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AN EFFICIENT SYNTHESIS OF
4-DIMETHOXYPHOSPHONYL SUBSTITUTED
PYRAZOLES AND PYRAZOLINE-5-ONES

ALEXANDER V. KHOTINEN and ALEXANDER M. POLOZOV+

A. M. Butlerov Scientific Research Chemical Institute, Kazan State University,
Kazan., 18, 420008, Russian Federation

(Received July 6, 1993; in final form August 3, 1993)

2-Dimethoxyphosphonyl-1,3-dicarbonyl compounds (1a—c) were used for the synthesis of 4-dimethox-
yphosphony! substituted pyrazoles (2a—e) and pyrazoline-5-ones (5a—c). Intermediate hydrazones (3b,
¢) were also isolated. 5a exists in the OH tautomeric form, whereas 5¢c—in the NH form. Tautomeric
transition from the OH into the NH form was found for 5b at the melting point.

Key words: *C-NMR-spectra; hydrazine; pyrazole; pyrazoline-5-one; tautomer.

INTRODUCTION

The derivatives of pyrazole have been used in medicine,' dye chemistry,! as pesticides®
and in the liquid-liquid extraction of heavy metals.>* Taking into account a suc-
cessful application of phosphonates as biologically active compounds,? and extrac-
tants of metals,’ the general and practical synthesis of alkoxyphosphonyl substituted
pyrazoles and pyrazoline-5-ones would be very useful.

Three main methods have been described for these compounds: displacement
reaction by phosphorus nucleophiles,®-# cyclocondensation of phosphorus substi-
tuted hydrazones of vinylcarbonyl compounds,®~!* and addition of hydrazines to
B-dicarbonyl functionalized phosphonates.!*!5 Nevertheless, all of these methods
were rather limited: polyaryl substituted pyrazoles were not available. The more
potentially useful B-dicarbony! approach!*'> was restricted by absence of appro-
priate phosphorus precursors.

We have reported a method, based on the standard reaction of g-dicarbonyl
compounds with hydrazines,* using previously described 2-dialkoxyphosphonyl sub-
stituted 1,3-dicarbonyl compounds (1la—c)!®!7 which give high yields of the title
compounds. Unusual tautomeric behavior of pyrazoline-5-ones is observed.

RESULTS AND DISCUSSION

4-Dimethoxyphosphonyl substituted pyrazoles (2a—e) were obtained in a one-pot
reaction; the intermediate hydrazones were not identified (Scheme 1). 3-Di-
methoxyphosphonyl-2,4-pentanedione (la) reacts with hydrazines under neutral

+To whom correspondence should be addressed at the current address: Laboratorie de Chimie de
Coordination, 205 route de Narbonne, 31077 Toulouse Cedex, France.
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1 2 R4=Ro Ar
a a Me Ph
a b Me CGH4-4-N°2
a c Me CSH3-2,4-(N02)2
b d Ph Ph
b e Ph CgHg-4-NOg
SCHEME 1
R NHA
1, o R] __NI r
(MeO),P + NH,;NHAr = (MeO),P
Rz Rz
1¢ Ri=Me, R;=OMe 3a-c
Rl _N,NHAI' R‘ e Rl NH
(MeO),p —— MeO)P— | Meoyp— |
(', 0] ~MeOH (") N (") N
R; “HO  Ar o Car
3a-c OH tautomer S5a-¢c NH tautomer
3 5 Ar
ad a Ph (MeO),P NHAr
(") o
R,
b b CgHg-4-NOo 4
c c CgH3~2,4-(NO3)y

2 3a was not Isolated.

SCHEME I1
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conditions, whereas 2-dimethoxyphosphonyl-1,3-diphenyl-1,3-propanedione (1b)
only reacts in the presence of HCIO, as a catalyst. Pyrazoles (2a—e) were isolated
after drying with MgSO, their acetonitryl solutions and were purified by recrys-
tallization (Table I).

Pyrazoline-5-one (5a) was obtained in a similar manner from methyl 3-di-
methoxyphosphonyl-4-oxobutyrate (1c) and phenylhydrazine at ambient temper-
ature (Scheme II). Less nucleophilic 4-nitro and 2,4-dinitrophenyl substituted hy-
drazines lead under the same conditions to intermediate hydrazones (3b, ¢). Their
'H n.m.r. spectra confirmed the hydrazonic form (Table IT). Their trans structure
follows from the *C n.m.r. spectra: 8(CH;) 15.0 ppm in 3b and 16.0 ppm in 3c,
while for methyl 2-(phenylhydrazono)-4-oxobutyrate the 8(CH,;) signal is at 16.1
ppm in the trans and at 24.7 ppm in the cis isomer.'® Obviously heating at 120°C
was necessary for the isomerisation of the trans isomer (3) into the cis isomer (4),
in which cyclization may occur. After drying, the title compounds (5a—c) were
purified by recrystallisation. We failed to improve yields of 5b, ¢ using a one-pot
reaction.

Unlike in 1-phenyl-3-methylpyrazoline-5-one!'*?° only OH tautomers (5a—c)
are observed in CDCIl, solution, which is evident from IR and 'H n.m.r. spectro-
scopic data. The low-frequency shift of the P—=O group absorption in the IR spectra
(CDCl;, 0.1-0.01 M) is attributed to the strong intramolecular hydrogen bonding.
5a, b crystallise from solutions as OH tautomers, 5¢ as NH tautomer. Heating of
the OH tautomer 5b at the melting point (135°C) causes a tautomeric transition
into the NH tautomer with a higher melting point (168-170°C). A subsequent
fusion of latter followed by cooling gives again the OH tautomer of 5b.

In summary 2-dimethoxyphosphonyl-1,3-dicarbonyl compounds are key building
blocks for the synthesis of dialkoxyphosphonyl substituted pyrazoles (2a—e) and
pyrazoline-5-ones (5a—c).

EXPERIMENTAL

IR spectra were recorded on a Specord-75 spectrometer. 'H n.m.r. spectra were obtained on a Tesla-
BS 467A (60 MHz), and *'P n.m.r. spectra recorded on a 8 MHz spectrometer. Melting points were
determined on a Kofler melting point apparatus and are uncorrected.

2-Dimethoxyphosphonyl-1,3-dicarbonyl compounds (la-c) were prepared by the method described
by us earlier.'®!” Hydrazines were commercial reagents. Acetonitrile was distilled from phosphorus
pentoxide. Diglyme was distilled under reduced pressure.

1-Aryl-4-(dimethoxyphosphonyl)-3,5-dimethylpyrazoles (2a—c), methyl 2-(arylhydrazono)-3-(dimethox-
yphosphonyl)-4-oxobutyrates (3b, ¢) and 1-phenyl-3-methyl-4-(dimethoxyphosphonyl)-pyrazoline-5-one
(5a). A solution (or suspension) of the hydrazine (1 mmol) in CH,CN (5 ml) was added at once to a
solution of the 2-(dimethoxyphosphonyl)-1,3-dicarbonyl compound (1a—¢) (1 mmol) and the mixture
was stirred at room temperature for 0.5 h. After drying over MgSO, the mixture was filtered, washed
with CH;CN (3 ml) and the solvent was then evaporated. The crude product (2a) was chromatographed
on silica gel (100-160 um, column 15 1 cm, ethylacetate); 2b, ¢ and 3b, ¢ were purified by suction and
recrystallized from MeOH, 5a from CH;CN.

1-Aryi-4-(dimethoxyphosphonyl)-3,5-diphenylpyrazoles (2d, e). A few drops of 70% HCIO, were added
to a mixture of the hydrazine (1 mmol) and the diketone (Ib) (3.32 g, 1 mmol) and the mixture was
stirred at room temperature for 10 min. Then NaHCO, (0.1 g) was added. After drying over MgSO,
the mixture was filtered, washed with CH,CN (3 ml) and solvent was then evaporated. The crude
products (2d, e) were purified by suction and recrystallized from MeOH.



12: 44 29 January 2011

Downl oaded At:

58

A. V. KHOTINEN and A. M. POLOZOV

1-Aryl-3-methyl-4-(dimethoxyphosphonyl)-pyrazoline-5-ones (5b, ¢). A suspension of the hydrazine (1
mmol) in diglime (10 ml) was added at once to a solution of the methyl 3-(dimethoxyphosphonyl)-2-
oxobutyrate (1c) in diglime (5 ml) and the mixture was stirred at room temperature for 0.5 h. After
drying over MgSO, for 0.5 h the mixture was filtered, washed with CH;CN (3 ml) and heated at 120°C
under nitrogen bubbling for 0.5 h. After drying over MgSQ,, the solvent was evaporated under reduced
pressure. The crude products (5b, ¢) were purified by suction and recrystallized from CH,CN.
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