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Nitrous oxide is usually considered to be iAemd a poor ligand
toward transition metalsHowever, there is incentive to use®
as an oxygen donor because it contains 36 wt % oxygen, and the
byproduct of an oxidation reaction would be.Nh practice, there
are only a few catalytic systems that have been shown to be efficient
for the activation of MO for selective hydrocarbon oxidation. In
the area of heterogeneous catalysis, the most effective catalysts
appear to be iron-containing acidic zeolfteshich at elevated
temperatures are thought to yield surface activated-oxo species
(o-oxygen)* which are capable of oxygen transfer to inert hydro-
carbong Iron oxide on basic silica has been shown to catalyze,
albeit nonselectively, propene epoxidatfdn.some organometallic
compounds, oxygen transfer from nitrous oxide to alkyl, alkyne,
and imido ligands of transition metal complexes has been obsérved, rig,e 1. The [MA",ZnW(ZnWsOs4)5]1~ polyoxometalatd?
and metat-oxo species have been formé&th addition, NO has

been decomposed at subambient temperatures emdl G by a Table 1. Epoxidation of Alkenes with N>O Catalyzed by
ruthenium compleR. Quo[Mn™,ZNW(ZnWoOss)2]*

There is ongoing interest in oxidation catalyzed by polyoxo- substrate product TTON
metalates (POMSY. Here, we describe the activation of®l by a 1-octene 1-octene oxide 10
Mn(ll1)-substituted polyoxometalate, ;g@QMn" ,ZnW(ZnWgOzy)2] trans-2-octene trans-2-octene oxide 14
(Q = (CgH17)sCHsN*), Figure 1, and subsequent highly selective cyclooctene cyclooctene oxide 19

talytic epoxidation of alkenes. Previously, it was shown th&i N 1-decene 1-decene oxide 8
cataly p > yj L cyclohexene cyclohexene oxide 9
reacts at room temperature with a ruthenium pOl‘pH}'mu give cis-2-hexen-1-ol 2-hexene oxide-1-ol 21
high valent rutheniumdioxo specie®¥ capable of epoxidation of trans-2-hexen-1-ol 2-hexene oxide-1-ol 19
alkenes. Somewhat oddly, much more extreme conditions@40 cis-stilbene cis-stilbene oxide 15

transstilbene trans-stilbene 25

10 atm NO) are necessary for homogeneous catalytic oxiddfion.

Epoxidation reactions of_ various alkenes catalyzed by  aRgeaction conditions: 1 mmol of substrate, 0.01 mmol ff@n" sZnW-
QudMN"M>ZnW(ZnWgOs4)2] 1> with N,O as oxygen donor were  (ZnWeOss)z], 1 mL of fluorobenzene, 1 atm 4@, 150°C, 18 h. TTON is

carried out in glass pressure tubes at 1 ats®Mnd 150°C in total FngVer ”L]{mber d(r.“o' plr Odtg‘?t;%%r g;‘;/oi((gﬁ':r;”'ﬁfnw(gnl\/\/eosét)z]-

: poxides were formed in selectivity 99.9% . Mass balances were
fluorobenz.ene as solvent. The results .presented. ",1 Tableo 1 S’hOV\)\ferified by addition of an external standard. Also, postreaction acidification
that epoxides were formed at very high selectivity90.9%). of the reaction mixture showed no presence ef@bond cleavage products

Typically, the reactions were rather slow, TG0.5—1.4 1,16 such as heptanoic acid.

but proceeded in a linear fashion (Supporting Information), without

indication of catalyst decomposition (IR). This is the first report note that among the Mn-substituted POdgy Mn(ll1) was active.

of catalytic epoxidation with pBD with a Mn-based compound.  No epoxidation was observed using similar Mn(ll) POMs.

There were only relatively small differences in the reactivity of An a priori logical supposition concerning the mode of activation
the various alkenes; for example, the rather nucleophilic cycloocteneof N,O in this system would be that the Mn(lll) center reacted
was only twice as reactive as less nucleophilic terminal alkenes with N;O to yield a Mn(V)-oxo species and N This would be
such as l-octene. Interestinglyans-stilbene was slightly more  followed by epoxidation, Scheme 1, with the Mngv¥)xo species
reactive thancis-stilbene, and the reaction was stereoselective as the latter are often viewed as active oxygen transfer agents
despite the rather high reaction temperatu@is: and trans-2- capable of selective alkene epoxidatiditt has already been shown
hexen-1-ol were similarly reactive. It is worthwhile to note that that Mn(IV)—oxo polyoxometalate species are inactive in epoxi-
other transition-metal-substituted POMs of this structure were not dation reactions?

active (V(IV), Co(ll), Zn(Il), Cu(ll), Ni(ll)) or were not selective Possible intermediates were investigated by ESR spectroscopy.
(Fe(Ill) and Ru(ll)) (Supporting Information). It is also crucial to  In general, peaks for Mn(lll) specieg (= 8), and also for
Q1o[MN",ZNW(ZnWy034)2], cannot be observed under usual
*To whom correspondence should be addressed. E-mail: coronny@wicc. X-band ESR condition¥) However, when @[Mn",ZnW-
weizmann.ac.il (ZNWg034)2] was mixed at 150°C for 4 h in apressurized tube
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Figure 2. X-band ESR spectrum of species obtained by reaction of
Q1M ,ZNW(ZnWgO34)2] With N2O in fluorobenzene at 120 K.

Scheme 1. A Direct Activation of N2O by Mn(lll)-POM
Mn{ll)-POM + N,O Mn(V)-O + N,

Mn(V)-0 + >:< - >W< + Mn(lll)-POM
o

Scheme 2. A Disproportionation Mechanism for Activation of N,O
2mn N0 MV + MAY=0 + N,
MnV=0 + mn" MnY=0 + mn!
MnV=0 + alkene Mn'! + epoxide
2Mn"" + alkene + N,O

MnV + M + N, + epoxide

trum (@ = 2.002), Figure 2, very typical of a Mn(ll) octahedral
species was obtainéf which was also identical to the spectrum
of authentic K IMn'"5(H,0),ZnW(ZnWyO3z4)5].2* No other peaks,

for example, atg = ~4, attributable to a Mn(IV) POM were
observed. The Mn(ll) concentration wasgnificant and was
estimated to be at least 0 10% of the total Mn by comparison
with aqueous solutions of authentic Mn(ll)(OAc)n the absence

of N,O, no ESR active species were obtained. The formation of
this spectrum, however, was reversible. Thus, upon allowing the

N>O to evaporate off, the ESR spectrum disappeared, and subse-
quent repressurization and heating again gave the observed

spectrum.
To explain the formation of a Mn(ltyPOM species, a dispro-
portionation mechanism could be suggested, Scheme 2.

There are four experimental observations that appear to be

incompatible with such a mechanism: (a) The formation of
Mn(l1) in such a scheme would not be reversible upon removal of

N>O as observed. (b) There would be an immediate accumulation

of Mn(ll) in the system, but Mn(ll)POM by itself was not
catalytically active, and turnover would not be possible. (c) No
Mn(1V) species were observed by ESR. (d) Vanadium(V)-contain-
ing POMs also form a monoreduced V(IV) species that, however,
do not lead to epoxidation. In such a case, disproportionation is
not possible.

It would therefore appear that a Mn(¥P species is not formed
in this reaction system and that® reacts with a Mn(lll) center
of the polyoxometalate tceducethe polyoxometalate, while JD

is oxidized. Such a reaction is rather surprising considering the high

ionization potential~12.8 eV of NO,22 but may conceivably be

explained by an outer sphere electron transfer, wherein the

polyanionic nature of polyoxometalates energetically increases the
favorability of such D-A interactions and formation of BA
complexe$2 An understanding of the exact nature of the activation
of N,O by the Mn(lll)—polyoxometalate and an explanation for
the subsequent highly selective epoxidation are at this time still
somewhat premature and will be the focus of future research.
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