Pergamon

Bioorganic & Medicinal Chemistry Letters 10 (2000) 811-814

BIOORGANIC &
MEDICINAL
CHEMISTRY

LETTERS

Leukotriene B4 Photoaffinity Probes: Design, Synthesis and
Evaluation of New Arylazide-1,3-Disubstituted Cyclohexanes

Denis Durand, Pierre Hullot, Jean-Pierre Vidal, Jean-Pierre Girard,* Jean Louis Baneres,
Joseph Parello, Agnes Muller, Claude Bonne and Jean-Claude Rossi

Laboratoire de Chimie Biomoléculaire et des Interactions Biologiques, UPRESA-CNRS 5074, Faculté de Pharmacie,
15 Avenue Flahault, 34060 Montpellier Cedex 2, France

Received 6 December 1999; accepted 10 February 2000

Abstract—The synthesis and the binding affinities of new leukotriene B4 receptor photoaffinity probes, where a 1,3-disubstitued
cyclohexane ring replaces the conjugated A%7 and A®° double bonds of the natural eicosanoid, are described. One enantiomeric
compound, 4be, is specifically cross-linked upon photolysis to the recombinant leukotriene B, receptor from human origin (h-BLTR)
solubilized in a micellar medium. This probe appears as a good candidate for identifying the ligand binding site of this receptor.

© 2000 Elsevier Science Ltd. All rights reserved.

Leukotriene B; (LTBy4), a product of 5-lipoxygenase
induced arachidonic acid metabolism, has been shown
to be a potent mediator of the inflammatory process
and to be involved in the progression of a variety of
inflammatory diseases.!™'? At the cellular level, LTB,
exerts its effect through recruitment and activation of
neutrophils and ecosinophils, through binding to a
cell-surface receptor. Recently, the cloning of the
complementary DNA (cDNA) encoding a cell-surface
receptor of LTB, that is highly expressed in human
leukocytes has been reported.!> The amino acid
sequence of this protein h-BLTR!* is suggestive of a
G-protein coupled receptor with seven transmembrane
helices. We were particularly interested in mapping the
BLTR ligand binding site through photoaffinity label-
ling. We have recently reported!® the synthesis and
structure—activity relationship of a novel series of com-
pounds where a 1,3-disubstituted cyclohexane ring
replaces two of the conjugated double bonds of the
natural eicosanoid. The synthesized enantiomeric com-
pounds, 1ba and 2bx, are more stable and more rigid
mimics of the natural ligand and display good affinities
(IC50=0.3 and 0.04 pM, respectively) for the LTB,
receptor in human neutrophils (see Table 1).
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We have now focused on the use of aryl azides'® as
photoreactive nitrene precursors which are structurally
related to the LTB, antagonists 1bax and 2ba with the
terminus of their lower chains replaced by a benzyl
azide group. It was anticiped that these probes would
bind to h-BLTR and establish a covalent crosslink with
the receptor upon photolysis of the aryl azide, thus
allowing us to map the h-BLTR ligand binding site. We
describe here our initial efforts in this respect with the
synthesis of the racemic diastereoisomers 3, 4, 5 and 6,
and the isolation of the enantiomers 4bc, 4bf3 and 6b«,
6b3.

Chemistry

The general synthetic route to compounds 3-6 is illu-
strated in Schemes 1 and 2. The o chain of these com-
pounds was introduced in good yields on the cyclohexylic
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ring by the Wadsworth—-Horner—Emmons reaction
between the crude unstable aldehyde!® 12 and the ylide
of the suitable B-ketophosphonate 11 (Scheme 1). This
reaction gives 13 in 75% yield.

The reduction of the known keto-ester'® to the keto-
aldehyde 12 with diisobutylaluminium hydride at
—78°C was monitored by gas chromatography in order
to control the formation of alcohol (overreduction). As
soon as traces of alcohol appeared (after 30 min), the
resulting crude aldehyde 12 was added at —40°C on the
ylide of the B-ketophosphonate 11 (NaH, THF). Com-
pound 11 was prepared in five steps (Scheme 1). The first
step, a Wittig reaction between p-nitrobenzaldehyde and
the phosphonium salt 7, afforded compound 8 in 62%
yield. After esterification in acidic conditions, the pro-
tected amine 10 was obtained by successive hydrogena-
tion and protection with trityl chloride in 90% yield.
Addition of 10 to the ylide of methyldiethylphos-
phonate, generated in the presence of n-butyllithium, in
a mixture of toluene/THF, gave the diethyl 2-0x0-6-(4-
tritylamino)phenylhexylphosphonate 11 in 85% yield. The
enone 13 was then reduced to the enol 14 by treatment
with sodium borohydride in the presence of cerium
chloride,!” to avoid simultaneous hydroboration of the
double bond. The latter was used as a precursor for
synthesizing compounds 3 to 6.

After deprotection of both carbonyl and amine func-
tions under acidic conditions (Scheme 2), 15 reacted
with NaNO, and NaNj; to give, in a mixture of MeOH/
HCl at 0°C, the azido compound 16 in 95% yield.

The condensation of the ethyl acetate carbanion (LDA

—78°C) afforded four diastereoisomers, as a mixture
in 62% yield of two trans configuration (racemate 3a
and 3b) and two cis configuration (racemate 3¢ and 3d).
Using the same strategy, the condensation of the N,N-
dimethylacetamide carbanion (LDA at —60°C) gave
four diastercoisomers 4a—d in 90% yield. These com-
pounds were isolated by column chromatography and
their relative trans and cis configurations were readily
established by 'H NMR, using the influence of the
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hydroxyl group at C1 on the proton chemical shifts!> of
the cyclohexane ring.

We also report the synthesis of two iodine substituted
compounds 5 and 6 from precursor 15 (Scheme 2). The
latter was treated with Chloramine T and sodium
iodide, in a mixture of acetic acid/water, to give 17 in
55% yield. The phenyl amine was oxidized with sodium
nitrite in aqueous HCI and methanol at 0 °C and treated
with NaNj; to afford 18 in 95% yield. Using the same
strategy, we previously reported that the condensation
of the ethyl acetate carbanion (LDA at —78°C) to 16
afforded four diastereoisomeric compounds, two trans
and two cis compounds (5a—d) as racemic mixtures, in
70% yield. Similarly, the condensation of the N,N-
dimethylacetamide carbanion (LDA at —60°C) gave
four diastereoisomers 6a-d in 89% yield. Each dia-
stereoisomer was isolated by preparative HPLC!3?
chromatography.

At this stage, all the racemic compounds 3a—d and 5a—d
were converted into their sodium salts (NaOH, methanol)
for biochemical/pharmacological testing (see below).
The racemic compounds 4b and 6b were resolved by
chiral HPLC!®" to afford by order of elution the enan-
tiomers 4boc'® and 4bf for the former, 6bax and 6bp for
the latter.

Biological Results

The diastereoisomers 3a—d to 6a—d, used here as racemic
mixtures, were tested for their ability to inhibit the
binding of LTB,4 to human neutrophil membranes.?%2?
In each series (1 to 6), the HPLC more polar trans dia-
stereoisomers b exhibited the highest competitive effect
(Table 1) compared to compounds a, ¢ and d, which
also competed for [*H]LTB, but with lower affinities
(ICsq values not given).

We note that incorporation of a p-azido group is sys-
tematically associated with a reduced affinity. Further-
more, the iodination in the meta-position results in a
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Scheme 1. Reagents and conditions (isolated yield): (i) p-nitrobenzaldehyde, ~-BuOK, THF (62%); (ii)) MeOH, H,SO4 (98%); (iii) H,, Pd/C 5%,
55 psi (100%); (iv) TrCl, Pyridine (90%); (v) (CoHs0),P(O)-CH3, n-BuLi, Toluene/THF (85%); (vi) NaH, —40°C (75%); (vii) NaBH,, CeCls,

Methanol (99%).
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Scheme 2. Reagents and conditions (isolated yield): (viii) HCI 1IN, THF (98%); (ix) NaNO,, NaN3;, MeOH, 0°C (95%); (x) Nal, Chloramine T,
AcOH:H,0 9:1 (55%); (xi) Ethyl acetate, LDA, THF, —78°C (62 to 70%); (xii) N,N-dimethylacetamide, LDA, THF, —60°C (90%).

further decrease of the affinity. This decrease is sig-
nificantly marked for the amide series 6a—d. The first
eluted enantiomers from racemates 4b and 6b by chiral
HPLC (4dbx and 6bcx) resulted, as expected, in higher
affinities than the racemic 4b and 6b. The other enan-
tiomers (4bf3 and 6bf3) only demonstrated a very weak
affinity for the receptor.

Table 1. Binding of the synthetic competitors to the LTB, receptor in
human neutrophils

OH H
OH

Compound R R, ICs50 (UM)?
1bx OHP (CH,),Ph 0.313
2ba N(CHj;), (CH,),Ph 0.0413
3b OHP (CH,)4PhN; 2
4b N(CH;), (CH,)4PhN; 2
4box N(CH;), (CH;)4PhN; 0.7
5b OHP (CH;,)4PhN;I >10
6b N(CH;), (CH,)4PhN;I >10
6ba N(CH3)2 (CH2)4PhN3I 6

2]Csq are extrapolated from mean competition curves obtained from at
least three different experiments.
bTested as sodium salt.

The enantiomer 4bx was then used to define the ligand
binding site of h-BLTR. This receptor has been recently
produced in our laboratory as a recombinant protein in
Escherichia coli and isolated as a micelle-solubilized
protein. The latter was characterized by circular
dichroism thus affording 45-50% of helical residues in
agreement with a protein including seven transmem-
brane helices (labelled TM-I to TM-VII). Photolysis??
of 4bax in the presence of h-BLTR at 1:1 molar ratio
resulted in covalent cross-linking of about 40% of the
photoactivable antagonist to the receptor, as established
by electrospray mass spectrometry based on measure-
ments with the reaction mixture of the photoadduct and
the unreacted protein. Analysis combining amino acid
sequencing and mass spectrometry of the generated
h-BLTR/4ba photolabelled peptides, after trypsin pro-
teolysis, establishes that cross-linking occurs at the level
of specific residues in two of the seven putative trans-
membrane helices, namely Cys 97, Ser 100, Met 101 and
Ser 104 in TM-III, as well as Trp 234 and Tyr 237 in
TM-VI. Our preliminary results with the isolated recep-
tor thus establish that compound 4b« is a good candi-
date for mapping the ligand binding site of the LTB4
membrane receptor (full details to be published else-
where). The iodinated compound 6bx, although dis-
playing a reduced affinity (Table 1), is intended as a
radiolabelled probe to investigate the potential hetero-
geneity of the LTB, receptor.
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