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Abstract: 1-(2-C-Cyano-2-deoxy-B-D-arabino-pentofuranosyl)cytosine (CNDAC,
1) is a potent antitumor nucleoside developed by us. A series of 5'-phosphatidyl
derivatives of CNDAC bearing various fatty acyl residues, namely dimyristoyl
derivative 3a, dipalmitoyl derivative 3b, distearoyl 3¢, dioleoyl derivative 3d, and
dilinoleoyl derivative 3e, was synthesized by phospholipase D-catalyzed
transphosphatidylation. All of these 5'-phosphatidyl-CNDACs (3a-e) administered
ip almost perfectly inhibited the growth of sc-implanted M5076 sarcoma in mice,
and the effects were clearly superior to that of CNDAC.
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To develop efficient antitumor drugs, it is very important to find agents having a new antitumor
mechanism of action, namely having characteristic pharmacodynamic properties. We have designed and
synthesized 1-(2-C-cyano-2-deoxy-B-D-arabino-pentofuranosyl)cytosine (CNDAC, 1) as an antitumor
nucleoside due to mechanism-based DNA-strand-breaking activity.2 In fact CNDAC showed potent growth
inhibitory activity against various human tumor cells both in vitro and in vivo.2 We also demonstrated that
the 5'-triphosphate of CNDAC was incorporated into DNA by DNA polymerases and the resulting oligo-
DNA including CNDAC was strand-broken spontaneously, as we hypothesized.2¢
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On the other hand, it is also significant to modify antitumor agents with a new mechanism of action
to use them effectively in cancer chemotherapy. From this point of view, much attention has been focused
on the conversion of antitumor nucleosides to their phospholipid derivatives.3 In recent years, we have been

engaged in the studies on 5'-phosphatidylation of antitumor nucleosides to improve their antitumor
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potency.# We have used 5-fluorouridine (FUR) as a model antitumor nucleoside and demonstrated that 5'-
phosphatidyl-FUR (2) had more significant antitumor activity against various mouse tumors than FUR, and
had excellent pharmacokinetic properties due to being recognized as a phospholipid by the body.42.b.d-f In
this communication, we describe synthesis of 5'-phosphatidyl derivatives of CNDAC bearing various fatty
acid residues, and their antitumor effects on M5076 sarcoma in mice.

We have reported that CNDAC was very unstable due to unusual acidity of the 2'-proton; the 2'-
position was readily epimerized and/or the glycoside linkage was cleaved even in neutral conditions.2d
Accordingly, its derivatization by the usual nucleoside chemistry would be troublesome. On the other hand,
we have developed an enzymatic method for the preparation of 5'-phosphatidylnucleosides from a
nucleoside and a 3-sn-phosphatidylcholine (PC, 4) by a one-step reaction, in which phospholipase D-
catalyzed transphosphatidylation, namely, the regiospecific transfer reaction of the phosphatidyl residue
from PC to the 5'-hydroxyl of a nucleoside, was used.4a:b Therefore, we planned to synthesize 5'-
phosphatidyl derivatives of CNDAC by this enzymatic method.
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Table L. Yields and Physical Data for 5'-(3-sn-Phosphatidyl)-CNDACs.

Compound  Yield® UV 0 am)P  FAB-MS (m/z) Formula®
3a 52 271 850 (MH*) C41H79N40;PNa-3/4MeOH
3b 42 271 906 (MH+) C45H7gN40{PNa
3c 52 271 962 (MH*+) C49HggN4O;|PNa
3d 53 271 958 (MH*) C49HgoN40;1PNa-1/2H,0
3e 54 271 954 (MH*) C49H7gN4011PNa-H,0

aYields were based on CNDAC used. PMeasured in MeOH. ¢Compounds were analyzed for C, H,
and N and were within £0.4% of the theoretical value.
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In the presence of 1.2 eq. of dimyristoyl PC 4a, CNDAC was treated with phospholipase D from
Streptomyces sp. AA 586 (PLDP) in a two-phase system of chloroform and acetate buffer (pH 4.5) at 40 °C.
After the usual work-up and treatment with a cation-exchange resin, the desired phosphatidyl-CNDAC
derivative 3a was isolated as sodium salt in a pure form> in which epimerization at the 2'-position was not
observed. In a similar way, saturated-acyl-type derivatives, 3b and 3c, were readily prepared. It is
recognized that synthesis of phospholipid derivatives bearing unsaturated acyl residues is usually
troublesome due to their instability.6 However, the dioleoyl and dilinoleoyl phosphatidyl derivatives of
CNDAC, 3d and 3e, also were successfully synthesized by this enzymatic method.

Table II. Antitumor activities of ip-administered 5'- Although CNDAC effectively inhibits the

phosphatidyl-CNDACs (3a-e) against M5076 growth of various experimental tumors,32-¢ its

sarcoma implanted sc in mice? antitumor activity against mouse M35076

Compound Dose TGI> ILS¢ Wt Changed sarcoma was not strong enough. Therefore, we

(mg/kg/day) (%) (%) ® evaluated the antitumor effects of the newly
3a 100 80 4 0.8 synthesized compounds with sc-implanted
%88 9-{ 25 toxicofl ) MS5076 sarcoma in mice, and compared them
with the effects of CNDAC. The compounds
3b 588 gg %é 8‘9 were administered ip on Days 1, 5, and 9, and
300 100 40 toxic (1)® the results are summarized in Table II. The
3c 100 88 20 12 saturated diacyl derivatives, 3a, 3b, and 3¢, with
200 97 49 02 the same saturated fatty acyl residues (myristoyl,
300 98 60 -03 palmitoyl, and stearoyl, respectively) at the sn-1-
3 25 69 -3 16 and sn-2-positions, inhibited the growth of
1(5)8 gé 1; 82 sarcoma almost perfectly without body weight
200 - -12 toxic (2)¢ changes of mice, at the doses 100 and 200

300 - -58  toxic (3)®

mg/kg/day. This result was clearly superior to
3e 100 93 15 03 that of CNDAC (tumor growth inhibition (TGI);

200 - 10 toxic (1)®
300 ) 15 toxic (1) 38% at 100 mg/kg/day and 47% at 200
mg/kg/day, respectively). At the dose 300
CNDAC (1) 588 Zg 1.1, }é mg/kg/day, although 3a and 3b were toxic, 3¢
300 67 14 1.0 strongly inhibited growth of the tumor (98%

aM5076 cells (1x106) were implanted sc into inhibition) and also increased the life span of

female BDF1 mice and ip-therapy was done on mice (ILS 60%) with a slight weight loss in

Days 1, 5, 9. bTumor volume and tumor growth . .
inhibition (TGI) on Day 21 were calculated as mice. CNDAC had a moderate antitumor effect

flgcl}l;)w%) Tur[nor volume = (lengtlll) x- (width)2/2; at this dose (TGI 67%, ILS 14%). Although the
(%) = [1-(average tumor volume in treated . L

group)/(average tumor volume in control group)] x unsaturated diacyl derivative 3d and 3e were
100. CIncrease in life-span (ILS) was calculated as toxic at 200 mg/kg/day and 300 mg/kg/day,
follows: ILS = [(median survival day of treated I d
group)/(median survival day of control group) - 1] when the treatments were done at lower doses,
x 100. dBody weight change from Day 1 to 12. these compounds showed more excellent effects

e . .
Number of toxic deaths out of 6 mice. than saturated derivatives. The linoleoyl deri-
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vative 3e at 100 mg/kg/day and the oleoyl derivative 3@ at 100 and 50 mg/kg/day inhibited the growth of
sarcoma effectively. We also investigated the antitumor effects on the same tumor system by po
administration of 3a, 3b, and 3c; all the tested compounds showed similar strong antitumor effects as those
observed by their ip administration (data not shown).

In conclusion, we enzymatically synthesized 5'-phosphatidyl derivatives of CNDAC that had more
significant antitumor effects than the parent compound, CNDAC. These results, as well as the antitumor
potency of 5-phosphatidyl-FUR reported previously,4b-e.f suggested that the derivatization of antitumor
nucleosides to the corresponding 5'-phosphatidyl analogues resulted in increased antitumor effects of the
compounds.
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