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Enantio-differentiation of Molecules with diverse functionalities 
by a Single probe  

A. Lakshmipriya,
a,c

 S. R. Chaudari
b
 and N. Suryaprakash

a,c,*

The study reports (1S,2S)-N,N'-Dihydroxy-N,N'-bis(diphenylacetyl)-

1,2-cyclohexanediamine, a C2 symmetric chiral hydroxamic acid 

((S)-CBHA-DPA), as a single and unique probe for discrimination of 

molecules with diverse functionalities. The proposed CSA is also 

utilized for the accurate measurement of enantiomeric excess. 

Chiral recognition is extremely important in various fields. Its 
knowledge is essential in understanding the interactions in 
biological systems, chromatographic chiral analysis and asymmetric 
synthesis 

[1, 2]
.  Among the available techniques

 [3, 4]
, NMR 

spectroscopy has proven to be an extremely useful technique for 
chiral analysis and enantiomeric excess (ee) measurement since the 
NMR analysis is simple and straightforward

 [5]
. NMR spectroscopic 

discrimination of enantiomers is achieved by using one of the chiral 
auxiliaries, viz., chiral derivatizing agent (CDA), chiral solvating 
agent (CSA) or chiral lanthanide shift reagent (CLSR)

[5]
. The use of 

the CDA requires cumbersome and time consuming synthetic 
procedures

 [6]
. The major problem encountered in the use of CLSR is 

enormous line broadening in the spectrum
 [7]

.  The use of CSA, on 
the other hand, is an attractive option

 [5]
 as it involves the formation 

of diastereomers using non-covalent interactions and is generally 
free from the problems encountered in CDA and CLSR

 [5]
. In 

addition, the process of chiral discrimination by the CSA involves 
mixing and shaking with the chiral analyte rendering it a convenient 
technique for rapid analysis and is also less prone to errors 

[6]
.  A 

pool of chiral auxiliaries are available in the literature for chiral 
analysis 

[5]
, each being specific to molecules containing a specific 

functional group(s) 
[7]

 and some of them demand multistep 
synthesis 

[8]
. A single chiral auxiliary for discrimination of molecules 

possessing wide varieties of functional groups 
[7, 8] 

though 
advantageous, is rarely encountered.  As a result there is a dire 
necessity to discover a chiral auxiliary which serves as a single 
probe for enantio discrimination of varieties of molecules 
containing diverse functional groups. Consequent to limited range 
of recognition ability, the selection of an appropriate auxiliary for 

enantiomeric analysis of wide range of molecules continues to be a 
challenging task. Recent addition to the CSA library using BINOL 
derivative is applicable to wide variety of the molecules and found 
to be ubiquitous 

[6b]
.  Interestingly, the authors have not 

demonstrated its applicability for molecules containing amine group 
and also the CSA need to be synthesized 

[6b]
. Thus the search for 

novel auxiliary either for broader utility or dedicated to chiral 
molecules with particular functional group is always an open field, 
thereby has attracted the constant efforts of many researchers 

[6]
.  

 

 
 

Scheme 1.  Chemical structure of (1S,2S)-N,N'-Dihydroxy-N,N'-bis(diphenylacetyl)-1,2 

cyclohexanediamine and its possible ways of interactions  with different guest 

molecules,where R1, R2 and R3 are substitutents.  

 The (S)-CBHA-DPA (chemical structure is given in scheme 1), 
possess both hydrogen-bond donor and acceptor sites and thus has 
enormous potential to get involved in the formation of hydrogen 
bond with variety of functional groups. The possible ways of 
interactions with different guest molecules is reported in scheme 1. 
Such type of interactions are widely known in supramolecular 
chemistry 

[11]
, and are thus very attractive for their potential 

application as a CSA.  In case of amino alcohols (2-amino-1-
butanol), and primary and secondary amines (1(4-methylphenyl) 
ethylamine, N-methyl-1-(naphthalene-1-yl) ethanamine, 2-fluoro 
benzyl amine) the OH peak of N-OH in CSA disappeared. This 
indicates that in amines and amino alcohols the diastereomer 
formation occurs through ion pair mechanism. 

Page 1 of 4 ChemComm

C
he

m
C

om
m

A
cc

ep
te

d
M

an
us

cr
ip

t



Journal Name  

COMMUNICATION 

This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 2  

Please do not adjust margins 

Please do not adjust margins 

Table 1. The measured chemical shift difference (Δδ
R/S

) values of discriminated protons for the molecules of different functionality. 1:3 
ratio of analyte and CSA was used. {*, § Indicates the values measured at 233 K temperature and in the presence of DMAP(4-
dimethylaminopyridine) respectively.} 

Entry Guest ΔδR/S 
(ppm) 

Entry Guest ΔδR/S 
(ppm) 

Entry Guest ΔδR/S 
(ppm) 

1 Acid a 0.05 

b 0.01 

9 piperidine a 0.06 

 

 

17 Carbonates a 0.01 

b 0.01 

 

2 

 

 

Alpha Hydroxy acid a 0.04 10 Amino alcohols a 0.04 

b 0.09 

18 Sulfoxide a 0.002 

 

3 Diacid a 0.11 

b 0.04 

11 Alcohol a 0.03* 19 Hydroxy ester

 

a 0.01 

b 0.02 

 

4 Oxazolidinone a 0.13 

b 0.07 

c 0.03 

12 Cyanohydrin a 0.3 20 Prochiral acid a 0.02 

0.03* 

5 Thiones a 0.04 

b 0.02 

c 0.01 

13 Diols§ a 0.04 

b 0.02 

c 0.02 

 

21 Prochiral alcohol

 

a 0.02 

 

6 Primary Amine a 0.07 

b 0.02 

14 Epoxide a 0.15* 22 Prochiral amino alcohol a 0.07 

b 0.06 

7 Secondary amine a 0.03 

 

15 Phosphoric acid

 

31P 

0.06 

0.15§ 

 

23 Prochiral amine a 0.08 

0.1* 
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The 
1
H-NMR spectrum of 2-methyl piperidine, given in Fig. 1A, 

exhibits a doublet for the methyl group. The addition of one 
equivalent of (S)-CBHA-DPA to it resulted in the separate peaks for 
methyl group of each enantiomer with a chemical shift difference 
(Δδ

R/S
) of 0.04 ppm, convincingly establishing that (S)-CBHA-DPA has 

a enantio-discrimination ability. It is well known that, Δδ
R/S 

depends 
on the concentration of CSA

 [5]
. Hence the 

1
H-NMR spectra were 

obtained at varied concentrations of CSA. The enhanced 
concentration of CSA resulted in increased Δδ

R/S
. This is clearly 

evident from Fig. 1A. The Δδ
R/S

 for the discriminated peaks also has 
a strong temperature dependence 

[5]
, especially when the chiral 

auxiliary is a solvating agent. Thus it is possible to iterate these two 
physical parameters to maximize the separation between the 
discriminated peaks for unambiguous differentiation and the 
precise measurement of ee. 

 

 
Fig. 1  A] (a) 400 MHz 1H-NMR spectrum pertaining to methyl region of 2-methyl 

piperidine; (b-e) with 1:1, 1:2, 1:3 and 1:4 equivalents of 2-methyl piperidine and (S)-

CBHA-DPA; B] Plot of experimentally measured ee values verses the gravimetrically 

prepared ratios for eight different non-racemic mixtures of mandelic acid in CDCl3. 

In order to explore the generality and wide applicability of the 
proposed CSA, the molecules with different functional groups were 
tested. Interestingly the proposed CSA allows the discrimination of 
large number of molecules with functional groups, such as, acids, 
hydroxy acids, diacids, primary, secondary and tertiary amines, 
alcohols, amino alcohols, oxazolidones, oxathiones, carbonates, 
diols, epoxides, phosphoric acids, cyanohydrins, piperidine, 
piperazine, hydroxy esters, sulphoxides, prochiral amines, prochiral 
acids, prochiral alcohols and prochiral amino alcohols. This 
versatility of proposed CSA can be attributed to multiple hydrogen 
bonding sites present in the molecule (scheme 1). In some cases 
(diols, phosphoric acids) where there is no proper base line 
separation, we employed our recent strategy of ternary ion pair 
formation

 [13]
, where addition of DMAP enhanced the chiral 

resolution. The measured Δδ
R/S 

values for chosen molecules are 
compiled in Table 1. In all the investigated molecules we are able to 
achieve the discrimination at multiple chemical sites with the 
proper baseline correction. This unequivocally establishes that the 
proposed CSA serves as a single probe for testing enantio purity of 
wide variety of molecules. A point that can be highlighted is that 
the present CSA permitted better discrimination 

[12]
 and performed 

well for the molecules which are usually hard to discriminate by 
other reported methods 

[6,7]
. Furthermore we also explored the 

utility of heteronuclei, such as, 
13

C, 
19

F and 
31

P for chiral 
analysis.

[6b,7d,7e]
 The corresponding spectra are reported in the 

supporting information. The adaptability of this CSA became 
evident, as we are able to observe distinct peaks for each 
enantiomer, even in 

13
C, 

19
F and 

31
P spectra. All the spectra were 

recorded in the solvent CDCl3. To ascertain the enantio-
discrimination ability of this CSA in different solvents, the spectra of 
the molecule 2-methylpiperidine were also acquired in solvents, 
such as, CD2Cl2, benzene-d6, toluene-d8, acetonitrile-d3.

 
  If the chiral 

analyte is not soluble in the above mentioned solvents, one can also 
use the solvent mixture of 10-20% DMSO in chloroform for 
achieving discrimination. These spectra are given in supporting 
information. However the solvent DMSO has a tendency to form 
the hydrogen bond with host-guest complex, results in the  
destabilizes or weakens the host-guest interactions, thereby not 
favorable for enantio discrimination. This is the well known major 
limitation for the use of CSA for chiral discrimination.  

                         

 

Fig. 2 a) 500 MHz 1H-NMR spectrum; b) Pure shift spectrum obtained using Zanger –

Sterk technique
15c

, pertaining to alpha-proton region of 4-phenyl oxazolidine-2-thione. 

After successful demonstration of (S)-CBHA-DPA as a promising CSA 
for discrimination of large variety of the molecules, its utility for the 
accurate determination of ee was explored. Therefore eight 
different non-racemic solutions of mandelic acid in CDCl3 were 
prepared. The experimentally measured ee from the well 
discriminated R and S peaks, is in close agreement with the 
gravimetrically prepared samples, within the experimental error.  
This is graphically illustrated in Fig. 1B. 

Furthermore for the complex system where spectrum is severely 
overcrowded due to multiplicity pattern and overlapping of peaks 
from both R and S enantiomers, even when the chemical shift 
separation is large enough, one can use our previously reported 
methods such as, ω1-decoulpled COSY, MQT, J-Resolved and RES-
TOCSY, for unraveling the spectra of enantiomers.

[14]  
In the present 

study the utility of pure shift NMR approach for achieving the 
resolution of the overlapped peaks is demonstrated. This approach 
is well known in unraveling peaks from the complex multiplet 
pattern

 [15, 16]
. The spectrum of the molecule 4-phenyl oxazolidine-2-

8 Tertiary amine a 0.01 

b 0.02* 

c 0.01* 

 

16 piperazine a 0.02 
 

24 Hydroxy acid   

19F 

0.03 
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thione exhibits severe overlapping of peaks of R and S enantiomers 
at alpha position. The pure shift spectrum decoupled all the 
coupled protons and gave single peak at the chemical shift positions 
of both the enantiomers (Fig. 2), enabling the visualization of 
discrimination.   The drawback of the utility of the pure shift NMR 

in the accurate determination of ee comes into picture when the 

chemical shift difference is very small and is of the order of 4-6 

Hz16.  However in such situations two dimensional RES-TOCSY 

experiment can be utilized for the determination of ee of enantiorich 

samples14. 

In conclusion, we have introduced a versatile chiral solvating agent 
(S)-CBHA-DPA, which exhibits better discrimination on large number 
of molecules, each containing a different functional group. The 
proposed CSA has a unique property that it possesses both 
hydrogen bond donor and acceptor sites and establishes hydrogen 
bond interactions with the molecules containing different 
functional groups enabling chiral recognition. The synthetic 
accessibility

[10,17]
 and commercially availability of this CSA from 

sigma Aldrich, in addition to its enantio-discrimination ability for 
molecules of diverse functionalities, makes it a practically 
convenient and versatile reagent.  Besides the enantiomeric 
discrimination, its utility for accurate measurement of ee has also 
been demonstrated. The use of pure shift NMR opens up a new 
door in the chiral analysis for unraveling the NMR spectra of 
enantiomers, whenever there is severe overlap.  
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