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Computer analysis of the structure–activity relationship and purposeful design of effective immunomodula-

tors among thiazolo[3,2-a]benzimidazole derivatives was performed. Amathematical recognition model was

formulated. Immunomodulating activity of condensed azoles was predicted (80 – 100% learning recognition).

Potentially active structures were generated. Their activities were predicted. Theoretical and experimental re-

sults agreed. The tested thiazolo[3,2-a]benzimidazole derivatives exhibited the predicted activities.

Keywords: computer system SARD, structure–activity relationship, thiazolobenzimidazoles, immunomodu-

lating activity.

Azole derivatives are of great interest as natural and syn-

thetic immunomodulators [1]. The search for new highly ef-

ficacious and safe immunomodulators remains critical de-

spite notable progress in the synthesis of condensed azoles,

e.g., thiazolobenzimidazoles with immunomodulating prop-

erties [2 – 4].

Information technology is now being used more and

more often in addition to traditional methods for targeted

synthesis of compounds with certain properties. The infor-

mation required to investigate the structure–immunomodula-

ting-activity relationship and to discover new active com-

pounds was obtained from various databases, literature

searches, and our own experimental results. These input data

were included in a computer database with a molecular dia-

gram (connectivity matrix) of the chemical compound that

enabled visualization of the molecular structural formula and

its immunomodulating activity. The optimal model for rec-

ognizing �-lymphocyte activity was formulated using 15 se-

ries of full SARD calculations [5] with sliding sampling con-

trol and variation of controlling thresholds and criteria affect-

ing the test set (TS) descriptors and recognition of learning

compounds.

The total number of fragment descriptors in the working

version was 743; initial, 76; aggregates consisting of two and

three initial descriptors, 206 and 461, respectively; after re-

ducing the thresholds, 28, 29, and 42. A reduced set of frag-

ment descriptors was used to generate 15,320 structural logi-

cal descriptors (disjunctive and conjunctive). The formulated

mathematical models were reliable. Active compounds were

recognized from a learning set using two algorithms (geome-

try and voting) at 100 and 84%, respectively. Inactive com-
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Fig. 1. Structures of compounds coinciding with the calculated

standard.
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pounds were recognized 92% by geometry and 91% by vot-

ing.

The results indicated that the recognition level for learn-

ing was adequate and that this rule could be used for subse-

quent prediction of immunomodulating properties of both

simple and multicyclic azoles.

Recognition by various prediction models of compounds

for T-cells was 80 – 92%, i.e., the models were reliable. The

working version of the model included 22 descriptors. Rec-

ognition of compounds in class A (active) and B (inactive)

by geometry was 94 and 82%; by voting, 88 and 82%. All TS

descriptors were disjunctive.

Recognition of learning compounds using the resulting

mathematical model identified structures and established pri-

orities of compounds, targeted chemical modification of

which was most likely to afford compounds with the required

activity. The distance to structures of active and inactive

learning standards, distance to the hypothetically ideal struc-

ture giving a generalized active form; activity indices; and an

expert evaluation of the synthetic steps were considered.

The distance was determined geometrically in TS

descriptor space. Structures of this class were distributed

among 11 ranks depending on the distance to the structural

active standards (geometrically, in TS descriptor space) (Ta-
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TABLE 1. TS Descriptors in Immunomodulating Activity Recognition Model

No. Descriptor content Information value

1 [CHap.-Cap.-(N=C)] \/* [CHap.-Cap.-N] /\ [CH3-N-(C=C)] 0.715

2 [Cap.-Cap.-N] \/ [Cap.-(N=C)-NH] \/ [CH3-N-(C=C)] 0.715

3 [Cap.-(N=C)-S] \/ [CHap.-Cap.-N] \/ [CH3-N-(C=C)] 0.648

4 [CH-N-(N=C)] \/ [(N=C)-S-(C=C)] \/ [Cap.-(N=C)-NH] 0.638

5 [NH-(C=C)-(C=O)] \/ [Cap.-Cap.-(C=C)] \/ [CH2het-N-(C=C)] – 0.743

6 [Cap.-Cap.-(C=C)] \/ [CH-Cap.-CHap.] \/ [CH2het-N-(C=C)] – 0.743

7 [CH3-N-CH3] \/ [NH-(C=C)-(C=O)] \/ [CH2het-N-(C=C)] – 0.718

8 [CH-Cap.-CHap.] \/ [CHap.-Cap.-(C=C)] \/ [CH2het-N-(C=C)] – 0.693

9 [CH2het-O-(C=O)] \/ [NH-(C=C)-(C=O)] \/ [CH2het-N-(C=C)] – 0.658

10 [Cap.-Cap.-NH] \/ [CH3-N-CH3] \/ [CH2het-N-(N=C)] – 0.601

11 CHap.-Cap.-NH] \/ [CH3-N-CH3] \/ [CH2het-N-(N=C)] – 0.601

\/, sign for disjunctive combination of fragments “or”.

TABLE 2. Variable Structure Elements Selected Based on Game Theory Assessment

Change priority, number, code,

and type of fragment

Maximum and minimum information value of fragment at each aggregation level (maximum and minimum)

second and third level of first reaction

maximum of maxima/mini-

mum of minima regardless

of level

6 1 7 Car< 0.105 0.239\0.036 0.239\– 0.130 0.239\– 0.130

9 2 5 CHar 0.047 0.121\0.036 0.376\0.036 0.376\0.036

10 3 7 Car< 0105 0.209\0.121 0.376\0.167 0.376\0.105

8 4 14 >N – 0.211 0.209\– 0.388 0.376\– 0.130 0.376\– 0.388

6 5 15 Nar 0.036 0.036\0.036 0.239\– 0.130 0.239\– 0.130

5 6 16 NH – 0.056 0.188\0.167 0.188\0.167 0.188\0.056

7 7 1 CH3 – 0.018 0.239\0.167 0.239\0.167 0.239\– 0.018

1 8 3 CH2 – 0.213 0.167\– 0.388 0.167\0.115 0.167\– 0.388

2 9 3 CH2 – 0.213 0.167\0.115 0.167\0.115 0.167\– 0.213

3 10 26 OH – 0.075 0.167\0.167 0.167\0.167 0.167\– 0.075

3 11 42 CH – 0.018 – 0.075\– 0.075 0.167\0.167 0.167\– 0.075

4 12 116 cycle 0.167 0.167\0.167 0.167\0.167 0.167\0.167



ble 1). Compounds with a condensed tricyclic system con-

taining a six-membered carbocycle and two five-membered

azole rings, i.e., imidazole and thiazole with one unsaturated

C=C bond (structures A and B, Fig. 1), were closest to the

hypothetical structural standard (practically coincided with it

because the distance to the standard was zero).

The relative quantitative contributions of the structure el-

ements to the immunomodulating activity were determined

for each compound of the learning set (Table 2).

The priority for modifying the base structure fragments

and constructing from them new potentially active com-

pounds were determined based on the above estimates.

An analysis of fragments calculated for 25 active com-

pounds substituted in the first, second, and third sites showed

that the fragments with first priority for substitution were hy-

drogen bonded to a heteroatom (H-het), 38%; CH
3
, 17%;

CH
2
bonded to a heteroatom or Cl, 13%; aromatic CH and

benzene ring, 8% each. The distribution for second priority

was CH
2
in a heterocycle, CH-ar, C-ar, and N=C, 13% each;

H-het, I, CH
3
, two rings, and three rings; 8% each. Third pri-

ority was given to H-het, 17%; CH
3
and NH, 13% each; N

+
,

O, and C-ar atoms, 8% each. The other structure elements ac-

counted for 2 – 4%.

Therefore, substituents bonded to a heteroatom and the

heterocyclic system were most favorable for substitution.

However, modification of the cyclic system itself was most

interesting because new classes of compounds were pro-

duced.

An analysis of recognition, distances to the hypothetical

standard, and the most probable structural elements for mod-

ification indicated that compounds with an aromatic six-

membered ring in the cyclic system tended to be most likely

to manifest activity.

Thus, a mathematical model for recognition and predic-

tion of immunomodulating properties of condensed azoles

(learning recognition 90 – 100%) was formulated as a result

of the research. Potentially active structures were generated.

Their activities were predicted.

Several compounds designed by the SARD system were

synthesized by us and tested for the predicted activity. The

experiment showed that, in general, the results agreed satis-

factorily with the calculations. Most tested compounds ex-

hibited the predicted activity. Synthesized I-III had compar-

atively low toxicities after i.p. injection to mice and rats (Ta-

ble 3).
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TABLE 3. Acute Toxicity of Thiazolo[3,2-a]benzimidazole Derivatives After i.p. Injection

Compound

Acute toxicity (LD50), mg/kg

mice
a

rats
b

140.4 (126.6 – 155.6) 145.0

266.0 (236.4 – 299.2) 250.0

187.0 (174.0 – 201.0) 180.0

Levamisole 43.0 (39.3 – 47.1) 47.0

a
Litchfield—Wilcoxon method;

b
van der Waerden method.

I

II

III

TABLE 4. Effect of Thiazolo[3,2-a]benzimidazole Derivatives on

Transplantation Immunity

Compound n Dose, mg/kg Median graft lifetime, d

I 9 14.0 6.6 � 0.6

II 7 26.0 5.7 � 0.3

III 9 9.0 8.3 � 0.6 *

Control 17 – 6.2 � 0.2

*
Difference statistically significant vs. control for p < 0.05.



Compound III affected the survival of a skin

allotransplant (Table 4) by increasing considerably its life-

time.

All tested compounds suppressed the development of

contact hypersensitivity with sensitization of the animals by

an immunogenic dose of 2,4-dinitrofluorobenzene (DNFB).

However, compounds I-III prevented the development of

tolerance with sensitization of the animals by a hyperim-

mune dose of DNFB, which is known to induce hapten-spe-

cific T-suppressors (Table 5).

EXPERIMENTAL PHARMACOLOGICAL PART

Acute toxicity (LD
50
) of the studied compounds was de-

termined by the Litchfield—Wilcoxon, and Miller and

Tainter methods [6].

The effects of the thiazolobenzimidazoles on the survival

of a skin allotransplant were studied using white laboratory

mice of both sexes (16 – 18 g, C57BL/6, CBA, BALB/C).

Allotransplantation of a skin graft used a histone-compatible

donor (C57BL/6 mice) and recipient (CBA mice). Com-

pounds were injected into the mice in equivalent doses of

10% of LD
50

daily from the first to seventh day (day of the

transplant was day “0”) (Table 4).

Contact hypersensitivity to DNFB was assessed in

BALB/C mice by the usual method [7] with sensitization of

the animals after immunogenic (25 �L of 0.5% DNFB solu-

tion) and hyperimmunogenic doses of the antigen (150 �L of

0.5% DNFB solution). A resolving dose (20 �L of 0.2%

DNFB solution) was injected into the dorsal side of the neck

4 d after sensitization. The result was assessed after 24 h

from the increase of neck thickness. Compounds were in-

jected i.p. at a dose of 5% of LD
50
on the 4

th
d after immuni-

zation (Table 5).
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TABLE 5. Effect of Thiazolo[3,2-a]benzimidazole Derivatives on Development of Contact Hypersensitivity to DNFB

Compound n Dose, mg/kg
Reaction intensity, % vs.

normal-immune control

With sensitization by an immunogenic (normal-immune) dose of DNFB

I 5 7.0 24.6 � 8.4
a

II 5 13.0 30.2 � 14.3
a

III 5 4.5 39.0 � 9.2
a

With sensitization by a hyperimmune dose of DNFB

I 8 7.0 37.5 � 5.4
b

II 10 13.0 40.0 � 7.2
b

III 9 4.5 23.3 � 5.1

Normal-immune control 6 – 100.0 � 9.0

Hyperimmune control 11 – 17.0 � 5.2
a

a
Difference statistically significant vs. normal-immune control for p < 0.05;

b
difference statistically significant vs. hyperimmune control for p < 0.05.
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