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Organic Chemistry

Reactions of polyfluoroalkenylsulfenyl chlorides with carbonyl compounds

A. N. Kovregin, A. Yu. Sizov, A. F. Ermolov, and A. F. Kolomiets™
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Polyfivorinated 1-fluoroaik-1-enylsulienyvi chlorides react with ketones RCOCH,R” 1o
give unsaturated sulfides. The latter undergo smooth cyclization into 2-alkylidene-1 3-oxathioles

in the presence of BF; - NEt.

Key words: polyfluorinated « -unsaturated sulfenyl chlorides, ketones, sulfenviation,

cyclization, 2-alkylidene-{.3-oxatinofes.

Reactions of saturated polytluoroalkylsuifenyt chlo-
rides with enolizable carbonyl compounds are wel} stud-
ied.! However, the only example of similar transforma-
tions for a,B-unsaturated sulfenyl chlorides documented
50 far 1s the reaction of 1,3,3,3-tetrafluoro-2-methoxy-
carbonylpropenvisulieny!l chloride (1) with acetone,
which viclds & normal sulfenylation product.? In the
present work, reactions of various carbonyl compounds
with 1.3.3.3-tetrafluoro-2-{trifftuoromethyl)propenyl-
sulfenyi chioride (2) and sulfenyl chloride 1 were stud-
jied. The reactivity of compounds 1 and 2 are due to the
presence of o sulfenyl chloride group and a labile
a-F atom.

We showed that sulfenyl chiorides 1 and 2 react
smoothly with various enolizable carbonyl compounds
(acyclic and cyclic ketones, p-diketones, and $-oxo
esters) to give monosulfenylation products 3—17 (com-
pounds 8, 16, and 17 were not isolated in individual
states and were used in subsequent transformations with-
out purification) (Scheme 1).

Usually, the reaction is carricd out without a solvent
at ~20 >C or on slight cooling (-10 to 0 *C, in the case

of nonfluorinated g-dicarbony! compounds). Fluorinated
ketones react with much greater difficuity. Thus,
hexafluoroacetylacetone and ethy! trifluoroacetoacetate
react with sulfenyl chloride 1 only at 70 °C, while methyl
perfluorohexyl ketone did not react even at 140 °C.

According to 'H NMR data. sulfides 68 and 11—17
obtained from B-diketones and B-oxo esters exist in the
enol form only, which s charactenistic of such com-
pounds.! They can be solated from the reaction mix-
tures only under mild conditions: e.g., sulfides 6, 7, and
11—14 were obtained by freezing from solutions in
hexane. When heated, these compounds mostly undergo
intramolecular cyclization with elimination of HF to
give substituted | 3-oxathioles.

It was found that BF;- NEt; is a convenient reagent
for this type of selective cyclization and acts not only as
an acceptor of HF, but also as a base for the generation
of enolate anions. Thus $-dicarbonyvl compounds 7. 8,
and 12—17 at ~20 *C are wtransformed into oxathioles
19, 20. and 2227 in cther in the presence of this
reagent in high vields. Under these conditions, sulfide
13 with two different enolizable carbonyl groups gives a
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mixture of ¢yclization products. However. when refluxed
in accetonitrile, sulfide 13 sclectivelv gives only one of
the possible products. namely. oxathiole 23. The reac-
tion conditions depend on the content of the enol form
in the carbonyl compound. For example, cvclization of
substituted acetophenones 4 and 10, which exist in the
requires refluxing in chioro-
- NEt;. Under similar con-
ditions, aliphatic and cvclic monoketone derivatives 3,
5, 9. and 11 also undergo cyclization {according to
'H NMR data). but the corresponding oxathioles could
individual state because of
It is of note that
compound 24 (Table 1) proved 1o be a mixture of
though all other reactions resulted in pure
oxathioles. (The reasons for these differences will be

Colorless crystatline alkylidencoxathioles 18--27 re-
present a new type of O.S-acetals of fluorinated ketenes.
Their structures were contirmed by 'H and 1°F NMR

Experimental

F NMR spectra were recorded on a Bruker AC-200F
spectrometer (188.31 MHz). '"H NMR spectra were recorded on
MHz). "F and 'H
chemical shifts (8) are referred 1o CF;COOH (external stan-
respectively. Reaction
conditions. physical and spectral characteristics, and elemental

analysis data for compounds 3—~7, 9—135, and 18—~

The starting polviluoroatkenylsulfenyl chiorides 1
were prepared according (o the known procedures.z3
Reactions of sulfeny! chiorides 1 and 2 with carbony! com-

27 are given

and 2
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Scheme 1
1]
R—C—CH,R" 3C>c =CF~3CI —>
1,2
O CF, ketone form ('H NMR).
— R— C CH SCF——C/ form in the presence of BF;
R'
3—-17
R 0 CF not be isolated in the
BF, - NE! ~ 3 - »
4,7,8, 10, 12—17 23, v| >:< resinification of the reaction mixtures.
Q'/\S/ X
1SOMeETS,
1827
X = COOMe (1), CF3 (2) : | )
Compound R Q- analyzed later).
X = CF3
3 Me H
4,18 Ph H SpeCtroscopy.
5 R+ R’
6 Me MeC(Q)
7. 19 Ph COOE!
8. 20 Me COOLt
X = COOMe
9 Et Me a Bruker AC-300SF instrument (300,13
10, 21 Ph H
11 R +R’ dard) and MeSi (intern2l standard),
—CH,CH,CHy—
12. 22 Me MeC(0O)
13, 23 Ph MeC(0) in Table 1.
14, 24 CF, CF;C(0)
15, 25 CF, COOEt
16, 26 Me CQOOEt
17, 27 Ph COOEkt

pounds (general procedure). A mixture of sulfenyl chloride 1 or

Table 1. Reaction conditions, vields, physicochemical properties, spectral characteristics, and elemental analysis data for compounds

3—-7,9—15 and 18--27
Com- = T/C M.p./°C  Yield  Found (s, Molecular 3 9F 5 'H
pound /h (sol- [b.p./oCH (%) Ca lc tated tormula (Jg p/Hz)* Sy p/Ha*
vent) (piTorr) —C— H
3 3 10—20 3537 3126 L87 C;HF,0S8 —202(m, 3 F. CFy): 232 (s, 3 H, Me):
3111 185 =195 (m. 3 F Cf-)); 389 (s. 2 H.CHy)
94 (m. | F. CF)
4 10 1020 49—351 70 4321 206 C2H:F;0S  -222(m. 3 F, CF;): 311 (s. 2 H. CHy)
43.37 211 =219 (m. 3F. CF;): 7.35(m.2Hy7 69 (m, 1 H):
148 (m, 1 F. CF) &.02 (m, 2 H)
5 20 1020 [783-—350] 63 36.38 239 CyH,F-0S <210 (m. 3 F. CFy: 198 (m, 2 H): 220 (m, | H):
(2) 3649 236 =199 (m, 3 F. CFy): 237 (m, 2 H) 2.60 (m. 1 H):
=104 (m, ! F, CFH) 387 (1. | H.CHS. J=6)
6 3 -10—-0 - 61 3475 230 CyH;F;0,5 —20.1 (m. 3 F, CF;); 2 40 (s, 6 H. 2 Mey;
34.62 224 192 (m. 3 F.CFy: 17.4 (s. 1 H.OH)
86 (m | F, CH
7 5 -10-0 — 580 3471 266 CisH | (F20:S 2000 m, 3 F. CF;): 140 (1.3 H. Me, /= 7);
4453 272 =193 (m. 3 F CF3): 443(q,2 H . CH,, J=7);

-8.4 (m.

I F.CH

7.50 (m. 3 H, Ph);
I H. OH)

14.2 (s,

(1o be continued)
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Tabte 1 (Conrinuedy

Com- = T/°C Mp./7C o Yield  Found gy Molecular s 'F 5 'H
pound /h  (solvent) fhp/°Cl %)  Calculated formula (Jp e/ HD? (Jy u/H2)*
ip/Torr) z“_“ H
9 10 1020 {120—125] 67 4182 4.1 CipHF05S —225(d. 3 F CF;, L10 (L 3 H, Me, /= 7.0y
3 1167 417 4= 30y ~19.0 (g. 1.53(d, 3 H, Me, J = 7.5)
I F, CF. /= 30) 261 (q. 2 H. CH,. J = 7.0%
382 (s, 3 H, MeO);
427 (q. t H,CH, J=7.5)
10 3 10--20 120122 83 4854 307 Cy3H g F 058 -2291d. 3 F, CF;,  3.385 (s I H, MeO): 4.50 (s.
4845 341 4 =30y, -19.4 (q. 2 H, CH,): 734(m ’H)
tF,.CF. /=30 769 ¢m. 1 H); S00(m. 2 H)
1 20 10--20 (130—133] 64 4199 3533 CioHpF0:8 2304, 2 F, CF;. 198 (m. 2 H); 230 (m,
(3) 4196 3.30 = 3M; —17.6 (q, 3 H) 255 (m, ) H);
I F,CF. /=30 3.85 (m. 4 H. MeO and CHS)
12 3 -1 —0 4934 S2 2980 3.26 CigHwF, 048 -2351d. 3 F, CF; 235 (s, 6 H, 2 Me):
3974 331 J =350y ~182(q 485 (s, 3 H. MeOy,
PR CF. /=30 l?}\(s I H. OH)
13 5 ~ -0 — LX 4933 3.26 CisHF 048 2 A {d. 3 F, CF;. 248 (5.3 H, Me): 3.80 (s,
19435 3.30 = 30); —‘S.a (q. 3 H. M«:O); 7.50 (m, 3 H,
1 F.CE. J=13)) Ph): 17.50 (s. 1 H. OH)
14 50 70 7678 St 2937 1,03 ClgH F 308 —200 tm. 3 F. CF3. 3.90 (s, 3 H. MeO):
29.27  0.98 45 un. L F,CH. 175G, 1 H, OH)
-79im. 6 F.2CFy
15 20 70 4343 68 3233 1.82 CppH-F;0:8  —205(d. 3 F, CFy. 132 (. 3 H Ale, /=
3226 188 = 30);. ~15.2 (q. 7.0y 3.85 (s. 3 H. MeQO):
| F, CF, J= 30, 440 (q. 2 H, CH, /=
~11.3 (s, 3 F.CFy) 7.0): 142 (5, 1 H, OH)
8 s 61 65--67 76 3627 190 CiHF,0S =220 (m. 3 F. CF;): 748 (m. 3 H): 7.32 (s,
(CHCI5) 4615 1.92 “20m 3F CFy TH,.CHYE 770 (m, 2 )
19 10 20 To—78 54 2694 256 CisHigF038 —223(m, 3 F, CFy); 128 (1, 3 H, Me, J = 7.0y,
(etiter) 46.88  2.60 =N 1(m. 3 F, CFy) 4.25¢q. 2 H, CH,. J =170},
732(m. 3 H), 7.83 (m, 2 H)
20 10 20 3941 77 3738 243 CoHyFO3S 2210 m. 3 F.CFy: 1320 3 H, Me, J = 7.0);
(ethery 37.27 248 =212 (m 3 F, CFyy 257 (s 3 H. Me); 4.30 {q.
2H,CH, /J=7.0
21 5 6! 134—136 89 3177 291 C:HyFL0,8 -235 (5. CFy) 387 (s. 3 H, MeOy: 6.70 (5.
(CHC!» 5166 298 P H. CH): 7.45 tm. 3 H):
769 (m.2 H)
22 10 20 5082 79 4267 314 CigHoF;0,8  -21.2 (5, CFy) 245 (s, 3 H, Me):
(ethern) 4255 349 235 (s, 3 H, Me):
383 (5. 3 H, MeO)
23 ) $1 493} 36 3246 323 Cy:H Fi048 -216 65, CFy) 223 ¢s. 3 H. Me):
(MeCN) 3233 320 390 (s. 3 H, MeOyx:
760 (m, 5 H, Ph)
24 10 20 S¥—50 60 3084 081 CuHFy0 S =235(s. 3 F, CFy: 4.0 (s. 3 H, MeO)
(ether) 3077 0.77 —~17.7 and ~13.0 (s,
3 F. CFy oratio 21 D)
--5.5 and 3.2
(s. X F.CF
ratio 1 : 2)
25 10 0 33--55 720 3618 214 C | HyFOsS  -213 (s, 3 F, CFy) 1.38 (v, 3 H, Me, J = 7.0);
(ether) 36.07 219 -133¢s.3F, CF;) 390 (s. 3 H MeOQ); 441 (q.
2H.CHy, J=17.10)
26 10 20 §2—84 73 4240 347 C HF08 =209 (5, CFy) 1.35 (1. 3 H Me. J = 70)
(cther) 42531 3353 238 s, 3 H, Me): 3.87 (s,
3 H, MeO) 4.31 (q. 2 H.
CH.. J=7.)
27 10 20 30—-92 753145 344 CioHi3F30:8 =200 (s CFy) 1.30 ([ 3 H, Me, J= 7.0,
(ether) S1.34 0 343 3.87 (s. 3 H, MeO): 432 (q.
I H, CH, J=7 0). 7.50 (m,
3H): 7.90 (m 2 H)

*{n CDCI, for 3. 5--7, 915, and 21--27 and in DMSO-d; for 4 and 18--20.
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2 (0.0 moly and a carbonyl compound (0.01 mol) was stirred at
a required temperature anni evolution of hydrogen chloride
ceased. Low-boiling substances were removed i vacuo (10 Torr),
and the residue was crystallized from hexane or fractionated.
This procedure was used to obtain (1.3.3.3-tetrafluoro-2-
trittuoromethylpropenyithio)acetone (3, 2-¢1.3,3.3-tetraflioro-
Yanfivoromethylpropenylthiojacetophenone (4), 2-¢1,3,3.3-
tetrafluoro-2-triftuoromethvipropenylthiojevciopentanone (53,
3-01.3.3 3-tetrafluoro-2-teifluoromethylpropenylihio)pentane-
24-dione (6), ethyl 2-(1.3,3.3-tetrafluoro-2-uriituoromethyl-
propenylthio)benzoylacetate (7). 2-¢1.3.3,3-tetrafluoro-2-
methoxyvearbonylpropenylithio)pentan-3-one (9), 2-(1.3.3.3-
terrailuoro-~2-merthoxycarhonyipropenylthiolacetophenone (10).
2-01.3.3,3-tetrattuoro-2-methoxvearbonvipropenylthio))evelo-
pentanone {11y, 3-(1.3.3,3-tetrafluoro-2-methoxycarbonyl-
propenvithioipentane-2 . 4-dione (12), 3-benzoyl-3-(1.3.3,3-
tetrafiuoro-2-methoxycarbonvlpropenyithio)aczione  (13).
1 5.3, 5-hexailvoro-3-¢1.3,3, 3-tetrufivoro- 2-methoxycar-
bouvipropenvithio)pentane -2 4-dione (14}, and ethyt 2-¢1,3.3,3-
tetrafluoro-2-methoxycarbonyipropenylihio)-4.4.4-tritluoro-
acetoacetute (15).

Syathesis of 2-polyfluoroatkylidene-1,3-oxathioles (general
procedure). A solution of BF4- NEt: (0.02 mol) in 20 mL of an
appropriate solvent was added with stirring to a solution of
{polyfluoroatkenylthio)atkyl ketone (0.01 moi) in 10 mL of the
same solvent. The reaction mixture was kept at a required
emperature 1o completion of the reaction and washed with
3% HCH2X50 mL). The organic layer was separated and dried
with Na,50,, the solvent was removed in vacno, and the residue
was recrystallized from hexane. Compounds 20, 26. and 27
were synthesized without isolation of ketones 8, 16, and 17
This procedure was used to obtain 2-hexailuoroisopropylidene-
3-phenvi-1 3-oxathiole (18), 4-ethoxycarbonyl-2-hexafluoro-

isopropylidene-3-phenyl-1,3-oxathiole (19), 4-cthoxycarbon-

v
2
0

1-2-hexatluoroisopropylidene -5-methyl-1 3-oxathiole (20).
-(2,2.2-trifluoro- I -methoxycarbonylethvlidene)-5-phenyl-1 . 3-
xathiole (21). 4-acctvl-2-02.2.2-rifluoro- 1 -methoxycarbonyl-

ethylidene)-S-methvl-1.3-oxathiole (22), d-triftuoroacetyl-2-

(
n
!

2.2.2-trifluoro- 1 -methoxvcarbonylethylidene)- 3-trifluoro-

1ethyi-1,3-oxathiole (24), 4-ethoxycarbonyl-2-(2.2,2-tnifluoro-
-methoxycarbonvlethvlidene)-S-trifluoromethyl- 1 3-oxathiole

carbonvlethylidene)-1.3-oxathiole (26). and 4-cthoxycarbonyvi-

3
0

e

-phenvi-2-i2.2 2rifluoro- 1 -methoxyearbonylethyhdene)- |, 3-

xathiole (27).
4-Acetyl-3-phenyl-2-(2,2,2-trifluoro-1-methoxycarbonyl-
thylidene)-1,3-oxathiole (23). A solution of sulfide 13

(0.01 moly in 30 mL of MeCN was refluxed until evolution of
HF ceased. The solvent was removed in vacuo, and the residue
was recrystalhzed niom hexane.

t
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