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An early step of the inflammatory response, the rolling of leukocytes on activated endothelial cells, is mediated
by selectin/carbohydrate interactions. The tetrasaccharide sialy’Lisveisigand for E-, P-, and L-selectin

and therefore serves as a lead structure for the development of analogues. A combination of synthesis and
structure-based design allowed rapid optimization. The currentdaadhs evaluated in our E-selectin cell

flow chamber assay where it proved to inhibit rolling and adhesion with gnaf®8 + 7 uM. The assays

used are predictive for the in vivo efficacy of test compounds as showZafiora proteose peptone induced
peritonitis model of acute inflammation in mice.

Introduction Molecular Modeling

Recruitment of circulating leukocytes from blood to tissue A number of published studies have established key structural
is an essential process in response to infection or tissue injury.features of sLenecessary for binding to selectin proteins. The
However, excessive influx of leukocytes may result in adverse latest and most significant crystallographic experiments by
reactions that can be manifested in reperfusion injury, autoim- Somers et al. involve solving the structure of $lb®und to
mune diseases, and other acute or chronic disotdér§he E-selectin as well as P-selectin and the structure of the PSGL-1
initial step in the inflammatory response is capture of leukocytes N-terminus bound to P-selectiriThe 3- and 4-hydroxy groups
and their rolling along the endothelium in postcapillary venéles. of the fucose moiety coordinate the calcium ion and interact
It has been shown that a set of inducible adhesion molecules,additionally with further protein side chains. The 4-hydroxy
the so-called selectins, are critical in this process. They constitutefunctionality of galactose undergoes hydrogen bonding to the
a family of three structurally related calcium-dependent cell side chain of Tyr94, while the 6-OH group binds to the Glu92
adhesion molecules that are expressed on the surface of activategide chain. The sialic acid interacts with the side chains of Arg97
vascular endothelial cells (E- and P-selectin), activated plateletsand Tyr48 of E-selectin. This cocomplex of land E-selectin
(P-selectin), and leukocytes (L-selectio date, a number of  is shown in Figure 2. The majority of the formed bonds within
natural selectin ligands have been identifieihe common the binding pocket are of electrostatic nature. The buried surface
motifs recognized by all three selectins are the sialylated andarea is relatively small with 549 &7 Previous molecular
fucosylated tetrasaccharide sialyl Letv{sLe") (Figure 1) and ~ dynamics simulatiort§ of ligand/E-selectin complexes also
sialyl Lewis? (sLe?), respectivel\?® Thus, the ability to inhibit suggested the existence of three essential binding sites of ligands
the recruitment of leukocytes by regulating interactions between for E-selectin as follows: (1) hydroxy groups coordinate to the
the selectins and sker other ligands could have potential utility ~ calcium ion; (2) branched alkyl chains interfere with two
in a number of clinical diseases. Indeed, research on the desigmydrophobic regions on the surface of E-selectin; (3) a
and synthesis of skemimetics has led to the development of negatively charged group of the ligand interacts with the basic
a number of sugar- or nonsugar-based selectin inhibitors as wellresidues of E-selectin. These results gave rise to the synthesis
as related structures consisting of glycosylated pepfids  of a variety of nonglycosidic and nonpeptidic low-molecular-
(Figure 1). Most of the inhibitors suffer from a lack of potency ~Weight selectin inhibitors in which the sugars in Sbhave been
or poor pharmacokinetic properties and have often been difficult Substituted. The general outline that was previously published
to synthesize. Nonetheless, the pan-selectin inhibitor bimosia-by Kondo and co-workers is shown in Figure’3@n the basis
mose (Revotar Biopharmaceuticals) has been effective inOf this pharmacophore model, our model consists of the
asthma, representing a proof of principle for selectin blockade following features (Figure 3b): (1) one of the carboxylic acids
in the treatment of inflammatory disea$eHere, we describe ~ Would coordinate to calcium; (2) the other at a distance-688
the development of a novel benzoic acid type compoliad A is to form bonds by electrostatic interactions with Arg97 (E-
(Figure 1) with potent E-, P-, and L-selectin-blocking properties. Selectin) or Lys99 in the case of P-selectin; (3) a long alkyl
This compound and closely related structures (Chart 1) representhain would interact with the shallow hydrophobic region
new opportunities for the inhibition of selectin function in consisting of Lys114, Ala9, Tyr49, etc. on E-selectithe
inflammation. following results indicate that our pharmacophore model could

have potential to find further selectin antagonists.

Ligand—E-selectin complexes were generated using the
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Figure 1. Representive chemical structures of some known selectin blockers.

included the ligand and key residues plusA in each of the the corresponding imineBdab, which were then treated with
X, ¥, z directions. For the ligands, 2D to 3D conversion is NaBH, in methanol at room temperature to give the desired
followed by energy minimization using the MMFF option as a amines7d—e in good yields?®
force field. The docking algorithm implemented in ICM (version Subsequent deprotonation of the amies-e with sodium
3.0) optimizes the entire ligand in the receptor field, using a hydride inn-Bu,O and further reaction with 6-bromohexanoyl
multistart Monte Carlo minimization procedure in internal chloride gave rise to Compoundﬂa—e (Scheme 1b§4 To
coordinate space. synthesize the phenolic coupling partnet§ and 18, we

) etherified phlorogluciri4 in 1-decanol in the presence of HCI
Chemistry gas to produce 3,5-didecyloxypheridi?® and resorcind7 was

According to our molecular modeling considerations, we converted to 3-decyloxyphendlg®® by treatment ofL7 with
focused our synthesis on connecting the envisaged dicarboxylicPotassium hydroxide in the presence of 1-bromodecane (Scheme
acid functionalities with different types of spacer scaffolds. ~ 2)- Compoundd la—e were then refluxed wittl5 or 18in the

Our approach toward the dicarboxylic acitie—c (Figure presence o_f p_otassmm car_bonate and a catalytic qmount of
4) started from compounda—c, which were initially prepared ~ Potassium iodide or TBAI in cyclohexanone to achieve the
by a Goldberg coupling reaction following the procedure desired coupling product§3a—g. Saponification by stirring
described in ref 19 (Scheme 1a). Subsequent cleavage of thet3@-gwith a 0.5 M aqueous lithium hydroxide solution in THF
acetyl group combined with transesterification by refluxing @ccomplished the dicarboxylic acida—g (parts a and b of
6a—c in the presence of sodium methoxide in methanol provided Scheme 1).
the required diphenylamine building block&a—c. As the The preparation of the target dicarboxylic ackisb (Figure
coupling product$a—c and thus the desired compourits—c 4) began with a borane reduction of the amide functiofia
as well were only obtained in moderate yields, we also becameand 11d (Scheme 3§/ The resulting amine20ab were
interested in looking into several other methods reported in the subsequently coupled with didecyloxypherdl applying the
literature20-22\When the copper-catalyzed methodology reported same reaction conditions as for the synthesis of compounds
by Buchwald and co-worketdwas employed, the overall yields ~13a—g so that21lab were isolated in good yields. Final
for the preparation o¥a and 7b improved significantly from saponification with potassium hydroxide accomplished the
40—-50% to 76-78% for the two steps. dicarboxylic acid2a,b in good yields.

The phenylbenzylamine precursorg—e required for the The synthesis of the dicarboxylic acid&—c (Figure 4)
synthesis of the dicarboxylic acidsd—g (Figure 4) were started from the iodide methyl estetb,c, which were treated
obtained from the condensation of 4-formylbenzoic acid methyl with i-PrMgCl at low temperatures (Scheme 4). In a halogen
ester8 and the aminobenzoic acid methyl est8eb to give magnesium exchange reactidthe corresponding organomag-
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Chart 1. Chemical Structures of the Investigated Compounds Representing Three Structural Classes: ZTawnigesd 13a—g),
Amines Qab and21ab), and Oximes §a—c and 25a—c)
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1c COOH COOH O(CH,)sCH; H 0 21a H COOMe  O(CH,)sCH; Me 0
1d H COOH  O(CH,)sCH; H 1 21b H COOMe  O(CH,)sCH; Me 1
1e COOH H O(CH,)sCH; H 1 EOOC 0
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1g COOH H H H 1 R O O(CHz)sCH,
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13f H COOMe H Me 1 25b COOMe H  O(CH)sCH; Me
13g  COOMe H H Me 1 25¢ H COOMe H Me

nesium intermediates were generated and reacted further withby stirring with a 0.5 M aqueous sodium hydroxide solution in
4-formylbenzoic acid methyl est&to provide alcohol22ab a mixture of ethanol and THF to provide the desired dicarboxylic
in good vyields. PCC oxidation led to the benzophenone acids3a—c in good yields.

derivatives23ab, which were converted into the desired oximes  The dichloro compoun@8was prepared from commercially

24ab by refluxing in ethanol in the presence of hydroxylamine 4y 4ijaple 4,4dichlorobezophenon2é (Scheme 5), which was
hydrochlgrlde and sodlqm acetate in gpod yields over two steps. readily converted into the corresponding oxigieby employing
24bwas isolated as an inseparable mixture @& idbmers, and the same reaction conditions as for the synthesi@4b.

the ratio was determined to be 1:5 from the proton NMR
spectrum. The required coupling partnet6 and 19 were
obtained by additional etherification df5 and 18 with 1,6- ( lonic interaction with the basic
dibromohexane (Scheme 2). Compougds,b were then both O residues on E-selectin (Arg97)
coupled with16 and24aadditionally with19 by deprotonating HOJ\

the oxime24ab with sodium hydride in DMF and adding the 1-13A
corresponding bromid&6 or 19together with a catalytic amount
of TBAI at room temperature. Thus, the dimethyl es@&5a—c
were isolated in good yields. Finallg5a—c were saponified 8-9A

Specific hydrophobic interaction
with the hydrophobic surface on
E-selectin

Coordination to the calcium ion
OH on E-selectin

(b)
EOOC,
o E H, Me
PN R\ R H, COOH, COOMe
oo g3 R H, O(CH,);CH;
RO TR X N, NC=0, C=NO
Kz m 5.6
R Ré n 0,1

Figure 3. (a) From molecular modeling investigations by Kondo et
Figure 2. Crystal structure of slebound to the lectin domain of al.!® three critical interactions of ligands toward E-selectin were
E-selectin. The bound calcium ion is represented by a green sphereclarified. (b) Pharmacophore model that conserves the three essential
and sLe& is shown in a capped stick modél. groups to the desirable positions for E-selectin binding.
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Figure 4. Synthetic targets.

Coupling of27 with 16 furnished the dichloro compour8in consequence of the natural ligand binding weakly to the receptor

80% vyield in two steps. necessitates the use of a multimeric presentation of the receptor
) ) or the ligand in the ELISA-based assays. For example, it is

Results and Discussion necessary to utilize strepavidin in this assay. A multimeric

As a primary screen for the antiadhesive activities of our presentation ensures that a sufficient interaction survives wash
synthesized compounds, we used a cell-based, computerized irsteps and produces adequate signals to measure differences in
vitro assay to quantify leukocyte adhesion to endothelial cells inhibition of binding. For this reason this glyco-ELISA is more
under static condition¥. In this assay compounds at 10M sensitive than comparable cell-free E-selectin binding assays.
were evaluated for inhibition of adhesion of MM6 cells to BAEC Furthermore, neutralizing anti-E-selectin antibodies completely
and sLé& was chosen as reference. To compare the results forblocked binding to E-selectin. This demonstrates the specifity
compounds that have been tested on different plates, the numbeof the assay systefi. The compounds were simultaneously
of adherent MM6 cells on TNie-stimulated endothelial cells  evaluated for their toxicity in the same cells using different
is set to 100% (Table 1). Advantages of this static cell-based assays (Table 2) to detect false positives.
assay are its reproducibility and the option for high-throughput  Following the pharmacophore considerations by Kondo et
screening. On the other hand, it has to be noted that rolling of al.1® (Figure 3a), three minimum criteria are supposed to be
leukocytes on activated endothelium mediated by selectin/ essential for activity: (I) a calcium ion binding structure, (Il) a
oligosaccharide interactions is a nonequilibrium process that negatively charged group, and (Ill) a hydrophobic moiety.
occurs under hydrodynamic flow. Therefore, static in vitro Therefore, several different groups were chosen as linker X to
assays that measure inhibition under equilibrium conditions establish the carboxylic acid group3-RR? (Figure 3b) in the
might generate data that are not predictive for in vivo activity envisaged positions. Our original lead compodadFigure 1)
of test compounds under flow conditions. To overcome this, proved to be potent in the static assay (100%) in our cell-based
potent compounds were further tested in our second assay. In dlow assay with an 1§ of 35+ 26 uM (n = 10) and showed
cell-based flow assay the ability of compounds to inhibit the inhibition of 58% in the P-selectin-ELISA assay at 50M.
adhesion of MM6 cells to recombinant selectin proteins was But the major drawback ofa was a notable toxicity against
measured (see Experimental Section), whereas a cell-free MM6 cells (Table 2). We found that compounds containing a
competitive ligand binding assay (glyco-ELISA) was applied diphenylamide 1a) or -amino @a), a phenylbenzylamidelf)
to characterize selectin/ligand interactiGh3he test principle or -amino @b), or a benzophenone oxime ethea) core
in the cell-free assay involves immobilization of the used selectin structure, which act as spacers between the calcium binding
onto an ELISA microtiter plate to which the substances and substituent and the negatively charged residue'atfR, gave
the ligand (sialyl Lewi$ tyrosinesulfate bound to biotinylated equivalent inhibitory activities in the static assay (100%, 107%,
polyacrylamide) are added. After the incubation period the 93%, 100%, and 90%) (Table 1). A diphenylamidis)( a
bound complex is detected by the streptavidin peroxidase phenylbenzylamidelf), or amino scaffold Zb) as a bridge
reaction measuring the optical density at 414 nm in a microplate between the two carboxy groups led to analogues with potent
reader. The absorption of the empty plate is subtracted from all adhesion blocking but significant cytotoxic profiles in the static
measured values. As control, we used wells only coated with assay. All tested methyl ester precursors, €@h and 133,
sLe’, whose values were set to 0%, and EDTA, which prevents turned out to be less active or inactive in the static assay
the C&"-dependent selectin ligand binding completeiyi 00%). compared to the corresponding free acid derivatReandla
This demonstrates the specificity of the assay system. The result§61% and 10% vs 100% and 100%). The only exception was
are indicated as proportional inhibition of the $lbénding. This the phthalic acid dimethyl estdBc which was as potent as its
assay takes full advantages of the fact that the interactionsfree acid derivativelc (115% vs 93%). Replacement of the
between the selectins and its carbohydrate ligands are low. Thecarboxylic acid residues iBa by chloro atoms resulted in the
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Scheme 1
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§b  R'=COOEt, R?=H 6e R'=COOMe, R2=H, E = Me
5¢  R'=COOEt, R?= COOEt 7a R'=H, R?=COOMe, n=0
4b, 5d,9a,10a R'=H,RZ=COOMe 7b R'=COOMe, R?=H,n=0
4c, 9b, 10b R'=COOMe,R2=H  7¢ R'=COOMe, R2= COOMe, n=0
6a, R' =H, R?= COOEt, E = Et 7d R'=H, R2=COOMe, n =1
6b R'=COOEt, R2=H, E = Et 7e R'=COOMe, R2=H,n=1
6c R'=COOEt, R?= COOEt, E = Et
(b) MeOOC MeOOC RS
mo e w W Ly 2
" ) D/N\ﬂ/\/\/\m ) UN\H/\/\/\O O(CH)sCHg
R2 0 RZ o)
11a-e HOOC 13a-g
o
b )n 1a-g
R! N\n/CHz(CHz)ﬁr
12a-b
11a R'=H, R2=COOMe, n=0 13a R!=H, R2= COOMe, R3 = O(CH,)gCHj, n =0
11b R'=COOMe, R?=H,n=0 13b R'=COOMe, R%=H, R®= O(CH,)¢CH3z, n=0
11¢ R'=COOMe, R2=COOMe, n=0 13¢ R'=COOMe, R?= COOMe, R® = O(CH,)sCH3, n =0
11d R'=H, R?=COOMe, n =1 13d R'=H, R?= COOMe, R® = O(CH,)gCHs, n =1
11e R'=COOMe, R2=H,n=1 13e R'=COOMe, R?=H, R®= O(CH,)sCH3, n =1
12a R'=H,R?=COOH,n=0 13f R'=H,R2=COOMe, R®=H,n=1
12b R'=COOH,R?=H,n=0 13g R'=COOMe, R?=H,R®=H,n=1

aReagents and conditions for part a: (a) method A (preparati@a-et), Cu, Cul, KCOs, N-Bu,0, 4 days, reflud? method B (preparation afd,e), Cul
(1 mol %), KsPOy, trans-1,2-cyclohexanediamine (10 mol %);Bu,O, 5 h, reflux; (b) NaOMe, MeOH, 1.5 h, reflux; (c) MeOH, 1 h, reflux; (d) NaBH
MeOH, 24 h, room temp. Reagents and conditions for part b: (a) NeBi,O, 2 h, room temp; 6-bromohexanoyl chloride, 4 h, reflux; (b) 0.5 M LiOH,
THF, 8 h, 5°C, then 16 h, 15C; (c) 15 or 18, KoCGO;3, Kl (or TBAI), cyclohexanone, 5 h, reflux.

quiet weak selectin blocke28 (90% vs 24%), providing varying concentrations of compouBe.3° As a result, the critical
evidence that the presence of the carboxylic acid groups is micelle concentration (cmc) could not be seen ajl€f 28
essential for activity. In the course of our research we also uM. These findings demonstrate that the alkyl chains with a
investigated the influence of the carboxylic acid functions in moderate carbon length would be necessary for the strong
different positions. bindings to all selectins. To verify to what extend the decyl
Our data suggest that in four of the most active selectin chains are responsible for the selectin blocking activity or
inhibiting compounds in the static assdy(100%;2b, 100%; cytotoxicity, we were also seeking to replace the lipophilic side
13¢ 115%;2a, 107%) the carboxy group is located in the para chains. When a phloroglucin ether group with two decyl chains
position except for the phenylbenzylamide derivatheewhich (3a) was substituted for a resorcin ether group carrying only
carries one carboxylic acid in the meta position of the phenyl one decyl chain3c), good activity was maintained in vitro (90%
ring and possessed good inhibitory activity compared to its para, vs 67%) in the static cell based assay (Table 1). But the viability

para substituted analogdel (82% vs 56%).

To clarify the importance of the alkyl chains of the com-
pounds toward the inhibitory activity, we have studied the active
form of 2a, like micellar species, in solution. Namely, we have
measured the surface tension by the capillary rise method with

of MM6 cells was more potently diminished wiit as observed

for 3a(12% vs 84%). In contrast, the resorcin ether derivative
1f combined potent selectin inhibitory activity (93%) with no
loss in viability of BAEC (100%) whereas its phloroglucin
analogueld was less active (56%) by an augmented decrease
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Scheme 2
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HO OH a HO. O(CH,)gCH3 b
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OH O(CHy)gCHs (CH,)gCH3
14 15 16
O/\/\/\/ Br
OH c O(CHy)gCH3 b
_— —_—
O(CH,)oCH3
OH OH
17 18 19

a2 Reagents and conditions: (a) 1-decanol, HCI-gas, 3 KC7(@b) 1,6-dibromohexane, K03, cyclohexanone, reflux; (c) 1-bromodecane, EtOH, reflux,
KOH.

Scheme 3
MeOOC

11a,d —— 1

MeOOC R
’ Q
]
NN
Rj@/” o) O(CHy)gCHs

20a R'=H, R2=COOMe, n=0 R?
20b R'=H, R?=COOMe, n=1 21a-b
21a R'=H, R2= COOMe, R® = O(CH,)qCH3, n =0 c [
21b R' =H, R2= COOMe, R® = O(CH,)qCHs, n =1 2a-b

aReagents and conditions: (a) BAIHF, 1 h, reflux; (b)15 or 18, K,CO;s, Kl (or TBAI), cyclohexanone, 5 h, reflux; (c) 0.5 M KOH, THF, room temp.

Scheme 4
MeOOC MeOOC MeOOC
I O OH O o)
a,b c d
R g g
RZ R1 R1
R2 R2
4b-c 22a-b 23a-b 24a-b
MeOOC O
3
e SN R
d Neo e
_— _— 3a-c
O 22a, 23a, 24a R' = H, R?= COOMe
R! O(CH,)oCH3 22b, 23b, 24b R' = COOMe, R2=H
R? 25a R'=H, R2=COOMe, R3 = O(CH,)oCH;
25b R'=COOMe, R?= H, R® = O(CH,)qCH3
25a-c 25¢ R'=H, R?=COOMe, R®=H

aReagents and conditions: (@PrMgCl, THF, 40 min,—30— —20 °C; (b) 4-formylbenzoic acid methyl est8y THF, —20 °C, room temp, overnight;
(c) PCC, CHCl, 24 h, room temp; (d) HGH,NOH, EtOH, NaOAc, 24 h, reflux; (€16 or 19, NaH, DMF, TBAI, 2 h, room temp; (f) 0.5 M NaOH,
EtOH/THF, 24 h, room temp.

in viability (36%). Taken together, no clear conclusion can be and12a in which the lipophilic didecyloxyphenoxy residue was
drawn in regard to the relationship of the activity, cytotoxicity, not yet installed, to our test assays. As a result, the activity was
and the function of the decyl chains. For the purpose of completely lost when no hydrophobic tail was preséiand
determining the role of the hydrophobic tail in general, we also 12a 2% vs 4%). To optimize the length of the side chains,
became interested in subjecting the synthetic precursdis groups with similar lod® values will be evaluated in the future.
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Scheme 8
Cl O Cl Cl
O a O /N “OH b O /N \o/\/\/\/o O(CH3)9CH3
O O O O(CH2)oCH3
Cl Cl Cl
26 27 28
aReagents and conditions: (a) HBENOH, EtOH, NaOAc, 24 h, reflux; (bl6, NaH, DMF, TBAI, 2 h, room temp.
Table 1. In Vitro Potencies of the Compounds
flow chamber ass&y
static assay adherent MM6, glyco-ELISA glyco-ELISA glyco-ELISA
% inhibition E-selectin (10Q:M) % inhibition % inhibition % inhibition
compd at 100uM control (0%) E-selectin (10@«M)cd P-selectin (50@M)cd L-selectin (50QuM)cd

la 100+ 4 44+ 3%, IGso= 35+ 20uM nt 58 53

1b 60+ 9 50+ 5% nt 20 14

1c 93+ 16 nt 62 102 102

1d 56+ 12 nt nt 49 50

le 82+ 19 nt 43t 5 95 92

1f 93+ 18 nt nt nt nt

1g 70+ 11 nt 42 103 103

2a 107+ 7 ICso= 284 7uM 94 81 (35% at 10(M) 82 (41% at 10Q«M)

2b 100+ 18 nt nt nt nt

3a 90+ 4 29+ 10%, 1Go= 20+ 14uM nt 2 6

3b 100+ 15 68+ 4% nt 34 50

3c 67+8 nt nt nt nt

12a 4+8 nt 5+3 12 6

12b 2+6 nt nt 19 5

13a 10+ 20 nt 5+ 12 (500uM) 16 16%

13c 115+ 7 nt 73 (50QuM) 90 95

13d 26+ 13 nt nt 27 26

13f 26+ 22 nt 65 78 75

139 45+ 16 nt 18 79 86

21b 61+ 10 nt nt nt nt

28 24+ 8 nt 2 2 5

sLet 41+7 nt nt nt nt

2|n this assay compounds at 10 were evaluated for inhibition of adhesion of MM6 cells to BAEC, and*slvas chosen as reference. To compare
the results for compounds that have been tested on different plates, the number of adherent MM6 cellsxestimiifated endothelial cells is set to 100%.
bIn a cell-based flow assay the ability of compounds to inhibit the adhesion of MM6 cells to recombinant E-selectin protein was measured. Cells were
counted as adhesive cells when they stuck at least 30 s to the platestest principle in the cell-free assay involves immobilization of the used selectin
onto an ELISA microtiter plate to which the substances and the ligand (sialyl Lemwisinesulfate bound to biotinylated polyacrylamide) are added. After
the incubation period the bound complex is detected by the streptaypdioxidase reaction, measuring the optical density at 414 nm in a microplate reader.
The absorption of the empty plate is subtracted from all measured values. As control, we used wells only coated,wittoskeevalues were set to 0%,
and EDTA, which prevents the €adependent selectin ligand binding completety100%). The results are indicated as proportional inhibition of th& sLe
binding. 9 nt = not tested.

Our findings are in line with previous conclusions by Slee et Table 2. In Vitro Cellular Toxicities of the Compounds
al3! who investigated conceptually similar imidazole type

% viabili

compounds and observed that a hydrophobic side chain was % viability (XTT)ap (XTT)avEy % viability
required for potency in general. Slee also reported that the most control (100%), control (100%),  (ATP-lite)*
potent derivatives in the cell-based assay systems contain a C16°mpd  MM6 (1004M) BAEC control (100%)
alkyl chain and removal of the hydrophobic tail structure resulted  1a 12+2 107+t 6 nt
in significant loss of activity. More recently, this was also 1€ 5E7 nt 5

: ) . . 1d nt 36+ 7 nt
supported by Girard et 8,.and Kaila et ab® who investigated le 1144 1617 0
quinic acid derivatives as skenimetics. All tested analogues 1f nt 1004+ 3 nt
missing such lipophilicity enhancing structural features have 1g 101+ 5 20+ 4 4
shown only moderate affinity. In both studies inhibitions ranged ~ 2a 112+ 6 102+ 10 7
from 46% at 50 mM in a cell selectin as$ayo an |G, of 225 gg égig Tmi . rr]‘:
#M in a cell flow assay, and it could be demonstrated that 5. 12+ 1 (50uM) 40+ 1 nt
presence of hydrophobic substituents resulted in a moderate 12p nt 7545 nt
increase in activity. By evaluation of the compounds in the  13c 50+4 90+ 7 58
glyco-ELISA, it was confirmed that inhibition of adhesion in ~ 13f 80+ 4 nt 68
the cell-based static assay was due to the inhibition of the %ig giilg ?iilg gtz

specific ligand/receptor interactions. A good correlation was
observed between Fhe mhlb.ltlo.n of adhesion in the static assaycompounds, we employed the Roche-XTT assay and the ATP-lite assay.
and the decrease in the binding of Siteward E-, P-, and The assay is based on the conversion of the yellow tetrazolium salt XTT
L-selectin. Among six compounds that showed inhibition of at into an orange formazan dye by metabolically active cells. To compare the
least 80% in the cell adhesion assay, four compounds tested invesults for compounds that have been tested on different plates, the viability
the P- and L-selectin glyco-ELISA26, 1c, le and 13¢) of untreated control cells is set to 100%mt = not tested.

aTo quantify antiproliferative and cytotoxic effects of our synthesized
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Cells(1x10 %)
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Total PMN

O Proteose peptone
B Proteose peptone
+2a (50 mg/kg)

Figure 5. Effect of compoun@®aon leukocyte recruitment in proteose
peptone induced mouse peritonitis. Leukocyte extravasation into the
peritoneal cavity was analyzed in mice after intraperitonical treatment
with proteose peptone fo6 h (open bars). One group of animals
received compounda (50 mg/kg) intraperitonica 1 h before
challenge with proteose peptone (black bars). Leukocytes harvested
from the peritoneal cavity afté h were stained with subgroup specific
PE-conjugated antibodies and differentiated according to forward and 8
side scatter parameters and fluorescence intensity. Values are the mea
+ SEM of four independent experimentsk) (P < 0.05 vs control.

possessed a selectin-inhibiting potency in the same manner
Surprisingly,1lashowed a weak potency aBd failed to reduce = :
binding of sLé& toward P- and L-selectin (58% vs 53% and 2% Figyre 6. (A) Docking model of a ribbon representation2s bound
vs 6%) despite excellent activity in our static assay (100% Vs to E-selectin (PDB-code: 1G1T). The E-selectin calcium is shown as
90%). From analysis of the reverse case, with substances that green sphere. (B) Compourh docked into the binding site of
cause a small or a not notable inhibition of adhesion in the static E-selectin. The accessible surface of the binding site of E-selectin was
assay, the corresponding results in the glyco-ELISA assay couldgﬁlicr‘]’c')a;‘z%g"g':e'Ce“ﬂésvroA"’l‘gd\}zlcg'ﬁéeﬁﬂg’ IIIIEOEZSICIE,: d:'ci)y‘:]riﬁgg%bi'rfo
b(? Observed;l@a’ :.I'Zb’ 123, 13d, and ld)f i.e., no compound . acids are gray (éer, Trsr, T,yr, l-’|is, dys, A’sn,l GIn,)’Tr)[l), GFI)y), positive
with less activity in the cell-based static assay was potent in charged amino acids are biue (Lys, Arg), and negative charged amino
the selectin binding assay. acids are red (Asp, Glu).

There were four compound®24, 1c, 13¢ 1€ that showed
high potency in the cell-based static assay and the P- andacid group orients itself to the €a ion, filling out the
L-selectin glyco-ELISA binding assays, but onBa had a coordination sphere in a manner similar to the way the fucose
favorable toxicity profile in all cytotoxicity assays. Thus, subunitis believed to bind in the natural ligand structure*sLe
compound2a was further evaluated in the E-selectin cell flow The second carboxy group is directed to Arg97 (E-selectin) or
chamber assay where it proved to inhibit rolling and adhesion to Lys99 in the case of P-selectin, while the alkyl chains interact
with an 1G5 of 28 + 7 uM (Table 1). In addition2a turned almost completely in hydrophobic regions of the E-selectin
out to be nontoxic in an additional ATP-lite toxicity assay, a surface (Figure 6B; yellow amino acids are Ala, Val, Phe, Met,
standard method used to monitor cell proliferation. Conse- lle, Leu). This binding mode demonstrates that the molecule
quently,2awas chosen for further in vivo evaluation. The effect part between the polar headgroup and the hydrophobic tail, the
of 2a on leukocyte recruitment in vivo was tested in a mouse so-called “spacer” group, fulfills its purpose. This group is
peritonitis model. Leukocyte extravasation was induced by ip arranged in a way that it sticks out from the binding pocket of
proteose peptone (3%) treatment. As seen in Figure 5, pretreatthe polar groups, and so it keeps the hydrophobic molecule part
ment with 2a (50 mg/kg) reduced the total cell count in the from this region away. Thereby the alkyl chains can bind
peritoneal cavity, the majority of which were PMNs44%) themselves within somewhat more distant hydrophobic areas
(n = 4, P < 0.05)%* Only few monocytes and lymphocytes of the E-selectin surface.
were extravasated in response to proteose peptone stimulation. Overall, when we compare the proposed binding mode of
sLet was inactive in this model of acute inflammation at doses our inhibitors to that of the known natural ligand $L(&igure
up to 100 mg/kg® This indicates that our in vitro selectin assays 1), we suppose that the two carboxylic acids act as replacements
predicted anti-inflammatory efficacy of the test compound in for the critical fucose and sialic acid subunits of $Lwith a
Vivo. diarylamino scaffold replacing the lactosamine structure. This

Our proposed model of the binding mode calculated by the proposed binding mode is similar to that discussed by Kogan
software for the diphenylamino-based inhibigarto E-selectin et al38 for the mannose-containing inhibitor bimosiamose. If
is illustrated in Figure 6. It shows that compounds with a the mode of binding is indeed similar, our series of compounds
diphenylamino structure can likewise bind to E-selectin accord- suggest that the proposed calcium binding mannose residue of
ing to the forecasts of the pharmacophore model. A carboxylic bimosiamose can be replaced by a simple carboxylic acid,
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resulting in a completely novel skenimetic containing no more  were washed with 3x 100 uL of PBSt+, a flat-polished flow

carbohydrates. chamber (Glycotech) was placed on the surface of the well and
MM6 or PMNs, suspended att 1P cells/mL in RPMI medium
Summary plus 1% FCS, were perfused through the flow chamber at a constant

o shear stress of 1 dyn/éfor 4 min. Rolling and adherent leukocytes

Novel and potent small-molecule pan-selectin inhibitors have were visualized and counted in each well in four separate randomly
been developed. A combination of synthesis and structure-basetthosen fields within the first minute, applying an inverted phase
design allowed rapid optimization, resulting in compounds with contrast microscope connected to a video camera (Kappa CF 15/
in vivo activity. We exploited the three minimal criteria that 2) and a video recorder (Panasonic SVHS TL700). All experiments
are essential for activity: (1) a calcium ion binding moiety, (2) Wwere repeated two or three timessé@alues were calculated with
a negatively charged group, and (3) a hydrophobic tail structure the program GRAFIT, Erithacus Software Ltd., UK.
(Figure 3). Of those that were tested, the presence of two Proteose Peptone Induced Mouse Peritonitisviale C57BL/6
carboxylic acids was found to be optimal. One carboxylic acid Mice were subjected to intraperitoneal injection of 3 mL of 3%
of a benzoic acid derivative coordinates to calcium and the other Protéase peptone (Oxoid LydL h after ip treatment with 100L
undergoes electrostatic interactions with Arg97 (E-selectin) and/ ©f & Suspension of test compound (50 mg/mL) in corn oil. Vehicle

or Lys99 (P-selectin). As several different spacers were tolerated only was used as control. Proteose peptone is a breakdown product
g i h ) b f | P b d bi 'of proteins that has been widely shown to possess strong capacity
we believe that a number of templates can be used to Combiney, gimy|ate leukocyte recruitment to extravascular tissue. After 6

the carboxylic acid groups. h, leukocytes were harvested from the peritoneum with 3 mL of
Taken together, the ligand binding glyco-ELISA assays, the cold HBSS containing 5 mM EDTA. Samples were centrifuged
cell-selectin flow chamber assay, and the static-oedll assay (2000 rpm for 5 min), labeled with &L of PE conjugated rat
systems proved to be essential for lead optimization and seemedantimouse macrophage/monocyte antibody (MOMA-2, Immu-
to give more predictive results in terms of identifying com- noKontact), antimouse PMN antibody (anti-PMN, ImmunoKontact),
pounds with in vivo activity. Several members of this series @nd antimouse T-lymphocyte antibody (anti-CD2, InmunoKontact)
were found to be active E-, P-, and L-selectin inhibitors. One for 20 min at 4°C, washed twice, and resuspended in HBSS. Gating
of the more potent derivatives, compougd, identified as for leukocyte subpopulations was based on forward and side scatter

having good activity and negligible toxicity in vitro, was shown pagametgrs andfFIID_-l.k_ p d Settinas.Molecul
to reduce inflammation in vivo. This novel class of nonglyco- escription of bocking Frograms and Settings.Molecular
sidic and nonpeptidic pan-selectin blockers opens up new models of candidate molecules were generated by using the ab

ibilities f h | t th X - initio, flexible docking procedure of the ICM (version 3.0)
possibilities for the development of therapeutic agents in yojecylar modeling program by Molsoft. Structural coordinates for

inflammatory disease. In the course of our ongoing research the “receptor” were derived from the cocrystal structure ofsLe

project, further investigations are currently undertaken. bound to the E-selectin from which the ligand was removed.
) . Receptor grid maps were calculated with a grid spacing of 0.5 A.
Experimental Section The grid was defined in such a way that it included the ligand and

key residues plus-35 A in each of thex, y, z directions. For the
ligands, 2D to 3D conversion is followed by energy minimization
using the MMFF option as a force field. The docking algorithm
implemented in ICM (version 3.0) optimizes the entire ligand in
the receptor field, applying a multistart Monte Carlo minimization
procedure in internal coordinate space. The Metropolis temperature
for accepting or rejecting a new pose was set to 600 K. The number
of Monte Carlo steps and iterations of the local energy minimization
necrosis factorx (TNFa) for 4 or 16 h and the respective test was determined automatically by an adaptive algorithm depending

substance was dissolved in DMSO or vehicle for 20 min (in other gntthle sizeban? nu(;nper (f)f ggxiblg ;%rsions in the ligand. More
settings for 4 or 16 h) at 37C/5% CQ. The BAEC samples were etalls can be found In refs 5o an :

Static Assay.The adhesion assay was performed as described
previously3” Briefly, BAEC monolayers 7 days after seeding,
passage 13, were grown in 24-well plates. Prior to assay, the
BAEC samples were examined microscopically to confirm the
integrity and uniformity of the monolayers. After the culture
medium was removed and the endothelial cell monolayer was
washed with DPBS (% 1 mL/well at 37°C), the cells were treated
with cell culture medium containing 20 ng/mL recombinant tumor

washed with DPBS (2« 1 mL/well at 37°C) before 90QuL of 6-Bromohexanoic AcidN,N-Bis(4-carboxyphenyl)amide (12a).
culture medium and 100L of PMN suspension (i 10° cells/ A solution of11a(150 mg, 0.324 mmol) in THF (8 mL) was stirred
mL) per well were added and incubated for 30 min at°875% with an aqUeOUS lithium hydroxide solution (0.5 M, 1.95 mL, 0.97
CO,. Nonadherent PMNs were removed by washing with DPBS mmol) solution at 5°C for 8 h and at 15°C for another 16 h.

(3 x 1 mL/well at 37°C). Culture medium (1 mL/well at 37C) Subsequently, water (20 mL) was added and the mixture was
was added prior to microscopic examination. (In inhibition experi- extracted with ether twice. The organic extracts were discarded,
ments, various concentrations of drugs were used (]]_0—4 to1 and the agueous Iayer was acidified to pH 1 by drOlese addition

x 1077 mol/L).) After incubation with cytokines or drugs, the cell ~ of agueous hydrochloric acid (1.0 M) and extracted with ether (3
viability of BAEC was confirmed by trypan blue exclusion and x 8 mL). The combined organic layers were washed with water
additional microscopic examination. JCvalues were calculated ~ and brine, dried over MgSQand concentrated. The crude product
using the program GRAFIT, Erithacus Software Ltd., U.K. was recrystallized from methanol to yield 114 mg (81%).2aas
E-Selectin-Cell Adhesion AssaysThe ability of compounds to & colorless solid. Mp 156151 °C; *H NMR (DMSO-g) 6 13.09
inhibit the adhesion of MM6 cells to pure selectin proteins was (S 2H), 7.97 (d, 8.1 Hz, 4H), 7.45 (d, 8.1 Hz, 4H), 3.49 (t, 6.6
measured using a “cell-selectin” assay. Recombinant soluble HZ, 2H), 2.24 (t, 7.4 Hz, 2H), 1.781.65 (m, 2H), 1.651.50 (m,
E-selectin protein purchased from R&D Systems (Minneapolis, 2H), 1.39-1.27 (m, 2H); MS (FD)wz 435 (M* for Br®') and 433
MN) was diluted to 5ug/mL in Dulbecco’s PBS containing calcium (M for Br9). Anal. (GooH20BrNO:) C, H, N.
and magnesium ions (PBS. Plates coated with recombinant 6-Bromohexanoic Acid N,N-3,4-Bis(carboxyphenyl)amide
E-selectin were produced by adding bD of the protein (5ug/ (12b). Dimethyl esterl1b (250 mg, 0.541 mmol) in THF (13 mL)
mL) to the center of a well in a six-well plate and stored overnight was stirred with an aqueous lithium hydroxide solution (0.5 M,
at 4 °C. The selectin protein was omitted from negative control 3.06 mL, 1.53 mmol), employing the procedure for the preparation
(“background”) wells. The plates were washed with«3100 uL of dicarboxylic acidl2ato give 201 mg (86%) oi2bas a colorless
of PBS+ and incubated for 60 min with 106L of a solution of solid. Mp 190-191 °C; 'H NMR (DMSO-dg) 6 11.71 ($,, 2H),
the test compounds (or vehicle controls) in RPMI (containing 1% 7.96 (d, 8.4 Hz, 2H), 7.87 (d, 7.2 Hz, 1H), 7.84 (s, 1H), #7041
FCS and DMSO) in the final test concentration. After the plates (m, 4H), 3.48 (t, 6.7 Hz, 2H), 2.22 (t, 7.4 Hz, 2H), 1-78.65 (m,
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2H), 1.65-1.50 (m, 2H), 1.39-1.27 (m, 2H); MS (FD)nVz 435 (471 mg, 0.73 mmol) in THF (18 mL) was treated with an aqueous
(M for Br8Y) and 433 (M for Br79). Anal. (CyoH20BrNOs) C, H, solution of lithium hydroxide (0.5 M, 4.38 mL, 2.19 mmol),
N. applying the procedure reported for the preparation of dicarboxylic
6-(3,5-Didecyloxyphenoxy)hexanoic AcidN,N-Bis(4-carbox- acid 1la to achieve 339 mg (75%) dff as a colorless solid. Mp
yphenyl)amide (1a). 135500 mg, 0.635 mmol) was dissolved in  167-168 °C; *H NMR (CDCl) ¢ 8.08 (d, 8.6 Hz, 2H), 8.01 (d,
THF (16 mL) and stirred with an aqueous lithium hydroxide 8.4 Hz, 2H), 7.29 (d, 8.4 Hz, 2H), 7.13 (t, 7.9 Hz, 1H), 7.10 (d,
solution (0.5 M, 3.81 mL, 1.90 mmol) at® for 8 h and at 15C 8.4 Hz, 2H), 6.56-6.40 (m, 3H), 5.01 (s, 2H), 3.943.85 (m, 4H),
for another 16 h. Subsequently, water (50 mL) was added and the2.17 (t, 7.4 Hz, 2H), 1.831.64 (m, 6H), 1.471.20 (m, 16H), 0.87
mixture was extracted with ether once. A suitable separation of (t, 6.7 Hz, 2H); MS (FD)m/z 618 (M*). Anal. (G/H4/NO7) C, H,
the layers was achieved by storing the emulsion in a refrigerator at N.
5 °C overnight. The ethereal extract was separated and discarded. 6-(3-Decyloxyphenoxy)hexanoic AcidN-(4-Carboxybenzyl)-
The remaining aqueous layer was acidified to pH 1 by the dropwise N-(3-carboxyphenyl)amide (1g).Dimethyl esterl3g (336 mg,
addition of aqueous hydrochloric acid (1.0 M solution) and extracted 0.520 mmol) was dissolved in THF (13 mL) and stirred with an
with ether. The combined organic layers were washed with water aqueous lithium hydroxide solution (0.5 M, 3.12 mL, 1.56 mmol)
and brine, dried over MgSQand concentrated. The crude product following the procedure for the preparation of dicarboxylic acid

was recrystallized from methanol to yield 428 mg (89%)Lafas
a colorless solid. Mp 158160 °C; IR (KBr) 3030, 2890, 2820,
2640, 2520, 1660, 1580 cr 'H NMR (CDCl;) 6 8.13 (d, 8.6
Hz, 4H), 7.33 (d, 8.6 Hz, 4H), 6.06 (t, 2.1 Hz, 1H), 6.03 (d, 2.1
Hz, 2H), 3.88 (d, 6.4 Hz, 6H), 2.33 (t, 7.2 Hz, 2H), 1-81L67 (m,
8H), 1.511.21 (m, 30H), 0.87 (t, 6.7 Hz, 6H); MS (FDyz 760
(M+) Anal. (Q6H65N08) C, H, N.
6-(3,5-Didecyloxyphenoxy)hexanoic AcidN,N-3,4-Bis(car-
boxyphenyl)amide (1b).Dimethyl esterl3b (463 mg, 0.588 mmol)
in THF (15 mL) was stirred with an aqueous lithium hydroxide

la so that an amount of 258 mg (80%) b was obtained as a
colorless solid. Mp 134135°C; H NMR (CDCly) 6 8.06 (d, 8.1
Hz, 1H), 8.01 (d, 8.1 Hz, 2H), 7.67 (s, 1H), 7.47 (t, 7.9 Hz, 1H),
7.32-7.26 overlapping signals (7.29, d, 8.4 Hz, 2H and m, 1H),
7.12 (t, 8.1 Hz, 1H), 6.496.39 (m, 3H), 4.99 (s, 2H), 3.943.84
(m, 4H), 2.13 (t, 7.4 Hz, 2H), 1.841.63 (m, 6H), 1.49-1.21 (m,
16H), 0.87 (t, 6.7 Hz, 3H); MS (FD)Vz 618 (M*). Anal. (GHar
NOy) C, H, N.
4-[N-(6-(3,5-Bis(decyloxy)phenoxy)hexyIN-(4-(carboxy-
phenyl)amino]benzoic Acid (2a) A solution of dimethyl este2la

solution (0.5 M, 3.53 mL, 1.76 mmol) using the procedure described (123 mg, 0.160 mmol) in THF (5 mL) was stirred with an aqueous

for the preparation of dicarboxylic acith to give 300 mg (67%)
of 1b as a colorless solidH NMR (DMSO-ds, 500 MHz, 323 K)
0 7.95 (d, 8.6 Hz, 2H), 7.87 (d, 7.8 Hz, 1H), 7.83 (t, 2.0 Hz, 1H),
7.60 (d, 7.8 Hz, 1H), 7.53 (t, 7.8 Hz, 1H), 7.43 (d, 8.6 Hz, 2H),
6.01 (s, 3H), 3.963.83 (m, 6H), 2.24 (t, 7.4 Hz, 2H), 1.69.55
(m, 8H), 1.4%-1.19 (m, 30H), 0.84 (t, 6.9 Hz, 6H); MS (FDyz
760 (W) Anal. (C46H55N03) C, H, N.

6-(3,5-Didecyloxyphenoxy)hexanoic  Acid N-(4-Carboxy-
phenyl)-N-(3,4-dicarboxyphenyl)amide (1c).A solution of the
trimethyl esterl3c (239 mg, 0.28 mmol) in THF (11 mL) was
treated with an aqueous solution of lithium hydroxide (0.5 M, 2.26
mL, 1.13 mmol) according to the procedure described for the
preparation of compountia so that an amount of 161 mg (71%)
of 1c was isolated as a colorless resth. NMR (CDCl;) ¢ 8.07
(d, 8.1 Hz, 2H), 7.81 (d, 8.1 Hz, 1H), 7.57.47 (m, 2H), 7.30 (d,
8.1 Hz, 2H), 6.05 (t, 1.9 Hz, 1H), 6.02 (d, 1.9 Hz, 2H), 3:®181
(m, 6H), 2.38-2.24 (m, 2H), 1.82-1.64 (m, 8H), 1.471.18 (m,
30H), 0.86 (t, 6.7 Hz, 6H); MS (FDjwz 805 (M" + 1). Anal.
(C47HesNOyg) C, H, N.

6-(3,5-Didecyloxyphenoxy)hexanoic AcidN-(4-Carboxyben-
zyl)-N-(4-carboxyphenyl)amide (1d) Dimethyl ester13d (443 mg,
0.552 mmol) dissolved in THF (14 mL) was stirred with an agqueous
solution of lithium hydroxide (0.5 M, 3.31 mL, 1.66 mmol) using
the procedure for the preparation . Thus, an amount of 343
mg (80%) of the desired dicarboxylic acidl was obtained as a
colorless resintH NMR (CDCly) 4 8.08 (d, 8.6 Hz, 2H), 8.01 (d,
8.4 Hz, 2H), 7.29 (d, 8.4 Hz, 2H), 7.10 (d, 8.6 Hz, 2H), 6.05 (t,
1.9 Hz, 1H), 6.02 (d, 1.9 Hz, 2H), 5.01 (s, 2H), 3-:9283 (m,
6H), 2.16 (t, 7.4 Hz, 2H), 1.801.62 (m, 8H), 1.49-1.21 (m, 30H),
0.87 (t, 6.7 Hz, 6H); MS (FD)z (%) 774 (M%). Anal. (Cy7Her
NOg) C, H, N.

6-(3,5-Didecyloxyphenoxy)hexanoic AcidN-(4-Carboxyben-
zyl)-N-(3-carboxyphenyl)amide (1e)A solution of the dimethyl
esterl3e(425 mg, 0.530 mmol) in THF (13 mL) was treated with
an aqueous lithium hydroxide solution (0.5 M, 3.18 mL, 1.59
mmol), employing the procedure given for the preparation of
compoundlato provide 312 mg (76%) ofeas a colorless resin.
1H NMR (CDCl;) 6 8.05 (d, 7.9 Hz, 1H), 8.01 (d, 8.1 Hz, 2H),
7.62 (s, 1H), 7.48 (t, 7.9 Hz, 1H), 7.33.25 (m, 3H), 6.04 (t, 1.9
Hz, 1H), 6.01 (d, 1.9 Hz, 2H), 4.99 (s, 2H), 3:93.81 (m, 6H),
2.12 (t, 7.4 Hz, 2H), 1.791.62 (m, 8H), 1.46:1.17 (m, 30H), 0.87
(t, 6.7 Hz, 6H); MS (FD)Wz 774 (M*). Anal. (Gi7HezNOg) C, H,
N

6-(3-Decyloxyphenoxy)hexanoic AcidN-(4-Carboxybenzyl)-
N-(4-carboxyphenyl)amide (1f).A solution of dimethyl estet 3f

potassium hydroxide solution (0.5 M, 0.96 mL, 0.480 mmol) at
room temperature according to the procedure for the preparation
of lato give 86 mg (73%) oRa as a colorless soliddH NMR
(CDCly) 6 8.03 (d, 8.8 Hz, 4H), 7.10 (d, 8.8 Hz, 4H), 6:06.03
(m, 3H), 3.94-3.78 overlapping signals (3.89, t, 6.4 Hz, 6H and
m, 2H), 1.8%1.67 (m, 8H), 1.541.19 (m, 32H), 0.88 (t, 6.7 Hz,
6H); MS (FD) m/z 746 (M"). Anal. (CsHe7NO7) C, H, N.
4-[N-(4-Carboxylbenzyl)-N-(6-bis(3,5-decyloxy)phenoxy)hex-
ylamino]benzoic Acid (2b). Dimethyl ester21b (301 mg, 0.38
mmol) was dissolved in THF (5 mL) and treated with an aqueous
potassium hydroxide solution (0.5 M, 2.28 mL, 1.14 mmol) at room
temperature following the procedure for the preparatiodato
give 196 mg (68%) ofb as a colorless resifH NMR (CDCl) ¢
7.99 (d, 8.3 Hz, 2H), 7.85 (d, 9.0 Hz, 2H), 7.21 (d, 8.3 Hz, 2H),
6.55 (d, 9.1 Hz, 2H), 5.995.90 (m, 3H), 4.61 (s, 2H), 3.863.79
(m, 6H), 3.44 (t, 6.9 Hz, 2H), 1.731.62 (m, 6H), 1.46-1.30 (m,
2H), 1.19-0.97 (m, 32H), 0.80 (t, 6.9 Hz, 6H); MS (Eivz 761
(l\/lJr + l) Anal. (Q7H69NO7) C, H, N.
O-[-6-(3,5-Didecyloxyphenyloxy)hexyl]-4,4-bis(carboxy-
phenyl)methanone Oxime (3a). 254500 mg, 0.623 mmol) was
dissolved in a mixture of ethanol (5.10 mL) and THF (12.3 mL)
and stirred with an aqueous sodium hydroxide solution (0.5 M,
3.75 mL) at room temperature for 24 h. Subsequently, water (30
mL) was added and the mixture was extracted withOEbNCe.
The ether extract was discarded. The aqueous layer was acidified
to pH 6-5 by the dropwise additionfd M aqueous hydrochloric
acid and extracted with ether. The combined ethereal extracts were
washed with water and brine and dried over,8@, to provide
458 mg (95%) of3aas a colorless residH NMR (CDCly) 6 8.21
(d, 8.4 Hz, 2H), 8.09 (d, 8.4 Hz, 2H), 7.58 (d, 8.4 Hz, 2H), 7.45
(d, 8.4 Hz, 2H), 6.05 (s, 3H), 4.24 (t, 6.4 Hz, 2H), 3.89 (t, 6.4 Hz,
6H), 1.81-1.68 (m, 8H), 1.5+1.22 (m, 32H), 0.87 (t, 6.7 Hz, 6H);
MS (FD) m/z 774 (M*). Anal. (C;7He:NOg) C, H, N.
O-[-6-(3,5-Didecyloxyphenyloxy)hexyl]-3,4bis(carboxy-
phenyl)methanone Oxime (3b)Following the procedure for the
preparation of compoungh, a solution of dimethyl este25b (341
mg, 0.425 mmol) in THF (8.5 mL) and ethanol (3.5 mL) was stirred
with an aqueous sodium hydroxide solution (0.5 M, 2.55 mL, 1.28
mmol) to give 287 mg (87%) o8b as a colorless residH NMR
(CDCl3) 6 8.22-8.03 (m, 4H), 7.647.42 (m, 4H), 6.05 (s, 3H),
4.24 (t, 6.4 Hz, 2H), 3.89 (t, 6.4 Hz, 6H), 1.81.67 (m, 8H), 1.54
1.21 (m, 32H), 0.87 (t, 6.7 Hz, 6H); MS (FD¥z 774 (M"). Anal.
(C47He7iNOg) C, H, N.
O-[-6-(3-Decyloxyphenyloxy)hexyl]-4,4bis(carboxyphenyl)-
methanone Oxime (3c)A solution of the dimethyl este&25¢ (357



5998 Journal of Medicinal Chemistry, 2006, Vol. 49, No. 20

mg, 0.553 mmol) in a mixture of THF (11 mL) and ethanol (4.5
mL) was treated with an aqueous sodium hydroxide solution (0.5
M, 3.65 mL, 1.82 mmol) using the procedure reported for the
preparation of the dicarboxylic aciga to provide 321 mg (94%)
of 3c as a colorless resiftH NMR (CDCl) ¢ 8.20 (d, 8.4 Hz,
2H), 8.08 (d, 8.6 Hz, 2H), 7.58 (d, 8.6 Hz, 2H), 7.45 (d, 8.4 Hz,
2H), 7.15 (t, 8.1 Hz, 1H), 6.516.43 (m, 3H), 4.25 (t, 6.7 Hz, 2H),
3.92 (t, 6.4 Hz, 4H), 1.831.69 (m, 6H), 1.551.20 (m, 18H), 0.87
(t, 6.7 Hz, 3H); MS (FD)n/z 618 (M"). Anal. (G7H4/NO;) C, H,
N.

O-[-6-(3,5-Didecyloxyphenyloxy)hexyl]bis(4-chlorophenyl)-
methanone Oxime (28)A solution of27 (234 mg, 0.878 mmol)
in dry DMF (3 mL) was treated with sodium hydride (60% in
mineral oil, 40.4 mg, 1.01 mmol) and subsequently reacted with
16 (500 mg, 0.878 mmol) in the presence of a catalytic amount of
n-BuyNI according to the procedure described for the preparation
of compound25a After column chromatography (silica gel, ethyl
acetate/petroleum ether 1:15), an amount of 581 mg (88928 of
was obtained as a colorless diH NMR (CDCl) ¢ 7.40 (d, 8.6
Hz, 4H), 7.32-7.24 (m, 4H), 6.0%6.03 (m, 3H), 4.18 (t, 6.7 Hz,
2H), 3.89 (t, 6.7 Hz, 6H), 1.811.66 (m, 8H), 1.521.21 (m, 32H),
0.88 (t, 6.7 Hz, 6H); MS (FD)Wz (%) 758 (M" + 3, 27), 757
(Mt + 2, 60), 756 (M + 1, 41), 755 (M, 100). Anal. (GsHes
CILbNOy) C, H, N.
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