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Starting from the structure of integriov33 in a complex with a peptidic ligand plus SAR data on nonpeptidic
ligands, we derived a new class of integoiB51 antagonistsl). Several synthesis strategies were applied
to evaluate the chemical space around the essential pharmacophore gréoBs B obtain highly active

and selective pyrrolidine derivatives as integaBsl

antagonists. Integrin selectivity was controlled by

switching from a sulfonamide moiety to a mesitylene amide moiety foifRis finding represents a general
feature for modulating selectivity toward other related integrin receptors. On the basis of the encouraging
results from various in vitro studies, the most active compounds were selected for further in vivo studies in

animal models and preclinical development.

Introduction

Comprised ofo. and subunits, integrins are heterodimeric
proteins important for ceftcell and celt-extracellular matrix
interactionst? Integrins serve as a transmembrane linker

Here, we describe the synthesis, SAR, and biochemical char-
acterization of a new class o541 antagonists.

Chemistry

between their extracellular ligands and the cytoskeleton and Compounds were selected from a virtual combinatorial library
modulate various signaling pathways. This means that they havedesigned to cover the chemical space specific for RGD-derived

the capacity to influence cell migration, differentiation, and

survival during embryogenesis, angiogenesis, wound healing,

compounds. Each virtual compound possesses a terminal basic
2-amino pyridine group with a linker of varying lengths, a

immune and nonimmune defense mechanisms, hemostasis, anfgrminal carboxylic acid with a linker of varying lengths, and a

oncogenic transformatichMany integrins are associated with
pathological conditions.

The fibronectin receptar551 integrin plays a key role during

development of the vascular system, as confirmed in gene
knock-out studies, gene expression analysis, and functional

studies with integrin inhibitord-5 Significant up-regulation of
o541 on activated vascular endothelium was observed during
angiogenesis, in tumor blood vessels, and after stimulation with
angiogenic growth factors:® Inhibitory compounds would be

of great interest as tools to unravel the rolexgf51 and possibly

as therapeutic agents for pathological angiogenic conditions.

Many approaches for the design of novel ligands are based

on the structure of the target protein and/or known ligands.
Unfortunately, no unambiguous structural information on the
binding conformation obx541 ligands is available. However,

in the crystallographic structure of the related integrig3 in

a complex with a cyclic pentapeptide (pdb ID 1L5G) also
containing an arginine-glycine-aspartate motif (RGD), the C
distance between the Arg and the Asp is almost 9 A, leading to
an extended conformation of the RGD motif and a stretched
arrangement of the charged side chdins.

A high degree of sequence identity is observed betvafi
andavp3 (head groupsib/av, 46%;51/63, 45%) and there is

hydrophobic CbZgroup (Figure 1a). These three fragments were
interconnected by trifunctional core fragments. Furthermore, the
library design was directed by medicinal chemistry requirements
to ensure synthetic accessibility.

3D conformations of the virtual compounds were generated
and aligned to a template (for details, see Experimental Section).
This template was derived from the X-ray structure of cyclo-
[Arg-Gly-Asp-p-Phe-NMe-Val] bound to the receptor integrin
avp33.” The template comprised the extended portion connecting
the guanidino group of Arg and the carboxylic moiety of the
Asp. This part of the ligand mediates 90% of the surface contacts
to avf3 in the complex.

The alignments were scored with respect to their overall shape
similarity to the template in combination with the overlap of
the pharmacophoric features. SAR data for integrin ligands
revealed positive effects of sulfonamideshich were therefore
included as building blocks in the virtual synthesis. This
procedure identified a number of active compounds witky IC
values in a competitive integrin binding assay in the lower
nanomolar range, among them compounalith an 1Gso value
of 3.7 nM.

For the optimization ofl, we explored the influence of the
Cbz group (R), the 2-amino pyridine substitution g§RR and the
hydrophobic mesitylene @Ron target activity and selectivity.

considerable sequence similarity between both integrins for the |, order to assess the chemical space around these three moieties,

residues in proximity to the bound ligand in tbhe33—peptide
complex structuré.Besides, both integrins share a number of
RGD-containing ligands. Therefore, in agreement with inves-
tigations of Marinelli et al® we assumed a binding mode similar
to the one observed iav$3. On the basis of this assumption
and publishedwv/33 antagonist8 we designed new compounds
that are able to competitively inhikit551 binding to fibronectin.
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a Abbreviations: ACN, acetonitrile; BSA, bovine serum albumin; Cbz,
carboxybenzoyl; DCE, dichloroethane; DCM, dichloromethane; DIPEA,
diisopropylethylamine; DMFN,N-dimethylformamide; DMSO, dimethyl
sulfoxide; ELISA, enzyme-linked immunosorbent assay; Fc, fragment of
constant region of human immunoglobulin G1; HBTO;benzotriazole-
N,N,N',N'-tetramethyluronium hexafluorophosphate; HRP, horseradish per-
oxidase; 1Go, inhibition constant for 50% inhibition; MTBE, methyeért-
butyl ether; PIFA, phenyliodine(lll) bis(trifluoracetate) also named
[bis(trifluoroacetoxy)iodo]lbenzene; TFA, trifluoroacetic acid; THF, tet-
rahydrofuran; TMB, 3,3,5,5etramethylethylenediamine; Tris, tris(hy-
droxymethyl)aminomethane.
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Figure 1. (a) CompoundL and its generic structure with groups-R(b) CompoundL (cyan) superimposed on the X-ray structure of cyclo-[Arg-
Gly-Asp-D-Phe-NMe-Val] from the complex witlw/33 (green). For clarity, the sulfonamide moiety is not shown.
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aReagents and conditions: (a) (i) NaH, bromoacetic &mitdbutyl ester, THF; (ii) LiCl, NaBH, MeOH; (iii) SO;—pyridine complex, DCM/DMSO; (b)
(i) 2-aminopyridine, Ti(OiPr), NaHB(OAc), DCE; (ii) LiOH; (c) (i) HBTU, DIPEA, DMF; (ii) (Boc)0; (iii) H2 Pd/C d) (i) R-Cl or R;-Br, DIPEA, DCM;
(i) TFA.

different strategies were applied to introduce a diverse set of 8 was synthesized from Chz-4-hydroxyproline methyl e&ter
functional groups. Scheme 1 outlines the synthesis of derivativesaccording to Scheme 1. After protection of the OH-moiety as
with different R, moieties. the tert-butylsilyl ether (TBDMS), thetert-butyl ester was
The synthesis of compoundsand7a—d started from Cbz- hydrolyzed with LiOH to gived quantitatively. HBTU coupling
4-hyroxyproline methyl este? (Scheme 1), which was first  and subsequent cleavage of the silyl ether with TBAF gave the
treated with NaH in THF and 3 equiv of bromoacetic ated- alcohol10in 40% yield (two steps). Oxidation was performed
butyl ester to give the corresponding ether in 65% yield. The with SO;—pyridine to give aldehydell in 91% vyield. The
methyl ester was selectively reduced with NaBithe presence reductive aminations were performed with Ti(OPaipd NaBH-
of LiCl in an ethanol/THF mixture and the obtained alcohols (OAc)s in DCE with different 2-aminopyridines. The compounds
were directly oxidized with S@-pyridine complex in DCM/ 12a—c were obtained by TFA cleavage and purified by HPLC.

DMSO to give the aldehyd® in about 85% yield (two steps). In the last sequence, the synthesis as described in Scheme 1
The reductive amination with Ti(OiPy)and NaBH(OAc] in was modified. Starting from H-Hyp-OMd3, the different
dichloroethane (DCE) gave the products as mixturetedf moieties were introduced at the NH using carboxylic acid

butyl ester and the corresponding isopropyl ester. Other condi-chlorides in NaHC@DCM (Scheme 3). Following the same
tions such as NaCNBHnN methanol did not lead to the desired sequence of alkylation, reduction, and oxidation, the aldehydes
product. Both esters were hydrolyzed with 3 equiv of LIOH to 3 and 15 were obtained in about 60% yields. Reductive
give compound4 in about 55% yield. The coupling reaction amination and ester hydrolysis under the conditions mentioned
with diamino propionic acid derivativé was performed with above gave compoundsand16a—cin 41-63% overall yields.
HBTU in DMF. Boc protection was achieved with (Be®)and To explore the influence of differentsRnoieties, the diamino
DMAP in THF to yield 48% product. Under these conditions, propionic acid derivative®, 17, and 18 were applied in the
the NH at the sulfonamide was also Boc-protected. After HBTU coupling reaction. In the final step, thert-butyl esters
hydrogenation with Pd/C in isopropy! alcohol the precurSor  were cleaved with TFA and the compouri@c—k were purified
was reacted with a variety of reagents such as isocyanates, alkyby HPLC.
bromides, and carboxylic acid chlorides. The final cleavage step The diamino propionic acid derivativ@was prepared from
proceeded quantitatively with TFA. The compouddmd7a—d L-asparagin0 following the published procedure (Schemé 4).
were purified by HPLC (ACN/HO) and lyophilized. Due to low yields in the coupling step of the unprotected
Aldehydel1 was prepared to incorporate other basic groups L-asparagine with the corresponding carboxylic acids, the
at the 2-aminopyridine position gR(Scheme 2). The alcohol  synthesis of amidek7 and18 was modified. After the coupling
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Scheme 2.Synthesis of 2-Aminopyridine (R Derivatives12a-¢&
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aReagents and conditions: (a) (i) TBDMEI, imidazole, DMF; (ii) LiOH; (b) (i) 5, HBTU, DIPEA, DMF; (ii) TBAF; (iii) SO3—pyridine complex,
DCM/DMSO; (c) (i) 2-aminopyridines, Ti(OiPs) NaHB(OAc), DCE; (ii) TFA.
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Scheme 3. Synthesis of Compounda—k?2
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aReagents and conditions: (a) (iy-RCI, NaHCGQ;, DCM; (b) (i) NaH, bromoacetic acitert-butyl ester, THF; (ii) LiCl, NaBH, MeOH; (iii)) SO;—
pyridine complex, DCM/DMSO; (c) (i) 2-aminopyridines, Ti(OiRrNaHB(OAc), DCE; (ii) LiOH; (d) (i) HBTU, DIPEA, DMF; (i) TFA.

Scheme 4. Synthesis of the Diaminopropionic Acid Derivatives  Table 1. ICso Values for Inhibitors of Integrim551 andov/3 in a

5,17, and 18 Competitive Integrin Binding Assay
Structure
o o ~ o Compound ICsp (nM)
)< 5R3= §—S (R2 = H, R3 = SO,-mes)
HZNNOH a HZN“‘)kO o)
O NH; HN‘R3 SO,-mes R, aspl avp3
20
Q
17 Ry = ,
g 1 Cbz 3.7 16
o b o )<
HZN\”/\HLOJ< HzN/\HJ\O CO-mes fo)
— 7a N 15 9
O NH, HN-gy 07

21

- b M{H 6 36

CO-(1-Me-cy)
aReagents and conditions: (a) (i)-€60,—aryl, THF/HO, NE; (i) 0
NaOH, Bg, H,O; (iii) isobutene, HSQ,, dioxane; (b) (i) aryl or alkyl e 25 38
carboxylic acid, HBTU, DIPEA, DMF; (ii) phenyliodine(lll) bis(trifluora-
cetate) (PIFA), pyridine, ACN.

7d 670 nd.

step with asparagintert-butyl ester the Hofmann rearrangement
of the terminal amide into an amine was achieved by utilizing
phenyliodine(lll) bis(trifluoracetate) (PIFA) in the presence of Te H 286 nd.
pyridine in ACN1° The diamino propionic acid derivativdy
and 18 were obtained in an overall yield of 66% and 67%, nanomolar range, it was planned to increase its potency. In

respectively. addition, selectivity especially toward integriag3 andav5
. . had to be improved. Activities were monitored in ELISAs with
Results and Discussion the corresponding integrins: the activities of selected compounds
Approximately 200 derivatives of this scaffold class obtained toward integrinsn531 andav/3 are shown in Table 1.
from the described syntheses (Scheme8)lwere analyzed to Compounds/a—e have different R moieties and illustrate

elucidate the influence of Rthe aminopyridine B and the the influence of the phenyl ring and the carbamate moiety of
hydrophobic part R on integrin activity and selectivity.  the Cbz group of compountl The comparable activities @f
Although the activity of compoundl. was already in the and 7b demonstrate that inhibition similar to that of the Cbhz
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Table 3. ICsq Values for Inhibitors of Integrir551, avf3, avps,
allb$3, anda3p1 in a Competitive Integrin Binding Assay

Compound Structure ICsy (nM)
Ry R, R; oSl avBf3  avf5S  ollbB3  a3fl
1 Cbz H SO,-mes 3.7 16 330 9000 >200000
19a Cbz H SO»-Ph 86 6.3 260 12000 nd.
19b Cbz H CO-Ph 155 140 nd. nd. nd.
19¢ Cbz H CO-mes 3.5 ~30000 ~30000 >50000 ~36000
Figure 2. Pyrrolidine partial structure of compouridstabilized by a 19d Cba H  CO{lMe<y) 17 880 550 >50000 nd.

hydrogen bond.

o
Table 2. ICso Values for Inhibitors of Integrire551 andavf3 in a 19¢ Mﬁ H CO-mes 1.6 16000 >50000 >50000  nd.
Competitive Integrin Binding Assay
(¢}
ICs0 (NM) 7b Mﬁ H SO,-mes 6 36 245 8000  nd.
structuré 12a Cbz  4OMe  SO,mes 1 24 19 7700  nd
compd R> o581 avp3
12a 4-OMe 11 2.4 19f i H  CO-(1-Me- 14 1600 2300 >50000  nd.
12b 4-Cl 445 nd. P (1-Me-ey) "
12¢c 6-Me 231 21

a
o
N

19g 4-OMe CO-mes 0.54 ~3400 2700 ~50000 ~20000

2Ry = Cbhz, R = SO-mes.
group could be achieved with other hydrophobic moieties and  '** 4OMe  SOp-mes 09 4 2 11000 nd
that the carbamate could be replaced by amides. This was
confirmed with derivativerc. In contrast, the carbonyl group 19
is essential, as underlined by the dramatic decrease in activity
of 7d and7e 19
NMR measurements for compouridindicate a hydrogen
bond between the amino group of the 2-aminopyridine and the 19
carbonyl group in R pointing to a 7-membered ring structure
(Figure 2). If such a hydrogen bond is formed in the receptor-
bound conformation as well, the loss of entropy upon binding of almost 2 orders of magnitude was observed with the 6-methyl
due to freezing of rotatable bonds is reduced compared to aderivativel2ccompared to the 6-H derivativie This significant
molecule without a hydrogen bond in this position. The reduced drop in activity cannot be explained by the electronic nature of
loss of entropy leads to more negative free binding energy anda methyl moiety. Therefore, this effect was attributed to steric
thus to very high activities, whereas significantly lower activities restriction at this position.
are observed for molecules with unrestricted conformational  |n summary, for lead compourtd 3,3-dimethylbutyric acid
flexibility that are unable to form an intramolecular hydrogen amide was identified as a suitable replacement for the Cbz
bond (e.g., compoundd).'* group, inducing sufficient activity on the target and conferring
It was found that a variety of aromatic and alkyl amides and high microsomal stability. Introduction of a methoxy moiety in
cgrbamatgs were tolerated in this position. This diverse set of position 4 of the aminopyridine moiety led to improved potency.
highly active c.ompounds was narrowed down by de'Fermlnlng Control of Integrin Selectivity. All improvements at this
ADME properties and ranking the compounds accordingly. For stage resulted in potent531/av3 dual specific inhibitors. In

example, dstablhtyt mt' human mAlcf:trosom_es _watsh m%?s_ureéi atq) cases, the measured integni§s1 activities were on the same
compound concentrations ofM. After reviewing the obtaine order of magnitude as for integrav33. To improve selectivity

results, it was found that lead compourddshowed only - : : s
- . toward other integrins, the properties of the hydrophobic side

mOd_‘]?_rate“St?‘b"'ty OBAE)S% a{ter_ 1 rt]h T?;IS propert)t/) c?huldg k;)e chain Ry were explored. In addition to their activity on integrin

significantly improved by replacing the bz group by he s,5- avp3, the inhibitory potential on other related integrins such

dimethylbutyric acid amide function. The microsomal stability :
of 7b was 70% and represented the favored replacement of the?® avf5, allbf3, andasfl were mgnltoreq (Tat,"e 3).
Cbz moiety of compound. Compoundl showed no relevant interaction with the platelet

In parallel, the effects of different substituents at the pyridine 299regation receptaxlibi3 and anothepl integrin (341).
ring R, were investigated. A clear SAR of the pyridine ring B€sides the nanomolar inhibition of integritv33, moderate
substituents was obtained. A correlation between the electroninteraction with integrinov/35 was observed.
acceptance/donating nature, e.g., reflected by the Hammmett  The influence of methyl groups at the mesitylene group and
constants, of the substituents in position 4 and thg \@lues the role of the sulfonamide were explored with derivatit6a

4-OMe CO-mes 0.55 3300 6800  >50000 ~13000

a
o
N

4-OMe CO-(1-Me-cy) 0.8 690 3100 >50000 ~30000

4-OMe CO-(1-Me-cy) 0.55 980 4300 >50000 ~50000

&

(Table 2) was observed over the investigated range. and 19b (prepared in analogy to Scheme 3). The significant
Activity decreases from compountRa with an electron- drop in activity of the phenyl sulfonamid&9a demonstrates
donating 4-methoxy moiety to compourid with a neutral the impact of the two 2,6-methyl groups. However, compared
4-hydrogen atom and then derivatiib with an electron- to the sulfonamidd9a only a slight decrease in activity of the
accepting 4-chloro atom [1.1 nM (4-OMe&) 3.7 nM (4-H) < corresponding benzamid®b was seen. Also, neither derivative

445 nM (4-Cl)]. In addition to these findings, a loss in activity influenced the low selectivity toward integriovs3.



3790 Journal of Medicinal Chemistry, 2007, Vol. 50, No. 16

Figure 3. Left: Shared conformational space for amide (green) and
sulfonamide (cyan) in R The minimum amide structure can be imitated
by a sulfonamide. Right: The sulfonamide (cyan) can adopt a minimum
structure that cannot be adopted by the amide.

Surprisingly, the corresponding mesitylene amidehas an
ICso similar to the sulfonamidel of 3.5 nM. Moreover,
compoundl9crevealed a remarkable selectivity profile with a
10 000-15 000-fold selectivity to all other integrins shown in
Table 3. This finding was considered to be an important

Stragies et al.

tion of the 2-aminopyridine, the mesitylene amide/1-methylcy-
clohexyl amide and the 3,3-dimethylbutyric acid amide.

The high activity of compound9i was also confirmed in a
cell adhesion assay. The assay was performed on fibronectin
with HEK293 cells intrinsically expressing integritb31. Thus,
this type of assay is a more advanced functional assay, since it
tests the inhibitory activity on integrin551 presented on the
cell surface. An IGy of 50 nM in this cell assay reflects the
high activity of the compound in the protein binding assay.
Additionally, the inhibitory activity was further confirmed in
other in vitro assays, such as integrin-mediated phosphorylation,
migration, and cell survival (data not shown).

On the basis of these encouraging results, the most active
compounds were selected for in vivo studies. These com-
pounds showed inhibitory activity in several pharmacological
models with pathological angiogenesis. Such models included
several species such as monkey, rabbit, and mouse. The in vivo
activities of these integrin541 inhibitors were proven in ocular
and tumor angiogenesis models after systemic and local
administratior?.13-15

breakthrough during the development of potent and selective Conclusions

integrin a541 inhibitors. Further investigations showed that

The synthesis of a new class of highly active and selective

particularly the 2,6-substitution pattern at the aromate guaranteedpeqrin o581 antagonists is reported. Different synthesis
selectivity. In addition, it was found that this property of the gy ategies were applied to assess the chemical space around the
mesitylene amide moiety was not a unique feature for this ggsential pharmacophore groups. Starting structures were identi-

scaffold class: replacement of sulfonamide groups by a mesi- e ysing information available on the structure of a similar

tylene amide in other integrinv/33 binding scaffolds known
from the literature or found by our group also improved
selectivity in favor of integrinn531 in all cases.

The reason for the high specificity of compounds containing
an amide in B compared to the sulfonamides is most likely
due to the difference in conformational flexibility and therefore
the coverage of the conformational space by this residue.
Analysis of the conformational space covered by the amide/
sulfonamide showed that the mesitylene group in the sulfona-
mide can match all orientations of this group accessible to the

integrin (@v3) complexed to a peptidic ligand and the SAR of
available nonpeptidic ligands for this and other integrins. The
switch from a sulfonamide moiety to a mesitylene amide moiety
represents a general feature for achieving selectivity toward other
related integrin receptors by decreasing the amount of local
conformational freedom.

Selected compounds were evaluated in a number of assays.
The promising in vitro and in vivo activities confirmed the
proposed mode of action for selective integui31 antagonists
in relevant animal models with pathological angiogenesis and

corresponding amide. In contrast, the amide cannot access th‘fumor growth?13-15 The most active compound will be further

orientations of the mesitylene moiety found in the sulfonamide
(Figure 3). Ab initio calculations have shown that the rotational
barrier of amide bonds is twice as high as the rotational barrier
of sulfonamide bond¥& Therefore, a possible explanation for
the obtained selectivity is that the integrif1 binding pocket

evaluated in clinical development for ocular angiogenesis in age-
related macular degeneration.

Experimental Section
The reagents used were purchased from Sigma-Aldrich-Fluka

can accommodate both types of ligands, the sulfonamide and(peisenhofen, Germany), Bachem (Heidelberg, Germany), Lan-

the amide, demanding the conformation shared by both mol-

ecules. Binding tawv33 demands another conformation, which

can only be adopted by the more flexible sulfonamide.
Reasonable selectivity could also be reached with bulky alkyl

caster (Minlheim/Main, Germany), Merck Eurolab (Darmstadt,
Germany), Merck Biosciences, Darmstadt, Germany), and Acros
(Geel, Belgium, distributor Fisher Scientific GmbH, Schwerte,
Germany) and used at the specified quality without further

substituents replacing the mesitylene. An increase in selectivity Purification. For analytical TLC, Merck silica gel 60 F254 plates

by a factor of 520 was observed by replacing the sulfonamide

in 1 by a 1-methylcyclohexyl amidel@d). It is worth noting

that the diastereomer with an opposite configuration at the

diaminopropionic acid only shows a 2-fold decrease in activity.
Compared with the Cbz derivativé9cand19d, the potency

of the 3,3-dimethylbutyric acid amidelDe and 19f remained

unchanged, which was not seen with derivafibeNevertheless,

were used, and column chromatography was performed on Merck
silica gel 60 (0.0150.040 mm). All products were analyzed by
HPLC—MS on a Surveyor HPLC combined with an LCQ classic
or Advantage (all Thermo Electron) equipped with an ESI-source.
IH NMR spectra were measured in CRQQr DMSO-ds with a
Varian 300 and 500 MHz spectrometer; chemical shifts are
expressed in ppm relative to TMS as internal standard and coupling
constantsJ) are in Hz.

a slight increase in selectivity was observed. These results were Virtual Synthesis and Flexible Alignment. The rigid template

in contrast to our previous findings where we observed no
impact on selectivity by this group.

An increase of activity by a factor of-46 was achieved by
introducing 4-methoxy-2-aminopyridine as a basic group (com-
poundsl2a 19g—k). 4-Methoxy-2-aminopyridine compounds

was the RGD tripeptide of the peptidic ligand in the complex
structure 1L5G. A virtual library of the general scheme base
CnHon—core—C Hz,—acid wheren = 0, 1, 2, 3 was generated using
trifunctional building blocks from the Available Chemicals Direc-
tory (ACD, MDL Information Systems, San Ramon, CA). The
virtual compounds were flexibly aligned on the rigid template using

expressed a similar selectivity toward other integrins, as reportedthe approach of Labute et #limplemented in the MOE package

for the unsubstituted aminopyridine series. Additive effects to
the activity on integrirn551 were seen for 4-methoxy substitu-

(2003.02) of the Chemical Computing Group (Montreal, Canada).
Scoring the pharmacophore overlap used pseudoenergy, which
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includes the average strain energy and the alignment score for thesolution. The organic layer was dried over,S&, and the solvent
aligned molecule. To achieve good alignment of the acidic and basic was removed by an evaporator.

terminal groups, the weight for the similarity terms “charge” and
“acid_base” was set to 5, the weights for “donor”, “acceptor”,
“volume”, and “hydrophobe” were 1, and that for “aromatic” was
2.

Conformational Analysis. Conformational analysis was per-
formed using the MOE package of Chemical Computing Gtbup

and the Merck force field (MMFF94Y. For the sulfonamide and

The crude reaction mixture was dissolved in 500 mL of
dichloroethane, and 2.58 g (27.4 mmol) of 2-aminopyridine and
10.2 mL (34.3 mmol) of Ti(OiPr) were added. After stirring
overnight at 60°C, 29.4 g (139 mmol) of NaBH(OAg)was added
at room temperature and the reaction was stirred for additional 4
h. The solvent was removed by an evaporator and the reaction
mixture was dissolved in 500 mL of ethyl acetate and extracted

the amide, systematic rotations around the amide/sulfonamide bondwith 0.1 M HCI, saturated NaHC{) and NaCl solution. The

and the mesitylene moiety were performed in° 1fleps. All

reaction mixture was dried with N8O, and the solvent was

conformations were relaxed by keeping both bonds fixed. The removed by an evaporator.

resulting conformations were filtered (energy cutoff 10 kcal/mol)

and clustered (rmsd value for mesitylen moiety less than 0.5 A).

General Procedure A for the Synthesis of Compounds 1, 7a
d. Synthesis of &,4R-4-tert-Butoxycarbonylmethoxypyrrolidine-
1,2-dicarboxylic Acid 1-Benzyl Ester 2-Methyl Ester.NaH (6.70
g, 166 mmol, 60% in paraffin), 61.4 mL (416 mmol) &frt-butyl
bromoacetate, and 4.1 g (11 mmobBus;N*I~ were suspended
under argon in 400 mL of absolute THF. Chz-Hyp-ON& (38.7
g, 111 mmol), dissolved in 100 mL of absolute THF, was added
slowly to the reaction mixture and stirred overnight. After addition
of 20 mL of saturated NECI solution and 300 mL of water, the
reaction mixture was extracted three times with 500 mL of MTBE.
The combined organic layers were dried with,8@&,, and the

The crude reaction mixture was dissolved in 300 mL of THF/
H,O (v/lv = 2/1), 1.0 g (41.8 mmol) of LiOH was added, and the
solution was stirred for 4 h. THF was evaporated and the solution
was acidified wih 3 M HCI to pH=~ 4. The solution was extracted
three times with 100 mL of DCM and dried with P8O, and the
solvent was removed by an evaporator. The product was crystallized
from THF as the HCI salt. Yield: 3.1 g (55% NMR (DMSO-
dg): 0 = 8.87 (s, broad, 1H), 8.647.82 (m, 2H), 7.34 (m, 5H),
7.17 (t, 1H,J = 8.8), 7.02-6.78 (m, 2H), 5.07 (m 2H), 4.23-
4.08 (m, 2H), 4.02 (s, 2H), 3.743.34 (m, 4H), 2.20 (m 1H),
1.92 (m, 1H). 13C NMR (DMSO-) (partial signal doubling due
to Cbz rotameres)d = 171.5 (G), 171.3 (G), 154.9 (G), 154.5
(Cy), 153.1 (@), 152.9 (G), 136.7 (G), 136.5 (G), 128.7 (CH),

solvent was removed by an evaporator. The crude reaction mixture128.6 (CH), 128.3 (CH), 128.2 (CH), 127.7 (CH), 127.6 (CH), 127.3

was dissolved in 200 mL of MeOH and the paraffin oil was

(CH), 112.6 (CH), 111.9 (CH), 85.9 (CH), 77.2 (CH), 77.0 (CH),

removed. After evaporation of the solvent, the crude product was 66.0 (CH,), 65.5 (CH), 55.0 (CH), 54.4 (CH), 51.8 (Chi 49.8
purified by chromatography on silica gel using ethyl acetate/hexane. (CH,), 46.2 (CH), 44.0 (CH). 34.2 (CH), 33.9 (CH). LCMS:

Yield: 35.4 g (65%).H NMR (DMSO-ds): 6 = 7.42-7.24 (m,
5H), 5.09 (s, 2H), 4.96 (d, 1H = 9.6), 4.31 (dt, 1HJ = 16.1,J
=7.8), 4.18 (m, 1H), 3.65 (s, 2H), 3.54 (s, 3H), 3.54 (dt, Ik
4.4,3=11.7), 2.37 (m, 1H), 2.00 (m, 1H), 1.42 (s, 9H5C NMR
(DMSO-dg) (partial signal doubling due to Cbz rotamereg):=
172.6 (G), 172.3 (G), 169.4 (G), 154.1 (G), 153.5 (G), 136.7
(Cy),136.5 (G), 128.5 (CH), 128.4 (CH), 128.3 (CH), 127.9 (CH),
127.8 (CH), 127.5 (CH), 127.3 (CH), 80.84)C77.63 (CH), 76.8
(CHy), 69.2 (CH), 66.2 (Ch), 66.2 (CH), 57.7 (CH), 57.3 (CH),
52.2 (CH), 52.0 (CHy), 51.8 (CH), 35.8 (CH), 34.9 (CH), 27.7
(CHg). LCMS: m/z394.5 [MH"].

Synthesis of &,4R-4-tert-Butoxycarbonylmethoxy-2-hydroxym-
ethylpyrrolidine-1-carboxylic Acid Benzyl Ester (8). 254R-4-
tert-Butoxycarbonylmethoxy-pyrrolidine-1,2-dicarboxylic acid 1-ben-
zyl ester 2-methyl ester (35 g, 90 mmol), 7.6 g (180 mmol) of
LiCl, and 6.8 g (180 mmol) of NaBldwere dissolved in 590 mL
of absolute THF and 295 mL of absolute EtOH &0 The reaction

m/z386.3 [MH'].

Synthesis of &,3R,55-4-(2 [2-tert-Butoxycarbonyl-2-(2,4,6-
trimethylbenzenesulfonyltert-butoxycarbonylamino)-2-ert-bu-
toxycarbonyl)ethyllamino} -2-oxoethoxy)-2-[tert-butoxycarbo-
nylpyridin-2-ylamino)methyl]pyrrolidine-1-carboxylic Acid Benzyl
Ester. 4 (3.0 g, 7.1 mmol), 2.7 g (7.8 mmol) ofS3-amino-2-
(2,4,6-trimethylbenzenesulfonylamino)propionic ateid-butyl ester
(5), 3.26 g (7.8 mmol) of HBTU, and 4.5 mL (31.2 mmol) of
DIPEA were dissolved in 50 mL of DMF and stirred for 2.5 h.
The solvent was removed by an evaporator and the crude product
was dissolved in 600 mL of ethyl acetate. The organic layer was
extracted with saturated NaHG@nd NaCl solution and dried with
N&SQO,, and the solvent was removed by an evaporator. The crude
reaction mixture was dissolved in 100 mL of absolute THF. (B9c)
(2.77 g, 59.4 mmol) and DMAP were added. After 3 days at room
temperature an additional 0.92 g (4.2 mmol) of (B@rpand after
1 day an additional 1.84 g (8.5 mmol) of (Bg®)were added and

mixture was stirred overnight and the temperature was kept betweenthe mixture stirred for 24 h. The solvent was removed by an

0 and 10°C. Then 150 mL 62 M HCI and 50 mL of saturated
NaHCQ; were added to the solution. The reaction mixture was

evaporator and the crude product was dissolved in 500 mL of ethyl
acetate. The organic layer was extracted with saturated NgHCO

concentrated, the aqueous layer was extracted twice with 600 andand NaCl solution and dried with N&O,, and the solvent was
300 mL of ethyl acetate, and the combined organic layers were removed by an evaporator. The crude product was purified by

washed with saturated NaHG@nd NaCl solution. The organic
layer was dried over N8O, and the solvent was removed by an
evaporator. The product was crystallized from toluene (5% DCM)
and hexane at 0C. Yield: 27.8 g (85%)!H NMR (DMSO-d):
0 =7.40-7.28 (m, 5H), 5.05 (s, 2H), 4.73 (m, 1H), 4.13 (m, 1H),
3.97 (s, 2H), 3.84 (m, 1H), 3.6€8.29 (m, 4H), 2.00 (m, 2H), 1.41
(s, 9H).13C NMR (DMSO-dg) (partial signal doubling due to Chz
rotameres):6 = 169.4 (G), 154.2 (G), 137.0 (G), 128.3 (CH),
127.7 (CH), 127.5 (CH), 127.4 (CH), 127.4 (CH), 80.7%XCT7.6
(CHy), 77.0 (CH), 67.4 (CH), 66.2 (Ch), 65.9 (CH), 65.7 (CH),
61.2 (CH), 59.7 (CH), 57.8 (CH), 57.2 (CH), 52.4(CH), 52.0
(CHy), 27.7 (CH). LCMS: m/z366.4 [MH'].

Synthesis of &5,4R-4-Carboxymethoxy-2-(pyridin-2-ylami-
nomethyl)pyrrolidine-1-carboxylic Acid Benzyl Ester (4). 3(5.0
g, 13.7 mmol) and 28.6 mL (206 mmol) of NBtere dissolved in
280 mL of DCM/DMSO ¢/v = 3/1) and cooled to 0C. SG—

chromatography on silica gel using ethyl acetate/hexane. Yield:
3.11 g (48%)2H NMR (DMSO-dg): 6 = 8.27 (dd, 1H,J = 3.4,
13.2), 7.75-7.61 (m, 2H), 7.44 (t, 1H) = 5.8), 7.07 (m, 3H),
5.03 (dd, 1H,J = 5.3, 7.8), 4.99-4.82 (m, 2H), 4.18 (m, 2H),
4.08 (m, 2H), 3.82 (s, 2H), 3.75 (m, 2H), 3.51 (dd, 1HF 12.2,
J=12.9),3.21 (dd, 1H) = 4.4, 11.2), 2.54 (s, 6H), 2.06 (m, 2H),
1.92 (m, 2H), 1.39 (s, 21H), 1.28(s, 9HJC NMR (DMSO-ds): 6
=169.2 (G), 166.6 (G), 162.2 (G), 153.5 (G), 150.2 (G), 147.2
(CH), 143.1 (CH), 140.0 (CH), 131.7 (CH), 128.2 (CH), 127.6 (CH),
127.4 (CH), 127.3 (CH), 84.3 ({5 82.16 (G), 80.6 (G), 80.4 (G),
77.6 (CH), 73.5 (CH), 67.8 (Ch), 66.0 (CH), 65.8 (CH), 57.8
(CHy), 55.4 (CH), 35.7 (Ch), 30.7 (CH), 27.7 (CH), 27.4 (CH),
27.3 (CHy), 22.4 (CH), 20.5(CH). LCMS: m/z910.6 [MH'].
Synthesis of &,3R,55-3-(2{ 5-[(tert-Butoxycarbonylpyridin-
2-ylamino)methyl]pyrrolidin-3-yloxy } acetylamino)-2-tert-bu-
toxycarbonyl(2,4,6-trimethyl-benzenesulfonyl)amino]propion-

pyridine complex (26.17 g, 164 mmol) was added and the reaction ic Acid tert-Butyl Ester (6). The compound obtained from the

mixture was stirred for 2 h. DCM was removed by an evaporator previous reaction (1.30 g, 1.42 mmol) was dissolved in 25 mL of
and the crude reaction mixture was poured into 500 mL of ethyl isopropyl alcohol, and 130 mg of Pd (10% on carbon) was added.
acetate and extracted with,®, saturated NaHC$) and NaCl The reaction mixture was stirred under a &mosphere for 12 h
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and filtered over Celite, and the solvent was removed by an evaporator. The crude product was purified by chromatography on
evaporator. The crude product was purified by chromatography on silica gel using ethyl acetate/hexane. Yield: 600 mg (40%).
silica gel using ethyl acetate/MeOH. Yield: 820 mg (74%). NMR (DMSO-dg): 6 = 8.06 (d, 1H,J = 8.8), 7.73 (t, 1HJ =
NMR (DMSO-dg): 6 = 8.27 (dd, 1H,J = 0.9, 4.9), 7.727.62 5.8), 7.35 (m, 5H), 6.98 (s, 2H), 5.05 (s, 2H), 4.75 (m, 1H), 4.09

(m, 2H), 7.47 (d, 1H,J = 8.3), 7.07 (m, 3H), 5.02 (dd, 1K} = (m, 1H), 3.84 (m, 1H), 3.76 (t, 2H] = 15.2), 3.67-3.35 (m, 3H),
4.9, 8.3), 4.03 (g 1H), 3.92-3.62 (m, 7H), 3.43 (t, 1HJ = 6.8), 3.17 (M, 2H), 2.53 (s, 6H), 2.50 (t, 1d=1.9), 2.22 (s, 3H), 2.04
2.80 (d, 2H,J = 2.9), 2.53 (s, 6H), 1.84 (dd, 1H,= 7.3,J = (m, 2H), 1.56 (m, 2H), 1.13 (s, 9H}3C NMR (DMSO-d): 6 =

14.2),1.40 (s, 21H), 1.28 (s, 9HJC NMR (DMSO-de): 6 = 169.6 169.1 (G), 168.8 (G), 154.1 (G), 141.4 (G), 138.4 (G), 136.9
(G, 166.7 (G), 154.3 (), 153.5 (G), 150.2 (), 147.3 (CH), (Cy), 134.4 (G), 131.4 (CH), 128.3 (CH), 127.7 (CH), 127.4 (CH),
143.1 (G), 140.0 (G), 137.2 (CH), 133.6 (§), 131.7 (CH), 120.4  80.7 (CH,), 77.6 (CH), 67.6 (CH), 61.1 (CH,), 57.9 (CH), 57.4
(CH), 119.9 (CH), 84.3 (§), 82.2 (), 80.8 (CH), 80.3 (§), 67.5 (CHy), 54.7 (CH), 51.8 (Ch), 34.0 (CH), 27.1 (CH), 23.0 (CH),
(CHy), 59.7 (CH), 57.9 (CH), 55.9 (CH), 51.3 (CHji, 50.4 (CH), 22.4 (CH), 20.2 (CH), 19.2 (G). LCMS: m/z634.2 [MH'].
3(‘;’: (CLF(?MZS?-S (/C;%)é?‘i’m(_%m‘ 27.3 (CH), 22.4 (CH), 20.5 Synthesis of &,3R,55-4-{ [2-tert-Butoxycarbonyl-2-(2,4,6-tri-
(CH). 5. miz 61 1 . . methylbenzenesulfonylamino)ethylcarbamoyllmethoxy-2-
_Synthesis of 3,3R 55-3{ 2-1-(3,3-Dimethylbutyryl)-5-(pyri- formylpyrrolidine-1-carboxylic Acid Benzyl Ester (11). 10 (120
din-2-ylaminomethyl)pyrrolidin-3-yloxylacetylamino }-2-(2,4,6- mg, 0.19 mmol) and 293L (2.1 mmol) of NEg were dissolved in
trimethylbenzenesulfonylamino)propionic Acid (7b). 6(15 mg, 2 rr’1L of DCM/DMSO (/v = 3/1) and cooled to GC. SO—

0.02 mmol) and 30@L of DIPEA were dissolved at 6C in 1 mL pyridine complex (302 mg, 1.9 mmol) was added and the reaction

of DCM. 3,3-Dimethylbutyryl chloride (4 mg, 0.02 mmol), dis- . )
solved in 20QuL of DgM vza); added an(d thegsolution Was)stirred mixture was stirred for 2 h. DCM was removed by an evaporator
! ' and the crude reaction mixture was poured into 30 mL of ethyl

at 0°C for 2 h. The solvent was evaporated and the crude reaction acetate. The organic layer was extracted withOH saturated

mixture was redissolved in 3Q@L of TFA and stirred fo 2 h at ; . :
room temperature. After evaporation of the TFA, the product was NaHCQ;, and NaCl solution. The organic layer was dried ovegNa

purified by HPLC alnd freeze-dried using ACN/BL. Yield: 11.7 224 (gggoghﬁ_' S’\?:\\A’gnzg"lvlagcr)%rz)?vgd_bg Zg (esviﬁ’_io)raéoéé \Ei(fldl:Hlog
mg (83%, TFA salt)'H NMR (DMSO-dg): (partial signal doubling 2 : o v ' O el
;iugeYth r(itgr?eress% ):719354é (sl,HtT]roag,sl)H;,g%G(z (sl,Hb)ro?gbl(H), ~(]m— §H8)),47é719( r(r: il_—: ),J 4—150E(§r)n 7138 (3m88?|1)6 ?rﬁ975 |(_|S) ?1)1 I(Srﬁlo

. s J=05. , . s = 8. , . m, , 7. t, y y F. 1 y T ) 1 . . ’ y I )
1H,J = 59)’ 7.10 (mY 1H), 6.97 (S, 2H)Y 6.85 (t, 1H= 6.6), 1H), 3.34 (t, 2H,J = 117), 3.18 (m, lH), 2.53 (S, 6H), 2.21 (S,
4.20 (m, 1H), 4.15 (m, 1H), 3.873.67 (m, 6H), 3.60 (dd, 1H] = 3H), 1.12(s, 9H). LCMS:m/z632.6 [MH'].
5.1, =11.7), 3.55 (m, 1H), 3.43 (m, 2H), 3.17 (m, 1H), 2.52 (s,  Synthesis of 3,3R,55-4{[2-Carboxy-2-(2,4,6-trimethylben-
3H), 2.50 (m, 6H), 2.17 (m, 1H), 1.96 (m, 1H), 0.98 (s, 9H). zenesulfonylamino)ethylcarbamoyl]methoxy-2-[(4-chloropyri-

LCMS: m/z618.8 [MH']. din-2-ylamino)methyl]pyrrolidine-1-carboxylic Acid Benzyl Es-
General Procedure B for the Synthesis of Compounds 12a ter (12b). 11 (40 mg, 0.063 mmol), 16.3 mg (0.127 mmol) of

c. Synthesis of 8,4R-2-(tert-Butyldimethylsilanyloxymethyl)-4- 4-chloropyridin-2-ylamine, and 37,8 (0.127 mmol) of Ti(OiPr)

carboxymethoxypyrrolidine-1-carboxylic Acid Benzyl Ester (9). were dissolved in 50@L of dichloroethane. After stirring for 4 h

8 (1.5 g, 4.1 mmol), 558 mg (8.2 mmol) of imidazole, and 800 mg at room temperature, 27.9 mg (0.444 mmol) of NaBH(QAtas

(8.2 mmol) oftert-butyldimethylsilyl chloride were dissolved in  added and the reaction was stirred overnight. Saturated NgHCO
50 mL of DMF and stirred overnight. The reaction mixture was solution (100uL) was added, and the mixture was stirred for 1 h
dissolved in 300 mL of MTBE; extracted with water, saturated and dried with NgSO,. The solvent was evaporated and the crude
NaHCG;, and NaCl solution; and dried with B8O,. The solvent reaction mixture was redissolved in 300 of TFA and stirred for
was removed by an evaporator. The crude reaction mixture was2 h at room temperature. After evaporation of the TFA, the product
dissolved in 40 mL of MeOH, and 688 mg (16.4 mmol) of LiOH  was purified by HPLC and freeze-dried with ACN/®L Yield: 11.6
was added. After stirring overnight, NBI was added, and the  mg (23% TFA salt)!H NMR (DMSO-dg): 6 = 7.95 (dd, 1HJ =
solids were filtered off. The solvent was removed by an evaporator 6.6,J = 12.4), 7.90 (d, 1HJ = 6.6), 7.67 (m, 1H), 7.35 (m, 5H),
and the product was purified by chromatography on silica gel using 6.95 (s, 2H), 6.77 (m, 1H), 5.09 (s, 2H), 4.13 (m, 2H), 4.06 (m,
ethyl acetate/hexane. Yield: 2.08 §116%, siloxane)!H NMR 1H), 3.82 (m, 2H), 3.743.57 (m, 4H), 3.533.33 (m, 4H), 3.15
(DMSO-de): 6 = 7.94 (m, 1H), 7.37 (m, 3H), 7.30 (m, 1H), 5.06  (m, 1H), 2.51 (s, 6H), 2.21 (s, 3H), 2.12 (m, 1H), 1.90 (m, 1H).
(m, 3H), 4.16 (m, 1H), 3.84 (m, 1H), 3.648.15 (m, 4H), 2.06 (m, LCMS: m/z689.2 [MH"].

1H), 2.00 (m, 2H) 1.02 (s, 9H), 0.99 (s, 6H}C NMR (DMSO-
de): 0 = 185.4 (G), 172.0 (G), 128.3 (CH), 127.7 (CH), 127.3
(CH), 76.7 (CH), 67.2 (Ch), 65.8 (CH), 61.2 (CH), 57.8 (CH),
51.7 (CHy), 22.1 (CHy), 15.1 (G), —0.3 (CH;). LCMS: m/z367.4

General Procedure for the Synthesis of Compounds 1, 19a
d. The compounds were purified by HPLC witrB8% purity (16-
20 mg). The corresponding overall yields were between 15 and

" 55%.
[M-(tert-butyl)*]. . .
Synthesis of ,3R 554 [2-tert-Butoxycarbonyl-2-(2,4,6-tri- Synthesis of 15,14R,305-4-{[2-Carboxy-2-(2,4,6-trimethyl-
methylbenzenesulfonylamino)ethylcarbamoyl]methoxy-2-hy- benzenesulfonylamino)ethylcarbamoyllmethoxy-2-(pyridin-2-

droxymethylpyrrolidine-1-carboxylic Acid Benzyl Ester (10). 9 ylaminomethyl)pyrrolidine-1-carboxylic Acid Benzyl Ester (1).4

(1.0 g, 2.3 mmol), 884 mg (2.33 mmol) of HBTU, and 785 (17 mg, 4Qumol), 14 mg (0.0409 mmol) db, 20 mg (41umol) of
(4.7 mmol) of DIPEA were dissolved in 20 mL of DMF and stired HBTU, and 16 mL (12Qumol) of DIPEA were dissolved in 2 mL
for 10 min.5 (800 mg, 2.33 mmol), dissolved in 5 mL of DMF, ~ of DMF and stirred for 2 h. The solvent was removed by an
was added and the solution was stirred overnight. The solvent wasevaporator and the crude product was purified by HPLC. The
removed by an evaporator and the crude product was dissolved inProduct was dissolved in 2 mL of TFA and the mixture stirred for
400 mL of ethyl acetate. The organic layer was extracted with 2 h at room temperature. After evaporation of the TFA, the crude
saturated NaHC@and NacCl solution and dried with NaO,, and product was freeze-dried using ACN/BI. Yield: 14.4 mg (47%,
the solvent was removed by an evaporator. The crude product wasTFA salt).'H NMR (DMSO-dg): 6 = 8.59 (s, broad, 1H) 7.94 (d,
dissolved in 50 mL of dry THF. TBAF (8.5 mL1 M in THF) was 1H,J = 8.8), 7.94 (s, broad, 1H), 7.70 (t, 1d,= 5.8), 7.35 (s,
added and the solution was stirred for 2 h. An additional 6.5 mL broad, 3H), 7.31 (s, broad, 2H), 7.11 (d, 1H= 9.2), 6.96 (s,

of 1 M TBAF in THF was added and the solution was stirred 2H), 6.92-6.76 (m, 2H), 5.09 (s, 2H), 5.02 (t, 1= 12.2), 4.11
overnight. The solvent was removed by an evaporator and the crude(s, broad, 2H), 3.883.35 (m, 8H) 2.52 (s, 6H), 2.22 (s, 3H), 1.89
product was dissolved in 400 mL of ethyl acetate. The organic layer (m, 1H).23C NMR (DMSO-dg): 6 = 171.2 (G), 169.2 (G), 153.3
was extracted with water, saturated NaHC@nd NaCl solution (Cy), 141.3 (Q), 138.4 (G), 136.7 (G), 134.5 (), 131.4 (CH),
and dried with NaSO,, and the solvent was removed by an 128.4 (CH), 127.8 (CH), 127.5 (CH), 112.1 (CH), 77.2 (CH), 73.2
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(CHp), 67.5 (CHy), 66.4 (CH), 66.1 (CH), 55.0 (CH), 54.3 (CH), Fc—HRP antibody conjugate) was then applied foh atroom
51.6 (CH), 44.0 (CH), 22.5 (CH), 20.3 (CH). LCMS: m/z654.6 temperature and binding was visualized as described above. For

[MH]. theav/s3 assay, plates were coated with vitronectim@ImL) and
General Procedure for the Synthesis of the Diaminopropionic blocked as described fom531. Solubleavs3 (1 ug/mL) was

Acid Derivatives 17 and 18. Synthesis of 83-Amino-2-[(1- incubated with a serial dilution of integrin inhibitorrfaé h atroom

methylcyclohexanecarbonyl)amino]propionic Acid tert-Butyl temperature. Primary (antivs3) and secondary antibody (anti-

Ester (18).1-Methylcyclohexanecarboxylic acid (6.53 g, 45 mmol), mouse-HRP conjugate) were appliedrft h atroom temperature,
300 mg (1.9 mmol) of 4-pyrrolidinopyridine, 16.9 mL (115 mmol) and binding was visualized as described above. Fouifi® assay,
of DIPEA, and 17.4 g (45.9 mmol) of HBTU were dissolved in 60 plates were coated with vitronectin ¢&g/mL) and blocked as
mL of DCM and stirred for 10 minL-H-Asn-OtBu @1) (7.2 g, described fon551. Solubleavs5 (1.5ug9/mL) was incubated with
38.3 mmol) was added and the reaction mixture was stirred at rooma serial dilution of integrin inhibitor (25 mM Tris, pH 7.6, 150
temperature for 5 h. The solvent was removed by an evaporator.mM NaCl, 1 mM MnCk, 1 mM MgChk, 1 mM CaCp, 1 mg/mL
The crude reaction mixture was dissolved in 250 mL of ethyl acetate BSA, 0.05% Tween20) fol h atroom temperature. Primary (anti-
and washed with 100 mL of water. The organic layer was dried avf5) and secondary antibody (anti-motd¢RP conjugate) were
over NaSQ, and the solvent was removed by an evaporator. The applied fa 1 h atroom temperature, and binding was visualized as
product was dissolved in DCM and diethyl ether, and a white solid described above. For thellb3 assay, plates were coated with
was filtered off. After removal of the solvent, the product was fibrinogen (10ug/mL) and blocked as described @841. Soluble
recrystallized from ethyl acetate/hexane. Yield: 9.37 g (78%).  «allbf3 (5ug/mL) was incubated with a serial dilution of integrin

The coupling product (9.37 g, 30 mmol) was dissolved in 140 inhibitor (25 mM Tris, pH 7.6, 150 mM NaCl, 1 mM Mngl1
mL of acetonitrile and 70 mL of water and cooled t6©. PIFA mg/mL BSA 1 mM MgC}h, 1 mM CaC}) for 1 h at room
(14.2 g, 33 mmol) was added and the reaction mixture was stirred temperature. Primary (anti-CD41b) and secondary antibody (anti-
for 10 min. Dry pyridine (4.83 mL, 60 mmol) was added and the mouse-HRP conjugate) were applied foh atroom temperature,
solution was stirred overnight. Acetonitrile was removed in vacuo and binding was visualized as described above. Fon8fd assay,
and the aqueous layer was acidifiedtwit M HCI (25 mL). After plates were coated with laminin (&/mL) and blocked as described
addition of 200 mL of water, the aqueous layer was extracted with for o531. Solublea3B1 (2 ug/mL) was incubated with a serial
400 mL of diethyl ether. The organic layer was extracted three dilution of integrin inhibitor (25 mM Tris, pH 7.6, 150 mM NacCl,
times with 25 mL ¢ 1 M HCI. The combined aqueous layers were 1 mM MnCl,, 1 mg/mL BSA, 0.05% Tween20) fdl h atroom
neutralized with NaHC@(solid) and extracted three times with  temperature. Primaryu@31, polyclonal) and secondary antibody
300 mL of ethyl acetate. The combined organic layers were dried (anti-rabbit-HRP conjugate) were appliedrfd h atroom tem-
over NgSQy, and the solvent was removed under reduced pressure.perature, and binding was visualized as described above.

The product was purified by column chromatography on silica gel Acknowledgment. We thank Edith Weigt, Frank Polster,

using ethyl acetate/hexane. Yield: 7.2 g (84%)NMR (DMSO- Seike Gericke, and Thorsten Lanz for technical assistance and

ds): 0 = 7.58 (d, 1H,J = 7.3), 4.14 (m, 1H), 2.94 (dd, 1H, = . ; .
5.1,J=13.2), 2.83 (dd, 1H) = 7.3,J = 13.2), 1.99 (s, 1H), 1.97 Dr. Ulrich Reineke and Dr. Gerd Hummel for proofreading the

(s, 1H), 1.56-1.12 (m, 10H), 1.38 (s, 9H), 1.06 (s, 3HJC NMR manuscript.

(DMSO-dg): 6 = 176.7 (G), 170.1 (G), 80.4 (G), 54.9 (CH), Supporting Information Available: Experimental procedures

41.9 (GQ), 41.8 (Q), 35.1 (CH), 34.9 (Ch), 27.6 (CH), 26.8 for microsome stability assay and cell-based assay; analytical data

(CHg), 25.3 (CH), 22.6 (CH), 22.5 (CH). LCMS: m/z 285.2 and experimental procedures for the compout®s 16a—c, 193,

[MH"]. 19c—k and 17, table of purity and HPLC analysis for the target
Integrin Binding Assays. Solid-Phase Binding AssayThe compoundd, 7a—e, 12a—c, and19a—k. This material is available

inhibiting activity and integrin selectivity of the integrin inhibitor  free of charge via the Internet at http://pubs.acs.org.

were determined in a solid-phase binding assay using soluble

integrins and coated extracellular matrix protein. Binding of

integrins was then detected by specific antibodies in an enzyme- (1) Hynes, R. O. Integrins: Bidirectional, allosteric signaling machines.

linked immunosorbant assay (ELISA). Fibronectin, vitronectin, and Cell 2002 110 673-687. . .

laminin were purchased from Sigma, and fibrinogen was from (2 Humphries, J. D., Byron, A, Humphries, M. J. Integrin ligands at a

. S : . GlanceJ. Cell Sci.2006 119, 3901-3903.
Calbiochem (EMD Biosciences, Darmstadt, Germany). The integrin - (3) Francis, S. E.; Goh, K§ L.;?—iodivala-DiIke K.: Bader. B. L. Stark
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