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SYNTHESIS AND MURINE P388 ANTITUMOR ACTIVITY OF
URIDINE MUSTARD: A PRELIMINARY REPORT

Abdol H. Talebian®, Philip S. Schein, and Dianna C. Green
Department of Chemistry and Vincent T. Lombardi Cancer
Research Center, Georgetown University, Washington, D.C. 20057

ABSTRACT: 5'~[Bis(2-chloroethyl)amino]-5'-deoxy uridine (uri-
dine mustard), compound 5, was synthesized and characterized
by its 1H, 13C, and two-dimensional homonuclear shift corre-
lated (COSY) and two-dimensional heteronuclear correlated NMR
spectra. In comparative murine studies, uridine mustard was
substantially less leukopenic than the equitherapeutic dose
of uracil mustard.

To reduce the undesirable toxic effects of antineoplastic
agents, many investigators have attached the cytotoxic group
to biologically important molecules such as nucleosides,
sugars, and amino acids'’. For example, in studies by Lin et
al.® a single intraperitoneal (i.p.) injection of 3'-[3-(2-
chloroethyl)-3-nitrosoureido]-3'-deoxythymidine (3'-CTNU), a
nitrosourea analogue of thymidine, in mice bearing 11210
leukemia produced 60-day survivors. These investigators have
also shown that the antitumor activity of 3'-CTNU against
L1210 leukemia is enhanced when coadministered with thymi-
dine®. our laboratory has demonstrated that nitrosourea
derivatives containing a sugar moiety exhibit significantly

%1 Th recent studies, we have

decreased bone marrow toxicity
extended this concept to other alkylating agents. Attachment
of a sugar moiety to the bis(2-chloroethyl)amine cytotoxic
group results in compounds that retain full murine antitumor
activity with decreased hematologic toxicityuﬁs.

To determine whether attachment of a nucleic acid to a
cytotoxic nitrogen mustard influences the antitumor activity

and myelotoxicity, we have synthesized and evaluated 5'-[bis-
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(2-chloroethyl)amino]-5'-deoxy uridine (uridine mustard,
compound 5, Scheme I). In this paper, we report the synthesis
and murine P388 leukemia antitumor activity of wuridine
mustard, as well as its acute leukopenic effects, in compara-
tive studies with 5-[bis(2-chloroethyl)amino]uracil (uracil
mustard) and nitrogen mustard (HN2).
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EXPERIMENTAL
Material and Methods

'H and ¢ nuclear magnetic resonance were recorded on a
Brucker AM-300 WB at 300.133 and 75.469 MHz, respectively.
Chemical shifts are reported in ppm units, using tetramethyl-
silane as internal standard for compound 3 and sodium 3-tri-
methylsilylpropionate-2,2,3,3-d4, for compound 5. Elemental
analyses were performed by Galbraith Laboratories, Knoxville,
Tennessee.
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Chemical S8ynthesis
5'-Deoxy-bis (2-hydroxyethyl)amino-2',3'~isopropylidene uridine

3. Compound 3 was prepared using 1'% or 2"

. Compound 1 (1.00q)
in freshly distilled bis(2-hydroxyethyl)amine (10 ml) was vig-
orously stirred at 100 °C under a nitrogen atmosphere until
TLC showed complete disappearance of tosylate (CHC1,: CH;0H,
10:1; 80°C when mesylate was used). The mixture was brought
to room temperature, after which 5 ml of methanol were added.
The resultant solution was passed over a silica column eluted
with ethyl acetate and ethyl acetate-acetone(l:1). Solvents
were removed on a rotory evaporator under reduced pressure to
give 0.58 g pure 3 (68% yield) as a slightly yellow hygroscop-
ic solid. 'HNMR(CDCl,): & 7.24(1H,d,H-6); 5.65(1H,d,H-5); 5.46
(1H,s,H-1'); 4.98(1H,d,H-2'); 4.72(1H,t,H-3"'); 4.08 (1H,q,H4");
3.72(2H,dt,0H) ; 3.53(4H,bs,HOCH,~); 2.85(2H,dd,H-5); 2.69(4H,
m,-CH,N-) ; 1.48(3H,s,CH;); 1.27(3H,s,CH;).
S'=[Bis(2~chloroethyl)amino]-5'~deoxy uridine hydrochloride
5. Compound 3 (0.5g) in chilled (0°C) dry chloroform (10 ml)
was treated with thionyl chloride (2-3 ml). The mixture was
gradually brought to ambient temperature, stirred for one hour
and then refluxed for 20 minutes with the exclusion of mois-
ture. This mixture was cooled to room temperature, and evapor-
ated to dryness to remove chloroform and excess thionyl chlor-
ide. The remaining solid residue, crude 5'-[{bis(2-chloroethyl)
amino]-5*'~deoxy-2',3'~isopropylidene uridine (4), was parti-
tioned between chloroform and water. The water layer was back-
washed with 2x 10 ml of chloroform. The aqueous solution was
lyophilized to give 0.47 g (71% yield) pure 5 as a pale yellow
hygroscopic solid which decomposed at 88-90°C (sealed tube).
'HNMR(D,0) : 6 7.63(1H,d,H-6,J5.,~7.85 Hz) ; 5.87(1H,d,H5,J5.,=7.85
Hz); 5.74(1H,d,H-1'); 4.49(1H,m,H-2'); 4.39(1H,m,H~4'); 4.24
(1H,m, H-3'); 3.98(4H,m,2xN-CH,~); 3.61(6H,mm,2x Cl-CH,- and
H-5'). "CNMR(D,0): & 168.76(C=0); 153.91(C=0); 146.01(C-6);
104.99 (C-5); 95.97(C-1'); 79.41(C-4'); 74.66(C~2'); 74.01(C-
3'); 58.16 (C-5'); 57.66(Cl-C); 39.75(N-C). Anal. Calcd. for
C,3H4C1,Nz0, . HC1.5H,0: C,31.56; H,6.11; N,8.49. Found: C,31.80;
H,6.08; N,8.07.
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Chemical Alkylating Activity

Comparative in vitro chemical alkylating activities for

uridine mustard and nitrogen mustard were estimated by reac-
tion with 4-(p-nitrobenzyl)pyridine (NBP), as described in a
previous publication". Aliquots of each compound (0.02-1.5
umol dissolved in 0.85% sodium chloride (saline) at 4°C) were
added to 1.5 ml of 5% (weight/volume) NBP in acetone. Four ml
of 0.025 M acetate buffer, pH 6, were guickly added and the
mixture was incubated at 37°C for 2 hours; the reaction was
terminated by placing the samples on ice. Two ml of acetone
and three ml of ethyl acetate were then added to each tube.
This mixture was made alkaline with 1.5 ml of 0.25 N NaOH,
vortexed, and centrifuged at 3000 rpm for 15 sec. Absorbance
of the ethyl acetate layer at 540 nm was determined, and the
relative alkylating activity of uridine mustard was compared
to nitrogen mustard, an alkylating agent in clinical use.
Murine Antitumor Activity and Bone Marrow Toxicity

The murine P388 leukemia was used to evaluate antitumor
activity, and was maintained by intraperitoneal passage in
female DBA/2F, mice. Male BALB/C x DBA/2F, (CD2F,) mice, weigh-
ing 19-23 grams, were used for all experiments. Each test drug
was administered intraperitoneally to groups of five mice on
day 1 following implantation of 1x10° P388 cells, as described
previously”. Uridine mustard was dissolved in saline at 4°C
immediately prior to use. Uracil mustard was dissolved in
ethyl alcohol, and the solution was added to saline to give
a final ethyl alcohol concentration of five percent. Nitrogen
mustard, dissolved in saline at 4°C, was used as a comparative
standard mustard alkylating agent. Two replicate experiments
were performed. The percent increase in life span (%ILS) was
calculated as follows:

$ILS = (T-C)/C X 100
where T is the mean survival days of the treated mice and C

is the mean survival days of tumored mice receiving the drug
vehicle.
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For studies of bone marrow toxicity, peripheral leukocyte
(WBC) counts were measured using a 20-ul sample of retro-
orbital sinus blood obtained from CD2F, mice (six per group)
on day 4 following intraperitoneal administration of the
optimal therapeutic dose of uridine mustard or uracil mustard.
This 20-ul sample was added to 9.98 ml of Isoton (Curtin
Matheson, Washington, DC) and counted in a Model ZBI Coulter
Counter after lysis of red blood cells with Zapoglobin (Curtin
Matheson). Mean WBC counts for drug-treated animals were
compared with mice that received no treatment or drug vehicle
only, as described previouslyu.

Results and Discussion
Chemistry

The synthesis of 5'-[bis(2—chloroethyl)amino]-s'—deoxy
uridine (5) is outlined in Scheme I. Treatment of 5 -uridine
tosylate (1) or 5 -uridine mesylate (2) with bis(2-hydroxy-
ethyl)amine at 80-100°C for 2-4 hours produced 5 -[bis(2-hy-
droxyethyl)amino]-5'-deoxy-2"',3'-isopropylidene uridine (3).
Reaction of compound 3 with thionyl chloride in dry chloro-
form (0°C, and then at room temperature for 1 hr and refluxed
for20ndnutes),yieldedﬁf-[bis(2—chloroethy1)amino]—?—deoxy—
2',3'-isopropylidene uridine, compound 4. Exposure of compound
4 to agqueous acid, during the work-up, removed the isopropyl-
idene protecting group and gave the final product, 5'-[bis(2-
chloroethyl)amino]-5'-deoxy uridine in 71% yield (see experi-
mental section).

Homonuclear shift correlated 2D NMR (COSY)16 and hetero-
nuclear correlated 2D NMR' spectroscopy on compound 5 estab-
lished all C-H connectivities and confirmed the proposed
structure for uridine mustard (Figure 1). For complete assign-
ments of the protons and carbons of uridine mustard see exper-
imental section.

Chemical Alkylating Activity

Alkylating activities for uridine mustard and nitrogen
mustard were measured by the extent of alkylation of NBP that
occurred in 2 hours at 37°C and pH 6. On a molar basis, chem-
ical alkylating activity for uridine mustard was approximately

20% that of nitrogen mustard.
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Murine Antitumor Activity and Bone Marrow Toxicity

The murine P388 antitumor activity of uridine mustard was
evaluated in comparative studies with uracil mustard and
nitrogen mustard, and the results are summarized in Table I.
Two doses of uridine mustard, 15 mg/kg and 30 mg/kg, were
evaluated. For uracil mustard, Lane et a1."™® reported that a
single 4.5 mg/kg dose demonstrated significant antitumor act-
ivity in the murine L1210 leukemia system. In dose ranging
studies, we have previously determined that the optimal single
i.p. dose of nitrogen mustard for P388 leukemia is 2.9 mg/
kgnA3. Uridine mustard, 15 mg/kg i.p., increased the mean
survival time of P388 leukemic mice to 18.0 days, compared to
9.0 days for the vehicle treated tumor bearing mice, a 100%
increase in life span (ILS). At the 30 mg/kg dose of uridine
mustard, twenty percent of the mice died of drug toxicity,
and the mean survival time was 16.0 days (78% ILS). Uracil
mustard, 4.5 mg/kg, increased the mean survival time to 17.4
days (93% ILS), while nitrogen mustard, 2.9 mg/kg, produced
a mean survival of 14.4 days (60% ILS).

In a structure-activity analysis of chemical and
biological parameters of chloroethylnitrosourea alkylating
agents in mice, our laboratory has demonstrated a 1linear
relationship between the molar LD,, dose and chemical NBP
alkylating activity: the greater the alkylating activity, the
lower the molar LDw". For the mustard alkylating agents,
uridine mustard has approximately 20% of the NBP alkylating
activity of nitrogen mustard. In vivo, nitrogen mustard at a
dose of 2.9 mg/kg (15.1 umol/kg) is toxic to ten percent of
normal CD2F, mice. In comparison, uridine mustard at 15 mg/kg
(30 umol/kg) produced no deaths due to drug toxicity, while
a dose of 30 mg/kg (60 umol/kg) is toxic to twenty percent of
the mice.

The bone marrow toxic potential of uridine mustard was
compared to uracil mustard (Table I). Equitherapeutic doses
of uridine mustard (15 mg/kg) and uracil mustard (4.5 mg/kg)
were administered intraperitoneally to normal CD2F, mice, and
peripheral leukocyte (WBC) counts were determined on day 4.



08: 08 27 January 2011

Downl oaded At:

728 TALEBIAN, SCHEIN, AND GREEN

TABLE I. Biological Parameters

WBC Nadir Deaths
Dose P3esg (day 4): due to Drug
Compound (mg/kg) %$IL8 % of Control Toxicity
Uridine M 15 100 74.6
30 78 20%
Uracil M 4.5 93 44.1
s L4 ]
Nitrogen M 2.9 60 ND 10%

*Single dose of drug injected intraperitoneally on day 1
following i.p. implantation of 1X10° P388 cells; ILS= Increase
in life span.

Not Done

Uridine mustard, 15 mg/kg, reduced the WBC count to 74.6% of
control, while the 4.5 mg/kg dose of uracil mustard was
significantly more myelotoxic, reducing the WBC count to 44.1%
of control. These results with uracil mustard are in agreement
with previously published studies of Lane et al.'™.

In summary, the antitumor activity of uridine mustard,
15 mg/kg, for intraperitoneal P388 leukemia (100% ILS) was
equivalent to that achieved with a 4.5 mg/kg dose of uracil
mustard (93% ILS). Moreover, at these equitherapeutic doses,
uridine mustard was substantially less toxic to normal murine
bone marrow, as measured by depression of peripheral leukocyte
(WBC) counts. Uridine mustard maintained antitumor activity
equivalent to uracil mustard, with a concomitant decrease in
leukopenia.
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