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A series of thirty eight 2,4-diaminoquinazolines having diverse substitution patterns on the aromatic ring
was evaluated for inhibitory activity against dihydrofolate reductase (DHFR) obtained from a human lympho-
blast cell line. Many of these compounds were also evaluated as inhibitors of rat liver DHFR under the same
experimental conditions. In most instances the results obtained with each enzyme were comparable indi-
cating that the rodent enzyme is a suitable model for the human DHFR as far as the determination of I,
values is concerned. The results demonstrate that relatively simple S-substituted- or 5,6-disubstituted-2,4-
diaminoquinazolines can be potent DHFR inhibitors. The presence of a nonpolar substituent at position 7 or

8 was highly detrimental to inhibitory potency.

J. Heterocyclic Chem., 28, 1981 (1991).

Nonclassical 2,4-diaminoquinazoline analogues of folic
acid have been of interest as potential chemotherapeutic
agents for over two decades. For example, it was shown
that 2,4-diaminoquinazolines bearing simple substituents
on the aromatic possessed interesting levels of antibacter-
ial activity [1,2]. It was suggested that for a given substitu-
ent, the antibacterial potency followed the order of 5 >6
>7 [1,2). A plethora of 2,4-diaminoquinazolines having
large hydrophobic substituents attached through a suit-
able spacer at position six have been synthesized. Many of
these possessed remarkable antimalarial effects [3,4]. In
some instances the presence of a small nonpolar substitu-
ent such as chlorine or methyl at position five caused a
substantial enhancement of antimalarial activity [3-7]. The
drug trimetrexate, 1, which arose from these synthetic ef-
forts, was found to display potent antimalarial, antibacter-
ial and antitumor activities and was subsequently intro-
duced into clinical trials as an anticancer agent [7-9]. Com-
pound 1 was reported to have a similar level of inhibitory
potency toward L1210 dihydrofolate reductase (DHFR) as
methotrexate, the standard of comparison for potent in-
hibitors of this enzyme [8]. More recently, compound 1 has
also been undergoing clinical trials for the treatment of

OCH,

NH, CH,
N7 CH,NH OCH,
1

HN" SN 0CH,

Preumocystis carinii infections in AIDS patients, being
employed in combination with the rescue agent calcium
leucovorin [10-12]. The latter drug is required in the thera-

peutic regimen because 1 is actually a better inhibitor of
mammalian DHFR than the DHFR from Pneumocystis
carinit [11].

Interest in 2,4-diaminoquinazolines as potential anti-
mycobacterial agents was initiated by the work of DeGraw
and coworkers who synthesized a series of 6-alkyl-2,4-di-
amino-5-methylquinazolines [13]. These compounds were
found to be moderate to potent inhibitors of the growth of
Mycobacterium sp. 607 with 2,4-diamino-6-(n-propyl)-5-
methylquinazoline, 31, being the most effective of the
analogues studied [13]. When 31 was used in combination
with 4,4'-diaminodiphenylsulfone, dapsone, marked drug
synergy was observed against M. sp. 607 indicating that
DHFR was its enzymatic target. Later, compounds of this
type as well as structurally related 5-deazapteridines were
shown to be potent inhibitors of the DHFR isolated from
M. sp. 607 [14]. Gelber and Levy tested a series of these
2,4-diaminoquinazolines against M. leprae growing in the
mouse foot pad [15]. Several analogues produced bacterio-
static effects, but growth of M. leprae resumed upon
removal of drug from the diet. Compound 31 and the 5,6-
dimethyl derivative, 30, were also evaluated in combina-
tion with dapsone. In each case the antibacterial activity
was enhanced as compared to that produced by dapsone
alone. In spite of the interesting activity shown by quin-
azolines of this type in this cumbersome and protracted
evaluation system, none of these compounds was intro-
duced into clinical trials for the treatment of leprosy. It
should be noted that other promising inhibitors of DHFR
have not shown impressive activity in the mouse foot pad
test system [16).

In this laboratory, we have been involved in the search
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for new DHFR inhibitors as potential antileprotic agents
and more recently for the treatment of M. avium intra-
cellulare infections in AIDS patients. During the course of
these efforts a wide variety of 2,4-diaminoquinazolines
have been evaluated as inhibitors of rat liver DHFR and
more recently the human enzyme obtained from WIL2 fi-
broblasts. This paper summarizes our findings using the
DHFRs from both sources. It is believed that this data
will be of value in predicting the potential host toxicity of
newly synthesized compounds of this type. In addition, the
results may be of value in the design of DHFR inhibitors
having enhanced selectivity for the DHFRs of opportunis-
tic microorganisms.

A total of thirty-eight 2,4-diaminoquinazolines were
employed in this study. Of these, eleven compounds were
prepared for the first time and their physical properties
are summarized in Table 1. The key intermediates, 5-
methyl-2,4,6-triaminoquinazoline, 33, and 5-methyl-2,4,8-
triaminoquinazoline, 35, were prepared by the literature
methods [17]. The 6-chloro, 6-bromo, 8-chloro and 8-bromo
analogues, 2, 3, 5 and 6, were obtained from the requisite
amines under Sandmeyer conditions. The diazotization of
33 or 35 followed by treatment with potassium iodide af-
forded 2,4-diamino-6-iodo-5-methylquinazoline, 4, and 2,4-
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diamino-8-iodo-5-methylquinazoline, 7, respectively. The
2,4-diamino-6-iodoquinazoline, 8, and 5-chloro-2,4-di-
amino-6-iodoquinazoline, 9, were obtained in an analo-
gous fashion from 2,4,6-triaminoquinazoline [17] and 5-
chloro-2,4,6-triaminoquinazoline [17]. The 2,4-diamino-
quinazolines bearing a trifluoromethyl group at position
six (10), seven (11), or eight (12) were obtained using the
guanidine carbonate cyclization of the requisite 2-fluoro-
benzonitrile [18].

The inhibition results obtained against human and rat
liver DHFRs are presented in Table 2. All thirty-eight
compounds were evaluated against the human tumor en-
zyme, while many were also studied using the rat liver en-
zyme using the same enzyme concentration as determined
by methotrexate titration. The results obtained with the
antiprotozoan agent, pyrimethamine, are also included for
reference purposes. The values in parentheses are Iso
values from an earlier study conducted in this laboratory
which also employed rat liver DHFR [19].

It will be noted that in nearly every instance there is
good correlation between the Iso values for the two en-
zymes. This confirms the earlier assumption that the ro-
dent enzyme was an acceptable model for the human en-
zyme as far as drug screening is concerned. With the ex-

Table 1
Physical and Analytical Data for 2,4-Diaminoquinazolines Synthesized

NHZ R5
N*¥ ' Rs
HZNJ\\N R,
Rq

Compound Rj Rg Ry Rg Method  Yield MP°C Ms Empirical Analyses %, Caled./Found

No. %o m/efa]  Formula C H N
2 CH; A 78 281284 208  CoHoCIN, 51.81 435  26.85
51.78 4.39 26.73
3 CH; Br B 75  303-305dec 253  CyHgBrN, 4270  3.58  22.13
42.90 3.66 22.03
4 CH; 1 C 70 201.293dec 300  CoHoIN, 36.01  3.02  18.67
36.22 3.22 18.47
5 CHj c1 A 45 260262 208  CoHyCIN, 51.81 435  26.85
51.93 4.37 26.72
6 CH, Br B 35 275276 253  CoHoBrN, 4270 3.58 2213
42.75 3.69 21.93
7 CH, 1 C 80  226230dec 300  CgHgIN, 3601  3.02  18.67
36.40 3.16 18.70
8 1 c 38 250-255 286  CgHyINg 33.50  2.47  19.57
33.86 2.67 19.32
9 c 1 C 43 226228 320  CgHGCIIN, 20.97  1.88  17.48
29.81 2.00 17.22
10 CF; D 81 234236 228 CoH;F3N, 4737 3.9  24.55
47.29 3.07 24.49
11 CF3 D 74 244246 228 Col;FsN, 4737 3.00 2455
47.46 3.11 24.46
12 CF3 D 73 195197 228 CoH,F3N, 4737 3.0 2455
47.31 3.10 24.47

[a] Electron impact, off probe.
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Table 2

1983

Inhibition of Human and Rat Liver Dihydrofolate Reductases by 2,4-Diaminoquinazolines Bearing Simple Aromatic Substitutents

Compound

No.

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

8
10
28
29

_ N

30
31
32
33
34

S

6

7
35
36
37
11
38
12
39

Pyrimethamine

Rs R4
CH,4
F
Cl
Br
I
CF3
OCH;
OCHyCH3
0OCH;CF3
SCH3
SCHyCHg
N(CHz)2
F
Cl
Br
I
CF3
Cl Cl
Cl Br
Cl 1
CHj3 Cl
CHj Br
CHj3 1
CH3 CHj
CHj3 n-CaHy
CH3 NOo
CHj NHjy
F NH;,
CHj
CHj
CH,4
CHj
F
F F

CF3

NH, R
R6

N® |
HZN/J\\N R,

Rg I1

Cl
Br

NH,
NH,

CFy

I

2N
r Rat Liver [a] WIL2 cells h
(0.82) 0.63
0.44 0.35
0.65 (0.56) 0.57
1.5
1.1
2.1
0.33 0.31
0.069
0.027
1.2
0.38
11.0
96.0
(4.0) 1.5
2.5) 3.2
0.84 2.0
3.2
0.33 (0.20) 0.093
0.16 (0.10) 0.14
0.082 0.048
0.21 0.15
0.11 0.13
0.037 0.043
0.54 0.36
0.0079 0.0067
0.56 1.08
2.9 1.4
9.4
22.0 46.0
17.0 30.0
19.0 23.0
0.74 1.8
17.0
81.0
>100.0 [b]
146.0
>100.0 [b]
112.0
0.083 (0.07) 0.18

[a] Values in parentheses were reported earlier in Ref [19]. [b] Compound absorbs at 340 mu preventing the determination of an I5g value.
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ception of the 5-dimethylamino analogue, 24, each of the
S-substituted compounds is a moderate to good inhibitor
of the human enzyme with the 2,2,2-trifluoroethoxy com-
pound, 21, being the most effective inhibitor of this set. In
general, these results are consistent with the earlier sug-
gestion that there is a hydrophobic binding region adja-
cent to position five of 2,4-diaminoquinazolines [19]. 2,4-
Diaminoquinazolines having small nonpolar substituents
located at position six are less potent or have similar levels
of activity as their 5-position isomers. However, the 6-
fluoro derivative, 25, is 274-fold less inhibitory than
2,4-diamino-5-fluoroquinazoline, 14.

The addition of a small hydrophobic group at position 6
of 2,4-diamino-5-chloroquinazoline, 15, or 2,4-diamino-5-
methylquinazoline, 13, enhances binding to the human
enzyme with iodo showing the greatest effect of the halo-
gens. However, the 5-methyl-6-n-propyl derivative, 31, is
the most potent of the compounds studied being only
about 2-fold less potent than methotrexate. The presence
of nitro, 32, or amino, 33 and 34, at position six decreases
inhibitory potency modestly in the case of 5-methyl deriva-
tives but more dramatically in the case of the 5-fluoro
derivative, 34.

For the three 5-methylquinazolines bearing a halogen at
position eight (3-7), the inhibitory potencies are decreased
markedly in comparison to the parent compound 13. How-
ever, 2,4,8-triamino-5-methylquinazoline, 35, is only 3-fold
less potent than 2,4-diamino-5-methylquinazoline, 13, sug-
gesting that the region adjacent to position eight is polar
in nature. However, 5-fluoro-2,4,8-triaminoquinazoline,
36, is approximately 50-fold less effective than 2,4-diami-
no-5-fluoroquinazoline, 14, implying that electronic fac-
tors may also be involved. Finally, monosubstituted 2,4-di-
aminoquinazolines containing fluorine or trifluoromethyl
at positions seven or eight, 37, 38, 11 and 12, are all ex-
tremely weak inhibitors of human DHFR.

Based upon the results presented in Table 2, three of
the best inhibitors of human DHFR were evaluated for po-
tential antitumor activity against the growth of L1210 leu-
kemia cells in vitro. The ICso (#M) values obtained were as
follows: 4 (0.10), 9 (0.30), 21 (0.011). The ICs, value for
compound 1 under the same conditions was 0.0044 uM
and that for methotrexate was 0.0047 uM. Thus, the cyto-
toxicity of 2,4-diamino-5-2,2,2-trifluoroethoxy)quinazo-
line, 21, approaches that of trimetrexate as well as metho-
trexate suggesting that it should be evaluated in animal
models of cancer.

EXPERIMENTAL

Melting points were determined on a Mel-temp apparatus and
are uncorrected. Elemental analyses were performed by Gal-
braith Laboratories, Knoxville, TN. or Atlantic Microlab, Inc.,
Norcross, GA. Analytical samples were dried under vacuum at
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100°. The 'H and '*F nmr spectra were determined by using a
Varian EM 390 spectrometer. The 'H chemical shifts are pre-
sented in ppm downfield from tetramethylsilane as the internal
standard. The '*F chemical shifts are presented in ppm upfield
from fluorotrichloromethane as the internal standard. Relative
peak areas are given to the nearest whole number. The electron
impact mass spectra were obtained off probe using a Finnigan
4521 mass spectrometer at the Department of Chemistry, Univer-
sity of South Carolina, Columbia, SC.

DHFR activity was assayed spectrophotometrically at 340 nm
using homogeneous enzyme obtained from human WIL2 lymph-
oblasts as described earlier [20]. The assay was performed at 22°
after a preincubation time of 2 minutes. The assay mixture con-
tained DHFR (0.0076 uM), dihydrofolate (9 uM), NADPH (30
uM), and potassium chloride (0.15 M) in 0.05 M Tris buffer (pH
7.4) in a final volume of 1 ml. The final concentration of DHFR
was determined by methotrexate titration. The methotrexate was
a gift from Dr. Suresh Kerwar, Lederle Laboratories, Pearl River,
NY. Partially purified DHFR from rat liver was obtained as de-
scribed previously [21]. It was assayed in an identical manner as
described for the human enzyme with the enzyme activity being
adjusted by dilution with buffer as determined by titration with
methotrexate. An in vitro colorimetric assay was used to measure
the cytoxicity of selected compouds toward L1210 cells [22].

Compounds 14, 15, 16, 17, 19, 20, 21, 22, 24, 25, 37, 38, and 39
were available for this study by virtue of recent synthetic efforts
emanating from this laboratory [18]. The syntheses of 26, 27, 28,
and 29, were described earlier [19]). Compound 23 was prepared
in essentially the same manner as recently reported [23]. Com-
pounds 30 and 31 were obtained as generous gifts from Dr.
William T. Colwell, Stanford Research Institute, Palo Alto, CA.
The preparation of 32, 33, and 35 have been described earlier
[17]. The chemistry of 10 [24] and 34 [25] have recently been
reported from this laboratory. The synthesis of compound 36 will
be presented in a forthcoming communication [26].

2,4-Diamino-5-methylquinazoline (13).

An improved method for preparing 13 was developed. A mix-
ture of 6-amino-o-toluonitrile [27], (12.0 g, 0.075 mole) and chloro-
formamidine hydrochloride (9.2 g, 0.080 mole) in 35 ml of dieth-
yleneglycol dimethyl ether was heated with stirring at ca. 130°
for 15 minutes, 140° for 20 minutes and then 150° for 1 hour.
The reaction mixture was diluted with 100 ml of diethyl ether and
the resulting solid was separated by filtration. The crude product
was dissolved in boiling water (charcoal) and filtered through a
Celite bed. After cooling the filtrate was basified with 6N am-
monium hydroxide to pH 10. The solid was separated by filtra-
tion, washed with water and then dried under vacuum at 100° for
6 hours to yield 9.5 g (73%) of yellow crystals, mp 211-212° (lit [1]
mp 210-211°); *H nmr (deuteriotrifluoroacetic acid): 6 7.96 (dd, 1,
H,,J = 8Hz),7.53(d, 1, He or Hs, ] = 8 Hz), 7.43(d, 1, He or Hs,
J = 8 Hz), 3.0 (s, 3, CH,).

Method A for Preparing Compounds 2 and 5.
6-Chloro-2,4-diamino-5-methylquinazoline (2).

To a stirred solution of 5-methyl-2,4,6-triaminoquinazoline, 33,
(171 (0.29 g, 1.5 mmoles) in 4 ml of 2N hydrochloric acid main-
tained in an ice bath was added a solution of sodium nitrite (0.11
g, 1.6 mmoles) in 0.5 ml of water. After 0.5 hour this mixture was
added to a cold (ice bath) solution of cuprous chloride (0.16 g, 1.6
mmoles) in 2 ml of 37% hydrochloric acid. The resulting mixture
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was allowed to warm to room temperature and stirred for 6 hours.
The mixture was basified with 6N ammonium hydroxide and the
resulting solid was separated by filtration, washed with water and
then ether. The solid was recrystallized from dimethylformamide-
water to give 0.24 g (78%) of yellow solid; 'H nmr (deuteriotri-
fluoroacetic acid): 68.05(d, 1, H,,J] = 9Hz),7.43(d, 1, Hs, ] = 9
Hz), 3.03 (s, 3, CH,).

8-Chloro-2,4-diamino-5-methylquinazoline (5).

This compound was obtained from 35 [17] as a brown colored
solid by recrystallization from ethanol: 'H nmr (deuteriotrifluoro-
acetic acid): § 7.93(d, 1, H,, ] = 8 Hz), 7.46 (d, 1, Hs, J = 8 Hz),
2.96 (s, 3, CH,).

Method B for Preparing Compounds 3 and 6.
6-Bromo-2,4-diamino-5-methylquinazoline (3).

To a stirred solution of 5-methyl-2,4,6-triaminoquinazoline, 33,
[171(0.29 g, 1.5 mmoles) in 4 ml of 2N methanesulfonic acid main-
tained in an ice bath was added a cold solution of sodium nitrite
(0.11 g, 1.6 mmoles) in 0.5 ml of water. After stirring for 0.5 hour
this mixture was added to a cold (ice bath) solution of cuprous
bromide (0.23 g, 1.6 mmoles) in 2 ml of 48% hydrobromic acid.
This mixture was allowed to warm to ambient temperature over 3
hours and then heated to 70° for 0.5 hour. After cooling the reac-
tion mixture was basified with 6V ammonium hydroxide and the
resulting solid separated by filtration and washed with water and
ether. The crude solid was recrystallized from dimethylforma-
mide-water and then dried under vacuum at 100° to give 0.28 g
(75%) of yellow crystals; 'H nmr (deuteriotrifluoroacetic acid): &
8.20(d, 1,H,,J = 9Hz),7.35(d, 1, Hs, J = 9 Hz), 3.06 (s, 3, CH,).

8-Bromo-2,4-diamino-5-methylquinazoline (6).

This compound was obtained from 35 [17] as a tan solid by re-
crystallization from ethanol; 'H nmr (deuteriotrifluoroacetic
acidy: 68.1(d, 1, H,,J = 8 Hz), 7.36(d, 1, He, ] = 8 Hz), 2.96 (s, 3,
CH,).

Method C for Preparing Compounds 4, 7, 8 and 9.
2,4-Diamino-6-iodo-3-methylquinazoline (4).

To a stirred solution of 5-methyl-2,4,6-triaminoquinazoline, 33,
[17](0.29 g, 1.5 mmoles) in 4 ml of 2N hydrochloric acid main-
tained in an ice bath was added sodium nitrite (0.11 g, 1.6
mmoles) in 0.5 ml of water. After stirring for 0.5 hour a solution
of potassium iodide (0.26 g, 1.6 mmoles) in 2 m! was added and
the resulting mixture was allowed to warm to ambient tempera-
ture over 2 hours and then heated briefly to 70°. Next, the mix-
ture was basified with 6NV ammonium hydroxide and the crude
product was separated by filtration and washed with water. After
drying the product was recrystallized from dimethylformamide-
water to yield 0.31 g (70%) of yellow-green solid; 'H nmr (deuter-
iotrifluoroacetic acid): 8 8.46 (d, 1, H,,J = 9 Hz), 7.10(d, 1, Hg, J
= 9 Hz), 3.0 (s, 3, CH,).

2,4-Diamino-8-iodo-5-methylquinazoline (7).

This compound was obtained from 35 [17] as a light brown
solid by recrystallization from dimethylformamide; 'H nmr (deu-

teriotrifluoroacetic acid): 8 8.33 (d, 1, H,,J = 7.5 Hz), 7.26 (d, 1,
He, ] = 7.5 Hz), 2.93 (s, 3, CH,).

2,4-Diamino-6-iodoquinazoline (8).

This compound was obtained from 2,4,6-triaminoquinazoline
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[17] as a tan solid after recrystallization from ethanol; 'H nmr
(deuteriotrifluoroacetic acid): 6 8.66 (d, 1, Hs, ] = 2.5 Hz), 8.30
(dd, 1, H,,J = 8 Hz, J = 2.5 Hz), 7.30(d, 1, Hs, J] = 8 Hz).

5-Chloro-2,4-diamino-6-iodoquinazoline (9).

This compound was obtained from S5-chloro-2,4,6-triamino-
quinazoline [17] as a brown solid after recrystallization from di-
methylformamide-water; 'H nmr (deuteriotrifluoroacetic acid): &
848 (d, 1, H,,J = 8.5 Hz), 7.30 (d, 1, Hs, ] = 8.5 Hz).

Method D for Preparing Compounds 10, 11 and 12.
2,4-Diamino-6{trifluoromethyl)quinazoline (10).

This compound was prepared from 2-fluoro-5{trifluoromethyl)
benzonitrile by reaction with guanidine carbonate in dimethyl-
acetamide according to the procedure recently described from
this laboratory [18). It was obtained as a white crystalline solid by
recrystallization from ethanol-water; 'H nmr (DMSO-d¢): 6 8.22
(brs, 1, Hy), 7.52 (dd, 1, H,, ] = 9 Hz, J = 2.5 Hz), 7.36 (br s, 2,
4-NH,), 7.12 (d, 1, Hg, J] = 9 Hz), 6.08 (br s, 2, 2-NH,); *°F nmr
(DMSO0): 59.5 (CF5).

2,4-Diamino-7(trifluoromethyl)quinazoline (11).

This compound was obtained as a white crystalline solid from
ethanol-water; 'H nmr (DMSO-de): 68.14(d, 1, Hs,J = 9 Hz), 7.52
(brs, 2,4-NH,), 7.49 (br s, 1, Hy), 7.26 (dd, 1, Hs, ] = 9 Hz,] = 3
Hz), 6.18 (br s, 2, 2-NH,); '*F nmr (DMSO): 6 61.7 (CF,).

2,4-Diamino-8<(trifluoromethyl)quinazoline (12).

This compound was obtained as a white crystalline solid from
ethanol-water; 'H nmr (DMSO-d.): 6 825 (d, 1, Hs, ] = 7.5 Hz),
7.90(d, 1,H,,J] = 7.5 Hz), 7.48 (br s, 2, 4-NH,), 7.13 (dd, 1, He, J
= 7.5 Hz), 6.18 (br s, 2, 2-NH,); *°F nmr (DMSO): 6 59.5 (CF,).
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