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Abstract: Oxidation of N, N-disubstituted hydroxylamines to nitrones catalyzed by the Jacobsen
catalyst occurs cleanly in the presence of hydrogen peroxide, sodium hypochlorite or
iodosylbenzene as the stoichiometric oxidant. Meso 3,4-cis-isopropylidenedioxy-1-
hydroxypyrrolidine gave the corresponding protected 3,4-cis-dihydroxypyrroline N-oxide in an
enantioenriched fashion for the first time (up to 36% e.e.). © 1999 Elsevier Science Ltd. All rights reserved.
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Recently, it has been demonstrated by Kochi and co-workers that cationic complexes of Mn(III) chelated
by a salen ligand (NN -bis(salicylidene)ethylenediamine) are able to catalyze efficiently the epoxidation of
alkenes by several oxidants, which transform the catalyst precursor into the active metal-oxo species.' A few
years later, the enantioselective version of the reaction has been realized and developed, mainly by Jacobsen’s’
and Katsuki’s® groups.® For this purpose, several metal salen
complexes have been used, with C,-symmetric ligands being
among the most satisfying. The most popular complexes of this
type are the so-called Jacobsen catalysts, i.e. the Mn(IIl) complex
1 and its enantiomer, which have become commercially available.
Although the epoxidation of unfunctionalized olefins has been the

most studied reaction involving these complexes, other organic Bu o Bu
compounds (cinnamates,” chromenes,® dienes,” enynes,™ By B
sulfides,’ alkylbenzenes,” tetrahydrofurans and pyrans'®) have 1

been subjected to oxidation catalyzed by (salen)Mn(III)

derivatives. However, no report regarding the oxidation of nitrogen containing compounds has appeared, to
the best of our knowledge. Being deeply involved in the chemistry of nitrones,!! we are interested in
developing new catalytic oxidation methodologies of amines' or hydroxylamines,® employing readily available
reagents, which can avoid the use of toxic materials or expensive and not commercially available oxidants."*
Moreover, we were interested in obtaininig a cis-dihydroxypyrroline N-oxide protected as a cyclic ketal,
available up to now only in racemic form,"*'® in an enantioselective manner for application to the synthesis of
alkaloids and their analogues.''*"’
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In this communication we report the use of the Jacobsen catalyst for the conversion of hydroxylamines
to the corresponding nitrones by using H,0;, or UHP, NaClO, and PhIO as the stoichiometric oxidant. The
enantioselectivity of the process is then studied in the oxidation of a meso hydroxypyrrolidine.

The results of oxidation of three representative hydroxylamines 2, 4, and 6 to the corresponding nitrones
are reported in Table 1. UHP in MeOH (or 35% H,0, in CH,Cl;) was used as the stoichiometric oxidant (1.5
equiv.) in the presence of catalytic amounts (5%) of the (R,R)-Jacobsen catalyst 1 at room temperature.'?
Reactions were always complete after 1 to 3 hours and the yields of purified nitrones were good and
comparable with those obtained by known methods.' Therefore, (salen)Mn(III) complexes are very efficient in
catalyzing the conversion of hydroxylamines into nitrones. The typical behavior of this catalyst as a metal-oxo
derivative acting as a dehydrogenating agent has been proved also by the quantitative oxidation of
dibenzylamine (8) to the imine 9 (Table 1, entry 4).

Table 1. Catalytic Oxidation of N,N-Disubstituted Hydroxylamines and Dibenzylamine
with Jacobsen Catalyst and UHP in MeOH."
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*See ref. 18 for reaction conditions. "A reaction carried out in CH,Cl, at rt for 6 h using 1.5 equiv. of 35% H,0, as the oxidant
gave a 84% yield of nitrone 3. “Use of 3% of the Jacobsen catalyst gave the same results.

The results of the enantioselective oxidation of meso cis-dihydroxy substituted cyclic hydroxylamine 10
to the corresponding nitrone 11," implying an unprecedented enantiotopic discrimination, are reported in Table
2.% UHP, NaClO, PhIO have been employed as stoichiometric oxidants. The absolute configuration of the
major nitrone (2R,3S, as shown in Table 2) has been assigned from a study of partial kinetic resolution on
racemic 11 carried out in our laboratories.”’ Blank experiments have demonstrated that 10 is quite prone to
oxidation at room temperature,” being converted also in absence of catalyst, albeit in longer times (entries 1,6
and 10). The maximum enantiomeric excess obtained by the catalyzed reaction at room temperature was 10%
with any of the oxidants. However, competition of oxidation without involvement of the catalytic species can
be highly detrimental to the obtained e.e.s, especially when NaClO is used; the same effect has been recently
emphasized in the epoxidation of sterically hindered olefins.”® Lowering the reaction temperature® may reduce
this competition. The best results for each oxidant are highlighted in Table 2. 4-PPNO (4-phenylpyridine N-
oxide), reported to increase the rate and selectivity of the catalyzed oxidation,” has been used as an additive in
several runs (entries 5, 9, 12, 13). At 0 °C a good improvement in enantioselectivity was achieved with UHP
(30% e.e, entry 3), in contrast to the other oxidants. Further lowering of the reaction temperature was,
however, ineffective also with UHP, presumably due to reduced rate of the oxidation. The results with the use
of 4.PPNO are somewhat contrasting. Its use brought a general increase in reaction rates and yields (entries 3,
9). However, the enantioselectivity of the reaction was improved slightly in the case of NaClO (entry 9) and
much more with PhIO (entry 13), but decreased with UHP (entry 5) in spite of the lower reaction temperature.
Finally, the use of the oxidizing mixture mCPBA/NMO, recently proposed by Jacobsen for alkene
epoxidation,”* allowed the reaction to run at an uniformly low temperature (entry 15), without interference
from the uncatalyzed oxidation (entry 14), and gave the best observed enantioselectivity (36% e.e.).2
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Table 2. Oxidation of Meso 3,4-cis-Isopropylidenedioxy-1-hydroxypyrrolidine
Catalyzed by Jacobsen Catalyst.

Qo 0 OXO OXO
(R,R)-Jacobsen (1)

Oxidant \',’“’ |:

(o o~

| (Additive)
OH
meso-10 @R3SM11  (2S3R-11
major minor
Entry  Oxidant Additive  Catalyst govent  T(°C) Time(h) Yield (%) E.e. (%)
(equiv.) (%)
1 UHP — — CH;OH 1t 6 30 —
2 UHP — 5 CH;0H it 3 42 10
3 UHP — 5  CH;OH 0 28 45 30
4 UHP — 5 CH:OH -70-rt 16 25 30
5 UHP 4PPNO(15) 5 CH;0H -70-»18 21 57 12
6 NaClO — —  CHChL 1t 6 40 —
7 NaCIO — 3 CH,Cl, 0 0.5 39 10
8 NaCIO — 3 THF -70 15 40 0
9 NaClO 4PPNO (0.2) 3 CH,Cl, 0 1 58 14
10 PhIO — —  CHCh rt 20 39 —
11 PhIO — 5 CH;OH 0 2.5 40 0
12 PhIO 4-PPNO (1) 5 CH;0H  -40 24 37 0
13 PhIO 4-PPNO (1) 5 CH;CL 0 2.5 40 30
14  mCPBA/NMO — —  CHCL -70 1 — —
15 mCPBA/NMO — 5 CH,CL, -70 1 25 36

*Reactions carried out with UHP (1.5 equiv.), 3.5% NaClO (1.2 equiv.), PhIO (1.2 equiv.), or 70% mCPBA (2 equiv.)/NMO (5.6
equiv.) as oxidant. "Conversion was 50%.

The most addressed topic in enantioselective synthesis using (salen)Mn(III) complexes has been
enantioface discrimination.* Enantioselective oxygenations of enantiotopic groups have also been studied in the
oxidation of prochiral sulfides® and benzylic C-H bonds.** A single precedent concerns, as in the present case,
an enantiotopic group regioselective discrimination.'*”’ However, in that case an oxygenation reaction occurs,
while the oxidation reported here is the first case of enantioselectivity induced by a chiral salen-metal catalyst in
a dehydrogenation process.

The new oxidation method reported in this work, albeit only moderately enantioselective when applied to
the hydroxylamine 10, made available for the first time nitrone 11 enriched in principle in both enantiomeric
forms. Further work is in progress in our laboratories in order to synthesize nitrones 11 enantiomerically
pure. ¢
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