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Preparation and Properties of Difluoro( heptafluoroisopropy1)nitrilo- 
sulphur 

By Alan F. Clifford," Department of Chemistry, Virginia Polytechnic Institute and State University, Blacksburg, 

John S. Harman, Department of Chemistry, University of Manchester Institute of Science and Technology, 
Virginia 24061, U.S.A. 

Manchester M60 1 QD 

Difluoro(heptafluoroisopropyI)nitrilosulphur, NSF2CF(CF3), (I), has been prepared by reacting NSF, with C3F6 
in the presence of CsF a t  90 "C: further addition of C3F6 gives (CF3),CFSF=NCF(CF3)2. Above 60 "C compound 
(I) isomerises to F2S=NCF(CF3),. Both cis- and trans-(CF,),CFSF,N=SF, have been isolated from the reaction 
between SF, and (I) in the presence of HF. Spectroscopic data for the new compounds are presmted. 

THE oiily substituted derivatives, hTGSF,X, of trifluoro- 
nitrilosulphur that are known are those which have been 

have investigated possible routes to derivatives in which 
a carbon-sulphur bond is formed and have successfully 

prepared by reacting N-SF, with a secondary amine isolated difluoro (heptafluoroisopropyl)nitrilosulphur, 
(X = NEt, or NC,H,, 2,  or phenol (X = OPh 2). We N-SF,CF(CF,), (I). 

1 0. GIcmsc.r, H. Meyer, and -1. Haas, Chenz. Ber.., 1966, 98, 2 0. Glemser and  W. Koch, 2. Xatwfovsch., 1968, 23b, 
2047. 745. 
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RESULTS AND DISCUSSION 

Trifluoronitrilosulphur has been prepared from both 
SF,=NC(O)F and, under the same conditions, SF,=NC- 
(O)CF, * by oxidative fluorination with silver difluoride. 
However, we have found that an analogous reaction 
between (CF,),CFSF=NC(O)CF, and AgF, does not 
produce the expected product but its isomer SF,=NCF- 
(CF,),, which has previously been prepared by the 
reaction of SF, and (CF,),C=NH in the presence of C S F . ~  

Rosenberg and Muetterties first demonstrated the 
catalytic effect of CsF on the addition of perfluoropropene 
to  a sulphur-fluorine bond when they produced a mixture 
of (CF,),CFSF, and [(CF,),CF],SF, from SF, at 150 oC.6 
We have now shown that c3F6 and NSF, produce 
NSF,CF(CF,),, (I), in the presence of C s F  a t  90°C.  
While a sample of compound (I) contained in an n.m.r. 
tube appeared to be indefinitely stable at room tempera- 
ture, it slowly rearranged to F,S=NCF(CF,), at 80 "C; 
conversion took place at 9 0 ° C  within 20 h. Small 
traces of NEW,' SF4,* and OSF, were also detected by 
i.r. spectroscopy when the isomerisation reaction was 
carried out a t  110 "C. 

The driving force for the isomerisation appears to be 
mainly the greater energy of the C-N bond which is 
formed compared to that of the C-S bond which is 
broken. It is certainly not due to increased strength of 
the N-S multiple bond, which appears to be weaker in 
the product. Since the change in entropy for the 
reaction should be small, the sum of the bond energies 
of the product should be larger than that for the reactant. 
Indeed, when the sums of the energies are calculated, 
that for the product is found to be slightly greater 
(by 6 kcal) than that for the reactant, using the follow- 
ing values: Svl-C, 52; SV1-F, 79; s Sv1EN, 96; l o  
R-N, 73; l1 SIV-F, 82;? and SIV=N, 75 kcal.lO Al- 
though some of the values used are of doubtful accuracy, 
the free energy for the isomerisation is probably not 
large. 

N o  attempt has been made to elucidate the mechanism 
of the isomerisation reaction; however, a reasonable 
possibility is a two-centered bimolecular Michaelis- 
Arbusov-type reaction involving an intermediate with a 
six-membered ring. 

It was also found that no compound (I) was recovered 
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from a sample which had been irradiated in the gas 
phase by a 450 W high-pressure mercury discharge lamp 
for 30 min. The greater number of compounds hereby 
produced together with SF,=NCF(CF,), is indicative of a 
more complex break-down pattern. Compound (I) was 
recovered from a sample which had been set aside in 
contact with water for 1 week at room temperature; 
under similar circumstances F,S=NCF(CF,), was com- 
pletely hydr~lysed.~ The only other compound reported 
to exist both as F,S=NX and NSF,X is that for which 
X = F; SF,=NF has only recently been reported l2 
while the existence of N S F ,  has been established for 
some time.13 While the compounds XN=SF, [X = C1, 
Br, or I(?)] have been prepared, their corresponding 
nitrilosulphur derivatives have not been i~olated.l~-~6 

The thermal instability of compound (I) limited the 
maximum teniperature which could be employed for 
determination of its preparation. However, a t  low 
temperatures the compound was formed only slowly 
and there was a tendency for more by-products to be 
formed. Those derived irom oligomerisation of C3F6 17 

could be reduced by employing an excess of KSF,. 
On the other hand the formation of fluoro(heptafluoro- 
isopropyl) (heptafluoroisopropylimino)sulphur, (CF3)Z- 
CFSF=NCF(CF3),, was inevitable, since it was formed 
from (I) and c,F6 in the presence of CsF a t  65 "C, a 
temperature at which catalytic addition of C3F6 to 
NSF3 does not take place. Similar reactions between 
F,S=NRf (Rf = CF,, C,F,, or C3F,) and C,F, in the 
presence of CsF at 80-90 "C have been examined by 
Dresdner and his co-workers.l89 Small quantities of 
(CF,),CFCF(CF,), and (CF,),C=NCF(CF,), were also 
produced in the preparation of (I). The imine may well 
have been produced by the mechanism responsible for 
formation of CF,(C2F5)C=NCF3 as the main product of 
the CsF-catalysed reaction between CF,CF=CFCF, and 
F2S=NCF3 above 280 "C.19 

While it has been shown that N-SF, is capable of add- 
ing two molecules of HF at room temperature to produce 
SF,NH,,,O we were unsuccessful in our attempts a t  
isolating the analogous product, ( CF,),CFSF4NH2, from 
a mixture of compound (I) and HI;. The stabilities of 
these primary amines may well parallel those of the 
secondary amines SF5NHRf (Rf = CF,, C,F,, or C3F,), 
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where an increase in the chain length of Rf was reported 
to have a destabilising effect ,21 

Clifford and Zeilenga have shown that N S F ,  will 
undergo reaction with SF, in the presence of HF at room 
temperature to produce SF,N=SF2 with SF5NH2 acting 
as an Aminotetrafluoro(heptafluoroiso- 
propyl) sulphur, (CF3),CFSF4NH,, probably lias limited 
stability since it was possible to  isolate both cis- and 
frttns- (SS-difluoro t hionit rosyl) tetrafluoro (heptafluoroiso- 
p-opyl)sulphur, ( CF3),CFSF4N=SF2, from a mixture of 
(I)  SF4, ancl HF by employing somewhat more demand- 
ing reaction conditions than those used above. There 
is nc, evidc.nce for these two compounds being inter- 
convertible for, after heating the pure isomers for 4 days 
at  65 ‘C, lio change in their n.m.r. spectra was detected. 
This is bclicvcd to he the first reported case in which 
both of tlic possible disubstituted isomers of a com- 
pound XW4Y have been isolated. tram-Isomers have 
lwen reported for XSF4Y wlicre X and Y are two per- 
fluoroalkyl but n.m.r. spectra of disub- 
stituted derivatives containing S-0 linkages (S, Y = 
O-S0,F,2G OS1;,,27 and OCF, 28) showed the presence of 
only the cis-isomers. N.m.r. spectroscopy was again 
iised to detcrrnine the structure of the mixed disub- 
stituted deri\-ati\vs; in CF,SF4NF2 29 and CF3SF4C1 30 

tlic substituents were trans to each other while only a 
cis-isomer was cliaracterised for CF30SF4NF2.31 

1V.1lrl.R. S$cdi.a.-The n.m.r. bands for the new coin- 
pounds [Table 1. Supplementary Publication No. SUP 
20892 (9 pp.) *I  how asymmetry and poor resolution in 
the case of (C1-~3),CFSF=NCF(CF3)2J and do not permit 
evaluation of (wupling constants. The same problem 
lias been observed for similar compounds, where it was 
proposed KO originate from magnetic nonequivalence of 
the two prrff uoronietliyl g r o ~ p s . ~ ~ ~ ~ ~  The data show 
tliat tlie CT;, resonance originating from a perfluoroiso- 
propyl group ;it taclied to a fluorine-bearing sulphur atom 
regularly occurs downfield from one attached to a two- 
co-ordinate nitrogen atom; a similar trend cannot be 
noted for the CF resonance. The singlet produced by 
the fluorine atoms attached to sulphur in compound (I), 
Ixoadened probably due to the presence of the nitrogen’s 
cluadrupole moment, appears a t  ca. 25 p.p.m. to lower 
field than any previously reported value for the chemical 
shift of NSI-3 or an\- of its derivatives.2 

(’liaractcrisation of the tram- and cis-forms of (CF,),- 
Cl;SI;,N=SF, \ws based on interpretation of their n.m.r. 
spectra. Siricc. the four planar S-fluorine atoms in 

* For details .WC Sotice to Authors NO. 7 in J.C.S.  Dalton, 
1972, Index lssi ic~ (items less than 10 pp. are supplied as full size 
copics). 
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?3 X. Mullcr, P. (‘. I,autcrbur, and G. 1;. SLratos, J .  A ~ c r .  Chem. 

.%f., 1957, 79, 1043. 
li. D. Drcsdiim- and  J .  A. I-oung, J .  Amer .  C I L P ~ .  Soc., 1959, 

81, 574. 
2,; M .  T. l < o g c ~ <  :tnd J .  I) .  Graham, J .  Amar. Chcm. SOC. ,  1962, 

54, 3 ( i f  i 6 .  
26 J .  Shraeve a n d  G. H. Cady. J .  Amer .  Chrnz. SOC., 1961, 83, 

4.32 1 .  

trans-(CF3),CFSF4N=SF2 are all magnetically equivalent 
a first-order spectrum was obtained. The values for 
6(SF4) and G(NSF,) lie close to those observed for 
F,SN=SF,.33 By using the coupling constants derived 
from the simpler CF, and K=SF2 resonances it was 
possible to interpret the more complex multiplets result- 
ing from the C F  and SF, groups. The SF4 group of the 
cis-isomer contains three magnetically different types 
of fluorine atoms. These resulted in a complex second- 
order spectrum. A comparison of this spectrum with 
that of C~~-CT;,OSF,NF,,~~ in which the SF4 g.roup also 
represents an A,BC spin system, showed basically the 
same pattern in the low-field region. The fluorine atom 
having its resonance at  the lowest field (‘ C ’) produced a 
basic quartet with further irregular fine structure. The 
distance between these bands (ca. 130 Hz) approximated 
that between the two very complex multiplets which 
constituted the resonance of the A,B fluorine atoms. 
Without a complete analysis of both these resonances and 
those due to the fluorine atom in the (CF,),CF and NSF, 
groups it is not possible to present further coupling- 
constant data or indicate which fluorine atoms are B and 
C. 
1.22. S@ectra.-The i.r. spectra (SUP 20892) of com- 

pound (I) and cis- and trans-(CF,),CFSF4S=SF2 all 
show two or three very intense bands in the 1 243-1 297 
cm-l region and two weaker peaks at 1 154-1 194 cm-l due 
to v(CF3) and v(CF). The two peaks falling between 944 
and 977 cin-l were assigned to v(CC) in [(CI;3),CF],SF,.34 
The presence of two perfluoroisopropyl groups in (CF3)2- 
CFSF=NCF(CF,), is reflected in tlie increased number of 
peaks found in these regions. 

Either of the two peaks observed in the spectrum of 
compound (I) at 1 504 and 1 479 cni-l could be assigned 
to v(S=N); l s 2 p 7  the other peak is probably a combination 
band whose intensity is enhanced by Fermi resonance. 
The position of v(S=N) lias been studied in a large number 
of compounds,13* 19~328 35 and can be assigned to  a promi- 
nent peak a t  1314 cm-l in tra.vts-(CF,),CFSF4K=SF2 
(compared with 1313 cm-l in SF,NZSF,~) which is 
shifted to  a shoulder at  1300 cm-l in the cis-isomer. 
The shoulder a t  1 317 cm-l in (CF3),CFSF=NCF(CF3), was 
similarly assigned. Two strong peaks at  746 and 719 
cm-1 in the spectrum of (I) were assigned to asym- 
metric and symmetric SF, stretching modes; these are 
close to the values observed for similar modes in 
F,S=NCF(CF3),.5 No peak could be definitely assigned 

27 C .  J. Merrill and G. H. Cady, J .  AmeY. Chem. Soc., 1963, 85, 
909. 

28 L. C. Duncan and G. H. Cady, Iizovg. C h e m . ,  1964, 3, 850. 
2@ A. L. Logothetis, G. N. Sausen, and R. J .  Shozda, Inovp .  

30 J.  I. Darragh and D. W. A. Sharp, C h e m .  Comm., 1969, 864;  

31 L. C. Duncan and G. H. Cady, Itzovg. Chew&., 1964. 3, 1046. 
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to v(CS) which has been allotted to bands falling over a 
wide range of f r e q ~ e n c i e s . ~ ~ ? ~ ~  

The 800-900 cm-l region of I;,S=NCF(CF,), and (I) 
and related compounds5y37 is generally void of any 
strong absorption bands. The presence of intense peaks 
in this vicinity for both isomers of (CF3),CFSF4N=SF2 
must therefore result from SF4 stretching modes. The 
single band observed at 867 cm-l for the trans-isomer falls 
in the range characteristic of the planar SF4 stretching 
vibration in monosubstituted derivatives of SF, 38 and 
also lies close to  the value reported for this mode in 
trart~-CF,SF,C1.~~ The presence of two bands in the 
same region at 845 and 874 cm-l for the cis-isomer is 
indicative of this compound's lower symmetry. The 
possibility of further assigning the remaining bands 
below this region is limited by the large number of stretch- 
ing and bending modes expected for both these com- 
pounds. 

Mass Sfiectra.-The mass spectrum of conipound (I) 
was run with the ion source operating at its lowest 
possible temperature (ca. 50 "C) to avoid the compound's 
rearrangement to F2S=NCF(CF3),. Several differences 
between the mass spectra (Table 2, SUP 20892) of these 
two compounds were apparent. The molecular ions of 
both NSF3zs  and (I) were found to be more abundant 
than those of their respective isomers F,S=NF l7 and 
SF,=NCF(CF3),.4?5 The more facile elimination of a 
nitrogen compared to a fluorine atom from NSF,CF- 
(CF3)2+ also paralleled the break-down pattern of NSF,". 
Several other fragments resulting from S-N bond cleav- 
age which still retained the C-S bond intact were also 
present ; no appreciable concentration of ions resulting 
from rupture of the SZN bond which still retained a C-N 
bond were observed, however, in the mass spectrum of 
F,S=NCF(CF,),. Ions resulting solely from rupture of 
the C-N bond in F,S=NCF(CF3)2+ and R,NSF=NCF- 
(CF,), (R = Me or Et) 35 were found in very low abund- 
ance while those observed for fracture of the C-S bond in 
NSF2CF(CF3),+ and (CF,),CFSF=NR [R' = CH,C(O)- 
CF,] 32 were far inore plentiful. It seems probable then 
that the very abundant ion at m/e 234 in the mass spec- 
trum of (CF,),CFSF=NCF(CF,), had the structure 
FSNCF(CF,),+ rather than (CF,),CFSFN+. 

While the ion at m/e 184 formed from both F2S=NCF- 
(CF3)2 and (I) was presumably derived through loss of a 
perfluoromethyl radical from the molecular ion, the 
occurrence of a metastable ion indicated that, regardless 
of its source, it was able to decompose to CF,SNt (m/e 
134) and SNi through the elimination of CF, and C2F6 
respectively. Only one major ion, C2F,SNi with m/e 
146, present for F,S=NCF(CF,), was almost absent from 
the mass spectrum of (I). This may result from the less- 
dominant role of the (M-F) ion in the cleavage of the 
latter compound. 

Chew. SOC. ,  1962, 1993 and references therein. 
36 K. 13. Chambers, W. I<. li. Xusgrave, and J. Savory, J .  

3i  S. P. von Halasz and 0. Glemser, Chew. B e y . ,  1970, 103, 563. 
38 L. H. Cross, G. Cushing, and H. L. Roberts, Spectroclzim. 

39 R. Cohcn and A. G. MacT)iarmitl. Tizow.  Chem.. 1985. 4. 1756. 
Acta, 1961, 17, 344. 
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The near identity of the mass spectra of the cis- antl 
tvans-isomers of (CF,) ,CFSF4N=SF, does not aid assign- 
ment of their symmetry. The most apparent difference 
is the higher abundance of ions with m/e 134 and 184 in 
the spectrum of the cis-isomer. Neither compound gave 
a molecular ion. The abundances of the heavier frag- 
ment ions indicate that it probably prefers to undergo 
simple cleavage at  either the C-S bond to produce 
C,F,+ or F&N+ or a t  the S-N bond to form C,F,,S -. 
The ion SF,+ was also observed to constitute the base 
peak in the mass spectrum of SF5N=SF 2' 

EXPERIMENTAL 

Pressure reactions were carried out in Hoke stainless steel 
cylinders (30 cm3) fitted with Whitey valves. Gases antl 
volatile liquids were manipulated by using a standard 
Pyrex vacuum system. Initial separations were made by 
trap-to-trap distillation generally using traps of - 196, 
- 120, - 95, and - 78 "C. Fluorine-19 n.m.r. spectra were 
recorded on neat liquids (with CC1,F as cxternal reference) 
using a JEOL C-60 H spectrometer. Mass spectra were 
recorded on a Hitachi-Perkin-Elmer RMU-7 mass specti-o- 
meter; values are reported for ions with in/e above 30 antl 
refer only to the most abundant isotope. The i.r. spectra, 
which are reported between 500 and 2 000 cni-l, were run on 
vapour-phase samples using a Perliin-Elmer 62 1 spectro- 
photometer. Elemental analyses were undertaken b!- 
Bernhardt . Starting materials were either prepared in the 
laboratory or obtained commercially. 

Reactions.- Fluoro ( J z e p t u f i u o r o i s o ~ v o ~ s ~ )  (trifEuovoacety1- 
inaino)sulptiur with silver &fluoride. The compound (CF,) .L- 

CFSF=NC(O)CF, (0.453 g, 1-37 inmol) [prepared from the 
reaction between (CF,),CFSF, and CF,C(0)NH2 in the 
presence of CsF in the manner employed by Gleniser for the 
reaction of SF, and H,NC(O)NH, 5 ]  was condensed into an  
evacuated bomb containing an excess of AgF2 (Harshaw 
Chemical Co., technical grade) and set aside a t  room 
temperature for 1 day. Trap-to-trap di.;tillation removed 
CF,C(O)F (1.23 mniol, identified by its i.r. spectrum).40 
The less-volatile material was similarly divided into two 
portions. The minor, more volatile fraction was mostly 
composed of SF2=NCF(CF,),, though its mass spectrum was 
contaminated by peaks arising from (CF,),CFCF(CF,), 41 

and (CF3),C=NCF(CF,)2.42 KSF, was also identified by its 
i.r. spectrum.' The i.r. spectruiii recorded on the less 
volatile material showed weak peaks in the carbonyl- 
stretching region which were not present in  the starting 
material and in addition indicated that (CF,) ,CFSF=XCF- 
(CF,), and (CF,),CFCF(CF,), were also present. Therc 
are references in the literature which relate to the reduction 
of SIT to di~u1phides.l~ Presumably _\gF, does not ositlise 
this disulpliide under these conditions 43 although it has 
been reported to convert CF,SSCF, -Lo Cl?:%SF, and CI:,SF5 
below room ten~pera tu re .~~  

Trifluoronitrilosulplzur with jbe$uoyo)1/ope+te und cnesiuw 
fluoride. NSF, (43 mmol) and C3F,; (33 mmol) (Columbia 

4O D. G. Weiblcn, ' !Fluorine Chemistry,' .lc:itlemic Press, Inc , 
New York, 1954, vol. 2. 

41 W. T. Miller, jun., and R. J .  Burnartl, J .  Anlw.  C h i ? ? .  Sur , 
1968, 90, 7367. 

42 S. Andreades, J. Ovg. Clzrm., 1962, 27, 4163. 
43 W. A. Sheppard, J .  A ~ n e r .  Ghrna. Soc. ,  1962, 84, 3068, iOrd , 

44 E. TV. 1,awless ant1 T,. D. Harni,zn, I/zo;,g. CAP!)?,, 1968, 7. 391. 
p. 3064. 
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Organic Chemicals Co. ,  Inc.) were condensed into a bomb 
containing CsF (American Potash and Chemical Corp., dried 
by heating under vacuum; 1 g)  and kept a t  90 "C for 3 h. 
The i.r. spectrum of the most-volatile portion of the pro- 
ducts was consistent with a slightly impure sample of 
hTSF, (ca. 16 nimol) containing no C,F,.45 The compound 
NSF,CF(C€;,),, (I), was trapped a t  -95 "C and (CF,),- 
CFSF=NCF(CF,), a t  -78 "C. Final purification by pre- 
parative-scale gas chromatography, using a 14 f t  column 
of dinonyl phthalato (20%) on Anakroni ABS, yielded a 
pure volatile colourless liquid (21 mmol, ca. 80% yield), 
di'uoro( heptafluoroisopropyl)nitrilosuZphur, (I) [Found : C, 
14.1; F, 67.3; X, 5.5; S, 12.6; M ,  253 (mass spec.). 
Calc. for C,F,NS: C, 14.2; F, 67.6; N, 5-5; S ,  12.6%; M ,  
2531. 1.r. spectrum: [v(S=N) and combination bands] 
1504mw, 1479mw; [v(CF,) and v(CF)] 1297s, 1263vs, 
1 194mw, 1 158m; [v(C-C)] 977m, 950mw; [S(CF)] 764mw sh;  
[vassm(SFz) and vsP(SF2)] 746m, 719s; [def. modes and 
v(C-S)] 62413, 542vw, 520m, and 502mw sh crn  l. 

The major iiiipurity removed at this stage was F,S=SCF- 
(CF,),. The presence o€ (CF,),CFCF(CF,) , was confirmed 
by its mass and i.r. spectra; 41 samples examined by n.m.r. 
spectroscopy \\-ere too dilute for the CF resonance to  be 
detected but a doublet in the CF, region a t  72.3 p.p.m. 
separated by 8.i H z  was observed (compared with the 
literature values of 71.0 p.p.ni. and 9.0 H z ) . , ~  The presence 
of (CF,),C=NCT~(CF;,), was detected by its mass spectrum.42 
Oligomers of C,F, were identified in some samples by com- 
paring their i.r. and i1.ni.r. spectra with those of the authen- 
tic compounds. 
D ifluoro ( h ep  t a flu o vu i s o p  ropy Zimino) sulphur wit IL p e rfluor o- 

propane and caesiuiiz fluoride. F,S=KCF(CF,), (1.16 g,  4.6 
m ~ n o l ) , ~  C,F, (1.93 g, 12.9 mniol), and CsF (2 g) were heated 
in  a bomb a t  65 "C for 24 11. The excess of C,F, (1.31 g, 8.8 
riiiiiol) was removed and the remaining liquid was distilled 
from trap to trap. The intermediate fraction compound 
\\-as a colourless liquid, from which trace impurities wore 
removed by preparative-scale gas chromatography using a 
17 f t  column packet1 with n-hexadecane (120/,) or Anakroni 
ARS, charact erised as f luoro( heptafluoroisopropyZ) (hepta- 
-Puo~.oisopropylii~ziiro)suZphur [Found : C, 17.9; F, 70-5 ; N, 
3.6; S, 8-0; M, 396 (vapour density; average of trace 
readings). (:ale. for C,F,,NS: C, 17.8; F, 70.7; K, 3-5; 
S, 7.7:: ; M, 403; 17.p. 37 mmHg a t  23 "CJ. 1.r. spectrum: 
1 380vw; 1 345nirv sh; 1 317m sh; 1297s; 1 2 5 6 ~ s ;  
1223111; 1 19Oni; 1 144ni; 1096m; 1023m; 988s; 949w; 
7 4 7 ~ ;  $28111; 702rr; 683ni; 668mw sh; 607vw; 56lvw; 
and 5411nw ~ i i i - ~ .  

Difluovo(Jiepta~uoroisopropyI)nitrilosulPhur with Jzydrogen 
jluoride. After leaving compound (I) (0.711 g) with an 
excess of HF ii! a bomb for 1 week at room temperature, the 

4; J .  R. N i e l x n ,  14 13. C'laasseii, and D. C. Smith, J .  Chwz .  

M T.  W. Eiiislev, J .  Vccney, and I,. H. Sutcliffe, ' High Resolu- 
tion 'h'ncle,il- Magnetic Resonance Spectroscopy,' Pcrgamon 
l'rcss, 1965 vol 2,  p 968. 

IJ / /JJS. ,  1953, 20, 1916. 

mixture was distilled into another vessel packed with NaF 
pellets (Harshaw Chemical Co.) which absorbed the un- 
reacted HF over a period of several hours. A yellowish 
liquid (0.655 g) was recovered. Most of this material 
passed through a -78 "C trap and was identified by its 
i.r. spectrum as uiireacted (I) together with some (CF,),- 
CFCF(CF,) 2,41 F,S=XCF(CF,) ,, and SO2.*' The remaining 
material was chromatographed, using a 14 f t  column packed 
with tricresyl phosphate (15%) on Anakrom ABS, and 
shown to  contain several components. An i.r. spectrum 
indicated tha t  one compound, which was obtained in trace 
amounts, gave a peak due to v(NH) at 3 630 cm-l, but the 
absence of absorption bands in the 800-900 cm-1 region 
showed that it could not be due to (CF,),CFSF,M€,. The 
compounds (CF,),CFSF=NCF(CF,),, (CF,)&FSSCF(CF,),, 
and (CF,),CFSSSCF(CF,), were identified by their mass 
spectra. Both the di- and tri-sulphides produced abundant 
M and [M - C,F7] ions. These would be anticipated irom 
the published mass spectrum of CF,SSCF,.4s 

Di9uoro (hepta~uoroisoprop3,l) nitrilosulfihur wit JI sulphur 
tetrafluoride and hydrogen fluoride. As excess of HE' (ca. 50 
mmol) was condensed into a bomb containing (I) (1-570 g ,  
6.2 mniol) and SF, (1-769 g, 16.4 mmol) (Matheson Co., 
purified by low-temperature distillation). After heating 
the mixture for 3 h a t  GO "C the slightly yellow liquid re- 
covered was separated by fractional distillation. The 
liquid (1.303 g) trapped at -78 "C was mainly composed 
of the desired product [ca. 50% yield based on (I) not re- 
covered]. While both isomers passed a -44 "C bath and 
were trapped a t  -65 "C, separation could be achieved by 
preparative-scale gas chromatography, using a 14 f t  column 
packed into n-hexadecane (12%) on Anakrom ABS. Also 
removed were traces of (CF,),CFSPNCF(CF,) , and 
(CF,),CFSSCF(CF,),. Both g.1.c. and n.1n.r. results indi- 
cated that the cis- and trans-isomers were formed appmxi- 
mately in a ratio of 3 : 2. A similar mixture of cis- and 
trans- (SS-diflzkorothionitrosyl) tetrafluoro (heptafluoroiso- 
propyZ)suZphuv, existing as a colourless, not very volatile 
liquid (vapour pressure 15 inmHg a t  28 "C), was analysed 
[Found: C, 10.0; F, 68.7; N, 3.9; S, 17.7; Ill (vapour 
density; average of five readings) 367; Calc. for C,L~,,SS, : 
C, 10.0; F, 6 8 - 5 ;  X, 3.9; S, 17.775; M ,  3611. 1.r. 
spectrctm: (trans-isomer) 1 314s, 1287s, 1 260s, 1 243vs, 
1 178niw, 1 156m, 975m, 949vw, 867vs, 800~11, 757vw, 
727ni, 713ni, 6925, 645s, 593vw, 55lniw; (cis-isomer) 
1 300m sh, 1 280vs, 1 263s, 1 245vs, 1 177nin-, 1 154m, 
970m, 048w, 374s, 845s, 801s, 751s, 726m, 718n7, (NOW, 
597w sh, 583mw, 546w, and 517w cni-l. 
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