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8 2 8-Azaxanthine(l), 3-f-D-ribofuranosyl-8-azaxanthine(2), 3-B-D-ribofuranosyl-8-azaxanthine-5*
monophosphate(3), 2] 3. 3-B-D-ribofuranosyl-8-azaxanthine-5'-(3-pyridinyicarbony!)monophosphate(4)g 43¢+
X Mouse leukemia P388, Murine mammary carcinoma FM3A, Human histiocytic lvmphoma U937 44| £l
Wal AWIR LUYHE MITE 0|83 P22 ol 2843 [Co(umolmL)2.2 Vrepigich. = 2}, u] 54}
He) §7)2] N-32} 39] C-I' glycoside AG-E 7131 2 A7kA2) b Zol o) B4o) Fob ICe] 27t
0.05, 0.06, 0.06 pmolmLe| g 2t AlF BA o 2ol A& Mo)X| gk}, Human histiocytic lym-
phoma U937 HZol| thE ICuE 10] 0.33, 2% 0.06, 32 0.25, 23] 2 4& 033 pmol/mLE F-& W &}e] wh}
A E o} & Bgo

ABSTRACT. 8-Azaxanthine (1), 3-B-D-ribofuranosyl-8-azaxanthine (2), 3-B-D-ribofuranosyl-8-azaxanthine-5'-
monophosphate (3), and 3-B-D-ribofuranosyl-8-azaxanthine-5'-(3-pyridinylcarbonyl)monophosphate (4) were syn-
thesized. The in viro antitumor activities of the synthesized compounds against P388 mouse leukemia, FM3A
mammary carcinoma, and U937 human histiocytic lymphoma cells were determined by MTT assay. 2 with un-
natural N-3 and C-1' glycoside bond had activity against three tumor cell lines and ICqs of these compounds
were 0.05, 0.06, and 0.06 pmol/mL against three tumor cell lines, respectively. But these compounds had no an-
tibacterial activity. 1Css against U937 human histiocytic lymphoma cells were verified with the structural mod-
ification : 1Cgs of 1, 2, 3, and 4 were 0.33, 0.06, 0.25, and 0.33 yumol/mL, respectively.
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cleoside-nucleotidel| 22| FZ2¥ 3lol| g LA
9] s}, 22]32 nucleotide?] &3} A EFA|
|2 43 A78)312} S-nitrouracil®} 5-nitrourid-
ine.© 2 2] 8-azaxanthine(1)s} 3-B-D-ribofuranosyl-8-
azaxanthine(2y$- Adsfdct. 2= AHed9] purine nu-
cleoside5o] N-92} C-1'7ke] glycoside 2 713
Ashe Dol N3k O Apele| glycoside 284 7H
A vl #FEe)n). 28w 29 5 41AE WAt
3%l 3-B-D-ribofuranosyl-8-azaxanthine-5'-mono-
phosphate(3)y&- 333tz dolo} ql4te] S3HE ni-
cotinic acidZ v}~ %} 3-B-D-ribofuranosyl-8-azaxan-
thine-5'+(3-pyridinylcarbonyl)monophosphate(d)S- ¥4
atodch AR A EEL Mouse leukemia P388,
Murine mammary carcinoma FM3A, Human histiocy-
tic lymphoma U937 S}A|EEo| tla) MTT assay 2
$4EYE dSHT 50% 3 AAHF(Co, pmol/
mL)e 2 vieliich.

o

A2} ¥ 7j7|.  Uracil, uridine, 0.5M nitronium-
tetrafluoroboric acid sulforane -4, nicotinic acid 5
< AldrichAHTl T2l Z1& AR AL, 1,2,3,5-tetra-O-
acetyl-B-D-ribose, §-5= SnCl,, hexamethyl disilagene,
trimethylsilyl chloride $-& FlukarH{A$]2)ellA]
a4 ARE3len] MTT(3-[4,5-dimethylthiazole-2-
yl)-2,5-diphenyltetrazolium bromide)=  Sigmax}(v]
FpelA A AREskeith. NaOH, NaHCO;,
DME, 7|5b8) 52 #7)8515-8 Junsel K &) 4
TN g BT 2 sarEe) SeUe
electrothermal capillary =4 &7 2 4359}
'H NMR A# 282 Varian EM-360 A(60 MHz)2}
Bruker AM 300(300 MHz) £33 % 7] 2 tetramethyl-
silane& NP I&F 2A2sl 2Acl PC NMR
Aded]e Bruker AM 300 £3FE7[E tetrame-
thylsilane-& Ul % E& A2l 238, aelw
oAl A#EHLS Bomen ¥332%7| 8 KBr W2l
£ WSl &Pt PP 3 A FAx 2
£ ELISA Processor II Microplate reader& AR2-3ich.

Sredof QIttE Y. AHER ZE Sl oAUy
Ql FHel wiet FAFe] ARgsied. o wig-e) Al
PP 5 TLCE ¥} TLCE silica gel sil-
ica gel 60 Fysy(Merck)E A18-3E, TLCE A7NE ¥

UV(254 om)}E A3t W2l wlel anisalde-
hyde $e A ¥ 7ldsh whg e Aok’ AAL
¥} 2+ (i) chloroform : MeOH (19 : 1) (ii) chloroform :
MeOH :H,0 (65:25:4) (iii) isopropanol : NH,OH :
H0 (7:2:1) 5€ 7|2 87 7 AR v|&E&
7 8le] ALSgct AUEF AL AgstellA 30
°C 018HF FA A 2 7] E AMS3AY 3
47]& dryice-acetone 22 1 7}+A)7L short-path dis-
tillation F o2 S¥¥ct z22]F column chro-
matographyo| & silica gel 60(70-320 mesh, MerckA},
Ed)yg AHEH2H PLCHE PLCE silica gel 60
PFaso(MerckAl, ) 200 g& 574 480 mLo| 4]
o] kst =27} 2020 cm 77l 2 mm<l f2] el
U F 207 2EIN Ad A2 9 AHgshack
S-Nitrouracil®] B4, 2 mmol®] uraci0.224 g)ol]
mild nitration reagent] NO,BE,2] 0.5M sulforane A
2k 8 mL (4 mmol) F7I{F 3 21A7F 2R Rt 8
mL2| chloroform& F7sled 47 4 FHE &=
313 diethyl ether= #{v}. MeCHE {773}
0.093 g(59%)2] S-nitrouracil& %3t} mp>320°CQit.%>
300°C), 'H NMR(DMSO-d;): & 8.7, 1H, H-6), IR
(KBr): 3150, 3100, 1740, 1700, 1640, 1330, 1250 cm .
2'3',5"0-Triacetyl-S-nitronridine2] £, 1 mmol
2] S-pitrouracil(0.157 g)oll 2 mmol?] 1,2,3,5-tetra-O-
acetyl-B-D-ribose(0.318 g}5 #7}3]a acetonitrile(S
mL)el) £-#J4)7) t}-& hexamethyldisliagene(HMDS,
0.8 mmol, 0.1 mL), trimethylsilyl chloride(0.8 mmeol,
0.1 mLyg A ksgich. 2o)6] dn(V) chloride(1.1
mmol, 0.129 mL)y& Hristy ¢ £do] st
Sufje} Feke] hexamethyldisilagene2- 743} E &%
= chloroform& 30 mL A>}3F c}g NaHCO; ¥3}
g o2 Mgt ChloroformZ-g $4 NaSO.2
AFAZ) ¥ 7AsFazste]  2,3,5-O-triacetyl-5-ni-
trouridine(63%y% 3ck. mp 60-65°C, 'H NMR
(CDCL): § 9.02(s, NH), 7.23(s, 1H, H-6), 6.35(d, 1H,
H-19, 6.12(t, 2H, H-5), 5.63(m, 2H, H-2, H-3),
4.46(m), 2.06(t, SH, (CHi);), IR(KBr): 1650,
1700(amide C=0), 1400 cm ™ '(-NO;).
8-Azaxanthine(1)2] #}M. 1 mmol®] 5S-nitroura-
cil(0.157 g)ell & AF% sodium azide(4 mmol, 0.260
27 NH(CI(5 mmol, 0.267 g¥& 75} DMF(10
mLystel A fFA R LS ATFEE H =4
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& EQOmL)E H7FlT mdbA)zch 6 M HCOZ
AR BE A ARAA P4 zAE 24
t}. 2842 ANt 10.135 g, 88%)y% 2]
k. mp 310°C(it” >320°C), 'H NMR(DMSO-d;): 8
11.16(s, 1H, N-H), °C NMR(DMSO-d¢): & 157.08(C-
4), 151.23(C-2), 148.78(C-6), 124.24(C-5), IR(KBr):
3487, 3043, 1669, 1434, 1285, 1161, 536 cm .
2',3',5'-0.Triacetyl-3-f.D-ribofuranosyl-8-
azaxanthine2| $tA., 2'3'5-O-triacetyl-5-nitrouridine
(0.335g, 0.81 mmoly& sodium azide(0.845 g, 1.3 mmol)
2} DMF(3 mL)8}ol] AH-&-ollA] 18412k uhg-Al 7 r}. &
2l A A 5 AL B 23R o
£ 6M HOE AMds}sidc}. £04 AY oS
chloroform2 2 $238l3 A zxste] Y= 24
(0.334 g, 82%)8 EF52 ARSIt mp 100~
101°C, 'H NMR(CDCL): 8 10.49(br, NH), 7.93(s),
7.27~7.19(br, 1H, H-1), 6.15~6.12(s, s, 2H, H-5),
5.11(m, 2H, H-2', H-3"), 4.90(m), 1.74(t, 9H, (CHs)).
IR(KBr): 3248, 1964, 1533, 1404, 1300, 1078 cm "
3.p-D-Ribofuranosyl-8-azaxanthine(2)2| #M. 2,
3',5'-O-Triacetyl-3-B-D-ribofuranosyl-8-azaxanthine -
T4 MeOHel|l £381417] ¥ NaOMeg A7jsisict.
¥hgo] $+2 = Dowex 50 H X)|§ A7k Iyt
A7) 2 o FA k. 2§ MeOHZ HoiF 3 o4
< A5 Fo FFHTF A7k CHCL2
A Bk FALE<) acetylamidee} methylacetateE &
2, AAY ohg £4A45- At x93 EOH
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H
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2 A ssked 28 Aich mp 165-168 °C(lit.” 163-
166 °C), '"H NMR(DMSO-dg): & 10.49(bs, NH), 7.93
(s}, 7.27-7.19(br, 1H, H-1"), 6.15-6.12(s, 2H, H-5",
S.11(m, 2H, H-2', H-3"), 4.90(m). IR(KBr): 3248,
1964, 1533, 1404, 1300, 1078 cm ™ . _

3-p-D-Ribofuranosyl-8-azaxanthine-5'-mono-.
phosphate(3)2| 2t4. Barium oxideAlollX] AWEF
g (EtO)sPOo| POCI(7.42 mmolyE - 5-0°Coll A
71 ohg 110°Coll A A FA)Z] 2& 4 mmoly A
7¥stz 3417 wekA Aok A7bE FHE 20ml
ice-hathAfell 4] A3 H7IE ¥ diethylether®.
triethylphosphate & 2%, A|#% ¥ 22¢& NaCl X
3}pgof o2 pH 7712 S84 35S A5 A
2AA 2L FY THF Hw Sl L3472
silica gel column(chloroform : MeOH : Ho0=65:25:4)
o2 223 ¥ EOHZ AZA3te 3& d9eh 'H
NMR(DMSO-dg): 10.4%bt, NH), 7.93(s), 7.27-7.19
(br, 1H, H-1), 6.15(s, s, 2H, H-5"), 5.11(m, 2H, H-2,
H-3"), 4.90(m). IR(KBr): 3248, 1964, 1533, 1404,
1300, 1078 cm .

3-f.D-Ribofuranosyl-8-azaxanthine-5'-(3-pyri-
dinylcarbonyl)monophosphate(4)2] £1A. Barium
oxideAtoll A ) ZFZHEO),POo] POCIx2.4 mmol}
& -5~0°Co|lA 7} )L 2 mmol®] nicotinic
acid(0.246 gye ¥bg 7]l Hrlstz 3417k FukA
ZAt} 2] grolAw uridine(0.293 g, 1.2 mmol)}&
7k 5~0°Cell A 102417} 2kl He}. A7k &
F48 20mL ice-bathArel|d A3 Holg
NaCl 23} 4402 pH 7% 347}, Die-
thylether 2. triethylphosphate & %22, A% ¥ 22
€ AF AZAA 22 84 A F 34w 27
o B3 A)|F]3L silica gel column{chloroform : Me-
OH:H,0=65:25:4)c 2 Pe|3t 5 EtOHR A2 A
3] 48 it 'H NMR(DMSO-dg): 8 10.49(r,
NH), 9.08(s, 1H, pyridine H-2), 8.83(d, 1H, pyridine
H-6), 8.31(d, 1H, pyridine H-4), 827(s, 1H, H-6),
7.65(m, 1H, pyridine H-5), 7.93(s), 7.27-7.19(bt, 1H,
H-1), 6.15(s, s, 2H, H-5", 5.11(m, 2H, H-2', H-3",
4.90(m). IR(KBr): 3248, 1964, 1533, 1404, 1300,
1078 cm ™"

AN &HE. Mouse leukemia P388, Murine
mammary carcinoma FM3A, human histiocytic lym-
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phoma U937 A2 Zo} i3} Mosmann £ MTTE
o] &3k i & Y43 Wiy YA Y FEY
AP B PP 10,02 9| 38}drtt

AN 3 D@

Uracil2| C-5 2|X]8| nitration BH®. Uracil®] C-
5 X Aulggole AAxpRe] fu)3A 5
=4l o171 N-1 9138 "xpge]l €5 ¢2)9] A
e F7HA717) d#el ALE Az} 5-Ni-
trouridine-2 Wempen 5% 2]} 2, 3, 5'-triacetyl-O-
(3,5-dinitrobenzoyluridine 3 HNO;2- uh-2-217 &
2 g E2r)Y AxpEr] MR O A
S wld ot} o[ F w-L A-FASN A §
Ajo] ANuks]gict. B Aol = Huang® S0 ura-
cilz} 1-methyluracil, 1,3-dimethyluracil-& V) E23}3}
Al AR g o] &3], mild nitration reagent
gl NO,BF:2| 0.5 M sulforane A|2fo. 2 7yebs}A| &
A5} 'H NMRAF9) 8 8.7 $1%]2] H-6 ¥ peak
W E23} 54§ #13)dc). Uridined o} AJeF2
2 JeEz3Y AL S-nitrouracilihE 9 4
32 S-nitrounidinee H-g 4 fded, 2 olfe=
9h2-9] Ax A& HBFZ} ¥R 324S5 Ao 8
ohge] B3t 937]9] Ab&o 7l nhgol 313
7t fEe 2 g

S-Nitrouracil®} EIQ] HEHIS0| 2|8 S.nitro-
uridine®| BtA. Zpzhe] MYH d7)9f F-& APA
A nucleosided A wWHES 7l&d) Vorbri
ggen 2] WS ok wysie] gelA ¥AE
thiouracil} S-nitrouracil <J7]2-8- acetyl group 2 &
B 3% 3} SnCly &) (Friedel-Craft type)slell hex-
a-dimethylsilagene®} trimethylchlorosilanes} %313}
o nucleoside =A% 3PA)stdch. Vorbriggen 2
2] uhg & & nhS- 471 &el A YUAR o) Fox|E
yhg o2 JG oz tAH B-nucleosidetS
& = 2=l nucleosides) 2 F7)dl WA ¥
AE tedl 53] @48 ARER A AR
Fgled, 2eES de AR 38, AEHE
Zhdsie), o §71A), #Hdels MeOH SAFuR
Algs g A Fo] AR £ SnCl 3719 A3}
A ol AAFAdo] e ZhAHC)S Fo) A=
2 Fo)go} ot

8-Azaxanthine(l) XS} BANES. of w2

Fox £ 9h$%2 2238 712 2 Snitrowracil®} so-
dium azideE pyridinedfol| 4] F-3t=, AA S-nitro-
uracil®] C-5 $)x| 2 NaNy7} A28 azide”]|?] &z}
W A7kgel dojua, ole] ¥xp] e 3rt 2l
Az 5-31212] nitte7) 7} AAZFA sodium salt
Hel2] §-azaxanthineo] Qe{zc}, o]7-& 6 M HCI
2 A3l 10] Fojalnk Azider) o] AFHLR
trimethylsily! azide® x}-4-3) wglov} 2. = 4.4k
4 ko] Ayt Ags g opxlme fapy AHot
W32 A1ys|A] dhgieh ol Nk N-13 N-32]
Hel At whgAdE g7 dEez A4
c}. 5-Nitrouracil®] 'H NMR4He] 8§ 8.7 9122 H-6
Tl peakr} Atebx) 1 & 11.16 $1219] N-H peako}
BC NMRAE] C 7Y, 28] 7 1434 em ™ ol Wbl
IR spectum#te] N=N A1&X1F peakZ 1¢] ¥4
AeE WAk o) vhge] FUEAL S-niro-
uridine == 2,35 -O-triacetyluridine 2 2 3} Ak
of|4 purine base] N-38} C-1'7ke] glycoside A&
7} 8-azaxanthosine- ¥4 4 glr},
3-B-D-Ribofuranosyl-8-azaxanthine-5'-monophos-
phate(3)8} 3-B-D-ribofuranosyl-8-azaxanthine.5'«(3-p-
yridinylcarbonyl)monophesphate(4)2| 4. Hong
Z9] nucleosides) steroid2} alcohol =4 F cou-
plingshs A o4 o} WY wrH-e" " 288}
3z} 48 PA Bk o] W2 M EZ coupling 4]
ofa|u} HEAE AMSHA] Y (BORPO &0 sleliA]
nicotinic acid®} POCl; 3h2-A] JAIEE 3-pyridinyl
carbonylphosphoric dichloride F7tal|d| 28 7kl
€ ¢ DA 2 4F YA o ok A2
I gedubgolol drlg) e AbZof s}
2522 g AZhel WS EZ ot 3o
F3 Az Bl F2sfok g}, Nucleotide
ZAEE '"H NMR, PC NMR spectrumel] vetupe
B4 peako} IR spectrumAtollA] 1094, 1091 em ™! $
2)ol| 74 P=02) peak & &elalgict.
UM Z O] SRHA. Mouse leukemia P388,
Murine mammary carcinoma FM3A, Human histio-
evtic lymphoma U937 A 25l sl Y AP E
ot AT PGB S 1G22 IS ZA2E
Table 1ol A2]8tic}. 2= M7= 8] Al x| o3
ZFapAdo] Fot ICwel 4+ 0.0, 0.06, 0.06 umol/mL
2 713 £ 248 Bk oS E 974l 19
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Table 1. 1Csys"(umol/mL) of the synthesized compounds

Compound's ICs; (umol/mL)
No. P388° FM3A° U937
(1) 0.15 025 0.33
) 0.05 0.06 0.06
3) 0.25 0.25 0.25
4 0.25 0.25 0.33

“Concentration of drug resulting in S0% growth in
hibition of cell. Determined by MTT assay described in
ref. 10. " Mouse leukemia P388 cetl, “ Murine mammary
carcinoma FM3A cell. * Human histiocytic lymphoma U
937 cell. ’

P388 Al Zoll 7H5AE AR 33 48 BT ICk
Fto] 0.25 pmol/imL o) FoliT}.

28 2 8
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