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The actign of thig_ny} chloride on 5‘-nitro-2-fura]dehyde 2-(2-hydroxvalkyl)-semicarbazones has been shown to produce the
corresponding N-(o-mtro-?-furfurylldene)-3-amino-2-iminobxazolidine hydrochlorides in excellent yield. These cyclic
iminoethers are quite reactive and may be readily hydrolyzed to the corresponding 3-amino-2-oxazolidone derivatives.

As part of an investigation of variations of 3-
nitro-2-furylalkylidene semicarbazides for chemo-
therapeutic action,? the action of thionyl chloride
on the corresponding 2-(2-hydroxyethyl)-semi-
carbazone® (I) was studied. The solid product of
the reaction (II) was very soluble in water and
absorbed in the ultraviolet at shorter wave lengths
than is characteristic of 2-alkylated semicarbazones
of 5-nitro-2-furaldehyde.?® This soluble product
was shown to be the hydrochloride of a base Ila
which differed from the starting material, I, by
the loss of one molecule of water.

It was postulated that IT was a cyclic iminoether
hydrochloride of the structure, N-(3-nitro-2-fur-
furylidene) - 3 - amino - 2 - iminotxazolidine hydro-
chloride. This hypothesis was deduced from the
related work of Gabriel,® who observed the forma-
tion of 2-iminotxazolidine on cyanation of g-
bromoethylamine or by the melting, heating or
long standing of 3-bromoethylurea.

Fromm?* had demonstrated that nitrous acid acted
on 2-imino&xazolidine to yield 2-oxazolidone. This
suggested a possible proof of structure since the N-
(5 - nitro - 2-furfurylidene) - 3-amino- 2 - oxazolidone
(IIb) structure had been postulated previously
and proved for another interesting chemothera-
peutic agent derived from I.! The 2-imino-
oxazolidine hydrochloride structure of 1T was con-
firmed by its ready conversion to IIb by treatment
with nitrous acid. Indeed this was the first
practical preparative method developed for the
oxazolidone IIb. It was observed later that re-
fluxing II or Ila with dilute sulfuric acid or heat-
ing II alone in water gave a good yield of the
oxazolidone derivative IIb with some of the hy-
droxyethylsemicarbazone I being regenerated.

This ready formation of the 3-amino-2-imino-
oxazolidine derivative from the 2-3-hydroxyal-
kylated semicarbazone probably is facilitated by
the formation of the stable, five-membered ring
system. The mechanism of the formation of the
cyclic iminoether has not been established. It
may proceed by a dehydration of the carboxamide
group to a nitrile with subsequent iminoether hy-
drochloride formation by action of the hydrogen
chloride on the propitiously situated nitrile and
alcoholic hydroxyl. It is of interest to note that
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2-(2-hydroxyethyl)-semicarbazide  hydrochloride
cannot be dehydrated with thionyl chloride under
the conditions that are effective with the 5-nitro-
2-furaldehyde derivative.

Salts other than the hydrochloride, such as the
acid sulfate and B-naphthalene sulfonate, have
been prepared by treating a methanolic solution
of the free-base ITa with an excess of the appropriate
acid.

Other variously substituted 2-8-hydroxyalkylated
semicarbazones of -nitro-2-formylfurans yield
the corresponding substituted 3-amino-2-imino-
oxazolidine hydrochlorides when treated with
thionyl chloride alone or in an inert solvent such as
benzene. These are presented in Table I.

The 2-iminotxazolidine derivatives were con-
verted to the analogous 2-oxazolidones in each case.!

]
02N \O/ CH-—N?CONHz
I CH,CH.0H

' ” NN ~ I, X = NH-HCI
OzN‘ko/—CH—NI}—C—‘\ 11a, X = NH
J O IIb, X = O
CH, CH:
Experimental®

Starting Materials.—The 2-(2-hydroxyalkyl)-semicarba-
zones of 5-nitro-2-furaldehyde were prepared in general by
the method of Stillman, et al.,?® from hydrazinoalkanols as
described in detail by Gever.® Similarly the vinylog of I
was formed by the condensation of 2-(2-hydroxyethyl)-
semicarbazide and B-(5-nitro-2-furyl)-acrolein. The latter
was prepared by the method of Takahashi, et al.” The 8-
(5-nitro-2-furyl)-acrolein 2-(2-hydroxyethyl)-semicarbazone
had a m.p. 209-210°.

Anal. Caled. for C10H12N405Z C, 4475, H, 4.51,’ N,
20.85. Found: C, 44.81; H, 4.68; N, 21.14.

N-(5-Nitro-2-furfurylidene)-3-amino-2-iminotxazolidine
Hydrochloride (II).—A suspension of 2.32 kg. of 5-nitro-
2-furaldehyde 2-(2-hydroxyethyl)-semicarbazone in seven
liters of dry benzene was heated to 40° and treated with a
solution of 4.9 kg. of thionyl chloride in five liters of benzene
at such a rate as to keep the heavy foaming under control.
When the vigorous escape of sulfur dioxide and hydrogen
chloride had abated, the suspension was heated at 55-65°
for one hour. After cooling, the light yellow solid was
filtered with suction and dried in a well ventilated oven at
110°. The yield of N-(5-nitro-2-furfurylidene)-3-amino-2-
iminog'xazolidine hydrochloride was 2.40 kg. (96%), m.p.
190° dec.

The hydrochloride II was conveniently converted to the
free base Ila by solution in a minimum of water, clarifying
by filtration, followed by precipitation with a cold solution

(5) All melting points are taken on the Fisher-Johns apparatus and
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TABLE ]

ozNJL J—(CH———CH),.CH=N—N—C=X
° |

M.p., Empirical

X R R! ”n °C. formula C
NH H H 0 170-171 CsHsN4O4 42,
NH:H:S04 H H 0 203d. CsHuNOsS
NH-C,1H:S0:H H H 0 222-224 CuHisN40:S8
NH.HCI! H H 0 190 CsHsCIN4O4 36.
NH H CH; 0 170-173  CeHuN4O4 45.
NH.HCI H #-CiHs 0 139-140 Ci2HiCIN(O4 45.
NH H H 1 182 CuwHioN4O4 48.
NH.HC1 CH; H 0 202-203 CsHuCINOs 39.

O
HC—-CH
R R!
Molar
Analyses, % absorption
Caled. Found® in water
H Other C H Other Emax mu
8 3.39 N,25.00 42.55 3.29 N,25.39 16200 336
S, 9.93 S, 9.63 16000 355
S, 7.40 S, 7.3% 16000 355
86 3.4¢ Cl1,13.60 37.00 3.05 Cl,13.89 17000 355
38 4.23 N,23.52 45.78 4.51 N, 23.34 15600 356
30 5.41 N, 17.60 45.28 5.22 N, 17.77 17000 355
00 4.03 N,22.39 48.03 3.81 N, 22.26 22100 392.5
35 4.04 Cl,12.91 39.06 4.03 Cl,12.69 16700 355

¢ We are indebted to Mr. Joseph Corrado for the determination of all the analytical data reported.

The yellow solid was purified

of 109, sodium carbonate.
m.p. 170-

further by recrystallization from ethanol;
171°.

N-(5-Nitro-2-furfurylidene )-3-amino-2-oxazolidone (I1Ib).
A.—N-(5-Nitro-2-furfurylidene)- 8-amino -2 -iminodxazoli-
dine hydrochloride (900 g.) was dissolved in 10 liters of water
at 35—40° and filtered to remove a small amount of insoluble
material. The solution was cooled to 5-7° in an ice-bath
and by addition of 5 kg. of chopped ice. After the addition
of 1.5 1. of glacial acetic acid, 3.40 kg. of sodium nitrite was
introduced during 30 minutes. A yellow solid separated
rapidly and after four hours it was removed by filtration.
After drying at 60° the crude product was recrystallized
from hot, glacial acetic acid. The yield of I1b was 442 g.
(60%), m.p. 253-256°.

This material was identical with IIb produced by other
methods! as shown by mixed melting point and ultraviolet
light absorption characteristics.

B.—N=-(5-Nitro-2-furfurylidene)-3-amino-2-iminodxazoli-
dine hydrochloride (1800 g.) was dissolved in 38 1. of water.
After clarifying, the solution was heated at 90° to 100° for
90 minutes. A yellow solid formed and was separated while
hot (filtrate must be above 70°) by centrifugation. The
solid was washed with hot water and dried at 110°; yield 752
g. (499,) of IIb, m.p. 253-256°.

Cooling the hot aqueous mother liquor to 10° yielded crude
5-nitro-2-furaldehyde 2-(2-hydroxyethyl)-semicarbazone
(829%,) which may be reconverted to II and recycled.

N-B-(5-Nitro-2-furyl)-acrylal-3-amino-2-iminosxazolidine.
—Forty-one and six-tenths grams of @-(5-nitro-2-furyl)-
acrolein 2-(2-hydroxyethyl)-semicarbazone was treated
rapidly with 250 cc. of thionyl chloride in a large beaker.
Gas was evolved and the red solid rapidly became yellow.
After standing at room temperature for 12 hours the yellow

solid was filtered and washed repeatedly with dry ether;
yvield 44.7 g. (100%) of N-8-(5-nitro-2-furyl)-acrylal-3-
amino-2-iminodxazolidine hydrochloride of m.p. 229° dec.
This hydrochloride was converted to the free base by dis-
solving it in cold water, clarifying, followed by treatment
with sodium carbonate solution to pH of about 9. The
orange, voluminous precipitate of the free base was filtered,
washed with water, well dried and recrystallized from ab-
solute ethanol; m.p. 182° with resolidification on further
heating, yield 32.3 g. (82.5%).

N-B-(5-Nitro-2-furyl)-acrylal-3-amino-2-oxazolidone .—
The crude N-g-(5-nitro-2-furyl)-acrylal-3-amino-2-iminoxa-
zolidine can be converted to the corresponding oxazolidone
by heating with dilute acid.

Twenty-eight grams of N-8-(5-nitro-2-furyl)-acrylal-3-
amino-2-iminodxazolidine was dissolved in 1250 cc. of water
containing 13 cc. of concentrated hydrochloric acid. The
clarified solution was boiled for 80 minutes and the pre-
cipitated solid filtered from the hot solution. The filtrates
were reboiled and refiltered after 30 minutes and the process
repeated until no further solid formed. The crude product
thus collected (23.2 g.) was a mixture of §-(5-nitro-2-furyl)-
acrolein derivatives of 3-amino-2-oxazolidone and of 2-(2-
hydroxyethyl)-semicarbazide. These were separated by
treatment with thionyl chloride in benzene which converted
the hydroxyethylsemicarbazide derivative to the water-
soluble 3-amino-2-iminodxazolidine hydrochloride compound
which can be extracted and recycled. Four cycles of this
process yielded 20.2 g. (72%) of N-8-(5-nitro-2-furyl)-
acrylal-3-amino-2-oxazolidone. This can be purified by re-
crystallization from nitromethane to give a yellow material
of m.p. 270° dec.
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