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Summary

The structure of (n3-allyl)carbonylchlorobis(dimethylphenylphosphine)-
iridium(I1I) hexafluorophosphate, [Ir(n?-C;H;)CICO)P(CH;)-({CsHs))-1{PF, ],
has been determined from three-dimensional X-ray data to add support for a pro-
posed mechanism of the oxidative addition of allyl halides to IrX(CO)(PR;)-

(X = halide). The compound crystallizes in space group C3;-P2,/c with four for-
mula units in a cell of dimensionsa = 11.027(1), b = 12.230(2), ¢ = 19.447(5) A,
and 3 = 103.16(2)°. Least-squares refinement of the structure has led to a value
of the conventional R index (on F) of 0.066 for the 3018 independent reflec-
tions having F3 > 8 o(F3%). The crystal structure consists of discrete, monomeric
ions. The hexafluorophosphate anion is disordered. The coordination geometry
around the iridium atom may be described as octahedral, with the chloro ligand
trans to the carbonyl group and each phosphorus atom trans to a terminal car-
bon of the allyl group. Structural parameters: Ir—P = 2.366(4), 2.347(3); Ir—Cl
= 2.389(3); Ir—C(allyl) = 2.28(1), 2.24(1), 2.25(1); Ir—C (carbonyl) = 1.85(1) A;
P—Ir—P = 105.7(1); C(terminal)—Ir—C(terminal) = 66.2(8); C—C—C = 125(2)°.
The allyl group makes an angle of 126° with the P—Ir—P plane. Correlations be-
tween geometric structure and number of d electrons are noted among several
M—C;H; ™ complexes, and are interpreted in the light of theoretical models of
the M—C;H;~ bond.

Introduction

A number of mechanisms have been proposed for the oxidative addition of
alkyl halides to low-valent transition metal complexes, including nucleophilic
attack of the metal at the carbon atom bearing the halogen {1,2], concerted in-
sertion of the metal into the carbon—halogen bond [ 3], a radical chain process
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[4,5], and initial coordination of the double bond to the metal in the addition

of alkenyl halides [6].

Many mechanistic studies have been made on IrX(CO)(PR;3); (X = halide)
complexes { 7], although none has established the stereochemistry of addition of
the reactive carbon atom. The report by Osborn [6] that known radical scavengers
inhibit the reaction with some alkyl halides (but not CH;I, C¢H;CH,Cl, and
CH.=CHCH,X) suggests that a free-radical pathway is not universal.

The observation of Deeming and Shaw [8] that allylic halides add to IrCl-
(CO)(PMe,Ph), and IrCl(CO)(AsMe.Ph), (Ph = CsHs) in benzene to form six-
coordinate octahedral complexes with the allyl and halide ligands cis to each
other (I) rather than trans (II) suggests that the reaction may proceed by con-
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certed insertion of the iridium(I) complex into the carbon—halogen bond (III),
leading to cis-addition as expected from orbital symmetry arguments [3]. How-
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ever, kinetic and product studies using alkyl-substituted allyl halides suggest
olefinic coordination to the iridium atom in the rate-determining step (IV) [9]
(Fig. 1). This could lead to the formation of a w-allyliridium(III) intermediate
or transition state (V) followed by attack of the displaced halide to yield the
cis-adduct (Fig. 1). Complexes of the form V have been proposed as interme-
diates in the isomerization reaction of I to II [8].

MeOH

cis-[Ir(n'-C3H;)Cl,(CO)L..] = trans-[Ir(n'-C5H;)Cl.(CO)L.]
L. = PMe.Ph or AsMe,Ph '

The structures of such complexes in solution have been studied through proton
magnetic resonance spectroscopy. Identification of an intermediate of the form
V in the oxidative addition of allyl halides to complexes of the type IrX(CO)-
(PR;), in benzene and proof of its structure would be strong evidence for the
proposed mechanism [9]. Such a proof is presented here and the Ir(1*-C3Hs")
structure is compared with other known metal—sn-allyl structures [10—26].
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Fig. 1. Proposed mechanism for the addition of allyl halides to IrCI(CO)L3.

Experimental

Addition of hexafluorophosphate ion to a methanolic solution of I results in
a precipitate of the presumed w-allyl complex (V) [8]. When this complex is dis-
solved in benzene and reacted with bromide ion, the cis-adduct (I) is obtained —a
product identical with that of the oxidative addition of allyl bromide to IrCl-
(CO)(PMe,Ph); in benzene. Since the products and solvents are identical in the
two reactions, the evidence is very good that V is an intermediate in the oxidative
addition reaction.

A suitable crystal of V with approximate dimensions 0.45 X 0.20 X 0.20 mm
was selected from those produced in the reaction, and mounted at the end of a
glass fiber. On the basis of optical goniometry and X-ray measurements, the
principal faces were identified as belonging to the forms {100}, {010}, {001},
{101}, {1011}, {011} and {102}. On the basis of Weissenberg photography using
Ni-filtered Cu-K_, radiation, it was established that the crystal belongs to the
monoclinic system. The observed extinctions!/=2n + 1 for hOlandk=2n+1
for Ok 0 are consistent with the space group C3,-P2,/c. The lattice constants at
22°, which were determined from a least-squares refinement of the setting angles
of 13 strong reflections which had been centered manually on a Picker FACS-I
diffractometer using Cu-K,, , radiation (A = 1.540562 A), are a = 11.027(1), b
=12.230(2), ¢ = 19.477(5) &, and § = 103.16(2)°. The density calculated for
four formula weights per unit cell is 1.94 g cm =, which may be compared with
the value of 1.86(3) g cm™ measured by suspending the crystals in a mixture of
1,3-dibromopropane and hexane.

For data collection Cu-K, radiation was used. The intensities were measured
by the 6—20 technique at a takeoff angle of 3°. At this angle the intensity of a
reflection was about 90% of its maximum value as a function of takeoff argle.
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A receiving counter aperture 6 mm high and 6 mm wide was used and was po-
sitioned 35 cm from the crystal. Asymmetric scans in 20, 1.8° below the K,,,l
peak to 0.8° above the K,, peak, were used because of pronounced tailing of the
diffraction peaks. Stationary-counter, stationary-crystal background counts of
10 sec for 26 < 80° and 20 sec for 20 > 80° were measured at the beginning
and end of each scan. Attenuators were inserted automatically if the intensity of
the diffracted beam exceeded about 7000 counts sec™.

The unique data set having 26 < 125° was gathered; the intensities of 4423
reflections were recorded. The intensities of four standard reflections, measured
after every 100 reflections, remained constant within counting statistics.

All data processing was carried out as previously described {27]. The value of
p was selected as 0.04. The values of I and o(I) were corrected for Lorentz and
polarization effects. Of the 4423 reflections, 3018 are unique, have F2> 30-
(F3), and were used in subsequent calculations. The linear absorption coefficient,
u, for this compound using Cu-K, radiaticn is 137.9 cm™. An absorption correc-
tion was made and transmission coefficients ranged from 0.052 to 0.198.

The position of the iridium atom was unambiguously revealed by a Patterson
synthesis. A least-squares refinement on F was computed * and the function
Zw(lFol — |F_])? was minimized, in which w = 4 F%/c*(F3) and |F,| and |F.] are
the observed and calculated stiucture amplitudes. Values of the atomic scattering
factors and anomalous terms were taken from the usual source [29]. Only the
positional parameters of the iridium atom and the overall scale factor were
varied, and the refinement gave the agreement indices R = 0.32and R,, = 0.41,
where R = ZlIFol — IF ll/Z1Fol and R, = (Sw(|Fol — IF.1)?/ZF3)'/.

Subsequent difference Fourier syntheses revealed the positions of all nonhy-
drogen atoms. The nongroup atoms were refined anisotropically; the phenyl
rings were treated as rigid groups [30] and restricted to their known geometry
(6/m m m symmetry, d(C—C) = 1.395 A). The fluorine atoms of the hexafluoro-
phosphate anion were also treated as a rigid group (m3m symmetry, d(P—F) =
1.590 A) **_ Each group atom was assigned an individual isotropic thermal
parameter. Subsequent refinement led to the values R = 0.064 and R,, =0.092.
A difference Fourier map revealed the positions of-all 27 unique hydrogen atoms.
This map also suggested an alternative orientation of the hexafluorophosphate
ion; this orientation with occupancy 1 — « was included with the original orien-
tation (occupancy «) in subsequent calculations. The hydrogen atoms were in-
cluded in later structure factor calculations in calculated positions (d(C—H)
= 0.95 A) which were not refined. The allyl hydrogen atoms were found in the
plane of the three carbon atoms, and accordingly their positions were idealized
in this plane.

After further refinement, a difference Fourier map revealed a valley (—2 e
A73) near the iridium atom and several peaks (ht. =~ 1.2 e A-3) in the region of

* In addition to various local programs for the CDC 6400, computer programs used in this work in-
clude local versions of Zalkin’s FORDAP Fourler program, the AGNOST absorption program, and
Busing and Levy’s ORFFE function and error program. Our least-squares program NUCLS, in its
non-group form, closely resembles the Busing-Levy ORFLS Program. The diffractometer was run

der the disc-ori d Vand "‘i!t:ystemlzal
** The P—F distance of 1.590 A repments an lvenge of the distanca in several :u'uctum conulnln‘
the ordered PFs anion. - .

{continued on p. 251)
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TABLE 4
ROOT-MEAN-SQUARE AMPLITUDES OF VIBRATION (A)

Atom Min, Intermed. Max.

Ir 0.185(1) 0.204(1) 0.253(1)
P(1) 0.221¢4) 0.239(4) 0.274(5)
P(2) 0.195(4) 0.216(4) 0.233(5)
P(3) 0.231(4) 0.267(6) 0.279%(5)
C 0.188(4) 0.288(4) 0.297(5)
c(1) 0.19¢(2) 0.30(2) 0.35(2)
C(2) 0.15(3) 0.37(3) 0.42(3)
C(3) 0.21(2) 0.32(3) 0.38(2)
C(4) 0.18(2) 0.25(2) 0.34(2)
C(5) 0.20(2) 0.31(2) 0.46(2)
C(6) 0.21(3) 0.34(2) 0.39(2)
C(D 0.20(2) '0.28(2) 0.30(2)
C(8) 0.22(2) 0.24(2) 0.29(2)
F(1) 0.33(2) 0.46(1) 0.56(1)
F(2) 0.27(2) 0.41(1) 0.54(1)
F(3) 0.25(2) 0.39(1) 0.50(1)
F(3) 0.24(2) 0.40(1) 0.53¢1)
F(5) . 0.29¢2) 0.46(1) 0.57(1)
F(6) 0.21(2) 0.38(1) 0.51(1)

the anion. Since the positions of these peaks suggested a third possible orienta-
tion of the hexafluorophosphate ion, we abandoned the two-group model in
favor of an unconstrained model for the anion starting from the first orientation.
None of our models for the anion changed any of the cation parameters by a
statistically significant amount.

The final refinement of 205 variables using 3018 observations resulted in the
values: R = 0.066 and R, = 0.080. Agreement of |Fy| and |F_} is poorest for rel-
atively weak, low-angle reflections. This is consistent with our unsuccessful at-
tempts to model the disordered anion. There were several large peaks in the
region of the hexafluorophosphate anion in the final difference Fourier map,
with the largest being 1.7 e A, The depth of the valley near the iridium atom
was —2.1 e A3, The error of an observation of unit weight is 3.08 electrons.

The positional, thermal, and group parameters derived from the last cycle of
least-squares refinement are given in Table 1, along with the standard deviations
estimated from the inverse matrix. The positional parameters of the ring carbon
atoms which may be derived from the data in Table 1 are presented in Table 2
together with the thermal parameters as obtained from the last cycle of refine-
ment. The final values of 10 |F,} and 10 {F_l in electrons are given in Table 3 *.
Table 4 presents the root-mean-square amplitudes of vibration.

* Table 3. the table of structure amplitudes and Table 4, the root-mean-square amplitudes have been
deposited as NAPS Document No. 02900 (22 pages). Order from ASIS/NAPS, cfo Microfiche
Publeations, P.O. Box 3513, Grand Central Station, New York 10017. A copy may be secured by

" citing the document number, remitting $5.50 for photocopies or $3.00 for microfiche. Advance
payment is required. Make checks payable to Microfiche Publications. Outside of the Unitéd States

. snd Canada postage is $3.00 for a photocopy or $1.50 for a fiche.
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Description of the structure

The crystal structure consists of discrete, monomeric ions, occupying general
positions in space group P2,/c. The inner coordination geometry of the cation
is shown in Fig. 2, a stereo view of the cation is presented in Fig. 3, and a stereo
view of the unit cell is presented in Fig. 4. The complex may be considered an
octahedral Ir(I11) complex, with the allyl anion occupying two coordination
sites. A selection of distances and angles is given in Table 5.

All the bond distances and angles are within expected ranges. There are no
particularly close intermolecular contacts. In the anion, P—F distances range
from 1.44(1) to 1.58(1) A, F—P—F cis-angles range from 81.2(7) to 103.4(7)°,
and F—P—F trans-angles range from 172.5(8) to 174.3(8)°.

Close examination of the final difference map showed no signs of disorder of
the chlorine atom and the carbonyl group. The allyl group similarly shows no
signs of disorder, the centrai atom being closer to the carbonyl group than to
the chlorine atom, as can be seen in Fig. 3. Variable-temperature proton magnetic
resonance spectra of the 2-methylallyl analog indicate that the cation is a dy-
namic system in solution at room temperature [31]. Because of this, the general
shape of the allyl group, and the possibility of an alternative orientation in our
mechanism, the order of the allyl group was at first surprising. However, the

Fig. 2. A perspective view of the coordination geomeétry about the iridium atom. The shapes of the atoms
in this drawing represent 12% probability contours of thermal motion. . -



Fig. 3. A stereoview of the cation. The view is approximately along [010]. Hydrogen atoms are omitted.
The shapes of the atoms represent 50% probability contours of thermal motion.

general shape of the cation is determined primarily by the phosphine ligands,

and the closest intermolecular contacts (see Table 5) of the allyl group involve

phosphine ligands. If an alternative orientation of the allyl group is imagined

(one with the central carbon atom closer to the chlorine atom and the angle be-

tween the allyl plane and the P—Ir—P plane about 120°) several intermolecular

contacts much less than the sums of van der Waals’ radii result. We therefore at-
" tribute the order of the allyl group to crystal packing forces.

A useful comparison can be made between the resulis presented here and the
reported structure of an Ir(I1)-(n*-allyl) complex, Ir(n*-C;Hs)[P(i-Pr);}. [19]. The
Ir—P bonds are longer in the Ir(111) complex: 2.347(3) and 2.366(4) A, vs.
2.270(2) A in the Ir(I) complex (which has crystallographically-imposed twofold
symmetry). The Ir(III)—P bonds are within the normal range. The possibly sig-
nificant difference in the two chemically equivalent bond distances may arise
from differences in the intermolecular contacts involving the phosphine ligands.
The Ir(I111)—C(allyl) bonds are also longer: Ir(I1I)—C(terminal) = 2.28(1) and
2.25(1); Ir(I)—C(terminal) = 2.21(2); Ir(III)—C(central) = 2.24(1); Ir(I)—C(cen-
tral) = 2.10(2) A. The allyl C—C bonds are similar: 1.38(3) and 1.40(3) A in the

. ;.\\,"i -

‘*—n—-—*_—:—(l—";-.»—wl\-}(:' S
-

P

Fig. 4. Stereodrawing of a unit cell of [Ir(n3-CaHs)CHCONP(CH3)2(C¢Hs))21[PFgl. The view is down
{100}, with the y-axis vertical, and the z-axis horizontal and to the left. Hydrogen atoms are represented
"~ by spheres corresponding to a B of 1.0 A2_ The shapes of the atoms represent 40% probability contours of

" .thermal motion.
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TABLE §
SELECTED DISTANCES AND ANGLES

Cation Intramolecular Dist (A)

Ir—P(1) 2.366(2) C(6)—C(7) 1-38(3)
Ir—P(2) 2.347(3) C(7)—C(8) 1.40(3)
Ir—C1 2.389¢(3) P(1)—C1) 1.85(2)
Ir—C(5) 1.85(1) P(1)—C(2) 1.81(2)
Ir—C(6) 2.28(1) P(1)-C1R1 1.82(1)
Ir—C(7) : 2.24Q1) P(2)—C(3) . 1.79(1)
Ir—C(8) 2.25%1) P(2)-C(4q) 1.82(1)

P(2)—~C1R2 1.82(1)

Nonbonded Contacts (A)

Ir—H2C8 218 Ir—H2C6 3.02
Ir—H1C6 2.20 C1—H2CS8 2.32
I—HC?7 293 Cl1—HI1C6 2.37
Ir—H1C8 296

Intermolecular Contacts (A)

HC3R1—HC4R1 2,40 HC7—F(4) : 2.56
H2C1—F(2) 2.52 H1C8—HC5R1 2.49
H3C4—F(1) 2.59 C(7)—HC5R1 2.76
H2C6-C! 2.65 C(8)-HC5R1 2.84
HC7—F(6) 2.36

Cation Angles (°)

P(1)—Ir—P(2) 105.7(1) CI-Ir—-C(6) 86.9(4)
P(1)—Ir—C(5) 92.9(5) Cl—Ir—C(7) 100.5(6)
P(2)—Ir—C(5) 91.1(4) Cl—Ir—C(8) 85.4(6)
P(1)—Ir—Cl1 86.4(1) P(1)—Ir—C(6) 92.8(5)
P(2)—~Ir—Cl} 85.4(1) P(2)—~Ir—C(8) 94.1(5)
C(5)—1r—C1 176.0(4) C(1)—P(1)—C(2) 104.7(10)
C(6)—Ir—C(7) 35.6(7) C(1)—P(1)—C1R1 103.6(7)
C(7)—1—C(8) 36.418) C(2)—-P(1)—C1R1 104.8(7)
C(6)—-Ir—C(8) 66.2(6) C(3)—-P(2)—-C(2) 100.4(7)
C(5)—1r—C(6) 97.0(6) C(3)~-P(2)—C1R2 106.3(6)
C(5)—1r—C(7) 96.6(8) C(4)y—P(2)—Ci1R2 107.4(6)

C(5—Ir—C(8) 83.1(7) C(6)—C(7)—C(B) 125(2)

Ir(I11) complex, and 1.38(3) and 1.32(3) A in the Ir(I) complex. Angles in the
coordination spheres of the two complexes are also similar: P—Ir(IH)—P =
105.7(1) and P—Ix(I)—P = 110.2(2)°; C(terminal)—Ir(III)—C(terminal) = 66.2(6)
and C(terminal)—Ir(I}—C(terminal) = 67.2(2)°; C—C—C(Ir(I111)) = 125(2) and
C—C—C(Ir(1)) = 129.7(5)°. While no clear conclusions can be drawn from the
angles, the trends in bond distances can be interpreted to mean that r-bonding
is more important in the Ir(I) complex than in the Ir(III) complex, and that the
allyl anion is a better electron acceptor in the Ir(I) complex. The complete
planarity of the C;Hs~ ion in the present structure suggests that the Ir—allyl
bonding does not involve significant rehybridization of the carbon atoms.

Structures of M(77°-C;Hs) complexes _ v
Having verified that the title compiex is indeed an 73-allyl complex, in Suppqrt
of the proposed mechanism for the addition of allyl halides to Ir’X(CO)}PR3). -
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Fig. 5. An illustration of the parameters used to describe the geometry of the metal—allyl linkage. The
point O is the center of mass of the allyl group. See text for the definitions of other quantities.

systems, we now examine the nature of the M—(n3-allyl) bond from structural
trends. The M—(n3-allyl) linkage is fairly common, and there have been many
structures reported containing terminal, unsubstituted allyl groups (n*-C;Hs).
We limit our attention to these to eliminate as completely as possible such com-
plications as crystal packing forces and ring distortion energies.

To facilitate comparisons, we describe the geometry of the M—(n*-C;H;)
linkage by three parameters which are independent of the geometry and number
of other ligands present. The definitions of these parameters are given in Fig. 5.
The distance from the metal atom to the center of mass of the allyl group D
provides a measure of the average distance of the allyl group from the metal
atom. This quantity can be made more useful by modifying it to account for
the differences in size among metal atoms. This leads us to define a new quan-
tity D':

D' = D for 2nd and 3rd-row metals
=D + 0.10 A for 1st row metals

The tilt angle 7, the angle between the vector O—M and O—C(2) and the bow
angle g, the angle between the vector O—M and the vector parallel to C(1)—C(3)
passing through O, describe the orientation of the allyl group.

Pertinent structural parameters of M—(7?>-C3;Hs) complexes, along with values
of D', 7, and 8 where it is possible to calculate them, are presented in Table 6.
The relatively large variations in most parameters suggest that some useful infor-
mation may be extracted from them. The near constancy of the bow angle § im-
plies that the deviation from symmetrical 7-bonding of the allyl group in these
complexes is slight. Several interesting correlations can be discovered among the
parameters in Table 6, one being that between D’ and C, the average C—C distance
in the allyl group. This is illustrated in Fig. 6. Although the errors on the param-
eters involved are large, we believe the correlation to be real. We observe that
there are three groups of allyl complexes based on D’, and that these correspond
to the groups based on the numbers of metal d electrons *. The negative correla-
tions between C and D' for the d® and d* systems is the expected one, and can

(continued on p. 258)

* The only exeeption to this grouping is Mo(C3Hs){H2B {Me2pz }1(CO)2 (vz = 1-pyrazalyl). in which
there is a short nonhonded Mo—H contact of 2.30 A, and several very short contacts between the
. ally} group and the carbonyl groups and pynzolyl rings [15]. Exceptional behavior can therefore
_ be expected of this compound.
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Fig 6. A plot of C. the average C—C distance in the allyl group. versus D". Shown are unit-weighted
least-squares lines: that for the d8 complexss is & = —0.58 D’ + 2.44_ and that for the d% complexes is

€ =-—1.19 D' + 3.85 A. The open circles represent the allyl groups in Cr2{(C3Hs)s. which were not included
in the calculation because of the large uncertainties. The open square represents the complex Mo(C3Hs )
(CO)2[H2B {Meapz }2). which was not included in the calculations.

be rationalized in two ways. A shorter {and therefore presumably stronger)
M—C,H;~ bond can be the result of either increased electron transfer from the
bonding and non-bonding w-orbitals of the allyl anion to the metal atom, or the
increased transfer of electrons from a filled metal d orbital into the antibonding
allyl -orbital. The fact that the general order of M—C;Hs™ bond lengths is

d® < d® < d* suggests that transfer of electrons from the metal atom plays a sub-
stantial role in bonding in these complexes, as the expected strength of back-
bonding is d® > d > d*. The differences in the bond lengths for these d®, d and
d* complexes may thus reflect the varying relative importance of the two
bonding mechanisms. Note that the observed ordering of M—C,H;~ bond lengths
(d® < d® < d*) can also be predicted by arguments based on the effective charge
felt by the d electrons. We believe that the observed differences in D’ (~0.1 &)
are too large to be explained completely by these arguments. There are insuffi-
cient structural data available to conclude that the trend observed here is com-
mon to other similar classes of organometallic complexes (e.g., CsHs;™ and C,H,
complexes).

Perhaps the best correlation is that between a, the C—C—C angle of the allyl
group, and D’. This is illustrated in Fig. 7. We can derive several explanations for
the observed trends, but believe that, because the slopes of the least-squares lines
are nearly identical, the most likely one is the adjustment of the allyl geometry -
to variations in D’ to maximize overiap of the orbitals responsible for M—allyl
bonding. ) _ i ) ST

There have been several attempts to provide a theoretical bonding scheme for



130 1 o
1/’
: /d® ;
.I. f’. G
./ /d 1
2 [ ] ';
/ N 4
25 | . N / d
. /
I‘ /
: e !
i y / /
a(deg) | Vi .
,/,' . ; -
7 - ;
120 3 / . ‘ o/
£ 3 7
RS : =
us s
/
i
U
180 190 200 2 10

D(A}
Fig. 7. A plot of a versus D’_ The lines are unit-weighted least-squares lines. The open square represents

Mo(C3Hs)[HaB {Mcwpz }-. 1(CO)2. which was eliminated from the calculations. The iines are given by the
equations: dB: & =81 D' — 26:d%: @ =114 D' —102:a =112 D" —112°.

w-allyl transition metal complexes. Kettle and Mason [32] showed that the tilt
angle of about 120° in these complexes is the result of the interaction of two
separate overlap mechanisms. Thus any picture involving “‘pure” allyl 7- and
metal d-orbitals, as we have presented, is oversimplified. They conclude on the
basis of the magnitudes of overlap integrals that charge transfer from the metal
atom to the #* allyl orbital is unimportant in M—aliyl bonding. Van Leeuwen
and Praat [33] provide a similar rationalization of the observed tilt angles, but
conclude that M—n* electron transfer is of some importance in bonding. A more
recent calculation on bis(n*-allyl)nickel [34] indicates that the transfer of elec-
trons from the non-bonding allyl #-orbital to metal d orbitals is responsible for
most of the metal—allyl bonding (in agreement with the earlier workers). These
calculations show that backbonding from the metal to the ligand is of some im-
portance, but that the charge transfer does not take place solely between “pure”
allyl and metal orbitals. The importance of this backbonding is comparable with
that in ferrocene [34].

The transfer of electrons from the non-bonding allyl 7-orbital into the metal
d orbitals should cause little change in the observed C—C distances. The negative
correlation between C and D' and the fact that the ordering of D" is d® < d® < d*
seem difficult to rationalize solely by allyl - M electron transfer. The structural
data thus suggest that M - 7* electron transfer may be more important than
previously believed.
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