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Two versatile tripodal cyclotriveratrylene (CTV)-based scaffoldarid9) have been prepared for the solid
phase construction of libraries of tripodal artificial synthetic receptors. A 2197-member library of CTV-
based tripodal receptor moleculeX)}1—-131—-131—-13}, was prepared on the solid phase using split

mix synthesis. The CTV-based receptors contain three peptide arms; one of them is attached to the solid
phase and is different from the other two identical peptide arms.

Introduction resin. It was decided to convert this site for the time being

In recent years, significant progress has been made in theto an “invariant arm”. More or less arbitrarily the Ala-Ala-

area of synthetic or artificial receptors containing two binding & Séquence was chosen for this arm. Alanine represents
arms, which have been often designated as tweezer-liketn€ Simplest (chiral) amino acid and is also not bulky. In
synthetic receptors? To increase diversity, possibly affinity, gddlt_lon,- it was decided not tp include functllonal amino acids
selectivity, and other properties, we are interested in the IN this “linkage” arm but to include them in the two other
development of artificial receptors containing three binding &M$ to obtain a “general” library. Future opportunities for
arms, that is, tripodal molecules containing ultimately three the linkage arm include the use of more rigid spateand
different sites of interaction. Still, the number of suitable functional-group-containing spacers for focused libraries.
molecules to serve as suitable scaffolds for attachment of Synthesis of the (Bog)CTV-Scaffold Derivative (7). The
three binding sites is very limited. Noteworthy examples in Cgs hinge part of the CTV-scaffold derivatives, CTY)(was
the literature include steroidsjiverse macrocycleskemp’s synthesized in three steps on a multigram scale starting from
triacid > amidopyridine® and hexasubstituted benzeries. vanillyl alcohol?> When the condensation step was performed
We have been particularly interested in the triazacyclo- using the ionic liquidNss44imide as a solven€ comparable
phane (TAC) scaffold and the cyclotriveratrylene (CTV) vyields of 1 were obtained in a more “green” procedure.
scaffold. Recently, we have developed an efficient synthesis  The first step in the synthesis of Boc-protected CTV
for the former TAC scaffold and libraries employing this  scaffold 6), being compatible with Fmoc chemistry on the
scaffold® This led to the construction of a selectively ggjig phase and functionalized with a carboxylic acid moiety
deprotectable TAC scaffold, allowing the introduction of 4 gjiow attachment to resin beads, was monoalkylation of
three qwferer?t fupctlonal groups gnd the preparation and 1 ith benzyl bromoacetate t8 (Scheme 1). Because of
screening of libraries of synthetlc tnpodal receptor molecules presence of three equivalent hydroxy groups, mono-, di-,
with three different amino acid or peptide arfis: A CTV- and trialkylated CTV derivatives2( 3, and4, respectively)
scaffqld—based library synthesized in solutl'on was a[so were always obtained, and the desired monoalkylated
tdheesizr:)l?we's?rl?é/tiz%agfdt:iheIeSlrJ]ZiiZTf::J:)IlIJ:ee?wf m;;;‘;afgfelgr:n required tedious purification. Optimal reaction conditions
P 9 Y were the use of 1.1 equiv of benzyl bromoacetate and 1 equiv

?uenngs;atfg’utgeincsp;dtglgérgf vtzlzeii?g%k:h;o 2}05;2_” of cesium carbonate in DMF. The desired monoalkylated
group pace. . prep compound2 was obtained in 40% yield, together with

tion of two versatile CTV-scaffold derivatives for the solid dialkylated derivative3 (20%), traces of the trialkylated

phase construction of libraries of tripodal artificial synthetic R 0 . . 0
receptors. As an illustration of the usefulness, a 2197—memberge”.;ﬁl t1|v§4 (1 /O;’Nagd startlngl mqtenal S /OC)’;I_I/rZatme?t of
library was prepared. with 1-bromo-3N-Boc-propylamine gave erivative

5 in 80% vyield. Hydrogenation 0% afforded the di-Boc-
Results and Discussion protected CTV scaffold (98%) (Scheme 1).

Although this derivative is excellently suitable for solid-
phase synthesis of libraries consisting of (a) members not
having acid-labile functional groups in the linkage arms and
(b) members irreversibly attached to the solid phase resin, a

* Corresponding author. Phone:+31-30-2537396. Fax:+31-30- Fmoc derivative is clearly needed as a “super” amino acid
2536655. E-mail: r.m.j.liskamp@pharm.uu.nl. derivative to allow all possible amino acids to be included

Since the CTVscaffold has three possible sites of attach-
ment, in order to use this scaffold in solid phase synthesis,
one site has to be reserved for linking it to a solid phase

10.1021/cc034003u CCC: $25.00 © 2003 American Chemical Society
Published on Web 08/26/2003



Cyclotriveratrylene Library Journal of Combinatorial Chemistry, 2003, Vol. 5, No. 895

Scheme 1. Synthesis of (Bog}CTV—0OH (7) and (Fmoc}CTV—OH (9)
o)

Bn0—<_
0

3:R"'=CH,CO,Bn, Ry= H
4:R'=R%= CH,CO,Bn

MeO Q R = Boc: EtOH, THF

R = Cbz: EtOH, HCCl;

Meajiji Pd(C)/H, R=H.HCI
> —_—m
FmocOSu
RH TEA H,0,  FmocHN" ">
MeCN

=Boc (98%)
= H-HCI (90%)

5. R=Boc 7
6:R=Cbz 8:

9 (75 %)

in the linkage arm and to prevent premature cleavage from Fmoc deprotection and attachment of (B&)V scaffold
the resin when an acid-labile solid-phase resin linker is used.7 to the linkage arm to givel2. Next, the two identical
Therefore, a convenient di-Fmoc-protected CTV scaffold tripeptide binding arms were introduced after removal of the
(9) compatible with the acid-labile Argogel Rink resin was Boc groups in12, followed by three subsequent BOP
synthesized. Thus, treatment 2% with 1-bromo-3N-Cbz- coupling steps and Fmoc-deprotection steps involving Fmoc-
propylamine gaves in 86% yield. Hydrogenolysis o6 in L-Ser{Bu)—OH, Fmoct-Lys(Boc)-OH, and Boct-Val—
EtOH/CHCE (1:1) led to 90% of the hydrochloride sat OH to afford the Boc-protected CTV-based receptor on the
which was reacted with Fmoc-OSu to gi9an 75% yield solid phase, that i4,3. Finally, transesterification with NaCN
(Scheme 1). in methanol afforded protected recepidrin an overall yield
Solid-Phase Synthesis of CTV-Based Receptor 1%0 for the last nine steps of 75%. This corresponds to an average
evaluate if (Bog)CTV-scaffold derivative 7) can, indeed,  of 96% per step. Wheid was analyzed by HPLC, two peaks
be used in a continuous solid-phase synthesis procedure obf equal intensity at 25.9 and 26.2 min were found (Figure
CTV-based tripodal receptor moleculég,was chosenasa 1). The CTV core exists as a racemic mixture of-f4-) or
test case (Scheme 2). Although the amino acid sequence wa®—(+)'16 enantiomers; therefore, the two peaks found in
somewhat arbitrarily, deliberately bulky amino acids were
included to determine the completeness of the couplings as
well as functional amino acids. Since the (B&)V scaffold
was used in this example in the linkage arms, amino acid
residues without protecting groups were introduced (vide
supra).
The solid-phase route of receptitis depicted in Scheme
2: First, construction of the peptide linkage arm on the solid
phase by three subsequent BOP coupling $tegsl Fmoc-
deprotection steps of FmaeAla—OH, Fmoct-Phe-OH,
and Fmoc:--Leu—OH on Argogel-OH resin loaded with
glycine 0) to give 11. Introduction of a Fmoc-glycine

residue to Argogel-OH resin enables a reliable determination” ® w0 " w = Mnutes o
of the loading of the resin. Unreacted OH groupslafon Figure 1. HPLC pattern of synthetic receptad (crude product)

the resin were capped by acetylation. This was followed by showing the presence of both diastereomers.
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Scheme 2. Solid Phase Synthesis of CTV-Based Recepid) (

(i) Fmoc-Gly-OH, HOBT, DMAP

(iv) Fmoc-L-Ala-OH,BOP
DiPEA, DCM; (iii)

DIC, NMP (v) Fmoc-L-Phe-OH, BOP ph\
(i) Ac, O, DIPEA, HOBT, NMP DIPEA, DCM; (iii) o 4 2 0
Q@-oH > O‘“'O\“/\NH, . » O’“‘Ow/\ N\n/\ NHFmoc
(iii) 20% piperidine, NMP 2 (vi) Fmoc-L-Leu-OH, BOP N N
o DIPEA, DCM o] 0
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10 11
iii
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o N
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o] o)
BocH N\
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H
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bt <
HN—/
= 12
BocH 0
NHBoc
13:R=
Qo ) NaCN, MeOH
14: R= CH,

HPLC probably correspond to both diastereomers. ES-MS OH, to both free amine groups @6 and using the split-
of both diastereomers df4 clearly showed the presence of and-mix strategy (Scheme 3). Finally, Fmoc deprotection
the [M + 2NaP" peak atm/z = 1084.85. followed by Boc tert-butyl, and trityl cleavage of the relevant
Solid-Phase Synthesis of a CTV LibraryHaving shown amino acid side chains generated the resin-bound fully
that solid-phase synthesis of a CTV tripod receptor went very deprotected CTV-based receptors libr&@,1—131—-13,1—
well, a CTV-based receptor molecules library was now 13}(Scheme 3).
designed as a “one-beadne-compound” splitmix*” li-
brary. To facilitate future screening experiments, the CTV-
based receptors were covalently bound to Argogel-Midin. We have shown that the cyclotriveratrylene (CTV) scaffold
The strategy for the preparation of the CTV-based library is a versatile scaffold for the preparation of tripodal synthetic
was identical to the one used before for the construction of receptor molecules, and this was exemplified by the prepara-
the CTV-based receptdd, except for the final cleavage of tion of an arbitrary synthetic receptor containing functional
the receptors from the solid phase. A trialanine sequenceamino acid residues. Furthermore, the scaffold was also
was chosen as a simple, hydrophobic, and not sterically successfully used in the sptimix synthesis of a library of
encumbered sequence for the peptidic arm connected to theCTV-containing solid-phase bound synthetic receptors con-
solid phase. In the future, diversity can be introduced in this taining 2197 members.
first peptidic arm by variation of this sequence. The  An especially interesting feature of this scaffold is the
construction of the first peptidic arm consisted of three possibility to orient the peptidic arms in a parallel way, which
subsequent BOP coupling/Fmoc deprotection of Fmoc- might favor binding of ligands and already has proven to be
Ala—OH to Argogel-NH (Scheme 3). Then, the (Be©TV useful for alignment of peptidic sequences, as was recently
scaffold 7 was coupled, and the Boc groups were cleaved shown in the preparation of collagen mimi€s he selective
from 15, resulting in16 (Scheme 3). A 2197-member library  functionalization of the CTV will also enable expansion of
of Fmoc-protected CTV-base2l{1-131-131—-13} was the diversity of these CTV receptors, which is underway.
prepared by 3-fold coupling of 13 Fmoc-protected amino Finally, screening experiments using these libraries will be
acids,17{1-13}, Fmoc-Gly-OH, Fmoct-Ala—OH, Fmoc- reported soon.
L-Val—OH, Fmoct-Leu—OH, Fmoct-Ser{Bu)—OH, Fmoc-
L-Asp(OBu)—OH, Fmoct-Glu(OBu)—OH, Fmoct-GIn-
(Trt)—OH, Fmoct-Lys(Boc)-OH, Fmoct-Phe-OH, Fmoc-
L-Tyr( 'Bu)—OH, Fmoct-His(Trt)—OH, and Fmoa--Pro—

Conclusions

Experimental Section

General. All the reagents were purchased from com-
mercial sources and used without further purification. Ar-
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Scheme 3. Split—Mix Synthesis of 2197-Member CTV-Based Receptor Library
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gogel-NH: (0.40 mmol/g, average bead diameter Lif8) mL/min; two mobile phases (mobile phase A, 99.9% water,
and Argogel-OH (0.48 mmol/g, average bead diameter 154 0.1% TFA; mobile phase B, 5% water, 95% acetonitrile,
um) resins were purchased from Argonaut Technologies, Inc. 0.085% TFA) were used with a standard protocol, 0% B for
Argogel-OH resin was dried over,®s. Protected amino 5 min then 100% B in 20 min, 100% B for 5 min then 0%
acids were purchased from Alexis Corporationsu(edfin- B in 5 min, and reequilibration at 0%B for 5 min.

gen, Switzerland) and Advanced Chemtech Europe (Ma- Synthesis of [20-(Benzyloxycarbonyl)methyl]-CTV (2),
chelen, Belgium). All reactions on the solid phase were [2,7-di-O-(Benzyloxycarbonyl)methyl]-CTV (3) and [2,7,-
performed in standard glassware or polyethylene glycol (PE) 12-tri- O-(Benzyloxycarbonyl)methyl]-CTV (4). To a solu-
syringes with PE frits. Peptide grade solvents dried on tion of 1 (2.04 g, 5 mmol) in DMF (100 mL) was added
molecular sieves were used for reactions and resin washingCs,CO; (1.63 g, 5 mmol). After cooling to T, a solution
The capping agent used was a mixture of acetic anhydrideof benzyl bromoacetate (84, 5.5 mmol) in DMF (1 mL),

(42 mL), DIPEA (2.18 mL), HOBT (0.23 g), and NMP (100 was added dropwise. The suspension was stirred overnight
mL). Kaiser and bromophenol blue (BPB) té&t8were used at room temperature. The solvent was evaporated, and DCM
for detection of primary amines on the solid phase. Analytical was added. The mixture was washed with KHSOM),
thin-layer chromatography (TLC) was performed on Merck H,O, and brine. Upon drying (N&(O,) and evaporating the
precoated silica gel 602k (0.25 mm) plates. Spots were solvent, the crude product was subjected twice to column
visualized with UV light, ninhydrine, or G+TDM.?° chromatography (DCM/methanol, 100:1, 50:1, 20:1 gradient
Column chromatography was performed using Merck Kie- and DCM/methanol, 10:1) to give:

selgel 60 (46-63 um). *H NMR and**C NMR were obtained 2 (1.10 g, 40%) as a white foank = 0.37 (DCM/

on a Varian 300 MHz spectrometer. Chemical shifts are given methanol, 10:1*H NMR (CDCls, 300 MHz)9: 7.29-7.17

in parts-per-million (ppm) with respect to the internal (m, 5H, Ar—Bn), 6.88, 6.86, 6.81, 6.77, 6.67 (6s, 6H, Ar-
standard TMS fotH NMR. 3C NMR spectra were recorded CTV), 5.51, 5.47 (2s, 2H, OH), 5.16 (d, 1H, GRh,J,p =
using the attached proton test (APT) pulse sequence.12.1 Hz), 5.09 (d, 1H, CkPh), 4.70 (d, 1H, CHCO, Ja.p
Elemental analyses were performed at Kolbe Mikroanalytis- = 16.3 Hz), 4.65 (d, 3H, CH,CTV), 4.58 (d, 1H, CHy-
ches Laboratorium (Mbeim an der Ruhr, Germany), and CO), 3.81, 3.78 (2s, 9H, OG}) 3.48, 3.47, 3.40 (3d, 3H,
the determined values are within 0.4% of theory. ES-MS CHaecCTV, Jecax= 14.0 Hz).13C NMR (CDCk, 75 MHz)
experiments were performed on a Shimadzu LCMS QP80006: 169.36 (CGBN), 148.45, 145.71, 145.24, 145.15, 144.07,
system. HPLC analyses were performed on a Shimadzul43.99 (C-2,3,7,8,12,13-CTV), 135.07, 134.08, 132.42,
10Avp (Class VP) using a PL-ELS-1000 detector and UV 131.88, 131.21, 131.03 (AEZCH-CTV, Ar-C-Bn), 128.39,
detector operating at 220 and 254 nm. An Adsorbophere C8,128.26, 128.07 (AH-Bn), 117.79, 115.47, 115.38, 113.83,
90 A, (4.6 x 250 mm, 5um) was used; flow rate was 1  112.17,112.02 (C-1,4,6,9,11,14-CTV), 67.42, 66.57 (CH
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Ph, OCHCO), 55.97, 55.94, 55.88 (OGH 36.15 (CH- 2,3,7,8,12,13-CTV), 134.97, 133.84, 132.45, 132.26, 131.80,
CTV). ES-MS (W2) = 579.30 (100%, [M+ NaJ*). Anal.  131.32 (ArCCH,-CTV, Ar-C-Bn), 128.31, 128.11, 128.01
Calcd for GgH3,0s: C 71.21, H 5.79. Found: C 71.16, H (Ar-H-Bn), 117.55, 115.07, 113.80, 113.13, 112.90 (C-
5.84. 1,4,6,9,11,14-CTV), 78.65((CHzs)3), 68.32, 67.18, 66.56

3 (0.70 g, 20%) as a white foanR = 0.56 (DCM/  (OCH,), 56.02, 55.84, 55.69 (OG}] 38.68 (NCH), 36.27,
methanol, 10:1)H NMR (CDCl;, 300 MHz)d: 7.30-7.17  36.12 (CH-CTV), 29.06 (CH), 28.06 (CCHa)s). ES-MS
(m, 10H, Ar—Bn), 6.87, 6.84, 6.83, 6.73, 6.68 (6s, 6H, Ar- (M/z) = 893.50 (100%, [M+ Nal*), 771.45 (11%, [M—
CTV), 5.39 (s, 1H, OH), 5.16, 5.14 (2d, 2H, GRh,J,, = (Boc) + H]™), 715.75 (55%, [M— (Boc,'Bu) + H]*). Anal.
12.1 Hz), 5.09 (d, 2H, CkiPh), 4.71-4.65 (m, 3H, CHae  Calcd for GgHeaN2O12: C 67.57, H 7.17; N 3.22. Found:
CTV), 4.70, 4.66 (2d, 2H, CHCO, J., = 16.5 Hz), 459, C 67.38, H 7.12, N 3.15.
4.53 (2d, 2H, CH,CO), 3.83, 3.81, 3.80 (3s, 9H, OGH Synthesis of [20-(Benzyloxycarbonyl)methyl-7,12-di
3.51, 3.45, 3.43 (3d, 3H, GEkCTV, Jec.ax= 13.5 Hz).13C O-[N-benzyloxycarbonyl]propylamine]-CTV (6). To a
NMR (CDCls, 75 MHz)6: 169.33, 169.28 (CgBn), 148.50, solution of CTV derivative? (1.11 g, 2 mmol) in DMF (40
148.45, 145.70, 145.22, 144.06 (C-2,3,7,8,12,13-CTV), mL), CsCO; (1.95 g, 6 mmol) and 1-bromo-N¢benzy-
135.06, 134.09, 133.97, 131.90, 131.70, 131.49, 131.08 (Ar-loxycarbonyl)propylamine (1.63 g, 6 mmol) was added. After
CCHCTV, Ar-C-Bn), 128.32, 128.26, 128.15, 128.06 (Ar- the suspension was stirred at room temperature overnight,
H-Bn), 117.69, 115.44, 113.74, 113.57, 111.98 (C-1,4,6,9,- the solvent was evaporated, and ethyl acetate was added.
11,14-CTV), 67.39, 67.33, 66.61, 66.57 (OH, OCHCO), The mixture was washed with KHSQL M), H,0, and brine.

55.96, 55.87 (OCE), 36.20 (CH-CTV). ES-MS n/2) = After drying (NaSQy) and evaporating the solvent, the crude
727.45 (100%, [M+ Na]*). Anal. Calcd for GoHscO10: C product was purified by column chromatography using DCM/
71.58, H 5.72. Found: C 71.16, H 5.84. methanol, 50:1, anfl (1.61 g, 86%) was obtained as a white

4 (0.05 g, 1%) as a white foar® = 0.80 (DCM/methanoal, foam. R = 0.58 (DCM/methanol, 20:1}H NMR (CDCls,
10:1).*H NMR (CDCl;, 300 MHz)6: 7.37—7.16 (m, 15H, 300 MHz) 6: 7.34-7.26, 7.19-7.12 (2m, 15H, Ar-Bn),
Ar—Bn), 6.84, 6.73 (2s, 6H, Ar-CTV), 5.13 (d, 3H, GH 6.85, 6.81, 6.80, 6.77, 6.76, 6.68 (6s, 6H, Ar-CTV), 5.86
Ph,J.p=12.1 Hz), 5.08 (d, 3H, CkiPh), 4.68 (d, 3H, Chx (m, 2H, NH), 5.18-5.04 (m, 6H, CHPh), 4.73, 4.72 (2d,
CTV, Jaxec= 13.7 Hz), 4.67 (d, 3H, CKHCO, J.p = 16.5 3H, CHaxCTV, Jaxec = 13.6 Hz), 4.70 (d, 1H, CHCO,
Hz), 4.52 (2d, 3H, CK,CO), 3.80 (s, 9H, OCE¥j, 3.44 (d, Jap= 16.5 Hz), 4.58 (d, 1H, CHCO), 4.10-3.79 (m, 2H,
3H, CH,eCTV). °C NMR (CDCk, 75 MHz) 6: 169.24 CH;0), 3.77, 3.69, 3.65 (3s, 9H, OGK13.58-3.32 (m, 5H,
(COBn), 148.51, 145.75 (C-2,3,7,8,12,13-CTV), 135.06, CH;N, CHLTV), 1.95 (CH). 13C NMR (CDCk, 75 MHz)
133.98, 131.35 (ACCH,-CTV, Ar-C-Bn), 128.41, 128.27, o: 169.26 (CQBn), 156.53 (CONH), 148.45, 148.19,
128.10 (ArH-Bn), 117.66, 113.56 (C-1,4,6,9,11,14-CTV), 146.57, 145.87 (C-2,3,7,8,12,13-CTV), 136.77, 135.07,
67.30, 66.58 (OCHPh, OCHCO), 55.88 (OCH), 36.19 133.89, 132.63, 132.43, 131.87, 131.57 @CH,-CTV, Ar-
(CHxCTV). ES-MS (Wz) = 891.35 (28%, [M+ K]*), C-Bn), 128.44, 128.41, 128.27, 128.16, 128.06, 127.95 (Ar-
875.45 (100%, [M+ NaJ"), 853.35 (5%, [M+ H]*). Anal. H-Bn), 117.66, 115.11, 113.83, 113.01, 112.83 (C-1,4,6,9,-
Calcd for GiH4g012: C 71.82, H 5.67. Found: C 71.79, H 11,14-CTV), 68.66, 67.28, 66.69, 66.45 (OgH56.11,
5.74. 55.74, 55.61 (OCh), 39.59 (NCH), 36.42 (CH-CTV),

Starting materiall (0.10 g, 5%) was also recovered. 29.02 (CH). ES-MS (2) = 961.60 (100%, [M+ NaJ"),

Synthesis of [20-(Benzyloxycarbonyl)methyl-7,12-di 940.40 (80%, [M+ H]¥). Anal. Calcd for GsHsgN2012: C
O-[N-tert-butyloxycarbonyl]propylamine]-CTV (5). To a 70.35, H 6.23, N 2.98. Found: C 70.25, H 6.11, N 2.88.
solution of CTV derivative? (1.11 g, 2 mmol) in acetonitrile Synthesis of [20-Carboxymethyl-7,12-diO-(N-tert-

(40 mL), CsCO; (1.95 g, 6 mmol) and the 1-bromohs- butyloxycarbonyl)propylamine]-CTV (7). To cooled a
(tert-butyloxycarbonyl)propylamine (1.43 g, 6 mmol) was solution (0°C) of CTV derivative5 (1.11 g, 2 mmol) in
added. After the suspension was stirred at room temperatureethanol/THF, 2:1 (120 mL), Pd charcoal (10%) (20% w/w)
overnight, the solvent was evaporated, and ethyl acetate wasvas added, and the suspension was stirred unglprédssure
added. The mixture was washed with KHSQ M), H.O, from a balloon at room temperature overnight. The reaction
and brine. After drying (Ns8Q,) and evaporating the solvent, ~was filtered, and the solvent was evaporated to @iy&.53

the crude was purified by column chromatography using g, 98%) as a white foani; = 0.27 (DCM/methanol, 10:1).
DCM/ethyl acetate, 10:1 and 5:1, to yiefd(1.30 g, 80%) H NMR (CDCl;, 300 MHz) d: 6.74, 6.71, 6.66, 6.50 (4s,
as a white foamR; = 0.30 (DCM/ethyl acetate, 5:13H 6H, Ar-CTV), 5.52, 5.44 (2bs, 2H, NH), 4.54 (m, 3H, Gk
NMR (CDCl;, 300 MHz) 6: 7.28-7.12 (m, 5H, Ar-Bn), CTV), 4.32 (m, 2H,CH,COOH), 4.04 (bs, 4H, C}D), 3.81,
6.85, 6.81, 6.80, 6.77, 6.70 (5s, 6H, Ar-CTV), 5.41 (bs, 2H, 3.78 (2s, 9H, OCH), 3.53, 3.43 (2bs, 3H, CR-CTV), 3.27
NH), 5.16 (d, 1H, CHPh, J.p = 12.2 Hz), 5.07 (d, 1H,  (m, 4H, CHN), 1.90 (m, 4H, CH), 1.42, 1.37 (2s, 18H,
CHxpPh), 4.73, 4.71 (2d, 3H, CH-CTV, Jaxec= 13.4 Hz), C(CHa)3). 13C NMR (CDCk, 75 MHz) 6: 173.84 (COOH),
4.68 (d, 1H, CH,CO, J.p = 16.2 Hz), 4.58 (d, 1H, Ch- 156.11, 156.08 (CONH), 148.17, 146.85, 146.68, 144.95 (C-
CO), 4.11-3.86 (m, 4H, CHO), 3.82, 3.81, 3.77 (3s, 9H, 2,3,7,8,12,13-CTV), 132.88, 132.44, 132.04, 131.88, 131.71,
OCHg), 3.51, 3.50, 3.43 (3d, 3H, CGE-CTV), 3.33-3.20 131.50 (ArCCH,-CTV), 115.15, 113.08, 112.42 (C-1,4,6,9,-
(m, 4H, CHN), 1.94-1.90 (m, 4H, CH), 1.41 (s, 18H, 11,14-CTV), 78.82, 78.71Q(CHz)3), 68.38, 68.03 (OCH),
C(CHjy)3). 3C NMR (CDCk, 75 MHz) 6: 169.15 (CGBn), 56.13, 55.81 (OCh), 38.67 (NCH), 36.25 (CH-CTV),
155.98 (CONH), 148.35, 148.14, 146.69, 146.57, 145.78 (C- 29.27 (CH), 28.42 (CCHs)3). ES-MS (W2 = 803.25
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(100%, [M + Na]"), 681.45 (31%, [M— (Boc) + H]*),
625.30 (43%, [M— (Boc — 'Bu) + H]*, 581.50 (28%, [M
— (2Boc) + H]*). Anal. Calcd for G;HsgN2O;,: C 64.60,
H 7.23, N 3.59. Found: C 64.52, H 7.22, N 3.65.

Synthesis of [20-Carboxymethyl-7,12-d-O-(N-fluoren-

amino acids was carried out using a double amount of
reagents. Afte3 h of shaking, the resin was washed with
NMP (5 x 2 min) and DCM (5x 2 min). When (Bocy
CTV—OH derivative7 was used, 2 equiv of, 2 equiv of
BOP, and 4 equiv of DIPEA were used, and the reaction
9-ylmethoxycarbonyl)propylamine]-CTV (9). To a cooled was shaken at room temperature overnight. Negative Kaiser
solution (0°C) of CTV derivative6 (1.11 g, 2 mmol) in and BPB tests indicated completion of the coupling. The
ethanol/chloroform, 1:1 (120 mL), Pd charcoal (10%) (20% loading of the resin was determined by Fmoc-photometric
W/W) was added, and the Suspension was stirred under H quantification, after drylng the resin under vacuum overnight.
pressure from a balloon at room temperature overnight. The General Procedure forN*-Fmoc Deprotection. The N*-
reaction was filtered, and the solvent was evaporated to giveFmoc-protected resin was swollen in NMP (2 min), and after
the hydrochloride salB (1.18 g, 90%) as a white foank draining the solvent, the resin was shaken with 20%
= 0.16 (DCM/methanol, 5:1}H NMR (DMSO, 300 MHz) piperidine in NMP (3x 10 mL/mmol, each 10 min). The
0: 8.04 (bs, 4H, NH), 7.09, 6.99, 6.97 (3s, 6H, Ar-CTV), resin was washed with NMP (% 2 min) and DCM (5x 2
4.65 (d, 3H, CHax CTV, Jaxec= 13.7 Hz), 4.63 (s, 2H, CH min). Positive Kaiser and BPB tests indicated the Fmoc
CO), 4.06, 3.98 (m, 4H, C#D), 3.72 (s, 9H, OCHh), 3.48 deprotection.

(d, 3H, CHecCTV), 2.89 (m, 4H, CHN), 1.95 (CH). **C Synthesis of the CTV-Based Receptor 14 on the Solid
NMR (DMSO, 75 MHz): 170.38 (COOH), 147.82, 147.68,  Phase Argogel-OH (1 g, 0.48 mmol), was swollen in NMP
147.45, 146.15, 145.98, 145.77 (C-2,3,7,8,12,13-CTV), (8 mL, 2 min). After draining off the solvent, HOBT
132.87, 132.77, 132.59, 132.06 (A&CH-CTV), 115.48, monohydrate (0.58 g, 1.92 mmol), DMAP (58 mg, 0.48
114.91,114.12,113.57 (C-1,4,6,9,11,14-CTV), 66.05, 65.95, mmol), Fmoc-Gly-OH (0.57 g, 1.92 mmol), and NMP (8
65.11 (OCH), 56.20, 55.85 (OCHJ, 38.36 (NCH), 36.59,  mL) were added. The suspension was shaken by bubbling
35.22 (CH-CTV), 26.89 (CH). ES-MS (W2) = 1183.85  njtrogen through the mixture until complete disolution, and
(36%, [2M + NaJ*), 603.95 (35%, [M+ NaJ*), 581.55  then DIC (15QuL, 0.96 mmol) was added. AfterNubbling
(100%, [M + H]*). The hydrochloride sal8 (0.98 g, 1.5  overnight, the resin was drained and washed with NMP (5
mmol) was dissolved in water (7.5 mL) and TEA (62L, x 8 mL, each 2 min), DCM (5« 8 mL, each 2 min) and
4.5 mmol), and a solution of Fmoc-OSu (1.01 g, 3 mmol) Et,0 (5 x 8 mL, each 2 min) and dried under vacuum
in acetonitrile (7.5 mL) was added. The mixture was stirred overnight (loading= 0.40 mmol/g). Next, the resin (1 g,

at room temperature for 2 h, the solvent was evaporated,0.39 mmol) was swollen in NMP (7 mL, 2 min), and capping
and ethyl acetate was added. The mixture was washed withsolution (8 mL) was added. After shaking for 1 h, the resin

KHSO, (1M), H,O, and brine. After drying (N&O,) and

was washed with NMP (% 7 mL, each 2 min) and DCM

evaporating the solvent, the crude product was purified by (5 x 7 mL, each 2 min). UpoiN*-Fmoc deprotection of the

column chromatography (DCM/methanol, 50:1, 20:1) to give
9(1.15 g, 75%) as a white foarR = 0.61 (DCM/methanol,
5:1). *H NMR (CDCl;, 300 MHz) 6: 7.67, 7.51 (2d, 8H,
Ar-Fmoc,J = 7.4 Hz), 7.30, 7.19 (2t, 8H, Ar-Fmoc), 6.86,
6.77,6.76, 6.75, 6.73, 6.72 (6s, 6H, Ar-CTV), 5.88 (bs, 2H,
NH), 4.68, 4.66 (2d, 3H, CH«CTV, Jaxec= 13.7 Hz), 4.57
(d, 1H, CHLCO, Jap = 16.2 Hz), 4.47 (d, 1H, CHCO),
4.32 (dd, ZH, CH—FmOC,JgemZ 52 HZ,JCH2a,CH= JCHZb,CH

= 2.2 Hz), 4.05 (m, 4H, CkKD), 3.93 (bs, 1H, CH-Fmac),
3.75, 3.69, 3.66 (3s, 9H, OGH 3.46 (d, 3H, CH.:CTV),
3.33 (m, 4H, CHN), 1.92 (m, 4H, CH). 13C NMR (CDCk,

75 MHz) 6: 170.45 (COOH), 156.58 (CONH), 148.36,
146.72, 143.98, 141.24 (C-2,3,7,8,12,13-CTV,@¥Fmoc),
132.39, 131.08 (AH-CTV), 127.58, 126.97, 125.02, 119.88
(Ar-H-Fmoc), 115.25, 113.14 (C-1,4,6,9,11,14-CTV), 68.73,
68.04, 66.42 (CpFmoc, OCH), 55.87 (OCH), 47.29 (CH-
Fmoc), 39.52 (CkN), 36.45 (CH-CTV), 29.14 (CH). ES-
MS (m/2) = 1047.95 (47%, [M+ Na]t), 1026.40 (100%,
[M + H]%). Anal. Calcd for GoHgoN2O12: C 72.64, H 5.90;

N 2.73. Found: C 72.52, H 6.04, N 2.80.

General Procedure for Coupling Fmoc/Boc-Amino
Acids or (Boc)-CTV—OH (7) on the Solid Phase.The
resin (1 equiv) was swollen in NMP (2 min), and after
draining the solvent, BOP (4 equiv), the Fmoc/Boc-amino
acid (4 eequivg) and NMP (15 mL/mmol) were added. The
mixture was shaken until complete disolution, then DIPEA
(8 equiv) was added. Additional coupling of two Fmoc/Boc-

resin, Fmoa--Ala—OH-H,O (0.52 g, 1.56 mmol) was
coupled to resirL0 (1 g, 0.39 mmol) following the general
procedures described above. Th¥trFmoc deprotection,
coupling of Fmoc-PheOH (0.60 g, 1,56 mmol)N*-Fmoc
deprotection and coupling of Fmaeteu—OH (0.55 g, 1.56
mmol) were performed to give resihl (loading = 0.34
mmol/g). After removal oN*-Fmoc from11 (234 mg, 0.079
mmol), (Boc}-CTV—OH scaffold {) was attached to give
12 following the general procedure. Subsequently, régin
was swollen in DCM (7 mL, 2 min), the solvent was drained,
and the resin was treated with 50% TFA in DCM (10 mL)
for 45 min, followed by washing with NMP (3 7 mL,
each 2 min), 25% DIPEA in NMP (4 7 mL, each 2 min),
NMP (5 x 7 mL, each 2 min), and DCM (% 7 mL, each

2 min) to give positive Kaiser test and BPB tests. After
coupling of Fmoc:-Ser(But)-OH, N*-Fmoc deprotection,
coupling of Fmoc:-Lys(Boc)-OH, N*-Fmoc deprotection,
and coupling of Boa-Val—OH, resin13 was obtained.
Finally, resinl3was washed with methanol ¢ 7 mL, each

2 min), and the solvent was drained. Sodium cyanide
(catalytic amount) and methanol (2 mL) were added, and
the reaction mixture was shaken overnight. After filtration,
collection of the filtrate of the resin gave, after evaporation,
receptorl4 (126 mg, 75%) as a white solid. HPLC: Rt
25.9 min (44%), Rt= 26.2 min (45%), ES-MSn/z) =
1084.85 (100%, [M+ 2NaF"), 1023.60 (29%, [M— (Boc)

-+ Na + HJ]?"), 996.05 (20%, [M— (Boc — ‘Bu) + Na +
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H]?"), 962.60 (24%, [M— (2Boc) + 2H]?"), 934.41 (36%,
[M — (3Boc) + 2NaF").

Loading of the Resin Argogel-NH (15). Fmoc+-Ala—
OH-H,0 (1.05 g, 3.2 mmol) was coupled to the Argogel-
NH; resin (2 g, 0.8 mmol), and thB*-Fmoc group was
cleaved following the general procedure. Coupling of Fmoc-
L-Ala—OH-H,0 was repeated twice, ending with resin-bound
trialanine in a loading of 0.36 mmol/§l*-Fmoc deprotection
and coupling of7 (687 mg, 0.86 mmol) gavé5. Treatment
of 15with 50% TFA in DCM (7 mL) for 45 min and further
washing of the resin with NMP (X 7 mL, each 2 min),
25% DIPEA in NMP (4x 7 mL, each 2 min), NMP (5«

7 mL, each 2 min), and DCM (% 7 mL, each 2 min) led
to resin16.

Preparation of Library 20 {1—-131—-131—-13}. Resin16
was dried overnight under vacuum, divided into 13 equal
portions (100 mg) in PE syringes with PE frits, each
containing 0.036 mmol and, swollen in NMP (0.7 mL, 2
min). After draining the solvent, BOP (127 mg, 8 equiv), a
different Fmoc-amino acid fromd7{1-13} (8 equiv) and
NMP (0.7 mL) were added to each portion. The mixtures
were shaken until all the reagents were dissolved, and DIPEA
(98.4 uL, 16 equiv) was added to every reaction. The
syringes were placed on a shaker overnight. The resin was
washed with NMP (5« 1 mL, each 2 min) and DCM (%

1 mL, each 2 min). After each reaction, the loading was
determined by quantification of the Fmoc-cleavage product
to give an average loading of 0.30 mmol/g. Then the content
of the syringes was pooled and mixed in a reaction vessel
washed with NMP (2x 13 mL, each 2 min), antl*-Fmoc
was removed following the general procedure to give the
library 18{1—13}. Upon drying libraryl8{1—13} overnight
under vacuum, the splitmix procedure was repeated for the
coupling of the second Fmoc-amino add{1—13}, fol-
lowed byN*-Fmoc deprotection to give librad{1-131—

13}. The last splitmix cycle led to the attachment of the
third Fmoc-amino acid7{ 1-13} to give the Fmoc-protected
library of 20 {113, 1-13, 1-13}. The separate reactions
(average loading= 0.25 mmol/g) were pooled and mixed
for Na-deprotection. This was carried out using 80 mg
(~0.020 mmol) following the general procedure. After that,
the library was treated with 0.5 mL of a mixture of TFA/
H,O/TIS, 95:2.5:2.5 (viviv) fo4 h and washed with NMP

(83 x 2 mL, each 2 min), 25% DIiPEA in NMP (4 2 mL,
each 2 min), NMP (5« 2 mL, each 2 min), and DCM (X

2 mL, each 2 min) to give librarg0{1—-131-131-13}.
Upon washing with dioxane (4« 2 mL, each 2 min);
dioxane/HO, 1:1 (4x 2 mL, each 2 min); KO (4 x 2 mL,
each 2 min); and EO (4 x 2 mL, each 2 min), library
20{1—-131-131—13} was dried and stored under vacuum.
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Boc, tert-butoxycarbonyl; BOP, benzotriaztis-(di-
methylamino)phosphonium hexafluorophosphéBei, tert-
butyl; Cbz, benzyloxycarbonyl; CTV, 2,7,12-trihydroxy-
3,8,13-trimethoxy-10,15-dihydra-btribenzop,d,g]cyclonon-
ene; DCM, dichloromethane; DIC, diisopropylcarbodiimide;
DIPEA, N,N-diisopropylN-ethylamine; DMAP, N,N-(di-
methylamino)pyridine; DMF, dimethylformamide; ES-MS,
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electrospray ionization mass spectrometry;CEtdiethyl

ether; Fmoc,N-fluoren-9-ylmethoxycarbonyl; Fmoc-OSu,
FmocN-hydroxysuccinimide; HOBT, 1-hydroxybenzatriazol,
NMP, N-methylpirrolidone; Rt, retention time; TEA, tri-
ethylamine; TFA, trifluoroacetic acid; TIS, triisopropylsilane.
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