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Hydridodimethylplatinum(lV) Complexes with Bis(pyridine)
Ligands: Effect of Chelate Ring Size on Reactivity
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The effect of changing the bite angle of the dipyridyl ligand LL on the reactivity of the dimethylplatinum-
(I complexes [PtMgLL)] has been studied, by comparing complexes with the ligands=LHdi-2-
pyridylamine (DPA) or di-2-pyridyl ketone (DPK), which form a six-membered chelate ring, to compounds
with 2,2-bipyridyl derivatives, which form a five-membered chelate ring. The complex [RDIRA)]
undergoes easy oxidative addition of methyl iodide to give the corresponding platinum(lVV) complex
[PtiIMes(DPA)]. Both [PtMe(DPA)] and [PtMe(DPK)] are protonated by acids HX at low temperature
to give the hydridodimethylplatinum(lV) complexes [PtHXMEN)] and [PtH(S)Me(NN)]X (S =
solvent), which can exist in two isomeric forms with H trans to X or N. The structure of the complex
[PtHCIMe,(DPK)] was determined crystallographically. In a solution containing exces®DDextensive
hydrogen/deuterium exchange occurs into the methylplatinum groups and methane product at low
temperature, indicating very easy reversibility of the exchange between hydridomethylplatinum(lV) and
(methane)platinum(ll) complexes. The hydridomethylplatinum(lV) complexes reductively eliminate
methane at room temperature in solution but have significantly higher thermal stability and undergo
more extensive HD exchange than when NN 2,2-bipyridyl. The reaction of [PtMgDPA)] with
excess HCI gave [PtgDPA)], and the reaction of [PtMEPK)] with excess CESO;H gave the aqua
complex [Pt(OH),(DPK)](CFS0s), or the binuclear hydroxo complex fei-OH)x(DPK),J(CF;SGs)a,

depending on the experimental conditions.

Introduction

The chemistry of alkylhydridoplatinum(lV) complex&sto
particularly the equilibration with alkane complexes of platinum-
(1), has given important insights into the mechanism ofkC
bond activation by electrophilic organoplatinum(ll) com-
plexes!’~17 Most methylhydridoplatinum(IV) complexes have

by NMR at low temperature, but stable derivatives have been
formed by use of a strongly coordinatifer-tridentate ligands,
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num(ll) complexes. Complexes of the type [PtHXMEL)],
with LL typically a bidentate diamine or dimine ligand, are
short-lived intermediates,* which are most readily detected
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Chart 1. Hydridoplatinum(lV) Complexes

N
7
NS

such as the anionic tris(pyrazol-1-yl)borate and bipyridylmeth-
ylsulfonate or the neutral bis(2-pyridylmethyl)amine and 1,4,7-
triazacyclononane (Chart ¥)1° The complexes [PtHXM£LL)]
decompose by dissociation of the anionic ligand f&llowed

by reductive elimination of methane from the 5-coordinate
intermediate [PtHMgLL)] *, and the ligand dissociation is more
difficult in the complexes [PtHMgLLL)] *, where LLL is a
tridentate ligan@ 10 Stable complexes with bidentate ligands

can be formed if none of the ligands are easily dissociated, such

as in the complexes [PtHM@L)] with LL = 4,4-di-tert-butyl-
2,2-bipyridine, bis(diphenylphosphino)ethahé.
Alkylhydridoplatinum(lV) complexes are important inter-

mediates in the activation of alkanes by oxidative addition of a .

C—H bond to platinum(lI}:~17 For the C-H activation reaction

to occur easily, the complexes [PtMeX(LL)] and [PtMe(S)-
(LL)]* are most reactive if the anionic ligand>or solvent
molecule S is weakly bound, because the first step involves
their displacement by alkane to form the “alkane complex”
[PtMe(R-H)(LL)]*, which can equilibrate with the 5-coordinate
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Chem. Soc2001, 123 739. (d) Johansson, L.; Ryan, O. B.; Romming, C.;
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platinum(lV) complex [PtHRMe(LL)}.**17 While bidentate
ligands do not usually give stable alkylhydridoplatinum(1V)
complexes, their platinum complexes have found use in
catalysis. A recent example is the use of the complex [Pt(bpym)-
Cly] (bpym = 2,2-bipyrimidyl) in sulfuric acid solution to
catalyze the conversion of methane to methyl bisuffafehe
catalytic cycle is proposed to involve oxidative addition of a
C—H bond of methane to give a hydridomethylplatinum(lV)
intermediate as a key step, though electrophilic activation is
also considered possiblél?

In efforts to optimize CG-H activation by organoplatinum
complexes, the design of the supporting ligands is crucially
important. Bidentate nitrogen-donor ligands have shown the
greatest promise and, in addition to 2l2pyrimidine, the most
studied ligands have been the diimines ANHCH=NAr, with
bulky aryl groups;®14which have proved to be more reactive
than 2,2-bipyridine and its derivatives’ All of these ligands
form five-membered chelate rings. The bis(7-azaindolyl) ligands
form much larger eight- or nine-membered chelate rings, and
in the platinum(ll) complexes, one side of the square plane is
blocked (Chart 2). These ligands give platinum(ll) complexes
which can activate the €H bonds of benzene under mild
conditions!® We have independently studied the effect of
increasing the chelate ring size by using the ligands di-2-
pyridylamine (DPA) and di-2-pyridyl ketone (DPK). These both
form six-membered chelate rings, and previous studies have
shown that the ligands are similarly bowed rather than planar
in their platinum complexe¥-2° The electronic effects of the
bridging NH group in DPA8 or C=0 group in DPK%20 are

(18) (a) Romeo, R.; Nastasi, N.; Scolaru, L. M.; Plutino, M. R.; Albinati,
A.; Macchioni, A.Inorg. Chem1998 37, 5460. (b) Raterkus, M. J.; Fakih,
S.; Mock, C.; Puscasu, |.; Krebs, Biorg. Chim. Acta2003 350, 355.

(19) (a) Zhang, F.; Broczkowski, M. E.; Jennings, M. C.; Puddephatt,
R. J.Can. J. Chem2005 83, 595. (b) Zhang, F.; Kirby, C. W.; Hairsine,
D. W.; Jennings, M. C.; Puddephatt, R.JJ.Am. Chem. So2005 127,
14196.
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1B

1A
Figure 1. Views of the structure of [PtIMEDPA)] (3): (a)
molecular structure; (b) polymer formed by NH hydrogen
bonding. Selected parameters: PH{CY1)= 2.065(5), Pt(1)}C(2)
= 2.058(9), Pt(13¥N(1) = 2.162(4), Pt(1}1(1) = 2.7796(7) A;
N(1)—Pt(1)-N(1A) = 84.8(2}; H-bond N(3)--I(1A) = 3.809(6)
A, N(3)—H(3)—1(1A) = 162(7¥.

different, thus making it possible to distinguish between
geometrical and electronic effects on the reactivity of complexes
[PtMey(DPA)] (1) and [PtMe(DPK)] (2) in comparison with
[PtMey(bipy)]. This article shows that the ligands DPA and DPK
both give more stable hydridoplatinum(lV) complexes and easier
H—D exchange reactions in comparison with'zZhypyridine
ligands# and reports the first structure determination of a
hydridomethylplatinum(lV) complex of the type [PtHXIgle
(LL)], with an easily dissociated halide ligand.

Results and Discussion

Oxidative Addition of Mel to [PtMe »(DPA)]. The dimeth-
ylplatinum(ll) complex [PtMg(DPA)] (1) was prepared by the
reaction of dipyridylamine (DPA) with [BMes(u-SMey),].%*

It is characterized by a single methylplatinum resonancé at
0.56 ppm J(PtH) = 86 Hz) in theH NMR spectrum in
CD.Cl>.

The reaction ofl. with Mel gave the stable trimethylplatinum-
(IV) complex fac-[PtIMe3(DPA)] (3). The'H NMR spectrum
of 3 contained two methyl resonances, with relative peak
intensities of 2:1 at 1.24 @J(PtH) = 71 Hz, Me trans to N)
and 0.87 ppm3J(PtH) = 72 Hz, Me trans to |). The structure
of complex3is shown in Figure 1a. The platinum atom displays

octahedral geometry, and there is a plane of symmetry contain-

ing the atoms Pt(1)I(1)C(2)N(3). The DPA ligand adopts a boat
conformation with the bridging NH group directed toward C(2)
and away from I(1). The molecules associate into supra-
molecular polymeric chains through weak intermolecular
NH---IPt hydrogen bonding (Figure 1b), with N¢3JI(1) =
3.809(6) A.

The reaction of complek with CD3l in CD,Cl; solution was
carried out at-=78 °C, and the reaction was monitored Hy
NMR spectroscopy. The oxidative addition was complete &
°C to give [PtIMe(CDs3)(DPA)] (3* and 3**) (Scheme 1), with

(20) Crowder, K. N.; Garcia, S. J.; Burr, R. L.; North, J. M.; Wilson,
M. H.; Conley, B. L.; Fanwick, P. E.; White, P. S.; Sienerth, K. D.; Granger,
R. M., Il. Inorg. Chem.2004 43, 72.
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R. J.Inorg. Synth.1998 32, 149. (b) Scott, J. D.; Puddephatt, R. J.
Organometallics1983 2, 1643.
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complete scrambling between the €Hnd CD} groups. In
contrast, the oxidative addition of GDXo [PtMex(bipy)] occurs
regioselectively to give [PtIMgCD3)(bipy)] by trans oxidative
addition (CDy trans to I), and subsequent @8D3 scrambling
occurs only slowly at room temperat T hese results indicate
that the ionic 5-coordinate intermediate in oxidative addition,
namely [PtMe(CDg)(DPA)]*I~, is sufficiently long-lived to
undergo intramolecular Me/CGexchange before iodide coor-
dination to give [PtIMg(CD3)(DPA)] occurs (Scheme 1).
Therefore, in comparison to the 2f2ipyridine system studied
earlier?! either the rearrangement step in Scheme 1 is faster or
the iodide coordination step is slower in the DPA system (or a
combination of both).

Protonolysis Reactions of Complexes 1 and ZThe reactions
of complexesl and2 with acids at room temperature gave the
overall reactions shown in Scheme 2. The reactions with HCI
gave methane and the corresponding complex [PtCIMe(LL)]
(4a, LL = DPA,; 5a, LL = DPK) and then, in a much slower
reaction, [PtGI(LL)] (6a LL = DPA; 7a, LL = DPK). The
reactions with CECO,H and CRSOsH in nonpolar solvents
occurred similarly: for example, to give first the methylplatinum
complexes [P(@CCR)Me(DPA)] (4b) and [Pt(QSCR)Me-
(DPA)] (4¢) or, in more polar solvents, solvent complexes such
as [PtMe(NCMe)(DPK)][CECO;] (9a) and [PtMe(NCMe)-
(DPK)][CF3SG;] (9b).22 There is an easy equilibrium between
the neutral and cationic complexes in such cases; for example,
the complex [Pt(@CCFR;)Me(DPA)] (4b) reacted very rapidly
with Me,S to give [PtMe(SMg(DPA)][CFsCO,] (8a). After
long reaction times, both methylplatinum groups of complexes
1 and?2 could be cleaved.

(22) Crespo, M.; Puddephatt, R.Qrganometallics1987, 6, 2548.

(23) Hill, G. S.; Rendina, L. M.; Puddephatt, RJIChem. Soc., Dalton
Trans 1996 1809. The complexes [PtMe(OTf)(LL)] obtained from
methanol or acetone solution did not contain coordinated solvent. However,
in solution it is likely that there is an easy equilibrium with the corresponding
solvent complexes [PtMe(S)(LL)]OTf. We note that thé NMR spectra
of the triflate and tetrafluoroborate derivatives in methanol or acetone are
essentially identical. For simplicity, they are referred to as the structures
present in the solid state.
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PtB

CI2B

Figure 2. View of the structure of [PtG(DPA)] (6a) showing
the polymer formed by NH-Cl hydrogen bonding. Selected
parameters: PiN(11) = 2.015(5), P£N(23) = 2.018(4), Pt
Cl(2) = 2.299(1), P£CI(1) = 2.307(1) A; N(11}-Pt=N(23) =
88.7(2¥.

Scheme 2
_/ Figure 3. View of the structure of [PtCIMe(DPK)]5g). Selected
\_// ] parameters: PtN(1) = 2.04(2), PEN(14) = 2.07(3) A; N(1)-
N M 25280 Pt-N(14) = 88.7(9J.
"i/ —N/ \Me HX, S
- CH, CH
_ \ 7/ L
\ 7 S \ /7
Me —~ Me
z \pt/ ¢ z >Pt< X
_N/ \x =N S
\ 7/ Y
ux | 4@ Z=NH x=cl
5a,Z=CO,X=Cl 8a, Z = NH, S = Me,S, X = CF3CO;

-CHy|  4b,Z=NH, X=CFsCO> Hx, 5| 9a,Z=CO, S =MeCN, X = CFsCO
= = ’ ’ ’ ’ 32

jb’ % = ﬁgf;(:g"::sggz -CH,| 9b,Z=CO, S =MeCN, X = CF,S0;

€. Z =NH, X = CF3S0, 9¢, Z=CO, S = MeCN, X = BF,

\ 7 \ 7/ 2+ Figure 4. View of the structure of [Pt(Ob)(DPK)][CF:SQs]2 (10).
N\ X ﬁ N\ S Each triflate anion is hydrogen-bonded to two aqua ligands to form
z /Pt\ - z /Pt\ 2 X a network structure. Selected parameters:-NRtL1) = 1.994(6),
—N X —N S Pt—N(24) = 1.990(6), PtO(25) = 2.036(5), P+O(26) =
2.043(5) A; N(24%-Pt—N(11) = 90.5(2f; H-bond distances
<\\ />6a S N X =G <\\ /> O(25)y-0(41) = 2.636(8), O(25)-0(32) = 2.596(7),
7a,Z=CO, X=Cl 10,Z=CO, S = H,0, X = CF;S0; O(26)--0(43B) = 2.660(7), O(26)-0(33A) = 2.631(7) A.

distortions from planarity, as measured by the displacement of
the carbonyl carbon atom from the platinum(ll) plane (1.54 A
in 5a, 1.60 A in10) or by the angle between the CC(O)C atoms
and the platinum plane (1081 5a, 106 in 10), are similar in

the mononuclear complexes. The chelate rings are somewhat
flatter in the binuclear completl (displacement of C atom
1.08-1.45 A (mean value 1.20 A); angle between planes115
132 (mean value 12%). Complex10forms a network structure
through hydrogen bonding between triflate anions and aqua

In reactions carried out in moist acetone with excess-CF

SGOsH, the aqua complex [Pt(Ohh(DPK)][CF3SGs]2 (10) or

the binuclear hydroxo complex [Ri-OH),(DPK),][CF3SOs)2

(112) were crystallized from solution. Similar chemistry has been
established with other bidentate nitrogen-donor ligdridg;142324

so characterization of the complexes was straightforward.
Several complexes were structurally characterized in order to
prove the stoichiometry and to establish the ligand conforma-

tions. ) o ligands (Figure 4), while pairs of binuclear molecules1df

The structure of the DPA compledais shown in Figure 2. gia0k one above the other with resulting long contacts between
The ligand adopts a boat conformation similar to that in the o (Pt(1)--Pt(3) = 3.61 A; Pt(2)--Pt(4) = 3.65 A) (Figure
platinum(lV) complex3. The deviation of the six-membered 5). An interesting feature of complegl is that the two
chelate ring from planarity can be measured by the displacementyjependent molecules have different conformations. The
of the NH nitrogen atom from the plane defined by the platinum ,5j6cyle containing Pt(1) and Pt(2) is folded such that the angle
atom and its in-plane ligating atoms (1.28 A311.39 A in between the two platinum planes is®2@hereas the molecule
68) or by the angle between the same platinum plane and the qntaining Pt(3) and Pt(4) is almost flat with an angle between
plane defined by the CN(H)C atoms (Tl 3, 114 in 6a), the two platinum planes of only°1
and the similarity of the conformations Brand6ais evident. Identification of Hydridoplatinum(lV) Intermediates. The

The structures of the DPK complexés, 10, and 11 are reactions of complexes and 2 with HCI gave the relatively
shown in Figures 35, respectively. In all three complexes the  gtgple hydridoplatinum(1V) intermediatd® and 13, shown in
Pt(DPK) chelate ring adopts the boat conformation. The gcheme 3, with NMR data summarized in Table 1. When the
reactions were carried out at low temperature, the complexes

(24) (a) Ackerman, L. J.; Sadighi, J. P.; Kurtz, D. M.; Labinger, J. A.; ; ; i i
Bercaw, J. EOrganometalic2003 22, 3884. (b) Li, J. J.. Li. W.: Sharp. could be isolated in pure form, though as a mixture of isomers.

P. R.Inorg. Chem 1996 35, 604. (c) Fallis, S.; Anderson, G. K.; Rath, N. Complex13a was crystallized at low temperature, and its
P. Organometallics1991, 10, 3180. structure is shown in Figure 6. This is the first structural
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Table 1. Selected NMR Data for the Hydridoplatinum(IV)

Complexes
L)(PtH) 2)(PtH)
com- trans, o(Pt- trans,

plex HX  solvent 6(PtH) Hz atom Me) Hz  atom

13a HCI CDJCl; —20.36 1586 CI 1.17 68
13b HCI CD.Cl —21.00 1392 N 1.01 71
1.23 78

O 1.07 63

N 122 80

0.85 64

15a HOTf CDsCN  —22.55 1584 N 0.98 70
N

N

14a HOTf (CDg,CO —26.21 1774
14b HOTf (CDs,CO —20.15 1391

15b HOTf CDsCN  —20.43 1376 0.93 67

0.80 65
16a HOTf CDsCN  —22.03 1554 1.09 65
16b HOTf CD:CN  —20.18 1393 N a

aThis was a minor product, and the methylplatinum resonances were

Figure 5. View of the structure of [B{u-OH),(DPK),][CFsSOs]- not resolved.
(11). Each hydroxo ligand is hydrogen-bonded to one triflate anion
(not shown). There are two independent molecules, each of which
contains a plane of symmetry. Selected parameters: -PK({)1)

= 1.978(8), Pt(1)}0(12) = 2.025(7), Pt(2yN(21) = 2.007(8),
Pt(2)-0(12) = 2.033(7), Pt(3}N(31) = 1.999(8), Pt(3)0(34)

= 2.026(6), Pt(4>N(41) = 1.979(8), Pt(4Y0(34)= 2.022(7) A;
N(11)-Pt(1)-N(11A) = 91.8(5), N(21)}-Pt(2-N(21A) =
92.1(5), N(31)Pt(3-N(31A) = 92.1(5), N(41)>-Pt(4)-N(41A)

= 90.6(57.

ZZZZZOZQZZ

Scheme 3

— - +

/AT \ 7 Figure 6. View of the structure of [PtHCIMgDPK)] (133). There
N\| Me N T Me is a plane of symmetry containing the atoms PtHCIC(7)O(8).

z pt 7 \Pt/ oTf Selected parameters: -RE(11)= 2.073(8), Pt N(1) = 2.154(6),

1 e 4Ry Pt—Cl = 2.446(3), PtH = ca. 1.4 A; C(11}Pt-C(11A) =

X NS ' 15a,2=NH, S =MeCN 87.2(6), N(1)-Pt-N(1A) = 85.6(3].
16a, Z = CO, S = MeCN ) .
\_7/ \ 7 2 © distance is ca. 2.4 A to a hydrogen atom of each PtMe group).
S

12a,Z=NH, X =Cl \ Xﬂ The distance PiCl = 2.446(3) A is long, as a result of the
13a,2=CO X=Cl x — high trans influence exerted by the hydride ligand. It is the easy

14a,Z = NH, X = OTf
dissociation of this ligand in solution to generate a 5-coordinate
cation that allows the easy interconversion between isomers and
ultimately the reductive elimination of methane. The distortion
_ N Ve of the DPK ligand from planarity, as measured by the displace-
/ - ment of the carbonyl carbon atom from the platinum(ll) plane
\ / (1.57 A'in13a 1.54 A in5a, 1.60 A in 10) or by the angle
between the CC(O)C atoms and the platinum plane {106
133 108 in 5a, 106 in 10) is similar to the distortion in the
mononuclear platinum(ll) complexé&a and10. The carbonyl
\ / \ N/ Me group is directed toward the smaller axial ligand, the hydride
/'V'e in 13a and so there is not significant steric hindrance.
\ The complex13 was also characterized by i1 NMR
=N H spectra (Table 1, Figure 7). Thus, reaction of com@#exith
\ / ﬂ HCI at —30 °C gave complex3aby trans oxidative addition.

/ 8. X At 0 °C, isomerization ofl3ato 13b was observed and, at 20
— //x — °C, slow reductive elimination of methane occurred to give
[PtCIMe(DPK)] (5a). Figure 7 shows théH NMR spectra in
the hydride region as the isomerizationl&ato 13b occurred.
\,la s X Complete isomerization was not observed in this case. The PtH
4 \H coupling is considerably higher itBa(6(PtH) —20.36,1J(PtH)

s = 1586 Hz) than in3b (6(PtH) —21.00,2)(PtH) = 1392 Hz).
\ / ]22'%228’22%2% The reaction of compled in acetone or dichloromethane
f ' ’ solution with triflic acid at—80 °C gave the hydridoplatinum-

(IV) complex [PtHMe(CRSOs)(DPA)] (14) (Scheme 3) as a

characterization of a hydridomethylplatinum(lV) complex with mixture of the isomerd4a (6(PtH) —26.21,1)(PtH) = 1774
a bidentate nitrogen-donor ligand and with a relatively weakly Hz) and14b (6(PtH) —20.15,1J(PtH) = 1391 Hz), as shown
bonded chloride ligand. The platinum atom has octahedral in Figure 823 Complex 14a gave only one methylplatinum
stereochemistry with the hydride trans to chloride and with no resonance in théH NMR spectrum, whereas the less sym-
short contacts to the hydride atom (the shortest nonbonding metrical complexl4b gave two (Table 1, Figure 9). At60
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13a
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13b
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13a 13b 13a13b
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Figure 7. 'H NMR spectra of complet3 in the hydride region:
(top) spectrum at-20 °C, showing selective formation df3g
(bottom) spectrum at 28C, showing partial isomerization tt3b.

(b) 14b
14b 14b
14a
14b 14b  14a J 14a
1 L A V-
| | N
20 25 5

Figure 8. ™H NMR spectra of compleg4 in the PtH region: (a)
spectrum at-80 °C, showing the presence of botda and 14b;
(b) spectrum at-60 °C, showing the presence a#ib only.

14a
@) (b)

14b
14b

14a

14b 14b
a a
b b
b M s,
12 10 038 12 10 08
Figure 9. ™H NMR spectra of complex4 in the MePt region:

(a) spectrum at-80 °C, showing the presence of botfla and
14b; (b) spectrum at-65 °C, showing the isomerization tb4b.

Zhang et al.

162////'db
4, CH,
9b
/d’
/
d, d
16b ||| A7/ :
VT / d \K{M
| T |
1.0 0.8 0.18 0.14

Figure 10. 'H NMR spectrum at-20 °C of a solution obtained
by reaction of comple® with triflic acid in a 3:1 mixture of C-

OD and CICN, showing the methylplatinum (left) and methane
(right, recorded at higher sensitivity) regions. The major product
is 16a, with smaller amounts ofl6b, 9b, and methane. The
PtCH_.D, and CH_,D, isotopomers are indicated for the com-
poundsl6a 9b, and CH.

°C was treated with triflic acid and NMR spectra were recorded
as the solution was warmed to room temperature. The complex
16awas formed as the product of trans oxidative addition, which
was stable to—40 °C but then decomposed by reductive
elimination of methane betweerd0 and 0°C. The cis isomer
16b was identified as a minor product in solution only by its
characteristic hydride resonance (Table 1). Similar experiments
were carried out by varying the concentration of {LN from

0.2 to 2 mol L1, and the rate of decomposition of the hydride
derivative was shown to decrease and then reach a roughly
steady value at higher concentrations of{CN. The order of
stability of the hydridoplatinum(lV) derivatives wds$ > 16

> [PtHMey(MeCN)(bwbipy)]CRSGO; (bwbipy = 4,4-ditert-
butyl-2,2-bipyridine) under similar conditions.

H—D Exchange ReactionsHydrogen/deuterium exchange
reactions in hydridomethylplatinum(IV) complexes have been
studied by several grougds:'314If the dimethylplatinum(ll)
complex [(LL)PtMe] is treated with D7, reversible intra-
molecular reactions of the initially formed 5-coordinate complex
[(LL)PtD(CHs3);]™ can give the methane complex [(LL)Pt-
(CH3D)(CHg)]™ and then [(LL)PtH(CHD)(CHs)]™ and [(LL)-
Pt(CH;)(CH.D)]*. At each stage, the platinum(IV) complexes
can be trapped by addition of anion or solvent to make a
6-coordinate complex, or the methane complex of platinum(ll)
can react with anion or solvent to form free methane {©H
CH3D). In the presence of a deuterated solvent, such as the
alcohol ROD, intermolecular exchange between PtH and ROD
groups can lead to multiple deuterium incorporation into the
methane or methylplatinum products. Thus, there are three
critical rate constants whose relative magnitudes determine the

°C, complexl4ahad completely isomerized so that the only
hydridoplatinum complex present wagb (Figures 8 and 9).
At —40 °C, only the reductive elimination product [PtMe-
(CRsSG;)(DPA)] (4b) was presemt® The complex14 clearly of methane displacement from platinum (st@p!314
has low thermal stability, but it was positively identified, Complexedl and2 can give particularly easy+HD exchange
whereas analogous complexes formed by reaction of complexreactions, as illustrated by Figure 10 and the selected data given
2 or [PtMey(bipy)] with triflic acid were unstable, even at80 in Table 2. The experiments were carried out by reaction of of
°C. a dimethylplatinum(ll) complex in a deuterium-labeled solvent
More stable hydridoplatinum(lV) complexes were formed in in an NMR tube with a protic acid at78 °C. The NMR tube
reactions with triflic acid when the reactions were carried out was then inserted into the NMR probe, which was precooled to
in the presence of acetonitrile, which can form the complexes —80 °C, and the course of the reaction was monitored by
[PtHMey(NCMe)(DPA)[H(CRSO;)~ (15 and  [PtHMe- recording spectra at 2L intervals as the solution was warmed
(NCMe)(DPK)["(CRSG:)~ (16). In a typical experiment, a  slowly to room temperature in the NMR probe. For example,
solution of 2 in a (CD3),CO/CDsCN solvent mixture at-78 the IH NMR spectrum shown in Figure 10 was recorded from

observed isotope distribution in the products: the rate of
intramolecular H-D exchange (stefd), the rate of inter-
molecular H-D exchange with solvent (step), and the rate
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Table 2. H—D Exchange Reactions Scheme 42

CHy PtMe? +
reagent solvent % reatn dop:di:dzds do:di:d2 N H
N _Me

1 CDsOD 20 1:17:20:32 1:1.9:1.4 z/_
TfOD 100 1:16:20:35 1:1.9:2.1 \
1 CD30OD¢ 50 1:15:21:39 1:1.8:1.8
TfOD CDsCNe 100 1:15:23:48 1:2.1:2.3

2 CDsOD 15 1:10:5:4 d /
TfOD 100 1:11:10:17  d S ﬂ \_N \X
2 CD30D¢ 25 1:15:9:7 1:1.0:0.5 X

TfOD CD3CNe 100 1:13:11:17 1:1.0:0.6

.

2 CD30D 5 1:35:6:4 1:0.2:0.1 H C T -CH,

DCI 20 1:35:13:6 1:0.8:0.4 N X
/N M

100 1:33:28:30 1:0.9:0.6 7 P N
PtMex(NN)]®  CDsOD 100 1:10:11:9 1:.0.7:0.4 H*
Ton ’ / v e ;\\\ |
Me
Pt/

a Estimated percent reaction to give methahBata for the methylplati- N B z -
num(ll) product.c Solvent mixture 3:1 CEDD:CDsCN. ¢ Overlap of peaks /N Me 7 \ H
did not allow int tion® NN = 4,4-di-tert-butyl-2,2-bipyridi Z Pt N .

id not allow integration$ = 4,4-di-tert-butyl-2,2-bipyridine. \_N/ N\ m Me

Me +
a solution obtained by reaction of compl&with triflic acid Me / cl S
\l /Me 4

in a 3:1 COD/CDsCN solvent mixture at-78 °C and then /—N
warmed to—20°C in the NMR probe. At this point about 25% Z\_ /Pt\ .
reaction to form methane had occurred; thus, the reaction Ny H

mixture contained about 25% of the products methane and VAN /:|
[PtMe(MeCN)(DPK)" (9b) and about 75% of the hydrido- / ﬂ S Pt
platinum(lV) intermediate [PtHM£MeCN)(DPK)[" (16), as a x-

mixture of isomerd 6aand16b. There was extensive deuterium ¥

incorporation into the methane product and into the methyl- /—N\"l"e Me N Me "

platinum groups of both the intermediaféa/16b and the z 7 z/_ \,lpt/ ¢

product 9b. The peaks for isotopomers containing PtCH \—N/| \H \_N/| \H

PtCHD, and PtCHD groups were resolved for each complex, X S

as shown in Figure 10, and the extent of H/D exchange increased 2 The labelsA—C denote the key mechanistic steps leading teH
during the reaction. Of course, PtgBroups and CRare also exchange (see text) when reactions are carried out in metldanol-
formed but cannot be observed in thé NMR spectrum. The

cleavage of (and HD exchange into) the remaining methyl- intermediated —IIl are directly detectable, but it is the easy
platinum bond in compleXdb was slow, and further HD exchange between them that is the key telHexchange in
exchange of the free methane did not occur. the deuterated solvent medium. The initial resting state is the

Because equilibrium and kinetic isotope effects, which have Protonated 6-coordinate platinum(lV) complex [PtHMe
not been determined, affect the-# exchange and because (NZN)] or [PtHMe;(S)(NZN)]*, each of which can exist as trans
peak overlap can make it difficult to integrate the peaks due to O Cis isomers. The greater stability of these complexes in the
the isotopomers accurately, only a qualitative interpretation of order X= Cl > CF;SO; or S= MeCN > MeOH is a function
the data in Table 2 will be given. First, it is clear in all cases ©f the ligating ability of X" or S, with the better ligands giving
that multiple deuterium incorporation into the methane and & lower steady-state concentration of the key intermediates
methylplatinum(ll) products is observed. In addition, the extent !~ Il .7191%1425The extent of deuterium incorporation into the
of deuterium incorporation increases during the reaction, Methane product depends on how much slower Etépthan
indicating that methane displacement (s@&pis the slow step the slower of steps andB. It was expected that there \_/vould
in the overall H-D exchange reaction in each cdsé4The be a dependence on the acid HX or the solvent, since the
differences in relative rates are, however, not great enough to@ssociative displacement of methane frdin is expected to
lead to complete HD equilibration in the methane product.  follow the sequence X= Cl > CR;SO; or S= CDsCN > CDs-
Table 2 also indicates that, for a given acid and solvent, the OD, but no significant effect was observed. This would be
degree of deuterium incorporation into the methane product consistent with dissociative methane loss or, in view of
follows the sequence [PtM@®PA)] > [PtMexDPK)] > convincing ewdgnce for associative (jlsplacement. in re]ated
[PtMex(bwpbpy)]. This is the same sequence as the order of complexe_é?’l“wnh alack ofdlscr_lmmatlon between incoming
stability of a given hydridoplatinum(V) complex, [PtHMYé- nucleophiles for complexes with the good leaving group
(LL)] or [PtHMex(S)(LL)]*, as described above. Finally, there Methane.
is little effect of the acid CESO;D versus DCI, or of the It is important to determine if the observed differences
presence or absence of N in the CQOD solvent in between the reactivity of the complexes with DPA, DPK, and
reactions with CESO;D, on the overall extent of deuterium  bwbipy ligands arise from electronic or steric effects. If the
incorporation, although the overall rates of reaction to give chelate ligand effect is primarily electronic, it can be understood
methane are affected greatly. The reaction of complexth in terms of the stronger donors increasing the steady-state
acids DX also led to NH/ND exchange, but this is likely to concentrations of the platinum(IV) intermediateandll over
occur independently of the exchange involving the methylplati-
e raaut (eion mechanisms has been disouseed. () Reinartz, S While, P. S

The results can be interpreted in terms of Scheme 4, which, réaction mechanisms : L S0  PoSs
for simplicity, omits the deuterium labels. In the presence of Eg‘,’(?,"ﬂi”kg"ﬁ;i,Tsek';‘,p{,evt_?”éjl'dtfe;r’gymk_clﬁ‘_eﬁm?gﬁgoml. é%fggg‘ﬁég)
acid, none of the starting material [PtMRZN)] or the key 6423. (c) Puddephatt, R. Angew. Chem., Int. EQ002 41, 261.
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the platinum(ll) intermediatéll , giving slower rates for the

nucleophilic displacement of methane. The carbonyl stretching

frequencies of the carbonyl derivatives [PtMe(CO)(LLgre
2105, 2119, and 2109 crhfor LL = DPA, DPK, bubipy,
respectivelyt® indicating that DPA is the strongest donor (as
a result of ther-donor property of the NH group) and DPK is

the weakest donor (as a result of the electron-withdrawing

Zhang et al.

= 6 Hz, py); 7.02 (t, 1H3J(HH) = 6 Hz, py); 7.13 (d, 1H3J(HH)
8 Hz, py); 7.18 (d, 1H3J(HH) = 8 Hz, py); 7.71 (td, 1H3J(HH)
= 8 Hz,4J(HH) = 2 Hz, py); 7.85 (td, 1H3J(HH) = 8 Hz,4J(HH)
= 2 Hz, py); 8.23 (dd, 1H3J(HH) = 6 Hz, 4J(HH) = 1 Hz, py);
8.38 (dd, 1H,3J(HH) = 6 Hz, 4)(HH) = 1 Hz, py); 10.66 (1H,
NH).

[PtMe(CF3S0O3)(DPA)] (4c). This compound was prepared

properties of the carbonyl group). The differences between DPA/ Similarly. Yield: 58%. Anal. Calcd for GH1FsN3O5PtS: C, 27.17;

DPK and bubipy are therefore not due to electronic effects and,

H, 2.28; N, 7.92. Found: C, 26.95; H, 2.42; N, 8.0H NMR

thus, are proposed to arise from differential steric effects, with (@cetoned): 0 0.52 (s,2)(PtH) = 77 Hz, PtMe); 7.14 (m, py);

the roughly planar bibipy promoting faster displacement of
methané®

Experimental Section

7.45)m, py); 8.08 (br, py); 8.58 )br, py); 10.26 (br, NFFE NMR
(acetonedg): 76 (s, CR).

[PtMe(DPA)(SMe,)]|CF3;CO, (8a). To a solution of complex
4b (10 mg) in acetone (2 mL) was added excess Si0el5 g).
After 10 min, the solvent was evaporated and the pale yellow solid

All reactions were carried out under nitrogen, either using Product was washed with pentane 210 mL) and dried under

Schlenk techniques or in a drybox, unless otherwise specified. NMR Vacuum. Yield: 85%.
A H 3.26; N, 7.55. Found: C, 32.03; H, 3.07; N, 7.36. NMR

spectra were recorded by using Varian Mercury 400 or INOV.
400 or 600 spectrometerdd NMR chemical shifts are reported
relative to TMS, and®F NMR chemical shifts are reported relative
to CFCk. The complexes [RMes(u-SMey),], [PtMey(DPA)] (1),
and [PtMeg(DPK)] (2) were prepared according to the literature
procedured??1

[PtIMe 3(DPA)] (3). To a solution of PtMgDPA) (89.1 mg,
0.225 mmol) in THF (5 mL) was added Mel (15:I, 0.241 mmol),

and the solution was stirred for 2 h. After 2 h, diethyl ether (30
mL) was added to precipitate the product as a white solid, which

Anal. Calcd for{@H1sF3N30,PtS: C, 32.38;

(acetoneds): 0.75 (s, 3HZJ(PtH) = 75 Hz, Pt-Me); 2.43 (s, 6H,
3J(PtH) = 59 Hz, Pt-SMe,); 7.13 (td, 1H2J(HH) = 6 Hz,4J(HH)
= 1 Hz, py); 7.18 (td, 1H3J(HH) = 6 Hz, *J(HH) = 1 Hz, py);
7.30 (d, 1H,3)J(HH) = 8 Hz, py); 7.32 (d, 1H3J(HH) = 8 Hz,
py); 7.92 (td, 1H23J(HH) = 8 Hz, 4J(HH) = 2 Hz, py); 7.95 (td,
1H, 3J(HH) = 8 Hz,4J(HH) = 2 Hz, py); 8.32 (dd, 1H3J(HH) =
6 Hz,4J(HH) = 2 Hz, py); 8.52 (dd, 1H3J(HH) = 6 Hz, “J(HH)
= 2 Hz, py); 11.96 (br, 1H, NH).

[PtHCIMe 5(DPK)] (13a/13b).To a solution of compleg (0.102

was separated, washed with ether, and dried under vacuum. Yield:9: 0-25 mmol) in CHCI; (20 mL) was added a solution of HCl in

88.3 mg, 73%. Anal. Calcd for gH;gINsPt: C, 29.01; H, 3.37;
N, 7.81. Found: C, 28.74; H, 3.29; N, 7.7 NMR (acetone-
dg): 6 0.87 (s, 3H2I(PtH) = 72 Hz, Pt-Me trans to 1); 1.24 (s,
6H, 2J(PtH) = 71 Hz, Pt-Me trans to py); 7.14 (t, 2HJ(HH) =
6 Hz, py); 7.27 (d, 2H3J(HH) = 8 Hz, py); 7.87 (td, 2H3J(HH)
= 8 Hz, 4J(HH) = 2 Hz, py); 8.75 (dd, 2H3J(PtH) = 21 Hz,
3J(HH) = 6 Hz,4)(HH) = 2 Hz, py); 9.65 (br, 1H, NH).
[PtMe(DPK)(NCMe)][BF 4] (9c). To a solution of comple@
(0.410 g, 0.1 mmol) in CECN (15 mL) was added HBH14 uL,

ether (250uL, 1.0 M, 0.25 mmol). The product precipitated as a
yellow solid, which was collected by filtration, washed with ether
(3 x 2 mL) and pentane (X% 8 mL), and dried under vacuum.
The product was isolated as a mixture of isomers. Yield: 83%.
Anal. Calcd for G3HisCIN,OPt: C, 35.02; H, 3.39; N, 6.28.
Found: C, 34.46; H, 3.09; N, 5.99H NMR (CD.Cl,): 133 o6
—20.36 (1H,%J(PtH) = 1586 Hz, PtH, trans to Cl), 1.17 (6H,
2J(PtH) = 68 Hz, 2PtMe), 7.60 (t, 2H), 8.03 (d, 2H), 8.19 (t, 2H),
9.35 (d, 2H);13b, 6 —21.00 (1H,%J(PtH) = 1392 Hz, PtH, trans

54% in ether, 0.1 mmol). The solution was stirred for 2 h, and © N), 1.01 (3H,2)(PtH) = 71 Hz, PtMe trans to CI), 1.23 (3H,

then the solvent was evaporated to give the product as a yellow
solid, which was washed with pentane (25 mL) and dried under (g' iH)'

vacuum. Yield: 86%. Anal. Calcd forH14,BF;N;OPt: C, 32.20;
H, 2.70; N, 8.05. Found: C, 31.82; H, 2.66; N, 8.6H NMR
(CDsCN): 6 0.96 (s, 3H,2)(PtH) = 76 Hz, PtMe); 2.74 (s, 3H,
4J(PtH) = 12 Hz, PtCNMe); 7.93 (t, 1H); 8.01 (t, 1H); 8.19 (d,
1H); 8.33 (d, 1H); 8.44 (t, 1H); 8.48 (t, 1H); 8.94 (d, 1&KI(HH)

= 6 Hz, 3J(PtH) = 69 Hz, PtNCH, trans to NCMe); 8.88 (d, 1H,
3J(HH) = 6 Hz, PtNCH, trans to Me).

[PtMe(DPK)(NCMe)] "CFsCO,~ (9a). This was prepared simi-
larly from complex2 and CRCO,H. Yield: 89%. Anal. Calcd for
Ci16H14F3N303Pt: C, 35.04; H, 2.57; N, 7.66. Found: C, 34.99; H,
2.48; N, 7.47. NMR in CRCN: as for9c.

[PtCIMe(DPK)] (5a). This was prepared similarly from complex
2 and HCI. Yield: 90%. Anal. Calcd for GH11CIN,OPt: C, 33.54;
H, 2.58; N, 6.52. Found: C, 34.33; H, 2.51; N, 6.3 NMR
(CD,Clp): 0 1.04 (s,2)(PtH) = 77 Hz, PtMe); 7.50 (t, 1H); 7.66
(t, 1H); 7.95 (d, 1H); 8.06 (d, 1H); 8.07 (t, 1H); 8.10 (t, 1H); 8.84
(d, 3J(HH) = 6 Hz,3J(PtH) = 67 Hz, PtNCH, trans to Cl); 9.23 (d,
3J(HH) = 5 Hz,3J(PtH) = 17 Hz, PtNCH, trans to Me}**Pt NMR
(CD.Cly): 6 514.4 ppm.

[PtMe(CF3;CO,)(DPA)] (4b). To a solution of [PtMgDPA)]
(50 mg, 0.126 mmol) in THF (5 mL) was added excess@b,H
(19.0uL, 0.247 mmol). After 30 min, pentane (30 mL) was added

to precipitate the product as a pale yellow solid, which was

2J(PtH) = 78 Hz, PtMe trans to N), 7.51 (t, 2H), 7.67 (t, 2H), 7.96
8.09 (d, 1H), 8.14 (t, 1H), 8.17 (t, 1H), 8.86 (d, 1H), 9.25

[PtHMe »(DPA)(CF3S03)] (14a/14b).To a solution of [PtMe-
(DPA)] (19 mg, 0.049 mmol) in acetord-(0.5 mL) in an NMR
tube, cooled to-78°C, was added triflic acid (4,6L, 0.051 mmol).
The tube was then placed in the precooled probe of the NMR
spectrometer at-80 °C, and'H NMR spectra were obtained at 20
°C intervals from—80 to +20 °C. At —60 °C, complex14b was
the only hydride complex observed. Compkxwas observed as
an impurity with increasing presence as the temperature was
increasedH NMR (acetoneds, —80 °C): 1l4a o —26.21 (s,
LJ(PtH) = 1774 Hz, PtH trans to O), 0.85 (FJ(PtH) = 64 Hz,
Pt—Me trans to N), 1.07 (s, 6HJ(PtH) = 63 Hz, Pt-Me trans to
N), 8.44-7.04 (m, 8H, py), 10.09 (br, 1H, NH}4b, 6 —20.15 (s,
LJ(PtH) = 1391 Hz, PtH trans to N), 0.85 (s2J(PtH) = 64 Hz,
Pt—Me trans to N), 1.22 (£J(PtH) = 80 Hz, Pt-Me trans to O),
8.44-7.04 (m, 8H, py), 10.30 (br, 1H, NH}F NMR: o 75 (s,
CRy).

At —60°C, complexl4bwas the only hydride complex present.
Above —20 °C, complex4c was the major complex present. The
resonance due to methanedétH) 0.2 grew over this temperature
range.

Other unstable hydride complexes were characterized similarly,
and data are given in Table 1.

separated, washed with pentane (5 mL), and dried under vacuum. H/D Exchange ReactionsA solution of [PtMe(DPK)] (0.01

Yield: 74%. Anal. Calcd for GzH12FsN3O-Pt: C, 31.59; H, 2.45;
N, 8.50. Found: C, 31.88; H, 2.62; N, 8.244 NMR (acetone-
de): 0 0.67 (s, 3H2J(PtH) = 77 Hz, Pt-Me); 6.86 (t, 1H 3J(HH)

mmol) in methanold; (0.5 mL) in an NMR tube was cooled to
—78 °C, and triflic acidd (5:1, 0.02 mmol) was added. Thid
NMR spectrum was recorded-aB0 °C and then at 20C intervals
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Table 3. X-ray Data for the Complexes

3 5a 6a 10 110.5thf 13aCH.Cl,
formula CiaH1gIN3sPt CioH11CIN,OPt GoHoCloN3zPt Ci3H12FsN20gPtS CoeH22FsN4010 PHLS, C14H17CIsN,OPt
fw 538.29 429.77 437.19 713.46 1126.78 530.74
T/IK 200(2) 150(2) 150(2) 150(2) 150(2) 150(2)

MA 0.71073 0.71073 0.71073 0.71073 0.71073 0.71073
space group P2:/m P2i/c P2;/n P2,212; Pnma Pnma
cell dimens
a/A 6.7464(5) 4.0239(3) 9.9704(3) 8.2846(2) 22.1033(4) 15.7153(8)
b/A 14.248(1) 19.568(1) 10.1342(3) 14.8183(4) 21.9063(3) 12.4400(5)
c/A 8.4038(6) 15.316(1) 11.7173(4) 16.5000(4) 12.9826(2) 8.7904(4)
pldeg 112.833(4) 96.298(4) 94.027(2) 90 90 90
VIA3 744.49(9) 1198.7(1) 1181.02(6) 2025.60(9) 6286.2(2) 1718.51(14)
A 2 4 4 4 8 4
DdJ/Mg m—3 2.401 2.381 2.459 2.339 2.381 2.051
w/mm1 11.484 11.911 12.306 7.240 9.125 8.630
R1( > 20(l)) 0.0327 0.0988 0.0334 0.0333 0.0485 0.0473
wWR2 (I > 20(1)) 0.0569 0.2624 0.0606 0.0726 0.1147 0.1105

as it was warmed to room temperature. Other experiments were Acknowledgment. We thank the NSERC (Canada) for
run in a similar way, with products identified by their NMR spectra, financial support and for a scholarship to E.M.P. R.J.P. thanks
and deuterium incorporation was estimated from the peak intensitiesthe government of Canada for a Canada Research Chair.

in the methylplatinum or methane regions.

X-ray Structure Determinations. A suitable crystal was
mounted on a glass fiber, and data were collected by using a Nonius
Kappa-CCD diffractometer. Details of the data collections and
structure refinements are given in Table 3. Solution and refinement
of the structures was carried out by using the SHELXTL version
5.1 (G. M. Sheldrick) suite of programs. OMO050982M

Supporting Information Available: X-ray crystallographic data
as a CIF file for the structure determination of compl2x
This material is available free of charge via the Internet at
http://pubs.acs.org.



