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BIOLOGICAL AND BIOCHEMICAL
SCREENING OF SOME NEW AMINO ACID
THIENOPYRIMIDINONE DERIVATIVES FOR
POTENTIAL RADIOPROTECTIVE CHARACTER

H. I. HEIBA", M. M. GHORAB" and MONA A. EL-GAWISH?

National Center for Radiation Research and Technology “NCRRT” Nasr City, Cairo,
Egypt, PO. Box 29

(Received 12 May 1997; Revised 24 July 1997; In final form 24 July 1997)

Ethyl-4,5,6,7-tetrahydro-2-isothiocyanato- 1-benzothiophene-3-carboxylate 1 reacts with a-amino
acids to give thienopyrimidinone derivatives 12-21 with the nitrogen of the amino acid component
being incorporated into the fused pyrimidine ring at position three. The synthesized compounds
were characterised by elemental analysis, IR, and in typical instances also by 'H-NMR and mass
spectra. The compounds were screened for their antimicrobial activity and most of them showed a
remarkably good activity against the tested microorganisms. The preliminary biochemical screening
of the prepared compounds 12-21 revealed no appreciable changes of serum triglycerides and
phospholipids at doses (0.004, 0.04, 0.4 mg/100 g body weight). Only the glycine 12, serine 18,
methionine 19 and glutamic 20 derivatives showed significant changes in serum triglycerides, while
at doses 1.0 and 2.0 mg/100 g body weight most of the compounds caused variable and significant
changes in both triglycerides and phospholipids. The methionine 19 and glutamic 20 derivatives
showed the most radioprotective effect on serum albumin.

Keywords: Thienopyrimidinone; amino acids; radioprotective agents

INTRODUCTION

Some thienopyrimidine-4-ones of general formula X and II have been found to
exhibit analgesic, antiinflammatory, diuretic and CNS depressant activities, "}
while 2-mercapto-3,4-dihydrothienopyrimidine-4-one HI has been found to be
a potent hypocholesterolemic.” On the other hand, compounds having amino
acid moieties are known to possess a wide range of biological and pharmaco-
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logical activity.' The amino acids in addition to their role as protein monomeric
units, are energy metabolites, important intermediates in various metabolic proc-
esses and precursors of many biologically important nitrogen containing com-
pounds notably heme, physiologically active amines, glutathione and nucleotide
coenzymes.” They also act as chemical messengers in the communications be-
tween cells, and some of them function as detoxicating agents.'! Many inves-
tigators reported that sulfur containing compounds have a radioprotective
capacity, since a free SH group which acts as -OH scavenger or H-donating
agent, reacts with primary lesions thus leading to a chemical restitution of the
damaged site."”

Based on the foregoing, a symbiotic approach was utilized via the combina-
tion of the thienopyrimidinone, amino acid and mercapto moieties in one struc-
tural formula aiming to produce new compounds of possible biological and
radioprotector activities.

MATERIAL AND METHODS

Melting points were taken on electrothermal melting point apparatus and are
uncorrected. Microanalysis were performed by the Microanalytical Center, Uni-
versity of Cairo, Egypt. IR spectra were determined on a Pye Unicam SP 1000
spectrophotometer in KBr. '"H-NMR was carried out using a JEOL FXQ 90
MHz NMR spectrometer. Mass spectra were run using HP MODEL: MS 5988.

Constants of the prepared compounds are given in Table I. The following
illustrates the general preparation procedure.

A General Preparation Procedure

To a solution of the required amino acid (0.0025 mol) in a mixture of water
(5 ml), dioxan (5 ml) and sodium hydroxide (1 M, 3 ml), ethyl-4,5,6,7-tetra-
hydro- 2 -isothiocyanato-1-benzothiophene-3-carboxylate 1% (0.66 g; 0.0025
mol) was added and the mixture was stirred at 50°C. The volatile components
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were evaporated in vacuo, water was added to the residue and acidified with
hydrochloric acid (10%) to pH 3. The precipitate was collected by filtration and
recrystallized from suitable solvent Table I.

B Biochemical Analysis

1 Materials

Male albino rats weighing 100120 gm were divided into groups of four. Each
of the tested compounds 12-21 was injected at different doses, (0.004, 0.04,
0.4, 1,2 mg/100 g body weight), dissolved in dimethylsulfoxide (DMSQ) which
was chosen as a solvent for its higher solubility and permeability effect, with
the addition of its lower toxicity action at lower concentrations. All compounds
showed an LDs, of more than 1000 mg/kg.') Three of the tested compounds
12, 19 and 20 were selected to be tested as radioprotectors and injected, 30
minutes, before exposure to gamma irradiation in a dose of 1 mg/100 g body
weight dissolved in 0.2 ml of DMSO.

2 Irradiation

The animals injected with three selected compounds were exposed to 4 Gy of
gamma irradiation at dose rate 0.82 Gy/min. Irradiation process was performed
by Gamma Cell-40 (**’Cs) achieved by Egypt’s National Center for Radiation
Research and Technology, NCRRT, Cairo.

3 Methods

Triglycerides and phospholipids levels were determined in the serum of rats one
day after injection intraperitoneally with the different doses of the tested com-
pounds by enzymatic methods.!'%!"!

Total protein and albumin were assayed colorimetrically, after one day of
irradiation, using the method reported.!'*'*) The data were statistically compared
with corresponding values of control rats injected with 0.2 ml of DMSO.!'4]
Globulins are determined by substracting albumin from total protein.

RESULTS AND DISCUSSION

The compounds were designed in the aim of exploring their biological, bio-
chemical and radioprotection efficiency (Scheme 1).

Hence, condensation of ethyl-4,5,6,7-tetrahydro-2-isothiocyanato-1-benzo-
thiophene-3-carboxylate, 1'® with glycine 2 gave 2-thiooxo-3-carboxymethyl-
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tetrahydrobenzeno[b]thieno [2,3-d] pyrimidine-4(3H) one 12. The IR spectrum
of 12 revealed the disappearance of the (-NCS) band and the presence of the
(OH) band at 3500 cm ™", (NH) at 3250 cm " !, and two overlapping bands (2CO)
at 1730-1700 cm ™. In a similar way 1 reacted with L-alanine 3 to obtain the
corresponding 13; the IR spectrum showed the absence of the (-NCS) band. The
mass spectrum of 13 showed the molecular ion peak at m/z 310 (11.14%),
together with a base peak at 64 (100%), other significant peaks appeared at 225
(9.84%); 193 (16.84%), 179 (64.51%) and 91 (34.46%).

The reaction of 1 with L-phenylalanine 4, L-valine 5, L-leucine 6, L-isoleu-
cine 7 and L-serine 8 resulted in the formation of compounds 14, 15, 16, 17
and 18 respectively. IR spectra of these compounds revealed the disappearance
of the (-NCS) band characteristic for the parent compound 1. Their structures
were confirmed by elemental analysis and mass spectra which showed a molec-
ular ion peaks m/z 386 and 352 for compounds 14 and 16, respectively.
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Upon reacting 1 with L-methionine 9 compound 19 was obtained. The IR
spectrum revealed the presence of (OH) band at 3500 cm ™', (NH) band at 3325
cm~!, (CH) aliphatic at 2900 cm~' and (2CO) at 1730, 1660 cm™'. Mass
spectrum of 19 showed a molecular ion peak m/z 369 (1.29%) together with a
base peak at 58 (100%); other significant peaks appeared at 358 (2.27%), 322
(1.94%), 258 (4.53%), 242 (4.21%), 183 (2.59%), 128 (8.74%) and 88 (95.15%).

The reaction of 1 with glutamic acid 10 resulted in the formation of 20.
Structure elucidation of 20 was based on elemental analysis, 'H-NMR spectrum
in (CDCl,) exhibited signals at 1.9, 2.4 [2s, 8H, 4CH, cyclo], 3.9 [t, 2H,
CH,COj, 4.2 [t, 2H, CH,-CH], 6.4 [s, 1H, NH, exchangeable D,0], 7.7 [s, 1H,
CH], 11.2 [s, 1H, C-COOH] and 12.2 ppm (s, 1H, CH,-COOH].

Reaction of 1 with B-alanine 11, resulted in the formation of the product 21.
IR revealed the absence of (-NCS) band and presence of (OH) at 3500 cm ™',
(NH) at 3280 cm™', (CH) aliphatic at 2920 cm™' and (2CO) at 1710, 1690
cm™ . 'TH-NMR spectrum of 21 in (CDCIl,) showed signals at 1.9, 2.4 [2s, 8H,
4CH, cyclo], 3.9 {t, 2H, CH,-CO], 4.2 [t, 2H, CH,-N], 7.5 [s, 1H, NH-ex-
changeable-D,0O] and 11.2 ppm [s, 1H, OH].

Biological Screening

1 Antimicrobial activity

All the synthesized compounds were tested for their antimicrobial activity by
the cup-diffusion technique.!'> Ampicillin and mycostatine were used as the
reference compounds. Several microorganisms from stock cultures were used.
Bacillus cereus; Bacillus megaterium; Escherichia coli; Pseudomonas putida;
Aspergillus niger and Penicillium janthinellum. The compounds were dissolved
in DMF, and the concentration of each one was 1 mg/1 ml.

The resulting inhibition zones were measured for six replicates and their
means were determined. No inhibition zones were observed with DMF. Most of
the tested compounds showed higher activity against all the tested organisms;
this indicates that incorporation of the amino acid moiety and mercapto group
with the thienopyrimidinone nucleus introduces a remarkable activity compared
to ampicillin and mycostatine against the tested organisms. The results are given
in Table II.

I1 Biochemical analysis

Since the present work has been designed to synthesize new compounds having
some biological activity, it was necessary to undergo some of the preliminary
biochemical analysis at different doses on serum lipids.
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TABLE II Diameter of inhibition zones {[mm] as a criterion of antimicrobial activity of the newly
synthesized compounds at a concentration level of mg/ml.

Compd. B. cereus  B. megaterium  E. coli  Ps. putida  Asp. niger  Pen. janth

No. (MIC) (MIC) (MIC) (MIC) (MIC) (MIC)
12 - - 8 8 10 8
13 - - ~ 10 8 8
14 8 12 12 15 10 8
15 10 8 10 8 10 10
16 10 12 12 15 8 10
17 12 12 12 - 8 10
18 - - ~ 8 8 8
19 - 10 12 15 12 8
20 - 8 - 8 8 8
21 - - 8 8 10 10
DMF - - - - - -
Ampicillin - - 8 18 - -
Mycostatine - - - - 8 8

Figure 1 revealed that all the tested compounds at the lower doses (0.004,
0.04, 0.4 mg/100 g body weight) did not show any significant changes in serum
triglycerides, except for the compounds 12, 18, 19 and 20 which showed sig-
nificant changes; while at dose of 1 mg, the compounds caused variable changes,
only four compounds 13, 15, 19 and 20 showed significant decreases in serum

% change from control TG (mg/dl)

0.004 - 0.04 - 0.4 - 1.0 - 2.0
Doses of injection (mg/Kg body waeight)

ml - 13 Wl 4 15 16

CJ 7 18 20 [ >+

FIGURE 1 Effect of different doses of the synthesized compounds (12-21) on serum triglyceride.
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% change from control Ph {mg/dl}

-a0 t
=50 ]
0.004 - 0.04 - 0.4 - 1.0 - 2.0
Doses of injection (mg/Kg body waight)
Bl 2 13 Il 2 BE 15 24 16
117 18 EE 19

FIGURE 2 Effect of different doses of the synthesized compounds 12-21 on serum phospholipids.

triglycerides. It was also observed that the injection of 2 mg/100 g body weight
of the tested compounds induced significant decreases.

Figure 2 revealed non-appreciable changes in serum phospholipids at lower
concentration of the tested compounds. Only compound 18 caused a significant
increase while compounds 14, 15 and 17 showed a significant decreases at dose
1 mg/100 g body weight.

Significant decreases were observed after injection of 2 mg/100 g body weight
of compounds 13, 14, 16, 20 and 21.

The data presented in Table III showed nonappreciable changes in serum total
proteins, albumin and globulins when the tested compounds were injected alone.

Administration of the methionine 19 and glutamic 20 derivatives prior to
gamma-irradiation showed values of serum albumin close to control values in-
dicating partial radioprotection, while the glycine derivative 12 showed no
protection.

The data peresented in Figure 1 and 2 revealed the ability of the synthesized
compounds at large doses to reduce serum triglycerides and phospholipids. Fur-
thermore the data presented in Table III indicated that irradiation induced a
decrease in serum albumin and the administration of compound 12 before ir-
radiation had no effect, while compounds 19 and 20 were the most effective
compounds as radioprotectors on serum albumin.
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TABLE III  Effect of compounds 12, 19 and 20 on serum total protein (g/dL) of irradiated adult

rats.

Compound Total protein Albumin Globulins
No.

X + 8.D.
Injected “DMSO” 7.51 + 025 299 + 0.26 452 1+ 0.13
Radiat. rats 693 + 043 2.33** + (.18 4.60 + 0.53
DMSO + Radiat. 7.69 + 0.25 2.53 + 0.35 5.16 £ 0.50
Compd. 12 alone 7.54 + 0.26 2.81 + 033 4.72 + 0.59
Compd. 12 + 7.33 £+ 0.26 2.00%* + 0,22 5.30* + 0.48
Radiat.
Compd. 19 alone 7.60 + 0.22 3.05 + 0.21 455 + 0.40
Compd. 19 + 771 £ 0.23 2.70 + 0.26 5.00 + 0.49
Radiat.
Compd. 20 alone 771 + 023 3.14 + 032 4.57 + 0.39
Compd. 20 + 732 + 0.25 3.10 + 0.29 442 + 0.54
Radiat.

Each value represents mean (g/dL) + S.D. of 4 rats.
*Significantly different from control (injected DMSO) at p < 0.05
**Significantly different from control (injected DMSO) at p < 0.01

Acknowledgements

Many thanks are due to Prof. Dr. H. Roushdy, Professor of radiation biology,
(NCRRT) for his helpful discussion and support. Also, we wish to thank Dr. A.
I. El-Batal, (NCRRT) for doing the antimicrobial screening.

References

(1]
[2]
£31
[4]

[5]
{6]

7
(8]
(91

(10]
{11}
(12]
[13]
{14}

[15]

K. Thomas, Brit. Patent, 1, 057, 612, (1967), C.A., 67, 10014 g (1967).

E. Woitum and G. Ohnaker, Belg. Patent, 699, 347 (1966), C.A., 64, 8203 (1966).

F. Sauter, German Patent, 2, 210, 503 (1972), C.A., 77, 164752 (1972).

P. A. Petyunin and M. S. Khodyeva, Chemical Structure and Biological Activity in the Series
of Amides of Some Carboxylic Acids. Zh. Obshch. Khim, 33, 755-761; Cf., C.A., 59, 752¢
(1963).

V. Donald and G. Voet, Judith: Biochemistry, John Wiley and Sons, N.Y. Chapter II. P. 59
(1990).

E. Baldwin, Dynamic Aspects of Biochemistry, Cambridge University Press Chapter, 12, P.
236-262 (1967).

J. Kiefer, Biological Radiation Effects, Springer Verlag Chapter, 9, P. 159-171 (1990).

F. Kienzle, A. Kaiser and R. E. Minder, Helv. Chim. Acta, 66, 148 (1983).

M. B. Devani, C. J. Shishoo, U. S. Pathak, S. H. Parikh, G. F. Shah and A. C. Padhya, J.
Pharm. Sci., 65, 660 (1976).

P. Fossati and L. Principe, Clin. Chem., 28, 2077 (1982).

M. Takayama, S. Itoh, T. Nagaski and A. Tanimizul, Clin Chem. Acta, 719, 93-98 (1977).
A. Gomnall, J. Biol. Chem., 177, 751 (1949).

B. Doumas, Clin. Chem. Acta, 31, 87 (1971).

W. G. Snedecor and G. W. Cochran, Statistical Methods 7th Edition, Iowa. State. Univeristy
Press, Ames. Iowa (1980).

T. J. Mackie and J. E. Mac Cartheny, Prac. Med. Microbiology, V 2,3th ed, Churchill liv-
ingstone, Edinburgh, London and New York (1989).



