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Calix [4] arene libraries consisting of ca. 50000 members substituted with peptides at the lower rim were synthesized
using encoded spilt synthesis with 15 amino acids. Screening of the library for binding with a dye-labeled oligopeptide in-
dicated that some peptidocalix [4] arenes selectively bind the oligopeptide. The binding constant was estimated to be ap-
proximately 2X 10* mol dm 3. In an attempt to develop chemical sensors for peptides, fluorescence-labeled peptidocalix
[4] arene libraries consisting of ca. 3500 members were synthesized. The fluorescence spectrum of peptidocalix [4] arene,
which was found in the screening of libraries against the target peptide, was dependent on the concentration of the pep-
tide. The libraries substituted at the upper rim were also synthesized with the aim of developing more selective and sensi-
tive chemical sensors. The binding selectivity of the library members for the target peptides was higher and the behavior
of the sensing was markedly different from the lower rim-modified peptidocalixarene sensor.
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Fig. 1. Calix [4]arene
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EFHIBRIDOITA T I —ERELT, AROE
& %% % T lower rim 2 BB AWM EL, R
N EMmEN S RAADESICE N T > T Oy
ZhE L7- 2 23 L 72 (Fig. 2). Lower rim @ 7
T/ —IVKIRHE & ERE G & ORITIZ B IE A
COWDIAHRBEIVENEEY 2 Ry hEEA
THIET, BEFMLOKRKEIZHRT D & FK
2, @EA A icka7027) y VR HEL
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2a: side chain protected library
building blocks (AA, - AAy)

L-Ala, D-Ala, L-Leu, D-Leu, L-Pro,
D-Pro, L-Phe, D-Phe, L-Ser(O-7-Bu),
L-Thr(O-t-Bu), L-Lys(N-Boc),
L-Asn(N-Trt), L-GIn(N-Trt),

D-Gln, (N-Trt), B-Ala

2b: side chain deprotected library
building blocks (AA; - AA,)
L-Ala, D-Ala, L-Leu, D-Leu, L-Pro,

D-Pro, L-Phe, D-Phe, L-Ser, L-Thr,
L-Lys, L-Asn, L-GIn, D-GIn, B-Ala

2 50625 members

Fig. 2. Designed Calix [4] arene Library Substituted with Peptides at the Lower Rim

Trt: triphenylmethyl.
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Scheme 1. Synthesis of Lower Rim-modified Peptidocalix [4] arene Library

(a) BnBr, BaO, Ba(OH),- 8H,0, DMF, 73%, (b) HBr;Py, MeOH, 73%, (c) methyl 10-undecenoate, 9-BBN, then 4, PACl, (dppf), NaOMe, THF, reflux, 87
%, (d) BoeNHCH,CH,NHCOCH,0Ms, NaH, DMF, 73%, (¢) H,, Pd (OH),, EtOH, 81%, (f) AllocNHCH,CH,NHCOCH,0Ms, NaH, DMF, 80%, (z) NaOH,
H,0, DMF 98%, (h) aminomethylated polystylene resin, HOBt, DIC, CH,Cl,, (i) TFA, CH,Cl,, (j) split peptide synthesis, (k) Ac,0, EtN, (1)
Pd(PPh;),4, pyrrolidine. DMF: N,N’-dimethylformamide, 9-BBN: 9-borabicyclo[3.3.1]nonane, dppf: 1,1"-bis (diphenylphosphino) ferrocene, DIC: 1,3-di-

isopropylcarbodiimide, HOBt: 1-hydroxybenzotriazole.

Table 1. Dye-labeled Oligopeptides
Dye-linker? -NH-R!-R2-R3-R4-R5-CONH-nBu

Table 2. Binding Assay of Libraries with Oligopeptides

Oligopeptide R! R? R3 R* R>
10 L-Phe L-Pro L-Leu — —
11 L-Phe L-Thr L-Asn — —
12 L-Phe L-Lys L-Asn — —
13 L-Tyr L-Gly L-Gly L-Phe L-Leu

a) Dye-linker:

o2y oy

HRhwiianiz, —ARAIRTFRI1B3OTY vtAa
TIXHBEEREL 21T T —2an S HFEOR
BLEBENRWEENEZ, LM T T —
2b EDOT v A TEHFEL LOBENRA SN,
Txh®$xhbm@@#%uwmgtﬂﬁ#9t
2ITHRT1313Y 2 REEENEZ W, KEREED

Oligopeptide Library 2a Library 2b
10 No binding No binding
11 No binding No binding
12 No binding Some beads stained
color
13 A few beads stained Half of beads
color stained color

WHEREREZZ < HF>TVWEDT, MMEEREREMN
BREINTVRN2D EOT vt TIEREN K
EM{FLEEEZSNS. LD ENMS, KE
KM A D OFEERIC KR EREHZRZLTHD,
EEIRA IR AIEE R KB ANNETH D
EDNno T,
thTIns o7 vtA TRVWHINAEXRTF R
AV AT L =207 3 BRI ZFHN7z. 2b
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0o 2 oD L < AN NN, @EIRMZ
HEOELRL, AA & AA; DEFICELBEEL
TWwsbDEEDND (Tabled). /=, 2b & 12
DT A THROMBBEEN &GN ZT 2/ BRELS
EHTAHHRANE R2OBEEERERRLEIA, 2
X10*mol dm 3 LiRFE I N /-,

3. WARGBRZFEIZIRTFRAVYIRT
L= DEMREA N TRTF RICHT DREFHEDRKR
E;J-lz)
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EOZEE, HFEEOEILEL ThAaAtT 2 &

Table 3. Peptide Sequences of Colored Beads in 2b for 12

AA, AA, AA; AA, Frequency?
L-Thr L-Ser L-Thr L-Ser 4
L-Thr L-Ser L-Thr L-Thr 3
L-Thr L-Thr L-Thr L-Ser 2
L-Ser L-Ser L-Thr L-Thr 1
L-Thr L-Ser L-Ser L-Ser 1

others 6

a) Number of beads isolated.

Table 4. Peptide Sequences of Colored Beads in 2a for 13

AA, AA, AA; AA, Frequency?

L-Gln L-Leu L-Asn L-Leu 2
(N-Trt) (N-Trt)

L-Asn L-Leu L-GIn L-Leu 2
(N-Trt) (N-Trt)

L-Asn L-Thr L-GIn L-Leu 1
(N-Trt)  (O-t-Bu)  (N-Trt)

L-Gln L-GIn L-Asn L-Leu 1
(N-Trt)  (N-Trt)  (N-Trt)

L-Gln L-Lys L-Asn L-Ser 1

(N-Trt) (N-Trt) (N-Trt)  (O-t-Bu)

a) Number of beads isolated.

LD TWD. 91251F, ZINSDOANZZALER
BI20A 7 > OEALERAL DT B B EFE (] 2 il &
Lz A7 L—2FEk 14 260, 14
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% 14—16)

BROBEH I E2ZEZTHBDOT — LIZF L EILT
2770y aRRICEATSIEICL, 208
RIBICHEC T 335 OB EREZZ DT 1T 5
J—15 %Ak L7 (Fig.4). £TARLETMT
FJU—ETANDRERREEFHRD 2D, N Kz
BETIX)LEXRTF RiFEAK 16 (Table 5) O
JOORINVLAERES AT U —15 Z2RAL TN
AT 277 v &i7ok. HEED 16 124
BILHEORA M FRRNWHINEZDT, Th
507 2 BB EHF N, R % Table 6 128
T, RIZT A b OREGERMBHEICANRY ML DAL
ELTHAMELINE D NRETT 528, Table 6
OFTHROBHBBEENEN > =7 2/ BES 2B T
AR 20 (Fig. 5) ZWHGHR L2, 20 DHEEA

Fig. 3. Sodium Ion Sensor Based on Calix [4] arene
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building blocks (AA|-AA3)

L-Ala. D-Ala, L-Leu. D-Leu.
L.-Pro, D-Pro, L-Phe, D-Phe,
L-Ser(Q-Trt), L-Tyr(O-CITrt),
L-Lys(N-Mtt)., L-Asp(O-Pis).
L-GIn(N-Trt), D-GIn(N-Trt),
B-Ala

g OO
X AAy o)

00
AR Ala
\ HA NHR

15 3375 member s

Fig. 4. Fluorescence-labeled Library Based on Calix [4] arene
CITrt: 2-chloro-triphenylmethyl, Mtt: 4-methyl-triphenylmethyl, Pis: 2-
phenylisopropyl.
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Fig. 5. Chemical Sensor for the Analyte 17

R7 MV 16 DEFELDOWIN AR 7 NV EEiL S
=%, 16 DEFELSEINIIVI MAIVEEICEFL 2
17 ZHRMU THEHAZAXRXT MIVOELZF T,
Figure 6 [IZ/)R9H D, YA MOEEIZLD, EL >
DFE ) v —HkDOFEE (380, 400nm) HLF <V —
HEDFN (470nm) T A FDOEEITKREL T
WRENE AL, ¥ 1mmoldm—3 F+—4%— Tt
BITLHZENHSMERS ., 2, 1TOT7 3
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(Fig. 7), "A B2 IN53HEOXRXTF RDD

Table 5. Peptide Sequences of the Analytes
R’-NH-BB;-BB,-BB;-BB,-L-Leu-OMe

Compound R’ BB, BB, BB; BB,

16 Dye?  L-Tyr Gly Gly L-Phe
(O-t-Bu)

17 Pal? L-Tyr Gly Gly L-Phe
(O-t-Bu)

18 Pal? L-Tyr L-Tyr L-Tyr  L-Phe
(O-t-Bu) (O-t-Bu) (O-t-Bu)

19 Pal? L-Ser L-Ser L-Phe  L-Val

(O-t-Bu) (O-t-Bu)

a) Dye-linker:

O O

b) Pal: Palmitoyl.

Table 6. Peptide Sequences of Colored Beads in 15 for 16

AA, AA, AA; Frequency?
D-Leu L-Ser L-Ala 8
(O-Trt)
D-Leu L-Ser L-Lys 4
(N-Trt) (N-Mtt)
L-Ser L-Phe L-Lys 3
(O-Trt) (N-Mtt)
L-Leu L-Phe L-Ser 2
(O-Trt)
others 11

a) Number of beads isolated.

monomer
emission
T SXAME (171710 mol dm?
N —_— 0
2| W — — 100
N I
=N T o e 100
3 ’br\\\/ W\ / 200
5 1600
O
g
]
.=
)

400 450 500 550 600 A/ nm

Fig. 6. Fluorescence Emission Spectroscopic Change of 20 in
CHCI; upon Addition of Peptide 17 at 20°C
[20]: 1.0X 106 dm~3, Excitation wavelength: 344 nm.
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HELTTH A 3D ) w7 A7 L— ikl
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NTWBDOT, upper rim 27 —AZEFEDHY v

Hop

j \ / '.\ 20
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Fluorescence intensity
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Fig. 7. Fluorescence Emission Spectroscopic Change of 20 in
CHCI; upon Addition of Peptide 17, 18 or 19 at 20°C
[20]: 1.0X10-6dm~3, [17], [18], [19]: 1.6X10~3dm 3, Excitation
wavelength: 344 nm.

R'O
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A7 V=294 77 —DEREEHLT UL, A
AT A MR TESRA My T ORI
BEL /2D & X -, = 2 TRIZ upper rim IZ XA F L
CEALTCEN T Tay 7 a8 ALK21
(Fig. 8) ZRDFA TV —GHOY—7T v h&
L7z,

B Rk Z Scheme 2 IZ/RY. IR D)IAF
AU w7 A [4] 7L —2 2219 05 6 BEETRFE(L

I;lHFI1
;
k HI}I AAs
&A:i p}Az building blocks (AA|-AA3)
AA; / L-Ala, D-Ala, L-Leu, D-Leu,
A, Al L-Pro, D-Pro, L-Phe, D-Phe,
! NH L-Ser, L-Tyr. L-Lys, L-Asp.

L-Gln, D-GlIn.B-Ala

21 3375 members
Fig. 8. Upper Rim-modified Peptidocalix [4] arene Library

—_— 21

R' = n-decyl R? = (CHy);qOH

Scheme 2. Synthesis of Upper Rim-modified Peptidocalix [4] arene Library

(a) NaH, n-decylbromide, DMF, 86%, (b) H,, Pd(OH),, EtOH/Benzene 2/1, 80%, (¢) HPyBr;, CHCl;/MeOH, 10/1, 98%, (d) NaH, n-decylbromide,
DMF, 72%, (¢) NaH, MPMOC (H,,Br, DMF, 82%, (f) DDQ, aq. NaHCO;/CH,Cl, 1/10, 100%, (g) Zn(CN),, DPPF, Pd,(dba),, DMF, 140°C, 74%, (h) BH; *
THF, THF, reflux, (i) 6 m HC, reflux, (j) Moz-S, K,COs, 1,4-dioxane/H,0 4/1, 78% in 3 steps, (k) IBX, DMF, 98%, (1) NaClO,, NaHPO, + 2H,0, 2-methyl-2-
butene tBuOH/H,0 (15/4) 82%, (m) aminomethylated polystyrene resin, DIC, HOBt, CH,Cl,, (n) 1% TFA, CH,Cl, (v/v), PhSH, (o) split peptide synthesis,
(p) 2-pyreneacetic acid, DIC, HOBt, CH,Cl,, (q) 5% iPr;SiH, 1% TFA, CH,Cl,, MPM: p-methoxyphenylmethyl, DDQ: 2,3-dichloro-5,6-dicyano-1,4-benzo-
quione, DPPF: 1,1’-bis (diphenylphosphino) ferrocene, Moz-S: S-p-methoxybenzyloxycarbonyl-4,6-dimethyl-2-mercaptopyrimidine, Moz: p-methoxybenzyloxy-

carbonyl.
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Table 7. Peptide Sequences of Colored Beads in 21 for 16

AA, AA, AA; Frequency?
D-Leu L-Tyr D-Phe 14
D-Leu L-Tyr D-Leu
L-Tyr L-Tyr D-Phe
L-Ala L-Tyr D-Phe

a) Number of beads isolated.

II\JHR1
R'HN
1 D-Phe
D-Phe \
/ L-Tyr
L-Tyr

v L-Leu
1

R2O

Fig. 9. Chemical Sensor for the Analyte 17

monomer .
emission RAMEL 1277710 mol dm?
. €mission

B l o —
Z — — %
I T N 190
3 —-— 380
2 —-— 780
!
s
g
=
S8

1 | l =

400 450 500 55 600  /nm

Fig. 10. Fluorescence Emission Spectroscopic Change of 27
in CHCl; upon Addition of Peptide 17 at 20°C
[27]: 1.0X10-6 dm 3, Excitation wavelength: 344 nm.

VESCERHE B R AL 2 i B) 6 B2 7% (A) , SUN-
BOR GRANT O#fiBjic &> TEESN7=bDTH
D, ZOHREBMH/OLTEARL BT £,

REFERENCES

1) Gutsche C. D., “Monographs in Supramolec-
ular Chemistry, Vol. 6, Calixarenes Revisit-
ed.” ed. by Stoddart F. J., The Royal Society



270 Vol. 125 (2005)
of Chemistry, Cambridge, 1998. Wigler M., Still W. C., Proc. Natl. Acad. Sci.

2) Mandolini L., Ungaro R., ‘“Calixarenes in Ac- U.S.A., 90, 10922-10926 (1993).
tion,”” Imperial College Press, London, 2000. 12) Hioki H., Kubo M., Yoshida H., Bando M.,

3) Park H. S., Lin Q., Hamilton A. D., J. Am. Ohnishi Y., Kodama M., Tetrahedron Lett.,
Chem. Soc., 121, 8-13 (1999). 43, 7949-7952 (2002).

4) Haino T., Akii H., Fukazawa Y., Synlett, 13) Jin T., Ichikawa K., Koyama T., J. Chem.
1016-1618 (1998). Soc., Chem. Commun., 499-501 (1992).

5) Molenveld P., Engbersen J. F. J., Kooijman 14) Torio E. J., Shao Y., Chen C.-T., Wagner H.,
H. J., Spek A. L., Reinhoudt D. N., J. Am. Still W. C., Bioorg. Med. Chem. Lett., 11,
Chem. Soc., 120, 67266737 (1998) . 1635-1638 (2001) .

6) Diamond D., Nolan K., Anal. Chem., 73, 22A 15) Schneider S. E., O’Neil S. N., Anslyn E. V., J.
-29A (2001). Am. Chem. Soc., 122, 542-543 (2000) .

7) Peczuh M. W., Hamilton A. D., Chem. Rev., 16) Leipert D., Nopper D., Bauser M., Gauglitz
100, 2479-2494 (2000) . G., Jung G., Angew. Chem. Int. Ed., 37, 3308

8) Lavigne J. J., Anslyn E. V., Angew. Chem. —3311 (1998).

Int. Ed., 40, 3118-3130 (2001). 17) Hioki H., Ohnishi Y., Kubo M., Nashimoto

9) Hioki H., Yamada T., Fujioka C., Kodama E., Kinoshita Y., Samejima M., Kodama M.,
M., Tetrahedron Lett., 40, 6821-6825 (1999) . Tetrahedron Lett., 45, 561-564 (2004) .

10) van Loon J.-D., Arduini A., Coppi L., Ver- 18) Hioki H., Nakaoka R., Maruyama A., Koda-
boom W., Pochini A., Ungaro R., Harkema ma M., J. Chem. Soc., Perkin Trans. 1, 3265—
S., Reinhoudt D. N., J. Org. Chem., 55, 5639— 3268 (2001).
5646 (1990). 19) Boéhmer V., Angew. Chem. Int. Ed., 34, 713—
11) Ohlmeyer M. H. J., Swanson R. N., Dillard L. 745 (1995).

W., Reader J. C., Asouline G., Kobayashi R.,



