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Summary: Very high (>95%) stereoselectivity of R-olefin
coordination is observed in a new class of chiral plati-
num(II) complexes of the general formula [Pt(η2-CH2d
CHR){cis-1-(NdCHC6 H4)-2-(NdCHPh)C6H10}]BF4 and
[Pt(η2-CH2dCHR){trans-1-(NdCHC6H4)-2-(NdCHPh)-
C6H10}]BF4 (R ) H, Me, Ph, 4-Me-C6H4) and is at-
tributed to the steric bulk and asymmetry of the sup-
porting diimine ligands. The first structurally character-
ized chiral model complex for stereoselective copolymer-
ization of a prochiral olefin by a late-transition-metal
complex is described.

The activity of palladium(II) and nickel(II) complex
catalysts for polymerization of ethylene and R-olefins
is critically dependent on the steric properties of the
supporting diimine ligands. In particular, bulky sub-
stituents are needed to block associative olefin substitu-
tion leading to chain transfer, while asymmetry in the
diimine ligands can induce high tacticity in polymers
or copolymers of R-olefins based on stereoselectivity of
olefin coordination.1,2 The active initiator in the po-

lymerization is thought to be a cationic complex, [M(N-
N)Me(olefin)]+, (NN ) diimine), with the methyl and
olefin ligands mutually cis, and several complexes of this
type have been characterized recently.3,4 This article
reports the model platinum(II) complexes [Pt(η2-CH2d
CHR){cis/trans-1-(NdCHC6H4)-2-(NdCHPh)C6H10}]-
BF4, which contain diimine ligands based on cis- and
trans-1,2-diaminocyclohexane, in which chirality in-
duced by the diimine chelates leads to very high
stereoselectivity of R-olefin coordination, low rates of
alkene exchange, and the first structurally characterized
chiral complex of the type thought to be important in
stereoselective copolymerization of prochiral olefins.4-6

The new olefin complexes were prepared by reaction
of the racemic complexes 1 and 2 (derived from cis- and
trans-diaminocyclohexane, respectively; Chart 1),7 with
H[BF4] in the presence of the alkene at low temperature
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(-78 °C). Methane is eliminated to generate a vacant
site for olefin coordination, giving the corresponding
complexes [Pt(η2-CH2dCHR)(cis-/trans-L)][BF4], (L )
1-(NdCHC6H4)-2-(NdCHPh)C6H10) from 1 and 2, re-
spectively, as illustrated in Scheme 1. Complexes
isolated include the complexes from cis-L with R ) H
(3), Me (4), Ph (5), 4-MeC6H4 (6) and from trans-L with
R ) Ph (7), R ) 4-MeC6H4 (8).8 The alkene complexes
are decomposed in the presence of H[BF4] at room

temperature in solution, primarily by hydrolysis of the
free imine group,9 but are more stable when pure and
acid-free.

The presence of the chiral ligand L can lead to
formation of isomers having different NMR spectra
when a prochiral olefin is coordinated, as in complexes
4-8, but the 1H and 13C NMR spectra each contained
only a single set of resonances,8 thus showing that the
stereoselectivity of the R-olefin coordination is es-
sentially perfect in all cases. The alkene resonances in
the 1H and 13C NMR spectra of complexes 3-8 all show
well-resolved satellites due to coupling to 195Pt, thus
demonstrating that fast olefin exchange does not occur.4-6

In addition, low-temperature NMR spectra for 3-5 were
unchanged from room-temperature spectra,8 suggesting
that the complexes with prochiral alkenes are present
in a single rotameric form.4d

The structures of complexes 3 and 5, each derived
from cis-L, were determined crystallographically and are
shown in Figures 1 and 2.10 In both structures the
platinum atoms are square planar with the alkene cis
to the aryl group and the Pt-N(2) bond distances trans
to the aryl group are significantly longer than the Pt-
N(1) distances trans to the olefin. The structures clearly
reveal the basis of the high stereoselectivity observed.
In both structures, the stereochemistry about the free
imine group (N(2)C(7) in 3, N(2)C(22) in 5) is cis,
whereas it was trans in the starting material 1;7b this
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Because complexes 1 and 2 are used in racemic form (R,S and S,R for
1; R,R and S,S for 2), each diastereomer shown in Scheme 1 has a
corresponding enantiomer.

(8) To a solution of 1 or 2 and excess alkene in CH2Cl2 at -78 °C
was added HBF4 in a 1:1 molar ratio. After the mixture was stirred
for 5 min, the solvent was evaporated under vacuum at low temper-
ature to give an oily residue, which was triturated and then washed
with several portions of pentane to yield the desired products as orange
solids. Selected NMR data are as follows. 3: δ(1H) 4.03 [m, 2H, J(PtH)
) 61 Hz, C2H4], 4.29 [m, 2H, J(PtH) ) 61 Hz, C2H4], 8.49 [d, 1H, J(PtH)
) 142 Hz, CHdN], 9.34 [s, 1H, J(PtH) ) 44 Hz, CHdN]; δ(13C) 78.0
[J(PtC) ) 153 Hz, C2H4], 173.7 [CHdN], 178.4 [J(PtC) ) 102 Hz, CHd
N]. Anal. Calcd for C22H25BF4N2Pt‚0.5CH2Cl2: C, 42.1; H, 4.1; N, 4.4.
Found: C, 42.0; H, 4.1; N, 4.8. 4: δ(1H) 3.12 [d, 1H, J(PtH) ) 52 Hz,
dCH2], 3.96 [d, 1H, J(PtH) ) 61 Hz, dCH2], 5.75 [m, 1H, J(PtH) ) 87
Hz, dCH], 8.48 [d, 1H, J(PtH) ) 139 Hz, CHdN], 9.38 [s, 1H, J(PtH)
) 48 Hz, CHdN]; δ(13C) 70.8 [J(PtC) ) 155 Hz, dCH2], 103.8 [J(PtC)
) 150 Hz, dCH], 172.9 [CHdN], 177.8 [J(PtC) ) 100 Hz, CHdN]. Anal.
Calcd for C23H27BF4N2Pt‚0.5CH2Cl2: C, 43.0; H, 4.3; N, 4.3. Found:
C, 43.0; H, 4.3; N, 4.1. 5: δ(1H) 3.76 [d, 1H, J(PtH) ) 51 Hz, dCH2],
3.92 [d, 1H, J(PtH) ) 41 Hz, dCH2], 6.63 [m, 1H, J(PtH) ) 79 Hz,
dCH], 8.42 [d, 1H, J(PtH) ) 143 Hz, CHdN], 9.10 [s, 1H, J(PtH) )
49 Hz, CHdN]; δ(13C) 59.8 [J(PtC) ) 166 Hz, dCH2], 102.0 [J(PtC) )
132 Hz, dCH], 171.6 [CHdN], 177.6 [J(PtC) ) 101 Hz, CHdN]. Anal.
Calcd for C28H29BF4N2Pt: C, 49.8; H, 4.1; N, 4.3. Found: C, 49.9; H,
4.3; N, 3.7. 6: δ(1H) 3.72 [d, 1H, J(PtH) ) 51 Hz, dCH2], 3.88 [d, 1H,
J(PtH) ) 42 Hz, dCH2], 6.63 [m, 1H, J(PtH) ) 78 Hz, dCH], 8.42 [d,
1H, J(PtH) ) 138 Hz, CHdN], 9.10 [s, 1H, J(PtH) ) 51 Hz, CHdN];
δ(13C) 59.0 [J(PtC) ) 169 Hz, dCH2], 103.0 [J(PtC) ) 128 Hz, dCH],
171.6 [CHdN], 177.5 [J(PtC) ) 101 Hz, CHdN]. 7: δ(1H) 3.54 [d, 1H,
J(PtH) ) 50 Hz, dCH2], 3.87 [d, 1H, J(PtH) ) 52 Hz, dCH2], 6.72 [m,
1H, J(PtH) ) 80 Hz, dCH], 8.44 [d, 1H, J(PtH) ) 146 Hz, CHdN],
8.78 [s, 1H, J(PtH) ) 53 Hz, CHdN]; δ(13C) 60.2 [J(PtC) ) 170 Hz,
dCH2], 100.8 [J(PtC) ) 138 Hz, dCH], 167.0 [CHdN], 176.4 [J(PtC)
) 99 Hz, CHdN]. Anal. Calcd for C28H29BF4N2Pt‚CH2Cl2: C, 45.8; H,
4.1; N, 3.7. Found: C, 45.8; H, 4.3; N, 4.1. 8: δ(1H) 3.48 [d, 1H, d
CH2], 3.83 [d, 1H, J(PtH) ) 54 Hz, dCH2], 6.64 [m, 1H, dCH], 8.43
[d, 1H, J(PtH) ) 138 Hz, CHdN], 8.79 [s, 1H, J(PtH) ) 54 Hz, CHd
N]; δ(13C) 59.2 [J(PtC) ) 172 Hz, dCH2], 101.8 [J(PtC) ) 134 Hz, d
CH], 167.0 [CHdN], 176.3 [J(PtC) ) 97 Hz, CHdN].

(9) For example, hydrolysis of 1 gave [Pt(η2-CH2dCH2){cis-1-(Nd
CHC6H4)-2-(NH2)C6H10}]BF4.

(10) Attempts to grow suitable single crystals of complexes derived
from trans-L have so far been unsuccessful.

Chart 1 Scheme 1a

a Products: 3, R ) H; 4, R ) Me; 5, R ) Ph; 6, R )
4-MeC6H4.
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change in stereochemistry is presumably acid-catalyzed.
The greatest steric effects in 3 and 5 are clearly between
the coordinated alkene and the PhCHdN group, and
the cis stereochemistry, in which the phenyl group is
directed away from the alkene, appears to be necessary
to allow alkene coordination. As depicted in Figures 1
and 2, the bulk of the cyclohexyl group lies below the
square plane of platinum(II) and steric hindrance
between the cyclohexyl and PhCHd groups is minimized
by displacement of the PhCHd group to a position above
the plane. As a result, the positions of greatest and
least steric hindrance are for the alkene substituents
syn to the PhCHd group but above and below the plane,
respectively. In 5 the phenyl group of the styrene ligand
does indeed adopt the position syn to the free imine
group and below the plane. The structure of 5 thus
makes very clear the basis of the high stereoselectivity
of olefin coordination in these complexes.

In summary, these are the first examples of chiral
square-planar platinum(II) complexes [PtR(alkene)-
(diimine)]+ with diimine ligands that have the proper-

ties of sterically precluding easy olefin exchange as well
as effecting highly stereoselective R-olefin coordination.4-6

The structure of [Pt(η2-CH2dCHC6H5){cis-1-(NdCH-
C6H4)-2-(NdCHC6H5)C6H10}]BF4 (5), is important in
elucidating the basis of the stereoselectivity, and so it
is a good model complex in the design of new, asym-
metric d8-metal polymerization catalysts.1-3
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Figure 1. View of the structure of [Pt(η2-CH2dCH2){(S,R)-
cis-1-(NdCHC6H4)-2-(NdCHC6H5)C6H10}]BF4 (3). Selected
bond lengths in Å: Pt-C(21), 2.17(1); Pt-C(22), 2.169(9);
Pt-N(1), 1.991(7); Pt-N(2), 2.129(8), Pt-C(20), 2.000(9),
C(1)-C(2), 1.38(2).

Figure 2. View of the structure of [Pt((R)-η2-CH2d
CHC6H5){(S,R)-cis-1-(NdCHC6H4)-2-(NdCHC6H5)C6H10}]-
BF4 (5). Selected bond lengths in Å: Pt-C(1), 2.160(5); Pt-
C(2), 2.218(5); Pt-N(1), 2.004(4); Pt-N(2), 2.129(4), Pt-
C(9), 2.008(6), C(1)-C(2), 1.380(9).

Communications Organometallics, Vol. 17, No. 20, 1998 4331
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