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SUMMARY

An expert system (HPLC-METABOLEXPERT) has been developed for the
simultaneous prediction of the metabolites and the retention data of an organic com-
pound. Prediction of the retention time in reversed-phase high-performance liquid
chromatography (RP-HPLC) is provided by the system for an RP-18 column togeth-
er with advice concerning optimum eluent concentration, pH and expected change in
the UV spectra. Prediction is performed using the RP-HPLC data for the parent
compound and empirical correction rules based on the structural difference between
the parent compound and the metabolites.

The predictive power of the expert system was investigated in this study for
seven molecules and their eight main metabolites by measuring their reversed-phase
retention data using various reversed-phase columns and conditions. Among the
main metabolic transformation routes, N-demethylation and C-hydroxylation were
investigated in more detail. The average difference between the measured and pre-
dicted retention times was 1.8 min.

INTRODUCTION

Identifying metabolites of drugs, pesticides and their residues has growing im-
portance in medicinal chemistry, agricultural and environmental chemistry!. During
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the past few years, high-performance liquid chromatography (HPLC) has acquired a
major role in the identification of metabolites. The procedure is normally complicated
by the problem that compounds with unknown or incompletely known structures and
retention times need to be identified in a chromatogram that contains mainly the
peaks of non-metabolites. The final goal of the analysis is to obtain a picture of the
metabolic pathways of the substance. Hence the problem is similar to putting togeth-
er a jig-saw puzzle when the elements of several puzzles are present.

Elements of the puzzle (relevant compounds within the chromatogram) can be
identified by predicting first the structures through computer-assisted metabolism
prediction (CAMP), then assigning retention times to the structures by using quanti-
tative structure-retention time relationships (QSRR). Putting together the puzzle
(building up a tree of metabolites corresponding to the pathway) is also provided by
CAMP. We found it of interest to develop an expert system (HPLC-METABOL-
EXPERT) that solves both problems simultaneously. This paper summarizes the first
experiences with this expert system. HPLC-METABOLEXPERT is now commercial-
ly available from CompuDrug (Budapest, Hungary) or CompuDrug USA (Austin,
TX, U.S.A).

CAMP is a new method, the purpose of which is to predict the metabolic fate of
a substance within a living system?. Its underlying ideas are the artificial intelligence-
based simulation of the biological fate, and thus metabolite formation, of a com-
pound?, applying a ‘reasoning by analogy’ approach* or simply using the analogy
between the problem of predicting metabolite structures and finding precursors in
synthesis design®.

Technical realization of CAMP are based on computer programs that belong to
the family of the expert systems. An expert system® is computer software that uses
high-level mathematical logics to answer questions and uses a database that stores
human expert knowledge (knowledge base). The expert systems for CAMP are mem-
bers of the METABOLEXPERT family”.

The prediction of the retention data and chromatographic conditions for com-
pounds with known chemical structures has been an interesting problem in chroma-
tographic science for a long time. Relationships between the chemical structure and
chromatographic behaviour have already been investigated® ', even in quantitative
way! 112, Finding quantitative structure-retention relationships (QSRR) is relatively
easy in reversed-phase (RP) chromatography as the retention is governed mostly by
hydrophobic forces. The prediction of the hydrophobicity of compounds from the
structural formula is more or less a solved problem. Several types of software are
commercially available for calculation of octanol-water partition coefficients as a
measure of hydrophobicity based on Hansch = values'?® or Rekker’s'* fragmental
constants (f). The relationships between hydrophocity and reversed-phase chroma-
tographic retention have been also extensively studied'>~'%,

The prediction of HPLC retention for metabolites described in this paper is
carried out by using a database that contains the retention changes caused by a
substituent of the molecule that appears or disappears in the physiological metabolic
route. The database can be regarded as a compilation of fragmental constants which
refers to the retention changes caused by the hydrophobicity changes similarly to the
above-mentioned software.

Several expert systems and other software have already been developed in chro-
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matography®2!. Their purpose was to compile the knowledge of a well experienced
chromatographer who has already analysed hundreds of compounds and developed
hundreds of analytical methods. On the basis of this knowledge, solving a new prob-
lem is much easier.

In order to reduce the experimental time for the isolation and identification of
metabolites, our expert system suggests HPLC measurement conditions and retention
times for possible metabolites on the basis of the input experimental HPLC condi-
tions for the parent drug molecule. As the quality of an expert system can be assessed
by using it in practice, the predictive capability of HPLC-METABOLEXPERT was
investigated by measuring RP-HPLC retention parameters of drugs and their metab-
olites.

THEORETICAL BACKGROUND

The cluster of approaches underlying the METABOLEXPERT system is based
on the simultaneous modelling of the metabolic transformations and pharmacokinet-
ic fate of a substance, as shown in the ‘Biotransform graph’ (G) in Fig. 1. G is
composed of edges corresponding either to transport or metabolism steps, and of
vertices corresponding to the structure and concentration of a compound at a definite
moment in time. In the realization of the model, the vertices and edges in G are
represented by ‘functions’ of first-order logics, the Horn clauses?2. Horn clauses have
also been used for representing the chemical structure of the compounds and the
production rules. These rules describe the conditions of the metabolic transforma-
tions.
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Fig. 1. Biotransformation graph. c, is the parent compound at concentration cc, at time ¢,; ¢,—C¢ are
metabolites at concentrations cc,-ccg at times £, — f,.
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Fig. 2. Input of the compounds into HPLC-METABOLEXPERT.

Version 1.0 of HPLC-METABOLEXPERT?? serves for predicting metabolic
pathways of organic compounds in humans and/or in species commonly used in
laboratory investigations. The knowledge base of the system consists of about 120
generalized metabolic transformations taken from Testa and Jenners’s book?*. After
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Fig. 3. Tree-like picture for metabolite map in a screen output obtained by the HPLC-METABOLEXP-
ERT for diazepam (compound 4). Desmethyldiazepam, oxazepam and ACB are compounds 5, 6 and 8,

respectively.
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input of the compounds (Fig. 2), the simulation of the metabolic transformations
follows, which results in a tree-like picture and in structures of metabolites (Fig. 3).
They might be displayed in three-dimensional form with the attached program MO-
LIDEA?Z. There is a possibility of calculating hydrophobicity?® or quantum chem-
ical indices?” of the metabolites through connected programs. METABOLEXPERT
accepts and produces chemical structures also in standard molfile format, which
allows interfacing with widely used database managers such as CHEMBASE and
MACCS?%:29,

The prediction of HPLC retention for the metabolites is based on the following
considerations. The HPLC capacity factor (k) can be calculated from the retention
time (zg) and the dead time (#y) measured in the given chromatographic system ac-
cording to the equation

k' = (tR - to)/fo (1)

Log k' is linearly related to the logarithm of the distribution coeflicient (log K) of the
compound between the mobile and stationary phases according to

logk’ = alog K + b 2

where ¢ and b are constants. As the log K values are linear free-energy related param-
eters, the log k£’ values can be regarded as the same. It is also known that log &k’ values
are linearly related to the logarithm of the octanol-water partition coefficient (log
P)l 5-1 8:

logP =clogk’” +d 3)

By analogy with the log P predictions (eqn. 4), the log &’ values also can be regarded
as a sum of the Alog k’ values referring to all fragments in the molecule (eqn. 5).

log P = Xm;orlog P = ZFf; 4

where 7; is the Hansch n value!3, f; is the Rekker fragmental constant'* and F;
represents the number of f; fragment in the molecule.

log k' = 2 Alog k’ (5)
Finally, we can describe a metabolic transformation leading from a structure ¢, to ¢;:
c;=c¢ + 8 (6)

where the structure of c¢; differs from that of c, by an S group that appears or
disappears during the metabolism. By simple algebraic substitutions, we can resolve
that log k&' for ¢, is linearly dependent on log P, which again depends linearly on log
P+ mn,. Hence, if we know log &’ for c; (the parent compound) and the contributions
of S (which are characteristic of a metabolic transformation type), we can predict log
k'’ for the metabolic c,:
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log k" (c;) = log k' (¢y) + Alog ki N
Eqn. 7 was used for predicting retention times of metabolites. The Adlog k' values in

principle are also dependent on the organic phase concentration in the mobile phase
according to eqn. 10, which can be derived by subtracting eqn. 9 from eqn. 8:

log k¢, = slope.,OP% + log k;, 8)
log k¢y = slope.,OP% + log k., 9)
A log k's = (slopec, — slope.,) OP% + log k;., — log k¢, (10)

where OP% is the organic phase concentration and log k; is the log k&’ value extrapo-
lated to the pure water mobile phase. When the change in the contact hydrophobic
surface area*® due to the metabolic transformation is small (i.e., slope., is almost
equal to slope ,), the dependence of dlog &’ on the mobile phase composition can be
disregarded. At the present stage of the expert system the average values of the Alog
k' data obtained by any mobile phase composition were considered. The HPLC-
METABOLEXPERT contains an extensive database of Alog k’ values referring to
more than 100 structural changes observed in various metabolic pathways. In order
to predict the HPLC conditions for the metabolites, the following input data should
be applied to the system.

(1) The HPLC column (stationary phase) on which the parent compound was
analysed. Only a reversed-phase column is accepted, and RP-18 is suggested.

(2) The mobile phase composition should also be given, considering expecially
the pH and the organic phase concentration.

(3) The detection wavelength used for the analysis of the parent molecule is also
an important parameter.

(4) The retention time of the compound and the dead time should also be given
in order to be able to calculate the capacity ratio of the parent compound in the given
chromatographic system.

When the chromatographic conditions and retention times for the metabolites
are predicted, the following considerations were taken into account.

The log k" values of the compounds should be between ~-0.5 and 3 from a
practical point of view (i.e., not too short or long retention times).

When the predicted log &’ value of the metabolite is outside the above range, the
expert system suggests an appropriate change in the mobile phase composition, with
an increase or decrease in the organic modifier concentration. According to our previ-
ous observations3!, increasing the acetonitrile concentration of the mobile phase by
10% decreased the retention by log & = 0.285 on average. The observed minimum
was 0.129 and the maximum was 0.456. The Alog k' value caused by a change in
mobile phase composition can be related to the contact hydrophobic surface area of
the molecule?®. Increasing the methanol concentration of the mobile phase by 10%
decreased the retention by log k' = 0.298 on average®?. The observed minimum was
0.214 and the maximum was 0.379. As the average values for acetonitrile and metha-
nol, did not differ significantly, the same log k" database was used in both instances.

The detection wavelength is also important because a chromophore can appear
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or disappear during the metabolism. Our expert system also makes suggestions for
changing the UV detection conditions in these instances, otherwise the predicted
retention time can be correct but in certain instances the user cannot see the metabo-
lite peak on the chromatogram.

Changing the pH of the mobile phase can also be important when an acidic or
basic group appears or disappears during the metabolism. When the metabolite to be
analysed by HPLC is present in partially dissociated form, it can cause a very bad
peak shape and makes the peak undetectable or unmeasurable. When acidic or basic
groups appear or dissappear during the metabolic transformation, our expert system
makes suggestions for changing the mobile phase pH.

Although the change in retention time caused by a given substituent can vary
over a wide range, the Alog k&’ value can be regarded as a constant, neglecting its
dependence on the organic phase concentrations. Similarly for the log P predictions,
when the 7 and f values of a molecular fragment can be changed by an adjacent
substituent which influences the prediction, the dlog k’ values can also be different for
the same reason. Moreover, the Alog k' value of a metabolic route can be different on
different reversed-phase columns. Several papers®3** have reported the significant
effects of the free silanol groups usually located on reversed-phase stationary phases
on the chromatographic retention of molecules. The present expert system has not yet
considered this effect in predicting the changes of retention times. We assume that the
error in the prediction is higher than the 4log k’ difference obtained using reversed-
phase columns produced by different manufacturers and having different amounts of
free silanol groups on the surface. In order to check the validity of this assumption,
retention measurements were repeated on three different reversed-phase columns.

EXPERIMENTAL

The structures of the investigated pyridopyrimidine derivatives are shown in
Fig. 4. The derivatives were synthesized by Fiilép et al.>* and the metabolites were
isolated and identified by Jemnitz ef al.3®.

The structures of the investigated benzodiazepine derivatives are shown in Fig.
5. Their synthesis®’*? and metabolic pathway*®—*? have been described.

The metabolite of 3-trifluoromethyl-a-ethylbenzhydrol (produced by Gedeon
Richter under the trade-name Zixoryn) and its derivative are shown in Fig. 6. The
synthesis** and the metabolic pathway have been described by Klebovits er al.** and
Ledniczky et al.*®.

Fig. 7 shows the structure of Deprenyl and its desmethyl metabolite, for which
the synthesis was described by Chinoin*® and Fowler*”. The metabolism was studied
by Kalasz et al.*®.

HPLC-grade methanol, acetonitrile and salts for the phosphate buffers were of
analytical-reagent grade and purchased from Reanal (Budapest, Hungary),

Ao tH3 C“NI CH3 C(\NIU"@
Koy G G,
(Hy (H3 02 OH CH3 ,

1

Fig. 4. Structures of the investigated pyridopyrimidine derivative and its metabolites.
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10

Fig. 5. Structures of the investigated benzodiazepine derivatives (diazepam, oxazepam and Uxepam) and
their metabolites.

The HPLC measurements were carried out with a system consisting of a Model
312 Liquopump pump (LaborMIM, Budapest, Hungary) Rheodyne injector valve
with a 20-ul loop (Rheodyne, Cotati, CA, U.S.A.), Cecil UV absorbance monitor and
Waters 740 Data Module recorder—integrator (Millipore-Waters, Milford, MA,
U.S.A)).

Hypersil ODS (5 um) stationary phase was packed in our laboratory in a stain-
less-steel column (250 x 4 mm [.D.) (column I). The second column tested (250 % 4.6
mm [.D.) was packed by Bioseparation Technique (Budapest, Hungary) with Li-
Chrosorb RP-18 (5 um) stationary phase (column II). The third column (250 % 4.6
mm 1.D.) contained Sepharon RPS stationary phase purchased from Laboratorni
Pfistoje (Prague, Czechoslovakia) (column III).

The mobile phases were: methanol-phosphate buffer (0.005 M K,HPO,, pH
7.8) (50:50) for compounds 1-3; methanol-buffer (0.005 M K,HPO,, pH 7.8) (60:40)
for compounds 4-10; methanol-buffer (0.005 M KH,PO,, pH 3.5) (70:30) for com-
pounds 11-13; and acetonitrile-ammonium phosphate buffer (pH 3.01) (20:80) for
compounds 14 and 15. The flow-rate of the mobile phase was always 1.00 ml/min
except on column II (0.6 ml/min). The measurements on compounds 1-4 on column
I1I were carried out by using an increased methanol concentration (60% methanol
and 40% 0.005 M K,HPO, buffer pH 7.8) because of the long retention times.

B¢ @ on S
OO OO _O-L O
Chy - (Hp  — H2
CHy CHy CHy
i 12 13

Fig. 6. Structures of the investigated 3-trifluoromethyl-a-ethylbenzhydrol derivatives.
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Fig. 7. Structures of Deprenyl and its metabolites.

Detection was always performed at 260 nm. Compounds were dissolved in the
mobile phase at a concentration giving an appropriate UV absorbance at a sensitivity
of 0.05. The dead volume of the columns was determined by injecting 2% sodium
nitrate solution.

The structures of the metabolites shown in Figs. 4-7 were predicted by HPLC-
METABOLEXPERT version 1.0. Running times were of the order of a few seconds.

For retention prediction, first the chromatographic conditions and retention
times of the parent compounds were input. By requesting the HPLC retention pre-
diction for metabolites, the necessary mobile phase compositions and predicted reten-
tion times can be seen on the display together with a note about the necessary pH and
detection wavelength changes.

RESULTS AND DISCUSSION

Figs. 4-7 show the structural formulae of compounds for which HPLC retention
measurements were carried out. The indicated metabolic transformations were also
predicted by HPLC-METABOLEXPERT version 1.0. Of course, many more metab-
olites have been predicted by the expert system and many more compounds were
identified as real metabolites®®-49-42:44:45 than were investigated in this study. In this
work the predictive power of the expert system considering only the HPLC retention
was considered by measuring synthetic mixtures of parent compounds and metabo-
lites.

The retention time data and log k&’ values measured for the compounds in Figs.
4-7 are summarized in Table 1. Table I also shows the predicted retention time for
each compound under each set of chromatographic conditions. The difference be-
tween the measured and predicted retention times was always less than 8 min. The
average difference between the measured and predicted retention times was 1.8 min,
which can be considerd as an acceptable prediction. Representative chromatograms
for each compound are shown in Figs. 8-11.

The Alog &’ values obtained for the same structural change on the three types of
columns are summarized in Table II. The average Alog &k’ values are also given in
Table 1.

In order to reveal the retention changes on the three columns for the same
structural change, the differences between the Alog &’ values obtained for the C-
hydroxylation of compounds 1, 4, 5 and 12 and for the N-demethylation of com-
pounds 4, 6, 9 and 14 are summarized in Table I1I. The average dlog k* values and
their standard deviations were also calculated. In comparison with the average and
the standard deviation for the measured Adlog &’ values on the three types of columns
and for the same structural change obtained on the same columns, but different
mobile phase compositions, it can be seen that the standard deviation is much higher
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TABLE 1

MEASURED (m#) AND THE PREDICTED (pr,) RETENTION TIME DATA AND (LOG k") VAL-
UES FOR THE 15 INVESTIGATED COMPOUNDS

All pt values were calculated from the m¢, of the parent compound, except as indicated in the footnotes.

Compound Column 1 Column 11 Column 111

t = 1.4 min) (t = 2.38 min) (t = 1.6 min)

mty  pty logk’ mty  piy log k' mty  ptp log k'
1 1.1 - 084 244 - 0.97 166 ~— 1.00
2 4.7 6.0 0.37 11.0 122 056 6.3 83 050
3 5.2 39 043 12.3 88 0.62 73 5.1 0.58
4 130 - 0.92 143 - 0.70 196 - 1.08
5 8.7 87 0.71 10.8 99 055 121 130 085
6° 7.5 9.6 0.64 94 10.8 047 92 143 071
’id 5.7 6.6 0.49 8.0 83 037 74 90 059
7 5.7 53 049 8.0 6.8 037 7.4 64 0.59
8 208 160 1.14 19.6 214 0.86 298 213 1.28
9 59 -~ 0.51 94 - 0.47 72 - 0.54
10 49 42 040 8.4 6.8 040 5.7 5.1 041
11 44 -~ 0.32 62 - 0.21 39 - 0.15
12 12.7 99 091 104 131 053 1.5 81 079
13 3.7 50 0.22 5.8 49 0.16 33 47 0.02
14 84 ~ 0.70 143 - 0.74 135 - 0.87
15 6.0 53 051 9.9 9.1 054 7.7 83 0.58

¢ pty calculated from mt, of 4.

® pty calculated from my, of 5.

¢ The measured retention times of the parent compounds were the input data for the prediction of
the retention times of the metabolites.

absorbance at 260nm

—

T T
0 S 10  min

Fig. 8. Chromatogram obtained for the pyridopyrimidine derivative and its metabolites on column I.
Mobile phase: methanol-0.005 M K,HPO, buffer (50:50, v/v) flow-rate, 1.00 ml/min; column, Hypersil
ODS (5 um) (250 x 4 mm 1.D.); detection, 260 nm. Measured (m¢,) and predicted (pt,) retention times:
mt, = 4.68 min, pf, = 6.0 min for 2; msy, = 5.17 min, pt, = 3.9 min for 3; m¢, = 11.08 min for 1.
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absorbance at 260nm

10, 100 5

T T T T
0 6 12 18 min 26
Fig. 9. Chromatogram of the diazepines and their metabolites on column 1. Mobile phase methanol-0.005
M K,HPO, buffer (60:40, v/v) flow-rate, 1.00 ml/min; column, Hypersil ODS (5 um) (250 X 4 mm 1.D.);
detection, 260 nm. Measured (m¢,) and predicted (ptg) retention times: m#, = 4.91 min, pz; = 4.2 min for
10; m¢, = 5.67 min, pt, = 5.3 min for 7, mz, = 5.91 min for 9; m#, = 7.49 min, pt, = 9.6 min for 6; mz, =
8.70 min, p#, = 8.7 min for §; m¢y, = 13.02 min for 4; ms, = 20.84 min, ps, = 16.0 min for 8.
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Fig. 10. Chromatogram of 3-trifluoromethyl-a-ethylbenzhydrol and its derivatives obtained on column I.
Mobile phase: methanol-0.005 M KH,PO, buffer (70:30, v/v); flow-rate, 1.00 ml/min; column, Hypersil
ODS (5 um) (250 x 4 mm L.D.); detection, 260 nm. Measured (m#,) and predicted (pz;) retention times:
m¢, = 3.70 min, pt, = 5.0 min for 13; m#, = 4.37 min for 11; m#, = 12.74 min, pr, = 9.9 min for 12.

Fig. 11. Chromatogram of Deprenyl and its metabolite obtained on column I. Mobile phase: aceto-
nitrile-0.1 M ammonium phosphate (pH 3.01) (20:80, v/v); flow-rate, 1.00 mi/min; column, Hypersil ODS
(5 pm) (250 x 4 mm 1.D.); detection, 260 nm. Measured (m¢,) and predicted (pt,) retention times: m#, =
5.96 min, ptp = 5.3 min for 15; m#, = 8.36 min for 14.
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TABLE 1I

ALOG k' VALUES MEASURED FOR THE VARIOUS STRUCTURAL METABOLIC CHANGES
ON THE THREE COLUMNS AND THE AVERAGE (A) AND VALUES IN THE DATA BASE (DB)

Metabolic route Alog k'
Column I Column 11 Column 111 A DB

+ OHonl —-0.470 —0.407 —0.498 —0.458 —-0.35
+ OHon4 -0.279 —0.230 —0.274 —0.261 -0.15
+ OHonS —0.220 —0.180 —0.260 —-0.220 -0.15
+ OH on 12 —0.723 -0.371 -0.773 —-0.622 —0.50
— CH3 on 4 —0.204 —0.151 —0.231 -0.195 -0.20
— CH3 on 6 -0.152 —0.105 —0.115 —0.124 -0.20
— CH3on9 —-0.110 —0.068 —0.136 —0.105 —-0.20
— CH3 on 14 -0.183 —0.196 —0.290 —-0.223 -0.25
— COOH on 11 +0.598 +0.323 +0.643 +0.521 0.45
Oxidation on 2 +0.060 +0.060 +0.080 +0.067 -0.13
Ring openingon7  +0.650 +0.490 +0.690 +0.610 +0.53

for the Alog k' values measured for the same structural change but in different mole-
cules. This suggests that the weakest point of the prediction is not due to the use of
different reversed-phase columns or conditions.

It should be mentioned that the slopes for pairs of molecules (see eqns. 8§-10)
can also be different and the organic phase concentration (OP%) in eqn. 10 can be far
from zero. Therefore, the higher standard deviation in this instance also reflects to the
neglect of the dependence of the Alog k' values on the mobile phase composition. The
average standard deviations are 0.049 (expressed in log k') for demethylation and
0.104 for hydroxylation (see Table IIT), which are acceptable, especially when ex-
pressed as retention time values (1.8 min) (see Table I). The error of the prediction

TABLE III

LOG k' VALUES CAUSED BY THE METABOLIC HYDROXYLATION AND DEMETHYLATION
OF THE COMPOUNDS ON THE THREE COLUMNS

Reaction Compound pair Column I Column 11 Column III ~ Average

Hydroxylation 1-2 -0470 —0.407 —0.498 —0.458 +0.038
46 -0279 —0.230 —0.274 —0.261+£0.022
5-7 -0.220 —0.180 —0.260 —0.220£0.033
Average —-0.323 0272 —0.344 —0.313£0.030
Standard deviation 0.107 0.097 0.109 0.104
Phenolic OH: 12-13 —0.723  —0.371 -0.773 —0.622+0.179

Demethylation 4-5 -0.204 —0.151 —-0.231 ~0.195+0.040
67 —-0.152 —-0.105 -0.115 —0.124+0.024
9-10 -0.110  —0.068 —0.136 —0.105+0.034
14-15 —-0.183  —0.196 —0.290 —0.223+0.053
Average —-0.162 —0.130 -0.193 -0.162+0.026

Standard deviation 0.047 0.064 0.088 0.049
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because of this neglect is under study by measuring the retention of the investigated
compounds using a reasonable range of organic modifier concentrations.

Investigating the Alog k' values arising from structural changes on the three
types of columns, some interesting features of the reversed-phase columns produced
by different manufacturers were observed. Generally the highest dlog &’ values were
observed on Sepharon RP-18 (column IIT), which reflects to the high selectivity of the
column although the theoretical plate number for this column was the lowest. The
significantly higher Alog &’ values for the decarboxylation (—0.643) and hydroxyla-
tion of the phenyl ring (—0.773) shows that the acidic compounds behaved in a very
non-popular manner on the stationary phase. In contrast, these two acidic com-
pounds were fairly polar on LiChrosorb RP-18 (column II). Column I (Hypersil
ODS) showed the highest theoretical plate number and it did not show special inter-
actions for either acidic or basic compounds, and its selectivity was between those of
columns IT and II1.

The relatively high standard deviation of 4log k&’ obtained for the same struc-
tural change on various molecules can be explained from a physico-chemical point of
view, namely the N-methyl group is not as basic in compounds 4, 6 and 9 as in 14,
because the former three are carboxamides. For this reason, the change in hydro-
phobicity cannot be expected to be the same. The effect of C-hydroxylation in Alog k'
values cannot be expected to be the same for phenolic (13) and aliphatic or ring
C-hydroxyl groups (2, 6 and 7). Very different effects with respect to Alog &’ values
and also hydrophobicity can be assumed for a C-hydroxylation when there is the
possibility of the formation of intramolecular hydrogen bonds in the molecule, which
is possibly the case for compound 2. Version 1.0 of HPLC-METABOLEXPERT
does not look for adjacent functional groups when taking into account the above-
mentioned intramolecular interactions.

Both the knowledge base and the database of the expert system can be contin-
uously enlarged by incorporating more published results and by a better understand-
ing of the relationships between the chemical structure and reversed-phase chroma-
tographic behaviour. In the future, a combined simulation of the metabolic and
pharmacokinetic fate of a compound will be solved together with an enhanced preci-
sion of predictions. Building up connections with other chromatographic software for
easy method development (for e.g., Snyder’s DryLab?!) would also be fruitful for
metabolism research. The potential of interfacing HPLC-METABOLEXPERT di-
rectly with the chromatograph or through control software (Chrom-A-set) should
also be explored. Finally, the HPLC retention prediction module can be connected to
other related expert systems.
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