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SUMMARY

This paper reports the preparation, properties, and structure of new
SFSBr—fluoroolefin adducts. The extent and direction of SF5BI' addition to
fluorocolefins have been studied with seven fluoroolefins. Steric

factors appear to be important for this addition.

INTRODUCTION

Pentafluorosulfur bramide (SF5Br) has been found to be a useful reagent
for introducing SF5 groups into carbon compounds {1-3]. Recent work by
Fox and Berry [4] has provided same insight into the mechanism of addition of
SFSBr to olefins. They found that when SF5Br adds to cis- and trans-1,2-
difluoroethylene, the erythro and threo diastereoiscrers of SFSCHE'CHE‘Br are
obtained in similar quantities for each olefin, both in the presence and
absence of light. Their work suggests that the reaction proceeds via a free
radical mechanism in which a SF5 radical adds to the double bond of the
fluoroolefin.

In order to determine the scope and direction for this addition seven

fluoroolefin—SFsBr systems have been studied.
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RESULTS AND DISCUSSION

We have found that SFsBr will successfully add to CHZ=CFC1, CF2=CCIH,

CHF=CFC1, CHF=CHC1l, and CH2=CHCF according to equations 1-5°

3
SFBr + CH,=CFC1 Letey SFCH,CFC1Br 1)
r.t.
+ CHy=CHCF, 5> SF_CH,CH(CF,)Br (2)
O
+ cHF=cHC1 -39 > SFCHFCHC1Br (3)
80°
+ CHF=CFC1 22> SF_CHFCFC1Br (4)
100°
+ CFZ=CC1_H —>> SFSCF20C1HBI' (5)

With the compounds CFC1=CHC1l and CF2=CPCOF, a small amount of product was
formed only with the former olefin. The new products, eq. 1-5, are clear,
colorless, and distillable liquids.

The comon feature of these new compounds 1s the presence of the
SF group showing infrared absorptions near 870 cw . Cross and co-
workers [5] reported that in compounds containing the SF'5 group the most

intense bands should occur in the region 850-920 cm -

(S-F stretching

modes), and in the region of 600 cm_1 (S-F deformation modes). For the new
campounds renorted i1n this paper, absorption bands in 845-927 cm_1 region are
assigned to S-F stretching vabrations. The S-F deformation modes are found
near or at 600 cm_l. For compounds containing a C-F group, the C-F stretching
vibration 1s usually located in the 1000-1100 cm_1 region; for a CF2 group the
C-F stretching vibration 1s located in the 1050-1250 cm_1 range. Therefore,
with SF5CH2CFC1Br, SFSCFHCHC1Br, and SFSCFHCFClBr, the absorption bands at

1020, 1100, aﬁd 1065 cm_1 respectively, are assigned to the C-F stretching mode.
In SF5CF20HC1Br, the C-F absorption bands are located in the 1145-1288 cm_l
region, while in SFSCH2
the 1115-1280 cm © region.

CH(CF3)Br, the C-F stretch is assigned to bands in
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The major mass spectra peaks for these adducts are listed in Table I.
In all compounds, the mass spectra contained prominent peaks at m/e = 89,
the SF, peak, and m/e = 127, the SF; peak. The compounds SFCF,CHCIBr and

SF.CFHCHC1Br showed parent ions.

5
Gas chromatographic data revealed essentially one peak for all adducts.
The structures of these new addition products and the previously

reported compound SFSCE'ZCFClBr [1], formed from the addition of SFSBr to

CE‘C1=CF2, were determined from their nuclear magnetic resonance spectra.

The various resonances were resolved into their respective spin-spin

components; interacting camponents facilitated the assignment of coupling

nuclei to yield the appropriate molecular geometry [1]. The nmr spectra

(see Table II for chemical shift values) generally consist of complex

multiplets; however, with most compounds first-order coupling constants

could be determined, and these are listed in Table III. Since iscmers
could be formed by SFSBr adding nonselectivity to the olefin group, careful
analyses of the first-order coupling interactions and chemical shift values
were made to ensure correct geometry assignment. The molecular gecmetries
given in Table II and Figure I are consistent with the observed resonance
patterns, coupling constants, and SF5 chemical shift values.

Interestingly, we have found that the products obtained using CHF=CHCl
and CHF=CFCl contained diastereoiscomers (see Fiqure I). In the CH,=CHCF,

product a second CF, resonance was found at 72.2 ppm from CFCl3 in addition

3
to the primary CF, resonance at 73.9 ppm from CF'C13; this additional reson-
ance represents 10% of the total CE‘3 peak height intensity and could be
ascribed to a diastereoisomer. There is no additional evidence from our
data to support the existence of a diastereoisomer. Previously, we

reported that when SF_Br adds to alkenes [1] or alkynes (6], the SF5 group

5
adds exclusively to the carbon carrying the most hydrogens. In this work

we report the first exception to this rule. When SF5Br adds to CE‘2=CHC1,

the major isamer formed is SF CF2CHClBr (83%) and not SFSCHCICFZBr (17%) .

5
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Table I
Mass Spectra Data

SFCH,CFC1Br cst (13), c2H2F+ 24y, cc1t (10), srcut (13),

5

SF2+ (13), cHCFclT (30), C,H,C1EY (57),

CHCFC1™ (10), C,H,CLF' (19), SF3+ (100), BrF
C+

+

+ +
(13), C,H,F,C1" (83), SF C H,FyCLT (43),

2ty
CH', SC,HBr' (23),

3

+ +
SF5' (50), SC,HBr' (17), SFs

SFCBr' (30), SFSCF+ (40) SFSCH2F+ (55),

+
SF.CH,CFCL" (35).

SF<CF,CHC1Br cst sy, ccit sy, cuert (35), scFt (37,
+

’

cucrclt, BT (22), SF3+ (39) CFZCHC1+, BrF

+
5

C1Br (56), C2F3HC1Br+

srce1’ (100, SFZCC1+ (94), SFZCC1+ (31), SF

(83) SF2C2C1+ (39) , CHCF

(56), SFSCFZCHclBr+ (6) .

2

SFCFHCHC1Br crHT (29), cst a7, CZH2F+ (41) SF2+ (10),

carccit, Brt (24), c2H2c1F+ (55) | SF3+ (57),

+ +
CoHyF,CL™ (100), SF,C,

+ + + +
sCH', SC,HBr' (11), SFCF' (27), SF.CH,F" (34),

+
SFSCZHZFClBr 3.

+ +
CZH2F2C1 (33, SF5 (36),
SF

SFsCFHCFC1Br CF™ (11), CFHE' (22), sF™ (21), sF," (33),
cucrcl’, Brt (18), SF3+ (100), cHFCFCLT (42),
SF5+ (100), cHrcFcl® (12), curcrclBet (15).

+ + +
SF5CH,CH(CF4)Br CyH," (28), C,H3' (15), CF, (22), CF," (35),

+ " + +
SF," (l4), CH,CHCF," (17), SF;" (56),

+ + +
CHZCHCF3 (36), SF3C2 (21), SF5 (100),

CHC(CF3)Br+ (64) . CHZCHCF3Br+ (63) .
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SF.CHFCHC1Br (III)

5
SF5 SF
H Ccl Ccl H
H F H F
Br Br
(a) (b)
SFSCHFCFClBr (V)
SF5 SF5
F. Cl Cl F
H F H F
Br Br

(a) (b)
Fig I, Diastereoisomers for SFSCHFCHCIBr (I1I) and SFSCHFCFClBr (IV)*,

*For SFSCHFCHC1Br (III) the ratio of the (a) isomer to (b) isomer was

3:1 and for SFSCHFCFC1Br (IV) the ratio of the (a) isomer to (b)

isomer was 2:1.

We have found, as have other workers [7] that the SF5 chemical
shift values are sensitive to the a-carbon substitution with the greatest sensi-
tivity exhibited by the SF axial fluorine (enhanced shielding occurring in the
hydrogen containing molecules). The axial S-F was not found to couple to
protons on the o or B-carbons in these aliphatic derivatives; however, we do
observe coupling with fluorine on the o-carbon and, interestingly, between
the axial S-F and fluorines on the B-carbon for SFSCHzCFClBr and SFSCHE‘CFCIBr.
Fox and DeMarco did not find in their SFy aliphatic derivatives any SF (ax)

coupling to H and F groups on the g-carbon [7].
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A number of olefinic and SFSBr systems have now been examined by our
group [1] and others [2-4], and to a first order approximation these results
demonstrate that the successful addition and direction of SFSBr to fluroolefins
is sterically influenced. This addition suggests that the SF5 group attacks
the less hinderd site of the ¢lefin, supporting the proposed mechanism of
Berry and Fox[4). Additional preliminary experiments indicate that SFSBr
will add to CHC1=CFC1l, if only slightly, and from the above results it is

assumed that the SF. group attaches to the CHCl portion of the olefin.

5

EXPERIMENTAL

SFSBr was prepared and handled as previously reported [1]. The Fluoro-
olefins used in this study were purchased from the PCR Research Chemicals and
were used as received. The infrared spectra (IR) agreed with the published
spectra.

The IR spectra were recorded on a Perkin-Elmer 476 spectrometer. Gas
samples were contained in a Monel cell equipped with a Whitey brass valve.
The cell windows were either AgCl or KRS-5 and the path length of the cell
wvas 8.25 am. The spectra were calibrated with a polystyrene film.

The purity of the new products was checked via gas chromatography by
using an Aerograph Autoprep (Model A-700) gas chromatograph with a 10' x 3/8"
colum containing 20% carbowax absorbed on 'Chromosorb W.' The yield for
all reactions was based on an equimolar amount of olefin reacting with SFSBr
present. Attempts to isolate the isomers as found in the NMR studies were
unsuccessful.

The molecular weights were determined by the vapor density method.

The NMR spectra were recorded with a Varian Model EM-390 spectrometer
operating at 90.0 MHz for proton and 84.6 MHz for fluorine resonances.
™S and F-11 were used as internal standards. The mass spectra were taken

on a CEC 21-110 B double focus mass spectrameter equipped with a 6 KV ion
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accelerator and operated at 70 volts. Perfluorokerosine (PFK) was used as
an internal standard.

Elemental analyses were determined by Beller Microanalytical Laboratory

in Gottingen, West Germany.
Preparation of SFSCEZCFClBr
In a 3~liter Pyrex vessel equipped with a Kontes Teflon valve, 62.5 mmol

of CHy=CFCL and 73 mmol of SF Br were condensed at -196°. The product,

SFSCHZCE‘ClBr, was formed in a 28% yield after 1 day at room tarperature;
bp 119° (n.c.).
In a 75 ml stainless steel vessel equipped with a Whitey brass valve,
170 ol of CH2=CFC1 and 170 mmol of SFSBr were condensed at -196°. The
product, SFSCH2CE‘ClBr, was formed after 6 days [room temperature (2d),
37° (2d), and 50° (2d)] in 51% yield.
Calcd. for SFSCH2CFClBr: C, 8.35; H, 0.70; s, 11.15; F, 39.66; Cl, 12.33;
Br, 27.80. Found: C, 8.51; H, 0.72; s, 11.03; F, 38.8; C1, 12.48; Br, 28.10.
MA, Calcd. 287, found 286.
The gaseous infrared spectrum of the distilled product gave the fol-
lowing absorption bands (an_l): 1410 (w), 1149 (m—s), 1020 (s), 974 (w),
912 (vs), 870 (vs), 845 (vs), 790 (w), 720 (w), 664 (w), 618 (vw), 596 (s), 568 (m).

Preparation of SFSQZCHClBr

In a 200 ml Hoke stainless steel vessel equipped with a Whitey brass
valve, 34 mol of CF,=CHCl and 82 mmol of SF.Br were condensed at -196°.

The product, SFSCE‘ZCHC1Br, was formed after 14 days at 100° 1n a 733 yield;
bp 111° (n.c.).

Calcd. for SF5CF2CHClBr: c,7.86; H, 0.33; S, 10.50; C1, 11.61;
Found: C, 8.10; H, 0.32; S, 9.35; C1, 10.68. MW, Calcd. 305, found 297.
The gaseous infrared spectrum of the distilled product gave the

following absorptions (cm_l): 1288 (m), 1225 (s), 1189 (m), 1163 (s),
1145 (s), 1032 (w), 960 (m), 885 (vs), 863 (vs), 815 (m), 792 (m), 778 (w),

731 (s), 702 (w), 660 (s), 600 (s), 588 (m, wath sh at 575).
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Preparation of SF.CHFCFC1Br

In a 200 ml Hoke Monel vessel equipped with a Whitey brass valve,
39 mmol of CHF=CFCl and 54 mol of SFSBr were condensed at —1960. The

product, SF.CHFCFClBr, was formed after 5 days at 80° in a 70% yield;

5
pp 111° (n.c.).
Calcd. for SFSCHFCE‘ClBr: c, 7.87; H, 0.33; S, 10.5; F, 43.6; Cl, 26.2;
Br, 11.5. Found: C, 8.00; H, 0.33; S, 10.46; F, 43.9; C1, 26.41; Br, 11.73.
The gaseous infrared spectrum of the distilled product gave the
following absorptions (cm_l): 1155 (m-s, sh. at 1195, 1255, 1280, 1330),
1120 (s), 1065 (m, sh. at 1035), 960 (m) 870 (vs, sh. at 905, 925), 815 (s),

755 (w), 645 (m, sh. at 665, 685, 705), 600 (s), 570 (m), 540 (m).

Preparation of SF_.CHFCHC1Br

In a 200 ml Hoke Monel vessel equipped with a Whitey brass valve,
73 mmol of CHF=CHCl and 59 mmol of SFSBr were condensed at -196°. The

product, SF.CHFCHC1Br, was formed after 4.5 days at 80O in a 49.5% yield;

5
bp 127.5 (n.c.).

Caled. for SFSCHE‘CHClBr: c, 8.36; H, 0.69; s, 11.1; F, 39.7; C1, 27.92;

Br, 12.2. Found: C, 9.04; H, 0.80; S, 10.84; F, 39.0; Cl, 28.53; Br, 12.57.
MW, calcd. 287.4, found 290.1

The gaseous infrared spectrum of the distilled product gave the

1

following absorptions (em ~): 1368 (m), 1345 (m), 1270 (w), 1150 (m,

sh. at 1175), 1100 (m), 1050 (w), 932 (m), 900 (s), 872 (s), 817 (m),

717 (mw), 700 (m~w), 630 (m), 600 (m), 567 {(w).

Preparation of SF CH(CF 3lB_r

53y
In a 3-liter Pyrex wvessel equipped with a Kontes Teflon stopcock,

58.3 mmol of CF,CH=CH, and 54 mol of SF¢Br were condensed at -196°. The

product, SFSCHZC‘H (CF3)Br, was formed after 18 days at room temperature in
a 39% yield; bp 102.5° (n.c.).

Calcd. for SFSCI{ZC}{(CE‘3)Br: c, 11.9; H, 0.99; S, 10.6; F, 50.2; C1,
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26.4. Found: C, 11.88; H, 1.00; S, 10.44; F, 49.8; C1, 26.2. MW, calcd.
303, found 299.1.
The gaseous infrared spectrum of the distilled product gave the

l): 1480 (w), 1410 (m,sh. at 1420, 1427),

following adsorptions (cm
1365 (w) , 1280 (s), 1252 (s), 1165 (vs,sh. at 1190), 1115 (s), 927 (vs),
870 (vs,sh. at 895), 850 (s), 816 (s), 600 (ms), 570 (m-s), 540 (s).
Reaction of CFC1=CHCl and SF‘513_r

In a 200 ml Hoke Monel vessel equipped with a Whitey brass valve,

39 mmol of CHF=CFCl and 51.4 mmol of SFSBr were condensed at -196°.
Heating at 80° for 5 days produced little product; heating this mixture
to 125° over 5 days resulted in a small amount of high boiling crude
product. A mass spectrum of this sample showed the presence of SF; and
CZHFClzBr+ groups. An infrared spectrum contained absorption bands
attributable to SF. and C-F groups.

5
Reaction of CF.,=CFC(O)F and SF_Br
L 3—

In a 200 ml Hoke Monel vessel equipped with a Whitey brass valve,
27 mmol of CF,=CFC(O)F and 36 mmol of SF Br were condensed at -196°.

Heating at 80° for 6 days resulted in no product information.
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