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(57) ABSTRACT 
The subject invention relates to a method of synthesiz 
ing nitroxides from secondary amines. This method uses 
a suitable dioxirane compound such as dimethyldioxi 
rane (DMD), which is relatively stable and simple to 
synthesize, as the oxidizing agent. A quantity of a sec 
ondary amine having no hydrogen atoms directly at 
tached to the alpha carbon atoms is mixed with a 2x 
molar ratio of the dioxirane. In a first reaction, the sec 
ondary amine is oxidized to form a hydroxylamine; in a 
second reaction, the hydroxylamine is further oxidized 
to form a nitroxide. When the dioxirane loses an oxygen 
atom it converts into a ketone; for example, dimethyldi 
oxirane is converted into acetone. This is very conve 
nient, since the ketone byproduct is a solvent that can be 
easily removed after the reaction without causing inter 
fering reactions. This method provides a simple, highly 
selective, rapid reaction with very high yields. It can be 
carried out in a single reaction vessel and can be used 
with a wide variety of secondary amines (including 
secondary amines having more than one amine group) 
to create a corresponding variety of nitroxides. 

17 Claims, 1 Drawing Sheet 
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SYNTHESIS OF NITROXIDES USING 
DOXRANES 

GOVERNMENT SUPPORT 

This invention was made with government support 
under Grant 5 RO1 ES 01984, awarded by the National 
Institute of Environmental Health Science. 
This application is a continuation-in-part of U.S. ap 

plication Ser. No. 407,116, filed Sept. 14, 1989 now 
abandoned. 

FIELD OF THE INVENTION 

This invention is in the field of organic chemistry, 
and relates to the synthesis of nitroxides of secondary 
amines. 

BACKGROUND OF THE INVENTION 

Dioxirane compounds have the following structure: 

R O 
N / 
- R Y, 

Although dioxirane itself, H2CO2, is not stable, vari 
ous other dioxirane derivatives have been isolated in 
stable form. Dimethyldioxirane (DMD) was first iso 
lated by Murray and his coworkers, and a method for 
synthesizing DMD in acetone solution is described in 
Murray et al 1985 (full citations are provided below). 
Various other dioxiranes have also been isolated, in 
cluding methylethyldioxirane and diethyldioxirane 
(Murray et al 1985) and trifluoromethylmethyl dioxi 
rane (Mello et al 1988). Dioxirane chemistry is rela 
tively new, yet it is already possible to synthesize dioxi 
rane compounds having a variety of structures, depend 
ing on the structures of their ketone precursors. More 
elaborate dioxiranes, such as dioxiranes having cyclic 
ring structures, can probably be synthesized and iso 
lated as well, using methods that are currently known 
or hereafter discovered. 

Dioxiranes are powerful oxidizing agents. For exam 
ple, DMD has been used to oxidize primary amines, 
forming nitro compounds (Murray et al 1986). Eaton et 
al 1988 reported that dioxirane can be used to oxidize 
sensitive primary amines if the amine hydrochloride 
rather than the free amine is used. Zabrowski et al 1988 
reports the use of dioxirane to oxidize substituted ani 
lines to form nitro compounds. Prior to the subject 
invention, they had not been used to create nitroxides. 

Nitroxides of Secondary Amines 
Nitroxides derived from secondary amines are useful 

in a variety of reactions, since they can form relatively 
stable "free radical" groups, i.e., molecules having un 
paired electrons which can exist for prolonged periods 
at temperatures above freezing. The free radical group 
makes them easily detectable in certain analytical pro 
cesses, such as electron spin resonance (ESR, also re 
ferred to as electron paramagnetic resonance, EPR). 
This makes them useful as "spin labels' in probing bio 
logical structures (Berliner 1976 and Holtzman 1984), 
and as magnetic resonance imaging (MRI) contrast 
enhancing agents (Keana et al 1985). They are also used 
to stabilize some polymers against degradation by light 
(Klemchuk 1985). 
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Previous Methods of Synthesizing Nitroxides 
Prior methods of synthesizing nitroxides from sec 

ondary amines are discussed in Keana et al 1967, Ro 
zantsev 1970, Rauckman et al 1975, and Keana et al 
1984. Some of those methods involve meta-chloroper 
benzoic acid as the oxidizing agent; others involve a 
combination of hydrogen peroxide and either tungstic, 
molybdic, or vanadic acid, Long reaction times (usually 
several hours) are required, and some of those methods 
operate in aqueous systems, which requires either a 
water soluble secondary amine or the use of phase trans 
fer catalysts. Yields are usually not very high, and the 
reactions often generate unwanted by-products which 
may be very difficult yet necessary to remove before 
the desired nitroxides can be used for biological pur 
poses. In addition, the prior methods require reagents 
that are expensive and/or difficult to synthesize. 
The present invention, by contrast, provides a gen 

eral method for synthesizing nitroxides from secondary 
amines. This method offers a simple process which can 
be conducted in a single reaction vessel, with very high 
yields and little or no unwanted by-products. It has been 
shown to work satisfactorily with various types of sec 
ondary amine reagents, including aliphatic, aromatic, 
cyclic, and heterocyclic secondary amines. The second 
ary amine group is oxidized very selectively; therefore, 
there is no need to take special steps to protect and then 
deprotect other reactive groups. 

SUMMARY OF THE INVENTION 

The subject invention relates to a method of synthe 
sizing nitroxides from secondary amines. This method 
uses a suitable dioxirane compound such as dimethyldi 
oxirane (DMD), which is relatively stable and simple to 
synthesize, as the oxidizing agent. The reaction pro 
ceeds as follows: 

R R. R. R 
N / N / 
C C 

/ R^ N / Y . . . -Ge. 
N N 

R O 
H 

R R R R 

N/ N/ R 
R^ N / Ye -o 

R 
O. 

In this method, a quantity of the secondary amine is 
mixed with a 2x molar ratio of the dioxirane. In a first 
reaction, the secondary amine is oxidized to form a 
hydroxylamine; in a second reaction, the hydroxylam 
ine is further oxidized to form a nitroxide. When the 
dioxirane compound loses an oxygen atom it converts 
into a ketone; for example, dimethyldioxirane is con 
verted into acetone, while methylethyldioxirane is con 
verted into methylethylketone. This is very convenient, 
since the ketone byproduct is a solvent that can be 
easily controlled during the reaction and easily re 
moved after the reaction without causing interfering 
reactions. This method provides a simple, highly selec 
tive, rapid reaction with very high yields. It can be 
carried out in a single reaction vessel and can be used 
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with a wide variety of secondary amines to create a 
corresponding variety of nitroxides. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 depicts the reaction vessels used to synthesize 
dimethyldioxirane. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The subject invention involves the use of dioxirane 
compounds to convert secondary amines to their corre 
sponding nitroxides. The specific dioxirane derivative 
used in the Examples is dimethyldioxirane (DMD). 
That particular derivative is used because (1) it is rela 
tively simple and inexpensive to synthesize, (2) it is 
sufficiently stable for use in the subject invention, and 
(3) DMD yields a preferred solvent, acetone, rather 
than an undesired byproduct when it loses an oxygen 
aton. 

If desired, other dioxirane derivatives (such as me 
thylethyldioxirane or halogenated dioxiranes) can be 
synthesized and used instead of dimethyldioxirane to 
convert secondary amines into nitroxides. Unless such 
other dioxirane derivatives are deliberately provided 
with highly reactive groups at other locations on the 
molecule, which might cause competing reactions, the 
dioxirane structure will react quickly and selectively 
with secondary amine groups on the reagents to form 
nitroxides. 
Secondary amines suitable for use in this invention 

should not have hydrogen bonded to either of the "al 
pha' carbons (i.e., the carbon atoms that are directly 
bonded to the nitrogen). If a hydrogen atom is bonded 
to either of the alpha carbons, the resulting nitroxide is 
prone to spontaneous degeneration and is usually con 
verted into a nitrone. Suitable secondary amines for use 
as described herein have the following general formu 
las: 

R R. R. R 

N/ N/ 
N/Y. 

H 

wherein each R can be any group other than hydrogen. 
Preferred R's include alkyl groups, aryl groups, cyclo 
alkyl groups, oxygen-containing groups such as me 
thoxy, and halogen atoms such as fluorine, chlorine, and 
bromine. 

Table 1 summarizes the yields of several reactions 
described in the Examples. 
The equipment assembly 10 for creating the dime 

thyldioxirane used to carry out the method of this in 
vention is shown in FIG. 1. The reaction vessel com 
prises a three-necked flask 12, wherein the three necks 
serve as inlets 14 and 16 and outlet 18. A magnetic 
stirring bar 20 is placed in the reaction vessel 12; it is 
rotated by a magnetic stirrer 22. 
The reaction vessel 12 is initially charged with a 

mixture of acetone, water, and sodium bicarbonate. It is 
kept at room temperature during the DMD synthesis. 
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4. 
TABLE 1 

YIELDS OF VARIOUS NITROXIDES 
Nitroxide Yield (%) 
2,2.6,6-tetramethyl-4-piperidinol-i-yloxy 00 
2,2,6,6-tetramethyl-4-piperidone-1-yloxy 98 
2,2,6,6-tetramethyl piperidone-4-oxime-1-yloxy 99 
3-carbamoyl-2,2,5,5-tetramethyl-3-pyrroline-1-yloxy 98 
3-carboxy-2,2,5,5-tetramethyl-3-pyrroline-1-yloxy 94 
3-carboxy-2,2,5,5-tetramethyl-3-pyrrolidine-1-yloxy 98 
3-carbamoyl-2,2,5,5-tetramethyl pyrrolidine-1-yloxy 100 
4-ethynyl-4-hydroxy-2,2,6,6-tetramethylpiperidine- 80 
l-oxyl 
3,3-dimethyl-1-oxa-4-azaspiro[4.5dec-4-yloxy 100 
4',4'-dimethylspiro(5a-cholestane-3,2'-oxazolidine)- 97 
3'yloxy 
ditertiarybutylnitroxide 86 

A liquid addition unit 30 with a stopcock 32 and a 
pressure equalizer 34 is coupled to inlet 14 of reaction 
vessel 12 via a Y-tube 36. A continuous supply of gase 
ous helium (an inert gas used as a carrier for the gaseous 
DMD) is provided to reaction vessel 12 via the other 
inlet provided by Y-tube 36. The helium is injected into 
the bottom region of reaction vessel 12 via tube 38. The 
inert carrier gas should be injected below the surface of 
the liquid, and can be dispersed throughout the reaction 
vessel by a dispersing nozzle or manifold on the bottom 
of the vessel. Second inlet 16 of reaction vessel 12 is 
coupled to a vessel 40 which contains Oxone (a trade 
mark of DuPont), a formulation containing monoperox 
ysulfuric acid, 2KHSO5.KHSO4.K2SO4. The vessels 
are coupled via a device such as a flexible tube 42 which 
allows the Oxone (in granular form) to be added slowly 
to reaction vessel 12. 

Outlet 18 of reaction vessel 12 is coupled to vapor 
column 50, which is packed with glass wool 52 to pre 
vent any liquid from the reaction vessel 12 from spatter 
ing into the receiving flask. Vapors (which contain 
DMD and acetone) from the reaction vessel are carried 
through the glass wool 52 with the aid of the helium 
carrier gas. Those vapors enter Y-tube 54, which is 
connected to condensation unit 56. The interior cham 
ber 58 of condensation unit 56 contains a very cold 
mixture such as dry ice and acetone. As the vapor 
which contains DMD contacts the cold surfaces in 
condensation unit 56, it condenses. The yellow conden 
sate collects in the main receiving flask 60, via Y-tube 
54. The condensate chills the Y-tube 54 and the receiv 
ing flask 60, causing some of the vapors to condense 
directly into the receiving flask. The receiving flask is 
also chilled directly, by means such as dry ice-acetone 
bath 62. 
Any vapors which are still in gaseous form after they 

pass through the condensation unit 56 can be collected 
via tube 70 in one or more cold traps 72 if desired. The 
applicants have found that a single trap containing dry 
ice and acetone is sufficient to collect the large majority 
of any remaining DMD. In industrial processes, it may 
be advisable to provide additional cold traps to ensure 
complete removal of any DMD. 
The DMD/acetone mixture collected in receiving 

flask 60 and in any cold traps can be stored in a conven 
tional freezer (at 0°C. or slightly colder temperatures) 
for up to about seven days with little or no degradation. 
If storage for more than a few days is required, the 
concentration of the DMD should be assayed shortly 
before it is used. 
The concentration of DMD in acetone solution can 

be assayed by various methods, In the work described 
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in the Examples, the DMD concentrations were deter 
mined by the phenyl methylsulfide method (Murray et 
al 1985). Other methods include a triphenylphosphine 
method (Murray et al 1985), UV spectroscopy (absor 
bance at 331-335 nm), and iodometric titration. 
The addition of 2x DMD (i.e., 2 moles of DMD per 

mole of secondary amine) leads to a sequence of two 
reactions. In the first reaction, the secondary amine is 
converted into a hydroxylamine. That oxidation reac 
tion is rapid and highly selective, as indicated by the 
fact that if only equimolar DMD is added, relatively 
pure hydroxylamine is obtained. After the secondary 
amine reagent is depleted, the remaining DMD be 
comes highly selective for the hydroxylamine groups, 
in preference to other potentially reactive groups. This 
leads to high yields of relatively pure nitroxides, as 
indicated in Table i. Alternately, if complete conver 
sion of a secondary amine to a nitroxide is not desired, 
a lesser quantity of dioxirane can be provided. 

All of the nitroxides described in the Examples were 
tested via ESR, using benzene solvent (10-3M). All 
showed the characteristic three-line nitroxide spectrum 
with g and aw values as described in Rozantsev et al 
1971. 
As shown in the Examples, the method of this inven 

tion has been performed on a variety of secondary 
amines which have reactive groups that were not al 
tered by the dimethyldioxirane. Such potentially reac 
tive groups which have been tested and found not to 
interfere with or be affected by the dioxirane-amine 
reaction described herein include secondary alcohols, 
bicyclic groups with spiro configurations (i.e., the ad 
joining rings share a single carbon atom), aromatic 
rings, heterocyclic rings containing oxygen atoms, an 
unsaturated ring having a double bond, a side group 
with triple bonded carbons, carboxamide groups, car 
boxylic acid groups, a ketone, and an oxine. Thus, this 
reaction has been shown to be highly selective for sec 
ondary amine groups, despite the presence of various 
different types of potentially competing reactive 
groups, 

This invention is not limited to the conversion of 
soluble amines into soluble nitroxides; instead, it can 
also be used to convert at least some insoluble amines 
into nitroxides. For example, Examples 5 and 6 disclose 
the conversion of two insoluble secondary amines into 
soluble nitroxides. Both types of amines, in small partic 
ulate form, were suspended in solution by stirring. In 
both cases, the conversion proceeded at sufficient rates 
to drive each reaction to completion, dissolving all of 
the amine particles and converting them into soluble 
nitroxides within an hour. In addition, Example 10 dis 
closes the conversion of a soluble amine into an insolu 
ble hydroxylamine intermediate, followed by the con 
version of the insoluble hydroxylamine into a soluble 
nitroxide. 

In general, nitroxides tend to be relatively soluble in 
a wide variety of organic solvents, due to the stabilized 
free radical electron on the oxygen atom. Therefore, if 
a secondary amine with no alpha hydrogens has limited 
solubility in acetone, or in a mixture of acetone (or some 
other ketone) and a second solvent such as methylene 
chloride, the reaction can still proceed, as shown by 
Examples 5, 6, and 10. 

Based on the results obtained to date, it is believed 
that the method disclosed herein can also convert at 
least some of the amine groups in insoluble or partially 
soluble secondary amines (such as polymeric secondary 
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6 
amines or other secondary amines with very high mo 
lecular weights) into nitroxide groups. In such reac 
tions, the preferred node of reaction would involve 
suspending small particles of the insoluble amine in a 
stirred liquid solution containing dioxirane. 
This process has also been shown to work success 

fully and with high efficiency on a secondary amine 
having more than one amine group; the detailed data 
and results are provided in Example 12. In that particu 
lar compound, both of the two amine groups on the 
starting compound were completely converted into 
nitroxide groups. This result demonstrates two things: 
(l) in compounds having more than one secondary 
amine group with no alpha hydrogens, at least one of 
the amine-groups will be converted into a nitroxide 
group; and, (2) in at least some compounds having more 
than one secondary amine group with no alpha hydro 
gens, more than one and possibly all of the amine 
groups will be converted into nitroxide groups. 
The preferred solvents for use with specific second 

ary amine compounds may vary between different 
amines. In general, if an amine is soluble in a particular 
solvent at the preferred temperatures, then the reaction 
will proceed more quickly than if the amine is insoluble. 
Therefore, if a certain secondary amine is insoluble in 
acetone and other ketone solvents but is soluble in an 
other selected solvent, the amine can be dissolved in the 
other selected solvent, and the resulting mixture can be 
mixed with the dioxirane solution in acetone (or another 
ketone). 

In some cases, the addition of a second solvent may 
increase the speed or the yield of the desired reaction. 
For example, a series of epoxidation experiments were 
carried out involving olefins and dimethyldioxirane. 
These experiments are not directly related to the con 
version of secondary amine groups to nitroxides; in 
stead, they involve the following reaction: 

R O O R 
N / / N 

R---R + c ->R---R + =o 
H. H. R N, H H R 

However, during those experiments it was discovered 
that the incorporation of methylene chloride (CH2Cl2) 
in the solvent mixture increased the rate of epoxidation. 
Based on theoretical considerations, it is suspected that 
in some situations, the addition of methylene chloride or 
other solvents to the solvent mixture might also increase 
the rate of reaction of certain amine-to-nitroxide con 
versions. An example of a secondary amine being con 
verted to a nitroxide in a mixed solvent comprising 
acetone and methylene chloride is provided in Example 
13. 

In general, one of the advantages of the method of 
this invention when used with most secondary amines is 
that it can be carried out in acetone solution (or in some 
other ketone solvent, if a dioxirane other than dimethyl 
dioxirane is used). That is advantageous because the 
dioxirane will be converted into the ketone solvent 
when it donates an oxygen atom to the amine. After the 
reaction is complete and it is time to purify the resulting 
nitroxide, it is necessary to remove (and handle, to 
avoid atmospheric escape of) only one type of solvent, 
which can be done quite easily by methods such as 
vacuum distillation. By contrast, if two different sol 
vents are used, then both must be removed (which may 
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require two different procedures and special types of 
handling for environmental and personnel safety). 

However, in some situations involving certain sec 
ondary amines that are not soluble in acetone or other 
ketones, that advantage might be outweighed by the 
need to use an additional solvent in order to increase the 
solubility of the amine, thereby increasing the rate of 
reaction between the dioxirane and the amine. In such 
cases, any desired type of solvent may be used if it 
increases the solubility if any specific amine; candidate 
solvents can include highly polar, moderately polar, or 
non-polar solvents, as well as protic solvents. For most 
amines, the proper selection of a second solvent will be 
fairly'apparent to any chemist skilled in the art of or 
ganic chemistry, based on the characteristics of the 
amine molecule. In cases where the proper choice is not 
obvious, the person carrying out the reaction can test 
various different types of solvents in a screening process 
which would involve steps such as identifying a solvent 
in which the amine is soluble and preparing a mixture of 
the solvent and the amine, then adding acetone to the 
mixture to determine whether the acetone causes pre 
cipitation or immiscibility. If the mixture remains solu 
ble, then the dioxirane reaction should proceed as de 
scribed herein. However, even if some precipitation or 
in miscibility occurs, the amine groups can still be con 
verted to nitroxides, as evidenced by Examples 5, 6, and 
0. 
The optimal temperature for carrying out the conver 

sion of any specific type of secondary amine can be 
determined through routine experimentation. In gen 
eral, temperatures in the range of about -20 to about 
+10 C. are preferred for most conversions, because 
such temperatures can be achieved quite easily and 
inexpensively through the use of ice baths; however, 
temperatures outside that range can be used for specific 
conversions if desired, and the optimal temperature for 
any specific reaction will often depend on economic 
considerations rather than purely chemical consider 
ations. In general, the O-O bond in dioxirane, like the 
O-O bond in any other type of peroxide, is labile; as 
temperatures increase above the freezing range and 
approach the range of room temperatures, that O-O 
bond is more likely to break, leading to highly reactive 
oxygen free radicals that can cause undesired, non 
specific competing reactions. At the other end of the 
temperature range, as reaction conditions become 
colder, the reaction proceeds more slowly. Therefore, it 
is generally desirable to carry out reactions at the high 
est temperature which does not lead to undesired com 
peting reactions. In view of the fact that many peroxide 
reactions will not proceed at any appreciable rate at 
freezing temperatures, the discovery that the dioxirane 
reaction disclosed herein does indeed proceed quickly, 
at very high yields, and with very high selectivity at 
freezing temperatures was quite unexpected. 

EXAMPLES 
Reagents 

Acetone (Fisher Chemicals, Fair Lawn NJ), was 
fractionally distilled over anhydrous potassium carbon 
ate. Benzene (Fisher), petroleum ether (Fisher), diethyl 
ether (Fisher), ligroin (MCB, Norwood Ohio) cyclo 
hexanone (Aldrich) and 2-amino-2-methyl-1-propanol 
(Aldrich) all were of highest commercial purity and 
were purified by distillation before use. 5-a-cholestane 
3-one and 2-amino-2-methyl-1-propanol were obtained 
from Aldrich (Milwaukee Wis.) and were of highest 
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8 
commercial purity. N-tert-butyl-N-benzylamine (Ald 
rich), N,N-dibenzylamine (Aldrich), N,N-diisobutyla 
mine (Aldrich), N,N-dicyclohexylamine (Kodak, Roch 
ester, N.Y.) were fractionally distilled under reduced 
pressure before use. Oxone (DuPont), 2KHSO5. K 
HSO4.K2SO4 was obtained from Aldrich and used 
without further purification. Anhydrous K2CO3 (Ald 
rich), hydroxylamine hydrochloride (Mallinckrodt, St. 
Louis), anhydrous sodium sulfate (Aldrich), sodium 
borohydride (Ventron, Beverly, Mass.), barium hydrox 
ide octahydrate (Aldrich), and anhydrous magnesium 
sulfate (Fisher) were used without further purification. 

All boiling points (bp), melting points (mp), and other 
temperatures are expressed in degrees Celsius. Unless 
otherwise specified, "cold" solutions were kept in ice 
baths at approximately 0°C. All stirring was done using 
magnetic stirring bars (although mechanical stirring 
could be used if desired), and all mixing of solutions was 
done dropwise. 

Synthesis and Storage of DMD 
Acetone solutions containing dimethyldioxirane 

(DMD) were prepared by the method of Murray et al 
1985, scaled up as follows and using only one cold trap 
instead of five. A 2000 ml 3-necked round bottom flask 
containing a mixture of water (80 ml), acetone (50 ml, 
0.68 mol) NaHCO3 (96 g), and a stirring bar was cou 
pled via a rubber tube to a flask containing granular 
Oxone (180g, 0.29 mol). A pressure-equalized dropping 
funnel containing water (60 ml) and acetone (60 ml, 0.82 
mol) was coupled to another neck of the flask, via a 
Y-tube as shown in FIG. 1. A vapor column, loosely 
packed with glass wool, was attached to the third neck 
of the reaction vessel. 
The outlet of the air condenser was connected to an 

acetone-dry ice condenser, which was attached to a 
receiving flask (100 ml) cooled in an acetone-dry ice 
bath. The receiving flask was connected to a dry ice 
acetone cold trap. 

Helium was bubbled through the reaction mixture 
while the granular Oxone was added in small portions 
by lifting the Oxone flask. The acetone-water mixture 
was added simultaneously, dropwise. The mixture was 
stirred vigorously at room temperature throughout the 
reaction period. After 15 min of reaction time, a slight 
vacuum was applied to the reaction assembly using a 
water aspirator. 
The yellow-colored DMD-acetone solution collected 

primarily in the receiving flask; some material was 
found in the cold trap. The two solutions were mixed, 
stirred briefly with sodium sulfate to remove part of the 
water, filtered, and stored at 0 to -5 for up to about 
seven days. 

Solutions were assayed for DMD content using 
phenyl methyl sulfide. The concentrations were in the 
range of 0.04 to 0.185M. Quantities of solution added to 
secondary amine reagents were varied accordingly, to 
achieve 2:1 (DMD:amine) molar ratios. 

Analytical Instrumentation 
H and 13C NMR data were obtained in CDCl3 solu 

tion at 300 MHz and 75 MHz, respectively, on a Varian 
XL-300 fourier transform spectrometer. H NMR spec 
tra used the 7.24 ppm resonance of residual chloroform 
as an internal standard; 13C NMR spectra used the 
CDCl3 resonance at 77.00 ppm as an internal standard. 
In both 1H NMR and 13C NMR chemical shifts are 



5,087,752 
reported in 6 units downfield from tetramethylsilane. 
Infrared spectra were recorded on a Perkin-Elmer 
model 783 grating spectrophotometer in KBr pellets. 
ESR spectra were recorded at X-band with a Varian 
E-12 spectrometer equipped with a dual cavity using 5 
experimental and analytical techniques described in 
Jones et al 1973. Nitroxide solutions (10-3M) were 
thoroughly degassed by the "freeze-pump-thaw" 
method on a high vacuum line. 
Mass spectra were recorded on either a Finnigan 10 

4500 twin EI and CI quadrupole mass spectrometer or 
on an Associated Electronics Industries model MS 
1201 B mass spectrometer at 70 eV unless otherwise 
noted, with pertinent peaks reported as m/e (relative 
intensity). GC-Mass spectra were recorded on either a 15 
Hewlett-Packard 5992 model gas chromatograph-mass 
spectrometer (DB-5 Megabore column), where the 
peak finder program was used for product analysis and 
the SIM (selected ion monitoring) program was used 
for obtaining ion ratios, or on a Hewlett-Packard 5988A 20 
twin EI and CI quadrupole mass spectrometer at 70 eV 
by a direct probe. GC-Mass spectra were recorded on 
the HP 5988A model instrument using a gas chromato 
graph (HP-1 column, 15 meters). Melting points were 
measured on either a Dynamics optics AHT 713921 25 
hot-stage apparatus or on a Thomas-Hoover capillary 
melting point apparatus and are uncorrected. The nota 
tion "dec.' indicates that the compound was degraded 
upon melting. Usually this was indicated by a color 
change; in several cases, it was confirmed that the sub-30 
stance would not recrystallize upon cooling. 
Example 1: 2,2,6,6-tetramethyl-4-piperidinol-1-yloxy 
2,2,6,6-tetramethyl-4-piperidinol was prepared by the 

reduction of 2,2,6,6-tetramethyl-4-piperidone (Aldrich) 35 
with sodium borohydride. It was purified by recrystalli 
zation from ligroin (bp 65-90). It formed colorless nee 
dles with mp 130-131; the reported mp is 128-131 (Lutz 
et al 1962). 
A solution of 0.067M dimethyldioxirane in acetone 40 

(30 ml, 2 mmol) was added to a cold stirred solution of 
the prepared 2,2,6,6-tetramethyl-4-piperidinol (157 mg, 

mmol) in acetone (10 ml). The reaction mixture, 
which became orange yellow in 5-10 minutes, was 
stirred for 2 hours. The solvent was evaporated on a 45 
rotary evaporator to give an orange solid (173 mg, 
100% yield). Sublimation of the solid at 10-3 torr gave 
orange colored needles. Measured mp was 71-72; re 
ported mp 70–71 (Rozantsev 1970). This nitroxide has 
the following structure: 50 

H OH 

H3C CH3 
H3C N CH3 55 

O. 

Example 2: 2,2,6,6-tetramethyl-4-piperidone-1-yloxy 
A solution of 0.066M DMD in acetone (61 ml, 4 

mnol) was slowly added to a cold stirred solution of 
2,2,6,6-tetramethyl-4-piperidone monohydrate (Ald 
rich; 352 mg, 2 mmol) in acetone (10 ml). The reaction 
mixture, which became yellow orange in 10-15 minutes, 65 
was stirred for 2 hours. The solvent was evaporated on 
a rotary evaporator to give an orange pasty solid. The 
pasty solid was extracted twice with diethyl ether and 

10 
the combined ether extracts were dried with anhydrous 
magnesium sulfate and evaporated to afford a pinkish 
orange solid (341 mg, 98%). Measured mp was 33-34; 
reported mp is 36 (Rozantsev 1970). 
The structure of this nitroxide is as follows: 

O 
I 

sle 
H3C N CH3 

O. 

Example 3: 2,2,6,6-tetramethyl 
piperidone-4-oxime-1-yloxy 

2,2,6,6-tetramethyl piperidone-4-oxime was prepared 
by the reaction of hydroxylamine hydrochloride with 
2,2,6,6-tetramethyl-4-piperidone (Aldrich). Free oxime 
was obtained by the addition of potassium hydroxide to 
an aqueous solution of hydrochloride and several di 
ethyl ether extractions. The extract was dried over 
anhydrous Na2SO4 and evaporated to give a crystalline 
solid which was recrystallized (forming colorless 
plates) from a mixture of diethyl ether and petroleum 
ether. The measured mp was 154-155; the reported mp 
is 155 (Briere et al 1965). 
A solution of 0.066M DMD in acetone (16 ml, 1.05 

minol) was slowly added to a cold stirred solution of 
2,2,6,6-tetramethyl piperidone-4-oxime (85 mg, 0.5 
mmol) in acetone (5 ml). The reaction mixture, which 
became orange in 5 minutes, was stirred for 2 hours. 
The solvent was evaporated on a rotary evaporator to 
give an orange red crystalline solid (92 mg; 99%). Mea 
sured mp was 180-185; reported mp is 180 (Rozantsev 
1970) 
The structure of this nitroxide is as follows: 

NaOH 

as Ols 
H3C N CH3 

O. 

Example 4: 
3-carbamoyl-2,2,5,5-tetramethyl-3-pyrroline-1-yloxy 
2,2,5,5-tetramethyl-3-pyrroline-3-carboxamide (Frin 

ton; Vineland, N.J.) was dissolved in hot benzene and 
recrystallized to purify it. The measured mp was 
180-18. . 
A solution of 0.055M DMD in acetone (18.5 ml, 1.01 

mmol) was slowly added to a cold stirred solution of 
2,2,5,5-tetramethyl-3-pyrroline-3-carboxamide (84 mg, 
0.5 mmol; Frinton, Vineland, N.J.; recrystallized from 
benzene) in acetone (10 ml). The reaction mixture, 
which became yellow in 10-15 minutes, was stirred for 
2 hours. The solvent was evaporated on a rotary evapo 
rator and the residue was dissolved in acetone and fil 
tered. The filtrate was concentrated on a rotary evapo 
rator to give bright yellow needles (89 mg, 98%). The 
measured mp was 203-204 (dec.; chloroform-hexane); 
the reported mp 203-204 dec. (Rozantsev et al 1965a). 
The nitroxide has the following structure: 
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O O 
N N 
C-NH2 C-OH 

Hic CH3 5 his/ X 
H3C N CH3 H3C N CH3 

b. b. 
10 IR (KBr,cm-1): 3450(br), 3200-2900(br), 2990, 

Example 5: 1735(C=O), 1465, 1422, 1410, 1385, 1375, 1305, 1260, 3-carboxy-2,2,5,5-tetramethyl-3-pyrroline-1-yloxy 
2,2,5,5-tetramethyl pyrroline-3-carboxylic acid was 

prepared by the hydrolysis of 2,2,5,5-tetramethyl pyrro 
line-3-carboxamide (Frinton; recrystallized from ben 
zene) with barium hydroxide. The acid was recrystal 
lized from water to provide an off-white solid. The 
measured mp was 300 (dec.) in a sealed tube; the re 
ported mp was 300 dec. (Pauly 1902; Rozantsev 1970). 
A solution of 0.055M DMD in acetone (36.7 ml, 2 

mmol was slowly added to a cold stirred homogeneous 
suspension of 2,2,5,5,-tetramethyl-3-pyrroline-3-car 
boxylic acid (205 mg, 1 mmol) in 5 ml of acetone (i.e., 
small particles of the insoluble amine, which has a car 
boxylic acid group elsewhere on the molecule, were 
suspended in stirred acetone). The reaction mixture, 
which became clear yellow in 1 hour, was stirred for 3 
hours. The solvent was evaporated on a rotary evapora 
tor to give a yellow microcrystalline solid, which was 
dissolved in benzene and filtered. Evaporation of the 
solvent afforded fine yellow needles (210 mg, 94%). 
Measured mp was 210-215 dec.; reported mp is 210-211 
dec, (Rozantsev et al 1965a). 
The structure of this nitroxide is as follows: 

Example 6: 
3-carboxy-2,2,5,5-tetramethyl-3-pyrrolidine-1-yloxy 
2,2,5,5-tetramethyl-3-pyrrolodine-3-carboxylic acid 

monohydrate was prepared by hydrolyzing the carbox 
amide (Frinton) with barium hydroxide. The np was 
220, which agreed with Pauly 1902. A solution of 
0.041M DMD in acetone (24.38 ml, 1 mmol) was slowly 
added to a cold stirred suspension of 2,2,5,5-tetrameth 
yl-3-pyrrolodine-3-carboxylic acid monohydrate 
(0.0946 g, 0.5 mmol) in acetone (10 ml). The reaction 
mixture, which became clear yellow in 1 h, was stirred 
for 2.5 h at 0° C. The solvent was removed on a rotary 
evaporator to give a bright yellow crystalline solid 
(0.0936 g). The solid was dissolved in CHCl3, and the 
solvent was removed, after drying with anhydrous Na2 
SO4, to give a chromatographically homogeneous yel 
low crystalline solid (0.0920 g, yield 98%). The mea 
sured mp was 200-202 dec. (sublimation occurred at 65 IR (KBrcm-1): 
150-160); the reported mp is 200 dec. (Rozantsev et al 
1965a). 
The structure of this nitroxide is as follows: 

20 

25 

30 

35 

45 

50 

55 

1250, 1200, 1170, 1150, 1110, 1070,900(br), 672. 
Example 7: 3-carbamoyl-2,2,5,5-tetramethyl 

pyrrolidine-1-yloxy 
A solution of 0.067M DMD in acetone (60 ml, 4 

mmol) was added slowly to a cold stirred solution of 
2,2,5,5-tetramethyl pyrrolidine-3-carboxamide (340 mg, 
2 mmol; Frinton, recrystallized from benzene, mp I30) 
in acetone (20 ml). The reaction mixture, which became 
yellow in 10 minutes, was stirred for 2 hours. The sol 
vent was evaporated on a rotary evaporator to give a 
bright yellow crystalline solid (370 mg, 100%). When 
recrystallized from hot acetone, bright yellow needles 
were created. The measured mp was 174-176; the re 
ported mp is 174-174.5 (Rozantsev et al 1965a). 
This nitroxide has the following structure: 

O 
N 
C-NH2 

H3C CH3 

H3C N CH3 

b. 

Example 8: 
4-ethynyl-4-hydroxy-2,2,6,6-tetramethylpiperidine-1- 

oxyl 
A solution of 0.041M DMD (924.4 ml, 1 mmol) was 

slowly added to a cold stirred suspension of 4-ethynyl 
4-hydroxy-2,2,6,6-tetramethylpiperidine (0.09063 g, 0.5 
mmol, prepared by the method of Lutz et al 1962) in 
acetone (10 ml). The reaction mixture was stirred for 1 
hour in an ice bath. The resulting orange solution was 
stripped of solvent to give an orange crystalline solid 
(0.09715 g), which was purified by flash chromatogra 
phy on silica gel with 30:70 ethyl acetone/petroleum 
ether elution to provide analytically pure orange crys 
talline solid (0.0790 g, yield 80.5%). The measured mp 
was 119-120; the reported mp is I19.5 (Litvin et al, 
1979). 
The structure of this nitroxide is as follows: 

HO CsCH 

s 
H3C N CH3 

O. 

3350(br, OH), 3235(s, C-H), 
2110(w,-CCH), 1470, 1460, 1400, 1385, 1370(N-O"), 
1341, 1300, 1245, 1205, 1178, 1040, 920, 720, 700, 570. 
MS(m/e): 197 (M+1), 196 (M+). 
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Example 9: 3,3-dimethyl-1-oxa-4-azaspiro 
4.5dec-4-yloxy 

Oxazolidines were synthesized by the procedures of 
Hancock 1944 and Keana 1967, and were purified by 5 
fractional distillation under reduced pressure. The 3,3- 
dimethyl-l-oxa-4-azaspiro-4.5decane had a measured 
bp 98-99 at 20 mmHg; the reported bp was 95-97.5 at 20 
mmHg (Hancock 1944). 
A solution of 0.055M DMD in acetone (29.6 ml, 1.62 10 

mmol) was slowly added to a coldsstirred solution of 
3,3-dimethyl-1-oxa-4-azaspiro 4.5) decane (137 mg, 
0.81 mmol) in acetone (5 ml). The reaction mixture, 
which became yellow in 5 minutes and dark yellow in 
15 minutes, was stirred for 1.5 hours. The solvent was 
evaporated on a rotary evaporator to give an orange oil 
emulsified with water. Addition of anhydrous potas 
sium carbonate (1 g) to the suspension gave an orange 
yellow crystalline solid. The solid was extracted twice 
with diethyl ether and the combined ether extracts were 
dried with anhydrous sodium sulfate and evaporated to 
afford an orange crystalline solid (149 mg, 100%) which 
was further purified by sublimation at room tempera 
ture, at 10-3 torr. The final product was in the form of 2 
orange-yellow cubes. The measured mp was 61-62; the 
reported mp is 57-59 (Keana et al 1967). 

This nitroxide has the following structure: 

O 

s X) H3C N 

Example 10: 
4',4'-dimethylspiro(5a-cholestane-3,2'-oxazolidine)- 

3'yloxy 

15 

20 

30 

35 

4,4'-dimethylspiro(5a-cholestane-3,2'-oxazolidine) 40 
was prepared by the method of Keana et al 1967. 
Briefly, a solution of 5a-cholestane-3-one (Aldrich; 1.53 
g, 3.95 mmol), 2-amino-2-methyl-1-propanol (1 ml, ex 
cess 10.47 mmol), dry toluene (60 ml), and p-toluene 
sulfonic acid monohydrate (0.050 g) was refluxed for 60 
hours with continuous water removal by means of a 
Dean-Stark trap. Toluene was washed with 100 ml of a 
saturated NaHCO3 brine solution (4x50 ml) and water 
(4x50 ml). The washed toluene layer was dried with 
anhydrous Na2SO4. The toluene was removed on a 50 
rotary evaporator to give a white microcrystalline solid 
(1.8 g). The measured mp was 120-125; the reported mp 
Was 124-125 (Keana et al 1967). 
A solution of 0.047M DMD in acetone (21.26 ml, 1 

mmol) was added to a cold solution of 4',4'-dimethyl 
spiro(5a-cholestane-3,2'-oxazolidine) (0.2289 g, 0.5 
mmol) in acetone (10 ml). A white solid began to form 
due to the formation of intermediate hydroxylamine, 
but after a few minutes the reaction mixture became 
yellow. The yellow reaction mixture was stirred at 0°C. 
for another 3 hours. The solvent was evaporated on a 
rotary evaporator to afford a yellow crystalline solid 
(0.2315 g). The yellow solid was dissolved in acetone, 
filtered, and evaporated to afford a chromatographi 
cally pure, yellow crystalline solid (0.2301 g, 97% 
yield). The measured mp was 178-181; the reported mp 
is 176-177 (Keana et al 1967). 

This nitroxide has the following structure: 

45 

55 

65 

14 

CH 

IR (KBr,cm-1): 2960, 2930, 2860, 1470, 1465, 1455, 
1430, 1385, 1378(N-O"), 1365, 1300, 1285, 1265, 1050, 
960, 935, 825. ESR (CHCl3) superposable with esr spec 
trum of equatorial isomer of 4,4'-dimethylspiro(5a 
cholestane-3,2'-oxazolidine)-3-yloxy (Marriott et al 
1976). 

O H 

Example 11: Di-tertiary-butylnitroxide 
In order to prove that the method of this invention 

can convert secondary amines having branched alkyl 
groups attached to the nitrogen atom, di-tertiary 
butylamine was converted into di-tertiary-butylnitrox 

5 ide. 
Since di-tertiary-butylamine is not commercially 

available, it was generated by hydrogenating di-terti 
ary-butylnitroxide (Lancaster Synthesis, Windham, 
N.H.) in the presence of Raney Nickel catalyst in etha 
nol, using the method of Rozantsev et al 1968. The 
resulting amine was converted into an oxalate salt by 
addition of oxalic acid; since the nitroxide cannot be 
converted into the oxalate salt, this effectively sepa 
rated the amine from any unreacted nitroxide. The oxa 
late salt was precipitated out, filtered, and mixed with 
NaOH to convert it into the amine. The amine was 
extracted with ether, the ether was evaporated, and the 
amine was distilled at about 117 C. at 735 torr to isolate 
pure amine. 
A solution of 0.065M DMD in acetone (34 ml, 2.2 

mmol) was added to a cold (0 C.) solution of di-terti 
ary-butylamine (0.1419 g, 1.1 mmol) in acetone (5 ml). 
A yellow-orange color appeared, and the mixture be 
came light orange-red within a few minutes. The mix 
ture was stirred at 0 for 1 hour. The acetone was re 
moved by distillation. The residue was a red oil with 
traces of water. The water was removed by dissolving 
the mixture in pentane, adding a drying agent (MgSO4) 
which absorbed the water, removing the hydrated dry 
ing agent, and evaporating the pentane. The resulting 
product was a chromatographically pure, bright red oil 
with a strong camphor-like odor (0.137 g, 86.5% yield). 

This nitroxide has the following structure: 

3C 
N / N / 
oc c H3C N / CH3 

N 

O. 

CH3 

Example 12: 
Bis(1-oxyl-2,2,6,6-tetramethyl-4-piperidyl)decanedioate 
An industrial grade sample of bis(2,2,6,6-tetramethyl 

4-piperidyl)decanedioate (CAS number 52829-07-09) 
was obtained from Ciba-Geigy (Ardsley, N.Y.). This 
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molecule contains two secondary amine groups with no 
alpha hydrogens, separated by an organic linkage as 
indicated in the structure shown below. One mmol 
(0.48072 g) was dissolved in 10 ml acetone in a magneti 
cally stirred ice bath, and 4 mmol (68 ml of 0.059M) 
DMD was added. The reaction mixture quickly turned 
orange, and was stirred for 1 hr at 0° C. The solvent 
was removed on a rotary evaporator to give an orange 
red crystalline solid. The weight of the crystalline solid 
(0.5209 g) was slightly higher than the theoretical yield, 
indicating that not all of the solvent had been removed. 
The measured melting point was 101-104; reported mp 
is 101 (Rozantsev et al., 1965b). 

R(KBr, cm-1): 2973, 2933, 2852, 1732 (C=O), 1467, 
1377, 1348, 1276, 1241, 1174, 1125, 1089,985, 962, 939, 
920, 728, 682, 562. 

Mass(EI, 70 eV): m/z 511 (M-1, 1.4), 510 (M+, 2.9), 
356 (9.3), 154 (40.7), 124 (base peak), 109 (60). The 
calculated molecular weight for C28H50N2O6 is 510.70, 
which is in agreement with the mass spectroscopy result 
of 50. 
ESR of the polycrystalline solid: single line 

(LW = 12.5G); the g value at the center of the line was 
2.006384. 
ESR of the solid dissolved in CHCl3: three line hy 

perfine splitting at a N=15.7 G; g value was 2.006177. 
This di-nitroxide has the following structure: 

O O 

O ech . O o 2su 
H H H H H H 
H H H H 

H3C CH3 H3C CH3 
H3C N CH3 H3C N CH3 

O. O. 

Example 13: Dichloromethane/acetone solvent 
To evaluate the dioxirane reaction in a mixed solvent, 

the nitroxide compound described in Example 4 (3-car 
boxy-2,2,5,5-tetramethyl-3-pyrroline-1-yloxy) was syn 
thesized in a solvent containing both dichloromethane 
(also called methylene chloride) and acetone. 
The same starting amine (2,2,5,5-tetramethyl-3-pyrro 

line-3-carboxamide) that was described in Example 4 
was used. It was dissolved in hot benzene and recrystal 
lized to purify it; 0.051 g (0.3 mmol) was dissolved in 5 
ml of dichloromethane and chilled in a magnetically 
stirred ice bath. A solution of 0.049 mole DMD in ace 
tone (12.4 ml, 0.6 mmol) was diluted with an equal 
volume of dichloromethane (12.4 ml), and added to the 
amine mixture. The reaction mixture became clear yell 
low in about 5 to 10 minutes; by contrast, when dichlo 
romethane was not present and acetone was the only 
solvent present, the same reaction took longer (about 10 
to 15 minutes). The mixture was stirred for 1 hour at O' 
C., then thesolvent was removed on a rotary evapora 
tor to give a bright yellow crystalline solid. The solid 
was dissolved in acetone, the mixture was dried with 
anhydrous Na2SO4, and the acetone was removed to 
give a chromatographically homogenous yellow crys 
talline solid (0.0548 g; yield 98.6%). The measured melt 
ing point was 202-203 C.; the reported melting point 
is 203-204' C. (Rozantsev et al 1965a). 
This nitroxide has the structure shown in Example 4. 
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We claim: 
1. A method of synthesizing a nitroxide of a second 

ary amine, comprising the step of reacting a secondary 
amine with a dioxirane compound, wherein the second 
ary amine comprises two alpha carbon atoms attached 
directly to a nitrogen atom, and wherein none of the 
atoms attached directly to either of the two alpha car 
bon atoms comprises hydrogen, and wherein two mole 
cules of the dioxirane compound are provided for each 
molecule of the secondary amine which is converted 
into a nitroxide. 

2. The method of claim 1, wherein the dioxirane 
compound comprises dimethyldioxirane. 

3. The method of claim 1, wherein the reaction is 
carried out in a mixture comprising a ketone solvent. 

4. The method of claim 3, wherein the secondary 
amine is soluble in the ketone solvent. 

5. The method of claim 3, wherein the secondary 
amine is present in particulate form in the mixture com 
prising the ketone solvent. 

6. The method of claim 3 wherein the mixture com 
prises (a) a ketone solvent, and (b) a second selected 
solvent which increases the solubility of the secondary 
amine in the mixture, relative to the solubility of the 
secondary amine in the ketone solvent alone. 

7. A method of synthesizing a nitroxide of a second 
ary amine, comprising the step of reacting an amine 
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molecule with a dioxirane compound wherein the 
amine molecule has more than one secondary amine 
group, each secondary amine group comprising two 
alpha carbon atoms attached directly to a nitrogen 
atom, wherein none of the atoms attached directly to 
any of the alpha carbon atoms in the secondary amine 
groups comprises hydrogen, and wherein two mole 
cules of the dioxirane compound are provided for each 
secondary amine group which is converted into a ni 
troxide group. 

8. The method of claim 7 wherein more than one of 
the secondary amine groups are converted into nitrox 
ide groups by the dioxirane compound. 

9. The method of claim 7, wherein the dioxirane 
compound comprises dimethyldioxirane. 

10. The method of claim 7, wherein the reaction is 
carried out in a mixture comprising a ketone solvent. 

11. The method of claim 10, wherein the amine mole 
cule is soluble in the ketone solvent. 

12. The method of claim 10, wherein the amine mole 
cule is present in particulate form in the mixture com 
prising the ketone solvent. 
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13. The method of claim 10, wherein the mixture 

comprises (a) a ketone solvent, and (b) a second selected 
solvent which increases the solubility of the secondary 
amine in the mixture, relative to the solubility of the 
secondary amine in the ketone solvent alone. 

14. A mixture containing ketone molecules and a 
nitroxide of a secondary amine, wherein the nitroxide is 
created by a process comprising the step of reacting a 
dioxirane compound with a secondary amine having no 
hydrogen atoms attached directly to an alpha carbon 
atom, wherein at least some of the ketone molecules are 
created when the dioxirane compound donates an oxy 
gen atom to the secondary amine. 

15. The mixture of claim 14, wherein the dioxirane 
compound comprises dimethyldioxirane and the ketone 
comprises acetone. 

16. The mixture of claim 14, wherein the dioxirane 
compound comprises methylethyldioxirane and the 
ketone comprises methylethylketone 

17. The mixture of claim 14, wherein the nitroxide 
comprises a molecule having more than one nitroxide 
group. 
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