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Abstract    Racemic 1,10-binaphthyl-2,20-dicarboxylic acid 

(BNDA) was resolved using quinine as the resolving agent. 

The structure of the resultant quininium (S)-1,10-binaphthyl- 

2,20-dicarboxylate  dihydrate  salt  (1)  was  elucidated.  The 

asymmetric  unit  contained  one  1,10-binaphthyl-2,20-dicar- 

boxylate anion, two quininium cations and two water  mol- 

ecules. The structure was solved successfully in the 

orthorhombic  space  group  P212121  with  unit  cell dimen- 

sions: a = 11.100(2) Å , b = 16.572(3) Å , c = 28.726(6) Å . 

 

Keywords Optical resolution · Quinine · Racemic 
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Introduction 

 

The resolution of racemic 1,10-binaphthyl-2,20-dicarboxylic 

acid (BNDA) using quinine was first reported by Kuhn and 

Albrecht in 1928 [1]. A similar procedure was repeated by 

Hall and Turner [2] who analysed both the less soluble salt 

and the more soluble salt. Both salts were treated with 

sodium  hydroxide  to  produce  the  enantiomers  of  1,10- 

binaphthyl-2,20-dicarboxylic  acid.  The  racemic  dicarbox- 

ylic acid has been resolved successfully using brucine    [3] 
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(R)-(-)-1-cyclohexylethylamine [4] and (1R,2R)-dipheny- 

lethylenediamine [5]. BNDA has also been used exten- 

sively in the preparation of chiral binaphthyl based 

compounds including crown ethers [6] and catalysts [7]. 

The importance of BNDA prompted our study into its 

resolution. We have followed the experimental procedure 

as described by Hall and Turner to produce the less soluble 

salt,      quininium      (S)-1,10-binaphthyl-2,20-dicarboxylate 

dihydrate, 1, which we analysed by single crystal X-ray 

diffraction. The atomic numbering is given in Scheme   1. 

 

 

Experimental 

 

Crystal Growth 

 
A 1:2 molar ratio of quinine sulphate dihydrate and sodium 

hydroxide was dissolved in distilled water. The solution 

was stirred with a magnetic stirrer. A white precipitate was 

formed and the solution was filtered. The precipitate was 

dried in an oven at 120 °C for 5 h. Differential scanning 

calorimetry was used to confirm the presence of quinine. A 

solution containing a 1:1 molar ratio of quinine and race- 

mic  1,10-binaphthyl-2,20-dicarboxylic  acid  in  ethanol  was 

allowed to evaporate at room temperature. Suitable crystals 

were obtained after three  days. 

 
Structure Analysis 

 
Unit cell parameters were determined from intensity data 

measured on a Kappa CCD diffractometer using graphite- 

monochromated Mo-Ka radiation. The strategy for the data 

collection was evaluated using COLLECT software [8]. 

The intensity data were collected by the standard phi scan 

and omega scan techniques, scaled and reduced using    the 
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Scheme 1 Atomic numbering 

used in this study. The second 

quininium cation is given the 

subscript A 
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program  DENZO-SMN  [9].  The  structures  were  solved Table 1   Crystal data and refinement parameters of   1 
using  direct  methods   and  refined  by  full-matrix     least Compound (2C20H25N2O2  

22   12   4 2 

squares with SHELX-97, [10] refining on F
2
. The program 

X-Seed [11] was used as a graphical interface. All non- 

hydrogen atoms were found in the difference electron 

density map. All of the hydrogens except the hydroxyl 

hydrogens and those attached to the tertiary amine of the 

quininium cation were placed with geometric constraints 

and allowed to refine isotropically. The hydroxyl hydro- 

gens of the cation were found in the electron density map 

and were refined with bond length constraints based on the 

O···O distances [12]. The hydrogens of the water molecules 

were found in the difference electron density map and were 

allowed to refine isotropically. The crystal data is given in 

Table 1. 

Mw, g mol-1  1027.19 

Temperature/K 173 (2) 

Crystal system Orthorhombic 

Space group P212121 

a, Å 11.100 (2) 

b, Å 16.572 (3) 

c, Å 28.726 (6) 

a, ° 90.00 

b, ° 90.00 

c, ° 90.00 

Volume, Å 3 
5284.0 (18) 

Z 4 

l, mm
-1

  0.088 

F(000) 2184 

?) (C H   O  2-)·2H O 

Thermal Analysis Index ranges -13 B h B 13, -20 B k B 20, 

-34 B l B 34 

 

 

 

 
vented aluminium pans. Experiments were performed from 

30–300 °C with a scan rate of 10 °C min
-1

. 

 

 

 

 

 

 

 

 

 

 

calc 

Final R indices [I [ 2r(I)] R1 = 0.0557, 

wR2 = 0.0907 

R indices (all data) R1 = 0.1016, 

wR2 = 0.1073 

Results and Discussion 

 

Structures 

Largest difference peak 

and hole, e Å -3
 

0.204 and -0.238 

 

The quininium salt crystallised in the orthorhombic space 

group P212121  with one 1,10-binaphthyl-2,20-dicarboxylate 

anion, two quininium cations and two water molecules in 

the asymmetric unit. The thermal ellipsoid plot at 30% 

probability is shown in Fig.  1. 

The chiral carbon C9 of quinine is known to have an     

R configuration and this was assigned accordingly. Hence 

the   1,10-binaphthyl-2,20-dicarboxylate   had   an   absolute 

configuration of S. Both the carboxylic acid protons had 

been donated to the tertiary amine of the two   independent 

C7 

Quinine,   1,10-binaphthyl-2,20-dicarboxylic   acid   and   the No. of Reflections collected 9767 

resultant salt were characterized using differential scanning No. of unique reflections 7114 

calorimetry  (DSC).  A  Perkin  Elmer  DSC  6  system was Data/restraints/Parameters 9767/2/719 

used.  Samples  were  purged  with  nitrogen  flowing      at Goodness-of-fit 1.133 

20 ml min
-1

. 3–5 mg of sample was placed in crimped but q , g cm-3
 1.291 
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Fig. 1  Thermal ellipsoid  plot of quininium (S)-1,10-binaphthyl-2,20- 

dicarboxylate dihydrate 
Fig. 2 Hydrogen bonding between the quininium cation and the (S)- 

1,10-binaphthyl-2,20-dicarboxylate anion 

 

Table 2  C–O bond lengths in 1,10-binaphthyl-2,20-dicarboxylate 

Bond Bond length (Å ) 

constrained at 71.4(4)°. The metrics of the hydrogen bonds 

are given in Table  3. 

Furthermore the water molecules are also involved in 

 

 

 

 
 

 

 
 

quinine molecules resulting in a salt. This is illustrated in 

Table 2 by the C–O distances of the carboxylate groups 

which are very  similar. 

The hydroxyl and tertiary amine groups of the quinini- 

um cation are involved in hydrogen bonding to the dicar- 

boxylate anion (Fig. 2) forming two 3-centre hydrogen 

bonds which link the dicarboxylate anion to two quininium 

cations. These linkages lock the dicarboxylate anion into 

position    with    the    C26–C25–C35–C36    torsion angle 

The structure also utilises weaker interactions in an 

interesting mode allowing both naphthyl rings of the 

dicarboxylate anion to participate together with the meth- 

oxyquinoline rings of independent quinine cations in offset 

p…p stacking. The shortest distance between the  centroids 

of   adjacent   aromatic   rings   is   approximately   4.85 Å . 

Figure 4 illustrates the packing down [100]. The torsion 

angles C3–C4–C9–C10 of the independent quininium cat- 

ions are very similar with metrics of 107.4 (3)° and 108.9 

(3)°.  There  is  a  subtle  difference  in  the  position  of the 

 
Table 3   Hydrogen bond  parameters 

 

Compound Donor (D) Acceptor (A) D···A/Å D-H/Å H···A/Å D–H···A/° 

1 N11 O48 2.666 (3) 1.04 (3) 1.634 (6) 170 (3) 

 N11 O47 3.301 (3) 1.04 (3) 2.541 (3) 130 (2) 

 N11A O50 2.649 (3) 1.02 (3) 1.651 (2) 167 (3) 

 N11A O49 3.293 (3) 1.02 (3) 2.565 (1) 128 (2) 

 O24 O50 2.635 (3) 0.98 (3) 1.664 (8) 170 (4) 

 O24A O48 2.673 (3) 0.98 (3) 1.696 (5) 174 (4) 

 O51 O47 2.892 (3) 1.11 (7) 1.827 (4) 163 (5) 

 O51 N1a
 2.973 (4) 1.12 (7) 1.874 (1) 166 (5) 

 O52 O49 2.904 (3) 0.90 (5) 2.031 (2) 164 (4) 

 O52 N1Ab
 3.003 (4) 0.89 (5) 2.129 (8) 166 (4) 

a  
x ? 1, y, z 

b  
x – 1, y, z  

C45–O47 1.249 (3) hydrogen bonding to the secondary amine of the cation and 

C45–O48 1.274 (3) the  carboxylate  anion.  They  form  bridges  of  the    type 

C46–O49 1.239 (3) (CATION)–N
?···H–O–H···-OOC–(ANION).  Thus  all  the 

C46–O50 1.275 (3) donor and acceptor groups except the methoxy group  form 

  part of the supramolecular network that lead to stabilisation 

  of the structure (Fig.  3). 
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Fig. 3  Hydrogen   bonding   in   quininium   (S)-1,10-binaphthyl-2,20- 

dicarboxylate·2H2O 

 

 

Fig. 4 Packing diagram of 1 down [100]. Hydrogens have been 

omitted for clarity 

 
methoxy groups relative to the quinoline rings with the 

torsion  angles  C5–C6–O22–C23:  -1.6  (5)°  and  1.1  (4)°, 

respectively, indicating that one of the methoxy groups is 

more coplanar with the quinoline ring. As expected, the 

geometry of the tertiary amine cation is   tetrahedral. 

 
Thermal Analysis 

 
A DSC curve of the salt yielded an endotherm with an onset 

temperature of 476.9 K. This value differed from the melt of 

 

1,10-binaphthyl-2,20-dicarboxylic  acid,  Ton = 546.2 K  and 

the melt of quinine, Ton = 442.4 K. 

 
 

Supplementary Material 

 

CCDC 795102 contains the supplementary crystallographic 

data for this paper. These data can be obtained free of charge 

via www.ccdc.cam.ac.uk/data_request/cif, by e-mailing 

data_request@ccdc.cam.ac.uk, or by contacting The 

Cambridge Crystallographic Data Centre, 12 Union   Road, 

Cambridge CB2 1EZ, UK; fax: ?44(0)1223-336033. 
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