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Abstract—In the course of developing novel antitumor intercalating agents, we synthesized 4-
carbamoyloxymethyl-l-azaanthraquinones 7-12, incorporating the latent alkylating functionality.
These compounds were designed to explore the effect of substituent on the nitrogen of carbamate. The
target compounds were prepared by hetero Diels-Alder reaction as a key step followed by func-
tionalization of benzylic methyl to the desired substituents. Growth inhibitory studies of the
azaanthraquinones were conducted in vifro against human cancer cell lines (SNU-354; liver and MCF7:
breast) and human epidermoid carcinoma cells that are sensitive (KB-3-1) and multidrug-resistant
(KB-V-1). The compounds were less potent than doxorubicin against sensitive cell lines. However, the
most active compound 12 was not cross-resistant with doxorubicin against KB-V-1.

Keywords [ ] Intercalating agent, anthracycline, mitoxatrone, ametantrone, doxorubicin, topoisomerase
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AH? o] AL kBB ZFEr|H tiE ATE HE]
DNA® intercalationdl] 23] 23l topoisomera-
se 1T v ¥+-&-9] 8 F7+42 “cleavable complex”

FE e BF EIYE o ARdAR
(43}) 0431-261-2811 (W) 0431-268-2732

507

£ ¢k 3} 3ho 24 topoisomerase T1E A3 5Ho] W3
A

tEAlo| S A Al &) Bt $53 FEA
ES Mgatnst she A7xgo] A&Eogr ™ A
2§ 94 intercalating agent 7ol 4@o2 A
2} =& doxorubicin 2 mitoxantroneg A T3FE
2 olgste] A2 3 EX 4XF -olAEAE &
EAEY] Y 2 AEEA s LHIPT B
AT E AN A B3} o] AUs) 75
£ 7YY F IAY E= a2 T € 2AEAY
71%5€ 7% F Jde FHHOIEE FHIe frEA
E& At S0 AR 2 S SAjste A
] &7)0 g FZEHRAE AES A )



508 o8¢ - o5 - F5F - £H% - UY

ot

NHCH,CH,NHCH,CH,0H

NHCH,CH,NHCH,CH,0H

X O

X=H; Ametantrone
X =0H ; Mitoxantrone

Fig 1. Structures of “Lead” Compounds.

AEYY

=32 Buchi 5107 Electrothermal 1A9100 =5
=3 FA712 SAstd on BAsA] it IR 2%
E#}= Perkin-Elmer 783 B4 AR 430
H cm 2 BAEY 847 9 (H-NMR) £~9E
2= Gemini-200 %+ Bruker DPS300 #3337
£ o]g38lo] tetramethylsilaned WHEFEA 5 3}
o] ZA8t o, 3184 o|F(chemical shift) 87
#1% coupling constant:= Hz= vyehiich wr&=
ZrtE 28 Z(TLC) = silica gel(Kieselgel 60F254,
Merck) & AHE3tla, ZEaRrE v silica
gel (Kieselgel 60 230--400 mesh, Merck) S A-8-3}
At Mzuljeke] Hadt Al 2 fetal bovine
serum< GibcodlX FY3td e, 71gt gk Aot
< Sigmacll A F+9ste] AMEEHAT
1,4,9,10-Tetrahydro-4-methyl-9,10-dioxo-1-azaan-
thracene®] B}AM3) - 1,4-Naphthoquinone(1)(3.527
g, 22.3 mmol)= ¥4 dichloromethane -£24(100
mL)ol] =91 gdlof  1-dimethylamino-1-aza-1,3-
pentadiene(2)(4.92 g, 44.3 mmol)S A4 71Fslol
713k, whs- EtAS Aol A 24 A17F mukalg]et,
Hke Sl flash column chromatography(CHy~
Clr-hexane, 9:1)ell 23} 214 AA| sl Bk 1A A
AE(1.56 g, 31% )2 4}k mp. 156~157°C: IR
(KBr) 3337, 3059, 2952, 1671, 1648 cm ™ 'H-
NMR(CDCl/TMS) 8 1.25(d, J=6Hz, 3H), 3.83
(m, 1H), 5.0 (m, 1H), 6.20(dd, /=8Hz, J=5Hz,
1H). 6.87 (br s, NH), 7.70 (m, 2H), 8.10 (m, 2H).
4-Methyl-1-azaanthracene-9,10-dione2| &M (4) -
1,4,9,10-Tetrahydro-4-methyl-9,10-dioxo-1-a-
zaanthracene(3)(1.56 g, 6.9 mmol)2] CH,Cl,(100

mL)& o] MnO,(3 g, 34.5 mmol)& JEA 7|2 4
202 2447 wHHEHE MnO2 (3 g, 34.5 mmol)&
7V 24A38 o] wRkEd). whe EFEE celite
padg S Ateista S 552 flash co-
lumn chromatography (EtOAc-CH2CI2, 1:9)=2 7
At g oA AYE(1.078 g, 67%)S 2ATH:
mp. 205 oC: IR (KBr) 2957, 1685, 1660 cm ': 'H-
NMR(CDCIly/TMS) 8 2.92(s, 3H), 7.50(d, J=8Hz,
1H). 7.83(m, 2H), 8.28(m. 1H). 8.37(m, 1H), 8.91
(d, J=8Hz, 1H).
4-Brmomethyl-1-azaanthracene-9,10-dione2| M (5)
- 4-Methyl-1-azaanthracene-9,10-dione(4) (400
mg, 1.8 mmol)-g dichloroethane(100 ml £3A]
1% 71 & N-bromosuccinimide(NBS)(1.922 g.
10.8 mmol)®} benzoylperoxide(53 mg)S dEAZ)
F A%7)1530M sun-Lamp$} 3 48417 E-5F-38H%
o kg RS ARl w3 BB AATE
CHLCLOl €381XA flash column chromatography
(EtOAc-CH:Cly, 1:19)2 HAs}e] =34 71221 A4
&(233 mg, 43%)E LAt mp. 142(dec.) °C: IR
(KBr) 2945, 1680 cm ™" 'H-NMR(CDCly/TMS) &
5.21(s, 2H), 7.84(m, 3H), 8.33(m, 2H), 9.05(d, /=
5Hz, 1H)
SUEA (92 mg, 23%) d53te] A A3
4-Hydroxymethyl-1-azaanthracene-9,10-dione2| %
M(6) - 4-Bromomethyl-1-azaanthracene-9,10-
dione(5)(200 mg, 0.66 mmol)¢] ¥+ DMF(20 m!)
£ NaOAc(109 mg, 1.32 mmol}E Ai7|538}
HEA 7|1 S EFES 2ollA] 2447 aikelsict,
e EFES FH(100 mDol A7 CH,Cl,
(3x50 mDE FEIHAE F7I5e dARsAFF
NaS0, dA#tets 7938l 553l crude A4ES
At} o] & 80% EtOH(60 mi)-£-Holt LIOH(60 mg.
1.44 mmol)& 8713 w3 EFEE F2olA 4
Azt mekEkch ik EFMES 2 HCIE 48] g
F SiOE A% 931 #ZYs &uE AAA
Flash column chromatography(5% MeOH in CHy~
Cl)Z AAste] 28 71521 M E(109 mg, 69%)
Atk mp. 153(dec.) °C: IR(KBr) 3430, 2920,
1735, 1680 cm " 'H-NMR(DMSO-dg) & 5.11(s,
2H), 5.70(s, OH), 7.91(t, J=5Hz, 2H), 8.14(t, J=
4Hz, 3H), 9.02(d, J=5Hz, 1H)
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4-(N-Isopropyl)carbamoyloxymethyl-1-azaanthra-
cene-9,10-dione2| &M (7) - 4-Hydroxymethyl-1-
azaanthracene—9,10-dione(6) (59 mg. 0.25 mmol),
triethylamine(30 mg, 0.3 mmol), isopropyliso-
cyanate(43 mg, 0.5 mmol) ¥ dibutyltin diaceta-
te 2 drops& AA7|R3l 7tsleith. HHEEFES A
SoA] 20 A7E wekekd ZARbslel s&3tal flash
column chromatography(5% MeOH in CH,Cl)=
AAs AP 1A BAE(43 mg. 52%)& AUk
mp. 187 (dec.) °C: IR (KBr) 3320, 1690, 1660,
1590 cm '@ 'H-NMR(CDCly/TMS) & 1.23(d. J=
6Hz, 6H). 3.77(m, 1H). 4.81(m, 1H), 5.82(s, 2H),
8.27(m, 1H), 8.38(m, 1H), 9.06(d, J=5Hz, 1H).
4-(N-Phenyl)carbamoyloxymethyl-1-azaanthra-
cene-9,10-dione2] BAM (8) ~ 4-Hydroxymethyl-1-
azaanthracene-9,10-dione(6) (33 mg, 0.14 mmol),
triethylamine(17 mg, 0.17 mmol), phenylisocya-
nate(33 mg, 0.28 mmol) ¥ dibutyltin diacetate 2
drops& AHE-31 S1EHE(7) 9] ARl wet AHeds
flash column chromatography(2% MeOH in CH,-
Cly = At 2gd4 uA AZEE0 mg, 80%)=
AAH: mp. 199 °C. IR(KBr) 3215, 2915, 1725,
1680. 1675. 1590 cm ' 'H-NMR (DMSO-ds) &
5.81(s, 2H), 7.00(m, 1H), 7.28(m, 2H), 7.48(m,
2H). 7.96(m, 3H), 8.20(m, 2H), 9.10(d, J=5Hz,
1H), 10.03(d, J=2Hz, 1H).
4-(N-t-Butyl)carbamoyloxymerthyl-1-azaanthra-
cene-9,10-dione2| £ (9) - 4-Hydroxymethyl-1-
azaanthracene-9,10-dione(6) (50 mg, 0.21 mmol),
triethylamine(25 mg, 0.25 mmol). t-butylisocya-
nate(42 mg, 0.42 mmol) 2 dibutyltin diacetate 2
drops& AHEt] SFE(T) 9] AlYel ule} AMelghs-
flash column chromatography(2% MeOH in CH,-
Cly) 2 AAEl 34 uA) BAHE(49 mg, 69%)S o
At mp. 166~167°C: IR(KBr) 3329, 2968, 1726,
1683, 1668, 1590 c¢m - 'H-NMR(CDCly/TMS) &
9.13(d, J=5Hz, 1H), 8.45(dd, J=6Hz, J=3Hz,
1H), 8.33 (dd, /=6Hz, J=3Hz, 1H), 7.91(m, 2H),
7.89(d, J=5Hz, 1H), 5.79(s. 2H). 5.00(s, NH),
1.39(s, 9H).
4-(N-Ethyl)carbamoyloxymerthyl-1-azaanthracene-9,
10-dione®] #M(10) ~ 4-Hydroxymethyl-1-azaan-
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thracene-9,10-dione(6)(50 mg, 0.21 mmol), trie-
thylamine(50 mg, 0.50 mmol), ethyl isocyanate(50
mg, 0.42 mmol) B dibutyltin diacetate 5 drops<
ARt SEE(7)9] AYel w2t MIE flash
column chromatography(2% MeOH in CH.Cl)=
AAste A 1A MAAE (51 mg 718%)S FALE
mp. 220~221°C: IR (KBr) 3233. 2965, 1730, 1684,
1672 ecm ' '"H-NMR(DMSO-dy) 8 9.12(d, J=5Hz,
1H). 8.25(m, 2H). 8.00(m. 2H). 7.88(d, J=5Hz.
1H), 7.69(t, J=5Hz, NH). 5.76(s., 2H), 3.16(m,
2H), 1.20(t, J=7Hz, 3H).

4-(N-2-Chloroethyl)carbamoyloxymerthyl-1-aza-
anthracene-9,10-dione2| 2i4(11) - 4-Hydroxyme-
thyl-1-azaanthracene-9.10-dione(){(50 mg, 0.21
mmol), triethylamine(25 mg, 0.25 mmol), 2-chlo-
roethyl isocyanate(44 mg, 0.42 mmol) ¥ dibu-
tyltin diacetate 2 drops& AHE3sle] 3HHE (7)o A
Ao w} x2) g% flash column chromatography
(10% EtOAc in dichloromethane) 2 gA|spe] 344
X AAAE69 mg 95%)E AUt mp. 186~
188°C: IR(KBr) 3239, 3047. 1735. 1682, 1673,
1590 cm ' 'H-NMR(DMSO-d) 8 9.12(d, J=5Hz.
1H), 8.23(m. 2H). 8.00(m. 2H), 7.89(d, J=5Hz,
1H), 6.41(t, J=5Hz, NH), 5.74(s. 2H), 3.76(m,
2H), 3.63(t, J=6Hz, 2H).

4-(N-Chloroacetyl)carbamoyloxymerthyl-1-azaan-
thracene-9,10-dione?| &M (12) - 4-Hydroxyme-
thyl-1-azaanthracene-9,10~dione(6) (50 mg, 0.21
mmol), triethylamine(25 mg, 0.25 mmol), 2-chlo-
roacetyl isocyanate(86 mg. 0.84 mmol) % dibu-
tyltin diacetate 5 dropsS AH-3t HEE(7)9] AY
of w2} *2]3% flash column chromatography
(10% EtOAc in dichloromethane) 2 A A|ste] o]z}
A A AYE (13 mg, 17%)E I8k mp. 204°C:
IR (KBr) 3300, 1759, 1720, 1671, 1590 cm " 'H-
NMR(DMSO-dy) 8 9.12(d, /=5Hz, 1H), 8.23(m,
2H), 8.00(m, 2H), 7.89(d, J=5Hz, 1H), 6.41(t. J=
5Hz, NH), 5.74(s, 2H), 4.52(s, 2H).

MNIZEF 9 MZEHHQF — QA ZFIAMIETQ] SNU 3543
Sl E£F9 MCF7€ 2 mM L-glutamine}
10% fetal calf serumo] 3-8 RPMI 1640 Mediacll
A, QAFZY MESFA KB-3-18 21 A gMET<



510 olglg - o]

A2

KB-V-14]%3 Dulbecco’s modified Eagle’s Me-
dium(DMEM) 2 AHE-3te] 37°C. 5% CO, Bl %710l A
wjFste] Agdol ARE-3Y

In vitro SAREMESMAY - vk LT
2} RPMI®} DMEM Wiz & 243 AMg8ted 96 well
plate?] 3t welld th-Z-A7]oll 94 7+ cell line®] Al
F47) 2.500~10,000 cells/wellel H=F HEF3|o]
24A17F WlFet F GAER 343 A G} hRGER
doxorubicing *2|3le] 2F volumee] 200 w7t S| =
2 3ldth o] 2 thA] 48417 B2t CO, vl 7)ol A w2k
g9 AEE uAATY] HEe] cold 50% trichloro-
acetic acid 50 WE 7}star 4°CollA] 1A1%E B¢t w8t
Ak A" AEE B2 33 Zd 04% sul-
forhodamine B (SRB) £ 100 W& 718l 308 &
S uhg-A171 & 1% acetic acid -S-e10.2 Asle] AZ
et 2" NEE 10 mM Tris £9(pH 10.5) 0.2
{8817 540 nmol Al microtiter plate readers |-
slo] 452 248151, controlel] WHE AIE A A

Me. _Me
O A (0]
N
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+ —
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R3S AL 4B S AA 65 AEAES
At BAAEES 7] AYY A=VE o9
W5t En“é 519131 Scheme Iofl g.okslgdch.
1.4-naphthaquinone(1)¥ 1-dimethylamino-1-
aza-1, 3—pentadiene(2)~°~ diene®® AR+ hetero
Diels-Alder 98-8 AA 4-vig-1-ojzletEs}H=(4)
& qAsty BB 2R S 58 Tl ihg 20 S
AES ¥ 7P £& diE & NBS.5 eq)oll ben-
zoylperoxide(0.08 eq) & 34§t 339l tiwo] 7iet 1
AY= 9 fFZAE M 43%9] &2 AUt o] vt
Sl A 34 B ZHEALE A AT NaOAcsH
A2t ofMdlole FHAE #2F F 80% oNEe

H
) o oo
CH,Cly, 1t Z
Me
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o}
|) NaOAc, DMF O‘ Na
i) LIOH =
80% EtOH/H,0 o
6 “OH
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(n-Bu),Sn(OAc),
Eth. dry CHzC'z

O

Scheme I — Synthesis of 4-Carbamoyloxymethyl-1-azaanthraguinones.
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Table 1 — In vitro Cytotoxic Activity of 4-Carbamoyloxymethyl-1-azanthraquinones

ICs"(UM) of Cell Line”

SNU-354 MCF7 KB3-1 KB-V-1 RI*
7 3.91 10.5 >100 Y100 -
8 )100 10.9 )100 >100 -
9 >100 >100 >100 80.4 a1
10 5100 27.5 )100 Y100 -
1l )100 25.7 >100 Y100 -
12 14.48 8.41 46.71 33.44 0.72
Doxorubicin 1.0 0.74 0.13 85.0 653.9

ICs*=concentration of compound (UM) required to inhibit the cellular growth by 50% after 72 h of drug ex-
posure, as determinedby by the SRB assay. Each experiment was run at least three times, and the results are
presented as an average value. b Human cancer cell lines: SNU-354 (liver cancer cell), MCF7 (human breast
cancer cell), KB-3-1 (human epidermoid carcinoma cell), KB-V-1 (human epidermoid carcinoma multidrug-resis-
tant cell) cResistance index: ICs of resistance cell line/ICs of sensitive cell line.

oA LIOHZ 7Heislsted 23 shaldo|E 3
F=A Al F8 F0AI2 4-hydroxymethyl-1-a-
zaanthraquinone(6)-& 69%2] +&& At} E3k o}
A"o|Ee] 7R3 g dAlE HEstA 27}
Bl A kA9 hemiketald 2] FAME S 2 290]
A AAEATE o3 gelo] BAE 4L 3=
EAZ7F uiR o) %d) = FRAQ FddE E &
Qe A 7l2Rd G2 FAFoZH YAHE A
oz Agg 5 At F7H4) 65 )88+ isocyana-
tes(2eq). Evie] dibutyltindiacetate(2-4 dro-
ps), 2 triethylamines 54 dichloromethane®l
A Aelsled 248k carbamateE 03k A=A
5 7(82%), 8(55%), 9(69%), 10(78%), 11(95%),
#12(17%) & 27 AUt

G5 BAFGEEL 4F9 dHEF(SNU-354.
MCF7, KB-3-1 ¥ WASHEST KB-V-1)o thet Al
¥EAS NCIA &9 ihdol ule} Zesigot”
) z3gE 2= doxorubicing AMR-EIGx 1 A=
Table Il &3 rt.

Intercalating chromophoreo] X&7] ¢4l
w2 N =40 gt AR X3 £Y ARAE
mitoxantrone?} X&7] X & wefdle 1-oxQE=}
H= mdo] 4HYAE AAEAN o] AR XEr=
intercalating chromophoreZ 335 DNAY g7 1%
3} HYE A AUEAE Aoz 7ldigrt. Carbamate
Z ohs ARAES Ao EA5hs 87159 A
EEXN B3t EHE AEstu A=Y, P2
12:= DNA$} intercalative 2330l F42%-S 34
f?-_} & & Aoz Nusle AABIEY $AE 3=

E F 7P $5% 248 Hole SRS 2ol
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g 2871 & sk f=A 1200130t o] A R=A)
£& 323 fFEAETE 92 SNU-354 & Al
3t NESALS {24 739 125 A9slas IC,g#S
T8 7 & AEE vt A 8 2T
MCF79l| gt Nz Anz 28 dAHo=z gz
3HE] E4Fu| el vid) 10~10008 o5 B4E&
Bl il EAfhs &2 Ei= ol X E7]d] uhE
MEZA ] Aol FaEHA UeRA] kgt s3HE
12+ A ROl P ETl TS M EEA o] dnt o
MEFo Y3k MEZAHH fALste] dzefEol tigh Al
IR 253 A9E Holal glof A E HolE
& A 5A AL M2E TFsAS AAISET Qlet
FHHo| EE EatE SASRMEES vge Alx
54L& ZH EAlgh= X|87]E50| intercalative 2
Sholl Fofaclog 2ggto2H ofr|d F AAY &

EAES W gl 71 Ao s Yzt 19
. o] AAMA dA-EE WS AZRF 84

5 sjo] MEEYS ekl Aoz AAsglene A
STl s PAET thE AEEY Sl
277} A3l sleh.
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