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2-(1-Aminoacetyloxyalkyl)-1,4-Dihydroxy-9,10-Anthraquinone
Derivatives: Synthesis and Cytotoxic Activity

Dong-Jin Shin, Young-Jae You and Byung-Zun Ahn*
College of Pharmacy, Chungnam National University, Tuejon 305-764, Korea

Abstract — To improve water solubility of 1,4-dihydroxy-9,10-anthraquinone moiety, 23 of 2-(1-ami-
noacetylalkyl)-1,4-dihydroxy-9,10-anthraquinone derivatives, which contain nitrogen atom, were synthe-
sized. Of the synthesized compounds, 18 compounds were more cytotoxic on L1210 cells than 2-(1-
acetyloxyalkyl)-1,4-dihydroxy-9,10-anthraquinone as comparative structure. This result might be due to

the increased hydrophilicity of the compounds.

Keywords [J 1,4-Dihydroxy-9,10-anthraquinone, cytotoxicity, hydrophilicity

Aol Eel8 9,10-anthrquinoneF- =412 alizarin,
emodin, chrysophanol 5= o8] 72 gAXe) of
& AEEAe] e AoE By Hew ! 53
1,4-dihydroxy-9,10-anthraquinone(DHAQ) & X302
3= anthracyclines®} mitoxanthrone A 2ol
A FAAZ ojgHT Y= FEe|tth. ©]#$ DHAQ

oz 3= EZAES DNA intercalation,
DNA-topoisomerase II A3} 249 redox cyclel
o8 ¥ free radicalol 213+ DNA 2™ bio-
reductive activationol] 23t alkylation” So0] AHZ=
Aol F Agrjdes U4 Qv 4 7] 502
2-(1-acetoxyalkyl)-1,4-dihydroxy-9,10-anthraquinone+
EAE9 L1210 Mol gk AE544(EDy, 142~34
ng/mht S-180 Azl tid ALY (T/C, 108~146
%ye Hustylon, ol59 F84E SUF Al &
Aol o Z7) & Holgla ARGt wela £ Al

=

=

# B =5 #3h Bl o] ARPIAZ
(A3} 042-821-5923 (B2) 042-823-6566
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HAREL 2-(1-acetyloxyalkyl)-1,4-dihydroxy-9,10-anthra-
quinone®] AAAAE TdsH= FEAE T3 ¢
45 TR F, 0|58 RS AIEEA 1Y #
AE B3

HEHYY

Z3F Aloke 2 drerrlelA 7, 8ol
T ool met FAlste] AREI). whe-
gy AEFQ L1210 EE BHellTaox £
oo, Asuljek A] ARE-E= RPMIL640, fetal
bovine serum ¥ ThE A|¢kE GibcoAlZHFE TY3F
%t} IR 2 E&k= Perkin-Elmer 780 #3535 AZ
S4elsion an'E BASHC 97187 et
¥ JEOLOOMH2)E 3B EAE ©]83t] tetrame-
thylsilane(TMS)S VI EFEAR 3lo] ZA3iglom,
3813 o] F(chemical shift)> §TYE coupling
constante= HzZ YERIRITE TLCoIAME silica gel
plateMerk, 60F,s)= AM3I%1, column chroma-

l

2 prl-
tlt

> rir
g
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tography= silica gelMerk, 70~230 meshyS A+g-3}
Kt

2-[1<(N, A-Dimethylacetoxy)altkyl]-1,4-dihydroxy-
9,10-anthraquinones (Ila~e) 2] &M

2-[(N,MDimethylaminoacetoxy)methyl]-1,4-dihy-
droxy-9,10-anthraquinone (IIa)°] &t —2-(1-Hy-
droxymethyl)-DHAQ(Ia, 0.2 g, 0.74 mmol)®} DCC(dicy-
clohexylcarbodiimide, 0.18 g, 0.89 mmol), DMAP{4-
dimethylmainopyridine, 0.03 g, 0.22 mmol)-2 methy-
lene chloride (MC) 50 mlol] =o] A4 712 3ol
2] N,N-dimethylglycine(0.9 g, 0.89 mmol}2 7}3}1,
AFERE wREEIIT). HhE- § hexane 50 miE et
3L 108E7E wekeka WS vhE o H3iGiT). of 9
o 92E 29 ¥ s Essch o €& =
AES silica gel 2 I EnfE 789 (MC : MeOH,
90:1)3to] H Aol A 0.2g(76%)E LATHmp
132.5-134.6°C; IR(KBr) 3442, 2920, 1750, 1686, 1620,
1578 cm™'; "H-NMR(CDCI,) 13.24(1H, s), 12.86(1H,
s), 8.41-8.31(2H, m), 7.90-7.79(2H, m), 7.35(1H, s),
5.35(1H, q), 3.33(2H, s), 2.41(6H, s).

2-[1-(N, M-Dimethylacetoxy)ethyl]-1,4-dihydro-
xy-9,10-anthraquinone (IIb)2| &4 —2-(1-Hydro-
xyethyl)-DHAQ(Ib, 0.2 g, 0.70 mmol)Z AEE}o] Ila
o} U FHor TSt HA9 1A 021
g81%)S Ltk mp 78.8-80.1°C; IR(KBr) 3440,
2920, 1746, 1686, 1620, 1580; 'H-NMR (CDCl;) 13.32
(1H, s), 12.89(1H, s), 8.40-8.30(2H, m), 7.89-7.79
(2H, m), 7.37(1H, s), 6.33(1H, q), 3.29(2H, s),
2.39(6H, s), 1.953H, d).

2-[1-(N,N-Dimethylacetoxy)propyl]-1,4-dihy-
droxy-9,10-anthraquinone (Ilc)) ¥4 - 2-(1-Hy-
droxypropyl)-DHAQ(c, 0.2 g, 0.67 mmol)Z A&}
o Hag} LS PHoz Asle] A9 14
0.22 g(85%)y= ¥tk mp 106.0-108.9°C; IR (KBr)
3450, 2910, 1746, 1700, 1620, 1580 cm™'; '"H-NMR
(CDCl;) 13.34(1H, s), 12.89(1H, s), 8.41-8.31
(2H, m), 7.89-7.79(2H, m), 7.32(1H, s), 6.21 (1H, t),
3.30(2H, s), 2.39(6H, s), 2.04-1.81(2H, m), 0.993H, t).

2-[1-(N,N-Dimethylacetoxy)butyl]-1,4-dihydro-
xy-9,10-anthraquinone (IId)e] &} — 2-(1-Hydro-
xybutyD-DHAQUId, 02g, 0.64 mmo)S Al&3}o]

MMas} sdst whios dste] A 1z 019¢
(76%)y& Ak mp 79.8-80.9°C; IR(KBR) 3440,
2920, 1744, 1684, 1622, 1580 cm™'; 'H-NMR (CDCl,)
13.34(1H, s), 12.89(1H, s), 8.40-8.30 (2H, m), 7.89-7.80
(2H, m), 7.31(1H, s), 6.27(1H, t), 3.30 (2H, s), 2.38 (6H,
s), 2.01-1.26(4H, m), 0.96(3H, t).

2-[1-(N, M-Dimethylacetoxy)pentyl]-1,4-dihydro-
xy-9,10-anthraquinone (Ile)2] &4 - 2-(1-Hydro-
xypentyl)-DHAQ(le, 0.2g, 0.61 mmol)E& A-£5}0]
Masl FY3 WHoz sl HAe a1
0.19 g(77%ys A}tk mp 60.1-61.3°C; IR(KBr) 3420,
2920, 1744, 1684, 1620, 1579 cm™'; 'H-NMR (CDCl,)
13.32(1H, s), 12.87(1H, s), 8.40-8.29(2H, m), 7.88-7.77
(2H, m), 7.35(1H, s), 6.25(1H, q), 3.30(2H, s), 2.39
(6H, s), 2.04-1.35(6H, m), 0.90(3H, t).

2-[1-(M, N, N-Trimethylacetoxy)alkyl}-1,4-dihy-
droxy-9,10-anthraquinonium iodides(Illa~e) 2
&y

2-[(N,N, N-Trimethylacetoxy)methyl]-1,4-dihy-
droxy-9,10-anthraquinonium iodide(Illa)2| & -
2-[(N,N-Dimethylacetoxy)methyl]-DHAQ(IIa, 0.1 g, 0.3
mmol)Z MCel =9¢]1 ijodomethane(0.085 g, 0.6
mmol)& ol 1AHEl wHksit), A8z FHEb)
HiE R& 813 Fol hexaned 2T 1087 ¥ &
R 5 ofsjalel AAe) wA 0.1g(74%)e AAth
mp 188.9-190.6°C; IR(KBr) 3440, 2960, 1740, 1618,
1580 cm™; 1H-NMR(DMSO-d,) 13.10(1H, s), 12.65
(1H, s), 8.35-8.25(2H, m), 8.06-7.96(2H, m), 7.55(1H,
s), 5.40(1H, q), 4.62(2H, s), 3.31(9H, s).

2-[1-(N,N, N-Trimethylacetoxy)ethyl]-1,4-dihy-
droxy-9,10-anthraquinonium iodide (IIIb)2| §Hd
— 2-[1-(V,N-Dimethylacetoxy)ethyl- DHAQ(IIb, 0.1g,
0.3 mmoly ARSI IMlast FAUs WyHoz 34
slo] Aol 1A 0.1g(73%)yS 2UTh: mp 149.1-
152.0°C. IR(KBr) 3440, 2960, 1740, 1618, 1580
em™; 'H-NMR(DMSO-dy) 13.22(1H, s), 12.68(1H,
s), 8.29-8.19(2H, m), 8.06-7.95(2H, m), 7.50(1H, s),
6.25(1H, q), 4.62(2H, s), 3.31(9H, s), 1.55(3H, d).

2-[1-(N,N, N-Trimethylacetoxy)propyl]-1,4-dihy-
droxy-9,10-anthraquinonium iodide (IIlc)e| &4
— 2-[1-(N, N-dimthylacetoxy)propyl]l-DHAQ(IIc, 0.25
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g, 0.65 mmol}& AME3N IMlag)t TU3H Wejoz 3t
Aalo] Ao} wA 027 g(79%)yS AAUTH: mp 189.7-
192.4°C; IR(KBr) 3430, 2950, 1740, 1620, 1579 cm™;
'H-NMR(DMSO-d¢) 13.21(1H, s), 12.65(1H, s), 8.34-
8.22(2H, m), 8.04-7.94(2H, m), 7.45(1H, s), 6.13(1H, t),
4.71(2H, s), 3.34(9H, s), 2.10-1.85(2H, m), 0.96(1H, t).

2-[1-(N, N, N-Trimethylacetoxy)butyl]-1,4-dihy-
droxy-9,10-anthraquinonium iodide (IIld)2] &
M — 2-[1-(V,N-dimethylacetoxy)butyl]-DHAQ(IId,
0.1 g, 0.25 mmolyE AHgsle] Mast TS WHle
2 g3l Hae] 1A 0.1 g(75%)s BT mp
187.2-189.8°C; IR(KBr) 3440, 2950, 1740, 1618, 1579
cm™'; 'H-NMR(DMSO-d¢) 13.23(1H, s), 12.68(1H,
s), 8.34-8.24(2H, m), 8.10-7.95(2H, m), 7.46(s,1H), 6.19
(1H, t), 4.68(2H, s), 3.34(9H, s), 1.95a.79(2H, m),
1.43-1.27(2H, m), 0.93(1H, t).

2-[1-(N,N,N-Trimethylacetoxy)pentyl]-1,4-dihy-
droxy-9,10-anthraquinonium iodide (Ille)2] &
— 2-[1-(V, N-dimthylacetoxy)pentyl]-DHAQ(IIe, 0.1 g,
024 mmol)3 IMla%} FASH WA Z Hdsle] A4
9] A 0.09 g69%)s DUTH mp 190.6-193.4°C;
IR(KBr) 3420, 2940, 1742, 1618, 1579 cm™; 'TH-NMR
(DMSO-dg) 13.23(1H, s), 12.67(1H, s), 8.35-8.24 (2H,
m), 8.06-7.95(2H, m), 7.46(1H, s), 6.18(1H, t), 4.69(2H,
s), 3.36(9H, s), 2.04-1.35(6H, m), 0.89(1H, t).

2-Chloroacetoxyalkyl-1,4-dihydroxy-9,10-anthra-
quinones (IVa~e) 2| &

2-[1-(Chloroacetoxy)methyl}-1,4-dihydroxy-9,10-
anthraquinone (IVa)2] M — 2-(1-Hydroxymethyl)-
DHAQ(a, 0.4g, 15mmol)E 100m/ 27 X &
gaef Y3 MCG0 m)E 7Fte] Eo|i DCC0.37
g 1.8mmol)2} DMAP®0.05 g, 0.45 mmolE 7}t
o} Ax7pASHe] WaA el WYl chloroacetic
acid(0.17 g, 1.8 mmol)S 7}slar 1047 E<F @Hka}
i1 hexane 50 miE 7I8kal 308 ©l mwkeich. d4
9] IAE AL ANE: T YERE gsta i
o EBICE 7MY A 1AE ZE a7
v} & 7249 (hexane : MC : MeOH, 50:50:3)Z2 A
st &gk Ao 1A 045 gB87%)yS YUTh
mp 146.6-148.8°C; IR(KBr) 3300, 2910, 1760, 1618,
1578 cm™; 'H-NMR(CDCly) 1323(1H, s), 12.84(1H,
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s), 8.41-8.31(2H, m), 7.90-7.802H, m), 7.38(1H, s),
5.40(1H, s), 4.20(2H, s).
2-[1-(Chloroacetoxy)ethyl]-1,4-dihydroxy-9,10-
anthraquinone (IVb)2] &4 - 2-(1-Hydroxyethyl)-
DHAQ(Db, 0.4 g 11 mmol)E IVast FUst =
o7 Aol 4] 043 g(85%)y> VUt mp 163.2-
165.7°C; IR(KBr) 3304, 2910, 1758, 1620, 1578 cm™;
'H-NMR(CDCl;) 13.32(1H, s), 12.87(1H, s), 841-
8312H, m), 7.90-7.80¢2H, m), 7.39(1H, s), 645
(1H, g), 4.12(2H, s), 1.63(3H, d).
2-[1-(Chloroacetoxy)propyl]-1,4-dihydroxy-9,10-
anthraquinone (IVc)2] &4 - 2-(1-Hydroxypropyl)-
DHAQ{c, 05g, 13mmol}E IVag} FU3 o
2 HA 1Al 056 g88%)y2 LUtk mp 140.7-
143.4°C; IR(KBr) 3302, 2912, 1760, 1618, 1580 cm™;
1H-NMR(CDCL;) 13.33(1H, s), 12.86(1H, s), 8.40-
8.30(2H, m), 7.89-7.792H, m), 7.33(1H, s), 6.23
(1H, t), 4.16(2H, s), 2.06-1.902H, m), 1.00(3H, t).
2-[1-(Chloroacetoxy)butyl}-1,4-dihydroxy-9,10-
anthraquinone (IVd)e] &4 - 2-(1-Hydroxybutyl)-
DHAQ(d, 0.45 g, 1.2 mmoh)E IVas} FU3t 3y
o7 M 1A 050 g92%)S LATH: mp 97.0-
99.5°C; IR(KBr) 3436, 2940, 1742, 1618, 1579 cm™;
'H-NMR(CDCl;) 13.33(1H, s), 12.86(1H, s), 8.40-
8.30(2H, m), 7.89-7.79(2H, m), 7.33(1H, s), 6.29(1H,
t), 4.152H, s), 1.97-1.872H, m), 149-1402H, m),
0.97(3H, ).
2-[1-(Chloroacetoxy)pentyl]-1,4-dihydroxy-9,10-
anthraquinone (IVe)?] &4 — 2-(1-Hydroxypentyl)-
DHAQ(e, 0.4 g 1.0 mmolE IVa$t HU3 =3y
o7 AMo) TA 0.44 g91%y> AUtk mp 107.8-
109.4°C; IR(KBr) 3420, 2940, 1742, 1618, 1578 cm™;
]H-NMR(CDC13) 13.34(1H, s), 12.87(1H, s), 8.41-
8.31(2H, m), 7.89-7.79(2H, m), 7.33(1H, s), 6.27(1H,
t), 4.15(2H, s), 1.97-1.82(2H, m), 1.56-1.20(4H, m),
0.91(3H, t).

2-[1-(M-Pyrrolidinoacetoxy)alkyl]-1,4-dihydroxy-
9,10-anthraquinones (Vb~d) 2| &M

2-[1-( M-Pyrrolidinoacetoxy)ethyl]-1,4-dihydroxy-
9,10-anthraquinone (Vb)2| &M — 2-[1-(Chloroa-
cetoxy)ethyl}-DHAQ(IVb, 70mg, 0.19 mmol)E THF
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(tetrahydrofuran) 50 miell =< 100m/ 27 &4 &
gkA3¢] ¥Wal pyrrolidine(17 mg, 0.23 mmolye 713}t
I 10AREEE SF3Ish B E3E st SR
3l] THFS AAstn 2% 3ZrkE 89 (AcOH :
MC : hexane : MeOH, 10:45:40:5)2 AAsl] «
5 ZAo] FAEA 33 mg(d3%)yS Atk IRKBY)
3420, 2940, 1742, 1618, 1579 cm™';  'H-NMR(CDCl,)
13.03(b, 2H), 8.41-8.30(2H, m), 7.88-7.78(2H, m),
7.36(1H, s), 6.59(1H, @), 3.482H, s), 2.68(4H, t),
2.17-1.63(4H, m), 1.59(3H, d).

2-[1-(MN-Pyrrolidinoacetoxy)propyl]-1,4-dihy-
droxy-9,10-anthraquinone (Vc)8] 344 - 2-[1-(Chlo-
roacetoxy)propyl]-DHAQ(IVe, 70 mg, 0.19 mmol)E
ARB3le] Vbl s WRleR Mdsie) Ao &
4E4 48 mgB3%)s LU IR(KBr) 3420, 2940,
1742, 1618, 1579 cm™; 'H-NMR(CDCL,) 13.03(b,
2H), 8.41-8.30(2H, m), 7.88-7.78(2H, m), 7.31(1H,
s), 6.20(1H, t), 3.47(2H, s), 2.68(4H, t), 2.17-1.63
(6H, m), 0.90G3H, t).

2-[1-(N-Pyrrolidinoacetoxy)butyl]-1,4-dihydro-
xy-9,10-anthraquinone (Vd)2| & - 2-[1-(Chlo-
roacetoxy)butyl]-DHAQ(IVd, 70 mg, 0.18 mmol)E A}
§3lo] Vbl 5 W FAste] Ao fA4
E4 45 mg(9%)S Y3th: IR(KBr) 3420, 2940,
1742, 1618, 1579 cm™'; "H-NMR(CDCl;) 13.03(b,
2H), 8.41-8.30(2H, m), 7.88-7.78(2H, m), 7.31(1H,
s), 620(1H, 1), 347(2H, s), 2.68(4H, t), 2.17-1.63
(8H, m), 0.96(3H, t).

2-[1-( A-Piperidinoacetoxy)alkyl]-1,4-dihydroxy-
9,10-anthraquinones (Vla~e) 2| &4

2-( N-Piperidinoacetoxymethyl)-1,4-dihydroxy-
9,10-anthraquinone (VIa)?| g4 - 2-[1-(Chloroace-
toxy)methyl]-DHAQ(IVa, 70 mg, 0.20 mmol)E 100
m/ A FekAFe ¥i THF 60 mio)] o1
piperidine(20 mg, 0.24 mmol)< 71kl 1A &
&t BFANG WS AEET § Z4E 280
EJH9EA:MC, 8:DE AAlBl &8 249
A 44 mg(G5%)ys ASTH mp 126.4-128.8°C; IR
(KBr) 3420, 2940, 1742, 1618, 1579 cm™; 'H-NMR
(CDCl,) 13.08(1H, s), 12.64(1H, s), 8.40-8.30 (2H, m),
7.89-7.79 (2H, m), 7.41(1H, s), 5.25(2H, s), 3.31(2H,

s), 2.03-1.53(6H, m).
2-[1-(MA-Piperidinoacetoxy)ethyl]-1,4-dihydroxy-
9,10-anthraquinone (VIb)2| &4 - 2-{1-(Chioro-
acetoxy)ethyl]-DHAQ(IVb, 70 mg, 0.19 mmol)Z A}
g3t Viast 5Ls rHog A8l 2] 34
53 mg(67%)yS VA}H: mp 121.6-123.9°C; IRKBr)
3420, 2940, 1742, 1618, 1579; 1H-NMR(CDC13) 13.34
(1H, s), 12.88(1H, s), 8.40-8.302H, m), 7.89-7.79
(2H, m), 7.37(1H, s), 6.28(1H, q), 3.37(2H, s), 2.65
(4H, t), 2.03-1.53(6H, m), 1.59(3H, d).
2-[1-(MPiperidinoacetoxy)propyl]-1,4-dihydroxy-
9,10-anthraquinone (VIc)2} & —2-[1-(Chloroace-
toxy)propyll- DHAQ(IVe, 70 mg, 0.19 mmolyZ AR
3lo] VIash BU3 wioz sl HaY 448
A 50mg(63%)ys Ytk mp 99.7-102.4°C; IR(KBr)
3420, 2940, 1742, 1618, 1579 cm™; "H-NMR(CDCl,)
13.34(1H, s), 12.88(1H, s), 8.40-8.30(2H, m), 7.89-
7.79(2H, m), 7.37(1H, s), 6.19(1H, t), 3.31(2H, s),
2.55(4H, t), 2.03-1.53(8H, m), 0.98(3H, t).
2-[1-(M-Piperidinoacetoxy)butyl]-1,4-dihydroxy-
9,10-anthraquinone (VId)2| 3 — 2-[1-(Chloroace-
toxy)butyl]-DHAQ(IVd, 70 mg, 0.18 mmol)S ARE
do} VIash U8 WO Qe Aae] A
46 mg(58%)S AUk mp 76.9-79.8°C; IR(KBr)
3420, 2940, 1742, 1618, 1579 cm™'; 'H-NMR(CDCl;)
13.33(1H, s), 12.90(1H, s), 8.40-8.30(2H, m), 7.89-
7.79(2H, m), 7.31(1H, s), 6.25(1H, t), 3.33(2H, s),
2.59(4H, t), 2.03-1.53(10H, m), 0.96(3H, t).

2-[1-( MPiperidinoacetoxy)pentyl]-1,4-dihydroxy-
9,10-anthraquinone (VIe)2l & —2-[1-(Chloro-
acetoxy)pentyl]-DHAQ(IVe, 70 mg, 0.17 mmol)E
ARE3te] Viash FUst oz gAlsie] Hale]
AHE2 48 mg61%)ys ATt IR(KBr) 3420, 2940,
1742,1618, 1579 cm™’; 'H-NMR(CDCl;) 13.30(1H,
s), 12.87(1H, s), 8.40-8.30(2H, m), 7.89-7.79(2H, m),
7.37(1H, s), 6.18(1H, t), 3.312H, s), 2.56(4H, t),
2.03-1.53(12H, m), 0.98(3H, t).

2-[1-(AMorpholinoacetoxy)alkyl]-1,4-dihydroxy-
9,10-anthraquinones (VIla~e) 2 &4

2-(N-Morpholinoacetoxymethyl)-1,4-dihydroxy-
9,10-anthraquinone (VIIa)2] &M - 2-[1-(Chloro-
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acetoxy)methyl]l- DHAQ(IVa, 70mg, 0.20 mmol}& 100
ml 34 EefA3e| W3 THF 60 mio]| Io|x
morpholine(21 mg, 0.24 mmol)S 7}5}3L 1047+ &
& EFA heNE AbEEs] 2 AsntE
JF(EA:MC, 8:1DE FAsl] H4e] 1A 53
mg(66%) A3Uck mp 147.9-1503°C; IR(KBr) 2940,
1742, 1618, 1579 cm™’; 'H-NMR(CDCL,) 13.06(1H, s),
12.64(1H, s), 8.35-8.24(2H, m), 8.06-7.95(2H, m),
741(1H, s), 5.23(2H, s), 3.75(4H, t), 2.60(4H, t).
2-[1-(M-Morpholinoacetoxy)ethyl}-1,4-dihydro-
xy-9,10-anthraquinone (VIIb)e] &M - 2-[1-
(Chloroacetoxy)ethyl- DHAQ(IVh, 70 mg, 0.19 mmol) =
AHglo] Vilash B3 WO Bsle] Hae) 3
Al 57 mg(71%ye AUt mp 165.0-167.9°C; IR(KBr)
3420, 2940, 1742, 1618, 1579 cm™; "H-NMR(CDCL,)
13.34(1H, s), 12.88(1H, s), 8.40-8.30(2H, m), 7.89-
7.79(2H, m), 7.36(1H, s), 6.31(1H, q), 3.75(4H, t),
3.32(2H, s), 2.61(4H, t), 1.59(3H, d).
2-[1-(M-Morpholinoacetoxy)propyl]-1,4-dihydro-
xy-9,10-anthraquinone (VIIc)2| &4 —2-[1-(Chlo-
roacetoxy)propyl- DHAQ(IVc, 70 mg, 0.19 mmol) & A}
8310y VIIagh FYst WrHo=2 sl Aol 1
Al 59mg(74%yS BATH: mp 143.3-147.4°C; IR
(KBr) 3420, 2940, 1742, 1618, 1579 cm™'; '"H-NMR
(CDCl,) 13.34(1H, s), 12.88(1H, s), 8.35-8.24(2H, m),
8.06-7.95(2H, m), 7.31(1H, s), 6.19(1H, t), 3.75(4H, t),
3.33(2H, s), 2.61(4H, t), 2.04-1.86(2H, m), 0.98(3H, t).
2-[1-(MMorpholinoacetoxy)butyl]-1,4-dihydroxy-
9,10-anthraquinone (VIId)2| &4 — 2-[1-(Chloro-

g3lo] VIlash 5% WHOR Rslel Hag 1
A 49mg62%)ys EAth mp 1503-152.7°C; IR
(KBr) 3420, 2940, 1742, 1618, 1579 cm™!; 'H-NMR
(CDCly) 13.34(1H, s), 12.88(1H, s), 8.35-8.24(2H, m),
8.06-7.95(2H, m), 7.31(1H, s), 6.25(1H, t), 3.75(4H, t),
3.32(2H, s), 2.61(4H, t), 1.93-1.39(4H, m), 0.96(3H, t).

2-[1-(MMorpholinoacetoxy)pentyl]-1,4-dihydro-
xy-9,10-anthraquinone (VIle)2| & — 2-[1-(Chlo-
roacetoxy)pentyl}- DHAQ(IVe, 70 mg, 0.17 mmol) = A}
8310 VIIag} st Wos §4dste] & u
Al 50 mg(64%)s LA mp 124.4-1268°C; IR
(KBr) 3420, 2940, 1742, 1618, 1579 cm™; 'H-NMR
(CDCl,) 13.34(1H, s), 12.88(1H, s), 8.35-8.24(2H,
m), 8.06-7.95(2H, m), 7.31(1H, s), 6.24(1H, t), 3.75
(4H, t), 3.32(2H, s), 2.61(4H, t), 1.98-1.26(6H, m),
0.96(3H, t).

In vitro NESY HY - vhe-A WEY AET
L1210M ¥+ 10% fetal bovine serum©] 39
RPMI16408141 5 ARl 37°C, 5% CO, viekrel
A uiekslo] Aol ARSSIITE AEHE Thayero)
el wkeh D A E4= haemacytometerS AR}
o} MIgleH, EDs o SAduiael digh A% A e
0] 50%5E e FEE Pk

HEHI W D@
&y

2-(1-Hydroxyalkyl)-1,4-dihydroxy-9,10-anthraqui -
nonefFEAE 7 59 wl%0 g $AsIgich Ia~e

acetoxy)butyl]- DHAQ(IVd, 70 mg, 0.18 mmol)E A} v dicyclohexylcarbodiimide(DCC) %  4-dimethy-
Table I-Cytotoxicity of 2-(1-acetoxyalkyl)-DHAQ and their derivatives containing N atom
o OH
O\H/\R.
O OHR O
R II I \Y VI VII VIII
R N(CH,), N*(CHI” pyrr pipe Morp H
a H 0.96* 6.68 NS 1.78 0.77 2.75
b methyl 0.83 15.82 2.87 111 0.78 142
c ethyl 0.56 1141 0.65 0.95 1.12 6.51
d propyl 0.70 15.72 2.84 1.31 0.93 11.0
e butyl 0.67 12.25 NS 0.66 0.72 34.0

*EDsg: pg/ml, NS: not synthesized, pyrr: pyrrolidine, pipe: piperidine, mop: morpholine
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O OH
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OH OH
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O OH

SO

1
(@] OH O +
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R = H(a), methyl(b), ethyl(c),
propy(d), butyl(e)

O OH
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O OH OY\R,
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./
Vb~d Via~e Vlla~e Villa~e

Scheme 1 - Synthetic pathway of 2-substituted-1,4-dihydroxy-9,10-anthraquinone derivatives. a) NN-dimethylglycin,
DCC, DMP, b) iodomethane, ¢) chloroacetic acid, DCC, DMAPF, d) secondary amine

laminopyridine(DMAP) &AI3lel Ia~e2} N,N-dime-
thylglycineS ¥h3AIA 8IS F&2 76~85%
Atk 433 Ila~ed] iodomethaned WHEAIA 47}
deEae Ma~eZ 69~79%2 F&= J3Ach &
H DCC ¥ DMAPS &Ajste)| la~es}t chloroa-
cetic acid® ¥FSA)A oAHZS TVa~eE U &
pyrrolidine, piperidine, morpholine X ZHit-§-A)#
332 Va~e, Vla~e, VIla~eZ 43~71%2) &2
#Ashoich. d43EE IVae 5 R=H<! IVagt
R=butylq! IVex ozl ZAolX% pyrrolidine®} Rt
2314 go} Vagt Ver TAT 4= QUich

NZ=EM

Table [l $A3% BAET AEEGo] AAH2
2 HA Holgit), Mukgog Hol 47} dEFEEQ!
Ma~eZ A|2J3 e 2SS MESAS v &

Z <l 2-[1-(acetoxy)alkyl]-1,4-dihydroxy-9,10-anthraqu-
inonefr=AE Bt 2~508 © ZF3IGict. ol A
3 BAE50] AnkR oz F8/90] FUHENT] wHiEd
oz gt

$A FES 7 AEEAYE vl 2Y, &4
9] amino’) % dimethylamino”]19] %80l 4|25
£ 7¥F A SRS 2y ol suiEaE
o] #1g3stE pyrrolidine T ©|F U S
piperidine® =338 3FE(Va~e, Via~e)Z S
A ZE54E 19ick. 72 morpholines =43 35t
2 Vila~ed %5 AR HAEXE5AHE 23th
Dimethylamino”]& trimethylammonium”]|2 ¥4,
AZEAGL 7~22802 ofFE AsIGiEd, ol I4
o] ¥ vt YEFERY AxT FH7} olH YA o
B9l ZAoF FHHT

e 7 BB GW7)Y 218 AZSYR)
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AAE ®okr) vlw 22 2[1-(acetoxy)alkyl]-1,4-
dihydroxy-9,10-anthraquinone- -S4 ol o2l
719) dol7} 7} S8 M TE/go] Tasket) vlsk
o]0 Z40)) amino’|Z Y3 ILEE] oide 2
o} AL g7le) oigt S&8E B 97 lslth ols
& BTN 427171 butyl?1] A7t thE ¢
718 71 SEERY e AESAS VERSIch

o]4el AR HEE 14-dihydroxy-9,10-anthraqui-
none®] 4ol T84 FV1e o= oy 741 o}
7|8 =t Ay dANtH o 2= AESAAE ST
A& dAsEkith

HAtel 2

FETSIARHKOSER)Y] A7) 44
olefl 7} =guch
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