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A Linker Scaffold to Present Dimers of
Pharmacophores Prepared by Solid-Phase
Syntheses™**

Mookda Pattarawarapan and Kevin Burgess*

Protein—protein interactions generally feature contact
points (“hot-spots”) situated on discontinuous sites on the
protein surfaces.! Tt is therefore difficult to find small
monomeric compounds that mimic or disrupt protein—pro-
tein interactions. This situation is unfortunate because this
type of target is important, and is likely to become even more
prevalent as data from The Human Genome Project are
processed.
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One apparent approach to mimick discontinuous hot-spots
is to link potential pharmacophores on a scaffold that holds
them apart. An early example of this is the coupling of FK506
ligands to form FK1012 and its analogues.”! This approach
featured rational design rather than high-throughput or
combinatorial methods. More recently, NMR techniques have
been used to design combinations of small pharmacophores
wherein the monomers used are usually found by random
screening.’! Others have designed solution-phase approaches
involving mixtures of compounds.**! However, none of the
existing approaches capitalize on the advantages of separating
the products from excess reagents in solid-phase syntheses.
Moreover, the scaffolds featured in this solution-phase work
were relatively flexible ones.

Solid-phase syntheses of combinations of pharmacophores
from libraries of monomers can also provide a numerical
advantage for the rapid generation of large libraries. A library
of n components could, for instance, be attached in a one-
compound-per-well format to one arm of a scaffold supported
on a solid phase. If the samples of the resin were then
distributed appropriately and the monomers coupled to the
second arm of the scaffold it would be possible to form
n(n+1)/2 dimers, one per well. If nonoverlapping libraries of n
and m components were used then the number of combina-
tions would be n x m.

Herein we describe the synthesis of new “linker scaffolds” 1
for the solid-phase syntheses of dimeric combinations of
pharmacophores. Linker scaffold 1a has two orthogonally
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“NH NHBoc
OMe
_ =
PL'N
Bn” SO,
NO,
o0 N7
H
PG
la Fmoc
1b Boc

protected reactive groups on scaffold arms that can support
pharmacophores at a relatively rigid separation of approx-
imately 10 A. The scaffold is attached to the resin through a
cleavable linker that is stable to the coupling steps and to the
acidic conditions typically used to remove side-chain protect-
ing groups (for example, trifluoroacetic acid). Moreover,
cleavage of the scaffold from the resin involves a reagent that
gives only volatile or innocuous by-products, so the crude
materials could be taken directly from the resin-cleavage step
into biological assays.

Scheme 1 delineates a synthesis of linker scaffold 1a.
Sequential Sonogashira couplings were used to introduce
the two scaffold arms in reactions that are promoted by the
electron-withdrawing nitro group. Reduction of that nitro
functionality gives an aryl amine 4 for coupling to a known!®!
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Scheme 1. Synthesis of the linker scaffold unit 7. Boc = tert-butoxycarbon-
yl; Fmoc = 9-fluorenylmethoxycarbonyl; Succ = succinimide.

sulfonyl chloride 5. Ester hydrolysis and replacement of the
trifluoroacetate 6 with a fluorenylmethoxycarbonyl protect-
ing group gave the acid 7 (Table 1) for coupling to the resin.
Full experimental details are provided in the Supporting
Information.

The development of appropriate linker modifications and
cleavage conditions took a significant amount of time to
achieve. The linker scaffolds 7 and 8 were coupled to
aminomethyl polystyrene resin (Scheme 2) and the loadings
of the resin were checked (Fmoc assay after coupling with
Fmoc-protected glycines). Cleavage of the 2-nitrosulfonamide

4300 © WILEY-VCH Verlag GmbH, D-69451 Weinheim, 2000

Table 1. Spectroscopic data for key compounds.

7: yellow oil (78 % ): 'H NMR (300 MHz, [D¢]acetone): 6 =8.40 (brs, 1H),
8.28 (d,/=7.8 Hz, 1H), 8.01 (m, 1H), 7.82 (d,/=7.5Hz,2H), 7.67 (d,/=
7.5 Hz,2H), 7.37 (m,3H), 7.30 (m, 4H), 7.05 (brt, 1 H), 6.47 (brt, 1 H), 4.35
(d,/=7.0 Hz,2H), 4.24 (m,3H), 4.09 (d,/=5.7 Hz,2H), 3.87 (s, 3H), 1.39
(s, 9H); BC NMR (75 MHz, [Dg]acetone): 6 =172.7, 167.2, 161.8, 155.9,
151.8,143.5,139.2,136.8,131.2,131.1, 129.2, 127.6, 125.9, 124.0, 123.2, 122.6,
122.1, 120.5, 115.5, 113.4, 113.3, 88.4, 75.9, 73.4, 62.7, 62.5, 56.9, 56.1, 42.5,
27.2,26.8, 23.8; HR-MS (matrix-assisted laser desorption/ionization mass
spectrometry (MALDI-MS)): caled for [C,H;N,O;;SNa]*: 803.1999;
found: 803.2030

8: yellow oil (95%): '"H NMR (300 MHz, [Dg]acetone): 6 =845 (d, J=
1.5 Hz, 1H), 8.34 (dd,J=8.4 Hz, 1.5 Hz, 1 H), 8.00 (d,/=8.1 Hz, 1H), 7.32
(s,2H), 6.53 (brt,2H), 4.14 (brs, 4H), 3.94 (s,3H), 1.45 (s, 18 H) ; “*C NMR
(75 MHz, [DgJacetone): 6 =166.8, 160.4, 156.5, 148.4, 141.1, 133.5, 133.1,
131.7, 131.4, 127.8, 125.97, 118.34, 92.9, 78.4, 76.8, 60.9, 30.6, 27.9; HR-MS
(MALDI-MS): calcd for [C3,H3,N,0;;SNa]*: 681.1842; found: 681.1844
9: yellow oil (52%, 99 % purity): '"H NMR (300 MHz, CDCL;): 6 =11.46
(brs, 1H), 8.56 (brt, 1H), 7.32 (brs, 5SH), 6.59 (brs, 2H), 4.44 (brd, 2H),
4.23 (brs, 4H), 3.85 (s, 3H), 3.67 (brs, 4H), 2.65 (m, 2H), 1.51 (s, 18H);
3C NMR (75 MHz, CDCly): 6 =177.4, 169.1, 163.2, 159.3, 155.6, 154.1,
153.0, 143.9, 138.7, 128.7, 127.4, 117.6, 117.2, 114.6, 88.2, 83.4, 79.7, 79.6,
61.6,48.4,36.4,31.6, 28.2, 28.0, 24.5, 24.5. Analytical HPLC: homogeneous
single peak, retention time=19.0min (5-90% MeCN in H,O over
30 min). HR-MS (MALDI-MS): caled [C3sH,3NsOg+H]*: 662.31; found:
462.20 [M —2BuOCO]*

linkage is only facile after N-al-
kylation. It was shown that
N-benzylation slightly attenu-
ated the reactivity of the link-
age relative to that in the N-
methyl derivative. N-Benzyla- S0,
tion of the linker scaffold was NO;
conveniently achieved by alky-
lation under mild conditions.
Nosyl groups are normally
cleaved using sodium thiophe-
nylate or amines such as pro-
pylamine.! Sodium thiophenylate, however, would leave
noxious residues that would likely interfere with biological
assays. Cleavage of linker scaffold 1b was investigated to
optimize the rate and reaction efficiency. HPLC assays
showed that while n-propylamine was insufficiently reactive
for solid-phase work, treatment of 1b with sodium sulfide/
DMF caused clean and efficient cleavage in less than 1 h. The
hydrolysis of excess sodium sulfide gives only hydrogen
sulfide and sodium hydroxide. Though toxic, hydrogen sulfide
is easily and completely removed by evaporation and/or
lyophilization of the solvent media. The aqueous buffers
typically used in biological assays will conveniently neutralize
small amounts of sodium hydroxide; consequently both the
by-products formed from the sodium sulfide mediated
cleavage are relatively innocuous.

Scheme 2 illustrates how the linker-scaffold can be used to
attach two different pharmacophores to the scaffold arms. The
Boc-protecting group was removed first, the liberated amine
was then coupled with the first component, and the Fmoc-
protected amine was unmasked and coupled with the second
component. It is important that a non-nucleophilic base be
used in the Fmoc-deprotection step to avoid unwanted

NHBoc NHBoc
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Scheme 2. Attachment of 7 to the resin, N-alkylation, and functionaliza-
tion of the linker scaffold 1a. DBU = 1,8-diazabicyclo[5.4.0]Jundec-7-ene;
DIC = diisopropylcarbodiimide;; DMAP = 4-dimethylaminopyridine;
HOBt = 1-hydroxy-1H-benzotriazole; TFA = trifluoroacetic acid.

cleavage of the linker fragment. Only one compound 9
(Table 1) is shown in Scheme 2, but a small library of homo-
and heterodimeric ureas, pyridinium salts, carboxylic acids,
and guanidines has been prepared. Full details of this library
synthesis will be submitted shortly in the full account of this
work.

The specific design of the linker scaffold 1 is special because
it is the first to be produced to address the problem of making
libraries of pharmacophores to mimic or disrupt protein—
protein interactions. The most relevant prior research in this
area involves scaffolds that do not have custom-made
cleavable linkers, but have either flexible amines®' or
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carbohydrate scaffolds.': 2l Many other linker scaffold sys-
tems using other skeletons attached to orthogonally cleavable
linking groups could be envisaged. Indeed, slight modifica-
tions of the approaches presented here could be used to
produce systems with longer or shorter arms, and more or less
rigidity. It is likely that this type of work will evolve into an
important area of solid-phase synthesis.
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First Generation Light-Harvesting Dendrimers
with a [Ru(bpy);]*" Core and Aryl Ether
Ligands Functionalized with Coumarin 450

Xiaoli Zhou, Daniel S. Tyson, and Felix N. Castellano*

Dendritic macromolecules are well defined, treelike struc-
tures that are typically prepared by a series of repetitive
synthetic steps.['*] Dendrimer chemistry continues to rapidly
develop as a field, since dendritic molecules are both
fundamentally interesting and have many potential applica-
tions. Of particular interest are dendrimers that can be
fabricated to control patterns of energy migration throughout
the structure, enabling efficient light harvesting.[* > Dendritic
molecules constructed around Ru'"' polypyridyl complexes
that display metal-to-ligand charge transfer (MLCT) excited
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