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Syntheses of Novel 10-Oxodaunomycinone Derivatives

Young S. Rho*, Sunja Kim, Inho Cho and Hongsig sin
Department of Chemistry, Chonbuk National University, Chonju 561-756, Korea

Abstract— A brief route for regiospecific synthesis of novel 10-oxodaunomycinone derivatives (10a, b) is
described. Dimethoxy-1-tetralone 4 was converted to acetyl tetralone (5a, b) which was oxidized with
oxygen to obtain cis-diol compound (8a, b). The construction of (10a, b) was completed by the con-
densation of phthaloyl dichloride 9 with cis—diol (8a, b).

Keywords [_| 10-Oxodaunomycinone, acetylation, dihydroxylation, Friedel-crafts acylation.

Anthracyline3}3& % daunomycinones #Ag8¢] 3}
& 18 37 daunorubicin(1d), adriamycin(or do-
xorubicin)(le), Z8]1 carminomycin(1f)o2 XF
g = QUH(Fig. 1. ©lE9) F3+= C-10 position©] H]

3131, C-9 position®l acetyl group® C-4 position
ol OH(DY OMe(1d, 16)S 283z lem gy-
cone® 2 daunosamines B-glycosidic linkage= 7}
Az glrh? 12t C-11 positiono] B]lollE 11-deo-
xydaunorubicin® LAY ©]5L BF acu-
te leukemias, breast cancers, experimental tumor,
22]3 human cancersll ™8l 723 antineo-
plastic activity& WeRN3L Qlct, o]2]§ o]{& olE
o FAL A F7HEHJAR glewA 1ol mE A2
& FEAY Aol f7ukg-Eo] ZEFH X3 gt
£ dFgME gollA $432 9-fluoro-10-oxoanthra-
cycline”®} oJ217}4) bioactivity2 A2 vlislr] s
4] C-9 position®)| fluorineti4! hydroxyl group< 4
3t 10-oxodaunomycinone 10a¢} C-9¢1xl¢|| car-
boxyl group® 71 10be] §4& e stuA} i}

TR =R BE B

(A3}) 0652-270-3413

o] Azt AZ
(=12) 0652-270-3408

11

da A of

Tetralone F+5A45< anthracycline®wtohe} zt
Z A E9 A A ml$- 323 key intermediate$]
d], ©]71& Friedel-Crafts condensationg Eaj4 7
% anthraquinone XA ¥4 ojUz} $g)71 A}
8l tetracyclic ring system®l F2& z2i:= 3=
108 4& 57} rlwFoltt? 22iM 71g Yubeel
IR o2 tetralone F- 54 45 THEIL o7 acetyl
group? 2215 C-9, C-7 positionl 78] hydro-
xyl groupg Y7172 ). Tetralone F-EA:5S
A8 e B Wi o] EE T YA o)B
< th5-# Haworth synthesisol|l 7198 Faich 2
#HA  dimethoxybenzene?} succinic anhydrideZ
Friedel Crafts acylation(AlClpA17132 Clemmen-
sen reduction{Zn/Hg, HCDAI#AA acidE ¥H=+H,
7€ acid chloride®2 ¥ & A|7)31 t}A] Friedel Crafts
acylation(SnClAlAA  5.8-dimethoxy-1-tetralone
42° & 60% o)+ YAtHScheme I). Tetralone 491
acetyl group¥ carbomethoxy group2 £o}7] 13

o]

A, B3HE 49 lithium N-isopropyleyclohexylami-
neZ 7}8lA carbanion®.2 TEH" acetyl chloride®
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Fig. 1—
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b.R=0Me¢

1a. Daunorubicinone R;=Me, R,=R;=H
1b. Adriamycinone
1c. Carminomycinone R;=R»=R,=H
1d. Daunorubicin
le. Adrimycin

1£. Carminomycin

R=Me, R,=OH, R=H

R;=Me, Ry=H, Ry=Dau
R1=Me, R2=OH, R3=Dau
R;=R,=H, R;=Dau

OMeO O OMeQ O
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Sa, 5b 62’06*,1,
C
oMe0 O OMeQ O
< d . R
O —&— O
OMe Gt OMe 5—1I3—Ph
8a, 8b 7a, 7b

Scheme I— (a) LiICA, —-78°C. HMPA, CI-COMe or CI-COOMe (b) t+-BuOK, P(OMe)y’DMF, O,, (c¢) PhB(OH),, TFA,
(d) 2-Methyl-2.4-pentanediol. AcOH, acetone, CH.Cl.

7}alA 5aE 9E 1, methyl chloroformate® 71314
5bE wHEQITh

FPE 52 diol 622 HWHAF)7] A 52 po-
tassium #-butoxide(4.0 eq.)9} trimethyl phos-
phiteZ A oxygen bubblingAlZth? A3 79~
829 24re) &2 dihydroxylation® z+zte] % E34
622} 6bE ARir}. olu Aol 6aE GCE IS A

EF 6bEol= 90:52] F isomer’t EFE] &S
golgith A o]=Ao] cis TE transQ R E &<l
3}7) 9814 6aE phenyl boronic acid®* pro-
tectiondt % GCE checkPHY AL #e] peaks
22 AzdA 2R EAsh= dlal, B F9) peak
£ phenyl boronic acid2 protections 7] W&ol
TE HA 2 o]FHo Atk aejEg A o] trans
o7} wj&e] 6aclA-89:72] WAIH] 7} BER cis: transe]
ratio & FAY 4 U 2 Wyl sir] 6b=
cis: trans®) ratio7} 90:52 AAHARHEE ¢ F AN
th &3 t-BuOKS #& A =dsted 69 cis:
trans2] A ratio® ZHzt vt Bgrov) 4.0 eq.
7} 7 BRE] §A0M HAFET Foldrt. et
= 3I5HE 89 2 E RIS A AAF oA A

o7 3E 78 2-methyl-2,4- pentanedioli"ﬂ de-
protectionAlAX? cis—compound 8& 717t #& 4 &
2 A}, ©|E(8as} 8b)e] NMR spectrat C-75}
C-891X19proton phenyl boronic acid® HoiA|+=
cis9} FoyA) 2| 9= transol| A 2k} v} coupling pat-
terng YellEd o]5(8a2} 8b)2] NMR spectra
= vhgd) gvh, cis-8av Jr.0,=5.5 Hz, Jo5.=2.1 Hz0|

I cis-8b J1,5.=5.3 Hz, J105.=2.7 HzE YER|EBEZ
°|EL BF cis-form o Z TFAH A& U 4t
213th. Phenyl boronic acidZ JoR*A] &= trans-
8a:= J1.0,=7.5 Hz, J1,5.=6.5 Hzo|aL trans-8b= Jo,g,
=7.0 Hz, J7a,8e=6.1 Hz= YEl}o 2 o|52 cis
o} trans isomerd & A& 4 YAt

olAl HFEA 108 27) M cis-diol 3FHE
84l C, D ring2 constructionA]#4] anthracycline®]
TFZ7t 878 linear polyhydroxylated tetra-
cyclic aromatic ring system2 %®HFeoloptt #rt.
tetralone ©]-8&14 tetracycline AR o=
AH7EA7E YA R -2l A SEE 102 47193
4] phthaloyl dichloride& ©]&&t}.”” 22iA nitro-
benzeneZ:olA aluminum chloride® ©]-&3)4 35t
& 92} cis-diol 8& Z4z} WHEAIAA 1 stepoE 10a9)t
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Scheme II

10bE At &= At old 10bE aluminum
chloridedll 28|14 C-9 position®] carbomethoxy
groupZH*] demethylation®] defuy carboxyl group
oz HWHEHUT )52 NMR spectra= 10a(J; .=
5.5 Hz, Jrese=2.1 Hz)0l3 10b(J;.e,=4.9 Hz, ;5=
3.4 Hz)ol2 =2 cis—diol 8% conformation 3I§E
99} condensation®] ¥oid Fol= 2R cis-formE
$A5E AL LSt 10be) 'H cosyd# 8 4.3 §
1.8%}0]¢] coupling®] B&E U3 § 2,854 3 1.84}0]
A couplinge] 2= vt

28 v © 2 phthaloyl dichloride 991 tetralones}
& 5a, 5bE Ztzb HESAIAA] tetracyclic ring sys-
temS H4AZ H olEE 27 t-BuOKZAA O,
bubblingAl71E= #Pe2 AYPARGU = 10a9}
10b7} Aojzisd o) Wiz AAte] WM Ak
o2 gl & Ato| & BolX gttt

AU

EE W3- Axd £7)olA AhstlA AP
2E g A "ad mek gAsiA AR
'H, C NMR spectra¥ JEOL JNM EX-4002 o]&
3kd Utk Chemical shifts= 'H NMRS TMSE
71E2 2 3 °C NMRE solvent signalg 71522
3}, Mass spectrat® JEOL JMX-DX 300 spectro-
metor(EI$+ FABM)2 VG Quattro spectrometor
(ESDE o]-&3td Art. ==L Buchi 510 melt-
ing point apparatus® 3308 BAY3EAE &t
3318-¢] 2= Silicagel(60~200 mesh) & flash co-
lumn chromatographystAyt HPLC(LCMI-WAT-
ERS), MPLC (YFLC 5404-FC) 2 a1l 24 317]
T gt
5,8-Dimethoxy-1,2,3,4-tetrahydronaphthalen-1-one(4)
- Tetralone 4= Swenton®] #Y°< -8l 14-
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dimethoxybenzene¥} succinic anhydride® 7FaL 3
stepso & WHE-8ted Aol uAE FTE60%E I3
t} mp 52~54°C(it.° mp 60~62°C): 'H NMR
(CDCly) 36.99(d. J=8.9 Hz, 1H, ArH), 6.81(d, J=
8.9 Hz, 1H, ArH), 3.86(s, 3H, OMe), 3.82(s. 3H,
OMe), 2.87(dd. J=6.3, 5.9 Hz, 2H. CHy. 2.61(t, J
=6.3 Hz, 2H, CH,), 2.05(m, 2H, CHp: “C NMR
8198.01, 154.1, 150.2, 1354, 123.2, 115.5, 110.0,
56.4, 56.1, 40.8, 23.6, 22.3: MS, m/z 206 (M), 177,
165, 163, 149, 148, 135.

2-Acetyl-5,8-dimethoxy-1,2,3,4-tetrahydronaph-
thalen-1-one(5a) - AA|F THF(30 mL)ol =<1 N-
isopropylcyclohexylamine(3.19 mL, 19.39 mmol) 3}
n-Buli(12.12 mL, 1.6 M solution, 19.39 mmol)&
0°C, EA &l Yo —T78°Colld 4087 stirring®
t}. o7]o] HMPA(3 mL)E Y1 tetralone 4(1.0 g,
4.85 mmol)& THF(10 mL)oll o] 30% stirring®!
t}. Acetyl chloride(0.69 mL, 96.97 mmol) & 7}5+ ¥
1AIZE 208 stirring3tL cooling bath® AAE & A
2o A] 30 stirring®tt. F715S &, brine & 43
magnesium sulfateZ XA YHEEL FH(he-
xane ' ethyl acetate) 2 ¥2|5}o] 5a(0.89 g, 74%)
£ gt mp 100~101°C: 'H NMR(CDCly) 8 6.95
(d, J=9.0 Hz, 1H, ArH), 6.81(d, J=9.0 Hz, 1H,
ArH), 3.86(s, 3H, OMe), 3.79(s, 3H, OMe), 3.46
(d. J=24 Hz, 1H, CH), 2.77(dd, J=6.8, 6.8 Hz,
2H, CH,), 245(m, 2H,CH,, 2.18(s, 3H, CH,):
MS, m/z 248(M"), 228(M-15), 205(M-43), 190, 174,
163.

Methyl 5,8-dimethoxy-1-oxo0-1,2,3,4-tetrahydronaph-
thalen-2-carboxylate(Sb) — %19} 22 WO =2 tetra-
lone 4(1.0 g. 4.85 mmol)® methyl chloroformate
(0.75 mL, 96.97 mmol)Z ¥H-3-A1H 5bE 62%(0.8 g)
&2 A%t mp 110°C: 'H NMR(CDCl,) 8 6.78
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(d, J=9.0 Hz, 1H, ArH), 6.69(d, /=9.0 Hz, 1H,
ArH), 5.74(d. J=4.8 Hz, 1H, CH), 3.85(s, 3H,
OMe), 3.78(s, 3H, OMe), 3.73(s, 3H, OMe), 2.80
(dd, J=8.3, 7.8 Hz, 2H, CHy), 2.32(m, 2H, CH,):
MS, m/z 264(M"), 233(M-31), 205(M-59),189, 174,
161, 159.
2-Acetyl-2,4-dihydroxy-5,8-dimethoxy-1,2,3,4-tetra-
hydronaphthalen-1-one(6a) ~ 2 23&loA -BuOK
(95%, 3.24 g, 27.39 mmol)-£-ol Al DMF(30
mL)£-%el 59 trimethyl phosphite(1.78 mL, 15.06
mmo)E ¥i -10°CollA -15CE =& fX5td
A 1.25417F &<t O, bubbling A1 TH3 bubbles/s).
TLCE ¥hgo] T4& Rl 5 &8 713t 32 &
QF A-2olA Rk AR, DMFE AAsIn vHE2
ethylacetate® =<9 ¥ #7]%& 2 43 MgSO,2
Azg. A4 EE H¥(hexane : ethyl acetate=1:
4)3ste] =3 0ilQ) 6a(1.58 g, 82.4%)8 AUt 'H
NMR(CDCly) & 7.00(d, J=9.1 Hz, 1H, ArH), 6.93
(d, J=9.1 Hz, 1H, ArH), 4.88(d, /=44 Hz, 1H,
CH), 3.70(s, 3H, OMe), 3.63(s, 3H, OMe), 2.98
(br s, OH), 2.63(dd, 1=12.7, 4.6 Hz. 1H. CH), 2.30
(m, 1H, CH). 1.92(s, 3H, CH3): MS, m/z 280(M").
Methyl 2 4-dihydroxy-5,8-dimethoxy-1-o0x0-1,2,3,4-te-
trahydronaphthalen-2-carboxylate(6b) — 2|} 7o b
HoZ 5b(2.40 g, 9.08 mmol)E A¥sl =24 oil
2l 6bE 79.6%(2.14 g FE&E AUk 'H NMR
(CDCly 87.02(d, J=8.8 Hz, 1H, ArH), 6.81(d. J=
8.8Hz, 1H, ArH), 4.69(s, 1H), 3.86(s, 3H. OMe),
3.80(s, 3H, OMe), 3.67(s, 3H, OMe). 2.74(m, 1H,
CH), 2.06(m, 1H, CH): MS, m/z 296(M ™).
(+)-2-Acetyl-2,4-dihydroxy-5,8-dimethoxy-1,2,3,4-
tetrahydronaphthalen-1-one(8a) — 6a(0.70 g, 2.50
mmol)$} phenyl boronic acid(0.38 g 3.12 mmol) 2}
p-toluenesulfonic acid(69 mg, 0.40 mmol)-& %)
g+ toluene(50 mL)ol =& AF-2ollA 5A3F stirring
et Arlel 5% NaHCO; 5898 ¥ {7158
CHLCLE #2331 82 A1 AXNAN AHEE &
25 MAHEE 23 (CHClyhexane)ste] £ 14
7a(0.67 g, 73%)& AUt} 7a(0.9 g, 2.46 mmol), 2-
methyl-2,4-pentanediol(3.14 mL., 24.58 mmol),
AcOH(0.32 mL), CH,Cl,(20 mL), acetone(20 mL)
9 THES HLolA 1247 stirring}. WHEE

sat-NaHCO; 58-98(50 mL)%} CH,Cl(50 mL)& &
I 7158 BHPG. #7158 B2 Ha Axdt &
w2 AARL}, WAHES silicagel (CH,CL/EtOAc 10:
90— CH:Cl/EtOAc 20:80)22 BHAH3}3L prep pak
column(buffer soln, CHCN 35%:0.02 M Na-
H,PO, 65% : Et;N 0.1%: flow rate, 10 mL/min)%
2 BElaM =3 oildEl2l 8a(0.64 g, 94%)E A
tt. 'H NMR(CDCly) 86.91(d, /J=9.0 Hz, 1H, ArH),
6.77(d, ]=9.0 Hz, 1H, ArH), 4.24(ddd, J=5.5, 4.4,
2.1 Hz, 1H, CH), 4.16(d. J=4.4 Hz. OH), 3.82(s,
3H, OMe), 3.74(s, 3H, OMe), 2.73(dd, J=14.2, 2.1
Hz, 1H, CH), 2.40(dd, /=142, 5.5 Hz, 1H. CH),
2.14(s, 3H, CHy: MS, m/z 280(M"), 262(M-18),
244(M-36),229, 214, 211, 199.

(£)-Methyl 2,4-dihydroxy-5,8-dimethoxy-1-0x0-1,
2,3,4-tetrahydronaphthalen-2-carboxylate(8b) — ¢}
22 o Z 6b(0.52 g, 1.76 mmol) & F AR
SAA =B oil2) 8b(0.33 g, 64%)F VUt 'H
NMR(CDCl,) 6 6.97(d, J=7.8 Hz. 1H. ArH), 6.77
(d, J=7.8 Hz, 1H, ArH), 4.22(ddd. J=7.6, 5.3, 2.7
Hz, 1H, CH), 4.17(d, ]=7.6 Hz, OID. 3.81(¢, 3H,
OMe), 3.75(s, 3H, OMe). 3.63(s. 3t OMe', 2.70
(dd, J=11.2, 2.7 Hz, 1H. CH), 2.5 '*", CH):
MS, m/z 296(M"), 278, 260.

(+)-9-Acetyl-6,7,9,11-tetrahydroxy-7,%.9,10-tetrahy-
dronaphthacen-5,10.12-trione(102* — FASF nitro-
benzene(5 mL)ell =<1 aluminum chloride(0.48 g,
3.57 mmol) &4l nitrobenzene(5 mL)% =<1 8a
(0.50 g, 1.78 mmol) & ¥ 1 A0l 3087 A3l
A oA CE Z18la 9E8-8-710 phthaloyl dichlo-
ride(0.28 mL., 1.96 mmol$ 7}8ki 1AZF F¢H
100°CllM refluxA1Ath. 471¢l 0.2 N oxalic acid(20
mL)E 93 ether® §71%& %31 MgSOE A
Z3F 5 ZulZ A5 silicagel(100% hexane —
hexane : ethyl acetate=6:1)2 AYslo] F3A4 114
2110a(0.53 g. 78%)Z ¥t mp 183°C: 'H NMR
(CDCly) 6 13.59(s, OH), 13.54(s, OH), 8.4(dd, J=
6.1, 3.6 Hz. 2H. ArH), 7.82(dd, J=6.1, 3.6 Hz, 2H,
ArH), 4.13(ddd. J=17.3. 5.5, 2.1 Hz, 1H, CgH),
3.80(d, J=7.3 Hz, OH;, 2.85(dd, J=14.6, 2.1 Hz,
1H, Ce D). 2.57(dd, J=14.6, 55 Hz, 1H, CgH),
2.05(s, 3H, CH,): MS, m/z 369(M™).
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(2)-6,7,9,11-tetrahydroxy-5,10,12-trioxo-7,8,9,10-te-
trahydronaphthacen-9-carboxylic acid(10b) — $J2} 7+
& vl o 2 8hS phthaloyl dichloride$} ¥Fg-A1A 5
g4 mAQIb(72.3%)E AUt mp 160°C: 'H
NMR(CDCly) 8 13.55(s, OH), 13.54(s, OH), 8.34
(dd, J=5.9, 3.4 Hz, 2H, ArH), 7.79(dd, J=5.9, 34
Hz, 2H, ArH), 4.30(ddd, /=178, 4.9, 34 Hz, 1H,
CrH), 4.09(d, J=17.8 Hz, OH), 3.47(s, OH), 2.79
(dd, J=132, 34 Hz, 1H. CgtD, 1.80(m. 1H,
CaxH): MS, m/z 384(M™).
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