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ABSTRACT: In situ derived acyclic and cyclic 1,2-diaza-1,3-
dienes (DDs) were engaged in interceptive [4 + 1] annulation
strategy with diazo esters (DEs). The catalytic activity of
inexpensive copper(II) chloride allows the direct synthesis of
mono-, bi-, and tricyclic 4,5-dihydropyrazole-5-carboxylic acid
derivatives in a process that circumvents the use of an anhydrous
and inert atmosphere.

■ INTRODUCTION
Irreversible trapping of highly reactive species, particularly
those including dipole-type intermediates, has great potential in
the elaboration of new high-step-economy reactions.1

Among the various types of reactions reported in the
literature, the [4 + 1] annulation reactions between four-atom
1,3-conjugated systems and 1,1-dipolar C1 synthons represent
an appealing and powerful method for the assembly of
synthet ica l ly and biologica l ly act ive carbo- and
heterocyclopenten(on)es.2−6 For this purpose, in addition to
carbon monoxide,2 isocyanides,3 and nucleophilic carbenes,4

used as typical one-carbon units, ylides5 and diazo compounds6

have also been extensively studied and used as functional
reagents for many years in reactions with various electron-
deficient conjugated components (Scheme 1).
For example, several groups independently reported that α-

ylidene-β-diketones and α,β-unsaturated imines could react
with either a nitrogen ylide or a sulfur ylide, giving 2,3-
dihydrofurans and 2,3-dihydropyrroles.5,6a Recently, Bolm’s

group has reported the first example of asymmetric synthesis of
dihydropyrazoles by formal [4 + 1] cycloaddition of in situ
derived azoalkenes and sulfur ylides.7

In this field, we are interested in the design and
implementation of novel [4 + 1] annulation involving in situ
generated highly reactive C1 and C2N2 partners that provide
new and attractive routes to pyrazoline structures. Dihydropyr-
azoles belong to an important class of heterocyclic compounds
having multiple pharmacological applications such as anti-
microbial, antifungal, anticonvulsant, hypotensive, antidepres-
sant, immunosuppressive, analgesic, anti-inflammatory, anti-
amoebic, antibacterial, and antitumor activities.8−10

Several examples of transformations of DDs have demon-
strated the potential of this class of 1,3-conjugated compounds
in the context of heterocyclic chemistry.2a,7,13 Exhibiting both
diene and dienophile roles in Diels−Alder reaction and acting
as Michael acceptors, they are employed as flexible partners for
diverse [2 + 2], [3 + 2], [4 + 1], [4 + 2], and [5 + 2]
annulations where two, three, or four ring atoms (C−C, C−C−
N, or C−C−N−N) of the azoene component are incorporated
in the cycloaddition products. On the basis of these results, we
imagined that electron-deficient DDs which are easily generated
from the corresponding α-halo N-EWG hydrazones could be
successfully used as 1,4-dipoles and intercepted by α-
diazocarbonyl compounds11,12 in a [4 + 1] annulation strategy.
Following this approach, diazo compounds would react with
DDs through the carbon as a soft nucleophilic center and act as
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Scheme 1. [4 + 1] Annulation Strategy for the Synthesis of
Carbo- and Heterocyclopenten(on)es Involving
“Carbenoid” Reagents
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a synthetic equivalent of a 1,1-dipole one-carbon synthon (I) or
a carbene (II) (Scheme 2).

■ RESULTS AND DISCUSSION
We started using the reaction between N-ethoxycarbonyl
hydrazone 1a and commercially available ethyl diazoacetate
2a,12 as a representative model system (Table 1). We initially
tested the conditions previously used by Pinho e Melo14 and
others which comprised the use of Na2CO3 as base in
dichloromethane at room temperature (benchmark reaction).
After 24 h, total conversion of the starting ethoxycarbonyl
hydrazone 1a was observed and the expected [4 + 1]
annulation product (dihydropyrazole) 3a was obtained in
17% yield together with the major product 4a in 62% yield
(Table 1, entry 1). The cyclodimerization (regioselective
intermolecular [4 + 2] cycloaddition) of the transient azoene
intermediates to give pyridazine 4a is a known process when no
suitable partners for the annulation reaction are present.15

This initial result inspired us to examine the optimal
conditions for the reaction in order to improve the competition
toward the [4 + 1] annulation over the cyclodimerization of the
designed transformation. Thus, the catalytic activities of the
different metal catalysts were screened in the reaction. 4a was
afforded as the major product using ZnCl2, Bi(OTf)3, InCl3,
Yb(OTf)3, and Sc(OTf)3 (Table 1, entries 2−6), while
employing copper sources such as Cu(OAc)2, Cu(OTf)2,
CuCl2, CuCl, and Cu2O led to 3a predominantly (Table 1,
entries 7−11). Among these latter catalysts, the relatively
common and inexpensive CuCl2 showed the best catalytic
performance (entry 9) and resulted in the exclusive 3a in a 92%
yield (no competitive pyridazine 4a was observed!).
Notably, the reaction catalyzed by CuCl2 was also

accompanied by the visible evolution of N2 gas, and a check
on the reaction medium showed complete formation of 3a in
almost 4.0 h. The superior catalytic activity achieved by
CuCl2

16 might have resulted from the high coordination of the
azoene intermediate that secured a fast trapping of diazo ester
carbenoid species, thus preventing the dimerization of the 1,2-
diaza-1,3-diene.
The use of CuCl2 as the optimal catalyst prompted us to

investigate the scope of this transformation, oriented to develop

a novel, efficient, and direct method for the preparation of
substituted dihydropyrazoles which are not easily available from
other methodologies. Thus, the substrate generality with
respect to the α-halo N-EWG hydrazones was investigated.
As described in Table 2, variously substituted hydrazones 1a−n
were used as precursors to a number of 4,5-dihydropyrazole-5-
carboxylic acid derivatives 3a−s.
First, the protective group of the N atom was investigated. It

was found that alkyl- or aryl-acyl, aminocarbonyl, and
alkoxycarbonyl groups (−COR) were compatible with the
reaction.
Regarding the structure of the N-acyl hydrazones, the process

takes place efficiently with hydrazones derived from 2-
bromoacetophenones, ethyl 3-bromo-2-oxopropanoate, and
chloroacetone. Both electron-withdrawing (Table 2, entries 7
and 8) and electron-donating (Table 1, entry 9) substituents on
the phenyl ring were well tolerated in the cycloaddition
reaction. Thus, hydrazones derived from 2-bromo-4-nitro-
acetophenones 1g,h and 2-bromo-3-methoxyacetophenone 1i
led to relative 4,5-dihydropyrazoles 3 with excellent yields.
Notably, the reaction with chloroacetone-derived hydrazones
1j,k provided the desired dihydropyrazoles 3 in lower yields
(Table 1, entries 10, 11, and 18).
In addition, benzyl diazoacetate 2b12 was successfully

employed in this transformation, providing the corresponding
cyclic products 3o−s with good yields (Table 2, entries 15−
19).17

Scheme 2. Retrosynthetic Approach to the Dihydropyrazole
Ring

Table 1. Screening Activity of Various Metal Catalysts for
the Reaction of N-Ethoxycarbonyl Hydrazone 1a with Ethyl
Diazoacetate 2a

product yield (%)b

entrya catalyst t (h) 3a 4a

1 24.0 17 62
2 ZnCl2 24.0 trace 33
3 Bi(OTf)3 40.0 21 45
4 InCl3 24.0 15 65
5 Yb(OTf)3 40.0 18 50
6 Sc(OTf)3 24.0 22 31
7c Cu(OAc)2 50.0 37 19
8 Cu(OTf)2 3.0 39
9 CuCl2 4.0 92
10 CuCl 6.0 76
11 Cu2O 60.0 38 25

aAll of the reactions were carried out in CH2Cl2 (4 mL) at room
temperature by using N-ethoxycarbonyl hydrazone 1a (0.5 mmol),
ethyl diazoacetate 2a (1.5 mmol), Na2CO3 (2.5 mmol), and catalyst
(20 mol %). bIsolated yield after chromatographic purification. cα-
Acetoxyhydrazone (18%) derived from the Michael addition of acetate
residue on the azoene was also isolated.
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Finally, we examined the effect of cyclic rings on the α-halo
N-acyl hydrazones on the reaction, leading to biologically
interesting bi- and tricyclic 4,5-dihydropyrazoles18 3t−x. A
range of cyclic hydrazones 1o−r, including five-, six-, and seven-
membered rings worked well, producing substituted
2,3,3a,4,5,6-hexahydrocyclopenta[c]pyrazole 3t, 3,3a,4,5,6,7-
h e x ah yd r o - 2H - i n d a zo l e s 3u , v , 2 , 3 , 3 a , 4 , 5 , 6 , 7 , 8 -
octahydrocyclohepta[c]pyrazole 3w, and 3,3a,4,5-tetrahydro-
2H-benz[g]indazole 3x (Table 3, entries 1−5). Notably, the use
of these hydrazones derived from secondary halides furnished a
mixture of cis and trans diastereoisomers 3,19 which have been
separated through column chromatography.
A plausible mechanism for this formal [4 + 1] annulation is

proposed as shown in Scheme 3.
α-Halo N-acyl hydrazone 1 reacts with base (Na2CO3) to

generate the short-lived azoene species A. 1,4-Conjugated
addition of diazo ester ylide 2 to DD A produces hydrazone
intermediate B. Subsequent intramolecular cyclization with
displacement of N2 may occur to form dihydropyrazole 3. In
this context, the N-acyl azoene skeleton provides a suitable
template for the chelation of CuCl2, which should activate the
1,3-conjugated system over the diazo ester for the [4 + 1]
cycloaddition reaction.

■ CONCLUSION

In conclusion, we have developed a copper-catalyzed
interceptive [4 + 1] annulation of DDs generated in situ
from acyclic and cyclic α-halo N-acyl hydrazones with DEs
leading to substituted mono-, bi-, and tricyclic 4,5-dihydropyr-
azole. Likely, the diazo ester acts a synthetic equivalent of a 1,1-
dipole C1 synthon or a carbene in this approach. Despite the
variety of synthetic approaches which are available for the
construction of the pyrazoline ring, 4,5-dihydropyrazole-5-
carboxylic acid derivatives such as 3a−x are unknown in the
literature. The ready availability of the starting materials, the
experimental simplicity of the reactions, and the potential
utilities of products dramatically increase the synthetic
usefulness of this novel procedure.

■ EXPERIMENTAL SECTION
General Methods. All of the commercially available reagents and

solvents were used without further purification. N-acyl hydrazones
1a−r were prepared through condensation of hydrazides with α-halo
ketone according to the literature procedure.1 Chromatographic
purification of compounds was carried out on silica gel (60−200
μm). TLC analysis was performed on preloaded (0.25 mm) glass-
supported silica gel plates (Kieselgel 60); compounds were visualized

Table 2. Formal [4 + 1] Cycloaddition of α-Halo N-Acyl Hydrazones 1a−n with Diazo Esters 2a,b: Synthesis of 4,5-
Dihydropyrazoles 3a−s

aYield of the isolated purified compounds 3a−s based on the starting hydrazones 1a−n.
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by exposure to UV light and by dipping the plates in 1% Ce(SO4)·
4H2O and 2.5% (NH4)6Mo7O24·4H2O in 10% sulfuric acid followed
by heating on a hot plate. All 1H NMR and 13C NMR spectra were
recorded at 400 and 100.56 MHz, respectively. Proton and carbon
spectra were referenced internally to solvent signals, using values of δ
7.26 ppm for proton (middle peak) and δ 77.00 ppm for carbon
(middle peak) in CDCl3. The following abbreviations are used to
describe peak patterns where appropriate: s = singlet, d = doublet, t =
triplet q = quartet, sex = sextet, m = multiplet, and br s = broad signal.
All coupling constants (J) are given in Hz. FT-IR spectra were
obtained as Nujol mulls. Only molecular ions (M + 1) are given for
the ESI-MS analysis. Melting points were determined in open capillary

tubes and are uncorrected. Elemental analyses were within ±0.4 of the
theoretical values (C, H, N).

General Procedure for the Synthesis of Dihydropyrazoles
by Copper-Catalyzed [4 + 1] Cycloaddition of in Situ
Generated 1,2-Diaza-1,3-dienes (DDs) and Diazo Esters (DEs).
CuCl2 (20 mol %) was added to a solution of N-acyl hydrazone 1 (0.5
mmol), diazo ester 2 (1.5 mmol), and Na2CO3 (2.5 mmol) in CH2Cl2
(4 mL), and the reaction mixture was stirred at room temperature for
the time indicated (see Tables 2 and 3, monitored by TLC). The
mixture was then filtered through a Celite pad, which was washed with
CH2Cl2. After removal of the solvent, the residue was purified directly
by flash column chromatography on silica gel (elution mixture: ethyl
acetate/cyclohexane) to give the corresponding cyclized product 3.

Diethyl 3-phenyl-4,5-dihydro-1H-pyrazole-1,5-dicarboxylate
(3a): yield 133.6 mg (92%); white solid, mp 89−90 °C; 1H NMR
(400 MHz, CDCl3, 25 °C) δ 1.28 (t, J = 6.8 Hz, 6H), 3.31 (dd, J =
17.6 Hz, J = 6.0 Hz, 1H), 3.61 (dd, J = 17.6 Hz, J = 12.4 Hz, 1H),
4.21−4.25 (m, 2H), 4.34 (q, J = 7.2 Hz, 2H), 4.91 (dd, J = 12.8 Hz, J =
6.0 Hz, 1H), 7.38−7.41 (m, 3H), 7.72−7.74 (m, 2H) ppm; 13C NMR
(100 MHz, CDCl3, 25 °C) δ 14.1 (q), 14.6 (q), 37.7 (t), 59.1 (d), 61.8
(t), 62.5 (t), 126.8 (d), 128.6 (d), 130.3 (d), 130.7 (s), 152.8 (s),
170.3 (s) ppm; IR (Nujol) νmax 3257, 1754, 1734 cm−1; EI-MS m/z
(%) 290 (M+) (29), 217 (78), 173 (47), 145 (100), 118 (33). Anal.
Calcd for C15H18N2O4 (290.31): C, 62.06; H, 6.25; N, 9.65. Found: C,
62.13; H, 6.32; N, 9.72.

5-Ethyl 1-methyl 3-phenyl-4,5-dihydro-1H-pyrazole-1,5-dicar-
boxylate (3b): yield 137.4 mg (100%); white solid, mp 100−102
°C; 1H NMR (400 MHz, CDCl3, 25 °C) δ 1.29 (t, J = 7.2 Hz, 3H),
3.32 (dd, J = 17.6 Hz, J = 6.0 Hz, 1H), 3.63 (dd, J = 17.6 Hz, J = 12.4
Hz, 1H), 3.90 (s, 3H), 4.22−4.28 (m, 4H), 4.93 (dd, J = 12.4 Hz, J =
6.0 Hz, 1H), 7.38−7.42 (m, 3H), 7.42−7.74 (m, 2H) ppm; 13C NMR
(100 MHz, CDCl3, 25 °C) δ 14.1 (q), 37.7 (t), 53.5 (q), 59.1 (d), 61.9
(t), 126.8 (d), 128.6 (d), 130.4 (d), 130.6 (s), 153.1 (s), 170.2 (s)
ppm; IR (Nujol) νmax 1741, 1695 cm−1; EI-MS m/z (%) 276 (M+)
(19), 203 (100), 159 (33), 144 (5), 132 (9), 115 (19). Anal. Calcd for
C14H16N2O4 (276.28): C, 60.86; H, 5.84; N, 10.14. Found: C, 60.98;
H, 5.78; N, 10.19.

Ethyl 1-benzoyl-3-phenyl-4,5-dihydro-1H-pyrazole-5-carboxylate
(3c): yield 140.6 mg (87%); pale yellow oil; 1H NMR (400 MHz,
CDCl3, 25 °C) δ 1.30 (t, J = 7.2 Hz, 3H), 3.31 (dd, J = 17.6 Hz, J = 6.0
Hz, 1H), 3.60 (dd, J = 17.6 Hz, J = 12.4 Hz, 1H), 4.27 (dq, J = 7.2 Hz,
J = 2.4 Hz, 2H), 5.20 (dd, J = 12.4 Hz, J = 6.4 Hz, 1H), 7.39−7.51 (m,

Table 3. Formal [4 + 1] Cycloaddition of Cyclic N-Anilinocarbonyl Hydrazones 1o−r with Diazo Esters 2a,b: Synthesis of Bi-
and Tricyclic 4,5-Dihydropyrazoles 3t−x

aYield of the isolated purified compounds 3t−x (cis and trans) based on the starting hydrazones 1o−r. bcis/trans ratio was calculated by 1H NMR on
the crude reaction mixture.

Scheme 3. Proposed Mechanism of the Formal [4 + 1]
Annulation Reaction
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6H), 7.66−7.68 (m, 2H), 8.03−8.06 (m, 2H) ppm; 13C NMR (100
MHz, CDCl3, 25 °C) δ 14.0 (q), 36.4 (t), 59.1 (d), 61.8 (t), 126.6 (d),
127.6 (d), 128.7 (d), 130.0 (d), 130.5 (d), 130.8 (s), 131.1 (d), 133.4
(s), 154.1 (s), 166.5 (s), 170.0 (s) ppm; IR (Nujol) νmax 1756, 1657
cm−1; EI-MS m/z (%) 322 (M+) (50), 249 (100), 115 (24). Anal.
Calcd for C19H18N2O3 (322.35): C, 70.79; H, 5.63; N, 8.96. Found: C,
70.89; H, 5.55; N, 9.02.
Ethyl 1-phenyl-1-(phenylacetyl)-4,5-dihydro-1H-pyrazole-5-car-

boxylate (3d): yield 146.2 mg (87%); pale yellow oil; 1H NMR
(400 MHz, CDCl3, 25 °C) δ 1.23 (t, J = 7.2 Hz, 3H), 3.27 (dd, J =
18.0 Hz, J = 6.0 Hz, 1H), 3.54 (dd, J = 17.6 Hz, J = 12.4 Hz, 1H), 4.15
(s, 2H), 4.16−4.22 (m, 2H), 4.96 (dd, J = 12.4 Hz, J = 6.0 Hz, 1H),
7.23 (t, J = 7.2 Hz, 1H), 7.32 (t, J = 7.2 Hz, 2H), 7.42−7.45 (m, 5H),
7.72−7.74 (m, 2H) ppm; 13C NMR (100 MHz, CDCl3, 25 °C) δ 13.8
(q), 37.1 (t), 40.4 (t), 57.8 (d), 61.6 (t), 126.4 (d), 126.5 (d), 128.2
(d), 128.6 (d), 129.4 (d), 130.4 (d), 130.7 (s), 135.0 (s), 153.4 (s),
169.2 (s), 169.7 (s) ppm; IR (Nujol) νmax 1752, 1666 cm

−1; EI-MS m/
z (%) 336 (M+) (20), 218 (59), 145 (100), 118 (18). Anal. Calcd for
C20H20N2O3 (336.38): C, 71.41; H, 5.99; N, 8.33. Found: C, 71.54; H,
6.09; N, 8.27.
Ethyl 1-(anilinocarbonyl)-3-phenyl-4,5-dihydro-1H-pyrazole-5-

carboxylate (3e): yield 143.7 mg (85%); white solid, mp 121−123
°C; 1H NMR (400 MHz, CDCl3, 25 °C) δ 1.30 (t, J = 6.8 Hz, 3H),
3.35 (dd, J = 17.6 Hz, J = 6.0 Hz, 1H), 3.66 (dd, J = 17.6 Hz, J = 12.4
Hz, 1H), 4.26 (dq, J = 7.2 Hz, J = 1.2 Hz, 2H), 5.03 (dd, J = 12.4 Hz, J
= 6.0 Hz, 1H), 7.06 (t, J = 7.6 Hz, 1H), 7.32 (t, J = 7.6 Hz, 2H), 7.43−
7.46 (m, 3H), 7.54 (d, J = 8.0 Hz, 2H), 7.71−7.73 (m, 2H), 8.05 (s,
1H) ppm; 13C NMR (100 MHz, CDCl3, 25 °C) δ 14.1 (q), 38.0 (t),
58.0 (d), 61.9 (t), 119.2 (d), 123.2 (d), 126.5 (d), 128.8 (d), 128.9
(d), 130.4 (d), 130.6 (s), 138.2 (s), 151.4 (s), 170.5 (s) ppm; IR
(Nujol) νmax 3345, 3312, 1741, 1674 cm−1; EI-MS m/z (%) 337 (M+)
(21), 218 (47), 145 (100), 118 (25). Anal. Calcd for C19H19N3O3
(337.37): C, 67.70; H, 5.59; N, 12.41. Found: C, 67.63; H, 5.71; N,
12.49.
5-Ethyl 1-(2-furyl)-3-phenyl-4,5-dihydro-1H-pyrazole-5-carboxy-

late (3f): yield 131.3 mg (84%); white solid, mp 136−138 °C; 1H
NMR (400 MHz, CDCl3, 25 °C) δ 1.30 (t, J = 6.8 Hz, 3H), 3.32 (dd, J
= 17.6 Hz, J = 6.0 Hz, 1H), 3.61 (dd, J = 17.6 Hz, J = 12.4 Hz, 1H),
4.23−4.28 (m, 2H), 5.17 (dd, J = 12.4 Hz, J = 6.0 Hz, 1H), 6.57 (d, J =
3.2 Hz, 1H), 7.44−7.47 (m, 3H), 7.64−7.65 (m, 2H), 7.68 (d, J = 3.2
Hz, 1H), 7.74−7.76 (m, 2H) ppm; 13C NMR (100 MHz, CDCl3, 25
°C) δ 14.1 (q), 36.3 (t), 58.8 (d), 62.0 (t), 111.6 (d), 119.5 (d), 126.7
(d), 128.8 (d), 130.7 (d), 145.7 (d), 154.7 (s), 156.1 (s), 169.8 (s)
ppm; IR (Nujol) νmax 1745, 1632 cm−1; EI-MS m/z (%) 312 (M+)
(41), 239 (100), 115 (18). Anal. Calcd for C17H16N2O4 (312.32): C,
65.38; H, 5.16; N, 8.97. Found: C, 65.50; H, 5.22; N, 9.03.
Ethyl 3-(4-nitrophenyl)-1-pentanoyl-4,5-dihydro-1H-pyrazole-5-

carboxylate (3g): yield 159.8 mg (92%); white solid, mp 97−99
°C; 1H NMR (400 MHz, CDCl3, 25 °C) δ 0.95 (t, J = 7.2 Hz, 3H),
1.29 (t, J = 7.2 Hz, 3H), 1.42 (sex, J = 7.6 Hz, 2H), 1.68−1.74 (m,
2H), 2.75−2.86 (m, 2H), 3.29 (dd, J = 17.6 Hz, J = 6.0 Hz, 1H), 3.60
(dd, J = 17.6 Hz, J = 12.8 Hz, 1H), 4.24 (q, J = 6.8 Hz, 2H), 5.03 (dd, J
= 12.8 Hz, J = 6.4 Hz, 1H), 7.84 (d, J = 7.2 Hz, 2H), 8.26 (d, J = 7.2
Hz, 2H); 13C NMR (100 MHz, CDCl3, 25 °C) δ 13.8 (q), 14.0 (q),
22.3 (t), 26.9 (t), 33.4 (t), 36.8 (t), 52.2 (d), 62.0 (t), 124.0 (d), 127.1
(d), 136.9 (s), 148.5 (s), 150.6 (s), 169.6 (s), 172.3 (s) ppm; IR
(Nujol) νmax 1751, 1656 cm−1; EI-MS m/z (%) 347 (M+) (4), 263
(51), 264 (7), 191 (20), 190 (100), 144 (28), 115 (6). Anal. Calcd for
C17H21N3O5 (347.36): C, 58.78; H, 6.09; N, 12.10. Found: C, 58.86;
H, 6.18; N, 12.03.
Ethyl 1-benzoyl-3-(4-nitrophenyl)-4,5-dihydro-1H-pyrazole-5-

carboxylate (3h): yield 141 mg (77%); white solid, mp 130−132
°C; 1H NMR (400 MHz, CDCl3, 25 °C) δ 1.32 (t, J = 7.2 Hz, 3H),
3.36 (dd, J = 17.6 Hz, J = 6.0 Hz, 1H), 3.66 (dd, J = 17.6 Hz, J = 12.4
Hz, 1H), 4.29 (q, J = 7.2 Hz, 2H), 5.27 (dd, J = 12.4 Hz, J = 6.0 Hz,
1H), 7.45−7.55 (m, 3H), 7.82 (d, J = 8.8 Hz, 2H), 7.89−8.01 (m,
2H), 8.25 (d, J = 9.2 Hz, 2H); 13C NMR (100 MHz, CDCl3, 25 °C) δ
14.1 (q), 36.2 (t), 59.5 (d), 62.1 (t), 124.0 (d), 127.4 (d), 127.8 (d),
130.0 (d), 131.6 (d), 133.0 (s), 136.8 (s),148.6 (s), 151.7 (s), 167.0
(s), 170.0 (s) ppm; IR (Nujol) νmax 1739, 1646 cm

−1; EI-MS m/z (%)

367 (M+) (89), 294 (100), 144 (4), 115 (24). Anal. Calcd for
C19H17N3O5 (367.35): C, 62.12; H, 4.66; N, 11.44. Found: C, 62.04;
H, 4.75; N, 11.50.

Diethyl 3-(3-methoxyphenyl)-4,5-dihydro-1H-pyrazole-1,5-dicar-
boxylate (3i): yield 156 mg (98%); pale yellow oil; 1H NMR (400
MHz, CDCl3, 25 °C) δ 1.25 (t, J = 6.8 Hz, 3H), 1.28−1.38 (m, 3H),
3.26 (dd, J = 17.6 Hz, J = 5.6 Hz, 1H), 3.57 (dd, J = 17.6 Hz, J = 12.4
Hz, 1H), 3.80 (s, 3H), 4.16−4.30 (m, 4H), 4.87 (dd, J = 12.4 Hz, J =
5.6 Hz, 1H), 6.90−6.93 (m, 1H), 7.18 (d, J = 8.0 Hz, 1H), 7.26 (t, J =
7.6 Hz, 1H), 7.30 (s, 1H); 13C NMR (100 MHz, CDCl3, 25 °C) δ 14.3
(q), 14.8 (q), 38.0 (t), 55.6 (d), 59.3 (d), 62.0 (t), 62.7 (t), 111.5 (d),
117.0 (d), 119.6 (d), 129.8 (d), 132.2 (s), 153.0 (s), 153.1 (s), 159.9
(s), 170.4 (s) ppm; IR (Nujol) νmax 1746, 1699, 1604 cm

−1; EI-MS m/
z (%) 320 (M+) (24), 247 (42), 203 (29), 188 (4), 175 (100), 160
(25), 145 (5), 131 (4), 115 (3). Anal. Calcd for C16H20N2O5 (320.34):
C, 59.99; H, 6.29; N, 8.74. Found: C, 60.04; H, 6.20; N, 8.81.

Diethyl 3-methyl-4,5-dihydro-1H-pyrazole-1,5-dicarboxylate (3j):
yield 73 mg (64%); pale yellow oil; 1H NMR (400 MHz, CDCl3, 25
°C) δ 1.24 (t, J = 6.8 Hz, 6H), 2.01 (s, 3H), 2.83 (dd, J = 17.6 Hz, J =
5.0 Hz, 1H), 3.17 (dd, J = 17.6 Hz, J = 12.4 Hz, 1H), 4.18 (q, J = 6.8
Hz, 2H), 4.22−4.27 (m, 2H), 4.70 (dd, J = 12.4 Hz, J = 6.0 Hz, 1H)
ppm; 13C NMR (100 MHz, CDCl3, 25 °C) δ 13.0 (q), 14.5 (q), 15.5
(q), 41.3 (t), 58.6 (d), 61.6 (t), 154.0 (s), 170.3 (s) ppm; IR (Nujol)
νmax 2991, 1755, 1698 cm−1; EI-MS m/z (%) 228 (M+) (15), 155
(100), 111 (30). Anal. Calcd for C10H16N2O4 (228.24): C, 52.62; H,
7.07; N, 12.27. Found: C, 52.50; H, 7.01; N, 12.19.

Ethyl 1-(anilinocarbonyl)-3-methyl-4,5-dihydro-1H-pyrazole-5-
carboxylate (3k): yield 88 mg (64%); pale yellow oil; 1H NMR
(400 MHz, CDCl3, 25 °C) δ 1.27 (t, J = 7.2 Hz, 3H), 2.02 (s, 3H),
2.88 (dd, J = 18.0 Hz, J = 6.0 Hz, 1H), 3.20 (dd, J = 18.0 Hz, J = 12.0
Hz, 1H), 4.22 (q, J = 7.2 Hz, 2H), 4.82 (dd, J = 12.4 Hz, J = 6.4 Hz,
1H), 7.01 (t, J = 7.6 Hz, 1H), 7.27 (t, J = 8.4 Hz, 2H), 7.47 (d, J = 7.6
Hz, 2H), 7.88 (s, 1H) ppm; 13C NMR (100 MHz, CDCl3, 25 °C) δ
14.0 (q), 15.5 (q), 41.7 (t), 57.6 (d), 61.6 (t), 118.9 (s), 122.8 (d),
128.8 (d), 138.4 (s), 151.6 (s), 152.5 (s), 170.7 (s) ppm; IR (Nujol)
νmax 3178, 1713, 1687 cm−1; EI-MS m/z (%) 275 (M+) (100), 156
(85), 119 (73). Anal. Calcd for C14H17N3O3 (275.30): C, 61.08; H,
6.22; N, 15.26. Found: C, 61.16; H, 6.14; N, 15.21.

3,5-Diethyl 1-methyl 4,5-dihydro-1H-pyrazole-1,3,5-tricarboxy-
late (3l): yield 110 mg (81%); pale yellow oil; 1H NMR (400 MHz,
CDCl3, 25 °C) δ 1.23 (t, J = 7.2 Hz, 3H), 1.29 (t, J = 7.2 Hz, 3H), 3.16
(dd, J = 18.8 Hz, J = 6.4 Hz, 1H), 3.42 (dd, J = 18.8 Hz, J = 13.2 Hz,
1H), 3.82 (s, 3H), 4.18 (dq, J = 6.8 Hz, J = 3.2 Hz, 2H), 4.28 (q, J =
7.2 Hz, 2H), 4.84 (dd, J = 13.2 Hz, J = 6.4 Hz, 1H) ppm; 13C NMR
(100 MHz, CDCl3, 25 °C) δ 13.9 (q), 14.0 (q), 36.9 (t), 53.7 (q), 59.6
(d), 61.9 (t), 145.8 (s), 152.6 (s), 161.0 (s), 169.1 (s) ppm; IR
(Nujol) νmax 2996, 1754, 1714 cm−1; EI-MS m/z (%) 272 (M+) (9),
227 (7), 199 (100), 171 (18), 153 (98), 127 (13), 110 (2). Anal.
Calcd for C11H16N2O6 (272.25): C, 48.53; H, 5.92; N, 10.29. Found:
C, 48.66; H, 5.83; N, 10.18.

Diethyl 1-(phenylacetyl)-4,5-dihydro-1H-pyrazole-3,5-dicarboxy-
late (3m): yield 151 mg (91%); pale yellow oil; 1H NMR (400 MHz,
CDCl3, 25 °C) δ 1.18 (t, J = 7.2 Hz, 3H), 1.35 (t, J = 6.8 Hz, 3H), 3.11
(dd, J = 18.8 Hz, J = 6.4 Hz, 1H), 3.38 (dd, J = 18.8 Hz, J = 12.8 Hz,
1H), 4.07 (s, 2H), 4.11−4.16 (m, 2H), 4.33 (q, J = 7.2 Hz, 2H), 4.89
(dd, J = 13.2 Hz, J = 6.4 Hz, 1H), 7.20−7.32 (m, 5H) ppm; 13C NMR
(100 MHz, CDCl3, 25 °C) δ 13.7 (q), 14.0 (q), 36.7 (t), 40.0 (t), 58.6
(d), 61.8 (t), 61.9 (t), 126.7 (d), 128.2 (d), 129.4 (d), 134.0 (s), 146.2
(s), 160.8 (s), 168.8 (s), 170.1 (s) ppm; IR (Nujol) νmax 1747, 1721,
1687 cm−1; EI-MS m/z (%) 332 (M+) (24), 141 (70), 118 (100).
Anal. Calcd for C17H20N2O5 (332.35): C, 61.44; H, 6.07; N, 8.43.
Found: C, 61.32; H, 6.15; N, 8.34.

Diethyl 1-(anilinocarbonyl)-4,5-dihydro-1H-pyrazole-3,5-dicar-
boxylate (3n): yield 166 mg (100%); white solid, mp 96−98 °C; 1H
NMR (400 MHz, CDCl3, 25 °C) δ 1.28 (t, J = 7.2 Hz, 3H), 1.38 (t, J
= 6.8 Hz, 3H), 3.21 (dd, J = 18.8 Hz, J = 6.4 Hz, 1H), 3.48 (dd, J =
18.4 Hz, J = 13.2 Hz, 1H), 4.25 (dq, J = 7.2 Hz, J = 2.4 Hz, 2H), 4.35
(q, J = 6.8 Hz, 2H), 5.01 (dd, J = 12.8 Hz, J = 6.4 Hz, 1H), 7.07 (t, J =
7.6 Hz, 1H), 7.30 (t, J = 7.6 Hz, 2H), 7.50 (d, J = 7.6 Hz, 2H), 7.99 (s,
1H) ppm; 13C NMR (100 MHz, CDCl3, 25 °C) δ 14.0 (q), 14.1 (q),
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37.1 (t), 59.0 (d), 62.1 (t), 119.4 (d), 123.7 (d), 128.9 (d), 137.5 (s),
143.7 (s), 150.5 (s), 160.9 (s), 169.6 (s) ppm; IR (Nujol) νmax 3340,
1750, 1700 cm−1; EI-MS m/z (%) 333 (M+) (14), 141 (100), 119
(33), 111 (28). Anal. Calcd for C16H19N3O5 (333.33): C, 57.65; H,
5.75; N, 12.61. Found: C, 57.76; H, 5.79; N, 12.54.
5-Benzyl 1-ethyl 3-phenyl-4,5-dihydro-1H-pyrazole-1,5-dicarbox-

ylate (3o): yield 144 mg (82%); pale yellow oil; 1H NMR (400 MHz,
CDCl3, 25 °C) δ 1.29 (t, J = 7.2 Hz, 3H), 3.27 (dd, J = 17.2 Hz, J = 5.2
Hz, 1H), 3.56 (dd, J = 17.6 Hz, J = 13.2 Hz, 1H), 4.27 (m, 2H), 4.94
(dd, J = 12.0 Hz, J = 5.2 Hz, 1H), 5.20 (dd, J = 12.4 Hz, 2H), 7.34−
7.39 (m, 8H), 7.70−7.71 (m, 2H); 13C NMR (100 MHz, CDCl3, 25
°C) δ 14.3 (q), 37.4 (t), 58.9 (d), 62.3 (t), 67.2 (t), 126.6 (d), 128.1
(d), 128.2 (d), 128.3 (d), 128.4 (d), 130.1 (d), 130.5 (s), 135.0 (s),
152.7 (s), 169.9 (s) ppm; IR (Nujol) νmax 1754, 1695 cm

−1; EI-MS m/
z (%) 352 (M+) (18), 217 (32), 173 (23), 145 (100), 118 (15). Anal.
Calcd for C20H20N2O4 (352.38): C, 68.17; H, 5.72; N, 7.95. Found: C,
68.08; H, 5.67; N, 7.90.
Benzyl 1-benzoyl-3-phenyl-4,5-dihydro-1H-pyrazole-5-carboxy-

late (3p): yield 161 mg (84%); white solid, mp 120−122 °C; 1H
NMR (400 MHz, CDCl3, 25 °C) δ 3.31 (dd, J = 18.0 Hz, J = 6.4 Hz,
1H), 3.62 (dd, J = 17.6 Hz, J = 12.4 Hz, 1H), 5.27 (dd, J = 12.4 Hz,
2H), 5.29 (dd, J = 12.4 Hz, J = 6.4 Hz, 1H), 7.35−7.53 (m, 11H),
7.66−7.68 (m, 2H), 8.05 (d, J = 8.4 Hz, 2H); 13C NMR (100 MHz,
CDCl3, 25 °C) δ 36.4 (t), 50.1 (d), 67.5 (t), 126.7 (d), 127.7 (d),
128.2 (d), 128.4 (d), 128.6 (d), 128.7 (d), 130.1 (d), 130.5 (d), 130.7
(s), 131.2 (d), 133.4 (s), 135.2 (s), 154.1 (s), 166.7 (s), 169.8 (s)
ppm; IR (Nujol) νmax 1751, 1639, 1598 cm−1; EI-MS m/z (%) 384
(M+) (100), 339 (10). Anal. Calcd for C24H20N2O3 (384.42): C,
74.98; H, 5.24; N, 7.29. Found: C, 75.09; H, 5.29; N, 7.36.
Benzyl 1-(anilinocarbonyl)-3-phenyl-4,5-dihydro-1H-pyrazole-5-

carboxylate (3q): yield 165 mg (83%); white solid, mp 143−144
°C; 1H NMR (400 MHz, CDCl3, 25 °C) δ 3.33 (dd, J = 17.6 Hz, J =
6.0 Hz, 1H), 3.63 (dd, J = 17.6 Hz, J = 12.8 Hz, 1H), 5.10 (dd, J = 12.4
Hz, J = 6.0 Hz, 1H), 5.24 (dd, J = 12.4 Hz, 2H), 7.08 (t, J = 7.6 Hz,
1H), 7.31−7.38 (m, 7H), 7.42−7.45 (m, 3H), 7.55 (d, J = 7.6 Hz,
2H), 7.68−7.71 (m, 2H), 8.07 (s, 1H); 13C NMR (100 MHz, CDCl3,
25 °C) δ 37.8 (t), 57.9 (d), 67.4 (t), 119.2 (d), 123.1 (d), 126.4 (d),
128.2 (d), 128.3 (d), 128.5 (d), 128.7 (d), 128.9 (d), 130.4 (d), 130.5
(s), 135.2 (s), 138.2 (s), 151.4 (s), 170.2 (s) ppm; IR (Nujol) νmax
3333, 1744, 1683, 1598 cm−1; EI-MS m/z (%) 399 (M+) (43), 280
(100), 264 (2). Anal. Calcd for C24H21N3O3 (399.44): C, 72.16; H,
5.30; N, 10.52. Found: C, 72.24; H, 5.22; N, 10.45.
5-Benzyl 1-ethyl 3-methyl-4,5-dihydro-1H-pyrazole-1,5-dicarbox-

ylate (3r): yield 91 mg (63%); pale yellow oil; 1H NMR (400 MHz,
CDCl3, 25 °C) δ 1.24 (t, J = 7.2 Hz, 3H), 1.98 (m, 3H), 2.79 (dd, J =
18.0 Hz, J = 5.6 Hz, 1H), 3.14 (dd, J = 18.0 Hz, J = 12.8 Hz, 1H), 4.21
(m, 2H), 4.75 (dd, J = 12.0 Hz, J = 5.2 Hz, 1H), 5.15 (dd, J = 12.4 Hz,
2H), 7.26−7.34 (m, 5H); 13C NMR (100 MHz, CDCl3, 25 °C) δ 13.4
(q), 15.4 (q), 41.1 (t), 58.5 (d), 62.1 (t), 67.0 (t), 128.0 (d), 128.2
(d), 128.4 (d), 135.0 (s), 153.8 (s), 170.0 (s) ppm; IR (Nujol) νmax
1751, 1696 cm−1; EI-MS m/z (%) 290 (M+) (4), 257 (7), 155 (100),
125 (30), 111 (90). Anal. Calcd for C15H18N2O4 (290.31): C, 62.06;
H, 6.25; N, 9.65. Found: C, 62.15; H, 6.31; N, 9.72.
5-Benzyl 3-ethyl 1-methyl 4,5-dihydro-1H-pyrazole-1,3,5-tricar-

boxylate (3s): yield 147 mg (88%); white solid, mp 135−137 °C; 1H
NMR (400 MHz, CDCl3, 25 °C) δ 1.29 (t, J = 7.2 Hz, 3H), 3.13 (dd, J
= 18.8 Hz, J = 6.0 Hz, 1H), 3.41 (dd, J = 18.8 Hz, J = 13.2 Hz, 1H),
3.78 (m, 3H), 4.28 (q, J = 7.2 Hz, 2H), 4.90 (dd, J = 13.2 Hz, J = 6.0
Hz, 1H), 5.16 (dd, J = 12.0 Hz, 2H), 7.28−7.34 (m, 5H); 13C NMR
(100 MHz, CDCl3, 25 °C) δ 14.0 (q), 36.9 (t), 53.7 (q), 59.6(d), 62.0
(t), 67.5 (t), 128.2 (d), 128.4 (d), 128.5 (d), 134.7 (s), 145.8 (s),
160.9 (s), 168.9 (s) ppm; IR (Nujol) νmax 1756, 1745, 1713 cm−1; EI-
MS m/z (%) 334 (M+) (6), 289 (8), 199 (70), 153 (100), 127 (17),
109 (42). Anal. Calcd for C16H18N2O6 (334.32): C, 57.48; H, 5.43; N,
8.38. Found: C, 57.57; H, 5.50; N, 8.36.
(3R,3aR)-re l -Ethyl 2-(phenylcarbamoyl) -2 ,3 ,3a,4 ,5 ,6-

hexahydrocyclopenta[c]pyrazole-3-carboxylate (cis-3t): yield 42
mg (28%); brown oil; 1H NMR (400 MHz, CDCl3, 25 °C) δ 1.26
(t, J = 7.2 Hz, 3H), 1.67−2.48 (m, 6H), 3.62−3.75 (m, 1H), 4.10−
4.30 (m, 2H), 4.95 (d, J = 11.6 Hz, 1H), 6.99−7.05 (m, 1H), 7.25−

7.31 (m, 2H), 7.45−7.50 (m, 2H), 7.91 (s, 1H) ppm; 13C NMR (100
MHz, CDCl3, 25 °C) δ 14.2 (q), 22.2 (t), 25.5 (t), 26.9 (t), 54.2 (d),
61.4 (d), 61.8 (t), 119.0 (d), 122.8 (d), 128.8 (d), 138.5 (s), 152.4 (s),
168.0 (s) 168.4 (s) ppm; IR (Nujol) νmax 3396, 1741, 1682 cm

−1; ESI-
MS m/z (%) 302 (100) [M + H]+. Anal. Calcd for C16H19N3O3
(301.34): C, 63.77; H, 6.36; N, 13.94. Found: C, 63.89; H, 6.28; N,
14.01.

(3S ,3aR)-re l -Ethyl 2- (phenylcarbamoyl) -2,3 ,3a,4,5 ,6-
hexahydrocyclopenta[c]pyrazole-3-carboxylate (trans-3t): yield 28
mg (18%); brown oil; 1H NMR (400 MHz, CDCl3, 25 °C) δ 1.31 (t, J
= 7.2 Hz, 3H), 1.42−2.58 (m, 6H), 3.42−3.53 (m, 1H), 4.25−4.34 (m,
2H), 4.47 (d, J = 10.0 Hz, 1H), 6.99−7.05 (m, 1H), 7.25−7.31 (m,
2H), 7.44−7.50 (m, 2H), 7.83 (s, 1H) ppm; 13C NMR (100 MHz,
CDCl3, 25 °C) δ 14.2 (q), 21.9 (t), 25.8 (t), 28.4 (t), 57.0 (d), 61.7
(d), 65.8 (t), 119.1 (d), 123.0 (d), 128.9 (d), 138.3 (s), 152.8 (s),
167.3 (s) 170.9 (s) ppm; IR (Nujol) νmax 3389, 1746, 1686 cm

−1; ESI-
MS m/z (%) 302 (100) [M + H]+. Anal. Calcd for C16H19N3O3
(301.34): C, 63.77; H, 6.36; N, 13.94. Found: C, 63.70; H, 6.25; N,
13.87.

(3R,3aR)-rel-Ethyl 2-(phenylcarbamoyl)-3,3a,4,5,6,7-hexahydro-
2H-indazole-3-carboxylate (cis-3u): yield 46 mg (29%); brown oil;
1H NMR (400 MHz, CDCl3, 25 °C) δ 1.31 (t, J = 7.2 Hz, 3H), 1.27−
2.22 (m, 7H), 2.69−2.76 (m, 1H), 3.25−3.35 (m, 1H), 4.15−4.28 (m,
2H), 4.91 (d, J = 12.0 Hz, 1H), 6.99−7.04 (m, 1H), 7.25−7.31 (m,
2H), 7.45−7.50 (m, 2H), 7.90 (s, 1H) ppm; 13C NMR (100 MHz,
CDCl3, 25 °C) δ 14.3 (q), 24.2 (t), 25.7 (t), 27.4 (t), 28.1 (t), 48.6
(d), 60.7 (d), 61.3 (t), 119.0 (d), 122.8 (d), 128.9 (d), 138.5 (s), 151.8
(s), 157.7 (s) 168.5 (s) ppm; IR (Nujol) νmax 3394, 1749, 1678 cm−1;
ESI-MS m/z (%) 316 (100) [M + H]+. Anal. Calcd for C17H21N3O3
(315.37): C, 64.74; H, 6.71; N, 13.32. Found: C, 64.87; H, 6.63; N,
13.39.

(3S,3aR)-rel-Ethyl 2-(phenylcarbamoyl)-3,3a,4,5,6,7-hexahydro-
2H-indazole-3-carboxylate (trans-3u): yield 19 mg (12%); brown
oil; 1H NMR (400 MHz, CDCl3, 25 °C) δ 1.28 (t, J = 7.2 Hz, 3H),
1.40−2.26 (m, 7H), 2.65−2.71 (m, 1H), 2.88−3.08 (m, 1H), 4.25 (q, J
= 7.2 Hz, 2H), 4.39 (d, J = 7.6 Hz, 1H), 6.99−7.05 (m, 1H), 7.24−
7.30 (m, 2H), 7.46−7.50 (m, 2H), 7.87 (s, 1H) ppm; 13C NMR (100
MHz, CDCl3, 25 °C) δ 14.1 (q), 24.5 (t), 27.1 (t), 27.6 (t), 33.3 (t),
52.5 (d), 61.7 (d), 63.6 (t), 119.0 (d), 122.9 (d), 128.8 (d), 138.5 (s),
151.9 (s), 158.5 (s) 170.7 (s) ppm; IR (Nujol) νmax 3394, 1744, 1683
cm−1; ESI-MS m/z (%) 316 (100) [M + H]+. Anal. Calcd for
C17H21N3O3 (315.37): C, 64.74; H, 6.71; N, 13.32. Found: C, 64.61;
H, 6.80; N, 13.41.

(3R,3aR)-rel-Benzyl 2-(phenylcarbamoyl)-3,3a,4,5,6,7-hexahydro-
2H-indazole-3-carboxylate (cis-3v): yield 72 mg (38%); brown oil;
1H NMR (400 MHz, CDCl3, 25 °C) δ 1.23−2.21 (m, 7H), 2.65−2.73
(m, 1H), 3.24−3.32 (m, 1H), 4.97 (d, J = 11.6 Hz, 1H), 5.13 (d, J =
12.4 Hz, 1H), 5.25 (d, J = 12.4 Hz, 1H), 7.00−7.05 (m, 1H), 7.24−
7.39 (m, 7H), 7.46−7.51 (m, 2H), 7.91 (s, 1H) ppm; 13C NMR (100
MHz, CDCl3, 25 °C) δ 24.1 (t), 25.6 (t), 27.3 (t), 28.0 (t), 48.7 (d),
60.7 (d), 67.1 (t), 119.0 (d), 122.8 (d), 128.4 (d), 128.5 (d), 128.6
(d), 128.8 (d), 135.2 (s), 138.4 (s), 151.8 (s), 157.7 (s) 168.4 (s)
ppm; IR (Nujol) νmax 3385, 1746, 1682 cm−1; ESI-MS m/z (%) 378
(100) [M + H]+. Anal. Calcd for C22H23N3O3 (377.44): C, 70.01; H,
6.14; N, 11.13. Found: C, 69.89; H, 6.05; N, 11.20.

(3S,3aR)-rel-Benzyl 2-(phenylcarbamoyl)-3,3a,4,5,6,7-hexahydro-
2H-indazole-3-carboxylate (trans-3v): yield 32 mg (17%); brown oil;
1H NMR (400 MHz, CDCl3, 25 °C) δ 1.36−2.25 (m, 7H), 2.63−2.70
(m, 1H), 2.87−3.04 (m, 1H), 4.47 (d, J = 7.2 Hz, 1H), 5.18 (d, J =
12.4 Hz, 1H), 5.28 (d, J = 12.4 Hz, 1H), 7.00−7.06 (m, 1H), 7.24−
7.39 (m, 7H), 7.35−7.51 (m, 2H), 7.89 (s, 1H) ppm; 13C NMR (100
MHz, CDCl3, 25 °C) δ 24.4 (t), 27.0 (t), 27.5 (t), 33.2 (t), 52.3 (d),
63.5 (d), 67.2 (t), 119.0 (d), 122.9 (d), 128.1 (d), 128.2 (d), 128.5
(d), 128.8 (d), 135.4 (s), 138.4 (s), 151.9 (s), 158.5 (s) 170.4 (s)
ppm; IR (Nujol) νmax 3389, 1746, 1678 cm−1; ESI-MS m/z (%) 378
(100) [M + H]+. Anal. Calcd for C22H23N3O3 (377.44): C, 70.01; H,
6.14; N, 11.13. Found: C, 70.13; H, 6.22; N, 11.21.

(3R,3aR)-rel-Benzyl 2-(phenylcarbamoyl)-2,3,3a,4,5,6,7,8-
octahydrocyclohepta[c]pyrazole-3-carboxylate (cis-3w): yield 66
mg (34%); yellow oil; 1H NMR (400 MHz, CDCl3, 25 °C) δ 1.23−

The Journal of Organic Chemistry Article

dx.doi.org/10.1021/jo5016097 | J. Org. Chem. 2014, 79, 8331−83388336



1.99 (m, 8H), 2.39−2.76 (m, 2H), 3.42−3.51 (m, 1H), 4.90 (d, J =
11.6 Hz, 1H), 5.11 (d, J = 12.4 Hz, 1H), 5.24 (d, J = 12.4 Hz, 1H),
7.01−7.05 (m, 1H), 7.24−7.39 (m, 7H), 7.46−7.51 (m, 2H), 7.94 (s,
1H) ppm; 13C NMR (100 MHz, CDCl3, 25 °C) δ 25.4 (t), 26.1 (t),
28.6 (t), 29.9 (t), 30.7 (t), 52.7 (d), 62.4 (d), 67.1 (t), 119.0 (d), 122.9
(d), 128.3 (d), 128.5 (d), 128.6 (d), 128.8 (d), 135.2 (s), 138.4 (s),
152.2 (s), 160.5 (s) 168.7 (s) ppm; IR (Nujol) νmax 3392, 1745, 1684
cm−1; ESI-MS m/z (%) 392 (100) [M + H]+. Anal. Calcd for
C23H25N3O3 (391.46): C, 70.57; H, 6.44; N, 10.73. Found: C, 70.44;
H, 6.35; N, 10.66.
(3S,3aR)-rel-Benzyl 2-(phenylcarbamoyl)-2,3,3a,4,5,6,7,8-

octahydrocyclohepta[c]pyrazole-3-carboxylate (trans-3w): yield
43 mg (22%); yellow oil; 1H NMR (400 MHz, CDCl3, 25 °C) δ
1.23−2.02 (m, 8H), 2.43−2.63 (m, 2H), 3.15−3.21 (m, 1H), 4.48 (d, J
= 6.8 Hz, 1H), 5.18 (d, J = 12.4 Hz, 1H), 5.26 (d, J = 12.4 Hz, 1H),
7.01−7.06 (m, 1H), 7.21−7.40 (m, 7H), 7.47−7.51 (m, 2H), 7.90 (s,
1H) ppm; 13C NMR (100 MHz, CDCl3, 25 °C) δ 25.5 (t), 28.2 (t),
29.2 (t), 29.3 (t), 33.0 (t), 54.6 (d), 65.2 (d), 67.2 (t), 119.0 (d), 122.9
(d), 128.1 (d), 128.3 (d), 128.5 (d), 128.8 (d), 135.4 (s), 138.4 (s),
152.0 (s), 160.3 (s) 170.4 (s) ppm; IR (Nujol) νmax 3322, 1741, 1678
cm−1; ESI-MS m/z (%) 392 (100) [M + H]+. Anal. Calcd for
C23H25N3O3 (391.46): C, 70.57; H, 6.44; N, 10.73. Found: C, 70.69;
H, 6.38; N, 10.81.
(3R,3aR)-rel-Benzyl 7-methoxy-2-(phenylcarbamoyl)-3,3a,4,5-tet-

rahydro-2H-benzo[g]indazole-3-carboxylate (cis-3x): yield 105 mg
(46%); brown oil; 1H NMR (400 MHz, CDCl3, 25 °C) δ 1.45−1.62
(m, 1H), 2.14−2.22 (m, 1H), 2.78−2.98 (m, 2H), 3.56−3.67 (m, 1H),
3.83 (s, 3H), 5.08 (d, J = 12.4 Hz, 1H), 5.14 (d, J = 11.6 Hz, 1H), 5.26
(d, J = 12.4 Hz, 1H), 6.66 (d, J = 2.4 Hz, 1H), 6.84 (dd, J = 8.4 Hz, J =
2.4 Hz, 1H), 7.05 (t, J = 7.2 Hz, 1H), 7.22−7.39 (m, 7H), 7.55 (d, J =
8.0 Hz, 2H), 7.93 (d, J = 8.4 Hz, 1H), 8.13 (s, 1H) ppm; 13C NMR
(100 MHz, CDCl3, 25 °C) δ 24.1 (t), 29.6 (t), 47.8 (d), 55.3 (q), 61.4
(d), 67.2 (t), 113.1 (d), 113.7 (d), 119.2 (d), 119.5 (s), 123.0 (d),
126.9 (d), 128.3 (d), 128.4 (d), 128.5 (d), 128.9 (d), 135.2 (s), 138.5
(s), 141.0 (s), 152.2 (s), 152.9 (s), 161.4 (s) 168.4 (s) ppm; IR
(Nujol) νmax 3392, 1749, 1684 cm−1; ESI-MS m/z (%) 456 (100) [M
+ H]+. Anal. Calcd for C27H25N3O4 (455.51): C, 71.19; H, 5.53; N,
9.22. Found: C, 71.32; H, 5.61; N, 9.29.
(3S,3aR)-rel-Benzyl 7-methoxy-2-(phenylcarbamoyl)-3,3a,4,5-tet-

rahydro-2H-benzo[g]indazole-3-carboxylate (trans-3x): yield 47 mg
(21%); brown oil; 1H NMR (400 MHz, CDCl3, 25 °C) δ 1.82−1.98
(m, 1H), 2.39−2.47 (m, 1H), 2.64−2.82 (m, 2H), 3.22−3.30 (m, 1H),
3.35−3.44 (m, 3H), 3.96 (s, 3H), 4.57 (d, J = 10.8 Hz, 1H), 5.26 (d, J
= 12.4 Hz, 1H), 5.34 (d, J = 12.4 Hz, 1H), 6.91 (d, J = 8.4 Hz, 1H),
7.06 (t, J = 7.2 Hz, 1H), 7.20−7.41 (m, 8H), 7.52 (d, J = 8.4 Hz, 2H),
7.87 (d, J = 8.8 Hz, 1H), 7.99 (s, 1H) ppm; 13C NMR (100 MHz,
CDCl3, 25 °C) δ 27.2 (t), 29.7 (t), 50.1 (d), 56.4 (q), 64.9 (d), 67.5
(t), 110.4 (d), 119.3 (d), 120.7 (s), 123.2 (d), 124.4 (d), 128.2 (d),
128.4 (d), 128.6 (d), 128.9 (d), 135.4 (s), 138.2 (s), 138.4 (s), 152.3
(s), 152.6 (s), 156.9 (s) 170.2 (s) ppm; IR (Nujol) νmax 3405, 1749,
1688 cm−1; ESI-MS m/z (%) 456 (100) [M + H]+. Anal. Calcd for
C27H25N3O4 (455.51): C, 71.19; H, 5.53; N, 9.22. Found: C, 71.08; H,
5.64; N, 9.14.
Characterization Data of Dimer 4a. Ethyl 6-((ethoxycarbonyl)-

diazenyl)-3,6-diphenyl-5,6-dihydropyridazine-1(4H)-carboxylate
(4a): pale yellow oil; 1H NMR (400 MHz, CDCl3, 25 °C) δ 1.05 (br s,
3H), 1.41 (t, J = 7.2 Hz, 3H), 2.05−2.17 (m, 1H), 2.23−2.34 (m, 1H),
2.63−2.73 (m, 2H), 3.95−4.08 (m, 2H), 4.39−4.49 (m, 2H), 7.29−
7.44 (m, 6H), 7.60−7.67 (m, 2H), 7.78−7.83 (m, 2H) ppm; 13C
NMR (100 MHz, CDCl3, 25 °C) δ 13.9 (q), 14.1 (q), 18.0 (t), 32.4
(t), 62.3 (t), 64.7 (t), 86.5 (s), 124.8 (d), 125.7 (d), 127.5 (d), 128.4
(d), 128.7 (d), 129.3 (d), 136.8 (s), 143.0 (s), 146.8 (s), 153.1 (s),
162.0 (s) ppm; IR (Nujol) νmax 1736 cm

−1; EI-MS m/z (%) 408 (M+)
(2), 307 (59), 263 (19), 235 (100). Anal. Calcd for C22H24N4O4

(408.18): C, 64.69; H, 5.92; N, 13.72. Found: C, 64.57; H, 5.99; N,
13.61.
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