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The reaction of ethyl chloroglyoxylate phenyl hydrazone and diphenyl hydrazonyl chloride with several
carboalkoxymethylene triphenylphosphoranes has been examined. The products isolated correspond to N-
phenyl-3-carboalkoxy-5-alkoxy substituted pyrazoles. The mechanism advanced to account for the formation
of the products involves the stepwise addition of a nitrile imine intermediate with the Wittig reagent.
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The widespread use of the 1,3-dipolar cycloaddition
reaction stems in part from the frequent need to syn-
thesize five-membered heterocyclic rings and the custom-
arily high efficiency of such cycloadditions [1]. 1,3-Dipoles
can be classified into two major types: (1) those with inter-
nal octet stabilization, where a mesomeric formula can be
drawn such that the central atom of the dipole has a posi-
tive charge and all centers have completely filled valences
and (2) those without internal octet stabilization where
each mesomeric form has an electron sextet [2]. By far the
more common group of dipoles is the former, mainly be-
cause the dipoles in the second group are all unstable and
must be prepared in situ. In recent years our interest has
focused on the chemistry of the octet stabilized ¢lass of di-
poles known as the nitrilium betaines [3). This class of
1,3-dipoles always contain nitrogen as the middle atom
since only this element can supply an unshared electron
pair while in the trivalent neutral state. Among the possi-
ble geometric forms of a nitrilium betaine, a carbene
structure can can be envisaged which makes conceivable a
1,1-cycloaddition of this class of 1,3-dipoles [4). Results
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from our laboratory have shown that there are two path-
ways by which nitrilium betaines can react with multiple 7
bonds [5-9). The most frequently encountered path in-
volves a *‘parallel plane approach of addends’’ and can be
considered to be an orbital symmetry-allowed [4+ 2] con-
certed process. The other path, designated as 1,1-cycload-
dition, operates only in certain intramolecular cases. It oc-
curs when the orbitals of the dipolarophile have been de-
liberately constrained to attack perpendicular to the
nitrile ylide plane.

Nitrile ylides are a long known and thoroughly investi-
gated member of the nitrilium betaine family [10]. This
class of dipoles has traditionally been prepared by (a)
treatment of imidoyl halides with base [11], (2) photolysis
of carbene precursors in nitrile solvents [12), (3) desilyla-

tion of silyl substituted thioimidates [13] and (4) photolysis
of aryl-substituted azirines [14,15]. One of the more inter-
esting methods for generating nitrile ylides involves the
photochemical elimination of phosphoric acid esters from
4,5-dihydro-1,3,5-0xazaphospholes 3 [16]. This reaction
proceeds vie the initial formation of a 2H-azirine inter-
mediate 4 which is further converted to the nitrile ylide 5
by a photochemical cleavage reaction [17]. The overall
process represents a novel conversion of one dipole into
another.
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In searching for new routes to interconvert 1,3-dipoles,
we became interested in studying the reaction of Wittig re-
agents with hydrazonyl chlorides. By analogy to the results
encountered with nitrile oxides, we hoped that the reac-
tion of a nitrile imine with a Wittig reagent would gener-
ate a 1,3-diazophosphole. Elimination of triphenyl phos-
phine oxide was expected to proceed analogously to the
results encountered in the oxygen series and produce a
nitrile ylide intermediate. This would then constitute a
method for converting nitrile imines into nitrile ylides.

Results and Discussion.

As our first model we chose to investigate the reaction of
the nitrile imine derived from ethyl chloroglyoxylate phen-
ylhydrazone (6) with carboethoxymethylene triphenylphos-
phorane (7). In contrast to the reaction of nitrile oxides
with methylene triphenylphosphoranes, no signs of a phos-
phorous adduct could be detected in this reaction. In-
stead, the only material isolated (84%) was identified as
N-phenyl-3-carboethoxy-5-ethoxypyrazole (8), mp 86-87°;
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nmr {deuteriochloroform, 90 MHz): § 1.48 (t, 3H, ] = 6.0
Hz), 1.51 (t, 3H, J = 6.0 Hz), 4.26 (q, 2H,J = 6.0 Hz), 4.49
(q, 2H, J = 6.0 Hz), 6.25 (s, 1H) and 7.3-7.9 (m, SH). Struc-
ture 8 was verified by an independent synthesis which
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involved the treatment of diethyl acetylenedicarboxylate
with phenylhydrazine. The conjugate addition product 11
was subjected to an acid induced cyclization reaction to
give pyrazole 8.

In order to provide some information regarding the
mechanism of the reaction, we needed to distinguish be-
tween the two carboethoxy groups on the pyrazole ring.
This was accomplished by studying the reaction of the
closely related carbomethoxymethylene triphenylphos-
phorane 9 with the nitrile imine derived from 6. The only
product obtained from this reaction was identified as
N-phenyl-3-carbomethoxy-5-methoxypyrazole (10). The
structure of this material was assigned on the basis of its
spectral properties and by comparison with an independ-
ently synthesized sample. The cyclized pyrazole 13 deriv-
ed from the reaction of phenyl hydrazine and dimethyl
acetylenedicarboxylate was converted to 10 by the hy-
drolysis-esterification sequence outlined in Scheme L.
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Attention was next turned to the reaction of diphenylhy-
drazonyl chloride (14) and carboethoxymethylene triphen-
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ylphosphorane (7). The major product isolated in 88%
yield was identified as 1,3-diphenyl-5-ethoxypyrazole (15)
on the basis of its spectroscopic data (see Experimental
Section). A similar reaction occurred when 14 was treated
with phenyl carboethoxymethylene triphenylphosphorane
(16) in the presence of triethyl amine. The only product
isolated here was pyrazole 17 in 90% isolated yield. At-
tempts to obtain other pyrazoles from the reaction of hy-
drazonyl chlorides 6 or 14 with a series of nonstabilized
methylene phosphoranes failed.
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All of the above reactions can be rationalized in terms of
a mechanism which involves the stepwise attack of the
phosphorane onto the intially generated nitrile imine
intermediate. The hydrazonyl anion portion of the result-
ing zwitterion ion 18 attacks the adjacent carbonyl group
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to give intermediate 19. This is followed by elimination of
triphenylphosphine oxide and generation of the pyrazole
ring. The reason why zwitterion 18 does not collapse to
produce diazophosphole 20 is presumably related to the
weakness of the developing nitrogen-phosphorus bond.

EXPERIMENTAL

Melting points were determined on a Thomas-Hoover capillary
melting point apparatus and are uncorrected. Infrared spectra were run
on a Perkin Elmer Model 283 infrared spectrometer. Proton nmr spectra
were obtained on a Varian EM-390 and Jeol 100-MHz spectrometer. The
1*C-nmr spectra were recorded on an IBM-200 MHz spectrometer. Micro-
analyses were performed at Atlantic Microlabs, Atlanta, Ga. Mass spectra
were determined with a Finnegan 4000 mass spectrometer at an ionizing
voltage of 70 eV.

Treatment of Carboethoxy (7) and Carbomethoxymethylene Triphenyl-
phosphorane (9) with Ethyl Chloroglyoxylate Phenylhydrazone () in the
Presence of Triethylamine.
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To a stirred solution containing 1.5 mmoles of carbomethox-
ymethylene triphenylphosphorane (9) and 1.5 mmoles of ethyl chlorogly-
oxylate phenylhydrazone (6) in 30 m! of benzene at 25° was added 1 ml of
triethylamine and the solution was allowed to stir for 6 hours. Filtration
of the reaction mixture followed by evaporation of the solvent gave a
light yellow oil which was subjected to silica gel chromatography using a
10% ethyl acetate in hexane as the eluent. The major fraction contained
a crystalline solid which was recrystallized from ether-hexane mixture to
give a 93% yield of N-phenyl-3-carboethoxy-5-methoxypyrazole (10) as a
white solid, mp 58-59°; ir (potassium bromide): 3080, 3030, 3000, 2950,
1722, 1600, 1570, 1510, 1460, 1425, 1235, 1165, 1110, 1050, 1030, 990,
765, 700 and 670 cm™"; nmr (deuteriochloroform, 90 MHz): 5 1.40 (t, 3H,
J = 6.0 Hz), 4.00 (s, 3H), 4.34 (g, 2H,] = 6.0 Hz), 6.20 (s, 1H) and 7.3-7.8
(m, SH).

Anal., Calcd. for C,;H,,N,0,: 63.40; H, 5.73; N, 11.38. Found: C, 63.39%;
H, 5.74; N, 11.38.

An authentic sample of 10 was prepared by the following method. To
an ether solution (50 ml) containing 1.3 g of dimethyl acetylenedicarbox-
ylate was slowly added 1.00 g of phenylhydrazine in 10 ml of ether [18].
The mixture was stirred for 1 hour at 25° and the solvent was then
removed under reduced pressure. The yellow solid (12) that remained
was taken up in 25 ml of tetrahydrofuran and the mixture was heated at
reflux for 1 hour after the addition of several drops of concentrated hy-
drochloric acid. Removal of the solvent left a yellow oil which was
purified by silica gel chromatography using a 4:1 hexane-ether mixture
as the eluent to give 0.86 g (92%) of a crystalline solid, mp 75-76°, whose
structure was assigned as methyl S5-methoxy-N-phenylpyrazole-3-
carboxylate (8). This material was saponified to the corresponding car-
boxylic acid by heating in a basic aqueous methanol solution, The
resulting carboxylic acid was taken up in ethanol and heated with a trace
of concentrated hydrochloric acid to give N-phenyl-3-carboethoxy-5-
methoxypyrazole (10), mp 58-59°, which was identical in every detail with
the reaction of Wittig reagent 9 and the hydrazonyl chloride 6.

A similar set of reaction conditions were used to prepare N-phenyl-3-
carboethoxy-5-ethoxypyrazole (8) in 84% yield, mp 86-87°; ir (potassium
bromide): 3080, 3030, 2990, 2950, 2900, 1735, 1600, 1570, 1510, 1460,
1405, 1240, 1160, 1040, 905, 775 and 700 cm™*; nmr {(deuteriochloroform,
90 MHz): 6 1.48 (1, 3H,J = 6.0 Hz), 1.51 (1, 3H,] = 6.0 Hz), 4.26 (¢, 2H,J
= 6.0 Hz), 4.49 (g, 2H, ] = 6.0 Hz), 6.25 (s, 1H) and 7.3-7.9 (m, SH).

Anal., Caled. C, ,H,,N,0,: C, 64.60; H, 6.20; N, 10.76. Found: C, 64.63;
H, 6.22; N, 10.76.

An authentic sample of this material was prepared by treating diethyl
acetylenedicarboxylate with phenylhydrazine and then subjecting the
resulting adduct 11 to an acid catalyzed cyclization using the method
described for the preparation of pyrazole 13.

Treatment of Diphenyl Hydrazonyl Chloride (14) with Carboethoxymeth-
ylene Triphenylphosphorane (7) in the Presence of Triethylamine.

To a stirred mixture containing 1.5 mmoles of carboethoxymethylene
triphenylphosphorane 7 and 1.5 mmoles of diphenyl hydrazonyl chloride
(14) in 30 ml of benzene at 25° was added 1 ml of triethylamine. The
solution was allowed to stir for 6 hours and was filtered. The residue
which was obtained on removal of the solvent was purified by silica gel
chromatography to give 1,3-diphenyl-5-ethoxypyrazole (15) in 88% yield;
ir (potassium bromide): 3070, 3040, 2990, 2940, 2910, 1600, 1565, 1500,
1450, 1400, 1300, 1250, 1155, 1100, 1045, 835, 750 and 700 cm™; nmr
(deuteriochloroform, 90 MHz): § 1.50 (t, 3H,J = 6.0 Hz), 4.26 (g, 2H,] =
6.0 Hz), 6.00 (s, 1H) and 7.2-7.8 (m, 10H).
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Anal. Caled. for C,H,\N,0: C, 77.25; H, 6.10; N, 10.60. Found: C,
77.18; H, 6.09; N, 10.62.

Treatment of Dihenyl Hydrazonyl Chloride (14) with Phenyl Carbo-
ethoxymethylene Triphenylphosphorane (16) in the Presence of Triethyl-
amine.

To a stirred solution containing 1.5 mmoles of diphenyl hydrazonyl
chloride (14) and 1.5 mmoles of carboethoxymethylene triphenylphos-
phorane (16) in 30 ml of benzene at 25° was added 1 ml of triethylamine.
The solution was allowed to stir for 6 hours and was filtered. The residue
obtained upon removal of the solvent under reduced pressure was sub-
jected to silica gel chromatography. The major fraction contained a
white crystalline solid, mp 141-142° (90% yield), whose structure was
assigned as 1,3,4-triphenyl-5-ethoxypyrazole (17); ir (potassium bromide):
3070, 3030, 2990, 2940, 1600, 1490, 1440, 1370, 1320, 1240, 1200, 1100,
1000, 975, 755 and 700 cm™; nmr (deuteriochloroform, 90 MHz) 6 0.85 (t,
3H,J = 6.0 Hz), 3.93 (q, 2H, ] = 6.0 Hz) and 7.0-7.8 (m, 15H).

Anal. Caled. for C,,H,N,0: C, 81.15; H, 5.92; N, 8.23. Found: C, 81.10;
H, 5.90; N, 8.22.
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