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Zwitterionic phosphazenium phosphazenate ligands
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Zwitterionic ligands are readily prepared from phosphazenes
(RNH)¢P;N; by successive alkylation of ring nitrogen sites and
deprotonation of exocyclic NH sites.

Phosphine imides (A)' and bis(imino) phosphinates (B)* are
prominent monoanionic phosphorus(V) nitrogen ligands, which
have been used as electron-rich and sterically demanding ligands
for both olefin polymerisation catalysts and the stabilisation of low
coordinated or high oxidation state metal centres. Over recent
years we have studied multianionic poly(imino) cyclophosphaze-
nate ligands, such as the hexaanion C. These ligands exhibit
multidentate coordination surfaces that are able to accommodate
large numbers of metal ions.® They are prepared by multiple
deprotonation of poly(amino) cyclophosphazenes, such as
(RNH)¢P3N3. Very recently, we reported that amino substituted
phosphazenes react with alkyl halides at one or two ring N sites
yielding N-alkyl and N,N'-dialkyl phosphazenium ions, respec-
tively.* In view of the selective deprotonation pathways of
(RNH)P3N;, we became interested in the deprotonation beha-
viour of the resulting mono and dicationic phosphazenium species.
Here we show that selective deprotonation of N-methyl and
N,N'-dimethyl phosphazenium cations give novel zwitterionic
ligand systems.
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The reaction of the N,N’-dimethyl phosphazenium salt 1 with
n-butyllithium in thf was monitored by *'P NMR.1 The addition
of two equivalents of Bu"Li gave a clean product as indicated by
the sole appearance of two peaks at ¢ 6.8 and 24.6 showing an
intensity ratio of 2 : 1. We attributed these to an AXj signal with a
very low coupling constant, which could not be resolved.’ Single
crystals of the product were obtained from a thf solution at 2 °C.
The X-ray crystal structuref revealed the formation of the lithium
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Scheme 1 Synthesis of 2. Reagents and conditions: 2 Bu"Li, thf, r.t.,
—2 Bu"H, —Lil; R = cyclohexyl.

iodide complex 2 featuring a zwitterionic ligand system (Scheme 1
and Fig. 1).

Deprotonation occurred at two geminal amino sites attached to
the phosphorus atom that is bounded by the two methylated N
centres. The deprotonated N-P-N unit chelates the lithium ion in
a bidentate fashion. Two thf molecules complete the coordination
sphere of the tetrahedrally coordinated lithium ion. The P-N bond
lengths associated with the N-P-N chelate are very short
(av. 1.57 A) and equal those found in the corresponding lithium
complexes of B (av. 1.58 A).% The average N-Li distance of 2.03 A
also compares well with that observed in B (av. 2.06 A). By

Fig. 1 Crystal structure of 2. C-bound H-atoms and lattice bound thf
molecules are omitted for clarity. Dashed lines indicate hydrogen bonds.
Selected bond lengths (A) and angles (°): Lil-N4 2.046(8), Lil-N5
2.006(8), P1-N4 1.571(3), P1-N5 1.570(3), P1-N1 1.717(3), P1-N2
1.715(3), P2-N2 1.660(3), P2-N3 1.575(3), P2-N6 1.631(3), P2-N7
1.619(3), P3-NI 1.658(3), P3-N3 1.577(3), P3-N8 1.621(3), P3-N9
1.633(3), N1-C1 1.490(4), N2-C2 1.487(4), N8---I1 3.636(3), N7---Ila
3.620(3); N4-P1-N5 105.5(2), N1-P1-N2 99.97(14), N2-P2-N3 109.9(2),
NI1-P3-N3 109.7(2), P1-N1-P3 130.8(2), P2-N2-P1 130.6(2), P2-N3-P3
128.6(2). Additional ‘a’ letters indicate equivalent positions (1 + x, y, z).

This journal is © The Royal Society of Chemistry 2007

Chem. Commun., 2007, 3823-3825 | 3823



contrast, the P-N ring bonds adjacent to the chelate are rather
long (av. 1.72 A) when compared to the corresponding ring bonds
of the precursor 1, which amount to 1.65 A. The next pair of P-N
bonds further along the ring are 1.66 A on average, while the two
P-N bonds located opposite in the ring to the chelating N-P-N
unit measure only 1.58 A. Similarly short P-N bonds of 1.58 A are
found in the bis(triphenylphosphine)iminium cation, PPN", which
has been widely applied as a counterion to facilitate crystallisation
of a range of anions.®

PPN*

Formally the zwitterion in complex 2 is assembled from the
anionic metal chelating unit N4-P1-NS5, which resembles the
monoanionic bis(imino)phosphinate ligand B, and the cationic
backbone unit P2-N3-P3, which relates to bis(phosphine)iminium
cations like PPN™. The anionic phosphazenate and the cationic
phosphazenium moieties are linked by long P-N bonds via the two
methylated nitrogen centres. The equivalence of bonding para-
meters in the anionic N4-P1-N5 unit and the strongly basic ligand
B suggest that the chelate of the zwitterion exhibits a strongly
binding ligand site. Weak acids such as ethanol protonate the
ligand suggesting that both ligand N sites are fairly basic. In the
solid state the iodide ion interacts with the zwitterionic ligand via
hydrogen bonds to two RNH groups resulting in a supramolecular
chain structure arranged alternately of zwitterions and iodide ions.
In addition to both lithium-coordinating thf ligands, the crystal
structure contains two lattice bound thf molecules per formula
unit.

We have also investigated the deprotonation of the N-methyl
phosphazenium derivative 3, which bears one methylated ring N
site. It reacts with one equivalent of Bu"Li to give the lithium
iodide complex 4.1 The X-ray crystal structuref shows again the
presence of a zwitterionic ligand system (Scheme 2 and Fig. 2).
Deprotonation occurred at one exocyclic N atom in direct
neighbourhood of the methylated N site. The resulting mono-
dentate ligand binds the lithium ion, which is further coordinated
by the iodide ion and two thf molecules.

The P-N bond associated with the monodentate ligand site is
short (P1-N4 1.571(5) A) and comparable to the P-N bonds of the
chelate in 2. The N-Li distance in 4 (Lil-N4 1.973(11) A) is
slightly shorter than in 2, which reflects the interaction of the
lithium ion with only one negatively charged N centre. Both P-N
bonds in the ring involving the methylated N site are long. Here
the P1-N1 bond that joins the P-centre carrying the deprotonated
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Scheme 2 Synthesis of 4. Reagents and conditions: Bu"Li, thf, r.t.,
—Bu"H; R = cyclohexyl.

Fig. 2 Crystal structure of 4. C-bound H-atoms are omitted for clarity.
Dashed lines indicate hydrogen bonds. Selected bond lengths (A) and
angles (°): I1-Lil 2.805(9), Lil-N4 1.973(11), PI-N4 1.571(5), P1-N1
1.715(5), P1-N3 1.590(4), P1-N5 1.639(4), P2-N1 1.653(4), P2-N2
1.565(4), P2-N6 1.654(5), P2-N7 1.604(5), P3-N2 1.594(5), P3-N3
1.583(4), P3-N8 1.657(4), P3-N9 1.632(5), N1-C1 1.479(6), N5---I1
3.689(4), N7---Ila 3.679(5); N1-P1-N3 105.8(2), N1-P2-N2 111.7(2), N2
P3-N3 115.0(2), PI-N1-P2 127.8(2), P2-N2-P3 124.2(3), P1-N3-P3
128.0(3). Additional ‘a’ letters indicate inversion related sites (1 — x,2 — y,
1—2).

N site is with 1.715(5) A substantially longer than the P2-N1 bond
which measures 1.653(4) A. All the other P-N ring bonds are short
(<1.60 A) showing some degree of multiple bond character typical
of cyclophosphazene ring bonds.”

The RNH function geminal to the deprotonated N centre forms
a hydrogen bond with the lithium bonded iodide ion. The close
proximity of H-bonding and metal coordination sites enables the
ligand to bind the lithium iodide unit via both N-Li and NH--I
interactions. This synergistic anion/cation coordination to lithium
halide aggregates is an interesting feature of phosphazenes
containing N-P-NH units.®> The lithium iodide complex in 4
forms a centrosymmetric dimer via additional NH:--I interactions
to an RNH group of a neighbouring zwitterion. A further RNH
group binds a thf molecule via H-bonding.

Zwitterionic ligands featuring strongly binding, electron rich
chelates for metal ions are of great interest in many areas,
particularly in homogenous catalysis and coordination polymers.’
Phosphazene based zwitterions have been reported, but they lack
metal binding ligand sites.'” Here we have shown that zwitterionic
phosphazenium phosphazenate ligands are easily accessible from
amino substituted cyclophosphazenes by successive alkylation of
N ring sites and deprotonation of exocyclic NH groups. This
reverses the polarity of the phosphazene by transferring the
negative charge from the ring onto the exocyclic N sites. The
resulting zwitterions show a ligand behaviour that is similar to
conventional anionic phosphorus(V) nitrogen ligands.
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Notes and references

+ Synthesis. 2. Upon addition of two molar equivalents of Bu"Li in hexane
to a suspension of 1 (0.5 g) in 20 ml thf the reaction mixture became clear.
After stirring for 3 h the solution was filtered. The filtrate was stored at 2 °C
giving colourless crystals. '"H NMR (400 MHz, dg-thf, SiMe, ext.)
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0 2.02-2.07 (m, 60H, CHy(cyclohexyl)), 2.54 (m, 6H, CH(cyclohexyl)), 3.89
(m, 6H, NH), 3.89 (m, 3H, NCH;); *C{'H} NMR (100.6 MHz, dg-thf,
SiMey ext.) 6 25.8, 35.7, 51.7, 67.6; *'P{'H} NMR (162.0 MHz, dg-thf, 85%
H,PO, in D,O ext.) § 6.8, 24.6; IR (nujol) v [em™ '] = 3198 (N-H), 1283,
1143, 1105, 1045, 936, 889, 762, 723, 691. Elemental analysis:
CysHorLiNgO,P3 (1030.07): cale.: C 53.64, H 9.00, N 12.24; found: C
53.22, H 8.45, N 12.71%. 4: Addition of one equivalent of Bu"Li in hexane
to a suspension of 3 (0.5 g) in 20 ml thf gave a clear reaction mixture. The
solution was stirred for 3 h and filtered. The filtrate was stored at room
temperature giving colourless crystals. "H NMR (400 MHz, dg-thf, SiMe,
ext.) 0 1.85-2.12 (m, 60H, CHy(cyclohexyl)), 2.49 (m, 6H, CH(cyclohexyl)),
3.48 (br, 3H, NCH3), 3.81 (m, 3H, NH); *C{'H} NMR (100.6 MHz, dg-
thf, SiMe, ext.) 6 24.5, 34.8, 48.0, 65.7, 75.8; *'P{'"H} NMR (162.0 MHz,
dg-thf, 85% H3PO,4 in DO ext.) ¢ 10.2, 17.3; IR (Nujol) viem™ ' 3224 (N-
H), 1253, 1209, 1101, 1049, 889, 803, 723. Elemental analysis:
C4sHgoLiNgO,P5 (1016.04): calc.: C 53.20, H 8.93, N 12.41; found: C
52.70, H 8.52, N 12.82%.

I Crystallographic data were recorded on a Bruker Apex diffractometer
using Mo-Ka-radiation (4 = 0.71073 A). Both structures were refined by
full-matrix least squares against /* using all data (SHELXTL).!! Apart
from disordered atoms, non-hydrogen atoms were refined anisotropically.
C-bonded hydrogen atoms were fixed geometrically, N-bonded hydrogen
atoms were refined freely using similar distance restraints for N-H
distances. 2: Cs4H;ogILiNgO4P3, M = 1174.24, P2,/c, a = 11.9616(6), b =
22.3804(10), ¢ = 24.1793(12) A, ff = 102.583(1)°, V' = 6317.5(5) A*, Z = 4,
11095 independent reflections, R, [/ > 2a(/)] = 0.057, wR, (all data) =
0.141; 4: C4oHoglLiNgO3P3, M = 1086.10, P1, a = 13.190(2), b = 14.277(2),
¢ = 17.6452) A, o = 100.961(2), # = 100.643(2), y = 113.484(2)°, V =
2864.0(6) A, Z = 2, 9863 independent reflections, R, [I > 2a()] = 0.068,
wR, (all data) = 0.185. CCDC 650739 and 650740. For crystallographic
data in CIF or other electronic format see DOI: 10.1039/b708993¢g
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