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The Vilsmeier-Haack Reaction. IV.

Reaction of Phosphorus Oxychloride-Dimethylformamide With Semicarbazones

M. A. Kira, M. N. Aboul-Enein, and M. I. Korkor

Department of Medicinal Chemistry, National Research Centre

Ketone semicarbazones react with two moles of phosphorus oxychloride-dimethylformamide
with the formation of 3-substituted pyrazole-4-carboxaldehydes. Aldehyde semicarbazones give,

with one mole of phosphorus oxychloride-dimethylformamide, amidazines.

In continuation to previous work (1) on the cyclization
of ketone phenylhydrazones to l-substituted pyrazole-4-
carboxaldehydes, the reaction of phosphorus oxychloride-
dimethylformamide (2) with ketone and with aldehyde
semicarbazones has now been investigated.

Acetophenone semicarbazone (la) reacted with two
moles of phosphorus oxychloride-dimethylformamide with
the formation of 3-phenylpyrazole-4-carboxaldehyde (Ila),
in 85% yield. The structure assigned to this compound
was established from its IR and NMR spectra. The IR
spectrum showed absorption bands at 3250 cm~! (NH)
and at 1630 cm~1 (CHO). The NMR spectrum (3) (deuter-
iochloroform) showed signals at 2.4 7 (five phenyl protons),
1.85 7 (5-H proton), 1.32 7 (NH proton) and at -045 7
(CHO proton). The NMR spectrum showed no change
upon the addition of deuterium oxide. The IR absorption
at 1630 cm™" and the low field absorption of the aldehydic
proton in the NMR (4) may well be attributed to the
enolic nature of lla. Compounds lla-e dissolve in dilute
alkali and are precipitated by mineral acids.

Similarly the pyrazole aldehydes IIb-f were prepared.
They all afforded 2,4-dinitrophenylhydrazone and semi-
carbazone derivatives. Their physical properties are listed
in Table I.
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No cyclized products could be obtained from the reac-
tion of acetaldehyde and cyclohexanone semicarbazones
under similar conditions. This might be due to a steric
configuration (5) which does not favour cyclization.

On the other hand, benzaldehyde semicarbazone gave
with one mole of phosphorus oxychloride-dimethylform-
amide, in 57% yield, 1-benzylidene-2-dimethylamino-
methylenehydrazine (IVa), isolated as its perchlorate salt
(IHa).
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The structure of the bases [Vb-¢ was supported by
NMR spectra. Compound IVb showed the following
signals: 7 7 (six protons; N(CH3),), 6.17 7 (three protons;
OCH3j), 3.05 and 2.3 (two protons each, ortho and other
phenyl protons), and two signals at 7 = 1.82 and 1.62
(—CH=N and R—CH=N-—, respectively). The NMR spec-
trum of Illc is of special interest. Besides the absorption
bands at 7 7 (six protons), 3 and 2.8 7 (four protons), 2
and 1.54 7 (one proton each), a broad band at-2.01 7 was
also recorded. The OH of the o-hydroxyphenyl group is
therefore bonded to the unshared electron pair of the
nitrogen atom in 0—HO—CgH4—CH=N;, thus indicating its
configuration (6,7).

The IR spectrum of [1la (Nujol) showed bands at 3200
em~! (NH) and a broad band at 1100 em~! (ClO3). It

showed, however, an intense band at 1715 ¢cm~! which is

of C = Iﬁ (8). This band is absent in the spectrum of the
bases Hla-c.

Amidrazones (2) and amidazines (6) which are anal-
ogous to III have been recently reported.

Compounds [Va-c gave the phenylhydrazones (2,4-
dinitrophenylhydrazones) of the corresponding aldehydes
when treated with phenylhydrazine (2,4-dinitrophenyl-
hydrazine). They also gave stable picrate salts.

The physical properties of compounds HI-IV are listed
in Table .
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TABLE I
Comp. No. M.p.° Yield % M.p. of IR cm-1 Formula Calculated Found
11 semicarb. C H N C H N
a 143° 85 210° 3250; C;0HsgN,O 69.76 4.65 16.26 69.57 471 16.1
1630
b 154° 95 246° 3225, C11H;0N20, 65.34 495 13.86 65.5 5.18 13.78
1630
¢ 200° 63 224° 3225; C;oH7N303 55.29 3.22 19.35 55.37 3.28 19.71
1660
d 156° 54 223° 3255; C10H7N303 55.29 3.22 19.35 55.26 3.39 19.53
1665
€ 64° 83 210° CgHgN,OS 53.9 3.37 15.73 53.81 3.35 18.01
f (a)
(a) See experimental.
TABLE 11
Comp. No. M.p. Yield % M.p. of Formula Calculated Found
picrate C H N C H N
Illa 150° 57 C10H14N3Cl04 4355 508  15.24 4335 514  15.31
b 200° 86 Cy1H;6N3ClOs 4320 523  13.74 4310 531  13.55
c 213° 57 C10H14N3Cl0g 4116 48 1440 4188 437 1413
d 231° 93 C1oH13N3Cl1204 38.70 419  13.54 3891 439  13.24
e 216° 76 C1oH;3N3ClL0, 38.70 419  13.54 38.73 434  13.38
IVa 47° 70 211° CyoH13N3 68.56 7.42 24.0 68.84 7.15 24.23
b 86° 85 192° Cy1H sN3O 64.30  7.32 2048 64.32 741 2019
c 108° 81 221° C10H3N30 62.82 6.8 21.98 62.93 6.85 21.82
d 42° 74 235° Ci1oH12N3Cl 57.27 5.72 20.04 57.20 5.61 20.36
e 54° 67 220° C1oH12N3Cl 57.27 5.72 20.04 57.25 5.65 20.00
EXPERIMENTAL (7.5 ml. of 75% perchloric acid in 20 ml. of water). The precipi-

The NMR spectra were measured by a Varian A-60 apparatus.
Melting points are uncorrected.

The following illustrates the general procedure: (a) The ketone
semicarbazone (0.05 mole) was added, portionwise with stirring,
to a mixture of phosphorus oxychloride-dimethylformamide. The
latter was prepared by the slow addition of phosphorus oxychlor-
ide (10 ml., 0.11 mole) to dimethylformamide (24 g., 0.22 mole),
below 5°. The reaction mixture was heated at 60-70° for about
four hours, cooled, and poured onto ice (60 g.). It was neutral-
ized with sodium hydroxide (20 g. in 80 ml. of water), heated at
50-60° for five minutes, cooled and acidified with 10 N hydro-
chloric acid. The precipitated solid was filtered off and recrystal-
lized. Compounds ITa-b were recrystallized from water, lic-d from
ethanol and Ilc from benzene. Compound IIf was isolated, as the
2 4-dinitrophenylhydrazone, in the following manner: the reac-
tion mixture was treated with 30 ml. of ethanol followed by the
addition of an ethanolic solution containing 2.4-dinitrophenyl-
hydrazine (10 g.) and one ml. of sulfuric acid. The precipitated
2 4A-dinitrophenylhydrazone, 8 g., m.p. 281°, was recrystallized
from acetic acid.

Anal. Caled. for C1,HoNgO4: C,45.51; H, 3.45; N, 28.96.
Found: C,46.00; H,3.37; N, 28.73.

(b) The aldehyde semicarbazone was allowed to react with
half the amount of phosphorus oxychloride-dimethylformamide,
poured onto ice and treated with a solution of perchloric acid

tated perchlorate salt was filtered off. To liberate the base, the
salt was treated with a cold 5% ammonium hydroxide solution.
Compounds III and IV were recrystallized from ethanol.
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