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HPLC Separation of Diazepam Conformers
Coupled with Off-Line NMR Experiment

Andrea Fedurcova and Jozef Lehotay
Department of Analytical Chemistry, Faculty of Chemical and Food
Technology, Slovak University of Technology, Bratislava, Slovakia

Tibor Liptaj and Nad’a Préonayova
Central Laboratory, Faculty of Chemical and Food Technology,
Slovak University of Technology, Bratislava, Slovakia

Jozef Cizmarik
Department of Pharmaceutical Chemistry, Faculty of Pharmacy,
Commenius University, Bratislava, Slovakia

Abstract: The HPLC analysis of diazepam conformers was carried out in the tempera-
ture range 273-313 K, increment 10 K. The pH of the mobile phase was 3.3; 5.5; 5.5
(I. = const; 6.5; 6.5 I. = const.). The various flow rates of 0.2; 0.5; 1.0; mL/min were
used. Chiral stationary phase based on B-cyclodextrin (ChiraDex) was used for separ-
ation of diazepam. The influence of temperature, flow rate, pH of mobile phase, and
ionic strength on the retention and elution profile on two peaks of diazepam conformers
were studied. After that, the chiral B-cyclodextrin (0.001 mol/L; 0.003 mol/L;
0.005 mol/L) was added into the mobile phase. The increasing amount of B-cyclodextrin
in the mobile phase caused the disappearance of the first peak. The complete chiral
separation of diazepam was not possible because of simultaneous interconversion.
The plateau between two peaks of diazepam appeared in the whole range studied,
any inhibitory effects of chromatographic conditions (pH of mobile phase, temperature,
flow rate, ionic strength) on interconversion was not observed, only the change of the
area ratio between two peaks appeared. Off-line standard 'H and COSY NMR experi-
ments were used to study the diazepam structure in the achiral mobile phase. The
results of 'H and COSY NMR experiments confirmed that there is no pH dependent
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open-ring reaction of 1,4-benzodiazepine ring that could occur during the residence
time of diazepam in the achiral mobile phase.

Keywords: Dynamic HPLC, Interconversion, Plateau, Diazepam, B-Cyclodextrin,
Chiral additive in mobile phase, NMR

INTRODUCTION

Regulatory agencies require extensive stereochemical information about
chiral drugs. The configurational stability of such drugs is in the forefront
of interest.!"! The configurational stability of chiral drugs is very important
because the lability of the molecule structure can lead to undesirable thera-
peutic effects. The problem occurs when the drug is not configurationally
stable, and it should be used in enantiomeric pure form because the individual
enantiomers show different therapeutically effect. Reorganization of space
arrangement in the molecule of the pure enantiomer can be responsible for
significantly different and ineligible interactions between drugs and the
chiral receptor. The results are qualitatively different pharmacodynamical,
pharmacokinetical, and therapeutical effects. It is known that the most of
biochemical processes in the human body are stereochemically controlled,
and because of this, chiral drugs must show the stereochemical safety.!*!

Processes connected with space rearrangement of the chiral molecule were
observed in chromatography,” "' NMR,®®~'% and MEKC.""" In chromato-
graphy, the presence of a chiral stationary phase (CSP) shows the influence
over behaviour of configurationally unstable drugs in different ways, e.g.,
during separation of the racemic mixture into individual enantiomers, separated
enantiomers create the racemate again on the chiral column (CSP).[">~!7]

The configurationally stereo lability of chiral drugs can be characterized
by different terms, each defining a specific process, e.g., enantiomerization
(enantiomerization refers to the microscopic and molecule process of the
reversible conversion of one enantiomer into the other A <> B[IS]), racemiza-
tion (racemization refers to the macroscopic and statistical process of the irre-
versible transformation of one of the enantiomers into the racemic mixture
A+B— AB“S]), isomerization, epimerization, etc. Characteristic peak
profiles are obtained, if reversible interconversion occurs during the time
scale of analyte separation. A typical feature of this secondary process is
the plateau formed during HPLC separation. Interconversion occurring on
the chiral column during the chromatographic experiment is unwanted,
because it makes chromatographic separation complicated. On the other
hand, it shows important information about configurational stability of
drugs - very essential knowledge for correct therapeutical effects.!'®!

In some cases,"'>'>' interconversion phenomena pointed out above
were observed during chiral separation of benzodiazepines (BZDs). BZDs
are routinely used as racemic drugs and they are widely employed in
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therapy for their anxiolitic, sedative, hypnotic, and myorelaxing properties.’*"!
All 1,4-benzodiazepines are chiral as a virtue of their non-planar ring, and
they exist in chiral conformations.'*"!

From the BZDs group, the diazepam was chosen for HPLC chiral separ-
ation because of its interesting structure. As the chemical formula (Figure 1)
shows, only the nitrogen atom (Nl) can be the center of chirality. However,
pyramidal nitrogen is normally not configurationally stable. It converts very
rapidly through a planar sp>-hybrized transition state to a different configur-
ation in space arrangement. It leads to existence of a mixture of two
different configurations, which are easily interconvertible into one another.
In the literature™*?*! these two structures are defined as M (minus) and P
(plus) conformers. Conformers of diazepam are in mirror image relation,
even if the compound lacks a chiral center.!**!

Stalcup et al.l*?! observed the appearance of two peaks of diazepam in the
enantioseparation of benzodiazepines using a chiral stationary phase (based on
maltooligosacharides). Following circular dichroism detection, it was proven
that the reported separation is the separation of two conformers. Sjodin et al.
studied the configuration of diazepam using Hyperchem for modelling the
molecular structure. They showed the existence of two conformers of
diazepam. They confirmed a deviation from the planarity and non-planar
ring system of diazepam molecule.

Paizs et al.'*¥ performed the calculation of the ring inversion barrier
(Figure 2) for diazepam (17.6 kcal/mol). The resultant energy barrier of the
interconversion process was too low, thus, dynamic HPLC can be used for
study behaviour of diazepam in a chiral environment. The relative energies
of diazepam conformers along the isomerization path were presented. The
study was carried out by semi empirical ab initio restricted Hatrree-Fock,
unrestricted Hatrree-Fock, and density functional methods.

The goals of our experiment were HPLC separation of diazepam confor-
mers and study of its behaviour in different chromatographic conditions (pH,
temperature, flow rate). The high stereo selectivity of a chiral environment
was utilized for their separation. As it was previously shown in Figure 1,
diazepam lacks a center of chirality, and the substituted 1,4-benzodiazepine

Figure 1. Chemical formula of diazepam.
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Pseudo axial Pseudo equatorial

Pseudo axial Pseudo equatorial
M conformer P conformer

Figure 2. The conformers of diazepam (M-minus, P-plus) and inteconversion of
N,N-benzodiazepine ring.!**!

ring is nonplanar and unstable. The lability of the 1,4-benzodiazepine ring
predicts interconversion, thus, the diazepam can exist in different confor-
mations. Consequently, the appearance of two peaks and the plateau
formation were observed during HPLC separation of diazepam conformers.

EXPERIMENTAL
HPLC Analysis
Chiral Separation

A Chiral HPLC column, ChiraDex (250 x 4 mm I.D., particle size 5 pm) was
from Merck, Germany.

Achiral mobile phases consisted of: Acetonitrile/acetate puffer 200 mM,
pH = 3.3 v.v. 10/90 (A); Acetonitrile/acetate puffer 200 mM, pH = 5.5 v.v.
10/90 (B); Acetonitrile/acetate puffer 200 mM, pH = 6.5 v.v. 10/90 (C).

Acetate puffer was prepared from natrium acetate (equimolar weight) and
pH was adjusted with acetic acid at value 3.3; 5.5; 6.5; ionic strength was
adjusted on the constant value (with LiCl). Measurements were carried out
with mobile phases prior and after adjustment of ionic strength.

Chiral mobile phases: the chiral selector (8-cyclodextrin) was added to
the achiral mobile phase. The resultant concentrations were 0.001; 0.003;
0.005 mol/L.

A standard of diazepam (Slovakofarma Hlohovec, Slovakia, 99.98%
purity) was dissolved in ethanol, ¢ = 0.1 mg/mL.

Separation on a C;g Column

A C,g column Separon SGC C,g, from Watrex 125 x 4 mm particle size 5 pm
was used.

The mobile phases were ACN/H,O v.v. (60/40; 50/50; 40/60), MeOH/
H,0 v.v (40/60; 60/40; 80/20), ACN /acetate puffer 200 mM, pH = 3.3 v.v.
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(40/60; 60/40; 80/20), ACN/acetate puffer 200 mM, pH = 5.5 v.v. (40/60;
60/40; 80/20), ACN/acetate puffer 200mM, pH = 6.5 v.v. (40/60; 60/40;
80/20).

Chemicals
Chemicals and solvents were obtained from Merck, Germany.
Method

A standard solution of diazepam (c = 0, 1 mg/mL) was analysed at various
temperatures, 273 K, 293K, and 313 K and various mobile phase flow rates
(0.2; 0.5; 1.0 mL /min).

Equipment

The chromatographic system consisted of a quaternary pump (Merck—
Hitashi L-6000A) equipped with an injection valve (Rheodyne), DAD
detector (Agilent 1100 Series). Wavelength of 230 nm was used.

NMR Experiments

The mixture with the same composition as mobile phase A (in text labelled
as Ap) was prepared by the mixing of deutered solvents. The blank of Ap
was measured for comparison. Spectra were accumulated thereby, better
ratio signal/noise was achieved. All NMR experiments were performed on
a Varian Inova 600 MHz instrument.

RESULTS AND DISCUSSION

The chiral selector was capable to distinguish both conformers of diazepam. A
peak cluster of diazepam with plateau formation was observed in the whole
studied range, only one chromatogram was chosen for illustration (Figure 3).
The interconversion of diazepam conformers taking place during separation in
presence of the ChiraDex, is evident by a plateau formation and peak broadening
between 273 K—313 K. The characteristic plateau arises from molecules under-
going interconversion during the time scale of chromatographic separation.

Influence of pH of Mobile Phase, Flow Rate, Ionic Strength, and
Temperature on Retention of Diazepam Conformers

The HPLC analysis of diazepam was carried out at various temperatures,
various pH of mobile phase, and various flow rates (see Experimental section).
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Absarbance {mAU)

1 UV spectra

time {min

Figure 3. Peak envelope of diazepam (first tailing peak, plateau, second fronting
peak). Chromatographic conditions: CSP ChiraDex, mobile phase (A), T = 273K,
Fm = 0.5 mL/min, sample solvent-ethanol, for other details see Experimental part.

A set of chromatograms were acquired, which show the behaviour of
diazepam in chiral environment under different conditions.

Within the whole studied range, typical interconversion profile (peak
tailing, plateau, peak fronting) was observed. Table 1 summarizes chromato-
graphic parameters (retention factor and selectivity coefficient) for diazepam
conformers under different separation conditions. Retention factor increases
with the increase of pH of mobile phase. The ionic strength of mobile phase
influences retention factor as can be seen in Table 1. The increase of tempera-
ture causes the decrease of k; and k, values. It should be noted, that selectivity
coefficient decreases with the increase of pH. Selectivity coefficients increase
with the increase of the temperature. The flow rate influences the elution
profile as can be seen in Figure 4a. With the increase of flow rate, the
plateau was shorter in the time scale. On the other hand, the height of
the plateau increases with the increase of flow rate. Changes of the flow
rate have great impact on the peak shape, as well as on the elution time of
the experimental chromatograms. At higher flow rates, the relative plateau
was higher. On the other hand, peak shape and selectivity were found to
improve with increasing temperature as representative chromatogram
(Figure 4b) shows. Increasing column temperature may decrease the
apparent microheterogenity of the bonded phase, thereby improving peak
shape and selectivity. Hence, the solute interacts with a very heterogeneous
chiral stationary phase. At lower temperatures, this microheterogenity may
be reinforced while at higher temperatures, the solute may interact with a
more thermally averaged surface. The solute has access to chirally selective
sites within the interior of the chiral stationary phase at elevated temperatures,
which are unavailable at lower temperatures, possibly implying a phase
transition.!*?!
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Table 1. The chromatographic parameters of diazepam conformers separated on
ChiraDex at different chromatographic conditions

T=273K T=293K T=313K
pH k] k2 o k] k2 o k| k2 o
Fm = 0.2mL/min
33 274 406 148 153 283 184 070 217 3.10
55 391 511 131 207 357 172 146 279 191
5.5 I. = konst 424 6.06 143 291 446 153 149 312 210
6.5 545 720 132 340 491 145 201 355 1.76

6.5 I. = konst 489 688 140 339 509 150 216 344 1.59

Fm = 0.5 mL/min

33 265 358 135 146 275 1.8 090 207 229
55 368 478 130 249 353 142 131 264 202
5.5 I, = konst 340 436 128 234 372 159 163 318 195
6.5 523 648 124 380 487 128 222 367 1.65

6.5 I. = konst 525 652 124 3.66 486 132 241 348 144

Fm = 1.0 mL/min

33 212 3.10 147 1.10 251 227 055 210 3.81
55 344 427 124 231 337 146 171 274 1.61
5.5 I, = konst 354 501 142 281 424 151 208 329 158
6.5 505 571 1.13 355 469 132 258 367 142

6.5 I. = konst 503 582 1.16 327 455 139 231 341 147

k; £ 0.03, k, + 0.01, o £+ 0.03.

Influence of Flow Rate, Temperature, pH of Mobile Phase, and
Ionic Strength on On-Column Interconversion of Diazepam

During the HPLC experiment, the chromatographic column was a chemical
reactor (interconversion) and separation device (separation of diazepam).
During diazepam separation, it reorganized spatial arrangement with the
goal to find a lower energy state and/or more stable confirmation in a given
chiral environment. It should be noted, that the interconversion is too rapid
and it is a concurrence process of conformers separation. As a result of this
phenomenon, the complete separation of diazepam conformers was not
possible.

The stability of transient complexes of diazepam conformers with chiral
stationary phase was not the same (principle of microscopic reversibility). As
can be seen in Figures 35, the second eluted conformer was in excess over
the first eluted conformer. According to the shape of peaks (Figures 3-5) it
can be assumed that the rate of interconversion reaction is higher in mobile
phase than in the stationary phase. However, the first conformer created a
less stable complex with the chiral stationary phase, it spends more time in
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mobile phase and, thus, it should undergo interconversion more rapidly than
the second one. But, as experimental results showed, the interconversion
reaction was strongly influenced by chromatographic conditions, as well as
temperature and flow rate. The diazepam conformers underwent interconver-
sion according to chromatographic conditions. The increasing flow rate caused
an increase in area of the second eluted conformer. The opposite phenomenon
was observed at increasing temperature. The area of the second eluted
conformer was decreased with an increase of temperature.

The influence of chromatographic conditions (temperature, flow rate, pH
of mobile phase, and ionic strength) on the area of the first and the second
eluted conformers (A; and A, Figure 5) is summarized in Table 2.

Influence of Flow Rate on Interconversion

At a temperature of 273 K and mobile phase composition A (see Experimental
part) the area ratio between the first and the second eluted peak did not change
with the increase of the flow rate. Probably, the interconversion process was
very slow at given chromatographic conditions and, thus, the influence of
flow rate on peak areas (A; and A,) was not observed.

In turn, in all the other cases, the A; and A, were varied with the increas-
ing flow rate. The increase of the flow rate caused the decrease of A; and
simultaneously, the increase of A, occurred. At the higher flow rate, the
residence time of diazepam in chromatographic column was shorter than at
lower flow rate. This observation can be explained by the shorter time
allowed for interconversion and, consequently, the smaller amount of
molecules that can be interconverted at a lower chromatographic time scale.
If the flow rate decreased, the interconversion time, as well as the retention
time is increased. Therefore, a larger number of molecules interconverted
giving rise to a higher plateau.

Influence of Temperature on Interconversion

The increasing temperature had a different influence on interconversion as
did the increasing flow rate. It means that the decrease of temperature
caused the decrease of A, (increase of A).

Influence of pH of Mobile Phase and Ionic Strength on Interconversion

The influence of both parameters on interconversion cannot be strictly
explained from the obtained results. The dependence of elution profile and
plateau formation was not monotonous and, in some cases, appearance of
three peaks was observed (Figure 6).
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Table 2. The peak areas of first and second eluted conformers. The areas A, (%) and
A, (%) corresponding with Figure 5
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Temperature
(K) 273 293 313
Area (mAU?)
Flow rate
(mL/min) Ay (%) A (P)  AL(B) A () A (B) A (%)
Mobile phase: ACN/acetate buffer 200 mM, pH = 3.3 (10/90)
0.2 30 70 49 51 66 34
0.5 30 70 42 58 55 45
1.0 30 70 39 61 41 59
Mobile phase: ACN/acetate buffer 200 mM, pH = 5.5 (1090)
0.2 40 60 57 43 60 40
0.5 40 60 50 50 59 41
1.0 38 62 40 60 51 49
Mobile phase: ACN /acetate buffer 200 mM, pH = 5.5, 1. = konst (1090)
0.2 40 60 45 55 60 40
0.5 37 63 45 55 50 50
1.0 33 67 40 60 45 55
Mobile phase: ACN /acetate buffer 200 mM, pH = 6.5 (1090)
0.2 40 60 52 48 53 47
0.5 29 71 45 55 50 50
1.0 29 71 33 67 49 51
Mobile phase: ACN/acetate buffer 200 mM, pH = 6.5, 1. = konst (1090)
0.2 40 60 50 50 63 37
0.5 33 67 49 51 54 45
1.0 28 72 49 51 54 45

Ar + 4%, A, + 2%.

Influence of Chiral Mobile Phase on Separation

Marked differences were found when B-cyclodextrin was added to the mobile
phase. Figures 7 B-D show the chromatograms of diazepam conformer separ-
ations, with the chiral selector present in the mobile phase at three different
concentrations of B-cyclodextrin (0.001, 0.003, 0.005).

The increase of additional B-cyclodextrin to the mobile phase leads to the
presence of one peak in the chromatogram (Figure 7). It is evident, that the
increasing concentration of chiral additive in mobile phase results in the dis-
appearance of the first peak (Figure 7 D). Only one peak was observed in the
chromatograms at ¢g_cyciodextrin = 0.005 mol /L.



A. Fedurcova et al.

1362

ed eyuowradxyg 99s ‘uonipuod osnydersojewonyd parersp 10j ‘(06/01) “1/10ww 0oz ‘6’9 = Hd
Iaynq Ae1ede/NDV :uonisodwoo aseyd sqiqow ‘urw/qug) = wg Y ¢[¢ dmerodwo) ‘srouniojuod wedozelp jo weisolewWONy) ‘9 24ndig

o [ [i74? oot [ (i3] cw mm

HIt

W]

1702 AJenuer €2 6T :8T @IV Papeo |uwod



18:19 23 January 2011

Downl oaded At:

HPLC Separation of Diazepam Conformers 1363

Absorbance (mAU)
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Absorbance (mAU)
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Figure 7. Influence of B-cyclodextrin addition in mobile phase on separation.
A-mobile phase without B-cyclodextrin, B-C mobile phase with chiral selector.
Concentration of chiral additive: B-0.001 mol/L, C-0.003mol/L, D-0.005mol/L.
Mobile phase composition: ACN/acetate buffer pH=3.3; v.v 10/90,
Fm = 0.5mL/min, temperature 293K detailed chromatographic condition, see
Experimental part.

NMR Experiments

The goal of the NMR experiments was to check if, under the same conditions
as in the mobile phase (A), there is pH dependent open-ring reaction of
diazepam (Figure 8).

It is well known from the literature,””™ that in the case of cyclic imines
such as BZDs, at low pH (pH <4, 2) reversible open ring reaction can
occur. Stalcup et al.®*! experimentally proved, that off-line heating of
diazepam during 1h in 6 M HCI is required for the noticeable changes on
the chromatogram which refers to acid hydrolysis of diazepam.

In our case, "H NMR experiments were carried out to verify the diazepam
structure in the presence of the achiral mobile phase. On-column reaction
(resulting from composition of mobile phase) was necessary for the estimation.

[24]
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H H
\ \
Nw H3O+ N‘\
(I —N OH C( NH;"
] CHO

Figure 8. Ring opening reaction of cyclic imines.”*

A standard of diazepam was dissolved in mixtures Ap (see Experimental part,
NMR experiment). As is shown in Figures 1 and 2, there are two hydrogens
occupying axial and/or equatorial position on the 3rd carbon atom.

NMR unambiguously proved this; it means that the rate of reversible ring
opening reaction is slow in the NMR time scale. The observation of two
doublet signals: 6 (3-H,) = 3.92 ppm; 6 (3-H;,) = 4.58 ppm corresponded to
the closed-ring structure of diazepam (Figure 9). The observed geminal
conplay constant between the two protons was 11.4 Hz, and their chemical
shift was in an expected region. The COSY spectrum (Figure 10) confirmed
the close through bond connectivity of the two hydrogens.

Separation of Diazepam on C;g Column

Only one peak of diazepam was observed during the achiral separation on a
C,g column. Separation of the diazepam conformer was not possible on the

11 \LLL_._;LJ

Figure 9. "H NMR spectrum measured in deutered solvents with the same ratio as
mobile phase (A) see Experimental part, in figure section A are hydrogens signals
on aromatic rings; B, C are doublet signals of 3-H, and 3-H,, D (singlet) is signal of
1-N-methylated group.
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Figure 10. 2D COSY experiment with responding correlation (denoted as square in
the right top) for closed form of 3-H substituted diazepam.

achiral stationary phase. Probably, the high stereo selectivity of the chiral
environment was necessary for separation of diazepam conformers (two
peaks appeared during chiral separation on B-cyclodextrin).

The achiral separation was used to eliminate the presence of impurities,
which can be latent in the peak envelope of diazepam during chiral separation.
The experiments did not confirm the presence of other compounds which
can coelute with diazepam. At all separation conditions (See Experimental
part for details) only one peak was observed.

CONCLUSION

The complete separation of diazepam conformers was not possible because of
interconversion, which arises from stereo lability of a diazepam molecule.
The interconversion was determined even at a lower temperature (273 K).
The interconversion and separation of diazepam conformers was the same
in the time scale, thus plateau formation was observed in the whole studied
range. During the separation of diazepam conformers, the interconversion
was observed depending on flow rate, temperature, pH ionic strength of
mobile phase.
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The influence of chromatographic parameters on interconversion can be

summarized in following way:

1.

the influence of the flow rate was observed;

the change of the pH of the mobile phase and temperature of the separ-
ation were important;

the stability of individual diazepam conformers in a given chiral environ-
ment strongly depended on chromatographic conditions, as it was shown
in the experimental results;

the addition of B-cyclodextrin in the mobile phase caused the formation of
only one conformer at Cg.cyclodextrin = 0.005 mol/L;

the closed ring structure of diazepam in the presence of the achiral mobile
phase was confirmed by the standard 'H and COSY NMR measurement of
diazepam in deutered solvents.
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