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Summary - An attempt was made to develop guidelines for the design of new contrast agents using nitroxyl spin labels 
(NSL). The structural parameters of ring size and of substituents were correlated with the stability towards reduction 
and the relaxation effectiveness using 5 piperidine and 5 pyrrolidine nitroxyls containing the same substituents. The 
susceptibility of NSL to reduction was assessed by EPR spectroscopy. The relaxation effectiveness of NSL on protons 
in buffer and plasma solution was measured on a NMR spectrometer. The ring size and substituents has a decisive effect 
on the stability of NSL, whereby the ring size effect was dominant. In the case of spin-lattice relaxivities (R,) and 
spin-spin relaxivities (R,), the ring size and the substitution effect were marginal in buffer solution, while in plasma 
these effects were more pronounced. A number of guidelines were proposed for the design of suitable NSL contrast 
agents for MRI. 

RBsumC - Influence de la structure chimique sur les caractikistiques de relaxation magnetique de nitroxyles marqueurs 
de spin. Une tentative d’elaboration de regles pour la conception de nouveaux agents de contraste utilisant des marqueurs 
de spin nitroxyles (NSL) a tte realiste. Les parametres structuraux de la taille du cycle et des substituants ont tte relies a 
la stabilite vis-a-vis de la reduction et l’efficacite’ de relaxation en utilisant 5 piptridines et 5 pyrrolidines nitroxylees conte- 
nant les m&mes substituants. La sensibilite du NSL h la reduction a tte ttudite par spectroscopic RPE. L’efjicacite de 
relaxation du NSL sur des protons dans un tampon ou dans le plasma a tte mesuree par spectromttrie RMN. La taille du 
cycle et les substituants ont un effet decisif sur la stabilite du NSL, alors mCme que la taille du cycle avait un effet dominant. 
Dans le cas des relaxations spin-reseau (RI) et spin-spin (Rj, l’effet de la taille du cycle et de la substitution ttait marginal 
en solution tamponnee, alors que dans le plasma les effets etaient plus prononces. Des regles ont ete proposees pour la 
mise au point d’agents de contraste NSL convenables pour la MRZ. 

contrast agents / MR imaging / nitroxyl radical stability/spin -lattice relaxivity / spin- spin relaxivity 

Introduction 

In the search for safe and effective paramagnetic com- 
pounds to be used as contrast-enhancing agents in magne- 
tic resonance imaging (MRI), considerable attention has 
been focused on nitroxyl spin labels (NSL) [l-7]. NSL are 
synthetic organic compounds containing one unpaired 
electron in the nitroxyl moiety >N$ that imparts the para- 
magnetic property to the molecule. The nitroxyl moiety is 
shielded to some extent from chemical interactions by 4 
bulky methyl groups located on the adjacent a-carbon 
atoms. As a consequence, the NSL are often resistant to 
a variety of reagents. Nevertheless, the nitroxyl moiety 
can be readily reduced by various reducing agents includ- 

ing suitable enzymes, to the diamagnetic hydroxylamine 
derivative. NSL have been effectively employed for the 
past quarter-century as spin probes in a variety of chemi- 
cal, biochemical, and medicinal projects using electron 
paramagnetrcspectroscopy (EPR). The populanty of NSL 
can be attributed, in art, to the synthetic versatilit 

& Y 
of 

nitroxyl structures ena ling them to be attached cova en- 
tly to strategic parts of molecules under investi ation and, 
in part, to the sensitive and informative EP fi spectros- 
copy. This chemical versatility combined with their para- 
magnetic properties is the reason for their appeal as poten- 
tial contrast agents for MRI. 

Although to date the NSL have not been used as phar- 
maceuticals in humans, their effectiveness as contrast 
agents has been well documented by studies in animals 
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[l-5]. In these studies, primarily two compounds have been 
explored, namely, the succinic acid iV-(2,2,6,6-tetra- 
methyl-1-oxyl)4-piperidinyl monoamide (lc, TES) and 
the 3-carboxyl-2,2,5,5-tetramethylpyrrolidine-l-oxyl (2b, 
PCA) (Fig. 1). TES(lc) and PCA(2b) have been shown 
to be effective in urographic enhancement of kidneys [l], 
in the definition of blood-brain barrier disruption [2], in 
the enhancement of experimentally induced neoplasms 
[3], in inflammatory lesions [2], and in acutely infarcted 
myocardium [5]. The minimum effective dose of PCA and 
TES for tissue enhancement is ~0.1 mmol /kg [l-5]. The 
pharmacokinetics and metabolic properties of TES and 
PCA are uncomplicated [5] as compared to many pharma- 
ceuticals in use. The principal route of elimination appears 
to be a partial reduction of the nitroxyl group to the 
hydroxylamine group [5]. Furthermore, both compounds 
are rapidly excreted by glomerular filtration after an intra- 
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Fig. 1. Structures of piperidine and pyrrolidine nitroxyls. 

veneously administered dose ~80-85 percent can be 
recovered in urine in =6 h [5]. 

The susceptibility of NSL to partial bioreduction in vivo 
can be viewed either as an advantage or a disadvantage for 
their application as contrast agents in MRI. On the posi- 
tive side, the reduction of paramagnetic nitroxyls to the 
diamagnetic hydroxylamines may be expected to vary 
between tissues, depending on the total redox potentials 
and oxygen tensions [8]. These differences between tissues 
may then be potentially highlighted on MR images follow- 
ing NSL administration. On the negative side, the bio- 
reduction of NSL diminishes the concentration of the para- 
magnetic nitroxyl species in a given tissue, and thereby redu- 
ces the degree of contrast enhancement. Consequently, one 
can envisage a parallel development of two kinds of NSL 
contrast agents, depending on the projected applications. 
For the assessment of local redox potentials and oxygen 
concentrations, a series of nitroxyl probes with a range of 
susceptibilities to reduction would be developed; whereas 
for a general purpose contrast enhancement a series of 
nitroxyl probes with the highest possible resistance to 
reduction would be the goal. 

In the present study, an attempt was made to correlate 
structural elements of 10 NSL with their reducibilities and 
relaxation effectiveness, and ultimately, to define the 
structural parameters of NSL which determine their suita- 
bility as contrast agents in MRI. 

Results 

Reductions 

The differences in reducibility of NSL on exposure to a 5- 
fold molar excess of ascorbic acid are shown in Table I 
expressed as the percentage of the initial concentration 
remaining 1 min after the addition of ascorbic acid [7]. 
Although the rank order of resistance to reduction by 
ascorbic acid is the same in the piperidine (la-e) and the 
pyrrolidine (2a-e) series, namely, R = H>CO,H>O- 
H>NHC(0)CH2CH2C02H>NHz, all pyrrolidine deriv- 
atives were markedly more resistant than the correspond- 

Table I. Stability of NSL solution to ascorbic acid. Percentage remaining after l-min exposure. 

Piperidines Percent of Pyrrolidines Percent of 
1 R nitroxyls remaining 2 R nitroxyls remaining 

a H 51k4.0 a H 98kO.2 

b COH 3323.2 b COH 9621.4 
II II 

0 0 

C HNCCX$CH,COH 13k2.5 C 91t0.3 
II II 

HNCCH,CH,COH 
II II 

OH0 
0 0 

d 15kO.8 d OH0 94kO.7 

e NHz 120.3 e NH2 72k4.0 



ing analogs of the piperidine series. The most resistant 
compounds (2a and 2b) were only marginally different. 
The least resistant compound (2e, R=NH2) of the pyrroli- 
dine series was, nevetheless, superior to the most resistant 
compound (la) of the piperidine series. Thus, the rank 
order of both series was as follows: 2a>2b>2d>k>2e>la 
>lb>ld>lc>le. 

Proton relaxivities in buffer and plasma solutions 

The spectrometer-derived Ti and T2 relaxivities, Ri and 
R2, of the piperidine (la-e) and pyrrolidine (2a-e) series 
in plasma and buffer solutions are shown in Tables II and 
III. The R1 and R2 values of the piperidine (la-e) and pyr- 
rolidine @a-e) derivatives were found to be, in general, 
higher in plasma than in buffer solutions. Thus, the values 
for Ri and R2 for compound 2a, 2b and 2d were higher in 
plasma than in buffer solutions, whereas the values for 2e 
and 2e were only marginally different. All R, values in the 
piperidine series (la-e) in plasma were higher than the 
Ri values of the corresponding pyrrolidine analogs 
(2a-e). However, the R2 values in plasma of the piperidi- 
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nes la, lb, Id, and le were lower, and lc was higher than 
those of the corresponding pyrrolidine analogs (2a-e). 
The Ri values of piperidines la, lb, lc, and le in buffer 
solutions were somewhat higher than the R, values of the 
corresponding pyrrolidine analogs 2a, 2b, 2c, and 2e, whe- 
reas the values Id and 2d were the same. The Rz values of 
both series in buffer solutions were only marginally differ- 
ent. On the basis of this evaluation of data in Tables II and 
III, the following sequences of Ri and R2 relaxivities in 
plasma can be established: Ri = la>lb>ld, 2b>lc>2a> 
le,2d>2e>2c; R2 = 2a>2b>lb>la>2d>lc>ld>2e>le 
>2c. 

Discussion 

The analysis of relaxivity and stability data of NSL in the 
preceding section (Tables I-III) indicates certain trends 
in the influence of structural parameters on the suitability 
of NSL for contrast enhancement in MRI. 

Thus, while the spin-lattice relaxivities (Ri) of the 
piperidine derivatives (la-e) were only marginally higher 

Table II. T, relaxivities (R,) and T2 relaxivities (RJ of plasma NSL solutions at 10.7 MHz. 

Piperidines Relaxivities Pyrrolidines Relaxivities 
(see-1 mM-*) (set-1 mM-1) 

1 R RI R2 2 R Rl R2 

a H 0.66 0.67 a H 0.49 1.02 

b COH 0.59 0.71 b COH 0.52 0.83 
II 

0 
II 

0 

C HNCCH2CHzCOH 0.50 0.48 C 

II II 
HNCCHICHICOH 0.29 0.33 

0 0 
II 

0 d 
d OH 0.52 0.48 d OH 0.45 0.55 

e NH, 0.46 0.38 e NHz 0.33 0.42 

Table III. T, relaxivities (RI) and T2 relaxivities (RJ of buffered NSL solutions at 10.7 MHz. 

Piperidines Relaxivities Pyrrolidines Relaxivities 
(set-1 mM-l) (set-1 mM-1) 

1 R RI R2 2 R RI R2 

a H 0.44 0.32 a H 0.34 0.24 

b COH 0.40 0.35 b COH 0.37 0.39 
II 

0 
II 

0 

C HNCCH2CH2COH 0.45 0.30 C 0.35 0.31 

(j J 

HNCCH2CH2COH 
II II 

0 
d OH 0.43 0.42 d OH0 0.43 0.40 

e NH, 0.39 0.36 e NH, 0.36 0.32 
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than those of the corresponding pyrrolidine derivatives 
(2a-e) in buffer solutions, more importantly, in plasma, 
the Rt values of piperidine and the R2 values of pyrrolidine 
NSL were more enhanced. In buffer solutions no pro- 
nounced ring size or substituent effect could be detected. 
In plasma solutions, a ring size effect was observed whereby 
the Rt relaxivities were higher for the piperidine rings and 
the Rz relaxivities were, in most cases, higher for the pyr- 
rolidines. Furthermore, in general, in piperidine series the 
Rt values were similar to those of the corresponding R2 
values, while in the pyrrolidine series the Rz values were 
higher than those of the corresponding R1 values. The rank- 
ing of the substituent effect in plasma was similar to that 
observed in the stability series, i.e., the substituent R = 
H, C02H>OH>HNC(0)CH2CH2COZH,NH2. It should 
be noted that the effectiveness of contrast enhancement 
on spin echo MRI tends to increase with higher values of 
R1 (lower T,) and lower values of R2 (higher T2) [6] in 
accordance with the following equation: 

1 m N(H) (lee -TR’Tl)e -TE’T2 

wherein I = signal intensity, H = proton density, TR = 
pulse repetition time, and TE = echo delay. 

The observation that the relaxivities R1 and Rz of pro- 
tons in the presence of all NSL compounds in plasma were 
higher than those in buffer solutions is of importance, and 
can be explained [9- 161. It is hypothesized that in plasma 
the NSL compounds interact with plasma macromolecular 
components, presumably forming either ionic or hydrogen 
bonds, or both, depending on the functional groups. 
These intermolecular interactions are assumed to form 
larger paramagnetic species than the original NSL, result- 
ing in diminished rotational [9, 10, 12, 13, 15, 161 and 
translational [ll, 141 motions, and hence, in lengthening 
of correlation times. As a result, the relaxation times of 
protons will become shorter, and the relaxivity values 
higher. In support of this contention, it was shown [17] 
that the nitroxyl labeled albumin derivatives using piperi- 
dine and pyrroline NSL possess much higher Rt relaxivity 
values (- 11-fold per nitroxyl group) as compared to the 
values of low molecular weight nitroxyls. 

Alternatively, differences in viscosity of plasma and 
buffer solutions could contribute either additionally or 
exclusively to higher relaxivity values in plasma. The 
dependence of relaxation time on viscosity is not linear; 
instead, the relaxation times are longer at low and high vis- 
cosities, and shorter at intermediate viscosities. This result 
can be explained as follows. In fluids of low viscosities the 
fluctuating magnetic fields are composed of a wide range 
of frequencies, so that the individual frequencies, includ- 
ing the frequency that matches the precessional frequency 
of the proton nuclei, make only small contributions. In 
fluids of high viscosity the molecular motions are slower 
and hence, the fluctuating magnetic fields are composed 
of frequencies lower than the precessional frequency of 
protons. Thus, the intensity of the frequency that matches 
the Larmor frequency is low. As a consequence, at either 
low or high viscosities the relaxation time T1 will be 
higher, while in the intermediate range of viscosities it will 
be lower. Although at high viscosities the Tr values are 

long, the TZ values may become short. Consequently, the 
T1 relaxivity values Rt will be lower than the T2 relaxivity 
values R2. This assumption could explain the higher R1 
and R2 values in plasma than those obtained in buffer solu- 
tions, and the higher R2 values than Rr in plasma solution 
(Table III). Analogous results were obtained in an earlier 
investigation with various mono- and di-nitroxyl derivat- 
ives using piperidine and pyrrolidine NSL [18], and with 
glucose derivatives using piperidine and pyrroline NSL 
[191* 

On the basis of data in Table I, it appears that the ring 
size has a more dominant effect than the substituent effect 
on the stability of NSL. Thus, all 5 membered pyrrolidine 
NSL (2a-e) were more resistant in the ascorbic acid test 
than the 6-membered piperidine NSL analogs (la-e). 
The influence of substituents on the reducibility was paral- 
lel in both series (Table I). However, the most resistant 
compound (la) in the piperidine series was less stable than 
the least resistant compound (2e) in the pyrrolidine series. 
This ranking of in vitro stabilities la>lb>ld> 
lc>le>2a>2b>2d>2c>2e was also reflected in experi- 
ments using rat kidney and liver homogenate [5, 7, 201, 
with the exception that the unsubstituted compounds la 
and 2a ranked together with the least resistant compounds 
le and 2e [7]. Similar results were also obtained in 
erythrocyte suspension and lysate [21]. Furthermore, the 
stability of all NSL, independent of structure, was 
significantly increased in homogenates in vitro and 
erythrocyte suspension and lysate [21], and in animal 
models in vivo [l-5]. For example, the comparatively read- 
ily reducible TES (lc) in the ascorbic acid test was reduced 
to about 13% in 1 min [22] while in rat kidney homogenate 
it was reduced to = 27.3?3.7% in 15 min [7]. This result 
clearly indicates that while the severe ascorbic acid test is 
useful in a preliminary screening, in order to rank newly 
developed contrast agents for MRI, a subsequent stability 
test will be required using homogenates to confirm the 
rankings, before proceeding to imaging experiments on 
animals in vivo where even more favorable conditions may 
exist for extending the longevity of NSL agents, since the 
biostability in vivo of NSL will depend on the relative 
concentrations and access of reducing substances to the 
contrast agent. 

The high resistance of carboxylic acid derivatives lb and 
2b, and the low resistance of the amino derivatives le and 
2e in the ascorbic acid test can be plausibly explained by 
the electrostatic repulsion effect between the carboxylate 
anion of lb and 2b and the ascorbate, and by the electro- 
static attraction effect of the protonated amino groups in 
le and 2e, and the ascorbate anion. Incidentally, the pyr- 
roline carboxylate analog was shown also to have a high 
stability comparable to that of 2c [22]. 

In recapitulating, for the design of new NSL contrast- 
enhancing agents, the following guidelines can be proposed 
based on the present study, and on previous studies in our 
laboratories [l-7, 17-231. 

1. The ascorbic acid test [7, 21, 221 can be advantage- 
ously used for a preliminary rapid estimate of the relative 
stability ranking of a new potential NSL contrast agent for 
MRI. 



2. In general, the pyrrolidine and pyrroline NSL contain- 
ing a carboxyl moiety are more resistant to reduction in 
vitro and to bioreduction in vitro and in vivo than the pipe- 
ridine NSL analogs [l-7, 20-221. In cases where highest 
resistance to bioreduction is of paramount importance, 
pyrrolidine and pyrroline NSL should be used. However, 
in cases where highest biostability is not essential [8], e.g., 
in studies of redox potentials or in assessment of oxygen 
concentrations, the piperidine NSL could be a viable and 
even a preferred alternative. 

3. In general, in plasma, the piperidine NSL exhibit 
similar R1 and Rz relaxivity characteristics, while the pyr- 
rolidine derivatives have higher Rz values than the corres- 
ponding R1 values. The R1 values of the piperidine series 
are slightly higher than the corresponding values in the 
pyrrolidine series, while the R2 values in the pyrrolidine 
series are, in general, higher than the corresponding R2 
values of the piperidine series. These properties favor [6] 
the piperidines as contrast-enhancing agents for MRI. 

4. Considering the osmolality, at present, there are 
insufficient data available [6] to substantiate the impor- 
tance of this parameter in MRI. Nevertheless, in develo- 
ping new contrast agents, it would be advisable to replace 
the ionizable carboxyl groups with non-ionizable hydroxyl 
moieties [6], in analogy to the more recently developed 
[24] agents in CT tomography. 

5. It would be advantageous to attach NSL covalently 
to larger molecular units, in order to improve the correla- 
tion time [g-17], at the same time, without eliciting anti- 
genie responses. 

6. Finally, the ease of compound procurement [17, 
19-221 is an important factor. In this respect, at present, 
the piperidine and pyrroline NSL [7, 17-19, 23, 251 are 
more readily accessible, requiring less synthetic manipula- 
tions, and thus are less labor intensive, and more economi- 
cal particularly, on a large scale than the pyrrolidine NSL 
derivatives [7, 22, 23, 251. 

Experimental protocols 

Materials 

All reagents were of the finest quality available commercially. All 
solventswere distilled prior to use-and Stored over type 4A mol&ular 
sieves. Pvridine was stored over solid potassium hydroxide. Nitroxvl 
radicals h-e, 2a-d, (Fig. 1) and 2f an62g were prepared as describid 
in the literature [22,25, 261. Compound 2e was synthesized from 2f by 
a modification of Rosen’s method [26]. Compound 2b was converted 
into the acid chloride 2g which, in turn, was converted into the corres- 
ponding amide 2h. Thus 2h was pre 

P 
ared from 2b by a different method 

than that reported in the literature 251. The compound 2b was found to 
be identical in all respects with the compound reported in literature [25]. 

Analytical procedures 

Melting points were determined on the Thomas Hoover apparatus, 
model 6406-K with a calibrated thermometer. Mass spectra were recorded 
on a Hewlett-Packard mass spectrometer, model 5985 GS, using a 
direct insertion probe, a source pressure of 2 X 10-7 torr and methane 
as a reactant gas for chemical ionization. Therefore, for the molecular 
weight the M+ + 1 values are reported. The EPR spectra of 10-4 solu- 
tions of the nitroxyl derivatives were recorded on a Varian E-115 EPR 
spectrometer. Microanalyses were performed on a Perkin-Elmer 240C 
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elemental analyzer. Column chromatography was performed by conven- 
tional column chromatography on alumina (MC/B , type F-20,80-200 
mesh). The progress of reactions and purity of products was monitored 
by TLC analyses using silica gel 60 gel FZ4 precoated sheets (Merck), 
layer thickness 0.2 mm with visualization using UV light and /or iodine 
chamber. 

Spectrometer analysis 
Each of the 10 NSL compounds (Table I) was dissolved separately in 
0.067 M phosphate buffer (PBS) at pH 7.4 and fresh human plasma in 
10, 3.3, and 1.1. mmol concentrations. T, and T2 relaxation times were 
measured for each aqueous and plasma NSL solution at 37oC using a 
0.251 Tesla oulsed NMR analvzer (Praxis Model II. San Antonio. TX) 
with a reson’ant proton frequency bf 10.7 MHz. A’train of Hahn spii 
echoes with a TE range of 2.5-110.0 msec was utilized to calculate T,. 
No correction was &de for possible diffusion effects. T1 relaxation 
times were determined by a saturation recovery method with a 900-t-W 
pulse sequence. 

Data analysis 
The paramagnetic contribution to the observed T, and TZ values were 
calculated for each solution as follows: 

l/ Tobserved = l/ Diamagnetic + 11 Tparamagneticr 

where Tobsemed is the measured relaxation time, and Tdiama etic is the 
measured relaxation time of the solvent without NSL. SuEequentlv 
expressed data represent the paramagnetic contribution to relaxation ai 
calculated by means of the equation. 

To make a meaningful comparison of relaxation characteristics of 
various NSL, both T, and TZ effects are expressed in terms of “relaxiv- 
ity”, defined respectively as either the slope of 1 /T1 or 1 /T2 versus 
concentration [17, 181. An increase in relaxivity, or slope of the curve, 
thus represents an improvement in relaxation effectiveness. 

Monitoring of reduction by EPR 
Freshly prepared solutions of each NSL (2 mM) and of ascorbic acid (10 
mM) in 0.067 M phosphate buffer at pH 7.4 were used [22]. Equal 
volumes (5 ml) of each solution were mixed and the nitroxyl concentra- 
tion was measured continuously for 1 min at room temperature 
(2oOC-25oC) by recording the height of the low field peak of the first 
derivative of the nitroxyl triplet spectrum using an electron paramagne- 
tic resonance (EPR) spectrometer Varian model E 104A. 

Synthetic methodologies 

Preparation of 3-amino-2,2,5,5-tetramethylpyrrolidine-1 -0xyl2e 
To a solution of 3-oxo-2,2,5,5-tetramethylpyrrolidine-1-oxyl(2f, 1.56 g, 
10 mmol) and ammonium acetate (7.73 g, 100 mmol) in methanol (50 
ml), was added sodium cyanoborohydride (0.86 g, 13.66 mmol) and the 
reaction mixture stirred at 25oC for 24 h. The solvent was removed on a 
rotating evaporator at 25oC/20 Torr and the oily residue dissolved in 
water (20 ml). The pH of this solution was adjusted to 12 with a 15% 
aaueous sodium hvdroxide solution. The solution was extracted with 
chloroform (3 x 50 ml) and the combined chloroform extracts were 
dried over magnesium sulfate and filtered. Concentration of the filtrate 
on a rotating evaporator at 25oC / 20 Torr gave an oil which was purified 
by column chromatography on alumina using first t-butyl methyl ether 
followed bv a mixture of t-butvl methvl ether and methanol (9:l. v/v1 
as eluant. Concentration of appropriaie fractions on a rotating e&pora: 
tor at 25”C/20 Torr gave a yellow thick oil which was further purified 
by Kugelrohr distillation at 80-85oC/O.O5-0.02 torr. Crystallization of 
the oil at 25oC produced 0.66 g (42%) of compound Ze, mp 34-35oC 
(dec.), in the literature [25] described as oil. Purity control by the TLC 
(silica gel, chloroform and methanol, 7:1, v/v) indicated one product. 

M.S. (C.I.) m/e: 158 (M+ + 1, lOO%), 140 (M+-17, 23%); EPR 
(MeOH); 3 lines, aN = 15.0 G. CsH17N20 (157.225). Anal. C, H, N. 

Preparation of 3-chloroformyl-2,2,5,5-tetramethylpyrrolidine-1 -oxyl2g 
To a stirred solution of 2b (1.12 g, 6 mmol) in toluene (20 ml) was added 
pyridine (0.6 ml) and the solution cooled to WC. To the solution was 
added dronwise thionvl chloride (0.82 g. 0.50 ml. 6.9 mmol). keeping 
the tempeiature at O@. The reaction m&ture wasthen stirred for 1-h a’t 
25”C, and ethyl ether (10 ml) was added to precipitate pyridinium hydro 
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chloride which was collected by filtration. Concentration of the filtrate 
to dryness at 4oOC / 20 torr resulted in 0.77 g (62%) of a yellow crystal- 
line solid (2g), mp 105-106< (dec.). 

M.S. (C.I.) m/e: 205 (M+ + 1, 78%) 207 (Mf + 3, 26%), 197 
(M+-17, 31%); EPR (C&I&: 3 lines, aN = 15.0 G. Cr,H,sN02Cl 
(204.677). Anal. C, H, N. 

Preparation of 3-aminocarbonyl-2,2,5,5-tetrMzethylpyrrolidine-l-oxyl2h 
A solution of 2g (0.612 g, 3 mmol) in methanol (20 ml) was saturated 
with ammonia gas at @C for 4 h and kept in a refrigerator overnight at 
4°C. Concentration of the reaction mixture to dryness at 4OoC/20 torr 
on a rotating evaporator gave a solid material. Recrystallization of this 
material from a mixture of chloroform and hexane (v/v, 4:l) gave 
0.40 g (70%) of pure product 2t1 mp 174-175oC (dec.), lit. [25] mp 
174-175.5oC. Purity control by TLC (silica gel, chloroform and metha- 
nol, 9:l v/v) indicated one single product. Compound 2h was used in 
the preparation of 2e by the literature method [25]. 
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