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SUMMARY

This paper describes a 2-amino-4-hydnoxyquinazoline analogue of folic acid w-hich is nmuch
stronger than methotnexate nus a thynmidylate synthetase inhibitor but weaker as a di-
hydnofolate reductase inhibitor. It also identifies the requirements of certaimi structural

moieties for this activity.

It has been reported by Hutchisot-i nund

co-workers’ (1) that the 2 , 4-diamit-mo- and
2-amino-4-hydnoxyquinazoline analogues of

folic acid may be as active as, on more active

than, methotrexate (amethoptenit-m) as inhib-
itors of the dihydnofolate neductase (5,6,7,

8-tetnahydrofolate : NADP oxidoreductase,
EC1.5.i.3) from L12i0 leukemic cells. Baker
and Coward had reported earlier (2) that
modifying the substituemmts of the pynimidi-
nol nucleus changed the relative inhibitory

activity of these derivatives tow-and dihydro-

folate reductase as compared with that
toward thymidylate synthetase (methyl-
enetetnahydrofolate : dUMP C-methyltmans-

ferase EC2.i .i .b). Borsa and Whitmone (3)
have proposed, on the basis of work with

L-cells in vitro, that compounds with higim
inhibitory activity toward thymidylate syn-

thetase should be more effective antitumor

agents than those with high inhibitory ac-
tivity toward dihydrofolate neductase, and

that dihydnofolate reductase inhibition tends
to counteract the effect of thymidylate syn-

I D. J. Hutchison, F. M. Sirotnak and A. M.

Albrecht, personal communication.

thetase inhibitiot-i. We report lucre ot-u the

comparative it-ihibitomy nuctivities of a group
Of 2-amino-4-hydnoxyquit-iazoline analogues

of folic acid in several systems, inclu!ing

those against dihydrofolnute neductase nund
timymidylate synthetase.

The 2-amino-4-hydnoxyquinazolit-ies (4)
(compounds I-IV, Table 1), the 2 ,4-di-
aminoquinazoline (V) , nut-id the pynimidine

conupout-ud (VI) were synthesized by Dr.
John Davoll and co-workers.t- �\ lethotrexate

was purchased from Ledenle Laboratories,

Pearl Riven, N. Y. Pigeomi liven dihydrofolate
neductase was prept-ured from pigeon liven

acetone powder, obtained from Pemitex, Ican-
kakee, Ill., by the method of Baker et al. (5).

Dihydnofolate neductase from Streptococcus

faecalis R (ATCC 8043) was prepared by time
method of Hillcoat at-id Blakley (6) fnonm
rapidly growing cells grow-n on Difco Micro
Inocuium broth. Thynmidyiate synthetase

was prepared by time method of Fmiedkin (7)

from strain B Escherichia coli cells obtained
from General Biochemicals, Chagrin Falls,

2 Parke, Davis and Company, Chemistry Dc-

partment, Hounslow, Middlesex, England.
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Ohio, except flit-ut the cells were sonically
disrupted it-istead of grout-ic! with alumina.

Dihydrofnlate neductase activity from the

two sources it-idicated was determined spec-
tmophotometmically by tue 1)mocedulne of

Friedkin et al. (8) , at at-i et-izynue concentra-
tint-i which gave a change in absorbance at
340 m�t- of 0.025/mit-i at 26#{176}.Iniuibitory ac..

tivity was titrt-tted by stepwise addition of

the test cot-impounds until 50 % of the original
emmzyme activity remained. Thymidylate
synthetase activity was also determined
spectrophotometnically, by the method of

Fniedkin (7) , at-md the inhibitory activities of
the test compounds toward this enzyme w-ere

determined it-i time same way as for dihydno-
folate meductnuse it-ihibition. These data are
sunimanized in time last three columns of

Table 1.
The experimental nuethod described by

Capps et al. (9) was used for studies of the
inhibition of growth of S. faecalis R by the

test compounds. The data are shown in

columns 4-6 of the table. Ignoring perme-
ability factors, the S. faecalis inhibition data

in column 4 represent the oven-all activity
of the inhibitors against the test organism,
wimile the data in column 5 represet-ut the
inhibitory power remaining after time inhibi-

tion of the reductases was reversed. The data

TABLE 1

Relation of structures among 2-ainino-4-hydroxyquinazoline antifolates to their inhibition of growth of S.

faecalis ii and thymidylate synthetase and dihydrofolate reducta.se activities front- mammalian and
bacterial sources

1. T�n-
hibitor

2. Basic ring
structure#{176} b

3. Substituents Concentration inhibiting
� growth of S. .iaecalis R 50%

Concentrations inhibiting
enzyme activity 50%

4 � 10

�
�

17
4. With
PteGluc

5. With
5-CHO’

6. With
5-CHO
+ thy-
midinee

Thy-
midylate

svnthetase1.

Dihydrofolate
reductase�

8. 9. S.
Pigeon [aecalis

liver R

MTX

I

II

Ill

Iv
V
VI

Pteridinyl
Quinazolit-iyl

Quinazolinyl

Quinazolinyl

Quinazolinyl

Quinazolinyl
Pyrit-nidinyl �

NH2

OH

011

OH

OH
NH2

CH,

H

CH3

I-I

CH3
CH,

Glu

Glu

Glut-

Asp

Asp
Glu

ms.%f

0.44

1.3

0.16

15

0.27
0.11

65,000

t8M�1�

1.3
1.7

0.29

28

1.2
0.43

fll;s5f

2.4

39

580

110

2.7
1.1

�z3f j�M

70 0.018
0.75 0.25

0.098 0.20

4.5 0.25

5.7 0.82
2.1 0.015

>490

)Amf

0.00029

0.27

0.17

0.57

0.0014

0.00034

K

(I �

metliotrexat-e (MTX).

HO N

b CH3�SONH(CH) �

Quinazolinyl t-iioiety. Substituents are numbered as in

This compound was synthesized by J. Dickinson,2 and is

referred to as compound XII by Baker and Coward (2).
C Pteroylglutamic acid, 0.91 m�zsI.

(I l-Leueovorin, 0.84 m�.

6 l-Leucovorin, 0.84 m�zss, plus thvmidine, 41.0 j.zM.

f Substrate, 0.28 nist dl,t-.-tetrahydrofolic acid; dUMP, 0.042 nmM.

U Substrate, 33 j�5t- dihydrofolic acid; 67 �i NADPH.
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in cnlumt-m 6 show the extet-it to which this
remaining iniuibitiot-m was reversed by time

presence of tliymidine and therefore indicate
the possible effectiveness of tlmese compounds

as thymidylate synthetase it-miiibitors. Corn-
pout-id II is by far the nmost nemarknuble in

this respect. This conmpout-id was nulso at-i

extremely active iniuibitor of thynmidylate

synthetase from .E. coli (column 7) , beit-mg
nuuch more active than nut-my other it-i this

series. Conupane this especinully with the large

but still immnudequate amout-mt of VI, the corn-
pout-id mecnnmmet-mded by Baker nut-md Cnwnurd
(2) as nu tlivnuidylate syt-mthetase inhibitor.

The importance of time hydmoxyl grout-p nut
positiot-m 4 of compound II to its it-mhibitnry

activity nugnuinst thynmidylate synthmctnuse is
indicated by comparison witim compound V,
which is idet-mtical except for the preset-ice of
an amino instead of nu hydmoxyl gmouij� at
position 4. The latter u�as 500 times more

potent than the fomnuer as an inhibitor of

dihydmofolate neductase from S. faecalis 11,

but 21 times less potent that-i time former nus

at-i inhibitor of t-hvnmidylate symitimetase.

Mctiintrexate wt-� 58(1 times mmmore nuctive
flit-it-i conupounci II agt-uinst clihydmnfolt-ute

reduct-ase and 714 tinues less active agnuinst
thynmidvlate synthetase.
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