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TABLE I 
~ _--_ pDm ____-__ 

This work Cullen and Styan A1 

(a) 1 : 1 Adduct, (CH3)3SiOCH(CFa)r 
CH(CF3)r -4.24 -3.90 -0.34 
(CH:g):,Si -0.21 +o. 16 -0.3'7 
A2 -4 .03  -4.06 

(b) 2: 1 Adduct, (CH3)aSiOC(CFr)*OCH(CF3)s 
CH(CFs)z -4.77 -4.45 -0.32 
(CH&Si -0.30 +0.08 -0.38 
Az -4 .47 -4.53 

adduct (where there is no dispute on the identity of the 
compound) is, within experimental error, the same as 
that found for the 2 :  1 adduct. On the dift'erence in 
chemical shift between the two types of proton in the 
same compound, A2, the agreement between the mea- 
surements on both conipounds is very good. We are 
forced to conclude, therefore, that  the 2 :  1 adducts re- 
ported by ourselves and Cullen and Styan are in fact 
the same compound, and we suggest that the claim of 
the latter workers that  their adduct dissociated a t  20' 
is in error. 

We must also take issue with the claim of Cullen and 
Styan that the nmr spectrum of the 2 : 1 adduct may be 
seen when the 1: 1 adduct is dissolved in excess hexa- 

fluoroacetone. We have carefully reexamined the 
relevant spectra and find no evidence to support this. 
As an explanation of the observations of Cullen and 
Styan, we suggest that their sample of hexafluoroiso- 
propoxytrimethylsilane contained unreacted trimethyl- 
silane, which, by reaction with the hexafluoroacetone 
added in their nnir studies, would have produced de- 
tectable quantities of the 2 : l adduct. 

In conclusion. therefore, we suggest that the liquid- 
phase reaction of hexafluoroacetone with trimethyl- 
silane and similar compounds of group IV elements 
proceeds by an ionic mechanism in which hydride ion 
abstraction is the first step and the products are ex- 
clusively simple four-covalent derivatives incorporating 
one or two hexafluoroacetone residues. We do not find 
i t  necessary to postulate the existence of any product 
involving higher coordination and we suggest that i t  is 
misleading to represent any reactions of this type as ex- 
amples of the ability of fluorinated ketones to form 
complexes. 
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The compounds N-dimethylaminosulfur trifluoride, (CH&NSF3, N-dimethylaminotetrafluorophosphorane, ( C H 3 ) 2 S p ~ l ,  
and 1,3,2,4-diazadiphosphetidine, ( C H ~ N P F Z ) ~ ,  have been synthesized by the reaction of N-methyl-N-trimethylsilylamines 
with SF4 or PFs, respectively. The structures of these compounds were studied by means of their infrared, mass, and nuclear 
magnetic resonance spectra. 

Although i t  has been known for several years that the 
silicon-nitrogen bond may be cleaved by a variety of 
covalent or semicovalent halides,2 little attention has 
been given to exploiting such reactions for the specific 
purpose of preparing volatile derivatives of the nonmetal 
fluorides. The synthesis of methylamino derivatives of 
PFs and SF4 by the reaction of these parent fluorides 
with appropriate silicon anlines was therefore at- 
tempted and the present communication describes in 

(1) This report is based on portions of a thesis submitted by Gregory C. 
Demitras, F.S.C., to  the Graduate School of the University of Pennsylvania 
in partial fulfillment of the requirements for the degree of Doctor of Phi- 
losophy. It was supported in part by the Advanced Research Projects 
Agency, Office of the Secretary of Defense. 

(2) R. Fessenden and J. D. Fessenden, Chem. Rev., 61, 363 (1961); M. 
Becke-Goehring and H. Krill, Chem. Be?'., $4, 1059 (1961); H. Noth, Z. 
Naizrvfovsch., 166, 619 (1961). 

greater detail the previously reported3 preliminary re- 
sults of this investigation. 

It has been found that PFs rapidly cleaves the Si-N 
bond in (CH&NSi(CH& at, or below, room tempera- 
ture to give high yields of (CH&NPF4, viz. 

PF5 f ( C H ~ ) Z N S ~ ( C H ~ ) ~  -+ (CH3)zNPFl + (CH3)3SiF (1) 

The reaction proceeds via the adduct, (CH3)pNSi- 
(CH3)3<PFj, which is stable a t  -78' and which 
decomposes to give the products on warming to room 
temperature. The compound (C2H&NPF4 has also 
been prepared by a similar method4 and (CH&NPF4 

(3) G. C. Demitras, R. A. Kent, and A. G. MacDiarmid, Chem. I n d .  (Lon- 
don), 1712 (1964). 
(4) R. Schmutzler, Angem. Chem., 76, 893 (1964). 
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has been synthesized by the reaction of PF6 with 
(CH3j2NH.j Although (CHaNPF& could not be iso- 
lated from the reaction of PFs with CH3NH2,6 it could 
be obtained in good yields by the lowtemperature re- 
action of PFj with CH3N [Si(CH3)3]z, viz. 
2PF5 + 2CH3?J[Si(CH3)3]2 --+- 

(CHESPF~)?  + 4(CH8)SiF (2) 

This reaction has subsequently been reported inde- 
pendently by Schmutzler.' 

The synthesis of (CH3)2NSF3 was first attempted by 
the reaction of SF4 with (CH3)2NH, but only uniden- 
tified nonvolatile solid and oily materials were ob- 
tained ; however, the low-temperature reaction of SF4 
with (CH3)2NSi(CH3)3 gave good yields of (CH& 

SFI + ( C H ~ ) Z N S ~ ( C H ~ ) ~  + ( C H ~ ) P S S F ~  + (CH3)3SiF ( 3 )  

The lH and lgF nmr spectra of (CH3j3NPF4 and 
(CH3)eT\'SF, are consistent with those of other mono- 
substituted derivatives of PFj and SF, and suggest 
trigonal bipyrimidal structures in which the diniethyl- 
amino group occupies an equatorial site.8-12 The room- 
temperature proton spectrum of ( CH3NPF3)z consisted 
of a well-defined triplet which is consistent with the 
previously postulated symmetrical cyclic s t r ~ c t u r e . ~  
Harris and Woodman13 have subsequently shown that 
the complex 19F nmr spectrum of this compound is also 
consistent with this structure. 

Experimental Section 

NSFE, V ~ Z .  

All work was performed in a Pyrex (borosilicate) vacuum sys- 
tem. The syntheses were carried out in a 100-ml round-bottom 
flask fitted with a blow-off manometer. Vapor pressures were 
recorded in a glass tensimeter (mercury manometer) which had 
been pretreated with a sample of the material for a period of 12-16 
hr. Melting points were determined by the magnetic plunger 
technique. Mass spectra were obtained with a Consolidated 
Electrodynamics Model 21-30 spectrometer. Infrared absorp- 
tion spectra were recorded with a Perkin-Elmer 137B Infracord 
spectrophotometer on the gas phase a t  room temperature with 
the sample confined in a 10-cm cell fitted with KBr windows 
cemented to the cell with Glyptal resin. 

Reagent~.-(CH3)&Si(CH~)~ (mol wt found 116.5, calcd 117.0; 
vapor pressure a t  0.20" found 26.8mm, lit.I4 26.9 mm; confirmed 
by infrared spectrum'4) was prepared from (CH3)2KH and (CH3)3- 
SiC1.Ih CH3N[Si(CH3)3]2 (confirmed by infrared spectrumla) 
was synthesized from CH3SHz and (CH3)3SiC1. Commercial 
SFI (confirmed by infrared spectrumlG) was purified according 
to the method of Bartlett and R0binson.1~ Commercial PF3 

( 5 )  D. H.  Brown, G. W, Fraser, and D. W. A.  Sharp, C h c m .  Ind. (London), 

(6) D. W. A. Sharp, private communication, 1964. 
(7) R. Schmutzler, Chem. Commun., 19 (1965). 
( 8 )  E. L. hluetterties and W. D. Phillips, J .  A m .  Chem. SOC., 81, 1084 

(9) E. L. Muetterties, W. hlahler, and R. Schmutzler, Inorg.  Chem., 2, 615, 

(10) E. L. Muetterties, W. Mahler, K. J. Packer, and R. Schmntzler, 

(11) R. Schmutzler, "International Review of Halogen Chemistry," V. 

(12) W. A. Sheppard, J .  A m .  Chem. Soc., 84, 3058 (1962); R. M. Rosen- 

(13) R. K. Harris and C. M. Woodman, Mol .  Phys., 10, 437 (1966). 
(14) H. A. Kriegsmann, 2. Elekluochent., 61, 1088 (1957). 
(15) E. A. V. Ebsworth and 13. J. EmelCus, J .  Chem. SOC., 2150 (1958). 
(16) R. E. Dodd, L. A. Woodward, and H. I,. Roberts, Trans .  F n r a d o y  

(17) N. Bartlett and P. L.  Robinson, J .  Chenr. Soc., 3417 (1961). 

367 (1964). 

(1959). 

(1963). 

ibid., 3, 1298 (1964). 

Gutmann, Ed., Academic Press Inc., New York, N.  Y. ,  in press. 

berg and E. L. Muetterties, Inorg. Chem., 1, 756 (1962). 

Soc. ,  62, 1052 (1956). 

(mol wt found 125.1, calcd 126.0; vapor pressure a t  -132.5" 
found 17.4 mm, Iit.l* 17.6 mm; confirmed by infrared spec- 
trum'g) was used without further purification. 

Synthesis of (CHI)*NSF~.-(CH~)~P~S~(CH~)~ (5.661 mmoles) 
and SFI (6.002 mmoles) were condensed in the reaction flask. 
Reaction occurred while warming to room temperature. The 
contents of the flask were refrozen and were allowed to warm to 
room temperature. This operation was repeated several times 
to ensure complete mixing of reactants. Distillation through a 
series of traps held a t  - 126, -83.5, and -233 yielded (CH8)aSiF 
(5.507 mmoles; 97.4y0 yield; mol wt found 91.5, calcd 92.0; 
confirmed by infrared in the - 126' trap and (CH:,)?- 
SSF3 (4.267 mmoles; 75.4yc yield; mol wt found 132.6, calcd 
133.0) in the -83.5' trap. 

Anal.21 Calcd for CaHJVSF3: C, 18.04; H, 4.51; N, 10.52; 
S, 24.06; F, 42.85. Found: C, 18.25; H, 4.63; S, 10.65; S, 
23.96; F, 42.79. 

The pure compound melted a t  -78.7 i 0.1'. 
Synthesis of (CHB)?NPF~.-PF~ (3.411 mmoles) and (CH3)2KSi- 

(CH3)3 (1.293 mmoles) were condensed a t  - 196' in the reaction 
vessel and the mixture was allowed to warm to room temperature. 
The reaction flask was immediately surrounded by a - 134' bath. 
After 10 min the reaction flask was opened to a trap surrounded 
by liquid nitrogen. Volatile material ceased to condense in thc 
liquid nitrogen trap after a period of 90 min. The liquid nitro- 
gen trap contained PFi (2.110 mmoles; mol wt found 126.1, 
calcd 126.0; confirmed by infrared s p c ~ t r u m ~ ~ ) .  These data 
indicated that the white solid residue in the -136" trap was 
composed of PF3 and (CHs)zSSi(CHa)a in the molar ratio of 
1.08: 1.00. The adduct appeared to be stable a t  -78". 
In another experiment, (CHajzNSi(CH3)a (8.073 mmoles) and 

PFa (10.930 mmoles) were condensed into the reaction vessel 
and were allowed to react while warming to room temperature. 
The materials were refrozen and vere allowed to warm to room 
temperature several times to ensure complete mixing. The 
white solid adduct which formed decomposed completely during 
approximately 1 hr a t  room temperature. Distillation of the 
products through a series of traps held a t  - 134, -83.5, and -45' 
yielded (CH3)zSiF (8.072 mmoles, 100.O~o yield; mol wt found 
91.7, calcd 92.0; confirmed by infrared spectrumz0) in the - 134' 
trap and (CHa)?NPF4 (6.439 inmoles; 79.5% yield; mol wt 
found 150.2, calcd 151.0) in the -83.5" trap. 

Calcd for CzHJSPF4: C, 15.90; H,  4.00; N, 9.27; 
P, 20.50; F, 50.31. Found: C, 16.09; H, 4.17; K, 9.57; P, 
20.22; F, 50.24. 

The pure compound melted a t  -80.0 C 0.1". 
Synthesis of (CHsNPFa)? .-PF; (5.540 mmoles) and CH&- 

[Si(CH3)8]2 (3.250 mmoles) w r e  condensed a t  -196" into the 
reaction flask which contained a Kel-F coated magnetic stirring 
bar. After stirring a t  room temperature for approximately 5 
min, the materials were refrozen a t  - 196" and were again stirred 
a t  room temperature until there was no pressure change in the 
reaction system. Distillation of the products through a series 
of traps held a t  -134, -83.5, and -37" yielded (CH8)BSiF 
(6.350 mmoles; 97.7y0 yield; mol wt found 92.7, calcd 92.0; 
confirmed by infrared spectrumz0) in the - 134' trap and (CHa- 
XPF3)z (1.075 mmoles; 66.2Cj, yield; mol wt found 232.8, calcd 
234.1) in the -83.5' trap. 

Calcd for C ~ H ~ N T ~ P ~ F ~ :  C, 10.25: H,  2.58; K, 11.93; 
P, 26.59; F, 48.70. Found: C, 10.50; H, 2.77; S, 11.70; P, 
26.37; F, 48.25. 

The pure compound melted a t  - 10.3 =k 0.1 O .  

Vapor Pressure Data. (A)  (CHs)?NSFs.-It was observed 
that (CHa)??;SF3 decomposed during the study of its vapor 
pressure over a 6-hr period between 23 and 50" as evidenced by 

(18) R. E. Dodd and P. L. Robinson, "Experimental Inorganic Chem- 

(19) H. S. Gutowsky and A. D. Liehr, J .  Chem. Phys., 20 ,  1652 (1962). 
(20)  H. A.  Kriegsmann, Z.  Anovg. A l l g e m .  C h e m . ,  294, 113 (1958). 
(21) Schwarzkopf Micro-Analytical I,aboratories, Woodside, 77, AT. Y .  

istry," 2nd ed, Elsevier Publishing Co., New York, N.  Y., 1957, p 211. 

Samples were transported a t  liquid nitrogen temperaturc. 
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the fact that as the temperature of the material was lowered, 
the apparent vapor pressure remained essentially constant. 
I t  was therefore necessary to gather the observed vapor pres- 
sure data using four separate, pure samples a t  four different tem- 
peratures. In this way, vapor pressure data could be obtained 
before any appreciable thermal decomposition occurred. Vapor 
pressures in the range 23.4-53.5” are represented by the equa- 
tion 

2115.3 
t + 273.16 

log.P,, = - + 8.2936 

The extrapolated boiling point is 117.5”, the molar heat of 
vaporization is 9.68 kcal, and Trouton’s constant is 24.7 cal 
deg-l mole-’. 

TABLE I 
VAPOR PRESSURES OF (CH&NSF3 

23 .5  14.6 14.6 
29.0 20.0 19.6 
36 .8  28.8 29.5 
53 .5  66.7 65.9 

Temp, “ C  P, mm, obsd P, mm, calcd 

(B) (CH3)2NPF4.-Vapor pressures of (CH3)2NPF4 in the 
range -23.2 to 30.5” are represented by the equation 

+ 8.12015 
1764.75 

t + 273.160 
log I) , ,  = 

Additional measurements to those given in Table I1 were used in 
deriving this relationship. The reversibility of the curve on de- 
creasing the temperature indicates that no observable decom- 
position took place during the 12-hr experiment. The infrared 
spectrum of the compound recovered was identical with that of 
the pure material. The extrapolated boiling point is 63.7”, 
the molar heat of vaporization is 8.08 kcal, and Trouton’s con- 
stant is 23.9 cal deg-l mole-’. 

TABLE I1 
VAPOR PRESSURES OF ( CH&NPF4 

Temp, 
O C  

2 . 1  
10.5 
15.2 
23.4 
30 .5  
29. 2a 

p ,  mm, 

47.3 
79 .1  
99 .9  

147.1 
204.1 
191.8 

obsd 
P, mm, 

51.1 
79.2 

100.0 
147.7 
203.5 
191.1 

calcd 
Temp, 

O C  

26. 4a 
20.8” 
13. 4a 

9 . 1 a  
2 .0”  

-23.2’ 

P, mm, 

170.0 
129.2 
91.4 
73.3 
50.9 
11 .7  

obsd 
P ,  mm, 

169.5 
130,7 
91.6 
73 .1  
50 .9  
11 .5  

calcd 

a Pressures observed while decreasing the temperature. 

(C)  (CH3NPF3)2.-Vapor pressures of (CHINPFI)~  in the 
range 0.1-46.5’ are represented by the equation 

2021.24 
t + 273.160 

log P,, = - + 8.46782 

Additional measurements to those given in Table I11 were used 
in deriving this relationship. The reversability of the curve on 
decreasing the temperature indicates that no observable decom- 
position took place during the 12-hr experiment. The infrared 
spectrum of the compound recovered was identical with that of 
the pure material. The extrapolated boiling point is 87.9’, the 
molar heat of vaporization is 9.24 kcal, and Trouton’s constant 
is 25.5 cal deg-l mole-’. 

Mass Spectra.-The mass spectra were recorded a t  an ionizing 
voltage of 76.0 v and a t  an ionizing current of 20 Ma. 

(A) (CH3)2NSFa.-A molecular ion peak of mass number 133 
had a relative intensity of 1% of the major peak. Possible 
assignments for the major fragments in decreasing order of 
abundance are C2H4Nf, CzHbN’, C~HE,N+, C2H2NSF2+, and C2Ha- 
NSF8’. 

TABLE 111 
VAPOR PRESSURES O F  (CH3NPFa)g 

Temp, P, mm, P, mm, Temp, P, mm, P, mm, 
“ C  obsd calcd O C  obsd calcd 

0 .1  11.4 11.8 46 .5  138.7 139.5 
3 .9  14.9 14 .9  41.1a 109.9 108.2 
6 . 5  16 .8  17 .3  35.5“ 83.9 83.1 

19 .5  36.7 36 .5  29.7” 62.2 62.1 
23.8 46.2 45 .9  26.6” 45.3 45.4 
29.3 61.0 61 .0  12.9” 24 .5  25.2 
34.7 81.1 81 .1  5.3O 16 .7  16.2 

a Pressures observed while decreasing the temperature. 

(B) (CH3)2NPF4.-A molecular ion peak a t  mass number 151 
had a relative intensity of 19% of the major peak. Possible 
assignments for the major fragments in decreasing order of 
abundance are PF2, CzH4N +, C*H;N+, CHI’, and C2H6NPF3+. 

(CH3NPF3)2.-A molecular ion peak a t  mass number 234 
had a relative intensity of 15% of the major peak. Possible 
assignments for the major fragments in decreasing order of 
abundance are CHsNPFa+, CHNPF3+, CHaN+, CHzNPFa-, 
PF2+, and CzH&JzP2Fj+. 

Infrared Absorption Spectra.-The infrared spectrum of 
(CH3)2NSF3 was recorded a t  5 mm pressure, that of (CHI)*- 
NPF4 was recorded a t  66 and 1.5 mm pressure; and that of 
(CH&PF3)2 was recorded a t  19.5 and 2.0 mm pressure. Absorp- 
tion maxima are listed in Tables IV and V and the spectra are 
given in Figures 1-3. 

(C) 

TABLE IV 
INFRARED ABSORPTION MAXIMA OF (CHa)tNSF3 ( c M - ~ )  

Assignment Ref 

2950 s 
1480 s 
1373 m 
1350 m 
1225 vs 
1060 m 
993 vs 
946 s 
769 vs 
704 1 
712fdS 

C-H str a, b 
Asym CHI def a, b 

b ,  c Sym CH3 dcf 
Unassigned 
C-N str b ,  d 
Unassigned 
S-F str e 
Impurity’ 
SF3 def e 

S-N str 

677 w Unassigned 
L. J. Bellamy, “The Infrared Spectra of Complex Mole- 

cules,” 2nd ed, John Wiley and Sons, Inc., Xew York, N. Y., 
1958. K. Nakanishi, “Infrared Absorption Spectroscopy,” 
Holden-Day, Inc., San Francisco, Calif., 1962. C. N. R. Rao, 
“Chemical Applications of Infrared Spectroscopy,” Academic 
Press, New York, N. Y., 1964. J. Goubeau and J. JimenCz- 
Barber&, Z. Anorg. Allgem. Chew., 303, 217 (1960). e K. Naka- 
moto, “Infrared Spectra of Inorganic and Coordination Com- 
pounds,” John Wiley and Sons, New York, N. Y., 1963. ’ The 
intensity of this band varied somewhat from one sample to an- 
other. # R. Schmutzler, private communication. I t  seems 
likely that this may be an S-N stretch, in view of the similarity 
of the masses of and 32S and the fact that the P-N stretch 
in the compounds (CHa)zNPFz, ( C ~ H ~ ) Z N P F ~ ,  and ( C ~ H ~ ) Z N P F ~  
has been assigned bands a t  705, 680, and 691 cm-l, respectively. 
See ref 9 and 10 and footnotesf and g of Table V. 

Nuclear Magnetic Resonance Spectra.-The proton spectra of 
both (CH3)sNPFd (7 7.49; JHF = 2.1 cps; JHP = 11.7 cps) and 
(CH3NPF3)2 (7 7.58; JEP = 14.5 cps) [pure liquids, (CH3)aSi 
external standard] were recorded on a Varian A60 spectrometer, 
and that of (CH3)2NSF3 (7 6.85; no H F  coupling; pure liquid, 
CeH12 external standard) was studied by means of a Varian HR60 
instrument. 

Fluorine spectra were recorded on a Varian HR60 instrument 
a t  56.4 Mc. The 19F spectrum of (CHs)2NPF4 [25% (volume) 



1906 M. G. B. DREW, D. H. TEMPLETON, AXD A. ZALKIN Inorgunic Chemistry 
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Figure 1.-Infrared absorption spectrum of (CHa)&SFa. 
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Figure 2.-Infrared absorption spectra of (CH3)zSPFa. 
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Figure 3.-Infrared absorption spectra of (CH3NPFa)z. 

solution in pentane; 6 0.18 ppm upfield from (external) FC12C- 
CC12F; JEF = 2.0 cps; JPB = 836 cps] was similar in form to 
that  of (C2Ha)2SPF4, both a t  room temperature and a t  low tem. 
perature.10," The room-temperature IgF spectrum of (CHB)?. 

TABLE V 

4x11 (CHJNPF,$), (rni I )  

I N P R A R R n  i\IlSORPTION hfAXIhIh O F  ( c I < : ~ ~ ~ ~ I ' l ? t  

(CHdg- 
N P F I  (CHaNPFajz Assignment Ref 

2970 w 2960 w C-H str (1, b 
2010 vvw 152.5 VIV [Jnassigned 
1900 vvw Unassigned 
1840 vvw Unassigned 
1745 vw Unassigned 
1461 w 1430 vw Bsym CH3 def a ,  h 

1375 vw Sym CH3 def b ,  c 
1300 m CH3 def in CH3-S-P group Q 

1170 s h  Unassigned 
1041 s C-N str n ,  h ,  d 
952 s 938 vs Equatorial P-F str 9 
885 vs 858 s Axial P-F str 9 
809 vvw Unassigned 
703 vw 807 s P -9  str a, e-g 
a See Table IY, footnote a. *See Table IY, footnote b .  

c See Table 1x7, footnote c. e B. 
Holmstedt and B. Larson. Acta Chern. S c a d . ,  5 ,  1179 (1951). 
f ,M. A. Fleming, Ph.D. Thesis, University of Michigan, 1963. 
Q H. H.  Sisler and N. L. Smith, J .  0i.g. Chem., 26,611 (1961). 

See Table IT-, footnote d .  

KSF3 [25V0 (volume) solution in pentane; 6 118 ppm downfield 
from (external) CFaCOOH] consisted of a moderately broad sig- 
nal, but a t  - 100' it  appeared as two signals ( 6  - 136 ppm; rela- 
tive intensity 2, and 6 -107, relative intensity 1). The fact 
that the average value of these signals (121.5 ppm) is close to 
that of the room-temperature IgF signal suggests that no great 
structural change occurs between room temperature and - 100°.l" 

The 31P spectrum of (CH3NPF3)2, which was recorded on a 
1-arian HR60 spectrometer a t  19.5 Mc, consisted of a complex 
multiplet 69.5 ppm upfield from H3P04. 
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The structure of SlN4* BF3 has been determined by single-crystal X-ray diffraction. 
P21/n, 2 = 4, a = 7.114 i 0.005, b = 10.418 =k 0.007, c = 10.i54 =k 0.008 A ,  and 
bonded via the boron atom to a nitrogen atom of the Sax4 eight-membered ring. 
the corners of a square, while the nitrogen atoms are alternately above and below the plane of the square. 
is very similar to that of S4Xd.SbC15, but unlike that of Sax, itself. 

The crystals are monoclinic, space group 
The BF3 group is 

The four sulfur atoms in this ring are near 
This conformation 

= 95.40 rrt 0.06°. 

Introduction lated compounds of the composition S4N4.BF3 and 
S4Kk.BC13. Several other adducts of S&:4 with Lewis 
acids have been prepared in the pastj3 and Neubauer 

In a recent study of the reaction of sulfur nitride, 
s4jg4, with the boron trihalides Ivynne and Jolly2 iso- 

(1) Work done under the auspices of the U. S. Atomic Energy Commis- 
sion. 

(1) K. J. Wynneand 1%' L Jolly, I x o u g .  Chem., 6,  107 (19G7). 
(3) See citations listed in rei 2. 


