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Nuclear Magnetic Resonance Investigation of the Dynamic Stereochemistry
of Some Octahedral Titanium(iv) Chelate Complexes

By NEeiL BaccerT, DavIp S. P. PooLToN, and W. BrIAN JENNINGS*
(Department of Chemistry, University of Birmingham, P.O. Box 363, Birmingham B15 2TT)

Summary A variable temperature n.m.r. study of some

titanium chelates shows that the relative rates of de- Nex R Mex H
generate enantiomerisation and site exchange of the o Me, 7 28
dionato methyl groups vary with structure. I& / 0 )-Mey 0 /) —Mey
I PN ] P MeMe,CH—O0._ | P
NTRAMOLECULAR metal-centred rearrangements of octa- [cH Tu\ TI\
hedral chelate complexes are of considerable interest and \c—-o/ 0 MeuMebCH——O/ | 0.
have recently been reviewed.!?> N.m.r. spectroscopy has /\ 0 N-Me 0 N-Me
been extensively used to investigate site exchange of Nfeq Mep, N 4 N Y
terminal substituents in the chelate rings. In addition, Ve, R Me, H
degenerate enantiomerisation of labile chiral complexes can X
also be probed with the aid of prochiral substituents.? {h n=1,R=H (3}
Although the mechanism of rearrangement determines the 2) p=0,R=H
relative rates of these two processes, no quantitative ) n=1,R =COMe
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experimental investigations of this aspect appear to have
been reported for titanium chelates.

We now report the determination of the relative rates of
dione methyl site-exchange and degenerate enantiomerisa-
tion in some titanium(iv) complexes of the type M(AA)(BB),
in which the only stereoisomerism possible is enantiomerism
[compounds (1), (2), and (4)). Previous studies on com-
plexes of other metals have generally been complicated by
the presence of diastereoisomers or other chelate com-
plexes.4® Diastereoisomerism is possible in the di-iso-
propoxy compound (3), but the n.m.r. spectrum shows only
the cis-isomer to be present as reported previously by
Bradley and Holloway.®

At low temperature the *H n.m.r. spectra of compounds
(1)—(3) show anisochronous geminal methyl groups (Me,

TABLE.
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spectra by complete line-shape analysis and solvents were
selected to afford a reasonable separation of the signals in
the slow-exchange region (Table). The ratio k,/%, is very
sensitive to the structure of the diolato unit and is ca. 2-0
for 2,4-dimethylpentane-2,4-diolatobis(pentane-2,4-di-
onato)titanium(rv) (1), ca. 1-0 for the 5-membered ring
analogue (2), and 1-3—1-4 for the di-isopropoxy complex
(3). Structural differences are also reflected in the
variation of AG*. Dynamic n.m.r. spectra of (3) have been
investigated previously.?

Musher?? has listed all possible modes of isomerisation of
tris chelate complexes. Neither mode M, (requiring absence
of site exchange in the pentane-2,4-dionato ligands) nor
mode M, (requiring retention of configuration) can solely
account for the observed data for complexes (1)—(3),

Dynamic n.m.r. data (100 MHz) for degenerate enantiomerisation (process 1) and acac® methyl site exchange (process 2)

in compounds (1}—(4).

Comp Solvent Ib/°C  Av,¢/Hz  k9/s™1
1) CDCl, 12 146 20-4
(1) CS, 17 17-8 37-2
@) CS, —34 150 23-9
@) CH,Cl, —45 21-9 186
(3) Cs, 25 6-2 12-4
3) CoDs 28 6-4 13-7
@) cDCl, —8 166 345

8 acac = pentane-2,4-dionato.

b Probe temperature as measured with a copper—constantan thermocouple.

Avee/Hz  k8/s-1 ky/ky AG e AG,te
/kJ mol-* /kJ mol-!

656 9-6 2-13 62-6 64-3
7-7 19-0 1-96 622 63-8
8-8 22-9 1-04 51-9 52-0
9-3 18-6 1-00 49-7 49-7
11-2 8-8 1-41 667 6756
9-3 10-2 1-34 67-1 679
87 16-6 2-07 56-9 585

¢ Separation of

the diastereotopic alcohol (Av,) and acac (Av,) methyl signals measured at low temperatures, extrapolated to 7°, and optimised to

afford the best fit between calculated and observed spectra.

d Site-exchange rates were determined directly from the spectra using a

multisite computer program (INMR); see W. B. Jennings, Chem. Comm., 1971, 867. °AG? values calculated assuming validity of the

Eyring equation.

and Mep) and acetylacetonato methyls (Mex and Mey)
indicating that metal-centred rearrangement is slow on the
n.m.r. time-scale. The rate of degenerate enantiomerisation
(k,) can be measured from the coalescence of the prochiral
geminal methyl group signals and compared with the
rate (k,) of acetylacetonato methyl site exchange (Table).?

The rate ratio %, /k, has been predicted for rearrangements
of M(AA)(BB), complexes proceeding via various mechan-
isms and it falls in a narrow range.! Activation para-
meters derived by the dynamic n.m.r. method are known
to be associated with large systematic errors, particularly
where approximate methods are used to derive exchange
rates;8 hence it is advantageous to compare rates directly in
the same sample and at the same temperature, as in this
study. Exchange rates were obtained directly from the

t Frequency separation of the triac ring methyl signals.

whereas modes M, or M;, which may have contributions
from bond-rupture and intramolecular twisting processes,
are consistent with the results.

Information on the problem of bond-rupture vs. twisting
was obtained from a study of the 3-acetylpentane-2,4-
dionato (triac) complex (4). The triac acetyl methyl
signal at 7 7-59 remained sharp even at + 35 °C indicating
that rearrangement is not occurring by a bond-rupture
process involving the triac rings (provided that internal
rotation in the partly dissociated triac ligand is rapid at
this temperature).
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However, the geminal methyl groups are diastereotopic for symmetry reasons even when rotation is free:



