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Studies on Heterocyclic Compounds. XIV.» 1,3-Dipolar Cycloaddition
Reaction of Dimethyl Acetylenedicarboxylate with Phenylhydrazones®
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1,3-Dipolar cycloaddition of aldehyde hydrazones with dimethyl acetylenedicar-
boxylate without solvent gives rise to dimethyl 1,3-diphenylpyrazole-4,5-dicarboxylate,
and in some cases trimethyl 1-phenylpyrazole-3,4,5-tricarboxylate as a by-product. In
case of p-chloro- and p-methoxy-benzaldehyde phenylhydrazone, dimethyl 1-phenyl-3-(p-
substitutedphenyl)pyrazoline-4,5-dicarboxylate is formed. In dimethylformamide as a
solvent, the reaction gives the same product in a similar yield. Although, when ethanol
is used as a solvent, a small amount of the product is formed.

Huisgen, et al.%® reported the formation of pyrazole derivatives by the 1,3-dipolar cyclo-
addition of nitrilimide and dimethyl acetylenedicarboxylate. A photochemical formation
of pyrazole derivatives from the 1,3-dipolar cycloaddition of sydnone or tetrazole with dimethyl
acetylenedicarboxylate was reported by Angadiyavar and George.®) Brown? also reported
that reaction of phosphorus ylides with dimethyl acetylenedicarboxylate yield a pyrazole
derivatives. Other reports®? also suggested the pyrazole ring formation from hydrazone
derivatives.

In this report we describe the direct reaction of benzaldehyde phenylhydrazone and its
derivatives (Ia—I) with dimethyl acetylenedicarboxylate to form pyrazole derivatives (ITa—c,
e—1; III).

Fusion of Ia with 1.5 equivalent of dimethyl acetylenedicarboxylate under nitrogen gave
dimethyl 1,3-diphenylpyrazole-4,5-dicarboxylate (IIa; 8%,) and trimethyl 1-phenylpyrazole-
3,4,b-tricarboxylate (III; 359%). This compound showed mp 88° »s., 1730 cm™! (ester),
ABOE 260 nm. (e 5400); NMR: 6 3.80 (ester), 3.98 (ester), 7.46 (aromatic protons), and M+
318.1  These values are different from those reported for trimethyl 1-phenylpyrazole-3,4,5-
tricarboxylate; mp 194°, v, 1735, 1705, and 1645 cm—1, 22% 294 nm (¢ 16.700). III was
obtained by the use of phenylhydrazone (R3<H) in rather a small yield. In the case of Ib,
Ic, and 1d, yield of III was 0.2%,, 109, and 109%,, respectively. - This reaction was attempted
in ethanol and the yield of the pyrazole (IIa) was reduced to 49,. IIa had already been
obtained from diphenylnitrilimine with dimethyl acetylenedicarboxylate by thermal® or
by photochemical® 1,3-dipolar cycloaddition reaction of 2,5-diphenyltetrazole with dimethyl
acetylenedicarboxylate.
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In the case of p-nitrobenzaldehyde phenylhydrazone, methyl cis-p-nitrocinnamate!®
{IV) was formed in a small amount with a moderate yield of the main product (ITb; 329,).
"This reaction was attempted in dimethylformamide and IIb was obtained in 169 yield without
any by-products. In the case of p-chloro- and p-methoxybenzaldehyde phenylhydrazone,
the desired pyrazole (Ilc, IId) was obtained in a poor yield (6%, 09%,). Instead of pyrazole,
there was obtained dimethyl 1-phenyl-3-(p-substituted phenyl)pyrazoline-trans-4,5-dicar-
boxylate (Vc, d). The configuration at the 4- and 5-positions was confirmed from their
J value (5 Hz) in nuclear magnetic resonance (NMR) spectra.'® . . -

In the case of p-nitrophenylhydrazone (Ie—l), the.pyrazole derivatives (IIe—I) were
obtained in a moderate yield without any by-products (III, IV, and V) (Table).

These reaction mechanisms may be represented by the sequence shown in Chart 2. The
first step of the reaction may be represented by two ways a and b. The route a is the oxidation
of hydrazone by dimethyl acetylenedicarboxylate to form 1,3-dipole (4).131% This was
supported by the fact that pyrazoline (Vc, d) was remained in the reaction mixture with excess
dimethyl acetylenedicarboxylate. The second step of the cyclization-of A went with dimethyl
acetylenedicarboxylate to form the pyrazole ring (II). When R? group is an electron-donating
substituent (OCHj, Cl), the proton elimination of the hydrazone was difficult and a pyrazoline
{Vc, d) was formed. In this case, cyclization occurred by the intermolecular electron transfer
between I and dimethyl acetylenedicarboxylate to form the pyrazoline (Vc, d) through the
Toute b via an intermediate B. A retro Diels—Alder reaction of the intermediate B and

11) G.P. Newsoroff and S. Sterngell, Aust. J. Chem., 21, 747 (1968).

12) A. Hassner and M.J. Michelson, J. Org. Chem., 27, 3974 (1962).
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dimethyl acetylenedicarboxylate lead through an intermediate C to trlmethyl 1- phenylpyrazole—
3,4,5-tricarboxylate (III) and methyl cinnamate (IV)

Experimental

Temperatures are uncorrected. NMR spectra were measured in CDCl, with a Varian T-60 spectrometer
with Me,Si as an internal standard. Mass spectra were measured with JEOL-OIS spectrometer by a
direct inlet system at 75 eV. ' '

Reaction of Benzaldehyde Phenylhydrazone (Ia) with Dimethyl Acetylenedicarboxylate——a) Without
Solvent: A mixture of Ia (1.0 g8) and dimethyl acetylenedicarboxylate (1.08 g) was heated at 120—140° for
3 hr under nitrogen atmosphere. The red-brown colored mass was dissolved in benzene and chromatogra-
phed on silica gel with a mixture (4: 1) of petr. ether and benzene. From the first eluate, there was obtained
0.14 g (8%) of dimethyl 1,3-diphenylpyrazole-4,5-dicarboxylate (IIa) as colorless needles, mp 154.5—155°
(EtOH). Reported mp 153—154°,9 156°.9) Anal, Calced for C;,H;;O,N,: C, 67.85; H, 4.80; N, 8.33. Found:
C, 67.92; H, 4.79; N, 8.26. IR X% cm—1: 1730 (CO), 1590 (phenyl). UV AZ% nm (¢): 238 (8500). NMR
0 (ppm): 3.82 (3H, singlet, COOCH,), 3.85 (3H, singlet, COOCH,), 7.20—7.97 (10H, broad, aromatic protons).
Mass Spectrum m/fe: 336 (Mt).

Subsequent elution of the column w1th petr. ether and benzene (7: 3) gave 0.54 g (35%) of trlmethyl
1-phenylpyrazole-3,4,5-tricarboxylate (III) as colorless fine needles, mp 88°. Anal. Calcd. for C;;H,,0,N,:
C, 56.60; H, 4.43; N, 8.80. Found: C, 56.62; H, 4.40; N, 8.67.. IR »ii; cm: 1730 (CO), 1595 (phenyl).
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TasrLe I. Dimethyl 1-(3,4-Substitutedphenyl)-3-(4-nitrophenyl)-
pyrazole-4,5-dicarboxylate (ITe—1)

Yield (%)
Compound R R2 RS mp °C (recovery of IR »EBr cm-1 UV jmon

No. the starting CO phenyl max DI ()
material)
Te H H NO, 115 6(43) 1735 1605 224 (25400)306(15500)
(colorless fine needles) 1715 1595
1t NO, H NO, 207—208 16(47) 1730 1590  301(16600)
(yellow fine needles)
Ig Cl H NO, 146 14(36) 1730 1595  226(24400) 246 (2440)
(colorless fine needles) 1720 306(16100)
ITh CH; H NO, 125—127 12(17) 1725 1595  243(10500)312(6400)
(colorless finie needles)
Ii CH(CH,), H NO, 134—135 12(35) 1725 1600  244(14200)312(8200)
(pale yellow prisms)
Tj OCH, H NO, 162 7(30) 1725 1600  258(11100)323(5000)
(colorless fine needles) 1720
Ik OCH; H NO, 135—136 4(29) 1735 1590  258(11500)323(5100)
(pale yellow fine needles) 1720 '
Il OCH, OCH; NO, 155 12(15) 1725 1605  264(9100) 317(4000)
(pale yellow needles) 1595
Analysis (%)
Compound Formula Mass
p Spectrum /e Calcd. Found NMR & ppm (CDCl,)
No. (M+)
C H N C H N
Tle CioH;;0,N;  59.84 3.96 11.02 59.72 3.97 11.18 3.85 (3H, s, COOCH,), 3.95 (3H, s,
(381) COOCH,), 7.30—8.50 (9H, br, aromatic
protons) ’
If C,H,OgN,  53.53 3.31 13.14 53.42 3.20 12.96 3.90 (38H, s COOCH,), 3.95 (3H, s,
(426) COOCH,), 7.70—8.60 (8H, m, aromatic
protons)

Iig CioH1,ON,Cl 54,89 3.39 10.11 54.90 3.35 10.09 3.90 (3H, s, COOCH,), 3.97 (3H, s,
(415) COOCH,), 7.31—8.58 (8H, m, aromatic

protons)
Th CyoH,;0,N, 60.76 4.33 10.63 60.99 4.35 10.79  2.40 (3H, s, CH,), 3.83, 3.92 (61, s,

(395) (COOCH,),), 7.25 (2H, d, J=8 Hz),
. 1.60 (2H. d, J=8 Hz), 7.70 H, d, J=
9 Hz), 8.33 (2H, d, J=9 Hz)
Ti Co,H, 00Ny 62.41 5.00 9.92 62.35 4.97 9.99 1.23 (3H, s, CH}), 1.36 (3H, s, CIL,),
(423) " 2.98 (1H, q, -CH-), 3.85 (3H.s,
COOCH,), 3.92 (3H, s, COOCH,), 7.30
(2H, d, J=17 Hz), 7.70 (2H. d, J=7 Hz),
7.72, 8.35 (4H, d-d, J=9 Hz)

-

I CooH,,0,N;  58.40 4.17 10.21 58.15 4.23 10.32  3.90 (9H, s, OCH,), (COOCH,),), 6.97
(411) (2H, d, /=9 Hz),7.64 (2H, d, ] =2 Hz),
7.80 (2H, d, J=2 Hz), 8.37 (2H, 4, J=
9 Hz)
Tk Gy HsO,N;  59.29 4.50 9.88 59.00 4.41 10.01  1.45 (8H, t, OCH,CH,), 3.88 (3H, s,
(425) COOCH,), 3.92 (3H, s, COOCH,), 3.98

(2H, q, OCH,CH,), 6.97 (2H, d, [=9
Hz), 7.65 (2H, d, J=2 Hz),7.80 (2H, d,
J=2Hz), 8.36 (2H, d, J=9 Hz)
it} CyH,gOsN,  57.14 4.34 9.52 56.86 4.34 9.65 3.91 (12H, s, (OCH,),, (COOCH,),), 6.90
(441) (1H, d, J=9 Hz), 7.30 (2H), 7.70 (2H,
d, J=9'Hz), 8.32 (2H, d, J=9 Hz)
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UV 2E% nm (e): 250 (5400). NMR ¢ (ppm): 3.80 (3H, singlet, COOCHy), 3.98 (6H, singlet, (COOCH,),),
7.46 (5H, singlet, aromatic protons). Mass Spectrum m/e: 318 (M*).

b) In Ethanol: A mixture or Ia (5.0 g) and dimethyl acethylenedicarboxylate (5.5 g) in ethanol (30 ml)
was heated under reflux for 4 hr. After evaporation of the solvent, the residue was chromatographed on
silica gel to obtain 0.32 g (4%) of Ila, mp and mixed mp 155°.

Reaction of p-Nitrobenzaldehyde Phenylhydrazone (Ib) with Dimethyl Acetylenedicarboxylate a)
‘Without Solvent: A mixture of Ib (6.0 g) and dimethyl acetylenedicarboxylate (7.0 g) was heated at 140—150°
for 3 hr under nitrogen. Resulted brown mass was chromatographed on silica gel with petr. ether and ben-
zene. From the first eluate (9: 1) 0.14 g of methyl cis-p-nitrocinnamate (IV) was obtained. mp 91°. Aunal.
Caled. for C,(H,O,N: C, 57.97; H, 4.38; N, 6.76. Found: C, 57.76; H, 4.33; N, 6.64. IR »3i cm~': 1723
(CO), 1640 (C=C), 1600 (phenyl). NMR J (ppm): 3.72 (8H, singlet, COOCH,), 6.12 (1H, doublet, J=12.5 Hz,
=(5POCHs), 7,05 (1H, doublet, J=12.5 Hz, “6lis>=), 7.67, 8.24 (4H, d-doublet, J=9 Hz, aromatic protons).
Mass Spectrum mfe: 207 (M),

From the second eluate (4: 1), there was obtained 3.0 g (329%) of dimethyl 1-phenyl-3-(4-nitrophenyl)-
pyrazole-4,5-dicarboxylate (IIb) as colorless fine needles, mp 124°. Anal. Caled. for C,yH,;;04N;: C, 59.84;
H,3.96; N, 11.02. Found: C, 60.38; H, 3.98; N, 10.99. IR »5 cm~': 1730 (CO), 1600 (phenyl). UV AZ0F
nm (g): 218 (14500), 294 (10100). NMR § (ppm): 3.87 (8H, singlet, COOCH,), 3.90 (3H, singlet, COOCHj),
7.55 (5H, singlet, aromatic protons), 8.00 (2H, doublet, /=9 Hz), 8.34 (2H, doublet, J=9 Hz). Mass
Spectrum m/e: 381 (M+). ;

Further elution of the column with a mixture (7: 3) of petr. ether and benzene yielded 0.03 g (0.2%)
of III, mp and mixed mp 88°.

b) In Dimethylformamide: A mixture of Ib (1.2 g) and dimethyl acetylenedicarboxylate (1.06 g)
in dimethylformamide (10 ml) was heated under refiux for 3 hr. After evaporation of the solvent, the residue
was chromatographed on silica gel to obtain 0.3 g (16%) of IIb, mp and mixed mp 124°.

Reaction of p-Chlorobenzaldehyde Phenylhydrazone (Ic) with Dimethyl Acetylenedicarboxylate——A
mixture of Ic (2.3 g) and dimethy! acetylenedicarboxylate (2.13 g) was heated at 150—160° for 3 hr under
nitrogen. Resulted brown mass was chromatographed on silica gel with a mixture (4: 1) of petr. ether
and benzene. From the first eluate, there was obtained 0.22 g (6%) of dimethyl 1-phenyl-3-(4-chlorophenyl)-
pyrazole-4,5-dicarboxylate (IIc) as colorless fine needles, mp 73°. Anal. Calcd. for C,oH,;;0,N,Cl: C, 61.55;
H, 4.08; N, 7.56. Found: C, 61.58; H, 4.13; N, 7.40. IR »E2 cm~': 1730, 1710 (CO), 1595 (phenyl). UV
AEOE nm (g): 247 (12600). NMR & (ppm): 3.75 (3H, singlet, COOCH,;), 3.80 (3H, singlet, COOCH,), 7.35
(2H, doublet, J=9 Hz), 7.50 (5H, singlet, aromatic protons), 7.75 (2H, doublet, /=9 Hz). Mass Spectrum
mfe:.370 (M*).

After repeated recrystallization and mechanical separation of IIc, there was obtained 0.39 g (11%) of
dimethyl 1-phenyl-3-(4-chlorophenyl)pyrazoline-trans-4,5-dicarboxylate (Vc) as yellow prisms, mp 186°.
Amnal. Caled. for C,,H,,0,N,Cl: C, 61.21; H, 4.60; N, 7.51. Found: C,61.21; H, 4.65; N, 7.35. IRw»3; cm1:
1735 (CO), 1600 (phenyl). UV 2E%E nm (g): 246 (27400), 297 (11000), 363 (25300). NMR 6 (ppm): 3.70
(8H, singlet, COOCHj,), 3.75 (3H, singlet, COOCHS,), 4.50 (1H, doublet, /=5 Hz, 4-H), 5.20 (1H, doublet,
J=5Hz, 5-H), 6.70—7.90 (9H, broad, aromatic protons).

From the further eluate (7: 8), 0.3 g (109%) of III was obtained, mp and mixed mp 88°.

Reaction of p-Methoxybenzaldehyde Phenylhydrazone (Id) with Dimethyl Acetylenedicarboxylate——A
mixture of Id (2.26 g) and dimethyl acetylenedicarboxylate (2.13 g) was heated at 150-—160° for 3 hr under
nitrogen. Resulted brown mass was chromatographed on silica gel with a mixture (4: 1) of petr. ether and
benzene. From the first eluate, there was obtained small amount of dimethyl 1-phenyl-3-(4-methoxyphenyl)-
pyrazoline-4,5-dicarboxylate (Vd) as colorless prisms, mp 152—153°.  A#nal. Caled. for C,gH;0;N,: C, 65.21;
H, 5.47; N, 7.60. Found:C, 64.81; H, 5.43; N, 7.81. IR »E; cm~1: 1730 (CO), 1595 (phenyl). UV A% nm
(e): 248 (12900), 304 (8700), 355 (15900). NMR 6 (ppm): 3.70 (3H, singlet, COOCH,), 3.75 (3H, singlet,
COOCH,), 3.85 (3H, singlet, OCH,), 4.50 (1H, doublet, /=5 Hz, 4-H), 5.15 (1H, doublet, j=5 Hz, 5-H),
6.70—7.95 (9H, broad, aromatic protons). Mass Spectrum mje: 368 (M),

Further elution of the column yielded 0.29 g (10%) of I1I, mp and mixed mp 88°.

General Procedure for Dimethyl 1-(3,4-Substituted)-3-(4-nitrophenyl)pyrazole-4,5-dicarboxylate (Ile—I)
(Table) A mixture of Ie—I1 and 1.5 molar equivalent of dimethyl acetylenedicarboxylate was heated at
140—220° for 3 hr under nitrogen. Resulted brown mass was treated with benzene to separate a starting
material as a precipitate, and the filtrate was chromatographed on silica gel to yield pyrazole derivatives
(ITe—1).
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