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The compound HFE,P is a strong base toward ByH;, forming a 1:1 adduct.
The "B nmr spectrum can be explained in terms of a boron cage structure similar to that found in
Investigation of the F nmr of the previously reported compound (CHj):NPF,B,H; suggests the exist-

COB4H5 or FsPB4Hg.
(CH;):NPF,B,Hs.
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Difluorophosphine Adducts with Tetraborane-8

Tlie adduct is significantly more stable than

ence of isomers for this compound, but no isomers were found for Fo,PHB,Hs,.

Several Lewis base adducts of BsHs have been pre-
pared from BHsCO by a simple base-displacement
reaction of the general form

base + ByHsCO — ByHs(base) + CO

Both F;PB.Hs and F.PN(CH;),B,Hs have been pre-
pared by this process.!? In the current study, F:HPB,-
Hjs has also been prepared by the displacement of CO.

BquCO + PFzH e o PF2HB4H8 + CO

The reaction occurs readily at 25° to give yields of
about 809, based on the B,HiCO consumed. F,-
HPB.Hs is significantly more stable than BsHCO and
F;PB.H;. The liquid compound showed no decom-
position after standing at 25° for 9 days. In contrast,
F;PBH; undergoes complete decomposition under
these conditions in less than 3 days.!

On the basis of nmr data, the structure assigned to
F;HPB.H; is very similar to that obtained by La Prade
and Nordman® for F,PN(CHj;),BsHs using X-ray
methods. The structure can be represented as

H PFH

The boron nmr (Figure 1) of the neat liquid resem-
bles the F;PBsH; spectrum.* It consists of an over-
lapping low-field doublet and triplet and a high-field
triplet. The low-field triplet may be assigned to
borons 2 and 4 (Jax = 123 cps, d(relative to (C,Hj).-
OBF;) 87 ppm), while the low-field doublet can be
assigned to boron 3 (Jer = 120 %= 10 cps, é(relative to
(CoH;):OBF3) 2.9 ppmy). The numbering system of
the boron cage is shown above. The high-field triplet
is the result of boron coupling with both the attached
proton and phosphorus, where Jgx = Jppr (Jr = Jap
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= 140 cps, é(relative to (CoH;),OBF;) 56 ppm). The
small peak on the upfield side of the low-fleld signal can
be attributed to B;H, which could not be removed by
repeated fractionation. From the data available, it
could not be determined whether the splitting (about
20 cps) seen in Figure 1 for the low-field doublet (as-
signed to boron 3) was caused by an impurity or from
coupling with another atom such as H or P on boron 1.

The 100-MHz proton nmr spectrum shows clearly
that the FoPH unit is still intact and is coordinated to
the ByH framework. The tracing for the protonin PF,H
consists of a doublet due to P-H spin-spin coupling
(Jru = 651 ¢ps, d(relative to TMS) —7.8 ppm). Each
member of the doublet is split into a 1:2:1 triplet by
coupling with two equivalent fluorines (Jupr = 60 cps),
thus establishing the integrity of the HPF, unit. Each
member of the triplet was split into a quintet which can
only be due to coupling of the phosphorus proton with
the ByHj framework. A quintet of the type observed
would result if each member of an initial doublet due to
HBPH coupling were split into a 1:1:1:1 quartet by
BPH coupling (B has spin of 3/,). If the coupling con-
stants of HBPH and BPH were very close to the same
value (Jappr = Jepu = 9.4 cps), overlapping peaks
would give rise to the observed quintet. Coupling
between boron of the B4H; unit and protons on the phos-
phorus in PF,H is of interest here, since in alkylphos-
phine-boranes coupling between boron and protons on
phosphorus is not observed. The BH portion of the
proton spectrum could not be resolved.

The fluorine spectrum of HF,PB,H; obtained at 94.1
MHz shows the expected pair of doublets. The fluorine
signal is first split into a doublet by the phosphorus
(Jpr = 1120 cps, d(relative to trifluoroacetic acid, TFA)
41.8 ppm); each member is then further split into
doublets by the proton (Jypx = 54 cps). The phos-
phorus nmr showed only a very broad peak at about §
— 118 ppm relative to orthophosphoric acid. It could
not be resolved.

It is interesting that Jeg and Jes for these molecules
and also for P]:-“sB;;I‘Ig,4 (CHg)QPBaHg, and (CFs)(CHg)-
PB;H; (both isomers)® are equivalent. No explanation
can be given for this equality.

The Nmr Spectrum of (CH,),NPF,B.H;—(CH;).-
NPF,B.Hs was first reported to be stable up to 35°.2
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Figure 1.—The 32.1-Mc "B nmr spectrum of PF.HB,H; at 0°.

The B-P bond, originally suggested by nmr data, was
later confirmed by the X-ray diffraction work of La
Prade and Nordman.? Recent investigation of the nmr
spectrum of (CH;),NF,PB,Hs has resulted in several
interesting observations.

The B!! nmr spectrum of (CH;);NPF;BsHj is similar
to that of PF,HB,Hs. The spectrum consists of a
high-field triplet with an area of 1 unit and a low-field
group of peaks with an area of 3 units. As before, the
high-field triplet can be assigned to B, the H~B; and
the P-B; coupling (Jsu = Jes = 136 cps, §(R:OBFj)
53.5 ppm) being equivalent, so that a triplet results.
Overlapping of the doublet from the B; with the low-
field triplet occurs to an even greater extent in F»,PN-
(CHy);BHs than in F.HPB,Hs. The triplet is the
result of B, and By coupling (Jex = 121 cps, §(Re-
OBF;) 4.1 ppm) with the attached protons. The cou-
pling constant and chemical shift of the underlying
doublet could not be determined because of overlap,
but the coupling constant must be in the region of 120
cps.

In the proton nmr spectrum, only the methyl pro-
tons were assigned. It consisted of a doublet (Juonpe =
10.8 cps, §(TMS) 2.71 ppm) caused by coupling with
phosphorus, each member of which was further split
into a triplet (J¥pxom = 3.0 cps) from coupling with the
two fluorine atoms.

The fluorine nmr (Figure 2) indicates two isomers.
Two doublets were observed at 25°, each resulting from
PF coupling (Jer = 1110 cps, 6(TFA) —8 ppm and Jer
= 1150 cps, 8(TFA) —7.0 ppm). At —65° (lowest tem-
perature of instrument), the signal broadened but two
doublets could still be detected. The doublet at§ —8.0
ppm was broader than its companion doublet (6 —7.0
ppm). At temperatures above 25° the two doublets
began to coalesce to give a single doublet. The changes
were reversible. In Figure 3 the coalescence of the
high-field members of each doublet is shown. Since
the relative areas of the two peaks change with tem-
perature, the possibility that the spectrum is the result
of two fluorines in the same molecule with different
electronic environments is highly improbable,

The existence of geometric isomers for (CHj),NPF,-
B.Hj is the most reasonable interpretation of the data.
The known structure?® of one form of (CH;):NPF,B,H;
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Figure 2.—The 94.1-Mc YF nmr spectrum of FoPN(CHj)sBsHs.
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Figure 3.—Temperature dependence of the *F nmr spectrum of
(CH;).NPF:B4Hs. High-field member of each doublet is shown:
A, 60°; B, 80°; C, 90°; D, 100°. The two small peaks marked
with asterisks result from impurities.

was used earlier as the basis of the structure indicated
for F;HPBHs. The known isomer has the phosphorus
up and the B-H proton down (I). A second isomer can
be drawn with the proton up and the phosphorus down
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(IT). In considering these possibilities, it is significant

that no evidence was obtained for isomers of F,HPB Hs.
The -NR; moiety may be playing a specific role in jso-
mer stabilization. The conversion process between iso-
mers is now being studied in a more quantitative manner
in this laboratory.

Experimental Section

Apparatus.—Standard high-vacuum techniques were used
throughout. Mass spectra were obtained on a Consolidated
Electrodynamics Model 21-103B mass spectrometer at 70 eV.

Proton, boron, fluorine, and phosphorus nmr spectra were
determined with a Varian Associates HR-100 nmr spectrometer
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at 100, 32.1, 94.4, and 40.4 MHz, respectively. Chemical
shifts were obtained by tube interchange.

The infrared spectrum was determined with a Beckman IR-12
in a 75-mm gas cell equipped with CsI windows.

Material.—PF;H was prepared by the reaction of PF,I, PH,,
and Hg.5 BHi; and B;Hs were kindly supplied by Callery
Chemical Co. BH;;CO was prepared by the reaction of Bs;Hy
and CO. (CH;).NPF,-BH; was prepared by the reaction of
B.H;CO and (CH;):NPF,;? and also by the reaction of (CHj)e-
NPFz Wlth B5H11.

Preparation of PF,HB,Hy.—In a typical reaction, 0.981 mmol
of PF.H and 0.919 mmol of B{HsCO were placed in a 100-ml
reaction vessel. The reactants were warmed to 25°, were al-
lowed to stand for 15 min, and then were frozen with liquid nitro-
gen. The trap was opened to the Toepler system through two
—196° traps. The material stopping in the —196° traps was
recondensed into the reaction vessel after all of the CO had been
removed. This procedure was continued until, upon freezing
at —196°, no noncondensable gas was recovered from the re-
actants. The products were then passed through traps cooled to
—63, —85, and —196°, A 0.608-mmol sample of PF,HBH;
was found in the trap at —63°. The —85° trap contained 0.148
mmol of B4HsCO; the —196° trap contained 0.410 mmol of
mostly PF,H. The amount of CO released was found to be
0.652 mmol. The distillation should not be carried over too
long a period of time, because PF,HB,Hj will pass slowly through
—63° to a colder trap. The vapor density molecular weight
was found to be 123 g/mol (calculated for HF,PBHg: 121.4) at
23° (20 mm). The mass spectrum gave a parent peak at 121
and a fragmentation pattern expected for a By species. The
identification of PF;HB,Is was established unequivocally by the
'H, %F, 1B, and 3P nmr spectra (see above). Although no
elemental analysis was run, the identification and analysis by
nmr were unequivocal.
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Reaction of B;Hi; with (CH;),NPF;.—A 0.551-mmol sample of
B;Hyu and a 1.10-mmol sample of (CH;):;NPF; were condensed
in a 20-ml reaction bulb at —196°. The mixture was allowed
to warm to room temperature and then was cooled to 0° and was
allowed to set for 4 hr. The products were then distilled through
traps cooled to —25, —35, and —196°. The —25° trap con-
tained a trace of unidentified solid, and pure (CHj;)sNPF,B,H;
was found at —35°, while (CH;);NPF;BH; and (CHj;):NPF,
were found at —198°. The product weighed 81.8 mg (0.50
mmol of (CH,);NPF,. B.Hj) for 919, yield.

Properties of F,HPB,H;.—The vapor pressure data for FoHP-
B.H; are: —54.6° (1.0 mm), —24.8° (6.5 mm), —0.1° (23.1
mm), 11.1° (40.0 mm), 22.7° (67.5 mm); extrapolated bp 90.2°;
mp —80.4 to —79.3° in a sealed tube; Trouton’s constant 20.98
cal/deg mol. The vapor pressure data can be summarized by the
equation

1667
T

log P(mm) = + 7.463

The infrared spectrum is similar to that for other ByHjg species.”
Assignments for F;HPB,Hg are based on the assignments
given earlier for these molecules. Absorptions and assignments
are as follows: 2592 (m) [r.o(B-H)]; 2539 (s) [v(B~-H)]; 2530
(w); 2505 (w); 2432 (s) [vs(P~H)]; 2332 (w); 1920 (m), 1612
(m), 1504 (s) (H bridge modes); 1169 (m); 1082 (s) [5,(P-H)};
1031 (w); 983 (m); 898 (s) [vs, vas(PF)e]; 822 (m); 757 (w);
565 (s) [»(PB)]; 412 (m); 824 (s) [8,(PF,)]. (The symbols used
above are defined as: », stretch; &, deformation; s, strong; m,
moderate; w, weak; v, very. All values are in cm™1.)
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The product of the one-electron electrochemical oxidation of BizHiz2~ in acetonitrile is BesHg? ™.

Halogenation reactions

of By Hys®~ yield compounds of the type BaXpHp-o?" (X = [, = 2; X = Br,n = 7, 10, 11) and BsuX,Hp_ .4~ (X = Br,

n=11,14,18; X = Cl, n = 18).

Sodium in liquid ammonia cleaves the By Hy?~ ion and regenerates BipHip? ™,

Under

basic conditions, there is no H-D exchange; however, acidic deuteration gives almost complete H~D exchange in the BgsHo® ™
ion. The proposed structure of the ByuHe?~ ion is two By, units linked by a hydrogen-bridge bond, analogous to that of

ByH;3 ™ ion.

The aqueous chemical oxidation of BigHze?~ produces
ByoHjs%—, the result of a two-electron oxidation per By
unit.*=? Under milder conditions, it is also possible to
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isolate good yields of ByH;e3—, the result of a one-
electron oxidation o ByyHi2~.%367 The electrochemical
oxidation of BjHi®~ has been characterized as an
initial one-electron transfer, followed by a homogeneous
chemical reaction, to yield ByH;e*~. The ByoHje®~
ion can undergo a further two-electron oxidation to
give B20H152~.8
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