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MyD88 homodimerization inhibitors.

The present invention relates to peptidic and peptidomimetic com-
pounds that mimic a particular protein portion of MyD88, prevent-

ing i1ts homodimerisation and interfering with its interaction with
the TIR domain.

The present invention provides processes for the preparation of said
compounds, pharmaceutical compositions containing them and their
use as medicaments, particularly for the treatment of inflammatory
and autoommune diseases.

Background to the invention

The inflammatory response i1s usually a reaction of a defensive na-
ture, activated by living organisms in order to demarcate and sub-
sequently eradicate the damage resulting from physicochemical in-
sults and infectious attack. In some cases, however, acute inflam-
matory events, due to persistence of the stimulus, evolve into states
of inflammatory hyperactivation, which tend to become chronic, of-
ten resulting 1n the self-destruction of the normal surrounding tis-
sues. This process 1s due to the i1ncreased induction of adhesive
molecules, transmigration of inflammatory cellular elements in the
site of the pathogenic insult and the consequent release of a battery
of inflammatory mediators (Shanley, T.P., et al.; Mol. Med. Today,
40-45, 1995).

The transcription sequence and possible production of the various
mediators 1s under the control of particular protein factors known
as transcriptional factors or TFs (Miiller, C. W.; Curr. Opin. Struct.
Biol., 11:26-32, 2001). These factors, once activated, bind to specific
consensus regions present 1In the DNA and act as molecular
switches for the induction or overregulation of the gene expression
of inflammatory agents.
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The most frequently studied transcriptional factor, on account of its
involvement in various inflammatory conditions, 1s undoubtedly the
factor NF-kB, which recognises consensus sequences for the enhan-
cers of various genes coding for pro-inflammatory cytokines (TNF,
IL-1, IL-2, IL-6, 1L-11, IL-17, GM-CSF), chemokines (IL-8,
RANTES, MIP-10, MCP-2), adhesive molecules (ICAM-1, VCAM-1,
E-selectin) and enzymes producing inflammatory mediators (ANOS
and COX2) (Ghosh, S., et al.; Annu. Rev. Immunol., 16: 225-260,
1998).

In response to damaging stimuli of various kinds, NF-xkB activation
1s observed 1n almost all the cells involved 1n the immune response:
neutrophils, macrophages, lymphocytes and endothelial, epithehal
and mesenchymal cells. The immediate, transitory activation of NF-
KB therefore constitutes a characteristic of primary importance in
the functioning of the normal physiological response to pathogenic
damage. Nevertheless, the dysregulation of this fine mechanism
that manifests itself in the form of excessive, persistent activation

has been found to be closely associated with chronic inflammatory
diseases (Barnes, P. J. and Karin, M.; New Engl. J. Med., 336: 1066-
1071, 1997).

The crucial role played by NF-xB 1in causing chronic inflammatory
diseases makes this factor a therapeutic target of choice for targeted
therapeutic interventions.

In those cases 1n which the safety of an “anti-NF-xB” therapy is
considered, a distinction must be made between non-specific side ef-
fects and effects directly attributable to the intrinsic suppression of
NF-xB. Since the latter constitutes a critical point of convergence of
a multitude of signals in the context of the normal cellular physio-
logical response, 1t 1s plausible to predict that the prolonged gener-
alised and systemic inhibition of NF-kB may give rise to unwanted
and damaging effects. For the purposes of the therapeutic applica-
tion of such antagonists there appears, then, to be an evident need
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to 1dentify substances that allow effective treatment while at the
same time minimising as far as possible the unwanted effects.

A parameter of capital importance in designing potential NF-kB an-
tagonists therefore consists 1n selectivity of action.

It 1s expected, moreover, that pharmacological agents capable of in-
hibiting NF-kB, by interfering with the proximal inflammatory sig-
nalling system, may be safer than others that act on more distal
biochemical events.

The molecular events that result in the binding of IL-1 and that
lead to the activation of transcriptional factors such as NF-kB and
AP-1 occur via an amplification cascade based on the sequential ac-
tivation of multiple protein factors.

In particular, the binding of IL-1 induces the formation of the recep-
tor heterocomplex IL-1R/1L-1RacP which subsequently recruits the
adaptor protein MyD88. It 1s worth stressing that the intracyto-
plasmic domains of IL-1R e IL-1RAcP interact with MyD88 through
interactions of a homophilic type that set 1n between the respective
TIR domains. Whereas the carboxyterminal portion of MyD88 (TIR
domain) 1s responsible for the docking of MyD88 to the receptor het-
erocomplex, the aminoterminal portion (death domain), by interact-
ing with the death domain of the kinase IRAK (in this case, too,
through interactions of a homophilic type), allows the recruitment of
the latter to the heterocomplex, which 1s the site where 1ts phos-
phorylation takes place. After the phosphorylation has taken place,
TRAK 1is believed to detach itself from the complex and interact with
the adaptor protein TRAF6 before being degraded in the pro-
teosome. TRAFG, 1n turn, leads to the activation of the kinase TAK1
which autophosphorylates and subsequently activates the kinases
MAP2K and NIK (NF-«xB Inducing Kinase). The end result 1s that
MAP2K and NIK lead to the activation of the transcriptional factors
AP1 and NF-kB, respectively, involved in the transcription of genes
coding for important inflammatory mediators.
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Research conducted 1in recent years has lent support to the hypo-
thesis concerning the existence of a common transduction mecha-
nism in the context of the IL-1R/TLR superfamily. Effectively
speaking, 1t has been demonstrated (O'Neill, LAJ and Dinarello,
CA; Immunology Today, 21(5):206-209, 2000) that the transduction

mechanism of the signal activated by IL-1 1s also operative in the
signalling of IL.-18 ed LPS.

In particular, it has been shown that the adaptor protein MyD&88
plays a crucial role in the transduction events triggered by IL-1, IL-
18 and LPS. It has been reported, in fact, that MyD88 KO mice,
though proving perfectly viable, lack the normal ability to respond
to stimulation with LPS (Kawai, T., et al.;, Immunity, 11: 115-122,
1999).

These results were confirmed in a different experimental setting 1n
which 1t was shown that the F56N point mutation of MyD88, which
prevents the formation of the functionally active dimer of MyD88,

does not induce activation of the NF-kB transcriptional factor
(Burns K et al., J Biol Chem 273(20): 12203-12209, 1998).

Further studies (Adachi, O., et al.;, Immunity, 9: 143-150, 1998)
have established, moreover, that MyD88 KO mice are not respon-
sive to stimulation with IL-1 or IL-18. It has been observed, in fact,
that the thymocytes and spleen cells of these KO mice do not acti-
vate the normal proliferative response if stimulated with IL-1. In
addition, the production of IFN-y and NK cell activity are not in-
creased as a result of stimulation with IL-18, unlike what happens
1n wild-type mice.

On the basis of the findings outlined here, 1t 1s clear that MyDS88
plays a key role in the activation of NF-kB triggered by various dif-
ferent inflammatory stimuli such as IL-1, IL-18, agonists of the IL-

1R family and agonists the TLR family, such as, for example, LPS
(Takeuchi, O. and Akira, S.; Curr. Top. Microbiol. Immunol.,

270:155-67, 2002).
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The aim of approaches currently used to antagonise the signalling of
inflammatory cytokines has so far been to neutralise specifically the
activity of each of them, by resorting to the use of specific mono-
clonal antibodies, receptor antagonists or soluble receptors. The ob-
vious purpose was to selectively prevent, from the outside, the bind-
ing of the cytokines to the relevant membrane receptors.

The most recent literature suggests, however, that the adoption of
experimental approaches based on the inhibition of intracellular
signalling mediated by cytoplasmic adaptor proteins may be an ef-
fective 1nnovative strategy (L.A.J. O'Neill and C.A. Dinarello;, Im-
munol. Today, 21:206-209, 2000; M. Muzio, et al.; J. Leukoc. Biol.,
67:450-456, 2000; J. M. Schuster and P.S. Nelson, J. Leukoc. Biol.,
67:767.773, 2000).

Therefore, the inhibition of an adaptor protein such as MyD88
which 1s involved i1n the activation of NF-kB, triggered by signals
from receptors present on the outer surface of the ell membrane
which recognise distinct ligands but which share the same trans-
duction pathway, 1n principle proves more effective than inhibition
of the individual ligand activities.

On alignment of the primary sequences of the TIR domains of the
receptors IL-1R/TLR and MyD88, one of the zones conserved con-
sists 1n a loop between the second beta strand and the second alpha-
helix (BB loop) whose consensus sequence 1s RDX®1P2GX where X
1s any amino acid and ®1®2 are two hydrophobic; in particular, ®2 1s
a proline, except 1n IL-1RI where 1t 1s valine. It 1s known that the
mutations R677->E P681->H and G682->V in TLR4 abolish the
transmission of the signalling; moreover, on comparing the crystal-
lographic co-ordinates of the intracytoplasmic TIR domain of the re-
ceptor TLR2 and TLR2 mutated to P681->H, there are no structural
variations affecting the loop or the zones adjacent to it (Nature,
2000, Vol. 408,111). This zone may therefore be involved as an

adaptor protein/ receptor interaction interface. It 1s assumed there-
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fore that this zone 1s also important for the homo-dimerisation of
MyDS8S.

Also known 1n this connection 1s a study conducted by Rebek et al..
(Bartfai, T., et al.; Proc. Natl. Acad. Sci. USA, 100:7971, 2003) who
demonstrated the potential applicability of peptidomimetic com-
pounds capable of interfering with the MyD88/IL1-RI interaction at
the level of the intracellular TIR domain; the mimetic of the central
portion of the BB loop, having (F/Y)-(V/L/I)-(P/G) as its consensus
sequence 1n different toll receptors and homologues of MyD8S8, is
capable of inhibiting in viiro the phosphorylation of protein kinase
p38 1n the EL4 cell line stimulated with IL-1p, but also of signifi-
cantly attenuating in vivo the febrile response in mice injected with

murine recombinant IL-13. This compound, however, is not effective
in 1nhibiting the MyD88/TLR4 1nteraction.

Experts in the field would welcome a compound that inhibits not the
single MyD88/receptor 1interaction, but the homodimerisation of the
adaptor protein, which may thus result in the inhibition of a larger
number of pro-inflammatory signals and thus prove therapeutically
more effective.

Additionally, a recent invention patented by Yale Umiversity, CT,
USA (WO 02/090520 A2) claims the use of TIRAP polypeptides for
antagonizing MyD88-independent signalling in response to TLR4
ligation.

TIRAP 1s a novel protein containing a Toll/IL-1 recptor (TIR) do-
main independently identified by Medzhitov (Horng, T., Barton,
G.M., and Medzhitov, R.; Nat. Immunol. 2:835-841, 2001) and by
O’'Neilll (Fitzgerald, K.A., Palsson-McDermott, k.M. et al.; Nature
413:78-83, 2001). Despite 1nitial expectations that TIRAP might
participate in MyD88-independent NF-kB activation, however, sub-
sequent studies have revealed that TIRAP 1s not involved in the
MyD88-independent pathway, but rather acts an adapter in the
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MyD88-dependent signaling pathways imitiated via TLR2 and
TLR4 (Yamamoto, M., Sato, S., Hemmi, H.; Nature 420:324-329,
2002). Actually, the same 1nvestigators discovered that an addi-
tional adaptor, named Trif, was indeed i1nvolved in the MyDS88-
independent activation of NF-kB (Yamamoto, M., Sato, S., Hemmi,
H. et al.; Science 301, 640-643). The presently available evidence
suggests that all of the TLRs, with the sole exception of TLR3, util-
1ze MyD88 (Takeda, K. and ARira, S.; Int Immunol. 17:1-14, 2005).
Dunne et al. carried out an in-depth study into the interaction of
TIRAP and MyD88 with TLR2 and TLLR4 showing that TIRAP and
MyD88 actually bind to different regions of TLR2 and TLR4 (Dunne,
A., Ejdeback, M., Ludidi, P.L. et al.; J Biol Chem 278:41443-41451,
2003).

Once again, one of skill in the art would welcome a compound that
inhibits neither the single MyD88/receptor interaction nor an adap-
tor (TIRAP) involved in the signaling of TLR2 and TLR4 solely.
Rather, the inhibition of a single bottleneck adapter (MyD88) 1n-
volved in the trasduction of the signalling from all of the known
TLRs (except TLR3) 1s envisioned to antagonise a larger number of
pro-inflammatory signals and thus prove therapeutically more effi-
caclous.

On the basis of the information currently available in the literature,
1t 1s believed that a number of diseases deriving from dysregulation
of the signalling of the TLR/IL-1R receptor system comprise, but are
not limited to:

- Inflammatory and autoimmune diseases such as, for example, ar-
thritis, gouty arthritis, chronic inflammatory bowel disease (IBD),
psoriasis, type 1 diabetes, multiple sclerosis, asthma, and systemic

lupus erythematosus (see, for example, Sabroe, L, et al.; J. Immu-
nol.; 171:1630-5, 2003; Liu-Bryan R et al. Arthritis Rheum. 52:2936-

46, 2005; Joosten, LA, et al.; J Immunol., 171:6145-53, 2003, Sabroe,
L, et al.; Clin. Exp. Allergy, 32:984-9, 2002; Lehnardt, S.; Proc. Natl.
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Acad. Sci. USA, 100:8514-9, 2003; Choe, JY, et al.; J. Exp. Med.,
197:537-42, 2003; Sabroe, I.; Thorax, 59:81, 2004, Bellou, A.; Curr.
Opin. Allergy Clin. Immunol., 3:487-94, 2003; O'Neill, LA; Curr.
Opin. Pharmacol., 3:396-403, 2003; Schon, M., et al.; Clin. Exp. Im-
munol., 123:505-10, 2001, Leadbetter, EA et al.; Nature, 416:603-7,
2002; Rifkin, IR et al.; Immunol Rev. 204:27-42, 2005.).

- Cardiovascular and atherogenic diseases such as, for example,
myocardial infarct, viral myocarditis, atherosclerosis, vein graft
atherosclerosis, thrombosis, re-stenosis, re-stenosis due to stents
and re-stenosis due to angioplasty (see, for example, de Kleijn, D.,
and Pasterkamp G.; Cardiovasc Res., 60:58-67, 2003; Oyama, J.-1.,
et al.; Circulation, 109: 784- 789, 2004; Satoh, M., et al.; Lab. In-
vest.,, 84:173-81, 2004, Thomas, JA, et al., Am. J. Physiol. Heart
Circ. Physiol., 285:H597-606, 2003); Fairweather, D., et al.; J. Im-
munol., 170:4731-7, 2003; Kiechl, S., et al.; Ann. Med., 35:164-71,
2003; kdfeldt, K., et al.; Circulation, 105:1158-1161, 2002; Arditi et
al., US20030148986).

- Sepsis and shock (see, for example, Read, RC., and Wyllie, DH.;
Curr. Opin. Crit. Care; 7:371-5, 2001; Carrillo-Esper, R.; Cir. Cir.,
71:252-8, 2003; Knuefermann, P.; Chest, 121: 1329-1336, 2002;
Knuefermann, P., et al.; Circulation,106: 2608-2615, 2002).

- Transplant rejection (see, for example, Goldstein, DR., et al.; <J.
Clin. Invest., 111:1571-1578, 2003; Belperio, J.A.; Am. J. Respir.
Crit. Care Med., 168: 623—624, 2003).

- Cancer (see, for example, Huang, B, et al.; Cancer Res. 65: 5009-14,
2005).

- Viral infections ( see, for example, Bafica, A. et al.; J Immunol.
172:7229-34, 2004; Equils, O., et al.;, J Immunol 170:5159-5164,
2003; Scheller, C. et al.; J Biol Chem 279:21897-21902, 2004, Sund-
strom, J.B. et al.; J Immunol 172:4391-4401, 2004)
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Patent application US20030148986, filed in the name of Cedars-
Sinal Medical Center, describes various ways of inhibiting the ex-
pression or the biological activity of the protein MyD8S8. These also
include the use of peptidomimetic agents that prevent the signalling
of the protein. This inhibition 1s accomplished with small peptides
(10-20 amino acids) that bind to the TLR-4 receptors, thus prevent-
ing the binding with MyD88. Small overlapping segments (ap-
proximately 10-20 amino acids) of MyD88 can be separated to test
to see which of these prevent the transduction of the MyD88 cell
signal by binding to the TLR-4 receptors. After the separation, the
segments are duplicated and tested to determine whether the seg-
ment comprises at least one portion of MyD88 that binds to the
TLR-4 receptor, which will prevent the binding of MyD88 and the
transduction of the cell signal. No concrete examples of peptides are
given 1n this reference.

Preliminary studies on the inhibition of the homodimerisation of
MyD88 have been conducted by the present inventors using a co-
immunoprecipiation assay on a series of natural peptides (synthe-
sised as acetylamide at the N terminal and as primary amide at the
carboxyl terminal) comprising the consensus sequence of the BB
loop. Table 1 shows the peptides that proved active and the residual
interaction found in the MyD88 homodimer as a percentage of the
untreated protein. The protein myc-MyD88 1s expressed temporarily
in HEK293 cells and 1solated from cell extracts by immunoprecipi-
tation with the anti-myc antibody. The immunoprecipitated protein
1s iIncubated with purified protein GST-MyD88TIR for 60 min at 4°C
in the presence or absence of the synthetic peptide (final concentra-
tion 200 uM). After suitable washings, the proteins absorbed to the
resin used for the immunoprecipitation are solubilised with SDS
and analysed by Western blot for the presence of myc-MyD88 and

GST-MyD8S8TIR. Percentage inhibition of NF-kB activation 1s also
given for these two peptides
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Table 1
Name Peptide (sequence) % residual % NF-kB
interaction inhibition
ST2348 MyD88 (Ac-RDVLPGT-NHz2) 29 37
ST2350 IL-18R (Ac-RDVVPGG-NH2) 18 20

In addition, peptide ST2348, conjugated with a fragment of the An-
tennapaedia (Ap) protein of Drosophila (Ap-MyD88=ST2345), with
the sequence RQIKIWFQNRRMKWKK (penetratin) (Gari, J., and
Kawamura, K., TRENDS in Biotechnology, 19:21-28, 2001), proved
capable of inhibiting NF-kB activation in HeLa cells stimulated

with IL-1o, whereas the corresponding scrambled peptide (ST2403
Ap-PTDLVRG-NH2) 1s inactive.

The purpose of the present invention is to identify mimetics of a
particular protein portion of MyD88, which prevent the homo-
dimerisation of the protein, by interfering with its interaction with
the TIR domain. This approach would make 1t possible to avoid the
recruitment of MyD88 to each of the IL-1R/TLR receptors in which

1t plays 1ts role as an adaptor protein.

The molecules provided by the present invention are useful as me-
dicaments for the therapy of chronic inflammatory diseases and are
capable of modulating NF-kB activation mediated by IL-1R/TLR re-

ceptors.

The strategy for constructing mimetics of the consensus peptide of
the TIR domain of MyD88 1s described here below:

The H-Arg-Asp-Val-Leu-Pro-Gly-Thr-OH structure of the consensus
peptide of the TIR domain of MyD88 1s subdivided into three dis-
tinct portions consisting of:

a) a charged portion consisting of the amino acids Arg-Asp,

b) a hydrophobic portion consisting of the amino acids Val-Leu,
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C) a B—turn portion consisting of the amino acids Leu-Pro-Gly-
Thr.

For each of these portions a certain type of mimetic was chosen to
be substituted alternatively or simultaneously in the consensus pep-
tide sequence, maintaining the amide bond as the functional linker
group between the three groups:

a) Greater account 1s taken of the Arg group and it is sub-
stituted with an argininomimetic group, where what 1s meant by
argininomimetic 1s a chemical structure which when arginine is
substituted modulates the basicity of the functional group from the
basicity of arginine to zero basicity.

b) Account 1s taken of the distance between arginine and proline
and 1t 1s filled with a spacer, where what 1s meant by spacer 1s a
hydrophobic chemical structure with a limited number of rotational
freedom degrees that contains an aromatic linker ring variously
substituted and functionalised, only one carboxylic acid group and
only one primary amine group engaged 1n amide bonds.

C) Account 1s taken of the central portion of the Pro-Gly B-turn
and it 1s substituted with a B-turn mimetic, where what 1s meant by
B-turn mimetic 1s a chemical structure that, by mimicking the cen-
tral portion of the Pro-Gly B-turn, allows the molecule to take on a

conformation useful for the formation of bonds with the protein
MyD8S8.

Summary of the invention

It has now been found that peptidic and/or peptidomimetic com-
pounds as described here below are capable of mimicking a particu-
lar protein portion of MyD88, preventing its homodimerisation and
interfering with its interaction with the TIR domain.
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Subjects of the present invention are peptidic and/or peptidomimetic
compounds with formula (I)

(X)) AA1-AA2-AA3-AA4-AA5-AAs-AA7

(I)

in which:
X-1s an anion of a pharmacologically acceptable acid, or i1s absent;

each of the groups AA; — AA7, which may be the same or different, 1s

an amino acid or amino acid mimetic with the following meanings:

AA; = 1s the residue of L-arginine (Arg), D-arginine (arg), L-
histidine (His), D-histidine (his), or an argininomimetic group,
where what 1s meant by argininomimetic 1s a chemical structure
that substitutes for arginine and modulates the basicity of the func-

tional group, from the basicity of arginine to zero basicity, with for-
mulas (II), (III) and (IV)

OY W =H, CH,
n=0,1,2

(CW,)n
X=(CH,),, CO
m=0,1.2
X

| p=0,1

(N)p\('\"" Y = H. OH

AN,

(1)
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(CW,)n

S
Y =Cl, F,Br,|
Z=AkC,-C,
(I1I)
HN 4

(IV)

or 1s absent;

AAqs = L-aspartic acid (Asp), D-aspartic acid (asp), L-asparagine
(Asn), D-asparagine (asn), glycine (gly or Gly), or 1s absent;

AAs = L-valine (Val), D-valine (val), azavaline (AzaVal), azaglycine
(Azagly), azaleucine (Azal.eu), ;

AA4 = L-leucine, D-leucine, L-valine (Val), D-valine (val), L-cysteine
(Cys), D-cysteine (cys), azaleucine (Azal.eu), azavaline (AzaVal) ),
azaglycine (Azagly);
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AAs — AA3z — AA,4 together can be substituted by a spacer where
what 1s meant by spacer 1s a hydrophobic chemical structure with a
limited number of rotational freedom degrees that contains an aro-
matic linker ring variously substituted and functionalised, only one
carboxylic acid group and only one primary amine group, engaged 1n
amide bonds, with formula (V):

n=0,1,2
j\ m= 0,12
{CHoIN X = -NH-CO-

Xp = 0,1

N p=0,

ECH ) =
m
2

/ Y

HN

N—N
S
N
H
Y = 0-Alk C,-C, ,cO0-Ak C,-C, ,CI,F, Br, |
(V)

AAs = L-proline (Pro), D-proline (pro), cis-4,5-(methano)-L-proline
(cMe-Pro),

cis-4,5-(methano)-D-proline (cMe-pro), trans-4,5-(methano)-L-proli-
ne (tMe-Pro), trans-4,5-(methano)-D-proline (tMe-pro);

AAg = glycine (gly or Gly), sarcosine (Sar), azaglycine (Azagly);

AAs — AAg together can be substituted by a B-turn mimetic, where
what 1s meant by B-turn mimetic 1s a chemical structure which, by
mimicking the central portion of the Pro-Gly B-turn, allows the

molecule to take on a conformation useful for the formation of bonds
with the protein MyD88, with formulas (VI) and (VII)
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Vo ©

n=01, 2
m=0,1, 2

p=20,1

* = either racemate and pure enantiomers

X = CO, SO,
Y =H, OH

* = either racemate and pure enantiomers

(V1I)

AA7 = 1s the residue of glycine (gly or Gly), azaglycine (Azagly), L-
threonine (Thr), D-threonine (thr), L-cysteine (Cys), D-cysteine
(cys), or 1s absent;

when AA; = AA7 = Cys or cys there 1s a disulphide bridge between
the two cysteines;

when some or all of AAi, AAs, AA;s, AA4, AAs, AAg and AA7 are
amino acilds, these can be L or D and the sequence can be reversed
or not;
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the bond between the AA1-AA7residues 1s always of the amide type;

the terminal amine group can be free or acylated with a pharmaco-
logically acceptable radical useful for transporting the molecule, e.g.,
acetyl, formyl, benzoyl, propionyl, cyclohexyl, myristoyl; the terminal
carboxyl can be 1n the form of carboxylic acid or primary amaide.

the individual enantiomers, diastereoisomers, mixtures thereof and

their pharmaceutically acceptable salts;

upon the following conditions:

that at least one of AA;-AA7 1s not a natural amino acid among
those 1ndicated above, or

if all of AA1-AA7 are natural amino acids among those indicated
above, said AA1-AA7 sequence 1s reversed.

The formula (I) compounds are useful as medicaments, particularly
for the preparation of a medicament for the treatment of diseases
deriving from dysregulation of the signalling of the TLR/IL-R1 re-
ceptor system, and particularly inflammatory and autoimmune dis-
eases; cardiovascular and atherogenic diseases; sepsis and shock;
and transplant rejection.

Therefore, the subjects of the present invention are formula (I) com-
pounds, pharmaceutical compositions containing them and their use

as medicaments.

Detailed description of the invention

The terminal amine group can be free or acylated with a pharmaco-
logically acceptable radical useful for transporting the molecule, e.g.,
acetyl, formyl, benzoyl, propionyl, cyclohexyl, myristoyl; the terminal
carboxyl can be in the form of carboxylic acid or primary amide.
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Examples of anions of pharmacologically acceptable acids are Cl, Br, I
CH3COO, and CFs3COQO. Other pharmacologically acceptable anions
can be selected by the expert in the field according to the normal crite-
ria 1n use 1n the field, such as, for example, non-toxicity or virtual non-
toxicity or in any event acceptable toxicity, or formulation advantages,
such as, for example, solubility or crystalline form. What i1s meant by
pharmacologically acceptable salt 1s any salt that does not give rise to
toxic or unwanted effects or in which such effects manifest themselves
in an acceptable form from the clinical point of view. In addition to his
or her general knowledge, the technician of average experience can
easilly consult the literature, e.g. the European Pharmacopoeia or the

United States Pharmacopeia.

Assuming the general definition of an argininomimetic group as indi-

cated above, preferred examples are the following

HN Nz/O)_ HzN/II/‘GjL
AM1 H AM7 HO
NH2 H
AM4 AMS H
NH, O
HNJ\N/\)J_
AM5 AM9 H
i mﬂ

PAM3 AL=Cl PAMS .
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AL o o
0\)L
S
AL ‘ p
PAM4  AL=C PAM9 N

in which A 1s a straight or branched C;-C4 alkyl group; AL is a halo-
gen group selected from F, Cl, Br and 1.

Assuming the general definition of a spacer group as indicated

above, preferred examples of this group have the formula (SPX),
where n = 0-3 and 1s as defined 1n the following table

SP2

SP6

SP11
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SP12

SP14

SP15

SP17

SP18

SP19

SP20
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SP31
SP32
¥ H
e
\“\‘ SP33
/l
Cl
H
AN ~
SP34

P

/N
0:( \—>_\ SP39

H
N\
H
O

PCT/EP2005/056847

AL N-

in which A 1s a straight or branched C:-C4 alkyl group; AL 1s a halogen
atom selected from F, Cl, Br and 1.

Assuming the general definition of a B-turn mimetic as indicated

above, preferred examples of this group are the following
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Betal O Betab O

Beta2 Beta7 c O
H
\‘/s
N NQ
(IX// .
/ =
Beta3 Beta8 O

Betad Beta9

Beta5b O

The compounds were subjected to three biological primary screening
assays described 1n the experimental part: a) double hybrid assay, b)
NF-kB 1inhibition assay and ¢) RGA assay. Compounds proving active
in either of the three biological assays were regarded as active com-
pounds.

The compounds represented by formula (I) can be divided 1nto the
following classes:

1. Peptidic compounds prepared according to Scheme 9 up to
formula IV or formula IVL.
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The preferred compounds are:
ST2565 Ac-thr-gly-pro-leu-val-asp-arg-NHo

2. Peptidomimetic compounds, prepared according to Scheme 9
up to formula I or formula I,

The preferred compounds are:

H
N
O
L
\ N
®) O
H,N

Pt

O
ST2793 : PAMS8-SP20-Beta3-NHo
NH,
HN)\NH
i .
H OH
\"/\ \ H
HN O
O O

ST2806 : AM8-SP38-Betab

cl ) K(
/@ \/[z %
0 g0
N
cl H\-@\%o
ST2825 : PAMA4-SP19-Beta8-NHoe

N \ O
H,C /’H P
{':N H‘@%H

ST2826 : PAM6-SP20-Beta8-NH2

,_\—_\<N __
O Y,
0 7 ~NH
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H2N =
N\ \>
N
O
O O
F F

NH

2

ST2828 : SP32-Beta3-NHz

Chiral

ST2941: PAM3-SP33-Beta8-NH2 O

ST3324 : PAM11-SP19-Beta8-NHz
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ST3374 : PAM10-SP6-Beta8-NHz2

ST3375 : PAM3-SP30-Beta8-NHa

3. Partly peptidic compounds prepared according to Scheme 9
up to formulae II, IHI JIV gnd IV, divided into the following sub-

classes:

- Partly peptidic compounds 1n which AAs — AAs are substi-
tuted with a B-turn mimetic, prepared according to Scheme 9 up to

formulae IV and IV.

The preferred compound 1is:

NH,

AN

N
H

HC M
O O : O O/_' O
>—N N N N N7 N\)‘—
H H T N,
H,C O O
OH
O

ST2799 : Ac-arg-asp-val-leu-Betal-NHa

- Partly peptidic compounds in which AAs — AAs — AA4 are sub-
stituted with a spacer and AAs — AAs are substituted with a B-turn,
mimetic prepared according to Scheme 9 up to formulae I and I,
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The preferred compounds are:

NH,

LZ
L

O
O
L= %&n} NH,

ST2804 : Ac-Arg-SP02-Beta2-Gly-NHo2

NH,

N NH

ITZ
L

/7 N\

N
0
ey, 8
H,C _
O \\<N
/\OH

O
H,C

ST2801: Ac-Arg-SP12-Beta2-Thr-NHo

[
O O
A i
H2N : \ /Uw
2 o H
i N O
H
NH
NH O

ST2805 : NHs-arg -SP02-Beta5

PCT/EP2005/056847

- Partly peptidic compounds in which AAl 1s an arginino-
mimetic and AAs — AAg 1s substituted with a B-turn mimetic, pre-

pared according to Scheme 9 up to formulae IV and IV.
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The preferred compound 1is:

Z , H,C CH,
O O
B S I NN g\
N N N
= H -
O O
WOH /\

H,C CH,

O

ST2794 :PAM9-Asp-Val-Val-Beta2-NHo.

- Partly peptidic compounds in which AA; i1s an arginino-
mimetic and AA2-AA3-AA4 are substituted with a spacer, prepared
according to Scheme 9 up to formulae I'' and IV

The preferred compounds are:

0
O)‘\N /Ol
\ H
S B N
H 0
0O H
| NH,

ST2807 : PAM9-(SP31)s-Pro-Gly-NHx

[
0
N
NH2 /\/HL
PN 0
N \N O O

NH

O

H,

ST2796 : AM9-SP02-Pro-Gly-NHz2

Cl
U
N
N NHz
; ~
O N

O H O

ST2797 : PAMS-SP15-Pro-Gly-NHy
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ST2798 : PAM9-SP38-Pro-Gly-NHa.

Chiral
H,N o
H
>/7NH2 AN ;N ¥ NH,
N \/{
O O
O
N
H
O

ST2863 : AM9-SP17-Pro-Gly-NH2

Partly peptidic compounds in which AA; 1s an arginino-mimetic,
AAq2-AA3-AA4 are substituted with a spacer, AAs-AAg are substi-
tuted with a B—turn mimetic and AA7 1s an amino acid, prepared
according to Scheme 9 up to formula IL,

The preferred compound 1is:

[
0 O
/%)J\N/ \/‘ O
H
‘\N¢ wnOH

ST2792 : PAM9-SP02-Beta2-Thr-NHo.

Partly peptidic compounds in which AA2-AAs-AAs are substituted
with a spacer, prepared according to Scheme 9 up to formula I,
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The preferred compound is:

Chiral

NH

_ﬁ

JE
\ij* "'“

ST2864 : Ac-Gly-Pro-SP30-Arg-NH2

2

Partly peptidic compounds in which one or more amino acids are
substituted with one or more aza-aminoacids, prepared according to

Scheme 9 up to formula IV and IV%.

The preferred compounds are:

ST2926 H-Arg-Gly-AzaVal-Val-Pro-Gly-NHo>
ST3032 Ac-Azagly-Azagly-pro-leu-val-asp-arg-NHo
ST2927 Ac-Arg-Asp-Azagly-Val-Pro-Gly-NHo
ST2930 Ac-thr-Azagly-pro-leu-val-asp-arg-NHo
ST2920 Ac-Arg-Asp-Val-AzaVal-Pro-Gly-NHoy
ST2928 Ac-Arg-Asp-Azal.eu-Val-Pro-Gly-NHa

The compounds according to the present invention can be prepared
by means of conventional synthesis methods with which experts in
the field are familiar. The general peptide synthesis techniques are
well suited to the purposes of the present invention. Indicative ref-
erences are, for example: Norbert Sewald, Hans-Dieter Jakubke,
Peptides: Chemistry and Biology, Wiley VCH (2002); Miklos Bodan-
szky, Principles of Peptide Synthesis (Sec. Ed.), Springer-Verlag
(1993); John Jones, Amino Acid and Peptide Synthesis (Oxford
Chemistry Primers), Oxford Science Publications (2000).

A general synthesis scheme 1s described 1n Scheme 9 presented here
below and to which the reader is referred for a general description.
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When the compounds according to the present invention contain
non-peptidic portions, their synthesis entails the construction of
building blocks on which the peptidic molecule 1s then completed..

In the schemes described here below, the building blocks are exem-
plified for a number of preferred embodiments, it being understood
that they serve as guides to the expert in the field for the embodai-
ment of the present invention in its complete context. In fact, as re-
gards those that are not explicitly exemplified, the expert in the
field can supplement them by resorting to his or her general knowl-
edge, for example, by finding starting compounds among those
available on the market, or by preparing them by analogy with the
ones outlined 1n the examples.

Synthesis of the building blocks

The portions of the peptidomimetic compounds called B-turn mimet-
1cs were synthesised using building blocks synthesised according to
the synthesis methods described in the following examples:

The building block ST2364 (11), which 1s useful for the synthesis of
peptidomimetic compounds containing the [B-turn mimetic Beta2,

was synthesised according to Scheme 1, using the method described

by R.L. Johnson and co-workers (Genin, M..J.; et al.; J. Org. Chem.;
1993, 58, 2334-2337) modified according to R.D Long and K.D. Moel-
ler (Long, R.D.; et al.; J. Am. Chem. Soc.; 1997, 119, 12394-1239) up
to intermediate 8, and then using the method described in Example
1 here below.
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Scheme 1
Synthesis of ST2364
0 H o
d;l)LOH o b
a N -
NH > >

H

1 ( /VQ

boc boc
5 6
OH
< _N_ _CO,Me — h
- N | A ) . (&NvCone -
| N
boc O | |
boc O
¥4
3

S\ .
5 : S\
- N._COOH i (\"N COOH I
¥ g N’ e -
boc O H, O
CF,COO-
9
SN
\ N._ COOH
. |

10
fmocO

ST 2364 (11)

Reagenti:(a) t-Bu-CHO, cat. CF,COOH, (b) 1. LDA, 2. CH,=CH-CH,-Br, (c) Silica gel, MeOH/ H,O (d)(Boc),0,
(e) Gly-OMe.HCI, DCC, HOB, NEt,, (f)0sO,, NalO,, MeOH/H,0, (g) NaBH,CN, (h) K,CO,, (i) TFA,
() 1.NaHCO,, 2. Fmoc-OSu, 3.HCI
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Example 1

Preparation of {(5R)-1-[(9H-fluoren-9-yl-methoxy)-carbonyl]-
6-o0xo0-1,7-diazaspiro[4.4]non-7-yl}-acetic acid ST2364 (11)

Preparation of the intermediate [(BR)-1-(terz-butoxycarbonyl)-6-oxo-

1,7-diazaspiro[4.4]non-7-yl]-acetic acid (9)

8.5 g (0.027 mol) of (5R)-7-(2-methoxy-2-o0xo0-ethyl)-6-o0x0-1,7-d1aza-
spiro[4.4]nonan-1-carboxylic acid terz-butyl ester (8) are solubilised
in 140 ml of H2O and 140 ml di MeOH. To the solution are added
7.48 g (0.054 mol) of K2CO3 and the mixture is left to stir overnight
at room temperature. It 1s then acidified to pH 5 with HCl 2 N and
evaporated under reduced pressure. The residue obtained 1s dis-
solved 1n H20, the pH 1s lowered to 2-3 and extraction 1s done with
CH:2Cls. The organic phase 1s anhydrified with Na2SO4 and brought
to dryness under reduced pressure, obtaining 6.5 g of a glassy solid

(vield: 81%).

TLC: CHCls 8 MeOH 2/ AcOH 0.1; RF: 0.54.

IHNMR (300 MHz, CDCI3): 01.30-1.60 (2s,9H), 1.80-2.20 (m,4H),
2.20-2.40 (m,2H), 2.40-2.60 (m,2H), 3.30-3.70 (m,4H), 3.85 (d,1H),

3.20-4.20 (sa,1H), 4.50 (d,1H).

Preparation of the intermediate (5R)-7-(carboxymethyl)-6-oxo0-7-aza-

1-azoniaspiro[4.4]nonano-trifluoroacetate (10)

6 g (0-02 mol) of [(BR)-1-(terz-butoxycarbonyl)-6-oxo-1,7-diazaspiro-
[4.4]non-7-yl]-acetic acid (9) are solubilised in 100 ml of CH2Cl2 and
100 ml of trifluoroacetic acid. The solution 1s held under stirring at
room temperature for 1 hour, after which it 1s brought to dryness
under reduced pressure and H20 1s added to the residue and evapo-
rated, again under reduced pressure, to remove any traces of
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trifluoroacetic acid. The o1l obtained 1s dried with an oil pump,
yielding 6.2 g of an oily product (yield: 100%).

TLC: CHCl3 60/MeOH 40/H20 15/PrOH 10/AcOH 15; RF: 0.33.

IHNMR (300 MHz, DMSOde): & 2.10 (m,4H), 2.30 (m,2H), 3.35
(m,2H), 3.50 (m,2H), 4.05 (2d,2H), 9.25 (sa,1H), 9.35 (sa,1H).

Preparation of {(5R)-1-[(9H-fluoren-9-yl-methoxy)-carbonyl]-6-oxo-
1,7-diazaspiro[4.4]non-7-yl}-acetic acid ST2364 (11)

6.2 g (0.02 mol) of (BR)-7-(carboxymethyl)-6-oxo-7-aza-1-azonia-spi-
ro[4.4]nonano-trifluoroacetate (10) and 4 g (0.047 mol) of NaHCOs3
are solubilised in 200 ml of H20. 7.0 g (0.021 mol) of Fmoc-N-OSu
dissolved 1n 300 ml of acetone are then added to the solution and
the solution 1s left to stir at room temperature for 20 hours. H20 1s
added to the reaction mixture which 1s then washed three times
with Et2O. The aqueous phase 1s brought to pH 2-3 with HCI 2N
and extraction i1s performed with CHCls. The organic phase 1s anhy-
drified with anhydrous Na2SOs and evaporation performed under

reduced pressure. The pitchy solid obtained 1s crystallised with
CHCI; yielding 6.1 g of a white solid (yield: 73%).

TLC: CHCls 8 MeOH 2/ AcOH 0.1; RF: 0.55.
MP: 144° -146°C.

[a]p:-12.6; conc. 0.5% in MeOH.

HPLC: Column: uBondapack C18 3.9x150 mm;

Mobile phase: KH2PO4/50mM./CH3CN 75/25;
Flow rate: 1,0 ml/min. r. temp..;

R.T.: 10.9 min.
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IHNMR (300 MHz, DMSOde): § 1.50 (m,1H), 1.60-2.00 (m,4H), 2.40
(q,1H), 2.60, 3.02 (2m,1H), 3.30 (m,2H), 3.40 (m,2H), 3.70, 4.10
(2d,2H), 4.15, 4.20 (2m,1H), 4.35, 4.75 (2dd,1H), 7.25-7.45 (m,4H),
7.55-7.70 (m,2H), 7.83 (d,2H) 12.70 (sa,1H).

The building block ST2201, useful for the synthesis of the peptido-
mimetic compounds containing the B-turn mimetic Betal, was syn-
thesised according to Scheme 1, by the same method used to syn-
thesise ST 2364 (Example 1), starting from D-proline as the start-
ing product rather than from L-proline. The analytical data of
ST2201 are described in Example 2 here below.

SO0
i
O

ST2201

Example 2

Preparation of {(6S)-1-[(9H-fluoren-9-yl-methoxy)-carbonyl]-
6-o0xo0-1,7-diazaspiro|[4.4]non-7-yl}-acetic acid ST2201

TLC: CHCls 8/ MeOH 2; RF: 0.33.

MP: 138° -141°C.

[a]p: +15.1; cone. 0.5% 1n MeOH.

HPLC: Column: uBondapack C18 3.9x150 mm;
Mobile phase: KH2PO4+50mM/CH3CN 65/35;
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Flow rate: 1.0 ml/min. r. temp.;
R.T.: 8.2 min.

IHNMR (300 MHz,DMSOde): § 1.50 (m,1H), 1.60-2.00 (m,4H), 2.40
(q,1H), 2.60, 3.02 (2m,1H), 3.30 (m,2H), 3.40 (m,2H), 3.70, 4.10
(2d,2H), 4.15, 4.20 (2m,1H), 4.35, 4.75 (2dd,1H), 7.25-7.45 (m,4H),
7.55-7.70 (m,2H), 7.83 (d,2H) 12.70 (sa,1H).

The building block ST2451 (22), useful for the synthesis of the pep-
tidomimetic compounds containing the B-turn mimetic Beta3, was
synthesised according to Scheme 2, using the method described by
R.L. Johnson and co-workers (Genin, M.J.; et al.; J. Med. Chem.,
1999, 42, 628-637) up to Intermediate 16, and then using the
method described in Example 3 here below.
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Scheme 2
Synthesis of ST2451
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Reagenti : (a) t-Bu-CHO, cat. CF,COOH, (b) 1. LDA, 2. CH,=CH-CH,-CH,-Br, (C) Silica gel, MeOH/H,0, (d) (Boc),0,
(CH,)NOH. 5H,0O (e) Gly-OMe.HCI, DCC, HOBt, NEt, (f) OsO,, NalO,, MeOH/H,0 (g) NaBH,CN,
(h) K,CO,, (i) TFA, () 1. NaHCO,, 2. Fmoc-OSu, 3.HCI

Example 3

Preparation of {(56S)-1-[(9H-fluoren-9-vl-methvloxv)-carbonvl
-6-0x0-1.7-d1azaspirof[4.5]ldec-7-v]1}-acetic acid ST2451 (22
Preparation of the intermediate 2-but-3-en-1-vl-1-(terz-butox

bonyl)-L-prolylglycine methylester (17)

8.0 g (0.0297 mol) of 2-but-3-en-1-yl-1-(terz-butoxycarbonyl)-L-proli-
ne (16), 3.7 g (0,0297 mol) of glycine methylester hydrochloride and
4.0 g (0.0297 mol) of hydroxybenzotriazole are solubilised 1n 100 ml
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of anhydrous CHCls. To the solution are added 4.1 ml (0.0297 mol)
of TEA and then 6.1 g (0.0297 mol) of DCC dissolved in 100 ml pf
anhydrous CHCls. The reaction mixture 1s left to stir overnight at
room temperature 1n an N2 atmosphere. The dicyclohexylurea
(DCU) formed 1s filtered and the filtrate is brought to dryness at re-
duced pressure. The residue thus obtained 1s shaken with Et2O and
filtered to eliminate any DCU and the liquid phase 1s washed with
NaHCOs 1M, salt H20, and 10% citric acid and then again with salt
H20. The organic phase 1s anhydrified with anhydrous Na2SO4 and
brought to dryness at reduced pressure, obtaining 13 g of a yellow
oil that is purified using a silica gel chromatography column, elu-
ting with n-hexane/AcOEt 2:1. The purification yields 9.4 g of a
white solid (yield: 93%).

TLC: hexane 2/AcOEt 1; RF: 0.27.
1IH-NMR (200 MHz, CDCls): 01.54, 1.60 (2s,9H), 1.75 (m,3H), 2.10
(m,4H), 2.75 (m,1H), 3.35 (m,1H), 3.58 (m,1H), 3.75 (s,3H),4.05

(m,2H), 5.00 (m,2H), 5.82 (m,1H), 6.50, 8.32 (2sa,1H).

Preparation of the intermediate (5S)-7-(2-methossy-2-oxoethyl)-6-
oxo-1,7-diazaspiro[4.5]decano-1-carboxylic acid terz-butyl ester (19)

9.15 g (0.027 mol) of 2-but-3-en-1-yl-1-(terz-butoxycarbonyl)-L-pro-
lylglycine methylester (17) are solubilised in 300 ml di MeOH/H20
2:1. 0.33 g (0.0013 mol) of OsO4 are added to the solution, which 1is
then left to stir for 10 minutes after bubbling N2, whereupon 17.1 g
(0.08 mol) of NalO4 are added portion-wise. A white precipitate is
formed from the dark-coloured solution and left to stir at room tem-
perature for 24 hours. H20 1s added to the reaction mixture until a
solution 1s obtained which 1s extracted several times with AcOLt.
The pooled organic phases are washed with H2O, anhydrified with
anhydrous Na2S0O4 and brought to dryness under reduced pressure,
obtaining 9.2 g of a mixture of the diastereoisomers of (5R)-8-
hydroxy-7-(2-methoxy-2-oxoethyl)-6-oxo0-1,7-d1aza-spiro[4.5]-decano-
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1-carboxylic acid terz-butyl ester (18) as a dark-coloured o1l which 1s
reacted without any further purification. .

TLC: AcOEt; RF: 0.39 and 0.52 (diastereoisomers).

9.0 g (0.026 mol) of (5R)-8-hydroxy-7-(2-methoxy-2-oxoethyl)-6-oxo-
1,7-d1azaspiro[4.5]decano-1-carboxylic acid terz-butyl ester (18) are
solubilised 1n 180 ml of anhydrous THF. 18 ml of trifluoroacetic acid
are added to the solution and the solution 1s cooled with an 1ce bath
and 4.68 g (0.074 mol) of NaBH3CN are added. The reaction mixture
1s left to stir for 20 hours at room temperature under a nitrogen at-
mosphere and then alkalinised with K2COs. The solution 1s sepa-
rated from the residue by filtration and the filtrate 1s brought to
dryness under reduced pressure. The amorphous mass obtained 1s
dissolved 1n H2O and extracted several times with CH2Cl2. The or-
ganic phase 1s anhydrified with anhydrous Na2SO4 and brought to
dryness under reduced pressure. 9 g of a dark-coloured o1l are ob-
tained which i1s purified by silica column chromatography, eluting
with AcOEt/n-hexane 3:1. 4.5 g of a light-coloured o1l are obtained
(yvield: 53%).

TLC: AcOEt; RFE: 0.5.

1H-NMR (300 MHz, CDCls): §1.40, 1.60 (2s,9H), 1.60-2.15 (m,6H),
2.15-3.80 (m,2H), 3.30 (m,1H), 3.30-3.80 (m,4H), 3.75, 3.76 (2s,3H),
4.70, 4.78 (2d,1H).

Preparation of the intermediate [(56S)-1-(terz-butoxycarbonyl)-6-oxo-
1,7-diazaspiro[4.5]dec-7-yl]-acetic acid (20)

4 g (0.012 mol) of (56S)-7-(2-methoxy-2-oxoethyl)-6-o0x0-1,7-d1azaspi-
ro[4.5]decano-1-carboxylic acid terz-butyl ester (19) are dissolved in
60 ml of MeOH and 60 ml of H20; 3.32 g (0.024 mol) of K2CO3 are
then added. The reaction mixture 1s held under stirring at room
temperature for 20 hours, then brought to pH 5 with HCI 2N and
brought to dryness under reduced pressure. The residue obtained 1s
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solubilised in H20, brought to pH 2-3 and extracted several times
with CH2Clo. The organic phase 1s anhydrified on anhydrous
Na2S0O4 and brought to dryness under reduced pressure, obtaining
3.2 g of a white solid (yield: 86%).

TLC: CHCl; 8MeOH 2/CH;COOH 0,1; RF: 0.59.
1H-NMR (300 MHz, CDCls): §1.43 (s,9H), 1.60-2.15 (m,6H), 2.15-
2.50 (m,2H), 3.25 (m,1H), 3.30-3.8

0 (m,4H),4.43, 4.98 (2d,1H).

Preparation of the intermediate (5R)-7-(carboxymethyl)-6-ox0-7-aza-

1-azoniaspiro[4.5]decano-trifluoroacetate (21)

3.1 g (0.01 mol) of [(5S)-1-(terz-butoxycarbonyl)-6-oxo-1,7-d1azaspiro-
[4.5]dec-7-yl]-acetic acid (20) are solubilised in 60 ml of CH2Cls and
60 ml of trifluoroacetic acid; the reaction solution is left to stir at
room temperature for 1 hour. It 1s then brought to dryness under
reduced pressure at 30°C, the residue 1s taken up with H20 and
again brought to dryness under reduced pressure, drying thor-
oughly with an o1l pump. 3.1 g of a light-coloured o1l are thus otain-

ed (y1eld: 95%).
TLC: CHCl3 60/MeOH 40/H20 15hs0PrOH/10/AcOH 15; RF: 0.4.

1H-NMR (200 MHz, D20): § 1.85-2.30 (m,8H), 3.20-3.60 (m,4H), 4.05
(d,2H).

Preparation of {(56S5)-1-[(9H-fluoren-9-yl-metoxy)-carbonyl]-6-oxo-1,7-
diazaspiro[4.5]dec-7-yl}-acetic acid ST2451 (22)

3.2 g (0.01 mol) of (6R)-7-(carboxymethyl)-6-o0xo0-7-aza-1-azoniaspiro-
[4.5]decano-trifluoroacetate (21) are dissolved in 100 ml of H20; 1.7
g (0.02 mol) of NaHCO3 are added to the solution and then 3.7 g
(0.011 mol) of Fmoc-N-OSu dissolved 1n 150 ml of acetone. The reac-
tilon mixture 1s left to stir at room temperature for 24 hours, the
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acetone 1s evaporated under reduced pressure, followed by dilution
with H2O and washing with Et2O. The aqueous phase 1s brought to
pH 2-3 with HCI 2N and extracted with CHCIls. the organic phase 1s
anhydrified on anhydrous Na2S0O4 and brought to dryness under re-
duced pressure. The product obtained i1s crystallised with CH2Cle
and Et20, thus obtaining 1.4 g of a white solid (yield: 32%).

TLC: CHCls 8/MeOH 2/CHsCOOH 0,1; RF: 0.62.
MP: 122°C.
[a]p: -26.4 (0.5% 1n MeOH).

E.A.: Theoretical: C 69.10; H 6.03; N 6.44;
Found: C 67.81; H 5.90; N 6.31.

HPLC: Column: Symmetry C18 (5u) 3.9x150 mm;
Mobile phase: KH2PO450mM pH 3/CH3CN 65/35;

Flow rate: 1.0 ml/min, r. temp..;
R.T.: 5.2 min.

1H-NMR (300 MHz, CDCls): & 1.20, 1.38, 1.62 (3m,1H), 1.78-2.20
(m,5H), 2.22-2.50 (m,2H), 2.80, 3.45 (2m,1H), 3.25 (m,1H), 3.60
(dd,1H), 3.65 (m,1H), 3.80, 3.85 (2d,1H), 4.15, 5.2 (2m,1H), 4.2-4.35
(m,1H) 4.40(m,1H), 4.60 (m,1H), 7.20-7.45 (m,8H), 7.58 (m,2H), 7.75
(d,2H).

The building block ST2535 (34), useful for the synthesis of the pep-
tidomimetic compounds containing the B-turn mimetic Beta4, was
synthesised according to Scheme 3, using the method described by
R.L. Johnson and co-workers (Genin, M.J.; et al.; J. Med. Chem.,
1999, 42, 628-637) up to Intermediate 31, and then using the
method described 1n Example 4 here below.
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Scheme 3
Synthesis of ST2535
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Example 4

Preparation of (2R.3'S,7a'R)-1-[(9H-fluoren-9-yl-methoxy)-
carbonyl]-5'-oxotetrahydrospiro-[pyrrolidine-2,6'-pyrrole-
[2,1-b][1,3]thiazole]-3'-carboxylic acid ST2535 (34)

Preparation of the intermediate (2R,3'S,7a'R)-1-(terz-butoxy-carbo-

nyl)-5'-oxotetrahydrospiro-[pyrrol<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>