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6-(1-Hydroxy or Acyloxyalkyl)-5,8-Dialkoxy-1,4-Naphthoquinones :
Synthesis, Evaluation of Cytotoxic Activity, Antitumor
Activity and Inhibitory effect on DNA Topoisomerase-I

Yong Kim, Su-La Choi, Pyung-Keun Myung and Byung-Zun Ahn”*
College of Pharmacy, Chungnam National University, Taejon 305-764, Korea

Abstract — A new synthetic method of 6-(1-oxyalky!)-5,8-dimethoxy-1,4-naphthoguinones was developed,
2-formyl-1,4,5,8-tetramethoxynaphthalene was oxidized to form 6-formyl-5,8-dimethoxy-1,4-naphtho-
quinone (DMNQ). This was selectively reduced and benzylated to produce 6-formyl-5,8-dimethoxy-1,4-
dibenzyloxynaphthalene, to which various alkylmagnesium halide were added, followed by debenzylation
and oxidation in sequence, yielding 6-(1-hydroxyalky)-DMNQ derivatives. 6-(1-hydroxyalkyl)-5,8-
diethoxy-1,4-naphthalene (DENQ) derivatives were synthesized by similar procedure. 1'-OH of the naph-
thoquinone derivatives was acylated with various alkanoic acids to give 6-(1-acyloxyalkyl)-DMNQ or
DENQ derivatives. TOPO-I inhibitory activity and cytotoxicity of DENQs were less potent than that of
DMNQs. Among the DMNQ and DENQ analogues, the ones with alkyl group being heptyl were most
potent in TOPO-I inhibition (IC5; 30.1, 36.4 uM). DMNQ derivatives with a longer side chain exhibited
a weaker cytotoxicity. A correlation between size of the alkyl side chain and cytotoxicity was not observed
for DENQ derivatives. Acylation of 1'-hydroxyl group, in general, decreased both TOPO-I inhibitory activity
and cytotoxicity. T/C (%) values of the DENQ derivatives on S-180 intraperitoneal tumor were larger than
those of DMNQ derivatives. Among the compounds synthesized, 6-(1-hydroxyheptyl)-DENQ and 6-(1-hex-
anoyloxyoctyl)-DMNQ showed the highest T/C values of 183% and 182%, respectively.

Keywords [ Naphthoquinones, DNA topoisomerase-I inhibition, antitumor activty, cytotoxicity, struc-
ture-activity relationship.

DNA Topoisomerase(TOPOY=" DNAQ] molale)=
=y

type I, = 22} duplex DNA® A%5le] transient
single ¥ double strandE HdSIch TOPO= A%

g B G shiolrh. o] FA= DNAZ
Aekeh el we} type [ 15 712 ERsied

#H =Fol $E Bl o] AxjelAz
(A3} 042-821-5923 (FA) 042-823-6566

ol o & TS HYowN oA MY FRELE
At Aoz W= Stk TOPO-I9 &4 A3A)|
2= camptothecin® “1 A, benzimidazolef 524,
benzophenanthridine alkaloids, indolocarbazole -1,
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o] =rl® o] 7k2E campthothecinfF=AE 9%
off Ahgak Stk ¢t $39& AZ(Lithospermi erythro-
hizon)© Z3E] 223t shikoninfF7} TOPO-I thale]
Aazkg-g HUS BRIEk oE7kA] acylshikoninf-%
A= Toste] 72849710 BAS T3 8 S)
o}, ek 598 T8t shikonin®] FABIS! 6-(1-hydroxy-
alkyl)-5,8-dimethoxy-1,4-naphthouinone X2 43}t
o TOPO-Il tigt Aelag-g AT vl £2 a7}
A2-S LI

£ A7oA= shikonin®t} acylshikonin®-EA417F A
HiEo g Hrl £2 AfEAS Bl #2L 24
2 3} 6-(1-hydroxyalkyl)-5,8-dimethoxy-1,4-naphtho-
quinone acyld} skl 1213t acyld}z} TOPO-IY| tis}
o ofmdt FIE vIAEAE Al Bual e
o, T3 12F 5.8-dimethoxy -2 ethoxy’|2 W3}
AlA ©] ethoxy?[7F TOPO-I| thafix] ofmet FFL
=S HES Bt st ot fEAlEe
TOPO-l] thgt 2:g4emt ohje} UopAE L1210A1%E
ofl th3t Asfzkg 2l S180%tel tidt IS Al
L A8 BaAt sk

Ch=la

ZRE Aok gEA| AloflA] 78l ARSI S
o, $l= 558 ARgsIglen Fee| ot FAst
of Ahgsich, uhe-A wiEy ARl LI210ME=
QAAZATAoNA EF ot A3 em, Al
9kr] A}2-EE= RPMIL640, fetal bovine serum %
TR Aok GibcorlZHE 74h3te] ARSI IR
2#Eeh= Perkin-Elmer 780 T43TAIZ S350
on emZ FASHCh #A|FE AdER=
JEOL(QO MH2)E BB EAE ©]831% tetramethyl-
silane(TMS)S U EFEAR lo] SA31¥0H, 3
8l o]F(chemical shift}> ST E coupling con-
stant= HzZ2 Uehliith @F32vteEastts
(TLO)= silica gel(Kieselgel 60F254, Merck)S A}
La19 1, A 2vlE 13 silica gel (Kieselgel
60, 70~230 mesh, Merck)S AR&-315ic}.

6-Formyl-5,8-dimethoxy-1,4-naphthoquinone(I)
o &
2-Formyl-1,4,5,8-tetramethoxynaphthalene 3 g(10.8

mmole) acetonitrile 80m/ell Yol %9 F cerium
ammonium nitrate(CAN) 14.9 g(27.2 mmole)S 557+
80 miell = §NE 30 B¢ A/ sick o F o
Al AR Rt akst & AR E SAAES A
JulF ZRER A, AFs] AN FAAE 213g8 o
At 558 :80%, R;:0.56(Hexane : EtOAc=1:2). 'H-
NMR(CDCly): 8 1049, 1H, CHO), 7.76(s, 1H, 7-
H), 666(s, 2H, 23-H), 402(s, 3H, OCH,), 3.99G,
3H, OCH,). IRv,,, cm™(neat) : 3050, 2930, 1655,
1680.

6-Formyl-5,8-dimethoxy-1,4-dihydroxynaphtha-
lene(Il) 2| &4

6-Formyl-5,8-dimethoxy-1,4-naphthoquinone 1.7 g(6.9
mmole)2 chloroform 100 mioll 2o] %41 £qo,
S5 100 miell sodiumhydrosulfite(Na,S,0,)5 ¥3}
AL FHof] 7lsle] oF 208 FF AHEA keI
t}, BhSEMS chloroform 08 % & F5UxE
@ ksl BAEEY 3 JAAE 16ge
ARt F58& :942%, R;:0.13(Hexane : EtOAc=
4:1). '"H-NMR(CDCL): & 10.45(s, 1H, CHO), 895
d, /j=5.8Hz, 2H, OH), 7.06(s, 1H, 7-H), 6.99(d,
J=09Hz, 2H, 2,3-H), 4.09(s, 6H, OCHy). IRv_,.
cm™ (neat): 3360, 3050, 1665, 1510.

6-Formyl-5,8-dimethoxy-1,4-dibenzyloxyaph-
thalene(IIT) 2| £

6-Formy!-5,8-dimethoxy-1,4-dihydroxynaphthalene
1.2 g(4.8 mmole)s A4/~ EAIBIIA €52 dime-
thylformamide 30 mi®| =°]3 5 potassium car-
bonate 3.36 g(24.4 mmole)®} benzylchloride 2.82 m/
(244 mmoleYs 31 40°CoIA 1277t BF3Ict. Wt
SEAE W5l 718 ¥ dichloromethane® & 5%
F 5% FAF £ 200 mi2 33] AF F oA FF
R 33 At O F fU18%S FriEs
g 7RFs% § hexane, ethylacetate £ o7
ABgste] BN AJAPE 19gS Ut 5
& :92.5%, R;:0.31(Hexane : EtOAc=3:1). '"H-NMR
(CDCL):8 10.55(s, 1H, CHO), 7.56~7.31(m, 10H,
ArH), 721G, 1H, 7-H), 7.02(d, J=29Hz, 2H, 2, 3-
H), 5.15(, 2H, OCH,Ar), 5.09(, 2H, OCH,Ar),
3.93(s, 3H, OCHy, 3.78(s, 3H, OCHjy). IRv_,,

J. Pharm. Soc. Korea



6-(1-5A23)-5, 8T RFA- LA RIE AR ieAle] 34 F 3kd 97h 143

cm™? (neat) : 3050, 2850, 1670.

6-Formyl-5,8-diethoxy-1,4-naphthoquinone(IV)
9| &y

B} 22 o g slo] JUAAE 16gS AT
T5& :712%, R;:0.58(Hexane : EtOAc=1:2). 1H-
NMR(CDCl;): & 10.48(s, 1H, CHO), 7.73(s, 1H,
7-H), 6.84(d, /=0.89 Hz, 2H, 2,3-H), 4.17(m, 4H),
153(t, J=14.0Hz, 6H). IRv,,cm™ (neat): 3050,
2930, 1650. '

6-Formyl-5,8-diethoxy-1,4-dihydroxynaphtha-

lene(V) 9| &

7 32 W om &0 SFNAHE 18gS ATt
58 1 935%, R; : 0.13Hexane : EtOAc=4:1). 'H-
NMR(CDCly): 8 10.37(d, /=0.89Hz, 1H, CHO), 896
d J=57Hz, 2H, OH), 7.07(s, 1H, 7-H), 7.00(d,
J=08Hz, 2H, 2,3-H), 427(s, 4H), 143(t, J=14.1Hz,
6H). IRv,,,cm™ (neat) : 3360, 3050, 1660, 1500.

6-Forrﬁyl-5,8-diethoxy-1,4-dibenzyloxynaph-
thalene(VI) 2| £

Mz 22 o sl FAAHE 1.95g2 A
ot F5&:91.7%, R;:0.31(Hexane : EtOAc=3:1).
'H-NMR(CDCL):§ 1054(s, 1H, CHO), 7.66~7.35
(m, 10H, ArH), 7.22(s, 1H, 7-H), 7.08d, J=
2.7Hz, 2H, 23-H), 516(s, 2H, OCH,Ar), 5.10(s,
2H, OCH,Ar), 421(m, 4H), 155(t, J=14.0Hz, 6H).
IRv,,cm™ (neat): 3050, 2850, 1670, 1590.

6-(1-Hydroxypentyl)-5,8-dimethoxy-1,4-dibenzy-
loxynaphthalene(VII) 2| &

wl7HlE 0.34 g(14.1 mmole)?} 1-bromobutane 1.93
g(14.1 mmole)}s 75 THF 30 miell ¥ 4204
2N M wHEte] Grignard Al9kS THE 3 6-
formyl-5,8-dimethoxy-1,4-dibenzyloxynaphthalene
2 g(4.7 mmole)y> F<= THF 40 mlo] =91 £8&
2083 b F AFZelA 3AIRE o wut EQich
10% ammonium chloride 80 miel] ¥h$-ES s}
21 dichloromethane®. ¥ F&3t U3 Pz &
T, 43, AFEsFH WEE 2ANES Agaia
(1.5%15 cm) AFAZvIETIZ FA|SH] u)ga

Vol. 44. No. 2. 2000

TEE 18gS IAUTh 55 :788%, R:035
(Hexane : EtOAc=3:1). 'H-NMR(CDCl):§ 7.73~
7.33(m, 10H, ArH), 6.94(s, 1H, 7-H), 6.89(s, 2H,
23-H), 5.12(s, 2H, OCH,Ar), 5.10(s, 2H, OCH,AD),
4.93(d, J=4.6Hz, 1H, 1-H), 3.93(s, 3H), 3.77(s,
3H), 2.25(br, s, 1H, 1-OH), 1.79~1.20(m, 6H),
092(t, /=6.0Hz, 3H). IRv,,cm™ (neat):3480, 3020,
2950, 1450.

6-(1-Hydroxyhexy!)-5,8-dimethoxy-1,4-diben-
zyloxynaphthalene(VIII) 2| &4

VIS el Sfal vl SAE 1959 AT
$5& :83%, R;:0.36(Hexane:EtOAc=3:1). 'H-
NMR(CDCl;) : & 7.68~7.35(m, 10H, ArH), 6.98
(s, 1H, 7-H), 6.95(s, 2H, 2,3-H), 5.15(s, 2H,
OCH,Ar), 5.13(s,c 2H, OCH,Ar), 4.90d, J=
46Hz, 1H, 1-H), 3.97(s, 3H), 3.77(s, 3H),
3.21(d, ]=3.45Hz, 1H), 1.75~1.27(m, 8H), 0.96
(t, J=13.6Hz, 3H). IRv,, cm™ (neat):3485, 3020,
2950, 1460.

6-(1-Hydroxyheptyl)-5,8-dimethoxy1,4-dibenzy-
loxynaphthalene(IX) 2| &4

VIS wbdell o3 vlah 442 21gS I
TEE :86.9%, R;:0.38(Hexane: EtOAc=3:1). 'H-
NMR(CDCly) : 8 7.71~7.35(m, 10H, ArH), 6.96(s,
1H, 7-H), 692(s, 2H, 2,3-H), 5.14(s, 2H, OCH,AD),
5.13(s, 2H, OCH,Ar), 4.95(d, J=4.6Hz, 1H, 1(-H),
3.96(s, 3H), 3.74(s, 3H), 2.19(d, J=3.45Hz, 1H),
1.61~1.07(m, 10H), 0.92¢, /=13.7Hz, 3H). IRv,,
cm™ (neat) : 3480, 3020, 2950, 1460.

6-(1-Hydroxyoctyl)-5,8-dimethoxy-1,4-dibenzy-
loxynaphthalene(X) 2| & ’

VIIS] ®ie] oja] m|3kd {48 2.0 g2 AUt
58 :80.6%, R;:0.40(Hexane : EtOAc=3:1). 1H-
NMR(CDCly): 8 7.70~7.37(m, 10H, ArH), 6.97(s,
1H, 7-H), 6.93(s, 2H, 23-H), 5.14(s, 2H, OCH,Ar),
5.11(s, 2H, OCH,Ar), 4.92(d, J=4.6Hz, 1H, 1-H),
3.95(s, 3H), 3.73(s, 3H), 2.30(d, /=3.20Hz, 1H),
151~121(m, 12H), 0.95(t, J=132Hz, 3H). IRv,_.,
cm™t (neat): 3480, 3015, 2950, 1450.
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6-(1-Hydroxypentyl)-5,8-diethoxy-1,4-dibenzy-
loxynaphthalene(XI) 2| &4

6-Formyl-5,8- diethoxy-l 4-dibenzyloxynaphthalene

S AME3lo] VIE} 22 WHoE slof v /4
B 17g% 43Uch 58 :75.6%, Ry:0.36(Hexane
: EtOAc=3:1). 1H-NMR(CDC13):8 7.70~7.37(m, 10H,
ArH), 6.97(s, 1H, 7-H), 6.93(s, 2H, 2,3-H), 5.14
(s, 2H, OCH,Ar), 5.11(s, 2H, OCH,Ar), 4.92(d,
J=46Hz, 1H, 1-H), 4.20(q, /=20.8Hz, 2H), 4.02~
3.79(m, 2H), 2.37(br, 1H, 1-OH), 1.59~1.43(m,
9H), 1.05(t, J=14.7Hz, 6H). IRv,,cm™
3450, 2950, 1650, 1600.

(neat) :

6-(1-Hydroxyhexyl)-5,8-diethoxy-1,4-diben-
zyloxynaphthalene(XII) 2| &4

VIIS] whel) of8l] w]Ed f3E 2088
F55 :186.8%, Ry:0.40(Hexane : EtOAc=3:1). 4.
NMR(CDCly): 6 7.70~7.38(m, 10H, ArH), 6.97(s,
1H, 7-H), 6.92(s, 2H, 2,3-H), 5.13(s, 2H, OCH,Ar),
5.12(s, 2H, OCH,Ar), 4.93(d, /=4.7Hz, 1H, 1-H),
4.21(q, J=20.7Hz, 2H), 4.03~3.77(m, 2H), 2.32(br,
1H, 1-OH), 1.60~1.40(m, 11H), 1.01¢t, /=148
Hz, 6H). IRv,,.cm™ (neat) : 3450, 2950, 1650, 1600.

6-(1-Hydroxyheptyl)-5,8-diethoxy1,4-dibenzy-
loxynaphthalene(XIII) 8| &4

VIS el gj3) v e 21g8 AT
=8 : 884%, R, : 0.44(Hexane : EtOAc=3:1). 'H-
NMR(CDCly): 6 7.71~7.36(m, 10H, ArH), 6.97(s,
1H, 7-H), 6.93(s, 2H, 2,3-H), 5.14(s, 2H, OCH,Ar),
5.11(s, 2H, OCH,Ar), 4.92(d, /=4.6Hz, 1H, 1(-H),
4.20(q, J=20.8Hz, 2H), 4.02~3.79%(m, 2H), 2.37(br
1H, 1¢-OH), 1.59~1.43(m, 13H), 1.05(t, /=14.7 Hz,
6H). IRv,,.cm™ (neat) : 3450, 2950, 1650, 1600.

6-(1-Hydroxypentyl)-5,8-dimethoxy-1,4-naph-
thoquinone(1) 2| &4

6-(1-Hydroxypentyl)-5,8-dimethoxy-1,4-diben-
zyloxynaphthalene 1g(2.05 mmole)s < THF
20 mell =9 ¥ 5% PJ/C 0.05gs ¥ 240 Ks
Qb w7|dBtell G243} AT HREENE o3l

e & Z ulE acetonitrile 20 miol =9 &

cerium ammonium nitrate 1.12 g(2.05 mmole)s 7}
3 108 FF At S3ick. whE Bl TH 200

S 7}ef wHKEE Y12 dichloromethane® & &8}
I FE2E98 FeRE B, o, AgEEei
AEE ZA9ES APA15X15 cm) FEAR
vtE el 2 G A8 $4E 490 mgs €A

o FEE :786%. B4 R TEE RV 3=

6-(1-Hydroxyhexyl)-5,8-dimethoxy-1,4-naphtho-
quinone(2) o] &M
/‘\‘: S : 70.8%. 14 ul—b\j_& 6‘1—/\-]3].05 0111, %/g

1 e 2dY Fx

6-(1-Hydroxyheptyl)-5,8-dimethoxy-1,4-naphtho-
quinone(3) & &M

FES 71%. 19 HpHog 61—/\‘]3}.0501):L ZA] 4l
TEE :':§i4) +E,

6-(1-Hydroxyoctyl)-5,8-dimethoxy-1,4-naphtho-
quinone(7) 2 &M
FEE % 19 PHOE TP, 24 o

Z= v:?d‘-” Bz

6-(1-Hydroxypentyl)-5,8-diethoxy-1,4-naphtho-
quinone(4) 2| &4

19] "ol <3 A fAE 470 mgs A
58 : 726%, R;: 038(Hexane : EtOAc=1:1). 'H-
NMR(CDCly): 8 7.48(s, 1H, 7-H), 6.74(s, 2H, 23-
H), 510(q J=174Hz, 1H, 1H), 421@q J=
215Hz, 2H), 4.02~3.79(m, 2H), 2.20(d, J=3.95Hz,
1H), 1.71~125(m, 13H), 099t J=14.6Hz, 6H).
IRy, ,cm™ (neat) : 3475, 2950, 1650, 1460.

6-(1-Hydroxyhexyl)-5,8-diethoxy-1,4-naphtho-
quinone(5) 2| &Y

19] ] Sla) A SR 470 mgS Ik F
58 : 719%, R; : 0.39(Hexane : EtOAc=1:1). 'H-
NMR(CDCly): 8 7.47(s, 1H, 7-H), 6.74(s, 2H, 2,3-
H), 5.04(q J=18.8Hz, 1H, 1-H), 4.20(g, J=20.8Hz,
2H), 4.02~3.79(m, 2H), 231(d, J=4.03Hz, 1H),
201~144(m, 11H), 091(t, J=144Hz, 6H). IRv,,,
cm™ (neat) : 3475, 2950, 1650, 1460.
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6-(1-Hydroxyheptyl)-5,8-diethoxy-1,4-naphtho-
quinone(6) 2| &M

19] ¥l gl AHA {AE 480 mgS At
F58& :721%, R;:0.40(Hexane : EtOAc=1:1). 'H-
NMR(CDCl,): 8 7.48(s, 1H, 7-H), 6.73(s, 2H, 23-
H), 5.04(q, J=189Hz, 1H, 1-H), 423(g J=208
Hz, 2H), 4.03~3.80(m, 2H), 2.33(d, /=4.11Hz, 1H),
1.96~141(m, 13H), 0.90¢, J=13.7Hz, 6H). IRv,,,
cm™ (neat) : 3475, 2950, 1650, 1460.

6-(1-Acetoxyoctyl)-5,8-dimethoxy-1,4-naphtho-
quinone(8) o] &M

6-(1-Hydroxyoctyl)-5,8-dimethoxy-1,4-naphtho-
quinone 346 mg(lmmole), 4-dimethylaminopyridine
61 mg(0.5 mmole), dicyclohexylcarbodiimide 206
(1 mmoleys 2F flaskel] ¥ ¥4 dichlorome-
thane 10 m/oll =t} 0°C, AavkA EA4) oA
Z4t 603 mg(l mmole)e ¥oIF the 3023t wrt
g 3 AkZellA AR o wHkEISI), whe Eglhalo))
d 30 mE PoIFIL 1087 Aol et &
BeHE BEEE oF AAS v J9e gz
2 g, o3, ZsEdte] dEe 288 A
Y7A(1.5X15 cm) AHOZE FAIBl] A {AHE
205 mgs AU F5F :76%, R;:0.12(Hexane:
EtOAc=3:1). 'H-NMR(CDCL):& 7.23(s, 1H, 7-H),
6.75(s, 2H, 2,3-H), 6.13(t, J=12.7, 1H, 1-H), 3.96
(s, 3H), 3.90(s, 3H), 2.11(¢s, 3H, OCOCHy),
1.62~1.18(m, 12H), 0.88(t, /=10.9Hz, 3H). IRv,,,
cm™ (neat) : 2950, 1740, 1660, 1460.

6-(1-Propanoyloxyoctyl)-5,8-dimethoxy-1,4-naph-
thoquinone(9) | £

82 Whell g8 AA {45 189 mge A3th.
458 :47%, R;:0.17(Hexane : EtOAc=3:1). 'H-
NMR(CDCL):8 7.24(s, 1H, 7-H), 6.75(s, 2H,
2,3-H), 6.09(t, J=125Hz, 1H, 1-H), 3.97(s, 3H),
3.88(s, 3H), 2.39(q, /=23.1Hz, 2H), 2.06~1.29(m,
12H), 0.84(t, /=11Hz, 6H). ]Rvmaxcm"1 (neat) : 2950,
1740, 1660, 1460.

6-(1-Butanoyloxyoctyl)-5,8-dimethoxy-1,4-naph-
thoquinone(10) 2| &4

Vol. 44, No. 2. 2000

89] ol s A {FAE 200 mgS ATk 5
5§ :48%, R;:0.28(Hexane:EtOAc=3:1). 'H-NMR
(CDCly): 8 7.27(s, 1H, 7-H), 6.79(s, 2H, 2,3-H),
6.13(t, J/=12.7Hz, 1H, 1-H), 3.97(s, 3H), 3.93(s,
3H), 2.39(q, J/=14.9Hz, 2H), 1.88~1.17(m, 14H),
0.95(t, /=122Hz, 6H). IRv,_,cm™ (neat): 2950,
1730, 1660, 1460.

6-(1-Hexanoyloxyoctyl)-5,8-dimethoxy-1,4-naph-
thoquinone(11) o] &

89 WHell ol A FAHE 218 mgs Bk
FE5€ :49.1%, R;:0.31(Hexane : EtOAc=3:1). 'H-
NMR(CDCly):8 7.26(s, 1H, 7-H), 6.78(s, 2H,
2,3-H), 6.12(t, J=12.8Hz, 1H, 1-H), 3.97(s, 3H),
3.93(s, 3H), 2.39(t, /=13.4Hz, 2H), 1.72~1.31(m,
18H), 0.89(t, J=12.2Hz, 6H). IRvmaxcm‘1 (neat) :

2950, 1730, 1660, 1460.

6-(1-Heptanoyloxyoctyl)-5,8-dimethoxy-1,4-naph-
thoquinone(12) 2| &}y

89 Wiel oJ3f AMR{AAE 147 mgs AT}
58 :32%, R;:0.35(Hexane : EtOAc=3:1). 'H-NMR
(CDCL):8 7.25(s, 1H, 7-H), 6.78(s, 2H, 2,3-H),
6.11¢t, /=131, 1H, 1-H), 3.96(s, 3H), 3.92(s,
3H), 2.39(t, /=13.9Hz, 2H), 1.80~1.03(m, 20H),
0.92(t, J=12.0Hz, 6H). IRv, cm™ (neat) : 2950,
1730, 1660, 1450.

In vitro MEZSY HY —vhes HEY AET
L1210M 3+ 10% fetal bovine serumo] 7%
RPMI16408HA1E ARg-381o] 37°C, 5% CO, wijekr]of
A uliekate] Aol ARGt AL Thayero)
wo] wWeittY A¥SE haemacytometers AR}
o Ao, EDyakd S/9ularol izt BEE0)
5025 kY wEZ sl

In vivo YUY Y - 4L v5=
HAATARWNCDY) #hol w3l Agle] ALgd A
ET 5% Tween80°| =9A 4°CollAq K313t}
Sarcomal80 cell> 7Xx10° cellyml¢] F52 Y]]
Froll AEAA TRk 0.2 miE Blog A
FILE AR T2 Fo nheAE 2zt
sy OF0% e F HoE IR AE
B(T/C, %y Thatt & 2ol me} At
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DNA unwinding assays ARE3t] E23s1ic), $of
A ¥FA DNA Topoisomerase-I(TOPO-I) 1 unit$}
E-coli pBR322(TAKARA Co. Ltd) 05uge A&
EA e FA dtelA, 72 mM KC, 5 mM
MgCl,, 50mM dithiothreitol, 5mM spermidine and
001% bovine serum albumin®] 3¥H 20uL
5mM Tris-HCI(pH 8.0)ellx 37°CellA] 3083t ik
Rt H9He2 2% glycerol, 2% sodium dodecyl
sulfate(SDS), 0.05% bromophenol blueE ©]Fo] 3
stop solution 5 pLE 7131 2 AlFth. JA7|9%

2 TBE buffer(50 mM Tris base, 50 mM boric
acid and 2.5mM EDTA)YJol|* 1% agarose gel
plates ARSI} A A A7|9F ol 05
pug/mL ethidium bromide solution® ARSI gel
platesS FA3IAT}. IC, 8k supercoiled pBR322
DNA?] relaxation 50%AIHE T52 F3Ie
Z}zto] AFoA AN ETE camptothecin(CPT)=
ARSIt

HEZY A aF
By

6-(1-Oxyalkyl)-5,8-dimethoxy-1,4-naphthoquinone
(DMNQ)Q) ZA%-S Terada,”? 91050 oJsle} B

OCH, OR, OH OR,
OCH, OR, OH OR; O
a:Ry= methoxy I R; = methoxy II:R; = methoxy
b : Ry = ethoxy IV : Ry = ethoxy V: Ry = ethoxy
BnCl KQCO3
OH OR, OBn OR, OBn OR3
PUCH, RiMBr
H
OH OR, OH : OBn OR, OBa  OR,
VII - XTI III: R; = methoxy
VI : Ry = ethoxy
\(jAN
O OR, 0 OR,
R,COOH
R, DCC/DMAP R,
O OR, OH O OR, OR
1-7 8-12
Bn : Benzyl

CAN : Cerium(IV) ammonium nitrate
DCC : Dicyclohexylcarbodiimide
DMAP : 4-Dimethylaminopyridine

R, :Butyl - Heptyl,

R; : Acetyl - Butanoyl Hexanoyl, Heptanoyl

Scheme 1 - Synthetic pathway of 6-(1-hydroxy or acyloxyalkyl)-5,8-dialkoxy-1,4-naphthoquinone derivatives.
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Table I - Cytotoxicity and antitumor activity of 6-(1-hydroxy or acyloxyalkyl)-5,8-dialkoxy-1,4-naphthoquinones and their

inhibitory effect on DNA Topoisomerase-I

(0] OR3
SO
O OR; OR,
TOPO-I L1210 T/C
Compounds R, R, Ry 1Cy, (M) EDygy (uM) %)
1 Butyl H Methoxy 83.14 0.19 141(0/6)
2 Pentyl H " 39.00 0.21 110(0/6)
3 Hexyl H " 30.10 0.66 119(0/6)
1 Butyl H Ethoxy 7245 0.6 152(1/6)
5 Pentyl H " 42.31 0.57 N.T
6 Hexyl H " 36.40 0.55 183(1/6)
7 Heptyl H Methoxy 73.25 0.55 130(0/6)
8 Heptyl Acetyl " 42.31 0.48 N.T
9 Heptyl Propanoyl " 42.47 0.39 N.T
10 Heptyl Butanoyl " 140.36 0.8 N.T.
11 Heptyl Hexanoyl " 142.77 0.83 182(2/6)
12 Heptyl Heptanoyl " 144.38 1.08 N.T.
Camptothecin . 6.25
Adriamycin 192(4/6)

(X/6)=survival rate; the number of mice survived for more than 50 days from 6 test mice

8k ey 259 WA= 2-(1-oxyalkyl)-
DMNQFEAZF F2 A= 68k FAER
Polxict, 24l 52 6-X|3he DMNQR-=A1S] 49
Mgete] o7 71 EZE AlFeiict. Az vy
Scheme 1o} Yetgich £2EH a, be
Terada”2 W109] wo) wlz} AsiSIT). % B4
aS CANCE AsIAZIde Abgl 7]17e) we}h Az}
d57t B & Agto] €A 4lstEe] EA I6-
formyl-DMNQY’} 80%2] &= =t o] &4
o alkylmagnsium halideZ formyl7}ol] A&z oz
Foteled B4 BAE Ao sigont Fuks wiie]
AFeHA Zolitt 190 g 2 3] ARE
AgskA] ¢ow =gt &3 IS sodium hydro-
sulfite? quinonef--S AEE o7 FAsle] B2 II6-
formyl-1,4-dihydroxy-5,8-dimethoxynaphthalene)g A7
°]Z benzyldlsl] 2 MIE Ut B3 b2 R
72 HYe B3l B4 VEE P olg 4
of &J2}7}4] alkymagnesium. halide®} 28214 E32
T VII~-XIIEE $49311 ©18 HyPdolld HESAA
7)1 o]o] CANOE Agx o2y 28547 6-(1-
hydroxyalky)-DMNQ F5A1S FA8Igit), ol5-S @

KN
=
KN
T
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9 a0 R acyldtslo] 6-(1-acyloxyalkyl)-DMNQ
FEAE It EAF VXA 2453
1~7¢] o2& B FEL 708%~T749%= AR
F& Hol3irh '

DNA Topoisomersae-12] Xal{i&al W e} #A

FEAES TOPO-Io| chig A&, MESY 1
1 FABYE Table o] YERNSIT AAHog B
H olg 249 Asad olv] &% acylshi- konin
FEAY 40~250 pM B} AE & 5 ik 7
4284 M88 BY, Ry=methoxy ¢! £4 1, 2, 3
9 AEHe vlms) 21 RS ot dojAld A
adrt Sk s B AdEd ol Ryt
ethoxyQl E3 TIMZ vtk (1<2<3 W
4<5<6). Ryt ethoxy”1] £ 4, 5, 62 methoxy
714 1, 2, 30 Blsle] ot A& Btk Rl
3719 9E¢E vd 4 3, 6014 2 F = g
o] hexyldw] &4 dig Afazt 7 233
THICs, 30.1, 36.4 pM). Shikonin FEAZHE 7]
3 A} o] 1-0HZ acyldlshd 84 1 &
7} BB acyl’]9] Aolrt HolAA Asiazt
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v deRe #E g £tk 2 76 acetyl 7]
9 propanoyl7| & F-&ste Gzl 37 8% 9=
ICy1Eo® Axleld 22 1.8dv Zst A ads
BeIt}, ButanoylPld] acyld7|elxE= Asizgo] o
Z 7hadi,

L1210M30] chdt AESAHE A¥Ao® 2 |
o]t} Re®] methoxy?l E270| ethoxyd BdF K
o} e AEsYE Bolonm RS dolrt Holds
£ Zgo] EE B F Ut o= TOPO-19 A
F2g-7 HhgsE dadolnt, o)l 2 gL &
kA 71 4719 a4 el o 1gy Frt
o} L1210M128] Azut T Zhie]] o5t Zo=
g & 1S Folg, Ry ©] ethoxy?! 222 R,
9] Zolof Af@gle]l 2ge FEsE VERith
Acyl3le] 98g B TOPO-1Y 749 mkriAz
acetyl3HE2 8)Z propanoyldHE3d 9)= AZEAS
A7 E A Holi Qe whd o)F xRy &
acyVl= A0S # F Ut

Aol & uie} o] £ 72, TOPO-1 A#|2}
AEX547e] Alolof] AAgE Aads 42 8 5 ¢
Reols Brsln AAH o7 Hol £& FAAHE
e} e AEEYE Holn ltke AR RteRw
TOPO-19] Aal7} shte] ME=A 7idolgta et
Hr}

S-180M Zel st FHAREANE AHERY
methoxy’|5 7F &4 1, 2, 3 F T/C=141%%!
318 ALslare a3 93tk ol TOPO-I9)
b= ABkEE Zold), Ethoxy |8 2Hs 2T
35 o= B4 5% Asidelc 54 4, 6 &
T B2 T/CHS B Acylslst ERATZ(8~12)7%
411 [T/C, 182(2/6)}% acyld}t RIS 24]) 7
[T/C, 130(0/6)lo] HI8] B} 2 T/Cae Jehid
o} ol A& vkl FU1E Qs 1 X84
o] BALFHRE AT A o Edat] A o) &
&o] Z7HE) Wiz A€ E3) 2 119
A5 T/IC(%) ko] 182(2/6)02 Fdt=ToT AN
3t adriamycind} 53 a9 Jehfgict 7] &
T e Ae o] BAL 50U BEE 262 HATH=
Zolt}, ol AY 67lE]e] AP FE Foist A 2
a7t 509 ol AEIIITh Kot
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