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Abstract: It has been proposed a novel method for obtaining of 1,2,3,4-tetrahydroisoquinoline-7-carboxylic acid as Arg-

mimetic within the framework of search for novel fibrinogen receptor antagonists. New IIb 3 antagonists were prepared 

on a base of 1,2,3,4-tetrahydroisoquinoline-7-carboxylic acid. Their high antiaggregatory activities in a human platelet 

rich plasma and ability to block FITC-Fg binding to IIb 3 on washed human platelets were estimated. 
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INTRODUCTION 

 Severe cardio-vascular disorders like a myocardial infarc-
tion or a stroke often result from alterations in platelet ag-
gregatory behavior [1]. Activation of platelets by various 
agonists (ADP, thrombin, collagen etc.) leads to their aggre-
gation through binding of the fibrinogen to its platelet recep-
tor (integrin IIb 3) [2], mediated by recognition of RGD 
(Arg-Gly-Asp) fragment in the fibrinogen molecule [3]. Sev-
eral classes of highly potent IIb 3 antagonists (RGD con-
taining peptides, RGD mimetics and monoclonal antibodies) 
have been disclosed in the scientific literature, but only lim-
ited number of their representatives (eptifibatide [4], tirofi-
ban [5], lamifiban [6] and abciximab [7]) have successfully 
passed clinical trials and showed significant potential as a 
novel therapy for thrombotic disorders. 

 Replacement of key fragments of RGD sequence on the 
base of bioisosteric similarity is a principal approach for the 
design of RGD mimetics. Various moieties incorporating p-
benzamidine, piperidine, p-benzguanidine etc., groups were 
utilized as an arginine side chain bioisosteres at the prepara-
tion of potent non-peptide IIb 3 antagonists [8]. 

 Our efforts were concentrated on obtaining high active 
fibrinogen receptor antagonists based on isoindoline [9, 10] 
or 1,2,3,4-tetrahydroisoquinoline [11, 12] groups as a surro-
gate of arginine (Fig. 1). 

 Also, as we have learned from the literature, others [13] 
have prepared a series of RGDF mimetics using p-amidino-
benzyl as a replacement of arginine. In this paper, the frag-
ment of 1,2,3,4-tetrahydroisoquinoline-7-carboxylic acid 
(Fig. 2) is presented as an arginine mimick towards the de-
velopment of non-peptide IIb 3 antagonists. The main dif- 

*Address correspondence to this author at the Department of Medicinal 

Chemistry, A.V. Bogatsky Physico-Chemical Institute of the National 
Academy of Sciences of Ukraine. 86 Lustdorfskaya doroga, 65080, Odessa, 

Ukraine Tel.: +38-048-765-92-30; fax: +38-048-765-96-02;  
E-mail: peptides@paco.net 

ference of mentioned fragment from previously reported 
Arg-mimetic [11, 12] is that amine function in position 7 of 
1,2,3,4-tetrahydroisoquinoline cycle, has been changed by 
carboxylic one. 

-Amino acids and their derivatives not only exhibit 
broad spectrum of biological activity but are also the build-
ing blocks for the synthesis of RGDF mimetics. In particular, 
the residues of -substituted -amino acids are successfully 
used for bioisosteric replacement of AspPhe fragment [8, 
14]. 

 Our goal in this study was to synthesize potent integrin 

IIb 3 antagonists based on 1,2,3,4-tetrahydroisoquinoline-7-
carboxylic acid, which would exhibit antiaggregative proper-
ties. 

METHODS AND MATERIALS 

 The 
1
H-NMR spectra were obtained in DMSO-d6 (99.9 

%) at 25 °C on a Varian WSP-300 spectrometer operating at 
300 MHz, using TMS as an internal standard. NMR spectra 
for compound 8 have been obtained on a Bruker DRX-500, 
with 500 MHz operating frequency of the instrument, in 
DMSO-d6 solution. For two-dimensional HSQC and HMBC 
experiments, Bruker standard program packages have been 
applied. Mass-spectra FAB were recorded on a VG 7070 
apparatus using p-nitrobenzyl alcohol matrix, ionization was 
achieved by Xe atoms beam with the energy of 8 kV. Mass-
spectra of compounds have been recorded on MX-1321 
mass-spectrometer (70 eV ionizating voltage, ionization 
chamber temperature 200 ºC). 

2,7-Diacetyl-1,2,3,4-tetrahydroisoquinoline (5) 

 Compound 4 (20.6 g; 0.117 mol) was dissolved in anhy-
drous CCl4 (300 mL). Then anhydrous AlCl3 (86.43 g; 0.643 
mol) was added to the solution at stirring, and the mixture 
was cooled to -5 ºC. At a temperature below 0 ºC, AcCl 
(28.4 mL; 0.398 mol) was added dropwise. After completion 
of adding, the reaction mixture was heated to 40 ºC, kept at 
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this temperature for 5 h, and left overnight. Then the mixture 
was poured onto a mixture of crushed ice (100 g) and con-
centrated hydrochloric acid (50 mL). The aqueous phase was 
extracted with chloroform (3  100 mL). The chloroform 
phase was dried with anhydrous Na2SO4, filtered, and the 
solvent was evaporated to dryness. Yield 24.8 g (97 %). Oil. 
Rf = 0.41 ( ). Mass-spectrum, m/e (I %): 217 (100), 202 
(12), 174 (49), 159 (22), 158 (23), 146 (20), 143 (17), 103 
(14), 77 (16), 43 (98). 

1
 NMR (300 MHz, DMSO-d6) 2.09 

(s, 3 ), 2.55 (s, 3 ), 2.82 (t, J = 5.9 Hz, 2 ), 2.93 (t, J = 5.9 
Hz, 2 ), 3.64 – 3.69 (m, 2 ), 7.31 – 7.35 (m, 1 ), 7.73 – 
7.81 (m, 2 ). Anal. calcd for C13H15NO2: C, 71.87 %;  
H, 6.96 %; N, 6.45 %. Found: C, 71.65 %; H, 7.03 %; N, 
6.64 %. 

2-Acetyl-1,2,3,4-tetrahydroisoquinoline-7-carboxylic Acid 
(6)

 Compound 5 (6.0 g; 0.026 mol) was suspended in a cold 
water (100 mL), then NaOH (16.58 g; 0.414 mol) was added, 
and the suspension was cooled to -5 ºC. At the temperature 
kept below 0 ºC, Br2 (4.43 mL; 0.086 mol) was added drop-
wise. After completion of the addition of Br2, the reaction 
mixture was stirred for 1 h at 0 ºC and washed with chloro-
form (50 mL). The aqueous phase was acidified with cooled 
concentrated HCl to pH = 4 – 5. The reaction mixture was 
maintained at 0 ºC for 3 h, the precipitate formed was col-
lected by filtration, recrystallized from water (50 mL) and 
dried in exsiccator over CaCl2. Yield 3.3 g (97 %). M.p. 182-
183 ºC. Rf = 0.44 (B). Mass-spectrum, m/e (I %): 219 (100), 
176 (52), 160 (22), 161 (25), 148 (44), 130 (18), 131 (23), 
117 (19), 103 (15), 77 (16), 43 (48). 

1
 NMR (300 MHz, 

DMSO-d6) 2.09 (s, 3 ), 2.93 (t, J = 5.9 Hz, 2 ), 3.67 (t, J = 
5.9 Hz, 2 ), 4.65 (s, 1 ), 4.71 (s, 1 ), 7.28 – 7.32 (m, 1 ), 
7.73 – 7.80 (m, 2 ), 12.89 (s, 1 ). Anal. calcd for 

C12H13NO3: C, 65.74 %; H, 5.98 %; N, 6.39 %. Found: C, 
65.53 %; H, 6.12 %; N, 6.61 %. 

1,2,3,4-tetrahydroisoquinoline-7-carboxylic Acid Hydro-
chloride (7) 

 Compound 6 (17.2 g; 0.079 mol) was refluxed with HCl 
(350 mL) for 10 h. Then the solution was cooled to room 
temperature and left overnight. The precipitate formed was 
collected by filtration and recrystallized from water (40 mL). 
On filter, the product was washed with boiling acetone. 
Yield 10.79 g (64 %). M.p. 339 - 341 ºC. Rf = 0.67 (D). 
Mass-spectrum, m/e (I %): 177 (71), 176 (100), 148 (89), 
130 (26), 131 (37), 103 (18), 77 (19), 51 (10), 36 (42). 

1

NMR (300 MHz, DMSO-d6) 3.09 (t, J = 6.0 Hz, 2 ), 3.35 (t, 
J = 6.0 Hz, 2 ), 4.31 (s, 2 ), 7.34 (d, J = 7.9 Hz, 1 ), 7.77 – 
7.83 (m, 2 ), 9.88 (s, 2 ), 12.97 (s, 1 ). Anal. calcd for 
C10H11NO2

.
HCl: C, 56.21 %; H, 5.66 %; N, 6.56 %. Found: 

C, 56.33 %; H, 5.71 %; N, 6.73 %. 

2-Boc-1,2,3,4-tetrahydroisoquinoline-7-carboxylic Acid (8) 

 To the solution of 7 (4.0 g; 0.018 mol) in water (50 mL) 
was added NaOH (0.75 g; 0.018 mol) and NaHCO3 (3.14 g; 
0.037 mol). The mixture was stirred until the whole precipi-
tate dissolved, then the solution of Boc2O (4.08 g; 0.018 
mol) in iso-propyl alcohol (10 mL) was added dropwise un-
der intensive stirring. After completion of adding, the reac-
tion mixture was stirred for 2 h. Then the solution volume 
was evaporated to half in vacuo, brought to 100 mL with a 
water, and washed with hexane (2  50 mL). The chloroform 
phase was washed by 1N HCl (2  50 mL) and water (50 
mL), then dried over anhydrous Na2SO4, and evaporated in
vacuo. Yield 4.33 g (87 %). M.p. 151 - 153 ºC. Rf = 0.55 
(B). Mass-spectrum, m/e (I %): 221 (20), 220 (38), 204 (10), 
176 (24), 148 (12), 57 (100), 41 (14). FAB-MS 278 (M+H, 

Fig. (1). Structures of mimetics 1, 2 and 3.

Fig. (2). Schematic structures of RGDF mimetics containing p-amidinobenzyl or fragment of 1,2,3,4-tetrahydroisoquinoline-7-carboxylic 

acid. 
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100 %). 
1

 NMR (300 MHz, DMSO-d6) 1.44 (s, 9 ), 2.84 
(t, J = 5.9 Hz, 2 ), 3.57 (t, J = 5.9 Hz, 2 ), 4.56 (s, 2 ), 
7.27 (d, J = 8.4 Hz, 1 ), 7.73 – 7.75 (m, 2 ), 12.82 (s, 1 ). 
Anal. calcd for C15H19NO4: C, 64.97 %; H, 6.91 %; N, 5.05 

%. Found: C, 64.75 %; H, 6.81 %; N, 5.28 %. 

3-[(2-Boc-1,2,3,4-tetrahydroisoquinoline-7-carbonyl)ami-

no]propionic Acid (9a) 

 To the solution of 8 (0.8 g; 0.0029 mol) and SuOH (0.4 
g; 0.0034 mol) in THF (10 mL) was added the solution of 
DCC (0.71 g; 0.0034 mol) in THF (10 mL). The mixture was 
stirred for 2 h at 5 ºC, then filtered. Solvent was evaporated 
to dryness. Oily residue of Su-ester of acid 9a was dried in 
vacuo to constant weight. The solution of Su-ester of acid 9a

in ethyl alcohol (10 mL) was mixed with the solution of -
alanine (0.34 g; 0.0038 mol) and NaHCO3 (0.323 g; 0.038 
mol) in water (10 mL). The reaction mixture was stirred for 
1 h, the solution was evaporated to half in vacuo, brought to 
20 mL with a water and washed with chloroform (50 mL). 
The aqueous phase was acidified to pH 4-5 with concen-
trated HCl. The product was extracted from water by chloro-
form (2  50 mL). The organic layer was washed by 1 N HCl 
(2  20 mL), water (20 mL), then dried with Na2SO4, fil-
tered, and the solvent was evaporated in vacuo. The resulting 
oily residue was triturated with hexane (10 mL) and the pre-
cipitate was collected by filtration and dried. Yield 0.77 g 
(77 %). M.p. 120 - 121 ºC. Rf = 0.51 (B). FAB-MS 349 
(M+H, 80 %), 371 (M+Na, 12 %). 

1
 NMR (300 MHz, 

DMSO-d6) 1.43 (s, 9 ), 2.51 – 2.55 (m, 2 ), 2.81 (t, J = 5.5 
Hz, 2 ), 3.45 (q, J = 5.9 Hz, 2 ), 3.56 (t, J = 5.5 Hz, 2 ), 
4.53 (s, 2 ), 7.23 (d, J = 8.3 Hz, 1 ), 7.62 – 7.65 (m, 2 ), 
8.44 (t, J = 4.5 Hz, 1 ), 12.21 (s, 1 ). Anal. calcd for 
C18H24N2O5: C, 62.05 %; H, 6.94 %; N, 8.04 %. Found: C, 

61.94 %; H, 6.73 %; N, 8.21 %. 

4-[(2-Boc-1,2,3,4-tetrahydroisoquinoline-7-carbonyl)ami-

no]butyric Acid (9b) 

 The compound 9b was prepared from 8 and -
aminobutyric acid in a similar way as for 9a to yield the 
product (90 %) as an oil. Rf = 0.46 (B). FAB-MS 363 (M+H, 
100 %). 

1
 NMR (300 MHz, DMSO-d6) 1.43 (s, 9 ), 1.75 

(m, J = 6.6 Hz, 2 ), 2.27 (t, J = 6.6 Hz, 2 ), 2.81 (t, J = 5.1 
Hz, 2 ), 3.27 (q, J = 6.6 Hz, 2 ), 3.56 (t, J = 5.1 Hz, 2 ), 
4.54 (s, 2 ), 7.23 (d, J = 7.8 Hz, 1 ), 7.62 – 7.66 (m, 2 ), 
8.40 (t, J = 4.1 Hz, 1 ), 12.07 (s, 1 ). Anal. calcd for 
C19H26N2O5: C, 62.97 %; H, 7.23 %; N, 7.73 %. Found: C, 

62.81 %; H, 7.35 %; N, 7.86 %. 

3-[(2-Boc-1,2,3,4-tetrahydroisoquinoline-7-carbonyl)ami-

no]propionyl- -alanine (10a) 

 The compound 10a was prepared from 9a and -alanine 
in a similar way as for 9a to yield the product (75 %) as an 
oil. Rf = 0.42 ( ). FAB-MS 420 (M+H, 94 %). 

1
 NMR 

(300 MHz, DMSO-d6) 1.43 (s, 9 ), 2.32 – 2.40 (m, 4 ), 
2.81 (t, J = 5.6 Hz, 2 ), 3.34 (q, J = 6.3 Hz, 2 ), 3.56 (t, J = 
5.6 Hz, 2 ), 4.53 (s, 2 ), 7.23 (d, J = 8.4 Hz, 1 ), 7.60 – 
7.63 (m, 2 ), 7.97 (t, J = 4.9 Hz, 1 ), 8.40 (t, J = 5.5 Hz, 
1 ), 12.19 (s, 1 ). Anal. calcd for C21H29N3O6: C, 60.13 %; 
H, 6.97 %; N, 10.02 %. Found: C, 60.31 %; H, 6.74 %; N, 
10.11 %. 

3-[(2-Boc-1,2,3,4-tetrahydroisoquinoline-7-carbonyl)ami-

no]propionyl-D,L- -phenyl- -alanine (10b) 

 The compound 10b was prepared from 9a and -phenyl-
-alanine in a similar way as for 9a to yield the product (79 

%) as an oil. Rf = 0.48 ( ). FAB-MS 496 (M+H, 85 %). 
1

NMR (300 MHz, DMSO-d6) 1.43 (s, 9 ), 2.39 (t, J = 7.1 
Hz, 2 ), 2.64 – 2.68 (m, 2 ), 2.81 (t, J = 5.5 Hz, 2 ), 3.39 – 
3.45 (m, 2 ), 3.56 (t, J = 5.5 Hz, 2 ), 4.53 (c, 2 ), 5.21 (q, 
J = 7.7 Hz, 1 ), 7.20 – 7.30 (m, 6 ), 7.59 – 7.63 (m, 2 ), 
8.39 – 8.47 (m, 2 ), 12.25 (s, 1 ). Anal. calcd for 
C27H33N3O6: C, 65.44 %; H, 6.71 %; N, 8.48 %. Found: C, 
65.33 %; H, 6.59 %; N, 8.65 %. 

4-[(2-Boc-1,2,3,4-tetrahydroisoquinoline-7-carbonyl)ami-
no]butyryl- -alanine (10c) 

 The compound 10c was prepared from 9b and -alanine 
in a similar way as for 9a to yield the product (70 %) as an 
oil. Rf = 0.4 ( ). FAB-MS 434 (M+H, 87 %). 

1
 NMR (300 

MHz, DMSO-d6) 1.43 (s, 9 ), 1.70 - 1.77 (m, 2 ), 2.11 (t, J
= 6.8 Hz, 2 ), 2.36 (t, J = 7.8 Hz, 2 ), 2.81 (t, J = 5.7 Hz, 
2 ), 3.23 (m, 4 ), 3.56 (t, J = 5.7 Hz, 2 ), 4.53 (s, 2 ), 
7.23 (d, J = 8.7 Hz, 1 ), 7.61 – 7.63 (m, 2 ), 7.90 (t, J = 4.7 
Hz, 1 ), 8.38 (t, J = 5.0 Hz, 1 ), 12.22 (s, 1 ). Anal. calcd 
for C22H31N3O6: C, 60.95 %; H, 7.21 %; N, 9.69 %. Found: 
C, 61.11 %; H, 7.29 %; N, 9.45 %. 

4-[(2-Boc-1,2,3,4-tetrahydroisoquinoline-7-carbonyl)ami-
no]butyryl-D,L- -phenyl- -alanine (10d) 

 The compound 10d was prepared from 9b and -phenyl-
-alanine in a similar way as for 9a to yield the product (81 

%) as an oil. Rf = 0.50 ( ). FAB-MS 510 (M+H, 98 %). 
1

NMR (300 MHz, DMSO-d6) 1.43 (s, 9 ), 1.67 - 1.77 (m, 
2 ), 2.15 (t, J = 6.7 Hz, 2 ), 2.66 (d, J = 7.8 Hz, 2 ), 2.81 
(t, J = 5.8 Hz, 2 ), 3.23 (q, J = 6.7 Hz, 2 ), 3.56 (t, J = 5.8 
Hz, 2 ), 4.53 (s, 2 ), 5.20 (q, J = 7.8 Hz, 1 ), 7.19 – 7.32 
(m, 6 ), 7.63 – 7.65 (m, 2 ), 8.35 – 8.39 (m, 2 ), 12.21 (s, 
1 ). Anal. calcd for C28H35N3O6: C, 65.99 %; H, 6.92 %; N, 
8.25 %. Found: C, 66.10 %; H, 6.77 %; N, 8.31 %. 

3-[(1,2,3,4-tetrahydroisoquinoline-7-carbonyl)amino]pro-
pionyl- -alanine hydrochloride (11a) 

 Boc-derivative 10a (0.3 g; 0.0007 mol) was dissolved in 
anhydrous chloroform (15 mL), and the stream of dry HCl 
was passed through the solution for 1 h. The solvent was 
evaporated, and the solid residue was dried in vacuo for 2 h 
at 40 ºC (2 mm Hg). Yield 0.22 g (90 %). The substance is 
hygroscopic. Rf = 0.3 (D). FAB-MS 420 (M+H, 100 %). 

1

NMR (300 MHz, DMSO-d6) 2.31 – 2.40 (m, 4 ), 2.84 (t, J
= 5.4 Hz, 2 ), 3.30 – 3.33 (m, 2 ), 3.41 -3.44 (m, 2 ), 3.55 
(t, J = 5.5 Hz, 2 ), 4.31 (s, 2 ), 7.25 (d, J = 8.7 Hz, 1 ), 
7.61 – 7.65 (m, 2 ), 7.81 (t, J = 5.1 Hz, 1 ), 8.43 (t, J = 5.7 
Hz, 1 ), 9.62 (s, 2 ). Anal. calcd for C16H21N3O4

.
HCl: C, 

54.01 %; H, 6.23 %; N, 11.81 %. Found: C, 54.14 %; H, 
6.29 %; N, 11.60 %. 

3-[(1,2,3,4-tetrahydroisoquinoline-7-carbonyl)amino]pro-
pionyl-D,L- -phenyl- -alanine hydrochloride (11b) 

 The compound 11b was prepared from 10b in a similar 
way as for 11a to yield the product (98 %) as a hygroscopic 
solid. Rf = 0.40 (D). FAB-MS 396 (M+H, 100 %). 

1
 NMR 

(300 MHz, DMSO-d6) 2.40 (t, J = 6.8 Hz, 2 ), 2.62 – 2.71 
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(m, 2 ), 3.05 (t, J = 5.5 Hz, 2 ), 3.36 – 3.45 (m, 4 ), 4.28 
(s, 2 ), 5.21 (q, J = 7.87 Hz, 1 ), 7.21 – 7.31 (m, 6 ), 7.69 
– 7.71 (m, 2 ), 8.50 – 8.54 (m, 2 ), 9.59 (s, 2 ). Anal. 
calcd for C22H25N3O4

.
HCl: C, 61.18 %; H, 6.07 %; N, 9.73 

%. Found: C, 61.11 %; H, 6.03 %; N, 9.79 %. 

4-[(1,2,3,4-tetrahydroisoquinoline-7-carbonyl)amino]buty-

ryl- -alanine hydrochloride (11c) 

 The compound 11c was prepared from 10c in a similar 
way as for 11a to yield the product (95 %) as a hygroscopic 
solid. Rf = 0.35 (D). FAB-MS 334 (M+H, 97 %). 

1
 NMR 

(300 MHz, DMSO-d6) 1.70 (m, J = 7.0 Hz, 2 ), 2.12 (t, J = 
6.7 Hz, 2 ), 2.36 (t, J = 7.8 Hz, 2 ), 2.90 (t, J = 5.7 Hz, 
2 ), 3.21 – 3.25 (m, 4 ), 3.58 (t, J = 5.7 Hz, 2 ), 4.30 (s, 
2 ), 7.24 (d, J = 8.6 Hz, 1 ), 7.61 – 7.63 (m, 2 ), 7.95 (t, J
= 4.7 Hz, 1 ), 8.37 (t, J = 5.3 Hz, 1 ), 9.61 (s, 2 ). Anal. 
calcd for C17H23N3O4

.
HCl: C, 55.21 %; H, 6.54 %; N, 11.36 

%. Found: C, 55.29 %; H, 6.49 %; N, 11.49 %. 

4-[(1,2,3,4-tetrahydroisoquinoline-7-carbonyl)amino]buty-

ryl-D,L- -phenyl- -alanine hydrochloride (11d) 

 The compound 11d was prepared from 10d in a similar 
way as for 11a to yield the product (98 %) as a hygroscopic 
solid. Rf = 0.38 (D). FAB-MS 410 (M+H, 100 %). 

1
 NMR 

(300 MHz, DMSO-d6) 1.71 (m, J = 7.2 Hz, 2 ), 2.15 (t, J = 
6.6 Hz, 2 ), 2.65 – 2.68 (m, 2 ), 3.04 (t, J = 5.9 Hz, 2 ), 
3.22 (m, J = 6.6 Hz, 2 ), 3.35 – 3.37 (m, 2 ), 4.28 (s, 2 ), 
5.19 (q, J = 7.8 Hz, 1 ), 7.19 – 7.32 (m, 6 ), 7.72 – 7.74 
(m, 2 ), 8.48 (d, J = 8.4 Hz, 1 ), 8.54 (t, J = 5.3 Hz, 1 ), 
9.61 (s, 2 ). Anal. calcd for C23H27N3O4

.
HCl: C, 61.95%;  

H, 6.33 %; N, 9.42 %. Found: C, 62.07 %; H, 6.19 %;  
N, 9.31 %. 

RESULTS AND DISCUSSION 

 Synthesis of the 2-Boc-1,2,3,4-tetrahydroisoquinoline-7-
carboxylic acid (8) is shown in Scheme 1. Acylation of 2-
acetyl-1,2,3,4-tetrahydroisoquinoline (4) with acetyl chloride 
at the presence of aluminium chloride gave 2,7-diacetyl-
1,2,3,4-tetrahydroisoquinoline (5), then its oxidation and 
removal of the acetyl group afforded 1,2,3,4-tetrahydroiso-
quinoline-7-carboxylic acid (7). Interaction of the latter with 

2  resulted in the acid 8.

 The structure of acid 8 has been confirmed by data of 
NMR (

1
H, 

13
C) spectroscopy and FAB mass-spectrometry. 

Signal assignments in NMR (
1
H, 

13
C) spectra have been car-

ried out by the use of two-dimensional correlative HSQC and 
HMBC procedures. 

 Signals of three aromatic protons have been identified in 
NMR spectra of the acid 8. Two of these signals, at 7.24 ppm 
and 7.72 ppm, are doublets with J  8 Hz corresponding to 
H-5 and H-6 protons, and one signal, at 7.73 ppm, is a pseu-
dosinglet located at the para- and meta-positions regarding 
to H-8 atom. However, the character of signals splitting for 
aromatic protons would be the same for COOH group loca-
tion, both in position 6 and in position 7. Therefore, this 
question could not be solved on the base of analysis of signal 
multiplicity for aromatic protons. For its solution, aromatic 
protons signals have to be correlated with aliphatic proton 
signals of the neighbouring heterocyclic ring. In this ring, 
three groups of six protons (two protons in each group) lo-
cated in high field region appeared as a pseudosinglet at 4.54 
ppm and two pseudotriplets at 3.55 ppm and 2.81 ppm. In 
the HMBC spectrum, cross-peaks at 154 ppm from the Boc-
group carbonyl C-atom have been found to be with the pro-
tons at 4.54 ppm and 3.55 ppm, consequently, the latters 
have been attributed to H-1,1' and H-3,3' protons. The re-
mained signal at 2.81 ppm, undoubtedly, belongs to -4,4' 
protons. The signal at 4.54 ppm, by signal splitting character, 
has to be related to -1,1' (pseudosinglet), and the signal at 
3.55 ppm – to -3,3' (J3,4 J3,4'  5.5 Hz). The similar spin 
coupling constants have been observed for the -4,4' proton 
splitting. The signals of directly bound with them -1, -3 
and -4 carbon atoms have been correlated over HSQC 
spectrum (Table 1). In the HMBC spectrum, the cross-peak 
from the -1 signal (45.2 ppm) has been found to be with 
aromatic proton signal at 7.73 ppm, thus, this signal indis-
putably belongs to the -8 proton. Analogously, relation 
from -4 signal has been accomplished for -5 proton signal 
located at 7.24 ppm. Signals of corresponding -atoms have 
been found over HSQC spectrum. From above stated, the 
remained signal of proton at 7.72 ppm might be either -6 
proton signal (for 7-carboxylic acid), or -7 proton signal 
(for 6-carboxylic acid). However, multiplicity of -8 (pseu-
dosinglet) and -5 (doublet with J  8 Hz) signals indicate 
that -8 have no vicinal protons, however -5 has one vici-
nal proton ( -6). Consequently,  group is located at 
the -7 carbon atom. Furthermore, the  group location 
has been proved by HMBC spectrum analysis according to 

Scheme 1. Synthesis of the acid 8. a) AcCl, AlCl3; b) Br2, NaOH; c) HCl, H2O; (d) Boc2O. 
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the presence of cross-peaks between carboxylic the -13 
atom and -8, and -6 protons, as well as to the absence of 
cross-peaks with -5 proton. 

 The synthesis of target RGDF mimetics is presented in 
Scheme 2. The acid 8 has been used as a starting compound. 
Condensation of acid 8 with -alanine or -aminobutyric 
acid has been conducted by the DCCI method with addition 
of SuOH what resulted in obtaining the pseudopeptides 9a

and 9b. Boc-derivatives 10 have been obtained analogously. 
Acidolytic removing of Boc-groups from compounds 10

afforded target RGDF mimetics 11. Structures of all com-
pounds obtained for the first time are confirmed by 

1
H NMR 

spectroscopy and FAB mass-spectrometry. 

 A high antiaggregative activity of the mimetics 11 (Table 
2) have been revealed in vitro on a platelet-rich plasma 
(PRP) of human blood. Bioassays have been conducted by 

Table 1. Chemical Shifts for 
1

 and 
13

 in the Compound 8 (DMSO-d6)

C-atom  (ppm) -atom  (ppm) 

1 45.2 1, 1' 4.54 

3 41.2 3, 3' 3.55 

4 28.4 4, 4' 2.81 

5 128.9 5 7.24 

6 127.1 6 7.72 

7 127.3 - - 

8 128.8 8 7.73 

9 139.8 - - 

10 139.8 - - 

11 154.0 - - 

12 79.1 - - 

13 167.2 - - 

–CH3 28.1 –CH3 - 

Scheme 2. Synthesis of the target compounds 11. a) DCC, SuOH; b) -alanine or -aminobutyric acid, NaHCO3, H2O; c) 1 N HCl in H2O; d) 

-alanine or D,L- -phenyl- -alanine; e) 4 M solution of HCl in dioxane. 
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Born’s method using ADP as agonist of aggregation [15]. 
Antiaggregative properties of the novel IIb 3 antagonists 
containing 1,2,3,4-tetrahydroisoquinoline-7-carboxylic acid 
residue as an Arg mimetic are comparable to those of their 
analogs, 7-amino-1,2,3,4-tetrahydroisoquinoline derivatives. 
It should be noted that the replacement of the -alanine resi-
due by the -aminobutyric acid residue in the linker moiety 
leads to more active RGD mimetics - IIb 3 antagonists. The 
assessment of inhibitory potency of RGDF mimetics 11 to-
wards specific binding of fluoresceinisothiocyanate-labeled 
fibrinogen (FITC-Fg) to fibrinogen receptor has been ful-
filled using suspension of human washed platelets by the 
method [16]. Dissociation constant (Kd) of FITC-Fg (ob-
tained by the procedure [17]) has been found to be of 1.02 

M. Table 2 contains the data indicating the high affinities 
of compounds 11 for IIb 3 receptor that obviously prove the 
molecular mechanism for antiaggregatory action of the ob-
tained mimetics. 

 The residue of 1,2,3,4-tetrahydroisoquinoline-7-carboxy-
lic acid has been successfully employed by us as an Arg mi-
metic for the preparation of potent IIb 3 antagonists prepa-
ration. Promising results obtained on antiaggregatory activi-
ties and affinities of the novel RGDF mimetics on the base 
of 1,2,3,4-tetrahydroisoquinoline-7-carboxylic acid suggest 
that these compounds may have a potential for treatment of 
thrombotic disorders in humans. 

ACKNOWLEDGEMENTS 

 The authors are grateful to Dr. V.V. Pirozhenko (Institute 
of Organic Chemistry of the National Academy of Sciences 
of Ukraine) for the 

1
H-NMR spectra (300 MHz). We also 

thank Dr. A.V. Mazepa and Mr. I.M. Rakipov (A.V. 
Bogatsky Physico-Chemical Institute of the National Acad-
emy of Sciences of Ukraine) for the Mass-spectra. 

REFERENCES 

[1] Lawson, E.C.; Hoekstra, W.J.; Addo, M.F.; Andrade-Gordon, P.; 

Damiano, B.P.; Kauffman, J.A.; Mitchell, J.A.; Maryanoff, B.E. 
1,2,4-Triazolo[3,4-a]pyridine as a novel, constrained template for 

fibrinogen receptor (GP IIb/IIIa) antagonists. Bioorg. Med. Chem. 
Lett., 2001, 11, 2619 - 22. 

[2] Phillips, D.R.; Charo, I.F.; Parise, L.V.; Fitzgerald, L.A. The plate-
let membrane glycoprotein IIb-IIIa complex. Blood, 1988, 71, 831 - 

43. 
[3] Zablocki, J.A.; Rao, S.N.; Baron, D.A.; Flynn, D.L.; Nicholson, 

N.S.; Feigen, L.P. Fibrinogen Receptor Antagonists. Curr. Pharm. 
Des., 1995, 1, 533 - 58. 

[4] Scarborough, R.M. Eptifibatide. Drugs Future, 1998, 23, 585 - 90. 
[5] Cook, J.J.; Bednar, B.; Lynch, J.J.; Gould, R.J.; Egbertson, M.S.; 

Halczenko, W.; Duggan, M.E.; Hartman, G.D.; Lo, M.; Murphy, 
G.M.; Deckelbaum, L.I.; Sax, F.L.; Barr, E. Tirofiban (Aggra-

stat®). Cardiovasc. Drug Rev., 1999, 17, 199 - 224. 
[6] Therous, P.; Kouz, S.; Roy, L.; Knudtson, M.L.; Diodati, J.G.; 

Marquis, J.; Nasmith, J.; Fung, A. Y.; Boudreault, J.; Delage, F.; 
Dupuis, R.; Kells, C.; Bokslag, M.; Steiner, B.; Rapold, H.J. Plate-

let membrane receptor glycoprotein IIb/IIIa antagonism in unstable 
angina. The Canadian Lamifiban Study. Circulation, 1996, 94, 899 

- 905. 
[7] Faulds, D.; Sorkin, E.M. Abciximab (c7E3 Fab). A review of its 

pharmacology and therapeutic potential in ischaemic heart disease. 
Drugs, 1994, 48, 583 - 98. 

[8] Andronati, S.A.; Karaseva, T.L.; Krysko, A.A. Peptidomimetics - 
antagonists of the fibrinogen receptors: molecular design, struc-

tures, properties and therapeutic applications. Curr. Med. Chem., 
2004, 11, 1183 - 211. 

[9] Krysko, A.A.; Chugunov, B.M., Malovichko, O.L.; Andronati, 
S.A.; Kabanova, T.A.; Karaseva, T.L.; Kiriyak, A.V. Novel fi-

brinogen receptor antagonists. RGDF mimetics, derivatives of 4-
(isoindoline-5-yl)amino-4-oxobutyric acid. Bioorg. Med. Chem. 

Lett., 2004, 14, 5533 - 5. 
[10] Andronati, S.A.; Krysko, A.A.; Chugunov, B.M., Kabanova, T.A.; 

Artemenko, A.G. 4-(Isoindolin-5-yl)amino-4-oxobutyryl- -alkoxy-
phenyl- -alanines, new RGDF mimetics. Synthesis, affinity to fi-

brinogen receptors, antiaggregatory properties, and their correlation 
with the hydrophobicity. Russ. J. Org. Chem., 2006, 42, 1174 - 82. 

[11] Krysko, A.A.; Malovichko, O.L.; Andronati, S.A.; Kabanova, T.A.; 
Karaseva, T.L.; Petrus, A.S. Novel fibrinogen receptor antagonists 

- RGDF mimetics, 4-(1,2,3,4-tetrahydro-isoquinoline-7-yl)amino-
4-oxo-butyric acid derivatives. Med. Chem., 2006, 2, 295 - 8. 

[12] Malovichko, O.L.; Petrus, A.S.; Krysko, A.A.; Kabanova, T.A.; 
Andronati, S.A.; Karaseva, T.L.; Kiriyak, A.V. Derivatives of 7-

amino-1,2,3,4-tetrahydroisoquinoline and isophthalic acids as novel 
fibrinogen receptor antagonists. Bioorg. Med. Chem. Lett., 2006,

16, 5294 - 7. 
[13] Anderluh, M.; Cesar, J.; tefani , P.; Kikelj, D.; Jane , D.; Murn, 

J.; Nadrah, K.; Tominc, M.; Addicks, E.; Giannis, A.; Stegnar, M.; 
Dolenc, M.S. Design and synthesis of novel platelet fibrinogen re-

ceptor antagonists with 2H-1,4-benzoxazine-3(4H)-one scaffold. A 
systematic study. Eur. J. Med. Chem., 2005, 40, 25 - 49. 

[14] Andronati, S.A.; Krysko, A.A.; Kabanov, V.M.; Karaseva, T.L.; 
Kabanova, T.A. Synthesis and properties of peptidomimetics – 

Table 2. Biological Properties of RGDF Mimetics and RGDS Peptide 

Compds. Antiaggregative activity human PRP, 

IC50, nM
a

Inhibition of FITC-Fg binding to IIb 3 on the surface of human activated

platelets, IC50, nM
a

1 860.0 (± 120.0) [9,10] 8.3 (± 1.40) [9,10] 

2 13.0 (± 1.0) [11] 1.0 (± 0.12) [11] 

3 25.0 (± 1.7) [12] 1.0 (± 0.41) [12] 

11a 1100.0 (± 100.0) 22.0 (± 2.00) 

11b 14.0 (± 2.0) 10.5 (± 1.40) 

11c 15.0 (± 1.8) 9.5 (±1.50) 

11d 6.4 (± 1.1) 0.8 (± 0.12) 

RGDS 31000.0 (± 2000.0) 13000 (±1600.00) 

aValues are means of three experiments, standard deviation is given in parentheses. 



164    Medicinal Chemistry, 2009, Vol. 5, No. 2 Malovichko et al. 

platelet aggregation inhibitors. Acta Poloniae Pharm. Drug Res.,

2000, 57 (Suppl.), 15 - 21. 
[15] Born, G.V.R. Aggregation of blood platelets by adenosine diphos-

phate and its reversal. Nature, 1962, 194, 927 - 9. 
[16] Xia, Z.; Wong, T.; Liu, Q.; Kasirer-Friede, A.; Brown, E.; 

Frojmnvic, M.M. Optimally functional flourescein isothiocyanate 

labelled fibrinogen for quantitative studies of binding to activated 

platelets and platelet aggregation. Br. J. Haematol., 1996, 93, 204 - 
14. 

[17] Hantgan, R. An investigation of fibrin-platelet adhesive interac-
tions by microfluorimetry. Biochim. Biophys. Acta, 1987, 927, 55 - 

64. 

Received: 28 October, 2008 Revised: 18 December, 2008 Accepted: 24 December, 2008



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


