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Reversible Alkene Extrusion from Platinaoxetanes
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In 2003, we reported ethylene oxidation by a platinum oxo Scheme 1
complex () and the first isolation of a metallaoxetan® from +
the reaction of an oxo complex with an alkene (Schem&21jy (COD)PL—%X\ * CHy-CHO
following up this chemistry, we investigated the reaction of a —|2+ CHZz=CH, 4 +

) . (COD)PtCI(Et)
platinaoxetan with alkenes. In contrast to other metallaoxetanes cooyp{ Cl 3
that insert alkenes into the MO bond? 2 undergoes an unprec- \0 Pt(COD)
edented alkene exchange by reversible alkene extrusion from the (COD)p‘édQP
. . t(COD)

platinaoxetane ring. 1

We first became aware of the unusual behavio2dfom its O (COD)Pt/CI —|+
reaction with ethylene'H NMR spectroscopic monitoring of the / 7 \ _RicoD)
reaction of2 with excess ethylene revealed the slow formation of (NB) °
acetaldehyde. Analysis of the final mixture (24 h reaction time) by
1H and1%%Pt NMR spectroscopy showed acetaldehyde, (COD)Pt-
(CI)(Et) 3, and allyl complex [(COD)Pt-CH,CHCHCH;)]* 4
the same products formed in the reaction of oxo complexth
ethylene (Scheme 1)The fate of the norbornene (NB) in this
reaction is unknown but is presumably associated with broad peaks t(COD)
observed in théH NMR spectrum. Oxygen-17 label@jroduces
labeled acetaldehyde. Similarlf, and propylene give the same
major products as the reactionbiith propylene: acetone, (COD)-
PtCh, [(COD)Pt¢*-CH,CHCH,)]*, and (COD)Pt(CI)(CHC(O)-
CHj). However, monitoring this reaction reveals the initial formation -
of free norbornene, which disappears as the reaction progresses. 6 R

We have previously postulated that the ethylene analogue of R
platinaoxetane2 forms as an intermediate in the oxidation of / R = OC(O)Me
ethylene by oxo comple%.! The formation of the same products e 2+ N
from the ethylene reaction df suggested to us that this same (COD)P‘\ o O
platinaoxetane intermediate forms in the reactiof with ethylene, 2 o, FCOD) 5
implying that norbornene is extruded fro& and replaced by (COD)P*—O~pycop)
ethylenet 1

To confirm alkene exchange of platinaoxetéhave sought an  independent of the concentration®but not the concentration of
alkene that would give a stable platinaoxetane. The new stablethe catalyst. We observe a rate increase in direct proportion to the
platinaoxetan® (Scheme 2) is obtained from the reaction of excess initial concentration of consistent with increasing initial concen-
substituted norbornertewith oxo complex2. Monitoring a mixture trations of the catalyst as the amountis increased.
of a 10-fold excess of norbornerseand platinaoxetang2 shows NMR spectroscopy on samplesdfeveals the presence of trace
the release of norbornene and the formation of platinaoxefane amounts of (COD)PtGland another platinum-containing compound
with complete conversion & into 6 after 2 days at 28C (Scheme identified as the hydroxeoxo complex [(1,5-CODPu(u3-0)x(u?-
2). The reverse process, conversion6afto 2, is also observed  OH)](BF4); (7). Complex7 has been independently prepared from
when platinaoxetané is exposed to excess norbornene. (1,5-COD)Pt} and [(PRPAuU)(u3-O)]BF,. Neither (COD)PtGInor

The kinetics of the exchange reaction were investigated by 7 change the reaction rate when added to the reaction mixture.
monitoring the growth of platinaoxetar® under pseudo-order  However, the reaction rate is greatly accelerated by addition of the
conditions of ca. 10, 20, and 30 equiv of norborn&né&/nexpect- Lewis acids [(COD)P-CI)]2(BFs).,” (COD)Pt(OTf),2 AgOTH,
edly, plots of the concentration dd against time are linear,  HOTF, or BR(OEL).? The ether complex of Bfis the most efficient
indicating a zero-order reaction 1 Furthermore, a plot of the  with a 10% addition changing the reaction time from 2 days to 10

CH2=CH2

R ——

Scheme 2

_]+

(COD)Pt _Ri(coD)

reaction rates at different concentration$¢f5]) against p] shows min. With smaller amounts @&, equilibrium betweer2 + 5 and6
curvature (MichaelisMenten plot) indicative of saturation kinetics, ~ + norbornene is established giving an equilibrium constant of ca.
which is confirmed by a linear LineweaveBurk plot® 10.

These results suggest that the reaction is catalyzed by a small To investigate the role of the Bfn the reaction, we treate?l
amount of an unknown species, likely an impurityirwith catalyst with BF3(OEL) and obtained platinaoxetai® the BF; analogue
turnover being rate limiting. To test for the presence of the catalyst of 2 (Scheme 3). Like2, 8 exchanges alkenes only slowly but
in 2, we examined the rate of the reaction as a function oittitial experiences a large exchange rate increase with catalytic amounts
concentration of2. The rate for a zero-order reaction khis of BFs. Furthermore, stoichiometric addition of RPEL) to 8 in
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