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Synthesis and Antitumor Activity of 3’-hydroxydaunorubicin
and 3’-hydroxydoxorubicin Derivatives Substituted with
4’~fluorine or 4'-azide in Sugar Moiety ‘

Kwang-Dae OK’, JeongBae Park, Moor-Sung Kim, Dong-Yoon Jung and Junnick Yang
Research Laboratories, Dong-A Pharm. Co., Ltd., Kyunggi 449-900, Korea

Abstract— 3-Deamino-3-hydroxy-4 -fluoro- or 3'-deamnino-3-hydroxy-4-azido- daunorubicin (6, 8)
and -doxorubicin (7, 9) have been synthesized, respectively. Compounds 7, 8 and 9 were more cy-
totoxic than daunorubicin(1) and doxorubicin(2) against L1210 murine leukemic cell in vitro. When ad-
ministered intraperitoneally for 9 days starting 1 day after tumor inoculation, compounds 7 (T/C 605%)
and 9 (T/C 488%) showed significant antitumor activity for ip-inoculated L1210 murine leukemia at

wide range of doses.
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A dAH o2 FYAR ARSI gl A
anthracycline § =42 daunorubicin (DNR, 1)"?,
doxorubicin (DXR, 2)"? 281 idarubicin (3)¥ 5
o] tk(Fig. 1). 124}, 0|5 FEELS HE ¥FF
48 7/ 3 e i, A, 2594, g2 5
o] Bargo] AZtslar, WAL HO = Q18] 1 ARMg-o] A
s 2 gik?

a8eg 542 A7 §REEE S
A8 2 A7t AYE 3T Y=, 53] doxorubicin
(29} 3-ohxriE AR @A 3hy-
droxydoxorubicin (4)°, 3'-hydroxyesorubicin (5)”
5o FEA 540 AAEHAE ¥ ohiet F& et
ZA4e Jelit a3e2 AHrREE

3'-deam-
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inoanthracycline f+=A7t A543 H2}8o A&
o] 9l Ae® Aztslir, 3-hydroxyanthracyclinef:
ZA2AM 4FzeAHsld 3-hydroxy4-fluoro-
daunorubicin (6)3} -doxorubicin (7) =z8l: 3-
hydroxy-4-azido-daunorubicin (8)® -doxoru-
bicin (9) F=HME Ztz FANET &, methyl-2-
deoxy-ot-L-thamnopyranoside (10)E 2%¢] ben-
zoyl chloride$} W¥H8-A1A mono-benzoyldt € 3-O-
benzoylsl3HE 112 3 ¥, o] 3E-& F trifluoro
methanesulfon 4FoZ BHE-A]Z]l TS tetrabutyl-
ammonium fluorideZ ¥H§-3}¢ 4-fluoro(ax) 3HE
152 A3, AlgsiA A7kR3, acetylst, Clst
%0 2 ukg-3led hexapyranosyl chloride 3151E 212
LA Scheme D). 31HE 212 daunomycinone (23)
¥ 14-O-silyl 23¥ adriamycinone (24) 22 Ko-
enigs-Knorr &3§MH8-51¢] o-anomeric glycoside 3}
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= 259 278 7zt 3t o] o B-anomer 3%
B2 HAE5oA ¢ttt A&siA Bl5hE 259} 278
g3 g 58 3t 4'-fluoro-3-hydroxydauno-
rubicin =4 6% 4'-fluoro-3-hydroxydoxo-
rubicin F%=A 72 ZFzF A3 TH THH, azido X
F=A 87 9= YA MEF vhS-FHE o435t zbz}t
A8 tH(Scheme 1), 28] 3, o}5 3§29 848
AEdnzt L1210 vhe-2 W8y A3xof it in vitro
A FE=23 N &3} in vive 5% BAAAES AAE

alE Y

CHCI; (7.24 ppm)2 internal reference® 3t =
A3tdon, chemical shift= 8 unit2 JehiAch
Infrared spectrai MIDAC FT-IR 8% 3%AZ =
sl om frequency® cm'® BABITH g%
= PERKIN-ELMER 243 polarimeterg Al&3}o]
ZA3l9 e, K0 Mettler FP 5 §3347&
AMg-shar BAL &R ekslrt

Column chromatography+ silicagel (Kieselgel
60, 70 ~ 230 mesh, Merck) & AF&-3l9lm, =& ¥
Vg2 A4 EE o2 Z 7)F3lA AldEda, &)
E AR A Az, SHREUT

ME & 7{71 &y
'H-NMR spectra® Bruker AC200 spec- Methyl-2,6-dideoxy-3-O-benzoyl-o-L-arabino-hex-
trometer® ]34 tetramethylsilane® int-
= - o] OH o
ernal standard2 ARE-sAL, CDCLA Z53) e ° R o, Moty
CHy L " o1 —— -
R v molecular sieves 3 A
OAc CHO © OH O CH,Cly
o OH fo) 21 R=F 23 Ry=H
Ry 22 R=Ny 24 R, = OTBDMS
" OH
Y OH OH O
R; O OH H ccu,a, CCH,R,
] " oM MeCH " OH
[+} H
CHy CHO O OH g NaOMe 0 O o £
[+] o
Ry CHs CHs
1: Ry=OMe, Rz=H, R3=NH,, R(=OH 6: Ry=OMe, Ry=H, Ry=OH, R¢=F OAc oH
- . o _ 25 Ry=H Rp=F 8 Ri=H Rp=F
2: Ry=OMe, R;=R=0H, Ry=NH, 7:R=OMs, Ry=Ry=0H, R,=F 26 Ry=H Ry=N, 8 Ry<H Ry=N,
3: Ry=Rg=H, Ry=NH,, Ry=OH 8: Ry=OMe, Ry=H, Ry=0H, Ry=Nj3 27 R;=OTBOMS Rg= 29 R;=OTBOMS R,=F
28 Ry=OTBOMS R,= N, 30 R,=OTBDMS R,=N,
4: Ry=OMe, Ry=Ry=R=0OH 9: Ry=0OMe, R;=Ry=0H, Ry=Ny 7 Ri=OM Ry=F
5 : Ry=OMe, R;=Ry=0H, Ry=H 9 Ri=OH Ry=N;
Fig. 1— Chemical structures of anthracycline antibiotics. Scheme II
oOCH, HO __ 0OCH. OOCH:
" cu;cu TBAF
o8z ™o or DMF NaN;
1
09CHs  MaoH QOCH, H0 o Pyr.
CHy ————— CHy — CHy [ e e ———
R NaOMe R AcOH R Ac20
OBz o OH
13 R=F 18 R=F 17 R=F
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o be [}
R HCl R
OAc OAc
19 R=F 24 R=F
20 R=N, 22 R=N,

Scheme 1
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opyranoside (11) - Methyl-2-deoxy-a-L-rhamno-
pyranoside® (10, 2.9 g, 17.9 mmol) pyridine (50
mhol &8jA1A -30°C7HA JZHAIR) vH& benzoyl
chloride (2.52g, 1eqQ)€ A & 258 &9 -
8°Coll A 1A7F, A&ellA] 2A17F ¥HE-AIF T v
¥ dhg-He} chloroform& 7Hel ¥ &% ¥ {1715
£ 10% KHSO, 49, ¥3t5zx7, B2 4L g o
FHsta AHG A9t FHRFAT. L2 FAE column
chromatography (n-Hex : Ether=1: 1)3}e T4
oil’de] 11 (4.05 g, 85.0%)< A Th.

mp : 83.5 ~ 85°C

(o) : -110°(c 0.956 in chloroform)

IR (nujol) : 3150 ~ 3600, 1700 cm™

'H-NMR (200 MHz, CDCly) 8:7.4~8.0 (m.
5H), 5.3 ~ 5.4 (ddd, J=11Hz, 9Hz, 5Hz, 1H), 5.
8 (d, 1H), 3.8 (qd, 1H), 3.3~ 3.4 (m, 1H), 3.4 (s,
3H). 2.8 (s, 1H), 1.9 (ddd, 1H), 1.3 (4, 3H)

Methyl-2,6-dideoxy-3-O-benzoyl-4-O-trifluorome-
thanesulfonyl-o-L-arabino-hexopyranoside (12) — 3}
= 11 (1.46 g, 5.48 mmol) < pyridine (16 ml) 2
dichloromethane (24 ml)ol] ol (°C2 WzHA|Z1

% trifluoromethanesulfonic anhydride (1.2 mi)
£ JH3] 71 & 241 gAY whg FE gt
% &38tE9) dichloromethane (300 ml)& 7}3 &
i E, 10% KHSO, 849, & £28 AL g o3,
A3 Ax3Y. Aoz AE (122 Eqbgsin=
the vhgof ui2 o] 831t} &2 FFH oIt

Methyl-2,4,6-trideoxy-3-O-benzoyl-4-fluoro-o.-L-
lyxo-hexopyranoside (13) — 3138 12 (2.18 g, 5.48
mmol)E F4 acetonitrile (60 ml)ol] =9 & T4
tetrabutylammonium fluoride (5g, 19.12 mmol)
& 718 1A12 B9 BRAIZTH 98 T4 F YubE<l
o2 AE)dle] A oile) 13(0.826 g, 56.2%)%
At

{a)® : -153° {c 1.104 in chloroform)

IR (neat) : 1705cm’

'H-NMR (200 MHz, CDCly) 8:7.2~8.0 (m,
5H). 5.3 (dddd, J=2.2Hz, 5.4 Hz, 12.2Hz, 285
Hz, 1H), 4.7 (d4, 1H). 4.5 (br.d. J=51.3 Hz, 1H),
3.8 (qd. J=28.6 Hz, 1H), 3.18 (s, 3H), 2.1 (ddd,
1H), 1.8 (ddd, 1H), 1.1 (d, J=6.5 Hz, 3H)

Methyl-2,4,6-trideoxy-4-fluore-o-L-lyxo-hexopyr-
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anoside (15) - 313HE 13 (400 mg. 1.49 mmol)S me-
thanol (6 ml)ell <1 3 28% sodium methoxide (1
eq)E 718 241 BFAIFC v F4 F IRC 50
resing Wol A7 F o3, At AR Ao
7} ZAZE column chromatography (n-Hex : Acet-
one=3: 1)& 3} 33HE 15 (215 mg, 88.1%)2 A
=3

mp : 112~ 112.5°C

(a)® : -156%c 0.94 in chloroform)

IR (neat) : 3100 ~ 3450 cm™

'H-NMR (200 MHz, CDCl,) 8: 4.8 (dd, J=3.4
Hz, 1H). 4.4 (dd, J=50.1Hz, 1H). 3.8~4.2 (m,
1H), 3.8 (qd, 1H), 3.3 (s, 3H), 1.7~ 2.0 (m, 3H),
1.3 (d. J=6.8 Hz, 3H)

1,3-di-O-acetyl-2,4,6-trideoxy-4-fluoro-L-lyxo-hex-
opyranose (19) - 3}3ME 15 (121 mg, 0.74 mmol)E
acetic acid (1 mD®F & (1.5 mNe ELojd] =<l
F 80°CollA] 1217k ER3tgic vhs- F2 F 4t o
Z3t] SIFE 178 €2 F, o} 33ES pyridine (2
mil) ¥ acetic anhydride (1 mpl Zof Ao A 2
of gh-g3gitt. vk T4 § dojzl Hkg EFE &
Zol 58 718 atAZ] £, chloroform e 2 F&3k1
X852, 10% KHSO& Y, 89 #o2 Aa o3
3 g A AT Ao BAME column
chromatography (Toluene : EtOAc=9 : 1)} 3}
FE19(a:p=34:1, 136 mg, 78.56%)& At

IR (neat) : 1700 ~ 1730 cm™

'H-NMR (200 MHz, CDCl,) & : a-anomer : 6.2
(dd, J=2.2Hz, 1H), 5.2 (dddd. J=28Hz, 1H),
4.6 (d, J=51Hz, 1H), 4.0 (qd. J=28.5Hz, 1H),
1.9~20 (2s, 6H), 1.8~2.2 (m, 2H), 1.2 (4, J=
6.7Hz, 3H), B-anomer : 5.7 (ddd, J=6.0Hz,
1H). 4.9 (dddd. 1H), 4.5 (dd. J=2.3 Hz, 50.5 Hz,
1H), 3.6 (qd. J=26 Hz, 1H), 1.8~2.2 (m, 2H),
1.9~2.0(2s, 6H), 1.3 (d, J=6.5Hz, 3H)

2,4,6-trideoxy-3-O-acetyl-4-fluoro-L-Iyxo-hexopy-
ranosyl chioride (21) - 332 19 (110 mg, 0.47
mmol) € benzene (5 ml)ol % & 0~ 5C2 Bz}
AN71a Bgat 7EAE 3087k AF 71kt ke
F4 F WA g 7t AZE e FEE 21 (99.0mg,
100%)< o] thg ¥kgol ul2 o]-83}9] )

7-0-2',4',6'-trideoxy-3'-O-acetyl4'-fluoro-a-L-lyxo-
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(25) - Daunom-
ycinone 23 (380 mg. 0.95 mmol)& ¥4 dichlorome-
thane (30 ml)ol] €-&}3t F A3l52 (yellow, 1g), B
£3} & (100 mg). molecular sieves 3A £% (2.5
25 /3t U 302 7F A2oflA ntakgdrt. of Hkg- &
gH2o 33E 21 (430 mg. 2.04 mmol)e) 7% di-
chloromethane (20 ml)&}e 7lsley, xpgalo)A]
30417F wuketct. whE 4 F jbeg ongt ¢
dichloromethane §vi2 H2)3lz AL 30% KI
| EgrTgd Fo] o7 AHT {7]80)
& A FH8TE €olXl FAEE column chro-
matography (Benzene : Acetone=10: 1)& 39 3
A 1 A1) BgHE 25 (392 mg, 72%)E AU}

mp : 126 ~ 128.5°C

(oJ®: +221°(c 0.029 in chloroform)

IR (KBr) : 3400 ~ 3550, 3000 ~ 3050, 1690 ~
1720 cmm™

'H-NMR (200 MHz, CDCly 8:13.8 (s, 1H),
13.1 (s, 1H), 7.1 ~17.9 (m, 3H), 5.5 (dd. J=3.3
Hz, 1H), 5.1 (dd, 1H). 4.8 (dddd. 1H), 4.5 (br.d,
J=51.THz, 1H). 39~4.2 (qd, 1H), 4.2 (s, 1H),
4.0 (s, 3H), 3.1 (dd. 1H), 2.7 (d. 1H), 2.3 (s, 3H).
1.9 (s, 3H), 1.8~2.3 (m. 4H), 1.2 (4, J=6.6Hz,
3H)

“C-NMR (50 MHz, CDCly) &:211.7 (C-13)
187.0, 186.5(C-5, C-12) 170.1(CO) 161.0, 156.3,
155.7 (C-4, C-6, C-11) 135.6, 135.4, 134.3, 133.8
(C-2, C-6a, C-10a, C-12a) 120.8, 120.0, 118.4 (C-
1, C-3, C-4a) 111.2, 111.3 (C-5a, C-11a) 101.0
(C-1") 87.9 (J=184.3Hz, C-4) 76.6 (C-9) 70.1
(C-7) 67.1, 66.0 (J=17.8Hz, 19.2Hz, C-3'. C-5)
56.6 (OMe) 35.0, 33.3 (C-8, C-10) 29.3 (J=26
Hz, C-2') 24.8 (C-14) 20.9 (Me) 16.3 (J=4.7 Hz,
Me)

7-0-(2',4',6'-trideoxy-4'-fluoro-o-L-lyxo-hexop-
yranosyl)daunomycinone (6) - 313E 25 (250 mg,
0.44 mmol) E FHEE (18 ml)o &9 % °CR
W§7}+3l 1 28% sodium methoxide (0.9 m)E 13 3]
AEA|7] thF 4AZE 9EEEIA T Ao dry ice®
7Hl F3e F AAEHRISe 2o AE di-
chloromethane 4% & 2 Ad3ln 24 &

#Fatdoh 2o ZAEE column chromatography

hexopyranosyl)daunomycinone

(CHCl; : MeOH=20 : 1)3t HAnAQl 33A4E 6
(163 mg, 70.0%)< At

mp ° 140 ~ 143°C

(e)®: +164°(c 0.025 in chloroform)

IR (KBr) : 3200 ~ 3550, 3000 ~ 3050, 1690 cm™

'H-NMR (200 MHz, CDCl,) 8 : 13.8 (s. 1H), 13.1
(s, 1H), 7.2~179 (m, 3H), 5.5 (dd, 1H), 5.2 (dd,
1H), 44 (br.d, J=51.0Hz, 1H), 44 (s, 1H), 3.8~
4.2 (qd, 1H). 4.0 (s. 3H). 3.1 (dd, 1H), 2.8 (d, 1H),
2.4 (s, 3H), 1.8~2.3 (m, 5H), 1.3 (d, J=6.6 Hz,
3H)

“C-NMR (50 MHz, CDCly) &:211.6 (C-13)
186.7, 186.4 (C-5, C-12) 160.9, 156.2, 155.5 (C-4,
C-6, C-11) 135.6, 135.3, 134.2, 133.9 (C-2, C6a,
C-10a, C-12a) 120.1, 119.7, 118.3 (C-1, C-3. C-
4a) 113.3, 111.1 (C-5a, C-11a) 101.2 (C-1") 91.0
(J :180.6 Hz, C-4") 76.7 (C-9) 69.8 (C-7) 66.2,
64.6 (J=18.9 Hz, 19.8 Hz, C-3', C-5") 56.5 (OMe)
34.8, 33.2 (C-8, C-10) 33.0 (C-2) 24.7 (C-14) 16.3
(J=5.1Hz, Me)

14-tert-butyldimethylsilyl-7-0-(2',4',6'-trideoxy-3'-
O-acetyl-4'-fluoro-o-L-lyxo-hexopyranosyl)adriamy-
cinone (27) - 14-tert-butyldimethylsilyladriamy-
cinone 24 (160 mg. 0.30 mmol), At&4+2 (yellow,
250 mg), 2 &3}2 (25 mg). molecular sieves 3A
% (500 mg)2] dichloromethane (15ml) w¢%&
2o 35HE 21 (100 mg, 0.47 mmol)& 7} =}
Bloll A BES-ES T WHE T8 ¥ SEE 69 Az Wy
3} FUatA Mejste] HA4uAQ) S3HE 27 (158 mg,
75.1%)& |4t

mp : 113~ 115°C

(0% : +173°(c 0.022 in chloroform)

IR (KBr) : 3400 ~ 3550, 3000 ~ 3050, 1710~
1730 cm™

'H-NMR (200 MHz, CDCly) & : 13.9 (s, 1H), 13.1
(s, 1H), 7.4~ 8.0 (m, 3H), 5.6 (br.d, 1H), 5.2 (br.
s, 1H), 4.8 ~5.1 (m, 1H), 4.8 (s, 2H), 4.6 (br.d, J
=51Hz, 1H), 4.3 (s, 1H), 4.1 (s, 3H), 40~42
(m, 1H), 3.1~ 2.8 (2d, 2H), 1.8 ~2.3 (m, 4H), 2.0
(m, 3H), 1.3 (d, 3H), 1.0 (s, 9H), 0.2 (s, 6H)

14-tert-butyldimethylsilyl-7-O-(2',4',6'-trideoxy-4'-
fluoro-a-L-lyxo-hexopyranosyl)adriamycinone (29) —

J. Pharm. Soc. Korea
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313HE 27 (97 mg, 0.14 mmol)S F4° ek 9]
% 0°CE Yz}A 713, IM-sodium methoxide-met-
hanol &4 (300 pi)-2- %21 7Faf 3412t whg-atsiTt
S T4 ¥ PE 69 Ax YA FYsHA A8
A9l 34HE 29 (60 mg. 65.3%)F LAt}

mp : 229 ~ 231°C

(a)®: +150°(c 0.022 in chloroform)

IR (KBr) : 3300 ~ 3550, 3000 ~ 3050, 1710 cm™

"H-NMR (200 MHz, CDCly) & : 13.9 (s, 1H), 13.1
(s, 1H), 7.2~17.9 (m, 3H), 55 (br.d, 1H), 4.9 (br.
s, IH), 4.8 (s. 2H), 4.5 (br.d, 1H), 4.3 (s, 1H), 4.1
(s, 3H), 3.8~4.3 (m, 2H), 3.1, 2.8 (24, 2H), 1.8 ~
2.3 (m, 5H), 0.9 (s, 9H), 0.1 (s, 6H)

7-0-(2',4',6'-trideoxy-4'-fluore-o-L-lyxo-hexopyra-
nosyl) adriamycinone (7) — 335 29 (53 mg, 0.08
mmol)E 5 THF (5 mil) 2 dichloromethane (2.
5ml)e] &ujoll %<l & B4 pyridine (45 pl)-& 71s}
i1, 1.1M-tetrabutylammonium fluoride-THF &<}
(200 uD)& 713 A2olA 1412 wg-aich e F
2 F vhs 329 chloroform (150 mhE 7138 &
10% FAt589 &, 10% 2589, E¢o 2 A3
g o= 2 w3 AA4AQ) 34E 7 (35 mg,
80%)& A3t

mp : 159 ~ 162°C

IR (KBr) : 3300 ~ 3550. 3000 ~ 3050, 1710 cm™

'H-NMR (200 MHz, CDCly) 8 : 13.9 (s, 1H), 13.2
(s, 1H), 7.2~8.0 (m, 3H), 5.5 (br.s, 1H), 5.2 (br.
s, IH), 4.7 (s, 2H), 4.5 (br.d, 1H), 4.4 (s. 1H), 4.0
(s, 3H). 3.8~43(m, 2H), 3.2, 29 (2d, 2H), 1.4~
2.3 (m, 6H), 1.3 (d. 3H)

Methyl-2,4,6-trideoxy-3-O-benzoyl-4-azido-o.-L-lyx-
o-hexopyranoside (14) — 3312 125 DMF £%9]A
NaN;$t A4 Y83t A|A B4 02 3= 313E
145 70% +&=2 4AUvt.

(0 : ~17° (c 0.327 in chloroform)

IR (neat) : 3000 ~ 3050, 2080, 1700 cm '

'H-NMR (200 MHz, CDCly) 8 : 7.4~8.1 (m, 5H),
5.6 (ddd, 1H), 4.8 (dd, 1H), 4.0 (gd. 1H), 3.8 (dd,
1H). 3.3 (s. 3H), 2.0~2.3 (m, 2H), 1.3 (d, J=65
Hz, 3H)

Methyl-2,4,6-trideoxy-4-azido-o-L-lyxo-hexopy-
ranoside (16) — 3}3E 145 3IFHE 159 A= iy
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SUstA Xelsle 3FE 162 83% T2 AU
mp © 108.5 ~ 109.5°C

(0¥ -167°(c 0.26 in chloroform)

IR (neat) : 3000 ~ 3550, 2100 cm™

'H-NMR (200 MHz, CDCly) & : 4.8 (dd, 1H), 4.2
(dddd, 1H), 4.0 (qd. 1H), 3.6 (dd, 1H), 3.3(s, 3H),
1.7~1.9 (m, 3H), 1.3 (d, J=6.5Hz, 3H)

1,3-di-O-acetyl-2,4,6-trideoxy-4-azido-a-L-lyxo-he-
xopyranose (20) — 3}31E 163 3}15HE 199] A F=hy
# FY3A At HFE 20 (0 B=18: D&
84% &= AYY}.

IR (neat) : 2080, 1710 ~ 1730 cm*

'H-NMR (200 MHz, CDCl,) & : a-anomer : 6.2
(d, 1H), 5.3 (ddd. 1H), 4.0 (qd. 1H), 3.8 (dd.
1H), 1.8~2.2 (m, 2H), 2.1, 2.0 (2s, 6H), 1.2 (d,
J=6.4, 3H) B-anomer:56 (m, 1H), 5.0 (ddd.
1H), 3.6 (br.s, 1H), 3.6 (gd. 1H), 1.8~2.2 (m,
2H), 2.2, 2.0 (2s, 6H), 1.3 (d. J=6.3 Hz, 3H)

2,4,6-trideoxy-3-O-acetyl-4-azido-L-lyxo-hex-
opyranosyl chloride (22) — 3}§HE 202 3}3E 219
Azi s FUshA M2t SgE 228 AFHe
2 dot

7-0-(2',4',6'-trideoxy-3'-O-acetyl-4 -azido-o--L-lyxo-
hexopyranosyl)daunomycinone (26) — 332 225 3}
F2 259 Az YA Helstel HUE 262
81% F&= 4}

mp : 115.5~120°C

(8)% : +267°(c 0.021 in chloroform)

IR (KBr) : 3000 ~ 3550, 2080, 1680 ~ 1730 cm*

'H-NMR (200 MHz, CDCl3) & : 13.9 (s, 1H), 13.1
(s, 1H), 7.3~ 8.0 (m, 3H), 5.5 (dd. J=3.6 Hz, 1H),
52 (dd, 1H), 5.1 (ddd, 1H), 4.3 (s, 1H), 4.2 (qd.
1H), 4.0 (s, 3H), 3.8 (dd, 1H), 3.1, 2.8 (2d, 2H),
2.3 (s, 3H), 2.0 (s, 3H), 1.8 ~24 (m, 4H), 1.3 (d,
J=6.5Hz, 3H)

BC-NMR (50 MHz, CDCly) & : 211.6 (C-13) 186.8,
186.7 (C-5. C-12) 170.0(CO) 160.9, 156.3. 155.6 (C-
4, C-6, C-11), 135.6, 1354, 134.2, 133.7 (C-2, C-6a,
C-10a, C-12a) 120.7, 119.7, 118.4 (C-3, C-1, C4a)
101.0 (C-1) 76.6 (C-9) 70.2, 689, 65.7, 62.7 (C-
7. C-3', C4’, C-5), 56.6 (OMe), 35.0, 33.2, 29.8
(C-2', C-10, C-8), 24.7 (C-14), 20.7 (Me), 11.7 (Me)
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7-0-(2',4',6'-trideoxy-4'-azido-a-L-lyxo-hexopyran-
osyl)daunomycinone (8) — 3135 263 335 62 A
ZHHn FUSAl AMeElstd AN 1x 3EE 8
68% F&= AU

mp : 134.5~137.5°C

(a)® : +176°(c 0.25 in chloroform)

IR (KBr) : 3000 ~ 3600, 2090, 1695 cm™

'H-NMR (200 MHz, CDCly) & : 13.7 (s, 1H), 13.0
(s, 1H), 7.2~17.8 (m, 3H), 5.4 (br.s, 1H), 5.0 (br.
s. 1H). 44 (s, 1H), 4.0~4.2 (m, 2H), 4.0 (s, 3H),
3.6 (br.d, 1H). 3.1, 2.7 (2d, 2H), 2.4 (s, 3H), 1.8 ~
2.4 (m, 5H), 1.3 (d, J=6.4 Hz, 3H)

¥C-NMR (50 MHz, CDCly) &:211.6 (C-13)
186.4, 186.1 (C-5, C-12) 160.8, 156.1, 155.4 (C4,
C-6, C-11) 135.6, 135.1, 134.0, 133.9 (C-2, C-6a,
C-10a, C-12a), 1204, 119.5, 118.3 (C-1, C-3, C-
4a) 111.1, 110.9 (C-5a, C-11a) 101.2 (C-1") 76.6
(C-9) 69.7 (C-7) 66.5, 66.2, 66.0 (C-3", C4', C-
57) 56.4 (OMe) 34.8, 33.2, 33.1 (C-2', C-8, C-10)
24.7 (C-14) 17.8 (Me)

14-tert-Butyldimethylsilyl-7-O-(2',4',6'-trideoxy-3'-
O-acetyl-4'-azido-o-L-lyxo-hexopyranosyl) adriamyc-
inone (28) - 158 222 FRE 279 AZPYN ¥
A3HAl Aglste] A A SHHE 288 68% TEE @
At

mp : 100 ~ 103.5°C

() : +209°(c 0.022 in chloroform)

IR (KBr) : 3000 ~ 3500, 2080, 1710 ~ 1720 cm™

'H-NMR (200 MHz, CDCly) & : 13.8 (s, 1H), 13.0
(s, IH), 7.3~17.9 (m, 3H), 5.5 (dd, 1H), 5.1 (ddd.
1H), 4.8 (s, 2H), 4.2 (s, 1H), 4.1 (qd, 1H), 4.0 (s,
3H), 3.8 (dd, 1H), 3.0, 2.7 (24, 2H), 2.0 (s, 3H),
1.8~22 (m, 4H), 1.3 (d, J=6.4Hz, 3H), 0.9 (s,
9H), 0.1 (s, 6H)

14-tert-butyldimethylsilyl-7-O-(2',4',6'-trideoxy-4'-
azido-a-L-lyxo-hexopyranosyl)adriamycinone (3) -
S13HE 285 SIRE 299 Al FUsA Al
o A 1A FE 308 68% T&E AU}

mp : 155 ~ 163°C

(a)®: +165°(c 0.023 in chloroform)

IR (KBr) : 3000 ~ 3550, 2090, 1730 cm™

'H-NMR (200 MHz, CDCly) & : 13.9 (s, 1H), 13.2

(s, 1H), 7.2~ 8.0 {(m, 3H), 5.5 (br.s, 1H), 5.2 (br.
s, 1H), 4.8 (s, 2H), 4.4 (s, 1H), 4.0 (s, 1H), 4.0~
4.2 (m, 2H), 3.6 (dd, 1H), 3.2, 2.9 (2d, 2H), 1.9~
2.3 (m. 3H), 1.3 (d, J=6.4 Hz, 3H), 0.9 (s. 9H), 0.1
(s, 6H)

7-0-(2',4',6'-trideoxy-4'-azido-0o-L-lyxo-héxopyra-
nosyl)adriamycinone (9) — 3}3}E 308 3% 79 A
2 Fd3A At A4 nAQ A[E 9
82% &= AUt

mp * 151 ~ 153.5°C

(a)® : +195°(c 0.022 in chloroform)

IR (KBr) : 3000 ~ 3550, 2090, 1700 ~ 1720 cm™

'H-NMR (200 MHz, CDCly) & : 13.9 (s, 1H), 13.1
(s, 1H), 7.3~ 8.0 (m, 3H), 5.5 (br.s, 1H), 5.2 (br.
s, 1H), 4.7 (d, 2H), 4.5 (s, 1H), 4.0 (s, 3H), 3.8~
4.1 (m, 2H), 3.6 (dd, 1H), 2.9~ 3.3 (m, 3H), 1.6 ~
2.2 (m, 5H), 1.3 (d, J=6.4 Hz, 3H)

BC-NMR (50 MHz, CDCly) &:213.4 (C-13)
186.8, 186.6 (C-5, C-12) 161.0, 156.1, 155.4 (C4,
C-6, C-11) 135.8, 135.3, 133.4, 133.3 (C-2, C-6a,
C-10a, C-12a) 120.5, 119.8, 118.4 (C-1, C-3, C-
4a) 112.1, 111.5 (C-5a, C-11a) 101.1 (C-1") 76.7
(C-9) 69.5, 66.7, 66.1, 66.0, 65.4 (C-7, C-14, C-3’,
C-4', C-5") 56.6 (OMe) 35.5, 34.0, 33.2 (C-8, C-
10, C-2") 17.9 (Me)

AEstE gt

AlQF U XHR - Aol AFE3 Fetal Bovine
Serum(FBS), RPMI 1640 media, Streptomycin-
Penicillin €9, Sodium bicarbonate, L-glutam-
ine®%, Phosphate-Buffered Saline(PBS)%<
Life TechnologiesAlH(New York, U.S.A)Z2%H 74
3l A4 o, DXRI DNRS g HX|A|7)
(F)2HE g5t AMEEAT. MTT(3-04,5-
Dimethylthiazol-2-y1]-2,5-diphenyl tetrazolium
bromide) 2 7|e}7]2k& SigmarH(St. Louis, U.S.
A)ZHE] T3 A3

AN ZES U MEY - In vitro NEFY 34 L
in vivo G E AN G ALY L1210 vh$-2 Wy
A EF(ATCC CCL219. mouse lymphoid leu-
kemia)x ATCC(American Type Culture Colle-
ction)AHRockville, U.S.A)2HE Rehdo}l A3}

J. Pharm. Soc. Korea



R

ich
It
By

Ful4l

fFEA F FIEA 123

Hrk. GHEF] viY-S 10%(v/v) heat-inactiva-
ted(56°C, 30%) FBS. 2mM L-glutamine, 50
units/m! penicillin sodium. 50 Bg/m! strepto-
mycin sulfate’} 718 RPMI 1640 media(®]3t R
1080212 )2 37°C. 5% CO,8 CO M%7
(Precision Scientific Inc.. Napco Model 5430,
Chicago, U.S.A)ollA AA] st

AHER - In vivo FLEH AP ALEEH FELS
659 <A CD2F1 uh$-2(¢4% DBA/2 vh§29 5
71 BALB/c wh¢-2:2] F1)2A d£ Charles RiverAt
(Atzuki, Japan)Z%F¥E Ho] AWHY 7 (SPF,
Specific Pathogen Free) A8l 2 73, £ A+4
SPF 8 ARAAWelA] ARSAITIEA ARSI
5789 FES T 17U £3F AL
o, A8 A Q] MFHAE 18 ~ 22 golQlth. vhgA
WA X9 in vivo Aol AHE-3E FE-E DBA/2 vt
4224 HZ 92 Charles RiveriAlZ2 € Fgate
v AE B ATA ARl A Rl XA ARS3TH
AY7|3 F 237 Hol= A Ro] HHEE sl on,
22 AN dFFE, AlEE UMY HE v/ g
=& 73A}E (Oriental Yeast Co., Japan)& AHE3}
ek, '

In vitro MJEESRM - 6, 7, 8, 9, DXR ¥ DNRY in
vitro AIEEA L MTT assayd” S thd W33} =
At &, A7l A8t e L1210 E &
g9g A4+2)(2,000 rpm. 58)3 45AE w2
1, cell pellet& AU} ©] pelletS R10MIA 2 3|4
sto] QA EAEA(F 1x10° cells/m) & W, o
AAE #E 0.18mle 96-well microplates] Z+
welldll 253ttt 7z s=9 &4 2L R10¥A|
(= welldll ) 0.02mlg Y3 37°C, 5% CO,%]
COMG71NA 48712 FES =FAIF T 48217 b
% ¥ Z welldl MTT294(2mg/ml in PBS) 0.05
ml¥ H7FEka oA 427k Bt vl st o), s o
AE-21(2,000 rpm, 58)% F(3HYA4AE HA-1000-
3 microplate centrifuge) 459 0.2 mI& AAs} 1,
BAHE MTT formazanZPE 0.2mle] dimethyl
sulfoxide(DMSO)$-4& H7let £ Efete, L343}
Ak 2 well?] ¥35 (0D, Optical Density)E 96-
well microplate reader(ELISA reader, Bio-Tek
Instruments Inc., EL309, Winooski, U.S.A)& A}
4319 540 nm(ODsy)ol X E3sAT 2 welld

Vol. 40. No. 2. 1996

ODsye®l MEZ7F H71EA] 93 RI10WIAITHE B&
blank well®] ODsyE 781 7+ well®] ODs @t S B
Aatgeh ofgo] ArEA & = well®) ODyy &
9] 50%% JehE FEFEE log doseresponse®.
BE A3 3ARAY e ALl 10,02 YERAR]
o} 13] AlEA] 3 well®] HHF ODsE Akl ©]-8-31
om, 7} oFE T 43] o) AAIEA B IC,3 S.DE
Fatgnt. zF FEE 1 mg/mle] E52 RIOWA) &&
DMSO&do £33t & R10¥IX2 3)4{3}ar, 0.45
um filter2 g7 335t ARRsIH T

In vivo 82183} - 1,1210 v}~ HEHAH X o]
&z} of2o 3tad A1 8L GeranFol g o
2 W¥sld AA S} L1210 vk~ HEEAE =
DBA/2 vh$-29] Bl 10°7]/7H-28 159wt} 3
AV8HS in vivo AN E AAEE o, in vivo B EH
Algo A= Holk 33 o|49] in vivo AlUE wEl ¢
AEFE ARREIYT. L1210 HHEE AuFold
DBA/2 vh$-2¢] BoaRe o] daAdgs
2 At mig o 10917 =8 G xdege
THE 1 o] @Y 0.1 ml& CD2F19}$-22] H73o) o]
At e ZAle FAGYE SAZAE
DXR, DNR, 9= A gl g8l ALg3le
o, 6,7, 8& 10%(v/v) Tween 809 @¢3le] ALg3}
Ak FEL qlol4 1Y FRE d4FH R 9Y F<h
BAFARY. dxdtde Y839 Aldd9e4E
Fosigon, Foddze 10 mi/kgMFoIUct. iz
T 2 7 B FodF 9] 7jAe) AALE uid 23] 60Y 5
o A on, 60Y olF MEFEY AERAFTE
6042 Bt ZF BEY AFS GA¥o)Y A, B

Table 1— In vitro cytotoxicity of Compound 6, 7, 8, 9,
DXR, and DNR against 1.1210 murine lym-

phoid leukemia cell line,
Drugs® ICs{ng/ml)®
6 34.0+2.8°
7 4.1+04
8 3.1+0.8
9 2.6+0.7
DXR 29.4+58
DNR 8.1£0.7

*: Tumor cells were continously exposed for 48 hours
to various concentrations of drugs.

: The concentration of drugs inhibiting 50% of ODssw
value of control well were calculated by linear re-
gression methods.

¢ Mean=S8.D for at least 4 derterminations.
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M. R 9dEet Wi SAs . 74 g=F
o} FHEFE FEFILL] FHPETIA(ME o
o FHAYEA(C)3 vlwate], offe] ALtAol
ojatd T/C(%) & -3kt

)

N ] n
o

ofh

o
T
i

L §

T/C(%)=T/Cx100(%)

3 ¥ D@

In vitro HIE=M - A5 AdEZHAL)EH F54] 6,
7, 8, 9¢] oo~ WHEW| Y3l in vitro A EFHE,

Table II— In vivo antitumor activity of Compound 6, 7,
8, 9, DXR, and DNR for ip~inoculated 11210
murine lymphoid leukemia

Body Weight

Drugs Dose(mg/kg/day)” T/C(%)

Changes(g)®
Saline 100(0/109 +1.01
DNR 2.500 115(0/8) -1.25
1.250 242(0/8) -0.63
0.625 271(0/8) +1.00
0.313 186(0/8) +0.98
0.157 180(0/8) +1.12
6 10.000 211(0/8) +0.25
5.000 196(0/8) +0.52
2.500 183(0/8) +0.43
1.250 127(0/8) +1.11
0.625 108(0/8) +1.20
8 10.000 87(0/8) -1.24
5.000 119(0/8) -1.30
2.500 276(0/8) +0.87
1.250 156(0/8) +0.94
DXR 5.000 111(0/8) -1.87
2.500 309(0/8) -0.50
1.250 »422(3/8) +0.06
0.635 »371(2/8) +0.55
0.313 285(0/8) +0.97
7 10.000 ¥605(8/8) -0.87
5.000 >293(1/8) +0.01
2.500 268(1/8) +0.37
1.250 »260(1/8) +0.15
0.625 179(0/8) +0.80
0.313 140(0/8) +1.10
9 10.000 92(0/8) -2.00
. 5.000 >488(5/8) -0.37
2.500 »317(2/8) +0.25
1.250 200(0/8) +0.55
0.625 171(0/8) +0.60

*: Drugs were intraperitoneally administered for 9
days once a day starting 1day after tumor cell
inoculation.

*: Body weight differences between day 5 and day 1.

“: Numbers of animal surived 60 days tumor cell ino-
culation.

DXR¥ DNRE %4d
ZA 5 HTable I).

AE843, DNRIC5%=8.1 ng/mD-+=#<¢ 6(ICy,=
34.0ng/ml)& DNR®U} oF 4uf) of3h A EEAE B3
A 8(1Cx=3.1 ng/mbe} MEZAFS DNRof- i8]
oF 28)) 7§ Al o2 YRttt DXR(ICs=29.4 ng/mi)
=191 75 9%= DXRe vl bzt 7ul, 119 233 Al
=S Ryt

In vivo EIEI} - A FFEAEY] in vivo AR
#Z Brojalg 11210 vk Wdwo) tisle] AE
39 cH(Table ID). =2 ¢ oj2) 1 F2E 19 13
9Y F¢t Brlo 2 ddFosgin}.

DNR< 2.50 mg/kg/day2] §3FoH ZATEE
Hew, AP ash= 0.63 mg/kg/dayd] Fo-83F
oA BRFHAHT/C(%)=271). 6& LI 0431
10.00 mg/kg/day®] &FoM = S 5454 ¢lo]
£2 IS BAHT/C(%)=211). 8 10.00,
5.00 mg/kg/day®] &FlA e AFpHa: YL B
FAT, DNRe] £A434S JehdE 2.50 mg/kg/
day®] &34 DNRET} 93t getass By
(T/C(%)=276).

DXR2 5.00 mg/kg/day2) &2l SAAZAS
Qo 1.25mg/kg/days) 8N M 95 3
AFAE JEMITHT/C(%) =422). B3+ o] §-3kl| A
L1210 9EPE 713 w92 8utels JutelollA] ool
A fEo] 60Y o] F7HA] AESFTE T2 APHusE
21 10.00 mg/kg/day®] Foj&3elA] Fo 59 4 o}
29 AFHAALE FUSHAAE, o)F Hx3 Fale] A
FEo] 60 ol F7A A& 4 AGEANE B
At

9= 10.00 mg/kg/day®] &FolA SAFTEE B
A%k 5.00 mg/kg/day?) &3l A+ 8utelF 5ulels)
60 oA A& -8 AYENE BAHT/
C(%)=488).

271¢] A8 A= Horton® 5, Priebe”50] AA1G
U2 DXR® 3-amino’|& 3-hydroxyl7|Z X&3}
W 5L Zasq setdAe AXdne AME o
&ka glct.

ol4tel APANRRE 3-amino7]E 3"-hydroxyl”| £
2|88k, daunosamine®] 41 $x]ol A 2F B5)
Ql azide?]} fluorine”]& =Y’ 417 anthracy-
cline =4 6, 7, 8, 95-2 DNR3} DXRel| vt 3o

ZEAZ AMg] MTTHoZ

H
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=Ao] A= g aly) $8 AoF AleHch
3] doxorubicinfr =9 7& YA AL HAFHAAL)
Wl S50 BAEA ga A FEo] A=
$43 S S Helrg AFEY, 2RSS
o] EAH7LE ¥R o Be AN AT-E AAF
& 747 e FREAR b

dm gm0

#Atel =

2 ATE BEYrEAe) SHATHA 71T O2 5
HU71el olol ARsHE Bl
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