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Daunorubicin(DR)3 doxorubicin(DXR) % (Fig

Abstract—In the course of developing novel antitumor intercalating agents, we synthesized 3-
carbamoyloxymethyl-1-azaanthraquinones 6-12, incorporating the latent alkylating functionality.
These compounds were designed to explore the effect of heteroatom incorporation into anthragquinone
chromophore and the effect of the incorporation of the latent alkylating functionality. The derivatives
were prepared by hetero Diels-Alder reaction as a key step followed by functionalization of allylic
methyl to the desired substituents. Growth inhibitory studies of the azaanthraquinones were con-
ducted. in vitro against human cancer cell lines (SNU-354: liver and MCF7: breast) and human ep-
idermoid carcinoma cells that are sensitive (KB-3-1) and multidrug-resistant (KB-V-1). The derivatives
were 10 tol00-fold less potent than doxorubicin against sensitive cell lines. However, they were mar-
ginally crossresistant with doxorubicin against KB-V-1.

Keywords [ ] intercalating agent. anthracycline, daunorubicin. doxorubicin. topoisomerase I, a-
zaanthraquinone, and cytotoxic activity.
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Fig 1~ Structures of DR and DXR.
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A9 A3t 2 e dokede BEAAS &
A= A ZEE 3484 XY anthra-
cycline #EAES A2t she ATHo] A4
sjoigie}

M Z-& intercalating agent 7j&e] Aoz =}
52 doxorubicin® MEFFEE ol8sld HZ 3-
substituted-1-azaanthraquinone F-EME9 T4
2L AESAO] s RESHIL® o AB=RE
alkylating functionality& $H-43h= 7371 gut o
HxF Baollgl WA SAEF diEiNE $53
MEEHE JebdE & 5 AT weEkA Az 52
ARl A F4H B30 43 V)5S ¢33
T AAY e F2AY FA L WlZMY 7158
g 5 A& FhlvlolEE ke AEAEL T4
gt EZol) EAsH= P29 A¥)d WE F2EA
BAE HEsnA i)

gy

=72 Buchi 5103} Electrothermal I1A9100 =
23712 348900 BAsA] ¢t IR 29
& Perkin-Elmer 783 £33 =AE &A%
9 cm 2 EAEEY 927 ¥9(H-NMR) 29E
2h= Gemini-200 %+ Bruker DPS300 #3344
£ 0|83l tetramethylsilaneS HWE-EFEAR 3}
o ZA319om™, 318 o]F (chemical shift) 8¢
212 coupling constant= HzZ JehHich wh&=
2ot 38X (TLC) = silica gel(Kieselgel 60F254,
Merck) & AHR3I9s, ARIAZrlETHE silica
gel(Kieselgel 60 230~400 mesh, Merck)& AH&3}
At AEuigel Pad MY E fetal bovine
serume GibcoollA T+dslRonl, 7]e} Q3 Ak
& Sigmadl A FS)ated ARS8t
3-Methyl-1-azaanthracene-9,10-dione2| #4(3) —
1.4-Naphthoquinone(1)(2g, 17.84 mmol)& ¥4
dichloromethane(40 mp)oll =91 £l 1-(N,N-
dimethylamino)-3-methyl-1-aza-1.3-butadiene
(2)(1.410 g, 8.92mmol)& Ax 71F3tl 7HHA
WhS- Tohol e A2ojA) 24 A7t WHHHE Si0,(2g) &
7¥sta F71 &S0l 4 47wk e ERE
£ 7tetol ¥=A)7)x flash column chromato-
graphy(EtOAc-CH,Cl,, 1:92 JAIsted 84 1)
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A3E(1.699 g, 85%)e AUt MeOH=E AFA43t
o BN AAAY(1446g 72%)& AAT mp
230~231°C: IR(KBr) 2952, 1670cm™: 'H-NMR
(CDCIy/TMS) 8 2.60(s, 3H), 7.87(m, 2H), 8.33
(m, 1H), 8.45(m, 2H). 8.95(d, J=2Hz, 1H).
3-Brmomethyl-1-azaanthracene-9,10-dione?| B
(4) - 3-Methyl~1-azaanthracene-9,10-dione(3)
(500 mg, 2.24 mmol)& dichloroethane(125 mil)<l
82 71F 1 g9 N-bromosuccinimide (NBS)
(1.595g, 9.00 mmol)® benzoylperoxide(40 mg)&
EAIZ F AL Rt 48217 BRI kS
EZES A 5531 S0ilE AATE CHLCL
o} £3}A1A flash column chromatography(EtOAc-
CH,Cl, 1:119)Z At 34 u13) AJA41E(382 mg,
56%)2 AUt mp 207°C: IR(KBr) 2945, 1680
em™: 'H-NMR(CDCly/TMS) 8 5.20(s, 2H), 7.85
(m, 3H), 8.37(m, 2H), 8.62(m, 2H), 9.09 (s, 1H).
423 (134 mg, 27%)& 3314 A ARR-3IA}.
3-Hydroxymethyl-1-azaanthracene-9,10-dione2| £t
4(5) - 3-Bromomethyl-1-aza-anthracene-9,10-
dione(#)(356 mg, 1.21 mmol}e] ¥4 DMF(10mi)
2ol NaOAc(199 mg, 2.42 mmol)E AA7) 538}l
HAHA| L gHG-EFES A2l A 20417 skl ).
g EREL FFHF(B00mhl 34A71m CHLCL
3x50 m) 2 F&39ct. #7158 5 NaSO&E A
Z3te AT o Ag 73Ul FF31 crude A
& 4ok Crude A4EE 80% aqueous EtOH
(30 mD-&Hel %9AF LiOH(102 mg, 2.42 mmol)E
AT 9hE EFES A20A 18 Al wwkEle
o} uhg EFES E2 HCIE A3 8% Si0.8 4
F ¥ sl 89E AAA, Vacuum desic-
catorolA] 817t AZFF flash column chro-
matography(5% MeOH in CH,Cly) & RAlste] WAy
RA Y E(246mg, 85%)S LUt mp 231~
232°C: IR (KBr) 3435, 1680, 1665, 1584, 1300 cm™:
'H-NMR (DMSO-d;) 3 4.86(d, d=6Hz, 2H), 5.78
(t, J=6Hz, OH), 8.05(m, 2H), 8.31 (m, 2H), 8.58
(s, 1H).
3-(N-Isopropyl)carbamoyloxymethyl-1-azaanthra-
cene-9,10-dione®| 144 (6) - 3-Hydroxymethyl-1-
azaanthracene-9,10-dione(5(50 mg, 0.21 mmol)#
triethylamine(25 mg, 0.25 mmol)2 ¥ CH,CLol
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=o]3l jsooropylisocyanate(36 mg. 0.42 mmol)3}
dibutyltin diacetate 2 drops2 227173l 7181
o}, BESEFE-S 2004 20 AT ke 7htalel
F%3k1 falsh column chromatography(10% _E-
tOAc in CHCL)E AAste o] n3 AHAAE(59
mg, 87%)& AUt :mp 199°C. IR(KBr) 3350,
2980, 1725, 1695, 1680, 1530, 1250 cm™: 'H-NMR
(CDCly/TMS) 8 1.22(d, J=6Hz, 6H), 3.87(m, 1H),
4.77(brs, NH), 5.24(s, 2H), 7.89(t, J=3Hz, 2H),
8.36(dd, J=6Hz, J=2Hz, 1H), 8.45(t, J=4Hz, 1H),
8.62(s, 1H), 9.09(s, 2H).
3-(N-PhenyDcarbamoyloxymethyl-1-azaanthracene-
9,10-dione2| 2A(7) - 3-Hydroxymethyl-1-azaan-
thracene—9,10-dione(5)(50 mg, 0.21 mmol), trie-
thylamine(25 mg, 0.25 mmol), phenylisocyanate
(50 mg, 0.42mmol) ¥ dibutyltin diacetate 2
drops2 AHE8IY 3EE(6)2] Aol wel X5
falsh column chromatography (3% EtOAc in CH,-
Cl,—5% EtOAc in CHCly) & A8l 248 1) A
3E(64mg, 85%)% AUTH:mp 242°C: IR (KBr)
3220, 3030, 2980, 1720. 1682, 1672, 1600, 1590, 1535
cm™: "H-NMR (DMSO-dy) 8 5.25(s, 2H), 5.45(brs,
NH), 7.03(m, 5H). 7.90(m, 2H), 8.20(m. 2H).
8.55(s, 1H), 9.05(s, 1H).
3-(N-Ethyhcarbamoyloxymethyl-1-azaanthracene-
9,10-dione?] BN (8) - 3-Hydroxymethyl-1-
azaanthracene-9,10-dione(5)(50 mg. 0.21 mmol),
triethylamine(25 mg, 0.25mmol), ethylisocy-
anate (60mg, 0.84mmol) ¥ dibutyltin diace-
tate 4 drops& AHE3le 3152 (6)2) Aol wel A
gl8% falsh column chromatography(10% E-
tOAc in CHyCl,—25% EtOAc in CH,Cl) 2 A A3}
o oA zA AAE(0mg 31%)S AR} mp
194~195°C. IR KBr) 3233, 2965, 1730, 1684,
1672, 1590, 1545cm™ 'H-NMR(CDCly/TMS) &
1.18(t, J=THz, 3H), 3.27(q. J=8Hz, 2H), 531(s,
2H), 7.50(brs, NH), 7.87(m. 2H), 833 (t, J=
4Hz, 1H), 8.42 (t, J=5Hz, 1H), 8.61(s, 1H), 9.07
(s, 1HD.
3-(N-t-Butylcarbamoyloxymethyl-1-azaanthracene-
9,10-dione2| B4 (9) ~ 3-Hydroxymethyl-1-aza-
anthracene-9,10-dione(5) (50 mg, 0.21 mmol),

triethylamine(25 mg. 0.25 mmol), f-butylisocy~
anate(42 mg, 0.42 mmol) 2 dibutyltin diacetate 2
drops& AHE3lo BEE(6)2] Aol wat AT

falsh column chromatography(10% . EtOQAc in

CH.CL)E AAl3le] v|d 14 WA E(56 mg, 79%)S
AArt :mp 186°C: IR(KBr) 3330, 2970, 1727,
1708, 1683, 1668, 1590, 1530 cm™: 'H-NMR(CDCl,
/TMS) 8 1.36(s, 9H). 4.88(brs, NH), 5.27(s, 2H).
7.87(t, I=4Hz, 2H), 8.33(t, J=5Hz, 1H), 8.43(t, J
=5Hz, 1H), 8.56(s, 1H), 9.07(s, 1H).
3-[N-(2-Chloroethyl)]carbamoyloxymethyl-1-aza-
anthracene-9,10-dione2| 84(10) - 3-Hydroxy-
methyl-1-azaanthracene-9,10-dione(5) (50 mg.
0.21 mmol), triethylamine(25 mg, 0.25 mmol), 2-
chloroethylisocyanate(42 mg, 0.42mmol) % di-
butyltin diacetate 2 drops& AHEsted 3131E(6)¢]
Aol wat MaFE falsh column chromato-
graphy(10% EtOAc in CH,Clp) 2 A Alsle] 34 2
A AFEOGImg, 95%)S AU mp 191°C: IR
(KBr) 3240, 3047, 1733, 1682, 1673, 1590, 1540
em 't 'H-NMR(CDCI/TMS) 8 3.54(m. 4H), 5.21
(s, NH), 5.23(s, 2H), 7.81(m. 2H), 8.27(t, J=
5Hz, 1H), 8.36(t, J=5Hz, 1H), 8.56(s, 1H), 9.03
(s, 1H).
3-(N-Chloroacethyl)carbamoyloxymethyl-1-azaan-
thracene-9,10-dione2} #M(12) - 3-Hydroxymethyl-
1-azaanthracene-9,10-dione(5) (50 mg, 0.21 mmo}),
triethylamine(25 mg, 0.25 mmol), Chloroacethy-
lisocyanate(86 mg. 0.84mmol) 2 dibutyltin di-
acetate 4 dropsS ARSI 315HE(6)] AlHl we}
#|2]8% falsh column chromatography(25% E-
tOAc in CHCLZE AAISt 34 ud] AHE(13
mg, 17%)& 4dJY: mp 214°C: IR(KBr) 3300,
1760, 1720, 1670, 1590 cm™ 'H-NMR(DMSO-d,)
3 4.51(s, 2H), 5.44(s. 2H), 7.96(t, J=5Hz. 2H),
8.24(m, 2H), 8.59(d. J=2Hz, 1H), 9.11(d, J]=2Hz,
1H), 11.24(s, NH).
3-(N-Chloromethyl)carbamoyloxymethyl-1-aza-
anthracene-9,10-dione@| £44 (11) - 3-Hydroxyme-
thyl~1-azaanthracene-9,10-dione(5) (50 mg, 0.21
mmol), triethylamine(25 mg. 0.25 mmol), Chlo-
romethylisocyanate(76 mg, 0.84 mmol) ¥ dibu-
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tyltin diacetate 8 drops& AH&38t HFE(6)2] A
el whzh H2}3 % falsh column chromatography
(25% EtOAc in CH,CL) 2 Aajsto] gk m 3] H4
E(21mg. 30%)& <4t mp 165~166°C: IR
(KBr) 3372. 1730, 1680. 1669. 1590. 1550 cm™
'H-NMR(CDCly/TMS) 8 4.26(m. 2H). 4.77(brs,
NH). 5.34(m, 2H), 7.85(t. J]=4Hz. 2H), 8.32(dd.
J=5Hz, J=2Hz. 1H), 8.41(t, J=3Hz, 1H), 8.59(s,
1H). 9.07(s, 1H).

MEZF 3 NEHF - AATGAEFA SNU
3547 el ket £F9l MCFTE 2mM Lglu-
tamine® 10% fetal calf serume] ¥-#¥ RPMI
1640 Media®l A, AAT4Y AEFR1 KB-3-13 1
WA M EFQ KB-V-14¥% Dulbecco’s modified
Eagle’s Medium(DMEM)& AHE-3ted 37°C, 5%
CO, W7o A viiFsto] Aol AHE-3HH T

In viro SRABMMNESAZM — v AEF uf
2} RPMIS® DMEM HiA)E %3] A83le] 96 well
plate?) & welld tiFZA710) U= 2 cell line®] Al
T47F 2.500~10,000 cells/wellel HEZ FHZE3)d
24X 7k wiokst 3w R A3 Mg gzgER
doxorubicing 2}glatd % volume®| 200 pi7} =%
£ 390 ol & thA] 48717 53 CO, M7l A ik
ale T E ATV HEe] cold 50%  tri-
chloroacetic acid 50 pi& 7}8kar 4°CellA 1A17F &<t
gt nAE A¥E B2 AAE Fol 04%
sulforhodamine B(SRB) &9 100 W& 718l 30%

c
,CHs W.cu;

(o)
1 2 3

6 ;R=CH(CH 3)7 : 87%

i
DY ®
o,

CH3
0

ot uke-A|7] F 1% acetic acid §H o2 AAsled A
&bt g A¥EE 10 mM Tris £9(pH 10.5)2
12 &8 A1AH 540 nmell A microtiter plate readerg o]
£35ld EAEE 2437, controloll i3 AT A A
2 &7 A3l ZH A5 EDyS F8liTh

3 % 2@

FhuldlolEE  F{dte BAILEEDS
Diels-Alder #H8-& o] £3}d 1-ofxIQIE 2= 23
S FA45tn 4Py S AX 1Y KEAS
Aeigch BAS/BELS A Fol 7| FYE A2
£ ok} Wd st FA18IY T Scheme ol 8933t

3-Methyl-1-azaanthraquinone?] 4ol 3lo]
Ghosez 52 2 93¢ naphthoquinone ¥ 1 334
diene 9H¢AIH2H 1:1 cycloaddition ¥ 48744
FAlol ® A4E 7o) Foldg Ha sgont” o=
#29] dienophileS AH&-afof sk dHo] glo] £ 4
Tl M diened HFO 2 ALEFHA FAl AtshA
o] AbE = FU 3 E0l of & Abste] WS virlie
ae AAES 98 5 de e AESAY. Cy-
cloaddition2 F33HE silica gel(lg)g 713cHS
37t 7180l =EAIZIANE WWE] 3-methyl-1-
azaanthraquinone & 51%% $82 AUt 234
9 MnO2 EAste] wrgo 2= AAES 43%2] &
2 aAurh

Z4313HE59 4ol Qo] B3 DAIRI benzylic

if)
—

CH,y

7;R=CgHs :85%
8,R=CoHs :31%

9, R=C(CH3)3:79%
10; R=CH2CH2Cl : 95%
11;R=CH2Cl:30%

O
I N
</
40
[8)

OCONHR 0 OH

12; R=COCH 2Cl: 17%

i) CHCl, rt; ii) NBS, BzooBz, w-lamp, CICH:2CHCI, reflux,
iit) NaOAc, DMF, iv) LiOH, EtOH, v) RNCO, Bu:Sn(QAc),,
Scheme [ — Synthesis of 3-Carbamoyloxymethyl-1-azaanthraquinones.
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Table I—In vitro Cytotoxic Activity of 3-Carbamoy-
loxymethyl-1-azanthraquinones

SNU-354 MCF7 KB-3-1 KB-V-1 RI°

Eoll v 10~100u) A2 AL el 2ol
EA51= gd T ol X8yl & HEHAY 2}
ol& FaidH JYeElA ATt FH3HE 6, 10 11 ¢

6 486 5100 33.6 388 115 12 S& TSR A St EFe] i3t MEEAo] &
7 4 124 560 3100 ! T gAY R GHAETA dE Al —loli
8 355 99.0 51.8 1100 - g Aol st AIE=AEH A T
9 52 583 358 1100 - S A TEAS Holy o

10 61.6 91.6 45.9 147 032 G HEELE Holu g

11 26.1 254 18.6 24.2 1.30

12 19.5 48.2 47.5 4.8 0.1 ZAlel L&

Doxoru - 1.10 0.8 0.16 83 52

ICs"=concentration of compound (UM) required to in-
hibit the cellular growth by 50% after 72h of drug ex-
posure, as determinedby by the SRB assay. Each ex-
periment was run at least three times, and the results
are presented as an average value. "Human cancer cell
lines: SNU-354 (liver cancer cell). MCF7 (human
breast cancer cell), KB-3-1 (human epidermoid car-
cinoma cell). KB-V-1 (human epidermoid carcinoma
multidrug-resistant cell) ‘Resistance index: ICsx of
resistance cell line/ICs; of sensitive cell line.

bromination 71&) &2 A& AHE3IYE o &
&0] W& 3o glof o|& AP thge vk
2718 7 Es NBSH equiv), W-lamp, benzoyl-
peroxide(0.08 equiv)$} 1.2-dichloroethane&vll %
zZ7solX 58% TEZ FFE 45 AU} o] vhgolA
3 e SLEELS A ARSI 3EE 5= 71HY
g W Os= 2 B3HE 4ol T DMFA 55
NaOAc$} g0l A At FIHAE LEF crude B
&S LIOHZ 7I#3lgle] 85%9 +&= It 3
g 50 Zvjzke] dibutyltindiacetate EA3 tri-
ethylamine 2 831 isocyanateE2& X @dle] &
A3 carbamate® FHEe RZAE 6(87%).
7(85%), 8(31%). 9(79%), 10(95%). 11(30%), =}
1217%)E 42 AUt

TS EXFEELS 4% A EF(SNU-354,
MCF7. KB-3-1 2 KB-V-Dol g AE¥ZAE
NCIdA &89 dhgel uet HEsige” dzs3t
E2% doxorubicing AHE3M 3 21 3= Table |
off FZ3%ich

Carbamateg 3l FEAIES Aid &3t
T NS5 AEEA dist a4 E HESuA 4
A3, 335 12:= DNA® intercalative 2%$
of THATS AL & IS Aoz 7|dsld UAs
Aok §4E FFEE T MY 95T 84S Hole

e 120]00h fREAIELS AAHo ixast

£ A7 96dE FRAEAT AAPEAT
(KOSEF 961-0718-108-2) 0l s 4= 2L o]of]
FAEgYh.
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