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THE REVERSED-PHASE LIQUID 
CHROMATOGRAPHIC BEHAVIOR 

RIZATRIPTAN BENZOATE AND ITS 
POTENTIAL PROCESS IMPURITIES 

OF THE NEW 5-HTiD RECEPTOR AGONIST 

Vincent Antonucci, Lisa Wright, Pascal Toma 

Analytical Research Department 
Merck Research Laboratories 

Merck & Co., Inc. 
P.O. Box 2000 

Rahway, NJ 07065-0914 

ABSTRACT 

The reversed-phase chromatographic behavior of the powem 
new anti-migraine drug rizatriptan benzoate and its potential 
impurities has been studied. Molecular dynanucs calculations were 
used to explain the elution order of the two regioisomers of 
rizatriptan formed during its synthesis in terms of cor&mnational 
Merences. Further, van? Hoff plots for a mixture of the two 
regiosiomers and one potential process impurity were non-linear (R = 
0.937 - 0.965) when chromatographed on an SB-Phenyl mlumn. 
However, van’t Hoff plots for the same analytes were linear (R 2 
0.996) when chromatographed on an Cp column. The break in the 
van’t Hoff plots generated with an SB-Phenyl phase occurs at 
ambient temperature (-25°C) and is attributed to changes in 
stationary phase morphology as a function of temperature. 
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The SB-Phenyl phase is believed to orient itself in a much more 
rigid state at sub-ambient temperatures than at temperatures above 
ambient, which results in the observed reduction in the enthalpy 
of interaction for analytes at sub-ambient temperature. A 
corresponding decrease in separation factor (In a) between 
rizatriptan regioisomers with increasing temperature is observed 
as the shape selectivity of the SB-phenyl stationary phase 
decreases. 

INTRODUCTION 

Over the past decade, recent advances in reversed-phase liquid 
chromatography have dramatically increased its applications.’ Accordingly, 
considerable effort has been made to explain the mechanisms responsible for 
retention in reversed-phase separations, which in turn has resulted in 
significant debate within the chromatographic literature. Solvophobic theory 
describes the equilibrium constant for reversed-phase retention as a two-step 
transfer mechanism in which solutes migrate into and out of solute-sized 
cavities in the mobile phase.’ Solute adsorption with the stationary phase is not 
a major consideration of the theory. Subsequently, an alternate theory termed 
the “partitioning modcl” was developed to include the effects of stationary 
phase structure on r e t en t i~n .~ ’~  The theory uses statistical thermodynamics to 
consider the three-dimensional stationary phase chain organization as a 
function of mobile phase composition. Solute transfer from the mobile phase 
into stationary phase cavities is controlled by geometrical constraints offered by 
the solutes and stationary phase. 

The effect of temperature on the stationary phase chain orientation and 
retention has been re~iewed.~ Specifically, the slot model developed by Sander 
and Wise6 demonstrates that selectivity for polyaromatic hydrocarbons on 
linear alkyl-substituted bonded-phases is greatly effected by temperature. The 
rigidity of alkyl bonded phases increases inversely with temperature. As a 
result, the selectivity for planar and linear solutes increases as a function of 
stationary phase rigidity. Conversely, bulkier solutes are prohibited from 
entering into the stationary phase and the resulting enthalpic interactions 
between solute and stationary phase (thus retention) are minimized. Other 
reports of low temperature-related effects on stationary phase morphology and 
selectivity on linear alkyl-substituted reversed-phase columns have been 
recently published.’-” 
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The siloxane bond which connects the bonded phase to the support is 
easily hydrolyzed by low pH (2-3) mobile phases.'* However, some 
applications of reversed-phase liquid chromatography with ionizable solutes 
require such a pH range to minimize secondary equilibria (ionic interactions) 
with the exposed silanols of the silica support. The recent emergence of highly 
end-capped bonded phases has minimized the potential acid-hydrolysis of the 
stationary phase, prolonging the lifespan of co l~mns . '~  Further, C18 phases 
which have been sterically-protected with diisopropyl or diisobutyl functional 
groups demonstrate even greater stability to low pH and high temperature than 
do conventional monomeric dimethyl end-capped CIS phases.14 The use of ion- 
pair reagents at acidic pH has further extended the applications of bonded- 
phase liquid chromatography to include highly polar and strongly basic 
analytes which were previously analyzed by ion exchange chromatography.' A 
counter ion of opposite charge to the analyte is added as a modifier to the 
mobile phase to form a neutral species which is more soluble in the organic 
component of the mobile phase, thus increasing retention. The capacity factor 
(k') of the solute is controlled by the concentration of the counter-ion, pH, and 
the percent concentration of organic modifier present in the mobile phase. 

The pharmaceutical industry generates many ionizable drug substances 
which are ideal candidates for ion-pair reversed-phase chromatography. Many 
of these Compounds must be isolated at an extremely high purity from 
complicated in-process matrices, which often requires sensitive 
chromatographic methods to resolve structurally-similar impurities. Therefore, 
an understanding and experimental control of chromatographic selectivity is 
essential to achieving these required separations. This paper deals with the 
separation of some of the in-process intermediates and impurities potentially 
present in rizatriptan benzoate [5-[ 1( 1,2,4-triazolyl)methyl]-3-(N,N- 
dimethy1aminoethyl)indole benzoate], whose structure and synthesis are shown 
in Scheme Rizatriptan benzoate is a new potent and selective 5-HT1D 
receptor agonist with good oral bioavailability and rapid onset of action for the 
treatment of migraine.18 

The coupling of iodoaniline intermediate and bis-TES 3-butyn-1-01 
intermediate (Scheme I) in the synthesis of rizatriptan benzoate generates the 
ttyptophol intermediate and a small percentage of the regioisomer of the 
tryptophol intermediate (substitution at the 2-position of the indole ring)." 
This regioisomer is subsequently converted into the regioisomer of rizatriptan 
benzoate (termed Compound II) during downstream processing and then 
controlled by the testing procedures for rizatriptan benzoate (termed 
Compound I). Thus it is critical to develop a sensitive means of quantitating 
trace amounts of Compound 11 in bulk Compound I. 
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A literature survey revealed a few recent reports of investigations into the 
reversed-phase separation of similar achiral regioisomers. The selectivity of 
five regioisomers of phenethylamine was found to be controlled by the length of 
the carbon chain attached to the aromatic ring.” The ability to separate two 
benzodiazepiane regioisomers, which differ only in methyl group position, was 
attributed to the magnitude of dielectric interactions between the solutes and 
the mobile phase.” It was therefore concluded that the separation factor (a) 
could not be improved for benzodiazepianes by choosing an alternate stationary 
phase and/or an alternate mobile phase. 

Molecular modeling has been used previously to assist in the explanation 
of both the elution order and mechanism of chromatographic  separation^."-'^ 
The magnitude of the interaction energy calculated between a-CD, p-CD, and 
y-CD (cyclodextrins) and a C18 bonded phase, as well as the degree of hydration 
of the cyclodextrins. were found to directly correlate with retention order.” 
Molecular modeling and ‘H NMR were used to explain the enantiomeric 
separation of propranolol by SFC and LC. It was determined after modeling 
both the stationary phase. analytes, and the interaction between analytes and 
stationary phase that (R)-propranolol has more sites of interaction with the (S)- 
CSP stationary phase than (S)-propranolol, hence it should be retained longer.22 

The retention characteristics of a series of phenylpropyl and 
methoxyphenylpropyl bonded phases under normal phase elution conditions for 

and C70 fullerenes was predicted from calculated low-energy conformations 
and associative energies, and was found to agree with experimental results.23 
Retention on the various phenyl phases was found to be directly related to the 
contact surface area between the analyte and stationary phase, which is a 
function of the conformational similarities of the analyte and stationary phase. 
This paper will use both conformational analysis and chromatographic 
experimentation to elucidate the retention behavior of rizatriptan benzoate and 
two potential process intermediates. 

EXPERIMENTAL 

Materials 

Rizatriptan benzoate and its related intermediates have been prepared at 
various departments within Merck Research Laboratories.24 All solvents used for 
chromatography were of HPLC grade (Fisher Scientific, Fairlawn, NJ). Reagent 
grade tnfluoroacetic acid (Fisher Scient&), phosphoric acid, 85% (J.T. Baker, 
Phillipsburg, NJ), and he.xanesulfonic acid (PIC@ B 4  Low UV reagent, Waters 
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1654 ANTONUCCI ET AL. 

Corpomtion, Milford, MA) were used as mobile phase additives. &-&ax SB-phenyl 
columns (25 cm x 4.6 mm i.d., 5 mm paclung) were obtained from MAC-MOD 
Analytical (Chadds Ford, PA) and Symmetry C8 columns (15 cm x 3.9 mm id., 5 
mm paclung) were obtained from Waters. 

Instrumentation 

Two Werent HPLC systems were used during method development and 
validation. One HPLC system consisted of Shimadzu components includmg an SIL- 
10A autoinjector, SCL-10A system controller, LC-IOAS gmhent pumps, and SPD- 
lOAV WMS detector. The second HPLC system included a Th~oseparations 
AS3000 autosampler and P4000 gmhent pump, with a Spectranow 757 WMS 
detector (Kratos Analytical). A model 7955 HPLC column heater/chiller (Jones 
Chromatography, Lakewood, CO) was used for the temperatm studies. Flow rate 
was kept constant at 1.5 mL/min. Samples were dissolved in 90% water/ 10% 
acetonitrile (vh) diluent at 1 @mL concentration. Ultraviolet detection at 280 nm 
was used for all systems. 

Molecular Modeling Studies 

All of the computations performed in this study were determined with 
Cerius’” Release 2.0 developed by BIOSYIWMolecular Simulations on various 
Silicon Graphics computers available at Merck & Co., lnc.” Energy 
minimizations and molecular dynamics were calculated using the Universal 
Force Field and charges were assigned with the Charge Equilibration 

Optimized conformations (lowest energy) were determined 
through dynamic simulations followed by energy minimization and charge re- 
calculation. This process was repeated at least ten times for each molecule to 
ensure that the lowest energy conformation possible was found. 

Chromatographic Methods 

Four chromatographic systems (Systems A - D) were developed to study the 
retention behavior of a mixture of four analytes. Isocratic elution conditions for all 
four methods were adjusted such that Compound I retention times were maintained 
between 5 - 7 minutes. The mixture used for measurements made with Systems A 
and B was approximately 1 mg/mL of the fite base of Compound I, 0.1 m@mL of 
the benzoate of Compound II, 0.6 mg/mL of tryptophol intermediate, and benzoic 
acid from Compound II. The mixhut used for measurements made with Systems C 
and D was approximately 1 mgmL of the free base of Compound I, 0.3 mg/mL of 
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Table 1 

Chromatographic Systems Developed to Investigate the Retention Behavior 
of Compound I, Compound II, and Tryynbphol Zntermedute 

System A: Mobile phase - 84% (0.1% trifluoroamtic acid (vh) in water) / 16% 
acetonitrile (vh) 
Column - SB-Phenyl 

System B: Mobile phase - 88% (0.1% phosphoric acid (v/v) in water) / 12% 
acetonitrile (vh) 
Column - SB-Phenyl 

System C: Mobile phase - 92% (0.1% trifluoroacetic acid (vh) in water) / 8% 
acetonitrile (vh) 
Column - C, 

System D: Adobile phase - 87.5% (0.1% phosphoric acid (vh) in water, 10 mM 
hexanesulfonic acid) / 
12.5% acetonitrile (vh); Column - Cs 

the benzoate of Compound II,0.2 mg/mL of tryptophol intermediate, and benzoic 
acid from Compound II. These systems are described in Table 1. The methods 
studied used either an SB-phenyl phase or a Cs phase to determine whether the 
choice of reversed-phase offers selectivity advantages for the analytes. A minimum 
of two repeat determinations of retention time were made at each temperature. The 
effect of three merent ion-pairing reagents on retention for the two stationary 
phases was also evaluated. 

RESULTS AND DISCUSSION 

Role of Molecular Conformations 

In chromatographic systems A-D, Compound I is observed to consistently 
elute prior to Compound I1 (Figure 1). Molecular modeling was used to 
compare the conformations of these molecules in hopes of relating the 
differences observed to reversed-phase selectivity. The lowest energy 
conformation of both Compound I and Compound I1 was determined and is 
represented in Figure 2. The molecular energy calculated for Compound I was 
90 kcal/mole, while for Compound II it was 60 kcal/mole. Qualitatively, the 
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Figure 1 ‘Typical chroniatograms obtamed at 25°C for Systems A - U 
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System C 

1657 

Figure 1 (cont). Typical chromatogams obtamed at 25°C for Systems A - D. 
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Figure 2. Lawest energy conformations calculated for Compounds I and II. 

energy-minimized structure of Compound II is more planar than that of 
Compound I which should allow for a greater surface area of the molecule to 
be in contact with the stationaq phase at any given time. It is therefore 
postulated that the elution order observed for the regioisomers is governed by 
the average available contact area between the analyte and the stationary phase, 
which is controlled by conformational differences between molecules. 

van't Hoff Plots 

The relationship between solute capacity factor and partial molar free 
energy during solute transfer between stationary phase and mobile phase is well 
known as: 

Ink' = - (AGo/RT) + In CD 

where is the phase ratio (volume of stationary phase / volume mobile 
phase)." This relationship also may be represented by the van't Hoff equation: 

where k' is the analyte capacity factor, R is the gas constant (expressed in 
cal/(OK mol)), and AH" and ASo are the enthalpy and entropy of analyte 
transfer from the mobile phase to the stationary phase, respectively. A van? 
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Hoff plot of In k' vs. 1/ T(OK) will generally be linear with slope - (AH"/R) and 
intercept (ASOR + In @) due to a single retention mechanism governing the 
separation. Numerous reports of linear van't Hoff plots have been published for 
monomeric CIS phases, but AS" is often not reported due to ambiguity in 
calculating the phase ratio of commercial 

Chromatographic Behavior on an SB-Phenyl Phase 

The effect of ion pairing reagent upon retention of the four component 
mixture on an SB-phenyl phase was evaluated with System A and System B. 
Trifluoracetic acid (TFA) is more chaotropic (less hydration due to high 
polarizablity) than phosphoric acid. Therefore, mobile phases containing TFA 
should disrupt the hydration shell of protonated analytes better than phosphoric 
acidcontaining mobile phases, which results in greater enthalpic interactions 
of the analyte with the stationary For this reason, more acetonitrile 
is necessary in System A than in System B (16 vs. 12% (v/v)) to retain 
Compound I with a similar capacity factor. 

Figures 3a and 3b are van? Hoff plots for the data over the temperature 
range of 0 to 50°C (0.00366 2 1/T 1 0.00310). Individual data points were 
plotted at each temperature in all van't Hoff plots to pro\dde visual evidence of 
the high reproducibility of measurements. Benzoic acid retention data from the 
systems under consideration is plotted in all van't Hoff plots as a small 
molecule probe and will be discussed later in this paper. Both data sets indicate 
a deviation from linearity (R = 0.937 - 0.965), with a break point at 
approximately 25°C (l/r - 0.00336). Deviations from linearity in van't Hoff 
plots have been reported for temperature studies of reversed-phase stationary 
phases.' 0735-39 The curved plots have been attributed to reversible, 
morphological changes in the stationary phase as a function of temperature, 
stationary phase bonding density, and solvent release processes.4o Dorsey 
cautions, however, that such morphological changes in the bonded phase as a 
function of temperature do not necessarily predict a change in the intrinsic 
retention mechanism, but may be due to factors such as a change in phase 

A linear relationshp was assumed for the data in Figures 3a and 3b in 
order to facilitate calculation of approximate enthalpic and entropic terms, 
which are presented in Table 2. In both Systems A and B, the enthalpic term 
for both Compound I and the tryptophol intermediate is equivalent, while the 
enthalpic term for Compound I1 is over 300 call(% mol) larger. 
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Figure 3. A. van’t Hoff plot of In k’ vs I /  T ( O K )  for the data obtained nith Svstan A, 
assuming a linear relationslup. H. van’t Hoff plot of In k’ vs 1/ T (OK) for the data obtained 
uitli System €3, assuming a linear relationslup. 
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Table 2 

Enthalpy and the Entropic Term for Compound I, Compound JI, and 
Typtophol ZnZenmaWe in (cayOK mol) on SB-Phenyl Stationary Phase 

Analyte System A System B 
AHo ASo + In+ AHo ASo+In+ 

Compound I - 1743.6 - 4.2 - 1517.8 -3.3 

Compound I1 - 2082.0 - 4.5 - 1836.2 -3.3 

Typtophol intermediate - 1707.6 - 2.8 - 1506.5 -0.3 

Both Compound I and the tryptophol intermediate are substituted in the 
3-position of the indole ring and presumably have similar conformations and 
similar enthalpy, while Compound I1 is a more planar structure which allows 
for greater surface area of contact with the stationary phase and greater 
enthalpy. However, Compounds I and I1 are protonatable at pH 2, and are 
therefore retained less than the neutral tryptophol intermediate. 

These results confirm the predicted elution order of the rizatriptan 
regioisomers from the molecular modeling studies. No significant selectivity 
advantages were observed for System B over System A while enthalpic 
interactions were reduced, so phosphoric acid-containing mobile phases will no 
longer be considered. 

If the data in Figure 3a is divided into the two linear regions (each with R 
> 0.990) present on either side of 25°C (1/T - 0.00336) as seen in Figure 4, 
greatly different enthalpic and entropic terms are calculated for each region 
(Table 3). While the energies calculated in Table 3 are approximations from 
small data sets, the general observation may be made that the enthalpy in the 1 
25°C (l/T 5 0.00336) region is significantly greater than it is in the sub-ambient 
region. 

It is suggested that at sub-ambient temperatures the stationary phase is 
more extended and rigid due to decreased molecular motions, which lead to 
increased aromatic interactions between neighboring phenyl  group^.^^.^^ As a 
result. analyte penetration within the stationary phase is hindered due to steric 
effects and subsequent enthalpic interactions are reduced. At temperatures 
above ambient, the kinetic activity of the stationary phase phenyl groups 
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J 
______._I 

Figure 4. van't Hoff plots of Ln k' vs I /  T ( O K )  for the data obtained With System A above 
and below 25"C, as mddlcated. AHo and A S '  + In were calculated for each region. 

Table 3 

Approximations of Enthalpy and the Entropic Term for Compound I, 
Compound II and the Tryptophol ZntermeUe in (caVOK mol) on an SB-Phenyl 

Stationary Phase" 

Analyte Below 2S°C Above 2S°C 
AHo ASo +In + AHo ASo+In+ 

Compound I - 954.8 - 1.4 -2782.5 -7.6 

Cqmpound I1 - 1101 6 - 1.0 - 3404.5 -8 .8  

Tryptophol intermdate - 888.4 0.2 -2821.1 -6.3 

* At temperatures above and below 25°C using chromatographic system A. 
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0.48 4 0 

0.0031 0.0032 0.0033 0,0034 0.0035 0.0036 0.0037 

11 T( K) 

Figure 5. Plot of In a vs. 1/ T ( O K )  for the separation of Compound I and Compound II 
using System A. 

increases, allowing for greater spacing of the bonded phase chains. This allows 
increased analyte penetration within the stationaly phase and thus greater 
enthalpic interactions due to increased surface area of contact between the 
analyte and the stationary phase. 

The postulated dependence of stationary phase rigidity on temperature 
was investigated via a plot of the In a (separation factor) vs. 1/T ( O K )  for 
Compounds I and I1 with System A (Figure 5) .  Chromatographic selectivity is 
observed to monotonically decrease with increasing temperature. Closer 
inspection of the data at temperatures below 25OC (1/T L0.00336), indicates a 
higher and more constant separation factor than for temperatures above 25°C 
(1/T 5 0.00336), where the separation factor decreases much more rapidly. 

Chromatographic Behavior on a Cs Phase 

These observations are consistent with the hypothesis that stationary 
phase rigidity, and ultimately analyte shape selectivity, are functions of 
temperature on the SB-phenyl phase. 
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Table 4 

Enthalpy and the Entropic Term for Compound I, Compound II and 
Tryptophol Intermediate in (caV0K mol) on a Cs Stationary Phase 

Analyte System A System B 
AHo ASo + In+ AHo ASo+In+ 

Compound I - 1557.0 - 2.6 - 1381.9 - 1.4 

Compound II - 1620.1 - 2.2 - 1471.0 - 1.0 

T?yptophol intermediate - 1387.5 - 0.3 - 1214.9 - 1.3 

The same four component mixture was chromatographed on a Cs column 
under System C and System D conditions and van7 Hoff plots constructed 
(Figures 6a and 6b). The plots are highly linear (R = 0.996 - 0.998), unlike the 
data collected with the SB-phenyl phase (Figures 3a, 3b, and 4). Further, it is 
worth noting that all benzoic acid van? Hoff plots are quite similar to those of 
the rizatriptan-related species on both the SB-phenyl and cg phases (Figures 
3a, 3b, 4,6a, and 6b). These data suggest that thermal characteristics unique to 
the SB-phenyl stationary phase are responsible for the observed non-linearity in 
van? Hoff plots for all analytes considered, not any analyte-specific 
characteristics such as conformation or solvation state. 

The magnitude of the enthalpic interaction is smaller on the c g  phase than 
for the SB-phenyl phase as determined by the amount of acetonitrile needed for 
elution in System A (16%) as compared to System C (8%). The values of AH' 
and AS' + In CD for System C are in Table 4 and for System A are in Table 2. 

The entropic terms are more positive than those calculated for the SB- 
phenyl phase because the phase ratio (a) is ca. 2-3 fold greater for the Cs phase 
due to increased carbon loading (12% carbon for Symmetry C8 vs. 5.5% carbon 
for S B - P h e n ~ l ) . ' ~ ~ ~ ' - ~ ~  The difference in enthalpic interactions for Compound 
11 and Compound I is only 60 - 90 cal/("K mol) on the Cs phase. 

Figure 6 (left). A. van't Hoff plot of In k' vs 1/ T ( O K )  for the data obtruned with System C. 
B. van? Hoff plot of In k' vs 1/ T (OK) for the data obtained with System D. 
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It is also noted that the enthalpy value for Compound I and the tryptophol 
intermediate are more dissimilar than calculated for the SB-Phenyl phase. 
These results suggest that the Cs phase displays less shape selectivity for the 
various conformational differences of the rizatriptan-related species than 
observed for the SB-phenyl phase and is thus a poorer choice of stationary 
phase for this separation. 

As a final experiment, a larger surfactant-like ion-pairing reagent was 
evaluated on the Cs phase (System D) to determine the effect on retention. As 
anticipated, ion-pairing of the rizatriptan-related species with hexanesulfonic 
acid does increase the amount of acetonitrile required for elution with a similar 
k’ (12.5 % (v/v) in System D vs. 8% (v/v) in System C). While the elution 
order for the ionizable species is constant for Systems A-D (Compound I, 
Compound II, benzoic acid), the elution order of the tryptophol intermediate 
(non-ionizable) varies with the system considered (Figure 1). It is eluted last of 
the four analytes when phosphoric acid modifier is used (System B), third when 
TFA is used on both stationary phases considered (Systems A and C), and first 
when hexanesulfonic acid is used (System D). The data from Systems A and C 
demonstrate that the observation is independent of choice of stationary phase 
and rather must be related to the ion-pairing reagent employed. 

It is postulated that retention characteristics observed for the tryptophol 
intermediate are related to the ability of the hydrophobic portion of the ion- 
pairing reagent to coat the stationary phase, creating an additional retention 
mechanism of ion-exchange at low pH. On the basis of chaotropicities, 
hexanesulfonic acid is best capable of hydrophobically-interacting with the 
stationary phase, followed by TFA then phosphoric acid. Since the neutral 
tryptophol intermediate cannot benefit from the additional ion-exchange 
mechanism as the rizatriptan species do, it elutes first when h e m e  sulfonic 
acid modifier is used in System D. The ion-exchange effect is much smaller 
with TFA modifier, as seen for Systems A and C, hence the neutrality of the 
tryptophol intermediate reduces retention by much smaller amounts. The 
effects of tryptophol neutrality are negligible with phosphoric acid modifier 
(System D) because the modifier does not appreciably coat the Stationary phase 
surface. 

CONCLUSIONS 

Rizatriptan benzoate is a new potent and selective 5-HTlD receptor 
agonist for the treatment of migraine. The synthetic pathway to Rizatriptan 
benzoate generates positional isomers (Compound I and Compound II) which 
have been chromatographically resolved on the basis of the conformational 
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differences of the molecules. The elution order of the regioisomers can be 
predicted by a molecular model representing the conformational differences 
between regioisomers. The basis of the separation is the magnitude of van der 
Waals interaction energy of the analytes with the stationary phase, which is 
controlled by molecular conformation. These conformational differences result 
in a 320 - 340 cay (OK mol) increase in enthalpic interactions for Compound II 
as compared to Compound I and tryptophol intermediate on an SB-Phenyl 
stationary phase and 60 - 90 cay (OK mol) increase in enthalpic interactions on 
a Cs phase. van? Hoff plots on SB-Phenyl columns are non-linear (R = 0.937 - 
0.965), but are linear on a Cs phase (R = 0.996 - 0.998) for Compound I, 
Compound 11, tryptophol intermediate, and benzoic acid regardless of mobile 
phase additives. The shape selectivity of the SB-phenyl stationary phase for 
rizatriptan regioisorners was observed to decrease with increasing temperature. 
It is concluded that the thermal properties of the stationary phases considered 
are responsible for the observed thermodynamic behavior of analytes in the 
chromatographic systems considered. However, within a given 
chromatographic system, the selectivity between regioisomers is driven by 
analyte conformational differences. 
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