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Crystal structure analysis of novel heterocyclic 

compounds 

 

a. Crystal structure analysiss of 4-(4-hydroxybenzylideneamino)-1-methyl-3-

propyl-1H-pyrazole-5-carboxamide 

 

 Introduction  

Many natural products contain the pyrazole unit as the core structure.1 Pyrazole 

derivatives exhibit important biological properties such as antitumour2 anticoagulant3 

anti-hyperglycemic, analgesic, anti-inflammatory, anti-pyretic, anti-bacterial, 

hypoglycemic and sedative–hypnotic activity.4-6  These derivatives have attracted 

significant attention because of their applications in drug discovery and development.7 

Particularly, arylpyrazoles are important in medicinal and pesticidal chemistry8 a number 

of herbicides with pyrazole moieties have been commercialized.9 Recent literature shows 

that, some arylpyrazoles were reported to have non-nucleoside HIV-1 reverse 

transcriptase inhibitory activity.10 Recently Tang et al., reported the synthesis and crystal 

structure of a pyrazole derivative 2 as shown in Scheme 1.11  
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It is also reported that a novel 5-substituted pyrazole analogs 4, which have CB1 

binding affinities similar to SR 141716A have been synthesized as shown in Scheme 2.12  
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Wei et al., investigated effects of pyrazole-5-carboxylate derivatives on A549 

cell growth and suppress this growth.13 

 

Compounds containing carboxamide and benzylideneamino group at the adjacent 

positions of a five-membered heterocyclic ring are of considerable interest due to their 

interesting pharmacological properties.14,15 For example Schiff base 7 obtained  from the 

reaction of benzaldehyde 6 with 3-amino-2-benzofuran carboxamide 5 as shown in 

Scheme 3was evaluated for antibacterial and anthelmentic properties.15  
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In our effort to identify pyrazole-based novel antibacterial agents we prepared a 

series of 4-benzylideneamino-pyrazole-5-carboxamide for our in house in vitro screen. 

Among the compounds synthesized 4-(4-hydroxybenzylideneamino)-1-methyl-3-propyl-

1H-pyrazole-5-carboxamide (10) was identified as a key compound in this series. Here 

we describe the synthesis and crystal structure analysis of this compound.   

 

 Results and Discussion 
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The target compound was prepared (Scheme 4) by the reaction of 4-amino-1-

methyl-3-propyl-1H-pyrazole-5-carboxamide 8 (1.0 mmol) with 4-hydroxybenzaldehyde 

9 (1.0 mmol) in the presence of Amberlist catalyst (10 mg). The reaction mixture was 

stirred in acetonitrile (10 mL) at room temperature for 2 hours. After completion of the 

reaction, the solid product was filtered and dried. The crude product was crystallized 

from methanol and colorless needle shaped crystals were obtained on slow evaporation 

(yield: 80%).  
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Scheme 4. Synthesis of 4-(4-hydroxybenzylideneamino)-1-methyl-3-propyl-1H-
pyrazole-5-carboxamide, (10). 

The X-ray data for crystals of the compound 10 were collected on a Bruker 

Kappa APEX-II CCD DUO diffractometer at 296(2) K using graphite-monochromated 

Mo-Kα radiation (λ = 0.71073 Å). No absorption correction was applied. The lattice 

parameters were determined from least-squares analysis, and reflection data were 

integrated using the program SHELXTL.16a The structure was solved by direct methods 

using SHELXS-97 and refined by full-matrix least squares on F2 with anisotropic 

displacement parameters for non-H atoms, using SHELXL-97.16b The positions of all 

aromatic and aliphatic C–H hydrogen atoms were calculated geometrically, and a riding 

model was used in the refinement, with C–H distances in the range of 0.93–0.98 Å and 

Uiso(H) = 1.2Ueq(C). All the N–H and O–H hydrogens were refined from difference 

Fourier maps. The software used to prepare material for publication was Mercury 2.3 

(Build RC4), ORTEP-3 and X-Seed.17 Table 1 summarizes the pertinent crystallographic 

data and table 2 gives the hydrogen-bond geometries. 

 

 

  

Table 1. Crystallographic Data and Refinement Parameters of compound (10). 
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Empirical Formula  C15H18N4O2 

Formula Weight  286.33 
Crystal System  Monoclinic 
Space group  P21/n 
T [K]  296(2) 
a [Å]  8.0008(6) 
b [Å]  10.1498(7) 
c [Å]  17.9367(13) 
α/(°)  90.00 
β/(°) 98.534(3) 
γ/(°) 90.00 
Z 4 
V [Å 3]  1440.45(18) 
Dx [g/cm3] 1.320 
Radiation Mo Ka (λ = 0.71073 Å) 
µ(Mo Kα)/ mm–1 0.091 
F(000)  608.0 
Crystal size/mm 0.28 X 0.20 X 0.18 
θ range for data 
collection/(°) 

2.36 to 26.99 

Limiting indices -8 ≤ h ≤ 9, -12 ≤ k ≤ 11, -20 ≤ l ≤ 19 
Reflections collected  25563 
Data/Restraints/Parameters 2575/0/202 
Unique reflections  2575 
Observed reflections  1937 
Goodness-of-fit on F2 1.081 
R indices [I>2σ(I):  R1 = 0.0470, wR2 = 0.1153 
R indices (all data):  R1 = 0.0565, wR2 = 0.1236 
(∆/σ)max  0.011 
(∆/ρ)max/ e Å−3

 0.30  
Measurement Bruker APEX-II CCD  
Programs system SHELXTL-97 
Structure determination SHELXS-97 
CCDC deposition number 804566 

 

Table 2. Hydrogen Bond Parameters in Compound (10). 

Interaction H ···A 
(Å) 

D···A (Å) D–H···A 
(°)a 

Symmetry code 

Intra N(4)–H(4B)···N(3) 2.07(2) 2.808(2) 138.2(19) --- 

N(4)–H(4A)···O(2) 2.15(3) 3.007(2) 164(2) 1/2-x,1/2+y,1/2-z 

O(2)–H(2)···O(1) 1.68(3) 2.634(2) 171(2) 1/2+x,3/2-y,-

1/2+z 
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a All the N–H and O–H distances are neutron-normalized to 1.009 and 0.983 Å, 
respectively. 
 
 

 

Figure 1. ORTEP representation of compound (10). Thermal ellipsoids are drawn at 

50% probability. 

The compound 10 crystallizes in the monoclinic P21/n space group with one 

molecule in the asymmetric unit (Z’ = 1) (Figure. 1). The 4-hydroxybenzylidene and 

amide groups in the molecule are essentially coplanar with the pyrazole moiety (torsion 

angles: C1-C2-N3-C9 = 174.88°; N1-C1-C5-N4 = 175.34°). The crystal structure 

analysis reveals that the molecules in the crystal form perpendicular tapes. The anti-N–H 

group of amide group moiety form an intramolecular N–H···N (D = 2.808(2) Å, θ = 

138.2(19)°) hydrogen with imine N-atom of 4-hydroxybenzylideneamine (Figure. 2a). It 

is surprising that the amide groups in the crystal do not form robust head-to-head amide 

dimer homosynthons, instead, four molecules of the compound (3) form a 

centrosymmetric cyclic supramolecular tetramer (graph-set )12(R4
4 ) synthon (Fig. 2a).18 

The two syn-N–H groups of two amide groups of a pair of molecules and two hydroxy 

groups of two 4-hydroxybenzylidene moieties of another pair of molecules form the 

tetramer via N–H···O (D = 3.007(2) Å, θ = 164(2)°) and O–H···O (D = 2.634(2), θ 

=171(2)°) hydrogen bonds to form perpendicular tapes (Figure. 2b). The intensity data 
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were processed using Broker’s suite of data processing programs (SAINT), and 

absorption corrections were applied using SADABS.19 

 

 

Figure 2. (a) A tetramer synthon is formed via N–H···O and O–H···O hydrogen bonds in 

the crystal structure of compound (10). 
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Figure 2. (b) Molecules forming perpendicular tapes in compound (10). 

 

Conclusions 

The compound (10), 4-(4-hydroxybenzylideneamino)-1-methyl-3-propyl-1H-pyrazole-5-

carboxamide was synthesized and characterized by 1H-NMR, 13C-NMR, IR and Mass 

spectra. Its crystal structure was determined by single crystal X-ray diffraction study. 

The crystal structure was described in terms of supramolecular tetramer synthons and 

found perpendicular tapes. This sentence is not clear, revise it.  
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Crystal structure analysis of novel isoindolo [2,1-a] quinazoline
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. Synthesis of 6-(3-chlorophenyl)-6,6a-dihydroisoindolo[2,1

Preparation procedure of 13. A mixture of isatoic anhydride  11

mmol), 2-carboxy benzaldehyde 12  (1.01 g, 6.74 mmol) and catalytic 

amount of anhydrous camphor sulfonic acid (0.07 g, 0.31mmol) in ethanol (10 mL) was 

85 °C with stirring for 7-16 h. After completion of the reaction the mixture 

filtered to give the desired product 13 shown in Scheme 5

crystallizes in the Orthorhombic Pbca space group with one molecule 

in the asymmetric unit (Z’ = 1) (Figure. 3). 
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The compound 14 crystallizes in the monoclinic P2

the asymmetric unit (Z’ = 1) (Fig

Figure 4. ORTEP representation of the (

probability level). 
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. Synthesis of 6-(3-chlorobenzyl)-6,6a-dihydroisoindolo[2,1

Preparation procedure of 14. A mixture of isatoic anhydride  11

amine  (6.7mmol), 2-carboxy benzaldehyde 12  (1.01 g, 6.74 mmol) and catalytic 

amount of anhydrous camphor sulfonic acid (0.07 g, 0.31mmol) in ethanol (10 mL) was 

85 °C with stirring for 7-16 h (initially effervescence was observed due to 

 gas). After completion of the reaction the mixture was cooled and 

filtered to give the desired product 14 as shown in Scheme 6.  

crystallizes in the monoclinic P21/c space group with one molecule in 

the asymmetric unit (Z’ = 1) (Figure. 4). 
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(0.38 g, 0.61 mmol) was stirred in DCE at ambient temperature for about 48 h to 

complete the reaction. After completion of the reaction, the mass was concentrated and 

the crude product was purified by column chromatography

The compound 17 crystallizes in the monoclinic 

the asymmetric unit (Z’ = 1) (Fig
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. Synthesis of 12-phenyl-4bH-isoquinolino[2,1-a]quinazolin

Preparation of procedure of 10:  A mixture of isatoic anhydride 11

(6.75 mmol), 2-(alkynyl) benzaldehyde 16 (6.75 mmol) and (CF

(0.38 g, 0.61 mmol) was stirred in DCE at ambient temperature for about 48 h to 

complete the reaction. After completion of the reaction, the mass was concentrated and 

as purified by column chromatography shown in Scheme 7.

crystallizes in the monoclinic P21/n space group with one molecule in 

the asymmetric unit (Z’ = 1) (Figure. 5). 

. ORTEP representation of the (17). (Thermal ellipsoids are

ray data for compound 13, 14 and 17  

175 

N

NH

O

17  

]quinazolin-6(5H)-one (17). 

11 (1.0 g, 6.13 mmol), 
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(0.38 g, 0.61 mmol) was stirred in DCE at ambient temperature for about 48 h to 

complete the reaction. After completion of the reaction, the mass was concentrated and 

shown in Scheme 7.   
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Single crystals suitable for X-ray diffraction of 13, 14 and 17 were grown from 

methanol. The crystals were carefully chosen using a stereo zoom microscope supported 

by a rotatable polarizing stage. The data was collected at room temperature on Bruker’s 

KAPPA APEX ΙΙ CCD Duo with graphite monochromated Mo-Kα radiation (0.71073 

Å). The crystals were glued to a thin glass fibre using FOMBLIN immersion oil and 

mounted on the diffractometer. The intensity data were processed using Broker’s suite of 

data processing programs (SAINT), and absorption corrections were applied using 

SADABS.19 The crystal structure was solved by direct methods using SHELXS-97 and 

the data was refined by full matrix least-squares refinement on F2 with anisotropic 

displacement parameters for non-H atoms, using SHELXL-97.16b 

 

 

Crystal data of 13: Molecular formula = C22H17ClN2O3, Formula weight =392.8, 

Crystal system = Orthorhombic, space group = Pbca, a = 21.631(5) Å, b =7.564(12) Å, c 

= 22.783(4) Å, V = 3728.1(12) Å3, T = 296(2) K, Z = 8, Dc = 1.389 Mg m–3, µ(Mo-Kα) = 

0.231 mm–1, 8092  reflections measured, 1634 independent reflections, 1098 observed 

reflections [I > 2.0 σ (I)], R1_obs = 0.0523, Goodness of fit = 0.967. Crystallographic 

data (excluding structure factors) for 13 have been deposited with the Cambridge 

Crystallographic Data Centre as supplementary publication numbers CCDC807141. 

 

Crystal data of 14: Molecular formula = C22H15ClN2O2, Formula weight = 

374.81, Crystal system = Monoclinic, space group = P21/c, a = 11.6223(6) Å, b = 

7.8255(4)Å, c = 19.9457 (10) Å, V = 1772.91(16) Å3, T = 296(2) K, Z = 4, Dc = 1.404 

Mg m–3, µ(Mo-Kα) = 0.236 mm–1, 27323 reflections measured, 3833 independent 

reflections, 3311 observed reflections [I > 2.0 σ (I)], R1_obs = 0.0472, Goodness of fit 

=1.030. Crystallographic data (excluding structure factors) for 14 have been deposited 

with the Cambridge Crystallographic Data Centre as supplementary publication numbers 

CCDC807140. 

 

 

                 Crystal data of 17: Molecular formula = C22H16N2O, Formula weight 

=324.37, Crystal system = Monoclinic, space group = P21/n, a = 9.388(6) Å, b 

=11.595(8) Å, c = 15.005(10) Å, V = 1627.3(19) Å3, T = 100(2) K, Z = 4 Dc = 1.324 Mg 
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m–3, µ(Mo-Kα) = 0.08 mm–1, 6728  reflections measured, 3152 independent reflections, 

1525  observed reflections [I > 2.0 σ (I)], R1_obs = 0.079, Goodness of fit = 0.765. 

Crystallographic data (excluding structure factors) for 17 have been deposited with the 

Cambridge Crystallographic Data Centre as supplementary publication numbers 

CCDC828186. 

 

c. Crystal structure analysis of novel Pyrrole derivatives 

 

According to known procedure compound 22 was synthesisesd 22 
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Scheme 8. Synthesis of 1-(1-benzyl-4-(4'-methoxybiphenyl-3-yl)-2-methyl-1H-pyrrol-3-
yl) ethanone (22). 

 

Preparation procedure of 22. To a stirring solution of benzyl amine (1.5 mmol), acetyl 

acetone (1.0 mmol), 3-bromobenzaldehyde (1.0 mmol) and nitro methane (3.0 mL) was 

added (PPh3)2PdCl2 (0.1 mol %) at room temp. The mixture was then stirred at 80-85 ºC 

and the progress was monitored by TLC. After completion of the mixture was cooled to 

room temp. To this was added 1,4-dioxane (4.0 mL), water (1.0 mL), Methoxy 

arylboronic acid (1.5 mmol) and K2CO3 (2.0 mmol) with stirring. The mixture was then 

stirred at 80-85 ºC for 2 h. After completion of the reaction the mixture was cooled to 

room temp, diluted with water (5 mL) and extracted with ethyl acetate (3 x 5 mL). The 

organic layers were collected, combined, washed with brine (5 mL), dried over 

anhydrous Na2SO4, filtered and concentrated under vacuum. The residue was purified by 

column chromatography on silica gel using 1:10 - 2:8 ethyl acetate: petroleum ether to 

afford the desired compound 22 shown in Scheme 8.   

The compound 22 crystallizes in the Triclinic P1 space group with one molecule in the 

asymmetric unit (Z’ = 1) (Figure. 6). 
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. Synthesis of 1-(1-benzyl-2-methyl-4-(4'-(trifluoromethyl)biphenyl
23). 

Preparation procedure of 23. To a stirring solution of benzyl amine (1.5 mmol), acetyl 

3-bromobenzaldehyde (1.0 mmol) and nitro methane (3.0 mL) was 

(0.1 mol %) at room temp. The mixture was then stirred at 80

and the progress was monitored by TLC. After completion the mixture was cooled to 

room temp. To this was added 1,4-dioxane (4.0 mL), water (1.0 mL), 

arylboronic acid (1.5 mmol) and K2CO3 (2.0 mmol) with stirring. The mixture was then 

85 ºC for 2 h. After completion of the reaction the mixture was cooled to 

room temp, diluted with water (5 mL) and extracted with ethyl acetate (3 x 5 mL). The 
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. After completion of the reaction the mixture was cooled to 

room temp, diluted with water (5 mL) and extracted with ethyl acetate (3 x 5 mL). The 
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organic layers were collected, combined, washed with brine (5 mL), dried over Na2SO4, 

filtered and concentrated under vacuum. The residue was purified by column 

chromatography on silica gel using 1:10 - 2:8 ethyl acetate: petroleum ether to afford the 

desired compound 23 as shown in Scheme 9.   

The compound 23 crystallizes in the Triclinic P1 space group with one molecule in the 

asymmetric unit (Z’ = 1) (Fig. 7). 

 

 

Figure 7. ORTEP representation of the (15). (Thermal ellipsoids are drawn at 50% 
probability level). 

 

Single crystal X-ray data for compounds 22 and 23 

  Single crystals suitable for X-ray diffraction of 22 and 23 were grown from methanol. 

The crystals were carefully chosen using a stereo zoom microscope supported by a 

rotatable polarizing stage. The data was collected at room temperature on Bruker’s 

KAPPA APEX ΙΙ CCD Duo with graphite monochromated Mo-Kα radiation (0.71073 

Å). The crystals were glued to a thin glass fibre using FOMBLIN immersion oil and 

mounted on the diffractometer. The intensity data were processed using Bruker’s suite of 

data processing programs (SAINT), and absorption corrections were applied using 

SADABS.19 The crystal structure was solved by direct methods using SHELXS-97 and 
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the data was refined by full matrix least-squares refinement on F2 with anisotropic 

displacement parameters for non-H atoms, using SHELXL-97.16b 

 

 

               Crystal data of 22: Molecular formula = C27H25NO2, Formula weight =395.48, 

Crystal system = Triclinic, space group = P1, a = 7.7415 (4) Å, b =10.0575 (5)Å, c = 

14.2538 (7)Å, V = 1039.49 (9)Å3, T = 296 K, Z = 2, Dc = 1.264  Mg m–3, µ(Mo-Kα) = 

0.71073 mm–1,16956  reflections measured, 4505 independent reflections, 4128 observed 

reflections [I > 2.0 σ (I)], R1_obs = 0.029, Goodness of fit =0.875. 

 

              Crystal data of 23: Molecular formula = C27H22F3NO, Formula weight = 

433.46, Crystal system = Triclinic, space group = P1, a = 7.7605 (5) Å, b = 10.2660 

(8)Å, c = 14.6746 (11)Å, V = 1054.73 (13)Å3, T = 296 K, Z = 2, Dc = 0.10 Mg m–3, 

µ(Mo-Kα) = 0.71073 mm–1, 16632 reflections measured, 4592 independent reflections, 

4091 observed reflections [I > 2.0 σ (I)], R1_obs = 0.037, Goodness of fit =0.803. 

 

d. 4-[(4-Methylbenzyl)amino]-3-[(4-methylbenzyl)iminomethyl]-2H-chromen-2-one 

 

Coumarin is an important structural framework present in a variety of natural and 

synthetic products that possess significant biological activity.23,24,25 Coumarin derivatives 

have been shown to possess a remarkably broad spectrum of biological activity, 

including anti-inflammatory antibacterial26 anticancer, antiviral, antitumor, 

anticoagulant, antifungal27 and anti-HIV activity. During our attempts to synthesize 

benzazepine derivatives containing various substituents on the benzene ring, the title 

compound (26) was obtained unexpectedly by the formation of coumarin derivative 

instead of the benzazepine derivative as shown in scheme 10. 
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Scheme 10. Synthesis of 4-[(4-Methylbenzyl)amino]-3-[(4-methylbenzyl)iminomethyl]-
2H-chromen-2-one (26). 

 

Figure.8. ORTEP representation of (26), with displacement ellipsoids drawn at the 50% 
probability level. 

 

The compound (26) was crystallized in the triclinic, P-1 space group with one molecule 

in the asymmetric unit (Z'=1) (Figure. 8). The crystal structure analysis reveals that the 

coumarin moieties in the crystal form layers with weak   π···π interactions. The 

molecular structure shows that the 4-methylbenzyl amine and imine moieties form an 

intramolecular N—H···N interaction [D = N···N = 2.6233 (15) Å, θ = 147.7 (18)°]. The 

torsion angle of amine attached 4-methylbenzyl group (C24—C25—C20—C19) is 

179.09° and imine attached 4-methylbenzyl group (C16—C17—C12—C11) is 172.16°. 

There are no strong and specific intermolecular interactions found in the crystal 

structure. The two conformationally flexible moieties (4-methylbenzyl groups attached 

to amine and imine groups) are however stabilized by C—H···π interactions [C17—

H17···π(C20···C25): 2.667 Å, 154.61°]. The translational related molecules interact with 

each other via weak C—H···O [C6—H6···O2: H6···O2 = 2.615 Å, θ = 134.49°] 

hydrogen bonds along the b-axis, and form a one dimension a chain (Figure. 9a). The 

inversion related molecules form weak coumarin π–stacked layers and these layers are 

stabilized by weak C—H···O [C21—H21···O1: d = H21···O1 = 2.620 Å, θ = 159.37°] 

hydrogen bonds (Figure. 9b). Table 3 summarizes the pertinent crystallographic data. 
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Figure. 9. Crystal packing of (26): (a) showing the one dimensional chain formed via 
weak C—H···O hydrogen bonds along the b-axis. (intramolecular N—H···N interaction 
can also be seen). (b) Coumarin π-stacked layers along the a-axis and stabilized by weak 
C—H···O interactions. 

 

Experimental 

A mixture of 4-chloro-3-formylcoumarin 24 (1.0 mmol) and p-methyl benzyl amine 25 

(2.0 mmol) were stirred in water (15 ml) at room temperature for 2 h. After completion 

of the reaction, the solid product was filtered. The crude product was crystallized from 

DMF and (26) was obtained as colourless needles by slow evaporation as shown in 

Scheme 10. 

Refinement 

The crystal structure was solved by direct methods using SHELXS97 and refined by full 

matrix least-squares refinement on F2 with anisotropic displacement parameters for non-

H atoms, using SHELXL97. NH hydrogen atom (H1) was located in a difference map 
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and refined freely. Aromatic and aliphatic CH hydrogen atoms were generated by the 

riding model in idealized geometries. 

Table 3. Crystallographic Data and Refinement Parameters of compound (26). 

Empirical Formula  C26H24N2O2 

Formula Weight  396.47 
Crystal System  Triclinic 
Space group  P1 
T [K]  296(2) 
a [Å]  6.8137 (2)  
b [Å]  9.2636 (3)  
c [Å]  17.4364 (5) 
α/(°)  99.525 
β/(°) 97.423 
γ/(°) 107.251 
Z 2 
V [Å 3]  1017.84 (6) 
Dx [g/cm3] 1.294  
Radiation Mo Ka (λ = 0.71073 Å) 
µ(Mo Kα)/ mm–1 0.091 
F(000)  420.0 
Crystal size/mm 0.28 X 0.20 X 0.18 
θ range for data 
collection/(°) 

2.36 to 26.99 

Limiting indices -8 ≤ h ≤ 9, -12 ≤ k ≤ 11, -20 ≤ l ≤ 19 
Reflections collected  25563 
Data/Restraints/Parameters 2575/0/202 
Unique reflections  2575 
Observed reflections  1937 
Goodness-of-fit on F2 1.081 
R indices [I>2σ(I):  R1 = 0.0470, wR2 = 0.1153 
R indices (all data):  R1 = 0.0565, wR2 = 0.1236 
(∆/σ)max  0.011 
(∆/ρ)max/ e Å−3

 0.30  
Measurement Bruker APEX-II CCD  
Programs system SHELXTL-97 
Structure determination SHELXS-97 
CCDC deposition number 804567 

 

Data collection 

 APEX2 (Bruker, 2008);19 cellrefinement: SAINT (Bruker, 2008); data reduction: 

SAINT; program(s) used to solve structure: SHELXS97 (Sheldrick, 2008);16a program(s) 



 

used to refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: XSEED 

(Barbour, 2001);17c software used to prepare material for publication: SHELXL97.

e. Ethyl 7-phenyl-5-p-

 

Pyrazolo pyrimidine derivatives are important biologically active compounds obtained to 

showed anti-inflammatory

pyrazolo pyrimidine derivative in clinical use

synthesis and reactivity of pyrazolo pyrimidine

communication, the crystal structure of the 

tolylpyrazolo[1,5-a]pyrimidine

known procedure compound 

N
NH

NH2

+O

O

H3C

27

Scheme 11. Synthesis of 
carboxylate (30). 

 

Crystal structure analysis

Figure 10. ORTEP representation of the title compound

drawn at 50% probability level).

fine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: XSEED 

software used to prepare material for publication: SHELXL97.

-tolylpyrazolo[1,5-a]pyrimidine-3- carboxylate

Pyrazolo pyrimidine derivatives are important biologically active compounds obtained to 

inflammatory,28 antifungal activities.29 Zaleplon is one example of a 

pyrazolo pyrimidine derivative in clinical use.30 In a continuation of our study about 

synthesis and reactivity of pyrazolo pyrimidine.20-22,31,32 we reported, in this 

communication, the crystal structure of the title compound, Ethyl 7

a]pyrimidine -3-carboxylate 22 as shown in Scheme 

known procedure compound 30 was synthesisesd.33 

CHO

CH3

+ +

H3C
triflic acid

acetic acid

2 h, 100-110°C

Scheme-7

28
29

. Synthesis of Ethyl 7-phenyl-5-p-tolylpyrazolo[1,5-a]pyrimidine

Crystal structure analysis 

. ORTEP representation of the title compound 30. (Thermal ellipsoids are 

drawn at 50% probability level). 
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fine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: XSEED 

software used to prepare material for publication: SHELXL97. 

carboxylate 

Pyrazolo pyrimidine derivatives are important biologically active compounds obtained to 

Zaleplon is one example of a 

In a continuation of our study about 

we reported, in this 

title compound, Ethyl 7-phenyl-5-p-

shown in Scheme 11. According to 

N

N

N

O
O

CH330

 

]pyrimidine-3-

 

. (Thermal ellipsoids are 
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(30a) 

 

(30b) 

Figure 11. Crystal packing of (30): (a) showing the one dimensional corrugated tape 

formed via C—H···O hydrogen bonds along the b-axis. (b) Corrugated layers are 

stabilized by the weak C—H···Πcentroid interactions. 

The compound (30) crystallized in the non-centrosymmetric orthorhombic Pbca space 

group with one molecule in the asymmetric unit (Figure. 10). The crystal structure 

analysis reveals that the molecules form corrugated layers with C–H···O hydrogen bonds. 

The molecular structure shows the p-toluyl group is essentially coplanar with the 

pyrimidine ring. But the 7-phenyl ring is not coplanar with the pyrimidine ring. The 

torsion angle between the 7-phenyl ring and pyrimidine ring (N2–C3–C16–C21) is 

147.01º. The glide related molecules form one dimensional corrugated tape like structure 

via C–H···O hydrogen bonds along the crystallographic b-axis (Figure. 11). These one 

dimensional layers stack along the a-axis and form a corrugated layered structure and 

these layers are stabilized by the weak C–H···πcentroid [C(22)–H(22C)···π(C16–C17–C18–C19–
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C20–C21) = 3.024 Å, 151.55º] interactions. Table 4 summarizes the pertinent 

crystallographic data. 

Experimental 

  A mixture of ethyl 5-amino-1H-pyrazole-4-carboxylate 27 (1.0 mmol), benzaldehyde 

28 (1 mmol) and 1-ethynyl-4-methylbenzene 29 (1 mmol) in acetic acid (5 mL) was 

stirred at 25 °C for 10 min. To this clear solution was added triflic acid (10 mol %) and 

the mixture was heated to 100-110°C. The reaction mixture was then stirred at same 

temperature for 2 h. After completion of the reaction the mixture was cooled to room 

temperature, poured into ethyl acetate (25 mL) and washed with brine solution (2 x 15 

mL) followed by 10% sodium bicarbonate solution (2 x 15 mL). The organic layer was 

collected, dried over anhydrous Sodium sulphate and concentrated. The crude product 

was crystallized from DMF and (30) was obtained as colourless needles by slow 

evaporation. 

Refinement 

The crystal structure was solved by direct methods using SHELXS97 and refined by full 

matrix least-squares refinement on F2 with anisotropic displacement parameters for non-

H atoms, using SHELXL97. NH hydrogen atom (H1) was located in a difference map 

and refined freely. Aromatic and aliphatic CH hydrogen atoms were generated by the 

riding model in idealized geometries. 

Table 4. Crystallographic Data and Refinement Parameters of compound (30). 

Empirical Formula  C22H19N3O2 

Formula Weight  357.40 
Crystal System  Orthorhombic 
Space group  Pbca 
T [K]  296(2) 
a [Å]  8.0771 (7) 
b [Å]  17.3487 (19) 
c [Å]  25.486 (3) 
α/(°)  90 
β/(°) 90 
γ/(°) 90 
Z 8 
V [Å 3]  3571.3 (7) 
Dx [g/cm3] 1.329 
Radiation Mo Ka (λ = 0.71073 Å) 
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µ(Mo Kα)/ mm–1 0.091 
F(000)  1504 
Crystal size/mm 0.28 X 0.20 X 0.18 
θ range for data 
collection/(°) 

2.36 to 26.99 

Limiting indices -8 ≤ h ≤ 9, -12 ≤ k ≤ 11, -20 ≤ l ≤ 19 
Reflections collected  25563 
Data/Restraints/Parameters 2575/0/202 
Unique reflections  2575 
Observed reflections  1937 
Goodness-of-fit on F2 1.06 
R indices [I>2σ(I):  R1 = 0.0470, wR2 = 0.1153 
R indices (all data):  R1 = 0.0565, wR2 = 0.1236 
(∆/σ)max  0.011 
(∆/ρ)max/ e Å−3

 0.30  
Measurement Bruker APEX-II CCD  
Programs system SHELXTL-97 
Structure determination SHELXS-97 
CCDC deposition number 804568 

 

Data collection 

 APEX2 (Bruker, 2008);19 cellrefinement: SAINT (Bruker, 2008); data reduction: 

SAINT; program(s) used to solve structure: SHELXS97 (Sheldrick, 2008);16a program(s) 

used to refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: XSEED 

(Barbour, 2001);17c software used to prepare material for publication: SHELXL97. 

f.  Crystal structure analysis of  5-tert-Butyl-8-methyl- 2,3-dihydro-1H-
pyrrolo[3,2,1-ij]quinolin-1-one  
 
According to known procedure compound 33 was synthesisesd 36 
 

H3C

N

O

CH3

CH3H3C

H3C

H
N

O

CH3
H3C

CH3

H3C

H
N

O

I
CH3

CH3
H3C

Pd/C, PPh3
CuI,Et3N
EtOH,800C

31
32 33

31a
CuI

DMF

 
 
Scheme12: Synthesis of 5-tert-butyl-8-methyl-2,3-dihydro-1H-pyrrolo[3,2,1-ij]quinolin-
1-one 33 
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Preparation procedure of 32. A mixture of compound 31 (300 mg, 1.04 mmol), 10% 

Pd/C (11.12 mg, 0.01 mmol), PPh3 (10.91 mg, 0.04 mmol), CuI (19.8 mg, 0.10 mmol) 

and TEA (2.60 mmol) in ethanol (8 mL) was stirred at 25 °C for 1 h under nitrogen. The 

acetylenic compound 31a (1.56 mmol) was added and the mixture was stirred at 80 ºC 

for 4 hours. After completion, the reaction mixture was cooled to room temperature, 

diluted with EtOAc (120 mL) and filtered through a celite bed. The filtrate was 

concentrated and the residue was purified by column chromatography to afford the 

desired product 32 shown in Scheme 12.  

 

 Preparation procedure of 33. To a clear solution of 32 (100.0 mg, 0.382 mmol) in dry 

DMF (10 mL) was added CuI (36.47 mg, 0.191 mmol) at room temperature under N2 

condition. The reaction mixture was heated at 100 °C for 12 h. After completion, the 

reaction mixture was cooled to room temperature and the solvent was concentrated under 

vacuum. The crude residue was purified by flash silica gel chromatography (nhexane/ 

EtOAc) to yield the desired product (75 mg). 

 

 

 

Figure 12. ORTEP representation of the 33. (Thermal ellipsoids are drawn at 50% 
probability level). 
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Single crystal X-ray data for compound 33 

Single crystal suitable for X-ray diffraction of 33 was grown from methanol. The crystals 

were carefully chosen using a stereo zoom microscope supported by a rotatable 

polarizing stage. The data was collected at room temperature on Bruker’s KAPPA APEX 

ΙΙ CCD Duo with graphite monochromated Mo-Kα radiation (0.71073 Å). The crystals 

were glued to a thin glass fibre using FOMBLIN immersion oil and mounted on the 

diffractometer. The intensity data were processed using Broker’s suite of data processing 

programs (SAINT), and absorption corrections were applied using SADABS.19 The 

crystal structure was solved by direct methods using SHELXS-97 and the data was 

refined by full matrix least-squares refinement on F2 with anisotropic displacement 

parameters for non-H atoms, using SHELXL-97.16b 

 

Crystal data of 33: Molecular formula = C16H19NO, Formula weight =241.32, 

Crystal system = Orthorhombic, space group = Pbcn, a = 40.4228(15)Å, b 

=11.0618(4)Å, c = 11.6197(4)Å, V = 5195.7(3)Å3, T = 100(2) K, Z = 16, Dc = 1.234Mg 

m–3, µ(Mo-Kα) = 0.076mm–1, 24310  reflections measured, 5674 independent 

reflections, 4886 observed reflections [I > 2.0 σ (I)], R1_obs = 0.0402, Goodness of fit = 

1.044. 

 

 

Compound 33 crystallizes in the orthorhombic Pbcn space group with two molecules in 

the asymmetric unit (Z’ = 2) (figure12). It was found that two molecules in the 

asymmetric unit are conformers. These two molecules form almost similar hydrogen 

bonding in the crystal structure. In these conformers the 2,3-dihydro-quinolin-1-one 

moiety is in envelope shape. The projection of the –CH2  groups in these conformers are 

in above and below the planes (the torsion angles of 2,3-dihydro-quinolin-1-one moieties 

in two conformers are: N1-C9-C7-C8 = 47.31º; N2-C25-C24-C23 = –48.23º). Moreover, 

the tosion angles of tertiary butyl methyl groups to pyrrole ring are also different (N1-

C10-C12-C14 = 61.66º; N2-C26-C28-C31 = 58.73º). So the two conformers are 

designated as A and B.  
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The crystal structure analysis reveals that the molecules form 2D-layered 

structure. Two molecules of one conformer and two molecules of second confomer form 

a supramolecular tetramer synthon with C–H···O hydrogen bonds. This tetramer synthon 

is formed by the interaction of tertiary-butyl group methyl C–H of a pair of inversion 

related conformers of B with the C=O group of another pair of inversion related 

conformers of A. These supramolecular tetramer synthons are interconnected by the 

methyl C–H group of tert-butyl moiety of conformer A with C=O group of conformer B 

via C–H···O hydrogen bons. The overall structure is a two dimensional layered structure.  

 

Hirshfeld surface analysis 

Hirshfeld surface analysis associated with 2D fingerprint plots was carried out to 

differentiate the two conformers. The 2D fingerprint plots show that the two molecules 

in the asymmetric unit are completely different and hence these two are conformational 

isomers. The 2D fingerprint plots of compound 33 were derived from the Hirshfeld 

surface by plotting the fraction of points on the surface as a function of the pair (di, de). 

Each point on the standard 2D graph represents a bin formed by discrete intervals of di 

and de (0.01 X 0.01 Å), and the points are colored as a function of the fraction of surface 

points in that bin, with a range from blue (relatively few points) through green (moderate 

fraction). The Hirshfeld surfaces and 2D fingerprint plots are given in figures 13-14. It is 

clear from this analysis that the two conformers-A and B of compound-1 are completely 

different and exhibits the conformational isomerism. Inspection of the fingerprint plots in 

figures 33 highlights the major differences between the two conformers. The conformer-

A features the diffuse region of the blue points between the hydrogen bond spikes, while 

this feature is extended in the fingerprint plot of conformer-B till 0.6 di.  
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Figure 13. Hirshfeld surface and 2D fingerplots of conformer-A 

 

 

 

 

Figure 14. Hirshfeld surface and 2D fingerplot of conformer-B 
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