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in vivo processes nedi ated by cell adhesion nolecul es. The discl osed
smal | nol ecul es are aromatic nitro conpounds which nodul ate cel
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nol ecul e- nedi ated functions are part of a conplex cascade |eading to
the mgration of circulating white blood cells (leukocytes) fromthe
bl ood streaminto the surrounding tissue (transmgration).
Physi ol ogi cal |y, | eukocyte transmgration is of critical 15

i nportance for honeostasis and i mmuno-surveillance of |iving beings

i ncludi ng humans. Lynphocytes for exanple, are constitutively | eaving
the bl ood streaminto |lynphatic tissues in order to patrol for

har nf ul anti gens. Under pathol ogi cal circunstances however, e.g.
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an increased surface expression. of FE- _and. 20 P-selectin

Consequently, the excessive |eukocyte transnigration leads to a
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activated | eukocytes infiltrating the respective tissue. In addition,

exaggerated | eukocyte infiltration contributes to the pathogenesis of
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cel | - adheissu@R in order to patrol for harmful antigens. Under pathological circumstances however,
e.g. local or systemic inflammation and/or injury of the vascular system, this fundamental

process is dys-regulated, at least in part, due to an increased surface expression of E- and

20  P-selectin. Consequently, the excessive leukocyte transmigration leads to a pathological
cellular infiltrate with subsequent tissue damage in several clinically relevant settings.

Disease states such as Acute Lung Injury (ALI), Acute Respiratory Distress Syndrome

(ARDS), Asthma bronchiale (asthma), Chronic Obstructive Pulmonary Disease (COPD),

Psoriasis, Rheumatoid Arthritis, and Sepsis are all associated with tissue inflammation

25  induced and perpetuated by pathologically activated leukocytes infiltrating the respective
tissue. In addition, exaggerated leukocyte infiltration contributes to the pathogenesis of
Ischemic-Reperfusion Injury (IRI) associated with organ transplantation, cardiopulmonary

bypass or percutaneous transluminal angioplasty.



5 nolecules. In addition to directly binding to the endothelium

| eukocytes can adhere to other | eukocytes, |eukocyte-particles,

pl atel ets QigRbAlse]igt - derived particles that are al readycpkpRcdiRsssO
the endothelium The selectin famly of adhesion nolecules is
conprised of three structurally related 10 cal ci um dependent

car bohydrate binding cell surface protgins, E-, P- and L-selectin.
Esel ectin is expressed only on inflaned endothelium P-selectin is
expressed on inflanmed endotheliumas well as on platelets and
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gl ycosyl noliety, sia F ewi sa (sLea), is predoninantly found on the

surface of cancer ceIIs [K kazaki et al., J Surg Res., 1998, 780).

78-84; R C n ate Journal . ..199

585-591] . T enseceacg i 8.?1?1& dhe?o% %%%aﬁiggllsn gf)mﬁng—% 8¥ fttluﬁfia tstruétul(aﬁ} related
gl ycompr otcelcmm-aépehdcganﬂrﬂwgdrbeemmiag cell bedadeRoiBteidds Ev.eP- ale D-selectin, E-
Cunmi ngs din.inve 1997, 10 5-. 49 t he .so-cal |

P- sel ect |Sﬁé§‘|“y Eo%‘PBeFE‘idL‘“PIY @arfaﬂwgg@)%ﬂ TEIFCEB AT PSS ‘g op gnflamed
hi gh af f isAtlétielfed &CkEID abbiliateletHind L-SelsdtidXs BRiredsyd 85 feaﬁbdyte%ssayctmmes
of its peptide conponents, in particular sul phated tyrosine residues

[R P. M EEWOseg ofsin appngy ferrginabdectin dlomminasinamdssmab gipavth facton GEGH)abe
PSCL- 1 1 Sioffith, Of aREHEDAmbeDE (BRioIhRhe Gobdhidil-BRRLS BRI Agtrbfitobic

hi ghest afflnltg/ P-selectin, but it also binds to

L- sel Bct itFnprgzmbrgys dowzinoewla fiEmningb ogeplenvicsmaisg Thecbtnétnanmerﬁctwns
Drug Ne i i

of al omucr SHARECR i Al of the ol aP Shppckb 17 pRAREA Bkt of the
di seases 1ecdmsdmmloétthd scheamﬁnmrgk gArioon qadaohadrateebytndi; renpe tsurfaeed bh thed
due to § i.ncreased cell surface expression of E- and P-selectin.
In contras f)(’)t Yheir | ow basal expression, E- and P-selectin
expression is upregul ated during inflammation, leading to a

subst ant i recruitnent uk i nto the nflamed. ti ssug.

ALt noigh st FlecHanicen Bisd gk TthnagBrio; ke PEHOEEE PO e g
i nf ect i ongychi@mevidy Prosent Giithe ShtfalRl IRt ldﬂkwyt&hAsmhu@;ﬁgl re&cuaegaywayi
IS undeS|rabIe or excegsive, resulting in severe tissue

i nst ead @Moialy, %lélpfhﬁﬁma sl it FECEOmnagn found P thes surics 0£§a%%r Sl K.
| nf | ammatlgly§ics A A7 §urde® #9s.; 1668 ER), GERANRC POWHJéPEt YE, @?Jc?zyﬂzﬁftgﬁe

di sease (COPD), psoriasis, etc.], an association between’in I on
of acti vavethal, éGR’bclyﬂ(@s SBNBBLlt recast of Hesclortinla disfenstibigh affinity glyeanridein

el evalio n c

par 1 Sul Sy TR SR EE PR O MR CORISCRORRIAG, PEREI B ROT M Sps-
J. Pat holé,922 G2s0-chH8d P)sele2tri® glyéopro®in 1§taaldn@SEL- B whlchﬁzoﬁmbutks toa hlgh
Respir. 149 0; Ter a

Dor rat ot SEAY SHeinybindisg by 3G AL BB Plas il R o inart Pl I PTGRE rippanealy B
play a rghficulr i gmiﬂ}ﬁtma&ﬁbyinéyﬁﬁti@éﬁs [RIP. t RREC&UT B@rsOfSchérans m.eantFaa:nﬂ
graft rej ectlon Al so the,_process of blood clotting is further

pr onot ed %o P%Qﬂ(dkﬂytlé’fﬂéakd’c%ﬁleia!ﬁd)npétfkfaey{l%ﬂt praptEsclseiigiliggnds

Wi €90 Gk fngd %ﬁ%ghés?%ﬁ}ﬁw RS PREREES oGt Rish-BRILH ED AR kdiSctin [G.
correspondi ng |igand PSG. and can thus interact wth thenmselves Via



25 functions, e.g. |eukocyte activation, offers a prom sing
possibility to interfere with and stop the inflanunation cascade at a
very earl ywsigprosdml | nol ecul e sel ectin antagoni sts shpgldpsiogibate
all three selectins sinmultaneously as pan-sel ectin-antagonists to

ci rcunvent possi bl e redundanci es between the selectins [M Sperandio
et al., Vascular Disease Prevention, 2@Q4, 1, 185-195]. WO

2007/ 039114PCT/ EP2006/ 009155 - 4 - Besi des sLex/slLea, the natural,
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desi gn of CenstantinnBrugc s Senspecti H0n i A ri78t586]. At isco hprapdigherip sialomucin
sLex/sLe :ﬁgh- i finiLty for all three selectins. To
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pol ypeptides and sc oral administration is a problem Moreover, the
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gastroi nt | . S e
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been described to have cardioprotective function caused by

iron-chelating [N. WD 2007/ 039114PCT/ EP2006/ 009155
Therefore, the modulation of selectin-mediated cell adhesion and other selectin mediated

25  functions, e.g. leukocyte activation, offers a promising possibility to interfere with and stop
the inflammation cascade at a very early step. Small molecule selectin antagonists should
modulate all three selectins simultancously as pan-selectin-antagonists to circumvent
possible redundancies between the selectins [M. Sperandio et al., Vascular Disease
Prevention, 2004, 1, 185-195].
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- 5 - Haranaki et al., Biochem cal Pharmacol ogy 1995, 50, 839-843] or
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1958, 233(3), 702-705; P. T. Mdnnisto et al., Pharmacological Reviews 1999, 51, 593-
30  628], such as tolcapone, nitecapone, and entacapone [EP00426468]. Nitrocatechols have

also been described to have cardioprotective function caused by iron-chelating [N.



Treat Respir Med 2005, 4(2), 85-94]. Presently binosianpse [D. Bock
et al., New Drugs, 2003, D04, 28, p.28;, EP 0 840 606 B 1] is the
nost advan ofoipaynd in clinical studies 15 Recent 'P(Yﬁﬁﬁi@@(%ﬂbﬂ@s
support the hypothesis that binopsianose can be considered as PSA.-
mmetic [E. Aydt, G Wl ff; Pathobiology; 2002-2003; 70; 297-301].

Thi s di stinguishes binosianpse from other sel ectin antagonists. It

i's, however, a high nol ecular wei ght conpound with carbohydrate
structures. The pan-sel ectin antagoni st binosi anbse seens to | ack
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20  However, none of these selectin-antagonizing compounds have successfully passed clinical
trials up to date [S. J. Romano, Treat. Respir Med 2005, 4(2), 85-94; M. P. Schon,
Therapeutics and Clinical Risk Management, 2005, 1(3), 201-208]. This is due to the fact,
that many of these structures have been designed on the basis of the low potency template
sLe®. Therefore, sLe*-mimicking structures are likely to show low potency. Other

25 compounds show specificity against different members of the selectin family, but
antagonizing only selected selectins can be bypassed by other selectins [M. P Schén,
Therapeutics and Clinical Risk Management, 2003, 1(3), 201-208].

In addition, most of the compounds developed so far have high molecular weights and
30 often bear carbohydrates and/or peptides making them prone to degradation and

modification by peptidases and/or glycosidases. Carbohydrate-bearing structures have



In EP-A 1 481 669 pol yhydroxy phenols are descri bed which have
P-sel ectin nodul ating activities. 15 It is one object of the
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at | east one cal avi ng the ge irer al TUCTUr e 20 ormui

or (Ibj) 0T97(3+k9)31br (Id) or (le) or (If) and a pharnmaceutically

acceptabl e carrier which is useful in nedicine, OHOHCH | al bl ¢
The leading compound in the field of selectin antagonists is bimosiamose [S. J. Romano,
Treat. Respir Med 2005, 4(2), 85-94]. Presently bimosiamose [D. Bock et al., New Drugs,
2003, D04, 28, p.28; EP 0 840 606 B1} is the most advanced compound in clinical studies

15 Recent investigations support the hypothesis that bimosiamose can be considered as

PSGL-1 mimetic [E. Aydt, G. Wolff, Pathobiology; 2002-2003; 70; 297-301]. This
distinguishes bimosiamose from other selectin antagonists. It is, however, a high molecular
weight compound with carbohydrate structures. The pan-selectin antagonist bimosiamose
seems to lack oral bioavailability. Some observations indicate that bimosiamose shows

20  good affinity for P-selectin and a moderate affinity for E- and L-selectin.

There is a strong medical need for novel highly potent pan-selectin antagonists which
modulate selectin-mediated function, e.g. of selectin-dependent cell adhesion, and for the
development of methods employing such compounds to modulate conditions associated
25  with selectin-ligand interaction. Most of the available anti-inflammatory pharmaceutical
therapies, which are available on the market, comprise mostly corticosteroids or NSAIDs
(non steroidal anti-inflammatory drugs) having several serious drawbacks/side effects, and
target different steps of the inflammatory cascade. Unlike this, modulating the selectin
function is a therapeutic concept intervening the inflammation cascade at a very early
30 stage. Almost all promising selectin antagonists so far failed to become marketed drugs,

mostly because of low potency and /or high molecular weight that causes problems in their



wherein the synbols and substituents have the follow ng neaning - X- =
(a) towth m= 0,1, n = an integer froml to 3 (b) wherein "ring"

is WO 200¢/0384b4¢RET/ EP2006/ 009155 -9- 0 0 0 b to z- Neadibhhsns@s N

N R (,

10

20

25
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absorption-distribution-metabolism-excretion (ADME) behaviour and thus in oral
bioavailability required for the treatment of most inflammatory disorders like rheumatoid

arthritis, septic shock, atherosclerosis, reperfusion injury and many others,

EP-A 1 577 289 discloses aromatic compounds which are hydroxylated in the phenyl part

of the molecule and which can be used for the treatment of inflammatory disorders.

In WO 1997/01335 aromatic compounds which are linked to a carbohydrate unit are
described. The compounds disclosed by this document are selectin-inhibitors and can be
used as therapeutic agents, however, they are structurally different from the nitro-

substituted aromatic compounds according to this invention.

In EP-A 1 481 669 polyhydroxy phenols are described which have P-selectin modulating

activities.

It is one object of the invention to provide novel small molecules, especially non-
glycosylated/non-glycosidic and non-peptidic compounds, which are able to potently
antagonize selectin-mediated processes and which have less negative side effects during

their application than prior art compounds.

Unlike most of the sLe*-mimicking compounds developed in this field, the inventive
compounds are not prone to glycosidases or peptidases. Most of the selectin antagonists
developed so far are structurally and biologically based on the properties of sLe* or sLe?,
These resulting compounds showed, therefore, low biological activity like their template
structures. This invention, however, provides novel potent small and drug like pan-selectin
antagonists that have been invented on the basis of biological in vitro assays rﬁimicking
PSGL-1 and PSGL-1-like ligands or any ligands bearing sLe* or sLe® and tyrosinesulfate
motifs [N. V. Bovin; Biochem Soc Symp.; 2002;(69):143-60. N. V. Bovin; Glycoconj. J.;
1998; 15(5); 431-46. T.V. Pochechueva et al.; Bioorg Med Chem Lett.; 2003;13(10);1709-
12. G. Weitz-Schmidt et al.; Anal. Biochem.;1996; 238; 184-190}].



CYY NN and with Rl being H, NO2, CF3, F, d, Br, I, CN CH3, NH2,
NHAI kyl, NHAryl, NHAcyl and k = 0,1 (c) T being O, Sor [HH; p

0,1,2, (d) 4, the double bond is either E- or Z- g@ﬂﬁng{;mglggl
10(e) (1) OO 450%7 039114PCT/ EP2006/ 009155 - 10 - with -E  being

-(CH2-)gNH and g =0, 1, 2, 3 -Y =(a) RB WR2
-8-

The present invention provides pharmaceutical compositions comprising at least one
compound having the general structure of formulas (Ia) or (Ib) or (Ic) or (Id) or (Ie) or (If)

and a pharmaceutically acceptable carrier which is useful in medicine,

Yoy
X X,
Y Y
O3N OH OoN OH O,N OH
OH OH OH
la Ib e
Yo
OuN O,N O.N Xoy
Y.
~x OH OH OH
OH OH OH
5 Id le If

wherein the symbols and substituents have the following meaning

X-=

(a)

E’Hr?(gﬁiﬁ‘

10 with m = 0,1; n = an integer from 1 to 3

®
éwgkf

wherein “ring” is



Ssk(Hc-R4 with s being 0 or 1, R2 being CO2H, CQRAl kyl, CQRAryl,
CO2NH2, CQ2Ar al kyl , SO3H, SO2NH2, PO(G—|)2, 1-Htetrazol yl-, CHO

COCH3, * CH2@k polNiRo1 A kyl, NCAI kyl ) Alkyl ', OCHS, CH2 OGBy/e Pitos o155 -
Br, |, CH3, CH2CH3, CN, CF3 10R3 i ndependently from R2 being H CHS,

CHZCHB, CF3, F, d, Br, I, CN, N2 and R4 independently from R2 and
R3 being H, CHS, CHZCHS CF3, F, O, Bp_I, CN, N2, R2 R5 being H,
NO2, CF3, F, d. Br, |, CN, CH3, OCH3 SH NH2 and -W = -(CH2-),
ci s-CH=CH or trans CH:CH- and v being 0,1,2; 15in casethat -W is

ci s-CH=CH or t cnam st %be \12 ON@’ s
N R6 i ndepende fro be ter NH2
pendemiyL £ &

B6 w R2 sk( HN (d) Nce) S

R R
\ =N S e RS
v O [ 10 O ®l
ﬁ N, _= N =N P N/
and with R' being H, NO,, CF3, F, Cl, Br, I, CN, CH;, NH,;, NHAIlkyl, NHAryl,
NHAcyl and k= 0,1
(©)

sTg

5 p

T being O, S or [HH]; p=0,1,2,

G
o)

the double bond is either E- or Z-configurated

10 (e)

®



\R2\/ N-(6 NI-RN CN 10witht being 0,1,2 (f) Re )tu, 6)--z N
- 12 - -Z=(0

WO 2007/030114 PCT/EP2006/009155
-10 -
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with -E- being -(CH;-){NH-andq=0, 1,2, 3
Y =

(a)

R3 wW-R?

e

3 \(HN)S/M,—,_,\‘)RS

with s being 0 or 1,

R? being CO,H, CO,Alkyl, CO,Aryl, CO:NH,, COqAralkyl, SOsH, SO,NH,,
PO(OH),, 1-H-tetrazolyl-, CHO, COCH;, CH,OH, NH,, NHAlkyl, N(AlkyD)Alkyl’,
OCH;, CH;OCHa, SH, F, CI, Br, I, CHs, CH,CHj, CN, CF;

10 R? independently from R? being H, CHa, CH,CHa, CFs, F, C, Br, [, CN, NO, and

R* independently from R* and R? being H, CHi, CH,CH;, CF3, F, Cl, Br, I, CN,
NO,, R?

R? being H, NO,, CF3, F, CL. Br, I, CN, CHs, OCHs, SH, NH,
and -W- = -(CH3-),, cis-CH=CH- or frans-CH=CH-, and v being 0,1,2;

15 in case that -W- is ¢is-CH=CH- or trans-CH=CH-, R? must not be NH, or SH;

)



R7 independently fromR2 being H NO2, CF3, F, d. Br, I, CN, CHS3,
OCH3, SH, NH2, Rer -Al R2 to R8 independently fromR2 being H F,
G, M, tegbBvsby NH2 ,sR8 R2Z NN IS (iv) with K = NicMMoodhooss
R2 f1i,R2 WK

-11-

/w ~R2
fqn L,
\(HN ‘""‘R
RS independently from R? being H, F, Cl, Me, tert-Bu, CN, NH,
(c)
Rﬁ\,\qu?
s S
\(HN)‘S?\%?Q
5
(@
R? N\ N= /TN Y
S-N N~/ SN N—( :} 3N ,N‘l:‘/}RG
S — N N
(e)
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72
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S
10 with t being 0,1,2
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WD 2007/ 039114PCT/ EP2006/ 009155 - 13 - ssLssc% N NH 000000 N-v NH
-WR2 or the pharmaceutically acceptable salts, esters or am des and
prodrugs ofolbe,dbqye identified conpounds of formlas gd@gprodeloddiss
(Tc), (1d), glcf, or (If). I'n a preferred enbodi ment of the 03

i nvention, the conposition conprises at |east one conpound of the
formulas (Ib) or (lc) or (le) or (If)_?%d a pharmaceutically

acceptable carrier. WD 2007/039114PCT/EP2006/ 009155 - 14 -

R6
N,
g—{NH PN N
S
Z=
)
RT
By <8 ‘ Rz
| /lw
5 %
R independently from R being H, NO,, CFs, F, CL Br, I, CN, CH;, OCHs, SH,
NH,, ’
(D)
RB
Welko WL:
S e
10 ' L“‘NJJ

R® independently from R? being H, F, Cl, Me, tert-Bu, CN, NH,
(iif)

S‘J\ /Ra R?
— ’
W

NN

(iv)

with K=NH, NMe, O, §



OHCH | bl ¢

OHOH | el f wherein the synmbols and substituents have the

foll owi ng neaning (a) with m=20,1; n =an integer from1l to 3 (b)
WO 2007/039114 PCT/EP2006/009155
-13 -

v)
N R R
N- 4 R?
é’j AR 77 W
(EQ—/:K l ‘B/{\’ —W 'ZL,/TN’N %/{N’u
5 K H K N
(vi)
K/O k/NH
0
Y/ O\\/o \\S//

10

(vii)

or the pharmaceutically acceptable salts, esters or amides and prodrugs of the above

identified compounds of formulas (Ia), (Ib), {Ic), (Id), (Ie), or (If).

In a preferred embodiment of the invention, the composition comprises at least one

compound of the formulas (Ib) or (Ic) or (Ie) or (If) and a pharmaceutically acceptable

carrier.



wherein "ring" is WD 2007/039114PCT/ EP2006/ 009155 - 15 - and with

RI being H N&, CF3, F, d, Br, I, CN, CH3, NH2, NHAl kyl, NHAryl,
NHAcy| andWI@ 21107%33-11145 (e) 10(a) R3 W-R2 (-- R4 sk(R' witbpmodiRbg O
or 1, bei ng CO2H, CQRAl I cyl, CQRAryl, CO2NH2, CQRArallcyl,

SQ3H, SozNH2, PO OH) 2, 1- H—tetrazolyl-, CHO, COCH3, CH2CH, NH2,
NHAI kyl, N(Al kyl)Al Il cyP, 150CH3, CH2OCH3, SH, F, d, Br,!, CHS3,
CH2CH3, CN, CF3 R3 independently from being H CH3, CH2CH3, CF3,
F, d, Br, I, CN, NO2 and R4 |ndependently fromR2 and R3 being H,
CHB,CHZCHB,CFBFCIBI\CNNoz

f;% geo

Ib Ie
Y\
X
OzN O.,N X\Y
CH OH
OH OH
le If

wherein the symbols and substituents have the following meaning

-

(a)

O
5 E’ﬁ?(ﬁ)i‘\ﬁ‘

with m = 0,1; n = an integer from 1 to 3

®

wherein “ring” is



R5 bei ng H, N2, CF3, F, d. Br, I, CN, CH3, OCH3, SH, NH2 20and -W
-(CH2-)", cis-CH=CH or trans-CH=CH, and v being 0,1,2; - 16 - in

case that wWaobBsehs- CHCH or trans- CH:CH- R2 nust noﬁcﬁ@pm(]

SH, (e) 5Swith't belng012(OR6)HNH)kN810(g) R6r41HNHYtNN

it-7-2Z
-15-

R R' R’
~N

and with R! being H, NO;, CF;, F, Cl, Br, I, CN, CHa, NH> NHAIkyl, NHAryl,
NHAcyland k = 0,1,

(e)
R1
\/\ O
| 3
K /_—<Jf
10 (a)
R3 W-R?2

3 \(HN)S/

with s being 0 or 1,

R® being CO;H, CO»Alkyl, COzAryl, CO,NH,, COAralkyl, SOsH, SO,NH,,
PO(OH),, 1-H-tetrazolyl-, CHO, COCH, CH,OH, NH,, NHAlkyl, N(Alky)Alkyl’,
13 OCHs, CHOCHs, SH, F, C, Br, I, CH;, CHCHa, CN, CFs

R’ independently from R being H, CH;, CH;CHs, CFs, F, Cl, Br, I, CN, NO, and

R* independently from R” and R® being H, CHs, CH,CHs, CFs, F, Cl, Br, I, CN,
NO,, R?

R’ being H, NO,, CFs, F, CL Br, I, CN, CH;, OCH;, SH, NH;

20 and -W- = -(CHz-)y, cis-CH=CH- or trans~-CH=CH-, and v being 0,1,2;



-Z=(015R7 ,R2 -w (za, WD 2007/039114 (iv) with K= NH, Nw, 0, S
- 17 - R7 , RR "?--< _TWK PCT/ EP2006/ 009155
WO 2007/039114 PCT/EP2006/009155

-16 -

in case that -W- is cis-CH=CH- or trans-CH=CH-, R? must not be NH; or SH;

(e)

5 with t being 0,1,2

6

10 (g

®

R’ independently from R? being H, NO,, CF;, F, Cl. Br, I, CN, CHs;, OCH;, SH,
NH;,



5(v) or the pharmaceutically acceptable salts, esters or am des

and prodnags of the above identified conpounds of formula (lb) or

(1c) or (Iwb 08706411 - 10 15 20 Preferred pharmaceut i galepr2006/009155
conpositions conprise conmpounds of fornulas (ha) or (Jib) or (llc)

(lid) or (fie) or (11f). WD 2007/039114PCT/ EP2006/ 009155 - 18 -
OHOHCOH Il all btic -17-

(iv)

with K = NH, NMe, O, S

5 V)
) N /T -
K : -R
%/é] WAL o5 N @,[3‘”
[ K " \K—/J 4 ﬁ G E{-—

or

or the pharmaceutically acceptable salts, esters or amides and prodrugs of the above

identified compounds of formula (Ib) or (Ic) or (Ie) or (If).
10

15

20

Preferred pharmaceutical compositions comprise compounds of formulas (I1a) or (IIb) or

(Ilc) or (1Id) or (1le) or (IIf).



wherein -Y is |like defined above and wherein -X - is X (a), X (b), X
(c), and X (d) like defined above. In a further embodi ment, the

i nvention ﬁ,@lﬁ&ﬁggltlg) conposi tions conprising conpounds p('f;T/;;mwgogl

structures: OHOH libtic X 02N Owherein -Y and -X - as X (a) andX
(b) is as defined as above. WD 2007/039114PCT/ EP2006/ 009155
- 18 -
Y~
X
/xl X'\
Y Y
O,N OH O,N OH O,N OH
OH OH OH
{la lib He
Yy
O,N O,N OzN Xy
Y
OH OH OH
OH OH OH
g lle HF

wherein -Y is like defined above and wherein -X’- is X (a), X (b), X (c), and X (d)

like defined above.

In a further embodiment, the invention relates to compositions comprising compounds of

the structures:
kAN
X
X
Sy
O,N OH  gN OH
OH OH
b 1]
Yo ¢
X
O,N O,N Xy
OH OoH
OH OH
e FH
10 wherein -Y and -X’- as X (a) and X (b) is as defined as above.

Further preferred pharmaceutical compositions comprise compounds of formulas (A1) or

(A2) or (A3) or (A4) or (AS) or (A6) or (B1) or (B2) or (B3) or (B4) or (BS) or (B6).



v, X" wherein -X - and -Y are |like defined above and wherein -X'-
is and wherein -Y' is WD 2007/ 039114PCT/ EP2006/ 009155 R3 WR2 R4

HNsRe ssK(goRfofeddind , __(NH) 1(1 tz PCT/EP2006/009155
-19.-
LN
v X X' \v
O,N OH O,N OH O,N QOH
OH OH OH
Al A2 A3

02N

<
\
é >§
o}
X
o X
T =
=<

OH
. AS
Y\
g :rl\ Ne! O,N
Y\

-5
/ O
X z
o}
I
O
M)
S éz
o} >
T ¢z
_<

wherein TX," and -Y are like defined above and wherein -X’- is

/:ffk ’QY D\)\quj\ﬁam
ELJY% ) f,;’vk%p\( ~~wf,s(r<

and wherein -Y’ is



- 20 - wherein all indices, synbols and substituents are |ike
defi ned above In a further enbodinent, the invention relates to

har maceut {vealy oGBS ti ons conprising 5 conpounds of tperkumiodiss
E]—I 0 OH SW 0'}[{633;586 WO 2007/ 039114PCT/ EP2006/ 009155

-20-

R3 W-R2 RY 6
ya R

)3 R /¢ 9

wherein all indices, symbols and substituents are like defined above

In a further embodiment, the invention relates to pharmaceutical compositions comprising

5  compounds of the formula:

Yn
Ny
X
\Y'
O,N OH onN OH
OH OH
A2
v A3
X
O,N O,N Xy
OH \[:;:[:OH
OH OH
A5 A6
K\x"
X
Sy
O,N OH  onN OH
OH OH
B2
Yo B3
Xn
O,N O,N X,
OH \I:;:[:OH
OH OH



- 21 - wherein -X' - and -Y are as defined as above and wherein -X"-
Is 0 \1/4CHC,, /'"74 Nre O me0,1 ,it40 ?KL I 1 I 1 N---...--- and

wherei n - Yyoi2807/039114 PCT/EP2006/009155

-21-

wherein -X’- and -Y are as defined as above and wherein -X’- is

O X
|
o 8]

m=0,1

N A 0
| X M ;
\,.5: == N\¢N
o]
and wherein -Y” is
2
R} W-R RS
4
Z
4 \(HN)S‘GRS ﬁ?@’
$—(NH)
wherein all indices, symbols and substituents are as defined above.

10  Particularly preferred pharmaceutical compositions comprise compounds of formulas (C1)
or (C2) or (C3) or (C4) or (C5) or (C6).



wherein all indices, synbols and substituentS are as defi ned above.
to Particularly preferred pharnmaceutical conpositions conprise
conpounds &b A@rgiias (G ) or (C2) or (C3) or (C4) or (kSkEPH0d@S)sS
WO 2007/ 039114PCT/ EP2006/ 009155 - 22 - OHOHOH C C2C3 wher ei n
-X"- and -Y' are like defined above. A further preferred group of
conpounds of the follow ng conpositionmnhave the follow ng
Sstructures: YLN

Yo

xll
XII it}
Yy X Ty
0N OH O,N OH 0N OH
OH OH OH
i c2 c3
'
~\~xll
O,N O,N O,N X"
Yl
'
) OH OH OH
OH OH OH
c4 cs c6

wherein -X’’- and -Y” are like defined above.

A further preferred group of compounds of the following composition have the following

5 structures:

v
™~ X
X
\Y'
O,N OH  oN OH
OH . OH
Y C2 C3
X
O,N ON X,
OH \©j0H
OH OH
c5 ce

wherein -X"’- and -Y” are as defined as above.

Very particularly preferred pharmaceutical compositions comprise compounds of formulas
10 (DI} or (D2) or (D3) or (D4) or (DS5) or (D6).



wherein -X"- and -Y' are as defined as above Very particularly
preferred pharnmaceutical conpositions conprise conpounds of fornulas
10(Dl) or BAhempe@P3) or (D4) or (D5) or (D6). WO  pCT/EP2006/009155

2007/ 039114PCT/ EP2006/ 009155 - 23 - OHOHOH 04D506 wherein -X'- is
| i ke defi ned above and -Y" is WR2 \ Res sR- RO X-C-RC
-23 .
Y"\x"
Y../X" X"‘Y"
05N OH OzN OH O.N OH
OH OH OH
D1 D2 D3
Y"\x"
OoN Oz2N N X v
(e OH OH OH
OH OH CH
D4 D5 D6

wherein -X’- is like defined above and -Y™’ is

9
R? W-R? ﬁR
H i /T\\/R?

/X >
éc'“{HN)s/\m\gR5 3 \(HN)S/‘:j S

S 1D
3‘{HN}s/'\ N) ‘:;)\(NH)—"%

with R® being CO;H, COjalkyl, COsaryl, CO,NH;, COjaralkyl, CH,SO;H,
5 CH;SO,NH;, CH;PO(OH)3, 1-H-tetrazolyl, CHO, COCHj;, CH,OH, CH3NH,,
CH>NHalkyl, CHN(alkyl)alkyl’, CH,OCHs;, CH,SH,

Also preferred are pharmaceutical compositions, wherein the compounds are defined by
the formulas (D2) or (D3) or (D5) or (D6).



H HNY-71- | s NN K1 R7 4 sHHN) C- NJ RO K\R7T 1 R5 with RO
bei ng CO2H, CQal kyl, CQRaryl, CO2NH2, CQ2aral kyl, CH2S0314,
CH2S02NH2, v 2 1-H tetrazol yl, CHO, COCH3, CH2G#1/EHINAR9155

CH2NHal | cyl CH2N( aI kyI )al kyl"
phar maceuti cal conpositions,

, CHZOCHS, CH2SH, Al so preferred are
wherein the conpounds are defined by the

formulas (D2) or (1)3) or (D5) or (1)6%4
2007/ 039114PCT/ EP2006/ 009155 - 24 )
v
Ny
X
Ny
O,N OH  o,N OH
OH OH
. D2 D3
Y»
Ny
O,N O,N X':\Y
OH OH
OH OH
D5 D6

wherein -X"’- is as defined above and -Y*’ is

with R9 being COzH, COzaikyl, COzaryl, COzNHz, CO;a_aralkyl, CHzSO;;H,
CHSO;NHz, CHRPO(OH);, 1-H-tetrazolyl, CHO, COCHj3;, CH,OH, CH,NH,,
CH;NHalkyl, CH,N(alkyl)alkyl’, CH;OCHs;, CH,SH,

10 wherein all indices, symbols and substituents are as defined above.

These chemical compounds (C1), (C2), (C3), (C4), (C5), (C6), (D1), (D2), (D3), (D4),
(D5), and (D6) are also new compounds for themselves. Chemical compounds having the
general structure of formula (C2) or (C3) or (CS5) or (C6) or (D2) or (D3) or (D5) or (D6)

are preferred.



OH 02 YNX" wherein -X"- is as defined above and -Y" is with RO
bei ng CO2H, CQ2al kyl, CQRaryl, CO2N112, CQ2am kyl, CH2SO3H,
CH2S02NH2, wEHgRR66MN 2. 1- 14-tetrazolyl, CHO, COCH3, CH2HriShiNotaiss
CH2NHal kyl , CH2N(al kyl)allcyl', CH2OCH3, CH2SH, 10wherein all

i ndi ces,
chem cal

synbol s and substituents are as defined above. These
conpounds (d), (&), (&), (L), (C5), (C6), (D), (D2),

(D3), (D4), (135), and (D6) are al so new conpounds for thensel ves.

Chem cal

conpounds having the general structure of fornula (C2) or

(C3) or (C5) or (C6) or (D2) or (D3) or (D5) or (D6) 15are preferred.

10

15

20

25

All compounds as described before present the ability of modulating cell adhesion and
modulate selectin- as well as PSGL-1-like mediated binding. The compounds have the
ability to modulate the interaction of selectins with sLe*/sLe® and also the interaction
between selectins and tyrosinesulfate residues. As compared to bimosiamose, the leading
pan-selectin antagonist, the compounds described here show increased biological activity.
Therefore they are useful for the treatment of acute and chronic inflammatory disorders, as

well as other medical conditions where selectin mediated processes play a role,

The term “pharmaceutical” includes also diagnostic applications.

The term “pharmaceutical” includes also prophylactic applications in order to prevent

medical conditions where selectin mediated processes play a role.

The term “pharmaceutical” includes also applications, where compounds of the present

invention may be used as vehicles for drug targeting of diagnostics or therapeutics.

The invention provides pharmaceutical compositions comprising compounds of formulas
(Ta) or (Ib) or (Ic) or (Id) or (Ie) or (If) and in a preferred variant of formulas (IIa) or (IIb)
or (Ilc) or (IId) or (Ile) or (IIf).

In a further preferred variant the invention provides pharmaceutical compositions
comprising at least one compound of formula (A1) or (A2) or (A3) or (A4) or (A5) or (A6)
or (B1) or (B2) or (B3) or (B4) or (BS) or (B6).

In a particularly preferred variant the invention provides pharmaceutical compositions

comprising at least one compound of formula (C1) or (C2) or (C3) or (C4) or (C5) or (C6).

In a very particularly preferred variant the invention provides pharmaceutical compositions
comprising at least one compound of formula (D1) or (D2) or (D3) or (D4) or (D5) or
(D6).

In a further embodiment of the invention, a compound of formulae (A2), A3, A5, AG, B2,
B3, B5, B6, C2, C3, C5, C6, D2, D3, D5 or D6 is used in a composition.



WO 2007/ 039114PCT/ EP2006/ 009155 - 25 - All conpounds as descri bed
before present the ability of nodul ating cell adhesion and nodul ate
sel ectin- |/ WPldzo@s PSGA--1-1ike nediated binding. The gonpRyidsfaave
the ability to nodulate the interaction of selectins with sLe7slLea
and also the interaction 5 between selectins and tyrosinesul fate
resi dues. As conpared to binosianose, _bge | eadi ng pan-sel ectin
ant agoni st, the conpounds described here show increased bi ol ogi cal
activity. Ther ef or e they are useful for the treatnment of acute and
chroni c i Ahf arasent drigntens Birter providss svsiethod of poddatingshié biaHing @i @ deleotis, L-
V\/nere sel rQce ap| ay, 10 .The term

" phar mac eﬁ%déﬂﬁ &B?'ﬁ%{e& e{sa sg‘l%s ? Slls“%gir?gst l%é{ngépu(? Al Igs 'idg?fsw%@qgeﬁhﬁsmp of
" phar mac eadmzateringntl adesicnt so efiecploy dracirit (Dfaznpleaﬂadneoﬂﬁnpdnndrh’h@[ngt the

ore. o tispe of REPRSEE LB S A5iof b S8 ThSte Badigadie whahl ofe-

conpounds Eofor tlhselq@tlesternme’f ﬂt/ ehé"i and tyRYinBSuIAGLdt S YRR LR tﬁd@rcogﬁ)b‘ﬁqu
targeti ng, of, d| a oSt i c& @era eutics. 15 The invention provid

phar maceufd'ies h& Céloﬁ@db%gw&@ého%ﬁmea@t [ Ia))dldﬁte

(I'b) or (Eq)p-@fL(sb;ghupf,magﬂ) or (If) and in a preferred variant of
formulas (Ha) or (lib) or (11c) or (lid) or (He) or (lit). In a
further preferred variant the invention provides pharmaceuti cal
conpositions conprising at |east one corrpound of fornmula (A) or (A2)

or (A3) ORjs ﬁ@éﬂi) hePdin gy r“fxlﬁ(ﬁf)sh er : Eg*’)no%lel(t grznlgﬁ{ cHabs %fra%% hzgrrn

(B5) or (86). In a particu vari an I'nve
provi dés plowp nﬁéeuﬂiocélorécmﬁo@& o:ohsr gonpoi $0 ngl hor 1 2esboroaeme

orahalinng
g;r I ?::mj ;8\]1 §/ng|5r et er roé etgjfli t%:ﬁ) fir Wéoéygé?ﬁr?pé’ﬁr fb?’w -d ngét%rt%bétﬁf ?’@a‘&‘g

conposi t i bk “Atkyptis sndegeralentl e fsin cacieothanndwad bofliffetiniyt Rlegddh). or (D2)
or (D3) or (D4) or (D5) or 25(D6). WD 2007/039114PCT/ EP2006/ 009155 -
26 - The present invention further provides a method of nodul ating
t he binding of P-selectin, Lselectin or E-selectin to sLex or sLea

and tyrosThesuhiahe” seai thes c@t@ﬂWchS iaRg hEt@ﬁ)C?élﬁpa:@fnaﬁQ rgump§ tlﬁ(flhtﬂgg,tlﬁ'lt
a patient an. effectiyve at | east one comnpoun avin

st r uctur "Gt BRe a5-n%151tf(>11 by-naphtiplcflugsensg, (:1)2)61!h}(¢@)apbﬁ%yl( lindenylo

modul at e By tehylghédzoRienyl, hiGopPlidfini®lRafien t0 sLex or slLea and
tyrosinesulfate. It has been found t hat conpounds having the fornul as

(la) or (TR teff “(aﬂaﬂc)yi’O(alsfol Hl1e® %qﬁ;hﬁ;)l) Sati(hban SN ARBVPp@Eed kS an alkyl

nodul ate E-, P- L-sel ectin bi'nd
group mciudmg, but not limited to, benzyl 1-naphthylmethyl, 2-naphthylmethyl,

fluorobenzyl, chlorobenzyl, bromobenzyl, iodobenzyl, alkoxybenzyl (wherein “alkoxy”
20 means methoxy, ethoxy, isopropoxy, n-butoxy, sec-butoxy, tert-butoxy an the like),

hydroxybenzyl,  aminobenzyl, nitrobenzyl,  guanidinobenzyl, fluorenylmethyl,

phenylmethyl(benzyl), 1-phenylethyl, 2-phenylethyl, 1-naphthylethyl and the like.

The term “acyl” shall mean -(CHO) or {(C=0)-alkyl or ~(C=0)-aryl or <(C=0)-aralkyl
including, but not limited to, formyl, acetyl, n-propionyl, isopropionyl, n-butyryl,
25  isobutyryl, pivaloyl, benzoyl, 4-nitrobenzoyl and the like.

The term “pharmaceutically acceptable salts, esters, amides and prodrugs” as used herein
refers to those carboxylate salts, amino acid addition salts, esters, amides and prodrugs of

the compounds of the present invention which are, within the scope of sound medical



As used herein the term"al kyl"” shall nean a nonoval ent strai ght
chain or branched chain 10 group of 1 or 2 or 3 or 4 or 5 or 6 or 7

or 8 or Q‘sz&gmgﬁljl or 12 carbon atons including, butpd©fehsdioscs

to, nethyl, ethyl, n- propyl |sopropyl n- butyl, sec-butyl,
tert-butyl and the |ike. AIkyI is |ndependently from each other and
can be different or identical. The_4£rm "aryl™ shall nean

carbocyclic and heterocyclic aromatic groups including, but 15not
limted to, phenyl, 1-naphthyl, 2-naphthyl, fluorenyl,
(1, 2) - di hydgeoreaphtufitgble fonaieyh contactanith tissues exfypatietts narithdvit emtlie toxicity,

ary ! o byl ytkior? PAerklreioe bV KEL MomBleRide wilih RBschBhle Fonefiyrisk rato,
i ncl udi ngandbiﬂecmmi folr ithndit Embrtied ube g ye]l aib-thﬁlahtth:ﬁbﬁetfhwfhs, where possible, of

2- napht hy, neth robenz chl obenz
i odobenz E%%E’Q %Ipr?% ipksntion 5 e X g‘ﬁ% 'x’r‘r%‘fa I’iﬂ%"c%{‘%W“’

i sopr OEOOXiMorgHmB dﬁ&&g,a.nﬁ%rd?dﬂdﬁibh satt@&tm@ U&rﬁffdﬁnﬂé‘ oi‘th% ;Jréééﬁr) invention. These
hydr oxybenzyl , anlnobenzyl ni trobenz i nobenzy

£1 uor eny| 5% #Af1 be pserasgd e ryluring e fingl lssn E&ggﬁ'}d @%rrfy:rauom%m S9MBeYGE or
1- ht h |

- g‘i‘g) a?’ﬂlﬁeB%I%tef}?%?&h% thé Fﬁr&f}ed_ co-é_lﬂg)uhg 1§} IEZ éé fogﬁ Q\ﬁl na E@%Qle 1(1&?211119 br
linmted tqsganfl@ramﬁl or hesst ynd lﬁﬂl?ﬂnﬂ‘)ﬂ@nyﬂt thusoﬁgrmgd olhcyprszsentabue yselgd of the

25|sobuty I o nd t
term pha'{o}41 & uc! i caﬁ?é prggegjgzlﬁ lgn s“alt 1\&& @ré%br m?ﬂedglg dﬁjﬁgﬁﬁp%dsr“ufﬁge’
as usmd Hesudfate, mfate, sactiatef malete;: anlboaxey Ipahmtasealsta;atearihmmatbbﬂteadydhida&n

salts, S ro s of the conpounds of the prese

o vent i orledtiE RPN, R A Rty SR, Sel, . mapRYiate,
2007/ 039 LAd1atd, @%ﬁ%t@@ﬁé,aacmbz&ate, jlaiggleuTBRYnateS $4lts addlietht kel FResdemay
contact with ti ssueﬁﬁs?%pat en s wi t hout undue toxicity, irritatian,

al | er gi ¢ 'PEuHoRYILY an| %é kali pndealkalingeasthymetiss spelh @ sadive, lithium,
benef it/ rjotdssioRt taleindl) tRhlSGhiang theolikd BEell 28 4HEAYS e Hﬁﬁmnﬁﬁnvﬁzﬂa errfavy

the zwitterionic forms, where possi bl e, of the conpounds of th

presekt |aaVEeHIBN, anfh e amigiem calgns s'inqleding,s hus tnes rlimised véd,y ammonium,
non- t oxi hfun@nd mg@h diti of t
conpoundgmuéh&ﬁg&g?@sent |na%%?¥%ﬁ gggpsalfgacan Le predgﬁgaﬂﬁwnw’
si tu dur itrigethyBufina afiethygleingte ethylamihepand the &k¢.i on of t he conpounds or
by separately reacting the purified conpounds inits free formwth a
sui tabl e i norganic or organic acid or base and isolating the salt
thus forned. Representative salts of the conpounds of the present

i nvent i orExampleadd thdrphdrydcabicolby da;epﬂayldr nahioaid emers ol lteat@mpounds of this

e e, b TR eke of Go Faras Chrbapare hubayhe By et GocTuieh

el eat e, o bkcBédechaiil (dcBhisle ebt@fstdlﬁlt iﬂcluﬂ@l@@tdwiﬁ €, cyaisalkleSiers as well
glucoheptoq ur Isulphonate salts and the |ike.

| t i obi t
These nayy %&Y‘Lﬁﬁ??%%{{cg@:ﬁgbn‘géwng nzYlkG1iCafret G fearnd Eealkyhester are

metal's, She@s E@@ﬁg Sihe bbiPbibtas of AleAiSdeHMnvERlohi Y bdBIPSSH YBoRNAe to
t he Ilke as wel | as non-toXic ammoni'um quaternary 15 ammoni um an

ani ne caﬁpﬁﬁ§UWﬁépﬁﬂﬁﬁ§ but not linited to, anmoni um
t et ranet hyl ammoni um tetraet hyl anunoni um net hyl am ne, di net hyl am ne,
tri mdhyl am ne, triethylamne, ethylamne, and the like.

Examples of pharmaceutically acceptable, non-toxic amides of compounds of this
invention include amides derived from ammonia, primary C,, Cz, Cs, C4, Cs and Cg alkyl
amines and secondary C;, Cp, C3, C4, Cs and Cg dialkyl amines wherein the alkyl groups
are straight or branched chains. In the case of secondary amines the amine may also be in

30  the form of a 5 or 6 membered heterocycle containing one nitrogen atom. Amides derived



Exanpl es of the phannaceutically acceptable, non-toxic esters of the
conpounds of this 20 invention include C, C2, C3, ¢4, C5 and C6

al kyl est ews 0émpeinn the al kyl group is a straight or by@nesesk hHdsn.
Acceptabl e esters also include C5, C6 and C2 cycl oal kyl esters as
wel | arylal kyl esters such as, but not limted to benzyl. G, C2, C3,
C4, C5 and C6 al kyl ester are preferregy_Esters of the conpounds of
the present invention may be prepared according to conventi onal

nmet hods. 25 Exanpl es of pharmaceutically acceptable, non-toxic am des

of conpoufrs agmonis, &1i GaandtGorkyl peimeeanidesiens detol Gedialkybsecendannaraides

2 o i, 0 SR S SRR e

stral ght mrcodingnie hedentiaiahmethiods.t he case of secondary am nes the
amne may also be in 30 the formof a 5 or 6 nenbered heterocycle
contai ning one nitrogen atom Am des derived WO

2007/ 039114PCT/ EP2006/ 009155 - 28 - from amonia, Cl, C and C3 al kyl
prinarsy arfiedesn gpnddil” tefer€o dhabkinbreseapodiadsythartrel epidly erapdfemmasdrifdirro
Am des of the conpounds of the present inve c£n|t0n may be precgaéeﬁg
accor di ngf d" W AVORECHRAO AStRGIRE T5vARdo ¥ ep?%HP&QmPPlé‘f PstbE b8
or nore GRRRAKES Jrites) oara%) baguyibﬂ/aé)rmﬁj %ﬁa@mﬁe ¥y hidoBAd ih bRIBH Ar in
non-active to active state vivo to yield the parent compound of
the abovefoupeabddismy| a) or (Ib) or (To) or (Id) or (le) or (If), for
exanpl e by hydrolysis in blood or in vivo netabolism 10 It is al so
contenpl ated that pharmaceutically active conpositions nmay contain a
conmpound of the present invention or other conpounds that nodul ate or
conpette Wi istelde-coplempldted hat phageicsuti¢ally aetive eoaipesitions ipandentgin a compound
Phar maceut ent

compr se & ipbistert Shiek o BIRAS! LshiBnd bl hoBHERRR coklBURAME B agloctn or
formul as RkaectmrorLkﬁ)ecnnb(nﬂojg or (1d) 15 or (le) or (It) wher eby a
pharmaceutically acceptable carrier can also be a nedically

appropri aﬂfﬁnﬂﬂj&%@ﬂyt | gdtiee dAgosiEBLs  bf p(ﬂmn@resaitcrmbu’ﬁhhe ecrmprise a

pol yet hyl ene co PEQ) .. The  phar, rraceutl tion e

P event {HEME A el dTant f CBPRUEE o REMUBh BB AL EA G (i
above;sst rgiclid)r & (thajwhereby! D phaiinatduital®) addefhblel caltidt) cadf alfd by a medically
formul ated together with one or_ nore, physiologically acceptable

carri er s,2PREIPEE npanogpartiglG.e dppdrimer, \M’PPW%r wigppybbia jop epquert@rlérrf-'r &eeb
herei n asppah IR pharntReuRAl 88 STsRlons BF @6 biedbht ihR¥tion may include one or more

of the compounds having the above structure (Ia) or (Ib) or (Ic) or (Id) or (Ie) or (If)
formulated together with one or more, physiologically acceptable carriers, adjuvants or
20  vehicles, which are collectively referred to herein as carriers, for parenteral injection, for

oral administration in solid or liquid form, for rectal or topical administration and the like.

The compositions can be administered to humans and animals either orally, rectally,
parenterally  (intravenously, intramuscularly, intradermaly or subcutaneously),
25 intracisternally, intravaginally, interperitoneally, locally (powders, ointments or drops), or

as a buccal or by inhalation (nebulized, or as nasal sprays).



oral administration in solid or liquid form for rectal or topical
adm nistration and the |ike. The conpositions can be admnistered to
humans andy@anifmss§i ther orally, rectally, parenterallyermp2o0s00015s
(intravenously, intramuscularly, intradermaly O subcutaneous?y%,
25intracisternally, intravaginally, interperitoneally, locally
(powders, ointnents or drops), or as agbuccal or by inhalation
(nebulized, or as nasal sprays). WD 2007/039114PCT/ EP2006/ 009155 -
29 - Conpositions suitable for parenteral injection. may conprise
physi ol ogtaapdsitioas ceiptbib k@ stranérhle infegtien ns:yoconmpisa quigsioRgiallytacamsable
stabilizers, antioxidants greservative ge.%. ascorbic acid, sodium
GPNZp LR

sul fite, SSOUT R Yo AR FUIHEn2 1OxI ) preservatives (c.g

di sper si aR&rbigUsEENSHARE GUIREUsSdieRS h?dlﬁgéifee Gillfiee, PBMEST Salddbl, EDTA),
reconstitution into sterile 5 injectabl e, solutjion_or dispersion. .
Exanpl es GPCSimeaBIseentiine Sismtionforsqtierde Porsersi B gocogpiityusn o sterile
sol vent s jgkciBBis6hufsn 0P AlspERioNe R &mpled Qpﬁf?t!able%!u&m&an(ig{oﬂ&g.le%ﬁ‘secaniers,
gl ycol, polyethylene glycol, glycerol and the |ike), suitable

m xt ur es dilnentaofsolvorigepabyehials gnqludec waier, otthanol.orobsghol(Bropylene aglgcol,
i nj ect abl i A : I (e [NV e

be. mai it Ao HEd g e ESL MR Sl W, Aoy Be BiSturcs ABEEE Lol sl
| eci t hi n,aslblive hecamliantil} aad ogectdddf orglvec eseps suadchspant olbhe. Bioper flmidithean
case of dispersions.and by the use of. surfactants. Thes osi.tions
ayal so EaRTAReRer oages A St aditol e SR oo B By RERRT o
and dios pestshengqiigdpaicld¥igymnhd eide of digegsiAtlan0 by tof usdiof s, S5
can be ensured by various antibacterial and antifungal agents, for
exanpl es, parabens, chl orobutanol, phenol, 15 sorbic acid, and the
like. I't may also be desirable to include isotonic agents, for

exanpl es [ieRAESmpRRRbing MayIQ tdheniR Bdiubhes duck Qs pRisehvaipd edttals emplsifping,
of the injectable pharmaceutical form can be brought about by t he use
of agent SdelisprIing ageaby ProwsAtion of thecentiont of AeIPFEANISMTIIB Steesnsated by
and gel aljflouPfhtibheiélflahe dntifRfighl bREnTTE G RE! bi¥oefll ShidrblideRT phbAl

conpounds can be |ncorgorated rnto slow or tined release or targeted
del i véry sothie aeid, anddhe bke. dbmaymalso ratdesitabls, tol ingludoisetonicagdnts, for examples
m cr osph . byl | it rat .
Tt ough. & BaeeRr e g FRHE PR LR e Bt e SRR P dtichab el inicn
agent s i rfotnnecah dserbrfugbt eboutebyndlicense of agente detdyerg shserptios, ifoy exdnajiése

medi um i diately before use., 25 Solid dosage forns for ora
adni ni str ??%ﬂ”?ﬁ%Pﬂ%%“%ﬁB@%g%gyxtabIets, pills, powders and

granules. In such solid dosage forns, the active conpound or a
prodrug is adm xed with at | east one inert customary excipient (or

carrier) ch as sodiumcitrate qr dical ciumphosphate or (i) fillers
or eﬁoen&gagﬁmgsa‘fdo OT RO pTLEFCYS g‘rsﬁfﬁ’é%‘?n’l £€8 ?“‘ggcﬁaﬂst& méf? pigisg, into

slow or timed release or targeted delivery systems such as polymer matrices, liposomes,

and microspheres. They may be sterilized, for example, by filtration through a bacteria-
retaining filter, or by incorporating sterilizing agents in the form of sterile water, or some

other sterile injectable medium immediately before use.
25

Solid dosage forms for oral administration include capsules, tablets, pills, powders and
granules. In such solid dosage forms, the active compound or a prodrug is admixed with at
least one inert customary excipient (or carrier) such as sodiwmn citrate or dicalcium

phosphate or (i) fillers or extenders, as for example, starches, lactose, sucrose, glucose,



WO 2007/ 039114PCT/ EP2006/ 009155 - 30 - mannitol and silicic acid,

(ii) binders, as for exanple, carboxynethylcellulose, alginates,

gel ati ne, QB'?MW/{B Jpyrrolidone, sucrose and acacia, (iipdr/ReoRedoaats,
as for exanple, glycerol, (div disintegrating agents, as for exanple,
agar - agar, calciun1carbonate potato or tapioca starch, aliginic
acid, certain conplex silicates and Qg?Lun1carbonate, (v) solution 5
retarders, as for exanples, paraffin, (vi) absorption accelerators,
as for exanple, quaternary amoni um conpounds, (vii) wetting agents,
as for exampitdsindedlioié asiticGhdlindeny aglfyroeaniplenoadsxwaethylesilulesej alginates,

adsorbents, .as f aolin and, bento

ubri caniatife pepiSHERRy Toonf Rty AERE TbCpudBilabi s iy ename
st ear at e ghygetol, c(dlpcﬂlsiﬁt’egc)ﬂhﬁgl&g@tsy 80fo8 examgle, Agad-apar, y;hlcauﬂl f:a*beneaas] gotato or
m xtures thereof I he cgfe of capsul e t abl et and

osage. & TPy s A PO D e Pt s dunegftphpate, 1) Soldion

conposi t irQRdeR] asdoSéibnips, pUMRFINIRY) HsSPtideaRaRlANE hsddr éahdp®, Guatbrnary
soft and hard-filled gel atine capsules usi ng excipients as | actose or

mi | k sugafnsn%surm/épmp@mm o) rvsitting aesntsod fpEeRgmBlse iy @dtobokin glyeerol
like. g'lcﬂil ofles g CQ orﬁ&ﬁ? a8 ¥or &Q%{l@%skaoﬁﬁ%ﬂ@ﬁértorﬁépw ({??)  lubricints, as

pills and granu prépar e coatings and shel such as
enteric cfmaﬁxamgls alvdcaimhm Seaw&,l méguesinmisteataiss selid polYﬁhylemglymihtsaqhnm

opaci f y| p% anlglx%ﬁes ﬁxle{Se%f b[% tf?e c%%' I%cggsrﬂpegs aHe?sn%n& E’l’ﬁ E}{% %sags

rel ease t I'Ve compound or “conpoun
intesbinabnﬁyumyahuhoaqubayﬁquanﬁ&m Exanpl es of enbeddlng
conpositions that can be used are pol yneric substances and waxes. The
active conmpounds can also be in 20 mcroencapsul ated form if
appropriate, with one or nore of the above-nmentioned excipients.

Li qui d d@oBgeorhfésittonis @F a@ﬂﬁﬂlarasaba Iﬁayﬁzﬂﬁcﬁbd @ﬂplbp@d asctﬂlephalr%&wumaﬁaﬁlﬂad
accept abl e enul si ons, sol utiagns, enS|on ngups and ehg irs
addi t i on 2E181RG sapsules \NSINEOTSHRIFINS : as Sﬁé’flfP fis Tk % 9lecu1ar

contai n igRkthyftht YRRbE NP HY. S@ﬁﬂddsgget fb@m@rsﬁclﬁbhcﬁbﬁa‘ﬁs \Wale@Es, Qhpsules,

ot her solvents sol’ubi i zing agents and enul sifiers, as for exanple

et hyllsal (pdhioﬁnd §rapybesogap| beaprggqqg; withiqeytings and shelise S‘-“é‘t #, Pntericee0stings and
benzyl al.gp
Seney) Skl BN n HEUROTS il SR DRl 1 o et

gr oundnutcompbsiti@'srthatgbtrmeiﬁab'&; thelacties cﬂrmpouuénngdarapwmds i astwain paft of the
sesanme se d 0l 0 t et rfur |.cohol. Y. e
gl ycol s érhastxfngﬂ[ t{ac? Eglga %cci g en?anngrf. ﬁi‘:#d{e % ng%ompoé) Lu‘msnt%t &h fp’g lu?é&
2007/ OSngHﬁffrEﬁﬂﬂ%bﬂﬁﬁkib’é5 an® 1 waxes. The active compounds can also be in
20  microencapsulated form, if appropriate, with one or more of the above-mentioned

excipients.

Liquid dosage forms for oral administration include pharmaceutically acceptable
emuisions, solutions, suspensions, syrups and elixirs. In addition to the active compounds,
25  the liquid dosage forms may contain inert diluents commonly used in the art such as water
or other solvents, solubilizing agents and emulsifiers, as for example, ethyl alcchol,
isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate,
propylene glycol, 1,3-butylene glycol, dimethylformamide, oils, in particular, cottonseed
oil, groundnut oil, corn germ oil, olive oil, cannola oil, caster oil and sesame seed oil,

30  glycerol, tetrahydrofurfuryl alcohol, polyethylene glycols and fatty acid esters of sorbitan



or m xtures of these substances, and the |ike. Besides such inert

di luents, the conpositions can al so include adjuvants, such as
wetting aggBhee7088k si fyi ng and suspendi ng agents, sweeddypa006/000153
flavouri ng and perfum ng agents. 5Suspensions, in addition to the
active compounds, may contain suspending agents, for exanple,

et hoxyl ated i sostearyl alcohols, polyoyyethylene sorbitol and
sorbitan esters, mcrocrystalline cellulose, alumnium nmetahydroxide,
bentonite, agar-agar, tragacanth or m xtures of these substances and
the |i ke.or hiQurgsef iltese mebstances; et the likelrBasides sechi ioers ddwanty thef eomgiobijions
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such as caeeting)fhdonring pad patigingngems.ycol or a suppository wax, which
are solid at ordinary tenperatures but |liquid at body tenperature and
therefore nelt in the rectal or vaginal cavity and rel ease the active
conponent. Dosage fornms for topical 15 adm nistration of a conpound

of thiss igndgimbions) iheldita @i ieRAYS coRpNEas, map cap@irdfbpérituegd agdnss, for
The active conmponent is adm xed under sterile conditions with a

physi ol og*aEPley chexdpied Hpesteantr dleholin polyRyysidensd sprpiele R fphilan esters,
buf fers oficRARG! IR NelnRSe, TmMRh SNy @xideP BEASHHE, %g&oggagg@ggwm or

eye oi ntnents,” suspensi ons, powler and’solutions are al so

cont enpl anigtirgsofitwse subatanpgsrand e egope of this invention. The
conpounds of the present invention can also be incorporated into or
connected to |iposones or admnistrated in the formof |iposones. As
is known in the art, |iposones are generally derived from

phosplool i@ingwsitionotfhe rre¢talpiadmsuiistianc @ese préfpeblymesprsidoriesy ddctbycan 28

Ltilamell. drated |jqui |s. th ' i
- aqueolReasth DRy Hororgawkds b e BBl oo R Bl SpSif g bnRtabil

gicarty accep
met abol i zeéiplenpi 6t erfiakl sicofasfacas bottdr) pelgahipiene glycbe ovaeshppddiery wax,
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2007/ 339 rdmigstratipr o 67 gompemd. O%éus invpRiion: Welids oilyeRtsn AP YR SRiAYS and
synt heti GgupMethods to formliposones are well known in the art.

The active component is admixed under sterile conditions with a physiologically
acceptable carrier and any needed preservatives, buffers or propellants as may be required.
Ophthalmic formulations, eye ointments, suspensions, powder and solutions are also

20 contemplated as being within the scope of this invention.

The compounds of the present invention can also be incorporated info or connected to
liposomes or administrated in the form of liposomes. As is known in the art, liposomes are
generally derived from phospholipids or other lipid substances. Liposomes are formed by
25 mono or multilamellar hydrated liquid crystals that are dispersed in an aqueous medium.
Any non-toxic, physiologically acceptable metabolized lipid capable of forming liposomes
can be used. The present compositions in liposome form can contain, in addition to the
selectin binding antagonists of the present invention, stabilizers, preservatives, excipients

and the like. The preferred lipids are the phospholipids and the phosphatidyl cholines



Non- parenteral dosage fornms may al so contain a bioavailability
enhanci ng agent (e.g. 5 enzyne nodul ateors, antioxidants) appropriate
for the prgbesii@sef the conpounds agai nst degradati onpc¥giM@0091ss
dosage | evels of active ingredient in the conposition of the present
invention nmay be varied so as to obtain an anount of active
ingredient that is effective to obtaim+he desired therapeutic
response for a particular conposition and nethod of adm nistration.
The sel ected dosage | evel, therefore, depends on the desired
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to the invention or of cosnetic or topical dermatological
conposi t i athsitigyant reperfasipe énjiydhat osewss followinghdavteatteekys stthikentathesesoletisig

to the and organ transplants, traumatic shock, multi-organ failure, autoimmune diseases like

multiple sclerosis, percutaneous transluminal angioplasty, asthma and inflammatory bowel
disease. In each case, an effective amount of the compounds of the present invention is

30 administered either alone or as part of a pharmaceutically active composition to a patient in



15i nvention surprisingly enables effective treatnent, but also
prophyl axi s of skin ageing caused by extrinsic and intrinsic factors.
The i nventyanopPaséihgul arly relates to the use of a conpguRee8dso0013s
formula (la) to (If), particularly (Ib), (1Q, (le) or (If) or a
stereoi sonmeric formthereof for the preparation of a 20 cosnetic or
der mat ol ogi cal conposition. The anount used of the active conpound or
a stereoisoneric formthereof correspddds to the amount required to
obtain the desired result using the cosnetic or dermnatol ogical
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further aspect covers cos%reti C conpositions conprising a conpound of

formula (Ib), (lc), (le) or (ff) or a stereoisoneric formthereof and
at | east one cosnetically tol erable conponent, e.g. a cosnetically
t ol er abl én edhpmnierteingdouskomsampvhitabloohsslls SUEM & fanmlion saripfus céreer cells,
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the total weight of the cosnetic conposition. Thus, the cosnetic
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to the skifnadBEcAWRHLiFor PR 2 LHORIVERYNER dfAch REnERARhOdccarding to the
solution, a suspension, an emulsion or a
15  invention surprisingly enables effective treatment, but also prophylaxis of skin ageing

caused by extrinsic and infrinsic factors.

The invention particularly relates to the use of a compound of formula (Ia) to (If),
particularly (Ib), (Ic), (Ie) or (If) or a stereoisomeric form thereof for the preparation of a

20  cosmetic or dermatological composition.

The amount used of the active compound or a stereoisomeric form thereof corresponds to the
amount required to obtain the desired result using the cosmetic or dermatological
compositions. One skilled in this art is capable of evaluating this effective amouht, which
25  depends on the derivative used, the individual on whom it is applied, and the time of this
application. To provide an order of magnitude, in the cosmetic or dermatological
compositions according to the invention, the compound of formula (Ib), (Ic), (Ie) or (If) ora
stereoisomeric form thereof may be administered in an amount representing from 0.001% to
40% by weight, preferentially 0.005% to 30% by weight and more preferentially from
30 (.01% to 20% by weight.



15 di spersion of nore or less fluid consistency and especially liquid
or sem -1liquid consistency, obtained by dispersing a fatty phase in
an aqueousyphasma@EW or, conversely, (WO, or alter naid¥@bd/@o@e! -
A cosnetic conposition in the formof a nousse or in the formof a
spray or an aerosol then conprising a pressurized propellant may al so
be provided. Also the conpositions mayshe in the formof a haircare

| otion, a shanpoo or 20 hair conditioner, a liquid or solid soap, a
treating mask, or a foam ng creamor gel for cleansing the hair. They
may al so be in the formof hair dye or hair nascara. The cosnetic
conpositions of the invention may al so conpri se one or nore other
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ingredients usually employed in the fields under consideration, selected from among

25 formulation additives, for instance aqueous-phase or oily-phase thickeners or gelling
agents, dyestuffs that are soluble in the medium of the cosmetic composition, solid
particles such as mineral or organic fillers or pigments in the form of microparticles or
nanoparticles, preservatives, fragrances, hydrotopes or electrolytes, neutralizers (acidifying

or basifying agents), propellants, anionic, cationic or amphoteric surfactants, polymers, in



WO 2007/ 039114PCT/ EP2006/ 009155 - 36 - A further enbodi nent of this
i nvention are dernatol ogi cal conpositions conprising a conmpound of
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pharmaceutically active ingredients. Thus, the present invention al so
relates to dermatol ogi cal conpositions conprising a conpound of
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stereoisomeric form thereof and at least one dermatologically tolerable component, e.g. a

dermatologically tolerable component for skin applications, are also subject of the

invention,

Dermatologically tolerable components that can be used for the dermatological
25  compositions described here are identical to the cosmetically tolerable components as

defined in this invention.



Agei ng of the skin may al so be caused by a conbination of intrinsic
and extrinsic factors. Therefore, the present invention also rel ates

t o der mat olgdhEakeGeNMPOSi tions conprising a conpound of pd@ERMIcREISD) |
(lc), (le) or (If) or a stereoisoneric formthereof and at |east one

further pharmaceutically or cosnetically active ingredient
characterized in that it is used for tgthe cosnetic and
dermat ol ogi cal treatment and cosmetic and dermatol ogi cal prophylaxis
of skin ageing caused by a conbination of intrinsic and extrinsic
factors. Adethverentedbointvet thisf invéritioni a1g damiaselogisalacqmpasitinns feomprisiag a
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one cos |calb¥¥tolerable congonent and eventual ly f

| Rt &

cosneti ¢ e InNeion; SOXETS dermatelas! tcﬂ‘é‘p%sétf%'ésclompﬁ‘ﬂ“g A ompund of
from 0. O1ffrin@a 2080 l@se)w@leg hor @f) epRPSeBsisehiericOfomdl thefdob )that (i Csed (fof khe

200r (I1f) or a stereoisoneric formthereqf, based on the total weight

of the colfBPioRisH treatmenb; desnatplogical diagnasi Ak degmatojogical Pwehyi%f)eﬁttchmg

deal s W tHi3kiRr-3668 Sased by Q}@mﬁsrz@ Pc@{o?st EQﬂmglf fﬁctgl%rlﬂaﬁ&! S8ioRnental factors
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In ad&ition to dermatologically inactive ingredients the dermatological compositions may also
15  comprise dermatologically or pharmaceutically active ingredients. Thus, the present invention
also relates to dermatological compositions comprising a compound of formula (Ib), (Ic), (Ie)
or (If) or a stereoisomeric form thereof and at least one further dermatologically or
pharmaceutically active ingredient. The dermafologicaliy or pharmaceutically active
ingredients that can be used for the dermatological compositions described herein are defined
20  as the cosmetically active ingredients defined above. Dermatologically or pharmaceutically
active ingredients can be identical to the cosmetically active ingredients as deftned in this

invention.

Another subject of the present invention are dermatological compositions coniprising a
compound of formula (Ib), (Ic), (Ie) or (If) or a stereoisomeric form thereof and at least one
25  further dermatologically or pharmaceutically active ingredient characterized in that it is used
for the dermatological treatment, dermatological diagnosis or dermatological prophylaxis of

micro-inflammatory conditions.



EDC*FI CI Et 3N DVAP DCM 51n SCHEME 1 an aniline of type (1) is
reacted under inert atnosphere conditions with N -

( 3- di net hwyami@ps@pyl) - N-et hyl carbodii m de (EDC), tri@ttwd8i€o0ass
4-di net hyl am no- pyridine (DVAP) and a carboxylic acid of type (2) in
di chl oronet hane to give an am de of type (3). Amide of type (3) is
further reacted with boron tribrom de 3 di chl oronethane at -78C to
obtain the corresponding 2,4, 6-tri hydroxyphenyl of type (4). The
synthesis 10 sequence shown in SCHEME 1 |eading to conpounds |ike (4)
i s not onlnyparéenlase thet present ipNentiqn KRjates ke dermafotegiqal \copgpsitigny geEprising a

generally | l ot Rar X Ll :
5007/ 039 1%‘.%&%%@&2%8%@% 613?,5@8, (_1%369_1{ (flf)J RBEa Qféfebgbﬂgnpfo%l?ﬁereof\éﬁi at least one
further dermatologically or pharmaceutically active ingredient characterized in that it is used

for the dermatological treatment, dermatological diagnosis or dermatological prophylaxis of

5  itching and skin ageing caused by extrinsic factors.

Ageing of the skin may also be caused by a combination of intrinsic and exfrinsic factors.
Therefore, the present invention also relates to dermatological compositions comprising a
compound of formula (Ib), (Ic), (Ie) or (If) or a stercoisomeric form thereof and at least one
further pharmaceutically or cosmetically active ingredient characterized in that it is used for
10 the cosmetic and dermatological freatment and cosmetic and dermatological prophylaxis of

skin ageing caused by a combination of intrinsic and extrinsic factors.

Another embodiment of this invention is a process for the preparation of a cosmetic
composition by mixing a compound of formula (Ib), (Ic), (Ie) or (If} or a stereoisomeric form
thereof, at least one cosmetically tolerable component and eventually further cosmetically

15  active ingredients.

In particular, a process for the preparation of a cosmetic composition by mixing a compound
of formula (Ib}, (Ie), (Ie) or (If) or a stereoisomel:ic form thereof, at least one cosmetically
tolerable component and eventually further cosmetically active ingredients, wherein the
composition includes from 0.01% to 20% by weight of compound of formula (Ib), (I¢), (Ie)
20  or (If) or a stereoisomeric form thereof, based on the total weight of the composition is

subject of this invention.

A further aspect deals with a process for the preparation of a dermatological composition
by mixing a compound of formula (Ib), (Ic), (Ie) or (If) or a sterecisomeric form thereof, at
least one dermatologically tolerable component and eventually further pharmaceutically

25  active ingredients.



SCHEME 2 Cl 02NpN2N O 1 pyridine DCM Owe Li OH
THF / MeOH OMe 1 13Br3, CH2Cl2 -78C 2 H20
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Many of the compounds of the present invention may be synthesized according to the

following general synthetic schemes.

SCHEME 't
EDC*HCI
HoN »\’\/Q\n,OH BN ’\’\,(-)Y
2 OMe OCM OMe

n=123

1 BBr3 CH.Cl,
2 -78°C ,\’\
2 H,0 HO/LH \)""R“

5 In SCHEME 1 an aniline of type (1) is reacted under inert atmosphere conditions with N’-

(3-dimethylaminopropyl)-N-ethyl carbodiimide (EDC), triethylamine, 4-dimethylamino-
pyridine (DMAP) and a carboxylic acid of type (2} in dichloromethane to give an amide of
type (3). Amide of type (3) is further reacted with boron tribromide in dichloromethane at
-78°C to obtain the corresponding 2,4,6-trihydroxyphenyl of type (4). The synthesis
10 seqﬁencc shown in SCHEME 1 leading to compounds like (4) is not only reduced to Y-H
building blocks like (1) but may be generally applied to all other Y-H type building blocks.



OR In SCHEME 2 an acid chloride like (5) is reacted with an aniline
of general type (6) under basic conditions (pyridine in

di chl or onejyhape)nzé:94 f or m t he correspondi ng anilide (7).p&/EP2006/009155
Alternatively triethylam ne may be used for this reaction step. Ester
(7) is hydrolized with LiOHin MeCN or THF/ MeOH to obtain a
carboxylic acid like (8) which is further reacted with boron
tribromde in dichloronmethane at -78C to obtain after follow ng
aqueous worl cup cof aondi ng denet hyl ated acids of type (9). The
synt hesi s sequence é%@‘%ﬁ‘ in WD 2007/039114PCT/ EP2006/ 009155 - 40 -

SCHEME 2 | eading to conpounds |ikeAO)\ds qrot only rgduged to Y-H
bui | di ng bl ocks |ike (6) but nWAI | §2 e ¥o all other
Y-H type buil di ng bl ocks. Bui | dPhG)bFocke df type 0§2)>or CPS%‘ i ke
shown in schenes above nmay Oy%tjwesf’l zed |ike outlgned in the

M

fol | owi ng SCHEMES 3 to 9: SCHEMEG,,, "LYGH 16, THE / MeOH 2N

DCM
H O— R7
N e
= A\
ON__ | /K)\coza
' l O /
7
MeO”
OMe
LiOH
THF / MeOH
N o= R’
\
2 | [®) P
g 8
MeQ
OMe
1 BBi'a,I CH2C|2
78°C
2 H,0
N o—y R’
OZNA | \N\COZH
f\/ I [9] -
9
HO™
OH

In SCHEME 2 an acid chioride like (5) is reacted with an aniline of general type (6) under
basic conditions (pyridine in dichloromethane) to form the corresponding anilide (7).
5 Alternatively triethylamine may be used for this reaction step, Ester (7) is hydrolized with
LiOH in MeCN or THF/MeOH to obtain a carboxylic acid like {8) which is further reacted
with boron tribromide in dichloromethane at -78°C to obtain after following aqueous

workup corresponding demethylated acids of type (9). The synthesis sequence shown in



In SCHEME 3 guai acol (10) is selectively nitrated with 70% HNG3 in
AcOH to give nitroguaiacol (11) which is further nmethylated with

nmet hyl 1 odweeo@nds11£2CO3 in acetone to 10 give the corr@aspendisngerss
veratrol (13). Alternatively (13) is available fromveratrol (12) by
subsequent reaction with BuLi and /V, N, AP, AP-tetranet hyl et hyl ene

di am ne (TMEDA) at | ow tenperature falspawed by dinitric tetraoxide.
Subsequent reaction of (13) with Buli and TMEDA in THF fol | owed by
trimethyl borate and hydrochloric acid gives boronic acid

Bor oni ¢ SGHENTE2)cading ceompeundicise (Ph@rﬂpt ednasdicehs Vil hmi\dna% bleplied
Suzuki - § bR P%E EERAHBIRREC) BRIBng) Y E0R BulabBals )
s furt na bl AT LRI ED IS fo Wﬁ’éﬁﬁ’%&r s 3P R o i B

or MeCN bothge&mth&'\(bllb&@ﬂgﬂeHEmtdE’PZOO6/ 009155 -41- the
correspondi ng carboxylic acid (17) which is converted to a buil ding
bl ocksof type (18) by reaction with oxalyl chloride in anhydrous

di chl or onet hane. SCHEME 40 OEt0 OH 5 1n SCHEME 4 3-nitroveratrol
(13) is savNglently reacted wth Buli and TMEDA in THF fol | owed by
copper-(l)-brom de and bronpacetic acid ethyl ester to obtain the

substi t ut ec henyfmmmﬂog: ' “@?hmydest 892 whi mui, eedauntder
hydrol i zed W THFamd—Me0H—or— =@ 0
gi ve the co re@boﬁ‘tﬂ"hg car oxﬁ”i cXefeQsd (20) . OMe 2 N4 SCHEME 5 OMe

veratrol (12¥eis sel ectiveenitr AFSE wi t B¥0% HNOS in AcOH to gPNe
4- nitrovera®rol (21). Subd quent reacti of® of (21) with Buli and2
TMEDA in THF foll owed by 15tri et hyl borate asdihywdpgahkoric acid

gi ves boronic acid (22). Boronic acid (22) is reacted
2 B(OMe)s

3 aqu.HCI
B{OH)2

OMe
OMe
14

LIOH (cocly,
16 RS
THF/MeOH gy DCM

In SCHEME 3 guaiacol (10) is selectively nitrated with 70% HNO; in AcOH to give
nitroguaiacol (11) which is further methylated with methy! iodide and K;CO;j in acetone to
10  give the corresponding veratrol (13). Alternatively (13) is available from veratrol (12) by
subsequent reaction with BuLi and N, N, N’ N -tetramethylethylene diamine (TMEDA) at
low temperature followed by dinitric tetraoxide. Subsequent reaction of (13) with Buli and
TMEDA in THF followed by trimethylborate and hydrochloric acid gives boronic acid
(14). Boronic acid (14) is reacted under inert conditions with a brominated aromatic or
15  heteroaromatic ester of generell type (15) under Suzuki-type basic conditions (Pd(PPhs)s
and aqueous sodium bicarbonate in dimethoxyethane) to a biaryl of type (16). Biaryl (16)
is further hydrolized with aqueous lithium hydroxide in THI' and MeOH or MeCN to give



WO 2007/ 039114PCT/ EP2008/ 009155 - 42 - under inert conditions with a
brom nated aromatic or heteroaromatic ester of generell type (15)
under Suzukbh-hysRGeRasi ¢ conditions (13cl(PPh3)4 and aqugousp;s@ihsi:
bi carbonate in di met hoxyethane) to a biaryl of type (23). Biaryl (23)
is further hydrolized wth aqueous |ithium hydroxide in THF and MeOH
or MeCN to give the corresponding carhgxylic acid 5(24) which is
converted to a building block of type (25) by reaction wth oxalyl
chl oride in anhydrous dichl oronet hane. In SCHEME 6 the generation of

aci d bui It engreshanding(@ryoxiylic aeid (i HewhiclTseopyanted de adudding 2Ickiod type (18)

ggg;?gggf&iﬁ%@%ﬁ%%&%@ggﬁ%}é& iﬁ%%oéhd%%’jy h%"ﬁy\grormguai acol (28)

i s sel ectgopemegnitrated with 70% HNGB i nAcQd to gi ve

4- brono- 6- ni troguai acol (29) which is furthwer nethylated with megyPH
i odi de and K2LO8'Gn acedupimemvemsa gi ve t hey cof respondi ng
5-brorm-3-nveratroITl-f30). 5- br ono nitrovePdtrol (30) i

react ed undée et C t10oNsS W tdna Bet opis Wn r

(31) 5 under oB¥zuki -t%pé‘labasi c conditi Qg (Pd(P 31)%0 d §@f§jeo s e
sodi um bi carfpnat e i n zdi nrt hexyet hane) 0 a bi aryl of type (32?‘.me
Biaryl (32) is further Bydrplized with aqueous |ithium hydroxi4ke in
THF and Me011 or MeCN to gi%e the correspondi ng carboxylic acid (33)
which is converted to a building block of type (34) by reaction with

oxal iy Qekifek | AN Q55 o e Mescton with Balt and TMEDA in THF

followed by copper-(I)-bromide and bromoacetic acid ethyl ester to obtain the substituted

phenylacetic acid ethyl ester (19) which is further hydrolized with aqueous lithium
hydroxide in THF and MeOH or MeCN to give the corresponding carboxylic acid (20).

SCHEME 5 NO, . NO,
1 BuLi, TMEDA, THF
[+
Q\ OMe 70% HNO; 2 B{OMe)3 o
‘ OMe - (HO),B OMe
C:gfle AcCOH OMe 3 aqu.HCl OMe
21 22
or{mg) 3
4 OMe
P

15
Pd(PPhs), DME

Q
0.N
O 4 OMe

P
OMe 23
OMe

In SCHEME 5 veratrol (12) is selectively nitrated with 70% HNQO; in AcOH to give 4-
nitroveratrol (21). Subsequent reaction of (21) with Buli and TMEDA in THF followed by

15 trimethylborate and hydrochloric acid gives boronic acid (22). Boronic acid (22) is reacted



Acid building block (35) outlined in SCHEME 8 is generated from
5-brono-3- nitroveratrol (30) according to SCHEMES 4 and 6. WO
2007/ 039114 BGI{-FRAQP6/ 009155 - 44 - In SCHEME 9 3, 4- di pel/P%yiens!
(36) is selectively nitrated with 70 HNG3 in AcOH to give

4, 5-di net hoxy- 2-ni trophenol (37) which is further converted to the
corresponding triflate (38) with triflgaqronethylsul fonic anhydride
(Tf20) and pyridine in dichloronethane. Triflate (38) is reacted
under inert conditions with a boronic acid of 5 general type (31)
under Suzmiér-ingrpeoriditiing withnal bronunaied Mg 8) heterearoattic ssisr porcaswilype

hosphat e, ' . 3 ' Iy i .
Purther Rydruidet SRR Bt Mooy CPPLYTa gBBY sofit bibponaie in
MeCN t o glimethdhethans)rtespbindil rd tyerBo) Bidrgl @3) ds fudtber kyrdrelizedswvith aqueous

converted..t.0 ui L di.n ocC f 4 b eaction with oxalyl .
chi or de it tesdramorea Ao MR el el i 265t RPutlap JpiRy i
1- 5- ( 3- AP DoxbeR:bhvdritdap B daildnk blocReetyips (28)itg reRdtioy lwittsd@ly] CBGYide in
IS Step 1: (The following reaction is carried out in an anhydrous
N2 at mospRBYdEoys dishdargmethapey ophene- 2- yl - acetic acid nethyl ester (85)
(2.0 g, 12.8 muol) in anhydrous chloroform (9.0 nL) and gl aci al
acetic acid &9. 0 nL), add N bronosuccinitnide (2.3 g, 13.0 nmol) in
portions S5HEMEPi r the mixture for 3 d at Oxt-CBAdd water to the o _oH

reaction mi xt P2, separgt erhEer s gQ and extract the aqu. |ayer wijth
di chl or onet Wash qw{nf'b]{ned@org%m er semgpal timeSW 1M
aqu. NaCH a ter amd—once—wh bri dry—t+t—wt=Na25

Purify the crifdeOeod@3Bby preparativel radlal €t dfRtbgr aphy OMe
(Cyfli EtOAc 50Wp to obtain ( = brorm-trﬂ”(‘)ephen- 2-yl)-acetic aci @Me

met hyl ester ¢86) as awéﬁ bil (2.46%g, 81% which is used @ thout
any further purification. -1 NMR (400 MHz, CDC13): 3.71 (s, 3 H);
3.75 (s, 252 H): 6.67 (d, 1 H J= 3.8 Hz): 6.88 (d, 1 H J= 3.8 Hz).

10
In SCHEME 6 the generation of acid building block (27) is outlined. The synthesis of (27)
is analogue to that described in SCHEME 4.

SCHEME 7
Br Br ' Br
oMe —70% HNOg Mel
€ OsN OMe ——™ QN OMe
28 29 acetone 30

Pd(PPhg)s, DME

OzN
—f————
THF/ MeO
MeOH

(). 3
OH  LioH 4 OMe
P
32
OMe

15



WD 2007/ 039114PCT/ EP2006/ 009155 - 45 - Step 2: (The follow ng
reaction is carried out in an N2 atnosphere.) Ethanol (3.7 n),

tetral ci s-\hhi@hesayl phosphine) - pal | adi un(0) (289 ng, O. p')cﬁ«,mﬁ)eoﬁgg
Na2CO8 decahydrate (4.0 g, 14.0 nmmol) dissolved in water (5.2 ni) are
subsequent|ly added to a solution of 2- am no-benzeneboronic acid
hydrochl oride (910 ng, 5.25 mmol) in tgluene (52 m). Degas 5 the
reaction mxture carefully (5 tinmes) and flush with N2 again. A

sol ution of (5-bronothiophen-2-yl)-acetic acid nethyl ester (1.17g,

5. 0 mmol )in SCHEME &né b{otndguaiajoli (38 pid delgetivdbgaisrated ewitti i@%rIéN@ga'ui ﬁc()H to
times) and stir fo 2 hat 1 C,.Partition the reac Utl

bet wobn B5AL VI S TeaReelolR) e reh i pePr et fabuReRsl b

Et OAC (3 KB Sih. ackbsb t6 0tk led cokgpitiding aswﬁthrbtrmeetrarola@d) trf-bmma@d

gm’ Olrr;[at \gn@fltgiyﬁl\?ﬁ%fg%w Eltjrre%'gedsl?qitfp )(engﬁ(rgggcgpgf{s?\giﬁga boro Riacg gtelm\:/rgll rt)?p%l (gl

am nosphegpyd) sﬁim&%%nbzsw %bm%ﬁg C(P%CHJ%?%BY.J&%&&SHSO&M bRRrkAnie OWN
oil (634 ny, VR (40 ; 3.83 (s, 2
H; 3. 92dm@ho>(ybﬂlaae) tp aﬂylmyé oi?xv d32n Bigryl G276 fu er hydeplized pvith aqueous)

= 1.3 Hz

5 S G My B s g
15J2 =1 (53)H2})1ch Ex:am::drBdﬁ) Pbejiding blogk 0bfype (34) by reaction with oxalyl chloride in
5-(2-Amn ﬁeny%c)mthl ophene-2-carboxylic acid nethyl ester (90)
SCHEME 1Z70&fg TEDS %sol ve 5- Brono-t hi ophene- 2- carboxylic acid
(88) 1. 50g, 7 24mmol ) in methanol (10ni) and add conc. sulfuric acid
(0.39m, 7.24mml ) goHehied he reaction 25 mixture for 20h at 75C. Cool
m xture to rt, renove sgl vent under reduced pressure and WO

2007/ 039114PCT/ EP2006/ 00915%r- 46 - resol ve the resi da-PH Et 0AC.

Wash this organic layer 3 tixges with 5% aqu. Naf2COB8 and extract the
conbi ned aqueous | ayer wt OAc. \Aashmthe corfbi 6r gani c | ayers
with brine and dry with ~offgnove SoPvent ‘ educed pressure
and dry the residue wi t Aout ther purificat M?# inloil punp vacuum
to obtain ester (89) as a whjte solid (1.48g, 5 9299MEIHNVR (400 M-z,
CDCI3): 3.88 (s, 3 H,; 4.00 (br.s, 2 H; 6.73-6.82 ¥m 2 H);

Acid building block (35) outlined in SCHEME 8 is generated from S5-bromo-3-
nitroveratrol (30) according to SCHEMES 4 and 6.

SCHEME §
OH OH oTf
OoN O,N
70% HNO3 Tf,0 2
—— 3 —
OMe AcOH OMe pyridine. OMe

OMe OMe DCM OMe

36 a7 g

oore2)
4 OMe
(o]

H

Pd(PPhz), DME

Cl

15



7.13-7.21 (m 2 H; 7.26 (dd, 1 H Ji =7.6 Hz, .12 = 1.0 Hz); 7.78
(d, 1 H J=3.8). Step 2: LE29 (The followi ng reaction is carried
out in an ere.) Dissolve 22
Tetral ci s-‘?%rzla% e%@?phosphi ne) - pal | adi um(0) (510ng, O. 4%CT%I036/009133
ester (89) (1.97g, 8.91nunol) in DVE (16nmL), degas the reaction

m xture carefully (5 tines) and flush ath i 0 N2. Add
2-(4,4,5,5-Tetranet hy141, 3, 2] di oxabor ol an- 2-y1) - phenyl am ne (2. 15g,
9. 80nunol) and a 1 M aqueous NaHCO3 sol ution (27.0nL, 27.0nmol),
degas t hdniSEHHNIBR hi-diretboggpheml 20 sdl¢oyively nitravebvith70% HNEH imAbOH

N2. Stir ,the tur for Partit t he reacti.on sol ution
bt woen £ GRE iR AieRinel 2D BN b P ler RGO T s Restin b
Et OAc (3 ttxﬂﬂes)(38)\/\as\hﬂ100fﬁﬂmﬁﬂnahganfomd ayydvidé h (DR,0Ne aadd pyriding in
\(MS;[ |h| Elgzgjg%}org%%tlh#qz}gﬁiat% _g%)uig g‘e Oduﬁ;Ffes A%erg lcc?r?dh tmcnf;r‘gi%a taolgorrgrﬁgyacid of
Am no-sph Mémt QRIBNGrId S&i | Kasd CodldiBANHd rmﬁ i

yeIIov?/ SO |dr ( b ?jng 67°r 1HN ° 4(530 v CD%I 1@131{35% %e Rjassium

4.00 (br péosp@alq) in wiupgc)at%z Riggyl »fype \?3913Bwﬁ1( @Bnls ;f'iril;er deﬂg%f@id’“thl

2007) 030 P KRSEE LT 4GS EL %H?a‘(‘gwalf{g’%meé}@oar AR AR coifdsponding

4' | 5' - Di etbhuxic &id () véhidhi isheenyérieg- tgatrttmludyig himlmﬁ frpe (4H15)by SERERNE With

9192 oxalyl chloride in anhydrous dichloromethane.

10

Example A

Preparation of [5-(2-Amino-phenvyl)-thiophen-2-vl]-acetic acid methyl ester (87)

SCHEME 11

O\)L L
B(OH)z

NH,

Step 1: (The following reaction is carried out in an anhydrous N; atmosphere.) Dissolve
thiophene-2-yl-acetic acid methyl ester (85) (2.0 g, 12.8 mmol) in anhydrous chloroform
(9.0 mL) and glacial acetic acid (9.0 mL), add N-bromosuccinimide (2.3 g, 13.0 mmol) in
portions and stir the mixture for 3 d at rt. Add water to the reaction mixture, separate layers
20 and extract the aqu. layer with dichloromethane. Wash combined organic layer several
times with a 1 M aqu. NaOH and water and once with brine and dry it with Na;SOy4. Purify
the crude product by preparative radial chromatography (CyH/EtOAc 5+1] to obtain (5-
bromo-thiophen-2-yl)-acetic acid methyl ester (86) as a yellow oil (2.46 g, 81%) which is
used without any further purification. '"H NMR (400 MHz, CDCLy): 3.71 (s, 3 H); 3.75 (s,

25 2H):;667(d,1H,J=3.8Hz);688(d, 1H,J /=38 Hz).



9394 95 5Step 1: DKOO6 (The followi ng reaction is carried out in
an N2 at nosphere.) Dissolve

Tet r al ds- (Woi:pdyeayihphosphi ne) - pal | adi un(0) (200nmg, O. 17sPkr0@do1ss
Met hyl 3- bronobenzoate (91) (1.25ng, 5.81ntnol) in DVE (12nl), degas

the reaction mxture carefully (5 tinmes) and flush with N2. Add

3, 4- Di net hoxyphenyl boronic acid (1.25g5.6.85mvl) and a 1 M aqueous
NaHCO3 solution (17.7m., 17.7mmol ), degas the reaction to m xture
again carefully (5 tines) and flush with N2. Stir the m xture for 2h
at 95C. Padtep 2i Qrietfhlbowinggeiation 99 Eaied auibiet avedn aEn@AberaJ)cEthmbﬁ amd.),

t t

ext 2t ARASARELSEhAGNRRY RGO A0 L (ol 3Nl
crude prdéOe 149 nirhely dissédivedrit waeaStlm} atei srubsegeéntlyCAdoddethAGolEﬁd:] of &
obt ain t he .b|_ he%}/%g%glﬁ)%? )?dr | | oagégpé&gbg 3'%%%!%51{ glot(%e N%gl(ﬂgﬁ%@gas
1 H 3= 8he3rebﬁ)o.n rﬁlxﬂl&e (c%efulIyF(,S tﬂnes}aﬁd Hﬁéh w?ch l\@ a(gﬁl(ﬁ Alsdﬂltidn—onS%rdTBo-
J2 = 1.8 Hz) A—i ‘I—é dt, H Ji = Hz,

12 - 0. ghlp_al)en 27ylggcqt1& acy Hlet}\xyl e;teg( '3 g, %O ggn?lg in 10111.5113 (4M1L) IS added.
2007/ 039%55@“@5%@91@ %39%5 t1mé§ and S;h?ﬁ’mz 22 BKA1fDic SMI‘H@OFI BR reaction

bi phenyl 653 nmol gl acial acetic acid
solutmn etween EtOAc and brme a.nd extract the separated agueous layer with EtOAc (3

times). Wash combined organic layer with water and brine and dry it with Na;SO,. Purify
10 the crude product by preparative radial chromatography (CyH/EtOAc 5+1] to obtain [5-(2-

amino-phenyl)-thiophen-2-yl}-acetic acid methyl ester (87) as a brown oil (634 mg, 51%).

'H NMR (400 MHz, CDCls): 3.73 (s, 3 H); 3.83 (s, 2 H); 3.92-4.07 (br.s, 2 H); 6.74 (d,

1H); 6.76 (td, 1 H, J;=7.6 Hz, J;=13Hz); 6.92 (d, 1 H, J=3.5Hz); 7.02 (d, 1 H,

J=35Hz); 7.1t (td, 1H, J;=7.6Hz, JS,=15Hz); 723 (dd, 14H, J;=7.6Hz,
15 Jo=1.5Hz).

Example B

-thiophene-2-carboxvlic acid methyl ester (90

SCHEME 12
o 4 s\ OH MeOH _ /Qr @ @(}TOME
w & MSOy o Pd(PPha)q NHy O
90

Step 1: LE23 Dissolve 5-Bromo-thiophene-2-carboxylic acid (88) (1.50g, 7.24mmol) in
methanol (10mL) and add conc. sulfuric acid (0.39mL, 7.24mmol). Stir the reaction

25  mixture for 20h at 75°C. Cool mixture to rt, remove solvent under reduced pressure and

20



(32nm), add 70%nitric acid (1.18m, 26.30mmol) and stir the m xture
for 30mn at rt. Add slowy water (12nL) to the cooled (0C) reaction
sol ution, Woplzig7abed he precipitate and wash the filter w@ker2006/009155
carefiffly with water. Dry the filter cake wi thout further
purification in 5 oil punp vacuum foll owed by desiccator to obtain
the nitrated bi phenyl (93) as a yellawgsolid (644ng, 98% . 111 NMR
(400MHz, CDC13): 3.91 (s, 3H) 394(s 3H) 390(3, 3 H; 675
(s, 1 H,; 7.42-7.51 (m_2 H); (s (t, 1H J= 1.6 Hz);
8.05 (dt resolvifheyesidug lnrﬁztOAyew%}ltlﬁs HED Gi%rrﬁ Bmemeth 5% wivs Ngriies 1
nitratedg Pg%%ém()ﬁég aéu]eo%? er WEQEEGWQ'Waéhr{h@V% (&b é:l}llga ndyigdd

1M aqu L| 3. 5nun Stir reaction mxture at rt.
Quench r being aohdrpiwithuy @SO@dtdmmg sbbve)ungdgt taduciet] gepgsureland diy tb@tesﬁdkﬁ ca.

5L Sl eSSy B b 980 S AT, CLBRD1 S
resi dee m%mdmNm(@ne M]Em;rGIBClg}iBlSGr(s i3rH)p 400Ny 2 GL76G.80 @int2alit)y
ovso. Y adpT A e 3 s Tostad ThoY 226 e, 15 ?ﬁqr&f?ﬁ CRHELY S 59
im DI2<0|f)2 @ﬁegiflfﬁ%%%lwm& !ieéﬁlqngs 5%524 o naare ﬁtf%ﬁf"%?fﬁﬁ*ﬁakve N2

at nos phel‘r@m)m?ftﬁﬁ@n ﬁah@ﬁ%}h&%ﬁll@dnﬁﬁ(@ (§19%e, 635QHol) &n@éﬁmhé) {1 ®7g,

anhydr ous di chl oronet ha nd add anhydrous DVF (

sl ow y ORIl ylln%hmd?MEél@zémeg@ thoreagHion mixturp carelly £3 tlff@ﬁ&p?@#élﬂﬁh @mat
ca. 2QC Wzg&%cﬁz 2L 85 J@&}%TJ AL t3'f dlBQ:IboﬁH%Lﬁ W'}%nﬁﬁm%e (BlisgRes@mSon

sol vent an t’he’r esi uum to tai'n crud
4' 5 -Di mmMa@leom NaHCBls p¢ieh9ﬂ @ 7dmlh 3 Pmnedl), @lpg@éh% @a§ticmsmixtye| | ow

sl d._ No e 0gK PUGLELCANR oA v V0 2R0 T 03000 PRTLSRCOSLARSHRS
bi phenyl r&eti@t fdurion hebh@mBi@A@:Q:ﬁbi water and extract the separated aqueous layer with
EtOAc (3 times). Wash combined organic layer with brine and dry it with Na;SQj. Purify

15 the crude product by flash chromatography (silica gel, CYH/EtOAc 5+1] to obtain 5-(2-

Amino-phenyl)-thiophene-2-carboxylic acid methyl ester (90) as a yellow solid (1.41g,

67%). "H NMR (400 MHz, CDCl3): 3.88 (s, 3 H); 4.00 (br.s, 2 H); 6.73-6.82 (m, 2 H);

7.13-7.21 (m, 2 H); 7.26 (dd, 1 H,J; =7.6 Hz, /;= 1.0 Hz); 7.78 (d, 1 H, J=3.8).

20

25



9196 NC2 5 Step 1. FR631 (The following reaction is carried out
in an N2 atnosphere.) D ssolve

Tet r aki s- (Wbi2ptreayiphosphi ne) - pal | adi un(0) (217ng, 0. 19mRkp0&ndo1ss
Met hyl 3- bronobenzoate (91) (1.35ng, 6.28mmol) in DME (13nL), degas
the reaction mxture 10 carefully (5 tines) and flush with N2. Add
2, 3- D net hoxyphenyl boronic acid (1.33g7.7.28nunol) and a 1 M aqueous
NaHCO3 sol ution (19m., 19mmol), degas the reaction m xture again
carefully (5 times) and flush with N2. Stir the mxture for 22h at
100C. Partition the reaction sol uti&#®md Geen Et 0Ac and water and
extract the separat ed agueous Iayer wth EtOAc (4 tines). Wash

conbi ned Hiengsation of 416 -Dimethoxyr2 naitre hipheny)-3i-garly dorid¢Ad8D4. Purify
t he crude product by preparative radial chromatography (silica gel,
CyH Et 0Ac 3GHEME B obtain the bi phenyl (96) as a white solid (1.50g,
87% . 1H NVR (400 MHz, oCDC13): 3. 57Mg§ Hong: 90 (s, 3 H);
3 H; 6.91-6.9¢ (m 2 ; 7.11 (t /03 114PCT/EP2006/

-50- 1 H J =& , OM46 (t, 1%0 7.8 Hz); T.
7.8 Hz, .12 = 1.5 8.00 (—2+H—=+8Hz—>12 =
(t, 1 HJ =15H Step 2: FR63Zd{PPsgpNaHEdhe bi plerfy

.49g, 5.47nunol) mgl acial acetic acid (30nm), add 70% nP#ric acid
(0 76nmL, 6.04mmol) and stir the ture for 22h at rt. Pour 5t

reaction solution into jce water trate t he preci pltate and
the filter cake cawef ul ater ~Dr9M& helioh | t er %he i

further puri fqzca‘[‘gggggr'n Oi I . f ol Towed By desi ¢
obtain the nitrate NOoas a yellow solid (r\le

NVR (400 MHz, CDCL3): 371(§33H) 3.93 (s, 3
7.52 (t, | H .1= 7.7 Hz);

cocy, MO

94

5 otep 1: DKO006 (The following reaction is carried out in an N; atmosphere.) Dissolve
Tetrakis-(triphenylphosphine)-palladium(0) (200mg, 0.17mmol) and Methyl 3-
bromobenzoate (91) (1.25mg, 5.81mmol) in DME (12mL), degas the reaction mixture
carefully (5 times) and flush with N». Add 3,4-Dimethoxyphenylboronic acid (1.25g,
6.85mmol) and a 1 M aqueous NaHCO; solution (17.7mL, 17.7mmol), degas the reaction

10 mixture again carefully (5 times) and flush with N,. Stir the mixture for 2h at 95°C.
Partition the reaction solution between EtOAc and water and extract the separated aqueous
layer with EtOAc (4 times). Wash combined organic layer with brine and dry it with
NaySOy. Purify the crude product by flash chromatography (silica gel, CyH/EtOAc 5+1] to
obtain the biphenyl (92) as a yellow solid (1.27g, 80%). "H NMR (400 MHz, CDCls): 3.92

15 (s,3H);3.93(s,3H);3.95(s,3H);694(d,1H,J=83Hz); 711 (d, 1 H,/= 1.8 Hz);
7.16 (dd, 1 H,J; =83 Hz, J,=1.8 Hz); 747 (t, | H, J="7.7 Hz); 7.73 (dt, ] H,
Jy=7.6Hz,J,=09Hz), 796 (d, 1| H, /= 7.8 Hz); 8.22 (s, 1 H).



7.71 (d, 1 H .1=7.8 Hz); 7.80 (d, 1 H, J= Hz) 791(brd 1 H,
= 2.3 Hz); 8.07 (br.d, 101 H J = 7.8 Hz); 8 (br. 1 H. Step 3:
FR634 Di ss@bvwgodddepi trated bi phenyl (97) (1 29g 4. 07n|umot])20mngmglN
(100m.) and add 1M aqu Li OH (41nm, 4lnunol). Stir reaction mxture
for 22h at rt. Quench reaction m xture (cooling bath) with 2M aqu.
HCL (to get pHca. 3). Filtrate the prggipitate and wash the filter
cake carefully with water and once with EtOAc. Dry the filter cake
15wi t hout further purification in oil punp vacuum foll owed by

desi ccat or Ml&@lﬁ Iissobaxthe bipheryil (P2) 981 mes 2 39wsiajeingddcial a¢eticGei,

86% . 1HN 7.6
01 BRGNS ARG ik, O oo ddbist? dniire for Bl altt
810§ ?t HZ)i‘ddH Zlo?&y g.rﬁkgr %ML)?%&T&OIJ%M (0°T) D&clidar s2d1|ut1011 ﬁﬂtratdthﬁg%e;ﬁnt_h}tﬁ)and
= . ; . r.s, . ne .
fol | ow ngWP%’até? filigr qake g%[ﬁ@ilgav@u\%at?r f’%&’ﬁm% 38‘6 “b‘?‘ﬁfg atjon in
Di ssol ye &@Emﬁ%duﬁmaﬁuswé@%) dés\'i_&gﬁgto ébtaﬁé mmht}atembi@n (93)%3 a yeuow

di chl or onet hane n), and add anhyd | oW y oxal yl

chl ori de {@@dét‘*mg 98l NW(@@W%é:Q@ﬂp%?hﬁgﬁé’l)aﬁ 96&5= 32@63@0&?} 3a
wat er bat jy 36.’.‘% 1 ), f00. é“ég'(rfn' Qilxzir'f éd‘(s i th 9P§9t heJé@'é\’IfH}t 8.85¢dl u,

theresidu’l acu imto obtaln ude oxy- 5'-nitro

bi phenyl - Ji2534 ¢t hony 16 B4}l ori de (99) as a yellow solid. No further
purification. Exanple E WD 2007/ 039114PCT/ EP2006/ 009155 -51 -

5- ( 4- Am noSEpen KM 2 Dissohvelthd vitrated Biphanid ¢83)I(it 28a.cl. ol yi Me€Ne@@6mL)

(102) SmEl\c/i%d%ﬁM aqu LiOH (23.5mL, 23.5mmol). Stir reaction mixture for 20h at rt. Quench
reaction mixture (cooling bath) with 1M aqu. HCI (to get pH ca. 3). Extract the mixture
with EtOAc (3x), wash the combined organic layer with brine and dry with Na;SQOy.
Remove solvent and dry the residue without further purification in oil pump vacuum to
obtain carboxylic acid (94) as a yellow solid (1.14g, 80%). 'H NMR (400MHz, DMSO-

15 dg): 3.89 (s, 3 H); 3.90 (s, 3 H); 7.01 (s, 1 H); 7.53-7.59 (m, 2 H); 7.64 (s, 1 H); 7.84 (br.s,
1H); 7.93-7.98 (m, 1 H).

Step 4: DK012 (The following reaction is carried out in an anhydrous N; atmosphere.)
Dissolve carboxylic acid (94) (550mg, 1.81mmol) in anhydrous dichloromethane (13mL)
and add anhydrous DMF (1mL). Add slowly oxalyl chloride (237pl, 2.72mmol) by

20  keeping temperature at ca. 20°C with a water bath and stir for additional 3h at rt. Remove
solvent and dry the residue in vacuum to obtain crude 4°,5’-Dimethoxy-2’-nitro biphenyl-

3-carbonyl chloride (95) as a yellow solid. No further purification.

25



5Step 1. (The following reaction is carried out under exclusion of
light.) Dissolve 2- Methyl-furan-3-carboxylic acid nethyl ester (100)
(3.60n, 280%pMmbkdi14 N chl orof orm (20n) and gI aci al ace[tdﬁp;@@(iﬁqmgl
(20nL) and add NBS (6.90g, 38.8nmol) portionwi se in between a peri od
of 95mn. Stir the reaction suspension for additional 19h at rt. Add
water to the reaction mxture and extrgct the aqu. layer with

di chl oronet hane (2 tinmes), wash the 10 conbi ned organic |ayer with 2M
aqu. NaOH, water (3 times) and brine and dry it with Na2SO4 to obtain
5- Br ono- 2- net hyl - f ur an- 3- car boxyl i cExample Bet hyl ester (101) (4. 90g,
78% as a red brown oil. No further purification. |HNVR (400MHz,
CDC13): ZPréparation offi215" =Dmmhd>w-5 ity bipheryd-3¢carbonyghloriled B9 (The
fol |l owi ng reaction is carried out in a N2 at nosphere.) Dissolve
Pd(PPh3) 4 15(1.26g, 1.09mmol) and 5-Br onp- 2- net hyl - f uran- 3- car boxylic
acid nethyl ester (101) (4.77g, 21. 77trano|) in DVE (116nlL) and stir
for 15m SCGHEME 14Add 444, 4,5, 5-

Tetranet hy141, 3, 2] cl i gxabor ol an- 2-y -he m ne (5. 25 _geqmol )
fol l oned by an aqu. 1f SOdI um bi car @ 6t|on (65

65. 3mmmol ) . he-Te@si on ni xture efuIIy, f M3§SK
ti mes) and st|r4h at 9 tion
rl, renmove organig sol vent under Pe(dai@ﬁd\lqaucegsure and p
residue bet ween wat er and Et 0Ac. Extract the aqu. |layer ¥ith Et0Ac (3
times), wash the conbined organic.layer with water and brine and dry
it with Na2504. Purify the ©EMeai o] crude product by flasfve

chr omat ogr aphy ( i Cave D) t @y pbt ai meo
5-(4- Ami no-g nﬂé.z‘ne boxyle—aewd neth Ster_(1Q2)
(2. 35q, 46°/c) as Ag0el | ow B :

id.O11-1 NVR 25(400
2.60 (s, 3 H; 3.74 (br.s

H: 3.82 (s, 3 H: 664(5 H: 6.67

(dt, 1 H Jj =86 Hz, J2 =N923 1y): 742(;nﬁlt = H0g' {z, J2 =
2.3 Hz). WD 2007/ 039114PCT/ EP2006/ 009155 XAI\/PLE F
(3, 4- Di met hoxy- 5- ni t ro- phenylg@eaget i #€3si fVE 16

98

Step 1: FR631 (The following reaction is carried out in an N atmosphere.) Dissolve
Tetrakis-(triphenylphosphine)-palladium(0) (217mg, 0.19mmol) and Methyl 3-
bromobenzoate (91) (1.35mg, 6.28mmol) in DME (13ml.}, degas the reaction mixture

10 carefully (5 times) and flush with Nj. Add 2,3-Dimethoxyphenylboronic acid (1.33g,
7.28mmol) and a I M aqueous NaHCOj; solution (19mL, 19mmol), degas the reaction
mixture again carefully (5 times) and flush with N;. Stir the mixture for 22h at 100°C.
Partition the reaction solution between EtOAc and water and extract the separated aqueous
layer with EtOAc (4 times). Wash combined organic layer with brine and dry it with

15  NaySOjs. Purify the crude product by preparative radial chromatography (silica gel,
CyH/EtOAc 10+17 to obtain the biphenyl (96) as a white solid (1.50g, 87%). "H NMR
(400 MHz, CDCls): 3.57 (s, 3 H); 3.90 (s, 3 H); 3.91 (s, 3 H); 6.91-6.96 (m, 2 H); 7.11 {t,



Step 1. (The following reaction is carried out under exclusion of
light.) D ssolve the 1() al dehyde (103) (877ng, 4.15mmol) in MeOH
(30m), cogbbdzsetution to OC and add portionw se sSOoGiGinEP2006/009155
bor ohydrate (548ny, 14.49miol) in between a period of 40mn. Stir
the reaction solution for additional 70mn at rt. Cool the m xture to
0C, add slowy a IMHCL (20nL) and rempve solvent. Partition the

resi due between water and Et OAc. Extract the aqu. layer with Et0Ac (3

times), wash the conbined organic layer with brine and dry it 15 with
Na2SO4. Rdbke88dialehto(tol éiagen 'h8 Hak Teerdy ik Jardehdr. v{2f0z/l§ Hey Aetfodt,

Cochaf IR AR L- BHAIST B D e TN (G0N
L5 sl b Sl T P AL

dr oppi ng (3Gmie hddiFi#é mitain aandi@dﬁmusti Mnmbljmsqbbmrthe )mmsesﬁ)tmatrt Pour
phosphor us ulL nunol nh t ol uene

P ooms 3 n i Ao BNER s b vt Blvate TRppegeln gnd Ne e et g Ereuly
benzyl i c vathcesel. Déﬁ%)ﬁl(eicﬁ&gmﬂﬁmﬁmml purifitattehiy diiGlisng wicuen €ol(alby
and stir the reaction m xture itional 2h at 80C. _Cool, the

mi xture desieggtor tejgkiainipe wtrawd Bﬂt(ﬁ NaAid yahew sphhi 4292 &% BNV t he
reaction g Myzoeocﬁé}r; 7t (OB H)h§9 sssupes. b@tsw@@n wamr 1@«11943 %rz),

Extract the aqu. layer with E 3 tines sh t nbi ned

organi ¢ 17aildd, WH: A=walt Hﬁ):é(rﬁﬂ’ (drl FAdB Hely 79 (bﬁd H MS@@ HRls g/ gbr.d,

sol vent t;gyopt I om de (105) (2.23g, 95% as a brown
sol i Sﬁ'ﬂ lq}IlJ}rotﬁleg:H£rl ﬁgg%lllo - 11-1 5NWR (400 MHz, CDC13): 3.92 (s,

L3k ot bt gty B

8. 06mol )and add\/HGHq(lMOH]”(ﬂ)mandl mabBr St{rPedtity) mixtde fpo?2swirt Queyani de

(787mg, 12.0Q9nun .stifp.th acti i xt ur.e far_ad |onaI
0 nat 1950 o Footing efty b B e PLeh B el wiFHl et
Extract LAdtash metiitet éakercal\&fdlbr viatiDWatef ﬁldtdnﬁesi)th Bioak. Dhethe fildei aukel
organi c | ag}ggt wth a saturated sodi um bi carbonate solution (3 tines)

and bPi né" fyrther rurifieatipnng sdaamps@aeyyy fallouved by desiraten e eb®ip

reparati |
o i SESOE A QYL ) (oo S DR
96

MHz, CDCI8P:H}33:92 H)z%l (3. T%”@Lﬂ” J=37§+)‘IZ)77@6(d(h
H J=2 0tgiy 5772@ dy it i 214 a?g %%ﬁyeﬂvg‘%%zﬁt?.@gﬂgm”"e

(106) (1.35¢ ‘07nu ) in glaci etic acid wat er

(65m), dd’dlészl)} lédhos, 1dd).phuric acid (22nL) and stir the reaction
m xture for additional 18h under reflux. Extract the cool ed reaction
m xt woe \Sitgphd EW (IPhet foltew)ng wastiont heagEdbiutad aorghpious Apeatmasthiare.)

water (5 brin th.Na2SO4. Re e SO

(3. 4 0 mO Ry Ot f 6ot e s RSB aRE ity

)3/) eI6I40W sahd (idq I\gnhié%rbhh GDI\:/BIE U(rSanJgC %Moﬂow?bwﬁ?éiggﬁddmz()pﬂya%gﬁz%l) by

(br. s( > 1k pﬁptplg’zgmperam(rg at ca. IiQ)"C w'it% a \gvgtér batl|1_|)ar’1d stir for gcﬁfitionarizﬂi at rf. Remove
solvent and dry the residue in vacuum to obtain crude 2’,3’-Dimethoxy-5’-nitro bipheny!-

25  3-carbonyl chloride (99) as a yellow solid. No further purification.

Example E



WD 2007/ 039114PCT/ EP2006/ 009155 - 54 - EXAMPLE 1

(542-12- (4, 5-Di hydroxy-2-ni tro-phenyl)-acetyl am noFphenyl ) -t hi ophen-2
-yl) - acet iwo26@0de144L10) SCHEME 17 10Step 1 (The fol | mywE@ossmasiss on
i s done in an anhydrous N2 at nosphere.) Suspend EDC hydrochl ori de
(58ng, 0.30rnmol) in anhydrous dichl oronethane (1.0nL), add
triethylamne (0.042nL, 0.30mmol) andsgtir for 10mn at rt. Add

(4, 5-Di net hoxy-2-nitro- phenyl)-acetic acid (54ng, 0.22nunol) and
DVAP (8ng, 0.06mmmol) and stir for 15min. Add aniline (87) (50nyg,
0.20mmol ) and stir the reaction solution 22h at 40C. WO

2007/ 039114PCT/ EP2006/ 009155 - 55 - Partition the reaction solution
bet ween dic@rdminn=phenyd)-Znmpthidfaran-3-cayboxyli)acid meethyhestes (W3 ext r act
aqu. layer.w.th dichloronmethane (3 tinmes). Wash the conbi ned organic
| ayer wi SFHEMELS and dry with Na2SO4. Purify crude product by

preparative radial chromatography (silica gel 2 CyH Et 0Ac 3+1) to
obtai n product (108) as Xﬂel | ow 0. MeO,C
MeO,C e0,C B
[y Nes %\O (]
0 o~ TBr > 0
Pd{PPhj) 102
100 101 34 NH,
5 Step 1: (The following reaction is carried out under exclusion of light.) Dissolve 2-

Methyl-furan-3-carboxylic acid methyl ester (100) (3.60mL, 28.5mmol) in chloroform
{20mL) and glacial acetic acid (20mL) and add NBS (6.90g, 38.8mmol) portionwise in
between a period of 95min. Stir the reaction suspension for additional 19h at rt. Add water
to the reaction mixfure and extract the aqu. layer with dichloromethane (2 times), wash the

10 combined organic layer with 2M aqu. NaOH, water (3 times) and brine and dry it with
Na,SOy4 to obtain 5-Bromo-2-methyi-furan-3-carboxylic acid methyl ester (101) (4.90g,
78%) as a red brown oil. No further purification. 'H NMR (400MHz, CDCl): 2.54 (s, 3
H); 3.80 (s, 3 H); 6.53 (s, | H).

Step 2: (The following reaction is carried out in a N3 atmosphere.) Dissolve Pd(PPhj),

15 (1.26g, 1.09mmol) and 5-Bromo-2-methyl-furan-3-carboxylic acid methyl ester (101)
(4.77g, 21.77mmol) in DME (116mL) and stir for 15min at rt. Add 4-(4,4,5,5-
Tetramethyl-[1,3,2]dioxaborolan-2-yl)-phenylamine (5.25g, 23.96mmol) followed by an
aqu. 1M sodium bicarbonate solution (65.4mL, 65.3mmol). Degas the reaction mixture
carefully, flush with N3 (5 times) and stir for 4h at 95°C (reflux). Cool reaction mixture to

20 rt, remove organic solvent under reduced pressure and partition the residue between water
and EtOAc. Extract the aqu. layer with EtOAc (3 times), wash the combined organic layer
with water and brine and dry it with Na;SOy. Purify the obtained crude product by flash
chromatography (silica gel, EtOAc/CyH 1+2) to obtain 5-(4-Amino-phenyl)~2-me£hyl—
furan-3-carboxylic acid methyl ester (102) (2.35g, 46%) as a yellow-brown solid. '"H NMR

25 (400MHz, CDCl3): 2.60 (5, 3 H); 3.74 (br.s, 2 H); 3.82 (s, 3 H); 6.64 (s, 1 H); 6.67 (dt, 1 H,
Ji=8.6 Hz, J;=2.3 Hz); 7.42 (dt, 2 H, J; = 8.8 Hz, J,=2.3 Hz).



5 white solid (28nmg, 30% . 1H NWR (400MHz, CDC13): 3.75 (s, 3 H);
3.82 (s, 2 H; 3.92 (s, 2 H,; 3.94 (s, 3 H; 3.96 (s, 3 H; 6.75 (d,
1 H J= 3.\80bH)77036180-6.84 (m 2 H); 7.09 (t, 1 H J= 7eSI/ERD06/009155
7.27-7.35 (m 2 H); 7.63 (s, 1 H; 7.8 (s, 1 H, 827 (d, 1 H J=
7.8 Hz Step 2: Dissolve ester (108) (49ng, 0.10nmol) in nethanol
(1.3n1_) and THF (3.8nlL), add a 1M aqu.52Li OH solution (0.52nl,

0.52mmol ) and stir 20h at 40C. Renove solvent 10 under reduced
pressure und partition residue between Et0Ac and 1 M HCL (1+1).
Separate the aqueous |ayer and extract 3 tinmes with Et0Ac. Wash the
conbi ned BXAMRLEBH ayer with brine and dry with Na2SO4. Renpve sol vent
under reduced pressure and dry the residue w thout further
purification in oil punp vacuumto obtain crude product (109) as
l'i ght br O\N(B,et-d)imm(eﬁg@uitmsphmm%iédﬁﬂl(/f&?,) CDC13): 3.87 (s, 2 H);
392% 3.94 15 (s, 3 H; 3.96 (s, 3 H,; 6.76 (d, 1 H J= 3.3
82 (s 1 H; 6.85 (d, 1 H J=3.3 Hz); 7.09 (t, 1 H J=7.7
Hz)72@c?_| 4o 2 H; 7.63 (s, 1 H; 7.88 (br.s, 1 H, 8.28 (d, 1
H J=8.1Hz). Step 3: (The followi ng reaction is done in an
anhydr ous MN2Nat e.) Di ssol veOgh ﬂCI d (109) (4B

0.10mmol ) in a oud di oNdEBelE onet hane Om_ﬁTJ ceBt; to - 20 Br
(acet one/ i and add sToMy g JMBBF3 sol uTl on 1h

di chl or onet ane lﬁ 42nl, 0.42mml ). Stirl the reaction mixture f
addi tional 30m n t -78C. Renove coolin@¥fath and stir the reac
mxture for 1.5h"%t 0C and further 2h at™rt.. Cool reaction ni%fure
to OC, add slowy water (1 Q0mnL) under vi gorous stlrrlng Partition
the reaction m xtur etvve JAg-angywat er (1+1)~ Oz BE,H

separ at ed aquegyss ith (2 ti 25 nd he conbi ned
organic |layer with brine angbdry?wi t h Na2SO4. Renowee soRfent under
reduced pressure and purify cruggeproduct by preparativegyuBP HPLC
(gradient, water/CH3CN 95:5 to g95) to obtain 107

(5-(242- (4, 5-Di hydroxy-2-nitro-phenyl)-

acetyl am no] t henyl | -t hi ophen-2-yl)-acetic acid (110) as a

yel | ow- brown solid (10nmg, 23%. 1H NMR (400MHz, CD30D): 3.88 (s, 2
H; 3.96 (s, 2 H,; 6.83 (s, 1 H; 6.92 (d, 1 30H, J= 3.3 Hz); 6.93
I(-|(Zj5 _ | 7H45‘JS(Te 1§Thg}blioz’v1€%reﬁ£ Ol’l:l‘lS 'Elam\:.lcz' odt &dg)zaxchZroﬁ%{ dlhht )1D1|§.lxolvje‘thg 8
Hz) . 10- Qtsiehydg)(pml}l_(@lmg,tl ISmmol) in MeOH (30mL), cool the solution to 0°C and add

A

the reaction solution for additional 70min at rt. Cool the mixture to 0°C, add slowly a IM

HCI (20mL) and remove solvent. Partition the residue between water and EtOAc. Extract
the aqu. layer with EtOAc (3 times), wash the combined organic layer with brine and dry it

15 with Na;SQ4. Remove solvent to obtain the benzylic alcohot (104) (876mg, 99%) as a
brown solid. No further purification. "H NMR (400 MHz, CDCl3): 3.92 (s, 3 H); 3.95 (s,
3H); 4.68(s,2H);7.14(d, 1 H,/=18Hz);729(d, 1 H,J/= 1.8 Hz).

.Step 2: (The following reaction is carried out in a 3-necked flask equipped with reflux
condenser and dropping funnel under an anhydrous N, atmosphere.) Dissolve phosphorous
20  tribromide (800uL, 8.52mmol) in anhydrous toluene (90mL) and heat the solution to 80°C.
Add slowly a suspension of benzylic alcohol (104) (1.82g, 8.52mmol) in anhydrous
toluene (80mL) and stir the reaction mixture for additional 2h at 80°C. Cool the mixture



NH2pyri di ne CO2H 5 Step 1: (The followi ng reaction is done in an
anhydrous N2 at nosphere.) Dissolve the aniline (102) (25ny,

0. 11t r unolwyoizp7ashiydr ous di chl or omet hane (7001. 1L), add@Empstic@usiss
10pyridine (221.tL, 0.27nunol) and the carboxylic acid chloride (95)
(45ngy, 0.14mmol). Stir the reaction mxture for 3.5h at rt. Pour the
reaction mxture into ice cooled 1M agu.. HCl, extract with

di chl oronet hane (3x), wash the conbined organic |layer with brine and
dry with Na2SO4. Renove solvent to obtain the am de (111) as a yell ow
sol i d (5Xogn vétedn icdoath and hdet slpwlyiife watkr orthe tehctzdﬂl\ﬁh(tn@ﬁﬂll\drﬂt,;orﬂﬁéﬁlB)

2004 5y el petBehbpr dha B0 A% BRed? e g Jay Sk Witk GOACT el jvally 2

;. gg E'é c&rilbililled argénié ligey with. vifler anB Brigenddryllic wa;h FIQ;SSD48RP:&16W3 ﬁ)lwl'élht to

: t, 1. - - sol ve,
the est ePbEaE‘ﬂ‘? %%@rhﬁmbdq@f?ﬁ%@)23an9sﬁﬁmazbre )ﬂolacha}q\@mr(ml rifigatong g
add 1M agomRi |§ 1(44&5):5613)03 420uUnat)) 3,964, B EhHh .40 eaotiPn. 1m(&t1U1fleﬂ=9ro
40h at 40C. Renpve sol vent undér reduced pressure und partition

resi due BEWeh(dEl diad ah@HE)M HCL (1+1). Separate the aqueous |ayer

and extract 3 tinmes with Et0OAc. Wash the 5 conbi ned organic | ayer
wi t h bri néStemd: Bissolvi banziidraaule (D28 Gﬁ@molmmofb@&&e@)pﬂém@re

d d
P obt ui (o 5308188 e hasTRARE, P9l TS ifl RubugBfRaNE R
(400MHz, afdhiBehal 6§)m1r12at5’8°((,‘ greﬂexwmﬁo@me(mxmae bitwedh S2tef md BOAC; Eﬁmﬁ:@
b 7. 06 d 1.H J= 7.6, Hz
L 30, " i et it BAOAD @ i@ sheh e cotytfhed Sraahiciay S win g Styrlen
ﬂ) 3 éOJ o sdeﬁmMéarbo?xa&?so(thn $3 tu&leﬁfa)nld lbﬁn@&lc(dry 1ﬁmt11NbizSO]4(rj Purif§ thizgrirde
r.s e 1ol 1 oW reaction_1s oelnan
anhydr ou@quzc';tw%gmﬂ%twé fﬁ“%ﬁi é@%ﬁ%&ﬁ%@ﬁ%ﬁ §¥ OPEAT T tin the
0. 07mol hidife (aoé)wa%ﬁoalssm grﬁg,evm éH(Nmﬁrrhao mgobﬁdlg Soh i aqg)g

-78C and add dropwi se a | M sol ution of BBr3 in di chlororet hane
0. 28nunol?)94 (st3 1) BHE bt T @ kHu/ e 2O HzE M6 (dat 1. 786C-GR@)-af t er
slowy warmn for 15 additional 2.5h at it Cool reaction m xture

to 0G5 ad cﬁten 8p$/uss@1d/mtré¢ (1863013 5eh p 87 wmedHa slaciad pctipaeidid§3 L Do water
Separ at € 9@3[ Wsh the
conbi ned or ga)glg%@ﬁ%l V\/|"§'tst{11 g{‘ﬁé&gﬁ%ndé &h%ﬁmﬁgézag@ enove sol vent

under r edddiednabi 8ls sudee refhot. Puiract thecooldd rq:ncmiurmmny votlepEat (SuendsR

? Pk/th fng, rl?&%[s’?&{e Fe%{ﬂﬁ{i{(}?{? 95r Vg}}{]‘éj’)"ﬁ% 31)me§83nd%nne and dry it with Na;SO,.
bi phenyl Rimoae Bstvatit o @m mhﬂhewﬁ-}mtf’d plicaiftt) 3rcetiy deik (07 E( 1atmigdoqh Ld)a

o 2@§40Yi“‘w sdlig? G pethek purificatipniy it N[ (00 Hs, DMISP-40) 3 67 gy T 073 B

Hz); 7. 57, 6tH); 3.81(s, @ﬂ)77§0W)2H71§ﬁ5Q§ras,1Hj) 7.69 (d, 2 H,

25



J= 8.8 Hz): 7.78 (d, 2 H J= 8.8 Hz);

(dt, 1 H J1=8.1 Hz, = 1.4 Hz).
- 58 - EXAVBLE739114 , ,
(5-{2-1(2',3" -D hydroxy-5"-nitro-bi phenyl -

7.89 (t,
25 WD 2007/ 039114PCT/ EP20061009155

1 H J=1.6 Hz); 7.97

PCT/EP2006/009155
3- carbony1) - am nokphenyl }

-t hi ophen-2-y1) -

acetic acid (116) SCHEME 19 Step 1:

(The foll ow ng

reaction is done in an anhydrous N2 at

)sphere.) Dissolve the o

aniline (87) (100ngy, O0.40nunol)

i n anhydrous di chl or onet hane

(3.0inL), add anhydrous pyridi ne
acid chloride (99) (169ny,

20h at rt. Pour the reaction m xt

extract with dichl oronet hane (3x),

0. 53mmol ).

(80p.L, 1.01mmol) and the carboxylic
Stir the reaction m xture for
ure into ice cooled 1M aqu. HCI,
wash the conbi ned organic | ayer

with brine and dry with Na2SO4. Purify crude product by preparative

radi al cH>XonsaPagrlaphy (silica gel

the am de (114) as a yellow solid (184ng,

60PF, 15 CyH EtOAc 3+1) to obtain
85% . NWR (400 MHz, CDC13):

3.69 (s, 3(5|-'{)2r[234 EJDlhs'dr&yhﬁ—mtﬁo ﬁﬁel(ﬁ)-a&;)lﬁmuﬂ}]%eﬁﬂ} tﬁobﬁen-@-}@ysa((eﬁic
1HJ— d 1 H J=3 td, 1 H Ji= 7.6 Hz,
J2 = oar% % 38- 7 44 (m WD 2007/ 039114PCT/ EP2006/ 009155 -59- 2
;753&5‘&“%{,'—77&) 7.68 (dt, 1 H Ji= 7.8 Hz, .12=1.3
778% J1= 7.8 Hz :1.3HZ) LHSO(d 1HJ—2%
Hz)788(d 1HJ—25Hz)7‘3_LO 3.0 Hz); 8. 3\(br.j,
1 H: 8.51 (d, 1 = 8.6 H). g OMe
MeO NO3
OMe o~ NH
EDC, DMAP
NH2 EtsN 0
87 NG,
MeQ
108 OMe
0
7\ .
S OH
LiOH NH LT
108 ——————
0 T om0
NO2
MeO
103 OMe 110 OH

10

Step 1 (The following reaction is done in an anhydrous N, atmosphere.) Suspend EDC

hydrochloride (58mg, 0.30mmol) in anhydrous dichloromethane (1.0mL), add
triethylamine (0.042mL, 0.30mmol) and stir for 10min at rt. Add (4,5-Dimethoxy-2-nitro-

phenyl)-acetic acid (54mg, 0.22mmo

1) and DMAP (8mg, 0.06mmol) and stir for 15min.

Add aniline (87) (50mg, 0.20mmol) and stir the reaction solution 22h at 40°C,



Step 2: Dissolve the ester (114) (184ngy, 0.34mol) in MeCN (5 Onl)
and MeOH 5 (2.0nL) and add 1M aqu LiOH (1.7nL, 1.7mmol). Stir the

reacti on my¥tbg®sdi@f 20h at rt. Renove sol vent under regueggogfeasilr e
und partition residue between Et0OAc and 1 M HCL (1+1). Separate the

aqueous | ayer and extract 3 tines with Et 0OAc. Wash the conbi ned
organic layer with brine and dry wths§a2SO4. Renove sol vent under
reduced pressure and dry the residue w thout further purification I n
oi | punp vacuumto obtain 10 crude product (115) as | ight yell ow

(gl | c21 (H) 1 Saritjiondhramection solutinyRetpgendighleronctizgppn watps(l(*sl) sgpapte lgyegs
$55 oy oot G ihyp) v gl tnetlard g e Hddflie cybinddbrgidlay™_
(765 Hi H:w@ h;mgzyd dm_x@zth gla@a._( Byrify c[ﬂ)d;e éﬁodxet lé)dprega}rht,wc]mdlalrl SHz)1 Z|580
St ep 5 ehoRRIORRY il BORE CATRIOAC LT by sidish 87 g Fenos-
il ks om0,
cr o 96 2401 H08 4 diort S8 Bt 57 @1 CHh 6F arkti he0 b GR 2 B @%"’I

Stir they eacthon), mxﬁww(rhoz H;ms:n(sat ;B89 @snelx-gfg@'f& & h e = WaIH)

up for additional 2h at rt reaction mxture to 0C add dropvm se

wat er and ﬂb@bl Qrss)dmé 5305188 (ﬁ E%Q}"ﬁgmﬁéﬂ) Em&%m‘ﬁ%p%@ @nd ’ﬁﬁmggﬁms

| ayer and extract times wth he conbi ned organic | ayer

with brinaddaii %ﬂuyletI IolMEi O (143 2nie PpiZanmaed) Mﬁtlf@ﬂhléﬂ(}@dﬁé@@vm@%r e

%?eﬁy Még‘(ﬂ@ cf%r%géﬁg{;@pa%:gci‘}?{eéihﬁevl%ul?@én'fbﬁc(a%%%erﬁt:l (1+1). Separate
(5-{2- [ ( 2he Bueddistigpeir and/ebtacni times with FieDt - Wasiethb corgbinedoiganik lpfeenith| t
e i S MR S 3R B 2

; ii E?d ulxtlﬂdﬁt fliBerpukifipatio. i3 6il(puehp vhcldm td c;b%aélgchdglgro(dh&(:tosl)ﬁ lidh)
776 (m owo Sol (@snas i H VIR LML GOR) 38735 2 1 gy 2 ;55
2007/ 1@393544,3@% 56’%9@@11}3@%5{5 I'HG.Q—G %V@Isﬁ(éll H); 685 (d 1 H J=3.3 Hz);

4' |5 é(y roxy-2'-nitro-b g - car oxyllc aci d }}/ am de 117)
SCHEMVE 2309 (t, IHJ 7.7 Hz):; 7.2 735(m 2H),763(s 1 H); 788(brs 1H),8.28(d

J=8.1Hz).

Step 3: (The following reaction is done in an anhydrous N, atmosphere.) Dissolve

carboxylic acid (109) (48mg, 0.10mmol) in anhydrous dichloromethane (3.0mL), cool to —

20  78°C (acetone/ dry ice) and add slowly a 1M BBir; solution in dichloromethane (0.42mL,
0.42mmol). Stir the reaction mixture for additional 30min at —78°C. Remove cooling bath
and stir the reaction mixture for 1.5h at 0°C and further 2h at rt.. Cool reaction mixture to
0°C, add slowly water (1.00mL) under vigorous stirring. Partition the reaction mixture
between EtOAc and water (1+1). Extract the separated aqueous layer with EtOAc (2 times)

25  and wash the combined organic layer with brine and dry with Na;SOs. Remove solvent
under reduced pressure and purify crude product by preparative RP HPLC (gradient,
water/CH3;CN 95:5 fo 5:95) to obtain (5-{2-[2-(4,5-Dihydroxy-2-nitro-phenyl)-
acetylamino]-phenyl}-thiophen-2-yl)-acetic acid (110} as a yellow-brown solid (10mg,
23%). '"H NMR (400MHz, CDsOD): 3.88 (s, 2 H); 3.96 (s, 2 H); 6.83 (s, 1 H); 6.91(d, 1

30 H,J/=33Hz);693(d,1H,J=35Hz);7.23(,1H,/=75Hz);735(,1H,J="7.8 Hz);
7.45(d, 1 H,/="7.8 Hz); 7.66 (s, 1 H); 7.85(d, 1 H,/=8.1 Hz).



OH 54' ,5' - Di hydroxy-2'-nitro-bi phenyl - 3-carboxylic acid phenyl am de
(117) is made starting fromaniline and carboxylic acid chloride (95)
accordi ng wo 2ndmspnecedur e descri bed above in steps 1 awch/Bp20ds/009155
EXAMPLE 3 to obtain 4',5"-Di hydroxy-2'-nitro-biphenyl -3-carboxylic
acid phenylam de (117) (2.4ng, 10% over 2 steps) as a brown solid.
1IHNVR (400 MHz, CD30D): 6.84 (s, 1 H)-562.19 ( br.t, 1 H J= 7.5 Hz);
7.39 (br.d, 1 H J=8.1Hz); 7.41 (br.d, 101 H J= 7.6 Hz); 7.48 (dt,
1 H Ji= 7 6 Hz J2 = 1 3 Hz); 7.57 (t, 1 H J=7.7 Hz); 7.57 (s, 1
H); 7.70EXAM Fn 7.88 (t, 1 H J= 1.5 Hz); 7.97 (br.d, 1 H,
J=17.8 Hz) EXANPLE 5 15

(5-{2-[(4- MéthstJrﬂmm@h=,ﬂLdihgadxbk)nB@aws=@arda91);éir)im§gﬂnaﬁ}1;mi@msl-}
-thi opheQar%oy)lr)c-ac 13c acid (118) WO 2007/ 039114PCT/ EP2006/ 009155

-61 - Clg%% (5 {24(4 ',5'

- Di hydr oxy- Z2"-ni'tro-bi phenyl- 3- car bony1) - am no] COakenyl }

-t hi ophen-2-yl)- acetic acid (118) is_made ng fromam ne (87)
and carboxeop@ acid chl ori ' i he procedure
descri bed abowe.jn steps 110
[(4',5 -D

Y \n.3- @ar bony1l) - apiy

-phenyl} t hi opb n= -acetic gxid 2’(118) (I'4nyg,

a yell ow soli dgz 1H 400 M—Iz,p%OD) 3.85 (s, H); @83 (s, 1
I1); 6.97 (d, 1 H J= 3MNsizHz); 7.17 (d, 1 H J= 3.5HN
H = 7.6 Hz, 12=15Hz)743(td|H,.11=7.6Hz
Hz) ; 747(br H 10J= 7.6 Hz); 7.55 (t, 1 = 7.6
(s, 1 H, 764( H .11=. 7.3 Hz, .J2= 109&'3]

= 111 OMe
b4
O O
HN O,N HN O,N
LioH 1) BBry :
111 — [ U——
OMe 2) H,0 OH
112 OMe 13 OH

Step 1: (The following reaction is done in an anhydrous N; atmosphere.) Dissolve the

aniline (102) (25mg, 0.11mmol) in anhydrous dichloromethane (700uL), add anhydrous

10 pyridine (22uL, 0.27mmol) and the carboxylic acid chloride (95) (45mg, 0.14mmol). Stir
the reaction mixture for 3,5h at rt. Pour the reaction mixture into ice cooled 1M aqu. HCI,
extract with dichloromethane (3x), wash the combined organic layer with brine and dry
with Na;SO4. Remove solvent to obtain the amide (111) as a yellow solid (51mg, 91%).
No further purification. 'H NMR (400MHz, CDCl3): 2.64 (s, 3 H); 3.84 (5,3 H); 3.96 (s, 3

15 H);3.99 (5,3 H); 6.78 (s, 1| H); 6.83 (5, 1 H); 7.44 (dt, 1 H, J; =8.1 Hz, J> = 1.4 Hz); 7.53
(t, 1 H,J=7.7 Hz); 7.60-7.69 (m, 5 H); 7.79-7.83 (m, 2 H); 7.85(dt, 1 H, J; = 7.8 Hz, J; =
1.4 Hz).



7.69 (d, 1 H .1=7.6 Hz); 7.83 (br.s, | H: 7.93 (br.d, 1 H J= 7.6
Hz) . EXAMPLE 6

155- 12- [ ( 4yo3oa7igsdiydr oxy-2' - ni tro- bi phenyl- 3- car bony1) - @R hochesiys
-thlophene 2 carboxylic acid (119) - 62 - SCHEME 22CH

5-{2-[(4",5" -D hydroxy-2'-nitro-bi phenyl- 3-carbonyl)-am no] - phenyl}-t
hiophene-2- carboxylic acid (119) is n@de starting from am ne (90)
and carboxylic acid chloride (95) 5 according to the procedure

descri bed above in steps 1 and 3 of EXAMPLE 3 to obtain 5-

{2-] (4", 5'Step Ryldissniye die-estet (1o biSpmend. [IOeroHrim&?HFJ@rOmﬁ)muﬁi M A dmihi

ophene- 2. qver st.e V&b oW
col . 1 P BTk GRLAo b, Bgshitishy SRR HElogon YRR oRSoduBG2"
Hz) ; 7. 4Rehod8 sd¢lnent anddr; rcd’uc?d p(edfhre ﬂnd-bartlﬁdh—reﬁdﬁe bdtwednEO Ak ahdHZAYL,
; ESHgd P@?WJ_)ESepagater aqueous la er F and extlracl?)?a tirr71é59\§it}$ EtrOAgé Vg’asll_l| the10 J=
{2-[(2 %om@ln@&'g %@m-léyer R M R 8RNt IBNERI) ORYhd veaddl el adRe iithéedt hi
ophene-2- carb X c acid (120) 15
pressure and dry the res1due w1thout further purification in oil pump vacuum to obtain
crude product (112) as a yellow solid (35mg, 70%.). '"H NMR (400MHz, DMSO-dg): 2.58
(s, 3 H); 3.91 (s, 3 H); 3.92 (s, 3 H); 6.99 (br.s, 1 H); 7.06 (s, 1 H); 7.53 (br.d, 1 H,J=
7.6 Hz); 7.59 (, 1 H, J=7.7Hz);, 7.67 (5, 1 H); 7.68 (d,2 H, J= 8.6 Hz); 7.84 (d, 2 H,

10 J= 8.6 Hz),7.93 (br.s, 1 H,); 7.98 (br.d, 1 H, /= 7.8 Hz); 10.38 (br.s, 1 H).

Step 3: (The following reaction is done in an anhydrous N, atmosphere.) Dissolve
carboxylic acid (112) (35mg, 0.07mmol) in anhydrous dichloromethane (1.3mL), cool the
solution to —78°C and add dropwise a 1M solution of BBr; in dichloromethane (280pL,
0.28mmol). Stir the reaction mixture for 10min at —-78°C and after slowly warming up for

15 additional 2.5h at rt. Cool reaction mixture to 0°C, add dropwise water and
dichloromethane followed by EtOAc. Separate the aqueous layer and extract 3 times with
EtOAc. Wash the combined organic layer with brine and dry with Na;SQ4. Remove
solvent under reduced pressure and purify crude product by preparative RP HPLC
(gradient, water/CH3CN 95:5 to 5:95) to obtain 2-Methyl-5-{4-[(2’-nitro-4’,5°-dihydroxy-

20  biphenyl-3-carbonyl)-amino]-phenyl}-furan-3-carboxylic acid (113) (8mg, 24%)} as a
yellow solid. '"H NMR (400 MHz, CD3;0OD): 2.65 (s, 3 H); 6.82 (s, 1 H); 6.92 (s, 1 H); 7.48
(dt, 1 H,/i =7.8 Hz, 2, =14 Hz); 7.57 (t, 1 H,J="7.7 Hz); 7.57 (s, 1 H); 7.69 (d, 2 H,
J=88Hz);7.78 (d,2 H, /J=8.8 Hz); 7.89 (t, | H,J= 1.0 Hz); 7.97 (dt, | H, /1 = 8.1 Hz,
J, = 1.4 Hz).

25



SCHEME 230H - 63 -

5-{2-[(2'-3"-Di hydroxy-5'-nitro-bi phenyl - 3- car bonyl ) - am no] - pheny1} -t
hi ophene- 2y0GaiRhexyti c acid (120) is made starting from@EtMGosio98ss
and carboxylic acid chloride (99) according to the procedure

descri bed above in steps 1 to 3 of EXAMPLE 3 to obtain 542-

[(2'-3"-D hydroxy-5"-nitro-bi phenyl- 3:%@rbony1)-anino]-phenyl}

-t hi ophene-2-carboxylic 5 acid (120) (17nmg, 15% over 3 steps) as a
yellow solid. H NVR (400 MHz, CD30D): 7.36 (d, | H, J= 4.0 Hz); 7.44
(td, 1 HEXAMPEEG Hz, J2 = 1.5 Hz); 7.51 (td, 1 H =7.6 Hz, J2= 1.5
Hz); 7.59-7.67 (m 2 H); 7.69-7.75 (m 3 H,; 7.86-7.97 (m 3 H); 8.21

(br. 5

10(5- {24éi ég[%xéw%ﬁr ROXY-% Thirp biphepyl-3. E3“"’“c"e)t““'i"nror] Pagy L tierben-2a: phe
n-2-yl)-acetic aC| (121) SCHEME 24

(5-{242- (3, 4- Di hydr oxy-5-nitro-phenyl) - acetylanlnol phenyi | -t hi ophen-
2-y1) - aceldiepcyd 15(121) is nede starting fromamne (87) and
carboxylic aC|d chl oride (107) according to the procedure des@gebbed
above in steps 1 to 3 of EXAMPLE 1 tbtaln (5-{242- (3, 4-

Di hydr oxy- 5-ni t ro-phenyl) - acé&Ryani molghe 1 | -t hi ophen- 2-y1)-ac
gellow solid. I1-1 NWR (

MHz, CD30D 2>09s 3. 81 . 6.83-6.89 (m 2 H);
(br.s, 1 H 27 (td, 1 H J,_=¢ 12 = 1.5 Hz); ) (éd
H = 7.7 Hz 32N 1.5 Hz); 7.48 (@gaind FI, . 1lom
Hz); 7.55 (S, 1 H); 7.69
0}
OMe 114
HO HO
O 0]

LioH

prd
o
\
[;
i)
o
ZT
w
\

Step 1: (The following reaction is done in an anhydrous N; atmosphere.) Dissolve the

10 aniline (87) (100mg, 0.40mmol) in anhydrous dichloromethane (3.0mL), add anhydrous
pyridine (80uL, 1.01mmol) and the carboxylic acid chloride (99) (169mg, 0.53mmol). Stir
the reaction mixture for 20h at rt. Pour the reaction mixture into ice cooled 1M aqu. HCI,
extract with dichloromethane (3x), wash the combined organic layer with brine and dry
with Na;SO;. Purify crude product by preparative radial chromatography (silica gel 60PF,

15  CyH/EtOAc 3+1) to obtain the amide (114) as a yellow solid (184mg, 85%). '"H NMR
(400 MHz, CDCls): 3.69 (s, 3 H); 3.71 (s, 3 H); 3.86 (s, 2 H); 4.00 (s, 3 H); 6.98 (d, 1 H,
J=3.3Hz); 7.03 (d, 1 H,J=3.5Hz); 7.17 (td, 1 H, J;=7.6 Hz, 2 = 1.0 Hz); 7.38-7,44 (m,



(br.d,

1 H J=8.1Hz). W 2007/039114PCT/ EP2006/ 009155 - 64 -

Results from sLOTSA: |1 Clp_ Data for E-/ P-/ L-Selectin Conpound | C50

E- Sel ect i qwblzj}d?,ogﬂ@p P-Selectin [MM 1C50 L-Sel ectin [ RMy/dpkfocr0siss
5.2 8.7 118 - 39.2 119

10

20

25

30

-59-

2 H); 7.53 (t, 1 H,J= 7.7 Hz); 7.68 (dt, 1 H, J;=7.8 Hz, J» = 1.3 Hz); 7.78 (dt, 1 H,
Ji=7.8Hz, =13 Hz); 7.80 (d, 1 H, J=2.5 Hz); 7.88 (d, 1 H, J=2.5 Hz); 7.91 t, | H,
J=3.0 Hz); 8.43 (br.s, 1 H); 8.51(d, 1 H, J= 8.6 Hz).

Step 2: Dissolve the ester (114) (184mg, 0.34mmol) in MeCN (5.0mL) and MeOH
(2.0mL) and add 1M aqu LiOH (1.7mL, 1.7mmol). Stir the reaction mixture for 20h at rt.
Remove solvent under reduced pressure und partition residue between EtOAc and 1 M
HCI (1+1). Separate the aqueous layer and extract 3 times with EtQOAc. Wash the
combined organic layer with brine and dry with Na,SO4. Remove solvent under reduced
pressure and dry the residue without further purification in oil pump vacuum to obtain
crude product (115) as a light yellow solid (183mg, quant.). 'H NMR (400 MHz, CD;0D):
3.78 (5,3 H); 3.85(s,2 H); 4.07 (5,3 H); 6.98 (d,  H,J=3.5Hz); 7.19(d, | H,
J=35Hz); 738 (4d, 1 H, J; =7.5Hz, /, = 1.3 Hz); 744 (td, 1 H, J, = 7.7 Hz,
J=1.5Hz);,7.61-7.68 (m, 2 H); 7.73 (d, 1 H, J=8.1 Hz); 7.80 (dd, 1 H, J;= 7.6 Hz,
J»= 1.3 Hz); 7.94-8.02 (m, 3 H): 8.10 (br.s, 1 H).

Step 3: (The following reaction is done in an anhydrous N; atmosphere.) Dissolve
carboxylic acid (115) (70mg, 0.14mmol) in anhydrous dichloromethane (1.4mL), cool the
solution to —78°C and add dropwise a 1M solution of BBr; in dichloromethane (810uL,
0.8 1mmol). Stir the reaction mixture for 10min at —78°C and after slowly warming up for
additional 2h at rt. Cool reaction mixture to 0°C, add dropwise water and dichloromethane
followed by EtOAc. Separate the aqueous layer and extract 3 times with EtOAc. Wash the
combined organic layer with brine and dry with Na;SO4. Remove solvent under reduced
pressure and purify crude product by preparative RP HPLC (gradient, water/CH;CN 95:5
to 5:95) to obtain (5-{2-[(2’,3’-Dihydroxy-5’-nitro-biphenyl-3-carbonyl)-amino]-phenyl} -
thiophen-2-yl)-acetic acid (116) (12mg, 18%) as a brown solid. '"H NMR (400 MHz,
CD3;0D): 3.84 (s, 2H); 699 (d, 1 H, /=28 Hz); 7.19 (d, 1 H, J=3.5Hz); 7.37 (td, 1 H,
Ji=78Hz, J,=15Hz) 744 (td, | H, J1= 7.7 Hz, /, = 1.5 Hz); 7.58-7.65 (m, 2 H); 7.72-
7.76 (m, 2 H); 7.86-7.97 (m, 3 H); 8.16 (br.s, 1 H).



272.0 11.0 17.1 120 - 4.6 6.6 5 Data from Fl ow Chanber Assay for E-
and P-Sel ectin Val ues are given as normalized ratios of

% i nhi bi ti Q@ pf7eeePouUnd x divided by % 10i nhibition OfcHEFRERMBSE-
Compound E-Selectin [Ratio] P-Selectin [Ratio] 110 1.00

-60 -
EXAMPLE 4

4,5’ -Dihydroxy-2’-nitro-biphenyl-3-carboxylic acid phenylamide (117)

SCHEME 20
NOz
HO :
OH

5 4,5 -Dihydroxy-2’-nitro-biphenyl-3-carboxylic acid phenylamide (117) is made starting
from aniline and carboxylic acid chloride (95) according to the procedure described above
in steps 1 and 3 of EXAMPLE 3 to obtain 4°,5°-Dihydroxy-2’-nitro-biphenyl-3-carboxylic
acid phenylamide (117) (2.4mg, 10% over 2 steps) as a brown solid. 'H NMR (400 MHz,
CD;0D): 6.84 (s, 1 H); 7.19 (br.t, 1 H, J=7.5 Hz); 7.39 (br.d, 1 H, J= 8.1 Hz); 7.41 (br.d,

10 1H;J=7.6Hz),748(dt,1 H, /1 =7.6 Hz, L, =13 Hz), 7.57 (t, 1 H, J= 7.7 Hz); 7.57 (s,
1 H); 7.70-7.75 (m, 2 H); 7.88 (t, 1 H,J=1.5Hz); 7.97 (br.d, 1 H, J= 78Hz)

EXAMPLE 5

15

(5-{2-{(4’,5°-Dihydroxy-2’-nitro-biphenyl-3-carbonyl})-amino]-phenyl } -thiophen-2-yl)-
acetic acid (118)



1.26 113 1.37 1.30 116 1.23 1.32 117 n.s. 0.83 118 0.84 1.19 WO
2007/ 039114PCT/ EP2006/ 009155 - 65 - Conpound E-Sel ectin

10

15

WO 2007/039114 PCT/EP2006/009155
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SCHEME 21 HO

ra
O
X
ZT
72}
\

(5-{2-[(4’,5’-Dihydroxy-2’-nitro-biphenyl-3-carbonyl)-amino]-phenyl } -thiophen-2-yl})-
acetic acid (118) is made starting from amine (87) and carboxylic acid chloride (95)
according to the procedure described above in steps 1 to 3 of EXAMPLE 3 to obtain (5-{2-
[(4’,5’-Dihydroxy-2’-nitro-biphenyl-3-carbonyl)-amino]-phenyl } -thiophen-2-yl)-acetic
acid (118) (14mg, 29% over 3 steps) as a yellow solid. 'H NMR (400 MHz, CD;0D): 3.85
(s,2H);6.83 (5,1 H);6.97(d, 1 H,J=3.5Hz); 7.17(d, | H,J=3.5Hz); 7.37 (td, 1 H,
J1=76Hz,,=1.5Hz) 743 (td, 1 H,J; = 7.6 Hz, /, = 1.8 Hz); 7.47 (br.d, | H,
J=76Hz);7.55(,1 H,J=7.6Hz), 7.56 (s, 1 H), 7.64 (dd, 1 H, J; = 7.3 Hz, », = 1.0 Hz);
7.69(d, 1 H,J=7.6 Hz); 7.83 (br.s, 1 H); 7.93 (br.d, 1 H, J= 7.6 Hz).

EXAMPLE 6

5-{2-[(4’,5°-Dihydroxy-2’-nitro-biphenyl-3-carbonyl)-amino]-phenyl } -thiophene-2-
carboxylic acid (119}



[Ratio] P-Selectin [Ratio] 119 0.86 1.67 120 1.01 1.72 121 0.98 0.89
The conpounds referred to in the follow ng SCHEME 10 are those

conpounds wefait@ee1§0 5 as the particularly preferred camperagiioeiss
herein. WD 2007/039114 SCHEME 10 a
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SCHEME 22 OH
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5-{2-[(4’,5°-Dihydroxy-2’-nitro-biphenyl-3-carbonyl)-amino]-phenyl } -thiophene-2-
carboxylic acid (119) is made starting from amine (90) and carboxylic acid chloride (95)

5 according to the procedure described above in steps 1 and 3 of EXAMPLE 3 to obtain 5-
{2-[(4*,5’-Dihydroxy-2-nitro-biphenyl-3-carbonyl)-amino}-phenyl }-thiophene-2-
carboxylic acid (119) (6mg, 8% over 2 steps) as a yellow solid. "H NMR (400 MHz,
CD;0D): 6.84 (s, 1 H); 7.35(d, 1 H,J=3.8 Hz); 7.41-7.63 (m, 6 H); 7.71 (dd, 1 H,
Ji=78 Hz, 2 =13 Hz); 7.75(d, 1 H, J=13.8 Hz); 7.86 (br.s, 1 H); 7.93 (br.d, 1 H,

10 J=7.6 Hz).

EXAMPLE 7

5-{2-[(2’-3’-Dihydroxy-5’-nitro-biphenyl-3-carbonyl)-amino]-phenyl} -thiophene-2-
carboxylic acid (120)

15
SCHEME 23

OH 120
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5-{2-[(2’-3’-Dihydroxy-5’-nitro-biphenyl-3-carbonyl)-amino]-phenyl } -thiophene-2-
carboxylic acid (120) is made starting from amine (90) and carboxylic acid chloride (99)
according to the procedure described above in steps 1 to 3 of EXAMPLE 3 to obtain 5-{2-
[(2°-3’-Dihydroxy-5’-nitro-biphenyl-3-carbonyl)-amino]-phenyl} -thiophene-2-carboxylic
acid (120) (17mg, 15% over 3 steps) as a yellow solid. "H NMR (400 MHz, CD;0D): 7.36
(d,1H,/=40Hz); 744 (td, 1 H, /;=7.6 Hz, /,=1.5 Hz); 7.51 (td, 1 H, /1 = 7.6 Hz,

J, = 1.5 Hz); 7.59-7.67 (m, 2 H); 7.69-7.75 (m, 3 H); 7.86-7.97 (i, 3 H); 8.21 (br.s, 1 H).

EXAMPLE 8

(5-{2-[2-(3,4-Dihydroxy-5-nitro-phenyl)-acetylamino]-phenyl}-thiophen-2-yl)-acetic acid
(121)

SCHEME 24
0O
[\
S OH
NH
O
HO NO,
121 OH

(5-{2-[2-(3,4-Dihydroxy-5-nitro-phenyl)-acetylamino]-phenyl} -thiophen-2-yl)-acetic acid
(121) is made starting from amine (87) and carboxylic acid chloride (107) according to the
procedure described above in steps 1 to 3 of EXAMPLE 1 to obtain (5-{2-[2-(3,4-
Dihydroxy-3-nitro-phenyl)-acetylamino]-phenyl}-thiophen-2-yl)-acetic acid (121) (8mg,
10% over 3 steps) as a yellow solid. "H NMR (400 MHz, CD;0D): 3.65 (s, 2 H); 3.81 (s,
2 H); 6.83-6.89 (m, 2 H); 7.17 (br.s, 1 H); 7.27 (td, 1 H, J, = 7.6 Hz, ., = 1.5 Hz); 7.36 (td,
1H,J1=77Hz, ,=15Hz); 748 (dd, 1 H, J, =7.8 Hz, J, = 1.5 Hz); 7.55 (s, 1 H); 7.69
(br.d, 1 H,J=8.1 Hz).

0
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Results from sLe*FSA: ICs, Data for E-/ P-/ L-Selectin

Compound | ICsq E-Selectin [uM] | ICso P-Selectin [uM] | ICso L-Selectin [uM]
116 3083 5.2 8.7
118 - 19.2 39.2
119 272.0 11.0 17.1
120 - 4.6 6.6

Diata from Flow Chamber Assay for E- and P-Selectin

Values are given as normalized ratios of %-inhibition of compound x divided by %-

10

inhibition of bimosiamose.

Compound E-Selectin P-Selectin
[Ratio] [Ratio]
110 1.00 1.26
113 1.37 1.30
116 1.23 1.32
117 IS. 0.83
118 0.84 1.19




02N 71 NO2 OHN 0 JOH 0O HO OH OHHON 2 0OOH HO OH 76 OH

WO 2007/039114 PCT/EP2006/009155
-65 -
Compound E-Selectin P-Selectin
[Ratio] {Ratio]
119 0.86 1.67
120 1.01 1.72
121 0.98 0.89

The compounds referred to in the following SCHEME 10 are those compounds referred to

5  as the particularly preferred compounds herein.
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Sialyl Lewi sx Tyrosine Sulfate Assay (sLex TSA): Conpounds of the
present invention are assayed on a nolecular level for their ability
to inhibi tyhhgREAGI ng of P-, L-, or E-selectin chinerig-Bheghassto
sLex and tyrosinesul fate residues linked to a polymeric matrix as a
PSGL-1 substitute. Selected 1C50-val ues are 5determned. Mcrotiter
plates are coated overnight in carbonghe buffer pH9, 6 with goat anti
human Fc i nA13 (10 ug/nml). After washing in assay buffer (25naM

4- (2- hydroxyet hyl)-1- piperazi neethartesul fonic acid (HEPES), 150nM
NaCl , 1mﬂi@¢bmﬁﬁgrd§inaﬁnlfdjé Asdayr{sLe IFADOVIi ne serum al bt uni n ( BSA)
in assay buffer) plates are incubated for 2h at 37C wth to human

P- Sel ect iGmimGﬂdshiﬂthe @rc{seutﬁﬁk&mienpm@adsaﬁdwnlﬁﬁ@dmia) lovel Burntheir ability to

L- Sel ectl a cLi ve

. Sel ect MR EeCHIES a7 P ls1 b FoBlett Pomeye PRtaIons Loy osippfate
-tyrosi neesame& dinRed &) uwyﬁ@m shatrix1 804 PEIGLC BR)bNgutd. SSeledt@K ICsH AHues are
Tyrosi ne-sul fate and 5% biotin is conplexed with 20111

St rept5aV|dﬁﬁeHPé‘F‘é)X| dase solution (1mg/nml) and 250 assay buffer without
CaCl 2. For use in the ass 15 the ligand conplex is diluted 1:10000
i n assay Mygrofigr paies 4a ﬁpﬁeal oggrpighk i carbongfe fign pYIP Hgwihngastantigfuman Fe

compoundsy Al 2 Qe Riel Nihshirk? OYBQsaT NbrrtF Xolhr | £ ARG

wel | s precoat E- or tin ter 1ncu
37C, wel Ipipesazineothstiesudl férde agid (HEPESS, 140miM NaCé,sbaM Safk e Hcind bodddEYo

10- 15m n Qe 98 gt APulRIRSALiT it IR e Bl ko wi

substinat éumah lR-BﬂactﬁnliCBtlﬁmpad (006 ka1 26)éb3:dtzka Iflﬂ(ﬁ@lmLB@u rtdinsAnek-Selectin-

-Tyrosin fate i d conpl i d ned a i opt.i.cal
damer by St (b ARIGHERIR R shiah) & Bt e Yuda bR i
Packar d B&s@&&iv@l}cﬁ’zlngnﬂ, lsghof Sed* Negisine Ellﬁ‘ﬁé mgmﬂmﬁ@@yng/m@e&ahymg
Adhesi on and Raql Fl ow Condi tions_ 25 To assess

capabi | i tly” ‘bFLfboreréuFWé’S% spiide ind 8| Bioty afdpwaplﬁmﬁew@y%h {treptavidin-
condi ti ongrokRBSINhdth (mg/ﬁﬂ)%dlma aQ%Q‘BQﬁé’xeﬁﬁﬁ‘ﬁut dak:@mhageoﬁrm@mys

addressing/ testing binding various cell Iines

P- seliéct ithe ligand epmplekris dﬂ@lc@ sl@D%Qcm #sashbufier jand ﬁfﬁ'ﬂ@édﬂ@t@d arlewith vamng
per f or ma%nom%@ ?Q%é%%} }rf'%gf ﬁ?@&qgélogxgé%() 6[%113 ﬁ?itixreal% Eﬁféiarfg e weHs
under flow conditions are determ ne using a paralle ow cha

system Aréddated path\Estorrfesmeatinl Afeeindutsiion $orctaatel¥ °Cowells dro washed focoe'm

tenperat re wi.th. coati uf f ris dr oxynet hyl

ami nonet 5[}'?8 Vﬁh'f *ne?ssTyrEggéjr 1 g(? ’@%@ymgt@r\%ﬂ f‘ mpﬂ’ﬁo ]')7?%53 (TWEEN
cont ?imm ng), hdlﬁ;%lbpﬁi foir EB-SSdnﬁil:t\irilﬂt ][:gns; ChB’fmﬁ’atle&hméthmbeﬂildﬂéi ONBYH, &
2,59 or, 10 respectiv Al ror Y, of the_coati

sol ut?f on SHSHaEsalutipp @n FWBP?PS”‘{‘FFQ% &’%Hﬂ‘jﬁ%g ﬁ%‘&‘dfr " ahvgdias F‘ﬂfﬁ%%llgaﬂd
hour Wi t Rorh B%dhﬁnﬁ%alaygmewuhﬁ%@o@hcdlcx&mlgeaﬂmmw 6 A€ fin WaBRioAg
W th assa ffer ("Roswell Park norial Institute 1640" (RPM 1640)
+ 10MM H e)FPtrﬁaéiea(sghi fram Pagkagd Bigseignee, Prgicieh. erppule | ani nar f1 ow
chanber (sold from d ycotech, Rockville, MD) and nounted on an
inverted phase-contrast 10 rri croscope (sold from A ynpus, Hanburg,
Ger nany) equi pped with a CCD canera (NC) that is connected to a PC
Enpl oyi n§low ghambar Assav/ Celhfdiesiandging Rethineqwde : ngvondf el d,

Germany) the re-circul atl ng systemis equili brated Wi th assay buf f er
cont @& ni g w2EMteorapabitity of cumpriunds tcwﬂntblbtell( Biveiop. undet ﬂma@mc whdifiary

/n1)aread he. ch [ daI IS [ 2. .

m nutes a Scmg]ﬁn%%’gftfoc‘)"v&nr%@g’ggﬁsase ﬁg?ger assag'ﬁeaﬁdrf% c?sg%% g’%fldmg of
resul ti nglLi-60 ecllzdlvatibdt @dl Hdes o Bh;ehctuqu seladyin and Eselecivh dRitnesie i onds
of 10 | ow pO\I!}eI‘rWé‘c{rel ds are digitally recorded after 5 m nutes

cont i nuof8¥ PP he percentage of inhibition is calculated fromthe
mean nunber of cells per field that attached to the coated dish




M 20 25 - 69 - CLAIMS 1. A cosnetic or dermatol ogical
conposition, conprising at |east one chem cal conpound having the

structure \%256%7059&'1@ (I''b) or (llc) or (lle) or (I1f) agg&hierdolsH
claim 4. . A cosnetic conposition conprising at |east one

chem cal conpound of the formula (I1b) or (llc) or (lIle) or (IIf) as
inclaim4 and at |east one cosneticaldgy tol erable conponent.

3. A dernmatol ogi cal conposition conprising at | east one chem cal
conmpound of forrmula (lib) or (Ilc) or (lIle) or (11f) as in claim4
and at | &xdlt attobmerdr medeo| flogy canditionsobrer ddtdrminsdnpsing rat parallel flow chgmbgy

Ch?m _Cal ‘%é‘%z%”s‘%p%& pto ety];'&ergﬁ t%re(gligh }s coategiltJorC )1 K3l gﬂ! }o%}n R pg'altujrzz ‘with
coating buffer (50mM tris-(hydroxymethyl) aminomethane buffer (Tris), 150 mM NaCl, 2

mM CaCly; pH 7,4) containing human E- or P-selectin-IgG chimera at concentrations of

5  2,5pug/ml or 10ug/ml, respectively. After removal of the coating solution non specific
binding sites are blocked for an additional hour with 1% BSA in coating buffer at room
temperature. After washing with assay buffer (“Roswell Park Memorial Institute 1640™
(RPMI 1640) + 10mM HEPES) the dish is fitted into a parallel plate laminar flow chamber
(sold from Glycotech, Rockville, MD) and mounted on an inverted phase-contrast

10  microscope (sold from Olympus, Hamburg, Germany) equipped with a CCD camera (JVC)
that is connected to a PC. Employing a peristaltic pump (sold from Ismatec, Wertheim-
Mondfeld, Germany) the re-circulating system is equilibrated with assay buffer containing
125uM compound or vehicle control (DMSO). Cells (1 million / ml) are added to the
chamber and allowed to distribute for 2 minutes at a high flow rate. The flow rate is then

15 decreased resulting in a calculated flow shear of 1 dyne/cm® . Video sequences of 10 low
power fields are digitally recorded after 5 minutes continuous flow. The percentage of
inhibition is calculated from the mean number of cells per field that attached to the coated

dish surface in the presence versus absence of compound of at independent experiments.
M
20

25



OH

OHON IIf wherein: X is (b) in which "ring" is R1 N
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CLAIMS

1. A cosmeiic or dermatological composition, comprising at least one

chemical compound having the 'strucﬁure of formula (I1b) or (llc) or (lle) or (Ilf) as defined
in claim 4.

2. Acosmetic composition comprising at least one chemical compound of
the formula (ilb) or (lic) or (Ile) or (IIf)as in claim 4 and at least one cosmetically
tolerable component. J

3. A dermatological compositiocn comprising at least one chemical compound
of formuia (IIb) or (llc) or (lie) or (Ilf) as in claim 4 and at least one dermatologically
tolerable component.

4. A chemical compound of the formula (libj or (ilc) or (lle) or (lif):

iih




, or 11 is H N®2, CF3, F, d, Br, I, CN, CH3, NH2, NHAl kyl,
NHAtyl, or NHAcyl; and k is O or 1, Y.ing.(a) W-R2 R4 Sk. NHRS5 in
which s is 0 or 1, 12 is CO2H, CQ2Al kyl, CQRAryl, CO2NH2,
CQ2Ar al kyl , S@8H, SO2NH2, PQ(OH)2, 1-Htetrazolyl-, CHO COCH3,
CH20OH, NH2, NHAl kyl, N(AI kyl)Al kyl', OCH3, CH2CCH3, SH, F, C, Br, I,
CH3, CH2CH3, CM or CF3; R3 independently from12 is H, CH3, CH2CHS,
CF3, F, O, Br, I, ON, ar NO®; R4 independently fromi®2 and F13 is H,
CH3, CH2CH3, , " Br,o 1, CN, NO2, or 12; R5 is H N2, CF3, F,
a, B, I, oMicHBs, , SH or NH2, Wis -(CH2-)1/4 cis-CHECH or
trans-CH=CH, Jand v is 0, 1, or 2; in case that -W is cis-CHCH or
trans-CI—ﬁ - {(:)}tg be NH2 or SH, (e) i

284

HIE)
OH
IF
e - Hf
_‘_i\..
T "'\g‘..,\‘}z
GH
O
wherein;
Xis

(b)




inwhicht is O, 1, or 2; (O (g0 R6 independently fromR2 is H, F,
Cl, M, tert-Bu, CN, or NH2; Zis - A3 _- R7 independently fromR2
Is H NO2, CF3, F, C, Br, |, CN, CH3, OCH3, SH, or in which Kis
NH, NIMe, O, or S

in which fing” is

R§
p’«é (‘\ 3

R'is H, NOg, CFg, F, Cl, Br, I, CN, CHa, NHa, NHAlky!, NHAry, or NHAcyl; and k
isOorf1,

Yis

@)

inwhichsis0or 1,

RZis COH, COLAlky!, COzAryl, CO2NH,, COzAralkyl, SOsH, SONH,, PO(OH),,
1-H-tetrazolyl-, CHO, COCHj;, CH20H, NH,, NHAIkyl, N(Alkyl)Alkyl', OCHa, CHOCHs,
SH, F, Cl, Br, I, CHs, CHzCHg, CN, or CF3; ‘

R? independently from R2is H, CHs, GH,CHs, CFs, F, CI, Br, I, CN, or NO3:

R+ independently from R®and R% is H, CHg, CHoCHjs, CF3, F, Cl, Br, 1, CN, NO»,
or R%

R%is H, NOg, CFs, F, C, Br, I, CN, CHs, OCHs, SH, or NHy;

W is —(CHz-),, cis-CH=CH—-or trans~CH:CH—, andvis 0, 1, 0r2;

in case that -W—is cfs-C H=CH- or trans-CH=CH—, R must not he NH, or SH;



or a pharmaceutically acceptable salt, ester or am de thereof of the
above identified conmpounds of formula.(741b) or (11c) or (Ile) or

(11f). 5. The chem cal conpound of claim4 defined by
formula (A2) or (A3) or (A5) or (A6) or (32) or (33) or (35) or (36)
02N A2 OH wherein X and Y are as defined in claim4 and
wherein X is
(e}
RS
/¥
A

‘inwhichtis0, 1, or2;

(5
Rﬁ
IasW
.S L
g—(NHS N

()

Zis

(i)




- 76 - and wherein -Y' is wherein all indices, synbols, and
substituents are as defined in claim4.q_ 6. The chem cal
conpound of claim4,, defined by the formula (C2) or (C3) or (C5) or
(C6): OP 02 - 77 - O

R’ independently from R?is H, NO,, CF, F, Cl, Br, I, CN, CHa, OCHs, SH, or

NHy;
. R )
£ .,_.«"\. ‘
| @ 2 /\ flw” o

or

in which K is NH, NMe, O, or S:

or a pharmacedutically acceptable salt, ester or amide thereof of ihe above

identified compounds of formula (lIb) or (lic) or (lle) or (1If).

5.  The chemical compound of claim 4 defined by formula (A2) or (A3) or

(A5) or (A6) or (B2) or (B3) or (B5) or (B6)

A2




02N OH G5 OPE
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02N C6 OH wherein X' is

T
‘\\2
O

GH

-74 .

A3

Ad

Ag

e
[



- 78 - wherein all indices, synbols, and substituents are as
defined'in claim4. 7.The chem cal conpqund of claim4 defined by
formula (D2) or (D3) or , (D5) or (D6): OH:1)2 OFT 02N )1 1)3

B2
O
ﬁ% -HE3
- S
0N ~OH
ou
BA

O

wherein X' and Y are as defined in claim 4 and wherein X" is



OLr DS - 79 - wherein X" is and Y" is
-76 -

wherein all indices, symbols, and substituents are as defined in claim 4 .

6. The chemical compound of claim 4, defined by the formula (C2) or (C3)

or (C5) or (C6):




KR4 if -70 . orNHH <7,1 R5R5 wherein RO is CO2H, CQal kyl,
CQ2aryl, C2NLH2, CQaral kyl, 1-Hetrazelyl, CHO COCH3, CH2OH, or

CH2OCH3, wherein all indices, synbols, and substituents are as
defined in claim4. - 80 - 8. A pharmaceutical conposition
conprising at |east one chenical conmpound of claim 4 a d a
pharmaceutical ly ae Eéaex0|p|ent 9. A pharnaceutlca
conposition conpfi rat | €a8t one chem cal conpound of claim5 and
a pharmaceut i cal ptabl e exci pient. 10. A

phar maceuti cal & .Lion conprising at | east one chem cal conpound
of cl ai m 6:yaRd e cal |y acceptabl e excipient. 11

cqgnpositron conprising at |east one chem cal

A phar maceuti cal
}Hand a pharmaceutically acceptabl e excipient.

conmpound of claim

5

Vi A
\er

€N

Cs

QH

wherein X" is

and wherein Y'is
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wherein all indices, symbols, and substituents are as defined in claim 4.

7. The chemical compound of claim 4 defined by formula (D2) or (D3) or

&

(D5) or (D6):

O




- 79 .

OaN

Om

wherein X” is

and Y'is

RQ
R wW-rR® " ,{g

>

& é/ \"7‘ R ;/;E/V
Ly . A\
\(Hi\!;;/{m\ﬁs Rf_;/kff,g;{};’g

or

wherein R’ Is COzH, COpalkyl, COsaryl, COaNH,, COsaralkyl, 1-H-
tetrazolyl, CHO, CCCHS, CH,0H, or CH,OCH,,

wherein &ll indices, symbols, and substituents are as defined in claim 4.
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8. Apharmacettical composition comprising at least one chemical

compound of claim-4 and a pharmaceutically acceptable excibjent-

9. Apharmaceutical composition comprising at least one chemical

compound of claim 5 and a pharmaceutically acceptable excipient,

10. A pharmaceutical composition comprising at least one chemical

compound of claim 6" and a pharmaceutically acceptable excipient.

11. A pharmaceutical composition comprising at least one chemical

cempound of claim 7 and a pharmaceutically acceptable axcipient.



