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Abstract

The TLC-based Generally Useful Estimate of Solvent Systems (GUESS) method was employed
for countercurrent chromatography solvent system selection, in order to separate the three
synthetic isomers: 3- O-methylpyridoxine, 4’- O-methylpyridoxine (ginkgotoxin) and 5’-O-
methylpyridoxine. The R fvalues of the three isomers indicated that ChMWat +2
(chloroformmethanol-water 10:5:5, v/v/v) was appropriate for the countercurrent chromatography.
The isomer separation was highly selective and demonstrated that the TLC-based GUESS method
can accelerate solvent system selection for countercurrent chromatography. Accordingly, the study
re-emphasizes the practicality of TLC as a tool to facilitate the rapid development of new
countercurrent and centrifugal partition chromatography methods for this solvent system. Purity
and structure characterization of all samples was performed by quantitative 1TH NMR.
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1. Introduction

Countercurrent and centrifugal partition chromatography (CCC and CPC respectively) and
related technologies are liquid only countercurrent separation methods, which minimize
compound losses created by adsorption or degradation common in standard column
chromatography and, therefore, sample recovery approaches 100% [1]. CCC, CPCand
related technologies have been used for the isolation of natural products [2], separation of
isomers [3], and purification of organic synthetic products [4]. An appropriate solvent
system is the key for high resolution in CCC and CPC separations [5]. The solvent system
selection procedure is, however, multistep and time-consuming [6]. For simplification of the
solvent system selection, a TLC-based Generally Useful Estimate of Solvent Systems
(GUESS) method was proposed for a chloroform-methanol-water solvent system [7].

TLC is typically performed on the collected fractions in order to confirm their chemical
composition. TLC analysis of countercurrent separation fractions shows that the distribution
of analytes is strongly polarity-related [8]. This inspired the development of the TLC-based
GUESS method [7], which established the correspondence between the partition coefficient
(K value) of a compound from a partitioning experiment and its TLC retention factor (Rf
value). Interestingly, even though the original GUESS publication from 2005 has been cited
over 100 times, one of its key aspects, i.e., the simplification of solvent system selection by
rapid and easily performed TLC, has rarely been reported. Thus, the present study was
performed as an extension of the original GUESS method, and demonstrates that TLC-based
solvent system selection may be applied in a single step to different set of analytes than what
was proposed in the original article. The present study was also motivated by a recent study
on 4’-O-methylpyridoxine or ginkgotoxin (2), which established a CCC- and gHNMR-based
threshold assay for this botanical negative marker [9]. The synthesis and purification of the
ginkgotoxin regioisomers, 3-O-methylpyridoxine (1) and 5- O-methylpyridoxine (3), enables
their targeted CCC-based detection in complex (natural) mixtures with the aim of providing
a better understanding of these alleged anti-vitamins [10].

In order to confirm the suitability and advantages of the TLC-based GUESS method for a
new and challenging separation problem, the three regioisomers in Fig. 1 were chosen as
target analytes. With closely related polarity characteristics as probes, the outcome
demonstrates how GUESS guidance accelerates the optimization of CCC conditions and
simplifies the workflow to accommodate diverse structural classes.

2. Experimental

2.1. Materials

All reagents and CDCl3 (99.8 atom % D) and DMSO-dj(99.9 atom % D) were obtained
from Sigma-Aldrich Inc. (St. Louis, MO, USA). All analytical grade solvents were
purchased from Pharmco-AAPER (Crookfield, CT, USA) and redistilled before use.

2.2. Synthesis of three isomers

3-O-methylpyridoxine (1) [11], 4’- O-methylpyridoxine (2) [9], and 5’- O-methylpyridoxine
(3) [12,13] were synthesized as shown in Fig. 1. The products from the synthetic
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preparations were purified separately by silica gel column chromatography or by
precipitation as indicated by the literature methods. Characterization of the three isomers
was performed by High Resolution-Electro Spray lonization Mass Spectrometry (HR-ESI-
MS; calibrant: reserpine) on a Waters Synapt Mass Spectrometer (Waters, Milford, MA,
USA) and NMR on a DPX-400 spectrometer (Bruker, Billerica, MA, USA). HR-ESI-MS
data and NMR spectra and may be found in the Supplementary Information S1 — S15.

2.3. Countercurrent chromatography (CCC) procedure

The TLC-based GUESS method was performed on silica gel TLC plates (Macherey-Nagel,
Bethlehem, PA, USA) with three solvent systems based on chloroform-methanol-water [7]
(Table 1). The CCC separation was performed as described in the Supplementary
Information S16. Throughout the separation, the stationary phase volume retention ratio (Sf
value), the partition coefficient (K value) and the eluting phase (phase metering apparatus,
PMA value) were monitored by the CherryOne operating system [14]. Each synthetic
product was purified by CCC (ChMWat +2, 10:5:5, v/v/v). The resulting fractions were
analyzed by both TLC and NMR. The purity of each synthetic product was determined by
quantitative 1TH NMR (qHNMR) as described in the Supplementary Information S2-S14.
For the CCC resolution study, a sample was prepared by combining 1 (0.8 mg), 2 (2 mg),
and 3 (0.5 mg).

2.4. Quantitative 1H NMR analysis (QHNMR)

The sample preparation, gHNMR acquisition and information processing were performed as
described in the Supplementary Information S1. All data were obtained based on NMR peak
area (integration) and purity was calculated based on the 100% method [15,16]

3. Result and Discussion

3.1. Synthesis and characterization of three ginkgotoxin positional isomers

The synthesis of 3-O-methylpyridoxine (1), 4’- O-methylpyridoxine or ginkgotoxin (2), and
5’- O-methylpyridoxine (3) was undertaken as the compounds were not commercially
available. The starting material was pyridoxine (4), which was methylated to 1(a), 2(b), and
3(c) (Fig. 1). Characterization and quantification of 1, 2, and 3 was achieved via gHNMR
throughout this study, as UV absorption and MS based spectrometry have intrinsic
limitations for isomer identification [17]. Representative 'H NMR spectra of the three
synthetic products are shown in Fig. 2. The structural elucidation, which included obtaining
the 1D *H NMR spectra in both CDCl3-d'and DMSO-djas well as 2D NMR methods is
described in the Supplementary Information S1. The gHNMR analysis revealed that CCC
achieved superior purification compared to silica gel column chromatography. In particular,
CCC achieved the purification of 1, 2, and 3 at 92%, 98%, and 97% purity, respectively. The
complete gHNMR purity assignment data sets are found in the Supplementary Information
S2-S14. Altogether, these results demonstrate that CCC compares very favorably to classical
purification methods.
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3.2. Solvent system selection procedure

The first priority of any CCC and CPC procedure is proper solvent system selection. Based
on initial experiments with standard CCS solvent system families (HEMWat, HzerAcWat,
EBuWat, ChMWat), solvent systems based on chloroform-methanol-water (ChMWat) were
explored further as they matched best the polarities of the three isomers. The Rfvalues
obtained from the chloroform-methanol-water based TLC solvent systems 5, 6, and 7 from
the GUESS method [7] are listed in Table 1. An Rfvalue of 0.5 is considered optimal and
presumptively corresponds to a K value of unity [7] The TLC system CHCI3:CH30H:H,0 6
(85:15:0.5, v/vlv) yielded R fvalues in the vicinity of 0.5 for all three isomers. According to
the GUESS method, this TLC system corresponds to ChMWat +2 (10:5:5, v/v/v, Table 1) as
its matching CCC system, whose organic phase has a similar composition to that of the TLC
solvent system. Therefore, this solvent system was prioritized for the CCC experiment.

Table 1 shows that the solvent systems adjacent to ChMWat +2 were predicted to move the
analytes outside of the interval of optimal separation and/or result in insufficient analyte
resolution. In ChMWat +1, the R fvalues showed a significant attraction to the stationary
phase over the mobile phase and were too close (0.16 to 0.20) to predict sufficient analyte
resolution. The R fvalues of the three analytes in ChMWat +3 all different, which indicated
that the selectivity of the corresponding ChMWat solvent system could potentially be
suitable to resolve these analytes. However, the R fvalues indicated that the analytes show a
preference for the mobile phase rather than the stationary phase. Therefore, the decision to
test ChMWat +2 followed established GUESS rationales, according to which priority should
be given to a solvent system that offers the best polarity match and may be associated with
optimum resolution under CCC conditions.

3.3. Countercurrent chromatography separation

Once the solvent system was selected, the three isomers were successfully separated by CCC
and their relative abundances determined by gHNMR (Fig. 3). None of the fractions
contained more than a single isomer according to the limits of NMR detection. Even though
1 and 2 had very close R fvalues, ChMWat +2 (10:5:5, v/v/v) achieved the desired resolution
without any extra adjustment. The elution profile showed that the K values are 2.1, 1.5, and
1.0 for 1, 2, and 3, respectively. Because it is the normal phase mode, the elution order is the
same as their Rfdistribution on silica gel TLC. In this case, determination of K values by
partitioning experiments was avoided and the GUESS method showed powerful potential for
the TLC prediction of solvent system selection.

Real time parameters (Sf, K, and phase metering apparatus values), determined by the
CherryOne operating system, indicated that the selected solvent system was appropriate
[14]. The phase metering apparatus (PMA) employed electrical permittivity to monitor, in
real-time, which of the two phases eluted from the CCC column during the entire run. The
dielectric property of a material to transmit an applied electric field is expressed as electrical
permittivity. Real time Sf (Fig. 4) showed that elution from the pre-equilibrated column
occurred without stationary phase loss until 96 min, when the extrusion stage began. The dip
occurring in the real time PMA curve (Fig. 4) from 115 min until the end of the run
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indicated the elution of ionic constituents at the very end of the extrusion stage. The real-
time K values (Fig. 4) were also monitored by the CherryOne system.

4. Conclusion

This study demonstrates that the TLC-based GUESS method is practical and has potential to
reduce the solvent system selection time required to purify target analytes by CCC. One
advantage of the GUESS approach is the simplification of the method development for
determining target compound K values which would require a large number of partitioning
experiments and the follow-up detections. The purity advantage of CCC was demonstrated
by use of qgHNMR. The use of off-line gHNMR analysis in the present study also
demonstrated that gHNMR is well-suited for a more routine implementation as purity assay
for a variety of analytes [18].

While the use of chloroform as a co-solvent in CCC separations is discouraged due to its
cost and toxicity, the current study with a chloroform-containing solvent illustrates the
concept of the TLC-based GUESS method for reducing solvent selection time. Potentially
this concept can be extended to other solvent systems in the future such as those in the
popular category of ethyl acetate-n-butanol-water. Therefore, the organic phase of the
equilibrated solvent system (or a close approximation of the organic phase composition) of
any biphasic solvent system may be used for TLC-based solvent system selection [19]. In
summary, the GUESS method provides a practical and resource efficient means of rapidly
establishing optimal conditions for target analytes. Taking into account the practical
experience of the authors from the last decade, the present results imply that the approach of
“GUESSIing” CCC and CPC conditions by use of easy-to-perform TLC analysis has
significant merit. The outcome also emphasizes that the GUESS scheme is not only useful
for the classification of solvent systems, but provides a direct and very practical means for
CCC and CPC practitioners to achieve desired separations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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The synthetic scheme for ginkgotoxin and two positional isomers is described.
TLC-based Generally Useful Estimate of Solvent Systems method is reintroduced.

Countercurrent chromatography is used to purify three ginkgotoxin positional
isomers.

Purity and structure characterization of all samples was done by quantitative 1H
NMR.
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Fig. 1.
Synthesis scheme of three isomers; 4 is pyridoxine (hydrochloride). The final products of the

reactions are 1(a), 2(b), and 3(c).
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Fig. 2.
Comparative gHNMR purity analysis of materials of the three isomers obtained by different

purification methods. A. Silica gel column chromatography (1 and 2) and no further
treatment beyond precipitation (3) led to purity values of 84%, 81%, and 96% for 1, 2, and 3
respectively. B. After countercurrent chromatography, the purities increased to 92%, 98%,
and 97% for 1, 2, and 3 respectively.
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Fig. 3.
Off-line gHNMR analysis of the discrete countercurrent chromatography fractions (x-axis)

for the isolation of the three isomers, shown as separate bar graphs for each isolate 1-3. The
scale of the Y-axis is arbitrary and normalized to the residual solvent signal of CHClI3. The K
values of the analytes 1, 2, and 3 were 2.1, 1.5, and 1.0 respectively, eluted under normal
phase conditions. While the discrete sample rate of the gHNMR data points does not allow
reconstruction of the Gaussian peak shapes, the lack of detectable amounts of 1 in fractions
of 2, of 2 in fractions of 3, and vice versa, demonstrates the baseline separation of all
analytes.
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Fig. 4.

Ag example of CherryOne system operating output. Real time phase monitoring of Sf shows
that 0 to 85 min is an equilibrium state with an Sf value of 0.77. At 84 min the extrusion
process was initiated by pumping the upper stationary phase that displaced the lower mobile
phase in the column without stopping the rotation. Real time measurement of K monitors the
gradual increase in partition coefficient values as elution proceeds as well as the precipitous
rise in K values during extrusion. Phase metering apparatus (PMA) values show that the
original stationary phase is extruded beginning at 93 min. The signal reduction occurring in
the phase metering apparatus curve from 115 until 127 min is caused by ionic constituents
being extruded in the aqueous phase.
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