
SYNTHESIS AND FUNGICIDAL ACTIVITY OF SEVERAL ALKYL 

2-(5-NITROFURYL) KETONES AND THEIR DERIVATIVES 

N. O. Saldabol, A. Ya. Zile, and S. A. Giller UDC 615.284:547.724 

It is well known that severa l  5-ni t rofuran der ivat ives  have pronounced fungicidal action. Among them, 
in addition to a number of n i t rofury l -  and ni trofurylvinyl  heterocycl ic  compounds, are  s impler  (in s t ructure)  
compounds such as methyl  5 -n i t ro -2 - fu r fu ry l  e ther  (furaspore of ni t rofuryl  ether) [1], 5 -n i t ro -2- fu r fu ra ld -  
oxime (nifuroxime) [2,3] ,  and 5-n i t ro -2- ( f i -n i t rov iny l )  furan (nitrofurylene) [4,6],  which is used in Soviet 
medicine.  2 -Ace ty l -5 -n i t ro furan  [7,8] and 2-ch loroace ty l -5 -n i t ro furan  [9] have the same form of antimi- 
crobial  action. It was the re fo re  of interest  to study the fungicidal action of other  ketones of the ni t rofuran 
se r ies  and the i r  der ivat ives .  

Some of the investigated compounds were  previously synthesized. In this paper  we descr ibe  the syn- 
thesis  of previously unknown ketones and thei r  der ivat ives  o r  new methods for  the i r  preparat ion,  for  ex- 
ample, ketones Ia and lb. 
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2-Acetyl- ,  2-propionyl- ,  and 2 -va le ry l -5 -n i t ro fu rans  (Ia-Ic) were  prepared  by us by ni trat ion of the 
appropriate alkyl furyl  ketones with fuming nitric acid in acetic anhydride with subsequent t rea tment  of the 
intermediate  product  with sodium acetate and u rea  in analogy with the prepara t ion  of 5 -n i t ro fu ry l -2 -meth-  
anediol diacetate [10]. 

2-[c0-(5-Nitrofuryl-2-carboxy)  acetyl ] -5-ni t rofuran (HI) was obtained by react ion of 2-d iazoacety l -5-  
ni t rofuran with 5-n i t rofuran-2-carboxyl ic  acid. 

The S-substituted 2 -mercap toace ty l -5 -n i t ro fu rans  (IV-VI) were obtained by react ion of 2 -bromoace-  
ty l -5 -n i t ro furan  (1 g) with the appropriate  thiols. 2 - [2- (Fury l -2) -2-oxoethylmercapto]  benzthiazole (Vg) 
was s imi la r ly  p repared  f rom 2-bromoace ty l furan  (Id). 

The fungicidal activity was determined by a previously  descr ibed method [1]. The resul ts  are  p re -  
sented in Tables 1 and 2. 
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T A B L E  1. M i n i m u m  C o n c e n t r a t i o n  of Ketones  of the  N i t r o f u r a n  S e r i e s  

and T h e i r  D e r i v a t i v e s  (in /~g/ml) Which R e t a r d s  the  Growth  of P a t h o -  
gen ic  Fungi  

Compound 

Ia 
Ila 
5 ~Nitro-2-furylglvoxal dihydrate 
Aldoxime of 5-nitr6-2- furylglyox al 
Ib 
IIb 
1c 
Id 
2-Chloroacetyl- 5-nitrofuran 
2 - (co- Isonitroso- cv-chloroacetyl)- 5-nitrofur an 
2~Acetoxyacetyl- 5-nitrofuran 
IIt 
IV 
VI 

VII 

Griseofulvin 

Nistatin 

Method of 
'synthesis 

Pathogeni c fungus strain 

Epidermo-lTrlehophy- 
Candida phyton t o n  
albieans Kaufmann dypseum 
67/846 - -Wo f 41 [ 4]3 

$ 

[i11 
[1,2] 

[13, 141 
[141 

50 
133 

>200 
133 
133 
133 
100 

66,7 
16,7 

>200 
25 

>200 
133 
133 

>200 

No 
activity 

3,5 

5O 
33,3 

>200 
66,7 

133 
33,3 
66,7 
66,7 
16,7 
133 

12,5 
>200 
66,7 

133 
33,3 

2,6 

6,9 

33,3 
33,3 

>200 
66,7 

133 
33,3 
66,7 
66,7 
16,7 

laa 
12,5 

>200 
66,7 

133 
33,3 

3,5 

7,8 

* See e x p e r i m e n t a l  sec t ion .  

T A B L E  2. M i n i m u m  C o n c e n t r a t i o n  of Subs tance  (in, pg/ml) Which 

R e t a r d s  the Growth  of  P a t h o g e n i c  Fungi  

Pathogenic fungus strain 

Candida albicans 
67]846 

Compound 

ta  

50 

O L ~ I  
0 

o ~ .  ~, 
i r D , ~  c q ~ r  ~ 

16,7 25 

Griseofulvin 

No activity 

Nistatin 

3,5 
8,3 
3,5 
4,3 
3,5 
8,4 
6,9 

6,9 
6,9 
3,5 
6,9 
6,9 
6,9 
6,9 
7,8 

S 
38O 

Candida kruzei 
- tropicalis 

Epidermophyton rubrum 
,, inguinale 

Wolf 41 
,, Kaufmann -- 

Microsporum lanosum 
,, ferrugineum 

Achorion sch6nleini 
Trichophyton crateriforme 

,, faviforme 
. vioIaceum 
. gypseum 4/3 

100 
50 
66,7 
66,7 1 
1 3 3  
50 

5O 
33,3 
1O0 
133 
50 
33,3 
66,7 
33,3 

33,3 
16,7 
16,7 
16,7 
50 
16,7 

16,7 
16,7 
33,3 
33,3 
12,5 
25 
t2,5 
33,3 

33,3 
25 
25 
25 
33,3 
25 

12,5 
12,5 
50 
50 
12,5 
12,5 
12,5 
12,5 

1,7 

2,6 
3,5 
1,7 

10,4 
3,5 
3,5 
1,7 
3,5 

Nitro- 
furyl- 
erie  

3,5 
4,9 
4,9 
3,5 
2,3 
1,7 
2,8 

1,6 
0,9 
1,5 
0,9 
2,3 
0,9 
1,6 
1,6 

The m o s t  ac t ive  compounds  w e r e  2 - a c e t o x y a c e t y l - 5 - n i t r o f u r a n  and 2 - c h l o r o a c e t y l - 5 - n i t r o f u r a n ;  how- 

e v e r ,  t h e i r  ac t iv i ty  was  l e s s  than  that  of n i t r o f u r y l e n e ,  n i s ta t in ,  and g r i s eo fu lv in .  It is i n t e r e s t i n g  to note 

tha t  compound  VII was  ~ 4 t i m e s  m o r e  ac t i ve  than its 5 - n i t r o  ana log  (VI) with r e s p e c t  to E p i d e r m o p h y t o n  
Kaufmann-Wol f  41 and T r i c h o p h y t o n  g y p s e u m  4 / 3 .  

E X P E R I M E N T A L  

2 - A c e t y l - 5 - n i t r o f u r a n  (Ia). C o n c e n t r a t e d  su l fu r i c  acid (0.2 ml) was added with  s t i r r i n g  to 178 g of 
ace t i c  anhydr ide ,  and 48 g of 98% n i t r i c  acid and a so lu t ion  of 55 g of 2 - a c e t y l f u r a n  in 51 g of ace t i c  anhy-  
d r i d e  w e r e  added s i m u l t a n e o u s l y  at 8 to 10 ~ fo r  30 rain f r o m  d i f f e r en t  d ropp ing  funnels .  A f t e r  th is  the  m i x -  
t u r e  was s t i r r e d  fo r  1 h at 10 ~ 34 g of anhydrous  sod ium ace t a t e  was added,  and the  m i x t u r e  was  s t i r r e d  
fo r  45 rain. The  m i x t u r e  was then  pou red  into a hea t ed  (30 ~ so lu t ion  of 100 g of u r e a  in 150 m l  of w a t e r  
and the m i x t u r e  was  hea ted  to 75 ~ A f t e r  s t and ing  f o r  18 h at r o o m  t e m p e r a t u r e  the p roduc t  was e x t r a c t e d  
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with 600 ml of ch loroform.  After  removal  of solvent the res idue was c rys ta l l i zed  f rom 240 ml of aqueous al-  
cohol (1:1) to give 24 g of a p roduc t  with mp 78-79 ~ ( l i terature mp 77-78 ~ [15]). An additional 3.1 g of [a 
with mp 76-78 ~ was obtained f rom the mother  liquor by extract ion with 80 ml of ch lo ro fo rm and c rys t a l l i -  
zation f rom 45 ml of aqueous alcohol.  The overal l  yield of purified Ia was 35%. Found %: C 46.55; H 3.25; 
N 8.98. C~HsNO 4. Calc.  %: C 46.45; H 3.23; N 9.03. 

2 -Propionyl -5-n i t ro furan  (Ib). This was p repa red  in the same way as Ia in 45% yield with mp 68-70 ~ 
which cor responds  to the l i t e ra tu re  data [16]. Found %: C 49.53; H 3~ C~H~NO 4. Calc~ %: C 49.79; H 4.17. 

2 -Vale ry l -5 -n i t ro furan  (Ie). This compound was obtained in the same way as Ia and had mp 48 ~ 
Found %: C 54.60; H 5.90; N 7.20. CgI-IllNO 4. Calc.  %: C 54.82; H 5.62; N 7.10. Xmax 295 nm, log ~ 4.13 
(in alcohol). 

2 -Acety l -5-n i t rofuran  Oxime (IIa). This compound was obtained by addition of an alcoholic solution 
of Ia to an aqueous solution of equivalent amounts of hydroxylamine hydrochlor ide and sodium acetate and 
had mp 166-168 ~ (from aqueous alcohol). Found %: N 16.41. C6HsN204. Calc.  %: N 16.43. 

2 -Prop ionyl -5-n i t ro furan  Oxime (IIb)~ This compound was obtained in the same way as IIa and had 
mp 162-163 ~ (from aqueous alcohol). Found %: C 45.95; H 4.38; N 15.16. CTHsN204. Calc.  %: C 46.25; 
H 4.27; N 15.21. 

2-[ w-(5-Ni t rofury l -2-carboxy)ace ty l ] -5-n i t ro furan  (iII). A mixture  of 2.75 g of 2-d iazoace ty l -5-n i -  
t rofuran,  5.9 g of 5-n i t rofuran-2-carboxyl ic  acid, and 100 ml ok dry acetone was ref luxed for  20 h. After 
removal  of the solvent the res idue  was dissolved in 200 ml ok e ther .  The ether  solution was washed with 
aqueous sodium carbonate  and water  and dried with sodium sulfate.  The e ther  was evaporated to give 3.5 g 
(75%) of III with mp145-146 ~ (from alcohol). Found %: C 42.28; H 1.81; N 9.19. CllH6NaO 9. Calc.  %: 
C 42.59; H 1.91; N 9.03. t m a x  295 rim, log ~ 4.30 (in alcohol).  

S-Substituted 2-Mercaptoace ty l -5-n i t rofuran  (IV-VI). A mixture  of 20 mmole of Id, 20 mmole o f a r y l -  or 
he te roary lmercaptan ,  and 50 ml of alcohol was refltuxed for 1 h, and the precipi ta te  which formed on cool-  
ing was f i l te red  to give crys ta l l ine  yellow substances .  

2 -~- (Phenylmercap to)ace ty l [ -5 -n i t ro furan  (!V)]. This compound was obtained in 76% yield and had mp 
70-71 ~ (from alcohol). Found %: C 54.56; H 3.56; N 5.41. CI2HgNO4S. Calc.~o: C 54.74; H 3.45; N 5. 32, 
l m a x  245, 295 nm, log ~ 4.03, 4.17 (in alcohol).  

8 - [2- (5-Ni t rofury l -2) -2-oxoethylmercapto]  quinoline (V). This compound was obtained in 53% yield 
and had mp 145-147 ~ (from aqueous dimethylformamide) .  Found %: C 57,36; H 3.57; S 10.37. CI~H10N204S. 
Calc %: C 57.32; H 3.21; S 10.20. 

2- [2- (5-Ni t rofury l -2) -2-oxoethylmercapto]  benzthiazole (VI). This compound was obtained in 90% 
yield and mp 120 ~ (from aqueous dimethylformamide) .  Found %: C 48.83; H 2.33; S 19.92. C13H804S 2. Calc. 
%: C 48.74; H 2.52; S 20.20. l m a x  294 nm, log e 4.35. 

2- [2- (Furyl -2) -2-oxoethylmercapto]benth iazole  (VII). This compound was p repa red  in the same way 
as VI f rom Id to give 90% of product  with mp 105-107 ~ (from alcohol). Found %: C 56.98; H 2,90; N 4.90. 
CI3HgNO2S2. Calc. %: C 56.71; H 3.29; N 5.09. }tma x 241, 275 nm, log e 4.19, 4.53. 
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