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Synthesis of Mono- and Di-cationic Phosphorus-Zirconium Species

Florence Boutonnet,» Maria Zablocka, ? Alain lgau, 2 Jean-Pierre Majoral,*» Bernard Raynaud < and Joé! Jaud¢

e Laboratoire de Chimie de Coordination du CNRS 205, Route de Narbonne, 31077 Toulouse Cédex, France
b Centre of Molecular and Macromolecular Studies, The Polish Academy of Science, Ul. Sienkiewicza 112, 90-363 todz,

Poland

¢ Centre d’Elaboration des Matériaux et d’Etudes Structurales, 29 Rue Jeanne Marvig, Boite Postale 4347, 31055

Toulouse Cédex, France

Synthesis and characterisation of zirconium containing phosphonium salts are reported, including the X-ray molecular
structure determination of [{(Pri;)N},P(Me)(CH2),C(=NBut)Zr{n-CsHs),0S0,CF3][0SO,CF;] 5a; lability of the
zirconium-oxygen covalent bond in 5a allows the preparation of the phosphorus—-zirconium dicationic species 6a

[{(Pri2)N},P(Me){CH,),C(=NBut)Zr(n-CsHs)|[(OSO,CF3)],.

Phosphonium salts R4P*X~ are well known reagents in
organic chemistry, one of the most famous applications being
the Wittig reaction.! Cationic zirconium species [(-
CsHs)ZrR(L)]*+ are also important, acting as catalysts in
Ziegler-Natta olefin polymerizations.2 The high lability of the
neutral donor ligand L and the high Lewis acidity of the
cationic d? metal centre allow coordination and activation of
unsaturated substrates. Moreover, synthetic organic applica-
tions of such cations have been exemplified.3

Taking into account these observations, we were interested
in the preparation of derivatives possessing both zirconium
and phosphonium cations, with the ultimate objective of
developing new synthetic reactions using the properties of
each cationic centre. We report here the synthesis and X-ray
structure determination of a zirconium containing phospho-
nium salt as well as the characterization of the first dicationic
phosphorus-zirconium reagent.

Hydrozirconation of the bis(diisopropylamino)vinyl phos-
phine 1 with (n-CsHs),ZrHCI 2 leads to the phosphine 3, in
which the zirconium moiety (1-CsHs),ZrCl is bonded to the
less hindered carbon atom? (Scheme 1). As expected, 3 reacts
with isocyanides RNC to give the insertion products 4a (R =
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Fig. 1 Molecular structure of 5a (cation only). Hydrogen atoms are
omitted for clarity. Selected bond distances (A) and angles (°):
P(1)-N(2) 1.631(6), P(1)-N(3) 1.642(6), P(1)-C(13) 1.794(7), P(1)-
C(18) 1.795(7), Zr(1)-C(11) 2.219(6), Zr(1)-N(1) 2.200(5), Zr(1)-
O(1) 2.268(5) N(1)-C(11) 1.257(8); C(11)-Zr(1)-N(1) 33.0(2), N(1)-
Zr(1)-0(1) 82.3(2), N(1)-C(11)-Zr(1) 72.7(4).

t Selected spectroscopic data for 3: 3P NMR ([2Hg]THF) 6 60.1; 'H
NMR ([2Hg]THF) 4 1.20(m, 2H, CH>-Zr), 1.31 (d, Jun 6.7 Hz, 12 H,
CHs,), 1.35(d, Jyy 6.7 Hz, 12 H, CH3), 2.08 (m, 2 H, CH,-P), 3.56 (d.
sept., -’HP 97., JHH 6.7 Hz, 4 H, CH), 6.48 (S, 10 H, C5H5); 13C NMR
([2H]THF) 6 25.2 (d, Jcp 6.5 Hz, CH3), 25.6 (d, Jcp 7.2 Hz, CH3),
34.1 (d, Jcp 13.6 Hz, CH,-P), 47.6 (d, Jcp 9.1 Hz, CH), 49.6 (d, Jcp
6.9 Hz, CH,-Zr), 113.8 (s, CsHjs); satisfactory elemental analyses (C,
H, N) were obtained for 3.

But) or 4b (R = CH,SiMe;).3 Addition of 2 equiv. of
methyltrifluoromethane sulfonate to a dichloromethane solu-
tion of 4a gave the derivative 5a quantitatively. NMR
experiments prove the presence of one methyl group linked
directly to the phosphorus atom.§ 3!P NMR spectroscopy
cooroborates the formation of a phosphonium salt: a deshield-
ing effect of 11.3 ppm is observed (4a 6 = 48, 5ad = 61.2). The
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Scheme 1 Reagents and conditions: i, THF, ~78 °C, 1 h then 25 °C, 2
h; ii, RNC, =78 °C, 30 min; iii, 2 equiv. of MeOSO,CF;3, 25 °C, 2 h;
iv, MeCN

1 Selected spectroscopic data for 4a: 31P NMR (C¢Ds) 6 48.0; 'TH NMR
(CeDe) 8 1.16 (d, Jyyys 6.8 Hz, 12 H, CH;CH), 1.23 (d, Ju411 6.8 Hz, 12
H, CH,CH), 1.35 [s, 9 H, (CH3);C], 2.24 (m, 2 H, CH,-C=N), 2.81
(m, 2H, CH,-P), 3.32 (m, 4 H, CH), 5.79 (s, 10 H, CsH5s); 13C NMR
(CeéDg) & 24.51 (d, Jcp 6.6 Hz, CH,CH), 24.61 (d, Jcp 7.8 Hz,
CH,CH), 27.64 (d, Jcp 5.4 Hz, CH,-C=N), 29.72 (s, CH;C), 32.95 (d,
Jep 30.5 Hz, CH,-P), 46.89 (d, Jcp 9.9 Hz, CHCHj,), 62.50 [s,
C(CH3)3), 109.1 (s, CsHs), 235.8 (d, Jcp 20.0 Hz, C=N); EI MS (70
eV) miz 597.

For 4b: 31P (Ce¢Dg) & 48.2; 'H NMR (Ce¢Dg) & 0.66 [s, 9 H,
(CH3;)5Si], 1.17 (d, /6.8 Hz, 12 H, CH3CH), 1.23 (d, Jy 6.8 Hz, 12
H, CH;CH), 2.18 (m, 2 H, CH,-C=N), 2.63 (m, 2 H, CH,-P), 3.21 (s,
2 H, SiCH,), 3.36 (m, 4 H, CH), 5.82 (s, 10 H, CsHs); 13C NMR
(C¢Dg) & —1.35 (s, CH,Si), 24.51 (d, Jcp 6.6 Hz, CH;CH), 24.61 (d,
Jep 7.8 Hz, CH3CH), 26.32 (d, Jcp 6.3 Hz, CH,-C=N), 32.12 (d, Jcp
29.8 Hz, CH,-P), 40.87 (s, CH,Si), 46.92 (d, Jcp 9.8 Hz, CHCH,),
109.16 (s, CsHs), 234.70 (d, Jcp 18 Hz, C=N); EI MS (70 eV) m/z 627;
satisfactory elemental analyses (C, H, N) were obtained for 4a and 4b.

§ Selected spectroscopic data for 5a: 3'P NMR (CD,Cl,) & 61.2; 'H
NMR (CD,Cl,) 6 1.35 [s, 9 H, (CH3)5C}, 1.42 (d, Jup 6.8 Hz, 12 H,
CH,CH), 1.45(d, Jyp 6.8 Hz, 12 H, CH53CH), 2.30 (d, Jup 12.6 Hz, 3
H, CH;P), 2.86 (m, 2 H, CH,-C=N), 3.21 (m, 2H, CH,-P),3.92(m, 4
H, CH), 6.06 (s, 10 H, CsHs); 13C NMR (CD,Cl;) 6 13.98 (d, Jcp 77.0
Hz, CH;P), 23.42 (s, CH;CH), 24.18 (s, CH3CH), 27.9 (d, Jcp 81.9
Hz, CH,P), 29.18 (s, CH;C), 30.53 (s, P-C-CH,), 48.57 (d, Jcp 3.3
Hz, CHCHa;), 63.23 [s, C(CH3)3] 109.95 (s, CsHs), 230.47 (d, Jcp 29.6
Hz, C=N); FABMS m/z: 726. Satisfactory elemental analyses (C, H,
N) were obtained for Sa.
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Scheme 2 Reagents and conditions: i, 1 equiv. of MeOSO,CF;, THF;
ii, BuNC then 1 equiv. of MeOSO,CF;

VcE,s0, absorption (1280 cm~1!) in the IR spectrum, clearly
indicates the presence of the triflate anion. Absorption due to
covalently bonded triflate cannot be clearly identified because
of the presence of other absorptions in the relevant area
(1370-1390 cm~1). Nevertheless, the FABMS shows a well-
defined molecular ion, with indication of a covalent zirco-
nium-oxygen bond. These observations prompted us to
explore the structure of 5a in more depth, and a single crystal
X-ray diffraction study was carried out. The structure of the
cation is shown in Fig. 1 and demonstrates clearly that Sais a
monocation in the solid state.] Therefore, two different
processes occur when 2 equiv. of methyltrifluoromethane
sulfonate are added to 4a: alkylation on phosphorus and
substitution on zirconium with the formation of a Zr-O bond.

Evidence is found by conductimetric measurements for the
generation of a dicationic species 6a|| on dissolution of 5a in
acetonitrile. Indeed, the conductance of 6a, measured on a
10-2 mol dm—3 solution at 25 °C, is 321 Q-1 cm? mol—!. This
value is in agreement with values given for other 2:1
electrolytes (220-300 Q-1 cm? mol—1)4 and not those fora1:1
electrolyte, for which values between 120 and 160 Q-! cm?2
mol~1! are commonly measured. Under the same experimental
conditions, a value of 177 Q-1 cm? mol-! is found for the
monocation 7, obtained by treatment of the vinylphosphine 1
with methyltrifluoromethane sulfonate. To our knowledge,
compound 6a is the first example of a stable phosphorus—
zirconium dication. As the acetonitrile allows the dissociation
of the Zr-O covalent bond, it is reasonable to assume that it

| Crystal data for 5a: C3;HsgFgN3OgPS;Zr, M = 877, monoclinic,
space group P2,/c, a = 14.026(9), b = 18.175(4), c = 16.774(8) A, B =
94.2(1)°, V = 4265(6) A3, Z = 4, D, = 1.37 g cm—3, M(Mo-Ka) =
0.71073 A, u = 4.48 cm~!. The data 7785 reflections, 4442 unique
and no weak {(I > 3o(I)}} were collected at 20 °C on an Enraf-Nonius
CAD-4 diffractometer using the ©-20 mode (8. = 25°) and an
empirical absorption correction was applied. The structure was solved
by direct methods and refined by full-matrix least-squares analysis
using 4227 reflections with 7 > 30(J) to R = 0.065, R,, = 0.077. All
non-hydrogen atoms were refined anisotropically. Hydrogen atoms
were introduced in the calculation, but not refined. The CF3SO;
moiety not bounded to the cation showed marked thermal motion.
For this reason an R value of only 0.065 was attained. All calculations
were performed on an ALLIANT VFX 80 mini super calculator using
SHELX,, CRYSTALSS and ORTEP? programs.

Atomic coordinates, bond lengths and angles, and thermal
parameters have been deposited at the Cambridge Crystallographic
Data Centre. See Notice to Authors, Issue No. 1.

| Selected spectroscopic data for 6a: 3'P NMR (CD;CN) & 59.3; H
NMR (CD;CN) 6 1.40 [s, 9 H, (CH3);C], 1.42 (d, Jup 6.8 Hz, 12 H,
CH;3CH), 1.45 (d, Jup 6.8 Hz, 12 H, CH5CH), 2.29 (d, Jup 12.6 Hz, 3
H, CH;P), 2.85 (m, 2 H, CH,~C=N), 3.20(m, 2H, CH,-P), 3.92 (m, 4
H, CH;CH), 6.04 (s, 10 H, CsHs); 13C NMR (CD;CN) same values as
for 5a [except 6 230.50 (d, Jcp 30.5 Hz, C=N)].
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plays a part in the stabilisation of 6a. No signal due to
complexed acetonitrile is seen in the TH NMR spectrum,
though this can be explained if the coordination to the
zirconium centre is weak, and in solution there is an
equilibrium set up eqn. (1), for which the equilibrium constant
is very large.

[6a-MeCN] = 6a + MeCN 1)

Evaporation of acetonitrile followed by dissolution of the
residue in dichloromethane allows recovery of 5a.

In order to check which is the most reactive centre towards
methyltrifluoromethane sulfonate (phosphorus or zirconium),
we added this reagent to phosphine 3. Reaction of 3 with 1
equiv. of methyltrifluoromethane sulfonate in tetrahydrofu-
ran (THF) results in its clear conversion to the phosphonium
salt 8, while stabilisation of the Zr centre occurs by complexa-
tion with THF. [8 1H NMR (CD,Cl,) 8 2.30 (d, 2Jup 12.6 Hz,
PMe)]. Treatment of 8 with tert-butyl isocyanide then methyl-
trifluoromethane sulfonate (1 equiv.) provides an alternative
route to 5a (Scheme 2).

In summary, a series of phosphorus—zirconium salts, which
are stable either in solid state (5a) or in solution (6a, 8, 9),
have been synthesised in high yield. This combination of
accessibility, stability and reactivity on phosphorus and/or
zirconium makes these new derivatives potentially valuable,
synthetic reagents.
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