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Synthesis of Lipophilic Benz[cd]indole Antifolates and Their Antitumor Activity In Vitro

Du-Jong Baek”
Department of Chemistry, College of Natural Sciences, Sangmyung University, 7 Hongji-Dong, Chongro-Gu, Seoul 110-743, Korea

Abstract — Nonclassical aminobenz[c¢d]indole antifolates 4, 5 and 6, in which the glutamic acid moiety of the classical anti-
folates is substituted by 2-phenylglycinamide or 3-aminobenzamide, were synthesized and their iz vitro antitumor activity
was evaluated. The purpose of this substitution is that the lipophilicity is enhanced due to the aromatic ring of the target
compounds for the passive transport through lipid membrane of cells while the hydrogen bonding of the amide is retained
in the active site of the enzyme, thymidylate synthase, where the glutamate is originally present. The target compounds
were highly cytotoxic against tumor cell lines of murine and human origin with micromolar to nanomolar IC 5, values. Most
effective was compound 4 (N6-methyl-N6-[4-[(oc(S)-aminocarbonylbenzyl)aminocarbonyl]benzyl]-2,6Adiaminobenz[ cd]indole)
with ICs of 2 nM against SW480, human colon adenocarcinoma cell line, which is 650-fold more potent than the reference

compound 3.
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DNAE 1719 312 thymineS T-R3t UL wehr] A
Zo} 72 wiEA BYE3h= MEE DNA 342 8l B2 <4
9] deoxythymidine-5-monophosphate(dTMP)E H Q8 & 3t}
dTMP(thymidylate) thymidylate synthase(TS; EC 2.1.1.45)
o 2]8l| deoxyuridine-5'-monophosphate(dUMP)2%-E] 4 &
=0 o] g2 HEY dTMP 42 Ut eAlo|z, 7%t
olfrE TS HAl= of ek A8E 2% &2 WhHglo]
LERr ZHEgIcLY o)gjst ARk o= N N methylenete-
trahydrofolate(CH,-THE 1)’} cofactor2 Z-§-5k=H, ©] cofactor
¢} dUMP7} TSoll 2835t 3582 S (ternary complex)&
A% g dUMPY 5-$1x]¢) methylation®] Aojridr
dihydrofolate, dTMP, TS +-g)gt}?

olg g #gol tigt AAAZA dUMP FAMERZEE 5-
fluorouracil(5-FUYS tHER 3l 159 B f5AS0] A
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& vEhiie 2A7F Q90k? wEba) A2l cofactord) CHy-
THFel| ti$t f-=3150] AP @Al (antifolate)e] 2H8-& 7H
TS SAAE =1 gL, 71 % raltitrexed(ZD1694, Tomudex®,
27} @A GAAEAM 5715 Pof AlgbsElw Qlek. o]ejd 1
7] Jrrd A (classical antifolate)?] 738 AIEEAL Bxh) 9
glutamate -2l 2Jal] 73l =d) o] #E2] a- 3 y-CO07]
7} 7% AFTOR TSl AEE? o] glutamates 24}
A W22 5554 (active transport)ol| = HFH ], o] #

B2 A el poly-y-glutamates® kS 4|32 BRo 2 u}b

0] ¢t 5& ikl AEEAo] TS Zatdnt Y

T B U] BlR ol2)Fh glutamate®] EAE Q18 99t
e A7) AR gk ol Azl vehtar Qlenl, &
AXs Holg B3l B4k AX U 555%S Adske A
AL 71900 ek AT Yol Fe glo) UF oU%
QF EAs7| Wil st 5A4S Hole EAE st o
A FH 2ol o]efs EAlE =534} glutamate F-Eo] #|
A v)147 GAF3H) (nonclassical antifolateyt A7% 1 )
=4, & o ZA N-methyl-NV-[4-(morpholinosulfonyl)benzyl]-
2,6-diaminobenz[cd]indole(AG-331, 3)°] TS & <A Eof fsf
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Fig. 1 - Structures of CH,-THE, and classical and nonclassical antifolates.
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& X3S Hol1 glgo] A F3lo B st o]t u]
Grrdgal= E2} ol glutamate F20) ¢l71 wiioi
55 T50] obd IFrE(passive transport)el] &3 AZ W=
olElojol dta web A AMTLERE F31817] Y3lo] Bxl=
2183 (lipophilicity)e] 71 =% AAE ] ot

B A7 o= A7) AG-3319] aminobenzlcdlindole FEE
7Igke 2 of7jel] WgEiie]e} amide T2E VM AHZE
AHAEH 4, 5, 62 AAISIAT o] I} FAHL glutamate]
o- =5 y-C007] $1A)0) s¥sH= amide 3R1E EAFAA 1
Axt G4 Yol 2830 S7ise] B9 ST, =3
I Aol BEFEuEE Y8t BAY 7% 4% (passive
transportys 1%+ X]8-3 (lipophilicity)*] F7F= 25 dh= Ro]th
oA oj2]dt T2A W 137 JAHTAS} v nHE o
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NAFAL ARE BF H A2 el QLA A,

7bE ¢ Qe ul, ol2fsh A8 FArAEAl sikEeo] AR
S Holex] F]lstarat At BEEs PSR °]
FasEEE0) vhea W A i GAEF giF A2 EA
Aol o &3E Holexol thdt B7HE ST

4y 4y
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Aleke Aldrich Chemical Co.2] AlEE T2 ARSI HES
AMgSt Sl 2 52 tetrahydrofuran(THF)®} dimethylformamide
(DMF)+ ZtZ} sodium benzophenone ketyl % magnesium
sulfate® 7% 5H38lo] AREBFl o 7[E) Aok £l 15
ol Aleks AAEA da ARSI FAE SFES 4
A= A24 2 flash column chromatography®® $-8515 01
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Merck silica gel 60(40~63 um)& AH&3}$th Thin-layer
chromatography(TLCy= Merck silica gel 60 F-254 T18-2j¥
(0.25 mm)& ARSI A, 2 2=, phosphomolybdic acid,
anisaldehyde® 24 &}o] Faalich %2 Thomas-Hoover
EAE A 7= S48 2] dskt IR 4
HAEZHLE KBr pellet® AF4-3}o] Perkin-Elmer FTIR 1750
Spectrometer® =7 3}¢ith H NMR A2 EHLS Bruker
AMX-R300 Spectrometer(300 MHz)l 4] CDCl; =+ DMSO-
dge SvE ARS8l F78319101, chemical shifte § HER
A ppmOE RVIEIT FHIAE T o] A2 2|8
St} s, singlet; d, doublet; dd, doublet of doublets; t, triplet;
q, quartet; m, multiplet; bs, broad singlet. Mass ~¥HE#
(MS)2 Extrel ELQ-400 Mass Spectrometero| A ¢tZUol&
carrier gas® ARE-5}e] electospray ionization®. 2 ZA3ICt
Y488 CE Instrument EA1110& ARE3lo] =351 =)
Z} Ao sl o] 2X12] £0.4% W WS 71FE0FE ARSIt

SBIE 4: NP®-Methyl-N°-[4-[(0/(S)-aminocarbonylbenzyl)
aminocarbonyl]benzyl}-2,6-diaminobenz[cd]indole

NG-(4-Methoxycarbonylbenzyl)-6-aminobenz[cd]indol-
2(1H)-one(9)2] &M — 6-Aminobenzfcdlindol-2(1H)-one(7)
3.0 g(16.29 mmol)3} diisopropylethylamine 6.24 ml(35.83 mmol)
£ ¥4 DMF 100 moll £-3§A}17] 1 4-(bromomethyl)benzoic
acid methy! ester(8) 3.73 g(16.29 mmol)& 713t & 2124jM 6
AIZE BRF RESAIZTE ¥ Fo) EFAE B 800 mioll 7Heka
A7} AHEE oSkt o] ZAE dichloromethaneo]] &
FAI71IL T4 Na,SO,E ARAIZ the 79 S5k Tt
£ flash column chromatography(dichloromethane/ethyl acetate
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=1:1)°l oJaf FAlgte] QAN 14 373 g(& 69%)y= &
ot H NMRODMSO0-d,) & 4.57(d, 2H, /=5.5 Hz), 6.12(d,
1H, /=76 Hz), 6.69(d, 1H, /=7.6 Hz), 7.70(d, 2H, /=83
Hz), 7.80(t, 1H, /=7.0 Hz), 7.92~8.00(m, 3H), 8.15(d, 1H,
J=82 Hz), 10.40(s, 1H).
NE-Methyl-N®-(4-methoxycarbonylbenzyl)-6-aminobenz
[ed]indol-2(1H)-0one(10)2] &4 —Nﬁ-(4—Methoxycarbonyl-
benzyl)-6-aminobenzlcdlindol-2(1H)-one(9) 3.0 g(9.03 mmol) =}
diisopropylethylamine 2.36 m/(13.54 mmol)g- ¥ DMF 30 m/
ol 83)A7]1. iodomethane 0.67 mi(10.83 mmol)E 715+ & 4
2o ¥l wbsiglct, Wb o) Eee & 750 miel 7ist
I A mA7F A S#sIGict. o] TAE dichloro-
methane®)] $3JA)7]1L F4= Na,S0,Z AZAIZ] o2 7% &
Z3199c}, FALE flash column chromatography(dichloromethane/
ethyl acetate=1: 1)oll 98] FAsle] Q@AXM 1A 2.0 gF&
65%)2 DAtk &3 162.5~163.0°C; IR 3200, 2950, 1730,
1700, 1480, 1290, 1130 cm™; H NMRMDMSO-dy) & 2.78(s,
3H), 3.85(s, 3H), 4.42(s, 2H), 6.85(d, 1H, J=7.5 Hz), 6.97(d,
1H, J=7.6 Hz), 7.57(d, 2H, /=83 Hz), 7.79(t, 1H, /=7.1 Hz),
7.94~8.01(m, 3H), 8.29(d, 1H, /=8.2 Hz), 10.60(s, 1H); Mass
mfz 347(M+1).
N6-Methyl-NG-(4-methoxycarbonylbenzyl)-6-aminobenz
[edlindol-2(1H)-thione(11)2| &4 — N°-Methyl-N®-(4-meth-
oxycarbonylbenzyl)-6-aminobenz([cd]indol-2(1H)-one(10) 1.8¢g
(520 mmol)< toluene 70 m/oll &3ty F|Fuurs thE
Lawesson's Reagent(Aldrich 22,743-9) 2.31 g(5.72 mmol)= 4
T 1IARE SRRt BHEERNE Y FEe] ME
A A3} flash column chromatography(dichloromethane/ethyl
acetate=1: 1)l &J3ll FAlst] F24 1A 1.33 g(F& 71%)
S A3ick: IR 3450, 3200, 2950, 1730, 1450, 1300, 1210 cm™;
'"H NMR(DMSO-dy) 2.86(s, 3H), 3.85(s, 3H), 4.54(s, 2H),
6.95(d, 1H, J=7.7 Hz), 7.08(d, 1H, J=7.7 Hz), 7.55(d, 2H,
J=82 Hz), 7.78(t, 1H, j=8.1 Hz), 7.98(d, 2H, /=82 Hz),
8.14(d, 1H, J=7.1 Hz), 8.34(d, 1H, /=8.2 Hz), 12.61(s, 1H);
Mass m/z 363(M+1).
N®-Methyl-N%-(4-methoxycarbonylbenzyl)-2-methylthio-
6-aminobenz[cdJindole(12)2] &4 — N°-Methyl-N°-(4-meth-
oxycarbonylbenzyl)-6-aminobenz[cd]indol-2(1H)-thione(11)
1.3 g(3.59 mmol)-& ethanol/THF 1:1 &% 10 m/of] o]
1IN NaOH 449 78 m{(7.8 mmo)E A2 H7}e
iodomethane 0.25 mi(3.95 mmol)Z 78}l 3023+ WRESHATE
= 50 mZ 21 ethyl acetate® 70 mi¥ 3 F&3 o} Al
FE AL 55 NapSOE 7Z3Ich 71898 7 554

# 92 ZAFE flash column chromatography(dichloromethane/

2 0 X0

ethyl acetate=7: 1)°l] o3 A3t HF24 14 1.0gF&
75%)S AUk &3 98.7~100.0°C; IR 3050, 2950, 1730,
1450, 1280, 940 cm™; 'H NMR(CDCly) 2.80(s, 3H), 2.88(s,
3H), 3.88(s, 3H), 4.57(s, 2H), 6.81(d, 1H, /=7.7 Hz), 7.45~
7.48(m, 4H), 7.82(d, 1H, /=7.0 Hz), 8.03(d, 2H, /=8.2 Hz),
8.08(d, 1H, /=82 Hz); Mass m/z 376(M™), 278, 227, 211.
Nb5-Methyl-N®-(4-hydroxycarbonylbenzyl)-2-methylthio-
6-aminobenz[cdlindole(13)2] & - N®-Methyl-N°-(4-meth-
oxycarbonylbenzyl)-2-methylthio-6-aminobenz[cd]indole(12)
0.95 g(2.52 mmol)& acetone 12 m/ell =°]31 1N LiOH &
12.6 mi(12.6 mmolYE 718k Th 35°CelA A7t mRkslgict. vt
SHE F REEAS Hle R 79k wEstaL s gatew pHE
72 2 U35 ethyl acetate® FE3190c}H £/ 848 Ad-=
AL 55 NaSO,E AZA7 o 748 553lo] H24 14
0.82 g(F8 95%)S AU 84 219~219.5°C; IR 3500(br),
2950, 2500(br), 1720, 1470, 1250, 1140, 950, 830, 780 cm™;
'"H NMR(DMSO-dy) 2.78(s, 3H), 2.96(s, 3H), 4.68(s, 2H),
6.89(d, 1H, /=7.8 Hz), 7.52(d, 3H, /=74 Hz), 7.67(t, 1H,
J=172 Hz), 7.95~8.01(m, 3H), 8.23(d, 1H, /=8.2 Hz).
NS-Methyl-N°-[4-[(a(S)-methoxycarbonylbenzyl)amino-
carbonyl]benzyl]-2-methylthio-6-aminobenz{cd]indole(14)
o] 8 — NP-Methyl-N°-(4-hydroxycarbonylbenzyl)-2-methylthio-
6-aminobenz[cdlindole(13) 1.0 g(2.76 mmol)2 DMF 10 ml<f
o)1 (°CE Wz vhg ok227|4) 3lellA diisopropylethyl-
amine 0.72 m/(4.14 mmol)$} diphenylphosphoryl azide(DPPA)
0.65 ml(3.03 mmol)E 7}stx 3083 mRFEHSITE. (S)-(+)-2-
phenylglycine methyl ester HCI salt 0.55 g(2.76 mmol)s 7}3t
T ALoA 12A3F wRlskgle) vhgF E3S & 100 midl
2 nH7F A EE o3kt o] 1AE dichloromethane
off so)1 ¥4 Na,S0,= 7AZg vhe A% s53i%ch dar
ZtAME flash column chromatography(dichloromethane/ethyl
acetate=1: 1ol 2Jal YA|sto] 24 1A 0.80 g(+& 58%)
< A3uk: IR 3450, 2950, 1750, 1650, 1500, 1450, 1240, 940
cm; 'H NMR(CDCly) 2.85(s, 3H), 2.92(s, 3H), 3.78(s, 3H),
4.61(s, 2H), 5.81(d, 1H, /=7.0 Hz), 6.85(d, 1H, /=7.6 Hz),
7.27(s, 1H), 7.37~749(m, 3H), 7.50~7.55(m, 6H), 7.84(m,
3H), 8.11(d, 1H, /=82 Hz); Mass m/z 5100M+1), 433, 307,
229, 205, 180.
NG-Methyl-NG-[4-[(oc(S)-aminocarbonylbenzyl)amino-
carbonyl]benzyl]-2,6-diaminobenz[cd]indole(4)2] £ — NP-
Methyl-NG-[4-[(oc(S)—methoxycarbonylbenzyl)aminocarbonyl]
benzyl]-2-methylthio-6-aminobenz[cd]indole(14) 0.25 g2 am-
monia 7} A7} &% methanol &2 25 m/ol] Y1l sealed tube
el 145°CE AR gEeAIZATH Hhe & E3dEs A2 0%
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Wz 713 e 74 EE31ich. Bolxl ZAEE flash column
chromatography(dichloromethane/methanol=5 : 1)l 2]} =]
slod AR 1A 0.10 g&G-& 45%)S Atk IR 3350, 3200,
1650, 1480, 1450, 1260, 1220, 940, 820, 760, 700 cm?; H
NMR(DMSO-dg) 2.76(s, 3H), 4.40(s, 2H), 5.64(d, 1H, /=79
Hz), 6.80(d, 1H, /=75 Hz), 6.87(d, 1H, /=74 Hz), 7.29~
7.39(m, 3H), 7.46~7.54(m, 4H), 7.62(t, 1H, /=72 Hz), 7.70
(s, 1H), 7.92(d, 2H, /=8.2 Hz), 8.04(m, 2H), 8.69(d, 1H, J=
8.2 Hz); Mass m/z 463(M™), 335, 266, 223, 196, 169, 147;
22 84(CysH,NsO, - H,0) AIAHA] C, 69.84; H, 565; N,
14.54. XA C, 69.66; H, 5.58; N, 14.58.

882 5: NS-Methyl-N°-[4-[(3-aminocarbonylphenyl)
aminocarbonyl]benzyl]-2,6-diaminobenz[ed]indole

N6-Methy!-N®-[4-[(3-methoxycarbonylphenyl)amino-
carbonyl]benzyl]-2-methylthio-6-aminobenz[cdlindole(15)
of By - 3lEHE 149 T LS W] &5 N-methyl-
NB-(4-hydroxycarbonylbenzyl)-2-methylthio-6-aminobenz(cd]
indole(13) 0.80 g(2.20 mmol), diisopropylethylamine 0.58 m/
(3.30 mmol), diphenylphosphoryl azide(DPPA) 0.57 mi(2.65 mmol),
3-aminobenzoic acid methyl ester 0.33 g(2.20 mmoly& AHE3}
of HA 1A 0.62g(5F 63%) LT IR 3450, 2950,
1740, 1605, 1450, 1300, 1280, 1050, 940, 750 cm™; 'H NMR
(CDCl;) 2.84(s, 6H), 3.90(s, 3H), 4.54(s, 2H), 6.81(d, 1H, J=
7.0 Hz), 727(s, 1H), 7.37(t, 1H, /=79 Hz), 7.43~7.51(m,
5H), 7.73(s, 1H), 7.78~7.86(m, 3H), 8.03(d, 1H, /=82 Hz).

Nﬁ-Methyl-Nﬁ-[4-[(3-aminocarbonylphenyl)amino-
carbonyl]benzyl]-2,6-diaminobenz[ecdlindole(5)2] &4 — 3}
&8 49 FATY A Pl 28 N-methyl-N-[4-{(3-
methoxycarbonylphenylaminocarbonyl]benzyl]-2-methylthio-6-
aminobenz[cdlindole(15) 0.25 g© 2 H-E] X4 113 0.068 g
@& 30%)E LAtk §7 181°CES)); IR 3350, 3200, 1670,
1610, 1450, 1220, 940, 770 cm™; '"H NMR(DMSO-dg) 2.70
(s, 3H), 4.37(s, 2H), 6.79(d, 1H, J=7.5 Hz), 6.88(d, 1H, J=
7.5 Hz), 7.25~7.31(m, 2H), 7.50(s, 1H), 7.53~7.63(m, 5H),
7.75(d, 2H, J=8.3 Hz), 8.02(s, 1H), 8.04~8.05(m, 2H); Mass
mjz 449M™), 331, 285, 240, 211, 197, 179, 83; LA E-4]
(CyHpeN:0, - H,0) AR C, 69.36; H, 5.39; N, 14.98. 574
2] C, 69.26; H, 5.42; N, 14.67.

sEIE 6: NS-Methyl-N%[4-[N-(3-aminocarbonylphenyl)
aminosulfonyljbenzyl]-2,6-diaminobenz{cdlindole

4-(Bromomethyl)benzenesulfonyl chloride(17)2] &4 —
p-Toluenesulfonyl chloride(16) 10.0 g(52.5 mmol)= carbon
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tetrachloride 300 m/oll =<%1 3 NBS(V-bromosuccinimide) 10.3
2(57.9 mmol) ¥} benzoyl peroxide 1.27 g(5.25 mmol)= 7}3+1
IARE SRR IRESIGIC WhS-5 el S AL 0 g A7 of
Tk ohg o AE 9 F53I5IT Foj R flash column
chromatography(hexane/ethyl acetate=10: 1)°] 2Jsl| “J=|5
A oAl 12.0 g2 At o] Ao hexane 200 miE 7Eki
3k 30°CoA 73t wnlele} ANE TAIE ofFsie] A
A 92g(F& 65%)S LUtk &3 73.8~74.2°C; IR 3100,
1950, 1600, 1420, 1380, 1180, 1080, 850, 670 cm™; 'H NMR
(CDCly) 452(s, 2H), 7.66(d, 2H, /=85 Hz), 8.03(d, 2H, /=
8.5 Hz).

N-(Benzyloxycarbonyl)-3-aminobenzoic acid methyl ester
(18)2] &4 —3-Aminobenzoic acid methyl ester 10.0 g(66.2
mmol}g 1N NaOH methanol 224 70 m/(70.0 mmolpl} o]
5°C ©]&}A} benzyl chloroformate 10.0 m/(70.0 mmol)3 47}
& v Aol 243F mRksIIvE REEEES Ay 550
I E 100 miE 71 ohg 1IN g4k g0 2 pHE 70| HA
Z3}3}3 0}, ethyl acetate® 100 mi% 38 F&3F o2 218
2 A3 7 MgSO,2 AE3ITh A718942 A 5A1A
& ZAME flash column chromatography(dichloromethane)el]
&l A BN 1A 17.0g(FE 0% Ak FF
119.8~120.0°C; 'H NMR(CDCly) 3.90Gs, 3H), 5.22(s, 2H),
6.91(s, 1H), 7.37~7.41(m, 6H), 7.73(m, 2H), 7.97(s, 1H).

N-(Benzyloxycarbonyl)-N-4-(bromomethyl)benzenesul-
fonyl-3-aminobenzoic acid methyl ester(19)2] &4 —N-
(Benzyloxycarbonyl)-3-aminobenzoic acid methyl ester(18)
15.0 g(52.5 mmol)& THF 300mlo| *olZ NaH 1.5g(63.1
mmol)E T34 EoF F 3087 IR 7] oA 4-
(bromomethyl)benzenesulfonyl chloride 14.2 g(52.7 mmol)<
7Fste] AZelA] 2413 wrkEith, W E3HE-S A w53
I dichloromethane 400 miZ 713t o8 & 50 m#¥) 38|19} 219
2 3 A1 T4 MgS0,2 AZsit f718498 718 5
EANA YL AALE flash column chromatography(dichloro-
methane/ethyl acetate=10:1)o] 2J3] gl AA 1A
165 g(&& 60%)S AUtk §3 152.7~153.5°C; IR 3050,
2950, 1750, 1730, 1600, 1450, 1370, 1310, 1270, 1090, 850,
760 cm™; 'H NMR(CDCly) 3.94(s, 3H), 4.50(s, 2H), 5.10(,
2H), 7.13(m, 2H), 7.30~7.32(m, 3H), 7.49—~7.55(m, 4H),
7.92(m, 3H), 8.15(s, 1H).

NP.[4-[N-(3-Methoxycarbonylphenyl)-N-(benzyloxycar-
bonyl)aminosulfonyl]benzyl]-6-aminobenz[cd]indol-2(1H)-
one(20)2| B —3E 99 FAH TLS W gl 6-
aminobenz[cd]indol-2(1H)-one(7) 2.96 g(16.1 mmol), diisopropyl-
ethylamine 6.16 m/(35.3 mmol), N-(benzyloxycarbonyl)-N-4-
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(bromomethyl)benzenesulfonyl-3-aminobenzoic acid methyl
ester(19) 10.0 g(19.3 mmolyS AFE&10] W8 2I3YA)7)1 flash
column chromatography(dichloromethane/ethyl acetate=2: 1)
off oJ&ll HAste] Q@R wH] 7.2 g & 72%)S DAk F
A 177.5~178.2°C; 'H NMR(DMSO-d,) 3.93(s, 3H), 4.68(d,
2H, j=5.6 Hz), 5.14(s, 2H), 6.22(d, 1H, /=7.8 Hz), 6.76(d,
1H, /=7.6 Hz), 7.17(m, 2H), 7.32(m, 4H), 7.74(m, 4H), 7.88
(t, 1H, /=8.3 Hz), 7.96(d, 2H, /=8.4 Hz), 8.07(d, 1H, J=7.0
Hz), 8.14(d, 1H, /=72 Hz), 8.61(d, 1H, /=82 Hz), 10.47(s,
1H).
N6-Methy1-N6-[4-[N-(3-methoxycarbonylphenyl)-N-
(benzyloxycarbonyl)aminosulfonyl]benzyl]-6-amino-
benz[cdlindol-2(1H)-one(21)2] & - 313E 109 T4 5
A% uhel] o)) NP-[4-[N-(3-methoxycarbonylphenyl)-N-(benzyl-
oxycarbonyl)aminosulfonyl]benzyl]-6-aminobenz[cd]indol-
2(1H)-one(20) 5.0 g(8.04 mmol), diisopropylethylamine 2.1 m/
(12.06 mmol), iodomethane 0.60 m/(9.70 mmol)E AHE-3lo] 2
AR A 514 3.16 g(& 62%)S AUt IR 3450, 3200, 1750,
1700, 1450, 1300, 1170, 750 cm™; 'H NMR(CDCl,+DMSO-
dg) 2.85(s, 3H), 3.94(s, 3H), 4.45(s, 2H), 5.10(s, 2H), 6.87(d,
1H, /=75 Hz), 6.94(d, 1H, /=7.6 Hz), 7.14(dd, 2H, /=4.0
Hz), 7.28(m, 3H), 7.50~7.62(m, 4H), 7.73(t, 1H, /=73 Hz),
7.89(m, 3H), 8.04(d, 1H, /=6.9 Hz), 8.14(d, 1H, /=72 Hz),
8.25(d, 1H, J=8.2 Hz); Mass m/z 635(M™).
NS-Methyl-N°®-[4-[N-(3-methoxycarbonylphenyl)-N-
(benzyloxycarbonyl)aminosulfonyl]benzyl]-6-amino-
benz[edJindol-2(LH)-thione(22)2| 84 — N°-Methyl-N°-[4-
[N-(3-methoxycarbonylphenyl)-N-(benzyloxycarbonyl)amino-
sulfonyl}benzyl]-6-aminobenz[cd]indol-2(1H)-one(21) 3.0 g(4.72
mmol)& toluene 100 m/ol] EF3}l1 120°CE 71438 the
Lawesson's Reagent 2.1 g(5.19 mmol)}& ¥ 1A7F wsksIsict,
HHEEEAS AY sFoto] §9lE AASL flash column
chromatography(dichloromethane/ethyl acetate=3: 1) 2}3|
At FEA w4 1.54 g(F& 51%)& AUt} 'H NMR
(CDCl;+DMSO-dy) 2.93(s, 3H), 3.94(s, 3H), 4.57(s, 2H),
5.14(s, 2H), 6.97(d, 1H, J=7.7 Hz), 7.05(d, 1H, J=7.7 Hz),
7.17(dd, 2H, J=4.0 Hz), 7.32(m, 3H), 7.64(m, 4H), 7.72(t,
1H, /=8.3 Hz), 7.99(m, 3H), 8.07(d, 1H, /=7.0 Hz), 8.14(d,
1H, /=72 Hz), 8.28(d, 1H, /=8.3 Hz).
NG-Methyl-NG-[4-[N-(3-methoxycarbonylphenyl)amino—
sulfonyl]benzyl]-2-methylthio-6-aminobenz[ed]indole(23)2]
B - 3E 129 T FA3 o] sl N-methyl-N°-
[4-[N-(3-methoxycarbonylphenyl)-N-(benzyloxycarbonyl)amino-
sulfonyl]benzyl]-6-aminobenz[cd]indol-2(1H)-thione(22) 1.5¢g

(2.30 mmol)¥} iodomethane 0.16 mi(2.54 mmol)E Al2-5}e] Hb
5= F3A)7]32 flash column chromatography(dichloromethane/
ethyl acetate=1: 1)l &3} A3t HF24 14| 0.85 g(+&
70%ys D3It: IR 3450, 3300, 2950, 1730, 1600, 1500, 1460,
1300, 1150, 1020, 940, 760cm™; 'H NMR(CDCly) 2.83(,
3H), 2.85(s, 3H), 3.85(s, 3H), 4.53(s, 2H), 6.82(d, 1H, J=7.7
Hz), 6.93(s, 1H), 7.36(t, 1H, /=7.8 Hz), 7.42~7.55(m, 5H),
7.69(t, 1H, /=3.5 Hz), 7.78~7.83(m, 3H), 7.87(d, 1H, J=7.0
Hz), 8.04(d, 1H, /=82 Hz); Mass m/z 531(M™).

NS-Methyl-N°®-[4-[N-(3-aminocarbonylphenyl)amino-
sulfonyl]benzyl]-2,6-diaminobenz[cdlindole(6)2] B — 315
£ 49 B4 59T ol A8 No-methyl-No-[4-[N-(3-
methoxycarbonylphenyl)aminosulfonyl]benzyl]-2-methylthio-6-
aminobenz[cd]indole(23) 0.25 gC ZFE] AR 113 0.070 g
& 32%) 230tk IR 3400, 3250, 1680, 1540, 1480, 1240,
1090, 710 cm™; 'H NMR(DMSO-dg) 2.74(s, 3H), 4.36(s, 2H),
6.78(d, 1H, J=7.5 Hz), 6.88(d, 1H, /=7.5 Hz), 7.25~7.30(m,
2H), 7.51(s, 1H), 7.54~7.64(m, 5H), 7.77(d, 2H, J=8.4 Hz),
7.87(s, 1H), 8.06(m 2H); Mass m/z 485M™), 310, 282, 256,
224, 196, 169; FAT-2(CyeHysN:05S - HO) AEA] C, 62.01;
H, 5.00; N, 1391; S, 6.37; O, 12.71. 34X C, 62.40; H,
494; N, 13.62; S, 6.57; O, 12.47.

In vitro YMESA ANEY £HY

A E S50 IUBALL i vito NESY AAEHNE
AEo =z AT £ Aol v FEle) HzAd
A E L1210(ATCC CCL-219), UAl 582 T-HZE T4
A MY E CCRE-CEMATCC CRL-8436), 24 A¢t
A SW480(ATCC CCL-228), 1 A tAE MCF7(ATCC
HTB-22), 2 S4Z@FLWIE SK-MEL-2(ATCC HTB-68)
o] M EFEL ARESIATE AlZujokel] F o Wi ZE 5%
%012 33} dimethylsulfoxide(DMSO)E 3+4-3t= RPMI-
1640 HiX1Z ARE3I oo 37°CY] 3285 5% CO, Hiek7]ol
A wjekaideh. AEY Althe 3~4e] 1318 A|3slgict. a9t
g4 AslirE AEA] FHATY 50%E A=
£ FEICH)E MTTY B34S olgaled AAsgi) o] A
FoM= AA AEE 600011210, MCF7), 8,000(SW480),
10,000(CCRF-CEM, SK-MEL-2) M X4 96-well plate®] z}
wellell #53F ThE AlE3HES AN 59 log doseE Fo]
Fa wjeketuia Mo YA S Bk AEES &
3A7)= di= DQol we} DMSOE ARRal o o A)zs)
ol 7}allA)= DMS02] BE= 0.5% o3kt H%2 3lgic),
HOEA) 7R 280(L1210, SK-MEL-2), 32 (CCRF-CEM, SW480),
4AMCF7)0191 3, Wikra s MTTE 447 st AlEES

ot JE e

= o
ek
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FREAT. Mxges B3 o g AYsgist MTTE
e AlZEe] s Y] FHE formazans DMSO £-3f
A1 oL 540 nm°ﬂ/l1 microplate readers ©| 83l TFEE
E43%T. ICy, Q7] FalMe FFEEEE daa o Al
FA% wiE-Ee] Zﬂﬁi—r‘ﬂ 50% AAE Lod|+= FE=E Al
Akstaitt. olefgt IC,, 3k 33 WHEA|asle] Hagks FHsIsich.

&

22 338 49} 5% Scheme 1o whe} F443H3iTh 94
diisopropylethylamine 2] &}¢) 6-aminobenz[cdlindol-2(1H)-
one 7% bromide 87 #2171 th-& N-methylationA] 74
A 108 $AJE19ic). olodA] Lawesson's
reagent’VE ALE-51Y] lactam 87| E thiolactam .2 WL
o7]e @7)%7 stollA] methylation'® A7 methylthioben-
zindole £-54] 125 9= t}E esterE 7iEeslo] T 70
A 132 FAsGT o] LA E

aminobenzindolone

diphenylphosphoryl azide

H
N
(o}

69%
7 8

z

H
N
s O CH3S
_CHy
Lawesson's O CHsl/NaOH LiOH
—_———— e ——
reagent rt. (30 min) KOY

toluene OCH;
reflux (1 hr) fo) 75%
71% 1
N
HZNY@ CH3S—< O N/CH3
CO,CH, O K©\n/
H
DPPA N \A/©
rt (12 hr) O  CO,CH,
58% 14

63%

Scheme 1 - Synthesis of the target compounds 4 and 5.

Vol. 49. No. 1. 2005

COCH3 145 °C (5 hr)

N
HoN \©/0020H3 CHy8—< O
DPPA K(>\“/
rt. (12 hr) \©/

(DPPA)® &4 &}ol| (S)-(+)-2-phenylglycine methyl ester
+ 3-aminobenzoic acid methyl ester?} =204 12417+ HE-5
AlA 242t S04 148} 1565 $38IIT 4 SIS sealed
tube WellA methanololl E3FE ammonia®} 145°CellA 547k
¥h2-A)A thiomethyl groups amino group® 2 X|E3}1950H o]
IgolA methyl esters EA]oll amide group® E $gHE £3
e 49 58 g

AmidetA! sulfonamide 28715 717 23 358 6 A}
A §Md8liEd o] A9+ sulfonamideE WA FAA o}
&7} aminobenzindolone< ZA 3T ©| & Scheme 2 1}
ERJI2iTh A toluenesulfonyl chlorideE radical bromination
AlAA p-bromomethylbenzenesulfonyl chloride 17 3% ot
5 carbobenzyloxy(CBz)2 E %% 3-aminobenzoic acid methyl
ester 187} WHSA|A sulfonamide 195 43153t} o] 32
9] bromide® 6-aminobenz[cdlindol-2(1H)-one 72+ AZAA =
7H] 20S 33 RS 949 o] N-methylation, Lawesson's
reagento]l &3} thiolactam 34, @727 32} methylation®]]
2J3+ methylthiobenzindole 3= 4331311 o] TAlIA CBz

H

0
o}
?\ CH3| O N,CH;;
\@Y rt. (12 hr)

OCH, 6501 K©Y00H3
(]

@)
10

Sl
HZN? m

HoN

35°C (1 hr)
OCH;

NH3/MeOH
—————— R

145 °C (5 hr)
CONH2

.CH
N 3
H
N CONH;
N0
5

45%

NH3/MeOH

30%
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ofN

CBzNH CO,CHs
151
NBS/CCly Br (18) Br CBz 7
O e - N COCH; ——————>
S; (PhCOy)» S: Nak/THF S \@/ r.t. (6 h)
o 0 (oo
reflux (1 hr) rt. (2 hr) 72%
16 17 19
65% 60%
H H
. 1O
o S
.CH
O NH CHgl Lawesson's N 3
———— _—
CBz r.t. (12 hr) reagent CBz
! [
N CO,CH; toluene _N CO,CH;4
N 62% 0 PN
d o 120°C (1 hr) do

20

CHgsl/NaOH
_—
. H
r.t. (30 min) N CO,CH,
//S\\
70% oo

23
Scheme 2 - Synthesis of the target compound 6.

B37|E FAlel "olH o]oA sealed tube WelA <]
ammonolysisE &8l 57 2E 65 TN

In vitro SAEN

Al MRS SMEAL gy pio AEEA RGNS
SN AFINT 1 AHE Table Ioll ERASITE. 315t
£ 4% 57 IC;, #t| micromole ©91ellA nanomole ©$174]
o] 5% AESFE Holz glon txEAL IHE 3(AG-
331 vlmsle] 559 YAIET Folk (L1210, SW480, SK-
MEL-2)°]] thsled= o 98 498 233 25(CCRF-CEM,
MCE7)l distels a3} 7rasisict. 3|9t a3t 2.0~2.6
v 728k 2%0] B9E 047~1.9 uM9) IC,, 3k ®olxL 9lo]
Al oAs] ¥ IS fAgka kol & & itk o] &
FE F 3TE o) IFFE 500 vjs] BE GHETA o
e NEEAGS Holx 9o 53] AR A AdHE
21 SW4800ll A tixEA 1T} 6508 H& &4 2nMY IC,,

2e Bolm Yo AEZHo] ol 58L& & gk ol

Table I -In vitro cell growth inhibition of benz[cd]indole antifolates.

IC5o, pM
Entry L1210 CCRF-CEM SW480 MCF-7 SK-MEL-2
3 7.1 0.24 1.3 0.85 9.9
4 2.7 0.47 0.002 18 2.8
5 3.9 0.63 0.54 1.9 7.4
6 15.3 55 8.6 nd 13.2

nd, not determined.

51% 22

N _CHs
NH3/MeOH
e
H
145 °C (5 hr)
s

N CONH,
2
329 o 0 \©/

3t 3FE 49} 59 ¥ 9L ilel Sl glutamate®] o- T
= 1.C007) sk 9ol amidert EAY3te] FA oA
F2AFo| et T8 1 A e WEkE vEl A&
do= Qs FAE AAM RS FHdRE 9% T (passive
transport)©] 7Fs3leS F € AU Aolzta 433} o]
2igt AAsh= 2 A7delA 2 2ES AiEA X849
7kt Jas} 7t FAaAE0] 7Fed v AdE Fard aA|
7} B2 in vito AEZFA AAEHE Hol1 Yok A
FE YAJ3h= Aol

R amide WA sulfonamide 22715 744 313HE 62 T)
ZE4 39 F0 FARKE 12YelE B8k 492 1.34)004]
20817}4] k=t ©]3= morpholine ringel B3] © & F39
aminobenzamide’} E4-9} AEE o o] & ATE ) Wi
Zolgta F4s3irt.

g B

H| 1A A JAFdEAZ A aminobenzedlindole ringS 7}R) 11
glutamate Xl 2-phenylglycinamide Z=3= 3-aminobenzamide”}
A 3E 4, 5, 65 PV 1Y in vitro FAEIE
E43159t) o] g9 B4 glutamate®] a- EE +CO07|9|
AP A amide’t B4 oA AATEE Foted s
AEE EF s Al 2 Al e HEE 1
9] Ao R Qlate] A AAMERRE: FHshe S

(passive transport)®] 7Fs3eS sl AlESAo] Friske
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£ 3k Zolqdt. o] SREEE vk W QA Fl AEF
o] th8le} micromole ©olA nanomole SRS 95 A
=4 ARAAEHE BT EEA vwete] Ak v
< B4 & Holx vt B3] si3E 49 A AR A%
PAET] SW4B0eIA thz=E=Rr} 6508 2 87391 2nM

9 1y, B B3t Yol AESHo] ofF $58 o 5 Y.

I b

> H

At 2tg

37 e Y 5A2 FoAlt FYAT Lol
=]

HE G710l ofol] ZALe] TEE =Y.
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