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Preclinical report

Synthesis and cytotoxic activity of
N-(2-chloroethyl)-N-nitroureas and N-(2-chloroethyl)-

N-nitrocarbamates

Janos Botyanszki, Jozsef Bédi, lan J Stratford’ and Helga Siili-Vargha
Research Group for Peptide Chemistry, Hungarian Academy of Sciences, Edtvds Lorand University, 1518
Budapest 112, POB 32, Hungary. 'School of Pharmacy and Pharmaceutical Sciences, University of

Manchester, Manchester M13 9PL, UK.

As analogs of the widely used anti-tumor agents, N-(2-
chloroethyl)-N-nitrosoureas, N-(2-chloroethyl)-N-nitroureas
and N-(2-chloroethyl)-N-nitrocarbamates were synthesized
by nitration following the reaction of the appropriate amines
or alcohols with 2-chloroethyl isocyanate. All tested com-
pounds exert cytotoxic effect with IC5, values of 10 4 to
10 ¢ M and most of them show somewhat higher cytotoxi-
city in nitrogen than in air. [¢ 1999 Lippincott Williams &
Wilkins.]

Key words: Cytotoxicity, N-(2-chloroethyl)-N-nitro, synth-
esis.

Introduction

N-(2-chloroethyl) - N -nitrosoureas, N,V -bis(2 - chloro-
ethyl)}N-nitrosourea (BCNU), N-(2-chloroethyl)N'-cy-
clohexyl-NV-nitrosourea (CCNU), etc., represent an
important class of anti-tumor agents and are widely
used in clinics. These compounds decompose rapidly
under physiologic conditions, producing alkylating
and carbamoylating moieties.' As a consequence of
the rapid decomposition even in the case of targeting
peptide conjugates’ they do not selectively alkylate
the DNA of the cancerous cells, but also that of the
normal cells, causing general toxicity. Recently it was
discovered that the carbamoylating reaction of BCNU
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inhibits caspase 3-mediated apoptosis, in this way
decreasing the cytotoxic effect of the drug.*

It has been long known that N-nitroureas and N-
nitrocarbamates are generally more stable than N-
nitrosoureas,"'s and that N-nitrocarbamates decom-
pose® in a similar way as to the A-nitrosoureas
producing an alkylating carbonium ion intermediate.
The N-nitroureas generate nitroamines,  which in the
case of N-(2-chloroethyl)-N-nitroureas would be 2-
chloroethylnitroamine, theoretically also capable of
alkylation. In addition, nitrocarbamates lacking carba-
moylating capacity, and thus apoptosis inhibiting
potency, might be even more cytotoxic than the
corresponding ureas.

In the design of our N-(2-chloroethyl)-N-nitro
compounds (CICH,CH,-N(NO,)-COQ) we relied on
previous structure-cytotoxic activity relationships on
the field of N-(2-chloroethyl)-V-nitrosourea conge-
ners® (see Table 1). Thus IIl b and IO f or I d
and III g may be considered as analogs of BCNU or
CCNU, respectively, which are the most frequently
used nitrosoureas in clinics. With further variations of
the Q group our intention was to influence the
pharmacokinetic properties of the compounds. An
aromatic A0 h and i) or alicyclic I g, j and k)
group renders the molecule more lipophilic and in
this way makes crossing the blood-brain barrier
easier. In the case of the lactic acid derivative IIT ¢ or
the proline derivative I 1 the cytotoxic group is
attached to natural carrier molecules. The reason why
proline was chosen from the amino acids lies in our
previous investigations, when we found that the N-(2-
chloroethyl)/V-nitrosourea congener of proline amide
shows a higher increase in the lifespan of L1210
leukemia-bearing mice and also has a significantly
longer halflife than other amino acid derivatives or
even BCNU itself.”
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Table 1. Structure of carbamates and ureas of the general
fomula: CICH,CH,—NX~-CO-Q (ll, X=H; lll, X-NO,)
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Materials and methods

Merck Kieselgel precoated sheets art. no. 5553 were
used for TLC and Merck Kieselgel 60 art. no. 10832
were  used for column  chromatography. Solvent
systems used are the following (v/v): I, chloroform:
methanol 9:1; 2, ethylacetate (EtOAc):pyridine:acetic
acidiwater 480:20:0:11; 3, EtOAc:petroleum e¢ther
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(pe) 1:2; 4, EtOAc: pe 1:1; 5, EtOAc:pyridine:acetic
acid:water 60:20:6:11; 6, EtOAc:pyridine:acetic acid:-
water 120:20:6:11; 7, EtOAc:cyclohexane 1:1; 8,
EtOAc; 9, benzene:EtOAc 1:1; [0, benzene: 11,
benzene:pe 1:1. Melting points were measured on a
Biichi apparatus and are not corrected. Elemental
analyses of all synthesized compounds were satisfac-
tory within +0.5% of the calculated values. NMR
spectra were measured on a Bruker WM-250 FT-
spectrometer. IR spectra were recorded on Specord
IR 75 (Karl Zeiss, Jena, Germany). Voltammetry
instruments  used were a Metrohm  Type 506
Polarecord and a Mctrohm Type 663VA stand with
multimode electrode.

General procedure for the synthesis of the
N-(2-chloroethyl)-carbamoyl
compounds (ll)

To 0.3 mol of an alcohol or amine (I) in 50 ml solvent
0.33 mol of chloroethylisocyanate was added and the
mixture was allowed to stand at room temperature
and/or was refluxed. The reaction was monitored by
TLC. When I had disappeared, the solvent and the
isocyanate excess were evaporated i pacuo resulting
in a solid or an oily remainder, which was crystallized
from an appropriate solvent or distilled, respectively
(Table 2).

General procedure for the synthesis of the
N-(2-chloroethyl}-A-nitro-carbamoyil
compounds (Il)°

Method A.  Acctic anhydride (3.8 ml) was cooled to
0 C and 1.3 ml (30 mmol) of 100% HNO; was added
to it, dropwise. Then 20 mmol of II was added in
portions (10 min) under vigorous stirring and, after
the reaction was completed, the solution was poured
into crushed ice. When the precipitated material was
solid, the crystals were filtered off and washed with
ice-water until neutral; when it was oily, it was
extracted with EtOAc or cther, the organic phase
was washed with brine, dried over anhydrous sodium
sulphate and concentrated in vacuo. (Special precau-
tions were taken in the case of IIf, nitration was
carried out at — 20 C and the work-up procedure was
performed at 0 C)

Method B.  100% HNO; (3 mb was cooled to — 20 C
and 4.5 mmol of II was added slowly under vigorous
stirring, then the procedure was continued as above in
Method A.
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The reaction between il e and
cyclohexylamine

Cyclohexylamine (1.8 mmol) was added dropwise
into the suspension of 2mmol III e in 7 ml
dimethylformamide (DMF) under stirring and ice
cooling. After 10 min a solution was formed which
was evaporated in vacuo, and the residue was applied
onto a silica gel column (1.3 x 50 ¢m) and eluted with
11. The fractions containing the main product with R;
0.14 were collected, concentrated in vacuo and the
residue  was  crystallized from ethanol yielding
0.5 mmol of IV. IR (KBr): 3300 (NH), 2850-2930
CH,-(C.H, ), 1720 (CO).

Cytotoxicity assay

For toxicity experiments the compounds were dis-
solved in DMSO at approximately 15 mM, and aliquots
prepared and frozen at —20 C. Just before experi-
mentation aliquots were added to the medium and
diluted to give appropriate test concentrations.
Chinese hamster V79 cells cultured in vitro were
used for cytotoxicity experiments. Cells were har-
vested from exponentially grown cultures and seeded
at 10° cells/well in plastic 24-well dishes. Cells were
allowed to attach for 2 h and then exposed to various
concentrations of drug in growth medium for 96 h at
37 C (four wells per drug concentration). Following
drug exposure, the media was removed and MTT
added, and cell survival assessed as described pre-
viously.'” To assess selective hypoxic toxicity, cells
were placed in specially  designed  glass  24-well
dishes'’ and exposed to various concentrations of
the drug for 3 h at 37 'C under hypoxic (N;) or aerobic
conditions. Following the removal of the drug cells
were allowed to proliferate for a further 3 days prior to
addition of MTT and subsequent assay for survival.
Data are expressed as values of ICs, which are the
concentrations required to kill 50% of the cells under
the conditions of the initial treatment (i.e. exposure to
drug in air or N)). The ratio of ICs, (air) versus ICs,
(N;) enables quantitative comparisons to be made of
the O,dependent bioreductive activities of these
compounds.

Linear sweep voltammetry technique

Polarization rate (1) 10 mV/s, base clectrolyte 0.1 M
KH;PO,/Na,HPO, (pH 7.10); working electrode,
hanging mercury drop e¢lectrode (drop size medium);
reference electrode, Ag/AgCl/3 M KCl/base e¢lectro-
lyte, double junction, E.y versus NHE, +207 mV;
auxiliary electrode, glassy carbon clectrode; 1 mM
solutions of III in 0.1 M pH 7.1 phosphate buffer
solution containing 5% ethanol. Prior to recording the
voltammograms solutions were deaereted by a nitro-
gen gas stream of 99.95% purity for 10 min.

Results and discussion

The general synthetic route for the N(2-chloroethyl)»
N-nitrocarbamoyl compounds is shown in Scheme 1.

Accordingly, first an alcohol or an amine I was
reacted with chloroethylisocyanate resulting in an V-
(2-chloroethyl)carbamoyl compound II, which after
nitration gave the appropriate nitro compound III (see
Scheme 1, and Tables 2 and 3).

Several attempts were made for the synthesis of the
BCNU analog III f, which was successful when special
attention was paid to the cooling and work-up
procedures. However, the NMR spectrum showed a
minimal acetic acid contamination and perhaps con-
sequently the oily compound decomposed over
several days in the refrigerator.

In the preparation of III g and I h we did not
obtain one main product, since presumably both urea
nitrogens, and in the latter case the aromatic ring, too,
were nitrated simultancously. The same problem that
also occurred in the synthesis of different N-(2-
chloroethyD-V-nitrosoureas was solved using N-(2-
chloroethyl)»N-nitrosocarbamic acid active esters'® for
the acylation of the appropriate amines. For an analog
reaction we prepared N-2-chloroethyl)-NV-nitrocarba-
mic acid pentachlorophenyl ester (III e) and let it react
with cyclohexyl amine to get the CCNU analog 11T g.
In this reaction a multi-component mixture was
formed, which beside the starting materials contained
pentachlorophenol and dicyclohexyl-urea (identified
on TLC), and N-cyclohexyl-carbamic acid pentachloro-
phenyl ester V), which was isolated and identified by

CICH,CH,NCO + H-Q — CICH;CH,NH-CO—-Q — .CICH,CH2 —N(NO,) -CO-Q

Q: -NH-R,O-R, —OAr, —NH—-Ar, —NRR’

Scheme 1.
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clemental analysis and IR spectroscopy (Scheme 2).
Although the pentachlorophenoxy group is a much
better leaving group than ethoxy or methoxy, the
same reaction happened as in the case of cethyl M-
nitrocarbamates and anilin, when phenylcarbamates'
are formed.

A similar reaction took place when the active ester
III e reacted with 2-chloroethyl-amine resulting in
bis(2-chloroethyh-urea and pentachlorophenol.

Nitroaromatic compounds are often  used in
cancer chemotherapy either as radiosenzitizers or
as bioreductive prodrugs.'® To our knowledge, there
are no reports on the use of AN-nitro compounds,
although in theory they might also be reduced by
the action of nitroreductases. Thus, N<2-chloroethyl)
N-nitroureas can also be considered as bioreductive
prodrugs of the N-(2-chloroethyl)-N-nitrosourcas.
Therefore, we measured the reduction potentials of
some N-nitro derivatives and the results summarized
in Table 4 show that most of them are in the
optimal potential range (between —300 and
—450 mV) determined for hypoxic  selectivity of
nitro-aromatics.'”

In a preliminary cytotoxicity assay (Table <) all
compounds showed activity in the 10 ' M concen-
tration range, with the exception of I d, which is
the most effective with a value of 3x 10 © M. This
value is similar to that previously found for CCNU in
this cell line (Stratford and Smith, unpublished
observations). There is no significant difference in
the cytotoxicity between the two types of com-

pounds, ureas and carbamates, following the ex-
posure of cells for 96 h. However, the 16- and 8-fold
differences in 3 h versus. 96 h acrobic toxicity for
Il k and III 1 may indicate that these compounds
have greater aqueous stability. Most of the com-
pounds show somewhat higher cytotoxicity in
nitrogen than in air, which is favourable for killing
cells in the hypoxic area inside the tumours.

Conclusion

The aim of our work was to investigate whether the V-
(2-chloroethyl)-V-nitrourea and N-(2-chloroethyl)N-ni-
trocarbamate analogs of N-(2-chloroethyl)}N-nitrosour-
eas, the well-known anti-tumor agents, possess similar
cytotoxic activity. Not all theoretically possible analogs
of BCNU and CCNU were synthesized, because the
synthetic method, which allows the introduction of
the N-(2-chlorocthyl)}N-nitrosocarbamoyl group into
an amine in one step with the aid of an active ester,
cannot be used for the synthesis of N(2-chloroethyl)-
N-nitroureas and carbamates. However, according to
our original assumption, all N<(2-chloroethyl)NV-nitrour-
cas and carbamates which were tested exerted a
cytotoxic effect that increases with the incubation
time, indicating significant aqueous stability of these
agents. Furthermore, the presence of a nitro group in
the structure renders the compounds as targets for
reductive enzymes, although the known bioreductive
prodrugs contain C-nitro and not N-nitro moieties. The

CICH,CH, —N(NO;) -CO—-0CsCls + HoN—CgHyy — CgHy1 —NH—-CO -~ 0OC4Cls

e

v

IV + HoN-CgHyy — CeHy1 —NH-CO—-NH-CgH;; + HOCgCls

Scheme 2.

v

Table 4. Reduction potentials and cytotoxicity of N-(2-chloroethyl)-N-nitro compounds

Compounds ICso (MM) IC5, ratio (air/Ny) E, vs NHE (mV)
[(i/nA)]
96 h, air 3 h, air 3h, N
Ia 0.13 0.3 0.2 1.5 —293 (0.768)
b 0.3 0.55 0.3 1.8 —283 (0.820)
e 0.25 0.45 0.3 1.5 -293 (0.728)
ind 0.003 0.008 0.008 1.0 —403 (0.600)
It k 0.15 25 1.0 25 —553 (0.544)
nmi 0.1 0.8 0.4 2.0 —693 (0.312)
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presented reduction potentials seem to be appropriate
for the reductive enzymes, and also a slight difference
could have been observed in the cytotoxicities of the
N-nitro compounds in aerobic and anaerobic condi-
tions.

These preliminary results indicate that the N-(2-
chloroethyl)-N-nitrocarbamoyl compounds represent a
new group of potential anti-cancer agents which
deserve further investigation.
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