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Abstract: Racemization during high-performance liquid chromatography (HPLC) on 
optically active sorbents generates peak coalescence/decoalescence phenomena. It is 
shown that they may serve useful in proving the interconvertibility of enantiomers or, in 
other cases, the chirality of molecules. In addition, racemizations during HPLC at certain 
temperatures give advice concerning the preparative separation and the subsequent 
experimental investigation of interconvertible enantiomers. HPLC of (AfP)-l-dimeth- 
ylamino-8-dimethylcarbamoylnaphthalene (Fig. 1) on triacetylcellulose at variable tem­
perature and variable flow rate exemplifies these stereochemical applications. The 
«HPLC time scale» is discussed with reference to the time scale of nuclear magnetic 
resonance (NMR).

Reversible or irreversible reactions of a 
substrate molecule during chromato­
graphy may cause more than one peak to 
be detected11“31. The special case of inter­
conversion of enantiomers in gas chro­
matography on optically active sorbents 
has been described for several racemic mix­
tures141. The coalescence of HPLC peaks 
of enantiomers has been observed for 
chiral N,N-dimethylthiobenzamides[5> 61 
and phenanthrene derivatives[5,71.

These findings can be explained by a 
competition between the processes of 
chromatographic separation of the enan­
tiomers on the optically active sorbent and 
their subsequent thermal racemization. 
The chromatogram is determined by the 
interplay of the following parameters: the 
half-lifetime of the enantiomers and the 
time intervals they spend on column, i.e. 
their retention times. This situation is rem­
iniscent of NMR; the similarity between 
the rate constant of a suitable process and 
the shift difference between suitable signals 
results in signal coalescence. Although this 
NMR time scale has been the basis for 
many qualitative and quantitative stereo­
chemical investigations, the «HPLC time 
scale» defined above has not found much 
stereodynamic applications. The present 
paper exemplifies such applications by 
HPLC of a simple organic molecule.

l-Dimethylamino-8-dimethylcarbamoyl- 
naphthalene, m.p. 95-97 °C, has been pre­
pared from the known181 corresponding 
naphthoic acid. No information was avail­
able about its chirality. The chromato­
grams A(P) and a(U) were monitored 
(Fig. 1) and deconvolved161 by a personal 
computer. These deconvolved diagrams 
show the absorbances and rotation angles 
of the enantiomers during the elution pro­
cess. Thus, the relative concentrations of 
the enantiomers are available as separate 
functions of the retention volume F on a 
completely experimental basis.

When the temperature is increased (ver­
tical comparison in Fig. 1), the extent of 
racemization after separation increases. 
When the flow rate of the eluent is 
decreased (horizontal comparison in 
Fig. 1), the on-column times of the enan­
tiomers and, therefore, the extent of race­
mization after separation increase. In this 
case, the two capacity factors k' are simply 
averaged (Fig. 1). When the temperature is 
increased, however, the U-values, partic­
ularly the one for the second enantiomer, 
change with temperature; in addition, they 
are averaged (Fig. 1). The HPLC results 
for the naphthalene derivative in question 
are the following: The molecule is chiral 
and its enantiomers (M) and (P) (Fig. 1) 
interconvert at room temperature. Their 
preparative separation and further investi­
gation will have to be carried out at 0 °C or 
below.

A half-lifetime of the enantiomers in 
solution of 9.9 min has been obtained by 
stopped-flow monitoring161 of racemiza­
tion in C2H5OH/H2O, 96:4, at 42.1 °C 
without preparative enrichment. Thus, the 
gradual racemization, evident from the 
chromatograms at variable flow rate and a 
constant temperature of 42.5 °C in Fig. 1, 
originates from interconversion of enan­
tiomers with the above half-lifetime. The

corresponding barrier AG*  = 96.9 ± 0.2 
kJ/mol1101 must be due to Aryl-CO rota­
tion. We have determined AG*  = 
71.6 ± 0.9 kJ/mol (54 °C, C12CDCDC12) for 
Aryl-N rotation by coalescence of the two 
Aryl-NAfe 'H-NMR signals. Therefore, in 
the ground state, both the Aryl-NMe2 and 
the Aryl-CONMe2 group are twisted out 
of the ring plane to a considerable ex­
tent [111, as shown in Fig. 1.

Racemizations during HPLC at around 
room temperature have been detected 
for other chiral A1, TV-dimethylbenz­
amides [12, ni, N,N-dimethylthiobenzami- 
jes[5.6.i4i, heiicene hydrocarbons and their 
derivatives15’712’151, as well as chlorosub­
stituted triphenylmethyl radicals1161. As far 
as the corresponding barriers to inter­
conversion are known, all of them are be­
tween AG*  =88 and 98 kJ/mol[10,171. A 
racemization observable by HPLC may be 
due to a smaller or larger barrier, if the 
column is not at room temperature. For 
barriers of such height, a supplementary 
technique of investigation is welcome, 
mainly because the well-known methods 
using preparative separation and classical 
equilibration need J G*-values  of approxi­
mately 96 kJ/mol or more at 25 °C[18].

The detection of two HPLC peaks on an 
optically active sorbent, their coalescence, 
and their averaging prove the inter­
convertibility of enantiomers I512’1S1. On the 
other hand, the decoalescence of an aver­
aged peak, e.g. upon lowering the tempera­
ture, proves chirality1712’151. These conclu­
sions are qualitatively similar to the ones 
obtained from Dynamic NMR. However, 
the time scale of NMR is different and 
generates coalescence of signals between 
— 150°C and +200 °C, if the barriers are 
between 20 and 100 kJ/mol[191. Unlike 
NMR, the quantitative aspect of HPLC in 
respect of time scale, i.e. the determination 
of rate constants from suitable chromato­
grams, is still at its infancy, although the 
basic theory has been developed12^1. 
Finally, coalescence/decoalescence phe­
nomena at certain temperatures give infor­
mation about preparative separability and 
advice concerning subsequent experi­
mental investigation of interconvertible 
enantiomers.

The above applications of the «HPLC 
time scale» to stereochemical problems are 
possible, if coalescing peaks have been 
found by chance. In the case of suitable 
molecules, it would seem worthwhile to 
look for such peaks by changing the tem­
perature and the flow rate on purpose.
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Fig. 1. HPLC of 0.13 mg of (MP)-l-dimethylamino-8-dimethylcarbamoylnaphthalene in C2H5OH/H2O, 96:4, on non-dilute triacetylcellu­
lose /|s’’1. A: absorbance at X = 325 nm in arbitrary units; a: rotation angle at A = 365 nm in mdeg; V: retention volume (V = 0 upon 
injection) in mL. Horizontal comparisons refer to variable flow rate of the eluent at 42.5°C; vertical comparisons refer to variable 
temperature at 0.5 mL/min. The capacity factors at 0.0°C are 0.28 and 2.6; the averaged capacity factor at 65.0°C amounts to 0.09. At 
42.5 °C, the capacity factors at 1.0 mL/min are approximately 0.1 and 0.4; the averaged capacity factor at 0.1 mL/min amounts to 0.3.




