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A convergent synthesis has been developed for the preparation of solid-phase bound construct 1, consisting of an orthogonally protected
trifunctional core structure that is attached to TentaGel via a photocleavable linker.

The development of multifunctional template structures, and that allow at the same time the independent generation
commonly known as multipodal scaffolds, for the construc- of strands via orthogonal protection, but they all involve a
tion of chemical libraries via combinatorial techniques is a rigid template structuré.Herein we wish to describe the
timely challenge in organic synthedisn general, polyfunc- convergent synthesis of the flexible and orthogonally pro-
tional scaffolds have been developed in the context of binding tected solid-phase bound trifunctional constrlydh racemic
studies whereby a receptor-like derivative consists of a rigid form, in which a photocleavable linker is incorporafed.
template structufepossessing two or more functionalities Central in the scaffold are the pseudg<ymmetrical core
for the attachment of strands that will create an appropriate structures2 and 3 (Scheme 1). These are characterized by
environment for binding of the ligand. When the generation

of a large receptor-like library is considered using a com-  (3) (a) Patek, M.; Drake, B.; Lebl, Mietrahedron Lett1994,35, 9169.
binatorial approach such as the mix-split procedure, a (b)Kocis, P.; Issakova, O.; Sepetov, N.; Lebl, Metrahedron Lett1995,
supplementary functional group for attachment of the scaffold 2 25 (9. VE5s, S Pt el 1 KGio i B Ennsen,
to the solid phase must be incorporated. There are examples\.; Kramer, W.Angew. Chem., Int. Ed. Engl996,35, 2222. (d) Wunberg,

i i i T.; Kallus, C.; Opatz, T.; Henke, S.; Schmidt, W.; Kunz,Ahgew. Chem.,
of constructs in which these functional features are presentlm_ Ed. Engl.1908,37, 2503, () Bary, . F.: Davis, A. P, Pérez.Payan,
M. N. Tetrahedron Lett1999,40, 2849. (f) Kallus, C.; Opatz, T.; Wunberg,

(1) Reviews: (a) Gordon, E. M.; Barrett, R. W.; Dower, W. J.; Fodor, T.; Schmidt, W.; Henke, S.; Kunz, H.etrahedron Lett1999,40, 7783.
S. P. A;; Gallop, M. AJ. Med. Chem1994,37, 1385. (b) Balkenhohl, F.; (g) Pattarawarapan, M.; Burgess,Angew. Chem., Int. E@000,39, 4299.

Von dem bussche-Hiinnefeld, C.; Lansky, A.; ZechelA@gew. Chem., (4) For recent examples of flexible solid-phase bound scaffolds, see: (a)
Int. Ed. Engl 1996, 35, 2288. (c) Thompson, L. A.; Ellman, J. &hem. Nestler, H. P.Mol. Diversity 1996, 2, 35. (b) Seneci, P.; Sizemore, C.;
Rev.1996,96, 555. (d) Nefzi, A.; Ostresh, J. M.; Houghten, R.@hem. Islam, K.; Kocis, PTetrahedron Lett1996 37, 6319. (c) Page, P.; Burrage,
Rev.1997,97, 449. S.; Baldock, L.; Bradley MBioorg. Med. Chem. Letf1998,8, 1751. (d)

(2) (a) Boyce, R.; Li, G.; Nestler, P.; Suenaga, T.; Still, W.JCAm. Heinonen, P.; Rosenberg, J.; Lénnberg,Bdr. J. Org. Chem2000, 21,
Chem. Soc1994,116, 7955. (b) Cheng Y.; Suenaga, T.; Still, W. L. 3647. (e) Virta, P.; Rosenberg, J.; Karskela, T.; Heinonen, P.; Lénnberg,
Am. Chem. S0d 996,118, 1813. H. Eur. J. Org. Chem2001,18, 3467.
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s An important feature ol is the presence of a photocleav-

Scheme % able linker! The well-documented-methyl-o-nitroveratryl
structural moiet§ was introduced on TentaGel-S-Nitia

OH OH
condensation with aci@ (Scheme 2¥2 After Fmoc depro-
abc tection, the resulting amine was reacted with acid scaffold
HOOH OH OQH OH (EDC, DMAP). The coupling and deprotection steps were
pentaerythritol monitored in a qualitative way using the colorimetric TNBS
4 and NF31° tests. In our hands, the NF31 test appeared to
Br
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NaH, THF, 48%; (c) TBAF, THF, 84%; (d§, NaH, THF, 37%; 2
(e) 7, NaH, THF, 32%; (f) succinic anhydride, DMAP, GEl,, HN
90%. °
o}
the presence of a stereogenic quaternary center, to which o
are connected thregara-substituted benzylic chains, each
one of them terminated by a differently protected primary 0 o
alcohol. The choice of the protective groups, i.e., tetrahy- o}
dropyranyl (THP), 3,4-dimethoxyphenylmethyl (DMPM),
and tert-butyldiphenylsilyl (TBDPS) ethers, allows for a
separate deprotection so that each hydroxyl group in turn
can be used for the introduction of molecular diversity. e UTR0RS
Starting from pentaerythritol, the first benzylic chain was ODMPM
introduced via a three-step sequence involving prior tempo- 1
rary protection of one of the hydroxymethyl groupstes- ; ie’?i;}; ielffg‘f;ggni dyeort
butyldiphenylsilyl gtheP.Subseque.ntly a classical WiI_Iiam— 3 hfisés nm), 1.4-dioxane, 1% DMSO
son ether synthesis, followed by silyl ether deprotection, led

to triol 4. The two other benzylic chains were introduced
afterward in a consecutive way by similar ether formation.
The required benzylic bromides 6, and 7 were readily

prepared from the commercially available 4-(bromomethyl)-

MNH;
o}
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phenylacetic acid via reduction of the carboxylic acid 1 , ;
function with borane-methyl sulfide complekand introduc- 2 Q R i i
(0]
j OR?
OR?

tion of the three different protective groups according to the e THP  DMPM  TBDPS

usual procedures. 10 Ac  DMPM  TBDPS
By treatment of alcohoP with succinic anhydride, the 11 THP Ac TBDPS

required carboxylic acid functior8) for eventual attachment 12 THP  DMPM Ac

to the solid phase was introduced. It was also expected that

the simultaneous incorporation of a spacer would facilitate

the connection to the solid phase. aReaction conditions: (a) DIC, HOBt, DMF; (b) 20% piperidine,
: . - onDb- . DMF; (c) 3, EDC, DMAP, CHCly; (d) AcOH/CHCl/H0
(5) (a) Hanessian, S.; Prabhanjan, H.; Qiu, D.; NambiaGe. J. Chem. o . o,
1996, 74, 1731. (b) Ueno, Y.; Takeba, M.; Mikawa, M.; Matsuda, J. 80:15:5, 16 h, 60°C; (e) DDQ, 1 h, 0°C; (f) TBAF, AcOH,
Org. Chem.1999,64, 1211. molecular sieves (4 A), THF.
(6) Praly, J. P.; Descotes, Getrahedron Lett1987,28, 1405.
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be more sensitive to control the completeness of the reactionethers present in the scaffoBd The DMPM group proved

step involving the coupling of aci@® with the sterically
hindered amine obtained after Fmoc deprotection.
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o—>/_o
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NF31

At this point the photolytic release of the scaffold was
investigated. Exposure of resin50 mg) in 1,4-dioxane (1.5
mL) containing 1% DMSO to UV light (365 nm) for 20 h
gave primary amid® (86% yield). In this known procedure,
the presence of DMSO was shown to have a beneficial
influence on the rate of the cleava$e.

The development of appropriate reaction conditions for

the selective deprotection of the three protective groups

required extensive optimization. In a first stage, the efficiency

by 13C gel-phase NMR (see Supporting InformatiéhJHP
deprotection: The use ofp-toluenesulfonic acid? led to
deprotection of both THP and DMPM ethers, whereas
pyridinium p-toluenesulfonic acid was not strong enough to
effect complete deprotectidi? Treatment of the resin with

a solution of AcOH/CHCI/H,0 in a ratio of 80:15:5 at 60

°C led on the other hand to complete and selective depro-

tection of the THP ethé° DMPM deprotection: Complete

and selective deprotection was achieved using dichloro-

dicyanoquinone (DDQ) at OC for 1 h1® Longer reaction

to be superior over an earlier investigated 4-methoxyphen-
ylmethyl benzyl ether protective group as a result of its
known higher sensitivity toward oxidative conditiorieB-
DPS deprotection: The procedure for deprotection of silyl
ethers using tetrabutylammonium fluoride (TBAF) led to
hydrolysis of the ester function present3nHowever, the
addition of 1 equiv of acetic acid led to a successful selective
deprotectiort?

Although the on-resin deprotection of the protective groups
could be followed by**C gel-phase NMR! we wished to
control the efficiency and the reproducibility of the above
procedures in a quantitative way. Therefore, in each case
after deprotection the free hydroxyl function was capped as
the acetate, and the resulting intermediate was subjected to
photocleavage. After chromatographic purification, the re-
leased acetated), 11, and12 were obtained in 55%, 62%,
and 56% overall yield, respectively. These isolated yields
involving a six-step sequence were calculated taking into
account the original loading of the commercial resin. The
latter was determined by Fmoc W\is spectroscopy and

of each deprotection step was assessed in a qualitative wa)py the picric acid test:

In summary, a new flexible scaffol@ containing four
functionalities was developed. The carboxylic acid function
is used for the coupling on the solid support TentaGel via a
photocleavable linkeB, and the three protected hydroxyl
functions can be deprotected in an orthogonal way, allowing
for the introduction of molecular diversity. The use of this
tripodal scaffold in the development of chemical libraries is
currently under investigation.
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