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ABSTRACT

Thin-layer chromatography (TLC) on silica of the title com-
pounds was done. The automatic selection of mobile phase
strength, ¢ was performed by the LSChrom software, incorporat-
ing the Snyder theory and data about the adsorption properties
of usual structural elements or functional groups. This data
enabled us to describe any sample structure necessary to do
further calculations. The values of ¢ recommended were small
ranges around 0.338 for compounds 1-12 and 0.379 for tetra-
hydroisoquinolines 13-25. Using the same software, twelve
mobile phases having such values of ¢ were selected. The
experimental Ry values were, in general, in the favorable range
of 0.01-0.95, showing proper automatic prediction both of ¢ and
the concrete mobile phases for TLC of compounds 1-25, most
of them having three heterocyclic rings in their structure.
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3132 KOLEVA AND PALAMAREVA
INTRODUCTION

Precise prediction of retention R, or k as a function of sample structure in
normal-phase liquid—solid chromatography (TLC or HPLC), is not yet obtained.
The Snyder theory!' ™! gives a first-level approximation of this relationship:

Ry = logk = Ryyahiny + &' (Sy — &4y) (6]

or

Ry = logk = Rysiy + ff(Z 0’ —¢ Zai) (la)

where R hiny and o’ characterize the adsorption properties of the stationary phase,
Sy and A y are respective adsorption energy and molecular area under adsorption of
the sample compound, and ¢ is the adsorption energy of mobile phase per unit of its
area under adsorption. Sy and 4y are found by summation of adsorption energy Q,°
and area under adsorption g; of any structural element, i, respectively.

Equation (1a) and the corresponding data for Q,° and a; were incorporated
in the last version™ of the LSChrom software. Originally,'™ this software offered
a possibility to find, by the Snyder theory, ¢ of a given mobile phase, or to select a
mobile phase with a given value of ¢ on the basis of iterative procedures.

The last version of LSChrom has been recently applied!® to find
automatically, without any preliminary experiments, suitable mobile phases for
TLC on silica of compounds with complex structure. One can argue that this
successful application of both the Snyder theory and LSChrom is occasional. The
present paper reports another case of their application for automatic selection,
first of ¢ and then of concrete mobile phases for TLC of compounds 1-25, most
of them containing three heterocyclic rings in their structure.

EXPERIMENTAL
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Compounds 1-25 were synthesized in analogy to Ref. [7]. Their structure
(see Tables 2 and 3) and configuration were elucidated by NMR and mass spectra.

Thin-layer chromatography was performed on pre-coated TLC silica 60
GF,s4 (Merck, Germany) plates similarly to Ref. [6].

The computer program used was LSChrom Ver. 2.1 for Windows.!

RESULTS AND DISCUSSION

The compounds studied were the diastereoisomers 1 (cis) and 2 (trans)
being chromatographed both with frans-tetrahydroisoquinolines 3—12 and frans-
dihydroisoquinolinones 13-25. The trans-isomer 2 was a parent compound for
preparation of compounds 3-25.

Automatic Selection of Mobile Phases

The automatic selection of mobile phases was done in minutes by different
modes of the LSChrom software.

Similarly to Ref. [6], silica [R)hiny = —1.76 and o’ =0.57] was selected
from a list offered by the software. The proper characterization of the adsorbent
that will be used is of importance in order to receive good results.

The adsorption properties of any compound studied were found by
calculation of Sy and 4y inputting data about the type and number of structural
elements (functional groups) participating in its structure. For instance, the
following groups expressed the structure of compound 18:

30 olefinic carbon atoms (C=)

1 aromatic methyl group (Ar—CH3)

aliphatic methylene groups (Al—CH,—Al)
tertiary aliphatic nitrogen atoms [Al—N (tert)]
aliphatic amide group (AlI-CONH,) and
aromatic methoxy group (Ar—OCH3).

—_—— W \O

It is worth noting that there is no data about 9, and a; for a CH-group, and
the presence of two such groups in compound 18 was taken into account,
approximately by two methylene groups. Thus, the total number of the methylene
groups became 9. The data for all other compounds are available on request.

The computer calculated values of Sy and 4y of compound 18 were 35.99
and 85.30, respectively.

In another mode, LSChrom calculated R;, of any compound by Eq. (1a),
using the values of Rysnify, o', Sx, and 4y mentioned above, and ascribing to ¢
successive values with a given step. The interconversion of R;-and R, is done by
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3134 KOLEVA AND PALAMAREVA

a well-known equation (see Ref. [6]). In the same mode, LSChrom made an
analysis of the retention of the compounds studied and predicted a recommended
value of & (&ecommended) Of the suitable mobile phases for their TLC separation on
silica selected. This value is found on the basis of best separation, i.e., maximum
value of resolution R,, and favourable retention (0 < R < 1) of the compounds.
The value of &ecommendea Was 0.338 for compounds 1-12 and 0.379 for
dihydroisoquinolinones 13-25. Small ranges around these values of ¢ belong to
the recommended range of & comprising the relevant greater values of R,
including the maximum value. Figure 1 illustrates the retention analysis and
prediction of &ecommended TOr compounds 1-12. For instance, the retention
predicted for compound 18 was Ry;=0.31 and Rr=0.33 when ¢=0.379.

Selection of concrete mobile phases having &.commendess OF € in the
recommended range, was performed in another mode where the desired value
of ¢ was input. After relevant calculations, LSChrom showed a list of
mobile phases with this value of ¢&. We selected from such lists (see Fig. 2), 12
mobile phases that are summarized in Table 1 together with their values of ¢,
localization m, and polarity P The last two parameters tune the mobile phase
strength ¢ (see Refs. [6, 8]).

Thin-Layer Chromatography of Compounds 1-25 with the
Automatically Selected Mobile Phases of Table 1

Tables 2 and 3 show the experimental Ry values of compounds 1-25,
obtained by their TLC on silica with the automatically selected mobile phases
given in Table 1. The R values of the strong base N-methyl derivatives 6 and 16
are zero with some mobile phases. It is known that strong bases require a small
quantity of ammonia in the mobile phase (see Ref. [6] for instance). In all other
cases of 155 measurements, Ry is in the favorable range of 0.01-0.95. That result
shows, unequivocally, that the Snyder theory and LSChrom predicted, accurately,
the mobile phases that are suitable for TLC of the compounds studied, on the
basis of their structure.

We did not make a comparison between calculated and experimental values
of R, since good agreement is not generally expected when Eq. (1a) is used.

It is worth noting, that there is a variation in Rz when mobile phases with
equal &, but different m and P/, are used. For instance, R of compound 18 varied
from 0.06 to 0.52 with mobile phases 7—10 having ¢ =0.379. This tuning effect
of m and P is of importance in order to find an optimum mobile phase for
separation of given compounds. The strategy for solving this problem is to use
mobile phases with equal or close &, but with different m and P’ (see Refs. [6, 8]).
In fact, we were not interested to find an optimum mobile phase for separation of
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Table 1. Mobile Phases Recommended by LSChrom for TLC on Silica of All
Compounds Studied

’

No. Mobile Phase Composition € m P
1 Cyclohexane— 73.911:26.089 0.338 0.97 0.90
tetrahydrofuran
2 Hexane-toluene—tret.- 66.829:10.000: 0.338 0.76 —
butylmethyl ether 23.171
3 Diisopropyl ether— 85.590:14.410 0.338 0.09 2.50
dichloromethane
4 Heptane—ethyl acetate 75.273:24.727 0.338 0.59 1.24
5 Hexane—ethyl acetate 76.130:23.870 0.326 0.59 1.13
6 Hexane—ethyl acetate 70.539:29.461 0.346 0.59 1.37
7 Hexane—acetone 75.117:24.883 0.379 0.93 1.34
8 Toluene—acetonitrile 86.538:13.462 0.379 1.03 2.86
9 Cyclohexane— 87.326:12.674 0.379 — 0.32
isopropanol
10 Hexane—ethyl acetate 59.510:40.490 0.379 0.59 1.84
11 Hexane—ethyl acetate 62.770:37.230 0.370 0.59 1.70
12 Hexane—ethyl acetate 55.231:44.769 0.390 0.59 2.03

the compounds studied, since they are not obtained in a common reaction
mixture. Our main goal was to find only suitable mobile phases, i.e., mobile
phases that result in retention in the favorable range of 0 < R < 1.

CONCLUSIONS

The present application of the Snyder theory and LSChrom software is
successful in automatic prediction of 12 mobile phases suitable for TLC of the
complex heterocyclic compounds 1-25 on silica 60F,s4 (Merck, Germany).

The prediction involves: a) prediction of recommended value of ¢
(&recommended) Of mobile phases that are suitable for TLC, of the compounds
studied on the basis of their structure and b) prediction of concrete mobile phases
haVing € = &recommended-

The success of the present application is also due to the proper
characterization of the adsorbent used, with the relevant values of Ry i)
(—1.76) and o (0.57) being previously derived.!

The software, LSChrom,"! enables any user, even though familiar with the
Snyder theory, to apply it for an automatic selection of mobile phases for normal-
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Table 2. Experimental Ry Values of Compounds 1-12 with Computer
Selected Mobile Phases 1-6

Compound R for a Given Mobile Phase

R No. 1 2 3 4 5 6
¢ 0.338 0.338 0.338 0.338 0.326 0.346
m 097 076 009 0.59 0.59 059
P’ 090 - 252 124 113 137
cis CH;00C- (Z=0) 1 022 0.11 067 024 020 035
trans CH;00C-(Z=0) 2 020 0.09 065 023 0.19 033

trans (Z=2H)

HOCH,- 3 024 0.09 059 023 021 034
Crens 4 008 002 004 003 003 003
O‘CHr 5 020 0.05 0.09 0.06 0.05 0.09
(_NeHy 6 002 0 002 001 0 001

i
b

z
a
x
2

062 036 092 056 0.51 0.68

o
/

3

NCH,- 8 0.47 0.16 0.69 033 032 048

.

Zz

o

XI
~
o

0.66 043 095 0.61 055 073

“QQQ
2

jax:
2

z

Q

X
~

10 0.66 045 095 0.63 0.57 0.75

3
J

z

[+]

X
~

11 0.61 033 092 054 049 0.68

5

12 0.51 021 0.71 041 038 042
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Table 3. Experimental Ry Values of Compounds 1, 2 and 13-25 with
Computer Selected Mobile Phases 7—12

Compound R for a Given Mobile Phase
R No. 7 8 9 10 11 12

€ 0.379 0.379 0.379 0.379 0.370 0.390
m 093 1.03 - 059 059 0.59
P' 134 286 032 18 170 203

cis CH;00C- 1 0.07 040 036 059 053 076
trans CH;00C- 2 0.05 0.38 036 0.58 050 0.73
HO-CH;- 13 002 021 028 027 023 046
CNCHz' 14 006 010 029 0.05 005 0.07
anz- 15 012 030 041 046 043 063
\N/\
LNk 16 0 0 004 0 0 0

QL ~

(_NeH, 17 0.08 041 042 064 062 0.84
Qs

N

(U NCH 18 006 035 039 052 049 0.74

pg
2

z

(2]

I
~

19 0.08 047 042 066 0.64 0.86

n

jax:
2

(_NCH; 20 008 048 042 066 063 091
AQt

N

NG 21 007 042 040 061 059 0.83
o™
(_ NCHy 22 007 030 035 043 042 0.65
A
A new, 23 011 036 040 062 059 0.86

(continued)
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Table 3. Continued

s
l\/NCHT 24 0.10 046 043 0.71 0.67 0.89
NA
No/NCHz 25 0.01 +0.06 0.15 0.06 0.05 0.13

phase TLC and HPLC of non-ionic compounds whose structure can be expressed
by the ones available in the software functional groups.
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