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The relevance of steric effects of phosphorus
ligands in organometallic chemistry and homogeneous
catalysis has been recently reviewed by Tolman [1].
This author has proposed a method for quantitative
evaluation of electronic and steric properties of phos-
phorus ligands based respectively on carbonyl
stretching frequencies of Ni(CO);L complexes [2]
(L = phosphorus ligand) and the “ligand cone angle”
measured by using space filling molecular models [3].
However, when several conformations are accessible
to the coordinated ligand, the use of molecular
models may give uncertain results. Therefore we have
recently proposed [4] to exploit, if available, X-ray
structural data to measure ligand cone angles.*

Furthermore, it has been pointed out that the
bulky phosphines, even though symmetrically substi-
tuted, may adopt unsymmetrical conformations. As
a consequence, in some crowded complexes such as
Pt(PCy; ) a remarkable intermeshing ability of the
ligand has been observed [4]. This suggests that the
circular cone approach may be substantially improved
by taking into account the dependence of the ligand
angular encumbrance (%40) on the orientation of the
ligand itself about the metal-phosphorus bond (¢,
see Figure, A and B).

The set of %0 values, with 0 < ¢ < 360°, gives
rise to a generalized non-circular cone whose solid
angle is:

27
Q= f(l — cos¥f)d¢
=0

Here we report (see Table) the £ values obtained for
27 structures containing 8 different tertiary phos-
phines. In addition we give the angle ©= 2-arcos(l —
Q/2m), the aperture of a circular cone having an equi-
valent solid angle . The angular parameter © should
be comparable with the ligand cone angle ® as
defined by Tolman. The structures examined include,
on purpose, some crowded molecules in order to test
the influence of the crowding on the solid angle of
a given ligand. The listed values, albeit still limited,
allow some preliminary observations: i) if several

*The convenience of considering the dependence of %8
on ¢ has been also pointed out by Ferguson [5], who has
introduced the term “ligand profile”. In a recent paper [6]
the profile of {Hg(NO3)2PCy3] 2 complex has been discussed.
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Figure. Dependence of the angular encumbrance of a coor-
dinated phosphorus ligand (PEt3 as a working example) on
the ligand orientation. Hydrogen atoms are omitted for sake
of clarity. In A and B the curved line indicates the section in
the plane of the drawing of the space filling molecular model
(carbon radius 1.8 A). For each orientation ¢ the %0 angle
is defined by the straight line r tangent to the model in the
plane of the figure. C represents the generalized non-circular
cone described by r on changing ¢ and %6 angles. X, a point
of r at an arbitrary fixed distance from M, describes a closed
non-circular line belonging to a sphere centered on M.

crystallographically independent ligands of the same
species are present in the same complex (possibly
with different conformations) the solid angles £2 are
strictly similar; ii) among the complexes containing
the same ligand, Q2 decreases if the crowding around
the metal increases. From the data given in the Table
the following ligand compressibility values are ob-
served: 16% for PEt;, 7% for PMe,Ph, 12% for
PPh,Me, 11% for PPhj, 9% for PCy3, 8% for PBuPh;
iii) when phosphines are the only bulky ligand
present in the complexes (see cases 2, 5, 17, 21, 24,
25, 27) the sum of Q’s for each ligand is less or
slightly greater than 4, the spherical solid angle;
iv) the © values given in the table are systematical-
ly lower than Tolman’s @, especially for the bulkiest
ligands.

These preliminary results stimulate a further and
widespread analysis of X-ray structures available in or-
der to test the reliability of the solid angle approach
to measure the ligand size in coordination complexes.
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TABLE. Solid Cone Angles (£2) for Some Tertiary Phosphines Based on X-ray Structures of Metal Complexes. Tolman’s ligand
cone angles (@) and values of ® = 2-arcos(1 — $%/2m) (see text) are also listed. Hydrogen atom positions have been calculated by
assuming C—-H bond lengths 1.08 A H-C-H angles 109°, local C,, symmetry on each C atom and staggered conformations of
C—C bonds for saturated carbons. Methyl groups bonded to phosphorus are assumed staggered with respect to M—P bond. Fol-
lowing Tolman [3], the M—P distance is assumed in all cases 2.30 A, shifting the metal along M—P if necessary. Van der Waals
radii are: Rp= 1.80, Rg = 1.80, Rg=1.17 A When several crystallographically independent ligands are present, all §2values are listed.

No. Ligand Complex Q & e° Ref.
1 PEt3 trans-HPACIL, 3.60 3.72 129.5 131.8 132 7
2 PEt, PtL, 3.09 3.14 118.9 119.9 132 8
3 PMe, Ph [Ir(C0)3L2]+CIOZ 3.06 3.03 118.3 117.7 122 9
4 PMe, Ph cis-PdCl, L, 2.90 125.0 122 10
5 PMe, Ph PtL4 2.82 2.81 113.1 113.1 122 8
2.79 2.88 1124 114.6
6 PPh,Me [AuL2]+PFg 3.44 126.2 136 11
7 PPh,;Me MoH4Ll4 2.99 2.99 116.7 116.8 136 12
3.05 3.10 118.1 119.1
8 PPh,Me [lrL4]+BFZ 3.31 3.27 123.4 1226 136 13
9 PPhg AuCl3L 3.75 1324 145 14
10 PPh3 Co(CO),NOL 3.58 129.0 145 15
11 PPh; [CuCIL], 3.57 128 .8 145 16
12 PPh, Rh(C;H4)(pmep)L? 3.54 128.2 145 17
13 PPh; cisPtCI(dt L, ° 3.82 3.72 133.8 131.8 145 18
14 PPhj CuClLg 3.70 131.5 145 19
15 PPhg Ir(NO)L4 3.59 129.2 145 20
16 PPh, [CuLs] 'BF; 3.77 1329 145 21
17 PPhy PdL4 3.44 343 126.2 1259 145 22
18 PPh, RuH;L,4 3.31 3.32 123.5 123.7 145 23
. 3.35 3.38 124.4 1249 145
19 PPr3 ItHL 2(C4 Hg) 3.89 3.96 135.2 136.7 160 24
20 PPrd IrL;(C3Hs) 4.02 137.8 160 25
21 PCya PdL, 448 146.7 170 26
22 PCy3 PtH, L, (monocl.)® 461 149.1 170 27
23 PCys PtH, L, (tricl.)® 4.40 145.0 170 27
24 PCy, PtlLg 4.18 140.6 170 4
25 PBulPh PdL, 4.94 155.3 170 26
26 PBujPh cis-PtCl, Ly 4.61 4.50 149.1 147.0 170 8
27 PMen, P! PdL, 6.09 176.5 209° 8
Bbmep = pentamethylcyclopentadienyl. Pyt = di-p-tolyltriazenido. ®Conformational analysis and solid state molecular
volumes indicate the triclinic as the more stable form. The £l value 4.61, surprisingly greater than 4.48 (case 21) is probably due
to a strained conformation induced by the crystal packing. Men = menthyl. €Qur evaluation using Tolman’s formula.
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