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BUTADIENE 1,4-POLYMERIZATION CATALYSIS

PART IIT*: SOLVENTS EFFECTS ON THE MOLECULAR DYNAMICS OF
BIS [13-ALLYLNICKEL(II) TRIFLUOROACETATE] — A SPECTRO-
SCOPIC STUDY ' '
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Summary

Spectroscopic studies of the structure and dynamical behaviour of
bis [n3-allylnickel(II) trifluoroacetate] in different solvents have been carried
out in order to interpret the striking solvent effect observed in the poly-
merizat‘;ion process. A random solvation sphere resulting from dipolar inter-
actions between the complex and the solvent molecules accounts for these
spectroscopic observations.

Introduction

Recent studies on butadiene 1,4-polymerization initiated by bis [n3-
allylnickel(II) trifluoroacetate], or (ANiTFA),, have pointed out the impor-
tant role of the solvent in the resulting polybutadiene microstructure [2-6].
While 1,4-cis polybutadiene is obtained in saturated hydrocarbon solvents
[2, 3], a 1,4-polybutadiene containing practically equal amount of cis and
trans units (for which we have coined the name 1,4-equibinary polybutadiene)
can be obtained in aromatic (benzene) or chlorinated solvents (methylene
chloride) displaying, respectively, a random or a rather alternating distribu-
tion of stereoisomers [4 - 6]. These striking changes in both the composition
and the isomer distribution are probably related to the dependence of key
kinetic and/or thermodynamic parameters controlling the overall propagation
process towards the nature of the solvent [7, 8].

We want to report here the first results of a spectroscopic analysis of
the catalytic system, performed in order to clarify this solvent influence by
defining at best the nature of the interaction between the solvent and the
solute molecules.

*Part II, see ref, 1.
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In fact, the binuclear complex (ANiTFA), can exist in solution as two
different isomers [1], (see Fig. 1): :
—an asymmetrical species having a plane of symmetry containing the

Ni—Ni axis;
—a symmetrical species having moreover a plane of symmetry perpen-

dicular to the same axis.

A previous 'H NMR analysis of the temperature-dependent behaviour
of this catalyst in chlorobenzene solution [1] demonstrated an equilibrium
exchange between these two isomers (equilibrium 1), in addition to allyl
ligand interchange in the asymmetrical species (equilibrium 2).

Owing to the mechanistic and practical interest of the corresponding
results obtained in the polymerization, we then focused our efforts on the
dynamic behaviour in d%-methylene chloride*, as well as in d®-toluene*
(instead of d®-benzene which crystallizes at 6 °C and of which the interaction
properties with the solute molecules seems to be identical (see Table 1)).

Experimental

Bis [n3-allylnickel(II) trifluoroacetate] was synthesized as described
previously [1]. The spectroscopic studies were performed under an atmo-
sphere of argon in carefully cleaned cells as follows:

—on an RPQ 20 Zeiss spectrophotometer for electronic spectra, using
5 X 103 molar solutions, in quartz cells (10 mm);

Asymmetric isomer

®//\\"_‘N"::./”o CF,
@//\\~ 0 > 3

/

%

Symmetric isomer Asymmetric isomer

Fig. 1. Dynamic behaviour of (ANiTFA), binuclear complex%s Equilibrium 1, exchange
between symmetric and asymmetric isomers; equilibrium 2, n°-allyl-ligand interchange in
the asymmetric isomer,

*In these solvents, equilibrium 2 has not been detected; it probably occurs at too
low a temperature, close to the crystallisation temperature of the solutions.
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TABLE 1

Influence of the solvent on *H and 13C NMR chemical shifts of n3-allylic nuclei in
(ANiTFA); complexes (at room temperature, in ppm versus TMS)

Solvent Cchlz C6D12 CGDG C7D8
H-syn 3.25 3.06 2.58 2.56
H-anti ' 2.58 2.40 1.85 1.84
C; and Cg 52,4 - 52.1 -

Cs 110.9 - 112.1 -

—on a Perkin—-Elmer 21 spectrophotometer for infrared spectra, with
5 X 1072 molar solutions in NaCl cells (0.1 mm);

—on an HA 100 Varian spectrometer for 'H NMR spectra and on an
HFX 90 Bruker spectrometer for 1*C NMR spectra using in both cases
3 X 107! molar solutions contamlng tetramethylsilane (TMS) as internal
standard. :

Results and discussion

Nature of the interaction between the solvent and (ANiTFA), molecules —
an exploratory prospection

Evidence for a possible coordinative interaction between the solvent
and the solute complex molecules does not appear from studies of either the
n3-allyl group symmetry, or of the overall geometry of the complex. Indeed,
in any solvent at room temperature:

—!H NMR spectra appear as an A,M,X pattern, both syn protons, (as
with the anti protons) remaining equivalent (see Table 1 and Fig. 2);

—the magnetic equivalence of terminal carbon atoms is shown by the
presence of only one 13C NMR resonance characteristic of C; and Cj allylic
carbon atoms;

Fig. 2. Symmetric isomer of (ANiTFA),; the mean dipolar moment is in the dotted line.
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—both carboxylate groups of the binuclear species seem to be equiva-
lent, related IR absorptions being indistinguishable (»(COO asymmetric
stretching) at 1685 cm™1; »(COO symmetric stretching) at 1460 cm™!, in
cyclohexane, benzene, methylene chloride and o-dichlorobenzene) [6a, 9],

—the square planar geometry of the complex is supported by the
recording of identical electronic spectra (a single broad absorption band at
415 nm; e = 60 1 mol™! ¢cm™! in aliphatic, aromatic and chlorinated solvents
[6a, 10].

As a result of these observations, coordination of solvent molecules to
(ANiTFA), cannot be invoked neither in an apical nor in an equatorial
position.

In opposition to the results of our analysis, this type of interaction
would involve some geometry changes (square planar to square-pyramidal
complexes) in the first case, or a loss of symmetry in the nickel square plane
in the second case.

Accordingly, in order to interpret the significant solvent shift incurred
by both syn and anti proton resonances (see Table 1), a model of dipolar
interaction between solvent and solute molecules, which does not involve
any important change in the structure of the solute, will be preferred to a
true coordination interaction. In this prospect, we will consider a loose and
time-averaged organisation of solvent molecules around the (ANiTFA),
binuclear complexes, representing the cumulative effect of all the encounters
taking place [11]. The solvent shifts can then be interpreted as a result of
the relative proximity of these nuclei and the solvent molecules in the solva-
tion sphere.

The upfield shift observed in d®-benzene and in d®-toluene (the corres-
ponding reference chemical shift was measured in d'2-cyclohexane versus
TMS) is expected from the aromatic structure of these solvents; it can be
interpreted in terms of an ASIS effect connected with the large magnetic
anisotropy of the aromatic rings close to the allylic ligand [11].

However, the downfield shifts observed in d%-methylene chloride seem
to be the result of Van der Waals interactions arising from the relative
proximity of the chlorine nuclei and the allylic protons [12]. This interpre-
tation should be preferred to the well-known Reaction-Field effect [13].
In this last case, solvent shifts are strongly anisotropic [12], in contrast to
our observations (syn and anti proton signals incur equivalent solvent shifts
despite the difference in orientation of the C-Hgy, and C—H,u; bonds
relative to the mean dipolar moment of the whole binuclear complex
(Fig. 2).

Analysis of low temperature NMR spectra

Solvent effect on the chemical shift
At lower temperatures, the apparent 'H NMR equivalence of the n3-
allyl ligands of one (ANiTFA), molecule is removed and two overlapping
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A2M_2X patterns corresponding to the symmetric and asymmetric binuclear
§pe081es are observed [1]. These two isomeric forms of the complex appear
ind -tqluene at —40 °C and’0 °C for the syn and the anti protons signals
re'spectlvely (this order being expected from the related line separationS',see
Fig. 3 which shows the overlapping spectra of the symmeétrical and asyn;-
metrical h8-allyl-nickel complexes), and at —25 °C and —10 °C for the
corre;ggnding resonances in d2-methylene chloride.

. en the temperature is lowered, all these signals are pr i
shifted towards higher field in d8-toluene and towarggs lower iI:‘)ie(l)gr(eisfS;‘i’;}i,ﬁ-
cant) in d%-methylene chloride; this means in each case an enhancement of
the corresponding solvent shift (see Fig. 4). In fact, such a temperature
faffect would be expected from dipolar-type interactions, the energy of which
is léqown to be inversely_ proportional to the square of the temperature
220 n1t may even be considered as additional support for this type of phenom-

An analysis of this temperature dependence of the chemical shift pointed
out apother more subtle effect of the solvent. In d®*-methylene chloride
experiments, the temperature shifts As (T) have the same intensity for both

SOLV, ANTI

—_—r 1 N
2,67 2,04 ppm(TMS) 119
b)
SYN SOLV. ANT}
1 1
262 2,08 PPM (TMS) 1,53

Ilg. 3. H IQIVII‘ SpeCtIa Of Synlmetllc and asyllnnetrlc 1some of AIQ II n =
( ) ( ) s ( I A)21 d
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g . e o o ene toommer): ca) in d%-methylene chloride; (b) in d”-toluene.

metric isomer, S for symmetric isomer): (

symmetric and asymmetric binuclear comple;(es (see Fig: i)s ;lelccizglgzsgl :)r;e
istic of the symmetric :
8_toluene, the resonances characteristic o ‘ : '
;ihi;‘toecli1 than the corresponding resonances of the' a.tsymmetrlc species \;ﬁhln
the same temperature interval. This higher sens1t1v1ty of the symm;a e
resonances positions probably involves a differenqe in tthe mr(legrvlv slg ;rogress
i i Further experiments are

rgy of the two binuclear isomers. ) ! : :

i(r))(iiggine better this interesting selective effect in the solvent solute inter

actions.

y considering the relative proximity of the

jon i jes i Is type
nti protons in the symmetric isomer: this situation xmphe.s 1mp(.>;::m.t \iz:; ge:crll:;z tsh;;pin
2lectronic cloud distortions and, accordingly, high.er chemical siu Sr;ymmetric °) tha
the asymmetric species. It is obvious that, for steric reasons, only on

can exist (tail-to-tail).

*The 1}3-a11ylic patterns were assigned b
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Solvent effect on the relative concentrations of the symmetric and asym-
metric isomers '

 Im dZ-methylene chloride, as in chlorobenzene [1], the two overlapping
AyMyX patterns are of almost equal intensity at any temperature, indicating
a constant equivalence in the proportions of the different binuclear isomers.
In contrast, in d®-toluene these relative proportions are strongly temperature-
dependent: below —55 °C the asymmetric species are more abundant than
the symmetric species, and conversely at higher temperature (see Fig. 3).

From a thermodynamic standpoint, these observations mean that the

value of AH,_, for the exchange reaction between symmetric and asymmetric
binuclear isomers (i.e. following Van’t Hoff’s law, the parameter controlling
the temperature dependence of the equilibrium constant) is zero in d2-
methylene chloride and positive in d®-toluene.

Conclusions

In order to interpret the striking solvent influence on the butadiene
1,4-polymerization process initiated by (ANiTFA), (see Introduction), we
have attempted to define the nature of the solvent—solute interactions and
their implications for the catalyst structure and dynamic behaviour.

The conservation of the n3-allyl-ligand symmetry and of the complex
square planar geometry in all of the solvents investigated, prevents us from
considering these solvents as playing the role of ligands in the coordination
sphere,

Furthermore, no fundamental structural changes in the complex have
been detected which could lead to a meaningful interpretation of the striking
solvent effect on the polymerization process. More precisely, these results
show that the observed solvent-solute interactions lead to specific displace-
ments of the equilibrium between the asymmetric and symmetric complex
diastereoisomers, and determine the temperature-sensitivity of the related
chemical shifts,

Undoubtedly, these interactions are strong enough to induce significant
variations of the polarizability of the Ni-TFA bonds and to control accord-
ingly the microstructure of the resulting polymer, to the extent where that
microstructure will depend on the mode of cleavage of the bonds.

However, the results of 'H NMR studies are in agreement with the
existence of a random solvation sphere of solvent molecules around the
organometallic complex, thus accounting for the similar overall dynamical
behaviour of the binuclear species in each solvent.

In conclusion, the effect of the solvents on the polymerization process
is to be interpreted in terms of bond reactivity modifications, rather than to
structural changes in the initiator coordination sphere,

New experiments, including a quantitative analysis of the isomer dis-

tribution in the resulting polymer chains, are in progress to support these
conclusions,
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Summary

The cluster RhgCO;4 was used in the presence of the chiral diphosphine
(—)DIOP ([2,2-dimethy] 1,3-dioxolane 4,5-diyl bis methylene] bis diphenyl-
phosphine) as a catalytic complex for various types of asymmetric hydro-
genation under mild conditions. Enantiomeric excesses of up to 40% were
observed and are compared with the results obtained with mononuclear
rhodium-(—) DIOP** complexes.

Introduction

The use of organometallic clusters as catalysts has undergone rapid
development over the past several years. At least part of this interest derives
from the hope that well-identified clusters will provide a link between homo-
geneous catalysts and the active metal surfaces of heterogeneous cata-
lysts [1]. Despite the wide variety of cluster compounds used as catalysts
it appears that in no case has it been firmly established that the actual cata-
lyst is the cluster itself and not a mononuclear species, For these reasons it
was of interest to check the potential of clusters containing chiral ligands in
asymmetric catalysis both from a synthetic point of view and also to obtain
mechanistic information. The use of clusters in asymmetric catalysis is still in
its infancy. Ruthenium clusters with (—) DIOP as ligand, catalyze asymmetric
reductions of ketones, ketoximes [2] or a,f-unsaturated carboxylic acids
[3, 4]. Enantiomeric excesses up to 68% were observed in spite of harsh
experimental conditions (80 °C, 3 atm H,).

Our investigations into the behaviour or Rhg CO4 in the presence of
(—)DIOP were begun following the publication of results showing that
RhgCO,¢ treated with various phosphines was able to catalyze hydrogena-
tions [5, 6] . Preliminary results [7] established that RhgCO44 and an excess
of DIOP gave a new catalytic system. We present here results obtained using
this type of system for asymmetric reductions.

*Present address: Rhéne-Poulenc Centre de Recherches des Carriéres, 69190 - Saint Fons
(France).

**DIOP stands for [2,2-dimethyl 1,3-dioxolane 4,5-diyl bis methylene] bis diphenyl-
phosphine,



