
      

The first structurally authenticated alkali metal 1,3-diphosphaallyl
complex [{ButC(PMes)2}Li(thf)3] (Mes = 2,4,6-Me3C6H2): an alternative
synthetic approach to substituted 1,3-diphosphaallyl complexes
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Reaction of the phosphavinyl Grignard reagent [Z-MesPNC-
(But)MgBr.OEt2]2 (Mes = 2,4,6-Me3C6H2) with MesPCl2
affords the corresponding 1,3-diphosphapropene compound
[Z-MesPNC(But)P(X)Mes] (X = Cl, Br); subsequent reaction
with two equivalents of elemental lithium in thf affords the
title compound [{ButC(PMes)2}Li(thf)3], which contains an
asymmetric h1-1,3-diphosphaallyl ligand.

In recent years first-row heteroallyl variants such as 1-azaallyls
and amidinates have attracted considerable attention and have
found widespread applications as ancillary ligands for main
group, lanthanide, and transition metal complexes.1–3 However,
considerably less attention has been paid to heteroallyl systems
that incorporate second row elements such as phosphorus (e.g.
1-phosphaallyls and 1,3-diphosphaallyls),† even though there
has been a prolific development in the field of low-coordinate
phosphorus chemistry.4

With this in mind, we have recently embarked upon a study
of 1,3-diphosphaallyl chemistry. Such a ligand system may be
regarded as the ‘big-brother’ to amidinates and, given that
phosphorus is a larger and softer donor than nitrogen, may be
expected to confer useful properties on its complexes, such as
increased Lewis acidity, and exhibit a greater repertoire of
coordination modes. Few examples of 1,3-diphosphaallyl
complexes have been reported, all of which are transition metal
derivatives. In these cases the parent 1,3-diphosphapropenes
were synthesised by: (i) reaction of a phosphaketene
(Mes*PNCNO) with a silyl phosphane [Mes*P(H)SiMe3] to
afford Mes*PNC(OSiMe3)P(H)Mes* (Mes* =
2,4,6-But

3C6H2), via a 1,3-silyl migration,5 or (ii) dehy-
drohalogenation of the bis-phosphane H2C{P(Cl)Mes*}2 to
give the corresponding chloro-1,3-diphosphapropene.6 These
two routes suffer from the disadvantage that the 2-substituent is
limited to OSiMe3 or H; for other substituents (such as tert-
butyl) a different approach is required. Our attention was drawn
to the phosphavinyl Grignard reagents derived from the regio-
and stereo-selective 1,2-addition of Grignard reagents across
2,2-dimethylpropylidynephosphine reported by Jones,7 and by
Binger and Regitz.8 Jones and co-workers have demonstrated
the utility of such compounds as ligand transfer reagents with a
variety of main group halides, but often observe facile coupling
reactions.9 We reasoned that with suitable protection of the
reactive phosphavinyl PNC bond, by a bulky group such as Mes
(Mes = 2,4,6-Me3C6H2), chloro-1,3-diphosphapropene com-
pounds with any 2-substituent that stabilises the parent
phosphaalkyne would be accessible.

Treatment of a slight excess of MesPCl2 with half an
equivalent of the dimer [Z-MesPNC(But)MgBr.OEt2]2 (1)7 in
thf at 278 °C yields, after work up, the corresponding
1,3-diphosphapropene [Z-MesPNC(But)P(X)Mes] (2) (X = Cl,
Br) in essentially quantitative yield. This is confirmed by 31P
NMR spectroscopy; the spectrum of 2 in d6-benzene exhibits
two pairs of AX doublets in an approximate ratio of 1+2 at 262.3
and 81.3 ppm (2JPP = 47 Hz), and 259.3 and 93.6 ppm (2JPP =
40 Hz), which are assigned as the bromo and chloro derivatives
respectively. The former resonances in each case are clearly due
to a phosphavinyl group, whereas the latter are typical for a
secondary chloro- or bromo-phosphine; 1H NMR spectroscopy

indicates the presence of two derivatives in a 1+2 ratio, each
exhibiting inequivalent Mes rings. Satisfactory microanalysis
were obtained. Whilst it seemed likely that the Z isomeric form
would be retained, this assignment is not conclusive from 31P
spectroscopy alone. To clarify this point, crystals of 2 were
grown from a cold (5 °C) solution in diethyl ether, and an X-ray
crystallographic study was undertaken.

X-Ray crystallography (Fig. 1)‡ reveals that the Z configura-
tion of the PNC bond is retained in the 1,3-diphosphapropene
(2); the two Mes groups adopt an approximately syn orientation
with respect to each other. In the crystal examined a competitive
refinement indicated that the bromide and chloride components
are disordered over the same site in a refined ratio of 0.36:0.64,
in agreement with 31P NMR spectroscopy. The C(1)–P(2) bond
length of 1.694(2) Å is in good agreement with other localised
PNC bond lengths.4 The C(1)–P(1) bond is somewhat longer at
1.836(2) Å, indicative of a P–C single bond, and is in good
agreement with the two P–Cipso bond lengths [P(2)–C(15)
1.837(2); P(1)–C(6) 1.832(2) Å]. The C(15)–P(2)–C(1) bond
angle of 109.18(9)° is as expected, and P(1) is distinctly trigonal
pyramidal [sum of angles = 314.91°]; C(1) also shows a slight
deviation from planarity [sum of angles = 357.39°].

Sonication of a thf solution of 2 with two equivalents of
elemental lithium for one hour under an argon atmosphere
results in a rapid darkening of the solution from orange to dark
red. Work up gives [{ButC(PMes)2}Li(thf)3] (3) as a red
powder in essentially quantitative yield,§ which gives sat-
isfactory microanalysis consistent with the formation of a tris-
thf adduct. In d8-thf the 31P and 7Li NMR spectra (relative to
aqueous 85% H3PO4 and 1 M LiCl at 0.00 ppm respectively)
exhibit single sharp resonances at 109.4 and 20.69 ppm
respectively, indicating a symmetrical species in solution; this is
further corroborated by the 1H NMR spectrum of 3, which
exhibits a single set of signals for the Mes rings. This could be
due to rapid exchange of the lithium between both phosphorus
centres, symmetrical h2-PP or h3-PCP coordination modes, or
formation of solvent separated ion pairs in solution.

Fig. 1 Molecular structure of 2. Hydrogen atoms and disordered bromide
component are omitted for clarity. Selected bond lengths (Å): P(1)–C(1)
1.836(2), P(1)–C(6) 1.832(2), P(1)–Cl(1) 2.202(2), P(2)–C(1) 1.694(2),
P(2)–C(15) 1.837(2), C(1)–C(2) 1.552(3).
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Dark red, air- and moisture-sensitive, X-ray quality crystals
of 3 were grown from a concentrated diethyl ether solution at 5
°C. The structure of 3 (Fig. 2)‡ consists of a 1,3-diphosphaallyl
ligand bonded to a lithium cation in a terminal h1 manner; the
coordination sphere of lithium is completed by three molecules
of thf. Although the P–C–P unit in 3 is clearly asymmetric, due
to coordination of lithium to one phosphorus centre, the P(1)–
C(1) and P(2)–C(1) bond lengths of 1.760(2) and 1.737(2) Å,
respectively, lie between the P–C and PNC bond lengths
observed in 2, and are also well within the range observed in
structurally characterised 1,3-diphosphaallyl complexes
(1.712–1.793 Å).5,6b,c,e This indicates extensive delocalisation
in the P–C–P unit, an assertion that is supported by the approach
of P(1) towards planarity [sum of angles = 353.94°]; C(1) is
essentially planar [sum of angles = 359.9°]. The Li(1)–P(1)
bond length of 2.562(4) Å is unexceptional, and well within the
range of Li–P bond lengths reported to date.10 The Li–O bond
lengths span the range 1.935(5)–1.959(5) Å and are unremark-
able in nature. With the exception of the large O(3)–Li(1)–P(1)
angle of 125.3(2)°, which is presumably a result of steric
repulsion between the tert-butyl group and the O(3)-thf, the
bond angles at lithium [104.1(2)–107.5(2)°] are close to the
tetrahedral ideal. The C(1)–P(2)–C(15) bond angle
[106.97(11)°] is marginally compressed from that observed in
2. The two Mes rings are orientated such that an ortho carbon of
each ring resides over the centre of the other Mes ring. The
Cortho–ring (centroid) distances of 3.469 and 3.452 Å are within
the range commonly encountered for p stacking (3.4–3.8 Å),11

and are suggestive of a p…p slipped stacking interaction.

We rationalise the terminal h1 bonding mode of the
1,3-diphosphaallyl ligand on the grounds that lithium is
exceptionally hard and polarising, and therefore bonding to a
soft delocalised system is disfavoured; the charge localising
nature of lithium compared to the heavier alkali metals is well
demonstrated by their complexes of the triphenylmethanide
anion.12 However, it may also be that the anti,anti orientation of
the two Mes rings relative to the tert-butyl group enforces h1

coordination. Certainly, a syn,syn isomer would favour an h2-
PP or an h3-PCP bonding mode.

We are currently investigating the isomerisation of 2 and 3,
the heavier alkali metal analogues of 3, and their metathesis
chemistry for the synthesis of main group, transition metal, and
lanthanide complexes.
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Notes and references
† Although diphosphinomethanides are often referred to as ‘heteroallyl’ in
nature, and are extensively investigated, they should not be confused with
genuine heteroallyl systems.
‡ Crystal data for 2: C23H31Br0.36Cl0.64P2, M = 420.87, triclinic, space
group P1̄, a = 8.8412(6), b = 9.4818(6), c = 14.4128(10) Å, a =
109.001(2), b = 92.033(2), g = 98.202(2)°, U = 1126.37(13) Å3, Z = 2,
Dc = 1.241 g cm23, m = 0.91 mm21 (MoKa, l = 0.71073 Å), T = 150
K, R (F2 > 2s) = 0.0307, Rw (F2, all data) = 0.0815, goodness-of-fit =
1.045 for all 3930 unique data (8092 measured, Rint = 0.0189, 2q < 50°,
CCD diffractometer) and 245 refined parameters. CCDC 201226. For 3:
C35H55LiO3P2, M = 592.67, monoclinic, space group P21/c, a =
11.3121(5), b = 16.3249(7), c = 19.3487(8) Å, b = 105.365(2)°, U =
3445.4(3) Å3, Z = 4, Dc = 1.143 g cm23, m = 0.16 mm21 (MoKa, l =
0.71073 Å), T = 150 K, R (F2 > 2s) = 0.0492, Rw (F2, all data) = 0.1370,
goodness-of-fit = 1.083 for all 6074 unique data (24775 measured, Rint =
0.0326, 2q < 50°, CCD diffractometer) and 389 refined parameters.
Programs: standard Bruker AXS control and integration software and
SHELXTL.13 CCDC 201227. See http://www.rsc.org/suppdata/cc/b3/
b300272a/ for crystallographic files in CIF or other electronic format.
§ Spectroscopic data for 3: 1H NMR (295 K, 500 MHz, d8-thf) d 1.44 (9H,
s, C(CH3)3), 1.65 (12H, m, CH2-thf), 1.86 (6H, s, para-CH3), 2.21 (12H, s,
ortho-CH3), 3.48 (12H, m, OCH2-thf) and 5.96 (4H, s, aryl-CH). 13C NMR
(295 K, 125 MHz, d8-thf) d 20.21 (ortho-CH3), 22.22 (para-CH3), 25.37
(CH2-thf), 34.96 (t, 3JPC 16.8 Hz, C(CH3)3), 42.62 (t, 2JPC 28.2 Hz,
C(CH3)3), 67.49 (OCH2-thf), 125.79 (meta-C), 130.20 (para-C), 139.38
(ortho-C), 144.96 (d, JPC 25.4 Hz, ipso-C) and 214.1 (t, JPC 84.2 Hz, PCP).
31P NMR (295 K, 121 MHz, d8-thf) d 109.4. 7Li NMR (295 K, 194 MHz,
d8-thf) d20.69. Anal. Found: C, 70.89; H, 9.49%. Calc. for C35H55LiO3P2:
C, 70.93; H, 9.35%.
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Fig. 2 Molecular structure of 3 with selective labelling. Hydrogen atoms and
minor thf disorder components are omitted for clarity. Selected bond lengths
(Å): P(1)–C(1) 1.760(2), P(1)–C(6) 1.832(2), P(1)–Li(1) 2.562(4), P(2)–
C(1) 1.737(2), P(2)–C(15) 1.838(3), C(1)–C(2) 1.557(4), Li(1)–O(1)
1.935(5), Li(1)–O(2) 1.943(5), Li(1)–O(3) 1.959(5).
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