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Abstract : Microwave irradiation induces the thermal isomerization of pyrazolyl hydrazones
to the corresponding azomethine imines which undergo 1,3-dipolar cycloaddition with electron-poor
dipolarophiles in a few min with good yields. By classical heating, several dipolarophiles do not react
in comparable reaction conditions. Regiochemistry of bipyrazoles obtained from unsymmetrical
dipolarophiles has been inferred by spectroscopic experiments. © 1998 Elsevier Science Lid. All rights
reserved.

The first series of bipyrazoles were synthesized in 1893." Since then many bipyrazolyl derivatives have
been reported in the literature.> Some of them were shown to be useful compounds as potential
antiinflamatory agents,” cytotoxic agents,* insecticides,’ herbicides,® fungicides,” and in the photographic and
paint industry.®

In most cases, bipyrazolyl derivatives have been synthesized by cyclization reactions.” However, 1,3-
dipolar cycloadditions are one of the most versatile tools for the construction of five-membered heterocycles,'®
and bipyrazoles have been also prepared through these reactions using diarylnitrilimines'’ or
diazocompounds'? as reagents.

Hydrazones give a thermal 1,2-hydrogen shift to afford azomethine imine intermediates that can undergo
a 1,3-dipolar cycloaddition, as it is known since 1978." Recently it has been described that a protonated
substrate can intramolecularly assist, if a carbonyl group is present in an adequate position, the hydrazone-
azomethine imine isomerization under mild conditions.!* However, in most cases the intermolecular
cycloaddition of thermally generated azomethine imines with very activated dipolarophiles must be performed
under reflux in high-boiling solvents (e.g., xylene) with long reaction times (several hours or days)."* This
reduces the synthetic utility of the reaction.

Microwave irradiation in solvent-free conditions has well demonstrated its utility as the energy source in

many organic reactions,'® including 1,3-dipolar cycloadditions.'” The rapid heating induced by the radiation
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leads to the formation of products under mild reaction conditions with short reaction times, thus, sometimes,
increasing the yield.

In this paper we report a new approach for the preparation of bipyrazolyl derivatives by 1,3-dipolar
cycloaddition under microwave irradiation. The radiation produces the thermal isomerization of the pyrazolyl
hydrazones 1, 2, 16 or 17 to the corresponding azomethine imines. These intermediates undergo 1,3-dipolar
cycloaddition with double or triple bonded dipolarophiles to afford [4,3°] or [5,3°] bipyrazolyl adducts in 10-
45 min with 30-84% yield. The reaction we describe permits, together with the study of the periselectivity, the
synthesis of useful compounds such as bipyrazoles in good yields by a useful and clean synthetic methodology.

RESULTS AND DISCUSSION
4-Pyrazolyl hydrazones 1 or 2 reacted with electron-poor dipolarophiles, such as 3-6, under microwave
irradiation within 10-45 min affording the [4,3’]-bipyrazoles 7-13. Reaction conditions and results are
summarized in the Table 1.

o NH  NE
0, — ST,
N
b hh
1, R=H r,R=H
2, R=NO, 2", R=NO,

Cycloadditions were performed at atmospheric pressure in a focused microwave reactor or into
hermetically closed teflon tubes in a domestic oven. In this case internal pressures were not measured. All
cycloadditions were optimized to obtain the best yield and until complete consumption of the starting
materials. Reaction products showed a high stability under microwave irradiation. Reactions did not show
equilibrium between reactants and products and the adduct ratio did not change under microwaves.

As it is has been reported, hydrazones can react via azomethine imine tautomer with very activated
dipolarophiles, such as N-phenyimaleimide."** Intramolecular reactions to non-activated alkenes have also
been achieved.''® In both processes reaction times are prolonged and yields are, in most cases, moderate.
Acid-catalyzed [3° + 2] cycloadditions of hydrazones are faster and give better yields.'” Under microwaves,
1,3-dipolar cycloadditions were dramatically accelerated achieving good yields of the aromatic bipyrazoles in a
few minutes. The effect of microwave irradiation is not exclusively a reaction acceleration : the hydrazone 1
and ethyl propiolate 6 did not react by classical heating in an oil bath in comparable reaction conditions (time
and temperature). Finally, this simple procedure avoids the use of acid to catalyze the cycloaddition.

Owing to their structure, hydrazones 1 or 2 could also undergo a [4 + 2] cycloaddition reacting as a 1-
azadiene to afford pyrazolopyridines. Recently, we have reported Diels-Alder cycloadditions of 4- or 5-

vinylpyrazoles under microwave irradiation.”’ However, with 1 and 2 we did not observe this process.
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Table 1. 1.3-Dipolar Cycloaddition Reaction of 1-Phenylpyrazole-4-carbaldehyde hydrazones 1 or 2
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In the cycloaddition with dimethyl fumarate shorter reaction times, 15 min, atlowed the intermediate
products 14 and 15 be isolated. The intermediates 14 and 15 aromatise in situ to 7 by oxidation due to the
presence of air.'*'*'** Elimination of HNO,”' allowed the bipyrazoles 8, 12 and 13 to be isolated as aromatic
compounds. When ethyl propiolate or B-nitrostyrene were employed as dipolarophiles, two isomeric

cycloadducts resulted from the two possible approaches of the reag®nts in the transition state.

MeO,C, CO,Me MeO,C CO,;Me
AN~pp N A~ph
A A
N N
Y Y
111. Ph
14 15

The regiochemistry of the cycloadducts obtained using unsymmetrical dipolarophiles, 8-13, was inferred
by a combined consideration of the broadband decoupled "°C spectra, the gated decoupling °C spectra, and
heteronuclear correlation and NOE difference experiments. These proved that the structure of the [4,3°}-

bipyrazoles is that indicated in Table 1.
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Figure 1. Selected NOEs for compounds 8-10 and 11-13
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In the same way, microwave irradiation for 15-45 min, of the S-pyrazolyl hydrazone 16 or 17 and an
electron-poor dipolarophile, such as 3-5, afforded the [5,3’]-bipyrazoles 18-23 (Table 2). No intermediates
were isolable except in the cycloaddition with dimethyl fumarate 3 from which 24 could be isolated with

shorter reaction times.

MeO,C 00 Me
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Table 2. 1,3-Dipolar Cycloaddition Reaction of 1-Phenylpyrazole-5-carbaldehyde hydrazones 16 and 17
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The regiochemistry of the bipyrazoles 19-23 was confirmed by spectroscopic experiments (Fig. 2).

Figure 2 Seiected NOEs for compounds 19-23

The 1,3-dipolar cycloaddition of the hydrazones 1 or 16 with dimethyl fumarate was also performed by
classical heating in an oil bath under the same reaction conditions (temperature and reaction time) described
above. We obtained the corresponding bipyrazoles, 7 and 18, in 17 and 25% yield, respectively. These results
showed the utility of the microwave radiation in organic synthesis and its advantages in comparison with
classical heating, specially in processes that need strong heating and/or vigorous reaction conditions, such as
the thermal hydrazone-azomethine imine isomerization.

The cycloaddition reactions of the dimethylhydrazone 25 were also analyzed. This hydrazone cannot
undergo a thermal 1,2-hydrogen shift to afford an azomethine imine, as does 1 or 2. We found that microwave
irradiation of a mixture of the dimethylhydrazone 25 and ethy! phenylpropiolate S for 10 min gave the [4,3°]-
bipyrazole 26 in 80% yield. By classical heating under these reaction conditions compound 26 was not
obtained. The structure and regiochemistry of this adduct were confirmed by its analytical and spectroscopic
data and NOE difference experiments. A similar reaction with dimethyl fumarate as dipolarophile did not
afford the corresponding bipyrazole but 1-phenyl-4-cyanopyrazole, generated from 25 by loss of
dimethylamine.” In view of this reactivity, these reactions could occur through a Michael type intermediate. A
competition between cyclisation and fragmentation of the intermediate could lead to different products.”
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CONCLUSIONS

The thermal isomerization hydrazone-azomethine imine can be easily and efficiently performed under
microwave irradiation to give good yields, in a few min, of bipyrazole derivatives. However, the effect of
microwave irradiation is not only a reaction acceleration but it induces the cycloaddition of
dipolarophiles that do not react by classical heating under comparable reaction conditions. Microwaves
also induce dimethylhydrazone 25 to react with ethyl phenylpropiolate. The structure of the adducts obtained
from unsymmetrical dipolarophiles has been inferred by a combined consideration of the broadband decoupled
13C spectra, the gated decoupling °C spectra, and heteronuclear correlation and NOE difference experiments.
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EXPERIMENTAL

General .- All m.p. were determined on a Gallenkamp apparatus and are uncorrected. "H NMR spectra
were recorded at 299.94 MHz on a Varian Unity 300 spectrometer. *C NMR spectra were recorded at
75.429 MHz on a Varian Unity 300 machine. Chemical shifts are reported in ppm () using Me,Si as standard,
and coupling constants J are given in Hz. Percentage NOE enhancements were obtained by integrating the
affected resonance relative to the irradiated resonance in the difference spectrum in each case. Column
chromatography was carried out with SiO, (silica gel, Merck type 60 230-400 mesh). Microwave irradiations
were conducted in a Miele Electronic M720 domestic oven or a focused microwave reactor Prolabo MX350
with measurement and control of power and temperature by infrared detection. Elemental analysis were
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determined on a Perkin-Elmer PE2400 CHN apparatus. Mass spectra were obtained on a VG Autospec

instrument (70 eV). Reagents were purchased from commercial suppliers or prepared by literature methods.

General Procedures.- Method A : A mixture of hydrazone (1 equiv.) and dipolarophile (2 equiv.) was
charged to a commercial 25 ml Teflon PTFE vessel, closed and irradiated in a Miele Electronic M720
microwave oven at 780 W for the indicated time. The crude reaction was purified by flash chromatography on
silica gel.

Method B : A mixture of hydrazone (1 equiv.) and dipolarophile (2 equiv.) was irradiated in a focused
microwave reactor Prolabo MX350 for the time and at the power indicated. The crude reaction was purified

by flash chromatography on silica gel.

Dimetyl 1,1'-diphenyl-{4,3’]-bipyrazole-4°,5 -dicarboxylate 7. (Method B) From 1-phenylpyrazole-4-
carbaldehyde phenylhydrazone 1 (200 mg, 0.76 mmol) and dimethyl fumarate 3 (218 mg, 1.52 mmol) with
irradiation at 255 W for 45 min (final temperature 155 °C). Flash chromatography (hexane-ethyl acetate 3 :1)
allowed bipyrazole 7 to be isolated as white needles (256 mg, 84%), m.p. 97-98 °C (from methanol) ; 'H-
NMR (CDCL;) 6 3.85 and 3.88 (2 x s, 6 H, 2 x OCH3), 7.25 (t, J 7.3, 1 H, p-H 1-Ph), 7.40-7.48 (m, 5 H,
Hirom), 7.54 (d, J 6.8, 2 H, 0-H 1-Ph), 7.76 (d, /7.5, 2 H, o-H 1’-Ph), 8.35 (s, 1 H, H-3), 8.81 (s, 1 H, H-5);
BC-NMR (CDCl5) & 52.0 and 53.2 (OCH;), 114.7 (C-4), 118.8 (0-C 1-Ph), 123.7 (0-C 1’-Ph), 126.3 and
128.8 (p-C 1- and 1’-Ph), 129.0 and 129.1 (m-C 1- and 1’-Ph), 127.1 and 140.6 (C-3 and -5), 137.7 and
144.9 (C-3’ and -5’), 138.4 and 139.6 (ipso-C 1- and 1’-Ph), 161.0 and 162.4 (COO). Anal. Calcd. for
CHisN4Oy: C, 65.65 ; H, 4.5 ; N, 13.9. Found : C, 65.75 ; H, 4.5 ; N, 13.8% ; MS (EI) m/z 402 (M").

Data for 14 : yellow oil ; 'H-NMR (CDCls) 8 3.71 and 3.86 (2 x's, 6 H, 2 x OCH3), 3.77 (dd, J 6.1 and
89,1H,H-4),432 (brs, 1 H,NH), 443 (d,/89,1H, H-3"),482(d,J6.1, 1 H, H-5"), 691 (1, /7.8, 1 H,
p-H I’-Ph), 7.21-7.32 (m, 5 H, Hurom), 7.47 (1, J 7.8, 2 H, m-H 1-Ph), 7.70 (d, J 7.8, 2 H, 0-H 1-Ph), 7.84 (s,
1 H, H-3), 8.07 (s, 1 H, H-5).

Data for 15 : m.p. 131-133 °C (from methanol) ; '"H-NMR (CDCl;) 5 3.77 and 3.79 2 x s, 6 H, 2 x
OCH3), 447 (d, /53,1 H, H-4’),522(d, /5.3, 1 H H-5),691(t,J78, 1 H, p-H 1’-Ph), 7.13 (d, J 7.8, 2
H, o-H 1’-Ph), 7.26-7.36 (m, 3 H, Hyom), 7.48 (t, /7.8, 2 H, m-H 1-Ph), 7.71 (d, J 7.8, 2 H, o-H 1-Ph), 8.10
(s, 1 H, H-3), 8.30 (s, 1 H, H-5) ; "C-NMR (CDCl) § 53.1 and 53.3 (OCH;), 57.0 (C-4’), 64.9 (C-5"), 113.2
(0-C 1’-Ph), 116.1 (C-4), 119.2 (0-C 1-Ph), 120.1 (p-C 1’-Ph), 125.2 (C-5), 129.5 (m-C 1-Ph), 137.0, 139.6
and 143.9 (C.oom), 139.7 (C-3), 168.5 and 170.2 (COO).

1,1',5"-Triphenyl-[4,3 ']-bipyrazole 8. (Method B) From 1-phenylpyrazole-4-carbaldehyde
phenylhydrazone 1 (200 mg, 0.76 mmol) and B-nitrostyrene 4 (227 mg, 1.52 mmol) with irradiation at 135 W
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for 10 min (final temperature 135 °C). Flash chromatography (hexane-ethyl acetate 5:1) afforded the
bipyrazole 8 as white needles (184 mg, 67%), m.p. 162-163 °C (from methanol) ; 'H-NMR (CDCl)  6.68 (s,
1 H, H-4), 7.24-7.35 (m, 11 H, Hyrom), 7.46 (d, J 7.6, 2 H, m-H 1-Ph), 7.75 (d, J 7.6, 2 H, o-H 1-Ph), 8.11 (s,
1 H, H-3), 8.38 (s, 1 H, H-5) ; ®C-NMR (CDCl;) § 105.3 (C-4’), 117.7 (C-4), 118.9 (0-C 1-Ph), 123.8 (C-5),
125.3, 126.4, 127.4, 128.3, 128.4, 128.6, 128.8 and 129.4 (C.rom), 130.3 (ipso-C 5’-Ph), 139.2 (C-3), 140.0
(ipso-C 1- and 1°-Ph), 144.1 and 144.9 (C-3’ and -5’). Anal. Caled. for C2eH;gN4: C, 79.5; H, 5.0 ; N, 15.5.
Found : C,79.0 ; H, 4.95; N, 15.5%.

Ethyl 1,1',5'-triphenyl-[4,3’]-bipyrazole-4’-carboxylate 9. (Method A) From 1-phenylpyrazole-4-
carbaldehyde phenylhydrazone 1 (200 mg, 0.76 mmol) and ethyl phenylpropiolate § (264 mg, 1.52 mmol) with
irradiation for 15 min (final temperature 185 °C). Flash chromatography (hexane-ethyl acetate 5 :1) allowed
bipyrazole 9 to be isolated as white needles (194 mg, 59%), m.p. 134-135 °C (from methanol) ; 'H-NMR
(CDCl;) 3 1.00 (t,J7.1,3 H, CH3), 4.12 (q, /7.1, 2 H, CHy), 7.26-7.38 (m, 11 H, Hy,om), 7.46 (t, J 6.6, 2 H,
m-H 1-Ph), 7.79 (d, J 7.6, 2 H, o-H 1-Ph), 8.36 (s, 1 H, H-3), 8.81 (s, 1 H, H-5) ; ®*C-NMR (CDCl;) § 13.7
(CHs), 60.0 (CH3), 112.1 (C-4), 117.2 (C-4’), 119.1, 125.6, 126.0, 127.1, 128.6, 128.7, 129.4, 130.8 (Curom),
131.0, 139.9 and 140.8 (ipso-C 1-, 1’- and 5’-Ph), 141.8 (C-3), 146.5 and 146.6 (C-3’ and -5°), 163.8
(COO0). Anal. Calcd. for C;7H2N.O:: C, 74.65 ; H, 5.1 ; N, 12.9. Found : C, 74.55 ; H, 5.05 ; N, 12.9% ; MS
(ED) m/z 434 (M").

Ethyl 1,1 -diphenyl-[4,3’]-bipyrazole-4 -carboxylate 10 and Ethyl 1,1 -diphenyi-[4,3’]-bipyrazole-5 -
carboxylate 11. (Method A) From 1-phenylpyrazole-4-carbaldehyde phenylhydrazone 1 (200 mg, 0.76 mmol)
and ethyl propiolate 6 (150 mg, 1.52 mmol) with irradiation for 15 min (final temperature 170 °C). Flash
chromatography (hexane-ethyl acetate 5 :1) and then preparative TLC (silica gel, hexane-ethyl acetate 15 :1)
afforded the adducts 10 (60 mg, 22%) and 11 (22 mg, 8%).

Data for 10 : white powder, m.p. 113-114 °C (from methanol) ; "H-NMR (CDCl) 8 1.37 (t,J 7.1, 3 H,
CHj), 433 (q, J 7.1, 2 H, CHy), 7.35 (s, 1 H, H-5"), 7.28-7.48 (m, 8 H, Hyrom), 7.64 (d, J 8.6, 2 H, 0-H 1-Ph),
8.17 (s, 1 H, H-3), 8.40 (s, 1 H, H-5); ®C-NMR (CDCl;) § 14.4 (CH;), 60.2 (CHy), 110.9 (C-4), 112.6 (C-
4%), 119.2 (0-C 1-Ph), 126.2 (0-C 1’-Ph), 126.9 and 128.8 (p-C 1- and 1’-Ph), 128.9 (C-5), 129.3 and 129.4
(m-C 1- and 1’-Ph), 137.6 (C-3), 139.6 and 139.7 (ipso-C 1- and 1’-Ph), 141.2 (C-5°), 142.9 (C-3), 163.2
(COO0). Anal. Calcd. for C;H;sN4sO2: C, 70.35; H, 5.05; N, 15.65. Found : C, 70.3 ; H, 4.95; N, 15.7%
EM (EI) m/z 358 (M").

Data for 11 : yellow oil ; '"H-NMR (CDCl;) § 1.27 (t, J 7.1, 3 H, CH3), 4.26 (g, J 7.1, 2 H, CH;), 7.19
(s, 1 H, H-4’), 7.29-7.50 (m, 8 H, Hyom), 7.73 (d, J 7.6, 2 H, 0-H 1-Ph), 8.08 (s, 1 H, H-3), 8.36 (s, 1 H, H-
5); ®*C-NMR (CDCh) 5 14.0 (CHs), 61.2 (CHy), 109.5 (C-4), 124.0.(C-S), 126.1 (m-C 1’-Ph), 128.5 (0-C
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I’-Ph), 128.8, 128.9, 129.4, 129.8, 137.0, 139.6, 139.8 (C,nm), 139.1 (C-3), 158.9 (COO). Anal. Calcd. for
C2HisN(O,: C, 70.35 ; H, 5.05; N, 15.65. Found : C, 70.5 ; H, 495 ; N, 15.55% .

1'-(p-Nitrophenyl)-1,5 diphenyl-{4,3’]-bipyrazole 12 and 1'-(p-nitrophenyl)-1,4 -diphenyl-[4,3’]-
bipyrazole 13. (Method B) From 1-phenylpyrazole-4-carbaldehyde (p-nitrophenyl)hydrazone 2 (200 mg, 0.65
mmol) and B-nitrostyrene 4 (194 mg, 1.3 mmol) with irradiation at 135 W for 10 min (final temperature 130
°C). Flash chromatography (hexane-ethy! acetate 5 :1) afforded bipyrazoles 12 (185 mg, 70%) and 13 (13 mg,
5%).

Data for 12 : white needles, m.p. 159-160 °C (from methanol) ; 'H-NMR (CDCl) 6 6.71 (s, 1 H, H-4’),
7.28-7.49 (m, 8 H, Hyrom), 7.52(d, /9.2, 2 H, 0-H 1’-Ph), 7.75 (d, / 7.6, 2 H, 0-H 1-Ph), 8.11 (s, 1 H, H-3),
8.18 (d, /9.2, 2 H, m-H 1’-Ph), 8.38 (s, 1 H, H-5) ; "C-NMR (CDCL) & 107.4 (C-4’), 119.0 (o-C 1-Ph),
124.1 (C-5), 124.3 (0o-C 1’-Ph), 124.4 (m-C 1’-Ph), 139.2 (C-3), 117.0, 126.5, 126.6, 126.7, 128.8, 128.9,
129.1, 129.4, 139.8, 144.7, 145.7, 146.4 (C,om). Anal. Calcd. for C2dH;sNsO2: C, 70.75; H, 4.2 ; N, 17.2,
Found : C, 70.65 ; H, 4.15 ; N, 17.2%.

Data for 13 : white needles, m.p. 176-177 °C (from methanol) ; 'H-NMR (CDCl;) & 7.28-7.49 (m, 8 H,
Harom), 7.67 (d, J 8.3, 2 H, 0-H 1-Ph), 7.90 (s, 1 H, H-3), 7.98 (d, /9.2, 2 H, 0-H 1°-Ph), 8.09 (s, 1 H, H-5"),
8.12 (s, 1 H, H-5), 8.37 (d, /9.2, 2 H, m-H 1’-Ph) ; *C-NMR (CDCl;) § 118.1 (0-C 1’-Ph), 119.1 (o-C 1-
Ph), 125.2 (C-5), 125.4 (m-C 1’-Ph), 126.5 (C-5’), 126.7 and 128.0 (p-C 1- and 4’-Ph), 140.1 (C-3), 116.1,
119.9, 124.6, 128.3, 128.8, 129.0, 129.4, 129.7, 131.8 and 144.1 (C,om). Anal. Calcd. for CHy7NsO;: C,
70.75;H,4.2;N, 17.2. Found : C,70.6 ; H, 4.2 ; N, 17.1%.

Dimethyl 1,1'-diphenyl-[5,3']-bipyrazole-4',5 -dicarboxylate 18. (Method B) From 1-phenylpyrazole-
S-carbaldehyde phenylhydrazone 16 (200 mg, 0.76 mmol) and dimethyl fumarate 3 (218 mg, 1.52 mmol) with
irradiation at 255 W for 45 min (final temperature 155 °C). Flash chromatography (hexane-ethyl acetate 3 :1)
allowed bipyrazole 18 to be isolated as white needles (171 mg, 56%), m.p. 114-115 °C (from methanol) ; 'H-
NMR (CDCls) & 3.56 and 3.84 (2 x s, 6 H, 2 x OCHs), 6.75 (d, J 2, 1 H, H-4), 7.29-7.46 (m, 10 H, Hyon),
7.77(d,J2, 1 H, H-3) ; ®™C-NMR (CDCl;) 6 51.8 and 53.3 (OCH), 110.3 (C-4), 115.0, 123.7, 124.1, 127.2,
128.6, 129.1, 129.2, 140.1, 143.0 (Curom), 132.9 (C-5), 137.3 and 138.4 (ipso-C 1- and 1°-Ph), 139.9 (C-3),
160.4 and 161.4 (COO). Anal. Calcd. for C2H;sN4O,: C, 65.65; H, 4.5, N, 13.9. Found : C, 65.55; H,4.5;
N, 13.95%.

Data for the intermediate 24 : m.p. 116-117 °C (from methanol) ; "H-NMR (CDCls) 6 3.71 and 3.75 (2
xs, 6 H, 2xO0CH;),430(d, /52,1 H, H4),510(d, /5.2, 1 H, H-5"),6.66 (d, /2, 1 H, H-4), 6.72(d, J
7.6, 2 H, o-H I'-Ph), 6.87 (t, J 7.6, 1 H, p-H 1’-Ph), 7.19 (t, J 7.6, 2 H, m-H 1’-Ph), 7.44-7.50 (m, 5 H,
Huwom), 7.69 (d, /2, 1 H, H-3); ®C-NMR (CDCl;) 5 53.0 and 53.2 (OCH;), 56.9 (C-4’), 64.8 (C-5’), 108.6
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(C-4), 113.2 (o-C 1’-Ph), 120.6 (p-C 1’-Ph), 126.2 (m-C 1’-Ph), 128.2 (p-C 1-Ph), 128.7, 129.0, 129.3,
133.8, 143.1 (Curm), 140.1 (C-3), 168.4 and 169.7 (COO).

1.1',4"-Triphenyl-{5,3’]-bipyrazole 19 and 1,1°,5 -triphenyl-{5,3']-bipyrazole 20. (Method B) From 1-
phenylpyrazole-5-carbaldehyde phenylhydrazone 16 (200 mg, 0.76 mmol) and B-nitrostyrene 4 (227 mg, 1.52
mmol) with irradiation at 90 W for 15 min (final temperature 130 °C). Flash chromatography (hexane-ethyl
acetate 9 :1) afforded the adducts 19 (123 mg, 45%) and 20 (60 mg, 22%).

Data for 19 : white powder, m.p. 170-171 °C (from methanol) ; '"H-NMR (CDCL) 6 6.70 (d, /2, 1 H,
H-4), 6.90 (m, 2 H, 0-H 4’-Ph), 7.08-7.16 (m, 8 H, Huow), 7.33 (t, /7.8, 1 H, p-H 1’-Ph), 7.48 (t,./ 7.8, 2 H,
m-H 1’-Ph), 7.72 (d, J 7.8, 2 H, o-H I’-Ph), 7.78 (d, /2, 1 H, H-3), 7.98 (s, 1 H, H-5") ; ®C-NMR (CDCl;) 8
109.5 (C-4), 119.0 (C-3), 124.4, 124.8, 125.4, 126.8, 127.3, 128.2, 128.3, 129.5, 131.4, 139.9 (Carom), 140.3
(C-5"). Anal. Calcd. for C;sHjsN,: C, 79.5 ;H, 5.0 ; N, 15.45 Found : C, 79.4 ; H, 5.05 ; N, 15.5%.

Data for 20 : yellow oil; "H-NMR (CDCl;) 3 6.06 (s, 1 H, H-4"),6.84 (d, J 2, 1 H, H-4), 7.12 (d, J 7.6,
2 H, 0-H 5’-Ph), 7.22-7.34 (m, 9 H, H,w), 7.44 (t, J 8.1, 2 H, m-H 1-Ph), 7.53 (d, J 8.1, 2 H, o-H 1-Ph),
7.73 (d, J2, 1 H, H-3) ; ®C-NMR (CDCl;) § 107.2 (C-4), 107.3 (C-4), 126.0 (0-C 1-Ph), 128.4 (o-C 5’-Ph),
128.6 (m-C 1-Ph), 140.3 (C-3), 125.1, 127.6, 127.9, 128.0, 128.7, 128.8, 129.9, 136.4, 139.6, 140.4, 142.9,
143.6 (Cyrom). Anal. Calcd. for C4H;sN4: C,79.5; H, 5.0 ; N, 15.45. Found : C, 79.6 ; H, 5.05 ; N, 15.4%.

Ethyl 1,1°,5'-triphenyl-[5,3']-bipyrazole-4'-carboxylate 21. (Method B) From 1-phenylpyrazole-5-
carbaldehyde phenylhydrazone 16 (200 mg, 0.76 mmol) and ethyl phenylpropiolate § (265 mg, 1.52 mmol)
with irradiation at 240 W for 30 min (final temperature 180 °C). Flash chromatography (hexane-ethyl acetate
5:1) afforded the adduct 21 as white needles (132 mg, 40%), m.p. 138-139 °C (from methanol) ; '"H-NMR
(CDCL)30.92(t,J7.1,3H,CH;),3.84(q,/7.1,2H,CH,), 6.76 (d, /1.7, 1 H, H-4), 7.15(d, /7.3, 2 H, o-
H 5-Ph), 7.22-7.39 (m, 11 H, Hyeom), 7.45 (d, J 7.3, 2 H, 0-H 1-Ph), 7.79 (d, J 1.7, 1 H, H-3); *C-NMR
(CDCh) 3 13.6 (CHs), 60.1 (CHy), 109.9 (C-4), 124.0 (0-C 1-Ph), 125.2 (0-C 5’-Ph), 92.9, 126.6, 127.1,
128.0, 128.1, 128.6, 128.8, 129.3, 130.4, 134.6, 138.8, 140.4, 1442, 146.3 (Cuom), 139.9 (C-3), 162.0
(COO). Anal. Calcd. for C;;H2N4O,: C, 74.6 ; H, 5.1 ; N, 12.9. Found : C, 74.6 ; H, 5.05; N, 13.0% ; EM
(ED) m/z 434 (M).

1’~(p-Nitrophenyl)-1,4 -diphenyl-[5,3’]-bipyrazole 22 and 1’-(p-nitrophenyl)-1,5 -diphenyl-{5,3']-
bipyrazole 23. (Method B) From 1-phenylpyrazole-5-carbaldehyde (p-nitrophenyl)hydrazone 17 (200 mg,
0.65 mmol) and B-nitrostyrene 4 (194 mg, 1.30 mmol) with irradiation at 240 W for 12 min (final temperature
170 °C). Flash chromatography (hexane-ethyl acetate 9 :1) afforded the adducts 22 (87 mg, 33%) and 23 (77
mg, 29%).
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Data for 22 : white needles, m.p. 191-192 °C (from methanol) ; 'H-NMR (CDCls) 5 6.69 (d, J 1.8, 1 H,
H-4), 6.91 (d, /7.6, 2 H, 0-H 4’-Ph), 7.06-7.20 (m, 8 H, Hyrom), 7.78 (d, J 1.8, 1 H, H-3), 7.87 (d, /9.1, 2 H,
o-H 1’-Ph), 8.05 (s, 1 H, H-5"), 8.33 (d, /9.1, 2 H, m-H 1’-Ph) ; *C-NMR (CDCls) 5 109.5 (C-4), 118.4 (o-
C I’-Ph), 124.5 (0-C 1-Ph), 125.3 (m-C 1’-Ph), 125.5 (C-5"), 127.1 and 127.4 (p-C 1- and 4’-Ph), 127.5 (0-C
4’-Ph), 128.3 and 128.5 (m-C 1- and 4’-Ph), 140.4 (C-3), 126.3, 128.9, 129.4, 130.5, 134.2, 139.8, 143.7
(Cirom). Anal. Calcd. for C22Hj7NsO;: C, 70.75; H,4.2 ;) N, 17.2. Found : C, 70.85 ; H, 425 ; N, 17.2,

Data for 23 : white needles, m.p. 176-177 °C (from methanol) ; "H-NMR (CDCl;) 6 6.15 (s, 1 H, H-4’),
6.85(d, /1.7, 1 H, H-4), 7.16 (d, J 7.8, 2 H, 0-H 5’-Ph), 7.31-7.54 (m, 10 H, Huew), 7.76 (d, J 1.7, 1 H, H-
3), 8.15 (d, J 8.8, 2 H, m-H 1-Ph) ; *C-NMR (CDCls) & 107.5 (C-4), 109.0 (C-4°), 124.4 (m-C 1°-Ph), 128.8
(0-C 5’-Ph), 140.3 (C-3), 124.3, 125.6, 126.1, 128.3, 128.9, 129.2, 129.4, 135.7, 144.1, 144.2, 1443, 146.1
(Curom). Anal. Calcd. for CH9NsO,: C, 70.75 ; H,4.2; N, 17.2. Found : C, 70.6 ; H, 4.15 ; N, 17.3%.

Ethyl  1'-methyl-1,5 -diphenyl-[4,3']-bipyrazole-4 ’-carboxylate 26. (Method B) From 1-
phenylpyrazole-4-carbaldehyde dimethylhydrazone 25 (200 mg, 0.93 mmol) and ethyl phenylpropiolate § (325
mg, 1.86 mmol) with irradiation at 255 W for 10 min (final temperature 180 °C). Flash chromatography
(hexane-ethyl acetate 3 :1) allowed the isolation of the bipyrazole 26 as white needles (277 mg, 80%), m.p.
147-148 °C (from methanol) ; '"H-NMR (CDCl;) 8 0.94 (t, /7.1, 3 H, CH3), 3.72 (s, 3 H, N-CH3), 4.06 (q, J
7.1,2H, CHy), 7.27 (t, J 7.6, 1 H, p-H 5’-Ph), 7.32-7.51 (m, 7 H, Hyem), 7.80 (d, J 7.6, 2 H, 0-H 1-Ph), 8.30
(s, 1 H, H-3), 8.79 (s, 1 H, H-5) ; ®C-NMR (CDCl;) § 13.6 (CH;), 37.3 (N-CH;), 59.8 (CHy), 116.3 (C-4),
119.2 (0-C 1-Ph), 126.3 (p-C 5’-Ph), 127.2 (C-5), 109.7, 126.6, 128.2, 129.1, 129.3, 129.7 (C.rom), 144.8 and
147.3 (ipso-C 1- and 5°-Ph), 163.5 (COO). Anal. Calcd. for C;HyN4O2: C, 70.95; H, 5.4 ; N, 15.05.
Found : C, 71.0;;H, 54 ; N, 15.0%.
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