 BE CENEVE

Article scientifique 2006 Published version

This is the published version of the publication, made available in accordance with the publisher’s policy.

EPR and DFT Studies of the Structure of Phosphinyl Radicals Complexed
by a Pentacarbonyl Transition Metal

Ndiaye, Bassirou; Bhat, Shrinivasa; Jouaiti, Abdelaziz; Berclaz, Théo; Bernardinelli, Gérald Hugues;
Geoffroy, Michel

How to cite

NDIAYE, Bassirou et al. EPR and DFT Studies of the Structure of Phosphinyl Radicals Complexed by a
Pentacarbonyl Transition Metal. In: The journal of physical chemistry. A, 2006, vol. 110, n° 31, p.
9736-9742. doi: 10.1021/jp061960w

This publication URL:  https://archive-ouverte.unige.ch/unige:3298
Publication DOI: 10.1021/jp061960w

© This document is protected by copyright. Please refer to copyright holder(s) for terms of use.



https://archive-ouverte.unige.ch
https://archive-ouverte.unige.ch/unige:3298
https://doi.org/10.1021/jp061960w

9736 J. Phys. Chem. 2006,110,9736-9742

EPR and DFT Studies of the Structure of Phosphinyl Radicals Complexed by a
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Gérald Bernardinelli, * and Michel Geoffroy*-
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Switzerland, and Laboratory of X-ray Crystallography, 24 Quai Ernest Ansermetelsity of Genea,
1211 Genea 4, Switzerland

Receied: March 30, 2006; In Final Form: June 9, 2006

Paramagnetic complexes M(GP]CsHs)., with M = Cr, Mo, W, have been trapped in irradiated crystals of
M(CO)sP(GHs)s (M = Cr, Mo, W) and M(CO3PH(GsHs), (M = Cr, W) and studied by EPR. The radiolytic
scission of a P-C or a P-H bond, responsible for the formation of M(C8)CGHs),, is consistent with both

the number of EPR sites and the crystal structures.graed3'P hyperfine tensors measured for M(GP)

(CeHs)2 present some of the characteristics expected for the diphenylphosphinyl radical. However, compared
to PhP, the P isotropic coupling is larger, the dipolar coupling is smaller, and for Mo and W compounds,
theg-anisotropy is more pronounced. These properties are well predicted by DFT calculations. In the optimized
structures of M(COP(GHs)2 (M = Cr, Mo, W), the unpaired electron is mainly confined in a phosphorus
p-orbital, which conjugates with the meta}, @rbital. The trapped species can be described as a transition
metal-coordinated phosphinyl radical.

1. Introduction SCHEME 1
_ +
During the past five years many studies have invoked or PRy *PR, PRa
confirmed the participation of metal-containing radicals to ’ . — o™
several mechanisms particularly important in modern chemistry. oM (d™) m(d")
This is especially the case for metal-mediated oxygenation B A c

processes encountered in the synthesis of fine chemicals and in . . L -
various areas of biochemistry (e.g., metalloenzym@sfihe In B, a phosphido-type Ilganpl is linked to a metal containing
crucial point in the description of an organometallic radical E‘rr:e;te%izo gﬂiﬁgﬁr}z}rﬁ;ﬁfﬂpnﬁ& Cﬁ%ﬂiﬁ?:s;:\eo\flvtﬂl-gocu-
concerns the localization of the unpaired electron. In most cases, ’ 9 -

the chemical properties of the complex indicate that the pond of a complexed sgcondary phosphlng has recently be used
transition metal contains 17 or 19 valence electrons, suggesting'cno;[::aeincs?%te:ft 10)f g-neallggt? gﬁlsef/vnxﬁecﬁfglfizg dci,str]‘]grmaelﬁal a
that the spin delocalization on the ligand is practically negligible. 9 y

In some few cases (“Ligand Non-innocenehowever, all the phosphenium group, a group 15 (.:arbenoid.. Structure .and
metal valence bond electrons remain paired, and the chemicalreacnv'ty of carbenoids and phospheniums continue to be objects

behavior of the complex is similar to that of an organic of current interedt as well as the chemistry of transition metal

radical®~7 This type of structure has been reported foglfR complexes containing & phosph_enlum I'géﬁq. e
(MeCN)(ethenef}* whose structure is better described BY-r . Due to their reaction-intermediate nature, it is difficult to get
CHy,—CHy* than by If(CH=CHy).4 Very recently, the first |nf0rmat|on .about thq structure; of tranS|e.n.t metla'late.d radicals.
stable aminyl radical metal complex has been’ reported by Liquid solution EPR is well sglteq to their identification b_ut a
Gritzmachef In phosphorus chemistry several complexes have part of the structl_JraI information is Io_st due to the averaging of
been reported in which the unpaired electron lies on the ligand; the g and hyperfine tensors. There is no doubt that the most

they generally result, however, from the reduction of a system ﬁ]fgfr'; n;qur:jettr;ogoz toa:(;a?hteh?ergliiﬁ':atelfdpgdtgr?ég:saC\/i(tjl':Ieﬂq;()es(l
containing an electrom acceptor ligand, like a phosphinine or P 9

a phosphaalkene, able to stabilize the radical ahibnthe p_rgdicted_ by DFT calculations for the_\(vanted species. The
present study, our purpose is to get information about the dlﬂlpulty lies in the production of the transmpn metal-complexed
structure of systemA composed of a neutral phosphorus- rad|c_al. In the pre_sent_study, we have tried to generate these
centered radicaPR,, a phosphinyl radical, bound to a transition species by exposing single ‘?W?“?"S of p_ho_sphlnes complexed
metal moiety containingh d-electrons. Two other limiting by metal pentacarbonyls to ionizing radiation. At room tem-

structures can, a priori, be envisaged for such systems (Schem@e.rat.ure' the diffusion OT a.group R resulting frpm the homglytlc
1). scission of a PR bond is expected to be sufficiently efficient

to lead to the trapping of M(C@PR.. The corresponding\
” g o . . (1) 22.379-65-52 structure (Scheme 1) is represented in Chart 1. In this work,
* Address correspondence to this author. Phone: (41 -379-65-52. i
Fax: (41) 22-379-61-03, E-mail: michel.geoffroy@chiphy.unige.ch. EPR measurements and DFT calculations have been performed
t Department of Physical Chemistry. on complexes where the metal is Cr, Mo, or W and where the
* Laboratory of X-ray Crystallography. organic groups bound to the phosphorus atom are phenyl groups.

10.1021/jp061960w CCC: $33.50 © 2006 American Chemical Society
Published on Web 07/19/2006




Structure of Phosphinyl Radicals J. Phys. Chem. A, Vol. 110, No. 31, 200&737

TABLE 1: Summary of Crystal Data, Intensity Measurement, and Structure Refinement

Cr(CO}P(GHs)s Cr(CO)P(H)(CeHs)2 W(CO)P (H)(CeHs)2
formula C23H15C|’05P C_L7H;|_1CI’05P Cl7H1105PW
M, 454.3 378.2 510.1
crystal size (mrf) 0.25x 0.26x 0.30 0.14x 0.22x 0.25 0.22x 0.22x 0.15
diffractometer Nonius CAD4 Stoe IPDS Stoe STADI4
temp (K) 293 200 293
crystal system monoclinic monoclinic monoclinic
space group 12/a P2i/c P2i/c
a(A) 11.247(2) 13.2726(9) 13.352(3)
b (A) 15.014(2) 15.6622(9) 15.931(3)
c(A) 25.636(5) 8.6557(6) 8.7070(10)
p (deg) 102.346(8) 106.297(11) 105.980(10)
V (A3) 4228.8(13) 1727.0(2) 1780.5(6)
VA 8 4 4
Dy (grcm™3) 1.427 1.455 1.903
w(Mo Ka) (mm™2) 0.648 0.780 6.5992
Trminy Trmax 0.8253, 0.8857 0.8508, 0.9117 0.2455, 0.4316
((sin 0)/A)max (A1) 0.595 0.615 0.550
no. of measured reflcns 3969 13792 2561
no. of independent reflcns 3696 3355 2443
no. of observed reflcns 2804 2161 1964
Rint 0.029 0.040 0.022
criterion for observed [Fo| > 40(Fo) |Fo| > 40(Fo) [Fol > 4o(Fy)
refinement (orF) full-matrix full-matrix full-matrix
no. of parameters 317 250 250
weighting scheme? 0.0001 0.0002 0.0
maxAlo 0.001 0.0004 0.006
max and minp (e:A~3) 0.39,—-0.34 0.32,-0.29 0.98,-0.79
< (all data) 1.46(2) 1.34(2) 1.78(2)
R wRd 0.041, 0.038 0.035, 0.038 0.031, 0.020

Ao = U[o ¥(Fo) + p(Fo)?. * S = [T{((Fo — F)/o(Fo))3/(Niet — Nva)]*2 ¢ R = J||Fo| — IFcll/X|Fo|. ¢ @R = [ (@|Fo| — |Fc)Tw|Fo|72

CHART 1 theory1® The angular variations of the EPR signals obtained
PR, with the five crystals are given in the Supporting Information.
Oc.. | cO Calculations. DFT calculations were performed with the
/M\ Gaussian 03 packagéAll the geometries were optimized by
oc™ | Yo using the hybrid functional B3LY®8:1 the standard 6-31G-
& (d,p) basis set for H, C, O, and P, and the basis set SBR3C

developed by Stevens et al. for the transition metal. The SBKJC
se®uses Relativistic Compact Effective Potentials and efficient,
share-exponent basis sets for the third-, fourth-, and fifth-row
atoms. In this approach, outermost<t 1)s orbitals (wheren
(CeHs)s, and Mo(CO3YP(CGsHs)s have been published. The is the principal quantum number), the partially occupied
syntheses of Cr(C@}(H)(GsHs)2 and W(COP(H)(GsHs)2 have orbitals, as well as thes andnp orbitals are considered to be
been carried out by adapting the method reported by Mathey etpart of the valence space. For transition metals the basis
al. for W(CO)P(GeHs)H2.1° functions consist of doublg-quality sp basis sets (contraction
Crystal Structure. A Summary of crystal data, intensity ~4.1) and triple¢ d basis sets (contraction 4,1,1 for third row;
measurement, and structure refinement is reported in Table 1.3,1,1 for fourth and fifth rows), and the outer s and p primitives
For each crystal structure, hydrogen atoms were observed andi"® contracted 2,1 for Cr and Mo and 1,1 for W. Two sets of
refined with a fixed value of their isotropic displacement Ccalculations were performed for the prediction of @end
parameters. CCDC 600424 to 600426 contains the supplemenlyperfine tensors. The first one used the IGLO-III basis'sét
tary crystallographic data for this paper. These data can be(Invariant Gauge Localized Orbitals) for H, C, O, and P atoms
obtained free of charge via www.ccdc.cam.ac.uk/conts/retriev- While the second one used the TZVP basis?$ét. IGLO-III,
ing.html (or from the Cambridge Crystallographic Data Centre, the Gaussian-type functions, developed by Kutzelnig and
12 Union Road, Cambridge CB2 1EZ, UK; fasx (44) 1223- intended for computing magnetic properties, were derived from
336-033; or deposit@ccdc.cam.ac.uk). I_Dou;)le{ _Huzinaga gj;céionﬁ_tobwh_ich a doub_le seg or: pfoliallrizq-
Single-Crystal EPR Measurements.EPR spectra were  tion functions was added. This basis set consists of the following
recoro?ed or): a Bruker spectrometer (X-bandF)). The angular contractions: (6s.2p)/[4s,2p] for H, (11s,7p,2d)/[7s,6p,2d] for
variations of the EPR signals were recorded in the three first-row atoms, and_ (123é§p,3d_)/[83,7p,3d] for s_econd-row
reference planes of a Cartesian referential XYZ oriented with 30Ms- The TZVP basis Sé%*consists of the contractions (Ss,-
respect to the crystallographic axes as follows: for CrgPO) 1p)/[3s,1p] for H, (10s,6p,1d)/[4s,3p,1d] for C and O, and (13s,-
(CeHs)s Xlla, YIIb, ZIIc*: for Cr(COXP(H)(CeHs)2 X/ic*, YiI 9p,1d)/[5s,4p,1d] for P.
b, Z//c; for Mo(CO}P(CsHs)s X//a*, Ylic; for W(CO)sP(CsHs)s Minima were characterized with harmonic frequency calcula-
Y//b* and Z//a; for W(CO}P(H)(GsHs) X (//c), Yi/b, Zlla*. The tions (no imaginary frequencies). Molecular orbitals were
EPR tensors were determined by using an optimization programrepresented using the GaussView progfam.
that compares the positions of the signals with the resonance Many studies have been devoted to the calculation of EPR
field positions calculated by using second-order perturbation properties® The isotropic part (Fermi contact interaction) and

2. Experimental Section

Compounds. Syntheses of Cr(C@p(GsHs)s, Mo(COXP-
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TABLE 2: Geometrical Parameters® Determined from Crystal Structures
M—P-R
M—-P M_Caxial (M _Ceqtl)av P— M'Caxial (aV value) Eb (pc
Cr(CO}P(CsHs):" 2.405(1) 1.870(3) 1.897 177.7(2) 115.9 45.1 42.2 455 102.3
Cr(COXP(H)(GsHs)2? 2.374(1) 1.868(3) 1.900 176.7(1) 117.5 41.4 475 50.8 100.0
Mo(CO)P(GsHs)=* 2.560(1) 1.995(3) 2.046 174.4(1) 115.6 43.6 40.9 47.4 102.6
W(COXP(CsHs)s' 2.545(1) 2.006(5) 2.033 174.2(2) 115.4 40.8 433 46.9 102.9
W(CO)P(H)(GsHs)-? 2.508(2) 1.968(9) 2.012 176.0(2) 116.6 39.4 45.7 50.4 101.6

aDistances in A, angles in de§Angle formed by the PM bond with the normals to the CPC or CPH plane&verage value of the CPC and

CPH bond angles’ This work. ¢ Reference 27.Reference 28.

the anisotropic part (electremuclear dipole interaction) of the
hyperfine interaction at a nucleus N can be expressed as

wy
Ao = BI3)3BaBY Y Pl B,10(T )1, 0

y75%
e = 080y S Pl 8,1(°0 5 — 300 i, 0

respectively. The molecular orbitals are defined as linear
combinations of atomic orbitats,, P,‘j;ﬁ represents an element
of the one-electron spin density matrix, apd the spatial
coordinatesy,z relative to the nucleus N.

Calculation of the elements of tlgetensor requires evaluating
four contribution?®

grs = geérs + Ag[RMC]ars + Agrs[GC] + Agrs[OZ/SOC]

The first term corresponds to the value of the free electron; the
second one is due to the relativistic mass correction to the kinetic
energy. The diamagnetic correctidigcc involves the effective
spin—orbit coupling interactiorE(A,i) of the electron i at the
nucleus A (with&(rin= 02Z5/2Iri — Ral® where Z; is an
effective nuclear charge for atom A at positiBR). Agjoz/soc)
arises as a cross term between the orbital Zeetdgp€ =B

I(i)) and spin-orbit coupling Hsoc= Y &(ria)la(i)s(i)) operators.

I(i) is the angular momentum operator of thieelectron relative

to the chosen gauge origin as() is the spin operator for this
electron.

3. Results

3.1. Crystal Structures. The crystal structures of three of
the five diamagnetic precursors, M(GBJCGsHs)3, M = Mo,?’
W,28 and Cr?° are isostructural, and are available in the
literature3® However, for M= Cr, the crystals used in our EPR
study were found to grow in another crystal system; the
corresponding structure is reported below. Both structures of
isostructural compounds Cr(C&P((H)(GsHs). and W(CO3P-
(H)(CeHs)2 were also determined in the present study. An
ORTEP view of the crystal structure of Cr(GBYH)(GsHs)2 is
given in Figure 1.

The principal geometrical parameters determined from the
crystal structures are given in Table 2. The five complexes adopt
the classical square-planar bipyramid structure with-aQ;a
distance slightly shorter than the-MCequatoriabond lengths. The
& angles formed by the normal to the RPR planes and thé®M
bond indicate that the coordination of the phosphorus atom is
not too far from tetrahedral (for a pure tetrahedéon 35.26).

As shown by the sum of the CPC (and CPH) angles, which is
between 30tand 309, the pyramidality of the phosphine moiety
is not very affected by the coordination to the metal atom (for
the isolated triphenylphosphifeRPR = 308.9).3!

3.2. EPR Measurements.The spectra obtained at room
temperature with the five irradiated crystals presented all the

Figure 1. Ortep view of the crystal structure of Cr(CHB)H)(CeHs)2.
Ellipsoids are represented with 50% probability level.

same features: an anisotropic coupling with a $pinucleus-
certainly3’P—and a rather pronouncerhnisotropy. An example
of a spectrum obtained with a crystal of Cr(GP{CGsHs)s is
shown in Figure 2 (signals R).

The EPR tensors determined after analysis of the angular
dependencés are shown in Table 3 together with the values
previously reported for the isolated R{&), radical3?

For all species, the symmetry of tB# hyperfine tensor is
axial (with the largest eigenvaluBnax = T;) andgmin, close to
the free electron value, is oriented in the vicinity of fB-T),
vector. Moreover, as shown in Table 4, decomposition into
isotropic and anisotropi®P coupling constants clearly indicates
that a large amount of the unpaired electron resides in a
phosphorus p-orbital. Comparison with atomic hyperfine con-
stant$* leads to a crude estimation of the s and p characters of
the spin-containing phosphorus orbijal = 0.035 andpp =
0.55. These properties are similar to those expected for a
phosphinyl radic& and suggest a homolytic scission of a
phosphine bond. We will therefore examine if this interpretation
is consistent with the properties of the crystals.

After rupture of a P-C bond in M(CO3P(GHs)s, the
resulting radical relaxes to its minimum energy conformation;
this process is likely to be hindered by the environment of the
remaining phenyl rings. As shown by the crystal structure, in
each compound the environments of the three phenyl rings are
slightly different. This is clearly seen from the three differént
values measured in each complex (Table 2) and from the
P—Cpnenyt bonds which are differently oriented with regard to
the metat-carbon bonds of the equatorial plane. For example,
in Mo(CO)P(GHs); (where C1, C2, C3, and C4 form the
equatorial plane), the C8 bond lies in the C3Mo—C4
bisector while the bonds-RC6 and P-C7 make dihedral angles
of 15° with Mo—C1 and Mo-C2, respectively. Due to these
differences in the orientations of the phenyl rings, the final
structure of the trapped radical is expected to be slightly
dependent upon which of the three € bonds has been broken.
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3300 ) 3400 ) 3500
Gauss
Figure 2. Example of an EPR spectrum obtained with an X irradiated single crystal of C{PQQHs)s.

T
3200

TABLE 3: Experimental EPR Tensors

(3*P) coupling tensor angle
crystal g-tensor principal values T principal values (MHz) eigenvect&P-Tmax (Imins Tmay)
Cr(CO)P(GHs)3 2.001, 2.006, 2.012 239, 248, 869 +0.3493, —0.8689, 0.3505 5
Cr(COXP(H)(CsHs)2 2.002, 2.007, 2.011 274,292,934 —0.2039, +0.5417, 0.815% 8
Mo(CO)P(CGHs)3P 1.999, 2.008, 2.018 185, 193, 846 —0.1525, —0.4692, 0.8698 9
2.003, 2.009, 2.016 187, 240, 830 0.38510.9211, —0.0556 12
2.001, 2.009, 2.014 187, 183, 837 0.9834, 0.1798.0207 9
W(CO)P(CeHs)sP 1.994, 2.018, 2.030 203, 216, 849 —0.5997, 0.0963,—0.7944 10
2.000, 2.018, 2.023 194, 190, 837 —0.2103, 0.9762,—0.0522 12
2.004, 2.018, 2.030 220, 222, 839 0.8928, 0.4094).1878 20
W(COXP(H)(CsHs)2 2.007, 2.025, 2.016 259, 305, 932 0.23080.5136, 0.8265 15
P(GeHs)* 2.0024, 2.0052, 2.0124 20, 20, 740

2 Two orientations in accord with the crystal structUt@hree sets of tensors are obtained consistent with the homolytic scission of th@ze P
bonds.c Reference 33.

TABLE 4: Experimental Isotropic and Anisotropic 3P
Coupling Constants (MHz) of Complexed Phosphinyl

Radicals
phosphorus
paramagnetic species Ms
(irradiated crystal) P)AIso (3'P)-Taniso Ps Pp
Cr(COXP(CeHs)2
(Cr(CO}P(CsHs)3) 452 —213 —204 417 0.03 0.57
(Cr(COXP(H)(GHs)2) 500 —226 —208 434 0.04 0.59
Mo(CO)P(CsHs)a.

(Mo(COXP(GsHs)3) 408 —223 —215 438 0.03 0.60 Figure 3. SOMO for the isolated P@Es). radical.
419 —232 —179 411 0.03 0.56
402 —215 —219 434 0.03 059 be reported in Table 6. A representation of the SOMO ¢FPh

W(CO)P(CeHs). is shown in Figure 3.
(W(COXP(CeHs)s) 253 :ﬁ? :g% 3:238 8:82 8:28 As expected, thg unpaired eIe(_:tron is localized in a phos-
427 —207 —205 412 0.03 0.56 phorus p-orbital oriented perpendicular to the RPR plane. The
(W(COXP(H)(GHs),) 499 —239 —194 433 0.04 0.59 gmin and 3P-T; components are aligned along this orbital
P(CeHs)2? 260  —240 —240 480 direction. The normals to the phenyl rings form an angle of
a Reference 33. 51°.

3.3.2. Complexed Phosphinyl Radical$he optimized pa-
This explains the three sets of tensors obtained for Mof@Q)  rameters of complexed phosphinyl radicals are reported in Table
(CeHs)3 and for W(COYP(CsHs)s. For Cr(CO}P(CsHs)s, curi- 5. The®!P isotropic and anisotropic coupling constants as well
ously, only one P-C bond undergoes a homolytic scission as theg-tensors calculated for the various metalated phosphinyl
such a selection in the bond cleavage is tentatively attributed SPecies are reported in Table 6, together with the corresponding
to crystal packing. For Cr(C@®(H)(CsHs)2 and W(CO}P(H)- values calculated for the isolated RKg), radical. The IGLO-
(CeHs), the favored diffusion of a hydrogen atom leads to the !Il and TZVP basis sets lead to rather similar values
cleavage of the PH bond only; the two orientations observed ) )
for the trapped radical are merely due to the monoclinic 4- Discussion

symmetry of the crystal. Although the EPR tensors of the paramagnetic species trapped
3.3. DFT Calculations.3.3.1. Diphenylphosphinyl Radical. in the crystal matrices of pentacarbonylmetal complexes (see

Preliminary calculations were devoted to the structure of the Tables 3 and 4) present several similarities with those expected

phosphinyl radical P, Its geometry was optimized and the for a phosphinyl radical (e.g., axiality of tigeand3'P hyperfine

g and3!P hyperfine tensors were calculated. These tensors will tensors, relative orientation of these tensors), these tensors differ
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TABLE 5: Optimized Geometries? for Metalated Phosphinyl Radicals

M—P M—Caxal (M _CeqLDave P—M —Caxia M—-P-R Eb @°
Cr(COxPPh 2.389 1.900 1.924 180 1295 7 106.98
Mo(CO)xPPh 2.527 2.041 2.077 180 126.2 90 107.49
W(CO)xPPh 2.514 2.024 2.063 180 126.1 90 107.7

aDistances in A, angles in degree, geometry optimized with 6-31G(d,p) for C, O, P, H and the SBKJC basis set for the transitivé: metal.
angle between the normal to the RRfane and the M-P bond.c CPC value The two CrPC angles were found to be slightly different: 18dd
127.

TABLE 6: DFT Calculated EPR Parameters for Metalated Phosphinyl Radicalé

(C*P)Aso angle Qmin, Tmax phosphorus atomic
radical species g-tensor (MHz) (3'P)-Taniso(MHZ) (deg) spin density
Cr(CO)P(GsHs)2 1.9999 2.0056 2.01%3 31 —223 —221 444 6.4 0.77
1.9999 2.0059 2.0129 320 —228 —226 454 5.7 0.77
Mo(CO)P(GsHs)2. 2.0005 2.0088 2.0148 281 —229 —224 453 0.5 0.78
2.0006 2.0092 2.0184 290 —234 —230 463 0.5 0.77
W(CO)P(GsHs)2 1.9986 2.0205 2.0221 281 —223 —219 442 15.7 0.75
1.9989 2.0211 2.0225 292 —229 —225 454 6.5 0.74
P(GHs)2 2.0022 2.0047 2.0130 164 —268 —250 519 5.0 0.84
2.0022 2.0050 2.0140 190 =271 —255 527 2.0 0.82

a Calculated with IGLO-III for C, O, P, H and the SBKJC basis set for the transition metal at the geometry optimized with 6-31G(d, p) for C,
O, P, H and SBKJC for the transition metaBy using the TZVP basis set for C, O, P, H for the calculation of properties.

a b

Figure 4. (a) SOMO for Mo(CO3JP(CsHs), and (b) LUMO for Mo(CO3P(GsHs).

from those measured for isolated,Phradicals by at leasttwo  passing from P(gHs), to M(CO)P(GsHs), and that this change
features: (1) thellP isotropic coupling constants are almost is consistent with the increase measured on the EPR spectra.
twice as large as those for §h, whereas the anisotropic Finally, theg-eigenvalues calculated for M(C§PPh (M =
coupling constants are appreciably smaller than those for theCr, Mo, W) reasonably agree with the experimental values
phosphinyl radical, and (2) thg anisotropy is more marked  reported in Table 3, inasmuch as the relative orientations of
for the Mo and W complexes than for the isolated radical. Since the g and3!P hyperfine coupling correspond to the orientation
the trapping properties are in good accord with the scission of determined from EPR measurements. The calculgiethsors
a P-R bond (vide supra), these differences are due to the confirm that coordination of PBhto Mo(CO) and W(CO)
coordination of the phosphinyl type radical to the metal provokes an appreciable enhancement ofglamisotropy.
pentacarbonyl moiety, and indicate, therefore, the formation of  gjnce the properties calculated for M(GOR (Table 6) are
the desired species M(CEPR.. consistent with those measured by EPR, we can use DFT to
This conclusion is confirmed by DFT calculations which are describe the structure of complexed phosphinyl radicals. This
well-known to accurately determine the dipolar hyperfine structure is illustrated for Mo(C@P(GsHs). in Figure 4; the
interactions. For almost all complexed radicals reported in reference axes are defined in Figure 5. The lone pair of the
Tables 4 and 6, the measured and calcul&!®danisotropic sp>-hybridized phosphorus atom formsdond with the empty
coupling tensors present an axial symmetry and, taking a smallmetal @z orbital. The antibonding combination resulting from
dispersion of the experimental values due to the various the interaction between the, pphosphorus orbital oriented
environments (vide supra) into account, the accord betweenperpendicular to the CPC plane and the doubly occupied
experimental and DFT values for thgn.x component is molybdenum ¢, orbital leads to the SOMO shown in Figure 4.
excellent. As often reported for phosphorus radicals, the This SOMO corresponds, in fact, to the LUMO of the
predicted isotropic'P couplings are noticeably smaller than phosphinidene transition metal complex described by Ng&yen.
the experimental ones; nevertheless, it is worthwhile remarking We have optimized the structure of the phosphinidene Mo§CO)
that DFT predicts an increase of between 50% and 100% whencomplex with the functional and basis sets used for the
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Figure 5. Relative orientation of the phosphinyl and metal moieties
in R.PM(CO}s.

phosphinyl Mo(COy complex. The resulting LUMO is shown

in Figure 4. By passing from the phosphinidene complex
M(CO)sPR (singlet state) to M(C@PR,, one of the phosphorus
lone pairs is replaced by@P—C bond and an unpaired electron
occupies the vacantyporbital. For the three complexes
M(CO)sP(GsHs)2 (M: Cr, Mo, W), the C-P—C bond angle is
equal to cal07° and the P-M bond lies in the bisector of this
angle. For both the molybdenum and the tungsten complexes
the & angle formed by the PM bond and the normal to the
two P—R bonds (Table 5) is equal to 90ndicating that the
CPC plane is perpendicular to the equatorial plane. Such a
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