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the trans effect is due predominantly to a ground-state 
structural effect, whether the trans-directing ligand is a 
strong donor only (H-) or whether it exerts a strong 
u-donor effect because of the synergism involving its 
strong +acceptor properties (olefin). Thus, the nqr 
frequencies reflect both the directional influence of the 
ligand-platinum u bond and the isotropic effect resulting 
from net charge donation. 

The approximately 1-MHz difference in frequen- 
cies between the cyclooctadiene and norbornadiene com- 
plexes seems too large to be accounted for entirely in 
terms of lattice effects. Framework molecular models 
of the olefins suggest that the 7r bonds of norbornadiene 
are a t  an angle more suitable to overlap with the dsp2 
valence-bond platinum orbitals than the R bonds of 
cyclooctadiene. Study of cis-PtClz(olefin)z complexes, 
in which the overlap optimization is not constrained as 
in the chelate complexes, would test the hypothesis that 
overlap differences account for the frequency differ- 
ence. 

As listed in Table 11, (dv/dT), for the two resonances 
of the norbornadiene complex differ by about 20%. 
It is difficult to determine if there is a discontinuity a t  
some point between -40 and -56', as the nonlinearity 
of the points suggests. 
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Silicon difluoride has been found to undergo a wide 
variety of reactions a t  low temperat~res . l -~ In reac- 
tions with alkenes and alkynes the products identified 
are usually consistent with a mechanism involving 
attack of biradicals .SiFz(SiFz),SiFz. (n = 0, 1, 2, etc.) 
on the carbon-carbon multiple bond in the unsatu- 
rated molecule. In many of the reactions a rearrange- 
ment involving the shift of a hydrogen atom is also 
observed, giving chain rather than cyclic  product^.^ 

In this note we report the results of the reaction be- 
tween silicon difluoride and trifluoropropyne, which was 
studied since the possibilities for rearrangement might 
have been more limited than in the case of nonfluori- 
nated alkynes. 

Experimental Section 
(i) Preparation of CFsC=CH.-Trifluoropropyne was pre- 
(1) P. L. Timms, T. C. Ehtert, J. L. Margrave, F. E. Brinckmsn, T. C. 

(2) P. L. Timms, D. D. Stump, R. A. Kent, and J. L. Margrave, ibid. ,  88, 

(3) J. C. Thompson, J. L. Margrave, and P. L. Timms, Ckem. Commwi., 

(4) J. C. Thompson, J. L. Margrave, C. S. Liu, and P. L. Timms, t o  be 

Farrar, and T. D. Coyle, J. Amer. Ckem. Soc., 81, 3819 (1965). 

940 (1966). 

566 (1966). 

submitted for publication. 

pared from CF3CC1=CC12 (Pennisular Chemresearch Inc.) after 
the method of Finnegan and Norrk6 Trace amounts of C F r  
CCl=CClH were detected by nmr but were easily removed by 
distillation through a trap cooled to -95'. CF~CECH was 
collected a t  - 196' and stored in a stainless steel cylinder. 

Reaction of SiFz with CF&zCH.-SiFp was generated, 
as previously described,e by the reaction of SiF4 with silicon 
metal a t  about 1150". Approximately equimolar amounts of 
SiF2, SiF4, and CF~CZCH were cocondensed a t  - 196" to give a 
light brown deposit, which on warming to room temperature 
evolved volatile' products and left a bright yellow involatile 
residue. The latter ignited explosively on contact with moist 
air. 

(iii) Volatile Products.-The mixture of volatile products 
was subjected to vacuum-line fractional distillation. Excess, 
unreacted SiF4 and CF&=CH were removed a t  -995'. The 
CF&=CH was trapped a t  - 132" and used in subsequent reac- 
tions. Two compounds were obtained on further distillation 
of the material trapped a t  -95". 

A fraction trapped a t  -64", volatile a t  -45", contained mainly 
a species of formula C3HSi2F7 (I) and a small amount of another 
compound of formula CeH2Si2F10 (11) as shown by the mass spec- 
trum (Table I). 

A second fraction trapped at  -45", volatile a t  -22", con- 
tained apparently pure 11. 

The yield of these two compounds based on CF8C=CH used, 
but not recovered after the reaction, was less than 5%. I was 
about twice as abundant as 11. 

A greaseless vacuum system was used for the manipulation of 
volatile compounds. 

Nmr spectra were obtained on a Varian A-56/60D spec- 
trometer using medium-walled tubes sealed undet vacuum. Mass 
spectra were obtained on an MS-902 spectrometer with samples 
introduced by evaporation at  room temperature. Infrared 
spectra were obtained on the Perkin-Elmer 521 spectrometer 
using a 10-cm gas cells with KBr windows. The spectroscopic 
results are discussed in the Results section. 

(iv) Involatile Residue.-The bright yellow residue was 
heated cautiously to 150' in the vacuum system. The color 
became paler and small amounts of I1 were evolved. Because 
of the danger of explosion of this and similar polymers4 the heat- 
ing was not continued. 

(5) 

Results 
The fraction collected between - 45 and - 64' was a 

colorless liquid. The mass spectrum (Table I) sug- 
gested that it was mainly compound I with a molecular 
formula C3HSi2F7. The infrared spectrum showed 
characteristic bands for CH stretching (2950 em-' (w)), 
C=C stretching (1550 cm-' (m)), CF stretching (1000- 
1300 cm-l (s)), and SiF stretching (800-1000 cm-l 
(s)). Details of the nmr spectra are given in Table I1 
and Figure 1. The proton nmr spectrum shows only a 
triplet of six-line multiplets centered a t  7 1.69, which 
may arise from coupling to  one SiFz group and further 
smaller coupling to the second SiFz group and to the 
CF3 group. Two areas of resonance were found in the 
fluorine spectrum: that a t  65.66 ppm upfield from 
CCtF  is assigned to the CF3 group and consists of 11 
lines which may be explained from the partial overlap 
of a triplet of doublets of triplets. The complex reso- 
nance between 131.3 and 132.7 ppm is assigned to two 
nonequivalent SiFz groups. The spectrum shows an 
AA'BB'X pattern. 

All these data are in agreement with a four-membered 
ring structure (I) for C3HSizF7. A calculated nmr 
pattern for the CF3 group based on the coupling 
constants J 0 F - X  = 1.6 Hz, JCR--BiF = 2.4 Hz, and 
JcF-si8iF = 0.8 Hz is shown in Figure 1. There is ex- 
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TABLE I 
MASS SPECTROMETRIC ION ABUNDANCES FOR I AND I1 

d e  Assignment I I1 
-Ion abundance-- 

19 F+ <1 <1 
31 CF+ 40.0 18.0 
47 SiF + 31.0 17.0 
50 CFz + 6.2 3.5 
51 CFzH+ 11.0 18.0 
56 CaHF + 12.0 15.0 
57 CaHzF+ 8.0 11.0 
66 SiFz + 6.0 7.0 
67 SiF2H + 16.7 17.0 
69 CF3 + 43.0 17.0 
75 CaHFe + 47.0 37.0 
85 SiF3 + 100.0 100.0 
91 CSHSiFa + 32.0 56.0 
93 C3F8+ 37.0 <1 
94 CsHFa+ 62.0 <1 

122 CsHSiFs + 13.0 11.0 
123 CaHzSiFa + 11.5 13.0 
135 CF3SiFz+ 18.5 33.0 
141 CsHSiF4+ 10.0 17.0 
160 CaHSiFa+ 45.4 20.0 
179 CaHSiFe + 24.0 . . .  
182 C4HzSizF4 + . . .  3 .5 
194 C ~ H Z S ~ S F ~  + . . .  3 .5 
213 C5HSizFa + . . .  26.0 
226 GHSiaF, + 2.5 . . .  
232 CsHzSizFe+ . . .  18.0 
245 CaHSiSFs + -1.0 13.0 
263 CaHBizF? + . . .  33.0 
282 CeHzSizFa+ . . .  33.0 
301 CsHzSizFQ+ . . .  -1.0 
320 C ~ % S ~ Z F I O  + . . .  $1.0 

TABLE I1 
NMR DATA OF PRODUCTS OF THE S~FZ-CF~CECH REACTION 
Cbem shiftsa Value, ppm Coupling const Value, Hz 

Compound I 
H 1.69 JCF-H 1 . 6  
CFa 65.66 JcF-SiF 2 . 4  
SiFa or 131.25or JH-Sip’ 16.5 

SiFZ’ 132.68 JH--BiSiF 1 . 6  
JCF-SiSiF’ 0 . 8  

Compound I1 
H 1.99 JCF-H 0 . 6  
CF3 65.86 JCF-EXF 0 .6  
SiFz 140.00 
All lH nmr chemical shifts were measured with internal 

reference TMS in T values. All l9F nmr chemical shifts were 
measured with internal reference CClaF. 

cellent agreement with the observed spectrum in both 
the splitting pattern and line intensities. 
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The fraction collected between -22 and - 45’ was a 
colorless liquid. The mass spectrum (Table I) sug- 
gested a molecular formula CeHzSi2Flo. The infrared 
spectrum was very similar to that of C3HSi2F7. The 
proton nmr spectrum showed only one broad peak a t  T 
1.99. In  the fluorine spectrum, one quartet (at 65.86 
ppm) was observed in the region expected for a CF3 
group, and one broad peak (at 140.0 ppm) was seen in 
the region of SiF resonances. The broad peaks in pro- 
ton and fluorine spectra were not resolvable. 

The results strongly support the ring structure as 
shown (11), with the assignment as the 2,3-bistrifluoro- 
methyl isomer. 

CF3\ / 

I 1  

Figure 1.-(a) The lH nmr spectrum of I. (b) Observed 
Only the resonance of and calculated 19F nmr spectra of I. 

CFa is shown. 
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We can rule out the 1,3 isomer on the basis of the 
number of areas of resonance in the nmr spectra of the 
compound. In addition, based on the magnitudes of 
the coupling constants observed from I, we believe 
that the 1,4 isomer is also unlikely. In  the case of I, 
the coupling constant between CF3 and the “closer” 
SiF2 group JcF-siF = 2.4 Hz, while the coupling 
constant between CF3 and the “remote” SiFz group 
J ~ F - s i ~ i p  = 0.8 Hz. In 11, the observed coupling con- 
stant between CF, and SiFz was 0.6 Hz, indicating 
that CF3 groups may be on the 2,3 rather than on the 
1,4 positions. 

Compound I1 remained stable after heating to 100” 
and after uv irradiation (from a Hanovia 1 L photo- 
chemical uv source) for 15 hr. 

When I1 was treated with CH30H-KOH solutions in 
a vacuum-sealed tube, a colorless liquid was separated 
from excess methanol and a white unidentified solid. 
The 1H nmr spectrum of this liquid showed a quartet a t  
T 3.25 and a singlet at T 6.70 with intensity ratio 1:3. 
The leF nmr spectrum showed a doublet a t  66.1 ppm 
upfield from CC13F. No fluorine resonance was found 
in the region expected for Si-F. The observed cou- 
pling constants of the quartet (in ‘H nmr) and the doub- 

I 

The nmr data are listed in Table 11. 
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let (in 19F nmr) were the same (1.0 Hz). The mass 
spectrum of this compound showed the highest mass 
peak a t  m/e 250. These data suggest that the com- 
pound may be I11 and support the postulated ring 
structure of compound 11. 

Discussion 
The two compounds from this reaction may be com- 

pared with the products identified in other related reac- 
tions. In the reaction between SiFz and p r ~ p y n e , ~  
IV and V were obtained. In the reaction between 

Iv V 
SiFz and a~ety lene ,~  VI and VI1 were obtained. In 

.. .. H-CeC-C-SiF2 
H /H \c=c 

I 
F,&i-SiF, 

I 

H 

H>c=c, H /SiF, 

VI VI1 
all the three reactions, four-membered ring compounds 
were obtained. In the reaction of 3,3,3-trifluoropro- 
pyne, no open-chain products were observed. Both 
V and VI1 were formed by the addition of .SiF2SiF2' 
biradicals on two acetylene molecules. The formation 
of V involved a hydrogen atom migration from one 
methyl group, whereas the formation of VI1 presum- 
ably involved the migration of an acetylenic hydrogen. 
From the facts that there are no methyl hydrogens 
available for rearrangement in CF~CECH and that the 
presence of CF) groups may facilitate the ring-closure 
process,' the formation of the six-membered ring prod- 
uct I1 is reasonable in this case. 
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Studies on the rates of reduction of pentaaminechro- 
mium(II1) complexes by chromium(I1) provide an 
interesting and possibly mechanistically useful compar- 
ison to the more widely studied pentaaminecobalt(II1) 
complexes. The reaction of chromium(I1) with the 
fluoro, chloro, bromo, and iodo complexes of (NH3)5- 

(1) Author to whom correspondence should be addressed. 

CrS+ has been studied by Ogard and TaubeS2 The rate 
trends with the various bridging ligands follow those 
found in the (NH3)&03+ series;314 however the rate con- 
stants are -108 times greater in the cobalt series. It 
seems worthwhile to extend this study to the rather 
different azide bridging ligand and to determine if the 
trends observed previously can be extended more gen- 
erally. 

Experimental Section 
All solutions used in the kinetic study were prepared in water 

which had been distilled from alkaline permanganate solution 
in an all-glass apparatus. Lithium perchlorate solutions were 
prepared by dissolving reagent grade lithium perchlorate (G. F. 
Smith Chemical Co.) in water and were filtered through a 5 - p  
Millipore filter (Millipore Filter Corp.). The lithium per- 
chlorate solutions were standardized by titration, with standard 
sodium hydroxide, of the hydrogen ion eluted from a cation ion 
exchange column initially in the hydrogen ion form. 

Chromous perchlorate solutions were prepared by dissolving 
electrolytic grade chromium (99.9997, purity, United Mineral 
and Chemical Corp.) in dilute perchloric acid-lithium perchlorate 
solutions. The solution was standardized periodically by reac- 
tion of an aliquot with a known excess of ferric ammonium sulfate 
and then determining the excess ferric ion iodometrically. 

All solutions used to study the chromium(I1) reduction were 
degassed with high-purity argon and handled using standard 
syringe techniques. 

A sample of (NH3)&rN3(C10& was prepared as described by 
Linhard and Berthold5 and purified by ion-exchange chromatog- 
raphye on Rexyn 102 (H) weak-acid cation-exchange resin [Fisher 
Scientific Co.) in the sodium ion form. The ion-exchange pro- 
cedure was carried out a t  -2" by immersing the ion-exchange 
column in a cold bath. The eluent was aqueous sodium chlo- 
ride in increasing concentration up to 0.50 M .  The band of ion- 
exchange resin containing the required complex was separated 
physically from the remainder of the resin, collected, and washed 
with water and then treated with sufficient dilute (-0.1 M )  per- 
chloric acid to free the complex from the resin. The resin was 
filtered off and sufficient 70% perchloric acid was added to the 
filtrate to make it -1 M in perchloric acid. The mixture was 
cooled for 4 hr in a refrigerator and then the product was collected 
and washed with ethanol and ether and dried under vacuum. 
The sample was stored in a refrigerator. Anal. Calcd for 
(NH&CrrZ3(C104),: Cr, 13.76; H, 3.97; N, 29.63. Found: 
Cr,7 13.80; H,  3.76; N, 29.71. 

The absorption spectrum of ( NH3)&rN3(C104)~ dissolved in 
water shows maxima at 382 nm (e 93.4 M - 1  em-') and 500 nm 
( E  154 M-1 cm-'). These values are in reasonable agreement 
with those previously reported: 382 nm ( e  93.4 11f-l cm-l) 498 
nm ( e  145 M-"I-'). 

The kinetics of the chromium(I1) reduction of ( NH&CrNa2+ 
was followed spectrophotometrically a t  500 nm on a Bausch and 
Lomb precision spectrophotometer, The reaction was initiated 
by adding the required amount of a solution of chromium(I1) 
from a syringe to a solution of the azido complex plus HC104 
and LiC104 to give a final ionic strength ( I )  of 1.0 M in a 5-cm 
path length spectrophotometer cell. The temperature of the 
reaction solution was controlled as described previou~ly.~ 

In  all cases the reactions were carried out with a t  least a 25- 
fold excess of reducing agent over oxidizing agent. Rate con- 
stants were determined from the usual plot of log (At - A,) 8s.  
time, where A t  and A ,  are the absorbances a t  time t and after 
the reaction is complete, respectively. 

The chromium(II1) product of the reduction was character- 
ized spectrophotometrically after ion-exchange separation. A 
reaction solution containing 5.35 X M ( N H S ) & ~ N ~ ~ + ,  
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