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Abstract 

 A successful optical resolution of the racemic 

modification of citronellic acid was carried out by using 

(–)-cinchonidine, one of the cinchona alkaloids. The 

resultant crystals contain the protonated cinchonidinium 

cation and the (S)-(–)-citronellate anion in 1:1 ratio. 
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Introduction 

 
Optical resolution or Pasteur resolution [1] of racemic 

modifications via diastereomeric salt formation is still the 

most frequently  used  method  to  produce  optically pure 

compounds. This resolution method has been studied 

comprehensively, however the mechanism of chiral rec- 

ognition during the process is not fully understood [2]; 

therefore the search for a good resolving agent for a given 

compound is still a trial and error process. 

Citronellic acid or rhodinic acid, 3,7-dimethyl-6-octe- 

noic acid, is isolated in its racemic form from camphor oil. 

It is also the major component of two Pelargonium plant 

species (Geraniaceae and ‘Sweet Rosina’) [3]. Citronellic 

acid is employed as a component in mixtures for repelling 

mosquitoes, controlling termites and is useful in cosmetics 

because of its antibacterial and antifungal properties [4–6]. 

Chemically, citronellic acid is formed by the oxidation of 

citronellal [7]. This reaction was used to analyse the R/S 
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enantiomeric ratios of citronellal. After the oxidation of the 

aldehyde, the citronellic acid was determined by nuclear 

magnetic resonance spectroscopy in the presence of a 

chiral europium shift reagent, and by high pressure liquid 

chromatography of diastereomeric amides [8]. 

(–)-Cinchonidine, one of the cinchona alkaloids, has 

been successfully employed in a large number of resolu- 

tions of carboxylic acids [9]. However, our recent cam- 

bridge structural database [10] (CSD, version 5.34, 2012 

November) search conducted with ConQuest [11] yielded 

only 23 structures with cinchonidine/cinchonidinium. 

(Table 1) Its salt with (L)-tartaric acid has been elucidated 

(CSD refcode HUSBIG [12]), also it was employed as an 

internal standard to determine absolute configuration of the 

product of an asymmetric synthesis (AKUSOP [13]). 

Only a few publications describe structural results with 

cinchonidine as a resolving agent. The structures of cin- 

chonidinium mandelates with both (S)- and (R)-anions 

have been reported by Gjerlov and Larsen (RERXUH and 

RERYAO [14] respectively). It was concluded that 

cinchonidine is not an effective resolving agent for man- 

delic acid. Cinchonidine has also been employed in the 

resolution of the configurationally stable tris (tetra- 

chlorobenzenediolato) phosphate(V) ion (TURJIZ [15]) but 

the diastereo selectivity was variable. Conversely, cincho- 

nidine was successfully used in a three step fractional 

crystallization to resolve racemic isoxazoline and the 

structure of the salt has been elucidated (RIGSIJ [16]). 

Also it has resolved the enantiomers of 4,40-dicarboxy-1,10- 

bi-2-naphthol (CUNQOS [17]) and indole-3-succinic acid, 

an important root promoter of various plants with 99.3 % 

enantiomeric excess (FIZVIU [18]). Furthermore allenoic 

acid, 4-cyclohexyl-2-methyl-buta-2,3-dienoic acid was 

resolved by forming diastereomeric salts with cinchonidine 

and cinchonine, and the enantiomers were subsequently 
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Table 1  CSD (version 5.34, 
 

 

REFCODE Compound name 
2012 November) hits for    
cinchonidine/cinchonidinium 

fragments 
ADIKII Cinchonidinium diperchlorate 

AKUSOP 9-Hydroxycinchonan-1-ium       7-(3-methoxy-4-((methylsulfonyl)oxy)phenyl)-2-oxo-8- 

oxabicyclo[3.2.1]octane-1-carboxylate 

CINDIN Cinchonidine 

CINDIN10 Cinchonidine 

CUNQOS 4,40-Dicarboxy-1,10-bi-2-naphthol bis(cinchonidine) methanol solvate 

DIXMIH (?)-(P)-4-Cyclohexyl-2-methyl-buta-2,3-dienoic acid cinchonidine monohydrate 

FIZVIU (-)-Cinchonidine (S)-indole-3-succinate 

GIXGAW Bis(4-(1-(5-vinyl-1-azoniabicyclo(2.2.2)octan-2-yl)-1-hydroxymethyl)quinoline)      2,20- 

dihydroxy-1,10-binaphthalene-5,50-dicarboxylate methanol solvate tetrahydrate 

HUSBIG Bis((3R,4S,8S,9R)-cinchonidinium) (2R,3R)-tartrate dihydrate 

HUSBIG01 (18R,19S,21S,25S)-Cinchonidinium (2R,3R)-tartrate monohydrate 

PEPDUK Cinchonidine benzene clathrate 

RANPUS Cinchonidinium tetrakis(4-(2-(4,6-diamino-1,3,5-triazinyl))phenyl)borate dimethylsulfoxide 

toluene clathrate 

RERXUH Cinchonidinium (S)-mandelate 

RERYAO Cinchonidinium (R)-mandelate 

RIGSIJ Cinchononan-9-ol-3-p-cyanophenylisoxazoline 5-carboxylate acetone solvate 

TURJIZ Cinchonidinium tris(tetrachlorobenzenediolato)phosphate ethyl acetate solvate 

VELWUF Cinchonidinium bis(4-methylbenzenesulfonate) monohydrate 

XAZPAP Cinchonidinium bis(2,3-naphthalenediyl)-orthoborate acetone solvate 

ZZZEPC Cinchonidine sulfate octahydrate 

ZZZICY Cinchonidine dihydrobromide dihydrate 

ZZZTZW Cinchonidine hydrochloride monohydrate 

ZZZTZW01   Cinchonidinium chloride monohydrate 

ZZZUGK Cinchonidine hydrobromide monohydrate 

 

 
isolated with 95 % enantiomeric excess (DIXMIH [19]). 

Cinchonidine was also utilized in the resolution of 2,20- 

dihydroxy-1,10-binaphthalene-5,50-dicarboxylic acid. The 

resolved acid was then reacted with Cu(NO3)2 to form a 

chiral metal–organic framework (GIXGAW [20]). 

In this project we have employed (–)-cinchonidine as 

resolving agent for racemic citronellic acid and success- 

fully elucidated the structure of the cinchonidinium-(S)- 

citronellate monohydrate salt. The structural formulae of 

the starting materials are given in Scheme 1. 

 

 
Experimental Details 

 
Crystal Growth 

 
All chemicals were purchased from commercial sources 

(Sigma-Aldrich) and used without further purification. (–
)-Cinchonidine (50 mg, 0.168 mmol) was dissolved in an 

aqueous hot solution of racemic citronellic acid (57.2 mg, 

0.336 mmol) in 1:2 ratio. The solution was filtered. Rod- 

shaped, colorless crystals were obtained after 12 days by 

the slow evaporation method. 

 

 

 
 

Scheme 1  Structural formula of cinchonidine and citronellic acid 
 

Structure Analysis 

 
Intensity data of a selected single crystal was collected on a 

Bruker DUO APEX II diffractometer [21] with graphite 

monochromated  Mo-Ka1  radiation  (k = 0.71073  Å )  at 

173 K using an Oxford Cryostream 700. Data reduction and 

cell refinement were performed using SAINT-Plus [22]. 
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Table 3  Hydrogen bond metrics 
 

D-H   A D-H 

(Å ) 

H   A 

(Å ) 

D   A 

(Å ) 

D-H   A 

( ) 

Symmetry 

operator 

N11–H11  O23 0.89 1.82 2.702(8) 171  

O22–H22  O35 0.84 1.90 2.715(3) 164 x, 1 ? y, z 

O35–H35A  O24 0.85 2.24 2.762(9) 120 x, -1 ? y, z 

O35–H35B  O23 0.85 2.22 2.693(6) 115  

C3–H3  O22 0.95 2.46 2.791(1) 100  

C12–H12A  O24 0.99 2.34 3.219(2) 148 1-x, -1/2 ? y, 

-z 

C12–H12B  O22 0.99 2.49 3.437(7) 160 x, -1 ? y, z 

C15–H15B  O22 0.99 2.39 2.859(9) 108  

 C16–H16B   O22    0.99    2.47 3.076(6)    119   

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 1 Thermal ellipsoid plot (50 % probability) of the ion pair of 

cinchonidinum citronellate hydrate with hydrogen bonds (alkyl 

hydrogens, except H27 are omitted for clarity) 
 

The space group was determined from systematic absences 

by XPREP [23]. The structure was solved using SHELXS-97 

[24] and refined using full matrix least squares methods in 

SHELXL-97 [24] with the aid of the program X-Seed [25]. 

The hydrogen atoms bound to carbon atoms were placed at 

idealized positions and refined as riding atoms with Uiso 

(H) = 1.2 Ueq (Ar–H, CH2) or 1.5 Ueq(CH3). The refine- 

ment of the hydroxyl hydrogen and hydrogens of the nitro- 

gen atoms was carried out  by first locating them on a 

difference electron density map and subsequently imposing 

 

 

 
 

Fig. 2 Illustration of close H  H contacts between the aliphatic tails 

of the citronellate anions (Anions are in space filling representation 

for clarity) 
 
 

an appropriate bond length constraint. Diagrams and publi- 

cation material were generated using PLATON [26], X-Seed 

and Mercury (3.1) [27]. Crystal data and structure refinement 

parameters are given in Table 2. CCDC No. 926229. 

 

 
Results and Discussion 

 
Structure 

 
A single crystal was submitted for X-ray structure analysis 

which resulted in the structure of a diastereomeric salt. The 

compound crystallizes in the space group P21 with Z = 2. 

The C–O distances of the carboxylate moiety have nearly 

equal  bond  lengths  (C25–O23  1.286(1)  and  C25–O24 

1.241(9) Å ). A view of the cinchonidinium citronellate ion 

pair with the water of crystallization is shown in Fig. 1. 

The conformation of the citronellate anion is (S) and there 

was no indication of the occurence of the other enantiomer 

in the crystal structure. The hydrogen bonding is charac- 

terized by three interactions: (CIND
?
) N11–H11 O23– 

(CA
-
)–O24   H35–O35(water)   H22–O22(CIND

?
)      and 

 
Table 2  Crystal data and refinement details 

 

Compound C29H42N2O4 

Mr 482.65 

Temperature (K) 173(2) 

Crystal size (mm) 0.15 9 0.15 9 0.10 

Crystal system Monoclinic 

Space group 

a (Å ) 

P21 

13.381(3) 

b (Å ) 6.7834(14) 

c (Å ) 15.129(3) 

a ( ) 90.00 

b ( ) 92.35(3) 

c ( ) 90.00 

V (Å 3) 1372.1(5) 

Z 2 

q (calcd) (Mg/m3) 1.168 

l (Mo-Ka) (mm-1) 0.077 

Theta range for data collection ( ) 1.52; 25.64 

Reflections collected 5785 

No. unique data 2768 

No. data with I [ 2r(I) 2341 

No. parameters 323 

Final R (I [ 2r(I))/wR2 0.0524; 0.1515 
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Fig. 3 Water bridged hydrogen bonding between the ion pairs along 

the b axis and the concomitant herringbone arrangement of the 

quinoline rings. The quinoline moieties are colored green and the 

hydrogen atoms are omitted for clarity (Color figure online) 

 

may be described in graph set notation [28] as R3
3
(11). In 

addition the water molecule acts as a hydrogen bonding 

bridge between the ion pairs in the [010] direction. The 

metrics of the hydrogen bonding are listed in Table 3. 

The packing of the structure, shown in Fig. 2, is char- 

acterized by short H H contacts between the aliphatic tails 

of the citronellate anions, as well as a herringbone packing 

arrangement between the quinoline aromatic moieties, 

whose planes subtend at an angle of 57.7  (Fig. 3). 

 
 

Conclusion 

 
(–)-Cinchonidine was used successfully in the resolution of 

racemic citronellic acid, resulting in the salt cinchonidinium- 

(S)-citronellate monohydrate. The ionic structure is stabi- 

lized by extensive hydrogen bonding, in which molecules of 

water of crystallization interlink the cation–anion pairs 

resulting in an infinite hydrogen-bonded chain along [010]. 
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