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Figure 1. Infrared spectra of BrF,*AsF~ recorded as a'dry powder
between AgCl plates at —196° and of BiF ,*SbF, -xSbF, recorded as
a AgBr disk at 25°. The increase in background at the low-frequen-
cy end of the spectra is due to absorption by the windows.

warm to ambient temperature or when the ir sample of the
SbFs adduct was kept at ambient temperature for several
hours. The remaining bands in the infrared spectra changed
only little, thus supporting the assignment of the 775- and
430-cm~! bands to »3 and »4, respectively, of the powerful
oxidizing species BrFs*. The ready interaction between BrFs+
and the silver halide window material can also account for the
weakening of the intensity of the BrFs* infrared bands in the
room-temperature spectrum of the SbFs adduct.

In BrFs*tAsFs-, the 430-cm-! band shows a splitting of 6
cm~!, Since the two components are of similar intensity,
splitting due to the 79Br8!Br isotopes must be considered. The
following arguments augur against the splitting being caused
by the bromine isotopes and favor its attribution to crystal field
or site symmetry effects. (1) The SbFs adduct does not show
a comparable splitting. (ii) The observed splitting of 6 cm~!
is much larger than that (~2 cm-!) predicted for the Br
isotopes. (iii) The NO2* deformation in the same spectrum
shows a comparable splitting. (iv) The site symmetry of BrFet
in space group Pa3 is only C3;.

Force Coustants. Since both the infrared- and the
Raman-active fundamentals are now known, it was interesting
to compute a force field for BrFe+. This allows a more
quantitative comparison of the relative bond strength of BrFst
with those of related species.

Except for the F1u block, all the symmetry force constants
of BrFs* are unique. The F1u block is undetermined since only
two frequency values are available for the determination of
three force constants. Consequently, the usefulness of
mathematical constraints, such as minimizing or maximizing
the value of one of the symmetry force constants,!$ was tested
for the isoelectronic series SFs, SeF¢, and TeFs, for which
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general valence force fields have been reported.!9-21 As can
be seen from Table II, the condition F44 = minimum very
closely duplicates the GVFF values for the two heavier
molecules SeFs and TeFs. Therefore, it is also expected to
be a very good approximation for the force field of BrFet. The
values so obtained for BrFe™ are listed in Table I1 and correlate
well with the remaining species of Table II. The modified
valence force fields, listed for the lightest isoelectronic series,
i.e., PF¢~, SF¢, and CIFs™, are less reliable since the lighter
central atoms cause stronger coupling of the stretching and
bending modes.

The force constant of greatest interest is the stretching force
constant fr. For BrFg* its value of 4.9 mdyn/A is the highest
found to date for any BrF bond.23-25 This is not surprising
since the covalency and therefore also the force constant of
such a bond tend to increase with increasing oxidation state
of the central atom and a formal positive charge.2? Since the
Br-F bonds in BrFs* are stronger than those in other bromine
fluorides, the reactivity of these salts must be due to the high
oxidizing power of BrFe¢*.
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A recent study of ether—boron trihalide adducts by !3C nmr
(cmir) has shown! that the chemical shifts of the a-carbon
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atoms of several ethers gave downfield displacements when
the ethers were coordinated with BF3 or BCls. The magnitudes
of the shifts for-adducts of BF3 increased with increasing proton
basicities of the ethers. Furthermore when BCls, which is
known to be a stronger acceptor, replaced BF3, the a-carbon
resonance shifted downfield. These observations were taken
to indicate that cmr shifts for a-carbon atoms on coordinated
ethers probably reflect electron density shifts associated with
adduct formation.

The investigators reported a shift in the opposite direction
for the 8 and + carbons which was attributed to the influence
of the paramagnetic term on the 13C chemical shift. This effect
was also believed to be operative at the a~carbon positions but
to be overshadowed by the change in the diamagnetic term
resulting from the substantial charge withdrawal associated
with adduct formation. We have investigated this phenomenon
further as it applies to the cmr spectra of trimethylamine—
borane adducts of the forms (CH3)3N-BHF3-» (1 = 1-3) and
(CH3)3N-BX3 (X = F, Cl, Br).

The cmr spectra of the adducts were obtained in either
CDCl3 or CDCI3-CH3CN solution using the Fourier transform
technique with a Varian CFT-20 instrument. Broad-band
proton decoupling was employed in all spectra producing
symmetrical singlets in all cases except those for the adducts
(CH3)3N-BH2F, (CH3)3N-BHF», and (CH3)3N-BF3. The
signal for the monofluorinated adduct (Figure 1) appeared as
a doublet (J =~ 2.0 Hz) apparently due to long-range coupling
with the fluorine atom. The resonance for the methyl carbons
in the difluorinated adduct was an ill-resolved triplet (J o 2.4
Hz), again presumably due to spin coupling with the two
fluorine ‘atoms on boron (Figure 1). The cmr signal of tri-
methylamine-trifluoroborane appeared as an unresolved
multiplet which we cannot confidently analyze. Heitsch? has
reported spin coupling between the methyl protons in
(CH3)3N-BF3 and the fluorines, but the splitting was further
complicated by coupling with the !B nucleus. Such coupling
could be complicating the cmr spectra of (CH3)3N-BF3.

The chemical shifts of the adducts studied are listed in Table
I; cmr shifts are given in ppm downfield from tetramethylsilane,
In light of the ether adduct studies described in the foregoing,
it is of interest to determine whether the cmr shifts of the
methyl carbons bear any relationship to adduct strength. The
shifts for the three boron trihalide adducts can be used
qualitatively to test this idea. A considerable body of evidence4
exists which supports the order of acceptor strength as BF3
< BCls < BBr3. If cmr shifts mirror acceptor strength, the
shifts of the trimethylamine adducts should increase in the
same order. Although the measured shift differences are not
large, the data are consistent with this expectation. (Re-
producibility of cmr shifts in the same solvent was found to
be about £0.1 ppm.) A considerable solvent shift was observed
between CDCl3 and CDCI3-CH3CN (1:2, v/v) solutions of
the same compound, so comparisons were only made between
shifts in the same solvent.

Further examination of the cmr shifts of these adducts
uncovered no direct correlation whatever between 13C and 1B
shifts in the same molecules. This is not really surprising since
the boron environment in a series of adducts varies in a major
way owing to primary changes in substituents whereas the
carbon environment changes only in a secondary manner.
There is little evidence that 11B chemical shifts directly reflect
acceptor or adduct strengths except in isolated instances.3:6
Spielvogel 78 has shown that there is a correlation between !B
and 13C shifts in many isoelectronic compounds. Also Noeth?
recently reported a similar correlation between !B and 14N
chemical shifts.

Some investigators have used the A§(11B) parameter!0 in
considering adduct strengths; this is the difference in !B

Inorganic Chemistry, Vol. 14, No. 3, 1975 697

|
(n
||
/
(/

\ M 2N
/\/\/ \/\r\f\’/\/ \’\J/V\/\\/\\f‘/‘\/ “'K/\\
50 49 18 47 46 15
¢ ppm

Figure 1. **C nmr spectra of (CH,),N-BH,F (a) and (CH,),N-
BHF, (b).

Table I. Carbon-13 and Boron-11 Chemical Shifts of Some
Trimethylamine-Borane Adducts

.S(IBC),G

CDCl,-
cnal, CH,CN  Adduct

solvent solvent? 5(*'B)¢ as(*'B)d
(CH,),N-BH,  54.14 5268 262  78.6¢
(CH,),N-BH,F  48.27° 13.2
(CH,),N-BHF,  45.71f 14.2
(CH,),N-BF, ~  46.97,47.09 4567 175"  g.8h
(CH,),N'BCI, 4833 79" 36370
(CH,),N-BBr, 48.97 226" 4397

2 Ppm downfield from TMS. Spectra run on a Varian CFT-20
13C nmr instrument in FT mode with broad-band proton decoupling.
b Because of solubility limitations, spectra of these adducts were
taken in CDCl,-CH,CN (1:2 v/v). € Ppm upfield from external
trimethyl borate reference. 4 A§(''B) =§((CH,), NBX,) — 6§(BX,).
e Doublet (/ ~2.0 Hz). f Triplet ¢/ ~2.4 Hz). £ 5(''B[BH,])
—70.5 ppm from ref 9. # §(*!'B) values taken from ref 3. Adducts
in CHCI, solution; boranes in free state except as noted.in g.

chemical shift between free BX3 and coordinated BXs.
Noeth,!! however, viewed this skeptically citing calorimetric
data for trimethylamine—fluoromethylborane adducts which
do not show a correlation to A6(11B) values. In that case,
however, the influence of steric factors cannot presently be
fully assessed so it seems justified to study this question
somewhat further.

A comparison between cmr shifts and As(11B) values!
(Table 1) for the boron trihalide and parent borane adducts
from this study reveals a rather striking correlation, a plot of
which is shown in Figure 2 (r = 0.999). In the absence of more
data to test the correlation, conclusions must be tentative;
however, it seems justified to consider cmr shifts as a possible
new source. of information on adducts. It is generally held!2
that cmr spectra are principally controlled by the electronic
environment within the molecule containing the carbon; a linear
relationship has been shown to exist between cmr shifts and
substituent electronegativities in a series of CH3X compounds,
provided methyl halides (which show their own correlation)
are excluded.!3 Thus there is some justification for considering
that cmr shifts in closely defined systems might vary closely
with charge drift caused by adduct formation.

If this criterion is applied to the cmr shifts of the tri-
methylamine—fluoroboranes, it suggests an order of adduct
strengths similar to that indicated by proton nmr shifts.14 The
order derived from the methyl proton shifts is (CH3)3N-BH3
~ (CH3)3N-BF3 > (CH3)3N-BH2F > (CH3)3N-BHF2, while
cmr shifts (Table I) indicate that trimethylamine~trifluoro-
borane lies between the mono- and difluoro adducts:
(CH3)sN-BH3 > (CH3)3N-BH2F > (CH3)3:N.-BF3; >
(CH3)3N-BHF2. Caution is indicated in the interpretation
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Figure 2. Plot of '3C chemical shifts vs. A8(**B) values for tri-

methylamine-borane adducts: A, (CH;),N-BF ;; B, (CH,),N-BCl,;
C, (CH;),N'BBr,; D, (CH;),N-BH,.

of such data especially when comparing adjacent members of
the series, but there is nevertheless a clear suggestion the BH3
adduct is significantly stronger than the fluoroborane adducts.
Other workers!5.16 have accounted for the apparent weakening
effect of substituting fluorine on borane Lewis acids by
considering a competition between « lone pairs on fluorine and
the g-electron pair of the Lewis base for the boron acceptor
orbital tending to weaken fluoroborane acceptors. If this effect
is operative here, it might weaken the fluoroborane adducts
relative to (CH3)3N-BH3, but alone, it does not account for
the ordering of the entire series.
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Compounds of the type (CF3)2PSiR3 might be expected to
serve as useful reagents for making other new (CF3)2P- and
R3Si- compounds, because the P-Si bond is relatively easy
to cleave. The first work on this subject concerned (CF3)2-
PSi(CH3)3, which was found to react easily with HBr to make
(CF3)2PH and (CH3)3SiBr or with CH3I to make (CF3)2-
PCH3 and (CH3)sSil!

We now have made (CF3)2PSi(CH3)3 and the new com-
pound (CF3)2PSiHz3 by a relatively direct and highly efficient
method:

(CF,),Pl + ISiH, + 2Hg - (CF,),PSiH, + Hg,1, (1)
(CF,),PI + ISi(CH,), + 2Hg - (CF,),PSi(CH,), + Hg,1, (2)

However, our explorations of their P-Si bond cleavage re-
actions have been aimed at producing unusual and unstable
new (CF3)2PX compounds, so that the usual result was a
variety of more stable products, often to be ascribed to de-
composition of the desired cleavage products. Especially
interesting and relatively well studied was a BF;3 cleavage, the
first stage of which probably was

(CF,),PSiH, + BF, - SiH,F + (CF,),PBF, 3)

However, no (CF3)2PBF2 could be isolated; indeed, this
unknown compound was sought in vain some years ago in many
experiments by our erstwhile colleague Dr. Andrew P. Lane,
who concluded that its only possible synthesis would be at low
temperatures, such that its decomposition might not be in-
evitable.

Instead of (CF3)2PBF2, then, the reaction gave a 47% yield
of the interesting ring compound (CF3PCF2)2,2 along with
much H2SiF2, nonvolatiles, and traces of Ha, B2Hs, HSIiF3,
(CF3)2PH, and P2(CF3)4. It is suggested that much bond
energy will be gained if (CF3)2PBF2 transfers one F from C
to form BF3, with dimerization of the resulting CF3PCF> unit;
indeed, something similar must have happened when (CF3-
PCF2)2 was discovered in an attempt to make an RZnP(CF3)2
compound.2 On this basis, BF3 should act as a catalyst for
converting (CF3)2PSiH3 to (CF3PCF2)2; and indeed it seems
to do so.

Silylbis(trifluoromethyl)phosphine

Synthesis. Iodosilane was made from CsHsSiH3 by action
of hydrogen iodide3 and shaken with mercury and (CF3)2P1
at 25°. The container was a vacuum-baked vertical stopcocked
tube or tubulated bulb, with a side arm into which the volatiles
could be condensed at —196°; then a fresh mercury surface
could be restored by vacuum sublimation of the mercury
iodides. The process was regarded as complete when the typical
infrared pattern of ISiH3 at 903 cm~! (a doublet with side fine
structure) had disappeared. A typical experiment employed
3 mmol of ISiH3 with (CF3)2PI added in 0.5-mmol portions
up to a total of 7 mmol and yielded 2.85 mmol of (CF3)2PSiH3
(95%). The surplus (CF3)2PI was represented mostly by
P2(CF3)a, which implied no loss because its reconversion to
(CF3)2P1 is very easy.

When BrSiF3 was used instead of ISiHs3, it failed to react;





