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Abstract—A new ligand for RXR is described, which is based on a 6-tert-butyl-1,1-dimethylindanyl skeleton as bioisostere of the
hydrophobic retinoid region. The Stille cross-coupling reaction allowed the attachment of the polyene side chain to the indanyl ring.
Docking studies were carried out to explain the RXR binding profile of this analogue. # 2002 Elsevier Science Ltd. All rights
reserved.

Two families of retinoid receptors,1,2 which belong to
the nuclear receptor superfamily,3 have been characterized,
RARs (isotypes a, b, g)1 and RXRs (isotypes a, b, g).2

Whereas RAR is activated by both retinoic acid 1 and
9-cis-retinoic acid 2, RXR binds selectively the latter.4

The regulation of gene transcription by the superfamily
of nuclear receptors is a complex sequence of events,
requiring activation of specific hormone response ele-
ments (HREs) on DNA. A group of nuclear receptors
(among them RAR, VDR, PPAR, TR, LXR) share a
similar mechanism of transcriptional regulation since
they activate HREs as heterodimers having RXR as
common partner.4 This finding has fueled a great inter-
est on the discovery of RXR-selective ligands. In this
regard, much effort has been devoted to the synthesis
and evaluation of analogues with increased stability by
incorporating some of the polyene double bonds present
in the side chain of the sensitive native retinoids (1 and
2) into aromatic rings.5 Most commonly the b-ionone
ring and the adjacent double bond are replaced by a
lipophilic bioisostere, such as a 5,6,7,8-tetrahydro-
5,5,8,8-tetramethylnaphthalene (compounds 3,6 and 5,7

see Fig. 1) and a 1,3-di-tert-butylbenzene skeleton (48).
Structure–activity relationship studies of the 5,6,7,8-tet-
rahydro-5,5,8,8-tetramethylnaphthalene-based retinoids
has revealed the role that steric interactions at the
naphthalene 3-position have in receptor selectivity and

potency. In this regard LGD1069 6,9 a RXR-selective
activator exhibiting greater potency than its 3-demethyl
analogue 5,7 has recently been approved (bexarotene,
Targretin1) for the treatment of cutaneous T-cell lym-
phoma and AIDS-related Kaposi sarcoma.

Herein, we describe the synthesis, molecular modeling
and RXR binding activity of a new retinoid (7), featur-
ing a 6-tert-butyl-1,1-dimethylindanyl moiety connected
to a trienyl carboxylic acid. The hydrophobic unit might
be considered structurally similar to a 1,3-di-tert-butyl-
phenyl group (see, 4) but incorporating a methyl group
ortho to the side chain (as present in 6).

Retinoid 7 was synthesized as shown in Scheme 1. The
key step on the synthesis features a palladium-catalyzed
cross-coupling of dienylorganotin derivative 810 and
vinyliodide 11 (Stille reaction).11 The highly stereo-
selective nature of this coupling ensures in principle
retention of the double-bond geometries of both cou-
pling partners. Internal iodide 11 was prepared from
alkyne 10, itself derived from commercially available
methylketone 9 through application of Negishi’s one-
pot procedure,12 by hydroiodination using the ‘in situ’
NaI/Me3SiCl method.13 The coupling step was challeng-
ing due to the low reactivity of internal iodides with
stannanes.11 Even exploiting the rate-acceleration effect
enforced by the combination of ‘ligandless’ palladium
and a poorly coordinating ligand (Farina’s conditions,
Pd2dba3, AsPh3, NMP)14 the coupling required heating
to 60 �C to provide access to methylester 12 in 83%
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yield. Saponification then provided the desired car-
boxylic acid 7 (Scheme 1).

Compound 7 was screened in transactivation assay with
co-transfected RXRa, which measures the ability of
compounds to activate gene expression at the receptor
and reflects the compound’s functional activity.15 It
showed an AC50 value of 79 (for comparison, the value
for LGD1069 6 is 28). In addition, the competitive
binding assay characterizes the ligand’s ability to bind
to the receptor. The RXRa binding assay was performed
as previously described.16 The dissociation constant (Kd

value) was determined as 220 nM (9-cis-retinoic acid
2: Kd=50 nM; LGD1069 6: Kd=36 nM).

The molecular structure of the 6-tert-butyl-1,1-dimethy-
lindanyl analogue 7 was built using the Builder module
of the InsightII suite of programs.17 Recently, the
structure of the RXRa receptor complexed with its nat-
ural ligand, 9-cis-retinoic acid 2 has been determined by
X-ray crystallography.18 To obtain a model for the

binding of ligand 7 to RXRa, we have docked a set of
100 conformers obtained by MD to the receptor bound
to its natural ligand, 9-cis-retinoic acid 2, by super-
imposing the unsaturated chains of both ligands. A set
of complexes between the receptor and the indanyl
derivative 7 was obtained by removing 9-cis-retinoic
acid 2. The resulting structures were energy minimized
using 1000 steps of steepest descent method (SD) with
the CHARMM force field,19 a process performed in two
stages. In the first part a 100 step SD minimization was
run with the ligand frozen, followed by 900 steps of SD
minimization for the whole complex. The affinity rank-
ing of the different conformers was evaluated by their
interaction energy with RXRa, using the CHARMM
force field. To determine the actual conformational
variability of the ligand, we run a 0.1 ns simulation of the
ligand in vacuum, at 300 K with no constraints, generat-
ing a set of 100 conformers, equally spaced in time. The
biggest conformational variability (observed in the MD
trajectory of this ligand) is the one present in the torsional
angle between the indanyl aromatic ring and the triene
side chain, which we found to exhibit large departures
from planarity. The shallow dependence of the energy
surface (on the ring side-chain torsional angle) has been
observed before for model molecules that contain a
benzene ring with side chain vinyl groups like styrene
and stilbene.20 The computed variability of this dihedral
angle confirms the NOE correlations measured by
NMR in solution, which indicate the existence of a
mixture of s-cis and s-trans conformers about this bond.
One of the extreme conformations is shown in Figure 2,
superimposed to the structure of 9-cis-retinoic acid 2.

Based on the Molecular Modeling studies, work is in
progress to design and synthesize derivatives of 7 with
optimized receptor binding properties.
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Figure 1. Selected native and synthetic retinoid-receptor ligands.

Scheme 1. Reagents and conditions: (a) (1) LDA, THF, �78 �C; (2)
Cl(O)P(OEt)2; (3) LDA, THF, �78 to 25 �C; (b) Nal, Me3SiCl,
CH3CN; (c) Pd2(dba)3, AsPh3, NMP; (d) 5M KOH, MeOH, 90 �C, 10
min.

Figure 2. Structure of the indanyl ligand 7 (dark lines) in the close to
s-cis conformation, superimposed on that of 9-cis-retinoic acid 2.
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