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It has been observed, however, that l,2’-(B6H& 
rapidly decomposes in air. 

Other examples of boranes in which several polyhedra 
or polyhedral fragments are attached by a single B-B 
bond include BBH18, which most probably consists of 
two tetraborane units bound by a B-B bond between 
the 2,2‘ positions,g-ll B20H26, which is assumed to con- 
sist of two B10H13 units (from B10H14) bound together by 
a B-B bond, and all three possible isomers of BzoH1~~-. l2 

Experimental Section 
A nearly empty BaH9 cylinder was attached to the vacuum 

line and the remaining volatile materials were distilled into a 
trap at - 196’ over a period of several days. The materials less 
volatile than pentaborane(9) were separated by fractional con- 
densation in a U trap at - 45’. The materials condensing in this 
trap were transferred to  a high-vacuum reflux cold-finger as- 
sembly. The cold finger was cooled to -12’ (salt-ice bath) 
and the bulb of the reflux assembly was heated with a beaker of 
warm water. The materials were allowed to reflux in the closed 
apparatus for some time; then the stopcock connecting the reflux 
assembly to the vacuum line was opened and materials distilling 
past the cold finger were collected in several fractions. The 
initial samples had infrared spectra characteristic of alkyl-sub- 
stituted boron hydrides; these compounds were not character- 
ized. Subsequent samples showed decreasing absorptions in the 
C-H stretching region of the infrared spectrum, but no samples 
could be obtained without this absorption. When the amount of 
liquid material in the reflux assembly became negligible, a solid 
material began to collect on the cold finger. The solid was sub- 
sequently identified as BloHlr by its llB nmr spectrum. 

Several samples from the reflux distillation, with only a small 
C-H stretch absorption, were combined and further purified 
using a low-temperature, high-vacuum spinning-band distilla- 
tion column.4 The first samples collected again showed a strong 
absorption in the C-H stretching region of the infrared spectrum, 
but this absorption disappeared as successive fractions were col- 
lected. Several samples of material having no absorption in 
the C-H stretching region of the infrared spectrum were com- 
bined and analyzed (Schwarzkopf Microanalytical Laboratories). 
Anal. Calcd for B1OH16: B, 87.03; H, 12.98. Found: C, 
0.00; B, 86.93; H, 12.96. 

A gas chromatogram of these samples showed that they were 
mixtures containing about 85y0 of one component and 15% of a 
second component. 

Other similar samples, containing approximately 207, of the 
second component, were purified by preparative gas chromatog- 
raphy using a Loenco Model 160-PMT-2 gas chromatograph. 
Separation of the components is effected using a in. X 10 ft 
column of 20% Kel-F on Chromosorb W a t  60’ and a helium 
flow rate of 200 cm3/min, with the samples being collected at 
-196’. Samples were injected as 50% hexane solutions. Ow- 
ing to  severe overloading characteristics of these compounds, 
sample sizes were restricted to 5 pl or less. The observed re- 
tention times were about 6 min for the smaller component and 
7.5 min for the major component, compared to  about 0.5 min for 
the hexane solvent. The larger of the two components was sub- 
sequently identified as 2-[2’-pentaboran(Q)yl]pentaborane(9), 
2,2’-(B&)z, and the smaller as 1-[2’-pentaboran(9)yl]penta- 
borane(9), 1,2’-(B5&)2. Melting points of both isomers were 
obtained in sealed capillaries: 1,2’-(BsH&, 18.4’; 2,2’-(B5Hs)2, 

1,2’-(BsHs)~.-The 32.1-MHz l1B nmr spectrum 
of the 1,2’-(BsH8)2 has a low-field group that appears to be a 
composite of a singlet of intensity 1 at about 3.58 ppm (from 
BFI.O(CZH~)Z), B(2’), and a sharp, well-resolved doublet, 
B(2-5 and 3’-5’), of intensity 7 at 12.6 ppm, with a coupling 
constant of 168 Hz (Figure 1). The high-field group appears to  
be a composite of a singlet of intensity 1, B(1), a t  57.3 ppm and a 
doublet of intensity 1, B(l’), at 50.5 ppm, with a coupling con- 
stant of 180 Hz. 

-22.8t0 -20.5’. 
“r Spectra. 
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The 60- and 100-MHz 1H nmr spectra of 1,2’-(BsH8)2 show 
both bridging and terminal hydrogens but give no structural 
information. The following chemical shifts were obtained: 
H(2-5,3’-5’), r 7.82 ppm, J = 165 Hz; H(bridge), r 12.2 ppm. 

2,2’-(B5Hs)~.-The 32.1-MHz IlB nmr spectrum of 2,2’- 
(B6H8)2 (Figure 1) has a low-field group of intensity 8 which 
appears to be a doublet, B(3-5, 3’-5’), and a singlet, B(2, 2’), 
overlapping with the low-field member of the doublet. The 
resulting two peaks are at 9.6 and 13.4 ppm. The high-field 
doublet of intensity 2, B(1, l‘) ,  is a t  49.9 ppm with a coupling 

~~ 

constant of 180 Hz. 
The 60- and 100-MHz lH nmr spectra of 2,2’-(BsHsh exhibit 

two kinds of terminal hydrogens as well as bridging hydrogens. 
The following chemical shifts and coupling constants were ob- 
tained: H(1, l’), T 

9.5 ppm, J = 171 Hz; H(bridge), r 12.0 ppm. 
Infrared Spectra.-Infrared spectra were obtained in the gas 

phase, using a Perkin-Elmer 700 spectrometer. In the case of 
2,2’-(B5H& a thin-film spectrum was also obtained. The 
infrared spectra of l,Z’-(BsH8)2 and 2,2’-(Br,H8)2, respectively, 
are (cm-’ d= 10 cm-l) as follows: 1,2’-(BsHs)~: 2595 ( s ) ,  1840 
(w), 1790 (vw), 1440 (w), 1395 (m), 1085 (vw), 1010 (w), 890 
(m); 2,2’-(BgH8)2: 2595 (s), 1805 (m, b), 1495 (sh), 1465 (sh), 
1395 (s), 1350 (sh), 1110 (w), 1035 (sh), 1010 (s), 975 (m), 905 (s), 
890 (sh), 880 (s), 850 (m), 800 (w). 

Mass Spectra.-Mass spectra were obtained using an MS-902 
spectrometer. For both isomers, the mass spectra a t  70 eV 
cut off at m / e  126 as expected for BloH16. Exact mass measure- 
ment gave the following results: calcd for B10H16, 126.2183; 
found, 126.2172. The overall appearance of the spectra of both 
isomers is nearly identical with the previously reported spec- 
trum of de~aborane(l6).~ Mass spectra, obtained a t  a number 
of different ionizing voltages in the range 10-20 eV, showed only 
very slight differences between the two isomers. None of these 
differences was judged useful in distinguishing between the two 
isomers on the basis of their mass spectra. 

Acknowledgments.-This work was supported in 
part by the National Science Foundation and the 
Office of Naval Research. We thank Bill Stebbings 
for the mass spectra. The mass spectrometer and nmr 
facilities were purchased in part with funds supplied 
by National Science Foundation equipment grants. 
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The trans effect in the substitution reactions of 
square-planar metal complexes, particularly of plati- 
num(II), has been of interest for many years. The 
variety of ligands which exert a strong trans effect is 
quite remarkable. Hydride, H-, presumably capable 
of interacting with Pt only through a u bond, exerts a 
kinetic effect comparable to that of ethylene,2 in which 
interaction with Pt is generally agreed to consist in both 
u and B bonding to comparable degrees. 

In attempts to account for the kinetic trans effect, 
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the question arises whether the trans-directing ligand 
owes its effect principally to the weakening of the trans 
platinum-ligand bond in the ground state of the mole- 
cule or whether it operates more importantly in sta- 
bilizing the transition state. This question is of par- 
ticular significance in comparing the trans effects due to 
such diverse groups as H- and olefin. The number of 
observations of ground-state properties which bear upon 
the question in a meaningful way is limited. We pre- 
sent here recent measurements of chlorine nuclear quad- 
rupole resonances in Zeise’s salt and analogous mono- 
olefin complexes, cyclooctadieneplatinum(I1) chloride 
and norbornadieneplatinum (I I) chloride. 

Experimental Section 
The cyclooctadiene and norbornadiene complexes were pre- 

pared by literature methods3s4 and recrystallized, and their 
purities were established by satisfactory elemental analysis. 
Zeise’s salt, K [PtCla(CzH4)] .HzO, and K[PtCla(cis-CHaCH= 
CHCHa)] were prepared by bubbling the appropriate olefin 
through a concentrated solution of K2[PtC14] in 3% HCl with 5 
mol % SnCL as a catalyst and evaporating the solution to cry- 
stallize the yellow or orange product. The composition and 
purity in each case were established by elemental analysis. The 
styrene complex was also prepared by two methods previously 
described.6 

The nqr spectra were obtained on a Wilks NQR-1A superre- 
generative nqr spectrometer, using Zeeman modulation. 
Sample volumes used were about 3 cm3. Signals were generally 
weak; many olefin complexes examined did not yield resonances, 
and only in the case of Zeise’s salt and cyclooctadieneplatinum(I1) 
chloride could the weaker 37Cl resonances be observed a t  the 
expected frequencies. In most cases the central absorption was 
easily distinguishable from the side bands spaced a t  intervals of 
approximately 20 kHz (the quench frequency) on either side. 
Measurement of frequencies was accomplished using a Drake 
R4-A receiver equipped with a crystal converter and calibrated 
crystals. Time constants of 10 and 30 sec were used during 
frequency measurements; the scan rate was the slowest possible, 
to minimize the time between frequency measurement and re- 
corder response. The accuracy of the frequency measurements 
is approximately 1 5  kHz, assuming the center absorption has 
been correctly identified. The frequencies reported in this work 
for K[PtCIa(C2H4)] SHZO differ by as much as 80 kHz from the 
values reported recentlyi6 the lowest frequency was not identified 
in that work. 

Temperature-dependence data were obtained by regulating the 
boil-off rate from liquid nitrogen and allowing the cold gas to 
flow inside a double-walled plastic box enclosing the sample.’ 
Changes in frequency were measured to within f 2  kHz; the 
temperature measurements, using an iron-constantan thermo- 
couple, are accurate to & 1 ’. 

Results and Discussion 
The most conspicuous common feature in the spectra 

of the monoolefin complexes (Table I) is the presence of 
a pair of higher frequencies and one lower frequency. 
Each of these in turn may be split by crystallographic 
inequivalence (the observation of three instead of four 
upper frequencies in the styrene complex could result 
from a weak resonance not detected or from two non- 
resolved signals). Although an attempt to assign the 
frequencies by preparing the trans-bromo-substituted 
Zeise’s salt and searching for the 36Cl frequencies was 
unsuccessful, assignment of the lowest frequency to the 

(3) J. Chatt, L.  M. Vallarino, and  L. M. Venanzi, J .  Chem. Soc., 2496 
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(6) A. F. Schreiner and T. B. Brill, Theor. Chim. A c t a ,  17, 323 (1970). 
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measurements in another laboratory: C. W. Fryer, private communication. 

(7) T. L. Brown, P. A. Edwards, C. B. Harris, and J. L. Kirsch, Inovg. 
Chem., 8 ,  763 (1969). 
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TABLE I 
“c1 NQR FREQUENCIES I N  K [PtC&(OLEFIN)] AND PtC1z(OLEFIN) 

Temp, 36C1 freq, Charge on CI, 
Complex OC MHz - (1  - u)  

Kz [ PtC141‘ 0 17.93 -0.68 
13 16.001 -0.71 K [PtC13(CzHa)] . Hx0 

20.137 -0.63 
20.370 -0.63 

K [PtCla(cis-but-2-ene)] 22 16.007 -0.71 
16.525 -0.70 
19,872 -0.64 
20.125 -0.63 
20.920 -0.62 
21.078 -0.62 

K [PtCls(styrene)] 22 16.639 -0.70 
16.933 -0.69 
20.338 -0.63 
20.606 -0.62 
20,772 -0.62 

(1,5-~yclooctadiene)PtCl~ 22 19.772 -0.64 
(norbornadiene)PtClzb 30 18,573 -0.66 

18.799 -0.66 
a E. P. Marram and E. J .  McNiff, J .  Phys. Chem., 67, 1719 

(1963). Norbornadiene = bicyclo[2.2.l]hepta-2,5-diene. 

trans C1 is justified by two observations. First, in 
complexes of the type PtC12L2, 35Cl nqr frequencies in 
the trans form (containing no C1 trans to L) occur higher 
than those in the cis form8 The difference is most 
pronounced in ligands with a strong trans effect. Sec- 
ond, if the lowest frequency were not due to the trans C1, 
then a difference of about 4 MHz between the two cis 
chlorines would need to be ascribed to lattice inequiva- 
lence in Zeise’s salt and molecular and lattice inequiva- 
lence in the styrene and butene complexes (see Figure 1). 

Figure 1.-Schematic drawing of a platinum-olefin complex, 
showing the origin of nonequivalence in the cis chlorines. 

This seems very improbable, since the frequency dif- 
ference is so marked and approximately constant. 

Accepting the assumption that the lowest frequencies 
are due to the trans C1, i t  is not possible in the styrene 
and butene complexes to distinguish which pairs of 
resonances in the upper multiplet are due to lattice 
effects and which to molecular inequivalence. The 
temperature-dependence data for Zeise’s salt (Table 
I1 and Figure 2 )  indicate that the higher frequency 
cis C1 has a (dv/dT), considerably less negative than 
the other cis C1. The crystal structureg reveals hydro- 
gen bonds to each of the cis Cl’s, and they appear to be 
effectively equivalent. Assuming the same effective 
torsional frequencies for all three chlorines, Bayer’s 
theory ‘0 predicts a nearly linear temperature depen- 
dence, as is observed in Figure 2 ,  and a single value for 
(l/vo)(dv/dT), ( v ,  is the nqr frequency in the rigid 

(8) C. W. Fryer and J ,  A. S. Smith, J. Chem. Soc. A ,  1029 (1970). 
(9) M. Black, R. H. B. Mais, and P. G. Owston, A c t a  Crystallog!‘., Sect. B ,  

25, 1753 (1969). A more recent redetermination of the structure, using a 
different space group (J, A. J. Jarvis, B. T. Kilbourn, and P. G .  Owston, 
ib id . ,  Sect. B, in press) requires revision of the Pt-CI bond distances: Pt-C1- 
(trans) = 2.327 A, Pt-Cl(cis) = 2.305 tf. 

(10) E. A. C. Lucken, “Nuclear Quadrupole Coupling Constants,” 
Academic Press, New York, N. Y., 1969, Chapter 8. 
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Figure 2.-Temperature dependence of 36Cl nqr frequencies 
in Zeise's salt, K[PtCls(C2H4)] ~ H z O .  
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TABLE I1 
TEMPERATURE DEPENDENCE OF W1 NQR FREQUENCIES IN 

K [PtCls(C2H4)] *H2O AND (NORBORNADIENE)PtC1z 
v (  Wl), (dv/dT)p, Y (Wl),  (dv/dT)p, 
MHz Temp, 'C kHz/deg MHz Temp, OC kHz/deg 

16.129 
16.089 
16.037 
16.001 
15.984 
20.300 
20,247 
20.180 

(Norbornadiene)PtClza 

1 18.916 -115 1 18.892 -79 
18.713 -115 
18.685 -79 

-0.80 

~ 

18.866 -56 
18.828 -8 
18.799 30 

18.654 -56 
18.646 -40 
18.609 -8 
18.573 30 J 

The order of measurement was 30, -8, -56, -115, -40, 
and -79". The identification of the center peak in some 
cases was very questionable, and the kinetics of any phase 
change may render the low-temperature measurements invalid, 
if two phases were present during measurement or if the unstable 
phase existed during the measurement. 

lattice, approximated from experimental data by ex- 
trapolation of the observed frequencies to OOK). Eval- 
uating this expression for the chlorines from the lowest 
to the highest frequency yields, in units of 10-6/deg, 
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the values -6.3, -6.5, and -3.7. The significantly 
less negative value for the highest frequency C1 sug- 
gests that it may be involved in hydrogen bonding to a 
different degree that the other cis chlorine. 

Charges on the C1 atoms listed in Table I have been 
computed using the simplifying assumptions of the 
Townes and Dailey theoryS8 The presence of a 0.5- 
MHz crystallographic splitting in the butene complex 
suggests that a relative ordering is perhaps all that is 
currently justified. The observed order of increasing 
35Cl frequencies, ethylene < butene < styrene, is prob- 
ably influenced by both the inductive and steric char- 
acter of the substituents on the ethylene. 

The Wl nqr frequencies of the cis-PtCl2(olefin) 
complexes listed in Table I occur a t  higher values than 
those for the analogous amine and phosphine complexes 
reported.8 That the complexes with strong trans ef- 
fects exhibit higher resonance frequencies in both cis 
and trans forms may be due to back-bonding between 
the phosphine or olefin ligand and platinum." Thus, 
the net charge donated by the ligand actually decreases 
and the 35Cl frequency increases with increasing back- 
bonding, while the u covalent bond is strengthened by 
the synergic effect. Moore calculates the population 
of the olefin a* (back-bonding) orbital in Zeise's salt to 
be 0.36 and the reduction of the occupied a-orbital 
population due to u bonding to be 0.33, which implies a 
nearly neutral ethylene. l2  Concomitant with this in- 
creased back-bonding is an increased a-overlap integral 
in the order of N < C1 < P = C, as calculated by Mc- 
Weeny, et U Z . ' ~  Increased covalency in the ligand- 
platinum bond, according to Syrkin's account of the 
trans effect,14 induces extra covalency in the cis C1 but 
reduces the covalency in the trans C1. This would have 
the effect of lowering the nqr frequencies in the cis- 
PtCl2(olefin) complexes from the high values expected 
on the basis of total charge donation. It would also 
account for the observed frequencies in the K[PtCl,- 
(olefin)] series, in which the trans C1 is considerably 
more ionic than the cis C1, given the assumptions that 
the hybrid character of the u orbital from cis and trans 
chlorines is the same and that chlorine-to-platinum a 
bonding is small. This explanation is similar to ones 
recently the observation of cis and trans 
influences in the same complex, as in Zeise's salt, fur- 
ther supports this interpretation. 

A structural trans influence in Zeise's salt has been 
evidenced by X-ray data, which indicate a longer Pt- 
trans C1 bond distance than l5 Infrared stud- 
ies indicate that the Pt-trans C1 stretching frequency is 
lower than the average for the Pt-cis C1 modes.16 A 
lowering of the W 1  nqr frequency thus correlates with 
decreasing bond order, as was found in other Pt(I1) 
complexes. Especially interesting is the low 35Cl nqr 
frequency in ~YU~~-(P(CH~)~C~H~)~P~HC~,~~~ approxi- 
mately 14.4 MHz, compared to the value of 21.0 MHz 
observed in trans- ( (C2H5)3P)zPtC12. This suggests that 

(11) (a) C. W. Fryer, Chem. Ind .  (London), 115 (1970); (b) Chem. Com- 
mun.. 902 (1970). 
(12) J. W. Moore, Acta Chem. Scand., a0, 1154 (1966). 
(13) R. McWeeny, R. Mason, and A. D. C. Towl, Discuss. Faraday Soc., 

(14) F. Basolo and R. G. Pearson, Puogr. Inoug. Chem., 4, 381 (1962). 
(16) J. A. Wunderlich and D. P. Mellor, Acta Cryslallogv., 1, 130 (1964); 

(16) K. Nakamoto, "Infrared Spectra of Inorganic and Coordination 

47, 20 (1969). 

8,  67 (1966). 

Compounds," 2nd ed, WiIey-Interscience, New York, N. Y., 1970, p 262. 
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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- 

(5) W. G.  Finnegan and W. P. &-orris, J. Oug. Ckem., 28, 1139 (1963). 
(6) P. L. Timms, R. A. Kent, T. C. Ehlert, and J. L. Margrave, J. Ameu. 

Chem. Soc., 81,824 (196.5). 




