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2 ¢
Deoxy-y-rhodomycinone (5) ¢}

#4844 Rhodomycin(2)9 #4234 HFEAQ (Z)-r-Rhodomycinone(4) 3 10-
9-ethyl-9, 10-epoxy—4, 6, 11-trihydroxy-7, 8, 9, 10-tetrahydronaphtha-

cene-5, 12-dione(10) 9] epoxide ring 27| ¢ 2 RE gl-Eo 3 32, epoxide 102 Hauser-Rhee 7} 7
g A ATEE ol &M A ST 9-acetyl-4, 5,6, 11, 12-pentamethoxy-~7, 8-dihydronaphthacene (6)

22 FH A+

ABSTRACT. (x)-r-Rhodomycinone(4) and 10-Deoxy-r-rhodomycinone(5), late~stage Precur-
sors of the alglycone of antitumor antibiotic Rhodomycin(2) were prepared from the cleavage of
epoxide ring of 9-ethyl-9, 10-epoxy-4, 6, 1I-trihydroxy-7, 8, 9, 10-tetrahydronaphthacene-5, 12-dione
(10). The epoxide 10 was furnished from 9-acetyl-4, 5, 6, 11, 12-pentamethoxy-7, 8-dihydronaphtha-
cene(6), which was assembled utilizing ring annelation methodology developed by Hauser-Rhee.
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o] 9} 7L anthracycline d) I EE5L2 259
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Fig.1. Rhodomycinones.
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sono] 2]& Friedel-Crafts alkyation!® So] 7
Hk# o] gkzlnl aromatic ring € linear form &
2 B} regiospecific 3t 9724 7] & AL 1978
‘3 Hauser—Rhee!' 7} 73} phthalide sulfone
anion - o] &%} Michael type BF-go] 714 ¢4
T dE ¥ ol R g ol $8 A 1986 ¢
gl & 7, 9-dideoxydaunomycinone & 34 #1312
o FAolA Pojz  9-acetyl-4, 5, 6, 11, 12-pen-
tamethoxy-7, 8-dihydronaphthacene (6) & ©] 23
Al (*)y-rhodomycinone{4) ¢} 10-deoxy-r-rho-
domycinone(5)2] ¥4 & LE&tnA el
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Scheme 1

Z A% zZAR LoIwkr] = Fo] cupric
bromide® 24 C ring ol 4 qF selective 3t oxida-
tive demethylation A%l A5} C ringol] 94 2
Ao -OMe & Holx &z el 3o47t =+
Z+ 83.94, 4.01, 3.91904 2323 sinelet 24
vebd S48 8¢ 2=, vMAE -OH
function & 2 w}¢7] 934 Silver oxide & 7
< AR 24 demethylation A| Ztiy B ring
ol gt demethylation(84.08)0] o] yir} 2=
Al 3ol AlCI;(10eq) 8 o] 284 3PE 9
= AR 3¥E 99 3709 hydroxyl func-
tion 77} §12.31, 12.82, 13.75914 singlet
2 velgdz 84.0 Zakel ey 838 8
9 37/ methoxyl 7| 52 A HelAE <3
o,

olAl HZFEFAUA (£)r-thodomycinone(d) &
E7] JAA SAPE 99 )FAYS trans-
hydroxylation A| A ok 37 = Foll wiA 3 FE
94 80% mCPBA 24 Prilezhaev ul2-& A7)
W o|FAFPNA epoxidation®e] Aeolu} 33t
E 100] deig@Ed C-10 ¢ Ao} hydrogen &
33.7501 4 singlet & eyt A4 gL
epoxide 10& #4282 Yz & rhodo-
mycinone 2 2wl ¢ 84 6N-H,S0, 24 4k
Zofl £2) W& 7] hydroxylation ©] trans
addition 2 &Y ojy} 48 2L (3)y-rhedo-
mycinone ©] QoA Ed o] FA9 C-104) &
+ hydroxyl peak 2} equatorial hydrogen peak
€ A4 §2.71(d, J=3.7)7 54.81 d, J=3.7)
ol A viebukel, FA) gl whEis 400MHz
pmrol A axial 8] H-10 signal{(vi=6.6Hz)o]
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9 dFadA A2 B4 2 99 g ®4
At

a4 DA trans-diol I d 230 g o
F49 o]AAAQ cis-diol & FHE7] AHA 2}
2 99 o|FAYFS epoxidation 7] A Lz
0sO0, (0.5% in £-BuOH)EZAM trimethylamine
N-oxide ] Zul3tel4] AA hydroxylation!?1?
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ester & AHA syn-hydroxylation¢] Qo } 11
7} 22 cis-diol ©] Qo) =H] o] A-& trans-diol
9 & A 98] G =iy ozH C-10
o] &8 hydroxyl peak 9} axial hydrogen
peak 7} #t2t 83.10(d, J=3.7)3 84.79(d, J=
3.7¢ Yerren Ry3te CHyCly/hexane (6 :
DellA #5HE 49 #B3FE 112 0.4:0.622
Bgw, IR UVAAE 2ol & mct

utAate & C-9¢ & 749 hydroxyl 713HE
A2 QE  10-deoxy-y-rhodomycinone(5)-&
atE7] §]o]A epoxide 105 LiAlH &} e $
AAEZA £4A 942 77+ AAQAG epo-
xide 100] 4%43] hindered Ho] gz = 3 &
© hindered ¥t 84 o] hydroxyl 7| & %.914]7)
Aw FoFasl w-Eg AA ok Yok, A4
Pd/C{(10%, triethanolamine/EtOH) &} 3}¢i] .4
part apparatus (22 psi) & AM&-3le] <F 2.54 37
¢ FAS S0 A A 0% &2
3}gE 5% 2ENed C99 —OH peak =
82.701 A] singlet 24 o} 7] o] VElYTh =
g% y-rhodomycinone 2 24 g-rhodomycinone

Scheme 2
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@€ HE7 A AFE 145 CClLo} 5
¥ AIBN £ Zwl 2 349 homolytic bromination
AAA C-7¢] —OHEF =122 x o3 4
o W& A3 A8 AEPet C-10 9
2)9) —OH 7|7t oxidation¢] dojrt= A =gl
2 P ee,

¥ H

# 9] A spectra = Perkin-Elmer 2837} Nicolet
FT-IR(6DXB}2, #}2] A spectra = Hitachi 556
Utraviolet-Visible spectrophotometer & A}-£3}
93 NMR & JEOL FX90Q ¢} Bruker FT-NMR
(AC 100FE) & At&gles TMS & WX-E2EE
A2A, 3g4 ol 5L ppm(DE HHE Ys
AUk, 2824 A= CEC Du Pont Model 21-110
B 24 A= (70eV ionizing voltage), GC/MS
spectrometer = Nermag A}2] R10-10C & o] £3)
o] Ba-FA28Y & Galbraith Lab. o 2)3 3
o, ¥4 Bachi 510 553 S4FA2A
Az ¥AL otglel, TLCE 0.25mm silica
gel 60F-254 ko2, =3t 2 AE2HA 4mm
A2 ubE rotor 3 ©| 83k chromatotron{Har-
rison Research) 0.2 EF5& ¥ =, column
chromatography + 60, 70-230mesh {E. Merk)
silica gel & o] &3tk Ao o] &3l A%
Aldrich A}9] A Fo]o S EPF& F2 4
3

7, 8-Dihydro-9-ethyl-4, 5, 6, 11, 12-pentame-
thoxynaphthacene(7). Enone 335 6 (47mg,
0. 11mmol), K,;CO; 49mg(3. 2eq) =22 = hydra-
zing hydrate 15m! (3.6eq) 5 triethylene glycol
40mi el = H 200°CelA 4475 F7A
ek gEe) E2 JMHA AdA EE H
EtOAc &4 F33 o, %713 ¢ brine, 24
e H F9 NaSO 34 AzA7 2 934
% ether-hexane 2 24 AR YHA w7k A Ao
24 HPE 7 21.0mg (67%) A :mp
171~173°C; 'H NMR(CDCls) 47.93 (dd, J=
9.0, 1.0Hz, 1H), 7.34 (splitt, J=8.0 Hz,
1H), 7.02 (1H, broad s, 10-H), 6.80 (dd, J
=7.7, 1.0Hz, 1H), 4.06, 3.94, 3.92, 3.85,
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3.82(3H each, 5, OCHy), 2.98(2H, t, J=7.0
Hz, 7-H), 2.20~2.54(4H, m, 8-H, 13-H),
1.13(t, J=7.0 Hz, 3H); IR(KBr) 3076, 3017,
2988, 1622, 1594, 1471, 1252, 1040cm™}; m/z
408 (M*). Anal. Caled for CpHxOs: C, 73.
51; H, 6.91. Found: C, 73.58; H, 7.01.

7, 8-dihydro-9-Ethyl-4, 6, 11-trimethoxyna-
phthacene-5, 12-dione(8). Naphthacene 7 (37
mg, 0.09mmol}#} cupric bromide 80mg (0.36
mmol)-& THF 30mlol =<l 5 547 5 &
FARG, AN FAEL AAs}n 2§
FHA AR EtQAco ¥ojx &, brineez A
dF H F9 NaSO, 2 A=Az o34
henzene/petroleum ether 24 QA Az 1o
A £ column chromatography (CH;Cl;-EtQAc) 2
H FERA g 24 FFE 8 € 19meg(55%)
AUt :mp 184~187°C; 'H NMR (CDCly)
7.78(dd, J=8.0, 1.5Hz, 1H), 7.62(t, J=8.0
Hz, 1H), 7.24(dd, J=8.0, 1.5Hz, 1H), 6.90
(1H, broad s, 10-H), 4.0, 3.94, 3.91(3H each,
s, OCHj), 2.96(2H, m, 7-H), 2.334H, m,
8-H, 13-H), 1.07(t, J=7.0Hz, 3H); IR(KBr)
3020, 2994, 2905, 1672, 1643, 1586, 1438, 13
08, 1102cm™%; m/z 378(M?). Anal. Caled for
CasHz:05: C, 73.00; H, 5.86. Found: C, 73.
07; H, 5.80.

7, 8-dihydro-9-Ethyl-4, 6, 11-trihydroxyna-
phthacene-5, 12-dione(9). 3% 8 (120mg,
0.32mmol} & Z =¥ CHCl, 100me o 3¢ 3
}gke] AlICL;(423mg, 0.32mmol) L ~}3k= 12
A ZE FoE Aol 2ukAA F3icek, o | A
AEL aluminum complex 7} A7 W
o] Wgol FARAHAUEAE TLC =M A E
7} 919ic}d, ¥b&E-& ice-bath o) 4°5% HCl/sat.
Brine(1:1) 50miol X3 147 =ug 3
separatory funnelef £A4A F3& 2% H
58 CHLL 2 F2AAA 475
o, Brine 0.2 A& J ¥4 MgSO, =2 A=zA
7152 o #3|A column chromatography (CH,Cl,/
ether/hexane, 2:1 DEA £98A BgE9
€ 97mg(91%) LA : mp 182~185°C (lit's,

mp 180~183°C). 'H NMR(CDCl,) 13.75. 12.
82, 12.31(1H each, s, OH), 7.84 (dd, J=8.
0. 1.5 Hz, 1H), 7.63 (¢, J=7.0 Hz, 1H),
7.25 (dd, J=8.0, 1.5Hz, 1H), 6.33(1H, s,
10-H), 2.93 (2H, m, 7-H), 2.35(4H, m, 8-
H, 13-H), 1.18(t, J=7.0 Hz, 3H); IR(KBr)
3420, 1671, 1624, 1590cm™'; m/z 336(M*).

9-Ethyl-9, 10-epoxy-4, 6, 11-trihydroxy-7, 8,
9, 10-tetrahydronaphthacene-5, 12-dione(10)
Noghel A CHCl, 100miol 338 9(0.75g,
2.23mmol) & A XA =ZukslmlA 39 F o
7}el CHCl, 50mi o 80% mCPBA{0.68g, 3.12
mmol) & ¥4 Fgch 28z Jed4 35
B lSARS,  uSEE separatory funnel of
%71 H 1%NaHS0, 5%NaHCO;(2x150mi)
B2 M d4d4 He F F4$ MgSO,
2R ZzA7z 43P, $HE AATE F
hexane 7H A o 3| A 4% TE 108 373
mg A3z JPo2¥E & 1}r| A& chromat-
otron (CH,Clo/EtQAc, 20:1)o 24 340mg &
Y AU (90.8%): mp 215~217°C (Jit'®, 209
~210). 'H NMR (CDCly) $13.57, 12.75, 12.
54(1H each, s, OH), 7.85 (dd,J=8.0, 1.2
Hz, 1H), 7.69(t, J=8.0 Hz, 1H), 7.30 (dd,
J=8.0, 1.2Hz, 1H), 3.75(1H, s, 10-H), 3.05
(2H, m, 7-H), 2.51(2H, m, 8-H), 1.91 (g
J=7.8 Hz, 2H), 1.05(t, J=7.8Hz, 3H); m/
z 352(M?).

(4)-r-Rhodomycinone(4). Acetone 80m! oj|
epoxidel0{67mg, 0.19mmol}E ¥ 6N-H,S0,
0.31mi & FA3 713t 5 50°C F=o)A < 1
Al 2AA F4ch WI8EFL 5% NaHCO,
(70mi) 2 quenching A/ 71 5 CH,ClL,{(3X50ml)
EFEAAA T2& E2 WG #7152 brine,
TEA dFHA AL F MgSO, 2 A=A =
o AFct, AgistelH 4ol E AAND A CH
Cl:/Hexane 2.2 A A A3z Yr{x = chromat-
otron &2 {2 A w7 =i HFE 48 48
mg(68%) ATk : mp 250~252°C(lit'ét, 25~
257). 'H-NMR (CDCly) 613.60, 12.90, 12.20
(1H each, s, OH), 7.91 (dd, J=7.8, 1.1Hz,
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1H), 7.75(t, J=7.9 Hz, 1H), 7.41(dd, J=
7.8, 1.1Hz, 1H), 4.81(d, J=3.7Hz, 10~-H),
2.82~2.98(3H, m, 7-H, 9-OH), 2.71(d, J=
3.7Hz, 10-OH), 2.29~1.25(4H, m, 8-H, 13-
H), 1.03(t, J=7.5 Hz, 3H); IR(KBr) 3474,
1617, 1580cm™; UV (cyclohexane) 530, 519,
494, 481, 459; m/fz 370(M*), 352(M-18), 298,
295, 270.

{%)-10-Deoxy—y-rhodomycinone(5). =&
" EtOH/EtCAc(1:1) 30mio] 3% 10(24
mg, 0.068mmol). Pd/C(10%, 4mg), trietha-
nolamine (6m{)& & 3 parr apparatus(22
psi)E o) &3} 2.4 70dk ok Fa8t WEAH
. WS EE celite pad 24 oY ¥ g g
EtOAc(50mi) o} 24 43 F2& Heyv,
#7152 3N-HCl 24 34842 5 &, 5%
NaHCO; 8-, brine o2 g<&84 A %
o4 MgS0, 2R 22473 433 £ zhekst
oA B4E AARel  Chromatotron (CHyCl,/
EtOAc, 9: D2X £23 ¥ HYE 5¢ 17mg
(70%) 231} : mp 201~203°C; 'H-NMR(CD
Cls) 813.50, 12.81, 12.32(1H each s, OH),
7.94(dd, J=8.0, 1.4Hz, 1H), 7.70(t, J=8.0
Hz, 1H), 7.30(dd, J=8.0, 1.4Hz, 1H), 2.81
~3.02H, m, 7-H), 2.7(s, 9-OH), 1.4~2.6
(6H, m, 8-H, 10-H, 13-H), 1.02(t, J=7.6
Hz, 3H); IR(KBr) 3540, 1602, 1582cm™!; UV
(MeOH) 561, 525, 510, 490, 465, 411, 287,
293, 254, 235, 219; m/z 354(M?), 336(M-18),
325, 321, 307, 297, 282.

9-Ethyl-4, 6, 11, cis-, 9, 10-pentahydroxy-7,
8,9, 10-tetrahydronaphthacene-5, 12-dione
AD. 3YF 9(44mg, 0.13mmol), trimethyla-
mine N-oxide(30mg, 0.27mmol) 28]z 0.5%
0OsO,(+BuOH/CClL,, 3:1) 1mI! & acetone/H,O
(2:1) 40mi ol FRc}, QARoA 647} muka}
o & ¥ TLC(CH,CL/EtOAc, 1:1)o]A v g
o ¥d¢ 99 w3 3 NaHSO;
TEYRA FE 00, & HIN T H el
o Z2 WHe2 work-upstz FHA xgt
2R FFE 118 37mg(78%) It : mp 283
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~285°C; 'H-NMR(CDCl;) 313.74, 12.85, 12.
61(1H each, s, OH), 7.%4(@dd, J=7.5, 1.0
Hz, 1H), 7.78(t, J=7.5 Hz, 1H), 7.45(dd,
J=7.5, 1.0Hz, 1H), 4.79(d, 3.7Hz, 10-H),
3.32(1H, dd, 8-OH), 3.10(d, J=3.7Hz 10~
OH), 2.81~2.97(2H, m, 7-H), 1.82~2.06(4
H, m, 8-H, 13-H), 1.02(t, J=7.6Hz, 3H);
IR(KBr) 3461, 1612, 1564cm™; UV (cyclohex-
ane) 530, 510, 491, 478; m/z 370(M?).
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