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C—0O Coupling of LPt"VMe(OH)X Complexes in Water (X = 180H,
OH, OMe; L = di(2-pyridyl)methane sulfonate)
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The C-0O reductive elimination from LP4AMe(OH), (1, Me = CHjz; 1-d3, Me = CDs; L = di(2-
pyridyl)methanesulfonate) leading to methanol, dimethyl ether, ant{QPt).,BF, (3) was studied in
acidic solutions (60 and 120 mM HBFin H,O and H0 at 80°C. In *¥0-labeled water a mixture of
two isotopologous methanols, M®H and Me&®OH, formed in 1:1 to 5:1 ratios. At a given acidity and
a~10% conversion ofl-d; the Me'®OH/Me'®OH ratio was inversely proportional to the concentration

of the complex1-d; (29—120 mM). ESI-MS study

showed that a sId¥#D/%0 exchange in hydroxo

ligands of complexeg and1-d; occurred that led to higher M®H/Me'®OH ratios by the end of the
reaction. Similarly, a moné80-labeled complex1-'80, reacted in H®O in the presence of HBRo
form a mixture of M&0OH and Mé80H. A number of intermediates of-@0 elimination from1 in
acidic aqueous solution were identified, prepared independently, and characterized by NMR, X-ray
diffraction, and elemental analysis: LI'¥Ne(OH)(OMe) @), symLPtVMe(OMe) (5), and isomeric
dinuclear heterovalent cationic complexes [¥Rte(u-OH),Pt'L]BF, (cis- andtrans6). It was shown
that an isomer ofl, methoxo platinum(lV) complet3, hydrolyzed in acidic K80 solution to produce
Me'®0OH isotopologue exclusively. Kinetic studies established thaDCelimination from1 was first
order in1; it was catalyzed by acids and by one of the reaction products, corfiplexthe latter case
reversible formation of intermediat&soccurred. A suggested reaction mechanism for the formation of
Me'®OH from 1 in H,'0 solutions involves a bimolecular nucleophilic attack of a hydroxo ligant of

or 4 at the electrophilic carbon atom of the methyl

group in the cationic spéédie’s (complex2) or 6,

leading to non®O-labeled intermediatekor 5, respectively. Subsequent hydrolysis of these intermediates
in H»'®0 solution leads to Pt—1%0OMe bond cleavage and formation of M@H. Similarly, a bimolecular

nucleophilic attack of a methoxo ligand dfor 5 at
leads to intermediate dimethyl ethetVPtomplexes?

the electrophilic carbon atom of compl&xor 6
and/or8. These intermediates are responsible for

the formation of dimethyl ether. The-€ coupling of4 leading to dimethyl ether, methanol, and transient
complex5 was studied in neutral and acidic aqueous solutions. ThgOM&eOH ratio was found to
increase with decreasing ffHand increasing concentration of

Introduction

C—0 reductive coupling reactions mediated by late transition
metal complexes play an important role in homogeneous
catalysist In particular, C(sp)—O reductive coupling at aéd
PtV center is involved in Shilov-type chemistry relevant to
catalytic methane functionalizati@n? C—O coupling of alkoxo
iridium(l) carbonyls with methyl and acyl halides to produce
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esters was proposed to proceed A#tl intermediate§Highly
regioselective Plcatalyzed oxidative aminoacetoxylation of
olefins was shown to include a-@ coupling step at a Pd
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recently to be operative folfdPdY derivatives as well? Despite
these significant efforts and a growing number of synthetic
applications'%!1not much yet is known about the mechanisms
of C—0O coupling of transition metal complexes. Elimination
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methane functionalization was considered to proceed by nu-
cleophilic attack at the C(Spatom attached to the '®tcenter,
with water®4 AcO~, or ArO™ acting as a nucleophifeOur
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1) in alkaline aqueous solutions (eqt3Lagreed well with the
Sn2 mechanism involving strongly nucleophilic OH

LPtYMe(OH), + OH™ — MeOH + LPt'(OH),”
1

@

At the same time, it may be important to explore mechanisms

of C—0 coupling inacidic media that are widely used in the
Shilov-type chemistry:7 In the simplest scenario, water or
another suitable solvent might be the major nucleophile involved
in an acid-catalyzed §2-type reaction with the electrophilic
substrate2 produced upon protonation df(eq 2).

K
LPtYMe(OH), + H" == LPtYMe(OH),-H"
1 2

)
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solvent such as $0. The reaction in Scheme 2, which involves
the solvent as a nucleophile, would produce &D-labeled
methanol, M&OH, whereas the reaction in Scheme 3, which
does not involve the solvent as a nucleophile, would give the
unlabeled product MEOH.

In this work we report the results of our mechanistic studies
of C—O reductive elimination from compleX in acidic

In the case of aqueous solutions such a nUCIeOpth attacksolu“ons of Hlao or Hzlﬁo Remarkably we found that when
(Scheme 2) would lead to the formation of methanol (Scheme reaction 3 was set up in 98% enrichegti®d, two isotopologous

2, eq3)
LPtYMe(OH), + H* + H,0 — MeOH+ LP'(OH,),” (3)
) 3

However, nucleophilic substitution at the methyl carbon of
2 may not be the only possible pathway for-O elimination.
Recently a C(sP—I reductive elimination from anothef dnetal
center, RH, was reported as unlikely to proceed via ai2S
attack of iodide anion formed upon dissociation of the starting
Rh" iodo complext* An intramoleculat® mechanism was also
suggested for the C(8§p-O coupling of diaryl carboxylato
palladium(lV) derivative¥ and for the C(sp—I coupling of
diaryl PtV X, diphosphine complexes (% |, Br).16 On the basis
of these reports, we also consideregdramolecular C—O
coupling as an alternative path of methanol elimination from
complex2 (Scheme 3).

A possible way to distinguish between the two mechanisms

presented in Schemes 2 and 3 is by using an isotopically IabeledW
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methanols, MEOH and Me&®0H, formed in comparable
amounts. This observation suggested that at least two different
mechanisms of methanol elimination were operative. In addition
to methanol, noticeable amounts of dimethyl ether were found

(eq 4):

2LPtYMe(OH),-H* + H,0 — Me,0 + 2LPt'(OH,),” (4)
2 3

A number of intermediates from reactions 3 and 4, such as
complexes4 and5 and isomeric dinuclear heterovalent com-
plexescis- andtrans-6 (Scheme 4), were detected By NMR
and electrospray ionization mass spectrometry (ESI-MS). These
complexes were prepared independently in analytically pure
form and characterized by NMR spectroscopy and, in most
cases, by X-ray diffraction.

Our analysis of the reactivity of and 4—6 and a kinetic
analysis of reaction 3 showed that formation of ‘R@H in
eakly acidic (pH> 1) H,'®O solutions and formation of
dimethyl ether as well as mono4)(and dimethoxog) MePtV
intermediates resulted from a nucleophititermolecularC—0O
coupling of2 and1, 4, or5 (Schemes 57). The coupling was
possible because of a relatively low basicity and relatively high
nucleophilicity of these complexes that allowed for a significant
fraction of 1 to be present in its acidic solutions along with its
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protonated forn2 at [H*] = 60—120 mM (eq 2). The €0
coupling reactions shown in Schemes/Aoccurred concurrently
with the expected & reaction between water and compl&x
(Scheme 2). Notably, an electrophilic activation Iofoward
nucleophilic attacks could be achieved not only by protonation
but also by formation of cationic isomeric dinuclear heterovalent
complexess (Scheme 4) as a result of a reversible aqua ligand
exchange at the Picenter of3 (Scheme 8). A report on this
aqueous organoplatinum chemistry relevant to aerobie e
bond cleavage leading to methalidk presented below.

Results

Preparation of LPt"YCH3(*80OH)(OH), 1-180. Complex
1-180 containing art®O-label in one of the equatorial hydroxo
ligands (Scheme 9) was synthesized via a multistep reaction
sequence given in Scheme 10, which is similar to that used for
the parent comple%.13 First, a water-solublé®O-labeled aqua

Khusnutdiaet al.

Scheme 11
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methyl platinum(ll) complex,9-180, LPt'Me(*80H,), was
prepared in virtually quantitative yield by dissolving dimethyl
hydride 10, LPtVMe,H, in H,'80 at 40-45 °C (eq 5):

LPtYMe,H + H,*0 — MeH + LPt'Me(**OH,)  (5)
10 9_180

Complex 9-180 was used without isolation for subsequent
oxidation under an oxygen atmosphere. The reaction produced
cleanly, according tdH NMR, unsymmetricall-1%0 (eq 6,
Scheme 10):

2LPt'Me(**0OH,) + 0, — 2 unsymLPt"Me(**OH)(OH)
9-%0 unsym1-**0
(6)

According to ESI-MS analysis, after 5 h all of the L8Hs(8-
OH,) complex had reacted to form a singly labeletbyrmLPtV -
Me(*8OH)(OH) complex. The unsymmetrica80 was isomer-
ized to the target symmetricat80 containing an axial methyl
group and two equatorial hydroxo ligands at@in a dilute
aqueous solution. The mixture was filtered to remove a small
amount of a precipitate characterized as compl&xL,Pt',-
(u-OH),,12 which formed according to eq 780 labels are
omitted for clarity):

4LPtYMe(OH), — 2LPtYMe(OMe)(OH)+
1 4
L,Pt',(u-OH), + 2H,0 (7)
11

Trace amounts of comple (2—5%) could be seen itH
NMR spectra of the resulting solution when isomerization was
carried out at concentrations df higher than 5 mM. Upon
removal of the solvent under vacuum at room temperatu+é&)
was isolated in 96% yield, pure accordingkbNMR. To obtain
complex 1-180 in a pure form, it is critical to carry out the
thermal isomerization of LPtMe(OH), in dilute solutions.

Preparation of LPt"VCD3(OH),, 1-d;. The symmetrical
complex1-ds containing a completely deuterated methyl ligand
was synthesized according to Scheme 11 in a manner similar
to that described above fdr!O.

Theds-labeled aqua methyl platinum(ll) compl&ds, LPt'-
CD3(0ODy), was prepared in virtually quantitative yield by
dissolving dimethyl hydridel0 in D,O at 40-45 °C (eq 8):

LPY(CHj),H + 8D,0 — CD, + LPt'CD,(OD,) + 7HOD
1 9-ds
(8)

Complete H/D exchange in the Pt-bound methyl groups
preceded the €D reductive elimination of methane as estab-
lished in an earlier repotf. Aerobic oxidation of the resulting
9-ds was performed in regular water. The reaction produced
cleanly, according t8H NMR, the unsymmetricall-ds; (eq 9,
Scheme 11):

(17) Vedernikov, A. N.; Fettinger, J. C.; Mohr, B. Am. Chem. Soc.
2004 126, 11160.
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2LPt'CD4(OH,) + O, — 2 unsymLPt"CD,(OH), (9)
9-d, unsymi-d,

An ESI-MS analysis of the reaction mixture diluted with®H
showed that afte5 h all LP#CD3(OH,) complex had reacted
and the deuterium-labeled complex M@D3(OH), formed.
Upon removal of the solvent under vacuum at room temperature,
the residue was dissolved in a large volume of distilled water
and isomerized at 98C. After 3 h, according t8H NMR, the
unsymmetrical dihydroxo Ptcomplex had transformed to the
symmetrical isomer LPCD3(OH),. Upon filtration of the
mixture, the solvent was removed under vacuum at room
temperature to produce symmetricabs in 87% yield, pure
according to'H NMR.

Preparation and Characterization of Isomeric LPt"V Me-
(OMe)(OH), 4 and 13. Complex 4 was prepared using a
multistep reaction sequence shown in Scheme 12 in a manne
similar to that for complexe4-d; and 1-180. The difference
was that methanol was used as a solvent to preparéMeRt
(MeOH), 12, a methanol analogue of the aqua compefeq
10):

LPtYMe,H + MeOH— MeH + LPt'Me(MeOH)

12
10 (10)

Complex12 formed quantitatively and was pure according
to 'H NMR.

Complex 13. (a) Synthesis and CharacterizatiorOxidation
of 12to produce the Pt methoxo hydroxo methyl comple3
with equatorial methoxo and methyl ligands was performed in
methanol without isolation 0f2 (eq 11):

2LPt'Me(MeOH)+ O, — 2LPtYMe(OMe)(OH)
12 13

(11)

The reaction was complete afté h atroom temperature,
according to'H NMR, and yielded the single reaction product
LPtVMe(OMe)(OH), 13, as a pale yellow precipitate. The
compound was isolated by filtration in 75% yield in an
analytically pure form. ItdH NMR spectra in DO exhibited a
singlet of the methyl ligand at 2.44 ppm with two platinum-
195 satellites an@ligspiy= 67 Hz. Two platinum-195 satellites
were seen near the signal of the methoxo ligand at 28656
= 23 Hz). The dpms ligand in3 produced eight multiplets
integrating as 1H each and one singlet of the CH bridge at 6.67
ppm.

(b) Structure. X-ray quality crystals ofl3were obtained by
slow vapor diffusion of diethyl ether into a saturated solution
of 13in a MeOH-H,0O mixture containing 0.5 equiv of HBF
added to increase solubility df3. The structure (Figure 1la;
Table 1) was shown to have two enantiomeric hydrogen-bonded
moieties of13 and a methanol molecule in a unit cell. Both
enantiomers ol3 had practically identical geometrical param-
eters. The configuration at the platinum(IV) atom was slightly
distorted octahedral with methoxo and methyl ligands in the
equatorial plane defined as the plane of the platinum and two
nitrogen atoms of the dpms ligand. The PN1 bond length,
2.156 A, trans to the methyl ligand, was significantly longer
than the Pt+N2 bond, 2.052 A, which waisansto the methoxo
ligand.

Complex 4.(a) Synthesis and CharacterizationComplexes
4 and 13 turned out to be hydrolytically unstable in aqueous
solutions and slowly produced complé&xor unsyml, respec-
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O
(a)
Figure 1. ORTEP drawings of comple43 (a) and one of the
isomeric moieties4 (b) present ind,-HBF,;, 50% probability
ellipsoids. Selected bond distances, A, and angles, deg, for complex
13 Pt1-01, 2.101; Pt+ 04, 1.977; Pt 06, 1.952; Pt N1,
2.156; Pt+N2, 2.052; Pt+C2, 2.099; O+Pt1-N1, 89.57; Ot
Pt1—N2, 89.28; Ot-Pt1-04, 95.15; O1+Ptl-C2, 89.92; Nt
Pt1—-N2, 86.99; N2-Pt1—-C2, 93.65; N1-Pt1-04, 90.31; Ot
Pt1-06, 178.39. For moiety: Pt2—03, 1.982; Pt204, 1.990;
Pt2-021, 2.220; Pt2N21, 2.040; Pt2N22, 2.020; Pt2C5,
12.025; 021-Pt2—N22, 91.76; O2+Pt2—N21, 84.54; O21-Pt2—

04, 96.18; 02+Pt2-03, 87.62; N21+-Pt2-N22, 89.99; N2t
Pt1-03, 90.31; N22-Pt2—04, 90.08; 02%+Pt2-C5, 176.51.

Scheme 12
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tively, and methanol already at room temperature (see, for
instance, eq 12):

LPtYMe(OH)(OMe)+ H,O —
4

LPtYMe(OH), + MeOH (12)
1

Because of the hydrolytic instability, subsequent isomerization
of 13, having the equatorial PtMe group, to comptgxeaturing
the axial PtMe, was performed in refluxing acetone. The poorly
soluble reaction produdtwas filtered off after 48 h and washed
with hot acetone. An analytically pure yellowish complex was
obtained in 66% yield after drying under high vacuum. Similar
to its isomeric complexd 3, 4 exhibited in its'"H NMR spectra
in agueous solutions a singlet at 2.58 ppm with two platinum-
195 satellites3J1gspi = 77 Hz), corresponding to the methyl
ligand. Two platinum-195 satellites belonging to the methoxo
ligand were seen near the signal at 3.08 ppgtoép = 28
Hz). The dpms ligand id produced eight multiplets, integrating
as 1H each, and one singlet assigned to the CH bridge at 6.53
ppm. A carbon-13 NMR spectrum &f in DO showed the
presence of a signal of the PtMe group at 12.5 ppiad =
641 Hz), a signal of the PtOMe group at 56.0 ppidpe = 14
Hz), and 10 signals originating from the CH bridge and two
pyridine rings, one of the signals integrating as 2C, consistent
with the assignedC; symmetric structure. ESI-MS of in
methanol acidified with one drop of HBFshowed a signal
expected for a protonatetl

(b) Structure. Comparison with 13. X-ray quality crystals
of the salt 4,HBF; were produced by layering saturated
methanolic solution oft containing 0.5 equiv of HBFwith an
equal volume of benzene. The structure (Figure 1b; Table 1)
was shown to have two noninteracting enantiomeric fragments
of 4. On average, one of the two fragments was protonated on
the oxygen of the hydroxo ligand. Bond lengths in the protonated
and nonprotonated fragments differed by up to 0.02 A. The
platinum atom had a slightly distorted octahedral geometry with
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Table 1. Crystal Structure Data and Structure Refinement for Complexes 4HBF,, 13, andcis-6

4»HBF4 13 cis-6

formula Go7.62H39 58BFaN4O11. 622 1S, C14H20N206PtS [G3H23N40P LS| (BF4) 6H,0
fw 1154.74 539.47 1132.66
cryst syst triclinic monoclinic triclinic
space group P1 P2,/c P1
a(R) 11.1100(16) 8.457(3) 11.3558(10)
b (R) 11.5756(17) A 24.941(9) 11.5175(10)
c(A) 15.568(2) A 8.718(3) 15.3258(14)
a (deg) 99.996(3) 90 111.3060(10)
B (deg) 100.958(3) 107.501(6) 106.321(2)
y (deg) 109.545(2) 90 96.637(2)
z 2 4 2
density, calc (g/cr) 2.142 2.043 2.164
abs coeff (mm?) 8.006 8.152 8.249
F(000) 1111%e 10407e 1084e
cryst size (mm) 0.12x 0.07x 0.06 0.095x 0.085x 0.045 0.275< 0.175x 0.032
cryst habit colorless prism colorless prism colorless prism
0 range (deg) 2.57 10 25.00 2.531t0 25.00 2.681t0 25.00
index ranges —13=<h=<13 —10=h=<9 —13=<h=<12

—13=< k=13 —29=<k=29 —13=<k=12

—18=<1=<18 —10=1=10 0=<1=<18
no. of refins collected 18131 8399 6752
no. of indep refins 6046 3072 6759
no. of obs refins 4490 2455 5494
final Rindices Ry, | > 20(1) 0.0321 0.0359 0.0514

wRy, all data 0.0712 0.0787 0.1282

Rint 0.0312 0.0344 0.0000

Rsig 0.0499 0.0428 0.0265

Scheme 13 Isomerization ofunsymb to sym5 was achieved by heating
0 a solution ofunsymb5 in methanol at 80C for 6 h. The isolated
g __Me Me,0, _Me 80°C/6h @i __OMe yield of the analytically pure complexwas 46%. ThéH NMR
—P~(MeOH) We0H ~~OMe ‘wmeoh /| ~~OMe spectrum oSymb5 in D,O exhibited the presence of a signal of

OMe Me

the PtMe group at 2.50 ppm with two platinum-195 satellites

(3J195pt = 77 Hz) integrating as 3H, a signal of the methoxo
ligands at 3.08 ppm with the platinum-195 satellitésdspi=
27 Hz) integrating as 6H, a singlet of the dpms CH bridge at
6.50 ppm (1H), and four multiplets of the dpms pyridine rings
integrating as 2H each, consistent with the expectad
symmetric structure. According to ESI-MS, aqueous solutions
of symb showed a signal expected for protonatgainb.
Preparation of Isomeric [LPt"Y Me(u-OH),Pt" L]BF 4, cis-
and trans-6. (a) Synthesis and Characterizationlsomeric
cationic complexesis- andtrans6, [LPtVMe(u-OH),Pt'L]BF 4
(Scheme 4), were prepared by mixing an aqueous solution of
LPtVMe(OH), and a HBR-acidified solution of [LPt(OH,)2]-
BF413 (eq 14, Scheme 8):

12 unsym-5 sym-5

the hydroxo and the methoxo ligands in the equatorial and the
methyl group in the axial position. Remarkably, in spite of the
positive charge delocalization between two moietied of 4,-

H*, the length of the PtO bond including the sulfonate group
oxygen atom was much longer in the moiety2.220 versus
2.101 Ain13. The difference was due to a much strongans
influence of the methyl ligand as compared totif@asinfluence

of the hydroxo ligand, bottransto the sulfonate it and13,
respectively.

Preparation and Characterization of Isomeric LPt"V Me-
(OMe),, sym5 and unsymb. Dimethoxo hydroxo methyl
platinum(lV) complexsym5 was synthesized using a two-step Ke
procedure as shown in Scheme 13. First, methanol methyl LPINME(OH)2 + LP‘L“(OHZ)Z+ =
platinum(ll) complex12 was oxidized by dimethylperoxide to 1 3

produce the unsymmetrical isomemnsym5 (eq 13): LPtYMe(u-OH),Pt'L" + 2H,0 (14)

cis- andtrans-6
LPt'Me(MeOH)+ Me,O, — LPtYMe(OMe), + MeOH

12 unNSym5 The mixture was heated at 9& for a short time, cooled to

(13) room temperature, and left for 1 week. Isomeric complexes
[LPtVMe(u-OH),Pt'L]BF, crystallized from the reaction mix-
ture as colorless crystals that were collected, washed with water,
and used for thermal isomerizationgpm5 in methanol solution and dried. The isolated yield of an analytically pure product
without isolation. A'TH NMR spectrum ofinsymb5 in methanol containingcis- andtrans-6 in a 3:1 ratio was 41%. Depending
showed the presence of three signals of equal intensity integrat-on the crystallization conditions, sol@is-6 could be produced
ing as 3H and originating from the PtMe group (2.40 ppm, in a more isomerically pure form. According t6l NMR, both
2J195pth= 70 Hz), two methoxo ligands at 2.68)(gspi= 55 isomeric complexe8 produced similar sets of signals in aqueous
Hz) and 2.89 ppm3Q;9sptn = 25 Hz), along with a singlet of  solutions. In particular, the signal originating from the PtMe
the dpms ligand CH bridge at 6.51 ppm and a set of eight group appeared at 3.56 ppid{ospiy= 64 Hz) for thecis and
partially overlapping multiplets, all integrating as 1H, typical at 3.38 ppm for thdrans isomer. Two singlets of two dpms
for C; symmetric dpms complexes. A carbon-13 NMR spectrum CH bridges integrating as 1H each and eight partially overlap-
of unsymb was consistent with the assigned configuration of a ping multiplets of the dpms pyridyl groups integrating as 2H
low symmetry. each were also observed. According to ESI-MS, aqueous

The resultingunsym5 was characterized by and'3C NMR
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Figure 2. ORTEP drawings of cationic complegis-6, 50%
probability ellipsoids. Selected bond distances, A: FiL, 2.085;
Pt1-02, 2.041; Pt201, 2.019; Pt202, 2.029; Pt+Pt2, 3.076;
Pt2—C3, 2.033; Pt2021, 2.221.

solutions of 6 produced peaks expected for [LMMe(u-
OH)PtIL] .

When dissolved in wate formed complexed and 3 and
a poorly water-soluble dinuclear speciegPk(u-OH),.13 The
half-life for disappearance @& was 11 h at 22C.

In the presence of 60 mM HBF6 produced complexe$
and3 with a half-life o 9 h at 22°C. Methanol and intermediate
4 (traces) formed upon heating of acidic solutions.

(b) Structure. X-ray quality crystals otis-6 were prepared
by a slow crystallization from a reaction mixture. The structure
(Figure 2, Table 1) was shown to have two platinum atoms at
a distance of 3.076 A, one platinum atom in a square-planar
and another platinum atom in an octahedral environment. Both
platinum atoms, two bridging oxygens, and four nitrogen atoms
of two dpms ligands are located in one plane. Two sulfonate
groups are above the plane; hence the tecid’ was used to
designate this isomer. The lengths of-E, Pt-N, and P+ C
bonds around the Ptcenter are almost the same as in complex
4; for instance, the Pisulfonate oxygen bond was 2.221 A long.

Kinetic Studies of Reaction between 1 and kD in Acidic
Solutions.(a) Reaction 3 BalanceComplex1 reacted in clear,
acidic, aqueous solutions at 280 °C to ultimately produce
methanol, comple8!3 (eq 3), and dimethyl ether (eq 4). The
fraction of dimethyl ether depended on the concentratiof of
and the acidity of the reaction mixture, and it never exceed
5—7%. By the end of the reaction, methanol {35% yield)
and dimethyl ether (57%) were the only organic products
formed in virtually quantitative combined yield. Formation of
methanol and Mg was confirmed by ESI-MS and Bid NMR
spectroscopy. The methanol peak appeared at3% ppm
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Figure 3. Concentration of components of a reaction mixture
composed by 41 mM complek and DO in the presence of 60
mM of HBF,, 80 °C, as a function of reaction timel (filled
circles), MeOH (empty circles), M® (empty triangles)3 (empty
squares)4 (filled triangles), two isomeric complex&gdiamonds),
and>5 (filled squares).
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Figure 4. First-order kinetic plots of reaction between complex
and DO at [HBF] = 60 mM and 80°C; C, andC are initial and
current concentrations df

originating from the MePY fragment ofl and all dpms ligands
also having their origin in compled was calculated. The
combined concentrations of methanol, complExisomeric

depending on the acidity of solution, and the ESI mass spectracomplexes6, doubled concentrations of dimethyl ether and

showed the peak of the GHOH," ion with nv/z = 33.03176.
When methanol was present at concentrations well below 1 mM,
this peak was weak and could interfere with a signal of
adventitious®O,H™ (calcmvz = 32.99765). When this was the

complex 4, each bearing two methyl groups, and a tripled
concentration ob incorporating three methyls remained constant
at 41+ 2 mM up to a 95% conversion of compléxSimilarly,
the combined concentration of complexgs3, 4, and5 and a

case, the peak could not be integrated accurately. Dimethyl etherdoubled concentration of isomeric dinuclear complexXes

produced atH NMR signal at 3.2-3.4 ppm, always slightly

remained constant, 4t 2 mM, for the same period of time.

upfield shifted compared to the methanol peak. ESI mass spectra (b) Effect of Reactants’ Concentration, [H"] and [Pt'V],

of Me;O showed a signal atrt+-H")/z = 47.042.
Besides the products of reactions 3 and 4, formation of
intermediategt and5 and isomeric complexe&was observed

on the Rate of Disappearance of Complex 1A kinetic study
of reaction 3 was carried out in 60 and 120 mM HB®Blutions
in D,O at 80°C with the initial concentration of complek,

in the beginning of the reaction. These intermediates persistedCop, ranging from 4.6 to 40.8 mM.
at the middle stages and eventually disappeared when the Good linear plots of INCy/C) versus time were obtained for

reaction was complete. Figure 3 shows the concentration
dependence of complexés3, 4, 5, 6, methanol, and Mg on
reaction time for a 41 mM solution dfin 60 mM HBF; at 80
°C. Assuming that equilibrium 2 is very fast on the NMR time
scale, the concentration of complédxdetermined by NMR
integration represented the total concentration of fread its
protonated form, compleg.

Considering methanol, dimethyl ethdr, 3, 4, 5, and6 as
the major species involved in the reaction of compléx acidic
aqueous solutions (Figure 3), the balance of all methyl groups

[HBF,4] = 60 and 120 mM (Figure 4), suggesting that reaction
3 was first-order in complek. Corresponding pseudo-first-order
rate constants,ps were found to be dependent on tinéial
concentration of compleg, [Pt]p (Table 2).

The pseudo-first-order rate constants for the formation of
methanolkops meon Were independent of [Rt)6.0 £ 0.2) x
104 s for [H*] = 120 mM and (3.7+ 0.1) x 104 s7* for
[H*] = 60 mM.

(c) Effect of Additives of Complex 3 and MeOH on the
Rate of Disappearance of Complex 1Kinetic experiments
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Figure 5. First-order kinetic plot for (i) reaction of 7.48 mMin 0 10 20 30 40 50
D20 (filled circles), (ii) reaction of 7.63 mML in DzO in the Figure 6. Kinetic plot of formation of methanol in a reaction
presence of 7.48 m\8 (empty circles); (iii) reaction of 7.44 mM  petween a 7.48 mM solution df and DO (filled circles) and a
6in D20 (filled squares). In all experiments [H@F~= 60 mM and reaction between a 7.63 mM solutionbind DO in the presence

temperature is 80C. Cy is the initial concentration of measured of 7.48 mM3 (empty circles); [HBE] = 60 mM and 8C0°C; Cyeon
before addition of3 (experiment i or ii) or initial concentration of  andC are the final and current concentrations of MeOH.
1 expected as a result of complete dissociatiof o$ed instead of

1 and 3 in experiment iii.C is the current concentration dfas 5
determined byH NMR integration of the PtMe signal df. a5 | N3
<)

Table 2. Observed Pseudo-First-Order Rate Constants of 2 o 8 o
Disappearance of Complex 1ko,s, Measured at Various 4- = e © o ® e
Initial Concentrations, [Pt] o, and HBF4 Additive; 80 °C o) ® o ° o

351 = o
[H*] =60 mM [HY] =120 mM g .
[Ptlo, mM Kobs x 10%, 571 [Ptlo, mM Kobs x 10%, 571 e o
4.56 4.10+0.15 5.01 7.69: 0.31 25- 2 o
7.48 453+ 0.15 9.88 8.18t 0.36 4 ®
9.88 4.92+ 0.07 20.8 9.6 0.49 2 -
20.5 6.99+ 0.19 28.4 10.5% 0.38 8
29.2 8.52+ 0.37 40.0 12.3%0.79 1.5 - time, min
40.8 10.63£ 0.23
1 ‘ ‘ ; ‘ ;
performed with acidic aqueous solutions of compleshowed 0 10 20 30 40 50 60

that both the rate of disappearance.@ind the rate of formation ~ Figure 7. Formation of intermediatd in a 8.8 mM solution of
of methanol could be accelerated by reaction 3 product, complexcomplexlin DzO in the absence (filled circles) and in the presence
3, and remained unaltered by methanol additives. of 50 mM MeOH (empty circles) at 80C; [HBF,] = 60 mM.

A 7.48 mM solution ofl was reacted with 60 mM HBFN ) . )
D,0 at 80°C (eq 3). The reaction followed first-order kinetics Same time, methanol formed faster in a 1:1 mixturé ahds3,
with the observed rate constakis = (4.53 + 0.05) x 1074 with the observed pseudo-ﬂrst-prder rate constam veoH =
s~1 (Figure 5, lower line). When the reaction was complete, a (3-704 0.27) x 107 s™* (upper line, Figure 6). Pure complex
small sample of the resulting solution 8fwas diluted 100- 1 produced methanol at 8T with the observed pseudo-first-
fold with regular water. An ESI mass spectrum of the dilute Order rate constambps meon= (2.74- 0.09) x 10™*s™* (lower
solution showed one mass envelope of a platinum-containing line. Figure 6):
complex that corresponded td%®Pt(OH,), ™.

A sample of solidl was combined with a 7.48 mM solution d[MeOH _ k. PtY]
of 3 above in 60 mM HBEin D,O at room temperature so that dt bsMeOH
the resulting mixture contained 7.48 m8land 7.63 mML1.
Heating the mixture at 80C led to very fast consumption of In order to establish the effect of another reaction 3 product,

some part ofl in the first few minutes (time<5 min, Figure methanol, on the rate of disappearancé,ain experiment was

5). An ESI-MS analysis evidenced formation of compleges set up where an 8.8 mM solution of compléxeacted with

(eq 14, Scheme 4). The plot of [B4/C) versus time was D,0 at 80°C in the presence of 50 mM methanol. Thus, the

practically linear after 5 min (Figure 5, upper line), with the initial concentration of MeOH exceeded more than 5-fold the

observed pseudo-first-order rate constapt = (5.82+ 0.30) concentration of methanol expected in this system upon comple-

x 1074 s, tion of reaction 3. The experiment showed the rate of disap-
When instead of a mixture of 7.63 mi¥ and 7.48 mM3 pearance of of (4.554 0.23) x 1074 s~ Virtually the same

(Figure 5, upper line, empty circles) a 7.44 mM solution of reaction rate was observed in the absence of methanol additives

isomeric complexe$ was used, an undistinguishable kinetic (4.604 0.15) x 10~ s™1. No change in the rate of formation

plot was observed (Figure 5, upper line, filled squares). of methoxo compleX was seen in the presence of the methanol
In contrast to the effect of complékadditives on thenitial additive (Figure 7).
rate of disappearance df(Figure 5), formation of methanol (d) Isotopic Labeling Experiments. (i) Reaction of Com-

was first-order inl for the whole period of reaction. At the plexes 1 and 1d; with H 0. A reaction between 38 mM
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Table 3. Ratio of Isotopologous Alcohols, Ckf8OH/
CH3'%0H, Established by ESI-MS as a Function of Reaction
Time; 63 mM HBF,4 and 38 mM 1 in 98% Enriched H,80

at 80°C
time, min
12 25 40 70
CH3'80H/CHz!%0H 1.7 2.1 2.4 2.4

Table 4. CD;%0OH/CD3!%0H Ratio at the Early Stages of
Reaction between 1d; and 120 mM [HBF,] in H 180
Solution at 80 °C, as Established by ESI-MS at Various
Concentration of Complex 1

[Pt], mM
29 39 60 120
CDs'®0H/CD;%0H 4.8 2.7 2.2 1.2
[Pt](CD380OH/CDs60H) 140 110 130 140

and 63 mM HBFR in 98% enriched K80 at 80°C resulted in
the formation oftwo isotopologous alcohols, M&H (eq 15)
and Mé®OH (eq 16):

LPtYMe(**OH), + H" + 3H,"°0 —
1

LPt'(**OH,)," + Me'®0H + 2H,%0 (15)

LPtYMe(*®OH), + H" + 2H,"*0 —
1

LPt'(**OH,)," + Me'®OH + H,0 (16)

The ratio of the major products, N®H/Me®OH, as

established by ESI mass spectrometry, was 1.7/1 in the

beginning of the reaction (12 min, 13% conversionlpfsee

Table 3) and steadily increased over time, reaching 2.4/1 when
the reaction was almost complete (70 min, 95% conversion).

According to ESI-MS, signals belonging to I'ile(OMe)-
OHz", LPtYMe(OMe)H™, and LP¥Me(u-OH),Pt'L* grew

over time, passed a maximum, and then diminished and
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Figure 8. Relative concentrations of isotopologous complexes
LPtVMe(*8OH),(**0OH),—n, n = 0 (filled circles), 1 (filled squares),

2 (empty diamonds), given as a fraction of the initial concentration
of complex1 (38 mM), determined by ESI-MS as a function of
the reaction time at 80C and [H"] = 63 mM.
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Scheme 14
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CH3%0H and 60 mM HBE in H,'80 exposed to 80C for 3
h had no detectable amounts of ¢#DH.

In contrast, ESI-MS monitoring of a 38 mM solution bf
and 63 mM HBRE in H»80 showed that a slow®0/80O
exchange took place at 8C and botHl-180 (eq 17) andL-1%0,
(eq 18) formed (Scheme 14, Figure 8).

LPtYMe(*°OH), + H,"®*0 —
1
LPtYMe(**OH)(*°OH) + H,'®0 (17)
1-*0

disappeared. No peaks of comparable intensity were seen for

180-isotopologous compounds, such as'YAe(OMe)8OH,™,
LPtYMe(OMe){8OMe)H", and LPY Me(u-180H)(u-OH)Pt'L T,
up to at least 80% conversion &f

Similar ESI-MS experiments were performed with the

deuterium-labeled complex L''P€D3(OH),, 1-d3, and 120 mM
HBF, in H,'80. Concentration of complekd; was varied from

29 to 120 mM. Peaks derived from isotopologous methanols,

CD3OH," with m/z = 36.05256 CR'°OH," and C3'®OH,"

with m/z = 38.05686, did not interfere with a peak of
adventitious GH™ (calc m/z = 32.99765), so that the ratio of

LPtYMe(**OH)(*°OH) + H,'*0 —
1-*%0
LPtYMe(**OH), + 1,0 (18)

At 75% conversion of LP{Me(OH),, which was observed
after 25 min of the reaction, ca. 40% of complkxontained
either one or two!®0-labels. During this period of time the
fraction of the monolabeled isotopolog@€®0 exceeded that

the alcohols could be determined more reliably compared to of the doubly labeled-180,. Isotopologues with more than two

analogous nondeuterated isotopologous specieX K = 16-
OH and'®0H). The results given in Table 4 show that the4£D
OH/CDs'%0H ratio measured at low conversionsledi; (~10%)
decreased approximately linearly with Tifs].

(i) Reaction of Complex 1480 with H,®0. In a similar
experiment a 26 mM solution dfO-labeled complex-1€0,
LPtVMe(*8OH)(OH), was reacted with 63 mM HBFn H,1%0
at 80°C. Formation of the 17/83 mixture of tH€O-labeled
and a nonlabeled methanol was observed&38% conversion
of 1-180.

(ii) Attempted 60/1%0 Exchange between CHOH and
H,®0 and a 1%0/180 Exchange between 1 and k0.

180 labels were not detected.

(iv) Hydrolysis of Complex 13 in 129 mM HBF; Solution
in H2®0. In order to establish whether the'PtOMe or the
PtVO—Me bond is cleaved by water (eq 12), an experiment
was set up with methoxo hydroxo methylplatinum(1VV) complex
13 and acidified H'2O. In the case of the Pt-OMe bond
cleavage formation of MEOH was expected. If the PO—
Me bond was cleaved by water, isotopologous'f@s would
form. The experiment might be inconclusive if compléx
resulting from the hydrolysis produced M&H at a comparable
rate. Sincainsyml is virtually unreactive in methanol elimina-
tion in acidic solutions at room temperatdfewe studied

According to ESI mass spectrometry, a solution of 44 mM hydrolysis of methoxo complek3, which producedinsyml.
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. b h Intermediate formation of complelkresulting from a partial
circles), MeO (empty circles)symLPtYMe(OMe), 5 (triangles). P g P

hydrolysis of4 in the reaction mixtures was evidenced 1y
. . NMR (eq 12). After 3 h, by the end of the reaction, intermediate
According to GC-MS, a room-temperature hydrolysis of g disappeared to form MeOH and M2 in a 5:1 ratio, 60%

methoxo complex13 in 129 mM HBF in H»®0 solution . :
showed clean F;ormation of MEBOH exclusively (23% conver- svr;(:elrzi:]/gglﬁg,er@iﬁictlvely, compléxand a small amount of
. - produdt4 (~20% by mass), which was
sion of 13 after 3.5 days, eq 19): characterized by mass spectrometry, elemental analysis, and
" acidic hydrolysis as #Pt',(u-OMe),, a methoxo analogue of
LPtYMe(OH)(OMe)+ H,"%0 — LPt"Me(OH)(*°OH) + LoPt',(u-OH), described earlie¥® The mass spectrum of an
13 unsym1-%0 acidic aqueous solution d#4 exhibited a signal corresponding
MeOH (19) to a protonated species®Pk(u-OMe)H*.
A reaction performed with a more dilute, 10.0 mM solution
No Mel®OH isotopologue was found in the reaction mixture. Of complex4 and 60 mM HBE in water showed a much higher,
(v) Effect of Complex 3 Additives on the Reaction between ~ 21:1, MEOH/MgO ratio by the end of the reaction.
1 and H,!#0. An isotope labeling experiment was performed NQ methylplatinum(lV) intermediates that could be identified
in which complex3-180, was allowed to react with-ds. For as dimethyl ether complexes such7sr 8 (Scheme 7) were
this purpose 39 m\8-10, was prepared frort and 120 mM detected in reaction mixtures By NMR at the level of>1%.
HBF, in 98% H180. The product was combined with complex ESI-MS could not be used for detecting LMe(OH)(OMe) ™,
1-d; (39 mM) at 80°C. After 5 min the CROH/CD50H 7, since this complex is an isomer of the protonated complex

ratio was 2.7:1. which matched the ratio of the methanol SYM® presentin solution. Still, the use of ESI-MS was efficient

isotopologues found in experiments performed under the samefor detectingg in acidified reaction mixtures containirgynis.

conditions but without the additive & (Table 3). Formation A Solution of complexsym5 and 60 mM HBR in D20 produced
of isomeric complexe$ containing nolO labels in them, ~ Cation8 after 30 min of heating at 82C. ,

[LPtV CDs(u-180H),Pt'L] *, was observed by ESI-MS. Finally, in '.[he absence of HBlFa.sIow transformation of 42
Kinetics and Product Distribution in Reaction between 4 mM 4 to a mixture of methanol, dimethy! ethés, and14 was
and H,0 at Various [H*]. A 39 mM solution of complext observed at 80C (Figure 10). Aft_er 6 h, when the_conversmn
reacted with 60 mM HBIin D,O to produce, according fH of 4 was 80%, methanol (24% yield), M@ (20% yield), and
NMR spectroscopy and ESI mass spectrometry, up to 12% of 4 (13% vield) formed, along with~30% by mass of water-

Me,O (Scheme 7, eq 20) and up to 5% of dimethoxo complex insoluble complext4, which was isolated as a solid.
LPtVMe(OMe), 5 (Scheme 6, eq 21), along with complex@s ) _
and 14 and methanol (Figure 9): Discussion

Synthesis of Isotopically Labeled Complexes 120 and
LPt'VMe(OH)(OMe)+ H" + H,O— 1-ds. The method of preparation of the parent methyl dihydroxo
4 platinum(lV) complex was reported earl®rln this work it
Lpt"(OH2)2+ + Me,O (20) was successfully applied to the synthesis of isotopically
3 substituted complexes (Schemes 10 and 11). The configuration
of the Pt atom inunsym1-80 with the 180-labeled hydroxo
41 PtYMe(OH)(OMe)— ligand in the equatorial position (Scheme 10) was assigned
4 arbitrarily, based on the assumption that equatorial groups in a
I v starting platinum(ll) complex do not change their position in
LZP{ 2(&4;10'\/'9)2 +2LPt M5e(OMe)z +2H,0 (21) the course of aerobic oxidation. The assumption was proven
correct for the case of the oxidation of methanol analob2e
(eq 11, Scheme 12, Figure la) and is consistent with the

The observed pseudo-first-order rate constant of disappear-mo'Dosed mechanism of oxidation of I'BAIK)(OH)~.18

ance of4 in the experiment described above with 39 naM
and 60 mM HBFE in D0 solution was found to be (74 0.1) (18) Khusnutdinova, J. R.; Zavalij, P. Y.; Vedernikov, A. @rgano-
x 104 st at 80°C. metallics2007, 26, 2402.
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Synthesis of Isomeric Methoxo Hydroxo Methyl Platinum-
(IV) Complexes LPtYMe(OMe)(OH), 4 and 13. Compared
to isotopologous aqua methyl platinum(ll) comple2e9-180,
and 9-ds, their methanol analogud2 did not show any
diminished activity in the oxidation by £(eq 11), suggesting
that solvento ligands ROH, which are similar ta@® may
provide the same level of reactivity.

Importantly, results of structure determination of com&x
obtained by X-ray diffraction showed that upon oxidation of
12 the platinum atom retained the methyl and methoxo ligands
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a less nucleophilic conjugated acid, cationi¢’ Rtomplex 2,
which imposes an upper limit on the acidity of a reaction
mixture. The available estimate of the protonation constant of
dimethyl hydroxo complexsymLPtYMe,(OH),'2 a dimethyl
analogue ofl, was found to b&K ~ 46 + 5 at 97°C in water.
Assuming thasymLPtYMe,(OH) is more basic thasymLPtV-
Me(OH),, we can getK, < 46. Therefore, at [H] ~ 0.1 M
equilibrium concentrations &f and1 are expected to be of the
same order of magnitude.

Isotopic Labeling Experiments. (i) Reaction of Complex

in the equatorial positions. In the simplest mechanistic scenario 1 with H,'80. While the heavier isotopologue NM®H could

this means that dioxygen attacked the platinum(ll) atom from
one of the axial site¥>1°

The results of the thermal isomerization 18 to 4, similar
to the isomerization ofinsyml to 1,12 suggest that complek
the isomer with the methyl liganttans to the sulfonate, as
compared tdl3, where the methyl group isansto one of the
dpms nitrogen atoms, has greater thermodynamic stability.
Significant elongation of the bondsans to the methyl in
complexes4 and 13 suggests a significant weakening of the
corresponding bonds. In particular, in compléxthe trans
influence of the methyl facilitates dissociation of the best leaving

result from a bimolecular nucleophilic attack o6%¥D at the
methyl group carbon of electrophilic compl&XScheme 2, eq
15), the unlabeledfO-methanol must form predominantly from
startingl or 1-ds in a coupling reaction that doe®t involve
solvent as a nucleophil¢eq 16).

(i) Reaction of Complex 1480 with H,1%0. The fact that a
C—0O coupling reaction that does not involve solvent as a
nucleophile can occur in solutions of complewas additionally
confirmed in an experiment with thEO-labeled compound
1-180, which was allowed to react with #fO. As in the case
of the 1—H,'80 system, a mixture of af®O-labeled and a

group available there, the sulfonate, which is necessary for thenonlabeled methanol formed here. This time tf@-labeled

C—O eliminatior? (Scheme 2). Thus, the isomerization of
unsyml to 113 and13to 4 enhances the reactivity of the methyl
group toward nucleophilic attacks.

Synthesis of Isomeric Dimethoxo Methyl Platinum(IV)
Complexes LPtYMe(OMe),, sym5 and unsym5. According
to 'H NMR, oxidative addition of MgO, to LPt'Me(MeOH)
leads to an unsymmetrical dimethoxo methyl¥ Rtomplex,
unsymb (eq 13). These results suggest that the methyl ligand
in the “equatorial” position of the Patom does not relocate in
the course of addition. The results do not exclude an option
where the oxidant attacks an electron-rich &¢nter at one of
the axial sites, as in the case 05.881°

Synthesis of Dinuclear Heterovalent Isomeric Complexes
LPt"VMe(u-OH),Pt'L, cis- and trans-6. Acidity of Complexes
2 and 3 Formation of isomeric dinuclear complex@¢eq 14)
is an example of an agqua ligand substitution in the coordination
sphere of a platinum(ll) atom in the relatively labile complex
3. The attacking nucleophilic groups originate exclusively from
dihydroxo platinum(lV) complexi, as is confirmed by the
results of ESI-MS analysis of the reaction betwdeds; and
3-180,, which produced comple& (eq 14) containing nd%0O
labels in it. Aqua ligand substitution Biis expected to be most
efficient in acidic solutions where the fraction of catioiiés
high compared to its less electrophilic conjugated baséi-LPt
(OH)(OHy), 15 (eq 22):

LPt'(OH)(OH,) + H" 2 LPt'(OH,)," (22)

15 3

Complex15 is unstable in solution and eliminates an aqua
ligand readily to form LPt';(u-OH), 1112 To estimateK;s,
solutions of LPt(OH,)2(NOs) were prepared by protonolysis
of a KLPt'Me, complexX” with an excess of 0.09704 M HNO
(see Supporting Information for details). Potentiometric titration
of these solutions with 0.1000 M NaOH allowed us to calculate
the value of logK;s as 4.81+ 0.01, suggesting that at [ifi ~
0.1 M most Pt should be in the form of complex

To favor formation of6 (eq 14), the fraction of neutral
complex1 should be high enough compared to the fraction of

(19) Rostovtsev, V. V.; Henling, L. M.; Labinger, J. A.; Bercaw, J. E.
Inorg. Chem 2002 41, 3608.

methanol, M&OH, could not be a product of a nucleophilic
attack of the solvent, $1%0, at 1-180 (Scheme 2, eq 23):

LPtYMe(**OH)(*®*0H) + H" + H,"°0 —
18,
1-*¥0
LPt'(**0OH,)," + Me'®0OH (23)
3

Therefore, in both reactions (eqs 16 and 23), a noticeable
fraction of an appropriate isotopologous methanol formed, which
did not incorporate oxygen from the solvent.

(ii) Attempted 60/80 Exchange between CHOH and
H,180, 160/180 Exchange between 1 and KO, and At-
tempted PtV-to-Pt'" Methyl Group Transfer. Before any
analysis of possible mechanisms of-O elimination from
complex1 based on the isotopic labeling experiments described
above could be performed, the factors that might be responsible
for the Me&®OH/Me'®OH ratio change over time should be
considered. Accordingly, the following factors were analyzed:
(i) the 1%0/*80 exchange between the reaction productl®le
OH, and bulk H®0 (eq 24); (i) the'®0/*80 exchange between
reactants, compleg and H'®0, leading to1-180 and 1-1%0,
(egs 17, 18), and (iii) a methyl group transfer between an
electrophilic MePY complex2 and a potentially nucleophilic
Pt' complex3-180, leading to3 and 2-1%0; (eq 25)2°

Me'®OH + H,"*0 — Me'®0OH + H,*°0 (24)
LPtYMe(®OH),-H* + LPt'('OH,)," —
2 3-%0,
LPt' (OH,)," + LPt'Me("OH),H" (25)
3 2-1%0,

According to ESI mass spectrometry, H®/80 exchange
between 44 mM Ck%OH and 60 mM HBE in H,'80 (eq 24)

(20) (a) Ling, S. S. M.; Puddephatt, R. J.; Manojlovic-Muir, L.; Muir,
K. W. J. Organomet. Chen1983 255 C11. (b) Hill, G. S.; Puddephatt,
R. J.Organometallics1 997, 16, 4522. (c) Than, A. K.; Canty, A. J.; Crespo,
M.; Puddephatt, R. J.; Scott, J. D.; Watson, A.@rganometallics1989
8, 1518.
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occurred afte3 h at 80°C. In turn, the results of an ESI-MS
monitoring of a solution of complek in acidic H,'80 showed
that a slowt80/*80 exchange took place at 8@ and bothl-1%0
and1-180, formed (eqgs 17, 18, Figure 8). Therefore, reactions
17 and 18 might be responsible for the ¥@H/Me'®OH ratio
increase over time (Table 3).

Khusnutdiaet al.

Because? and1 were in a fast equilibrium (eq 2), reaction 26
was expected to be second-order in complexComplex4,
which might form in reaction 26, was shown to be able to react
with water (eq 12) to produce methanol. Importantly, complex
4 generated in K80 solutions did not contain noticeable
amounts ofi80-labels up to a conversion dfof at least 80%.

Because of a relatively fast aqua ligand exchange at the According to our experimental data and reactivity studies for

platinum(ll) atom in3, complex3-180, was the only platinum-
(1) agua complex present in reaction mixtures witf3® as a
solvent, as established by ESI-MS. Therefore, if reaction 25

methoxo platinum(lV) complefac-Me,(MeO)PtV(OH,);*,2t a
PtV—OMe and not a PtO—Me bond cleavage occurs during
their hydrolysis. Therefore, a sequence of reactions 26 and 12

rate was fast compared to reactions 17 and 18, the fraction ofallows us to account for the formation of M®H in H,'80

1-180, in reaction mixtures would be greater than thal 6fO.
Since this was not observed up to high conversioris(&igure
8), the doubly labeled-180, resulted predominantly from a
consecutiveé®®0/180 exchange irl driven forward by the high
[H2180]/[H,1%0] ratio (egs 17, 18) and not from a methyl group
transfer between complexdsand 3-1%0, (eq 25). Additional
arguments against the'Pto-Pt' methyl group transfer arise
from an analysis of the isotopologous methanols’ distribution
in experiments betweeld; and3-180, (see discussion below).
Importantly, to eliminate the effect of reactions 17 and 18
on the observed MEOH/Me'®OH ratio to the maximum extent,

solutions of 1. The presence of intermediate in reaction
mixtures further confirms the viability of mechanism (ii).
Using a sample of prepared independently, we established
by means ofH NMR spectroscopy and ESI mass spectrometry
that complexd formed in acidic (eq 26) and concentrated neutral
aqueous solutions df (eq 7). Typically, the fraction of complex
4 increased slowly and reached a maximum of abot5%
after a few minutes in acidic reaction mixtures containing
(Figure 3). Eventually the intermediate disappeared, consistent
with its ability to undergo an acid-catalyzed hydrolysis (eq 12).
Besides reaction 26, a fast acid-catalyzed OH/MeO ligand

the ratio should be measured at the early stages of reaction 3exchange between complé&and methanol formed in reaction

when conversion of complekis low.

(iv) Reaction of Complex 1ds with H »180. Experiments on
the C-0 reductive elimination froni-d; (Table 4) showed that
the CD3'80OH/CDs'%0H ratio measured at low conversions of
the complex {10%) decreased approximately linearly with
1/[Pt1], so that the product of [P{CDs®0OH/CDs'%0OH) remained
approximately constant at 13010. Assuming that the reaction
producing CR™OH followed an expectedy@ mechanism (eq
15, Scheme 2) and therefore was first-order in comglel,
these results suggested that the reaction leading tg°OBl
was second-order in compléxds. A deuterium-labeled complex
LPtVCD3(OH),, 1-ds3, was used in these experiments since
corresponding CEDH," peaks could be integrated more reliably
than those of isotopologous GBIH,™.

Plausible Mechanisms of Reaction between 1 and4@ in
Acidic Solutions. Two paths of the €0 reductive elimination
not involving solvent as a nucleophile were considered: (i) a
monomoleculafintramolecular) G-O coupling of2 (Scheme
3);5 (ii) an intermolecularnucleophilic reaction leading to an
intermediated (Scheme 5, eq 26) with a subsequent hydrolysis
of 4 (eq 12).

LPtYMe(OH),-H" + LPtYMe(OH), —~
2 1
LPtYMe(OH)(OMe)+ LPt'(OH,)," (26)
4 3

The mechanism (i) may be similar to the mechanisms
suggested for diaryl carboxylato palladium(lV) derivati¥és,
elimination of aryl halides from diphosphine diaryl ¢,
complexes (X= 1, Br),6 or elimination of methyl iodide from
(PCP)RH' iodo methyl complexe¥! The expected reaction
order in complexl is one, which is not consistent with the
results of experiments with various concentrations of complex
1-ds in acidic H'80 solutions: the CBOH/CD;®%0H ratio
was found to be proportional to 1/[Pt] (Table 4), which
corresponded to the reaction leading to'R@H being second-
order inl.

In the case of the mechanism (i) could serve as an
electrophilic component, whereas one of the hydroxo ligands
of a nonprotonated. could play the role of a nucleophile.

3 could be responsible for the formation of intermedidi@q
27):

LPtYMe(OH), + MeOH—
1

LPtYMe(OH)(OMe)+ H,O (27)
4

If path 27 was viable, high concentrations of methanol present
in solution before reaction 3 had started would lead to a faster
accumulation oft and higher concentrations of the intermediate.
In fact, in the presence of 50 mM methanol in a solution of 10
mM 1 and 60 mM HBRF neither significant change of the
fraction of the methoxo complek nor the rate of its formation,
nor any statistically significant change of the reaction 3 rate
was observed as compared to the control reaction with no
methanol additive (Figure 7). Thus, compléxvas a reaction
3 intermediate and not a secondary product of the OH/MeO
ligand exchange in complek

Interestingly, at [Pt]= 120 mM the fractions of two
isotopologous alcohols were almost equal (Table 4), suggesting
that nucleophilic attacks of the solvent (eq 15) and hydroxo
complex1 at the methyl group of electrophilic cati@(eq 16)
occurred at comparable rates.

Although the results obtained strongly support the viability
of theintermolecularpath for the G-O coupling of complex.
(Scheme 5), the precision of data in Table 4 does not allow us
to completely rule out a minor (few percent) contribution of an
intramolecular mechanism to the—© elimination from 1
(Scheme 3).

Reaction BalanceOn the basis of the available observations,
a typical reaction 3 mixture contained methanol, dimethyl ether,
and complexed, 3, 4, 5, and6 as main components at the
middle stages of reaction. Whereas compBeand methanol
formed as a result of reactions summarized by eq 3 and, in
particular, following a path shown in Scheme 2, compex
formed most likely as the result of a secondary reaction between
1 and3 (eq 14).

(21) Hadi, S.; Appleton, T. G.; Ayolo, G. Ainorg. Chim. Acta2003
352 201.
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Scheme 15 methyl transfer reaction (eq 31) could not be proven directly
- sincel5is much more basic thah log Ki5 = 4.81+ 0.01, see
Hmo\ﬁ% H H180\0% eq 22. To obtain evidence in favor or against viability of the
H,'80— Pt~ H,'80— "t~ path 31, an isotope labeling experiment was performed in which
3130, 15-180, complex3-1%0, was allowed to react withi-d; and 120 mM
HBF, in H,180 at 80°C. After 5 min the CR'8OH/CD;'%0H
} ratio was 2.7:1, which matched the ratio of isotopologues found
) 6“; in experiments performed under the same conditions but with
6\5 ~ oH, >Pt<8:§ no additive of3 (Table 4). Since no dramatic changes in the
- |S\0H 3 CDs!80H/CDs'%0H ratio were observed, we can conclude that
2 Me — " reaction 32 did not contribute noticeably to the-G elimination
Hm%\o% * MHQ::8>:'<$ W0 Meteon from complex1. These results also provide evidence against
Hy"80— Pt~ : 3 the Pt-to-Pt' methyl group transfer betwedrand3 discussed
15-1%0, 16-"°0, above. If such transfer occurred, one could expect thg'€D
OH/CDs!®0OH ratio to be higher than the observed 2.7:1.
Accepting the mechanism of formation4gjiven by Scheme Kinetic Studies of Reaction of 1 and HO in Acidic

5 and eq 26 as \/iab|e, we can account for the formation of Solutions. Possible Role of Heterovalent Dinuclear Com-
complex5 by postulating a similar mechanism of alkylation of ~plexes 6 in the C-O Elimination from 1. As follows from

the hydroxo ligand oft by complex2 (Scheme 6, eq 28): experiments illustrated in Figures 5 and 6, additives of complex
3 accelerated methanol elimination froinsubstantially. We

LPt'VMe(OH)z-H+ + LPfVMe(OMe)(OH)—’ postulate that the acceleration was due to the formation of
2 4 cationic electrophilic complexesthat are prone to nucleophilic

attack of water (Scheme 8, eq 32), hydroxo, and methoxo ligands

I\ 1 +
LPt"Me(OMe), + LPt(OH,)," (28) of complexesl (eq 33),4, and5:

5 3
We can also account for the formation of dimethyl ether via LPtYMe(-OH),Pt'L™ + 3H,0 + H" —
alkylation of the methoxo ligand in complexdsand/or5 by cis- andtrans-6
electrophilic2 leading to cationic dimethyl ether'Pintermedi- 2|_|:>f'(o|_|2)2+ + MeOH (32)
ates such a8, which was detected by ESI-MS (eq 29, Scheme 3
7):
v y . LPtYMe(u-OH),Pt'L" + 2H,0 + LPtYMe(OH), + H™ —
LPtYMe(OH),H" + LPtYMe(OMe), + H" — cis- andtrans-6 1
2 5 I + \%
2LPt'(OH,)," + LPtYMe(OMe)(OH) (33)
LPtYMe(OMe)(OMe)* + LPt'(OH,)," (29) 5 7 4
8 3

) ) Since undistinguishable kinetic results were obtained for
Subsequent hydrolysis of dimethyl ether complexes such aseactions involving an equimolar mixture b&nd3 in one case

8 is responsible for the formation of dimethyl ether (eq 30):  and compless in another case (Figure 5), the rate of establishing
an equilibrium betweer, 3, and6 (eq 14) was much faster

LPt'VMe(OIE\;I@)(OMe)* +HO— than the rate of subsequent nucleophilic reactions of complex
6.
LPtYMe(OH)(OMe)+ Me,O + H™ (30) Modeling the Rate of Disappearance of Complex 1An
4 additional evidence in favor of the mechanisms of-@

coupling discussed here might be an appropriate modeling of

Because of a relatively low concentration and presumably available kinetic data on the combined rate of disappearance of
high reactivity, complex8 could not be reliably detected in  complexesl and2 (Table 2). Therefore, an analysis of reaction
reaction mixtures byH NMR spectroscopy. 3 kinetics was performed. Our analysis was based on the

Test of the Viability of Pt'V-to-O Methyl Group Transfer following assumptions: (i) the value of the protonation constant
between Complexes 2 and 155ince P¥-to-O methyl group for 1, Ki(eq 2), is low enough to allow for coexistencelodind
transfer betwee@ and 1 was proven to be viable (Scheme 5, 2 in comparable amounts at ffi = 60—120 mM and 8C°C.
eq 26), we investigated the viability of a similafPto-O methyl This hypothesis is consistent with the available upper estimate
group transfer between an electrophilic com@eand complex of Ky, which is the protonation constant for a presumably more
15 that possessed a nucleophilic hydroxo ligand. Comfex  basic dimethyl hydroxo analogue &f symLPtYMe,(OH),!3
could form in acidic reaction mixtures in low equilibrium K ~ 46+ 5 at 97°C in D;O. (ii) Weakly acidic complex did

concentrations (egs 2, 31, Scheme 15): not produce its conjugate bagé in noticeable amounts (eq
22). Indeed, the protonation constant idris large, logK;s =
LPtYMe(**OH),-H" + LPt"(**0H,)(**0H) — 4.81 + 0.01 at 22°C. (iii) Concentration of complex was
2 15_1802 low enough to neglect its bimolecular reactions vtand with

I 18 18 itself (Schemes 6 and 7), and the formation of com@ean
LPt'(**OH,)," + LPU(TOH,)("OMe) (31) be neglected. The plot in Figure 3 shows that the fractios of
3 16-%0, never exceeded a few percent of the initial concentratioh of
and the fraction ob was close to zero at all times. (iv) The
The reaction would lead to the presumably readily hydrolyz- rate constants for €0 elimination from1 (Scheme 2) and
able methoxo Ptcomplex16. The viability of the PY-to-O in acidic solutions leading to MeOH arRlare essentially the
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Figure 11. Least-squares fitting for combined concentration of compldxe® versus time. Calculated values are represented by filled
squares; experimentally determined concentrations are shown with empty circles.

same. This assumption is based on the measured observednd contributing to the rate of disappearancé4 gf 2, we can

pseudo-first-order rate constants for reactiond ehd 4 with get eq 35 for the total rate of disappearancd of 2:

water at 8C°C and [HBR] = 60 mM, (10.6% 0.2) x 104s?

for 1 at [PtY] = 40.8 mM (Table 2) and (7.% 0.1) x 1074 dCc _

s~1for 4 at [PtV] = 39 mM. (v) Complexes$ formed from1 T dt ko[2] + K, [1][2] + kg[€] (35)

and3 reversibly (eq 14) at a much faster rate than they reacted
with water (eq 32) or with other nucleophiles. In particular, the Here the first term corresponds to the pseudo-first-order reaction
reaction plot in Figure 5 provides evidence for that. While of 2 with water (Scheme 2), the second term accounts for the
subsequent reaction & with water (eq 32) should be taken  pimolecular reaction a2 with 1 (Scheme 5), and the third term
into consideration here, we could neglect second-order reactionscorresponds to the reaction between water and compéettest
between6 and 1 (eq 33) since the concentration 6fis low exist in fast equilibrium withl and3 and are present at a steady
(Se(? Figure 3). ) . . concentration, §] ~ const (eq 14). At the early stages of
First of a”, we derived an expression descrlblng the rate of reaction’ the Steady_state approximationﬁpl!ﬁ] A const, may
disappearance of complémeasured in our NMR experiments.  not be correct, and the fourth term corresponding to the change

If Cis a combined concentration of complexegnd2 in a of the concentration o8 over time (eq 14), dl/dt, should be
solution as determined b4 NMR, then using the expression  added. Therefore, eq 35 is to be modified to give a four-term
for the equilibrium constari(eq 2) we can get eq 34: equation, eq 36:
Ky[H"] c dc d[e]
[2l=—————Candfi]=—=— (34) — % 2+ K12 k6] (36
Using steady-state approximation for comp&and consid- Using numerical integration to calculafeafter consecutive

ering three major reaction paths given in Schemes 2, 5, and 8short periods of time and calculating concentrationg,d, 3,
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4.50E-05 accounting for the bimolecular reaction ®fwith 1 leading to
3 4 and subsequently to M&H in H,'80 solutions (Scheme 5)
400E-05 |O = . .
g are almost equal. Of note is that the rate of formation of
3.50E-05 | = intermediate4, which is responsible for the formation of e
o OH, is 2 times lower than the magnitude of the second term
3.00E-05 1 o (eq 26). As a result, the MBOH/Me'®OH ratio is expected to
25005 1 © be close to 2:1, which was indeed the ratio that was actually
oe observed in the beginning of reaction 3 for [P 38 mM and
2.00E-05 | o [HBF4 = 63 mM (Table 3).
1 50E-05 o The contribution of the third term accounting for complex
’ o ) 6-mediated transformation dfto methanol an@® (Scheme 8)
1.00E-05 | B0 © . is small in the beginning, increases in the middle stage of
g Ogoo time, s reaction, and diminishes subsequently. At the middle and later
5.00E-06 - :EQ%%“AQQQQ 5884 stages of reaction 3, when this term from eq 36 is relatively
0.00E+00 4 aAd m[2} large, the contribution of reaction of dinuclear comple@egth
1000 ZO&DDDDQ&J@DDD 4000 water (eq 32) should be comparable with that of reactions given
-5.00E-06 in Schemes 2 and 5. If so, a noticeable acceleration of reaction

Figure 12. Experimentally determined (filled circles) and calcu- between compled and water in the presence 8fshould be
lated using eq 36 (empty circles) rate of reaction of 40.8 M  expected and was actually observed (Figures 5, 6).

and 60 mM HBR in Dz0 at 80°C. Relative contributions of four Finally, the contribution of the fourth term of eq 36 is very
terms of eq 36 to the total reaction rate: (a) the first term accounting |arge in the beginning but diminishes at a later time, so that the
for the reaction betweeR and water and leading to M®©H in steady-state approximation is not correct at the early stages of

H,180 solutions (empty diamonds), (b) the second term accounting reaction 3

for the bimolecular reaction o with 1 leading to 4 and cC-0 C(.)u ling of Methoxo Platinum(IV) Complex 4 at

subsequently to ME&OH (filled squares), (c) the third term . +p g ) . P

accounting for the comples-mediated transformation of to Various [H*]. One might anticipate that methoxo Mé_é'Pt

methanol andB (filled triangles), (d) the fourth term accounting ~COMPplex4, which contains a more nucleophilic methoxo ligand

for the change of concentration 6fwith time (empty squares). as compared to hydroxo ligands in compléxmay be even
more prone to compete with water for electrophilic MgPt

4, [H*], and6 after each step using eq 34 and eqs-3% given species. Indeed, in contrast to complexfor which a C-O

below (see Supporting Information for details), one can describe coupling in neutral solutions was not typical (see eq 7 and a

the dependence @ on time if all necessary constants, ki, comment nearby), a slow reaction-ef#{0 mM 4 was observed

ks, K1, andKe, are known. in the absence of HBfFat 80°C (Figure 10). After 6 h, the
conversion oft was 80%. Main reaction products were methanol

[6] = Kq[1][3] (37) (24% yield), MeO (20% yield), and (13% yield), along with

~30% of water-insoluble complex4 (eqs 21, 40, 41). Thus,
d(3] +[6 ; ) X
(381 +16) _ k2] + % K112 + k6] + MeOH and MO formed in a 1.2:1 ratio.

dt
KH™] 4LPtYMe(OMe)(OH)—
FERITE R *
Hl 2L,Pt' (u-OMe), + 2Me,0 + 2H,0 (40)
d[4] Ky[H'] H
1 1
— =2k [1[2] — ky———— 39
a petA e n a9 2Pt Me(OMe)(OH)
Vice versa, by performing least-squares fitting of the 12 L,Pt',(u-OMe), + 2MeOH (41)
experimentally found dependences betw€and reaction time 14
given in Figures 4 and 5 and in the Supporting Information
one can find the necessary set of constamts= 4.5+ 0.1, In the presence of 60 mM HBFa ~40 mM solution of4

Ke=90%4 1,k =(1.504+0.01)x 103s % ky=(5.8£0.1) produced MgO and complexs in much lower yields. A 12%

x 1002M~1s1 ks = (7.94 0.1) x 104 s (Figure 11; see  yield of Me;O was found by the end of the reaction, and up to
also Supporting Information). The model also allows for a 5% of anintermediatedimethoxo complex LP{Me(OMe), 5,
satisfactory description of the dependence of concentrations offormed after about 20 min (Figure 9). Both products were the
complexes3 and 6 and methanol on reaction time (see result of methylation reactions shown in Schemes 6 and 7, along
Supporting Information). Since the quality of the fit between with complex3 and methanol (60% yield). Thus, MeOH and
experimental and calculated data is acceptable, we can concludée,O formed in a much higher, 5:1, ratio as opposed to the
that the kinetic model proposed is correct. result obtained in the absence of the acid.

Using the model developed we estimated relative contribu- A reaction with a more dilute, 10.0 mM, solution of complex
tions of all terms of eq 36 to the total rate of disappearance of 4 and 60 mM HBFE in water showed an even higher, 21:1,
complexl. These contributions for a representative case of [Pt] MeOH/Me&O ratio by the end of the reaction. This result was
= 40.8 mM and [HBR] = 60 mM are given in Figure 12 as a consistent with the expected second-order in comgltx the
function of reaction time. In the beginning of the reaction the reaction leading to Mg (Scheme 7) and a first-order 4hfor
contribution of the first term accounting for the reaction between the reaction leading to methanol (eq 12 and Scheme 2). Hence,
2 and water, which leads ultimately to M®H in H,0 higher concentration of acid and lower concentration of complex
solutions (Scheme 2), and the contribution of the second term 4 allowed us to decrease the fraction of O coupling products
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Scheme 16
(" Me®H
nucleophilic sites
X, Y = OH, OMe, ®H
compete with water @Tjtiome
/ I OH
Me
6\? v H, @ — MeOH
— P < @\—i/OMe
] e
electrophilic site .
" Gtegy — e
_ Me

electrophilic activation:

|
é;;:(;

Me _

2+
P

\HZO/Pt\
el B
>P|t<0>Pt<

H

Me

not involving solvent as a nucleophile, such as,Mend>5.
Similar behavior was observed for complé&x

H' \*| _—YH 6\—‘? Y
/Fl‘t\x and /Fl’t\XH

Me Me

Summary

In summary, we have shown that in poorly nucleophilic
neutral and acidiaqueousnedia hydroxo and methoxo methyl
PtV complexes can be involved in nucleophilic reactions with
two different nucleophiles: water and themselves (Scheme 16).
The latter reaction is second-order inVPand results in the
formation of C-O coupling products where both the “C” and
the “O” part originate from the starting complex. Both reactions
can be very competitive. The outcome of the competition
between the nucleophiles is reflected in the ratio of the products
formed, Mé8OH/Me'®0OH, in the case of the reaction between
1 and K80 solvent, or MeOH/MgO in the case of reaction of
4 with water. These ratios depend on concentration of MePt
species, acidity, and the nature (nucleophilicity and basicity)
of hydroxo and methoxo Ptcomplexes present. Higher acidity
and lower PY concentrations allowed us to suppress@
coupling that involved Pt complexes behaving as a nucleophile.
Interestingly, cationic diaqua platinum(ll) compl&x one of
the products of €0 elimination, was responsible for accelerat-
ing the rate of the €0 coupling. This effect might result from
an electrophilic activation of LPtMe(OH), via formation of
cationic dinuclearu-hydroxo-bridged heterovalent 'PtPtV
complexes. Ultimately, this information may be valuable for
designing aqueous Pt-based systems for selective methan
functionalization.

Experimental Section

General Procedures All manipulations were carried out under
purified argon using standard Schlenk and glovebox techniques.
All reagents for which synthesis is not given were commercially
available from Aldrich, Acros, or Pressure Chemical and were used
as received without further purification. Symmetrical methyldihy-
droxo di(2-pyridyl)methanesulfonato platinum(lV) compltewas
synthesized according to a published procedtUater!80O with
the isotopic composition of 97.9%0, 0.5%170, and 1.6%'0
from the Cambridge Isotope Laboratories was used as received.

1H (400.132 MHz) and3C NMR (100.625 MHz) spectra were
recorded on a Bruker Avance 400 spectrometer. Chemical shifts

Khusnutdiaet al.

peaks. Elemental analyses were carried out by Chemisar Labora-
tories Inc., Guelph, Canada. ESI-MS experiments were performed
using a JEOL AccuTOF-CS instrument. GC-MS (EI) experiments
were performed using a JEOL JMS-SX 102A instrument.

Preparation of LPt"V CH3(*80H)(OH), 1-180. In an argon-filled
gloveboax a 5 mLSchlenk flask was charged with 40 mg of dimethyl
hydride LPtMeH?*2 (84 umol), 1.0 g of air-free water 5180, and
a stirring bar. The flask was placed in a 45 water bath, and the
mixture was vigorously stirred under argorr fb h to produce a
clear, colorless solution of LPtGKH80OH,). Air was then admitted
into the flask and vigorous stirring continued for a further 5 h. After
that time, according to the ESI-MS analysis of a slightly acidified
sample of the reaction mixture, all LPtGffOH,) complex had
reacted and the singly labeled complex LPtMOH)(OH) had
formed. The reaction mixture was diluted with distilled water (5
mL) and heated at 93C for 3 h. After that time, all the starting
complex isomerized to the “symmetrical” isomer of LPtNEH)-
(OH), according tdH NMR.

The mixture was filtered through Celite, and the solvent was
removed under vacuum at room temperature to proddé®, 40
mg (96%). The product was pure according'tb NMR. It was
redissolved in regular water (960 mg) and stored & n a sealed
vial.

ESI-MS of a solution ofL.-180 in H,0O acidified with HBR, m/z
= 496.074. Calculated for 2(180), 012H151604180N219$t323,
496.03924. Calculated isotopic pattern matched the experimentally
observed one.

Preparation of LPt"YCD3(OH),, 1-ds. In an argon-filled glove-
box a 25 mL Schlenk flask was charged with 100 mg of dimethyl
hydride LPtMe,H6 (210 umol), 3.0 mL of air-free RO, and a
stirring bar. The flask was placed in a 46 water bath, and the
mixture was vigorously stirred under argorr fb h to produce a
clear, colorless solution of LIBED3(OD,). Air was then admitted
to the flask and vigorous stirring continued for 5 h. After that time,
according to the ESI-MS analysis, all l'tD3(OD,) complex has
reacted and the labeled complex VRD3(OH), formed. The
solvent was removed under vacuum at room temperature. The
residue was dissolved in distilled water (10.0 mL) and heated at
93 °C for 3 h. After that time, according t8H NMR, all the
dihydroxo PY¥ complex isomerized to the “symmetrical” isomer
LPtVCD3(OH)s.

The mixture was filtered through Celite, and the solvent was
removed under vacuum at room temperature to produdg 91
mg (87%), pure according 61 NMR. The product was redissolved
in regular water (5.91 g) and kept in a refrigerator in a sealed vial
at 5°C.

The 'H NMR spectrum ofl-ds is identical to that ofl!2 with
the exception that there are only weak residual resonances for the
PtMe group.

In the 13C NMR spectrum ofl-d; the signal of the PtMe group

dvas not observed due to the high multiplicity of the signal leading

to a set of short lines masked by noise.

ESI-MS of a solution ofl-d; in H,O acidified with one drop of
HBF,, m/z=497.081. Calculated fOﬂ.(dg'H+), C12H12D305N2195-
P23, 497.05348. Calculated isotopic pattern matched the experi-
mentally observed one.

Preparation of LPt""Me(MeOH), 12, and Isomeric LPtV Me-
(OMe)(OH), 4 and 13. LPt'Me(HOMe), 12. In an argon-filled
glovebox a 25 mL Schlenk flask was charged with 95 mg of
dimethyl hydride LPYMe,H!’ (200 umol), 10.0 mL of air-free
methanol, and a stirring bar. The flask was placed in &&%ater
bath, and the mixture was stirred under arganifd to produce a
clear, colorless solution of LPA¥le(HOMe), pure according t&H
NMR.

1H NMR (CD30D, 22°C), 6: 0.94 @Jigspt= 75 Hz, 3H), 5.89
(s, 1H), 7.27 (dddJ = 2.0, 6.1, 7.6 Hz, 1H), 7.55 (ddd,= 1.4,

are reported in ppm and referenced to residual solvent resonance.4, 7.1 Hz, 1H), 7.74 (vd] = 7.9 Hz, 1H), 7.86 (vdJ = 8.0 Hz,
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1H), 8.01 (dtJ = 1.6, 8.0 Hz, 1H), 8.05 (dtj = 2.0, 8.0 Hz, 1H),
8.70 (m, 2H).

Complex 13.Air was admitted into a flask containirfgprepared
as described above, and vigorous stirring was continued for 5 h.
After that time according téH NMR all LPt'Me(HOMe) complex
had reacted and a pale yellow precipitate of guorly soluble
product LP¥Me(OMe)(OH), 5, with an equatorial Me ligand,
formed. The mixture was filtered; the precipitate was washed with
1 mL of methanol and dried. Yield: 76 mg (75%).

IH NMR (D20, 22°C), ¢: 2.44 @Ji9sps = 67 Hz, 3H), 2.96
(3d1gsptn = 23 Hz, 3H), 6.67 (s, 1H), 7.80 (ddd,= 1.4, 6.0, 7.5
Hz, 1H), 7.80 (dddJ = 1.0, 5.0, 7.7 Hz, 1H), 8.06 (vdl = 7.8
Hz, 1H), 8.08 (vd,J = 8.0 Hz, 1H), 8.29 (vtJ = 7.8 Hz, 2H),
8.52 (vd,J = 6.0 Hz,3Jpyy = 25 Hz, 1H), 8.90 (vd,J = 5.3 Hz,
1H).

The relatively smalPJigspiy = 67 Hz for the PtMe group is an
indication of the presence of a ligaihns to the methyl with a
relatively strongtrans effect (py rather than S{group).

13C NMR (D0, 22°C), 0: 5.7, 55.0, 71.8, 127.4, 127.8, 128.0,
129.2,142.6, 143.5, 147.8, 148.1, 150.6, 150.7. Due to the limited
solubility of 13in water and weak NMR signals, platinum satellites
for the PtMe and PtOMe groups were not observed.

X-ray quality crystals ofL3 were obtained by slow diffusion of
vapors of diethyl ether into a saturated solutiori8in a MeOH-

H,O mixture containing 0.5 equiv of HBF

Anal. Found: H, 3.31; C, 31.0; N, 5.68; S, 6.15. Calcd for
CiaH160sNPtS: H, 3.18; C, 30.8; N, 5.52; S, 6.32.

Complex 4. Subsequent isomerization of compl&g with an
equatorial PtMe group t8 featuring an axial PtMe was performed
in refluxing acetone. Comple¥3 (120 mg) was placed in a Teflon-
sealed Schlenk flask with 5 mL of dry acetone and heated in an oil
bath at 80°C for 48 h. After cooling, the mixture was filtered and
the precipitate washed with hot acetone. It was dried to yield pure
target complex: yellowish powder, 80 mg (66%).

X-ray quality crystals were produced by layering a saturated
methanolic solution o# and 0.5 equiv of HBEF with an equal
volume of benzene.

IH NMR (D20, 22°C), ¢: 2.58 @Ji9sps = 77 Hz, 3H), 3.08

(3d19sp= 28 Hz, 3H), 6.53 (s, 1H), 7.83 (m, 2H), 8.09 (m, 2H),
8.33 (m, 2H), 8.56 (vdJ = 6.0 Hz,3Jpyy = 28 Hz, 1H), 8.65 (vd,
J = 6.0 Hz,3Jpy; = 29 Hz, 1H).13C NMR (D;0, 22°C), o: 12.5
(Mpic= 641 Hz), 56.03pic = 14 Hz), 72.7 $Ipc = 34 Hz), 127.6
(Jpic = 28 Hz), 127.7 Jpic = 29 Hz), 128.9 Jpi=15 Hz), 129.1
(Jric = 14 Hz), 143.3 (2C), 148.9, 149.2, 149.3, 149.5.

ESI-MS of a solution o# in methanol acidified with one drop
of HBF,, m/z = 508.034. Calculated fordfH"), Ci3H170sN,1%

P23, 508.0506. Calculated isotopic pattern matched the experi-

mentally observed one.

Preparation of Isomeric LPt"VMe(OMe),, sym and unsym
5. A solution of 55.2 mg (112Zmol) of LP{'Me(HOMe) in 5 mL
of air-free methanol was placed in a 50 mL Schlenk flask. Then
3.7 mL of 0.6 M solution of MgO; in benzene (2.2 mmol) prepared
according to ref 22 was added. The mixture was stirred overnight
under argon and then heated at 46 for 3 h to produce
unsymmetrical LPYMe(OMe), along with ca. 14% of the isomeric
symLPtYMe(OMe).
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unsymLPtYMe(OMe), *H NMR (CD3;0OD, 22 °C), 6: 2.40
(2J195PtH= 70 Hz, 3H), 2.65 :{JlgsptHz 55 Hz, 3H), 2.89 :{JlgsptH
= 25 Hz, 3H), 6.51 (s, 1H), 7.767.81 (m, 1H), 7.89 (dddj =
1.2, 5.2, 7.9 Hz, 1H), 8.068.07 (m, 2H), 8.228.30 (m, 2H),
8.59-8.71 (m, 1H), 8.959.00 (M,3Jpy = 26 Hz, 1H).13C NMR
(CDs0D, 22°C), ¢: 8.4, 57.6, 73.2, 127.8, 128.3, 128.7, 129.8,
143.1, 144.0, 149.6, 151.1, 151.6, 153.7.

Due to the limited solubility ofunsymLPtYMe(OMe), in
methanol and weak NMR signals, platinum satellites for the PtMe
and PtOMe groups were not observed.

unsymLPtVMe(OMe), was used without isolation for isomer-
ization to the symmetrical isomer. Solvent was removed by
evaporation under vacuum. The solid residue was redissolved in
50 mL of methanol and heated in a sealed Schlenk tube 4€80
for 6 h. The mixture was cooled, its volume was reduced to 2 mL,
and the resulting white precipitate was filtered and washed with 1
mL of methanol, then with 1 mL of CyCl,, and dried under
vacuum for 5 h. Yield: 26.8 mg, 46%.reacted slowly in water
to produce methanol ardl

IH NMR (D0, 22°C), 6: 2.50 @Jiosps = 77 Hz, 3H), 3.08
(8J195ptH = 27 Hz, 6H), 6.50 (s, 1H), 7.84 (ddd,= 1.4, 6.1, 7.6
Hz, 2H), 8.08 (vdJ = 8.0 Hz, 2H), 8.31 (dtJ = 1.3, 7.8 Hz; 2H),
8.63 (vd,J = 5.8 Hz,3Jpy = 28 Hz, 2H).

Limited solubility of 5 in water prevented obtaining a good-
quality 13C NMR spectrum.

ESI-MS of solution of5 in water,m/z = 522.076. Calculated
for (5-H*), Ci4H1g0sN19PE2S, 522.06625. Calculated isotopic
pattern matched the experimentally observed one.

Anal. Found: H, 3.22; C, 31.81; N, 5.59; S, 5.88. Calcd for
C1H180sN,PtS: H, 3.48; C, 32.25; N, 5.37; S, 6.15.

Preparation of Isomeric [LPt"VMe(u-OH),Pt'L]BF 4, cis- and
trans-6. ComplexsymLPtYMe(OH), (102.5 mg, 20&:mol) was
dissolved in 4 mL of 120 mM HBFsolution in DO containing
[LPt"(OH,),]BF, (36.6 mg, 64.5umol). The mixture was kept at
95 °C for 5 min, cooled slowly to room temperature, and left for
1 week. Isomeric complexes [L'Pe(u-OH),Pt'L]BF, crystallized
slowly from the mixture as colorless crystals, which were collected
and washed with water until the filtrate was neutral to give 27.3
mg of a colorless, crystalline solid (3cis:trans, yield 41%). The
product is poorly soluble in water and HRF

IH NMR (D;0, 22°C), 6: cis-isomer: 3.56 {J195pn= 64 Hz,
3H), 6.16 (s, 1H), 6.71 (s, 1H), 7.58 (m, 2H), 7-88.93 (m, 4H),
8.08-8.18 (m, 4H), 8.38 (vtJ = 7.7 Hz, 2H), 8.64 (vd,) = 6.1
Hz, 2H), 8.74 (vdJ = 6.0 Hz, 2H).transiisomer: 3.38 (3H), 6.21
(s, 1H), 6.83 (s, 1H), 7.52 (m, 2H), 8.47 (vd,= 6.1 Hz, 2H),
8.54 (vd,J = 6.1 Hz, 2H); other signals of the pyridyls overlap
with signals of thecisisomer. ESI-MS:m/z 937.02124 (calc for
[LPtVMe(u-OH),Pt'L] * 937.024292). Calculated isotopic pattern
matched the experimentally observed ofE.NMR (D,0O, 22°C),

d: —150.8. Anal. Found: H, 2.75; C, 24.73; N, 5.00; S, 6.08. Calcd
for C23H35014N4Pt2525|:4 (LgPthe(Lt-OH)z‘GHzo): H, 311, C,
24.39; N, 4.95; S, 5.66.

Formation of Intermediates LPt"YMe(OMe)OH, 4, LPt"V Me-
(OMe),, 5, Isomeric LPtYMe(u-OH),Pt"LBF,4, 6, Complex 3,
Methanol, and Dimethyl Ether in the C—O Reductive Elimina-
tion from Complex 1. Heating a 41 mM solution of in 60 mM

Caution Me,O, can explode during preparation. The explosion HBF, in D;O solvent resulted in the appearance of complex
can be caused even by friction between glass joints if a drop of the already after 5 min (2%, 13% conversion Bf and reached the
reaction mixture is present on their surface. We therefore recom- maximum (4%) after approximately 15 min (30% conversion of
mend using a reaction flask without attached devices such as al). By the end of the reaction (3 h) no compléxvas detected.
dropping funnel, a condenser, or stoppers. In addition, we scaledThe behavior of intermediates and 6 was similar (Figure 3).
the synthesis of Mg,?2 down to 2.5 mL of MgSQ, and used Formation of methanol (93% yield) and small amounts of dimethyl
extraction of the reaction mixture with benzene instead of distil- ether (7% yield) was observed. Concentrations of complexd
lation. Concentration of M®, in the extract was determined by  methanol as a function of time are given in Figure 3.
1H NMR spectroscopy. MeO, H NMR (D0, 22°C), 6: 3.18 (s). Mass spectrum after
100-fold dilution with HO, (m+H*)/z = 47.042. Calculated for
C,H;0, 47.04969.

(22) Hanst, P. L.; Calvert, J. Q. Phys. Cheml1959 63, 104.
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In the absence of acids a 41 mM solutionlah D,O produced
complex4 in 5% yield along with water-insoluble,Pt',(u-OH),!3
after heating the solution at 9 for 3 h. Only traces of free
methanol £1%) could be found in the mixture.

Kinetics of the C—O Elimination from Complex 1 in Acidic
Aqueous Solutions. HBF, solutions (60 and 120 mM) were
prepared by dissolving 141.9 and 225.2 mg of HEF0% by mass)
in 13.5(14.9751 g) and 10.6 mL (11.6868 g) of@ respectively.
The following procedure was used for all kinetic experiments with
a varied Pt concentration.

A sample of LPYMe(OH), (3.6—-16.1 mg, 7.3-32.6umol) was
dissolved in 0.81.6 mL of a 60 or 120 mM solution of HBFAN
D,0. The solutions were placed in NMR Young tubes and Teflon-
sealed!H NMR spectra were recorded before heating to determine
the ratio of signals of the complex to HOD used as an internal
standard. The tubes were placed in an 8D heating bath.
Periodically the tubes were removed and cooled with ice water,

Khusnutdiaet al.

LPt'(OH,),™. The kinetic curves for LPtMe(OH),, LPt'(OH,),™,
and LPt¥Me(u-OH),Pt'L" obtained after 5 min of heating were
identical to those observed upon heating of the solution containing
7.48 mM LPt(OH,),BF, and 7.63 mM LPYMe(OH), with 60 mM
HBF,.

C—0O Elimination from Complexes 1 and 143 in Acidic
H,'80. A solution of complexl (17.0 mg, 34.5umol) and 10.0
mg of 50% HBFR in 987 mg of B0 ([H*] = 63 mM; [Pt]= 38
mM) was placed in an NMR tube, securely capped and heated in
an oil bath at 80°C. A 0.10 mL sample was picked up with a
syringe before the heating began. The mixture was periodically
sampled during the reaction. The composition of the mixture was
analyzed using ESI-MS to determine the @H/Me'®OH ratio
and by'H NMR to determine conversion of the starting complex
(Table 3). No methanol was detected in the solution before the
reaction. Similar experiments were performed with [HBE 120
mM and complexi-ds, with concentration of the latter of 29 and

and!H NMR spectra were recorded. The observed rate constants39 MM and 60 and 120 mM (Table 4).

of the disappearance of complexies- 2, ks (Figure 4, Table 2),

Over time signals belonging to L'®Me(OMe)OH*, m/iz =

were determined from the rates of disappearance of a central line508.0487, calc 508.0506, and Mie(OMelH*, miz = 522.0646,

of the PtMe signal ofl. at 2.7-2.8 ppm.

Effect of MeOH on the Kinetics of Formation of LPt"YMe-
(OMe)OH, 4, and Disappearance of LPY Me(OH),, 1. A sample
of LPtVMe(OH), (12.5 mg, 25.3tmol) was dissolved in 2.89 mL
of a 60 mM HBF, solution in B,O ([1] = 8.77 mM). The solution
(0.8 mL) was placed in a vial, and 1/ of MeOH was added,
which corresponded to a 5.7:1 MeOH/Pt molar ratio, as confirmed
by an NMR integration, [MeOH}F 50 mM. Another 0.8 mL
portion of the solution was used in a control experiment without

calc 522.06625, grew in intensity. No peaks of comparable intensity
were seen fot0-isotopologous compounds, 'e(OMe)8OH,"
and LPtMe(OMe)OMe)H*, up to 80% conversion df.

ESI-MS, CH®0OH,", m/z = 33.03176, calc 33.03404; GH-
OH,*, miz = 35.03557, calc 35.03834. GBOH,", m/z
36.05450, calc 36.05256; GBOH,", m/z 38.06127, calc
38.05686.

C—O0O Elimination from Complex 1-180, LPt"YCH3(*80H)-
(OH), in Acidic H ;0. A solution of complex.-180 (14.0 mg, 28.3

MeOH additive. The reaction mixtures were transferred into NMR «mol) and 5.6 mg of 50% HBFin 1074 mg of HO ([H*] = 59

Young tubes, Teflon-sealed, and heated af@0No statistically

mM; [Pt] = 26 mM) placed in an NMR tube was heated in an oil

meaningful difference in the observed rate constants of disappear-bath at 80°C. A 0.10 mL sample of the mixture was picked up

ance of complext was seen: (4.6@ 0.15) x 104 s in the
absence and (4.55% 0.23) x 10“ s ! in the presence of the
methanol additive.

Effect of 1 equiv of LPt"(OH,),BF, Additive on the Kinetics
of the C—O Elimination from LPt YMe(OH), in Acidic D,O
Solutions. A solution of complex3 was prepared as follows. A
sample of 4.8 mg of LPtMe(OH), (9.7 umol) was dissolved in
1.3 mL of 60 mM HBR solution in DO ([Pt] = 7.48 mM). Then
0.817 g of the resulting solution was placed into an NMR Young
tube and heated at 8 in a heating bath. The disappearance of
LPtYMe(OH), was monitored byH NMR. After heating for ca.
190 min a complete conversion of L'AYle(OH), to LPt!(OH,),-
BF, and MeOH was reached.

Another sample of LPtMe(OH), (2.9 mg, 5.«mol) was placed
in a vial and dissolved in the acidic solution of LEDH,).BF;,
above. The resulting mixture was transferred into an NMR Young
tube. According to NMR, the LPMMe(OH),/LPt'(OH,),BF, ratio
was 1.02:1, LPYOH,),BF, = 7.48 mM and LPYMe(OH), = 7.63
mM. The solution was heated at 8C in a temperature-controlled

with a syringe before the heating had begun and periodically after
the reaction had started. The composition of the mixture was
analyzed using ESI-MS to determine the @H/Me'®OH ratio
and'H NMR to determine conversion of the starting complex. No
methanol was detected in the solution before the reaction. After
70 min when the conversion of the starting complex was 83% the
Me!80OH/Mel®0OH ratio was 16/83.

160/1%0 Exchange between Complexes 1,ds and H,0. A
solution of complext or 1-d; (17.0 mg, 34.5¢mol) and 10.1 mg
of 50% HBF; in 992 mg of B8O ([H*] = 63 mM; [Pt] = 38
mM) placed in an NMR tube was heated in an oil bath af@0
A 0.10 mL sample of the mixture was picked up with a syringe
before the heating began and periodically after the reaction had
started. The composition of the mixture was analyzed using ESI-
MS to determine both the M#OH/Me®OH ratio and relative
concentration of isotopomeric complexe§PtMe(8OH),(OH),—p:

1, n=0; (m+HT)/z= 494.070. Calc forl-H™), CioH;5805N 19>
P23, 494.0349.

1180, n = 1; (m+H")/z = 496.084. Calc for 1-180-H™),

bath. Periodically the Young tube was removed from the bath and C12H15'°04%01N2199P %S, 496.0392.

cooled quickly to room temperature, and NMR spectra were
recorded. After heating for 5 min at 8€ a new PtMe peak was
observed at 3.56 ppnfJesei = 64 Hz), corresponding tais-
LPtVMe(u-OH),Pt'LBF,, as confirmed by independent synthesis
and ESI-MS analysis. After rapid consumption of Lde(OH),
due to the formation of isomeric [LPMe(u-OH),Pt'L]|BF,, 6,
which were observed during the first 5 min, the reaction followed

1-180,, n = 2. (m+HT)/z = 498.094. Calc for 1-180,-H™),
Ci12H151%03180,N,19P$2S, 498.0435.

The signal at fr+HT)/z = 492.068, which belonged to the
adventitious LPYMe,(OH) complex, inert under the reaction
conditions!3 was used as an internal standard.

The contribution to the peak é#%Pt-1 coming from L*"PtMe,-

(OH) (16.1%) was taken into account when the relative concentra-

first-order kinetics. The calculated pseudo-first-order rate constant tions of 1, 1-180, and1-120, were calculated. Similarly taken into

Kobs = (5.82+ 0.30) x 104 s7L.

Dissociation of [LPtYMe(u-OH),Pt"'L]BF 4, 6, to Produce 1
and 3 and Its Reaction with Water. A sample of isomeric
complexess (6.1 mg, 5.95umol) was placed into a Young tube,
and 0.8 mL of 60 mM HBF solution in DO was added. The
mixture was heated at 8GC. After 5 min of heating crystals of
LPtVMe(u-OH),Pt'LBF, dissolved to produce LPMe(OH), and

account were the contributions to the peakl%Pt-1-%0 coming
from 197Pt-1 (16.1%) and the contribution to the signal'8¥Pt-1-
180, coming from1®7Pt-1-180 (16.1%) (Figure 8).

Very weak peaks<1%) with (m+H")/z = 500, 502, and 504,
which could correspond td-180;, 1-180,, and 1-'80s, did not
change their intensity in the course of the reaction. Theretée#,

160 exchange in the sulfonate group did not take place. Doubly
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180-labeled comple8-180,, LPt!(180H,),™, was observed only in
the mass spectrum of the reaction solutions.

ESI-MS of the reaction mixture composed By HBF,, and
H2180, m/z= 484.044. Calculated f08(1802), C11H13031802N2195-

P23, 484.0279. Calculated isotopic pattern matched the experi-

mentally observed one.

Similarly, for 1-d; peaks ofl-ds-1%0 and1-ds-180, appeared and
grew in relative intensity in the course of the reaction.

1-d;, n = 0; (m+H%)/z = 497.081. Calc for X-ds-H™),
C12H122H31805N,195P52S, 497.0534.

1-d3-180, n = 1; (m+H")/z = 499.112. Calc forX-ds-180-H™),
C12H1,°H3160,4180,N,195P82S, 499.0577.

1-d3-180,, n = 2; (m+HT)/z = 501.094. Calc for 1-ds-180,-
H™), CioH12H3103180,N,19PE2S, 501.0620.

Inertness of Met®OH in Acidic H ,80 at 90 °C. To confirm
the inertness of MeOH in acidic O solutions, uL of CH;OH
(22 umol) was dissolved in 0.5 mL of O containing 60 mM
HBF,. A 0.1 mL sample of the mixture was picked up with a
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80 °C in neutral 42 mM solutions oft a slow (1> ~ 90 min)
reaction proceeded, leading to compléx MeOH, and water-
insoluble white precipitatel4, L,Pt',(u-OMe). Other reaction
products were a perfectly water-soluble J@eand a symmetrical
LPtVMe(OMe), 5 (Figure 10). According tdH NMR, after 6 h
the conversion ot was 80%; the MeOH/M®/5 ratio and yields
of complex4 were as follows: 7.2 (24%):3 (20%):1 (13%).

L,Pt',(u-OMe), 14 white, amorphous powder, insoluble in
water; dissolved slowly in acids to produce compldxand
methanol. ESI-MS of a solution df4 in diluted HBR, m/z =
951.086. Calculated fod@-H™"), CosH2s08N419PL32S,, 951.04095.
Calculated isotopic pattern matched the experimentally observed
one. Anal. Found: H, 2.27; C, 29.9; N, 5.76. Calcd fesH;,04N,-
PtS, H, 2.54; C, 30.32; N, 5.89.

The rate of the acid-catalyzed reaction4in water at 80°C,
[Pt] = 39 mM and [H] = 60 mM, defined as the rate of
disappearance of was almost twice as fast as that involving
complexl1 under the same conditions. As a result, comdlexas

syringe, and the mixture in a Teflon-sealed Young tube was placed seen in the reaction mixtures. Up to 5% yield of the intermediate

in a heating bath fio3 h (80°C). According to mass spectrometry,
both before and after heating no ¢fOH was detected.

Reaction of LPtVCD3(OH),, 1-ds, in the Presence of 1 equiv
of LPt"(*80H,),BF, in Acidic H,%0 Solutions. A 38.9 mM
solution of LPY¥(*80H,),BF, was prepared by heating 'P¥le-
(OH), (8.99 mg) in 119 mM HBEin H,'80 (0.5149 g) fo 3 h at
80 °C. LP{VCD3(OH), (9.02 mg) was dissolved in the resulting
mixture ([LP#YCD3(OH),] = 38.8 mM). The reaction mixture was
heated at 80°C in a sealed NMR Young tube for 5 min. The
composition of the mixture was analyzed using ESI-MS to
determine the CB®0OH/CD;%0H ratio, which was found to be 2.7:
1. Formation of [LPYCD3(u-1%0OH),Pt'L] * was observed after 5
min of heating/m/z = 940.04649 (calculated forgH»oD30gN4>
P1,32S,, 940.04312).

Hydrolysis of LPt'VMe(OMe)(OH), 13, in 129 mM HBF,
Solution in H,'80. A sample of complexL3 (8.3 mg, 16umol)
was combined with 10.2 mg (58mol) of 50% (mass) HBFin
water and 0.4947 g of #0 to produce a solution withlB] =
36.4 mM and [HBR] = 129 mM. The solution was left at 2C
for 3.5 days and then analyzed by GC-MS (El) AHdNMR (after
dilution with D,O). According to GC-MS, only one methanol
isotopologue was present in the mixture, £¥H, with nv/z
32.0264 (calc for CHH0 32.0262). No peaks that could be assigned
to CHs'80OH were detected at the level 1% of the intensity of
the CHOH signal. Immediately after GC-MS analysis, the
reaction mixture was diluted with @ and analyzed bjH NMR.
According to NMR, conversion of compleb3 was 23%, and the
product of hydrolysis was identified asnsymLPtVMe(OH),
(unsym1).13

Transformations of LPt"YMe(OMe)(OH), 4, in Neutral and
Acidic Aqueous Solutions. Formation ofsymLPt"V Me(OMe),,

5, and L,Pt" ;(u-OMe),, 14.The experiments were set up in Teflon-
sealed NMR Young tubes to avoid possible loss of volatile reaction

products. In neutral aqueous solution methanol formed very slowly

at room temperatures1% conversion was seen after 24 h. At

complex5 could be observed after 20 min, but eventually it reacted
completely. Methanol and dimethyl ether were the major reaction
products; the yield of methanol reached 60% and the yield efMe
was 12% by the end of reaction (3 h, Figure 9). A small amount of
complex14 (~20% by mass) was observed in the reaction mixture
by the end of the reaction, while the major part of Pt was converted
to complex3.

An acidic dilute solution of4 (10.0 mM) in 60 mM [HBR]
produced methanol as a main reaction product. After 92 min at
80° the MeOH/MgO molar ratio was 21 (70%):1 (3.3%).

C—0O Coupling of symLPt'"VMe(OMe),, 5. A solution of sym
LPtVMe(OMe), (15.0 mg) in 1 mL of 60 mM HBFin D,O was
placed in an NMR Young tube and heated at°8for 30 min.
According to ESI-MS, the resulting solution contained 'V Fte-
(OMe)(OMe) ™, m/z = 536.08052. Calculated for;€H,;05N,95-
P£2S, 536.082022.
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In addition, one of the CIF files deposited as Sl was incorrect.
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