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Folate Antagonists. 22. Antimalarial and Antibacterial Effects of

2,4-Diamino-6-quinazolinesulfonamides!?
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The synthesis and antimalarial activity of a series of 2,4-diamino-6-quinazolinesulfonamides (III) is described.
Chlorosulfonation of 2,4-quinazolinediamine affords the 6-sulfonyl chloride, which upon treatment with the appropriate
amine produces the desired products. Alternatively the sulfonyl chloride could be introduced by diazotization of
the corresponding amine followed by treatment with SO, in the presence of CuCl,, Although substantial antimalarial
activity was demonstrated for several members of this class, studies were discontinued in light of the potency of

related series.

The potent antimalarial activity of the N®-(phenyl-
methyl)-2,4,6-quinazolinetriamines I led to the assessment
of replacement of the -CH,HN- linkage with various
biospacers such as -NH-, -CH,CH,~, -CH=CH-,
-CONH, -SO,NH-, -N==-N-. This was invariably ac-
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companied, however, by marked reduction or elimination
of antimalarial activity,® pointing out the importance of
this site for binding to the probable primary enzyme of
importance for the action of these compounds, i.e., di-
hydrofolate reductase.

The even greater activity uncovered with the develop-
ment of the 6-arylthio analogues represented by II, dem-
onstrating the utility of a S spacer coupled with the pos-
sibility of introducing a dual inhibitory mechanism; i.e.,
inhibition.of PABA incorporation along with DHFR in-
hibition encouraged the preparation of a series of 2,4-di-
amino-6-quinazolinesulfonamides III. The synthesis and
biological activity of this series are the subjects of this

paper.
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III
Ry=H, alkyl, aryl, arylmethyl
Rz=H, alkyl
Z=H, Cl, CH3

Chemistry. The 2,4-diamino-6-quinazolinesulfonamides
are obtained as depicted in Scheme I. Chlorosulfonation
of 2,4-quinazolinediamine* as the sulfate salt IV affords
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2,4-diamino-6-quinazolinesulfonyl chloride, sulfate salt® (V)
(procedure A), which is then allowed to react with an ex-
cess of the appropriate amine (procedures A and C), to
produce the desired 2,4-diamino-6-quinazolinesulfonamides
III (Table I, 1, 2, 5, 7-26). In three cases, in which the
quinazoline ring is substituted at the 5-position with a
chloro or methyl substituent (III, Table I, 3, 4, 6), the
intermediate sulfonyl chlorides V (Z = Cl, CH,) are pre-
pared by the diazotization of the 5-chloro- or 5-methyl-
2,4,6-quinazolinetriamine® followed by treatment with
sulfur dioxide in the presence of cupric chloride.”

Suppressive Antimalarial Screening in Mice. The
2,4-diamino-6-quinazolinesulfonamides III (1-26) were
tested against a normal drug-sensitive strain of Plasmo-
dium berghei in mice by the parenteral route.®® The
compounds were dissolved or suspended in sesame or
peanut oil and were administered to mice in a single
subcutaneous dose 72-h postinfection. The antimalarial
activities are summarized in Table II.

Extension of the mean survival time of the treated mice
is interpreted as evidence of antimalarial activity.!® Com-
pounds are arbitrarily considered to be “active” when they
produce at least a 100% increase in the mean survival time
of treated mice. Animals that survive to 60 days are
considered “cured”.

The antimalarial structure—activity patterns were quite
unlike those observed among the N®-(phenylmethyl)-
2,4,6-quinazoliinetriamines. Thus, antimalarial potency
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Table I. 2,4-Diamino-6-quinazolinesulfonamides

HzN\]/O
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N
SO,NR,R,
, NH, X ‘

no. NR;R, X mp, °C yield, % procedure recrystn solvent . formula anal.®

1 NH, H 324 dec; 35¢ A aq EtOH CeHoN;0,8 C, H, Nb

2 N(CH3)2 H 275—277 478 A aq EtOH C]0H13NSOZS C, H, N

3 N(CHj;), CH; 274-276 dec 42 B aq EtOH C1HsN50,8 C,H N

4 N(CHy), Cl  272-274 35" B aq EtOH CyoH1,CIN;0.8 C.HN

5 N(C.Hj). H 285-289 258 A aq EtOH C1;H:N50,S C,H,N

6 N(C;Hj), Cl  218-220 18" B aq EtOH C,2H¢CIN50,8 C,H,N,Cl

7 N(CHchcha)z H >300 dec 536 A aq EtOH CI4H21N5OZS'H20 C, H, N

8 N(CH,CH,0H), H 214-215 32 A HO C1H7N;O,S C,H,N

9 N(CHy)CH(CH,), H  285-287dec 34 A aq EtOH® CysH;7N:058 C.HN
10 N(CH)CH,CH,N(C,Hy), H  210-212 60/ A HO C1sHyNG0,802H,0 C, H, N, H,0
11 N(CH2)5 H 271-274 37l A aq EtOH¢ CIBH17N502 C, H, N
12 N(CH,), H  301-303dec 30 A aqEiOH CpoH1sN50,80.2H,0 C, H, N, H,0
13 4-[N(CH,);}-N(CH,); H 274-278dec 45 A aq EtOH® C1sHuNe0,S0.2H,0 C, H, N, H,0
14 N-[(CH,),],0 H  282-284 58 A DMF + EtOH C12H sN;04S C.H N
15 N[(CH,),],S H 268272 64 A aqEtOHe C12H1:N:0,S, C.H,N
16 N[(CH2)2]2N0H3 H 290~-292 4].l A aq Et«OI‘Ic ClaHIENBOZS C, H, N
17 N[(CH,);,NC(=0)OC,H, H  218-219 55° A aqEfOH* CysH3oNeO,S C.H N
18  2-(CeHCH,)-N(CH,); H  267-269 32" A aq EtOH 20H2sN:O, C,H,N
19 4-CL-CH,NH H  327-328 37" C aq EtOH* C14H;,CIN;0,8 C.H, N
20 3,4-Cl,-CoH;NH H 338340 42 C aq EtOH* C,4Hy,CLN;0,8 CH.N
21  3-Br-CgH,NH H  313-316 41 C aq EtOH* C;H13BrNO,S C,H,N
22 3-Cl-CgH,NCH, H  270-272 45 c aq EtOH® C1;H,(CIN;0,8 C,H,N
23 C4H,NCH, H  249-251 62 C aq EtOH® CysHsNs0,82/;H,0 C, H, N, H,0
24 34-ClCH,CH,NCH, H  289-291 36/ C NH,OH, aq EtOH*  CygH,,CLN;0,S C.H, N
25 N H  268-270 37 v} DMF C7H;7N:0,8 C,H,N
26 2-C;H,NH H 348350 o7 C aq EtOH DMF-H,0 C,H;5N;0,8 C,H, N

® Analyses within +0.4% for indicated elements, except as noted. *H: calcd, 4.9; found, 5.4. ¢A few drops of concentrated NH,OH were
added to the recrystallization mixture to effect solution. ¢Crystallized from the reaction mixture. ®Trituration. /N: caled, 19.17; found,
19.52. ¢From the 2,4-quinazolinediamine. "From the 2,4,6-quinazolinetriamine. ‘From 2,4-diaminoquinazoline-6-sulfonyl chloride sulfate,

/Reaction solvent was 50% aqueous EtOH.

was optimal among lower N-monoalkyl and N,N-dialkyl
derivatives (i.e., compounds 2, 5, 12, 14) and was not en-
hanced by 5-substitution. The most potent compound
appeared to be the morpholino analogue 14. Moreover,
2,4-diamino-N-(3,4-dichlorophenyl)-6-quinazolinesulfon-
amide (20), the bioisostere of I, proved to be less active
than the simple alkyl-6-quinazolinesulfonamides. The
unsubstituted sulfonamide 1 was devoid of antimalarial
activity. In general, the sulfonamides clearly exhibit a
lower order of potency than the I type or the 6-arylthio
analogues II.

Antibacterial Studies. Most of the 2,4-diamino-6-
quinazolinesulfonamides (1, 3, 4, 6, 1018, 20-26) were also
tested in vitro against a spectrum of pathogenic bacteria
including Streptococcus faecalis (MGH-2), normal (U-
C-76), and drug-resistant (S18713) Staphylococcus aureus,
Pseudomonas aeruginosa (28), Escherichia coli (Vogel),
Shigella sonnei (C-10), and Mycobacterium tuberculosis
Hgy;Rv (Table III). A modification of the gradient-plate
procedure of Szybalskil® and Webb and Washington!! was
employed throughout.

Although none was particularly effective against P. ae-
ruginosa (28), S. sonnei, or M. tuberculosis, a variety of
analogues inhibited the growth of S. faecalis and several
were effective against S. aureus (UC-76), S. aureus
(S18713), and E. coli. These results are presented in Table
IIL

Conclusion. Although substantial antimalarial activity
was demonstrated for a number of compounds of this
structural class, and in fact several were at least equal to

(10) Szybalski, W. Microb. Genet. Bull. 1951, 5, 18.
(11) Webb, A. H.; Washington, L. Bacteriol. Proc. 1966, 52, 1188.

cycloguanil or pyrimethamine, the potency of related series
led to deferment of further study in this area.

Experimental Section

Melting points were determined on a Thomas-Hoover capillary
melting point apparatus. Satisfactory infrared spectra were ob-
tained for all compounds.

Procedure A. 2,4-Diamino-N,N-dimethyl-6-quinazoline-
sulfonamide (2, Table I). To a hot solution of 22.6 g (0.14 mol)
of 2,4-quinazolinediamine* in 750 mL of H,0 was added 20 mL
of concentrated H,SO, in 60 mL of H,O. The solution was cooled
to afford 27.5 g (75%) of the sulfate salt of 2,4-quinazolinediamine
IV, mp 346-348 °C. To a stirring, ice-cooled suspension of 1 g
of NaCl in 30 mL of chlorosulfuric acid was added, in portions,
13.85 g (0.05 mol) of 2,4-quinazolinediamine sulfate. The resulting
mixture was heated at 150-160 °C for 3 h, cooled, and then poured
onto ice. The resulting precipitate was collected and washed with
water to afford 19.1 g (99%) of 2,4-diamino-6-quinazolinesulfonyl
chloride, sulfate salt, mp >300 °C. A mixture of this material
and 180 mL (0.82 mol) of 30% aqueous dimethylamine was heated
on the steam bath for 1 h and allowed to cool. The solid was
collected, washed with water, dried, and recrystallized from 70%
aqueous EtOH to afford 8.4 g (47%) of 2 as white needles.

Procedure B. 2,4-Diamino-N ,N ,5-trimethyl-6-
quinazolinesulfonamide (3). To a thick paste of 2.0 g (0.007
mol) of 5-methyl-2,4,6-quinazolinetriamine® in 2.5 mL of con-
centrated HC1 and 1.5 mL of HyO at 0-5 °C was added, with
stirring, a solution of 0.48 g (0.007 mol) of NaNOQ, in 0.5 mL of
H,0. The sides of the reaction beaker were flushed with 1 mL
of Hy,0 and 1 mL of concentrated HCL. The resulting slurry was
allowed to remain at 0 °C for 20 min and then poured into a freshly
prepared, cold solution of 4.5 g of SO, in 7.5 mL of HOAc. To
the mixture was added a solution of 0.48 g (0.003 mol) of Cu-
Cly:2H,0 in 0.5 mL of H,O. The reaction mixture was allowed
to warm to room temperature (1 h), diluted with a little H,0, and
filtered to collect 1.4 g of crude 2,4-diamino-5-methyl-6-
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Table II. Parenteral Suppressive Antimalarial Effects of 2,4-Diamino-6-quinazolinesulfonamides
HaN~ N
10
SO,NR|R,
NH, X
AMST; Cor T* after single sc dose, mg/kg

no. NR;R, X 640 320 160 80 40 20
1 NH, H 0.3 0.3 0.1
2 N(CHjy), H C5 15.9; C2 16.1 8.7 7.3
3 N(CHjy), CH; T5 T5 1.1
4 N(CH;), Cl C6(T4)/10 23.9;C3 17.0;C4/10 12.2;C2 10.3;C2/10 7.5
5 N(C,Hy), H Cs C5 9.4; C3 4.3 3.3 0.7
6 N(C,Hj;), Cl T5 18.9; T3 14.9; T2 4.3 2.3
7 N(CH,CH,CHj;), H 1.3; T4 0.4; T1 0.3
8 N(CH,CH,0H), H 8.1 4.1 13 0.5 0.3 0.3
9 N(CH;)CH(CHy), H 69;C2 7.3 4.0 0.7 0.5
10 N(CH;)CH,CH,N(C,H,), H 0.3 0.3 0.1
11 N(CHy); H Cs 12.9; C3  10.2; C2 4.7 44 1.1
12 N(CHy), H C10/10 C5 87;C7/10 6.9 5.0 0.5
13 4-[N(CH,);]-N(CH,), H 3.9 2.1 0.7 0.5 0.3
14 N[(CH,),].0 H C10/10 C5 C10/10 14.5 4.7 1.7
15 N[(CH,),]),S H 12.6;C6/10 9.6;C2 83;C2/10 35 2.5 1.7
16 N[(CH,),],NCH,4 H 11.8 8.9 44 1.5 1.0 0.3
17 N[(CH,),],NC(=0)0C,H;, H C4/10 4.7 4.1 0.5 0.2 0.1
18 2-(C¢H;CH,)-N(CH,); H 0.5 0.3 0.3
19 4-Cl-CgH,NH H 13.9; C4 14.7 9.3 4.9 0.7 0.5
20 3.4-Cl,-CsH;NH H C5 9.9;,C2 101 8.1 31 0.3
21 3-Br-C¢gH,NH H 4.1 1.7 0.5 0.5 0.3 0.3
22 3-CI-C¢gH,NCH, H 119 6.9 4.5 0.5 0.3 0.3
23 CgH;NCH, H 13.9; C3 115 8.3 3.1 0.5 0.5
24 3,4-Cl,-C4H,CH,NCH;, H 9.5 4.1 0.5 0.5 0.3 0.3
25 H 6.3 3.9 0.7 0.7 0.3 0.3
26 2-C;H,NH H 5.3 1.5 1.1 0.5 0.3 0.3
I T5 T5 C5 C5 Cs C5
II C5 C5 C5 Cb Cb C5
cycloguanil hydrochloride T5 C3;T2 Cb 21.6; C2 134;C2 7.9
pyrimethamine C1; T2 C2;,T3 Cb C3 C1 7.7

¢ 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 6.2 days. T signifies the number of toxic deaths occurring on days 2-5 after infection that are
attributed to drug action. C indicates the number of mice surviving at 60 days postinfection and termed “cured”; data to establish parasi-
tological cure based on subinoculation are unavailable. Each entry at each dose level represents results with a five-animal group (10 animals

when indicated). ?Structure I where Z = CL

Table III. In Vitro Antibacterial Effects of 2,4-Diamino-6-quinazolinesulfonamides

minimum inhib conen,® pg/mL

no. S.f. MGH-2¢ S.a. UC-76° S.a. S 18713 P.a. 28° E.c. Vogel/ S.s. C-10¢ M.t. H37g,"
1 I I I I I I Nb
3 <0.25 2.0 2.5 I <0.25 1.5 I
4 <0.25 15.0 I I 5.0 5.0 I
6 <0.25 10 I I I I I
10 20 I I I I I I
11 <0.25 <0.25 <0.25 I <0.25 0.5 10
12 <0.25 <0.25 2.0 I 10 I 10
13 I I I I I I I
14 <0.25 2.0 I I T I I
15 <0.25 <0.25 <0.25 I 2.0 2.0 I
16 2.0 2.0 I I I I I
17 2.0 2.0 I I I I I
18 <0.25 2 I I I I I
20 I 2.5 I I I I I
21 I I I I I I I
22 I I I I I I I
23 I I I I I I I
24 I I I I I I I
25 I I I I I I I
26 5.0 I I I I I N

¢ Gradient-plate test. °N = not tested. ¢S.f. = Streptococcus faecalis. ¢S.a. = Staphylococcus aureus. °P.a. = Pseudomonas aeruginosa.
fB.c. = Escherichia coli. #8.c. = Shigella sonnei. *M.t. = Mycobacterium tuberculosis. *Minimum inhibitory concentration > 25.

quinazolinesulfonyl chloride of undetermined salt and H,O
content, mp >300 °C. A mixture of this material in 12 mL of 40%
aqueous dimethylamine was heated under gentle reflux for 1.5
h, cooled, and filtered to give 0.94 g of crude product 3. Re-

crystallization from aqueous EtOH afforded 0.8 g (42%) of 3, mp

274-276 °C dec.
Procedure C.

2,4-Diamino-N-(4-chlorophenyl)-6-
quinazolinesulfonamide (19). A slurry of 3.6 g (0.01 mol) of
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2,4-diamino-6-quinazolinesulfonyl chloride sulfate, 5.1 g (0.04 mol)
of 4-chlorobenzenamine, and 50 mL of EtOH was heated under
reflux for 1 h, allowed to cool slightly, and poured into H,O. The
precipitate was collected and recrystallized from a mixture of
EtOH, H,0, and NH,OH to afford 1.3 g (37%) of 19, mp 327-328
°C.
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Tetrahydropyrrolo[1,2-a Jpyrido[3,2-a Jpyrazines: Vascular Smooth Muscle

Relaxants and Antihypertensive Agents
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A series of tetrahydropyrrolo[1,2-a]quinoxalines and tetrahydropyrrolo[1,2-a]pyrido[3,2-a]pyrazines were synthesized
and tested for their ability to relax K*-depolarized aortic smooth muscle and antihypertensive activity. It was shown
that compounds producing the most relaxation of aortic smooth muscle (5-[(2,6-dimethoxyphenyl)methyl]-
1,2,3,3a-tetrahydropyrrolo[1,2-a]quinoxalin-4(5H)-one and 5-[(2,6-dimethoxyphenyl)methyl]-5,6,6a,7,8,9-hexa-
hydropyrrolo[1,2-a]pyrazine, 10 and 19, respectively) demonstrated the least hypotensive activity. Those compounds
that were the most effective hypotensive agents (6a,7,8,9-tetrahydro-5-(phenylmethyl) pyrido[3,2-a]pyrrolo[1,2-
a]pyrazin-6(5H)-one and 6a,7,8,9-tetrahydro-5-(4-pyridinylmethyl)pyrido[3,2-e]pyrrolo[1,2-a] pyrazin-6(5H)-one, 12
and 13, respectively) displayed little vascular smooth muscle relaxant activity.

In an effort to develop compounds that inhibit Ca2*-
dependent force development in vascular smooth muscle
with antihypertensive properties, molecular hybrids be-
tween the calcium antagonist bepridil! (1) and the anti-
hypertensive pyrazinoquinoxaline? 2a and tetrahydro-
pyrazino[1,2-a]pyrido[3,2-e]pyrazines®* 2b were investi-
gated. The hybrid molecules 3 contain the entire carbon
skeleton of 2a or 2b but are devoid of the additional pi-
perazino amine functionality. Hybrid compounds 3 also
contain most of the carbon skeleton of bepridil but in
cyclized form. We hypothesized that the alkyl ether
functionality of 1 could be compensated for by the intro-
duction of an ether substituent (X) on the aromatic ring.
The hybrid compounds 3a,b also facilitated an examina-
tion of the effects of structural variations on the antihy-
pertensive activities of compounds 2a and 2b.

Chemistry. The key starting intermediates 6 and 7
were prepared by reacting 1-fluoro-2-nitrobenzene or 2-
chloro-3-nitropyridine with L-(-)-proline in Me,SO in the
presence of triethylamine at 60 °C to afford the corre-
sponding nitro acids 4 and 5 in 82% and 87% yields, re-

(1) Cosnier, D.; Duchene-Morullax, P.; Rispot, G.; Streichenberger,
G. Arch. Int. Pharmacodyn. 1977, 225, 133. The correct
structure of bepridil was reported in Zelesko, M. J.; McCom-
sey, D. F.; Hageman, W. E.; Nortey, S. O.; Baker, C. A.; Mar-
yanoff, B. E. J. Med. Chem. 1983, 26, 230.

(2) Freed, M. E.; Potoski, J. R. U.S. Patent 4089958, 1978.

(8) Freed, M. E.; Potoski, J. R. U.S. Patent 4138564, 1979,

(4) Freed, M. E,; Potoski, J. R. U.S. Patent 4 225713, 1980.

QT

3a.Y=CH
b,Y=N

spectively. The nitro acids were reductively cyclized via
alkaline sodium dithionite® or iron in glacial acetic acid®
to afford 6 and 7 (Scheme I).

The sodium dithionite reduction was found to be a pH-
sensitive reaction; optimum yields (61% for compound 6
and 39% for compound 7) were obtained at pH 8. Al
kylations of 6 and 7 with the appropriately substituted

(5) Fieser, L. F.; Fieser, M. J. Am. Chem. Soc. 1934, 56, 1565,
(6) Van Dusen, R.; Schultz, H. P. J. Org. Chem. 1956, 21, 1326.
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