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Highlights
. Dimethylplatinum(I1) complexes of two bis(imidazolyl) ligands are prepared.
. These complexes are highly reactive to oxidative addition.
. The stereochemistry of the oxidative addition reaction is established.
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ABSTRACT

The oxidative addition chemistry of the complexete{(mim).C=CH,}], 1,
and [PtMe{(mim),CHMe}], 2, where mim = N-methylimidazol-2-yl, is described.
Complex1 undergoes oxidative addition with alkyl halides RXgive
[PtXRMey{(mim),C=CHp}], X= 1, R = Me; X = Br, R = CHPh, CHC¢H,-4-CF,
CH,C¢Hy4-2-CR;, CH,CgH3-3,54-Buy; X = Cl, R = CHCI, and with hydrogen peroxide to
give [Pt(OH}Mex{(mim),C=CH,}]. Complex2 undergoes oxidative addition with alkyl
halides RX to give [PtXRMg(mim),CHMe}], X=I, R = Me; X = Br, R = CHC¢H,4-4-
CFs, CH,CsH4-2-CF;, and with iodine and hydrogen peroxide to give
[PtXoMex{(mim),CHMe}], X = or OH. The stereochemistry of theaotion has been
determined in each case, and several complexeshi®en structurally characterized.
The high reactivity of complexdsand?2 towards oxidative addition is rationalized in
terms of the strong donating property of the imalgzigands, as supported by
theoretical (DFT) studies.

1.  Introduction

Dimethylplatinum(ll) complexes of formula [PtM@&N)], where NN is a
chelating nitrogen donor ligand such as 2,2’-bigiyre, are among the most reactive
substrates for oxidative addition and their denxest [PtMeX(NN)], in which X is a
weakly bound ligand, are important reagents in istudf carbon-hydrogen bond
activation [1,2]. In both reactions, there arengigant differences in reactivity between
bis(pyridine) complexes in which there is a 5-membaeteelate ring A, Chart 1) or a 6-
membered chelate rin@(C, D, Chart 1) [3-10]. The complexes [PtpN)], such as
A —C, react with alkyl halides, RX, to give platinum{l\omplexes [PtXMgR(NN)] by
oxidative addition and these reactions have beerd ue prepare a wide range of



functional organoplatinum(lV) complexes [1,9-17%, w&ell as in fundamental studies of
reactivity and mechanism in oxidative addition teats [1,18-23].

Chart 1. Dimethylplatinum(ll) complexes.

Most of the above studies have used pyridine domsrscomponents of the
bidentate ligands NN (Chart 1) and, in the presemk, a comparison is made with the
bidentate ligands (minc=CH, and (mim)CHMe, which contain N-methylimidazole
donors, in the dimethylplatinum(ll) complexésand2 (Chart 1) [24]. These ligands
were originally reported to give the palladium(ilomplexes [PdMeX(NN)], and
[PdMe(NN)], and they, and similar ligands, have sincerbased in forming complexes
with several other transition metals [24-31]. RPlatn complexes of these ligands have
not been reported, but several platinum(ll) comegexvith monodentate imidazole
derivatives are known and they have been showrhibi cytostatic activity [32-33].

2. Resultsand Discussion

The ligands were prepared according to the liteeajprocedure [24], and the
dimethylplatinum(ll) complexes were then preparedoading to Scheme 1by reaction
with [PtMes(U-SMe)7] [34]. The complexes were characterized by tepectroscopic
properties. For example, the yellow complegave, in th¢H NMR spectrum, a single
methylplatinum resonance &t= 0.53, with coupling constaffey; = 86 Hz, while the
imidazole protons appeared as two doublets=a?.19,34 = 1 Hz,3Jp = 13 Hz, and at
§ = 7.23,2)uy = 1 Hz. Singlet resonances were observed for fide iroups at = 3.91
and for the =CHhlprotons ab = 6.18. The chemical shifts are similar to thobserved
for [PdMex{(mim),C=CHy}] [24]. The mass spectrum for complé&xshowed a peak at
m/z = 412 corresponding to [PtMémim),C=CH,} - H] .
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Scheme 1. Synthesis of platinum(ll) complekesd?2.

Some oxidative addition reactions of complexwvith alkyl halides, which are
expected to occur by the polar, bimolecula@ $nechanism [1,20,35,36], are shown in
Scheme 2.
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Scheme 2. Oxidative addition of alkyl halides conplex1.

The simplest reaction with methyl iodide gave theomplex
[PtIMes{(mim),C=CH,}], 3. The 'H NMR spectrum of complex3 contained two
methylplatinum resonances in 1:2 ratio for the ryleginoupstrans to iodine and nitrogen



atoms [35,36]. The structure of compldxvas determined and is shown in Figure 1.
The complex has octahedral coordination geometrg &as crystallographicCs
symmetry, with the mirror plane containing the asoRt(1)C(8)I(1)C(5)C(6). The 6-
membered chelate ring adopts the boat conformatdh,the vinylidene group oriented
towards the iodide side of the molecule.
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Figure 1. The structure of compl@& Selected bond parameters: Pt(1)-1(1) 2.804(1);
Pt(1)-N(1) 2.155(7); Pt(1)-C(7) 2.062(9); Pt(1)-E(8.046(13) A; N(1)-Pt(1)-N(1A)
85.7(47.

The reaction of benzyl bromide with compléxvas more complex since it gave
the product [PtBr(CkCsHs)Mex{(mim),C=CH,}] as a mixture of isomerda and 4b,
formed bytrans andcis oxidative addition, respectively. The isomerseevirmed with
ratio 4a:4b ca. 2:1, as determined by integration of th& NMR spectra. Complesa
has effectiveCs symmetry and, as expected [20], it gave a singkthghplatinum
resonance, a single PtgkKesonance, and only one set of imidazole resosancie'H
NMR spectrum. On the other hand, complexhas no symmetryd;) and so it gave two
methylplatinum resonances and two resonances dihe 66=CHH® protons. Similarly,
two peaks were expected for the diastereotopicopsobf the PtCH group, but only a
single broad peak was observed at room temperdkigeire 2a). However, as the
temperature was lowered, the peak broadened dhdntsplit into two broad resonances
at -60C (Figure 2b). Rotation about the Pt{HPPh bond cannot make the
diastereotopic protons equivalent, so this obsemais unusual. We do not have a
definitive explanation but we suggest that, assalteof rotation of the benzyl group at
higher temperatures, the chemical shifts of theHPt€ protons are accidentally
degenerate but that, as rotation is slowed at ewperature, the individual resonances
are partly resolved. The substituted derivativebemzyl bromide reacted in a similar
way to give complexe$ — 7, in each case as a mixture of productdrahs andcis
oxidative addition (Scheme 2) as determined by HeNMR spectra. In these
complexes, the PtCHH® protons of the substituted benzylplatinum group$to— 7b
were resolved, even at room temperature, in cdrtivatb. The ratio of isomers was.
2:1 for 5a:5b butca. 3:1 for6a:6b and7a:7b, suggesting that greater steric bulk of the
substituted benzyl group favors the produdraiis oxidative addition.
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Flgure 2. 1H NMR spectra (600 MHz, CiZl,) of complex4 in the region of the PtCH
resonances: (a) at 2D, (b) at -66C.

The structure of compleda was determined and is shown in Figure 3. Agd&ie, t
platinum(lV) center has octahedral coordinationmgetry, with the benzyl and bromo
groups mutuallytrans. The thermal ellipsoids for the phenyl group carlatoms are
large, suggestlng that there i is unresolved libnatiaisorder of this group.

LL Br1

Figure ~3 The structure of complda. Selected bond parameters: Pt(1)-Br(1) 2.617(1) ;
Pt(1)-N(1) 2.153(7); Pt(1)-N(4) 2.150(7); Pt(1)-C§12.071(8); Pt(1)-C(12) 2.071(9);
Pt(1)-C(13) 2.095(1) A; N(1)-Pt(1)-N(4) 87.0(3)°.

The structures of complexéa and7a are similar and are shown in Figures 4 and
5. In each case, the chelate ring adopts thedwordbrmation with the C=Cjigroupsyn
to the bromo ligand anahti to the benzyl group. The benzyl group is orierstbdve one



of the imidazole rings ida, 6a and7a (Figures 3-5). Unfortunately, we have not been
able to obtain single crystals for X-ray structdetermination of theisisomersdb —7b.
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) Br1

Figure 4. The structure of complesa. Selected bond parameters: Pt(1)-Br(1)
2.5997(6) ; Pt(1)-N(1) 2.149(4); Pt(1)-N(4) 2.156(”t(1)-C(11) 2.050(5); Pt(1)-C(12)
2.050(5); Pt(1)-C(13) 2.078(6) A; N(1)-Pt(1)-N(4.8(2)°.

Figure 5. The structure of compléa. Selected bond parameters: Pt(1)-Br(1) 2.6364(6);
Pt(1)-N(1) 2.152(4); Pt(1)-N(2) 2.160(4); Pt(1)-C@L049(5); Pt(1)-C(2) 2.049(5); Pt(1)-
C(3) 2.084(6) A; N(1)-Pt(1)-N(2) 85.7(2)°.

Complex1 reacted rapidly with hydrogen peroxide in acetsoletion to give the
dihydroxoplatinum(lV) complex [Pt(OHMex{(mim),C=CH,}], 8, according to Scheme



3. The'H NMR spectrum showed th&twas formed byrans oxidative addition of the
HO-OH bond to compleg. Thus, there was only one methylplatinum resonandecae
set of imidazole peaks. The complex could notrgstallized but it was characterized by
the mass spectrum, which contained a peak at m/z36 corresponding to
[Pt(OH)Me{(mim),C=CH,}] *, and by comparison to several similar complex@s4@.
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Scheme 3. Oxidative addition of®, and CHClI>.

Complex1 was unstable in chlorinated solvents dichloromsthand chloroform,
and the reaction with dichloromethane was showoctaur by oxidative addition to give
[PICI(CHCl)Mex{(mim),C=CH,}], 9 (Scheme 3). CompleXwas isolated as a mixture
of the products ofrans andcis oxidative addition9a and9b respectively. In théH
NMR spectrum, thérans isomer9a gave a single methylplatinum resonance and aesingl
PtCHCI resonance. On the other hand, the isomer9b gave two equal intensity
methylplatinum resonances and two resonances fer diastereotopic PtCH CI
protons. The course of the reaction was monitbsececording théH NMR spectrum of
a solution of compled in CD,Cl, over time. The resonances for complexlecayed
over a period of one hour at room temperature aeck weplaced by resonances 9br
d,. Over a period of several days, the resonarmedbtd, decayed and resonances for
9a-d, grew in intensity, to finally give an equilibriumixture with ratio9a-d,:9b-d, =
5:2. The reaction occurs more rapidly than withsmeelated dimethylplatinum(ll)
complexes [41], and the kinetically controlled pwotlis9b-d, but9a-d, is slightly more
stable thermodynamically. Th# NMR spectrum of9a-d, gave a single PtGTl
resonance whil@b-d, gave two resonances. Oxidative addition of didiwethane
usually occurs by a free radical mechanism [41,42].

Oxidative addition reactions to compleR tended to occur withtrans
stereochemistry. The simplest examples are witimnsgtrical reagents iodine and
hydrogen peroxide which gave complex#s and 11, respectively, by selectivirans
oxidative addition (Scheme 4). In thid NMR spectrum, each product gave a single
methylplatinum resonance and a single set of ingldaresonances, as expected for a
complex with effectiveCs symmetry. Whiletrans oxidative addition is typical with
hydrogen peroxide, iodine often gives a mixturepofducts oftrans and cis addition
[43].
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The oxidative addition of methyl iodide to complex2 gave
[PtIMes{(mim),CHMe}], 12, as a mixture of two isometRa and 12b. The isomers
arise because the two faces of compkare not equivalent and methyl iodide can
approach from either side. The isomers were ifiedtiby a correlation in théH
NOESY NMR spectrum between the MeC and axial MeBugs for isomed2a only.
The ratio of isomer&2a:12b wasca. 4:3 for an isolated sample. Further insight ite
reaction was obtained by carrying out the reactibcomplex2 with CDsl in acetoneds
solution, with monitoring byH NMR spectroscopy as the solution warmed. Fas thi
reaction, there are four possible isomers idewtiist-12a-d; andt-12b-ds, formed by
trans oxidative addition, and-12a-d; and c-12b-d; formed bycis oxidative addition
(Scheme 5). The relative abundance of each isearebe determined by integration of
the spectra. At the lowest temperature at whiettren was complete, the rati@b-
ds:12a-d; wasca. 3:2 and the ratios12b-ds:c-12b-d; = 1:1 and-12a-ds:c-12a-d;3 = 1:2.
As the solution warmed, the ratios changed to theeequilibrium valued2b-ds:12a-ds
= 3:4 andt-12b-ds:c-12b-d; = t-12a-ds:c-12a-d3 = 1:2, which is the statistical ratio. The
data are interpreted in terms of the mechanism showScheme 5 [44,45]. The&
mechanism can give either 5-coordinate cationiermediateE or F, on approach from
either side of the square plane of platinum(ll) amdide coordination can then gite
12a-d; and t-12b-ds, respectively. The 5-coordinate intermediates cardergo
pseudorotation to giv& andH, and iodide coordination can then giwd2a-d; andc-
12b-d;. lodide dissociation from any of the octahedsdmers can reform the 5-
coordinate precursor complexes and then furthemészation can occur. The data
suggest that C§) approach to the less hindered side of compléx give intermediat&
is preferred over formation @& by approach to the more hindered side. Howeves, i
also clear that pseudorotation of the 5-coordildermediates is competitive with iodide
coordination, so the stereoselectivity in the neacts not high. Compleg2a is likely to
be more thermodynamically stable thH2b because the larger iodo groupsy® to the
hydrogen and the smaller methyl groupsys to the methyl substituent of the CHMe
group (Scheme 5). Hence it is possible to ratiaaahe different selectivities resulting
from kinetic or thermodynamic control.
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Scheme 5. Proposed mechanism of oxidative addifi@@Dsl to complex2.

The oxidative addition of the derivatives of benzylomide occurred more
selectively to give only the isomd3 from 1,4-GH4(CF;)(CH.Br) and 14 from 1,2-
CeH4(CF3)(CH2Br) (Scheme 6). For example, complEkgave only one methylplatinum
resonance, one PtGlHesonance, and one set of imidazole resonanoghede reactions,
the benzyl group is larger than the bromo groupthsosomer with benzyl growgyn to
the hydrogen atom and bromo grasyp to the methyl substituent of the CHMe group is
favored by both kinetic and thermodynamic control.
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Scheme 6. Oxidative addition of benzyl bromided@gives to complex.

The structure of complet4 was determined and is shown in Figure 6. It
confirms the structure deduced from thENMR spectrum, with the complex formed by
selectivetrans oxidative addition to comple®. The six-membered chelate ring is in the
boat conformation with the C-Me growggn to the bromo ligand. The bite angle of the
chelate ligand, N(1)-Pt(1)-N(3) 86.6(1)°, is simileo that in complex6a (86.1(2)°,
Figure 4).

Figure 6. The structure of [PtBrME€H,-2-CsH4CRs){(mim),CHMe}], 14. Selected
bond parameters: Pt(1)-Br(1) 2.5951(6); Pt(1)-Ny1)b2(4); Pt(1)-N(3) 2.152(4) ; Pt(1)-
C(11) 2.086(5); Pt(1)-C(19) 2.044(4); Pt(1)-C(20)=1(4) A; N(1)-Pt(1)-N(3) 86.6(%)

3. Computational Studies and Conclusions

The dimethylplatinum(ll) complexes [PtMémim),C=CH,}], 1, and
[PtMex{(mim),CHMe}], 2, are very reactive towards oxidative addition cistm. The
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reactivity towards dichloromethane and also to atah by air is higher than for
[PtMey(bipy)] [41], consistent with the greater donor @ovef the imidazolyl compared
to pyridyl subsituents [24]. In most oxidative &duh reactions, the platinum(ll) center
is the nucleophile using its Bdorbital (Figure 7). The calculated energy of H@MO
and the calculated Hirshfeld charge on platinum rielated complexes are shown in
Table 1. It can be seen that the calculated enefgyhe HOMO is higher and the
calculated positive charge on platinum is lower domplexesl and2 than for pyridyl
analogs, consistent with the high reactivity of pbemesl and2 [24]. We note that the
methyl substituent i is close to platinum, and can hinder reactiorhat face, but this
close proximity does not lead to C-H or C-C bontlvation analogous to the known
reactions of ligands such Bs[4,38,46].

(a) (b)

y

Figure 7. (a) The DFT calculated structure of clax@ and (b) the calculated HOMO
(mostly Pt 5¢b) of complex2.

Table 1. Calculated energies (eV) of the HOMO &ticshfeld charges, Q(Pt), on
platinum [47].

Complex1 | Complex2 | [PtMey(bipy)] | [PtMex(2-py>CHMe)]

E(HOMO) | -3.93 -3.78 -4.88 -4.59

Q(PY) 0.139 0.136 0.186 0.191

The ligand (mim)C=CH, forms platinum(lVV) complexes in which the PtN2C3
chelate ring is in the boat conformation with tH@Hs groupsyn to the halide ligand in
complexes3, 4a, 6a and7a (Figures 1,3,4,5). DFT calculations were caroeccomplex
3 in different conformations, as illustrated in Figu8. The experimentally observed
conformation3-syn was calculated to be more stable tBamti by 5 kJ mof, and they
could interconvert by way of the conformati®planar (Fig. 8), with a significant barrier
of 49 kJ mot" predicted.

11
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Figure 8. The calculated structures and relativergies of complex3 in different
conformations.

In contrast, the interconversion of isomeric comrpiel2a and 12b requires
dissociation of the iodide ligand at an intermeslistage (Scheme 5). The DFT
calculation predicts that2a and 12b have almost equal energy (Figure 9), consistent
with the observation of both isomers at equilibriuras established by NMR
spectroscopy.

¥

-1 kJ mol’

_—

12a 12b
Figure 9. The calculated structures and relathergies of complexek?a and12b.

The calculated structures and energies of the stabtetrans andcis isomers of
[PtBrMey(CH,Ph){(mim),C=CH,}], 4a and4b, are shown in Figure 10. The illustrated
conformers with the bromo ligareyn to the C=CH group are preferred in each case.
Several conformations of the benzyl ligand wer¢etbsand the preferred orientation in
4a was close to that observed crystallographicalligyfe 3), with the benzyl group
above one of the imidazole rings. The preferredf@mnation of the benzyl group b
was found to be towards an imidazole group, argl¢binformer oftb was calculated to
be only 3 kJ mét higher in energy thada, consistent with the observation of both
isomers in equilibrium.

12
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Figure 10. Calculated structures and relative giasrofda and4b.

The calculated structures and energies of isomersf o
[PtBrMey(CHPh){(mim)CHMe}], as a model for complexe&3 and14, are shown in
Figure 11. Therans-syn isomer, analogous to the observed structureseoti¢hivatives
13 and 14, is predicted to be most stable. The next inrggnés thecis-syn isomer
(Figure 11), which is calculated to be 9 kJ tholigher in energy than theans-syn
isomer. Although the difference is not huge, Hetfactors such as solvation effects are
equal, it would lead to an equilibrium constantcaf 5 x 10°, whereas the analogous
value for4 (Figure 10) would be 0.2. Thus, the predictiohshe DFT calculations are
consistent with the experimental observations.r reasons outlined above, ttrans-syn
isomer (Figure 11) is also expected to be the mdé kinetic control, so it is not
surprising that it is the only isomer detectedamfation of complexe$3 and14.

cis-syn cis-anti
Figure 11. Calculated structures of isomers of thmodel complex
[PtBrMey(CH,Ph){(mim),CHMe}].

In conclusion, both the high reactivity of the cdexesl and2 towards oxidative
addition, and differences in selectivity of therstehemistry of oxidative addition
between complexes and2, can be understood in terms of a combination e€tebnic
and differential steric effects.

4. Experimental

13



All reactions were carried out underagen, either using Schlenk techniques or in
a dry box, unless otherwise specified. NMR speatese recorded using an Inova 400,
Inova 600 or Mercury 400 spectrometer. Mass spewty studies were carried out
using an electrospray PE-Sciex Mass Spectromet8i [ES), and a high resolution
Finnigan MAT 8200 instrument. The complex JRes(u-SMe);] and ligands were
prepared according to the literature [24,34]. Dfalculations were carried out using the
ADF software, with the Becke-Perdew gradient-cdgdc exchangeorrelation
functional, double zeta basis set, and scalarivedtait correction. The calculations refer
to the gas phase only, with no symmetry constraisésl [47].

H4

Me\N/%/HS
_N\ /Me

H,C Pt
=N Me

Me/Nw)\H5

H4
Chart 2. NMR labeling scheme

[PtMex{(mim),C=CHj}], 1. [PtMes(u-SMe);] (0.4 g, 0.70 mmol) was added to a
stirring solution of (minYC=CH, (0.262 g, 1.40 mmol) in ether (15 mL). The product
precipitated from solution as a light yellow solidsfter 12 h. at 8C, the mixture was
filtered, and the product was washed with ethem{§ and pentane ( 6 mL), and then
dried under high vacuum. It was purified by dissioin in the minimum volume of
acetone, followed immediately by precipitation witentane, then the product was
separated and dried as above. Yield 81%. NMRétomeds: 5(*H) = 0.53 (s, 6H?Jpy

= 86 Hz, PtMe), 3.91 (s, 6H, NMe), 6.18 (s, 2H, 3%H.19 (d, 2H3Ju4= 1 Hz,3Jp =

13 Hz, H), 7.23 (d, 2H2Jun = 1 Hz, H). Anal. Calcd. for @HigN4Pt: C, 34.87; H,
4.39; N, 13.55. Found: C, 34.51; H4.46; N, 13.19%

[PtMex{(mim),CHMe}], 2. This was prepared similarly, and isolated agliow solid.
Yield 83%. NMR in acetonds: 5(*H) = 0.49 (s, 6H%Jp = 88 Hz, PtMe), 1.66 (d, 3H,
3J4n=7 Hz, CMe), 3.82 (s, 6H, NMe), 4.64 (q, 13+ = 7 Hz, CH), 7.03 (d, 2HJn =

2 Hz, H), 7.08 (d, 2H334n = 2 Hz,3Jpi = 14 Hz, H). Anal. Calcd. for @HaN4Pt: C,
34.70; H, 4.85; N, 13.49. Found: C, 34.48; H, 50213.29%.

[PtIMes{(mim),C=CHj}], 3. To a solution of [PtMg(mim),C=CH,}], 1, (0.1 g, 0.24
mmol) in ether (10 mL) was added Mel (0.015 mL,40/2mol). There was an
immediate color change from yellow to white. Thextmie was stirred for 4 h., then the
white solid product which precipitated was sepalateashed with pentane (3 x 1 mL)
and ether (3 x 1 mL) and dried under high vacuuieldy65 %. NMR in CBCl,: 3(*H)

= 0.89 (s, 3H?Jp = 74 Hz, PtMe), 1.30 (s, 6HAJpy = 71 Hz, PtMe), 3.83 (s, 6H, NMe),
6.08 (s, 2H, =Ch), 7.09 (d, 2H3J4n = 1 Hz, H), 7.41 (d, 2H33w = 1 Hz,%Jpm= 9 Hz,
H®). Anal. Calcd. for @HxIN4Pt: C, 28.12; H, 3.81; N, 10.09. Found: C, 28.H9;
4.15; N, 9.44%.

[PtBr(CH,Ph)Mex{(mim),C=CH3}], 4. To a solution of complek (0.1 g, 0.24 mmol)
in acetone (15 mL) was added benzyl bromide (0.,08.24 mmol). The mixture was
stirred for 3 h., then the volume was reduced toL] and pentane (5 mL) was added to
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precipitate the product as a white solid, which waparated, washed with ether and
pentane (1 x 2 mL), and dried under high vacuuneldrB2%. NMR in CRCly: 4a;
S(*H) = 1.19 (s, 6HZJpy; = 71 Hz, PtMe), 2.99 (s, 2HJpw = 99 Hz, PtCH), 3.79 (s,
6H, NMe), 5.98 (s, 2H, =C§), 6.56 (d, 2H>Jun = 7 Hz,*Jpw= 11 Hz, H), 6.81 (t, 2H,
33 =7 Hz, H"), 6.92 (t, 1HJyy = 7 Hz, H), 6.94 (d, 2H3J4n = 2 Hz, H), 7.04 (d, 2H,
33un= 2 Hz,3Jpw= 9 Hz, H); 4b; = 0.79 (s, 3H%Jpw = 76 Hz, PtMe), 1.05 (s, 3BJpw

= 71 Hz, PtMe), 3.61 (br, 2HJpw1 = 104 Hz, PtCH), 3.76 (s, 3H, NMe), 3.78 (s, 3H,
NMe), 6.05, 6.06 (m, each 1H, =@H6.90-6.92 (m, 2H, fand H'), 7.06-7.07 (m, 2H,
H®>and H), 7.08 (d, 2H234n = 8 Hz,“Jppi= 11 Hz, H), 7.30 (m, 3H, &, H°). Anal.
Calcd. for GgH2sBrN4Pt: C, 39.05; H, 4.31; N, 9.59. Found: C, 39.27;4B7; N,
9.49%.

[PtBr(CH2CeHs-4-CF5)Mex{(mim).C=CHz}], 5. This was prepared similarly and
isolated as a white solid. Yield 80%. NMR in gID,: 5a; 3(*H) = 1.22 (s, 6H%Jpy = 70
Hz, PtMe), 3.03 (s, 2H.Jpw= 100 Hz, PtCH), 3.80 (s, 6H, NMe), 5.99 (s, 2H, =gH
6.62 (d, 2H234n = 8 Hz,*Jpn= 11 Hz, H), 6.95 (d, 2H3J = 1 Hz, H), 7.02 (d, 2H,
33 = 1 Hz,3Jpen= 8 Hz, H), 7.07 (d, 2H3J4n = 8 Hz, H"); 5b; 8 = 0.79 (s, 3H%Jpy =
74 Hz, PtMe), 1.00 (s, 3HJpw = 70 Hz, PtMe), 3.59 (d, 1HJhn = 9 Hz,2Jp= 100 Hz,
PtCH), 3.86 (d, 1H?Jun = 9 Hz,%Jpyi = 84 Hz, PtCH), 3.78 (s, 3H, NMe), 3.82 (s, 3H,
NMe), 6.08, 6.09 (m, each 1H, =GH6.94-6.98 (m, 2H, f H*), 7.04-7.07 (m, 2H, H
H>), 7.34 (d, 2H334n = 8 Hz, H"), 7.43 (d, 2H3Jhu = 8 Hz,"Jpy= 11 Hz, H). Anal.
Calcd. for GoH24BrFN4Pt: C, 36.82; H, 3.71; N, 8.59. Found: C, 36.59;3:60; N,
8.78%.

[PtBr(CH2CeH4-2-CF5)M ex{(mim).C=CHj}], 6. This was prepared similarly and
isolated as a white solid. Yield 81%. NMR in gID,: 6a; 3(*H) = 1.28 (s, 6H2Jpy = 70
Hz, PtMe), 3.25 (s, 2H.Jpy= 108 Hz, PtCH), 3.77 (s, 6H, NMe), 5.79 (s, 2H, =gH
6.96 (d, 1HJun = 6 Hz,“Jpp= 13 Hz, H), 6.99 (d, 2H33n = 1 Hz, H), 7.11 (d, 2H,
33 =1 Hz,%pm= 8 Hz, H), 7.15-7.18 (m, 3H, B HP); 6b; 5 = 0.76 (s, 3H2Jpyy = 74
Hz, PtMe), 1.15 (s, 3H.Jpw = 70 Hz, PtMe), 3.69-3.70 (m, 2H, Pt@H3.78 (s, 3H,
NMe), 3.80 (s, 3H, NMe), 6.08, 6.10 (m, each 1HHs);7.05-7.08 (m, 4H, H H*, H°,
H®), 7.19-7.43 (m, 4H, &14). Anal. Calcd. for GH.4BrFsN4Pt: C, 36.82; H, 3.71; N,
8.59. Found: C, 36.93; H, 3.74; N, 8.55%.

[PtBr(CH,CgH3-3,5-t-Bup)M e{(mim),C=CH}], 7. This was prepared similarly and
isolated as a white solid. Yield 83%. NMR in €I): 7a; (*H) = 1.07 (s, 18Ht-Bu),
1.26 (s, 6HZJpy = 71 Hz, PtMe), 2.99 (s, 2HJpyi= 93 Hz, PtCH), 3.75 (s, 6H, NMe),
6.01 (s, 2H, =CHh), 6.26 (d, 2H; I = 2 Hz,“Jpi= 10 Hz, H), 6.87 (d, 2H>Jun = 2 Hz,
H%, 6.90 (t, 1H,"Jun = 2 Hz, H), 6.95 (d, 2H33u = 2 Hz,3Jpy= 7 Hz, H); 7b; 6 =
0.80 (s, 3H2Jpw = 76 Hz, PtMe), 1.06 (s, 18#Bu), 1.14 (s, 3H py = 71 Hz, PtMe),
3.67 (b, 2H, Pt-Ch), 3.74 (s, 3H, NMe), 3.79 (s, 3H, NMe), 6.03, 6(@5, each 1H,
=CH,), 7.04-7.11 (m, 4H, H H*, K>, H°), 7.18 (s, 2H Jpwi= 11 Hz, ), 7.29 (m, 1H,
HP). Anal. Calcd. for gH4BrN4Pt: C, 46.55; H, 5.93; N, 8.04. Found: C, 46.79; H,
5.71; N, 7.85%.

[Pt(OH)2M ex{(mim),C=CH3}], 8. To a solution of comples (0.01 g, 0.02 mmol) in
acetone (2 mL) was added exces®H(0.1 mL). The product was isolated as a white
solid by evaporation of the solvent, and was pedifby precipitation from solution in
minimum CHCI, by addition of pentane. Yield: 45%. NMR in acetals: 5(*H) = 1.36
(s, 6H,%Jpyi = 73 Hz, PtMe), 2.99 (br, 2H, OH), 3.98 (s, 6H, BJV6.21 (s, 2H, =C}),
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7.25 (d, 2H233n = 1 Hz, H), 7.30 (d, 2H33un = 1 Hz,Jpyi= 14 Hz, H). Anal. Calcd.
for CroH20N4O2Pt: C, 32.22; H, 4.51; N, 12.52. Found: C, 32.074H2; N, 12.28%.
[PtCI(CH,CI)M &{(mim),C=CH5}], 9. A solution of [PtMeg{(mim),C=CH,}], 1 (0.05
g, 0.12 mmol) in CKLCI; (2 mL) was stirred for 2 days. The white prodwess obtained
by precipitation with pentane, then separated, eastith pentane, and dried under high
vacuum. Yield 78 %. NMR in CITl,: 9a; 8(*H) = 1.12 (s, 6H2Jpy = 70 Hz, PtMe),
3.72 (s, 2H2Jpy= 56 Hz, PtCH), 3.84 (s, 6H, NMe), 6.11 (s, 2H, =@H7.15 (d, 2H,
33un = 2 Hz,*Jpi= 9 Hz, H), 7.20 (d, 2H33un = 2 Hz, H); 9b; 8 = 0.89 (s, 3H%Jp =
74 Hz, PtMe), 1.13 (s, 3HJpn = 69 Hz, PtMe), 3.80 (s, 3H, NMe), 3.81 (s, 3H, &)M
4.13 (M, 1H2Jp = 45 Hz, PtCHCI), 4.60 (m, 1H2Jpy = 88 Hz, PtCHCI), 6.09, 6.10
(m, each 1H, =Cb), 7.07 (br, 2H, ¥, H"), 7.27 (d, 1H3Jun = 2 Hz,*Jpiy= 12 Hz, H),
7.50 (d, 1H33n= 2 Hz,3Jpw= 6 Hz, ). Anal. Calcd. for @HaoCloN4Pt: C, 29.25; H,
3.90; N, 10.25. Found: C, 29.24; H, 3.86; N, 10.23%

[Ptl ;M ex{(mim),CHMe€}], 10. To a solution of [PtMg(mim),CHMe}], (0.14 g, 3.3
mmol) in acetone (10 mL) was added iodine (0.088iggolved in acetone (5 mL). After
30 min., the solvent was removed and the orangdugtowvas purified by precipitation
from minimum CHCI, by addition of pentane, then separated, washedpeihtane, and
dried under vacuum. Yield 63%. NMR in @D 8(*H) = 1.89 (d, 3H3J4y = 7 Hz,
CMe), 2.32 (s, 6HJp = 71 Hz, PtMe), 3.87 (s, 6H, NMe), 4.64 (q, TBhu = 7 Hz,
CH), 7.08 (d, 2H3Juu = 2 Hz, H), 7.26 (d, 2HJun = 2 Hz,*Jpy1= 9 Hz, H). Anal.
Calcd. for GoHaol2N4Pt: C, 21.54; H, 3.01; N, 8.37. Found: C, 21.212196; N, 8.05%.
[Pt(OH)M e{(mim),CHMEe}], 11. This was prepared in a similar way as comgex
but using comple®. Yield 55%. NMR in acetonds: 5(*H) = 1.37 (s, 6H2Jp = 73
Hz, PtMe), 1.80 (d, 3HJuy = 7 Hz, CMe), 3.92 (s, 6H, NMe), 4.80 (q, 18,4 = 7 Hz,
CH), 7.17 (d, 2H3J4 = 2 Hz,3Jpw = 10 Hz, H), 7.19 (d, 2H334s = 2 Hz, H). Anal.
Calcd. for GoH,N4O-Pt: C, 32.07; H, 4.93; N, 12.47. Found: C, 32.28;4:69; N,
12.25%.

[PtIMes{(mim),CHMe}], 12, This was prepared similarly to complébut using
complex2, and isolated as a white solid. Yield 7981-NMR in CD,Cl,: (4.13a) & =
0.93 (s, 3H2Jp1 = 75 Hz, Pt-CH), 1.32 (s, 6H?Jpin = 70 Hz, Pt-Ch), 1.55 (d, 3H I
H= 8 Hz, CCH)), 3.75 (s, 6H, N-CH), 4.45 (q, 1HJ4.y= 8 Hz, C-H), 7.01 (d, 2HJhn

= 2 Hz, Im{H* and H}), 7.38 (d, 2H,%Ju.1 = 2 Hz, *Jpey = 10 Hz, Im{H" and H});
(4.13b) 5= 0.70 (s, 3H Jpw = 74 Hz, Pt-CH), 1.37 (s, 6H2Jpry = 70 Hz, Pt-CH), 1.94
(d, 3H,3J4.4 = 7 Hz, CCH), 3.74 (s, 6H, N-CH), 4.49 (q, 1H3J4.y = 7 Hz, C-H), 6.99
(d, 2H,334.4 = 2 Hz, Im{H and H}), 7.20 (d, 2H,°34n = 2 Hz,3Jpen = 11 Hz, Im{H*
and HY}). Anal. Calcd. for GsHaN4Pt (%): C, 28.02; H, 4.16; N, 10.05. Found: C,
28.29; H, 3.97; N, 9.77%.

[PtBr(CH2CesH4-4-CF3)Mex{(mim),CHMe}], 13. This was prepared similarly to
complex5 but using comple®, and isolated as a white solid. Yield 79 %. NMB.Cl,:
3(*H) = 1.34 (s, 6H%Jpyy = 69 Hz, PtMe), 1.73 (d, 3HJ4n = 8 Hz, CMe), 2.87 (s, 2H,
2Jpt = 97 Hz, Pt-CH), 3.66 (s, 6H, NMe), 4.18 (g, 1”J4u = 8 Hz, CH), 6.36 (d, 2H,
33un = 8 Hz,“Jpi= 11 Hz, H), 6.84 (d, 2H33yn = 2 Hz, H), 6.93 (d, 2H3344 = 8 Hz,
H™), 7.02 (d, 2H2Jun = 2 Hz,%Jpy = 7 Hz, H). Anal. Calcd. for GoH¢BrFsN4Pt: C,
36.71; H, 4.00; N, 8.56. Found: C, 36.65; H, 31848.31%.
[PtBr(CH2CesH4-2-CF3)Mex{(mim),CHMe}], 14. This was prepared similarly to
complex6 but using complexX, and isolated as a white solid. Yield 81%. NMR in
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CD.Cly: &(*H) = 1.34 (s, 6H?Jpy; = 69 Hz, PtMe), 1.86 (d, 3HJun = 7 Hz, CMe), 3.11

(s, 2H,%Jpy = 104 Hz, PtCH), 3.69 (s, 6H, NMe), 4.32 (g, 1FJyy = 7 Hz, CH), 6.71
(m, 1H, H), 6.78 (d, 2H3J4y = 1 Hz, H), 6.81 (d, 2H2Juy = 1 Hz,%Jpy= 7 Hz, H),
7.01-7.08 (m, 3H, AHP). Anal. Calcd. for GH26BrFsN4Pt: C, 36.71; H, 4.00; N, 8.56.
Found: C, 36.54; H, 3.73; N, 8.81%.

X-ray Structure Determinations: In a typical experiment, a sample was mounted on a
Mitegen polyimide micromount with Paratone N oill X-ray measurements were made
using a Bruker Kappa Axis Apex2 diffractometer atemperature of 150 K. The
structure was solved by direct methods. The hyelmagoms for the main molecule were
introduced at idealized positions and were alloveecefine isotropically. The structural
model was fit to the data using full matrix leagtiares based orf.FThe structure was
refined using SHELXL [48]. Data are given in Taldeand in the CIF files (CCDC
984275-984279). Comple8 contained a dichloromethane solvate molecule which
appeared to be disordered, but this disorder coodde resolved. Complékcontained

a solvent accessible void of 487, Aut the solvent molecules were poorly defined| an
the electron density was modelled by using SQUEBHEre was also some unresolved
disorder of the benzyl substituents.

Table 2. Crystal and refinement data for the cexgd.

Complex 3,.CH,Cl, 4,0.5CHCI, 6 7 14

Formula GH44ClLIoNgP | CigeHogBrCINGPt | GoHouBrFsN4Pt | G7H4iBrN4Pt | GooHogBriFsN4Pt
fw 1195.58 626.89 652.43 696.62 654.45

A A 0.71073 0.71073 0.71073 0.71073 0.71073
T/K 150 150 150 150 150
Cryst.syst. monoclinic monoclinic monoclinic orthorhombic | monoclinic
Sp.gp. P2Zm C2/c P2/c Pbcn P2c

alA 16.424(1) 21.034(1) 10.8308(4) 30.038(2) 10.6274(7)
b/A 13.052(1) 16.738(1) 16.8547(5) 16.554(1) 16.5446(1)
c/A 16.649(1) 12.754(1) 12.5852(4) 12.574(1) 12.9666(9)
al/° 90 90 90 90 90

B/° 96.088(2) 110.303(3) 105.87(1) 90 105.737(2)
y/° 90 90 90 90 90

Vv /A 3548.9(3) 4211.2(4) 2209.9(1) 6252.4(8) 2194.4(3)
z 4 8 4 8 4

d.. /Mg m* 2.238 1.978 1.961 1.585 1.981

u/ mm' 9.796 8.700 8.196 5.802 8.254

Ry (1>20l) 0.0504 0.0499 0.0350 0.0514 0.0310
wR(all) 0.1154 0.1241 0.0900 0.0867 0.0579

Supporting Materials
X-ray data in electronic CIF format (CCD384275-984279).
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Synopsis
The bis(N-methylimidazol-2-yl) ligands, (mim),C=CH,or (mim),CHMe, promote
oxidative addition chemistry in their dimethylplatinum(l1) complexes.



