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1. Introduction

1,3-Dipolar cycloaddition is one of the most important methods for the synthesis of five-membered
heterocycles. The high regio and stereo selectivity typical of these reactions make them an indispensable tool for
synthesizing natural products with a few chiral centers.” In particular, dipolar cycloaddition of azomethine ylide has
been used in many instances for the diastereoselective synthesis of various pyrrolidine based alkaloids that were
found application as chiral building blocks and as chiral catalysts in organic synthesis.>* Highly substituted
pyrrolidines are well known for their glucosidase inhibitory activity in addition to potent antiviral, antibacterial,
antidiabetic and anticancer activities.

Pyrazole-derivatives are important from the viewpoint of their pharmacological properties. They have been
known to display antianxiety, antipyretic, analgesic, PDE-4, antimicrobial, and antiinflammatory activities.® They
are also employed as agrochemicals.” As a consequence, there has been continued interest to develop methodologies
for the synthesis of a variety of pyrazole-based compounds.? Recently S. Batra et.al synthesized pyrazole derived
heterocyclic compounds.® Spirocyclic pyrrole derivatives are studied for their antibacterial activity'® and pyrazolyl
pyrrolidine derivatives are reported for expected biological activity™'. We intend to synthesize novel pyrazolyl
pyrrolidine derivatives starting from glycine ester.

2. Material and Methods
2.1 Chemicals and reagents
All chemicals were purchased from Sigma-Aldrich U.S.A. Analytical TLC was performed on precoated

aluminium sheets of silica gel G/UV-254 of 0.2 mm thickness (Merck, Germany). Column chromatography was
performed on silica gel (100-200 mesh, Merck, India).
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2.2 Equipments and analytical instruments

Melting points were obtained on a Cambridge Instruments Galen Ill hot stage apparatus. IR spectra were
recorded on a Perkin-Elmer FTIR spectrophotometer. *H and **C NMR spectra were recorded in CDCl; using TMS
as an internal standard on a JEOL spectrometer at 500 MHz and 125 MHz respectively. Mass spectra were recorded
on a Thermo Finnigan LCQ Advantage MAX 6000 ESI spectrometer. Elemental analyses were recorded using a
Thermo Finnigan FLASH EA1112 CHN analyzer.

2.3 Typical procedure for synthesis of comounds 4a-4g:

A mixture of pyrazole aldehyde (0.3 g), sacorsine (0.177 g) and maleimide (0.158 g) was refluxed in toluene
(15 ml) until completion of the reaction as evidenced by TLC analysis. The solvent was evaporated under reduced
pressure. The crude mixture was purified by column chromatography on silica gel [Merck, 100-200 mesh,
ethylacetate—petroleum ether (10:90)] to afford pure pyrazolyl pyrrolidine

3. Result and Discussion

In continuation of our interest in the 1,3-dipolar cycloaddition reactions*?, here we developed a methodology
for the synthesis of substituted pyrazolyl pyrrolidines. Reaction of substituted pyrazole aldehyde with glycine ester
produced azomethine ylides, which were subsequently reacted in-situ with maleimides in toluene under refluxing
conditions to produce highly substituted pyrazolyl pyrrolidines in good to excellent yields (Scheme 1,Table 1).These
products were thoroughly characterized with various spectroscopic techniques.

& |

N—-N
[+ R2NHCH,COOEt+ [ 'N-R3 —1oluene
R reflux
CHO o)
1 2 3
Scheme 1. Synthesis of Pyrazolyl Pyrrolidines (4a-g).
Table 1. Synthesis of Pyrazolyl Pyrrolidines (4a-4g)
H b
Entry R! R? R® Cycloadduct 42 Time( h) Y('oil)()j
1 H CH,Ph Ph 3.5 95
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6 OEt Me Ph

5 94

?All products were characterized by IR, "HNMR, *CNMR and mass spectroscopy
PIsolated yield after column chromatography.

In the *H NMR spectrum of compound 4g, a singlet at § 4.4 ppm was attributed to C2-H. The doublet at 3.52
ppm (J = 7.6 Hz), dd at 3.82 ppm (J = 7.6 and 9.2 Hz) and doublet at 6 4.65 ppm (J = 9.1 Hz) were assigned to
protons at C5, C4, C3 carbons respectively. In *C NMR spectrum, the peaks at & 170.7, 174.6 and 175.9 ppm were
attributed to one ester and two imide carbonyl carbons respectively. The mass spectrum revealed the molecular ion

peak (M+H) * at m/z 599.

c42

Figure 1. ORTEP diagram of compound 4d.
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The stereochemistry of the compound was assigned by *H NMR spectrum, the hydrogen at C2 carbon
appeared as singlet and trans relationship with proton at C5 carbon. The protons in the maleimide ring always in the
cis relationship. The proton at C3 appeared as doublet with coupling constant (J = 9.9 Hz) and cis relationship with
proton at C4 carbon (Fig.2). The stereochemistry was further confirmed by single crystal X-ray diffraction studies
(ccbc 801528, ORTEP diagram Fig.1),"® from this conclusion the formed product was a exo diastereoisomer due to
the maleimide carbonyl carbon and ester carbonyl in the azomethine ylide are trans relationship.

Figure 2.Structural diagram of compound 4g and 4d
Characterization of compound 4a-4g

Compound  4a:  Ethyl2-benzyl-octahydro-4,6-dioxo-5-phenyl-3-(1,3-diphenyl-1H-pyrazol-4  yl)pyrrolo[3,4-
c]pyrrole-1-carboxylate, Yellow solid; Rf= 0.41 (50% EAPE) mp 164-172 °C; *H NMR (500 MHz CDCls) § = 1.27
(t, 3H, J=3.05Hz), 3.53 (d, 1H, J=7.65Hz), 3.60 (d, 1H, J=13.75Hz), 3.91 (t, 1H, J=9.9Hz), 4.0 (d, 1H, J=13.75Hz),
4.16-4.22 (m, 2H), 4.39(S,1H), 5.04 (d, 1H, J=9.95), 7.19 (t,4H, J=6.9Hz), 7.22-7.34 (m, 8H), 7.40 (t, 2H,
J=8.40Hz), 7.51 (t, 2H, J=7.65Hz), 7.59 (d, 2H, J=7.65Hz), 7.81 (d, 2H, J=6.85Hz), 7.86 (S, 1H); *C NMR (125
MHz CDCl;) 6 = 14.4, 49.0, 49.5, 52.3, 60.2, 61.1, 63.1, 119.1, 125.6, 126.1, 126.7, 127.5, 127.9, 128.4, 128.5,
128.6, 128.8, 129.2, 129.5, 137.8, 139.8, 153.3, 163.0, 171.0, 174.6, 175.8; IR vy /KBricm™: 3425, 2974, 2864,
1721, 1595, 1540; MS m/z 596 (M+H)"; Anal. Calcd for C5;H3,N,O, C, 74.48; H, 5.41; N, 9.39; O, 10.73; Found C,
74.55; H, 5.53; N, 10.62.0, 10.42.

Compound 4b: Ethyl 2-benzyl-3-(3-(4-bromophenyl)-1-phenyl-1H-pyrazol-4-yl)-octahydro-4,6-dioxo-5-
phenylpyrrolo[3,4-c]pyrrole-1-carboxylate, Pale yellow solid; Rf= 0.48 (50% EtOAc:Pet.ether); mp 166-168 °C; 'H
NMR (500 MHz CDCls) 6 = 1.28 (t, 3H, J=6.9 Hz), 3.53 (d, 1H, J=7.6 Hz), 3.61 (d, 1H, J=13.7 Hz), 3.88 (g, 1H,
J=7.6 Hz), 3.98 (d, 1H, J=13.7 Hz), 4.17-4.24 (m, 2H,), 4.39 (S, 1H), 5.00 (d, 1H, J=9.2 Hz), 7.17 (t, 4H, J=6.9 Hz),
7.24-7.34 (m, 8H), 7.40 (t, 2H, J=7.6 Hz), 7.57 (d, 2H, J=7.6 Hz), 7.63 (d, 2H, J=8.4 Hz), 7.69 (d, 1H, J=8.4 Hz),
7.85 (S, 1H); *C NMR (125 MHz CDCly) & = 14.3, 49.0, 49.5, 52.4, 60.2, 61.2, 63.1, 119.0, 122.7, 125.6, 126.8,
127.9, 128.6, 128.8, 129.2, 129.5, 130.1, 131.9, 137.7, 139.7, 152.1, 171.0, 174.6, 175.7; IR vna/KBr/cm™: 3436,
3062, 2978, 2376, 1718, 1596, 1498; MS m/z 675 (M+H)*; Anal. Calcd for C3;H3,BrN,O,4 C, 65.78, H, 4.63; Br,
11.83; N, 8.29; O, 9.47; Found C, 65.60; H, 4.51; Br, 11.70; N, 8.20; O, 9.40.

Compound 4c: Ethyl 2-benzyl-3-(3-(4-ethoxyphenyl)-1-phenyl-1H-pyrazol-4-yl)-octahydro-4,6-dioxo-5-
phenylpyrrolo[3,4-c]pyrrole-1-carboxylate, Yellow solid; Rf= 0.44 (50% EAPE) mp 92-98 °C; *H NMR (500 MHz
CDClg) 6 = 1.27 (t, 3H, J=6.85Hz), 1.44 (t, 3H, J=9.2Hz), 3.53 (d,1H, J=7.6Hz), 3.59 (d, 1H, J=14.55Hz), 3.89 (t,
1H, J= 7.6Hz), 3.99 (d, 1H, J=13.75Hz), 4.08-4.22 (m, 4H), 4.38 (S, 1H), 5.0 (d, 1H, J=9.9Hz), 7.02 (d, 2H,
J=8.4Hz), 7.18 (d, 4H, J=7.65Hz), 7.25 (q, 3H, J=8.4Hz), 7.28-7.34 (m, 5H), 7.39 (t, 2H, J=8.4Hz), 7.58 (d, 1H,
J=7.65Hz), 7.71 (d, 2H, J=8.4Hz), 7.83(S, 1H); ©*C NMR (125 MHz CDCl;) & = 14.4, 14.9, 27.0, 49.0, 49.5, 52.3,
60.2, 61.1, 63.0,63.6, 114.7, 118.8, 125.5, 125.6, 125.9, 126.5, 127.5, 127.9, 128.5, 128.7, 129.2, 129.4, 129.7,
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131.8, 137.8, 139.9, 159.2, 171.0, 174.6, 175.8; IR vine/KBr/cm™: 3755, 3444, 2926, 2376, 1719, 1602, 1498; MS
m/z 641 (M+H)"; Anal. Calcd for C3oH3sN,Os C, 73.11; H, 5.66; N, 8.74; O, 12.49; Found C, 73.20; H, 5.57; N,
8.62; O, 12.56.

Compound 4d: Ethyl 2-benzyl-3-(3-(4-chlorophenyl)-1-phenyl-1H-pyrazol-4-yl)-octahydro-4,6-dioxo-5-
phenylpyrrolo[3,4-c]pyrrole-1-carboxylate Colourless solid; Rf= 0.52 (50% EAPE) mp 168-174 °C; *H NMR (500
MHz CDCl;) & = 1.28 (t, 3H, J=6.85Hz),3.53 (d, 1H, J=7.65Hz), 3.6 (d, 1H, J=13.75Hz), 3.87 (t,1H, J=7.65Hz),
3.98 (d, 1H, J=13.75), 4.2 (q, 2H, J=6.85Hz), 4.38 (S, 1H), 5.0 (d, 1H, J=9.9Hz), 7.17 (t, 4H, J=6.1Hz), 7.22-7.34
(m, 7H), 7.40 (t, 2H, J= 7.65Hz), 7.48 (d, 2H, J=8.4Hz), 7.57 (d, 2H, J=7.65Hz),7.74 (d, 2H, J=8.4Hz), 7.85
(S,1H); *C NMR (125 MHz CDCly) & = 14.4, 49.0, 49.5, 52.4, 60.2, 61.2, 63.1, 119.0, 119.2, 125.6, 127.6, 127.9,
128.6, 128.8, 128.9, 129.2, 129.5, 129.8, 134.4, 137.7, 139.7, 152.1, 163.1, 171.1, 174.6, 175.5; IR vmna/KBricm™:
3757, 3432, 2925, 2856, 2373, 1719, 1599, 1494; MS m/z 631 (M+H)" Anal. Calcd for C3;H3;CIN,O4 C, 70.41; H,
4.95; Cl, 5.62; N, 8.88; O, 10.14; Found C, 70.52; H, 4.83; Cl, 5.53; N, 8.76; O, 10.22.

Compound  4e: Ethyl  2-benzyl-octahydro-3-(3-(4-methoxyphenyl)-1-phenyl-1H-pyrazol-4-yl)-4,6-dioxo-5-
phenylpyrrolo[3,4-c]pyrrole-1-carboxylate, Yellow solid; Rf= 0.34 (50% EAPE) mp 96-101 °C; *H NMR (500 MHz
CDClg) 6 = 1.27 (t, 3H, J=7.65Hz), 3.52 (d, 1H, J=7.6Hz), 3.58 (d, 1H, J=14.5Hz), 3.88 (q, 4H, J=5.35Hz), 3.99 (d,
1H, J=14.5Hz), 4.19 (q, 2H, J=6.9Hz), 4.38 (S,1H), 5.01 (d, 1H, J=9.2Hz), 7.03 (d, 2H, J=8.4Hz), 7.17 (d, 3H,
J=7.65Hz), 7.23-7.35 (m, 8H), 7.39 (t, 2H, J=6.85Hz), 7.58 (d, 2H, J=7.65Hz), 7.73 (d, 2H, J=8.4Hz), 7.83 (S, 1H);
B3C NMR (125 MHz CDCl;) 5 = 14.4, 49.0, 49.5, 52.3, 55.5, 60.3, 61.1, 63.1, 114.2, 118.9, 125.6, 126.5, 127.5,
127.9, 128.5, 128.7, 129.2, 129.5, 129.7, 137.8, 139.9, 153.1, 159.8, 171.1, 174.6, 175.8; IR vna/KBr/icm™: 3756,
3430, 2925, 2856, 2376, 2339, 1719, 1599, 1500; MS m/z 627 (M+H)". Anal. Calcd for C3sH3,N,O5 C, 72.83; H,
5.47; N, 8.97; O, 12.76; Found C, 72.71; H, 5.36; N, 8.86; O, 12.63.

Compound4f: Ethyl 3-(3-(4-ethoxyphenyl)-1-phenyl-1H-pyrazol-4-yl)-octahydro-2-methyl-4,6-dioxo-5-
phenylpyrrolo[3,4-c]pyrrole-1-carboxylate, Colourless solid; Rf= 0.34 (50% EAPE) mp 170-178 °C. *H NMR (500
MHz CDCls) 6 = 1.32(t, 3H, J=6.9Hz), 1.44(t, 3H, J=6.9Hz), 2.36 (3H,S), 3.52(d, 1H, J=8.45Hz), 3.84(t, 1H,
J=8.45Hz), 4.08(q, 2H, J=6.85Hz), 4.23(q, 2H, J=6.9Hz), 4.4(S, 1H), 4.66(d, 1H, J=9.95Hz), 7.0(d, 2H, J=8.4Hz),
7.16(d, 2H, J=7.65Hz), 7.22-7.25(m, 1H), 7.28-7.32(m, 3H), 7.40(t, 2H, J=8.4Hz), 7.64(d, 2H, J=7.6Hz), 7.68(d,
2H, J=9.1Hz), 7.80(S, 1H); *C NMR (125 MHz CDCl,) 5 = 14.5, 14.9, 35.8, 48.8, 49.9, 61.1, 61.2, 63.6, 67.3,
114.7,118.7, 118.9, 125.6, 125.8, 126.1, 126.3, 128.5, 129.1, 129.4, 129.6, 131.8, 139.9, 152.8, 159.1, 170.7, 174.6,
176.1; IR vma/ KBr/cm™: 3440, 3064, 2978, 2793, 2373, 1717, 1603, 1501; MS m/z 565 (M+H)*; Anal. Calcd for
Cs3H32N4O5 C, 70.20; H, 5.71; N, 9.92; O, 14.17; Found C, 70.33; H, 5.60; N, 9.81; O, 14.25.

Compound 4q: Ethyl 3-(3-(4-bromophenyl)-1-phenyl-1H-pyrazol-4-yl)-octahydro-2-methyl-4,6-dioxo-5-
phenylpyrrolo[3,4-c]pyrrole-1-carboxylate, Pale yellow solid; Rf= 0.59 (50%EAPE) mp 218-226 °C; *H NMR (500
MHz CDCly) 6 = 1.32(t, 3H, J=6.8Hz), 2.37(S,3H), 3.52(d, 1H, J=7.6Hz), 3.82(dd, 1H, J=7.6, 9.2Hz), 4.24(q, 2H,
J=6.9Hz), 4.40(S,1H), 4.65(d, 1H, J=9.1Hz), 7.13(d, 2H, J=7.6Hz), 7.25-7.32(m, 4H), 7.41(t, 2H, J=7.6Hz), 7.60(d,
2H, J=8.4Hz), 7.63-7.66(m, 4H), 7.82(S,1H); *C NMR (125 MHz CDCl;) § = 14.5, 35.8, 48.7, 49.9, 61.1, 61.2,
67.2,118.8, 122.5, 125.7, 126.4, 126.6, 128.5, 129.1, 129.5, 129.9, 131.7, 131.8, 132.1, 139.7, 151.8, 170.7, 174.6,
175.9; IR vma/KBricm™: 3166, 3017, 2815, 1715, 1625, 1592, 1498; MS m/z 599 (M+H)*; Anal. Calcd for
CyH,7BrN,O4 C, 62.11; H, 4.54; Br, 13.33; N, 9.35; O, 10.68; Found C, 62.20; H, 4.62; Br, 13.24; N, 9.47; O,
10.56.

4. Conclusions

In summary, the synthesis of some novel highly substituted pyrazolyl pyrrolidines is reported for the first
time. The adducts were obtained using high regio and diastereoselective 1,3-dipolar cycloaddition strategy. The
reactions showed an exo-diastereoselectivity as against the endo-diastereoselectivity observed in other similar
reported reactions. Based on the inherent biological activity of the pyrazole unit we anticipate that these novel
pyrazolyl containing pyrrolidines may display enhanced activity. Antibacterial activity together with low or no
cytotoxicity to normal cells will be our ongoing interests.
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