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Nickel(I1) complexes of the new polydentate, polyfluoroarylphosphine ligands 1,2-bis(diphenylphosphino)tetrafluorobenzene 
(FDP) and bis(2-diphenylphosphino-3,4,5,6-tetrafluorophenyl)phenylphosphine (FTP) have been synthesized and character- 
ized, In contrast to the behavior of similar nonfluorinated bidentate phosphine ligands, which readily give pentacoordinate 
[Ni(bidentate)nX] + complexes, FDP gives only the planar, four-coordinate Ni(FDP)XZ and [Ni(FDP)e] z +  compounds with 
nickel(I1). However, both planar [Ni(FTP)X]B(CEHj)4 and distorted square-pyramidal lii(FTP)Xi complexes were 
isolated with the tridentate ligand F T P  Although the introduction of the tetrafluoroaryl connecting linkage appears to de- 
crease the tendency of the diphosphine ligand to form five-coordinate complexes, the positions of the electronic absorptions 
in the complexes of analogous fluorinated and unfluorinated ligands are surprisingly similar. These effects are discussed in  
terms of u and T interactions of both the C6F4 linkage and the metal with the phosphorus atoms. 

Introduction 
Investigations in this laboratory have been concerned 

with the purposeful design and synthesis of new poly- 
dentate phosphorus, arsenic, and sulfur ligands that 
promote formation of transition metal complexes with 
unusual coordination numbers and geometries. 4-6 In 
order to compare the electronic effects of two ligands, i t  
is best to choose a set of ligands whose donor groups 
and structural features are quite similar, but whose co- 
ordination properties can be influenced by changing the 
electronic properties of the molecule. 

A variety of physical and chemical studies clearly 
show that the electronegativity of a C&?5 group is 
greater than that of a C6H5 Thus, a penta- 
fluorophenylphosphine should be a poorer u-donor 
ligand than the corresponding C6H5 compound. 

The synergic effect of the electronegative perfluoro- 
aryl group might be expected to make a phosphine a 
better a-acceptor ligand, as is observed with PF3. 
However, Graham and Hogben7” have concluded, on the 
basis of lgF studies with pentafluorophenyl organic 
compounds, that  the C6F5 ring functions as a net a- 

(1) The  term “fluoro ligand” will be used t o  refer t o  a ligand in which 
some of the  hydrogen atoms are replaced by fluorine, e.g , F D P  or F T P ,  
the  te rm “perfluoro ligand” will be reserved for those ligands in which all 
t h e  hydrogen atoms are replaced by fluorine, e g PFa, P(CFa)a, or 

F 

(2) Presented a t  the  2nd Central Regional Meeting of the  American 
Chemical Society, Columbus, Ohio, June, 1970. Abstracted from the  
Ph .D.  dissertation of P. G. Eller, T h e  Ohio S ta te  University, Dec 1971. 

(3) N D E A  Predoctoral Fellow, 1967-1970. Lubrizol Fellow, 1970-1971. 
(4) G. S. Benner and D. W. Meek, Inorg. Chem., 6, 1399 (1967), and 

(5) G. Dyer and D .  W. Meek, i b i d . ,  4, 1398 (1965). 
(6) T. D .  DuBois and D .  W. Meek, i b i d . ,  6 ,  1395 (1967); (b) T. D .  DuBois 

and D .  W. l f e e k ,  ibid., 8, 146 (1969). 
(7) (a) M .  G. Hogben and W. A. G. Graham, J .  Amev.  Chem. Soc. ,  91, 

283 (196g); (b) M,  G. Hogben, R. S. Gay, A. J. Oliver, J. A. J. Thompson, 
and W. A. G;  Graham, ibid., 91, 291 (1969); (c) M. G. Hogben, R.  S. Gay, 
and W. A. G. Graham. tbid., 88, 3457 (1966); (d) M. Fild, I. Hollenberg, 
and 0. Glemser, Z .  Natuvforsch. B,  22, 248, 253 (1967); (e) M. Fild, Z .  
Anovg. Allg.  Chem., 356, 257 (1968); (f) J. A. J. Thompson and W. A. G .  
Graham, I n w g .  Chem., 6, 1875 (1967); (9) M. Cordey Hayes, J .  I n o v g .  
NucZ, Chem., a6 ,  915 (1964); (h) R I .  F. Laffert and J. Lynch, Chem. Commu?z., 
751 (1968); (i) A. G. Massey, E. W, Randall, and D. Shaw, Chem. Ind .  
(London) ,  1244 (1965); ( j )  L. Wall, R.  E. Donadio, and W. J. Plummber, 
J .  Amev. Chem. Soc., 63, 4846 (1960). 

references contained therein. 

(8) J. H. Letcher and J. R .  Van Wazer, J .  Chem. Phys., 44, 815 (1966). 

donor group to the empty 3d orbitals on phosphorus as 
a result of a back-bonding from the fluorine atoms. 
The observance of increased shielding of the 31P nucleus 
with an increased number of C6F5 groups in P(C6H5)z- 
( C G F J - ~  compounds also indicates net T* (aryl) +- dn  
(phosphorus) donation from the C6F5 Thus, the 
overall effect of the increased electronegativity and the 
a*  + d a  donation of fluorinated aryl groups would be 
to reduce both the u donor and the a acceptor prop- 
erties in ligands such as FDP and FTP, as compared to 
the analogous unfluorinated ligands. Since the van 
der Waals radii of hydrogen and fluorine are very sirn- 
ilar (1.2 and 1.35 a, respectively),’O steric considera- 
tions should be minimal in comparisons of such ligands. 

To evaluate the effect of fluorine substitution, nickel- 
(11) complexes of two new fluoro ligands (1 and 2) have 
been synthesized and characterized. 

2, FTP 

Experimental Section 
Ligands and Reagents.-We have reported the detailed syn- 

theses of the fluoro ligands.” All organic solvents and other re- 
agents were the best commercial grades and were used without 
additional purification. 

Ni(FDP)X, (X = C1, Br, I,  
NCS) .-An ethanol solution of the appropriate hydrated nickel- 
(11) halide was mixed with a dichloromethane solution of the 
ligand F D P  in a 1 : 2 molar ratio. The Ni(FDP)Xs compound 
precipitated rapidly froin solution. Recrystallization from a 
mixture of ethanol and either dichloromethane or chloroform pro- 
duced large crystalline platelets (microcrystals for Xi(FDP)- 
(NCS)2) that were suitable for elemental analyses. 

[Ni(FDP)z] (C1O4)z.-A solution containing 0.366 g (1 mmol) of 
Ni(C104)2.6H20 in 10 ml of ethanol was added to  a solution of 
0.518 g (1 mmol) of FDP dissolved in 3 ml of dichloromethane. 
After the resulting solution had stirred for 1 min, a yellow orange 
precipitate began to separate. The solid was collected on a 
filter, washed with diethyl ether, and then dissolved in a few 
milliliters of dimethylformamide and filtered. A yellow-orange 

Preparation of the Complexes. 

(9) B. R I .  Brooke, B. S. Furniss, W. K. R. Musgrave, and M. A .  Quasem, 

(10) F. A. Cotton and G. Wilkinson, “Advanced Inorganic Chemistry,” 

(11) P. G. Eller and D.  W. Meek, J .  Ovganometal. Chem., 22, 631 (1970). 

Telvehedion Lell., 34, 2991 (1965). 

2nd ed, Interscience, New York, by, Y., 1966. 
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TABLE I 
CHARACTERIZATION DATA FOR SOME NICKEL(II) COMPLEXES OF THE FLUORO LIGANDS F D P  AND FTP 

Conduc- 
tance A M ,  

Elemental Analyses cm-9 
-%e--- -%H-- -%X- -%P-- ohm-1 

Ni(FDP)C12 Orange 55.60 55.42 3.11 3 .27  9.56 9.66 4 . 2  
Ni(FDP)Br2 Ochre 48.89 48.68 2 . 7 4  2.86 8 .41  8 .61  8 .4  
Ni(FDP)Iz Purple 43.46 42.52 2.43 2 .36  30.54 30.24 2 . 6  

Pl’i(FDP)~(C104)2 Yellow 55.67 55.47 3.11 3.30 5 .48  5.67 9 .57  9 .20  171 
Ni( FTP)ClZ Olive green 55.80 55.89 2 .79  3 .04  7 .89  7.84 10.28 9 .92  15.1 
Pl’i(FTP)Br2 Dark green 50.79 51.05 2 . 5 3  2 .40  16.09 15.87 9 . 3 5  9 .40  17.4 
Ni(FTP)I2 Blue-black 46.41 46.46 2 . 3 2  2.43 23.35 23.45 8 .54  8.67 28 .6  
[Ni(FTP)Cl]BPh( Yellow-orange 67.18 66.87 3 .84  4 .00  3 .00  2.99 7 . 8 2  7.46 51 .3  

Compounda Color Calcd Found Calcd Found Calcd Found Calcd Found M-1 

Ni(FDP)(NCS)2 Tan 55.43 55.72 2 .90  2 .80  4.04(N) 4 .00  1 .o 

All these compounds are diamagnetic, with corrected molar susceptibilities less than 205 cgsu. Measured on M nitro- 
methane solutions. 

solid separated on addition of ether to the dimethylformamide 
solution. 

Ni(FTP)XZ (X = C1, Br, I).-A solution containing 0.775 g (1 
mmol) of FTP in 5 ml of dichloromethane was added to a warm 
solution of the appropriate hydrated nickel(I1) halide (1 mmol) in 
20-25 ml of ethanol. On cooling the resulting solution, the 
h’i(FTP)Xz compound precipitated. Crystalline products were 
obtained by recrystallization of the solid from a dichloromethane- 
ethanol solvent mixture. 

INi(FTPlC11 B(C8HsL-A solution containing 0.388 g (0.5 
mmol) of FTP  in 5 ml of dichloromethane was added to 10 ml of 
an ethanol solution containing 0.119 g (0.500 mmol) of NiC12. 
6H20 and 0.342 g (1 mmol) of sodium tetraphenylborate. A red- 
brown precipitate formed immediately; however, the solid turned 
into a sticky brown oil within 1 min. Addition of ether to the 
solution and stirring produced a yellow-orange solid. The solid 
was collected on a filter and washed with ether, benzene, and 
ethanol. The powder was then dissolved in chloroform, filtered, 
and added to 15 ml of ethanol. The complex did not crystallize, 
so the solvents were evaporated to give a brown oil. Ether was 
added to the oil and after the solution had stood overnight, a 
yellow-orange solid precipitated. The compound was collected 
on a filter and washed with ether and ethanol. 

Characterization Measurements.-Electronic and infrared 
spectra and conductance and magnetic measurements were ob- 
tained as previously described.6a 

Discussion 
FDP Complexes. -The diphosphine ligand FDP re- 

acts with nickel(I1) perchlorate in ethanol to produce 
the yellow, sparingly soluble [Ni(FDP)zl(C104)~ (eq 1). 
Nitromethane solutions of the complex give conduc- 
tivity values typical of 2 : 1 electrolytes and the infrared 
spectrum of the solid exhibits no evidence for coordina- 
tion of the perchlorate group. From the conductivity 
and infrared data for [Ni(FDP)2](C104)2 and the sim- 
ilarity of its electronic spectrum to the spectra of nickel- 
(11) complexes of known planar geometry,12 we infer 
the existence of planar [Ni(FDP)z]+ cations in [Ni- 
(FDP)zI(C104)z. 

The ligand FDP, even when present in excess, reacts 
with nickel(I1) halides in ethanol to form the Ni(FDP)- 
X2 (X = C1, Br, I, NCS) complexes (eq 2). The Ni- 
(FDP)X2 compounds are assigned planar structures on 
Ni(Cl04)~.6HzO + 2FDP d 

[Ni(FDP)~l(C104)2 + 6H20 (1) 
NiX2.6HzO + F D P  + 

Ni(FDP)Xz + 6HzO (X = C1, Br, I, NCS) (2) 

the basis of their magnetic, conductance, and electronic 
spectral properties (Table I) which are typical for 

(12) J. R. Preer and H. B. Gray, J .  Amev. Chem. Soc., 92, 7206 (1970). 

planar nickel(I1). Infrared measurements in the C-N 
stretching region on dichloromethane solutions of the 
thiocyanate complex gave values for the half-band- 
widths (21.6 and 30.4 cm-l), absorption frequencies 
(2093 and 2079 cm-I), and integrated intensities 
(5.94 X lo4 and 7.91 X lo4 cm-2 -44-1) which are 
characteristic for nitrogen-bonded thiocyanate groups. l a  

The observance of two C-N stretching frequencies is 
probably due to the cis geometry of the thiocyanate 
groups as a result of the chelating ligand.14 

When halide ion is added slowly to acetone solutions 
of I N ~ ( F D P ) z ] ( C ~ O ~ ) ~ ,  one observes new bands in the 
electronic spectra which are similar to the transitions 
found in the corresponding Ni(FDP)XZ complex. Ap- 
parently halide ion displaces one of the F D P  ligands 
from [Ni(FDP)Z]+ rather than forming five-coordinate 
[Ni(bidentate)zX]+ complexes as was observed for sim- 
ilar unfluorinated bidentate ligands.6,6a We conclude 
that F D P  has little or no tendency to  form pentaco- 
ordinate species such as [Ni(FDP)pX]+ under these 
conditions. Numerous other attempts to prepare five- 
coordinate nickel(I1) complexes with F D P  also failed. 

It is interesting to note that the similar bidentate 
phosphorus ligand 1,2-bis(diphenylphosphino)ethane 
also gives only planar Ni (bidentate)Xz c ~ m p l e x e s . ~ ~ - ~ ~  
However, the closely related ligands cis-lJ2-bis(di- 
pheny1pho~phino)ethylenel~ and diphenyl-o-(diphenyl- 
arsino)phenylphosphine,6” both of which contain aryl 
or olefinic connecting linkages between the donor atoms, 
readily form pentacoordinate [Ni(bidentate)zX] + 

complexes. The unfluorinated analog of FDP, 1 ,Z-bis- 
(diphenylphosphino)benzene, has been prepared but  its 
nickel(I1) complexes, unfortunately, have never been 
reported.lsJg I n  related studies we have found that 
the fluorophosphine ligands 2-methylthio-3,4,5,6-tetra- 
fluorophenyldiphenylphosphine20 and dimethylpenta- 
fluorophenylphosphineZ1 exhibit significantly reduced 

(13) D. W. Meek, P. E. Nicpon, and V. I. Meek, ibid., 92, 5351 (1970). 
(14) F. A. Cotton, “Chemical Applications of Group Theory,” Inter- 

(15) C. A. McAuliffe and D. W. Meek, Iptovg. Chem., 8,904 (1969). 
(16) M. J. Hudson, R. S. Nyholm, and M. H. B. Stiddard, J .  Chem. SOC. 

(17) H .  N .  Ramaswamy, H. B. Jonassen, and A. M. Aguiar, Inovg.  Nucl. 

(18) J. G. Hartley, L. M. Venanzi, and D. C. Goodall, J .  Chem. Soc., 

(19) B. Chiswell and L. M. Venanzi, J .  Chem. SOC. A ,  417 (1966). 
(20) P. G. Eller, J. K. Riker, and D. W. Meek, t o  be submitted for 

(21) E. C. Alyea and D. W. Meek, J .  Amev. Chem. Soc., 91, 5761 (1969). 

science, New York, N .  Y.,  1966. 

A ,  40 (1968). 

Chem. Lett., 4, 525 (1968). 

3934 (1960). 

publication. 
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tendencies to form pentacoordinate nickel(I1) com- 
pounds. Other workers have observed a similar effect 
in comparisons of 1,2-bis(dimethy1arsino)benzene with 
its 3,4,5,6-tetrafluoropheny1 analog.22 Thus, the pres- 
ence of a perfluorophenyl ring appears to reduce signif- 
icantly the tendency of the ligands to stabilize penta- 
coordinate nickel(I1) compounds. This effect may 
arise as a result of the poorer u donor nature of the per- 
fluorophenylphosphine ligand compared with an anal- 
ogous unfluorinated ligand. We shall report soon an 
lQF nmr study which seems to substantiate a reduced 
u donor but an increased a acceptor nature of the per- 
fluorophenylphosphine ligands in d8 metal complexes. 23 

FTP Complexes.-Nickel(I1) halides and FTP give 
the diamagnetic, crystalline complexes Ni(FTP)X2 
(X = C1, Br, I) from ethanol solutions. The Ni- 
(FTP)X2 complexes exhibit a slight dissociation of the 
halogen atom in nitromethane solutions, the degree of 
dissociation increasing in the order C1 < Br < I. In  
fact, addition of sodium tetraphenylborate to solutions 
that contain FTP and nickel(I1) chloride leads to pre- 
cipitation of the light yellow [Ni(FTP) C1]B (C6&) I 

(eq 3). The latter compound acts as a 1 : 1 electrolyte 
in nitromethane and exhibits an electronic spectrum 
that is characteristic of square-planar nickel(I1) .12 

F T P  B P h c  
NiXz.6HzO + Ni(FTP)Xt --f [Ni(FTP)X]BPh4 (3) 

(X = C1, Br, I )  

The electronic spectra of the Ni(FTP)X2 complexes 
are quite different from either of the planar species Ni- 
(FDP)X2 or [Ni(FTP)Cl]+ (Figure l). The spectra of 

4000t I 

.yo- € 

I 
2000- 

I O 0 0  - 

k K  

Figure 1.-The electronic spectra of ca. M solutions of 
Ni(FTP)L (---), Ni(FTP)Brz (-), [Xi(FTP)Clz] (--------), 
and the free ligand FTP  (-) in nitromethane. 

the Ni(FTP)X2 complexes are very similar both in so- 
lution and in the solid state, with a transition near 
12,000 cm-l and a more intense absorption near 20,000 
cm-l being observed. On the basis of spectral com- 
parisons with low-spin pentacoordinate compounds of 

(22) (a) N. V. Duffy,  A. J. Layton, R. S. Nyholm, 0. Powell, and M. L. 
(h) R. S. Xyholm, Quart. Reu., 

(23) P. G. Eller, E. C. Alyea, and D. W. Meek, t o  be submitted for 

Tobe, h'atsre (London), 212, 178 (1966); 
Chem. Soc., 24, 1 (1970). 

publication. 

known trig~nal-bipyramidal,~,~ square-pyramidal,6~12 
and intermediate g e o m e t r i e ~ , ~ ~  we propose that the Ni- 
(FTP)X2 complexes have a distorted] square-pyramidal 
structure. Thus, the band near 12,000 cm-l may be 
assigned to the lA' + lA'(d,S 4 d,+,s) transition, and 
the intense absorption near 20,000 cm-' may contain 
both the 1A' + lA'' (dzz + d,2--y2) and 'A' + 1A" 
(dyz + dz$+) transitions in C, microsymmetry. 
Bis(2-diphenylphosphinophenyl) p he n y 1 p ho s p  h ine  

(TP) forms nickel(I1) complexes which are similar spec- 
trochemically to the analogous FTP  compounds. 25 

Thus, Table I1 shows that the observed electronic 

TABLE I1 
ELECTRONIC SPECTRA OF SOME NICKEL(II) FTP,  FDP,  

AND T P  COXPLEXES~ 
Compound Solution (cm-1lb Solid state ( ~ r n - 1 ) ~  

Ni(FDP)(NCS)z 22,450 (3110) 
Ni (FDP)  Clz 21,800 (1670) 
Ni(FDP)  Br2 21,100 (1970) 
Si(FDP)Iz  18,750 (1600) 
[Ni(FDP)*](C104)2 23,050 (733), 27,300 (5500) 
Ni(FDP)Clz 16,400 (760), 23,000 (3460) 16,600, 23,100 
Ni(TP)Clz 16,800 (300), 22,650 (3200) 15,900, 23,550 
Ni(FTP)  Bra 15,400 (?do), 22,200 (2730) 15,300, 22,200 
Ni(TP)Brz 15,300 (280), 22,000 (2400) 16,150, 22,200 
Ni(FTP)Ig 14,300 (850 ) ,  19,800 (2320) 16,700, 20,100 
Ni (TP) Iz 14,450 (530), 20,050 (1700) 14,710, 20,000 
[Ni(FTP)Cl]BPha 22,470 (2820) 
[Ki(TP)Cl]BPh4 22,500 (2800) 

5 Extinction coefficients listed in parentheses. The estimated 
experimental error in band positions for FTP  and FDP com- 
plexes are 1.40 cm-' for solution spectra and i120 cm-I for 
mull spectra. 6 Taken in approximately AM dichloromethane 
solutions. Data for the T P  com- 
plexes are taken from ref 25 .  We thank Professor L. M. Ven- 
anzi for permission to use these data. 

c Taken as Kujol mulls. 

transitions for analogous Ni(TP)X2 and Ni(FTP)Xp 
(X = C1, Br, I) complexes are virtually identical in 
energy and that the FTP complexes exhibit slightly 
greater molar extinction coefficients. These observa- 
tions may be compared with our studies with other 
pairs of related polyfluoroaryl and unfluorinated mono- 
and bidentate ligands, where the spectrochemical prop- 
erties of corresponding polyfluoroaryl and unfluorinated 
ligands were found to be similar even though the ten- 
dency of the two ligands to stabilize pentacoordi- 
nate complexes was quite different.20f21r23 Apparently] 
fluorine substitution in the o-phenylene part of the 
ligand changes the a acidity of the ligands sufficiently 
to more than compensate for the reduced u donor char- 
acter of the fluoro ligand donor atoms. 

The 19F nmr resonance positions in FDP occur from 
1 to 18 ppm farther downfield than in similar o-CgF4X2 
(X = C1, Br, H) compounds.23 In the complex Ni- 
(FDP)X2, the I9F nuclei of FDP are deshielded even 
more. These data indicate a net ?r delocalization from 
the tetrafluoroaryl ring to vacant d orbitals on phos- 
phorus, as Graham observed in his studies with simple 
pentafluorophenyl derivatives s c  Apparently, the 
synergic effect of the electronegative CoF4 group in- 
creases the a acidity of the donor atoms to more than 
compensate for a loss in a acidity caused by a* (fluoro- 
aryl) +- d(phosphorus) back-bonding from the per- 
fluoroaryl ring. Other 19F nmr studies in our labora- 

(24) G. A. Mair, H. M. Powell, and L. X. Venanzi, Proc Chem. SOC., 

(26) L. M. Venanai and J .  Curry, unpublished observations. 
LoXd072, 170 (1961). 
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toriesZa involving various metal complexes and several 
fluoroarylphosphine ligands further substantiate these 
conclusions concerning the effect of fluorine substitu- 
tion on the donor properties of the arylphosphine 
ligands. tion. 
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The fluorine atoms of the NSF2 group in sulfur difluoride N-perhaloalkylimides are readily exchanged using R2NSi(CH&, 
RN[Si(CHa):]2, or RONa to give compounds of the general formula RHAL-N=S(NRZ)F, RHAL-N=S(NR~)Z, RHAL- 
PI;=+N-R, RHAL-N=S(OR)F, and RHAL-N=S(OR)~. In the interaction of sulfur dichloride imides with N-silylated 
secondary amines, monochlorosulfur imides RHAL-N=S(NRZ)CI are formed. These compounds show physical and 
chemical relationships to analogs in the O=s(X)Y system. 

Introduction 
Sulfur difluoride imides, RN=SFz, may undergo the 

following reactions to give other sulfur-nitrogen com- 
pounds:' (a) cleavage of the R-N bond and transfer 
of the NSFz group, (b) addition to the N=S double 
bond, (c) oxidation of the sulfur(1V) to sulfur(VI), and 
(d) exchange of the fluoride atoms to give other S-sub- 
stituted sulfur(1V) imides. 

The first reaction type is found in the cleavage of 
a ~ y l - , ~ - ~  metal-,2~8~5 or N-halogeno sulfur difluoride 
 imide^.^-^ Fluorination of R-N=SF* gives R- 
NF-SF&Or l1 (addition and oxidation) or R-N= 
SF2=N-R (oxidation and S=N bond cleavage) .10,12 

The interaction (c) is brought about by the photochem- 
ical oxidation of RNSFz with OF2 to give sulfur oxy- 
difluoride imides.la 

Fluorine-chlorine exchange according to (d) is 
achieved using the Lewis chloro acids AlC18, l4 PCl5,I5 
and SiC14.16 In the reaction of phenylsulfur difluoride 
imide with nitrogen bases, alcoholates, or phenyllithium 
also both fluorine atoms of the N=SF2 group were ex- 
changed and the appropriate fluorine-free sulfur(1V) 
imides were generated." Starting from sulfur di- 
fluoride imides only their addition across the carbon- 

(1) 0. Glemser and R. Mews, Aduan. Inovg. Chem. Radiochem., in press. 
(2) J. K. Ruff, Inoug. Chem., 6, 1787 (1966). 
(3) 0. Glemser, R. Mews, and H. W. Roesky, Chem. Bey., 102, 1523 

(1969). 
(4) 0. Glemser and S. P. v. Halasz, Inmg. Nucl. Chem. Lett., 5 ,  393 

(1969). 
(5) 0. Glemser, R. Mews, and H. W. Roesky, Chem. Commuiz., 914 (1969). 
(6) R. Mews and 0. Glemser, Chem. Bev., log,  4188 (1969). 
(7) R. Mews and 0. Glemser, Inovg. Nucl. Chem. Lett.,  6 ,  35 (1070). 
(8) R.  Mews and 0. Glemser, Chem. Bey., 104,645 (1971). 
(9) R. Mews and 0. Glemser, Inovg. Nucl. Chem. Lett.,  7 ,  823 (1971). 
(10) M. Lustigand J. K .  Ruff, Inovg. Chem., 4, 1444 (1965). 
(11) H. W. Roesky, Angew. Chem., 80, 626(1968); Angew. Chem., Int. E d .  

(12) A. F. Clifford and G. R. Zeilenga, Inovg. Chem., 8, 1789 (1969). 
(13) R. Mews and 0. Glemser, unpublished results. 
(14) M. Lustig, Inorg. Chem., 5, 1317 (1966). 
(15) H. W. Roesky and R. Mews, Angew. Chem., 80, 235 (1968); Angew. 

(16) 0. Glemser, S. P. v. Halasz, and U. Biermann, Inorg. Nucl .  Chem. 

(17) W. C. Smith, C. W. Tullock, R. D. Smith, and V. A. Engelhardt, 

Engl., 7, 630 (1968). 

Chem., In t .  E d .  Engl. ,  7, 217 (1968). 

Lett.,  4, 591 (1968). 

J .  Amev. Chem. Soc., 82,551 (1960). 

carbon double1* and triple bondlg gave S-substituted 
sulfur monofluoride imides 

F 
I l l  

I 1  

I l l  

-N=SFz + >C=C< + -N=S-C-C-F 

F F  

-N+F2 + -C=C- ----f --N=S--C=C- 

We have investigated the value of sulfur difluoride 
imides as precursors for S-substituted monofluoride 
imides and whether the procedures given for phenyl- 
sulfur difluoride imide may be generally applied. We 
have also investigated the influence of substituents a t  
the sulfur (other than fluorine) upon the stability of the 
compounds. 

Experimental Section 
General Methods.-CF2ClCFzNSF2,6 CFC12CF2NSF2,8 (CH3)2- 

NSi (CHa)atZ0 (CzH&NSi( CHs)alZ1 and CHsN [Si(CHa)s] 2 .  22 were 
prepared by the literature methods. All reactions were car- 
ried out in Pyrex-glass flasks under an atmosphere of dry nitrogen. 

I r  spectra were obtained in the liquid phase (KBr windows) 
with a Leitz infrared spectrometer. Nmr spectra were measured 
with a Varian A-56/60 spectrometer. Tetramethylsilane and 
trichlorofluoromethane were used as external standards. Mass 
spectra were recorded with an Atlas UFCH 4 spectrometer. 
Elemental analyses (Table I )  were performed by Beller Micro- 
analytical Laboratory, Gottingen, Germany. 

Preparation of CF&lCF*N=S(F)N(CHs)z (I).-The reaction 
was carried out in a two-necked 100-ml Pyrex-glass flask, 
equipped with a magnetic stirrer, dropping funnel, and reflux 
condenser with a nitrogen T adapter. At room temperature 7.4 g 
(69.1 mmol) of (CH&SiN(CH& was slowly added to 14.8 g (67.5 
mmol) of CF2ClCFzNSFz. Upon warming, the reaction mixture 
turned orange. The volatile products were removed a t  12-14 
Torr. Distillation of the residue gave 9.5 g of CFnClCFnN=S- 
(F)N(CHa)z, bp 76-78' (14 Torr) with slight decomposition 
(yield 57%). Nmr spectrum:  SF -33.3, B C F ~  +77.6, B C F ~  
f80.1, 6CFQC1 f73.7, SCH -2.94 ppm; JSF-CFA = 13.4, JSF-CFB 
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