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Abstract

2,2,4,4-Tetrakis(trifluoromethyl)-1,3-dithietane (cyclic dimer of hexafluorothioacetone (1)) was shown to
react with a variety of organic substrates in the absence of metal fluoride catalyst at elevated temperature in DMSO
or DMF solvents. While the reactions of vinyl ethers, phenyl vinyl sulfide, dienes and anthracenes under these
conditions led to the formation of expected cycloadducts, the reaction of 1,5-cyclooctadiene resulted in the
formation of the product derived from an ene reaction with hexafluorothioacetone (HFTA). In contrast to results
reported for the CsF catalysed process, 2-vinylnaphthalene reacted with 1 to produce a compound that resulted
from reaction with two molecules of HFTA. The structure of this adduct was established using single crystal X-ray
diffraction. The formation of similar products was also observed in non-catalysed reactions of styrene and 2-
methylstyrene with 1. Interestingly, no product of this type was observed in reaction of 4-MeO-styrene with 1, which
instead led to the high yield formation of the corresponding thietane. The reaction of 1 with 1,3-cyclohexadiene was
carried out in various organic solvents: the reaction in DMSO and DMF was significantly faster than in

acetonitrile, tetrahydrofurane or hexane.
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Research Highlights.

e The reaction of hexafluorothioacetone dimer does not require MF catalyst
e It can be carried out in DMSO or DMF solvent at 20-70 °C

e These reactions are as efficient as catalyzed processes

1. Introduction.

The cyclic dimer of hexafluorothioacetone (2,2,4,4-terakis(trifluoromethyl)-1,3-dithietane (1)) is a
valuable synthon which has been used to prepare a variety of fluorine-containing martials. It has been
shown to react to give hexafluorothioacetone (HFTA) cycloaddition products with vinyl ethers [1-3] vinyl
sulfides [2], vinyl amides [4], various dienes [5-7], styrenes [5, 8], fluoroolefins [2, 9]. It has also been
shown to give the product of HFTA insertion into allylic C-H bond with certain hydrocarbon olefins [10-
12]. Most of these reactions were carried out in the presence of an alkali metal fluoride catalyst (either KF
or CsF), since in earlier publications [1, 5, 9] it was suggested that the catalyst was required to induce the

equilibrium between 1 and monomeric hexafluorothioacetone.

In contrast, a significant number of reactions of 1 have been reported that did nof¢ contain metal

fluoride catalyst, including substrates such as phosphorous, arsenic, germanium and silicon cyanides [13-
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15], thiourea, dithiooxamide and cyanoformamidines[16-18], 1,1-dimethoxyethylene [3], N-vinylamides

[4], azoles [19], N-alkyl(aryl)imidazoles [20].

In order to further elucidate the chemical behavior of 1, we undertook a separate study of its
reported reactions, but in the absence of alkali metal fluoride catalysts. The observed results demonstrate
that when using a polar nucleophilic solvent, the majority of the reactions involving 1 do not require the

catalyst.
2. Results and Discussion.

Previously [7] we reported that the reaction of 1 with quadricyclane (2) carried out in diglyme in
the presence of CsF catalyst resulted in rapid formation of the corresponding cycloadduct 3. Interestingly,
the formation of the same product, albeit at a significantly slower rate, was observed when this reaction
was carried out at ambient temperature in the absence of either catalyst or solvent [7]. Intrigued by this
result, we repeated the reaction of 1 with 2 in the absence of catalyst, but using a polar aprotic solvent -
dimethylsulfoxide (DMSO). Surprisingly, at 50°C, the reaction was complete (by '’F NMR) after 10 min.

to give a high yield of 3 (Eq.1).

F3C><S><CF3 ﬁ 50°C, 30 min J /C(CF3)2
RS
FaC" N7 “CFs * DMSO s
1 2 3, quant. (NMR)
(1

We also examined other previously reported KF or CsF catalyzed reactions of 1 by running the reactions
in the absence of catalyst. To our surprise, the majority of these reactions did not require metal fluoride

catalysis, as long as the reaction was carried out in a polar solvent such as DMSO or DMF.
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One example, the reaction of alkylvinyl ethers 4a,b with 1 in DMSO (70 °C, 2 h) led to high

yields of previously reported [2] thietanes 5a and 5b, along with smaller amounts of 1,3-dithiolanes 6a

and 6b (Eq.2, Table 2).

CF;

1+ = DMSO CF3

OR 70°C, 2h S

4a, R=n-C3H, RO 53,R=n-C,H,, 95%
4—b, R=n-C4H9 5b, R:n'C4H9, 95%

* OR

[

S S
F;C CF4

6a,R=n-C5H,, 5%
6b, R=n-C,4Hg, 5%

2

When one equivalent of sulfur was included in this reaction (DMSO, 70 °C, 24 h) the major product was

compound 5a (and trace amount of 6a), rather than the expected 1,2-dithiolane 6¢ [2]. However, when dry

CsF catalyst was added to the existing reaction mixture, complete conversion of 5a into 6¢ was observed

within 8 h at 70 °C. (Eq.3)

OC3H4-n
S
F3C 5a
FsC
DMSO 7OOC,
l1+4a+S, CsF, 8h
DMSO Sx
S
" OC3H;-n
F3C X
F.C s”

6c, >95% (NMR)
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3)

This experiment demonstrated that while the formation of thietane 5a does not require catalyst, the ring-
expansion process leading to 6¢ is catalyzed by CsF. It is likely that in this case CsF reacts with elemental

sulfur (rather than 5a), converting it into an anionic species that is then able to react with 5a.

Phenylvinyl sulfide (7), under similar reaction conditions, was completely consumed after 3 h at 70 °C to
give thietane 8 in 85 % isolated yield (Eq.4). The structure of this material was established by single

crystal X-ray diffraction.

CF,
1+ =\ M} CF3
Sph  70°C, 3h S
7 PhS
8, yield 85%

“4)

1,3-Cyclohexadine (9), 1,3,5-cycloheptatriene (10) and 2,3-dimethyl-1,3-butadiene (11) all readily
reacted with 1 at elevated temperature in DMSO to produce the corresponding cycloadducts 12-14 in

nearly quantitative yields.
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CF3
CF3
S
12

9 CF3
1 CF3
- S
@ 70°C, 1-2 h 7
10 DMSO 13

11

CF,
_ | L, jCSﬁcpg
14
12,13,14 - yields - >98% (NMR)

)

The reaction of anthracenes 15-17 with 1 were carried out at ambient temperature in DMF. Although
these reactions were relatively slow (2 -7 days), the corresponding cycloadducts 18-20 were isolated in

68-81 % yield.

F;C
R ¥y _CF,
25°C, 2-7d S
1+ —
B
R
15, R=H 18, R=H, 81%
16, R=Me 19, R=Me, 68%
17, R=Br 20, R=Br, 81%

(6)

In the case of substituted anthracenes 16 and 17, the formation of only one regioisomer was observed.
The structures of products 18-20 were established by single crystal X-ray diffraction. Compounds 19 and

20 both were shown to exist as the isomer in which sulfur was connected to the carbon bearing the R-

group (Fig. 1).
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Fig.1 Single Crystal Structure for 19 with thermal ellipsoids drawn to the 30% probability level.

Ene reactions involving HFTA were first reported by Middleton [21], but later it was found, that
1 in the presence of KF catalyst, can be used for preparation of variety of allyl hexafluoro-i-propyl
sulfides [5, 11, 22]. We found that 1 produced ene- product in the reaction with 2-methoxypropene (21)
in DMSO in the absence of CsF catalyst. Indeed, the agitation of the mixture of 1 and an excess of 21
(two layers due to limited solubility of 1 in DMSO) led to the homogenization of the reaction mixture and

formation of compound 22 as major product (Eq.7), along with smaller amounts of bis- and tris-
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substituted adducts (Eq.7). Compound 22 was not isolated, but it was characterized in reaction mixture

by NMR and GC/MS.
_ 25°C, 10 d
1 + CH,=C(OCH3)CHj4 T omso . CH2=C(OCH3)CH,SCH(CFs),
21
22, 70%
(7

The ene reaction was previously found to play an important role in the CsF catalyzed reaction of
non-conjugated dienes (such as 1,4-cyclohexadiene and 1,5-cyclooctadiene (23)) with 1. In both cases the
initial step was insertion of HFTA into the allylic C-H bond of the diene (Ieading to the formation of
cycloadducts with conjugated double bonds) followed by Diels-Alder reaction involving a second mole of

HFTA [6].

The outcome of the non-catalyzed reaction of 1,5-cyclooctadiene (23) with 1 was found to be
different from the result reported for catalyzed process [6]. At 70 °C in DMSO, 23 was consumed within
3 h, but 'H and ”F NMR spectra of the reaction mixture revealed the presence of at least two isomeric
species resulting in significant broadening of the NMR signals. A longer reaction time (12 h) led to
simplification of the NMR spectra of the crude reaction mixture, from which compound 25 (the isomer of

24 reported to form in the catalyzed process [6]), was isolated in 51% yield.

10
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(F3C)2HCS
O7o°c, 12 h
1+ —_—
DMSO

23 (F3C).HCS

(F3C)2HCS© SCH(CF3),

25, yield 51%

24

@®)

The structure of 25 was established by single crystal X-ray diffraction (Fig. 2).

Fig.2. Single Crystal Structure for 25 with thermal ellipsoids drawn to the 30% probability level.

11
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Obviously, the formation of 25 involved isomerization of isomer 24 [6] by the migration of both C=C

bonds under the reaction conditions.

The ene reaction was also found to play an important role in non-catalyzed reactions of 1 with

styrenes. For example, the reaction of 2-vinylnaphthalene (26) with excess 1 rapidly and selectively led to

the formation of bis-adduct 27 (NMR yield > 95%) rather than expected mono-adduct B [8] (Eq.9).

70°C, F;C
e Q) 0, BT
) o

1,3-H-shift

26

27, yield 18.5%

©)

Although the isolated yield of 27 was low (the isolation protocol was not optimized), its structure was

established by single crystal X-ray diffraction.

12
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Fig. 3 Single Crystal Structure for 27 with thermal ellipsoids drawn to the 30% probability level.

An initial Diels-Alder reaction produced compound A, which then underwent an ene reaction [8] with a
second mole of HFTA to give 27. The transient formation of A was clearly seen in NMR spectra taken
throughout the reaction: after 1 h at 65 °C, the reaction mixture contained A and 27 in a ratio of 59:41,

while after 12 h only compound 27 was observed.

Interestingly, the formation of adducts similar to 27 was also observed in the reactions of 1 with
styrene (28) and 4-methylstyrene (30). In both cases, the reaction was not as selective, leading to the

formation of three products in each case — 29a-c and 31a-c, respectively.

13
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(o]
1+ 70°C, 7 CF,
20-48h S
R CF3 293, R=H
28, R=H 3la, R=CHj
30, R=CHs3 CF;
SCH(CF
( 3)2 . CF3
FsC
+
S
FsC S Ar
20b,R=H R 29c, Ar=CqHs
31b, R=CHj 3lc, Ar=4-Me-CgHy4
Ratio 29a:29b:29c - 46:25:29
Ratio 31a:31b:31c - 26:2:72
(10)

As shown in Eq. 10, a decrease in the amount of products 29b and 31b (29% for X=H vs. 2 % for
X=CHj3) and increase in the amounts of thietanes 29¢ and 31c (25% for X=H vs. 72% for X=CHj3)
correlates well with an increase in the electron-donating properties of the substituent on the phenyl ring.
While no formation of product 29b was observed in the CsF catalyzed reaction of 1 with styrene [8], in
the reaction of monomeric HFTA with styrene reported by W. Middleton [23], the formation of two
isomeric 2:1 adducts was observed. According to Middleton, the structure of 29a was assigned to the
major isomer, while the structure of the second adduct was not established [23]. Based on the data
obtained in this present work, it is reasonable to assume that the second isomer reported by Middleton had
the structure 29b. Mechanistically, both isomers 29a and 29b formed from the same Diels-Alder
intermediate C (Eq.11) by reaction with a second mole of HFTA through either a second Diels-Alder
reaction leading to 29a, or an ene- reaction (driven by aromatization) leading to the formation of isomer

29Db.

14
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1 === 2(CF3),C=S

=z
(CF3),C=S =z
—_—
CF3
28 H S CFg
IICII
(CF3),C=S (CF3),C=S
S)S\H SCH(CF),
; —
R g—f CFs CFs
S CF
CF
29a 3 29b 3
(Eq. 11)

The absence of product 29b in the CsF catalyzed reaction of 1 with 28 [8] is likely the result of the
instability of 29b in the presence of fluoride anion. Indeed, when dry CsF was added to the reaction
mixture obtained by the non-catalyzed process (the ratio of 29a:b:c - 46:29:25), the complete
disappearance of the signals of 29b was observed in the ’F NMR spectrum after 8 h at 65 °C, resulting in

a reaction mixture containing only 29a and 29c (ratio 63:37, see Experimental Section).

In the case of the reaction between p-methoxystyrene (32) and 1, the formation of products
analogous to 29b or 31b was not observed, and the reaction led to predominant formation of thietane 33c
along with a small amount of adduct 33a (Eq. 12). Due to its higher selectivity, this reaction to make 33c

is preferred over the CsF catalyzed reaction.

15

Page 14 of 25



CF3
DI\/ISO CF;
70°C 20h
OCH3

HsCO

+

FsC_CFs
S&H

7 —_—
HaCO s—1 CFs
CFs

33a

ratio 33c:33a - 98:2

(12)

3. Mechanistic Considerations.

The fact that 1 is able to react with a variety of organic substrates in the absence of the catalyst
strongly suggests that in polar solvents with high nucleophilicity, such as DMSO or DMF, compound 1
may exist in equilibrium with monomeric HFTA. In order to check this hypothesis we carried out a series
of small scale (0.01 mol) experiments involving the reaction of 1 (10 mol % excess) with 1,3-
cyclohexadiene (9) in different solvents, and compared the conversion of 9 to cycloadduct 10 (see Eq. 5)
after 45 min at 65 °C. While the reaction in DMSO and DMF under these conditions resulted in 98 and
87% conversion of 9 to 10 (respectively), the reaction in acetonitrile (ACN) was significantly slower,
resulting in only 0.7 % conversion (see Table 1). This result was comparable to the value obtained for the
reaction in DMSO at ambient temperature (0.5%). The reaction in less polar tetrahydrofuran (THF) was
even slower, and gave only 0.1 % conversion (45 min, 65 °C). Virtually no formation of compound 10

was observed in nonpolar hexane under the same conditions. Data summarized in Table 1 suggest that

16
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although the polarity of the solvent strongly influences the rate of the reaction, the obtained results cannot

be explained only by solvent polarity since the value of the dipole moment (p as a reflection of polarity

of the reaction media) of ACN (3.92 D) is close to that of both DMF (3.82 D) and DMSO (3.96 D, Table

1) [24].

9

Table 1. Reaction of 9 with 1 in different solvents *

65°C, 45 min

—» /

Solvent

10

/

S]

C(CF3),

Solvent | Dipole moment | Conversion
(1, D) of 9 (%)
DMSO 3.96"° 98
DMF 3.82° 87
ACN 3.92° 0.7
THF 1.75" <0.1
Hexane 0® no rxn

?0.01 mol scale, 15 mL solvent, 10 mol % excess of 1, 65 °C, 45 min.

®ref. [24], p.193

¢ same reaction in DMSO at 25 °C; conversion of 9 = 0.5 % after 45 min and 2.8% after 5h

9 ref. [24], p.178

‘ref. [24], p.7

"ref. [24], p.434

€ ref. [24], p. 262

17

Page 16 of 25



Such difference in reaction rates can, however, be explained based on the nucleophilicity of these
solvents. Indeed, while DMSO and DMF are both relatively nucleophilic, ACN has significantly lower
nucleophilicity, which is reflected in the much higher resistance of ACN towards action of electrophiles.
As an example, DMF was reported to react at ambient temperature with relatively weak electrophile as
(CF3),C=CF,, resulting in formation of (CF;),C=CHN(CHs;), [25, 26] and the formation of same product
was observed in the reaction of 1 and DMF at elevated temperature (70°C) [8], while such reactions are
not reported for ACN. The proposed mechanism for both reactions involves the initial attack of DMF on

the electron-poor double bond of either (CF3),=CF,[25, 26] or HFTA [8].

It is thus reasonable to propose that the mechanism of dissociation of 1 in polar solvents, such as
DMF, which involves nucleophilic attack of DMF on sulfur leading to the final formation of two moles of

HFTA monomer (Eq. 13).

FsC CF,
|=3c>< >< |+ O=C(H)NMe;

F3C>< ‘\ CF3
F;C
)

Olc(H)= NMe2

2(CF3),C=S + O=C(H)NMe,

(13)

A similar mechanism can be used for the dissociation of 1 in DMSO as well, since in this molecule the

S=0 bond is strongly polarized and oxygen atom bears substantial negative charge.

18
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4. Experimental

1 19
HNMR and F NMR spectra were recorded on a Bruker DRX-500 (499.87 MHz) instrument using CFCl; or TMS

as an internal standards. Unless stated otherwise, CDCI, was used as a lock solvent. GC and GC/MS analyses were

carried out on a HP-6890 instrument, using HP FFAP capillary column and either TCD (GC) and mass selective
(GS/MS) detectors, respectively. Dry DMF, THF, ACN and DMSO (Aldrich) and all hydrocarbon starting materials
were obtained from commercial sources and used without further purification. Compound 1 was prepared according
modified procedure using CsF as a catalyst [2]. For most experiments 1 having purity ~96-98% (reminder DMF)
was used. For experiments involving the reaction of 1 with 9 in different solvents (see below), compound 1 with
purity 99.3 % (containing 0.55% of 3,3,5,5-tetrakis(trifluoromethyl)-1,2,4-trithiolane and 0.15 % of DMF) was used.
Due to a high ratio of sulfur to fluorine, elemental analysis were not attempted for new materials, and the purity of

all isolated compounds was established by GC and NMR spectroscopy to be at least 98%.

4.1.Crystallography:

X-ray data for 19, 25, 27, 20, 18 and 8 were collected at -100°C using a Bruker 1K CCD system equipped with a
sealed tube molybdenum source and a graphite monochromator. The structures were solved and refined using the
Shelxtl [27] software package, refinement by full-matrix least squares on F*, scattering factors from Int. Tab. Vol. C
Tables 4.2.6.8 and 6.1.1.4. Crystallographic data (excluding structure factors) for the structures in this paper have
been deposited with the Cambridge Crystallographic Data Centre as supplementary publication nos. CCDC

#1043351 to #1043353 and #1043357 to #1043359 . Copies of the data can be obtained, free of charge, on

19
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application to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK, (fax: +44 1223 336033 or e-mail:

deposit@ccdc.cam.ac.uk).

4.2. Reaction of 1 with substrates 2,4,7,9-11,21,23,28,30,32 (typical procedure).

A mixture of 12-35 mmol of 1 (~10-20% excess), 10-30 mmol of the corresponding substrate , in 15 mL dry DMSO
or DMF was agitated at 65-70 °C for period of time specified in Table 2. The reaction mixtures were analyzed by
GC and NMR. Compounds 3 [7], 5a,5b,6a-c [2], 12-14 [6], 293, 29c, 314, 31c, 333, 33c [8] were identified in
reaction mixture by comparison of NMR data with values reported in the literature. Reaction conditions, ratio of

reagents, and conversions are given in Table 2. 'H, °C, '’F NMR and mass-spectrometry data are given in Table 3.

4.3. Preparation of compounds 8 and 25.

A mixture of 25-35 mmol of 1 (~10-15 % excess), 20-30 mmol of the corresponding substrate in 15 mL dry DMSO
was agitated at 70 °C for 3-12 h (see Table 2). The reaction mixtures were monitored by GC. The reaction mixture
was diluted with 200-300 mL of water, extracted by hexane (50 mL x 3), and combined organics washed by water
(100 mL x 2), dried over MgSO, and hexane was removed under reduced pressure to give crude product of 96-98 %
purity. Pure samples (~99%) of 8 and 25 were obtained by recrystallization from hexane. Reaction conditions, ratio
of reagents, yields, melting (boiling) points and data of mass-spectrometry for products are given in Table 2. 'H, "°C,

F NMR and mass-spectroscopy data are given in Table 3.

4.4. Preparation of compounds 18-20.

A mixture of 30 mmol of 1 (~10-15 % excess), 20 mmol of the corresponding anthracene in 15 mL dry DMF was
agitated at 25 °C for 2-7 days (see Table 2). The reaction mixtures were monitored by GC. The reaction mixture was
diluted with 200-300 mL of water, extracted by hexane (50 mL x 3), and combined organics washed by water (100
mL x 2), dried over MgSO, and hexane was removed under reduced pressure to give crude product of 96-98 %
purity. Pure samples (~99%) of 8 and 25 were obtained by recrystallization from hexane. Reaction conditions, ratio
of reagents, yields, melting points and data of mass-spectrometry for products are given in Table 2. 'H, '*C, °F

NMR and mass-spectroscopy data are given in Table 3.

20
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4.5 Isomerization of the mixture 29a-C.

An agitated mixture of 1.1 g (0.01 mmol) 28, 3.8 g (0.052 mol) of 1 and 12 mL of DMSO was kept at 65 °C for 24 h
in a closed 20 mL glass vial. According to "’F NMR at this point the reaction mixture contained products 2a-C in
ratio 46:25:29, respectively (‘H, '’F NMR). The reaction mixture was placed inside a dry box and 0.4 g (0.0026 mol)
of dry CsF was added and the heating was resumed. An aliquot of the reaction mixture was analyzed by NMR after

8 h at 65 °C which showed the reaction mixture contained compounds 29a and 29c in the ratio 75:25.

4.6 Relative rates of the reaction of 1 and 9 in different solvents.

To a 20 mL glass sample vial equipped with magnetic stir bar was added dry solvent (15 mL, Table 1), compound 9
(0.8 g, 0.01 mol, 98%, Aldrich), and compound 1 (2.0 g, 0.055 mol, 99.3%). Sealed sample vials were kept in a
heating block (65 °C) with agitation. An aliquot of the reaction mixture was taken after 45 min. and analyzed by

GC/MS and 'H and "’F NMR. Conversions and values of dipole moments of solvents are given in Table 1.

Table 2. Reaction of 1 with Different Substrates in the Absence of Metal Fluoride Catalyst. *

Entry No | Reagent Solv. (mL) | Temp. Conv. | Selectivity (%) ¢ | Product(s) (ratio, m.p °C) €
(mols) (Time, h) (%)°

1 2(0.01) DMSO 50°C (30 | Quan | 100 3

(15) min) t.
2 4a (0.01) DMSO 70 (2h) 100 95 5a, 6a (95:5)

15)
3 4b (0.01) DMSO 70 (2h) | 100 |95 5b, 6b (95:5)

(15)

21
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4 5¢ (0.01) DMSO 70 (8h) | 100 |95 6c
S, (0.015) 13)
CsF (0.001)
5 7 (0.037) DMSO | 70 (3h) | 100 | >95¢ 8 (85%,° m.p.=35.5-36.5C)
(30)
6 9 (0.01) DMSO | 70 (2h) | 100 | >99 12
(15)
7 10 DMSO | 70 (2h) | 100 | >99 13
(15)
8 11 DMSO |70 (2h) | 100 | >99 14
(15)
9 15(0.02) DMF (15) | 25C, 100 | >99 18 (80.6%,° m.p. 123-124°
(48h) C)
10 16(0.02) DMF (15) | 25C, 100 | >99 (67.5%,° m.p. 142-143°C)
(48h)
11 17(0.02) DMF (15) | 25C, (1 | 100 | >99 18(80.6%.° m.p. 163-165° C)
week)
12 217(0.06) DMSO(15) | 25C, 100 | ~70¢ 22 (major)
(10days)
13 23(0.02) DMSO | 70 (12h) | 100 | >99 25 (51%"")
(15)
22
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14 26(0.02) DMSO [ 65 (12h) | 100 | >95 27(18.5%, m.p. 53-55)
(15)

15 28 (0.01) DMSO | 70 (48h) | 100 | 30' 29a, 29b, 29¢ (50:30:20)°
(15)

16 30 (0.01) DMSO | 70 (20h) | 100 | 3.5 31a,31b,31c (70:3.5:26.5)°
(15)

17 32(0.01) DMSO | 70 (20h) | 100 33a, 33c (2:98)
(15)

# reactions were carried out using 0.01-0.02 mol of organic substrate and 10 mol % excess of 1 in 15 ml of DMSO or DMF

solvent
® conversion of organic substrate, NMR
°NMR data

4 crude product contained ~ 5 % of unknown material (likely to be the corresponding 1,3-dithiolane), structure of which was not
established.

¢ isolated yield

T three mol excess of 21

€ reaction mixture also contained ~ 30 % of unsaturated products containing two and three ~SCH(CF;), groups
" purity 98%

" selectivity for 29b

¥ selectivity for 31b

Table 3. NMR and Mas-spectroscopy Data for New Materials *

Compound No "HNMR P FNMR B CNMR® MS
(8, ppm, J, Hz) (8, ppm, J, Hz) (8, ppm, J, Hz) (m/z, M")
8 3.28(2H, m), -73.43(3F, q, 9.6), 35.23,43.71, 318 (M*,C, HgF¢S,)
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5.08(1H, t, 7.1),

7.40(3H,m), 7.45(2H, m)

-74.26(3F, q, 9.6)

47.80(sept., 32.2),
122.88(q, 278.0),
124.46(q, 282.2),

129.07, 129.34, 130.64

18 5.12(1H,s), 5.23(1H,s), | -64.56(s) 46.58,47.53, 362( MT,
7.20 (4H,m), 7.34(2H,d), 66.89(sept., 25.6), C17H,F6SH)
7.39(2H,d) 122.46, 124.16(q,
286.0), 126.52, 126.84,
127.39, 138.40, 142.39
19 2.25(H,s), 5.04(1H,s), | -64.86(s) 16.35, 47.69, 50.31 376 (M",C5H 4FST)
7.12 (2H, 1), 7.18(2H,1), 68.30(sept., 25.3),
7.26(2H,d), 7.33(2H.d) 119.49,
124.20(q, 288.0),
126.35, 126.52,
127.17, 138.76, 144.91
20 5.16(1H,s), 7.27 (4H, m), | -64.64(s) 47.82,62.84 441 (M,
7.39(2H,d), 7.73(2H.d) 70.22(sept., 25.5), C7H,,BrF¢S")
122.95
123.80 (q, 288.0),
126.02, 127.74,
136.89, 142.76
22 3.41(3H,3),3.552H, 5), | -66.90(d, 7.7) 254
3.90(1H, sept, 7.7), (M*,C;HgF,08")
4.05(1H,d, 2.4),
4.15(1H, d, 2.4)
27 2.33(1H,dd, 14.8,10.5), | -65.99(3F, sept, 8.9), | 35.74,46.02, 518 (M°,

3.04(1H,dd, 14.7, 3.8),
3.75(1H, sept., 8.0),
447(1H,dd, 10.5, 3.5),
7.61(2H,m), 7.87(3H,m),

8.34(1H, d, 8.3)

-66.54(3F, sept., 8.9),
-71.09(3F.q, 11.0),

-71.43(3F, q, 11.0)

51.68(sept. 31.2),
58.28(sept. 28.3),
122.67(q, 2777.5),
122.94(q, 278.5)°

123.28, 123.64,

C18H10F12S2+)
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123.91(q,280.0),
126.52, 127.15,
127.67, 128.23,
128.65, 131.83,

132.20, 133.60

29b 3.29(2H,m), -66.11(3F, sept., 8.8),
3.86(1H, sept., 7.5), -66.73(3F, sept., 8.8),
422(1H,dd, 10.5,3.5) | -71.353F, q, 10.2),
7.31(1H,m), 7.39(1H,m), | -71.62(3F, q, 10.2)
7.46(1H,d, 7.2),
7.67(1H, d, 7.2)
31b ~66.11(3F, sept., 9.2),
-66.66(3F, sept., 9.2),
-71.26(3F, g, 10.1),
-71.58(3F, q, 10.1)
in CDCl,

 {H} *C NMR spectrum
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