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ED AND POLYENE A L D E H Y D E S  AND K E T O N E S  OF THE 5 - N I T R O F U R A N  SERIES 
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Antibacterial properties and toxicities were determined for 66 compounds of the 5-nitrofuran type to ascer- 
tain the connection between structure and biological activity. 

Unsaturated 5-nitrofuran aldehydes and some of their simplest derivatives (acetals, acylals) have high anti- 
bacterial activity and a broad spectrum. However, these compounds cannot be used in medicine because of 
their appreciable toxicities and low stabilities. One of the c~, ~-unsaturated ketones in this series, 5-nitro- 
furfurylideneacetone, has a broad antibacterial spectrum combined with lower toxicity. Low-toxicity de- 
rivatives of 1-aminohydantoin and 3-amino-2-oxazolid-2-one are among the imino derivatives of high an- 
tibacterial activity investigated. 

The search for antibacterial substances which, unlike those already known, will act on strains of microorganisms 
resistant to antibiotics and chemotherapeutic agents of the sulfonamide type and prevent the build-up of resistance, is 
still a very real problem. 

In this respect, the nitrofurans are a comparatively new and promising class of chemotherapeutic compounds, and 
several of practical importance have already appeared [1-11]. 

Recently it has been discovered that the introduction of vinylidene groups into the molecules of previously known 
compounds of this series considerably improves their antimicrobial action. 1-[8-(5'-nitrofuryl-2")acrylideneamino]-hy- 
dantoin or Furagin (?-35) is based on this principle and is recommended for medical use. It is the vinylene-olog of 1- 
(5'-nitrofurfurylideneamino)hydantoin (the known chemotherapeutic agent Furadonin or F-30) [10-14]. 

Continuing the search in this direction, a study has been made of the antibacterial properties and toxicities of 66 
functional derivatives of aldehydes and ketones of the 5-nitrofuran series having different numbers (0-a) of vinylidene 
groups in the molecule and the general formula I. 

O~N--~- -~- - tCH= CR )n"" X,  

I 

n =  0-3, R= H, alkyl, alkoxy-methyl; X=CHO; CH(OC~Hs)2; CH(OCOCHs)2; COCH3; COC(CH3)a; CH=NNHCONH2; 

CH=NNHCSNH2; CH=NOH; CH= NNHCOCH2CN; 

CH=NNHEO ~ - - @ N  CH= N - - N - - - ~  ; 

B 

CH=N--N ' �9 . 

o Lo) 

For the first screening the antibacterial activities of the compounds were determined in vitro for the following 
test bacteria: Staphylococcus aureus_haemolyticus 209, Bac. mycoides No. I; E. colt 675, Proteus vulgaris No. i 
(Table I). The antibacterial activities of the compounds F-46, -140, -151, -148, -146, -Ii% 259, -i15, and -124 
were also determined for Staphylococcus 1, Staphylococcus NLA, Streptococcus 682, Streptococcus 284, Streptococcus 
4879, Streptococcus viridans, Enterococcus (Table 2). 

Investigation of unsubstituted 5-nitrofuran aldehydes showed that they definitely inhibit the multiplication of mi-  
croorganisms. For example, 5-nitrofuffural (NFO), ~-(5-nitrofuryl-2)acrolein (F-109), and 5-(5'-nitrofuryl-2')penta-2, 
4 -d iene- l -a l  (F-116), in concentrations of 0.03-0.15 rag%, inhibit the growth of Staphylococcus aureus haemolyticus 
209, Bac. mycoides, E. colt. One of these (F-116) proved quite active against Proteus vulgaris, stopping growth 

* For Part VI see [1]. 
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at a concentrat ion of 0.07 mg%. However, these compounds are s ignif icant ly toxic  (e. g . ,  for F-109 LDs0 = 8, 6 mg/kg ,  
for F-116 LDa0 = 16.5 mg/kg) ,  so that  i t  was not possible to recommend them for more deta i led investigation. 

TABLE 2 

Antibacterial activities of some imino derivatives of unsaturated 5-nitrofuran aldehydes 

and ketones, 

�9 ~, , , ,  ,, . ~ , ~ p o u ,  d l ' Minimum bacter ios ta t ic  concentrat ion 

,]umber ; taphy lo-  SctoaPchY{~ Strepto- S:orecPtu~" Sctor:cPuts~ 
(name) [coccus I [ ~qLA ~ coccus 682 284 4879 

F-46 
F-140 
.F-151 
F- 145 
F-146 
F,:!17 
F'-59 
F-115 
F-124 

O. 1--0.3 
0.1--0.3 

0.6 
0.9 
0.05 

0.3--0.6 
0.7 

0.8--1,6 
0.6 

I 

O. 1 - - 0 . 2  
0.i--0.6 
0.3--0,5 

0.9 
0.05--0.1 

0,6 
0.3--0.7 
0.4--0.8 
0.2--0.3 

0-04--0.2 
0,1--0.6 
0.3--0.6 

0,1 
0,03--0,05 
0.3--0,6 

2,6 
0,8 

0,6--1,2 

0.7 
0.3--0.6 
O: 10.~0,6 

0.1"-0.2 
0.3--0:6 
0.7--1,3 
0.8--3,2 
0.6-- 1,2 

O. 1 - - 0 . 7  
0.3 
0.6 

0.03--0.2 
0.2--0.4 
0.3--0,5 
1,3--2.6 
0.8--1.6 
0,6--1.2 

, mg% 

i Strep t~  Entero- 
coccus 

~Viridans ',1 coccus 

0.3--1.4 0.2--l.4 
0.3 0.3--I.1 

0,3--0.6 0,I--0,6 
0.1--0.9 0,1--0.2 
0,1--0.2 0 2 - - 0 8  

0,3 0.3--0,6 
0,7~2.6, 2.6,1,6 

0.6 '- i ,2 0.6--1,2 

The simplest functional derivatives of the aldehydes, acetals and acylals, also have definite antibacterial activity, 

though in some cases less than the above compounds. The great disadvantage of these compounds, e.g., ~-(5-nitrofuryl- 
2)acrolein diethylacetal (F- i13), 5- (5 '-nitrofuryl-2')penta-2, 4-diene-l-al diacetate (F- 122), and/B- (5-nitrofuryl-2)ac- 

rolein diacetate (F-If4), is their comparatively poor storage stability. 

Among the 5-nitrofuran ct, ~--unsaturated ketones, 5-nitrofurfurylideneacetone (F-105) has a broad antibacterial 

spectrum and is less toxic (LDs0 = 174 mg/kg) than other similar compounds. 

The derivatives of l-aminohydantoin and 3-aminooxazolid-2-one are quite promising among the aldehyde and 
ketone imino derivatives listed in Table i, and in almost all the series of compounds investigated they exhibit high anti- 

bacterial activity and low toxicity, 

Among the most active of them are 3-[8-/5'-nitrofuryl-2')acrylideneamino]-oxazolid-2-one (F-46), l-[a-methyl- 

b-(5'-nitrofuryl-2')acrylideneamino]-hydantoin (F-140), l-[a-ethyl-8-(5'-nitrofuryl-2')acrylideneamino]-hydantoin (F- 

151), l-[5"-(5'-nitrofuryl-2')penta-2",4"-dienealamino]-hydantoin (F-lIT), l-[a-methoxymethyl-8-(5'-nitrofuryl-2') 
acrylideneamino]-hydantoin (F-145), and 3-[ct-methoxymethyl-~-(5'nitrofuryl-2')acrylideneamino]-oxazolid-2-one. 
(I:-146) (Table 2). At concentrations of 0, 03-1.4 rag% they inhibit the development of staphylococci and streptococci. 
At concentrations of 0.3-3.2 rag% the oximes of ~-(5-nitrofuryl-2)acrolein (F-59), 5-nitrofurfurylideneacetone (Iv--115), 
an d 5 - (5'- nitro furyl- 2 ')penta- 2, 4- diene - i- al (F - 124) are quite active in inhibiting growth o f many microorganisms. 
They have a special significance as compared with other 5-nitrofuran derivatives thanks to their solubility in water, bet- 

ter than that of other imino derivatives of the series, and comparatively low toxicity (LDa0 = 133-170 mg/kg). 

Investigation of the effects of substituents in the 5 -nitrofuran series of a, 8-unsaturated aldehydes showed that intro- 

duction of an alkyl group at the a position in ~-(5-nitrofuryl-2)acrolein has only an insignificant effect on the antibac- 

terial activities of the derivatives prepared. However, the a-isopropyl derivatives (e. g., compounds F-133 and F-134) 
unexpectedly showed quite low activity. Introduction of methoxymethyl and enhoxymethyl groups in the a position evi- 

denny somewhat increases the antibacterial activity. F-145 and F-146 are evidently the most active of these compounds. 

Investigated compounds containing a longer conjugated chain were: 5-(5'-nitrofuryl-2')penta-2, 4-diene-l-al and 

7- (5 'nitrofuryl - 2 ')hepta - 2, 4, 6 -txiene - i - el. 

Almost all compounds of the series investigated possess high antibacterial activity, exhibited towards some forms 
of microorganisms even at concentrations of 0. i rag%. But low solubilities in water (under i:i00 000) make the investi- 

gation and practical use of many of them difficult. 

EXPERIMENTAL 

a, 8-unsaturated aldehydes and ketones of the 5-nitrofuran series were synthesized by methods previously described 

[15-18]. A somewhat modified form [19] of the methodofpreparing 5-(5'-nitrofuryl-2')penta-2, 4-diene-l-al and 7-(5'- 
nitrofuryl-2')hepta-2, 4, 6-triene-l-al by condensing 8-(5-nitrofuryl-2)acrolein acetal and 5-(5 '-nitro furyl- 2')penta- 2, 
4-diene-l-al acetal with vinylethyl ether was employed. Some of the derivatives of 5-(5'-nitrofuryl-2')penta-2, 4- 
diene-l-al and 7-(5'-nitrofuryl-2')hepta-2, 4, 6-triene-l-al are described here for the first time (Table 3). 

The method of synthesizing the new compounds of Table 3 is given below. 

.57 (5' -nitrofe~yl- 2 ')penta - 2, 4- diene- i- al hydrazones. A solution of i. 95 g C 0. 01 mole) 5 - (5 '-nitrofuryl- 2 ')penta - 
2, 4-diene-l-al in I00 ml alcohol is heated to 50-60*, and a solution of the appropriate carbonyl reagent added, as fol- 
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lows: A - 1.00 g (0.01 mole)  cyanace ty lhydraz ide  in 10 ml water; B - 1 .4  g (0.01 mole)  isonicot inoylhydrazide in 20 
ml hot  50% alcohol; C - a solution of 1-aminohydantoin sulfate, prepared by cyc l iz ing  1. 5 g (0, 0113 mole)  2 - semi -  
carbaz idoace t ic  ac id  by heat ing with a mixture of  6 ml water and 1.8 g concentrated sulfuric acid  for 3 hr. 

TABLE 3 

Imino derivatives of  w- (5-ni t rofuryl-2)polyalkenals  

O z N - - ~ ( C H = C l t ) 6 -  e f t =  N -  Y 

rl 

3 

--N HCOCH2CN 

--N H CO -- , ~ N  

- N - - -  1 

o 
tl 

--NHCOCH2CN 

--NHCO ~ - ~  

o; ?o 

" ibp, *C 

>~ 260 

Molecular  
formula 

213--4 Cl21q.10N404 

237 CIsH12N404 

CI2HIoN404 

253--4 C12HxIN~O5 

214 CI4H12N404 

233 CI7H14N404 

>1285 C,4H~2N4Os 

247 C14HI3N~Os 

~ N, % ' 

  lc ated 

20.43 

17,94 

19.31 

15,16 

18,66 

16.56 

17,72 

13.86 

Yield, 
% 

98 

90 

85 

80 

97 

80 

82 

83 

* All compounds melt with decomposition. 

1-2 drops cone. HCI are also added, to accelerate formation of hydrazones with solution A. Using this method 
hydrazones are formed very readily and in almost quantitative yield. After holding at room temperature for 2 hr, the 
hydrazones are filtered off using suction, washed with i00 ml water, 30 ml alcohol, and dried at i00-I05". 

3-[5"-(5'-nitrofum/l-2')penta-2", 4", diene- l"-alamino].oxazolid-2-one, ~(F-121). A mixture of I. 95 g (0.01 mole) 
5-(5'-nitrofuryl-2')penta-2, 4-diene-l-al, 2.4 g (0. 0126 mole) 3-benzylideneaminooxazoli-2-one, 25 rnl water and 0.8 
g cone. H2SO 4 is steam-distilled to remove benzaldehyde. "i00 ml alcohol are then added, the mixture heated to boiling 
under reflux, and then cooled to room temperature, After standing 2 hr, the crystals that have separated are filtered off 
with suction, washed with I00 ml water, then with 50 ml alcohol, and dried at 100-105". 

7-(5'-nitrofuryl-2')hepta-2, 4, 6-triene-l-al h)!drazones are synthesized by methods analogous to those described 
for 5- (5'nitrofuryl-2')-penta-2, 4-diene-l-al hydrazones. 

Antibacterial activity was determined in vitro by series culture in Khottinger's bouillon. Compounds of low solu- 
bility in water were first dissolved in dimethylformamide, and before carrying out the test, diluted with an amount of 

medium such that the resultant dimethyldormamide concentration did not inhibit the growth of the microorganisms. 

Acute toxicity was determined by tests on white mice weighing 15-20 g, preparations being injected intraperi- 
toneally. As the compounds studied had low solubilities, they were first wetted with a non-ionic detergent (6% solution 
of TVlN-80) and then suspended in an isotonic sodium chloride solution. 
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Preparation doses were reckoned per kg of mouse. Six to nine doses of each compound were tested, using 6 mice  
per dose. Experimental  animals  were observed for 72-120 hr from the moment  of  inject ing the compound and the num-  
ber of  fatal i t ies  de termined.  The resultant exper imenta l  mate r ia l  was t reated s ta t i s t ica l ly  by Litchfield's graphical  tes t -  
analysis method with P = 0.05, and the LD50 values and their  confidence l imits  were ca lcula ted .  
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