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The development of selective peptide-binding receptorg-urthermore, relatively polar pyridine and azacrown moei-
and thus the elucidation of the basic rules that govern norties are placed at the bottom of the potential binding cavity
covalent intermolecular interactions is of great importanceof 1 and2. Thusl and2 might be expected to be capable of
for the improved understanding of molecular recognitioninteracting selectively with certain peptides through polar
mechanisms seen in biological systems, and the potentiahteractions between pyridine and azacrown of receptors,
applications to synthetic, separative and analytical purposesand acidic functionality of peptide substrate, as well as
Recently, molecular receptors capable of interacting selediydrophaobic interactions and hydrogen bondings seen in the
tively with peptides have been descriBegor examples, a related receptors.
series of bridged macrocyclic compounds which were deriv- Synthesis were conducted by following the standard organic
ed from trimesic acid and 1,2-diamines have been found teeaction procedures, as shown in Scheme 2. Synthesis of
bind peptide highly selectivefy.Also, macrocyclic and began with Mistunobu reaction between N-Boc-aminobenz-
tweezer-like molecules derived from amino acids have beegl alcohol and citrazinic acid methyl ester. Hydrolysis of the
shown to have selective peptide-binding propeftiesw- resulting methyl ester, and subsequent EDC-promoted esteri-
ever, the search for new peptide-binding receptors idication reaction with dye molecule in the presence of
continuing to establish the basic principles for the design oDMAP provided the acyclic N-Boc protected intermedtate
receptors to a given substrate. Here, novela@d G- After deprotection of Boc groups, macrocyclization between
symmetric macrocyclic receptorkdnd2) from 1,2-diamine  the dye-labled diTFA salts & and bis-pentafluorophenyl
and trimesic acid are describddand?2, have the interesting ester 4) in high dilution condition provided with 65%
structural features for the interaction with peptide substratesyield.

Like the related receptor$, those have well-defined sub-  For synthesis 02, triple alkylation between 5-bromethyl-
strate-binding cavity having benzene-lined hydrophobic surisophthalic acid dimethyl ester and 1,4,7-triazacyclononane
face with periphery of hydrogen bond dornor/acceptorsin the presence of potassium carbonate provided hexametyl
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To confirm the findings and to estimate the energetic

promoted esterification reaction with pentafluorophenol pro-extents of the selectivities observed, the most tightly bound
vided the cyclization precursor. Macrocyclization betweenpeptide with1 and 2, Resin-(L)GIn-(D)Pro-Gly-Ac and

the dye-labled diTFA salts dd and hexakis-pentafluoro-
phenyl ester 06 in high dilution condition provide@ with

47% vyield.

To test the peptide-binding properties of receptbesid2

Resin-(D)Pro-(D)Asp-(L)Ala were resynthesized and their
associations withh and2 measured in CH@P The binding

energies were found to be -4.0 and -4.2 kcal/mol, respec-

tively. The other substrates found by binding assay are

were screened against a tripeptide library on hydrophobiexpected to have the similar range of binding energies. The
polystyrene in CHGI The library was prepared by encod- binding energies with Resin-(L)Ala-(L)Ala-(L)Ala ,which is
ed split synthesis and has the general structure Ac-AA3not found in assay, were found to be both less than -0.5 kcal/

AA2-AA1-NH(CH,)e-C(O)NH-Polystyrené?

Decoding

mol.

the tripeptides on the colored beads by using electron In summary, receptotsand2 which are readily accessible
capture gas chromatography revealed selective peptides-
binding properties of macrocyclic compounds. The mostTable 1 Sequences selected by binding assay with receptansi?)
tightly binding substrates with macrocyclic compounds are 1

shown in Table 1.

With receptorl, the binding data in Table 1 reveal a
number of notable trends. First, high selectivity was observ-
ed for the residue in AA1, composed of amino acid with a
hydrogen bond donor/acceptor group in the side chain such
as GIn, Asn and Lys. Second, selectivities were also found
for AA2 and AA3 position. The substrates with Pro (10 of
15) and Gly (7 of 15) at AA2 and AA3 position were found

to bind strongly.

Also, the binding data in Table 1 reveal that receftor
show some peptide binding selectivities. Although there
were little selectivity at AA3 position, high selectivities were
observed for the residue in AA1 and AA2. For example,
substrates with Pro (5 of 12) and Gly (7 of 12) at AA1, and
amino acid with a hydrogen bond donor/acceptor group in
the side chain such as (D)-Asp, (D)-Glu, (D)-Ser, (D)-GIn
and (D)-Asn at AA2 position were found to bind strongly.

2

1 (L)GIn-(D)Pro-Gly

2 (LGIn-(D)Pro-Gly

3 (D)GIn-(D)Pro-Gly

4 (D)GIn-(L)Pro-(L)Ala
5 (L)GIn-(L)Pro-(L)Leu
6 (D)GIn-(D)Ala-Gly

7 (L)GIn-(D)Ala-(D)Ala
8 (D)GIn-(L)Ala-(D)Ala
9 (LAsn-(L)Ala-Gly

10 (D)Asn-(D)Ala-(L)Ala
11 (D)Asn-(L)Pro-(D)Ala
12 (L)Asn-(D)Pro-Gly

13 (L)Asn-(L)Pro-(D)Ala
14 (L)Lys-(L)Pro-Gly

15 (D)Lys-(D)Pro-(D)Ala

Entry Resin-AA1-AA2-AA3-Ac

Resin-AA1-AA2-AA3-Ac

(D)Pro-(D)Asp-(L)Ala
(D)Pro-(D)Asp-(L)Leu
Gly-(D)Asp-(L)Phe
Gly-(D)Asp-(L)Val
(D)Pro-(D)Glu-Gly
Gly-(D)Glu-(L)GIn
Gly-(D)Asn-(L)Ser
(D)Pro-(D)GIn-(L)Ala
(D)Pro-(D)Ser-Gly
Gly-(D)Ser-(L)Ala
(D)Pro-(D)Ser-(L)Val
Gly-(D)Asn-(L)Leu




Notes Bull. Korean Chem. S&©002 Vol. 23, No. 10 1485

C,- and G-symmetric macrocycles from trimesic acid and Hz), 7.35 (2H, dJ = 7.5 Hz), 7.54 (s, 2H), 1.05 (m, 4H),
1,2-diaminocyclohexane have highly sequence-selectivd.21 (3H, tJ= 7.5 Hz)1.32 (m, 4H), 1.67 (m, 4H), 2.06 (M,
peptide binding properties. Further studies on peptide binddH), 2.84 (2H, gJ = 7.5 Hz), 3.72 (t, 2H) = 7.5 Hz), 3.90

ing properties of the other related synthetic receptors are ift, 2H,J= 7.0 Hz), 4.32 (br, 4H), 4.50 (m, 2H), 4.73 (m, 2H),

progress in this laboratory. 7.21 (4H, dJ = 8.5 Hz), 7.35 (2H, d] = 7.5 Hz), 7.54 (s,
2H), 7.65 (4H, dJ = 8.5 Hz), 7.83 (s, 2H), 7.95 (4H, m),
Experimental Section 8.04 (s, 2H), 8.15 (s, 2H), 8.31 (2H,J¥ 7.5 H2); IR (neat)

3422, 2865, 1676, 1654, 1570 ¢mMS (FAB) m/z 1203

Synthesis of 3To a solution of 300 mg of citrazinic acid (M+1).
methyl ester (1.80 mmol), 855 mg of N-Boc-aminobenzyl Synthesis of5. To a solution of 100 mg of 1,4,7-triaza-
alcohol (3.60 mmoal), 1.04 g of triphenylphosphin (3.96 nonane (0.775 mmol) and 380 mg of potassium carbonate
mmol) in 100 mL of CHCI,; was added 0.63 mL of DEAD (2.71 mmol) in 10 mL of DMF was added 0.78 g of 5-
(3.96 mmol) at °C. After the stirring for 24 hr at room bromomethylisophthalic acid dimethyl ester (2.71 mmaol).
temperature, all volatiles were removed at reduced pressuréfter the stirring for 24 hr at room temperature, all volatiles
The residue was purified by flash chromatography on silicavere removed at reduced pressure. The residue was purified
gel using 1% MeOH in methylene chloride to give methyl by flash chromatography on silica gel using 5% MeOH in
ester of3 as an amorphous white solid (790 mg, 72%):  methylene chloride to give methyl ester ofas an amor-
NMR (CDCLk) & (ppm) 1.35 (s, 18H), 3.95 (s, 3H), 4.33 (s, phous white solid (1.03 g, 51.0%) NMR (CDCk) &
4H), 6.95 (br, 2H), 7.16 (4H, d,= 8.5 Hz), 7.65 (4H, d] = (ppm) 2.56 (s, 4H), 2.78 (s, 2H), 3.98 (s, 6H), 7.41 (s, 2H),
8.5 Hz), 7.90 (s, 2H). 7.75 (s, 1H).

To a solution of 300 mg of methylester3£0.494 mmol) Synthesis of 2 To a solution of 500 mg of methylester of
in 30 mL of THF, 10 mL of MeOH and 3 mL of water was 5 (0.669 mmol) in 20 mL of THF, 5 mL of MeOH and 3 mL
added 1.0 mL of 1 N NaOH solution. After the stirring for 5 of water was added 5 mL of 1 N NaOH solution. After the
hr at room temperature, the reaction mixture was acidifiedstirring for 5 hr at room temperature, the reaction mixture
with 1 N HCI solution to pH=4 and extracted into EtOAc. was acidified with 1 N HCI solution and then all volatiles
The crude carboxyl acid was dissolved in 20 mL of THF andvere removed at reduced pressure. The crude carboxyl acid
20 mL of methylene chloride, and 0.17 g of dimethylamino-was dissolved in 30 mL of THF and 5 mL of DMF, and then
pyridine (DMAP, 0.74 mmol), 0.14 g of EDC (0.74 mmol) 0.89 g of EDC (4.68 mmol), and 0.95 g of pentafluorophenol
and 0.23 g of Disperse Red | (0.74 mmol) were added at (6.01 mmol) were added at’G. After the stirring for 24 hr
°C. After the stirring for 24 hr at room temperature, all at room temperature, all volatiles were removed at reduced
volatiles were removed at reduced pressure. The residue wasessure. The residue was purified by flash chromatography
purified by flash chromatography on silica gel using 5%on silica gel using 10% MeOH in methylene chloride in the
methanol in methylene chloride to gi@eas an amorphous presence of 1% triethylamine to give pentafluoropheny ester
red solid (295 mg, 45%)YH NMR (CDCk) & (ppm) 1.15  of 5 as an amorphous white solid (0.65 g, 57.34)NMR
(3H, t,J=7.5Hz) 1.39 (s, 18H), 2.95 (2H, &= 7.5 Hz), (CDCk) d(ppm) 2.74 (s, 4H), 2.88 (s, 2H), 7.58 (s, 2H), 7.78
3.52 (t, 2H,J = 7.5 Hz), 3.95 (t, 2H) = 7.0 Hz), 4.21 (s, (s, 1H).

4H), 6.85 (br, 2H), 7.16 (4H, d,= 8.5 Hz), 7.50 (2H, d]1 = A solution of the resulting 300 mg of hexakis(penta-
7.5 Hz), 7.75 (4H, d) = 8.5 Hz), 7.85 (4H, m), 7.95 (s, 2H), fluorophenylester) (0.176 mmol) and 0.37 g of diTFA $alt,
8.21 (2H, dJ= 7.5 Hz); MS (FABM/z859 (M+1). (0.528 mmol) in 10 mL of DMA was added to a solution of

Synthesis of 1To a solution of 0.144 g &(0.163 mmol) 0.3 mL of DIPEA (1.76 mmol) in 200 mL of THF at room
and 0.1 mL of anisole in 10 mL of methylene chloride wastemperature for 20 hr by syringe pump. After the stirring for
added 3 mL of TFA. After stirring for 2 h at r.t., all volatiles 24 hr at room temperature, all volatiles were removed at
were removed at reduced pressure. The crude diTFA salteduced pressure. The residue was purified by flash chromato-
were used the next reaction without further purification. Agraphy on silica gel using 10% MeOH in methylene chloride
solution of the resulting diTFA salts fand 150 mg of to give an amorphous red sol&i(170 mg, 47.0%)*H NMR
bis(pentafluorophenyl)ested,(0.163 mmol) in 10 mL of (CDCIl/CDsOD) & (ppm) 1.09 (t, 3HJ = 7.2 Hz), 1.32 (3H,
DMA was added to a solution of 0.28 mL of DIPEA (1.63 t,J=7.5 Hz), 2.10 (t, 2H] = 7.0 Hz), 2.21 (m, 4H), 2.30 (t,
mmol) in 200 mL of THF at room temperature for 20 hr by 2H, J = 7.0 Hz), 2.38 (d, 1H] = 10.5 Hz), 2.45 (m, 4H),
syringe pump. After the stirring for 24 hr at room temper-2.56 (d, 2HJ = 10.5 Hz), 2.65 (m, 2H), 2.78 (m, 2H), 2.89
ature, all volatiles were removed at reduced pressure. Thig, 2H,J = 7.2 Hz), 3.33 (d, 2H] = 7.5 Hz), 4.76 (m, 1H),
residue was purified by flash chromatography on silica ge#.98 (m, 1H), 7.56 (s, 1H), 7.75 (s, 1H), 7.83 (s, 1H), 7.95
using 10% MeOH in methylene chloride to give an amor-(4H, bs), 8.04 (d, 2H) = 7.5 Hz); IR (neat) 3410, 2912,
phous red solidl (130 mg, 65.0%)!H NMR (CDCk/ 1681, 1645, 1566 ct) MS (FAB) m/z2048 (M+1).

CD;0D) d (ppm) 1.05 (m, 4H), 1.21 (3H,t= 7.5 Hz) 1.32

(m, 4H), 1.67 (m, 4H), 2.06 (m, 4H), 2.84 (2H,J 7.5 Acknowledgment Financial support from Korea Science
Hz), 3.72 (t, 2HJ = 7.5 Hz), 3.90 (t, 2H) = 7.0 Hz), 4.32 & Engineering Foundation (Grant # 1999-2-123-001-3) is
(br, 4H), 4.50 (m, 2H), 4.73 (m, 2H), 7.21 (4H,)d= 8.5  gratefully acknowledged.



1486 Bull. Korean Chem. So2002 Vol. 23, No. 10

A WN

References

. Comprehensive Supramolecular Chemisttghn, J.-M. Chair

Ed.; Pergamon Press: Oxford, 1996; Vols 1-11.

. Schneider, H.-Angew. Chem. Int. Ed. Endl993 32, 848.
. Still, W. C.Acc. Chem. Re4996 29, 155 and references therein.
. Wennemers, H.; Conza, M.; Nold, M.; KrattigerChem. Eur. J

2001, 7, 3342and references therein.

. G-symmetric receptors; Kilburn, J. D.; Mackenzie, A. R.; Still,

W. C.J. Am. Chem. Sod.988 110, 1307; Sanderson, P. E. J.;
Kilburn, J. D.; Still, W. C.J. Am. Chem. S0d.989 111, 8314;
Liu, R.; Sanderson, P. E. J.; Still, W. £.0Org. Chem199Q 55,
5184.

Notes

6. G-symmetric receptors; Borchardt, A.; Still, W.Z.Am. Chem.
Soc 1994 116 373; Hong, J.-l.; Namgoong, S. K.; Bernardi, A.;
Still, W. C.J. Am. Chem. Sot991, 113 5111.

7. AAn = Any possible combinations of 28){amino acids such as
Gly, (L)Ala, (D)Ala, (L)val, (D)Val, (L)Leu, (D)Leu, (L)Phe,
(D)Phe, (L)Pro, (D)Pro, (L)Ser, (D)Ser, (L)Asp, (D)Asp, (L)Glu,
(D)Glu, (L)Asn, (D)Asn, (L)GIn, (D)GIn, (L)Lys, (D)Lys, (L)His,
(D)His. The number of members in substrates library is®(25)
15625.

8. A total of 15 tag molecules (five tags for AAn) were used to
encode the library according to the method reporteefarence
9.

9. Yoon, S. S.; Still, W. Cletrahedronl995 51, 567.




