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Synthesis of Dihydropyrrolo[3,4-flquinazoline Antifolates
and Their Antitumor Activity In Vitro

Du-Jong Baek®

Abstract — Classical dihydropyrrolo[3,4-flquinazoline antifolates 7, 8 and 9, in which the tricyclic ring is structurally sim-
ilar to the pteridine ring of CH,-THF(1), the cofactor of thymidylate synthase (TS), were synthesized, and their i vitro anti-
tumor activity was evaluated by measuring the cell growth inhibitory activity against cancer cell lines. The target
compounds were cytotoxic against CCRF-CEM, human T-cell acute lymphoblastic leukemia, with the cell growth inhibitory
activity (ICs,) of 0.8~8.3 uM. Among the three compounds, 3-amino analog 7 was 10- and 3.5-fold more cytotoxic compared
to the 3-methyl analogs 8 and 9, and its cytotoxicity was similar to that of the reference compound with the IC5, value of
0.83 pM. This result was supposed as the consequence of the fact that dihydropyrroloquinazolinone ring with amino group
was able to bind well in the active site of TS. In the case of 3-methyl analogs, analog 9, which has two-carbon bridge
between the dihydropyrroloquinazolinone ring and benzoyl-L-glutamic acid, was 3-times more potent in cytotoxicity than
analog 8 which has one-carbon bridge, and this result indicates that the distance and conformational orientation of the ben-
zoyl-L-glutamic acid moiety with respect to the tricyclic ring may also be a crucial determinant of cell growth inhibitory

activity. '
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Thymidylate synthase(TS; EC 2.1.1.45)= 2'-deoxyuridine-
5-monophosphate(uridylate, dUMP)E-  2'-deoxythymidine-5'-
monophosphate(thymidylate, dTMP)E methylation*]7]= ¥k$-
of Fojz 2Hgaks Fod w4ol1, o W NN methyl-
enetetrahydrofolate(CH,-THE, 1)7} cofactor® 2§38 A
methylene %0|¢} hydride ¥-92 %319 methyl 715 233
ok o] F4EML- AU dTMP 349 §98 BAlo)x, u}
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‘deoxyuridine-5-monophosphate(FdUMP)Z A gt=d 4 dUMP
FAREERZ) ol TS AAIRE vebdth ST S4do] A8t
o B2 A E7} 5-FU wE&3HA gAY AFE vehle
A7 2t 1P H o= ol F A3t aA cofactord]
methylenetetrahydrofolate®] o3k fFEAFo] 4D A
(antifolate)2] 8- 7F TS AAAZ A7 ek

AL Bnyd JAAFAE folate?] pteridine ringS quina-
zoline ring® & W¥]7) 10-propargyl-5,8-dideazafolate (CB3717,
PDDE, 2)24] 953t 54A12235 in vivo TATIE 1
191 F JAY 2 24 IS veRRA T e
A=A 715 o] wEEe] 33l Aol FE YRS
o2 /W%t B4L raltitrexed(ZD1694, Tomudex®, 3)"2A <)
ANEE TR nielstel dAl fH B ulSellA FdA
2] 37po} AlgkEan 9Jut. o]olA] pteridine ringS pyrrolo[2,3-
dlpyrimidine ring® = H3A7) pemetrexed(LY231514, Alimta®,
4y}t 973 TS AAZAT in vivo B0 Yol BIHYL
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Fig. 1 - Structures of CHy)-THF and antifolates.
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Tricyclic ringS 71 AANATAZE dAl UIAE U
benzo[flquinazoline 3}¢%E GW1843(5)"2 u] &t} cyclo-
penta[glquinazoline 33H2 6!V Fo] 953t F AT} A
EEALS 7F TS dAA R HuE e, ol sfEse
cofactor?) tricyclic ringS EWSE 7224 TSe 1 #=e 2
&g olFEetar ofid=e) AAE ).

B AFoM= tricyclic ringS 7F GARAEARA S3HE 7,
8 95 AAEIEH o] $3HE S quinazoline ring®ll
pyrrolidine€ ZA%tA)71 dihydropyrrolo[3,4-flquinazoline 335
#4 cofactor?! CH, THFS} 72805 Fr) fAlsle] TS} 7
Hek AYS & 4 ozt 7= webA olest dakd
A BRHEEe] AAR FAUEA S BolA ERlstuAl At
SRAEES PRI o) FYSITESC] vhes 2 Q1A /3
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Aok Aldrich Chemical Co.8] AJES T2 ARESIAL HHE-
of AME-3F g1l 5 F= tetrahydrofuran(THF)¥} dimethylfor-
mamide(DMF):= Z}7}+ sodium benzophenone ketyl @ mag-
nesium sulfate® A% ZFslo] Algaigl e 7)eh Alekw) L)
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= 15 ol Aok AASHA oo ARgsIgith A3 E skt
258 QA o2 FABIAY Merck silica gel 60(40~63 pm)
2 A}83) flash column chromatography'V= A8t} Thin-
layer chromatography(TLC)= Merck silica gel 60 F-254 1%
FrElFH0.25 mm)yS ARESIAL A8, 8 2=, phosphomolyhdic
acid, anisaldehyde® ®raisto] $zbslglch. §782 Thomas-
Hoover AT ¢ &7971% 3351 28314 &3ich IR
E s ER S KBr pelletd AME5}o] Perkin-Elmer FTIR
1750 Spectrometer®. 4519t 'H NMR AHEH-2 Bruker
AMX-R300 Spectrometer(300 MHz)°ll 4] CDCl; %+ DMSO-
d5 2 ARgEl] 548199, chemical shifts § 25X
A ppmO R ¥7I593 TR A= vhe ) Zol o )t
9t} s, singlet; d, doublet; dd, doublet of doublets; t, triplet;
g, quartet; m, multiplet; bs, broad singlet. Mass ~HEH
(MS)2 Extrel ELQ-400 Mass Spectrometer©ll A = o}
E carder gas® AHE-38}o] electospray ionization ©. % =745}

St

3BIE 7 N-[4-((3-Amino-1-0x0-1,2-dihydro-7H-pyrrolo
[3,4-flquinazolin-8(9H)-yl)methyl)benzoyl]-L-glutamic acid
ol g

2-Acetylisoindoline (11) —Isoindoline(10) 3.00 g(25.2 mmol)
¥} triethylamine 5.30 m/(38.0 mmol)E methylene chloride
100 miel] €371 0°CollA acetyl chloride 2.37 g(30.2 mmol)
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methylene chloride 100 miE U 713t 22 33 A3 ok
9 MgSOE 7124711 749t 55813t} XIS flash column
chromatography(methylene chloride/methanol=12: 1)ol 2]l
Ak m A A 340 g(& 84%)S AUtk 'H NMR
(CDCly) & 2.18(s, 3H), 4.80(s, 2H), 4.83(s, 2H), 7.30(m, 4H).
2-Acetyl-5-nitroisoindoline (12) - 2135+ 34k 12,0 mio] 2-
acetylisoindoline 3.40 g(21.1 mmol)& o] (°CellA] A3k &
At 2% Ak 1:1 ) 80miE 7K 3 0~5°Cell A 2
AR TSI HEE S 100 mio] YSEol & F ethyl
acetate® 50 mi¥ 3 FE% ohE AUEE M3 F= MgS0,
E Az 771898 A F3AA 4 AL flash
column chromatography(methylene chloride/methanol=12 : 1)
of o3l gAlste] =3 1A 3.00 g & 69%)S It H
NMR(CDCly) § 2.21(s, 3H), 4.89(s, 2H), 4.92(s, 2H), 7.46(d,
1H, /=84 Hz), 8.13d, 1H, J=25Hz), 8.16(dd, 1H, J=2.5,
8.3 Hz).
2-Acetyl-5-aminoisoindoline (13) — 2-Acetyl-5-nitroisoindo-
line 3.00 g(14.5 mmol)2 THF 100 m/$} methanol 20 mi¢] =
°liL 03g°] PA/CE ¥ F Aol =2 B4 8o 2247
ST Wb EFAE Celited ARl o743 the 574
HE A SFHEAE B ZHALE flash column chromato-
graphy(methylene chloride/methanol=12: 1)l 2j&} A A5l
=B 2d 22888 89%)E 2tk 'H NMR(CDCl,)
8 2.16(s, 3H), 3.44(bs, 2H), 4.70(s, 2H), 4.75(s, 2H), 6.64(d,
1H, /=2.5Hz), 6.69(dd, 1H, /=24, 8.1Hz), 7.10(d, 1H, J=
8.0 Hz).
2-Acetyl-5-amino-6-bromoisoindoline  (14) - 2-Acetyl-5-
aminoisoindoline 1.48 g(8.40 mmol)& DMF 50 m/¢]] o]
~30°CollX] NBS 1.50 g(8.43 mmol)?] DMF €9 15 m/E 30%
T A7RshaL 1023 o 2Rk ok AF F5H3lel DMFE A
A3t B4E-L 6-bromo 35T} 4-bromo 3H3HE0) E3F
&%+ TLC(methylene chloride/methanol=10 : 1)o14] <) R &
< 747} 0487 05801901, o] EFES
matography(ethyl acetate/methylene chloride=2 : 1)°l ¢J&] &
23t FAHEQ) 4-bromo BE-S PA/C F) 5k 443}
Jh-g-ol 93| 2-acetyl-5-aminoisoindoline(13) 2.2 #9135} 31
bromination ¥+ ¢ ¥ ] 3% U 4] RS ur
53tk -+ MO vhg AAFES 38l 2-acetyl-5-aming-6-
bromoisoindoline 1.07 g&~& 50%)& 491rk: 'H NMR(CDCl,)
& 2.11(s, 3H), 4.10(bs, 2H), 4.73(s, 2H), 4.76(s, 2H), 6.70(s,
1H), 7.34(s, 1H).
2-Acetyl-6-bromo-5-(a-isonitrosoacetamido)isoindoline
(15) — 2-Acetyl-5-amino-6-bromoisoindoline 1.06 g(4.15 mmol),
chloral hydrate 0.90 g(5.44 mmol), sodium sulfate 1.30 g(9.15

flash column chro-

mmol}& FFF 20 mell 8k Wgk BAF 0.35 mi, hydroxyl-
amine hydrochloride 1.00 g(14.4 mmol)& 713 )& A|7F &5
wAkEIgIc WhE EEES 0°CE WZsle] 9L AHES o7
st ASEE AAT thy sty 4 314 1L15gE
85%)S A3tk 'H NMR(DMSO-dy) 8 2.08(s, 3H), 3.50(s,
1H), 4.67(s, 2H), 4.72(s, 2H), 7.67(s, 1H), 7.87(s, 1H), 10.76
(s, 1H), 12.21(bs, 1H).
2-Acetyl-5-bromo-2,3-dihydropyrrolo[3,4-e]indole-
7,8(1H,6H)-dione (16) — 2-Acetyl-6-bromo-5-(a-isonitrosoacet-
amido)isoindoline 1.03 g(3.16 mmol}Z 73t &4k 4 miol] So]
80°CelM 2ART Rkt th Ao7 zbsigitt. A9E 40m)
of vk EFEE 7leta 0°CellA 308 v anlsisich. A9
TAE A F A2 AXE o dxsle] 24 14
0.77 g(&=& 79%)S A3tk 'H NMR(CDCl,) § 2.16(s, 3H),
4.54(s, 2H), 4.88(s, 2H), 7.19(s, 1H), 11.06(bs, 1H).
2-Acetyl-5-amino-6-bromoisoindoline-4-carboxylic acid
(17) — 2-Acetyl-5-bromo-2,3-dihydropyrrolo[3,4-¢lindole-
7,8(1H,6H)-dione 0.765 g(2.47 mmol)2 1N NaOH =8 8 m/
o 7}sta 80°CE 7datgict. of7]e 30% TAtslrs 0.6 md

£ A7 v 17 wRkslelt), kS 84S 0°CE W¥4sk
gk AARE F7lslo] pHE 2~3°0% 2431k A" 1A

£ o3 - ASEE MRS i zxsle] IdAl uA] 066 g
E& 89%)S A9tk 'H NMR(DMSO-d) & 2.17(s, 3H), 4.50
(s, 2H), 4.81(s, 2H), 4.90(bs, 1H), 6.79(s, 1H), 12.01(bs, 1H).

2-Acetyl-5-aminoisoindoline-4-carboxylic acid (18) - 2-
Acetyl-5-amino-6-bromoisoindoline-4-carboxylic acid 0.65g
(2.17 mmol)2 THF 20 m/%} methanol 5 miel} =0]1 0.05 g¢]
Pd/CE ¥& F A2oA Fa T4 3l 2413 wnksisict, »t
EFAL Celited AMglo Sl The 7 s353ke] Az
A 1A 043g(FE 9% AUtk 'H NMROMSO-dy)
& 2.15(s, 3H), 4.53(s, 2H), 4.80(s, 2H), 6.51(d, 1H, /=8.0
Hz), 6.78(d, 1H, /=8.0 Hz), 8.60(bs, 3H).

Methyl 2-acetyl-5-aminoisoindoline-4-carboxylate (19) —
2-Acetyl-5-aminoisoindoline-4-carboxylic acid 0.20 g(0.91 mmol)
& dry ether 5 m/°] 35°]1 Diazald kitS ©)-83kd N-nitroso-
N-methylurea'® % 2 €] A3 ¥ diazomethane®] ether & (k
0.6 M) 2miE 0°Cold 271t the 3043t wrlslsit. Hkg ¢
B F acetic acidE r@o) A} wi7}hx] 7hsto] o)
diazomethane2 $loNiL ¥h3- §9& sodium bicarbonate =84
o7 23T A7) T8 TIEFE A1 T4 MgSO,2
AEAZ vy 748 w538k v 14 020 g8 94%)yS
Atk 'H NMR(CDCly) & 2.11(s, 3H), 3.84(s, 3H), 4.59(s,
2H), 4.88(s, 2H), 5.72(bs, 2H), 6.60(d, 1H, J=8.3 Hz), 6.65
(d, 1H, /=84 Hz).
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8-Acetyl-3-amino-8,9-dihydro-2H-pyrrolo[3,4-flquina-
zolin-1(7H)-one (20) — Methy! 2-acetyl-5-aminoisoindoline-4-
carboxylate 0.20 g(0.85 mmol)2- diglyme 2 ml] %2]3 chloro-
formamidine hydrochloride 0.11 g(0.96 mmo)S- 7}eF Th& 1A
7 8 wAksglth W 89S 0°CE 71kl ether 1 miE
7HE o mRkERic. AR TAlE odaletal ether® ofe] W
A o dzale] S A 016 g8 77%)S Atk
'H NMR(DMSO-dg) & 2.17(s, 3H), 4.51(s, 2H), 4.77(s, 2H),
6.27(bs, 2H), 7.05(d, 1H, /=8.1Hz), 7.43(d, 1H, J=8.1 Hz),
10.87(bs, 1H).

3-Amino-8,9-dihydro-2H-pyrrolo[3,4-flquinazolin-1(7 H)-
one hydrochloride (21) - 8-Acetyl-3-amino-8,9-dihydro-2H-
pyrrolo[3,4-flquinazolin-1(7H)-one 0.16 g(0.66 mmol)S 3N HCl
T84 6 mlell Hol1 1047 5 wRkslIT). Wb gols 7
& EFsI] BE AAT U2 o Al ethanol 15 miE
ZFeksith. 3LA7E A3 wi7hx] waksk ke ojwfslo] shaa
A 011 gFE 0% DAtk 'H NMR(DMSO-dy) § 4.39
(s, 2H), 4.60(s, 2H), 6.23(bs, 2H), 7.11{d, 1H, /=8.1 Hz),
7.48(d, 1H, J=8.1 Hz), 10.89(bs, 1H).

Dimethyl N-(4-(bromomethyl)benzoyl)-L-glutamate
(22) — Dimethyl L-glutamate hydrochloride 0.60 g(2.84 mmol)
< methylene chloride 10 m/* #EFAIZ] 31 0°Coll A triethyl-
amine 0.9 mi(6.46 mmol)S 7}3}] 3027F wHld oS e &
%ol A 4-(bromomethyl)benzoyl bromide 0.80 g(2.88 mmol)-
SR 71810] 1A1E o wkldct. v fle) S5 20 ml
£ 7}sta methylene chloride 20 m/E. 33] %3 o} ¥
MgSO, % A&A7]13L 4t wZ kit AAFS flash column
chromatography(methylene chioride/ethyl acetate=15: 1)of] <]
3 gAlste] WA wA 06l gGFE 58%) AATh 4
94.5~96.5°C; IR 3380, 3080, 2990, 1750, 1640, 1540, 1520
em’; 'H NMR(CDCly) & 2.15~256(m, 4H), 3.69(s, 3H),
3.82(s, 3H), 4.64(s, 2H), 4.84(m, 1H), 7.06(d, 1H, J=7.5 Hz),
7.51(d, 2H, /=83 Hz), 7.85(d, 2H, /=8.3 Hz).

Dimethyl N-[4-((3-amino-1-0x0-1,2-dihydro-7H-pyrrolo
[3,4-flquinazolin-8(9H)-yl)methyl)benzoyl]-L-glutamate
(23) - 3-Amino-8,9-dihydro-2H-pyrrolo[3,4-flquinazolin-1(7H)-
one hydrochloride(21) 77 mg(0.323 mmol)¥}  triethylamine
0.16 m/(1.15 mmol)E DMF 5 miol] =o]x7 Ao 3087 &
W3k thg dimethyl N-(4-(bromomethyl)benzoyl)-L-glutamate
(22) 120 mg(0.322 mmolyS 7Fskar -2ofx] 8A1F wkslsic.,
HES NS 7RE FEAIA A IA1E flash column chromato-
graphy(methylene chloride/methanol=9 : 1)l £Ja} “A|5}e] &
A A 5mg(FE 28%) DAk &4 187.5°CE3);
IR 3400, 1750, 1660, 1550, 1490 cm™; 'H NMR(DMSO0-dy)
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8 2.04~2.16(m, 2H), 2.41(m, 2H), 3.60(s, 3H), 3.67(s, 3H),
3.88(s, 2H); 3.97(s, 2H), 4.24(s, 2H), 4.50(m, 1H), 6.24(bs,
2H), 7.06(d, 1H, /=82 Hz), 7.41(d, 1H, /=82 Hz), 7.51(d,
2H, J=82 Hz), 7.88(d, 2H, J=8.2 Hz), 8.73(d, 1H, J=7.5 Hz),
10.89(bs, 1H); Mass m/z 494M+1).

N-{4-((3-Amino-1-oxo-1,2-dihydro-7 H-pyrrolo| 3,4-flquina-
zolin-8(9H)-yl)methyl)benzoyl]-L-glutamic acid (7) — Di-
methyl L-glutamate S-57(23) 40 mg0.081 mmo)S 1N
NaOH 589 2mief] 715kl 60°CollA] 3A17F wRISISIT), S5
3miE v 7R Ui Hbe 84S 0°CE WFsiar g it
A7kete] pHE 2~3°2% 2435t AAE 1S o 2)st
== AlEE v Axsto] vl 314 23 mgEG& 61%)
Atk §4 247.5°C(E3H); IR 3400, 1710, 1650, 1580,
1500, 1400 cm™; 'H NMR(DMSO-dy) & 1.96~2.13(m, 2H),
2.38(m, 2H), 3.91(s, 2H), 4.01(s, 2H), 4.27(s, 2H), 4.43(m,
1H), 6.26(bs, 2H), 7.07(d, 1H, /=82 Hz), 7.42(d, 1H, J=8.2
Hz), 7.51(d, 2H, /=82Hz), 7.89(d, 2H, /=82 Hz), 8.58(d,
1H, /=7.6 Hz), 10.93(bs, 1H); Mass m/z 466(M+1).

tlo o o >

8|BtE 8: N-[4-((3-Methyl-1-0x0-1,2-dihydro-7H-pyrrolo
[3,4-flquinazolin-8(9 H)-yl)methyl)benzoyl]-L-glutamic acid
o &

8-Acetyl-3-methyl-8,9-dihydro-[1,3]oxazino[5,4-e]iso-
indol-1(7H)-one (24) — 2-Acetyl-5-aminoisoindoline-4-carboxylic
acid(18) 0.20 g(0.91 mmol)®ll acetic anhydride 4.0 miS FF4
27ksha 110°CelA] 4417 ke vhs AL o7 Y7k,
F71891E A%k S5310) AAST 232 methylene chloride-
methanol E3-Elo] =21 th ethyl acetate® 716l 43
shsbd WA A 018 (5 & 81%)°] ¥eizivh: 'H NMR
(CDCly) & 2.16(s, 3H), 2.55(s, 3H), 4.54(m, 2H), 4.88(m,
2H), 7.67(d, 1H, J=8.2 Hz), 7.76(d, 1H, /=8.0 Hz).

8-Acetyl-3-methyl-8,9-dihydro-2 H-pyrrolo[3,4-flquina-
zolin-1(7H)-one  (25) - 8-Acetyl-3-methyl-8,9-dihydro-[1,3]
oxazino[5,4-elisoindol-1(7H)-one 0.18 g(0.74 mmol)& & =
niet FHAAE dry ice bathol] §3 QFEUo} 7215 H3A|
7 nA7F AFs] AVNEF 8 vk o] AEjellA] 3A17F wrlkst
ATk WS EFES Mo S8 PRV BT V1A
F oJ7]ell 1IN NaOH 589 3miZ 7}5ke 1417+ 85 wwbsl
ek BEE golg 0°CE W¥ahsha gk Eaks AViste] pHE
4% 27ssinh. AE TS ket & dSEE Al v
zste] A 14 015 g(FE 84%)2 I Ath 'H NMR
(DMSO-dy) 8 2.17(s, 3H), 2.43(s, 3H), 4.48(m, 2H), 4.75(m,
2H), 7.58(d, 1H, /=83 Hz), 7.75(d, 1H, /=8.3 Hz), 12.20(bs,
1H).
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3-Methyl-8,9-dihydro-2 H-pyrrolo[3,4-flquinazolin-1(7 H)-
one hydrochloride (26) — 8-Acetyl-3-methyl-8,9-dihydro-2H-
pyrrolo[3,4-flquinazolin-1(7H)-one  0.15 g(0.62 mmol)& 3N
HCl 789 6 moll Holx 12417t 85 ksl uks- 4o
& A5 EE3tol B5 AAT ok EoR Fte] ethanol 15
miE 7htgitt AZE AR wzbA] wakel vy ol Bste] ¥
A A 011g(FE RS EAth 'H NMROMSO-dg)
5 2.40(s, 3H), 4.31(m, 2H), 4.61(m, 2H), 7.61(d, 1H, J=83
Hz), 7.79(d, 1H, /=83 Hz), 12.17(bs, 1H).

Dimethyl - N-[4-((3-methyl-1-0x0-1,2-dihydro-7H-pyrrolo
[3,4-flquinazolin-8(9H)-yl)methyl)benzoyl]-L-glutamate
(27) — 3-Methyl-8,9-dihydro-2H-pyrrolo[3,4-flquinazolin-1(7H)-
one hydrochloride 30 mg(0.126 mmol)¥} triethylamine 0.07 ml
(0.50 mmol}2 DMF 3 m/ell s50)1 A2oflx] 3087+ wyket o}
& dimethyl N-(4-(bromomethyl)benzoyl)-L-glutamate(22) 47
mg(0.126 mmol)y& 718kl A2l 12417 wRkslit), ke -
NS A FFAIA 42 FAME flash column chromatography
(methylene chloride/methanol=10 : 1)°]l 2Ja} AA|gle] I 11
A 30mg(+& 48%)& YUtk 'H NMRMOMSO-dy) & 1.97~
2.17(m, 2H), 2.32(s, 3H), 2.44(m, 2H), 3.62(s, 3H), 3.69(s,
3H), 3.90(s, 2H), 4.02(s, 2H), 4.40(s, 2H), 4.53(m, 1H), 7.10
(bs, 1H), 7.50(d, 2H, /=8.2 Hz), 7.60(m, 2H), 7.87(d, 2H, /=
8.2 Hz), 12.14(bs, 1H); Mass m/z 493(M+1).

N-[4-((3-Methyl-1-0x0-1,2-dihydro-7 H-pyrrolo[3,4-flquina-
zolin-8(9H)-yl)methyl)benzoyl]-L-glutamic acid (8) — Di-
methyl L-glutamate +54(27) 30 mg(0.061 mmol)2 methanol
2mel 50]3L ©37]¢] 1IN NaOH 89 2 mZ 718t vk 60°C
oA 3A7F muksklth, vk SMg ZQF SRSt 4MlE B
T AAT F LA A FHSF 3miE 7iete] Hel v
0°CE W¥Zsta X3k Gaks #718le] pHE 2~392 23313
th AE AE o & ASER A the Az v
24 1A 20meFE 1% Utk 'H NMROMSO-dy)
& 1.95~2.15(m, 2H), 2.35(s, 3H), 2.40(m, 2H), 3.92(s, 2H),
4.04(s, 2H), 4.39(s, 2H), 4.46(m, 1H), 7.11(bs, 1H), 7.52(d,
2H, /=83 Hz), 7.63(m, 2H), 7.89(d, 2H, /=82 Hz), 12.08(bs,
1H); Mass my/z 465(M~+1).

SIEE 9: N-[4-(2-(3-Methyl-1-0x0-1,2-dihydro-7H-pyrrolo
[3,4-flquinazolin-8(9H)-yl)ethyl)benzoyl]-L-glutamic acid2
gy

Dimethyl
(28) — 4-Bromophenethyl alcohol 1.00 g(4.97 mmol)¥} diiso-
propylethylamine 1.2 mi(6.89 mmol)E THF 20 m/o] =o)L
chloromethyl methyl ether 0.42 g(5.22 mmol)S 7}3F TR 44]

N-(4-(2-hydroxyethyl)benzoyl)-L-glutamate

s & $& THF 20m/
z 8k H MgSOE 7
z8 the 723t =310 1-bromo-4-2-(methoxymethoxy)ethyl)
benzene 0.98 g(<+& 80%)S A3lt}. o] 8%E THF &4
10miE 22 27 dtellA plavils % 0.11 g7 THF 10m/
£ 353 ZelaTel Avska 3087 S5 whkst ths W7t
3l5ict. o] Wk gols Hal Tlojojol A 58 I3 H|O]A
of] AJojFrA 7¥laL =elololo|2rt BE 7]ste wt
2 kst vES A0S 78E SR8l SE B AlAg
F QoA Aol T 20 miE VISl 21 o 0°CE W7
3oL 23 GAke Arlsle] pHE 2~3202 24315t A€
FAE oA & AFEE AHF thy 1F81 4-2-(meth-
oxymethoxy)ethylbenzoic acid 0.55 g(5~& 65%)2 A 31t} ©]
815 0.5 g(2.38 mmol) ¥} triethylamine 1.0 m/(7.17 mmol) =
methylene chloride 15 mfel] 50132 0~5°CellX] methanesulfonyl
chloride 0.22 m/(2.84 mmol)E %3] 7|5k th3 1087 o i
w1t} o] £-o] dimethyl L-glutamate 0.45 g(2.57 mmol)&
7helkar Aol 1A17E wakekglch Wk §-95 £, NaHCO,
g 23 AFR A7 AHsta T4 MgSO,E xS
TR 7ot & 3to] WA 513 045 g 52%)= DT ©)
WA 514)E methylene chloride 3 m/°] =°]31 trifluoroacetic
acid 25 miE 71et the A-2ellA 12413 mRkEit v &
ol ZH 20mlE 73}l methylene chloride 20 mi= 23]

FE3 Uhs 7 MgSO,Z AZRA |3 78t §F3ISivh A

=

Z flash column chromatography(methylene chloride/ethyl
acetate=15: 1)l 2J3l| Alslo] WA 374 0.32 g+& 81%)y=
dgith: 'H NMR(CDCly) & 2.17(m, 1H), 2.32(m, 1H), 2.50
(m, 2H), 2.93(t, 2H, J=6.5Hz), 3.67(s, 3H), 3.80(s, 3H), 3.90
(t, 2H, /=6.5Hz), 4.82(m, 1H), 7.05(d, 1H, /=75Hz), 7.33
(d, 2H, J=8.3 Hz), 7.76(d, 2H, /=8.3 Hz).

Dimethyl N-{4-(2-(3-methyl-1-0x0-1,2-dihydro-7H-pyrrolo
[3,4-flquinazolin-8(9H)-yl)ethyl)benzoyl]-L-glutamate
(29) — Dimethyl N-(4-(2-hydroxyethyl)benzoyl)-L-glutamate(28)
55 mg(0.170 mmol)#} diisopropylethylamine 0.07 m/(0.40 mmol)
£ acetonitrile 5mPll =°]3. —30°CelA] trifluoromethanesulfonic
anhydride 0.034 m/(0.20 mmol)Z 715k o} 587+ wakalgict.
72 2204 3-methyl-8 9-dihydro-2H-pyrrolo[3,4-flquinazolin-
1(7H)-one hydrochloride(26) 40 mg(0.168 mmol)&- 71517 2%
E Axfe] Ao g 3ARE O wHkEiIch whg 89S 7]t
FZA1A A& FARE flash column chromatography(methylene
chloride/methanol=10 : 1)ol] 23l “GA|5le] S 14 28 mgE-
£ 33%)2 ¥tk 'H NMR(CDCL) & 1.97(m, 1H), 2.06(m,
1H), 2.33(s, 3H), 2.35(m, 2H), 2.72(m, 2H), 3.05(m, 2H),

Z=Y
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3.58(s, 3H), 3.65(s, 3H), 4.01(s, 2H), 4.41(s, 2H), 5.70(m,
1H), 7.10(bs, 1H), 7.34(d, 2H, J=8.3 Hz), 7.60(d, 1H, J=8.1
Hz), 7.78(d, 2H, /=83 Hz), 7.79(d, 1H, /=8.0 Hz), 12.22(bs,
1H); Mass m/z 507(M+1).

N-[4-(2-(3-Methyl-1-0x0-1,2-dihydro-7 H-pyrrolo[3,4-
flquinazolin-8(9H)-yl)ethyl)benzoyl}-L-glutamic acid (9) —
Dimethyl L-glutamate -3-%=4(29) 25 mg(0.049 mmol)S meth-
anol 2 mfe] *50]37 of7]e] 1V NaOH -2 2 miZ 713k the
60°CoNl A 3A7F wElit, whe folg 7ho} Z23lo] 4nE
55 AAT F Qo)7 WAkl ZR 3mi sla] el ohe
0°CZ d7sfal gk Gaks #)71slo] pHE 2~39% 24319
o AdE IAE O%TJra T Ad5ER A ohg Az v

2l 73 14 mgEEE 59%)S Atk H NMR(CDCly) & 1.93
(m, 1H), 2.09(m, 1H), 2.34(s, 3H), 2.37(m, 2H), 2.71(m, 2H),
3.03(m, 2H), 4.40(m, 1H), 4.60(m, 1H), 4.87(m, 1H), 4.94(m,
1H), 5.27(m, 1H), 7.45(d, 2H, /=83 Hz), 7.61(d, 1H, J=8.1
Hz), 7.79(d, 1H, /=8.1Hz), 7.90(d, 2H, /=8.3 Hz), 8.62(bs,
1H), 12.09(bs, 1H), 12.57(hs, 2H); Mass m/z 479(M+1).

In vitro YMZZA X5} =X
FE RS ] S iy pitro MEZA A EHS

;_xﬂsl- _E/Vﬂ 745?5}0312} B A]aloﬂ 1 ]‘Ti %EH % A @1
A L1210, AA Fall TAEZ FAHZA wehisz
CCRF-CEM, 14| F3) A% *OW] HT-292] SHA|FXFE2
ARSI Al sEulkell B g wix 2 5% Folx] AH T}

dimethylsulfoxide(DMSO)E $Hak= RPMI-1640 HiR|E AR&-
3fglom 37°CY] F28H5 5% CO, wWiokzlola wieksigict. A
X2 Adle 3~4Yel 1814 At o] 45 ¢
M= AEAFO] FAHA T 50%E A EHE FEAC,)E
MTTY £33 ol gajo] AAsIgit, o] Adela= WA A
¥ E 6,000HT-29) == 10,000(L1210, CCRFE-CEM) A4
96-well plate®] 7} welloll 8t ths AlH3EES o 5%
9] log dose®. Wol-aL wllkslir] Aol s Azst
Aok RHEES SEliA7]E dis e uel DMSOE AR
slgom oja) A|HjFdle] 7lEizli= DMS0S] F%i 0.5% ©]
317F 5= Sgit) kA7 39 (L1210) = 49U (CCRF-
CEM, HT-29013) 1, viekts & MTTE 417 Aglsla A
£ R A¥ae B9 wWioE A% MTT
2HE Mo &l A=) FHH formazans DMSO° &
A7) T2 540 nmoll A microplate readerE o]4-3le] THT
£ SAS 1Cy) w2 7] JeiME g ss Oiat o
AT g0 TR RE] 50% AAE Yodle RS
Akt ot 1C,, 4k 33] W& Ajsislol Fdgks #8)
SAct.

Vol. 50. No. 4. 2006

[N
Ach
b=
K
1]

2E
&4 38lE 5 3-aminopyrroloquinazolinone #-%A 7
Scheme 10 w2}t #X3atATh. 52 33Eo)A tricyclic ringS
HAAsl7] ¢9sAE= isoindoline© EH-E Ekale] o 7)o
pyrimidine rings F7FskEAl sHATE WA isoindoline 102] N
£ acetyl group® & X533t TR nitration®} hydrogenation WY
o ~’F6§ 3lo] amino groups 59 Ao =35 3E 138
A8, o]ofA] ofgle} e Tk WhEell &J3l carboxylic
acids 431 ﬂ%xl of =8IEIIt, $-41 carboxylic acid7} 68 ¢4
of T=E Ag Abdslr] Y o] AelE WA BrE X|FAA
R 5313 =d NBSE ARE-S radical bromination §H5-2] 43}
6-bromo 3= 2lell 4-bromo BEET Bl vEE A
it wakA o] % 535S flash column chromatography©fl
o} ¥-e)et & 4-bromo FH3HE-L hydrogenation §h&-ofl 213t
debromination §2A1A amino 3BHE 1307 A7) ohS
& o W ] ko]
6-bromo IEE 145 50% TEE FYTh o) FEES chloral
hydrate & hydroxylammeﬂr ‘j& Al7 hydroxyiminoacetamide
F24 155 Ao o8 X3k 34F fofofl A imino group
benzene ringl couphng/\lﬁ isatin F5A4 162 A3k, ojolA
AN zAY HAFF e H-S-AlA isatin ring®] oxidative
cleavageZ %311 6-bromo groups hydrogenation ¥H-5< 2]

bromination ®¥F5-3} chromatography

3 debrominationA]71% 5-aminoisoindoline-4-carboxylic acid
FEA 180] B2 T&2 R Th tricyclic ring T2 v
©A%) pyrimidine ring?) ¥4-S Sl E UA §]rULC’ 185
diazomethane™} ¥H-3-A|7A4 methyl ester 195 2431511 o]

5} chloroformamidine®} H+-§-A1744 pyrimidinone nngol
2713 isoindoline, = dihydropyrrolo[3, 4—]‘]qu1nazohnone tricyclic
ringS FAT = qllen o] gkE 208 FAF 880l 10
AlZE S5 wREsle] N-acetyl 23715 aﬁ_ié}oi T8 A
212 FA8t9 . o] S7HAIE dimethyl N-(4-(bromomethyl)
benzoyl)-L-glutamate 22¢} N-alkylation RH§S 83}
dimethyl ester 23& T8 U5 7lrEslistol s &4 83E
78 AEH o s Ao

27 3}gHE 5 3-amino group U4l 3-methyl group& 714l
3%%E 8% 9= Scheme 2¢] wel FAATH WA 5
aminoisoindoline-4—carb0xy1ic acid =4 182 acetic anhydride
9} WES-A1A oxazinone A=A 245 /I3 TR A kR o}
o] Whe-o) o3 benzamide FEAE D51 o) FFES
sodium hydroxide®} HF&-A1A ThA] ringS BAd310] 3-methyl-
dihydropyrrolo[3,4-flquinazolinone tricyclic rings 38 4 31
Fow o] aRtE 258 AAT F-Elel A 1241t - wRksted

_{
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) Br
I ON HN H,N
HC™ Cl HNO3, H,S0, Hy, PA/C NBS, DMF
B e e ——— B ———
r.t. (30 min) 0-5°C (2 hr) rt. (2 hr) -30°C (1 hr)
NH N\ N‘ N‘ N\
84% Ac 69% Ac 89% Ac 50% Ac
10 1 12 13 14
H Br Br Br
O N R HoN
Ci;CCH(OH),, NH,OH j conc. H,S0, o NaOH, H,0, H,, PdIC
HCI, H,0, reflux (1 hr) N 80°C (2 hr) 80 °C (1 hr) HOC rt (2 hn)
OH N\ O N\ N\
85% Ac 79% Ac 89% Ac 90%
15 16 17
HN HN HN_ N H,N.__N
CH,N, CIC(NH)NH, - HCI g 3N HCI i
HO,C T HiCOC HN > HN
rt. (1 hr) so2 diglyme, reflux (1 hr) reflux (10 hr)
N, N, 0 N o NH - HCI
Ac 94% Ac 77% Ac 70%
18 19 20 21
HN N
Br H Y
N\r\,coch3 (22) HN
0 COCH, 0 N 23 (R=CHy)
:] 1N NaOH, 60 °C (3 hr)
EtN, DMF, r.t. (8 hr) H 7(R=H)
N\‘/\/002R 81%
28% 0 COR

Scheme 1 - Synthesis of the target compound 7.

N-acetyl R3715 @R358} F7H 262 T35, o] 7 rolo[3,4lquinazolinone -+ =4 7°] 3-methyl § =3 8%} 9]
AE para AA7 A3 E4d35tE benzoyl-L-glutamic acid RISl 1080 I 3.5u) 55ithe A& Holx T I A=A
dimethyl ester} ¥FSAIZEH A S3HE 79 e vixyt o] UIREAT AR AR $EE Ve Tk &3 o
A2 bromomethyl 3EE 229 AAH WHEAZ|AY EE 2% amino FEAE HT-299 tisiN = IC,, kol 18.8 M=
hydroxyethyl 3}$+E 28% triflic anhydride® 2/93MA]#A N- v]eksiunl 848 Hol gt o] desamino FEA EE
alkylation RF8-S 5843}o] dimethyl ester 275} 205 43310 methyl F-=A47F =82440] F7I8loix] TS oJAI@A o] S71eHAl
1 o[5S 77t iR Eisll B e 89 92 HEe "rhe oy RutPdx BFsty, AWt o Z CHyTHF

2 st cofactor®] pteridine ring =5 GAFAEA|S] quinazolinone ring
o] A%+ amino groupe] TS Y active siteslA] B 73 2
In vitro HeiEY & fEdthe A% o 2 B¥sln ok waE 3-

P AFEES FHEL in vitro AEFA AAEHNE methyl F=A4 89 99) 39, =4 99] AlEEAdo] oF 34 T
3o =N AT 1 A7E Table o] YeR)SITE 73 781941 o= dihydropyrroloquinazolinone ring?} benzoyl-L-
o] Uehd TS GAAIZA 2] GAHRIGAES MEZF2] oA 84d0) glutamic acid Al0]2} 7S B4 shuelr] g FAE ERE
pM G919 IC,, @l A $<psitin gass Quds™O B o) AEEAde] SR 2 Uehiia, ol2f%t Ak tricyclic
AFoME X 8A AEAR! AG337S0S NREAZ AFE ringS VMR GAAEAEA H]d ol H4E JkR
sto] 8L v aEATh ZHIFEEL 359 GAEF T GWISBEL] 958 FE rolw ok Bu¥d fAIRE 2
L12103} HT-299 dhsiAle &/do) wlsAy A ekl stolth, B3 pyrrolo[2,3-d]pyrimidine bicyclic ringell B4 U]
223k3. CCRE-CEM®Y| tisiie 0.8~8.3 uMe] MIE52 oAl 70 bridgeZ} FER FAHAIA7} 93 BAYE BRItk 2
A& Rt o)Ye B2 ZX33ME 5 3-aminodihydropyr- o] Ra% 2 N3AeL FALSE ool sjgshs vl o1HE &
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HN HC._N H,C. N HC N
Ac,0 m NH; 1N NaOH H\N(/ 3N HC H\Nr/
HO,C > A
110°C (4 hr .78 © reflux (1 hr reflux (12 hr
\ 4 hn) 5 N 78 °C (3 hr) {thn) o / (12 hr) 3 -
Ao 81% Ac 84% A 75%
18 24 25 26
- ., Hch N
N CO,CH; (22 HN
O CO,CH, 6 N 27 (R =CHy)
] 1N NaOH, 60 °C (3 hr)
EtaN, DMF, r.t. (12 hr) H 8(R=H)
N CO,R 71%
48% 0 COR
HO Hsc\r/ N
H
N\(\/COQCH3 (28) HN
O COCH, o N 29 (R = CHy)
:l 1N NaOH, 60 °C (3 hr)
(CF350,),0, iPr,EtN, CHLCN, r.t. (3 hr) H\(\/ cor SR=H
59%

33%

Scheme 2 - Synthesis of the target compounds 8 and 9.

Table I-In vitro cell growth inhibition, IC5, (M), of dihydro-
pyrrolof3,4-flquinazolinone antifolates

Compound L1210 CCRF-CEM HT-29
AG 337 1.1 0.81 3.7
7 >15 0.83 18.8
8 >15 8.3 >20
9 >15 29 >20
A 79 H3E B3 bridge oo W QardEgA L] A=
A AR o) ofH JEES mRE=Ael Uigt ATvF FH L.
2 %9 Jev} Yrkn Angd,

=
(==

TSS] cofactor’] CH, THF(1)8} 72402 & FAH HE)
o] FAHAgARA dihydropyrrolo[3,4-flquinazoline ringS 7}%
SIRME 7, 8, 95 BT in vitro FLBYL PAEF< o
& AEFA AAEAE ST RN AT 1 Ao A
Yoll ARRE 352 AMET F AA T TAZ FHE=A
WHBAE CCRE-CEMP| tisfiA] 0.8~8.3 uMe] A|3E52] 24
g4E 13t A 31gHE F 3-amino 754 70] 3-methyl &
=4 83 90] uls) ATEA0) 104 = 358 SSHAT 1Cy,
#el 0.83 pME. =547 §ARBIIE=), = amino groups
¥ 38h= dihydropyrroloquinazolinone ring®] TS W active site
oA ©] 75 AE AT Aol Zdsittn Fgkitt. 3-
methyl 54| 82} 92] 73-9-, dihydropyrroloquinazolinone ring
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3} benzoyl-L-glutamic acid Atelel] €4 F712] bridgeE 71
A 99] ME=AJO] ¥4 Sl bridgeE 7R frieA 8T
ok 3u)) T 75l ©]= benzoyl-L-glutamic acid side chain
2] tricyclic ring®ZHF-E12} Az|e} YAA wjgko] X T2
ARG Fag ¥gvE 2 F USE HERITL Sl

US| i
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