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Synthesis and Antibacterial and Antifungal Activities of 
5-Nitro-2-furfurylidene Polyhalophenoxyacethydrazides VIII 
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Abstract 0 Fifteen 5-nitro-2-furfurylidene phenoxyacethydra- 
zides were synthesized, and the antibacterial and antifungal activi- 
ties of the compounds prepared were determined against different 
microorganisms. The a-methoxy derivative was found to be the 
most active compound. 
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Recently, it was shown that 5-nitro-2-furfurylidene 
arylthioacethydrazides and 5-nitro-2-furfurylidene 
arylsulfonylacethydrazides (1) as well as 5-nitro-2- 
furfurylidene p- sulfonyl- and p- sulfamoylbenzhydra- 
zides (2) displayed antibacterial activity. Several pol- 
yhalophenyl esters of substituted carbamic and car- 
banilic acids also were found to inhibit the growth of 
some fungi (3-6). On the basis of these observations, 
it was of interest to investigate the antibacterial and 

antifungal activities of compounds having both poly- 
halophenyl and 5-nitro-2-furfurylidene groups in 
their molecules. 

A series of 5-nitro-2-furfurylidene polyhalo- 
phenoxyacethydrazides was prepared by interaction 
of 5-nitro-2-furfural and appropriate phenoxyacethy- 
drazides. Several other 5-nitro-2-furfurylidene phe- 
noxyacethydrazides were also synthesized for com- 
parison of biological activity. o-Methoxy-5-nitro-2- 
furfurylidene phenoxyacethydrazide (Compound 5) 
was found to be the most active compound of this se- 
ries. All compounds prepared are listed in Table I. 

Table I-5-Nitro-2-furfurylidene Polyhalophenoxyacethydrazide 

DISCUSSION 

All compounds prepared were tested against Bacillus subtilis 
(NCTC 3610), Klebsiella pneumoniae (ATCC 10031), Sarcina 
lutea (ATCC 93411, Staphylococcus aureus (ATCC 6538), and 
Bacillus cereus (NCIB 9373). Nitrofurazone was used as a control. 
The compounds were dissolved in dimethylformamide at 0.5% con- 
centration. Standard paper disks of 6-mm diameter were im- . 
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11 2,4,6-C13CgH2 195 O 80 CiaHsC13N30~ c 39.74 39.70 
H 2.03 2 .oo 

33.72 C 33.80 12 csc15  255-260" 74 Ci~HeC15N30~ 
H 1 .32  1.39 

46.66 13 m-NO&eHa 200 O 69 C13HI&407 C 46.70 
H 2.99 3 .05  

14 p-NO&eH, 254 O 71 C i3H 10N407 C 46.70 46.71 
H 2.99 2.90 

15 Thymyl 160-162O 76 Ci,H1&305 C 59.13 59.19 
H 5.50 5.43 
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Table 11-Antibacterial Activity 

Zone of Inhibition, Average Size, mm 
- 
B.  sub- K .  pneu-  Staph. 

Compound tilis moniae S. lutea aureus B.cereus  

- - 14O 15 
- - 150 16 

1 11 

- - 1 8 O  21 
2 11 

- 19" 18 
3 18 
4 1 4  15 

14 14 19 20 
- - 12 20 

5 21 

- - 12a 20 
6 12 

- 15 20 
7 8 

- 15a 20 
13 13 8 

- 20 
9 

- 125 20 
10 
11 
12 13 8 15 15 15 

18 12 8 12 13 
14 
15 1 2  12 1 6  128 16 

Nitrofurazone 23 20 17 20 21 

- - 
- - - 

- - 

- - 
15 
- - - 

a Inhibition zonea were hazy. 

mersed in solution and placed on an inoculated assay medium sur- 
face'. Disks containing pure dimethylformamide were used as con- 
trols and did not show antibacterial activity. There were four repli- 
cates for each compound. The antibacterial activity of the com- 
pounds prepared is reported in Table 11. 

All compounds prepared were also tested against Candida albi- 
cans2 (1959-2). Penicillium notaturn2 (154-3). and Aspergillus 
niger2 (A-23). Concentrations of 10, 25, and 50 pg/ml were used. 
The compounds were dissolved in dimethylformamide at  concen- 
trations of 5 mglml, and these solutions were diluted with hot ster- 
ile culture medium3 to the desired concentrations. Griseofulvin 
was used as a control. A culture medium containing pure dimethyl- 
formamide was used and did not show antifungal activity. The an- 
tifungal activity of all tested compounds and griseofulvin was in- 
significant a t  concentrations of 10 and 25 pglml. The antifungal 
activity of the compounds at  the 50-pg/ml concentration is re- 
ported in Table 111. 

EXPERIMENTAL4 

Substituted Ethyl Phenoxyacetates-These compounds were 
prepared by interaction of the appropriate sodium phenolate and 
ethyl chloroacetate or ethyl bromoacetate in boiling ethanol as de- 
scribed by Haskelberg (7). 
Pentachlorophenoxyacethydrazide-To a solution of 3 g 

(0.01 mole) of ethyl pentachlorophenoxyacetate (7) in 35 ml of eth- 
anol, 2 ml(O.03 mole) of 80% hydrazine hydrate was added and the 
solution was allowed to stand for 8 hr at room temperature. After 
cooling, the crystalline mass was filtered and recrystallized from 
95% ethanol to give 2.64 g (78%) of hydrazide as white crystals, mp 
210-215O; molecular weight by mass spectrometry, m/e 337-339; 

'BBL antibiotic assay medium 1. 
2 Microorganisms were obtained from the Department of Parasitology, 

Public Health Institute, Tehran, Iran. 
Difco Sabouraud dextrose agar medium. 
Melting points were taken on a Kofler hot-stage microscope and are un- 

corrected. IR spectra were recorded on a Leitz model 111 spectro raph. UV 
spectra were obtained on a Varian Techtron 635 instrument. N d R  spectra 
were taken on a Varian A60A instrument. Mass spectra were recorded on a 
Varian Mat 111 spectrograph. All compounds were subjected to IR, NMR, 
and mass spectrometry and the results were as expected. 

Table 111-Antifungal Activity= of 5-Nitro-2-furfurylidene 
Polyhalophenoxyacethydrazides 

Compound C.  albicans P. notatum A .  niger 

1 + + + + + + + 2 
3 
4 + + 
5 + + + + + 6 
7 

+ 8 

+ 9 

+ 10 
11 + + + 12 

+ 13 
14 
15 + + 
Griseofulvin + + + 

- 
- 

- 

- + - 
- 

- 
- - 

- - + 
+ - 

- 
- 

- 
- 

- 

- 
- 

a + = complete inhibition, and - = no inhibition. 

IR urnax 3300, 1663, 1541, 1422, 1385, 1344, 1292, 808, and 707 
cm-'. 

Anal.-Calc. for C7H5ClsN202: C, 28.36; H, 1.48. Found: C, 
28.29; H, 1.53. 

5-Nitro-2-furfurylidene Pentachlorophenoxyacethydra- 
zide (Compound 12)-Pentachlorophenoxyacethydrazide (0.338 
g, 1 mmole) was dissolved in 10 ml of alcohol and treated with a so- 
lution of 0.141 g (1 mmole) of 5-nitro-2-furaldehyde in 5 ml of al- 
cohol. The reaction mixture was warmed gently on a water bath for 
15 min. After cooling, the precipitate was filtered and recrystal- 
lized from dimethylformamide-water (7:3) to give 0.341 g (74%) of 
the desired compound, mp 255-260O; molecular weight by mass 
spectrometry mle 461-462; IR: urnax 3100, 1690, 1541, 1472, 1396, 
1351,1250,1051,955,916,783, and 710 cm-'; UV,,, 375 nm. 

All other 5-nitro-2-furfurylidene derivatives were prepared simi- 
larly (Table I). 
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