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Abstract 

1,2-Dichlorohexafluorocyclopent-1-ene and 
and triethylamine give new mono- 

one or of chlorine the double bond by -SCH,CH20H 
the stoichiometry the reactions. the formation 

via an intramolecular cyclization process concomitant double-bond and 
loss ion. Reactions the spirocycles with nucleophiles, as N-methylpiperazine, perfluoroglutaryl 
fluoride and phenylphosphonothionic chloride give rise more highly substituted olefins and macrofluo- 
roheteroqcles. 

Introduction 

Because of their varied in agrochemicals, 
and fluoropolymers [l-7], fluoroheterocy- 

attract considerable attention both academia 
and part of continued interest in this 

now report the 
via displacement 

gens from polylluorinated cyclic 
with elimination 

ion. In this regard, 1,2_dichlorotetrafluorocy- 
and 

when reacted with 2-mercaptoethanol, 
and l,Zethanedithiol, HS(CH,),SH, re- 

the formation l-6. 
Subsequent intramolecular 
via elimination ion, in presence 

e.g. triethylamine, rise to mono 

When ethylene glycol is reacted with decafluorocy- 
are identified 

including the Spiro derivative. In studies with 2- 
mercaptoethanol and all of 
bicyclic compounds appear 

whom correspondence should be addressed. 
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When the difunctional nucleophiles 2 and 5 are 
reacted with difunctional electrophiles such as per- 
fluoroglutaryl fluoride, FC(O)(CFJ,C(O)F, or 
PhP(S)Cl,, condensation reactions occur to yield com- 
pounds 14-17. While this may prove to be a convenient 
way of synthesizing ether or thioether macrocycles, 
when polyamines are reacted with perfluoroglutaryl 
fluoride either the doubly-substituted chain products 
or polymeric materials are obtained [14]. However, 
triethanolamine, a polyalcohol, reacts with perfluoro- 
glutary fluoride in a 1:l ratio to give compound 18. 

n 
S 0 s 

F a_ ‘kh / 
s 0 

o-(jo 
Ho\N ( \ 

\ / 
tcF,!, 

o-c 
\O 

(18) 

d-0 s 

'k'h 

S / 
,P 
(17) 

Compounds 3 and 7 undergo further nucleophilic 
attack at the vinyl carbon bonded to fluorine when 
reacted with a secondary amine, N-methyl piperazine, 
to produce compounds 12 and 13. 

Results and discussion 

Cycloaddition via nucleophilic attack on fluorinated 
precursors plays an important role in the synthesis of 
fluoroheterocycles [15]. In an earlier study of the re- 
actions of 1,2-dichloropertluorocycloalk-1-enes (alkene 
= butene, pentene, hexene) with N,N’-dimethylethy- 
lenediamine, we reported that singly N-substituted 
products H,CNH(CH,),N(CH,)C=C(Cl)(CF,),CF, 
(n =2, 3) undergo intramolecular cyclization to pro- 
duce Spiro derivatives, H,Cfi(CH,),N(CH&C(Cl)= 

CF(CFJ, (n = 1, 2), with concomitant elimination of 
fluoride ion [S]. Polymerization rather than cyclization 
occurs in the case of the cyclobutene derivative of the 
diamine, H,CNH(CH,),N(CH,)C=C(Cl)CF,CF,. 

Intramolecular cyclization with concomitant p-elim- 
ination of an ally1 fluoride ion in the presence of a 
suitable base may prove to be a convenient way of 
synthesizing fluoroheterocycles. In view of this, we 
reacted 1,2-dichloroperlluorocycloalk-1-enes-1 (alkene 
= butene, pentene) with the difunctional nucleophiles 
2-mercaptoethanol, HO(CH,),SH, and l,Zethanedi- 
thiol, HS(CH,),SH, respectively. In the reactions of 
HO(CH&jH with the chlorofluoroalkenes, depending 
on the stoichiometric ratio either singly [(l) and (4)] 
or doubly [(2) and (5)] substituted products are obtained. 
This is not unexpected, since it is well known that 
displacement of both chloride ions is possible when a 
strong nucleophilic reagent such as a mercaptide anion 
[16] is employed. In the presence of triethylamine, both 
five-membered ring compounds 1 and 2 convert readily 
into their spirocyclic components, 7 and 8, respectively. 
This intramolecular cyclization proceeds more slowly 
with the four-membered ring derivatives. Complete 
conversion of compound 4 into 10, or 5 into 11, did 
not occur even after 2 weeks at 25 “C. However, in 
contrast to the cyclobutene derivative of the diamine, 
polymerization did not occur [S]. 

This intramolecular cyclization process involves sub- 
stitution at a vinyl carbon with concomitant migration 
of the double bond. There is considerable precedence 
in the literature for Spiro ring-formation reactions that 
involve displacement of the fluoride ion and ring fusion 
[17]. A similar cyclization mechanism involving the 
reaction of decafluorocyclohexene with ethylene glycol 
in the presence of potassium hydroxide has been de- 
scribed [18]. One of the disadvantages of the ethylene 
glycol/decafluorocyclohexene system is that the singly 
substituted product (2-hydroxyethyl ether) is not isolable 
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when using KOH as the base, although this species is 
postulated as, an intermediate [18]. In later work, by 
using 2-acetoxyethanol in the reaction with decafluo- 
rocyclohexene in the presence of NaH, 1-(2-acetoxy- 
ethoxy)nonafluorocyclohexene was found in 38% yield, 
with octafluorocyclohex-2-enespiro-2’-dioxolan as the 
other major product (37%) arising from hydrolysis of 
the former compound [ 191. The reaction pathway leading 
to these products is based on an addition-elimination 
sequence analogous to simple alcohol-perfluoro- 
cycloalkene reactions [20], i.e. nucleophilic attack at 
the double bond of the perfluoroolefin to eliminate 
fluoride ion. However, under basic conditions, the ace- 
tate is hydrolyzed generating an anion which subse- 
quently attacks again at C-l to form the Spiro derivative 
quantitatively, in contrast with the attack by methoxide 
at C-2 of 1-methoxynonafluorocyclohexene. The over- 
riding factor leading to the second attack at C-l is the 
highly favored formation of the five-membered ring. 
Others have observed the formation of five-membered 
Spiro rings in the reaction of l-chlorononafluorocy- 
clohexene with alkaline ethylene glycol [19, 211. 

In our work, when ethanedithiol was reacted with 
the five-membered cyclic olefin ClC=C(Cl)(CF,),CF,, 
the likely intermediate, i.e. the l-(SCH,CH,SH) de- 
rivative, was not observed and regardless of the reactant 
ratio only a singly substituted Spiro derivative (3) was 
isolated. However, with the four-membered cyclic alkene 
ClC=C(Cl)CF,CF,, an inseparable mixture of either 
6a and 6b or 6b and 6c, depending on the reaction 
ratio of 1:l or 2:l of dithiol to cyclic alkene, was 
obtained. Chambers and coworkers in their study of 
perfluorocycloalkenes with pyrocatechol and toluene- 
3,4-dithiol [22] demonstrate that because of the ability 
of sulfur (but not oxygen) to stabilize adjacent centers 
of negative charge, the two nucleophiles react via two 
different pathways leading to the formation of dissimilar 
products. Similarly, our study indicates that due to the 
greater polarizability of the electron pairs on sulfur, 
nucleophilic displacement of the vinyl chlorine at C-l 
followed by attack of the thiolate anion again at C-l 
occurs to form the Spiro derivatives 3 and 6a. Isolation 
of compound 6b (but not the analogous cyclopentene 
derivative) is in keeping with our experience with the 
rates and products found for the reaction of 
RN(H)CH,CH,N(H)R with dichlorotetrafluorocyclo- 
butene and dichlorohexafluorocyclopentene [S]. 

It is interesting to note that double intramolecular 
cyclization does not occur to produce the dispiro de- 
rivative 9 when compound 2 is treated with excess 
triethylamine for an extended period of time at 25 “C. 
Heating 2 in THF for several days with K&O, only 
produced its monospiro derivative 8. However, brief 
refluxing of 2 with K&O, in a more polar solvent with 
a higher boiling point, such as DMF, although resulting 

mainly in decomposition did produce a small amount 
of the dispiro derivative 9. The carbon-carbon double 
bond infrared stretching mode of 9 was found to have 
shifted to a much higher frequency (1756 cm-‘) com- 
pared with that of the monospiro compound 8 (1656 
cm-‘), which, in turn, is higher than 1543 cm-’ the 
stretching frequency of the parent molecule 2. This 
increase in frequency supports the proposed change in 
atoms at the vinylic double bond from ‘>=<’ to “>=<” 
to “> = <” which occurs in the conversion 2 + 8 --f 9. 

As discussed earlier, since complete conversion of 
5 into 11 did not occur, no attempts were made to 
make the analogous bispirocyclic derivative. The “F 
NMR spectra of 6a and 6c indicated that 1,2-addition 
of the dithiol with concomitant double bond shift may 
have occurred. The “F NMR spectra of the Spiro 
derivatives 7, 8, 10, 11 and 13 showed that their CF, 
groups are either AB or ABA’B’. In nearly every case, 
with the exception of 10 and 11, i.e. for 3, 6a, 6c, 7, 
8 and 9, a “F NMR peak assigned to a vinylic fluorine 
atom occurred at higher field than 6 - 130 ppm. The 
infrared bands assigned to v,,, support the structure 
assignments, i.e. Spiro ring formation. 

When reacted with a secondary amine, N-methyl 
piperazine, compounds 3 and 7 underwent attack at 
the active sp2 olefin carbon bonded to fluorine to displace 
fluoride ion and yield 12 and 13, respectively. These 
structures are supported by the decrease in v,-_~ by 
- 60 cm- ’ as the fluorine atom is replaced and by 
disappearance of the “F NMR resonance attributable 
to a vinyl fluorine. 

The new macrofluoroheterocycles 14 and 15 are 
obtained as a result of 1:l condensation reactions 
between the two difunctional nucleophiles 2 and 5, and 
the difunctional electrophile perfluoroglutaryl fluoride. 
In contrast, when the latter was treated with N,N’- 
dimethylethylenediamine or N,N’-dimethyl-1,3-propa- 
nediamine, the 1:2 condensation reactions resulted in 
acyclic products, i.e. HN(CH,)(CHJ,N(CH,)C(O)- 
(CF,),C(O)N(CH,)(CH,),,(CH,)NH (n = 2,3) [S]. With 
piperazine or tris(2_aminoethyl)amine, perfluoroglutaryl 
fluoride reacted to form only polymeric materials [14]. 
Varying the reaction conditions, such as the concen- 
tration of the solutions, the sequence of adding the 
reactants, the nature of the solvents, etc. did not seem 
to change the reaction course and thus affect the nature 
of the products. However, when a milder electrophilic 
reagent such as m-phthalaldehyde was allowed to react 
with tris-(2_aminoethyl)amine, a 3:2 reaction resulting 
in an octaaza, bridged macrobicyclic ligand occurred 
[23]. Conversely, when perfluoroglutaryl fluoride reacted 
with a milder nucleophile such as a polyalcohol, e.g. 
triethanolamine, a 1:l condensation product (18) was 
obtained. No 3:2, bridged, macrobicyclic product was 
formed in this case. 
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Based on the above observations, it seems only natural 
that when the new diols 2 and 5 were allowed to react 
with PhP(S)Cl, in the presence of triethylamine, 1:l 
condensation reactions took place to give the macro- 
cycles 16 and 17, respectively. It is, however, interesting 
to note that when a nonfluorinated nucleophile, such 
as phosphodihydrazide, reacted with PhP(S)Cl, a 2:2 
rather than a 1:l macrocycle was produced [24]. Both 
macrocycles 16 and 17 tend to decompose at moderate 
temperatures (-50 “C). Purification, such as their 
separation from the amine salt (Et,N*HCl) and un- 
reacted starting materials, was very difficult. 

The recent literature is replete with the synthesis 
and specific binding ability of macroheterocycles. A 16- 
membered macrocyclic containing oxygen and sulfur is 
specific for Ag+ [25], while a 15membered macrocyclic 
ether containing amide and amine functional groups 
exhibits selectivity towards Pb*+ [26]. Some lipophilic 
cyclam derivatives take up Au3+ selectively [27]. The 
effects of size and substituents of macrocycles on the 
redox potentials of Pt complexes containing nitrogen 
or sulphur donor atoms have been studied [28]. 

We anticipate the coordinating ability of macrocycles 
14 and 15 to be unique in view of the fact that the 
potential donor sites sulfur and oxygen are flanked by 
lipophobic fluorine-containing moieties. Although per- 
fluorinated 18-crown-6 may have little use in complexing 
neutral species [29, 303, a large polfluorinated het- 
erocyclic ether actually traps an anion, i.e. a fluoride 
ion [31], rather than coordinating with cations. In the 
latter case, however, partial fluorination of the carbon 
segment between the coordinating oxygen nuclei is a 
necessary condition. 

In conclusion, it is possible to synthesize and char- 
acterize a variety of spirocyclic compounds with sulfur 
or sulfur and oxygen in the Spiro rings. The structures 
of the compounds isolated were based on spectral data 
and elemental analysis, and supported by the fact that 
the driving force to form five-membered rings is greater 
than that for six-membered rings. Small amounts of 
other possible isomers may also have formed but, if 
so, they were not found. 

Experimental 

General methods 
All commercially available chemicals were of ana- 

lytical reagent grade and used without further purifi- 
cation. They were 2-mercaptoethanol (Eastman Organic 
Chemical), 1,2-ethanedithiol (Aldrich), phenylphos- 
phonothionic chloride (Aldrich), triethanolamine 
(Baker), 1,2-dichlorohexafluorocyclopent-1-ene (PCR), 
1,2-dichlorotetrafluorocyclobut-1-ene (PCR) and per- 
fluoroglutaryl fluoride (PCR). ‘H, 19F and 31P NMR 

spectra were obtained on a Bruker NR 200 Fourier- 
transform spectrometer employing CDCl, as the solvent 
and Me& CCl,F and 85% H,PO, as reference. Infrared 
spectra were recorded with a Perkin-Elmer model 1700 
FT-IR spectrometer and mass spectra (CI) were ob- 
tained on a VG 7070SH mass spectrometer. Microan- 
alyses were performed by Beller Mikroanalytisches La- 
boratorium, Gbttingen, Germany. Melting points were 
obtained with a Thomas-Hoover apparatus. 

General procedures for the preparation of compounds 
l-6 

In a typical reaction, 4 mmol of the chlorofluoro- 
cycloalkene, ClC=C(Cl)(CF,),eF, (n = 1, 2), were 
added slowly at 0 “C to a 10 ml THF solution containing 
a stoichiometric amount of 2-mercaptoethanol or etha- 
nedithiol and triethylamine. (1:l:l or 1:2:2). The reaction 
mixture was warmed slowly to 25 “C and stirred for 
several hours. After removal of THF, the reaction 
mixture was dissolved in CHCl, and washed with H,O 
to remove the amine salt. The CHCl, layer was sep- 
arated, concentrated and subjected to bulb-to-bulb dis- 
tillation. 

Compound 1 was obtained as a colorless liquid (70%) 
after distillation at 40 “C (1 Torr). Spectral data for 
1: IR (liquid, KBr) (cm-‘): 3347 9br, s); 2953 (m); 
2885 (m); 1586 (s); 1327 (vs); 1284 (vs); 1255 (vs); 1201 
(vs); 1141 (vs). ‘H NMR 6: 2.71 (br s, 1H); 3.26 (t, 
2H, JH_“= 6 Hz) ppm. 19F NMR S: - 106.7 (s, 2F); 
- 112.5 (s, 2F); - 129.2 (s, 2F) ppm. MS (CI) [m/e 
(species) intensity]: 288 (37M+) 17.9; 286 (35M+) 57.6; 
271 (37M+ -OH) 32.9; 269 (35M’ - OH) 100. Analysis 
Calc. for C,H,F,CISO: C, 29.32; F, 39.79; H, 1.70%. 
Found: C, 29.93; F, 39.1; H, 2.07%. 

Compound 2 was obtained as a colorless crystalline 
solid (m.p. 40-42 “C, 60%) after bulb-to-bulb distillation 
(70 “C, 0.6 Torr). Spectral data for 2: IR (KBr) (cm-‘): 
3318 (br s); 2949 (s); 2880 (s); 1543 (m); 1327 (s); 1250 
(s); 1192 (s); 1132 (s); 1094 (s). ‘H NMR 6: 1.34 (s, 
2H); 3.28 (b, 4H); 3.76 (b, 4H) ppm. 19F NMR 6: 
- 106.79 (s, 4F); - 129.45 (s, 2F) ppm. MS (CI) [ml 
e (species) intensity]: 328 (M+) 69.4; 311 (M+ -OH) 
22.5. Analysis: Calc. for C,F,H,,O,S,: C, 32.93; H, 3.05; 
F, 34.76%. Found: C, 33.22; H, 3.23; F, 34.5%. 

Compound 3 was obtained as a colorless crystalline 
solid (m.p. 31 “C, 65%) after bulb-to-bulb distillation 
(45 “C, 0.5 Torr). Spectral data for 3: IR (KBr) (cm-‘): 
2937 (m); 2840 (m); 1689 (s); 1252 (vs); 1201 (vs); 1164 
(vs); 1124 (vs). ‘H NMR S: 3.39 (mult) ppm. 19F NMR 
6: - 117.8 (mult, 2F); -118.2 (s, 2F); -138.4 (mult, 
1F) ppm. MS (CI) [m/e (species) intensity]: 284 (37M+) 
1.9; 282 (35M+) 7.5; 153 (37M+ -C,F,) 33.5; 151 
(35M+ -&F,) 100. Analysis: Calc. for C,H,F,ClS,: C, 
29.73; F, 33.6; H, 1.42%. Found: C, 30.37; F, 34.1; H, 
1.43%. 
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Compound 4 was obtained as a colorless oil (60%) 
after distillation at 4.5 “C (0.4 Torr). Spectral data for 
4: IR (liquid, KBr) (cm-l): 3343 (br s); 2947 (m); 2886 
(m); 1655 (m); 1327 (vs); 1293 (vs); 1256 (vs); 1121 
(vs); 1067 (vs). ‘H NMR 6: 2.89 (br, 1H); 3.23 (t, 2H, 
JH_H= 6 Hz) ppm. 19F NMR S: - 112.29 (mult, 2F); 
- 114.95 (mult, 2F) ppm. MS (CI) [m/e (species) in- 
tensity]: 238 (37M+) 33.3; 236 t3’M+) 100; 221 
(37M+ -OH) 35.79; 219 (35M+ -OH) 100. Analysis: 
Calc. for C,H,F,ClSO: C, 30.51; H, 2.11; F, 32.20%. 
Found: C, 30.64; H, 2.21; F, 31.7%. 

Compound 5 was obtained as a viscous oil (40%) 
after bulb-to-bulb distillation (60 “C, 0.2 Torr). Spectral 
data for 5: IR (liquid, KBr) (cm-l): 3337 (br s); 2943 
(m); 2882 (m); 1547 (w); 1311 (s); 1245 (s); 1158 (s); 
1096 (s). ‘H NMR 6: 3.11 (s, 2H); 3.17 (t, 4H, JH_H=6 
Hz); 3.81 (t, 4H, JH_H = 6 Hz) ppm. 19F NMR 6: - 110.15 
(s) ppm. MS (CI) [m/e (species) intensity]: 278 (M+) 
100; 261 (M’ -OH) 22.4. Analysis Calc. for 
C,H,,F,O,S,: C, 34.53; H, 3.60; F, 27.34%. Found: C, 
34.67; H, 3.71; F, 27.9%. 

Compounds 6a and 6b were obtained as a mixture 
of colorless liquids after distillation at 40 “C (0.6 Torr). 
The relative ratio of 6a/6b was approximately 2:l as 
indicated from the ‘H and lgF NMR spectral data of 
the mixture. Spectral data for the mixture: IR (liquid, 
KBr) (cm-‘): 2936 (m); 1717 (s); 1543 (w); 1354 (s); 
1327 (s); 1281 (s); 1255 (s); 1177 q); 1126 (s); 862 (s); 
821 (s). 51 mm for SCH,CH,~CSCC(C~)=CFCF, (6a) 
6: 3.29 (b,c mult); 4.65 (a, dt, J,,=9 Hz, J,,=6 Hz) 

PPm. “F NMR for 6a 6: - 114.77 (d, 2F, JF_F=9.4 
Hz); - 127.73 (t, 1F) ppm. “F NMR for 6a’ 6: - 115.03 
(d, 2F, JF_F=9.4 Hz); - 128.83 (t, 1F) ppm. ‘H NMR 
for H”S(CH,b),SC=C(C1)CF,CF, (6b) 6: 1.40 (a, s); 
3.29 (b, mult) ppm. “F NMR for 6b S: - 112.80 (t, 
JF_F=9.0 Hz); - 113.96 (t) ppm. MS (CI) [m/e (species) 
intensity]: 255 (37M+ + 1 for 6b) 3.12; 253 (35M+ +l 
for 6b) 10.9; 235 (37M+ + 1 for 6a)7.03; 233 (35M+ + 1 
for 6a) 19.87; 154 (SCH,CH,SCCF,+) 100. Compound 
6a’ may result from the 1,2-addition of the dithiol with 
double-bond shift [19]. 

Compounds 6b and 6c were obtained as a mixture 
of pale yellow oils after bulb-to-bulb distillation at 60 
“C (0.8 Torr). The relative ratio of 6b/6c was roughly 
1:2 as indicated from the ‘H and “F NMR spectral 
data of the mixture. Spectral data for the mixture: IR 
(liquid, KBr) (cm-i): 2936 (s); 1667 (s); 1543 (m); 
1361 (vs); 1280 (vs); 1257 (vs); 1219 (vs); 1175 vs ; 
1136 (vs); 819 (vs). ‘H NMR for su CHaHb- 
CH,cS~C(SCH,dCH,dSW)=CFCF, (6~) 6: 1.65 (e, 
mult); 2.86 (d, mult); 3.29 (b,c, mult); 4.69 (a, dt, Ja_b = 9 
Hz, J,,= 6 Hz) ppm. 19F NMR for 6c S: - 114.77 (d, 
2F, J,_,=7.5 Hz); - 127.69 (t, 1F) ppm. 19F NMR for 
6c’ 6: - 114.95 (d, 2F, JF_F=7.5 Hz); - 128.79 (t, 1F) 
ppm. MS (CI) [m/e (species) intensity]: 255 (37M+ + 1 

for 6b) 15.9; 253 (35M+ + 1 for 6b) 37.9; 198 
(M’ -S(CH,),S for 6c) 25.9; 170 (M’-S,(CH,), for 
6c) 28.6. Compound 6c’ may result from the 1,2-addition 
of the dithiol with double-bond shift [19]. 

General procedures for the preparation of compounds 
7, 8, 10 and I1 

In a typical reaction, 2 mm01 of 1, 2, 4 or 5 was 
added to a solution containing 5 ml of THF and 2.5 
mmol of triethylamine. The reaction mixture was stirred 
at 25 “C for 6 (for 1 and 2) to 14 (for 4 and 5). After 
evaporation of the THF, the residue was dissolved in 
CHCl, and washed with H,O. The CHCl, layer was 
separated, concentrated and purified by bulb-to-bulb 
distillation. 

Compound 7 was obtained as a colorless liquid (80%) 
after distillation at 30 “C (0.3 Torr). Spectral data for 
7: IR (liquid, KBr) (cm-‘): 2955 (m); 2898 (m); 1697 
(s); 1367 (s); 1305 (s); 1284 s); 1271 s ; 1176 (s); 
1132 (s). ‘H NMR for 
CFXCF2AA’CF2BB’ 

&E&-@(cl)= 
6: 3.33 (c, mult); 4.06 (b, mult); 4.48 

(a, mult) ppm. lgF NMR (ABA’B’) S: - 112.42 (A, 
mult); - 112.45 (A’, mult); - 123.03 (B, t); - 132.50 
(B’, muh); - 136.6 (X, dd) [JA_,=250 Hz, J~,_~,=234 
Hz, JAf_B = JsB, = JB,_x = 11.3 Hz, JA,_x = 22.6 Hz] ppm. 

MS (CI) [ m e s / (P ecies) intensity]: 268 (37M+) 14.9; 266 
(35M+) 42.6; 249 (37M+ -F) 33.3; 247 (35M+ -F) 89.9. 
Analysis: Calc. for C,H,F,ClSO: C, 31.52; H, 1.5%. 
Found: C, 31.70; H, 1.5%. 

Compound 8 was obtained as a colorless liquid (65%) 
after distillation at 55 “C (1 Torr). Spectral data for 
8: IR (liquid, KBr) (cm-‘): 3377 (br m); 2952 (m); 
2859 (m); 1656 (s); 1349 (s); 1307 
(s); 1084 (s). ‘H NMR for 
(S(CH,d),0He)=CFXCF2AA’CF2BB’ 6: 2.47 (e, br); 3.24 
(d, mult); 3.75 (c, t); 4.06 (b, mult); 4.48 (a, mult) 
(J,_ = 12Hz, J,, = Jai = 6 Hz] ppm. “6 NMR (ABA’B’) 
S: -112.09 (A, mult); - 113.08 (A’, mult); -122.69 
(B, mult); - 133.74 (B’, mult); - 138.32 (X, mult) 
[JA_s= 250 Hz, JAcg = 232 Hz] ppm. MS (CI) [m/e 
(species) intensity]: 308 (M+) 100; 291 (M+ -OH) 100; 
271 (M+-OH-HF) 37. 

For compound 10, after bulb-to-bulb distillation at 
40 “C (1 Torr) a colorless liquid, i.e. a mixture of 10 
( - 40%, based on NMR peak area ratios) and unreacted 
4, was obtained. IR (liquid, KBr) (cm-‘): characteristic 
band of 10: 1715 (s) (C=C). ‘H NMR for m 
HbCH,cSCC(Cl)=C&$?zAB i: 3.10 (c, mult); 3.97 (b, 
mult); 4.35 (a, mult) ppm. rgF NMR (AB) 6: - 107.2 
(A, ‘mult); . - 116.2 -(X, mult); - 120.7’ (B, mult) 
[JA_B= 188 Hz] ppm. 

Compound 11, after bulb-to-bulb distillation at 60 
“C (0.6 Torr) a colorless oil, i.e. a mixture of 11 ( - 40%, 
based on NMR peak area ratios) and unreacted 5, was 
obtained IR (liquid, KBr) (cm-‘): characteristic bands 
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of 11: 3345 (br s) H); 1673 (m) (C=C). ‘H NMR 
for WH~H~CH,C (S(CHZd),OH”)=CFXCFAFB 6: 
2.47 (e, br); 3.19 (d, mult); 3.87 (c, mult); 3.97 (b, 
mult)f 4.36’(a, mltj ppm. “F NMR (AB) s: - 104.95 
(A, muit); - 118.11 (B, mult); - 120.77 (X, mult) 
[JA_B= 151 Hz] ppm. 

Preparation of compound 9 
A solution containing 15 ml of DMF, 1.2 mmol of 

compound 8 and excess &CO, was brought to reflux 
for - 0.5 h. After reaction had occurred, 15 ml of water 
and 10 ml of CHCl, were added to the resulting mixture. 
The oil layer was separated and washed with 5 ml of 
water. After removal of water and evaporation of CHCl,, 
a bulb-to-bulb distillation at 60 “C (0.5 Torr) resulted 
in a colorless oil (10%). Spectral data for 9: IR (liquid, 
KBr) (cm-‘): 2949 (m); 2893 (m); 1756 (s); 1393 (s); 

(b, mult); 4.25 (a, mult) ppm. 19F NMR (AMX’) 6: 
- 92.16 (A, t); - 126.17 (M, t); - 141.60 (X, t); - 58.55 

(X’, mult) [JA_M =243 Hz, JA_x =JA_x, = 15 Hz, 
JM_x=JM_x,= 11 Hz] ppm. MS (CI) [m/e (species) in- 
tensity]: 288 (M’) 71.74; 269 (M’ -F) 53.81; 200 
(M+ - 2(CH,CH,O)) 83.4. Analysis: Calc. for 
GH,F,S,O,: C, 37.5; H, 2.78; F, 26.39%. Found: C, 
38.9; H, 3.07; F, 25.9%. 

General procedures for the preparation of compounds 
12 and 13 

In a typical reaction, 1.0 mmol of 3 or 7 was added 
to 10 ml of a THF solution containing 2.2 mmol of 
N-methyl piperazine. The mixture was stirred at 25 “C 
for 3 d. After the usual work-up, the residue was 
subjected to either bulb-to-bulb distillation or recrys- 
tallization from CHCl,. 

Compound 12 was obtained as a colorless solid (60%, 
m.p. 62 “C) after recrystallization or distillation at 70 
“C (0.5 Torr). Spectral data for 12: IR (solid, RBr) 
(cm-l): 2941 (m); 2891 (m); 2852 (m); 2803 (m); 1629 
(s); 1305 (s); 1292 (s); 1279 (s); 1158 (s); 1108 (s); 
1005 (s). ‘H NMR 6: 2.22 (s, 3H); 2.36 (mult, 4H); 
3.28 (mult, 8H) ppm. 19F NMR 6: - 111.6 (mult, 2F); 
- 118.1 (mult, 2F) ppm. MS (CI) [m/e (species) in- 
tensity]: 364 (37M+) 21.3; 362 (35M+) 63.7; 327 (M’ -Cl) 
100. Analysis: Calc. for C,,H,,F,ClS,N,: C, 39.72; H, 
4.14; F, 21.0%. Found: 39.73; H, 4.14; F, 21.8%. 

Compound 13 was obtained as a colorless oil which 
crystallized slowly (75%, m.p. 58 “C) after distillation 
at 60 “C (0.5 Torr). Spectral data for 13: IR (solid, 
KBr) (cm-‘): 2943 (m); 2889 (m); 2852 (m); 2800 (m); 
1635 (s); 1417 (m); 1455 (m); 1306 (s); 1293 (s); 1279 
(s); 1245 (s); 122 1038 (m); 1013 (s). 
‘H NMR for 
@EQ@H;),CFAFBQF*,FB 

C(Cl)=CN(CHZd),- 
6: 2.34 (f, s); 2.49 (e, 

mult); 3.18 (d, mult); 3.52 (c, mult); 4.07 (b, mult); 
4.49 (a, mult) ppm. 19F NMR (ABA’B’) 6: - 103.89 
(A, d); - 116.11 (B, d); - 112.46 (A’, d); - 133.56 (B’, 
d) [JA_B = 245 Hz, JAcB, = 232 Hz, Jd_*, = 11 Hz, .&_n, = 15 
Hz, JA_B, =JA,_B = < 0.05 Hz] ppm. MS (CI) [m/e (spe- 
cies) intensity]: 349 (37M+ + 1) 15.0; 347 (35M+ + 1) 
50.6; 311 (M’ -Cl) 20.4. Analysis: Calc. for 
C,,H,,F,ClSON,: C, 41.56; H, 4.33; F, 21.93%. Found: 
C, 41.65; H, 4.33; F, 22.2%. 

General procedures for the preparation of compounds 
14, 15 and 18 

In a typical reaction, 4.2 mm01 of 2 or 5 or of 
triethanolamine was first dissolved in 30 ml of THF 
containing 1.0 g of Na,CO,. Perfluoroglutaryl fluoride 
(4.5 mmol) in 10 ml of THF was then added slowly 
via a dropping funnel to the above solution at 0 “C. 
The reaction mixture was stirred at 0 “C for 1 h, then 
at 25 “C for another 16 h. After the usual work-up, 
distillation at 70 “C (2 Torr) afforded compound 14 
as a white crystalline solid (48%, m.p. 67 “C). Spectral 
data for 14: IR (solid, KBr) (cm-l): 2965 (w); 1785 
(s); 1775 (s); 1391 (s); 1327 (s); 1263 (s); 1244 (s); 
1176 (s); 1160 (s); 1137 (s). ‘H NMR 6: 3.33 (t, J,,=6 
Hz); 4.50 (t) ppm. 19F NMR 6: - 106.44 (s, 4F); - 117.56 
(s, 4F); - 125.94 (s, 2F); - 129.73 (s, 2F) ppm. MS 
(CI) [m/e (species intensity]: 532 (M’) 100; 516 
(M+ -0) 89.7. Analysis: Calc. for C,,S,O,F,,H,: C, 
31.58; H, 1.50; F, 42.9%. Found: C, 31.70; H, 1.68; F, 
41.4%. 

Compound 15 was obtained as a viscous oil (35%) 
after distillation at 70 “C (0.5 Torr). It crystallized 
slowly at 25 “C (m.p. 59-60 “C). Spectral data for 15: 
IR (solid, KBr) (cm-l): 2949 (w); 2882 (w); 1786 (s); 
1549 (w); 1328 (s); 1244 (s); 1195 (s); 1143 (s); 1101 
(s). ‘H NMR 6: 3.34 (t, JHH=6 Hz); 4.51 (t) ppm. 
19F NMR 6: - 110.43 (s, 4F); - 118.14 (s, 4F); - 125.26 
(s, 2F) ppm. MS (CI) [m/e (species) intensity]: 428 
(M’ 58.6; 278 (M+ -(CF,),CO,(CH,),S) 35.4; 267 
((CF,),(CO,),(CH,),’ + 1) 100. Analysis Calc. for 
C,,S,O,F,,H,: C, 36.44; H, 1.87%. Found: C, 33.17; 
H, 1.74%. 

Compound 18 was obtained as a colorless grease 
(90%) after filtration and removal of THF from the 
filtrate. The grease gradually hardened to a waxy ma- 
terial. Spectral data for 18: IR (KBr) (cm-r): 3394 (br 
m); 2975 (m); 2878 (m); 1780 (s); 1680 (s); 1317 (vs); 
1272 (vs); 1246 (vs); 1152 (vs); 1049 (vs). ‘H NMR 6: 
1.77 (s, 2H); 3.174.00 (mult, 11 H) ppm. 19F NMR 
(DMSO) 6: - 114.7 (s, 4F); - 122.45 (s, 2F) ppm. MS 
(CI) [m/e (species) intensity]: 354 (M+ +l) 35.5; 322 
(M+ - CH,OH) 24.0; 195 (M+ - (CF,),CO,CH,) 100. 
Analysis: Calc. for CllF,NO,Hl,: F, 32.3%. Found: F, 
32.4%. 
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General procedures for the preparation of compounds 
16 and 17 

In a typical reaction, 4.2 mmol of 2 or 5 was first 
dissolved in 10 ml of THF. A solution consisting of 
9.0 mmol of triethylamine in 5 ml of THF and a solution 
consisting of 4.2 mmol of phenylphosphonothionic chlo- 
ride in 5 ml of THF were then added simultaneously 
and slowly to the solution of 2 or 5 at 0 “C. The 
resulting mixture was stirred at 0 “C for 1 h and then 
at 25 “C for 24 h. After the usual work-up, 16 and 17 
were both obtained as viscous yellow-brown oils which 
could not be purified by distillation or recrystallization. 
Spectral data for 16: IR (liquid, KBr) (cm-‘): 2979 
(m); 2946 (m); 1656 (w); 1544 (m); 1476 (m); 1440 (s); 
1398 (m); 1328 (s); 1250 (s); 1195 (s); 910 (s); 877 (s); 
852 (s). ‘H NMR 6: 3.45-4.15 (mult, 8H); 7.47-7.83 
(mult, 5H) ppm. 19F NMR 6: - 105.5 (s, 4F); - 129.3 

(s, 2F) ppm. 31P NMR 6: 88.11 ppm. MS (CI) [m/e 
(species) intensity]: 467 (M’ + 1) 48.2; 387 (M+ - C,H,) 
22.2; 293 (M+ + 1 - CJJ 100. Spectral data for 17: IR 
(liquid, KBr) (cm-’ ): 2946 (m); 2884 (m); 1673 (m); 
1590 (m); 1477 (m); 1462 (m); 1440 (m); 1350 (m); 
1317 (s); 1245 (s); 1157 (s); 1068 (s); 1023 (s). ‘H 
NMR 6: 3.81 (mult, 4H); 4.38 (mult, 4H); 7.43-7.98 
(mult, 5H) ppm. 19F NMR 6: - 114.2 (mult) ppm. 31P 
NMR 6: 88.62 ppm. MS (CI) [m/e (species) intensity]: 
417(M++l)100;397(M+-F)100;381(M+-F-0) 
45.8. 
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