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Communications to the Editor

Nucleosides and Nucleotides. 100.
2’-C-Cyano-2’-deoxy-1-8-D-arabinofuranosyl-
cytosine (CNDAC): Design of a Potential
Mechanism-Based DNA-Strand-Breaking
Antineoplastic Nucleoside!*

Interest in certain 2’-deoxyribonucleosides and arabi-
nofuranosyl nucleosides as potential anticancer chemoth-
erapeutic agents was stimulated by the observation that
1-8-D-arabinofuranosylcytosine (ara-C, 1a) had antileuk-
emic activity; it is one of the most effective drugs for the
treatment of adult acute myeloblastic leukemia.2®* How-
ever, ara-C has some drawbacks including its short half-life
in plasma due to rapid deamination to chemotherapeuti-
cally inactive 1-8-pD-arabinofuranosyluracil by cytidine
deaminase, and it is not effective against solid tumors.*®
To overcome these problems, efforts have been made to
substitute certain functional groups other than the hy-
droxyl group at the 2’-position in place of the hydrogen
atom of 2’-deoxycytidine. As a result of these studies,
several analogues of 2’-deoxycytidine 1b—e in Chart I were
found to be as potent as ara-C against leukemic cells.”??
As we have reported quite recently, (2'S)-2'-deoxy-2’-C-
methylcytidine (1f, SMDC) was also found to be a potent
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inhibitor of the growth of mouse and human leukemic cells
in vitrol’"1®  Additionally we have reported that 2'-
deoxy-2’-methylidenecytidine (2, DMDC), which is re-
sistant to the deaminase from mouse kidney, was effective
on various human tumor cells in vitro as well as in vivo.1*16
DMDC also showed therapeutic activity against human
tumor xenografts.’® One of the most important mecha-
nisms related to their antineoplastic effects is to inhibit
DNA polymerases in competition with dCTP after being
metabolically activated as their 5-triphosphates. We have
also found that 5'-triphosphates of 1f and 2 were incor-
porated into the 3’-terminus of a DNA primer, and they
acted as chain terminators.!” We sought to design a new
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nucleoside that has a chemical reactivity that would cleave
a DNA strand after its incorporation intoc the DNA mol-
ecule. This mechanism would not differ from the usual
competitive inhibition of DNA polymerases or chain ter-
mination, and thus could exert a unique antineoplastic
activity, much like the strand breaks in DNA produced
by ionizing radiation therapy that have been hypothesized
to result in tumor cell death.

In this communication, we describe the synthesis of
2’-C-cyano-2'-deoxy-1-6-D-arabinofuranosylcytosine (3,
CNDAC). The inhibitory activity of CNDAC to human
tumor cell lines in vitro and its antitumor activity on
mouse leukemia P388 cells in vivo is also described. In-
troduction of the cyano group into the 2’-“up”-position of
2’-deoxycytidine would increase the acidity of the 2’-
“down”-proton. If this analogue were enzymatically in-
corporated into DNA molecules, the cyano group would
be B8 to the phosphate diester in the DNA molecule.
Following the precedent that a 3-cyanoethyl group on a
phosphate diester of a nucleoside is easily deblocked with
alkaline treatment through S-elimination,!® a similar pro-
cess could occur when a 2’-C-cyano nucleoside analogue
is incorporated into the DNA molecule resulting in strand
scission. Moreover, the sugar structure of the 3’-terminal
nucleotide should be a good Michael acceptor, and possibly
react with certain nucleophiles.

Chemistry. Recently, we have developed a method for
introducing alkyl substituents into the 2’-“up”-position of
pyrimidine nucleosides using radical deoxygenation of the
methyl oxalyl ester of the tertiary alcohol.}"13 This
methodology was essentially adopted to synthesize
CNDAC as outlined in Scheme I. N*-Acetyl-1-[3,5-O-
(tetraisopropyldisiloxane-1,3-diyl)-3-D-erythro-pento-
furan-2-ulosyl]cytosine (4) was treated with sodium
cyanide in the presence of sodium bicarbonate in aqueous
ether!®2 to afford an epimeric mixture of 2’-cyanohydrins
5. Compound 5 was further treated with phenyl chloro-
thionocarbonate in the presence of 1 equiv of p-(di-
methylamino)pyridine in acetonitrile to give thiocarbonate
6. Deoxygenation with BusSnH and 2,2-azobis(iso-
butyronitrile) in toluene at 100 °C gave the crystalline
nucleoside 7 in 57% yield from 4.2! The configuration at
the 2’-position of 7 was confirmed by NOE experiments.
When H-2’ (5 3.72, dd) was irradiated, a NOE was observed
at H-1’ (5 6.34, d) about 15%. Also the H-6 (6 8.07, d) was
irradiated and a NOE was observed at H-1’. These in-
dicate that radical deoxygenation proceeded stereo-
specifically to give the arabinonucleoside 7 due to the steric
hindrance of the 3-face. This is consistent with our pre-
vious observations.!"13 Deprotection of the 3/,5’-O-tetra-
isopropyldisiloxanediyl group of 7 by tetrabutylammonium
fluoride in the presence of acetic acid in tetrahydrofuran
afforded N*-acetyl derivative 822 in 84% yield, which was
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Table I. Inhibitory Effects of CNDAC on the Growth of Various
Human Tumor Cell Lines in Vitro (ICg, ug/mL)*®

cell line CNDAC ara-C
ST-KM stomach adenocarcinoma 2.8 >100
NUGC-4 stomach adenocarcinoma 5.2 >100
MKN-1 stomach adenocarcinoma 2.1 ND¢
MKN-7 stomach adenocarcinoma 14 ND¢
MKN-28 stomach adenocarcinoma 1.7 4.5
MKN-74 stomach adenocarcinoma 0.04 ND¢
OST osteosarcoma 6.4 >100
KHOS-321H osteosarcoma 4.5 0.27
SK-ES-1 osteosarcoma 2.2 0.09
MNNG-HOS osteosarcoma 6.8 2.6
PC-3 lung adenocarcinoma 5.6 >100
PC-8 lung adenocarcinoma 4.6 0.28
PC-9 lung adenocarcinoma 44 1.6
PC-13 lung large-cell carcinoma >100 >100
QG-56 lung squamous-cell carcinoma 40.0 >100
SW-480 colon adenocarcinoma 0.27 >100

¢ Cytotoxic activity assay in vitro was done following the method
of Carmichael et al.#* Each tumor cells (1 X 10*/well) was incu-
bated in the presence or absence of compounds for 72 h. Then,
3-(4,5-dimethylthiazol-2-y1)-2,6-diphenyltetrazolium bromide was
added and the OD (570 nm) was measured. Percent inhibition was
calculated as follows: % inhibition = [1 - OD (570 nm) of sample
well/OD (570 nm) of control well] X 100. ®ICy (mg/mL) was giv-
en as the concentration at 50% inhibition of cell growth. °Not
determined.

further treated with HCl in MeOH (3%) at room tem-
perature to give CNDAC as a hydrochloride in 58% yield.?
The acid-catalyzed deprotection of 8 to 3 was used be-
cause treatment of 8 with NH3/MeOH to remove the
Nt-gcetyl group was unsuccessful, and the only isolable
product from the reaction mixture was cytosine. This
provided additional chemical evidence for the sensitivity
of 3 to B-elimination. Also, reaction of the 5-dimeth-
oxytrityl derivative of 8 with 1,1’-thiocarbonyldiimidazole
or 1,1’-carbonyldiimidazole in N,N-dimethylformamide
furnished a §-elimination product, the 2’-C-cyano-2',3’-
didehydro-2’,3’-dideoxy derivative 9. Such chemical re-
activity would be expected from CNDAC if in its nucleo-
tide form it were to be incorporated into DNA.
Biological Activity. When CNDAC was initially tested
against mouse leukemic L1210 cells (1 X 10%) for 72 h, ICs,
(the concentration required for 50% inhibition of cell
growth using the MTT assay?*) was 0.21 ug/mL. This
value was comparable to those of DMDC (2),}5 SMDC
(1f),1% and cytarazid (1b),”25 which we have recently re-
ported. We then compared the in vitro cytotoxic spectrum
of CNDAC with that of ara-C in the various human tumor
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cell lines including six stomach adenocarcinomas, four
osteosarcomas, three lung adenocarcinomas, a lung large-
cell carcinoma, a lung squamous-cell carcinoma, and a
colon adenocarcinoma. As summarized in Table I,
CNDAC had potent cytotoxicity in 14 tumor cell lines with
ICg, values ranging from 0.04 to 6.8 ug/mL, but not against
PC-13 lung large-cell carcinoma and QG-56 lung squa-
mous-cell carcinoma. On the other hand, ara-C showed
good cytotoxicity to only six of the cell lines (0.09-4.5
ug/mL) tested in this study. It is important to note that
CNDAC shows a potent cytotoxicity in all tested the hu-
man stomach adenocarcinomas, the incidence of which is
high in Japan.

In vivo antitumor activity of CNDAC and ara-C was also
examined against intraperitoneally implanted mouse leu-
kemia P388 (10° cells) in CDF, mice, with a dose of 100
mg/kg per day intraperitoneally given on days 1 and 5
from the day after tumor transplantation. The antitumor
effects of CNDAC were measured by comparison of the
median survival time of the treated group and that of an
untreated group, with six CDF, female mice in each group.
The survival time was greatly increased; the ratio of treated
vs the control in median survival time was 183%, while
that of ara-C was 163%. Median survival time of the
untreated control group was 10.0 days. When a 20 mg/kg
dose of CNDAC was administered intraperitoneally once
each day on days 1-10, five out of six mice survived over
60 days (T'/C > 600%) after initial treatment (one mouse
died at day 53). Although the optimal therapeutic schedule
of CNDAC is not yet known, such excellent activity sug-
gests that CNDAC is a promising agent for further eval-
uation for therapy of human cancer. Whether the mech-
anism responsible for its antitumor properties is related
to the DNA-strand-breakage hypothesis is being studied.
If CNDAC indeed acts as a “chemical X-ray”, it would
demonstrate a new approach for anticancer chemotherapy.

Acknowledgment. This investigation was supported
in part by Grants-in-Aid for Cancer Research, Special
Project Research on Cancer-Bioscience, and Scientific
Research on Priority Areas from the Ministry of Educa-
tion, Science, and Culture of Japan.

*This paper is dedicated to the memory of Professor Tohru
Ueda, deceased September 19, 1990.

* Author to whom correspondence should be addressed.

$ Hokkaido University.

¥ Kanazawa University.

Akira Matsuda,*’ Yuki Nakajima,’ Atsushi Azuma!
Motohiro Tanaka,! Takuma Sasaki!

Faculty of Pharmaceutical Sciences

Hokkaido University

Kita-12, Nishi-6, Kita-ku, Sapporo 060, Japan

Cancer Research Institute

Kanazawa University

Takara-machi, Kanazawa 900, Japan

Received May 30, 1991

Potent, Orally Active
Imidazo{4,5-b Ipyridine-Based Angiotensin II
Receptor Antagonists

Angiotensin II is the principle pressor agent of the re-
nin-angiotensin system (RAS). This system, a proteolytic
cascade that regulates hemodynamics and water and
electrolyte balance, can contribute to hypertensive states
in man. The effects of the octapeptide angiotensin II (AII),
which include vasoconstriction, stimulation of aldosterone
synthesis and release, cardiac stimulation, and renal re-
absorption of sodium, are mediated through specific
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membrane-bound receptors. Reducing All levels with
angiotensin converting enzyme (ACE) inhibitors such as
captopril and enalapril has confirmed the therapeutic
benefit of inhibiting the RAS in hypertension and heart
failure.

An alternative mode of inhibiting All is to antagonize
its interaction with the receptor. Although peptide ana-
logues of AII inhibit the action of AIl by competitively
binding to the receptor,! their prospects as clinical agents
are limited due to short duration, poor oral bicavailability,
and partial agonist activity.

Recently, nonpeptidic, orally active All receptor an-
tagonists, have been reported,? and one of these, 2-n-bu-
tyl-4-chloro-5-(hydroxymethyl)-1-[[2'-1H-tetrazol-5-yl)bi-
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