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1H NMR for 2-Cyano-1-(2-fluoropyridin-3-yl)allyl acetate (6) 

 

 
13C NMR for 2-cyano-1-(2-fluoropyridin-3-yl)allyl acetate (6) 
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1H NMR for ethyl 2-(acetoxy(2,5-difluorophenyl)methyl)acrylate (7) 

 

 

13C NMR for ethyl 2-(acetoxy(2,5-difluorophenyl)methyl)acrylate (7) 

 

 



 6 

1H NMR for Ethyl 1-methyl-6-nitro-1,2-dihydroquinoline-3-carboxylate (9a) 

 

13C NMR for Ethyl 1-methyl-6-nitro-1,2-dihydroquinoline-3-carboxylate (9a) 
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1H NMR for Ethyl 1-hexyl-6-nitro-1,2-dihydroquinoline-3-carboxylate (9b) 

 

13C NMR for Ethyl 1-hexyl-6-nitro-1,2-dihydroquinoline-3-carboxylate (9b) 
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1H NMR for Ethyl 1-isobutyl-6-nitro-1,2-dihydroquinoline-3-carboxylate (9c) 

 

13C NMR for Ethyl 1-isobutyl-6-nitro-1,2-dihydroquinoline-3-carboxylate (9c) 

 



 9 

1H NMR for Ethyl 1-benzyl-6-nitro-1,2-dihydroquinoline-3-carboxylate (9d) 

 

13C NMR for Ethyl 1-benzyl-6-nitro-1,2-dihydroquinoline-3-carboxylate (9d) 
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1H NMR for Ethyl 6-nitro-1-phenethyl-1,2-dihydroquinoline-3-carboxylate (9e) 

 

13C NMR for Ethyl 6-nitro-1-phenethyl-1,2-dihydroquinoline-3-carboxylate (9e) 
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1H NMR for Ethyl 6-nitro-1-phenyl-1,2-dihydroquinoline-3-carboxylate (9f) 

 

13C NMR for Ethyl 6-nitro-1-phenyl-1,2-dihydroquinoline-3-carboxylate (9f) 
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1H NMR for 1-Methyl-6-nitro-1,2-dihydroquinoline-3-carbonitrile (10a) 

 

13C NMR for 1-Methyl-6-nitro-1,2-dihydroquinoline-3-carbonitrile (10a) 
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1H NMR for 1-Hexyl-6-nitro-1,2-dihydroquinoline-3-carbonitrile (10b) 

 

13C NMR for 1-Hexyl-6-nitro-1,2-dihydroquinoline-3-carbonitrile (10b) 
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1H NMR for 1-Isobutyl-6-nitro-1,2-dihydroquinoline-3-carbonitrile (10c) 

 

13C NMR for 1-Isobutyl-6-nitro-1,2-dihydroquinoline-3-carbonitrile (10c) 
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1H NMR for 1-Benzyl-6-nitro-1,2-dihydroquinoline-3-carbonitrile (10d) 

 

13C NMR for 1-Benzyl-6-nitro-1,2-dihydroquinoline-3-carbonitrile (10d) 
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1H NMR for 6-Nitro-1-phenethyl-1,2-dihydroquinoline-3-carbonitrile (10e) 

 

13C NMR for 6-Nitro-1-phenethyl-1,2-dihydroquinoline-3-carbonitrile (10e) 
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1H NMR for 6-Nitro-1-phenyl-1,2-dihydroquinoline-3-carbonitrile (10f) 

 

13C NMR for 6-Nitro-1-phenyl-1,2-dihydroquinoline-3-carbonitrile (10f) 
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1H NMR for Ethyl 6-cyano-1-methyl-1,2-dihydroquinoline-3-carboxylate (11a) 

 

13C NMR for Ethyl 6-cyano-1-methyl-1,2-dihydroquinoline-3-carboxylate (11a) 
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1H NMR for Ethyl 6-cyano-1-hexyl-1,2-dihydroquinoline-3-carboxylate (11b) 

 

13C NMR for Ethyl 6-cyano-1-hexyl-1,2-dihydroquinoline-3-carboxylate (11b) 
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1H NMR for Ethyl 6-cyano-1-isobutyl-1,2-dihydroquinoline-3-carboxylate (11c) 

 

13C NMR for Ethyl 6-cyano-1-isobutyl-1,2-dihydroquinoline-3-carboxylate (11c) 
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1H NMR for Ethyl 1-benzyl-6-cyano-1,2-dihydroquinoline-3-carboxylate (11d) 

 

13C NMR for Ethyl 1-benzyl-6-cyano-1,2-dihydroquinoline-3-carboxylate (11d) 
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1H NMR for Ethyl 6-cyano-1-phenethyl-1,2-dihydroquinoline-3-carboxylate (11e) 

 

13C NMR for Ethyl 6-cyano-1-phenethyl-1,2-dihydroquinoline-3-carboxylate (11e) 
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1H NMR for Ethyl 6-cyano-1-phenyl-1,2-dihydroquinoline-3-carboxylate (11f) 

 

13C NMR for Ethyl 6-cyano-1-phenyl-1,2-dihydroquinoline-3-carboxylate (11f) 
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1H NMR for 1-Methyl-1,2-dihydroquinoline-3,6-dicarbonitrile (12a) 

 

13C NMR for 1-Methyl-1,2-dihydroquinoline-3,6-dicarbonitrile (12a) 
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1H NMR for 1-Hexyl-1,2-dihydroquinoline-3,6-dicarbonitrile (12b) 

 

13C NMR for 1-Hexyl-1,2-dihydroquinoline-3,6-dicarbonitrile (12b) 
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1H NMR for 1-Isobutyl-1,2-dihydroquinoline-3,6-dicarbonitrile (12c) 

 

 13C NMR for 1-Isobutyl-1,2-dihydroquinoline-3,6-dicarbonitrile (12c)  
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1H NMR for 1-Benzyl-1,2-dihydroquinoline-3,6-dicarbonitrile (12d) 

 

13C NMR for 1-Benzyl-1,2-dihydroquinoline-3,6-dicarbonitrile (12d) 
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1H NMR for 1-Phenethyl-1,2-dihydroquinoline-3,6-dicarbonitrile (12e) 

 

13C NMR for 1-Phenethyl-1,2-dihydroquinoline-3,6-dicarbonitrile (12e) 
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1H NMR for Ethyl 1-methyl-1,2-dihydro-1,8-naphthyridine-3-carboxylate (13a) 

 

13C NMR for Ethyl 1-methyl-1,2-dihydro-1,8-naphthyridine-3-carboxylate (13a) 
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1H NMR for Ethyl 1-hexyl-1,2-dihydro-1,8-naphthyridine-3-carboxylate (13b) 

 

13C NMR for Ethyl 1-hexyl-1,2-dihydro-1,8-naphthyridine-3-carboxylate (13b) 
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1H NMR for Ethyl 1-isobutyl-1,2-dihydro-1,8-naphthyridine-3-carboxylate (13c) 

 

13C NMR for Ethyl 1-isobutyl-1,2-dihydro-1,8-naphthyridine-3-carboxylate (13c) 
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1H NMR for Ethyl 1-benzyl-1,2-dihydro-1,8-naphthyridine-3-carboxylate (13d) 

 

13C NMR for Ethyl 1-benzyl-1,2-dihydro-1,8-naphthyridine-3-carboxylate (13d) 
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1H NMR for Ethyl 1-phenethyl-1,2-dihydro-1,8-naphthyridine-3-carboxylate (13e) 

 

13C NMR for Ethyl 1-phenethyl-1,2-dihydro-1,8-naphthyridine-3-carboxylate (13e) 

 



 34 

1H NMR for Ethyl 1-phenyl-1,2-dihydro-1,8-naphthyridine-3-carboxylate (13f) 

 

13C NMR for Ethyl 1-phenyl-1,2-dihydro-1,8-naphthyridine-3-carboxylate (13f) 
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1H NMR for 1-Hexyl-1,2-dihydro-1,8-naphthyridine-3-carbonitrile (14b) 

 

13C NMR for 1-Hexyl-1,2-dihydro-1,8-naphthyridine-3-carbonitrile (14b) 

 



 36 

1H NMR for 1-Benzyl-1,2-dihydro-1,8-naphthyridine-3-carbonitrile (14d) 

 

13C NMR for 1-Benzyl-1,2-dihydro-1,8-naphthyridine-3-carbonitrile (14d) 
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1H NMR for 1-Phenethyl-1,2-dihydro-1,8-naphthyridine-3-carbonitrile (14e) 

 

13C NMR for 1-Phenethyl-1,2-dihydro-1,8-naphthyridine-3-carbonitrile (14e) 
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Unexpected double bond migrated products 
1H NMR for 1-Benzyl-1,4-dihydroquinoline-3-carbonitrile (15d) 

 

13C NMR for 1-Benzyl-1,4dihydroquinoline-3-carbonitrile (15d) 
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1H NMR for 1-Phenyl-1,4-dihydroquinoline-3-carbonitrile (15f) 

 

13C NMR for 1-Phenyl-1,4-dihydroquinoline-3-carbonitrile (15f) 
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1H NMR for (Z)-2-((Benzylamino)methyl)-3-(2-fluoro-5-nitrophenyl)acrylonitrile (16) 

 

13C NMR for (Z)-2-((Benzylamino)methyl)-3-(2-fluoro-5-nitrophenyl) acrylonitrile (16) 
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1H NMR for Ethyl 6-fluoro-1-methyl-1,2-dihydroquinoline-3-carboxylate (18a) 

 

13C NMR for Ethyl 6-fluoro-1-methyl-1,2-dihydroquinoline-3-carboxylate (18a) 
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1H NMR for Ethyl 6-fluoro-1-hexyl-1,2-dihydroquinoline-3-carboxylate (18b) 

 

13C NMR for Ethyl 6-fluoro-1-hexyl-1,2-dihydroquinoline-3-carboxylate (18b) 
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1H NMR for Ethyl 6-fluoro-1-isobutyl-1,2-dihydroquinoline-3-carboxylate (18c) 

 

13C NMR for Ethyl 6-fluoro-1-isobutyl-1,2-dihydroquinoline-3-carboxylate (18c) 
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1H NMR for Ethyl 1-benzyl-6-fluoro-1,2-dihydroquinoline-3-carboxylate (18d) 

 

13C NMR for Ethyl 1-benzyl-6-fluoro-1,2-dihydroquinoline-3-carboxylate (18d) 
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1H NMR for Ethyl 6-fluoro-1-phenethyl-1,2-dihydroquinoline-3-carboxylate (18e) 

 

13C NMR for Ethyl 6-fluoro-1-phenethyl-1,2-dihydroquinoline-3-carboxylate (18e) 
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1H NMR for Ethyl 6-fluoro-1-methyl-4-oxo-1,4-dihydroquinoline-3-carboxylate (19a) 

 

13C NMR for Ethyl 6-fluoro-1-methyl-4-oxo-1,4-dihydroquinoline-3-carboxylate (19a) 
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1H NMR for Ethyl 6-fluoro-1-isobutyl-4-oxo-1,4-dihydroquinoline-3-carboxylate (19c) 

 

13C NMR for Ethyl 6-fluoro-1-isobutyl-4-oxo-1,4-dihydroquinoline-3-carboxylate (19c) 
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1H NMR for Ethyl 1-benzyl-6-fluoro-4-oxo-1,4-dihydroquinoline-3-carboxylate (19d) 

 

13C NMR for Ethyl 1-benzyl-6-fluoro-4-oxo-1,4-dihydroquinoline-3-carboxylate (19d) 
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1H NMR for Ethyl 6-fluoro-4-oxo-1-phenethyl-1,4-dihydroquinoline-3-carboxylate (19e) 

 

13C NMR for Ethyl 6-fluoro-4-oxo-1-phenethyl-1,4-dihydroquinoline-3-carboxylate (19e) 
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1-Benzyl-1,4-dihydroquinoline-3-carbonitrile (15d, EB-1-INT-6, CCDC 2035027) 

 

Comment 

  

       The displacement ellipsoids were drawn at the 50% probability level. 

  

Experimental 

  

 A colorless, plate-shaped crystal of dimensions 0.044 x 0.196 x 0.258 mm was selected for structural 

analysis. Intensity data for this compound were collected using a D8 Quest -geometry diffractometer with 

a Bruker Photon II CMOS area detector [1,2] and an Incoatec Is microfocus Mo K source ( = 0.71073 Å ). 

The sample was cooled to 100(2) K. Cell parameters were determined from a least-squares fit of 7723 peaks 

in the range 2.85 <  < 28.73°. A total of 21066 data were measured in the range 2.848 <  < 28.786° using 

and oscillation frames. The data were corrected for absorption by the empirical method [3] giving 

minimum and maximum transmission factors of 0.6236 and 0.7458. The data were merged to form a set of 

3242 independent data with R(int) = 0.0490 and a coverage of 99.8%. 

  

 The orthorhombic space group P212121 was determined by systematic absences and statistical tests and 

verified by subsequent refinement. The structure was solved by direct methods and refined by full-matrix 

least-squares methods on F2 [4,5]. The positions of hydrogens bonded to carbons were initially determined 

by geometry and were refined using a riding model. Non-hydrogen atoms were refined with anisotropic 

displacement parameters. Hydrogen atom displacement parameters were set to 1.2 times the isotropic 

equivalent displacement parameters of the bonded atoms. A total of 172 parameters were refined against 

3242 data to give wR(F2) = 0.0766 and S = 1.007 for weights of w = 1/[2 (F2) + (0.0220 P)2 + 0.4000 P], where 

P = [Fo2 + 2Fc2] / 3. The final R(F) was 0.0352 for the 2932 observed, [F > 4 (F)], data. The largest shift/s.u. 

was 0.000 in the final refinement cycle. The final difference map had maxima and minima of 0.149 and            

-0.174 e/Å 3, respectively. The absolute structure was determined by refinement of the Hooft parameter [7]. 
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Thermal Elipsoid Plot of Structure for 15d 

 

 

 

   



 52 

Table 1. Crystal data and structure refinement for 1-benzyl-1,4-dihydroquinoline-3-carbonitrile 

(15d, EB-1-UNK-Bn, CCDC 2035027). 

 

Empirical formula    C16 H13 N3  

Formula weight     247.29  

Crystal system      orthorhombic  

Space group      P212121  

Unit cell dimensions     a = 6.1666(2) Å    = 90°  

      b = 14.1911(5) Å    = 90°  

      c = 14.3040(5) Å    = 90°  

Volume      1251.76(7) Å 3  

Z, Z'       4, 1  

Density (calculated)     1.312 Mg/m3  

Wavelength      0.71073 Å   

Temperature      100(2) K  

F(000)       520  

Absorption coefficient     0.080 mm-1  

Absorption correction     semi-empirical from equivalents  

Max. and min. transmission    0.7458 and 0.6236  

Theta range for data collection    2.848 to 28.786°  

Reflections collected     21066  

Independent reflections     3242 [R(int) = 0.0490]  

Data / restraints / parameters    3242 / 0 / 172  

wR(F2 all data)      wR2 = 0.0766  

R(F obsd data)      R1 = 0.0352  

Goodness-of-fit on F2     1.007  

Observed data [I > 2(I)]    2932  

Absolute structure parameter    -0.2(8)  

Largest and mean shift / s.u.    0.000 and 0.000  

Largest diff. peak and hole    0.149 and -0.174 e/Å 3 
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(Z)-2-((Benzylamino)methyl)-3-(2-fluoro-5-nitrophenyl)acrylonitrile (16, EB-1-INT-6, CCDC 2035028) 

 

Comment 

  

The displacement ellipsoids were drawn at the 50% probability level. 

  

Experimental  

 

 A yellow, plate-shaped crystal of dimensions 0.028 x 0.152 x 0.248 mm was selected for structural 

analysis. Intensity data for this compound were collected using a D8 Quest -geometry diffractometer with 

a Bruker Photon II CMOS area detector [1,2] and an Incoatec Is microfocus Mo K source ( = 0.71073 Å ). 

The sample was cooled to 100(2) K. Cell parameters were determined from a least-squares fit of 7081 peaks 

in the range 2.76 <  < 25.64°. A total of 21764 data were measured in the range 2.758 <  < 25.821° using 

and  oscillation frames. The data were corrected for absorption by the empirical method [3] giving 

minimum and maximum transmission factors of 0.5330 and 0.6463. The data were merged to form a set of 

2763 independent data with R(int) = 0.0762 and a coverage of 99.9%.  

 The monoclinic space group Cc was determined by systematic absences and statistical tests and verified 

by subsequent refinement. The structure was solved by dual-space methods and refined by full-matrix 

least-squares methods on F2 [4,5]. The positions of hydrogens bonded to carbons were initially determined 

by geometry and were refined using a riding model. The hydrogens bonded to N3 was located on a 

difference map, and its position was refined independently. Non-hydrogen atoms were refined with 

anisotropic displacement parameters. Hydrogen atom displacement parameters were set to 1.2 times the 

isotropic equivalent displacement parameters of the bonded atoms. A total of 212 parameters were refined 

against 2 space group restraints and 2763 data to give wR(F2) = 0.1163 and S = 1.046 for weights of w = 1/[2 

(F2) + (0.0600 P)2 + 0.8600 P], where P = [Fo2 + 2Fc2] / 3. The final R(F) was 0.0462 for the 2261 observed, [F > 

4 (F)], data. The largest shift/s.u. was 0.000 in the final refinement cycle. The final difference map had 

maxima and minima of 0.241 and -0.229 e/Å 3, respectively. The absolute structure could not be determined 

by refinement of the Flack parameter [6]. 
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Thermal Elipsoid Plot of Structure 16 
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Table 1. Crystal data and structure refinement for (Z)-2-((benzylamino)methyl)-3-(2-fluoro-5-

nitrophenyl)acrylonitrile (16, EB-1-INT-6, CCDC 2035028). 

 

Empirical formula    C17 H14 F N3 O2  

Formula weight     311.31  

Crystal system      monoclinic  

Space group      Cc  

Unit cell dimensions     a = 6.5638(10) Å    = 90°  

      b = 29.540(5) Å    = 102.722(5)°  

      c = 7.6292(13) Å    = 90°  

Volume      1442.9(4) Å 3  

Z, Z'       4, 1  

Density (calculated)     1.433 Mg/m3  

Wavelength      0.71073 Å   

Temperature      100(2) K  

F(000)       648  

Absorption coefficient    0.105 mm-1  

Absorption correction     semi-empirical from equivalents  

Max. and min. transmission    0.6463 and 0.5330  

Theta range for data collection    2.758 to 25.821°  

Reflections collected     21764  

Independent reflections     2763 [R(int) = 0.0762]  

Data / restraints / parameters    2763 / 2 / 212  

wR(F2 all data)      wR2 = 0.1163  

R(F obsd data)      R1 = 0.0462  

Goodness-of-fit on F2     1.046  

Observed data [I > 2(I)]    2261  

Absolute structure parameter    -0.1(7)  

Extinction coefficient     0.013(2)  

Largest and mean shift / s.u.    0.000 and 0.000  

Largest diff. peak and hole    0.241 and -0.229 e/Å 3  

----------  

wR2 = { [w(Fo2 - Fc2)2] / [w(Fo 2)2] }1/2  

R1 = ||Fo| - |Fc|| / |Fo| 
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Ethyl 6-fluoro-4-oxo-1-phenethyl-1,4-dihydroquinoline-3-carboxylate (19e KEVJAG-1-64, CCDC 2057847) 

 

Comment  

 

The displacement ellipsoids were drawn at the 50% probability level. 

  

Experimental  

 

A colorless, block-shaped crystal of dimensions 0.106 x 0.272 x 0.280 mm was selected for structural 

analysis. Intensity data for this compound were collected using a D8 Quest -geometry diffractometer with 

a Bruker Photon II CMOS area detector [1,2] and an Incoatec Is microfocus Mo K source ( = 0.71073 Å ). 

The sample was cooled to 110(2) K. Cell parameters were determined from a least-squares fit of 9898 peaks 

in the range 2.91 < < 32.61°. A total of 39073 data were measured in the range 2.468 < < 32.644° using 

and  oscillation frames. The data were corrected for absorption by the empirical method [3] giving 

minimum and maximum transmission factors of 0.7806 and 0.8623. The data were merged to form a set of 

6040 independent data with R(int) = 0.0288 and a coverage of 99.9 %.  

The orthorhombic space group P212121 was determined by systematic absences and statistical tests and 

verified by subsequent refinement. The structure was solved by direct methods and refined by full-matrix 

least-squares methods on F2 [4,5]. The positions of hydrogens were initially determined by geometry and 

were refined using a riding model. Non-hydrogen atoms were refined with anisotropic displacement 

parameters. Hydrogen atom displacement parameters were set to 1.2 (1.5 for methyl) times the isotropic 

equivalent displacement parameters of the bonded atoms. A total of 227 parameters were refined against 

6040 data to give wR(F2) = 0.0896 and S = 1.005 for weights of w = 1/[2 (F2) + (0.0580 P)2 + 0.2000 P], where 

P = [Fo2 + 2Fc2] / 3. The final R(F) was 0.0322 for the 5695 observed, [F > 4 (F)], data. The largest shift/s.u. 

was 0.000 in the final refinement cycle. The final difference map had maxima and minima of 0.357 and -

0.192 e/Å 3, respectively. The absolute structure was determined by refinement of the Hooft parameter [8], 

Hooft y = 0.21(12), P2(true) = 1.000, P3(true) = 0.816, P3(rac-twin) = 0.184, P3(false) = 0.2E-08. 
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Thermal Elipsoid Plot of 19e 
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Table 1. Crystal data and structure refinement for ethyl 6-fluoro-4-oxo-1-phenethyl-1,4-dihydroquinoline-

3-carboxylate (19e, KEVJAG-1-64, CCDC 2057847). 

 

Empirical formula    C20H18FNO3  

Formula weight     339.35  

Crystal system      orthorhombic  

Space group      P212121  

Unit cell dimensions     a = 5.5713(2) Å    = 90° 

      b = 14.9835(4) Å    = 90°  

      c = 19.7736(5) Å    = 90°  

Volume      650.65(8) Å 3  

Z, Z'       4, 1  

Density (calculated)     1.366 Mg/m3  

Wavelength      0.71073 Å   

Temperature      110(2) K  

F(000)       712  

Absorption coefficient    0.099 mm-1  

Absorption correction     semi-empirical from equivalents  

Max. and min. transmission    0.8623 and 0.7806  

Theta range for data collection    2.468 to 32.644°  

Reflections collected     39073  

Independent reflections     6040 [R(int) = 0.0288]  

Data / restraints / parameters    6040 / 0 / 227  

wR(F2 all data)      wR2 = 0.0896  

R(F obsd data)      R1 = 0.0322  

Goodness-of-fit on F2     1.005  

Observed data [I > 2(I)]    5695  

Absolute structure parameter    0.29(13)  

Extinction coefficient     0.013(2)  

Largest and mean shift / s.u.    0.000 and 0.000  

Largest diff. peak and hole    0.357 and -0.192 e/Å 3  

----------  

wR2 = { [w(Fo2 - Fc2)2] / [w(Fo 2)2] }1/2  

R1 = ||Fo| - |Fc|| / |Fo| 
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