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SYNTHESIS AND BIOLOGICAL ACTIVITIES OF SUGAR-MODIFIED 
2- @-Iz-BUTYLANILINO)-~’-DEOXYADENOSINE ANALOGUES 

Toyofumi Y amaguchi *, Kunie Sat0 and Mineo Saneyoshi 

Department of Biological Sciences, The Nishi-Tokyo University, 
2525 Yatsuzawa, Uenohara-machi, Kitatsuru-gun, Yamanashi 409-01, Japan 

Abstract: Several sugar-modified 2-@-n-butylanilino)-2’-deoxyadenosine analogues, 
including arabino and 2’(R)-azido-2’-deoxy analogues and their 5’-triphosphates were 
synthesized. These nucleosides thus obtained exhibited moderate cytotoxicity against P- 
388 leukemic cells in culture (IC50 = 13-24 pM). In contrast to above results, the 5’- 
triphosphates have been shown to exert strong and selective inhibitory effects on 
mammalian DNA polymerase a (Ki=0.02-0.04 pM). 

It has been reported that 5’-triphosphates of 2-@-n-butylanilino)-2’-deoxy- 
adenosine (BuAdA, 8a) and 2-@-n-butylphenyl)-2’-deoxyguanosine (BuPdG) are 
potent and selective inhibitors of eukaryotic DNA polymerase a. These compounds 
inhibit DNA polymerase a with Ki values in the nanomolar range by competing with the 
natural substrate dATP or dGTP. It has also been reported that BuAdA and BuPdG 
exhibit moderate cytotoxic activity in vitro, however, these compounds have not shown 
activity against P-388 leukemia in mice.2 It is expected that 2’(R)-substituted derivatives 
of nucleosides may exhibit more potent biological activities than the original compounds. 
Therefore, the synthesis of the sugar-modified BuAdA analogues was considered. 

For the synthesis of purine nucleosides bearing p-n-butylanilino group at C-2, 
triacetyl-2-iodoadenosine (1), which is readily prepared from guanosine, was used as 
the starting material. However, it is known to be difficult to replace the 2-halogeno group 
of 2-halogenoadenosine with aniline.4 Thus, triacetyl-2-iodoadenosine (1) was first 
converted to triacetyl-2-iodoinosine (2) by deamination reaction in 84% yield. Heating of 
triacetyl-2-iodoinosine with p-n-butylaniline in methanol afforded triacetyl-2-@-~- 
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butylani1ino)inosine (3) in 75% yield. The chlorination of 3 followed by reaction with 
methanolic ammonia gave 2-(p-n-butylanilino)adenosine (4). The 2’-modified 
nucleosides were synthesized essentially by the method of Fukukawa et aL5 The 3’- and 
5’-hydroxyls of 4 were protected with tetraisopropyldisiloxane- 1,3-diyl group and 
converted to the 2’-Qtriflate (6). Nucleophilic displacement of the leaving group of 6 
by B r ,  AcO- and N,- afforded the respective 2’(R)-substituted products 7a, 7 b and 
7 c. Reduction of 7a with tri-n-butyltin hydride and azobis(isobutyronitri1e) in toluene at 
reflux temperature yielded the 2’-deoxy derivative 7d. Deprotection of 7d, 7b and 7c 
afforded 8a (BuAdA), 8b (BuAaraA) and 8c (2’-azidoBuAdA), respectively. 

In order to examine the inhibitory effects on the DNA polymerases, nucleosides 8 b 
and 8 c were converted into the corresponding 5’-monophosphate derivatives by 
phosphorylation with POC1, in triethyl phosphate, and then the nucleotides were further 
converted to their 5’-triphosphates 9b (BuAaraATP) and 9 c (2’-azidoBuAaraATP) using 
the phosphoroimidazolidate method. 
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BuAdA ANALOGUES 

A. DNA polymerase a B. DNA polymerase p 
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Figure 1. Inhibitory effects of BuAaraATP (9b) ( + ) and 2'-azido BuAaraATP 

Reactions were carried out for 20 min at 37 "C with activated calf 
(9c) (+) on eukaryotic DNA polymerase a (panel A) and p (panel 6). 

thymus DNA as the template-primer in the presence of 50 pM PHIdATP 

The compounds 8a, 8b and 8 c  showed growth inhibitory action against P-388 
leukemic cells in culture with IC,, values of 16.3, 24.2 and 13.6 pM, respectively. 
Activity of these analogues against HSV-1 was examined and in vitto and the 
compounds were found to be essentially inactive up to 25 pglml. 

We examined the inhibitory effects of BuAaraATP (9b) and 2'-azidoBuAaraATP 
(9c) on calf thymus DNA polymerase a and rat DNA polymerase p with activated calf 
thymus DNA as the template-primer. As shown in Figure 1, DNA polymerase a was 
inhibited strongly by both analogues. From the double reciprocal plots the modes of 
inhibition by these analogues were competitive with respect to dATP. The Ki values of 
BuAaraATP(9b) and 2'-azidoBuAaraATP (9c) were determined to be 0.017 and 0.038 
pM, respectively. The inhibitory effect of BuAaraATP (9b) was comparable to that of 
BuAdATP(9a) (Ki = 0,008 pM 6 ) .  In contrast, DNA polymerase p was not or only 
slightly inhibited by these dATP analogues bearing p-n-butylanilino group at the 2- 
position. Although the 5'-triphosphate derivatives of BuAaraA (8b) and 2'- 
azidoBuAaraA (812) were shown in the present study to be the potent and selective 
inhibitors of DNA polymerase a, these nucleosides (8b and 8c) did not exhibit 
significant cytotoxicity against murine leukemic cells in culture. Probably these 
compounds are poor substrates for cellular kinases. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
1
6
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



532 YAMAGUCHI, SATO, AND SANEYOSHI 

ACKNOWLEDGEMENTS 

We thank Drs. Shunji Izuta, Motoshi Suzuki and Shonen Yoshida (Laboratory of 

Cancer Cell Biology, Research Institute for Disease Mechanism and Control, Nagoya 

University) for providing the calf thymus DNA polymerase a, and Dr. Akio Matsukage 

(Laboratory of Cell Biology, Aichi Cancer Center Research Institute) for providing the 

recombinant rat DNA polymerase fi. We also thank Dr. Takeo Kawaguchi (Faculty of 

Pharmaceutical Sciences, Josai University) for the P-388 data, and Drs. Haruhiko Machida 

and Noriyuki Ashida (Research and Development Division, Yamasa Shoyu Corporation) for 

the antiviral evaluations on HSV-1 in culture. 

REFERENCES 

Wright, G. E.; Brown, N. C. Phannac. Ther. 1990, 47, 447. 

Wright, G. E.; Dudycz, L. W.; Kazirnierczuk, Z.; Brown, N. C.; Khan, N. N. J .  

Med. Chem. 1987, 30, 109. 

Matsuda, A.;  Shinozaki, M.; Yamaguchi, T.; Homma, H.; Nomoto, R. ;  Miyasaka, 

T.; Watanabe, Y.; Abiru,T. J .  Med. Chem. 1992, 35, 241. 

Marurnoto, R.; Yoshioka, Y.; Miyashita, 0.; Shima, S . ;  Imai, K.; Kawazoe, K.; 
Honjo, M. Chem. Pharm. Bull. 1975, 23, 759. 

Fukukawa, K.; Ueda, T.; Hirano, T. Chem. Pharm. Bull. 1981, 29, 597. 

Khan, N. N.; Wright, G. E.; Brown, N. C. Nucleic Acids Res. 1991, 19, 1627. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
1
6
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1


