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The spin labeled nitrosoureas 7 a—e and 12 were synthesized and evaluated in vivo for their 
anticancer activities against the murine lymphocytic leukemia P388. Compounds 7a—c, 7e and 12 
possessed activities ranging from 31 to 542 percent increase in life span (% IL S), whereas com­
pound 7d was marginal (% ILS = 21). All CD2Fj male mice treated with the most active com­
pounds (7a and 12) at 35 mg/kg for 9 days were alive after 30 days, whereas all mice treated with 
the clinical drug CCNU ( lc )  succumbed. Compounds 7a—e and 12 were further evalu­
ated for their antineoplastic activity against lymphoid leukemia L1210. Compounds 7a and 12 
exhibited, on day 60, a % ILS of 713 and 620, respectively. The lipophilicities of compounds 7a—e 
and 12 were determ ined using the EPR and UV methods. Compounds 7a and 12 which differ 
from CCNU and MeCCNU by the replacement of the cyclohexyl and methylcyclohexyl groups 
with six and five membered nitroxyl radical moieties were more hydrophilic than the clinical 
drugs.

Introduction

A lkylnitrosoureas of the general form ula l a  have 
been know n for som etim e [1—4] to be highly car­
cinogenic and m utagenic. A lthough these properties 
have been thoroughly studied over the past two de­
cades [ 1  — 8 ], none of the com pounds found a practi­
cal application in the medicine. In contrast, the 
rela ted  2-chloroethylnitrosoureas (C EN U s), such 
as, N ,N '-b is(2-chloroethyl)-N -nitrosourea (BCN U , 
lb ) ,  N '-cyclohexyl-N -(2-chloroethyl)-N -nitrosourea 
(C C N U , l c )  and N '-(trans-4-m ethylcyclohexyI)-N- 
(2-chloroethyl)-N -nitrosourea (M eC CN U , Id) have 
been extensively used clinically for the treatm ent of a 
wide variety  of hum an and animal neoplasm s [3—11]. 
Their structure-activity  relationship has been investi­
gated [6 , 9 —11].
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la :  R = H. R' = alkyl. e.g.. CH3 . C2 H5 .

1b: r  = r '  = c h 2 c h 2ci

lc: R " . R '= c h 2 c h 2ci

1d:R = 0  c h 3 . r ' = c h 2 c h 2ci
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It appears, tha t in contrast to  o ther anticancer 
agents, such as, anthracyclines, bleom ycin, m itom y­
cin C and streptonigrin  which require activation prior 
to their interactions with the cell targets, the C EN U s 
react in the cell w ithout activation [12—17], although 
they are subject to  oxidative m etabolism  at the alkyl 
group [18, 19]. Thus, they decom pose spontaneously 
under physiological conditions to  give electrophiles, 
such as 2 -chloroethyldiazohydroxide or 2 -chloroethyl 
cation [20—24] which undergo alkylation and/or in­
terstrand  cross-linking of the D N A  and biological 
proteins. The o ther decom position products, the al­
kyl isocyanates [25, 26] lead to the carbam oylation of 
am ino groups in the biological m acrom olecules. E x­
tensive studies on the mechanism  of action of these 
agents, including the use of 15N and l3C labeled 
C EN U s, led to a proposal involving th ree different 
pathways [27]: 1. form ation of alkyl isocyanates and 
chloroethyl diazohydroxide, 2 . form ation of 2 (alkyl- 
im ino)-3-nitrosooxazolidine, and 3. form ation of 
N-acyloxadiazolium  species. Because of their non­
specificity, like o ther alkylating antineoplastic 
agents, such as, T E P A  (2a) and T hio-T EPA  (2b), 
the C EN U s exhibit a wide range of cytotoxic effects 

[11 -
In the search for m ore active and/or less toxic de­

rivatives of 2a and 2b, the replacem ent of one of the 
aziridine groups with the nitroxyl radical and its re ­
duced form s, led to  the discovery of a T E P A  deriva­
tive 3 a [28] which has a higher therapeutic  index 
(26.5) than tha t (2.75) of the clinically used drug 2b.
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2a:y = o 3a: x = n h c i o i n h ,  y=o, r = ö  

2b:v = s 3b: x = n h c ( 0 )n h .  y=o ,  r = o h  

3c: X = NHCIOINH, Y = 0 , R= H

It was shown tha t while the nitroxyl m oiety im ­
parts a benefical influence on the antineoplastic 
p roperties of a drug [28], the nitroxyl radical by itself 
has no anticancer activity [29], is relatively non-toxic 
[29], is not carcinogenic or m utagenic [30], exhibits 
no synergistic effect [31], and has little effect on the 
cell growth and on the cell cycle kinetics [32], This 
phenom enon can be explained by our hypothesis that 
the nitroxyl radical is a carrier m oiety which facili­
tates the transport of the drug through the biological 
m em branes on its way to  the cellular D N A .

In support of this hypothesis, it was found that 
neutral or weakly acidic or basic nitroxyls are [3 3 ] 
rapidly perm eating through cell m em branes, and 
that a plausible correlation  of the antineoplastic 
activity of com pounds 2, 3 and analogs with their 
lipophilic p roperties can be established [34, 35],

It is known tha t B C N U  ( lb ) ,  C C N U  ( lc )  and 
M eC C N U  ( ld )  rapidly en ter the cerebrospinal fluid 
and thus can be used to  control the m eningeal tum ors 
[36, 37], F urther, the nitroxyl radicals are known to 
cross the blood brain barrier [38] at the site of the 
diseased tissue. H ence, we assum ed tha t a com bina­
tion of the chloroethylnitrosourea and the nitroxyl 
m oiety could lead to  a m ore viable drug which could 
be followed pharm acokinetically by E SR  in animal

m odels, and diagnostically during therapy by NM R 
imaging [39]. Thus, a replacem ent of the cyclohexyl 
moiety in CCNU with nitroxyl radical m oieties con­
taining the five and six m em bered rings led to the 
developm ent of nitroxyl labeled drugs 7a and 12.

In order to establish that the tautom eric p ro ton  on 
the N ' position in 7a and 12 is essential for the level 
of antineoplastic activities of these drugs, several ni­
trosoureas (7b-d) were prepared by replacing the 
tautom eric proton with m ethyl, cyclohexyl, and 
nitroxyl m oieties. In addition, the bifunctional “non- 
tau tom eric” chloronitroso derivative 7 e  was also 
synthesized, since it was reported  [8 ] tha t som e of 
this type of bifunctional chloroethyl n itrosoureas ex­
hibit significant activity against W alker carcinom a 
256 in rats. In 1985 we reported  som e prelim inary 
results [40, 41] concerning the anticancer activity of 
these com pounds. A t that stage no correlation  of the 
anticancer activity with lipophilicity and no experi­
m ental details were described. A fter com pletion of 
our work several studies came [42—44] to our a tten ­
tion. One of these studies [42] was essentially in 
agreem ent with our results concerning the high levels 
of activity of com pounds 7a and 12, w hereas the 
o ther study [44] could not confirm  the activity of 7a. 
In addition, these studies [42 -44 ] are substantially 
different in rationale of design, in te rp re ta tion  and in 
detail of approach.

Results and Discussion

Chemistry

Com pounds 5 a—e were p repared  by the reductive 
am ination of 4 with the corresponding am ines such as
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m ethylam ine, cyclohexylam ine or ethylene d iam ine, 
in the presence of sodium  cyanoborohydride. The 
condensation of the com pounds 5 a—e with 2-chloro- 
ethyl isocyanate led to  the introduction of the chloro- 
ethyl ureido m oiety to  give the corresponding com ­
pounds 6a—e. N itrosation of these spin labeled urea 
derivatives 6 a—e w ith dinitrogen te traoxide resulted  
in the form ation of the corresponding nitrosourea 
com pounds 7a—e (Schem e 1) in 6 1 -8 2 %  yields.

The com pound 6 a was also ob ta ined  by a d ifferent 
m ethod via the condensation of the 4-am ino-2,2,6,6- 
tetram ethylpiperid ine (8) with 2 -chloroethyl iso­
cyanate affording the l-(2-chloroethyl)-3-(2,2,6,6- 
tetram ethylpiperidine-4-yl)-urea (9) in a 89% yield. 
The subsequent oxidation of 9 using a 30% aqueous 
hydrogen peroxide solution in the presence of 
sodium  tungstate gave the spin labeled u rea deriva­
tive 6 a (Schem e 2). This com pound (6 a) was iden ti­
cal, in all respects, to  the com pound 6a prepared  by 
the preceeding m ethod  (Scheme 1).

o
n h 2 h n ^ n

c h 2c i 2 **

H 0°C  H

8 9
Scheme 2.

The N -(2-chloroethyl)-N '-(2,2,5,5-tetram ethylpyr- 
rolidine-l-oxyl-3-yl)-urea (11) was p repared  by 
the condensation of 2 -chloroethyl isocyanate with

3-am ino-2,2,5,5-tetram ethylpyrrolidine-l-oxyl (10). 
N itrosation of 11 with dinitrogen tetraoxide resulted 
in the form ation of the N -(2-chloroethyl)-N '- 
(2,2,5,5-tetram ethylpyrrolidine-l-oxyl-3-yl)-N -nitro- 
sourea (12) in a 71% yield. The synthetic sequence is 
delineated in Scheme 3.

In o rder to ascertain the position of the nitroso 
group in the n itrosourea derivatives 7a and 12, a 
regio-selective m ethod was used to  transfer the 
chloroethyl m oiety containing the nitroso group to 
the appropriate am ine 5 a or 10 to  give the co rre­
sponding nitrosoureas 7 a or 12, respectively 
(Schem e 4). The regio-selective transfer reagent N '- 
hydroxysuccinim ide-N-(2-chloroethyl)-N-nitrosocar- 
bam ate (15) was prepared  by modifying the litera­
ture m ethod [45]. The com pounds 7 a and 12 prepared 
either by the conventional path (Schem e 1 and 
Scheme 3), o r by the regio-selective rou te (Scheme 4) 
were identical. Thus, the nitroso group was attached 
at the N position of the u rea derivatives 7a and 12. 
C om pounds 7 a and 12 were also synthesized by a 
different approach using 2 -chloroethylnitrosocarb- 
amoyl azide [43].

Biological

C om pounds lc ,  7a—e and 12 were tested in vivo 
against the m urine lymphocytic leukem ia P388 in 
C D 2Fj male mice according to the N ational Cancer 
Institute protocol [46]. Com pounds 7 a and 12 at a 
dose of 35 mg/kg/day possessed outstanding activity 
with a % ILS values of 542 and 514, respectively. In
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the case of 7a all the mice (6 /6 ) were alive after 
60 days, and in the case of 12 five mice (5/6) were 
alive after 60 days, w hereas the % ILS of the clinical 
drug C C N U  ( lc )  at a dose of 16 mg/kg/day was only 
182 and all mice succum bed within 30 days. Even at a 
lower dose of 1 0  mg/kg com pounds 7a  and 12 exhib­
ited % ILS values of 298 and 282. respectively. F ur­
the r, a low er chronic toxicity was observed in mice 
trea ted  either with 7 a or 12 at 35 mg/kg/day than in 
mice trea ted  with C C N U  ( lc )  at 16 mg/kg/day. C om ­
pound 7b possessed % ILS values of 54, 130, and 329 
at 30, 60 and 90 mg/kg/day doses, respectively. C om ­
pounds 7c, 7d, and 7e have shown a % ILS value of 
31, 21, and 53, respectively. All these spin labeled 
C E N U s (7 a—e and 12) exhibited distinct activities 
ranging from  low for 7d  (borderline case) to a very 
high activity for 7 a as evidenced by the percent in­
crease in life span values (% IL S, Table I). Com ­
pound 7a was exceptional, possessing the highest ac­
tivity over the tested range from 10 mg to 35 mg/kg/ 
day.

The L D 5o for com pound 7 a (123 mg/kg) was about 
twice as high as that (56 mg/kg) for the clinically used 
drug C C N U . The L D 50 for com pounds 7b  and 7c was 
353 and 337 mg/kg, respectively. C om pounds 7b—e 
which are devoid of a tautom eric proton on the N ' 
position exhibited a substantial lowering of activities 
as com pared to  the tau tom eric spin labeled nitroso­
ureas. On the basis of this result, it seems that a 
tautom eric pro ton  decisively contributes to the activ­
ity of the spin labeled n itrosoureas. The com pounds 
l c ,  7 a —e and 12 were then tested against the lym­
phoid leukem ia L1210. The com pounds 7a and 12 
elicited at the optim um  dose of 60 mg/kg/day a %ILS 
of 713 and 612, respectively. The clinical drug CCNU 
at a dose of 25 m g/kg/day has a % ILS of 646. The 
m edian survival tim es for 7a and 12 were 61/7.5 and 
54/7.5, respectively, w hereas for CCN U  it was 56/7.5. 
The therapeu tic  index for com pound 7a was about 
eight tim es and that for com pound 12 was about five 
times higher than tha t for the clinical drug CCNU 
(Table II).

Table I. Anticancer activity of spin labeled nitrosoureas against P388 lymphocytic leukemia in CD2F, male mice.

Compound Dose
[mg/kg/d] [mmol/kg/d]

LD50a ip 
[mg/kg]

5 Day 
weight 
changeb 
[%]

Curesc
survival
total

ILSd
[%]

Partition
coefficient
P
ESR UV

log P 

ESR UV

CCNU ( lc ) 16 0.068 56f -  9.2 0/6 182g 355 2.55h
MeCCNU (Id) 145' 1778 3.25>
7a 10 0.033 123 + 9.8 2/6 298 40 38 1.60 1.58

20 0.065 + 4.4 6/6 542
35 0.114 -  5.1 6/6 542

12 10 0.034 + 8.4 2/6 282 44 47 1.64 1.67
35 0.119 -  4.6 5/6 514

7b 30 0.094 353 + 2.5 0/6 54
60 0.187 + 2.5 0/6 130 52 50 1.72 1.70
90 0.28 -11 .2 1/6 329

7c 75 0.19 337 + 4.7 0/6 31 199 162 2.30 2.21
7d 60 0.13 -  3.4 0/6 21 43 36 1.63 1.56
7e 30 0.047 + 2.7 0/6 32 224 209 2.35 2.32

60 0.094 -  2.6 0/6 53

LD50 was determined by using logarithmically spaced single injections in accordance with the Weil’s method [54],
The average percentage weight change on day 5 was taken as a measure of drug toxicity.
Cures mean survival after 60 days.
Results obtained on day 60.
The partition coefficients P = [comPounci 1 °ctanol] wefe measurecj by 5oth an(j y y  techniques, according to 

r  [compound in water]
literature methods [47, 48].
Ref. [55].
In ref. [56], the ILS (% ) for CCNU is 172 (NCI protocol followed).
In ref. [57], 2.83.
Ref. [56] (NCI protocol followed).
In ref. [57], 3.30.
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In o rder to  establish a m easurable and predictable 
param eter for the correlation  of activities of drugs 
lc ,  Id , 7a—e and 12 with the presum ed perm eation 
through cell m em branes, an attem pt was m ade to 
relate the lipophilicities of drugs lc .  Id , 7a—e and 12 
to  their structural features and to  the levels of their 
anticancer activities. For this purpose, the partition 
coefficients for these drugs were determ ined in the 
n-octanol/w ater solvent system by using E SR  and/or 
U V  m ethodologies [47, 48]. The results are sum ­
m arized in Table I. The lower the p  (or log p )  values, 
the higher is the hydrophilicity of a com pound. 
A lthough all com pounds ( lc , Id , 7a—e, 12) were 
w ater soluble their partition  coefficients varied over 
a wide range.

As expected, there was a good correlation  of activ- 
ity-lipophilicity relationship am ong com pounds lc ,  
Id , 7a, and 12 containing a tau tom eric pro ton , 
w hereas no plausible correlation could be established 
in the case of com pounds 7 b—e containing no 
tautom eric p roton. H ow ever, all com pounds ( lc .  Id .  
7 a , and 12) with a tautom eric p roton were substantial­
ly m ore active, than all com pounds (7b—e) devoid of 
a tautom eric proton. In the series lc ,  Id , 7a, and 12, 
the clinical drug M eC C N U  (Id) was the m ost hydro- 
phobic and possessed concom itantly the lowest activi­
ty. CC N U  was less hydrophobic than Id  and exhi­
bited a higher activity than Id. Both com pounds 7a 
and 12 were substantially m ore hydrophilic than lc  
and Id, and at the sam e tim e m ore active, whereby 
com pound 7 a was the m ost hydrophilic and also the 
m ost active drug in this series (Table I). This result is 
essentially in agreem ent with a prediction based on a 
different series of “tau tom eric” n itrosoureas [6 , 1 1 ] 
that the m ost hydrophilic neutral congener should 
exhibit the highest activity.

Experimental Section

Materials

All reagents were of the finest quality com m ercial­
ly available. Solvents w ere dried  by standard  proce­
dures [49]. C om pounds 4 and 8 [50] and com pounds 
5a, 5b, and 5d [51, 52] w ere p repared  modifying the 
literature m ethods. N '-hydroxysuccinim ide-N-(2- 
chloroethyl)-N -nitrosocarbam ate (15) was p repared  
according to  the literature m ethod [45]. Com pounds 
5 c and 5e were prepared  analogous to  the literature 
m ethods [51, 52] by the reductive am ination of 4

using cyclohexylamine and ethylenediam ine, respec­
tively.

Analytical procedures

All m elting points w ere obtained with a Thom as- 
H oover capillary m elting point apparatus, M odel 
6406-K, using a calibrated therm om eter. Mass spec­
tra  were recorded on a H ew lett Packard Mass Spec­
trom eter, M odel 5985 GS, using a direct insertion 
probe, a source pressure of 2 x l 0 - 7  to rr, and 
m ethane as a reactant gas for chemical ionization. 
IR  spectra were recorded on a Perkin-E lm er spec­
tropho tom eter, M odel 735 B. M icroanalyses were 
perform ed either on a F & M  Scientific C orporation 
carbon, hydrogen, nitrogen analyzer. M odel 185 or 
on a Perkin-E lm er 240 C E lem ental A nalyzer. The 
E R P  spectra of 4 .0 x 1 0 ” '' m  solutions of the ni- 
troxyl radicals in m ethylene chloride were obtained 
on a V arian E-115 E P R  spectrom eter. Colum n 
chrom atography was perform ed either using the 
flash chrom atography technique [53] on silica gel 60 
(Fluka) finer than 230 m esh, o r by conventional col­
umn chrom atography on alum ina (Basic, Brock- 
mann activity I, 80—200 m esh, Fisher Scientific 
C o.). TLC analyses were perform ed either on silica 
gel 60 F 254 o r on alum inum  oxide 60 F 254, neutral 
(type E ) precoated  sheets (EM  R eagents), layer 
thickness 0.2 mm with visualization using U V  light 
and/or iodine cham ber. Purity of the com pounds 
7 a—e and 12 was checked in a solvent system com ­
posed of m ethylene chloride and m ethanol (9:1, v/v). 
Partition coefficients (P ) w ere obtained by following 
the literature m ethodologies [47, 48] using U V  spec­
trophotom etry  and E P R  spectroscopy. For m easur­
ing the partition coefficients, 1 -octanol and w ater 
layers w ere presaturated  with each o ther p rior to 
use. Thus, the areas of the double integrals of the 
first derivative curves of the E P R  spectra of the co r­
responding spin labeled nitrosoureas (3 ml, 5 mM 
solutions) were com puted. The areas of the initial 
octanol solutions and the separated  w ater solutions 
were used to com pute the concentrations of the spin 
labeled com pounds in octanol and in the w ater layer. 
The partition  coefficients

[com pound in 1 -octanol] . .
P  = ------------------------------------and their logarithm ic

[com pound in water]
values so obtained were com pared with their co rre­
sponding values obtained by using U V  m ethodology 
[48]. All these values are shown in Table I.
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Table II. Anticancer activity of spin labeled nitrosoureas against L1210 lymphoid leukemia in CD 2F! male mice.

Compound ILS30a
[mg/kg/d]

Optimum doseb 
[mg/kg/d] [mmol/kg/d]

5 Day weight 
change0 
[%]

M edian0 
survival 
T/C days

ILSmaxd
[%]

Cures6
survival
total

Therapeutic
indexf

CCNU (lc ) 4.4 25 0.106 -11 .10 56/7.5 646 4/6 5.7g
7a 1.5 60 0.196 -  8.8 61/7.5 713 6/6 40
12 2.4 60 0.205 -  9.4 54/7.5 620 3/6 25
7b 126 0.394 -  3.20 16.33/7.5 117 0/6
7c 120 0.310 -  5.51 7.33/7.5 - 3 0/6
7d 120 0.261 + 0.75 7.66/7.5 2 0/6
7e 120 0.188 -  2.00 13.83/7.5 84 0/6

a Daily dose eliciting 30% increase in life span over the control. %ILS = [(7 —C)/C] x 100. 
b Daily dose providing the maximum increase in life span.
c The average percentage weight change on day 5 was taken as a measure of drug toxicity. 
d Results obtained on day 60. 
e Cures mean survival after 60 days. 
f Therapeutic Index = optimum dose/ILS30.
8 In ref. [55], the therapeutic index is 5.1.

Mice

M ale mice C D ^  (for testing; average weight 
18—20 g) and D B A /2 (for tum or propagation [46]) 
6—7 weeks old were supplied by H arlan  Sprague- 
D aw ley, Inc., Indianapolis, IN. Mice were fed 
R oden t L aboratory  Chow 5001 (R alston Purina C o.) 
and w ater ad libitum.

Drugs

Com pounds w ere adm inistered in 0.85%  aqueous 
sodium  chloride solution (Sigma Chemical Com ­
pany). No solubility problem s w ere experienced with 
the test doses (Tables I and II).

Biological evaluations

Com pounds l c ,  7 a —e and 12 were evaluated in 
vivo  against the lymphocytic leukem ia P388 and lym­
phoid leukem ia L 1 2 1 0  in mice following the protocol 
of the N ational Cancer Institu te [46]. The C D 2Fj 
male mice of 1 8 -2 0  g weight, in groups of six, were 
inoculated i.p. e ither with 106 cells of P388 tum or, or 
wifh 1 0 5 cells of L 1 2 1 0  tum or on day zero of the 
experim ent. The com pounds 7 a —e and 12 were in­
jected  i.p. at doses listed in Table I for 9 successive 
days starting from  day one. The animals were then 
observed according to the protocol [46] for 30 days 
and for 60 days, keeping a record of deaths and sur­
vivors. The anticancer activity was evaluated by com ­
paring the m ean survival tim e of the trea ted  mice 
with tha t of the control anim als, i.e., by the T/C

m ethod w here T  represents the m ean survival tim e of 
the trea ted  group and C the m ean survival tim e of 
the tum or bearing control group. The percen t of in­
crease in life span (% IL S) param eter was calculated 
by the form ula [(T-C)/C] x  100. The L D 50 values 
were determ ined  for the com pounds 7 a —c using 
W eil’s m ethod [54]. F or the calculation of the L D 50 

four logarithm ically spaced doses w ere injected i.p. 
into four groups of four Swiss male mice. The obser­
vation period for the determ inations of the L D 50 was 
30 days. The results of % 77C and % ILS and L D 50 

values are sum m arized in Tables I and II for P388 
and for L 1 2 1 0  m ice, respectively.

Preparation o f  4-amino-2,2,6,6-tetramethylpiperi- 
d ine-l-oxyl (5a ) and bis(2,2,6,6-tetramethylpiperi- 
dine-l-oxyl-4-yl)-amine (5d)

To a stirred  solution of 4 (3.00 g, 17.6 mmol) in 
m ethanol ( 1 0 0  ml) was added am m onium  acetate 
(15.00 g, 195.0 m m ol) and sodium  cyanoborohy- 
dride (0.75 g, 120.0 m m ol) at 24 °C. The reaction 
m ixture was stirred  for 24 h at 24 °C. The solvent 
was rem oved on a rotating evaporato r at 40 °C/ 
20 torr. The resulting oily residue was dissolved in 
w ater ( 2 0  ml) and satu ra ted  with sodium  chloride 
and then ex tracted  with chloroform  (4 x  20 ml). The 
com bined organic extracts w ere washed with a 5%  
aqueous citric acid solution (2 x 10 ml). The sepa­
rated  organic layer was dried over anhydrous m ag­
nesium  sulfate and the solid m aterial was separated
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by filtration and washed with anhydrous ether. The 
com bined filtrate and washings w ere concentrated  on 
a rotating evaporator at 40 °C/20 torr. The red oily 
m aterial, on the basis of TLC analysis (silica gel, 
f-butylmethyl ether and m ethanol, 9:1, v/v), con­
ta ined  two m ajor fractions 5a (R{ = 0.1) and 5d 
(Rf =  0.6) and one m inor im purity. The red  oily 
m aterial was purified by colum n chrom atography on 
basic alum ina using first f-butylm ethyl e ther to  afford 
1.74 g (58% ) of 5 d  and then r-butylm ethyl e ther and 
m ethanol (90:10, v/v) to  afford 1.14 g (38% ) of 5a. 
F urther purification of 5 a by K ugelrohr distillation 
(75—80 °C/0.02 to rr) yielded 1.05 g (34% ) of pure 
product 5a, a red crystalline solid, m .p. 33—34 °C 
(lit. [50, 51] liquid). Com pound 5d was further 
purified by flash chrom atography on silica gel using 
f-butylmethyl ether and m ethanol (90:10, v/v) as 
eluant. The concentration of the com bined fractions 
containing the product on a ro tating  evaporator at 
25 °C/20 to rr, gave 1.65 g (55% ) of pure product 5d  
as pink crystalline m aterial, m .p. 160—161 °C (lit. 
[51] m .p. 158-162  °C).

Preparation o f  4-alkyl substituted am ino-2,2,6,6- 
tetramethylpiperidine-l-oxyls (5 b and 5 c)

To a solution of 4 (2.50 g, 14.0 mmol) in m ethanol 
(25 ml) was added the corresponding alkylam ine 
(16.0 mmol and sodium cyanoborohydride (0.62 g, 
9.8 mmol) at 24 °C. The reaction m ixture was stirred 
for 24 h at 24 °C and then heated  under reflux for 
4 h. The solvent was rem oved on a rotating 
evaporator at 40 °C/20 torr. The resulting oily re ­
sidue was dissolved in w ater ( 2 0  ml) and saturated

with sodium  chloride and then extracted with 
chloroform  (4 x 2 0  ml). The com bined organic ex­
tracts w ere washed with a 5% aqueous citric acid 
solution (2 x  10 ml). The separated organic layer was 
dried over anhydrous magnesium sulfate and fil­
tered . T he filtrate was concentrated on a rotating 
evaporato r at 25 °C/20 torr. The crude oily residue 
thus ob ta ined  was purified by flash column 
chrom atography on silica gel using chloroform  and 
m ethanol (90:10, v/v) as eluant. The concentration of 
the com bined fractions containing the product on a 
ro tating  evaporator at 25 °C/20 to rr, gave either pure 
5b (lit. [51], liquid) or pure 5c. The yield and analyti­
cal data for 5c  are presented in Table III.

Preparation o f  N ,N '-b is  (2,2,6,6-tetramethylpiperi- 
dine-1 -oxyl-4-yl)-ethylenediamine (5e)

U sing the preceeding procedure similar to that 
described for 5b and 5c, the reaction m ixture was 
stirred  for 54 h at 24 °C. The crude product was puri­
fied by chrom atography on basic alum ina using 
chloroform  and m ethanol (9:1, v/v) as eluant. R e ­
m oval of the solvent on a rotating evaporator at
24 °C/20 to rr  gave pure product 5e . The yield and 
analytical data are p resented  in Table III.

Preparation o f  N-(2-chloroethyl)-N '-substituted ureas 
( 6 a —e and 11). A  general procedure

A  solution of 2-chloroethyl isocyanate (0.8 ml,
10.0 m m ol) in m ethylene chloride (5 ml) was added 
dropwise, over a period of 10—15 min, to  a stirred 
solution of either 5 or 10 (9.0 mmol) in m ethylene

Table III. Physical properties of 4-substituted amino-2,2,6,6-tetramethylpiperidine-l-oxyls.

Compound Yield
[%]

m.p.
[°C]

Molecular
formula3

MSb
m/e

IRC
v w  [cm-1]

5c 69 153-154 C15H 29N2O d

(253.40)

255 (M + + 2, 22) 
254 (M + + 1, 100) 
253 (M +, 27)

3350, 1635, 
1530, 1470

5e 54 112-113 C20H40N4O 2e

(368.55)

370 (M + + 2, 83) 
369 (M + + 1, 100) 
368 (M +, 42)
296 (M + — 72, 47)

3260, 1620, 
1540, 1490

a The microanalyses were in satisfactory agreem ent with the calculated values (C, H, and N) 
within ±0.4% . 

b Relative percent intensities of the peaks. 
c Dispersed in Nujol mull. 
d ESR: 3 lines aN = 15 G.
e ESR: 5 lines, however, intensities are not 1 :2 :3 :2 :1 , more complex exchange interactions.
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Table IV. Physical properties of l-(2-chloroethyl)-3-(2,2,6,6-tetram ethylpiperidinyl-l-oxyl-4-yl)- 
3-substituted ureas.

Compound Yield
[%]

m.p.
[°C]

Molecular
formula3

MSb
m /e

IRC
Vmax [CHI“ 1]

6 a 92 8 4 -  86 C12H23N 30 2CId

(276.77)

278 (M + +  2, 37) 
277 (M + +  1, 72) 
276 (M +, 26)
241 (M + — 35, 100)

3420, 2960, 
1710, 1535, 
1472

6b 75 9 5 -  97 C13H25N 30 2Cld

(305.77)

307 (M + +  2, 48)
306 (M + +  1, 59)
305 (M +, 100)
291 (M + — 14 ,6 3 )  
276 (M + — 29, 61)

3220, 1715, 
1525, 1455

6c 83 156-157 C18H 33N 30 2Cld

(358.93)

360 (M + +  2, 54) 
359 (M + +  1, 93) 
358 (M +, 66)
344 (M + -  14, 45) 
323 (M + — 35, 100)

3300, 1620, 
1510, 1420

6d 84 184-185 C21H 39N 40 3Cld

(431.01)

433 (M + +  2, 33) 
432 (M + +  1, 67) 
431 (M +, 100)
395 (M + -  36, 42)

3400, 1650, 
1500

6e 82 109-112 C26H48N 60 4Cl2e

(579.6)

581 (M + +  2, 20) 
580 (M + + 1, 41) 
579 (M +, 100)
544 (M + — 35, 62)

3360, 3210, 
2940, 1710, 
1680, 1560, 
1520, 1490

11 89 113-114 Cn H 21N 30 2Cle

(263.74)

265 (M + +  2, 34) 
264 (M + + 1 ,7 1 )  
263 (M +, 32)
228 (M + — 35, 100)

3320, 3210, 
2970, 1720, 
1560, 1480

a The microanalyses were in satisfactory agreement with the calculated values (C, H , and N) 
within ±0 .4% . 

b Relative percent intensities of the peaks. 
c Dispersed in Nujol mull. 
d ESR: 3 lines aN= 1 6 -1 7  G.
e ESR: 5 lines, however, intensities are not 1 : 2 : 3 :2 :1 , more com plex exchange interactions.

chloride (20 ml) at —10 °C. The reaction m ixture 
was stirred for 4 h at —10 °C and for 16 h at 24 °C. 
T he reaction m ixture was washed with w ater 
( 2 x 5  ml) and then dried over anhydrous m agnesium  
sulfate and filtered. The filtrate was concentrated  on 
a ro tating  evaporator at 24 °C/20 torr. The resulting 
residue was purified by flash chrom atography on sili­
ca gel using m ethylene chloride and m ethanol (9:1, 
v/v) as eluant. The corresponding ureas w ere o b ­
tained in pure form. The yields and analytical data 
are presen ted  in Table IV.

Preparation o f  N-(2-chloroethyl)-N '-substituted-N- 
nitrosoureas (7a—e and 12). A  general procedure

A m ixture of either 6 or 11 (1.80 mmol) and anhy­
drous sodium  acetate (0.9 g, 11.00 mmol) in m ethyl­
ene chloride (15 ml) was cooled to —40 °C. To this

cooled and stirred m ixture was added dropwise, over 
a period  of 10—15 m in, a solution of dinitrogen tetra- 
oxide (0.2 g, 2.17 m m ol) in dry carbon tetrachloride 
(5 ml). A fter the addition, the reaction m ixture was 
stirred  for 1 h at — 40 °C. The m ixture was then 
poured  into ice w ater ( 2 0  ml) and the organic layer 
separated . The aqueous layer was extracted with 
m ethylene chloride (4 x 2 0  ml). The com bined o r­
ganic extracts w ere successively washed with a 5% 
aqueous sodium  bicarbonate solution ( 2  x 1 0  ml) and 
w ater ( 2 x 5  ml). Then the organic layer was dried 
over anhydrous m agnesium  sulfate and filtered. The 
filtrate was concentra ted  on a ro tating evaporator at 
40 °C/20 to rr. The resulting crude product was 
purified by flash colum n chrom atography on silica 
gel using a m ixture of m ethylene chloride and 
m ethanol (95:5, v/v) as eluant. The concentration of
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Table V. Physical properties of l-(2-chloroethyl)-3-substituted-l-nitrosoureas.

Compound Yield m.p. Molecular MSb IRC
[%] [°C] formula3 m/e vmax [cm-1]

7a 82 8 0 -  83 C 12H 22N40 3Cld 307 M + + 2, 48) 3220, 1716,
(dec.) 306 M ++ 1, 59) 1525

(305.78) 305 M +, 100)
276 M+ - 2 9 ,  62)
240 M +- 6 5 ,  54)
183 M+ -1 2 2 , 92)

7b 60 6 8 -  70 C13H 24N40 3Cld 321 M + + 2, 36) 2960, 1690,
320 M++ 1, 52) 1460

(319.81) 319 M +, 62)
290 M +- 2 9 ,  100)
255 M +-  64, 64)
215 M +-1 0 4 , 65)
156 M +-1 6 3 , 84)

7c 61 128-129 C 18H 32N40 3Cld 389 M+ + 2, 33) 2970, 1670,
(dec.) 388 M ++ 1, 20) 1460

(387.93) 387 M +,2 5 )
358 M +- 2 9 ,  25)
254 M +-1 3 3 , 100)
224 M+ -1 6 3 , 43)

7d 67 127-128 Q .HjgNsO .Cl0 461 M+ + 1, 20) 2960, 1690,
460 M+ 22) 1470

(460.01) 432 M+ - 2 8 ,  28)
355 M+ -1 0 5 , 70)
327 M+ -1 3 3 , 82)
253 M+ -2 0 7 , 100)

7e 69 142-143 C26H 46N80 6Cl2e 396 M+ -2 4 1 , 64) 2950, 1690,
(dec.) 395 M+ -2 4 2 , 100) 1460

(637.61) 380 M+ -  257, 22)
309 M+-3 2 8 , 29)

12 71 110-112 C u H 20N4O 3Cld 293 M ++ 2, 50) 3210, 2970,
(dec.) 292 M ++ 1, 62) 1680, 1470

(291.76) 291 M + 100)
262 M + -2 9 ,  54)
226 M +- 6 5 ,  48)
169 M +-1 2 2 , 90)

a The microanalyses were in satisfactory agreem ent with the calculated values (C, H, and N) 
within ± 0 .4% . 

b Relative percent intensities of the peaks. 
c Dispersed in Nujol mull. 
d ESR: 3 lines, aN =  16—17 G.
e ESR: 5 lines, however, intensities are not 1 :2 :3 :2 :1 , more complex exchange interactions.

the com bined fractions containing the product on a 
rotating evaporator at 25 °C/20 to rr gave pure com ­
pounds 7 a —e or 12. T he yields and analytical data 
are presen ted  in Table V.

Preparation o f  l-(2-chloroethyl)-3-(2,2,6,6-tetram eth- 
ylpiperidine-4-yl) urea (9)

To a stirred  solution of 4-am ino 2 ,2 ,6 ,6 ,-tetra- 
m ethylpiperidine (8 , 0.59 g, 3.80 m m ol) in m ethyl­

ene chloride ( 2 0  ml) was added dropwise, over a 
period of 10—15 min, a solution of 2-chloroethyl 
isocyanate (0.32 ml, 3.70 m m ol) in m ethylene 
chloride (10 ml) at 0 °C. T he reaction m ixture was 
stirred for 16 h at 25 °C. The solvent was rem oved on 
a rotating evaporator at 25 °C/20 torr. R epeated  re ­
crystallization of the resulting residue from  m ethyl­
ene chloride and benzene (1:1, v/v) gave 0.87 g 
(89% ) of pure com pound 9, m .p. 230—232 °C.
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Preparation o f  l-(2-chloroethyl)-3-(2,2 ,6 ,6 ,-tetra- 
m ethylpiperidine-l-oxyl-4-yl) urea (6a)

To a solution of 9 (0.30 g, 1.15 mmol) in deionized 
w ater (5 ml) was added sodium  tungstate (0.03 g) 
and a 30%  aqueous hydrogen peroxide solution 
(1 ml). The reaction m ixture was left overnight at 
25 °C and then extracted with chloroform  
(4 x  15 ml). The com bined chloroform  extracts were 
dried  over anhydrous m agnesium  sulfate and fil­
te red . The filtrate was evaporated  on a rotating 
evaporato r at 25 °C/20 torr. The resulting residue 
was purified by flash chrom atography on silica gel 
using m ethylene chloride and m ethanol (95:5, v/v) as 
eluant. The concentration  of the com bined fractions 
on a ro tating  evaporator at 25 °C/20 torr gave 0.21 g 
(6 6 % ) of the pure product 6a, m .p. 84—86 °C. This 
com pound was identical in all respects to the com ­
pound 6a, prepared  by a different m ethod 
(Schem e 1).

Preparation o f  N ' -hydroxysuccinimide-N-(2-chloro- 
ethyI)-carbamate (14)

The literature procedure was m odified as follows. 
To a stirred  solution of N-hydroxysuccinimide (13,
2.0 g, 17.40 m m ol) in acetonitrile (20 m l), 2- 
chloroethylisocyanate (1.40 ml, 17.40 mmol) in 
acetonitrile ( 1 0  ml) was added dropwise, over a 
period  of 15—20 m in, at 0 °C. A fter the addition, the 
reaction  m ixture was stirred for 1 h at 0 °C and then 
for 16 h at 25 °C. The reaction m ixture was concen­
tra ted  on a ro tating  evaporator at 40 °C/20 to rr. R e­
pea ted  recrystallizations of the resulting residue from  
m ethylene chloride and r-butylmethyl ether gave 
3.3 g (87% ) of pure com pound 14, m .p. 106—108 °C 
(lit. [45], 106-109  °C).

Preparation o f  N '-hydroxysuccinim ide-N -(2-chloro- 
ethyl)-N-nitrosocarbam ate (15)

To a stirred solution of 14 (2.2 g, 10.0 mmol) in 
dry te trahydrofuran  ( 2 0  ml) was added anhydrous 
sodium  acetate (4.93 g, 61.0 m m ol). The m ixture 
was cooled to  —35 °C. To this cooled and stirred 
m ixture, a solution of dinitrogen tetraoxide ( 1 . 0  g, 
10.90 mmol) in dry carbon tetrachloride (20 ml) was 
added dropwise over a period of 15—20 min. A fter

the additions, the reaction m ixture was stirred for 1  h 
at —35 °C and then for Vz h at 5 °C. To the reaction 
mixture was then added a m ixture of m ethylene 
chloride (20 ml) and ice w ater (10 ml). The organic 
layer was separated  and the aqueous layer was ex­
tracted  with m ethylene chloride (4 x 2 0  ml). The 
com bined organic extracts w ere w ashed with a 5% 
aqueous sodium  b icarbonate solution ( 2  x  1 0  ml) and 
then with w ater ( 2 x 5  ml). The organic solution was 
dried over anhydrous m agnesium  sulfate and fil­
tered . C oncentra tion  of the filtrate on a rotating 
evaporator at 40 °C/20 to rr gave the crude product. 
R epeated  recrystallizations of the product from  ether 
and petro leum  e ther afforded 2.42 g (98% ) of pure 
15, m .p. 1 0 2 -104  °C (lit. [45], 104-106  °C).

Preparation o f  7a  and 12 via the transfer reagent 15

A solution of, e ither 5a or 10 (1.75 mmol) and 15 
(1.80 m m ol) in m ethylene chloride ( 2 0  ml) was stir­
red for 2 h at 5 °C and then for 15 h at 25 °C. The 
reaction m ixture was w ashed with a sa tu ra ted  sodium 
chloride solution ( 2 x 5  ml) and then dried over 
anhydrous m agnesium  sulfate and filtered. The fil­
trate was concentra ted  on a rotating  evaporator at
25 °C/20 to rr. The resulting residue was purified by 
flash chrom atography on silica gel using m ethylene 
chloride and m ethanol (95:5, v/v) as eluant. C oncen­
tration  of the com bined fractions on a rotating 
evaporator at 25 °C/20 to rr  afforded pure com pound 
7a or 12. These com pounds w ere identical in all 
respects to  the corresponding com pounds 7 a or 12 
prepared  by a d ifferent m ethod (Schem e 1 and 
Scheme 3).
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