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Total Synthesis of 11-Deoxy-B-rhodomycinone Antitumor Antibiotics

Young S. Rho®, Heun Soo Kang* and Hong Sig Sin
Department of Chemistry, Chonbuk National University, Chonju 560-756, Korea
*Research & Development Center of Miwon Co., LTD. Seoul 132-021, Korea

Abstract—Methyl  3-[ (phenylsulfonyl)methyl]-1,4,8-trimethoxy-2-naphthoate(7) preparad by 3
steps was condensed with 5-ethyl-2-cyclohexen-1-one(8) to afford the teracyclic aromatic ring sys-
tem compound 10, which was stepwise converted into the precursor of 11-Deoxy-B-rhodomycinone
by means of various functional groups transformation.

Keyweord [ ] (+ )-11-Deoxy-B-rhodomycinone, Michael Addition, Sulfenylation.

Anthracyclinel #3HE5-2&

ted tetracyclic aromatic ring system<l aglycone}

413 polyhydroxyla-
glyconeql 7% amino sugar”} B-glycosidic linkage
24 o] Fo] M) o] 52 o] F52 experimental
tumor®ul ohjz} 7}<& acute leukemia, human can-
ceroll &4 73238l antineoplastic activityS e}
Wi Aoz okedzl o|al,? Arcamone 5-&Y Micro-

monospora peucetica =5-£1 11-deoxydaunorubicin(l

b)& wbdsled 18] FxE W3 cardiotoxicity 7}
71Ee) EAER Ads AE M

FEelrE A 11-
deoxy anthracyclineol] tH&b §hide] i3] o]Fo]
z| a1 gieh
2] 7. % rhodomycin®l anthracyclinex 11-deox-
vdaunorubicin® ze]l 11-$1xe] OHE zta gl#A
or8 7% cardiotoxicity”t A& Zleolgle o] EHql
wolel 4] 198513 Tone Eo]"C-1192] OH o Alel
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£2]%+ 11-OH & A 7 A1 7] 11-deoxy-B-rhodomycin(2b)
2] aglycone2 A3t whistux ol

ey

N

e Bichi 510 3AAHEAN Jdodn BALS
oksict M ej4l spectrat Perkin-Elmer 2832} Nico-
let FT-IR(5 DX)&, #+2}41 spectrat= Hitachi 5563
Beckman DU-8BE 4}-£3l¢]i., NMR spectrat
Brucker FT-NMR(AC 100FE)s} JEOLUNM-EX
400)8 AH43Ed TMSE R EFEZ, 3srHo]
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A5

2 ppmd)E 2 vehlth. GC/MS spectraw
NermagAl2] R10-10CE o} &3l o, A& el
chromatotron(Harrison research), MPLC(YFLC-54
04-FC)ze|x Ay Zznieazd s ol43or 4
oke- Aldich #| &%, $9lv SUsst AESE Az
o Apg-sedrh.

Methyl 3-[ (phenylthio)methyl]-1,4,8-trimethoxy-2-
naphthoate(6)— A A3} A flame dry¥ 100m/ 3-
neckZe}A 3o addition funnel& 43 5aL -BuOH
(15.70 m/, 0.17 mol)3} A2=" THF 50 m/S 7}3+
0C o4 n-BuLi(68 m/, 25M in hexane)& 7}al4
30%-F<t wubatdch 715 —78C 2 Y3 H
sulfone33H2 3(1857g, 6102 mmol)& THF 150
mlell Feix of 304-F-oF AA3F] sk 147 F
sulfide8H3HE 4(11.55g, 55.47 mmol)& THF 100 m/
of sodaf 0R-F3F AAHE] 7ist 1A v] wulkghs
whg-8o18 Aeod g3 147 ¢ ayk A17)|%
A 308 SFAIACE BR8] E 0T 2 W72
2N HCIZH pH4E 23 ¥ 735& P23l $vi &
AAZY F MgSOE A7l F3M £
3318 58 87%A%UCt L2 5(17.8 g, 48.05 mmol)
E o} E300 mlol ¥ 1 K.C04(39.84 g,0.29 mol)2}Me,
S0,(14.98 ml, 0.14 mol)-& 7}l #7{~1# 4 methyla-
tion¥ FHAA] FH3E 62 91%(1742 QA A
mp. 92~93C; 'H NMR(100 MHz, CDCl;) 5 7.66(d,
J=75Hz, 1H), 7.53~7.08(m, 6H), 6.90(d,J="7.5 Hz,
1H), 4.40(s, 2H, CH,), 3.98, 3.90, 3.86, 3.83(3H each,
s, OMe); MS: m/z 398(M*, 36.3), 289(100), 259(14.4)
, 243(17.1), 230(33.6)

Methyl 3 —[(phenylsulfonyl)methyl]-1,4,8-trime-
thoxy-2-naphthoate(7)—250 m/ 37} Tz} AFo| sul-
fide3}3HE 6(16 g, 40.15 mol)#} HOAc 120 mi & Y20
steam bathol| 4] 7}dsle] =qls wA7} HEFH7|
g 7bx) Ab o 2 WYzh A|7| a1 30% H,0.(18.2
m/, 0.16 mol)-2- A H3) 713t} t}A] steam bathol 4]
2217 Azl wkge] AR e #eldn
(EtOAc/CH:Cl,=4 : 1) 54718 A 5 Jd4F
7}slal o33t} acetone/hexane . Al 7 A &}o]
WA 1A $3HE 72 89%(16.38 @) Atk mp. 143~
144C ; 'H NMR(100 MHz, CDCly) 8§ 7.79(dd, J=7.38,
2.1Hz, 1H), 7.30~7.64(m, 6H), 6.87(dd, J=738, 2.1

Hz, 1H), 4.84(s, 2H, CH,), 3.95, 3.93, 3.85, 3.79(3H
each, s, OMe); MS:m/z 430(25.2), 383(25.9), 335(12.
4), 305(11.4), 259(18.4), 243(21.1), 230(23.4), 125(9.8).
9-Ethyl-6-hydroxy-4,5,12-trimethoxy-7,8,9,10-tet-
rahydronaphthacen-7-one(10)— Sulfone 3H3H& 7(14.
0 g, 32.52 mmol), --BuOH(9.20 m/, 97.57 mmol) 1] 3
25M »n-BuLi(39 m/, 97.57 mmol)= THF 300 m/%
oA 3E 6] FAHA FAL wyPo R EFE
8(4.44 g, 35.77 mmol)F} HFS-AlAA FH3E 9L I
|, el AAEA ¢k SO,PhE AlAste 3Hg)
E 1022 A3HA17]7] aliA delAohe 2ol 3413
o] refluxA|#AA #2 3AHES AATHET%, 8.3
g): mp. 181~183T ; 'TH NMR(100 MHz, CDCl;) 8 12.95
(s, 1H, OH), 7.74(d, ] =8.0 Hz, 1H), 7.71(t, ]=8.0 Hz,
1H), 7.70(s, 1H), 6.94(d, J=8.0 Hz, 1H), 4.01, 3.98,
3.80(3H each, s, OMe), 2.61~1.81(m, 5H), 1.24(m,
2H, CHy), 0.97(t, J=6.8 Hz, 3H, Me).
9-Ethyl-4,5,6,7,12-pentamethoxy-7,8,9,10-tetrahy-
dronaphthacene(11b)— THFl| *el9l+= 1M¢] LAH
£ 11.83 m/(11.83 mmol)& —78C 2 W# ¥ na-
phthacenone®t3t& 105 g, 13.14 mmol)$ THF 30
miol o} HAs] e 1R o e
8712 0C = 25 heke) LAHE shash7] 918 4)
E 10m/9t 15% NaOHF4-< 5mig 7haix] vt
313, 2552 7letal EtOAcEH QAES F53)
) durxal wHo g workupd¥ chromatotron
(EtOAc/methylene chloride=1: )2 F&]aix <&
3HHE a1l g 81%)5 Axch o]oj4 57 ace-
tone 100 m/ol 3§E 11a(3.5g, 9.15 mmol), dime-
thyl sulfate(5.20 m/, 54.91 mmol)22] 32 K,CO5(8.85 g,
64.06 mmol)-& P 24417k FHAIF) ¢HHER H
F718& oiz}slil triethylamine 3.6 miE 7}s}o]
AZelA 30 Fb EHHA7IL &oiE A7 Y
A AE-2 methylene chlorideol] o] H,O, 10%
HCl Z8] 3 23tag-E2 AS5sld AL 3 MgSO,E
et 2]7] 7 MPLC(CH.CL/EtOAc=9 : )= &2l A
33HE 11bE 342 g(91%) L s} mp.161~162C ; 'H
NMR(100 MHz, CDCl;) & 7.88(dd, J=8.1, 1.2 Hz, 1
H), 7.44(t, J=8.1 Hz, 1H), 7.43(s, 1H), 7.01(d, J=8.1
Hz, 1H), 491(dd, J=5.1Hz, 1H), 4.01, 4.00, 3.96,
3.73(3H each, s, OMe), 2.47~2.21(m, 2H), 1.51~1.27
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(m, 5H), 0.97(t, J=6.7 Hz, 3H, Me).
9-Ethyl-7,8,9,10-tetrahydro-4,6,7-trimethoxynaph-
thacene-5,12-dione(12) — Naphthacene #}31& 11b(3.0
g), 7.31 mmol)ell acetonitrile 80 m/2} THF 80 m/2]
T8l E Y 10¥ A% wnkAZic) Sypere] W
5 o)§] A ukE-o]l pyridine-2,6-dicarboxylic acid N-
oxide(3.35 g, 18.27 mmol)} 25 20 m/ol] 2l ce-
ric ammonium nitrate(10g, 18.27 mmol)-Z &7]°]
sbetz 208 o ambAFch ubE-87]e] CH.Clot
£ FEL A F 5 Bl H /7158 €
FH4FEE o Au AZRA7IL SeiE A A
ether/hexane &2 | Z A5} 214 2} quinones}§
 12& 2.5 g(90%)d 1} mp. 150~ 152C ; 'H NMR
(100 MHz) & 7.78(dd, J=8.0, 1.3 Hz, 1H), 7.69(t, J=
8.0 Hz, 1H), 7.44(s, 1H), 7.33(d, J=8.0 Hz, 1H), 5.08
(dd, J=4.1, 1.5Hz, 1H), 4.01, 398, 3.57(3H each,
s, OMe), 2.90~2.74(m, 2H), 1.59~1.31(m, 5H), 1.08
(t, ]J=6.9 Hz, 3H, Me),
7,8-Dihydro-9-ethyl-4,6,7-trimethoxynaphacene-5,
12-dione(14)— THF 80 m/ol] N-isopropylcyclohexy-
lamine(1.29 m/, 7.88 mmol)}¥ Y1 —76C 2 Yz}4
71 ¥ »#-BuLi(7.89 m/, 1.0 min THF)& 7}3k3 104
% 31318 128 THF 20 mioll =34 713ich A=
anion$-9-< cannulad %314 THF 20 m/ll PhSSO,
Ph(1.97 g, 7.88 mmol)7} EHoRQle Sd&e —78
TollA &7)a 308 aukAl7la, wWheES 10T 2
o g 2|y 2417t ] wbs] Fic)h wkgo] %
23 5 IN-HCI24] Abe]sled 31§HE 13a% 2%
c}.
13a(2.73 g, 5.59 mmol) & MeOH 50 m/ol| =91 % 0T
2 W2 712, Nal04(1.25 g, 5.87 mmol) & FF-7 20
miel] el 288 3] 7Hch 2l AhRelA
5417F ®HA|7| 2 FAEE ofdslA AAR F &
W2 A7k AAES EtOAcel oA =UdF A
A7) 4ol & AAste] #3E 13bF AU
31515 130242 g, 4.80 mmol)& FH¥ WAl 80
mle] 3o)lx CaC00.72g 7.20 mmol)& 7}lA 5
A7b FFA A TS AAG § o dubHel W
¥ o 2 work updtal MPLC(EtOAc/MC/hexane=9 :
9: DE FaalA £4% =2 A FE 145 14g
(3}3HE 1200 A 5-E 56%)2 @ ¢Ith mp. 161~163C ;
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'"H NMR(100 MHz, CDCl,) 8 7.88(dd, J=7.5, 1.0 Hz,
1H), 7.65(t, J=7.5 Hz, 1H), 7.42(s, 1H), 7.34(d, J=7.5
Hz, 1H), 6.27(s, 1H,=CH), 5.14(dd, J=4.7 Hz, 1H),
4.02, 4.00, 3.48(3H each, s, OMe), 241~2.03(m, 4H),
1.18(t, J=7.3 Hz, 3H, Me).
9,10-Epoxy-9-ethyl-4,6,7-trimethoxy-7,8,9,10-tet-
rahydronaphthacene-5,12-dione(15) —Methylene ch-
loride 80 m/e 80% mCPBA(0.72g, 3.33 mmol)2
Yar wyksld A CH.CL, 200 mio] 31315 14(09 g,
238 mmoDE =3 £AE AA3F sEHE A2l
A& 17214 axbsl 5%l Separatory funnelel] Wb
€58 %7]2 1% NaHSO;5-4, 5% NaHCO; 4
4o iy 24 A5 A AxA7Ie Sl E
A 713 51 MPLC(DNBPG column, CH:CL/EtOAc=
20 DE Fls]4] epoxide3t3HE 155 0.83 g(88%)
iqith: mp. 185~187C ; 'H NMR(100 MHz, CDCly)
8 7.98(dd, J=7.8, 0.9 Hz, 1H), 7.82(s, 1H), 7.73(t, J=
7.8 Hz, 1H), 7.35(dd, J=7.8, 1.0 Hz, 1H), 5.01(dd, J=
3.95, 1.54 Hz, 1H), 4.08, 4.04, 3.57(3H each, s, OMe),
3.74(s, 1H), 2.54(dd, J=14.0, 6.7 Hz, 1H), 1.94(dd,
J=14.0, 7.7 Hz, 1H), 1.88(q, J=7.9 Hz, 3H, Me).
trans-(* )-9,10-Dihydroxy-7,8,9,10-tetrahydrona-
phthacene-5,12-dione(17a)— Acetone 200 m/ol] 33t
E 15(0.49g, 124 mmol)E 3 H 6N H,S0, 2.0
miE 7}8tal 308 FoF 45~50C oA R4
ok 4Bl 5% NaHCO; 848 }8l3 CH.Cl,
24 AAES 5T 5 2IFEE A3 MgSO,
2 AxA7la A3g { g At A4S
dojrk. 22w CHCLEH AHA sh4 042 g(82%)
o) 523 trans diol3§HE 17a8 2k mp. 147~
149C (dec); IR 3425(br, s), 2940(m), 1680(s), 1580(s),
1440(m), 1335(m), 1280(s), 1220(m), 1150(s), 1060
(m), 1020(m), 990(m), 690(m); 'H NMR(400 MHz,
CDCls) 88.17(s, 1H), 7.83(dd, J=79, 1.3 Hz 1H),
7.65(t, J=79 Hz, 1H), 7.25(dd, J=79, 1.3Hz, 1H),
4.85(dd, J=4.0, 1.0 Hz, 1H, 10e-H), 5.10(dd, J=5.0,
2.0 Hz, 1H, 7e-H), 4.08, 4.01, 3.54(3H each, s, OMe),
3.41(s, 1H, 9-OH), 2.36(d, J=4.0, 1H, 10-OH), 2.21
(m, 1H, 8e-H), 2.02(dd, J=14.0, 51 Hz, 1H, 8a-H),
1.89~1.77(m, 2H, CH,), 1.21(t, J=7.0 Hz, 3H, Me);
UV 217(4.24), 232(4.85), 248(4.24), 285(3.79), 380
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(SH), 475(4.11), 494(4.01), 530(3.70), 564(sh); MS:
m/z 412(37%, M"), The mass spectrum of 17a sho-
wed the M*-18, M '-36 pecks which are distinctive
of these systems.

cis-(% )-9,10-Dihydroxy-9-ethyl-4,6,7-trimethoxy-7,
8,9,10-tetrahydronaphthacene-5,12-dione(16a)— Ace-
tone 90 m/¢} Z55 20 miell 33HE 14(0.31¢, 0.82
mmol), trimethylamine N-oxide(0.12g, 1.64 mmol)
283 0sO; 1.9mi(2% in t-BuOH)E 73l A&
ol 4 62]7F wursl F<ivh vk-g-Eeol 10% NaHSO;
goto @ 3N T EtOAcEHN F7158 53 H,
Z3laFEE M MgSO,2 AxA7]la ofast
4o & AAYh YAAES CHCly/ether2x] AAA
slod =38} cis diol3H3HE 16a8 0.3 g(88%) A<
mp.151~153C ; 'H NMR(400 MHz, CDCl,) & 8.15(s,
1H), 7.80(dd, J=7.7, 1.0 Hz, 1H), 7.62(t, J=7.7 He,
1H), 7.22(dd, J=7.7, 1.0 Hz, 1H), 4.80(d, ]=2.5 Hz,
1H, 10a-H), 5.03(m, 1H, 7e-H), 4.40(d, J=25, 1H,
10-OH), 4.05, 4.00, 3.51(3H each, s, OMe), 3.30(s,
1H, 9-OH), 2.43(dd, J=15.0, 3.5 Hz, 1H, 8e-H), 1.80
(dd, J=15.0, 4.0 Hz, 1H, 8a-H), 1.86~1.76(m, 2H,
CH,), 1.08(t, J=7.5Hz, 3H, Me)

lm‘—

Aot o N

34 staxtsle 3MgE 17a=  anthracycline
T27F 898k 408 Terl Adlew Eoqlv]
) Fof 92l Hauserel] 23] 7Atsl ring annela-
tion method &% o] &84 w2]& 7] AAH 7He
weoz ARt § 7 ARvIES WA
A 4] ae|EAE #4417 A St
8} A] 2}-8-&}+= phthalide sulfone3}3tE 35 gAdst
F” methyl crotonate 2 5-€] & 33HE 4(1. NBS,
benzoyl peroxide/CClL, 2. PhSH, nBuli, HMPA/
THF)Q} 743t base = Aol A Michael condensation*]
743 PhS7} * %+ q, B-unsaturated carbonyl
ﬂ""{}%OﬂHE— ol F& HEM 3EE 57 AA
=)Aok
B 4E 52 methylation ] %21 ¥ benzvlic$l A& X
F-& anion 0.2 whE 2] A 317 9fa) A shik= 69
PhS& NalO,/MeOH+H,02 : D& 48X A A na-
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phthoate sufoxide® w531, HOAcSol A 30% H0,
2 213}AlA 4] naphthoate sufone3t3tE 7S 77t
o5k 2] A sulfoxide®}t cyclohexenone3}
g2 88Y kg2l A3 WA ¥ naphthacene ke-
tone3}3HE 102 A4 aFo] 15%m|Fo R o} F 8]
7 R sulfonestdHE 7 3E 89 WS
ol M= WA e] 67%2M olF F2 ARE A=
dl, o172 based] <alH AA=E  carbaniono]
SOPhX.th= SO,Ph7} t] kA3 A]# 4] anion®] A
Aeko] Z7}=%l7) wF-o]w =gt intramolecular cy-
clizationo] dejdu] SOPhXrch= SOPh7} v F2
leaving group. 24 A A Wiz )7} w-Eal
Rog AztEleiAlc)

HAE 49 me|FHd B2
WA A 873k 33HE 2bE 95| sA 3
32 109] C-ring$ quinone formo. 3 3 A|A o}
Pl zef 4 WA A-ringell ¥-2 ketone groupg
LAH=Z 4 stereoselectivedtAl FHAAIAA axial form
o] OHE wq)9X| At} 18] Z4] 2702 OHE pro-
tectiond}l7] ¢lal4 Me,SO, =4 methylationA]# 4]
S 11thE 92 5, Sypere]l HiHo] 2)aiY
CANe. 24 4tstA|A A 443 naphthscene dione
3E 128 e, oldl OMer}t #-& wt4ie]
A3 §5.0804 ddZE Heirh

31318 128258 C-109 double bondE 3 AIA]7]
7] $1s§ 4] ## bromination*]Z) 3 DBUZ elimi-
nationA]#4 el a A|=3 21} halogene] C-7¢) =il
3lghgo] Aol WA= Hom” FH4= LDAs}

ol 4} PhSSPht} PhSSO.Ph& uh-&-A1# PhSE £
Yok AL ukikd C-724 C-100] PhS7} Zgi= e
Aok ae 4 LiCIPAS] Z el 4 PhSSO,PhE Hl-$-
A A2 95 19] ¥]g2 C-10¢] PhS7} =)= 14

71—4_ 75}-_3_7] =8
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t}2 2efa C-100] PhS7F =0 358 13aE
NalO, 2% Ak3kA| 715 CaCO, &4 thermal elimina-
tionA]Z] AP BFE 147} olF F TEEH
olol A}, o)uf bezylicell £-2 double bond®] peak+
§6.27° A4 singlete & Rtk

31312 149) double bondE o]&-sf4 27)2} hyd-
roxyl7| & trans® LA A HF AHES 2714
e AR AdoA] o] sk W w4
mCPBAZ % epoxidationA]# 4] epoxide 8 3HE 155
ole = 6N-H,SO,E4 trans hydroxylation*] 74
358 1723 A4k =¥ HE 17a7) trans
formo 2 ZAgse] HEAE vinslr] ¢l s
149] double bond & 24 0s0,24 43} 2171 H o}
17a7} 2 4l Wb 16ar wIHM o o,
2] Ao wah xfo)ld ¥ol Feow, 1728
C-100) #-& OH$} hydrogen 18] i C-7¢ 2 hy-
drogene] °’+‘& TxE ke BEEY FHe AW
BolFE spectra dataghdt 7o dAHE Mo F
et o17]14 Aozl 313HE 17a5 17bal 11-deoxy-
B-rhodomycinone .2 W& A|71:= 2& 37§ 2} OMe &
BBr;- SMe,+}t AICLEM gbHol| demethylationA] 2
271 QledlB wo] oreixl Akl whyjelnE o

o4k AYskx Atk
NER
B ool 19914E WY A Sl EAee)
Aupey et SAHA ohE T 2Avleh SAEE <
FRAEIATH FUeE ATHYL.
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