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The recent increase in fungal infections, especially among AIDS patients, has resulted in the 
need for more effective antifungal agents. In our search for such agents, we focused on 
developing compounds which inhibit fungal dihydrofolate reductase (DHFR). A series of 25 
5-(arylthio)-2,4-diaminoquinazolines were synthesized as potentially selective inhibitors of 
Candida albicans DHFR. The majority of the compounds were potent inhibitors of C. albicans 
DHFR and much less active against human DHFR. High selectivity, as defined by the ratio 
of the /50 values for human and C. albicans DHFR, was achieved by compounds with bulky 
and rigid 4-substituents in the phenylthio moiety. For example, 5-[(4-morpholinophenyl)thio]-
2,4-diaminoquinazoline displayed a selectivity ratio of 540 and was the most selective inhibitor 
synthesized to date. Substitution in the 2- or 3-position of the 5-phenylthio group provided 
only marginal selectivity. 6-Substituted-5-[(4-tert-butylphenyl)thio]-2,4-diaminoquinazolines 
showed potent activity against the C. albicans enzyme but were equally active against human 
DHFR. Most of the selective compounds were also good inhibitors of C. albicans cell growth, 
with minimum inhibitory concentration values as low as 0.05 ,ag/mL. 

Introduction 
The increasing occurrence of systemic fungal infec

tions, particularly among AIDS patients, has stimulated 
the search for better antifungal agents.1 In a program 
aimed at identifying novel antifungal agents, we focused 
on developing compounds that would selectively inhibit 
the enzyme dihydrofolate reductase (DHFR) from fungal 
species. Inhibition of DHFR is a well-established mech
anism of drug action.2 DHFR catalyzes the reduction 
of dihydrofolic acid to tetrahydrofolic acid (FH4). Co-
factors derived from FH4 are crucial to a number of 
metabolic processes including the biosynthesis of DNA.3 

The inability to synthesize DNA as a result of the 
inhibition of DHFR can ultimately lead to cell death. 

The choice of DHFR as the molecular target for the 
development of antifungal agents is complicated by the 
fact that the enzyme is ubiquitous and is found in both 
microorganisms and humans. Thus, to minimize DHFR-
related toxicities to the human host, the ideal antifungal 
agent should selectively inhibit the fungal enzyme. 
Such species-selective inhibition of DHFR has proven 
clinically useful in other therapeutic applications.2,4 For 
example, the therapeutic value of the antibacterial 
agent trimethoprim lies in its ability to selectively 
inhibit the bacterial enzyme. 

Certain pyrrolo-2,4-diaminoquinazolines I,5 which are 
potent but nonselective inhibitors of DHFR, have been 
reported to have in vitro antifungal activity.53 Other 
DHFR inhibitors reported to have in vitro antifungal 
activity include 5-methyl-6-alkyl-2,4-diaminoquinazo-
lines 26 and 6-substituted-2,4-diaminoquinazolines 3.7 

One analogue of 3, 2,4-diamino-6-[2-(3,4-dichlorophen-
yl)acetamido]quinazoline, was reported to have in vivo 
activity in mice infected with Cryptococcus neoformans.8 
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In this paper, we report the synthesis and biological 
activity of a series of 5-(arylthio)-2,4-diaminoquinazo-
lines (A, X = S). The design of these compounds was 
based on a three-dimensional molecular model of Can
dida albicans DHFR which was constructed using the 
X-ray crystal structure of L1210 DHFR9 and the amino 
acid sequence of the C. albicans enzyme.10 The molec
ular modeling details are not reported in this paper 
because subsequent X-ray crystallographic studies11 of 
C. albicans DHFR showed that its structure was dif
ferent from the homology-based model in features 
important to the binding of the inhibitors described 
here. Nevertheless, the majority of the compounds 
reported herein were potent and selective inhibitors of 
C. albicans DHFR. 

J®-
NH2 X^ ^ - ^ 

TO 
H2N N ^ - ^ 

A 

Chemistry 
The procedure for the synthesis of compounds 8a—e, 

i, k - p , s, u - y was analogous to a previously reported 
route12 shown in Scheme 1. Reacting 2,6-dinitroben-
zonitrile (4) with aryl thiolates at 0 0C resulted in 
displacement of a nitro group to give 2-(arylthio)-6-
nitrobenzontriles 5a—e, g—r (Table 1). A trace amount 
of a byproduct identified as the corresponding bis(aryl 
sulfide) 6 was obtained. Compound 6 was the predomi-
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Scheme 1° 

O 
J&-

5, R' = NO2 

J& 

" (a) ArSH, K2CO3, DMF; (b) SnCl2-2H20, HCl, diglyme; (c) 
HNC(Cl)NH2-HCl, fused at 180-190 0C. 

nant product if the reaction was run at room tempera
ture. 2-Nitro-6-[[4-(Ar^V-diethylamino)phenyl]thio]ben-
zonitrile (5f) was prepared from 2-nitro-6-[(4-amino-
phenyl)thio]benzonitrile (51) using acetaldehyde and 
sodium cyanoborohydride. 

Intermediates 5 a - r were reduced with stannous 
chloride under acidic conditions,12 resulting in 6-(aryl-
thio)-2-aminobenzonitriles 7a-k, m - r (Table 2). Com
pound 5k was selectively reduced to 2-amino-6-[(4-
nitrophenyl)thio]benzonitrile (7k), albeit in a 43% yield. 
The electron-withdrawing cyano group might have 
influenced this selective reduction. Compound 71 was 
obtained by the treatment of 7h with cuprous cyanide.13 

Fusing 7a—r with chloroformamidine hydrochloride14'15 

(Scheme 1) at 180-190 0C gave compounds 8 a - e , i, 
k - p , s, u - y listed in Table 3. 

A second approach, shown in Scheme 2, was a 
modification of a published procedure in which a fluoro 
group of commercially available 2,6-difluorobenzonitrile 
(9) was readily displaced by a series of alkyl alcohols, 
alkylamines, and alkylthiols.16 In a similar fashion, aryl 
thiolates, formed using potassium ter£-butoxide in di
methyl sulfoxide, displaced one of the fluoro groups in 
9 to give 2-(arylthio)-6-fluorobenzonitriles lOa-e, g - h 
(Table 4). A trace amount of the bis(aryl sulfide) 6 was 
formed when the reaction was run at 5—10 0C and was 
the predominant product if the reaction was run at room 
temperature. Compound 1Of was prepared by the 
reaction of 3,4-dihydro-2if-pyran with 1Oe catalyzed by 
pyridinium p-toluenesulfonate.17 Cyclization of 10a-
d, f - h with guanidine carbonate in A^^V-dimethyl-
acetamide16 gave the desired 8f-hj,l ,q,t listed in Table 
3. Compound 8r was obtained by the deprotection of 
8h catalyzed by hydrochloric acid. 

Four 6-substituted analogues of the 5-(4-tert-bu-
tylphenyDthio analogue 8d, compounds 13a-d, were 
synthesized and are listed in Table 5. As shown in 
Scheme 3, the synthesis of 13a began with displacement 
of the chloro group in l l 1 8 by the anion of 4-tert-
butylthiophenol to give 12, which was then hydroge-
nated with palladium on carbon as the catalyst to yield 
13a. Reduction of the nitro group in 11 with stannous 
chloride under acidic conditions resulted in compound 
14.18 Diazotization of 14, followed by treatment with 
potassium cyanide,18 gave compound 15,18 which was 
reacted with the anion of 4-ter£-butylthiophenol to give 
13b. 

The synthesis of 13c,d, as shown in Scheme 4, began 
with 2,3-dichlorophenol (16) which was first alkylated 
with either ethyl iodide or isobutyl bromide to give 
17a,b, respectively. Nitration of 17a,b gave mixtures 
of 18a and 19a, and 18b and 19b, respectively. After 
chromatographic separation,19 19a,b were reacted with 
cuprous cyanide to give 20a,b,20 respectively. Displace
ment of the chloro group in 20a,b by the anion of 4-tert-
butylthiophenol resulted in 21a,b, which were reduced 
with stannous chloride/hydrochloric acid to give 22a,b. 
Fusion of 22a,b with chloroformamidine hydrochloride 
at 185 0C resulted in 13c,d. Nitration of 16 before 
alkylation led to complicated product mixtures. 

Results and Discussion 
Although our goal was to develop broad-spectrum 

antifungal agents, C. albicans was chosen as a primary 
target because of its role as the leading cause of fungal 
infections in the clinic.1-21 C. albicans currently is the 
fifth leading cause of infections arising in a hospital 
setting.22 Hospital-acquired infections due to C. albi
cans are nearly as common as those due to bacteria such 
as Escherichia coli.22 

Initially, we attempted to identify lead compounds by 
testing a diverse group of existing DHFR inhibitors 
including trimethoprim (TMP), pyrimethamine (PYR), 
trimetrexate (TMX), and piritrexim (PTX). As shown 
in Table 6, TMP was a weak inhibitor of C. albicans 
DHFR, and it showed a selectivity index of only 10. PYR, 
TMX, and PTX were much more active than TMP 
against C. albicans DHFR, but these compounds showed 
selectivity indices of less than 1. However, none of these 
compounds showed in vitro activity against C. albicans 
cell growth, as measured by their minimum inhibitory 
concentration (MIC) values. A large number of TMP, 
PYR, TMX, and PTX analogues from Burroughs Well
come Co. files were also tested as enzyme inhibitors, 
and none was found to be both highly active and 
selective.23 

OCH, HjN N C2H. 

OCH, 

NH2 CH-, 

CH2N "O 
OCH, 

NH2 CH, 

Since screening known DHFR inhibitors failed to 
identify a useful antifungal lead compound, we concen
trated on a synthetic effort which was aided by molec
ular modeling. A model of the active site of C. albicans 
DHFR was built using the three-dimensional structure 
of L1210 DHFR9 as the template. Although crystal 
structures for bacterial DHFR are known,24 we chose 
the crystal structure of a mammalian DHFR because 
inhibitor profiles suggested that C. albicans DHFR was 
more similar to the mammalian than to the bacterial 
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Table 1. Physical Constants for 2-(Arylthio)-6-nitrobenzonitriles Sa-r" 

compd 

5a 
5b 
5c 
5d 
5e 
5f 
5g 
5h 
5i 
5j 
5k 
51 
5 m 
5n 
5o 
5p 
5q 
5r 

R 

H 
4-CH3 

4-CH(CH3)2 

4-C(CHs)3 
4-C(CHs)2CH2CH3 

4-N(CH2CHs)2 

4-Cl 
4-Br 
4-F 
4-CF3 

4-NO2 

4-NH2 

4-OCH3 

3,4,5-(OCH3)s 
3-OCH3 

2-OCH3 

3-Cl 
2-Cl 

yield (%) 

73 
89 
94 
99 
69^ 
83 
9(y 
71 
95 
58rf 

87e 

63e 

93 
86 
81 
47 ' 
996 

67* 

mp (0C) 

106-107 
106-107 
116-118 
134-136 

76 -78 
143-144 
148-149 
154-156 
155-156 
124-126 
214-215 
168-170 
139-140 
200-201.5 
144-147 
142-143 
161-164 
151-153 

empirical formula 

C13H8N2O2S 
C14H10N2O2S 
Ci6Hi4N2O2S 
C17H16N2O2S 
C18H18N2O2S 
Ci7Hi7N3O2S 
Ci3H7N2ClO2S 
Ci3H7N2BrO2S 
Ci3H7N2FO2S 
Ci4H7N2F3O2S 
Ci3H7N3O4S 
Ci3H9N3O2S 
Ci4HioN203S 
Ci6Hi4N2O5S 
Ci4Hi0N2O3S 
Ci4HioN203S 
Ci3H7N2ClO2S 
Ci3H7N2ClO2S 

elemental anal. 

C,H,N,S 
C,H,N,S 
C,H,N,S 
C,H,N,S 
C,H,N,S 
C,H,N,S 
C,H,N,C1,S 
C,H,N,Br,S 
C,H,N,S 
C,H,N,S 
C,H,N,S 
C,H,N,S 
C,H,N,S 
C,H,N,S 
C,H,N,S 
C,H,N,S 
C,H,N,C1,S 
C,H,N,C1,S 

a Compounds were prepared according to method A (see the Experimental Section, 5b) except 5f, which was prepared by the reductive 
amination of 51 with acetaldehyde (see the Experimental Section). b Purified by flash column chromatography19 on silica gel with EtOAc-
hexane (1:4).c Recrystallized from EtOH-H2O. d Purified by flash column chromatography on silica gel with EtOAc-hexane (3:7). 
e Recrystallized from EtOH. f Purified by flash column chromatography on silica gel with EtOAc-hexane (1:1). * Purified by flash column 
chromatography on silica gel with EtOAc-hexane (3:2). 

Table 2. Physical Constants for 6-(Arylthio)-2-aminobenzonitriles 7a-r" 

compd 

7a 
7b 
7c 
7d 
7e 
7f 
7g 
7h 
7i 
7j 
7k 
71 
7m 
7n 
Io 
7p 
7q 
7r 

R 

H 
4-CH3 

4-CH(CH3)2 

4-C(CH3)3 

4-C(CHa)2CH2CH3 

4-N(CH2CHs)2 
4-Cl 
4-Br 
4-F 
4-CF3 

4-NO2 

4-CN 
4-OCH3 

3,4,5-(OCH3)3 

3-OCH3 

2-OCH3 

3-Cl 
2-Cl 

yield (%) 

94 
86 
776 
736 

$,& 
5¥ 
91 
996 

886 

81 
436 

41 
55 
94 
51 
70* 
5 # 
62e 

mp (0C) 

73 -74 
114-116 

80-82 
117-120 
122-124 
135-137 
137-138.5 
120-123 
122-124 
118-120 
212-213 
176-177 

9 5 - 9 8 
108-110 
98-100 

145-147 
88 -90 

113-115 

empirical formula 

C I 3 H H ) N 2 S 

C I 4 H I2N2S 
Ci6Hi6N2S 
Ci7Hi8N2S 
Ci8H2oN2S 
Ci7Hi9N3S 
Ci3H9N2ClS 
Ci3H9N2BrS 
Ci3H9N2FS 
Ci4H9N2F3S 
Ci3H9N3O2S 
Ci4H9N3S 
C14H12N2S 
Ci6H16N2O6S 
Ci4Hi2N2OS 
C14H14N2OS 
Ci3H9N2ClS 
Ci3H9N2ClS 

elemental anal. 

C,H,N,S 
C,H,N,S 
C,H,N,S 
C,H,N,S 
C,H,N,S 
C,H,N,S 
C,H,N,C1,S 
C,H,N,Br,S 
C,H,N,S 
C,H,N,S 
C,H,N,S 
C,H,N,S 
C,H,N,S 
C,H,N,S 
C,H,N,S 
C1H1N1S 
C,H,N,C1,S 
C,H,N,C1,S 

" Compounds were prepared according to method B (see the Experimental Section, 7b) except 71, which was prepared by the displacement 
of the bromo group in 7h by CuCN13 (see the Experimental Section). b Purified by flash column chromatography on silica gel with CH2Cl2. 
c Purified by flash column chromatography on silica gel with EtOAc-hexane (1:1). d Purified by filtering a solution of 7f in CH2Cl2 through 
a silica gel pad. e Purified by flash column chromatography on silica gel with EtOAc-hexane (2:3). f Recrystallized from EtOAc-hexane. 

enzyme. For example, benzylpyrimidines such as TMP 
which are potent inhibitors of bacterial DHFR and poor 
inhibitors of vertebrate DHFR showed poor affinity for 
the Candida enzyme. Additionally, C. albicans DHFR 
consists of 192 residues, compared to 187 residues in 
L1210 DHFR and 159 residues in E. coli DHFR. The 
active site of human DHFR25 was similarly constructed 
based on the 88% homology between L1210 and human 
DHFR. 

In general, the residues in the active site of the 
constructed human and C. albicans DHFR were similar, 
but some subtle differences were apparent. A region of 
the active site near the helix formed by residues 55—62 
of the fungal enzyme was of particular interest because 
phenylalanine-66 in the C. albicans enzyme corre
sponded to asparagine-64 in human DHFR. Our strat
egy focused on exploiting this difference. Inhibitors with 
a hydrophobic moiety projecting toward this part of the 
active site were envisaged to interact more favorably 
with phenylalanine-66 than with asparagine-64. On the 
basis of simple molecular graphics modeling, we chose 
compounds of the general structure A, where para R 

groups appeared to be able to interact with those two 
residues. In structure A, atom X potentially could be 
any divalent atom or a methylene group. In our initial 
work, we chose to study a series of 5-(arylthio)-2,4-
diaminoquinazolines (A, X = S). 

X-ray crystallographic studies of several members 
bound to C. albicans DHFR subsequently established 
that the high degree of selectivity of these 5-(arylthio)-
2,4-diaminoquinazolines was not due to residue differ
ences mentioned above.11 Thus our initial postulates 
regarding selectivity were invalid. 

Compounds 8a—y listed in Table 3 were prepared and 
tested for their activities against C. albicans and human 
DHFR as well as against C. albicans cell growth. The 
results of the in vitro assays are listed in Table 7 
together with selectivity indices. Substituents in the 
5-arylthio moiety were chosen to explore electronic and 
steric properties. For comparison, a few compounds 
were synthesized with substituents in the 2- or 3-posi-
tion of the phenylthio moiety. 

As shown in Table 7, substituent variations appeared 
to be well-tolerated, and the compounds exhibited good 



Selective Inhibitors of C. albicans DHFR Journal of Medicinal Chemistry, 1995, Vol. 38, No. 18 3611 

Table 3. Physical Constants for 5-(Arylthio)-2,4-diaminoquinazoliness 8a-y° 

compd 

8a 
8b 
8c 
8d 
8e 
8f 
8g 
8h 
8i 
8j 
8k 
81 
81 
8m 
8n 
8o 
8p 
8q 
8r 
8s 
8t 
8u 
8v 
8w 
8x 
8y 

R 

H 
4-CH3 

4-CH(CHs)2 

4-C(CHs)3 

4-C(CHs)2CH2CH3 

4-n-hexyl 
4-cyclohexyl 
4-OTHF 
4-N(CH2CH3)2 

4-morpholino 
4-Cl 
4-Br 
4-Br 
4-F 
4-CF3 

4-NO2 

4-CN 
4-NH2 

4-OH 
4-OCH3 

3,4-(OCHs)2 

3,4,5-(OCHs)3 

3-OCH3 

2-OCH3 

3-Cl 
2-Cl 

method 

C 
C 
C 
C 
C 
E 
E 
E 
C 
E 
C 
C 
E 
C 
C 
C 
C 
E 

C 
E 
C 
C 
C 
C 
C 

yield (%) 

80 
73 
56 
22 
60" 
646 

636 

42^ 
31<* 
57 
75 
50 
68 
25 
50* 
39 
7 1 6 
176 

44 
93 
92 
27 
51 
596 

80 
62* 

m p (0C) 

240-241 
203-204.5 
193-195 

192 dec 
207-208 
170-172 
213-214 
195-197 
193-195 
260-262 
223-224 
225-226 
227-228 
210-212 
226-228 

206 dec 
236-237 

227 dec 
232-235 
222-224 
243-245 
178-180 
178-180 
218-220 
215-217 

272 dec 

empirical formula 

CuH12N4S-O^H2O 
C15H14N4S 
CnHi8N4S 
Ci8H20N4S-0.7H2O 
Ci9H22N4S 
C20H24N4S 
C20H24N4S-ClH2O 
CIgH20N4O2S 
C18H21N5S 
Ci8Hi9N6OS-O^H2O 
Ci 4H nN 4ClS 
C1 4HuN4BrS 
Ci4HnN4BrS 
C1 4HnN4FS 
C15H11N4F3S 
CuHiiN5O2S-0.8H2O 
C15HnN5O2S-O^H2O 
Ci4Hi3N5OS-0.4H2O 
CuH12N4OS-0.5H2O 
Ci5H14N4OS-0.2H2O 
C16H16N4O2S 
C17Hi8N4O3S 
C15H14N4OS 
C15H14N4OS 
C1 4HnN4ClS 
Ci4Hi9N4ClS 

elemental anal. 

C,H,N,S 
C,H,N,S 
C,H,N,S 
C,H,N,S 
C,H,N,S 
C,H,N,S 
C,H,N,S 
C,H,N,S 
C,H,N,S 
C,H,N,S 
C,H,N,C1,S 
C,H,N,Br,S 
C,H,N,Br,S 
C,H,N,S 
C,H,N,S 
C,H,N,S 
C,H,N,S 
C,H,N,S 
C,H,N,S 
C,H,N,S 
C,H,N,S 
C,H,N,S 
C,H,N,S 
C,H,N,S 
C,H,N,C1,S 
C,H,N,C1,S 

0 Compounds were prepared according to methods C and E (see the Experimental Section, 8b,t, respectively) except 8r, which was 
prepared by the deprotection of 8h with HCl (see the Experimental Section). b Purified by flash column chromatography on silica gel with 
MeOH-CH2Cl2 (1:9).c THP-tetrahydropyran. d Purified by filtering through a silica gel pad with MeOH-EtOAc (1:4). 

Scheme 2° 

" (a) ArSH, i-BuOK, DMSO; (b) (H2NC(NH)NH2)2-H2C03, DMA, 

Table 4. Physical Constants for 2-(Arylthio)-6-fluorobenzo-
nitriles 10a-g° 

compd 

10a 
10b 
10c 
1Od 
1Oe 
1Of 
1Og 
1Oh 

R 

4-morpholino 
4-cyclohexyl 
4-Br 
4-NH2 

4-OH 
4-OTHP* 
3,4-(0CH3)2 

4-ra-hexyl 

yield 
(%) 
87 
766 

68c 

30» 
53 
72 
74 
64 

mp (0C) 

189-190 
80-81 

227-228 
112 -113 
110-111 

91-95 
137-138 

empirical 
formula 

Ci7H15N2FOS 
Ci9H18NFS 
Ci3H7NBrFS 
Ci3H9N2FS 
Ci3H8NFOS 
Ci8Hi6NFO2S 
Ci5Hi2NFO2S 
Ci9H20NFS 

elemental 
analysis 

C,H,N,S 
C,H,N,S 
C,H,N,Br,S 
C,H,N,S 
C,H,N,S 
C,H,N,S 
C,H,N,S 
C,H,N,S 

a Compounds were prepared according to method D (see the 
Experimental Section, 1Og) except 1Of, which was prepared by 
the reaction of 1Oe with dihydropyran17 (see the Experimental 
Section). b Purified by flash column chromatography on silica gel 
with EtOAc-hexane (1:4).c Purified by flash column chromatog
raphy on silica gel with EtOAc-hexane (1:9). d THF-tetrahydro-
pyran. 

inhibitory activity against C. albicans DHFR with /50 
values generally equal to or less than 0.5 ^M. The tert-
butyl-substituted analogue 8d was the most active 
inhibitor in the series with an /50 value of 8 nM. 

Eight of the compounds had selectivity indices equal 
to or greater than 100. Variations in the electronic 
properties of the 4-substituents in the phenylthio moiety 
did not appear to affect the selectivity of these com
pounds for the C. albicans enzyme. However, the 
bulkiness (as measured by molar refractivity26) of sub-
stituents appeared to influence selectivity. Thus, 8j, 
with the bulkiest para substituent, had the highest 
selectivity index of 540. This was followed by the 

cyclohexyl-substituted 8g and the tert-butyl-substituted 
8d. Adding a methyl group to 8d, as in 8e, significantly 
reduced activity against C. albicans DHFR and there
fore lowered selectivity for the enzyme. Flexible sub-
stituents such as those found in 8f,i resulted in mar
ginal selectivity for C. albicans DHFR. 

Substituents at the 4-position of the phenylthio 
moiety appeared to be required for optimum selectivity. 
For example, 3,4-dimethoxy-substituted 8t and 3,4,5-
trimethoxy-substituted 8u displayed good selectivity, 
but the 3-methoxy- and 2-methoxy-substituted ana
logues 8v,w were much less selective. Similarly, the 
selectivity for C. albicans DHFR of the 3-chloro deriva
tive 8x and the 2-chloro-substituted 8y was minimal 
compared to that of the 4-chloro analogue 8k. 

In an attempt to further optimize the potency of 8d, 
the most potent analogue in Table 7, four 6-substituted 
analogues of 8d were synthesized. Substitution at the 
6-position appeared to be compatible with the active site 
geometry of the C. albicans enzyme model and was 
expected to enhance affinity for the enzyme. However, 
as shown in Table 8, only one compound, the isobutoxy-
substituted 13d, showed higher affinity than 8d for C. 
albicans DHFR. Unfortunately, 13d was also more 
potent against the human enzyme. The selectivity 
index of compound 13d was 25-fold lower than that of 
8d. 

Ten of the compounds in Table 7 had C. albicans MIC 
values equal to or less than 0.5 ^gZmL. These values 
compared favorably with those reported for the nonse
lective pyrrolo-2,4-diaminoquinazolines (>0.64/<g/mL)5a 

and those shown by TMX and PTX (>10 /ug/mL). 
Three compounds, 8a,d,l, with C. albicans MIC values 

ranging from 0.05 to 0.25 ^gZmL, were chosen for in vivo 
assays in mouse models of Candida nephritis. None of 
the compounds showed significant activity when ad
ministered in concentrations ranging from 20 to 200 mg/ 
kg using intraperitoneal, subcutaneous, and oral routes. 
For example, the oral efficacy of 81 was investigated at 
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Table 5. Physical Constants for C6-Substituted-5-[(4-tert-butylphenyl)thio]-2,4-diaminoquinazolines 13a-d 

Chan et al. 

compd 

13a 
13b 
13c 
13d 

R 

NH2 

CN 
OCH2CH3 

OCH2CH(CHs)2 

yield (%) 

8 
53 
72 
44 

mp (0C) 

220-221 
277-279 dec 
200-201 
173-174 

empirical formula 

Ci0H2iN5S 
CigHigNsS 
C20H24N4OS 
022H28N4OS-H2O 

elemental analysis 

C,H,N,S 
C,H,N,S 
C,H,N,Br,S 
C,H,N,S 

Scheme 3" 

.14 , R = NH2 

' 1 5 , E = CN 

JQf '• 

,(" 

0 (a) P-C(CHa)3C6H4SH, NaH, DMF; (b) H2, Pd/C, DMF; (c) 
SnCl2-2H20, HCl, diglyme; (d) NaNO2, HCl, KCN; (e) p-C(CH3)3-
C6H4SH, NaH, DMF. 

Scheme 4° 

a a ci 
CK / V R̂ CK J ^ .R CU J ^ R̂ 

16, R = OH 
17a, R = OCH 2 CH 3 

17b, R = OCH 2CH(CH 3) 2 

NO 2 O 2N 

18a,b 19a, b 

C(CH3I3 

OT -

C(CH,), 

JOT" 

" * ' " 13c, R = OCH,CH 3 

13d, R = OCHJCH(CH3I2 

° (a) HNO3; (b) CuCN, iV-methylpyrrolidinone; (c) p-C(CH3)3-
C6H4SH, i-BuOK, DMSO; (d) SnCl2-2H20, HCl, diglyme; (e) 
HNC(Cl)NH2-HCl, fused at 185 0C. 

Table 6. Inhibition of Dihydrofolate Reductase and 
Antifungal Activity of Known Inhibitors 

DHFR /50 CuM) 
compd C. albicans human 

TMP 50 490 
PYR 5.0 2.6 
TMX 0.04 <0.001 
PTX 0.04 0.002 

selectivity index 
(human/C. albicans 

DHFR/50) 
10 
0.5 

<0.03 
0.05 

Ca 

in Vitro 

dbicans MIC 
C^mL) 

>50 
>50 
>50 
>10 

100 and 200 mg/kg, both with coadministration of 200 
mg/kg sulfamethoxazole. No efficacy was observed at 
100 mg/kg, and at 200 mg/kg, toxicities began to be 
discerned. Sulfamethoxazole prevents the incorporation 
ofp-aminobenzoic acid in the biosynthesis of folic acid 
and thus synergizes the activity of DHFR inhibitors.27 

When used alone, sulfamethoxazole showed no in vivo 
activity. 

Preliminary pharmacokinetic studies of 81 in mice 
indicated that the compound was able to penetrate the 
brain, kidneys, and lungs after oral administration. At 
an oral dose of 200 mg/kg in mice, the kidney level of 81 
was 34 fig/g of tissue when measured at a 2 h time point. 
This level was about 140-fold higher than the C. 
albicans MIC value. The reason for the lack of in vivo 
efficacy for these compounds is not clear to us at present. 

In summary, this is the first report on the preferential 
inhibition of C. albicans DHFR versus the corresponding 
human enzyme. Although the series of 5-(arylthio)-2,4-
diaminoquinazolines showed a lack of in vivo activity, 
this report demonstrated that inhibition of C. albicans 
DHFR could potentially be a viable means for the 
development of antifungal agents. 

Experimental Section 

Melting points were determined with a Thomas Hoover or 
a Mel-Temp apparatus and are uncorrected. 1H-NMR spectra 
were recorded on Varian XL-200 spectrometers with tetra-
methylsilane as the internal standard. Chemical ionization 
(CI) mass spectra were recorded by Oneida Research Service, 
Whitesboro, NY, with a Finnigan MAT TSQ mass spectrom
eter. Elemental analyses were carried out by Atlantic Micro-
labs, Inc., Atlanta, GA. 3,4,5-Trimethoxythiophenol, 4-mor-
pholinylthiophenol, 4-cyclohexylthiophenol, and 4-(trifluoro-
methylHhiophenol were prepared according to the procedure 
of Newman and Angier.28 All other thiols were purchased from 
Aldrich: thiophenol, 4-thiocresol, and 4-chloro-, 4-bromo-, 
4-fluoro-, 4-nitro-, 4-amino-, 4-methoxy-, 4-hydroxy-, and 
4-chlorothiophenols; from Alfa, 3-methoxy-, 2-methoxy, and 
3-chlorothiophenols; from Fairfield Chemical Co., 4-isopropyl-, 
4-tert-amyl-, and 4-feri-butylthiophenols; from Maybridge 
Chemical Co. Inc., U.K., 3,4-dimethoxythiophenol; from Co
lumbia Organic Chemical Co., 4-n-hexylthiophenol. 2,6-Dini-
trobenzonitrile was purchased from Fairfield Chemical Co., 
and 2,6-difluorobenzonitrile was purchased from Aldrich. All 
purchased starting materials were used without further 
purification. All solvents used were reagent grade. Dimethyl 
sulfoxide (DMSO), AT^V-dimethylacetamide (DMAC), and NJf-
dimethylformamide (DMF) were dried over 4 A sieves. 

The following methods, A-E , are representative of proce
dures used to prepare compound series 5, 7, 8, and 10 as 
indicated in Tables 1-4. 

Method A. 2-Nitro-6-(4-tolylthio)benzonitrile (5b). An 
ice water bath-cooled mixture of 10 g (0.052 mol) of 2,6-
dinitrobenzonitrile, 6.43 g (0.052 mol) of 4-thiocresol, and 7.19 
g (0.052 mol) of anhydrous K2CO3 in 70 mL of DMF was stirred 
for 0.5 h. Approximately 50 mL of pyridine and 300 mL of 
H2O were added to the reaction mixture. The yellow precipi
tate was collected by filtration, washed with 1 N NaOH and 
water, and dried to give 12.5 g (89%) of 5b as a yellow solid: 
mp 106-107 0C; NMR (Me2SO-^6): 5 2.37 (s, 3H, CH3), 7.22 
(dd, IH, aromatic), 7.35 (d, 2H, aromatic), 7.5 (d, 2H, aromatic), 
7.75 (t, IH, aromatic), 8.12 (dd, IH, aromatic); MS (CI) mle 
271 (M+ + 1, 100). Anal. (Ci4H10N2O2S) C, H, N, S. 

Method B. 2-Amino-6-(4-tolylthio)benzonitrile (7b). 
To a water bath-cooled solution of 5 g (0.018 mol) of 5b in 85 
mL of diglyme was added dropwise, with stirring, 12.66 g 
(0.056 mol) of SnCl2-2H20 in 35 mL of concentrated HCl. The 
water bath was removed, and the reaction mixture was stirred 
at room temperature for 0.5 h. This reaction mixture was 
poured into a vigorously stirring mixture of 100 mL of 50% 
NaOH and 300 g of crushed ice. The precipitate was collected 
by filtration and washed with 1 N NaOH and water. Recrys-
tallization from MeOHZH2O gave 1.92 g of 7b as a yellow solid. 
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Table 7. Inhibition of Dihydrofolate Reductase and in Vitro Antifungal Activity of 5-(Arylthio)-2,4-diaminoquinazolines 8a-y 

compd 

8a" 
8b 
8c 
8d 
8e 
8f 
8g 
8h 
8i 
8j 
8k 
81 
8m 
8n 
8o 
8p 
8q 
8r 
8s 
8t 
8u 
8v 
8w 
8x 
8y 

R 

H 
4-CH3 

4-CH(CH3)2 
4-C(CHs)3 
4-C(CH3J2CH2CH3 
4-rc-hexyl 
4-cyclohexyl 
4-OTHP6 

4-N(CH2CH3)2 
4-morpholino 
4-Cl 
4-Br 
4-F 
4-CF3 
4-NO2 
4-CN 
4-NH2 
4-OH 
4-OCH3 
3,4-(OCH3)2 

3,4,5-(OCH3)3 
3-OCH3 
2-OCH3 
3-Cl 
2-Cl 

DHFRZ6O(^M) 
C. albicans 

0.034 
0.023 
0.077 
0.008 
0.30 
0.04 
0.05 
0.026 
0.20 
0.13 
0.03 
0.03 
0.05 
0.48 
0.23 
0.32 
0.06 
0.034 
0.02 
0.05 
0.04 
0.05 
0.10 
0.042 
0.06 

human 

0.62 
0.94 
2.4 
2.0 
3.9 
0.55 

>10 
0.20 
4.3 

70 
2.1 
3.1 
2.0 
2.6 

24 
33 

0.32 
0.18 
3.5 
4.1 
4.4 
1.3 
0.40 
0.27 
0.092 

selectivity index 
(human/C albicans DHFR /so) 

18 
41 
31 

250 
10 
14 

>200 
8.0 

22 
540 
70 

100 
40 

5.0 
100 
100 

5.0 
5.0 

175 
79 

110 
26 
4.0 
6.0 
2.0 

C. albicans MIC 
C"g/mL) 

0.050 
0.25 
0.25 
0.10 

10 
50 

1.0 
13 
2.5 

>50 
0.50 
0.25 
0.25 

25 
50 

>50 
2.5 

10. 
0.25 

>50 
5.0 
0.25 

10 
0.50 
1.0 

" See: Harris, N. V.; Smith, C; Bowden, K. Antifolate and Antibacterial Activities of 5-Substituted 2,4-Diaminoquinazolines. J. Med. 
Chem. 1990, 33, 434-444, for activity of 5a against DHFR from other species. b THP-tetrahydropyran. 

Table 8. Inhibition of Dihydrofolate Reductase and in Vitro Antifungal Activity of C6-Substituted-5-[(4-tert-butylphenyl)-thio]-2,4-
diaminoquinazolines 13a-d r , r H , 

NH, C ^ - ^ 

compd 

13a 
13b 
13c 
13d 

R 

NH2 
CN 
OCH2CH3 
OCH2CH(CH3)2 

DHFR 75o (/(M) 
C. albicans 

0.25 
0.14 
0.057 
0.0030 

human 

4.3 
9.1 
0.82 
0.030 

selectivity index (human/ 
C. albicans DHFT 150) 

17 
65 
14 
10 

C. albicans MIC 
(mg/mL) 

5.0 
>5.0 

1.0 
0.80 

The mother liquor was concentrated to give an additional 1.8 
g of 7b, resulting in a total of 3.72 g (86%) of 7b: mp 114-
116 0C; NMR (Me2SO-Cf6): d 2.3 (s, 3H, CH3), 6.13 (br s, 2H, 
NH2), 6.15 (d, IH, aromatic), 6.6 (d, IH, aromatic), 7.15 (t, IH, 
aromatic), 7.2 (d, IH, aromatic), 7.3 (d, IH, aromatic); MS (CI) 
m/e 241 (M+ + 1, 100). Anal. (Ci4Hi2N2S) C, H, N, S. 

Method C. 5-(4-Tolylthio)-2,4-diaminoquinazoline (8b). 
A mixture of 0.95 g (0.004 mol) of 7b and 1.36 g (0.012 mol) of 
chloroformamidine hydrochloride1415 was heated in a test tube 
to 180-190 0C for 0.5 h. The resultant product was dissolved 
in MeOH and basified with concentrated NH4OH. The pre
cipitate was collected by filtration and recrystallized from 
EtOH to give 0.52 g (73%) of 8b as an off-white solid: mp 203 -
204.5 0C; NMR (Me2SO-(Z6): d 2.2 (s, 3H, CH3), 6.06 (br s, 2H, 
NH2), 7.02 (d, 2H, aromatic), 7.1 (d, 2H, aromatic), 7.11 (dd, 
IH, aromatic), 7.23 (dd, IH, aromatic), 7.4 (t with fine 
splittings, IH, aromatic), 7.64 (br s, 2H, NH2); MS (CI) m/e 
283 (M+ + 1, 100). Anal. (Ci6Hi4N4S) C, H, N, S. 

Method D. 2-[(3,4-Dimethoxyphenyl)thio]-6-fluoroben-
zonitrile (1Og). To a suspension of 0.88 g (0.008 mol) of 
i-BuOK in 10 mL of DMSO was added 1.33 g (0.008 mol) of 
3,4-dimethoxythiophenol. The reaction mixture was cooled in 
an ice/water bath, and 1.03 g (0.008 mol) of 2,6-difluoroben-

zonitrile in 1 mL of DMSO was added. The resultant mixture 
was stirred for 10 min in the ice/water bath and then at room 
temperature for 20 min. This mixture was poured into ice/ 
water and basified with 1 N NaOH. The white precipitate was 
collected by filtration, washed with water, and dried in an 
oven. Purification by flash column chromatography19 on silica 
gel with 30% EtOAc in hexane gave 1.57 g (74%) of 1Og as a 
white powder: mp 137-138 0C; NMR (Me2SO-d6): 6 3.75 (s, 
3H, OCH3), 3.8 (s, 3H, OCH3), 6.7 (d, IH, aromatic), 7.1 (d, 
IH, aromatic), 7.15-7.25 (m, 2H, aromatic), 7.3 (d, IH, 
aromatic), 7.6 (q with fine splittings, IH, aromatic); MS (CI) 
m/e 290 (M+ + 1, 100). Anal. (Ci6Hi2NFO2S) C, H, N, S. 

Method E. 5-[(3,4-Dimethoxyphenyl)thio]-2,4-diami-
noquinazoline (8t). A mixture of 1.5 g (0.005 mol) of 1Og 
and 1.4 g (0.008 mol) of guanidine carbonate was heated in 
16 mL of DMAC at 145 0C for 3.5 h. The reaction mixture 
was cooled to room temperature, and CH2Cl2 was added. The 
resulting white precipitate was collected by filtration. The 
solid was washed with warm water and EtOH and dried in 
an oven overnight to give 1.57 g (92%) of 8t as a white 
powder: mp 243-245 0C; NMR (Me2SO-<i6): <5 3.7 (s, 3H, 
OCH3), 3.72 (s, 3H, OCH3), 6.1 (br s, 2H, NH2), 6.72 (dd, IH, 
aromatic), 6.95 (d, IH, aromatic), 6.97 (d, IH, aromatic), 7.05 
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(d, IH, aromatic), 7.2 (d, IH, aromatic), 7.4 (t, IH, aromatic), 
7.62 (br s, 2H, NH2); MS (CI) m/e 329 (M+ + 1, 100). Anal. 
(Ci6H16N4O2S) C, H, N, S. 

2-[[(4-A^^Diethylamino)phenyl]thio]-6-nitrobenzoni-
trile (5f). To a stirred ice/water-cooled mixture of 1.5 g (0.006 
mol) of 51 and 3 mL (0.006 mol) of acetaldehyde in 10 mL of 
CH3CN was added 1.04 g (0.017 mol) OfNaCNBH3. This was 
followed by the dropwise addition of 0.6 mL (0.01 mol) of glacial 
AcOH. The resultant mixture was gradually warmed to room 
temperature. After stirring for 3 -4 h, an additional 2 mL of 
acetaldehyde and 0.6 mL of glacial AcOH were added. The 
reaction mixture was stirred overnight. The mixture was 
diluted with EtOAc, washed with 1 N NaOH and brine, and 
dried over MgSO4. The volatiles were removed by spin 
evaporation to give a red oil. The oil was crystallized from 
EtOH to give 1.49 g (83%) of 5f as red crystals: NMR (Me2-
SO-^6): 6 1.1 (t, 6H, NCH2CH3), 3.35 (q, 4H, NCH2CH3), 6.8 
(d, 2H, aromatic), 7.1 (d, IH, aromatic), 7.4 (d, 2H, aromatic), 
7.75 (t, IH, aromatic), 8.05 (d, IH, aromatic); MS (CI) m/e 
328 (M+ + 1, 100). Anal. (Ci7Hi7N3O2S) C, H, N, S. 

2-Amino-6-[(4-cyanophenyl)thio]benzonitrile (71). A 
stirred mixture of 0.4 g (0.005 mol) of CuCN and 1.2 g (0.004 
mol) of 7h in 2 mL of DMF was refluxed for 5 h. The resulting 
dark material was poured into a solution of 3 mL of 2 N HCl 
containing 1.55 g (0.006 mol) of FeCl3-6H20. The resultant 
mixture was stirred at 60-70 0C for ca. 20 min. This mixture 
was extracted with hot toluene (40 mL x 5). The toluene 
extracts were combined, washed with water and 1 N NaOH, 
and dried over MgSO4. Solvent was removed, and the crude 
product was purified by flash column chromatography on silica 
gel with 30% EtOAc in hexane as the eluent. This yielded 
0.41 g (41%) of 71 as a yellow powder: mp 176-177 0C; NMR 
(Me2SO-^6): <5 6.35 (br s, 2H, NH2), 6.75 (d, IH, aromatic), 
6.88 (d, IH, aromatic), 7.25 (d, 2H, aromatic), 7.35 (t, IH, 
aromatic), 7.75 (d, 2H, aromatic); MS (CI) m/e 252 (M+ + 1, 
100). Anal. (Ci4H9N3S) C, H, N, S. 

2-Fluoro-6-[[4-[(tetrahydro-2ff-pyran-2-yl)oxy]phenyl]-
thio]benzonitrile (1Of). To a solution of 1.04 g (0.004 mol) 
of 1Oe in 20 mL of CH2Cl2 was added 0.54 g (0.006 mol) of 
dihydropyran and 0.11 g (0.0004 mol) of pyridinium p-
toluenesulfonate. The resultant reaction mixture was stirred 
at room temperature overnight. Approximately 25 mL of brine 
was added to the reaction mixture. The organic layer was 
separated, dried over Na2SO4, and concentrated. Purification 
by flash column chromatography on silica gel with 40% EtOAc 
in hexane gave 1 g (72%) of 1Of as a white powder: mp 9 1 -
95 0C; NMR (Me2SO-d6): <51.3-1.7 (m, 3H, tetrahydropyran), 
1.7-1.9 (m, 3H, tetrahydropyran), 3.4-3.62 (m, IH, OCH2), 
3.62-3.8 (m, IH, OCH2), 5.5 (br s, IH, OCH), 6.7 (d, IH, 
aromatic), 7.1 (d, 2H, aromatic), 7.25 (t, IH, aromatic), 7.5 (d, 
2H, aromatic), 7.55 (dd, IH, aromatic); MS (CI) m/e 330 (M+ 

+ 1, 100). Anal. (Ci8Hi6NFO2S) C, H, N, S. 

5-[(4-Hydroxyphenyl)thio]-2,4-diaminoquinazoline (8r). 
To 0.2 g (0.0005 mol) of 8h in a round-bottomed flask was 
added 10 mL of 2 N HCl. The resultant mixture was stirred 
at room temperature for 1.5 h. The precipitate was collected 
by filtration, washed with water, and dried. Purification by 
flash column chromatography on silica gel with 10% MeOH 
in CH2Cl2 gave 0.07 g (44%) of 8r as an off-white powder: mp 
232-235 0C; NMR (Me2SO-^6): <5 6.2 (br s, 2H, NH2), 6.75 (d, 
2H, aromatic), 6.9 (d, IH, aromatic), 7.2 (d, 3H, aromatic), 7.36 
(t, IH, aromatic), 7.8 (br s, 2H, NH2), 9.8 (br s, IH, OH); MS 
(CI) m/e 285 (M+ + 1, 100). Anal. (Ci4Hi2N4OS-0.5H2O) C, 
H, N, S. 

6-Nitro-5-[(4-ferf-butylphenyl)thio]-2,4-diaminoquinazo-
line (12). To a stirred suspension of 0.72 g (0.015 mol) of 50% 
oil-dispersed NaH in 60 mL of dry DMF under an N2 
atmosphere was added 2.51 g (0.015 mol) of 4-ieri-butyl-
thiophenol, and the mixture was stirred for 5 min. This was 
followed by the dropwise addition of a solution of 3.23 g (0.014 
mol) of 5-chloro-6-nitro-2,4-diaminoquinazoline (II)18 in 160 
mL of dry DMF. The resultant mixture was heated to 80-90 
0C (oil bath temperature) for 22 h. The reaction mixture was 
poured into an Erlenmeyer flask containing approximately 1.1 
L of ice/water. The yellow precipitate was collected by filtra
tion, washed repeatedly with water, and dried. This yielded 
4.27 g (83%) of 12 as a yellow solid. An analytical sample was 

prepared by recrystallization from MeOH: mp 270-272 0C; 
NMR (Me2SO-Cf6): 6 1.2 (s, 9H, C(CH3)3), 6.55 (br s, 2H, NH2), 
7.0 (d, 2H, aromatic), 7.3 (d, 2H, aromatic), 7.35 (d, IH, 
aromatic), 7.9 (br s, 2H, NH2), 7.95 (d, 2H, aromatic); MS (CI) 
m/e 370 (M+ + 1, 100). Anal. (Ci8Hi9N5O2S) C, H, N, S. 

6-Amino-5-[(4-*er£-butylphenyl)thio]-2,4-diamino-
quinazoline (13a). A warm solution of 4 g (0.011 mol) of 12 
and 11 g of 5% Pd/C in 130 mL of DMF was shaken in the 
presence of hydrogen at 2—3 atm for 5 h. The resultant 
reaction mixture was filtered through a Celite pad and 
concentrated. The crude product was purified by flash column 
chromatography on silica gel with 10% MeOH in CH2Cl2 as 
the eluent to give 2.48 g (68%) of 13a as a yellow powder: mp 
220-221 °C; NMR (Me2SO-d6): <5 1.2 (s, 9H, C(CH3)3), 5.5 (br 
s, 2H, NH2), 5.6 (br s, 2H, NH2), 6.95 (d, 2H, aromatic), 7.2 (s, 
2H, aromatic), 7.25 (d, 2H, aromatic), 7.8-8.1 (br s, 2H, NH2); 
MS (CI) m/e 340 (M+ + 1, 100). Anal. (Ci8H2IN5S) C, H, N, 
S. 

6-Cyano-5-[(4-fer*-butylphenyl)thio]-2,4-diamino-
quinazoline (13b). To a mixture of 0.06 g (0.0015 mol) of 
60% NaH and 0.25 g (0.0015 mol) of 4-tert-butylthiophenol in 
4 mL of dry DMF was added 0.31 g (0.0014 mol) of 15.18 The 
resultant mixture was heated at 90 0C for 4 h. This mixture 
was cooled to room temperature and poured into a beaker 
containing ca. 65 mL of ice/water. The precipitate was filtered, 
washed with water, and dried in an oven at 60 0C. Purification 
by flash column chromatography on silica gel with 3% MeOH 
in CH2Cl2 resulted in 0.27 g (55%) of 13b as an off-white 
powder: mp 276 °C dec; NMR (Me2SO-^6): 6 1.2 (s, 9H, 
C(CH3)3), 6.6 (br s, 2H, NH2), 7.0 (d, 2H, aromatic), 7.2-7.4 
(m, 2H, aromatic), 7.8 (d, 2H, aromatic), 8.2 (br s, 2H, NH2); 
MS (CI) m/e 350 (M+ + 1, 100). Anal. (Ci9Hi9N5S) C, H, N, 
S. 

2,3-Dichloro-l-ethoxybenzene (17a). To a stirred mix
ture of 5 g (0.031 mol) of 2,3-dichlorophenol and 4.23 g (0.031 
mol) of K2CO3 in 50 mL of dry acetone was added dropwise 
7.18 g (0.046 mol) of ethyl iodide in 10 mL of dry acetone. The 
resultant mixture was refluxed for 7 h. After cooling to room 
temperature, the precipitate was removed by filtration, and 
the filtrate was concentrated in vacuo. This concentrate was 
partitioned between ether and water. The ether layer was 
collected, and the water layer was re-extracted with ether. The 
ether extracts were combined, washed with 0.1 N NaOH, and 
dried over Na2SO4. Solvent was removed, and the crude 
product was purified by flash column chromatography to yield 
5.55 g (95%) of 17a as a colorless oil: NMR (Me2SO-d6): 6 
1.35 (t, 3H, OCH2CH3), 4.15 (q, 2H, OCH2CH3), 7.1 (d, IH, 
aromatic), 7.2 (d, IH, aromatic), 7.3 (t, IH, aromatic); MS (CI) 
m/e 191 (M+ + 1, 100). Anal. (C8H8Cl2O) C, H, Cl. 

2,3-Dichloro-l-isobutoxybenzene (17b). This compound 
was prepared in a manner analogous to that described for 17a 
using isobutyl bromide to give a 33% yield of 17b as a colorless 
oil: NMR (Me2SO-Ci6): 6 1.0 (d, 6H, OCH2CH(CH3)2), 2.0 (m, 
IH, O C H 2 C H ( C H J ) 2 ) , 3.85 (d, 2H, OCH2CH(CH3)2), 7.0-7.4 (m, 
3H, aromatic); MS (CI) m/e 219 (M+ + 1,100). Anal. (Ci0Hi2-
Cl2O) C, H, Cl. 

2,3-Dichloro-6-nitro-l-ethoxybenzene (18a) and 2,3-
Dichloro-4-nitro-l-ethoxybenzene (19a). HNO3 (70%, 50 
mL) was cautiously added to 5 g (0.026 mol) of 17a in a 250 
mL round-bottomed flask. The resultant mixture became 
homogeneous after warming to 40 0C for 20 min. After stirring 
at room temperature overnight, the mixture was poured into 
a flask containing 300 g of ice. The precipitate was collected 
by filtration and washed repeatedly with water. Purification 
by flash column chromatography on silica gel with 10% EtOAc 
in hexane as the eluent gave 2.03 g (33%) of 18a as an off-
white powder: mp 56-57 0C; NMR (Me2SO-^6): d 1.35 (t, 3H, 
OCH2CH3), 4.15 (q, 2H, OCH2CH3), 7.65 (d, IH, aromatic), 8.0 
(d, IH, aromatic); MS (CI) m/e 236 (M+ + 1, 100). Anal. 
(C8H7NCl2O3) C, H, N, Cl. 

Further elution gave 2.58 g (42%) of 19a as an off-white 
powder: mp 61-63 0C; NMR (Me2SO-d6): 6 1.35 (t, 3H, 
OCH2CH3), 4.30 (q, 2H, OCH2CH3), 7.32 (d, IH, aromatic), 8.12 
(d, IH, aromatic); MS (CI) m/e 236 (M+ + 1, 100). Anal. 
(C8H7NCl2O3) C, H, N, Cl. 

2,3-Dichloro-6-nitro-l-isobutoxybenzene (18b) and 2,3-
Dichloro-4-nitro-l-isobutoxybenzene (19b). These com-
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pounds were prepared in a manner analogous to that described 
for 18a and 19a above to give a 38% yield of 18b as a yellow 
oil: NMR (Me2SOd6): <5 1.0 (d, 6H, OCH2CH(CHs)2), 2.0 (m, 
IH, OCH2CH(CHa)2), 3.85 (d, 2H, OCH2CH(CHs)2), 7.65 (d, IH, 
aromatic), 7.95 (d, IH, aromatic); MS (CI) m/e 264 (M+ + 1, 
28). Anal. ( C I O H 1 I N C I 2 O 3 ) C 1 H 1 N 1 C I . 

Further elution gave a 37% yield of 19b as a solid: mp 4 3 -
44 0C; NMR (Me2SO-^6): d 1.0 (d, 6H, OCH2CH(CH3)2), 2.0 
(m, IH, OCH2CH(CHg)2), 4.0 (d, 2H, OCH2CH(CH3U 7.35 (d, 
IH, aromatic), 8.1 (d, IH, aromatic); MS (CI) m/e 264 (M+ + 
1, 100). Anal. (CiOH11NCl2O3) C, H, N, Cl. 

2-Chloro-3-ethoxy-6-nitrobenzonitrile (20a). A stirred 
mixture of 2.36 g (0.01 mol) of 19a and 0.98 g (0.011 mol) of 
CuCN in 25 mL of l-methyl-2-pyrrolidinone was heated to 150 
0C overnight in an oil bath. The reaction mixture was poured 
into a flask containing 100 g of ice. The precipitate was 
collected by filtration. Flash column chromatography on silica 
gel with 40% EtOAc in hexane as the eluent provided 1.41 g 
(62%) of 20a as an off-white solid: mp 145-146 0C; NMR 
(Me2SO-^6): 6 1.42 (t, 3H, OCH2CH3), 4.35 (q, 2H, OCH2CH3), 
7.65 (d, IH, aromatic), 8.40 (d, IH, aromatic); MS (CI) m/e 
227 (M+ + 1, 100). Anal. (C9H7N2ClO3) C, H, N, Cl. 

2-Chloro-3-isobutoxy-6-nitrobenzonitrile (20b). This 
compound was prepared in a manner analogous to that 
described for 20a above to give a 62% yield of 20b as an off-
white powder: mp 110-112 0C; NMR (Me2SO-Ci6): 6 1.0 (d, 
6H, OCH2CH(CHa)2), 2.1 (m, IH, OCH2CH(CH3)2), 4.1 (d, 2H, 
OCH2CH(CHa)2), 7.65 (d, IH, aromatic), 8.35 (d, IH, aromatic); 
MS (CI) m/e 225 (M+ + 1, 100). Anal. (C11H1IN2ClO3) C, H, 
N1Cl. 

3-Ethoxy-6-nitro-2-[(4-tert-butylphenyl)thio]benzoni-
trile (21a). To a stirred suspension of 0.68 g (0.006 mol) of 
£-BuOK in 5 mL of dry DMSO was added 1.01 g (0.006 mol) of 
4-fert-butylthiophenol. The reaction mixture was cooled in an 
ice/water bath. This was followed by the dropwise addition 
of 1.3 g (0.006 mol) of 20a in 8 mL of DMSO. The mixture 
was stirred for 2 h and then poured into a flask containing 80 
g of ice. The precipitate was collected by filtration, washed 
with 1 N NaOH and water, and dried to furnish 2.0 g (99%) of 
21a as a yellow powder. Purification of 0.2 g of this powder 
by flash column chromatography on silica gel with 30% EtOAc 
in hexane as the eluent gave 0.17 g of analytically pure 21a: 
mp 160-162 0C; NMR (Me2SO-^6): <5 1.02 (t, 3H, OCH2CH3), 
1.21 (s, 9H, C(CHa)3), 4.12 (q, 2H1 OCH2CH3), 7.2 (d, IH1 

aromatic), 7.3 (d, IH1 aromatic), 7.5 (d, IH, aromatic), 8.4 (d, 
IH, aromatic); MS (CI) m/e 357 (M+ + 1, 100). Anal. 
(C19H20N2O3S) C1 H1 N1 S. 

3-Isobutoxy-6-nitro-2-[(4-terf-butylphenyl)thio]ben-
zonitrile (21b). This compound was prepared in a manner 
analogous to that described for 21a above to give a 98% yield 
of 21b as a yellow powder: mp 110-112 0C; NMR (Me2SO-
de): d 0.7 (d, 6H1 OCH2CH(CH3)2), 1.2 (s, 9H, C(CHs)3), 1.7 
(m, IH, OCH2CH(CHg)2), 3.9 (d, 2H, OCH2CH(CH3)2), 7.1 (d, 
2H, aromatic), 7.3 (d, 2H1 aromatic), 7.5 (d, IH, aromatic), 8.45 
(d, IH, aromatic); MS (CI) m/e 385 (M+ + 1, 100). Anal. 
(C21H24N2O3S) C, H, N, S. 

6-Amino-3-ethoxy-2-[(4-tertf-butylphenyl)thio]benzoni-
trile (22a). To an ice bath-cooled and stirred suspension of 
1.8 g (0.005 mol) of 21a in 25 mL of diglyme was added a 
solution of SnCl2-2H20 in 10 mL of concentrated HCl. The 
resultant reaction mixture was gradually brought to room 
temperature and stirred for 2 h. This mixture was poured into 
a flask containing a solution of 14 g of NaOH in 14 mL OfH2O 
and 100 g of ice. The solution was extracted with EtOAc (3x). 
The EtOAc extracts were washed with 1 N NaOH and water 
and dried over Na2SO4. The solvent was removed by spin 
evaporation, and the resultant crude product was purified by 
flash column chromatography on silica gel with 30% EtOAc 
in hexane as the eluent to give 1.13 g (69%) of 22a as a beige 
powder: mp 80-81 0C; NMR (Me2SO-d6): <5 1.02 (t, 3H, 
OCH2CH3), 1.3 (s, 9H, C(CHa)3), 3.95 (q, 2H, OCH2CH3), 5.8 
(s, 2H, NH2), 6.9 (d, IH, aromatic), 7.1 (d, IH1 aromatic), 7.3 
(d, IH1 aromatic), 7.35 (d, IH1 aromatic); MS (CI) m/e 327 (M+ 

+ I1 88). Anal. (Ci9H22N2OS) C, H, N1 S. 
6-Amino-3-isobutoxy-2-[(4-terf-butylphenyl)thio]ben-

zonitrile (22b). This compound was prepared in a manner 
analogous to that described for 22a above to give a 69% yield 

of 22b as a beige powder: mp 100-1010C; NMR (Me2SO-Ci6): 
6 0.75 (d, 6H, OCH2CH(CHa)2), 1.2 (s, 9H, C(CHa)3), 1.7 (m, 
IH, OCH2CH(CH3)2), 3.6 (d, 2H, OCH2CH(CH3)2), 5.7 (br s, 
2H1 NH2), 6.85 (d, 2H, aromatic), 7.0 (d, 2H, aromatic), 7.2 (d, 
IH1 aromatic), 7.3 (d, IH, aromatic); MS (CI) m/e 355 (M+ + 
I1 100). Anal. (C2IH26N2OS) C1 H1 N1 S. 

5-[(4-terf-Butylphenyl)thio]-6-ethoxy-2,4-diamino-
quinazoline (13c). A mixture of 1.05 g (0.003 mol) of 22a 
and 1.11 g (0.01 mol) of chloroformamidine hydrochloride in a 
test tube was fused at 185 0C for 30 min. The mixture was 
cooled to room temperature and suspended in MeOH. To this 
suspension was added concentrated NH4OH until it became 
basic. The precipitate was collected and washed with H2O. 
Purification by flash column chromatography on silica gel with 
10% MeOH in CH2Cl2 gave 0.86 g (72%) of 13c as a yellow 
powder: mp 200-201 0C; NMR (Me2SO-Ci6): o 1.12 (t, 3H1 
OCH2CH3), 1.22 (s, 9H1 C(CHg)3), 4.0 (q, 2H1 OCH2CH3), 5.9 
(br s, 2H1 NH2), 7.0 (d, 2H1 aromatic), 7.3 (d, 2H, aromatic), 
7.4 (d, IH1 aromatic), 7.5 (d, IH1 aromatic), 8.5 (br s, 2H1 NH2); 
MS (CI) m/e 369 (M+ + 1,100). Anal. (C20H24N4OS)CH1N, 
S. 

5-[(4-terf-Butylphenyl)thio]-6-isobutoxy-2,4-diamino-
quinazoline (13d). This compound was prepared in a man
ner analogous to that described for 13c above to give a 44% 
yield of 13d as a yellow powder: mp 173-174 0C; NMR 
(Me2SO-Ci6): d 0.8 (d, 6H, OCH2CH(CH3)2), 1.2 (s, 9H, C(CHa)3), 
1.8 (m, IH, OCH2CH(CHa)2), 3.75 (d, 2H1 OCH2CH(CH3)2), 5.9 
(br s, 2H1 NH2), 6.95 (d, 2H, aromatic), 7.25 (d, 2H, aromatic), 
7.4 (d, IH, aromatic), 7.5 (d, IH, aromatic), 8.5 (br s, 2H, NH2); 
MS (CI) m/e 397 (M+ + 1,100). Anal. (C22H28N4OS)C1H1N1 
S. 

Enzyme Assays. C. albicans DHFR was expressed in E. 
coli BL21 (DE3, pl869) and purified to homogeneity as 
previously described.29 The standard enzyme assay was 
performed in 0.1 M imidazole chloride buffer, pH 6.4, with 12 
mM mercaptoethanol, 60 fiM NADPH1 and 45 fiM dihydrofolic 
acid in a final volume of 1 mL at 30 0C. /50 is the concentration 
of inhibitor that decreases the velocity of the standard assay 
by 50%. The enzyme (0.2 nM), NADPH, and varying concen
trations of inhibitor were preincubated for 2 min at 30 °C, and 
the reaction was initiated by the addition of dihydrofolic acid. 
Steady state velocities were measured, and /50 values were 
calculated from a linear regression plot of the percentage 
inhibition vs the logarithm of inhibitor concentration. The 
precision of the I50 determination is generally about ±30%. 

Recombinant human DHFR, prepared as described by 
Prendergast et al.,30 was obtained from Dr. J. Freisheim, 
Medical College of Ohio. The enzyme (2 nM) was assayed in 
50 mM Sorenson's phosphate buffer, pH 7.0, as described above 
for C. albicans DHFR. 

C. albicans MIC Test. The minimum inhibitory concen
tration (MIC) is defined as the lowest concentration of com
pound that prevents visible overnight growth of C. albicans 
in liquid culture. The defined culture medium contained NH4-
Cl (2 g), K2HPO4 (0.35 g), MgSO4 (0.24 g), sodium citrate (0.3 
g), piperazine-A7yV'-bis[2-ethanesulfonic acid] (3.4 g), biotin (40 
mg), and glucose (10 g) in 1 L of water at a final pH of 7.1. 
Stock cultures were prepared from C. albicans strain P712 that 
had been harvested during logarithmic growth and stored 
frozen in 10% glycerol at - 7 0 0C. For the MIC test, 16 x 125 
mm tubes were prepared containing culture medium and 4500 
colony-forming units (CFU) of C. albicans without and with 
drug in a final volume of 3 mL. Final concentrations of drug 
in each tube were 50—0.01 [tg/mL. The tubes were placed in 
a gyrotory water bath (28 0C, 160 rpm) and incubated for 20— 
24 h. During this time the control tubes became turbid (light 
absorbance at 530 nm approximately equal to 1 absorbance 
unit), and the MIC was determined by inspection (A530 < 0.03). 
Alternatively, the assay was performed in a 96-well microtiter 
plate with a final volume of 0.05 mL and serial 4-fold dilutions 
of drug from 50 to 0.01 /<g/mL. The precision of the MIC assay 
is ±1 tube or well. 

Pharmacokinetics. Mouse brains, kidneys, and lungs 
were extracted with acidic methanol, centrifuged, and then 
purified as plasma by extraction from C2 Bond-Elut columns 
(Analytichem International). Compound levels were deter
mined by reverse phase HPLC (Waters /<Bondapak C18), 
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utilizing a linear 0-48% acetonitrile gradient. Standard 
curves of plasma or tissues spiked with authentic compound 
were used for quantification. 
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