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the solution against E. coli was maintained withdut lowering even after 96 hours.” It had
already been reported” that the N-oxides in this condition are invariably transfornted into
: the ring-oxides, e.g. N,N-methy! -5~

TABLE III chloroethyldimethylene-1,2 -oximir-~
Hours = HN, N-Oxide Hydrofhlofi%ebi ium chloride (in case of the com-
after being Minimum Concentration for Inhibition nound No 1 i caveral niiee
‘ dissolved E. coli: 24 hrs.” incubation p\ound No. 10), Wlthm several hours.
in water with Therefore the transformed com-
NaHCOj 100 7T/ce. 50 ¥/ec. 25 7/cc.

pound should be as active against

72 - - :T' "E. coli as the original N-oxide and
%6 _ . it : the lowering of activity, caused by
192 — it g5 hydrolysis of the chlorine atoms,

could only be first observed after
192 hours (Table III).

The minimum concentration for inhibition of the compound (No. 10) fell to 5.107
mole in the medium containing casein hydrolyzate and similarly its activity fell almost to
zero when sodium th1osulfate was added to the pure synthetic medium?® 1n concentration
of 0.5%.

Summary

Twenty-three derivatives of nitrogen mustards and their N-oxides were examined as
to their bacteriostatic activities in vitvo using FEschervichia coli. It was found that, in
general, the bi- or polyfunctional N-oxides were more active than the corresponding ter-
tiary nitrogen mustards, but the monofunctional N-oxides were far less active, regardless
of whether they were N-oxide derivatives or tertiary ones. The results agreed well with
experiments with Yoshida sarcoma animals.

(Received September 4, 1953)

3) M. Ishidate, Y.Sakurai: J.Pharm. Soc. Japan, 72, 1297(1952).

82. Tadashi Sasaki: Synthesis of Nitrofuran Sulfonic Acid Derivatives.*

(Institute of Scientific Research for Practical Life, Medical Faculty,
: Unwerszty of Kyoto**)

N1‘crofuran derivatives with strong bactericidal activities, such as n1trofurfural semi-
carbazone or nitrofurylacrolein semicarbazone, are in general difficult to put into solution
with ordinary organic solvents. This experiment was carried out in order to obtain
nitrofuran derivatives having both characteristics of being easily soluble and also of being
active in bacteriostasis. Several attempts? have been reported concerning this type of
experiment. According to Hill and White 5-sulfofuran-2-carboxylic acid is nitrated by
fuming nitric acid into nitrofuran-carboxylic acid and -sulfonic acid.?’

Upon reéxamining this reaction, op’c1mum conditions for. prepara’czon of nitrofur an

“*  Presented before the Annual Meetlng of the Pharmaceutmal Socxety of Japan, J'uly, 1949

#**  Yoshida-konoe-cho, Sakyo-ku, Kyoto (f£47K IEF). :

1) As a soluble furan, guanofuracin was prepared by Dr. Uota. Dr.-Emoto later reported on ‘some
soluble furacin derivatives. Cf. M.Emoto: J.Soc.Chem.Ind. Japan, 55, 593(1952). "

2) H.B.Hill, R.White: Am.Chem.]., 27,196(1902).
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sulfonic acid® were found.  The. potassium salt of nitrofuran-sulfonic acid is converted:
into' nitrefuran sulfochloride by treating it with  phosphorus pentachloride. The free
nitrofuran.sulfonic acid is obtained by hydrolyzing the corresponding sulfochlonde This
acid is 'very hygroscopic and is identified by its toluidine salt (II):#> - Sulfochloride (I) is
condensed with several types of aliphatic and aromatic amines. The results concerning
this are given in the expenmental section. Another method of preparing sulfochloride (I),
to give a better yield, was attempted, for example, by sulfonation or sulfochlormatlon of
nitrofuran®, but. this- has been unsuccessful.. Furyl-sulfodiamide without .a nitro radical
was recently obtained by another method.®> o - i

—> O;N H—S(i)(g)
NS T

-

J "cﬁo‘f—o—:; ” ~CO.H N HOSWCOH'V'E—»’
N ; *

. OpN “ “—C’OZVH

T

-EC-IL 0N “ "-so Cl —= O N-—H H-so R
2 -\/ 2 /2 ‘\/ 2

o} 0
i @ - (TI~X)

OzN—U-SogH . NH2-<:>—CH3 . (11)
0 — ,

R: -NH; (II) - -NH-CgH; (IV)  -NH-GsHeCHs(p) (V) “NH-CsH+~OCHs(p) (VI)

~NH-CsH-OC:Hs(p) (VID) ~NH-CgH~COOCHs(p) (VIII)
~NH-CpoHy (IX) —NH-cﬁ‘ |CH (X)
H;C-C—S

Among these nitrofurylsulfonic acid derivatives, nitrofurylsulfonylamide (III) is very
active against Staphylococcus aureus and Eberthella typhosa, although n1trofury1—carboyy1~
amide is very inactive” as shown in Table I.

TABLE I. Antibacteriél Action of 5-Nitrofurylsulfonamide Derivatives*

Compd. Bacteria Staph. aur. Strept. haemol. Diploe. preum. 1. “Esch. coli
Hours 24 9 24 96 24 96 24 . 96
(LY 20 10 <1 <1 <1 <1 10 10
- (1IxXy: 2.5 1 » : oLl <1 1 L L1
- (VIID) 5 2.5 <1 <1 1 <
Xy 1 <1 1 <1 25 1
Kesalt <1 <& <1 <1« <1

3) T.Sasaki: Bull.Chem.Soc.Japan (in press). Presented before the Annual Meeting of the Chemic-
.. al.Society of Japan, April, 1949. . e T ;

4) L.F.Fieser: “Experiments in Organic Chemistry”, 140(1941) J Am Chem. Soc., 51, 2460(1927) ;

Org. Syntheses, Coll. Vol. IT, 604(1943).

5) Terentiev, Kaz1tsyana, and Vestinik reported on the sulfonatlon of furan, methylfuran, and..
.. acetylfuran by .using pyridine sulfonium-salt. ’

6) R.Ocinneide: - Nature, 160, 260(1947).

7) M.C. Dodd, W.B. Stxllman J. Pharmacol, Exptl Therap, 82, 11(1944)
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‘ Bactér1é3 Ebew typkosd T S. dysénterme Pseudommas aerugmosae

”COmpd. T - et N
Y Hours 24 96.. - o 24 96
(1) boow oL 010 R S T T
(IX) B | L1 o s &1 Ll
(VI B A s S
K-salt <1 L1 25 . 1 - <1 ' ‘ <1 .

(Unlt 10,000)

U These tests were : carrled out by Dr. K Ikegak1 at ‘the- R K1mura Laboratory, Medlcal
Faculty, University .of' Kyoto. . ‘

Diffusibility of Nltrofuran Derivatives (mmd:). "o -y o 0 T e T
‘Concentration’ - ©1:20,000 ~1:80,000
Furacin ' o B 145 . 9.0
Nltrofurylsulfonamlde E : © 145 . 9.8 !

LDéo per 10'g. mouse (mg) v : )

L : F ..Subcutan. : .0 . iOral.
Furacin : _— 6.25 . . 12,08
Nitrofurylsulfonamide R 2. 18 ' o 2 50 ‘

The author wishes to' express his’ gratltude to Prof. H. Sa1kach1 of’ the Umvers1ty of Ky’ushu
for h1s kmd adv1ces Elemental analyms was carr1ed out by Miss Iwata of the Umver31ty of Kyoto

: Ex'perimentélg)

“2. (5-N1tro)-fury1 squochIorlde (I)-——Ten g. of potassmm mtrofuryl sulfonate is added to 15 g
of PCl; and gently heated to .140° under.reflux in. an .oil.bath for .4 -hours. . After adding further
10g. of PCl,, heatmg is continued for 6 more hours. When needle crystals of . the potassmni salt
disappear, the reaction mixture‘is poured onto cracked 1ce, and then extracted Wlth ‘ether. T he
ether layer is dried with anhyd. Na;SO, and after removing the ether, the residual yellow oil is
purified by distillation under a reduced pressure. The oil, b.py 117~123°, gradually formed yellow
crystals, m.p. 43°, on standing. These yellow. crystals are easily soluble in ordinary organic sol-
vents. Yield, 5.5g. Anal Calcd for C4H20rNCIS C 22 72; H 0 95 N 6 62 Found C 22 80;
H, 1.10; N, 6:24.% 20

-(5-N1tro)-furylsulfon1c acxd Pp- to]uldme salt. (II)——Sulfochlorlde (I) Ais” suspended in’ the
proper amount of water .and. hydrolyzed by gently warming in a water bath until it dissolves
completely This mixtare is concentrated as much as possible to a syrup and dried completely for
several days in a desiccator containing conc. HoSO4. The free acid thus obtained forms colorless
needle crystals. Being very hygroscopic and unstable, it gradually darkens upon exposure to air.
The toluidine salt is prepared as follows®): To a water solution of free acid (0.4 g.) is added 0.3 g.
of p-toluidine and the mixture is warmed in a water bath under reflux for several minutes. After
cooling, the precipitated crystals are recrystallized from het water to light yellow crystals, m.p.
185°(decomp.). Yield, 0.3g. Anal. Calcd. for C;;H;z0sN:2S: C, 44.00; H, 4.00; N, 9.39. Found:
€, 43.39; H, 4.33; N, 9.47. _

2-(5-Nitro)-furylsulfonamide (IIX)—Oneg. of sulfochloride (I) is mixed with 2g. of ammo-
nium carbonate and melted slowly in a water bath at about 50° and stirred occasionally with
a glass rod. During this process CO; gas evolves violently for about 1 hour. Heating is continued
for further 10 minutes to complete the reaction at 60°, then cooled, and extracted with cold and
hot absolute alcohol to remove the resulting ammonium chloride. After removing the alcohol the
residual mass is extracted with acetone and the acetone layer evaporated to dryness to give 0.2 g
of light yellow crystals, m.p. 184.5~185°(decomp.).** Anal. Calcd. for C;HOsN:S: C, 25.00; H, 2.08.
Found: C, 24.99; H, 2.43.

8) All melting points are not corrected.
A very small amount of ash remained.

#* This compound is very difficult to purify. Hill and Sylvester reported on this fact on another
furansulfonamide. Cf. Am.Chem.J.,32,281(1910). Microanalysis showed the presence of ash
which was excluded from the calculation.
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-(5-N1tro)-furylsulfon;vlamlxde (IV)—To 0.5g. of the: suliqchlonde I) dissolved in dry
ether is added one drop of dry pyridine which causes the solutmn to become cloudy and results in
the formation of pyridinium salt.” Shaking this solution and simultatieously adding dropwise freshly
distilled aniline (0.25 g.) causes a ted, bulky mass to precipitate immediately. After letting this
mixture stand overnight at a room temperature, the ether is distilled and the residual crystals
dried on a porcelain plate. Repeated recrystallization from -ethanol-water (1:1) mixture gives thin
yellow crystals (0.08g.), m.p. 108.5~109°. - Anal. Calcd. for CipHgOsN:S: C, 44.77; H, 2.99; N,
10.44. Found: C, 44.08; H, 3.32; N, 9.62. '

2-(5-Nitro)-furylsulfonic p-toluidide (V)—This compound is obtained from 0.5g. of (I) and
0.5 g. of p-toluidine by the procedure used for the preparation of (IV) and forms thin, brown plate
crystals, m.p. 133~134°. Yield, 0.2g. after being recrystallizéd from methanol-water mixture
(1:1). Anal. Calcd. for C;{H;005N2S: C, 46.80; H, 3.50; N, 9.93.  Found: C, 46.25; H, 3.48; N,
10.26.
2-(5-Nitro)-furylsulfonic p-anisidide (VI)—A mixture of 0.5g. of (I) and 0.5g. of p-anisidine,
dissolved in 10cc. of dry acetone is heated gently in a water bath for. 1 hour. After letting
it stand overnight, the acetone evaporates to a brownish oil, which gradually solidifies. It is
dried on a porcelain plate and purified by recrystallization from ethanol-water mixture (1:1) to
0.2 g. of thin brown crystals, m.p. 178~179°(decomp.). Anal. Calcd. for C;1Hi;gOsN2S: C, 44.00;
H, 4.00; N, 9.33. Found: C, 43.39; H, 4.33; N, 9.47. ’
2-(5-Nitro)-furylsulfonic p-phenetidide (VII)—The same procedure as used above is utilized
for the preparation of this compound. From 0.5g. of (I) and 0.5g. of phenetidine, 0.3 g. of thin

yellow scaly crystals, m.p. 175°(decomp.), are obtained .after being recrystallized from ethanol.

Anal Caled. for CmHIzOstS N 8.97. Found: N 8.40.

2-(5-Nitro)-furylsulfonic - p-ethylaminobenzoate (VIII)—0.5g. of (I) and 0.3g. of ethyl p-
aminobenzoate are treated by the same procedure as described above and recrystalhzed from
methanol to give 0.3g. of thin brown plate crystals, m.p. 163°. Anal. Calcd. for CisHiO7N:S:
N, 8.23. Found: N, 7.96. ’

2+(5-Nitro)-furylsulfonyl a-naphthylamide (IX)—Utilizing the same procedure as above,
from 0.5g. of (I) and 0.3g. of a-naphthylamine is obtained 0.5g. of colorless plate crystals, m.p.
223°(decomp.), after recrystallization from ethanol Anal. Calcd. for CquoOsNzS N, 8.80.
Found: N, 8.63. '

-(5—Nitro)‘furylsulfonylf5 methylsulfathiazole—2’-0 5g. of (I) and 0.3g. of &'- methylsulfa-
thiazole-2’ produces 0.4g. of light yellow granular crystals, m.p. 180°(decomp.), after being re-
crystallized from ethanol. Anal. Calecd. for CsH;O3N3S: N, 14.52. Found: N, 14.23,

k Summary

Taking nitrofuran sulfochloride as the starting matei‘iél, several nitrofurylsulfonic acid
derivatives (easily. soluble in water) were synthesized. .
’ ‘ (Received September 7, 1953)
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