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A series of 2,4-diamino-6{(N-alkylanilino)methyl]quinazolines were prepared by bromination of 2,4-dibenz-
amido-6-methylquinazoline followed by treatment with secondary arylamines and deblocking with base. A
variety of analogs demonstrated substantial activity against Plasmodium berghei infections in mice.
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The potent antimalarial and antitumor activity of non-
classical quinazoline dihydrofolate reductase inhibitors
such as trimetrexate® (1) [3] made it of interest to ex-
amine the properties of some N6 substituted analogs. The
synthesis and biological activity of a series of such analogs

is presented herein.
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Chemistry.

The synthetic route to 1 and its analogs utilized reduc-
tive amination of a preformed 6-cyanoquinazoline and an
aniline and was clearly not applicable to the desired
N-substituted derivatives. Qur initial plan therefore was to
utilize Scheme I. This was frustrated however since all at-
tempts to brominate the requisite nitrotoluene to provide
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the necessary bromomethyl derivative 3 were unsuc-
cessful. Direct alkylation of a corresponding NH analog
such as the 3,4-dichloroanilino analog of 1 under a variety
of conditions was also unsuccessful with spectral data indi-
cating that alkylation was favored on the quinazoline ring
rather than on the aniline NH.

We discovered that if the quinazoline amino groups
were first protected, bromination of the 6-methyl group
could be affected with 1,3-dibromo-5,5-dimethylhydantoin.
Treatment with secondary arylamines then provided the

+ ArNH
|

desired protected products which could be deprotected
with brief treatment with sodium methoxide in methanol.
In this manner, as depicted in Scheme II, analogs 2a-r
were prepared (Table I).
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Suppressive Antimalarial Screening in Mice.

The 2,4-diamino-6-[(V-alkylanilino)methyl]quinazolines
2a-r were tested against a normal drug-sensitive strain of
P. berghei in mice by the parenteral route [5,6].

The compounds were dissolved or suspended in sesame
or peanut oil and were administered to mice in a single
subcutaneous dose 72 hours postinfection. The antima-
larial activities are summarized in Table II. Clearly the
presence of a small alkyl group on the 6-nitrogen allows re-
tention of curative activity (compare for example 2a with
the parent 4 as well as the reverse isomer 3). On the other
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Table I

Properties of 2,4-Diamino-6{(V-alkylanilino)methyl]quinazolines

O
R

Compound

No. X R Method mp °C

2a 3,4-Cl, CH, A 236-239
b 4-Br CH, A 235-236
c 4l CH, A 125-127
d 4-Br C,H, B 200(dec)
e 3,4-Cl, C,H, B 238-240
f 3,4-Cl, CH(CH,), B 248-250
g 4-F CH, C 200-202
h 3-CF, CH, B 190-192
i 3-Cl CH, B 222225
j 4-0CH, CH, B 209-211
k 4-CH, C,H; B 180-183
1 4-Cl CH, B 180-190
m 2-Cl,4-CH, CH, B 178-179
n  250C, CH, B 105-109
o 3,4-Cl, C,H, B 232-234
p 3-CF, C,H; B 168-171
q 4-Cl CH(CH,), B 216-218
r 3,5{(CF,), CH, B 232233

hand a small acyl group i.e. 3 reduces activity. In addition
the data suggest that a moderately larger alkyl group sub-
stantively increases potency — for example 2f, 2j, 20.
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Conclusion.

This work was not carried further when the potent anti-
malarial activity of the 6-arylsulfonyl analogs [7] was dis-

N\r NH,

2N
NH,
Yield %  Purification Solvent Formula
19 DMF-NH,OH C,H,;sCI,N;C,H,NO
39 DMF-NH,OH C,.H,BrN;0.7C,H,NO
68 HOAc-NH,OH C,,H,CIN;-1.0C,H,0,
'1.3H,0
65 EtOH-Et,0 C,,H,,BrN;-1.8HCI
"1.2H,0
8.5 EtOH-Et,0 C,,H,,CL,N;1.66HC]
62 1) EtOH-Et,0 C,,H,,CLN;0.1H,0
2) H,0-NH,OH
26 ‘CH,CN C,H,FN;
19 20% HOAc C.H,F,N;1.1C,H,0,
0.6H,0
29 MeOH-H,0 C,H,CIN,
26 CH,CN C,H,,N,O
21 CH,CN C,,H,,N,-0.25H,0
10 20% HOAc C,,H,.CIN,1H,0
-1.33C,H,0,
18 CH,CN C,;H,,CIN,-0.9H,0
16 20% HOAc C,H,sCL,N,1.1C,H,0,
-0.8H,0
14 CH,CN Cy7H,,CL,N;
17 toluene C ol ,F,N;
23 MeOH C,H,,CIN;0.15H,0
12 MeOH CH,,F.N;

covered, however, further pursuit of structures related to
the 2,4-diamino-6-[(N-alkylanilino)methyl]quinazolines
may be justified.

EXPERIMENTAL

Melting points (corrected) were taken on a Thomas-Hoover capillary
melting point apparatus. Spectral data (ir and nmr) were obtained on all
compounds to verify structure and the presence of solvate.

N,N'{6{Bromomethyl)}-2,4-quinazolinediyl]bisbenzamide.
5-Methyl-2-nitrobenzonitrile.

A mixture of 125.0 g (0.729 mole) of 1-chloro-5-methyl-2-nitrobenzene,
130.7 g (1.46 mole) of cuprous cyanide, and 484 ml of 1-methyl-2-pyrroli-
dinone was heated at 160° for 5 hours. The hot reaction mixture was
poured into 2 £ of pre-cooled chloroform. The solid that formed was col-
lected by filtration and digested in 1 £ of chloroform. This suspension was
filtered and the filtrate was combined with the first chloroform filtrate,
treated with charcoal, and filtered through Celite. The solvent was re-
moved in vacuo and the residue was poured into 2 £ of water and stirred
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Table II

Parenteral Effects of 2,4-Diamino-6-{(/V-alkylanilino)methyl]quinazolines
Against Trophozoite-Induced P. Berghei in Mice

N NH,
X N
\ N\ O/\f N
13 NCH,
Q_ R NH,

Y

AMST, T or C [a] after Mg/Kg

No. XY R 640 320 160 80 40 20
2a 3.4.Cl, CH, 5¢ 5C 5C 2C 106 5.3
b 4Br CH, 3C 3C 3C 2C 1C 39
c 4Cl C.H, 3C 3C 3C 121 58 21
d 4Br C.H, 4C 4C 2C 111 179 59
e 3,4Cl, (CH),CH,  3C 2C 147 121 109 5.1
f 34-Cl, CH(CH,), SC 5C 3C 3C 2C 49
g 4F CH, 5¢ 5C 5C 4C 80 53
h 3.CF, CH, 109 85 75 17 07
i 3.Cl CH, 5¢ 5C 2C 1C 1C 5.
i 4.0CH, C,H, 5C 4C 2C 47
k 4-CH, C.H, 5C 5C 4C 2C 45 40
1 4.Cl CH, 5C 4C 3C 2C 438
m  2Cl4-CH, CH, 5 4C 3C 2C 52 3.0
n 2,5-Cl, CH, 127 31 27 09 07 —
o 34-Cl, Et 5 5C 5C 3C 2 —
p 3.CF, C.H, — 4C 2€ 77 37 —
q 4-Cl CH(CH,), 5 SC 4C 1C 65 —
r 35(CF), CH, 5 5C 5C 121 91 —
3 = - 5C 5C 3C 129 71 25
4 — — 5¢ SC 3C 1C 114 58
5 - - ST 1C, 117 83 37 09

4T

[a] AMST is the mean survival time (days) of treated mice (MSTT) minus
the mean survival time (days) of control mice (MSTC). In the present
study, the MSTC ranged from 6.1 to 6.3 days. T signifies the number of
toxic deaths, occurring on day 2-5 after injection, that are attributed to
drug action. Compounds are arbitrarily considered to be *‘active’” when
they produce at least a 100% increase in the mean survival time of
treated mice. C indicates the number of mice surviving at 60 days post-
infection and termed ‘‘cured’’; data to establish parasitological cure bas-
ed on subinoculation are unavailable. Each entry at each dose level re-
presents results with a five-animal group.

well overnight. The liquid was decanted and the oily solid was triturated
twice more with water. After the third trituration, the water was decanted
and the resulting solid was dissolved in chloroform. The water layer was
separated and the chloroform layer was dried over magnesium sulfate.
The solvent was removed in vacuo leaving a liquid residue that solidified
after cooling to room temperature. Recrystallization from 95% ethanol
yielded 44.5 g (38%) of the desired product, mp 83-83.5°.

A crude sample was recrystallized two times from carbon tetrachloride
to give material with melting point of 88-89° (lit [4] mp 92°).

Anal. Caled. for C,H,N,0,: C, 59.26; H, 3.73; N, 17.27. Found: C,
59.41; H, 3.71; N, 17.30.
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Table III

Analytical Data

Carbon Hydrogen Nitrogen Other
Compound Calcd. Caled. Caled. Calcd.
No. (Found) (Found) (Found) (Found)
2a 54.16 5.26 19.94
(54.16) (5.01) (20.02)
b 53.10 5.15 19.50
(53.35) (5.29) (19.82)
c 55.49 6.02 17.03 H,0 5.69
(55.11) (6.00) (16.93) (5.38)
d 44.44 4.86 15.24 Cl 13.88
(44.63) (4.52) (14.99) (14.30)
H,0 4.70
4.51)
e 49.50 4.76 16.03 Cl  29.70
(49.29) (4.74) (16.10) (29.57)
f 57.20 5.12 18.53 H,0 048
(57.47) (5.06) (18.23) (0.63)
g 64.63 5.42 23.55
’ (64.56) (5.57) (23.79)
h 54.36 5.12 16.51 H,0 2.54
(54.31) (5.45) (16.43) (2.64)
i 61.24 5.14 22.32
61.37) (5.36) (22.03)
j 66.85 6.55 21.65
(66.76) (6.60) (21.65)
k 69.32 6.94 22.46 H,0 1.44
(69.05) (6.92) (22.79) (1.14)
1 54.44 5.71 17.01 H,0 4.37
(54.18) (5.71) (16.70) 4.51)
m 59.35 5.80 20.35 H,0 4.71
(59.24) (5.60) (20.27) (4.78)
n 50.99 4.93 16.34 H,0 3.36
(50.62) (5.02) (16.48) (3.58)
o 56.36 4.73 19.33
(56.19) (5.01) (19.28)
p 59.82 5.02 19.38
(59.60) (5.00) (19.44)
q 62.75 5.93 20.33 H,0 0.78
(62.61) (6.15) (20.39) (0.30)
r 52.05 3.64 16.86
(51.86) (3.95) (17.02)

2-Amino-5-methylbenzonitrile.

To a cooled solution of 120 g (0.52 mole) of stannous chloride dihy-
drate and 300 ml of concentrated hydrochloric acid was added 24.3 g
(0.15 mole) of 5-methyl-2-nitrobenzonitrile. An ice bath was applied inter-
mittently to maintain the temperature below 40°. After 15 minutes, when
the dilution of a sample from the reaction mixture with water gave no
precipitate, the reaction flask was cooled in an ice-salt bath for 3 hours.
The solid which precipitated was filtered, dried briefly on the filter and
added to 600 ml of water. Addition of 50% sodium hydroxide until the
mixture was weakly basic resulted in the formation of a white solid which
was collected and dried in vacuo to give 10.1 g (51%) of the product
which was shown to be homogeneous by thin layer chromatography.

A sample was dissolved in dilute hydrochloric acid and reprecipitated
with 50% sodium hydroxide to give material with mp 60°.

Anal. Caled. for CH,N,: C, 72.71; H, 6.10; N, 21.19. Found: C, 72.42;
H, 6.12; N, 21.02.
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6-Methyl-2,4-quinazolinediamine.

2-Amino-5-methylbenzonitrile (12.4 g, 0.093 mole) and 7.8 g (0.093
mole) of cyanoguanidine were heated under reflux in 93 ml of 1N hydro-
chloric acid for 1.5 hours. The reaction mixture was diluted to 217 ml]
with water and 93 ml of 1N hydrochloric acid was added. The hot solu-
tion was filtered and made strongly basic with 165 ml of 2NV sodium hy-
droxide. The yellow solid that formed was collected by filtration and air
dried. The solid was then suspended in 150 ml of water and 25 ml of 88%
formic acid was added with stirring. The resulting white solid was collect-
ed by filtration, dissolved in 970 ml of water, and made strongly basic
with ammeonium hydroxide. The beige solid that formed was collected by
filtration and dried to give 9.3 g (58%) of the desired product, mp
258-259.5°.

Anal. Calcd. for C,H,,N,: C, 62.05; H, 5.78; N, 32.16. Found: C, 61.77;
H, 5.80; N, 32.55.

N,N'{6-Methyl-2,4-quinazolinediyl)bisbenzamide.

To a refluxing mixture of 20.7 g (0.12 mole) of 6-methyl-2,4-quinazo-
linediamine, 83 ml (0.59 mole) of triethylamine, and 600 m! of 1,4-diox-
ane, was added a solution of 33 ml (0.30 mole) of benzoyl chloride in 30
ml of 1,4-dioxane. The reaction was heated under reflux for 20 minutes,
filtered hot and the solid triethylamine hydrochloride was washed with
50 ml of hot 1,4-dioxane. The filtrates were allowed to stand for 2 days,
and the solid product was filtered to give 32.5 g, mp 175-180°. A second
crop of 10.9 g, mp 160-185°, was obtained by removing the dioxane in va-
cuo, and crystallizing the residue from anhydrous ethanol. Both crops
were combined and recrystallized from anhydrous ethanol to give 33.4 g
(72%) of the desired product, mp 187-189°.

N,N'[6{Bromomethyl)-2,4-quinazolinediyl]bisbenzamide.

A refluxing mixture of 19.1 g (0.05 mole) of N,N'{(6-methyl-2,4-quinazo-
linediyl)bisbenzamide, 7.6 g (0.026 mole) of 1,3-dibromo-5,5-dimethyl-2,4-
imidazolidinedione and 1.4 g of benzoylperoxide in 1 £ of carbon tetra-
chloride was irradiated with a high intensity lamp (600W-120V). After 10
minutes an almost clear reddish-brown solution was obtained; after 10
minutes more the color faded, a yellow solid appeared, and the mixture
was negative to starch-iodide test paper. The reaction was filtered hot,
and the solid was washed first with ether, then with 50 ml of water, and fi-
nally with ether again. The solid was dried in vacuo and then ground with
a mortar and pestle first with ether and then with a water-ether mixture.
The solid was collected and dried in vacuo to give 11.3 g of product, mp
198-215°. A second crop was obtained by cooling the carbon tetra-
chloride reaction filtrate and treating in the same manner to give 4.9 g of
product, mp 185-198°. The total yield of both crops was 16.2 g (70%) and
the nmr spectrum (in trifluoroacetic acid) showed both crops to be quite
pure except for traces of unchanged starting material and
5,5-dimethyl-2,4-imidazolidinedione, a by product of the reaction, and
the material was used as is.

2,4-Diamino-6-{(V-alkylanilino)methyl]quinazolines. Method A.

6-[[(4-Bromophenyl)methylamino]methyl}-2,4-quinazolinediamine, 0.7 f.
wt. of N,N-Dimethylformamide of Crystallization.

A mixture of 4.61 g (0.01 mole) of N,N'[6{bromomethyl}2,4-quinazo-
linediyl]bisbenzamide, 1.86 g (0.01 mole) of 4-bromobenzenamine, and
1.30 g (0.01 mole) of potassium carbonate in 150 ml of N,N-dimethylfor-
mamide was heated at 75° with stirring for 4 hours. The reaction was
cooled, diluted with chloroform and extracted several times with water.
The chloroform was dried over magnesium sulfate and the solvent was
removed in vacuo. The resulting oil was triturated with water to give a

semi-solid; the water was decanted, and the semi-solid digested with etha-
nol to give 3.9 g of crude N,N'[6{[(4-bromophenyl)methylamino]methyl]}-
2,4-quinazolinediyllbisbenzamide. The crude dibenzamide, 3.9 g, (7.0
mmoles) and 0.83 g (14.5 mmoles) of sodium methoxide in 200 ml of
methanol was heated under reflux for 1.5 hours. The solvent was re-
moved in vacuo and the resulting oil was digested with 15 ml of 1IN
sodium methoxide and 30 mli of water. The resulting yellow solid was col-
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lected by filtration, washed with water and dried in vacuo to give 2.6 g of
crude product, mp 227-235°. This material was recrystallized from 20%
acetic acid to give 2.2 g of the product as its acetate salt. The free base
was generated by dissolving the solid in N,N-dimethylformamide and
pouring the solution into concentrated ammonium hydroxide. The solid
was collected by filtration and dried at 100° in vacuo for 5 hours to give
1.4 g (39%) of the product containing 0.7 mole of N,N-dimethylforma-
mide of crystallization, mp 235-236°.

The nmr spectrum confirms the presence of N,N-dimethylformamide.

Method B.

6-[[(4-ChlorophenylX1-methylethyl)amino]methyl}-2,4-quinazolinedia-
mine, 0.15 Hydrate.

To a mixture of 1.69 g (0.01 mole) of 4-chloro-N{1-methylethyl)benzen-
amine, 1.38 g (0.01 mole) of potassium carbonate, and 20 g of dimethyl-
sulfone at 145° was added 4.61 g (0.01 mole) of crude N,N'{6{bromo-
methyl)-2,4-quinazolinediyl]bisbenzamide. The reaction was heated at
140-145° for 45 minutes and then poured into 500 ml of chloroform. A
dark solid was removed by filtration and the solution was washed three
times with warm water, dried over magnesium sulfate, and the solvent
was removed in vacuo. To the residue was added 20 ml of benzene-ethyl
acetate (4:1) and a white solid (dimethylsulfone) was removed by filtra-
tion. Upon standing a second solid precipitated and was collected to give
1.88 g of crude N,N'[6-[[(4-chlorophenylX1-methylethyl)aminolmethyl]-
2,4-quinazolinediyllbisbenzamide. The filtrate was eluted through a
silica gel column with benzene-ethyl acetate (4:1) to give another 0.54 g
of the bisbenzamide. The 1.88 g crop was digested with methanol to give
1.55 g of material which was combined with the 0.54 g crop. This 2.09 g
of the bisbenzamide was heated under reflux in 150 ml of methanol con-
taining 0.45 g of sodium methoxide for 1.25 hours. The solvent was eva-
porated to give an oily residue which formed a yellow solid upon tritura-
tion with water. This solid was collected, dried in vacuo, and stirred with
7 ml of methanol to give a cream colored solid. This solid was collected
and dried under high vacuum at 140° to give 0.82 g (23%) of the title
compound, mp 216-218°.

Method C.
6-[[(4-Fluorophenyl)methylaminoJmethyl}-2,4-quinazolinediamine (2).

To a slurry of 0.42 g (0.01 mole) of sodium hydride (57% mineral oil
dispersion) in 50 ml of toluene was added 1.25 g (0.01 mole) of 4-fluoro-N-
methylbenzenamine. The mixture was stirred for 15 minutes at room
temperature, 4.61 g (0.01 mole) of N,N'[6{bromomethyl}2,4-quinazo-
linediyl]bisbenzamide was added and the mixture was heated at 75° for 1
hour. A second slurry of 0.42 g (0.01 mole) of sodium hydride, 50 ml of
toluene, and 1.25 g (0.01 mole) of 4-fluoro-N-methylbenzenamine was
prepared and added to the reaction mixture, and the mixture was heated
again at 75° for 1 hour. The reaction mixture was filtered, the toluene re-
moved in vacuo and 100 ml of chloroform added to the residue. This so-
lution was filtered, the solvent reduced in vacuo to 15 ml, and applied to
a silica gel column and eluted with chloroform. Those fractions which
contained only a single spot by thin layer chromatography (silica-ethyl
acetate, R, 0.17) were combined and the solvent was removed in vacuo to
give 0.85 g of pure N,N'6[(4-fluorophenyl)methylaminojmethyl]-2,4-
quinazolinediyllbisbenzamide. Those fractions which contained an im-
purity (Si-ethyl acetate, R, 0.44) were combined to give another 1.72 g of
impure intermediate. The impure material and 0.38 g (0.007 mole) of so-
dium methoxide in 100 ml of methanol was heated under reflux for 45

minutes. The reaction was cooled, the solvent was removed in vacuo, 100
ml of water was added, and the resulting solid was collected by filtration
and dried in vacuo to give 0.67 g, mp 176-190°. The 0.85 g of pure inter-
mediate was treated similarly to provide an additional 0.26 g of material,
mp 155-175°. Both crops were very similar by thin layer chromatography
and were combined and recrystallized from acetonitrile to give 0.75 g
(26%) of the product, mp 200-202°.
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