
A New Series of Antifungal Compounds* 
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Compounds of the type ArCH (OR) CBr- 
(NO2)R’ have been found to possess strong 
antifungal activity. The preparation, proper- 
ties, and antifungal activities of a number of 
compounds of this formula are described. 2- 
Bromo-1-methoxy-2 -nitro - 1 - phenylpropane 
has been further tested and ointments con- 
taining it have been prepared and submitted 
for clinical trial. Results from one of these 

trials have been published. 

HE PREPARATION of five compounds of the 
Ttype ArCH(OR)CX(NOa)R’, where R and 
R’ are alkyl radicals and X is chlorine or bromine, 
has been described by Senkus (1). In a routine 
screening program one of the compounds, 
2-bromo- 1 -methoxy-2-nitro - 1 - phenylpropane, 
(P-594) was found to be a very effective anti- 
fungal agent. Preparation of several analogous 
compounds indicated that for high antifungal 
activity the halogen should be bromine rather 
than chlorine. A number of compounds of this 

type were prepared and tested for antifungal 
activity. The compounds prepared, with their 
analyses, antifungal activities, and boiling or 
melting points, are shown in Table I which 
demonstrates that the presence of substituents 
on the aryl group in general lowered the anti- 
fungal activity. 

The two compounds under No. 3 were sep- 
arated by repeated crystallization from petroleum 
ether. They are believed to be the two diastero- 
isomeric mixtures which are possible for this 
compound. All of the other compounds also 
have two asymmetric carbon atoms and theoret- 
ically should exist in two such forms, but in no 
other case were the diasteroisomeric mixtures 
separated. 

Because 2-bromo-1-methoxy-2-nitro-1-phenyl- 
propane was about as effective as any of the other 
compounds, and also because this compound is 
perhaps more convenient to prepare than any 

TABLE I.-COMPOUNDS OF THE TYPE ArCH( OR)CBr( N02)R’ 

Min. Inhib. Coaca. (pg./ml.) 
Against 

A s  r Trichophy- 
M. P. or Yield, 7 -N,  %- --Br, 70- pi& ton mcta- Candida 

No. Ar R R’ B. P., O C. yo Calc. Found Calc. Found niger grophytcs albicans 
1” Pheuyl Me Me 45-46 93 .. . .  
2 p-Chloropheayl Me Me 96-98 88 4.54 4.34 
3 2,4-Dichloropheayl Me Me 54-55.5 . . 4.08 3.61 

92-94.5 .. 4.08 3.77 
4 2,4-Dichloropheayl Me E t  13O-14Ob . . 3.92 3.70 
5 p-Anisyl Me E t  144-1476 51 4.40 4.36 
6 9-Anisyl Me Me 74-75 55 4.61 4.41 
7 p-Chlorophenyl Me n- 107-108 45 4.16 4.23 

Propyl 
8 Pheayl 2- Me ... 79 4.61 4.52 

Hydroxy- 
ethyl 

9 Fury1 Me Me 92-976 23 5.30 5.59 
10 o-Chloropheayl Me Me 120b 57 4.54 4.44 
11 o-Chloropheayl Et  Me 12Zb 61 4.34 3.96 
12 o-Chlorophenyl E t  E t  12Sb 28 4.16 3.93 
13 o-Chloropheayl Me E t  128* 38 4.34 3.97 
14 p-Chlorophenyl Me E t  104.5-106 44 4.34 4.03 
15 3,CDichlorophenyl Me Me 67-70 66 4.08 3.69 
16 Phenyl Et E t  113-115b 45 4.63 4.85 
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Prepared by Senkus. 
b B. p. at 1-2 mm. of mercury. 
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other in the series, it was for further 
study* antifungal data were Ob- 

tained on this compound and these results are 

Formulated at  one per cent in either a petro- 
latum or vanishing cream base this compound was 
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found to cause little or no irritation when applied 
daily for seven days to the intact skin of twelve 
rabbits. Preliminary clinical trials of this com- 
pound in one per cent concentration in a vanish- 
ing cream base have been carried out by several 
physicians and the results of one of them have 
been published (2). The conclusions reached 
in the cited reference were as follows: “This 
compound possesses low toxicity, little irritancy, 
an apparent low sensitizing index and a high 
degree of efficiency in the treatment of mycotic 
lesions of glabrous skin. It is considered of 
particular value in the treatment of infections 
caused by T.  rubrum.” 

EXPERIMENTAL 

Preparation of Compounds.-The preparation of 
all of these compounds was carried out essentially 
as described in reference ( l ) ,  examples I1 and IV. 

The preparation of the two forms of 2-bromo-l- 
(2,4-dichlorophenyl)-1-methoxy-2-nitropropane was 

TABLE II.-ACTIVITY OF P-594 AGAINST YEASTS 
AND FUNGI 

Minimum 
Inhibitory 

Concen- 
tration 

Culture (a. /mI.)  
M .  audouini, 10216. .  . . . . . . . . . . . . . . . . .  1 
S. schenckii, 10212. .  . . . . . . . . . . . . . . . . . .  25-50 
E .  $occosum, 10227..  . . . . . . . . . . . . . . . . . .  1 
T.  mentagrophytes, 10270.. . . . . . . . . . . . . .  1-5 
T. rubrum, 10218..  . . . . . . . . . . . . . . . . . . . .  1-5 
B. dermatitidis, 10225..  . . . . . . . . . . . . . . . .  1 
A .  fumigatus,6285.. . . . . . . . . . . . . . . . . . . .  5-10 
C.albicans . . . . . . . . . . . . . . . . . . . . . . . . . . .  10-25 

Endomyces magnusii ATCC, 2105. . 
Saccharomyces lactis ATCC, 8635. . 

Debaryomyces matruchoti NRRL, Y-833 .  . 5-10 
Endomyces jaronensis NRRL, Y-1483. .  . .  1-5 
Mycoderma cererusuae NRRL, Y-932 .  . . .  5-10 
Klloeckera brevis NRRL, Y - 9 1 5 . .  . . . . . . . .  1-5 
Brettanomyces anamalus NRRL, Y-1415..  5-10 
Candida guilliermondia NRRL, Y-324 .  . .  25-50 
Rhodotorula mucilaginosa var. ruhrorugosa 

Hansenula saturnos NRRL, Y - 1 2 .  
Candida keusei NRRL, Y-301 .  . . . . . . . . .  10-25 
Aspergillus niger . . . . . . . . . . . . . . . . . . . . . .  10-20 

ATCC.4559 . . . . . . . . . . . . . . . . . . . . . . .  50-100 

carried out as follows: A mixture of 46.4 Gm. of 
l-(2,4-dichlorophenyl)-2-nitro-l-propene, 200 cc. of 
methanol, 75 cc. of water, and 10 Gm. of sodium 
hydroxide was stirred to  give an almost clear solution 
and then filtered. The filtrate was stirred and cooled 
in an ice bath and 10.2 cc. of bromine was added 
dropwise a t  not over 20°, causing the formation of 
an oil which slowly solidified. This was filtered t o  
give 60.4 Gm. of a solid, melting from 55-70”. 
This was recrystallized twice from petroleum ether 
and the filtrates were combined. From them was 
isolated 17 Gm. of the lower melting product. The 
precipitate from the second crystallization was re- 
crystallized twice more t o  give 12.6 Gm. of the higher 
melting product. 

Antifungal Testing.-Stock solutions of the com- 
pounds being tested were prepared a t  1 yo concentra- 
tion using a suitable solvent. In initial testing only 
the concentration 100 pg./ml. was used. This was 
obtained by diluting the stock solution 1 : l O  with 
water and adding a 2-cc. aliquot to  18 cc. of Sabou- 
raud’s agar with 0.5% Difco Malt extract. The agar 
and agent were then steamed for thirty t o  forty- 
five minutes. Plates were poured, allowed to 
solidify, and streaked with suspensions of cells 
contained in a 7-mm.  bacteriological loop. The 
suspension was prepared from a fresh slope washed 
into saline and should show about 50% of the light 
transmission of a saline control using 15- to  16-mm. 
(i. d.) tubes and a red filter. The fungi used in the 
initial series of tests were Aspergillus niger, Tri- 
chophyton mentagrophytes, and Candida albicans. 
Plates were checked after five days a t  25”. If no 
growth occurred, the process was repeated a t  lower 
concentrations. 

SUMMARY 

1. A class of antifungal compounds of the 
type ArCH(OR)CBr(NO,)R’ has been studied 
and sixteen members of it have been prepared. 

2. The compound 2-bromo-l-methoxy-2- 
nitro-1-phenylpropane has been found to be 
fungistatic at low concentrations toward a 
number of yeasts and fungi. 

3. This compound, formulated in an ointment 
a t  one per cent concentration, has been submitted 
for clinical trial. 
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