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X-ray Analysis of Compound 3ga

Single crystal X-ray diffraction

A single crystal suitable for X-ray diffraction study was chosen carefully. The X-ray 

intensity measurements were done at room temperature (296 K) with Bruker SMART APEX-

II CCD diffractometer using graphite monochromatic MoKα radiation (λ = 0.71073 Å). The 

crystal structure of the compound 3ga was solved and all the non-hydrogen atoms were 

refined anisotropically using the SHELX-2013 program.1 The remaining H atoms were 

placed in idealized geometrical positions and constrained to ride on their parent atoms. The 

thermal ellipsoidal and crystal packing figures were produced using the programs PLATON2 

and MERCURY3 respectively. 

Crystal structure

The crystal data and refinement parameters of the compound 3ga are summarized in 

Table 1. The hydrogen bonding interactions that stabilize the crystal structure are listed in 

Table 2. The compound 3ga crystallizes in the non-centrosymmetric space group P21/C 

which belongs to monoclinic crystal system. The asymmetric unit of consists of two 

independent molecule, it shown in the ORTEP diagram (Fig. 1). The structural 

superimposition was carried out to see any conformational changes on the molecular 

structure. All the non-hydrogen atom of molecule (A and B) were used for the structural 

superimposition (Fig 2). The root mean square deviation (rmsd) between molecule A and B 

involving common atoms is 1.803 Å.  In molecule A and B, the thiophene ring is rotated in 

the opposite direction and other part of the molecule is nearly the same (Fig. 2). The crystal 

structure of the title compound is stabilized by weak intermolecular C–H…O interactions 

(Table 2).
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Fig 1. The ORTEP diagram of asymmetric unit of compound 3ga with atom numbering 

scheme.

Fig 2. Structural superimposition of molecule A and B. (The molecule B in red colour).
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Table 1. The crystal data and refinement parameters of compound 3ga.

Compound
Empirical formula C14 H16 O4 S
Formula weight 280.33
T (K) 296(2)
Wavelength (Ǻ) 0.71073
Crystal system Monoclinic
Space group P21/c
a (Ǻ) 10.4001(2)
b (Ǻ) 20.6610(6)
c (Ǻ) 13.5979(4)
α (°) 90
β (°) 91.972(2)
γ (°) 90
V (Ǻ3) 2920.14(13)
Z 4
Calculated density (Mg/m3) 1.253
Absorption (mm−1) 0.114
F(0 0 0) 592
Crystal size (mm) 0.10 × 0.09 × 0.09
θ (°) 1.79– 21.89
Limiting indices −10 ⩽ h ⩽ 10, −18 ⩽ k ⩽ 21, −14 ⩽ l ⩽ 14
Reflections collected/unique (Rint) 18926/3508, (0.042)
(θ °) Completeness (%) (25.242),  99.3 %
Refinement method F2 full-matrix least-squares on F2

Data/restraints /parameters 3508/0/345
Goodness-of-fit(GOF) onF2 1.066
Final R indices [I > 2σ(I)] R1 = 0.084, wR2 = 0.259
R indices (all data) R1 = 0.1063, wR2 = 0.289
Largest difference in peak and hole (e A−3) 1.089and -0.674

Table 2. H bond Table  

Hydrogen-bond geometry (Å, °)

D—H···A D—H H…A D···A D—H···A
C2—H2A···O7i 0.97 2.62 3.567(8) 165.1
C9—H9···O2ii 0.93 2.52 3.291(7) 140.7
Symmetric codes: (i) −x, y−1/2, −z+1/2; (ii) x+1, y, z. 
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Copies of 1H NMR and 13C NMR Spectra
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