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N-Silylphosphoranimines JR=NSiR; are of considerable inter-
est as model species with phospheragrogen multiple bonds
and as polymer precursotsCationic N-silylphosphoranimines
[RoP=NSIiR 3] are currently unknown but have been considéred
as possible intermediates in the formation of polyphosphaZenes
via thermally induced condensation polymerization and would be
expected to exhibit interesting reactivity. In this communication
we report on our attempts to prepare the cationRENSiIMe;] "
and the discovery of an unusual imine transfer reaction involving
phosphorus centers.

Initial attempts to generate ax-silylphosphoranimine cation
involved the reaction of GP=NSiMe; (1)°> with the halide
abstractor Ag[OTf] (OTf= OSGOCR;) in CH,Cl,. In lieu of
obtaining the triflato derivative (TfO)P&ENSiMe; (2), the
quantitative formation of poly(dichlorophosphazene)PEtN], and
TfOSiMe; was detected byH, 1°F, and3!P NMR spectroscopy.
Attempts to trap2 by performing the reaction in arene solvents
(CsDg and toluené) or at low temperature<70 °C) gave similar
results. Use of substoichiometric quantities{2D mol %) of Ag-
[OTf] led to the incomplete consumption df (ca 70%) over a
period of 2 weeks to yield [GP=N], and cyclic phosphazene
oligomers [C}P=N],, x = 3—5. These results suggest thaRifs
indeed generated initially, it rapidly oligomerizes due to the labile
OTf group at phosphorus.

Encouraged by the successful application of coordinating pyridine
derivatives to stabilize cationic phosphorus(Iipnd, in some cases,
phosphorus(V) centeréd8 we repeated the reaction df and
Ag[OTf] in the presence of the strong donor 4-(dimethylamino)-
pyridine (DMAP). Upon combining these reagents in £CH the
immediate formation of a white precipitate (AgCl) was observed.
Analysis of the reaction mixture BJP NMR spectroscopy indicated
that the clean conversion df (6 = —54 ppm) had occurred to
yield a new product with a downfield-shifted resonance-&0
ppm. This species was isolated as colorless needles<rag—
100°C) and identified as the novel cationic phosphoranimine salt,
[DMAP-PCL=NSiMe;]OTf, [3]OTf by X-ray diffraction (Figure
1). Despite the existence of numerousbQ0) different phosphor-
animine derivativeg3]OTf represents, to our knowledge, the first
crystallographically characterized cationic member of this fafhily.

The X-ray study of3]OTf 1° revealed that a very short internal
phosphazene [P(3N(3)] bond length of 1.490(3) A was presétt,
which approaches those observed within the triply bonded imino-
phosphenium cations REP™ (1.46-1.49 A)12 consequently, a
wide P-N—Si bond angle of 144.1(2)is observed. The DMAP
ligand is strongly bound to the phosphorus centef3jOTf and
lies at a distance of 1.713(2) A [PEN(1)]. As a point of reference,
the P-Npmap distances within the bis(imino)phosphonium adduct
[(DMAP),PENMes*),] ™ (4) (Mes* = 2,4,61BusCgH,)% are quite

Figure 1. Molecular structure of3]OTf with thermal ellipsoids at the
30% probability level. All hydrogen atoms are omitted for clarity.

with the closest anioncation contact [4.0 A: N(3}F(1)] still well

outside the sum of the van der Waals radii for the constituent atoms.
From the structural data presented, two plausible resonance

contributors,| andll, help describe the bonding with[B8]*:
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Interestingly, the reaction of DMAP with also gave[3]* in
the absence of a halide abstractor; however, the reaction times were
appreciably longer (2 h vs 5 min). Remarkably, the prodi3€l,
slowly reconverts intdl and DMAP in the solid state, with 95%
conversion after 14 d at 20C. This process is reversible as
dissolution of the products in Gi8l, regeneratefB]Cl after a few
hours. The equilibrium betwee8]Cl and the precursors and
free DMAP was further confirmed by the addition of fP+N=
PPR]CI, which led to complete retroconversion [3Cl after 1.0
equiv of CI was added. It is likely that the recombination[8f*
and CI in the solid state is promoted by their close proximity in
this phase.

The analogous saltf8]BF4 and [3]SbFs were prepared from
DMAP, 1, and either Ag[BE] or Ag[SbFs] in CH,Cl,. While the
hexafluoroantimonate salB]SbFs proved indefinitely stable in
solution,[3]BF 4 slowly decomposed within 3 days to give a mixture
of DMAP-BF;, the cyclic phosphazene [{B=N]s, and presumably
volatile FSiMg (Scheme 1). One possible route which explains
the formation of phosphazene oligomers involves the initial
formation of (undetected) FE*=NSiMe; (5) via the addition of a
BF,~-derived fluoride ion td3]™", followed by the combination of

elongated [1.812(4) and 1.830(4) A]. These data suggest that thethe BR; and DMAP byproducts to give DMABF;. Condensation

[CI,P=NSiMes]* cation, if isolated in free form, would be highly
electrophilic. The OTf counterion in[3]OTf exists as a spectator
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of 5 with the elimination of FSiMeg could then produce [@P=
N]s. Repeated attempts to gener&téndependently froml and
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various fluorinating agents (e.g., Ag[@Fgave highly complicated
reaction mixtures consistent with the formation of partially fluori-
nated phosphazene oligomers [fEl,P=N],. The increased stability
of [3]SbFs supports the delivery of fluoride tf8]" as the initial
step in the decomposition §8]BF,. The Sbk~ ion is particularly
resistant to fluoride ion transfer, and consequently, is often
employed to facilitate the isolation of highly reactive cations (e.g.,
S42+)_13

The successful isolation of the amine donor-stabilized phos-
phoranimine catiof3]™ prompted us to attempt the synthesis of
an analogous phosphine-stabilized catiogPflRCL=NSiMes]* (6).
Such a species would complement the burgeoning area of P(lIl)
— P(lll) coordination chemistry Surprisingly, wherl was allowed
to combine with phosphines BRER = Ph and'Bu) in CH,Cl, (25
°C, 24 h and 6 d), the knowmN-phosphinophosphoranimines
RsP=N—PCL (R = Ph and'Bu; 7 and8) were formed along with
a stoichiometric quantity of CISiMe Monitoring the reaction by
IH and 3P NMR spectroscopy revealed the initial formation of
PCk and RP=NSiMe; prior to the formation o7 and8 (Scheme
2). This observation is striking as the initial step in the reaction
can be formally regarded as an example of an imine-transfer reaction
involving two phosphorus centers.

Scheme 2
RsP + Cl3P=NSiMe; %» [RgP*PCl,=NSiMe3]CI
1 6
CHCl, | imine transfer
PCl3 + R3P=NSiMeg ——— R3P=N—PCl,
-ClISiMes

7 R=Ph
8 R="Bu

This process may indeed involve the formation of a phosphine-
stabilized catiorb, followed by imine transfer to § via a three-
membered intermediate or transition state (with Gl a byprod-
uct). However, we have yet to be able to det®cand the direct

attack of the phosphine at nitrogen also needs to be considered.

Although the delivery of imine functionality to phosphines is well-
known using organoazide reagents (Staudinger reacfiasther
examples of such a transformation still remain very Fasé.

In summary, the successful synthesis of a novel donor-stabilized
N-silylphosphoranimine cation has been reported, whose stability

is intimately linked with the nature of the counterion. Attempts to
prepare a phosphine-donor analogue uncovered an unusual imine
transfer reaction. Studies directed at elucidating the mechanism and
scope of the imine transfer reaction, and the isolation of the hitherto
unknown cation [BP-PCL=NSIR5]" are in progress.
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