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Synthesis and In Vitro Cytotoxic Activities of 2-Alkyl-2,3-dihydro-1H-2-
azacyclopenta[b]anthracene-5,10-diones

Jae-Hwan Kwak, Eun-Kyeong Jeong, Ju Hoon Oh, Jae-Kyung Jung, Jin-Tae Hong and Heesoon Lee”
College of Pharmacy, Chungbuk National University, Cheongju 361-763, Korea

Abstract — A series of 2-alkyl-2,3-dihydro-1H-2-azacyclopenta[b]anthracene- 5,10-diones (3a~h) were synthesized and
evaluated iz vitro cytotoxicity against colon cancer cell lines (HCT116 and SW620) and nuroblastoma cell lines (SK-N-SH
and SK-N-MC). Among them, compound 3f showed significant cytotoxic activity (ICs, against SK-N-SH; 14.8 uM, ICs,

against SK-N-MC; 11.3 uM).
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o R = alkyl or cycloalkyl
orNH2
Doxorubicin (1) 2

R = alkyl or cycloalkyl

Target molecules (3)

Fig. 1 — Structures of doxorubicin (1), compound 2 and target compounds 3.
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chromatography(CH,Cl,)= “gAste] 4 4] AdE6.10 g,
68%)S A3tk mp 207~208°C(LitY 209~210°C); IR(KBr)
3059, 2952, 1671, 1648 cm™; "H-NMR(CDCl,, 300 MHz) & 2.44
(s, 6H), 7.78(dd, J=6.0 Hz, J=3.0Hz, 2 H, Ar-H), 8.06(s, 2
H, Ar-H), 8.30(dd, /=6.0 Hz, J=3.0 Hz, 2 H, Ar-H).

2,3-Bis(bromomethyl)anthraquinone2| &(7)

2,3-Dimethylanthraquinone(6)(1.0 g, 4.3 mmol)= CCl,°ll =

o] NBS(2.26 g, 12.9 mmol)2} benzoylperoxide(20 mg, 0.08
mmol)E 7Fstal 18~ 8 SIGith. HEg- S A)8]aL o
I3t F o]l S 553107 flash column chromatography(CH,CI, :
Hexane=1:2)& AAl5lo] 34 114 AJE(504 mg, 10%)S A
3tk IRKBr) 2952, 1680, 1652 cm’? 1H NMR(CDC13 300
MHz) & 4.76(s, 4 H, Ar-CH,Br), 7.84(dd, J=6.0Hz, J=3.0
Hz, 2 H, Ar-H), 831(s, 2 H, Ar-H), 8.33(dd, J=6.0 Hz, J=
3.0Hz, 2 H, Ar-H).

2-Butyl-2,3-dihydro-1 H-2-azacyclopental b]anthracen-
5,10-dione(3a)2| £

%4 THF(1 m)°ll n-butylamine(0.253 mmol)<- 35¢1 §-<8-S
2,3-bis(bromomethyl)anthraquinone(100 mg, 0.253 mmol)}S THF
(4 mi) gl 41A]3] T7}'°]'93\E}' 60°CollA 3087 E5 R 5
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—0.5% MeOH in CH,Cl,)= JAIst] =84 14 3a(52 mg,
67%)5 A3tk mp 167~168°C; IR(KBr) 2928, 1671, 1298
em?; 'TH-NMR(CDCl,, 300 MHz) & 8.32(dd, /=6.0 Hz, J=3.0
Hz, 2H, Ar-H), 8.13(s, 2 H, Ar-H), 7.79(dd, J=6.0 Hz, J=
3.0Hz, 2H, Ar-H), 407(s, 4 H, Ar-CH,-N), 2.28(t, /=7.4 Hz,

2 H, N-CH,CH,), 1.60(m, 2 H, CH,), 1.43(m, 2 H, CH,),
0.98(t, /=7.3 Hz, 3 H, CHy); MS m/z FAB 306(MM* +1).
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2tk mp 187~188°C; IR(KBr) 2925, 1675, 1302 cm™; 'H-
NMR(CDCl;, 300 MHz) & 8.32(dd, /=6.0 Hz, J=3.0 Hz, 2H,
Ar-H), 8.14(s, 2 H, Ar-H), 7.80(dd, /=6.0 Hz, /=3.0 Hz, 2H,
Ar-H), 4.20(s, 4 H, Ar-CH,-N), 2.07(m, 1 H, N-CH), 0.57(m,
4 H, CHy); MS m/z FAB 290(M* +1).

2-Cyclobutyl-2,3-dihydro-1H-2-azacyclopenta[ b]anth-
racen-5,10-dione(3c)2| &M
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NMR(CDCl;, 300 MHz) & 8.31(dd, /=6.0 Hz, /=3.0Hz, 2 H,
ArH), 8.14(s, 2 H, Ar-H), 7.80(dd, /=6.0 Hz, J=3.0 Hz, 2H,
Ar-H), 4.02(s, 4 H, Ar-CH,-N), 3.34(m, 1 H, N-CH), 2.17~
2.03(m, 6 H, CH,); MS m/z FAB 304M"+1).
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(CDCl,, 300 MHz) & 8.24(dd, /=6.0 Hz, J=3.0Hz, 2 H, Ar-H),
8.13(s, 2 H, Ar-H), 7.75(dd, J=6.0Hz, J=30Hz, 2 H, Ar-H),
439G, 4 H, Ar-CH,N), 328(m, 1 H, N-CH), 2.09~1.85(m, 8 H,
CH,); ®C-NMR(CDCl,, 125 MHz) & 183.9, 1347, 134.2, 1338,
1279, 121.8, 67.3, 59.0, 32.7, 24.7; MS m/z FAB 318(M* +1).

2-Cyclohexyl-2,3-dihydro-1H-2-azacyclopenta[ b]anth-
racen-5,10-dione(3e)2| &
3F5HE 3a2] AWl wel =34 14| 3e(63 mg, 75%)E
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19lth: mp 191~192°C; IR(KBr) 2926, 1670, 1324 cm™; H-
NMR(CDCl,, 300 MHz) & 8.31(dd, /=6.0 Hz, J=3.0 Hz, 2 H,
Ar-H), 8.15(s, 2 H, Ar-H), 7.80(dd, J=6.0 Hz, J=3.0 Hz, 2 H,
Ar-H), 412(s, 4 H, Ar-CH,-N), 2.50(m, 1 H, N-CH), 1.35~
1.25(m, 10 H, CH,); MS m/z FAB 332(M* +1).

2-(2-Diethylamino)ethyl-2,3-dihydro-1H-2-azacyclo-
penta[blanthracen-5,10-dione(3f)2| £}

si3tE 3a] el wet 584 1Al 3f(52 mg, 67%)F 4
2tk mp 184~185°C; IR(KBr) 2925, 1672, 1301cm™; 'H-
NMR(CDCl;, 300 MHz) & 8.31(dd, /=6.0 Hz, /=3.0Hz, 2 H,
Ar-H), 8.14(s, 2 H, Ar-H), 7.80(dd, /=6.0 Hz, /=3.0 Hz, 2 H,
Ar-H), 415(s, 4 H, Ar-CH,N), 2.96(m, 4 H, CH,), 2.54(q,
J=T0Hz, 2 H, CH,), 2.01(m, 2 H, CH,), 130(t, J=7.0 Hz,
6 H, CH,); MS m/z FAB 349(M*+1).

2-[2-(3,4-Dmethoxyphenyl)ethyl]-2,3-dihydro-1 H-2-azacy-
clopenta[blanthracen-5,10-dione(3g)2| &

shekE 3a%] el whel 8 1A 3g(78 mg, 74%)E
A9tk mp 196~197°C; IR(KBr) 2925, 1671, 1461 cm™; H-
NMR(CDCl;, 300 MHz) & 8.31(dd, /=6.0 Hz, /=3.0 Hz, 2 H,
Ar-H), 8.14(s, 2 H, Ar-H), 7.81(dd, /=6.0 Hz, /=3.0 Hz, 2 H,
Ar-H), 6.82~6.79(m, 3 H, Ar-H), 4.13(s, 4 H, Ar-CHy)-N),
3.89(s, 6 H, OCH,), 3.03(m, 2 H, CHy), 2.96(m, 2 H, CH,);
MS m/z FAB 414M* +1).
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Scheme 1 - Synthesis of 2-Azacyclopenta[b]anthracene-5,10-diones.
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Table I - In vitro cytotoxic activity of 2-azacyclopenta[blanthracene-

5,10-diones
IC5;® of Cell Lines”
Compound
HCT116 SW620  SK-N-SH SK-N-MC

6 >20 >20 >20 >20

3a >20 >20 >20 >20

3b >20 >20 >20 >20

3c >20 >20 >20 >20

3d >20 >20 >20 >20

3e >20 >20 >20 >20

3f >20 >20 14.8 11.3

3g >20 >20 >20 >20
Doxorubicin (1) <2.5 3.1 <25 <25

“ICyy=concentration of compound (uM) required to inhibit the
cellular growth by 50% after 72h of drug exposure, as
determinedby by the MTT assay. Each experiment was run at
least three times, and the results are presented as an average
value.

"Human cancer cell lines: HCT116 (colon), SW620 (colon), SK-
N-SH (brain) and SK-N-MC (brain).
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