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The Hapticity of n-Indenyl Complexes: Molecular Structures of [(n5-CgR;)Rh(n4-cod)]

(R = H, Me) (cod = Cyclo-octa-5-diene)

Ashok K. Kakkar, Simon F. Jones, Nicholas J. Taylor, Scott Collins, and Todd B. Marder*
The Guelph-Waterloo Centre for Graduate Work in Chemistry, Waterloo Campus, Department of Chemistry,

University of Waterloo, Waterloo, Ontario, Canada N2L 3G1

The molecular structures of [(n5-CgR7)Rh{n4-cod)] [R = H (2); R = Me (3); cod = cyclo-octa-1,5-diene] are reported
along with a discussion of the distinction between n5- and n3-indenyl co-ordination modes; a recent assertion that
co-ordination of Cr(CO); to the benzo ring of (2) induces enhanced ground-state slippage of the Rh{n4-cod) moiety is

not borne out by the structures of (2) and (3).

It has been demonstrated that [(n-indenyl)ML;] complexes
(M = Co, Rh; L = alkene) display significantly enhanced
catalytic activity in inter-molecular hydroacylation reactions,!
cyclo-trimerisation of alkynes to benzenes,? and cyclo-co-
trimerisation of alkynes and nitriles to pyridines? compared

with their cyclopentadienyl analogues. It is also known that
[(n-indenyl)ML, ] complexes show enhanced reactivity in both
Sn14 and Sn24—7 substitution reactions. Recent kinetic stu-
dies*6 and the isolation and structural characterisation8—10 of
several [(n3-CoH;)ML,] complexes point to the relative ease
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Figure 1. Molecular structure of (2). Selected distances (A) and angles
(°): Rh-C(1) 2.221(2), Rh-C(2) 2.245(2), Rh—C(3) 2.211(3), Rh-
C(3a) 2.362(2), Rh-C(7a) 2.373(2), Rh-C(8) 2.137(2), Rh-C(9)
2.120(2). Rh-C(12) 2.133(2), Rh-C(13) 2.117(3), C(1)-C(2)
1.406(4). C(1)-C(7a) 1.448(3), C(2)-C(3) 1.409(3), C(3)-C(3a)
1.444(4). C(3a)-C(7a) 1.429(3), C(8)-C(9) 1.408(3), C(12)~C(13)
1.405(4). A = 0.152(3) A {[average of Rh—C(3a),C(7a)] —[average of
Rh-C(1). C(3)]}, hinge angle = 8.90° between planes C(1), C(2),
C(3), and C(1), C(3), C(3a), C(7a), fold angle = 7.38° between planes
C(1), C(2), C(3) and C(3a), C(4), C(5), C(6), C(7), C(7a), L-M-L
angle = 87.6(1)° = mid [C(8)-C(9)]-Rh-mid [C(12)-C(13)].
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Figure 2. Molecular structure of (3). Selected distances (A) and angles
(°): Rh-C(1) 2.215(3), Rh~C(2) 2.231(3), Rh-C(3) 2.206(3), Rh-
C(3a) 2.347(3), Rh-C(7a) 2.381(3), Rh-C(15) 2.121(3), Rh—C(16)
2.119(3), Rh-C(19) 2.121(3), Rh-C(20) 2.106(3), C(1)-C(2)
1.422(4), C(1)-C(7a) 1.461(4), C(2)-C(3) 1.418(4), C(3)-C(3a)
1.456(4), C(3a)-C(7a) 1.438(4), C(15)-C(16) 1.388(5), C(19)-C(20)
1.393(5), A = 0.153(3) A, hinge angle = 9.50°, fold angle = 9.95°,
L-M-L angle = 87.6(1)°; A, hinge angle, and fold angle as defined in
Figure 1; L-M-L angle = mid [C(15)-C(16)}-Rh-mid [C(19)-C(20)].

of slippage of the indenyl ring from n® to n3 during Sx2
substitutions. Well and others®12—15 have found significant
slip-distortions from n5 towards 3 co-ordination in the ground
state of all d8-[(n-CoH;)RhL,] complexes. It should be
emphasized, however, that none of the RhL, species is
actually an n? complex in the ground-state. A recent publica-
tion, !¢ claiming ‘n3:n° co-ordination’ for an indenyl ligand
highlights such a misconception of hapticity which is more
than semantic. In addition, this paperl¢ suggests that co-
ordination of Cr(CQO); to the ‘benzo ring’ is responsible for an
increased  slip-fold distortion in  [Cr(CO);(u-no:m~-
CyH7)Rh(n*-cod)] (1) with respect to [(n5-CoH;)Rh(n*-cod)]
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(2) (cod = cyclo-octa-1,5-diene).!7” We report herein the
molecular structures of (2) and [(n35-CogMe;)Rh(n4-cod)] (3)
which demonstrate unambiguously that neither the Cr(CO);
moiety in (1) nor permethylation of the indenyl ring affect the
degree of ground-state slip distortion in [(n5-indenyl)Rh(n?-
cod)] complexes. In addition, we demonstrate that there is a
clear distinction between m5- and vn3-indenyl complexes.
Complex (3) is the first structurally characterized compound
containing an n-CyMe; ligand.

[Cr (CO)z(u—n":n'é-ggHﬂRh(n“-cod)]

[(n>-CoR7)Rh(n*-cod)]
2)R=H
(3) R = Me

[(n3-CoH7)Ir(PMe,Ph;)]
4)
[(n*-CoH7)Fe(CO)s]~
(%)
[(ﬂ3'C9H7)(715('6C)9H7)W(C0)2]
[(n-CoH5),V(CO),]

7

[(n-CsH7),Ni]
(8)

The molecular structurest of (2) and (3) are presented in
Figures 1 and 2 respectively. Relevant data for (1)!6 are:
Rh-C(1) 2.231(8), Rh-C(2) 2.248(8), Rh-C(3) 2.236(8),
Rh-C(3a) 2.378(7), Rh-C(7a) 2.392(6) A. None of these
Rh-C(indenyl) distances is significantly different from those
in (2), and the values for (3) are also similar. The values of the
slip parameter A (see Figure 1) for (1)—(3) are 0.151(8),
0.152(3), and 0.154(3) A, and the hinge angles!!:13 are 8.2,%
8.9, and 9.5° respectively. Thus, co-ordination of Rh to the
indenyl ring is essentially invariant in (1), (2), and (3).

1 Crystal data, collection and refinement for (2): RhCy;Hy9, M =
326.246, monoclinic, space group C2/c, a = 15.625(2), b = 6.430(1), ¢
=26.882(5) A, B = 100.681(1)°, U = 2654.0(7) A3, Z = 8, D, = 1.633
gem—3, F(000) = 1328, T =294 = 1 K, A = 0.71073 A, w(Mo-K,) =
12.31 cm~!. Data were collected from an epoxy-coated crystal of
dimensions 0.27 x 0.28 x 0.31 mm on a Syntex P2, diffractometer by
the w scan method (26 < 60°). From 3857 unique measured reflections
corrected for Lorentz and polarisation effects but not for absorption,
3048 with I = 30(]) were used in the structure solution (Patterson and
Fourier methods) and refinement which converged at R and R,, values
of 0.023 and 0.027 respectively.

For (3): RhCy4H33, M = 424.436, monoclinic, space group P24/n, a
= 11.867(1), b = 14.244(1), ¢ = 12.333(1) A, f = 109.60(1)°, U =
1963.9(3) A3, Z =4, D, = 1.435 g cm=3, F(000) = 888, T'= 294 + 1K,
A =0.71073 A, w(Mo-K,) = 8.52 cm~!. Data were collected from a
crystal of dimensions 0.24 x 0.30 x 0.33 mm on a Syntex P2,
diffractometer by the ® scan method (8 < 60°). From 5725 unique
measured reflections corrected for Lorentz and polarisation effects
but not for absorption, 3934 with I = 30(/) were used in the structure
solution (Patterson and Fourier methods) and refinement which
converged at R and R,, values of 0.028 and 0.032 respectively. Atomic
co-ordinates, bond lengths and angles, and thermal parameters have
been deposited at the Cambridge Crystallographic Data Centre. See
Notice to Authors, Issue No. 1.

1 This angle is referred to as the ‘fold angle’ in ref. 16.
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The results of ca. 20 crystal structure determinations!! in
our laboratory on [(n5-CoH;—,, Me,)RhL;] complexes com-
bined with those in refs. 5,12—14 demonstrate, for a wide
variety of ligands L, a range of A values of 0.112(2)—0.227(3)
A .§ Clearly these are all formally nS-complexes in that there is
significant bonding of Rh to C(3a) and C(7a). For comparison,
consider the values of A = 0.79(1), 0.689(7), and 0.72(2) A
respectively for complexes (4),8 (5),° and (6).10 Although
hinge angles were not reported for (4—6), the fold angles are
28,22, and 26° for the n3-indenyl ligands. Thus, both the slip
and fold distortions are extremely large for (4—6) and there is
clearly no bonding between the metal atom and C(3a) or
C(7a), as required to attain an 18e configuration at the metal.
Interestingly, in [(CoH7), V(CO),] (7),18 A = 0.493(3) and
0.120(3) 1§ for the two different indenyl rings. The interme-
diate value of 0.493(3) A presumably reflects the 17 or 19e
configurations which would be attained by n3- or nS-co-
ordination of this ring system.

Finally, until structural evidencef is in hand for [(n-
CyH;),Ni] (8), it is premature to utilize 13C n.m.r. data for this
complex as indicative of n3-bonding. It is highly likely that (8)
contains either one n5- and one n3-ring undergoing rapid
exchange in solution [cf. (6)] or two rings exhibiting interme-
diate degrees of distortion.

We thank N.S.E.R.C. (Canada), Imperial Oil Ltd., and the
donors of the Petroleum Research Fund administered by the
American Chemical Society for support, the DuPont Com-
pany for a gift of materials and supplies, Johnson Matthey

§ Detailed experimental and theoretical analysis of the relationship
between A and L (cf. ref. 11) and reactivity, i.r., and photoelectron
spectroscopic studies of the relative donor abilities of a series of
[CoH7_,Me, ]~ ligands will form the basis for subsequent full papers.
The value of A = 0.112(2) A is the result of our redetermination of the
structure of [(n5-CoH;)Rh(n-duroquinone)}; a value of ca. 0.05 A had
been obtained previously from film data (R = 9%): G. G.
Aleksandrov and Yu. T. Struchkov, Zh. Strukt. Khim., 1971, 12, 120.
The value 13 of A = 0.227(3) A is for [(n5-CsHs),Zr(u-PPhy);Rh(n5-
CgH7)]. Others have discussed distortions in earlier transition metal
complexes, e.g. J. W. Faller, R. H. Crabtree, and A. Habib,
Organometallics, 1985, 4, 929; J. M. O’Connor and C. P. Casey,
Chem. Rev., 1987, 87, 307, and references cited therein.

q Complex (8) was originally reported in F. H. Kéhler, Chem. Ber.,
1974, 107, 570. We find that the 3C{!H} n.m.r. spectrum of (8) is
invariant from —100 to +25°C. Our attempts to obtain a crystal
structure of (8) at room temperature have been hampered by rapid
decomposition of the single crystal. We are currently recollecting
diffraction data at ~123°C: S. A. Westcott, N. J. Taylor, and T. B.
Marder, unpublished results.
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Ltd. for a loan of RhCl;, and Professor J. S. Merola for
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