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ABSTRACT: Some secondary amines of varying
structural type have been oxidized by the methyltriox-
orhenium/hydrogen peroxide system to the corre-
sponding nitroxides in excellent yield. These results,
coupled with our earlier work using this system, in-
dicate the striking parallel between this chemistry and
that of the dioxiranes. While the yields in the dioxirane
and methyltrioxorhenium/hydrogen peroxide methods
are comparable, the latter method must be regarded as
superior since it is catalytic. © 1998 John Wiley &
Sons, Inc. Heteroatom Chem 9:347-350, 1998

INTRODUCTION

Interest in the synthesis of nitroxides continues to
grow, largely because of their use [1-3] as spin labels
in biochemistry and medicine. A number of oxidants
have been used [1] to convert secondary amines to
nitroxides. We earlier reported [4] that dimethyl-
dioxirane may be used to carry out this oxidation to
give nitroxides in high yield. Recently, we have been
studying the chemistry of the methyltrioxorhenium
(MTO)-hydrogen peroxide system primarily because
of the similarity of this chemistry to that of
dimethyldioxirane.

The MTO-H,0, system has been used to oxidize
a variety of organic substrates including alkenes [5],
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phosphines, arsines, and stibines [6], arenes [7], sul-
fur compounds [8], benzaldehyde [9], alkynes [10],
anilines [11], and alcohols [12]. In our work to date,
comparing the MTO-H,O, system with dimethyl-
dioxirane, we have shown that the metal system is
capable of carrying out a C-H insertion reaction [13]
in the same manner as the dioxirane. We have also
shown that the metal system can oxidize a variety of
organonitrogen compounds [14] and can be used to
synthesize nitrones [15] in high yield. In the current
work, we extend our studies to the use of the MTO-
H,0, system for the synthesis of nitroxides. Again,
this work parallels our earlier demonstration [4] that
dimethyldioxirane can be used to synthesize nitrox-
ides in high yield.

RESULTS AND DISCUSSION

The rhenium system has been shown by Herrmann
[16] and Espenson [17] to give two adducts with hy-
drogen peroxide, (1) and (2) (Equation 1), either of
which could be responsible for the chemistry de-
scribed here. Under our experimental conditions, we
expect the major oxidant to be 2, however. We have
oxidized a series of secondary amines that have no
a-hydrogen atoms so that the oxidation proceeds to
the nitroxide (Equation 2). The oxidations followed
the methods [14,15] used by us in our earlier work
with the metal system. A variety of secondary amine
structural types have been oxidized, including a di-
secondary amine (Table 1). The nitroxides were iden-
tified by comparing their physical and spectroscopic
properties with literature values. In particular, the
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TABLE 1 Oxidation of Secondary Amines to Nitroxides with
Hydrogen Peroxide in the Presence of MTO Catalyst?
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aGeneral experimental procedure followed.
bTwo equivalents of H,0, and MTO were used.
cUrea hydrogen peroxide adduct used.
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nitroxides give hyperfine splitting constants (a,) that
are essentially the same as those in the literature.
The dinitroxide (entry 6) gives the ESR spectrum of
a triplet as previously reported [18]. The dinitroxide
has been shown [18] to exist in the trans configura-
tion, that is, with the N-O bonds pointed in opposite
directions. In addition, the earlier workers [18] con-
cluded that the compound exists in a preferred con-
formation, namely, a chair conformation with the C-
N bonds equatorial. Attempted synthesis of the
dinitroxide by the general method proved unsatis-
factory. An alternative procedure using urea hydro-
gen peroxide (UHP) as the source of the hydrogen
peroxide, instead of the aqueous solution, provided
the dinitroxide in good yield, however. This method
allows the use of an organic solvent (methylene chlo-
ride) and avoids the use of water, which alters the
reaction course. The nitroxides are all highly colored
as is usually observed. The nitroxide yields obtained
(Table 1) indicate that this synthetic method is su-
perior to many existing methods. While these yields
are comparable to those obtained using dimethyl-

dioxirane [4], it should be emphasized that the syn-
thesis described here is catalytic and thus is actually
a superior method.
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We believe that the mechanism of nitroxide for-
mation as observed here is similar to that proposed
[4] earlier by us for the corresponding reaction with
dimethyldioxirane. In that case, we have shown [19]
that the amine is first oxidized to the hydroxylamine.
In suitable substrates, the hydroxylamine reacts fur-
ther to give the nitroxide. We have also shown [15]
that the hydroxylamine is produced enroute to ni-
trone formation in the oxidation of secondary
amines by the MTO-H,0, system. This proposal is
supported by the observations of Espenson and co-
workers. In their studies of the oxidation of a series
of anilines by the MTO-H,0, system, Zhu and Es-
penson [11] used a Hammett plot to show that the
reaction was electrophilic in character. Also Al-Ajil-
ouni and Espenson [20] have shown that epoxida-
tion of alkenes by the metal system is an electro-
philic process. Indeed, these two linear free-energy
results demonstrate dramatically the similarity be-
tween the oxidations by dimethyldioxirane and the
rhenium system.

EXPERIMENTAL

Materials. Methylrhenium trioxide (MTO) was
prepared from Re,0, and Sn(CH,), according to the
literature procedure [21]. 2,2,6,6-Tetramethyl-4-pi-
peridone monohydrate (Aldrich), 2,2,6,6-tetrame-
thyl-4-piperidinol (Aldrich), 2,2,5,5-tetramethylpyr-
rolidine-3-carboxamide (Aldrich), 2,2,5,5-tetrameth-
ylpyrrolin-3-carboxamide (Aldrich), p-toluenesul-
fonic acid (Aldrich), 1,4-cyclohexanedione (Aldrich),
and 2-amino-2-methyl-1-propanol (Aldrich) were all
used as received. Anhydrous sodium sulfate, hydro-
gen peroxide (50%), urea hydrogen peroxide (UHP),
and ethanol were obtained from Fisher and used as
such. Benzene (Fisher) and cyclohexanone (Aldrich)
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were purified by distillation prior to use. 1,4-
Bis(4’,4’-dimethyloxazolidine)cyclohexane and 2-
cyclohexyl-4’,4’-dimethyloxazolidine were prepared
using the literature methods.

Instrumentation. 'H and '*C NMR spectra were
measured on a 300 MHz NMR spectrometer. Mass
spectra were recorded on an EI quadrupole mass
spectrometer interfaced with a gas chromatograph
fitted with a 12 m X 0.2 mm X 0.33 gm ultra-1
(cross-linked methyl silicone) column. Melting
points were determined on a capillary melting-point
apparatus and are uncorrected.

General Procedure for the Synthesis of Nitrox-
ides. The literature procedure [5a,16] for the prep-
aration of the MTO-H,0, adduct was followed. To a
stirred solution of the amine (1 mmol) in ethanol (5
mL) was added dropwise a solution of MTO (0.01 g,
0.04 mmol) in H,O, (3 mL in ethanol, 25 mmol) over
a period of 15 minutes at room temperature. Stirring
was continued for an additional 1 hour and 45 min-
utes. Water (10 mL) was added to the reaction mix-
ture followed by saturated aqueous sodium chloride
solution (5 mL). The reaction mixture was then ex-
tracted with dichloromethane. The organic layer was
separated and washed with saturated aqueous so-
dium chloride. The organic layer was again sepa-
rated and dried over anhydrous sodium sulfate. The
drying agent was filtered off and the solvent removed
on the rotary evaporator. The crude product was
then purified by recrystallization.

1,4-Bis (4', 4'- dimethyloxazolidine ) cyclohexane.

Cyclohexane-1,4-dione (2 g, 0.025 mol) and 2-amino-
2-methyl-propanol (5.5 g, 0.061 mol) were refluxed
in benzene solution (50 mL) containing 5 mg of p-
toluenesulfonic acid for 60 hours. Water was re-
moved using a Dean-Stark apparatus. The reaction
mixture was cooled to room temperature, anhydrous
K,CO; (5 g) was added, and stirring continued for 5
minutes. The solid was filtered off, water (10 mL)
was added, and then the reaction mixture was ex-
tracted with ether. The organic layer was separated
and dried with anhydrous Na,SO,. The solvent was
evaporated to give white crystals that were recrys-
tallized from ether to give white crystals (3.8 g, 60%),
mp 104-105°C, Ref. [18] mp 104-105°C. '"H NMR
(CDCl,): 1.27 (s, 12 H), 3.60 (s, 4 H), 1.87 (d, 8 H),
4.62 (s, 2 H). *C NMR (CDCl,): 6 28.50, 34.78, 58.76,
76.66,95.07. MS (EI, 70 eV): m/z 254 (M+), 128 (base
peak). Calcd for C,,H,N,O,: 254.37.

1,4- Bis (4',4'- dimethyloxazolidine- 3" -oxyl )cyclo-
hexane. The amine (0.254 g, 1 mmol) in ethanol (10

mL) was oxidized using MTO/H,0, (two equivalents)
following the general procedure. It was found that
this procedure led to the formation of a multi-com-
ponent reaction mixture. The following alternative
procedure was used instead. To a stirred solution of
the amine (0.254 g, 1 mmol) and UHP (4.75 g, 50
mmol) in dichloromethane was added MTO (0.02 g,
0.08 mmol). The mixture was stirred for 4 hours (tur-
bidity forms within 1 hour, and then the solution be-
comes clear after 3 additional hours). The solid was
filtered off and the filtrate washed with water and
then dried with anhydrous sodium sulfate. Evapo-
ration of the solvent gave a yellow-colored material.
This was recrystallized from ether to give yellow-red
crystals (0.227 g, 80%), mp 185-190°C, Ref. [18] mp
189-190°C. MS (EI, 70 eV): 284 (M+, 6.5), 56 (base
peak). Calcd for C,,H,,N,0,: 284.35.

2-Cyclohexyl-4',4'-dimethyloxazolidine. ~ Cyclo-
hexanone (4.9 g, 0.05 mmol) and 2-amino-2-methyl-
propan-1-ol (4.46 g, 0.05 mmol) were refluxed in
benzene (50 mL) for 14 hours using a Dean-Stark
apparatus. The solvent was evaporated and the res-
idue distilled at 95°C/20 mm Hg to give a colorless
liquid (6.17 g, 73%), Ref. [22] bp 95°C/20 mm Hg. 'H
NMR (CDCl,): 6 1.22 (s, 6H), 3.57 (s, 2H), 1.45-1.75
(m, 10H). 3C NMR (CDCL,): 6 23.88, 25.31, 28.46,
37.90, 58.67, 76.33, 96.07. MS (EI, 70 eV): 169 (M*,
5.7), 126 (base peak). Calcd for C,,H,,NO: 169.27.

2-Cyclohexyl-4', 4'- dimethyloxazolidine - 3- oxyl.
The amine (0.169 g, 1 mmol) was oxidized following
the general procedure to give a yellow solid (0.165 g,
90%), mp 59-61°C, Ref. [22] mp 61-62°C. MS (EI, 70
eV): 184 (M+, 6.3), 99 (base peak). Calcd for
C,oH,sNO,: 184.26.

4-Ox0-2,2,6,6-tetramethylpiperidine-1-oxyl. The
general procedure was followed using 0.173 g (1
mmol) of 4-ox0-2,2,6,6-tetramethylpiperidine. Re-
moval of the solvent from the resultant reddish-yel-
low solution gave a reddish-yellow solid that was re-
crystallized from the minimum amount of hexane
(0.153 g, 90%), mp 32-34°C, Ref. [22] mp 36°C. MS
(EI, 70 eV): 170 (M+*, 10.01), 56 (base peak). Calcd
for C,H (NO,: 170.23.

4- Hydroxy-2, 2, 6, 6-tetramethylpiperidine-1-oxyl.
Oxidation of 4-hydroxy-2,2,6,6-tetramethylpiperi-
dine (0.157 g, 1 mmol) following the general proce-
dure gave a yellow-colored solid (0.155 g, 90%), mp
69-72°C, Refs. [23,24] mp 69-71°C. MS (EI, 70 eV)
172 (M+, 12.8), 71 (base peak). Calcd for C;H,;NO,:
172.25.

3-Carbamoyl-2,2,5,5-tetramethylpyrroline-1-oxyl.
Oxidation of 2,2,5,5-tetramethylpyrroline-3-carbox-
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amide (0.168 g, 1 mmol) following the general pro-
cedure gave a bright yellow-colored solid (0.165 g,
90%), mp 202-205°C, Ref. [25] mp 203-204°C. MS
(EI, 70 eV): 183 (M+, 24.53), 153 (base peak). Calcd
for C,H,.N,0,: 183.23.

3-Carbamoyl-2,2,5,5-tetramethylpyrrolidine-1-ox-
yl. Following the general procedure, oxidation of
0.170 g (1 mmol) of 2,2,5,5-tetramethylpyrrolidine-
3-carboxamide and removal of the solvent gave a yel-
low-colored solid (0.175 g, 95%), mp 170-173°C, Ref.
[25] mp 173°C. MS (EI, 70 eV): 185 (M*, 14.80), 100
(base peak). Calcd for C,H,;N,O,: 185.25.
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