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Pentafluoro(fluorochloroamido)sulfur, SF5NFCl, can be synthesized from NSF, by low-temperature reaction with ClF, 
followed by reaction with fluorine. Reduction of SF5NClF with mercury in trifluoroacetic acid forms (fluoroimid0)- 
pentafluorosulfur, SF5NHF, in high yield. Dehydrofluorination of SF5NFH with KF results in (fluoroimido)tetrafluorosulfur, 
FN=SF4. The imine is an unusual pentacoordinate molecule which does not undergo positional exchange of the sulfur 
fluorines according to 19F NMR. A complete vibrational analysis of FN=SF4 based on C, symmetry has been carried 
out and found to be in good agreement with the related molecules OSF4, CH2=SF4, and SF4. The gas-phase structure 
was determined by joint analysis of electron diffraction and microwave spectroscopic data. The structure contains a relatively 
long S=N bond, short N-F bond, and a large difference in the nonequivalent axial S-F bonds. 

Introduction 
A large number of interesting sulfur-nitrogen-fluorine 

compounds have been characterized in which sulfur is com- 
monly in the 11, IV, or VI oxidation state.'S2 In many cases, 
sulfur(V1) compounds resemble related fluorocarbon ana- 
logues. Thus CF3NF2, CF3NCl2, and CF3NH2 correspond to 
SF5NFz, SF5NClz, and SF5NH2. Unsaturated compounds of 
sulfur also have many fluorocarbon analogues. Thus F G N  
and CF2=NC1 are related to FS=N and SF2=NCl. 

Recently, methods for the synthesis of RCF2NC1F, 
RCF2NHF, and RCF=NF (R = C1 or perfluoroalkyl) were 
found starting with RC=N.3q4 

CIF/F, Hg 
RCN - RCF2NC1F - RCF=NF 

Hg/CF,CO,H 
RCFZNHF 

Extension of these reactions to the sulfur-nitrogen triple bond 
in NSF, was undertaken to synthesize the unknown analogues 
SF5NClF, SF5NHF, and FN=SF4.5-6 In this paper the 
synthesis and properties of these new compounds are given in 
detail. In addition, the novelty of FN=SF4 as an unusual 
pentacoordinate molecule and the simplest perfluorinated 
sulfur(V1) imine warranted a detailed structural analysis. The 
gas-phase structure of FN=SF4, determined by combined 
microwave and electron diffraction, is reported along with a 
complete vibrational analysis of FN=SF4 based on C, sym- 
metry. 
Experimental Section 

General Data. Volatile compounds were manipulated in a stain- 
less-steel or glass-vacuum system fitted with Teflon-packed stain- 
less-steel valves or glass-Teflon valves, respectively. Connections to 
the vacuum system were by means of standard taper joints lubricated 
with Halocarbon grease or by metal compression fittings. Pressures 
were measured with a precision Bourdon tube manometer. Tem- 
peratures were measured with a digital-indicating resistance ther- 
mometer. Amounts of materials were measured by direct weighing 
or by PVT measurements, with the assumption of ideal gas behavior. 

Molelcular weights were determined by gas density measurements. 
Vapor pressures were determined at various temperatures with a static 
method. Data were analyzed by a least-squares fit to both linear and 
quadratic equations, and the best fit is reported. 

Routine IR spectra were recorded on a Perkin-Elmer 457 spec- 
trometer using a IO-cm glass cell fitted with KCI windows. High- 
resolution spectra were taken on a Perkin-Elmer 180 spectrometer 
using CsBr or polyethylene windows. Raman spectra were recorded 

*TO whom correspondence should be addressed: D.D.D., Kansas State 
University; H.H.E., University of Heidelberg; H.O., University of Tubingen. 

0020-1669/82/ 1321- 1607$01.25/0 

Table I. Rotational Constants for FN=SF, in GHz 

A B C 

BtO 3.457 779 (4) 2.141 710 (4) 1.848 713 (4) 
BtZ 3.45563 (22) 2.141 00 (7) 1.847 76 (10) 
B',(calcd) 3.455 75 2.141 04 1.847 84 

with Spex 1403 double monochromater with an ELSCINT photon- 
counting detection system. Excitation was by the 632.8-nm line of 
He-Ne laser (OIP Gent) or the 514.5-nm line of an argon ion laser 
(Coherent Rad. Lab.). Liquid samples were sealed in 5-mm Pyrex 
tubes kept at  -40 to -50 "C by use of a CTI cryocooler. The usual 
90° scattering geometry was employed. Depolarization ratios were 
determined by turning the polarization of the laser beam with the 
aid of a half-wave plate and analyzing the scattered light with a sheet 
polarizer. 

NMR spectra were recorded on a JEOL C-6-HL spectrometer. 
Chemical shifts are reported relative to internal CFCI, for fluorine 
and external Me4Si for protons. Positive shifts are to low field of the 
reference. Computer analysis of spectra were made with LACOON 3. 
Mass spectra were taken on a Varian CH7 instrument at 70 eV. 

Electron Diffraction. The electron diffraction intensities were 
recorded with the Balzers diffractograph KDG27 at  two camera 
distances (50 and 25 cm) with an accelerating voltage of about 60 
kV. The nozzle temperature was about 10 "C; the sample was kept 
at -73 "C. The camera pressure never exceeded 1.5 X torr. The 
electron wavelength was determined from ZnO diffraction patterns, 
and the range of scattering an les covered in the experiment was 1.4 
I s 5 17 A-1 and 8 I s I 35 1 - l  for the two camera distances. Two 
plates for each distance were selected, and intensity data were reduced 
in the usual way.* The averaged molecular intensities in steps of 
As = 0.2 A-' are presented in Figure 1 and the radial distribution 
function in Figure 2. 

Microwave Spectrum. The microwave spectra were measured with 
a conventional Stark spectrometerg in the range 8-43 GHz. The Stark 
field was 400 V cm-' and its frequency 100 kHz. For the vibrational 

(1) Glemser, 0.; Mews, R. Angew. Chem., I n f .  Ed. Engl. 1980, 19, 883. 
(2) Mews, R. Adv. Inorg. Chem. Radiochem. 1976, 19, 185. 
(3) Sekiya, A.; DesMarteau, D. D. Inorg. Chem. 1981, 20, 1 .  
(4) Sekiya, A.; DesMarteau, D. D. J .  Org. Chem. 1981, 46, 1277. 
( 5 )  For a preliminary report on this work see: DesMarteau, D. D.; Seppelt, 

K. Angew. Chem., Inf .  Ed. Engl. 1980, 19, 643. 
(6) Presented in part at the 7th European Symposium on Fluorine Chem- 

istry, Venice, Sept 1980. Abstract reprinted in J .  Fluorine Chem. 1981, 
16, 582 .  

(7) Oberhammer, H. In "Molecular Structures by Diffraction Methods"; 
Sim, G. A., Sutton, L. E., as.; Chemical Society: London, 1976; Vol. 
4, p 24. 

(8) Oberhammer, H.; Gombler, W.; Willner, H. J .  Mol. Sfrucf.  1981, 70, 
273. 

(9) Kamphusmann, H. D. Ph.D. Thesis, University of Ulm, Ulm. West 
Germany, 1970. 
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Figure 1. Experimental (0) and calculated (-) molecular intensities 
and differences for FN=SF4. 
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Figure 2. Experimental radial distribution function and difference 
curve for FN=SF4. 

ground state, 107 transitions for J = 2 to J = 54 and up to K = 17 
were assigned. The B', rotational constants (B' = A,  B, C) are listed 
in Table I.Io Error limits are standard deviations of the least-squares 
fit. 

Normal-Coordinate Analysis. All calculations were performed on 
the IBM 370-163 computer a t  University Computer Center at 
Heidelberg. Construction of the C matrix was performed via the B 
matrices with standard matrix methods." Redundancies were re- 
moved by solving the B matrix for zero coordinates and successive 
orthonormalization of the U matrix.12 A symmetry force field was 
then calculated by the eigenvector method" with a modified versionL4 
of the Chacon-Matzke15 program. Refinement of the GVFF constants 
was made with Schachtschneider's program F P E R T . ~ ~  

Reagents. Fluorine, chlorine, CF,C02H, KF, NaF, P4O10, SF4, 
Hg, SbF,, AsF5, HCI, CFCI,, SiC14, and AgNCO and Ag2S04 were 
obtained from commercial sources and were appropriately purified, 
if needed, before use. Chlorine monofluoride was prepared by heating 
equimolar amounts of C12 and F2 in a Monel bomb at 250 OC for 18 
h. Trifluoroacetic acid was prepared by heating excess P4OlO with 

(10) The analysis of the microwave spectra will be published in detail else- 
where. 

(1 1) Wilson's GF formalism in: Cyvin, S. J. "Molecular Vibrations and 
Mean Square Amplitudes"; Universitets Forlaget Oslo, Elsevier: Am- 
sterdam, 1968. 

(12) Eysel, H. H.; Bussian, B. Appl. Specrrosc. 1981, 35, 205. 
(13) Becher, H. J.; Mattes, R. Spectrochim. Acta 1967, 23A, 2449. 
(14) Eysel, H. H.; Lucas, K. Molecular spectroscopy program, unpublished 

resutls. 
(15) Chacon, 0.; Matzke, P. J .  Mol. Strucr. 1971, 9, 243. 
(16) Schachtschneider, J. H. Technical Report 57-65, Project No. 31450; 

Shell Development Co.: Emeryville, CA, 1964. 

CF3C02H. Silver difluoride was prepared by burning Ag2S04 in a 
stream of fluorine gas, followed by pulverization and continued 
fluorination at -400 OC. The reagents Si(NC0)4,17 SF2=NC(O)F,l8 
and NSF3I9 were prepared by literature methods. 

Preparation of SF,NCIF. Into a 250-mL stainless-steel reactor at 
-196 OC was condensed 10.0 mmol of SFFN. Chlorine monofluoride 
(20.0) was then carefully condensed onto the upper walls of the reactor 
(rapid addition of CIF results in a spontaneous reaction even at -196 
"C). The reactor was then placed in a CF2C12 slush bath at --160 
OC that contained solid C 0 2  and was allowed to warm to -78 OC over 
14 h. The reactor was then cooled to -196 OC, and 5.0 mmol of F2 
was added and the reactor warmed again from -160 to -78 OC over 
14 h. A second addition of F2 (5.0 mmol) was then made and the 
reactor warmed once more from -160 to -78 OC over 11 h. 

The contents of the reactor were then pumped through traps at 
-78, -1 15, and -196 OC. Some noncondensable gases (F2 and N2) 
were observed. The -196 OC trap contained large amounts of CIF 
and smaller amounts of SF6 and other products. The -155 OC trap 
contained a pale yellow liquid that was pumped through a second -1 15 
OC trap, yielding 7.5 mmol of nearly colorless pure SF5NCIF. The 
-78 OC trap contained a white solid which was shown by NMR to 
be (SF4NC1)2 (-0.5 mmol). 

FASF4BNF%: bp 24.6 OC; mp glass below -130 "C; mol wt found 
196.1; mol wt calcd 195.51; log P (torr) = 7.63970- 1417.0/T; AHv,, 
= 6.48 kcal/mol; ASvap = 21.8 eu; IR 932 (sh), 913 (vs), 874 (vs), 
775 (m), 701 (w), 597 (m), 547 (VW) 460 (VW) cm-I; NMR GA* 56.6, 
@B* 46.7, &* 54.3, br, J A B  = 144, J a  = 2.9, J B X  = 10.8 Hz. 

Preparation of SF,NHF. Into a 100-mL glass reactor fitted with 
a glass-Teflon valve were added 20 g of Hg and 6 g of trifluoroacetic 
acid (TFA). This reactor was then cooled to -196 OC and 8.9 mmol 
of SFSNCIF was added by vacuum transfer. This mixture was then 
cooled at 0 'C and stirred for 5 h. The products were then separated 
by passing through traps at -78, -1 10, and -196 OC. The -78 OC 
trap contained TFA. The -1 10 OC trap contained SF5NHF and small 
amounts of TFA, an unknown carbonyl compound and an unknown 
isocyanate. This mixture was further purified by repeated passes 
through a -95 OC trap until nearly all the contents of the -1 10 OC 
trap had passed through the -95 OC trap. This gave essentially pure 
SF5NHF (8.0 mmol) corresponding to a 90% yield. The -196 OC 
trap contained small amounts of SF6, CF,C(O)F, and an unknown 
isocyanate. A small amount of N2 passed through the -196 O C  trap. 

FASF4BNFXHM: bp 24.5 OC; mp -78 OC; mol wt found 163.6; mol 
wt calcd 161.07; log P (torr) = 7.67283 - 1426.41/T; AH,,, = 6.53 
kcal/mol; ASvap = 21.9 eu; IR 3300 (s), 1420 Q (vs), 1084 (s), 993 
(s), 942 (m), 902 Q (vs), 871 (vs), 755 (w), 701 (m), 612 Q (s), 566 

-74.7 (br d), &, 8.85 (d quint), J A B  = 155, JBX = 14.3, J B M  = 4.3, 

Preparation of FN=SF,. Potassium fluoride (12 g) was placed 
in a 250-mL stainless-steel reactor and held under dynamic vacuum 
for several hours at -80 OC. The vessel was then cooled to -196 
OC, and 3.1 mmol of SF5NHF was added by vacuum transfer. The 
reactor was then held at 0 OC for 7 h. The contents were then 
separated by pumping through traps at -110, -125, and -196 OC. 
The -1 10 O C  trap contained small amounts of unreacted SF5NHF 
and an unidentified carbonyl compound from an impurity in the 
SF5NHF. The -196 OC trap contained some SF,, OSF,, CF,C(O)F, 
other unidentified products, and a small ammount of FN==SF4. Some 
N2 also passed through the -196 OC trap. The -125 OC trap contained 
FN=SF4 (2.6 mmol, 85%) contaminated with small amounts of 
CF,C(O)F and OSF2. 

F2*FBF%=NFD: bp -13.3 OC; mp -99 "C; mol wt found 142.7; 
mol wt calcd 141.07; log P (torr) = 6.87778 - 847.945/T- 49562.3/2; 
AHw, = 5.62 kcal/mol; ASmp = 21.7 eu; mass spec (70 eV) m / e  141 
(M'); IR (see Results and Discussion); NMR @A* 52.7, @E* 45.0, 
&* 13.2, @D* -43.9 (A2BCD spin system),20 JAB = 213.9, JAC = 

Results and Discussion 
SF,NClF. The addition of C l F  to NSF3 was first reported 

in 1965.21 Reaction at -78 'C gave low yields of SF5NC12, 

(s), 458 (w), 367 (vw), 290 (VW) cm-'; NMR @A* 64.6, @B* 52.6, &* 

J X M  = 45.3 Hz. 

194.0, J A D  = 19.6, J B C  = 10.7, J B D  = -92.7, J C D  = 226.8 Hz. 

(17) Neville, T. G.; McGee, J. J. Inorg. Synth. 1966, 8,  23. 
(18) Clifford, A. F.; Kobayashi, C. S .  Inorg. Chem. 19658 4 ,  571. 
(19) Clifford, A. F.; Thom son, J. W. Inorg. Chem. 1966, 5 ,  1424. (20) For a picture of the B F NMR spectrum of FN=SF4, see ref 5 
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a shock-sensitive yellow liquid stable to -80 OC. More re- 
cently, the reaction of excess NSF3 with ClF has also been 
shown to form low yields of (SF4NC1)2, containing a four- 
membered (S-N), ring system.' The reaction of NSF3 with 
F2 does not give the analogous SF5NF2 or (SF4NF)2 com- 
pounds, but rather SF5N=SF4.' 

F2 ClF CIF 
SFSN=SF4 C- NSF3 - "SF4=NCln - SFSNCl2 - ( SF4NCl) 

In the above reactions, considerable SF, and N2 are also 
formed, along with other products depending on the reaction 
conditions. 

Our interest in NSF3 was to prepare SFsNCIF by a method 
similar to that used to prepare RfCF2NClF.3 For the latter, 
high yields of these materials can be obtained by reaction of 
R C N  with a 1:l mixture of ClF and fluorine. It is reasonably 
well established that the reaction sequence in this case is 

R f C e N  - "RtCF=NCI" RfCFZNCIF 
CIF 

I 

RfCFZNCIz 
- 

The major path involves the intermediate formation of 
R,CF2NCl2. The reaction of NSF3 with a 1:l mixture of 
ClF/F2 does not proceed in the same manner. Under a variety 
of conditions, only 10-20% yields of SF5NClF were obtained 
along with many other products including large amounts of 
SF6 and N2. The amount of Nz formed was very much a 
function of the initial fluorine concentration, suggesting that 
fluorine was competing with ClF for the initial reaction with 
NSF,. Subsequently, it was found that reaction of NSF3 with 
ClF followed by reaction of SFSNC12 with F, gave excellent 
yields of the desired product. However, Fz attacks the S-N 
bond in SF5NC12 and addition of the F2 in 2 alliquots gave 
higher yields. 

-160 to -78 OC 
NSF3 + 2C1F b SF5NCl2 

0SF2 0SF2 

SF5NC12 -160 to -78 'C' -160 to-78 'CW 
SF5NClF (75%) + ClF 

Pentafluoro(fluoroch1oroamido)sulfur is a stable, nearly 
colorless liquid at 22 OC. It showed no tendency to undergo 
spontaneous decomposition during routine handling in the 
vacuum system. The characterization of the compound by 
NMR and IR spectroscopy and molecular weight determi- 
nation is straightforward. The IR spectrum contains three 
characteristic absorbtions of the SFS group at 913,874, and 
597 cm-1.22 The shoulder at 932 cm-l is reasonable for v(NF) 
by comparison with SFSNF223, HNF,,24 and C1NF2.2s The 

Clifford, A. F.; Zeilenga, G.  R. Inorg. Chem. 1969, 8, 979. 
DesMarteau, D. D.; Hammaker, R. M. Israel J .  Chem. 1978,17, 103 
and references therein. 
Cady, G.  H.; Eggers, D. F.; Tittle, B. Proc. Chem. SOC., London 1963, 
63. 
Comeford, J. J.; Mann, D. E.; Schoen, L. J.; Lide, D. R., Jr.; J. Chm. 
Phys. 1963, 38, 46 1 .  
Comford, J. J. J .  Chem. Phys. 1966, 45, 3463. 
(a) In one case, a large amount of heavy material was observed. The 
molecular weight was very close to (SF5N)2 and the mass spectrum 
showed a large SFIN+ ion. At the time it was assumed that a 1,l- 
dehydrofluorination of SF5NHF had occurred, forming SF5N=NSF5. 
However, in light of work with CF2=NF, which is readily dimerized 
by KF,26b it seems more reasonable that a dimer of SF,=NF, SF,NF- 
S F y N F ,  was also formed. The NMR of an impure sample showed 
the presence of an SF5 group as well as other sulfur fluorints. This 
aspect of the chemistry of F N S F ,  is currently under investigation. (b) 
Chang, S.-C.; DeaMarteau, D. D. Polyhedron, in press. 
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SO stretching in SFSO derivatives is above 900 cm-l, and 
u(S-N) should considerably lower.u The medium band at 775 
cm-I may be due to this vibration. The weak band at 701 cm-I 
is reasonable for v(NC1) but it might also be due to the SF5 
group. 

The NMR spectrum of SF5NClF exhibits the expected AB4 
second-order spectrum for the SFS group with JAB = 144 Hz. 
The chemical shift of the N-F fluorine is at much lower field 
than the same fluorine in R+2F,NClF.4 

SFsNHF. In the case of RfCF,NClF derivatives, a positive 
chlorine can be substituted by a proton from TFA by reaction 
with mercury: This reaction appears to be quite general and 
proceeds in high yield with SFSNCIF. The reaction path 
probably involves the formation of an intermediate S F s N F  
ion. 

TFA 
SFsNCIF t H g  - SF5NF- t Hg,C? 

Hg 
I 

SFsNHF t CIHgOC(OICF3 -I TFA 

Good evidence for perfluoroalkanamine ions has been found 
with the fluorocarbon system and S F 5 N F  allso appears to be 
generated by reaction of FN=SF4 with active KF. The 
mercury in this reaction is partially converted to a fine white 
powder which is believed to be ClHgOC(0)CF3, as shown. 
Positive identification was not made but the compound is 
definitely not HgC12. 

(F1uoroamido)pentafluorosulfur is a stable colorless liquid 
at 22 OC. It shows no tendency toward spontaneous elimi- 
nation of HF, and no SiF, is observed when it is handled in 
glass. The proton is somewhat acidic as shown by the 'H 
NMR at 6 8.85. The I9F NMR gives the expected second- 
order AB4 system for the SF, group with JAB = 155 Hz. As 
in the case of RfCF2NHF, the fluorine on nitrogen exhibits 
a large high-field shift (1 28 ppm) compared to SFsNCIF and 
a considerably narrower line width. The large ,Jm value of 
45.3 Hz is comparable to other N-flu~roamines.~ The IR 
contains the expected u(NH) at 3300 cm-I and 6(NH) at 1420 
cm-l and the four bands at 902, 871, 701, and 612 are due 
to the SF, group. The remaining bands are reasonable for 
SF5NHF but not readily assignable. 

FN=SFI. For the synthesis of R,€F=NF from 
RfCF2NClF, reaction with mercury at 22 OC was effective in 
evry case except CF3NClF. This compound slowly reacts with 
Hg to give a stable mercurial. Similar behavior might be 
expected for SFsNCIF, and this was indeed the case. Reaction 
with Hg under various conditions resulted in absorption of most 
of the comound by the mercury with only minor amounts of 
volatile products formed. These were mainly NSF3, SF4, SF,, 
and N,. Various solvents were ineffective in producing any 
FN=SF4. The 1,3-dehydrofluorination of SF5NHF was then 
the only alternative route available to FN=SF4. 

The dehydrofluorination of SFSNHF was first attempted 
with NaF. At temperatures up to 65 OC, essentially no re- 
action was observed. A stronger base was clearly needed and 
KF proved effective. Reaction at 0 OC gave good yields of 
the desired compound. 

0 "C 
SF4NHF + KF - FN=SFI + KF-HF 

In order for this reaction to work effectively, it was necessary 
for the KF not to be too active. Potassium fluoride which had 
been fused and finely powdered resulted in low yields and the 
formation of other products. 
(F1uoroimido)tetrafluorosulfur is a monomeric, stable, 

colorless gas at 22 OC. In contrast to SF4NC1,l it shows no 
tendency to form a cyclic dimer. It has a remarkably foul 
smell, and it may be rather toxic. Very minor exposure to the 
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Figure 3. Infrared spectra of FN=SF,(g) at 0.4-cm-' slit and 10 torr [a, c, d, f (2X),  g(2X)], 1 torr (b), and 1.0 cm-' slit and 35 torr (h) 
and 100 torr (i, j). 

gas produces rapid nausea. The basic structure of SF4=NF 
is clearly evident from the 19F NMR. The NMR is explicable 
on the basis of a rigid trigonal bipyramid in which the SNF 
plane is aligned with one of the axial fluorines. The rather 
textbooklike spectrum could be completely analyzed on the 
basis of A2BCD spin system.m Remarkably, the spectrum does 
not collapse up to 100 "C, but the lines do broaden somewhat 
as a function of temperature. This is probably due to quad- 
rupolar effects of 14N. Other examples of related materials 
do not exhibit the same apparent lack of fluxional behavior. 
Both SF4=NCH31v2' and SF4=NCF328 show equivalence of 
sulfur fluorines at 22 "C and low temperatures are required 
to observe the nonequivalence of the sulfur fluorines by I9F 
NMR. Similarly, the related oxide S F 4 4  is fluxional down 
to -148 "C, the lowest temperature so far examined.29 The 
apparent lack of fluxionality in FN-SF4 is similar to C- 
Hz=SF4.30 It is remarkable that such apparently similar 
compounds show such varying behavior under the scrutiny of 
19F NMR. 

The acid-base properties of FN=SF4 were briefly inves- 
tigated by reaction with AsF5 and SbFS. Reaction of FN-SF4 
with AsFS yields a white solid on warming from -78 "C, which 
is completely dissociated to FN=SF4 and AsF, on standing 
at 22 "C. This appears to be a simple nitrogen-bonded adduct, 
FN=SF4+AsFS, and the expected SF3NF+ cation is not 
~bserved.~'  In contrast, reaction of SbFS with SF4=NF 

(27) Mews, R. Angew. Chem., Int. Ed. Engl. 1978, 17, 530. 
(28) Muetterties, E. L.; Mahler, W.; Packer, K. J.; Schmutzler, R. Inorg. 

Chem. 1964, 3,  1298. 
(29) Christe, K. 0.; Schack, C. J.; Curtis, E. C. Spectrochim. Acta, Part A 

1977,33A, 323. 
(30) Kleemann, G.; Seppelt, K. Angew. Chem., Int.  Ed. Engl. 1978.17, 516. 
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Figure 4. Raman spectrum of FN=SF4(1) at -40 to -50 "C (upper, 
1) ;  lower, I). 

results in a violent explosion at --IO 0C.32 Several cationic 
species related to "SF3NF+ are known including SF30+- 

( 3 1 )  A similar adduct is observed with NSF, and AsF, or SbF,: see ref 1, 
p 888. 
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Table 11. Calculated and Observed Frequency Difference between 
P- and R-Branch Maxima 

PR PR PR PR 

character cm-' cm-' character cm'l cm-' 
band calcd, obsd," band calcd, obsd," 

A 14.1 14.5 C 21 .2  20.7 
B 10.5 10.1 

(I Mean values of clearly resolved IR band contours. 

hF6-33 and SF3NCH3+hFc." On this basis, the adduct with 
AsFS might well be SF,NFCAsFc. However, if this were true, 
the SbF6- adduct would be expected to form readily and to 
have higher thermal stability. 

Vibrational Spectra of F N S F , .  The IR spectra of gaseous 
FN=SF4 at room temperature and varying pressures are 
shown in Figure 3. A total of 30 bands were observed in a 
survey spectrum (not shown in the figure) of a sample at 
75-torr pressure. Many of them display a clear PQR structure 
which can be used as an aid for their assignment. The Raman 
spectra of liquid samples under z(yy)x and z (xy)x  scattering 
geometry are shown in Figure 4. Fluoroimidotetrafluoro- 
sulfur like CHz=SF24,35 is closely related to OSF4,29,36*37 and 
therefore a general similarity of the vibrational spectra is 
observed. Introduction of the FN= group in place of O= 
or CH2= lowers the molecular symmetry from C,, to C,. 
Selection rules for the point group C, predict IR and Raman 
activity for all of the vibrational modes, but one might regard 
the influence of the FN= group as a perturbation only on the 
C, symmetry of the SF4 group, and thus one expects low IR 
intensity for those modes which would transform as A, in C,. 

For the calculation of the rotational subband structure of 
the IR spectra, the molecular geometry from electron dif- 
fraction was used. This is discussed in the final section of this 
paper. The principal moments of inertia of FN=SF4 are 

Z, = 146.2 amu AZ;IIZ ZB = 236.0 amu A,;&%' 
IC = 273.4 amu Az;((Y 

The corresponding rotational constants are A = 0.1 15 cm-', 
B 0.072 cm-', and C = 0.062 cm-'. Following the formalism 
of S e t h - P a ~ l , ~ ~  the parameters defining the properties of the 
prolate asymmetric top are 

2 B - A - C  
A - C  

K =  = -0.623 p* = ( A  - C)/B = 0.736 

@ + 1 = A / B  = 1.597 

The separation of P- and R-branch maxima APR is then 
computed for the different bands and collected in Table 11. 
The agreement between calculated and observed PR splittings 
is clearly very good. Observed APR can therefore be taken 
to estimate the direction of the vibrating dipole moment and 
used as an aid for assignment. 

Our assignment of the vibrational spectrum of FN=SF4 
is based mainly on arguments of characteristic frequency 

(32) (a) The reaction of FN=SF4 with AsF5 and SbF5 may be similar to 
CF2=NF."2b The latter forms a simple adduct with AsF, and polym- 
erizes with SbF5. The explosive reaction of F N 4 F 4  with SbF5 may 
therefore be due to an explosive polymerization. (b) Chang, S. C.; 
DesMarteau, D. D., unpublished results. 

(33) Browstein, P. A.; Dean, P. A. W.; Gillespie, R. J. J.  Chem. Soc. D 1970, 
9. 

(34) Sunder, S.; Eysel, H. H.; Kleeman, G.; Seppelt, K. Inorg. Chem. 1979, 
I ! ,  3208. 

(35) Oberhammer, H.; Boggs, J. E. J .  Mol. Struct. 1979, 56, 107. 
(36) Hargittai, 1. J .  Mol. Struct. 1979, 56, 301. 
(37) Hedberg, L. Eighth Austin Symposium on Molecular Structure, Austin 

TX, 1980. 
(38) Seth-Paul, V. A.; Dijkstra, G.  Spectrochim. Acto, Port A 1967, 2 3 4  

2861. 
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ranges, on depolarization ratios of the Raman spectra, on 
qualitative intensity considerations, and on the band contours 
of 1R gas spectra. The highest frequency for a fundamental 
of FN=SF4 should be the N=S stretch (1000-1200 cm-). 
The strong IR, medium-intensity Raman band at 1126 cm-' 
is asigned to the N=S stretch, vi. The strong IR absorption 
at 870 cm-', which appears only as a shoulder in the Raman, 
is assigned to the antisymmetric SFl  (axial) stretch, up. Its 
mutual intensity distribution in the IR and Raman as well as 
the B, band contour strongly support this assignment. u3, the 
N F  stretch, is not observed in the IR spectra but is observed 
as a medium-intensity, polarized band at 850 cm-' in the 
Raman spectra. Its absence in the IR is in agreement with 
an earlier which should have a similar charge dis- 
tribution on the N F  bond. The strongest and highly polarized 
Raman band, u4, at 754 cm-' (IR gas, 757 cm-') was initially 
assigned to the symmetric stretch of all four SF bonds in phase, 
the "breathing mode" of the SF4 group, but the normal-co- 
ordinate treatment reveals that the character of this vibration 
is predminantly equatorial stretching. 

A weak band around 700 cm-' (Raman, 697 cm-') is as- 
signed to the out of phase SFl (axial stretch with small con- 
tributions of equatorial stretch. The out of phase movement 
of two symmetric stretch modes would explain both the low 
IR and Raman intensities. Normal-coordinate displacement 
vectors L-1.B-m-'/2 l 1  applied on the nuclear charges35 justify 
the assignment. There is only one stretch frequency in the A" 
representation, u l l ,  the antisymmetric SF2 (equatorial) stretch 
which is, in analogy to other SF compounds, assigned to the 
very strong IR band at 929 cm-'. 

The bending modes are much more difficult to assign, 
though the band contours and depolarization ratios facilitate 
a distinction between A' and A" modes. The A" modes are 
selected by their depolarization ratio of 0.75 and arranged as 
follows: ~ 1 3  479 cm-', SF4 rocking; ~ 1 4  316 cm-', SF, skeletal 
twist of axial plane against equatorial plane (no intensity in 
the IR because it arises from an Az mode of the C,, local 
symmetry of =SF,); ~15, 140 cm-', FN torsion around S N  
bond with no IR intensity expected from inspection of the 
charge movement. The strong IR absorption at 594 cm-' has 
to be assigned to an A" mode, v12, 6,,(NSF2), because of the 
band contour having 18.5 cm-' PR. The low Raman depo- 
larization ratio contradicts this assignment, but for a weak 
Raman band like this one, the estimation of depolarization 
ratios contains large errors. The assignments of the remaining 
A' bending modes are as follows: v6, 648 cm-', antisymmetric 
bend of NSFl angles; u7, 572 cm-', SF4 wagging; vg, 340 cm-', 
SNF3 bending mode; vl0, 272 cm-', symmetric bend of 
equatorial NSF, angles. All these A' vibrations show strong 
or medium IR absorptions with A' band contours and P and 

bands are polarized. There remains one fairly strong and 
polarized Raman band at 491 cm-', which is assigned to the 
symmetric axial NSFl bending vibration, vg. Except for the 
bands at 2270 and 1375 cm-', all features above 1126 cm-' 
can be explained as combination bands and overtones con- 
taining at least one of the strong fundamentals. No restrictions 
on their activity in the IR exist from symmetry considerations 
of the point group C,. A band at 2270 cm-' is certainly due 
to an unknown NCO impurity because it occurs with variable 
intensity in different preparations. The band at 1375 cm-' 
as well as weak peaks around 800 cm-' coincide with the 
strongest bands of OSF4,29 and the sample is very likely to 
contain small amounts of OSF4. All strong and medium IR 
absorptions below 1000 cm-' have been assigned to funda- 

R branch separations of 14.5 cm- 'i . The according Raman 

(39) Eysel, H. H. J .  Mol. Struct. 1970, 5, 273. 
(40) Christe, K. 0.; Willner, H.; Sowodny, W. Spectrochim. Acta, Part A 

1979, 3SA, 1347. 
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Table 111. Infrared and Raman Spectra of FN=SF, and Similar Compound.@ 

O S F , ~ ~  SF,=NF 

Raman (liquid) 
SF4=CH234 

SF, 40 

W P R ) ,  depol IR (gas) (liquid) IR ( g a s )  (gas )  IR (gas) 
v, cm-' cm-l AV, cm-' ratioC assignt v, cm-' Av, cm-' u, cm-l Av, cm-' v ,  cm-' 

Raman Raman IR (gas) 

1126 s 
929 vs 
870 vs 

757 s 
700 vw 
648 s 
594 m 
572 m 

479 w 
340 m 

272 m 

2050 w 
1877 w 
1792 w 
1730 w 
1680 w 
1620 m 
1575 w 
1515 m 
1460 w 
1420 w 
1350 w 

1245 w 
1025 w 

987 w 

254 w 

b 
14.0 
9.5 

14.5 
b 

14.5 
23.0 
15.0 

18.5 
14.5 

14.5 

15 
10 

b 
14 

1125 m 0.67 
933 sh dp 
870sh dp 
850 m 0.43 
754 s 0.03 
697w p 
644 s 0.18 

569 w 0.55 
491 s 0.17 
476 m 0.75 
341 w 0.19 
316 w 0.74 
271 m 0.37 
140 m 0.75 

591 w p 

916 m 0.26 

1157 s 
760 s 
818 vs 

647 w 
676 ms 
604 w 
565 ms 
509 mw 
457 mw 

(1307 m) 

298 w 

1149 s 

739 vs 
656 w 
684 vw 
590 m 
566 w 
502 vw 
449 ms 

207 s 
298 w 

(430 vw) 

1380 vs 
926 s 
819 vs 

796 m 
588 mw 
639 ms 
560 ms 
567 ms 

270 vw 

(475 calcd) 
447 vvw 

1380 w 
924w 867 
820sh 730 

795 vs 892 
587 m 558 
640 sh 

566m 475 
174w 228 
265 w 353 

(437 calcd) 
455vw 532 

a s, m, w, v, sh, and br stand for strong, medium, weak, very, shoulder, and broad, respectively. PQR structure not resolved or hidden by 
overlapping bands. 
NCO; 822 w IR; 800 w IR, 790 vw R, OSF,. 

Table IV. Internal Valence Coordinates of FN=SF4 

p or dp when depolarization ratio was not measured quantitatively. Additional bands due to impurities: 2270 m IR, 

coordinate no. description coordinatea no. description 

A R  1 SN stretch Aol/(RS)'/Z 7 SNF, bend 
AS 2 NF, stretch (A0 , 4 0  )I (RT) ' 8, 9 NSF, bend 
A T l ,  A T 2  3, 4 SF, stretch (AY, ,AY,)/(RW'' 1 0 , l l  NSF, bend 
A U , ,  A U 2  5 , 6  SF, stretch A6 /T 12 F, SF, bend 

AE/U 13 F2SF, bend 
14-17 F, SF, bend (A$ ,  ,A$, ,A$ 3 , A $ 4 ) / ( W 1 ' 2  

AT 18 torsionb 
a Bending coordinates normalized to adjacent bond lengths: R ,  S,  T ,  and U for SN, NF,, SF,, and SF, bond lengths, respectively. 
Orientation of SNF, plane with respect to SF, group. 

mentals in the preceding paragraph, and there are only two 
weak IR absorptions in this part of the spectrum which have 
to be assigned to combinations v6 + vg at 987 cm-' and v12 - 
vg at 254 cm-'. For non-resonance Raman spectra only fun- 
damentals should be observed in the absence of Fermi reso- 
nances. In general agreement with this rule there is only one 
of the observed weak bands, which has to be assigned to a 
combination, v6 + vl0 (916 cm-I). The weak Raman intensities 
around 800 and 250 cm-' correspond to the strongest bands 
of OSF4,29 but all the impurity bands discussed above are of 
low intensity and the purity of the sample is estimated greater 
than 95%. 

All of the above fundamentals and the overtones and com- 
bination bands along with their assignments are collected in 
Table I11 together with the spectra of the related molecules 
SF4, OSF4, and CH2=SF4 taken from the literature. There 
is in general not only a striking resemblance of the frequency 
and intensity patterns of the spectra of the four compounds 

compared here but also the assignments are in good agreement. 
Some discrepancies remain with regard to the SF4 twist mode, 
the axial and equatorial SF2 scissor, and the low frequency 
of the antisymmetric SF2 (equatorial) stretch of CH2=SF4. 

Normal-Coordinate Analysis of FN=SF4. A normal-co- 
ordinate analysis of FN=SF4 was performed in order to get 
information on the NS bond properties and at the same time 
to check the assignment and obtain a more detailed description 
of the vibrational modes. Six bond stretches, 11 bond angle 
deformations, and one torsional motion are necessary to de- 
scribe the vibrations of the molecule (see Table IV). From 
these 18 internal coordinates, 18 symmetry coordinates are 
constructed of which 13 belong to spcies A' and 5 to species 
A" of point group C,. Three redundant coordinates have to 
be removed from species A'. Both the triples no. 8, no. 9, no. 
12 and no. 10, no. 11, no. 13 define three angles in a plane 
and therefore are linear dependent. The third of the redun- 
dancies involves all of the 10 angles around the sulfur atom. 
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Table V. Internal Symmetry Coordinates 
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species description of  coordinate 

species IR and R a m a d  
of  XSF, 

normalization factors (c2u)a c, c2u  

A’ SI  = AR A,  A ,po l  A ,po l  
A’ S , = A ( A T ,  - A T , )  A = 0.7071 B ,  A ,po l  A,dep 
A’ S, = AS ( B , )  &pol  A, dep 
A’ S, = A ( A U ,  + AU,)  A = 0.7071 A, A ,po l  A ,po l  
A’ S, = A ( A T ,  + AT,)  A = 0.7071 A,  A ,po l  A , p o l  
A’ S, =A(1 .02Ap1  - Ap,) A = 0.7007 B ,  A,pol  A , d e p  
A’ s , = B ’ ( A ~ , ,  + A $ , ) - B ” ( A $ ,  + A $ , )  B’ = 0 .502 ,  B” = 0.488 B ,  A ,po l  A ,dep  
A‘ S , = C ( A p ,  + 1 . 0 2 A p 2 ) - D ( A r ,  + A Y , ) -  C=0.3513,D=0.0014,E=0.7245, A, A ,po l  A ,po l  

A’ S , =  Aol ( B , )  A ,po l  A ,dep  
A’ S,, =-K(Ap,  + 1.02A0,)  + L(AY, + A?,) + K=0.011,L=0.4069,M=0.219, A, A ,po l  A , p o l  

A“ S I ,  = A ( A U ,  - AU,)  A = 0.7071 B ,  A,dep A,dep  
A” S,, = A ( A r I  - A T , )  A = 0.7071 B ,  A,dep A ,dep  
A” S , , = B ( A $ ,  - A $ , - A $ ,  + A $ , )  B =  0.5 B ,  A,dep A,dep  
A” S,, = B ( A $ ,  - A $ ,  + A $ ,  - A $ , )  (“twist”) B =  0.5 A, A,dep IA,dep 
A” SI ,  = A i  (“tors”) (A,) A ,dep  IA,dep 

E(A6) + F ( A e ) -  G(A$,  + A $ ,  + A $ 4 )  F = 0.0030, G = 0.2365 

M ( A 6 ) - N ( A e ) - O ( A $ ,  + A $ ,  + A $ ,  + A $ , )  N = 0 . 8 1 6 4 , 0 = 0 . 1 9 7  

a Values in parentheses not present in OSF, and related to  CH, group in CH,SF,. A, IA, pol, and dep stand for IR active, IR forbidden, 
RA polarized and RA depolarized, respectively. 

The zero coordinates constructed after the method of ref 12 
are 

zerol = 0.5672A& + O.5867Ap2 + 0.5691A6 

zero2 = 0.5804Ayl + 0.5804Ay2 + 0.5712At 

zero3 = 0.1885Ap1 + 0.1920AO2 + 
O.O161(Ayl + A72) - 0.3888A6 - 0.0326At + 

0.4374(A#l + A#2) + O.4429(A#3 + A#4) 

For the set of independent symmetry coordinates obtained by 
orthogonalization of the U matrix and used for the normal- 
coordinate analysis, see Table V. A symmetry force field has 
been computed with the eigenvector methodl3-Is and with some 
of the off diagonal elements constrained to zero. The elements 
of the symmetry force field which are representing the three 
redundant coordinates are indeterminate at this stage of ap- 
proximation. The diagonal F matrix terms for coordinates 
zerol, zero2, and and zero3 were estimated by comprison with 
related diagonal terms of the A’ block 

Fzcrq &z 2F8,8 Fzerq &z 2F10,10 Fzcro, 0*8F7,7 

Back-transformation of the symmetrized F matrix into the 
space of internal coordinates was performed by applying the 
relation U - F J J  - Fint, with 

f 4 n  1=01 assumed 0 

121 assumed 0 

121 
(*I 

The resulting set of general valence force constants is given 
as solution I in Table VI. It provides the set of approximate 
force constants to enter into Schachtschneider’s F P E R T ~ ~  re- 
finement program. This set of force constants was then refined 
in successive steps in order to reproduce the 15 frequencies 
of the molecule: step 1 ,  refinement of idagonal terms; step 
2, F(SFI’) eliminated by application of Badger’s rule on F- 
(SFl’/F(SFI) using the bond lengths rsFl = 1.615 A and rSF,’ 
= 1.535 8, with F(SF,’)/F(SF, = 1.09; step 3, to n - 1 :  re- 
finement of sets of 6-10 off-diagonal terms (interaction con- 
stants); step n, final refinement of diagonal terms. 

The solution thus achieved is tabulated in Table VI as so- 
lution 11. Neglection of all of the off diagonal F matrix ele- 

ments smaller than 0.08 mdyn A-l and refinement of the 
remaining set in the same way as above yields solution I11 of 
Table VI. It should be pointed out at this place that physical 
significance of the small off diagonal F matrix elements is very 
doubtful, but they are of great importance numerically for the 
accurate reproduction of the frequencies. Solution I1 is 
therefore the preferred set of force constants. 

The force field given solution I1 of Table VI gives an ex- 
cellent reproduction of the frequencies. In Table VI1 the 
calculated and observed frequencies are compared and the 
potential energy distribution of solution I1 is given both for 
symmetry coordinates and internal coordinates. The PED in 
symmetry coordinates shows that the assignment was not 
scrambled during the numerical procedure. Many of the 
vibrations are quite characteristic with the exception of v6 
which carries only 37% of S ,  character. This result is some- 
what surprising because the assignment (Table 111) is very 
consistent throughout the series FN=SF4, CH2=SF4, and 
OSF4. The same is valid for v7, with which it could be in- 
terchanged. 

Discussion of the force constants as to their relation with 
molecular properties is confined to the primary constants of 
bond strength coordinates. The force constant of 6.58 mdyn 

forf(SN) gives strong evidence for multiple bond character 
of the SN bond. With Siebert’s formula4I the bond order of 
this bond is about 1.6, showing a similar double-bond character 
as for the CS bond of methylene sulfur tetrafluoride. Though 
the force constants of SF1, SF1’, and SF,, bond stretches were 
initially treated as independent parameters, already in solution 
If(SFI’) is greater thanf(SF,), as their bond lengths would 
require, but f(SF2), which should be intermediate between 
flSF,) andflSF,’), has the highest value of these three force 
constants. When JSF,’) was constrained to 1 .09f(SFI) in 
order to hold Badger’s r ~ l e , ~ l ~ f ( S F , )  also changed its value 
and dropped to the expected range (4.58 mdyn A-1). The force 
constant of the equatorial bond stretch then compares very 
well with the value reported for CH2SF4.34 

Structure of FN=SF4. The procedure for determining 
molecular goemetries by joint analysis of electron diffraction 
and spectroscopic data have been described in the l i t e r a t ~ r e . ~ ~  
The harmonic vibrational corrections for the rotational con- 

(41) (a) Siebert, H. ‘Anwendungen der Schwingungsspektroskopie in der 
Anorganischen Chemie”; Springer-Verlag: New York, 1966; p 36. (b) 
Badger, R. M. J .  Chem. Phys. 1934,2, 128. Herschbach, D. R.; Laurie, 
V. W. Zbid. 1961, 35, 458. 

(42) Kuchitsu, K. MTP Znt. Rev. Sci.: Phys. Chem., Ser. One 1972, 2. 
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Table VI. Internal Valence Force Field for FN=SF, 

DesMarteau et al. 

FN=SF, 

no. description soh I soh  I1 s o h  I11 CH,SF, 34 O=SF, 29 

1 
2 
3 
3a 
4 
5 
6 
6a 
7 
8 
9 

10 
1 Oa 
11 

12 
13 
13a 
14 
15 
15a 
16 
17 
18 
18a 
19 

20 
21 
21 a 
22 
23 
23a 
24 
25 
25a 
26 
27 
28 
29 
30 
30a 

31 
32 
33 
34 
35 
35a 
36 
37 
38 
39 
3 9a 
40 
41 
42 
42a 
42b 
4 2c 

Diagonal Terms 
6.69 6.58 
3.96 3.85 
4.62 4.49 
4.67 4.89 
4.97 4.58 
0.72 0.860 
1.37 1.54 
1.35 0.883 
0.57 0.625 
0.72 1.43 
0.36 0.242 
0.83 0.918 
0.832 0.726 
0.0 144 0.0145 

0.66 0.674 

0.068 0.008 
0.619 0.639 

0.126 0.123 
0.160 0.160 
0.814 0.784 

0.067 l.l(O.060) 

Stretch-Stretch Interactions 

0.068 -0.053 

-0.094 -0.084 

-0.063 -0.060 

-0.316 -0.271 

Stretch-Bend Interactions 
-0.013 -0.013 
-0.604 -0.608 

0.579 0.574 

0.316 0.315 

0.016 0.033 

t 0.034 10.31 

-0.327 -0.05(0.315) 

0.127 - l.l(O.115) 
-0.115 -0.115 

0.043 0.050 
-0.115 -0.114 

0.102 0.101 
0.019 0.062 
0.084 1.3(0.062) 
0.062 0.062 

t0.326 10.327 
Bend-Bend Interactions 

-0.45 1 -0.543 
0.17 0.24( 1.43) 
0.013 
0.055 0.027 
0.062 l.l(O.027) 

0.078 0.22(0.242) 
0.014 0.015 
0.015 0.016 
0.017 l.l(O.0 16) 

-0.128 -0.136 

-0.029 -0.034 
-0.054 - 0.1 (1.43) 

0.077 l.l(O.064) 
0.079 1.1 (0.064) 

-0.064 -0.064 
-0.120 -0.109 

6.52 
3.91 
4.37 4.31 3.54 
4.76 
4.55 4.55 5.68 
0.871 
1.56 
0.827 
0.621 
1.34 0.510 
0.258 0.243 
0.953 1.41 
0.706 
0.0148 

0.7038 

0.673 

0.204 
0.225 
0.849 1.11 0.28 

-0.038 

-0.217 0.384 0.27 

-0.608 
0.574 

0.315 

-1.1(0.108) 
0.108 
0.087 

-0.111 
0.101 

0.356 

0.24( 1.34) 
-0.604 

-0.141 

-0.1( 1.34) 

-0.112 

stants hB' = B',, - B', (Table I and for the interatomic distances 
Ar = r, - ra0 (Table VIII) where calculated with the program 
NORCOR.43 Error limits for the Biz constants are increased 
by the uncertainties in ABi which were estimated to be 10% 
of the corrections. Molecular intensities were calculated with 
scattering amplitudes and phases of ref 44, and a diagonal 

(43) Christen, D.  J .  Mol. Struct. 1978, 48, 101. 
(44) Haase, J. 2. Naturforsch., A 1970, 25, 936. 

weight matrix was applied to the molecular intensities.* The 
relative weight of electron diffraction and microwave data was 
adjusted until the rotational constants were reproduced within 
their estimated error limits (Table I). The only geometric 
constraints is planarity of the N=S(F& entity. Attempts to 
relax this constraint resulted in deviations from planarity which 
were smaller than the standard deviations (about 0.8O). Some 
vibrational amplitudes were grouped together on the basis of 
the spectroscopic values. For the bonded distances the ratios 
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Table VII. Fundamental Frequencies and Potential Energy DistributionQ 

frequencies, cm-' 
mode soln I soln I 1  solnIII obsd PED (soln I I ) , ~  % PED (soln % 

A' 1126.6 1126.0 1126.0 1126 80S1 sOf(SN) 
870.0 870.0 872.0 870 69 S2 + 17 S7 106f(SF,,) + 13f(NSF,) + 13f(Fl'SF,) 
850.0 850.0 849.5 850 60 S3 + 25 S6 + 13 S9 82f(NF,) + 30f(SNF,) + (32 + 16)f(NSF,) 
754.3 753.8 754.8 754 13 S3 + 55 S4 + 14 S8 63f(SF,) + 14f(NF,) + 12f(F,SF,) 

646.1 645.9 641.5 646 27 S4 + 37 S6 + 22 S7 27f(SF,) + (21 + 6)f(NSF,) + (11 + 4)f(F,SF,) 
571.8 572.7 572.6 572 23 S2 + 49 S7 + 10 S8 21f(SF,,) + (9 + 27)f(F,SF,) 
491.1 490.0 489.7 490 31 S6 + 4 9 S 8  44f(NSF,') + 20f(F,SF,') + (22 + 3)f(F,SF,) 
327.3 339.7 333.4 340 1OS1 + 13 S8 63f(SNF,) 
278.5 272.1 271.8 272 10 S9 + 86 S10 69f(NSF,) + 3lf(F,SF,) 

A" 929.0 929.1 928.9 929 69 S11 + 26 S12 69f( SF , ) t 24f(NSF 2) 
594.2 593.8 593.9 594 29 S11 + 66 S12 25f(SF,) + 52f(NSF,) 
476.1 476.2 476.2 476 97 S13 (68 + 35)f(F,SF,) 
316.1 313.9 308.4 316 91 S14 (36 + 72)f(FlSF,) 
139.9 140.9 142.1 140 93S15 93f(NF, torsion) 

697.0 696.8 692.9 697 97 S5 84f(SFax) 

Only contributions greater than 10% are included in the table. PED in terms of symmetry coordinates. PED in terms of principal 
constants of the internal valence force field. 
molecule. e No distinction betweenf(SF,) andf(SF,') can be made. 

Where two numbers are given, one refers to the F, part and one to the F , '  part of the 

Table VIII. Vibrational Amplitudes from Electron Diffraction 
and Spectroscopic Data and Harmonic Vibrational Corrections (A) 
(See Figure 2 for Atom Numbering) 

vibrational amplitudes 

ED spectr ra - icyo 

S=N 0.037 (6)Q 0.040 0.0007 
S-F, 0.043 0.0016 
S-F, 0.040 (6)' 0.044 0.0006 

N-F, 0.045 (6)" 0.048 0.0095 
S-F,' 0.043 0.0005 

F; * *F,  0.074b 0.074 0.0005 
F; . .F l ,  0.066 0.001 1 

N. * *F, 0.058 0.0012 
N. ' .F, 0.059 (8) 0.05 3 0.0005 

F; . .F l '  0.052b 0.052 0.0002 
S .  . * F  0.056b 0.056 0.0021 
F. . 'F, 0.097b 0.097 -0.0015 

F. * *F,  ' 0.059 0.059 0.0009 

F; . 'F, 0.065 (5) 0.062 0.0006 

N. . .F , '  0.053 0.0013 

F. . .F, 0.090b 0.090 0.001 3 

(I Ratios between these amplitudes are fixed to the spectroscopic 
ratios. Value not refined. 

between various amplitudes were constrained to the spectro- 
scopic ratios. Amplitudes which are badly determined by the 
electron diffraction experiment were not refined in the least 
squares analysis. The refined vibrational amplitudes are listed 
in Table VI11 together with the spectroscopic values. Error 
limits for geometric parameters are 2a values and 3a values 
for vibrational amplutides. 

The geometric parameters obtained from the joint least- 
squares analysis for F"=SF4 are compared to the results for 
CH3N=SF445 and SF,& in Table IX. The rather long S=N 
bond is clearly in accord with the bond order of 1.6 calculated 
from the vibrational spectra. In related sulfur(V1) compounds 
such as HN=SOF247 and C1N=SOF2,48 the S=N bond 
lengths are 1.466 and 1.484 A, respectively. These values are 
probably typical for a bond order of -2 and compare fa- 
vorably with CH3N=SF,.45 Clearly, more electronegative 
substituents on nitrogen result in a lengthening of the S=N 
bond. The N F  bond is relatively short (NF3 = 1.364 A)49 and 

(45) GUnther, H.; Oberhammer, H.; Mews, R., submitted for publication in 
Inorg. Chem. 

(46) Tollcs, M. W.; Gwinn, W. D. J .  Chem. Phys. 1962, 36, 11 19. 
(47) Cassoux, R.; Kuczkowski, R. L.; Creswell, R. A. Inorg. Chem. 1977, 

16, 2959. 
(48) Oberhammer, H.; Glemser, 0.; Kluver, H. Z .  Naturforsch., A 1974,29, 

901. 

Table 1X. Geometric Parameters for FN=SF,, CH,N=SF,, 
and SF, (A and Deg) (See Figure 2 for Atom Numbering) 

S=N 
S-F, 
S-F, 
S-F,' 
N-Xd 

NSF, 
NSF,' 
F, SF,' 
SNX 

FlSF, 

FN=SF," 

1.520 (9) 
1.564 (5) 
1.615 (7) 
1.535 (12) 
1.357 (8) 
99.8 (0.3) 
96.9 (0.4) 
90.6 (0.5) 
172.5 (0.7) 
117.6 (1.2) 

CH,N=SF,~  SF,' 

1.480 (6) 
1.567 (4) 1.545 (3) 
1.643 (4) 1.646 (3) 
1.546 (7) 
1.441 (16) 
102.6 (0.2) 101.5 (0.5) 
98.4 (0.4) 
94.6 (0.4) 
167.0 (0.6) 173.1 (0.5) 
127.2 (1.1) 

Electron diffraction and microwave data (rav structure) from 
this work. Electron diffraction and microwave data (rav 
structure) from ref 45. 
ref46. d X = F o r C .  

Microwave data (io structure) ?;om 

is shorter than cis or trans N2F2.50 However, there are no 
structural data for closely analogous sulfur(1V) or -(VI) imines 
containing an N F  bond. 

The rather large difference in the two axial S F  bond dis- 
tances is noteworthy. The axial sulfur-fluorine bond in 
proximity to the fluorine on nitrogen is longer. The corre- 
sponding LNSF is also significantly larger. These results, 
which are quite similar to those of CH3N=SF4,"5 imply that 
the formal pair of electrons on nitrogen is less repulsive than 
the bonding pair in the N F  or NCH3 bond. Perhaps this is 
to be expected based on the structures of OSF, and CH2=SF4. 
Here the angles F,SF, are nearly - 164 and 170°, respectively, 
and the angles F,SF, are - 1 1 5  and 97°.35 It has been con- 
cluded by ab initio calculations that the x bond between ox- 
ygen and sulfur has large contributions in both the axial and 
equatorial planes, whereas the x bond in CH2=SF4 is mainly 
in the equitorial plane.35 Thus for FN=SF4, it seems rea- 
sonable to assume a bonding model similar to that of CH2= 
SF4, with the distortion arising from the presence of a single 
N F  bond in the axial plane. Like CH2=SF4, FN=SF4 would 
then have a high barrier to positional exchange via the Berry 
pseudorotation mechanism, in agreement with the NMR.3S 
However, the structure of CH3N=SF, is clearly very similar 
to that of FN=SF4 and CH2=SF4 and the NMR of CH3- 
N=SF4 indicates that postional exchange of fluorines is oc- 
curring at 22 0C.1-27 It is not obvious why CH3N=SF4 is so 

(49) Sheridan, J.; Gordy, W. Phys. Rev. 1950, 79, 513. 
(50) Kuczkowski, R.; Wilson, E. B. J .  Chem. Phys. 1963, 39, 1030. Bohn, 

R. K.; Bauer, S. H. Inorg. Chem. 1967, 16, 309. 
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different from FN=SF4 and CH2=SF4 in this regard. 
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Acylation of SF5NH2 with select acyl halides has produced the corresponding N-pentafluorosulfanyl amides. The best 
yields were obtained in the reactions of acyl halides containing electron-deficient carbonyls. The first liquid penta- 
fluorosulfanylcarbamyl derivative SF5NHC(0)F was prepared by the reaction of equimolar quantities of NSF,, COF,, 
and anhydrous HF. The reaction of SF,NH2 with ClC(0)CF2CF2C(O)Cl produced not only the expected diamide 
[SF5NHC(0)CF212 but also the novel cyclic imide SFsNC(0)CF2CF2C(O). Other N-pentafluorosulfanyl amides were 
prepared from the reaction of SFsNCO with suitable carboxylic acids. Several of the N-pentafluorosulfanyl amides synthesized 
were allowed to react with PCl, to produce the corresponding chloro imines. The compound SF5NHC(0)NHSF5 was 
also found to react with PCIs to produce the carbodiimide SF5N=C=NSFS. The products isolated were characterized 
by infrared and NMR spectroscopy, mass spectrometry, and elemental analysis. 

* 

Introduction 

In recent years there has been considerable interest in the 
synthesis and characterization of compounds containing five- 
and six-coordinate sulfur(VI).*-ll This interest includes 
compounds containing sulfur as the central atom surrounded 
by five or six ligands as well as those employing six-coordinate 
sulfur as a functional group (e.g., the pentafluorosulfanyl 
group, SF5). 

(CH3)3C* cF3 CF, SF4==NCH3 SFSN 

Compounds containing the pentafluorosulfanyl group are of 

( 1 )  Shreeve, J. Israel J .  Chem. 1978, 17, 1 and references within. 
(2) Glemser, 0.; Mews, R., Angew. Chem. 1980, 92, 904; Angew. Chem., 

Int .  Ed. Eng. 1980, 19, 883 and references within. 
(3) Martin, J.  C.; Perozzi, E. F. Science (Wushington, D.C.) 1976, 191 

(4223), 154 and references within. 
(4) Martin, J. C. Top. Org. Sulphur Chem. Plenary Lect. Int. Symp. 8th 

1978, 187-206 and references within. 
(5) Kitazume, T.; Shreeve, J.  M. J.  Am. Chem. SOC. 1978, 100, 492. 
(6) Kitazume, T.; Shreeve, J. M. J .  Chem. Soc., Chem. Commun. 1978, 

1545. 
(7) Mews, R. Angew. Chem. 1978,90,561; Angew. Chem., Int.  Ed. Engl. 

1978, 17, 530. 
(8) DesMarteau, D. D.; Seppelt, K. Angew. Chem. 1980, 92, 659; Angew. 

Chem., Int. Ed. Engl. 1980, 19, 643. 
(9) Kleeman, G.; Seppelt, K. Angew. Chem. 1978,90,547; Angew. Chem., 

Int. Ed. Engl. 1978, 17, 516. 
(10) Sekiya, A.; DesMarteau, D. D. Inorg. Chem. 1980, 19, 1330. 
(1 1) Seppelt, K. Angew. Chem. 1976,88, 56; Angew. Chem., Inr. Ed. Engl. 

1976, 15, 44. 

particular interest since they often possess the advantageous 
properties of the parent compound sulfur hexafluoride. These 
properties include a high group electronegativity, a large steric 
bulk (greater than than of F or CF,), a nonfluctional hexa- 
coordinate stereochemistry, and high thermal and hydrolytic 
stability. 

While investigations of carbon- and oxygen-substituted SF6 
derivatives have been carried out in other laboratories, we have 
for sometime been investigating those compounds containing 
the N-pentafluorosulfanyl linkage. Along these lines we wish 
to report our results in the synthesis and characterization of 
several new SF,N< compounds as well as an alternate syn- 
thesis of several previously reported SF,N< compounds. Three 
types of reactions have been investigated: the acylation of 
SF5NH2, the reaction of SF,NCO with carboxylic acids, and 
the conversion of NSFS amides to chloro imines by reaction 
with PC&. 

Prior to this investigation two methods for the synthesis of 
compounds containing pentafluorosulfanyl-nitrogen-carbon 
linkages had been reported. The first, reported by Tullock et 
al., involves the photolytically induced free radical reaction 
between SFsCl and selected nitriles.I2 This reaction is limited 
in scope and provides only low yields of these materials. The 
chloro pentafluorosulfanylimines produced can further react 
to give secondary amines or alternate imines as shown by the 
two examples in Scheme I.l29l3 
Scheme I 

SFSCl + RfCN A SFSN=C(Cl)Rf (1) 
NaF 

SFSN=C(Cl)Rf + H F  - SFSNHCFzRf (2) 
SF5N=C(Cl)Rf + NaN, - SFSN=C(N,)Rf (3) 

(12) Tullock, C. W.; Coffman, D. D.; Muetterties, E. L. J .  Am. Chem. SOC. 
1964,86, 357. 
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