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The present invention relates primarily to an 

tiseptics, i. e.‘compounds which restrain or in 
hibit the growth of putrefactive micro-organisms, 
and is concerned more particularly with'antisep 
tics oi’ the iuran series-speci?cally nitrofurans. 

Antiseptics are, of course, known. However, 
they are frequently bound up with undesirable 
characteristics, such as toxicity, tendency toward 

they are applied, lack oi.’ stability,pinsolubility, 
etc. These undesirable ‘ characteristics are, in 
general, vascribable to the presence conventional. 

T undue irritation of or injury to tissue to which . 

ly in most antiseptics, of toxic heavy metals (e. g. ' 
mercurials), phenolic hydroxyl groups ( e. 3. an 
tiseptics of the phenol type), halogens (iodineor 
the like), etc. _ a ' 

A desideratum vrelative to antiseptics is that 
they shall be free of defects of known substances 
of the character above outlined, i. e. that the 
antiseptics shall be non-toxic, relatively non-ir 
ritant, non-corrosive, stable and soluble, without 
however, sacri?cing relative antiseptic activity. 
A primary object of this invention therefore is 

to provide a new series of organic antiseptics 
which shall ful?ll the above characterized de 
sideratum. a i ,1 

The invention is based upon the surprising and 
unexpected discovery that the nitrof-urans com 
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prise compounds which possess marked, antisep- . 
tic activity without entailing ‘the prejudicial 
characteristics of toxicity, undue irritativeness, 

, etc., to which reference has above been made. 
More speci?cally stated, it has been found that 

outstanding antiseptic activity of useful charac 
ter can be realized from a wide variety of furan 
compounds provided that these compounds con‘ 
tain 9. nitro group in an a-position,‘ i. e. in the 2 
or ?-position in thepfuran ring. It is within the, 
scope of the present invention that these nitro 
iuran compounds may be substituted in at least 
one of‘ the remaining alpha ‘(2 or 5) and beta‘ po 

' sitions 3 and 4 by hydrogen, or an alkyl, hydroxy 
alkyl, acyloxyalkyl, oximidoalkyl, semicarbozono 
alkyl, hydrazonoalkyl, diacyloxyalkyl, ‘carbo'xyal 
kenyl, carbalkoxyaikenyl, acyl, carbalkoxy, halo 
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geno-carbalkoxy, carbamyl, or‘ dialkyicarbamyl 
radical or the like. ‘ 
The preperred derivatives of nitrofuran within 

the scope of the present invention mayconven 
iently be represented by the following chemical 
formula: _ 

Nov-UR > 0 

wherein R represents the aforementioned wide 
variety of substituents of which the following spe- , 
ci?c ones may be cited by way of example: 

CH=CHCOOCaHa 00cm, oocnn; cocam, V 
. COOCHa, COOCaI-Is, COOCHaCHaCl, 
COHNz, CON(C4H9)1 ‘ , 

The general formula above given is intended 
to include the various position isomers due to the 
location of the R group. u _ 

For the sake of clearness, it may be indicated 
that the positions in the furan' ring may be desig 
nated ‘as follows: . 

. p, 4 j 
, t1 

The organic antiseptics according to the pres- ' / 
ent invention may be used, severally or in ad 
mixture, for example as constituents of aqueous 
antiseptics, antiseptic tinctures, antiseptic creams 
and ointments, deodorants and other pharma 
ceutical preparations. In some cases, the com 
pounds of the present invention may impart. pre 
servative and/or vbactericidal properties to the 
preparations into which they are incorporated. 
An advantageous characteristic of the nitro 

furans which come within the purview of this in- , 
vention ‘is; their solubility in simple solvents fre 
quently used in pharmaceutical preparations, e. 8. 
water, oil, etc. The solubilities are, in general, of 
a magnitude to ‘make it possible to use aqueous 
solutions as well as ointments of essentially, oiLv,‘ 



base in actual practice and in making tests of 
the character hereinafter set forth. By way of 
illustration, aqueous antiseptic preparations and 
antiseptic ointments may be produced as follows, 
according to the present invention: 

Preparation of 2-formyl-5-nitr0furan (ii-acetate 
' and aqueous antiseptic solution 

A nitrating mixture of 60 cc. acetic anhydrlde 
and 27 cc. fuming nitric acid (sp. gr. 1.5) is 
stirred at --5° C. while a solution of 16 grams of 
furfural diacetate in 15 cc. of acetic anhydride is 
added dropwise. Stirring is continued 1 hour 
after addition is complete, and the mixture 
poured onto 250 grams of crushed ice. The oil 
is separated, more is obtained by ether extrac 
tion of the aqueous layer, and the ?nal ether 
solution containing all the oil is washed thor 
oughly with sodium bicarbonate and then twice 
with water. The ether is removed and an equal 
volume of pyridine is added. Vigorous reaction 
occurs. The solution is then poured onto ice, 
diluted to one liter, and chilled. The solid prod 
uct is ?ltered and recrystallized twice from pe 
troleum ether. White crystals M. P. 91-92” C. 
Yield=4 grams or 20%. 
An aqueous antiseptic solution is readily pre 

pared by dissolving 1 gram in one liter of hot 
water and ?ltering. This solution will give a 
cup plate zone of 8 mm. (F. D. A. method 
Staph. aureus). 

Preparation of antiseptic ointments containing 
nitrofuran 

The nitrofuran, 2-formyl-5-nitrofuran diace 
tate, just described or various other nitrofuran 
antiseptics can be incorporated readily into oint 
ments. With a petrolatum base, the nitrofuran 
can be dissolved by warming in a small portion 
of the base, and adding this to the main portion 
in a Lenart mixer. Various ingredients can then 
be sifted in. 
When a combined base, for example petro 

latum+white wax+lanolin,‘ is used, the whole 
amount of base can be mixed and the nitrofuran 
can be stirred into the melted base. 
In vanishing cream containing glyceryl mono 

‘ stearate, the nitroi'uran can be incorporated into 
the glyceryl monostearate. 

ANTISEPTIC ACTIVITY OF NITROFURANS 

The nitrofuran derivatives above indicated as 
coming within the purview of this invention, and 
many others, have been prepared and subjected, 
among other things, to a test for inhibitory anti 
septic activity according .to the standard cup 
plate method (described in Circular No. 198, U. S. 
Department of Agriculture, Food and Drug Ad 
ministration, December 1931), and .have been 
found to be excellent antiseptics. 
The following Table I sets forth the results 

obtained according to the said standard cup 
plate method (F. D. A. Circular 198) with aque 
ous solutions of representative compounds ac 
cording to this invention in connection with 
Staphylococcus aureus. The cup plate results 
shown are expressed in terms of mm. of clear zone 
(1. e. zone in which the growth of bacteria is 
inhibited), and show the penetration as well as 
the inhibitory action on Staphylococcus aureus. 
The Kolmer test on Staph. aureus, also shown in 
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Table I, represents the maximum dilution at v 
, which the antiseptic still inhibits the growth of 
the bacteria. 

2,319,4s1 

Tenn 1 
Cup plate antiseptic tests and Kolmer test for 

inhibitory action 

Staph. ' 

aumn cup Staph. 

Compound Gonc. . l(’IE?t‘i)z°K° aureua 
(aqueous) “£81; for ' Kolmer 

antiseptic dilution 
action) 

. LIT". 1 
Zearbcthoxy-5-nitrofuran. . _ _ _ 1: 500 4. 0 m 

I 

2 t 1:. 1 f H880 it? 1 -ace y - m ro uran ________ _. : —-— 

1:5000 _ as 30,000 

_ mm 12.0 1 
Z-butyryl-S-mtroluran. _ __ __ . _ 1:2500 9. 0 ———-~ 

1:5000 1.0 39°90 

2 - lormyl - 5 - nitrofuran dia 
cetate _____________________ ._ ' 121000 8.0 .......... .. 

‘ 2-ethyl-5-nitroiuran _________ __ 1:500 ‘ 11.0 .......... .. 

2-propyl-5-nltroluran ....... . _ l: 1750 3. 0 .......... _ . 

N0te.--See Circular No.‘ 198, U. S. Department 01 Agriculture, 
December 1931, “Methods of Testing Antiseptics." 

These results compare very favorably with 
the activity against Staphylococcus aureus in 
many of the best known prior art antiseptics. 

THE amrsnprrc ACTIVITY IN DEODORANT 
CREAMS 

An important characteristic of the antiseptics 
of the present invention is their property of re 
malning effective in a deodorant cream with 
petrolatum or other ointment or cream base. 
The following table sets forth results as to 

antiseptic activity obtained by the standard cup 
plate method (F. D. A. Circular 198) on 

, Staphylococcus aureus with the following illus 
trative nitrofmran antiseptics in a deodorant 
cream containing a petrolatum base. 

TABLE II 

Cup plate antiseptic tests on deodorant creams 

C t Staph. 
oncen ra- aureua Compound tion cup plate 

zone 

Mm. 
5nitro~iurluryl acetate .................. -. 1:500 9. 0 
2-formyl-5-nitrofuran diacetate- . _ 1:500 8. 0 
2~carbomethoxy-5-nitr0fu.ran.. _ 1:500 8. 'i 
2-carbethoxy-5-nitroiuran._.. _ . _ 1: 500 8. 0 
Z-acetyl-B-nitroiuran. _______ _ _ 1: 500 16. 0 
2-propionyl-5-nitrofuran ______________ _ _ 1: 500 15. 0 
Ethyl 5-nitro-iuracrylate. _ _ 1: 500 8. 0 
2-ethyl-5-nitrofuran ______________ __ 1: 500 8. 0 
2-propyl—5-nitrofuran ____________ __ _ __ 1:500 5. 0 

Deodorant cream without antiseptic ________________ _. 0.0 

PERSISTENCE OF ACTIVITY IN DEODORANT 
CREAMS 

In the deodorant use of an antiseptic cream 
the ability of the antiseptic to remain active is 
of considerable importance. When deodorant 
creams with a petrolatum base containing nitro 
iuran antiseptics are spread on parchment and ' 
immersed in a broth inoculated with a mixed 
culture (Staph. aureus plus organisms from the . 
human axilla), the persistence of antiseptic ac 



~500,000 organisms. 
_ at 37° C.,- the, tube is observed ‘for ‘bacterial 

- iuracrylate. 

9,810,401 
. tion is remarkable. This is shown in Table III." 

In this test for persistence of antiseptic ac 
tion, 0.25 g. of the deodorant cream are spread 
evenlyover a 25 sq. cm. strip or parchment paper. 
The parchment paper is then placed in a culture 
tube containing 10 cc. of arti?cial perspiration 
(culture broth) which has been inoculated with, 
a mixed culture (Staph. aureus plus organisms . 
from the human axilla), using approximately 

Alter,” hours incubation 

growth, the paper is transferred vto‘ a fresh tube. 
‘ ' incubatedand' the transfer-process repeated un 

til bacterial growth occurs. The tubes- are incu-' 
bated at '37? C. torso-hours atterthe transfer 
and observed for delayed-growth. The persist 

cream is measured by the number of transfers 
possible before growth is observed. vA "+~sign 

TAIL: III 

mam test-Persistence o1 antiseptic activity 
“ ‘ ’-‘ ‘in deodorant creams '- - . l‘ 

A Third I 
- transfer 

Second 
transfer , 

' First 

Cone. transfer . 

in ‘ Compound 
48 
hrs. 

7224 48 

Per 
2-carbethoxy-5 
nitroiuran. 

2-ocetyl-5-nitro 
ursn. . 

Ethyl b-nitro ‘v-wi-ww-wr'wi ||||||n llllllll llllll'll illivlviii |||||||| llllllil iliill‘ll‘ llillllH-l IHH+|++ ii-nitro-iuracry 
llc acid. ' 

FUNGISTATIC ACTION 
A further characteristic of antiseptics accord 

ing to this invention‘isthe fungistatic action 
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'ence of antiseptic emciency oi- thedeodorant - 

01' Laboratory and Clinical Medicine, 25, 
1199-1204 (1940). _ 

. _ ‘Tsar: V 

Trmn blue irritation studies‘ (rabbit) toxicity 
' -' ‘ (intraperitoneal) 

“Sate concentration Toxicity Outta‘ ‘ 
l- peritoneal) 

' ' Solub. (up fmm?on) 'mg‘lkg' 
Compound > in 

_ _ - water mm 

Saline tro- Rat Rabbit 
tum 

2 - carbcthoxy - 5 .- . \ 

nl?‘oluranu?eu 115000 |1:5000 1:250 800 700 
Ethyl 5 - nitroiur- . ‘ 

scrylate ....... ..~ 1:30“) _i 1:3(1!) 1:250 850 500 
2-scetyl-5-nitro- ~ ‘ . . ’ 

_ ' __‘ ........ .. 1:3(1) 11:300 1:1000 200 50 

'z-rropionyl-?- ' ' ~ ' ‘ 
n ttoluran ..... .- lz?ll) 121000 1:250 250 100 

z-but'yryld-nitm- , ‘ 

iuran_.~.--__.____>. .mooo 11:1000 ________ .. 300 150 

. ’ Ivlti'axlrn'uin soluhillty.-_ ‘ 

' ' a 1 NITROFURANS IN OINTMENTS 

v 

3 
- The intravenous dye test for vascular permea 
bility due to irritants is a well known laboratory 
method of testing for irritation. See, for exam 
ple, _“A method for the quantitative estimation 
of chemical irritation," J. H. Weatherby, Journal 

Still another important characteristic of nitro 
furan's .within thescope of this invention‘ is the 
property which they exert, when incorporated 

. into] ointments, "of imparting high antiseptic 

10 

which is exhibited thereby. Results obtained ‘ ~ 
with some of the more active nitrofuran anti 
septics, when tested at a concentrationof 1:500 
in a cream withv a petrolatum- base, are shown 

‘ in Table IV. The cup plates were incubated 48. 
hours at room temperature. _ ' 

TABLE IV 

Funaistatic action of deodorant creams ‘ 
' v(petrolatum base) 

Trichophy 
ton room-sum 

\ cup plate 
zone 

Concentra- ‘ 
tion in Compound 

‘ . cream 

' ' . v . ' bl'm. 

2-csrbethox ~5-nitro?zran ................ __ ‘ 

2-scetyl-5n troi'uran ..................... . _ l8 

Dibutyl B-nitroiuramide ....... ___ _________ ,, 

1:500 - 

1:500 
1:5)0 

‘intravenous Trypan blue. 

NON-IRRITANT AND NON-TOXIC 'CHARA‘C 
‘TER OF NI'I'ROFURAN ANTISEPTICS 

’ ‘The relatively non-irritant and non-toxic 
character oi.’ the nitroiuran antiseptics is shown 
in ‘Table V. The irritation was tested by sub 
cutaneous injection of the rabbit ear followed by 

The irritation work 
was controlled by the use of solutions ‘producing 
‘standard irritation. Toxicity was obtained by 
intraperitoneal administration of the solid com 
pound in a gelatin capsule.v The toxicity is' given 
as the level at which 50% of the test animals die. 

power (as shown,v in tests according to the afore 
mentioned standard cup plate method) while 
involving an extremely and unusually low 
‘toxicity (as determined in tests on laboratory 
animals)‘; ' r ' 

Thus, nitrofurans such, for example, as 2 
acetyl-_5-nitrofuran and 2-propionyl-5-nitro-. 
furan in a petrolatum base ointment at an anti 
septic concentration of. 1.:1000 produce, in the 
cup. platetest, clear zones of 10 mm. or more. 
‘The corresponding toxicity in the rat (level at 
which more than 50% die) ‘is of the extremely 
low order-of 200-250 mg. per kg. of body weight. 

' Goodresults are also obtainable, for‘ example, 

6. 60 

I fur'an. 

with r2éethyl-5-nitrofuran and 2-propyl-5-nitro 

Among the newv compoundsdeveloped in this 
work the most active, usefulv antiseptics are 
2-formyl-5-nit-rofuran semicarbazone, 2-pro 
pionyl-5-nitrofuran, 2-butyryl-5-nitrofuran and 
2-ethyl-5-nitrofuran. In the preparation of one 
of these new compounds. namely, 2-propionyl-5 
nitrofuran, the nitration step is typical of the 
procedure used on all of the nltrofuran anti 
septics." 
One mole of aluminum chloride is mixed with 

l250cc. carbon disul?de and one mole of pro 
pionyl chloride in a 3-neck, 3-liter ?ask. A 
solution of 74 cc. of‘ furan in 250 cc. carbon di 
sul?de is added slowly.‘ Temperature is held at 
10° C. At the end of the addition, the mixture 
is stirred 1 hour at room temperature and then 

‘ poured onto cracked ice. The carbon disul?de is 
' distilledo?' and the residue steam distilled. The 

75 

distillate is made alkaline, extracted with ether 
and the ether extract washed and dried. Pro 
pionyl furan, B. P. 81.2° C. Yield=50 grams 
‘or 40%. . ' 

To 148 cc. of acetic anhydride is added 67 cc. 
of ‘fuming nitric acid (sp. gr. 1.5) slowly with 
stirring and below v—5" C. A solution of 31 grams 



mm. 

4 
of propionyl furan in 50 cc. acetic anhydride is 

_ run in slowly at —5° C., the mixture stirred for 
' 1/2 hour and poured onto cracked ice. The prod 
uct is extracted twice with ether (150 cc.) and 
50 cc. pyridine added to the ether extract. The 
solution is warmed to start the reaction and 
diluted with water when reaction is complete. 
~The product is filtered off, recrystallized from 
‘petroleum ether and then sublimed. 

, apionyl_5-nitrofuran. 

' 69-70° C. Yield 8.5 grams (20% based on pro 

2-pro 
White crystals M. P. 

piozwl furan). 
An aqueous antiseptic solution can be pre 

pared from 2-propionyl-5-nitrofuran by dissolv 
ing 1 gram in 600 cc. of hot water and ?ltering. 
This solution will give a cup plate zone of 16.5 

(Staph. aureus) and 16.0 mm. (Bact. 
typhosum). 

It is apparent from the foregoing that the 
present invention makes available a new series 
of organic antiseptics which are non-corrosive 
and practically non-irritant. These new anti 
septics do not contain a heavy metal, such as 
mercury, nor do they contain the phenolic 
hydroxyl group. The new antiseptics possess 
lower toxicity than commonly used antiseptics. 
They are sufilciently soluble and stable to be of 
practical use in aqueous antiseptics, in anti 
septic tinctures, in antiseptic creams and oint 
ments, in deodorants, etc. 

It will of course be understood that the anti 
septic action of the furan derivatives according 
to the present invention is not limited to the 
bacteria above employed by way of example but 
that such antiseptic action extends also to various 
other bacteria such as Bact. typhosum, etc. 
Having described the invention, what is claimed 

is: 
1. A pharmaceutical preparation having bac 

teria-growth inhibiting properties and contain 
ing, as the essential active ingredient, a nitro 
furan of the formula 

wherein R represents a member of the group con 
sisting of hydrogen and the alkyl, hydroxyalkyl. 
acyloxyalkyl, oximidoalkyl, semicarbazonoalkyl, 
hydrazonoalkyl, diacyloxyalkyl, carboxyalkenyl, 
carbalkoxyalkenyl, acyl, carbalkoxy, halogeno 
carbalkoxy, carbamyl and dialkylcarbamyl radi_ 
cals. ' 

2. A pharmaceutical preparation having bac 
teria-growth inhibiting properties and containing 
as the essential active ingredient, a nitrofuran 
of the formula 

rim-l "-0 0x 0 

wherein X represents alkyl. 
3. A pharmaceutical preparation having bac 

teria-growth inhibiting properties and contain 
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2,819,481 
ing as the essential active ingredient, a'nitro 
furan of the formula 

Nol L000): 0 

wherein X represents alkyl. 
4. A pharmaceutical‘ preparation having bac 

teria-growth inhibiting properties and contain 
ing as the essential active ingredient, a nitro 
furan of the formula 

wherein Y represents acyloxy. 
5. A pharmaceutical preparation having bac 

teria-growth inhibiting properties and compris 
ing an aqueous solution containing, as the essen 
tial active ingredient, a nitrofuran of the for 
mula 

NoJLO/ILR 
wherein R represents a member of the group con 
sisting of hydrogen and the alkyl-hydroxyalkyl, 
acyloxyalkyl, oximidoalkyl, semicarbazonoalkyl, 
hydrazonoalkyl, diacyloxyalkyl, carboxyalkenyl, 
carbalkoxyalkenyl, acyl, carbalkoxy, halogeno 
carbalkoxy, carbamyl and dialkylcarbamyl radi 
cals. 

6. A deodorant composition containing, as the 
essential active ingredient, a nitrofuran of the 
formula 

Nor-l ‘LB 0 

wherein R represents a member of the group 
consisting of hydrogen and the alkyl, hydroxy 
alkyl, acyloxyalkyl, oximidoalkyl, semicarbazono 
alkyl, hydrazonoalkyl, diacyloxyalkyl, carboxy 
alkenyl, carbalkoxyalkenyl, acyl, carbalkoxy, 
halogeno-carbalkoxy, carbamyl and dialkylcar 
bamyl radicals, 

'7. A pharmaceutical preparation having bac 
teria-growth inhibiting properties and compris 
ing the ointment base having homogenously dis 
persed therethrough, as the essential active in 
gredient, a nitrofuran of the formula 

Noll-1R 
wherein R represents a member of the group con 
sisting of hydrogen and the alkyl, hydroxyalkyl, 
acyloxyalkyl, oximidoalkyl, semicarbazonoalkyl, 
hydrazonoalkyl, diacyloxyalkyl, carboxyalkenyl, 
carbalkoxyalkenyl, acyl, carbalkoxy, halogeno 
carbalkoxy, carbamyl and dialkylcarbamyl radi 
cals. - 
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