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Abstract—1-(1-Aziridinyl)-2,4-dinitrobenzene (CB 1837) is the parent member of a series of nitrophenyla-
ziridines having a highly specific action against the Walker tumour in the rat. CB 1837 was much
less cytotoxic in vitro than was predicted on the basis of its antitumour activity in vivo, but its activity
was enhanced in the presence of liver 9000-g supernatant and cofactors, which also converted it into
a metabolite, 2-amino-1-(1-aziridinyl)-4-nitrobenzene. This metabolite was more active in the in vitro

test than was CB 1837.

CB 1837 is extensively metabolised in vivo by the rat, and the following urinary metabolites have
been identified by mass spectrometry and quantitatively determined after administration of the tritium-
labelled drug: 1-(2-chloroethyl)amino-2.4-dinitrobenzene and its 2-hydroxyethylamino analogue; 2,4-
dinitroaniline; 2-amino-1-(1-aziridinyl)-4-nitrobenzene, 2-amino-1-(2-chloroethyl)amino-4-nitrobenzene
and their respective N(2)-acetyl derivatives; and S-[ N-(2,4-dinitrophenyl)-2-aminoethyl] mercapturic

acid.

1-(1-Aziridinyl)-2,4-dinitrobenzene (CB 1837, I) was
the parent member of a series of nitrophenyl aziri-
dines evaluated for antitumour activity by Khan and
Ross [1]. Interest in these compounds was prompted
by the finding that CB 1837 had a therapeutic indext
against the Walker tumour in rats which was as high
as that for alkylating agents in clinical use. Subse-
quently, the related S5-carboxamide (S-aziridinyl-2,4-
dinitrobenzamide, CB 1954, Ia) proved to have the
highest therapeutic index of any compound so far
tested against this tumour, and studies on the
mechanism of action of the nitrophenyl aziridines
have centred on this agent [2—4].

N N
NO, NO,
HNCO
NO, NO,
(1) (Ia)

A noteworthy feature of the biological activity of
CB 1954 is its very narrow spectrum of antitumour
activity, it being active only against the Walker
tumour [2]. A second unusual feature is that both
CB 1954 and CB 1837 are mono-functional alkylating
agents, and this class of compound does not usually
show antitumour activity.

The finding, reported here, that the activity in vitro
of CB 1837 was dependent on a metabolising system
suggested that a knowledge of the metabolic fate of

* Biology of Human Cancer Unit, Ludwig Institute for
Canger Research at the Institute of Cancer Research.

t Therapeutic index, TI = LDo/IDgg.LDso = dose lethal
to 50% of animals in group, IDg, = dose producing 90%,
tumour inhibition.
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the nitrophenyl aziridines might help to explain their
unusual pharmacology. CB 1837 was initially chosen
for this study because it was the simplest such com-
pound possessing significant antitumour activity, and
because its toxicity to rats was lower than that of
CB 1954, thus allowing larger doses of the drug to
be administered, facilitating the identification of less
abundant metabolites.

As in other recent investigations in this laboratory
into the metabolism of antitumour agents, mass spec-
trometry has afforded sufficient information for the
structures of the metabolites to be deduced, and
thereafter confirmed by synthesis [5, 6].

METHODS AND RESULTS

Animals. Female Wistar rats, 6-8 weeks old, weigh-
ing about 200g were used except for tumour pas-
saging for which male rats were used. They were fed
ad Iib. on rat cake and water.

Liver supernatant. For the preparation of rat liver
9000-g supernatant, rats were pretreated with pheno-
barbitone sodium (80 mg/kg) for 3 days immediately
prior to use. Livers were homogenised with a Potter
type homogeniser in 4 vol ice-cold 0-1 M Tris buffer,
pH 74 (Tris buffer) and centrifuged at 9000¢g for
20 min.

Walker antitumour assay in vivo. The method for
determining the 1Dg, for the Walker tumour and the
LDs, in rats was that of Rosenoer et al.[7]. Results
for appropriate compounds follow the descriptions of
their synthesis.

Bioassay. The bioassay procedure was carried out
aseptically as follows. Walker ascites cells were taken
from a donor rat 6-7 days after tumour trans-
plantation, counted on a Coulter counter and sus-
pended at a concentration of 10° cells/ml in a mixture
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Table 1. Bioassay of CB 1837 (I) against Walker cells with
and without liver 9000-g supernatant

Median survival time (days)

Conc of CB 1837 CB 1837 +
CB 1837 (I) (ug/ml) alone supernatant
400 9 -
200 10
100 9 17
50 8 12
25 8 9
Control 6 6

— signifies no tumours.

of TC 199 and horse serum No. 2 (6:4), (both from
Wellcome Reagents Ltd., Beckenham, Kent). To 10-
ml aliquots of the incubation mixture were added
solutions of the test drugs in dimethyl sulphoxide
(0-1 ml) or solvent alone as control, and cofactors—
glucose-6-phosphate (2:3 mg), NADP (3-O0mg unless
otherwise stated) and magnesium chloride (1-2 mg).
After incubation for 2 hr at 37°, 1-ml aliquots of each
incubate were injected into groups of five rats, and
their survival times determined (Tables 1-3).

Metabolism and synthesis

Silicic acid for column chromatography was Merck
Kieselgel, and for thin-layer chromatography (tlc.)
on glass plates (20 x 20cm or 20 x 5cm) Merck Kie-
selgel GF,, was used. Rotary evaporations were per-
formed at 30° and 10 mm.

(i) Isolation of metabolites of CB 1837 (I) from rat
urine. Three rats were injected ip. with CB 1837
(150 mg/kg) in dimethyl sulphoxide and the urine was
collected frozen for 24 hr. It was then extracted with
ethyl acetate (3 x 50ml) and the extract was dried
(MgSO,). The two phases, the ethyl acetate extract
and the remaining aqueous phase, were then chroma-
tographed as detailed below.

(a) Ethyl acetate extract. Aliquots (20% of the total
extract) were concentrated before tlc. with benzene
as developing solvent. Multiple developments were
sometimes needed for complete separation of the
mobile components. These were subsequently identi-
fied as I and II-VI by mass spectrometry (see (iv)
below and Discussion; for R, values after a single
development, see Table 4). Further tlc. in chloro-
form-methanol (19:1) revealed no additional mobile
components, although a hydrolysis product (VII) of
CB 1837 in admixture with another component (VIII)
were detected by this procedure during quantitative
determination of the metabolites (see (iv) below).

Table 2. Bioassay of 2-amino-1-(1-aziridinyl)-4-
nitrobenzene (IV) against Walker cells
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Components were visualised as yellow or orange
bands, or as dark bands under uitraviolet radiation.
The silicic acid in the appropriate areas was removed
and each component was eluted with methanol prior
to mass spectrometry.

NHCH>CH,CL NH, N
©/Noz ©/Noz NH,
NO, NO, NO,
(1) (1) (I¥)
NHCH,CH,CL N7
NH, NHCOCH;
NO, NO;
() (¥n)
NHCH,CH,0H NHCH, CH,CL
NO, NHCOCH
NO, NO>
(@71 8) (ymT)

(b) Remaining aqueous phase. Thin-layer chromat-
ography (butan-1-ol-water, 86:14 or chloroform-
methanol, 1:1) revealed four components (for R,
values, see Table 4). The total aqueous phase was
applied to a column (30 x 2 cm) of Amberlite XAD-2
resin which was eluted first with water (1 litre) then
with methanol (100 ml). Of the four components, only
one (subsequently identified as IX, see (iv) below) was
abundant in the methanol eluate. This eluate was con-
centrated to dryness and a solution of the residue
in IN hydrochloric acid (Sml) was extracted with
ethyl acetate (3 x 5ml). The dried (MgSO,) extracts
were applied to a column (22 x 1 cm) of silicic acid,
which was eluted with chloroform-methanol (1:1)
(10-ml fractions). Fractions 6-10 contained the chro-
matographically homogeneous metabolite.

NHR'

|
NHCH,CH,SCH,CHCO,R?

NO,

(IX) R'= CH3CO,R?=H
(X) R'=CH3CO,R®=CHy
(XT) R'=H, R?=H

NO»

Table 3. Effect of different NADP concentrations on the
activity of CB 1837 (200 ug/ml) with liver 9000 g superna-
tant against Walker cells in the bioassay

Conc of (IV) Median survival time Composition of incubation Median survial time
(pg/ml) (days) mixture (days)
1000 CB 1837 10
100 - CB 1837 + S + NADP (0-3 mg) 12
10 8 CB 1837 + S + NADP (3-0mg) —
1 7 Control 6
Control 6

—signifies no tumours.

S = 9000-¢ supernatant + glucose-6-phosphate + MgCl,.
—signifies less than 40% tumour takes.
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(ii) Quantitative determination of CB 1837 and its
metabolites in rat urine. The urine (frozen) was col-
lected during 20 hr from a rat injected with *H-
labelled CB 1837 (specific activity 4 mCi/m-mole, for
preparation see (v) below) (160 mg/kg) in dimethyl
sulphoxide. Recovery of radioactivity was 7% of the
administered dose. A portion of the urine (10 ml) was
extracted with chloroform (10 x 50 ml) and the con-
tents of this phase and of the remaining aqueous
phase were treated as follows:

(a) Chloroform extract. Thin layer chromatography
of an aliquot (5% of the total chloroform extract after
concentration to 10 ml) was carried out in two dimen-
sions, firstly in chloroform—methanol (19:1) then in
benzene (twice). The separated components, detected
by the methods described above (i(a)) were transferred
to counting vials containing 0-1 N hydrochloric acid
(0-5ml), diluted with scintillation fluid (napthalene,
POP and POPOP in ethanol, dioxan and toluene)
(10ml) and assayed for radioactivity using a Packard
Tricarb 3375 scintillation counter. Results were cor-
rected for counts present in the silicic acid removed
from appropriate ‘blank’ areas of the plate. The
results (mean of duplicate determinations) are shown
in Table 4.

(b) Remaining aqueous phase. A procedure analo-
gous to that used for the chloroform extracts was
adopted, except that 1% (0-1 ml) of the total aqueous
phase was used for tlc. in two dimensions, firstly
in chloroform—methanol (1:1) then in butan-1-ol-
water (86: 14). The results are shown in Table 4, where
unidentified components are designated A-C.

iit) Metabolism of CB 1837 in vitro. Liver 9000¢
supernatant was prepared from phenobarbitone-pre-
treated male rats. The livers were homogenised in
4vols ice-cold Tris buffer pH 74, centrifuged at
9000¢g and the pad discarded. The supernatant was
used in the following incubation mixture: liver 9000-¢g
supernatant, 4 ml (equivalent to 1 g liver); Tris buffer
pH 74, 1 ml; NADP, 12mg; glucose-6-phosphate,
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9-3mg; magnesium chloride, 5mg. To this mixture
was added a solution of CB 1837 (1 mg) in dimethyl
sulphoxide (to give a concentration in the incubation
mixture of 200 ug/ml) and the mixture was incubated
for 2 hr at 37° in a stoppered flask. Four vols of eth-
anol was then added to precipitate protein and the
mixture was centrifuged at 3000¢ for 10 min at 2°.
The methods for extraction with ethyl acetate and
tlc. of the products were those described under (i)
above. The products were identified by mass spectro-
metry (see (iv) below). Only unchanged CB 1837 and
the half-reduced derivative (IV) were positively identi-
fied.

(iv) Identification of metabolites by mass spectro-
metry. The procedures for obtaining mass spectra
from metabolites isolated by tlc. were those pre-
viously described [5]. Mass spectra were determined
by the direct insertion technique, using an AEI-MS
12 spectrometer, operating at a source temperature
of 100-200° and an ionising voltage of 70eV. Spectra
are shown in Figs. 1-3, and correspond to the com-
pounds detailed in Table 4, except that the polar
metabolite isolated after chromatography on XAD-2
resin as described in (i(b)) was first converted into
a derivative as follows.

A methanolic solution (0-5ml) of this metabolite
was treated with a solution of diazomethane in ether
(0-5ml). After 15min, the solution was concentrated,
prior to tlc. in chloroform-methanol (19:1). The
principal product (R; 0-55) was eluted with methanol
and the mass spectrum was obtained. This was identi-
cal with the mass spectrum (Fig. 3) of the methyl
ester (X) of the mercapturic acid adduct (IX) of CB
1837, and the t.lc. mobilities of the metabolite and
its methylation product corresponded with those of
synthetic (IX) and (X) respectively.

(v) Synthesis. H-labelled CB 1837. This was pre-
pared by Dr. A. H. Khan. 1-Chloro-24-dinitroben-
zene, which had been catalytically tritiated in the aro-
matic nucleus (Procedure TR 1, Radiochemical

Table 4. Quantitative determination of urinary metabolites of CB 1837 (I) in the rat: (a)
Non-polar metabolites; (b) Polar metabolites

R, value 92 of total urinary
Component (solvent in brackets) radioactivity
(a)
I 0-22 (benzene) 09
i1 0-30 (benzene) 1-3
111 0-13 (benzene) 02
14Y 0-10 (benzene) 2:2
\Y 0-07 (benzene) 1-9
VI 0-10* (2 developments in benzene) not determined
VII + VIII 0-00* (benzene) 1-9
A+ IX 0-00 (benzene) 38
(b)
A (unidentified) 050
(n-BuOH-H,0, 86:14) 6
IX 0:35*
(n-BuOH-H,0, 86:14) 25
B (unidentified) 0-35%
(n-BuOH-H,0, 86:14) 18
C (unidentified) 020
(n-BuOH-H,0, 86:14) 27

* Other R, values: In chloroform—methanol (19:1), VI, 0:43; VII, 0:27. In chloroform—

methanol (1:1); IX, 0-05; (B), 0-35.

me. 2418 B
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Fig. 1. (@) 1-(2-chloroethyl)amino-2.4-dinitrobenzene (II); Fig. 2. (a) 2-amino-1-(2-chloroethyl)Jamino-4-nitrobenzene
(b) 1-(1-aziridinyl)-2,4-dinitrobenzene (CB 1837, I); (c) (V); (b) 2-amino-1-(1-aziridinyl)-4-nitrobenzene (IV}); (c) 2-
2,4-dinitroaniline, acetylamino- 1-(1-aziridinyl)-4-nitrobenzene (VI).
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Fig. 3. Mass spectrum of synthetic S-[ N-(2.4-dinitrophenyl}-2-aminoethylJmercapturic acid methyl
ester (X) corresponding to a methylated polar metabolite (IX) of CB 1837.

Figs. 1-3. Mass spectra of synthetic compounds corresponding to those isolated from rat urine after

Centre, Amersham, Bucks.) was treated with ethyl-
encimine, as described previously [1] to give 3H-
labelled CB 1837 of sp. act. 19 mCi/m-mole.
2-Amino-1-(1-aziridinyl}-4-nitrobenzene (IV). So-
dium borohydride (1 g) was added to a stirred solu-
tion of CB 1837 (I, 1g) and CoCl,.6H,0 (1g) in
methanol (100 ml). After stirring for 0-5 hr at 20° the
mixture was filtered through a short column of silicic
acid then concentrated to dryness. The residue was
further chromatographed on silicic acid, with chloro-

administration of CB 1837 (I) (in order of decreasing R, value (see Table 4a)).

form as eluant, to give a pale yellow eluate followed
by an orange eluate. The latter was collected and
chromatographed on a column of activated alumina
(Spence type II) with chloroform as eluant. Addition
of cyclohexane to the concentrated orange eluate
yielded (IV) as small orange plates, m.p. 144-146°
(Found: C, 533; H, 52; N, 23-1%. CgHyN;0,
requires C, 53-6; H, 51; N, 23-4%). In the test against
the Walker 256 carcinoma in rats the product gave:
LDsg, 179 mg/kg; IDg, 100 mg/kg; TT 1-8.
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2-Acetylamino-1-(1-aziridinyl)-4-nitrobenzene (VI).
A solution of 2-amino-1-(1-aziridinyl)-4-nitrobenzene
(IV, 0-35g) in cthyl acetate (5ml) was heated at 40°
with acetic anhydride (0-5g) for 6 hr. The solution
was concentrated. Trituration with ethyl acetate
yielded (VI) as yellow prisms (0-32 g, 74%) m.p. 178
179° (Found: C, 54-2; H, 52; N, 189%. C,H;{;N;0;
requires C, 54-3; H, 50; N, 19-0%).
2-Acetylamino-1-(2-chloroethyl)amino-4-nitroben-
zene (VIII). (a) To a solution of 2-amino-1-(2-chloro-
ethyl)amino-4-nitrobenzene [8] (V, 54 mg) in glacial
acetic acid (1 ml) was added acetic anhydride (0-03 ml)
in diethyl ether (1 ml). The mixture was stirred at
room temperature until solution was complete, then
concentrated. Slow addition of petroleum ether (b.p.
40-60°) to a solution of the residue in acetone yielded
(VIII) as yellow needles, m.p. 181-182° (Found: C,
463; H, 465; Cl, 142; N, 160%. C,oH,,CIN;O;
requires C, 46:6; H, 4-7; Cl, 13-8; N, 16:3%). (b) [un-
ambiguous route which could not afford the alterna-
tive product 2-amino-1-(2-chloroethyl)acetylamino-4-
nitrobenzene which is a possible product from
method (a)]. Acetic anhydride (0-2mi) was added to
a solution of 2-amino-1-(1-aziridinyl)-4-nitrobenzene
(IV, 50 mg) in dry pyridine (0-5ml). After stirring for
30min at 30° the solution was concentrated to dry-
ness and a solution in chloroform of the residue was
applied to a column of silicic acid, which was eluted
with chloroform. The first eluates contained un-
changed (IV) and later eluates contained material pre-
sumed to be the acetamide (VI). Dry HCl-diethyl-
ether was added to a solution of the latter material
in acetone. After 15 min, the solvents were removed
in vacuo and the residue was treated with a few drops
of saturated aq. NaOAc and the solution was
extracted with chloroform. The dried (MgSO,) extract
was concentrated to dryness and the residue was crys-
tallized from acetone-petroleum ether (b.p. 40-60°) to
give needles, m.p. 182-183°, undepressed by admixture
with the product obtained by method (a).
S-[N-(2,4-Dinitrophenyl)-2-aminoethyl]Jmercap-
turic acid (IX). A mixture of 0-25g each of CB 1837
(), mercapturic acid and sodium hydroxide was
stirred in methanol (25 ml) for 2 days at room tem-
perature. Silicic acid (5 g) was added and the mixture
was concentrated. The residue was applied to a
column of silicic acid (20 x 2cm) which was eluted
with chloroform-methanol, 1:1 (10-ml fractions).
Fractions 5-30 were concentrated, and a solution of
the residue in I N hydrochloric acid (10ml) was
extracted with ethyl acetate (3 x 10ml). The dried
extracts (MgSQO,) were concentrated (to ca 10ml)
when the product separated as a yellow powder
(0-18 g, 41%;). Recrystallization from ethanol afforded
(IX) as colourless needles, m.p. 176-178° (Found: C,
42:15; H, 45; N, 146%. C;3H;(N,O,S requires C,
41-9; H, 435; N, 1505%).
S-[N-(2,4-Dinitrophenyl)-2-aminoethyl|mercap-
turic acid methyl ester (X). A solution of the mercap-
turic acid (IX, 0-15 g) in methanol (10 ml) containing
acetyl chloride (0-5 ml) was left at room temperature
for 2 hr. The solution was twice treated with methanol
(5 ml) and concentrated. Silicic acid (2 g) in methanol
(5 ml) was added, the mixture was concentrated and
the residue applied to a column of silicic acid (16 x
2 cm) which was eluted with chloroform—methanol,
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9:1 (10-m! fractions). Fractions 6-19 contained the
product (X), a yellow solid (0-11 g, 71%), which crys-
tallized from methanol at 0°, m.p. 97-100° (Found:
C, 43-5; H, 475; N, 140%. C,H,gN4O-S requires
C, 435; H, 47; N, 14:5%).

S-[N-(2,4-Dinitrophenyl)-2-aminoethyl]cysteine
(XI). Cysteine hydrochloride (24 g) was dissolved in
warm dimethyl sulphoxide (30 ml) before CB 1837 (I,
3 g) and triethylamine (4-2 ml) were added. The solu-
tion was stirred at 60° for 3-5hr before cooling.
Ammonium hydroxide (d. 0-88, 5ml) in water (50 ml)
was added followed by diethyl ether (100 ml). After
vigorous agitation, to complete solution, the aqueous
layer was collected and saturated with sodium ace-
tate. On addition of glacial acetic acid (6 ml) an
orange precipitate slowly formed. After 1 hr, this was
filtered off and washed successively with water, ace-
tone and diethyl ether. The product (2'1 g, 44%;) was
recystallized by dissolution in a slight excess of dilute
aqueous sodium hydroxide and then slow addition
of an equivalent amount of dilute aqueous hydro-
chloric acid to yield the product (XI) as yellow prisms,
m.p. 201° (decomp.) (Found: C, 39-8; H, 46; N,
169%. C, H;,N,O(S requires C, 40,0; H, 43; N,
17:9%). In the Walker test: LDs, was ca 1000 mg/kg;
no tumour growth inhibition occurred up to 1600 mg/
kg.

DISCUSSION

The toxicity of CB 1837 in vitro (see Table 1) was
very low for a drug with an 1Dy, of 23 mg/kg, which
would normally be active in the bioassay at a con-
centration of ca 23 ug/ml. This toxicity was more
nearly approached when liver 9000-g supernatant and
cofactors were included in the incubation mixture in
the bioassay, a finding consistent with metabolic acti-
vation of CB 1837 by the liver supernatant fraction.
Hence a study of the metabolism of CB 1837 might
provide some insight into its mechanism of action,
and that of other nitrophenyl aziridines.

Metabolism of CB 1837 by liver 9000-¢ supernatant
and cofactors afforded the half-reduced analogue (IV).
This was more active in the bioassay system (Table
2) than CB 1837, and was comparable in activity to
CB 1837 in the presence of the liver supernatant
{Table 1). The requirement of a relatively high con-
centration of NADP to produce activation of CB
1837 (Table 3) was consistent with the involvement
of nitroreductase in the activation step [9] and thus
with the conversion of CB 1837 into the half-reduced
analogue (IV) as the activating step. The finding that
the metabolite (IV) had a low TI in the in vivo test
might appear to suggest that it was not responsible
for the activity of CB 1837 in vivo. However, the
active form of a drug may be more effective when
generated by metabolism than when administered
externally.

Examination of the urinary metabolites of CB 1837
in the rat showed extensive metabolism of the drug
(Table 4). The metabolites were separated into polar
and non-polar components by extraction of the latter
with an organic solvent and this extract was resolved
into six mobile components by tlc. Mass spectro-
metry of each metabolite allowed its chemical struc-
ture to be predicted on the basis of certain character-
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istic fragmentation pathways, in particular those asso-
ciated with the aromatic nitro group [10]. The struc-
tures (II-VI) thus derived were confirmed by a com-
parison of the mass spectra and chromatographic
properties (Figs. 1-2 and Table 4 respectively) with
those of synthetic materials. One of the polar metabo-
lites remaining in the aqueous phasc after solvent
extraction afforded a satisfactory mass spectrum only
after methylation. The mass spectrum of the methyl-
ated product was identical with that of the synthetic
methyl ester (X) (see Fig. 3) of the mercapturic adduct
(IX) of CB 1837. The preponderance of the appro-
priate (M + 1)* ion over M ™" observed here has been
noted for other N-acetylamino acid methyl esters [11]
as have some of the signals in the lower mass range
{e.g. m/e 88, 101, 111 and 143). Formation of the mer-
capturic acid conjugate (IX) would appear to repre-
sent a detoxification mechanism for CB 1837. since
the related cysteine adduct (XI) was inactive against
the Walker tumour.

Tritium-labelled CB 18§37 was used in a quantita-
tive evaluation of the urinary metabolites (Table 4).
Only 7% of thc administered radioactivity was
excreted in this experiment. but a higher figure (23}
has been observed in a separate experiment designed
to follow the excretion of the drug with time [12].
Identified metabolites accounted for 36%, and un-
identified metabolites for 51%;, of excreted radioacti-
vity, of which the latter consisted of those polar meta-
bolites (A~C in Fig. 4} which were not readily separ-
able from naturally occurring urinary constituents.
Additionally detected during this quantitative exper-
iment were the compounds (VII) and (VIII). which
coincided on t.lc. The mass spectrum contained inter
alig the appropriate molecular ions (m/e 227 and mye
257) in the intensity ratio 19:1. That synthetic (VI
was produced both from (V) and from the product
of partial reduction of CB 1837 served to cstablish
that the structure (IV) had been correctly assigned
to the latter product. since the aziridino and amino
substituents must therefore bear the ortho relationship
of the corresponding substituents in the known [&]
compound (V). The half-reduced analogue (IV) of CB
1837, which had earlier been implicated as a possible
activated form of the drug, was the most abundant
of the potentially alkylating metabolites present in the
urine, and was indeed more than twice as abundant
as unchanged CB 1837. Its N-acetyl derivative (VD)
was insufficiently abundant to be quantitatively
determined at the levels of radioactivity employed.

Thus the studies in vivo lend additional support
to the hypothesis that CB 1837 might be activated
by partial reduction. In this connection, Khan and
Ross [13] have considered the possibility that CB
1837 might be metabolised by partial reduction to
an azoxy-derivative, 2.2-di(l-aziridinyl)-3.35 -dinitro-
azoxy-benzene, which could be considered as a
bifunctional alkylating agent. thus reconciling the
usual requirement for such bifunctionality with the
apparently anomalous antitumour activity of the
monofunctional nitrophenylaziridines.  Since  the
azoxy-derivative is mobile on tlc. in benzene (R,
0-05) and in chloroform-methanol. 19:1 (R, 0-70} it
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was sought among the relatively non-polar metabo-
lites of CB 1837, but has not so far been detected.
Other urinary metabolites of CB 1837 which were
tested in the bioassay system were the N-(2-chioroeth-
ylamino analogue (II) and 2.4-dinitroaniline. Both
were inactive at concentrations of 1 mg/ml.

The possibility that the Walker tumour itself could
metabolise CB 1837 was also investigated. The uri-
nary metabolites of CB 837 produced by a tumour-
free rat as described above were compared with those
produced by a rat bearing the advanced Walker
tumour. There were no discernible differences, but
this finding does not entirely preclude the possibility
that specific metabolites are formed by the tumour-
bearing rats, since these may be excreted by an alter-
native route. or may be highly reactive and locally
acting.

In summary, whilst the present study has afforded
some insight into the mechanism of action of CB
1837, the wider questions, namely the reason for thc
selectivity of the nitrophenyl aziridines towards the
Walker tumour. and for the absence of the usual re-
quirement for bifunctionality in an antitumour alky-
lating agent remain unanswered. It is hoped that a
complementary study of the metabolism of CB 1954
(Ia) for which this work provides a basis, will aid
a solution to these problems.

Acknowledgements—This investigation was supported by
grants to the Chester Beatty Research Institute (Institute
of Cancer Rescarch: Royal Cancer Hospital) from the
Medical Research Council (G973/786-7/K). The AET MS-
12 mass spectrometer was purchased on a special grant
(G969/189/C) from the Medical Research Council. We
thank Mr. M. H. Baker and Mr. L. J. Griggs for technical
assistance.

REFERENCES

I. A. H. Khan and W. C. J. Ross. Chem-Biol. Interact.
1, 27 (1969-70).

2. T. A. Connors and D. H. Melzack, [nr. J. Cancer 7.
86 (1971}

3. T. A, Connors, H. G. Mandel and D. H. Melzack,
Int. J. Cancer 9, 126 (1972).

4. 1. A. Hickman. Biochem. Pharmac. 23, 2833 {1974).

5. T. A. Connors, A. B. Foster, A. M. Gilsenan, M. Jar-
man and M. J. Tisdale, Biochem. Pharmac. 21, 1309
(1972).

6. T. A. Connors, P. J. Cox, P. B. Farmer. A. B. Foster
and M. Jarman. Biochem. Pharmae. 23, 115 (1974).

7. V. M. Rosenoer, B. C. V. Mitchley, F. 1. €. Roe and
T. A. Connors, Cancer Res. 26, 973 (1966).

8. H. Hippchen. Chem. Ber. 80, 263 (1947).

9. ). R. Fouts and B. B. Brodie, J. Pharmac. ¢xp. Ther.
119, 197 (1957).

10. 1. H. Beynon, R. A, Suaunders and A. E. Williams, The
Mass Spectra of Organic Molecules, p. 330. Elsevier,
Amsterdam (1968).

11, C.-O. Andersson. R. Ryhage and E. Stenhagen. Arch
Koemi 19, 417 (1962).

12, D. H. Melzack, Ph.D. Thesis, London. p. 159 {1973).

13. A. H. Khan and W. C. J. Ross, Chem-Biol. Interact.
4, 11 (1971-72).



