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Facile Aerobic Oxidation of dpms—Platinum(ll) Ethylene Complexes
(dpms = di(2-pyridyl)methanesulfonate)
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Di(2-pyridyl)methanesulfonato hydroxo platinum(ll) ethylene complbxLPt'(C,H4)OH, reacts readily
with oxygen in aqueous solution to cleanly produce unsymmetrical 2-hydroxyethyl platinum(IV) complex
unsymb6b, LPtV(C,H,OH)(OH). The latter eliminates ethylene oxide and ethylene glycol in virtually
quantitative yield in neutral agueous solution at°@and produces the dinucleashydroxo platinum-
(I complex 7 as another reaction product. The oxidation reaction was shown to proceed via an anionic
2-hydroxyethyl hydroxo platinum(ll) intermediatgh. The chloro analogueta and5a are inert toward
dioxygen but can be converted & under air in the presence of 1 equiv of NaOH. As established by
DFT calculations, both the formal charge on the platinum(ll) center and the nature of ligands coordinated
to it have a crucial effect on the energy of the HOMO of the complexes, which may be related to their
ability to undergo an aerobic oxidation.

Introduction Scheme 1
. . . . 1-a
The use of atmospheric oxygen for selective oxidation of
i ds i hallenging but practical ok OoHe0, 25°C |_wme  75°C | _on
organic compounds is a challenging but practical dol. T<OH /P|t<OH

particular, oxygen is an attractive oxidant for the platinum-
mediated alkane functionalization involving organoplatinum
. . . . . unsym-2 sym-2
intermediate3-5> Recently we have reported facile oxidation HH,0 2500/

OH 1-b Me

of aqua methylplatinum(ll) complek by atmospheric oxygen
(Scheme 1-a) and clean elimination of methanol from the
resulting dihydroxo methylplatinum(lVunsym2 in acidic N
(Scheme 1-b) and basic aqueous solutfoal,enabled by di- LN N
(2-pyridyl)methanesulfonate ligand (dpnidmportantly, plati- L \Pt"’OH2 + MeOH
num(ll) complex3 resulting from the elimination reaction is
inert toward dioxygen. Hence, the presence of a hydrocarbyl
attached to the Ptcenter is essential for facile oxidation Scheme 2
reactions’ To the best of our knowledge, such selective direct 20
aerobic functionalization ahonamethyl platinum(ll) complexes NaOHIH.O 0, 25°C

. . . . . . 2 2/112
involving methyl platinum(lV) intermediates is currently the orHZO(X—OH)g\PtUOH (X = OH) or 6;’13‘ _OH
unique feature of the dpms-based system. The scope of reactions ?ggggogmzc% c|) H\L

presented in Scheme 1, allowing for the use of dioxygen for 5a, X =Cl 9
functionalization of hydrocarbyl platinum(ll) complexes, is 5b, X = OH 2/ uneym-6b
currently a focus of our research. H:0, 80°C

In this work we report facile aerobic functionalization of
ethylene dpms (L) complexdswhich leads cleanly to a mixture HOCH,0H + \/ + \P,u\>\
of ethylene oxide and ethylene glycol (Scheme 2). Our data ©
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impossible in neutral solution but is facile in the presence of 1
equiv of a strong base (Scheme 2-b).

The ability of platinum(ll) ethylene complexe$ to add
hydroxide anion and fornd reversibly (Scheme 2-a) can be
readily demonstrated in alkaline solutions and is similar to the
reversible nucleophilic addition of alkoxide anions to the
ethylene ligand of Zeise’s anion, according to a recent report.
The question of whether or not the direct aerobic oxidation
involves4b or 5b is more complex and will be discussed here.
Altogether, the reactions presented in Scheme 2 lead to non-
carbonyl/ non-vinylic type products that are typical for the well-
established Wacker chemisfiy:! Another type of aerobic olefin
oxidation includes amidate-bridged polynuclear platinum(lll)
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Figure 1. ORTEP drawings of compleXda, 50% probability
ellipsoids. Selected bond distances, A: P€l1, 2.890; Pt+C12,
2.180; Pt+-C11, 2.155; Pt¥N11, 2.062; Pt+N12, 2.013; Pt+

complexes as catalysts. It leads to ketones and epoxides andl1, 2.295; C1+-C12, 1.378.

includes Pt alkyl intermediate3®!! It may be important to

emphasize that, in contrast to those systems, the reactiondd has a square planar environment, with an angle between

reported in this work involve the B{Pt' couple. Chemical
transformations presented by Scheme 2, the effect of the ligand
X on nucleophilic addition (2-a), aerobic oxidation (2-b), and
subsequent €0 elimination (2-c) chemistry, will be discussed
below.

Results and Discussion

Synthesis of LPt' (C,H4)X Complexes (X= ClI, OH). LPt"-
(C2Hy)CI, 4a. Preparation of chloro ethylene L'Ptomplex4a
was achieved by reacting equivalent amounts of Zeise’s salt
and K(L) in aqueous solution at room temperature:

K[Pt"Cly(7*C,H,)] + K(L) —

LPt"(5%-C,H,)Cl + 2KCI (1)
4a

A white precipitate of the poorly water-soluble target
compound formed after several minutes with concomitant
disappearance of the yellow color of Zeise’s salt. The product
was isolated in analytically pure form in 80% yield. Complex
4a was sparingly soluble in water and methanol, stable in
aqueous and methanolic solutions at room temperature unde
an argon and @atmosphere, but decomposed slowly upon
heating in water, releasing ethylene. Electrospray ionization
mass spectra (ESI-MS) of a dilute aqueous solutiordaf
showed the presence di-H* ion as the only Pt-containing
species. Low molecular symmetry of compka containing a
dpms ligand with two nonequivalent pyridine rings was evident
from the observation of a pattern of eight multiplets of equal
intensity in the aromatic region of tHél NMR spectra of4a.
Platinum-coordinated ethylene exhibited two multiplets with the
platinum-195 satellites at 4.9 and 5.1 ppAip(y = 55 Hz)
integrating as 2H each per one dpms ligand. The ethylene
resonances were downfield shifted as compared to the 4.6 pp
signal observed for Zeise's séft?

Single crystals of LP{CH,CH,)CI suitable for X-ray dif-
fraction analysis were prepared by slow crystallization from a
reaction mixture. The platinum atom #ua is four-coordinate

(8) Benedetti, M.; Fanizzi, F. P.; Maresca, L.; Natile,@iem. Commun
2006 1118.
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2900.

(11) Matsumoto, K.; Mizuno, K.; Abe, T.; Kinoshita, J.; Shimura, H.
Chem. Lett1994 1325.

(12) Hahn, C.Chem-Eur. J. 2004 10, 5888.
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the platinum coordination plane and the mean plane of the
ethylene ligand of 899(Figure 1). The length of the €C
bond in the coordinated olefin, 1.378 A, is greater than in free
ethylene (1.337 A) and is almost the same as in Zeise’s salt,
1.375 A2 The platinum-sulfonate oxygen distance, PtD11,

is slightly shorter than the sum of van der Waals radii of these
atoms.

LPt"(C,H4)OH, 4b. Preparation of hydroxo ethylene L'Pt
complex LP¥(CH,CH,)OH, 4b, was performed by reacting the
chloro analogueta with 1 equiv of silver(l) oxide under an
argon atmosphere in carefully deaerated water at room temper-
ature:

2LPt'(35%C,H,)Cl + Ag,0 + H,0 —
4a
2LPt'(5%C,H,)OH + 2AgCl (2)
4b

According to 'H NMR spectroscopy, the reaction was
complete in 24 h and produced the target hydroxo comgplex
in a virtually quantitative yield. Purdb was isolated from the
pale yellow solution, obtained upon centrifugation of silver
compounds, in 76% yield.

Aqueous solutions of analytically pure compldk were
slightly alkaline (pH~ 8) and contained-34% of 2-hydroxo-
ethyl LP#' complex5b, according to'H NMR spectroscopy.
The elevated pH value was due to the weakly basic nature of
the P¥(OH) fragment. A potentiometric titration of a pure
sample of4b in a standardized 0.0970 M HNOwith a
standardized 0.1000 M NaOH gave thgvalue of 1.0x 10711
(see Supporting Information for more details). On the basis of
this result, the pH of a 50 mM solution db in water should
be equal to 7.8, matching our observations. Solutiongboih
pure water decomposed very slowly under an argon atmosphere
at room temperature. This process could be slowed down
significantly at 5-6 °C. When exposed to ai#b produced
unsym6b in virtually quantitative yield, according tdH NMR
spectroscopy.

The low symmetry of comple#b, featuring two nonequiva-
lent pyridine rings, was confirmed byH and 13C NMR.
Platinum-coordinated ethylene exhibited two multiplets at 4.7
and 5.0 ppm itH NMR spectrum of aqueoutb, slightly more
upfield than for the chloro analogde, each multiplet integrat-
ing as 2H per one dpms ligand. Electrospray ionization mass
spectra of a dilute aqueous solutionddf showed the presence
of the 4b-H™* ion.

Nucleophilic Addition of OH ~ to LPt" (C,H4)X Complexes
to Produce Na[LPt!(C,H4OH)X] (X = CI, OH). Na[LPt"-
(CH,CH,0H)CI], 5a. Nucleophilic addition of hydroxide to
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Table 1. DFT-Calculated Energy of the HOMO of Cationic,

Khusnutdiacet al.

Neutral, and Anionic Platinum(ll) dpms Complexes, eV

LPt!(CoHa)OH* LPt!(C;H4)Cl

LPt!(C,H4)OH

[LPt!(CH4OH)CI] [LPt!(C;H4OH)OH]

—9.08 —5.51 —5.26
LPt'(CH,CH,)Cl was accomplished by reacting soHd with

4 equiv of 0.2 M sodium hydroxide in deaerateg@under an

—1.95 —151

At 1 h after preparation the ratio of L'RCH,CH,)CI,
LPt'(CH,CH,OH)CI~, and LPY¥(CH,CH,)OH was 6:84:10.

argon atmosphere at room temperature. The solid dissolvedUpon mixing of the solution with 1 equiv of aqueous HR&a

quickly upon stirring to produce a clear, colorless solution
(eq 3):

LPt'(5*-C,H,)Cl + NaOH=
4a
Na[LPt'(CH,CH,OH)CI] (3)
5a

According to'H NMR spectroscopy, the conversion of the
starting material4da was complete in 10 min. Two dpms-

containing species detected by the NMR were 2-hydroxyethyl

chloro platinum(ll) complea (96 mol %), which resulted from
a nucleophilic attack of OH at the ethylene ligand ida, and
2-hydroxyethyl hydroxo comple&b (4 mol %), which resulted
from the CI/OH ligand exchange iba (eq 4):

Na[LPt'(C,H,OH)CI] + NaOH—
S5a
Na[LPt'(C,H,OH)OH] + NaCl (4)
5b

A H NMR spectrum of the major produ&a showed the

was produced (eq 6):

Na[LPt'(CH,CH,OH)CI] + HBF, —
5a
LPt'(CH,CH,)Cl + NaBF, + H,0 (6)
4a

According to'H NMR spectroscopy, the mixture contained
complexesda and4b in an 85:15 ratio, the resulting solution
being slightly acidic (pH= 3). The ratio did not change after
1 day. Hence, we could conclude that the nucleophilic addition
of hydroxide toda (eq 3) is fully reversible.

Na[LPt" (CH,CH,0H)OH], 5b. A chloride-free solution of
the hydroxo analogugb could be prepared by reacting ethylene
hydroxo complex4b with a 1.4-fold excess of an aqueous
sodium hydroxide solution under an argon atmosphere (eq 7):

LPt'(»*C,H,)OH + NaOH=
4b
Na[LPt' (CH,CH,OH)OH] (7)
5b

According to 'H NMR spectroscopy, the resulting clear

presence of a dpms ligand with two nonequivalent pyridine rings Yellowish solution contained the target complex as the only
and two sets of signals of diastereotopic hydrogen atoms of thedpms-denved_spgculas. Thuls, the conversiomofto Sb was
2-hydroxyethyl ligand. The signals of hydrogens attached to virtually quantitative'H and3C NMR spectra obb exhibited

the a-carbon were well resolved, centered at 1.7 and 1.9 ppm,

and had broad platinum-195 satellites withyyy = 41 and
38 Hz, respectively. In thé3C NMR spectrum of5a the
o-carbon atom exhibited a singlet with two platinum-195
satellites andJpic = 728 Hz.

The presence oba in freshly prepared alkaline aqueous
solutions ofd4a (pH = 10) was also confirmed by ESI mass
spectrometry.

A slow CI/OH ligand exchange (eq 4) was further seen in
the reaction mixture, causing tf/5a ratio to increase over
time with a half-life of 16 h under the above conditions. The
ligand exchange was complete after 8 days to prodikras
the only water-soluble product. Formation of a small amount
of dark precipitate was also evident after that time.

Reversibility of the Nucleophilic Attack of Hydroxide
Anion at the Ethylene Ligand in LPt" (CH,CH,)Cl. Revers-
ibility of the nucleophilic addition of hydroxide tda leading
to 5a (eq 3) was confirmed in a separate experiment. A 4.0
mM solution of Na[LP¥(CH,CH,OH)CI] was prepared from
4aand approximately 1 equiv of NaOH. The solution contained
4a, 53, and4b in a 6:87:7 molar ratio as established Hy
NMR integration. The presence of compkxand some sodium
hydroxide in the mixture could result from the reverse reaction
given by eq 3. A partial Cl for OH ligand substitution #a
then led todb (eq 5):

LPt"(5%-C,H,)Cl + NaOH—
4a
LPt"(%-CH,CH,)OH + NaCl (5)
4b

a set of signals characteristic of an unsymmetrical dpms
complex. Two sets of diastereotopic hydrogen atoms of the
2-hydroxyethyl ligand with platinum-195 satellite’g = 37

Hz for botha-CH protons) were seen in thel NMR spectrum

of 5b. The complex decomposed slowly in strongly alkaline
solutions (pH> 10) with a half-life of ca. 28 h at room
temperature, leading to formation of an unidentified dark
precipitate. Comple®b was air-sensitive and producadsym

6b when oxygen was admitted to its solution.

The identity of5b prepared in deaeratecb® was confirmed
by ESI-MS, which showed the presence of the target anionic
complex.

Reversibility of the Nucleophilic Attack of Hydroxide
Anion at the Ethylene Ligand of LPt"(CH,CH2)OH. Nu-
cleophilic addition of hydroxide to the ethylene ligand of
hydroxo ethylene comple&b was demonstrated in the following
experiment. A dilute solution of LP(CH,CH,)OH in deaerated
D,O was combined with approximately 1 equiv of sodium
hydroxide under an argon atmosphere. AccordinHdNMR
spectroscopy, 10 min after preparation the reaction mixture
contained [LPt(CH,CH,OH)OH]~ and LP(CH,CH,)OH in
a 77:23 ratio. This ratio did not change in the course of 10 h,
thereby suggesting that a dynamic equilibrium had been reached
(eq 7). When this mixture was combined with 1 equiv of HBF
in D,0O, LPt'(CH,CH,)OH was found to be the only dpms-
derived species present in solution (eq 8):

Na[LPt'(CH,CH,OH)OH] + HBF, —
5b
LPt'(CH,CH,)OH + NaBF, + H,0 (8)
4b
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Figure 2. Transformations of a mixture of LIRICH,CH,OH)CI",
5a (empty triangles), LP{CH,CH,)ClI, 4a (filled diamonds), and
LPt'(CH,CH,)OH, 4b (filled circles), prepared from equimolar
amounts o#laand NaOH in BO under an argon atmosphere; [Pt]
= 50 mM, [NaOH}, = 50 mM.

On the basis of the established fact of reversibility of addition
of OH™ to 4b, we were able to estimate the equilibrium constant
for reaction 7. A potentiometric determination of P3
combined with'H NMR measurements of thé&lj]/[4b] ratio
was performed in alkaline f solutions of4b at several pD
values to give the equilibrium constakitof (3 &+ 1) x 10° at
23 °C (see Supporting Information for details).

The 2-hydroxyethyl:ethylene complex ratios observed in the
mixtures containingd and approximately 1 equiv of sodium
hydroxide were slightly different for complexdbé and4a. More
precisely, the 77:23%b/4b ratio for the hydroxo ethylene
complex4b was lower than the 87:6a/4aratio for the chloro
analogueda, suggesting that the chloro ethylene compfiex
was more electrophilic than the hydroxo comphx

Relative Electrophilicity of LPt"(CH,CH5)Cl and LPt'"-
(CH,CH2)OH Complexes.The greater electrophilicity of the
chloro complex4a as compared to its hydroxo analogdke
could be estimated more reliably in an experiment when
LPt'(CH,CH,)Cl was allowed to react with 1 equiv of aqueous
NaOH. Two fast reversible OHaddition reactions (eqs 3 and
7) and two slow irreversible Cl for OH ligand exchange

reactions (eqs 4 and 5) determined the composition of the

reaction mixture. Therefore, tHea/5b ratio measured at any
moment of reaction should reflect the relative electrophilicity
of the chloro and hydroxo ethylene complexasand4b. The
composition of a fresh clear solution prepared from solid
LPt'(CH,CH,)Cl and NaOH in RO was monitored byH NMR
spectroscopy. Concentrations of complexes'(®#,CH,)OH,
LPt'(CH,CH,)CI, and LPY¥(CH,CH,OH)CI~ were calculated
from the integral intensity of the coordinated ethylene signals
at 4.7 and 5.1 ppm for the first two compounds and from the
integral intensity of the signals of the 2-hydroxyethyl ligand at
1.4—2.3 ppm forba, respectively. Complekb was not detected
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with concomitant formation ofta (eq 3). The reaction was
driven by an irreversible CI/OH ligand exchange in complex
4a (eq 5), which consumed NaOH released % Since no
2-hydroxyethyl platinum(ll) comple¥b was observed byH
NMR spectroscopy, the electrophilicity @fb was not high
enough to compete witla for the nucleophilic hydroxide anion.
Trace amounts<{1 mM) of free ethylene (5.43 ppm) due to
slow decomposition of complexes and5a were seen in the
reaction mixture after 5 h.

Oxidation of LPt"(CH,CH>)OH in Aqueous Solution by
Molecular Oxygen to ProduceunsymLPt!"V(CH,CH,0H)-
(OH)». A yellowish solution of an analytically pure sample of
LPt'(CH,CH,)OH in water (pH~ 8) was stirred under an
oxygen atmosphere at room temperature. According tdthe
NMR, the oxidation was complete in 1 day; no intermediate
MePt complexes were detected. A similar reaction under air
was approximately 5 times slower. The complersym-
LPtV(CH,CH,OH)(OH),, unsyméb, formed in virtually quan-
titative yield (Scheme 2-b; eq 9) and could be isolated in high
yield in an analytically pure form:

2LPf'(n2—bCZH4)OH +2H,0+ 0, —
4
2LPtY(CH,CH,OH)(OH), (9)
unsyméb

The observed pseudo-first-order rate constant of the reaction
9 performed under pure Owvas (8.2+ 0.2) x 107 s1 at
23°C in D,O solution (see Supporting Information for details).

In all cases, the pH of the starting solution was slightly
elevated, and it contained a trace amount of the anidnihat
could be detected by meansf NMR spectroscopy. There-
fore, it was impossible to conclude whether the direct oxidation
by oxygen involved the neutral completb or the anionic
complex5b.

Attempted Oxidation of LPt" (CH,CH2)OH by Oxygen in
Acidic Aqueous Solutions.In an attempt to figure out the effect
of the formal charge on the platinum(ll) atom on the ability of
corresponding ethylene complexes to react with @idation
of 4b by dioxygen was attempted in an acidic solution. A
solution of chloride-free compleAb was combined with 1.5
equiv of HBR,. The resulting cationic complex L'RC;Hy)-
OH;" (eq 10),

LPt'(7*C,H,)OH + HBF,—
[LPt" (CH,CH,)(OH,)]BF, (10)

exhibited lower field!H NMR resonances of the coordinated
ethylene ligand, which appeared at 5.0 and 5.3 ppm, as
compared todb. The acidic solution was stirred under, @t
room temperature for several days. Periodically the reaction
mixture was transferred with a syringe to an NMR tube and
analyzed by'H NMR. No oxidation products were detected in
the mixture after 4 days. The cationic complex 'L{€tH,CH,)-

in the course of the whole experiment. The plot of concentrations OHz"™ slowly released ethylene to give L'fDH,)," ¢ as the

of complexesda, 4b, and5a versus time is given in Figure 2.
The 2-hydroxyethyl chloro compleXa was the major
component in the beginning of this experiment along with less
than 10% of complexe$a and4b combined. The concentration
of 5adecreased over time due to reversible elimination of OH

(13) (a) Glasoe, P. K.; Long, F. Al. Phys. Chem196Q 64, 188. (b)
Fu, X.; Wayland, B. BJ. Am. Chem. So2006 128 8947.

only dpms-containing product seen By NMR. An estimated
half-life of the cationic ethylene complex was ca. 65 h at room
temperature.

The results of this experiment suggested that increasing
positive charge on the platinum atom prevents platinum(ll) from
aerobic oxidation. This behavior could be related to the
accessibility of the electrons occupying the HOMO of these
complexes by the oxidant. Greater positive charge on the metal
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Table 2. Results of Oxidation of 17.6 mM ) In basic solutions complek undergoes a reversible depro-
LPt"(CH,CH)OH in Water as a Function of Concentration tonation to produce anionic Lfvle(OH)",8 8, which is an

of Additives of NaOH after 60 min of Reaction at 25°C and analogue ofsb. If the anionic complex8 was more reactive

. 1atm O, _ than1 and the oxidation of the former was inhibited by NaOH,
'?'\laOH’eq“'V Sb before vield of 4b + 5b, as in the case ofth, we should expect the presence of a
(INaOH], mM) Oxidation, % &b, % o maximum on the plot of the oxidation product yield versus

0(0) <4 72 93+ 2 [NaOH]. The results obtained are given in Table 3. They show

8:22 E%B 8 ;‘7; i ggi g undoubtedly the presence of a ma>_<im_ur_n_ at 0.10 equiv of NaOH

0.23 (4.0) 19 78 1 214+ 2 present, [NaOH]= 1.9 mM. An inhibition of the aerobic

0.35(6.2) 29 TH1 24+ 2 oxidation is observed at higher concentrations of NaOH.

g'gg 82'8; gg g% 1 ggi % Two possible mechanistic scenarios of oxidation that account

1.4(25) 100 20t 2 80+ 2 for these facts include the following:

a Average of 3 runs? Unreacted LP{CH;CHy)(OH), 4b, and LPY- . A proFon-coupIed electron transfer to a Pt(Il) coordinated

(CH;CH;OH)OH-, 5b, combined. dioxygen ligand (egs 12 and 13):

atom lowered the energy of the HOMO and slowed down or LPt"
stopped the oxidation completely.

To get a semiquantitative estimate of the effects of ligand X | , 01 _ n
and the formal charge on the platinum atom on the energy of (7 "LDLPT(7-O)(AI)OH ~ +H™ —
the HOMO in complexes4 and 5, we carried out DFT (7*-L)LPt" (O,H)(AIK)OH (13)
calculations on neutral complexdsanionic complexe$, and
the cationic complex LPt(§,)OH,™ (Table 1).

According to the results obtained, if an oxidation reaction
operates by the same mechanism of an electron transfer betwee
the Pt atom and an oxidant, the reactivity of'Rtomplexes

(AI)OH™ + O, — (*L)Pt' (y-O,)(AI)OH™  (12)

The pendant sulfonate group of the dpms ligand was expected
coordinate to the metal and thus to provide a substantial
stabilization to the emerging Ptcenter (eq 13§;” decreasing

1 - 1l 3_ 1V
toward the oxidant would increase in the series"(@fH.)- the redox pOtent'Tl of theize L)Lptl/(” L)Té hcouple. A N
OHy* < LPHI(CoHa)Cl < LPH(CoHo)OH < [LPH (CH,0H)CI- transr:ent peroxo platinum( ﬁ) complex could then react wit
< [LPt"(C,H,OH)OH] . another Pt(Il) species (eq 14):

Oxidation of LPt"'(CH,CH2)OH by Molecular Oxygen in
the Presence of Variable Amounts of NaOH.To find out LPtY(O,H)(AIK)OH + LPt'(Al)OH ™ + H,0 —
wheth(_ar or not complegb resulted from a direct oxidation of 2LPfV(AIk)(OH)2 + OH™ (14)
the anionic comple®b rather than the neutral compldk, we
determined an NMR yield of complesb formed in a reaction
between mixtures ofb + 5b and dioxygen (1 atm) as a function (ii) Protonation of the Pt center leading to a transient"Pt
of concentration of NaOH. The yield was measured after 60 hydride and subsequent oxidation of théRtydride (eqs 15
min of stirring a reaction mixture under,@Table 2). As the and 16)*
concentration of NaOH present in a solution increased, the
fraction of the anionic Pt(Il) comple&b grew from 4% to 100% (7*-L)LP" (AIK)OH ™ + HT — (i*-L)PtVH(AIK)OH  (15)
due to the equilibrium shift (eq 7) to the right (Table 2, second
column). Yield of 6b increased more than 10-fold at higher (3*-L)PtYH(AIK)OH + O, —
concentrations of NaOH as compared to a NaOH-free solution. 3 v
The yield passed through a maximum at approximately 0.23 (7=L)PE*(OH)(AI)OH (16)
equiv of NaOH (4.0 mM) and then decreased slowly as the
amount of NaOH increased to 1.4 equiv (26 mM). The  On the basis of our previous observatiérgrobic oxidation
significant acceleration of the reaction at low [NaOH] can be of LPtVMe,H in neutral aqueous solutions is much slower than
considered as evidence of a direct oxidation of the anionic that of LPtMe(OH,). Hence, we postulate here that thé' Pt
complex5b by O,. A similar conclusion about higher reactivity  hydrides are not viable intermediates of the aerobic oxidation

of 2-hydroxoethyl! trichloroplatinate BEl3(C,;H4OH)?~ com- of 6b (eq 9) and that a proton-coupled electron transfer to the
pared to that of Zeise's anion '®l3(C;Hs)~ in oxidation n*-coordinated dioxygen ligand involving a triptesinglet spin
reactions with PYClg>~ was made by Labinger and Bercafv.  interconversion might be operative here. Mechanism (i) should

A partial inhibition of oxidation reaction 9 at higher concen- be inhibited by electron-withdrawing ligands X in compl&x
trations of NaOH could be due to an involvement of a proton which would decrease the energy of the metal complex HOMO.
transfer at or before the rate-limiting step of the aerobic pgT Modeling on a Proton-Coupled Electron Transfer
oxidation of the platinum(ll) center. To figure out if the from Pt(ll) to Coordinated Dioxygen Ligand. The viability
inhibition of the aerobic oxidation (eq 9) by hydroxide anion  f the postulated mechanism of aerobic oxidation of the anionic
was specific for comples6b or whether it was also possible  complex LP{Me(OH)~ (eqs 12 and 13) can be supported by
for other anionic LPYAIK)OH™ complexes, we looked at the  pET calculations. To do that, a full geometry optimization and
effect of NaOH additives on the rate of the aerobic oxidation Gjpps energy calculation was carried out for compx

of methy! platinum(ll) complext (eq 11): LPt'Me(OH)~, and two proposed reaction intermediateg; (

2LP{'Me(OH,) + O, — 2LPt'Me(OH),  (11) _
(15) (a) Wick, D. D.; Goldberg, K. J. Am. Chem. So&999 121, 11900.

1 unsym2 (b) Keith, J. M.; Muller, R. P.; Kemp, R. A.; Goldberg, K. |.; Goddard, W.
A., lll; Oxgaard, JInorg. Chem?2006 45, 9631. (c) Denney, M. C.; Smythe,
(14) Luinstra, G. A.; Wang, L.; Stahl, S. S.; Labinger, J. A;; Bercaw, J. N. A;; Cetto, K. L.; Kemp, R. A.; Goldberg, K. . Am. Chem. So2006

E. J. Organomet. Chen1995 504, 75. 128 2508.
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Table 3. Results of Oxidation of 19.0 mM LPY Me(OH)) in
Water as a Function of Concentration of Additives of NaOH
after 1 h of Reaction at 25°C and 1 atm O,

NaOH, equiv
([NaOH], mMm) yield ofunsym2, %* unreacted,, %*P
0 (0) 88+ 1 6+1
0.10(1.9) 99+ 1 0
0.54 (10) 82+ 1 17+1
1.1(21) 53t 1 45+ 1
2.2 (42) 22+ 1 73+ 1

a Average of 3 runs? Another oxidation productinsymLPtY Me,(OH),”
formed in the amount of-35%.

L)Pt'(1-O2)MeOH", 9, and ¢53-L)LPt"Y(O;H)Me(OH), 10, in

both the triplet and the singlet ground-state configurations.
The DFT-calculated Gibbs energy of reaction betw@and

0> leading to3[9] was found to be 3.5 kcal/mol, suggesting

that reaction 12 may be a slightly uphill process only. The

optimized structures of[9], 1[9], °[10], and }[10] along with

spin densities for the triplet species, selected bond lengths, and

the relative standard Gibbs energies are given in Figure 3. The

spin density on the platinum atomdf®], 0.23, is not very high,

and the PtO1 distance is very long, 3.473 A, meaning that

ol ; . . .
5.1 distance of 2.410 A s much shorer and close to one ™ e TPt SateSL (5) (ELIPY(4E-CIMeOH in the sinle
typical for dpms complexes containing a platinum atom in the state, [g]é © (".QL)LPt (OH)Me(OH) in the triplet state[10],

e 6 and (d) ¢3-L)LPtV(O,H)Me(OH) in the singlet staté[10]. Selected
formal oxidation statet4.> Transfer of two electrons from  onq jengths are given in italics, spin densities are in bold, and the
platinum to the antibonding orbital of the coordinategli@and relative standard Gibbs energies of species of different multiplicity
leads to an expected @86 bond length increase from 1.250 are given in parentheses.

A'in 3[9] to 1.337 A in[9]. It is worth noting that the singlet

adduct![9] is 19.1 kcal/mol higher in energy that the triplet Oxidation of LPt"(CH,CH2)CI by Molecular Oxygen in
analogu€®[9], thus making a possible spin interconversion too the Presence of 1 equiv of NaOHAn aerobic oxidation of
unfavorable. The relative stability of singlet and triplet species LPt!(CH,CH,)Cl could be performed in the presencelaquiv
changes dramatically when protonation at the atom O6 occurs.of NaOH, though at a much slower rate than an aerobic
The product of protonation df9], complex![10], is 37.1 kcal/  oxidation of its hydroxo analogub. A fresh solution of Na-
mol more stable thaf{10], since the protonation site, atom 06, [LPt'(CH,CH,OH)CI] prepared from#taand 1 equiv of NaOH
bears greater negative charge().38, in the singlet speciés and characterized by the total concentration of platinum of 50
[9] compared to-0.14 on the same atom #f9]. As a result, mM was stirred under an atmosphere of oxygen at room
the energy difference between the singlet and the triplet potentialtemperature for several days. Periodically the reaction mixture
energy surfaces will be rapidly decreasing as we move alongwas transferred to an NMR tube with a syringe and analyzed
the reaction coordinate corresponding to the proton transfer topy 'H NMR spectroscopy.

O6. When the energy difference between two potential energy  The presence of complexessyméb, 4a, 4b, and5ain the
surfaces becomes sufficiently small, a rapid spin interconversion reaction mixture was confirmed by NMR and ESI-MS. Since
can occur, leading ultimately #10]. Therefore, we can expect  the chloro complesawas not observed in the mixture, complex
that higher acidity of the reaction medium will favor a faster 53 was inert toward dioxygen. Small amounts of I(@H),~
electron transfer from the Ptenter to the coordinated oxygen (<5%)6 resulting from the loss of the ethylene ligand were seen
ligand in complexes such ag%L)LPt"(AIk)OH ™. by the end of the reaction.

Attempted Oxidation of LPt" (CH,CH,)Cl by Molecular The plot of concentrations of LRCH,CH,OH)CI~, LPt'(CH,-
Oxygen. According to the data given in Table 1, aerobic CH,)Cl, LPt'(CH,CH,)OH, andunsymLPtV(OH)(CH,CH,-
oxidation of a neutral chloro compleba should be much slower ~ OH) versus time is given in Figure 4. Compl&a, which
than that of an anionic hydroxo spectls (eq 9) because both  formed according to eq 3 and persisted as a major species during
the formal positive charge on the metal center in the zwitterionic the first 10-15 min, eventually disappeared with a half-life of
complex 4a (see Scheme 2) and the electron-withdrawing 10 h, so that in 3 daysnsym6b was the only product present
chlorine present in it decrease the energy of the complex in the mixture. In the course of the reaction, compléxwhich
HOMO. A solution of LPY(CH,CH,)CI in D,O was stirred formed according to eq 5, was detected in concentrations not
under oxygen for several days at room temperature. A sampleexceeding 1 mM. The complex eventually disappeared (eq 9)
of the mixture was periodically transferred with a syringe to an when the oxidation was complete. The concentration of another
NMR tube and analyzed byH NMR. No oxidation products ethylene complex4a, decreased rapidly in the course of the
were detected after 4 days; compoufalwas the only dpms reaction.
complex present in solution. After 4 days of stirring at room It is interesting to compare the rates of transformations of
temperature, the reaction mixture was heated under oxygen attomplex5a in two similar experiments, one performed under
60 °C. According to théH NMR, complex4a slowly released an argon atmosphere (Figure 2) and another performed under
ethylene with a half-life of 9.5 h. Thus, consistent with the oxygen (Figure 4). In both caséa was prepared from 1 equiv
anticipated effect of ligand X on the energy of the HOMO, of 4aand 1 equiv of NaOH and the total initial concentration
neutral complexawas less reactive toward dioxygen tHam of Pt was 50 mM.

c) 3[10] (0 kcal/mol) d) 1[10] (-37.5 kcal/mol)

Figure 3. DFT-optimized structures of (ay-L)Pt' (*-O,)MeOH~
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Figure 4. Transformations of LP{CH,CH,OH)CI (empty tri-
angles), LPY{CH,CH,)CI (empty squares), LICH,CH,)OH (filled
diamonds), andunsymLPtV(OH),(CH,CH,OH) (filled circles)
prepared from equimolar amounts4d and NaOH in DO under
an G, atmosphere; [P§]= 50 mM.

Scheme 3
OH-, fast
—_— Sa
l OH", slow l OH", very slow
OH-, fast (k) o)
———L 5 — 2, @b
-OH" (k4)
0, 5b
(k2) || (k2) Tfast (k)
H*, slow (k3)

11b —> 12b

The rate of disappearance&d in the experiment performed

Khusnutdiacet al.

is irreversible? The protonation is coupled to a spin intercon-
version in tripletL1b and oxidation of Ptto PtV (rate constant
ks); (iv) subsequent nucleophilic attack'sih at the hydroperoxo
ligand of 12b leading to6b is fast (Scheme 3).

Using a steady-state approximation for intermediatg<. 1b,
and 12b and assuming that formation @fLb from 5b occurs
much slower than addition of OHto 4b, we can get the
following rate law (see Supporting Information for details):

ko[H™ KK,
%—?=k2 o] - “__[oJC (17)
(ko + kH™]) (KK, + [H'])
Here Ky, is the ionization constant for water ar@ is the
combined concentrations db and5b.

Formation of paramagnetic compléddb was never docu-
mented in our NMR experiments on aerobic oxidation5bf
even at pH values as high as 13, when the proton-coupled
electron transfer (eq 13) might be very slow. If the formation
of 11bwas irreversibleK-, = 0) and its subsequent transforma-
tion of 11b to 12b was very slow, noticeable accumulation of
paramagneti@¢1bin strongly alkaline reaction mixtures should
be reflected in the NMR spectra as line broadening or “disap-
pearance” of a noticeable amount 4l + 5b. Since these
changes were not observed, we suggest that reaction 12 was
reversible and equilibrium 12 was shifted to the l&ft,< k-5,
consistent with results of our DFT calculations for the methyl
analogue obb, complex8. To account for the observed pH-
dependence of the rate of oxidation4df in alkaline solutions,
the following formal analysis of eq 17 was performed.

The factor [H] in its numerator might cancel out (i) in the
case of weak binding of hydroxide by complék (eq 7), so
thatKK,, < [H] (in fact, KKy, = 3 x 1079, whereas [D] <
1 x 10712 for all our experiments performed in alkaline®

under oxygen atmosphere was not significantly different from solutions (Table 2)); (ii) ik-2 < ks[H ], which corresponds to
that in an analogous experiment under argon. The half-life was the case of a fast proton-coupled electron transfetlib (eq
about 15 h in both cases. Therefore, once again, we can statél3). Therefore, to account for the presence of the maximum,

that 5a by itself is practically inert toward ©

The results of oxidation o#a in alkaline solutions are
summarized in Scheme 3. Sinda forms from5a in a fast
reversible OH elimination reaction (eq 3), involvement &

we suggest that transformation @flb to 12b was the rate
limiting pH-dependent stefk-, > ks[H™]. Since formation of
5b from 4bis also pH-dependent (eq 7), but with a dependence
of the opposite character, this results in the appearance of a

in a direct aerobic oxidation would lead to faster disappearance maximum on the plot of reaction 9 rate versus pH.

of 5a, which was not observed. Thuda was inert toward

Oxidation of LPt" (CH,CH,)Cl by H,0, to Produce LPtV-

oxygen in basic media, similar to what was observed in its (OH)(CH2CH2OH)CI. The use of stronger oxidants such as

neutral solutions.

Since the aerobic oxidation efb was suggested to occur
via anionic complexgb, the rate-limiting step of an indirect
aerobic oxidation obamight be its irreversible transformation
to 4bvia 4a. A direct transformation obato 5b was presumably
much slower compared to thta to 4b transformation due to
the anionic nature and decreased electrophilicity 5at
versusda

Qualitative Analysis of the Observed pH-Dependence of
the Rate of Oxidation of 4b in Alkaline Solutions. On the

basis of the observations available we can suggest a qualitative

hydrogen peroxide allowed us to convert completo the
corresponding 2-hydroxyethyl chloro hydroxo platinum(lV)
complex 6a. The reaction could be carried out at room
temperature with 1.5 equiv of4@; in a dilute aqueous solution
(eq 18):

LPt" (5*-C,H,)Cl + H,0,—

LPtY(OH)(CH,CH,0OH)CI (18)
6a

In 1 day the reaction was complete and the analytically pure

kinetic scheme that accounts for the observed pH-dependenceproduct was isolated by filtration as a white solid in 82% yield.

of rate of oxidation ofdb in alkaline solutions (Table 2). The

The 'H NMR spectrum ofunsym6a in water was similar to

analysis was based on the following established facts and/orthat of unsym6b. The identity of the new compound was also

assumptions: (i) formation &b from 4b and OH- is reversible
(rate constant&; andk—;; K = ki/k—1); (ii) oxidation of 5b
proceeds via the tripleg’-dioxygen adductllb, [LPt"(n-
0,)(C,H4OH)OH]™ (eq 12), formation of which is reversible
(rate constantk; andk_»); (iii) a rate-determining protonation
of anionic triplet adductllb to form a diamagnetic Pt
hydroperoxo compled2b, LPtV(O,H)(C,HsOH)OH (eq 13),

confirmed by ESI-MS in aqueous solution.

Thermal Isomerization and C—O Reductive Elimination
from LPt'"V(CH,CH,0OH)(OH),. As established earlier, the
unsymmetrical methyl dihydroxo platinum(lV) complarsym
26 was many orders of magnitude less reactive in methanol
elimination than its symmetrical isomeym2 (Scheme 1). This
difference in reactivity was related to the presence of the
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Figure 5. Transformations ofunsymLPtV(OH),(CH,CH,OH)
(empty triangles) teymLPtV(OH),(CH,CH,OH) (filled triangles),
ethylene oxide (empty circles), and ethylene glycol (filled circles)
in neutral BO solution at 8C°C; [Pt]y = 27 mM.

sulfonate tail, a much better leaving gréfifransto the methyl

in sym2 as compared tainsym2, having a pyridine residue
transto the methyl. The isomerization ahsym2 to the reactive
sym2 could be carried out at 800 °C in neutral aqueous
solutions in high yield. In an attempt to perform similar
isomerization ofunsym6b to sym6b a neutral aqueous solution
of the former complex was heated at 8D. unsym6b reacted
with a half-life d 1 h to produce, as expected, its symmetrical
isomer (eq 19), but the subsequent@ reductive elimination
from sym6b leading to ethylene oxide and ethylene glycol
occurred at a very fast competitive rate (eq 20; Figure 5):

unsymLPt"(CH,CH,OH)(OH), —

symLPt"(CH,CH,OH)(OH), (19)
sym6b

2 symLPt"(C,H,OH)(OH), —
L,Pt'(u-OH), + C,H,0 + HOC,H,OH + H,0 (20)
7

In 5 h, when all theunsym6b reacted, the following water-
soluble compounds were found in the reaction mixtusgm
6b (14% yield on Pt), ethylene glycol (38%), and ethylene oxide
(38%). A white, water-insoluble product was identified as the
binuclearu-hydroxo platinum(ll) complex’ described earliér
(eq 20; Scheme 2-c). Heating the reaction mixture at@for
an addition&3 h led to a solution containing 11% af/m6b,
63% of ethylene glycol, and 26% of ethylene oxide. The changes
in the ratio of the two organic products were due to partial
hydrolysis of ethylene oxide to produce the glycol. Since
ethylene oxide cannot form from ethylene glycol under these
conditions, it is evident that ethylene oxide was a primary
product of C-O elimination (eq 20). At the same time, it is
difficult to say if ethylene glycol was another primary reaction
product since it forms readily from ethylene oxide under the
reaction conditions. Reductive elimination of ethylene oxide as
a result of an intramolecular nucleophilic attack of the HO group
of the 2-hydroxyethyl ligand at ita-carbon should be favored
entropically over intermolecular reaction between water and
symb6a, leading to ethylene glycol (Scheme 4).

Complexsym6b was characterized in aqueous solution by
IH NMR spectroscopy. Compared tmsymé6b it exhibited a

(16) Smith, M. B.; March, JMarch’s Advanced Organic Chemistry:
Reactions, Mechanisms, and Structuséh ed.; Wiley: New York, 2001.
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Scheme 4
6\? _OH __, @,?/OH . — 5, —OH
= It\L =Pt o §07 + =Pgp,
OH ~OH )
unsym-6b HO H,0 l ‘Hzol
sym-6b
Y HO(CH,),0H 127

distinct set of signals, two sharp triplets of the 2-hydroxyethyl
ligand with platinum-195 satellites at 3.16 ppfJ & 5.8 Hz,
3J195ptH= 40 HZ) and 3.51 ppm30 =58 HZ,3J195ptH= 80
Hz), a signal of the dpms CH-bridge at 6.53 ppm, and a set of
four multiplets in the aromatic region typical for a mirror-
symmetrical dpms complex.

The organic products were identified Bl NMR and ESI
mass spectroscopy in a slightly acidified solution. A peak in
the ESI mass spectrum ah (- H")/z= 63.04890 was assigned
to protonated ethylene glycol (calculated faH70,, 63.04460),
and a peak atni + H')/z = 45.03391 was assigned to
protonated ethylene oxide (calculated fosHgO, 45.03404).
The yields of the organic products were determined by integra-
tion of singlets at 3.65 ppm (ethylene glycol) and 2.80 ppm
(ethylene oxide).

Interestingly, in contrast to complesym2, no acid catalysis
was required for the €0 reductive elimination fronsym6b
(eq 20). The higher reactivity afym6b compared to complex
sym2 may be due to several factors such as higher electrophi-
licity of the a-carbon atom of the 2-hydroxyethyl group caused
by the electron-withdrawing hydroxy group at thesarbon and
the entropic effect mentioned above that helped enhance the
effective concentration of the nucleophile near the reactive center
and eliminated the entropy penalty associated with bimolecular
nucleophilic attack observed feym2.6 Importantly, analysis
of configuration of two dideuterioethylene glycols resulting from
2-hydroxyethylchloroplatinum(lV)intermediates! Pis(CH,D0HF,
derived fromcis- and trans-dideuterioethylenes, proved the
viability of the S22 mechanism in the €0 elimination
reactiont*

C—0O Reductive Elimination and Attempted C—Cl Re-
ductive Elimination from LPt '"V(OH)(CH,CH,OH)CI in
Neutral Solution. To compare the relative reactivity of the
chloro complexunsyméain C—0O and C-Cl reductive elimina-
tion, an aqueous solution ansym6a was heated at 80C.

The reaction was complete in 10 h to give a mixture of ethylene
glycol (yield 94%) and ethylene oxide (4%) in almost quantita-
tive yield, according to'H NMR. The major Pt-containing
product was an unsymmetrical complex80%), identified as
LPt'CI(OH,) by ESI-MS (eq 21):

2LPtY(OH)(C,H,OH)Cl—

2LPt'CI(OH,) + C,H,0 + HOC,H,OH + H,0 (21)

No signs of isomerization dfa were found in théH NMR
spectra of the reaction mixture. Presumably, the isomer with
2-hydroxyethyltransto the sulfonate group was too reactive to
be observed at a noticeable concentration in the reaction mixture.
No 2-chloroethanol was observed either, suggesting thaZIC
elimination did not occur whereas the—© elimination did.

The result is consistent with the fact that the intramolecular
C(sp)-Cl elimination at a PY center was never reportét.

Summary and Conclusions

In summary, aerobic oxidation of ethylene hydroxo platinum-
(I1) complex4b supported by the di(2-pyridyl)methanesulfonate
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ligand is facile in aqueous solution and leads to unsymmetrical The complex is slightly soluble in water and methanol, stable in
2-hydroxyethyl dihydroxo platinum(IV) complexnsyméb. On aqueous and methanolic solutions at room temperature under an
the basis of the ability of the olefin complék to add hydroxide O, atmosphere. It decomposes slowly upon heating with the
anion to produce anionic 2-hydroxyethyl hydroxo platinum(ll) concomitant loss of ethylene.

speciessb and the observed effect of an alkali metal hydroxide ~ *H NMR (D0, 22°C) 9: 4.89 (m, 2H), 5.05 (m2J;95pi= 55

on the reaction rate, the oxidation4if occurs via intermediate ~ Hz, 2H) 6.32 (s, 1H), 7.57 (ddd, = 7.9, 5.9, 1.4 Hz, 1H), 7.70
5b. The chloro analogues, neutrdh and anionic5a, both (ddd,J=7.7,5.9, 1.4 Hz, 1H), 7.928.03 (m, 2H), 8.17 (td) =
characterized by lower energy of their HOMO, are inert toward 7-7, 1.4 Hz, 1H), 8.22 (td) = 7.9, 1.4 Hz, 1H), 8.54 (m, 1H),
oxygen in neutral aqueous solutions. Still, they can be converted9-04 (dd,J = 5.9, 1.4 Hz, 1H). The coupling constatespu-for
to unsym6b by O, in water in the presence of 1 equiv of NaOH. 2 multlplet'at 4.89 ppm was not determined due to overlap with
The C-O reductive elimination fromunsyméb is clean and ~ the HDO signal. . o

fast in neutral aqueous solutions at 80 and leads to the X-ray quality crystals ofiawere obtained by slow crystallization
formation of ethylene oxide, ethylene glycol, and a platinum- rom a mixture prepared by addition of 0.1 M aqueous K(dpms) to
(I1) complex, presumably via the symmetrical isonsgméb. an equal volume of 0.1 M aqueous solution of Zeise’s salt placed
Thus, one-pot aerobic oxidation of platinum(ll)-coordinated '™ @" NMR twbe.

ethylene to ethylene oxide and ethylene glycol can be readily _Anal. Found (Caled for &H1sCIN,OsPtS): H, 2.38 (2.58); C,

- ; ; 30.49 (30.75); N, 5.41 (5.52). ESI-MS, solution 44 in water:
eous media. Attempts at
and efficiently performed in aqueou I b m/z = 508.012; calculated foda-H*, Ci3H1453°CIN,O59PtS,

developing a catalytic version of a facile ethylene to ethylene 508.006.

ic oxidation in aqueous media are currentl
ooy o Mbarmtory Y LPtI (CH,CH,)(OH), 4b. Solid LP{CHCH,)CI (45.3 mg, 89.2
umol), Ag,O (13.7 mg, 59.umol), and 2.6 mL of deaerated,&
were placed ird a 5 mLSchlenk tube, and the mixture was stirred
in the dark for 1 day at room temperature under an argon

General Comments.All manipulations were carried out under ~ atmosphere. According t# NMR, the reaction was complete in
purified argon using standard Schlenk and glovebox techniques.1 day. The yield was quantitative by NMR. The mixture was
All reagents for which synthesis is not given are commercially Ccentrifuged for 30 min at 10 000 rpm, and the solution was carefully
available from Aldrich, Acros, or Pressure Chemical and were used Separated from the precipitate of AgCl and excessGAgThe
as received without further purification. Methyl aqua di(2-pyridyl)- ~ resulting pale yellow solution was evaporated to dryness under
methanesulfonato platinum(ll) compléxvas synthesized according ~ Vacuum to give a yellow, crystalline solid. Yield: 33.3 mg (76%).
to a published procedufe. The air-sensitive complex was perfectly soluble in \_Nater and

1H (400.132 MHz) and3C NMR (100.625 MHz) spectra were modgrately soluble in methanol. It slowly decomposed in aqueous
recorded on a Bruker Avance 400 spectrometer. Chemical shifts Solution at room temperature, but was stable-e87C for several
are reported in ppm and referenced to residual solvent resonancélays under an argon atmosphere. In strongly alkaline solutions (pH
peaks; these peaks were used as an internal standard for NMR> 10) formation of a black precipitate occurred.
integration. Carbon-13 chemical shifts in,® solutions are H NMR (D20, 22°C) 6: 4.69 (m, 2H 2J;95p1= 54 Hz), 5.01
referenced to an external dioxane standard. Elemental analyses werém, 2Jigspi1= 60 Hz, 2H), 6.30 (s, 1H), 7.55 (ddd=7.8,5.8, 1.1
carried out by Chemisar Laboratories Inc., Guelph, Canada. ESI-Hz, 1H), 7.82 (dddJ = 7.8, 5.8, 1.1 Hz, 1H), 7.96 (vdl = 7.8
MS experiments were performed using the high-resolution JEOL Hz, 1H), 8.06 (vd,J = 7.8 Hz, 1H), 8.15 (vtJ = 7.8 Hz, 1H),
AccuTOF-CS instrument. 8.29 (vt,J = 7.8 Hz, 1H), 8.44 (vdJ = 5.8 Hz, 1H), 8.75 (vd,

Computational Details. Theoretical calculations in this work = 5.8 Hz, 1H).23C NMR (DO, 22°C) 6: 74.8, 78.6 (br stJpc
have been performed using the density functional theory (DFT) = 180 Hz), 126.0, 127.2, 128.9, 130.1, 141.2, 142.6, 148.3, 149.5,
method!” specifically the functional PBE8 implemented in the 149.6, 150.9. ESI-MS, solution @b in water: m/z= 490.04173,;
original program package “Prirodd®2° In PBE calculations  calculated forb-H*, C1H1sN20419PtS, 490.040134. Anal. Found
relativistic StevensBasch-Krauss (SBK) effective core potentials ~ (Caled for G3H1404N,PtS): H, 2.62 (2.88); C, 31.94 (31.90); N,
(ECP¥! optimized for DFT calculations were used. The basis set 5.40 (5.72); S, 6.71 (6.55).
was 311-split for main group elements with one additional Na[LPt"(CH,CH,OH)CI], 5a. A sample of LPt(CHCH,)CI
polarization p-function for hydrogen and an additional two polariza- (27.3 mg, 54«mol) and 1 mL of 0.2 M NaOH solution in deaerated
tion d-functions for elements of higher periods. Full geometry D,O were placed into a vial equipped with a magnetic stirring bar.
optimization has been performed without constraints on symmetry. The suspension was stirred under an argon atmosphere to produce
For all species under investigation frequency analysis has beena clear, colorless solution in less than 10 min ([Rtp.0538 M,
carried out. All minima have been checked for the absence of [NaOH] = 0.2 M). The reaction mixture was transferred into an
imaginary frequencies. NMR Young tube under an argon atmosphere, andHtsNMR

LPt"(CH,CH,)CI, 4a. A solution of K(L) (93.1 mg, 323:mol) spectrum was recorded in 10 min after preparation#eNMR
in 1 mL of H,O was added to the stirred solution of Zeise’s salt spectrum was recorded-B h after preparation. According to NMR,
KPtCl3(CH,CH,)-H,0 (124.8 mg, 323mol) in 1 mL of H,0. A in 10 min after preparation the solution contained 96%afand
white precipitate formed in several minutes, and the yellow color 4% of 5h. The relative amounts d&a and5b were calculated by
of Zeise’s salt disappeared. The mixture was stirred for 3 h, filtered, integration of multiplets of C(5)-H protons &a and5b at 7.41
and dried under vacuum. White powder; yield 136.1 mg (80%). and 7.51 ppm, respectively. Slow CI/OH exchange occurred so that
in 2.3 h the reaction mixture contain®d and5b in an 87:13 ratio
(17) Parr, R. G.; Yang, WDensity-Functional Theory of Atoms and  (half-life 16.4 h). The exchange was complete after 8 days to give

Mogfgfﬁgrggj\?’g. llir"_"’gl:flfg iﬂ?sg;ng’:‘;fgfd'ﬁﬁf:%' Lett. 1996 77 complex5b as the only species detected by NMR. However, slight

Experimental Section

3865, decomposition to form platinum black was observed.
(19) Laikov, D. N.Chem. Phys. Lettl997 281, 151. H NMR (D20, 22°C) 6: 1.69 (m,2Jpy = 41 Hz, 1H), 1.98
(20) Laikov, D. N.; Ustynyuk, Yu. ARuss. Chem. BulR005 54, 820. (M, 2py = 38 Hz, 1H), 3.46 (m, 2H), 5.89 (s, 1H), 7.36 (ddds=

(21) (a) Stevens, W. J.; Basch, H.; Krauss,MChem. Physl984 81, —
6026. (b) Stevens, W. J.; Basch, H.; Krauss, M.; Jasie@an. J. Chem 7.7,5.8, 1.5 Hz, 1H), 7.41 (ddd,= 7.7, 5.5, 1.5 Hz, EH)' 7.66
1992 70, 612. (c) Cundari, T. R.; Stevens, W.JJ.Chem. Phys1993 98, 7.74 (m, 2H), 7.94 (td) = 7.7, 1.5 Hz, 1H), 8.02 (td] = 7.8, 1.5
5555. Hz, 1H), 8.75 (vdJ = 5.8 Hz, 1H), 8.86 (vdJ = 5.5 Hz, 1H).13C
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NMR (D0, 22°C) : 7.95 (Jmc = 728 Hz), 65.8, 76.8, 126.2,

127.2,129.0, 130.4, 139.6, 139.8, 149.4, 151.4, 152.4, 153.6. ESI-

MS (negative mode) oba, immediately after preparation (pk
10): m/z 524.1; calculated for LPt(CH¥CH,OH)CI~, CisH14%5-
CISON,19%Pt, 524.0.

Na[LPt"(CH,CH,OH)OH], 5b. Procedure A, from 4b. An 8.8
mg (18umol) amount of LPt(CHCH,)OH (4b) was dissolved in
1.0 mL of a NaOH solution (25.2 mM) in deaerateg@under an

Organometallics, Vol. 26, No. 9, 202411

NMR (D20, 22°C) 9: 3.00-3.66 (m, 4H), 6.69 (s, 1H), 7.81 (ddd,
J=7.7,5.9, 1.5 Hz, 1H), 7.89 (ddd,= 7.9, 5.5, 1.3 Hz, 1H),
8.06 (dd,J = 8.0, 1.3 Hz, 1H), 8.09 (vd] = 7.8 Hz, 1H), 8.24

8.31 (m, 2H), 8.63 (vdJ = 5.9, 1H), 8.86 (vd,) = 5.5, 1H).13C

NMR (D20, 22°C) o: 25.2 (Jpic = 543 Hz), 61.8, 72.1, 127.9,
128.4,128.6,129.7, 143.1, 144.1, 148.1, 148.5, 150.7, 151.5. ESI-
MS of unsyméb in water: m/z 524.04528; calculated fd&b-H*,
C13H1706N219PtS, 524.04516. Anal. Found (Calcd for fae:60sN,-

argon atmosphere. The resulting yellowish solution was transferred PtS): H, 3.25 (3.08); C, 29.55 (29.83); N, 5.15 (5.35); S, 5.73

into a NMR Young tube under argon. According 1 NMR,
compoundsb was obtained in quantitative yield in less than 10
min. Complex5b is air-sensitive and producé in the presence
of oxygen.

Procedure B, from 4a.A sample of LPt(CHCH,)CI (27.3 mg,
54 umol) and 1 mL of 0.2 M NaOH solution in deaerated@®
were placed into a vial equipped with a magnetic stirring bar. The

(6.13).

Procedure B, from 4a.To a suspension ofa (400 mg, 788
umol) in 10 mL of H,O was added 1 equiv of NaOH (31.8 mg,
790 umol). After a few minutesda dissolved completely. The
solution was placed into a 250 mL round-bottom flask and stirred
vigorously under an @atmosphere. Periodically a 6-:8.4 mL
sample of the reaction mixture was placed into an NMR tube,

suspension was stirred under argon to produce a clear, yellowishdiluted with 0.3-0.4 mL of D;O, and analyzed b{H NMR. Traces

solution in less than 10 min ([P# 0.0538 M, [NaOH]= 0.2 M).
The reaction mixture was transferred into an NMR Young tube.
The CI/OH ligand exchange was monitored ¥y NMR at room

of ethylene were detected in solution in the course of the reaction
(singlet at 5.43 ppm) along with small amounts of 'L{@xH), 6
resulting from the loss of ethylene, characterized by a multiplet at

temperature (half-life 16.4 h). The ligand exchange was complete 7.47 ppm (dddJ = 7.8, 5.9, 1.6 Hz). According to théd NMR,

in 8 days to give comple&b in virtually quantitative yield. Trace
amounts of a black precipitate were also observed.

IH NMR (D0, 22°C) ¢: 1.76 (m,2Jpy = 37 Hz, 1H), 1.87
(m, 2Jpy = 37 Hz, 1H), 3.42 (m, 1H), 3.55 (m, 1H), 7.28 (ddH,
=7.8,5.5,1.3Hz, 1H), 7.51 (ddd,= 7.8, 5.5, 1.3 Hz, 1H), 7.64
(vd,J=7.7 Hz, 1H), 7.76 (vdJ = 7.7 Hz, 1H), 7.98 (tdJ = 7.8,

1.5 Hz, 1H), 8.02 (tdJ = 7.8, 1.5 Hz, 1H), 8.71 (vd] = 5.5 Hz,
1H), 8.81 (vd,J = 5.5 Hz, 1H) (CHSQ@ bridge peak was not seen
due to complete H/D exchange in basic solutié®}. NMR (D0,
22°C)4: 9.1,64.8,125.5,126.3, 128.3, 129.5, 137.9, 139.0, 148.9,
151.8, 153.3 (CDS@peak was not seen because of carbon
deuterium coupling and low intensity of resulting lines). ESI-MS
(negative mode) obb (pH ~ 10—11): m/z 506.2; calculated for
LPt(CHzCHzOH)OHf, C13H158Q:,N2195Pt, 506.0.
unsymLPt'"Y(OH)(CH ;CH,OH)CI, unsym6a. LPt'(CH,CH,)-
Cl (4a) (103.1 mg, 20mol) and 10 mL of water were placed
into a 50 mL round-bottom flask equipped with a stirring bar. To
the stirred suspension was added 34.4 mg of 30%,H~303
umol). The mixture became cloudy and a white precipitate slowly
formed. After 1 day the white solid was filtered off, washed with
water (2x 1 mL), and dried under vacuum. The yield was 90.7
mg (82%).

IH NMR (D0, 22°C) ¢: 3.21-3.84 (m, 4H), 6.73 (s, 1H),
7.84-7.92 (m, 2H), 8.06 (vdJ = 7.7 Hz, 1H), 8.08 (vdJ = 7.8
Hz, 1H), 8.27 (tdJ = 7.8, 1.5 Hz, 1H), 8.34 (td] = 7.8, 1.2 Hz,
1H), 8.71 (vdJ = 6.0 Hz, 1H), 8.99 (vdJ = 5.4 Hz, 1H). Limited
solubility of LPtVCI(OH)(CH,CH,OH) in water (<2 mg/mL) and
methanol prevented obtaining a good-qual@ NMR spectrum.
ESI-MS of6ain water: m/z542.029; calculated for LP{OH)(CH,-
CH,OH)CI-H™, Cy3H1635CIOsN,°%PtS, 542.012. Anal. Found (Calcd
for C13H15CIOsN,PtS): H, 2.49 (2.79); C, 28.41 (28.82); N, 5.07
(5.17); S, 5.68 (5.92); Cl, 6.58 (6.54).

unsymLPt"V(CH,CH,0H)(OH),, unsym6b. Procedure A,
from 4b. A sample of LPt(CHCH,)OH (106 mg, 216:mol) was
dissolved in 50 mL of distilled water. The solution was placed into
a 250 mL round-bottom flask and stirred vigorously under an O
atmosphere at room temperature. Accordingttb NMR, the
oxidation was complete in 1 day. No signals of potential MePt
intermediates could be observed in reaction mixtures by NMR. The
reaction mixture was filtered from a white precipitate oPLt',-
(u-OH), that resulted from partial loss of ethylene. The precipitate
was washed with 3 mL of D, and the combined filtrate was

the complexunsym6b was obtained after 4 days in 890% yield

and contained admixtures of LPt(OH)and LPY(u-OH),.6 The
reaction mixture was carefully neutralized with diluteS®, to

pH 7 to precipitate anionic LP(OH),™ in the form of insoluble
L,Pt',(u-OH),, then filtered and washed with small amounts of
water. The resulting solution was evaporated and dried under
vacuum for 5-6 h (0.3 Torr). The solid was separated from
inorganic salts by extraction with anhydrous 2,2,2-trifluoroethanol
(3 mL). After evaporation of 2,2,2-trifluoroethanol a yellow solid
was obtained, pure by NMR and elemental analysis. Yield: 144.4
mg (35%). Anal. Found (Calcd for,gH1606N,PtS): H, 3.20 (3.08);

C, 29.54 (29.83); N, 4.96 (5.35); S, 5.85 (6.13).

Attempted Oxidation of LPt"(CH,CH,)CI by Dioxygen. A
solution of LPY(CH,CH,)CI (48) (2 mg, 4umol) in 0.7 mL of
D,0 was placed into a vial equipped with a magnetic stirring bar,
filled with O,, and securely capped. Stirring continued for several
days at room temperature; the reaction vessel was refilled with O
every 12 h. Periodically liquid samples were transferred into an
NMR tube with a syringe and analyzed Hy NMR. No oxidation
products were detected Bt NMR after stirring under @for 4
days, and the starting compounth was the only species
present in solution. After 4 days of stirring at room temperature,
the reaction mixture was placed into an NMR tube, filled with O
and heated at 6TC. According to théH NMR, the starting complex
4aslowly released ethylene (a singlet at 5.43 ppm) with a half-life
of 9.5 h.

Attempted Oxidation of LPt!"(CH,CH,)OH (4b) by O, in an
Acidic Aqueous Solution.HBF, (50% aqueous; 14.8 mg, @4nol)
was added to a solution of LRCH,CH,)OH (4b) (25.8 mg, 53
umol) in 0.8 mL of D,O. The!H NMR signals of the coordinated
ethylene were significantly downfield shifted compared to plbe
in water due to the protonation of the hydroxo ligand and formation
of LPt!'(CH,CH,)OH,* (4b-H™). The solution was placed into a 5
mL vial and stirred under ©at rt. The vial was refilled with @
every 12 h. Periodically, a sample of the reaction mixture was
transferred into an NMR tube with a syringe and analyzedHby
NMR. No oxidation products were detected in the reaction mixture
after 97 h. The cationic complex LRCH,CH,)OH," slowly
released ethylene (a singlet at 5.43 ppm) to give' (P,)," 6 as
the only product detected BY1 NMR; the half-life of LPt (CH,-
CH,)OH," in the above solution was 65 h.

IH NMR (D0, 22°C) of acidified4b, 6: 4.99 (m, 2H), 5.25

evaporated to dryness under vacuum at room temperature to give(m, 2H), 6.39 (s, 1H), 7.56 (ddd,= 7.7, 5.8, 1.5 Hz, 1H), 7.81

a pale yellow solid. The yield was 82.2 mg (72%).
If air was used instead of pure,@tmosphere, the oxidation
was complete in several days. Yield: quantitative by NMR.

(ddd,J = 7.7, 5.9, 1.3 Hz, 1H), 7.98 (dd, = 7.7, 1.3 Hz, 1H),
8.09 (vd,J = 7.7 Hz, 1H), 8.17 (tdJ = 7.7, 1.3 Hz, 1H), 8.30 (td,
J=17.7,15 Hz, 1H), 8.46 (m, 1H), 8.71 (m, 1H).
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Reversibility of the Nucleophilic Attack of OH~ at the
Coordinated Ethylene in Complexes 4. LPt(CH,CH;)OH. A
sample of 0.100 M NaOH in £D (102.4 mg, 10.2mol) was added
to a stirred solution of LF{CH,CH,)OH (4b) (10.2 umol) in
deaerated BD (2.31 mL) under an argon atmosphere. According
to theH NMR, in 10 min after preparation the reaction mixture
containecbb and4b in a 77:23 molar ratio. The ratio did not change

Khusnutdiacet al.

h, samples were placed into NMR tubes, 8HdNMR spectra were
recorded immediately. Yields aisymLPtYMe(OH)® andunsym
LPtVMe,(OH)® were calculated as an average of three runs by
integrating the central line of the PtMe peak at 2.4 and 1.7 ppm,
respectively (Table 3).

Transformations of LPt"(CH,CH,)CI (4a) in the Presence
of 1 equiv of NaOH under an Argon Atmosphere and in the

in the course of several hours at rt. The reaction mixture was placedpPresence of @. A. Preparation of a Stock Solution Containing

into a vial equipped with a magnetic stirring bar, and 88 mg of
10.2% HBF solution in DO (10.3umol) was added to the stirred

1 equiv of NaOH. A sample of LPt(CH,CH,)CI (4a) (76.4 mg,
150.4umol) was placed into a 10 mL vial equipped with a magnetic

solution under an argon atmosphere. The resulting solution wasstirring bar and dissolved in 3.02 mL (3.3221 g) of a 49.8 mM

slightly acidic (pH~ 3). According to the'H NMR, 4b was the
only species present in solution.

LPt"(CH,CH,)CI. A sample of LPt(CH,CH,)Cl (4a) (5.2 mg,
10.2 umol) was dissolved in deaerated,® (2.6 mL, 2.86 g).
According to the?H NMR, complex4awas the only species present
in solution. NaOH solution (0.100 M, 104.0 mg, 1Q:tol) was

NaOD/D,O solution upon stirring for 30 min. This solution with
[Pt] = 49.8 mM and [NaOD}= 49.8 mM was used for monitoring
both the reaction under an argon atmosphere and oxidation
B. CI/OH Exchange under an Argon Atmosphere A 1.03 mL
amount of the stock solution above was placed into a NMR Young

added to the stirred mixture under an argon atmosphere. Tentube under argon. AH NMR spectrum was recorded 30 min after

minutes after preparation the mixture contained"{@H,CH,)ClI,
LPt'(CH,CH,OH)CI-, and LP¥(CH,CH,)OH in a 6:87:7 ratio. One
hour after preparation the ratio was 6:84:10.

The mixture was placed into a vial equipped with a magnetic
stirring bar, and 91.0 mg of a 10.2% HBBolution in D,O was
added to the stirred solution. The resulting solution was slightly
acidic (pH~ 3). According to theélH NMR, the reaction mixture
containedda and4b in a 85:15 molar ratio. This ratio remained
unchanged after 1 day.

Effect of the NaOH Additives on the Rate of Oxidation of
LPt"(CH,CH,)OH (4b) by O, A stock solution of4b was
prepared from LP{CH,CH,)OH (288mol) and 18.05 g (16.33
mL) of deaerated BD under an argon atmospheréb] =17.7 mM.
The solution was placed into a 50 mL Schlenk tube and stored
under argon for less than 2 days in a refrigerator &C7

To prepare alkaline solutions d& containing 25 mM NaOH,

a sample of standardized 0.100 M NaOH+{Z®5 mg) was slowly

preparation of the mixture. This solution was stored under argon
at room temperature and periodically analyzed by NMR.

Concentrations of complexes "PEH,CH,)OH and LPY(CH,-
CH,)ClI were calculated from the integral intensity of the-8(3)
proton of the dpms ligand (7.96 ppm, vd) and from the multiplet
of coordinated ethylene at 5.05 ppm, respectively. The concentration
of LPt'(CH,CH,OH)CI~ was calculated from the integral intensity
of the CH, signals at 1.42.2 ppm using the residual HDO peak
as an internal standard. Trace amouritd fnM) of free ethylene
(5.43 ppm) were detected Bl NMR in the reaction mixture in 5
h. The results are given in Figure 2.

C. Reaction under Oxygen.A 1.99 mL amount of the stock
solution above was placed into a 30 mL screw-cap vial equipped
with magnetic stirring bar. The vial was filled with,@nd securely
capped. The reaction mixture was vigorously stirred at room
temperature. Periodically, stirring was halted and a sample of the
solution was transferred into an NMR tube and analyzedHby

evaporated to dryness under vacuum. The residue was dissolvedNMR. After recording a spectrum, the solution was returned into

in 2.4 mL of the 17.7 mM stock solution ofb. An 'H NMR
spectrum was recorded before oxidation and then in regular
intervals.

Each reaction mixture was divided into three parts, 0.8 mL each,
which were placed into 10 mL screw-cap vials equipped with a
magnetic stirring bar. The vials were filled with,@nd securely
capped. Each sample was vigorously stirred undergati@osphere
at room temperature. Aftel h of stirring under @ samples were
placed into NMR tubes, andH NMR spectra were recorded
immediately. Yields were calculated as an average of three runs.
Results are given in Table 2.

When a strongly basified solution db in D,O (pD ~ 13) was
used in an oxidation experiment and oxidation was significantly
slowed down, no noticeable decrease of intensity of signafbof
after vigorous stirring under O was observed, suggesting
that paramagnetic completlb did not form in an amount
exceeding 1%.

Effect of NaOH Additives on the Rate of Oxidation of
LPt"Me(OH,) (1) by O,. A sample of LPtMe(OH,) (99.8 mg,
209umol)® was dissolved in 12.14 g (10.99 mL) of deaerate®D
under an argon atmospherd] [= 19.0 mM. The stock solution

was placed into 50 mL Schlenk tube and stored under argon in a

refrigerator. For preparation of alkaline reaction mixtures, a sample
of standardized 0.1000 M NaOH (26800 mg) was slowly
evaporated to dryness under vacuum and dissolved in 2.1 mL of
the 19.0 mM LPtMe(OH;,) stock solution’H NMR spectra were
recorded before reaction with,@nd then in regular intervals.
Three samples (0.7 mL each) of the reaction mixture were placed
into 10 mL screw-cap vials equipped with magnetic stirring bars.
The vials were filled with @ and securely capped. Each solution
was stirred under an £atmosphere at room temperature. After 1

the vial, which was refilled with @and stirring was resumed.

A small amount of white precipitate of,Pt!,(u-OH), formed
by the end of the reaction. The results are given in Figure 4.

C—0 Reductive Elimination from unsym6b. An NMR Young
tube was charged with a solutionwfisym6b (11.3 mg, 21.6:mol)
in 0.8 mL of D,O; [Pt] = 27.0 mM. A*H NMR spectrum was
recorded before heating. The reaction mixture was heated in a
Teflon-sealed NMR Young tube in a heating bath at &0
Periodically the Young tube was removed from the heating bath,
cooled to room temperature, carefully shaken to combine liquid
condensed on the walls of the tube, and analyzed by NMR. Organic
products were identified by ESI-MS and by comparison with
NMR spectra of authentic samples. Ethylene oxide was unstable
in neutral, basic, and acidic aqueous solutions and hydrolyzed to
give ethylene glycol. Due to a relatively long relaxation tinig)(
the integral intensity of the ethylene oxide peak could be under-
estimated when the relaxation delay time was too short. For
quantitative measurement of ethylene oxide concentration by NMR
a delay time of 50 s should be used or correction coefficients must
be applied for shorter delay times. The same procedure was used
in all experiments.

In the course of the reaction thermal isomerizationisyméb
occurred to give the symmetrical isomeym6b, which was
unstable under reaction conditiomsisymLPtY(CH,CH,OH)(OH),
had a half-life of 58 min at 80C. The results are given in Figure
5. The reaction was complete after 13.6 h aP80NMR yields of
ethylene glycol and ethylene oxide @b were 85% and 8%,
respectively. In the course of the reaction a white precipitate of
complex LPt'(u-OH), formed.

symLPt"V (CH,CH,0H)(OH) (sym6b). 'H NMR (D0, 22°C)

o: 3.16 (t,J = 5.8 Hz,3J195ps= 40 Hz, 2H), 3.51 (tJ = 5.8 Hz,
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2J195pt1 = 80 Hz, 2H), 6.53 (s, 1H), 7.87 (ddd,= 7.7, 5.8, 1.3 (vt, J= 7.8 Hz, 1H), 8.14 (vtJ = 7.8 Hz, 1H), 8.69 (m, 1H), 8.98
Hz, 2H), 8.09 (ddJ = 7.9, 1.3 Hz, 2H), 8.34 (td] = 7.8, 1.1 Hz, (m, 1H). The dpms CH bridge proton was not seen due to H/D

2H), 8.75 (dd,J = 5.8, 1.1 Hz2J19spy = 26.3 Hz, 2H). exchange. ESI-MS of the acidified reaction mixture prepared under

Ethylene Glycol. 'H NMR (DO, 22°C) 6: 3.65 ppm. ESI- the same conditions in 40 showed the presence of a peak
MS, solution acidified with HBE and diluted 10-fold with HO: belonging to LPtCI(OH,)-H*, m/z 498.001; calculated for LPtCI-
(m+ H*)/z = 63.04890; calculated for £;0,, 63.04460. (OHp)-H*, C11H1,04%°CISI9%Pt, 497.985.

Ethylene Oxide.H NMR (D,0, 22°C) §: 2.80 ppm. ESI-MS
in an acidified solution after 10-fold dilution withJ@: (m-+ H")/z
= 45.03391; calculated for £150, 45.03404. Acknowledgment. We thank the University of Maryland,
C—OReductive Eliminationfrom 6a. Asample of LPY (OH)(CH.- the Donors of the American Chemical Society Petroleum
CH,OH)CI (6a) (3.2 mg, 6umol) was dissolved in 3.00 mL of  Research Fund (PRF#42307-AC3), and National Science Foun-

D.0; [Pt] = 2 mM. Then 0.8 mL of the resulting solution was  4ation (CHE-0614798) for financial support.
placed into an NMR Young tube and heated af80The reaction

was complete in 10 h to give a mixture of ethylene glycol and
ethylene oxide in quantitative yield according to #ieNMR and Supporting Information Available: Potentiometric determi-
using the HDO peak as an internal standard: ethylene glycol 94%, nation of the basicity constant ab in water, equilibrium constant
ethylene oxide 4%. No 2-chloroethanol was detected. According  for reaction 7, determination of the rate constant of oxidation of
to the*H NMR and ESI-MS, the major Pt-containing product was 44, computational details, and CIF file fda are available free of
the unsymmetrical complex LIFEI(OH,) (NMR yield >80%). charge at http://pubs.acs.org.

LPtICI(OH,), H NMR (D,0, 22°C) &: 7.41 (m, 1H), 7.56 (m,
1H), 7.80 (vd.J = 7.8 Hz, 1H), 7.89 (vdJ = 7.8 Hz, 1H), 8.06  OMO0700330



