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Abstract

A correlation - between 8('1°Sn) and the Tolman
cone angle, 8, for a series of complexes [(n°-CsHs-
Me)Fe(COXL)(SnMej)] (L = CO, P(OMe);, PMePh,,
PPh;, P(CH,C¢Hs)3) has been observed.

In recent publications we have reported on the
use of 'H and '*C NMR spectroscopy in the detec-
tion of ligand orientational effects in complexes
of the type [(n*-CsHsRIM(COXL)I] (R = Me, tBu,
etc.; M= Fe, Ru; L=group 15 donor ligand, RNC)
[1]. From these studies it has become apparent
that the steric size of both L and R can be detected
by NMR parameters associated with the cyclopenta-
dienyl protons [2].

In extending this work to an investigation of
other ligands containing atoms that are NMR active
{e.g. Si, Sn etc.) we had occasion to synthesize a
series of complexes [(n®-CstisMe)Fe(COXL)SnMe;].
The complexes were synthesized by standard pro-
cedures starting from [(n3-CsHsMe)Fe(CO),SnMe,]
which was prepared from Na[(n°-CsHsMe)Fe(CO),]
[3]* and SnMe;Cl. Irradiation of [(n°-CsH4Me)Fe-
(CO)zSHMe:.;] with L (L=P(OMC)3, PMeth, PPh3,
P(CH,C¢H;);) in benzene gave the required products,
typically as air and moisture sensitive oils or solids.
The complexes were characterized by IR and NMR
(*H, 3P, '%Sn) spectroscopy and pertinent data
are reported in Table 1.

As anticipated the influence of the group 15
donor ligand on the ring proton NMR parameters
could be detected and a typical spectrum for L=
PPh, is shown in Fig. 1 (ring methyl decoupled).
An orientational preference of the PPhj ligand is
readily observed with coupling of the PPh; with
H4, (J(P—H) = 5.17 Hz; Fig. 2). The small separation
of A(H2—HS5)=0.05 Hz as well as the larger separa-
tion A(H3—H4)=0.14 Hz suggests that the bulky
SnMe; group is also displaced away from the ring
methyl group.

*It is to be noted that [(n3-CsH4Me)Fe(CO);SnMes]
has been previously reported but no details of the synthesis
or spectroscopic properties of the complex were given
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Fig. 1. IH NMR spectrum of [(nS-C5H4Me)Fe(CO)(PPh3)-
SnMej] showing the ring resonances H1-H4 (see Fig. 2 for
numbering system). Coupling constants were determined
from decoupling experiments: J(P—HS5) = 1.8 Hz, J(P-H4) =
5.2 Hz, J(P-H3) = 7.8 Hz and J(P—H2) Hz.
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Fig. 2. Possible conformation of the solution structure of
[(n5-CsH4Me)Fe(CO)(PPh3)SnMes).
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More significant is the discovery of a good correla-
tion between 8(''°Sn) and the Tolman cone angle,
6 [4] (Fig. 3). This is a remarkable correlation as
a steric parameter is seemingly being plotted against
an electronic parameter. Attempts to correlate
5(**°Sn) (or other NMR parameters; Table 1) with
electronic parameters associated with the ligand
L were made. Although it is apparent that the Sn
resonance moves upfield as L is varied, no linear
correlation between the other parameters such as
8('H) and the ring protons is observed.

A consideration of the paramagnetic shielding
term, ¢®, suggests an explanation for our observed
result. The paramagnetic shielding term is given by
the expression o® =—1/AE (Q, + Q4) where AFE
is the average electronic excitation energy and Qp
and Q4 depend on the size of and electron imbalance
in the valence p and d orbitals [5]. Tin chemical
shifts are usually interpreted with AE being a
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TABLE 1. IR and NMR data for [(ns—C5H4Me)Fe(CO)(L)SnMe3] complexes?

L §(CO) s('"H) (ppm)S-d 5(11%8n) s(3lpyf 27(119gn—H) 2j(119gn3lpy g8
_1 b -_— e
(em™) CsHaMe  SnMe; PP
co 1985, 1940 1.46 0.47 141.7 47.0 90
P(OMe), 1915 1.69 0.55 119.5 42.0 4792 107
PMePh, 1905 1.64 0.17 100.6 60.5 38.9 376.0 136
PPh; 1895h 1.81 0.33 88.9 81.1 39.6 357.3 145
P(CH,Ph), 1910 1.61 0.68 80.5 63.5 375 363.8 165

ANMR data recorded on a Bruker AC 200 spectrometer. PRecorded in hexane. C°Recorded in CgDg relative to TMS. dCyclo-
pentadienyl proton resonances were recorded between 4.5 and 3.5 ppm. ®Recorded in CgDg relative to SnMey (ext). fRe-
corded in CgDyg relative to H3POg4 (ext). E£Tolman cone angle, ref. 4. hRecorded in benzene.

1401 €O larger resulting in reduced (d—d)r bonding between
Fe and Sn. This would increase AE, reduce o® and
cause 8(!Sn) to move upfield as the size of L
increases. Further experiments to verify this proposal
are presently underway.
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