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Synthesis and decarbonylation chemistry of
gallium phosphaketenes†

Daniel W. N. Wilson,a William K. Myers b and Jose M. Goicoechea *a

A series of gallium phosphaketenyl complexes supported by a 1,2-bis(aryl-imino)acenaphthene ligand

(Dipp-Bian) are reported. Photolysis of one such species induced decarbonylation to afford a gallium sub-

stituted diphosphene. Addition of Lewis bases, specifically trimethylphosphine and the gallium carbenoid

Ga(Nacnac) (Nacnac = HC[C(Me)N-(C6H3)-2,6-
iPr2]2), resulted in displacement of the phosphaketene car-

bonyl to yield base-stabilised phosphinidenes. In several of these transformations, the redox non-inno-

cence of the Dipp-Bian ligand was found to give rise to radical intermediates and/or side-products.

The 2-phosphaethynolate anion (PCO−), a heavy analogue
of cyanate (NCO−), is a useful precursor for the synthesis
of phosphorus-containing heterocycles and low valent
phosphorus compounds.1 Access to such species typically
involves salt metathesis reactions between [Na(dioxane)x][PCO]
and halogen-containing compounds, resulting in O- or
P-substituted products. The latter coordination mode domi-
nates the elements of the d- and p-block, allowing access to
substituted phosphaketenes (E–PvCvO) which display a
range of different reactivity modes. For the elements of the
p-block a number of group 14 and 15 phosphaketene com-
plexes have been reported to date.2,3 By contrast, examples of
group 13 phosphaethynolate complexes are still relatively rare.
We previously reported on the synthesis of a phosphaethynolato-
borane, [N(Dipp)CH]2B(OCP) (Dipp = 2,6-diisopropylphenyl)
(Fig. 1, A), and its subsequent isomerisation to yield its
linkage isomer, [N(Dipp)CH]2B(PCO) B, a phosphaketene.4 We
have since shown that these species can themselves act as syn-
thons allowing access to a range of phosphorus containing
molecules and metal complexes.5 More recently, Grützmacher
and co-workers reported the first examples of aluminium (C)
and gallium (D) phosphaethynolate complexes stabilised
by salen ligands.6 The aluminium complex displays
O-coordination whilst the gallium analogue was isolated as the
P-bound isomer, in keeping with the decreasing oxophilicity
upon descending the group, which in turn favours binding via

the phosphorus atom. The polydentate character of the salen
ligand limits the further reactivity of these species, which
behave indistinguishably from one another and in a compar-
able manner to ionic phosphaethynolate salts of the alkali and
alkaline-earth elements.

Group 13 phosphaethynolate compounds are promising
candidates as precursors to molecules and materials with
interesting electronic properties. A recent study by Gilliard and
co-workers showed that, upon photolysis, the boraphospha-
ketene, E, will decarbonylate affording a transient phosphini-
dene.7 This highly reactive species inserts into a boron–aryl
bond resulting in a BP-doped phenanthryne, the first example
of such a species. In addition to giving rise to interesting mole-
cular compounds, group 13 phosphaethynolates may provide
new routes to group III/V semiconducting materials, which
have desirable properties for use in photovoltaic devices, solid
state lasers, LEDs, and optical waveguides.8 A key limitation in
understanding the potential of the group 13 phosphaethyno-

Fig. 1 Previously reported examples of group 13 phosphaethynolate
compounds (Dipp = 2,6-diisopropylphenyl).
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lates is their scarcity in the literature; the examples outlined in
Fig. 1 represent the totality of structurally authenticated
examples.

Given our previous success employing a bulky diamide
ligand to stabilise phosphaethynolatoborane, A, we hypoth-
esized that a similar ligand would be suitable for stabilising
gallium phosphaethynolates. We selected the complex (Dipp-
Bian)GaI(Pyr) (Dipp-Bian = 1,2-bis[(2,6-diisopropylphenyl)-
imino]acenaphthene; Pyr = pyridine), (Scheme 1: 1a), originally
reported by Fedushkin and co-workers, for this purpose.9

Modification of the literature procedure allowed for a one-pot
synthesis of 1a in good yields, bypassing several filtration and
recrystallization steps, both of which can result in decompo-
sition of this highly oxygen sensitive compound.‡ The pyridine
ligand which occupies the fourth coordination site of the
gallium centre can be displaced with N-heterocyclic carbenes
(NHCs), namely 1,3-diisopropyl-4,5-dimethylimidazol-2-ylidene
(Me2IPr) (1b) and 1,3-dimesitylimidazol-2-ylidene (IMes) (1c).
These substitution reactions give access to a series of gallium
iodide complexes with varied steric congestion about the
gallium centre. It is noteworthy that in 1c the IMes ligand
adopts the abnormal coordination mode, resulting in a
reduction in steric bulk with respect to 1b and altering the
electronic properties of the ligand.10

Reaction of 1a–c with [Na(dioxane)0.6][PCO] in toluene at
room temperature results in conversion to the phosphaketenes
2a–c as evidenced by singlet resonances in the 31P{1H} NMR
spectra [δ = –394.6 (2a), −354.9 (2b), −374.2 ppm (2c)] and the
characteristic phosphaketenyl carbon–phosphorus coupling in
the 13C NMR spectra [δ = 180.76 (d, 1JP–C = 101 Hz), 186.39 (d,
1JP–C = 85 Hz), 183.67 ppm (d, 1JP–C = 87 Hz) for 2a–c, respect-
ively]. These values are in good agreement to the previously
reported salen-supported gallium phosphaketene [cf. 31P{1H}
NMR δ = −376.9 ppm, 13C NMR δ = 182.5 (1JP–C = 88 Hz)].6 In
all cases, the 1H NMR spectra are consistent with an asym-
metric tetrahedral geometry at the gallium centre, evident
from the presence of two isopropyl methine proton environ-
ments from the Dipp substituents. The preference for κ-P over

κ-O binding is in keeping with previous reports. No resonances
corresponding to the phosphaethynolato species (i.e. [Ga]OCP)
were observed upon formation of the phosphaketene. Crystals
suitable for single-crystal X-ray diffraction studies were
obtained by cooling saturated toluene (2a and b) or ether (2c)
solutions for several days. The crystals exhibited pleochroism
upon exposure to a polarised light source.

The solid-state structure of 2a is shown in Fig. 2 (see ESI†
for 2b–2c). The bond angles about the phosphaethynolato
moiety are typical of compounds of this class, with approxi-
mately linear O1–C1–P1 (177.2(11)–177.5(2)°) and Ga1–P1–C1
angles ranging from 85.6(1) to 91.0(5)°. Increasing the electron
donating strength of the ligand (Pyr < Me2IPr < abIMes) results
in elongation of the C1–O1 bond with concurrent contraction
of the C1–P1 bond, consistent with greater contribution from a
resonance structure with increased C–P multiple-bond charac-
ter. Whereas compound 2a can be thought of as a covalently
bonded gallium–phosphaketene, compounds 2b and 2c are
more consistent with tight ion pairs between a cationic
gallium complex and a phosphaethynolate anion. This is man-
ifested in the Ga–P bond lengths (2.327(1) Å for 2a and 2.430
(2)/2.411(3) for 2b/2c, respectively).

In an effort to access terminal gallium phosphinidenes,
[Ga]–P, toluene solutions of 2a–c were irradiated at room temp-
erature using a 600 W broadband UV lamp. In all cases, over
time the 1H and 31P{1H} NMR resonances corresponding to
the phosphaketene diminish upon irradiation. In the case of
2a, a small, broad resonance appears in the 31P{1H} spectrum
at 774.9 ppm. Crystallisation of the reaction mixture allows for
identification of this product as the diphosphene 3
(Scheme 2).

A related, boryl-substituted diphosphene was recently
reported by our group under similar reaction conditions and
displays a 31P{1H} NMR resonance at 596.2 ppm.4b,11 The high

Scheme 1 Synthesis of phosphaketenes 2a–c.

Fig. 2 Molecular structure of 2a. Ellipsoids set at 50% probability;
hydrogen atoms and solvent of crystallisation omitted for clarity. Carbon
atoms of the Dipp, Bian and Pyr are pictured as spheres of arbitrary radius.
Selected interatomic distances [Å] and angles [°]: Ga1–N1 1.892(1), Ga1–N2
1.906(1), Ga1–N3 2.056(1), Ga1–P1 2.327(1), P1–C1 1.636(3), C1–O1
1.165(3), N1–C2 1.397(2), N2–C3 1.399(2), N1–Ga1–N2 91.92(5), N1–Ga1–
N3 101.91(5), N2–Ga1–N3 103.55(5), N1–Ga1–P1 125.96(4), N2–Ga1–P1
122.94(4), C1–P1–Ga1 85.61(7), O1–C1–P1 177.5(2).‡See ESI† for full experimental details.
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frequency 31P NMR shift observed for 3 is in keeping with
studies by Niecke and co-workers. The greater degree to which
the diphosphene substituent can act as a σ-donor and
π-acceptor, the more deshielded the nucleus.12 The solid-state
structure displays a degree of coplanarity between the P2 frag-
ment and the Bian backbone (mean deviation from plane:
0.1761 Å) indicating back-donation from the phosphorus lone
pairs into the vacant gallium p-orbitals. Density functional
theory (DFT) calculations performed on 3 (PBE0/6-31 g(d,p))
are in good agreement with the observed 31P{1H} NMR reso-
nance (δcalc = 761 ppm).

The solid-state structure of 3 contains an inversion centre
at the P–P bond, resulting in equivalent bond metrics between
the two halves of the molecule (Fig. 3). The P–P bond is in the
expected range of a double bond (2.037(1) Å) and the Ga–P dis-
tance is consistent with a single bond (2.340(1) Å).13 The
Ga–P–P bond angle of 99.04(3)° is comparable to the aforemen-
tioned boryl-substituted diphosphene (cf. 97.02(4)°). Elemental
analysis performed on the crystals is consistent with 3 being
the sole product. Dissolving the crystals allowed for obser-
vation of the resonance at 774.9 ppm in the 31P{1H} NMR spec-
trum. However, the 1H NMR spectrum displays broad reso-
nances corresponding to the BIAN proton environments, pre-
venting adequate assignment. Warming the solution above
room temperature causes the irreversible disappearance of the
31P{1H} NMR resonance. In order to investigate the presence of
paramagnetic species in solutions of 3, EPR spectroscopy was

performed. Solutions of the crystals gave rise to poorly resolved
EPR signals, however confirmed the presence of a radical
species. Monitoring the irradiation of 2a allowed for obser-
vation of the same species over time, albeit with notably better
spectral resolution. Unfortunately, how this species is related
to 3 remains unclear, as we were unable to isolate this sample.

Irradiation of 2b and 2c resulted in no observable NMR
resonances, including in the region corresponding to diphos-
phene 3. The lack of observable diphosphene is likely a result
of the increased steric requirement bestowed by the carbene
ligands, inhibiting dimerisation. Reaction monitoring using
EPR spectroscopy confirmed the presence of a radical species
in both cases. It should be noted that 2a–c all gave different
signals, though 2b and 2c are visibly quite similar, implying
the EPR signal is sensitive to substituents on the gallium
centre. Attempts to crystallise these radical species frequently
yielded yellow powders, likely to be the ligand, or bright green
oils which were no longer soluble in common organic solvents.
The prevalence of radical behaviour in these systems is unsur-
prising, as the Dipp-Bian ligand is non-innocent and has pre-
viously been employed to stabilise radicals in redox
processes.9,14 In this case, however, it is unclear what this
process may be. Recent work by Power and co-workers investi-
gated the nature of the tin–tin bond in ArSnSnAr (Ar = C6H3-
2,6(C6H3-2,6-

iPr2)2), which undergoes reversible homolytic
cleavage in solution to yield radical species as observed by EPR
spectroscopy.15 It could be proposed that upon irradiation of
2a, yielding 3, the steric bulk causes poor overlap of the P–P
bonding orbitals resulting in heterolytic dissociation into rad-
icals. Increasing the steric requirement at the gallium centre
(2b–c) accelerates the dissociation into monomers, preventing
the observation of the diphosphene by NMR spectroscopy.
However, such a process has no precedent in the literature
and, contrary to Power’s ArSnSnAr system, we were unable to
observe reformation of 3 upon cooling solutions of the radical
species. Despite our best efforts, we were unable to unequivo-
cally characterise the species present in solution on irradiation
of 2a–c.

We instead turned our attention to chemical decarbonyla-
tion processes. The substitution of the carbonyl ligand on
phosphaketenes with stronger donors has previously been
explored by the groups of Grützmacher and Bertrand utilising
(phosphino)phosphaketenes, and by our group using a (boryl)
phosphaketene.3a,b,4b Addition of trimethylphosphine to a
toluene solution of 2a (Scheme 3) resulted in quantitative for-
mation of 4a, as evidenced by the presence of a new AX spin
system in the 31P{1H} NMR spectrum at 14.7 and −263.0 ppm

Scheme 2 Synthesis of diphosphene 3.

Fig. 3 Molecular structure of 3. Ellipsoids set at 50% probability; hydro-
gen atoms and solvent of crystallisation omitted for clarity. Carbon
atoms of the Dipp, Bian and Pyr are pictured as spheres of arbitrary
radius. Selected interatomic distances [Å] and angles [°]: Ga–N1 1.904(2),
Ga–N2 1.914(1), Ga–N3 2.079(2), Ga–P1 2.340(1), P1–P1 2.037(1), N1–C1
1.390(2), N2–C2 1.392(2), N1–Ga–N2 90.4(1), N1–Ga–N3 100.0(1), N2–
Ga–N3 101.9(1), N1–Ga–P1 130.0(1), N2–Ga–P1 123.2(1), N3–Ga–P1
106.7(1), P1–P1–Ga 99.04(3).

Scheme 3 Ligand displacement to yield base stabilised phosphinidene
4a.
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(d, 1JP–P = 527 Hz). The 1H NMR spectrum is consistent with
higher order symmetry than the solid-state structure indicative
of fluxional behaviour, which is rapid on the NMR timescale,
likely caused by dissociation and reassociation of the pyridine
ligand. The cause of this phenomenon may be due to an
increase in availability of the phosphinidene lone pair to
donate into the gallium p orbital, partially occupying the
orbital and increasing the lability of the pyridine ligand. This
manifests in a longer than expected Ga1–N3(pyr) bond length
of 2.115(2) Å, Ga–N single bonds are typically expected around
1.95 Å (cf. 2.056(2) Å for 2a). The increase in availability of the
phosphinidene lone pair reflects the reduced π-acceptor ability
of trimethylphosphine with respect to carbon monoxide,
resulting in greater π-donation into the gallium p-orbital and a
stronger Ga1–P1 bond.

The solid-state structure of 4a (Fig. 4) reveals a short P1–P2
bond (2.084(2) Å), in line with what is expected of a double
bond (2.04 Å) (Fig. 4).13 This high bond order is also apparent
from the large phosphorus–phosphorus coupling in the 31P
{1H} NMR spectrum and can be rationalised through dative
bonding from the trimethylphosphine to the phosphinidene
accompanied by back donation from the phosphinidene lone
pair into the phosphine σ* orbital. The Ga1–P1 bond length is
2.265(1) Å, slightly shorter than a typical single bond (Σcov =
2.35 Å).13

Addition of trimethylphosphine to 2b/c results in no
change to either the 31P{1H} or 1H NMR spectra, consistent
with both the increased steric protection given by the larger
carbene ligands, and the stronger P–C bond as noted in solid
state structure of 2b/c compared to 2a. Irradiation of these
reaction mixtures results in silent NMR spectra. Crystals can
be obtained from the irradiation of 2b by cooling a concen-
trated toluene solution, allowing for identification of 4b. This
product confirms that irradiation is suitable for inducing dec-

arbonylation in the NHC substituted phosphaketene.
Dissolving the crystals of 4b yielded featureless NMR spectra,
and EPR spectroscopy confirmed the presence of a radical
species. Likewise, monitoring the irradiation of 2b in the pres-
ence of PMe3 using EPR spectroscopy allowed for observation
of the radical species. Again, the identity of the species in solu-
tion is unknown.

The crystal structure of 4b contains three crystallographi-
cally unique molecules; consequently, all bond distances are
discussed as mean values. 4b displays comparable bond
metrics to 4a with a P1–P2 bond of 2.083 Å and a Ga1–P1 bond
of 2.319 Å.

After the initial success with phosphines, we sought to
expand this methodology to allow access to phosphorus–
heteroatom multiple bonds. We hypothesized that addition of
Power’s gallium(I) carbenoid Ga(Nacnac) (Nacnac = HC[C(Me)
N-(C6H3)-2,6-

iPr2]2) to the phosphaketene 2a would result in
decarbonylation.16 The resulting compound would display a
gallium–phosphorus bond with significant double bond char-
acter due to donation of the phosphinidene lone pair into the
vacant p orbital of the gallium centre. We recently used this
strategy to access a novel phosphanyl–phosphagallene (a
species with a GavP double bond).17

Addition of a stoichiometric amount of Ga(Nacnac) to 2a in
toluene initially resulted in a mixture of two species as
observed by 31P{1H} NMR spectroscopy, a singlet resonance at
157.3 ppm and a second singlet at −319.0 ppm. The former
resonance can be tentatively assigned as the Ga(Nacnac)
adduct 5I. A similar species obtained from the reaction of a
saturated phosphanyl phosphaketene with IDipp has pre-
viously been structurally authenticated.18 This imidazolium
adduct displays a 31P{1H} NMR resonances at 142.5 and
129.8 ppm (d, 1JP–P = 325.1 Hz), the former of these resonances
corresponding to the relevant phosphorus atom. It was not
possible to isolate 5I as it slowly converts to the species at
−319.0 ppm, identified as 5 (Scheme 4). Heating the solution
to 70 °C expedites this process, resulting in complete con-
sumption of 5I in 30 minutes to yield 5 as the sole product.

Crystals of 5 were obtained by allowing a refluxing solution
of toluene to cool slowly to room temperature. The solid-state
structure reveals a bridging 2-coordinate phosphorus atom.
The pyridine ligand has migrated to the less sterically con-
gested Ga(Nacnac) centre, and the Ga2–N5 bond length is
longer than a typical single bond (2.071(2) Å, Σcov = 1.95 Å)
suggesting back donation from the phosphorus lone pair into

Fig. 4 Molecular structure of 4a and 4b. Ellipsoids set at 50% prob-
ability; hydrogen atoms and solvent of crystallisation omitted for clarity.
Carbon atoms of the Dipp, Bian, Pyr, PMe3 and Me2IPr groups are pic-
tured as spheres of arbitrary radius. Selected interatomic distances [Å]
and angles [°]: 4a; Ga1–N1 1.924(2), Ga1–N2 1.918(2), Ga1–N3 2.115(2),
Ga1–P1 2.265(1), P1–P2 2.084(1), N1–C1 1.407(2), N2–C2 1.383(2), N2–
Ga1–N1 90.7(1), N2–Ga1–N3 100.3(1), N1–Ga1–N3 96.7(1), N2–Ga1–P1
117.6(1), N1–Ga1–P1 137.2(1), N3–Ga1–P1 107.9(1), P2–P1–Ga1 100.9(1).
4b*; Ga1–N1 1.971, Ga1–N2 1.975, Ga1–C37 2.099, Ga1–P1 2.319, P1–
P2 2.083, N1–Ga1–N2 87.9, N1–Ga1–C37 116.6, N2–Ga1–C37 120.29,
N1–Ga1–P1 121.8, N2–Ga1–P1 121.3, C37–Ga1–P1 95.1, P2–P1–Ga1
103.7. *Given as mean values of three crystallographically unique
molecules. Scheme 4 Addition of Ga(Nacnac) to 2a to yield 5.
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the gallium p-orbital. The Ga1–P1 and Ga2–P1 distances (2.207
(1) and 2.215(1) and Å, respectively) are intermediary between
what is expected of single and double bonds (Σcov = 2.36 Å
(single) and 2.19 Å (double)).13 They are notably longer than
reported examples of compounds containing a GavP bond
(2.1650(7) and 2.1766(3) Å),17 however a database search of
structurally authenticated compounds with Ga–P bonds
reveals that the bonds in 5 are the shortest unsupported Ga–P
single bonds reported to date. The Ga1–P1–Ga2 bond is sig-
nificantly bent, 112.7(1)°, contrary to what would be expected
of a phosphaallene-type species with double bonds between
the phosphorus and gallium atoms. Previously reported
examples of bridging naked phosphorus atoms from the
groups of Stephan and Cummins, in the complexes
(Cp2Zr)2(μ-P) and ((Me2N)3Mo)(μ-P), reveal linear bonding
about the P centre.19 The bond angle observed in 5 is compar-
able to that of a related bismuth and antimony radical species
[(Nacnac)GaI]2Bi

• and [(Nacnac)GaCl]2Sb
• (cf. 106.68(3)° and

104.89(1)°), ruling out a description of two localised gallium
phosphorus double bonds.20

The resonance structures of 5 with considerable weight are
pictured in Fig. 6. This compound can be described as a zwit-
terion containing a monoanionic phosphorus atom with two
lone pairs and two single bonds to each of the gallium metal
centres (Fig. 6: 5i). Alternatively, it can be described as a
neutral species with a double bond between the phosphorus
and the β-diketiminate gallium centre (5ii). Finally, moving the
electron density to donate into the second Ga p-orbital results
in a zwitterionic species with formal positive and negative
charges on the two gallium centres (5iii). Carbene adducts of
phosphinidenes have been established as indicators of the
π-accepting properties of carbenes based on the shift of both
the 13C and 31P NMR resonances, with increasing π-accepting
carbenes shifting the phosphorus resonance to higher fre-
quencies. Values previously reported for carbene adducts of an
aryl-subtitutent phosphinidene range between −61.2 and
126.3 ppm (RPR′ where R = Ph and R′ = carbene), and a similar
range was noted for carbene adducts of a (phosphanyl)phos-
phindene (−68 to +76 ppm).21,22 Compound 5 is unusually
situated in this series due to the relative electronegativity of
gallium with respect to phosphorus, which results in an inver-
sion of the polarity about the phosphinidene. The result is two
σ-donating substituents with poor π-accepting properties and
thus 5 exhibits a 31P resonance at much lower frequency
(−319.0 ppm) than related species.

To better understand the bonding situation in 5, density
functional theory (DFT) calculations were performed (PBE0/
Def2TZVP (Ga, P, N)/Def2SVP (C, N)). The optimised structure,
5′, displays bond parameters which are in good agreement
with the solid-state data for 5, displaying Ga1–P1 and Ga2–P1
bond lengths of 2.228 and 2.235 Å, respectively, and a Ga1–P1–
Ga2 bond angle of 114.2°. Natural bond orbital analysis indi-
cates the Ga1–P1 bond is slightly polarised towards the phos-
phorus (1.95e: 64.34% P; 35.66% Ga) and is comprised of pri-
marily s orbital character from the gallium (76.30% s; 23.48%
p) and p-orbital character from the phosphorus atom (14.41%

s; 84.67% p). Similarly, the interaction between Ga2 and P1 is
again polarised towards the phosphorus centre (1.95e: 65.88%
P; 34.12% Ga) with a similar orbital configuration of the bond
(Ga2: 73.96% s; 18.87% p. P1: 18.87% s; 80.12% p). There are
two lone pairs at the phosphorus centre, one with significant
s-type character (1.82e: 65.21% s; 34.55% p) and one with
almost entirely p-type character (1.74e: 1.33% s; 98.17% p).
These lone pairs contribute to the HOMO and HOMO−1,
respectively (Fig. 5). Natural population analysis indicates a
significant negative charge localised on the phosphorus atom
(q = –1.18) in comparison to Ga1 (q = +1.40) and Ga2 (q =
+1.47). The short Ga1–P1 and Ga2–P1 interatomic distances
can be attributed to attractive electrostatic interactions
between the partially charged neighbouring atoms. 5 is best
described as 5i (Fig. 6), which bears an electronic resemblance
to carbodiphosphoranes, carbon(0) compounds which are
noted for their ability to act as double bases.23,24 Studies into

Fig. 5 Top: Molecular structure of 5. Ellipsoids set at 50% probability;
hydrogen atoms and solvent of crystallisation omitted for clarity. Carbon
atoms of the Dipp, Bian and Pyr groups are pictured as spheres of arbi-
trary radius. Selected interatomic distances [Å] and angles [°]: Ga1–N1
1.911(2), Ga1–N2 1.889(1), Ga1–P1 2.207(1), Ga2–N3 1.965(2), Ga2–N4
1.965(2), Ga2–N5 2.071(2), Ga2–P1 2.215(1), N1–C1 1.392(3), N2–C2
1.383(3), N2–Ga1–N1 88.6(1), N2–Ga1–P1 122.6(1), N1–Ga1–P1 137.2(1),
N3–Ga2–N4 94.8(1), N3–Ga2–N5 101.4(1), N4–Ga2–N5 100.0(1), N3–
Ga2–P1 111.9(1), N4–Ga2–P1 127.7(1), N5–Ga2–P1 116.4(1), Ga1–P1–
Ga2 112.7(1). Bottom: Kohn–Sham representation of the HOMO and
HOMO−1 of 5’ (PBE0/Def2TZVP (Ga, P, N)/Def2SVP (C, N)).

Fig. 6 Resonance structures of the phosphinidene adduct 5.
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the chemistry of 5 and its possible double-base character are
ongoing.

In summary, we have isolated and characterised a series
of gallium phosphaketenes obtained through salt meta-
thesis between the corresponding gallium iodide and
[Na(dioxane)x][PCO]. The photolysis of phosphaketene 2a
results in decarbonylation to yield the first gallium-substi-
tuted diphosphene, 3, which exhibits an unusually high fre-
quency 31P NMR resonance (δ = 774.9 ppm). Addition of tri-
methylphosphine to 2a results in phosphine-stabilised phos-
phidene, 4a, which displays a significant amount of negative
hyperconjugation between the two phosphorus atoms, evi-
denced by a large phosphorus–phosphorus coupling constant
(1JP–P = 527 Hz) and a short interatomic distance in the solid
state (2.084(2) Å). Similarly, addition of Power’s gallium(I) car-
benoid Ga(Nacnac) yields base-stabilised phosphinidene 5.
DFT investigation indicates 5 is best described as having two
lone pairs at the phosphorus atom due to minimal electron
donation to the adjacent gallium centres. As a result there is
a significant negative charge localised at the phosphorus
atom. This electronic situation resembles carbodiphosphor-
anes and may allow access to double-base reactivity of
phosphorus.
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