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1.  Generals:  

Reagents obtained from commercial suppliers were used without further purification. Preparation of 

bis(imidazoline) and bis(oxazoline) ligands was performed in flask dried glassware under a static 

pressure of nitrogen. Solvents were dried prior to use following standard procedures. Reactions were 

monitored by thin layer chromatography using Merck silica gel 60 Kieselgel F254 TLC (Merck, 

Kenilworth, NJ, USA) and column chromatography was performed on silica gel 100–200 (40–63 µm, 

ASTM) from Merck using the indicated solvents. 1H and 13C-NMR spectra were recorded in CDCl3 

and DMSO-d6 on a Jeol Spectrometer (Jeol, Tokyo, Japan) (400 MHz and 500 MHz). The chemical shifts 

are reported in ppm relative to CDCl3 (δ = 7.26) or d6-DMSO (δ = 2.50) for 1H-NMR. For the 13C-NMR 

spectra, the residual CDCl3 (δ = 77.16) or d6-DMSO (δ = 39.5). All the racemic products were freshly 

prepared as per the method reported in the literature [1]. Infrared spectra were recorded on a Thermo 

Scientific Nicolet iS10 FT-IR spectrometer (Thermo Fisher Scientific, Waltham, MA, USA). Enantiomeric 

ratios were determined by analytical chiral HPLC analysis on a Shimadzu LC-20A (Shimadzu, Kuoto, 

Japan) Prominence instrument with a chiral stationary phase using Daicel OD-H columns (Chiral 

Technologies Europe, Illkirch Graffenstaden, France) and 70-75% n-hexane/iso-propanol as eluents 

(Supplementary Materials). Optical rotations were obtained with a Perkin-Elmer 343 Polarimeter 

(Perkin-Elmer, Waltham, MA, USA). Melting points (m.p.) were recorded on a Thomas-Hoover 

capillary melting point apparatus (Thomas–Hoover, Texas City, USA) and were not corrected. Mass 

spectrometric analysis was done using ESI mode on AGILENT Technologies 6410-triple quad LC/MS 

instrument (Agilent, Santa Clara, CA, USA). Elemental analysis were performed on ‘Perkin-Elmer PE 

2400 CHN Elemental Analyzer with autosampler, CHN mode. X-ray diffraction data were collected on 

a Rigaku Oxford Diffraction Supernova diffrac-tometer and processed with CrysAlisPro software v. 

1.171.41.93a (Rigaku Oxford Diffrac-tion, Yarnton, UK, 2020) using Cu K_ radiation”. 
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2. NMR Spectra  

1H NMR and 13C-NMR for thiophene-2,5-dicarboxamide alcohol-4a 
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1H NMR and 13C-NMR for thiophene-2,5-dicarboxamide alcohol-4b 
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1H NMR and 13C-NMR for thiophene-2,5-dicarboxamide alcohol-4c  
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1H NMR and 13C-NMR for thiophene-2,5-bisimidazoline ligand-L1 
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1H NMR and 13C-NMR for thiophene-2,5-bisimidazoline ligand-L2 
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1H NMR and 13C-NMR for thiophene-2,5-bisimidazoline ligand-L3 
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1H NMR and 13C-NMR for thiophene-2,5-bisoxazoline ligand-L4 
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1H NMR and 13C-NMR for thiophene-2,5-bisoxazoline ligand-L5 
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1H NMR and 13C-NMR for Friedel Craft product-10a 
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1H NMR and 13C-NMR for Friedel Craft product-10b 
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1H NMR and 13C-NMR for Friedel Craft product-10c 
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1H NMR and 13C-NMR for Friedel Craft product-10d 
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1H NMR and 13C-NMR for Friedel Craft product-10e 
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1H NMR and 13C-NMR for Friedel Craft product-10f 
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1H NMR and 13C-NMR for Friedel Craft product-10g 
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1H NMR and 13C-NMR for Friedel Craft product-10h 
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1H NMR and 13C-NMR for Friedel Craft product-10i 

 

 
 



Electronic Supplementary file (ESI) 

S20 
 

1H NMR and 13C-NMR for Friedel Craft product-10j 
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1H NMR and 13C-NMR for Friedel Craft product-10k 
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1H NMR and 13C-NMR for Friedel Craft product-10l 
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1H NMR and 13C-NMR for Friedel Craft product-10m 
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1H NMR and 13C-NMR for Friedel Craft product-10n 
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1H NMR and 13C-NMR for Friedel Craft product-10o 
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1H NMR and 13C-NMR for Friedel Craft product-10p 
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1H NMR and 13C-NMR for Friedel Craft product-10q 
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1H NMR and 13C-NMR for Friedel Craft product-10r 
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1H NMR and 13C-NMR for Friedel Craft product-10s 
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1H NMR and 13C-NMR for Friedel Craft product-10t 
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3. Chiral HPLC Analysis 

Chiral HPLC purity of ligand L1 

 
Chiral HPLC purity of ligand L2 
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Chiral HPLC purity of ligand L3 

 
Chiral HPLC purity of ligand L4 
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Chiral HPLC purity of ligand L5 

 
 

Chiral HPLC for Friedel Craft product-10a 

Racemic-10a 
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Chiral-10a

 
 

Chiral-10a_large scale 
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Chiral HPLC for Friedel Craft product-10b 

Racemic-10b 

 

Chiral-10b 
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Chiral HPLC for Friedel Craft product-10c 

Racemic-10c 

  
Chiral-10c 
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Chiral HPLC for Friedel Craft product-10d 

Racemic-10d 

 

 

Chiral-10d
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Chiral HPLC for Friedel Craft product-10e 

Racemic-10e 

 
 

Chiral-10e 
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Chiral HPLC for Friedel Craft product-10f 

Racemic-10f 

 
 

Chiral-10f 
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Chiral HPLC for Friedel Craft product-10g 

Racemic-10g 

 
 

Chiral-10g 
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Chiral HPLC for Friedel Craft product-10h 

Racemic-10h 

 
 

Chiral-10h 
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Chiral HPLC for Friedel Craft product-10i 

Racemic-10i 

 
 

Chiral-10i 
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Chiral HPLC for Friedel Craft product-10i 

Racemic-10j 

 

 

Chiral-10j 
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Chiral HPLC for Friedel Craft product-10k 

Racemic-10k 

 
 

Chiral-10k 
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Chiral HPLC for Friedel Craft product-10l 

Racemic-10l 

 
 

Chiral-10l 
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Chiral HPLC for Friedel Craft product-10m 

Racemic-10m 

 
 

Chiral-10m 
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Chiral HPLC for Friedel Craft product-10n 

Racemic-10n 

 
 

 

Chiral-10n 
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Chiral HPLC for Friedel Craft product-10o 

Racemic-10o 

 
 

Chiral-10o 
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Chiral HPLC for Friedel Craft product-10p 

Racemic-10p 

 
 

Chiral-10p 
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Chiral HPLC for Friedel Craft product-10q 

Racemic-10q 

 
 

Chiral-10q 
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Chiral HPLC for Friedel Craft product-10r 

Racemic-10r 

 
 

Chiral-10r 
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Chiral HPLC for Friedel Craft product-10s 

Racemic-10s 

 
 

Chiral-10s 
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Chiral HPLC for Friedel Craft product-10t 

Racemic-10t 

 
 

Chiral-10t 
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4. X-Ray structure determinations for SI  

 

The crystal of 9i and 9j were immersed in cryo-oil, mounted in a loop, and measured at a temperature 

of 150 K. The X-ray diffraction data was collected on a Rigaku Oxford Diffraction Supernova 

diffractometer using Mo Kα radiation. The CrysAlisPro [2] software package was used for cell 

refinement and data reduction. A gaussian (9i) or analytical (9j) absorption correction (CrysAlisPro [2]) 

was applied to the intensities before structure solution. The structures were solved by intrinsic phasing 

(SHELXT [3]) method. Structural refinement was carried out using SHELXL [4] software with SHELXLE  

[5] graphical user interface. The NH hydrogen atom in 9i was located from the difference Fourier map 

and refined isotropically. All other hydrogen atoms were positioned geometrically and constrained to 

ride on their parent atoms, with C-H = 0.95-0.98 Å and Uiso = 1.2-1.5·Ueq (parent atom). 

 

Crystal data for compounds 9i and 9j 

Compounds, 9i and 9j are solved in centrosymmetric space groups P21/n and P21/c respectively. Both 

molecules are nearly planar. Replacement of NH hydrogen with a methyl group does not have 

significant impact on the structural details of the rest of the molecules. Compound, 9i is connected to 

the neighboring molecule via N(1)H(1)O(1) hydrogen bond (N(1)-H1: 0.86(3) Å, H(1)O(1)#1: 2.25 Å, 

N(1)H(1)O(1)#1: 149). Due to the lack of NH hydrogen atom, 9j does not form conventional H-bonds 

but the methyl hydrogens and C(1)-H(1) as well as C(3)-H(3) form weak hydrogen bonds with O2 and 

O1 atoms of the neighboring molecules (C(11)-H(11A) 0.98 Å, H(11A)O(2)#2: 2.521 Å, C(11)-

H(11A)O(2)#2: 153.46, C(11)-H(11C) 0.98 Å, H(11C)O(1)#3: 2.427 Å, C(11)-H(11C)O(1)#3: 158.86, #1: 

x-1/2, -y+1/2, z+1/2, #2: -x+1, -y, -z+1, #3: x-1, -y+1/2, z-1/2, #4: -x+1, -y, -z+, #5: x-1, y, z-1). 

 
Figure 3: ORTEP of compounds 9i (left) and 9j (right). 

Table 4. Crystal Data of (9i and 9j) 

 9i  9j 

CCDC 2115146 2115377 

empirical formula C10H8N2O2 C11H10N2O2 

fw 188.18 202.21 

temp (K) 150(2)  150(2)  

(Å) 0.71073 0.71073  

cryst syst Monoclinic Monoclinic 

space group P21/n P21/c 

a (Å) 8.2983(8)  9.6703(3)  

b (Å) 10.6235(10)  13.1040(4)  

c (Å) 10.1697(12)  7.6970(3)  

α (deg)   

 (deg) () () 

γ (deg)   

V (Å3) 861.67(16) 954.00(6) 



Electronic Supplementary file (ESI) 

S55 
 

Z 4 4 

calc (Mg/m3) 1.451 1.408 

(Mo K) (mm-1) 0.104 0.099 

No. reflns. 17532 8331 

Unique reflns. 2132 2366 

Completeness to  =25.242° 99.9% 99.7% 

GOOF (F2) 1.103 1.028 

Rint 0.0910 0.0361 

R1
a (I  2) 0.0556 0.0486 

wR2
b (I  2) 0.1497 0.1294 

a R1 = ||Fo| – |Fc||/|Fo|.  b wR2 = [[w(Fo2 – Fc2)2]/ [w(Fo2)2]]1/2. 
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