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Summary

The dynamic stereochemistry of phenyichlorobis(benzoylacetonato)tin has
been mvestigated m solution with the aid of vanable temperature '"H NMR
spectroscopy The results, analyzed 1n terms of permutational analysis and
topological representations, reveal that in this complex at least two different
rearrangement modes are necessary 1n order to give exchange of all the 1somers
and diastereotopic signals The free energies associated with each mode have
been determined and have shown to be very similar to each other The residual
1somernsm 1s discussed 1n the light of the results

Introduction

In a previous work on the static and dynamic stereochemistry of cis-octa-
hedral bis--diketonato complexes [1] we investigated the dynamic aspects of
the stereoisomerizations of these systems with the aid of permutational analysis
and topological representations The major conclusion in this work was that
when only twist mechanisms not mvolving bond rupture are considered, six
rearrangement modes suffice to describe all the permutational consequences of
the stereoisomerization processes 1n such systems, these modes were termed
Mg, My, M., M, M, and Ms. Experimental evidence have indicated that among
these modes only those which result 1n a net reversal of the helicity of the



398

structure need to be considered as feasible rearrangement pathways [1—3],
and, within them, the mode M, was found to be the stereoisomernzation path-
way of lowest energy (threshold mechanism) 1n all systems of this type so far
examined [1—3]}

However, our analysis [1] indicated that in more complex derivatives a com-
bination of different modes 1s necessary in order to mterconvert all the stereo-
1somers In particular, for systems of general structure I 1f the monodentate
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ligands are equal (X = Y) and the two -diketonate rings are different and both
lack a local C, axis coincident with the bond to the central metal atom, eight
1somers (4 dl pairs) are possible The same situation arses 1n complexes 1in
which the two monodentate ligands are different (X = Y) and the two §-diketo-
nato rings are equal (A = C, B = D) but still lack a local C, axis In these cases,
our analysis reveals that even when interconversions among these eight forms
by mode M, are rapid, two 1somers (1 d! parr) still exist, and therefore such sys-
tems are suitable for detecting additional stereoisomerization pathways other
than M. (vide infra).

In this paper we report Kinetic NMR data on the stereoisomerization pro-
cesses in the phenylchlorobis(benzoylacetonato)tin (II), which represents the
first example of a bis-chelate system which needs at least two different stereo-
1somerization modes mn order to permut coalescence of all 1ts diastereotopic sig-

nals
Experimental

For the preparation of compound II 0 72 g (31 mmol) of Na was dissolved in
15 ml of methanol and 5 g (81 mmol) of benzoylacetone was added with
stirning during 30 minutes, and the solvent was then removed under reduced
pressure 4 33 g (26 mmol) of the salt obtained were added to a solution of
CeHsSnCl; (3 g,10 mmol) in 75 ml of dichloroethane and the mixture was
refluxed for4 h

The unreacted salt was filtered off and the desired product, which remained
in solution, was then precipitated with petroleum ether

Recrystallization from benzene/petroleum ether gave white pure crystals,
mp 155—157°C. Found C, 56 24, H, 4 23, Cl, 6 41, C,¢H,3Cl0,Sn caled C,
56 46, H,4 19, Cl, 6 33% 'H NMR spectra were recorded in a Perkin—Elmer
R32 90 MHz spectrometer Temperatures are considered to be accurate to £1°C
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Saturation of the NMR signals was avoided NMR samples weie ca 15% v/v
solutions in CDCl; containing tetramethylsilane as internal reference

Results and discussions

As anticipated 1n the Introduction part, compound II can exist as eight
stereolsomers (4 d! pairs), which are depicted in Fig 1 It can be easily seen
that all four diastereomers are asymmetric, and therefore each methyl group
within each 1somer 1s magnetically non equivalent It follows that, when the
Interconversion among these four diastereomers 1s kinetically restricted, a mix-
ture of these 1somers should show four sets of signals in the methyl region of
the NMR spectrum (in an achiral medium), each set consisting of two singlets
of equal intensity, giving a total of eight methyl signals

The effect of the various rearrangement modes on the stereoisomers of Il can
be readily envisaged through the topological analysis given 1n Fig 2 Since pre-
vious results in these octahedral bis-chelate complexes [1—3] have indicated
that the rearrangement processes are always accompanied by reversal of the
hehcity of the structure, our analysis 1s restricted to those modes which give
rise to a helicity inversion, 1 € modes M;, M, and M; [1]

Inspection of Fig 2 reveals that mode M, is able to interconvert four dia-
stereomers at a time and even when all these interconversions are rapid on the
time scale of observation two enantiomers [A, B, C, D}, and [A, B, C, D] are
stul present, and cannot be averaged with each other by this mode

This 1s another manifestation of residual isomerism, a phenomenon already
encountered with poly-aryl derivatives [4,5] In order to inferconvert these
residual enantiomers a pathway other than mode M, must be traversed this
could be either mode Ms or mode M,, as can be easily inferred from Fig 2
Note that mode Ms alone enantiomenzes B and B, as well C and C, but dia-
steromerizes A and D (as well A and D), leaving two residual achiral 1somers
(BB and CC) and one d! parr (AD and AD) A similar situation occurs with
mode M; which give nise to two structures (AA and DD) plus one d! parr (BC
and BC) A combmation of modes M; and Ms will yield two achiral diastereo-
mers,1e. [A,D, A, D] and [B, C, B, C] Table 1 Lists the environments of the
methyl groups of the four diastereomers of 1I, which are exchanged by each of
these modes Stereoisomerizations by mode M, will cause a coalescence of the
eight methyl signals to two singlets of equal intensity, whereas either mode M;
or M;s will result 1n pairwise coalescence of the eight signals, giwving rise to four
singlets whose intensity 1s governed by the relative population of the resulting
diastereomers A combination of modes M, plus Ms will collapse the eight sig-
nals to two singlets of different intensity provided there 15 a difference in popu-
lation of the two resulting diastereomers

Stereoisomerizations by mode M, followed by Ms or by M3, will coalesce all
the methyl signals to a single peak Following this analysis, we can now discuss
the experimental variable temperature !H NMR spectra of II When a CDCl;
solution of II 1s cooled, at least six signals are present in the methyl region of
the spectrum at —25°C (Fig 8) Further cooling of the solution does not reveal
additional signals Thus at this temperature the interconversion among the vari-
ous possible stereoisomers 1s kinetically restricted on the NMR time scale
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Fig 2 Topological representation of the effect of the various rearrangement modes 1n the eight stereolso-
mers of II See Fig 1 foridentification of tsomers -

Unfortunately because of accidental 1sochronism it was not possible to ob-
serve all the eight expected methyl signals, but the results clearly indicate that
more than one stereolsomer contributes to the NMR spectrum at this tempera-
ture. On 1ncreasing the sample temperature, the six signals coalesce gradually

TABLE 1

EFFECT OF STEREOISOMERIZATION PROCESSES ON THE ENVIRONMENTS OF THE METHYL
GROUPS IN I1 ¢

Mode Resulting 1somenzations & Resulting exchanges b
M3 A Al (=5 (6w
(8 €1 (D (de)
{C B] (ed) (fe)
[D D] (gh) (hg)
My [A.B C, D] (adfg) (bceh)
[A B,C D] (adfg) (beeh)
Ms [A, D] (ah) (bg)
(B, Bl (cd) (dc)
[c, (i] (eQ (fe)
D, A] (gb) (ha)
M3 + Mg (A D, a, D] (abgh) (abgh)
{B B,C C]l (cdef) (cdef)
Ma + M3 [ABCDA B, C D} (abcdefgh) (abcdefgh)
Mg + Ms [A B,C,D,A,B C, DI (abcdefgh) (abedefgh)

¢ See Fig 1 for identification of 1somers and methyl environments b Capital letters 1n brackets represent
1somers which are interconverted by the mode 1n question, lower case letters 1n parentheses designate
methyl groups whose environments are averaged by the mode indicated
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Fig 3 Temperature-dependent 90 MHz ! H NMR spectra (methyl region) of I in CDCl3 solution and
tetramethylsilane as internal reference

mto two singlets of equal mtensity, which 1n turn coalesce to a single peak at
44°C

We come now to the energetics of the process and to the identification of
the associated modes responsible for the coalescence behaviour Unfortunately,
complete line-shape analysis of the vanable temperature spectra was precluded
because all the expected signals are not observed and because of the difficulties 1n
constructing the exchange matnx for use in the Saunders [6] multi-exchange
computer program For appropnate use of this matrix it 1s necessary to know
the exact population ratio of the four diastereomers and the ratio of the rates
of the eight diastereoisomerization processes (1e , A—>B,B—>D,C—~A,D-C,
plus the reverse processes), which have to be varied as necessary m order to ob-
tain a reasonable fit to the experimental spectra. In spite of these difficulties a
seml-quantiiative approach of the problem 1s still of significance for our pur-
poses



403

First of all, the six methyl signals are seen to coalesce into two singlets of
equal intensity and this rules out all but mode M, (see Table 1) Therefore once
again mode M, 1s found to be the threshold rearrangement pathway 1n these
bis-chelate complexes [1—3]

A semquantitative estimate of the energetics associated with the coalescence
processes occurrmg through mode M, calculated by means of the Gutowsky—
Holm approximation [7] 1n conjunction with the Eyring equation, reveals that
the activation energies of such diastereoisomerization processes are i the range
of 15.6—16.6 kcal/mol. (It should be noted that strictly speaking the Gutow-
sky—Holm approximation [7] 1s not applicable to such coalescence phenom-
ena. However, 1t 1s well recognized that the energetics associated with any
coalescence process depend primanly upon the coalescence temperature and
are very little affected by the rate constants derived for the process 1n question,
as can easily be verified by simple calculations )

Thais value 1s very close to that found for the racemization process of phenyl-
chlorobis(2,4-pentanedionato)tin (AG,s™ 16 6 kcal/mol) [8], indicating, as
found previously [1], that the nature of the §-diketone does not greatly affect
the energy barmer for the relevant stereocisomerization 1n these bis-chelate com-
plexes and that our computational procedure gives significant results

The 'H NMR spectrum of II at 34°C (Fig 3) clearly shows that the methyl
groups still residue 1 a diastereotopic environments, even though diastereoiso-
merization processes at that temperature are fast on the NMR time scale This
1s the first evidence in such complexes, of the manifestation of residual diaste-
reotopism of the nucle:r of the ring, a phenomenon widely encountered in poly-
ary’ derwvatives [4,5]

As mentioned before, in order to exchange the sites of the residually diaste-
reotopic f-diketonato methyl groups, a pathway different from mode M, 1s
necessary and our analysis has shown that it could be either mode Ms or M,
(see Table 1) Asshown in Fig 3 further increasing of the sample temperature
causes the two methyl singlets to coalesce to a single peak at 44° C with an asso-
ciated energy [7] of AG3; 16 7 kcal/mol, and so the energetics associated with
the different rearrangement modes (1 e mode M, and Ms or M3) in such bis-
chelate complexes are very similar

This finding, whach 1s greatly different from what was found with di- and
poly-aryl derivatives, where the difference 1n energy between different rear-
rangement modes 1s considerable and permits the 1solation of residual 1somers
[4,5], seems not to be uncommon 1n chelate complexes where the interconver-
sions among the various stereoisomers occur through twist mechanism
without bond rupture In fact, 1n tris(a-1sopropenyl- and a-1sopropyl-tropolo-
nato)-alummum, -cobalt and -gallium the free energies of activations associated
with the threshold mechanism (1 e, the trigonal twist) and the other pathways
capable of interconverting the residual 1somers or residual diastereotopic signals
are all very close to each other in value [9,10], showing the differences 1n this
respect between these systems and the stereochemically connespondent [11] tn-
arylboranes It follows that even though bis-chelates and diaryl derivatives, as
well as tris-chelate and triaryl boranes, are stereochemically correspondent
[1,11] there 1s hittle possibility of 1solating or observing residual 1somers n
these complexes, which 1s 1n contrast to the situation found with polyaryl
derivatives [4].
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