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Abstract—Chiral 2-pyrrolidino-1-ethanol derivatives were oxidatively cyclized to the corresponding oxazolopyrrolidines, with excel-
lent stereoselectivity by treatment with excess Me3NO in the presence of 20% of an iron carbonyl complex.
� 2005 Elsevier Ltd. All rights reserved.
Pyrrolidine ring systems are of considerable interest in
organic chemistry because they are present in the struc-
tures of numerous biologically important compounds
and natural products.1 In addition, this heterocyclic
moiety can be used as a structural component of chiral
auxiliaries and chiral ligands for asymmetric synthesis.2

So it is not surprising that various approaches have been
developed for the stereoselective functionalization of
these heterocycles.3 Oxazolopyrrolidines occupy an
important place as intermediates for the construction
of substituted pyrrolidines,4 since they undergo stereo-
controlled ring-opening reactions with organometallic
reagents such as Grignard and Reformatsky reagents.5

Moreover, chiral oxazolidines have themselves been
widely exploited as chiral templates in asymmetric syn-
thesis.6 However, most of the practical syntheses of
oxazolidines have been carried out by condensation of
amino alcohols with an aldehyde or its equiva-
lent,4a,c,6a–c and even though other methods have been
reported, they are less practical because of harsh reac-
tion conditions or low yields.7
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In this letter we report a new method for oxidative cycliz-
ation of chiral 2-pyrrolidino-1-ethanol derivatives that
promises to be a valuable approach for functionaliz-
ation of the pyrrolidine ring. The oxidation uses trimeth-
ylamine-N-oxide in the presence of sub-stoichiometric
amounts of an iron carbonyl. Various reaction condi-
tions were examined for this transformation, using com-
pound 1a as the test system (Eq. 1), and these are
summarized in Table 1, along with the results for other
pyrrolidines using the optimized conditions. While benz-
ene was used as solvent for the reactions listed here,
acetonitrile can also be used. A single diastereomer,
thermodynamically more stable according to MM2 cal-
culations, was formed in each case except 1c, which gave
a 7:1 mixture in favor of 2c, and the structures were con-
firmed by NMR NOESY experiments and comparison
with similar known compounds.4 As far as we are
aware, this is the first reported example of an oxidation
reaction promoted by this reagent combination.
Trimethylamine-N-oxide is generally used to remove
CO ligands from metal carbonyls, and to demetallate
, catalyst
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Table 1. Reaction conditions for oxidation of chiral 2-pyrrolidino-1-

ethanol derivatives to oxazolopyrrolidines

Substrate Catalyst (mol %) Me3NO, equiv Product (% yield)

1a CHDFe(CO)3 (20) 6.0 2a (91)

1a CHDFe(CO)3 (20) 2.0 2a (40)a

1a Fe(CO)4PPh3 (20) 6.0 2a (90)

1a Fe(CO)5 (20) 6.0 2a (ca. 10)a

1b CHDFe(CO)3 (20) 6.0 2b (28)

1c CHDFe(CO)3 (20) 6.0 2c (83)b

1d CHDFe(CO)3 (20) 6.0 2d (76)

a Unreacted starting material was recovered.
b Inseparable 7:1 mixture of diastereomers.
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diene–Fe(CO)3 complexes,8 though the mechanisms of
these processes are still unclear,9 and we do not presently
have any information on the nature of the actual oxidant.

Both amine oxide and iron carbonyl are essential for this
reaction. When either was omitted starting material
was recovered quantitatively. An excess of Me3NO is re-
quired for high yield conversion, 2 equiv leading to only
40% yield over a reaction time of 8 h. Generally we have
used 6 equiv to ensure complete oxidation in a reason-
able time. The reaction uses sub-stoichiometric amount
of the iron carbonyl, but since these complexes are
slowly destroyed by the amine oxide, 20 mol % was
generally used to ensure completion of reaction before
the catalyst is lost.

Pentacarbonyliron is more reactive toward Me3NO, and
is completely destroyed before the pyrrolidine oxidation
has proceeded to the extent of 10%. The phosphine
derivative, Fe(CO)4PPh3, is a stable and inexpensive
solid that has excellent shelf life,10 but for the present
applications it was difficult to separate residual iron
complex from the products. The 1,3-cyclohexadiene
complex, CHDFe(CO)3, is readily prepared,11 affords
comparable yields to those obtained using Fe(CO)4
PPh3, and is easier to separate from the oxidation prod-
uct, so we used this material for all subsequent reactions.
Iron carbonyls appear to be uniquely suited for this
transformation, as attempts to convert 1a to 2a under
similar conditions by using FeCl3, FeSO4, or Fe(OAc)2
as catalysts were completely unsuccessful, and 1a was
recovered unchanged in each case.

The oxidation requires a neighboring hydroxyl group—
treatment of the methyl ether of 1a with Me3NO/
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Scheme 1.
CHDFe(CO)3, even for prolonged reaction time gave
no oxidation products, and starting material was recov-
ered quantitatively. This is not surprising in view of the
known role of hydroxyl groups in a variety of transition
metal catalyzed oxidation reactions.12 Presumably the
actual oxidant becomes coordinated to the OH group
and the amine oxidation reaction occurs intramolecu-
larly. While the exact details of this process are not
known, we believe that an iminium intermediate is
formed, and the hydroxyl reacts with this moiety to
form the oxazolidine ring. This is suggested by the
observation that 1b gave a low yield of 2b, and the only
other product that we observed is N-benzoylpyrrolidine
(3, Eq. 2). A plausible mechanism that accounts for the
formation of 3 is outlined in the Scheme 1.
For most substrates, intermediate 4 is the preferred
iminium cation (with an endocyclic double bond), and
cyclization of the pendant OH group affords 2. How-
ever, when R = Ph, resonance stabilization of the alter-
native iminium 5 promotes its formation in addition to
4. Since the hydroxyl cannot cyclize onto the iminium
cation of 5, this intermediate instead reacts with the
amine oxide to generate 6, fragmentation of which gene-
rates 3 in addition to formaldehyde and trimethylamine
(as its ammonium salt). This type of reaction of amine
oxides is known to account for the conversion of alkyl
bromides to carbonyl compounds when treated with
Me3NO,

13 a reaction that is closely related to the
Kornblum oxidation.14

The mechanism shown here is supported by the obser-
vation that 1 (R = 4-methoxyphenyl) gives a poorer
yield (12%) of the cyclization product 2, with a greater
amount of the corresponding benzamide, while 1
(R = 2-nitrophenyl) gives a higher yield (35%) of 2
(R = 2-nitrophenyl), with a smaller amount of the benz-
amide. These results are consistent with the expected
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stabilities of the cations 5, though we were not able to
completely suppress the undesired pathway.

Further evidence for the intermediacy of an iminium
intermediate comes from studies on the cyclization of re-
lated piperidine and azacycloheptane derivatives (Eq. 3).
Thus, the six-membered ring derivative 7 was completely
resistant to oxidation under the normal conditions,
while 8 was converted to 9 in excellent yield (as a 1.6:1
mixture of diastereomers, which are calculated to have
similar MM2 energies). Both mechanistic studies and
synthetic applications for oxidative functionalization
of tertiary amines have been described in the literature,15

and it is known that the rate constant for oxidation of a
five- or seven-membered ring amine is 5 and 13 times
greater, respectively, than that of the six-membered ring
system.16 This has been attributed to the energy differ-
ence associated with planarization of the nitrogen in
these ring systems during conversion of the amine to
an iminium cation. Our results are therefore consistent
with this mechanism.

In summary, we have discovered a novel oxidizing
system that allows the stereoselective conversion of N-
hydroxyethylpyrrolidines to oxazolopyrrolidines. These
products are known to have useful chemistry that allows
their applications in synthesis of substituted pyrrolidine
derivatives. Future efforts in our laboratory will be
focused on exploring the chemistry of these systems, as
well as other oxidation reactions promoted by the
Me3NO/iron carbonyl system.17
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