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Abstract—A new series of methotrexate analogues was prepared in which the B-position of
the glutamic acid moiety is substituted by the aryl groups. The glutamic acid moiety was modified
in order to enhance the lipophilic property. Reaction of N-acetylglicine ester[1] with ethyl 3-arylac-
rylate derivatives[2] produced trans-3-aryl-2-carboxy-5-pyrrolidone derivatives[3], which were hy-
drolyzed to give B-aryl-glutamic acid derivatives[4]. The compounds[4] were treated with the
p-aminobenzoic acid moiety and then with the pteridine ring moiety to give B-arylmethotrexate
derivatives[ 6, 7). These compounds were tested for antibacterial activity against Strepfococcus fae-
cium and for antitumor activity against murine leukemias and against human tumor cell lines
in vitro. Several compounds showed significant antibacterial activity.

Keywords [] Folic acid antagonists, #-arylmethotrexate, lipophilic property, antibacterial actiivity,
antitumor activity, Streptococcus faecium, murine leukemias, human tumor cell lines.

o Ak A2 8 Al (folic acid antagonists)x= A A o]
A] one-carbon transfer2 8%t H¥¢& Hgsi=
Jate] A& ARz g9 =E g4E
#5 Jehll= 3gHEelckr? qd4ke] one-carbon
transfer 2. 2+-4-317] 918} A+ dihydrofolic acid7} di-
hydrofolic reductase@}= & 2ol 2)3) tetrahydrofolic
acid2 A =ojo} sh=d], GANAL A = dihyd-
rofolic acid®t} o] &l wlsiA o & AgHL
Z+=t}, o] ZAF one-carbon transfer® &3l 3
239l folateEo) FAFA 9o o]2 s folate
coenzyme®] 4% AEU AL doF AE o
e g2EA Ao
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thotrexate”} ¥A4€ F, AF7Hx ot 729 &
AR G = k) FEeA 4 w49 HO-
7]1% H,N-7|& H8A]9]22 dihydrofolic reduc-
taseoll w3 X3t o] 10° W) F7} He) AR ow
78 b Jehjon, 44 ®4e] HO-71E
HS- =& CHS-712 X3 4t FAHRIES 7
gk shrahg-g Jelyas? gake] FEelA p-
aminobenzoic acid 82 thdslA #H3AZ FAb
A2 10-oxafolic acid, 10-deaza-aminopterin -+
11-oxa-homo-aminopterin 5-°] A= ¢}t 0
gAte] FZoA glutamic acid RES H3AZ
AR 25 Xg712] L-glutamic acidg D-glutamic
acid =& t}E olui4to 2 XFA|7] odrle) B
gl o ojr|ito 2 XA G4t AR EE
methotrexatee]| 4] glutamic acid ©§4l dimethyl D,L-



A=z

QA WA A §8 R 8 327

0
COOEt
HN O—/ Ar
H H,N—-C—H
1 Aar— — Ar-(I:—H ‘TsOH
o)
— ﬁ COOH H=G—H
o COOEt
O 5 3 a
H COOEt
S . ——@-CO-—HN—CI:-H
HSC/ Ar—(ll—H
H—?—H
5 COOEt

NH, 10 COOR
NJ\/E CHz @co HN-— -

1 Ar—C H

N 8a H_C —H

COOR

Rs o = —Et Ar; a = —CGHS’ b = ‘_CGH4_CI—‘p)

= —H c = _C6H4_Bf-p1 d= —CeHd—CHa—_
Scheme 1.

asparate, homocysteine-thiolactone *+= ethyl L-
ToE AFAZF LA, o) FAAE
g+ &3 £+= L-1210 murine leukemiad] %/‘é%
viepych!V

AF7HA QA fAe] el A glutamic acid
T2 o, f- = y-HAE G2 712 HFE AR
AF= Bud up ik

B A¥e| A trans-3-aryl-2-carboxy-5-pyrroli-
done(3)E 713l st} erythro-3-arylglutamic acid
5 FAF D o] A& o] &-3}e] t}ekdl B-arylmethot-
rexate FAHAE(6, 78 At §4E FARHIEG,
7€ methotrexate oA glutamic acid H-H#2
B-HAE aryl-71Z2 #3AF 7] Wi methotre-
xatee] ®ls] FAdo] Fuj=leie} ARG

Michael reaction2- ©]-8-3}o] acetylglycine ester(1)

methioninate
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¢} ethyl arylacrylate(2)3 ® —2— 14 trans-3-aryl-2-
carboxy-5-pyrrolidone(3)& AlgHeoz At
o]71& 6N HCI=E 7lE-3)3led (2 )-erythro-3-arylg-
lutamic acid®) HCIEE <«d¢ich?
(+)-erythro-3-arylglutamic acid®] HCI%J-& ethyl
p-toluenesulfonate$} WF-3-A14 A gt diethyl 3-aryl-
glutamate ] TsOH%(4)"®-& 4-(N-methyl)-aminoben-
zoylchloride*®”¢} BF-$-21# Diethyl N-[4-(N-methyl)
aminobenzoyl]-p-arylglutamate(5)& Atk #H3HE
(5)% 2, 4-diaminobromomethyl-6-bromomethylpteri-
dine®¥3} N N,-dimethylacetamide vl &}l 4] ®H-S-
AlA  diethyl
thylJmethylaminol Jbenzoyl}-B-arylglutamate(6)&
glomBly o)7L otz-2A NaOHZ 73] 3te]
B-arylmethotrexate +=A4(7)2 A% thScheme 1).

N-{4-[(2, 4-diamino-6-pteridinyl)me-
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Table I— Antibacterial activities against Streptococcus faectum
ID5,Sample 6a 6b 6¢c 6d 7a 7b 7c 7d MTX
1 20 44 53 16 111 144 156 213 16
IDs, 2 24 4.9 6.0 18 111 156 159 221 17
*10°*M) | 3 30 4.9 6.8 19 130 187 183 229 18
4 34 5.7 6.8 20 156 190 185 234 20
Mean .
*10-M) 2.7 5.0 6.2 18 127 169 171 224 18
Sample(IDsy)
MTX(Ds,) 0.15 0.2 0.3 0.1 7 9 10 12 1

*folic acid: 17 ug/ml

Table IT— Antitumor activities against tumor cell li-
nes

Sample EDsr(pig/mi)
A-549 SKOV-3 XF-498 HCT-15 L1210
6a 14.1 16.6 52 0.3 0.0269
6b 55 125 44 0.2 0.0859
6¢ 2.6 8.6 64 0.34 0.1221
6d 74 18.8 5.0 0.2 0.0828
7a >300 >300 >300 >300 >20
7b >300 >300 >300 >300 >20
7c >300 >300 >300 >300 >20
7d >300 >300 >300 >300 >20
MTX | 0.0012 0.0087 0.0035 0.0014 0.0095

33E 63 72 Streptococcus faecium(ATCC No.
8043)o WA AAEAE FAs dF EAE A
M sl9d al(Table 1), 3HE 78 in vitroo] Al human
tumor cell linesol| & 3}tE 2122 B mouse tu-
mor cell linesel| Bigt FPEABHE A5} cHTa-
ble I, Fig. 1, Fig 2, Fig. 3).

A ay

2171 ¥ Ajb—§3 232 Electrothermal §42
A7|(digital) & AHE3tAow, 2EAE HAE =R ¢
stch. 'H-NMR-2=¥E#]s} BC.NMR-~#E3e
TMSE WH-EFE4ZE 3l9 Bruker AM 300, Bru-
ker WP80SY$} Varian XL 3008 A}-&-3}gich A|eke
T2 AldrichA}¢} Sigmarle] AlEF-E AHgsleon,
Sl i dubE g o2 KA sle] Apgaledd).

Diethyl (% )-erythro-3-arylglutamate - TsOH(4)}

B4 —5mmol trans-3-aryl-2-carboxy-5-pyrrolidone

-
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Fig. 1—Effect of compounds against A549 non—small
cell lung carcinoma.
[MTX(2); 6a(0); 6b(1D); 6c(@); 6d(m)]

NET GROWTH AS % OF CONTROL

3l 250m/ 6N HCIE 713t 12417k #7A 13k
o] $oi-g W7}, onsta AL Zsistel] FE3
%, 53t ethyl acetateE 7184 52 o 3 A
dg oz}, Azs}ed, (+)-erythro-3-arylglutamic
acid®] HCl 98 dgch Ax3% HCl 94 5mmol
ethyl p-toluenesulfonate®} M7 F<= ethanol -£vi
slol| A 24~302|7F #FA1Zc) o] £4& YR ¥
7t 233, 50ml etherE 71allA A= &1 R
A& o3, Az3Rh

Diethyl 3-phenylglutamate: TsOH(4a)—52%, mp
135~137T (acetone/petroleum ether), 'H-NMR(CF;
COOD, 3=ppm): 1.00(t, 3H, ester-methyl); 1.10(t,
3H, ester-methyl); 2.29(s, 3H); 2.98(d, J=7.5Hz, 2
H); 3.60(m, 1H); 4.00(q, 2H, ester-CHy); 4.10(q, 2H,
ester-CH,); 4.31(d, J=5.7Hz, 1H); 7.22~7.75(m, 9H,

aromat.)

>
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Fig. 2—Effect of compounds against HCT 15 colon ca-
rcinoma.

(MTX(2); 6a(0); 6b(L); 6c(@); 6A(m)]
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Fig. 3—In vitro activities against L1210 mouse leuke-
mia.
[MTX(2); 6a(0); 6K(); 6c(@); 6d(m)]

Diethyl 3-(4-chlorophenyl)glutamate - TsOH(4b)—
53% mp 144~145T (acetone/petroleum ether), 'H-
NMR(CF;COOD, 8=ppm): 1.00(t, 3H, ester-methyl);
1.10(t, 3H, ester-methyl); 2.35(s, 3H); 3.00(d, J="74
Hz, 2H); 3.66(m, 1H); 4.00(q, 2H, ester-CHy); 4.10(q,
2H, ester-CH,); 4.30(d, J=6.3Hg, 1H); 7.17~7.67(m,
8H, aromat.)

Diethyl 3-(4-bromophenyl)glutamate- TsOH(4¢)—
41% mp 146~ 148T (acetone/petroleum ether), 'H-
NMR(CFsCOOD, 8=ppm): 1.00(t, 3H, ester-methyl);
1.10(t, 3H, ester-methyl); 2.36(s, 3H); 3.00(d, J=74
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Hz, 2H); 3.64(m, 1H); 4.00(q, 2H, ester-CH,); 4.10(q,
2H, ester-CHy); 4.29(d, J=6.3Hz, 1H); 7.11~7.67(m,
8H, aromat.) ‘

Diethyl 3-(4-chlorophenyl)glutamate - TsOH(4d)—
44% mp 132~134C (acetone/petroleum ether), H-
NMR(CF;COOD, 8=ppm): 1.00(t, 3H, ester-methyl);
1.10(t, 3H, ester-methyl); 2.29(s, 3H); 2.36(s, 3H);
297(d, J=75Hz, 2H); 3.66(m, 1H); 4.00(q, 2H, es-
ter-CHy); 4.10(g, 2H, ester-CHy); 4.28(d, J=6.0Hz,
1H); 7.13~7.68(m, 8H, aromat.)

Diethyl N-[4-(N-methyl)aminobenzoyl]-B-aryiglu-
tamate(5)2] £ —2 mmol 4-(N-methyl-N-tosyl)ami-
nobenzoy! chloride¢} 2 mmol diethyl erythro-3-aryl-
glutamate* TsOH ¢1(4)& 16 mmol KHCO;E &vi 3}
o4 25mi dichloromethane® 25 m/ &9 &% &
v ol A Al&stel] 12417k anbstsdct. #7] SvlES
2glste] IN HCIs &2 A AHTF, MeSOE 8%
A 3 7k FEsich ojgA e Axd 3
322 4mmol phenol® 10 m/ 30% HBr(in acetic
acid)e} A Ao 4A17F wHRREE, 100 m/
etherZ 7}81al f4F e 3 A Bl A7) Sl
A mEZIR AATS F ol Uv 4 B2 A
HE-& ether2 23] o] AH3r}. ©]71& 100 m/ dich-
loromethanesl] o], IN KHCO; §9° & AH3t
F, MgSO,2 78 A7, 744t 55315 ethyl ace-
tate/petroleum ether B ethyl acetated Ap8-3hd
Y AAE

Diethyl N-[4-(N-methyl)aminobenzoyl]-3-phenylg-
lutamate(5a)—49%, mp 120~123C (ethyl acetate/
petroleum ether), '"H-NMR(CDCl;, 8=ppny): 0.98(t,
3H, ester-methyl); 1.06(t, 3H, ester-methyl); 2.87(m,
2H); 2.87(s, 3H); 3.64(m, 1H); 3.90(s, 1H); 3.94(q,
2H, ester-CH,); 3.97(q, 2H, ester-CHy); 5.02(t, J=8.6
Hz, 1H); 6.61(s, 1H); 6.60(d, ]=8.9Hz, 2H, aromat.);
7.20(s, 5H, phenyl); 7.60(d, J=89Hz, 2H, aromat.)

Diethyl N-[4-(N-methyl)aminobenzoyl]-B-(4-chlo-
rophenyl)glutamate(5b)—66%, mp 135~138C (ethyl
acetate), 'H-NMR(CDCl;, 8= ppm): 1.04(t, 3H, ester-
methyl); 1.08(t, 3H, ester-methyl); 2.88(m, 2H); 2.88
(s, 3H); 3.64(m, 1H); 3.90(s, 1H); 3.99(q, 4H, ester-
CH,); 5.02(t, J=86Hz, 1H); 6.57(s, 1H); 6.60(d, J=
89Hz, 2H, aromat); 7.20(m, 4H, aromat.); 7.60(d,
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J=89Hz, 2H, aromat.)

Diethyl N-[4-(N-methyl)aminobenzoyl]-B-(4-bro-
mophenyl)glutamate(5c) — 74%, mp 126~ 1287T (ethyl
acetate), lH-NMR(CDCl;, §=ppm): 1.04(t, 3H, ester-
methyl); 1.08(t, 3H, ester-methyl); 2.87(m, 2H); 2.87
(s, 3H); 3.65(m, 1H); 3.90(s, 1H); 3.98(q, 4H, ester-
CHy); 5.00(t, J=8.7Hz, 1H); 6.56(s, 1H); 7.10(d, J=
8.9Hz, 2H, aromat.); 7.10(s, 4H, aromat.); 7.40(d, J=
89Hz, 2H, aromat.)

Diethyl N-[4-(N-methyl)aminobenzoyl]-B-(4-me-
thhylphenyl)glutamate(5d)—54%, mp 100~101T
(ethy! acetate/petroleum ether), 'H-NMR(CDCI;, &
=ppm): 1.00(t, 3H, ester-methyl); 1.08(t, 3H, ester-
methyl); 2.29(s, 3H); 2.86(m, 3H); 3.60(m, 1H); 3.90
(s, 1H); 397(q, 4H, ester-CH;); 4.99(t, ]=8.7Hz, 1
H); 6.61(s, 1H); 6.60(d, J=8.9Hz, 2H, aromat.); 7.10
(m, 4H, aromat.); 7.60(d, J=89Hz, 2H, aromat.)

Diethyl N-{4-[(2, 4-diamino-6-pteridinyl)methyl]-
N-methylaminobenzoyl}-B-arylglutamate(6)2 £ —
1mmol diethyl N-[4-(N-methyl)aminobenzoyl]-g-
arylglutamate(5)¢} 1 mmol 2, 4-diamino-6-bromome-
thylpteridine& 5 ml N,N-dimethylacetamide &+ 3}
o 84 50~55C & FRIshAA 427 E &
HhslaL, 25C oA 17412 w§ & 7)o & 50
m/-& 718 AAel Az o] EFES WA IA
kg AR F, zshele] A, skl B2 A
3 ¥, Axsle 05HBr- 15 H0 & dgch o]
A& 100 m/ CHCloll =< ¥ 200 m/ 0.3N NH,OH
49g 713 F 1087 isldck CHCLES &2
A3, NaSO.2 8 AAT ¥ ¢ 55381y
theke] acetoneo 2 A AAS S =M AL A9
o},

Diethyl N-{4-[(2, 4-diamino-6-pteridinyl)methyl]-
N-methylaminobenzoyl}-B-phenylglutamate(6a) — 85
%, mp 140~1427 (acetone), 'H-NMR(MDMSO-ds, &
=ppm): 0.83(t, 3H, ester-methyl); 0.96(t, 3H, ester-
methyl); 2.83(m, 2H); 3.21(s, 3H); 3.63(m, 1H); 3.78
(g, 2H, ester-CH:); 3.86(q, 2H, ester-CHj); 4.68(t,
J=85Hz, 1H); 4.79(s, 2H); 6.55(C-2-NH,, s, 2H);
6.83(d, J=8.9Hz, 2H, aromat.); 7.27(m, 5H, phenyl);
7.55(C-4-NH;, bs, 2H); 7.76(d, J=89Hz, 2H, aro-
mat.); 8.39(NH, d, J=8.3Hz 1H); 8.58(s, 1H, aro-

mat.), BC-NMR(DMSO-d;, 5=ppm): 170.95(ester-C
=Q); 166.46(amide-C=0); 162.74(C-2); 162.61(C-4);
155.09(C-8a); 151.02(C-4"); 149.04(C-7); 145.82(C-6);
139.59(C-1"); 129.00(C-2', C-6'); 128.21(C-3", C-5");
127.89(C-2", C-6"); 126.81(C4"); 121.30(C4a); 120.69
(C-1") 110.93(C-3', C-5'); 59.84 and 59.49(ester-CH,);
57.12(C-0); 54.75(C-9); 43.11(C-B); ~40(C-11); 36.60
(C-); 13.68 and 13.38(ester-CHy)

Diethyl N-{4-[(2, 4-diamino-6-pteridinyl)methyl]-
N-methylaminobenzoyl}-p-(4-chlorophenyl)glutamate
(6b)—78%, mp 119~122C (acetone), 'H-NMR
(DMSO-ds, 5=ppm): 0.86(t, 3H, ester-methyl); 0.98
(t, 3H, ester-methyl); 2.82(m, 2H); 3.21(s, 3H); 3.62
(m, 1H); 3.79(q, 2H, ester-CH,); 3.86(q, 2H, ester-
CH,); 4.68(t, J=8.5Hz, 1H); 4.79(s, 2H); 6.53(C-2-
NH,, s, 2H); 6.83(d, J=89Hz, 2H, aromat.); 7.31(m,
4H, aromat); 7.55(C-4-NH,, bs, 2H); 7.74(d, J=89
Hz, 2H, aromat.); 840(NH, d, J=8.1Hz, 1H); 8.58(s,
1H, aromat.)

Diethyl N-{4-[(2, 4-diamino-6-pteridinyl)methyl]-
N-methylaminobenzoyl}-8-(4-bromophenyl)glutamate
(60)—76%, mp 124~122C (acetone), 'H-NMR
(DMSO-d¢, =ppm): 0.87(t, 3H, ester-methyl); 0.98
(t, 3H, ester-methyl); 2.82(m, 2H); 3.21(s, 3H); 3.60
(m, 1H); 3.79(q, 2H, ester-CH,); 3.86(q, 2H, ester-
CH,); 4.68(t, J=8.5Hz, 1H); 4.79(s, 2H); 6.53(C-2-
NH,, s, 2H); 6.83(d, J=8.9Hz, 2H, aromat.); 7.23(d,
J=85Hz, 2H, aromat.); 7.46(d, J=85Hz, 2H, aro-
mat.); 7.55(C-4-NH,, bs, 2H); 7.74(d, J=8.9Hz, 2H,
aromat.); 840(NH, d, J=8.1Hz, 1H); 8.58(s, 1H, aro-
mat.)

Diethyl N-{4-[(2, 4-diamino-6-pteridinyl)methyl]-
N-methylaminobenzoyl}-B-(4-methylphenyl)glutamate
6d)—74%, mp 110~112% (acetone), ‘H-NMR
(DMSO-ds, §=ppm): 0.85(t, 3H, ester-methyl); 0.97
(t, 3H, ester-methyl); 2.25(s, 3H); 3.21(m, 3H); 3.59
(m, 1H); 3.78(q, 2H, ester-CH,); 3.86(q, 2H, ester-
CH); 4.67(t, J=8.6Hz, 1H); 4.78(s, 2H); 6.53(C-2-
NHs, s, 2H); 6.82(d, J=89Hz, 2H, aromat.); 7.07(d,
J=8.2Hz, 2H, aromat.); 7.13(d, J=8.2Hz, 2H, aro-
mat.); 7.55(C-4-NH,, bs, 2H); 7.74(d, ]=89Hz, 2H,
aromat.); 832(NH, d, J=8.24Hz, 1H); 858(s, 1H,
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aromat.)

N-{4-[(2, 4-Diamino-6-pteridinyl)methyl]-N-meth-
ylaminobenzoyl}-8-arylglutamic acid(7)2| &4 —Si-
lica gel column chromatographyleluent; chloro-
form : MeOH(9 : 1)]& A A& 0.03 mmol diethyl N-
{4-[(2, 4-diamino-6-pteridinyl)methyl]-N-methyla-
minobenzoyl}-B-arylglutamate(6)2] 0.5 HBr-1.5H,0
44 5 m/ W3 ehtanoldl] Hr}. of 498 20C =
Wztsls 1ml IN NaOHE 7lsln AL 2~3
AIZb ol aabsigich Sl Astabe] A AR ¥,
5ml B¢ o)1 of7le] IN NaOH 1m/E 7}t
pH4Z & o =34 AL ) o] £35S
BRI 3=HE W7 F oY) 3 LS
238 ALEF ether2 AHT F AFRAIZC

N-{4-[ (2, 4-Diamino-6-pteridinyl)methyl]-N-meth-
ylaminobenzoyl}-B-phenylglutamic  acid(7a)— 88%,
mp 191~192T (dec.), 'H-NMR(DMSO-ds, =ppm):
2.73(Hy, m, 2H); 3.20(s, 3H); 3.64(H-B, m, 1H); 4.67
(H-a, t, J=8.1Hz, 1H); 4.77(s, 2H); 6.63(C-2-NH,,
s, 2H); 6.81(d, J=8.8Hz, 2H, aromat.); 7.23(m, 5H,
aromat.); 7.55(C-4-NH,, bs, 2H); 7.70(d, ]=8.8Hz,
2H, aromat.); 8.04(NH, d, J=8.5Hz, 1H); 8.58(s, 1H,
aromat.), “C-NMR(DMSO-ds, 8=ppm): 172.68(y-
COOH); 172.11(c-COOH);  166.23(amide-C=0);
162.60(C-2); 162.42(C-4); 154.64(C-8a); 150.94(C-4");
149.05(C-7); 146.10(C-6); 140.45(C-1"); 128.88(C-2/,
C-6"); 128.15(C-3", C-5"); 127.88(C-2", C-6"); 126.55
(C-4"); 121.32(C-4a); 121.01(C-1'); 110.96(C-3', C-5");
56.87(C-a); 54.75(C-9); 42.76(C-B); ~40(C-11); 36.34
€

N-{4-[ (2, 4-Diamino-6-pteridinyl)methyl]-N-meth-
ylaminobenzoyl}-3-(4-chlorophenyl)-glutamic  acid(7
b)—91%, mp 194~195T (dec), 'H-NMR(DMSO-ds,
d=ppm): 2.73(Hy, m, 2H); 3.20(s, 3H); 3.63(H-p,
m, 1H); 4.65(H-a, t, J=8.3Hz, 1H); 4.77(s, 2H); 6.64
(C-2-NH,, s, 2H); 6.81(d, J=89Hz, 2H, aromat.);
7.30(m, 4H, aromat.); 7.58(C-4-NH,, bs, 2H); 7.70(d,
J=89Hz, 2H, aromat.); 8.15(NH, d, J=8.5Hz, 1H);
8.58(s, 1H, aromat.), BC-NMR(DMSO-ds, 6=ppm):
172.31(y-COOH); 171.77(0-COOH); 166.05(amide-C
=0); 162.39(C-2); 162.20(C-4); 154.42(C-8a); 150.77
(C-4"); 148.86(C-7); 145.93(C-6); 139.37(C-1"); 131.02
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(C-4") 129.91(C-2", C-6")*; 128.75(C-2', C-6); 127.68
(C-3", C-5")*; 121.18(C-4a); 120.79(C-1"); 110.84(C-3',
C-5); 56.66(C-a); 54.72(C-9); 42.24(C-B); ~40(C-
11); 36.21(C-y) * &A%

N-{4-[(2, 4-Diamino-6-pteridinyl)methyl }-N-meth-
ylaminobenzoyl}-B-(4-bromophenyl)-glutamic  acid(7
¢)—92%, mp 195~1967 (dec.), 'H-NMR(DMSO-ds,
d=ppm): 2.73(Hy, m, 2H); 3.20¢s, 3H); 3.62(H-B,
m, 1H); 4.66(H-a, t, J=8.3Hz, 1H); 4.78(s, 2H); 6.66
(C-2-NH,, s, 2H); 6.81(d, J=89Hz, 2H, aromat.);
7.22(d, J=8.4Hz, 2H, aromat.); 7.44(d, J=8.4Hz, 2H,
aromat.); 7.58(C-4-NH,, bs, 2H); 7.71(d, J=8.9Hz,
2H, aromat.); 8.15(NH, d, J=8.2Hz, 1H); 8.58(s, 1H,
aromat.), “C-NMR(DMSO-ds, 8=ppm): 172.31(y-
COOH); 171.77(a-COOH);  166.05(amide-C=0);
162.39%(C-2); 162.15(C-4); 154.35(C-8a); 150.77(C-4");
148.86(C-7); 145.97(C-6); 139.81(C-1"); 130.60(C-3,
€-5"; 130.30(C-2", C-6"); 128.76(C-2', C-6'); 121.19
(C-4"); 120.79(C-4a); 119.56(C-1"); 110.84(C-3', C-5");
56.61(C-o); 54.72(C-9); 42.30(C-B); ~40(C-11); 36.14
€

N-{4-[(2, 4-Diamino-6-pteridinyl)methyl]-N-meth-
ylaminobenzoyl}-3-(4-methylphenyl)-glutamic acid(7
d)—91%, mp 190~191C (dec.), 'H-NMR(DMSO-ds,
d=ppm): 2.23(s, 3H); 2.70(Hy, m, 2H); 3.20(s, 3H);
3.60(H-8, m, 1H); 4.65(H-a, t, J=8.3Hz, 1H); 4.78(s,
2H); 6.61(C-2-NH,, s, 2H); 6.81(d, J=89Hz, 2H,
aromat.); 7.05(d, J=8.1Hz, 4H, aromat.); 7.14(d, J=
8.1, 2H, aromat.); 7.57(C-4-NH,, bs, 2H); 7.70(d, J=
8.9Hz, 2H, aromat.); 8.06(NH, d, J=85Hz, 1H); 8.58
(s, 1H, aromat), “C-NMR(DMSO-ds, &=ppm):
172.47(y-COOH); 172.90(a-COOH); 165.98(amide-C
=Q); 162.39(C-2); 162.28(C-4); 154.54(C-8a); 150.74
(C-4'); 148.86(C-7); 145.87(C-6); 137.17(C-1"); 135.35
(C-4"); 128.72(C-3”, C-5"); 128.34(C-2', C-6'); 127.86
(C-27, C-6"); 121.18(C-4a); 120.88(C-1'); 110.84(C-3,
C-5'); 56.87(C-a); 54.72(C-9); 42.37(C-B); ~40(C-
11); 36.43(C-y); 20.49(4’-CHy)
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(ATCC No. 8043, &=r3str|add T3 H4lE
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