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SUMMARY

The reaction of xenon bis-pentafluorotelluriumoxide, Xe(OTeFS)Z, with
an excess of perfluorobutadiene gives almost exclusively TeFBOCFZCF=CFCF20TeF5

and only very little TerocFZCF(OTeFS)CF=CF2, the first examples of TeFSO—

substituted unsaturated fluorocarbons. A similar reaction of perfluorocyclo-
hexene produces, depending on the reaction temperature, exclusively the

11 50 the mixed

addition, fluorination product. In the case of TeFSOF, an ambient temperature

reaction with perfluorobenzene results, depending on the stoichiometry of the

addition product, C'CsFlo(OTer)z’ or predominantly c—C6F OTeF

reaction, in the addition of either one TeFSOF or two molecules of TeFSOF

accompanied by the oxygenation of the ring to a cyclohexanone derivative.

INTRODUCTION

Reactions of TeFSOX (X=F,Cl) and Xe(OTer)2 with various fluoroolefins
and fluorocarbon iodides have proven to be useful paths to a number of TeFSO-

substituted fluorocarbons [1-4].
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All of these TeFSO- derivatives were saturated and it was of interest to
determine whether similar moieties with residual unsaturation could be
synthesized. These investigations involved perfluorobutadiene and perfluoro-
benzene as the substrates. To facilitate the characterization of the benzene
addition products, the reaction of Xe(OTeFS)2 with perfluorocyclohexene was

also examined.

EXPERIMENTAL

Volatile materials were manipulated in a stainless steel vacuum line
equipped with Teflon FEP U-traps, 316 stainless steel bellows-seal valves, and
a Heise-Bourdon tube-type gauge. The synthetic reactions employed here were
usually conducted in stainless steel cylinders. Infrared spectra were recorded
on a Perkin Elmer Model 283 spectrophotometer using cells equipped with AgBr
windows. Raman spectra were recorded at ambient temperature on a Cary Model 83
spectrophotometer with the use of the 488-nm exciting line of an Ar ion laser.
Sealed quartz tubes, 3mm OD, or Pyrex mp capillaries were used as sample containers.
19F nmr spectra were recorded at 84.6 MHz on a Varian Model EM390 spectrometer
with internal CFCl3 as a standard with negative chemical shift being upfield

from CFCl3. Literature methods were used to prepare Xe(OTeFS)2 [5] and TeFSOF

[6]. Fluorocarbons used were commercial products (SCM Specialty Chemicals).

For reactions with Xe(OTeFS)2 a tared, prepassivated cylinder was loaded
with the solid xenon compound in the dry box. The cylinder was evacuated,
cooled to -196°, and a measured amount of olefin was condensed in. The closed
cylinder was allowed to warm to ambient temperature before heating to a higher
temperature if necessary. Monitoring the extent of reaction was accomplished,
where desired, by recooling the cylinder to -78° and measuring the amount of
Xe evolved. The reactions of C6F6 and TeFSOF were carried out by successively
condensing the reactants into a cylinder cooled to -196° and then allowing the
cylinder to warm to ambient temperature, At the conclusion of the reactions
the volatile products were separated by fractional condensation, with the
RfOTeF5 being trapped at -45 to 0° depending on the particular product. A
runaway reaction was experienced in one instance with C6F6 and TeFSOF, as
evidenced by the formation of COFZ, CFA' and a grey powder as the products.
All of the RfOTer derivatives are colorless, mobile liquids of low volatility,

and stable on storage.



RESULTS AND DISCUSSION

Data summarizing the synthetic reactions is presented in Table 1.

Addition of only two TeF_0O- groups to the C=C system of perfluorobutadiene

5
was accomplished in good yield, under moderate conditions, and with only slow
consumption of the Xe(OTeF5)2 in the latter stages of the reaction. Based on
spectroscopic properties, the TeFSO— groups added overwhelmingly to the 1,4

carbons.

TeFSOCFZCF=CFCF20TeF5 96%

CF2=CFCF=CF2 + Xe(OTeFS)2

TeFSOCFZ(TeFSO)CFCF=CF2 4%

This result is consistent with the transfer of TeFSO radicals to the olefin

2 radicals from NZFA’ which also forms

1
the 1,4 adduct [7]. The 9F nmr spectrum (Table 2 ) for the 1,4 TeFSO—

and is comparable to the addition of NF

addition product is an A B, spin system for the CF resonances. Bonding of

274
the TeFSO— groups to the CF2 carbons is confirmed by the observed coupling
between the CFZ fluorines and the four basal fluorines of the TeFSO- group.

The lgF nmr spectrum showed, in addition to the main 1,4 substitution product,
the presence of a small amount of the 1,2 addition compound. The chemical
shifts and coupling constants characteristic of a perfluorovinyl group [8]
effectively identify this component in the mixture. For the TeF50— groups
in both compounds the nmr spectra exhibit ABA patterns typical of those
previously noted for other RfOTeF5 species [1-3].

The 1,4 TeFSO- addition compound of perfluorobutadiene exists as either
a cis or a trans isomer. We prefer the trans-isomer for our product based on
the observed nmr chemical shift of the CF=CF fluorines compared to those in the
similar (CF3)ZCFCF=CFCF3 molecule {9]. Further support for the trans-isomer
comes from the vibrational data (Table 3) which shows a very low intensity
C=C stretching band. This is assignable to an internal vC=C motion [10]. For
the cis isomer this band would be expected to be more intense. The Raman data

show a relatively strong band at 1740 cm_1 which is expected for both isomers.
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TABLE 2

19F NMR data for RfOToF5 ccmpoundsa

JHz I‘*l76 ” 5.4 ]
Feoo—— TeF,0 ———CF F
4 2 // A,B,X, Spin System
-51.6A" —42.2tB;1 -63.2 C wh X=A'B"
s Y \\ ere X=A'Bj
F CF2—0T8F4—F
~157qi(7.1Hz)
-1214d -105ddd
—_ . —_ b
TeFSO—CF2 (TeFSO)CF\ 40 /F\
-77bs

C=—=Z¢C 47
/ N\

F—-40—F

-187d4 -904dd
118
,—183j r—179—]
c~C¢F 7— OTeF,————F c—C6F10—(—OTeF4————- F ) 5
-134cm  -41.8B} -53.6A" -133cm  -40.8bB} ~52.8A"
183
b o oret — 1
c—C6 8 V___ eF4 F 5
-131b ~40.2bB; -52.3A"
Fa OTeF4 E &
F a -108.4b
b b b  -156.8b
F F c ~157.5t(J3-18.3) of m
¢ c d, -113.6qi(J=9.4) of d (J=4.2)
B, -40
Fa Ty A" -49

aCFC13 reference, negative shift being upfield from the
reference. ¢=chemical shift, ppm where b=broad, d=doublet,
t=triplet, gi=quintet, c=complex, m=multiplet. The area
ratios measured for these resonances agreed with the given
assignments. J125 =3750-3790 Hz.

TE-F
AB, pattern of TeFSO- groups obscured by those of the 1,4
adduct, the major component of the mixture.

b



The products from the reaction of Xe(OTeFS)2 with perfluorocyclohexene
were found to be temperature dependent. At 95° a good yield of the expected

adduct, C-C6F10(OTeF5)2, was obtained, but at 115° the primary product was the

mono TeFSO— substituted compound, C—C6F110TeF5. Thus, at the higher temperature,

fluorination of one of the C=C carbons occurred. This fluorination could proceed
either by a direct transfer of fluorine from a TeFSO radical to the carbon or by
an internal rearrangement and elimination after addition of the first TeFSO—

group.

This type of reaction path had not been observed previously in similar TeFSO-

systems but none of those reactions involved temperatures over 100°. However

in the case of the analogous selenium compounds, a more pronounced tendency

towards fluorination, besides the expected XFSO- addition, has been found [11].

19
The F nmr spectra of the two cyclohexene derivatives are very much
alike but the slight differences noted and the measured area ratios for total

CF:TeF clearly reveal the formation of two products with one or two TeFSO-

substituents on the saturated ring. Slight differences in the volatility of
the two compounds were also noted. However the vibrational spectra were
virtually the same, a circumstance that was encountered also with the related

c—CSFQOTeF and c—CsFB(OTeFS)2 materials [2,3].

5

In the reaction of Xe(OTeFS)2 with perfluorobenzene the products proved
to be complex mixtures involving oxygenation, fluorination, and addition of

TeFSO groups. This system will require more study and therefore will not be

discussed further. An alternate mode of introducing TeFSO— groups into the

C6F6 ring was its reaction with TeFSOF which has previously been shown to

react readily with fluoroolefins [1]. At room temperature C6F6 was found to
add one or two moles of TeFSOF depending on the ratio of reactants. The
listed yield (50%) of the mono adduct does not represent the maximum since
the sample of TeF

TeF

5OF used was contaminated with an appreciable amount of

6



159

*OANIXTW IBWOST g'T pue 'Y

q

“(83ybtay xwved) soyiTsuULlUT uwwey nouueuuouc:n

d(o 1)eTT d{9-0)zeT d(¢-0)801
d(z°0)591 d(1°1)09t1
d(z-0)68T d(z-0)881 d(z-0)081 v se
dp(9°0)s9z dplg-0)692 dp{9°0)592 Jel ¢
dp(6°0)51¢E sw 0Z¢g sW £ZE dp(9°0)sTE w 0ze dp(9°0)61¢E s 0z¢ Yie139
d(g-o)eee LY
d(t-olszy
d{1-0)sL¥ mn 0BV
d(z-0)8zs LY ¢4 d(g*0)zes MA 0ES d(g 0)o¥s
d{9°0)96¢ % 06§ d(z:0)s09
dis-0)oe9 mn o 0v9 d(z-0)529 an 0v9 R
a(ot)eL9 d{ot)eL9 d(0T1)sL9 LAY
dio€)LTL wozTL w gL d(1°1)8T¢L 1 ¢4 dip-g)ETL sw 8TL (dala
d(9-0)TEL v, s®
(ys)spL § BEL § ohe (Us)SpL § Syl (us)gge A BYL Jay &
d(€0 0)0s8 M gYe d(t:o)Lze de(z-o)sce T3o9
mA £98 d(80°0)526 - wwmv
d{g-0)086 5 086 § 686 (50°0)086 5 SL6 (€0°0)596 » 696
ys 0001 M 0001 d(s1°0)566 E 666 2060
§ LT0T oon
d(o°1)z901 mu ggo1 W gG0T d(1°0)590T Mma L90T
w 9017 » 6ot
d(t-0)o91T sw z9TT wo9LTT d(1°0)091T w 0971 d(z-0)sETT s 0PTT
d(90°0)0611 s pgTT M £6TT s G611 sw 68TT
sw €771 LR Y4
(us)over sw ggeT wogeeT (90°0)0bZT s SpTT sw 0€2Z7
dp(z-0)88z1 w £g2T MU 0621 d(gro)sLet w 0827 d(r-olscet § (LZT don
§ LTET (Z'0)STET s 0TET » 8TET
4 LPET
M 99¢T 8 0LET
dp(1°0)sTHT
wogyLT d(L°0)OVLT #A mmhav =948
d(90°0)06LT . CBLT
d(z°0)588T LICYA: ¢ 0=04
(P11 )uswey (*bTT)31 (seb)y; {"bTT)ueuwey (seb)y1 (*b11 )uRwey (seb)d1 *ubTssy
19331016%3°55 3316t3%55 U833167013%55 < T533101°3"5
el SUPUT "T2I1) a-Eu “*baa3 *peqo
spunoduwod mmeOum jo ea3dads TrUOIIRIQIA

£ 9149vy



160

1
For C6F7OTeF5 the 9F nmr spectrum (Table 2 ) shows that the addition of

F and TeFSO- occurred in para positions to furnish the 1,3 cyclohexadiene
derivative. For the ring fluorines the spectrum is quite similar to that
of the corresponding CF30F—C F, adduct [12]. It is noteworthy that, in the

66
CF3OF case, both 1,2 and 1,4 addition occur and that the former predominates.

Thus the observed exclusive 1,4 addition with TeFSOF may be the result of

steric hindrance by the bulkier TeF_0O- ligand. The infrared spectrum of

CGF7OTeF

5

5 shows a medium intensity band at 1745 cm_l attributable to vC=C.

When C6F6 was reacted with an excess of TeFSOF, a vigorous reaction

ensued which resulted in the formation of an addition compound containing two
TeFSO— groups as shown by the CF:TeF nmr area ratio of 8:10. This ratio agrees
with that expected for a 2:1 adduct of the formula C6FB(OTeF5)2. The TeFSO—
groups were indistinguishable and the CF resonances consisted of a broad
unresolved signal with a chemical shift similar to those of the above-mentioned
cyclohexane examples. This was unexpected since a 2:1 adduct should still have
F::C=C::F

one group whose fluorines should have a chemical shift of about -150

ppm, which is different from that of about -131 ppm expected for the CF groups.

2

Furthermore, the vibrational spectra for this 2:1 adduct should have a
moderate intensity band at about 1740 cm_l due to the stretching mode of the
C=C bond. This was absent and instead a weak IR band was observed at 1876
cm—l. This band is in a region typical for highly fluorinated carbonyl
groups [10]. Therefore it appears that this 2:1 adduct is not a cyclohexene

but most likely a cyclohexanone, c¢c-C_F O(OTeFS)Z' One possible structure is

68
shown.
0
A
Fz F2
F F
Tero S OTeF5
2

Observation of the by-product TeFSOTeFS [13] in this system also indicates

that an oxygenation reaction may have occurred.
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All the RfOTeF5 compounds of this study exhibit characteristic AB& nmr
spectra due to the TeFSO— groups with A being in the range -49 to -54 ppm
and B4 being -40 to -42 ppm [1-3]. 1In the vibrational spectra strong infrared
bands at about 745, 720, and 320 cm_l are observed attributable to vasTeFA’
vTeF', and GFTeFa, respectively, of the TeFSO— group. The Raman spectra are
dominated by a polarized band near 675 cm_1 which is assigned to the symmetric
TeF4 stretching mode, and which has no infrared counterpart. The vIeF' IR
band has a moderate intensity polarized Raman counterpart at about 715 cm—l.
In addition, two depolarized bands at about 265 and 315 cm_1 are assigned to

5aSTeF4 and a coincidence of 5sTeF4, and GFTeFA,_respectively.

CONCLUSION

The synthesis of the first examples of unsaturated fluorocarbon TeFSO—
substituted compounds has been accomplished. For cyclic compounds, in

addition to the transfer of TeFSO- to the ring, a competitive fluorination

and oxygenation reaction was observed.
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