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The internal factors such as peptides and proteins could be utilized as diagnosis agents and drugs with reduced of side
effect. On the other hand, their application for clinical use has been limited because of the poor oral bioavailability and
extensive pharmacological activities.

Okada et al. reported on u/d opioid agonists in which two Tyr or 2°, 6’-dimethyl-L-tyrosine (Dmt) were linked to
N-terminus with alkyl chains on positions 3 and 6 of a pyrazinone ring. Interestingly these compounds showed not
only an increase in receptor affinity and antinociceptive activity but also the passage through the epithelial membrane
of the gastrointestinal tracts and the blood-brain barrier (BBB). Against this background, I synthesized bioactive
peptides containing a pyrazinone ring platform and studied their structure-activity relationship. Initially I developed
O opioid antagonists in which two Dmt-Tic (Tic: 1, 2, 3, 4-tetrahydroisoquinoline-3-carboxylic acid) pharmacophores
were linked through pyrazinone rings or diaminoalkanes with variable alkyl chains. Owing to the dimerization of
Dmt-Tic pharmacophore through the pyrazinone ring, receptor affinity and functional activity increased substantially.
Secondly I expanded this design to somatostatin analog, which included the Tyr-D-Trp-Lys active sequence, with
antiproliferative activity. As a results, I found that only the compounds with pyrazinone ring as linker exhibited
potent activity. The pyrazinone ring would contribute to the proper orientation of pharmacophores and the moderate
hydrophobicity of compound as a whole. I suggested that the pyrazinone ring as a platform is very useful in developing
peptidic therapeutic agents for the improvement of pharmacological activities and pharmacodynamic advantages.
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Fig. 1. Design of opioidmimetics containing pyrazinone ring.
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Scheme 1. [A] Synthesis of pyrazinone ring from two amino acids. [B] Ring formation mechanism

from dipeptidyl chloromethyl ketone.

Boc, tert-butyloxycarbonyl; Z, benzyloxycarbonyl; IBCF, isobutylchloroformate; DMF,
N, N-dimethylformamide; THF, tetrahydrofuran.
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Fig. 2. Structure of H-Dmt-Tic-OH dipeptide.
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Fig. 3. The prepared opioidmimetics 1-12 containing H-Dmt-Tic-OH as pharmacophore.
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Table 1. Rat brain membrane receptor binding affinity of H-Dmt-Tic-OH dimmers.

Compound m n Ki(8) (nM) Ki(uw) (nM)  Ki(uyKi(8)
1  bis[(Dmt-Tic-NH)methyl]pyrazinone 1 1 0.163£0.018 3.76£0.30 23
2 bis[(Dmt-Tic-NH)ethyl]pyrazinone 2 2 0.095+0.001 2.831+0.12 30
3 bis[(Dmt-Tic-NH)propyl]pyrazinone 3 3 0.155+0.016 3.08+0.17 20
4 bis[(Dmt-Tic-NH)butyl]pyrazinone 4 4 0.32320.007 1.74£0.14 5
5  H-Dmt-Tic-propyl-pyrazinone-butyl-Tic-Dmt-H 3 4 0.16+0.03 1.56=0.11 10
6 H-Dmt-Tic-butyl-pyrazinone-propyl-Tic-Dmt-H 4 3 0.092+0.01 2.28%0.03 25
7  H-Dmt-Tic-ethyl-pyrazinone-butyl-Tic-Dmt-H 2 4 0.107%0.007 1.37£0.13 13
8 bisDmtTieNHpbuyl 4 0124%0016 572022 . 6
9  bis[Dmt-Tic-NHJhexyl 6 0.12910.03 1.79%£0.08 14
A0 bisDmtTie-NHIdeeyl | e lo . lsxrele | Aserodl A
11 3, 6-bis[N, N-dimethyl-Dmt-Tic-NH-propyl]pyrazinone 3 3 0.28710.015 1.68+0.17 6
12 bis[N, N-dimethyl-Dmt-Tic-NH]hexyl 6 0.06+0.01 2.21%0.08 37
H-Dmt-Tic-OH 0.022 3320 150800
Table 2. Functional bioactivity of H-Dmt-Tic-OH dimmers.
MVD* (8) GPI* (W)
Compound m n agonist antagonist? agonist antagonist®
1Cs5o (M) pA, ICs (nM) PA,
1 bis[(Dmt-Tic-NH)methyl]pyrazinone 11 >10000 11.22 >10000 NDA
2 bis[(Dmt-Tic-NH)ethyl]pyrazinone 2 2 >10000 10.73 >10000 6.78
3 bis[(Dmt-Tic-NH)propyl]pyrazinone 3 3 >10000 10.56 702512467 ND
4 bis[(Dmt-Tic-NH)butyl]pyrazinone 4 4 >10000 11.06 >10000 ND
5 H-Dmt-Tic-propyl-pyrazinone-butyl-Tic-Dmt-H 3 4 >10000 10.60 >10000 ND
6  H-Dmt-Tic-butyl-pyrazinone-propyl-Tic-Dmt-H 4 3 >10000 1047 >10000 6.95
7 H-Dmt-Tic-ethyl-pyrazinone-butyl-Tic-Dmt-H 2 4 >10000 10.99 >10000 ND
8 bsDmeTeNHpal 4 so00 w051 10000 699
9 bis[Dmt-Tic-NH]hexyl 6 >10000 10.62 2715+ 1359 ND
10 bis[Dmt-Tic-NH]decyl 10 >10000 10.97 5425 +1838 ND
11 3, 6-bis[N, N-dimethyl-Dmt-Tic-NH-propyl]pyrazinone 303 >10000 10.42 >10000 771
12 bis[¥, N-dimethyl-Dmt-Tic-NH]hexyl 6 >10000 11.28 >10000 8.34
H-Dmt-Tic-OH none 8.48 ND ND
naltrindole 9.20 730

“The data are the means of over five independent repetitions used different isolated tissue preparations, MVD, mouse vas deferens; GPI, guinea pig ileum. *Versus deltorphin-II as the
agonist. “Versus endomorphin-2. “ND=not determined.
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Fig. 4. Cyclic somatostatin analogs 13-16.
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Fig. 5. The results of antiproliferative activity of 13-16 on A431 tumor cells, in which somatostatin

receptor are expressed as measured by methylene blue test. The concentrations of the analogs

were 2, 10 and 50 uM. Cycloheximide was used as positive control. Antiproliferative activity of

compounds is expressed as inhibition of cellular proliferation (%).
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MEEHIREIETEIC K ESFEL TR EEA DN
%. CZRIC adamantyl #% cyclohexyl 3D X 5 7%
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17: X=Boc, Y=-Lys(Z)-OFm
18: X=Boc, Y=-Lys(Z)-OH
19: X=H-, Y=-Lys(Z)-OH

20/26: X=Boc-/H-, Y=-1-adamantylamide

21/27: X=Boc-/H-, Y=-2-adamantylamide

22/28: X=Boc-/H-, Y=-1-naphthylamide

23/29: X=Boc-/H-, Y=-t-butylamide

24/30: X=Boc-/H-, Y=-4-methylcoumarin-7-ylamide
25/31: X=Boc-/H-, Y=-cyclohexylamide

32: X=H-, Y=-OH
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Table 3. The results of antiproliferative activity of 17-32 on A431 tumor cells by MTT assay.
Antiproliferative activity of compounds is expressed as inhibition of cellular proliferation (%)
and listed the mean as +£SE. Cycloheximide and TT-232 were used as positive control.

Compound A431 (%)
10 uM 25 uM 50 uM
17 2+64 7+3.9 7+1.9
18 0+4.6 0+72 2+6.2
19 0+52 0+4.3 0x6.7
20 72+14 90*£2.6 93+1.7
21 26+5.8 43+£5.7 95+2.3
22 25+6.1 21£5.0 19+3.9
23 3+72 20£6.0 3134
24 12+£3.7 18+1.9 35+5.7
25 21£5.0 17£1.7 58£0.8
26 19+0.8 52+5.8 91+1.0
27 3054 76+2.0 88+9.0
28 7+44 18£7.6 40+2.7
29 10£7.2 5*£74 161.0
30 0+6.8 0%£6.5 22+5.6
31 18£6.7 20+6.9 39+6.1
32 0+9.5 8Ets5.9 11£6.8
TT-232 5094 60E8.5 80t7.4
cycloheximide 40x4.6 70£4.9 80+3.1

[A] Control

Fig. 7. The microscopic studies of compound 20. On the basis of the cell proliferation data, the most active
compound 20 was selected to visualize the molphological changes in A431 tumor cells after the
incubation of cells with 20 (30 uM) for 48 h. The microscopic visualization showed that 20 was the
peptide that indeed changed cell morphology, indicating that apoptosis has been induced.

[B] Compound 20
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