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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- 
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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. 

Ir 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 at  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 

(18) R. D. Dresdner, J. S. Johar, J. Merritt, and C. S. Patterson, Iwovg. 

(19) J. S. Johar and R. D. Dresdner, ibid., 7, 683 (1968). 
(20) 0. Mjorne, Su. Kem.  Tidskr. ,  62, 120 (1950); Chem. Abslv., 44, 9342 

(1950). 
(21) R. 0. SauerandR. H. Hasek, J. Amev. Chem. Soc., 68, 241 (1946). 
(22) R. C. Osthoff andS. W .  Kantor, Inorg. Syn.,  5, 55 (1957). 

Chem., 4, 678 (1965). 



2522 Inorganic Chemistry, Vol. 11, No. 10, 1972 R. MEWS AND 0. GLEMSER 

--C, 

I 19,63 
I1 24.86 
I11 26.72 
IV 17.11 
VI 19.72 
VI1 9.50 
VI11 18.40 

Compound Calcd 
%-- 
Found 
19.8 
25.0 
26.8 
17.0 
19.8 
9 .6  

18.5 

c - H ,  %-- 
Calcd Found 
2.47 2 .6  
3.73 3 .4  
4.48 4 . 8  
1.44 1 . 6  
2.48 2 .6  

2.32 2 .4  

7 c 1 ,  
Calcd 
14.49 
24,44 
13.15 
16.84 
14.55 
42.13 
27.16 

TABLE I 
ELEMENTAL ANALYSES 

70-7 --F,%-- 
Found Calcd Found 
14.4 38.83 39.0 
24.9 26.22 26.4 
13.4 28.18 28.1 
17.2 36.09 35.6 
14.4 31.20 31.3 
41.2 30.10 29.6 
27.0 29.11 28.8 

a By mass spectrometer. Cryoscopic in benzene. 

100 Hz I 

7-N, %-- 
Calcd Found 
11.45 11.5 
9.67 9 . 6  

13.58 13.6 
13.30 13.3 
5.75 5 .7  
5.55 5 . 6  

10.73 10.8 

7% %-- 
Calcd Found 
13.11 13.2 
11.09 11.3 
11.89 11.7 
15.23 15.5 
13.16 13.2 
12.70 12.8 
12.28 12.4 

--Mol wt- 
Calcd Found 

244.63 246/244a 
289.14 301b 
269.71 
210.60 212/210" 
243,62 
252.47 261,5* 
261.09 

19F- nmr - spectra (AB-par t )  
of compounds of the type 

C F ~  - CFA FB-Nz S( F) N (CH& 

VA VB 
C Fz CL CFn FB N= S (F 10 C H 

1 0 0  Hz 

VA ve 
Figure l.-I8F nmr spectrum of some sulfur monofluoride imides, the w C F ~  group in RCFzN=SF(X). 

= 12.4, JSF-CF~C~ = 2.0, JSF-CH = 5.2, JCF*-CF~ = 173.5, (M - F)+ (4.5/12), 208/206 (M - 2F)+ (1/3), { 162 CFzCFzNSO 
JCFA-cF1cl = 5.4, JCF~-CF~C~ = 4.8 cps. Ir spectrum: 2900 m, (12)? 1 ,  159 CFzNS(F)N(CHa)%+ (60), 114 CF2CF2N+ (13.5), 
1480 m, 1458 m, 1415 vw, 1333 vs ( v w - s ) ,  1275 w, 1230 vs, 1194 s, { 112 CFzNSO+ (76)?), 100 CFzCFz+ (9), 96 CFzNS+ (12), 95 
1160 s, 1082 s, 1038 s, 960 s, 928 s, 900 m, 872 sh, 780 m, 708 m, S(F)N(CHs)z+ (21.5), 94 S(F)N(CHa)(CHz)+ (12), 87/85 CFzCl+ 
657 m, 646 m, 616 sh, 595 cm-1 s ( Y Q - F ) .  Mass spectrum (30/89), 76 SN(CH3)zC (6), 69 CFs+ (16), { 67 SOF+ (12)), 64 S02+, 
(relative intensities in parentheses): 246/244 M+ (2/6), 227/225 CF*N+ (17), 61 SNCHa+ (6), 60 iSSN+/SNCH2+ (6), 51 SF' (4), 
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50 CFz+ (17), { 48 SOt (31.5)], 46 NS' (49.5), 44 N(CHs)z+ (55), 

CF+ (21), 28 NCHz', Nz' (18). 
Preparation of CFCl&FzN=S(F)N(CzHI )2 (II).-The reaction 

was carried out as described for (I). At 0" 30.5 g (129 mmol) of 
CFClzCFzNSFz and 18.5 g (128 mmol) of (CH&~N(CZHI)Z gave 
18 g of CFCl2CF2N=S(F)N(CzH&, bp (0.01 Torr) 53-55' (yield 
48%). Nmr spectrum:  SF -55.8, B C F ~  f75.44, ~ C F B  +78.36, 

JSF-CF~ = 10.3, JSF-CH~ = 4.25, JCF*-CF~ = 165.5, J C F A - C F ~  = 
10.6, J C F B - C F ~  = 10.3, JCHz-CHa = 7.1 cps. 
2970 w, 1470 m, 1395 w, 1305 vs ( v g , ~ ) ,  1234 w, 1190 sh, 1175 S, 
1055 sh. 1017 s, 954 m, 887 s, 856 m, 792 w, 759 m, 680 m, 608 s/ 

43 N(CHa)(CHz)' (58)) 42 N(CHz)(CHz)' (loo), 32 S+ (7), 31 

6CFg +73.8, 8CHz -3.63, GCHa -1.37 ppm; JSF-CFA = 12.8, 

Ir spectrum: 3020, ' 

583 cmL1s (YSF) .  
PreDaration of CFZClCFzN-S [N(CH~)Z] z (III).-At 0" 18.2 g 

(155 &ol) of (CH3)&3N(CHs)z was slowly added to 15.5 g (70.7 
mmol) of CFzCICFzNSFz in 100 ml of CCla. The reaction mixture 
was stirred for an additional 15 hr a t  room temperature. The 
volatile products and solvent were removed at  0.001 Torr. Dis- 
tillation of the residue gave 12.8 g of CFzClCFzN=S[N(CHa)z]z, 
bp (0.001 Torr) 36-39" (yield 67%). Nmr spectrum: S C I ~  
+68.3, ~ C F ~ C I  f70.3, 6CE3  -2.93 ppm; JCF~-CF~CI = 7.4 CPS. Ir 
spectrum: 2825 m, 1580 vw, 1450 m, 1398 vw, 1332 vs ( Y S - N ) ,  

1205 s, 1190 s, 1144 s, 1062 s, 963 s, 933 s, 910 s, 764 rn, 666 rn, 
633 cm-l m. 

Preparation of CFzClCFzN=S=NCH3 (IV).-Under the same 
conditions as described for (111) 16.2 g (74 mmol) of CFzClCFz- 
NSF2 and 13.3g(76mmol) of[(CH3)&i]~NCH3gavel.2g of CFzC1- 
CFzN=S=-NCH3, bp (59 Torr) 50" (yield 8%). Nrnr spectrum: 

JCF~-CE~ = 2.2 cps. Ir spectrum: 2900 w, 1440 w, 1298 s, 
1218 vs, 1160 s, 1083 s, 1040 m, 1015 s, 927 s, 902 m, 832 m, 789 
w, 757 m, 663 w, 643 w, 620 vw, 596 vw, 558 vw, 525 cm-l vw. 
Mass spectrum: 212/210 CFzClCFzNSNCH3+ (0.1/0.3), 183/ 
181, CFzClCFzKS' (0.2/0.6), 175 CFzCFzNSNCH3' (6), 125 
CFzNSKCH3' (loo), 96 CFzNS' (9), 87/85 CFzC1' (6/22), 76 
CFzCN+ (22), 69 CF3+ (5), 66 (?)  ( 7 ) ,  64 CFzNI' (SOz') (26), 61 
SN-CHs" (361.60 KSN+, SNCHz+ (69),50 CFz' (9), 48 SO+ (22), 

dCF2 4-84.1, 8CFzCI +73.2, dCH3 -3.56 ppm; JCFZ-CFICI = 4.7, 

46 SN' (33), 32 S+ (13), 31 CF' (7.5), 28 NCHz', Nef (67).  
PreDaration of CF2ClCF2N=S(F)OCHZ (V) and CFzClCFzN=S- 

(0CHa)z (VI).-To a slurryof 9.4 g (174 mmol) of NaOCHa in 
350 ml of ether was added 39 g (178 mmol) of CFzClCFzNSFz in 
300 ml of the same solvent. The mixture was stirred for 24 hr 
a t  room temperature. NaCl was filtered off under dry nitrogen, 
and ether removed at  100 Torr. Distillation of the residue at  12 
Torr gave two fractions, (A) bp 31-33' (1.3 g) and (B) bp 58-59' 
(13.8 9 ) .  Fraction A consisted mainly of CFzClCFzN=S(F)- 
OCH3 (about 90%), contaminated by a CHNS-containing im- 
purity. Nmr spectrum: (Figure 1)  SF -40.3, ~ C F ~  4-80.88, 
BCFB +82.78, dcrZp +74.0, ~ C H ~  -3.97 ppm; JSF-CF~ = 16.5, 
JSF-CFB = 19.4, JSF-CF~~ = 2.4, JSF-CH~ = 1.2, JCFA-CFB = 191, 
J C F A - C F ~ ~  = 4.8, J c F B - c F ~ ~  = 4.6 cps. Ir spectrum: 2960 w, 
1455 w, 1355s ( v N - ~ ) ,  1263/1240s, 1170 m, 1115 br, S, 971 S, 940 S, 

905111, 770 br, s, -670 cm-ls (PS-F). Mass spectrum: 214/212 
M - F (5.9/17.0), 202/200 M - OCH3' (1.8/5.3), 162 CFzCFz- 
NSO' (1.5), 158 CFzCFNSOCHa' (2.9), 146 CPzCFzNS', CFzNS- 
(F)OCHg+ (loo), 137/135 CFzClCFz' (2.8/8.8), 127 CFzNSO- 
CH3f (6.5), 115 CFzNSF' (4.7), 112 CFzNSO' (20.0), 100 CFZ- 
CFz' (5.9), 96 CFzNS', NS(F)OCH3+ (5.3), 87/85 CFzC1' (10.3,' 
34), 82 SFOCHs+ (11.7), 81 CFzCF' (21.2), 69 CF3+ (12.3), 67 
SOF+ (47.3), 60 CSO' (? )  (26.5), 51 SF+ (5.3), 50 CFz+ (8.81, 
48 SO+ (15.3), 46 KS' (31.8), 32 S+ (2.4), 31 OCHa', CF' (11.21, 
30HCHO+(3.8),29 CHO'(25.6). 

Peaks a t  m/e 110 and 79 were possibly due to the impurity 
mentioned above. Elemental analysis agreed only within 10% 
with the calculated values. Anal. Calcd for CaHaClFaNOS: 
C, 15.57; H, 1.31; F, 41.02; C1, 15.31; N, 6.05; S, 13.80. 
Found: 

Fraction B was CFZC~CFZN=S(OCH~)Z (VI), a slightly yel- 
low, stable liquid. Nrnr spectrum: ~ C F ~  f76.2, B C F ~ C I  4-72.8, 
~ C H ~  -1.26 ppm; JCF~-CF~CI = 5.6 cps. I r  spectrum: 2930 w, 
1450 w, 1335 vs (VN,~), 1225 vs, 1160 s, 1080 s, 1058 m, 1033 m, 
975 sh, 958 vs, 927 s, 900 sh, 764 sh, 719 vs, br, 642 cm-l w. 

Preparation of CFL!lCFzNSClz (VII).-At room temperature 
35.0 g (159.5 mmol) of CFzClCFzNSFz was slowly added to 14.5 g 
(69.7 mmol) of PCla. The reaction was finished after warming to 
30-40" for a further 5 hr. Distillation gave 29 g of colorless 
CFClCFzNSClz, bp (12 Torr) 33-35" (yield 68%). Nmr spec- 
trum: ~ C F ~  96.3, ~ C F ~ C I  75.2 pprn; JCF~-CF~CI = 4.95 cps. Ir 

C, 16.6; H, 1.6; F,38.1; C1, 13.7; N,6.2; S, 14.9. 

spectrum: 1323 vs (YN-s) ,  1258vs, 1168s, 1140s, 1116 s, 1058s, 
938 s, 896 m, 877 m, 726 m, 648 m, 602 vw, 588 vw, 534 vw, 463 
w, vs-01 are below 440 cm-1. 

Preparation of CFZCICFZN=S(C~)N(CH& (VIII).-CFzCl- 
CFzNSClz, 25.5 g (101 mmol), and (CH&SiN(CH3)2, 11.8g (101 
mmol), were stirred for 24 hr a t  room temperature. After re- 
moval of (CH3)aSiCl and unreacted starting material at 0.5 mm, 
21.1 g of pure CFzClCFzN=S(Cl)N(CH3)z remained as residue 
(yield 80%). The faint yellow liquid is not distillable. h'mr 
spectrum: ~ C F ~  82.2, ~ C F ~ C I  72.2, ~ C H ~  -3.11 ppm; J C F ~ C I - C F ~  = 
5.3 cps. Ir spectrum: 2950 m, 2780 m, 1473/1460/1446 m, 
1407 VW, 1320 vs ( V N - s ) ,  1224 VS, 1184 VS, 1160 sh, 1093 vs, 1031 
s, 956 s, 925 vs, 893 m, 872 sh, 768 m, 702 m, 656 w, 643 m, 440 
cm-lm. 

Results and Discussion 
The sulfur difluoride imidesZ3J4 are related struc- 

turally to thionyl fluoride, O=SF2,25 which is similar 
electronically to them. The thermal stability of 
RN=SFZ compounds depends very much upon the R 
radical. Perfluoroalkyl derivatives have a stability 
approaching that of OSF2, being stable up to 200". 

The similarity of RHALN=SF~ and O=SFz indicated 
that similar synthetic routes might lead to compounds 
of the type X=SY(Z), where X is either 0 or RHALN. 
Variation of the substituents, Y and Z attached to the 
sulfur atom, was anticipated to produce similar changes 
in properties in each series. 

Thionyl halides interact with primary amines to give 
sulfinic amidesz6 

O=SXz + 3RNHz --j, RN=S=O + 2RNHz'HX 

Similarly sulfur difluoride imides gave sulfur diimides, 
RHAL-N=S=NR.~' Often better yields of the latter 
are obtained with N-bis-silylated primary amines 
CFZClCFzNSFz + [(CH3)3Si]~NCH3 + 

CFZCICFZN=S=NCH~ + 2(CHz)3SiF 

Thionyl fluoride is known to react with secondary 
aminesz8 or their N-silylated der i~a t ives l~~ 29 to form 
fluorosulfinic amides FS(0)NRz. By analogy sulfur 
difluoride imides yield S-dialkylaminosulfur mono- 
fluoride imides. 

F 
I 

RN==SF2 + (CH3)sSiNR'z -+- R-N=SNR'z + (CH3)3SiF 
R = CFzClCFz, R' = CH3 
R = CFClzCFz, R' = C2Hs 

With excess of amine, in the oxygen and the sulfur 
imide series, the second fluorine atom is exchanged 
CFZCICFZN=S(F)N(CH~)Z + (CH3)3SiN(CH3)z ----Z 

+ (CH3hSiF 
/N(CH3)2 

CF2ClCFzN=S 

N(CHa)z 
\ 

An alternative route to S-dialkylaminosulfur mono- 
fluoride imides is the reaction of dialkylaminosulfur 
trifluorides with RN(SiR&, ao while fluorosulfinic amides 
are also formed in the hydrolysis of the trifluorides.al 
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(27) R. D. Cramer, J .  Org.  Chem., 26, 3476 (1961). 
(28) M. Goehringand G. Voigt, Chem. Be?., 89, 1050 (1956). 
(29) D H. Brown, K. D. Crosbie, J. I. Darragh, D. S. Ross, and D. W. A. 
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Commlm., 1578 (1968). 

Z. Naturfovsch. A ,  26, 153 (1970). 
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TABLE I1 
VS=O AND VS-N FOR SOME THIONYL DERIVATIVES AND THEIR 

/OCH3 x=s /" x=s /" x=s 
OCHa 

\ \ 
OCHa 

\ 
F 

x=o 1 3 3 3 " ~ ~  1250b 1209" 
X=CF2ClCFzX 1391egh 1352 1337 

SULFUR(1V) N-PERHALOALKYL IMIDO h A L O G S  

/"' x=s 7' N (CHs) z 

x=s / 
\ 

x=s /F x=s 
\ 

c1 (CH3) 2 

\ 
N (CHa) z N(CHs)2 

\ 

1230J 11198 1230d 11858 
1333 1332 1323 1320 

F. Seel, J .  Boudier, and W. Gombler, Chew. B e y ,  102, 443 
Q J. K. O'Loane and M. K. Wilson, J .  Chem. Phys, 23, 1313 (1955). 

(1969). 
22, 1193 (1954). 
and D. W. A. Sharp, J .  Chem. SOC. A ,  914 (1970). 
phase. 

c A. Simon, H. Kriegsmann, and H. Dutz, &id., 89, 2390 (1956). D. E. Martz and R. T. Lagemann, J .  Chem. Phys., 
D. H. Brown, K. D. Crosbie, J .  I. Darragh, D. S. Ross, 

h Gas 
e R. Mews and 0. Glemser, Chem. Ber., 102, 4188 (1969). 

Q R.  Paetzold and E. Ronsch, Spectrochim. Acta, Part A ,  26, 569 (1970). 

TABLE I11 
v S ~  AXD 8 8 ~  FOR SOME FLUOROSULFINIC AND SULFUR(IV) MONOFLUORIDE IMIDE DERIVATIVES 

F 

a ,C REAL-N'S f o=s ' b  
f 

o=s 
/" 

REAL-N=S 

OR 
\ \ 
OR 

\ 
NR* 

\ 
NRz 

R VSF, cm-1 SSF, PPm V S F ,  cm-1 SSF, PPm V S F ,  cm-1 &3F, PPm PSF, cm-' SSF, ppm 
CHI 595 -34 1 600 -39 1 -680 -40 3 680 -54 7 
CzHa 583 -55 8 603 -56 8 675 -58 6 
n-C3H? 614 -57 7 675 -58 8 
%-C3HI 605 -64 1 683 -62 4 

a R Mews and 0 Glemser, unpublished results F Seel, J Boudier, and W Gombler, Chew Be? , 102, 443 (1969) c See ref 41 

Thus the double-bonded oxygen or nitrogen ligands can 
be introduced by analogous routes. 

Fluorosulfinic esters O=S(F)OR are readily prepared 
by fluorine for chlorine exchange from chlorosulfinic 
e s t e rP  or in the fluorination of sulfite esters by SF4 or 
WFs.33 The preparation of sulfur difluoride imides 
from the dichloride imides has been successful only for a 
few cases, 34 therefore we chose to derive alkoxysulfur 
monofluoride imides directly from the fluoro deriva- 
tives. 

F 
I 

CF2ClCF2N=S-F + SaOCH3 -+ 
F 

I 
CF&21CF2N=S-OCHs + NaF 

But the second fluorine atom is also easily exchanged 
F 

I 
CFZC~CF~X=S-OCH~ + NaOCH3 -+ 

OCH3 
/ 

CF~C~CF,N=S' + NaF 

OCH3 
\ 

While the chlorosulfinic amides35 are reported to be 
distillable under reduced pressure, their imide analogs 
will decompose on heating above room temperature. 
They may, however, be obtained in high purity from 
the interaction 

c1 
I 

CF2ClCF2N=S-C1 + (CH3)3SiN(CH3)~ -+ 
c1 
I 

CF2ClCF2N=S-N(CHa)2 + (CHa)3SiC1 

(32) A. Zappel, Chem. Be?'., 94, 873 (1961); H. A. Pacini and A. E. Pav- 
lath,  J. Chem. Soc., London, 5741 (1965): F. Seel, J. Boudier, and W. 
Gombler, Chem. Bev., 102, 443 (1969). 

(33) J. I. Darragh, A. 31. Noble, D. W. A. Sharp, D .  W. Walker, and 
J. M. Winfield,Inovg. ivucl. Chem. Lett., 4, 517 (1968). 

(34) S. P. v.  Halasz and 0. Glemser, Chem. B e y . ,  103, 553 (1970); A. F. 
Clifford and R.  G. Goel, Inoug. Chem., 8,2004 (1969). 

(35) Houben-Weyl, "Methoden der organischen Chemie," Vol. II/Z, 
Georg Thieme Verlag, Stuttgart ,  1968, p 734. 

since only the desired product is involatile a t  20" and 
0.5 Torr. 

The last example shows, as anticipated from the com- 
parison of O=SF2 with RN=SF2, that thionyl deriva- 
tives are thermally more stable than their imide ana- 
logs. It therefore appears unlikely for example that 
the imide counterparts of O=SCIF or even O=SBr2 
will be readily isolated. On the other hand the fair 
thermal stability of compounds O=S(Rf)2,3G RIS(O) 
NR2,37 or RfS(0)C13* suggests that their nitrogen rela- 
tives may not be difficult to isolate. 

It is possible, from a comparison of ir and nmr data 
of the oxide and imide series relatives, to roughly esti- 
mate the pertinent spectroscopic properties of unknown 
X=S(Y)Z compounds. The vs-0 in thionyl deriva- 
tives is known to be affected not only by inductive and 
electromeric effects but also by steric factors associated 
with the substituents attached to the sulfur atom. 39.40 
Presumably steric factors are responsible for the ab- 
sence of parallel behavior between the oxides and those 
sulfur(1V) imide analogs RN=S(Y)Z involving bulky 
R groups. Table I1 shows the V S = N  to be less depen- 
dent on the U and Z groups than the VS,O. The first 
usually occurs as strong band in the region 1320-1350 
cm-1.41 In the parent difluorides O=SF2 and RE"= 
SR there is a shift to somewhat higher wave numbers. 

Table I11 shows both V S F  and the l9F chemical shift 
8 s ~  vary in similar fashion in a series of related com- 
pounds. The SF stretching frequency in the OSF 
derivatives is slightly higher than in the NSF cases. 

(36) (a) D .  T. Sauer and J. M. Shreeve, Chem. Commun., 1679 (1970); 

(37) D. T. Sauerand J. 34. Shreeve, ibid., 10, 358 (1971). 
(38) C .  T. Ratcliffe and J. M.  Shreeve, J .  Ameu. Chem. Soc., 90, 5403 

(1968). 
(39) L .  J. Bellamy, "Advances in Infrared Group Frequencies," Methuen, 

London, 1968, p 191. 
(40) Very good empirical formulas have been derived for the dependence 

of vso on the sum of the electronegativities of the substituents X and Y in 
O=S(X)Y (R. Steudel, Z.  Matuvfovsch. B, 26,  750 (1971)). 

(41) Recently for the 1,3-dioxolanes [(CFs)CO]sS=NFf (prepared by 
the reaction of RfNSF? with Liz[(CFa)C0]2) v s , ~  was found a t  1380 cm-1 
(Rf = CFa) and 1405 cm-1 (Rf = C2F5) : A. P. Conroy and R. D. Dresdner, 
Inovg .  Chem., 9, 2739 (1970). 

(b) E. W.  Lawless,lnovg. Chenz., 9, 2796 (1970). 
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The nmr spectra show somewhat less shielding for the 
fluorine atom in the oxygen than in the nitrogen com- 
pounds. 

The nmr spectra of the compounds RCF%N=S(R)F 
[Figure 11 show AB structure for the CF2 group. In  
RCXYNSFz derivatives the fluorine atoms in the NSF? 
group are magnetically noneq~iva len t .~-~  The ob- 
served temperature dependence of the nrnr spectra may 
be accounted for in terms of a hindered rotation around 
the C-N axis. Conversely bulky substituents a t  the 
sulfur atom should also cause steric hindrance, and this 
should result in magnetic nonequivalence of the CF2 

fluorines. The same could be expected also for the 
compounds RCFZN=SC12, N=S(NRZ)Cl, and N=S- 
(0R)z. Presumably coupling between the fluorine 
atoms attached to the C atom is not observed as a re- 
sult of a high J / v ~ ~ A B  value. 
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Alkali polysulfides dissolve in hexamethylphosphoramide (HMPA) to give deep blue solutions. The blue species has been 
characterized as Sa- by electrical transference, conductivity, and magnetic susceptibility measurements and by visible, 
ultraviolet, infrared, Raman, and electron spin resonance spectra. 

Introduction 
It has been known for a long time that a blue color 

develops when sulfur is heated with water and traces 
of some basic salt.lJ Blue solutions are also formed by 
sulfur in alkali halide in sulfur-doped borate 

by alkali polysulfides in basic solvents, e.g., 
dimethylformamide (DMF)6,7 and dimethyl sulfoxide 
(DMSO),s or by electrochemical reduction of SS in 
DMSO.g~lo In all cases the blue species is character- 
ized by a visible absorption band a t  ca. 620 nm. The 
identity of the blue species has been uncertain; Lux 
and coworkers claim the color is due to neutral mole- 
cules S, ( x  = 2-4)G18 while Giggenbach claims that i t  
is due to the radical anion S2-.29597 Giggenbach also 
suggests that the blue color of ultramarine can be at- 
tributed to &-,? while other workers'l propose that 
SZ- and/or S3- is responsible for the color of the mineral. 
Merritt and Sawyer suggest that Sa- is the species 
formed by electrochemical reduction of elemental sul- 
fur in DMSO,g but this has recently been disproved 
by Bonnaterre and Cauquis'O who show that the oxida- 
tion state of the sulfur in this system is -] /a ;  they 
propose S2-. Gruen and coworkers4 agree that the 
blue species is sulfur( - 1/3) but they attribute i t  to Sa-. 

(1) C.  F. Geitner, Phavm. Ann. ,  129,350 (1864). 
(2) W. Giggenbach, Inovg. Chem., 10,1306 (1971) 
(3) G. Delarue, Bull. Soc. Chim. I+., 1654 (1960). 
(4) D. M. Gruen, R.  L.  McBeth, and A. J. Zielen, J. Amev. Chem. Soc., 

(5) W. Giggenbach, Inoug. Chem., 10, 1308 (1971). 
(6) H. Lux, S. Benninger, and E. Bohm, Chem. Bev., 101,2485 (1968). 
(7) W. Giggenhach, J. Inovg. Nucl. Chem., SO, 3189 (1969). 
(8) H. Lux and A. Anslinger, Chem. Bev., 94, 1161 (1961). 
(9) M. V. Merritt and D. T. Sawyer, Inorg. Chem., 9, 211 (1970). 
(10) R. Bonnaterre and G. Cauquis, Chem. Commun., 293 (1972). 
(11) U. Hofmann, E. Herzenstiel, E. Schonemann, and K. H. Schwarz, 

98, 6691 (1971). 

2. Anovg. A&. Chem., 867, 119 (1969). 

The centers Sz- and S3- l a  have both been character- 
ized by esr spectra of sulfur-doped alkali halide crystals 
and i t  has been shown by resonance Raman and in- 
frared spectral4 that S3- is associated with a visible 
absorption band a t  610 nm while SZ- absorbs a t  400 
nm. Esr and Raman studies of ultramarine show 
that the blue color is due to S3-.14 

During investigations of HMPA as a solvent for 
electrochemical reductions we observed that sulfur 
is sparingly soluble in HMPA to give a blue anionic 
species15 which showed the same characteristic struc- 
tured absorption band a t  620 nm as alkali polysulfides 
in DMF.' Since the negatively charged species has 
been produced from elemental sulfur, the sulfur has 
either disproportionated or, more probably, been re- 
duced by the solvent. Electrical transference exper- 
iments have shown that anionic species with character- 
istic visible absorption bands a t  616 and 400 nm are 
formed when elemental sulfur dissolves in ethylene- 
diamine.l6 The 616-nm band was attributed to sulfur 
radical ions ( .S-S,-S-) To elucidate the contro- 
versial nature of the blue species we have studied its 
formation from polysulfides (ie., sulfur in various 
mean oxidation states) in HMPA. 

Experimental Section 
Materials.-The air sensitive, blue solutions were always 

handled in  a dry oxygen-free atmosphere (Vacuum Atmospheres 
drybox) and allowed to equilibrate for 24 hr before measurements 
were made. HMPA was obtained from Aldrich and vacuum 

(12) L. E. Vanotti, Phys. Rev., 161, 282 (1967). 
(13) J. Schneider, B.  Dischler, and A. Rauber, Phys. Slalus Solidi, 18, 

(14) W. Holzer, W. F. Murphy, and H. J. Bernstein, J. Mol. Speclrosc., 

(15) T. Chivers and I. Drummond, Chem. Commun., 1623 (1071). 
(16) R. MacCollandS. Windwer, J .  Phys. Chem., 74, 1261 (1970). 

141 (1966). 

32, 13 (1969). 


