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Synthesis of 4-Deoxyrhodomycinone Derivatives
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Department of Chemistry, Chonbuk National University, Chonju Chobuk 561-756, S. Korea

Abstract— A regiospecific total synthesis on the precursor(18b) of rhodomycinones is described. The
anion of 3-carbomethoxy-1(3H)-isobenzofuranone(13) was respectively condensed with naphthalenone
(12) and butenoate(8) derivatives which were prepared by two different synthetic routes to afford 9-
ethyl6.7-dihydroxy-7.8,9,10-tetrahydronaphthacene-5.12-dione(18b) after oxidation and reduction.
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Fig. 1 — Rhodomycinone derivatives.
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Dimethyl 3-oxocyclohexylmalonate (4a), Di-
methyl 5-ethyl-3-oxocyclohexylmalonate (4b) — 71
Z% MeOH 305.66 mL9} &% Na(2.99g. 0.13
mmol) 2.2 THE sodium methoxide&H&o di-
methyl malonate(14.86 mL. 0.13 mol)2 7}
2a2(9.68 mL, 0.10 mol) & ¢F 4085 7Hch. wkg
Eol sat-NH,CIF24€ 0°ColA 7131 brinee &
ALH EtOAcZ AAHES FE8A Zel8td 4a&
0.23g(91%)40 o™, 4bx 2bZ FE Z& YHO
2 FAHH89%). 4a: 'H NMR(CDCl;) 8 3.70,
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3.69(s, 3H each). 3.31(d. J=7.93 Hz. 1H), 2.49
~2.43(m, 1H), 2.38~2.32(m, 2H), 2.26~2.18
{m. 2H). 2.05~1.98(m. 1H). 1.90~1.87(broad
d, 1H), 1.65~1.60(m. 1H), 1.59~1.44(m, 1H):
MS., m/z 242(M7). 4b: '"H NMR(CDCl) 8 3.75.
3.74(s. 3H each), 3.32(d, J=9.52 Hz, 1H), 2.79
(quintet, J=4.40 Hz, 1H). 2.48~2.41(m, 2H),
2.28~2.17(m, 2H), 2.04~2.01(m, 1H), 1.81~
1.77(m, 1H), 1.71~1.65(m. 1H). 1.33(dq. J=
7.33, 2.20 Hz, 2H), 0.91(t, J=7.33 Hz, 3H):
MS. m/z 270(M").

Methyl 3-oxocyclohexylacetate (5a), Methyl 5-
ethyl-3-oxocyclohexylacetate (5b) — 4a(2.1g. 8.67
mmol)ell dimethyl sulfoxide 10 mL. NaCl(0.57 g,
9.67 mmol) 223 H,0(0.1 mL, 5.55 mmol)-& 713+
% oil bath’ellA] 180°CE 124)17F aiyk AlZ T} gk-g-
£l 10% NaOH +€4& 7}3l1 methylene chlo-
rideZ A E-E FFc agln ekl do g
work up3iA] 5aE 1.26 g(86%) {21 5b: 4b=
BE e whiow AQTH82%). 5a: 'H NMR
(CDCly) 8 3.68(s, 3H), 2.40~2.21(m. 5H). 2.12~
2.02(m, 2H), 1.96~1.92(broad d. 1H), 1.75~1.62
(m, 2H), 1.47~1.38(m, 1H): MS. m/z 170 (M").
5b: 'H NMR(CDCl;) 8 3.68(s. 3H), 2.56~2.38(m.
4H), 2.36~2.29(m. 2H), 2.16~2.01(m, 2H), 1.99
~1.90(m, 1H), 1.77~1.64(m, 1H), 1.44~1.25(m,
2H), 0.93(t, J=7.33 Hz, 3H): MS, m/z 198 (M™).

3-Oxocyclohexylacetaldehyde (7a), S5-Ethyl-3-ox-
ocyclohexylacetaldehyde (7b) — 5= ether 10 mLoll
LAH(0.67 g, 17.64 mmol)& ¥ 1 ether 10 mLel =
¢l 5a(1.0g, 5.88 mmol)E HH3) 7135 205 =<t
2o awkstar, 1417 FAH 818
FEAM ARH £ 7IA B2 LAHE 933l
IN HCIE 718l AHd st A7I ether24 MAHES
&3l 3-(2-hydroxyethyl)cyclohexanol (6a)2
0.74 g(87%) Atk 6a: 'H NMR(CDCL,) 8 4.0(s,
1H), 3.6(s. OH). 3.5(m. 1H), 2.4(s, 2H), 1.9(t.
1H), 1.8~1.4(m. 8H). -78°ClA methylene chlo-
ride 10 mLell oxalyl chloride(1.0 mL. 11.52 mmol)
£ 91 dimethyl sulfoxide(1.63 mL. 23.03 mmol)
£ 7}tk 28] 1A methylene chloride 10 mLoll
=0 6a (0.50 g, 3.49 mmol) & 7}&}ar 2085k vyt
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) triethylamine(9.73 mL. 69.8 mmol)& X33
7hELl S ES Mo &Y BE vheiM 5
elstol 7agsk 0.40¢ (82%) AUk 7a: 'H NMR
(CDCLY) 8 9.75(s, CHO), 2.52~2.38(m. 4H), 2.30
~2.21m, 1H). 2.15~2.00(m. 2H). 197188
(broad d. 1H), 1.76~1.64(m. 2H), 1.47~1.36(m.
1H): MS, m/z 140(M"). & ol oJsir 2-
ethyl-3-(2-hydroxyethyl)cyclohexanol (6b)<l 7b
E A

Methyl 4-(3-oxocyclohexyl)-2-butenoate(8a), Methyl
4-(5-ethyl-3-oxocyclohexyl)-2-butenoate (8b) — (°Col|A]
THF 30 mL.ol trimethyl phosphonoacetate(11.66
mL. 72.00 mmol) 2} 95% NaH(0.90 g, 36.00 mmol)
& 7kl 15e-Eet wiketE o g g8 AT
v} wwkaldet m1eiar THE 20 mLoll %591 7a(5.05 ¢,
36.00 mmol) & 7}3}aL 18A17F &9t Ao A Rkl
th Bl 4E8E 7Helal ether2 F£310] 8a&
5.25 g(75 %)22Ar}. 8a: 'H NMR(CDCL,) 8 6.89(dt,
J=1547. 793 Hz, 1H). 5.84 (d. J=15.47 Hz, 1H),
3.72(s, 3H), 2.43~2.35(m, 2H), 2.28~2 21(m. 2H),
2.07~2.01(m. 2H), 2.00 ~1.89(m, 1H). 1.70~
1.60(m, 2H). 1.42~1.32(m, 1H), 0.88~0.82(m,
1H): MS, m/z 196 (M"). 2& ol 9jsir 8bE
ThE 5] 78% AT}

8-Acetoxy-3,4,4a,5,8,8a-hexahydro-1(2H)-naphtha-
lenone (102), 8-Acetoxy-3-ethyl-3,4,4a,5,8,8a- hexahy-
dro-1(2H)-naphthalenone (10b) — Acetonitrile 3
mLel enone3}§HE 2a(0.04 mL, 0.45 mmol) & 713}
3-30°C2 ¥ A7H SHF boron trifluoride
diethyl etherate(0.11 mL, 0.90 mmol)& 7}3lt}. gt
$E8 -10°CE €21 butadienedHE 9a(0.1 mL.
0.90 mmoD) & ¥ 1 10852 it vkg-Eo) so-
dium bicarbonate78&%-& 7}t methylene chlo-
ride2 &8t 10a& 0.06g(64%) AU} 10a:
'H NMR(CDCly) 8 5.75~5.66(m. 2H), 5.32~5.29
(m, 1H), 3.21(dd, J=5.13, 4.79 Hz, 1H), 2.57~
2.53(m, 1H). 2.35~2.29(m, 2H), 2.11~2.04(m
1H). 2.02(s, 3H). 2.00~1.91(m. 3H), 1.85~1.76
(m. 2H): "C NMR(CDCLy) 8 208.8, 170.6, 127.9.
125.1,69.2, 51.2, 42.2, 36.6. 28.7, 26.7. 24.3, 21.2:
MS. m/z 208(M"). 200, 182, 165(M-Ac), 148, 104,
97: IR, 3043, 2931, 1728, 1600, 1433, 1370, 737

m’. 2& ol i 2bg 98 RE 10bE 71%
2¢it}. 10b: '"H NMR(CDCly) 8 5.57(m, 2H). 5.39
(d. J=11 Hz. 1H), 3.33(dd. J=11.73, 1.46 Hz.
1H), 2.64~2.60(m, 1H). 2.19~2.04(m, 1H), 2.05
(s:-3H), 2:01~1-98¢nr-2H) 1:95~1-96(m, 1H).
1.82(d. J=7.43 Hz, 1H). 1.61(m. 2H), 1.39~1.30
(m. 2H). 0.91(t, J=7.32 Hz, 3H): MS. m/z 236
(M™).
3,4,4a,5,8,8a-Hexahydro-8-hydroxy-1(2H)-naph-
thalenone (11a), 3-Ethyl-3,4,4a,5,8,8a-hexahydro-8-
hydroxy-1(2H)-naphthalenone (11b) — 0.1 g9 So-
dium¥} 4 mL2] methanol® ¥} THEo)R sodium
methoxide& 10a(0.3 g. 1.44 mmol) & 7FrE&|A1A
A 1ag 0.21 g(86%) 4Ath 11a: 'H NMR(CDCI
2 85.66(s, 2H). 4.45~4.55(broad d. 1H). 3.30(d,
J=255 Hz, 1H), 2.42~1.24(m, 10H): MS. m/z
208(M"). 2-& Aol ofsiA 11bE 10bZ FE 89%
At 11b: 'H NMR(CDCl) 8 5.72(ddd, J=
10.26, 8.06, 4.39 Hz, 1H), 5.65(br d, J=10.26 Hz,
1H), 4.53(br d, J=4.39 Hz, 1H), 3.28(d, J=2.94
Hz, 1H). 2.57(dd, J=13.19, 5.86 Hz, 1H), 2.39
(ddd, 13.92, 5.13, 2.94 Hz, 1H). 2.18~2.13(m,
3H), 2.03~1.97(m, 2H), 1.86(br d, J=10.99 Hz,
1H), 1.70(ddd, J=13.92, 10.99, 4.39 Hz, 1H),
1.34~1.27(m, 2H), 0.91(t, J=7.33 Hz, 3H): MS,
m/z 194(M", 19.6), 176(M-18, 14.7), 138(27.9),
120(54.3), 110(29.2), 107(33.7), 84(79.0).
4a,5,6,7,8,8a-Hexahydro-8-ox0-1(4H)-naphthalenone
(12a), 6-Ethyl-4a,5,6,7,8,8a-hexahydro-8-oxo-1(4H)-na-
phthalenone (12b) — -78°Coll4] methylene chloride
30 mLo) oxalyl chloride(2.98 mL, 34.14 mmol) & 4
1 dimethyl sulfoxide(4.82 mL, 68.31 mmol)E 7}3}
o}, 28244 methylene chloride 30 mLell <)
11b (2.01 g, 10.35mmoD)E 715t 30859 ankst
5. triethylamine(28.85 mL, 0.21 moD)& 15%%<t
A3 7o ke Lo SUH ES 7Rl
A A7H, FE5E BelEke 12bE 1.71 g(86%)9
2t 12b: 'H NMR(CDCl) 8 15.00(s, 1H, OH).
6.80(ddd, J=9.77. 391, 1.95 Hz, 1H), 6.07(dd, J=
9.77. 2.93 Hz. 1H), 2.81~2.71(m, 1H). 2.54(ddd,
J=17.57, 391, 195 Hz, 1H), 2.29(dt, J=1757,
5.86 Hz, 1H), 2.15(dd, J=15.62, 2.94 Hz, 1H), 2.05

o]
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~1.98(m, 1H), 1.83~1.80(m. 2H), 1.48~1.40(m.
2H). 1.35(q, J=7.81 Hz, 2H). 0.93(t, J=7.81 Hz
3H); MS. m/z 192(M". 100). 191(46.2). 190(19.6).
148(38.5), 136(8.2), 135(37.5), 121(21.6). 108(34.4),
107(29.7). & el o34 11a2 5 E 12a& 92%
Al 12a: MS, m/z 164(M"), 157, 146. 139, 133.
122, 112, 104, 93.
6,7-Dihydroxy-bis-anhydronaphthacene-5,12-dione
(16a) — 0°CollAY THF 10 mLell t-butyl alcohol(0.45
mL, 4.68 mmol)¥ n-BuLi(2.93 mL of 1.6M soul-
tion, 4.68 mmol) & #& TH= lithium t-butoxide &
& -718°CE ¥Z AlZi5l, THF 20 mLol phthalide
13(0.30 g, 1.56 mmol)& =31 8-H4& 23] 7}t
308 ¥ o 2 Mty Bh3-Eoll dione 12a(0.26
g, 1.56 mmol)}2 THF 20 mLoll oA 75k, 308
T YA E AAE 2ol 1247 IHAIA T
Ak 10833 H8-E8 #7475 oA 0°C2 gz
IN diatez AHAstA7]ar THFE AARcH 838
ethyl acetate2 FZ3lo] 715l &5 sodium bi-
carbonate=8%, brine2 @ My Uutzl wylog
workupdlA  5,12-dihydroxy-8,9,10.10a,11-penta-
hydro-6(6aH),7-naphthacenedione(15a)& 0.40¢
(86%) 2tk =& phthalide 137} 828 2-& W0
2 A E dox HA] 15a7} 82% = dojHct
15a: '"H NMR(CDCly 8 12.60(s, 1H, OH), 8.55~
8.19(m, 2H. ArH), 7.99~7.76(m. 2H, ArH), 474
(s, 1H), 3.12~2.93(m. 2H., CH2), 2.85~2.76{m.,
2H, CHy). 2.30~2.14(m, 2H, CH,), 1.48~1.20(m.
3H): mp 150~152°C: Ms, m/z. 296(M*). Qoid
15a (150g, 5.06 mmol)E DMF 50 mLell %oz
100°CoAlA] A 71AE 5AIZE B2 BHAIFTE 24 7]
AE FAAZ H, 0°CE %712 10 mLe] £¢ 7}sied
AAE AN Aol 16aE sty B2 HNe &
AZAHA 87%9 &2 &3 16a 1.29g& LUk
L OHE W 0 2 Hauser?}d o] 83F Ag,CO; on celite
£ o) 83 GA] 2 S ES 92%9] 8= Ak
16a: mp 168~169°C: 'H NMR (CDCly/TMS) &
12.61(s, 1H. OH), 8.50~8.15(m, 2H, ArH), 7.95~
7.71(m, 3H. ArH). 7.69(t. J=8.06 Hz, 1H, ArH).
7.58~7.49(m, 1H, ArH), 7.33(dd, J=17.32 147
Hz, 1H, ArH).
9-Ethyl-6-hydroxy-7,8,9,10-tetrahydronaphthacene-
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5,7,12-trione (17b), 6,7-Dihydroxy-9-ethyl-bis-anhy-
dronaphthacene-5,12-dione (16b) — 3}3+& 17b%} 16b
1= 3R 133} 12D BE] Rt 133 8bi HE] 16ao]
A Wy o] 5.12-dihydroxy-9-ethyl-8.9.10.
10a,11-pentahydro-6(6aH) 7-naphthacenedione
(15b)9} S04 S8 AA ek A= 84%9 F
FEE AACHITb 44%. 16b 40%): 17b° mp 190~
192°C: 'H NMR (CDCly/TMS) 8 13.28(s.1H, OH),
8.56~8.20(m, 2H, ArH). 7.98~7.78(m. 2H, ArH).
7.44(s, 1H, ArH), 3.19 (dd. J=13.60, 2.50 Hz, 1H).
2.83(dd, J=17.75, 250 Hz, 1H), 2.55~2.35(m.
1H), 2.11(d. J=4.80 Hz, 2H). 1.65~1.46(m. 2H.
CH2), 1.03(t, J=7.3 Hz, 3H. CH,: MS. m/z
320(M"). 16b: mp 210~212°C: 'H NMR (CDCly
T™S) & 12.92(s. 1H. OH). 855~8.19(n. 2H.
ArH), 8.00(s, 1H, ArH), 7.90~7.71(m. 2H. ArH).
7.61(s. 1H, ArH). 7.00(s. 1H. ArH). 2.73(q. J=7.32
Hz, 2H). 1.29(t, J=732 Hz, 3H): MS, nv/z
318(M 7).

9-Ethyl-6,7-dihydroxy-7,8,9,10-tetrahydronaphtha-
cene-5,12-dione (18b) — Methanol 8 mLell 17b(0.92
g. 2.89mmol)®} cerium trichloride heptahy-
drate(1.07 g, 2.87 mmol)& Yol %<1, sodium
borohydride(0.11 g, 2.87 mmol)& o}5 W3] gk
A 7+t 1083 2N aqueous hydrochloric acid(1.
46 mL, 2.91 mmol)-& 7}slil 505 H &5 7hal
A FMAIACH methanolS AATIL ether® BAHE
& F&stu 23ty 4F3EE 0.83 g(90%) 93]
vl dojd AAE 0.83g(2.57 mmol) & trifluoro-
acetic acid 5 mLell 21 2o 4 2417} stirringshat
E24 workup?ts prep-HPLC(symmetry Cis
column, acetonitrile/0.02 M NaH,PO,, 7:13, +0.
01% triethylamine)2 ®2851vH0.61g). mp
212~3°C: 'H NMR (CDCly/TMS) 8 13.17 (s, 1H,
OH), 857~8.21(m, 2H, ArH), 801~7.81 (m.
2H. ArH). 7.49(s. 1H, ArH), 5.31 (br s, 1H, 1H).
3.82(br d, J=5.02 Hz. 1H. OH). 2.54~2. 65(m.
1H), 2.32(ddd, J=18.0. 8.0, 2.0 Hz, 1H). 2.23
(dddd. J=18.0. 10.0, 2.2. 1.2 Hz, 1H), 2.06~
1.93(m, 1H), 1.55~1.34(m, 2H, CH,), 1.35(ddd.
J=13.0, 11.5, 5.8 Hz). 1.03(t, J=7.0 Hz, CHj):
MS, m/z 322(M™).
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