  Sharpe, "I'luoiine and I ts  Coiil- 

(3) R. N Haszeldine and  B. R Steele J .  Chem. Soc , 1199 (1953). 

(4)  L T3atcin,in and C C I f o n r e  i n  N Kharaoch's "Organic Sulfur 

pounds," 1Iethuen and Co., London, England, 1951, pp 91 138. 

923 (1954) 

Coinpounds '' F'ol I, Peiganion Press, Ne\\ York, 1961 pp 210-228. 

nonfluorinated ring carbon atoms bears dissimilar 
substituents-Le., the methyl group and hydrogen 
atom in the product from sulfur, tetrafluoroethylene 
and propylene. The splitting is due to nonequiva- 
lence of the two fluorine atoms induced by the 
presence of the dissimilar substituents on the other 
carbon atom bonded to  sulfur (carbon atom 4 in 
structure IT'). Kon-equivalence may arise because 
the relatively small C-S-C bond angle brings 
carbon atoms 1 and 4 close together, allowing direct 
potential interactions to become important, or 
because an asymmetric inductive effect is readily 
transmitted through the sulfur atom.5 The dis- 
similar substituents in question cannot be located 
in carbon atom 3, since the resonance associated 
with the difluoromethylene group adjacent to 
carbon atom 3 is affected little in this situation. 
The product, T', with one methyl group on each of 
carbon atoms 3 and 4, gives, as expected, w-s-s-IT 
patterns for both of the difluoromethylene reso- 
nances. The F19 spectrum of the product from 
sulfur, tetrafluoroethylene, and isobutylene fits 
T'I, the structure expected from the proposed 
mechanism, in that the low field difluoromethylene 
gives rise to a triplet by coupling with the adjacent 
difluoromethylene while the latter is a heptuplet 
resulting from coupling with both methylene and 
difluoromethylene groups. Similar consideration 
of the fluorine spectra of the other products leads 
consistently to structures in accord with equations 
1 and 2 .  The spectra for proton resonances sub- 
stantiate the structures assigned on the basis of 
fluorine resonances. 

U 

I \' \'I 

l'artially fluorinated acyclic sulfides are reported 
to be oxidized to alkyl fluoroalkyl sulfones with 
conventional oxidizing agents16 and the fluorinated 
thiolanes might also be expected to give sulfones on 
oxidation. Warm hydrogen peroxide-acetic acid 
has been found to convert a number of the thiolanes 
to su1fonesi.e ., 2,2,3,3-t'etrafluoro-5,5-dimethyl- 
thiolane has given the corresponding sulfone 1'11 
with this reagent. 

X & H 3 &  Fz F A S  q 
0 2  VI11 
L'I I 

Other derivatives of the t,hiolanes are available 
from conventional react'ions, as shown in t'he forma- 
t'ion of the dihydrothiophene VI11 by treatment of 

( 5 )  The related case of nonequivalence in fluorinated cyclobutanes 

16) A.  31. Lovelace, D. A .  Rausch. and W. Postelnek, "Aliphatic 
has been discussed by W. D. Phillips. J .  Chem. Phys., 26, 949 fl9.56). 

Fluorine Compounds," Reinlrold, Xew York ,  19.i8, 11. 3 3 7 .  
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2-acetoxy-4,4,5,S-tetrafluorothiolane with phos- 
phorus pentoxide. 

An attempt to cause phosphorus to interact with 
tetrafluoroethylene and propylene in the presence of 
iodine resulted instead in the formation of a 1,4- 
diiodide (IX). This reaction is analogous to  the 
addition of tetrafluoroethylene diiodide to tetra- 
fluoroethylene to form 1,4-diiodoO~tafluorobutane,~ 
except that  preferential addition of ICF2CFPo 
to an olefin such as propylene rather than to tetra- 
fluoroethylene occurs. This specificity is the same 
as that observed in the thiolane synthesis and 
suggests that a large number of partially fluorinated 
1,4-diiodides would be available in one step from 
iodine, tetrafluoroethylene, and another olefin. 

ICF~CF~CH~CHICHS 
IX 

ExperimentalS 
2-Cyano-4,4,5,5-tetrafluorothiolane.-A mixture of 8.0 g. 

(0.25 g.-atom) of sulfur, 30 g. (0.30 mole) of tetrafluoro- 
ethylene, 10.6 g. (0.20 mole) of inhibited acrylonitrile, 
and 20 ml. of carbon disulfide was heated in an 80-ml., 
stainless steel-lined shaker tube a t  150" for 7 hr. under 
autogenous pressure. Distillation of the product gave 9.4 
g. (31% yield based on acrylonitrile of 2,2,3,3-tetrafluoro- 
cyclobutanecarbonitrile, b.p. 89-91' (120 mm.), and 7.4 g. 
(20% yield based on acrylonitrile) of 2-cyano-4,4,5,5-tetra- 
fluorothiolane, b.p. 112' (50 mm.). 

The infrared spectrum of the thiolane contained absorp- 
tion attributable to saturated C-H, C=N, and C-F 
bonding. The thiolane was analyzed and characterized by 
r1.ni.r. (Table I). 

2-( 2',2',3',3'-Tetrafluorocyclobutyl)-4,4,5,5-tetrafluoro- 
thio1ane.--A mixture of 6.4 g. (0.20 g.-atom) of sulfur, 30 
g. (0.30 mole) of tetrafluoroethylene, 8 g. (0.15 mole) of 
butadiene, and 20 ml. of carbon disulfide was heated in 
an 80-ml. pressure veseel a t  150" for 5 hr. Distillation 
gave a few grams of mixed low-boiling products and 19.4 g. 
(45% yield based on tetrafluoroethylene or butadiene) of 2- 
(3',2',3',3' - tetrafluorocyclobutyl) - 4,4,5,5 - tetrafluoro- 
thiolane, b.p. 106' (80 mm.) to 91" (16 mm.). The volatile 
product was refractionated to give pure samples of the two 
possible racemates; 5.7 g. (13% yield) of one, b.p. 76-77' 
(16 mm.), and 5.2 g. (12% yield) of the other, b.p. 80' 
(10 mm.). These racemates were analyzed (Table I). 
Their infrared and n.m.r. spectra fitted the assigned struc- 
ture and showed the compounds to be similar but not identi- 
cal. 

2-Methyl-4-bromo-4,5,5-trifluorothiolane.-A mixture of 
6.4 g. (0.20 g.-atom) of sulfur, 40 g. (0.25 mole) of bromo- 
trifluoroethylene, 11 g. (0.26 mole) of propylene, and 20 ml. 
of carbon disulfide was heated in an 80-ml. pressure vessel a t  
150' for 6 hr. Distillation of the product gave 16.9 g. 
(36% yield based on sulfur) of 2-methyl-4-bromo-4,5,5- 
trifluorothiolane, b.p. 93' (50 mm.); n Z 5 ~  1.4637, and 12 g. 
of residual oil. Elemental analyses of the product (Table 
11) indicated the thiolane structure. N.m.r. indicated the 

(7) R. N. Haszeldine, Nature, 16'7, 130 (1951). 
(8) Melting and boiling points are uncorrected. N.m.r. spectra 

were obtained b y  means of a high resolution n.m.r. spectrometer and  
associated electromagnet, both manufactured b y  Varian Associate., 
operating a t  40 hfc./sec. and approximately 10,000 gauss. Spectra 
were calibrated in terms of displacements in cycles per second (c.P.s.) 
from the F'9 resonance of 1,1,2,2-tetrachloro-l,2-difluoroethane and 
the H' resonance of benzene. Negative frequency displacements are 
for resonances occurring a t  lower field than the internal references. 
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presence of both possible racemates of the assigned struc- 
ture. 

Reaction of Sulfur, Tetrafluoroethylene, and Thiophene. 
-A mixture of 8.0 g. (0.25 g.-atom) of sulfur, 25 g. (0.25 
mole) of tetrafluoroethylene, and 25 ml. of thiophene was 
heated in an 80-ml. pressure vessel a t  150' for 3 hr. Distil- 
lation of the reaction mixture gave 6.9 g. of crude product, 
b.p. 75-80' (1 nim.), and 28 g. of residual oil. Redistilla- 
tion of the crude product gave 5.2 g. (13% yield based on 
tetrafluoroethylene) of a tricyclic compound, b.p. 52-53" 
(0.2 mm.). 

Anal. Calcd. for CsH4F8S8: C, 27.59; H, 1.16; F, 
43.64; S, 27.62; mol. wt., 348. Found: C, 27.94; H, 
1.87; F, 43.74; S, 28.03; mol. wt., 324. 

The infrared spectrum contained absorption peaks for 
saturated C-H and C-F, but none for C=C. N.m.r. 
revealed the presence of two kinds of tetrafluorothiolane 
rings in equal amounts, indicating a structure such as I11 
for the product (see Discussion). 

Reaction of Sulfur, Tetrduoroethylene, and Benzene.- 
A mixture of 32.0 g. (1.00 g.-at,om) of sulfur, 160 ml. of 
benzene, and 50 g. (0.50 mole) of tetrafluoroethylene was 
heated in a 400-ml. pressure vessel a t  150". The tube was 
repressurrd over a period of 1.5 hr. with an additional 41 g. 
(0.41 mole) of tetrafluoroethylene a t  a rate sufficient to 
maintain the pressure at  350-500 lb./sq. in.; then the re- 
action mixture way heated another 4 hr. Distillation of the 
reaction mixture gave 5.5 g. (5% yield based on tetrafluoro- 
ethylene) of octaffuorothiolane, b.p. 40-43',' 6.1 g. of a 
mixture of by-products, b.p. 42-70" (4.5 mm.), and 44.1 g. 
(28% yield based on tetrafluoroethylene) of a mixture of 
tricyclic compounds, b.p. 97-102' (2 mm.). The residue 
was 49 g. of dark tar. 

The high-boiling product crystallized readily. Re- 
crystallization from carbon tetrachloride, then from 95% 
ethyl alcohol, gave white crystals, m.p. 72-73'. 

Anal. Calcd. for CloHBFsSz: C, 35.09; 13, 1.77; F, 
44.41; S, 18.74; mol. wt., 342. Found: C, 34.76; H, 
2.12; F,  43.03; S, 18.92; mol. wt., 300. 

The infrared spectrum had absorption bands for saturated 
C-H, unsaturated C-H, and C-F. The presence of 
unsoturation was confirmed by a positive permanganate 
test. N.m.r. indicated principally two compounds con- 
taining tetrafluorothiolane rings and also showed hydrogen 
on saturated and unsaturated carbon. Structures I and I1 
are considered the most probable ones for the isomeric 
products (see Discussion). 
2-Acetoxy-4,4,5,5-tetrafluorothiolane.-When the thio- 

lane syntheses were scaled up, yields usually increased. 
The following example can be compared to the run of 0.2- 
mole size in Table I where the yield wa8 25%. 

A mixture of 19.2 g. (0.60 g.-atom) of sulfur, 61 g. (0.61 
mole) of tetrafluoroethylene, 51.6 g. (0.60 mole) of inhibited 
vinyl acetate, and 60 ml. of carbon disulfide was heated in 
a 400-ml. pressure vessel a t  150" for 11 hr. Distillation of 
the product gave 7.6 g. of liquid, mainly 2,2,3,3-tetra- 
fluorocyclob~~tyl acetate, boiling a t  60' (50 mm.) to 86' (20 
mm.), and 73.6 g. (56% yield based on vinyl acetate) of 2- 
acrtoxy-4,4,5,5-tetrafluorothiolane, b.p. 86-87' (20 mm.); 
n 2 5 ~  1.4099. This product was characterized by analysis 
and n.m.r. (Table I) .  

2,2,3,3-Tetrafluoro-2,3-dihydrothiophene.-A mixture 
of 11.7 g. (0.54 mole) of 2-acetoxy-4,4,5,5-tetrafluorothiol- 
ane and 14 g. (0 1 mole) of phosphorus pentoxide was 
heated from 160" to 190" over a period of 2 hr. while liquid 
was continually withdrawn overhead a t  90-95". The 
product, which weighed 5.8 g. (68% yield crude), was re- 

distilled to give 4.0 g. (47% yield) of 2,2,3,3-tetrafluoro-2,3- 
dihydrothiophene, b.p, 96". 

A m l .  Calcd. for C4H2F4S: C, 30.38; H, 1.28; F, 48.06; 
S, 20.28. Found: C, 30.84; H, 1.49; F, 48.70; S, 20.07. 

The infrared spectrum contained bands for a double bond 
(6.24 p )  and unsaturated hydrogen (3.20 p). Absorption in 
t ~ o o ~ ~ t r a v i o l e t  indicative of a vinyl sulfide occurred at 
Amax 239 mp ( E  3,630). Proton resonances in the n.m.r. 
spectrum occurred a t  +32 and $67 C.P.S. (1 : l), and fluorine 
resonances came a t  f1210 and +1786 C.P.S. (1:l). 

2,2,3 ,3-Tetrafluoro-5,5-dimethylthiolane 1,I-Dioxide.- 
A mixture of 9.85 g. (0.052 mole) of 2,2,3,3-tetrafluoro-5,5- 
dimethylthiolane, 15 ml. (0.15 mole) of 30% hydrogen 
peroxide, and 50 ml. of glacial acetic acid waa heated on a 
steam bath for 10 hr. Distillation of the reaction mixture 
afforded 4.33 g. (3S% yield) of the sulfone, b.p. 77-78' 
(6 mm.). 

Anal. Calcd. for CeHsF40nS: C, 32.73; H, 3.66; F, 
34.52; S, 14.56. Found: C, 33.16; H, 4.06; F, 34.79; 
S, 14.72. 

An absorption band attributable to a sulfone group was 
found in the infrared spectrum a t  7.45 p .  One of two strong 
bands a t  8.4 p and 8.7 p must also be due to this group, the 
other arising from C-F absorption. The n.m.r. spectrum 
for FI9 contained a triplet centered a t  +1651 c.p.5. ( J  = 15) 
and a band a t  f2024 C.P.S. The latter band arises from 
the difluoromethylene group attached to sulfur; oxidation 
of the sulfide to sulfone has caused a shift of +1221 C.P.S. 
in this resonance. The former band, whose resonance was 
split by the adjacent methylene group into a triplet, in turn 
split the methylene resonance into a triplet centered at 
+196 C.P.S. (J = 15). The methyl resonance occurred at 
+237 c.p.8. 

1,1,2,2-Tetrafluoro-l ,I-diiodopentane.-A mixture of 15 
g. (0.15 mole) of tetrafluoroethylene, 8 g. (0.19 mole) of 
propylene, 19.0 g. (0.075 mole) of iodine, 20 ml. of carhon 
disulfide, and 4.7 g. (0.15 mole) of red phosphorua was heated 
a t  160' for 11 hr. under autogenous pressure in an attempt to 
prepare a phosphorus heterocycle. However, distillation 
of the reaction mixture gave as the volatile product 7.0 g. 
(24% yield based on iodine) of 1,1,2,2-tetrafluoro-1,4- 
diiodopentane, b.p. 80-81' (12 mm.); nZ8D 1.5035. 

Anal. Calcd. for CsHaF4Iz: F, 19.19; I, 64.11. Found: 
F, 19.46; I, 63.67. 
The n.m.r. spectrum for FIE contained a band at -265 

C.P.S. for the iododifluoromethyl group and a w-s-s-w at 
+1366, f1544, 4-1614, and 4-1799 c.p.8. for the difluoro- 
methylene group. This w-s-s-w must arise from non- 
equivalence of the fluorine atoms of the difluoromethylene 
group perhaps due to restricted rotation. The individual 
bands had considerable fine structure, as did the band for 
the adjacent methylene group centered at +182 C.P.S. 
The methyl resonance was a doublet at +209 and +215 
c.p.5. due t o  splitting by the adjacent tertiary hydrogen. 
The tertiary hydrogen was in turn split into a quadruplet by 
the methyl group; further splitting by the adjacent methyl- 
ene group led to a sextuplet centered a t  f116 c.p.8. ( J = 6 )  
due to overlapping. The proton resonances showed the 
expected relative intensities, aa did the fluorine resonances. 
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