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Sixteen y-linked dipeptide and four L-Glu-y-amide analogues of 2-desamino-2-methyl-iVO- 
propargyl-5,8-dideazafolic acid (IC1 198583) have been synthesized and evaluated as inhibitors 
of thymidylate synthase (TS). Z-blocked L-Glu-y-L-linked dipeptides and L-Glu-y-amides were 
prepared by condensing a-tert-butyl-N-(benzyloxycarbonyl)-L-glutamic acid with the appropriate 
tert-butyl-protected L-amino acid or amine. The Z group was removed by catalytic hydro- 
genolysis, and the resulting dipeptides or L-Glu-y-amides were condensed with the appropriate 
pteroic acid analogue trifluoroacetate salt using diethyl cyanophosphoridate as coupling reagent. 
Deprotection with trifluoroacetic acid in the final step gave the desired quinazoline y-linked 
dipeptides and L-Glu-y-amides as their trifluoroacetate salts. Nearly all the dipeptide analogues 
were potent inhibitors of TS, the best being IC1 198583-y-~-2-aminoadipate (IC50 = 2 nM). 
Several of these dipeptides were found to be susceptible to enzymatic hydrolysis in mice. The 
quinazoline monocarboxylate L-Glu-y-amides, lacking an  a'-carboxyl group, are less active 
against TS and L1210 cell growth but are also not susceptible to enzymatic hydrolysis in mice. 

Introduction 
The design and synthesis of iV0-propargyl-5,8-dide- 

azafolic acid (1, CB 3717) in our laboratories represented 
a major breakthrough in the search for a folate-based 
thymidylate synthase (TS) inhibit~r. l-~ CB 37174 was 
a potent TS inhibitor (Ki = 3 nM), although its clinical 
usefulness was limited because of its poor solubility a t  
physiological pH which gave rise to dose-limiting renal 
t o x i ~ i t y . ~ - ~  An extensive search for a more suitable 
candidate for clinical evaluation has led to a second 
generation of quinazoline compounds, more water- 
soluble and more cytotoxic than CB 3717.8-12 This 
necessitated replacing the 2-amino group with a 2-meth- 
yl,loJ3 which improved aqueous solubility and cellular 
uptake via the reduced folatelmethotrexate carrier 
(RFC). Further modifications were made to the quinazo- 
line nucleus,1° the methyleneamino bridge, the W0- 
substituent, and the benzoyl ring.11J2 One of these 
compounds, ZD169414 (21, is currently in phase I11 
clinical investigation. Although significantly less potent 
than CB 3717 against isolated TS (20-fold1, rapid and 
almost complete metabolism to polyglutamate forms 

+ Abbreviations: TS, thymidylate synthase; FPGS, folylpolyglutamyl 
synthetase; MTX, methotrexate; DHFR, dihydrofolate reductase; 
DEPC, diethyl cyanophosphoridate; pg, propargyl; Glu, glutamic acid; 
Gly, glycine; Ala, Alanine; abu, a-aminobutyric acid; Nva, norvaline; 
Val, valine; Ile, isoleucine; Phg, phenylglycine; Phe, phenylalanine; Gln, 
glutamine; Ser, serine; @la, p-alanine; Asp, aspartic acid; aad, 
a-aminoadipic acid; gaba, y-aminobutyric acid. 
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(mainly tetra- and pentaglutamates) renders the drug 
500-fold more cytotoxic.15 Poly- y-glutamyl metabolites 
are intracellularly synthesized through the action of the 
enzyme folylpolyglutamyl synthetase (FPGS)16J7 and 
are more potent inhibitors of TS than the mono- 
glutamate forms, and in addition, their polyionic nature 
leads to prolonged retention within the cells.18 How- 
ever, drugs such as ZD1694, which are dependent on 
polyglutamation for their antitumor activity, may have 
some disadvantages such as (a) lack of activity in tumors 
expressing low levels of, or an altered expression of, 
FPGS19-21 or (b) prolonged normal tissue toxicities 
caused by poly-y-glutamate retention. For these rea- 
sons, we were interested in designing and synthesizing 
potent TS inhibitors which would not depend on poly- 
glutamation for antitumor activity. ZD1694 mono- 
glutamate (Ki = 60 nM) was not considered as a model 
for the above class of compounds precisely because of 
its dependency on metabolism to the tetra- and penta- 
glutamates (Ki = 1 nM) for tight binding to TS.15 A 
better model compound was thought to be the 2-des- 
amino-2-methyl-iV0-propargyl-5,8-dideazafolic acid (3, 
IC1 19858322) with a Ki for TS of 10 nM. Addition of 
one L-glutamate residue on the y-carboxyl group of IC1 
198583, i .e.,  dipeptide 4, resulted in better inhibition of 
TS by approximately 30-f0ld.~~ Although potency was 
enhanced by the addition of yet further glutamate 
residues, growth inhibition was compromised, probably 
because of the increased negative charge impeding 
cellular uptake. Thus 4 became the starting point in 
our search, since we envisioned that replacement of the 
second glutamate by other L-amino acids could lead to 
potent TS inhibitors that should not be substrates for 
FPGS. By changing the terminal amino acid or replac- 
ing it with simple amines, we also hoped to learn more 
about the role and relative importance of the a'- and 
y'-carboxyls in the binding of 4 to TS. 
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Synthesis of ICI 198583-y-glutamate Analogues 

1 R = NH, C03717 
3 R = CH3 IC1 198583 

2 ZD1694 

4 IC1 198583~L-Gl1~ u 
Several synthetic folate y-linked peptides and amides 

have been reported in the literature. MTX-y-glucine, 
yaspartate, and yglutamate have been synthesized 
and were found to inhibit L1210 cell DHFR as effectively 
as MTX.24 More importantly, the MTX-y-aspartate and 
-y-glutamate compounds were shown to enhance bind- 
ing to human TS by 5-fold (Ki = 6 pM) and %fold (Ki = 
4 pM), respectively, when compared with the parent 
monoglutamate MTX.25 Baugh et aLZ6 prepared several 
pteroyl y-linked tripeptides in order to characterize the 
human liver y-glutamyl carboxypeptidase (conjugase). 
A number of groups have synthesized MTX-y-amides 
for evaluation as antifolates.24~25~27-29 The MTX-y- 
methylamide, -7-n-butylamide, and ybenzylamide all 
inhibited L1210 cell DHFR as effectively as MTX,24928 
while MTX-y-alkylamides such as y-methyl and y-pentyl 
were reported to be equipotent to MTX (Ki = 30 pM) 
against human TSZ5 McGuire et al. had reported that 
replacement of the glutamate of various folate analogues 
with aspartate, adipate, pimelate, or D-glUtamate leads 
to  compounds that are not substrates for mammalian 
FPGS30 y-Fluoromethotrexate (FMTX), a closely re- 
lated analogue of MTX, was found to be a poor substrate 
for FPGS, if at all.31332 Pteroylglutamyl-y-4-fluoro- 
glutamate (PteGluFGlu) and 4-NHz-lO-CH3PteGluFGlu 
were also reported to be very poor substrates for 
FPGS.33 By way of contrast, FMTX-y-Glu was proved 
to be a substrate for both FPGS and y-glutamyl hydro- 
lase.34 We report here the synthesis of 16 quinazoline 
antifolate dipeptides and 4 y-amide analogues of IC1 
198583-y-glutamate (4). 

Chemistry 

Piper et al. prepared y-amide and peptide analogues 
of methotrexate by alkylation of the appropriate N44- 
(methy1amino)benzoyll-~yglutamyl precursor with 
6-(brom0methyl)-2,4-diaminopteridine.~ Rosowsky syn- 
thesized diglutamate derivatives of MTX by either 
coupling diethyl y-L-glutamyl-L-glutamate to 4-amino- 
4-deoxy-iVO-methylpteroic acid employing the isobutyl 
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mixed anhydride coupling method or condensing diethyl 
L-glutamate hydrochloride salt with methotrexate 
a-monomethyl ester via diphenyl phosphorazidate cou- 
 ling.^^ y-Amide derivatives of methotrexate were syn- 
thesized from 4-amino-4-deoxy-W0-methylpteroic acid 
and the appropriate L-glutamic acid y-amide precursor 
using diethyl cyanophosphoridate (DEPC),28*29 or by 
alkylating the appropriate N-[4-(methylamino)benzoyll- 
L-Glu-y-amides with 6-(bromomethyl)-2,4-diamino- 
pteridine.27 Lipophilic y-amide derivatives of amino- 
pterin (AMT) were synthesized from 4-amino-4-deoxy- 
WO-formylpteroic acid and the appropriate L-glutamate 
y-amide precursor via mixed carbonic anhydride cou- 
 ling.^^ Baugh et al. used solid phase procedures for 
the preparation of a number of analogues of pteroyl- 
glutamyl-y-glutamyl-y -glutamic acid in which the ter- 
minal glutamate was replaced by other amino acids.26 
In addition, several synthetic strategies have been 
developed for the synthesis of poly-y-glutamyl forms of 
folates and antifolates employing either conventional 
solution or solid peptide chemistry.23 

Our approach to the synthesis of y-linked dipeptides 
and amide analogues of IC1 198583 is summarized in 
Scheme 1. It involves the strategy applied for the 
synthesis of pteroyloligo-y-glutamates36 and the poly- 
y-glutamates of IC1 198583.23 Z-blocked dipeptides 
7-16, 18, and 19 were prepared by condensing a-tert- 
butyl-N-(benzyloxycarbonyl)-L-glutamic acid with 
the appropriate  a amino acid 6 using the mixed carbonic 
anhydride method.38 Carboxyl groups were masked as 
their tert-butyl esters to  avoid the possibility of y-a 
transpeptidation associated with alkaline carboxyl depro- 
t e c t i ~ n . ~ ~  The serine hydroxyl group in 16 was also 
protected as a tert-butyl ether. Amino acids 6 were 
obtainable commercially or, in the case of L-norvaline, 
L-a-amino-n-butyric acid, and L-a-aminoadipic acid, by 
direct transesterifi~ation~~,~~ using tert-butyl acetate and 
perchloric acid. Catalytic hydrogenolysis of 7- 16, 18, 
and 19 using 10% palladium on charcoal afforded the 
dipeptide free bases 20-29, 31, and 32 in high yields. 
These free bases were characterized by lH-NMR and 
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then taken forward into the next reaction. Quinazoline 
L-Y-L dipeptide tert-butyl esters 37-46,48, and 49 were 
synthesized by condensing the trifluoroacetate salt of 
2-desamino-2-methyl-NIO-propargyl-5,8-dideazapteroic 
acid (33)23 with the required dipeptide, 20-29,31, and 
32, using DEPC as coupling reagent.28 Quinazoline 
L - ~ L  dipeptide esters 50-52 were prepared by condens- 
ing Glu-Ala 21 with the appropriate pteroic acid ana- 
logue, e g . ,  3442 (prepared by coupling 44methylamino)- 
benzoic acid to 6-(bromomethyl)-3,4-dihydro-2-methyl- 
4-oxoquinazoline10), 35,42943 and 3623 (both prepared by 
an analogous route to the one used to synthesize 3323). 
Esters 37-46 and 48-52 were purified by column 
chromatography. Removal of the tert-butyl protecting 
groups in the last step was accomplished with TFA to 
give the quinazoline L-Y-L dipeptides 53-62 and 64- 
68 as their trifluoroacetate salts in good overall yields. 
A longer time was required for the deprotection of 46 
(Glu-Ser), necessitating the use of HPLC to  monitor the 
completion of the reaction. Compound 63 (IC1 198583- 
y-PAla) was prepared by a route identical to  the one 
described for L-Y-L dipeptides 53-62 and 64-68 (Scheme 
2). 

Quinazoline L-Glu-y-amide tert-butyl esters 78-81 
were prepared by a similar route to the one described 
above, except that primary amines 69 (R1= H, methyl, 
propyl, and phenyl) were used in the coupling to 5 in 
place of amino acids (Scheme 3). TFA deprotection 
afforded the quinazoline L-Glu-y-amides 82-85, which, 
with the exception of 84, were isolated as their cor- 
responding free bases. The structure and purity of all 
new compounds were established by elemental micro- 
analysis (Tables 1-3) and lH-NMR spectroscopy. In- 
dependent evidence for the structure of all compounds 
was also obtained by FAB mass spectrometry. All 
compounds were shown to be homogeneous by analytical 
HPLC . 
Biological Evaluation 

The antifolates listed in Table 3 were tested as 
inhibitors of TS partially purified from L1210 mouse 

Scheme 3 

6 9  
Hz, Pd/C 

DEPC, EbN I 33. R2 = Pg, R3=H 

leukemia cells that overproduce TS due to amplification 
of the TS gene.@ The partial purification and the assay 
method used in this study were as previously described 
and used (f)-5,10-methylenetetrahydrofolic acid at a 
concentration of 200 pM.18844 Inhibition of L1210 and 
L1210:1565 cell growth was also as previously de- 
scribed.u L1210:1565 is a L1210 mutant cell line with 
impaired reduced folate/MTX transport carrier. This 
cell line was made resistant to CI-90, a compound that 
uses the RFC transport system, and hence is cross- 
resistant to MTX.45 

Results and Discussion 
The quinazoline antifolate dipeptide and y-amide 

analogues were tested as inhibitors of thymidylate 
synthase and L1210 cell growth. The results are shown 
in Table 4. 

All No-propargyl dipeptide analogues were potent 
inhibitors of TS (IC50 2-24 nM) and inhibited growth 
of L1210 cells in the range 0.1-10 pM. In an attempt 
to probe for alternative binding sites around the y'- 
carboxyl in 4, and at the same time block the possibility 
of poly-y-glutamation, the propionate side chain of the 
terminal amino acid was substituted by hydrogen, alkyl 
groups, or branched alkyl groups, giving a series of 
dicarboxylates (53-58) with activity against TS in the 
range 10-24 nM. Replacing the propionate chain with 
aromatic (59, 60) or polar groups (61, 62) again pro- 
duced no substantial increase in binding affinity for TS. 
Next, the effect on TS of repositioning the y'-carboxyl 
was studied. Deleting a methylene from the propionate 
side chain of 4 gave the Glu-Asp tricarboxylate 64 with 
TS activity (-10 nM) comparable to that of the dicar- 
boxylates above but still approximately 5-fold less potent 
than the parent diGlu 4. Lengthening the propionate 
by one methylene gave our best dipeptide inhibitor, Glu- 
aad 65, with a binding affinity for TS equal t o  that of 4 
(2 nM). Although preserving the y'-carboxyl did not 
preclude the possibility of poly-y-glutamation, it had 
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Table 1. Preparation of Z-Protected Dipeptides and LGlu-y-Amides 

mass spectra 
compd X yield, % mp, "C mlz, (M + H)+ formula analyses 

7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
70 
71 
72 
73 

Gly(OtBu) 
Ala(0tBu) 
abu(OtBu) 
Nva(OtBu) 
Val(OtBu) 
Ile( OtBu) 
Phg(OtBu) 
Phe(OtBu) 
Gln(OtBu) 
Ser(OtBu)z 
BAla(OtBu) 
Asp(OtBu)z 
aad(OtBu)z 
NHMe 
NHEt 
NHnBu 
NHBz 

100 
97 
31 
92 
83 
84 
61 
53 
62 
47 

100 
91  
65 
83 
73 
90 
78 

Oil 
Oil 
67-68 
74 
108-109 
86 
65 
Oil 
110-111 
95-96 
Oil 
87-88 
59-60 
104-1056 

86-87c 
76-7Bd 

451 
465 
479 
493 
493 
507 
527 
541 
521a 
537 
465 
565 
593 

393 

FAB. lit.27 mp 106-107 "C. lit.27 mp 86-87 "C. lit.27 mp 78-80 "C. 

Table 2. Preparation of Quinazoline y-Linked Dipeptide and L-Glu-y-Amide tert-Butyl Esters 

mass spectra 
compd X Rz R3 yield,% mp,"C m / z , ( M + H ) +  HPLCpurity,% formula analyses 

37 Gly(OtBu) pg H 57 123-124 646 99 C35H~NsOr0.5HzO C, H, N 
38 Ala(OtBu) pg H 77 110-111 660 100 C3eHaNsOr0.5HzO C, H, N 
39 abu(OtBu) pg H 79 115-116 674 100 C37H47NsOr0.5HzO C, H, N 
40 Nva(OtBu) pg H 62 112-114 688" 99 C~~H49NsOr0.5HzO C, H, N 
41 Val(OtBu) pg H 53 115-116 688 99 C38H4gNsOr0.75HzO C, H, N 
42 Ile(OtBu) pg H 71 114-115 702 99 C3gH5lN5Or0.25HzO C, H, N 
43 Phg(OtBu) pg H 59 120-121 722 99 C4iH47NsOr0.5HzO C, H, N 
44 Phe(OtBu) pg H 80 109-110 736 100 C4~H4gN50r0.25HzO C, H, N 
45 Gln(OtBu) pg H 63 123-124 717 100 C3sHdsO8.l . lHz0 C, H,  N 
46 Ser(OtBu)z pg H 60 113-114 730 100 C40H53N5084.5HzO C, H, N 
47 BAla(OtBu) pg H 82 145-146 660 99 C36H45N5Or0.5HzO C, H, N 
48 Asp(OtBu)z pg H 78 114-115 760 99 C41H53N~Og4.25H~O C, H, N 
49 aad(OtBu)z pg H 73 104-105 B l o b  100 C43H57NsOg4.75HzO C, H, N 
50 Ala(OtBu) Me H 72 118-119 636 99 C34&5N507.0.5HzO C, H, N 
51 Ala(OtBu) E t  H 74 137-140 672 99 C ~ S H ~ ~ N S O ~  C, H, N 
52 Ala(OtBu) pg F 60 111-112 678 100 C36HdNsOr0.6HzO C, H, N, F 
78 NHMe Pg H 60 134-138 C30H3sNsOs4.5HzO C, H, N 
79 NHEt Pg H 79 135-139 C31H37NsOs4.5HzO C, H, N 
80 NHnBu Pg H 80 139-140 588 100 C33H41N5054.4HzO C, H,  N 
81 NHBz Pg H 53 162-164 C36H3gNsOs4.5HzO C, H,  N 

a ESI. (M + Na)+. 

Table 3. Preparation of Deprotected Quinazoline y-Linked Dipeptides and L-Glu-y-Amides 

compd X Rz R3 yield,% mp,"C m/z , (M+H)+  purity,% formula analyses 

53 Gly pg H 90 145-146 534 98 C ~ ~ H ~ ~ N ~ O ~ ~ . ~ C F ~ C O ~ H * ~ . ~ H Z O  c, H, N, F 
54 Ala pg H 97 173-175 548 99 Cz8HzgN5Or0.5CF3CO~H.1.3HzO C, H, N, F 
55 abu pg H 98 145-147 562 99 C Z ~ H ~ ~ N ~ O & F ~ C O ~ H ~ . ~ H Z O  C, H, N 
56 Nva pg H 95 147dec 576a 98 C ~ O H ~ ~ N ~ O ~ ~ . ~ C F ~ C O ~ H  C, H, N 
57 Val pg H 46 152-153 576 98 C30H33NsOr0.2CF3COzH.1.5HzO C, H, N, F 
58 Ile pg H 94 148-149 590 99 C31H35N5Or0.6CF3COzH.HzO C, H, N, F 
59 Phg pg H 96 159-161 610 99 C ~ ~ H ~ ~ N ~ O ~ ~ . ~ C F ~ C O ~ H . ~ H Z O  c, H, N, F 
60 Phe pg H 88 139-141 624 100 C ~ ~ H ~ ~ N ~ O & F & O Z H ~ . ~ ~ H Z O  C, H, N 
61 Gln pg H 90 150-151 605 99 C ~ O H ~ Z N ~ O ~ ~ . ~ C F ~ C O ~ H . ~ . ~ H ~ O  C, H, N, F 
62 Ser pg H 97b 147-149 564 97 CzeHzgN~jOsCF3COzH.1.5Hz0 C, H, N 
63 /?Ala pg H 96 130-131 548 99 C Z ~ H ~ ~ N ~ O ~ ~ . ~ C F ~ C O ~ H ~ . ~ H ~ O  C, H,  N, F 
64 Asp pg H 94 156-157 592 99 C ~ ~ H ~ ~ N S O ~ . ~ . ~ ~ C F ~ C O ~ H * ~ H Z O  C, H,  N, F 
65 aad pg H 86 132-133 620 98 C ~ ~ H ~ ~ N ~ O ~ ~ . ~ C F ~ C O ~ H * ~ H ~ O ~ E ~ Z O  C, H, N, F 
66 Ala Me H 93 153-154 524 99 Cz6HzgN5Or0.9CF3COzH.1.5Hz0.0.3EtzO C, H, N, F 
67 Ala E t  H 81 155dec 537 98 C Z ~ H ~ I N ~ O & F ~ C O ~ H . H ~ O  c, H, N, F 
68 Ala pg F 93 141-142 566 99 C ~ ~ H ~ ~ F N ~ O T O . ~ C F ~ C O ~ H . ~ H ~ O  C, H, N, F 
82 NHMe pg H 75 150-154 49w 99 Cz6Hz7NsO.sl.5HzO C, H, N 
83 NHEt pg H 77 145-147 504O 99 Cz7HzgN505.1.5HzO C, H, N 
84 NHnBu pg H 85 124-125 532 99 CzsHaaNsOs4.7CF3COzH.HzO C, H, N, F 
85 NHBz pg H 82 145-149 566" 100 C3zH3iNsOs*1.5HzO C, H, N 

mass spectra HPLC 

a ESI. TFA deprotection time = 2.25 h. 

been anticipated that 64 and 66 would be poor or 
nonsubstrates for FPGS, since Moran et al. had previ- 
ously reported that MTX analogues in which Glu had 

been replaced by Asp or aad were also poor substrates 
for FPGS.& Clearly there is a large amount of tolerance 
regarding the nature of the second, terminal amino acid. 
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Table 4. Inhibition Data for Quinazoline y-Linked Dipeptides and L-Glu-y-Amides 

Bisset et al. 

inhibn of inhibn of L1210 cell inhibn of L1210:1565 
compd X Rz R3 TS, nM growth in culture, pM in culture, pM 1565L1210 ratio 

4 Glu Pg H 2 0.12 4.6 38 

0.56 22 39 54 Ala Pg H 18 
55 abu Pg H 17 0.3 
56 Nva Pg H 16 1.2 27 23 
57 Val Pg H 20 2.5 -65 -26 
58 Ile Pg H 24 3.2 

Pg H 11 0.11 10 91 53 GlY 

Pg H 14 0.6 22 37 
10 -56 -6 

61 Gln Pg €3 16 0.6 19 32 

59 Phg 
60 Phe Pg H 18 

62 Ser Pg €3 22 1.2 
63 PAla Pg H 14 0.9 
64 ASP Pg H 10 2.4 17 7 
65 aad Pg H 2 0.33 6 18 
66 Ala Me H 152 1.8 
67 Ala Et  H 49 5.6 
68 Ala Pg F 4.3 0.4 
82 NHMe Pg H 64 2.1 
83 NHEt Pg H 70 5.2 45 9 
84 NHnBu pg H 118 20 
85 NHBz Pg H 170 22 
86 gaba Pg H 14 0.33 16 48 

We have used a computerized model of the humanized 
Escherichia coli active site of TS and demonstrated that 
the a’-carboxyl probably interacts with an arginine 
residue (via a salt bridge) but the terminal y’xarboxyl 
is free in space. This is thought to be why the nature 
of the second amino acid is not particularly important 
for TS inhibition. L1210 growth inhibition was more 
affected by the nature of the terminal acid, which may 
relate, in part, t o  the rate of transport across the cell 
membrane. Three compounds had poorer L1210 growth 
inhibition than might be expected for their correspond- 
ing TS inhibition. These were the two branched chain 
dipeptides 57 and 58 and the Glu-Asp 64. Two were 
better, the Glu-Gly 53 and the Glu-abu 55. 

In an attempt to study how other structural modifica- 
tions affect TS and L1210 cell growth inhibition, com- 
pounds 66-68 were synthesized, all being analogues of 
the Glu-Ala derivative 54. Replacement of the No- 
propargyl substituent in compound 54 by a methyl or 
ethyl resulted in much poorer inhibitors of TS and 
L1210 cell growth. However, introduction of a 2’-F 
group, compound 68, enhanced TS inhibition by ap- 
proximately 4-fold when compared with the parent Glu- 
Ala analogue 54. Similar trends were observed for CB 
3717, IC1 198583, and their corresponding ana- 

Deletion of the a’-carboxyl from 53, 54, 56, and 59 
gave a series of monocarboxylate y-amides (82-85) 
which were clearly less active than the corresponding 
parent dipeptides against TS (Table 5). Ethylamide 83 
is a weaker inhibitor of TS by about 5-fold compared 
with the parent Glu-Ala dipeptide derivative 54, while 
benzylamide 85 inhibits TS approximately 12 times less 
than the corresponding parent dipeptide Glu-Phg 59. 
This loss in activity is expected since the a‘-carboxyl 
interaction with the hypothesized arginine residue 
cannot occur. The poorer cell growth inhibition dis- 
played by these monocarboxylate y-amides against 
L1210 cultured cells may in part be explained by the 
poor potency of these compounds as inhibitors of TS but 
also by their inability to use the RFC transport system 
effkiently (vide infra). Deletion of the a’-carboxyl from 

logues. 10,11,47,48 

Table 5. Effect of Removing the a’-COOH from the Terminal 
Amino Acid 

compd Y Ri 
53 COOH H 
82 H H 
54 COOH CH3 
83 H CH3 
56 COOH CHzCHzCH3 
84 H CHzCHzCH3 
59 COOH Ph 
85 H Ph 

4 COOH CHzCHzCOOH 
86 H CHzCHzCOOH 
64 COOH CHzCOOH 
63 H CHzCOOH 

stable 
in vivo? 

11 
64 
18 
70 
16 
118 
14 
170 
2 
14 
10 
14 

0.11 
2.1 
0.56 
5.2 
1.2 

0.6 

0.12 
0.33 
2.4 
0.9 

20 

22 

no 

no 
Yes 

no 
Yes 
no 
Yes 
no 
no 

diglutamate 4 gave the Glu-gaba compound 8649 which 
was 7-fold less active than its parent 4 against TS yet 
only marginally less active against L1210 cell growth. 
In this case, however, the reduction in activity against 
TS is probably offset by the ability of 86 to get into cells 
more efficiently using the reduced folate carrier than 
monocarboxylate y-amides 82-85. 

By way of contrast to the preceding pairs of com- 
pounds, deletion of the a’-carboxyl from Glu-Asp 64 gave 
the Glu-PAla 63 without significant loss in activity 
against TS. A possible explanation for this anomaly 
may be that the remaining ,&-carboxyl lies sufficiently 
close to the y-amidic bond that it can mimic the role of 
the deleted a’-carboxyl and hence maintain binding 
affinity for TS. 

Several compounds were tested as inhibitors of L1210: 
1565 cell growth (Table 4). Poor activity in this cell line 
relative to the parental L1210 line suggests that the 
L - ~ L  dicarboxylate dipeptides use the reduced folate 
carrier quite efficiently for cell entry with one possible 
exception, that of the Glu-Phe dipeptide (compound 60). 
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However, the monocarboxylate y-ethylamide 83 and the 
tricarboxylate Glu-Asp 64 appear to utilize the reduced 
folate carrier less efficiently, demonstrating again this 
carrier's apparent preference for the transport of dian- 
ions.50 Piper et al. had previously reported the reduced 
influx into L1210 cells of y-amide derivatives such as 
MTX-y-methylamide (K,  = 27.6 pM) and particularly 
the L-Y-L dipeptide MTX-y-aspartate (K, = >300 pMLZ4 

Studies on the stability of the quinazoline y-linked 
dipeptides and L-Glu-y-amides revealed some interest- 
ing findings. Although very little breakdown was 
observed with these compounds in vitro (data not 
shown), when L-Y-L dipeptides 53,54,59,64, and 4 were 
administered to mice, they were partially degraded to 
their monoglutamate forms51v52 by y-glutamyl hydrol- 
ases, a group of enzymes which act by cleaving the 
y-glutamyl amide bond.53 By way of contrast, removal 
of the a'-carboxyl from 54, 59, and 4 gave L-G~u-Y- 
amides 83,85, and 86,42 all of which were stable in mice 
(Table 5). MTX- y-benzylamide was similarly reported 
to be stable in mice.29 Deletion of the a'-carboxyl from 
the Glu-Asp 64 gave the Glu-/?Ala 63, both of which 
were partially degraded to their monoglutamate forms 
in mice. These observations indicate that there is an 
apparent requirement for a free carboxyl group (eg., an 
a'- or ,b'-carboxyl) in close proximity to the y-amidic bond 
for hydrolysis by y-hydrolases to O C C U ~ . ~ ~ ~ ~ ~  

In conclusion, nearly all dipeptide derivatives were 
potent inhibitors of TS, the best example being the Glu- 
aad 65 with equal activity to the Glu-Glu 4. Poly- 
glutamation is believed not to occur since activity was 
retained against the L1210:RD1694 (L1210:MB3) cell line, 
a line unable to polyglutamate antif01ates.l~ Compound 
65 is -30-fold more active as a TS inhibitor than IC1 
198583 (3) with very little loss in L1210 growth inhibi- 
tion, despite the fact that activation through poly- 
glutamation cannot occur. The L-Glu-y-amides, lacking 
an a'-carboxyl group, are less active against TS and 
L1210 cell growth but are also not susceptible to  
enzymatic hydrolysis in vivo by y-hydrolases. 

Experimental Section 
Nfl-Dimethylformamide (DMF) and Nfl-dimethylacet- 

amide (DMA) (Aldrich HPLC grades) were dried over 3 A 
molecular sieves. Anhydrous tetrahydrofuran (THF) was 
purchased from Aldrich. TLC was performed on precoated 
sheets of silica 60Fzs4 (Merck Art. 5735). Spots were visualized 
with chlorine-tolidine reagent. Merck silica 60 (Art. 15111) 
was used in low-pressure column chromatography. HPLC 
analyses were performed using a Waters Model 510 solvent 
delivery system, Model 680 automated gradient controller, 
Model U6K injector, and Model 490 programmable wavelength 
detector set to  monitor at 230 and 280 nm. Retention times 
were determined on a Trivector Trilab 3000 multichannel 
chromatography system. Separations were performed on a 15 
cm x 0.46 cm column packed with 5 pM Spherisorb C6 (Phase 
Separations Ltd., U.K.) and eluted isocratically with different 
ratios of MeOWHzO containing 1% HOAc. Electron impact 
mass spectra were determined with a VG 7070H spectrometer 
and a VG 2235 data system using the direct-insertion method, 
an ionizing voltage of 70 eV, a trap current of 100 pA, and an 
ion source temperature of 160 "C. Fast atom bombardment 
(FAB) mass spectra were determined with a VG ZAB-SE 
spectrometer, operating at  20 kV Cs+ at 8 kV accelerating 
voltage in the source. Electrospray ionization mass spectra 
were determined using a TSQ 700 triple quadrapole mass 
spectrometer (Finnigan MAT) fitted with an electrospray 
ionization source (Analytica). Samples were dissolved in 
methano1:water (5050 v/v) containing 1% acetic acid and 
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infused into the mass spectrometer using a Harvard infusion 
pump (Cambridge) at 1 pL"in. Masses were scanned from 
200 to 800 amu at  a scanning speed of 3 s/scan. NMR spectra 
were determined on a Bruker WM250 spectrometer using 
tetramethylsilane as internal standard. Melting points were 
determined on a Kofler block and are uncorrected. Elemental 
analyses were determined by C.H.N. Analysis Ltd., Leicester. 

The syntheses of compounds 4 and 86 have been reported 
p r e v i o ~ s l y . ~ ~ * ~ ~  

Preparation of tert-Butyl a-Amino Esters. Di-tert- 
butyl a-Aminoadipate. A mixture of L-a-aminoadipate 
hydrochloride (1 g, 6.2 mmol) and 70% perchloric acid (0.99 g, 
6.8 mmol) in tert-butyl acetate (85 mL) was stirred at room 
temperature for 2 days. The solution was then extracted with 
cold 0.5 N HCl(2 x 50 mL), the aqueous layer was carefully 
neutralized with small portions of powdered NaHC03, and the 
product was extracted into Et20 (2 x 150 mL). The E~QO 
extracts were combined, dried, and reduced in volume to -50 
mL. The ethereal solution was acidified using anhydrous HC1 
in Et20 and then cooled, whereupon the product crystallized 
out as the hydrochloride salt. The salt was filtered off, washed 
well with Et20 (3 x 10 mL), and dried in vacuo to give the 
required product as white needles: 0.763 g (40%); mp 132- 
133 "C; NMR (MezSO-d,j) 6 1.40,1.47 (2 x s, each 9H, C(CH3)3), 
1.54, 1.64 (2 x m, 2H, CHg), 1.74 (m, 2H, CHZY), 2.24 (t, J = 
7.2 Hz, 2H, CH29, 3.87 (t, J = 5.8 Hz, lH, aad a-CH), 8.24 (s, 

The procedure was repeated with L-a-amino-n-butyric acid 
and L-norvaline. However, the tert-butyl esters of these amino 
acids were isolated as their free bases and then taken forward 
into the next step without further purification. 

Preparation of Z-Blocked Dipeptide tert-Butyl Esters. 
Di-tert-butyl N-[N-(Benzyloxycarbonyl)-~-y-glutamyll-~- 
alaninate (8). To a stirred solution of 531 (1.011 g, 3 mmol) 
and 4-methylmorpholine (0.303 g, 3 mmol) in THF (3 mL) 
cooled to -20 "C was added isobutyl chloroformate (0.408 g, 3 
mmol). After 10 min, a suspension of a-tert-butyl alanine 
hydrochloride (0.545 g, 3 mmol) in THF (3 mL) containing 
4-methylmorpholine (0.303 g, 3 mmol) was added. Stirring 
was continued for 10 min at -20 "C, and the mixture was then 
allowed to  warm to room temperature. 4-Methylmorpholine 
hydrochloride was filtered off and the filtrate evaporated in 
vacuo. The resulting crude oil was purified by chromatography 
on a silica gel column (Merck 15111) using 5% EtOAc in CH2- 
Clz as the eluent. Product-containing fractions were combined 
and evaporated in vacuo, affording 8 as a colorless oil: 1.348 
g (97%), which did not crystallize; NMR (MezSO-dd 6 1.21 (d, 
J = 6.8 Hz, 3H, Ala CH3), 1.38,1.39 (2 x s, each 9H, C(CH&), 
1.74, 1.91, (2 x m, each lH, CHg), 2.19 (t, J = 7.5 Hz, 2H, 
CHzY), 3.89 (m, lH, Glu a-CH), 4.08 (m, lH, Ala a-CH), 5.03, 
5.04 (ABq, JAB = 14.1 Hz, 2H, C,jH&Hz), 7.36 (m, 5H, C a s -  

lH, Ala NH); MS m/z 465 (M + H)+. Anal. ( C Z ~ H ~ ~ N Z O ~ )  C, 
H, N. 

Z-protected dipeptides 7 and 9-19 were synthesized by the 
method described above. Purifications were effected by chro- 
matography on silica gel columns (Merck 15111) using CH2- 
Clz/EtOAc (2:l) as eluent (7, 11, 12), 1% MeOH in CHzClz as 
eluent (151, or 2% MeOH in CHzClz as eluent (9, 10, 13, 14, 
16-19). Those products that crystallized were triturated in 
either hexane (9, 11, 12, 18, 19) or petroleum ether (16) or 
were precipitated from either CHzCldpetroleum ether (10,13) 
or CHzClfitZO (15) and then filtered off and dried in vacuo. 
Yields and mass spectral and analytical data of these products 
are given in Table 1. The 'H NMR spectra of these compounds 
were consistent with the assigned structures. 

Preparation of Z-Blocked L-Glu-y-amide tert-Butyl 
Esters. a-tert-Butyl N-[N-(Benzyloxycarbonyl)-L-y-glu- 
tamyll-n-butylamide (72). n-Butylamine and 5 were coupled 
together as described for the preparation of 8 above, except 
that only 1 equiv of 4-methylmorpholine was used. Purifica- 
tion was effected by column chromatography (2% MeOH in 
CH2C12) and subsequent precipitation (CHzCldpetroleum ether), 
affording 72 as a white powder in 90% yield: mp 86-87 "C 
(lit.27 mp 86-87 "C); NMR (MezSO-dd 6 0.85 (t, J = 6.9 Hz, 
3H, (CH2)3CH3), 1.29 (m, 4H, CH~CHZCH~CH~), 1.39 (8, 9H, 

3H, NH3+). 

CHz), 7.64 (d, J = 6.8 Hz, lH, Glu NH), 8.15 (d, J = 6.3 Hz, 
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C(CH3)3), 1.73, 1.90 (2 x m, 2H, Glu CH& 2.14 (t, J = 7.4 

CH3), 3.86 (m, lH, Glu a-CH), 5.02,5.04 (ABq, JAB = 12.2 Hz, 
2H, CsH&&), 7.36 (m, 5H, C,&CHz), 7.63 (d, J = 6.8 Hz, 
lH, Glu NH), 7.78 (t, J 6.5 Hz, lH, NHCH2(CHz)zCH3); MS 
mlz 393 (M + H)+. Anal. (C~IH~ZNZO~)  C, H, N. 

Z-blocked y-amides 70, 71, and 73 were also prepared by 
the method described above and had 'H NMR spectra consis- 
tent with the assigned structures. 

Hydrogenolysis of Z-Blocked Dipeptide and ~-Glu-y- 
amide tert-Butyl Esters. Di-tert-butyl L-y-Glutamyl-L- 
alaninate (21). A solution of di-tert-butyl N-[N-(benzyloxy- 
carbonyl)-L-y-glutamyll-~-alaninate (8) (1.348 g, 2.9 mmol) in 
THF (50 mL) containing 10% Pd/C (0.14 g) in suspension was 
stirred under hydrogen at atmospheric pressure for 4 h, 
whereupon TLC showed the absence of starting material. The 
catalyst was filtered off and the filtrate concentrated in vacuo 
to give an oil (0.92 g, 96%), which was used without further 
purification: NMR (MezSOds) 6 1.21 (d, J = 6.7 Hz, 3H, Ala 
CHs), 1.38, 1.41 (2 x s, each 9H, C(CH&), 1.56, 1.76 (2 x m, 
each lH, CH&, 2.18 (t, J = 7.5 Hz, 2H, CHzY), 3.14 (dd, J = 
8.0,4.5 Hz, lH,  Glu a-CH), 4.07 (m, lH,  Ala a-CHI, 8.14 (d, J 
= 6.7 Hz, lH, Ala NH). 

The procedure was repeated with the appropriate Z-blocked 
dipeptide and L-Glu-y-amide tert-butyl esters 7,9-19, and 70- 
73 to yield the dipeptide and L-Glu-y-amide tert-butyl esters 
20, 22-32, and 74-77. These compounds had 'H NMR 
spectra consistent with the assigned structures. 

Preparation of Pteroic Acid Analogues. tert-Butyl 
4-[N-[ (3,4Dihydro-%methy1-4-oxo-&quinazoliny1)methy1]- 
N-ethylaminolbenzoate (87). A solution of tert-butyl4-(eth- 
y1amino)benzoate (7.29 g, 33 "01, prepared by alkylating tert- 
butyl 4-aminobenzoate with ethyl iodide as described for the 
preparation of tert-butyl 4-(prop-2-ynylamino)benzoateB), 6-(bro- 
momethyl)-3 ,4-dihydro-2-methyl-4-oxoquinazoline10 (7.97 g, 32 
mmol), and dry CaC03 (4 g, 40 mmol) in DMA (50 mL) was 
stirred at 50 "C in the dark. f i r  20 h, the CaC03 was filtered 
off and the filtrate concentrated in vacuo to  give a brown oil. 
The oil was partitioned between EtOAc (500 mL) and dilute 
ammonium hydroxide solution (H20/18 N NH3,lO:l) (250 mL) 
and the EtOAc layer separated and washed with more dilute 
NH40H (2 x 250 mL) and then HzO (250 mL). The EtOAc 
layer was separated, dried (NazSO4), and reduced in volume 
to 200 mL in vacuo. After cooling in ice, the precipitate was 
collected by filtration, washed with cold EtOAc (2 x 25 mL), 
and dried in vacuo to give a white solid. Two further 
crystallizations from EtOAdpetroleum ether, 60l80, yielded the 
product as a white powder: 5.81 g (47%); mp 156 "C; NMR 
(MezSO-ds) 6 1.16 (t, J = 7.0 Hz, 3H, CHZCH~), 1.48 (s, 9H, 

CHZCH~), 4.74 (s, 2H, quinazoline 6-CHzN), 6.70 (d, J = 9.0 
Hz, 2H, benzene 3',5'-H), 7.55 (d, J = 8.4 Hz, lH, quinazoline 
8-H), 7.63 (dd, J = 8.3, 1.9 Hz, lH, quinazoline 7-H), 7.66 (d, 
J = 8.9 Hz, 2H, benzene 2',6'-H), 7.84 (d, J = 1.8 Hz, lH, 
quinazoline 5-H), 12.21 (s, lH,  quinazoline 3-H); MS mlz 394 
(M + H)+. Anal. (C23H27N303.0.1HzO) C, H, N. 
4-[N-[ (3,4-Dihydro-2-methyl-4-oxo-6-quinazolinyl)- 

methyl]-N-ethylaminolbenzoic Acid, Trifluoroacetate 
Salt (35). The foregoing tert-butyl ester 87 (2 g, 5.09 mmol) 
was dissolved in CF3COOH (20 mL). After the reaction 
mixture was stirred under Nz at ambient temperature and in 
the dark for 20 min, the solution was concentrated under 
reduced pressure. The colorless oily residue was triturated 
with EtOAc (80 mL), and the precipitate was filtered off and 
washed well with petroleum ether to give a white powder: 2.23 
g (97%); mp >270 "C; NMR (MezSO-ds) 6 1.18 (t, J = 6.9 Hz, 

CHZCH~), 4.77 (s,2H, CHzN), 6.72 (d, J = 9.1 Hz, 2H, benzene 
3',5'-H), 7.61 (d, J = 8.4 Hz, lH, quinazoline 8-H), 7.73 (d, J 
= 9.0 Hz, 3H, benzene 2',6'-H, quinazoline 7-H), 7.88 (d, J = 
1.7 Hz, lH, quinazoline 5-H); MS mlz 338 (M + HI+. Anal. 
(CigHigN303'1.05CF3CO2H) C, H, N, F. 

Pteroic acid analogues 33 and 36 were prepared in a similar 
way.23 Pteroic acid analogue 34 was prepared as described in 
ref 42. 

Hz, 2H, Glu CHzY), 3.01 (4, J = 6.5 Hz, 2H, NHCHz(CH2)2- 

C02C(CH3)3), 2.33 (5, 3H, C2-CH3), 3.57 (9, J = 7.0 Hz, 2H, 

3H, CHZCH~), 2.45 (9, 3H, C2-CH3), 3.59 (4, J = 6.9 Hz, 2H, 

Bisset et al. 

Preparation of Quinazoline y-Linked Dipeptide tert- 
Butyl Esters. Di-tert-butyl N- [N-[4- [N- [ (3,4-Dihydro-2- 
methyl -4+xoq~l in~yl )methyl l  -N-prop%ynylamjnol- 
benzoyl]-L-y-glutamyll-~-alaninate (38). The pteroic acid 
analogue, trifluoroacetate salt, 33 (0.461 g, 1 mmol) and di- 
tert-butyl L-y-glutamyl-L-alaninate (21) (0.417 g, 1.3 mmol) 
were dissolved in dry DMF (15 mL) at room temperature, and 
to  this solution was added diethyl cyanophosphoridate (0.359 
g, 2.2 mmol) and then Et3N (0.222 g, 2.2 "01). The mixture 
was stirred under nitrogen and in the dark for 2 h and then 
diluted with EtOAc (100 mL) and H2O (100 mL). The water 
layer was separated and extracted with EtOAc (2 x 100 mL). 
The combined EtOAc extracts were washed with 10% aqueous 
citric acid (2 x 50 mL), saturated NaHC03 (100 mL), and 
dilute NaCl (100 mL) and then dried (NazSOd, filtered, and 
concentrated in vacuo. The residue was purified by chroma- 
tography on a silica gel column (Merck 15111) using EtOAc 
and then 2% MeOH in EtOAc as the eluent. Product contain- 
ing fractions were combined and evaporated in vacuo to give 
a foam. The foam was dissolved in CHzCl2 (10 mL) and 
petroleum ether (50 mL) added, giving a white gelatinous 
precipitate which was filtered off and dried in vacuo. The 
required product 38 was obtained as a white powder: 0.505 g 
(77%); mp 110-111 "C; NMR (MezSO-dd 6 1.20 (d, J = 7.3 
Hz, 3H, Ala CH3), 1.37, 1.40 (2 x m, 18H, C(CH3)3), 1.90,2.00 
(2 x m, 2H, CH&, 2.22 (t, J = 6.0 Hz, 2H, CHzY), 2.34 (s, 3H, 
quinazoline 2-CH3), 3.24 (s, lH, CICH), 4.07 (m, lH, Ala 
a-CH), 4.23 (m, lH,  Glu a-CH), 4.34 (s, 2H, CH~CIC), 4.79 
(s, 2H, quinazoline 6-CH2N), 6.83 (d, J = 8.8 Hz, 2H, benzene 
3',5'-H), 7.55 (d, J = 8.4 Hz, lH,  quinazoline 8-H), 7.71 (dd, J 
= 9.1, 1.5 Hz, lH, quinazoline 7-H), 7.74 (d, J = 8.6 Hz, 2H, 
benzene 2',6'-H), 7.97 (s, lH,  quinazoline 5-H), 8.18 (d, J = 
6.9 Hz, lH, Ala NH), 8.34 (d, J = 7.5 Hz, lH,  Glu NH), 12.26 
(s, lH,  quinazoline 3-H); MS mlz 660 (M + HI+. Anal. 
( C ~ ~ H ~ S N & O . ~ H ~ O )  C, H, N. 

The procedure was repeated with the appropriate primary 
amines 20-32 and the appropriate pteroic acid analogues 33- 
36 to give the coupled quinazoline y-linked dipeptide tert-butyl 
esters 37 and 39-52. Yields and mass spectral and analytical 
data of these products are given in Table 2. The 'H NMR 
spectra of these compounds were consistent with the assigned 
structures. 

Preparation of Quhazoline "/-Linked Dipeptides. N-[N- 
[4[N-[(3,4Dihydro-%methyl-4+xoq~~-~yl)me~yll-  
N-prop-~ynylaminol~~oyll-Ly-glutamyll -Galnnin% Tri- 
fluoroacetate Salt (54). A solution of 38 (0.348 g, 0.53 mmol) 
in TFA (10 mL) was stirred at room temperature for 1 h in 
the dark and under a nitrogen atmosphere. The solution was 
then concentrated in vacuo and the residue triturated with 
anhydrous Et20 (30 mL). The solid was isolated by filtration, 
washed with Et20 (4 x 10 mL), and dried in vacuo over PzOS, 
giving a white powder: 0.339 g (97%); mp 173-175 "C; NMR 
(MezSO-ds) 6 1.22 (d, J = 7.3 Hz, 3H, Ala CH3), 1.90, 2.05 (2 
x m, each lH, CH&, 2.23 (t, J = 6.8 Hz, 2H, CH&, 2.38 (s, 
3H, quinazoline 2-CH3), 3.24 (s, lH,  C=CH), 4.17 (m, lH,  Ala 
a-CH), 4.30 (m, lH, Glu a-CHI, 4.35 (s, 2H, CH~CIC), 4.80 
(s, 2H, quinazoline 6-CHzN), 6.83 (d, J = 9.0 Hz, 2H, benzene 
3',5'-H), 7.57 (d, J = 8.4 Hz, lH, quinazoline 8-H), 7.75 (d, J 
= 8.9 Hz, 3H, quinazoline 7-H and benzene 2',6'-H), 7.99 (s, 
lH,  quinazoline 5-H), 8.16 (d, J = 7.1 Hz, lH, Ala NH), 8.33 
(d, J = 7.5 Hz, lH, Glu NH), 12.45 (b s, lH, quinazoline 3-H); 
MS mlz 548 (M + H)+. Anal. (CzsH2gN507-0.5CF3- 

The procedure was repeated with the appropriate quinazo- 
line y-linked dipeptide tert-butyl esters 37 and 39-52 to yield 
the quinazoline y-linked dipeptides 53 and 55-68, all of which 
had 'H NMR spectra consistent with the assigned structures. 
Yields and analytical data are gathered in Table 3. 

Some of the trifluoroacetate salts were found to be both 
hygroscopic and light-sensitive, and appropriate steps were 
taken to  prevent decomposition of these during storage. 

Preparation of Quinazoline L-Glu-y-Linked Amide 
tert-Butyl Esters. tert-Butyl N-[N-[4-[N-[(3,4-Dihydro-2- 
methyl-4-oxoquinazolin-6-yl)methyll -N-prop-2-ynylami- 
no]benzoyl]-L-y-glutamyll-n-butylamide (80). Compound 
80 was prepared by coupling pteroic acid analogue 33 to amine 

COOH.1.3HzO) C, H, N, F. 
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76 as described for the preparation of 38. The crude product 
was purified by chromatography on a silica gel column (Merck 
15111) using EtOAc and then 2% MeOH in EtOAc as the 
eluent. Product-containing fractions were combined and 
evaporated in uucuo to give a solid. The solid was dissolved 
in CHC13 (10 mL) and petroleum ether (50 mL) added, giving 
a white gelatinous precipitate which was filtered off and dried 
in vacuo. The required product 80 was obtained as a white 
powder in 80% yield: mp 139-140 "C; NMR (MezSOd6) 6 0.83 
(t, J = 6.2 Hz, 3H, (CHZ)&H~), 1.30 (m, 4H, CH2CH2CH&H3), 
1.39 (s, 9H, C(CH&), 1.88, 2.00 (2 x m, 2H, Glu CHf), 2.18 
(t, J = 7.0 Hz, 2H, Glu CHzY), 2.33 (s,3H, quinazoline 2-C&), 

Hz, lH, CWH),  4.21 (m, lH, Glu a-CHI, 4.34 (8, 2H, 
CHzCsC), 4.78 (8, 2H, quinazoline 6-CHzN1, 6.83 (d, J = 8.1 
Hz, 2H, benzene 3',5'-H), 7.54 (d, J = 8.3 Hz, lH, quinazoline 
8-H), 7.69 (d, lH, quinazoline 7-H), 7.73 (d, J = 7.9 Hz, 2H, 
benzene 2',6'-H), 7.81 (t, J = 5.4 Hz, lH, NH(CH&CH3), 7.96 
(s, lH, quinazoline 5-H), 8.32 (d, J = 7.1 Hz, lH, Glu NH), 
12.19 (9, lH, quinazoline 3-H); MS mlz 588 (M + H)+. Anal. 

The procedure was repeated with the appropriate amines 
74, 75, and 77 and the pteroic acid analogue 33 to give the 
coupled quinazoline L-y-linked amide tert-butyl esters 78,79, 
and 81. Yields and mass spectral and analytical data of these 
products are given in Table 2. The 'H NMR spectra of these 
compounds were consistent with the assigned structures. 

Preparation of Quinazoline L-Glu-y-Linked Amides. 
N-[N-[4-[N-[ (3,4-Dihydro-2-methy1-4-oxoquinazolin-6-y1)- 
methyl] -N-prop-2-ynylaminolbenzoyll-~-y-glutamyll-n- 
butylamide, Trifluoroacetate Salt (84). Compound 80 was 
deprotected with TFA as described for the synthesis of 54, 
affording 84 as a white powder in 85% yield: mp 124-125 
"C; NMR (MezSO-de) 6 0.83 (t, J = 6.8 Hz, 3H, (CHz)&Hs), 
1.29 (m, 4H, CHZCHZCH~CH~), 1.90, 2.04 (2 x m, 2H, Glu 
CH&, 2.18 (t, J = 6.7 Hz, 2H, Glu CHzY), 2.38 (8, 3H, 
quinazoline 2-CH3), 3.00 (9, J = 6.3 Hz, 2H, NHCH~(CHZ)Z- 
CH3), 3.24 (s, lH, CsCH), 4.28 (m, lH, Glu a-CH), 4.35 (9, 
2H, CHzC=C), 4.80 (s, 2H, quinazoline 6-CHzN), 6.83 (d, J = 
7.7 Hz, 2H, benzene 3',5'-H), 7.57 (d, J = 8.4 Hz, lH, 
quinazoline 8-H), 7.73 (d, J = 7.4 Hz, 3H, benzene 2',6'-H and 
quinazoline 7-H), 7.82 (t, J = 4.9 Hz, lH, NH(CH2)3CH3), 7.98 
(9, lH, quinazoline 5-H), 8.33 (d, J = 7.4 Hz, lH, Glu NH), 
12.50 (b s, lH, quinazoline 3-H); MS mlz 532 (M + HI+. Anal. 

The procedure was repeated with the appropriate quinazo- 
line L-y-linked amide tert-butyl esters 78, 79, and 81 to yield 
the quinazoline L-y-linked amides 82, 83, and 85 (isolated as 
their free bases), all of which had lH NMR spectra consistent 
with the assigned structures. Yields and analytical data are 
gathered in Table 3. 
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