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The use of platinum metal complexes in higher oxidation states
for the selective oxidation of organic compounds resulting in the
formation of new C(sf)—O bonds currently attracts great attention.
Understanding reaction mechanisms behind this chemistry therefore
constitutes an important goal. A number of model studies of
C(sp)—O reductive elimination from Pt alkyls were reported.

In all these cases, the—<® reductive elimination from Pt was
suggested to occur via ap&nucleophilic substitution at the'P+

bound alkyl carbodab Notably, C(sB)—O reductive elimination ~ Figure 1. ORTEP plots (50% probability ellipsoids) for complex&zs(a)

f ther 8 tal t PY ted 1o i | and5b (b). Hydrogen atoms are omitted for clarity. Selected bond angles
rom another 9 metal center, 74, was suggested 10 INVOWVE  geq): (a) Pti-Cc2-C1, 90.9(2), C2C1-01, 101.1(3); (b) Pt:C2-C1,
stereochemically distincty@ or direct C-O elimination mecha- 91.6(2), C2-C1-01, 100.6(2).

nisms, according to recent reports by Staahd Sanfor# groups, Scheme 1
respectively. Mechanistic observations not consistent withygh S S
mechanism of C(sp—I elimination from & Rh" complexes were o Q::t"\é( Q;:"'\%?(R
recently presented by the Milstein grotifthe question remains Q‘O _OH s 50 o it cie 3ab fa:t cindat_ y H
whether P¥ complexes are also able to react via a direct &¢sp Pt" ;m =Pt
heteroatom elimination mechanism. 2ab Q‘O 5‘7

We report here the first, to the best of our knowledge, example | o\ g0 P‘"\D( "‘"\é(
of adirect C(sp))-O elimination of olefin oxides from a Ptcenter, b, C7H1o adducts trans-3a-| b trans-4a-b "
a mechanism previously undocumented for this metal. The tipms son 050|z H g
PtV complexes involved in this chemistry aré'Rixetanes derived SN o
from cis-cyclooctene5a and norbornenesb that were prepared N NS _ dmso t,v .OH g(;l R R
from corresponding Pthydroxo olefin compleaor a Pt oxetane (dpms) OM Tptioryamso)
3b, via aerobic oxidation of anionic Poxetane intermediateka,b 7ab !
(Scheme 1).

Complex2awas synthesized in an analytically pure form, from cleanly oxidized with @in neutral or alkaline TFEH,O solutions
the ethylene precursdf and cyclooctene in water in 91% isolated ~ to produce a Pt oxetanebb (eqd, Figure 1b) that was isolated in
yield (eqa). An aerobic oxidation oPa in H,O was clean in the ~ 85% Vield. o _
presence of 0.25 equiv of NaOH (&erd). The single product of Both Pt/ oxetanesSab eliminate epoxidegab as the only
reaction 5a, was isolated in analytically pure form in an 86% yield. ©r9anic products, whose identity was confirmed by NMR spec-

An unstable anionic intermediatés-4a, a product of an exceedingly troscop;t/} and GGI;/IS, in %’rso Tolution at %980 °C under argon
rare inner-sphere olefin oxoplatinati®mas detected and character- atmosphere and form a'Ptomplex (dpms)P{OH)(dms0).8 (eq

ized by ESI-MS and NMR spectroscopy e f). A C(sp’)—O elimination of epoxides from transition metal
Consistent with the results & 13C NM.R NOE. and ESI-MS oxetane complexes was suggested as a possible reaction step in

characterization, single-crystal X-ray diffraction analysis 5af certain olefin oxidative transformatiorsStill, there is only one

) . report of epoxide elimination from an isolated homogeneous
confirmed the presence of a‘Roxetane fragment (Figure 1a). The port. P . 9
o ) - ’ transition metal complex, a Aunorbornene-derived oxetarffeAt
bond angles within the oxetane ring Ba reveal its strained

. X the same time, formation of a complex mixture of products besides
character. Formation of Ptoxetane precursor8 from olefin

) - i . the epoxide was observed in those experiméhts.
complexes2 might be additionally enthalpy-driven if a more The epoxide elimination frora (t, = 132 min,AG* = 25.7

strained cycloolefin is used. To test this statement and the suggesteq, .o ;/mol at 60°C) was quantitative (NMR). The reaction is first
mechanism of formation o6 (eqb—d), we attempted to prepare g ger in PV with activation parametersyH* = 23.7 + 0.3 kcal/

the norbornene derivativgb. Ligand exchange betwedrand nor- mol andAS' = —6.2+ 0.9 cal/(kmol). First-order kinetic behavior
bornene led to a 6:4 mixture of two isomeric products characterized gng clean formation ofa were also observed in MeOH. 6 =
by elemental analysis and NMR spectroscopgiasandtrans-exc 388 min, 60°C), water {1, = 81 min, 60°C) and CRCl; (t;, =

Pt'-oxetanesb (82% isolated yield, ef).%An anionic norbornene- 526 min, 40°C). In the latter two cases, an insoluble complex
derived Pt 0>_<etane4b gould be prodyced quantitatively (NMR) identified as (dpmsPk(u-OH),# was produced along witifa.

as a 5.7:1 mixture of cis and trans isomers upon combination of |nterestingly, epoxide elimination occurred even when sedigvas

3b with 1.2 equiv of NaOH (ecr). The high stability of4b in heated at 83C (t;, = 6 h).

aqueous solutions allowed for its detailed characterization by means  Similar to the cyclooctene derivativBa, 5b eliminated exo
of ESI-MS, *H, 13C NMR spectroscopy. Importantlgb could be norbornene oxid&b in DMSO quantitatively (ed). The reaction
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Figure 2. DFT-calculated Gibbs energy reaction profile for aerobic
transformation of complexe®a and 2b (numbers in parentheses) to
corresponding olefin oxides. Transition states for isomerizatiobagf to

6a,b were not located.
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occurred at a faster rateg = 18 min at 60°C) than for5a, AH*
= 22.1+ 0.7 kcal/mol andAS" = —6.9 & 2.1 cal/(K:mol). Still,
the similarity of activation parameters observed in both cases
suggests that these reactions might have a similar rate-determinin
step involving isomerization da,b to 6a,b.8 Complexes possess
a better leaving group trans to alkyl, the sulfonate. They are
therefore expected to be more prone te @ elimination.
In support of the GO elimination mechanism given by eqf,
we were able to detect the proposed intermedéat®y NMR in
CD,Cl; solutions at 40C. The highest measured concentration of
6adid not exceed 13% of the initial concentration5af and was
observed at about 50% conversion5a the intermediate disap-
peared by the end of reacti8nthe structure oba was deduced
from the results ofH NMR, COSY, and NOE experiments® Our
attempts to observe intermediatéab in reactions of5ab in
solvents more polar than GDI, were not successful because of
the presumed lower kinetic stability dfab in these solvents.
Modeling of the kinetic data obtained in GOI,° is consistent with
reversible isomerization dfato 6a (eqe; AG* = 25.1 kcal/mol)
followed by faster epoxide elimination fro6a (eqf; AG* = 24.3
kcal/mol); complex5a being 0.2 kcal/mol more stable th&a.
Results of our density functional theory (DFT) calculations
(Figure 2) support experimental observations. Transformation of
the olefin complexXato the Pt —oxetane3ais thermodynamically
uphill, whereas the oxidation &a with O, to form 5ais favored
by 14.1 kcal/mol. In turn, the norbornene-derived Bxetane3b
is significantly more stable than corresponding isomeric hydroxo
olefin complex2b owing to a noticeable bicycloolefin strain relief
achieved in the oxetane form. Reaction path calculations show that
C—0 elimination from6a is a concerted reaction with a Gibbs
activation energy of 23.4 kcal/mol. Taking into account the polar
character of the transition state that has a significantly elongated
Pt—O(S) bond, 2.899 A, the activation barrier might diminish in
polar solvents. In fact, this may explain our failure to detect
intermediate6a in polar DMSO, water, or MeOH, assuming that
the rate of isomerization dda to 6ais less sensitive to the nature
of solvent. The DFT calculated Gibbs activation energy for thedC
elimination of 6b, 21.9 kcal/mol, is slightly lower than that for
cyclooctene analogu&a. Consistent with this estimate, no trace
of 6b could be detected by NMR even in the least polar,CH

where the C-O reductive elimination step is expected to be the
slowest compared to other solvents used in this work.

Analyzing the origin of the ability o%a to react via a direct
C—0O elimination mechanism, it is worthwhile to compare this
complex with nonmetallacyclic analogue (dpms$jRie(OH),,® 9
(Scheme 2). Previously compl&was shown to react with $#£0
solvent via an § mechanism to form MEOH.11 Accordingly,
no C-0 elimination reaction was observed for compsr DMSO
after 2 days at 80C. Notably, a very high activation barrier of
37.2 kcal/mol was calculated for direct elimination of MeOH from
9. Similarly, a high activation barrier of 31.6 kcal/mol was
calculated for the parent ethene derived (dpméyiXetane, (dpms)-
PtV(OH)(OGHy), 10 suggesting that both the oxetane ring strain
and the presence of a Pt-secondary alkyl bond may be responsible
for the higher reactivity obab compared td®.

Altogether, our experimental observations and computational
study suggest that the-€ reductive elimination from oxetanes
5ab proceeds via a mechanism which is different from2S
processes observed for alkyl'Ptomplexes earliet>6.11

With the mechanistic results in hand, we attempted catalytic
oxidation of norbornene with Qusing 8 as a catalyst. Yet, the
preliminary observations using 2,2,2-trifluoroethanol as solvent
showed catalyst decomposition and noncatalytic yieldghot

In summary, the isolated and fully characteriZeglb are the
first reported PY oxetanes that can be prepared by aerobic oxidation
of corresponding Ptolefin precursors and produce olefin oxides
via direct C(sp)—O reductive elimination from a Ptcenter. Hence,

gdirect C(sP)—O reductive elimination may be a more common type

of reactivity of  metal complexes than it was previously assumed.
Work on catalytic applications of the reactions reported is underway.
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