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[57] ABSTRACT 

Nitrone derivatives having antimicrobial activity comprising 
compounds having the formula: 

l 2 

wherein R, represents a member selected from the group con 
sisting of hydrogen, halogen, furyl and phenyl substituents; 
R2 represents a member selected from the group consisting 
of hydrogen, an alkyl having from about one to about four 
carbon atoms and phenyl; R3 represents a member of the 
group consisting of phenyl and A—(X),., A—(Y),,, and 
A—(Z),, in which A represents an alkyl radical having from 
about one to about six carbon atoms; X represents a mem 
ber selected from the group consisting of hydrogen, hy 
droxyl. furyl, alkyl-sulfonyloxy having an alkyl group of from 
about one to about four carbon atoms and alkanoyl having 
an alkyl group of from about one to about three carbon 
atoms; Y represents a member selected from the group con 
sisting of an arylsulfonyloxy radical, an alkyl-sulfonyloxy 
radical having from about one to about four carbon atoms, 
an aroyloxy radical, an alkoxycarbonyloxy radical having 
an alkyl group of from about one to about four carbon atoms 
and a carboxyalkanoyloxy radical having from about three 
to about six carbon atoms and Z represents a member se 
lected from the group consisting of hydrogen and hydroxy, 
n is an integer of from about 1 to about 3, and m is an integer 
of from about 0 to about i. 

32 Claims, No Drawings 
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2-(5-NITROFURYL) NITRONE DERIVATIVES 

This application is a continuation-in-part of copending ap 
plication Ser. No. 746,749, ?led July 23, 1968. 
The instant invention is directed to novel nitrone derivatives 

having excellent microbial activity. In addition, the instant in 
vention is also directed to medicinal compositions containing 
novel nitrone derivatives. 

Heretofore derivatives of N-substituted (5-nitro-2-furfury~ 
lidene) amine compounds have been known to possess an~ 
timicrobial activity. Such compounds, however, have been 
found to suffer either from untoward toxicity and/or a lack of 
potency which characteristics have limited their use. 
Therefore, it is an object of the instant invention to provide 

novel compounds which have excellent antibacterial, antifun 
gal and antiprotozoal activities. 
A further object of the instant invention is to provide novel 

nitrone derivatives which have the foregoing characteristics. 
A still further object of the instant invention is to provide 

novel nitrone derivatives which are useful as medicines both 
for human and veterinary use and further in the ?elds of food, 
agriculture, and the like. 
These and other objects of the instant invention will become 

more evident from the following more detailed description 
thereof. 

In particular, the instant invention relates to nitrone deriva~ 
tives which may be represented by the general formula: 

wherein R1 represents a member selected from the group con 
sisting of hydrogen, halogen, fury] and phenyl substituents; R2 
represents a member selected from the group consisting of 
hydrogen, an alkyl having from about one to about four car 
bon atoms and phenyl; R3 represents a member of the group 
consisting of phenyl and A — (X),,, A — (Y),,, and A — (Z),,, 
in which A represents an alkyl radical having from about one 
to about six carbon atoms; X represents a member selected 
from the group consisting of hydrogen, hydroxyl, furyl, alkyl 
sulfonyloxy having an alkyl group of from about one to four 
carbon atoms and alkanoyl having an alkyl group of from 
about one to about three carbon atoms; Y represents a 
member selected from the group consisting of an arylsul 
fonyloxy radical, an alkylsulfonyloxy radical having from 
about one to about four carbon atoms, an aroyloxy radical, an 
alkoxycarbonyloxy radical having an alkyl group of from 
about one to about four carbon atoms and a carboxyal 
kanoyloxy radical having from about three to about six carbon 
atoms and 2 represents a member selected from the group 
consisting of hydrogen and hydroxy, n is an integer of from 
about 1 to about 3, and m is an integer of from about 0 to 
about 1. 

Exemplary of the substituents which Ra may represent in the 
above formula are the following. It is to be noted, however, 
that the following list is not intended to limit the scope of the 
instant invention but, rather as noted, is merely set forth for 
exemplary purposes: 

methyl 
ethyl 
propyl 
isopropyl 
butyl 
isobutyl 
pentyl 
hexyl 
heptyl 
2-hydroxypropyl 
l~methyl-2-hydroxyethyl 
1,3-dihydroxy-2-propyl 
2~hydroxyethyl 
I , l-dihydroxymethyl-Z-hydroxyethyl 
Z-furfuryl 

15 

25 

30 

35 

45 

50 

55 

65 

75 

2 
phenyl 
Z-methansulfonyloxy ethyl 
2-acetyloxyethyl 
2-benzoyloxyethyl 
2-tosyloxyethyl 
1, 3-bis-methaneaulfonyloxy-Z-propyl 
2-ethoxycarbonyloxyethyl 
2-( 2-carboxybenzoyloxy )ethyl 
2-( beta-carboxypropionyloxy )ethyl 
and the like. 

In connection with the above, the following compounds are 
representative of those encompassed by the above noted 
general formula and are set forth merely for exemplary pur 
poses. 

a-[ l~bromo-2-( 5-nitro-2-furyl )vinyl ]-N-methyl nitrone 
a-l l-bromo-2-( 5-nitro-2—furyl )vinyl ]~N-( 2-hydroxpropyl ) 

nitrone 

hydroxyethyl )nitrone 
a-[ 1-bromo-2-(5-nitro-2-furyl)vinyl ]-N-( l ,3-dihydroxy-2 

propyl )nitrone 
a-[ 1-bromo-2-( 5-nitro-2-furyl)vinyl]-N-( 2-hydroxyethyl) 

nitrone 

a-[ l-bromo-2-( 5-nitro-2-furyl )vinyl]-N-( 2~furfuryl) 
nitrone 

a-[ l-bromo-2-( 5-nitro-2-furyl)vinyl l-N-phenyl nitrone 
a-[ l-bromo-2-( 5-nitro-2-furyl )vinyl ]-N-( Z-methane-sul 

fonyloxyethyl )nitrone 
a-[ l-bromo-2-( 5-nitro-2-furyl )vinyl ]-N-( a-acetylox 

yethyl )nitrone 
a-[ l-(2-furyl)-2-( 5-nitro~2-furyl)vinyl]-N-methyl nitrone 

nitrone 

nitrone 
a-[ 2-( 5-nitro-2-furyl)~ l -phenylvinyl]-N-( l-methyl-2 

hydroxyethyl) nitrone 
a-[ 2-( 5-nitro-2-furyl)- l ~phenylvinyl ]-N-( 2-hydroxypropyl) 

' nitrone 

a-[2-(5-nitro-2-furyl)- l-phenylvinyl1-N-methyl nitronev 
a-[ 2-( 5-nitro-2-furyl)~ 1 -phenylvinyl ]-N-( 2-hydroxyethyl) 

nitrone 
a-[ 2-( 5-nitro-2-furyl )- l -phenylvinyl ]-N-( 2-furfuryl) 

nitrone 
a-[ 2-( 5-nitro-2-furyl )vinyl l-a-phenyl-N-methyl nitrone 

propyl )nitrone 
a-[ 2-( S-nitro-2-furyl)vinyl ]-N~( 2-benzoyloxyethyl nitrone 
a-[ (5-nitr0-2-furyl )-N-( 2-benzoyloxyethyl )nitrone 
a-(5-nitro-2-furyl)-N-(Z-methanesulfonyloxyethyl) nitrone 
a-( 5-nitro-2-furyl )-N-( 2-tosyloxyethyl )nitrone 
a-( 5-nitro-2-furyl )-N-( l ,3-bismethanesulfonyloxy-2 

propyl )nitrone 
a-[ 2-( 5-nitro-2-furyl )vinyl ]-N-( 2-ethoxycarbonyloxyethyl) 

nitrone 
'a-( 5-nitro-2-furyl )-N-[ 2-( Z-carboxybenzoyloxy )ethylln 

itrone 

a-( 5-nitr0-2-fury] )-N-[2-(a-carboxypropionyloxy )ethyl] 
nitrone 

a-methyl-a-[ 2-( 5-nitro-2-furyl )vinyl ]-N-( 2-benzoylox 
yethyl )nitrone 

More particularly, the compounds of the instant invention 
may be further characterized by the following three formulas: 

4 (I) 

0 . NOg-L /H_CHZCH_C=ZL_RQ 
O . 

A, 
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0 H II T 
N0r—\0/ (CH_CH)m (]1_N R; 

R1 (III) 
wherein R, represents a halogen, furyl or phenyl substituent; 
R5 represents a phenyl group or a grouping of the formula A 
— (X),I in which A represents an alkyl radical having from 
about one to about six carbon atoms, X represents a member 
selected from the class consisting of hydrogen, hydroxyl, fury], 
alkylsulfonyloxy having an alkyl group of from about one to 
about four carbon atoms and alkanoyl having an alkyl group 
of from about one to about three carbon atoms and n 
represents an integer of from about 1 to about 3; R6 represents 
a radical such as A — (Z),l in which A represents an alkyl radi 
cal having from about one to about six carbon atoms, Z 
represents a member selected from the group consisting of 
hydrogen, hydroxyl, and n is as de?ned above; R7 represents a 
member selected from the group consisting of hydrogen and 
an alkyl having from about one to about four carbon atoms; 
and R8 represents a substituent of the class A — (Y),I wherein 
A represents an alkyl radical having from about one to about 
six carbon atoms and Y represents a member selected from 
the group consisting of an arylsulfonyloxy radical, an alkylsul 
fonyloxy radical having from about one to about four carbon 
atoms, and aroyloxy radical, and alkoxycarbonyloxy radical 
having an alkyl group of from about one to about four carbon 
atoms and a carboxyalkanoyloxy radical having from about 
three to about six carbon atoms; and m represents an integer 
of from about 0 to about 1. 

The compounds represented by formula (l),noted above, 
may be prepared by reacting a carbonyl derivative having the 
formula: 

(IV) 

wherein R.‘ is as previously de?ned with an N-substituted 
hydroxyl amine compound having the formula: 

(V) 

wherein R5 is as de?ned above. 
A dehydrocondensation reaction follows and a 5-nitro-2-fu 

rylvinyl nitrone derivative having the formula (I) is obtained 
in good yields. 
The reaction may be carried on at room temperature or in 

the alternative by heating the reaction mixture to an elevated 
temperature in the range of from about 20° to about 100° C. 
One may employ any one of numerous solvents, however, 
preferred for use in connection with the preparation of com 
pound (l) are water, methanol, ethanol, dioxane, 
tetrahydrofuran dimethylsulfoxide, and dimethyl forrnamide. 
It is noted that a catalytic amount of acetic acid may be added 
to the reaction system so as to create a weakly acidic condi 
tion. Such an acidic condition results in the acceleration of the 
condensation reaction, however, the use of the catalytic 
material is not required so as to produce the desired com 
pounds. 
It is also noted that one may react a free hydroxyl amine or the 
salt thereof in the same manner so as to obtain similar results. 
The salt, however, should be employed in combination with 
enough base so as to free the hydroxyl amine from said salt. 
Preferably, one employs inorganic bases such as sodium 
hydroxide, potassium carbonate and sodium bicarbonate or 
organic bases such as sodium acetate, pyridine, triethylene 
and the like or mixtures thereof. 
The subject compounds may be further reacted when R5 

represents an alkyl group substituted by one to three hydroxyl 
groups with alkylsulfonic acid having from about one to four 
carbon atoms in alkyl group or an alkanoic acid having from 
about one to about three carbon atoms in the alkyl group or a 
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4 
reactive derivative thereof so as to form the particular deriva 
tive of the subject compounds described. This reaction may be 
carried out either in the presence of or the absence of an ap 
propriate solvent so as to form the speci?c derivative desired. 
Compounds having the formula (II) may be prepared by 

reacting a compound which may be represented by the formu 

with an N-substituted hydroxyl amine represented by the for 
mula: 

(VI) 

(VII) 

wherein R6 is de?ned as above. According to this process, a 
dehydrocondensation reaction is readily performed by mixing 
the compounds of formulas (VI) and (VII) in a suitable sol 
vent therefor so as to obtain the desired 5-nitro-2-furylvinyl 
nitrone. The solvent system, reaction conditions, catalysts, 
and choice of free hydroxyl amine or salt are as noted in the 
preparation of the compounds having formula (I). That is to 
say, that one may react the individual compounds, either at 
room temperature or at an elevated temperature of from 
about 20° to about 100° C in a solvent which may be any one 
of a wide variety suitable for such a reaction. Preferred, how 
ever, are water, methanol, ethanol, dioxane tetrahydrofuran, 
dimethylsulfoxide, dimethylformarnide and the like or mix 
tures thereof. Furthermore, the catalysts may be acetic acid 
which though it accelerates the reaction is not necessary to the 
completion thereof. 
The compounds represented by formula (III) above may be 

prepared by reacting a compound having the formula: 

wherein R1 is as previously de?ned and A’ is an alkyl radical 
having from about one to about six carbon atoms substituted 
with from about one to about three hydroxyl groups and m is 
as de?ned above, with an arylsulfonic acid, an alkyl sulfonic 
acid having from about one to about four carbon atoms in an 
alkyl group, an arylcarboxylic acid, an aliphatic dicarboxylic 
acid having from about three to six carbon atoms or a func 
tional derivative of any one of the above acids, or an alkoxy 
carbonyl halide having from about one to about four carbon 
atoms in an alkyl group. ln this process, the subject nitrofuryl 
nitrones of formula ( Ill) can be obtained in high yield by reac 
tion of the above compounds with an acid or a reactant deriva 
tive thereof either in the presence or absence of a solvent. It is 
also noted that one may optionally employ an accelerator 
(catalyst) depending upon the particular compounds in 
volved. It is to be noted, however, that such an accelerator is 
not necessarily required to complete the reaction. This reac 
tion may be successfully performed at room temperature but 
the cooling or heating of the reaction mixture may be effected 
according to the speci?c conditions of the particular reaction. 
Preferable acids or reactive derivatives for use in the esteri? 
cation of the compounds of formula (Vlll) are organic acids 
such as benzoic acid, benzene sulfonic acid, acid halides such 
as benzoyl chloride, benzene sulfonyl chloride, methanesulfo 
nyl chloride, chloroethyl formate, acid anhydrides such as 
benzoic anhydride, phthalic anhydride, and the like or mix 
tures thereof. In the event that one uses an acid halide in the 
above reaction, a tertiary organic base such as pyridine, 
dimethyl aniline. triethylamine and the like may be employed 

(VIII). 
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as an accelerator therefor. If an acid halide is employed, one 
may optionally employ as an accelerator pyridine, p-toluene 
sulfonic acid, boro and tri?uoride, and the like. Furthermore, 
in the event that the esteri?cation is effected with an acid it is 
preferred to employ trifluoro acetic anhydride as an accelera 
tor. Such an accelerator may be employed either in an 
equivalent or an excessive amount relative to the amount of 
the compounds represented by formula (V111). It is to be 
noted, however, as discussed above, that such an accelerator 
need not be used. 

As noted, a solvent may optionally be employed in connec 
tion with this reaction. It is not necessary, however, to do so 
when either or both of the acid or their reaction derivatives, or 
the accelerators are liquid in their normal state. It is to be 
noted that is preferred to employ a solvent which solvent may 
be chosen according to the speci?c properties and type of 
starting reactants. In this instance, it is noted that exemplary 
of such solvents are benzene, ether, dioxane, pyridine, and the 
like or mixtures thereof. It is to be noted that the compounds 
of formula (111) may also be prepared according to the process 
employed in connection with the compounds of formula (1) 
with the exception that the carbonyl derivative employed 
would have the formula: 

The novel compounds of the present invention have been 
found to be particularly effective in the treatment of diseases 
of microbial origin. That is to say, that nitrone derivatives of 
the instant invention are particularly effective in the treatment 
of bacterial, fungal, and protozoal disease. The subject com 
pounds have been found to be extremely potent and a relative 
ly small dose thereof is sufficient for treatment. Furthermore, 
the toxicity of these nitrofuran derivatives is less than that of 
previously known derivatives of the same type. The subject 
compounds may be utilized in the treatment of both humans 
and animals either topically, orally, or by injection either 
when compounded as a powder, ointment, liquid, or 
parenteral solution with a suitable carrier therefor, and con 
ventionally employed pharmaceutical adjuvants. It is also 
noted that the subject compounds may be employed in a 
manner similar to that of other nitrofuran derivatives in the 
?elds of foods, agricultures, and the like wherein the removal 
or prevention of the growth of microbial organisms is 
required. 
The instant invention will now be illustrated by the follow 

ing more detailed examples thereof. it is to be noted, however, 
that the instant invention is not deemed as being limited 
thereto. 

’ (IX) 

EXAMPLE 1 

Preparation of a-[l-bromo-2-(5-nitro-2-furyl)vinyl]-N 
phenyl nitrone. To a solution of 2.46 grams of a-bromo-B-(S 
nitro-2-furyl)acrolein and 500 ml of ethanol, 1.42 grams of 
phenyl hydroxylamine and 0.2 ml of glacial acetic acid were 
added. The reaction was effected by stirring the mixture for a 
period of about 2 hours at room temperature. The resulting 
precipitates were collected by ?ltration and recrystallized 
from acetyl nitrile to give 1.7 grams of the subject compound 
as reddish orange needles which have a melting point of 159° - 
1 61° C. 

EXAMPLE 2 

Preparation of a-[1-bromo-2-(5-nitro-2-?iryl)vinyl]-N-(2 
methanesulfonyloxyethyl) nitrone. 
The procedure of Example 1 was repeated with the excep 

tion that N—( Z-methanesulfonyloxyethyl) hydroxy] amine was 
employed in lieu of phenyl hydroxy amine. As a result, 
greenish yellow plates of the subject compound were formed 
which have a melting point of 152°—l 53° C. 
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6 
EXAMPLE 3 

Preparation of a-[l-bromo-2-(5-nitro-2—furyl)vinyl]-N-(2 
acetyloxyethyl) nitrone. 
The procedure of Example 1 was repeated with the excep 

tion that in lieu of phenyl hydroxyl amine, N-(Z-acetylox 
yethyl) hydroxy] amine was employed. As a result, light yellow 
needles of the subject compound having a melting point of 
131°-133° C was formed. 

Preparation of a-[ l-bromo-2-( 5-nitro-2-furyl)viny1]-N 
methyl nitrone. 

4.92 grams of a~bromo-B-(5—nitro-2-furyl) acrolein was dis 
solved in 80 ml of ethanol at 65° C with stirring. 2.16 g of N 
methylhydroxylamine hydrochloride and 2.1 g of anhydrous 
sodium acetate were added and the reaction mixture was kept 
at room temperature. The mixture was allowed to stand for 6 
hours with stirring. The precipitates were collected by filtra 
tion and the ?ltrate was concentrated to a half volume under 
reduced pressure. The resulting residue, on cooling, gave ad 
ditional crystals which were combined with the preceding 
precipitates. The crystals were recrystallized from ethanol to 
give 4.4 g of the intended compound as yellow, ?ne needles 
melting at 180° — 181° C with decomposition. 

EXAMPLE 5 

Preparation of a-[2-(5~nitro-2-fury1)-l-pheny1vinyl1-N 
methyl nitrone. 
The procedure of Example 4 was repeated with the excep 

tion that a-phenyl-B-(5-nitro-2-furyl)acrolein was employed 
in lieu of a-bromo-/3-(5-nitro—2-furyl)acrolein. As a result, the 
subject compound was formed as yellow plates having a melt 
ing point at 165° — 166° C with decomposition. 

EXAMPLE 6 

Preparation of a-[1-(2-furyl)-2-(5~nitro-2-furyl)~vinyl]-N 
methyl nitrone. 
The procedure of Example 4 was repeated with the excep 

tion that a-( 2-furyl)-B-(5-nitro-2-furyl)acrolein was employed 
in lieu of a-bromo-B-( 5-nitro-2-furyl)acrolein. As a result, the 
subject compound was formed as reddish-orange needles hav 
ing a melting point of 179° - 180° C with decomposition. 

EXAMPLE 7 

Preparation of cis- and trans-a-[2-( 5-nitro-2-furyl)-l-phen_ 
ylvinyl ]-N-( 2-hydroxyethyl) nitrones. 
To a solution of 3.14 g of cis-a-phenyl-B-( 5-nitro-2-furyl) 

acrolein in 80 ml of ethanol there was added a solution of 1.20 
g of N-(Z-hydroxyethyl) hydroxylamine in a 10 percent 
hydrochloric acid and 3.87 g of sodium acetate with stirring. 
The mixture was then heated at 50° — 55° C. After approxi 
mately 1 hour the reaction mixture was concentrated under 
reduced pressure, and the residue was extracted with 
chloroform, washed with water and dried, followed by 
removal of the chloroform by distillation. The remaining 
crystals were recrystallized from a mixture of ethanol and hex 
ane to give 3.13 g of the intended compound of the cis-type as 
yellow plates melting at 1 14° — 1 16° C. 

The mother liquor was concentrated to dryness and the 
residue was recrystallized from chlorofonn to give 0.15 g of 
the intended compound of the trans-type as yellow needles 
melting at 162°— 164° C. 

EXANIPLE 8 

Preparation of a-[ l-bromo-2-(5-nitro-2-furyl)vinyl]-N-( 2 
hydroxyethyl) nitrone. 
The procedure of Example 7 was repeated with the excep~ 

tion that a-bromo-B-(5-nitro-2-furyl) acrolein was employed 
in lieu of cis-a-phenyl-B-(5-nitro-2-furyl) acrolein. As a result, 
the subject compound was obtained which had a melting point 
of 1 60°— 1 62° C. 
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EXAMPLE 9 

Preparation of cis- and trans-a-I 1-(2-furyl)-2-( 5-nitro-2-fu 
ryl )vinyl ]-N-( Z-hydroxyethyl) nitrones. 
The procedure of Example 1 was repeated with the excep 

tion that cis- and trans-a-( 2-furyl )-B-( 5~nitro-2~furyl) 
acroleins were employed in lieu of cis-a-phenyl-?‘-( 5-nitro-2 
furyl) acrolein. As a result, the cis- and trans- form of the sub 
ject compound were formed as orange needles having a melt 
ing point of 169° - 170° C with decomposition and 120° - 122° 
C with decomposition, respectively. 

EXAMPLE 10 

Preparation of a-[1-bromo-2-(5-nitro~2-furyl)vinyl]-N-(2 
hydroxypropyl) nitrone. 
The procedure of Example 8 was repeated with the excep 

tion that N-(Z-hydroxypropyl)hydroxylamine was employed 
in lieu of N-(Z-hydroxyethyl) hydroxylamine. As a result, 
greenish-yellow needles of the subject compound were 
prepared having a melting point of 124° — 126° C. 

EXAMPLE 1 1 

Preparation of a-[l-bromo-2-(5-nitro-2-furyl)vinyl]-N-( ] 
methyl-Z-hydroxyethyl) nitrone. 
The procedure of Example 8 was repeated with the excep 

tion that N-( 1-methyl-2-hydroxyethyl) hydroxylamine was 
employed in lieu of N-(Z-hydroxyethyl) hydroxylamine. As a 
result, yellow needles of the subject compound having a melt 
ing point of l 9 1°— 193° C was formed. 

EXAMPLE 1 2 

Preparation of a-[ l-bromo-2-( 5~nitro~2~furyl)-vinyl]-N-(2 
furfuryl) nitrone. 
The procedure of Example 8 was repeated with the excep 

tion that N-( 2-furfuryl)hydroxylamine was employed in lieu of 
N-(2-hydroxyethyl)hydroxylamine. As a result, greenish-yel 
low needles of the subject compound having a melting point of 
15 8° - 159° C was produced. 

EXAMPLE 1 3 

Production of a-[2-(5-nitro-2-furyl)-1-phenylvinyl]-N-(l 
methyI-Z-hydroxyethyl)nitrone. 
The procedure of Example 1 l was repeated with the excep 

tion that a-phenyl-B-( 5-nitro-2-furyl) acrolein was employed 
in lieu of a a-bromo-[3-(5-nitro-2-furyl) acrolein. As a result, 
yellow needles of the subject compound having a melting 
point of 152° — 154° C were produced. 

EXAMPLE 1 4 

Preparation of a-[2-(5-nitro-2-furyl)-1-phenylvinyl]-N-(2 
hydroxypropyl) nitrone. 
The procedure of Example 13 was repeated with the excep 

tion that N-(Z-hydroxypropyl) hydroxylamine was employed 
in lieu of N-( l-methyl-Z-hydroxyethyl) hydroxylamine. As a 
result, yellow needles of the subject compound having a melt 
ing point of 156° — 157° C was formed. 

EXAMPLE 15 

Preparation of a-[l-bromo-2-(5-nitro-2-furyl)vinyl]-N 
( l ,3-di-hydroxy-2~propyl) nitrone. 
The procedure of Example 12 was repeated with the excep 

tion that N-(1,3~di-hydroxypropyl) hydroxylamine was em 
ployed in lieu of N-(Z-furfuryl) hydroxylamine. As a result, 
greenish-yellow needles of the subject compound having a 
melting point of 186° — 187° C was produced. 

EXAMPLE 1 6 

Preparation of cis- and trans-a-[Z-(S-nitro-Z-furyh-l-phen 
ylvinyl]-N-( 2~furfuryl) nitrones. 

10 

20 

25 

30 

35 

45 

55 

60 

65 

75 

8 
The procedure of Example 12 was repeated with the excep 

tion that cis- and trans-a-phenyl-B-(5-nitro—2-furyl) acroleins 
were employed in lieu of a-bromo~B-(5-nitro~2-furyl) 
acroleins. As a result, the cis- form of the subject compound as 
orange plates having a melting point of 138° - 140° C was 
produced. The trans- type as yellowish-orange needles having 
a melting point at 168° - 169° C was produced. 

EXAMPLE 1 7 

Preparation of cis- and trans-a-f 1-( 2-furyl)-2-( 5-nitro-2-fu 
ryl)vinyl]-N-(2-furfuryl) nitrones. 
The procedure of Example 16 was repeated with the excep 

tion that cis- and trans-a-( 2-furyl)-B-( S-nitro-Z-furyl) 
acroleins were employed in lieu of cis- and trans-a-phenyl-B 
(5-nitro-2-furyl) acroleins. As a result, needles melting at 157° 
- 158° C (cis-type) and 140° - 141° C (trans-type) were 
produced. 

EXAMPLE 1 8 

Preparation of a-[1-bromo-2-(3-nitro~2-furyl)vinyl1-N-2 
methanesulfonyl-oxyethyl) nitrone. 
To a solution of 1.0 g of a~[ l-bromo-2-(5-nitro-2-furyl) vi 

nyl}-N-( 2-hydroxyethyl) nitrone in 8 ml of anhydrous pyridine 
there was added under cooling 0.5 g of methanesulfonyl 
chloride. The reaction mixture was allowed to stand with stir 
ring at room temperature for 1 hour. Water was then added to 
the reaction mixture and the precipitating yellow crude 
crystals were collected by ?ltration, washed with water and 
recrystallized from ethanol to give 1.02 g of the intended com 
pound as greenish-yellow plates melting at 152° — 153° C. 

EXAMPLE 19 

Preparation of a4 l-bro'rno-2-( 5-nitro-2-furyl )vinyl ] -N 
(2acetyloxyethyl) nitron. 
To a solution of 1.0 g of a-[l-bromo-2-(5-nitro-2-furyl) vi 

nyl]-N-( Z-hydroxyethyl) nitrone in8 ml of anhydrous pyridine 
there was added with cooling 1 ml of acetic anhydride. The 
reaction was effected with stirring at room temperature for a 
period of about 2 hours. Water was added to the reaction mix 
ture and the stirring was conducted for 30 minutes to decom 
pose any excess acetic anhydride. The precipitating crystals 
were then collected by filtration and washed with water. The 
resulting crude crystals were recrystallized from ethanol to 
give 15 g of the intended compound as yellowish orange nee 
dles melting at 131°— 133° C. 

EXAMPLE 20 

Preparation of a-{2-(5-nitro-2-furyl) vinyl]-a-phenyl-N 
methyl nitrone. 
To a solution of 2.43 g of 5-nitro—2-furfurylidene 

acetophenone in 20 ml of dioxane warmed at 50° C there was 
added 0.61 g of methylhydroxylamine and 0.1 ml of glacial 
acetic acid. The mixmre was kept at 50° C with stirring and 
then allowed to stand over-night at room temperature. The 
starting ketone which precipitated on standing was removed 
by ?ltration and the ?ltrate was concentrated under reduced 
pressure. The residue was subjected to silicagel chromatog 
raphy to afford crude crystals therefrom. The resulting crude 
crystals were recrystallized repeatedly from methanol to give 
0.61 g of the intended compound as ?ne, orange needles melt~ 
ing at 194° - 196° C. 

EXAMPLE 21 

Preparation of a-[2-( 5-nitro-2‘furyl) vinyl]-a-phenyl-N-( 1 
hydroxy-Z-propyl) nitrone. 
To a solution of 2.43 g of S-nitro-Z-furfurylidene 

acetophenone in 50 ml of ethanol warmed at 50° - 60° C., 
there was added 1.65 g of l-hydroxy-2-propylhydroxylamine. 
The reaction was carried out at room temperature with stir 
ring for 2 days. The reaction mixture was cooled and the 
precipitating crystals (starting ketone) were removed by ?ltra 
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tion. The ?ltrate was concentrated under reduced pressure, 
and the residue was subjected to silica-gel chromatography to 
yield the crude product. The resulting crude crystals were 
recrystallized from a mixture of n-hexane and acetone to give 
0.59 g of the intended compound as orange needles needles 
melting at 178° — 180° C. 

EXAMPLE 22 

Preparation of a-[2-(5-nitro-2-furyl) 
benzoyloxyethyl) nitrone. 
To a solution of 0.2 g of a-[2-(5-nitro~2-furyl vinyl]-N-(2~ 

hydroxyethyl) nitrone in 2 ml of anhydrous pyridine there was 
added 0.15 ml of benzoyl chloride with ice-cooling and stir 
ring. After the reaction had progressed for about 3 hours 
under the same conditions, the reaction mixture was poured 
into ice water, and the precipitating crude crystals were col 
lected by ?ltration and recrystallized from dilute ethanol to 
give 0.3 g of the intended compound as faintly orange needles 
melting at 126° — 128° C. 

EXAMPLE 23 

Preparation of a-( 5-nitro-2-furyl)-N-( Z-benzoyloxethyl) 
nitrone. 

The procedure of Example 22 was repeated with the excep 
tion that a-(S-nitro-Z-furyl)-N-(2-hydroxyethyl) nitrone was 
employed in lieu of a-[2-(5-nitro-2-furyl)viny1]-N-( 2-hydrox 
yethyl) nitrone. The greenish-yellow needles of the subject 
compound were found to have a melting point of 141° — 143° 
C. 

EXAMPLE 24 

Preparation of a-methyl-a-[2-(5-nitro-2-furyl)vinyl]-N-(2 
benzoyloxyethyl) nitrone. ‘ ’ 

The procedure of Example 23 was repeated with the excep 
tion that a-methyl-a[2-(5-nitro-2-furyl) vinyl]-N-(2-hydrox 
yethyl) nitrone was employed in lieu of a-( 5-nitro—2-furyl)-N 
(2-hydroxy-ethyl) nitrone. As a result, orange prisms of the 
subject compound having a melting point of 143° — 144° C 
were produced. 

EXAMPLE 25 

Preparation of a-(5-nitro-2-?1ryl)-N-(2-ethoxycarbonyl-ox 
yethyl) nitrone. 
To a solution of 0.8 g of a-(5-nitro-2-furyl)-N-(2-hydrox 

yethyl) nitrone in 8 ml of anhydrous pyridine there was added 
under ice-cooling and stirring 0.46 ml of chloroethyl forrnate, 
and the reaction was effected at room temperature for 9 
hours. The reaction mixture was then poured into ice water 
and extracted with chloroform. The extracts were washed with 
water, dried with magnesium sulfate and concentrated under 
reduced pressure. To this residue ethanol was added and the 
separated crude crystals were collected by ?ltration and 
recrystallized from ethanol to give 1.13 g of the intended 
product as yellowish orange plates melting at 88°— 89° C. 

EXAMPLE 26 

Preparation of a-(5-nitro-2-fury1)-N-[2-(B-carboxy 
propionyloxy) ethyl] nitrone. 
To a solution of 0.5 g of a-( 5-nitro-2-furyl)-N-(2-hydrox 

yethyl) nitrone in 3 ml of anhydrous pyridine there was added 
300 mg of succinic anhydride, and the reaction was carried 
out at room temperature for 3 hours and at 95° C for an addi 
tional 2 hours under stirring. The reaction mixture was con 
centrated under reduced pressure, and the precipitating 
crystals were collected by ?ltration and recrystallized from 
ethanol to give 0.8 g of the intended product as yellowish 
scales melting at 137°— 139° C. 

EXAMPLE 27 

Preparation of a-( 5-nitro-2-furyl )-N-[2-( 2-carboxybenzoyl 
oxy)ethyl] nitrone. 
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10 
The procedure of Example 26 was repeated with the excep 

tion that phthalic anhydride was employed in lieu of succinic 
anhydride. As a result, yellow needles of the subject com 
pound having a melting point of 101° - 102° C was produced. 

EXAMPLE 28 

Preparation of a-( 5-nitro-2-furyl )-N-[ 2-( p-toluenesulfonyl 
oxy) ethyl] nitrone. 
To a solution of 0.5 g of a-(5-nitro-2-furyl)-N-( Z-hydrox 

yethyl) nitrone in 4 ml of anhydrous pyridine there was added 
under stirring 500 mg of p-toluenesulfonyl chloride, and the 
reaction was carried out at room temperature under stirring 
for 5 hours. The reaction mixture was then poured into ice 
water, and the precipitating crude crystals were collected by 
?ltration and recrystallized from a mixture of water and 
dimethyl formamide to give 0.52 g of the intended product as 
greenish-yellow prisms melting at 1 89° - 190° C. 

EXAMPLE 29 

Preparation of a-(5-nitro-2-furyl)-N-(1,3-bis-methane~sul 
fonyloxy-2-propy1) nitrone. 
To a solution of 0.46 g of a-(5-nitro-2-fury1)-N-(1,3 

dihydroxy-2-propyl) nitrone in 2 ml of anhydrous pyridine 
there was added under ice-cooling and stirring 570 mg of 
methanesulfonyl chloride, and the reaction was effected at 
room temperature for 1 hour. The reaction mixture was 
poured into water, and the precipitating crude crystals were 
collected and recrystallized from ethanol to give 0.7 g of the 
intended compound as greenish-yellow needles melting at 
160° — 161° C. 

EXAMPLE 30 

Preparation of a~(5-nitro-2-furyl)-N-( Z-methanesulfonyl 
oxyethyl) nitrone. 
The procedure of Example 25 was repeated with the excep 

tion that methanesulfonyl chloride was employed in lieu of p 
toluenesulfonyl chloride. As a result, greenish-yellow plates of 
the subject compound having a melting point of 151° - 152° C 
were produced. 
What is claimed is: 

l. A Nitrone derivative represented by the formula 

wherein m is an integer of 0 to l; R, represents a member 
selected from the group consisting of hydrogen, halogen, furyl 
and phenyl; R2 represents a member selected from the group 
consisting of hydrogen, alkyl having from 1 to 4 carbon atoms 
and phenyl; R3 represents a member of the group consisting of 
phenyl and A — (X),,, only when R, represents a member 
selected from the group consisting of halogen, fury] and phen 
yl, R2 represents hydrogen and m is 1; A — (Y),,, only when R, 
represents hydrogen and R2 represents a member selected 
from the group consisting of hydrogen and alkyl having from 
one to four carbon atoms; and A -— (2),, only when R, 
represents hydrogen, R2 represents phenyl and m is an integer 
of 1; in which A represents alkyl having from one to six carbon 
atoms; X represents a member selected from the group con 
sisting of hydrogen, hydroxyl, furyl, alkylsulfonyloxy having 
an alkyl group of one to four carbon atoms and alkanoyl hav 
ing an alkyl group of from one to three carbon atoms; Y 
represents a member selected from the group consisting of 
benzenesulfonyloxy, toluenesulfonyloxy, alkylsulfonyloxy 
having from one to four carbon atoms, benzoyloxy, sal 
icyloyloxy, carboxy benzoyloxy and alkoxycarbonyloxy hav 
ing an alkyl group of from one to four carbon atoms and car 
boxyalkanoyloxy having from three to six carbon atoms, Z 
represents a member selected from the group consisting of 
hydrogen and hydroxy, and n is an integer of from 1 to 3. 
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2. The compound of claim 1 wherein R1 represents a 
member selected from the group consisting of halogen, furyl 
and phenyl, R2 represents hydrogen and m is l. 

3. The compound of claim 1 wherein R, represents 
hydrogen and R2 represents a member selected from the group 
consisting of hydrogen and an alkyl having from about one to 
about four carbon atoms. ' 

4. The compound of claim 1 wherein R, represents 
hydrogen, R2 represents phenyl and m is l. 

5. The nitrone derivative of claim 1 wherein said derivative 
is a-[ 1-bromo-2-(S-nitro-2-furyl)vinyl]-N-methyl nitrone. 

6. The nitrone derivative of claim 1 wherein said derivative 
is a-{ l—br0m0-2—(Smitro-Z-furyl)vinyl]-N-( Z-hydroxypropyi) 
nitrone. 

7. The nitrone derivative of claim 1 wherein said derivative 
is a-[ 1-bromo-2-( 5-nitro-2-?iryl)vinyl ]-N-( l-methyl-2 
hydroxyethyhnitrone. 

8. The nitrone derivative of claim 1 wherein said derivative 
is a-[ l-brom0-2-(5-nitro-2-furyl)vinyl}-N-( 1,3-dihydroxy-2 
propyl)nitrone. 

9. The nitrone derivative of claim 1 wherein said derivative 
is a-[ l-bromo-2-( 5~nitro-2-furyl)vinyl]-N-( Z-hydroxy 
ethyl)nitrone. 

10. The nitrone derivative of claim 1 wherein said derivative 
is a-[ l_bromo-2-(5-nitro-2-furyl)vinyl]-N-( 2-furfuryl) 
nitrone. 

l l. The nitrone derivative of claim 1 wherein said derivative 
is a-[ l -bromo—2-( S-nitro-Z-furyl)vinyl]-N-phenyl nitrone. 

12. The nitrone derivative of claim 1 wherein said derivative 
is a-[ l -bromo-2-( 5-nitro~2-furyl )vinyl ]-N-( Z-methane-sul 
fonyloxyethyhnitrone. 

13. The nitrone derivative of claim 1 wherein said derivative 
is a-[ 1-br0mo-2-( 5-nitro-2-furyl )vinyl ]-N-( 2-acetyloxy 
ethyl)nitrone. 

14. The nitrone derivative of claim 1 wherein said derivative 
is a-[ 2-( S-nitro-Z-furyl )- l -phenylvinyl]-N-( l-methyl-Z 
hydroxyethyhnitrone. 

15. The nitrone derivative of claim 1 wherein said derivative 
is a-[ 2-( 5-nitro-2-furyl )- 1 -phenylvinyl ]-N-( 2-hydroxy 
propyl)nitrone. 

16. The nitrone derivative of claim 1 wherein said derivative 
is a-[ 2-( 5-nitro-2-furyl)- l-phenylvinyl1-N-methyl nitrone. 
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17. The nitrone derivative of claim 1 wherein said derivative 
is o:-[ 2-( S-nitro-Z-furyl )- l -phenylvinyl ]-N-( 2-hydroxy ethyl)nitrone. 

18. The nitrone derivative of claim 1 wherein said derivative 
is a-[2-( 5-nitro-2-furyl )- l -phenylvinyl]-N-( 2-furfuryl) 
nitrone. 

19. The nitrone derivative of claim 1 wherein said derivative 
is a-[ 2-( 5-nitro-2-furyl )vinyl ]a-phenyl-N-methyl nitrone. 

20. The nitrone derivative of claim 1 wherein said derivative 
is a-[ 2-( S-nitro-Z-furyl )vinyl]-a-phenyl-N-( 1-hydroxy-2 
propyl )nitrone. 

21. The nitrone derivative of claim 1 wherein said derivative 
is a-[2-(5-nitro—2-?1ryl)vinyl]~N-( Z-benzoyloxyethyi) nitrone. 

22. The nitrone derivative of claim 1 wherein said derivative 
is a-( 5-nitro-2-furyl )-N-( 2-benzoyloxyethyl)nitrone. 

23. The nitrone derivative of claim 1 wherein said derivative 
is a-( S-nitro-Z-furyl )-N-( Z-methanesulfonyloxyethyl) nitrone. 

24. The nitrone derivative of claim 1 wherein said derivative 
is oz-( 5-nitro-2-furyl)-N-( 2-tosyloxyethyl )nitrone. 

25. The nitrone derivative of claim 1 wherein said derivative 
is a-( 5-nitro-2-furyl )-N-( l ,B-bismethanesulfonyloxy-Z 
propyl)nitrone. ‘ 

26. The nitrone derivative of claim 1 wherein said derivative 
is a-[ 2~( 5-nitro-2-?iryl)vinyl]~N‘( 2-ethoxycarbonyl-ox 
yethyl)nitrone. 

27. The nitrone derivative of claim 1 wherein said derivative 
is a-( 5-nitro-2-furyl )-N-[2-( 2-carboxybenzoyloxy) 
ethyl )nitrone. 

28. The nitrone derivative of claim 1 wherein said derivative 
is a-( 5-nitro-2-furyl )-N-{ Z-(B-carboxypropionyloxy) 

9. The nitrone derivative of claim I wherein said derivative 
is a-methyla-[2-( 5-nitro-2-furyl)vinyl ]-N-( Z-benzoyl-ox 
yethyl )nitrone. 

30. The nitrone derivative of claim 1 wherein said derivative 
is a-[ l-( 2-furyl )-2-( 5-nitro-2-furyl )vinyl]-N-methyl nitrone. 

31. The nitrone derivative of claim 1 wherein said derivative 
is a-[ l-( 2-furyl)-2-( 5-nitro-2-furyl )vinyl]-N-( 2-hydrox 
yethyl )nitrone. 

32. The nitrone derivative of claim 1 wherein said derivative 
is a-[ l~( 2-furyl)-2-( 5-nitro~2-furyl)vinyl ]-N-( 2-fur 
furyl)nitrone. 
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