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Synthesis and Antitumor Activity of
7-O-(o-L-rhamnopyranosyl) or 7-0-(4"-amino-o-L-
rhamnopyranosyl)-daunomycinone and
-adriamycinone Derivatives

Kwang-Dae Ok’, Jeong-Bae Park, Moon-Sung Kim, Dong-Yoon Jung,
Sang-Yong An, Chung-Seok Bae and Junnick Yang

Research Laboratories, Dong-A Pharm. Co.,

Ltd., Kyunggi 449-900, Korea

Abstract— Daunorubicin and doxorubicin analogues (5, 7, 8, 9) in which the natural amino sugar, dau-
nosamine, is replaced by rhamnopyranosyl or 4-amino rhamnopyranosyl residues have been pre-
pared. The in vitro cytotoxicity of compound § or 7 was similar to that of doxorubicin for P388 murine
leukemic cell line. But compound 8 or 9 was less cytotoxic than doxorubicin. When administered in-
travenously on day 1, compound 9 showed antitumor activity comparable to that of doxorubicin
against ip-inoculated 11210 murine leukemia and found to be less toxjc than doxorubicin. But the in
vivo antitumor activity of compound 7 or 8 was inferior to that of doxorubicin.
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Daunorubicin(DNR, 1), doxorubicin (DXR, 2)
£ H]#3} anthracyclined) &4AE 713 dal A
450X = Fa3 dslsta A 59 el &
& 2754 73 &9 &Y AFEE 59 4G
3 2244 velllE 28 s itk DXRe 3

ol loire ABEAe AR HEl T4 FF
E&ol 550 mg/m?® o|3t2 A glon, oj2 s

THARTAE IS T7} Atk
-‘li‘}m. ol Fa8-& SoluM FPEYE
2 AT FrEAQTI &) AYgHY gted, 2 F

M

FHE PR te P2 JBRAE
TR ERd B B o] AxdA=R

(d3}) 0331-282-2516 (¥2>) 0331-282-8564
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A nd o83 gt} 3-deamino-3-hydroxy-dox-
orubicin #EA"7} HAo) AT 2 L B S el
W3l7] W&o 3-hydroxy?)7} S5 B4 B
de AL ¢ F UL ¥ oliE), DXRY 4-hy-
droxy epimer S3EZ 1984 Alghg 4"-epiru-
bicin”(3)& DXR¥# 5% ol4e) #4& YehiuA
ARFEA o] Z0]50] 4 -epimerd FA EAF 7 &
Astn JL-& ¢ 5 Yt 281 glycosidic bond®)
299 S 7314 5EH22 2-halogen”|7F =Y E.
E3) 2'-fluoro-3-hydroxy-doxorubicin F=4) (4)®
= 543749 @A dggygol dAEA FAHEAL
agng AREE ol2d AAHAE V&, C-2
o= glycosidic bondd) Z¥HS STHA- F e
hydroxy(ax)71&, C-3' 9l deaminoMZA hyd-
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roxy(eq)7]&, C-4"9l daunosamine® epimer
#2) amino(eq)”IY} hydroxy(eq)71& Z2zt =4%
S5H 5,7, 8392 AT 215 FEA 9+ A
ol A C-14 ester7} 7HpE3] Hol s1EE 60] A
g 5 Qe Bd2A 7, 83 ¢ 584 EZolH
(Fig. 1) ol& 239 §4A HiE Ao o33
Zth Z L-rthamnose® 294832 3l9 acetylsh,
brom3} 24 3 4L brom3FE 17 dauno-
mycinone(DH) 3} Koenigs-Knorr glycosidation 3}
o o-anomer 33HE 209HS AFHow YL ¥ &
acetyl ¥t-&-3le] 313t 58 ATt x@ HFE 9=

CCH,R,

CHyO

O

HC 7~0
R
Re 'Ry

:Ry=R;=Rg=H Ry=NH, HGI R=OH
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=Ry=R~OH R,=F Rg=H
:R=Rg=H Ry=Ry=Rs=OH
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9 : Ry=0COCH,CHoNH, HCI Rp=Ry=Rg=OH R=H
Fig. 1 — Structures of daunorubicin and doxorubicin an-
alogues.
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Scheme I — Synthesis of Compound 9.
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3RS 58 ASEAHZ A 1) Trimethyl orthofo-
rmate. Br, ii) 2,2-dimethoxypropane iii) NaOC-
OCH,CH,NHBoc =412 ¥H8-A1A ester 313HE 228
61.2% &2 T4 F, ether-HCloMA 21 3% 93
st 99% &2 AUTHScheme D).

3, SRHE 72 methyl-2,3-O-isopropylidene-
a-rhamnopyranoside(10)*8 22242 3o AY
o} &, 3gHE 108 Al 34 Whe-& 3l 6-deoxy-
a-L-talopyranoside 388 122 @4 F 4-hy-
droxy”]el trifluoromethanesulfonyl7}& =%k o}
+ sodium azide®t ¥H-&-A1A azido SIEHE 148 A1
o} Z3]IE 142 $4Y, B35 acetyldt, brom3} ¥He-&
AA brom #3E 192 4L F DH$} glycosidation

OCH, OCH.

o PCC o™ NabH, oM
CHy e 0={CH, (CHy
CHCly MeOH )
o o o o oxo
10 1 12 R=H
Pyr. ThO
1 R=T
R ,OCH, A0 cFiCoNH
NaNj "y Hy IR

S0,
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Scheme I — Synthesis of compound 7.

i) Trimethyl orthoformate, Br;
ii} 2,2-dimethoxy propane

iii) NaOCOCH,CH,NHBoc
RO OR

20 R=Ac
l0.2N NaOH sol'n
5§ R=H

of. O OH
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HgO, HgBr, e i) 0.2N HCl sol'n
" CH, 8
19 + DH s .
molecular sieve 3 A ii) HCl-MeOH
CH,Cl, OR, OR;
23 R1 =Ac Rz COCF3 b
0.5N-NaOHsof'n -
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OCHY OH

D"

Scheme III — Synthesis of Compound 8.

BH&3le] a-anomer 3EHE 21%HS e US Ut
7HrEsetd S3HE 78 AAcH(Scheme I0).

@, 3E 82 9-de-acetyl-9(2’,2"-dimethyl-
4'-methoxydioxolan-4-yl)daunomycinone® (D"
H)& bromo3t&E 199} wH-g-A1A 58.8% &= 3%
2 230 A2 F, 4ot Y] oA 2 gEE g
8t} A THScheme I1D).

ol FRE LB E FES A AF FEA
5, 7, 83} 90 th3iA= P388 -~ MW A ¥ol o
gt in vitro AXEAIS GEA 7, 83} 9o i E L
1210 vh$-2 W@ A Eo| thgt in vivo FFY A
Ald& AAE A

By

g ¥ 717|

'H-NMR spectra: Bruker AC200 spec-
trometerg ©]83<4 tetramethylsilane® int-
ernal standard® AH8-3t4u, CDClol 2738 e
CHCI, (7.24 ppm)¥ internal reference® 3t &
A& o™, chemical shifte 8 unit® JehiT}.
Infrared spectrat= MIDAC FT-IR £3% #EA2 &
A3tH o9, frequencys cm'2 FASCH HRE
¥ PERKIN-ELMER 243 polarimeter& A3}
ZA3 e, 5=de Mettler FP 5 §4&2%718
AMES L BA L 81R] Tt

Column chromatography< silicagel (Kieselgel
60, 70~230 mesh, Merck)& AMg8lga, B8 F5

VgL A T ol2F 7)1 F3tolA AP, S

T AR R Ax, SRENUG

Bty

7-0-(2',3',4'-tri-O-acetyl-o-L-rhamnopyranosyl)da-
unomycinone (20) - Daunomycinone (DH, 3.04g,
7. 631 mmol), 243} A2 (F4) (6.41 g), BES} A

2 (1.86 g), ¥ molecular sieves 3A (30.6g)<

CH2012 (405 mDoll A1 ¥, B3}HE 17¢ Yol A
204 23g th 20413 wRkEiih, whgolg o3}
83 dolg CHLCLOZ M F o] 9L 02N
HCl 789, &, ¥3M 45 A2 A3 oL 533}
o o}z FALE column chromatography (Benze-
ne : Acetone=4: D2 ¥2] At 31¢E 20 54
g, 100%)S A3+,

Rf=0.42 (Benzene:Acetone=4: 1)

mp : 131.1~137.2°C

(o) : +138.8 (c 0.098 in CHCl,)

IR(KBr) : 3504.9, 1751.5, 1618.4, 1577.9cm™

'H-NMR (200 MHz, CDCly) &:13.94 (1H, s,
phenolic-OH) 13.26 (s, 1H, phenolic-OH) 8.02
(d. 1H, H-1) 7.76 (t, 1H, H-2) 7.36 (d, 1H, H-3)
5.34 (d, 1H, H-1") 5.29 (t, 1H, H-2') 5.26 (t, 1H,
H-7) 5.08 (d, 1H, H-4") 5.07 (m. 1H, H-3") 4.05
(s, 3H, OCH,) 4.05 (m, 1H, H-5") 3.25 (d, 1H, H-
10) 2.93 (d, 1H, H-10") 2.41 (s. 3H, OAc) 2.32
(dd, 1H, H-8) 2.15 (s, 3H, CH) 2.09 (m, 1H, H-
8) 2.04 (s, 3H, OAc) 1.92 (s, 3H, OAc) 1.26 (4.
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3H, CHyp

PC-NMR (50 MHz, CDCl,) : 2116 (C-13) 186.7,
186.6 (C-5. C-12) 169.9, 169.7, 169.6 (3xX OCOCH,)
160.9 (C-4) 156.1 (C-6) 155.4 (C-11) 135.6 (C-2)
1352, 1342, 1329 (C6a, C-10a, C-12a) 119.7,
1184 (C-1. C-3. C-4a) 111.5 (C-ba, C-11a) 100.5
(C-1) 76.4 (C-9) 70.7, 70.4, 69.3. 69.0, 67.7 (C-7,
C-2', C-3, C4', C-5) 56.6 (OCH,) 35.0, 33.3 (C-8.
C-10) 24.7 (C-14) 20.84. 20.76, 20.56 (3X OCOCH,)
17.3 (CHy)

7-0O-(a-L-rhamnopyranosyl) daunomycinone
(5) — 3¥E 20 (1g 1.491 mmoD 2l 0.2N NaOH
£ (80mi) g 0°CoM 2417+ AT}, 2N-HCL
Ao g3 ¢ F, CHLCLE 583, B, X
g2 NAY g FEH Ao HA A
£ CHCL® n-Hexane2® AZAA3A FF{E 5
(515 mg, 63.4%)% AU

Rf=0.18 (CHCl, : MeOH=10: 1)

mp : 166.8~169°C

()3’ : +60.5 (c 0.086 in CHCly)

IR(KBr) : 3423.9. 1718.7, 1618.4, 1577.9cm™

'H-NMR (200 MHz, DMSO-dy) &:14.04 (s.
1H, phenolicOH) 13.25 (s, 1H, phenolic-:OH)
7.90 (d, 2H, H-1, H-3) 7.64 (m. 1H, H-2) 5.47 (s,
1H, OH) 5.02 (s, 1H, H-1") 4.95 (t, 1H, H-7) 4.72
(t, 2H, OHx2) 4.42 (4, 1H, OH) 3.98 (s, 3H, O
CH,) 3.76 (m, 1H, H-5") 3.58 (br, 1H, H-2") 3.2~
3.4 (m, 2H, H-3', H-4") 3.01 (d, 1H, H-10) 2.88
(4, 1H, H-10") 2.24 (s, 3H, COCH,) 2.15 (d, 2H,
H-8) 1.17 (d, 3H, CH»)

“C-NMR (50 MHz, DMSO-dg) & : 211.6 (C-13)
186.2, 186.1 (C-5, C-12) 160.6 (C-4) 156.0 (C-6)
154.3 (C-11) 136.0 (C-2) 135.2, 134.43, 134.38 (C-
6a, C-10a, C-12a) 119.7, 119.5 (C-1, C-3) 118.8
(C-4a) 110.51, 110.45 (C-5a, C-11a) 103.8 (C-1)
75.2 (C-9) 71.8. 70.6, 70.5. 69.1 (C-7, C-2, C-3',
C-4', C-5") 56.5 (OMe) 36.3, 31.5 (C-8, C-10)
24.0 (COCH, 17.7 (CHa)

7-0-(2',3'-O-isopropylidene-a-L-rhamnopyranosyl)a-
driamycinone-14-O-(N-tert-butyloxycarbonyl) {-alan-
inate (22) - 3}3HE 5 (400 mg, 0.7346 mmol)E Tri-
methyl orthoformate (0.55ml), MeOH (10 m!)3}

Vol. 40. No. 1, 1996

Dioxane (15 ml) ¢} E3H-gdo) JgA|7) F 2083 2
Bg o Bry/CHLCL (1.08ml, 1ml Br, in 20m!
CHyCl)& ol 242 §¢t kst o] whg-do
Acetone (72ml)& o] 3|7t ¥hgAl7 3, 2,2-di-
methoxypropane (25 ml)€ 7}sted 127t ¥Fe-EY
t}. 71 & sodium-N-tert-butyloxycarbonyl-B-ala-~
ninate (1.4 g)¢l HO(12 ml) £4& 6t 8 E§4Eo) 7}
g X 15417 gAY B EFES AN S
& CHCLol &3f8l] &, X3+ AA T 749
Az doJF FALE column chromatography
(Benzene : Acetone=4 : DE £a) A8t 22 (347
mg, 61.2%)& A3t}

Rf=0.23 (Benzene : Acetone=4": 1)

mp : 209.7~216.9°C

()3 : +169.8 (c 0.086 in CHCl,)

IR(KBr) : 3448.9, 3383.4, 1734.1, 1685.9, 1618.4
em’”

'H-NMR (200 MHz, CDCl) 8:13.95 (s, 1H,
phenolic-OH) 13.20 (s, 1H, phenolic-OH) 8.01
(d. 1H. H-1) 7.77 (, 1H, H-2) 5.61 (s, 1H, H-1")
5.35 (t, IH, H-7) 5.35 (d, 1H, H-14) 5.13 (d. 1H,
H-14") 4.49 (s. 1H, OH) 4.07 (d. 1H, H-2") 3.94
(dd, 1 H, H-3") 3.78 (dq. 1H., H-5) 3.31~3.10
{(m, 3H, H4', CH,CNH-) 3.26 (d, 1H, H-10) 2.94
(d, 1H, H-10") 2.64 (t. 2H, COCH,CHy) 2.50
(br, 1H, H-8) 2.90 (d, 1H, OH) 2.12 (dd, 1H, H~
87 1.51, 1.30 ( 2xs, 2x3H, 2xCH,) 1.43 (s, 9H,
CONHC(CHy3 1.37 (4, 3H, CH,)

“C-NMR (50 MHz, CDCly) 8:206.7 (C-13)
187.1, 186.7 (C-5, C-12) 171.9 (C-15) 161.1 (C4)
156.2, 155.7 (C-6, C-11) 155.8 (C-18) 135.8 (C-2)
135.5, 134.0, 133.3 (C-6a, C~10a, C~12a) 120.9,
119.9, 118.5 (C-1, C-3, C-4a) 111.6, 111.5 (C-5a,
C-11a) 109.5 (-OC(CHy,0-) 1005 (C-1") 79.8
(C-19) 78.0, 77.2, 75.8. 74. 4, 69.8, 67.1 (C-7, C-9,
C-2, C-3, C4', C-5) 66.2 (C-14) 56.7 (OCHs,)
36.5, 354, 34.7, 33.6 (C-8, C-10, C-16, C-1T)
28.4,28.0,26.2, 17.1 (4xCHy)

7-0-(a-L-rhamnopyranosyl)adriamycinone-14-O-
p-alaninate hydrochloride (9) — 3132 22 (280 mg.
0.3628 mmol)®] CHCI,(17 ml)-&<e]l Ether-HCl
(13mDg 713t F A2olA] 243 ¢ HAIF T
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NS EREL Ethers S48 T ojnsie] Baow
e #3HE 9(240 mg, 99%)E It
Rf=0.44 (n-BuOH : AcOH : H,0=35:10: 20)
mp : 169.5~175.2°C

(adf: +176:2 (¢ 0105 in cHCH MeOH(T

1000))

IR(KBr) : 3400.7, 1734.1, 1618.4, 1577.9cm”

'H-NMR (200 MHZ, DMSO-d;) &:13.90 (s,
1H. phenolicOH) 13.07 (s, 1H, phenolic:OH)
8.13 (br.s, 3H, NH,CD) 7.72 (m, 2H, H-1, H-2)
7.50 (dd, 1H, H-3) 5.66 (s, 1H, OH) 5.32 (d, 1H,
H-14) 5.22 (d, 1H, H-14), 5.02 (s, 1H, H-1"),
4.96 (br.s, 1H, H-7) 4.75 (d, 2H, OH X 2) 4.45 (d,
1H, OH), 3.98 (s, 3H, OCH,), 3.78 (m, 1H, H-5)
3.58 (br.s, 1H, H-2") 3.38~3.17 (m, 2H, H-3", H-
4) 3.10~3.00 (m. 4H, H-10, CH,CH,CONH)
2.77 (t, 2H, COCH.CH,) 2.30 (m, 1H, H-8) 2.02
(dd, 1H, H-8") 1.18 (d. 3H, CHj)

“C-NMR (50 MHZ, DMSO-de) & : 207.7 (C-13)
186.1, 186.0 (C-5, C-12) 169.7 (C-15) 160.6 (C-4)
156.0 {(C-6) 154.6 (C-11) 136.1 (C-2) 135.0, 134.3,
133.7 (C-6a, C-10a, C-12a) 119.64, 119.55 (C-1,
C-3) 118.8 (C-4a) 110.5, 110.4 (C-5a, C-11a) 103.9
(C-1) 75.2 (C-9) 71.9, 70.6, 70.0, 67.0 (C-7, C-2’,
C-4'. C-3', C-5") 66.1 (C-14) 56.5 (OCH3) 36.4.
34.6, 31.8, 31.2(C-8, C-10, C-18, C-17) 17.7 (CHJ)

Methyl-6-deoxy-2,3-O-isopropylidene-c-L-lyxo-
hexopyranosid-4-ulose (11) - 3}3HE 10 (4g, 18.33
mmol)®] CH,Cl, (180 ml)-g-<o] PCC (158 )+ ¥
2 molecular sieves 3A(15.8 g0 31 204 24|
¢ mRA o (S EFE| Etherg 715l 4%
TH ot dE At FFsle dolrl TAE
column chromatography (n-Hexane:Acetone=2 :
NZ Bg A S3ME 11 (4.13g, 100%)S 9
=3

Rf=0.40 (Benzene : Acetone=15:1)

IR(neat) : 1739.9 cm™

'H-NMR (200 MHz, CDCl,) & : 4.82 (s, 1H, H-
1) 4.40 (s, 2H, H-2, H-3) 4.22 (q. 1H, H-5) 3.44
(s, 3H, OCHj;) 1.47, 1.34 (2xs, 2x3H, 2XCH,)
1.38 (d, 3H, CH,)

Methyl-6-deoxy-2,3-O-isopropylidene-c-L-talo-

pyranoside (12) - 3138 11 (4.1g, 18.96 mmol)¥
MeOH (95 ml) &4 & 0°CZ & ¥ NaBH, (717 mg)
£ 713l 3083 WA o Ao &8 1A
3087 ¥ AR v EFES 7S FFI
CHLS Wol gie o & Tapigrddes
AHsta 7 F58

o) FAE column chromatography (n-He-
xane : Acetone=5: 1)& ¥z} AAso g8 12
(3.78 g, 92.2% % ATt

Rf=0.41 (n-Hexane : Acetone=3: 1)

'H-NMR (200 MHz, CDCl,) & : 4.91(s, 1H, H-
1) 4.18 (dd, 1H, H-3) 4.01 (d, 1H, H-2) 3.81 (q,
1H, H-5) 3.53 (dd, 1H, H-4) 3.38 (s, 3H, OCH,)
2.16 (d, 1H, OH) 1.57 (s, 3H, CH3) 1.36 (s, 3H,
CH3) 1.31 (d, 3H, CHy

Methyl-6-deoxy-2,3-O-isopropylidene-4-O-(ri-
fluoromethanesulfonyl-o-L-talopyranoside (13) — &}
e 12 (3.78 g, 17.40 mmol)E CH,Cl, (72 mi)¢}
pyridine (48 ml)o §8JA1%1 ¥ Triflic anhydride
(3.7mi, 21.99 mmol)E 0°CollA HA3] 7}3k - 14]
7k 30% FF YA ZTE

vg EFES CHCLeRE M F &, 10%
KHSO, 789, & 123 TRASFZ AFS b
#H w53 SRHE 138 At o] HFEL Bt
AsnZ o ¥l vkE AREs Y,

Methyl-6-deoxy-2,3-O-isopropylidene-4-azido-o-L-
rhamnopyranoside (14) - 3138 132] DMF (100
ml)&<4ol] NaN; (3.4 )& Wl AoA 1Az 5t
SEEAIHT WS EFES At 55 F CHCLE
3L B2 AT 08 At wET 93 2
AFE column chromatography (n-Hexane : Ethy-
lacetate=10 : D= ¥ AAslo 3FE 14 (2.32¢g,
55.1%)& AU}

Rf=0.33 (n-Hexane : Ethylacetate=10: 1)

'H-NMR (200 MHz, CDCl,) & : 4.86 (s, 1H, H-
1) 4.09 (dd,-1H, H-3) 4.05 (d, 1H, H-2) 3.50 (q.
d, 1H, H-5) 3.34 (s, 3H, OCH3) 3.14 (dd, 1H, H-
4) 1.54 (s, 3H, CH,) 1.34 (s, 3H, CH,) 1.28 (d,
3H, CHy)

Methyl-6-deoxy-2,3-O-isopropylidene-4-amino-o.-L-
rhamnopyranoside (15) - 338 14 (2.2g, 9.08
mmol)¢] THF (45ml)g98< 0°C2 3 ¥ LiAlH,

J. Pharm. Soc. Korea



he oA 52704 FeAe 93 e 15

(1.03 g)& ¥ol NyIFatollA 308&3E vh3-§ o 4
2ol A TAIZE 3083 o YA AT 9HE EFEA T
3NH,Cl #8-4& 713hF CH.CLE #8238 v 2%
¥&34t}t. 9oj7 2XHE column chromatograp-
hy (CHCl, : MeOH=20: 1) ¥ ZAsld s{E
15 (1.6 g 81.5%)& At

Rf=0.46 (CHCl;: MeOH=10:1)

'H-NMR (200 MHz, CDCly) & : 4.86 (s, 1H, H-~
1) 4.03 (d. 1H, H-2) 3.83 (dd, 1H, H-3) 3.45 (m,
1H, H-5) 3.35 (s, 3H, OCH3) 2.59 (dd. 1H, H-4)
1.49 (s, 3H, CH,) 1.33 (s, 3H, CH,) 1.24 (d, 3H,
CH3)

Methyl-6-deoxy-2,3-O-isopropylidene-4-acetamido-
o-L-rhamnopyranoside (16) — 31312 15 (1.65g, 7.63
mmol)$] CCl, (60 ml)g<fe] Et,N (4.24 ml)L 7}3t
% 0°C& 3tz o] $9 triflucroacetic anhydride
(1.63 mN)E 93] 713l 1Az B whgA AT vt
£ E4ES B, 10% NaHSO, 89, X352 1
Za B2 ARG & A FF3AAT Ao ME
column chromatography (n-Hexane : Acetone=
4:1)E ¥ FAs 3 16 (228 92.3%)& 4
pei=g

Rf=0.34 (n-Hexane : Acetone=3: 1)

'H-NMR (200 MHz, CDCly) 8:6.59 (d, 1H,
NH) 4.84 (s. 1H, H-1) 4.15 (dd, 1H, H-3) 4.08
(d, 1H, H-2) 3.93 (dd. 1H, H-4) 3.80 (m, 1H, H-
5) 3.39 (s, 3H, OCH3) 1.53 (s, 3H, CHa) 1.32 (s,
3H, CH,) 1.26 (d. 3H, CH,)

1,2,3-tri-O-acetyl-4,6-dideoxy-4-acetamido-ot-L-
rhamnopyranose (18) -~ 3}3E 16 (2.2g, 7046
mmol)2] 80% 24t (31 mN)&L T0°Cell A} 308 L
i g vk EFES ARt FEEHAUT. A7l thAl
F424F (6.63ml), H,80, (112 u), CHaNO, (50
mDE $ol 1A B¢ wweket. v ERES
CHCLE 343% tg ¥35x5, & a3 234
Az AFE F Y FF3 dojxl IALE colu-
mn chromatography (n-Hexane : Acetone=3: 1)
2 B3 AAst 3FE 18 (243 g 89.7%)8 AU
o},

Rf=0.24 (n-Hexane : Acetone=3: 1)

IR(KBr) : 3313.9, 1722.5cm™

'H-NMR (200 MHz, CDCly) 8: 6.38 (d, 1H,
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NH) 6.03 (d, 1H, H-1) 5.31 (dd, 1H, H-3) 5.17
(dd. 1H, H-2) 4.25 (q. 1H, H4) 3.89 (m, 1H, H-
5) 2.17. 2.13, 2.02 (3xs. 3x3H, 3XCOCH,) 1.27
(d, 3H, CHy)

4,6-dideoxy-2,3-di-O-acetyl-4-acetamido-o-L-
rhamnopyranosyl bromide (19) ~ 3}3&8 18 (900
mg, 2.34 mmol)& &4t (1 ml)# CH,CL, (1 mi)e
£33 ¥ 30% HBr-AcOH Cm)E 718 A4 71 H
st Al 0°CellA] 3AI1E Bt APAAT, v EFHE
& CHCLZ 48 & 458, X35%F, 28
ALEZ AAT F AL 5534 198 ARt o &
HES EQASRE v W8l viE AHEIT

7-0-(4',6'-dideoxy-2',3'-di-O-acetyl-4'-acetamido-o.-
L-rhamnopyranosyl)daunomycinone (21) — Dauno-
mycinone(DH)3} 3} 192 3%HE 200 A2H
3} FdaAs 3FE 21 (53.1%)S It

Rf=0.32 (CHCI; : Ethylacetate=7: 4)

mp : 158.0~159.7°C

(@) : +105.3 (c 0.075 in CHCl,)

IR(KBr) : 3520.3, 3470.2, 1734.1, 1618.4, 1577.9

cm”

'H-NMR (200 MHz, CDCly) 8:13.85 (s, 1H,
phenoliccOH) 13.18 (s, 1H. phenolic-OH) 7.97
(dd. 1H, H-1) 7.76 (t. 1H, H-2) 7.35 (dd. 1H, H-
3) 6.88 (d, 1H, NH) 5.35 (d, 1H, H-1") 5.31 (t,
1H, H-7) 5.22 (d, 1H, H-2) 5.18 (dd, 1H, H-4")
425 (q, 1H, H-5") 4.03 (dd, 1H, H-3") 4.02 (s,
3H, OCHjy) 2.90 (d, 1H, H-10") 3.22 (dd, 1H, H-
10) 2.39 (s, 3H, CH, 2.36 (br.d, 1H, H-8) 2.16
(m, 1H, H-8’) 2.18, 1.98, 1.68 (3xs, 3X3H, 3X
COCH,) 1.30 (d, 3H, CHy)

7-0-(4',6'-dideoxy-4'-amino-o-L-rhamnopyranosyl)
daunomycinone hydrochloride (7) — 3}3}E 21 (700
mg, 0.967 mmol)& 0.5N NaOH €9 (39 ml)o]] &
et 0~5°Coll A 2413t FF wRHAIZH. 1 N-HCl
2 pH= 9~1028 4% ¥ CHLCLE &3 v
w43t &3t dojd FAE HCI-MeOHEZ saltsh
g ¥ EtherZ A8l d9HE 7 (70.1%)S 4A
23

Rf=0.47 (n-BuOH : AcOH : H;0=35:10: 20)

mp : 219.7~223.6°C

(a)®’ 1 +253.4 (¢ 0.075 in MeOH)
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IR(KBr) : 3404.6, 1618.4, 1579.4cm’

'H-NMR (200 MHz, DMSO-ds) 8:7.89 (m,
2H, H1, H-2) 7.65 (m,1H, H-3) 5.50 (s, 1H, OH)
5.26 (t, 1H, OH) 5.13 (s, 1H, H-1") 4.97 (t, 1H,
H-7) 417 (m, 1H,_H-5) 398 (s 3H OCH,)

8.00 (br.s, 3H, NH;,CD) 7.92 (m, 2H, H-1, H-2)
7.65 (m, 1H, H-3) 5.40 (s, 1H, OH) 5.26 (t, 1H,
OH) 5.14 (s, 1H, H-1") 4.97 (t, 1H, H-7) 4.82 (t.
1H, OH) 4.70 (dd, 1H, H-14) 4.52 (dd. 1H, H-
14) 417 (m, 1H, H-5") 398 (s, 3H, QCH,) 3.75~

3.74~3.57 (br.s, 2H, H-2', H-3") 2.96~2.86 {m,
3H, H-4', H-10) 2.29 (s, 3H, COCH,), 2.23~2.04
(m, 2H, H-8) 1.25 (d, 3H, CH»)

BC-NMR (50 MHz, DMSO-dy) & : 212.5 (C-13)
186.11, 186.07 (C-5, C-12) 160.6 (C-4) 156.1, 154.3
(C-6. C-11) 136.1 (C-2) 135.1, 134.4 (C-6a. C-10a,
C-12a) 119.6, 119.5 (C-1, C-3) 118.8 (C-4a) 110.47,
110.42 (C-ba, C-11a) 103.2 (C-1") 74.9 (C-9) 70.0,
69.0, 66.7, 65.5 (C-7, C-2', C-3", C-5") 56.5 (OMe)
54.2 (C-4) 36.1, 31.7 (C-8, C-10) 24.7 (C-14) 17.8
(CHy)

7-0-(4',6'-dideoxy-4'-amino-o-L-rhamnopyranosyl)
adriamycinone hydrochloride (8) - 3138 D"H (694
mg, 1.43 mmol), HgO (1.16 g). HgBr; (335 mg),
E2molecular sieves 3A (5.7 222 CH,Cl, (37 ml)
o AEA7] & BHE 19 (0.5 ¢, 1.26 mmol) & 7}3}
o ALoA B8t 20812 wRksh W EFE
& A F B L 10% KHSOLH, T/ 18n
T EFE AHE o Y T doj F
AFZ column chromatography (CHCl; : Acetone=
10: D= &= AAstd 3= 23 (618 mg, 58.8%)
£ Agir}. o] 3{HE 23 (618 mg, 0.76 mmol)2 0.5
N NaOH £ (30 ml)oll €35} 0~5°CollA] 247+
T wukEtgnt. o] vk 1 N-HCIZ pH=8~
92 Z43% 98 CHLCLE F&3l1 4% 5539 g
& 24 (385 mg. 80%)8 AU} olojA o] B’jHE
24 (385 mg, 0.608 mmol)E 0.2 N HCI (30 mi)ol] &
A7l ok 50°ColA] oF 2A1zF wWREAIZE. 0.2N
NaOH=Z pH=8~9& 243 % CH,CLE #&3lu
2 FE3A. d-2 FAM methanolic HCIE %
o] salt®} 3 thg UHA] etherE 718 BAE £24 1
AL A5t FJAE 8 (262 mg, 72.1%)E ANt

Rf=0.37 (n-BuOH : AcOH : H,0=35: 10 : 20)

(o) : +253.6 (c 0.056 in MeOH)

IR(KBr) : 3412.3, 1726.4, 1618.4, 1577.9cm™

'H-NMR (200 MHz, DMSO-ds) & : 14.09 (br.s,
1H, penolic-OH) 13.20 (br.s, 1H, phenolic-OH)

3.60 (br.m, 2H, H-2', H-3) 3.02~2.80 (m, 8H,
H-4', H-10) 2.29~2.03 (m, 2H, H-8) 1.24 (d, 3H,
CH,)

BC-NMR (50 MHz, DMSO-dg) & : 214.2 (C-13)
186.42, 186.39 (C-5, C-12) 160.8 (C-4) 156.0, 154.
3 (C-6, C-11) 136.2 (C-2) 135.0, 134.6, 134.2 (C-
6a, C-10a, C-12a) 119.9, 119.7 (C-1, C-3) 119.0
(C-4a) 110.68, 110.64 (C-5a, C-11a) 103.2 (C-1)
74.7 (C-9) 69.9, 68.9. 66.5, 65.4, 64.1 (C-14, C-T.
C-2', C-3', C-5) 56.6 (OMe) 54.0 (C-4") 36.6,
32.3 (C-8, C-10) 17.8 (CHy)

st gy

Alek W TWZ - MFEuige] A3 Fetal Bovine
Serum(FBS), DMEM media, Streptomycin-Pen-
icillin 89, Sodium bicarbonate, L-glutamine&
o Phosphated-Buffered Saline(PBS)%2 Life
TechnologiesAHNew York, U.S.A)EF-E 743}
AR89 e8|, DXRY} DNR2 Y& Bz (F) 28
H 3t A8t MTT(3-(4,5-Dimethy-
Ithiazol-2-y1)-2,5-diphenyl tetrazolium bromide)
2 71e}7]2ke SigmaAb(St. Louis, U.S.A)2EE F#
st Ag-EF3T)

ALHZEF U MIEBHY - In vitro HEFA SH o) A}
28 A7 Ny kA EF P388S Bi= ATCCARE
B 798t ARSI SAETF g 10%(v/
v) heat-inactivated(56°C, 30%) FBS, 2mM L~
glutamine, 50 units/m! penicillin sodium, 50 pg/
m! streptomycin sulfate’} 718 DMEM media
(el8} D10ui=lg} FA) = 37°C, 5% CO,9] CO. i
7](Precision Scientific Inc., Napco Model 5430,
Chicago, U.S.A)o| A A5t

AESE - Invivo FUEEH AP AHLH FELS
674 &3 CD2F1 4# (43 DBA/2 BF 9 43
BALB/c 487 F1)&4 4¥ Charles RiverAHAtz-
uki, Japan)Z5-¥ Fo] AHY 54 (SPF. Spec-
ific Pathogen Free) YHZ FY3td, ¥ dA34
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Table I— In vitro cytotoxicity of Compound 5, 7, 8, 9,
DXR, and DNR against P388 murine lym-
phoid leukemia cell line

Table Il — In vivo antitumor activity of Compound 7, 8, 9,
DXR, and DNR for ip-inoculated L1210 mu-
rine lymphoid leukemia

Drugs® ICso(ng/mi)®
5 14.8+5.4°
7 21.3+34

8 104.6+29.5

9 141.1+35.6
DXR 20.5+4.9
DNR 12.8+2.2

¢ Tumor cells were continously exposed for 48 hours to
various concentration of drugs.
®. The concentation of drugs inhibiting 50% of ODsx
value of control well were calculated by linear
regression methods.
2 Mean+S.D for at least 4 derterminations.

SPF & ARSAIA WA AFSA)|7|AA AHE-81A T
5789 FE& FY3S 1740 #3F 21835
], AGANAAY AFEAE 18~22 g0l BF
NHY A X in vive Aol AHE-F FES DBA/2
AAZA Hzx YE Charles RiverAl25E Byt
2 BHAE B AF4 AR HAAA AL
th AUz F E9 Hole AREo] HHEE Y
on L& A g ALRE YA dd BF/
348 3¥ALR (Orie- ntal Yeast Co.. Japan)&
A+g-atsTt.

In vitro JZ=KN - 5,7, 8,9, DXR 2 DNRY in
vitro M|EEAL MTT assayH® 2 i wigsld &
A & 0] g3 AY wWio] Fdtod AAEHA
.

In vivo Bt& 3} - 11210 A7 Wy ik 2+ oF
B9 Pad A18L GeranF o " v WMEs}
o] AAlsgth. CDF1 4#3 10719 L1210 4% =
@ AEE o]Agtar ¢ o] F 24X Hof ©3] A
WEALSISTE 60Y 7R 2] AALE Q% 5 & 5109
ol mha} 2} oF2-9] T/C(%) & T3kt

4d I

In vitro HIESA - 33 A =4 5,7, 8,92 A
7| WY ¥ P388ol g in vitro NEEAYE,
DXR¥ DNRE YAZEAZ A3 MTTHo R
ZAs4HTable D).

NE43 DNRFEA] 5(IC5=14.8 ng/mh e
DNR(Cs5=12.8 ng/ml)3} 79 FUF AEZAL
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a Body Weight

Drugs Dose(mg/kg/day)* T/C(%) ch‘silnges(g)b
Saline 100 +1.0
7 32 52 -39
16 60 -3.0
8 130 -1.3
4 114 +0.6
8 32 58 -5.3
16 60 -2.8
8 226(1/5)° -0.4
4 >232(1/5) +0.8
9 128 66 -5.1
64 296(2/5) -3.2
32 2266(1/5) -0.3
16 140 +0.9
8 120 +1.9
4 148 +0.7
DXR 32 54 -3.7
16 »374(2/5) 2.7
8 148 -0.8
4 136 +0.6
2 118 +2.8

*" Drugs were intravenously administered on day 1.

". Body weight difference between day 5 and day 1.

. Numbers of animal survived 60 days after tumor
cell inoculation.

H3om sugare] 4" $iXd] olvxr|E E=UF T
(IC%=21.3 ng/ml)2] NEXEAL DNRel vl 4

= Aoz yehdtt %3 DXRFE=A 8(ICx=
104.6 ng/mD = DXR(ICs=29.4 ng/ml) 2.t} ¢ 5u)
obgt A XEAE B3, Sugary 59 hydroxyl”1&
%813t 3 aglycone®] 14¥ $1A| 9| B-alanined =%
& DXR 4] 9(0Cx=141.1 ng/ml)%= DXRl 115
oF Tl o3t A EEA S B}

In vivo BAED ~ T893 At =4 7, 8, 99|
in vivo FYAIAE E7Fo|2d L1210 B3 HEF
et HESHHTable 11). 22 ¢ o]4 19 ¥
3] HulFARBI

73} 82 B5 16 mg/kg o149 §FME 54 F
4& B3, 8 mg/kglM A ddEaHE BEA
Ul t2eE R ARE-E DXRET 1 3t & a7} i
Uebdth 9% 64 mg/kge] 434 DXRy} ozt
we gtaaE vol, oF 4u]9) G3Fo A A vl
T AFTLAE HolBE 54L& 71ad Ao gdd
t},
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19703t = DXR#} DNRe] ol =€ olel=

anthracycline] I¢A19] d7& AAEAHT9] 2%
8-& Fol1 FUEN} 58 FAFEAE ML
= 9477t FR/RE 343%a g9 A& 5= dau-
nosamine ¢ 3-amino7]& hydroxy7|& X &3},
4"-hydroxy7|& fluorine°l\} azide?|& =g3o=
A Aol ZAaE I, gl HE M2 FEAE
3 2ag up Qo

o A= daunosamined 4-hydroxy{ax)
71& amino”](eq)E. 3'-amino7| € hydroxy”’|& Z
Z} A&ska, 2-hydroxy71& M2 =98t A3
DNR. DXR #%A] 7, 82 in vitro N XEA, in vivo
g8y, 54594 Ztz DNR, DXRETH €53 A
o2 Yepstoy, 4~amino”]€ hydroxy712 &3
92} F-¢-= DXRET 9z} b &84S B3l vk
42 AdEE RS g Aot olefe Ade
Fuchs $%7¢] 2™-halogenX#-F=A9} wlxrjx=
2-hydroxyX|# f=A9 AdrsdE AAstn ¢l
Sk ohe}, 4 -aminoX| 8 FEAZ A EE A
Z38] nejsol & Ao= Heln)

gAle 2

2 ATE F1EAY SHATHA) G2 59
7100 olef AR HhIT,

72 #
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