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TABLE 3

Inhibition ofL. casei and L1210 TMP synthetase by analogues of5,8-dideazapteroic acid

H2NJ��F �

Group III X Y Z R ID�

L. casei L1210

�LM �LM

23 OH H CH2NH OH >100 >100
24 OH H CH2NH OC2H >100 >100
25 OH H NHCH OC2H5 50 >100
26 OH H NHCH OH >100 >100
27 OH CH NHCH H 90 27

28 OH CH NHCH OC2H5 90 >100
29 NH2 CH3 CHNH 0C2H >100 >100
30 NH2 CH3 NHCH OC2H5 10 >100
31 NH2 H CH2NH 0C2H5 >100 >100
32 NH2 H CH2N(CHO) OH 75 >100

33 OH H CH2N(CH3) OH 75 20

34 SH H CH2NH OH >100 >100
35 SH H CH2N(CH3) OH 75 7.5

TABLE 4

Inhibition ofcell growth by 2-amino-4-

hydroxyquinazoline analogues offolic acid

Cells were incubated in the presence and absence

of the quinazoline indicated at various concentrations

(see E XPERIMENT AL).

ED�

L5178Y L1210 5180 W-256 K562

fLM �M )LM JLM fLM

2 1.4 3.5 11 >50 1.4

4 3.0 2.2 >50 6.2 2.3

5 >50 >50 >50 >50 >50

6 >50 >50 >50 >50 20

7 >50 >50 >50 >50 >50

8 >50 >50 >50 >50 >50

9 >50 >50 >50 >50 >50

11 >50 >50 >50 >50 >50

12 >50 >50 >50 >50 >50

14 11 14 >50 20 6

may be considered as analogues of pteroid
acid or its ethyl ester. They are weak inhib-
itors of the bacterial enzyme and are mod-

erately successful against the mammalian

enzyme. In the absence of a terminal glu-

tamate, the 10-methyl group is important
for inhibition of the L1210 enzyme. This is
demonstrated by comparing compounds 33
with 23 and compounds 35 with 34. Inter-

estingly, the introduction of a 4-SH group

enhances the activity only if the 10-methyl
group is present as in compound 35, which
is the best inhibitor.

Effects ofquinazolines on cell growth in

vitro. In order to correlate the enzyme in-
hibition with effects on cell growth, certain

of the compounds from Tables 1 and 2 were
tested as inhibitors of growth of various cell
tumors in culture.

The 2-amino-4-hydroxyquinazoline in-

hibitors which were tested, with the excep-
tion of compounds 2, 4 and 14, are not
potent inhibitors of cell growth (Table 4).
Compounds 2 and 4, the most potent inhib-
itors of TMP synthetase tested, were also
the most potent inhibitors of cell growth in
vitro. Ofinterest is the difference in potency
with respect to cell type. The L5178Y,

L1210 and the human line K562 were in-
hibited to the greatest degree by 2, while
the 5-180 line was less sensitive; the W-256
was relatively insensitive. Compound 4 was

equally inhibitory to the L5178Y, L1210
and K562 sublines. Howe�er, the 5-180 was
relatively insensitive to this inhibitor, while
the W-256 was only slightly less sensitive

than the L5178Y, L1210 and K562 cell lines.
Presumably these differences relate to
transport differences between the cell lines
although other reasons may exist (e.g., me-



TABLE 6

a The concentration of 5-’H dUMP was held con-

stant at 46 tim.
b The concentration of 5,10-CH2-H�PteGlu was var-

ied between 8 to 160 �tm. Incubation was for 30 min.

Enzyme concentration was 0.5 units/sal.
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tabolism). Compound 14, a relatively poor

inhibitor of TMP synthetase, was a mod-
erately good inhibitor of cell growth in all
of the cell lines except the 5-180 line. The
2,4-diaminoquinazoline analogues, espe-

cially 21 and 22 were modest inhibitors of

cell growth (Table 5). However, compounds
16, 18 and 19 were also potent inhibitors of

dihydrofolate reductase (unpublished
data).

Although compounds 5, 6, 10, 21 and 22
were good inhibitors of TMP synthetase,
they were not potent against cell growth as

compared to group II. This limited cell
kffling effect may be due to the inability of
the cells to transport these compounds.

Further inhibition studies of the inhibi-

tion of L1210 TMP synthetase by selected

quinazolines. Initial velocity studies of the

L1210 TMP synthetase suggest that the
enzyme follows an ordered and sequential
mechanism with Michaelis constants to be

28 jtm for 5,10-CH2-H4PteGlu and 3 �.tm for
dUMP.

Kinetic studies, graphed by the method
of Lineweaver and Burk (16) indicated that
both compounds 4 and 5 were competitive
inhibitors with respect to 5,10-CH2-

H4PteGlu with K1 values of 0.07 �tm and

0.77 �tm, respectively (Table 6 and Fig. 2).
Two other inhibitors of TMP synthetase,
5,8-deazaisoaminopterin (21) and metho-

trexate, both of which contain a 4-amino
group were found to be non-competitive
inhibitors of the enzyme with respect to
5,10-CH2-H4PteGlu. The approximate K1

TABLE 5

Inhibition ofcell growth by 2,4-diaminoquina

analogs offolic acid

zoline

ED.�

L5178Y L1210 5180 W-256 K562

LM ILM �LM �LM �LM

16 .013 .006 .054 .013 ND.

18 .007 .008 .310 .021 .001

19 .007 .010 .200 .035 9.5

20 .640 >1.000 >1.000 .120 ND.

21 .350 .170 >1.000 .290 ND.

22 .120 .160 >1.000 >1.000 ND.

MTX .003 .006 .009 .420 .022

ND. = not determined.

K, values and mechanism of inhibition by certain

folate antagonists against L1210 TMP synthetase

V..�riable substrat&’: 5,10-CH2-
H�PteGh?

K Inhibition

jLM

Compound 4 0.07 competitive

Compound 5 0.76 competitive

Compound 21 0.45 non-competitive

MTX 36.0 non-competitive

values of these inhibitors were 0.45 �tm and

36 �tm, respectively (17).

DISCUSSION

Several quinazoline analogues of folic

acid have been shown to be effective inhib-
itors of TMP synthetase from both bacte-
rial and mammalian cells (5, 6, 9, 18). The
4-hydroxy compounds were more inhibitory
than the 4-amino compounds against TMP
synthetase from several sources; E. coli (3),
Diplococcus pneumoniae (4), L. casei (5),
neuroblastoma (5) and human AML cells
(19). The results of the present study indi-

cate also that the 2-amino-4-hydroxyquin-
azolines are significantly more potent inhib-
itors of TMP synthetase than their 2,4-dia-
minoquinazoline counterparts, a pattern
which is the reverse of that obtained for the

inhibition of dihydrofolate reductase (un-
published data). Our results confirm the
inhibitory potency of compound 4 (3-5),
but also show that most of the compounds
studied are significantly more inhibitory to-
ward the mammalian tumor enzyme than

the L. casei enzyme. In addition, several
other changes such as the lO-formyl (5) and
5-methyl (10) modifications result in a sim-

ilar level of inhibition as 4. As a result of
this observation of tight binding of com-
pound 5, it has been utilized to prepare an

affinity column which has been extremely
useful for isolating TMP synthetase from
L1210 leukemia cells (7). The reduced in-
hibitory activity of the 4-NH2 modification
with respect to their 4-OH counterparts on
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(A) COMPOUND 4 (B) COMPOUND �

I/5,Io-cH2-H4 PteGIu (�M1�IO2)

FIG. 2. Inhibition ofTMP synthetase by quinazolines and methotrexate with respect to 5,10-CH�H4PteGlu

Incubation was for 30 minutes. The enzyme concentration was 0.5 units/ml. The variable concentrations of

the substrate were 160, 80, 40, 16 and 8 �.tm for 5,10-CH2-FLPteGlu and the concentration of [5-’H}dUMP (ca.

3 x iO� cpm/pmole). 1/2 is expressed as nmoles of TMP formed/mm/mi of enzyme.

TMP synthetase is obtained for all com-
pounds having a normal folate bridge be-
tween the quinazoline and phenyl rings.

However, the reverse relationship appears
to apply for analogues of isofolic acid.

The data obtained for derivatives devoid
of a glutamate residue in Table 3 indicate
that the presence of this glutamate residue

is necessary for potent inhibition of TMP
synthetase. The fact that most of the di-
ethyl ester derivatives studied have re-
duced affinity as compared to the corre-
sponding glutamates also supports this con-

tention. The anomalous result observed
with the diethyl ester derivative 6 warrants

further study and other esters of lO-thia-
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5,8-dideazafolic acid should be prepared. It

should be noted that in early studies mod-
ifications containing an aspartate group in
place of glutamate resulted in decreased
potency toward the E. coli enzyme but not
in the case of the D. pneumoniae enzyme
(3,4).

The enhancement in potency obtained
with the 4-SH derivative 35 as compared to
33 suggests that this modification may be
a means of achieving activity enhancement

for certain of the more potent inhibitors.
Toward this end, the synthesis of the 4-SH
analogues of compounds 2, 4 and 5 is cur-

rently under study.
Perhaps not unexpected are the potent

inhibitory effects of certain of the 2,4-dia-

minoquinazolines on cell growth; this effect
is probably mediated by inhibition of
DHFR (unpublished data). In contrast, the

2-amino-4-hydroxyquinazolines are rela-
tively weak inhibitors of growth of L1210
cells; whether this is related to the rela-

tively weak inhibition of TMP synthetase,
or insufficient transport of the compound
intracellularly has not yet been determined.

Inhibition of cell growth of L1210 cells by
these compounds (2, 4 and 14) correlated

with TMP synthetase inhibition.
The initial velocity studies for the L1210

TMP synthetase indicate Km values for

5,10-CH2-H4PteGlu and dUMP of 28 and 3
;.tm, respectively. These values are similar
to what has been reported for the human
lymphoblast cell line, 4265 (20) and human
leukemia cells (18).

Inhibition studies with 5,10-CH2-
H�PteGlu as the variable substrate dem-
onstrated that the 2-amino-4-hydroxyquin-
azoline compounds were competitive inhib-
itors of this enzyme with respect to 5,10-

CH2-H4PteGlu. The 2,4-diaminoquinazo-
line compound 21 and MTX were found to
be non-competitive inhibitors with respect

to 5,10-CH2-ILPteGlu; thus compound 21
is both an effective inhibitor of dihydrofol-
ate reductase (unpublished data) and is a
potent inhibitor of the L1210 TMP synthe-

tase (K1 = .45 �sm). Further studies with this

compound are warranted. Of interest, how-
ever, is the relative lack of potency of this

compound against the rodent lines in vitro,
presumably due to poor transport or intra-

cellular metabolism. Non-competitive in-
hibition of MTX to TMP synthetase with

respect to 5,10-CH2-H4PteGlu has been re-
ported also for the human lymphoblast cell
line 4265 (20) and human leukemia (19);
the results obtained with compound 18 also
warrant further investigation because of its
inhibitory potency and cytocidal effects.

These investigations provide a basis for

further structural modifications of quin-
azoline folate antagonists that could result

in more effective inhibitors of TMP synthe-
tase, better cell killing and/or better syn-
ergism with other cancer chemotherapy

agents. The differences observed between
inhibition of the L. casei enzyme and the
L1210 enzyme by certain of these inhibitors
also encourage the hope that inhibitors of
bacterial TMP synthetase may be found
that do not affect the mammalian enzyme,
thus resulting in an anti-bacterial chemo-
therapeutic agent. It is also clear that the

L. casei enzyme may not be a valid test
system for screening potential inhibitors of
TMP synthetase as cancer chemotherapy
agents.
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