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ABSTRACT: A novel dicationic system containing a PN frag-
ment has been synthesized and structurally characterized. Accord-
ing to the solid state analysis and theoretical investigation the dica-
tionic iminophosphane resonance from is the most appropriate de-
scription for the dication. However, the contribution from the phos-
phorus mononitride resonance form is not negligible.

Neutral two-eletron donor carbenes have proven to be quite
versatile ligands for isolation of a wide variety of novel main group
species.>* Examples include diatomic allotropes (L-E2-L; L = car-
bene, E = B, Si, Ge, P, As, etc)!@ of boron, silicon, germanium,
phosphorus, arsenic, etc.2* Nevertheless, these interesting mole-
cules, among numerous other main group species, sparked a debate
about the most appropriate way to describe bonding in these com-
pounds.>® In particular, the arguments have been focused on
whether the carbene moieties form typical covalent bonds or the
use of dative bond analogy is also valid. The latest evidence showed
that the L-E bonds for L-B2-L are quite strong suggesting a sub-
stantial covalent character.® However, Frenking argued that dative
bonds could be also very strong by the combination of o-donation
from L and n-back bonding from the E2 fragment in this case.*

The same bonding arguments would also apply to the recently
synthesized heteronuclear PN fragment stabilized by two carbene
moieties (A, Figure 1).7 The authors of this work describe it as a
carbene-stabilized phosphorus mononitride or phosphinidene-
nitrene (A’) but did acknowledge that the phosphazabutadiene
(A””) description was also appropriate. Furthermore, single elec-
tron oxidation of A was demonstrated to form its radical cation B.
On the other hand, double oxidation was not to be feasible with this
system even though successful two-electron oxidations were
achieved with the P and As homonuclear analogues.**¢ This was
presumably due to (i) the polarized nature of the P-N bond and (ii)
the m-accepting properties of the carbenes particularly of the cyclic
alkyl amino carbene (CAAC).8 It was then conceivable that the use
of a good m-donor would provide sufficient electronic stabilization
for the preparation of the doubly oxidized from of A that was pre-
dicted to have a P=N double bond.® Carbones!®!! (C, Figure 1),
which are neutral four-electron donors, certainly fit this description
as they possess simultaneous ¢ and w-donor properties making
them ideal ligands for the isolation of exceptionally electron-defi-
cient species.*? In this work, we wish to report the use of a carbone-
carbene synergy for the stabilization of the doubly oxidized ana-
logue of A whose structural parameters and the frontier orbitals in-
dicated the formation of the first example of a dicationic imino-
phosphane. However, dicationic phosphorus mononitride descrip-
tion for this molecule should not be completely dismissed.
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Figure 1. Recently isolated neutral (A) and radical cationic (B)
phosphorus mononitrides, and general structure for carbones (C).
Dipp = 2,6-diisopropylphenyl.

The overall synthesis of the target dication is summarized in
Scheme 1. The initial P-N bond was formed by trimethylsilyl chlo-
ride elimination upon treating imine 1 with PCls. The resulting
phosphine 2 was then subjected to chloride displacement using car-
bodiphosphorane 3 to form 4[CI]. The 3'P NMR spectrum of 4[CI]
contained two second order signals observed at 21.8 and 262.5
ppm. The latter signal was assigned to the central P which was more
than 130 ppm downfield shifted with respect to
[Pra2NP(CI)(C(PPh3)2)][CI] (80 = 133.4 ppm).1% After structural
elucidation of 4[CI]!3 (Figure 2) the unexpected downfield shift of
this op signal was attributed to the elongated nature of the P1-CI1
bond of 4* (2.3472(16) A) with respect to [[Pr2NP(CI)(C(PPhs)2)]*
(2.173(2) A).1* This observation also hinted at incipient ionization
towards the target dication.

Indeed, the addition of 2 equiv of AgSbFs to a 1,2-difluoroben-
zene solution containing 4[Cl] resulted in immediate color change
from yellow to orange yielding 5[SbFe]2. The dp signal assigned to
the central P was observed at 410.2 ppm which is more than 50 ppm
downfield shifted from ['PraNP(C(PPhs)2)]?* (&r = 355.7 ppm) but
well within the range observed for similar two-coordinate phospho-
rus species.!>® The expected coordination geometry around the
central P and the trans-bent C1-P1-N1-C2 fragment (torsion angle
= 171.8°Y) of the newly formed species were confirmed by single
crystal X-ray diffraction (Figure 2).

As predicted, the P1-N1 bond length of 1.594(6) A for 5[SbFs].
was shorter than the same distances observed for neutral A
(1.7085(16) A) and its radical cation B (1.645(4) A).” In fact, this
bond distance for 5[SbFe]2 is well within the range for the analo-
gous bond distances observed for iminphosphanes that contain dou-
bly bonded PN fragments.'® The observed trend may be



Scheme 1. General synthetic protocol.
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described as the stepwise removal of an electron pair from the
HOMO of A which is a PN =* antibonding orbital resulting in an
increase in bond order from 1 to 2.7 This supports the depiction of
52* as a doubly oxidized analogue of A. Electron depletion at the
PN fragment for 5* was also apparent by a longer N1-C2 bond
distance (1.367(8) A) and a larger P1-N1-C2-N2 torsion angle
(55.5°) in comparison to the analogous values for both A (1.282(3)
and 10.1°) and B (1.313(5) and 32.1°7). This is presumably due to
the decrease in n-backdonation from the increasingly electron-de-
ficient PN fragment to the carbene, weakening the N1-C2 bond. In
fact, this N-C bond distance for 5%* is not only within the range for
a single N-C(sp?) bond?® but is also the longest N-C bond with re-
spect to similar compounds (including A and B) containing a
“guanidyl” moiety.°

Furthermore, the P1-C1 bond distance for 5%* (1.748(7) A),
which was found to fall between the P-C bond distances for A
(1.719(2) A) and its radical cation B (1.788(5) A), was essentially
identical to the analogous bond distance for [PraNP(C(PPhs)2)]?*
(1.745(7) A). This observation together with the co-planarity of the
carbone with the PN moiety (N1-P1-C1-P2 torsion angle = 1.2°)
was expected as the creation of the electron-deficient PN fragment
was compensated by an increase in the C1—P1 & donation. In fact,
it was believed that the ability of the carbone 3 to © donate to the
central P was crucial for the overall stability of the dication 5.
Even though a close P--F interion contact was observed (3.04 A;
the sum of the van der Walls radii for P and F is 3.36 A2), it should
not have any drastic consequences on the observed structural pa-
rameters for 52*.2% In fact, close interion contacts are virtually non-
existent in solution as the synthesis of 52* in the presence of AICIs
and [BArf]" (Arf = 3,5-(CF3)-CsHs) had no effect on the value for
the dp signal assigned to the central P.

Thus, the abovementioned structural parameters (the PN bond
distance, the CPNC torsion angle, etc.) for 52* are very similar to
analogous parameters observed for neutral iminophosphane con-
taining electron donating substituents'® implying that the resonance
form 5a?* is the most adequate when describing this molecule.

Further insights into the bonding motif for the dicationic moi-
ety of 5[SbFe]2 was gained by performing density functional theory
(DFT) calculations using the Gaussian 09 package. The structure
was optimized at the B3LYP/6-31G(d) level of theory yielding a
close match between the theoretical and experimental structural pa-
rameters. The HOMO and the LUMO (B3LYP/6-311G(d)) for the
dication 52* are depicted in Figure 3. As expected the LUMO of 5%
(antibonding for the PN fragment) is virtually equivalent to the
HOMO of A and the SOMO of B while the HOMO of 52* is exactly
the same as the HOMO-1 of A and B.” Furthermore, the frontier
orbitals for the dication are very similar to the analogous orbitals
observed for neutral iminophosphanes containing electron donatin

substituents'® providing more evidence for the formation of dica-
tionic iminophosphane 5a%*.
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Figure 2. Molecular structures for 4[CI] and 5[SbF¢]2 with the el-
lipsoids drawn at 50% probability. All hydrogen atoms, solvent
molecules and the counterions have been omitted for clarity. Se-
lected bond distances (A) and angles (°): 4[CI]: P1-N1 1.625(4),
P1-C1 1.801(4), P1-Cl1 2.3472(16), N1-C2 1.342(5), C1-P1-N1
103.41(19), C2-N1-P1 122.1(3); 5[SbFs]2: P1-N1 1.594(6), P1-C1
1.748(7), N1-C2 1.367(8), C1-P1-N1 107.0(3), C2-N1-P1
123.3(5).
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Figure 3. The LUMO and HOMO for 5%*,

Nevertheless, the o-bond polarization of the P1-C1 and C2-N1
bonds, examined through NBO (natural bond order) analysis, sug-
gested their dative bond character is not negligible. This analysis
revealed that the P1-C1 (68.0 % contribution of C1) and C2-N1
(41.3% contribution of C2) bonds were more polarized towards the
donor atoms (C1 and C2) than in the other similar cases (P2-C1 =
61.9% of C1; P3-C1 = 61.8% of C1; C2-N2 = 37.5% of C2; C2-N3
= 37.5% of C2).22 Thus, these observations indicated that the reso-
nance form 5b?* (a base-stabilized diationic phosphorus mono-
nitride) should not be completely disregarded from the overall de-
scription of the newly formed dication.

In summary, the use of a novel carbone-carbene system al-
lowed for successful isolation of the doubly oxidized analogue of
A. According to the structural parameters and the nature of the fron-
tier orbitals the most appropriate resonance form for the newly syn-
thesized form would be dicationic iminophosphane 5a%*. However,
the dicationic phosphorus mononitride resonance form 5b%* should
also be included in the overall depiction of the dication. Regardless
of the bonding description and the nature of 5%*, our group is cur-
rently exploring the chemistry of this molecule with the focus on
its potential use as a delivery vehicle for the PN fragment.

ASSOCIATED CONTENT

Supporting Information



Synthetic procedures, details of theoretical calculations and crystal
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A doubly oxidized form of the previously reported PN-containing molecule has been synthesized. According to the
experimental and theoretical investigations the newly prepared compound is best described as dicationic iminophos-

phine with a small but significant contribution from the corresponding base-stabilized dicationic phosphorus mono-
nitride resonance form.




