Available online at www.sciencedirect.com

JOURNAL OF

ScienceDirect EUUDRINE

GHEMISIRI

www.elsevier.com/locate/fluor

= MG P
ELSEVIER Journal of Fluorine Chemistry 128 (2007) 729-735

Hexafluorothioacetone based synthesis of fluorinated heterocycles
Viacheslav Petrov ™, Will Marshall ®

A DuPont Central Research and Development, P.O. Box 80328, Wilmington, DE 19880-0328, USA’
® DuPont Corporate Center for Analytical Sciences, Experimental Station, P.O. Box 80328, Wilmington, DE 19880-0328, USA

Received 27 January 2007; received in revised form 10 February 2007; accepted 12 February 2007
Available online 16 February 2007

Abstract

Cycloadducts of hexafluorothioacetone (HFTA) were prepared in high yield by a CsF catalyzed reaction between readily available 2,2,4,4-
tetrakis-(trifluoromethyl)-1,3-dithietane (as a source of HFTA) with conjugated electron-rich hydrocarbon dienes, such as cyclopentadiene, 2,3-
dimethylbuta-1,3-diene, cyclohexa-1,3-diene or (1Z,3Z)-cyclohepta-1,3-diene. Cyclohexa-1,4- and (1Z,5Z)-cycloocta-1,5-dienes, also undergo the
reaction with in situ generated HFTA, but form the products of insertion of HFTA into the C—H bond of the diene as a result of ene-reaction. The
highly selective reaction of HFTA with (1Z,3Z,5Z)-cyclohepta-1,3,5-triene and (1Z,3Z,5Z,7Z)-cycloocta-1,3,5,7-tetraene leads to the formation of
cycloadducts derived from exclusive addition of thioacetone to the corresponding bicyclic isomers—bicyclo[4.1.0]hepta-2,4-diene or bicy-
clo[4.2.0]octa-2,4,7-triene, respectively. The corresponding cycloadducts of HFTA with 2,3-dimethylbutadiene-1,3-cyclohexa-1,3-cyclohexa-1,4-
dienes and (1Z,3Z,5Z)-cyclohepta-1,3,5-triene were also prepared by direct reaction of sulfur/hexafluoropropene/KF and the corresponding
hydrocarbon substrate at 35-45 °C in DMF.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction This paper, reports new data on cycloaddition reactions of

generated in situ HFTA with a variety of electron-rich dienes,

Hexafluorothioacetone (HFTA), discovered by W. Mid- and cyclic polyenes.

dleton over 50 years ago [1,2] is a potent heterodienophile. It
reacts with variety of dienes under extremely mild conditions
[3]. Unfortunately, the gaseous nature (bp 6 °C) of HFTA and
its limited stability at ambient temperature, exemplified by
pronounced ability to undergo dimerization, forming 2,2,4,4-
tetrakis-(trifluoromethyl)-1,3-dithietane (1) [4], makes it a
difficult to handle material. In recent years it was demonstrated
that readily available 1 [5,6] treated with alkali metal fluoride in
polar solvent generates HFTA which can be subsequently
trapped by a variety of electron-rich dienes [7-11]. Quad-

2. Results and discussion

Addition of dry cyclopenta-1,3-diene (2) or 2,3-dimethyl-
buta-1,3-diene (3) to the mixture of 1 and catalytic amount of
dry CsF in tetrahydrofurane (THF) results in a fast, exothermic
reaction leading to the high yield formation of cycloadduct 4 or
5 [3], respectively (Eq. (1), Table 1, entries 1 and 2):

ricyclane, which is known to have high reactivity towards
electron deficient unsaturated hydrocarbons [12] and poly- @ FiC
fluorinated materials [13—-16], was reported recently to undergo . A}?\
cycloaddition with HTFA, producing 3-thia-4,4-bis(trifluoro- A >
methyl)tricyclo[S.Z.1.02’5]n0n-7-ene [17]. /S CsF 4,92%
(FCC - UCEs): oo (1)
5 46h | THF C(CFy),

_— ' S

* Corresponding author. Tel.: +1 302 695 1958; fax: +1 302 695 8281. H

E-mail address: viacheslav.a.petrov@usa.dupont.com (V. Petrov). 5,81%
! Publication No. 8773. 5

0022-1139/$ — see front matter © 2007 Elsevier B.V. All rights reserved.
doi:10.1016/j.jfluchem.2007.02.009


mailto:viacheslav.a.petrov@usa.dupont.com
http://dx.doi.org/10.1016/j.jfluchem.2007.02.009

730 V. Petrov, W. Marshall/Journal of Fluorine Chemistry 128 (2007) 729-735

Table 1

Reaction of 1 with dienes—ratio of reactants and reaction conditions

Entry no. 1 (mol) Diene (mol) Solvent (mL) Catalyst (mol) Temperature (°C) Time (at 25 °C, h) Product (yield %)
1 0.1 2(0.2) THF (50) CsF (0.03) 0-25 4 4 (92)

2 0.1 3(0.2) THF (100) CsF (0.03) 10-25 6 5 (81)

3 0.1 6 (0.2) Diglyme (100) CsF (0.03) 25-30 4 7" (81)

4 0.027 8 (0.054) THF (60) CsF (0.02) 25 48 9 (47)

5 0.1 10 (0.2) THF (100) CsF (0.03) 25 7 days 11a,b (45)
6 0.027 12 (0.054) THF (60) CsF (0.02) 25 30 days 13 (69)

7 0.05 16 (0.1) THF (60) CsF (0.02) 25 24 18 (57)

8 0.04 17 (0.05) CH;CN (50) CsF (0.03) 78, 25 5 days, 2 days 19 (69)

 Purity 96%, isolated product contained 4% of diglyme.

In contrast to the unstable cycloadduct of hexafluoroacetone
and cyclopentadiene, which readily undergoes retro-Diels—
Alder reaction, generating the starting materials at ambient
temperature [18], the cycloadduct 4 is stable and can be
distilled without decomposition. Even significantly less active
cyclohexa-1,3-diene (6) [19], reacted exothermally with a
mixture of 1/CsF in THF or diglyme solvent, producing adduct
7 in high yield:

FiC. _.CF, @ ©
S
/:& = 1 Lé\iﬂ @
1o i/
THF,CsF GEbme CF3

O, S
9. 47% 25“'C, 2d 0-25°C, 4 h 7.91%

A significantly slower reaction (4 days, at 25 °C) between
(1Z,3Z)-cyclohepta-1,3-diene (8) and in situ generated HFTA
results in the formation of cycloadduct 9 (Eq. (2)).

The reaction of compound 1 with nonconjugated, cyclic
dienes produced unexpected results. Cyclohexa-1,4-diene (10)
when reacted with 1, formed the mixture of two isomeric 1:2
adducts, 11a,b (ratio 53:47, Eq. (3), Table 1, entry 5). The
structure of one of isomer 11a(b) was established by single
crystal X-ray diffraction (Fig. 1).

Moderate yield of adducts 11a,b in this case is the result
of insufficient amount of 1 relative to 10 (ratio 1: 2, see
Table 1, entry 5) and adjustment of the ratio to 1:1 should
result in higher yield of 11a,b. Although sufficient difference
in the ratio of isomers 11a and 11b, and reasonable
separation most of resonances in 'H and 'F NMR spectra
allowed assignment of signals to major (11a) and minor
(11b) isomers in the mixture, it should be pointed out that the
assignment of structure 11a to major isomer at this point is
arbitrary.

(1Z,5Z)-Cycloocta-1,5-diene (12) in reaction with 1
produced 13 as a result of insertion of two molecules of
HFTA. In this case quite slow reaction (Eq. (3)) stopped at the
stage of conjugated cycloocta-1,3-diene, since compound 13
did not underwent further cycloaddition reaction with HTFA.
Lower activity of 13 correlates well with general trend of
reactivity reduction with increase of diene ring size observed in
Diels—Alder process for cyclic dienes [19]:

F;C CF, F5C CF,
S S
i/ i 7
SCH(CF3),
SCH(CF3),
11a 11b

Ratio 53:47, yield 45%

THF, Cs
25°C,
3)

7d

1 10
THF, CsF
25°C,
30d

12
(F;C),CHS SCH(CF5),
13,69%

Monitoring of this reaction by NMR revealed that compound 13
forms with selectivity ~95% and crude product contains ~5%
isomeric material. It should be also pointed out that compound
13 is thermally unstable readily undergoes rearrangement upon
heating, producing a mixture of several isomeric species. 'H
and '’F NMR spectra of material isolated through the low
temperature crystallization of crude product from hexane
showed the presence mostly one isomer (over >95% of
sample). Due to broadening of signals and complexity of 'H
and '°F spectra NMR method was not sufficient for proving the
structure of 13 and it was resolved by single crystal X-ray
diffraction (see Fig. 2).

Interestingly, the product previously isolated in reaction of
12 with two equivalents of (CF3),C=C=S was reported to have
structure of cyclootadiene-1,5 with both fluorinated substitu-
ents connected to same double bond [20].

We believe that the formation of isomers 11a,b is the result
of two consecutive reactions. First step includes well-known
ene-reaction of HFTA [7] with diene 10 resulting in formation
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Fig. 1. ORTEP drawing of structure 11a(b). Thermal ellipsoids are drawn at the
50% probability level. The racemic structure was determined in space group
P2i/c.

of conjugated diene 14, which is followed by Diels—Alder
cycloaddition of HFTA and nonsymmetrical 14, leading to the
formation of two isomers 11a and 11b (Scheme 1).

The formation of intermediate 14 was observed in the
reaction of 10 and 1 by NMR, but its isolation was not
attempted.

The first step of the mechanism for reaction 1 and cycloocta-
1,5-diene (12) involves insertion of HFTA into the allylic C-H

: SCH(CFs),

(CF3),C=8 +10 ——
ene reaction

14
(CF"«)EC%Diel s-Alder
reaction
11a,b
Scheme 1.

SCH(CFs),
(CF3),C=S + 12 —— O

15
l (CF3),C=8

13

Scheme 2.

as the result of ene-reaction, leading to the intermediate 15 (see
Scheme 2) and the second step—the selective hydrogen
abstraction from the allylic CH, group of 15 leading to
conjugated diene 13 as major product. The formation of 15 was
not observed in this process, however, the adduct of similar
structure was isolated in reaction of (CF3),C=C=S and 12 [20].

Interesting results were obtained in reaction of 1 with
(12,3Z,5Z)-cyclohepta-1,3,5-triene (16) and (1Z,3Z,5Z,77)-
cycloocta-1,3,5,7-tetraene (17). The treatment of cyclohepta-
triene 16 by mixture 1/CsF in THF at ambient temperature
resulted in exclusive formation of cycloadduct 18 (Eq. (4),
Table 1, entry 7):

FsCy—cF
S
j
18, 57%
@ CsF, THF,
24h, 25°C
16
1 4)

19,69%

Fig. 2. ORTEP drawing of 13. Thermal ellipsoids are drawn at the 50% probability level. The absolute configuration was determined in space group P2;.
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Fig. 3. ORTEP drawing of 18. Thermal ellipsoids are drawn at the 50%
probability level. The absolute configuration was determined in space group
Aba2.

The reaction of 17 and 1 was significantly slower and required
prolonged heating (5 days at 78 °C, Table 1, entry 8), but led to
formation of cycloadduct 19 (Eq. (4)). Isolated 18 and 19 were
thoroughly characterized by 'H, >C, '°F NMR spectroscopy
and both suggested structures are in good agreement with
spectroscopic data. Additional proof of correct structural
assignment for 18 and 19 were obtained by single crystal X-ray
diffraction (see Figs. 3 and 4) also confirming high stereo-
selectivity of HFTA cycloaddition leading to the products
having endo-orientation of three- or four-membered rings,
respectively.

The explanation of the formation compounds 18 and 19 is
based on the fact that both (1Z,3Z,5Z)-cyclohepta-1,3,5-triene
(16) and (1Z,3Z,5Z,7Z)-cycloocta-1,3,5,7-tetraene (17) exist in
equilibrium with small amount of bicyclo[4.1.0]hepta-2,4-
diene (16a) [21,22] or bicyclo[4.2.0]octa-2.4,7-triene (17a)
[23], respectively. The highly efficient reaction of HTFA with
either 16a or 17a leads to the corresponding cycloadducts 18 or

19:
16 16a
(5)
17 17a

The significantly slower rate of cycloaddition HTFA to 17
correlates well with the substantially lower equilibrium

Fig. 4. ORTEP drawing of 19. Thermal ellipsoids are drawn at the 50%
probability level. The absolute configuration was determined in space group
P2,2,2,.

concentration of bicyclic isomer 17a, estimated to be 0.01%
at 100 °C [21,22] versus 2% at 25 °C for isomer 16a [23].

At present, there are several reported examples involving the
cycloaddition to bicyclic cyclohexadienes 16a [20,21,24-31] or
17a [21,28,32]. The majority of these reactions however, have
low selectivity, resulting in mixture of products. A few
exceptions of highly selective processes include cycloaddition
of 16a [26,28,30] or 17a [21,28] to highly reactive
tetracyanoethylene and maleic anhydride, along with addition
of fumaroyl chloride [29] and hexafluorobutyne [31] to 16a.
Thus, found in this study new reaction of HFTA with 16a and
17a is another example of process having exceptionally high
selectivity towards compounds containing a cyclohexa-1,3-
diene fragment.

Recently, we reported that 3-thia-4,4-bis(trifluoromethyl)-
tricyclo[5.2.1.0*°Jnon-7-ene can be prepared by a direct
reaction of sulfur/HFP and quadricyclane in the presence of
KF [17]. In the present work this methodology was extended to
other dienes. For example, the reaction of 3 or 6 with mixture of
sulfur/KF and HFP at 35-45 °C in dry DMF solvent resulted in
the formation of 4 and 7, respectively (Eq. (6), Table 2):

3

35-45°C, 8h
—— 7 50%

DMF | 35-45°C, 6h

4,87%

KF + S + CF;CF=CF, (6)

10 jab, 62%
35-45°C, 6h
16
18, 60%
45-65°C, 4h 800
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Table 2

Preparation of HFTA cycloadducts using sulfur/HFP/KF—ratio of reactants and reaction conditions

Entry no. Sulfur (mol) Diene (mol) DMF (mL) KF (mol) Temperature (°C) Time (h) Product (yield %)
1 0.2 3(0.2) 150 0.08 30-45 6 5(87)

2 0.2 6 (0.1) 150 0.08 30-45 6 7 (80)

3 0.2 10 (0.1) 80 0.06 30-45 6, 4 days at 25 °C 11a,b (62)

4 0.2 16 (0.2) 100 0.06 45-65 4 18 (60)*

# Tsolated product contained 5% of DMF and 10% of 16.

Moderate yield of 18 in reaction of 16 with KF/S probably is the
result of higher temperature of the reaction (45-65 °C), leading
to the formation of noticeable amount of higher molecular
weight by-products. Since the reaction of 10 and 1 was rela-
tively slow at ambient temperature (Table 1, entry 5), in case of
reaction of 10 with HFP/S/KF the reaction mixture obtained
35-45 °C was kept at ambient temperature for 4 days. Adducts
11a,b in this case were isolated in 62% yield (Table 2, entry 3).
Higher isolated yield of 11a,b is also the reflection of proper
ratio of HFTA to substrate 10 (1:2, based on amount of sulfur
used in reaction, Table 2, entry). It should be pointed out, that
the formation of ring opening by-products, observed in the
reaction of quadricyclane with KF/S/HFP mixture [17,33] (as
the result of attack of (CF;),CF ™ on sulfur of highly reactive 3-
thia-4,4-bis(trifluoromethyl)tricyclo[5.2.1.0%non-7-ene)
were not detected in one-pot synthesis of cycloadducts 4, 8,
11a,b and 18. We believed that absence of by-products in this
case is the result of significantly lower sensitivity of compounds
4, 8, 11a,b and 18 towards nucleophilic reagents. Data on
comparative reactivity of HFTA cycloadducts in nucleophilic
and electrophilic reactions will be reported in a separate pub-
lication.

In conclusion, we would like to emphasize that high
reactivity of HFTA as dienophile in cycloaddition reactions,
along with its amazingly high affinity to conjugated cisoid
systems [especially containing cyclohexa-1,3 unit, such as
cyclohexa-1,3- (6) and -1,4- (10) dienes, and bicyclic isomers
16a and 17a] results in highly selective Diels—Alder
cycloaddition of HTFA to these materials, despite the low
equilibrium concentration of bicyclic isomers. It should be also
mentioned that one-pot synthesis of the corresponding
cycloadducts through the reaction of unsaturated diene with
HFP/S/KF/1 mixture can be also considered as simple
alternative method of preparation of variety cycloadducts
containing HFTA moiety.

3. Experimental

'"H NMR spectra were recorded on Bruker DRX-500
(499.87 MHz) and 9F NMR spectra were recorded on Bruker
DRX-400 (376.8485 MHz) instruments using CFCl; as an
internal standard. CDCl; was used as a lock solvent, unless
stated otherwise. IR spectra were recorded on a Perkin-Elmer
1600 FT spectrometer (KCl1 plates for liquids or in KBr for solid
materials). Moisture sensitive materials were handled in a glove
box. GC and GC/MS analysis were carried out on a HP-6890
instrument, using HP FFAP capillary column and either TCD
(GC) or mass selective detector (GS/MS), respectively.

Compounds 1 was prepared according literature procedure
[6]. Cyclopentadiene was made by pyrolysis of bicycpenta-
diene and stored refrigerated. Compounds 3, 6, 8, 10, 12, 16 and
17 (Aldrich) were purchased and used after being died over
MgSO,. Sulfur, CsF, KF were dried at 80-120 °C (2—4 h) under
dynamic vacuum prior to use. HFP (DuPont) was used without
further purification. Compound 4 was identified by comparison
of NMR and mass spectra data with previously reported [3];
adduct 5—by IR spectroscopy [3]. NMR data of § not reported
previously, are given in this section.

Due to high ratio of sulfur to fluorine, elemental analysis was
not attempted for new materials. The purity of isolated
compounds was established using NMR and GC and is reported
here in this section.

Single crystal diffraction data. Data for compounds 11a, 13,
18 and 19 were collected at —100 °C using a Bruker APEXII
diffractometer equipped with a graphite monochromator and
Mo radiation. The structures were solved using direct methods
(XS) and refined using full-matrix least squares calculations
with the Shelxtl suite of programs. Crystallographic data
(excluding structure factors) for all structures have been
deposited with the Cambridge Crystallographic Data Centre as
supplementary publication nos. 630851, 630852, 630985 and
630986. Copies of the data can be obtained, free of charge, on
application to CCDC, 12 Union Road, Cambridge CB2 1EZ,
UK (fax: +44 1223 336033 or e-mail: deposit@ccdc.cam.a-
c.uk).

3.1. Typical procedure for reaction of 1 with 2, 3, 6, 8, 10,
12, 16 and 17

Into a flask charged with dry CsF inside of a dry-box the
solvent was added under nitrogen blanket. Compound 1 was
added in one portion to agitated reaction mixture, followed by
the addition of the corresponding substrate at 0-25 °C. The
reaction mixture was agitated for time specified in Table 1,
diluted with 10% hydrochloric acid, extracted by dichlor-
omethane (DCM, 50 mL x2), combined organic layers were
washed by 10% hydrochloric acid (200 mL x2), dried over
MgSO,. Solvent was removed under reduced pressure and the
residue distilled under vacuum. Ratio of reactants and reaction
conditions are given in Table 1.

3.1.1. 2,2-Bis(trifluoromethyl)-3,6-dihydro-4,5-dimethyl-
2H-thiopyran (5)

bp 84-86/30 mm Hg, purity >99%. 'H NMR (CDCl5): 1.83
(3H, s), 1.86 (3H, s), 2.56 (2H, s), 3.09 (2H, s) ppm. '’F NMR:
—71.33 (s) ppm. '*C NMR (neat): 17.62, 18.74, 30.43, 31.81,
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59.95 (sept., J=26.2 Hz), 125.25 (q, J=283.9 Hz), 126.65,
129.47 ppm. MS (EI, m/z): 264 (M", CoH oF¢S™).

3.1.2. 5,5-Bis(trifluoromethyl)-6-thia-bicyclo[2.2.2 Joct-2-
ene (7)

bp 80-82/1 mm Hg, purity 96%, contaminated by 4% of
diglyme. "H NMR (CDCls): 1.31 (1H, m), 1.78 (1H, m), 2.15
(2H, m), 3.43 (1H, dm, J = 7.2 Hz), 3.60 (1H, m), 6.40 (1H, m),
6.62 (1H, t, J=7.2Hz)ppm. ""F NMR: —65.40 (3F, q,
J=12Hz), —69.08 (3F, dq, J = 12.0, 2.9 Hz) ppm. "°C (neat):
20.98,25.44,31.79,35.32, 62.59 (sept., J = 26.2 Hz), 124.62 (q,
J=284.8 Hz), 125.17 (q, J = 284.8 Hz), 133.39, 133.43 ppm.
MS (EL, m/z): 262 (M*, CoHgFgS™).

3.1.3. 7,7-Bis(trifluoromethyl)-6-thia-bicyclo[3.2.2 Jnon-8-
ene (9)

bp 71-72/0.1 mm Hg, purity >99%. "H NMR (CDCl5): 1.60
(2H, m), 2.00 (3H, m), 2.22 (1H, m), 3.31 (1H, quint.,
J=4.1Hz), 3.65 (1H, quint., J=4.1Hz), 6.15 (1H, t, J=
8.5Hz), 6.46 (I1H, t, J=8.5Hz)ppm. 'F: —64.61 (3F, q,
J=127Hz), —67.68 (3F, qd, J=12.7, 1.1 Hz) ppm. '*C
(CDCly): 21.85 (q, J=1.9 Hz), 25.52 (q, J=1.9 Hz), 31.57,
36.31, 39.78, 65.11 (sept., J=252Hz), 12536 (q, J=
284.8 Hz), 131.08, 132.51 (q, J =2.9 Hz) ppm. MS (EI, m/z7):
276 (M*, CioH;oFeS™, 100%); 207 (M — CF5*, CoH oF5S™).

3.1.4. Compounds 11a,b

bp 89-91/0.04 mm Hg; mp 42-48 °C, mixture of two
isomers ratio 53:47, purity 98%. 'H NMR (CDCls), major:
1.98 (1H, ddd, J=14.7, 4.3, 2.8 Hz), 2.90 (1H, ddd, J = 14.7,
8.9, 1.8 Hz), 3.70 (1H, sept., J=7.3 Hz), 3.75 (3H, m), 6.40
(1H, m), 6.81 (1H, t, J=7.3 Hz) ppm. "°F: —65.30 (3F, q,
J=12.0 Hz), —66.86 (3F, dq, /= 9.8, 7.3 Hz), —66.37 (3F, dq,
J=9.8, 8.1 Hz), —68.24 (3F, m) ppm.

Minor: 1.13 (1H, ddd, J=15.0, 5.5 Hz), 2.80 (1H, ddd,
J=15.0,9 Hz),3.55 (1H, dt, 7.3, 3.1 Hz),3.70 (sept.,J = 7.3 Hz)
3.75 (2H, m), 6.40 (1H, m), 6.81 (1H, t, J = 7.3 Hz) ppm. "°F:
—64.51 3F, q, J=12.0 Hz), —66.78 (3F, quint., J=9.2 Hz),
—66.99 (3F, quint., J = 8.6 Hz), —68.24 (3F, m) ppm.

3¢ (CDCls, mixture of isomers): 31.20, 33.51, 35.76, 37.84,
38.35,39.41, 41.78, 45.20, 51.90 (sept., J = 32.0 Hz), 121-127
(m), 130.74, 131.25, 134.52, 135.93 ppm. MS (EI, m/z): 293
[(M — C3FgH)", CoH7F6S,"].

3.1.5. (12,32)-5,8-Bis(1,1,1,3,3,3-hexafluoropropan-2-
yithio)cycloocta-1,3-diene (13)

mp ~30°C; purity ~95% (contains ~5% of isomeric
material). 'H NMR (CDCls): 2.00 (2H, m), 3.50 (1H, sept.,
J=7.5Hz),3.89 (1H, br.s), 5.54 (1H, dd, J = 11.0, 6.0 Hz), 6.01
(1H, d, J=11.0 Hz) ppm. "°F: —66.62 (6F, sept., J = 9.2 Hz),
—67.26 (6F, br.s) ppm. MS (El, m/z): 321 [(M — CsFgH),
CiH,FsS5", 100%].

3.1.6. Compound 18

bp 46-47/0.026 mm Hg, mp 18-19 °C, purity 98%. 'H
NMR (CDCl5): 0.25 (1H, m), 0.35 (1H, m), 1.33 (1H, m), 1.62
(1H, sept., J =4.0 Hz), 3.85 (1H, dd, 7.3, 4.0 Hz), 4.00 (1H, t,

J=5.4Hz), 5.80 (1H, m), 6.22 (1H, t, J = 7.3 Hz) ppm. "°F:
—6244 (3F, q, J=12Hz), —66.55 (IF, qd, J=12,
2.9 Hz) ppm. "°C (CDCly): 4.83, 6.14 (q, J=3.9), 34.67,
39.49, 65.31 (sept., J=24.2Hz), 124.63 (q, J=284.5 Hz),
125.10 (q, J = 284.5 Hz) 126.18, 129.81 (q, J = 6.9 Hz) ppm.
MS (EL mlz): 274 (M, C,oHgF¢S™).

3.1.7. Compound 19

bp 71-72/0.1 mm Hg, mp 29-30 °C, purity 98%. '"H NMR
(CDCls): 3.26 (2H, m), 3.49 (1H, dd, J = 7.5, 2.8 Hz), 3.80 (1H,
dd,J=7.5,2.3 Hz),5.88 (1H, d, J = 2.8 Hz), 5.95 (2H, m), 6.30
(1H, t, J=7.5Hz) ppm. °F: —62.41 (3F, q, J=12.0 Hz),
—67.15 (3F, qd, J=12, 2.9 Hz) ppm. °C (CDCl5): 37.33,
38.60 (q, J = 3.9 Hz), 40.67, 45.43, 63.62 (sept., J = 25.2 Hz),
124.25 (q, J=285.8 Hz), 124.78 (q, J=285.8 Hz) 126.58,
129.65 (q, J=2.9 Hz), 139.28, 139.42 ppm. IR (lig., KCI,
major): 3058, 2952, 1715, 1365, 1331, 1236, 1183, 1154, 1020,
923, 7894, 779 cm™'. MS (EI, m/z): 286 (M", C;HgF¢S*), 217
(C1oHgF5S™, 100%).

3.2. Preparation of cycloadducts 5, 7, 11a,b and 18 using
reaction with mixture of sulfur/HFP/KF

The corresponding substrate 3, 6, 10 or 16 (0.1-0.2 mol) was
added to a mixture of dry KF and sulfur in dry DMF solvent.
The required amount of HFP gas was added to reaction mixture
at 30-65 °C. The reaction mixture was agitated at ambient
temperature for 2—4 h (4 days in case of compound 10), diluted
with 10% hydrochloric acid, extracted by CH,Cl, (100 mL
%x2). Combined organic layer was washed by 10% hydrochloric
acid (300 mL x3) to remove DMF and dried over MgSO,.
Solvent was removed under reduced pressure and the residue
distilled under vacuum to afford the final product Ratio of
reagents and reaction conditions are given in Table 2.
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