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We have reported that alkylaminotetrafluorophos-
phoranes, RNHPF, (R = GCyH; tert-CiHy)' and
R,NPF, (R = CH;, CoH;, n-C3Hy),? are conveniently
prepared by the thermal decomposition of the 1:1
amine-phosphorus pentafluoride adducts. However,
the reaction between methylamine and phosphiorus
pentafluoride gave only a 2:1 adduct; this decomposed
on heating to give methylaminotetrafluorophosphorane
and methylamine which underwent further reaction be-
fore they could be separated.! Methylaminotetra-
fluorophosphorane can, however, be prepared by the
reaction between methylaminotrimethylsilane and
phosphorus pentafluoride, a preparation analogous to
that Of (CH;;)QNPF4 from (CH;})aSlN(CH;})z and PF5.3

Experimental Section

Apparatus.—Reactions were carried out in a Pyrex vacuum
system with standard vacuum techniques.

Reagents.—Commercial phosphorus pentafluoride (Matheson
Co.) was purified by low-temperature distillation. Methyl-
aminotrimethylsilane was prepared by the method of Sauer and
Hasek;* it was contaminated with traces of ((CH;)Si).NCH;
and ((CHa)sSl)gO.

Technique.—(CH;),SiNHCH; (1.35 g, 13.1 mmol) was con-
densed with excess of PF; into an ampoule and the mixture was
then allowed to warm slowly up to room temperature. A re-
action was indicated by the formation of white solids. The
ampottle was then placed in a —100° bath and the excess of PT;
was pumped off; reweighing the ampoule indicated that 1.33 g
(10.6 mmol) of PF; had been absorbed. The remaining volatile
components were fractionated through a —100° bath and identi-
fied by ir spectroscopy as (CH;)SiF (1.14 g, 12.4 mmol)® and a
mixture of CH;NHPF,, ({(CH;),:81):0,% and (F;PNCHj):? (0.10 g).
The solid remaining (1.38 g) was heated up to 140° to give
CH;NHPF, (1.04 g, 609 yield) contaminated with traces of
(CH;)38iF, ((CH;3)81)0, and (FsPNCHj;)e; final purification was
achieved by fractional distillation. The solid residue was iden-
tified by its ir and nmr spectra (in acetonitrile solution) as CHs-
NH;TPFg~.1

The molecular weight of CH;NHPF, was determined by vapor
density measurements to be 141; the theoretical value is 137.
Its vapor pressure is 133 mm at 20°.

Anal. Caled for CH,FNP: C, 8.8; H, 2.9; F, §5.6; N,
10.2; P, 22.6. Found (Bernhardt): C, 9.0; H, 3.1; F, 55.8;
N, 10.4; P, 22.0.

Spectroscopy. A. Nmr Spectra.—The F and 'H spectra
were recorded on a Perkin-Elmer R10 spectrometer operating at
56.4 and 60 MHz, respectively, using either trichlorofluoro-
methane or tetramethylsilane as the external standard. The
parameters obtained are listed in Table I.

B. Infrared Spectrum.—The spectrum was obtained on a
Perkin-Elmer 225 spectrophotometer.

C. Mass Spectrum.—The spectrum was obtained with an
AEI MS 12 mass spectrometer operating at 70 eV. Peaks were
recorded at the following mass numbers (with relative abundance
and probable ion, respectively): 137, 27, CH,;NPE,"; 136, 8,
CH;NPF,~; 118, 37, CH,NPF;*; 117, 2, CH;NPF;+; 116, 6,
CH,NPF;*; 107, 100, PF,; 104, 2, POF;* and H.NPFyt;
103, 2, HNPF;*; 98, trace, CH;NPF.*; 89, 1, HPF;*; 88, 9,
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NoTEs
TaBLE I
NMR SPECTRUM OF CH3;NHPF, aT —80°
Chemical Shifts, Ppm
5F. SFar OF. 3CH3 SNH
60 70 83 —2.7 —~3.3 br
Coupling Constants, Cps

J(PFy) J(PF,") J(PFe) J (FaFe) J(Fa'Fe)  J(FaFo')

755 770 920 ~68 ~69 2.8
J(Fo’CHy) J(FeCH3) J(Fy,’NH) J(PNH) J(PCHzs)

2,128 2.1 ~214 27.6° ~21 15.2

¢ Obtained from the 'H nmr spectrum. ° Obtained from the

I8F nmr spectrum.

PI;t; 85, 2, POF,T and H,NPF.,*; 84, 2, HNPF*; 69, 10,
PF,*; 58.5, 2, CH;NPF*; 51, trace, HPF*; 50, 2, PF*; 30, 2,
CH,N™*; 29, 9, CHaN*; 28, 19, CH,N*; 27, 1, CHN™*; 19,
trace, F*; 15,2, CHz;*and HN.

Results and Discussion

Methylaminotetrafluorophosphorane
pared by the reaction

The (F;PNCHj3), which features as a by-product in this
reaction is probably obtained from two sources: (i)
from the reaction of the ((CHsj)331):NCH; impurity with
PF;® and (ii) from the CH;NHPF,, through either its
reaction with PF; (which could be confirmed by a sep-
arate reaction) or its disproportionation (with the con-
current formation of CH;NH;+¥PF;—). CH;NHPF, is
thermally stable for short periods, but (F;PNCHj;), is
identified in samples that have been kept over an ex-
tended period.

A variable-temperature F nmr study shows that at
70° there is only one fluorine atom environment for the
axial and equatorial fluorine atoms in CH;NHPF,
(8 74 ppm; J(PF) = 847 cps). At 30° no resonance iy
observed but three fluorine atom environments are pres-
ent at —80° (see Figure 1). These results are consis-
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Figure 1.—The *F nmr spectrum of CH;NHPF,.

tent with this compound adopting a trigonal-bipy-
ramidal structure with nonequivalent axial fluorine
atoms
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NortEs

Nonequivalent axial fluorine atoms have previously
been observed in the nmr spectra of some di- and tri-
fluorophosphoranes containing alkylamino substit-
uents” and were briefly mentioned to be present in the
room-temperature nmr spectrum of 2,6-(CyH;)eCeHs-
NHPF.8 There is no evidence for nomnequivalent
equatorial fluorine atoms, which might be expected if
the CNH-P skeleton were rigid and nonplanar; a re-
cent crystal structure shows that the C;N-P skeleton in
(CH,)NPF, s planar.®

The changes in the appearance of the spectrum on
lowering the temperature arise from a combination of
two effects similar to those postulated to occur in
RSPF, derivatives:® (i) a slowing down of the pseu-
dorotational exchange process, which tends to make all
the fluorine atoms magnetically equivalent, and (ii) the
onset of hindered rotation around the P-N bond.
While the factors which slow pseudorotation of fluoro-
phosphoranes are difficult to rationalize,!' the equiva-
lence of all the fluorine atoms in (CH;);:NPF, well below
room temperature’? suggests that intramolecular hy-
drogen bonding between the amino proton and one of
the axial fluorine atoms takes place in CH;NHPF,. It
has been shown that the pseudorotation rate depends on
the ease with which the axial fluorine atoms can be de-
formed from their equilibrium positions.!* Hydrogen
bonding would hinder both this process and the ease
with which rotation around the P-N bond takes place.
The fluorine atoms in C,H;NHPF, and fert-CiHs-
NHPF,, which both contain more bulky groups than
CH;NHPF,, are equivalent at room temperature;! the
different energy barrier for these compounds is tenta-
tively ascribed to the dependence of the degree of hy-
drogen bonding on the electron-withdrawing effects of
the alkyl groups. Since one set of triplets due to an
axial fluorine atom is further split into a doublet by cou-
pling with the amino proton (confirmed from the 'H
nmr spectrum), it seems reasonable to assign this reso-
nance to the fluorine atom which is the closest to the
amino proton.

The further fine structure observed for each fluorine
resonance (Figure 2) indicates coupling to other nuclei
and the presence of second-order effects (which accounts
for the approximate values given for some of the param-
eters in Table I), similar to those observed in the
room-temperature nmr spectrum of (NH,),PF;.1

The assignments given for the peaks in the ir spec-
trum of CH;NHPF, (Table II) have been made on the
basis of the complete analysis for CH3;PF,*® and the
partial analyses for (CH;)e:NPF,2? and CH;SPF,.1¢
Three strong absorption bands are expected in the PF
stretching region. There is no peak in the region of the
spectrum where the PN stretching mode was observed
for (CHj)eNPF, but the slight asymmetry of the two
bands centered at 958 cm™! suggests that this might

(7) M. A. Sokal’skii, G. I. Drozd, M. A, Landau, and 8. S. Dubov, J.
Struct. Chem. (USSR), 10, 993 (1869), and references therein.

(8) J.J. Harris and B. Rudner, J. Org. Chem., 88, 1392 (1968).

(9) E. D. Morris and C. E. Nordman, Inorg. Chem., 8, 1673 (1969).

(10) S. C. Peake and R. Schmutzler, J. Chem. Soc. A, 1049 (1970).

(11) J. C. Tebby in “Organophosphorus Chemistry,” Vol. 1, The
Chemical Society, London, 1970, p 281,

(12) R. Schmutzler in ‘“Halogen Chemistry,” Vol. 2, Academic Press,
London and New York, N. Y., 1867, p 31.

(13) R. R. Holmes and R. M. Deiters, Inorg. Chem., T, 2229 (1968),
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Figure 2.—Expansion of resonances at 53, 63, and 91 ppm.

TABLE II
IR SpecTRUM oF CH;NHPF,
3495 m YNH
3003 w VCE
2964 w
2921 vw
2855 vw
1478 w bas CH3
1440 m NmE
1171 s VON
962 vs {Vas PFa(e)
954 vs VPN
867 vs PQR Vas PFa(a) and vsym PFae)
567 m PQR Vsym PFa(a)
533 m PQR Sout-of-plane NPFi(e)
504 m PQR _ Bin-plane PFa(e)
473 w PQR PPTy

arise from the juxtaposition of two peaks of almost equal
intensity, one of which is due to vpx.

The mass spectrum of CH;NHPF, is straightfor-
ward and shows little evidence for extensive rearrange-
ment processes. A weak peak due to HPF;* is prob-
ably formed by a process similar to that outlined for
dimethylaminophosphines.”” The most abundant ion
is formed by the cleavage of the P-N bond in the molec-
ular ion. Metastable ions indicate that the molecular
ion can lose a hydrogen atom, presumably throtigh the
cleavage of a C-H bond as has been observed for
amines,'® and that the ion formed by the loss of a fluo-

(17) W. Z. Borer and K. Cohn, Anal. Chim. Acta, 4T, 355 (1969).
(18) R.S. Gohlke and F. W. McLafferty, Anal. Chem., 34, 1281 (1862).
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rine atom from the molecular ion can eliminate a mole-
cule of hydrogen

+ +
Hi(fj T=PF3 — HC==N=FF;, + H, @
HYH
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Although nitrile complexes of a variety of metals in
higher oxidation states have been well known for a long
time,! nitrile complexes of metals in the zerovalent state
are much more rare, the best known examples being
(CH3CN),M(CO)¢~r, where # = 1, 2, or 3 and M =
Cr, Mo, or W.2 We wish to report the first examples of
nitrile complexes of zerovalent nickel, of stoichiometry
(RCN)NiL; where L is P(O-0-CsH,CH;); and R is
QHa, CHQCH3, ﬂ-C4H9, or C6H5.v

The preparation and properties of the three-coor-
dinate nickel complex Ni[P(0-0-CsH,CHj)s]s (abbrevi-
ated NiL;) have been previously reported.? Addition
of an alkyl nitrile to a red-orange toluene solution of
NiL; causes an immediate loss of color, attributed to the
rapid reaction

K1 )
RCN + NiL; === (RCN)NiL; fast (1)

The stoichiometry of the adduct is shown by a *P nmr
experiment in which valeronitrile was added to 0.06
mmol of NiL; in 0.3 ml of toluene. Addition of 0.03
mmol of RCN (RCN:Ni ratio 0.5:1) caused the sharp
resonance of NiL; at —128.5 ppm (859, H;PO4)* to
shift to —129.2 ppm. More RCN (RCN:Ni = 1:1)
again gave a single sharp line, further shifted down-
field to —130.7 ppm. Excess RCN (RCN:Ni = 2:1)
had no further effect on the *'P spectrum. Addition of
free L to the same solution gave a second resonance at
—130.0 ppm, the chemical shift of free ligand alone.*
These observations show that (1) reaction 1 must be
fast enough to average resonances of L. in NiL; and in
(RCN)NiL;, (2) the reaction has an appreciable equi-
librium constant, (3) species with more than one RCN
are not involved, and (4) free ligand is not in rapid ex-
change with complexed.’® With the addition of a large

(1) R. A, Walton, Quart. Rev., Chem. Soc., 19, 126 (1965).

(2) G. R. Dobson, M. F. A, El Sayed, I. W. Stolz, and R. F. Sheline,
Inorg. Chem., 1, 526 (1962).

(8) L. W. Gosser and C. A. Tolman, tbid., 9, 2350 (1970).

(4) C. A. Tolman, J. Amer. Chem. Soc., 92, 2956 (1970).

(5) This behavior can be contrasted with that when C:H4 is added to a
solution of NiLs. In that case the veaction is CoHs + NiLs = (C:Hs)NiLs +

L and rapid exchange of free ligand with complexed occurs.®
(6) W. C. Seidel and C. A. Tolman, Inorg. Chem., 9, 2354 (1970).

NotEs

excess of L a new resonance at —129.3 ppm, assigned to
NiL,* grew at the expense of the resonance due to
(RCN)NiL;, showing displacement of RCN according
to reaction 2. Similar results were obtained with ben-

(RCN)NiL; + L === NiL; + RCN (2)

zonitrile, except that CeH;CN was less easily displaced.
Spectrophotometric experiments in which aceto-,
propio-, or valeronitrile was added to a benzene solution
of NiL; showed the disappearance of absorbance above
400 my and an isosbestic point at 356 mgy, as shown in
Figure 1. Values of K; determined in a thermostated
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Figure 1.—Selected spectra for the addition of CH;CN to 1.14 X
102 M Ni[P(0-0-CsHsCHj)s); in benzene at ambient tempera-
ture; 0.1-mim cell,

cell given as a function of temperature are: 10°,
510 % 40;25°, 230 = 20; 40°, 120 =+ 25. A plot of log
K, against 1/7 gives AH® = —9 =& 1.5 kcal/mol and
AS® = —19 = 5eu.

The spectra with added benzonitrile were different,
with an isosbestic point at 425 mg; the final yellow-
orange solution with excess C¢H;CN showed an absor-
bance maximum at 396 mu (e 5.8 X 103 cm™! M~1).
For benzonitrile K; = 1000 + 400 M~!, in benzene at
ambient temperature. The longer wavelength elec-
tronic band and the larger formation constant of ben-
zonitrile compared to those of the alkyl nitriles are pre-
sumed to be consequences of electron delocalization
which includes the benzene ring of the aromatic nitrile.

Infrared spectra of toluene solutions containing NilLg
and excess CH;CN showed a band at 2266 cm~! due to
ven in (CH;CN)NiL; in addition toa band of free CH;CN
at 2256 cm~! (Avexy = 410 em™1). A similar solution
with benzonitrile showed bands of (CeH;CN)NiL; and
CsH;CN at 2217 and 2229 cm ™!, respectively (Aven =
—12 em™'). This is one of the few reported cases of a
shift of vox to lower frequency on complexation of
benzonitrile.”

Analytically pure samples of (RCN)NiL; have not
yet been prepared, owing to the ease with which they

(7) R. E. Clark and R. C. Ford, sbid., 9, 227 (1870), recently reported
AveN = —37 and — 15 ecm ™1, respectively, for C¢HsCN and CH:CN in the
complexes (RCN)Ru(NHg)s2*.



