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The trypanosomai family of parasites have a substantial worldwide impact on human

15 and animal healthcare (McKerrow, I. H., ef al, Ann. Rev. Microbiol. 47, 821-853,
1993). One parasite of this family, Trj{pdﬂosoma cnwi; is the causative agent of
Chagas’ disease,-which affects in excess of twenty million people annually in Latin

and South America, is the leading cause of heart disease in these regions and results

* in more than 45,000 deaths per annum (Centers for Disease Control and prevention

20 website). In addition, with the increase in migration of the infegted population from
rural to urban sites and movements from South and Central America into North

) America, the infection is spreading via blood transfusions, and at birth. The present
treatments of choice for Trypanosoma cruzi infection, nifurtimox and benznidazole

(an NADH fumarate reductase inhibitor, Turrens, IF, et al, Mol Biochem Parasitol.,

25 82(1),125-9, 1996) are at best moderately successful, achieving ~60% cure duting
" the acute phase of infection (see Docamipo, R. Curr. Pharm. Design, 7, 1157-1164,
2001 for a general discussion) whilst not being prescribed at all during the chronic
phase where cardiomyopathy associated heart failure often occurs (Kirchhoff, L. V.

New Engl. J. Med., 329, 639-644, 1993). Additionally, these two drugs have serious

30  adverse toxic effects, requiring close medical supervision during treatment, and have
been shown to induce chromosomal damage in chagastic infants (Gorla, N. B. et al,
Mutat. Res. 206, 217-220, 1988). Therefore, a strong medical need exists for new

effective drugs for the chemotherapeutic treatment of Trypanosoma cruzi infection.
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' 15  products identified following analysis of several genome sequencing programmes
(e.g. see Southan, C. J. Pept. Sci, 6, 453-458, 2000). Proteases have evolved to

participate in an enormous range of biological processes; mediating their effect by

cleavage of peptide amide bonds within the myriad of proteins found in nature, This

" hydrolytic action is performed by initially recognising, then binding to, particular

20 ‘three-dimensional electronic surfaces displayed by a protein, which aligns the bond
for cleavage precisely within the protease, catalytic site. Catalytic hydrolysis then
commences through nucleophilic attack of the amide bond to be cleaved either via an
amino acid side-chain of the protease itself, or through the action of a water molecule

~ that is bound to and activated by the protease. Proteases in which the attacking

25 mucleophile is the thiol side-chain of a Cys residue are known as cysteine proteases.
The general classification of ‘cysteine protease’ contains many members found
across a wide range of organisms from viruses, bacteria, protozoa, plants and fungi to

mammals,

30 Biological investigation of Trypanosoma cruzi infection has hightighted a number of
A specific enzymes that are crucial for the progression of the parasite’s life cycle. One

such enzyme, cruzipain, a cathepsin L-like cysteine protease, is a clear therapeutic
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Vi abI e therapeutic target has been achieved wth increasing |evels of
corrpl exi ty. roauery (Bngadfl. &. gealed alixm Wade 1 88(4) 7869341998 Mbirneroys gther in
15 vivo studies have confirmed that infections with alternative parasites such as
Leishmania major (Selzer, P. M. et al, Proc. Nat'l. Acad, Sci. U.S.4., 96, 11015-
11022, 1999), Schistosoma mansoni and Plasmodium falciparium (Olson, J. E. et al,
Bioorg. Med. Chem., 7, 633-638, 1999) can be halted or cured by treatment with

. cysteine protease inhibitors.
20 : ‘

: ) A variety of synthetic approaches have been described towards the design of
} cruzipain inhibitors. However, although providing a biological ‘proof-of-principle’
for the treatment of Trypanosoma cruzi infection, current inhibitors exhibit a number
of biochemical and physical properties that may preclude their clinical development.
25  (e.g see (a) Brinen, L. 8. ef al, Structure, 8, 831-840, 2000, peptidomimetic vinyl
‘sulphones, possible adverse mammalian cell toxicity (see McKerrow, J. H. and
Engel, J. unpublished results cited in Scheidt, K. A. et al, Bioorg. Med. Chem, 6,
2477-2494, 1998); (b) Du, X. et al, Chem. Biol., 1, 733-742, 2000, aryl ureas,
generally with low pM activity, and high ClogP values, thus poor aqueous solubility
_ 30 and probably low oral bioavailability; (¢} Roush, W. R. et al, Tetrahedron, 56, 9747-
q 9762, 2000, peptidyl epoxysuccinates, irreversible inhibitors, with potent activity

verses house-keeping mammalian proteases such as cathepsin B; (d) Li, R. et al,
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or a conserved arrangement of catalytic residues within the protease primary

15  sequence. Additionally, ‘r;lans’ are further classified into ‘families” in which each

~ protease shares a statistically significant relationship with other members when
comparing the portions of amino acid sequence which constitute the parts responsible

. for the protease activity (see Barrett, A.J & al, in ‘Handbook of Proteolytic
"Enzymes’, Bds. Barrett, A. J., Rawlings, N. D., and Woessner, J. F. Publ. Academic

20  Press, 1998, for a thorough discussion). To date, cystcine proteases have been
classified into five clans, CA, CB, CC, CD and CE (Barrett, A. J. ef al, 1998). A )
protease from the tropir:al papaya fruit ‘papain’ forms the foundation of clan CA,
which currently contains over 80 distinct and complete entries in various sequence

~ databases, with many more expected from the current genome sequencing efforts.

25 Proteases of clan CA/family Ci have been implibated in a multitude of disease
processes e.g. human prbteas;es such as cathepsin K. (osteoporosis), cathépsin S
(autoimmune disorders), cathepsin L (metastases) or parasitic proteases such as
falcipain (malaria parasite Plasmodium falciparum), cruzipain (Trypanosoma cruzi
infection). Recently a bacterial protease, staphylopain (S. qureus infection) has also

30 been tentatively assigned to clan CA. X-ray crystallographic structures are available

R for a range of the above mentioned proteases in complex with a range of inhibitors

e.g. papain (PDB entries, 1pad, 1pe6, 1pip, 1pop, 4pad, Spad, 6pad, 1ppp, 1the, lcsb,
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(C~0) and (NH) are prowded by an amino acid residue ECI{R_@ that constitutes
the 82 sub-site binding element within the inhibitor (see Berger, A. and Schecter, I.
Philos. Trans. R. Soc. Lond. [Biol ], 257, 249-264, 1970 for a description of protease
- binding site nomenclature). A further hydrogen-bond between the protease main-

20  chain (C=0) of asparagine or aspartic acid (158 to 163, residue number varies
) between proteases) and an inhibitor (N-H) is often observed, where the inhibitor (N -
H) is provided by the S1 sub-site binding element within the inhibitor. Thus, the
motif X-NHCHRCO-NH-Y is widely observed amongst the prior art substrate-based

inhibitors of CA C1 proteases.

25 | |
In the prior art, the development of cysteine protease inhibitors for human use has
recently been an area of intenée activity. Considering the CA C1 family members,
particular emphasis has been placed upon the development of inhibitors of human
cathepsins, primarily cathepsin K (osteoporosis), cathepsin S (autoimmune disorders)
30  and cathepsin L (metastases), through the use of peptide and peptidomimetic nitriles
T, (e.g. see WO-A-0109910, WO-A-0051998, WO-A-0119816, WO-A-9924460, WO-
A-0049008, WO-A-0048992, WO-A-0049007, WO-A-0130772, WO-A-0055125,
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cathepsin K with good oral bioavailability (Witherington, J., ‘Tetrshydrofurans as
15  Selective Cathepsin K Inhibitors’, RSC meeting, Burlington House, London, 1999).

' The compounds of WO-A-9850533 were reported to bind fo cathepsin K through the
formation of a reversible covalent bond between {he- tetrahydrofuian carbonyl and the
active site catalytic cysteine residue (Witherington, J., 1999). Additionally, the same

" cyclic ketone cbmpaunds are described in WO-A-~9953039 as part of a wide-ranging

€.g.
lth
K (
(lc

20 .description of inhibitors of cysteine proteases associated with parasitic diseases, with
- particular reference to the treatment of malaria by inhibition of falcipain. However, )
subsequent literature describes the cyclic ketone compounds of WO-A-9850533 to
be unsuitable for further development or for full ﬁharmacoldnetic evaluation dueto a
- physiochemical property of the inhibitors, the poor chiral stability of the a-
25  aminoketone chiral centre (Marquis, R. W. et al, J. Med. Chem., 44(5), 725-736,
2001). WO-A-0069855 déscxibes comiaounds that may also be referred o as cyclic
ketones with particular reference towards inhibition of cathepsin S. The compounds
of WO-A-0069855 are considered to be an advance on compounds of WO-A-
9850533 due to the presence of the P-substituent on the cyclic ketone ring system
30 that provides chifal stability to the a-carbon of the cyclic ketone ring system.
B However, the compounds of WO-A-0069855 and indeed those of WO-A-9850533
describe a requirement for the presence of the potential hydrogen-bonding motif X-
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VO- A- 004900 REIMR BOONBOY ABat M@wzﬁe%éﬁge%%d dBorstt ¥n2PR5r aMQBHA5HR%A

PCT/ GB02/ 00154 -6 WD A- 0055126 A- 0119808, " WO A- 0149288, WO A-0147886),
|l i near and Etb}lutorw%@btqldaof&ms pepti dom netic ketones (e.g. see Veber, D

F. and Thonpson, S. K., Curr. Opin. Drug Discovery Dev.

3(4), 362-369, 2000, WO A-0170232, WO A- 0178734, WO A- 0009653 WO A- 0069855,
WO- A- 0029408, ha¥\osr $kkd 4lidedver@] that \Erfuil tarhbOEhds) M fied B¢ YeAGal Mnii31H4399,
WO- A- 9805336, . WO- A- 9850533), ketoheterocycles (e.g. see WO A-0055144,

- VWO A- 005512294 dRgarepoembans b@hﬁc@mp@@m@mm&g&slwhwbamw&sgnme

2 eo higni + ket of MrBhafila 4RRF RER0RGRRE chRolthids adehl ol 3r8ealy | .
For exanpl efork¥lab- @ﬁﬁ%@ﬁ aﬁﬂﬁoﬁé&eﬁm&lﬂﬁe%ﬁ& 59648 kige OFTW WIdsysichrt mMay

be referred to as g@fl ic ketones_and are inhibitors of cysteine proteases
- with a part Proigasss éP@H%‘El dp sl 4o Fhe dregtment of disegsest eaaged; bineysteinea nost

preferred e e bes GO

subsequent | gé;tkal I e {&£§ teréyg?@raggg’%g‘ﬁ @jg%ﬁ{rpf C%?a g’thepm n

K wth UbodXer)]CHR@GMﬂSﬁblohf that (¥\Wtidely iobgHredd, adongst Eﬁetﬁrﬁiﬂwﬁr@bb&ﬂﬂsdas 15
ton House, Laondon,

Sel ective thp| Inh|b|tors, RSC neeting, Burli
1999). The §8§ﬁ‘§ﬁ horpiensss e @iarisingly comgomsisiieliacd by ggpwralpsi n' K

t hrough t heg &kg};

t et rahydr of uorrgnﬁf car bon);ﬂ6 a&%ﬁ%ﬁ% ib Gﬂ% r%&%%@gﬁﬂ&oﬁgﬁcys e%"{ri?gmt}lggl due

(Wt heringt tﬂtrah)adrpﬁitqgg)b]pﬁmh&-om;al ly, t he teaatgydratlieno[8, 2ajpynel-8-aamounds
d b WO A- 995 t of d

are descri ﬁ aia?dropyrrolo% g]%yrrgls 3 %%Ea ora \ﬁnexaiycrlr%gyclopenta[b]pyrrol~6~one,

153 tetrahydrofuro[3,2-c]pyrazol-6-one, tetrahydrothieno[3,2-c]pyrazol-6-one,
' hexahydropyrrolo[3,2-c]pyrazol—6-one, hexahydrocyclopentapyrazol-6-one,
hexahydrofuro[3,2-blpyridin-3-one, hexahydrothieno|3,2-b]pyridin-3-one,
octahydropyrrolo[3,2-bipyridin-3-one, octahydrocyclopenta[ blpyridin-7-one,

' ~hexahydrofuro[3,2-clpyridazin-7-one, hexahydrothienof3, 2—c]pyﬁdazin—7—one

20 octahydropyrrolo[3,2-clpyridazin-7-one or octahydrocyclopenta[c]pyndazm~7«one
bicyclic compounds defined by general formutae () and (I1).

Accordingly, the first aspect of the invention provides a compound according to
general formula (I) or general formula (I1); -

ST B
o PN /\l o &/N

25 {in
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wherein: R = Cy7-alkyl (when C = 0, R is simply hydrogen), Cs.¢-cycloatkyl or
Ar-Cy.7-alkyl (when C = 0, R is simply an aromatic moiety Ar);




parasitic diseases, with particular reference to the treatygeng Sosel ari a
by inhibition of falcipain. However, subsequent literature esycrlqbes t he
cyclic ket K@ 0¥BYE®uUNnds of WO A-9850533 to be unsuitabl e fRCTBIIES

devel opment or for fall pharmacokinetic eyaluation due to a physiochem cal
property of the inhibitors, the poor chiral stability of the a 25

~am noketone chjral centre (Marquis, R W et al, J. Med. Chem, 44 5
725-736, 200% .ISWAU’@%%EH‘g@ghisiab’iegréomqndmradsnmayclimy%drso- be referred

to as cyclic MMeheR&eshWNdiP sRari r.reference towards jnhibition of
cathepsin S. The coméﬁyﬁ&snﬂg’f&wl}&%ﬁgﬁlgné‘gés@glﬁg"i‘lg'egﬁl IEd e an advance
on conpounds df ¥Wolefnedig#®B33 due to the presence of the (3-substituent on
the cyclic ketone ring system 30 that provides chiral stability to the

a-carbon of the cyclic ketone ring system However, the conpounds of
WO A- 0069855 aad U, nd®ed t hose of WO A- 9850533 describe a requirenent for

~the-presence-of -t-he potential -hydrogen-bondi ng nmotif X 18 July 2005 WO -

02(057270 PCT/ GB02/QP184s 7 NHCHRCO NH Y that is w dely observed anongst
the prior art substtate“pased inhibitors of CA O proteases. It has now
been di ssovered that certain conpounds, defined by general formulae (1) 5
and (11), are pot ent, and7sel ective cruzipain protease inhibitors which are
useful in the treaPtreGR'RY, Trypanosonma cruzi infection. O her conpounds
defined by general formulae Ol and (I1) dre protease inhibitors across a
broad range of CA Cl1 cysteine proteases and conpounds useful in the

treatment of di seasgs @#pded: RElC | e 5 e&z&g nd i bed by
general formul ae (I)Q and (.I% do’ﬁgl%f\éc%uﬁtlsai&%&%uhe %%Wﬁ%%tif
that is wdely obsemAgeCemalkigst the prior art substrate- based inhibitors

of CA ?0 pr ot eases, yet surprisingly conpounds defined by general fornulae
(I') and (I11) retain good potency. The present invention provides ‘

substituted tetratgghefurof 3 g2 R¥ | RBa@RY is indepen o
t et r ahydr ot hi eno[ 3, 2- b] pyrrol -3-on’g¥r’w’R 15 m dently chosen from
Co.-alkyl, Cs¢-cycloalkyl, Ar-Cyr-alkyl, O-Co.7-alkyl, O-Cs-cycloalkyl,
- 0-Ar-Cyr-alkyl, 8-Co.7-alkyl, S-Cy.¢-cycloalkyl, S-Ar-Co.7-alkyl, NH-Cy.
7alkyl, NH-Cj.g-oycloalkyl, NH-Ar-Co.z-alkyl, N(Co.7-alkyl);, N(Cs.-

15 cycloalkyl), or N(Ar-Cy7-alkyl),;

) Y = CRPRP-CO, where R'2, R™ are chosen from Cos-alkyl, Cie-

' cycloalkyl or Ar-Co.5-alkyl;
in the group (X)o, X = CR¥R", where R™ and R'® are independently
chosen from . Cgr-alkyl, Cs.e-cycloalkyl and Ar-Copz-alkyl and o is a
number from zero to three;

10
in the group (W), W = O, S, C(0), S(O) or S(Q); or NR'®, where R'® is
chosen from Cgr-alkyl, Cs¢-cycloalkyl and Ar-Co-falkyl and n is zero or

one;

15 in the group (V)g, V = C(0), C(8), 8(0), S(O)z, S(O)NH, 0C(0),

,_ NHC(O), NHS(O), NHS(O),, OC(O)NH, C(O)NH or CR'R"®, where R"’
‘» and R'® are independently chosen from Cy.7-alkyl, Cs6-
cycloalkyl, A15C0_7-alky1 and m is a number from zero to three, provided

that when m is greater than one, (V),, contains a2 maximum of one carbonyl

20 - or sulphonyl group;




hexahydr opyrrol o[ 3, 2-b] pyrrol-3-one, hexahydrocycl openta[b]pyrrol -6-one, 15

t et rahydr of uro[ 3, 2-c] pyrazol - 6-one, tetrahydrothieno[3, 2- c]ﬂyﬁgz 6 one
hexahydropyrrol o[ 3, 2-c] pyrazol - 6-one, hexahydrocycl opent apyr az

hexahydr oM@ @f037220 b] pyr i di n- 3- one, hexahydr ot hi eno[ 3, 2- b] frﬂ‘iﬁ%’“@l%ne

oct ahydr opyrrol o[ 3, 2-b] pyri di n- 3- one, GB{ahydroeycIopenta[b]pyr|d|n 7-one,
hexahydr of ar o[ 3, 2- c] pyri dazi n-7-one, hexahydrot hi eno[ 3, 2-c] pyri dazi n-7- one,
20 oct ahydropyrrol o[ 3, 2-c] pyri dazi n-7-one or

oct ahydr ocycl opent aﬁ&]aos)eam@gzeonr ]zleﬂ.!aered%@m% e GRSt da heRBery
general formulae (1) and (I1). Accordingly, the first aspect of the

i nvention provi des hacystinpmgrwhicle sozithien satumsted e vesathratedrand| which jnchidegener al

f | 11 P/ PLYY R1 Us W ff U 25
(F; m(Ji ?)( \/\%erel n: gofwl%etgp%qzys@a@%%diﬁe]@ (VI) ?sfrrpl)g(ﬁydrogegl;/vn

C3- 6-cycl oal kyl or Ar Co_7-al kyl- (when C =0, RL is sinply an aromatic
moi ety Ar); 18 July 2005 WO 02/ 057270 PCT/ GB02100184 Ar is an aromatl C

~poi-et y--whi-ch-i-s- a 5- -or 6-nenbere nocyclicpg ---or ~10- - V& d -

bi cyclic ring, er, | earo |ng|so ally sub%tlt ted by R19
as defined bel ov\R“’ = €R5R6 5 PP RS, Q# Cg]RlO or NR',

where R' is chosen 7 aI kyIE 63 6--cyc|oal§ry|

J J G B J B I
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wherein RY is:

Cos-alkyl, Csscycloalkyl, Ar-Cos-alkyl, O-Cyq-alkyl, O-Cis-
cycloalkyl, OQAI-§0.7~a1k'y_1, S-Cor-alkyl, S-Ci.g¢-cycloalkyl, S-Ar-Co.s-
10 alkyl, NH-Coz-alkyl, NH-Cs.¢-cycloalkyl, NH-Ar-Cos-alkyl, N(Cos-
alkyl),, N(Cs¢-cycloalkyl), or N(Ar-Co-alkyl),; or, when part of a
CHRY or CRY group, R" may be halogen;
A is chosen from:
g CH; CHRY, O, S and NR%;

15 where RY is as defined above; and R?® is chosen from:




or Ar-Ca7-!Lkl; 10 Each of R5, R6, R7, R8, R9 and R10 is independently
chosen from Cal-alkyl, C34-cycloal kyl, Ar-C-7-alkyl, OCgama_1u{§y 005

O C3.6-cycl oal kyl, O Ar - Ca7- al kyl; S-C-7-alkyl, S- C34 cycl oa )

S- Ar - Co- 7%@0572“—!—00 7-al kyl , NH-CB 6- cycl oal kyl , NHAr -rCa7ceoklogiss
N(C 7-al kyl)2, N(C34- 15 cycIoaI kyl ) 2 OF oN(Ar - C7-al kyI)2 Y CR12R13- CO,
where R 2, R13 are chosen from C 7-al ky C3.6- cycloal kyl or Ar-GC 7-alkyl;
in the group (X)0, X = CR14R15, where R14 and R15 are i ndependent |y chosen
fromC _7-al kyl, C3-6-cycloal yl is a nunber from
zero to three; 10 in the%ﬂ‘@ﬁ%’ (@\f?cyﬁ"?&d@ad C@’@ﬁ(YPS(O) or S(0)2 or
NR16, where R16 is chosen from Cal -al kyl, C3- 6 cycl oal kyl and Ar-C- 7-al kyl
and n is zero or one; 15 in the group (V)m V=0C0O, 9, S(O, S(0)2,
S(0)2NH, OC(O, B;Dadﬂl@@@)indd}dbiﬁ(eﬁb]ychbﬁﬁ(l@om OC(O NH, C(O NH or CR17R18,

where R17 and R18 ar lgld e Y from C7-al kyl, C3-6-
cycl oal kyl, Ar-GC 7-al qr#@ %?q?ﬁﬁffig’qvﬁo?ﬁ ero to three, provided

~t-hat--whegm-i s-great er than one, (V)m contains a maxinum of one carbonyl -

20 or sul phonyl group; 18 July 2005 WO 02/057270 PCT/ GB02/00184 -9 U = a
stable 5- to 7-rreﬁ1&|chmsemﬁnm;ycl ic or a stabl e 8- to 11 menbered bicyclic

ring which is either o) bdr ‘f@d' ﬁgl ud(gg zero to
9e$8’96?ﬁﬁ8 are defined as

four heteroatons (as 2a

J,L,M, R, T, T, T3 and T are independently chosen from:

10 CRY and N, where R" is as defined above; .
Ts is chosen from:
CHorN;
15 q is a number from one to three, thereby deﬁnmg a 5-, 6- or 7-membered

ring.

B,D,G,J,L, M, R, T, Ty, T3 and T4 may additionally represent an N-oxide (N->O).
20  The present jnvention includes all salts, hydrates, solvates, complexes and prodrugs

of the compounds of this invention. The term “compound” is intended to include all

such salts, hydrates, solvate_.s, complexes and prodrugs, unless the context requires

otherwise.

25  Appropriate pharmaceutically and veterinarily acoeptable salts of the compounds of
general formulae (I) and (i) include salts of organic acids, especially carboxylic
acids, including but not limited to acetate, trifluoroacetate, lactate, gluconate, citrate,
tartrate, maleate, malate, pantothenate, adipate, alginate, aspartate, benzoate,
butyrate, dighiconate, cyclopentanate, glicoheptanate, glycerophosphate, oxalate,

30  heptanoate, hexanoate, fumarate, nicotinate, palmoate, pectinate, 3-phenylpropionate,

% picrate, pivalate, proprionate, tarirate, lactobionate, pivolate, camphorate,

undecanoate and succinate, organic sulphonic acids such as methanesulphonate,




|DB | lTAI,'\I

R AQ DEDBEM R-T G(x: JMDBM M ER3 psi J\
~ERM\EMMAR ~T2 MRT2 5 00 T5LTSD~!L9ManACl;] Ghds DB | s
i~Dg 1l MAREI / wherein R19 is: Q0 _7-al kyl, C3-6-cy~y " Iltc,, ~,
Ar-CO7'~"J -",,t7~, ~lv OQ0-7"al kYl, O C3.6- cycloal kyl, OAr-(I) 7-al kyl ,
S-Q0-7-al kyl, S-C3.6-cycl oal kyl, S-Ar-CO 7- 10 al kyl , NH-CI)-?-akI,

NH C3- 6- Cyd oal kyl, NH Ar-C 7- aI kyl, N(CO 7 alkyl)2, N(C3.6-cycloalkyl)z or
- N(Ar-Co-7-al kyl)2; or, when .part of a 1 R19 or CR19grouP, R19 may be
hal ogen; A is chosen from CH2, CHR 9, S and NR20; 15 where R19 is as

def i ned abov and R20 is ¢ en from 18 2005 WO 02/.057270
PCT/ GB02/ 00§ anesuféow,raﬂ Exﬁsmxwa@ecycﬁuaﬂjﬂovéw affnptorgphenatery| 2- g D

gpdN_G a565' RAIEREGR R b HorSROS B ARTIphGRYS: HBRbEbELdstipRense! Whgdpabove,
1 toluenesulphonate; and inorganic acids such as hydrochloride, hydrobromide,

_hydroiodide, sulphate, bisulphate, hemisulphate, thiocyanate, persulphate,
5  phosphoric and sulphonic acids. Salts which are not pharmaceutically or veterinarily

acceptablg may still be valuable as intermediates.

Prodrugs are any covalently bonded compounds which release the active parent drug
according to general formulae (I) or (II) in vivo. A prodrug may for example
10 constitute a ketal or hemiketal derivative of the exocyclic ketone functionality
present in the tetrahydrofuro[3,2-b]pyrrol-3-one, teﬁahydrothieno[3,2-b]pyrr01—3-
one, hexahydropyrrolo[3,2-blpyrrol-3-one, hexahydrocyclopenta]blpyrrol-6-one,

tetrahydrofuro[3,2-c]pyrazol-6-one, tetrahydrothieno[3,2-c]pyrazol-6-one,
hexahydropyrrolof3,2-c]pyrazol-6-one, hexahydrocyclopentapyrazol-6-one,
15 hexahydrofuro[3,2-b]pyridin-3-one, hexahydrothieno[3,2-b]pyridin-3-one,
octahydropyrrolo[3,2-b]pyridin-3-one, octahydrocyclopental b]pyridin-7-one,
hexahydrofuro[3,2—c]pyridazin-7-one, hexahydrothienof3,2-clpyridazin-7-one,

~_octahydropyrrolo[3,2-c]pyridazin-7-one or octahydrocyclopenta[c]pyridazin-7-one
scaffold. If a chiral centre or another form of isomeric centre is present in a
20  compound of the present invention, all forms of such isomer or isomers, including

; enantiomers and diastereoisomers, are intended to be covered herein. Compounds

of the invention containing a chiral centre may be used as a racemic mixture, an
enantiomerically enriched mixture, or the racemic mixture may be separated using

- well-known techniques and an individual enantiomer may be used alone.

25 A
‘Halogen’ as applied herein is meant to include F, Cl, Br, [;
| ‘Heteroatom’ as applied herein is meant to include O, S and N;
- w 30  ‘Cog-alkyl’ as applied herein is meant to include stable straight and branched chain

aliphatic carbon chains containing zero (i.e. simply hydrogen) to seven carbon atoms

such as methyl, ethyl, n-bropyl, isopropyl, n-butyl, tsobutyl, t-butyl, pentyl,




E is chosen from CH2, CHR19, 0, S and NR20, where R19 and e are defined as
above; J, L, M R T, T2, T3 and T4 are independently chosgndiy osas 10 CR19
and N, where R 9 is as defined above; T5 is chosen from CHor N 15 q is
a nunber WQRB2/65787% 0 t hree, thereby defining a 5-, 6- or ?PgweeBeresks ring.
B, b G J, L, M R T, T2, T3 and T4 ngy_additionally represent an N oxide
(NO. 20 The present invention includes all salts, hydrates, solvates,
conpl exes and prodrugs of the compounds of this invention. The term

" d" is. i to. i,nclude all . h salts, dré , | vat es,
conpl oxes alRPERYAPCRL, B 264 BEF s onin istiery B iRl £ o
Appr opr i at e nplyasTRaayt be shbsinAd at Aty pdiREbY bite, AGRHRH mi%!e%&gfﬁ s faQe .

1) and (B) ts c acids,

conpounds of _general fornulae ( . , I nclude sal or gan
especi al | 'y dafingskghove) fonexataple itmglvedi tidlubremetioyl shbstitvent! Rusthemmedreyt &, 1-

trifluoroac | act at | uconate, citrat tacrtrate, mal eate,. mal ate,
Sanf ot hﬁg ?t ?@%ﬁ;@g&ﬁhﬁ%ﬁ %aﬁhferﬁ%ﬁlgg@ as g@%é@@ﬁ fﬁh%@“&’?‘é?" gtet
30 hepanoat e, h,e_xanoatééilf1 fur?qr ate, nicoti na?se, pal Fr%ate, pg%:t %ﬁ?@,sa
3- phenyl pr ogP¥Hdines, cappxylin acidycazhonamiden lfthe beterostont i locatedat a chain

| act obi onat 1 VO, .. C or at.e, - ecangat e and sycci nate, organic

sul phoni ¢ ag‘? S aséu!!(lzl ztsisn%ﬁ% ggﬂfﬁﬁgﬁg{&g‘? Wil 98F yrgweéay%hi én ‘atoms. &

et hanesul phhﬂaﬁﬁtonichhﬂbgwﬁtdtﬁﬁ?rés@ﬁﬂoﬁﬂé@(ﬁ%a&?m&iﬁyhHﬁ!ﬂﬂ@hﬁ1of%ne

napht hal enesul phonat e, benzenesul phonate, p-chl orobenzenesul phonate and p-

t ol uenesul pﬁ%fhﬂ’t‘ét,omand i norgani ¢ aci ds such as hydrochl ori de, hydrobroni de,
hydr oi ogly de, sul phate, bisul phate, hem sul phate, thiocyanate, persul phate,

5 phosphoric and sul phoni ¢ acids. Salts which are not pharnmaceutically or )
veterinari | Cs.acyhpligh! & applied hietein Remeslt tabhdudSary W 81688 oft €r-alkyl®

- which additionally contains a carbocyclic ring such as cyclopropyl, cyclobutyl,

cyclopentyl, cyclohexyl. The carbocyclic ring may optionally be substituted with one
or more halogens (as defined above) or heteroatoms (as defined above) for example

15 to give a tetrahydrofuran, pyrrolidine, piperidine, piperazine or morpholine
substituent. '

*Ar-Co.7-alkyl’ as applied herein is meant to include any variation of Cy;-atkyl which

“additionally contains an aromatic ring moiety ‘Ar’. The aromatic ring moiety Ar can

20  be a stable $ or 6-membered monocyclic or a stable 9 or 10 membered bicyclic ring

which is unsaturated, as defined previously for U in general formulae (D) and (ID).

The aromatic ring moiety Ar may be substituted by R’ (as defined above for U in

general formulae (T} and (I)). When C = 0 in the substituent Ar-Cp.s-atkyl, the

~ substituent is simply the aromatic ring moiety Ar.

25

Other expressions containing terms such as alkyl and cycloalkyl are intended to be

construed according to the definitions above. For example “Ci4 alkyl” is the same as

- Co.7-alkyl except that it contains from one to four catbon atoms.

30 If different structural isomers are present, and/or one or more chiral centres are
present, all isomeric forms are intended to be covered. Enantiomers are characterised
by the absolute configuration of their chiral centres and described by the R- and S-




Prodrugs are any coval ently bonded conpounds which rel ease the active
parent drug according to general fornulae (1) or (II) in WBV.RW ggr odr ug
may for exanple 10 constitute a ketal or hemi ketal derivative ‘of the
exocycl i cWRVHEPunctionality present in-the : PCT/GB02/00184

t etrahydrof uro[ 3, 2-b] pyrrol - 3-one, tetrHRydrothieno[3, 2-b]pyrrol-3- one,
hexahYdr oPYi Tol O[ 3, 2- b] PY170f - 3- one hexahydrocYcl oPent a[ b] pYri ' of - 6- one,

t et rahydrof uro[ 3, 2-c] pyrazol .- 6- one, tetrahydrothieno[3, 2-c] pyrazol -6-one,
hexahydr ODYEéq?EﬁbEB 21?% ﬂis]mcaﬁplmé‘m&aﬁd Pﬁ&@%ﬁ%ﬁ%@%ﬁ@h@” LpERbwdipne, 15

hexahydr of ur o ri di n-3-one, hexahydrot hi eno[ 3, 2- b] pyri di n- 3- one,

oct ahydr opy theotrb[(@g.2sds] fdviatced Organis, ChetistryyrPc pditiopeed. aMaidhy di, dokm 7- one,
hexahydr of u 3, 25 i dazi n- {=one, hexahydrot hi eno[ 3, 2-c] pyri dazi n-7- one,
oct ahydr opyW%c?P%%‘%H?V%ﬁ%iﬁ one or |

oct ahydr ocycl opent a[ c] pyri dazi n-7-one scaffold. If a chiral centre or
another formof isoneric centre is present in a 20 conpound of the present

~i-nvent i of, - Eraferfedroomporndsuefgdneruhfrmulaci(Bomd (5) incude,vutrage netlimitebiopr s -and -

di astereoi s [S,_ane.intended to.be govered herein. Conpounds of the

i nvention Cglﬁg%l W@&h’én@ F?cgqnﬂg‘gmnrcém%%a B used as a racenic mixture, an
enantionerically enriched m xture, or the racemc m xture may be separated
using well-known techni ques and an i ndividual enantioner may be used

al one. 25 ° Hds BgemMNH25 G&bpl i ed herein is neant to include F,- O, Br, I;

" Het er oat onyi gas | ~&d. herein is meant to include 0, S and N; 30

" Co. 7-al kylmf %lsdlgzgag Pgd’aﬁl rein is meant to include stable straight and
branchetidch@is CHlok it i ¢ carbon chains containing zero (i.e. sinply

hhydrogen) to seven carbon atonms such as nethyl, ethyl, n-propyl,

i-sopropyl, n-butyl, isobutyl, t-butyl, pentyl, 18 July 2005 WO 02/057270
PCT/ GB02100 - ' | f NY¥nSi e 4. SOoMEr
t her eof . Adé?i%f ﬁ%f%r%/ds g‘%@"&‘f#ﬁé‘%@ﬁﬂ %n%ﬂ%ep garlllgl @ %‘gﬁ gg’b@?‘l ﬁt’%& at any
poi nt by onéimitedwn, thosé it whichpindgendaitiyrm id esnbidetiorned above) for exanple to
give a trifluoronethyl substituent. Furthernore, CO_7-
15  ZisNRY whereR*isa Ar-Cy.4-alkyl or a substituted carbonyl or sulphonyl group;
P! and P? are CHy; and. |
Qis CH; or NH.

~ ~Thus, examples of preferred compounds include those containing a bicyclic moiety
20  chosen from tetrahydrofurol3,2-b]pyrrol-3-one, tetrahydrothieno[3,2-b]pyrrol-3-one,

hexahydropyrrolo[3,2-b]pyrrol-3-one, hexahydrocyclopentalb]pyrrol-6-one,
tetrahydrofuro[3,2-c}pyrazol-6-one, tetrahydro-thieno{3,2-c}pyrazol-6-one,
hexahydropyrrolo[3,2-c]pyrazol-6-one, hexahydro-cyclo-pentapyrazol-6-one,
hexahydrofuro[3,2-b]pyridin-3-one, hexahydrothieno[3,2-]pyridin-3-one,
25  octahydropyrrolo{3,2-b]pyridin-3-one, octahydrocyclopenta[b]pyridin-7-one,
-hexahydroﬁlro[i'»,2-c]pyridazin—7—one, ' hexahydrothienof3,2-c]pyridazin-7-one,

octahydropyrrolo[3,2-cipyridazin-7-one or octahydrocyclopenta{cipyridazin-7-one

as shown below.




~st-abl-e-5-or-6 ~nenbered nonocycle or -a stable 9 or 10 -ne

al kyl may contain one or nore heteroatonms (as defined above) for exanple to

give 5 ethers, thioethers, sul phones, sul phonami des, substi qhﬁP% G4B nes,

am di nes, guanidines, carboxylic acids, carboxam des. If t eroatomis
| ocat ed atw@opése terminus then it is appropriately subsioridg®@eisst h one
or two hydrogen atoms. A heteroatom orhalogen is only present when
Co_7-al kyl contains a m nimumof one carbon atom 10 ‘CS.{-cycIoaIkyI' as
applied herein is nmeant to include any variation of 'Co-7-alkyl' } which
additionally contains a carbocyclic ring such as cycl opropyl, cyclobutyl

cycl opentyl, cycl ohe . The carbocyclic ng may optionally he substltuted
with one or nore ogeps (as define or het eroat gms def i ned
above) for exantg to give a tet{rah uran, pyrrolj pi peri dine,

pi perazi ne or noryphol i substi t uent™
meant to include gny vaPiation of- Coa
an aronati C TeirRy@ro®i} Blpimol3dke . | NRwKY

.7-a|ky|' as™g Q)
I kyl ®hich " additi aIIy cont ai ns
312G)pfnbi3Gne DI € . 1

i hxmﬁﬁ%ergéﬂég%gcrlc
ring which is unsaturated, as defined previously for Uin general fornulae
(1) and (11). The aromatic ring noiety Ar may be substituted b¥ R19 (as
defi ned above for general formulae (4) and (I1)). Wen C'§% 0 in the

substituent Ar- , the substg is sinply the ring
noiety Ar. 25 her ressions conti ernms such as

cycl oal kyl are i nt to be construgd acjording to the y, ONS

above. For exanpl al kyl" is thelsane as (0. 7-al kyl except ¥hat it
contai ns f r oeRi9ddurd0-hRk-6-GAar bone.al QRac33 Apskbor-dnd €7 €L, LyurallSQner s
are present, and/or one or nore chiral centres are present, a T |soner|c ,

fornms are intended to be covered. Enantioners are characterised by the
absol ute configuration of their chiral ‘centres and described by the R and

S 18 July 2005 Z%:i{fi?i?Z?O PCT/GBOZ/OOiff;

Hexahydrooyclopenta[blpyrrol-6-one Hexahyd:ocyc opentapyrazol-G-one

R
N,
. + ; o
Hexahydrofurof3,2-5]pyridin-3-one Hexabydmthienn[3 Z-b]pynd{n-S-oue Octaliydropyrro 6[3 2-b]pyridin-3-one,
H
. N,
m g{
' chal;ydmﬁxmtz-c]pyﬂdazin-'l-ane Hmhydrothleno[:iz-c]pmdazm-i'-one Octahydropyrrolo{3,2-clpyridazin-T-one

@3@%

' Octabydrocyclopeatal5]pyridin-7-one Octahydrocyclopentale]pyridazin-7-one

A



-13 sequencing rules of Calm Ingold and Prel og. Such conventions are weII
known in the art (e.g. see "Advanced Organic Chem stry', S{éjJ‘ﬁ)gtéd5on
March, 7., John WIey and Sons, New York, 1985). 5 Pref erred conpounds of
gener al féYQrﬁﬂ"%i’éZ"@l) and (I1) i nclude, but are not IimtedCHEBO20Ate in
whi ch, independently or in conmbination.ijg is 0, S, NH or CH2; Pl and P2
are CH2; and 10 Qis CH2 or NH Also, preferred conpounds of general

formulae (1) and (1l) include, but-are not limted to, those in which,

i ndependent kon ' e WD 12 Ar-.Cl. 4-al kyI or
a substitut ié%cocapdgﬂd:??f%éngéﬁ p oilﬂ;%l(ﬁgr u@ﬁ’ itlg,sprgﬁe%r gghaﬁie §: ¢|‘h7 Qis
CH2 or NH. dlkyisor A&Q&pla&ijfl ofThw, dbicéxapehl€, Wa‘nm&b&@%ﬂh@@m@@g&@ ning a
bi cyclic noiety .20 chosen fromtet rahydrof urof 3, b] rrol - 3-one,

tetrahydr ot 8 %ﬁ‘é{l shtxorgranched plkyl ehain, orfesterighros byanche @e@ﬂﬂfybﬁhﬁmIWB one,

nexahyar ocy gh 6ResA) QUK S080 cud! 8F L GHALRY b hOEAR RS 0ne.

t et rahydr o- pyraz

~hexahydropychabd.o[ 3, 2- c] pyrazol - 6- one,hexahydro-cycl o-pentapyrazol-6-one,; -

hexahydr of uro[ 3, 2- b] pyri di n- 3-one, hexahydrot hi eno[ 3, 2-b] pyri di n-3-one, 25
oct ahydr opyrrol o[ 3, 2-b] pyri di n-3-one, octahydrocycl opent a[ b] pyri di n-7-one,

hexanydr of Uitk Safadl iy biAfh Ra0R 1c RSB GL CAR PP ALY A%l 7- O

oct ahydr opyr one
oct ahydr ocy etangdes af[sadlpR T subatituonts irchade, hstahﬂ@ﬂ:xﬁ)ﬁédlw 18 July 2005 WO
02/ 057270 PCT/ GB02/00184 -14 OS H N

L N *“( Ho-—,— ;\0 @Rw

10

where R is deﬁned above,

In preferred compounds of general formulae (I) and (1), Y is C}IR13CO where R is
15 selected from Cys-alkyl or Ar-Cyr-alkyl, for e}ﬁample hydrogen, a straight or
branched alkyl chain, a straight or branched heteroalkyl chain, an optionally
" _substituted arylalkyl chain or an optionally substituted arylheteroalkyl chain.
Additionalty, in preferred compounds of general formulae (1) and (1), RE s selected

from C;.¢-cycloalkyl, for example cyclohexylmethyl.

Examples of preferred Y substituents include the following:




O yll p Tetrahydrofuro[3 2 b] pon 30ne Tehahydnt | veno[ 3, 2- b] pyrrol 3one
Hemvdmi _....... .. PYrrolol 3, 2-bl PY1ITOL-30one O S'N HN, {3 j} dr of
=[ 3, 2-c] pymM - bone Tehahydrothien [3, 2, 6py azol - 6-one Hex 4i 03 ahydnpyrro |
, 2-c] pyramm efiosere J H Hexahydntyol opent a[ b] pynbl - 6- one pcTiGBo2/00184
Hexahydrrcyccopentapyrazol bone S H N
Hexehydr of ar o[ 3, 24] pyri di n- 3one Hexabyd th| en [ 3, 2-67pyNdi n- 3one
COct ahydropyri o[ 3, 2-b] pyri din-3-one, M/ HN-~N HN H w,yl \\
Hexahydr of ar 0o, 2- c] pyri dazi n- 7one Hexahydrothie o[ 3, 2-c] pyri dazm 7one

Cct ahydropyrrol of 3, 2. c] pyri dazm 7on 0O HNI'N CH

Cct ahydnoycl open b] pyri di n 70ne tahydroc cl opent a[ €] pyri dazi n-7-one 18
July 2005 V\d’@ﬁ%??ﬁ n co s of er al
formulae (1) and (1®), it i pre err d tﬁgtt R| con%nses] cdX¥® aljkyl or
Ar-Co_7-al kyl. Thus, for exanple, Eferred ROmieties Oncl ude fydrogen,

or a straight or branched aIkyI chaln or a stralght or branched

~het eroal-kyl--chain, -
NR2UR20 COOR CQNRmRza
| (X)ojf, X)g (X)g (X)O/Q (X)n (X)

R19

‘wherein R¥®, R and Ar are as defined above.

5- More preferred R groups include Cr.e-alkyl, which may be substifuted with OH,
NRPR?, COOR®, or CONR® or cycloalkylmethy! or Ar-C;¢-alkyl, where the aryl
group may be substituted with R'®; wherein each R'® and R® is independently as

k‘\.._u

defined above. . )

10  Even more preferred R™ groups comprise Ar-CHy-, where the aromatic ring is an
_ optionally substituted phenyl or monocyclic heterocycle, Additionally, even more
preferred R™ groups comprise simple branched alkyl groups such as isobutyl or
straight heteroalkyl chains such as benzylsulfanylmethyl or benzylsulphonylmethyl.
Furthermore, even more preferred R™® groups comprise cyclohexylmethyl. Examples

15  of even more preferred Y substituents comprise the following,

| R A A -
* [ f |
S ; 80, o
(X)O lo (x)“/(” (X)& (X)o I (X)ab[ (X)o I (x)a |
' 0 0 o} o 0 o




an optionally substituted arylalkyl chain, or an optionally substituted
aryl heteroal kyl 5 chain. It is particul ar | y preferred thatygRyy sogdydr ogen
or Cl4 al kyl or Ar-Cl.4-al kyl and exanples of such R substituents

i ncl ude, BROH582780t |inmited to: RLI9 O- 0-<Q- 10 where R1IPGRGEBAEPIHE(
above. In preferred conpounds of generai7fornulae (1) and (I1), Y is
CHR13CO where R13 is 15 selected fromCo_7-al kyl or Ar-Co_7-al kyl, for
exanpl e hydrogen, a straight or branched al kyl chain, a straight or
branched he wl,. chai | J -substituted aryl al kyl chain or
an optional }“};1 s%ﬂét |afn§t%la£gra§ mvuépgv? chain. Additionally, in
preferred conpounds of general fornulae (1) and (Il1), R13 is selected from
C3. 6-cycl oal kyl, for exanple cyclohexyl methyl. 20 Exanples of preferred Y

substituent A f 14 15

PCT/ GB02/ oo?sgwifla ﬂlg@m m% o~r?9<3 JGQ%J(% (%ﬁ}x;{%)se?%%%&ﬁ%‘”a&ﬂo 000
NR20R20 cooaz&mmmm etamjile bpdtbger M)straigh} Or brpcheDilkyl hain e stight O O O
COe K9 RS R adched heteroallyl chain, an optionally substitted arylalkyl chain o an -

optionally substituted arylheteroalkyl chain.

D

More preferred (X), groups comprise R'* chosen from hydfogen; RY is Cpy-alkyl,
which may be substituted with OH, NR*R*, COOR”, or CONR™; or Ar-C;4-alkyl,

10 where the aryl group may be substituted with R19 wherein each R* and R® is
independently as defined above,

Examples of preferred (X), groups include the following:

(W)n/\‘( Win~ Y (W)n/(Y (W)ni _ (W)njf
IOH f E( NRzoR2e COOR=
e
W™ Y (win” Y (Wi~ Y (W)n’Er

(W)n

W
”n (Win™ Y (Win

¥ (W)n

15  wherein R™ and R are as defined previously.

‘.\__-/-

R8s

Even more preferred compounds of general formulae (I) and (II), comprise (X),

groups that are simple alkyl groups such as methylene and where 0 =0 or 1.

20 In the group (W),, W is preforably O, S, SO, S(0), C(O) or NR'S, where R'® is Co.+-
alkyl; andnis QO or 1. :




L

r A -2E rasOStad2 o (X1 (X)) (X0 fl Op 00 wherein RL9, R0

and Ar are
Cl. 4- al kyl

as defined above. 5 Mre preferred R13 groups ingd uge2005
, Which nmay be substituted with OH, NR20R20, COOR20,” or CONR20O

or cycl oavkybmmtivel or Ar-C 4-al kyl, where the aryl groupdiyslRRoiss

substitute
above. 10
aromatic r
het er ocycl

branched al Rare grefersed serapounds o gpuargll

as benzyls
preferred
preferred
S02 S 00

021057270

from CO @-

d wth R19; wherein each R19 ?Qd R20 is independently as defined

Even nore preferred RL3 group$S conprise Ar-CH2-, where the

ing is an optionally substituted phenyl or nonocyclic

e, Additjonally, even nore :freferred Rl 3 groups conprise sinple
o

apulag (h) AnghEDh eeraprésg| (KDL seowdsns such
u | aebhy lo@r |-G L yl .  Furthernore, even nore
R groupsp%’osn%f:@]@écllé%k@@%ﬁ%ﬁf Exanpl es 15 of even nore
Y substituents conprise the following, > \ | RI9 Ar Ar R19 S

O (X ~ X001 ( 0000O0O0OO0O18 Jul 2005 WO
s} Gyt Tmafered pomplads i eatrel fartablag (8 288 (AL FompseMai ous! y

e bBled N BBt ) ampl  hydrogen, & straight or
branched al kyl chain, a straight
In the group (V)m:
V is preferably C(Q), C(O)NH or CHR'®, where R*® is Cy 4-alkyl; and
misQorl.

10

15

Preferred V and W substituent combinations encompassed by general formulae (I)
and (II) include, but are not limited to:

o X
AX) U7 \(X)u_ ok /‘\ ~ (XX

u s
nN"= 0 n'= 1 n' = Yt =
m=0 W=0 W'=0 Bl
m'= 0 oMz W= CH(CH,)
m 1 'm=1

Xy .
weso, WMo wzg QR
.r':ll":(iH(CHZCHs)V = 1 xf ?(O) -\g;;:NFms )
=6t

~ Additionally, a preferred V and W substituent combination encompassed by general
formmlae (I) and (I) includes, but is not limited to:

i
Hov

H
1 (x)o' =y

n=1

W= NRHS, Re s |
V' = C{0}

m=1

U



5 or branched heteroal kyl chain, an optionally substituted aryIaIkyI chain
or an optionally substituted aryl heteroal kyl chain. More pﬁ@t&%

groups co 4 chosen from hydrogen; R15 is Cl. 4-al kyl
subst i tut%ﬁ&ﬂ%—( NR. 20R20, COOR20, or CONR20; or Ar-ClW“&FﬁW‘“ISﬁo

where the aryl group may be substitutedli#th R19, wherein each R19 and R20
is independently as defined above. Exanples of preferred (X),, groups
include the following: (Wn*"Y (Wn~Y (WnY (WnYY (WnY ~OH((~

NRzRzo COCRao Y Ra
CoRzOR | P R G T Sy b ot et B o

and R20 ar e femsudast @ﬂd(ﬁbmpmbut@mhmrt@lweferred conpounds of general
fornmulae (1) and (I11), conprise (X)0O groups that are sinple alkyl groups
such as nethylene and where o = 0 or 1. 20 In the group (Wn, Wis

preferably 0, S, S02, S(O, C(O or NR6, where RI6 is C0.4- alkyl; and n
is O or 1. 18 uIy 2005 WO, 02/ 052270 PCT/GB‘(TZ% 184 18 I\/bre‘uphfe;red
ps

conpounds- ofy Yal #6r el ae- () and (1), i se Ygr wdef i ned
as O S, 802 GO and NH where n 0 or 1. Yet even nore preferred

conpounds of fﬁ,en@r al f@%ﬂmg,l ae (I)f’vf,’gngj (rn, g@)m‘l;br,r se (%T'%ﬁ gr@upS defr ned

as NH wher e nvizlcoy (V)= CHy (V)= CHy' V=" (v)m'= 'coY

5 In preferred compounds of general formulae (f) and (II), U comprises an optionally
substituted 5- or 6-membered saturated or unsaturated heterocycle or Ar group or an
optionally substituted saturated or unsaturated 9- or 10-membered heterocycle or Ar
group. Examples of such preferred U rings include the following:

w O Y ol e T
= R19©/
0 | 0
"R"g@E)N_ R19£;ié‘ Ri9 ‘ I N— R @é_
| "(O\":/\ 0 *_
O ‘ 0 '
O (e (T3 0
: (;ﬁ e} R O R o) R
0 .

and also the following




In the group (VVm V is preferably C(O, C(ONH or CHR18, where R18 is
C04-al kyl; and msQorl. 10 Preferred V and Wsubstituent c 'F%'ons
enconpassed by .general forrmulae (1) and (11) include, but arehot limted
to: U (X) wd/6esgagpo Unoi (X)a J* Si(X)o { n'=0"'n" =1 - por/ceozldofes! .
'‘'m=0"W=0 "W=0W=S"'m =0"'IV =4 V=CHCH3) m 'm=1 OO
USQZ(X) o A(XT WbO-'(X)o UXp (X)o In'=Ff"n 0 'W=S02"'=( ) W=0"'n=1
'V = CHCHCH3) 'mMl =11V CO0OV=¢CO RaeNftls M= m=1 (0) 15
Additionally, a preferred V and W substituent conbi nati on enconpassed by
general forrrulae (I) and (I11) includes, but is not limted to: 10 W'NY
"()()o =1 =1 W= NR16, RIB ="H el

o OO ob

wherein R" is as defined previously.

More preferred compounds of general formulae (I) and (II), contain a U group
5  comprising of a bulky alkyl or aryl group at the para position of an aryl Ar. Also,
more preferred compounds contain a meta or para-biaryl Ar-Ar, where Ar is as
“previously defined. Additionally, more preferred compounds contain a 6,6 or 6,5 or

5,6-fused aromatic ring. Examples of more preferred U groups are

= P T
ST T T R AR sy
R\ Mo 2T W PRt PG
_R R G G E
E
E/< AE D ",
N G G D
P > L™ s My ¢
= o
/J\ G - -~ D - v G
20 ' e bt
M\R*} -\Ré M. Ff'T \R/T e

T / E E
\R,;T M\RéT R
G ~
7 L / \]/
) G D
\E '\R/[\ D,: %i \ W M\\
ey, M
10 : R

wherein R, D, E, G,J,L, M, R, T, Ty, T3 and T are as defined previously.




18 July 2005 WO 02(057270 PCT/ GB02/00184 -19 More preferred V, Wand X
substituent conbi nati ons enconpassed by general fornul ae (@JW 1)
conprise, but are not limted to OO (X), u (nbo ='-' (te

| 1IY~(X) oWORSTA = (Wo=SOY (W' C(OY (W.- M M C(o}’CTmBO&fJ!?184
(Va,="CHZ Mmw="Hz' M-"-" (V).'C(OY 5-11n preferred conpounds of general
formulae (1) and (lI1), U conprises an optionally substituted 5- or

6- renbered saturated or unsaturated heterocycle or Ar group or an

optional |y BiBSkbidhRErRAL stfrRbde ge&e?& ﬁfﬁ%ﬁr
heterocycl e or Ar f)roup ﬁl%rpl gg'bg sucﬁfog%ggerred UrT ngs H?g?ude t he
f ol | owi ng: ﬂhﬁnﬂonNogemumpmlan‘DgntmgaRIngu;LLc mprising @ §-nPoded RIoring R19

?ég J::ll_ ijg-go‘?g()’n Qb&nga}%'ﬁﬁ%ls X R %ellpa?a ggs?Rpr},QWl?e?g A? Essaos 1}1’@&0& ?l | owi ng
defined :

X R % l}'
R1® R 6-& ‘e ~E,G —y
E’D ~E ~E ,E/ f’( =G
} P D Ve 1 s i, v e D
Y X P Y ey
- Moz non P I\}I\R,,T nLR,,T

wherein R, D, B, G, J, L, M, R and T are as defined previously

Yet even more preferred compounds of general formulae (I) and (H), contain a U

10 . group comprising but are not limited to the following,

| L’J\ ; ‘ /\<
) R19 l > G —— !D
R T D.o N I,-G =N G G
W D\ d D,! !
G—E =D AS ¢ ] .

Ri®

oo o o o

wherein R”, D, E, G, J and L are as defined previously.

15
Abbreviations and symbols commonly used in the peptide and chemical arts are used

herein to describe compoﬁnds of the present invention, following the general




R79 R19. R19/ I \ RI9 / O\ / V' / OR19 R19 / | R19 wherein R19 is as
defined previously. Mre preferred conpounds of general for{gj{WZédg and
(I'1), contain a Ugroup 5 conprising of a bulky alkyl or aryl group at the
pars positwom/ed7zzn aryl Ar. Also, nore preferred conpoungSr/Geot/aigy a meta
or para-biaryl Ar-Ar, where Ar is as viously defined. Additionally,
nore preferred corrpounds contain a 6,6 gﬁ 6,5 or 5,6-fused aromatic ring.

- Exanpl es of nore preferred U groups are RRRIT-L/ \ RTRYDAN'G Il DRV
MNRGT ~GE ~GCCGp.EEG IDEDI E, NPPY/YJ/GI Ji G G.JL \\ GL
L L 11 h Buidefipes- preseeRr) by the- deTUB\/IM (enmimiSsibh b Bibchéhicdt N-D L

-V11 R DI\FOmenclaturlé és clescgbelz\c/{~ n Eur J Bzoche 1§8 % R19§4. Compounds of
formulae (I) and () and the intermediates and starting materials used in their
| preparation are named in accordance with the TUPAC rules of nomenclature in which

5 the characteristic groups have decreasing priority for citation as the principle group.
An example compound of formula (D), compound (1) in which R! is H, P; is
methylene, Q is methyleng, Z is oxygen, Y is 4-methylpentyl, (X)o is zero, (W), is
oxygen, (V) is methylene and U is phenyl is thus named:-

10 - I
(3aS,6aR) 4-(25-Benzyloxy-4-methylpentanoyl)tetrahydrofure[3,2-b]pyrrol-3-one

A second example compound of formula (I), compound (2) in which R! is H, P, is

15 methylene, Q is methylene, Z is sulphur, Y is 4-methylpentyl, (X), is zero, (W), is
oxygen, (V)n is methylene and U is pheny! is thus named:- J

~ ®
4
NP N 6a~g1
(R1\3a
0
0

@
20 (3aR,6aR) 4-(2S-Benzyloxj—4-methy1pentanoyl)tetrahydrothieno[?:,2-b]pyrr01—3-one



MTIiTR ~M ~RRD\ ~G& DIl ERDII"RiITz Ri+z 10 E R Mwherein
R19, Db E, G J, L, M R T, T2, T3 and T4 are as defined p{§¥ f%d()fy "bp
18 July 2005 VO 021, 057270 PCT/ GB02/ 00184 -21 Even rore prefe
conpounds W} 04&#¥Pal fornulae (1) and (I11), particularly PRET/GBAENIEI on of
cruzipain, contain a U group conprisingyf 6-nmenbered Ar ring containing a
bul ky al kyI or aryl group at the para position, where Ar is as previ ously
defined L~ 'L L~ E\ Ryal J ~-T11"TYp RgTRD GRTpPpGNR' /GR-T

i G R19 MRT, 11 =D &G I1~JVv D
4" ~YN D ﬁ?%l?wp?@%fﬂmwgéﬁ#ﬁﬁw%@ g i, tl’ﬁ%% viege, £ G
J, L, M R @ rlethylens}y. HehéB@end) ey %ﬁémym(aitylem 15%1% fwsfﬁrd:@gen,

conmpounds of gener al fornul ae 1) and (11), contain a group
conpri si ng Ok iamethylgne|apdiltis g Ibfltiﬂ‘i‘éwmm ng,

5 o &)
(3aR,6aS) 1-(25-Benzyloxy-4-metliylpentanoyl)hexahydrocyclopentafh]pyrrol-6-one
A fourth example compound of formula (I), compound (4) in R! is H, P, is
methylene, Q is methylene, Z is NH, Y is 4-methylpentyl, (X)o is zero, (W), is
16 oxygen, (V)n is methylene and U is phenyl is thus named:-

@
(3aS,6aR) 1-(25-Benzyloxy-4-methylpentanoyl)hexahydropyrrolo[3,2-blpyrrol-3-one

15 A fifth example compound of formula (I), compound (8) in which R’ is H, P, is
methylene, Q is NH, Z is oxygen, Y is 4-methylpentyl, (X)p is zero, (W), is oxygen,
(V)m is methylene and U is phenyl is thus named:-




19 RIR'" / r& DDGNI / iGIl / I \ Ryal/ ~GEDEGGDG- YI Yi Ei
[ I/ p~D Np G\ \ whherein R9, DL E, G J and L are aﬁsﬂﬁfb(?&d

previ ously. 15 Abbreviations and synbols comonly used in the p)ép de and
chem cal awbevesrezoused herein to describe conpounds of thaREEGADIsL
invention, follow ng the general 18 Jul_% 2005 WD 02/057270 PCT/ GBOZ/ 00184
-22 guidelines presented by the | UPAC I é Joi nt Conm ssi on on Bi ochem cal
Nonmencl ature as described in Eur. J. Biochem, 158, 9-, 1984. Conpounds of
formulae (I) and (11) and the internedi ates and starting materials used in
their preparation are named in accordance with the I UPAC rul es of

nonmencl ature in which 5 the characteristic groups have decreasing priority
for citation as the principle group. An e e conmpound of forrmula (1),
compound (1) in which R is H P, is nethylene, @Qis nmethylene, Zis
oxygen, Y is 4-methylpentyl, ()Qo is zer /gen, (Vymis

met hyl ene and U is phenyl is thus narred (Rﬁ 1) (3aS, 6aR)
4-(-25-Benzyl oxy- 4- et hyl | tetr |- 3-one A-
second exanpl e corrpoun la b l D h R is H, P,
is 15 nethylene, Qis éne, Z is sulphlur, Y F5\% nethyl pentyl, (X))o

is zero, (W,, is oxyQ mis nethyleng@ and U is\phedyl is thus naned:
4 (R
0
) |
(3aR,6aS) 4-(25-Benzyloxy-4-methylpentanoyl)tetrahydrofuro[3,2-c]pyrazol-6-one
5 .
A sixth example compound of formula (I), compound (6) in which R! is H, P; is
methylene, Q is NH, Z is sulphur, Y is 4-methylpentyl, (X)p is zero, (W), is oxygen,
(V) is methylene and U is phenyl is thus named:-
2
HN
[, =
: N
S) 3a~gt
0 (R1\ 6a 7
0

10 0]
' © _
(3aR,6aR) 4-(25-B enzyloxy-4-methy1pe_ntanoyl)teu'ahydrot}ﬁeno[3 ,2-c]pyrazol-6-one

15 A seventh example compound of formula (I), compound (7) in R! is H, P; is
methylene, Q is NH, Z is methylene, Y is 4-methylpentyl, (X)o is zero, (W), is
oxygen, (V) is methylene and U is phenyl is thus named:-




Os) N6a sl (R 3a OO (2) 20 (3aR 6aR)

4- (2S- Benzyl oxy- 4- net hyl pent anoyl ) t et r ahydr ot hi-eno[ 3, 2- b] py{gﬁ Sogyne 18
July 2005 WD 02/057270 PCT/ GB02/00184 -23 A third exanple con¥)oun
formul a (MQ0%¥%Mibund (3) in R is H P, is nethylene, Qﬂcﬁ”fmmylséne Z
Is methylene, Y is 4-nethyl pentyl, (X)925i_s zero, (W" is oxygen, M is
nmet hyl ene and U is phenyl Is thus naned: 1 (R S) N3a O(s) 6a. OO
(3) (3aR 6ab)

1- (2S- Benzyl oxy- 4- net hyl pent anoyl)hexahy rocycl openta[ b] pyrrol -6-one A
fourth exanpl e conpound of fornmula (1), qonpound (4) in R is H P, is

nmet hyl ene, Qis nethylene, Zis NH Y isj4-nethylpentyl, (X o is zero, M
is 10 oxygen, (V)mis nmethylene and U i nyl is thus named: N 4 (R) Nyl
s) 6a 's) 3a OO

Y]
(3aR,6aS) 1-(2S-Benzyloxy-4-methylpentanoyl)hexahydrocyclopentapyrazol-6-one

5 An eighth example compownd of formula (1), compound (8) in R' is H, P, is
~ methylene, Q is NH, Z is NH, Y is 4-methylpentyl, (X) is zero, (W), is oxygen,
(V)n; is methylene and U is phenyl is thus named:-

Hv
/ . (R
0 5C6a NH
. 0
9]
@)
10 (3aR,6a5) 1-(2S-Benzyloxy-4-methylpentanoyl}hexahydropyrrolo[3,2-clpyrazol-6-

“one

. An example compound of formula (D), compound (9) in which Rl‘ is H, P; is
15 methylene, P; is methylene, Q is methylene, Z is oxygen, Y is 4-methylpentyl, (X)o
is zero, (W), is oxygen, (V) is methylene and U is phenyl is thus named:-



(4) (3aS, 6aR) ‘
1- (2S- Benzyl oxy- 4- net hyl pent anoyl ) hexahydr opyrrol o[ 3, 2- b] py{g‘m,yﬁ]{gﬁe 15 A
fifth exanpl e conmpound of forrmula (I), conpound (5) in which R"is H Pl is
met hyl ene,w&odas7d¥d. Z is oxygen, Y is 4-nmethylpentyl, (X)Gd@cB@igs(Wa is

oxygen, Mnis nethylene and Uis pheny_l%js thus naned: |i 18 July 2005 WO
02/ 057270 PCT/ GB02/00184 -24 2 HN (R "N3a O0O4 O(s) 6a O 6 O (-~
(3aR, 6aS)

4- (2S- Benzyl oxy- 4- met hyl pent anoyl ) t et rahydr of uro[ 3, 2-c] pyrazol -6-one ) 5 A
si xt h exanpl e conpound of formula (1), coppound (6) in which R is H Pl is
nmethylene, Qis NH, Z is sul phur, Y is 4-jrethylpentyl, (X)0 is zero, (Wa
is oxygen, (V)mis methylene and Uis p is thus named: 2 HNII (R
N32a4 O(R 6a 3

©)

(3a8,7aR) 4-(25-Benzyloxy-4-methylpentanoyl)hexahydrofuro[3,2-b]pyridin-3-one

\
® i !

A second example compound of formula (II), compound (10) in which R! is H, P, is
- methylene, P; is methylene, Q is methylene, Z is sulphur, Y is 4-methylpentyl, (X)o
is zero, (W) is oxygen, (V)g is methylene and U is pheny is thus named:-

10 - o)
| 0)
- (3aR,7aR) 4—(2S—Benzyloxy—4-methy1pentanoyl)hexahydrothieno[3,2-b]pyridin—3-
one

15
A third example compound of formula (IT), compound (11) in which R is H, P, is
methylene, P is methylene, Q is methylene, Z is methylene, Y is 4-methylpentyl,
(X)o is zero, (W), is oxygen, (V) is methylene and U is phenyl is thus named:-



I O~ 10 O (6) (3aR 6aR

4- (2S- Benzyl oxy- 4- net hyl pent anoyl) t et r ahydr ot hi eno[ 3, 2- c] pyfaam ofgpne 15
A seventh | e compound of formula (1), compound (7) in R 1s H Pl is
met hyl ene‘,?v-%@%%F’W, Z is nethylene, Y is 4-methyl pentyl, EXFECEHS/001840,
(W,, is oxygen, (Vymis nethylene and2® is phenyl is thus nanmed: 18 July
2005 WD 02/057270 PCT/ @B02/00184 -252 HN/i (R S) N3a (s) éa OO
(7) (3aR 6a3) . ' '

. 1-(2S- Benzyl oxy- 4net hyl pent anoyl ) hexahydr oc
ei ght h exanpl e conpound of formula (1), co
nmethylene, Qis NH Zis NH Y is 4-nethylp
oxygen, Mmnis nethylene and U is phenyl i
NH4 (s) 6a OO

cl opent apyrazol - 6-one 5 An
ound (8) in R~is H Pl is
(X)0 is zero, (W,, is

: li (R s N 3a

| (1)
(4a8,7aS) 1-(ZS-Benzyloxy#methylpentanoyl)octahydrocyclopenta[b]pyridin—7-one

-
N

A fourth example compound of formula (II), compound (12) in which R! is H, P, is
methylene, P, is methylene, Q is methylene, Z is NH, Y is 4-methylpentyl, (X), is
zeto, (W), is oxygen, (V) is methylene and U is phenyl is thus named:-

10

: (12) |
 (3a8,7aR) 4-(2S-Benzyloxy-4-methylpentanoyl)octahydropyrrolo[3,2-blpyridin-3-
one
15
A fifth example compound of formula (II), compound (13) in which R! is.-H, P; is

methylene, P, is methylene, Q is NH, Z is oxygen, Y is 4-methylpentyl, (X), is zero,

o
.;'_“_J

(W)a is oxygen, (V) is methylene and U is phenyl is thus named:-
20 '




(8) 10 , '

-(3aR, 6aS) 1- (2S- Benzyl oxy- 4- met hyl pent anoyl ) hexahydr opyr r ol 0{83Jl3¥]§ddgyrazol -6
- one An exanple conpound of fornmula (I11), conpound (9) in which RL is H,
Pl is 15W@oled7zi8e, P2 is nethylene, Qis nethylene, Z i POIGREIDISY iS

4- et hyl pentyl, (X)0 is zero, (W,, is2exygen, (V)mis nethylene and U is
phenyl is thus naned: 18 July 2005 WO 0 210 5 7 2 70 PCT/ GB02/00184 -26
NAd 7a 01 / s) (s) 3a OO (9) (3aS,7aR '

4- (2S- Benzyl oxy--4- et hyl pent anoyl ) hexahydr of uro[ 3, 2-b] pyridin-3-one 5 A
second exanpl e conmpound of formula (Ti), cqgnpound (10) in which R is H, PI
Is nmethylene, P2 is nethylene, Qis nethyllene, Z is sulphur, Y is

4- et hyl pentyl, (X)o is zero, (Wn is ox is methylene and Uis
phenyl is thus nanmed: s) N 7a S1 (R O 1 ( (3aR, 7aR)

4- (2S- Benzyl oxy- 4- et hyl pent anoyl-) hexahydr ot hi TO[B, 2- @ pyridin-3- one 15

<55

(13)
(4aR,7aS) 4-(ZS-Benzyloxy-4-methylpentanoyl)hexahydrofuro[3,2-c]pyridazin—7-one

5 - .
A sixth example compound of formula (I), compound (14) in which R! is H, P; is

methylene, P, is methylene, Q is NH, Z is sulphur, Y is 4-methylpentyl, (X), is zero,
(W)a is oxygen, (V)n is methylene and U is phenyl is thus named:-

10 o)
. a4) -
(4aR,7aR) 4-(25-Benzyloxy-4-methylpentanoyl)hexahydrofuro[3,2-c]pyridazin-7-
one : '
15
A seventh example compound of formula (II), compound (15) in which R' is H, P, is
methylene, P, is methylene, Q is NH, Z is methylene, Y is 4-methylpentyl, (X) is
zero, (W), is oxygen, (V) is methylene and U is phenyl is thus named:-



A third exanple conmpound of forrmula (I1), conpound (11) in which R is H,

P, is nethylene, P2 is nethylene, Qis nethylene, is nmet tﬂ?' ggoog IS
4- et hyl pentyl | (X)o is zero, (W" is oxygen, (V)mls met hyl e and U is
phenyl is%Y® 057Thed: 18 Jul y 2005 WO 02/057270 1PCT/ GBOHCHGBIL/001847 { N
4da p (s) 7ap O (11) (4aSs, 7aS) -29-

1- (2S- Benzyl oxy- 4- net hyl pent anoyl ) oct ahydr ocycl opent a[ b] pyridin-7-one 5 A
fourth exanple conpound of fornmula (11), conpound (12) in which R is H, Pl
is methylene, P2 is nethylene, Qis nethylene, Zis NH Y'is

4- et hyl pentyl, (X)o is zero, (Wn is oxygen, (VVmis nethylene and Uis
phenyl is thus naned: 10 4 7a S) N1 [/ p|{sJ 3a NH (12) (3aS,7aR) 4-(2S
Benzyl oxy- 4- et hyl pent anoyl ) oct ahydr opyrr blryridin-3- one 15 A
fifth exanpl e compound of fornula (I1), in which R is H Pl
is nethylene, P2 is nmethylene, Qis NHF Z is o}Xygen, i s 4-nmethyl pentyl,
(X)o is zero, (WII is oxygen, (Vymis methyleNq and i

8)
(15)
) (4aR,7aS) 4-(25-Benzyloxy-4-methylpentanoyl)octahydrocyclopentalclpyridazin-7-
-/ one )
5 .
An eighth example compound of formula (II}, compound (16) in which R'isH, Py is
methylene, P, is methylene, Q is NH, Z is NH, Y is 4-methylpentyl, (X); is zero,
(W) is oxygen, (V)y, is methylene and U is phenyl is thus named:-
2
HN
- 11
S N )43
) ° @7
Q
10 o
' (16)
(4aR,7aS) 4-(2S5-Benzyloxy-4-methylpentanoyl)octahydropyrrolo[3,2-clpyridazin-7-
one
15

Compounds of the‘invention' include, but are not limited to, the following examples
that are the (3aS, 6aR) isomer of general formula (f), where Z = ‘O’ and R! = ‘I,
and also include the equivalent analogues included in the full definition of Z and R!

s phenyl is thus



18 July 2005 WO 02/057270 PCT/ GB02/00184 -28 2 HN 11 4a (S) 7a 0 O
(13) (4aR, 7a5) 18 July 2005
4- (2S- Benzyl oxy- 4- et hyl pent anoyl ) hexahydr of i uo[ 3, 2-c] pyridazin 7-one i 5
A si xt h exsmopbesmonpound of forrmula (I1), corrpound (14) i npericBiR/dsisd S H,
Pi is nethylene, P2 is nethylene, Qis BIH Z is sulphur, Yis

4-met hyl pentyl, (X)o is zero, (Vinis 8xygen (VMmis nethylene and U is
phenyl is thus nanmed: 2 HN.I 1 sl N4d4a o/ SS (R 7a} 10 O (14)

4aR, 7aR) 4-(2S
(Benzyl oxil 4 @yﬂfzs@ﬁmml)-ﬁé:%ar%r&@fq:h@c[abycizo@rq@ﬂrﬂmﬁ—#ﬁ)@thﬁll15 A
sevent h exagpl£.6 ound of fornmula (Il), conmpound (15) in which R is H,

Pl is nethylene, P2 is nethylene, Qis NH, Zis nethylene, Yis
4- et hyl pentyl, (X)o is
4-tert-Butyl-N-[1-(4-hydroxybenzyl)-2-0x0-2-(3-0x0-hexahydrofurof3,2-b]pyrrol-4-

5. ylethyllbenzamide . . B L e

N-[l-(4-Hydroxybenzy1)~2—oxo-2-(3-}oxo-hexahydroﬁno [3,2-b]pyrrol-4-yhethyl]-4-

trifluoromethoxybenzamide

10 4-Dimethylamino-N-[1-(4-hydroxybenzyl)-2-0x0-2~(3-0x0-hexahydrofiroe[3,2-
blpyrrol-4-yl)ethylbenzamide |

Sr

N-[1-(4-Hydroxybenzyl)-2-oxo-2-(3-0x0-hexahydrofuro[3,2-blpyrrol-4-yl)ethyl}-4-
isopropylbenzamide

15
4-Diftuoromethoxy-N-[1-(4-hydroxybenzyl)-2-0x0-2-(3-oxo-hexahydrofuro[3,2-
blpyrrol-4-yl)ethylbenzamide |

~ N-[ 1-(4-Hydroxybenzyl)-2-oxo0-2- (3-oxo-hexahydxofuro[S,2—b]pyrrol~4-y1)eﬂ:y1]—4-
20  trifluoromethylbenzamide o

4-Bromo-N-[1-(4-hydroxybenzyl)-2-oxo-2-(3-0x0-hexahydrofuro[3,2-bpyrrol-4-
yi)ethyl]benzamide

25 -3-Bromo—N [1-(4-hydroxybenzyl)-2-0x0-2-(3-0x0-hexahydrofuro{3,2-b]pyrrol-4-
" yl)ethyl]benzamide

N-[1-(4-Hydroxybenzyl)-2-0x0-2-(3-0xo-hexahydrofuro[3,2-b]pyrrol-4-yl)ethyl]-4-
vinylbenzamide
30
,3 Naphthalene-2-carboxylic acid [1- (4-hydroxybenzyl)-2—0xo—2 {(3-oxo0-hexahydrofuro
[3,2-BIpyrrol-4-yl)ethyl]amide




zero, ("Wn is oxygen, (V)mis nethylene and U is phenyl is thus naned: 18
July 2005 WO 02/057270 PCT/ GB02/00184 -29 HN 4a / o s) xr OO
(15) (4aR 7as '\"]8‘{&‘)2&%_

4- (2S-Ben 71#¢ et hyl pent anoyl ) oct ahydr ocycl opent a[ c] pPETEEBRM0IB4 one 5
An eighth exarrpl e conmpound of formula (31-), conpound (16) in which R is H,
Pl is nethylene, P2 is nethylene, Qis NH Zis NH Y is 4-nethyl pentyl,
(moo is zero, (Wais oxygen (V)mis nmet hyl ene and U is phenyl is thus

Za?r;csi Bgnz;&oéﬂﬂ ?ﬁﬁploémt anoy SFPQ# ﬁgbgﬁ%l {)c’)‘ffiz,(é?R %@%@%’ﬁl—r‘?- one

15 CorrpoundB,bb];iyi‘rel—#M)eﬂtyl]mﬂldencI ude, but are not limted to, the
foll owi ng exanples that are the (3aS, 6aR) isomer of general formula (1),
where Z = 0" and R = "H,

Quinoline-6-carboxylic acid [1-(4-hydroxybenzyl)-2-0x0-2-(3-0x0-hexahydrofuro
5 [3,2-B]pyrrol-4-yl)ethyllamide

Benzo[b]thiophene-2-carboxylic acid [1-(4-hydroxybenzyl)-2-ox0-2-(3-0xo0-hexa
hydrofiro[3,2-b]pyrrol-4-yl)ethyl Jamide

10 Benzo[blthiophene-3-catboxylic acid [1-(4-hydroxybenzyl}-2-0x0-2-(3-0x0-hexa
hydrofuro[3,2-blpyrrol-4-ylethyljamide

Benzothiazole-5-catboxylic acid [1-(4-hydroxybenzyl)-2-oxo0-2-(3-oxo-hexahydro
furo[3,2-b]pyirol-4-yl)ethyljamide

15 S
Biphenyl-4-catboxylic acid [1-(4-hydroxybenzyl)-2-ox0-2-(3-0x0-hexahydrofuro
[3,2-b]pyrrol-4-yl)ethyljamide

"N-[1-(4-Hydroxybenzyl)-2-0x0-2- (3-0x0-hexahydroﬁno[3 ,2-b]pyrrol-4-ylethyl]-4-

20  phenoxybenzamide

N—[l-(4-Hydroxybenzyl)'-2~oxo—2-(3-oxo-hexahydrofuroB,2~b]pyrrol—4-yl)ethy1]-3-

phenoxybenzamide

25 N—[l~(4—Hydroxybenzyl)-2-oxo-Z»(S—oxo—hexahydroﬁJro[3 2- b]pyrrol-4-y1)eﬂ1y1] -4-

imidazol-1-ylbenzamide

N-[1-(4-Hydroxybenzyl)-2-oxo0-2-(3 -oxd-hexahydrofuro[3,2-b]py1rol—4—yl)et]1y1]-4-

thiophen-2-ylbenzamide

. 30 '
B N-{1-(4-Hydroxybenzyl)-2-0x0-2-(3-0x0-hexahydrofuro[3,2-b]pyrrol-4-yl)ethyl]-4-

oxazol-5-ylbenzamide




and al so i nclude the equival ent anal ogues included in the full definition

of Z and R 18 July 2005 WD 02/057270 PCT/ GB02/ 00184 -30 4g juiv 2005

N-[ 1- (4- Hydr oxybenzyl ) - 2- oxo- 2- ( 3- oxo- hexahydr of ar o[ 3, 2- b] pyrrol -4-yl) et hyl

] benzanivwieo02/057270 PCT/GBO2/00184

4-tent-Butyl - N-[ 1- (4- hydr oxybenzyl) - 2- o§£-2-(3-oxo-hexahydrofuro[3,2-b]pyrr
ol -4- 5 yl')ethyl]benzam de :

[ 1- (4- Hydr oxybenzyl ) - 2- oxo- 2- ( 3- oxo~hexahydr of ur o[ 3, 2- b] pyrrol - 4-yl) et hyl

N-
]-4- trifluoromethoxybenzam de 10

4- Di met hyl am no- N-[ 1- ( 4- hydr oxybenzyl ) - 2- oxo- 2- ( 3- oxo hexahydr of ur o[ 3, 2-

b rrol

nﬂfy- (4- Hyd?@ e@'ﬁ#&%ﬁ%—g@gﬁé”‘?? @x?%‘%@%%%%[@%@]%%%ﬂlﬁ yl) et byl

] - 4- i sopr opy? bfthiadiareiss-Hhenzamide .
4-Di fl uor onet hoxy- N-[ 1- (4- hydr oxybenzyl ) - 2- oxo- 2- ( 3- oxo- hexahydr of i uo[ 3, 2-

b] pyrrol -4-yl)ethyl ] benzam de

L R S R AN R Bl

enzyl ) - 2- ox py2zl3-giventagiddydr of ur o[ 3, 2- b] pyrrol -4- yl)ethyl ] benzam de 25
3-Brono- N[ 1- (4- hydr oxybenzyl ) - 2- 0X0- 2- ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyrr ol - 4-
yl ) et hyl ] benzam de

i\l:El-l \(/|4nl;lyge y%%é#‘b%ﬁ%ﬁ?%%ﬁé%e@f %@yﬁ?@oﬁ,ﬁgﬁmﬂoﬁ-&%e@' 1]45 yl ) et hyl

[ 1- (4- hydr otidipheayZ-ylnRetixoamide ( 3- 0X0- hexahydr of uro
3, 2-Db] Pé/rrol -4-yl)ethyl]am de
N-[1-(4-Hydroxybenzyl)-2-ox0-2-(3-0x0-hexahydrofuro[3,2-b]pyrrol-4-yDethyl}-6-
phenylnicotinamide

~ 2-Phenylthiazole-4-carboxylic ~ acid  [1-(4-hydroxybenzyl)-2-0x0-2-(3-0x0-hexa
15  hydrofuro[3,2-blpyrrol-4-yl)ethylJamide

2-Pyridin-3-ylthiazole-4-carboxylic acid [1-(4-hydroxybenzyl)-2-ox0-2-(3-0x0-hexa
hydxoﬁlro[?:,2—b]pyrrol-4-yl)ethy1]amide :

20 5-Phenylthiophene-2-catboxylic  acid [1-(4-hydrbxybenzy1)~2-oxo-2-(3-oxo-hexa
hydrofuro[3,2-b]pyrrol-4-yl)ethyljamide | )

5-Pyridin-3-ylthiophene-2-carboxylic acid  [1-(4-hydroxybenzyl)-2-0x0-2-(3-0xo-
| _ hexahydrofuro(3,2-Flpyrrol-4-yl)ethyl|amide
25
2-Methyl-5-phenylfuran-3-carboxylic acid {1-(4-hydroxybenzyl)-2-oxo0-2-(3-0x0-
bexahydrofuro[3,2-b]pyrrol-4-yl)ethyl]lamide

4-Phenylthiophene-2-carboxylic acid [1-(4-hydroxybenzyl)-2-oxo0-2-(3-0x0o-hexa
30  hydrofuro[3,2-5]pyirol-4-yl)ethyllamide



F

18 July 2005 WO 021057270 PCT/ GB02/00184 ' - 31 Napht hal ene-1I -carboxylic

acid [1-(4- hydroxybenzyl) 2- 0X0- 2- ( 3- oxo- hexahydr of uro 18 July 2005
[ 3, 2-b] pyrrol -4-yl)ethyl]am de Quinoline-6-carboxylic acid
[ 1- (4- hydMROBERZH| ) - 2- oxo- 2- ( 3- oxo- hexahydrofuro 5 PCT/GB02/00184

[3,2-b] pyrrol-4-yl)ethyl]am de Benzo[ h}4hi ophene-2-carboxylic acid
[ 1- (4- hydr oxybenzyl ) - 2- 0X0- 2- ( 3- 0x0- hexa
hydr of ar o[ 3, 2-b] pyrrol -4-yl).ethyl ] am de 10 Benzo[ b] t hi ophene- 3-carboxylic

.ﬁ;clij?m[ ar g?S%ﬁ%r S’RF%?I QF %Bﬁ%j‘yg%] Biﬁ?%?ﬁﬁhg%%]?%g@a?xﬂb&ﬁ Pt%"aci d

[1-(4- hydrohmmﬁim@ DETryzrol-3yDpstryl]@afey dr o
faro[ 3, 2-b] pyrrol -4-yl)ethyl]am de 15 Bi phenyl - 4-carboxylic acid
[-1- (4- hydr oxybenzyl ) - 2- oxo- 2- ( 3- oxo- hexahydr of ur o

[3,
N-[ 1-
N
3

]

N-

]

N-

]

N
]-4- oxggol 3 phéhAFREARII 9GS boxylic acid [1-(4-bydroxybenzyl)-2-0x0-2-(3-0x0-hexahydro

2-

[1-
[1-
-4-

[1-
-4-
[1-
-4

_/

?Lpa/é‘?gxy ﬁ?zl?lt)?%i%@éi?a?gx&co cé(}(al[&/&% BV%FPEY?D?’]B]%W%Q'&X?I )et hyI” -

20 @hehm@?dlﬂﬁﬁﬂi@b}pyrrol-fl Dethyllamide -
(4- Hydr oxybenzyl ) - 2- oxo- 8' oxo0- hexahydr of uro[ 3, 2-b] pyrrol - 4-y1) et hyl

phenoxybenzam de 25

(4-Hydp gar%tﬂan%ﬁn&dgﬁ@r@ﬁyﬁﬁw%ﬁ%%ﬁé WEial e b ey ) et hy!

i mdazo

(4- Hydomem(mmzy+h)axa1ydxmﬁ@[33-b%§@rom4x;a)eﬂgﬂ}ahua@[3 2-b] pyrrol -4-yl)ethyl
t hi ophen- 2-yl benzani de 3
(4- Hydr oxybenzyl ) - 2- oxo- 2 ( 3- oxo- hexahydr of ar o[ 3, 2- b] pyrrol -4-yl) et hyl

_ ﬁ1r0[3,2-b]pyrrol-4~yl')athyl]amide
-~ N-[3-Methyl-1-(3-oxo-hexahydrofurof3,2-b]pyrrole-4-carbonyl) butyljbenzamide

15 4-tert-Butyl-N-[3-methyl-1-(3-0xo-hexahydrofuro[3,2-b]pyrrole-4-carbonyl) butyl]
benzamide

N-[3-Methyl-1-(3-oxo-hexahydrofuro[3,2-b]pyrrole-4-carbonyl)  butyl]-4-trifluoro
~methoxybenzamide
20 |
~ 4-Dimethylamino-N-[3-methyl-1-(3-oxo-hexahydrofuro[3,2-b]pyrrole-4-carbonyl)
butyl]benzamide '

- 4-Isopropyl-N-[3-methyl-1-(3-0x0-hexahydrofuro{3,2-blpyrrole-4-carbonyl) butyl]
25  benzamide

4-Diﬂuor0methoxy-N—[3-meﬂ:yl—l-(3-oxo-hexahydrofuro[3,2-b]pyxrole-4‘carbony1)
butyl]benzamide

30 'N~[3~Methy1-l-(3-OXo-hexahydroﬁlro[3,2-b]pynole—4—carbonyl) butyl]-4-trifluoro

methylbenzamide
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N-[ 1- (4- Hydr oxybenzyl ) - 2- oxo- 2- ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyg ‘rhgi, 2oy 1) ethyl
]-4- [1,2,3]thiadiazol -5-yl benzam de 5

N[ |- (4- HyVv0 8393527082y | ) - 2- 0X0- 2- ( 3- ox0- hexahydr of ur o 3, 2- blraymwedziodrdl ) et hyl
]-4 pyrazol -1, ylbenzam de '

N-1-(

t hi ophen- 2-yl ni coti nanmi.de 10 ).
- (4- Hydr be ) - 2- 9x0-.2- ( 3- ox0- hexahydr of ar o] 3, 2- b] pyrrol - 4-yl) et hyl

]-6 phenyhl i4g%‘1%ﬂ?;§1ﬁ'éﬂeﬂzﬁﬁ1@19¥q-h@ﬁ§mfem0%éﬁ-ﬂ@wp{e&—%b@y) butyl]

[ 1- (4- hydr op¥kagasdd ) - 2- oxo- 2- ( 3- oxo-hexa 15

hydrofilro[ 3, 2-b] pyrrol -4-yl)ethyl]am de

2- Pyridin-3-ylthiazol e-4-carboxylic acid

[ 1- (4-hydro enzyl,)s 2- 5? 3- 0x0- hexa

hydr of ar of 3? 2345y 'r[%'lm%ﬁjal' '@%‘W‘?%#H@OW@WWPE%%W@- 2- chutglxyl i c
hydr of ur o[ 3, 2-b] pyrrol -4-yl ) et hyl]am de }

5- Pyridi n- 3-yl t hi gphene- 2-carboxylic acid

[ 1- (4- hydro ? Eﬁlg%-i-oxo-z-ég-ox .
hexahydr of u?% % “bfProge-hex %Qiﬁm[?,aﬂw@g4—cwbonyi) butyl}-4-vinyl

2- Met hyl - 5- pagshdair an. - 3-carboxylic acid

[ 1- (4- hydr oxybenzyl ) - 2- oxo- 2- ( 3- 0x0- ‘ . .

hexahydr of i uo[ 3, 2- b] pyrrol -4-yl)ethyl]am de 4-Phenylthi ophene-2-carboxylic

yar of by s EBRRRE B s 6 i | A B S Sy asso 5 lommels b0 |
PCT/ GB02/ 00¢&#8onyl) butyljamide _ - . o

1- (4- Hydr oxybenzyl ) - 2- oxo- 2- ( 3- 0x0- hé)?éhydr of uro[ 3, 2- b] pyrrol - 4-yl) et hyl
I

Naphthalene-1-carboxylic acid [3-methyl-1+(3-0x0-hexahydrofurof3,2-blpyrrole-4-
carbonyl) butyl]amide

15 ‘
Quinoline-6-carboxylic  acid [3~methy1-1-(3-oxo;hexahydroﬁlro[B,Z-b]pyrrole%-
carbonyl) butyllamide

“Benzo[b]thiophéneﬁ—carboxylic acid  [3-methyl-1-(3-oxo-hexahydrofuro[3,2-b]
20  pyrrole-4-carbonyl) butyijamide : |

Bgnzo[b]thiophene-B-caiboxylic acid  [3-methyl~1~(3-ox0-hexahydrofuro[3,2-b]
pyrrole-4-carbonyl) butyllamide

25 Benzothiazole-s—carboxyﬁc acid [3-methyl—1-(3—oxo-hexahydroﬁ1r6[3,2~b]pyrrole—4-
carbonyl) butyljamide |

Biphenyl-4-carboxylic  acid '[3-methyl-1-(3-oxo—hexa]1ydrofuro[3,2-b]pyrrole-4—
carbonyl) butylJamide
30 |
A _N—[S-Methyl-l-(3-oxo—hexahydrqfuro[3,2—b]pyrrole—4-carbony1) butylj-4-phenoxy
benzamide o




-33 4-Pyridin-3-ylthi ophene-2-carboxylic acid
[ 1- (4- hydr oxybenzyl) - 2- oxo- 2- ( 3- oxo0- 18 July 2005
hexahydr o '&ﬁ*éQ%Tb]pyrrol 4-yl)ethylJam de 2-T
i ophen- 2- M 60e- 4- carboxyl i ¢ acid [ 1- (4- hydr oxybenzy| JECI/GBB0918¢3. oxo 5
hexahydr of ur o[ 3, 2- b] pyrrol -4-yl) et hyl | apde
2- Met hyl -5- (pyrrolidine-I-sul fonyl)furan-3-carboxylic acid
[ 1- (4- hydr oxybenzyl ) - 2-
0X0- 2- ( 3- 0X0- hexahydrofuro[3 2-b] pyrrol -4-yl)ethyl]am de 10
3- Phenyl pyrrol e-1-carboxylic acid '

[ 1- (4- hydr onﬂz&M—l A3-oxohexdhydmfaro[BX-alpyeiiobe-4-cartbonyl)  butyl]-3-phenoxy
faro[ 3, 2- b]B¥rroL -yl )ethyl]am de N-[3-Methyl-I-(3-0x0-hexahydr of
ro[ 3, 2- b] py de. carbonyl) butyl]benzam de 15
4-tert-Butyl - N[ 3-nethyl -1-(3-o0xo-hexahydrof uro[ 3, 2- b] pyrrol e-4-carbonyl)
butyl] benzam de
N-[ 3= Methyl -4+Im4®zokbyhy>{é+methyﬂf-h{bbﬁo—ﬁe:tnhwxrolﬁﬁbB sAb et carbonyl) -
butyl]-4- trhﬁﬁggro qﬁ%hoxybenzanlde 20

4- Di net hyl a t hyl -1-(3-o0xo- hexahydr of bro[ 3, 2-b] pyrrol e--car bonyl)
J butyljbenzam de
4- 1 sopropyl - N-[ 3- net hyl -1 - ( 3- oxo- hexahydrofuro[S 2-b] pyrrol e- 4-car bonyl)

butyl] 25 HdA2dathplel-(3-oxo-hexahydrofuro[3,2-b]pyrrole-4-carbonyl) butyl]-4-thiophen-2-

4 Dfl uorong% oXV-~ [3 met hyl -1 - ( 3- oxo-"hexahydr of ur o[ 3, 2- b] pyrrol e--car bony
but yl ] bEHZ

N-[3 Metthyl -1 - ( 3- 0X0- hexahydrofuro[S 2- b] pynol e- 4- car bonyl )

;b_gi yl]-4-trifluoro 'a< methyl benzam de 18 July 2005 WO 02/057270

PCT/ GB02/ 00Ad3-Methyl- k(Bpxorbenahydrofuro[3,2-blpyrrole-4-carbonyl)  butyl]-4-oxazol-5-

[ 3- net hyl -Iylggnz%&-@exahydrofurow 2-b] pyrrol e-4-carbonyl) butyl]
benzam de

N-[3-Methy!-1-(3-oxo-hexahydrofurof3,2-b]pyrrole-4-carbonyl) butyl]-4-{1,2,3]
15  thiadiazol-4-ylbenzamide

N-[3-Methyl-1-(3-oxo-hexahydrofuro[3,2-b]pyrrole-4-carbonyl) butyl]-4-pyrazol-1-~
yibenzamide

-

20  N-3-Methyl-1- (3~oxo-hexahydrofuro[3 2—b]py1role-4-carbony1) butyl]-S-thmphen-Z-
ylnicotinamide

N-[3-Methyl-1-(3-oxo0-hexahydrofuro[3,2-b]pyrrole-4-carbonyl) butyl}-6-phenyl
nicotinamide

25
2-Phenylthiazole-4-catboxylic  acid’ [3-methyl-1-(3-0x0-hexahydrofuro[3,2-5]
pyrrole-4-carbonyl) butyl]amicie

2-Pyridin-3-ylthiazole-4-carboxylic acid [3-methyl-1-(3-0x0-hexahydrofurof3,2-
30  blpyrrole-4-carbonyl) butyljamide




3-Bronb N [ 3-net hyl -1 - (3-o0xo- hexahydr of ur o[ 3, 2- b] pyrrol e-4-carbonyl) butyl]
5 benzam de N-[3-Methyl -1-(3-0x0-hexahydr of uro[ 3, 2-b] pyrrolggﬁl—if%&gonyl )
butyl]-4-vinyl benzam de 10 Napht hal ene-2-carboxylic acid

[ 3- met hyl -We 0395521 hexahydr of ur o[ 3, 2- b] pyrrol e- 4- car bonylpcTbeBoziopesai de -
Napht hal ene-1 - carboxylic acid _36-

[ 3- net hyl - 1- ( 3- oxo- hexahydr of ur o[ 3, 2-b] pyrrol e-4- carbonyl) butyl]am de 15
Qui nol i ne- 6-carboxylic acid.

3-net hyl -1 -_(.3- -.h hydr of 3,2-b | e-4- b | ). butyl 1 d
[Bengg[ b{t bi é%ﬁ?ﬁglﬁégﬁﬁﬁwﬁxéﬁ%%ﬁﬁ[:i da‘{i@] gEN ?1-1-(390?;:)-11%2%’113?&0&0 3,-—%5n ©
1- ( 3- oxo- heﬁgﬁmé&&{y@,& %m&g pyrrol e-4-carbonyl) butyl]am de

Benzo[ b] t hi ene- 3- carbjox c acid [3-nethyl-I-(3-o0x0-hexahydrofuro[ 3, 2-hb)
pyrrol e-4-carbonyl) butyl]am de 25 Benzot hi azol e-5-car boxylic acid

3-nmet hyl -1 -.(,3-0x0;h hydr of uro[-3,2-b rrole-4- carhonyl) butyl]am de
[Bi ph enyl>/- 4- égﬁg)g@%;ﬁ-ly@ﬁg)gﬁgl - -léarggxy’ﬁ% aclxc{) ¥3-methyl-l-(3-oxo-hexgh3;drof_ltjlro 3,&—5}
[ 3- methyk- 56 6@@0-3515&@%- :94 3,2-b] pyrrol e-4- carbonyl) butyl]am de 30
.k N[ 3- I\/Etﬁﬁ-l - (3- 0x0-he a;y rofuro[ 3, 2-b] pyrrol e-4-carbonyl)
butyl ] -4-phenoxy _benzam de 18 July 2005 WO 02/057270 PCT/ GB02/00184 -35
N-[ 3- Met hyl |- 3- - h hydy of , 23 -4- b I
bu'E yl]-3- %hg%§§yﬂg'§h§%ﬁﬁ%l'$'g gé o 11% aci {39- reg‘h%-?—(3-0(§:%Ehe(})£ﬁ/yd)roﬁlro[3,2—5]
4-1 m dazol - byﬁ-b}eu-_&ébd@)rwtﬂymﬁgé oxo0- hexahydr of ur o[ 3, 2- b] pyrrol e-4- car bonyl
) ,

10 4-Phenylthiophene-2-carboxylic  acid  {3-methyl-1-(3-0xo-hexahydrofuro[3,2-5] L

pyrrole-4-carbonyl) butyljamide -
4-Pyridin-3-ylthiophene-2-carboxylic acid [3-methyl-1-(3-oxo-hexahydrofuro[3,2-5]
pyrrole-4-carbonyl) butylJamide

15 '
2-Thiophen-2-ylthiazole-4-carboxylic acid [3-methyl-1-(3-oxo~hexahydroﬁ1ro[3,2~b]
pyrrole-4-carbonyl) butylJamide

"2-Methyl~5—(pyﬁo]idine—1-sulfonyl)furan—?:—carboxylic acid [3-methyl-1-(3-0xo0-
20 hexahydrofiro[3,2-b] pyrrole-4-carbonyl) butyllamide

3-Pheny1pyrrole-1-carb6xy1ic acid [3-methyl-1-(3-0xo0-hexzhydrofuro[3,2-b]pyrrole
~4~carbonyl) butyl]amide

25  N+{1-(3-Hydroxybenzyl)-2-0x0-2-(3-0x0-hexahydrofuro[3,2-b]pyrrol-4-yl)ethyl]
. benzamide | |

4-tert-Butyl-N-[1-(3-hydroxybenzyl)-2-0x0-2-(3-0xo-hexahydrofuro[3,2-F]pyrrol-4-
yDethylbenzamide

30 '
N-{1-(3-Hydroxybenzyl)-2-0x0-2-(3-0x0-hexahydrofuro[ 3,2-b]pyirol-4-yl)ethyl]-4-

trifluoromethoxybenzamide



but yl ] benzami de . _
N-[ 3- Met hyl - | - ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyrr ol e4- car bonyl )18‘Jufy 2005

butyl }-4- 6&0 en-2- yl benzam de 10

N- [ 3- Met hyYQ P253208x 6- hexahydnf ur of 3, 2- b] pyrr ol e- 4- car bony| BCT/GB02/00184
butyl ] - 4-oxazol -5- yl benzam de -37-

N-[ 3- Met hyl - | - ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyrr ol e-4-car bonyl)
butylj-4-[1,2,3] 15 thiadiazol-4-yl benzam de

N[ 3- Met hyl -1 - ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyrrol e-4-carbonyl)
butyl]-4-pyrazol -1- yl benzam de 20

N [ 3- Met hy| 4iDigRityteminestéfil-(B-hidrooftan2a Pl pxoro(3edechedabpdtofuro[3,2-

butyl ]-5-thiophen-2- vyl nicotinam de
N- [ 3- Met hyl -k’ﬁg’(fﬁﬂgﬂéleﬁ%'% Qr o[ 3, 2- b] pyrrol e- 4-carbonyl)

butyl)-6-phenyl nicotinam de 25 2-Phenyl thiazol e-4-carboxylic acid
[ 3-net hyl -1 - ( 3- oxo- hexahydrofuro[ 3, 2-b] pyrrol e-4-carbonyl) butyl]am de
-2« Pyt i-di - 3051+ (@rEpdrdrybenzyl pRioxbide(3amicchexahydrofuro[3,2-blpyrrol-4-yhethyl]-4- - '

[ 3-nmethyl -1 ; %3- 0X --hexagédr of uro[ 3, 2- 30 b] pyrrol e-4-carbonyl) butyl]am de
18 July 200 W@W 0 PCT/ GB02/.00184 -36 ,
5- Phenyl t hi ophene- 2- carboxylic acid [ 3-nethyl -I|-(3-o0xo0-hexahydrof uro[ 3, 2- b]
pyrrol e-4-carbonyl) butyl]ani de 5-Pyridin-3-ylthiophene-2-carboxylic acid
[ 3- net hyl - | HD3flosmentethoxiyy/d{ b{shydrexygbenfyl)-3-qxpra-(3-exctheahbdofird[3Rst y1 ] am de

2- Met hyl - 5- phenyl i wan- 3- carboxylic acid
[ 3- met hyl - | BM&%?%&X@?W%{ 3,2-b] pyrrol e-4-carbonyl) butyl]an de 10

4- Phenyi hi ophene- 2-carboxylic acid [3-methyl-I-(3-oxo-hexahydrofiuo[3, 2-b]

-/ N-[1-(3 -Hydroxybenzgrl)-Z-oxo-Z-(3—oxo7hexahydrbfuro[3,2-b]pyrrol-4—y1)ethy1_]—4~
trifluoromethylbenzamide N

4-Bromo-N-[1-(3-hydroxybenzyl)-2-ox0-2-(3-0x0-hexahydrofuro[3,2-b]pyrrol-4-
15  yl)ethyllbenzamide

3-Bromo-N-{1-(3-hydroxybenzyl)~2-0x0-2-(3-0x0-hexahydrofuro[3,2-b]pyrrol-4-
ylhethylJbenzamide
20 N-[l-(3-Hydroxybenzyl)-z-oxo-2-(3-oxo-hexahydrofuro[3,2—b]pyrrol~4»-y1)ethyl]-4~

: vinylbenzamide
) |

Naphthalene-2-carboxylic acid [1-(3-hydroxybenzyl)-2-0x0-2-(3-oxo-hexahydrofuro
[3,2-b]pyrrol-4-yl)ethyljamide

25 o
Naphthalene-1-carboxylic acid {1-(3-hYdroxybenzyl)-z-oxo-Z-(S~oxo-hexahydrofuro
[3,2-b]pyrrol-4-yl)ethyljamide

Quinoline-6-carboxylic acid [1-(3-hydroxybenzyl)-2-0x0-2-(3-0xo0-hexahydrofuro
30 [3,2-blpyrrol-4-yl)ethyllamide



pyrrol e-4-carbonyl) butyl]am de 4Pyri di n-3-yl t hi ophene-2-carboxylic acid

[ 3-net hyl -1 - (3- oxo- hexahydrofuro[ 3, 2-b] pyrrol e-4-car bonylﬁs_pWyd,dsan‘i de 15
2- Thi ophen- 2-yl t hi azol e- 4-carboxylic acid

[ 3- met hy| WO (23053x0- hexahydr of i uo[ 3, 2-b]  pyrrol e- 4- car bonyQOr/¢Bt2ybisam de "
2- Met hyl - 5- (pyrrolidine-I-sulfonyl)fur agSS carboxylic acid

[ 3-nmet hyl -1 - (3-0x0- 20 hexahydrofiuo[3,2-b] pyrrol e-4-carbonyl) butyl]am de
3- Phenylpyrrole | - carboxylic acid

[ 3- net hyl -1 ahydrofl uo[3 2-bl pyrrole -4-carbonyl) butyl]am de 25
N—[I-(3 HydB&%PX@%‘?Q 20580yl @wist héi‘é@ﬁﬂ@ﬂ!ﬁ%}@ﬂﬂp Groto-bExg| ) et hyl

benzam d
4 t ent - But yﬁyﬁl\ll-oﬁr- ?gﬁlp r81x“§'78’3 ]3 = 5 0X0- 2- ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyrr
ol -4- yl)ethyl]benzam de 30

N[ -(3-Hydro - 2- OXO- 3 oxo- hexahydr of ur of 3 bl pyrrol - 4-yl)ethyl
]-'El- 'Eri]l‘_ily u@r‘zﬁ%’iﬁ%@%ﬁé‘ﬁ? % Fgidy ib@%)ﬁ [ m] f@selzw%o)lm g

R 37 h dl' ~ g
4- Di net hyI am ngﬁjl{l?[[}i %]lg 01-48326,%%1 "‘z?ﬂd) 2- 0X0- 2 (3 0XO0- hexahydr of i uo[3 2-
b] pyrrol -4-yl)ethyl] benzam de

N-[1-(3-Hydgox nzyl )-2-0xo0-2- ( 3- 0X0- xahydr of ar o[ 3, ynol | ) et hyl]
-4 isopr op?ﬂ%’%@ﬁ‘ﬂﬁ hﬁxﬂl‘hoﬁ‘%ﬁeﬂf ydroxybenzyl)—z-oxo-z-(f)] oxo—hexahya.lr
N-[1-(3- hydﬁ% b1-4- gaﬁlgr =0X0- hexahydr of i uo[ 3, 2-

b] pyrrol - 4- yI)efh Iif benzani o

N-[ 1- ( 3- Hydr oxybenzyl } 2- oxo- 2- ( 3- oxo- hexahydr of ur o[ 3, 2-b] pyrrol -4-yl ) et hyl ]
-4- trifjuopo rﬁ%njblyL goxyrﬂc acid [1- (3-hydroxybenzyl)—2-oxo—2—(3-oxo—hexahydrofuro )

3 ,2-b]py1’rol~4-y1)ethyl] amide

N-{1-(3-Hydroxybenzyl)-2-ox0-2-(3-oxo-hexahydrofurof3,2-b]pyrrol-4-yl)ethyl]-4-
phenoxybenzamide
15

N-[1-(3-Hydroxybenzyl)-2-0x0-2-(3-0xo0-hexahydrofuro]3,2-Blpyrrol-4-yl)ethyi]-3-
phenoxybenzamide

" N[1-(3-Hydroxybenzyl)-2-0x0-2~(3-oxo-hexahydrofuro[3,2-blpyrrol-4-ylyethyT]-4-
20  imidazol-1-ylbenzamide | |

N-[l-(3-Hydroxybenzyl)-2-oxo-2—(3~oxo-hexahyd_roﬁlro[3,2-b]pyrrol—4~y1)ethy1] -4-
thiophen-2-ylbenzamide

25  N-[1- (3-Hydroxybenzyl)-2—0x0-2~(3~0xo—hexahydroﬁ1ro[3 2-blpyrrol-4-yDethyl}-4-
oxazol-5-ylbenzamide

N-[1-(3-Hydroxybenzyl)-2-ox0-2-(3-0x0-hexahydrofiuro[3,2-bIpyrrol-4-yl)ethyl]-4-
[1,2,3]thiadiazol-5-ylbenzamide
s 30 |
% : N-[1-(3-Hydroxybenzyl)-2-0xo-2-(3-0x0-hexahydrofuro[3,2-b]pyrrol-4-yl)ethyl}-4-
pyrazol-1-ylbenzamide ':




4- Br onmo- N-[ 1- ( 3- hydr oxybenzyl ) - 2- oxo- 2- ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyrrol - 4-
15 yl)ethyl] benzam de 3-Bronb N [ 1-(3-hydroxybenzyl)-2-oxo- ?SﬁL?ly%@a‘

hexahydro b] pyrrol -4- yl)ethyl]benzam de 20
N-[1-(3-Hy @%E’éﬂzyl) 2- 0x0- 2- ( 3- oxo- hexahydr of i uo[ 3, 2- b]‘iﬁﬁ’@%?mm%‘}l ) et hyl -

]-4- V|nylbenzan1de Napht hal ene- 2-carbagglic acid

[ 1- ( 3- hydr oxybenzyl ) - 2- oxo- 2- ( 3- oxo- hexahydr of um

[ 3, 2-b] pyrrol -4-yl)ethyl]am.de 25 Napht hal ene-| - carboxyllc acid
[ 1- ( 3- hydr oxybenzyl ) - 2- oxo- 2- ( 3- oxo0- hexahydr of uro

[3,2-b] pyrrol -4-yl)ethyl]am de Quinoline-6-carboxylic acid

[

1 (3- hydr omq&%hrd):e@ﬁbmm-bﬁaQX(G dexayidded furd)3, 23&3 ol-4-y g)
, 2- b] pyrr 1) t.hél, ! ami.de 18 July 2005 WO 02/ 05 270 P /C% 2/ 00184

-38 Benzo[ b 'ﬁ@ﬁ%‘- 1 f#exylic acid [1-(3
hydr oxybenzyl ) 2- 0X0- 2- ( 3- oxo- hexa hydrofuro[ 3, 2-b] pyrrol -4-yl)ethyl]am de
Benzo[ b] t hi ophene- 3-car boxylic acid
1= (3- hyar Wﬂbéﬁﬂ&e:@%e@ﬂﬁ—bﬁe—@(@-m&&oﬁmﬁ 2~ b]pyrrol—4-%1)ethyl]-6-
hydr ofuro[ 3 rrol :4-yl)ethyl]am de Benzot hi azol e-5-carboxylic acid
[ 1- (3- hydro '?"i“?‘-dﬁxo 2- ( 3- oxo- hexahydr o
faro[ 3, 2-b] pyrrol -4-yl)ethyl]am de 10 Bi phenyl -4-car boxyl ic acid
[ 1- (3- hydr oxybenzyl ) - 2- oxo- 2- ( 3- oxo ‘hexahydr of ur o

[3[ 2- l(o] pyr r 2Phenyjihjazolewd- i:athoxbélc acid h[1 (3r-]h3(/jdr0);yben?yl) 2—03f—2—(3-oxlo—hexal J et hyl
N-[1-(3-Hy 3. 0x0- hexahydr of uro[ 3, 2-b] pyrrol -4-yl)ethy
]-4- phenog@ﬁﬁ%‘%’éﬁﬁ tgy xybenzyl) 2- 0X0- 2- ( 3- 0x0

hexahydyef ur o[ 3, 2- b] pyrrol yI )et hyl ]-3- phenoxybenzam de

-/ 2—Pyridin—3~y1thiazole—°4—carboxy1ic acid {1 -(3-hydfoxybenzyI)-Z-oxo—Z-(3-oxo—hexa

hydrofuro{3,2-b]pyrrol-4-yl)ethyl]amide

5-Phenylthiophene-2-carboxylic acid [1-(3-hydroxybenzyl)-2-ox0-2-(3-0xo-hexa
15 hydrofuro[3,2-bjpyrrol-d-yl)ethyl]amide

5-Pyridin-3-ylthiophene-2-carboxylic acid [1-(3-hydroxybenzyl)-2-0x0-2-(3-0x0-
~ hexahydrofuro[3,2-b]pyrrol-4-yl)ethyljamide
20  2-Methyl-5 -phenylfuran-3-carboxylic acid . [1- (3-hydroxybenzyl)—2—oxo~2 (3ﬂoxo—
) hexahydrofuro[3 2-b]pyrr01-4~y1)ethy1] amide

- 4-Phenylthiophene-2-cartboxylic acid [1-(3-hydroxybenzyl)-2-oxo-2-(3-oxo-hexa
hydrofuro[3,2-5]pyrrol-4-yl)ethyl]amide

25
4—Pyndm—3-ylthaophen@}carboxyhc acid [I- (3-hydroxybenzyl)—2-0x0~2-(3—oxo-
hexahydrofuro[3, 2—b]pyrrol—4—y1)eﬂ1yl]anude

2-Thiophen-2-ylthiazole-4-carboxylic acid [1- (3-hydroxybenzyl)-2~oxo-2-(3-oxo«
30  hexahydrofuro[3, 2-b]pyrrol—4—y1)ethy1]azmde



N-

1- (3- Hydr oxybenzyl ) - 2- 0X0- 2- ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyrrpéJLﬂygb(j@t hyl ]-4
- 20 imdazol - 1-yl benzam de

N[ I - ( 3- Hywio oxgdiznozy| ) - 2- oxo- 2- ( 3- oxo- hexahydr of ur o[ 3, 2- b]pyweri2/0disl ) et hyl
]-4- thiophen-2-yl benzam de 25

N-[I-(3-Hydroxybenzyl) - 2-oxo- 2- (3 0XO0- h'é
]-4- oxazol -5-yl benzam de

N-[1-(3- Hydroxy enzyl)-2- -. 3- 0x0- hexahydrofuro[3 b] pyrrol -4-yl) et hyl
1-4- [1, 2, 3 Metgh- 2ok @@ﬂ‘l‘fbb‘ﬁ‘ﬂ yhEurap3-carboxylic acid {1 (3-hydroxybenzy f’

N 5 SRt ok S SRR L 20 pr o))

N-[1-(3- Hydroxybenzyl) 2- 0X0- 2- ( 3- 0X0- hexahydr of ur o[ 3, 2- b] pyrrol -4-y1)et hyl. _ ;
-5- thioph I t
N - (3- IC—)ISng%FByHQ’IngO ' ”aﬁ‘@xﬁm(m%mszmmw&@ozz B pyrheRg ) ethyl

) - 6-phegyl W"g’ ) e?ﬁn%hﬁ azol e- 4-carboxylic acid:
[ 1- (3-hydr o%g ?4%?1}3 -o‘ii(go hexa

hydr of ar o[ 3, 2 b]pyrrol 4- yI)ethyI]anlde 10

2-Pyridin- 3- e-4-car acid

[ 1- ( 3- hydr o%‘ﬁ?eﬁ 32y ?%ﬁxegx@fls@ Aipyrrol-4-yl)-1-pyridin-4-ylmothylethyl]
hydrofuro[3b%mghﬂmgrol 4-yl)ethyl]am de 5-Phenylthi ophene-2-carboxylic acid
[ 1- (3- hydr oxybenzyl ) - 2- oxo- 2- ( 3- oxo- hexa 15

hydr of ar o[ 3, 2- b]pyrrol 4-yl)ethyl]am de

Flpzlg i ﬁ }Qr S éy M@&E& 8%8,622{ ?%éyg%ghy 00&0[3 ,2-bJpyrrol-4-yl)-1-pyridin-4- )

hexahydr of urGheh Mméﬂzﬁhﬁ&’e— yl)ethylJam de 20
2- Met hyl - 5- phenyl f uf an- 3- carboxylic acid .
[ 1- (3- hydr oxybenzyl ) - 2- oxo- 2- (3-0x0 a

hexahydr of ur]‘?fzs 0% 9](3 xoonexél.hycfrgi%row 5]b?pyrro?-4-y1) 1-pyridin-4-yimethylethyl]-4-

trifluoromethoxybenzamide

9ahydrofuro[3,2-b]pyrro| 4- yI)ethyI

15
4-Dimethylamino-N-[2-0x0-2-(3-0xo-hexahydrofuro[3,2-8]pyrrol-4-yl)-1-pyridin-4-
yimethylethyl[benzamide

" NH{2-Ox0-2-(3-0x0-texahydrofiiro[3,2-b]pyrrol-4-y1)-1-pyridin-4-yhmethylethylj-4-
20  isopropylbenzamide o

4—Diﬂuoromethoxy—N—[2-oxo-2-(3-oxo~hexahydrofuro[3,2-b]pyrrol-4-y1)-1-pyridin-
4-ylmethylethylibenzamide

25  N-[2-Ox0-2-(3-oxo-hexahydrofuro[3,2-blpyrrol-4-y1)-1-pyridin-4-ylmethylethyl}-4-
trifluoromethylbenzamide

4-Bromo-N-[2-0x0-2~(3-0x0-hexahydrofuro{3,2-bJpyrrol-4-yl)-1-pyridin-4-
yimethylethylJbenzamide

30
3-Bromo-N-[2-0x0-2-(3-0x0-hexahydrofuro{3,2-bpyrrol-4-yl)-1-pyridin-4-yl
methylethylJbenzamide



h“Z__Z:

4- Phenyl t hi ophene- 2-carboxylic acid

[ 1- (3-hydr oxybenzyl ) - 2- 0x0- 2- ( 3- ox0- hexa _ 18 July 2005
hydr of uroL"gj bH)_%nol -4-yl)ethyl]am de 25
4- Pyri di n¥§? phene- 2- carboxylic acid PCT/GB02/00184

[ 1- (3- hydr oxybenzyl ) - 2- 0X0- 2- (3- 0X0- 41~ .

hexahydr of or o[ 3, 2-b] pyrrol -4-yl)ethyl | am de

2- Thi ophen- 2-yl t hi azol e- 4-carboxylic acid

[ 1- ( 3- hydr oxybenzyl ) - 2- oxo- 2- (3-ox0 30 ,

hexahydr of uro[ 3, 2-b] pyrrol -4-yl)ethyl]am de 18 July 2005 WD 02/057270
PCT/ GB02/ OONﬁa-Oxmm-(Qﬂkhﬂi&xéhﬂrdfﬁmﬁ Dbijstirit-Alyl P pyeidit-) yithéRylsthoruboxyl i ¢

acid [1-(3 zyI ) - 2-
ox0- 2- ( 3- ox%ﬁ@?&%&l ©f uro[ 3, 2-b] pyrrol -4-yl)ethyl]am de
3- Phenyl pyrrol e-I-carboxylic acid

[ 1- ( 3- hydr oxybenzyl ) - 2- oxo- 2- ( 3- oxo- hexahydro 5
f-ui-o[-3; 25 b] Hyphthdlelﬁ-%bmbhylhd acil d2-0x0-2~(3-oxo-hexahydrofuro(3,2- fé]p 01-4 1) 1-- '
[ 2- Oxo- 2- @xo-t]exaﬂ%ﬁ&)furapB 2-b] pyrrol -4-yl)-1-pyridi n- n'ethylethy
benzam [ 2- axo- 2- ( 3- oxo0- hexahydrofuro[_3 2-b
-4-Y)l -1-pYridin-4 ]PYn' ylrrethylethyl]benzam'de o
[ - Ox0- 2- ( 3- oxo- hexahydr of ur o[ 3, 2- b] pynol - 4-yl ) - 1- pyri di n- 4- yl net hyl et hyl
4- trifl uﬁaﬁmhalhm(ybmbmyﬁajacldqz-oxo-z-@ -oxo-hexahydrofuro[3,2-b]pyrrol-4-y1)-1-

D net hyl am xo- hexahydrofi zro[ 3, 2-b] pyrrol -4-yl')-1-pyrid
in-4- vyl netm‘ﬁ'f‘#@{ &5(%1&@{“8

i2 Oxgp 2- ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyrrol -4-yl)-1-pyridin-4-yl met hyl et hy
4- 20 isopropyl benzam de
i f | uor onQﬂimﬁw&cpﬁmxbe 2-a¢id- dzmxb@e@hmmhémahﬂrﬂﬁﬂeb]m&]pmbl-m-ygll)- 1-pyri

in- 4- yl meg et.h de .25 .
[ 2- Oxo- 2 %ﬁ%‘;{ M?@%ﬁﬂngfis 2- b] pynol 4-yl)-1-pyridin-4-yl et hyl et hyl

- trifluoronethyl benzam de

==

B/\_:

o

] ,
Benzo[b]thiophene-2-carboxylic acid [2—oxo-2-(3-oxo-hexahydroﬁno[3 ,2-blpyrrol-
15 4-yl)-1-pyridin-4-ylmethylethyllamide

Benzo[blthiophene-3-carboxylic acid [2-oxo-2-.(3-oxo—hexahydroﬁno[?:,z-b]pyrrol-
. 4-y1)-1-pyﬁdin—4~y1methylcthy1]amide

20 Benzoth1azole~5-carboxyhc acid [2-0x0-2-(3-0x0-hexahydrofuro[3, 2ﬂb]py1rol-4~yl)

, ) 1-pyridin-4-ylmethylethyljamide

Biphenyl-4-carboxylic acid [2-oxo-2-(3-oxo-hexahydrofuro[3,2-b]pyrrol-4-yl)-1-
pyridin-4-ylmethylethyl]amide

25 |
N-[2-Ox0-2-(3-oxo-hexahydrofuro[3,2-blpyrrol-4-yl)-1-pyridin-4-ylmethylethyl}-4-
phenoxybenzamide |

N-[2-0x0-2-(3-0x0-hexahydrofurof3,2-b]pyrrol-4-yl)-1-pyridin-4-ylmethylethyl]-3-
30 phenoxybenzamide



4- Br ono- N- [ 2- 0x0- 2- ( 3- oxo- hexahydrofuro [ 3, 2-b] pyrrol -4-yl)-1-pyridin-4-

yl nmet hyl et hyl ] benzam de 30 18 July 2005
3- Bronp- N-[ 2- ox0- 2- ( 3- ox0- hexahydr of uro[ 3, 2-b] pyrrol -4-yl)-1-pyridi n-4-yl
met hyl et hWQ 2572 de - - -- ------- 18 July 2005 WO 02/P@372B®2/00184

PCT/ GB02/ 00184 -41 .

N- [ 2- Oxo- 2- ( 3- oxo- hexahydr of ur o[ 3, 2- b] p’ﬁ‘r ol -4-y1)-1-pyridin-4-yl met hyl et hy
| 1-4- vinyl benzam de 5 Napht hal ene-2-carboxylic acid

[ 2- ox0- 2- ( 3- 0x0- hexahydr of ur o[ 3, 2- b:]n yrrol-4-yl)-1- =~ _

by i di - 4- y NoRe G0 S hrpha-Beade crafimel h bdmeral-4cl-bpyrifincs-sloneih ety

3- 0x0- hexah; 110 4- 1 -1- pyridin-4-ylnmethylethyl]amde 10

Qui nol i ne- G}I{gigra%chl llﬁ%&g%k% [ 2- oxo- 2- ( 3- 0x0

hexahydrohro[ 3, 2-b] pyrrol -4-y1)-1- pyrid n-4-yl nethyl et hyl]am de

Benzo[ b] t hi ene- 2-carboxylic acid
[ 2- oxE)- ]2 ( 38’2&00%% z(%?&?%ﬁ%lﬁbdﬁ@, ob}Bypinserol-444)-1-pyridin-4-ylmethylethyl]-4-

4-y1-y - 1-9yT il RiofnY E&%Q%i ‘hyl ] am-de Benzo[ b]t hi-ophene-3-carboxylic-acid- .
[2-oxo-2-(3?:gé)}so}l-eﬁ1é2><§e'a1 ydro cﬁ%o[B, 2- b] pyrrol - :

4-yl)-1-pyridin-4-.yl met hyl et hyl ] am de 20 Benzot hi azol e- 5-carboxylic acid

2- oxo- 2- ( 3-0x0- hexahydr of uro[ 3, 2- b] |-4-yl)- .
1 oyt di . AR ORy PP g h s pl b bpyrii- gty lehyll4-

[ 2- 0x0- 2- ( 30248 -ﬂ?ﬂﬁﬁﬁﬁ'}lﬁ' urof 3, 2-b] pyr ol -4-yl)-1-
pyri di n-4-yl met Ly et hy 12%1. de 25

N-[ 2- Ox0- 2- ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyrrol -4-yl)-1-pyridin-4-yl nmet hyl et hy'
l]-4- ' .
I-4- PlEnCRBE8729) 8 S xo-hexahydrofiro[3,2-5]pyrrol4-y1)-1-pyridin-4-ylmethylethyl-4- S
[1,2,3]thiadiazol-5-ylbenzamide . : .

N-[2-0x0-2-(3-0x0-hexahydrofuro[3,2-b]pyrrol-4-y1)-1-pyridin-4-ylmethylethyl]-4-
pyrazol-1-ylbenzamide

15
N-[2-Ox0-2-(3-0x0-hexahydrofuro[3,2-blpyrrol-4-y1)-1-pyridin-4-ylmethylethyl]-5- .
thiophen-2-yInicotinamide

”N-[2-Oxo-2—(3-oxo~hexahydroﬁ1ro[3,2-b]pyrrol—4-y1)-1—pyﬁdin—4~yhnethy1ethy1]—6—
20  phenylnicotinamide - |

2-Pheny1thiazole-4—carb'oxylic acid [2-0x0-2~(3-oxo-hexahydrofuro[3,2-b]pyrrol-4-
‘y1)-1-pyridin-4-ylmethylethylJamide

25 2-Pyridin-3-ylthiazole-4-carboxylic  acid [2—0x0-2-(3-0xo«hexahydroﬁ1ro[3,2-b]
pyrrol-4-yl)-1-pyridin-4-ylmethylethyllamide

5-Phenylthiophene-2-carboxylic acid [2-0x0-2-(3-0x0-hexahydrofiro[3,2-b]pyrrol-4-
y)-1-pyridin-4-yimethylethyljamide
30
5 5-Pyridin-3-ylthiophene-2-carboxylic  acid  [2-0%0-2-(3-0xo0-hexahydrofuro]3,2-
blpyrrol-4-yl)-1-pyridin-4-ylmethylethyl]amide



N[ 2- Oxo- 2- ( 3- oxo- hexahydrof uro[ 3, 2-b] pyrrol -4-yl)-1
pyridin-4-yl nethyl ethyl]-3- 30 phenoxybenzam de 18 July 2003 Ju%&)%/ 057270
PCT/ GB02/ 00184 -42 N-[ 2- Ox0- 2- ( 3- ox0- hexahydr of i
ro[ 3, 2- b] A28y ) - 1- pyri di n- 4- yI net hyl et hyI] 4- i m daPEIT/GBR(0BBAzani de
N-[ 2- Oxo- 2- ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyg.rol - 4-yl ) - 1- pyri di n- 4- yhnet hyl et hy
1]-4- 5 thiophen-2-yl benzam de
N[ 2- Oxo- 2- ( 3- oxo- hexahydr of.i uo[ 3, 2- b] pyrrol -4-yl)-1-pyridi n-4-yl met hyl et hy
1]-4- oxazol -5-yl benzam de 10
N- [ 2- Oxo- 2- ( 3- oxo- hexahydr of uro[ 3, 2-b] pyrrol -4-yl)-1-pyridi n-4-yl met hyl et hy
I']-4- [1, 2, 3Mdibyld-pleepl Fk]r lﬁ@dﬂﬁcﬁ@lﬂe acid [2-oxo-2-(3-oxo-hexah droﬂ:ro[3 2~bi[
N[ 2- Oxo- 2- ( 3- QxO- hexa ydrofurof 3,2-b] pyrrol -4-yl') -1-pyri 4-ylI'met hyl et hy
1] - pyr azB¥rrol=4yl béroysdinid-yimethylethyl]amide
N- [
'] -
1]
[ 2-
yl
ac

2-

4-

2- Ox0- 2- ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyrrol 4-yl)-1- pyri di n-4-yl net hyl et hy
5- . thiophen-2-ylnicotinam de
{2-
6-
0X

XF 2- whmg@thh@heﬂwﬁrcefwmi&a&d p- @yd-zqi-nﬁo Yt ahddrote bgpjbﬂ'dmt hyl et hy
20 phe Inlcotlnanlde Phe Ithlazole carboxyllc aci
0- 2- ( My PyHdinatrybpeh ampid§] pyrr ol -
)-1-pyridin-4- ylnethylethyl]anlde 25 2- Pyrldln 3-yl thiazol e-4-carboxylic
id [2-0x0-2-(3-0x0-hexahydrofiuo[ 3, 2-b]

pyrrol -4-yl ‘)-P&ﬂdmﬁ ?llﬂﬂeﬂleﬂlemwbdx?hhylabiﬂm Eﬂeoxo~2-(3-oxo-hexahydroﬁ1ro[3 ,2-b]
5- Phenyl t hi o ne- i car box lic acid

[ 2- ox0- 2- (3P m)’&fim— Yb{\@thﬂc@yﬁgwd& - 4-

yI)-I Py i di n- 4 yl met hyl et hyl ] am de 30 5-Pyri di n-3-ylthi ophene-2-carboxylic
acid [ 2- oxo- 2- ( 3- oxo- hexahydr of ur o[ 3, 2-

b pyr r ol - 4- 3T iophey 2 iyithirzdieyd-cmrbixgliet hyeld afsi-eho-2-(3-oxo-hexahydrofuro[3,2-5]

pyrrol-4-yl)-1-pyridin-4-yIlmethylethyllamide

2-Methyl-5-(pyrrolidine-1-sulfonyl)furan-3-carboxylic acid [2-oxo-2-(3-oxo-hexa
15 hydrofuro[3,2-b]pyrrol-4-yl)-1-pyridin-4-ylmethylethyljamide

3-Phenylpyrrole-1-carboxylic acid. [2—oxo—2-(3-oxo-hexahydrbfuro[3,2-b]py11:01—4-
 yYD)-1-pyridin-4-ylmethylethyllamide
20 N- -[2-Ox0-2-(3-0x0-hexahydrofuro[3, 2-b]pyrrol-4-y1) 1~pyr1dm—3-ylmethy1ethyl]
) ' benzamide

4-tert-Butyl-N-[2-0x0-2-(3-0x0-hexahydrofuro[3,2-b]pyrrol-4-yl)-1-pyridin-3-
ylmethylethyl Jbenzamide

25 | |
N—[2—0xo-2-(3-oxo-hexahydroiftuo[3,2-B]py1r01-4-y1)-1~pyﬁdin-3-yhnethy1ethyl]—4—
trifluoromethoxybenzamide

—Dmethylammo-N—[Z-oxo—Z{S-oxo-hcxahydxoﬁaro[?, .2-blpyrrol-4-yl)-1-pyridin-3-
30  ylmethylethyl]benzamide



18 July 2005 WO 02/057270 PCT/ GB02/00184 - -43
2- Met hyl - 5- phenyl f uran- 3- car boxylic acid
[ 2- oxo0- 2- ( 3- ox0- hexahydr of ur o[ 3, 2- b] 18 July 2005
pyrrol - 4- W@ sZexay0i di n- 4-yl met hyl ethylJam de 5 PCT/GB02/00184
4- Phenyl t hi ophene- 2-carboxylic acid
[ 2- ox0- 2- ( 3- oxo0- hexahydr of ur o[ 3, 2- b] pyr‘%‘l -4-
yl)-1-pyridin-4-yhnet hyl et hyl ] am de 4 Pyri di n- 3-yl t hi ophene- 2- car boxylic
acid [ 2- oxo-2-(3-o0x0- hexahydrofuro{B 2-b
pyrrol - 4-y| V== %wzdﬁwmﬂyxwmr@ W]mmo&é-ylhtrpyndm-3-yhnethylethy1]—4~
2- Thi ophen- Z- ﬁfbmmf él carboxylic acid
[2-oxo-2-(3 o ex dar of ur o[ 3, 2-b]
pyrrol 4- yI) 1 pyri di n-4-yl met hyl et hyl]arri de

2- Met hyl - S{ roI|d|ne | -sul fonyl ) furan-3-carboxylic ac
[ 2- ox0- 2- ( 3° -331{8 thox y-N-[2-0x0-2-(3-0x0-hexahydrofuro[3, -b]pyrro1~4-y1) 1-pyridin-

~hydrofure[ 3z pyri di n-4-yl net hyl-et hyl J-am de
Sy Parae -caaféﬁ s

3- Phenyl pyrr IC add
[ 2- oxo0- 2- ( 3- oxo- hexahydr of i uo[ 3, 2- b] pyrm 4-

1)-1-pyridin-4-yl et hyl et hyl d
kaz 0%“2 %\&209%1%”2@% %P hem ogia%jbﬂigwm&"ﬂd) ytpynimp%rﬂmnthﬁdghylmet hyl et hy

benzamg,ﬂ}é(%g%tﬁ [ 2- oxo0- 2- (3- ox0
hexahydr of i uo ]p()yrro -4-yl)-1-pyridin-3- ylnethyl et hyl ] benzam de 25
N-[ 2- Oxo- 2 ( 3- oxo- hexahydrofuro[3 2-b] pyrrol -4-yl)-1-pyridin-3-yhnet hyl et hy

|4] -D|4;ret Omtf?@é&‘ggi g‘ﬁwm %Tbl]ﬁ’w})‘]lmaﬂ yl)-i-pyri d)

n-3- 30 yI nm)g&ﬁyﬂ]ﬂm de 18 July 2005 WD 02/057270 PCT/ GB02/00184
-44

N- [ 2- Oxo- 2- ( 3- oxo- hexahydr of i uo[ 3, 2- b] pyrrol -4-yl)-1-pyridin-3-yhnet hyl et hy
1]-4- 3-Bromo-N-[2-0x0-2~(3-0x0-hexahydrofuro[3,2-blpyrrol-4-y1)-1-pyridin-3-
ylmethylethylTbenzamide |

‘15 _
- N-[2-Ox%0-2~(3-oxo-hexahydrofuro[3,2-blpyrrol-4-yl)-1-pyridin-3-ylmethylethyl]}-4-

vinylbenzamide

"Naphthalene-z-éarboxylic acid [2-0x0-2-(3-oxo-hexahydrofuro[3,2-b]pyrrol-4-yl)-1-
20  pyridin-3-ylmethylethyllamide |

Naphthalene-l—carboxylic acid [2-0x0-2-(3-ox0-hexahydrofuro[3,2-b]pyrrol-4-yl)-1-
pyridin-3-ylmethylethyl]amide

25  Quinoline-6-carboxylic acid [2~oxo—2-(3 oxo-hexahydrofuro(3 2-b]pyrrol-4-y1) 1-
pyndm—B-ylmetherﬂlyl]amde

Benzo[b]thiophene-2-carboxylic acid [2-0x0-2-(3-0xo-hexahydrofiro[3,2-b]pyrrol-
4-y1)-1-pyridin-3-ylmethylethyljamide
30 |
B - Benzo[bJthiophene-3-carboxylic acid [2-0x0-2~(3-0xo-hexahydrofuro[3,2-b]pyrrol-
| 4-y1)-1-pyridin-3-ylmethylethyl]amide |



i sopropyl benzam de

4-Di fl uor onmet hoxy- N-[ 2- 0Xo0- 2- ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyr {pl,-4- -1-pyri
din- 5 3-yl met hyl et hyl ] benzam de {é)Ju}frl:szQ

N- [ 2- Ox0-WO(03055238 hexahydr of ur o[ 3, 2- b] pyrrol - 4-yl) - 1- pyr i BCVGB0y/M184 hyl et hy
|]-4- trifluoromethyl benzam de 10 5.

4- Bronp- N- [ 2- oxo0- 2- ( 3- oxo0- hexahydrofuroT3 2-b] pyrrol -4-y1)-1-pyridin- 3-

-yl met hyl et hyl ] benzam de

3- Brono- N-[ 2- oxo- 2- ( 3- oxo- hexahydrofuro[3 2-b] pyrrol -4y1)-1-pyridin-3-

yl met hyl et hyl ] bezam de 15 '

N[ 2- Oxo- 2- B3 i - -
py£| di n03 yﬁf%e?t hyl eﬁ%?ﬁgbgﬁ\ﬁr ﬁ&;ébgn@%m g% -ol\lg ’ﬁh%gﬁguﬁ%m% b}g?]gg%(ﬁl | c acid

[.2- ox0- 2- ( 3-pyridinSxemetindstayligngde- b] pyrrol - 4- yI) 1- 20
pyri di n-3-yl met hyl et hyl ] am de Napht hal ene- 1-carboxylic acid

[ 2- oxo0- 2- (3- oxo- hexahydr of uro[ 3, 2- b] pyrrol -4-yl)-1- -
- pyridi n53 YBiFREA Jﬁabwdﬂyﬁm dejd5 5@65«89'—43%{0@1&@)iﬁﬁi§ﬁ5}d[9 2 hfhrol-4-y1)-1-

[ 2- oxo0- 2- ( 3- 0OxO- hexah drofuro[ 3 rrol-

pyri di n- 3- yavedimhy{yém ]dbﬂﬂm@ukBenzo[b]thlophene 2- carboxyllc aci d

[ 2- oxo- 2- ( 3- ox0 hexahydrofuro[3 2-b].pyrrol -

4-yl)-1-pyridin-3-yl methyl ethyl }am de 30 Benzo[ b] t hi ophene- 3-car boxylic

aci d [ 2- oxav-R2 (oo (3-beo-B vty &b aire 33 @r}n@m -1-pyridin-3- lethyl]-4-
4-yl)-1-pyridm 3- ylrgr3ethyletl yI]amde uIﬂZOggn %1121}66%’67%]

PCT/ GB02/ OCPbSHOXYb&BZ@ﬁQOt hi azol e-5-carboxylic acid
[ 2- ox0 (3 oxo- hexahydr of ur o[ 3, 2-b] pyrrol - 4-yl) -
1-pyri 3. n-3-yl net hyl et hyl ] am de 5 Bi phenyl -4-carboxylic acid

[27 0X0- 2- ( N{X-OoD-Erygh-Bbtatol:dfRolI PYigyeot-41)-)-phridin-3-ylmethylethyl]-3-

phenoxybenzamide

N-{2-0x0-2-(3-0xo-hexahydrofuro[3,2-b1pyrrol-4-y1)-1-pyridin-3-ylmethylethyl]-4-
15 imidazol-1-ylbenzamide

N-[2-Ox0-2-(3-0x0-hexahydrofuro[3,2-bIpyrrol-d-yl)-1-pyridin-3-ylmethylethylj-4-
_ thiophen-2-ylbenzamide
20 N- -[2-0x0-2- (3-0xo-hexahydroﬁ1ro[3 2-b]pyrrol-4-yl) 1-pyndm—3-yhnethy1ethy1]-4— )

-)- | oxazol-S-ylbenzaxmde

N-[2-0x0-2-(3-0x0-hexahydrofuro{3,2-b]pyrrol-4-y1)-1-pyridin-3-yimethylethyl}-4-
[1,2,3]thiadiazol-5-ylbenzamide

25
N-[2-Ox0-2-(3-0x0-hexahydrofuro[3,2-bpyrrol-4-yl)-1-pyridin-3-ylmethylethyi]-4-
pyrazol-1-ylbenzamide |

N-[2-Ox0-2~(3-0xo-hexahydrofuro[3,2-blpyrrol-4-yl)-1-pyridin-3-ylmethylethyl]-5-
30 thiophen-2-ylnicotinamide




7

pyri di n- 3 yI met hyl et hyI ] am de

N-[ 2- Oxo- 2- ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyrrol -4-yl)-1- pyrldlqlsgulylzagg hyl et hy

| ]-4- phenoxybenzam de 10

N-[ 2- Oxo- 3yod2@337d1exahydr of ar o[ 3, 2- b] pyrrol -4-yl) - 1- pyri didsSaydddiihy! et hy

| ]-3- phenoxybenzam de

N-[ 2- Oxo- 2- (3- oxo- hexahydr of i uo[ 3, 2- b] prjlﬁrol 4-yl)-1-pyridin-3-yhnet hyl et hy

|1-4- 15 i m dazol - 1-yl benzam de

N[ 2- Oxo- 2- ( 3- oxo- hexahydr of uro[ 3, 2-b] pyrrol -4-yl)-1-pyri di n- 3-yl et hyl et hy

1]-4- thi opH‘éfil—@x;amséinmmnhai&h)ﬂﬂofum[3,2-b]pyrrol—4-y1)-1—pyﬁdin—B-ylmetherthyl]—6—

N-[ 2- Oxo- 2- %gn hexahydr of ur o[ 3, 2- b] pyrrol -4-yl)-1-pyridin-3-yl nmet hyl et hy

|]1-4- oxazolP @Fﬁeﬂ&%ﬁ

N ( 2- Oxo- 2- ( 3- oxo- hexahydr of uro[ 3, 2-b] pynol - 4-yl)-1-pyridi n-3-yl net hyl et hyl

]-4- [1,2,3]thiadi azol -5-yl benzam de 25 ‘
[ 2- OXO- 2- (Z&lenylthmxdh-ﬂd:aﬂjuxyhtﬁ Fcid tmmmom(s-dxoyihexaﬁydrymr@[m-apymm hyI et hy

b -4 py%az {1) #a@g m de s

N- [ 2- Ox0* bR ?%‘ﬂ@ﬂléeb] pynol - 4-yl ) - 1- pyri di n- 3- yl met hyl et hyl

]-5- , 30 th| ophen- 2-yl ni coti nam de 18 July 2005 WO 02/ 057270 '

PCT/ GB02100184 - 46

:\15[2 Q(ﬁ 2- @Mﬂﬁeﬂaﬁmd leot-oarbpg/liz- b]apydr r dQ-o&o?—OB—dxoply&maﬂyl ddreﬁrq{BJm&]hyl et hy
6- p eny ni.c e..2-.Phen carboxylic aci '

[ 2- oxo- 2- (3PKi B%é’iﬁ??&?@f‘ér%ﬁ%‘ﬁiﬂ“}‘g

yl)-1-pyridin-3-yl net hyl et hyl ]am de 2-Pyri d| n- 3 yl t hi azol e- 4- car boxylic

acid [2 oxo 2- ( 3- oxo- hexahydr of i uo[ 3, 2-b]

pyrrol - 40yl y-Rhepyithigrkens-Zydatkaxylit acidy[2oxoi246-oxbehexeBydrofira[Bj2ehihpmel-2 )

- car boxyl i C)%Qi-gyﬁ&n%ﬁmeﬂﬁ%etﬁﬁfmﬁxahydrOf urof 3, 2-b] pyrrol -4-

5-Pyridin-3-ylthiophene-2-carboxylic  acid  [2-ox0-2-(3-0x0-hexahydrofuro[3,2-
blpyrrol-4-yl)-1-pyridin-3-ylmethylethylJamide

15
2-Methyl-5-phenylfuran-3-carboxylic acid [2-oxo-2-(3-oxo—hexahydroﬁ1ro[3 2-b]
pyrrol-4-yl)-1-pyridin-3-ylmethylethyilamide

“ 4~Phenylthlophene-z-carboxyho acid [2-oxo-2-(3-0xo—hexahydroﬁ.tro[3 ,2-b]pyrrol-4-
20 yl)-1-pyridin-3-ylmethylethyl]amide

4-Pyridin-3-ylthiophene-2-carboxylic acid {2-0xo-2-(3-oxo-hexahydrofuro[3,2-5]
pyrrol-4-yl)-1-pyridin-3-ylmethylethyljamide

25  2-Thiophen-2-ylthiazole-4-carboxylic acid [2-0xo-2-(3-oxo-hexahydrofuro{3,2-5]
 pyrrol-4-y1)-1-pyridin-3-ylmethylethyljamide

2-Methyl-5-(pyrrolidine-1-sulfonyl)furan-3-carboxylic acid [2-oxo0-2-(3-oxo-hexa
hydrofuro[3,2-b]pyrrol-4-yl)-1-pyridin-3-yIimethylethyljamide

30
3-Phenylpyrrole-1 -carboxyhc acid [2-oxo-2 (3-oxo-hexahydrofuro[3,2-b]pyrrol-4-
yD-1-pyridin-3 -ylmethylethyl]am:lde



yl)-1-pyridin-3-yl nethyl et hyl ] am de 5-Pyridi n-3-yl t hi ophene- 2-carboxylic
aci d [ 2- oxo- 2-( 3- oxo- hexahydr of uro[ 3, 2- 18 Julv 2005

b] pyrrol -4-yl)-1-pyridin-3-yl nmethyl ethyl]am de 15 _ y
2- Met hy| -WORREFTE ur an- 3- car boxyl i c acid PCT/GB02/00184

[ 2- ox0- 2- ( 3- oxo- hexahydr of ur o[ 3, 2- b] -

pyrrol-4-yl)-1-pyridin-3-ylnmethyl ethyljam de
~4- Phenyl t hi ophene- 2- car boxylic acid ‘

[ 2- ox0- 2- ( 3- oxo- hexahydr of ur o[ 3, 2-b] pyrrol -4- 20

yl')-1-pyridin-3-yl methyl ethyl ]Jam de 4-Pyridin-3-ylthiophene-2-carboxylic
aci d [ 2- oxqv-pr-(BRRxActAAARL oL I

pyri di n- 3- ylﬁeg hyl et hyl ] a?rLl de 2%(@6%%&%%%%6 fzhlg 3Z{rlgl)re_‘iql)gt(l;ll)rdt%oxyI iC aC| d
[ 2- oxo- 2- ( PepFesuilexahydr of ur of 3, 2- b]

pyrrol -4-yl)-1-pyridin-3-yl net hylethyl]am de

2- Met hyl -5- (pyrrolidine-I-sul fonyl)furan-3-carboxylic acid
~[2-oxo-3-( 3%-@)@05 KA1 4-bromobe 1)-2-gx0-2-(3-0x0- . .

hydr of ur of 3 fgt?/r r oﬁ ¢ -1 nﬁ{?r)u di n- 3(y?}r{re%1?1}§/ahg?rﬁﬁﬁ0g3rr% g]pyrrolo-él
3- Pheny! py sy %@ﬂb@ﬁkyl i c acid .
[ 2- oxo0- 2- (3- oxo- hexahydr of ur o[ 3, 2- bl:pyrrol -4- -
yl)-1-pyridin-3-yl methyl ethyljamde 18 July 2005 WD 02/057270
PCT/ GB02/ ON-B-(4-Bfomobenzyl)-2-0x0-2-(3-0x0-hexahydro 2~ -4
N-[1-(4-Br ormb((anzyl )_281%})1(2) 2-(3- E)xo hexahj}(/drigjfﬁ[?o[g]pgngﬁ py%)s%l?dh yl)ethyl]
benzani de 4riflucromethoxybenzamide

4-tert-Butyl - N-[1- (4-bromobenzyl) - 2- oxo- 2- ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyrrol
4y vyl )et hyl ] benzam de-

N«f 1- (4- Br Mhﬁaﬁmm@-ﬁ{@{%&@nmﬁmwct (3‘ vk S hxabydloBib3@-- 4-yl ) et hyl ] -
- trifluorgnet hoxybenzam de

4 Di net hyl Reld-yleth I‘E’P@?ﬁ‘@énzyl) 2- 0X0- 2- ( 3- 0X0- hexahydrofuro[S 2-

b] pyrrol -4-yl)ethyl]benzam de

N-[1-(4-Bromobenzyl)-2-oxo-2-{3-0xo-hexahydrofuro[3,2-b]pyrrol-4-yDethyl]-4-
15 isopropylbenzamide

4-Diﬂuoromethoxy—N-[1-(4-bromobenzyl)—2—0xo-2—(3-oxo-hexahydtoﬁuo[3 22
~ blpyrrol-4-yl)ethylJbenzamide

20 N-1- -(4-Bromobenzyl)-2-0x0-2-(3-oxo-hexahydrofuro[3, 2~b]pyrrol-4—y1)ethy1]-4~
. ) triffuoromethylbenzamide

4-Bromo-N-{1-(4-bromobenzyl)-2-oxo0-2-(3-oxo-hexahydrofuro[3,2-blpyrrol-4-
yDethylJbenzamide

25
3-Bromo-N-{1-(4-bromobenzyl)-2-0x0-2-(3-oxo-hexahydrofuro[3,2-b]pyrrol-4-
yljethylTbenzamide |

N-[1-(4-Bromobenzyl)-2-0x0-2-(3-0x0-hexahydrofuro[3,2-b]pyrrol-4-yljethyl] -4-
30 vinylbenzamide



N[ 1-(4- Brormbenzyl) 2 0X0- 2- ( 3- oxo- hexahydrofuro[3 2 b] pyrrol 4-y|)ét hyl ] -

4- 15 isopropyl benzamn de uly 2005
4-Di fl uoronet hoxy-N-[ | - (4- bronobenzyl) - 2- 0X0- 2- (3-oxo hexahy rofvro[3 2
b] pyrr ol - 4ygbiedrul | benzam de 20 PCT/GBO2/00184

N-[ 1- (4- Bronobenzyl ) - 2- oxo- 2- ( 3- oxo- hexahydrofuro[3 2-b] pyrrol -4-yl)et hyI]
4- trifluoronethyl benzam de -48-

4- Br ono- N-[ 1- (4- br onobenzyl ).- 2- oxo- 2- ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyrrol - 4-
~yl)ethyl] benzam de 25

3- Br ono- N- [ Naphthilenm@tsarboxylic 2a0ik o124 (tBemabenvaRedyxh-B4(BHorg-Re2hbiisofurool - 4-
yl ) et hyl ] be de

N[I-(4- Bro%ggl@w})‘ 423’125'2189’1&“1{1? oxo0- hexahydr of uro[ 3, 2- b] pyrrol -4-yl) et hyl ]
4- 30 vinyl benzanide 18 July 2005 WO 02/057270 PCT/ GB02/00184 -48

Napht hal ene- 2- car boxylic acid -
[ 1- (4- br onoBaphthrlzne ] wedoxyle- asib- 4 dirguiobéanyl)-2-oxo-2-(3- oxo—hexahydroﬁzro

[1 (o b SRS Rg O o br o 8

3, 2-b] pyrrol -4- yI)ethyI]anlde Qui nol i ne-6-carboxylic acid
1-(4- bronnben 1) - 2-0xo- 2- (3- oxo- hexahydr of uro
3,

[
E 3, (24pryrr ie-Peqaydxvhiai decid o [Edﬁiaﬂ{)mpbmmbkﬂenm—}(&-m@hw&rodmnd
r ono o] X0- hexa
hydr of i uo[ S@Q%}]ﬁ& ?"4':%1%1#51@ I ] am de Benzo[ b] t bi ophene- 3-carboxylic

acid [1- (4 br omobenzyl ) - 2- oxo- 2- ( 3- oxo- hexa
hydr of ur 2 b] rrol - | ) et h /I']am de 15 Benzot hi azol e-5-car boxylic acid
[1- (4- b|1 ]}fl:u é @ h@s@dhy&1-(64~bromobenzyl)-2-oxo-2 {(3-oxo-hexa )

fur o[ 3, 2- b] Hﬁrﬁf&w[g 2!},]}39{;9}!%%91‘?311]1@

Benzo[blthiophene-3-carboxylic acid  [1-(4-bromobenzyl)-2-ox0-2-(3-0x0-hexa
hydrofurof3,2-blpyrrol-4-yl)ethyl]amide

15
Benzothiazole-5-carboxylic ~acid  [1-(4-bromobenzyl)-2-ox0-2-(3-oxo-hexahydro
furo[3,2-blpyrrol-4-yl)ethylJamide ‘

H Biphenyl-4-carboxylic acid [1-(4-bromobenzyl)-2-0x0-2-(3-0x0-hexahydrofuro [3,2-
20 blpyrrol-4-yethyllamide '

N1 -(4~Bromobenzyl)-2-oxo-2 (3-oxo-hexahydrofuro[3 2-blpyrrol-4-ylethyl]-4-
phenoxybenzamzde

25 .N—[l-(4-Bromobenzy1)—2—oxo—2~(3—oxojhexahydroﬁlro[3,2-b]pyrrol-4—yl)ethy1]-3-
phenoxybenzamide

N-[l-(4—Bromobenzy1)—2—oxo—2~(3-oxo-hexahydrofuro[3,2-b]pynol—4—yl)ethy1]-4-
imidazol-1-ylbenzamide

B N-[1-(4-Bromobenzyl)- 2-ox0-2—(3-0xo-hexahydroﬁ1r0[3 2-b]pyrrol-4-ylethyl}-4-
thiophen-2-ylbenzamide



Blphenyl 4 carboxyllc acid [1-

[3,2- 20 b]pyrrol-4-yl)ethyl]am de 18 July 2005

N-[ 1{ 4- Br onobenzyl ) - 2- oxo- 2- ( 3- oxo- hexahydr of ur o[ 3, 2-b] pyrrol -4-y1l)ethyl]-4
- phenoxyBeh®2457378 25 PCT/GB02/00184

N-[I-(4-Brombenzyl)-2-oxo- 2- ( 3- oxo- hexadlydr of ur o 3, 2-b] pyrrol -4-yl)ethyl]-
3- phenoxybenzam de

N-[ |- (4-Bronbbenzyl) - 2- oxo- 2- ( 3- oxo- hexahydr of uro[ 3, 2-b] pyrrol -4-yl)ethyl ] -
4- im dazol - 1-yl benzam de 30

N-[ 1- (4- Bronobenzyl ) - 2- oxo- 2- ( 3- oxo- hexahydr of uro[ 3, 2-b] pyrrol -4-yl ) et hyl ] -
4- t hi ophenyZ1yhimozspiaenis e d%g&‘@gﬂ,@%?gg]jﬁwj@pa_s -49
N-[1-(4- Bromz)tb;e(nzyl )6 &9) oy(édltééigjgﬁghxééggdrof arol 3;2-b] pyrrol’-4-yl)ethyl ] -
4- oxazol - SOWbleirzfﬁmlmel\l-[l (4- Bronbbenzyl ) - 2- oxo- 2- ( 3- 0x0
hexahydr of uro[ 3, 2-b] pyrrol -4-yl)ethyl]-4-~ [1,2,3]thiadi azol -5-yl benzam de
N-[ 1- (4- Bronobenzyl ) - 2- oxo- 2- ( 3- oxo0- hexahydrofuro[3 2-b] pyrrol - 4- yI)et hyI]

—4- pyrazpl - fEyl(hereasbaeyhP-oxo-2-(3-0xo-hexahydrofuro[3,2-b]pyrrol-4-y1) thyl]-4-'

N-[ 1- (4-Bronobenzyl ) - 2- 0X0- 2-(3 oxo- hexahydr of uro[ 3; 2- b] pyrrol-4-yl )ethyl | -

5- t hi ophenkl2.3)thindiszaldaytbenzamide
N-[ 1- (4- Bronpbenzyl ) - 2- oxo- 2- ( 3- 0xo0- hexahydrofurT[S 2-b]pyrrol -4-yl)ethyl]-6
- 15 phenyl ni coti nam de 2-Phenyl t hi azol e- 4-carboxylic acid

[1-(4-br owoqu:(yJBmzaoBemyg - &@zqsmzsamahgdmﬁm[s 2-blpyrrol-4-ylethyi]-4-
hydrof uro[ 3, 2-b pyrrol ‘{Qa) et hyl]lam de 2

2- Pyri di n- 3P¥A% rboxylic acid

[1-(4- m)benzyl) 2 0X0- 2- ( 3-oxo0- hexa }

hyylr of uro[ 3, 2-b] pyrrol -4-yl)ethyi]am de

N-{1-(4-Bromobenzyl)-2-0x0-2- (3-oxo-hexahydrofmo[3 2—b]pyrrol-4—y1)ethyl]-5-
thiophen-2-ylnicotinamide

N—[1¥(4-Bromobenzyl)-?.—oxo-z-(3-oxo-hexahydroﬁxro[3,2—b]pyrrol—4-y1)ethy1]—6—-
15 phenylnicotinamide

2-Phenylthiazole-4-carboxylic ~ acid  [l-(4-bromobenzyi)-2-0x0-2-(3-0x0-hexa
hydrofuro[3,2-5]pyrrol-4-yDethyl]amide

20 Q-Pyzidin-s-ylﬂﬁazole-lt-carboxylic acid [1-(4-bromobenzyl)-2-ox0-2-(3-0x0-hexa
hydrofuro[3,2-blpyrrol-4-yl)ethyljamide ‘

S-Phenylthiophene-2-catboxylic ~ acid  [1-(4-bromobenzyl)-2-0x0-2-(3-0x0-hexa
~ hydrofuro{3,2-b]pyrrol-4-yl)ethyllamide

25
5-Pyridin-3-ylﬂﬁophene—ZQcarl?oxylic ' acid [1-(4-bromobenzyl)-2-0x0-2-(3-0x0-
hexahydrofurof3,2-b]pyrrol-4-yl)ethylJamide

Z-Methyl—s-phenylfuran-S-carboxylic acid  [1-(4-bromobenzyl)-2-0x0-2-(3-0xo0-
30  hexahydrofuro[3,2-b]pyrrol-4-yl)ethyl]amide

(4-br ormbenzyl) 2- 0X0- 2- ( 3- 0x0- hexahydr of ui o




5- Phenyl t hi ophene- 2-carboxylic acid [1-(4- br‘ormbenzyl ) - 2- 0X0- 2- ( 3- ox0- hexa

hydr of uro[ 3, 2-b] pyrroi -4-yl)ethyl]am de 25 - 18 July 2005
5- Pyri di n-3-yl t hi ophene- 2-carboxylic acid :
[ 1- (4- br omadr ez - 2- 0X0- 2- ( 3- 0XO0- PCT/GR02/00184

hexahydr of ur o[ 3, 2- b] pynnl - 4-yl ) et hyl ] am'ﬁg'

2- Met hyl - 5- phenyl fi zran- 3-carboxylic acrd [ 1-(4-bronpbenzyl) -2-o0xo- 2- (3-0xo0
30 hexahydrof uro[ 3, 2-b] pynol.-4-yl)ethyl ]am de 18 July 2005 WD 02/057270
PCT/ GB02/ 00154 -50 4-Phenyl t hi ophene-2-carboxylic acid [1-(4

br onobenzy| #-FPhepylihiophege-3xasrhoaylic hyddof ([t-§4-Bratndtepyyl)-Bloxd-2y(3)oabkhekd anni de

£ Py S o2 gL ¢

hexahydr of ur o[ 3, 2- b] pyrrol -4-yl) et hyl ] am de
2- Thi ophen- Zéylthlazole 4-carboxylic acid
[1 ( 4- br onoAdYEID-3ylthiephenetBowhexylitex abiddr d1- (4-br0m0benzy1)—2~oxo~2 (3-ox0-

ovet vy 5 AR R PR it car boeyt ¢ aci o

[ 1- (4-bronobenzyl ).- 2-
0X0- 2- ( 3- 0x0- hexahydrof i, uo{ - b] pyrrol 4-yl)ethyl)am de
3- Pheny| pyr #0itiorheadridvarolat-gaberylic  acid ~ [1- (4-bromobenzy1)-2—oxo-2-(3-oxo-

Far ol 3, 2-b] gRPRe &‘?J? %ﬁyﬁ?%@s@@gﬁﬁ%r ’

N-[ 1- (4- Fuuor obenzyl ) - 2- oxo- 2- ( 3- 0X0- hexahydr of ur o[ 3, 2- b] pyrrol - 4-yl ) et hy1]
benzam

I4 tent - &1]{ y - Methsl-3- ﬁlmobé%b]eﬁﬂfﬂﬂ)’l)ﬁﬂ@k%—ﬂﬁtbewm cacice x[d Hytehromobenzgl)-2- b] pyrr o
_4- 20
N L1 - (4 Fi ﬁ%%%é%%%% P2 SRS, 2- ) pyrrol -4-yl)ethyl]-

4- tdfl uoronmet hoxybenzam de 25
4- Di net hyl a, quorQbenz | ) - 2- ox0- 2- ( 3- 0x0- hexahydr of ur o[ 3, 2-
b] pyrr ol - y %ﬁ@m}q@éi searhogylic  aci )[1 (4—bromobeglzy1)~2-ox0-2-(3-gxo-hexahy

foro[3,2-b]pyrrol-4-yl)ethyllamide

2

15
N-[1- (4-Fluorobenzy1)-2-oxo-z-(3-oxo~hexahydroﬁ1ro[3 2-b]pyrrol-4-yl)ethyl]

benzamide

"4-ter:~13uty1-N-[1 -(4-fluorcbenzyl)-2-0x0-2- (3-oxo-hexahydroﬁ1ro[3 2-blpyrrol-4-
20  ylethyllbenzamide

N-[1-(4-Fluorcbenzyl)-2-0x0-2-(3-0x0-hexahydrofurof3 ,2-b]p3rzrol—4-y1)ethy1]-4-
trifluoromethoxybenzamide

25 4-Dimethy1amino-N-[1-(4-_ﬂuorobenzyl)_«2-oxo-2-(3-oxo-hexahydroﬁ1ro[3,2- 7
blpyrrol-4-ylethyllbenzamide ,

N-[1-(4-Fluorobenzyl)-2-0x0-2-(3-0xo-hexahydrofuro[3,2-b]pyrrol-4-yl)ethyl]-4-
isopropylbenzamide

30
4—Diﬂuoromethoxy-N—[1-(4~ﬂuorobenzyl)-2-oxo-2-(3-oxo-hexahydroﬁ1ro[3 2=
b]pyrrol—4—yl)ethy1]benzamicie



N-[ 1- (4- Fl uor obenzyl ) - 2- oxo- 2- (' 3- oxo- hexahydr of uro[ 3, 2-b] pyrrol - 4- y-l) et hyl ]
.-4- isopropyl benzam de k.. 30 18 July 2005

4-Di f 1 uor eedeieye N[ 1- (4-fl uorobenzyl) - 2- oxo- 2- ( 3- oxo- he g? p Mo[ 3, 2-
b] pyrrol -4-yl )ethyl ] benzam de 18 July 2005 WD 02/057270 é y@%9%8184
-51 =21~

N-[ 1- (4- Fl uor obenzyl) - 2- oxo- 2- ( 3- oxo- hexahydr of uro[ 3, 2-b] pyrrol -4-yl ) et hyl ]
-4- trifluoronethyl benzam de 54-Brono N
[ 1- (4-fl uorobenzyl) - 2- oxo- 2- ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyrrol -4

| hyl1b ]
3 by o N AT ey grono - Grencoheabysioinei IRy aokA-sDabelish py 1 of - 4-

yl)ethyl]b i :
N-[ 1- (4- FI S@?gg?é’ﬁ%y&ﬁb-eﬁ?%&“g?z- ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyrrol - 4-yl ) et hyl |
-4- vinyl benzam de Napht hal ene- 2-car boxylic acid
[1-(4-fl uor%genz - 2- 0X0- 2- ( 3- 0x0- hexahydrofuro_ 15 _
13 57 ] e SRR A orehee gpor A e by dseR - Blppol-4-
[1
[3

-(4-fluor ?ﬂg; man®X0- 2- (3- 0xo hexahydr of uro

,2-b]pyrf% - J%E%?%ﬁ@%]anide 20 Qui nol i ne-6-carboxylic acid
[ 1- (4-fl uorobenzyl) - 2- oxo- 2- ( 3- oxo- hexahydrofuro [3,2- )
b rrol -4- eth i de Benzql hj t hi ophene- 2-car boxylic_ acid
[%P {4-f| uor%b@% )ﬂl’i@%ﬁ@:@e@gﬂ A0 L5-0x0-hoxahiydrofurd[3,2-B pyrrol-4-
hydrofuro[Qﬂ :B¥&ﬁﬁﬁ émyl)ethyl]anide 25 Benzol[ b] t hi ophene- 3-carboxylic
acid [1-(4-T1uorobenzyl)-2-oxo-2-(3-0x0-hexa
hydr of i0o[ 3, 2- bj pyrrol - 4-yl ) et hyl ] ani de Benzot | uazol e- 5- carboxylic acid

L]'l (4-fl uorﬁ-?f—?f-ﬁu)ofo%égﬁ(ﬁ)_:%:o g-_zgé%}po?ﬁ%%jgcﬁgfum[?y,2-b]pyrrol-4~yl)ethyl]—4—

vinylbenzamide

Naphthalene-2-carboxylic acid [1-(4-fluorobenzyl)-2-oxo-2-(3-0x0-hexahydrofuro
15 [3,2-b]pyrrol-4-yDethyl]amide

Naphthalene-1-carboxylic acid [1-(4-fluorobenzyl)-2-0x0-2~(3-0x0-hexahydrofuro
[3,2-b]pyrrol-4-ylethyl]amide

20 Quinoline-6-carboxylic acid {1-(4-fluorobenzyl)-2-0x0-2-(3-0xo-hexahydrofiuro [3,2-
-) _ blpyrrol-4-yl)ethyllamide :

Benzo{b]thiophene-2-carboxylic  acid '[1-(4-ﬂuorobenzy1)~2~oxo~2-(3.—oxo~hexa
hydrofuro{3,2-51pyrrol-4-yl)ethylJamide

25
Benzo[b]thiophene~3-carbbxylip acid  [1-(4-fluorobenzyl)-2-oxo0-2-(3-oxo-hexa
hydroﬁlro[S,2-b]pyrrol—4—y1)etﬁy1]amide

Benzothiazole-5-carboxylic  acid [1-(4-fluorobenzyl)-2-0x0-2-(3-0x0-hexahydro
30 furof3,2-b]pyrroi-4-ylethyljamide '



30 furo[ 3, 2-b]pyrrol-4-yl)ethyljamde 18 July 2005 WO 02/057270

PCT/ G802/ 00184 -52 Bi phenyl -4-carboxylic acid 18 July 2005

[ 1- (4-fl ugrobenzyl ) - 2- oxo- 2- ( 3- oxo- hexahydrofuro [ 3, 2-

b] pynol - 4 %R $245%%79] ani de N-[l (4- Fl uor obenzyl ) - 2- 0x0- 2- ( 3-RETEGB02/00184
hexahydrof uro[ 3, 2-b] pyrrol -4-yl)ethyl]-4. 5 phenoxybenzanm de

N-[I-(4-Fl uorobenzyl) - 2-oxo-2-( 3- oxo- hexahydr of ur o[ 3, 2- b] pynol-4-yl)ethyl]-
'3- phenoxybenzam de 10 N-[1-(4-Fl uorobenzyl)-2-oxo-2-(3- oxo

S S b AR

t hi ophen- 2- ¥lpbaokasi)etylibmi
N-[1-(4-F uorobenzyl))dm‘?, oxo 2 (3- ox0- hexahydr of ur o[ 3, 2- b] pyrrol - 4-yl ) et hyl ]

-4- oxazol - 5-yl benzam de

N4 s Qoo 25500 24 B QOB RCX IR O 81 3121 BLAMAL LG4 Y1) ety

oo N[ b= (4-FFF uph[enbgylieyﬂgamlaeoxo 2 (‘3- oxo-hexahydr of ur of 3, 2--b] pynol - 4-yt) et hyl ]-
4- ) pyrazol - 1-yl benzani de 25 |
N-[1-(4-F uorobenz;vyl) 2- 0X0- 2- (3 oxo- hexahydrof uro[ 3, 2-b] pyrrol -4-yl)ethyl]

-5- thiophe

N-[I-(4-Fl ujg; 0 enzy @%‘9@? 25050 H%ﬁ?&%?@r%f’@ﬁ%ﬁ?@%ﬂyuﬁ yl)ethyl]-
6- phenyl ni plehoxybenganide k 2 Phenyl t hi azol e-4-car boxylic acid

[ 1- (4-fl uorobenzyl) - 2- oxo- 2- ( 3- oxo- hexa

hydr of uro[ 3, 2-b] pyrrol -4-yl )ethyl Jam de 18 July 2005

160 N1- (4—Flu0robenzyl)-2-oxo-2-(3-oxo-hexahydrofuro[3 2-b]pyrrol~4~yl)ethy1]~4—
imidazol~1-ylbenzamide '

N-[1-(4-Fluorobenzyl)-2-0x0-2~(3-0x0-hexahydrofuro[3,2-blpyrrol-4-yl)ethyl]-4-
thiophen-2-ylbenzamide

15 |
N—{I—(4-F1uorqbenzyl)-2—oxo-2-(3-oxo-hexahydrofuro[3,2»b]pyrrol-4-y1)ethyl]—4—
oxazol-5-ylbenzamide

A-{1-(4-Fluotobenz)-2-0x0-2-(3-ox0-hexalydrofuro[3,2-blpyrrol-4-yl)ethyl] 4-
20 [1,2,3]thiadiazo}-5-ylbenzamide - |

N-{1-(4-Fluorobenzyl)-2 ;oxo_-2-(3 -ox0-hexahydrofuro[3,2-blpyrrol-4-yl)ethyl]-4-
pyrazol-1-ylbenzamide

25 N-[l-(4-F1uorobenzy1)—2~oxo~2-(3-oxo~hexahydroﬁ:ro[3,2-b]pyrrol—4—y1)ethyl]-5-
thiophen-2-ylnicotinamide

N-{1-(4-Fluorobenzyl)-2~0x0-2-(3-0x0-hexahydrofuro [3.2-b]pyrrol-4-yl)ethyl]-6-
phenylnicotinamide
30 |
X 2-Phenylthiazole-4-catboxylic  acid [ 1-(4-fluorobenzyl)-2-0x0-2-(3-0x0-hexa
hydrofuro[3,2-blpyrrol-4-yl)ethyljamide



WO 02/ 057270 PCT/ GB02/ 00184 -53 2-Pyridin-3-ylthiazol e-4-carboxylic acid
[ 1- (4-fl uorobenzyl) - 2-o0xo0-2-(3-0x0-hexa 18 July 2005

hydr of ur - b, rrol-4-yl)ethyl]am de 5 5-Phenylt hi ophe - 2-carboxylic
acid [1-( ﬁﬁ‘ﬁ%‘?}%enzyl ) - 2- 0X0- 2- ( 3- 0x0- hexa H03lo0i3)

hydr of uro[ 3, 2-b] pyrrol -4-yl) et hyl ] am de53-

5-Pyri di n- 3-yl t hi ophene- 2-carboxylic acid

[ 1- (4-fl uorobenzyl) - 2- oxo- 2- ( 3- oxo-

hexahydr of uro[ 3, 2-b] pyrrol -4-yl)ethyl]Jam de 10 O

2- Met hyl - 5- phenyl fi ran-3-carboxylic acid

[ 1- (4- f | uorbByndipt3)ylthizzote-2-cadorylic acid [1-(4-flucrobenzyl)-2-0x0-2-(3-0x0-hexa

ggrghflgr?zul}}%mgk%ﬁgrol ”bi% téﬁﬁ%&&gmhgia 4-lghenyl t hi ophene- 2- car boxylic |

hydr of uro[ 3, 2-b] pyrrol -4-yl)ethyl]am de
4- Pyri di n- 3-yl t hi ophene- 2-carboxylic acid
- (4-f 1uord bw%h.ﬁ!phermxbc&b()sylmxo acid  [1~(4-fluorobenzyl)-2-0x0-2-(3-0x0-hexa -

hexahydr of i,y rr oI am de 20

2- Thi ophen- }ﬂ%%(f?ﬁ“f?@ g’ﬁ %ﬁﬁﬁ al"}c/‘dgm d

[ 1-(4- quorobenzyI) 2- 0XO- 2 (3-oxo0

hexahydrof uro[ 3, 2-b] pyrrol -4-yl )ethyl ] am de

2- Met hyl - 5-§-Byridint3-yiflieshene 2 Gadroxylie ur anid3- da«(hdiptdbenzd)-2-0x0-2-(3-0x0-
[1-(4-fluo

oxo- 2- ( 3- o%?ﬁl&ﬁ%@{?ﬁ%’ﬂ%?%@%wad@ﬁ- yl )ethyl ]anmi de 25

3- Phenyiigpyrrol e-1-carboxylic . acid _
[ 1} (4-f1 uor obenz 5) 2- 0X0-+2- (3 oxo- hexahydro
fur o[ 3, 2- b]$ettsi 4111)epy]§uqq913]- agylic acid  [1-(4-fluorobenzyl)-2-oxo-2-(3-0xo-

30, beusam dO PSR DIIIAGRCY) 205/ cotba ba o

4-tent - Butyl N-[I-(4 chl or obenzyl ) - 2- oxo- 2- (3- oxo0 -

xcx>ahydr of ur o[ 3, 2- b!lpyr rol-4- yl)et Xl ] benzam de
’ 4-Phenylthiop ene—z-caxboxyhc aci {1-(4-fluorobenzyl)-2-0x0-2-(3-0x0-hexa

15  hydrofuro[3,2-b]pyrrol-4-yDethyl]amide

4-Pyridin-3-ylthiophene-2-carboxylic  acid  [1-(4-fluorobenzyl)-2-0x0-2-(3-0X0-
. hexahydrofuro[3,2-b]pyrrol-4-yl)ethylJamide '
20  2-Thiophen-2-ylthiazole-4-carboxylic ~ acid  [1-(4-fluorobenzyl)-2-0x0-2-(3-0x0-
D hexahydrofuro{3,2-blpyrrol-4-yl)ethyl]Jamide ‘

Z-Methyl-s-(pyrrolidine-l-sulfonyl)ﬁlran-3-carboiylic acid [1-(4-fluorobenzyl)-2-
ox0-2-(3-oxo-hexahydrofuro[3,2-b]pyrrol-4-yl)ethylJamide

25
3-Phenylpyrrole-1-cartboxylic  acid [1-(4-ﬂuorobenzy1)-2—oxo—2-(3-oxo-hexahydro
furo[3,2-blpyrrol-4-yl)ethyl]amide

N-[1-(4-Chlorobenzyl)-2-0x0-2-(3 -0xo0-hexahydrofuro[3,2-b]pyrrol-4-yl)ethyl]
30  benzamide |




N-[I|-(4-Chl orobenzyl) - 2-oxo- 2- ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyrrol -4-yl) et hyl]

-4- 5 trifluoronmethoxybenzam de 18 July 2005
4- Di net hyl am no- N-[ 1- (4- chl or obenzyl ) - 2- oxo- 2- ( 3- oxo hexahydr of ur o[ 3, 2-
b] pyr r ol - WQPIBIAIM ] benzam de 10 PCT/GB02/00184

N-[ 1- (4- Chl or obenzyl ) - 2- oxo- 2- ( 3- oxo- hegg_hydrofuro[S 2-b] pyrrol -4-yl)ethyl]
-4- isopropyl benzam de

4-Di f uoronet hoxy-N-[ 1- (4-chi orobenzyl) 2- 0X0- 2- ( 3- oxo- hexahydrofurof 3, 2

b] pyrrol - 4-yl ) &? gnhl '
N-[1 - (4- ChI ar %ﬁ—ﬁyﬂr (&g ogqheazsékg -opexafydooicppdzo i} Bvilvarala-y 1) et hyl |
-4- trlfluoP,Q Q%’%ﬁﬁ‘w

4- Brono- N-[ I'-'(4- chl or obenzyl ) - 2- oxo- 2- ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyrrol -

20 yl ) et hyl ] benzam de

3- Br onp- N- 4- ben 0- 2-( 3-.0x0- hexahydr of uro[ 3, 2-b rrol -
yl)ethyl] bEa é}n( d&ﬂ oxo-z- -oxo-h(exahydrogro[S Zyb]pyxrol-éi-)[rl)ethyl]—]‘-tp Y

N[ 1+ (4= §ht gk ReBEMhb xR a%—%—(S oxo-hexahydr of ur o 3, 2- b} pyrrol -4-y1) et hyl ]

-4- vinyl benzam de Napnht hal ene- 2-car boxylic acid
[ 1- (4-chl orobenzylf) 2- 0X0- 2- ( 3- oxo- hexahydrofuro

[ 3, 2-b] pyrr - et h e, 30.Na al e ar hoxylic_acid

[ 1- (4-chi or 3%1“%’%%15?{;1% eﬁ“g’%ag%? 3 r°6° exahydtofiro[3,3-
, 2-b] pyrrg]pﬁmyh)ﬁjéwljb@ﬁgag{ﬁdéw July 2005 WO 02/057270 PCT/ GB02/ 00184
5 Qui nol i ne-6-car’boxyli1c acid

(4- chlorobenzyl) 2- 0X0- 2- (3 0XO0- hexahydrofuro

[3
-5
[ 1-
H (2 4b]c g}ﬁgn(z% Gi Q%ﬁg& P80 g)-&} -0%g; g&y%]rog}ro?fgeiy?pyrml—%?rl e%@ﬂ ,¢ acid
hydr of ur o[ BISapﬂ,]ppweﬁggnuaeyl ) et hyl ] am de

4-Difluoromethoxy-N-[1-(4-chlorobenzyl)-2-ox0-2-(3-0xo0-hexahydrofuro[3,2-
blpyrrol-4-ylethyllbenzamide
15
N-[1-(4-Chlorobenzyl)-2~0x0-2-(3-0x0-hexahydrofuro[3,2-b]pyrrol-4-yl)ethyl}-4-
trifluoromethylbenzamide
H4-Bromo—N—[I-(4-chlorobenzyl)-z-oxo-2-(3-oxo—hexahydroﬁ:lro[3,2-b]py1'r01-4-
20 yDethyl]benzamide

3-Bromo-N-[1-(4-chlorobenzyl)-2-oxo-2-(3-0x0-hexahydrofuro[3,2-b]pyrrol-4-
yDethyljbenzamide

25 .N-[l-(4-Chlorobenzyl)—2—9x0~2~(3~oxo5hexahydroﬁ1ro[3,2~b]pyrrol-4-yl)ethy1]—4—
vinylbenzamide

Naphthalene-2-carboxylic acid [1-(4-chlorobenzyl)-2-0x0-2-(3-0x0-hexahydrofiro
[3,2-b]pyrrol-4-yl)ethyljamide
30

o
-
o

Naphthalene-1-carboxylic acid [1-(4-chlorobenzyl)-2-0x0-2-(3-0x0-hexahydrofuro
[3,2-B]pyrrol-4-yl)ethyljamide



Benzo[ b] t hi ophene- 3-carboxylic acid [1-(4- chl or obenzyl) - 2- oxo- 2-(3- oxo hexa
hydr of uro[ 3, 2-b] pyrrol -4-yl)ethyl Jam de 10 Benzot hi azol e-51&dpd6GH i ¢ aci d

[ 1- (4-chl | ) - 2- oxo- 2- ( 3- ox0- hexahydro

farof 3, 2- &?‘86’?&@{’94-y| )et hyl ] am de Bi phenyl - 4- car boxyl i ¢ F&GTHB02/00184

[ 1- (4-chl or obenzyl) - 2- oxo- 2- ( 3- oxo- hexa$sydrofuro [ 3, 2- 15

b] pyrrol -4-yl)ethyl]am de )

"N-[ 1- (4- Chl or obenzyl ) - 2- oxo-2- ( 3- oxo- hexahydr of ur o[ 3, 2-b] pyrrol - 4-yl ) et hyl ]
-4- phenoxybenzan, i de 20

N-[ 1- (4- Chl or obenzyl ) - 2- oxo- 2- ( 3- ox0- hexahydr of ur o[ 3, 2- b] pyrrol - 4-yl) et hyl ]
- 3- phenoxyfRemhné-Gearboxylic acid  [1-(4-chlorobenzyl)-2-0x0-2-(3-0x0-hexahydrofuro

N-[ 1-(4-Chl nz - 2- OXQ- 2- ( 3- oxo- hexahydr of uro[ 3, 2- b] pyrrol -4-yl) et hyl ]
-4- inidazo Jg‘gﬁﬂyﬁéiﬁ%'é’é“ 9]25“43 _

N-[ 1- (4- Chl or obenzyl ) - 2- oxo- 2- ( 3- ox0- hexahydr of ur o[ 3, 2- b] pynol - 4-yl ) et hyl ] -
4- thi ophen-2-yl benzam de .

N-[ 1- (4-Ehl Bewdoghithiophete Gxaidxglic ox aeifiex fhydichibrobefyIR2 kpdGeatxodexh) et hyl |

:gé > 30 oxpzol - o ybbenza de, 18 Jul ¥ 2005 WO 02/ 057270 PCT/ GBO2/ 00184

N-[ 1- ( 4- Chl or obenzyl ) - 2- oxo- 2- ( 3- oxo- hexahydr of uro[ 3, 2-b] pyrrol -4-yl ) et hyl ]
-4- [1,2,3]thiadi azol -5-yl benzam de
N-[ 1- ( 4- Chi Beuzobrithjophene Sxaarixylic ox eciflex fv{dickibrobepsy P20k 2-Beaixodhexd |

| ﬁi F\l(ll( ;151-ChFﬁ%@#ﬁﬁ%ﬁ%—fgﬂ%gﬁ%@gﬁexahydr of uro[ 3, 2-b] pyrrol -4-yl)ethyl]

-5- thipphen-2-yl nicotinam de 10 ,
NJI | - (4- Chl orobenzyl ) - 2- oxo- 2- ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyrrol - 4-yl ) et hyl |
-6- phenyht Benpothiagieled-carboxylic  acid  [1-(4-chlorobenzyl)-2-0xo0-2-(3-0x0-hexahydro

furo[3,2-b]pyrrol-4-ylethyljamide

Biphenyl-4-carboxylic acid [1-(4-chlorobenzyl)-2-ox0-2-(3-0xo-hexahydrofuro [3,2-
15 blpyrrol-4-yl)ethyljamide

N-[1-(4-Chlorobenzyl)-2-0x0-2~(3-0x0-hexahydrofuro[3,2-b]pyrrol-4-yl)ethyl]-4-
. phenoxybenzamide

20 N-[l—(4-Chlorobenzy1)-2—oxo~2-(3—oxo?hexahydrofuto{B,2—b]pynol-4~y1)ethyl]—3-

phenoxybenzamide

N-[1-(4-Chlorobenzyl)-2-ox0-2-(3-0x0-hexahydrofuro[3,2-blpyrrol-4-ylethyl]4-
- imidazol-1-ylbenzamide
25 | |
N-[1-(4-Chlorobenzyl)-2-0x0-2-(3-ox0-hexahydrofuro[3,2-blpyrrol-4-yl)ethyl]4-
thiophen-2-ylbenzamide

N-[1-(4-Chlorobenzyl)-2-0x0-2-(3-0x0-hexahydrofuro|3,2-b]pyrrol-4-yl)ethyl]-4-
30 oxazol-5-ylbenzamide



2- Phenyl t hi azol e- 4-carboxylic acid [1-(4-chlor obeniyl ) - 2- 0x0- 2- ( 3- ox0- hexa

hydr of uro[ 3, 2-b] pyrrol -4-yl )et hyl ] am de 15 18 July 2005
2-Pyridin-3-ylthiazol e-4-carboxylic acid
[ 1- (4- chl SY@PHEFIZ0) - 2- ox0- 2- ( 3- 0x0- hexa PCT/GB02/00184

hydr of ur o[ 3, 2-b] pyrrol -4-yl) et hyl ] am de g- Phen | thio hene-2-carboxYlic acid
Y P [1-(4-chl orobenzyl) - 2- oxo- 2-( 3- 0xo- ﬁexa 20
hydr of uro[ 3, 2-b] pyrrol -4-yl )et hyl ] am de

[SIP{LI glhrofgzyb@t @y@@ DER 5 Do boé)&l%'oxo i glYdmfurOB,2-l)]pyr1'01-4—yl)ethyl]-4-

hexahydr of u[g, S]tBIaHiaEMES-ﬂbeﬁza)j:h&@t hyl]am de 25
2- Met hyl - 5- phenylfuran 3-carboxylic acid [1-(4-chl orobenzyl)-2-o0xo0-2-(3-0x0

hexahydr of ur o[ 3, 2- b] pyrrol -4-yl ) et hyl]am de 4-Phenyl t hi ophene- 2-carboxylic

e of o o s MRS R e By 28R 50 Eng%tyﬁroﬁjrow 2-Blpymol-4-yDltyt]4-

~-4--Pyri-di-§-3p yﬂar;&u.p?m@mngd@ar boxyl i ¢ acid
[ 1- (4-chl or obenzyl ) - 2- oxo (3- oxo-
hexahydr of ur o[ 3, 2--b] pyrrol - 4- yI )ethyl]am de 18 July 2005 WO 02/057270

[PfTé 802/ 00484, 4: c‘ﬁlﬁ béiyps! -%;g 0B 137y rokuols DY e - ehyr-5-

hexahydr of uthidpher-2y ]mc@ﬁﬁdmﬂeyl )ethyl]am de 5
2- Met hyl -5- (pyrrolidine-I-sul fonyl)fbran-3-carboxylic acid

[ 1- (4- chl orobenzyl ) -2

0X0- 2- ( gy OX [ t ]

3- Pheny pyr& O[IT Qﬁ%{g{()gé% 4220%0(:9-!9?)65(0 xeilny%r()fﬁrol[ﬂglﬁ b?pyno?—t!—yl)ethyl]ﬁ-

[ I - (4- chl or pliEsykjdotindmideo- 2- ( 3- oxo- hexahydr o ~
faro[ 3, 2-b] pyrrol -4-yl)ethyl]am de 10

N-[ 1- (3, 4- Di chl orobenzyl ) - 2- oxo- 2- ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyrrol yl ) et hyl

] benzam d@-Phenylfhiazole-ét-caﬂnoxylic acid [1-(4-chiorobenzyl)-2-0x0-2-(3-0x0-hexa
hydrofuro[3,2-b]pyrrol-4-yl)ethyl]amide

)

15

2-Pyridin-3-ylthiazole-4-carboxylic acid [I- (4-chlorobenzy1)-2-oxo-2-(3-oxo~hexa
hydrofuro[3,2-b]pyrrol-4-yl)ethyl]amide

_ h_5-Phenylthiophene—fz-carboxylic acid [1-(4-chlofobenzyl)~2-oxo-2-(3-oxo-hexa
20  hydrofuro[3,2-b]pyrrol-4-ylethyljamide

5-Pyridin-3-ylthiophene-2-carboxylic acid  [1-(4-chlorobenzyl)-2-oxo-2-(3-0x0-
hexahydrofuro[3,2-b]pyrrol-4-yi)ethyl]amide

25 Z—Methyl-S-phenylﬁxran—?:jcarboxylic ~acid  [1+(4-chlorobenzyl)-2-0x0-2-(3-0x0-~
hexahydrofuro[3,2-b]pytrol-4-yl)ethyljamide

4-Phenylthiophene-2-carboxylic ~ acid  [1-(4-chlorobenzyl)-2-0x0-2-(3-0x0-hexa
hydrofuro[3,2-b]pytrol-4-ylethylJamide

30 |
4-Pyridin-3-ylthiophene-2-carboxylic ~ acid  [1-(4-chlorobenzyl)-2-0x0-2-(3-0x0-
hexahydrofuro[3,2-blpyrrol-4-yl)ethyljamide



4-tert-Butyl -N-[1-(3, 4-dichlorobenzyl)-2-o0xo- 2-(3-o0xo- hexahydrofuro[ 3, 2-b]p
yrrol - 15 4-yl)ethyl ] benzam de 18 July 2005
N-[1-(3, 450 benzyl ) - 2- oxo- 2- ( 3- oxo- hexahydr of uro[ 3, 2- b rrol -4-yl)et
hyl ] - 4-tﬂ%ﬁ7udg% t hoxybenzani de 20 Pt i1y

4- Di met hyl am no- N-[ 1- ( 3, 4- di chl or obenzybJ- 2- oxo- 2- ( 3--0xo- hexahydr of ur o[ 3, 2-
b] pyrrol -4-yl)ethyl ] benzam de 7

N-[ 1- (3, 4- Di chl orobenzyl ) - 2--oxo- 2- ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyrrol - 4-yl) et
hyl]- 4-isopropyl benzam de 25 _

4-Di fl uoronet hoxy- N-[ 1- (3, 4-di chl or ohenzyl ) - 2- oxo- 2- ( 3- oxo- hexahydr of ar o[ 3,
2- b] pyr r ol 27 bjepherAyyithinzalestrpatboxylic  acid  [1-(4-chlorobenzyl)-2-0x0-2~(3-0xo0-

N-[1-(3, 4-D enzyy )i.2- - 2- (3= ox0r hexahydr of aro[ 3, 2-b] pyrrol -4-yl) et
hyl]- ;. 3%%%??’6@?’04?@%&7%‘8‘%@8‘&??@%%8 July 2005 WD 02/ 057270
PCT/ GB02/ 00184 -58 ' _

4-Bronmo-N-[1- (3, 4-di chl orobenzyl ) - 2- oxo- 2- ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyrrol
T é--h-y2 %thzla-‘ir{mrohdme-l- fonyl)furan-3-carboxylic- -acid [1-(4-chlorobenzyl)-2- - oo
: 34Br g”& ;\I_eE %ﬁﬁ@%ﬁ%@fyﬁ%ﬂ%ﬁ,é-zfﬁy%?i;?ﬂfeﬁiﬁj‘a?ﬁé‘gXahydr of uro[ 3, 2- b] pyrrol
N-[1-(3,4-Di chl orobenzyl) - 2- oxo- 2- ( 3- oxo- hexahydr of ur o[ 3, 2-b] pyrrol -4-y1l) et
hyl]- 4-vi n%I enzam de 10 Napht hal ene- 2-carboxylic acid
[1-(3, 4-dic 1%%75@@&#@%@- agd o) b-(41ehlozvhraryl)-draxo-2-(3-oxo-hexahydro

[ 3, 2-Db] pyrrel.-4- W ! ht hal ene-1| - car boxyl i c acid

[1- (3, 4-di cg'*:% b%}éfq%t/r - 2= %%gﬁ -(3-oxo- hexahYdrofuro [3>2b] PYrrol-4-VY)1
et.hYll ati de 15 Qui nol i ne-6-carboxylic acid

[.1/(3, 4-di c}}l[(fr(gbenz | ) - 2-.0%0- 2- ( 3- ox0- hexahydr of i uo

»4-Dichlorobenzyl)-2-0x0-2-(3-0xo-hexahydrofurof3,2-blpyrrol-4-yl)ethyl)
benzamide

4-tert-Butyl-N-[1-(3,4-dichlorobenzyl)-2-0x0-2~(3-0x0-hexahydrofurof3,2-b}pyrrol-
15 4-yDethyl]benzamide

N—[l-(3,4«-Dichlor0benzyl)-Z-oxo—Z-(S-oxo-hexahydroﬁlro[S,2—b]pyrrol—4—y1)ethy1]—
4-trifluoromethoxybenzamide
20  4-Dimethylamino-N-[1-(3,4-dichlorobenzyl)-2-ox0-2-(3-oxo-hexahydrofuro[3,2-
) - blpyrrol-4-yl)ethylJbenzamide '

N-{1-(3,4-Dichlorobenzyl)-2-0x0-2-(3-0xo-hexahydrofuro[3,2-blpyrrol-4-yl)ethyl]-
4-isopropylbenzamide

25
4-Difluoromethoxy-N-[1 -(3,4-ci1ichlorobenzy1)-2—oxo-2-.(3—oxo-hexahydroﬁ:ro[3,2-
blpyrrol-4-ylethyl]benzamide

N-[1-(3,4-Dichlorobenzyl)-2-0x0-2-(3 -oxo-hexahydrofuro[3,2-bJpyrrol-4-yl)ethyl}-
30  4-trifluoromethylbenzamide




[ 3, 2-b] pyrrol -4-yl)ethyl]an de Benzo[ bj t hi ophene-2-carboxylic acid

[ 1- (3, 4-di chl orobenzyl ) - 2- oxo- 2- ( 3- oxo- hexa 20 18 July 2005
hydr of uro[ 3, 2-b] pyrrol -4-yl )ethyl Jam de } Benzo[ b]thi ophene- 3-carboxylic
aci d [ 1- (V@0HeG00r obenzyl ) - 2- oxo- 2- ( 3- oxo- hexa PCT/GB02/00184

hydrofuro[ 3, 2-b] pyrrol -4-yl)ethyl ] am degg?25 Benzot hi azol e-5-carboxylic acid
[ 1- (3, 4-di chl or obenzyl ) - 2- oxo- 2- ( 3- ox0- hexahydr o
faro[ 3, 2-b] pyrrol -4-yl)ethyl-] am de Bi phenyl - 4- car boxylic acid

L3 o oo - APREREREN 1 i et Yk S G b SXat rofuro[3,2-Elpyrrol.4-

N-,[l (3, 4- DyhbthglTedpesnike) - 2- oxo- 2- ( 3- oxo- hexahydrofuro[3 2-b] pyrrol -4-yl)et
hyl ] - 4- phenoxy enzam de 18 July 2005 WD 02/057270 PCT/ GB02/00184 -59
N-[ 1- (3, 4- Di chl orobenzyl ) - 2- oxo- 2- ( 3- oxo- hexahydr of uro[ 3, 2- b] pyrrol -4-yl ) et .
hyl]- 3- phe
V(3. 4 9"%%%&%@‘&%%@05%%@@ B R B IPB OS2 BPRPH a1 e
N-[l (3,4 D chl orobenzyl) 2- 0X0- 2- ( 3- oxo- hexahydr of ur o[ 3, 2-b] pyrrol - 4-y|)et
hyl ] - 4-thiophen-2-yl benzam de 10 ..
N-[1-(3, - 2- exa r | -4-yl) et
hyl[] _( 4 oxazo[ﬁ @tpﬁ%enzam lj)ﬁ—oxo— 30862 ex yA}XRJrc%i &Lym% Hrﬁgthy yh)
N-[ 1- (3, 4- Déotid b@hﬁﬁiﬂstl) 2- 0x0- 2- ( 3- oxo0- hexahydrofuro[3 2-b] pyrrol -4-yl) et
hyl]- 15 4-[1, 2 3] t hi adi azol - 5-yl benzam de
N-[1- (3, 4-Dichl orobenzyl) 2- 0X0- 2- ( 3- oxo0- hexahydrof|u0[3 2-b] pyrrol -4-yl)et
hyl]- 45 @yrﬁ%ﬁﬂméieﬂé@%ﬁ%&@ﬂe acid [1-(3,4-dichlorobenzyl)-2-0x0-2-(3-0%0- )

hexahydrofuro 3,2- b]pyrrol-4—y1)ethy1]amide ' -

Naphthalene-1-carboxylic acid [1-(3,4-dichlorobenzyl}-2-0x0-2-(3-0x0-

hexahydrofuro [3,2-b]pyrrol-4-yl)ethyl]amide

15 _

Quinoline-6-catboxylic acid {1-(3,4-dichlorobenzyl)-2-ox0-2-(3-oxo-hexahydrofuro

[3,2-b]pyrrol-4-yDethyllamide

"Benzo[b]thiopﬂene~2~carboxy1ic acid [1-(3,4-dichlorobenzyl)-2-0x0-2-(3-oxo-hexa

20  hydrofuro[3,2-blpyrrol-4-yl)ethyljamide |
)

_Benzo[b]thiophene-3~cafboxylic acid [1-(3,4-dichlorobenzyl)-2-0x0-2-(3-0x0-hexa
hydrofiro[3,2-b]pyrrol-4-yl)ethylJamide

25  Benzothiazole-5-carboxylic acid [1-(3, 4-dlchlorobenzyl)-2-oxo-2 ~(3-oxo0-hexahydro
furo[3, 2—b]pyrrol-4—yl)ethyl]am1de

Biphenyl-4-carboxylic acid [1-(3,4-dichlorobenzyl)-2-ox0-2-(3-0xo-hexahydrofuro
[3,2-b]pyrrol-4-yljethylJamide

30 '
N-[1-(3, 4-D1ch10robenzy1)-2—oxo—2 -(3-0x%0-hexahydrofuro[3,2-blpyrrol-4-yl)ethyl]-
4-phenoxybenzamide '




(3, 4-Di chl or obenzyl ) - 2- oxo- 2- ( 3- oxo- hexahydr of ar o[ 3, 2- 1§ pyly pods 4- yl ) et

[1-
I]- 5-t ep-2-yl ni coti nam de
[ 1-( 3,4%% I(’")Er-‘@benzyl) 2- 0X0- 2- ( 3- oxo- hexahydr of ur of 3, ZFHEHIHBI44. y| ) et
| ]- 6-phenyl ni coti nam de 25 2- Phenyl t§9-azol e- 4-carboxylic, acid

- (3, 4-di chl orobenzyl ) - 2- oxo- 2- ( 3- 0x0- hexa

hydr of uro[ 3, 2-b] pyrrol -4-yl )ethyl ]am de 2-Pyridin-3-ylthiazol e-4-carboxylic
acid [1-(3,4-dichlorobenzyl)-2-oxo0-2-(3-0xo- 30 hexa

hydr of i uo[ 3, 2-b] pyrrol -4-yl)ethyl ]am de 18 July 2005 WD 02/057270

PCT/ GB02/ 0043 4aDichloritensi}-PioaptefSes2-hexabhpdeyfure] 3asb g yrrol-4-yl)ethyl]-

[1-(3, 4- dicg 8robe él%-?-oxo 2- ( 3- oxo- hexa

hydr of ur of 35 2h%} 1) et hyl ] anni de

5-Pyri di n- 3- yIthlophene 2-carboxylic acid

[ 1- (3, 4-di chl or obenzyl) - 2- oxo-2- (3-0x0- 5

~Hexahydrof uNdIl13ﬂ-ﬂéijcmpmhn:hzﬁ}—%o);e{?h@wmmhydmﬁno[S,2—b]pyrro1~4~y1)_ethyl]- o

2- Met hyl - -3-ca boxyllc acid

[1- (3, 4-di c%“&%%@%%’ﬂ% - 2-(3- oxo0-

hexahydr of ur o[ 3, 2-b] pyrrol -4-yl ) et hyl ]am de 10

4- Phenylthlophene 2-carboxylic acid

[1-(3, 4 d|cﬁﬂ@ﬂﬁikﬁm@kﬁdﬂmqﬂb@@m@ébﬁkmﬁﬁhwmhwhpﬂndﬁuhbmynnb4yﬂmhﬂ}- .
[3,2-b]pyrr 4@%J%§¥E¥ ! de 4-Pyridin-3-yltbi ophene-2-carboxylic acid
[1-(3,4-dic =2 - 2- ( 3- oxo-

hexahydrf ur o[ 3, 2-b] pyrrol -4-yl)ethylJam de 15

2- Xhi ophen- 2-yl t hi azol e- 4-car boxyl i ¢ aci d :
[1- (3, 4- di cNHé(BHdDighioyolenzyl2-2x0-2-Graxo-hexahydrofaro[3,2-b]pyrrol-4-yl)ethyl]-

h hydr of b rrol-4-yl)ethyl]am de

2e)|\</gt KylrO I%‘B%ﬁpgﬁ )hﬁ%gaqmdgm ?oalyl )%‘/u]r an- 3- car boxylic acid

[ 1- (3, 4-di chl orobenzyl) 20 2-o0xo-2-(3-0x0-hexahydrof. T _
ro[f3,2-b rrol et hyl]am de 3-Phenyl pyrrol e-I|-carboxylic acid
[1[ (3, 4- g?%Nf[éﬂaﬁéﬁwglo;obéanZ@xp@ &w—%@%@mﬁmﬁ 12-b]pyrrol-4-yl)ethyl}-

farol 3, g5 b] Y] 5 Syinfhaiudios Bibch ATlihde

— > > N

N-[1-(3,4-Dichlorobenzyl)-2-0x0-2-(3-0x0-hexahydrofuro[ 3,2-5]pyrrol-4-yl)ethyl]-
4-pyrazol-1-ylbenzamide

| 20 N—[I-(3 4-D10h10robenzyl)—2—oxo-2—(3-oxo—hexahydroﬁlro[S 2—b]pyrrol-4-y1)ethy1]—
-) : 5-th10phen—2—ylmcotmam1de

N -[1-(3,4-Dichlorobenzyl)- 2—0xo—2—(3-oxo-hexahydroﬁJmB 2-blpyrrol-4-yl}ethyl]-
-phenyhncotmamlde
25 |
2-Phenylthiazole-4-carboxylic, acid '{1—(3,4-dichlorobepzyl)-z-oxo—z-(s-oxo-hexa
hydrofuro[B,2-b]pyrrol-4-y1)ethyl]arrﬁd¢

2-Pyridin-3-ylthiazole-4-carboxylic acid [1~(3,4-dichlorobenzyl)-2-0x0-2-(3-0%0-
30  hezahydrofuro[3,2-b]pymrol-4-yl)ethyljamide




25
N-[ 2- Oxo- 2- ( 3- oxo0- hexahydrofuro[3 2-b] pyrrol -4-yl)-1-thi ophegJddy yooset hyl et h
yl] benzam de

4-t ert - BUMW BRAII2WX 0- 2- ( 3- ox0- hexahydr of i un[ 3, 2- b] pyrr ol - eg/GBa2/dDIE40pheN- 2
- yhnethyl et hyl ] benzam de '.. 30 _

N-[ 2- Ox0- 2- ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyrrol 4-yl)-1-thiophen-2-yl nmethyl eth
yl]- 4-trifluoromethoxybenzam de 18 July 2005 WD 02/057270 PCT/ GB02/ 00184

46%) met hyl ani SRR FiOPhRE 2 apbexglic, ?ﬁé?( ahy - brighiraborzil)-gyaxocd-(uoxa-hexa. t hi oph

en- 2-yl met Ry &@ﬁhﬁtﬂ@@ﬂ?ﬁﬂl D@h 0- 2- ( 3- ox0- hexahydr of

| ro[ 3,2-b] pyrrol -4-yl)=1-t hi 6phen- 2 y nmet hyl et hyl ] - 4-i sopropyl benzam de
4-Di f 1 uor onet hoxy- N-[ 2- oxo- 2- ( 3- oxo- hexahydr ofi uo[ 3, 2-b] pyrrol -4-yl)-1

t hi ophen- 2-

N- [ 2- Oxo- 2- ?%@hé&% r%f’%}’%?ﬂllcb]ﬂﬁ% (53 i-dyqlgoerftﬂﬁY%ﬁr@W %(%rﬂ?ﬁnat hyl et h-

wyb] - -4-t5 1 T heahgaRifn MR EAREL-y)e yllamide
4- Br ono- N-[ 2- oxg 2- (3 0XO0- hexahyc?r |]SI(§1[1362 b] pyrrol -4-yl)-1- th| ophen- 2- 15

yl met hyl et hyl ] benzam de

3-Bromo- N[ Erlﬁ%fgx %%gg}i%@xeﬁ( aarg fcl l:5181 3[? (?J-l orobenzy15 )Z-OJimEZh-I(ﬁg)poe-n 2

yl met hyl et hy

N-[ 2- Oxo- 2- hacanyanmmg{] 2l Bedybhpidd 0 - 4-yl) - 1-thi ophen- 2-yl met hyl et h
yl]- 4-vinyl benzam de Na aI ene 2-carboxylic acid

[ 2- ox0- 2- ( 3- oxo- hexahydrofuro[3 2-b] pyrrol -4-yl)-1-

t

[

I
2-
2 oo B (o R NSRRI 0 oo

hydrofuro[3,2-b]pyrrol-4-ylethyljamide .

4-Pyridin-3-ylthiophene-2-carboxylic acid [1-(3,4-dichlorobenzyl)-2-0x0-2-(3-0x0-
hexahydroﬁJIo[S,2—-b]pyrrql-4—y1)ethyl]amide

15
2-Thiophen-2-ylthiazole-4-carboxylic acid [1-(3,4-dichlorobenzyl)-2-0x0-2-(3-0x0-
hexahydrofuro[3,2-bjpyrrol-4-ylethylJamide

"z-Methyl-S-(pynolidine-l-sulfonyl)ﬁzran—.’i-carboxylic acid [1-(3,4-dichlorobenzyl)-
20 2-0x0-2-(3-oxo-hexahydrofuro[3,2-b]pyrrol-4~yl)ethyljamide

3-Phenylpyrrole-1-carboxylic acid [1-(3,4-dichlorobenzyl)-2-0x0-2~(3-0x0-
hexahydro furof3,2-b]pyrrol-4-yl)ethyljamide

25 N—[2-0x0~2-(3-oxo-hexahydroﬁlro[3,2-b]pyrrol-4—yl)—1 -thiophen-2-ylmethylethyl]
benzamide

4-tert-Butyl-N-[2-0x0-2-(3-0xo-hexahydrofuro[3 ,2-blpyrrol-4-y1)-1-thiophen-2-
_ylmethylethyl]benzamide
30 |
L N-[2-Ox0-2~(3-0x0-hexahydrofuro[3,2-b]pyrrol-4-yl)-1 -thiophen-2-ylmethylethyl]-
4-triftuoromethoxybenzamide



t hi ophen- 2-yl net hyl et hyl ] am de Qui nol i ne-6-carboxylic acid
[ 2- ox0- 2- ( 3- oxo- hexahydrof uro[ 3, 2-b] pyrrol -4-yl)-1- ,, 30 18 July 2005
t hi ophen- 2- | ethyl]Jamde t 18 July 2005 WO 021057270 /00184
-62 Benzo?‘f#{’%?%g ene- 2- carboxylic acid PC#CSE&Z%%%
[ 2- ox0- 2- ( 3- ox0- hexahydr of ur o[ 3, 2- b] pyr-6di -
4-yl)-1-thiophen-2-yl net hyl et hyl ] am de Benzo[ b] t hi ophene- 3-carboxylic acid
- [ 2- 0X0- 2- ( 3- oxo- hexahydr of ur-o[ 3, 2-b] pyrrol - 5
4-yl)-1-thi ophen-2-yl et hyl et hyl ] am de Benzot hi azol e- 5-car boxylic acid
[ 2=0x0- 2- ( 3- ox0- hexahydr of ur o[ 3, 2- b] pyrrol -4-yl ) -
1- t hi oPhen- Q-Dlmedtyﬁaﬂmbwm-m-a@—bﬁo-lhepﬁmdycbﬁmb{&,ﬂ%ﬁmmﬂ#eyl}&ﬂtﬁmphen—

[ 2- ox0-2- (350 rof ur.o[ 3, 2- b] pynol-4 yl)-1

t hi ophen- 2- %Tﬁ@Fﬁ§rgP%@ %%

N- [ 2- Ox0- 2- ( 3- ox0- hexahydr oko[ 3, 2- b] pyrrol - 4-yl) - 1-t hi ophen- 2-yl met hyl et hyl

- 4 phenoxybenzam de 15 |
L[ 2-OxdS 2~ lvwé[zoam-aéa@hydaemﬂaydm{f@ozi,mb@maim-ﬂ)ﬂthmphmmyﬁﬂwnet hyl eth-

]- 3-phen xybenz m de

[ 2- Ox0- 2- Eﬂwofuro[s, 2-b] pyrrol -4-yl)-1-thi ophen- 2-yl net hyl et h

]- 20 4- |n1dazol 1-yl benzam de N 2- Oxo-2- 3-oxo- hexah drofuro 3

b] pyrrol-4- 1 1 thin hen-2- Ineth leth | 4-thiophen-2-yl benzam de 25

[ 2-

1- 4

[ 2-

el

0- 2- e@lﬂmmmﬂmyd\fﬂ-gm{zf@ 2xothexatysirofaralB.2-bipyrtaldioyled- 2- y| met hyl et h

O(

oxaz - 5-
Oxo @?ﬁ WIWW%] pyrrol-4-yl)-1-thi ophen 2-yhnet hyl eth
4-

1(1 2 3] t hi adi azol - 5-yl benzam de 30

_ZE?PEZE%

-

N—[2-Ox0-2-(3-oxo-—héxahydrofuro[S »2-b]pyrrol-4-yl)-1-thiophen-2-ylmethylethyll-

4-trifluoromethylbenzamide

4-Bromo-N-[2-o0xo-2-(3-0x0-hexahydrofuro[3,2-b]pyrrol-4-yl)-1-thiophen-2- -
15  ylmethylethyljbenzamide

~ 3-Bromo-N-[2-0x0-2-(3-0x0-hexahydrofuro[3,2-blpyrrol-4-y1)-1-thiophen-2-
_ ylmethylethyl]benzamide

20 N—[2-Oxo-2 (3-oxo~hexa]1ydrofuro[3 .2-blpyrrol-4-yl)- l-t}uophen-z-ylmethylethyl]-
) - 4-vinylbenzamide

Naphthalene-2-carboxylic acid [2-0x0-2-(3-0x0-hexahydrofurof3,2-blpyrrol-4-yl)-1-
- thiophen-2-ylmethylethyljamide
25
Naphthalene~1-carboxyli¢ acid [2-0x0-2-(3-0x0-hexahydrofuro[3,2-b]pyrrol-4-y1)-1-
thiophen—Z-y]methyleﬂlyl]arnide

Quinoline-6-carboxylic acid [2-0x0-2-(3-0xo0-hexahydrofuro[3,2-b]pyrrol-4-y1)-1-
30 thiophen-2-ylmethylethyljamide



N- [ 2- Oxo- 2- ( 3- oxo- hexahydr of uro[ 3, 2- b] pyrrol -4-yi)-1-thi ophen-2-yl net hyl eth
yl']- 4 pyrazol -|-ylbenzam de 18 July 2005 WO 02/057270 PCT{ghdeo665184 -63
N-[ 2- Oxo- 2- ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyrrol -4-yl)-1-thi ophen
2-yl met hy V8@ R3/P37270c  5-t hi ophen- 2-yl ni cot i nam de 5--- PCT/GB02/00184
N-[ 2- Oxo- 2- (3- oxo- hexahydrof i arof 3, 2- b]_%rrol 4-yl')-1-thi ophen-2-yl net hyl et
hyl ] - 6-phenyl ui coti nam de 2-Phenylt hi [ e- 4- car boxylic acid
[ 2- oxo0- 2- ( 3- oxo-hexahydr of or-o[ 3, 2- b] pyrrol -

-l-thio met hyl et hyl ] am de_ 10 2- r|d|n3 Itblazole4carboxllc
yl) p_%%_ %bﬁbée % '%/@%)rilpr #rid, @Qﬁo@-ﬁrpxwhexahydroﬁlro[fa‘ ,2-b]pyrrol- Y

acid [2-oxo

ol -4-yl)-1-4 Ipp_l@ga tenyd. gﬁﬁ%ﬂ}&h%{_‘%ﬂg de 5-Phenyl t hi ophene- 2-carboxylic

acid [ 2-oxo-2-13- ox - hex b] pyrrol -4- 15
yl)-1-thi ophen 2-yl met hyl et hyl ] am de 5-Pyri di n- 3-ylt hi ophene- 2- car boxylic

51 byt 1 of - - FeT AL EPRRER st ni Bopsi o besabydofurol32-bpymol

-2-Methyt 55 - id
[ 2- oxo- 2- (3ﬂgg)gyjﬁﬁelxalﬁe3dr %@?@@ i

pyrrol -4-yl)-1- thlwophen 2- yI met hyI et-hyl ] am de

4- Pheny! t hi gph rb
(2- o0 2- (3 BUBUHECLR SRR 555, By eigr#-6h-ono-hexabydrofurof3 2-Bpyrol-4 1)

yi) -1 -t bi Ophemoghetbp: olrhoth E@fﬁg!nﬁmede 25
4-Pyridin-3-ylt |ophene- -cafboxylic acid

[ 2- oxo0- 2- (3 0XO0- hexahydrofuro[3 2-b]

pyrr ol yl et hyl et am de

5 Thi opﬁoe %P%ﬁ{l)hlma%% HE aﬁcg% & 050- = BGoxo-hexahydroﬁJro[S ,2-blpyrrol-4-y{)-1- )
[2- 0x0- 2- ( Stdogsheiis Hn)éﬂfy%fthf,ﬂ d2-b] 30
pyrrol-4-yl)-I-thi )(;%hen 2-yl ]rggﬁhyl et hyl ] am de 18 July 2005 WO 02/ 057270
PCT/ GB02/ 00184

N-[2-0Ox0-2-(3-oxo-hexahydrofiro[3 -2-b]pyrrol-4-yl)-1-thiophen-2-ylmethylethyl]-
4-phenoxybenzamide

15
N-[2-0x0-2-(3-0x0-hexahydrofuro [3,2-b]pyrrol-4-yl)-1-thiophen-2-yimethylethyl]-
3-phenoxybenzamide

, N-[2—Oxo-2 (3—oxo-hexahydroﬁ1ro[3 2-b]pyrr01—4-yl) 1~th10phen-2—yhnethylethy1]-
20 4-imidazol-1-ylbenzamide

N-[2-Ox0-2-(3-ox0-hexahydrofiro[3 ,2-b]pyrrol-4-y1)-1-thiophen-2-ylmethylethyl]-
4-thiophen-2-ylbenzamide

25 N-[2—0xo-2—(3-oxo—hexahydroﬁ:ro[3,2~b]pyn-ol-4-y1)-1-ﬂﬁophen-z-ylmethylethyl]-
' 4-0xazol-5-ylbenzamide

N—[2—0xo~2—(3-oxo-hexahydroﬁlro[B,2—b]pynrol-4—y1)—1-thiophen—2~ylmethylethyl]-
4-[1,2,3]thiadiazol-5-ylbenzamide

30
N-[2-Ox0-2- (3-oxo-hexahydroﬁ1ro[3 2—b]pyrrol -4-y1)-1-thiophen-2-ylmethylethyl]-
4-pyrazol-1-ylbenzamide



-64 2-Methyl -5-(pyrrolidine-I-sul fonyl)fiuan-3-carboxylic acid
[ 2- oxo0- 2- ( 3- ox0- hexa 18Juiy2005

hydr of i u rrol-4-yl)-1-thiophen-2-ylnethylethyl]and
3- Phenyl %ar‘) 0 JZ%Icar boxylic lic acid 2-oxo-2- 3-oxo- hexaﬁ‘?’&ﬁ?p?’%% b Y]

( - IPYrrol-4- 5 yl)-I-thi ophen 2-yl metdayl et hyl ] anl i de

N-[ 1- (4- Am nobenzyl ) - 2- oxo- 2- (.3- oxo- hexahydrof i ro[ 3, 2- b] pyrrol -4-yl ) et hyl ]
benzam de 10

4-tent-Butyl-N-[I-(4-am nobenzyl) 2- 0X0- 2- ( 3- ox0- hexahydrofuro[3 2-b] pyrrol
-4 yl)ethyl] benzam de

N-[1-(4- AmM@bé)mg@l—@—@meh@;aﬁydraﬁmo{G 2Rk adnylcd-gT)er-dlidpten i} yitiettgletidylk 1) et hyl ]

-4 triflu yhe, am cl 15
4- Di met hyl %ﬂi’&lﬁp‘? %enzyl ) - 2- ox0- 2- ( 3- ox0- hexahydr of ur o[ 3, 2-
b] pyrrol -4-yl)ethyl] benzam de ‘

N-[1 - (4- Am nobenzyl) - 2- oxo- 2- ( 3- oxo- hexahydr of i uo[ 3, 2- b] pyrrol - 4-. yI)ethyI]-

o200 §oprwme+ﬂz(éﬂmxbehexahydroﬂ1ro[3 2-b]pyrrol-4~y1) 1-thiophen-2-ylmethylethyll- '
4-Di f 1 uor onet.hox E 4am nobenzyl ) - 2- oxo- 2- ( 3- oxo0- hexahydr of ur o[ 3, 2-

b] pyrrol - r@ %ﬂﬂc’]"‘ i de 25 ,

N-[1-(4-Am nobenzyl ) - 2- 0X0- 2- ( 3- oxo-"hexahydr of ur o[ 3, 2- b] pyrrol -4-yl)et hyl] -

4- trifluoronethyl benzam de ‘

4- Br ono- N- [ZEPMwyéhﬁztdbémbWHe oawd 2p2(@koel-(3-brochhyhydfofiuo[ 332-Blgylpi-del - 4-

{I%Lelt 2?1/1| Lgs'iﬁ?@‘ el153gjlzx'}?;lﬂ?‘?t‘%\g!mt@}3€'\13£‘Wé‘§ahydrof| uo[ 3, 2- b] pyrrol - 4-

yl ) et hylp] benzani de 18 Jul'y 2005 WO 02/ 057270 PCT/ GB02/ 00184 - 65

= S 2-Pyridin-3-ylthiazole:4-carquy1ic acid [2—oio-2-(3-oxo—hexahydroﬁ3ro[3,2-b]
pyrrol-4-yl)-1-thiophen-2-ylmethylethyl]amide

5-Phenylthiophene-2-carboxylic acid [2-oxo-2-(3-oxo-hexahydrofuro[3,2~b]pyn'ol-4-
15 yb-1-thiophep-2-ylmethylethyl]amide

3-Pyridin-3-ylthiophene-2-carboxylic  acid  [2-0x0-2-(3-oxo-hexahydrofuro[3,2-
~ blpyrrol-4-yl)-1-thiophen-2-ylmethylethylJamide

26 2-Methy1—5-phenylﬁzran-3-carboxyhc acid = [2-0x0-2- (3-oxo-hexahydroﬁ1ro{3,2-b]‘
) pytrol-4-yl)- 1-th10phen»2—ylmethylethy1]am1de

4-Phenylthiophene-2-carboxylic acid [2-0x0-2-(3-0x0-hexahydrofuro[3,2-b]pyrrol-4-
y1)-1-thiophen-2-ylmethylethyljamide

25
4—Pyridin—3-ylthiophene-zécarbpxy}ic acid [2-oxo-2'—(3-oxo—hexahydrofuro[3,2-b]
pyrrol-4—y1)~1-ﬂﬁophen-z-ylméthylethyl]amide

2-Thiophen-2-ylthiazole-4-carboxylic acid [2-0x0-2-(3-0x0-hexahydrofuro[3,2-b]
30  pyrrol-4-yl)-1-thiophen-2-yimethylethyl]amide



N-[ 1- (4- Am nobenzyl) - 2- oxo- 2- ( 3- ox0
hexahydr of uro[ 3, 2-b] pyrrol -4-yl)ethyl]-4- vinyl benzani de 5 18 July 2005
Napht hal ene- 2- carboxylic acid
[ 1- (4- am N¥PMABFI2Y0 2- ox0- 2- ( 3=0x0- hexahydr of ur o PCT/GB02/00184
[ 3, 2-b] pyrol -4-yl)ethyl)am de Naphthal eng-1-carboxylic acid
[ 1- (4- am nobenzyl ) - 2- oxo- 2- ( 3- oxo- hexahydt of ur o
[3,2-b] pyrrol-4-yl)ethyl]an-de 10 Quinoline-6-carboxylic acid

2- 0X0-, 2- ( 3- 0x0- hexahydr of ur o

[ % (24b? ;Tyr” ?%r%ﬁ?'i‘)‘se@wﬁl@ﬁ? desublamd¥nptheashovenis- 2acidr Posxa-2-63-as9-tiexa

L;dggf 3?10[]3@%%? %‘1%12 Icﬂjulaﬁ%?](%‘e g%ezﬂé ]ﬁhtyyamf)%ene 3-carboxylic acid

[ 1- (4- am nobenzyl ) - 2- oxo- 2- (3 oxo0- hexa

hydr of ur o[ 3, -b rro ) e hyI ]1am de 20 Benzot hi azol e- 5-car boxyl i c acid
[ 1- (4- ani noggl#}% k&' L chioRylisy 79 FFEXQW (3'0X°'hexahydf0ﬁlf0[3,2'blpyff0

~f-ar o[ 3, 25b] g&iﬁ%}gg‘ﬂk .phenyl - 4-car boxyl-i ¢c-aci d-
[1-(4-am nobenzyl) -2- - hexahydrofuro [3, 2-

b] pyrrol - 4y|)ethyl]amde 25 )

N-[1-(4-Am ohe ahydr ofi ug[ 3, 2-b rrol -4-yl)ethyl
4- [ ph(enoxybxgla@ﬁzé@zmo enzyl)- O‘Zé Zoxo-healt dmﬁ‘m[f”[z' ]Pyl‘fl’ yDethyi] v ethyll-
N-[I-(4-Am pehagys ) - 2- 0xo- 2- ( 3- oxo- hexahydr of uro[ 3, 2-b] pyrrol -4-yl)ethyl]-

3- 30 phenoxybenzamide 't, 18 July 2005 WO 02/057270 PCTI GB02/00184 -66
N-[l (4-Am nobenzyl) 2- 0X0- 2- ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyrcol -4-yl ) et hyl] -

Nrn (At PR 33@511?@1%2%9%%?}6?-%?’@%1@2%?@%4’]8“%' yethyl]-)

4- ~ yDethyl]benzamide

N-[1-(4-Aminobenzyl)-2-0x0-2-(3-0x0-hexahydrofuro[3,2-b]pyrrol-4-yl)ethyl]-4-
trifluoromethoxybenzamide |
15

4-Dimethylamino-N-[1-(4-aminobenzyl)-2-oxo-2-(3-0x0-hexahydrofuro[3,2-
blpyrrol-4-yl)ethylJbenzamide

qN {1~ (4-Am1nobenzyl)-2-oxo—2 (3-oxo-hexahydroﬁ1ro[3 2-blpyrrol-4-yl)ethyl}-4-
20  isopropylbenzamide

4-Difluoromethoxy-N-[1-(4-aminobenzyl)-2-0x0-2-(3 -oxo-hexahydroﬁiro[?;,z-
blpyrrol-4-ylethyl]benzamide

25 ‘N-[l-(4~Aminobenzyl)-z—oxo-z-(3—0xo_-hexahydroﬁ1ro[3,2-b]pyrrol-4—yl)ethy1]-4—
trifluoromethylbenzamide

4-Bromo-N-[1-(4-aminobenzyl)-2-0x0-2-(3-0xo-hexahydrofurof3,2-bpyrrol-4-
- yDethylJbenzamide
30 |
S—Bromo-N-[l~(4-ammobenzyl)—2 0X0-2- (3-oxo—hexahydrofuro[3 2-b]pyrrol-4-
yl)ethyl]benzamlde



5 t hi ophen- 2-yl benzani de
N-[

N‘[
4- [1, 2, 3]thiadiazol -

| benzam de 10

5-yl benzam de

N-[1-( 4- Amnobenzyl ) - 2- oxo- 2- ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyrr ol

4- pyrazol -1-yl benzam de 15 -

N-[ 1- (4- Am nobenzyl ) - 2- oxo- 2- ( 3- oxo- hexahydr of i uo[ 3, 2- b] pyrr ol

5- thiophen-2-yl ni coti nam de

h

1- (4- Am nobenzyl ) - 2- oxo- 2- ( 3- 0zo- hexahydr of ur o 3, 2- b] pyrtolug2009 et byl ) -
oxazol -

1-( 4- I\ r{’éﬁ’é?%i’ Y1) - 2- ox0- 2- (3- ox0- hexahydr of ur o[ 3, 2- b] pYFFGBIHYES et hy1] -

-65-
-4-yl)ethyl]-

-4-yl)ethyl]-

N-[ | - (4- AmiNPb&hApiinelneyi)-22xo2-(Beoxdbeahydiofiro(Bl ﬂp?nbﬂ4;ybémyﬁ4- yl)ethyl]-

6- 20 phenyl.ni
[1- (4- ani nobeHosHZRmsd

hydr of ur o[ 3, 2-b] pyrrol -

MU x 0- 2- (3- 0x0- hexa
4-yl)ethyl]anide 25

ot i nam de 2- Phenylt hi azol e-4-carboxylic acid

2-Pyridin-3-yl thiazol e-4-carboxylic acid
- [-1-(-4- ami nO¥aphihal gne2-carbe:3ic 3 -a0xdo [ he4-aminobenzyl)-2-oxo-2- (3-oxo-hexahydrofuro

acid [ 1 (4 ey

hydr of uro[ 3, 2- b] pyrrol -

yl ] am de
-(3-0x0 hexa
4-yl)ethyl]am de 30

5- Phenyl t hi ophene- 2- car boxyl iC

5- Pyridi n- 3-yl t bi ophene-2-carboxylic acid .
[ 1- (4- ami ndﬁmlhﬂ;ﬂﬂe)nei’l—mrbemc&amdo -[1-(4-aminobenzyl)-2-0x0-2-(3-0x0-hexahydrofuro

PCT) o2/ Bﬁ%%@pmé’ﬂ%b@rﬁ

[ 1- (4- g nobenzyl ) - 2- oxo-
hgahydrofuro[B 2-b] pyrrol.-4

(3 0XO0-

-yl )ethyl]am de

- )et hyl Jam de 18 July 2005 WD 02/057270
®phenyl f ur an- 3- car boxylic acid

F 5 4-PhenYlthio

her e- 2- car MW%MOWI{Q (a¢idani[hdbermigibenzyb2ox0-2(3-moehenehyirofuro
hydr of ur o' [[i —b]glu%f-ﬁ-y )etfiyffa:hl%tehyl ] am do

Benzo[blthiophene-2-carboxylic  acid
15 hydrofuro[3,2-5]pyrrol-4-yl)ethylJamide

Benzofb]thiophene-3-carboxylic  acid
. hydrofuro[3,2-blpyrrol-4-ylethylJamide

| 20 Benzothiazole-s-carboxylic acid
-) furo[3,2~b]pyxr0154-y1)ethy1]an1ide

[1-(4-aminobenzyl)-2-0x0-2-(3-0xo0-hexa

[1-(4-aminobenzyl)-2-0x0-2-(3-0x0-hexa

[1-(4-aminobenzyl)-2-0x0-2~(3-0x0-hexahydro

Biphenyl-4-carboxylic acid [1-(4-aminobenzyl)-2-0x0-2-(3-0x0-hexahydrofuro [3,2-

blpyrrol-4-yl)ethyllamide
25

N-{1 -(4-Aminobenzy1)¥2—oxo-2-(3-oxo-hexahydroﬁzro [3,2-b]pyrroi-4-ylethyl]-4-

phenoxybenzamide

N-[1-(4-Aminobenzyl)-2-0x0-2-(3-oxo-hexahydrofuro[3,2-5]pyrrol-4-ylethyl]-3-

30 phenoxybenzamide



4-Pyridin-3-ylt hi ophene- 2-carboxylic acid

[ 1- (4- am nobenzyl) - 2- oxo- 2- ( 3- oxo0- 18 July 2005
hexahydr of i uo[ 3, 2-b] pyrrol -4-yl)ethyl]am de 10 :
2- Thi opherWQ93037R10az ol e- 4- car boxyl i c acid PCT/GB02/00184

[ 1- (4- am nobenzyl ) - 2- oxo- 2- ( 3- oxo0-

hexahydr of br o[ 3, 2- b] pyrrol - 4-yl ) et hyl ] am de

2- Met hyl - 5- (pyrrolidine-I-sul fonyl)furan-3-carboxylic acid

[ 1- (4-am nokenzyl )-2 15 _

0X0- 2- ( 3- 0X Eﬁ@@%ﬁwﬁﬁw&@@ Bipyprpdresaydrofeoti A plnvrigk 4-ylethyl]-4-

3- Pheny! pyr igidazdi=1 glrb&%}ﬂla& acid

[ 1- (4- am nobenzyl ) -2- oxo0- 2- ( 3- oxo- hexahydr o

faro[ 3, 2-b] pyrrol - 4y|)ethy|]arride 20 '
N-[ | - Benzyl 42-,0%0; exa y r of rrol-4-yl) benzam de
4-t ent - But ym'?l- " -HRE22 '!}’XB E%?'Q}Rﬂ'@l‘é Sﬂ] 4y| )

N--[|-Benzyl - Z- oxo- 0XO0- hexahydrofuro[3 2 bj pyrrol -4-yl )et hyI ]-4tri fI uo
ro nethoxybenzanmde 4 D net hyI am no N

[ 1- benzyl - Zj\pﬁo@zAigﬂm Béi; E} -oxcy 9 (8 fo% %L:xa’hydxbo] of3r??-b]-py-rro 4—33%?11%;']] penzam de

N-[l Benzyl oXa0k8-vPhehdaraige- hexahydr of uro[ 3, 2- b] pyrrol -4-yl)ethyl ]-4-isoprop
yl  benzam de 18 Yul y 2005 WO 02/057270 PCT/ GB02/ 00184 - 68
4-Di f | uor onet hoxy- N-[ 1- benzyl - 2- oxo- 2- ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyrrol - 4-

hexanychbf a3 2BV PO OG A Rt R s vttt e

4- Br ono- N- [ [, heigdiaZolScfbendatidx 0- hexahydr of uro[ 3, 2-b] pyrrol -4-yl )ethyl |
benzam de 10 _

—et hyl-] benzagi eﬁ@%lbenzamlde

N—[i-(4-Aminobenzy1)~2~oxo-2-(3-oxo-hexahydroﬁlro[S,2-b]pyrrol-4~y1)ethyl]—4-
pyrazol-1-ylbenzamide

15
N-[l-(4-Aminobenzy1)—2—oxo—2—(3-oxo~hexahydrofuro[3,2-b]pyrrol—4~yl)ethy1]—5—
thiophen-2-ylnicotinamide

N1 (4-Ammobenzy1)-2—oxo—2 (3-oxo~hexahydrofuro[3 2-blpyrrol-4-yl)ethyl]-6-
20  phenylnicotinamide

2-Phenylthiazole-4-carboxylic acid [1-(4-aminobenzyl)-2-0x0-2-(3-0x0-hexa
hydrofuro[3,2-b]pyrrol-4-yl)ethyl]amide

25  2-Pyridin-3-ylthiazole-4-carboxylic acid {l-(4-aminobenzyl)-2-0x0-2-(3-0x0-hexa
hydrofuro[3,2-b]pyrrol-4-yl)ethyllamide

5-Phenylthiophene-2-carboxylic  acid [1-(4-aminobenzy1)-2-0x0-2-(3-0x0-hexa
bydrofuro[3,2-blpyrrol-4-yl)ethylJamide
30
S 5-Pyridin-3-ylthiophene-2-carboxylic  acid [1-(4-aminobenzyl)-2-0x0-2-(3-0x0-
hexahydrofuro[3,2-bJpyrrol-4-ylethyljamide



3-Bronmo-N-[| -b enzyl - 2- oxo- 2- ( 3- oxo- hexahydr of ur o[ 3, 2-b] pyrrol -4-yl)ethyl)
benzam de 18 July 2005

N-[ | - Benzy, ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyrrol -4-y1) et hyl ] - 4-vi nyl

15 benzami Q%R@%ﬁ?halene 2-carboxylic acid %CTK;UWNH84

[ 1- benzyl - 2- oxo- 2- ( 3- ox0- hexahydr of ur o[.872-b] pyrrol-4-yl)ethyl]am de 20
Napht hal enel - carboxylic acid [1-benzyl - 2- oxo- 2- ( 3- oxo- hexahydr of ur o[ 3, 2- b]
pyrrol -4-yl)ethylJam de 1 Quinoline-6-carboxylic acid

[ 1- benzyl - 2- ox0- 2- ( 3- ox0- hexahydr of uro[ 3, 2-b] pyrrol- / 4-yl)ethyl]am de
25 Benzo[ b] t hi ophene- 2-carboxylic acid

[ 1- benzyl - 2 2aMeth-§-PhensdfiraxRlex@oRfliy O dcf 2- Elb maﬁin@be&gm%idm (3-8xdde
Benzo[ b] t hi gphene- 3-carboxylic acid [1-benzyl-2-o0xo0-2-(3-0xo0-hexahydrofuro
[3,2- 30 bj 9&%@@9[%@]@@%}%@ agidey 2005 WD 02/ 057270

- PCT/ GB02/ 00184 -69 Benzot hi azol e-5-carboxylic acid

[ 1- benzyl - 2- ox0- 2- ( 3- oxo0- hexahydrofuro[ 3, 2-b] pyrrol-4-yl)ethyl]am de

B phelnyl 55 j d&rﬂaﬁyaﬂ}lc]aph@mzdcatﬁox@ﬁazylacﬁ 0X{Q(3=dnBinO¥QrRD XasATP3-bkPhéxh 2- b]
rrol - am
Rﬁl[l Benzy|\ﬁ?éfeﬁlsg@?(élml-ﬂé&)&ﬂvﬂmdﬁo[s 2-b] pyrrol -4-yl)ethyl]-4 phenoxy

benzam de 10
N-[ | - Benzyl - 2- oxo0- 2- ( 3- ox0- hexahydr of | uo[ 3, 2- b] pyrrol - 4-yl ) et hyl ] - 3- phenoxy
benzam de 4-Pyridin-3-ylthiophene-2-carboxylic acid - [1 54-ammobenzy1)-2~oxo»2-( -0X0-

N-[ | - Benzyl - 2- 0X0- hexah drofiug[ 3, 2-b] pyrrol -4-yl)ethyl]-4-imdazo
| -1- yl benzgﬁagg&?%“g% -2-blpyrrol-4-y )ethyl]amx{

. 10
J

2-Thiophen-2-ylthiazole-d-carboxylic .acid - [1-(4-aminobenzyl)-2-0x0-2~(3-0x0-
hexahydrofuro(3,2-6]pyrrol-4-yDethyljamide

2-Methyl-5-(pyrrolidine-1-sulfonyl)furan-3-carboxylic acid. [1-(4-aminobenzyl)-2-
15 ox0-2-(3-oxo-hexahydrofuro[3,2-blpyrrol-4-yl)ethyllamide

3-Phenylpyrrole-1-carboxylic acid [1-(4-aminobenzyl)-2-0x0-2~(3-0x0-hexahydro
. furo[3,2-blpyrrol-4-ylethyljamide

20 _N-[1-Benzy1—2~0x0-2-(3-oxo-hexahydrofuro[?:,2—b]pjzrrol—4-y1)ethyl] benzamide

4-tert-Butyl-N-[1-benzyl-2-ox0-2-(3-oxo0-hexahydrofuro[3,2-b]pyrrol-4-yl)
- ethyljbenzamide

25 :N—[1-Benzy1—2—oxo-2-(3-oxo-hexahydroﬁ;ro[?:,2-b]pyrrol-4—y1),ethy1]—4=h-lﬂu0;‘o

methoxybenzamide

4-Dimethylamino-N-{1-benzyl-2-0x0-2-(3-0x0-hexahydrofuro[3,2-b]pytrol-4-
yl)ethyl]benzamide
30 |
* N-[1-Benzyl-2-0x0-2-(3- oxo-hexahydroﬁzro[3 2-b]pyrrol-4-yl)ethyl]-4-isopropyl
benzamide



Y N-[i-Benzyl - 2- oxo- 2- ( 3- oxo- hexahydr of ur o[ 3', 2-b] pyrrol - 4-'yI )et hyl ]-4-thiophe

n-2- yl benzam de 18 July 2005
"N-[|-Benzyl - 2- oxo- 2- ( 3- oxo- hexahydr of uro[ 3, 2- b] pyrrol -4-yl ) et hyl] - 4-oxazol
-5- 20 yl beasxesde PCT/GB02/00184

N- [ 1- Benzyl - 2- oxo- 2- ( 3- oxo- hexahydr of ur gfo3, 2- b] pyrrol -4-yl )ethyl]-4-[1, 2, 3]
t hi adi azol -5-yl benzam de 25 N-[I|-Benzyl -Z- oxo- 2-( 3- 0x0

hexahydr of ur o[ 3, 2- b] pyrrol -4-yl ) et hyl]-4-pyrazol-1- yl benzam de

N-[ | - Benzyl- 2- oxo- 2- ( 3- oxo- hexahydr of uro[ 3, 2-b] pyrrol -4-yl) et hyl ] -5-t hi ophe
n-2- ylnicotinam de 30

b L]y B O P A -6 P
2- Phenyl t hi abefhplbenzamidexyl i ¢ aci d

[ 1- benzyl - 2- ox0- 2- ( 3- oxo- hexahydrofuro[ 3, 2- b]pyrrol -4-yl)ethyl]anmide 5
2-Pyridin-3-yl thiazol e-4-carboxylic acid

5- Phenyl t hi opEIe)ne- g car box?igi %Wgéc@ﬁ%ﬁgéﬁi%ﬂig é&%‘?’?? @oq)igfﬂ%@ahydr of uro
[ 3, 2- b] pyr mesthylbgrizzmidey| ] ani de 10 5- Pyri di n- 3-yl t hi ophene- 2- car boxyl i ¢
acid [ 1-benzyl - 2- oxo- 2- ( 3- oxo- hexahydrofuro 3, 2-b]pyrrol -4-yl)ethyl]am de
2- Met hyl - 5- phenyl f ur an- 3- carboxyl i c acid [ 1l-benzyl - 2- oxo- 2- ( 3- oxo- hexahydr o
15 far of 3, 24uBfpd-Ai[1 dreub)1i b2 25086 nds gafaﬂnrop figASL4: “Bﬁ@y' ic acid
[ 1- benzyl - 2- oxo- 2-( 4 oxg#%exa hy-gr of u%lo }J[?l ,2- b ﬁ%? - Elag)lﬁ?e | ] am de

benzamide

10

' 2

3-—Brom0-N-[1-benzyl-z-oxo-z-(B-oxo-hexahydroﬁ:ro[3,2—b]pyrrol-4~y1)ethy1]
benzamide

N-[1-Benzyl-2-0x0-2-(3-0x0-hexahydrofurof3,2-b]pyrrol-4-yl)ethyl}-4-vinyl

15 benzamide

Naphthalene-2-carboxylic  acid  [1-benzyl-2-oxo-2-(3-oxo-hexahydrofurof3,2-5]
pyrrol-4-yDethyllamide |

20  Naphthalene-1-catboxylic  acid [1-benzyl-2-ox0-2-(3-0x0-hexahydrofuro[3,2-b]

pymrol-4-ylethyl]amide )

Quinoline-6-carboxylic acid {1-benzyl-2-0x0-2-(3-oxo-hexahydrofurof3,2-5] pyrrol-
 4-yljethylJamide |
25 7 ,
Benzo[b]thiophene-2-carboxylic acid [1-benzyl-2-ox0-2-(3-0x0-hexahydrofuro [3,2-
bipyrrol-4-yl)ethyl]amide '

Benzo[b]thiopheng-?,-carboxylic acid [1-benzyl-2-oxo-2-(3-0xo-hexahydrofuro [3,2-
30  blpyrrol-4-yl)ethyl]amide

. »f’"’



20 4-Pyridin-3-ylthiophene-2-carboxylic acid
[ 1- benzyl - 2- oxo- 2- (3- oxo- hexahydro faro[ 3, 2-b] pyrrol -4-yl') es bwl, baos de |
2- Thi opher;,5 0%17 0azoI e-4-carboxylic acid
[ 1- benzyl 22 8¢& ~(3-oxo-hexahydro 1 firo[3,2-b]pyrrol - 4-3YEBRA i de 25
2- Met hyl -5- (pyrrolidine-I-sulfonyl)fura#93-carboxylic acid
1- benzyl - 2- oxo0- 2- ( 3- oxo0- hexahydrofiuo[ 3, 2-b rrol-4-yl)ethyl]am de
[ y ( y [ ) Py yl)ethyl]
3- Phenyl pyrrol e- 1-carboxylic acid _ :
[ 1-benzyl - 2 maxasfinkcle SXQrbRNARY Goff UL a,zg R0l he llgm de 18
July 2005 WD 02/ 057270 YR ar 01£4E’ - Il?’%g‘obj Brbihetnyd ki AZ™ o
4-[ 2- (4-t entyBok4yDopletnglsl f anyl ) - 4- net hyl - pent anoyl ] -tetrahydrofuro[ 3, 2-b
] pyrrol- 3-one
4-[2-(4-tent-Butyl - benzyl sul fanyl) - 3-(4-hydroxy-phenyl) - propi onyI] tetrahyd
ro- 5 furol BighddyPyRa®bx@iPBEd [1-benzyl-2- 2(3-pxo,
2-1sobutyl -1 % %xo hexxﬁf/droflgro[eﬂzy bo]XByr 30?X0 he)fa)hy%ro{tg J%
) ---but-aPe- fyledivblamide -
2- | sobutyl - 1- ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyrrol -4-y| )-4-(3- phenyl - pyrrol idin
-yl)- butane-|, 4-dione [ 10
§r$3| 9 orIPET 3 POk By bR b i O Pheny! -7
2- (4- Hydr ox P&y - 1- ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyrrol 4-yl)-4-(3-phenyl -
pyrrolldln- 1-yl') - but ane-1, 4-di one
1, 3- D hydro-isoi ndol -2-yl)-2-isobutyl -1-(3-0x0-hexahydrofuro[3,2-b r ol
4-( y yl)- y ( y [ 1 py
-4-yl)-145. J\b[lltlaéiﬁyll-z-’bxdlzl xo-hexahydrofuro[3,2-b ol-4-y]ethyl]-3-ph
4-X1, 3- Di hydro | sol ndol - 9;3(), 2-(4- %ydr ox[y’beg%n y)e g)!o %gﬁgﬁydr of uro[ 3,
2- b] pyrrol benzpymd Ebutane 1, 4- di one
4- (3, 4- Di hydro-| H i soqui nohn 2-yl)-2-i sobutyl -1 - (3- 0XO0- hexahydrof urof 3, 2-

y1tol-
yrroI I-y

N-[1-Benzyl-2-o0x0-2-(3-0x0-hexahydrofiro[3,2-b]pyrrol-4-yl)ethyl}-4-imidazol-1-
yibenzamide
15

N-[1-Benzyl-2-0x0-2-(3-0x0-hexahydrofuro[ 3,2-b]pyirol-4-yl)ethyl]-4-thiophen-2-
ylbenzamide

> N-[1-Benzyl-2-0x0-2-(3 -oxo-hexahydroﬁlro [3 2-b]pyrrol-4—y1)ethy1]—4—oxazol-5-
20 ylbenzatmde

N—[l-Benzyl-2-oxo-2-(3-oxq-hexahydroﬁlro[3,2—b]pyrrol—4-y1)ethy1] -4-[1,2,3]
thiadiazol-5-ylbenzamide

25 _N—[l—BenzyI-Z—oxo-Z-(3~oxo-hexahydroﬁ1ro[3 2-blpyrrol-4-yl)ethyl]-4-pyrazol-1-
ylbenzamide

N-{1-Benzyl-2-0x0-2-(3-0x0-hexahydrofuro[3,2-5]pyrrol-4-yl)ethyl]-5-thiophen-2-
ylnicotinamide

30
N-{1-Benzyl-2-0x0- 2-(3-oxo—hexahydroﬁ1ro[3 2- b]pyrrol-4—y1)ethyl] 6-phenyl
nicotinamide



b] pyrrol - 4-yl)-butane-1I, 4-di one 20

4- (3, 4-Di hydro-1 Hisoqui nolin-2-yl)-2-(4-hydroxybenzyl) -1 - (8 gxp2bexahydr o-
furo[ 3, 2-b] pyrrol -4-yl)-butane-1, 4-di one Further conpounds of the

i nventi on WAGMRIZT0 but are not linited to, the fol | ow ng ROEEpIE®Ihat are
the (3aS, 7aR) or (3aR, 7aS) isoner of ggneral formula (11), where 25 Z =
0" and R = "H and also include the equival ent anal ogues included in the
full definition of Z and R- 18 July 2005 WD 02/057270 PCT/ GB02/00154 -72
N-[ 1- (4- Hydr oxybenzyl ) - 2- oxo- 2- ( 3- oxo- hexahydrof i ro[ 3, 2- b] pyri di n-4-yl)ethy
] benzam de .

4-tent - But yI2-Peh umahomuﬂrc%mﬁa,zyhaldZT%Méwg(ﬁsﬁﬂéﬂw&%&L@ 2%~ bl pyri
din- 5 4-yl)et hy ]benzam e

N-[ 1- ( 4- Hy dbdnoyaskAzflethyblasside 2- ( 3- oxo- hexahydr of ur of 3, 2- b] pyri di n-4-yl)ethy
|]-4- trifluomethoxybenzam de 10 4- D nmet hyl am no-N-[1-(4

hydr oxybenzyl ) - 2- oxo 2- ( 3- oxo- hexahydr of ur o[ 3, 2-

=B} pyri-di-fi- 4 2yPorididd lt’ﬁﬁﬁ&%m-ﬁﬁboxghc acid" [1-b l-2-ox0-2—(3—oxo-hex -
N-[1-(4- Hydr oxybenz I 0X0- 2 0XO0- hexahydr of uro[ 3, 2-b] pyri gl n- 4 yI )et hy
1]1-4- isopré dkethndJamid 3 -

4-Di fl uor orret hoxy N-[ 1- (4- hydr oxybenzyl) - 2- oxo- 2- ( 3- oxo- hexahydr of ur o 3, 2-
b] pyri di n-4-yl) et hyl ] benzam de

N-[ 1 - (4- Hy disebiyehgithidophlene-20o6ebok (13aemqitu&ﬁ@j];mbﬁ-w(mﬂ%eﬁwwdf@onﬁ&.yI ) et hy
|]-4- 20 trifl uoronet hyI benzam de ||

4- Bmo- N- [ 1 2{pvrel dybethiyllaside - 2- oxo- 2- (3 oxo- hexahydr of ur o[ 3, 2-b] pyri di n- 4-
yl ) et hykhbenzam de 25

3-Brono- N-[ | - (4- hydr oxybenzyl ) - 2- oxo- 2- ( 3- oxo- hexahydr of ar o[ 3, 2- b] pyri di n- Aj
- 5-Pyridin-3-ylthiophene-2-carboxylic acid [1-benzyl-2-o0xo0-2-(3-0xo-hexahydrofuro '

3,2-b]pyrrol-4-yY)ethylJamide

2-Methyl-5-phenylfuran-3-catboxylic acid  [1-benzyl-2-0x0-2-(3-0xo-hexahydro
15 furo[3,2-b]pyrrol-4-yl)ethyl]amide |

4-Phenylthiophene-2-carboxylic acid [1-benzyl-2-0x0-2-(3-0x0-hexa hydrofuro [3,2-
blpyrrol-4-yl)ethyl]amide

20 4-Pyn'din-3-ylthiophene-z-carboxylic acid  [1-benzyl-2-0x0-2-(3-0xo-hexahydro
furo[3,2-b]pyrrol-4-ylethyljamide | )

2-Thiophen-2-ylthiazole-4-carboxylic acid  [1-benzyl-2-oxo-2-(3-oxo-hexahydro
furo[3,2-b]pyrrol-4-yl)ethylJamide

25 :
Z-Methyl-S-(pyrrolidine-l-sulfonyl)ﬁlrén&-carboxylic acid [1-benzyl-2-0x0-2-(3-
oxo-hexahydrofuro[3,2-b]pyrrol-4-ylethyl]amide

3-Phenylpyﬁole—1-carboxylic acid [1-benzyl-2-0x0-2-(3-0xo-hexahydrofuro[3,2-
30  blpyrrol-4-ylethyl]amide '




hyl ] benzam de

yl) et

IN]-[I4 (4- Hydroxybenéyl éOZNgxﬁtﬁ I(3 ox<2) hexghydlrofuro[g 2- b] Py sy pedk y1) et hy
-4- vin e p al ene- 2- carboxyl i c aci _

[ 1- (4- hyd&‘gyﬁwf)l) 2- 0X0- 2- ( 3- ox0- hexahydr of uro PCT/GB02/00184

[3,2-b] pyridin-4-yl)ethyl]amde 18 Jul v72005 WD 02/057270 PCT/ G1102/ 00184

- 73 Napht hal ene- 1| -carboxylic acid _

[ 1- (4- hydr oxybenzyl) - 2- oxo- 2- ( 3- oxo- hexahydr of ur o

[ 3, 2- b]pyrldlg_,f, QL r 'gﬁﬁ'_ _

[ 1- (4- hydr oxybenz&% ﬁ{25}T elﬁ;glo_ - ﬁl%&%ﬁrﬂ@ QY SRt 5] pyrrol

[ 3, 2-b] pyri diome4-yl ) et hyl ] ani de Benzo[ b]t hi ophene-2-carboxylic acid

[ 1- (4- hydr oxybenzyl ) - 2- oxo- 2- ( 3- 0X0- hexa
hydr of uro[ 3, 2- b] pyri di n-4-yl)ethyl]am de 10 Benzo[ b] t hi ophene 3-carboxylic

acid [1-(4-hydroxybenz
hydr of ur of 3% % 1By Dﬁ b&n@[lﬁﬂfaﬁlylﬂ']%a(mh}'ércgé’rﬂ@ﬂﬁl)ﬁ@léﬂﬂ]-t@lﬁm% i'c aci d

~['1- (4-hygro 2 (-3-ox0- hexahydro 15
faro[ 3, 2- b]%%? ﬁkﬁyé{? thyl ] am de Bi phenyl - 4-carboxylic acid

[ 1- (4- hydr oxybenzyl ) - 2- oxo- 2- ( 3- oxo--hexahydr of i uo

[ 3, 2-b] pyri ﬂ+Imbﬁt3&-ll}(6t—ds15d—]1ﬂ&hﬁthoﬂ@o[3 2-blpyrrol-4-yi)-4-(3-pbenyl-pyrrol-1-yl)-

N-[1-(4- Hydﬁogéﬁggrﬁyl) - 0X0- 2- ( 3- oxo- hexahydr of ur of 3, g pyri d| n-4-yl)ethy
1] -4- pheno

N-[ 1- (4- Hydr oxybenzyl ) - 2- oxo- 2 ( 3- oxo- hexahydrofuro[3 2-b] pyridin-4-yl)ethy

!2] o>?<, o- gh?gog.}%%ﬁﬁexa @d r%%a%%dr&ﬁﬁ%g glfﬁﬁ&ﬁpﬁﬁ]gﬁnﬂ-pm@dm- -y1)-
i nj dazol - | - huthumbdnlicee .

10 2-(4-Hydroxybenzyl)-1-(3 -oxo-hexahydroﬁ:tro [3.,2-b]pyrrol-4-yl)-4-(3-phenyl-pyrrol-
1-yl)-butane-1,4-dione

2~(4-Hydroxybenzyl)-1-(3-oxo-hexahydrofuro[3,2-b]pyrrol-4-y1)-4-(3-phenyl-
pyrrolidin-1-yl)-butane-1,4-dione

4-(1,3-Dihydro-isoindol-2-y)-2-isobutyl-1-(3-0x0-hexahydrofuro[3,2-bpyrrol-4-yl)- -
15. butane~1,4-dion_e

4-(1,3-Dihydro-isoindoI-2-y1)—2—(4~hydroxybenzy1)-l-—(3-foxo-hexahydroﬁ1ro[3,2-
blpyrrol-4-yl)-butane-1,4-dione

4~(3,4-Dihydro-1H-isoquinolin-2-yl)-2-isobutyl-1-(3-oxo-hexahydrofuro[3,2-
blpyrrol-4-yl)-butane-1,4-dione

20 4-(3,4-Dihydro-1H-isoquinolin-2-yI}-2-(4-hydroxybenzyl)-1-(3-oxo-hexahydro-
furo[3 ,2-b]pyrrol-4-yl)-butane-1,4-dione

Further compounds of the invention include, but are not limited to, the following
examples that are the (3aS, 7aR) or (3aR, 7aS) isomer of general formula (IT), where

25 Z="0’and R' = ‘H’ and also include the equivalent analogues included in the full
definition of Z and R!



11-4- 30 thiophen-2-yl benzami de 18 July 2005 WD 02/ 057270 RCIUNB0® 00184
-74 N[

| - (4- Hydr $Q/82057370) - 2- ox0- 2- ( 3- oxo- hexahydr of ur o[ 3, 2- b] py wicticeedryisset hyl ] -
4- oxazol - 5-yl benzam de o

N-[ 1- (4- Hydr oxybenzyl ) - 2- oxo- 2- ( 3- 0x0- hZ%(ahydr of uro[ 3, 2- b] pyri di n-4-yl ) et hy
I'1-4- 5 [1, 2, 3]thiadiazol - 5-yl benzam de _ _

N[ 1- (4- Hydroxybenzyl) - 2- oxo- 2- ( 3- oxo- hexahydr of i uo[ 3, 2- b] pyri dvn- 4-y1) et hy
1]1-4- pyr Ay T(E%Mm@@mo-m-oxo—hexahydrofuro[3,2-b]pyridin4-y1)ethy1]

N-[I-(4-Hy %X@ﬁ@zyl ) - 2- 0X0- 2- ( 3- ox0- hexahydr of-ar o[ 3, 2- b] pyri dvn-4-yl)ethy
| 1-5- thiophen-2-ylnicotinamde N-f
| - (4- Hydr oxybenzyl ) - 2- oxo- 2- ( 3- oxo- hexahydr of uro[ 3, 2-b] pyri di n-4-yl )ethyl ]-

6- phenyl ni coti nam 15 2- Phenyl t hi azol e- 4-car boxylic acid o
[ 1- (4- hydr o@f’%‘éﬁﬂﬁ‘?‘gEr@xé&p@ﬁ@%@)-ﬂ@%a-l-(3-ox0~hex ydrofuro[3,2-b]pyridin-
~hydrof urg[ 34 N 1din-4-yl)ethyl Jamde: - - - : C e :

2- Pyri din- 3-?91?%%@& e- }l‘ﬁacar boxylic acid [1-(4
hydr oxybenzyl ) - 2- exo- 2- ( 3- oxo- hexa .20 _ '
hydr of ur o[ 3,.2- ri di n4-yl)ethyl]am de 5-Phenyl t hi ophene-2-carboxylic acid
[ 1- (4- hydr o&’iﬂaglh%d{" BG&%(I%Z-P@'G%&%;J@K&WO o 3,2-b]pyridin-4-yl)ethyl]-
hydr of ur of %ﬁ@ﬂoﬂi@tﬂcﬁ%ﬁaﬁz‘%ﬁft hyl ] am de 25

e- 2-car

5-Pyridi n-3-yl t hi ophe oxylic acid
[ 1- (4- hydr oxybenzyl ) - 2- oxo- 2- ( 3- oxo0-

hexahydyof ur al. 3, 2- ri.din-4-vyl)ethyl]amde

2_ Met K 0? 5_%%?}9%;’%_-ﬁ@%élélg?@%);y&;eé@}!l)dﬂ)xo-z-@-oxo-hexahydrofuro[B,Z— )
[1- (4-hydr ?ww DetnfiRndarkide 0X0- |
hexahydr of (ﬁ% 3,2-b %yr?gﬁn- 4- yle) ethyl]am de 30

4- Phenyl t hi ophene- 2-carboxylic acid

[ 1- (4- hydr

hydr of ur o[ g’?%?ﬁ%%ﬁ%%ﬁ%ﬁ)?%@%;ﬁ?@%ﬂ%@%x&hy&ofuro[3 2-blpyridin-4-yDethyl]-4-

isopropylbenzamide

15
4-Difluoromethoxy-N-[1-{4-hydroxybenzyl)-2-0x0-2-(3-oxo-hexahydrofuro[3,2-
blpyridin-4-yi)ethylJbenzamide

N—[l-(4—Hydroxybenzy1)—-2-cxo-2-(3-oxo-hexahydrofuro[3,2-b]pyridin—4—y1)et]1y1]-4—
20  triflvoromethylbenzamide '

4-Bromo-N-[1-(4-hydroxybenzyl)-2-ox0-2-(3-0x0-hexahydrofuro[3,2-b]pyridin-4-
yl)ethylJbenzamide

25 3-Bromo—N~[1-(4?hydroxybenzyl)-z-oxp-z-(3—oxo~hexahydroﬁ1ro[3,2-b]pyridin—4—
ylethyl]Jbenzamide

N-{1-(4-Hydroxybenzyl)-2-ox0-2-(3-0xo-hexahydrofuro[3,2-b]pyridin-4-yl)ethyl]-4~
vinylbenzamide

30
Naphthalene—2~carboxy1ic acid [1-(4-hydroxybenzyl)-2-0x0-2-(3-0x0-hexahydrofuro
[3,2-b]pyridin-d-yl)ethylJamide




18 July 2005 WO 02/057270 PCT/ GB02/00184 - 75

4- Pyri di n- 3-yl t hi ophene- 2-carboxylic aci d 18 July 2005
[1-(4- hydr&}%beng‘yl) 2- 0X0- 2- ( 3- 0X0-
hexahydr oY bl pyridin-4-yl)ethylJanide 5 PCT/GB02/00184

2- Thi ophen- 2- yI t hi azol e- 4-carboxylic ..73.acid

[ 1- (4- hydr oxybenzyl ) - 2- oxo- 2- ( 3- 0x0

hexahydr of ur o[ 3, 2- b] pyri di n-4-yl ) et hyl ] am de

2- Met hyl - 5- (pyrrolidine-I-sul fonyl)furan-3-carboxylic acid

[ 1- (4- hydr oxybenzyl) - 2-

0X0- 2- ( 3- oXdapnthaddmgdr@ihuxg]is a2ido] IpfA-hydirowybeitiy))e2-bxd-P B ok@-hek@hydrofuro

(1 (4 hy 6t At FoRREH A BITER oxc0- hexahydr o

faro[ 3, 2-b] pyridi n-4-yl)ethyl]amde

N-[ 3- Met hyl - | - ( 3- oxo- hexahydr of i uo[ 3, 2- b] pyri di ne- 4- car bonyl )

~putyl] bénzdﬁmﬂdmel&-carboxyhc acid - [1-(4-hydroxybenzyl)—2—oxo-2-(3-ox0-hexahydrofuro SRR
4-tent - Buty, x0- hexahydr of ur o[ 3, 2- b] pyri di ne- 4-car bonyl)
but yl | 45&?#15315‘9 Jeityifeiias

N-[ 3- Met hyI - - (3- oxo- hexahydr of i uo| 3, 2- bJpyri di ne- 4-car bonyl)
butyl]-4-trifluoro nethoxybenzam de 20

4- Di et hy| dddnaofbithjcphenethparbdxylis- oacid hei dishydfonyadrizyD-Bdpy-2i(BHome-héxac ar bony|
) butyl]ben rPgrdﬁ%

4- 1 sopr opy ™ ﬁf‘{ thpyrdin- 4yDethyHawids, dr of ur of 3, 2- b] pyri di ne- 4- car bonyl )
butyl] 1025 benzam de

-4)D| fl uor onet hox 3- net.hyl - | - ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyri di ne- 4-car bo
nyl) but yl}}@éoﬂ? Qp er@PB-carboxylic acid [1- (4-hydroxybenzy1)-2—oxo—2 (3-oxo-hexa

Dutyi ] -4- 11 Prﬁ%w@¥9ﬁﬁ%ﬂﬁv%gﬁﬁaﬁw@@mfé ?Lfirégbge W0 021 057270

PCT/ GB02/ 00184 -76

Benzothiazole-5-carboxylic acid [1-(4~hydroxybenzyl)—2-oxo-2—(3-oxo-hexahydro
15  furo[3,2-blpyridin-4-yl)ethyl]amide

Biphenyl-4-carboxylic acid [1-(4-hydroxybenzyl)-2-0x0-2-(3-0x0-hexahydrofuro
. [3,2-blpyridin-4-yl)ethyl]amide
| 20 N—[l (4—Hydroxybenzyl)—Z-oxo-Z—(S~oxo—hexahydrofuro[3 2-b]pyndm—4—yl)ethy1]-4—
) phenoxybenzamde

N—[l-(4-Hydroxybenzyl)-z-oxo-z-(B-oxoéhexahydrofc.lro [3,2-blpyridin-4-yl)ethyl]-3-
- phenoxybenzamide
5
N-[1-(4-Hydroxybenzyl)-2-0x0-2~(3-0xo-hexahydrofurof3,2-bIpyridin-4-yl)ethyl]-4-

imidazol-1-ylbenzamide

N-[1-(4-Hydroxybenzyl)-2-0x0-2-(3-0x0-hexahydrofuro[ 3,2-blpyridin-4-yl)ethyl]-4-
30 thiophen-2-ylbenzamide

&t
sl .
o



4-Bronmo N-[ 3-net hyl -1 -(3-o0xo- hexahydr of ur o[ 3, 2- b] pyri di ne-4-car bonyl)

butyl] benzam de : 18 Julvy 2005
3-Brono- N-[ 3- et hyl - | - ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyri di ne- 4- car bonyl )

butyl] 5 WeA#8R2®We N- 3-Meth |-1- 3-oxo-hexah drofuro 3 2edia/Bot/iop1sy [ -,

] pyri di ne- 4-cazbonyl ) butyl]-4-vinyl b%g_zam' de 10 Napht hal ene-2-carboxylic

aci d [3-net hyl -1 - (3-o0xo- hexahydr of ur o[ 3,°2- b] pyri di ne-4- carbonyl)

butyl ] am de Napht hal ene- | -carboxylic acid
3-net hyl -1 -(3- - hexahydrof uro[ 3, 2-b ridine-4- carbonyl) butyljamde 15
Egji Y 6_@&-@@&%@ 2 a2 (5o ey rofmol 3.2 Elpyadin d yhea b
glrof uro[ 3, 2-b] pyridi ne-4- carbonyl) butyl]am de

[ 3- et hyl -1 - 75T g@y
Benzo[ b] t hi ophene-"2- carboxylic acid [3-methyl-I-(3-o0xo-hexahydrof uro[ 3, 2-b]
20 pyridi ne-4-carbonyl) butyl]am de Benzo[ b]t hi ophene-3-carboxylic acid

3-nmet hyl - - ( 3- - hexahydrofuro[3,2-b] / ridi ne-4-carbonyl) butyl]am de
08 Benont hi 2D B e BT 2 o B Eoro hexabfdrotuol3 2-blpyadin A y)aty i
Bi phenyl - 4- carboxylic aci ,
[ 3-met hyl -1 - ( 3- oxe- hexahydr of ur o[ 3, 2- b] pyri di ne-4- carbonyl) butyijam de 30

"o N[ 3- V) ,-J-- ( 3- ax0- ahydrof ur o] 3, 2- b] pyri di ne-4-car bonyl
butyl ] - 4- pm‘@i{?'ﬁ%‘gﬂﬁ?ﬁ%ﬁ%@é@ -mgex eglf‘e{éﬁzﬁﬂmn@w‘@@ezﬁ:dﬁm -77
N-[ 3- Met hyl p&ra&&:pymeﬁ%ﬁydf of or o[ 3, 2- b] pyri di ne-4-car bonyl)
butyl ] - 3- phénoxy ' .
10 N—[I-(4-Hydroxybenzyl)-2—oxo-2-(3-oxo~hexahydrofuro[3,2—b]pyridin—4—y1)ethyl]-5~ _ )
thiophen-2-ylnicotinamide

N-[1-(4-Hydroxybenzyl)-2-0x0-2-(3-0xo-hexahydrofuro[3,2-b]pyridin-4-y)ethyl]-6-
phenylnicotinamide

15 .
2-Phenylthiazole-4-carboxylic  acid  [I-(4-hydroxybenzyl)-2-0x0-2-(3-oxo-hexa
hydrofuro[3,2-b]pyridin-4-yl)ethylJamide

_ “2-1-'_‘y1:idin—3-ylthjazole~4-carboxylic acid [1-(4-bydroxybenzyl)-2-0x0-2-(3-0x0-hexa
20 hydrofuro[3,2-b]pyridin-4-yl)ethylJamide

5-Phenylthiophene-2-carboxylic acid [1-(4-hydroxybenzyl)-2-oxo-2-(3-oxo-hexa
hydrofurof3,2-b]pyridin-4-ylethylJamide

25 5-Pyridin-3-ylthiophene-2-carboxylic acid  [1-(4-hydroxybenzyl)-2-oxo-2-(3-0xo-
hexahydrofuro]3,2-b]pyridin-4-ylethylJamide

Z-Methyl—s—phenylfuran-S-carboxylic acid [1-(4-hydroxybenzyl)-2-ox0-2-(3-0x0-
hexahydrofuro[3,2-b]pyridin-4-yl)ethyljamide
30 |
A 4-Phenylthiophene-2-carboxylic acid [1-(4-hydroxybenzyl)-2-0x0-2-(3-0x0-hexa
hydrofuro[3,2-b]pyridin-4-yl)ethyljamide



benzani de 5---- ' ' '
-I m dazol -1 -yl - N-[ 3- net hyI -1 - (3- oxo- hexahydr of ur o[ 3, 2- b] pyr #&lumg2desar bonyl

but yl ]
N-[3 Met hmngo hexahydr of ur o[ 3, 2- b; pyri di ne- 4- car boi'WT”)GBM"O0184
butyl]-4- th| ophen- 2-yl benzam de 10

N-[ 3- Met hyl - | - ( 3- oxo- hexahydr of i uo[ 3, 2- b] pyri di ne- 4- car bonyl )

but yl ].- 4- oxazol - 5- yl benzam de

N[ 3- Met hyl - | - (3- oxo- hexahydr of ur o[ 3, 2- b] pyr| di ne-4-car bonyl)

butyl]-4- 15, t hi adi | I b
N L Mty 4@{1%%3@51 w@hﬁqx{e%i%ﬁmiﬁs S, b yisonybeRrhRnpky-2-(-oto-

butyl]-4-p %gé%, .
N[ 3- Met hylylti r oxo 3‘3’%@1‘ uﬁgfftgy,lmfipyri di ne- 4- car bonyl)

butyl ]-5-t hi ophen- 2- yI ni coti nam de
N-[ 3- Methyl ; ll:m(3 oxgqxa drofurol 3, 2- pr|d|ne4carbon
but yl |- B~ phETHOPhER-HE Jerdsearboxsiicpy h(‘hbmr@xybc@aﬂbbﬂw?c@a@mﬂ

[3Pymralt 3%2‘%‘?? Qﬁlp(ﬁ y@gﬂ%oﬂﬁ igngdgyrl di ne- 4-carbonyl) butyl]am de ”

[ 3- et hyl -1 - ( 3- oxo- hexahydrofuro[3 2- -, 30 Db]pyridine- 4 car bonyl )
butyl]amd 2005 ., 0 70 PCT/ GB0Q2/ 00184 -

5- Phenyl t h?%i?fﬁéﬁﬂ% géwﬁmﬁ %ﬁ ’%lf%l?rémwha e@ddhiéﬂh@si@ﬁy@n@mr?o[e, 2-b]
pyri di ne- 4- SRLRPNBLY- Qk%x, U%?Po v phene- 2-car boxylic acid
[ 3- net hl)é}l -1 - (Siloxok‘%]exa ygg ﬁ?gﬂ’f D Lgl) }/'h%mr% 4- carbonyl) butyl]am de

)

I-a

3-Phenylpyrrole-1-carboxylic acid [1-(4Thydroxybénzyl)-z-oxo-z-(B-oxq-hexahydro
farof3,2-b)pyridin-4-yl)ethyllamide

N-[3-Methyl-1-(3-oxo-hexahydrofuro[3,2-b]pyridine-4-carbonyl) butyl]benzamide
15 4-tert-Butyl-N+[3 -methyl—l-(3 -0x0-hexahydrofuro[3 2—b]pyndme—4-carbony1) butyl]
benzamide

| N-[3-Methy1-1-(3-oxo—hexahydrofuro[3,2-b]pyridine-4—carbony1)_ butyl]-4-irifluoro
methoxybenzamide

20 | _ _
4-Dimethylamino-N-[3-methyl-1-(3-oxo-hexahydrofuro[3,2-blpyridine-4-carbonyl) 4
butyljbenzamide '

4-Isopropyl-N-[3-methyl-1-(3-oxo-hexahydrofuro[3,2-b]pyridine-4-carbonyl) butyl]
25  benzamide

4-Diﬂuoromethoxy—N—[3-methﬁrl-1-(3-oxo-hexahydrofuro[3 ,2-blpyridine-4-carbonyl)
butyl]benzamide |

30 AN-[3-Methyl-1-(3-oxo-hexahydrofuro[3,2-blpyridine-4-catbonyl)  butyl]-4-trifluoro
A methylbenzamide




2- Met hyl - 5- phenyl f ur an- 3- carboxylic acid

[ 3-met hyl - | - (3- oxo- hexahydrofuro[ 3, 2-b] pyridi ne-4-carbonytg Jlaybgdy am de.
10 4-Pheny] t hi ophene- 2-carboxylic acid

[ 3- met hyl - WO93083230 hexahydr of uro[ 3, 2-b]  pyri di ne- 4- car bonpt¥/GBozetiani de
4- Pyridi n-3-yl t hi ophene-2-carboxylic aci#.

[ 3-net hyl -1 - ( 3- oxo- hexahydrofuro[ 3, 2-b] pyridi ne-4-carbonyl) butyl am de
15 2-Thi ophen-2-yl thi azol e-4-carboxylic acid

3-net hyl - | -4 R | 2.b i di ne-.4- car bonyl ). butyl ] anid
2 Net hy! - 5- (oA R P am e plitne rod Wl
[ 3- et hyl - | -HefizeaMide 20 hexahydrof uro[ 3, 2-b] pyri di ne-4-car bonyl.)

butyl ]am de 3-Phenyl pyrrol e-|-carboxylic acid _
[ 3-met hyl -1 - (3- oxo- hexahydr of uro[ 3, 2-b] - pyri di ne-4-carbonyl) butyl am de

e 10l | o i SR sCRefi| ok HEby Gha0G Ay esfociaher o PobEl mul -

(1) ;-whebe--demzanfideand Rl "H-, and al so-include the equival ent anal ogues . -

included in the full definition of Z and R 30
N-[ 1- Cycl opr opyhnet hyl - 2- oxo- 2- ( 3- ox0- hexahydr of ur o[ 3, 2- b] pyrrol - 4-

Lot by PR MRS G S a2 2036 1. L3l oy o, B A vyl
o[ 3, 2- b] pyr behzatnigié ) et hyl | benzami de 5

---N-[I-Cycl opropyl net hyl - 2- oxo- 2- ( 3- oxo- héxahydr of uro[ 3, 2- b] pyrrol
4-yl)ethylj-4- trifluoronmethoxybenzam de

- D et Bl ANRM U ARRORKIRL Ay R YGRS NIl OL S 2

bj pyrrol -4-yl)ethyl | benza J

carbonyl) butyl]lamide : :
Naphthalene-1-carboxylic acid [3-methyl-1-(3-0xo0-hexahydrofuro[3,2-b]pyridine-4-
carbonyl) butyl}amide

15
Quinoline-6-carboxylic acid [3-methyl-1-(3-0xo-hexahydrofuro{3,2-b]pyridine-4-
carbonyl) butyl]amide
ﬁBenzo[b]tlﬂophene—Z—carboxyﬁc acid  [3-methyl-1-(3-0x0-hexahydrofuro[3,2-5]

20  pyridine-4-carbonyl) butyljamide |

Benzo[b]thiophene—?:-cérboxylic acid  [3-methyl-1-(3-oxo-hexahydrofuro[3,2-5]
pyridine-4-carbonyl) butyl]amide

25 Benzothiazole-5-catboxylic acid [3-methyl-1-(3-oxo-hexahydrofuro[3,2-bpyridine-
4-carbonyl) butylJamide |

Biphenyl-4-carboxylic  acid [3-methyl-1-(3-oxo-hexahydrofuro[3,2-b]pyridine-4-
carbonyl) butyllamide

30

=~ ' N-[3-Methyl-1-(3-oxo-hexahydrofuro[3,2-b]pyridine-4-carbonyl) butyl]-4-phenoxy
benzamide ‘:



4-1 sopropyl-- N-[ 1- Cycl opr opyl net hyl - 2- oxo- 2- (3 0x0- hexahydr of uro[ 3, 2-b] pyrro
-4- yl)ethyl] benzam de 18 July 2005
4-Di fl uorgnet hoxy- N-[ 1- Cycl opr opyhnet hyl - 2- oxo- 2- ( 3- oxo- hexak(l;ydrof urof 3, 2-
15 b] pyr rBP- 0&"’“?}"& hyl ] benzani de” N[ PCT/GB02/00184
1- Cycl opr opyl met hyl - 2- 0xo0- 2- ( 3- oxo0- hex&ffydr of i uo[ 3, 2- bj pyrrol -4-yl)ethyl]-4
, trifluoronethyl benzam de 20

4- Br ono- N-[ 1- Cycl opr opyl nmet hyl - 2- oxo- 2- ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyrrol - 4-
yl) et hyl ] benzam de
3-Brono- N-[ 1- Cycl opr yl met hyl - 2- oxo- 2- ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyrrol - 4-
yl ) et hyl ] behﬁ-fh 3-ox0-hexahydrofuro[3,2-b]pyridine-4-carbonyl)  butyl]-3-phenoxy

[ 1-Cycl opr (ﬁ%wget hyl - 2- oxo- 2- ( 3- oxo- hexahydr of ar o[ 3, 2- bj pyrrol - 4-yl) et hyl
]-4- vinyl b& @e Napht hal ene- 2- carboxyl i ¢ acid
[ 1- Cycl opr opyl et hyl - 2- oxo- 2- ( 3- oxo- 30

hexahydr of uro[ 3, 2-b] pyrrol -4-yl)ethyl }am de 18 July 2005 WD 02/057270

~-PCT/-GBO 2} oo&kmdama b3 -mectted - (B-acartipsalyydrafuengd,8-5pyridine-4-carbonyl)-

[ 1- Cycl opr 1 th 2- 0X0- 2- ( 3- oxo-

hexahydr of u %‘T‘B r m -4-yl)ethyl] am de | Quinoline-6-carboxylic acid

[ 1- Cycl opr opyl rret hyl - 2- oxo- 2- ( 3- 0x0- '
hexahydr of | uro| 3, 2- :)*]Eé)yrrol 4-yl) et h%I ] am de Benzo[ b] t hi ophene- 2-car boxylic

acid [ 1- oyd¥ o3 3xkipytidinertycarbsinyt)o befy2l-bthiophen-
pyrrol - 4- yl,) arrl’n de 10 Benzo[b] t hi ophene- 3-car boxylic acid
[1-Cycl oprop yl € 2- ox0- 2- (3-oxo0- Il hexahydrofirro[3,2 b]

pyrrol -14-yl )et hyI ] am de Benzot hi azoI e-5-car boxyl ic acid

[ 13 Cycl oprop I-20 G- 2- ( 3- 0x0-

hex ahydr of df- ¥>’[ 1 p@rwm-hasab}'@r@ﬁmwaﬂpmdmwwcarbonﬂ) butyl}j-4-oxazo}-5-

ylbenzamide

N-[3-Methyl-1-(3-oxo-hexahydrofuro[3,2-b]pyridine-4-carbonyl) butyl]-4-{1,2,3]
15  thiadiazol-4-ylbenzamide

N-[3-Methyl-1-(3-oxo-hexahydrofuro[3,2-b1pyridine-4-carbonyl) butylj-4-pyrazol-i-
 ylbenzamide
| 20 N—{3~Meﬁ1y1— -(3-oxo-hexahydrofuro[3,2-b]pyridine-4-carbonyl) butyl] S-thmphen—
) -yhncotmamlde

N-[3-Methyl-1-(3-oxo-hexahydrofuro[3,2-b]pyridine-4-carbonyl)  butyl]-6-phenyl
_nicotinamide |

25
2-Phenylthiazole-4-carboxylic  acid  [3-methyl-1-(3-0x0-hexahydrofuro[3,2-5]
pyridine-4-carbonyl) butyljamide |

2-Pyridin-3-ylthiazole-4-carboxylic acid [3-methyl-1-(3-oxo-hexahydrofuro[3,2-
30  blpyridine-4-carbonyl) butyljamide




15 Bi phenyl - 4-carboxylic aci d [ 1- Cycl opr opyl et hyl - 2- oxo- 2- ( 3- oxo-

hexahydr of ur o[ 3, 2-b] pyrrol -4-yl ) et hyl ] am de 18 July 2005
N-[ 1 - Cycl opropyl net hyl - 2- oxo- 2- ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyrrol - 4-yl) et hyl
]-4- 20 phéemougszezam de PCT/GB02/00184

N-[ 1- Cycl opr opyl net hyl - 2- oxo- 2- ( 3- oxo- Q%ahydr of uro[ 3, 2-b] pyrrol -4-yl) et hyl
] -3- phenoxy benzam de 25 : B

4-1 m dazol -1-yl - N-[ 1- Cycl opr-opyl net hyl - 2- oxo- 2- ( 3- oxo- hexahydr of i uo[ 3, 2-

b] pyrrol -.4-yl)ethyl]. benzam de_. .

N[ 1- Oycl opﬁ'ﬁ‘&w PRReNO2e5aBoxy g - 0g®4 he krmetindfluBeg<e; Rxahyslyofum3,2-5]1 ) et hyl

]-4- thiophgps 'W%f@ ' :
N-[1-Cycl oprﬁ%i.g?net hy gbg)ggg u(.%e oxo0- hexahydr of uro[ 3, 2- b] pyrrol -4-yl) et hyl
]-4- oxazol -5-yl benzanm de 18 July 2005 WD 02/057270 PCT/ GB02/00184 -81 '

N-[1-Cyclo | et hyl - 2- oxo- 2- ( 3-gx0

hegah%r of 35‘3’8’%,‘"2‘-‘ pr?neﬂvﬁ%ﬁw geidq [3-metlyl91(Graxosixahysirofurof3, Bz ani de
---N[1- WCP)(%%%W m;)t ﬁ%)bgtyg(agn
hyl]-4- pyrazol -1 -yl benzam de

N-[I-Cyclop hyl - 2- 0xo: 2- ( 3- Xo- hexahydr of ur o[ 3, 2- b] pyrrol -4-yl) et hyl
-5t thi ophe NI e i drgirhpryti scid [ miethyt-1- (-0 hexahy dofiro[3.2 b

N-[ 1- Cycl oppapiihdBicBionst) BY Eg%m- s 0xo- hexahydr of ur o[ 3, 2-b] pyrrol -4-yl) et hyl
]-6- phenyl f)ni coti nam'odgbz- eny‘%t hi azol e- 4-car boxylic acid

[ 1- Cycl opr opyl net hyl - 2- oxo- 2- (3- oxo- 15 hexahydr of ur o[ 3, 2- b]

pyrrol - 4yl hyllam, de 2-Pyridin-3-y|thjazol e-4-carboxylic acid
[1- Oycl gUpr O%'?hﬁé’}%@_hﬁg%é—&gép gf_lcbxogcg tS-methyl-l-(3-oxo-hexa.hydrofuro[3,2—b] )
pyridine-4-carbonyl) butyl]amide |

4-Pyridin-3-ylthiophene-2-carboxylic acid {3-methyl-1-(3-0xo-hexahydrofuro[3,2-5]
pyridine-4-carbonyl) butyljamide

15 _
2-Thiophen-2-ylthiazole-4-carboxylic acid [3-methyl-1-(3-oxo-hexahydrofuro{3,2-5]
pyridine-4-carbonyl) butyljamide

ﬂZ—Methyl—S-(pyrrolidinc—I-allfonyl)filran-Sgcarboxylic acid  [3-methyl-1-(3-oxo0-
20 hexahydrofuro[3,2-b] pyridine-4-carbonyl) butyl]amide '

3-Phenylpyrrole-1-catboxylic  acid {3-methyl-1-(3-oxo-hexahydrofuro[3,2-5]
pyridine-4-carbonyl) butyljamide

25
Additional compounds of the invention include, but are not limited to, the following
examples that are the (3aS, 6aR) isomer of general formula (I), where Z = ‘O’ and R!
= ‘H’, and also include the equivalent analogues included in the full definition of Z
and R!

30

N—[l-Cyclopropylmethyl—2-0x0-2-(3-oxo-hexahydrofuro[3 ,2-blpyrrol-4-
yDethyljbenzamide "

idg (3- oxo- hexahydrof uro[ 3, 2-b] pyrrol -4-yl )et



hexahydr of uro[ 3, 2-b] pyrrol -4-yl)ethyl ]am de 20
5- Phenyl t hi ophene- 2-car boxylic acid [1-Cycl opropyhnet hyl - 2- 0&0ui 20685 oxo }
hexahydr o 2570l pyrrol -4-yl)ethyl)am de '

5-Pyri di nf‘g@%%ﬁl ophene- 2-carboxylic acid PCT/GB02/00184

[ 1- Cycl opr opyI met hyl - 2- oxo- 2-( 3- oxo- heX&hydr of ar o[ 3, 2- b]
pyrrol-4-yl)ethyl]am de 25 2- Met hyl - 5-,phenyl f uran- 3- carboxylic acid

[ 1- Cycl opr opyl net hyl - 2- oxo- 2- ( 3- oxo- hexahydr of uro[ 3, 2- b]

pyrrol -4-yl)ethyl)am de 4-Phenylthi ophene-2-carboxylic acid

[ 1- Cycl opropyl net hyl - 2- oxo- 2- (3-0x0- - 30 hexahydrof uro[ 3, 2-b]

pyrrol -4-vyl ﬂeten’t«ﬁqtﬂwfié%&lmmmabﬂ-z A -QA B OBO ARG ABEITH BRI 2, Dol - 4-82

4- Pyridi n- 3: tﬁ?ﬁﬁ hene 2- carboxylic acid

[ 1- Cycl oprogy ] =2- o 2- ( 3- oxo- hexahydrof uro[ 3, 2-b]

pyrrol -4-yl)ethyl]am de 2-Thi ophen-2-ylthiazol e-4-carboxylic acid

[1 Cyclo rolpl)\%ll nmet hyl - 2- oxo- 2- ( 3- oxo- 5 hexahydrofuro[ 3, 2-b] pyrrol-4

[ 1- Cycl opro QX0 - ( 3- oxo- hexahydr of ur o[ 3, 2- b]
pyrrol -4-yl @f{l{%{”f%&ﬁo henyl pyrrol e-1-carboxylic acid

[1-Cycl opropyl net hyl - 2- oxo- 2 ( 3- oxo-.

hexahydr of i ug[ .3, 2-b] pyrrol 4- y1) et hIYm%am de

N-[1-(3-Oxo4 8-Cyclopropynotthyl2-0x0-Be(Rydxp-suslyidrdferoi 32+ de
4-tert-Buty hexahydr of ur o[ 3, 2- b] pyrrol e- 4-carbonyl) butyl]
benzami de E@%kl’ﬁﬁ% E’ﬂ"uﬁ Y/dr of ur o 3, 2- b] pyr r ol e- 4- car bonyl )
butyl]-80trifluoronethoxy benzam de

4-Di net hyl ani no- N-[ 1- &3 ox0- hexahydr of ur 053 2- b] pyrrol e-4-car bonyl )

but yI | benzafttisrprepyl- Qa@og@pylmethyl-z-oxo (3-0xo-hexahydrofuro[3 2-b]pyrrol-4-
N-[1-(3- oxoyﬁ&ﬁ?ﬁy&&%ﬁ' o[ 3, 2-b] pyrrol e-4-carbonyl) butyl] benzam de

|}

4-Diﬂuoromethoxy-N—[1-Cyclopropylmethyl-z-oxo-2-(3-oxo-hexahydrofuro[3,2-
15 blpyrrol-4-yl)ethyljbenzamide

N-[1-Cyclopropylmethyl-2-0x0-2-(3~0x0-hexahydrofuro|3, 2«b]pmol—4—yl)ethy1] 4-
tnﬂuoromethylbenzamlde

20 4~Bromo-M[1 ~Cyclopropylmethyl-2-0xo-2- (3~oxo-hexahydroﬁu'o[3 2~b]py1rol-4- )
-) yl)ethyilbenzamide

3~Bromo-N-[1—Cyclopropylmethyl-2—oxo~2—(3-oxo-hexahydroﬁlro[S,2-b]py1rol-4-

~ YhethylJoenzamide
25
N-[l—Cyclopropyhnethyl—2-0};9-2-(3-0ko—hexahydrofuro [3,2-b]pyrrol—4-y1)ethy1]-4-
vinylbenzamide
Naphthalene-2-carboxylic acid [1-Cyclopropylmethyl-2-oxo-2-(3-0x0-

30  hexahydrofuro{3,2-b]pyrrol-4-yl)ethyljamide

-deCydopepyipetind 2ogaor2(3-dkombesahydiofianofd, Hipyarel-3- ~WethiybheH i c acid-



4-Di fl uor onet hoxy- N-[ 1-(3-oxo0-hexahydr of uro[ 3, 2-b] pynol e- 4-car bonyl ) 25
butyl ] benzam de N[ 1-(3-Oxo-hexahydrof uro[ 3, 2-b] pyrrol e- 4- ceg bapebds
butylj-4-trifluoronethyl benzam de 30

4- Br onp- N-VQ0/8573%b - hexahydr of ur o[ 3, 2- b] pyrr ol e- 4- car bony| BCTiGB¢3/00184
benzam de 3-Bronop- N-[ 1-( 3- oxo- hexahydrggur o[ 3, 2- b] pyrrol e- 4-car bonyl)
butyl] benzamde - - ----- - ---- 18 July 2005 WD 02/057270

PCT/ GB02/ 00184 -83 N-[1-(3-Oxo-hexahydrofuro[3, 2-b] pyrrol e-4-carbonyl)

butyl ] -4-vi Ry, ht hal 2ca )XVl i

[ 1- ( 3- oxo- hexa‘)ﬁhﬁl &F%)gﬁg] pyrrg g 4-ca ggﬁlpt’l%pgﬁ%%{wﬁ'%ﬂ%’é}om"
Napht hal ene-hebcahyalrdﬂ"urq[]! Ldlppial-4-ylethyl]lamide

[ 1- ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyrrol e-4-carbonyl) butyl am de 10

Qui nol i ne- 6- carboxylic acid

[ 1- (13- oxo- hexyahyieeod z&iﬁ%%h% b] pyr ragllde 4- cag Pl rop Pl 1 ThHE2-(3-0x0-

Benzo[ b] t hi ophene- 2- car boxyl i ¢ aci

<[ 2= ( 8- ox6-héresitydrafina] 3P D] Ryrhdldyylhathydlafride ar bonyl ) butyl J-ani de 15

Benzo[ b] t hi ophene- 3- carboxylic acid [1-(3-oxo-hexahydrofiuo[3,2-b] pyrrol e- 4

carbonyl) butyl] am de "Benzot hi azol e- 5- carboxylic acid _

[Bll ; E} g n;f‘ 04 heabyd Kot I%ﬁ&l{eaz-gél*al)ﬂﬁfcr ol it CafPePYbpropgndiiiid o1 8 oxo-
[ 1- ( 3- oxo- hdwashydrafhroi®hp-d] pytidlpd-ylethgtdnidar bonyl ) butyl ] ami de 25

N[ 1- ( 3- Ox0o- hexahydr of ur o[ 3, 2- b] pyrrol e-4-carbonyl ) butyl]-4-phenoxy
benzam de N-[1- (3 Oxo- hexahydr of ar o[ 3, 2- b] pyrr ol e-4-car bonyl)

butyl] - 3gph AR carboxyli id [t- -2-0%Q-2- -
4-1 m dazol -1-yl - &3 oxoarhgyalﬁydrg?lur o[g %%’]"%?P?"S‘i‘%ﬂ?ﬂ-zc%}%%% ?/hlofobutyl ] )
exahydrofuro 3,2-b] pyrrol—4-y1)ethyl]am1de :

Benzothiazole-5-carboxylic acid [1-Cyclopropylmethyl-2-0x0-2-(3-0%0-
hexahydrofuro{3,2-b]pytrol-4-yl)ethylJamide

15 _
Biphenyl-4-carboxylic acid [1-Cyclopropylmethyl-2-ox0-2-(3-ox0-
hexahydrofuro[3,2-blpyrrol-4-yl)ethyljamide

) N—[I—Cyclopropylmethyl-z—oxoa (3-oxo-hexahydrofuro[3 2-b]pyrro}-4-y1)ethyl] w4
20 phenoxy benzamide

N1 ~Cyclopropy]n'LethYI-Z—_oxo-Z-(3-0xo-hexahydroﬁ1ro[3 ,»2-b]pyrrol-4-yl)ethyl]-3-
- phenoxy benzamide

25  4-Imidazol-1-yl-N-[1~ CycIopropyImethyl—Z-oxo~2 -(3-0xo-hexahydrofuro[3, 2—
blpyrrol-4-yhethyl] benzaxmde

N-{1-Cyclopropylmethyl-2-ox0-2-(3-oxo-hexahydrofuro[3,2-b]pyrrol-4-yl)ethyl]-4-
thiophen-2-ylbenzamide
e 30 |
N1~ Cyclopropylmethyl-Z-oxo—2 ~(3-0x0-hexahydrofuro[3,2-b]pyrrol-4-ylethyl]4-

oxazol-5-ylbenzamide



30 benzami de 18 July 2005 WD 02/057270 PCT/ GB02/00184 -84

N-[1-(3- Oxo- hexahydr of uro[ 3, 2- b] pyrrol e- 4-carbonyl) butyl]-4sthjodten- 2-y
| benzam d ={.3- Oxo0- hexahydr of ur o[ 3, 2- b] pyrrol e- 4-car ban

but yl ] - 4- g‘)’(@é%q%?%ﬁyl 5 benzam de Pt morootss

N[ 1- ( 3- Ox0o- hexahydr of ur o[ 3, 2- b] pyrr ol e84 car bonyl )

butyl]-4-[1, 2,3]thi adi azol -4- yl benzam de 10

N-[ 1- ( 3- Oxo- hexahydr of ur o[ 3,-2- b] pyrrol e-4-carbonyl) butyl]-4-pyrazol - 1-yl
benzam de N-[ 1-(3- Oxo- hexahydrofi zro[ 3, 2- b] pyrrol e-4-car bonyl) '
butyl]-5-t hi}\ﬁphen- 2-yl nicotinam de 15

N-[ 1- ( 3- OxoNHéxGrejaprepylinetiys-20xb1 2 (Aoxal-eexdh o fuool3|2-blpyrrol-4-yl)ethyl]-4-

butyl ] -6-ph hcotinam de 2-Phenylthi azol e-4-carboxylic acid

[1- ( 3- OxO- h@%hﬁ@%a&f’gﬁ%ﬂfnﬁ rol e-4- carbonyl) butyl]ani de 20

2- Pyridin-3-ylthiazol e-4-carboxylic acid |

[ 1- (3- oxo- hexahydrof uro[ 3, 2-b] pyrrole-4- 1 carbonyl) butyl anide 1

~B-Phenyl ¥-hi-Hdh gprepilmsthyl-2eoxad-(3-xo-Kexaydvofueo3L bipytrol-Aof)8thgljd} pynol e- 4 -
25 car bonyl lé%t%ll_ gi de é Pyri di n- 3-yl t hi ophene-2-car boxylic acid |

[ 1- ( 3- oxo- hBARIdr¥PEREE%S. b] pyrrol.e-4- carbonyl) butyl]ani de 30 |

2- Met hyl - 5- phenyl f ur an- 3- car boxyl i ¢ ‘aci d

[ 1- ( 3- oxo- hexahydr of uro[ 3, 2- b] pyrrol e-4- carbonyl) butyl]am de 18 July 2005

WO 02/ 057274 [@mmgwl-z-oxo-z-ﬁ-oxo~hexahydrofuro {3,2-b]pyrrol-4-yl)ethyi]-5-

thiophen-2-ylnicotinamide

10
) . '
-~ N-{1-Cyclopropylmethyl-2-0x0-2-(3-0x0-hexahydrofuro[3,2-b]pyrrol-4-yl)ethyl]-6-

phenyl nicotinamide

2-Phenylthiazole-4-carboxylic acid [1-Cyclopropylmethy!-2-0x0-2-(3-0x0-
15 hexahydrofuro[3,2-5] pyrrol-4-ylethyllamide

2-Pyridin-3 -ylthiazole—4—carboxy1ic acid [1 -Cycl6propylmethy1—2—oxo—2—(3-oxo-
~ hexahydrofuro[3,2-5]pyrrol-4-ylethyllamide

20 S-Phenylthiophene-Z-carboxylic acid . [1-Cyclopropylmethyl-2-0x0-2-(3-0x0-~
hexahydrofurof3,2-b] pyrrol-4-yl)ethyllamide '

5-Pyridin-3-ylthiophene-2-carboxylic acid [1-Cyclopropylmethyl-2-ox0-2-(3-0x0-
hexahydrofuro[3,2-b] pyrrol-4-yl)ethyljamide

25 |
2—Methy1~5-phenylﬁaran~3-car!3oxy]ic acid [1-Cyclopropylmethyl-2-oxo-2-(3-0xo-
bexahydrofuro[3,2-b] pynol-@yl)ethyl]amide

4-Phenylthiophene-2-carboxylic ~ acid  [1-Cyclopropylmethyl-2-0x0-2-(3-0x0-
30  hexahydrofuro[3,2-b] pyrrol-4-yl)ethyljamide



-85 4-Phenyl t hi ophene- 2-carboxylic acid ,

[ 1- (3- oxo- hexahydr of i uo[ 3, 2- b] pyrrol e-4- carbonyl) butyl ] amgguly 2005
4-Pyridi n-3-yl t bi ophene-2-carboxylic acid

[1-(3- oxo-WQﬂé’ﬂVd?‘gf uro[ 3, 2-b] pyrrol e-4- 5 carbonyl) butyl PCRfiGHE2/00184
2- Thi ophen-2-yl t hi azol e- 4-car boxyl i ¢ acigg.

[ 1- ( 3- oxo- hexahydr of uro[ 3, 2-b] pyrrol e-4- carbonyl) butyl]am de 10

2- Met hyl -5- (pyrrolidine-I-sul fonyl)furan-3-carboxylic acid

1-(3- -h £ 3. 2-b | ez 4- b | t vyl i d
5 Phenyl pyr o dh-3- e S eRbRY S5 DR BRI s gRerol e- 4-
carbonyl ) bieydHydrofo@[3,2-b] pyrrol-4-yl)ethylJamid

e
4- Met hyl - N-[ 3- met hyl - | - ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyrr ol e- 4-car bonyl)
butyl] benzam de 4- Met hoxy N

3- et hyl -1 =060 rol 3,12- b r e-A4-carbonyl.). butyl 20
Lenzam’ ée NQE'%H%% ﬂ?ﬂ 1%%%&%ég%lh‘§/d%°§¥u£’gtj§°@ﬂgf’§% 1')@49’@?1?,' 58393-)
~but yl-]-- 45@@%%{342@??@@) Hb]ﬁiﬂ@'t -Butyl- N C e T
[1-(4-met hoxybenzyl) - 2- oxo0- 2-( 3- oxo- hexahydr of uro[ 3, 2-b] pyrrol -4
yl) et hyl ] benzam de Napht hal ene- 2- car.boxylic acid

1[ ér ((J?szt Bf)gyr o Ly ) ; @%%}g%f oﬁ@ﬁﬁ%ﬁ@éﬁ@%ﬁ% ﬁf}plh'cé’z‘iw}@@hg&'d

[ 1- (4- met hoXRbEABYdx0-Rxabyir@hrtod3, o) phay B NaRide
[3,2-b] pyrrol -4-yi)ethyl ]ani de 18 JUP? 203(15j % 021057270 PCT/ GB02/ 00184
- 86

10 3-Phenylpyrrole-1-carboxylic acid [1-Cyclopropylmethyl-2-0x0-2-(3-0x0-
hexahydrofuro[3,2-b]pyrrol-4-yl)ethyi]Jamide

N-[1-(3-Oxo-hexahydrofuro[3,2-5]pyrrole-4-carbonyl) butyl[benzamide

4-tert-Butyl-N-[1-(3-0x0-hexahydrofuro[3,2-b]pyrrole-4-carbonyl) butyl] benzamide
15

N-{1-(3-Oxo-hexahydrofuro[3,2-b]pyrrole-4-carbonyl) butyl]-4-triffuoromethoxy

- benzamide

’ fl-DimethylaminmN‘-[l-(S -0x0-hexahydrofuro[3,2-blpyrrole-4-carbonyl)
20  butyllbenzamide : |

+Isopropy1~N—[1-(3-oxo-hexahydrofuro[3,2-b]pyr_role~4-carbony_1) butyl] benzamide

- 4-Difluoromethoxy-N-[1-(3-oxo-hexahydrofiro[3,2-b)pyrrole-4-carbonyl)
25  butyllbenzamide

N-[1-(3-Oxo-hexahydrofuro[3,2-b]pyrrole-4-carbonyl) butyl]-4-trifluoromethyl
benzamide

30 4-Bromo-N-[1-(3-oxo-hexahydrofuro[3,2-b]pyrrole-4-carbonyl) butyl] benzamide

3-Bromo-N-[1-(3-oxo-hexahydrofuro[3,2-5]pyrrole-4-carbonyl) butyl] benzamide



4-tent - Butyi N[ 1- (4- hydr oxymnet hyl benzyl ) - 2- oxo- 2- ( 3- oxo- hexahydr of ur o[ 3, 2-
b] pyrrol -4-yl)ethyl]benzam de 5 Napht hal ene-2-carboxylic acigjuly 2005

[ 1- (4- hyd | benzyl ) - 2- oxo- 2- ( 3- oxo-

hexahydro?ﬁﬁ%qp%gyb]pyrrol 4-yl)ethyl]anide Bi phenyl - 4- cACBEEBAOMBA ) §
[ 1- (4- hydr oxynet hyl benzyl ) - 2- oxo- 2- ( 3- 083-

hexahydr of ur o[ 3, 2- b] pyrrol -4-yl)ethyl]Jam de 10 Furan-2-carboxylic acid
[ 1- (4- hydr oxybenzyl) - 2- oxo- 2- ( 3- oxo- hexahydr of uro[ 3, 2- b] pyrrol -4-yl)

et hyl] am de Furan-3-carboxylic acid
[ 1-(4- hydro benzyl ) - 2- oxo- 2- ( 3- oxo- hexahydr of uni 3, 2- 15

b] pyr r ol - 4-YH} é’ﬁWO}Mhtehdfum[bﬁebipyﬁelmmmdyﬂybwm-d—myl benzamide
[1-(4- hydroxybenzyl) 2- 0X0- 2- ( 3- oxo- hexahydr of ur o

[*3, 2-b] pyrrol -4-yl)ethyl]am de 20 Thi ophene- 3-car boxylic acid

1- (4- hyd
% (2 b]% ;?gﬁﬁﬁ% )e%ﬁ?ﬁ?%’%d(é‘%&?ﬁgég%?ﬁ?%&@%’%% 2’5’]‘%?’5"&“‘4"’“1"’“3’1)
f

3
[1- (-4~ hydr oxidamrige) - 2- oxo- 2-(3- oxo- hexahydro - - S
uro[ 3, 2-b] pyrrol -4-yl)ethyl]am de 25

N-[ 1- (4- Hydr oxybenzyl ) - 2- oxo- 2- ( 3- ox0- hexahydr of ur o[ 3, 2- b] pyrrol -4-yl)ethyl
]1-2- pheny|qgkainde] - YO . _
N-[ 1- (4- Hydr oxybenzyl )cargo:vg;%: 2ac>1d3 [(I)X(?(SO %?é’ﬁaha' ro ura%b%p)gfd&ﬁrcgfboﬂygl ) et hyl
1-3- >.. 3 fr opi onanvde 18 July 2005 WO 02/057270 PCT/ GB02/00184
-87 Furan-2-carboxylic acid

[ 3-met hyl -1 - (3- oxo- hexahydr of ur o[ 3, 2- b] pyrrol e-4- oarbonyl) butyl am de

F e | le-4-
i g)ra an- 3¢ ?r%ﬂiﬂﬁi?n%gtgdxﬁ?y TRicha | -1 (§-3x xSRI Db WiRlbi S REBGLIH! €

- Benzo[b]thiophene-2-carboxylic - acid  [1-(3-oxo-hexahydrofuro[3,2-blpyrrole-4-
carbonyl) butyl]amide
15
Benzo[b]thiophene-3-carboxylic  acid  [1-(3-oxo-hexahydrofiro[3,2-b]pyzrole-4-
carbonyl) butyljamide |

“Benzoth.tazole-s-carboxyhc acid [1- (3-oxo—hexahydrofuro[3 2- b]pyrrole-4—carbony1)
20 butyl]am1de

BiphenyM-carboXylic  acid [1-(3-ox0-hexahydrofuro[3,2-b]pyrrole-4-carbonyl)
butyl]amide

25 N-{1-(3-Oxo-hexahydrofuro[3,2-5]pyrrole-4-carbonyl) butyl]-4-phenoxy benzamide
N—[l-(3-0xo-hexahydroﬁ1ro[3,2-b]pyrrole—4-carbony1) butyl]-3-phenoxy benzamide

4-Imidazol-1 -yI—N-[l -(3-ox0-hexahydrofuro3,2-bpyrrole-4-carbonyl) butyl]

30 benzamide




Thi ophene- 2- car boxylic acid
[ 3- nethyl-l ( 3- oxo- hexahydr of i uo[ 3, 2- b] pyrrol e-4- carbonyl ) 1&utlybbes ni de 10
Thi ophene- 3- car boxyl i ¢ acid

[ 3- met hyl WO OR0EXH- hexahydr of i uo[ 3, 2- b]pyrrole 4- car bony|PCTGR02I0DIRHI de

Mor phol i ne- 4- car boxylic acid

[ 3- nethyl-l-(3 oxo- hexahydr of ur o[ 3, 2- b]pyrrole 4- carbonyl) butyl]am de 15
"N-[3-Met hyl -1 - (3-oxo- hexahydr of ur o[ 3, 2- b] pyrr ol e- 4- car bonyl ) butyl]-2

phenyl acet
[3-Met hyl - | 1@@' %x%x"r@?‘(fﬁ%/’%@ﬁ%‘ﬁﬁogr@wﬂs]ep@F?IBWIM car bW 8RiegheR-3Y pheny |
20 propi onamgesdhide an- 2- car boxylic acid _

[ 1- cycl ohexyl net hyl - 2- oxo- ( 3- oxo- hexahydr of i uo[ 3, 2- b]

pyrrol -4-yl)ethyl]am de 25 Furan- 3-car boxyl i c aci d

BRI Sl SR e L S e—

~[-1--cyel ofexpeimRihid - 2- oxo- ( 3- oxo- hexahydr o furo[3 2- :
b] pyrrol -4-yl)ethyl]am de 30 Thi ophene-3-carboxylic acid
[ 1- cycl ohexyl net hyl - 2- oxo- ( 3- oxo- hexahydro firro[ 3, 2-

br phot i ne- 3 R RB e pRrp X B BRls ARy  ogg t bt ity or o
faro[ 3, 2-b] pybemémﬂeyl) ethyl]am de 5

N-[ 1- Cycl ohexyl nmet hyl - 2- oxo- ( 3- oxo- hexahydr of ur o[ 3, 2-b] pyrrol -4-yl)ethyl]-2
- phenyl acet am de

N-fI- hex drofi uo[ 3, 2- r.ol thyl]-3
N1 Orgd ohal (g%,gxﬁeﬁwa&sﬁ{f&s%&mwm it “J&%& .pyrazoW? S
: benzamlde
N-{1-(3-Oxo-hexahydrofiro[3,2-b]pyrrole-4-carbonyl) butyl]-5-thiophen-2-yl
nicotinamide
15 _
N-[1-(3-Oxo-hexahydrofuro[3,2-b]pyrrole-4-carbonyl) butyl]-6-phenylnicotinamide
2-Pheny1ﬂ1iazo1_e—4—-ca:rboxylic acid  [1-(3-oxo-hexahydrofuro[3,2-blpyrrole-4-
carbonyl) butyllamide ' |
20 .
2-Pyridin-3-ylthiazole-4-carboxylic acid [1-(3-oxo-hexahydrofuro[3,2-b]pyrrole-4- )
* carbonyl) butyl]lamide '

5-Phenylthiophene-2-carboxylic  acid {1-(3-oxo-hexahydrofurof3,2-bpyrrole-4-
25  carbonyl) butyljamide

5-Pyridin-3-ylthiophene-2-carboxylic acid [1-(3-oxo-hexahydrofuro[3,2-b]pyrrole-4-
carbonyl) butyljamide

s 30  2-Methyl-5-phenylfuran-3-carboxylic acid [1-(3-0xo0-hexahydrofuro[3,2-b]pyrrole-4-
v carbonyl) butyljamide



N-[ 1- Cycl ohexyl net hyl - 2- oxo- 2- ( 3- oxo- hexahydr of uro
, 2-b] pyrrol -4- yI yethyl] ) benzam de Naphthal ene-| - car boxys @y 2605
-cycl oh I-2 0X0- 2- ( 3- ox0- hexahydro 15
rof 3, 2- S’f‘%% Y4-yl)ethyl ] am de Benzo[ b] t hi ophene- 2- carf§dX§B120084i d
- cycl ohexyl net hyl - 2- oxo- 2- ( 3- oxo- hexags-
drofuro[ 3, 2-b] pyrrol -4-yl)ethyl]am de 20 Furan-2-carboxylic acid
, 3-di met hyl - | - (3- oxo- hexahydr of i uro[ 3, 2-b] pyrrol e-4- carbonyl)

tyl]am de4isgL.

, 3-di et hy:il-hl ﬁﬁgﬁc}%ﬁﬁ % %}’ﬁ(? oc[u?% 2[1 ﬁ3p9’F°rh‘?"ah}zidf°’§’é?[8§n’§lP¥“%¥ﬁ“ﬁw ] am de
Thi pphenearﬁerqd}lh]nxm:nﬁleam d .
3-di et hyl -1 - ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyrrol e-4- carbonyl) butyl]am de

Thi ophene- 3- car boxyl ic acid

but 1 ] amde- 23341 S0BE- iy D57 010 b P o g2 A4

-Nbr phot i he- darbemyibobutyljamidei d [ 3, 3- di met-hyl - - ( 3- oxo0

hexahydr of uro[ 3, 2-b] pyrrol e- 4-carbonyl) butyl]am de

N-[ 3, 3-Di net hyl - 1-.( 3- oxo- hexahydrofuro[3 2- b] pyrrol e-4-car bonyl)

butyl] 2- ph Eﬁa@o A A

ro[ 3, 2- b] py‘r@lr'%lhoe h@n-%é;rﬁ on %94 buty 1c[ﬁ_cp§§§ é’l mgopff‘éo(gﬁ %8%& @ygﬁ%&e 4

Benzo[ b] t hi epbemyd) Butyldarhidzy| i ¢ aC| d

[ 3, 3-di net hyl - 1- (3 oxo- hexahydr of uro[ 3, 2- b] pyrrol e-4-carbonyl) butyl]anide
N-[ 3, 3-Di net hyl - 1- ( 3- oxo- hexahydr of i xro[ 3, 2- b] pyrrol e-4-carbonyl) butyl] '

Pf) nzam ge 2-Methyl-5-(pyrrolidine-1-sulfonyl)furan-3-carboxylic acid  [I-(3-oxo-hexahydro
| furo[3,2-]pyrrole-4-carbonyl) butyljamide

10
[3
[1
fa
[1
hy
[3
bu
[3
25
[3

h

3-Phenylpyrrole-1-carboxylic acid [1-(3-oxo-hexahydrofuro[3,2-b]pyrrole -4~
carbonyl) butylJamide

15
4-Methyl-N-{3-methyl-1-(3-oxo-hexahydrofuro[3,2-b]pyrrole-4-carbonyl) butyl]
benzamide

"4-Methoxy-N-[3-methyl-1- -(3-0xo-hexahydrofuro(3, 2—b]pyrrole-4-carbony1) butyl]
20  benzamide

N{3—Methy1—1—(3 ?oxo-héxahydyoﬁlro[S .2-blpyrrole-4-carbonyl) butyl}-4-morpholin-
4-ylbenzamide

25  4-fert-Butyl-N- [1-—(4-meﬂloxybeuzyl) 2—oxo-2—(3-oxo~hexahydroﬁ1ro[3 2-blpyrrol-4-
ylethyl]benzamide

Naphthalene-2-carboxylic acid [1-(4-methoxybenzyl)-2-ox0-2-(3-0xo-hexahydro
furo[3,2-blpyrrol-4-yl)ethylJamide

30 '
Biphenyl-4-catboxylic acid [1-(4-methoxybenzyl)-2-0xo-2-(3-0x0-hexahydrofuro
[3,2-B]pyrrol-4-yl)ethyljamide |



15 Furan-2-carboxylic acid [1
benzyl - 2- oxo- 2- ( 3- oxo- hexahydr of uro[ 3, 2-b] pyrrol -4-y1) etyhaniy36o0s

Fur an- 3- car boxylic acid _

[ 1- benzyl V2082057270 3- 0X0- hexahydr of uro[ 3, 2-b] pyrrol -4-y1l) p@ficRiyvdolsam de
Thi ophene- 2-carboxylic acid 6
[1-benzy|-2-oxo-2-(3-oxo-hexahydrofurof@,2-b]pyrrol- 4-yl)ethyl]am de 25
Thi ophene- 3-car boxylic acid -

[ 1- benzyl - 2- oxo- 2- ( 3- oxo- hexahydrof uro[ 3, 2-b] pyrrol - 4-yl)ethyl]an de

Mor phol i ne- 4- car boxylic acid [ 1-benzyl -2-o0xo-2-(3-0x0- hexahydr of ur o[ 3, 2- b]

| -4-vyl 1
IEIY{ r1E)Benzzl )gkigxﬂ%d@w g?*g%g}’%fg§gﬁ§%ﬂ§fe W&%?}?T?TGWE}F;@YW?%{%%P?] - 2- phenyl
acet ani de” 1S]pyrtol-42Q0hy MEARGAS7270 PCT/ GB02/ 00184 - 90

N-[ 1- Benzyl - 2- oxo0- 2- ( 3- ox0- hexahydr of ur o[ 3, 2- b] pynnl - 4-yl ) et hyl ] - 3- phenyl
pr opi onam de 5 Benzo[ b] t hi ophene-2-carboxylic. acid

PR, g e Y o G B i e

|
|

10 Fur an- 2- dexdhydmpifiro[352-bbyrrol-4-ylethyl Jamide
[ 1- cycl opent yl net hyl - 2- oxo- ( 3- oxo- hexahydr of ur o[ 3, 2- b]
pyrrol -4-yl)ethyl]am de Furan-3-carboxylic acid

[ 1- cycl opentgy A TR - (3- hexafyygr: i - g
b] pyrr ol - 4-yl %%gwﬁ%"%&w T%%hengﬂzgc%%%%eﬁ‘ﬁe@@) 2-0%0-2-(3-0%0-
[ 1- cycl openthpkabgdiofitro(3, Balpy(ral-dxbetigkiatiydl o
10 | | |
Furan-2-carboxylic acid [1-(4-hydrqubenzyl)-2-oxo-2'—(3 -0xo-hexahydrofuro[3,2-

blpyrrol-4-yl)ethyllamide

Furan-3-catboxylic acid [1-(4-hydroxybenzyl)-2-oxo-2-(3-0x0-hexahydrofuro[3,2-
15 blpyrrol-4-yDethyl]amide '

Thiophene-2-carboxylic acid [1-(4-hydroxybenzyl)-2-ox0-2-(3-0xo0-hexahydrofuro
[3,2-b]pyrrol-4-yl)ethyljamide |

20  Thiophene-3-carboxylic acid [1-(4-hydroxybenzyl)—i—oxo—Z-(S-oxo-hexahydroﬁlro .
[3,2-8]pyrrol-4-ylethyljamide | 3

Morpholine-4-carboxylic  acid [1-(4-hydroxybenzyl)-2-0x0-2-(3-0x0-hexahydro
- furo[3,2-blpyrrol-4-yl)ethyljamide

25 .
N—[l-(4-Hydroxybenzy1)-2—oxo-2-(3—oxo-hexahydrofuro[B.,Q-b]pyrrbl—4—y1)ethyl]—2-
phenylacetamide

N—[l-(4~Hy'droxybenzyl)-Z—oxo-Z-(B-oxo-hexahydrofuro[3,2-b]pyrrol-4-y1)ethyl]-3-
30  phenylpropionamide



faro[ 3, 2-b] pyrrol -4-yl)ethyl ]am de Thi ophene-3-carboxylic acid

[ 1- cycl opent yl net hyl - 2- oxo- ( 3- oxo- hexahydro 20 18 July 2005
faro[ 3, 2-b] pynol- 4 y1) et hyl ] am de Mor phol i ne-4-carboxylic acid
[ 1-cycl op ‘%" - 2- 0x0- ( 3- ox0- hexahydr o PCT/GB02/00134

faro[ 3, 2-b] pyrrol - 4 yl)ethyl ] am de 25 _g7.
N-[ 1- Cycl opent yl net hyl - 2- oxo- ( 3- oxo- hexahydr of i uo[ 3, 2- b] pyrrol - 4- yI et hyl ] -
2- phenyl acet am de

N (1. Oy onept ek i 25 - 30 K- NIRRT 22l 4-v1) ety -

3- phenyl priopr onami

N-[I-Cycl opﬁfﬁommehﬁﬂhmzd@xo 2- ( 3- oxo- hexahydr of i uo
[3,2-b]pyrrol-4-yl)ethyl] benzam de 18 July 2005 WO 02/057270

PCT/ GB02/ 00184 -91 Napht hal ene-1-carboxylic acid _

][ﬁr g%’gl gpg]r%%%ﬂr]%}c Yf'i Oﬁ&%‘]&gfh qé_a?(i&%gge%@ﬁﬂWS 2}4’&???0} car boxyl ic acid

-1~ cyel 6perdastonyl) butyljamideo- 2- (3--0xo- hexa -
hydr of uro[ 3, 2- b] pyrrol -4-yl)ethyl]am de Furan-2- carboxyllc : aC|d

(1- benzyl sul f anyl net hyl - 2- oxo- 2- ( 3- oxo- hexahydro

L e AN Sl g OS5

furof 3, 2- b]qaybonp]bbdtyi']lax)@ddwl ] am de Thi ophene 2-carboxylic acid
[ 1- benzyl sul fanyl net hyl - 2- oxo- 2- ( 3- oxo- hexahydro 15
faro[ 3, b] pyrrol 4-yl)ethyl]am de Thi ophene-3-carboxylic acid

oS A T M e e

benzyl sdaftenyl) retyligtidd oxo- 2- ( 3- oxo- hexahyd 0

Morpholine-4-carboxylic acid [3-methyl-1-(3-oxo-hexahydrofuro[3,2-b]pytrole-4-
carbonyl) butylJamide

15
N-[3-Methyl-1-(3-oxo-hexahydrofuro[3,2-b]pyrrole-4-carbonyl) butyl]-2-phenyl
acetamide

N— {3-Methyl-1-(3~-oxo-hexahydrofuro[3,2-blpyrrole-4-carbonyl) butyl]-3-phenyl
20  propionamide |

Furan-2-carboxylic acid [1 -cyclohexylmethyl-2-oxo-(3-0xo-hexahydrofuro[3,2-b]
pyrrol-4-yhethylJamide

25  Furan-3-carboxylic acid [1-cyclohexylmethyl-2-0x0~(3-0x0-hexahydrofiro3,2-
blpyrrol-4-yl)ethyljamide |

Thiophene-2-carboxylic acid [1-cyclohexylmethyl-2-0x0-(3-0xo-hexahydro furo[3,2-
blpyrrol-4-yDethyllamide

30 |
Thiophene-3-carboxylic acid [1-cyclohexylmethyl-2-0x0-(3-0x0-hexahydro furo[3,2-
blpyrrol-4-yDethyljamide |



[3,2-b] pyrrol-4-yl)ethyl]am de

faro '

N-[1-Benzyl sul f anyl net hyl - 2- oxo- 2- ( 3- oxo- hexahydr of i uo[ 3, 2-1g Jayy 2005 4- yl ) et
hyl]- 2 phenyl acet am de 25

N- [ 1- Benz WG/ 532791 net hyl - 2- oxo- 2- ( 3- oxo- hexahydr of ur o[ 3, 2drjqBoeaeiss 4- yl ) et.
hyl ]

- 3-phenyl pr opi onam de Benzo[b]thloggene 2-carboxylic acid
[ 1- benzyl sul f anyl net hyl - 2- oxo- 2- ( 3- oxo0-

hexahydr of aro[ 3, 2-b] pyrrol -4-yl)ethyl]am de 18 July 2005 WD 02/057270
PCT/ GB02/ 00184 -92 N-f

| - Benzyl sul f anyhnet hyl - 2- oxo- 2- (3 oxo0- hexahydr of ur o[ 3, 2- b] pynol - 4-yl)

bensyl sul T ans MRS IR A R B GRERY 2 ano-G-oxobenatydro
far o[ 3, 2- b] fiwe[BcA- b]@yyb])—-e{yl‘)yﬂh}/aamdh Fur an- 2 car boxylic acid

[ 2- oxo0- 2- ( 3- oxo- hexahydr of uro[ 3, 2-b] pyrrol -4-yl ) - 1-
(phenyl net hanesul f onyl met hyl )et hyl ] am de 10 Furan-3-carboxylic acid

Ephenyl ZI’?E'E hanesu: ? m 1-%)- th@?J é(ﬁ@df%ﬂgu}édggjbép&m é‘ﬁ'%@?{@{ﬂ%‘ aci d
[ 2- ox0-2-(3p lahd;midednfuro[SZ b] pyrrol -4-yl)-1-
(phenyl net hanesul f onyl net hyl ) et hyl ] am de 15 Thi ophene- 3-carboxylic acid

[ 2- oxo0- 2- ( 3- oXO- hexahydrofiiro[S 2-b] pyrrol -4-yl)-1-

L2 o 2 (3 G R PP P A2 et sc 2¢! ¢

( phenyl et hpheesiprémonanide hy | )et hyI ] am de
N[ 2- - 2- ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyrrol -4-yl)-1-( phenyl net hanesul f onyl
met hyl )’et hyl ] - 2- phenyl acet.am de 25 - yi)

N- [ 2- Oxo- 2- 1 @xRiduexifiety L@l B (Rokd-RiahPhroftiny 13,2 b1 yalbe Ay gl ppnes ul f ony

benzamide

Naphthalene-1-carboxylic  acid [1-cycIohexylmethyl-Z—oxo—Z-(’:’-oxo-hexahydro
15 furof3,2-b]pyrrol-4-yl)ethyljamide '

Benzo[b]thiophene-2-carboxylic acid [l1-cyclohexylmethyl-2-0x0-2-(3-0x0-hexa
- hydrofuro[3,2-blpyrrol-4-yl)ethyl]amide |

20  Furan-2-carboxylic acid [3,3-dimethyl-1-(3-ox0-hexahydrofurof3,2-b]pyrrole-4-
carbonyl) butyljamide )

Furan-3-carboxylic acid [3,3-dimethyi-1-(3-0xo-hexahydrofuro[3,2-b1pyrrole-4-
, cérbonyl) butyl]amide
25 :
Thiophene-2-carboxylic acid [3,3-dimethyl-1-(3-oxo-hexahydrofuro [3,2-b]pyirole-4-
carbonyl) butyllamide

Thiophene-3 -carboxylic acid [3,3-dimethyl-1-(3-0xo-hexahydrofuro{3,2-b]pyrrole-4-
30  carbonyl) butyl]amide '



met hyl ) et hyl ] - 3- phenyl pr opi onaui i de Benzo[ b] t hi ophene-2-carboxylic acid

[ 2- ox0- 2- ( 3- ox0- hexahydr of i uo[ 3, 2- b] pyrrol - 18 July 2005
4-yl)-1-(phenyhnet hanesul f onyl net hyl ) et hyl ] am de 30

N- 2- Oxo- 3¢ %Z'W%@hexahydr of uro[ 3, 2- b] pyrrol - 4-y1) - 1- ( pheBEHEBRNEN| f ony!
met hyl ) et hyl ] benzam de 18 July 2005 W0g02/ 057270 PCT/ GB02100184 -93

NaPht hal ene-1| -carboxYlic acid _

L2- oxo- 2- ( 3- oxo- hexahYdr of uro[ 3, 2- b] PYrrof - 4-Y1) - 1-

(phenyl net h ] ;{} gll j 132 e 3

47 (5" Benzy| SRR ST te Ll L e L X s s e 3 -0ne

4- [ 2- (4- t enti-cBboyy eoixijamide) - 4- met hyl - pent anoyl ] t et r ahydr of ur o[ 3, 2- b] pyr.r ol
-3-one -

4+ [ 2- (Napht hal en- | - yhnet hoxy) - 3- phenyl - pr opi onyl ] -t et rahydro-furo[ 3, 2- b]

pyrrol--3-1_r599_- R C Py _ A 9. |
4-[ 3- Cycl ohgrx@f- 1_11(1?1‘]&¥lalng329)§ %%}% , %Iggul}ﬂ?’é%ﬂl?pro gap? S%rg‘f/ﬁq%]tmmhzy%hregyluro[ 3, 2-
ran- 3- yhnet hanesul f anyl ) propi onoyl ] t et rahydrof uro[ 3, 2- b] pyrrol - 3-one

4-[ 3- Cycl ohexyl - 2-( fi uan- 2-yl met hanesul phonyl ) propi onoyl ] t et rahydrofi zro

[3,2- b] pyr ioiz-33 01-(3-0%0- : - " 3.

4-[ 3- Cycl ohjeﬁyf -%g:??ﬁflgln%% %%}%B}]%g%rg&rﬁgﬁ%ﬁ B}E(S%f%rﬁgn 1}?%?’9%@%&“3% iuo[ 3,2
- b] pyrr ol - Bropivmatddephol i ne- 4- car boxylic acid

1- cycl ohexyhnet hyl - 2- oxo- 2- ( 3- oxo- hexahydro-faro 25 [3,2

b] pyrrol -4-yl)-ethyl ester Morpholine-4-carboxylic acid

s ym;t DV | - BéaRBIHGHRAYA AtbIEiS acid 73 BMinetnG1- (3026 ReRMlydrotioys o oSt e 18

T blpyrrole-4-carbonyl) butyljamide

N-[3,3-Dimethyi-1-(3-oxe-hexahydrofuro[3,2-b]pyrrole-4-carbonyl) butyi]

benzamide
15
Furan-2-carboxylic acid [1-benzyl-2-oxo-2-(3-oxo-hexahydrofuro[3,2-b]pyrrol-4-yl)
ethyl{Jamide
"Furan-3-carboxylic acid [1-benzyl-2-0x0-2-(3-ox0-hexahydrofuro[3,2-5pyrrol-4-yl)
20  ethyllamide
' Thiophene-2-carboxylic acid [1-benzyl-2-0x0-2-(3-0x0-hexahydrofuro[3,2-5]pyrrol-
4-yDethyl]amide
25  Thiophene-3-carboxylic acid [1-benzyl-2-oxo-2-(3-oxo-hexahydrofurof3,2-b]pyrrol-
4-ylethyl]amide | |
Morpholine-4-carboxylic  acid  [1-benzyl-2-oxo0-2-(3-oxo-hexahydrofuro[3,2-b]
pyrrol-4-yDethyljamide
, 30 '

B N-{1-Benzyl-2-0x0-2-(3-0x0-hexaltydrofuro[3,2-b]pyrrol-4-yl)ethyl]-2-phenyl

acetamide



WO 02/ 057270 PCT/ GB02/ 00184 -94 Morphol i ne- 4- car boxylic acid
3, 3-di met hyl - I - (3- oxo- hexahydrof uro[ 3, 2-b] pyrrole- 4-car bom/hm%bgujgyl ester

2- Cycl ohe 4- mor phol i n-4-y1- 1- ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyrrol -4-
yl ) but ane%ﬁ@%ﬂ PCT/GB02/00184

2- 1 sobut yl - 4- nor phol i n- 4-yl - 1- ( 3- oxo- hexghydr of ur o[ 3, 2- b] pyrrol -4-yl)-butan
e--1,4- dione '
2-(2, 2- D net hyl - propyl ) - 4-nor phol i n-4-yl - 1- ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyrro
| -4- yl)-butane-1, 4-di one

4- ( 2- Bi phenyl - 3- yI 4- nethylpentanoyl)tetrahydrofluo[3 2-b] pyrrol -3-one 10

Furt her addiN-{loBedzyb3mpot2a@somthdxbiydrofes]s L4igi8eth il - not |imted
to, the follown &xanpl es that are the (3 p&r?%R)ﬁg? %A%U Fﬁ{eg%l!s i sonmer of
general for RLPAC ﬂ%l where Z = 0" and Rl = "H, and also include the

equi val ent analogues included in the full definition of Z and R 15
Fur an- 2- carboxyllc acid

[ 1-(4-hydro Ppmeaeeaﬁw(xshomdlﬁ%aﬂmimmrp{ﬁo% ~hexahydrofuro(3,2-
b] pyri di n- 4 ﬁg }glmg ur an- 3- car boxylic acid

[1- (4- hydrox < - (3- oxo- hexahydr of uro[ 3, 2- 20

b] pyndi n-4-yl ) et hyl ] am de Th| ophene-2-carboxylic acid

[1-(4- hydro enzyl - 2- 0X0- 2- ( 3- oxo- hexahydr of ur o

[ 3, 2-b] pyr o %@NSHZ}C"deXﬂ@dfd’ﬁlﬂiﬂhQ%?ﬁrdl&ﬁWI]Hénﬁﬁﬁﬁe
1-(4- hydroxybenzyl) 2- 0X0- 2- ( 3- ox0- hexahydr of uro
3, 2-b] pyridin-4-yl)ethyl]am de Mrpholine-4-carboxylic acid

[
[
ey ERmpyndﬁﬁ*im‘éf‘?ﬁ%ﬁﬁ-%%?n@}%ﬁ%ﬁl@? §'°%8'6%"°X9\8%%5°ﬁff’é3=2-61
P

CT/ GB02/ 008Epl-4-yl)ethyljamide -

p

Furan-3-carboxylic acid [1-cyclopentyimethyl-2-0x0-(3-0x0-hexahydro furo[3,2-
blpymol-4-yl)ethyllamide
15

Thiophene-z-carboxylic acid [1-cyclopentylmethyl-2¥oxo-(3-oxofhexahydro
furo[3,2-b]pyrrol-4-yl)ethyljamide

"’Ihophene—B -carboxyhc acid [1 -cyclopentyhnethyl—-z-oxo-(3-oxo-hexahydro
20 furo[3 2-b]pyrrol-4-yl)ethyl)amide

Moxpholine~4—carboxyli¢ acid (1-cyclopentylmethy!-2-oxo-(3-oxo-hexahydro
furo[3,2-Blpyrrol-4-yhethyljamide

25 N—[I~Cyclopentylmeﬂ1y1—2—oxo—(3~oxo-hexahydroﬁlro[3 2-blpyrrol-4-yl)ethyl}-2-
phenylacetamide

N-[l-Cyclopentylmethy1-2-oxo-(3 ~oxo-hexahydrofuro[3,2-b]pytrol-4-ylethyl]-3-
phenylpropionamide
30 ‘

% N “[1-CYCIOPentylmethyl—2-0x0-2~(3-oxo~hexahydrofuro [3,2-b]pyrrol-4-yDethyl]
benzamide -



-95
N-[ 1- (4- Hydroxybenzyl) - 2- oxo- 2- ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyg sy peds y! ) et hy

|]1-2- phepyl am de 5

N-[1-(4- I—@é’@@%@@zyl ) - 2- 0X0- 2- ( 3- ox0- hexahydr of ur o[ 3, 2- bPFFGEIZHEIBLy | ) et hy
|']-3- phenyl propi onam de N-[1-(4-Hydroxytbenzyl ) - 2-oxo0-2-(3-0x0

hexahydrof uro[ 3, 2-b] pyridin-4-yl)ethyl] benzam de 10 Furan-2-carboxylic
acid [3-nethyl-1-(3-0xo-hexahydrof uro[ 3, 2-b] pyri di ne-4- carbonyl) butyl

am de Furan- 3-carboxylic acid

[ 3- et hyl -1 - ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyri di ne-4- 15 carbonyl) butyl]am de
Thi ophene- 2Nahitlatongt i-carbaiydic acid  [1-cyclopentylmethyl-2-0x0-2-(3-0x0-hexahydro

o e sl e SR atea 2 O PYT! dine-4- carbonyl) butyljam de 20

[ 3- et hyl -1 - ( 3- oxo- hexahydr of t uo['3, 2- b] pyri di ne-4- carbonyl) butyl]am de
Mor phol i ne- 4- car boxylic acid

- £3- et hyil - | Begoplibidphrrsg-tabicyiet 3 atidb] [yeyictipestylnethsk DoRry2)(3kiotickani de 25 - -

N[ 3- Met hyl,- | .- (.3- oxQ-,hexahydr.of ur.o[ 3, 2- b] pyri di ne-4-car bonyl )

butyl ] - 2- pﬁg’ﬂmﬁoﬁgﬁiﬂlﬂﬂ*ﬁ%&ﬁ? ide

N-[ 3- Met hyl - | - (3- oxo- hexahydr of ar o[ 3, 2- b] pyri di ne-4-car bonyl)
butyl]-3-phenyl 30 propionam de a4 18 July 2005 WD 02/057270

PCT/ GB02/ 0 ugan-2-cgdoRrylican- 2adidr bokybénzylaalfahylmethyl-2-oxo0-2-(3-0x0-hexahydro

1- cycl ohexy!l | - 2-.0x0x (,3-,0X0. ,hexahydrofuro[ 3, 2-b
|[Oyri di n-4- 02%%&’3&?&1&%591)&%1?@11@ y [ ]

10
Furan-3-carboxylic " acid [1-benzylsulfanylmethyl-2-0x0-2-(3-0x0-hexahydro
furo[3,2-b]pyrrol-4-ylethyljamide

Thiophene-2-carboxylic acid [1-benzylsulfanylmethyl-2-ox0-2-(3-0x0-hexahydro
15 furo[3,2-b]pyrroi-4-yl)ethyllamide

- Thiophene-3-carboxylic acid [1-benzylsulfanjrlmcthyl-Z—ox042~(3-oxo-hexahydro
~ furo[3,2-b]pyrrol-4-yl)ethyl)amide
| 20 Morpho]jne-4-carboxylic acid [1-beﬂzylsulfanylméthyl-z-oxo-2—(3-oxo-hexahydr9
~)' . furo[3,2-b]pyrrol-4-yDethyllamide '

N-[1-Benzylsulfanylmethyl-2-oxo-2-(3-oxo-hexahydrofiro[ 3,2-5pyrrol-4-yl)ethyl]-
' 2-phenylacetamide
25 o
N-[1-B enzylsulfanylmethﬂ-z-qxo-2-(3-6xo-hexahydrofuro[3 ,2-b]pyrrol-4—yl)éthy1]—
3-phenylpropionamide :

Benzo[b]thiophene-2-carboxylic  acid [1-benzylsulfanylmethyl-2-0x0-2-(3-0x0-
30  hexahydrofuro[3,2-b]pyrrol-4-yl)ethyljamide



Fur an- 3- carboxylic acid-[1-cycl ohexyl met hyl - 2- oxo- ( 3- oxo- hexahydr of ur of 3, 2-
5 bj pyridin-4-yl)ethyljam de Thi ophene-2-carboxylic acid 18 July 2005

[ 1- cycl ohexyhnet hyl - 2- oxo- ( 3- oxo- hexahydro furo[ 3, 2-

b] pyri di n-MOYRYERHy| ) ami de 10 Thi ophene- 3-carboxylic aci d PCT/GB02/00184

[ 1- cycl ohexyl net hyl - 2- oxo- ( 3- oxo- hexahy_@&g furo[ 3, 2-

b] pyridi n-4-yl)ethyl]am de Morpholine-4-Carboxylic acid

[ 1- cycl ohexyl net hyl - 2- oxo- ( 3- oxo- hexahydro :

faro[ 3, 2-b] i di n-4- t hyl jam de 15

N-[1-Cycl oh@Z‘@’ﬁﬂMﬁ‘ﬂ@ﬁwﬁv)ﬁmﬁ@x@m}aﬁmﬂ?ﬁwBbq—blpwa'rwla- yl)ethyl]-2
- phenyl acetegifenzamide

N[ 1- Cycl ohexyl'net hyl - 2- oxo- ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyri di n-4-yl)ethylj -

3- 20 phenyl propi onam de N-[I|-Cycl ohexyhnet hyl - 2- oxo- 2- (3-oxo hexahydrofuro

[ 3, 2-b] pyriding4-yl)ethyl .benzam de 25 . Napht hal ene-1-carboxylic_acid
[ 1- cycl ohex %“iﬁi}f‘ = ‘Eélbdxé'hf ?@ﬁ%&@ﬁ%fw ethyl-2-0x0~2-(3-0x0-hexahydro

[ 1-cycl ohexyhm[at hy? -2- ongge-ﬂ%g- oxo0- hexa -
hydr of ur o[ 3, 2- b] pyri di n-4-yl)ethyl ] am de 30 Furan-2-carboxylic acid -

[ 3, 3-dinet hyl -1 -{3-oxo-hexahydrof uro[ 3, 2-b ridine-4-_ carbonyl) butyl
am de 18 Ju?e{t?‘afo%gﬁ%wlﬁ‘z/ o%‘\;‘ 70 @@#@éﬁ%@%ﬁ ¥ [érhlpyuphiabrdd i ¢
acid [ 3, 3- dihitheiBaredn RGN )*gﬂgq}a{ﬂaé)[ 3, 2-b] pyri di ne-4- carbonyl)
butyl ]am de 5 Thi ophene- gj-ﬁ?ar bo%yl I'c aci d

[ 3, 3-di net hyl -1 - (3- oxo- hexahydr of uro[ 3, 2- b] pyri di ne- 4-carbonyl)

but yI'] a%deFuranB-,carboxylic . acid  [2-ox0-2-(3-oxo-hexahydrofuro[3,2-b]pyrrol-4-y1)-1-

(phenylmethanesulfonylmethyl)ethyljamide

Thiophene-2-catboxylic acid [2-0x0-2-(3-0x0-hexahydrofuro[3,2-b]pyrrol-4-y1)-1-
(phenylmethanesulfonylmethyl)ethyljamide

15
Thiophene-3-carboxylic acid [2~0x0-2-(3-0x0-hexahydrofuro[3,2-b]pyrrol-4-yl)-1-
(phenylmethanesulfonylmethyl)ethyljamide

HMorphoIine—dl—cax_‘boxylic acid {2-0x0-2-(3-oxo-hexahydrofurof3,2-5]pyrrol-4-y1)-1-
20 (phenyhnethanemﬂfonylmethyl)ethyl]amide '

N-[2-Ox0-2-(3-0x0-hexahydrofuro[3,2-b]pyrrol-4-yl)-1-(phenylmethanesulfonyl
methyl)ethyl]-2-phenylacetamide

25 .N—[2-Oxo-2-(3-oxo-hexahydmfuroB,2-_b]pyrrol-4—y1)—1-(phenylmethanesulfonyl
methyl)ethyl]-3-phenylpropionamide

Benzo[b]thigphene-2~carboxyﬁc acid [2-o0x0-2-(3-oxo-hexahydrofuro[3,2-b]pyrrol-
4-y1)-1-(phenylmethanesulfonylmethyl)ethyl)amide

30 |
N—[2-Oxo-2-(3-oxo-hexahydrofuro[S,2-b]pyrrol—4—yl)—1-(phenylmethanesulfonyl
methylethyl]benzamide



Thi ophene- 3- carboxylic acid

[ 3, 3-di net hyl -1 - (3- oxo- hexahydr of ur o[ 3, 2- b] pyri di ne-" 4- car begmyliy 2005

butyl ]am de 10 Mor phol i ne-4-carboxylic acid

[ 3, 3- di meWRVROF2(B. ox0- hexahydr of ur o[ 3, 2- b] pyri di ne- 4- caPEHIGRI0YEE v

am de N-[ 3, 3-Di net hyl - 1- ( 3- oxo- hexahydrgf ur o 3, 2- b] pyri di ne- 4- car bonyl)
butyl]-2- 15 phenyl acetam de

N-[ 3, 3-Di net hyl -1 - ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyri di ne-4-carbonyl ) butyl]- 3-
phenyl propi onam de 20 Benzo[ b]t hi ophene- 2-carboxylic acid

[ 3, 3-di net hyl -1 - (3- oxo- hexahydr of uro[ 3, 2- b] pyri di ne-4-carbonyl) -

but yl | anl i d€aphthalene-1-carboxylic acid [2-0x0-2-(3-0x0-hexahydrofurof3,2-b]pyrrol-4-yi)-1-

N-[ 3, 3-Di wethyl-Iaﬁs-oxo-hexahydrofurq[S,2-b]pyr|d|ne-4-carbony|) but yl ]
benzani de Zphénylmefhanesulfonykpethil)ethyldamide |

[ 1I- benzyl - 2- oxo- 2- ( 3- oxo- hexahydrofuro[ 3, 2-b] pyridin-4- yl) ethyl]amd

Fur an- 3-carboxylic acid
~f-1- benzl-- %(%Bcr&y( .
18 July 2005 WD 02/057270 PCT/ GB02100184 -98 Thi ophene-2-carboxylic acid
[ 1- benzyl - 2- oxo- 2-+( 3- ox0- hexahydrof uro[ 3, 2- b] pyri di n-4-yl)ethyl]am de

Thi ophene- 3 ' ' '
1 bonsyl - 2 o ey Ry rel3 2Py PP i e
Mor phol i ne- 4- car boxylic acid [1-benzyl -2-o0xo0-2-(3-0xo0- hexahydr of ur o[ 3, 2- b]

pyridin-4-yl)ethyl]amde 10 ]
N- [ 1- Benzyl 4+ E-Q¥aphthalen- lylmethoxyng mbsnyirspoionylifeisahydrorfuem! 3,230 pywrol-32- phenyl

acet am 1@8 one

W, .

4~[3-Cyclohexyl-z-(furan~2-ylmethanesulfanyl)propionoyl]tetrahydroﬁ1r0[3,2-
b]pyrrol-3-one

15 4-[3-Cyclohexyl-2-(furan-3-ylmethanesulfanyl)propionoyl]tetrahydrofuro3,2-
b]pyrrol-3-one

. 4-[3-Cyclohexyl-2~(furan-2-ylmethanesulphonyl)propionoyl Jietrahiydrofuro[3,2-
i?]pyﬂol-3-one | :
20
') . 4—[3-quiohexyl—Z-(furan—S-ylmethan&sulphonyl)propionoyl]tetrahydrbfuro[3,2-
blpyrrol-3-one

Morpholine-4-carboxylic acid 1-cyclohexylmethyl-2-0x0-2-(3-0xo-hexahydro-furo
25  [3,2-b]pyrrol-4-yl)-ethyl ester

Morpholine-4-carboxylic acid 3-mefhyl-1-(3-oxo-hexahydrofuro[3,2-b]pyrrole—4‘
carbonyl)-butyl ester

Oydflﬂiégf}mﬁngbﬁéﬂﬂt&;&jh}wdmg dyrodB-ofle) et hylJanide - -



N-[ 1- Benzyl - 2- oxo- 2- ( 3- oxo- hexahydrofuro[3 2-b] pyri di n- 4- yI)et hyl ] - 3- phenyl

propi onam de 15 Benzo[ b] t bi ophene-2-carboxylic acid 18 July 2005
[ 1- benzyl - 2- ox0- 2- ( 3- ox0 hexahydrofuro[ 3,2- b]pyridin 4-yl)ethyl]am de
SN[ T WO 02/057270 PCT/GB02/00184

benzyl - 2- oxo- 2- ( 3- oxo- hexahydr of ur o[ 3, Zgglpyrldln 4- yI)ethyI]benzan1de 20
Fur an- 2- carboxylic acid
" [ 1-cycl opent yl met hyl - 2- oxo- (-3- oxo- hexahydrofuro[S 2- b]

ridin-4-yl am an- car.boxylic ac
I[O)ll cycl ope%tl%;PWE‘Hﬂ%ﬁ"lfaIEQ i Mﬂrbﬁf%%?%‘ah}fd@ﬁmﬁ 2-b] pyrrole-
b] pyri di n-4-pk Thlophene 2-carboxylic acid
B4 ﬂlﬁﬂ‘égﬁr

[ 1- cycl opent yl met hyl - 2- oxo- ( 3- oxo- hexahydr o

faro[ 3, 2-b] pyri di n- 4- yI et hyl Jam de 30 Thi ophene- 3-carboxylic acid

[ 1- cycl opentd/Creohspyipetolet-(photinHeylah{fdoxn-hé:mhpddfirel3, I-blpymrol-4-

] pyridi n-4- YI%) %ﬂf}% A\aﬁﬁ? de 18 July 2005 WD 02/057270 PCT/ GB02100184 -99
~Norphol-i-ne- AR }y %ci d- T 1-cycl opentyl met-hyl - 2--0xo- ( 3-0xo--hexahydro -
faro[ 3, 2-b] pyridin-4-yl)ethyl]am de N[I-Cycl opentyl net hyl

ﬁ ([)XO (350x @-hop@ipali@iptotiny- gk R Rykd Hetibd skt INtbloyeol-2- R RMleacR! am de
1- Cycl opent )ﬂlw hyl - 2- oxo- ( 3- ox0- hexahydrofuro[S 2-b] pyridin-4-yl)ethyl]-3-
phenyl propi onam de 10 N-[ 1- Cycl opent yl met hyl - 2- oxo- 2- ( 3- oxo- hexahydr of uro

oAb B O P B £

faro[ 3, 2- b] M)’]DL&&IF&HM()[@'[ hyl ] am de
4-(2-Biphenyl—3-yIA—methylpentanoyl)tétrahydroﬁnof3,2—b]pyrrol-3-one

10

Further additional compounds of the invention include, but are not limited to, the
following examples that are the (3aS, 7aR) or (3aR, 7aS) isomer of general formula
(II) where Z = “O’ and R! = “H, and also include the equivalent analogues included
in the full definition of Z and R*
15 ,
~ Furan-2-carboxylic acid [1-(4-hydroxybenzyl)-2-0x0-2-(3-0x0-hexahydrofiro[3,2-
blpyridin-4-yl)ethylJamide '

N

Furan-3-carboxylic acid [1-(4-hydroxybenzyl)-2-0x0-2-(3-0x0-hexahydrofiro[3,2-
20  blpyridin-4-yhethyl]amide

“Thiophene-2-carboxylic acid [1-(4-hydroxybenzyl)-2-0x0-2-(3-0x0-hexahydrofuro
[3,2-b]pyridin-4-yDethylJamide

25  Thiophene-3-carboxylic acid [1-(4-hydroxybenzyl)-2- 0xo-2-(3-oxo—hexahydroﬁ1ro
[3,2-b]pyridin-4-yl)ethylJamide

Morpholine-4-carboxylic acid  [1-(4-hydroxybenzyl)-2-0x0-2-(3-0x0-hexahydro
furo[3,2-blpyridin-4-yDethylJamide '



|

[ 2- oxo-2-(

15 Benzo[ b] t hi ophene- 2-car boxylic acid

[ 1-cycl opentyl rret hyl - 2- oxo- 2- ( 3- oxo- hexa 18 July 2005
hydrof4ro£v e(rel di n-4-yl)ethyl]am de Furan-2-carboxylic acid
[ 1- benzy! Lﬂ'%zé? t hyl - 2- 0x0- 2- ( 3- oxo0- hexahydro 20 PCT/GB02/00184

Toro[ 3, 2-b] pyridi n-4-yl)ethyl]am de Purgm- 3-carboxylic acid
[ 1- benzyl sul f anyhnet hyl - 2- oxo- 2- ( 3- oxo- hexahydr o

~furo[3,2-b] pyridin-4-yl)ethyl]am de 25 Thi ophene-2-carboxylic acid

[ 1- benzyl sul f anyl met hyl - 2- oxo- 2- ( 3- oxo- hexahydr o

faro[ 3, 2-b] pyridi n-4-yl)ethyl]am de Thi ophene-3-carboxylic acid

[ 1- benzyl suN#[&@Hyﬂtdxybe&yﬁﬂmﬁo—ﬂQSmo—H&@iﬁrﬂwmﬁ ,2-b]pyridin-4-yl)ethyl]-2-

faro[ 3, 2-b] r| d| n- | )et hyl ] am de 30 Mor phol i ne-4-carboxylic acid

[ 1- benzyl s | - 2- ox0- 2- ( 3- oxo- hexahydro faro

[ 3, 2- b] pyri d| n- 4 yl)ethyl] am de 18 July 2005 WD 02/057270 PCT/ GB02/ 00184
-100

o Neef - BerﬁzylHt[l{mﬂmbm&bnm-z-(e&xomxmdﬁifmdmﬂwmﬁuiﬂ@lﬁm]d:'l R R
yl)et hyl ] acet gnide 5
N[ 1- BenzylgtE’P%QﬁW ‘ng 2- 0X0- 2- ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyri di n- 4-

1)

yl) et hyl]-3-phenyl propi onam de Benzo[ b] t hi ophene-2-car boxylic acid
[ 1- benzyl sul f anyhnet hyl - 2- oxo- 2- ( 3- 0x0-
hexahydr of uiNd|-%4-Eiydiqybentiyl)-2oxd-L B rogbimrabydrofi®d]3,2-b]pyridin-4-yl)ethyl]
N[ - Benzylﬁul f [alﬁél met hyl - 2- oxo- 2- ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyri di n-4-yl)
et hyl j benza pht hal ene- 1 -carboxylic acid [I
benzyl siy f anyl net hyl - 2- oxo- 2- ( 3- oxo- hexahydro 15
fu o[ 3, 2-b] pyridin yl ) et.hyl ] am de Furan-2-carboxylic acid
3£mm2MMNym arfid (ofreted-31{@yaxodienahydyd fiiro[3,2-blpyridine-4-

carbonyl) butylJamide

Furan-3-carboxylic acid [3-methyl-1-(3-oxo-hexahydrofuro[3,2-b]pyridine-4-
- 15 carbonyl) butyllamide

Thiophene-2-carboxylic acid [3-methy1—1-(3-oxo-hexahydroﬁlro[3,2~b]pyﬁdine~4-
carbonyl) butyl]amide

20 Th10phene-3-carboxyhc acid [3-methyl-1-(3-0xo-hexahydrofuro[3,2- b]pyndme~4- .
) carbonyl) butyl] amlde

Morpholine-4-carboxylic acid [3-methyl-1-(3-oxo-hexahydrofuro[3,2-b]pyridine-4-
carbonyl) butyljamide

25
N-[3-Methyl-1-(3-oxo-hexahydrofuro[3,2-5]pyridine-4-carbonyl) butyl}-2-phenyl

acetamide

N-[3-Methyl-1-(3-oxo-hexahydrofuro[3,2-b]pyridine-4-carbonyl) butyl]-3-phenyl
30 propionamide

R
ot
@



(p henyl met hanesul f onyl net hyl ) et hyl ] ami de 20 Fur an- 3- car boxylic acid

[ 2- 0x0- 2- ( 3- ox0- hexahydr of uro[ 3, 2-b] pyri di n-4-yl)-17 18 July 2005
(phenyl net hanesul f onyl nmet hyl ) et hyl ] am de Thi ophene- 2-carboxylic acid
[ 2- ox0- 2- (BOGHBSTRWxahydr of ur o[ 3, 2-b] pyri di n-4-yl)-1- PCT/GB02/00184

(phenyl met hanesul f onyhnet hyl ) et hyl | am dg,_ 25 Thi ophene- 3-carboxylic acid
[ 2- ox0- 2- ( 3- ox0- hexahydr of ar o[ 3, 2- b]pyrlgln 4-yl)-1-
(phenylnethanesulfonylnethyl)ethyl]anlde Nbrpholine 4 carboxylic acid

[ 2- oxo0- 2- ( 3-0x0-hex bl pyri dj n-4-yl)

( phenyl net hafor‘llé@u#] ﬁﬂ}#’yﬁ’@ ’tai[ﬁe‘iyﬁ Byl-g-oxq43 yap;hez@tyérofmd@bbmz?o
PCT/ GB02/ 00 }gfdin=49Bethyljamide

N- [ 2- Oxo- 2- ( 3- oxo- hexahydr of uro[ 3, 2-b] pyri di n-4-yl)-1-(phenyl met hanesul f ony
| met hyl)ethyl]-2-phenyl acet am de

LS ethyl ﬁ‘ﬁ‘ﬁf@g-’ﬁﬁémfddﬂoc#@hs’m%s%ﬁﬁ?é?ﬁmwﬁm&%g oy 16 ;g'né

o 2--0x0=25( 3+ i pEMiR] 3, 2-b] pyridin- -
4-yl)-1-(phenyl net hanesul fonyl met hyl ) ethyl] ami de 10
N- [ 2- Oxo- 2- ( 3- oxo--hexahydr of ur o[ 3, 2-b] pyri di n- 4- yI) 1- (phenyl met hanesul f ony

|
L2 oo {586 ﬁﬁ%@zﬁ%@%ﬁl{ﬁﬂ&f@ﬂ?ﬁ%ﬂlﬁeﬁwﬁ A {3oxd Towatydro furo3,2-

1- (phenyl nephnmaisfosmbmhiae ) et hyl ] am de 15 Mor phol i ne-4-carboxylic acid
1- cycl ohexyl net hyl - 2-'ox0- 2- ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyri di n- 4 yl) et hyl
ester

gyE |3 d% Oh%}ﬂphgneq ~“eB0x )%icyam%b%%ﬁ)%ggﬁnt\ﬁyi Bl 9{% hexayh%( od ro[ 3,2-b] )
blpyridin-4-yl)ethyllamide i

Morpholine-4-carboxylic acid [1-cyclohexylmethyl-2-oxo-(3-0x0-hexahydro
furo[3,2-b1pyridin-4-yl)ethylJamide
15 .
N-[1-Cyclohexylmethyl-2-oxo~(3-oxo-hexahydrofuro[3,2-b]pyridin-4-yljethyl]-2-
- phenylacetamide

“N~[1-Cyclohexy1methy1-z-oxo (3-oxo-hexahydroﬁ1ro[3 ,2-b]pyridin-4-ylethy1)-3-
20  phenylpropionamide

N-[1-Cyclobexylmethyl-2-ox0-2-(3-0x0-hexahydrofuro [3,2-b]pyridin-4-yl)ethyl]

~ benzamide

25 .Naphthalene-l-carboxylic acid [1-_cyclohexylmeﬂlyl-z-oxo-z-(3-oxo-hexahydro
furo[3,2-b]pyridin-4-yl)ethyl]amide

Benzo[b]ﬂziqphene»E-carboxyIic acid [1-cyclohexylmethyl-2-0x0-2-(3-0%0-hexa
hydrofuro[3,2-5]pyridin-4-ylethylJamide
30 |
L Furan-2-carboxylic acid [3,3-dimethyl-1-(3-oxo-hexahydrofuro[3,2- b]pyndme~4~
carbony?) butylJamide |



20

4-[3- Cycl ohexyl - 2- (f uran- 2-yl met hanesul phonyl ) propi onyl | hexehysly ebos of 3, 2-
bl pyri di nydy @R Cr']r/%mzfoom

4-[ 3- Cycl ohexyl - 2 (furan- 3- ybnethanesulfanyl)proplonyl]hexa urof 3, 2-b]
pyri di n- 3-one -97-

4-[ 3- Cycl ohexyl - 2- (furan- 3- yInethanesulphonyl)prop|onyl]hexahydrofuro[3 2-
25 b] pyri di n- 3-one

2- Cycl ohexyl nmet hyl - 4- nor phol i n-4-yl -1 - (3- oxo- hexahydr of ur o[ 3, 2- b] pyri di n- 4-
yl ) but ane- 1_4- dlon 18 . July 2005 WO 02/057270_ PCT/ GB02/ 00184 -102
CbnsiderinéhﬁﬁFS i ad §3éﬁﬁﬁﬁh3%1(3meﬁwﬁﬂgﬂﬂﬁm?EH%@BWF@HEﬁ%Iude t he

oxi di sed 13?& pi ng groups that contain a readily oxidised
nitrogen to gl vgfth(te)ﬁ ggl de or a readily oxidised sul phur to give the

- sul phone. The following structures are illustrative exanples; H / ol ~.

SL“ | 2dJ51 R MPW&&?%%%YBP a@ﬂé%f‘ﬁ%ﬂ@}nls@wo\}@gﬁ)ﬁ 0./ [%5_ To t hose ”

fornul ae (|acﬁ@gn)(1j‘$ﬁtymldge readlly synt hesi sed by a nunber of chem cal

strategies,

Thiophene-3-carboxylic acid [3,3-dimethyl-1-(3-0xo-hexahydrofiro[3,2-b]pyridine-
4-carbonyl) butyljamide
10 _
) Morpholine-4-carboxylic acid [3,3~dimethyl-1-(3 -oko-hexahydroﬁ:ro[?:,z-b]pyridine-
4-carbony) butylJamide |

N-[3,3-Dimethyl-1-(3-oxo-hexahydrofuro[3,2-b]pyridine-4-carbonyl) butyl]-2-
15  phenyl acetamide ' '

N-[3,3-Dimethyl-1-(3-0xo-hexahydrofuro[3,2-b]pyridine-4-carbonyl) butyl]-3-
phenyl propionamide
20  Benzo[d]thiophene-2-carboxylic acid [3,3-dimethyl-1-(3-oxo-hexahydrofuro[3,2-
\ blpyridine-4-carbonyl) butyllamide

N-[3,3-Dimethyl-1-(3-oxo-hexahydrofurof3,2-b]pyridine-4-carbonyl) butyl]
benzamide

25 ,
Furan-2-carboxylic acid [1-benzyl-2-0x0-2-(3-0x0-hexahydrofuro[3,2-b]pyridin-4-
yl) ethyl]amide ‘r

Furan-3-carboxylic acid [1-benzyl-2-0x0-2-(3-0xo-hexahydrofuro[3,2-bJpyridin-4-
30 y1) ethyllamide




10 perforned either in solution or on the solid phase (see Atherton, E. and
Sheppard, R C. In "Solid Phase Peptide Synthesis: A Practi¢gliu\epo®ach’,
Oxford Uni\ﬁérﬂ%ﬁt Press, Oxford, U K 1989, for a general review of solid
phase synth&&t %Pi nciples). The solid phase strategy is Ht¥¢BEOMHE |n

bei ng able to generate many thousands aBg- anal ogues, typically on a 5-100ny
scal e, through established parallel synthesis 15 nethodol ogies (e.g. see
(a) Bastos, M; Maeji, N J.; Abeles, R H Proc. Natl. Acad. Sci. USA,

92, 6738-674%; . C tyategy.for th hesihs of conpounds
of gener al ﬁ%lrokg?r?ez f%?&g’ﬁgﬂ{cﬁ ql;)&ggﬂpir ?%oeg):@ 586 P%Xﬂ?@g"%g@“ WO 02/ 057270
PCT/ GB02/ 00 2fyridint®3Déthyl)Bnedear at i on of an appropriately functionalised and

protected bi-cyclic ketone building block in solution. (b) Attachnent of
the building block (a) to the solid phase through a linker that is "stable

of a5 syntipien e SRLIRRCR (el A O ARk e R g

--4855--494% - 49ARthyllamideexanpl es of the “linker' function as applied to soltid -

phase synthesis). (c) Solid phase organic chem stry (see Brown, It. D. J.
Chem Soc., Perkin Trans.1, 19, 3293-3320, 1998), to construct the

i nd d) faypo ' o i nt
Sol uti on. °§%“f§§§iﬁ%“§%’%‘§3’h&oi ERIP M S ERRED. (L AP RIAMABINT, Lge”
i n a synt hepygdiofd-getipdiamide of general fornulae (1) and (11) is the

preparation in solution of a functionalised and protected building block. A
typical schene towards the tetrahydrofuro[3, 2-b]pyrrol-3-one (19) is

detail eggin Nﬁ‘{qL’B‘é‘@yllz_oié.zT@Q)joqﬁéde}gﬁuﬂﬁiQm] cﬁﬂ_&;ﬁ?‘%%i Q%Pg%,éSc heres

1- 13 coul d equal | y" be appl.d ed using alteérnattve sca ner al J
formul ae (| peetareidél ). OPg OPg 0 :
N-[1-Benzyl-2-0x0-2~(3-0x0-hexahydrofuro[3,2-bJpyridin-4-yl)ethyl]-3-phenyl
propionamide
15 | |
Benzo[b]thiophene-2-carboxylic acid [1-benzyl-2-0x0-2-(3-0x0-hexahydrofuro[3,2-
blpyridin-4-yl)ethylJamide
"N-[1-benzyl-2-0x0-2-(3-0x0-hexahydrofurof3,2-b]pyridin-4-yl)ethyl Jbenzamide
20 | | - ‘
Furan-2-carboxylic acid [1-cyclopentylmethyl-2-0xo-(3-0x0-hexahydrofuro[3,2-5] )

pyridin-4-yl)ethyljamide

Furan-3-carboxylic acid [1-cyclopentylmethyl-2-0xo-(3-0x0-hexahydro furo[3,2-
25  bjpyridin-4-yl)ethyl]amide

Thiophene-2-carboxylic acid [1 ~cyclopentylmethyl-2-0xo-(3-0xo-hexahydro
furo[3,2-b]pyridin-4-yl)ethylJamide

30 Thiophene-3-carboxylic acid [1-cyclopentylmethyl-2-0xo-(3-0x0-hexahydro
% ~ furo[3,2-b]pyridin-4-yl)ethylJamide




gt er-at

OH a,b,c -RI N2 d '"NT FnO O FnO O FnO-~ O O, 00(17) (18) (19) 20
Scherme 1. (a) jBuOCOCIJ, NWM DCM -15C, 10mi ns, under argonqg (i} 2005

Di azonet hapg obasyHeet hyl ether, -15C to RT over |hr. (c) g /b&ﬂﬁ(ﬁ)tﬁt (d)
Li C1 (10eq) in 80%q acetic acid, 5C to RT over |hr. %ﬁ eno es the

wel |- known anine protecting group 9-fl u§Penyl nethoxycarbonyl (Froc, see
At herton, E. and Sheppard, It C, 1989) and "Pg' 25 denotes either a free
hydroxyl or._an hydroxyl protecting group such as tert-butyl ether. In the

illustrated m@mmmmﬂm;wztdycmFazpmt;a@oﬁ-@zmﬁﬁe:@& ydtoH. Al t hough
formati on of th&Tgl azoketone .is clearly observed at | hr reaction, an

overal | i np¥ldetrglpyridp-f-yhedyamideel d i s obtai ned by | eavi ng the reaction
with ethereal diazomethane for 24hr. 18 July 2005 WO 02/057270
PCT/ GB02/ 00184 -104 Considering step (a), synthesis may conmence from

sui tably prdkkeCpdopeatylimethydRygoaBoxe-HetahydteliuralB,Qtapiredin-4-yl)ethyl]-2-
] 3- hydrﬁgyptﬁgec&ﬁc acid), which are accessible through a variety of

114, 10181-10189, 1992; (b) Hughes, P. Cardy, J., J. Og. Chem 54. 3260-
3264, 19%9, (c) Heffner, R J., Jouille, M M, Tet. Lett, 30 7021-7024,

1989, (d) BWilrQycladenitimednli2idxe;(3MxoMexatiyeirefunfy et ipyridin-423%8n2B50, 1988.
(e) Kol odzie rshall, G it, Int. J. Pept. Prot. Res., 48,

274- 280, 19§%éﬂY§ff?PIEt}%fH¥e D. A, \Wber, A E, J. Am Chem Soc, 109,
7151-7157, 1987, (g) Langlois, N., 10 Rakot ondradany, ‘F., Tetrahedron, 56,
2437- 2448, 2000, (h) Sugisaki, C. H, et al, Tet. Lett., 39. 3413-3416,

1998, (1§ G’V'e[ékCydIDpeneﬂmﬂl,yl Ienxn-z_éf 0xq-h@;ihyd16ﬁﬂ:e [3, Zmdg%yl)ég@lﬂl C., et
al) Tet Lejt. 33 4001-, L996. Activation of the suitably protected
(3} hydroxyp 17) vi a i sobutyl chloroformate .

Naphthalene-1-carboxylic acid ([l-cyclopentylmethyl-2-0x0-2-(3-0x0-hexahydro
furo[3,2-b]pyridin-4-yl)ethyllamide

15 .
Benzo[b]thiophene-2-carboxylic acid [1-cyclopentylmethyl-2-ox0-2-(3-0x0-hexa
‘hydrofuro[3,2-blpyridin-4-yl)ethyljamide

. ~Furan-2-carboxylic acid [1 -benzylsulfanylmethyl-z-oxd—2~(3 -oxo-hexahydro
20  furo[3,2-blpyridin-4-ylethyllamide

- ) ' Furan-3-carboxylic  acid [1-benzylsulfanylmethyl-2-0x0-2-(3-0xo-hexahydro
furo[3,2-Bpyridin-4-yl)ethyljamide |

25 "Thiophene-2~carboxylic acid [l-benzylsulfanylmethyl-2-0x0-2-(3-0x0-hexahydro
furo[3,2—b]pyridin—4-yl)eﬂ1yl]amide

Thiophene-3-carboxylic acid [l-benzylsulfanylmethyl-2-oxo-2-(3-0xo-hexahydro
furo[3,2-blpyridin-4-yl)ethyl]amide
30
Y Morpholine-4-carboxylic acid [1-benzylsulfanylmethyl-2-o0xo0-2-(3-0x0-hexahydro
furo[3,2-b]pyridin-4-yl)ethyljamide

(a) ‘Heffner, R-J., et at, J. Am Chem 5 Soc.



15 m xed anhydride, followed by condensation wth di azonet hane, yields the
di azonet hyl ketone internedi ates (18). Treatnent of di azonet{whlebosse

i nt er nedi S%es &1%) with lithiumchloride in aqueous acetic acid provides
the prote S¥¥Pr ahydr of uro[ 3, 2-b] pyrrol - 3-one (19). | ntRCIYeRA2{08184of
sinple R substituents may be achievedghy condensation of activated (17)
with alternatives to di azonmet hane such 20 as di azoethane (Rl= CH3), or

1- phenyl oxydi azoet hane (Rl = CH2OPh). The protected buil di ng bl ocks
(synthesis exenplified by the tetrahydrofuro[3,2-b]- pyrrol-3-one (19))
detailed in Schenme | may be utilised in a solid phase synthesis of

i nhi bi t or niyH¢BenegsiSishsectbb)2-bRo-043 oxo-Beihydfind[ e-Apyridh-phase | i nkage
of an al deh ?e@éS or ketone,_ has previously been described by a variety of
met hods (eé)l.e E2mbenylaestamide) . W, 1999, (b) Lee, A, Huang, L., Elinan,
J. A, J. Am Chem Soc, 121(43) 9907- 9914, 1999, (c) Mirphy, A M, et
at, J. Am Chem Soc, 114, 3156-3157, 1992). A suitable nethod anenable to
~the reve§si Me-Benakagifargimethyll-kyd-24(Bopohekaiyaid fardd Disjpyrstieh as (19) is o
t hrough a Cglgéodlﬂf ion of the previously described chemstries. The 30

sem car bazi 4 “&[P%Wﬂpwm‘?‘bonyl ) am no] net hyl ] cycl ohexane carboxylic |
acid. trifluoroacetate (20) (Murphy, A M, et al, J. Am Chem Soc, 114,
3156- 3157, 18 July 2005 WD 02/057270 PCT/ GB02/ 00184 -105 1992), may be

utilised asBedzo[MthicptedeRreaBimixghie 2acid@x e[ﬂpbéﬂzjyﬁdlf&yyﬁﬂeggﬁg%x@&-'\fjbﬁo-
R FnB( 4 NN N~

tetrahydrofurof 3, 2- bl pyrrol-3-one (19). .0 (a) | , . ( COOH
FrD o O o %ﬁ@#y"(r%‘lfgj?(@?m%ﬂﬂ-ﬁﬂﬁ(ihﬁwﬁq
10 : ,
N—[l-Benzylsulfanyhﬁethyl-z—oxo-z-(?a-oxo-hexahydroﬁ]ro[S,2-b]pyﬁdin—4~y1) “)

ethylibenzamide

Naphthalene-1-carboxylic acid [1-benzylsulfanylmethyi-2-ox0-2-(3-0xo-hexahydro
15 furo[3,2-b]pyridin-4-yl)ethyljamide

Furan-2-carboxylic  acid  [2-0x0-2-(3-oxo-hexahydrofuro[3,2-b]pyridin-4-y1)-1-
(phenylmethanesulfonylmethyl)ethyljamide

20  Furan-3-carboxylic  acid [2-0x0-2-(3-0x0-hexahydrofuro[3,2-b]pyridin-4-y1)-1-
(phenylmethanesulfonylmethyl)ethylJamide '

Thiophene-2-carboxylic acid {2-0x0-2-(3-0xo-hexahydrofuro[3,2-8]pyridin-4-y1)-1-

(phenylmethanesulfonylmethyl)ethylJamide o
25

Thiophene-3-carboxylic acid __[2-0xo-2'-(3-oxo—hexahydrofuro[B,2—b]pyridin—4-y1)-1-

(phenylmethanesulfonylmethyi)ethyl]amide

Morpholine-4-carboxylic acid [2-0x0-2-(3-0x0-hexahydrofuro[3,2-b]pyridin-4-yl)-1-
30  (phenylmethanesulfonylmethyl)ethyllamide



UViwXy/ 00OO0,I"..: HSCOLID PHASE '., General formula (I) (22) 5
"*Schenme 2. (a) (19) in 90% EtOH | H20 / 1.5eq NaOAc / ~ 18 July 2005

4-[[ (hydrgzy onyl )am no] net hyl | - cycl ohexane car boxyl i

acid.trif uodrlg)%?g{?ate (20), 2hr reflux. (b) 3eq construct P(:%i(fm/mgléﬁ HBTU /
3eq HOBt / 6eq NVWM NH2-SOLI D PHASE, D& RT, oln. (c) 20% pi peridine /
DMF, 30mns. (d) Range of chem stries to introduce U-V-WX-Y (e) TFA | H20
(95:5, v/v), RT, 2hr 10 Construct (21) is prepared through reaction of the
l'i nker nol enqt@:&lels-amihémydtbﬁ%[@twg{wﬁa{u%gl)a-gh%nm@mfeﬂﬁsnﬁl9) by
reflux in aqueous ethanol / sodi um acetate. tandard solid phase

t echni ques PethyDetbdd-2mbayleestamie and Sheppard, It. C., 1989) are used to
anchor the construct to an am no-functionalised solid phase through the
free 15 carboxylic acid functionality of (21), providing the |oaded
construct (E32-Odop(Rexs-BOEhydefuré[22-sRvidiesBactdenytrethagesfdgylr ange of

carboxylic acids available comercially or inthe literature, to introduce

~the I ef - hahethphethyld3-phonylprepjenymide, - general formula (1). In the sinplest -

exanple, the entire left hand portion of an 20 inhibitor of general fornula
- (1) conprises a capped am noacid (Schene 3), providing for exanple

anal ogues dBerge[idthidphbos-Pehdokiilic wha e-dRioR-3-okb-he d‘roﬁiﬁ)% Eplpktidid- n

1, (V)m=' CO landU=aryl 18 July 2005 WD 02/057270 PCT/ GB 2100184 -106 O
t ORa N d—%ﬂ- @}xlmeﬁlﬁpesykfyw{@@;hﬂ)@@yl]mdq N, ,,,\ CONH SOLID PHASE HO
RLFnD OO0 "'.... (22) (23) Ceneral formula (1) where

) 10 N-[2-Oxo0-2-(3-oxo-hexahydrofuro[3,2-5]pyridin-4-yl)-1-(phenylmethanesulfonyl
» methyl)ethyl]benzamide

Naphthalene-1-carboxylic acid [2-0xo0-2-(3-0xo-hexahydrofuro[3,2-b]pyridin-4-yl)-
1-(phenylmethanesulfonylmethyl)ethyl]amide

15
Morpholine-4~catboxylic acid 1-cyclohexylmethyl-2-ox0-2-(3~-0x0-
hexahydrofuro{3,2-blpyridin-4-yl)ethyl] ester
4-[3-Cyclohexyl-2-(furan-2-ylmethanesul fanyl)propionyl thexahydrofuro[3,2-b]
“pyridin-3-one | ' | '

_ 20 4-[3-Cyclohexyl-2-(furan-2-ylmethanesulphonyl)propionylJhexahydrofuro[3,2-
) blpyridin-3-one

4-[3-Cyclohexyl-2-(furan-3-ylmethanesulfanyl)propionyl Jhexahydrofirro[3,2-b]
pjfridin-S-one '

4~[3-Cyclohexyl-2—(ﬁ1ran—3,-ylr__nethanes’ulphonyl)propionyl]hexahydrofuro[3 ,2-
25  blpyridin-3-one |

2-Cyclohexylmethyl-4-morpholin-4-yl-1-(3-oxo-hexahydrofuro[3,2-blpyridin-4-
yDbutane-1,4-dione




R2="H (X). (Wn="Nd ,n=l '.. (V)n= "CO, n¥l1 U =phenyl Z =0, Schene 3.
(a) 20% pi peridine / DWF, 30m ns (b) 20eq Fnoc-am noacid / fDaqy ) / 20eq
HOBt / 4Q0eq NMM DM, o/n (c) 5eq carboxylic acid | Seq HBTU / 5eq HOBt /
| 0eq NWM EREZOFE70 o/n  (d) TFA / H20 (95:5, v/v), RT, 2hrPCEGB02/00184

Al ternatively, carboxylic acids can be_pgepared in solution by traditional
organic chem stry nethods and coupled to construct (22) on the solid phase

- (Schemes 4-8). For exanple  (Schenme 4), treatnent in solution of an am no

-
g

acid, exenplafiad.: 1 i itrite. [ H2S04. provjides.ih

a- hydr oxyacidé)fDb Iggne%fﬂlﬂ% ?)é%e %3‘%2%%31#%;&1% t?gst@klflt?.ﬁe‘igo éﬁ“ﬁu .'!‘h&t‘?éﬁflsegoc,
Per ki n Tr ansmalbigues bf bdppid® g2ups T abimii a fhadidy bRidiked ygal 16 giveBy NV t h
sodi um hydride in a di ne%%l formam de / dichl oronet hane " m xture foll owed

by additi on ¥3e9&#Z5adily osisdised sulpher oy thrsrlpkeney Th follpwing structures are

cycl ohexyl prppipm j .26) . Coupling of (26) to the solid phase
construct (legi&ﬁ?ilggfgﬁv%[g y cl eavage, provides (27), an exanple of general

R17, RI% ="H, m= 1 and U = 15 phenyl. To those skilled in the practices
of organic synthesis, a wjde variety of am noacids sjuch as (24) may be
converted to the correspont 3 o Ol lowing the
general conditions ddtai rye  be repl aced
by any reasonabl \ T

carboxylic acid ed. In certain
i nst ances, i.t™20™f® i ¥ the carboxylic
acid as the°nﬂthy| ester (for exanple conpo%nd (32), Schenme 6) prior to
reaction with the al kyl hal.i de.,, The ester internmediate. ist*then sinply
hydrol ysed to acid (26). Anallgues of (27), exploring i
and U in general fornula ybe prepared through
e final syntheti% sgep

: ] . °\]
\ i

=

To those skilled in the practices of organic chemistry, compounds of general
| forrmlae () and () may be readily synthesised by a number of chefnical sh-ategieé, ‘
10 performed either in solution or on the solid phase (see Atherton, E. and Sheppard, R. J
C. In “Solid Phase Peptide Synthesis: A Practical Approach’, Oxford University
Press, Oxford, UK. 1989, for a general review of solid phase synthesis principles).
‘The solid phase sfrategy is attractive in being able to generate many thousands of
analogues, typically on a 5-100mg scale, through established parallel synthesis
15 methodologies (e.g. see (a) Baétos, M.; Maeji, N. I.; Abeles, R. H. Proc. Natl. Acad.
Sci. USA, 92, 6738-6742, 1995). |
‘Therefore, one strategy for the synthesis of compounds of general formulae (I) and
. (1) comprises:- |
20



25 trifluoroacetic acid (TFA) nedi ated cl eavage of the solid phase bound
conmpound, 18 July 2005 WO 02/057270 PCT/ GB02/00184 -107 angl@guess wher e
the substwigig@d72pher is labile to TFA may be prepared ing %{dﬁoh/@ﬁ‘ls y an
alternative route (see Schenme 11). 0 H H N-NyN, ,., & NCON I'D PHASE O
FMD ~/ N O~ (22) OOR (27) Geoem-P3rnuia 00 where j H2N J OH HO H.
ONJ (nbo (24) (V).'CHa, Le. R~ Rye ==H, mrl (25) (26) U =Phenyl Z=0'
5 Schenme 4. (a)NaNOQ2 / H2S04, O0C-)RT, 2hr (b) 2.3eq NaH, 1:1 DW / DCM

1. 4eq benzylaprivepadation of rf cdppRPiatelyp durictibnalistd RiWE, pratioted shi-dydiic keege (26) /
| 0Oeq HBTU / lg’eg %tl [, .20eq..NM\M DMF, RT, o/n (e) TFA/ H20 (95:5, v/v),
RT, 2hr. AlterHafBgRlockipsaltiong of construct (22) (fol | owing removal of
Froc) with i ' 1 ' il £1: [ ase
bound | nt eroobay e WCBRIARRE 6 (o) B B SR akClatal) €10 dtlVRC
react ed with rstabje todhe emditiorSmf synthes, dyut réadilp labilgdo oleyvage anthbend efiat ed

under Mg sunobu conditi aqns ughes, D. L. . React. (N,.19 42, 335-656,
1092) 4 gi ve ERIBENS (s(epf}ngmsﬁ:%ﬁ E’gﬁ'c%eéronogi%eﬁa@‘gﬁ%{%?&,_4855-.4946, 1999, 770"

for examples of the ‘linker’ function as applied to solid phase synthesis).
(c) Solid .i)hase organic chemistry (sée Brown, R. D. J. Chem. Soc., Perkin Trans.1,
19, 3293-3320, 1998), to construct the remainder of the molecule.
(d) Compouﬁd cleavage from the solid phase info solution.
10 (¢) Cleavage work-up and compound analysis.
The first stage in a synthesis of compoﬁnds of general formulae (I) and (II) is the
preparation in solution of a functionalised and protecied building block. A typicél
scheme towards the tetrahydrofuro[3,2-b]pyrrol-3-one (19) is detailed in Scheme 1.
15 The following descriptions detailed in Schemes 1-13 could equally be applied using
alternative scaffolds of general formulae (I) and (1), -

OPg OP
_ g | 0
) ' be R
i OH i—:.- N Y Nz __d_;._ g‘e_‘
FmO n FmO 4 Fmo— O
o] 0 S o)

) {17) : (18) {19}

20 Scheme 1. (2) ‘BuOCOCI, NMM, DCM, -15°C, 10mins, under argon. (b) Diazomethane in diethyl
ether, -15°C to RT over lhr. (c) Acetic acid {d) LiCl (10eq) in 80%aq acetic acid, 5°C to RT over 1hr.

FmOC(O) denotes the well known amine protecting group 9-fluorenyl
: methoxycarbonyl (Fmoc, see Atherton, E. and Sheppard, R. C., 1989) and ‘Pg’
25  denotes either a free hydrokyl or an hydroxyl protecting group such as ters-butyl
ether. In the illustrated case, condensation with diazomethane provides R! = H.
Although formation of the diazoketone is clearly observed at 1hr reaction, an overall
improvement in isolated yield is obtained by leaving the reaction with ethereal
diazomethane for 24hr. |



formula (1)) (see Grabowska, U et al, T. Comb. Chem, 2(5), 475-490, 2000,

for an 15 exanpl e of M tsunobu reaction on the solid phase)18_/,\|,;9§()@§t|vel Y,
the (x-hy bereacted V\nthacarbam)yl chloride to give a

car bamat e%ﬁ%%l’“?ﬂw , V= "NHC(O', in general for mﬁcg/%@z;qom

Al ternatively, (Schene 5) t reat ment |n1oaiol ution of an am no acid,
exenplified by 20 (24) with sodiumnitrite / H2SO4 / potassi um brom de
provi des the a-bronoacid, exenplified by (28) (Souers, A J. et al,

Synt hesis, 4, 583-585, 1999) with retention of configuration. Treatnent of
a-brompacid (28) with an aikylthiol exenplified by 4-

tent - but yl plGenyidemidhanes hap! stddis Mndi reRidadne" wom %tébwrpﬁ&éwédarp-ne
provides 18 July 2005 WO 02/057270 PCT/ GB02/00184 -108

2 ]_:L (4- tfent bﬁ@%@ﬁbﬁfﬁhc? §|117)f®n3plr9teated@t-h}3quﬁ(}{pmeodnda: aeid), dwligh) )are md‘,dssﬂ;lg;/er si on
0 cont i gut.a u to the s Onstruct

fol | owed gy“@?@h@a ‘&ﬁ%‘g?‘ﬂ% 0ds £rg. éi)a%ﬁff@ p?‘j e PhIV. SR (1)
wher e -R18-=Sokl, ;114><1018f-1m/99 f99z,§(3 %& P.((vad & --t—{mssa:g@ %eg, 5313%@18-: :

‘"H, m=1and U= 4-te7 7- e enyl’. ed h
practices of2ef,J80c (e \HaffinesikRs,J. alowll&eMd‘rIl,eW Gt 307170060004, H80D(ds (24)

the gonr ol S Y1 ‘{"Oggﬁ@%‘f B Aty fnalh o aeasli Bebige Kolddaen S f’l“oﬂgg
24 8
(30) - hddi t cgntl ?0?‘22?‘“‘b‘ﬁ%?éﬁ”?‘ﬁ’iH%?ﬁa%'é?%?%ﬁ%g?ﬁt%%?fég?ﬁﬁeﬁ

by any 10 r &ebshabh ArJCRiffl Sopr GORAITAGL-TREN, V287, ag) dumghis, cbIr,boxyI i c

(51) uiy o koG, SENGhRof O B3 Pab chillon K8 e, B Mg
prepared thfendlrs, 13, 9¢IBE‘3¢1|6 lmlﬁt(&&ag debpid g8 imuSYrenes B, 19963%)"‘ H )

(o), (d), (e) -N~N\ CONH- SOLI D P
Agami, C,, et al, Tet. Lett,, 37, 4001~, 1996.

Activation of the suitably protected B-hydroxyproline (17) via isobutyl chloroformate
15 mixed anhydride, followed by condensation with diazomethane, yields the
diazomethylketone intermediates (18). Treatment of diazomethylketone
intermediates (18) with lithium chloride in aqueous acetic acid provides the protected
tetrahydrofuro{3,2-5]pyrrol-3-one (19). Introduction of simple R! substituents may
“be achieved by condensation of activated (17) with alternatives to diazomethane such

20  as diazoethane (R! = CHy), or 1-phenyloxydiazoethane (R* = CH,OPh).

The protected building blocks (synthesis exemplified by the tetrahydrofuro[3,2-5}-
pyrrol-3-one (19)) detailed in Scheme 1 may be utilised in a solid phase éynthesis of
 inhibitor molecules (steps (b) to (e)). Step (b), the solid phase linkage of an aldehyde

25 or ketone, has previously been described by a variety of methods (e.g. see (a) James,
I W, 1999, (b) Lee, A., Huang, L., EI]inan, L A, J Am. Chem. Soc, 121(43), 9907~
9914, 1999, (c) Murphy, A. M., et a/, J. Am. Chem. Soc, 114, 3156-3157, 1992). A
suitable method amenable to the reversible linkage of an alky! ketone functionality

such as (19) is through a combination of the previously described chemistries. The

30  semicarbazide, 4—[[(hydrazinocarbonyl}amino]methyl]cyclohexane carboxylic acid.
-x trifluoroacetate (20) (Murphy, A. M., ef al, J. Am. Chem. Soc, 114, 3156-3157,



FmD~O0 S N (22) Ol \ R~ (31) Ceneal formula (1) where - ' ( (b) Ru=Tr NOH
BrT~-OH OH (~, } (24) (28) (30) (M="CHi, i.e. R?, R'= U 18wy 26b5
=4-tert-buvgplopbenw Z =V 15 Schenme 5. (a)NaNO2 / 112504, %& 84 2hr
(b) Alkyltbiol (29) / DM/ NEy, o/n (c 20% pi peridine / Omns. (d)
10eq (30) / 10eq HBTU / 10eq HOBt / 20 S\NMM - DMF, RT, ol n (e) TFA [ HO
(95:5, v/v), RT, 2br. Alternatively, coupling of construct (22) (follow ng
renoval of Fnoc) with an a- 20 bronpacid e.g. (28), provides a versatile

i nt er medi at 4992, syl itiliredtasi iltugfented &l Schianert)| axduplifiddapy Makagecof gact ed.

with many r S , the a-bromde can be displaced wth
nucI eoph| I eg%%%ﬁémg}reﬁr?o%yﬁg' 8¢ (I%ar bani ons etc, to give ethers (i.e. X
= "= X in general formula (1)), thloethers(i.e. X="=, W:‘S',

in general 18 July 2005 WD 02/057270 PCT/ GB02/00154 -109 formula (1)).

The thi oet hers may optionally be oxi d| to the sul phone (see Schenme 9,
i.e. X W= "'8sm eneral(a)‘orrmla S8 Grabowska U et al, J.
anl\ax

~Copb. - Chem ;- 2( A 7R 490, 20730 Hﬁr@ i, de di-spl acenent
and t hi oet herpm id ion on the soI | d hase) ~Af natlvely, (Schene 6)
treatment of an a-hydroxyacid, exenplified by ©(25) with

trimethyl silylchlgsg de and net hanol provi des (e nethyl ester (32).
Activation of the free hydroxyl to the chldroformate with phosgene in

di chl oronet hane fol |l owed by D](b)

) : . @), (@) (I(
. H
FmC”&l N\“ O“Em—soun PHASE

. U\V/W\fo 0

22
General formula (1) @2)

‘Schieme 2. (2) (19) in 90% EtOH/ Hy0/ 1.5eq NaOAc / 4-[[{bydrazinocarbonyi)aminojmethyl}-
cyclohexane carboxylic acid trifluoroacetate (20}, 2hr reflux. (b) 3eq construct (21) / 3eq HBTU / 3eq
HOBt/ 6eq NMM, NH,-SOLID PHASE, DMF, RT, ofn. {c) 20% piperidine / DMF, 30mius. (d)
_ Range of chemistries to introduce U-V-W-X-Y (e) TFA / H,0 (95:5, viv), RT, 2hr
10 - : _ |
Construct (21) is prepared through reaction of the linker molecule (20) and the
_ tetrahydrofuro[3,2-b]pyrrol-3-one (19) by reflux in aqueous ethanol / sodivm acetate.
) Standard solid phase techniques (e.g. see Athetton, E. and Sheppard, R. C., 1989) are
used to anchor the construct to an amino-functionalised solid phase through the free
15 carboxylic acid functionality of (21), providing the loaded construct 22).

Loaded construct (22) may be reacted with a wide range of carboxylic acids available

commercially or in the ﬁteratu;e, to infroduce the left-hand portion “U-V-W-X-Y? in

~ general formula (I). In the simplest example, the entire left hand portion of an

20 inhibitor of general formula (1) comprises a capped aminoacid (Scheme 3), providing

. for example analogues of general formula (I) where R™ = ‘H’, (X), = -*, (W) =
N ‘NE’,R'=H’,n=1, (V) ="“CO%, m=1 and U = ary]




addi ti on of norpholine,-then hydrol ysis, provides norpholine-4-carboxylic
acid-1S 10 carboxy-2-cycl ohexyl ethyl ester (33). Coupling tgjmﬁﬁboﬂ(a t he
"solid pha struct (22) followed by cleavage, provides exanple
of generaﬁﬁ?ﬁyﬁﬁfg (1) where RI2 = "H, (XYm(Vonh = "0, & %_’@$ﬁ1-

and U = norpholino. To those skilled {106t he practices of organlc
synthesis, a wide variety of a-hydroxyacid esters such as (32) could be
converted to the activated chloroformate foll owing the general 15
conditions detal Addi tionally, norpholine nay be replaced bysa

. ny.«
reasonabl e a dvi di ng many variations of carboxylic a |d (3
foll owi ng the weney ah gondi/thons detail ed. EHyseanal 09

exploring a w de ré&m o PREHZOUPPHARR ner-al—-oreal

prepar ed thF‘BQJg ot he deneral—<onditions detailed in Sch 6 20 o
FmO- N-NPN x"' 11\ ( }5CONHSOLI D PHASE ---~ A~ OO0 N N (22) Ioj 0(2%4)
General formula (1) where ~ Rix = K ' HV\DO ove %" H HW

(~me'CO ;nel (25) (32) (33) U =norpholino Z =0 a. &hen‘fé”%”“”(‘“éﬁ" R?BSSlO
MeOH, PT, o/n.. (b) i. COC12 I DCM/ o/n, ii. I\/brphollne/ b(:l\?lfoc 2hr,
1ii.1. 104 in H20 A dioxan, 0C. (c) 20% pi peridine / DWVF, 30Mfis. (d) IOeq
(33) / 10eq HBTU / |0eq HOBt 120eq NMM DNF, RT, o/n (e) Tﬁ’Qr/NHHfé)(%

v/iv), RT,. 2hr. 18 July 2005 W —h-co; -
= pheny

|ol
Scheme 3. (a) 20% piperidine / DMF, 30mins (b) 20eq Fmoc-aminoacid / 20eq I-IB'I‘UI 20eq HOBt/

40eq NMM, DMF, o/ (¢} Seq carboxylic acid / 5eq HBTU / Seq HOBt/ 10eg NMM, DMF, KT, o/n
(d) TFA / H;0 (95:5, v/v),RT, 2hr. . )

5  Alternatively, carboxylic acids can be prepared in solution by traditional organic
chemistry methods and coupled to construct (22) on the solid phase {Schemes 4-8).
For example (Scheme 4), freatment in solution of an amino acid, exemplified by (24)
with sodium nitrite / HyS8O4, provides the a-hydroxyacid, exemplified by (25)
(Degerbeck, F. et al, J. Chem. Soc, Perkin Trans. 1, 11-14, 1993). Treatment of o~
10 hydroxyacid, (25) with sodium hydride in a dimethylformamide / dichloromethane
- _mixture followed by addition of benzyl bromide, provides 2RS-benzyloxy-3-
cyclohexylpropionic acid (26). Coupling of (26) to the solid phase construct (22)
followed by cleavage, provides (27), an example of general formula (I) where R =

H, (Xo=, (W)=0",n=1,(V)n= ‘CHy’, ie. RURB =N’ m=1and U= )
15 phenyl. To those skilled in the practices of organic synthesis, a wide variety of
aminozacids such as (24) may be converted to the corresponding o-hydroxyacid such
- as (25) following the general conditions detailed. Additionally, benzylbfomjde may
be replaced by any reasonable Ar-CR'7R™-halide, providing many variations of
carboxylic acid (26) following the general conditions detailed. In certain instances, it
20 may be advantageous to temporarily protect the carboxylic acid as the methyl ester
(for example compound (32), Scheme 6) prior to reaction with the alkylhalide. The
ester intermediate. is then simply hydrolysed to acid (26). Analogues of (27),
- s exploring a wide range of (V), and U in general formula (I) may be prepared through
the general conditions detailed in Scheme 4. Since the final synthetic step involves a
25  trifluoroacetic acid (TFA) mediated cleavage of the solid phase bound compound,




WO 02/ 057270 PCT/ GB02/ 00154 -110 Alternatively, (Schene 7), a w de range
of al kyl succi nate esters exenplified by 2R cycl ohexyl met hyi&idpRddE aci d
1- net hyl ) are conmercially available or readil by
known netﬁ?d‘%m(sgzgg (a) Azamet al, J. Chern. Soc. Perkin ro;l{%(gﬂﬁ@ﬁ% 621-,
1996; (b) Evans et al, J. Chem Soc. Perl7m Trans. 1, 103, 2127, 1981: (c)
O kawa et al, Tet. Lett, 37, 6169, 1996). Carboxyl activation of

al kyl succi nate ester (35) followed by addition of norpholine in

di net hyl f or mmgdes ahche ShOSHILRIT tisdr &4 1abily t OFAShs bl rg;Ydr&Pﬁl solution by
2R-cycl ohex | met hy] - 4- nor phal i n-4-yl - 4- oxo- butyric aci . Coupf’,l ng of
(36) to the @FW é%‘geé“é’ﬁ&hwl{)ﬂ) fol lowed by cleavage, provides 10
(37), an exanpl e of general formula (1) where RI2 = "H, (X) = CH2 i.e.
R14, R15 = ‘H', o=1, (W. ="CO, n=1, (Vm="-" and U = norpholino.
To those ski |n the practices of organic synthesis, a w de.variety of
all cyl succiers such as (35) nmay be prepared and conv to the
~-correspondi stpst i tut eds/ahkyl succi-nat e acidlw,guch-as (36) fog |

general condit i dhdgelaitie B SOUREIASY, —morphdki ne may 15 e ep aced by

any reascfifbl & ani-nd, providing many variations of capbq < (36)
fol |l ow ng the gengf)al condi tions detailed. Thus anal g *A* ( 7) eypl okl ng
a wde range of (X), (V)mand U in general fornula (Fy may be® pr epar ed
t hrough the general conditions detailed in Schenme 7. 20 0 r YH (c),
(d), (e) O K.aa CONHSSLID PHASE FnD- W (22) 03 00 ($9  Geen
formula (1) re 40Mp H H(a), b N ()o OH —Genmm‘ila@whm
Rla,R 5--H 0 =_@ RP=H
) HN o HO (j/ o oH G0, =**
o~ L _ (W)="0",n=1

V)u=CHy, ie. RV, RE=H' m=1

@ (26) U =phenyl
Z =0

5 Scheme 4. (a)NaNO;, / H,SO,, 0°C>RT, 2hr (b) 2.3¢q Naki, 1:1 DMF / DCM, 1.4¢q benzylbromide,
o/n.(c} 20% piperidine / DMF, 30mins. (d) 10eq (26) / 10eq HBTU / 10eq HOBt / 20eq NMM, DMF,
RT, o/n {€) TFA /H,0 (95:5, v/v), RT, 2hr.,

| Alternatively, coupling of construct (22) (following removal of Fmoc) with the o-
10 hydroxyacid (25), provides a versatile solid phase bound intermediate “Y”? substituent
in general formula ([) that may be reacted with many reagents. For example, the a-
N hydroxyl can be reacted under Mitsunobu conditions (Hughes, D. L. O;;é.
) React.(N.Y), 42, 335-656, 1992) to give ethers (ie. X = -°, W = 0", in general
o formula (1)) (see Grabowska, U. et al, J. Comb. Chem., 2(5), 475-490, 2000, for an
15 | example of Mitsunobu reaction on the solid phase). Alternatively, the a-hydroxyl can
be reacted with a carbamoyl chloride to g1ve a carbamate (ie. X = -, W= ‘0’ V=
“NHC(OY’, in general formula D). '

Altematively, (Scheme 5), treatment in solution of an amino acid, exemplified by

20  (24) with sodium nitrite / H,SO4 / potassium bromide provides the a-bromoacid,
exemplified by (28) (Souers, A. J. et al, Synthesis, 4, 583-585, 1999) with retention

5 of configuration. Treatment of o-bromoacid (28) with an alkylthiol exemplified by 4~
tert-butylphenylmethanethiol (29) in dimethylformamide / triethylamine, provides



O (35) (36) U=morpholino ',. 18 July 2005 WD 02/057270 PCT/ GB02/ 00184
-111 Scheme 7. (a) LEDC / 1-hydroxybenzotriazole /DW, 0C, #®mipo00s 1 -

Mor pholine, RT, o/n (b) LiOH in H20/ dioxan, 0C (c) 20% pi peridine /

30m ns. (!}50@_2(?513@127()36) / 10eq HBTU / 10eq HOBt / 20eq NVMVPCDEB02/I840/ n (e)
TFA [ H20 (95:5, v/iv), RT, 2hr. 5 Alterggtively, (Scheme 8), a w de range
of biaryl al kyl acetic acids, exenplifi edl

2RS- bi phenyl - 3- Y1- 4- net hYl Pent anoi c acid (39) are readily avail abl e by

known neth t L. .et, al em Soc, 120,
9114- 9115, Qggzgﬁafﬁg&ﬁ?@%?ﬂ 1“9@%@4@2@8) ersiog 6‘%

bi aryl al kyl | | h | {pwed by
cl eavage, p?%%gggast@(ﬁhét)&%g%g tgga(gb o S‘% 1%)hge ?%irﬁ f‘(ﬁz)( %@0\%& 9R12 =
“H ., (X) e (Vipavage, pravides ﬁlmanb@xph@iwofgeﬁoral tﬁnmnﬂfs(l) whem RIF + &, |(Bacti ces of
organi c synt he wi_de v ety, Kyl acetic aci such as (39
mag be prgpare y a k)ﬂ atli m‘ﬁf:yt (}( Z}?‘l %1 X h’é“r’rle dg I d W&’rogl(Je 2)f

---------- (38), W chbitgiphuiy). T6 tiseRRilIed i hePddtiths SPHj%lainBQyﬁﬁemé)B SHRAt b&ﬁ&ggf acid

and 3-bronophenyl acetic acid nethyl ‘ester. Phenyl boronic¢ acid 15
repl aced byaminggeids suchgs (24) ms@bd)mwmt@i fadhelsorrespd:ﬂdm@m-ﬂmbmoaz:nimichmg,

Condi 1 ons. CASATTERE P assa comtbe fepinh AdBiomlig R Rt digs o
Qondl ti ons. Jouer SO ST BidmoftRy abfloRHREF aid RAMBRRE GARERE! |\,
N "\ \ &CONHSEOD Adiigenallyy (&ret-butylphenyirapthanethiol (29) may be replaced by any
10 reasonable AI-CR”R.R-SH, providing many variations of carboxylic acid (30)
following the general conditions detailed. Thus analogues of (31) exploring a wide
| range of (V)n, and U in general formula (I} may be prepared through the general
conditions detailed in Scheme 5.

1

e\ w o ow, O D@
' /k NN & CONH-SOUID PHASE —————» . .
FmO o] T . \
O &
. @) >(©/\ | )
ﬁ (1)
)\ /|\ Genmalformma(l)whcre
H .(i); g R=m
N“@) (x) = .
k ! (W),='8,0=1 J
' e fe R RIB o e
(24) (28 30) (Vin="CHy\ ie. R, R ='H, m=1

U =d-tert-butylphenyl
Z =

15  Scheme 5. ()NaNO, / H;80,, KBr (°C->RT, 2hr (b) Alkylthiol (29) / DMF / NEt,, ofn {c) 20%
piperidine / DMF, 30mins. (d) 10eq (30) / 10eq HBTU / 10eq HOBt/ 20eq NMM, DMF, RT, ofn (c)
TFA/H;0 (95:5, vv), RT, 2hr.

Alternatively, coupling of construct (22) (following removal of Fmoc) with an o~

20  bromoacid e.g. (28), provides a versatile intermediate ‘Y’ substituent in general

5 formula (I} that may be reacted with many reagents. For example, the o-bromide can
be displaced with nucleophiles e.g. alcohols, thiols, carbanions etc, to give ethers (i.e.

=%, W= ‘0, in general formula (1)), thioethers (f.e. X = *-*, W = “S’, in general




(40) General fornula (1) V\/nere /1 Owve (a) (b) HR12~ ~~0i 0 (w)_ 8)
(39) U =mbiphenyl 20z =0, Schene S. (a) LiOHin HO/ di®xap206C (b)
LLDA, THEwoZiR ?{JMI propenyl bromde. ii. Pd/C, EtOH H2 (%TWBB%EH di ne
/[ DMF, 30m ns. ) 10eq (39) / 10eq HBTU / 10eq HOBt / 20é , RT,
o/n (e) TFA/ H20 (95:5, v/v) RT, 2hr.-108-July 2005 WD 02/057270

PCT/ GB02/ 00184 -112 Many ot her possi bilities for solid phase organic
chem stry (e.g. see Brown, R D. J. Chem Soc., Perkin Trans.1l, 19,

3293-3320, £R298la (t»rmme&m ﬁgy bﬁﬁ&ﬁmy%%dlﬁdhbltﬁahﬂmb(%rschanased to
derivati se construct t owar ds conpounds of gener al forrrulaéwz (and

sinmilarly, $Hreodgh th ap%f?z)pm@p@tal Bamute @B@e@ékab@vsl@oﬁpmkdé

. | f U\ W
Seneral  ovteta oy 475N, 8.18; B choffplsrer iR ARl sl e o
- construct (@djativachn theisdiiiephas®di fied on the solid phase. For exanple

(Schene 9), a sinple extension of Scherre 5 is through the oxidation of the
—int-ermed-ate sol i'd phase bound species, - wth mchloroperbenzoic-acid-in-

0 chl o el R4kl 1R8I B ol pig) it By LS 4
cycl ohexy! - @indhyibictloriddid bl oviddy BieHyE eaed @af Hotivatio @BE (42)

|s prepared, an_exanple of general "fornula (1) "where = (XT% Mn =

‘s, n = free hxdraxyd to dhp chlorofermate wittrplposgenein, dlnhlﬂro_m@mlelfoﬂﬂ\ze& by any! .

As describ ri.alions. of carboxyld ¢ .ac ) ybe
pr epar ed 15&?10%210% H’?‘ﬁe ge er%’f(ﬂe iﬁlo %§§'4 a&:»ox ﬂi% 8‘Ill’#"ﬂEl
anal oguHs oéarlécﬁ@)Z-MdaMth&hylaesmﬂssy ﬁ]aﬂﬁlu@é of( BBt sdlidl HheRhatudtor mul a
( I) may be prepared through the
P 2) tollowed by cleavage, provides (34), an example of general formula (I) where
=‘H’, )= *-*, (W) =0, n=1, (V)n = “CO* and U = morpholino. To those
- skilled in the practices of organic synthesis, a wide variety of a-hydroxyacid esters
such as (32) could be converted to the activated chloroformate following the general

15  conditions detailed. Additionally, morpholine may be replaced by any reasonable

amine, providing many variations of carboxylic acid (33) following the general
conditions detailed. Thus analogues of (34) exploring a wide range of (V)g and Uin

general formula (I) may be prepared through the general conditions detailed in
) Scheme 6.
20

) o
H H ) ©), (@, (&) o)
, /KO NN N CONH-SOLID PHASE  ~——— e 0
FmO g N
\/l ©

{22) O.
(9
General formula (I) where
RZ=H
Ly
(="
DMe I/\ ),\0 W),=0,0-1
{(V)m="C0O, m=1
(25) (32) (33) U =morpholing
Z= to|
Scheme 6. (2) Me;SiCl, MeOH, RT, o/n.. (b) i. COCl, / DCM / o/, ii. Morpholine / DCM 0°C, 2hr,

- ifi, LiOH in H,0 / dioxan, 0°C. (¢} 20% piperidine / DMF, 30mins. (d) 10eq (33) / 10eq HBTU/ 10eq
HOBt/ 20eq NMM, DMF, RT, o/n (e} TFA /H;0 (95:5, v/v), RT, 2hr,




general conditions detailed in Schemes 5 and 9. NHH (a), (b), (e), (d1 O
FO~ - N=N~, fd CO\IHSO_ID PHASE 0 s NO2 R O (22) (42) Genggahiy fgg@grula (1)
where RF=T (Wo="8Qz, n- I (Vm=CH, i.e. RI7, RI8 ==H, nmr1 U
=2-fur anyIWQGZ’an'@ Scheme 9. (a) 20% pi peridine / DV, BOIE‘ﬂT@BUZ’(%}S%eq
(41) / 5eq HBTU / 5eq HOBt / 10eq NWM _1fMF, RT, o/n (c) 5eq

m chl or oper benzoic acid 1 DCM RT, 5hr. (d) TFA / A20 (95:5, v/v), RT, 2hr.
18 July 2005 WD 02/057270 PCT/ GB02/00184 -113 Conpounds of general
formulae (I) and (Il1) are finally released fromthe solid phase by
treatment with trifluoroacetic acid / water, followed by evaporation,

| yophyl i s aﬁdtﬁ@txadaafsphamalmamde mhgﬁ@lﬁ:alkyismaW%t&s Axaaylified trytfl}%}t egy

f h | || :
() Prapar acy Ry RhefORROURE Skl 1 SR ores BY 2B clmpepiaibeeyiabie oF ' °°%"
t et r ahydr of wesafip Fﬂeﬂa}@%}ﬂﬁimﬁr ﬂamodé @bs @wmtémmotﬁe% Sﬂcpwrwi Tremgne, 10

hexahydropyrr0| 0 rd? E rrol - 3-one, hexahydrocyc opent a[ b] pyrrol 6- one,

exahydr of o %%@%%b‘?p%f A8 STe P S RENRSSF SRR & %ﬂi
(35) followed by addition of morpholme in dimethylformamide and subsequent ester
hydroylsis, provides 2R-cyclohexylmethyl-4-morpholin-4-yl-4-oxo-butyric acid (36).
Coupling of (36) to the solid phase construct (22) followed by cleavage, provides
10 (37), an example of general formula (I) where R = “I’, X)o = ‘CHy* ie. R¥ R =
,0=1, (W)=C0’,n=1,(V)a="" and U = morpholino. To those skilled in
the practices of organic synthesis, a w1de variety of alkylsuccinate esters such as (35)
may be prepared and converted to the corresponding substituted alkylsuccinate acid
such as (36) following the general conditions detailed. Additionally, motpholine may
15 bereplaced by any reasonable amine, providing many variations of carboxylic acid
~ (36) following the general conditions detailed. Thus analogues of (37) exploring a

wide range of (X)o, (V)i and U in general formula (I) may be prepared through the
general conditions detailed in Scheme 7.

:
i
N

20

Q
@7
Geaeral formnla (1) where
0 8] th ="
H OMe ——SQL(E)_b.. (\N OH (}Qo = ?CHzl ie RM’R!S:.Hr’ o=1
| o\) (Wh='00,n=1
' V="
(33%) (36) U = morpholizo

a, 7 =



oct ahydr opynr ol o[ 3, 2-b] - pyri di n-3-one, oct ahydrocycl opent a[ b] pyri di n-7- one,
15 hexahydrof uro[ 3, 2- c] pyri dazi n-7-one, hexahydr ot hi eno[ 3, 2r&]Jupypockazi n- 7-

one, oct agxp[f | o[ 3, 2-¢) pyri dazi n-7-one or

oct ahydr ocyc z@géﬂﬁa[ c] pyri dazi n- 7-one buil ding bl ock in s&QHFRBlef erred
protecting groups for solution phase chignistry are the Na-tert-

but oxycar bonyl group and the No, -b enzyl oxycarbonyl group. 20 (b) Standard
organi ¢ chem stry nmethods for the conversion of building block (a) towards

conpounds ofchgfd TR (Rl EBOr MdlaRSybéddtiRR ek Jrc, bihih 8. I\ﬁdr%ﬂéhx%?ﬁl‘ g,? I.(%I t he
entire Ieftin g.gortqﬁn 8{% an i nhibitor of general ornu Z‘% and
(11) can be™prepareEd 9% @ 41" Ppeidng | PMF 9mins dAl0e 384 0ea FEAH 19e4 §OBtfet hods
and coupl ed20epNM, PMIFNRIT, binoeKIFAA H,@ 968, B remen:10 exenplified by
preparation and use of the 3-oxo0-hexahydrofuro[3, 2-b)pyrrol e-4-carboxylic
acid tert- butyl ester (45)). 18 July 2005 WD 02/057270 PCT/ GB02/00184

- methods (§ee (a) DesJarlais, R. L. et al, J. 4m. Chem. Soc, 120, 9114-9115, 1998; b
Oballa, R. M. et al, WO 0149288). Coupling of biarylalkylacetic acid (39) to the
solid phase comstruct (22) followed by cleavage, provides 40), Van example of

10 general formula (I) where R'? = *H’, (X), = -, W=, (V)u="‘"and U= m-
) biphenyl. To those skilled in the.practices of organic synthesis, a wide variety of
biarylalkylacetic acids such as (39) may be prepared by alkylation of the a~-anion of
the free acid analogue of (38), which in turn is prepared by Suzuki coupling of
phenylboronic acid and '3-bromophenylacetic acid methyl ester. Phenylboronic acid
15 may be replaced by a wide range of arylboronic acids in the Suzuki coupling,
prgviding many variations of carboxylic acid (39) following the general conditions
detailed. Thus analogues of (40) exploring a wide range of group ‘U’ in general

formula (I) may be prepared through the general conditions detailed in Scheme 8.

o N I /k
\ » A e N\_,\\\\C><CONH-SOLID PHASE — Vo O , o
| Fmo” o Y | !
° | ® S
@2 ;

o
(40}
’ ‘ /L General formula () where

0 L QL
O 0 OhMe (a), (b : ] OH 00, ="
| : oY e
| Vim=

68 . 9% U =m-biphenyl
20 | z=0

Scheme 8. (a) LiOH in H;0 / dioxan, 0°C (b) L.LDA, THF, 2-methylpropenylbromide. ii. Pd/C, EtOH,
H; (¢) 20% piperidine / DMF, 30mins. (d) 10eq (39) / 10eq HBTU / 10eq HOBt / 20eq NMM, DMF,
' RT, o/n (&) TFA / H;0 (95:5, viv), RT, 2hr.

L



VIW X. OO Ceneral formula (I) (46) Schene 10. (a) 'BuOCOCI, NMV DCM
-15C, 10mins, under argon (b) Di azonmethane in diethyl ethetgJull3@3 o0 RT
over 24hr, (c) Acetic acid (d) Lid (10eq) in 80%q acetic acid, 5Cto RT
over 5 1XYOO005y278\M HC1 in dioxan, OC, 2hrs. (t) Pre- prep®@CadsB02/00184

U V-WX-Y-COCH / activation e.g. HATU 1112HO°¢ / NW DWP, RT, o/n. The
general strategy detailed in Schene 10 1s particularly useful when the
conmpound of general forrmula (I) contains a substituent-that is labile to

Lol 1 0" ohaeotant, ofek ByselpHifies o8 sdlfd Mot Aot RemlsbS R &, sabFowanReDY ok | on of
a- hydr oxyacCleA8)c. WPkHtirs ToiAkYT, hyodrinds-3590, 21998 @@rtm&ﬁ%meleﬁlt/ SPQC

di chl oronet hane m xture foll ovved_f)y addition of 4-tert- butyl benzy

bromi de, prBialigatonzRea be useditolsigriyitise eepstut (220 tavetrdsy tqupimdopEgaerall  (48) .
R T

Rt 7, R 5= gdderal iforruls (H)N Fok Ex&nﬁl%,r'ﬂre%ﬁ-ﬁh@&‘g&ﬂbﬂ TeviweRey si één%ﬂﬂi n-the .-
practices of organic synthesis, 4-tent-butyl benzyl brom de nay” be repl aced

by any reasEraBlag (ircandieipaiglln gensrucied i solition couplyd dachattinoh@2)fand
expl o g sl BB, btk phRR For RBBoBIRERme Th A PRe GHoTRE) oo
prepar ed t hiciegle 5 hetleondti theonddarinadt 06 itBrnRsdee8olid phdsd Bhthil 3085, WO
02/ 057270 PCT/ GB02/ 00184 -115 H -~ H.(b) H (e N 0 &3 1 \ef (47)
(48) (11j ov{thgyp-chloroperbenzoic acid in dichloromethane prior to cleavage, to give the
10  sulphone analogue (4?). Commencing from a variation of catboxylic acid (30), 3- _
cyclohexy1~2S-(ﬁJIan-Z-ylmethyISLﬂfanyI)propionic acid (41), sulphone (42) is )
prepared, an example of genéral formula (I) where R = “H’, (X), = -, (W)o =
‘S0, 8 = 1, (V)u = ‘CHy’, ie. RV, R™® = “H’, m = 1 and U = 2-furanyl.. As
described in Scheme 5, many variations of carboxylic acid (30) may be prepared
15  following the general conditions detailed e.g. (41). Thus analogues of (42) exploring
a wide range of (V) and U in general formula (D may be prepared through the
general conditions detailed in Schemes 5 and 9.

SRR )
OAO —N N & CONH-SOLID PHASE ~ ——————3= 5
Fm0O™ T \ G2 R’
0]

@2) | \ (42)

General formula (T) where
RP=wr
X, ="
(W)a='807,n=1
(V)n="CHy, ie.R" RE=my m=1
U =2-furanyl
7 =y
20

Scheme 9. (2) 20% piperidine / DMF, 30mins. (b) Seq (41) / 5eq HBTU / 5eq HOBt / 10eq NMM,
DMF, RT, o/n (c} Seq m-chloroperbenzoic acid / DCM, RT, Shr, (d) TFA / H,0 (95:5, v/v), RT, 2hr,



General fornmula (1) where '. R'='H (V\)"z-'O,nzl (V). -CH i.e. Re,

Rte=Wm1 U = 4ten-butyl pbenyl Z =" 0" Scheme 11. (a)2.2eq Naguly 2006 DMF /
DCM 1.25eq 4-tert-benzyl brom de, 2hr (b)leq (48), leq $uOCOCI, 2eq NwWM
DCM - 15C VA5 der nitrogen, then leq, (46), RT, o/n. SPOUGRI¥QI84t r at egy
for the synthesis of conpounds of genectglz.fornmulae (1) and (P where the
addition of UV-WX-Y to the protected building block involves nmultistep

~organic reactions conprises: (a) Preparation of an appropriately

f ti [ t f 3..2-b | - 3:.
totr ahvar ot oo RORsBIHaGkF fmifle (B bt el SR B Bie A Bises e
hexahydr ocyby apanicaf withyrifladrofivetio acid / twekdrpfoylewed by elapotatidnd Wopk ks Axdone,

t et rahydr ot hi epo %ﬁé_C] yrazol - 6-one; _

hexahydropyﬁ@@ﬂﬁé ) Fhasscdrisgtiohe, hexahydr ocycl opent apyr azol - 6- one,
hexahydr of ur o[ 3, 2- b] pyri di n- 3-one, hexahydr ot hi eno[ 3, 2- b] pyri di n-3-one, 15
oct ahydr opyrrol o 3, 2-b] pyridin-3-one, octahydrocycl openta[b]pyridin-7-one,
hexahydrdf uAofeBoil siratygy fazthe synthedds of exrapotahias ofigen@hiBfotmel\T) gap(my-7- -
one, octahydropyrrol o[ 3, 2-c]pyridazin-7-one or octahydrocyclopenta{c]
pyridazin-?f"ﬁﬂﬁg il ding block in solution. Preferred protecting groups for
sol uti on phase chem stry are the Na-tert- 20 butoxycarbonyl group and the
Na- benzyl oxycar bonyl group. (b) Protection of the ketone functionality of

the tetrahydr d@uPmpaation] pyf r ohn 3 appeopriatdly ahfigicibmilised| 3aid b] pistdceld- 3- one,

ot rahydr of ur of SeBHEYBYRIER-Bpymolhiye 2005 THBYSBSRL? - Forickbene01 54

- 116 10 hexahydropyr{olo[?:,z-b] pyrrol-3-one, hexahydrocyclopenta[blpyrrol-6-one,

) tetrahydrofuro[3,2-c]pyrazol-6-one,  tetrahydrothieno[3,2-¢]pyrazol-6-one,
hexahydropyrrolo[3,2-c]pyrazol-6-one, hexahydrocyclopentapyrazol-6-one,
 hexahydrofuro[3,2-5]pyridin-3-one, hexahydrothieno[3,2-5]pyridin-3-one,
~ octahydropyrrolo[3,2-] pyridin-3-one, octahydrocyclopenta]h]pyridin-7-one,

15 . hexahydrofuro[3,2-clpyridazin-T-one, hexahydrothieno[3,2-clpyridazin-7-

one, octahydropyrrolo[3,2fc]pyﬁdazin—7-one or

octahydrocyclopenta[clpyridazin-7-one building block in solution.

Prefexred protecting groups for solution phase chemistry are the No-ters-

butoxycarbonyl group and the Na-benzyloxycarbonyl group.

20 S ,

) (b) Standard organic chemistry methods for the conversion of buﬂding block (a)

' towards compounds of general formulae () and (II).

In the simplest example, the entire left hand portion of an inhibitor of general

25  formulae (I) and (II) can be prepared in solution by traditional organic chemisiry
methods and coupled to building block (a) (see Scheme 10 exemplified by
preparation and use of the 3-oxo-hexahydrofuro[3,2-bpyrrole-4-carboxylic acid tert-
butyl ester (45)). |




one, tetrahydrothieno[3,2-c]pyrazol - 6-one, hexahydropyrrol o[ 3, 2-c] pyrazol -
6- one, hexahydrocycl opent apyrazol - 6- one, hexahydr of ur o[ 3, 2- b§ pyty 260%- 3-

one, hexahydr ot hi eno[ 3, 2- b] pyri di n- 3-one, octahydropyrrol o[ 3, 2-b] pyridi n-3-
one, oct alWapyeyeT0opent a[ b] pyri di n-7-one, hexahydr of ur o[ 3, BtEéPyydodazi n-7 5
one, hexahydrothieno[3,2-c]pyridazin-7:§ e, octahydropyrrol o[ 3, 2-

c] pyri dazi n-7-one or octahydrocycl opent Fc]pyridazin-?-one bui | di ng bl ock
e.g. as a dinethylacetal. Alternatively, the ketone may be reduced to the
achiral secondary algohols and re-oxidised as the final synthetic step. 10
(c) Standard organj %henistry met hods B the conversion of byilding block

(b) towards corpoynds of general f lae (1) and (I1). ) TI nyer nedi at es
may be prepared | BHi ohlLf ol | owey ling“go buil o | ock (b)

iitidati on t owaggs-gonpolinds of generglnof mul 15 (1)
and (11) (see Sclenme ™12 exenplified gy p?e‘paration an useoof the 3
hydr oxyhexahydr of ur o[ 3, 2- b] pyrrol e-4-carboxylic acid tert-butyl ester

NaBH4 (b) 4M HCl i-n di oxan, 0C, 2hrs. (c) Stepw se reactionlwith

ct conpounds

WV.w. X_ Y ~N OH General fornmula (1) (52) 20 Schene 12. (a),Reduction, e.g.
i nternmedi ates of Y, then X, then Wetc., to stepw se constrL

(52). (d) Oxidation, e.g. s-Martin periodane, CH2Cl12. 18 July 2005 WO
02/ 057270 PCT/ GB02/ 00184/ -N1A Alternativel ., dependi ng upC types of
chem stry used to constr e left hand
' ~ W : HCLN
V7 X 0 5
General formula (1) : : o (“8) - )

Scheme 10. (2) iBuOCQCl, NMM, DCM, -15°C, 10mins, under argon. (b) Diazomethane in diethyl
ether, -15°C to RT over 24hr. (¢) Acefic acid (d) LiCl (10eq) in 80%agq acetic acid, 5°C to RT over

5 Ibr. () 4M HCl in dioxan, 0°C, 2hrs. (f) Pre-prepared U-V-W-X-Y-COOH / activation e.g. HATU/
HOAt/NMM, DMF, RT, o/n.

The general strategy detailed in Scheme 10 is particularly useful when the compound
of general formula (I) contains a substituent that is labile to trifluoroacetic acid, this

10 hbein’g the final reagent used in each of the solid phase Schemes 4-9. For example |
(Scheme 11), treatment in solution of c-hydroxyacid (47) with sodium hydride in a
dimethylformamide / dichloromethane mixture followed by addition of 4-fert- )
butylbenzyl bromide, provides 2RS-(4-tert-butylbenzyloxy)-4-methylpentanoic acid )
(48). Céupling of (48) to hydrochloride salt (46), provides (49), an example of

15 - géneral formula (¥) where R'?= ‘", (X), = -, (W)=‘0,n=1, (V)m¥ ‘CHy', i.e.
RY REB= ' m=1andUs= 4-tert-butylphenyl. To those skilled in the practices of
organic synthesis, 4-fert-butylbenzyl bromide may be replaced by any reasonable Ar-
CRR'*-halide, providing many variations of carboxylic acid (48) under the
conditions shown. Thus analogues of (49) exploring a wide range of (V)y and Uin

20  general formula (T) may be prepared through the conditions detailed in Scheme 11.



side U-V-WX-Y of compounds of general formula (1) and (I1), the ketone may
require protection e.g. as the dinethyl acetal. Such a net hmJu|§2§@5 ailed
and exerﬁlif}'ﬁﬂ%n Schenme 13 by the preparat|on and use of 3, 3-

di met hoxyR&¥% g fbf i uo[ 3, 2- b] pyrrol e- 4- carboxyl i ¢ aci d beﬁ?ﬂGB@%’P‘E?“(M) 0
O0 1 a b PhCH20 ~ O PhCH2O €0 OVENISJ\/E C OO0 (53) (54) (55 c 0O
dN ULV.WXOUW-~N-~N "X- MO O Ceneral formula (1) (56) Schene 13.
(a) Triethylorthoformate / pTSA / MeOH (b) H2, Pd-C. (c) Stepw se reaction
with internediates of Y, then X, then Wetc., to stepw se construct
conpounds (56). (d) Trifluoroaceti 10 acid / CH2Cl 2 / H20 The invention

extends to nogel i nt gynedi ates as;, cri bed above, and to oces es for
preparing c S0 ene e (L) op, (1) from each o '
iemmedi ate preeursors. In , pracesses for prepari t S from
their imrediagg 15 prec aé so formpart of tke entlo oknds

of general formulae (1) and (II)1 are useful both ag | aboratory tools and as
—fherapeuticagents. In the-laboratory certai-n-conpounds of t#® invention
are useful in establishing whether a known or new y di scovered cysteine

prot ease contributes a Semeral formla () where
R'2='H'

Qo=

(W)p="0,n=1

(Vi ="CHz, it R, RE = m=1
U = 4-tert-butylphenyl

Z="0

) Scheme 11, (a)2.2eq NaH, 1:1 DMF / DCM, 1 25eq 4-tert bepzylbromide, 2hr (b)leq (48}, leq
Brococy, 2eq NMM, DCM, ~15°C, 1hr, under mtrogen, then leq, (46), RT, o/n.

5 A third strategy for the synthesis of .compounds of general formulae (I) and (Tf)
where the addition of U-V-W-X-Y to the protected buﬂdmg block mvolves multistep

organic reac’ﬂons compnses -

(2) Preparation of an appropriately functionalised and protected
10 . tetrahydrofuro[3,2-b]pyrrol-3-one, tetrahydrothieno(3,2-blpyrrol-3-one,
hexahydropyrrolo[S,Z-b]pynol-S-one,_ hexahydrocyclopenta[b]pynol;ﬁ-one,
| tetrahydrofurof3,2-clpyrazol-6-one, tetrahydrothieno[3,2-c]pyrazol-6-one;
) | hexahydropytrolo[3,2-c]pyrazol-6-one, hexahydrocyclopentapyrazol-6-one,
hexahydrofuro]3,2-b)pyridin-3-one, hexahydrothieno[3,2-b1pyridin-3-one,
15 _ octahydropyrrolo[3,2-b) pyridin-3-one, octahydrocyclopenta[blpyridin-7-one,
' hexahydrofuro[3,2-c]pyridazin-7-one, hexéhydrothieno[3,2-c]pyﬁdazin-7-
one, octahydropyrrolo[3,2-c]pyridazin-7-one or octahydrocyclopentafc]
pyridazin-7-one building block in solution.
Preferred protecting groups for solution phase chemistry are the No-ters-
20 butoxycarbonyl group and the Na-benzyloxycarbonyl — group.

w (b) Protection of the ketone functionality of the tetrahydrofuro[3,2-b]pyrrol-3-
' one, tetrahydrothieno[3,2-b]pyrrol-3-one, hexahydropyrrolo[3,2-blpyrrol-3-
~one, hexahydrocyclopenta[blpyrrol-6-one, tetrahydrofuro[3,2-c}pyrazol-6-




20 critical or at |east significant biochem cal function during the

est abl i shnment or progression of a disease state, a processi&anyaodsy
referred to as target validation'. 18 July 2005 118 According to a second
aspect of WREPH¥®ntion, there is provided a nethod of valGCHEBI2§IZ known
or putative cysteine protease as a thergpgutic target, the nethod '
conprising: 5 (a) assessing the in vitro binding of a conpound as descri bed
"above to an isol at ed known or putative cysteine protease, providing a

measure of poten one f .the s f: )
assessing the bllc’él) ’ng o @ﬁ%&é@%ﬁ%&%w%l 1°8§’e[h§ 6(r)né’F]’éf’tP Of‘?ﬁ%cﬁaw@? 10
prot eases of t he 6tanegehexahpiroeydsRhtap ?M@@d‘@&p RexABY lofaSBD- §%yﬁdmtj_yp8| n)

to provides a neasuyre of selectivity ri)e m)nltorln a cell-based

functional mar ken®hegalslrethienpk32 élps'ném Olpfr, @D@hs@opmmlomz-i]]pyndnnt%e

Punct i onal  mar kertorodadrEopebn L 8ho, B0 ol et

----------- presenceSof--the Qne;pounﬁexaﬁjiiﬁo&ﬁétwm,lzi&!]pyhﬂﬁﬁﬁ%ﬁ prOV:Icﬂﬁ?dl% ﬁ%lBde
validating a knog]n put ative cysteine 20 protease as a ther apeufi c

target. Differin Bezdmd e %Gcﬂabwp%ycbpe@éﬁ?ﬂﬂmm-bo@ buiphing plickt e to
the effective in Il]@&ﬂj' i rticular t n the
first instance, t@ﬁg E coﬁ%e?%lsgg&g{ég‘é%}g’i ng ]?%% § Hm\)/'aq ]E?%B‘ig‘ﬁdfo @“ ®of a

conpound of geneclﬂﬂalfmmﬂaaye dlegholy afd |k-oxdieed s that Rekl Keyameer stipit at i ve
cysteine protease, providing a neasure of “potency'. An additional

assessnent of the bi ndi ng of a 25 conpound of general fornulae (1) or (I11)

to closepy rel@fegn %ﬁﬁé‘ﬁh rg%g?n%)@rﬁ)prowthggoﬁv LG8k ofR gnﬁﬁyé’ll(b)

house keepi ng proteases es a neasure o )
“selectivity'. Atwecdneniponatls of gemerap freminlay (Tyayd (). assessed by noni tori ng -a
cell - based functl onal marker of a particular cysteine protease activity,

in the presence of a conmpound of general fornmulae (1) or (11). For

exanpl e, a - huapmasicdffdsihhy be prepared in solution, followed by coupling to building

block (b) and further derivitisation towards compounds of general formulae

15 (I) and (II) (see Scheme 12 exemplified by preparation and use of the 3-
hydroxyhexahydrofuro[3,2-b]pyrrole-4-carboxylic acid tert-butyl ester (50)).

o
0 Q
a e (I
—_— N —_— N
' ' HCLH

0 5 ' OH
(45) (50) {51)

X

o .
Q
WS e T

U N

General formula (Ii {52)

20  Scheme 12. (a) Reduction, e.g. NaBH, (b) 4M HCI in dioxan, 0°C, 2hrs. (c) Stepwise reaction with
intermediates of Y, then X, then W eto., to stepwise construct compounds (52). (d) Oxidation, e.g.
Dess-Martin periodane, CH;Cl,.




30 resorption assay' has been utilised as a cell-based secondary in vitro
testing system for nonitoring the activity of cathepsin K e ms

bi ochem C%oﬁﬂsﬁ of protease inhibitors (e.g. see WO A-9850533). An

S VHC | | proceésu%@ - T-cell 18 July 2005 WD 02/057270 PCHEHEBI2H01%4 - 119
activation assay' has been utilised as-H7eel | -based secondary in vitro
testing system for nonitoring the activity of cathepsin s and the

bi ochem cal effect of protease inhibitors (Shy G-P-, et at, Immunity, 10.
197-206, 19A%kmatiV¥iendd [ ' Lol 3 ' ' i uch a
mar ker coul d si@%?bepgﬂﬁ%???%ﬁg%%sgggﬁﬁn 0 E‘S?dranSh?zétgcﬁé %:egttr}?iaflaof mRNA
copi es) or BdelEM-W-X-baef campovaidasdegenémb farmla i) anldefil)g dhe ketbiee edayof

protease inhjhitors. A third |egvel. of, conpl exi may b ssessed_by

noni t ori ng géﬂ%ﬁi%tlw?ﬂ?d&g-’ H’és@’ﬁ ‘%lﬂ??g{yﬁcﬂ?ngtﬁfnaé‘ié@radﬁetgo‘géﬁ tdetatledyrdndy st ei ne
protease ackxemighifiedi Nid hgcREMS eNEE qjy a_ﬂgé)n%g pebih 98AET algef 061””_-”3%1 (1) or
(1'l1). For exanple, nurine nodels of "Leishnautia infection, P. vintkel
~i'nfect i ch, - fameshaxhexahpdtofiro] 3hblyrbl-4omhotylic amitthehzyl esteal(54)nf ect i on
(cxuzipain), indicate that inhibition of cysteine proteases that play a
key role in pathogen propagation is effective in arresting disease

synpt ons, . val i daj4 said targets. Jon anot her aspect of the present
invention, there{s|providgd a nmegho f validating Wwn or positive
cyst ei ne prot easeMas t rerapeut i cNTa [ e et ho o rising: (a)

assessi ng t REERi tr @ bi ndimhg ameonpound as def i néig.gDeme to an

i sol ated known or© put ative cystei®e protease, providing a neasure of
‘potency'; and optiBhal ly, one or rtBle of the steps of% b) assessing the
bi pdi ng of a conpound as defined above to closely rel ated jhonol ogus

prot eases of the target and general house-keeping proteasq%c(e.g. trypsin)
to provides a neasure of “selectivity'; (c) nonitoring a Ycell-based
functional marker for a particular cysteine protease activity, in the

presence of a conpound ag defhned above; and (d) . nonitordingoan ani mal
nmodel - based functi o%;tl of a_partd cul ar cysteine ()‘:jie?se

., . N

v©OX o U\V/W\X,Y/ MeG OMe

General formula (I) | : (56)

Scheme 13. (a) Triethylorthoformate / pTSA / MeOH, '(b) H,, Pd—C. (c) Stepwise reaction with
. intermediates of Y, then X, then W efc., to siepwise construct compounds (56). (d) Trifleoroacetic
10 - acid/ CH;zClz / Hzo.

The invention extends to novel intermediates as déscribed above, and to processes
_ \) . for preparing compounds of general formulae (1) or (IT) from each of their immediate
precursors. In turn, processes for preparing intermediates from their immediate

15 precursors also form part of the invention.

Compounds of general formulae (I) and (IT) are useful both as laboratory tools and as
therapeutic agents. In the laboratory deﬁain compounds. of the inventiorll are useful
in establishing whether a known or newly discovered cysteine protease contributes a
20 critical or at least significant biochemical function during the establishment or

progression of a disease state, a process commonly referred to as ‘target validation’.



activity, in the presence of a conmpound as defined above. In still another
aspect of the present invention, there is provided the use @f ya sgigound

as defined above in the validation of a known or purative cystelne protease
as a therapeutic target. 18 July 2005 119a The |nvent|on t her ef ore extends
to the use of  a conpound of general fornulae (1) or " '(I1) in the

val i dation of a known or putative cystldiBne protease as a therapeutic

‘target. ConpesdmgOlo 9965 alREHMYF & (MNenfDd \AELH’:&) iPpRRA! #lmdia ;olPe in

vivo treatnent or = prevention of diseases In rticipation o

cyst ei ne prﬁﬂehbega§mpwpunqnmﬁu6cy%@oopdnﬁgemsaahmhpwﬂcaagecﬂmohdhu&

i nventi on, Ehere is provided a conpound of general formulae (1) or (I1)
for use in , especially for preventing or treating diseases in

whi ch t he dlsease pat hol ogy may be nodified by inhibiting a cysteine

pr ot ease, Accordlng to a fourth aspect of the invention, there is provided
the use bf @ copeisig Be gewdoabinfimenef aecqmgouad f(Sld.QSCanﬁdt Aleover par at i on

pat hol agy ey Siouer e SR Aafing bERGtE DrgBRER sk QL Blencdt by 1%

cystei ne prqﬁﬁmabgcﬁbnﬁhkmmofmsbﬁps@@rnal phy5|olog|cal process of protein
degradation in animals, including humans, eg. in the degradation of
connective tissue. However, elevated |levels of these enzymes in the body

can result by 10, Julh 2005 WR02 ORF 279 PAIH CHOZ 03 e A0 glhek o0 o2

condi tions ding to~di sease hus eine pro

i npl i caltled pmteamsmﬂlﬂse et ge ard gateedl asusa-kﬁebmglpﬂ@temm (é]gttry}psm teprobides

i nfections Pneu stis carinii, 77ypsanoma cruzi, Trypsanonra brucei
brucei and ‘?*ﬁ?ﬁé?)%ﬁgﬁ%ulata as wel| as in osteoporosis, autoinmunity,
schi stosom asis, malaria, 5 tunbur netastasis, netachromatic

| eukodystrophy, muscul ar dystrophy, anytrophy,
<) monitoring a cell-based functional marker of a particular cysteine protease

activity, in the presence of the compound; and
15
(d)  monitoring an animal model-based functional marker of a particular cysteine

protease activity in the presence of the compound.

The invention therefore provides a method of validating a known or putative cysteine
20 "protease as a tlierapeutic target. Differing approaches and levels of complexity are
appropriate to the effective inhibition and ‘validation’ of a particular target. In the
first instance, the method comprises assessing the in vitro binding of a compound of
general formulae (I) or (I) to an isolated known or putative cysteine protease,
providing a measure of ‘poténcy’. An additiona.l assessment of the binding of a
25  compound of general formulae (I) or (II) to closely related homologous proteases of
the target and general house-keeping proteases {e.g. trypsin) provides a measure of
‘selectivity’. A second level of compléxity may be assessed by monitoring a cell-
based functional marker of a particular cysteine protease activity, in the presence of a
compound of general formulae (I) or (II). For example, a ‘human osteoclast
30  resorption assay’ has been utilised as a cell-based secondary in vitro testing system
for monitoring the activity of cathepsin K and the biochemical effect of protease
% inhibitors (e.g. see WO-A-9850533). An “MHC-II processing — T-cell




and the |like. See WO A-9404172 and EP- A-0603873 and references cited in
both of them Additionally, a secreted bacterial cysteine 8 olipases from S.
Aureus called staphylopain has been inplicated as a bacterial virulence
factor (Potywgy S.&m, et al. J. Biol. Chem 262 6 , 2664-2667, 1998). 10
The |nvent|on |s iseful in the prevention and/or treatment POfT/GERINEG t he
di sease states nentioned or inplied aboMg. The present invention also is
useful in a nmethods of treat ment or prevéention of di seases caused by

pat hol ogi cal | evels of cysteine proteases, particularly cysteine proteases

of the papai Jetidi 55@%}, thods npri se adm nistering to an
ani mal , part i cul a&]r @.’? &ﬂbs "i"{ﬂsafﬁfgﬁoadammo fieﬁlr@&@tenhereof
a conpound rtlhmu’pnagehﬁa SN Sdthep 'gmeg S@B%; gﬁﬂ% p ul arI y -
provi des mt:{ﬁﬁ%t treati ng di seases | npz\[/ﬁ ﬁﬁ el n ggﬁ%ttog g

i npl i cat ed [ B’v@i?-eéf Wlmn&ldﬁ&-ﬁﬁﬁ; :E99®;1rWhen inv a

i, Tr Y REaeeRal RARES trid hg t@I]ﬂtEl
cruzi, Try QeRal B2 i stridi um hi st ol yticum.
--Staphyl-ococcus 20 aureus mf%&*-ar - W@ngé%@qhﬂgﬂmﬁtm foirel

fusi cul at a (88. wourit of snRNA thﬁ;nﬁ’fﬁﬁdt&ml M‘?ﬁim"s‘t@%ﬁ@' s,

mal ari a, % t ast asi.s met achr.omati c | edkody
‘dystrophy an ng FSeATs infihitonsi tportblIdflemluqﬁ pmﬂmgalmaycbbadsbéesed 8‘2:
agas'’

Cruzi pai n- s pRsith u f for t 25 treatment of ¢
o W%F%@eg Fnve ﬁmgﬁefe@[ AvRATHEReN cCy8iFing

di sease. I n accordance W

conpound . of Piense attivitypinnthe peesérce offa &@Olﬂaﬁfg%ﬁﬁ%ﬂhﬁégglz gﬁ) hi bi t

t he prot eas%x I I cat. ed“fcliltte a, particular condition or T cour se,

this dosage a Tt TG he¥ Lgishpgniso infeition, & oduakieh fnfectido) aphlipe Of

admi ni st r at {ihibigibn bR a1G eve an_ "effective

anmpunt " for(acute t her apy, paren‘%:eral*fﬁ‘egﬁﬁqlﬁffrﬁl g;}inateg: E’é‘ﬂ?i@%ﬁfof

general f or¥steins Projeazas thhd playsa (ki fﬁﬂéqﬂp Eéﬂ] (gls n of t he
-1 é %%un conpoun
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In another aspect of the present invention, there is provxded a method of vahdatmg a

known or positive cysteme protease as a therapeutic target, the method compnsmg

ﬁa.

(a) assessing the ;‘n vitro binding or a compound as defined above to an isolated known or

putatfve cysteine protease, providing a measure of ‘potency’; and optionally, one or more of

the steps of:

(b) assessing the binding of a compound as defined above to closely related homologus

proteases of  the target and general house-keeping prdteases (e.g. trypsin) to provides a

measure of ‘selectivity’;

{c) monitoring a cell-based functional marker for a particular cysteine protease activity, in

‘the presence of a com}iound as defined above; and

(d) monitoring an animal model-based functional marker of a particular cysteine protease

activity, in the presence of a compound as defined above.

In still another aspect of the present mventlon, there is prowded the use of a compound |

as defined above in the validation of a known or puratlve cysteme

 protease as a therapeutic target,



sui tabl e excipients, is nost effective, although an intranuscul ar bol us
injection is also useful. Typically, the parenteral dose w8 luipeoaout
0.01 to about 100 ng/kg; preferably between 0.1 and 20 ng/ kg, In a manner
to maintain the concentration of 5 drug in the plasma at a concentration
effective toinhibit a cysteine proteasg.gj/he conpounds may be adm ni stered
one to four tines daily at a level to achieve a total daily dose of about
+0.4 to about 400 ng/ kg/day. -The precise anount of an inventive - conpound
which is therapeutically effective, and the route by which such conpound

s best admirhe siveitich thokfdre@ichds HANEREE BPH ohin®H dHlpcttl RALMISIDIA 10 Lhe
art by 10 conparing the blood [evel of the age%t to tgne concentrati on

requi red t ohie the validatispeof iackedvwmeair. pRativkr ocgseiné proemeunds of ishe

present inv an. e prepared by any suitable nmethod. For those
conpounds i%@f%prodr ug noiety is, a ketone functionality,
specifically ketals and/or hem acetals, the conversion may be effected in

~-accordance W th-conventional methods. 15 The conpounds of t-hi-s itnvention- -

may al so beCauppwids tofigeteral furinylae (I} frel (Bt dremseful forahe iranive treatiadnt ohat t he

concentrati of. drug. i s suffi.gient..to.,inhibit bone resaqrption o to
achi eve any&%w{lg\m ﬁ ?ﬁ&%ﬂﬂ]"&m&h QWBW%@%S?&%GW$ appli ically, a
pharmaceutical conposition containing the conpound is adm nistered at an

oral dose 20 of between about 0.1 to about 50 ng/kg in a manner consistent
with the cohelordiogtad thindrspeshof thetinveatiefiahereliyprokiied nabmgossd ebHgdndrabe about

0.5 to abo K i. No unacceptabl e tqQxicol ogical effects are expected
when conpo%ﬁ%‘%% Rg@rfegﬂﬁﬁmm?ﬁ ﬁ‘]‘ﬂe%?ﬁ( BTN FRing g dreating dississaince

Wi th the prigseiiéh thedRdse Phtholbd§ nt MOUBGTied Bp irhibilills § i ' whi ch may
have good bi oavail abili t?, rrg;g?be teste ﬁ| n gne.%l g\%gr%glﬁggog%gai cal
assays to determ ne the concentration of a conmpound which is required to

have a gi ve ol egi gal effect. According to.,a fifth aspect of the

i nventi on, ‘?cﬁg@gnggﬁr g‘%’f‘ﬁ’eﬂs@c{)ﬂir%c‘@ﬁ?qﬁ@ad © 1%6”?/‘6%@ i%i‘Fatug"/e égﬁosi tion
conpr i si ng cofpotid BPLen&GANRAHARS f ' da
phar maceutically or \f/get erinarily (g:ggg?ggfgec%}?%@ gkenrl%agﬁéﬁé 157

' preventing or treating diseases in which the disease pathology may be modified by

inhibiting a cysteine protéase.

Certain cysteine proteases function in the nommal physiological process of protein
~ degradation in animals, including humans, e.g. in the degradation of comnective

tissue. However, elevated levels of these enzymes in the body can result in



~condition being treated or prevented. The carrier, or, if nore

g

18 July 2005 WO 02/057270 PCT/ GB02/00184 -122 materials may al so be

present, as nmay be considered appropriate or advisable for e, dhgease or
[ ¥han one be

present, &¥@RN2eF720he carriers, nust be acceptable 5 in thamepemonds bei ng

conpatible with the other ingredients Qﬁxﬁhe formul ation and not

del eterious to the recipient. The formul'ati ons i nclude those suitable for

rectal, nasal, topical (including buccal and sublingual), vaginal or

parenteral (ipc) udi suhcut aneous, intranuscul ar, =10 intravenous and
i nt r ader nal ;’afglﬂm&%ﬁ%‘ﬁ%‘iﬁ ?e@g’tngpt‘bfdé}ea%ﬂ- ylite cy®eipe raeteases avanbesnal |y
admi ni st efe%{éﬁéalf@& & 8o r&lﬁerQfs?{&at‘ &H&mg@yutcﬁd%"ﬁﬂit&{“té Y eecﬁ%g%gg;e" 'n

unit dosage form e.g. tablets and sutstained release capsul €s, be

prepar ed by Prearyoayssishodéniiyelrypsanomn driteif Weypaarional biubar braesi. aniSCAYGHiamet hods

I ng, into assqciation the above defined active

i ncl ude the{%te of briqg i
agent with éc"gaé?’r PR WLl (75 ol QPIEPROTPHE  ARPHMPMRL, nichistasomiasisa raelang,

T auid i b Wndth{in 8 B3R5, Bhalr ey, KoRRERY. 11

necessary s Iaaﬁthwdikbh Sep Wflﬂtk~9404liﬁ2 and ﬁPeAtOﬁﬂ_ﬂBB(dxﬂggmbémemwﬁdd sothasf i of
preparing a,phar ut i.cal conposjtiion conprisin ringi ng a cqonmpound o
general for ﬂ%ﬁﬁ‘ﬁ}e‘oﬁlﬁ’( 2 §e°_¥$ed§ hﬁ‘ftﬁ‘?ﬂlt ?Ygﬁa"%?r P‘%S’g%aé‘i‘: it oﬁ Aufpush cglled

phar maceut i ﬁﬁ?ﬁjﬂoﬁﬁn lli%t Beh Hﬁgﬁéﬁ(e@&%ﬁ&é}Lﬁ vﬁ’@l@ﬁée%ct?{] @ggﬁ,ﬁ%ﬁﬁ% ah L

Formul ati ons Tor ‘'oral admniStration in the present
present ed adiol. Ahave, 26066), 2664266 T, A998 capsul es, cachets or tablets each

cont ai ni16|9 a predeterm ned 25 anount of the active agent; as a powder or
granul eS; as a solution or, a suspension of the active agent in an aqueous.

l'iquid or aTReMMAAHERYS tbéfﬁllﬁﬁthe%re@éltﬁﬁléﬂdydritfbaﬁlliéﬁ lof dabifl bl & Btksd

on or -&
water in oil |iquid enulsion; or "as a bolus etc. For conpositions or oral
admi ni st r at F@tes eenfonedgylimpliediehd vea The pesspnt inhentive also iSdsefiddi e mathdds

ot AR N R e S B 4R el 8 e >
pol yvi nyl py prodéasebp particularly cysteine proteases of the papain superfamily, which methods
15 comprise administering to an animal, particularly a mammal, most particularly a
human, in need thereof a compound of the present ihvention. The present invention
particularly provides methods for treating diseases in which cysteine proteases are
implicated, including infections by Preumocystis carinii, Trypsanoma cruzi,
) ‘Tt;lpsanoma brucei, Leishmania mexicana, Clostﬁdium histolyticum, Staphylococcus
20  aureus, foot-and-mouth disease virus and. Crithidia SJusiculata; as well as in
~osteoporosis, autoimmunity, schistosomiasis, malaria, tumour metastasis,

metachromatic leukodystrophy, muscular dystrophy and amytrophy.

- Inhibitors of cruzipain, particularly cruzipain-specific compounds, are useful for the _
25 treatment of Chagas’ disease.

In accordance with this invention, an effective amount of a compound of general
formulae (I} or (II) may be administered to inhibit the protease implicated with a
particular condition or disease. Of course, this dosage amount will further be
30 modified according to the type of administration of the compound. For example, to
achieve an “effective amount” for acute therapy, parenteral administration of a

compound of general formulae (I) or (II) is preferred. An intravenous infusion of the



- gyi-t-abl @

(Povi done), nethylcellul ose, ethylcellul ose, sodi um carboxynet hyl cel | ul ose,
hydroxypropyl nmet hyl cel | ul ose, sucrose and starch; fillers argiJlg)aquogers for
exanpl e Jv? ,b %005 WO 02/ 057270 PCT/ GB02/00184 -123 co¢n Stﬁg

gel atin, 098" sucrose, microcrystalline cellulose, kabtFGBOHIHA ol ,

di cal ci um phosphat e, sodiumchloride ah®l-al ginic acid; and |ubricants such
as magnesi um stearate, sodiumstearate and other netallic stearates,
glycerol stearate stearic acid, silicone fluid, talc waxes, oils and

col | oi dal  sbip6end frl §90dKxXidGe BOGRICE o nBHEL s@ﬁn@%ﬁeﬁ%ﬁf forﬁiuhaﬁ%ﬁ with
wi ntergreen, cherry flavouring and he |ike can al so be used may be

desirabl e SwitabiRiescipisnisuis mest effeclive) athough rag latrammmlalr |Hoialscmmcabnus be

coat ed by bprsARE y G e PASHAT 336 il BERbut Gf T abdaliuipeRe: * 0 °°

conpressi o preﬁrabl?lﬁdﬂw% 0.9 Rind POk kgl D fRRer06 MRORIn BEBRSHdtion of
i ngredi ents rr&eessed tabl ets may ffprepared by conpressing in a

helasia b8 cegesniration & ﬁfpté@ o iphibiiga tysteins @mteﬁs Thpowder- -

or granule hab ricant d|Iu
preservatl\ée BB@&?P&Q %gSt%r?& 8?%5% ﬁﬂieﬁé%’ﬁl' ?/&YFld‘!é’ tgtaﬂay be

made by nodhidy d@eldfaboumt@ﬁioﬁtMﬂ% Ik Fay! we&s@amam o%ﬁﬁh%ﬁavgormound
noi stened with an inert liquid dlluent he tablets may be optionally be

coated or §%P@8lda‘ﬁfbl°hé§/m§€ape&f$ﬁbﬁm@{%&ﬂ%@ea@mﬁbyrﬂm d@hs:lomyouud

controll ed; her at| able for
oral adm nlsrsts‘lﬁsz?ilﬁgﬁﬁlgtr#:%aedg% ngegﬂ%noed ¥§’Pﬁé’9 %&I@én € a
fl avoul@d bemparings tda b}poﬂulewlsﬁ‘ thedagenfed dhe mﬁm&aﬁ@&éqm@a%i ﬁdv@Sa

conprising . the actiye a n _an inerg base such as gelatin and gl cerl n,
or’ sucr ose TERREHEC 8& gm%ﬁ?ﬁﬂ @H@FWlﬂh‘@ntlmﬂmfthmeB@g in a

sui table | a I | O I
sterile. ABCOI’%I é%tﬁ!{')lgexélet&ogt &géh%é%tm%%@u&gaj}lnven Yﬁ&'lﬁ prc%ﬁ'ﬂg éﬁ gég’pir%o%/l ded a
process f oketohe fritSiopalityaspecifivally ketalspial oreleenibbeatall, e coav@sivn aisy be

conposition escrl ed abgve, the rocess conprising bringing the active
corrpound(s ?qunc"ﬁmﬁq’{@?ﬁ’&quér for exanpl e by adni xture.
‘ 1S

The compounds of this invention may also be administered orally to the patient, in a
manner such that the concentration of drug is sufficient to inhibit bone resorption or

to achieve any other therapeutic indication as disclosed herein. Typically, a
pharmaceutical composition containing the compound is administered at an oral dose

20  of between about 0.1 to about 50 mg/kg in a manner consistent with the condition of

the patient. Preferably the oral dose would be about 0.5 to about 20 mg/kg.

R—

No unacceptable toxicologicﬂ effects are expected when compounds of the present
invention are administered in accordance with the present invention. The compounds
25 'qf this invention, which may have good bioavailability, may be tested in one of
several biological assays to determine the concentration of a compound which is

required to have a given phalmacological effect.

According to a fifth aspect of the invention, there is provided a pharmaceutical or
30  veterinary composition comprising one or more compounds of general formulae (1)

& _ or () and a pharmacentically or veierinarily acceptable carrier. Other active




Preferred features for each aspect of the invention are as for each other
aspect nutatis 30 nutandis. The invention wll now be ill ugf jgf&hsw th the
foll owi ng exanples: 18 July 2005 WD 02/057270 PCT/ GB02/00184 124

Sol uti on PHAE¥OR®Ni stry - General Methods Al sol vents wara/grexteesied from
ROM L Ltd (Waterbeach, Canbridge, UK) aj9pSPS 5 or Hi -Dry grade unl ess

ot herwi se stated. Ceneral peptide syntheSis reagents were obtained from
Chem I npex Intl. Inc. (Wod Dale IL 60191. USA). Thin layer chromatography
(TLO) was pﬁ%%%%}ggd o%gbe-coat ed pl a;}es (Merck alum nium _ sheets silica 60
F254, part MG 555457 G RTS8 pomap e congidrietbiapripyial o advisableforithe

ul travi ol et disegalor caRitigd | ppropriate staining reagent.

Flash 10 col unm purifi cat?ﬁg%%é%gwgﬁéﬁbn silica gel 60 (Merck 9385).
Al'l analytical HPLC were obtained on Phenonenex Jupiter C4, 5g, 300A, 250
X 4.6mm usi m xtures of solvent A = 0.1% rifluoroacetic acid (TFA)
~and sol vent ‘rggg%%or’aﬁé?%ﬁ ey qngrbe PEBYS GP%% A CHHeEy Fhbeaccagiablent

........... sys-t--ems it mﬁé%&@@@f‘)e Lo §e . . . i . . . herw:s tated a-
gradi ent of 10 - 90%B@%ciégﬁle%%%é%ﬁﬁu@ggmgﬁ&ﬁ%ﬁ% rrll%l&ggz&’f)%trfor med
for full angelgleriews tothm @cipiratysi s. HPLC-MS anal ysis was performed on an
Agi l ent 1100 series LC/MSD, using autonmated Agilent HPLC systens, with a
gradient of 10 - 90% B in A over 10 mi nutes on Phenonenex Col unbus Cg, 5,
300A, 50 x Th®fonailationd Thelldd iHdse MNaitdb& for FREME LGl ! re
obt ai ned on a Bruker DPX400 {400M§§i 1H ﬁrequeh%@’&ﬁﬁgﬁ%‘%ﬂ#g%ﬁe

sol vent s andhd sublingrally oaging] cut perenigd n{indbdisg i fubsutaneousX pitesmedula) part s

i1d i e 1 ef d i idual signals of the sal vent.
R e S S i N N R YA e A
Gener al ~Met drallg addfmidtuedibemilstind The Formfulatibh maPRbEvEN GRI R DrbhAMIR 2

conbi nation qf .sol ution and )
unit dosage form, e.g. tablets and sustained release capsules, and may be prepared by

- any methods well known in the art of pharmacy.

15 Such methods include the step of bringing into association the above defined active -
agent with the carrier, In general, the formulations are prepared by uniformly and
intimately bﬁnging into association the active agent with lquid carriers or finely
divided solid carriers or both, and then if necessary shaping the product. The

~ .invention extends to methods for preparing a pharmaceutical composition comprising
20 bringing a compound of general formulae (@) or (I) in conjunction or association

with a pharmaceutically or veterinarily acceptable cattier or vehicle. -

M

Formulations for oral administration in the present invention may be presented as:
discrete units such as capsules, cachets or tablets each containing a predetermined
25  amount of the active agent; as a powder or granules; as a solution or a suspension of
the active agent in an aqueous liquid or a non-aqueous liquid; or as an oil-in-water

liquid emulsion or a water in oil liquid emulsion; or as a bolus etc.

For compositions for oral administration (e.g. tablets and capsules), the term

30 “acceptable carrier” includes vehicles such as common excipients e.g. binding

N agents, for example syrup, acacia, gelatin, sorbitol, tragacanth, polyvinylpyrrolidone
(Povidone), methylcellulose, ethylcellulose, sodium carboxymethylcellulose,
hydroxypropyhnethylceﬂulos_e, sucrose and starch; fillers and carriers, for example



solid phase Fnoc-based chemnmistries (see "Solid Phase Peptide Synthesis',
Atherton, E. and Sheppard, R C, IRL Press Ltd, Oxford, %J&f%5for a

general d | ati.an). An appropriately protected and functignali sed

bui | di ng Sﬁaéﬂ%\/\%@ prepared in ':. 30 solution (e.gqg. genegpéiT? %Wmﬁ‘fd (19),
Schenme 1), then reversibly attached to-i28e solid phase through an
appropriate linker. Rounds of coupling | deprotection / chem cal

-nodi fication e.g; oxidation were then perfornmed until the full length 18
July 2005 - WanO4:0R7 i R0 ; 0]%,@ I | “conpl et e
(Schene 2). Exanpl e %%gtiullf):iq}ors ’(?sl'llg?%%;}mv\c/rer F%@?\é c?ﬂe*fl‘gga%ég(g&ﬁlﬂé%@é@’ from
the solid pHslsinm riioyshate, sudivn j oblbride cands slgjrid dodd; amthiibirdchn sudersses a

ondt ng, s BRERRTR ARt et et wld BBer el siceaic ceiraseteyRenesi s,
al t hough anyesid béil] Slicsd RiidD AAS Wakey, foﬂlgl%ne%lhgidafs &Smavm#ieagg@ggfsa' , the

1. 2pnol e_gears were used to Prow de Sma sca crude exanp
---------- prel-i-mi-nary S Weprppesmingi dik of windergGon)| cherry ritavosring raed Whetké oan-slsalbe- up

synthesis a purificatian.of preferred. exanples. 10 _Standargd coupl, ng an“d. o

Fnoc deprot(g%:]I i ﬁ%ﬁﬁga?a\kg‘?@%%W@?@ggﬁoﬁﬁé\%@&ﬁsﬁefgfmé? dily o,

Chem 2(5), idtABEAIE, TablOmal also Be b&&é&&%eﬂ@é§%ﬁsﬁm@ﬁ%?{ thé%l-sd d phase
senbly

mul ti pi n net hodol ogi es). Preparation of Initial Bui | di ng

Bl ock- | i nkeA tablet mayche made py( comypressioni aratnbylding) optionalyyyithene orandrexy |
activated w - nzot | azole-1-yl)-1.1.3 3-tetranet hyl uroni um

hexaf | uor o%ép)%%séla{é%gr n‘ﬁ%u‘,&jo?p%?eél *@%‘ﬁ#\/’gﬁ%% Prepared%y COMmpressing 1 a

| - hydr ox§ besuitablei amchige iilratife cEkdBhin 4 fre8DliGwRGUOR Sith) aPBbowder or

N-met hyl nor phol i ne (N 2 nol e equival ents) in 20 dinethylformam de (DW,
typical |y 15w@8ueeneytionstly sminedywih a Aindes hvbuicent; dnert idlventDatdsBAativgwns or
HEMA gears (181 / 2 ear.. 0.3 | e ui val ent of
total surface a%ﬁ%t%ve}?ﬁ{}%ﬁ %%1@? iag%t{t.l %}rzl)h@gd n%%?%"g may be inade @ mou?tﬂng ma

gl

suitable machine a mixture of the powdered compound moistened with an inert
liquid diluent. The tablets may be optionaily be coated or scored and may be

15  formulated so as to provide slow or controlled release of the active agent.

Other formulations suitable for oral administration include lozenges comprising the
active agent in a flavoured base, usually sucrose and acacia or tragacanth; pastilles
-comprising the active agent in an inert base such as gelatin and glycerin, or sucrose

20  and acacia; and mouthwashes comprising the active agent in a suitable liquid carrier.,
Parenteral formulations will generally be sterile.
According to a sixth aspect of the invention, there is provided a process for the
25  preparation of a pharmaceutical or veterinary composition as described above, the

process comprising bringing the active compound(s) into association with the carrier,
for example by admixture,

Preferred features for each aspect of the invention are as for each other aspect mutatis

30  mutandis.

The invention will now be illustrated with the following examples:



activated construct) were added, followed by additional DVMF to cover the
solid phase surface. The loading reaction was |eft overni gig j,ffobheW ng
overni ght |oading, 25 crowns / gears were taken through standard cycles
washi ng, FYOP288R7bt ection and | oading quantification (seRCTEGEIDOEEA, U.
et al) to provide |oaded Building Blockyp4inker constructs (e.g.(22)).
Anal ysis indicated virtually quantitative loading in all exanples. 30
Coupling Cycles 18 July 2005 WD 02/057270 PCT/ GB02/00184 -126 The '
coupling of standard Fnoc-am noacids (10 or 20 nole equivalent) were
performed via carboxyl activated with 2-(1 H benzotriazole-1-yi)-1,1,3, 3-
t et ramet hyl WobodPhagxXehé iRt e s RicthddkBTU, 10 or 20nol e equivalent), 1-
hydroxybenzmﬁmt—{erﬂ(‘ﬂt’BT,_IWZOrml e equivalent) and N 5
met hyhnor phol ine (NMM 20 or 40nol e equival ents) in dinethylforman de, with .
pre-activati for .5 m nutes. t Les were di gpens to the
appropri ate qlyentyyrerp %%?‘%Wmi&gm%ﬁbﬁaﬁhé%ﬁﬁ het SRS | s,
--500L 50l -§ti- QR HiED (R e iR . | L. s @RS S) “in e
a pattern requi rerc?’ F%rh syntS hesi s. e%&a;%ﬁégl}?nr%giétﬂae ﬁ%bo?%ﬁlll illr?gé ock-11i nker |

constructs @btaped2fiym @hew-Impes dntl0 lzndWorsd Dalepll 6§19 £adSApriThief layer
overnight. E oW Nng .Qv lLght coupling, crowns / ars were taken through
st andard cyccﬁ}e:?:l %@%@gﬁﬂgﬁ; PHScP 'Mae@f iRggreeated, pg%samaglu{g;mgp al).

I dentical achéatakilien GNH25QURIH RSl S35AY ViskREsalBh DFUDRo ‘ ling of
a range of carboxylic aci dsLil(%lg- COOH) . 91AI ter nsgt ively, CRB%O%%%@&% e.g.

nor phol i ne- Andesr Wiayiots light @54aumDos| by wsing walappropriateestainingupdgedt. iFlahVE wi t h
15 the di t] iyal ent.s) . | i eayage. ¢l e A
ixt ure 1ot Seofbephuifiion BB, Sorfc BntRlisd eclhd Rl Guchictining ©
96-vel | 20 HHIAL &erd BBkiBAon RHdnoRRhS FufifRLC.S SLUBOOA, PSY xWhbind, Qsinfgr 0N
or 300L solution per well for gears) in a pattern corresponding'to that of
t he synt hesmixtuygseofcentperdted §.1%aq trifluoroacetic acid (TFA) and solvent B = 90%

 acetonitrile / 10% solvent A on automated Agilent systems with 215 and / or 254nm

UV detection. Unless otherwise stated a gradient of 10 — 90% B in A over 25
15 minutes at 1.5mL / min was performed for full analytical HPLC analysis. HPLC-MS

analysis was performed on an Agilent 1100 series LC/MSD, using automated Agilent

(=)

HPLC systems, with a gradient of 10 — 90% B in A over 10 minutes on Phenomenex
Columbus Cs, 5y, 3004, 50 x 2.0mm at 0.4mL / min. Nuclear magnetic resonance
) (NMR) were obtained on a Bruker DPX400 (400MHz 1H frequency; QXI probe) in
20  the solvents and temperature indicatéd. Chemical shifis are expressed in parts per
million () and are referenced to residual signals of the solvent. Coﬁp]ing constants )
(/) are expressed in Hz. |

Solid Phase Chemistry — General Methods

25

Example inhibitors (1-156) were preﬁared through a combination of solution and

solid phase Fmoc-based chemistries (see ‘Solid Phase Peptide Synthesis’, Atherton,

E. and Sheppard, R. C., IRL Press Ltd, Oxford, UK, 1989, for a general description).

An appropﬁately protected and functionalised building block was prepared in

WL 30  solution (e.g. general compound (19), Scheme 1), then reversibly attached to the
* solid phase through an appropriate linker. Rounds of coupling / deprotection /
chemical modification e.g. oxidation were then performed wuntil the full length



mul tipin assenbly was added to the first plate (nother plate), the block
covered in tin foil and cleaved for 2 hours. The cl eaved rrulléhlmPo%senbly
was t hen Y &%rom the first plate and added to the second g at e
(washi ng We“? r 15 minutes. The 25 spent nultipin asEE&H§IRPZRES4t hen
di scarded and the nother / washi ng pl atigs- evaporated on an HT-4 GeneVac
pl ate evaporator. Analysis and Purification of C eaved Exanples 30 (a) Ex
1. 2gnol e Gears. 100L di et hyl sul phoxi de (DVMSO) was added to each post

cl eaved an ' ey , r -1 . § -to the
correspondid‘%\%&%&(;g:tl cl ea@g%eg%gﬁ%e%e%%ﬁ'egy%%ﬁé%éﬁ&a{%&g@zjg"%&r l’cl)roughl y
18 July 200f5leath @RA0&) fivth BEROEBPRAR)ABAysed IRt iTedead asshOéd ff inHibisioPVSO
solution was diluted to 100L with a 90% acetonitrile / 10% 0. 1%q TFA

m xture. 20VeISERIARASOIREGEASShal ysed by HPLC- M5 and ful | anal ytical HPLC.

I n each case the crude exanpl e nol ecul es gave the expected [M+ H + ion
and an HPLC peak at > 80% (by 215nm UV analysis). 5 This provided an

---------- approxi rhat eGynetdityyl Difadtipihe ck (saliathiden df.2 goed quduniofe - Cload@ggxangkes for - -

prelimnary protease inhibhitory screeni ng. b) Ex 10nole Crowns. 500L of a
90% acet oni VP -EIROtPPO},comYogge wecal for fhegso dP&@@%@ééﬁ&t&lﬁ@Wﬁﬂﬂg pl ate

and agai n (R §Ece BEIELE kbl B b Bl CPBR R PrrtcteeB S 1001

with a 90% @eeide tinall dele/ criddeRumlfies fof Fhelifinaty &eﬁﬁgﬁ iisfl !
anal ysed bylﬁleilPLC-IVB and full anal yticalpalcllPLC. In eeac v@glgg&%hgo%ﬁﬂge

exanpl e nol @ewhe wegaweed i enalreun epnthidis abfl -purificationd of prefetRidCexmaplenat > 80%

(by 215pm alysis). T ol ystyrene bl ocks contai ni,ng crude anpl es
S L rR [SfaRiR Kalnihe pd Eo GG meBidr e Pustoras Geq ot

re- di ssol ved. émaiaJ1 Comb. ThehUpe) 0k79490/2800 Th o thoRfugh Mebdrpkibe driwlia and
purified by sem ;]i)repar ative C (Phenonmenex Jupiter 4,75, 300A, 250 x

10mm a -25-Bwvss Bujtipinmgthedelesiesbver 25ni ns, 4. 0nl/nin,

Preparation of Initial Assembly

Building Block-linker constructs (e.g.(21), typically 100mg to 2g) were carboxyl
activated with 2-(1H-benzotriazole-1-yl}-1,1,3,3-tetramethyluronium hexafluoro

. phosphate (HBTU, 1 mole equivalent), 1-hydroxybenzotriazole.hydrate (HOBT, 1
‘mole eqlﬁvaleﬁt) and N-methylmorpholine (NMM, 2 mole equivalents) in

20  dimethylformamide (DMF, typically i to- 10n:iL) for 5 minutes. Amino
) functionalised DA/MDA crowns or HEMA gears (10pmole per crown / 1.2pmole
per gear, 0.33 mole equivalent of fotal surface amino functionalisation compared to
activated construct) were added, followed by additional DMF to cover the solid

. phase surface, The loading reaction was left overnight. Following overnight loading,

25  crowns / gears were taken through standard cycles washing, Fmoc deprotection and
loading quantification (see Gr_abowska,. U. et al) to provide loaded Building -Block-
linker constructs (e.g.(22)). Analysis indicated virtually quantitative loading in all

examples.

30 Coupling Cycles




215nm UV detection). Fractions were |yophilised into pre-tarred gl ass
sanple vials to provide purified exanples (typically 2 to femuy46og 0 80%
yield). 20 (d) Purified exanples were dissolved in an appropri ate vol une of
DVBO t o pry¥Qiddes28 | OnM st ock sol uti on, for accur at e protmzEeBizioidai t ory
screeni ng. EXAMPLE 1. (An exanpl e of gep%g formula (1)). (3aS, 6aR
N-[1S-(4 hydroxybenzyl) - 2-o0xo-2-(3-oxo-hexahydr of uro

[ 3, 2-b] pyrrol -4- yI)ethyI]benzamde HOO(R NO N(S HY 0O 25 18
July 2005 02/0 7270 PCT/ GB02/ 00184 -128, Fol | t he gene al details
from Schene qu?iq FB’B&%E &-aBYRGag) g(llgl 8’?:(122\,(‘jl Pg’al ent) were

3- oxo- hexahxyéffaﬁw@[iﬁa? ROl Sotvhd] b%ﬂi ' @gﬁ&%@é&%;ﬂ) ?m' et hy|

ester (19) was prepared in 8 Steps as fol rep Toh of

(2S, 3S) ( 3- Hytermsihylpseniust ihgkafinorg Zrhdsphateb(ﬁﬁ'll‘{]c 18cox 2ﬂ}m()m-leqmvalent), I-

aadeqto o DOSREEEEAR, BROME PO ! e bl endobhace "

-(-16.-90g, 5169né%nymioﬁ)hohﬁe (Nﬁxnw?tzeror(tﬂdaﬂﬂ% quitalénts) wa&e@ﬁm@aﬁmo i mat .

provi di ng an opague but nobile m xture. 9 Fl uor enyl nmet
(20.31g, sompRdvation fouS minutean ActEatel snecesawereddispersed tr thetdpproptibie

| ce-cooling J Wi of % p(?lypmpjt}l%ne 96-well plate (Beckman, 1mL wells, 500uL solution per

well for crowns or 250uL solution per well for gears) in a pattern required for

synthesis. Loaded free amino Building Block-linker constructs (e.g.(22)) were added
10 and the coupling reaction left overnight. Following overnight coupling, crowns /

gears were taken through standard cycles washing and Fmoc deprotection (see

Grabowska, U. ef al). Identical aétivation and coupling conditions were used for the

coupling of a range of carboxylic acids (R-COOH). Altematively, chloroformates

e.g. morpholine-4-carbonylchloride (10mole equivalent), were coupled in DMF with
15 the addition of NMM (10mole equivalents).

Acidolytic Cleavage Cycle

q A mixture of 95% TFA / 5% water was pre-dispensed into two polystyrene 96-well

20  plates (Beckman, 1ml wells, 600pL solution per well for crowns or 300pL solution
per well for gears) in a patiern corresponding to that of the synthesis.‘ The completed
multipin assembly was added to the first plate (mother plate), the block covered in tin

foil and cleaved for 2 hours. The cleaved multipin assembly was then removed from

the first plate and added to the second plate (washing plate) for 15 minutes. The

25 - spent multipin assembly was then discarded and the mother / washing plates

evaporated on an HT-4 GeneVac plate evaporator.

Analysis and Purification of Cleaved Examples

30  (a) Ex l.2umole Gears. 100uL dimethylsulphoxide (DMSO) was added to each post
cleaved and dried washing plate well, thoroughly mixed, transferred to the

corresponding post cleaved and dried mother plate well and again thoroughly

A




mxture stirred at RT for an additional 2hr. Additional water (300nL) was
added, the reaction m xture washed with chloroform (2 x 250Tﬂ_.)uiﬁad05 he 15

corrbl ned ayers di scarded. The agueous phase was acj with i N
to - W@H gzr-’hw ding a thick opaque m xture. The aci di*Gx g’ﬁé

mxture was extracted wi th chl orof orm{27x 500nm.) and the now cl ear
aqueous phase di scarded. The opaque conbi ned chloroform | ayers were dried
- (Na2si4), filtered and reduced in vacuo to provide batch 1 (5.70g). The 20

resi dual preci t ' r t turated
w th hot net hé%k%@ SO Z@Oﬁﬁl %bt %éﬁggﬁbwggghﬂ%éhanc}?gg %J’}tﬁlg%séq/;duced )
in vacuo to praeétbﬁimibatlo% @1%&@ T@Qimxtﬁ%t gbl, aBEbts waR' al B@HPWC{-
anal ysed by TLC (si ﬁﬂl e W ;lpHPLG 15, 20% McCH i n C13)", and

HPLC- M5 ('si ngINdS gad Umabé@

(45, 2mml o 5SS AR ﬂ%B%ﬁdcﬁgﬁng@eﬂ@aC%@&%%ﬁ'W X80 cis
~and-trans geormy fb&ideﬂsﬁ LHgMOﬁM@MBDdﬁoQ@E&uu@H‘bf Ghitpt
298K); 1.80-2.02 (2Hy, 49 3

H 9 and CH2, &)ﬂdeﬁxsgpbs@m(rchmymrym@@semmpmcmemtm 30 Fnoc H 2 and

H7), 7.35- t d H.6 A3-7 45 (2H t
Frot” 1 1 ant?) kel OHoIB 3Rt Soob s 4 ok ieSroplile 11yt Babean o8 kGRS
(CooTh. 18 Julwaszma%a tMa@E/ﬁésﬁ&éoﬁﬁgév@ﬁO%{ middh BhgfehReat
298K); 31.70/32.70 (d, Cy), 44.68/45. 32 (d, Cs), "46.94/46.97 (u, Froc

C-9), 67.04/ amzesppudmgnmoﬂﬁHzaate 6BelD 4h6 Sagiin (thoroGelly Miked257L. @B thisu, Cp)
130 S0 Dol e s St S ko, 5
(1g4 331 154, 54 “?%%’ahé‘;}és Vet {’g%i)@&sca“d full aly“"aﬁ;mc In
each case the crude example molecules gave the expected [M + HJ" ion and an
"HPLC peak at > 80% (by 215mm UV analysis). The polystyrene blocks
containing crude examples were then lyophilised.
"15  (c) Individual examples (ex (b)) were re-dissolved ina 1 : 1 mixture of 0.1% aq TFA
/ acetonitrile (ImL) and purified by semi-preparative HPLC (Phenomenex Jupiter
Ca, Su, 3004, 250 x 10mm, a 25-90% B in A gradient over 25mins, 4.0mI/min,
215nm UV .detection). Fractions were lyophilised into pre-tarred glass sample
vials to provide purified examples (typically 2 to 4mg, 40 to 80% yield).
20 (d) Purified examples were dissolved in an appropriate volume of DMSO to provide
o ) - a 10mM stock solution, for accurate protease inhibitory screening.

'EXAMPLE 1. (An exemple of general formula (D). (3aS, 6aR) N-[1S-(4-
' hydroxybenzyl)-2-oxo-2 ~-(3-0x0-hexahydrofuro [3 2—b]pyrrol-4—yl)ethyl]benzam1de

&

25

Inteadzl gaseabercmde e@ml@n{olﬁcul%aye th25 376. 2

(2H5, in), 4.12-4 Hp, Fm)c



(2) Preparation of (2S,3S) (3-hydroxy)pyrrolidine-1,2-dicarboxylic acid
2-allyl ester 1-(9Hfluoren-9-ylnethyl) ester. 10 (25 35) 18Ju|y2005

(3- hydroxy) pyrrolidine-1, 2-di carboxylic acid 1-(9H fl uoren-9- yl nethyl)
ester (10W9g2/03B78mvol e) was di ssolved in toluene (75nl) PaT/aBIDeESs St ar k
apparatus. Allyl alcohol (20m) was adggg followed by p- tol uenesul phonic
aci d. hydrate (6.05¢g, 31.4mvle). The mXxture was refluxed for |hr, cooled
and CHC13 (300nL) added. The organic |ayer was washed 45 with NaHCO3
(300xL), O.IN HA (300m.) and brine (300nL), then dried (Na2SO4).
Filtration and reduction in vacuo gave a pale yellow foam (13.5g). The
crude foamm | 5 t I nt of
heptane : eth acg{e %‘éi‘;eﬂl/%étaﬁé !ﬁlfﬁfll:s)eggén?éeg ?@reﬁ!a%%dsﬂﬁ %@g%& lﬁg&gnd
reduced in (Gagﬁail)t 3-ex@ehéxabydrefiso]d12rblpyeblki-4-8arBdxylic2 GeRmatiduofn- 99y . TLC

20 (si.ngle po 30, .hept ane acetate 1: 1) anal ytical HPLC
R= 18. 845%{@ {SEE@B&?@SP?P?F&F%“&&%HS@}“%M with Rt = 8 354nins, 394.2

~f-M+-H %4162 M + ‘Na] 5. Analysis by "H and 13C NWVR shovved the presence

of cis and trans geonetrical isomers around the 3 am de bond. sH (CDCL3 at

298K); 2. 00- 2(I21Pyeparation pﬁ)(zS,ZSWCB' “Ryd&6xY)@ytrohdine-3,27de@b@dylic 2k, 1-(F5- m) ,
4.12-4.67 (Ha, I—Etrr% @ CH2, 2 x COOCH CH=CH2, n), 5.20- 5.40 (2 X
COOCH2CHECHR, | 1) TUQieRsS-Saing Yﬁfs COOCH2CH=CH2, in), 7.28- 7.33 (2H

t F -,
srom e, Fme Miendytof) L ke 118yl TH0RGAOR Y 159800 ok O

H 4 and H5). 36tiBel(teceded sohtion)of azlum/ GBbete (1.6.90g) 168 2008N5i32 (d

Foe Gy en. ST, Sabioxdt (pts v Rl rpvickieo S5 o0t B (0. 1
July 2005 V\D 0 2 dHBE AR IS D- ﬁael%hg)ﬁﬂ&ﬂyl @i&@f%ﬁf&%&%%ﬂm 37 7
(u, Fnoc G4 and C-5), 125.36/125.60
dioxan’ (75mL) was added over lhr then the ice~cooling removed and the
mixture stirred at RT for an additional 2hr. Additional water (300mL) was
added, the reaction mixture washed with chloroform (2 x 250mL) and the
15 combined organic Jayers discarded. The aqueous phase was acidified with 1IN
HCl to ~ pH 2, providing a thick opaque mixture. The acidified aqueous
mixture was extracted with chloroform (2 x 500mL) and the now clear
aqueous phase discarded. The opague combined chloroform layers were dried
_ (Naz80y), filtered and reduced in vacuo to provide batch 1 (5.70g). The
20 residual precipitate (a mixture of product and drying agent) was triturated
with hot methanol (2 x 250mL) and the combined methanol solutions reduced
in vacuo to provide batch 2 (10.25g). Batch 1 and 2 were individually
analysed by TLC (single UV spot, Rf = 0.15, 20% MeOH in CHCls), and
_ _ HPLC-MS (single main UV peak with Rt = 7.069mins, 354.2 [M + HJ,
25 3762 [M + Na]*)_and found to be identical, giving a combined yield of
15.95g (45.2mmole, 59.29%). Avalysis by 'H and °C NMR showed the
presence of cis and trans geometrical isomers around the 3° amide bond.
sH (DMSO-ds at 298K); 1.80-2.02 (2H,, m), 3.49-3.62 (2Hj, m), 4.12-4.38
(He, Hp, Fn_mc H-9 and CH;, m), 5.55/5.62 (OH), 7.30-7.31 (2H aromatic,
30 Fmoc H-2 and H-7), 7.35-7.37 (2H aromatic, Fmoc H-3 and H-6), 7.43-7.45
(2H aromatic, Fmoc H-1 and H-8), 7.63-7.65 (2H aromatic, Fmoc H-4 and H-
5), 12.8-13.0 (COOH)




Frnoc CG-1 and C-8), 127.47 (u, Fnoc C2 and CG7), 128.06/128.12 (u, Fnt C3
and C-6), 131.79/131.94 (u, COOCHZCH=CH2), 141.65/141.71 (m8 fnp2005C-4' and
C5), 34 (q, Fnoc CGi' and C-8'), 155.13/155. (}:C]\I),
170. 53/ 178""%@"% PCHECH2) . (3) Preparation of (2S,3R) Yo poros
(3-fornyl oxy)pyrrolidine-1, 2-di carboxyljm-acid 2- allyl ester

1- (9H-fluoren-9-yl methyl ) ester. Triphenyl phosphine (2.76g, 10.5mmvle, TPP)
was di ssolved in dry 10 tetrahydrofuran (75nL), under a nitrogen bl anket

ith sti [ t 07rrL,
10, 5mol e, B?A%)” ARG S LR Lk e B R
white nixture. ?ngﬁﬁb C-@? d"mifr/@m:-) Ry, rFxﬂAd (éHg)esézZ/ﬁdlsqa(b,geé)Y 73 (izﬁfﬁ'z@
2-allyl ester 1-{9H fluoren-9- yhnethyl) estér (4.159, and
formc acid (0. 9agCp)). 120/9/12D522(1, Baoun! @4 axdr(é-sygl mouwmm&/(u; é‘tﬁmm‘/—dr of uran

30nL nd added tq the_TPP/ DI AD t Th t
gt i rrZadapor aa 1? Ovérg)i &?g‘%ﬁts(“o OPelféﬁ ﬁlﬂew)giﬁé(g‘lﬁj (l%‘I'Fm‘Fgé g%@%&mr e

|roves §17 ecoLguloR ) VRRE B4 1ML NG pah  Rgte e ©

ethyl acetate 4:%); 1531313/154qu90§@1\1)‘, rlﬁzll{)/dﬁiﬁ.:’&@eoment ified and reduced
in vacuo to give (2S,3R) (3- fornyloxy)pyr olidine-1,2-dicarboxylic acid
2-allyl ester 1-(9Hfluoren-9- ylnethyl) ester / Bis-hydrazide of D AD, a

acetate 11 1), GnbfSHeraRn ofp s CMTOHIMRIG Ly dighedfRaP T [

peak with Rt = QsmMQH-ﬂmmgyBﬁethMestbﬂ+ 444.1 [M + Na] + and a non- W

b8 " R ol oot L iR

1= ( 9H-f | uor en- 9-yihpg Eﬁtele . 3 Brhdv]ed Rlas dlssolved in toluene (75mL2;
(3- fornyloxy)pyrroll I'ne-1, dlcarboxyllc acid 2-allyl ester

fl uoren-9-yl et I"Pbé)n-%mlerappm A aadcatw] dROBLADVas x&ddwde faé]&uv@) by
dissolved in al lt}/)iue%és% acl Q(drate%%gg, 517§m}no?qd’f’ﬁie %ev?zgsergﬁafedr ef | ux
for 1hr, cooled and CHCI; (300mL) added. The organic layer was washed
R S - with NaHCO; (300mL), 0.I1N HCl (300mL) and brine (300mL), then dried
(NazS0,). Filtration and reduction in vacuo gave a pale yellow foam (13.5g):
' The crude foam was purified over silica gel (150g) eluting with a gradient of
heptane : ethyl acetate 3:1 -> 1:1. Desired fractions were combined and
. reduced in vacuo fo a colourless gum yield 10.34g (26.3mmole, 85.4%). TLC
20 (single UV spot, Rf=0.30, heptane : cthyl acetate 1:1), analytical HPLC Rt =
: ) 18.849mins, HPLC-MS (single main UV peak with Rt = 8:354mins, 394.2
‘ [M + HJ, 416.2 [M + Na]"). Analysis by 'H and *C NMR showed the
presence of cis and trans geometrical isomers around the 3° amide bond.
sH (CDCI; at 298K); 2.00-2.21 (2H,, m), 2.70/2.85 (OH, b), 3.72-3.81 (2H;,
25 - m), 4.12-4.67 (H, Hp, Fmoc H-9 and CH,, 2 x COOCH,CH=CH;, m), 5.20-
| 5.40 (2 x COOCH;CH=CH;, m), 5.82-5.99 (1 x COOCH,CH=CHa, m), 7.28-
7.33 (2H aromatic, Fmoc H-2 and H-7), 7.34-7.41 (2H aromatic, Fmoc H-3
and H-6), 7.53-7.66 (2H aromatic, Fmoc H-1 and H-8), 7.77-7.81 (2H
aromatic, Fmoc H-4 and H-5).

30 sC (CDCY; at 298K); 32.28/33.04 (d, Cy), 44.98/45.32 (d, Cs), 47.56/47.63 (u,

Fmoc C-9), 66.44 (d, COOCH,CH=CH,), 68.01/68.11 (d, Fmoc CH,),
68.3268.72 (u, Co), 74497567 (u, Cp), 1192011948 (d,



18 July 2005 WO 02/057270 PCT/ GB02/00184 -131 for 90m ns. ‘The nixture was

cool ed, EtOAc (200n) added and washed with NaHCG3 (200nL)4g R o 200n)
and dried (Na2SO4). The solvents were renpved in vacuo to give a viscous
tan oil (MQ@?’UDTFWE crude oil was purified over silica gePCUGB®R01® uti ng
with a gradient of heptane : ethyl acetasg 2:14 5 1:1. Desired fractions
wer e conbi ned and reduced in vacuo to a coI ourI ess gumyield 1.75g

(4. 44mvoi e, 42. 4% TLC (single WV spot, = 0. 25, heptane : et hyI

e %pgﬁﬂp@ﬁ%@w@“ BB by
13C NMR showggpéde.

round the 3 am qe e PRRPERAALTRPEREE G233 CIP [IETRARIER, B3O 0
dd, J 1.0, 6.0), G3zad GopIBRTIM3BIS M, COOCHCH=CHLY- 14135114122(«;;1?3@(ch
% 60-4.55 (Ho mOF 8 bshoi e be -0 gt b ehy 1k aiBET'G 7

COOCH2CHSCHR;- m,oa@mamlsﬁu@%((gooémﬁéﬁaﬂ*z m, 7.28-7.38 (2H
aromatic, Fnoc H 2 and H 7) 7.46 (2H arorratlc Frnoc H 3 and H-6),

7.53-7.69 (2H aronmatic, Fnoc H1 and H-8) 7.73-7. 81 (2H aromatic, Fnoc H 4

s 5 oo (T BB 33 Ut e i e D)

COOCHZCH=CH2) 68a1gzestaﬂ1.((gﬁ_ﬂam -Ciethyljleshd! 72. 80 (u, Cp), 119.08/119.31
(d, COOCH2CH=CH2), ~120.39 (u, Fnoc G- 4 and G 5), 125.32/125.46/125.56 (u,

Froc G- 1 and G- 8)lriphenyiphesphine KB6g, C19.5mndole, 7TPP)L 28as1 Aligsolvedmix @38 and
© ) L PR M08 e BB S
(q, 25 OCON) , 1680ied/ 1D%s&Rofy0didaBori?) (2.12g, 2.07mL, 10.5mmole, DIAD) g
was added dropwise over 15mins to give a precipitous white mixture. (25,35)
(3-hydroxy)pyrrotidine-1,2-dicarboxylic acid 2-allyl ester 1-(9H-fluoren-9-
ylmethyl) ester (4.15g, 10.5mmole) and formic acid (0.97g, 0.79mL,
15 21.0mmole) were mixed in dry tetrahydrofuran (30mL) and added over
15mins to the TPP/DIAD mixture, The reaction was stirred for a further lhr
at 0°C, then overnight at RT. The solvents were removed in vacuo to give a
viscous pale yellow oil (11.1g). The crude oil was purified over silica gel
| (250g) elui:mg with a gradient of heptane : eﬂlyl acetae 4:1 > 1:1. Product
20 fractions were identified and reduced in vacuo to give (25,3R) (3-
formyloxy)pyrrolidine-1,2-dicarboxylic acid 2-allyl ester 1-(9H-fluoren-9-
yimethyl) ester / Bis-hydrazide of DIAD, a white solid, yield 4.0g. TLC
(single UV spot, Rf = 0.50, heptane : ethyl acetate 1:1), analytical HPLC Rt =
7 19.064mins, HPLC-MS (single main UV peak with Rt = 9.721lmins, 422.2
25 [M -+ HJ", 444.1 [M + Na]* and a non-UV peak with Rt = 5.057mins, 205.1

[M+H]", 431.2 [2M + Na["). |

(4) Preparation of (25,3R) (3-hydroxy)pyrrolidine-1,2-dicarboxylic acid 2-allyl
ester 1-(9H-fluoren-9-ylmethyl) ester.
30 (2S,3R) (3¥formyloxy)pyrrolidine-1,2—dicarboxylic acid 2-allyl ester 1-(9H-

i | fluoren-9-ylmethyl) ester / Bis-hydrazide of DIAD mixture (4.0g) was

dissolved in allyl alcohol (18mL), cHySO4 (751L) added and heated to reflux



(5) Preparation of (2S,3R) (3-tent-butoxy)pyrrolidine-1,2-dicarboxylic acid -
2- allyl ester 1-(9H-fluoren-9-ylnmethyl) ester. (2S, 3R (3: 18Juiy2005

hydr oxy) p e-1, 2-di carboxylic acid 2-allyl ester 1-

f1 uor en- 9)«’ % Sﬁw) ester (1.75g, 4.45mole) was dissol ve QT{GEP";/OMS“

di chl or onet hane (201) in a 50nL gl ass-1¥lessure tube and cooled to -78C.

| sobutyl ene gas (-10O1) was condensed into the solution and cH2SO4 18 July
2005 WD 02/057270 PCT/ GB02/:00184 -132 (100L) added. A stirrer bar vvas

added, the tube pg '

72hr. The seal ed tuggﬁggagﬂgoogﬁrdéﬁggé@ge& E@%@ﬂ“ﬁo %d{lﬁ\t"&%l%%ﬂ | eq

w.r.t. cH2SO4) aNdHé]OsO@welmiLb, buedien (200K}, andudﬁah(rwsow e Sdolwehisngerver

2hr. D chl or onet hane éwvvas added and th 5 or |cs washed wi t h NaHCO3

(75mL), then bri%“c("? )Va O Y ) Vispaus dagoail (4 |°Wé1ﬁt ves Briisdoved in

vacuo to give a [ T ude rafied
9 goh shf‘ca%%t ﬁsggy%a?ﬁg ggﬁgfégale%tt g 1359 t angi ad @‘1! >

over silica gel (150q) et acetate

4 1--%-35 1. Desit:ddDiesizet fraciionserae oombhiedemhdal&dudeddnaedm fo y@clmmrlbsz a

thick clear oil ield. 0% . TLC ,(single WV spot,

0. 45, heptane ]I:Id ggggaéémgm}ge 4%1% /% Spgtgﬁfﬁﬂ #¥ns,
HPLC- M5 (single UV 472 2
[M+ Na]+, 921. 4Héii2a§|\1/l1e GN%??KC%M% Brt epar at | O%ﬂﬁ_f@ ?ZS gﬁ?gvﬁninyl fpbeMs
(3-tert- but oxy) pgsmgkb inhim &IV pzaldmﬁxrlibsew 5 Pmaios,d3%.2 M + H], 4162 [M +
(9H-fl uoren-9-yl y est

(3-tert-but oxy)p yiis By Hfmda%améh%%ﬂ@wwe@gwrmém

f I uoreny@®-y! et h éoln&ﬁ&msoﬁer@%un&hé@%&@b s dissolved in dry
di ¢hl or onet hane %IZOm_ witsh stirring. Tetrakistriphenyl phosphine pal | adi um

(0) (83ny, O. ondhﬂcacm anzam),mw-maqamfmp,l 62 OBy d20J 1.0, 6. 0) 3.54.
i ohi or ot hane 1656103 442 Ha Fod4 it AHb 28 g oo ande 4TG0 6L m
Fmoc CHz, m), 4.43-4.58 (H; + 1 x Fmoc CHa, m), 4.60-4.65 (Hj, m) 4.65-
476 (2 x COOCH,CH=CH,, m), 5.23-5.36 (2 x COOCH,CH=CH,, m),
150 5.81-6.00 (1 x COOCH,CH=CHj, m), 7.28-7.38 (2H aromatic, Fmoc H-2 and
| H-7), 7.39-7.46 (2H aromatic, Fmoc H-3 and H-6), 7.53-7.69 (2H aromatic,

Fmoc H-1 and H-8), 7.73-7.81 (2H aromatic, Fmoc H-4 and H-5).
sC (CDCl; at 298K); 32.34/33.22 (d, C,), 44.65/44.90 (d, Cs), 47.57/47.63 (u,
Fmoc C-9), 6_3..89/64.22 (1, Cy), 66.38/66.41 (4, COOCH,CH=CH,), 68.02
20 (d, Fmoc CH,), 71.84/72.80 (u, Cg), 119.08/119.31 (d, COOCH,CH=CH,),
) ' 120.39 (u, Fmoc C-4 and C-5), 125.32/125.46/125.56 (u, Fmoc C-1 and C-8),
- 127.46 (u, Fmoc C-2 and C-7), 128.12 (u, Fmoc C-3 and C-6), 132.03/132.14
(6, COOCH,CH=CH,), 141.65/141.69 (g, Fmoc C-4" and C-5°),
144.00/144.16/144.43/144.48 (q, Fmoc C-1° and C-8’), 154.88/155.25 (q,

25 OCON), 169.94/169.99 (COOCH,CH=CH,).

(5) Preparation of (25,3R) (3-fert-butoxy)pyrrolidine-1,2-dicarboxylic acid 2-
| allyl ester 1-(9H-fluoren-9-ylmethyl) ester.
(25,3R) (3-hydroxy)pyrrolidine-1,2-dicarboxylic acid 2-allyl ester 1-(9H-

30 fluoren-9-ylmethyl) ester (i.75g, 4.45mmole) was dissolved in dry

dichloromethane (20mL) in a 50mL glass pressure tube and cooled to ~78°C.
Isobutylene gas (~10mL) was condensed into the solution and cH>SO,



HCl (150.L), brine (150nL) and dried (Na2SQ4). The sol vents were renoved

I n-vacuo to give a dark grey solid (2.14g). The crude soli d+gasivy2posified
over silica gel (75g) eluting with a gradi ent of heptane : et hyy acetate 25
2:1 4 1. 6 WRMG575@ fractions were conbi ned and reduced i nPCIvGEED2100182 Whi t e
crystalline yield 0.89g (2. 17mmvl e, lljz/() TLC (single WV spot, Rf= 0.30,
hept ane : ethyl acetate 1:2), anal ytlcé HPLC Rt = 19.135nmi ns, HPLC- M5
(single main WV peak with Rt- = 9.386nm ns, 354.1 [M+ HBu ]+ 410.2 [M+
H+, 432.1 [M+ I\laﬁl—l 841.1 [2M + Na]). AnaIyS|s by 'H and 13C NWR 30
showed t he preselOBulor agded. &natimerabas Wasondsied; thel tubs ovasrsated othecbobling 3 ani de

bond. 18 July 20 057 /-GBO2/ 0 133 SH t_ 298K
193 (911, ”s)y 1‘%%’ %p%?ftﬁfz tﬂ’ﬂPFT7 g‘(h%é %—%‘bem&sm@g%ml%s@ ](’Illls)
. 4.10-4. 50 4
era?omat ic, Frmc( ?gfhalﬁébrﬁ}&iﬂé‘?(%bg% ?%ﬁ{gﬂ&%&"?ﬁ_ﬁﬁ ?:Wrr%dc%gm-zgn 908‘ H6),
7.55-7.70 (211 aunsealed, omtlFstnungmemm PhchorordetBen(785L ) b ad&edam@mel c
- Fmoc H-4 and_H-5). 6 30- 13 at. 298 285
_g)c o, A%in47/ 3231”5 ‘P ‘%1%%1‘2()&038(9 ), éﬁ? bz %ﬁmﬁmd( dneq't

C-9), 62.73/62 7
120) 33 (u, Frmcg@agl aﬂg@é\? S&,%I?%@geg E}O("g%'{g%?’%%gg@ az’é‘q’g’igf’ﬁgt%m(ﬂ:uc-
and C 8), 127.462Alg). lfﬂmccmdz tahdvaS: Meifie)l, oveP 8ilivd/ g2 §0F0d) Ul &vith- 3 and

C-6), 141.58/ 141 6 = d_C5')., 144.04/144, 23/ 144.46 (q,
Frmz: C1 and CH% ergtq%’ﬁkgg i85 §§1YF c?%tatﬁcé&i) > 134, ié‘?s M‘aféqw)

Preparation of (b@bhidd ol fedfdediHVA¥0 1ol fﬂclpéléeﬁ%FRf&Yd ) B¥E (Rbotlndf; | - 15

carboxylic acid 9H-fl uoren-9-yl nethyl ester

(3-t er tLbut oxy) A% | Bi-Gelsinge d7€ aapbtyBf =c 045 deptafi@tt éthylopatat®-2:1),
analytical HPLC Rt = 22.811mins, HPLC-MS (single main UV peak with Rt
= 11.193mins, 450.2 [M + HJ', 472.2 [M + Na]*, 921.4 [ZM + NaJ*).

(6) Preparation of (2S,3R) (3-tert-butoxy)pyrrolidine-1 ,2-d1carboxyhc acid 1~
15 (9H-fluoren-9-ylmethyl) ester,
(25,3R) (3-tert-butoxy)pyrrolidine-1, 2—dlcarboxyhc acid 2-allyl ester 1-(9H-
fluoren-9-ylmethyl) ester (1.60g, 3.56mmole) was dissolved in dry
dichloromethane (20mL) with stirring. Tetrakistriphenylphosphine palladium
. (© (83mg, 007immole, 002q) was added, followed by
20 phenyltrihydrosilane (0.77g, 0.674mL, 7.12mmole, 2eq). After 2hr;
dichloromethane (150mL) was added and the organics washed with 0.01N )
HCl (150mL), brine (150ml) and dried (Na,;SO4). The solvents were
removed in vacuo to give a dark grey solid (2.14g). The crude solid was
purified over silica gel (75g) eluting with a gradient of heptane : ethyl acetate
25 2:1 > 1:6. Desired fractions were combined and reduced in vacuo to a white
crystalline yield 0.89g (2.17mmole, 61.1%). TLC (single UV spot, Rf = 0.30,
heptane : ethyl acetate 1:2), analytical HPL.C Rt = 19.135mins, HPLC-MS
(single main UV peak with Rt = 9.386mins, 354.1 [M + H-Bu'l", 410.2 [M +
HY', 432.1 [M + Nal", 841.1 [2M + NaJ'). Analysis by 'H and *C NMR
30 showed the presence of cis and rans geometrical isomers around the 3° amide
bond.



yl methyl) ester (615ng, 1.5mmole) was dissolved with stirring in dry

di chl oronet hane (15nL). The reaction was flushed w th nitrogeniprsbscool ed
to -15C W@b’rﬁg@hl orof ormate (225ng, 1.6mmole in dry dichl oronet hane 20
(2.5nL) a yhnor pholine (303ng, 3.0mmle in dry di ST ne
(2.5nL) were added sinultaneously in Oj5%sd aliquots over 15m ns. Etheral
di azonet hane (generated fromdiazald (4.7g, -15mmole in diethyl ether
(75m.)) onto sodi um hydroxi de (5.25g) in water (7.5nL) / ethanol (15nL) at

e S SOPE AR AN R U A Tl
butyl met hyl et herg %)aﬁ f&d, 5ot Fﬁﬁ)c"ﬂw(i X“Pﬁﬂbc"@itler

200n.), then dri ed (Na2 sol v r‘ft re renoved I n vacuoto @l ve a
t hi ck yel |l ow oi I729;9G@)(2Wﬁemaﬁqdﬁnm H-2nvasl HT)j ﬂ14ed7 A@’X/&Hardmatm Bribc ( 759)

| uti i th di f €, . h
Fracti ons 30 wer %q%ﬁhéﬂ&ﬁ%%&ﬁ%ﬁémﬁw s ) i - 3785 LA
~{8-tent-dutoxy) a%o:%lgfic PrREOACEIHBY 4.56 | SOP]I;PG%S boxyli-c_acid

9H-f | uor en- 9-yl et ’ester, a pale yeI

41.6% . TLC (si r@(@:mmmsmms 2818, LHy)C;p@ﬁM/BDQQI(ﬂ, QAVADIMB@Z/ 00184
-134 0.55, heptane :_eth acetate 1:1), anal ytical = 20. 085m ns,
HPLC- MB (2 mai iCVApE Gﬁh@thocﬁ-?) Aférﬁ?»{@ 360. G..u){ Wﬁéﬁﬁ-ﬂf‘i (@7Pmoc[ M +

Na 721.0 [2 949 7 M
Na}l 889. 3 %2 ]@lNah %ﬁﬁg@ti‘ha&ﬂ)upoﬁoﬁ@m@%‘%%éu an #93,3329.;3 LM
corresponds to thgsdgqbs %§/12§'6‘?3(ﬁ| PmBE 094 6hd 63@1512@@8?% Fmoc C-2 and C-

3- oxo- hexahydrofurés 2-b] pyrrole4-carboxylic ‘acid 9 | uor en- 9-yl net hyl
.es} er (). (8) Qytes @bltlﬁ&mt(m, KmasC-Bar) C-6), 141.58/141.66 (g, Fmoc C-4’ and

or T tor on Soy ek AP PR LRl A ds (ETRRRYC-Tr oA SRR L9588 oy,
4.8mol e) in wateCOMNy, PHET19/178965 (COOH).

(7) Preparation of (28,3R) (3-fert-butoxy)-2- (Z-mazoacetyl)pynohdme-l—

15 carboxylic acid 9H-fluoren-9-ylmethyl ester.
(28,3R) (3-tert-butoxy)pyrrolidine-1,2-dicarboxylic acid 1-(9H-fluoren-9-
yimethyl) ester (615mg, 1.5mmole) was dissolved with stirring in dry
dichloromethane (15ml). The reaction was flushed with nitrogen and cooled
to —15°C. Isobutylchloroformate (225mg, 1.6mmole in dry dichloromethane
20 (2.5mL) and N-methylmorpholine (303mg, 3.0mmole in dry dichloromethane
) (2.5mL) were added simultaneously in 0.5mL aliquots over 15mins. Etheral
diazomethane (generated from diazald (4.7g, ~15mmole in diethyl ether
(75mL}) onto sodium hydroxide (5.25g) in water (7.5mL) / ethanol (15mL) at
60°C). was added to the activated aminoacid solution and stirred at RT for
25 - 24hr. Acetic acid (~2mlL) was added to quench the reaction, then fer:-
butylmethylether (150ml.) was added, the organics washed with water (3 x
200mL.), then dried (NaySOy). The solvents were removed in vacuo to give a
thick yellow oil (890g). The crude oil was purified over silica gel (75g)
eluting with a gradient of heptane : ethyl acetate 3:1 > 2:1. Desired fractions

30 were combined and reduced in vacuo to give (2S,3R) (3-terr-butoxy)-2-(2-

diazoacetyl)pyrrolidine-1-carboxylic acid 9H-fluoren-9-yimethyl ester, a pale
yellow solid, yield 270mg (0.624mmole, 41.6%). TLC (single UV spot, Rf =

yield 270ng (O. 624nnn|e



acetic acid (5.01m) was added to (2S,3R) (3-tert-butoxy)-2-(2-

di azoacetyl ) pyrrolidine-I-carboxylic acid 9H fluoren-9-yl meidydiy es=r
(209ng, 0.483mmol e). Gas was evolved and the yellow oily solid dissolved 15
over | hr ™MO8¥/e827 virtually col ourl ess solution. After 9Gimseo2mioigar of or m
(150m.) was added and the organics wash]?lwith NaHCO3 (2 x 150mL), brine
(150nm.) and dried (Na2SO4). The sol veni'sWwere renoved in vacuo to give a
thick yell ow gum (200ng). The crude gumwas purified over silica gel (409)
eluting with a gradient of heptane : ethyl acetate 3:2 4 1:1. Desired 20
fractions were c8bi breitrngricthddgetett 1), weadytical HPLCGRE +8008§mim] HPRE-sol i d,

1 St A Gl AL e L A g
15.2-17. 6m ns, HPLOH FBv(-sNaPl sdmicad okdiniig adoely @'ﬁaﬂ"‘%zgyp?ﬁﬁﬂﬁa 130

350.1 [M+ H+, 372.1 [M+ Na]+, 721.2 [2M + Na]). Analysis
25 NWVR showed th§8%35§\4n’tﬁab- cis and trans geonetrical isoners around the

T SO e N i 9 s T
COCH p, dm, 4. lbieyé a$t JRGydbiefsi - i
4, 80-2. 92n% Ha + pr ggﬁggﬁﬁgx)’,&;{?z%?ﬁ% 30 (%H ar%{%%]%]g?ﬂl%%%c&lr—kﬁ%ygﬁd H7),

np ‘
7.31-7.42 (2H apotdHRuorendylimetybeserfl®) , 7. 50- 7. 57/ 7. 60- 7. 66 ( 2H
aromatic, Fnoc H1 and H8), 7.68-7.76 (2H aromatic, Fnoc H4 and H5). 18
July 2005 WD 02/057270 PCT/ GB02/ 00184 -135 a C (CDC13 at 298K);

31. 76/ 32.28 () Cyplisaions8l (o) ok 3-G00 horky A3 FARGrrolecicbB3nigS) 62 77
(u, Ca) 68.03/68.,5%&, Froc O, 71. 28, (0 cocﬂz}, 5.17/83. 11 (u, Cp),
120. 38"}, Froc @ciE Sihiluerenyd-yimethyd esteri38).59 / 125. 88 (u, Fnoc C- 1 and

2D 5217, 421270 S, SO g Pl Sl U )
acetic acid (5.0mL) was added to (25,3R) (3-tert-butoxy)-2-(2-
diazoacetyl)pyrrolidine-1-cartboxylic acid  9H-fluoren-9-ylmethyl ester
(209mg, 0.483mmole). Gas was evolved and the yellow oily solid dissolved
15 over lhr to give a virtually colourless solution. After 90mins, chloroform
(150mL) was added and the organics washed with NaHCO; (2 x 150mL),
brine (150mL) and dried (Na;SOy). The solvents were removed in vacuo to
give a thick yellow gum (200mg). The crude gum was purified over silica gel
(40g) eluting with a gradient of heptane : ethyl acetate 3:2 - 1:1, Desired
20 fractions were combined and reduced in vacuo to a white crystalline solid,
yield 133mg (0.38mmole, 18.6% from starting acid). TLC (single UV spot, )
Rf = 0.25, heptane : ethyl acetate 1:1), analytical HPLC broad peak Rt =
15.2-17.6mins, HPLC-MS (single broad UV peak with Rt = 7.45-8.56mins,
350.1 [M +HJ", 372.1 [M + Na]*, 721.2 [2M + NaJ*). Analysis by 'H and ®C
25 NMR showed the presence of cis and trans geometrical isomers around the 3°
amide bond. ;
sH (CDCl, at 298K); 1.61-1.97 (2Hj, m), 3.32-3.45 (1H;, m), 3.66-3.75/3.85-
3.95 (1/2H;+ 1/2H;, dm), 3.95/4.10 (1 x COCHjq + 1 X COCHyy, dm), 4.15-
4.30 (Fmoc H-9 + 2 x Fmoc CHy, m), 4.40-4.60 / 4.80-4.92 (H, + Hg,
30 complex), 7.20-7.30 (2H aromatic, Fmoc H-2 and H-7), 7.31-7.42 (2H
aromatic, Fmoc H-3 and H-6), 7.50-7.57/7.60-7.66 (2H aromatic, Fmoc H-1
and H-8), 7.68-7.76 (2H aromatic, Fmoc H-4 and H-5).



(gq; Froc G- 1' and C-8"), 155.33 (g, OCON), 209.32 (OCHZ). Follow ng the
general details from Scheme 2, the required bicycle buildi ngg Riipohos (3aS,
6aR) 3- ox&- I"bgfrybg%drof uro[ 3, 2-b] pyrrol e-4-carboxylic acid 9Hfl uoren-9- 10
yl met hyl BXU%0SP19) was converted to building bi ock-1inkePCE&TROROUSE (21)
as follows: (3aS, 6aR) 3-oxo-hexahydrofideo[ 3, 2- b] pynol e-4-carboxylic acid
9H fl uoren-9- ylnethyl ester (19) (100ng, 0.286mmle) was dissolved in a
m xture of ethanol (5.0nL) and water (0.75mnmL) containing sodi um

2-LL(hydr azi mocaEms HATRE): Hel HaPPBE] GiATHASP S o 47,64 cFmoc
Chem " Soac et 3 T oR a0 1P UoESS snosi Bk L I el & oSBT ¢ o

90m ns.  Chl or of gy 1m/$%H | (W8S 126198 ¢ hCE2aN s,
(5o - p119) e R S L o O A e oar e

bui | di ng bl ock- |nKew0c20-1cands€8hc127.23/1 2849 u.chhow (-2 sad i+, 1¥8413du]72ny,

322%: |r ?’ilm B:Dégréjp‘g‘je&%ﬂ%@ ?‘gl‘i;&/ dﬁ&%%ﬁﬁ,)ifw%l%ﬁ}m% né, . x

547.3 [M + H +, (@6Bmdc M *tnhidd-§’ 1@353@ b@@@\/\@@g_gy cHiy ectly for
construct | oadi n(g’. 25 Fol | owi ng)’t he -gener al étail s@gomgScheme 2, the
requi red building bl ock-Iinker construct (21) was attached to the solid

shase. providigal paded bunl Ay Dlodkslinkery, coneLIUEL (22h 85 fokd ove:

Bui | di ng bl oCK-

2- (1H benzqBas,azaRP- 3-akblrexafydiofitiods, 3-BIFrrcIERL AWHOYRE T HAB XL HMRERO-
phosphate (HBTU, 98.6ny, 0.26mmole), | -° h droxybenhzotriazole. h drate and vy
y (HOBRO 397lmgthyl esterdkPowes) conpertedtp byl fling bladk-linkienenmsiradt 2 Heasifoliowsenl) and
N:ret hyl morphol i ne (NMM  58L, 0.52mmol e) 18 July 2005 WD 02/ 057270

PCT/ GB02/ 00184 -136 added. After pre-activation for 5 nmnutes, free anine

gears (72 X34S,2r6aRp) 3wkbaexdtdadiuro[ D2l Hpaeolon-divRihy | had mem-georeobnl) and
| eft over nlﬁgte’th irggtefplegnt i . . :
\ (19) (100mg, 0.286mmole) was dissolved in a mixture of ethanol
(5.0mL) and water (0.75mL) containing sodium acetatetrihydrate (59mg,
15 ~»0:428mmole, 1.5eq). 4-{[(hydrazinocarbonyl)amino] methyllcyclohexanecarboxylic
acid. trifluoroacetate (95mg, 0.286mmole, 1.0eq, Murphy, A. M. et al, J. Am. Chem.
Soc., 114, 3156-3157, 1992) was added and the mixture refluxed for 90mins.
- Chloroform (50mL) was added and the organics washed with HC! (50mL, ~ pH3),
qdried (NapS04) and reduced in vacuo to provide crude building block-linker
20  comstruct (21) as a colourless gum. Yield 172mg, analytic‘ﬁ HPLC 2 peaks Rt =
) 16.477 and 18.512mins (cis / trans geometrical isomers), HPLC-MS (2 x UV peak
with Rt = 7.75 and 8.82mins, 547.3 [M + HJ", 569.3 [M + Na]"). Crude (21) was
used directly for construct loading,

25  Following the general details from Scheme 2, the required building block-linker
construct (21) was attached to the solid phase providing loaded building block-linker
construct (22) as follows: '

Building block-lipker construct (21) (0.26mmoles), 2-(1H-benzotriazole-1-yl)-
30 1,1,3,3-tetramethyluroniumhexafluoro phosphate (HBTU, 98.6mg, 0.26mmole), 1-
hydroxybenzotriazole.hydratg and (HOBT, 39.8mg, 0.26mmole) were dissolved in
dimethylformamide (3mL) and N-methylmorpholine (NMM, 58uL, 0.52mmole)



coupling solution was then added to free amne crowns (10 x | 0linole) and
left overnight. Standard washing and anal yses indicated quagyhy apés e

| oading. 5 Followi ng the general details from.Schenme 2, the required

| oaded buW@pHes7ioock- |inker construct (22) was el abor at ad1egsddveissol i d
phase as follows: Loaded construct (22);4@s el aborated to EXAMPLE | (3aS,
6aR) N-[1S (4- 10

hydr oxybenzyl ) - 2- oxo- 2- ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyrrol - 4-yl ) et hyl ] benzam

de by stan Enpc deprotecti.on_and sequential coupling with

oo Ty ( CBAMSOATRE RERRURASH! (o2 Finuiehates FaEeSeae X DHdeveseand
anal ysed (s e chni C 10, %51n >090 PL.C- VS
305 1 (M o o e B R kmak o (ST ) PSR o
det ai | ed focouplitlgRioktibn wasothehiaddeditd Hrdehgnine QrowiRd(10€208NiR14)0ndr R de the

full length nol ecul e. MPLE 2. (3aS, 6aR) Biphenyl -4-carboxY he acid [|S-
4 hydroxYb Y f. )‘Siazldgrﬁgvashmg and analyses indicated quantitative loading, :

-2-( 3- oxoghexahydr-of uro[ 3, 2-b] pyrrol -4-yl )ethyl ]am de HO N-O 19 O 20 HPLC -,
Rt =14.94-15.46nins (> 90%, HPLG-MS 471.2 [M + H + EXAMPLE 3. (3aS, 6aR)
4-t est - But y Follbwihg-thel ghyetalodeydibntiyin) Schede?, dhé Seqised lodded buﬂdin'\%glock-

hexahydr of ur.0] 3, 2-b rol -4- et hyl ] benzam de 18 Jul 2005 02/ 057270
PCT/ GéOZ / Ooglg%er co sgpgzéﬂ y/as el% )rateg%n]the solid phase as follows¥

Loaded construct (22) was elaborated to EXAMPLE 1 (3aS, 6aR) N-[18-(4-

10 hydroxybenzyl)-z—oxq-E-(S-oxo-hexahydroﬁuo[3,2_—b]pyrrol-4—y1)eﬂayl]benzamide
by standard Fmoe deprotection and sequential coupling with Fmoc-Tyr(OBut)-OH
then benzoic acid. The crude example was cleaved and analysed (see general
techniques). HPLC Rt = 10.15mins (>95%), HPLC-MS 395.1 [M -+ HJ".

15 The following examples (2 — 82) were prepared as detailed for EXAMPLE 1,
coupling with the required reagents to provide the full Iength molecule.

EXAMPLE 2. (3aS, 6aR) Biphenyl-4-carboxylic acid [15-(4-hydroxybenzyl)-2-oxo-
“g-(s-pxo-hexahydrofu:o[3,2-b]pyrro1-4-y1)ethy1}anﬁde

HO,

Iz
Q

20 ;
HPLC Rt = 14.94-15.46mins (> 90%), HPLC-MS 471.2 [M + HJ".

EXAMPLE 3. (3qS, 6aR) 4-tert-Butyl-N-[15-(4-hydroxybenzyl)-2-ox0-2-(3-0%0-
hexahydrofuro[3,2-b]pyrrol-4-yl)ethylbenzamide



RU O HPLC Rt =15.29-15.89nins (> 90%, HPLC-Ms 451.3 [M + H + EXAMPLE 4.
(3aS, 6aR) N-[1S-(4- hydroxybenzyl) - 2-o0xo0-2-( 3- oxo- hexahydr ofgingqy 2805

[ 3, 2-b] pynrol -4-yl)et hyl]-5-thi ophen-2-yl nicotinam de Ho N TO )éJ N HPLC Rt
=11. 12 rai“\’r%"?(“s?é@w 0), HPLC-MB 478.2 [M+ H + 10 EXAVPLECI/GRUINGIS45,R)

2- Pyridin-3-ylthiazol e-4-carboxylic acig3f-1S- (4- hydroxy : .
benzyl) - 2- oxo- 2- ( 3- oxo- hexahydrof aro[ 3, 2-b] pyrrol -4-yl)ethyl]amde HO D H
D H:. I \ DO 18 July 2005 WD 02/057270 PCT/ GB02/00184 -138 HPLC Rt =
8.58m ns (> 90%, HPLC-MS 479.2[ M +H + EXAMPLE 6. (3aS, 6aR)

N-[ 1S- (4- hydr oxybenzyl ) - 2- oxo- 2- ( 3- oxo- hexahydr of i uo

[3,2-b] pyrrol -4-yl)ethyl]-4-thi ophen-2-yl benzam de 5 HPLC Rt
=14.77-15.3lmns (> 90%, HPLC M5 * [M+ H + EXAMPLE 7. (3aS, 6aR)
N-[1S-(4-hydroxybenzyl)-2-oxo-2-(3 hexahydrofuro 10

HPLC Rt = 15.29-15.89mins (> 90%), HPLC-MS 451.3 {M + H]"

EXAMPLE 4. (3aS, 6aR) N-[15-(4-bydroxybenzyl)-2-ox0-2-(3-0xo-hexahydrofuro
[3,2-blpyrrol-4-yl)ethyl]-5-thiophen-2-ylnicotinamide

S
9]

HPLC Rt = 11.12 mins (> 90%), HPLC-MS 478.2 [M + HJ"

EXAMPLE 5. (3aS, 6aR) 2-Pyridin-3-ylthiazole-4-carboxylic acid [15-(4-hydroxy
benzyl)-2-oxo-2-(3-0x0-hexahydrofuro[3,2-b]pyrrol-4-yl)ethyl]Jamide




HOMI NO kHrsl FOOHPLC Rt =14.68mins (> 90%+ ), HPLC M 4792 [M +

H t. .. . 18 July 2005 WO 02/057270 PCT/ GB02/00184 - 139 )AMtds S
(3aS, 6aR) Bi phenyl -4-carboxylic acid [3-nmethyl-IS-(3-o0xo0-
hexahydr oM ad/B720b] pyrr ol e- 4- carbonyl ) butyl am de O loN@CIVGlﬁ}zl'dm Rt
16. 90-18. 94mi ns (> 900/0), HPLC- M5 421. ]ﬁ; [M+ H EXAWPLE 9. (3aS, 6aR)
4tert-Butyl -N-[3-nethyl -1S--(3-0xo0-hexa &drof uro[ 3, 2- b] pyrrol e-4-carbonyl)
butyl ] benzamde 0 H/ 10 HPLC Rt =17.45-18.62m ns (> 90%, HPLC M5 401.2
[M+ H + E LE 10. (3aS, 6a
N- [ 3- met hyIXﬁ'lP 37?% &))OHBLS['MSZHQ]Z[BM""H]E 4- carbonyl)
butyl]-4- phenoxybenzam de p

EXAMPLE 6. (3aS, 6aR) N-[18-(4-hydroxybenzyl)-2-0x0-2-(3-0xo-hexahydrofuro

13,2-blpyrrol-4-yl)ethyl]-4-thiophen-2-ylbenzamide

\_/ | )

HPLC Rt = 14.77-15.31mins (> 90%), HPLC-MS 477.2 [M + HJ*

EXAMPLE 7. (3aS, 6aR) N-[18-(4-hydroxybenzyl)-2-0x0-2-(3-0x0-hexahydrofuro
10 [3,2-b]pytrol-4-yDethyl]-4-triffuoromethoxybenzamide

15

HPLC Rt = 14.68mins (> 90%), HPLC-MS 479.2 [M + HJ"

R




437.2 [M+t H + 18 July 2005 WD 02/057270 PCT/ GB02/00184 - 1@Jdl§ 260AVPLE
11. (34 6 5} N-{;%- met hyl -1 S- ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyrrol e-4- carbonyl)
butyl]-3-§ RIRBenzanide 0 tw ONO ~lkl O 5 HPLC Rt ZEFGH281845 1 ng
(> 90%, HPLC-Ms 437.2 [M + H + EXAMPLE3$2. (3aS, 6aR)

4- Brono- N-[ 3- et hyl -1 S- ( 3- oxo- hexahydrof i uo[ 3, 2- b] pyrrol e-4-carbonyl)

butyl ] benzamde 10 0 NO 6NY OBr O} HPLC Rt =14.8/mns (> 90%, HPLC M5

232 | SR DR b 5 wia metits Con

hexahydrofuro[3,2-b]pymrole-4-carbonyl) butyljamide

R}

x

) 5  HPLCRt=16.90-18.04mins (> 90%), HPLC-MS 421.3 [M + HJ*

EXAMPLE 9. (3aS, 6aR) 4-tert-Butyl-N-[3-methyl-15-(3-oxo-hexahydrofurof3,2-
b]pyirole-4-carbonyl) butyl]benzamide

(]

10
) HPLC Rt = 17.45-18.62mins (> 90%), HPLC-MS 401.2 [M + HJ"
EXAMPLE 10. (3aS, 6aR) N-[3-methyl-15-(3-oxo-hexahydrofuro[3,2-b]pyrrole-4-
- carbonyl) butyl]-4-phenoxybenzamide
O
)
SUCRASS
H
Q
% C i o
15

HPLC Rt = 17.26-18.38mins (> 90%), HPLC-MS 437.2 [M + HJ*




b] pyrrol e-4-carbonyl) butyl]benzamde 0 0" ~4. Br Yry O 't ry s !SI O 18
July 2005 WO 02/057270 PCT/ GB02/00184 -141 HPLC Rt =14. 85581ﬁﬂ);%5ns (>
90%, HPLC-MS 423.2 /| 425.2 [M+ H+ EXAMPLE 14. (3aS, 6aR

4-1 sopr opyYO REPF2Wet hyl - | S- ( 3- oxo- hexahydrofiuo[3,2- 5  PCI/GB02/00184

- bl pyrrol e-4-carbonyl) butyl]benzam de Qiggv ry O N (9) | ~ | HHPLC R
=16.41-17.65n ns (> 90%, BPLC MS 387. 21 M+ H + 10 EXAMPLE 15. (3aS, 6aR)
N[ 3- et hyl -1 S- ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyrrol e-4- carbonyl) -
butyl]-4-vinyl benzamde 0 (Po (s) HOHPLC R = 14.63mns (> 90%, HPLC M5
371.1 [M+ H + 15 EXAMPLE 16. (3aS, 6aR)

“4-1 m dazol ExkAMPNE[ 8t.nBLRBY bak )Sﬁ\s[g’enza i&?@ﬁlﬁd’fléﬁaﬁlydmﬁlroﬁ 2-blpyrrole-4-

[ 3, 2-bj pyrrol e-4- carbon )" butyl]

carbonyl) butyl}- 3-phenoxybenzam1de

@“@*

5
HPLC Rt =17.34-18.52mins (> 90%), HPLC-MS 437.2 [M + H]" -
EXAMPLE 12. (345, 6aR) 4-Bromo-N-[3-methyl-15-(3-oxo-hexahydrofiro[3,2-
blpyrrole-4-carbonyl) butyllbenzamide

10

Br 0

e

HPLC Rt = 14.81mins (> 90%), HPLC-MS 423.2/425.2 [M + HJ

15 EXAMPLE 13. (SaS, GaR) 3-Bromo-N-[3-methyl-15-(3-0xo0-hexahydrofuro[3,2-
blpyrrole-4-carbonyl) butyl]benzamide




O5NO NM Hk 18 July 2005 WD 02/057270 PCT/ GB02/ 00184 -142 HPLC Rt =
9.20mns (> 90%, HPLC-Ms 411.2 [M+ H + EXAMPLE 17. (3aS, %ﬁﬁlyzoos

N-[ 3- et h&t-bﬁ-qgi]hoxo- hexahydr of uro[ 3, 2-b] pyrrole-4- 5

car bonyl ) BURVFIY4% hi ophen- 2-yl benzamide Ra rw\ s N (sl RETCBOY 4814\ , o
HPLC Rt =16.49-18.34nins (> 90%, HPLC-WB1427.2 [M+ H + EXAWPLE 18. (3aS,
6aR) N-[ 3-net hyl -1 S-(3-oxo- hexahydr of uro[ 3, 2-b] pyrrol e-4- 10 carbonyl)
butyl ]-4-oxazol -5-yl benza n de \OHPLC Rt = 12.79m ns (> 90%, HPLC M5
412.2 [M + H + EXAMPLE 19. (3aS, 6aR) 2-Phenylthiazol e-4-carboxylic acid

[ 3-nmet hyl -1 S--(3-0xo0- hexahydrofuro[ 3, 2-b] pyrrol e-4-carbonyl) butyl am de
15 Onmi s GHPEHCRSF 14-83:86.20hjnsT908%), HPLC-MS 423.2 /4252 [M+ H]

EXAMPLE 14. (3aS, 6aR) 4-Isopropyl-N-[3-methyl-15-(3-oxo-hexahydrofiro[3,2-
.5 b]pyrrole-4-carbonyl) butylJbenzamide

-

HPLC Rt = 16.41-17.65mins (> 90%), HPLC-MS 387.2 [M + H]*

10 EXAMPLE 15. (3aS, 6aR) N-[3-methyl-15-(3-oxo-hexahydrofuro[3,2-blpyrrole-4-
carbonyl) butylj-4-vinylbenzamide

"
) .- : : " P f

\ )

=)

HPLC Rt = 14.63mins (> 90%), HPLC-MS 371.1 [M + HI"

15 EXAMPLE 16. (3aS, 6aR) ‘4-Imidazol-1-yi-N-[3-methyl-15-(3-oxo-hexahydrofuro
[3,2-b]pyrrole-4-carbonyl) butyllbenzamide




WO 021057270 PCT/ GB02/ 00184 -143 B PLC Rt™ =16.41-17.80ni ns (> 90%,
HPLC- MS 428.2 [M + H + EXAMPLE 20. (3aS, 6aR) 18 July 2005
5- Phenyl t hi ophene- 2-carboxylic acid [3-nethyl-1S-(3- 5
0x0- hexahy¥® 83978703, 2- b] pyrrol e- 4-carbonyl ) butyl]ani de | AcT@GBIzi0o1s4H H O
OIWC Rt =16.89nmins (> 90%, HPLC M5 4]%1 5.2 [M+ H+ 10 EXAMPLE 21. (3aS,
6aR) Qui nol i ne-6-carboxylic acid [3-methyi-1S-(3-oxo-

hexahydr of i uo[ 3, 2- b] pyrrol e-4-carbonyl) butyl]amde o HH (sry O NHO NO
HPLC Rt = 9.08mins (> 90%, HPLC-MS 396.2 [M+ H + 15 EXAMPLE 22. (3aS,

6aR) N-[3 met hyl -1 S- ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyrrol e-4- carbonyl)

but yI ] - 4- [ 1ERIR) Rhk-9doaas -DovhPRRZAMME%19 v N i+O

EXAMPLE 17. (348, 6aR) N-[3—methyl—IS~(3—ox0~hexahydroﬁ1ro[3 2 b]pyrrole-4—
" carbonyl) butyl]-4-thiophen-2-ylbenzamide

=

s, .
\ / | )
HPLC Rt = 16.49-18.34mins (> 90%), HPLC-MS 427.2 [M + HJ*

EXAMPLE 18. (3aS, GaR) N—[3-methy1—1S~(3-oxo—hexahydroﬁ1ro[3 2-blpyrrole-4-
10 carbonyl) butyl]-4-oxazol-5-ylbenzamide

i

HPLC Rt = 12.79mins (> 90%), HPLC-MS 412.2 [M + HJ"

EXAMPLE 19. (345, 6ak) Z-Ifhenylthiazole-4-carboxylic acid [3-methyl-15-(3-0%0-
| hexahydrofuro[3,2-b]pyrrole-4-carbonyl) butylJamide

15 |




N 18 July 2005 WO 021057270 PCT/ GBO2100184 -144 HPLC Rt =13.41mns (>

90%, HPLC-Ms 429.2 [M+ H + EXAMPLE 23. (3aS, 6aR) uly 2005
N[ 3- et kw d@%ﬁ oxo- hexahydr of i uo[ 3, 2-b] pyrrol e-4- car bon)ﬁ
butyl]-5-PRBERGA% 2-yhlicotinanide 5 i | NS H (SL', BoppHsky

=13.24nmins (> 90%, HPLC-Ms 428.2 [M +-H3+ EXAMPLE 24, (3aS 6aR)
2-Pyridin-3-ylthiazol e-4-carboxylic acid [3-nethyl-IS(3- 10

oxo- hexahydr of uro[ 3, 2-b] pyrr.ol e4-carbonyl) butylJamde o ml NO HsJ NO
HPLC Rt =10.22mins (> 90%, HPLC-Ms 429.2 [M+ H + EXAVPLE 25. (3aS, 6aR)
N-[ 3- et hyl -1 S- ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyrrol e- 4- 15 car bonyl)

but yl ] - 4- t r HALGOR oA 64017 180nan(d20%), FIPTO-MS 4290 (1\‘5)%}1]

EXAMPLE 20. (3aS, 6aR) 5-Phenylthiophene-2-carboxylic acid [3-methyl-1.5-(3-
-5 oxo-hexahydrofuro[3,2-b]pyrrole-4-carbonyl) butyl]amide

rd

v}

HPLC Rt = 16.89mins (> 90%), HPLC-MS 427.2 [M + H]"

10 EXAMPLE 21. (3aS, 6aR) Quinoline-6-carboxylic acid {3-methyl-15-(3-0xo-
hexahydrofuro[3,2-b]pyrrole-4-carbonyl) butyljamide

-4
8

- HPLC Rt =9.08mins (> 90%), HPLC-MS 396.2 [M + HJ*

15 EXAMPLE 22. (3aS, 6aR) N-[3-methyl-15-(3-0x0-hexatydrofuro[3,2-blpyrrole-4-
carbonyl) butyl]-4-[1,2,3]thiaciiazol-4-y1benzamide




HOO 18 July 2005 WD 02/057270 PCT/ GB02/00184 -145 HPLC Rt |
=16. 90- 18. 34nmi ns (> 901/0), }PLC-MS 429.2 [M+ H} EXAMPLE 1286‘]”“(% 6aR)
4-tent-Butyl-]V-[1S (3-hydroxybenzyl)-2-o0xo-2-(3-oxo-

hexahydr oR 8¥87270b] pyrrol - 4-yl ) et hyl | benzanide OH O O \pCwGBG/OMBLC Rt
=16. 14-17. 02m ns (> 90%), HPLC-MS 451.2,[M + H + EXAMPLE 27. (3aS, 6aR)
N-[ 1S- ( 3- hydr oxybenzyl ) - 2- oxo- 2- ( 3- oxo- hexahydrofi zro .

_[3 2-b] pyrrol -4-yl)ethyl]-4- th| ophen 2-yl benzam de CH6 OIlw O H 10 HPLC

=15.31-1 90% C M 477.2 # EXAMPLE 28. (3aS, 6aR);
o teiri. But%l’%r% ASEEIT R R G Ve VLT et
hexahydr of uro[ 3, 2- b] pyrrol -4-yl)ethyl ] benzamde F. 0O No 0 O

EXAMPLE 23. (3aS, 6aR) N-[3-methyl-15-(3-0xo-hexahydrofuro[3,2-b]pyrrole-4-
carbonyl) butyl]-5-thiophen-2-yInicotinamide

HPLC Rt = 13.24mins (> 90%), HPLC-MS 428.2 [M + HJ"

EXAMPLE 24. (345, 6aR) 2-Pyridin-3-ylthiazole-4-carboxylic acid [3-methyl-lS-(3-
10 oxo-hexahydrofuro[3,2-b]py1role-4~carbonyl) butylJamide

e

HPLC Rt = 10.22mins (> 90%), HPLC-MS 429.2 [M +HJ*
EXAMPLE 25. (3aS, 6aR) N-[3-methyl-15-(3-ox0-hexahydrofuro[3,2-bipyrrole-4-
15 carbonyl) butyl]-4-trifiuoromethoxybenzamide




18 July 2005 WO 02/057270 PCT/ GB02/:00184 -146 HPLC Rt =18.37-19.63m ns (>
N-[I'S-(4-fluarobenzyl)-2-oxo- 2- (3- oxo- hexahydr of uro .

[ 3, 2- b] pyWPMOFH 294 ) et hyl ] - 4- t hi ophen- 2-yl benzani de 5 (W BCTiEBE/§184
=17.45-18.59m ns (> 90%, HPLC- M5 479.%4.M + H + EXAMPLE 30. (3aS, 6aR)

Mor phol i ne- 4-car boxylic acid [1S-(4-hydroxybenzyl)-2- 10

0X0- 2- ( 3- 0X0- hexahydrofuro[S 2-b] pyrrol -4-yl)ethyl]am de HO O (Po N O HO

ey Nor phar He M R AR s b a0 RE G 2 e e 0 9

hydr of ur o[ 3, 2- b]pyrrole 4-carbonyl) butyl amde O NO NJI, kN(S/ f o O

18 July 2005 WD 02/ 057270 PCT/ GB02/00184
EXAMPLE 26. (3aS, 6aR) 4-tert-Butyl-N-{15-(3-hydroxybenzyl)-2-0x0-2-(3-0%0-

hexahydrofuro[3,2-blpyrrol-4-yl)ethylbenzamide

o :
) (A}
%
ts)
H
s Q

5 HPLCRt=16.14-17.02mins (> 90%), HPLC-MS 451.2 [M + HJ

oH

EXAMPLE 27. (3aS, 6aR) N-{15-(3-hydroxybenzyl)-2-0x0-2-(3-0x0-hexahydrofuro
[3,2-b]pyrrol-4-yhethyl]-4-thiophen-2-ylbenzamide

OH

\_/
10 HPLCRt=15.31-16.07mins (> 90%), HPLC-MS 477.2 [M + HJ"

EXAMPLE 28. (3aS, 6aR), A-fert-Butyl-N-[15-(4-fluorobenzyl)-2-0x0-2-(3-0xo-
hexahydrofuro[3,2-blpyrrol-4-yl)ethylJbenzamide

: R
.. ‘::t\”
ﬁ, [v] el
_ (7}
. N o
N s}
Q
. O



-147 HPLC-MS 354.2 [M + H +. EXAWPLE 32. (3aS, 6aR) Morpholine-4-carboxylic
acid [1S-cycl ohexyl net hyl - 2- 18 July 2005

0X0- 2- ( 3- oxo- hexahydr of uro[ 3, 2-b] pyrrol -4-yl)ethylJamde O (R~ N O NN
(5 I I "wdoos@@™N o 5 HPLC-Ms 394.2 [M + H +. EXAVPLE 33®cTtiGe3neEaR)

Mor phol i ne- 4- car boxylic acid [1S-benzyl,-2-0oxo-2-(3- 0xo- ,

hexahydr of ar o[ 3, 2-b] pyrrol -4-yl )ethyl Jamrde O (Rl I NO N' "N (5) H 10
HPLC Rt =10.07m ns (>95%, HPLC-Ms 388.1 [M+ H +. EXAMPLE 34. (2RS, 3aS,
6aR) 4-(2-Benzyl oxy-3-[cycl ohexyl ] propi onoyl)tetra 15 hydrofuro[ 3, 2-b] pyr
of - one. NP RIGH 18 161 S Pmimy SOVNOTDACYS 9.1 70+ TRb2] 00184

EXAMPLE 29. (3aS, 6aR) N-[15-(4-fluorobenzyl)-2-0x0-2-(3-0x0-bexahydrofuro
[3.2-b]pyrroi-4-yl)ethyl]-4-thiophen-2-ylbenzamide

HPLC Rt = 17.45-18.59mins (> 90%), HPLC-MS 479.2 [M + H]"

EXAMPLE 30. (3a8, 6aR) Morpholine-4-catboxylic acid [15-(4-hydroxybenzyl)-2-
10 oxo0-2-(3-oxo-hexahydrofuro[3,2-b1pyrrol-4-yl)ethyllamide

) ) 1 ! -fmo ‘ | )
epage

HPLC Rt = 7.38mins (>95%), HPLC-MS 404.2 [M + HJ".

15 EXAMPLE 31. (3aS, 6aR) Morpholine-4-carboxylic acid [3-methyl-15-(3-oxo-hexa
hydrofuro[3,2-5]pyrrole-4-carbonyl) butyl]amide




-148 HPLC Rt =17.5-19. 7nins (>90%, HPLC-Ms 372.4 [M+ H+, 390.3 [M+ H +
18] +. (a) Preparation of 3-Cyclohexyl-2S hydroxypropionic ﬁgzjtgyéggyrpound
(25) Schene@SAsolutlon of sodiumnitrite (12.1g,.175nmol wat er
(40m) wa¥ARE@8ropwi se to a stirred suspension of PCTIGB02100184
(S)-a-am nocycl ohexanepropi onic acid hydgqate (59, 26.5mmol) in 0.5M
sul phuric acid (120m, 60mmol) at OC over 1.5hours. The m xture was
allowed to warmto anbi ent tenperature over 20hours. The product was 10
extracted Hﬁpug ? ;Mﬂ {2 x 25ml) then the ethereal layers were
washed with urated ueous sodiumchloride solution (2 x 25nl), dried
(Na2sSo4) ancEXMLanByzems ceRpMudphclingaAcei@boxylie acis | It cldheddmetys-2-
recrystallized fromdjethyl ether (10rr121 and heptane (25n) to give
3- cycl ohexy|°X2§-(%7@ff%ﬁ%7iﬁ£551§P@W[§ Zalrgrrakd-ylgihyanideol i d, yield 2.4 g,
(53% . 15 6H (400MHz, CDC13 at 298K), 0.89-1.35 (5H, |n) and 1.51-1.86 (7H,
m (OCHCH2 and cycl ohexyl), 4.32 (1H, OCHCH2, m (b)Preparation of"
-2RS~Benzyl oxy- 3- cycl ohexyl propi oni c.aci d - (Conpound (26) 20 Schene 4) - = - -
Sodi um hydri de (265nmg of 60% di sn inoil, 6.6mvol) was added in two

(J

portions to a stikred m xture of | ohexyl - 2S- hydr oxypr opi onic acid
(0.52g, 3.0mml), dinethylformamde- 5ml) and di chl oronet hane (5nml) at 0C
over 25 5minutes. The m xture was K
anbi ent tenperature for 45m nutes ‘ .

added then the m xture stiq,u’é‘iN S g d| ng di et hyl f or mam de
(5m ). After stirring for hour|s p@ftaSS|um| ¢ (50ng, 0.3mmol) was
added. The m xture was sti ra\e(rj((«lor 20hour & -,f' heat ed at 55C for | hour
then allowed to cool to anbient tenperature and 30 poured into water
(15mL) A saturated aqueous sodium chloride solution (5m) was added then

the m xt ur e pRSCRX¥E 5%&?&%*‘ di chl oronet hane (5m then 10r ) that was

EXAMPLE 33. (3aS, 6aR) Morpholine-4-carboxylic acid [1S-benzyl-2-0x0-2-(3-
oxo- hexahydrofuro[3,2-b]pyrrol-4-yl)ethyljamide

HPLC Rt = 10.07mins (>95%), HPLC-MS 388.1 [M + HJ".

EXAMPLE 34. (2RS, 3aS, 6aR) 4-(2-Benzyloxy-3-[cyclohexyl]propionoyl)tetra
15  hydrofuro[3,2-B]pyrrol-3-one.




di scarded. The aqueous | ayer was acidified using 1M hydrochloric acid (10

n) then 18 July 2005 WO 02/057270 PCT/ GB02/00184 -149 exid 86 t h

di chl oronet hane (2 x 10m ). The dichl oronmet hane | ayer was drie MySO4)
and t he sdW0@#abseEnoved i n vacuo. The residue (0.55g9) was BCH&Bhvedss n

di met hyl formam de (8m ) then cooled to bef ore addi ng sodi um hydri de
(190ng of 60% dispersion in oil, 4.75m nol). The mixture was stirred for
30 mnutes then 5 pol ymer bound isocyanate (380ng, 2mmol Ng 1) added. The
m xture was jrred for 2 hours at anbient tenperature then poured.,into
water ( 15m YIPLRRES dToER) 3R Cxop), HIGwMS a4 AEo@Th 08 STVeT Br-babitt wes
extracted into dichloronethane (2 x 10m ), dried (Na2SO4) and the sol vent
renoved in vacuo. The residue was purified by flash chromatography over
silica gel elPieparatiost bf B-Qycintierylt2 SCiydoetypepidnic aﬁiidcﬁﬂjoﬁip@ﬁﬂi EPScdnd: 1 3
1: 20. Appropz[)i ate fractions were conbi ned and the sol vents renoved in vacuo

to give 2RS-tBenzyl oxy- 3-cycl ohexyl propionic acid as a colourless oil, yield

~-43my - (5529 . HPLG-MS (single main Wpeak with Rt-=9.47mns, 261.2 [M- -

H -, 285 2[M+ Na]+ 547.3[2MNa]+). 15 6H (400MHz, CDCL3 at 298K),

0.72-1. 03 (2Msolutigh ofisodiuna, nitife (12.1381715m@Mol)3h vaterc(AOhthexandied @ropwlis#5- 1. 93
(6H + 2H(3, tcycl%%eéane, ., 3.93-4.18 (1Ha, OCHCO), 4.35-4.53 (1H, _CH20O,
d, J= 11.52 P§ sureggsuspausion of Srogamigocyclohexapepronioniy gqd bydraty (G811,

ArH, ), 9. 3% dikhb ﬂ%ﬁo 6 | d
cf:mdi tn)ions t@?'l oadl()a%'b%s?%isg% ogﬁgtﬂq?%ré%g??%gﬁi%%nggﬁ%%g?F%’g\r/ed to
provi de EXANBEErewas i & Bhim to3abiend tRypaituehmler A0hdirs e Pxoductwaci d

Lo 510> ek A0 RS ek’ Sher @ 3,255 Brem b esierse) lavess werermashied pifinos

saturated aqueous sodium chloride solution (2 x 25ml), dried (Na;SO4) and the
solvents removed in vacuo. The residue (5.3g) was recrystallized from diethyl ether

(10ml) and heptane (25ml) to give 3-cyclohexyl-2S-hydroxypropionic acid as a white

solid, yield 2.4 g, (53%).
15 .
dp (400MHz, CDCI; at 298K), 0.89-1.35 (5H, m) and 1.51-1.86 (7H, m) (OCHCH,
and cyclohexyl), 4.32 (1H, OCHCH,, m)
’ (b)Preparation of 2RS-Benzyloxy-3-cyclohexylpropionic acid (Compound (26)
20  Scheme4) |

Sodium hydride (265ﬁ1g of 60% dispersion in oil, 6.6mmol) was added in two
portions to a stirred mixture of 3-cyclohexyl-2S-hydroxypropionic acid (0.52g,

- 3.0mmol), dimethylformamide (5ml} and dichloromethane (5ml) at 0°C over

25 . Sminutes. The mixture was stirred at 0°C for Sminutes then at ambient temperature
for 45minutes. Benzyl Bromide (0.45m1, 3.8mmol) was added then the mixture
stirred for 1 hour before adding dimethylformamide (Sml). After stirring for 4 hours
potassium iodide (50mg, 0.3mmol) was added. The mixture was stirred for 20hours

then heated at 55°C for lhour then allowed to cool to ambient temperature and

30 poured into water'(ISml). A saturated aqueous sodium chloride solution (Sml) was

. added then the mixture was extracted with dichloromethane (5ml then 10ml) that was

discarded. The aqueous layer was acidified using 1M hydrochloric acid (10 ml) then




WO 02/ 057270 PCT/ GB02/00184 -150 1 Il N' "N!sl 11 H O~ O HPLC Rt

=12. 15ni ns (>95%, HPLC-MS 434.1 [M + H +. EXAMPLE 36 (3aSig faR ?E

N[ 3- et %’l-ls- 3- oxo- hexahydr of aro[ 3, 2-b] pyr ol e-4 5 car OB\&

but yl ] ben?2H288"2¢% 1i Jo O HPLC Rt =12. 43nins (>95%, HPLéCMS; H0184 |1 4

H +. EXAMPLE 37. (3aS, 6aR) N-LIR -149-
benzYl sul f anYl net hYl- 2- oxo- 2- ( 3- oxo- hexahydro 10
fiuo[3,2-b]pyrrol-4-yl)ethyl]benzamide i ONp \ N!~ OHPLC Rt =15.09m ns

(>95%) , HPL&tMBted 2Mth dicMoi’orh&tﬁanel@z Ul Om1F 0PRe ARk R4 ByEGHAaHg4 00184
-151 EXAMPLE 38. (3aS, 6aR)

N-[ 1S- cycl ofMdgSOaend\the solysns-rempgedjrovavawa Fd residueo(0.55g) was dissolved in
{ 3, 2-b] pyr '& | eﬁlyyflo%mamfﬁl ](Qmﬂztﬁnﬂ cczloeoled {o 0‘% before adding sodium hydride (190mg
of 60% dispersion in oil, 4.75mmol). The mixture was stirred for 30 minutes then
5 polymer bound isocyanate (380mg, 2mmolNg™) added. The mixture was stirred for 2 -
hours at ambient temperature then poured into water {15ml). 1M Hydrochloric acid
(10ml) wa; added then the product ﬁras extracted into dichloromethane (2 x 10ml),
dried (N2;SOq4) and the solvent removed in vacuo. The residue was purified by flash
chromatography over silica gel eluting with a gfadient of methanol : dichloromethane
10 01 —) 1:20. Appropriate fractions were combined and the solvents removed in vacuo
) | o give 2RS-benzyloxy-3- cyclohexylpropiomc acid as a colourless oil, yield 41mg
(5.2%).
HPLC-MS (single main UV peak with Rt = 9.47mins, 261.2 [M - H, 285.2[M +
Na]", 547.3[2M + Na[").
15 _
du (400MHz, CDCl; at 298K), 0.72-1.03 (2H, cyclohexane, m), 1.08-1.38 (3H,
cyclohexane, m), 1.45-1.93 (6H + 2H, cyclohexane, m), 3.93-4.18 (1Ho, OCHCO),
. 4.35-4.53 (1H, CH20, d, J=11.52 Hz), 4.68-4.88 (11, CH;0, d, J= 11.54 Hz), 7.20-
“7.47 (5H, ArH, m), 9.36 (1H, OH, brs).
20 | |
Compound (26) was coupled under standard conditions to loaded building block:-
linker construct (22}, then cleaved to provide EXAMPLE 34.

EXAMPLE 35. (3aS, 6aR) Morpholine-4-carboxylic acid [1R-benzylsulfanylmethyl-
25  2-0%0-2-(3-0xo-hexehydrofuro[3,2-blpyrrol-4-yl)ethyl]amide



NO. NS (~) HOOHPLC R=15.63nuns (>90%, HPLC-MS 385.3 [MtH +, 791.3
N--[ 1S- benzyl - 2- oxo- 2- ( 3- oxo- hexahydr of ur o[ 3, 2- _

b] pyrrol - WpIR@sNF | benzamde i O NO NS (SI H O O HPLECRGB8A@185m ns
(>90%, HPLC-Ms 379.1 [M+ H+. 10 EXA_\&:g(#_E 40. (3aS, 6aR)

Furan- 3-carboxylic acid [1S-cycl opentyl hyl - 2- oxo-2- =

( 3- oxo- hexahydr of uro[ 3, 2-b] pyrrol -4-yl)ethyl]Jam de ON kO } 0 18 July 2005
WO 02/ 057270 PCT/ GB02/ 00184 -152 HPLC Rt =13.23nmins (>95%, HPLC- M5 361.2
[M+ H +. EXAMPLE 41. (3aS, 6aR) N-[IS :
(4- bydr oxybenzyl ) - 2- oxo- 2- ( 3- oxg=kexahydro -

furo[ 3,2-b]pyrrol -4-yl)ethyl]-2 gnyl acetanlide HO k \ /

HPLC Rt = 12.15mins (>95%), HPLC-MS 434.1 [M + HJ".

®

EXAMPLE 36. (3aS, 6aR) N-[3-methyl-15-(3-oxo-hexahydrofuro[3,2-b]pyrrole-4-
5 carbonyl) butyl[benzamide

‘HPLC Rt = 12.43mins (>95%), HPLC-MS 345.2 [M + HJ".

EXAMPLE 37. (3aS, 6aR) N-[1R-benzylsulfanylmethyl-2-oxo-2-(3-0x0-hexahydro
10 furo[3,2-b]pyrrol-4-yl)ethyl]benzamide

!
o]
{R)
N (s}
E ﬁ (]
Q
) o)

HPLC Rt = 15.09mins (>95%), HPLC-MS 425.1 [M +HJ".




p(R NOIS HOOS5 HPLC Rt =10.71nins (>95%, HPLC-MS 409.1 [M + H| +.

EXAI\/PLE 42. (3aS, 6aR) y2005
N-[ 3-net hyl -1 S- - (3- oxo- hexahydr of uro[ 3, 2-b] pyrrol e- 4- carbon
butyl ] - 2-WRMRPFEC.tanide ~ 1 o NN O (sl H O 10 HPLC Rt PETHEIHAISS

(>95%, HPLCG-Ms 359.2 [M+ H +. EXAMPLE;#43. (3aS, 6aR)
N-[ 1R-benzyl sul f anyl met hyl - 2- oxo- 2- ( 3- oxo- hexahydr o
.faro[3,2-b] pyrrol -4-yl)ethyl]-2-phenyl acetam de O st HY OO0 18 July 2005

R 2 e e A R T e e T oy

hexahydr of u[ggg_bﬁp}[rﬁ)}.a ﬁjmmhzaﬂmng) et hyl ] - 2- phenyl acet am de

| HPLC Rt = 15.63ming (>90%), HPLC-MS 385.3 [M +HJ', 791.3 [2M + Na]".

EXAMPLE 39. (3aS, 6aR) N-[1S5-benzyl-2-0x0-2-(3-0x0-hexahydrofuro[3,2-
blpyrrol-4-yl)ethylJbenzamide

0
]
- ' N (51
H
0
_ (o]

HPLC Rt = 12.85mins (>90%), HPLC-MS 379.1 [M + H]".

10
~ EXAMPLE 40. (3aS, 6aR) Furan-3-carboxylic acid [1S-cyclopentylmethyl-2-oxo-2-
 (3-oxo-hexahydrofuro[3,2-b]pyrrol-4-yl)ethyl]amide

{R)

(s}




:

L :‘.‘% S
", o
’ N.
H
Q

i t sNO I \ H/ W FO HLCR -18.5mns (>900/0), HPLC M5 399.2 [M +
H +. EXAMPLE 45. (3aS, 6aR) N-[1S-benzyl - 2- oxo- 2-( 3- 0x0- hex?éﬁylﬁgg?dgjow 2-
10 b] pyrrol-4-yl)ethylj-2-phenylacetanmide / ojy ~ (R NO

HPLC Rt =80 @ismy0( >90% , BPLC- M5 393.2 [M + H| +. EXAMPLE Mfivckidabiss6aR)
Fur an- 3-carboxylic acid [1S-(4- hydroxbe%yl) 2- 0X0- 2-

( 3- oxo- hexahydr of i uo[ 3, 2- b] pyrrol -4-yl) 1yl ] ani de HO ONO N(S HO 18

~July 2005 WO 02/057270 PCT/.GB02/00184 -154 HPLC Rt = 8.65m ns (>95%,

HPLC- M5 385. + EXAMPLE 47 3aS, 6aR) Furan 3 carboxylic acid
[ 3- net hyl - ﬁW&o%&?&ﬁ?ﬁ?@S%)uHB @'Mslﬁﬁbﬁz%ﬂ'éﬂzl« car bonylgl but yl ] ani de

EXAMPLE 41. (3aS, 6aR) _N—[lS-(4—hydroxybeuzyl)-2-0xo-2—(3-oxo-hexahydro
furo[3,2-blpyrrol-4-yl)ethyl]-2-phenylacetamide
HO,

<8% e

5 HPLCRt=10.71mins (>95%), HPLC-MS 409.1 [M + H]

EXAMPLE 42. (3aS, 6aR) N- [3-methyl—1.S’-(3-oxo-hexahydrofuro[3 2-blpyrrole-4-
catbonyl) butyl]-2-phenylacetamide

M

10 HPLCRt=13.00mins (>95%), HPLC-MS 359.2 [M + HT".

.EXAMPLE 43. (3aS, 6aR) N-[1R-benzylsulfanylmethyl-2-0x0-2-(3-0x0-hexahydro
furo[3,2-b]pyrrol-4-yDethyl]-2-phenylacetamide




O N(S) kNHo 5 HPLC Rt=10.95mi ns (>90%, HPLC-Ms 335.1 [ M+H +, 357.1

[ MENa] +. EXAMPLE 48. (3aS 6aR) Furan- 3-carboxylic acid 18 July 2005

[ 1R- benzyl suI f anyl met hyl

oxo- 2- ( 3- % %%/?Hydrofu uo[3 2-b] pyrrol -4-yl)ethyl ] ani de PETIGHIZONSH O O
10 HPLC Rt —13 68mi ns (>90%, HPLC-MS 4%53.1 [M+ H +. EXAMPLE 49. (3aS,
6aR) Furan-3-carboxylic acid [1S-cycl ohexyhnet hyl - 2- oxo- 2-

( 3- oxo- hexahydrof uro[ 3, 2-b] pyrrol -4-yl)ethylJamde ONO N (sl 0 18 July
2005 WD 02/057270 PCT/ GB02/00184 -155 B PLC Rt =14.39mi ns (>90%, PLC M5
375.2 [M+ H +, 771.3 [2M + Na]+. EXAMPLE 50. (3aS, 6aR)

Pur an- 3- car HOXYI Ric= B&;Sihl{n&&mmmmm@( Be@rhexa 5
hydr of uro[ 3, 2-b] pyrrol -4-yl)ethyl Jam de 0

EXAMPLE 44. (34S, 6aR) N- [1S-cyclohexyhnethy1~2-oxo-2-(3-oxo-hexahydroﬁaro
- [3,2-blpyrrol-4-yi)ethyl]-2-phenylacetamide

e

HPLC Rt = 18.5mins (>90%), HPLC-MS 399.2 [M + HJ".

EXAMPLE 45. (3aS, 6aR) N-[1S—benzyl-Z-oxo—Z—(3—oxo—hexahydrofuro[3 2-
10 b]pyrrol-4-y1)ethyl]-Z-phenylacetamlde

Q
HPLC Rt = 13.2mins (>90%), HPLC-MS 393.2 [M +HJ".
EXAMPLE 46. (3aS, 6aR) Furan-3-carboxylic acid [15-(4-hydroxybenzyl)-2-0x0-2-

(3-oxo-hexahydrofuro[3,2-b]pyrrol-4-yl)ethyljamide

HO,

s

\
. /‘
xZ
o




Np N IS) p OHPLC Rt =11.51m ns (>90%, HPLG-MS 369.1 [M + |-|]+ EXAIVPLE
51. (3aS, 6aR) Thi ophene-3-carboxylic acid [1S-cycl opentyl npém*n_ﬁo
0X0- 2- ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyrrol 4-yl)ethyl]am de 0O O 0 HPLC
Rt =14. 07iwa92/059%9 , HPLC-MS 377.3 [M + H +. EXAVPLE 52. #Sa&sofmds
Thi ophene- 3-carboxylic acid [IS-(4- hydrogé‘ybenzyl )-2- 15
0XO0- 2- ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyrrol‘ yl)ethylJam de HO kNN O O O 0 18
Jul'y 2005 WO 02/057270 PCT/.GB02/00154 -156 HPLC Rt =11.75m ns (>95%,
HPLC- M5 401.3 [M+ H +. EXAMPLE 53. (3aS, 6aR) Th| ophene- 3-carboxylic acid
[ 3- net hyl - | $BIE Biko Si66muns (rPav)fHPLTAMS 385 AyM bEHY.4- car bonyl ) butyl ] ani de 0
PP j (R NO N(S H

EXAMPLE 47. (3aS, 6aR) Furan-3-carboxylic acid [3-methyl-15-(3-oxo-hexahydro
- furo[3,2-b]pyrrole-4-carbonyl) butyl]amide '

T
(®)
N 0
‘ N s}
H
* o )

5 .
HPLC Rt = 10.95mins (>90%), HPLC-MS 335.1 [M + HJ", 357.1 [M + Na[".
EXAMPLE 48. (3aS, 6aR) Furan-3-carboxylic acid [1R-benzylsulfanylmethyl-2-
0x0-2-(3-oxo-hexahydrofuro[3,2-b]pyrrol-4-yl)ethyl]amide
. S, . .
o |
& N
N (v} ‘
ﬁlﬁ‘/ p }
() L
o
10 -

. HPLC Rt = 13.68mins (>90%), HPLC-MS 415.1 [M + HT".

EXAMPLE 49. (3aS, 6aR) Furan-3-carboxylic acid [1S-cyclohexylmethyl-2-0x0-2-
(3-oxo-hexahydrofuro[3,2-b]pyrrol-4-yl)ethyl Jamide




O 5 HPLCRt=14.01nmins (>90%, HPLC-Ms 351.1 [M+H +, 373.1 [ MtNa] +. EXAMPLE
54. (3aS, 6aR) Thi ophene-3-carboxylic acid [ 1R-benzyl sul fanyd j r%;ﬁydg

2- 0X0- 2- ( 3- 0X0- hexahydrofuro[S 2-b] pyrrol -4-yl)ethyl]am de N
HPLC Rt =WO8H®HE (>95%, HPLC-MS 431.1 [M + EXAI\/PLE 55. RCIAEB0244

Thi ophene- 3-carboxylic acid [1S-cycl ohgpyl net hyl -

0X0- 2- ( 3- oxo- hexahydr of ur o[ 3, 2- b] pyrrol -4-yl ) et hyI ] amde Om N(s) O H
H 18 July 2005 WO 02/057270 PCT/ GB02/00184 -157 HPLC Rt =15.1llmns '
(>90%, HPLC-Ms 391.1 [M+ H +, 803.3 [2M + Na]+. EXAMPLE 56. (3aS, 6aR)
Thi ophene- 3-carboxylic acid [1S-benzyl - 2- oxo- 2- (3-0x0- 5

hexahydr of UHRI 2 b1 PBomAs(490%), SHDCE- MR TR tM 0HIY, Pr1.8aM MNNEp) | O

O O 10

| EXAMPLE 50. (3aS, 6aR) Furan-3-carboxylic acid [1S—benzy1~2-0x0—2~(3-oxo-hexa_
e 5o hydrofaro[3, 2-b]pyrrol-4-yl)ethyl]a1mde

3

HPLC Rt = 11.51mins (>90%), HPLC-MS 369.1 [M + HJ".

EXAMPLE 51. (3aS, 6aR) Thiophene-3-carboxylic acid [IS—cyclopentyImethyl-Z-
10 oxo-2-(3-oxo-hexahydrofuro[3, 2—b]pyrrol-4—y1)ethy1]a1mde

=z

[\ I
S Q
HPLC Rt = 14.07mins (>95%), HPLC-MS 377.3 [M +HT".

EXAMPLE 52. (3aS, 6aR) Thiophen¢-3-carboxylic acid [13—(4—hydroxybenzy1)-i~
15 ox0-2-(3-o0xo-hexahydrofuro[3,2-b]pyrrol-4-yDethyljamide




O HPLC at = 12.27mins (>95%, HPLC-Ms 385.1[M+ H +, 407.1 [M+ Na]+, 791.2
[2M +Na] +. 10 EXAMPLE 57. (3aS, 6aR) Furan-3-carboxylic aci%‘,ul 005

[ 3, 3-di net hyl -1S (3-oxo-hexa hydrofuro[ 3, 2-b] pyrrol e-4-car ony‘ﬁ

butyl ] am dW0@2/4%7270N O H P, O O HPLC Rt =12. 50nm ns (>95% ,r¢iPcBeNid1849.2 [M
+ H +. 15 EXAWLE 58. (3aS, 6aR) N-[1S j5¢

(4- hydr oxybenzyl ) - 2- oxo- 2- ( 3- oxo0- hexahyd':? of uro

[ 3, 2-b] pyrrol -4-yl)ethyl]-3-phenyl propionamide HO ONH cyNTho O 18 July

2005 WD 02/057 PCT/.GB0210Q184_ -158 HPLC Rt =11.72nins (>90%, HPLC NS
423.2 [M+ @EME%@%%P%@MS%M [M+H]‘1-

N-[ 3- net hyl - | S- ( 3- oxo- hexahydr of uro[ 3, 2-b] pyrrol e-4- 5 carbonyl)
butyl ] - 3- phenyl propionamde O(R) Nco N(s) H
EXAMPLE 53. (3aS$, 6aR) Thiophene-3-carboxylic acid [3-methyl-15-(3-oxo-hexa

: hydrofuro[3,2~b]pyrrole—4-carb6ny1) butyllamide

0 f
&
N o]
SN (s} .
/oy
O
. 0

HPLC Rt = 14.01mins {(>90%), HPLC-MS 351.1 [M+HJ", 373.1 [M + NaJ".

5

EXAMPLE 54. (348, 6aR)} Thiophene-3-carboxylic acid [1R-benzylsulfanylmethyl-
2-0%0-2~(3-0x0-hexahydrofuro[3,2-b]pyrrol-4-yl)ethyljamide '

10 HPLC Rt = 14.51mins (»95%), HPLC-MS 431.1 [M + HJ".

- EXAMPLE 55. (3aS, 6aR) Thiophene-3-carboxylic acid [1S-cyclohexylmethyl-2-
- 0%0-2-(3-ox0-hexahydrofuro[3,2-b]pyrrol-4-yl)ethyl Jamide

}‘,‘L i {r}
7 . N. 0 .
’ - N s}
H
: o




O O HPLC Rt =13.46mi ns (>90%, HPLC-MS 373.1 [M+ H +, 767.3 [2M + Na] +.
EXAMPLE 60. (3aS, 6aR) N-[1R-benzyl sul fanyl net hyl - 2- oxo- 2- (g xahydr o

10 fbro - ol -4-yl)ethyl]-3-phenyl propi onam de N O

=16. 22mi ﬁg%(@%?g%%{i HPLC-MS 453.2 [M+ H +, 475.0 [M + Na] l’.&:} E 61.
(3aS, 6aR) N-[1S-cycl ohexyl net hyl - 2- ox352- ( 3- oxo- hexahydrofuro 15

[ 3,2-b] pyrrol -4-yl)ethyl]-3-phenyl propionamide Op Np O O 18 July 2005
WD 02/ 057270 PCT/ GB02/00184 . -159 HPLC-Ms 413.2 [M + H +. EXAMPLE 62. (3aS,
6aR) N-[1S benzyl - 2- oxo- 2- ( 3- oxo- hexahydrofuro[ 3, 2- 5

b] pyrrol -4-yl)ethyl]-3-phenyl propionamde \ / o QU NHOOHPLC R

=16. 68mi ns HEOOR = HPLEaiS(>00%)2HPMCAV 391. B0 +2H] 280313 M + Na]EXAMPLE 63.
(3aS, 6aR) Thi ophene-3-carboxylic acid [3, 3-di methyl -1S-(3-oxo-

EXAMPLE 56. (3aS, 6aR) Thiophene-3-carboxylic acid [1S5-benzyl-2-0x0-2-(3-0x0-
-5 - hexahydrofuro[3,2-blpyrrol-4-yhethyljamide N

W

\

S

HPLC Rt = 12.27mins (>95%), HPLC-MS 385.1[M + HJ', 407.1 [M + NaJ", 791.2
[2M + Naj".

10 EXAMPLE 57. (3aS, 6aR) Furan-3-carboxylic acid [3,3-dimethyl-15-(3-oxo-hexa
hydrofuro{3,2-F]pyrrole-4-carbonyl) butyl]amide

TZ
;]

/N I
HPLC Rt = 12.50mins (>95%), HPLC-MS 349.2 [M + HJ".
15 EXAMPLE 58. (3aS, 6aR) N-[1S-(4-hydroxybenzyl)-2-0x0-2-(3-0x0-hexahydrofuro

[3,2-blpyrrol-4-yhethyl}-3-phenylpropionamide

HO,

&




10 hexahydrofuro[ 3, 2-b] pyrrol e-4-carbonyl) butyl]amide 0 N O Hkfsl HPLC Rt

=13. 24nins (>95%, HPLC-MS 365.2 [M + H +. EXAMPLE 64. (3aSg moos

Benzo[ b] t hi ophene- 2-carboxylic acid [1S (4-hydroxy 15

benzyl ) - 2 VX 82/057¢78- oxo- hexal ydr of ur o[ 3, 2- b] pyrrol - 4-y1l) et IBUT/GBI2ZIO1840 O S
N O 18 July 2005 WD 02/057270 PCT/ GBOZ_@%QIM -160 HPLC Rt =13. 10mi ns
(>85%, HPLC-Ms 451.1 [M+ H+, 923.2 | + Na] +. EXAMPLE 65. (3aS, 6aR)

. Benzo[ b] t hi ophene-2-carboxylic acid [3-nmethyl-1S--(3-

oxo0- hexahydr of uro[ 3, 2- b} pyrrol e-4-carbonyl) butyl}amde 0O (RN S N O kN (
S) OO 5 HPLC Rt =15.62m ns (>90%, HPLC-MS 401.1 [M+ H +, 823.2 [2M +

Nl v EXAVBE O 98muRABboRS PN ugR e Fear boxyl ¢ aci d

[ 1R- benzyl sul
met hyl - 2- oxo- 2- ( 3- oxo- hexahydrof uro[ 3, 2-b] pyrrol -4-yl)ethyl]Jam de. s O
EXAMPLE 59. (3aS, 6aR) N-[3-methyl-1S-(3-oxo-hexahydrofuro[3,2-b]pyrrole-4-

5 carbonyl) butyl]-3-phénylpropionamide

w

{F}

HPLC Rt = 13.46mins (>90%), HPLC-MS 373.1 [M + HJ, 767.3 [2M + NaJ".

EXAMPLE 60. (3aS, 6aR) N-[1R-benzylsulfanylmethyl-2-ox0-2-(3-0xo-hexahydro
10 furo[3,2-4]pyrrol-4-ylethyl}-3-phenylpropionamide

" HPLC Rt = 16.22mins (>90%), HPLC-MS 453.2 [M + HJ*, 475.0 [M + Na]".

EXAMPLE 61. (34S, 6aR) N—[1S—cyclohexylmethyl-z-oxo-2-_(3-0xo~hexahydrofu:co
15 [3,2-blpyirol-4-yl)ethyl]-3-phenylpropionamide

e o4
@‘




NO 10 ¢ HPLC Rt =17.47mi ns (>90%, HPLC-M5 481.1 [M+ Hi+, 983.2 [2M
+Na] +. EXAMPLE 67. (3aS, 6aR) Benzo[ b}t hi ophene- 2- car boxyl jlé:JlﬂfhﬁbS
[1S-cycl nggf(aﬁl 57230 T/GR02/018
met hyl - 2- 802953 ox0- hexahydr of ur of 3, 2- b] pyrrol - 4-yl ) et hIGAR%GA8 N 0 s
H OO 18 July 2005 WD 02/057270 PCT/ GB@g/ 00184 -161 B ?LC Rt =18.15m ns
(>90%, HPLC-Ms 441.2 [M+ H +, 903.2 [2M + Na]+. EXAMPLE 68. (3aS, 6aR)
Benzo[ b] t hi ophene- 2- car boxylic acid [1S-benzyl -2- oxo-
2- ( 3- oxo- hexahydrof uro[ 3, 2-b] pyrrol -4-yl)ethyl]Jamde O(R) NO N (S) HO
O 5 HPLC Rt =15.58mns (>85%, HPLC-Ms 435.1 [M+ Hl +, 891.2 [2M +Na] +.
EXAVPLE 69. HPRES/SGUR)2 INaptLfial ene- | - car boxylic acid
[ 1S- (4- hydr oxybenzyl ) -2- oxo-2-(3- oxo- hexahydr of a
ro[ 3, 2-b] pyrrol -4-yl)ethyl]am de HO

EXAMPLE 62. (3aS,. 6aR) N-[15-benzyl-2-0x0-2-(3-0x0-hexahydrofuro{3,2-

-5 - blpyrrol-4-yl)ethyi]-3-phenylpropionamide
o]
_ R
N o

HPLC Rt = 16.68mins (>90%), HPLC-MS 407.2 [M + HT", 835.2 [2M +NaJ'.

EXAMPLE 63. (3aS, 6aR) Thiophene-3-carboxylic acid [3,3-dimethyl-15-(3-0x0-
10  hexahydrofuro[3,2-b]pyrrole-4-carbonyl) butyljamide

{R)

(s)

I=

DI Y |

o]

HPLC Rt = 13.24mins (>95%), HPLC-MS 365.2 [M + HJ'.

EXAMPLE 64. (3aS, 6aR) Benzo[blthiophene-2-carboxylic acid [1S-(4-hydroxy
15 benzyl)-2—oxo-2-(3-oxo-hexaﬁydroﬁJIo[S,2-b]pyrrol~4~y1)eﬂ1yl]amide

HO




O(R. NO NHOO 10 HPLC Rt =12.42nins (>85%, HPLC-MS 445.1 [M + H| +, |

911.3 [2M + Na] +.  EXAMPLE 70. (3aS, 6aR) Naphthal ene- 1- car bd:ytyi260aci d

[ 3- et hyl - p§3 oxo0- hexa hydrofuro[ 3, 2-b]pyirol e-4-carbonyl) butyl]am de A
\ O S N OWOBEAH28 July 2005 WD 02/057270 PCT/ GB02/ 00182 CTHGB®R/MERC Rt
=14. 81m ns (>85%, HPLC-IVB 395.2 [M+ H 811.3 [2M + Na]+. EXAMPLE 71.
(3aS, 6aR) Napht hal ene- 1-carboxylic acid [ 1R benzyl sul f anyl net hyl

- 2- 0X0- 2- ( 3- ox0- hexahydr of uro[ 3, 2-b] pyrrol -4-yl)ethyl]Jamide 50 . \ HN BJ

Pk Napht naehi R0 g %%ﬁ’@@ﬁﬂa oA Hie Sag oM ey %S

0X0- 2- ( 3- oxo- hexahydrof uro[ 3, 2-b] pyrrol -4-yl)ethyl]Jamde Om O

EXAMPLE 65. (3a$, 6aR) Benzo[b]thiophene-2-carboxylic acid [3-methyl-15-(3-
oxo-hexahydrofino[3,2-b]pyrrole-4-carbonyl) butyljamide

(R}

N )
/ H

5 ’ °

HPLC Ri = 15.62mins (>90%), HPLC-MS 401.1 [M+ HJ', 823.2 [2M + Na]",

EXAMPLE 66. (3aS, 6aR) Benzo[b]thiophene-2-carboxylic acid [1R-benzylsulfanyl
methyl-2-0x0-2-(3-oxo0-hexahydrofuro[3,2-b]pyrrol-4-yl)ethylJamide

. ! |
.o ]
i .
N (0] N
i (5] )

[ -!

O ' ,»‘;
: o)

HPLC Rt = 17.47mins (>90%), HPLC-MS 481.1 [M+ HY", 983.2 [2M + Na]".

10

EXAMPLE 67. (3aS, 6aR) Benzo[b]thiophene-z-carboxylic acid [1S~cyclohexyl
methyl-2-0x0~2-(3-0xo-hexahydrofuro[3,2-b]pyrrol-4-yl)ethylJamide

{R}




HPLC Rt =17.45mins (>90%, HPLC-MS 435.2 [M+ H +, 891.4 [2M + Na] +.
EXAMPLE 73. (3aS, 6aR) Napht hal ene-1-carboxylic acid [IS- beﬁz%dw (&xo- 2-(3-
15 oxo-heéggwrofuro[s, 2-b] pyrrol-4-yl)ethylJamde '\ o w (S) OO0
18 July 2 87782/ 057270 PCT/ GB02/ 00184 -163 B PLC Rt FIF/GHHILB4 900
HPLC-MS 429.1 [ M+ H +, 879.3 [2MNa] +. -16EXAMPLE 74. (1S, 3aS, 6aR)

Mor phol i ne- 4- car boxylic acid 1-cycl ohexyl nethyl-2- 5

- 0X0- 2- ( 3- oxo- hexahydrof aro[ 3, 2-bl pyrrol 4-yl )ethyl ester i ! NO N(3) j O

3 cycl onexyl T3S R ol LR St MM I A RS SRR AR o), schere

6) Trinmethylsilyl chloride (1.78m, 14. Omol) was added dropwi se to a
| ohexyl - 2S- hydr oxypr opi oni ¢ acid (conmpound (25)

tirred sol ytj f 3-
i. '3556 738W#§W\%ﬁ 6§5(3fcfb¥$f ReRb Bepzpibitinophme-2rsagaxyiic il HiSrhanad-Zapxa-oom

t t £1. 2 he.: € d i to |

bal o yel | owtsroxFResithardiials.s BRIt ad B0 e, | Smt oot aphy over

~silica gel eluti-ng-wth a gradient of n-heptane : ethyl acetate (4:1) - -

Appropriate fractions were conbi ned_aaq the solvents renoved in vacuo to
gi ve 3-cycl ohexyl - 2S- hydr oxypr opi 0' d nethyl ester as a colourless

]

' {R)
S N o
/ E {s}
(¢ _
0

HPLC Rt = 15.58mins (>85%), HPLC-MS 435.1 [M + HJ*, 891.2 [2M + Na]".

EXAMPLE 69. (3aS, 6aR) Naphthalene-1-carboxylic acid [1S-(4—hydroxybenzy1)—2—
oxo—2-(3-oxo~hexahydrbﬁaro[3,2—b]py1rol—4~y1)ethyl]amide

HO.

10
| HPLC Rt = 12.42mins (>85%), IPLC-MS 445.1 [M + HJ*, 911.3 [2M + Na[".

EXAMPLE 70. (3aS, 6aR) Naphthalene-1-carboxylic acid [3-methyl-18-(3-0x0-hexa
hydrofuro[3,2-b]pyrrole-4-carbonyl) butyllamide




20 oil, yield 1.26 g, (89%. HPLC-MS (single main peak with Rt = 7.43m ns,
187.14 [M + H+, 395.2 [2M + Na]+). SH (400MHz, CDC13 at 288K}, 2¢hs84- 1. 04
(2H, CH (cycl ohexane), m, 1.09-1.36 (3H, CH2(cycl ohexane), CI—¥

(cycl ohexd&§2/657370 1. 45-1. 77 (711, CH2(cyclohexane), 25 @dmgrizobmsiane),
m, 1.80-1.90 (1Hi, mM, 2.72 (1H, OH 8]?9: 5.99 Hz), 3.80 (3H, CH3QO s),
4.20-4.31 (IH(x, m. 18 July 2005 WO 057270 PCT/ GB02/ 00184 -164

(b) Preparation of norpholine-4-carboxylic acid 1-carboxy-2-cycl ohexyl et hyl

ester Co 3 Sch A sol ution of_ phosgene (33.6nl, 20%in
t ol uene§ wangl?'gg:g@% f%sgnwi%@ﬁ?%iﬂ%@%ﬁ%wmﬁﬁ ghﬁé[MgﬂNﬁﬁt hyl ester
(compound (32), 0.7 g, 4.03mvol) followed by 6 drops of dinethylformam de.

The m xture was stored at anmbient tenperature for 16hours then the
sol vent s r eBSVAPLE 7VaBaf, 6aR)eNaphtlialene- Massbaytiotatidi[eR-bahtyisulfayluReas (3 X

20mL), and dj sso d_in anphydrous, dichl oronethane (l1m). The 10 sol ution
was cool ed %Ea"’E?CJ’-'Xf'eﬁO'ﬂB’f C\ﬂr"ﬂgfz(vgbgé’&oliﬁ‘ﬁk hlemidgided. The nmixture was
~—stared f®r- 2-hours then partitioned. between dichl oronethane(30nfl) -and-
0.5M hydrochloric acid (30m). The dichl oronethane | ayer was washed with

saturated aqueous sodi um hydro arbonate ‘solution (30nl), saturated
aqueous sodium chloride sol uti m), dried (Na2SO4) and the sol vent
renoved i n vacuo. The 15 residu€e purified by chromatography over silica
gel eluting with ethyl acetate : hepfane 1:1. Appropriate fractions were

conbi ned and the solvents renoved in yacuo to |eave

nor phol i ne- 4- car boxyl i ¢ acie= t hoxycar bonyl et hyl ester
(0.13g, 1099 as an oil. A i dr oxi de nonohydrate

- (17.5ng, 0.418nmol) in wate 40 an iced-water chilled
sol ution of 20 norpholine-4- -
2-cyc|ohexyl-l-nethoxycarbonl 0. 367mmo1l) in di oxane
(1.5m ). The m xture was stirred at ambi ent t€enperature for } |hour then

diluted with water (I Oral). The aqueous |ayer was extracted wi th diethyl
HPLC Rt = 17.10mins (>90%), HPLC-MS 475.2 [M + HJ".

EXAMPLE 72. (348, 6aR) Naphthalene-1-carboxylic acid [18-cyclohexylmethyl-2-
10 ox0-2~(3-oxo-hexahydrofuro[3,2-b]pyrrol-4-yl)ethyljamide '

HPLC Rt = 17.45mins (>90%), HPLC-MS 435.2 [M + HJ", 891.4 [2M + NaJ".

EXAMPLE 73. (3aS, 6aR) Naphthalene-1-carboxylic acid [15-benzyl-2-0x0-2-(3-
15 oxo-hexahydrofuro[3,2-blpyrrol-4-yl)ethyl]amide

i




ether (2 x I On) which was discarded, then acidified to pH =2 with 6M
hydrochloric acid. The product was extracted into diethyl gf ngfodgb X

"1 Om), then the conmbined 25 ethereal |ayers washed with saturated aqueous
sodi um ch"Y48737%0m ), dried (MySO4) and the sol vent rend¥aFBRO4 10 to
gi ve nor pholine-4-carboxylic acid 1- caghoxy-2S-cycl ohexylethyl ester as a
white solid, yield 0.11g, (100% fromester). TLC (single spot, Rf = 0.20,
-met hanol : dichloronethane 1:9), HPLC-MS (single main peak with Rt =
7.614nins, 286.2 [M+ H+, 287.2 [M+ 2H +, 593.3 [2M+ 30 Na]+). 18 July
2005 WD 02/057270 PCT/ GB02/ 00184 -165 5H (400MHz, CDC13 at 298K),
0.75-1.00 (HPLC K3HR(S ¥Thing©0%6), HPHIC-MS 42 11M8& KFHe79. GyNiJohexane) , m),
1.33-1.46 (1H, CH(cycl ohexane), m, 1.50-1.79 (6H  CH2(cycl ohexane), m,
3.28-3.73 (8H, CH2OCH2 and CH2NCH2 ,m, 4.92-5.02 { (Ma, m, 5.99 (1H, OH

brs). 5 Co j il ded
but | di ng_ bl SRR et (oncbr iR Mttt BB So DR IR E

- EXAMPLE ¥5. oX@B32%3-ofiaRexdhylibigrdf 3, Bolpyhtol-v-pitay ksted fanyl ) - 4- et hyl pent anoyl | -

10 tetrahydrofuro[ 3, 2-b]pyrrol-3-onew Np Sir Eo HPLC R =
21.3-23.4mns (>8Q%, HPLC-Ms 404.4 [M+ H +. (a) Preparation of

2R- Br onp- 4- net hyl pent anoi ¢ aci d (Conpound (28), Schene 5) 15 A solution of
sodiumnitrite (5.1g, 73mmol) ¢ vat er (15ml) was added drop-wi se at 0C
over 5hours to a stirred m xt D-l eucine (8.75g, 67mmol), potassium

0 .
®)
o N 0
S l'/\N &
Sh
. d

HPLC-MS 395.2 [M + HJ, 811.4 [2M + NaJ".

10 (a) Preparation of 3-cyclbhéxy1-2S-hydroxypropionic acid. methyl ester. (Compound
(32), Scheme 6) '

' . Trimethylsilyl chloride (1.78ml, 14.0mmol) was added dropwise to a stirred solution
of 3-cyclohexyl-2S-hydroxypropionic acid (compound (25) 1.31g, 7.6mmol) in
15 methanol (35ml). The mixture was stirred at room temperature for 20hours then the
) : solvents were removed in vacuo to leave a pale yellow oil (1.38g). The crude oil was
| purified by chromatography over silica gel eluting with a gradient of n-heptane :
ethyl acetate (4:1) Appropriate fractions were combined and the solvents removed in
- vacuo to give 3-cyclohexyl-28-hydroxypropionic acid methyl ester as a colourless
20  oil, yield 1.26 g, (89%). HPLC-MS (single main peak with Rt = 7.43mins, 187.14 [M
+H]%, 3952 [2M + Na["). |

O (400MHz, CDCl; at 298K), 0.84-1.04 (2H, CHax{cyclohexane), m), 1.09-1.36 (3H,
CHx{cyclohexane); CH (cyclohexane), m), 1.45-1.77 (7H CHx{cyclohexane),

" ;"*«:%L 25  CH(cyclohexane), m), 1.80-1.90 (1Hp, m), 2.72 (1H, OH, d, J = 5.99 Hz), 3.80 (34,
CH;0, s), 4.20-4.31 (1Ha, m),



brom de (29.75g, 0.25npl1) and concentrated sul phuric acid (8.6ml) in water
(100m ). The m xture was stirred for 30 mnutes at 0C then1083_§ Iﬁgﬁdsent '
tenperature for 20 20hours. The product was extracted into et yI "ether (2
x 150nl) tWer2H0fi@7¢onbi ned ethereal |ayers were washed wi p¢r/ca0280842d
aqueous sodi um chloride solution (2 x _}g@_rﬂ), dried (MgSH) and the

sol vent renoved in vacuo. The residue was purified by flash chromatography
.over silica gel eluting with a gradient of nmethanol dicliloromethane 1:50

4 1:20. Appropriate fractions were conbined and the solvents 25 renoved in
vacuo to | eave 2R-bronp-4-nethyl pentanoic acid (28) as a colourless oil, 18

July 2005 727 ggéh%g /400, gﬁj . i | o€ A, TLC
(single spol@%fgﬁaiﬁé%& met ano? 4: | ?}K}l%rldg%e ﬁ?ﬁgx%zggfﬁhc%%}lﬂ osr%%rl ly, a
second crop (Cempgundi(33), Sohemmé 6pht |y i mpure product was obtai ned 8H (400MHz,
CDC13 at 298K), 0.95 and 0.99 (both 3H, CH3CH, d, J = 6.55Hz). 5 1.77-1.89
(1H, CH3CH n), 1.93 (2H(3, n), 4.31 (1Ha, t, J= 7.7Hz), 9.3 (1H, COzZH
~-brs). (byPr epanRki | - VA : )¢ b NERbanoi ¢ '
acid (Conpound (gjg;bfq%g%ge%ﬁéd(% g%%’ Mo‘b&?%ﬁéﬁg%% ﬁr&?rg?f g‘-iérlr@e%{gfg%nt anoi ¢

aci d ( conpolydroxggppioniciayid ethyhedtdr (campbund-(82)e0.7-gh 4 0¢mnpAEfofloywed blrgnet hi ol
1., 5.6 1) in.di | f 1 de . (15mL d with nit f 5

(1S, 5, STk, b RIS c, (ST desBligsd u L frogen for

drop-w se oVi@hours ThélH e 5HIOBnts HEmBYEd W SqlRS e’%ie: tesiate Twas' QL‘CFoirXngesc? 3‘)&% at

anmbi ent tenperature. The solvents were renov n vacuo an
purified by Wlnersh (T 8fmlograddissoived i thydraye| dichlommethaniet (1 1ml)yrEi ent of

hanol: ~ dichl od 3 1: 20 i f | mbi ned
ond 1 hd0sorbbE SBEERHRR% PG minanipneliDl e sSmpoidel TSR | eq by,
fllash chr oneisagfad for DW6lirshéd patidchedharkbdodidhibionRiiint (86:81)3kA ¢.51ept ane”

2:5. Appropriate 20 fractions were_ conbined and the solvents renoved in
vacuo to gi W¥dmeckiorig-acist (30ml). The dichloromethane layer was washed with saturated

aqueous sodium hydrogen carbonate solution (30ml), saturated aqueous sodium
chloride solution (30ml), dried (Na;8O4) and the solvent removed in vacuo. The
15  residue was purified by chromatography over silica gel eluting with ethyl acetate :
heptane 1:1. Appropriate fractions were combined and the solvenis removed in vacuo
to leave morpholine-4-carboxylic acid 2-cyclohexy1—1~methoxycarbonylethyl ester
(0.13g, 10%) as an oil. A solution of lithium hydroxide monohydrate (17.5mg,
" 0.418mmol) in water (0.76ml) was added to an iced-water chilled solution of
20 Amorpholine—él—carboxylic acid 2-cyclohexyl-1-methoxycathonylethyl ester (1 10mg,
0.367mmol) in dioxane (1.5ml). The mixiure was stirred at ambient temperature for )
1hour then diluted with water (10m1). The aqueous layer was extracted with diethyl '
ether (2'x 10ml) which was discarded, then acidified to pH = 2 with 6M hydrochloric
acid. The product was extracted into diethyl ether (2 x 10ml), then the combined
25  ethereal layers washed with saturated aqueous sodium chloride (10ml), dried
(MgS0;) and the solvent'rempved in vacuo to give morpholine-4-carboxylic acid 1-
carboxy-25-cyciohexylethyl ester as a white solid, yield 0.11g, (100% from ester).
TLC (single spot, Rf = 0.20, methanol : dichloromethane 1:9), HPLC-MS (single
main peak with Rt = 7.614mins, 286.2 [M + HJ", 287.2 [M + 2H]", 593.3 [2M +
30 NaJ).




but yl benzyl sul f anyl ) - 4- met hyl pentanoi ¢ acid (30) as a colourless oil, yield
150 ng, } (9% . TLC (single spot, Rf = 0.2, heptane : et hy{s‘ﬂﬁf/ﬁ@éf’e 5:2),
analytical HPLC with main peak Rt = 22.117mns, HPLC-M5 (nmaln geak W th
Rt = 11. oYW24727817. 2 [M + Na]+). 25 SH (400MHz, CDC13 HRCTHERRINI8Y 70 and
0.85 (both 3H, CH CH, d, J=6.3), 1.29,449H (CH)3C s), 1.44-1.51 (1H,
CH3CH, m, 1.62-1.75 (2H(3, m, 3.15-3. (1Ha, m, 3.81 and 3.88 (both
1H, SCH 2, d, J= 13.211z), 7.25-7.35 (4H, aromatic). 30 Conpound (30) was

o o T OGS S et 353 b
G2 S5 Te 00 SRS, A58 BT oGt m, 150170 (@

pr opi ony| ] t €Hseploexane) (i), 23.28-BY6T (SH,3CHAOCHS And GUNNCH, HRAXC 482-502. 8
-15. Imns (>90%, PLC-MS 410.1 [M+ H +, 841.2 [2M + Na]+. (a)Preparation

of (R)-a- brGRsey® 8A8KHAcEHeoPIsbni c acid A solution of sodiumnitrite

0. 45@, 56.-5mm|) in water (1.2m) was added dropwi se 10 at OC over 4 hours
to a stirtred m xture of (R)-a-am nocycl ohexanepropionic acid (lg,

5.8mmol ), pCbmpskidIF) apdsteoupldIghded Staddard| dondifins e teided Hudding Ublpdkir i ¢
acid (0.66n) in water (7m ). The m xture was stirred for 5hours at 0OC
then at anbiisr constraghi@Ph thanecleayed toaprovids EXPHMPLEJduct was extracted into
di ethyl ether (4 x 20mL) then the conbined ethereal |ayers were washed
Wi th saturated aqueous sodi um 15 chloride solution (2 x 50mL), dried

(MySH4) andEXKRMEBIOE Vefit (3£37066R) I4R[2v@crr-buliieenzyiesiifshyd)-pasetipdpdntaregl] by

chr omat ogr aphy. oveigm)si lica gel eluting with a gradient of nethanol :

di fhl or Hhet iRy drotn(3,218IppirolAiopri at e fractions were conbined and the
sol vents renoved in vacuo to give (R)-a-bronocycl ohexanepropionic acid as a

R}

]

. HPLCRt= 21.3-23.4mins (>80%), HPLC-MS 404.4 [M + HY"..

(a) Preparation of 2R-Bromo—4-methylpentanoic acid (Compound (28), Scheme 5)

B 15 - |
A solution of sodium nitrite (5.1g, 73mmol) in water (15ml) was added drop-wise at
0°C over Shours to a stirred mixture of D-leucine (8.75g, 67mmol), pbtassium
' bromide (29.75g, 0.25mol) and concentrated sulphuric acid (8.6m]) in water (100ml),
‘The mixture was stirred for 30 minutes at 0°C then at ambient temperature for
20  20hours. The product was extracted info diethyl ether (2 x 150ml) then the combined
_ethereal layers were washed with saturated agueous sodium chloride solution (2 x
100ml), dried (MgSOy) and the solvent removed in vacuo. The residue was puriﬁed

by flash cﬁromatography over silica gel eluting with a gradient of methanol ;
dichloromethane 1:50 -> 1:20. Appropriate fractions were combined and the solvents

~ 25 removed in vacuo to leave 2R—bromo-4-meﬂ1y1pentanoic acid (28) as a colourless oil,




pale yellow oil 0.374 g, (27% . TLC (single spot, Rf = 0.45, 10% net hanol
in 20 dichl oronmethane), HPLC-MsS (single main peak with Rt = 88‘%8’2 (5]53 234.1
/ 236.1 [MrH +, 257.2 / 259.2 [MtNa]5. SH (400MHz, CDC13 al %

0. 83- 1. 88 WQ8465727H( cycl ohexane), CH2 (cycl ohexane), m), PCTé®B®R00884(211( 3,
M, 4.32-4.44 (1Ha, m. 25 18 July 200500 02/ 057270 PCT/ GB02/ 00184 -168
(b) Preparation of 3-cycl ohexyl-2S-(furan-2-yl nethyl sul fanyl) propionic acid
(Conpound (41), Schene 9) (R)-a-bronocycl ohexanepropionic (0.37g, 1.58muol)

i et hy 1 or kit HED &35 T8 Ginglngh 2ol s heionabisian £20)The

sol uti on wagdapRhad, ta%e&ﬁdtdi!@ﬁ‘(stig,%%y%m%}]ﬂ? ?51: odubt ihegias added

drop-wi se over 1 minute. The mxture was s 0C for 30mnutes then
at anbient tenperature for 16hours. The sol vent was rem)ved in vacuo, and

di chi 3?L%?ﬁaﬁ@@dﬁm%@%%ﬁgﬁéﬁﬁéﬂﬁéﬁm@ He eI coRoREY and
~the 10 sl vergs ggaﬁ?d/?%{ %Wq@?’t@th 5,; f‘igf?eﬂb @)ﬂgf@% C(Q(%%i met hyl

sul fanyl ) propi oni'c
Anal ytical bidpLC peak Rt = 18.68mi ns. TLC (5| ngl e spot, = 0. 45; 10%
nmet hanol in dichloronethane), HPLC-MS (single main peak vmth Rt =
9.53mns, 291.0 [M+ Na]). 15 8H (400MHz, CDCl13 at 298K), 0.68-0.89 (211,

(Sl nepEhily 039 1Kl by B BT

3 84-3.94 (ﬁ%m@dnS(Sﬁb,SdheniMS)S Hz), 6.15- 6.28 (211, furan H3 and H 4, d,
J= 27.3?0Hz), 7.30 (1H, furan H5, s). 20

A solution of 2R—br$mo-4—methylpentanoic acid (compound (28), 1.1g, 5.6mmol)
and (4-(tert-butyl)phenylymethanethiol (1.0g, S5.6ramol) in dimethylformamide
(15ml) was purged with nitrogen for 5 minutes then cooled to 0°C. Triethylamine
(0.79ml, 5.7mmol) was added drop-wise over 1 minute then the mixture was stirred
15 for two days at ambient temperature. The solvents were removed in vacuo and
residue purified by flash chromatography over silica gel eluting with a gradient of
methanol : dichloromethane 0:1 - 1:20. Appropriate fractions were combined and
the solvents removed in vacuo to leave a residue which was purified by flash
) phromatography over silica gel eluting with ethyl acetate : heptane 2:5. Appropriate
20  fractions were combined and the solvents removed in vacuo to give 28-(4-tert-
butylbenzylsulfanyl)-4-methylpentanoic acid (30) as a colourless oil, yield 150 mg, )
(9%). TLC (single spot, Rf = 0.2, heptane : ethyl acetate 5:2), analytical HPLC with
main peak Rt = 22.117mins, HPLC-MS (main UV peak with Rt = 11.072mins, 317.2
{M + Na]").
25
ox (400MHz, CDCl; at 298K), 0.70 and 0.85 (both 3H, CH;CH, d, J = 6.3), 1.29
(H, (CH3)sC, s), 1.44-1.51 (1H, CH;CH, m), 1.62-1.75 (2HB, m), 3.15-3.20 (1Ha,
m), 3.81 and 3.88 (both 1H, SCHy, d, J= 13.2Hz), 7.25-7.35 (4H, aromatic).

30 Compound (30) was coupled under standard conditions to loaded building block-
Y linker construct (22), then cleaved to provide EXAMPLE 75.




Compound (41) was coupl ed under standard conditions to | oaded buil ding

bl ock- |inker construct (22). The internedi ate | oaded thi oe{éﬁ éogpm)l e
gear) was__oxidi sed wi th mchloroperbenzoic acid (Seq, 65%rea

in dichl SYQREREe (200L) for Shrs, followed by standardlmgﬁ PP then
cleaved to 25 provide EXAMPLE 76. EXAMRgE 77. (3aS, 6aR)

2R- Cycl ohexyhnet hyl - 4- nor phol i n-4-yl - 1- ( 3- oxo- hexa

hydr of uro[ 3, 2-b] pyrrol -4-yl ) butane-1,4-dione 0 18 July 2005 WD 02/057270
PCT/ G802/ 00 9 1 7 reparation
of 2R-cycl O#ME jIZ’P4%‘fIf\$§ %96‘% wﬁ%h&ﬂ% %ﬁ@ é\%@aﬁ’&%‘m % ester.
1- ( 3- di met hptopiEnk: gtyhgﬁyd:))ﬁﬁd[gtja MpGablhnghe m de. HA (1.12g, 5.69mmol) then 1-
hydr oxybenzotri azol e nonohydrate (0.87g, 5.69mvl) were added to a stirred
sol ution of 2R-(cyclohexyl nmethyl)succinic acid 1-nethyl ester (conpound
(35),1.0g, 10 4.38mml) in dinethylformam de (1 Or) at OC under argon. The
m xture was stirred for 25m nut g Ren nor pholine (0.7 m, 8.76mmol) was
~added--dr op-wi-se-over- ]Jmnute a ring continued at anbi ent 't enperature-
for 16hours. The product was ex ed into ethyl acetate (200nml) then
washed with 1. OM hydrochloric acid ( sat urated agueous sodi um
hydr ogen carbonate sol ution (3 x 100m &) (106n1), t hen saturated
aqueous sodi um chl ori de sol y YWwSO4), and the sol vent
renoved in vacuo to give 2 aholln 4-y| -

oxo-butyric acid nmethyl est¥® pt7d, yield 1.22g, (94%.
HPLC-M5 (single peak with Rt [M+ H +, 617.3 [2M +

Na] +). 20 (b)Preparation of

2Rs cycl ohexl\fﬂPrret hyl - 4- mor phol i n- 4}/ - 4- 0xo-butyric aci d (Oorrpound (36)
Scﬁ LC Rt =12.8 — 15.1mins (>90¢ ,HPLC-MS4101[M+H] 841.2 [2M + NaJ".

- (a)Preparation of (R)-o-bromocyclohexanepropionic acid

: A solution of sodium nitrite (0.45g, 6.5mmol) in water (1.2ml) was added dropwise
10 at 0°C over 4 hours to a stirred mixture of (R)-o-aminocyclohexanepropionic acid
| (1g, 5.8mmol), potassium bromide (2.3g, 19.2mmol) and concehtrated sulphuric acid
~ {0.66mi) in water (7ml). The mixture was stirred for Shours at 0°C then at ambient
“temperature for 16hours. The product was extracted into diethyl ether (4 x 20ml)
then the combined ethereal layers were washed with saturated aqueous sodium

15 chloride solution (2 x 50ml), dried (MgSQy) and the solvent removed in vacuo. Tﬁe
residue was purified by chromatography over silica gel eluting with a gradient of
methanol : dichloromethane 1:50 > 1:20.. Appropriate fractions were combined and

 the solvents removed in vacuo to give (R)-o-bromocyclohexanepropionic acid as a

. pale yellow oil 0.374 g, (27%). TLC (single spot, Rf = 0.45, 10% methanol in

20 d1ch10romethane) HPLC-MS (single main peak with Rt = 8.88mins, 234.1 / 236.1

[M+HJ", 257.2/259.2 [M + Na').

8u (400MHz, CDCl; at 298K), 0.83-1.88 (11H, CH(cyclohexane), CH,
(cyclohexane), m), 1.89-2.05 (2Hp, m), 4.32-4.44 (1Ha, m).



A solution of Iithium hydroxi de nonohydrate (0.51g, 12.18mmol) in water
(27ml) was added a stirred solution of 18 July 2005

2R- cycl ohexyhnet hyl - 4- nor phol i n-4-yl -4-oxo-butyric 25 acid net’hyl ester
(1.21 g" WO®MsBL7» in tetrahydrofuran (55ml) and net hanol ¥cE/elgeaiss0C. The
m xture was stirred at anbient terrpera;]tére for 1 hours then diluted with
wat er (100m ). The aqueous | ayer was eX Bacted with diet hyl ether (2 x
50m ) which was discarded, .then acidified to pH = 1-2 with 1M hydrochloric
acid. The product was extracted into dichloronethane (3 x 50m), then the
combi ned et MPEamratien or of 303 walhbexyh261(fiunrn-21ylrpethylslfariy])propéinic at add aqueous

sodi um chl o@%&gh%@m({:}%é}e@?hSOrr&) , dried (MgS™) and the solvent renoved

in vacuo to e a-r e residue was purified by chromatography

over sili Ca(&&i—bﬁmﬁdyﬂﬁh&&a‘iﬁ)@pﬂhﬁdgmg, qf sehandly! 32002 (0
PCT/ GB02/ 00184 -170 met hanol : dichloronethane”1:100 3 37100. Appropriate
fractions wékEg driSmmel) weanel disselved fiv dithethyormesnide 1 Goal) wnd waisgedowiih v e

2R-cycl hy| -.4- hal,i n-4-. yl - 4- - hut yri c-acj 36 whi t
col i o i ol Hapeebtos 1OmERE e eltiial it cgpled p 045 it et e FEafng,
284.2 [M + Hbg3mnh$Pw ikt ks 77-0.90
(2H, CI[—|2( cy(l:-lIBo_l: s%% {rlrc)?d,\éuf.rg%ﬁ%%%‘%fgﬁﬁﬁ%&%&%ﬁohexang%ﬁ%%fg f-1. 90
(7H, CH( cycBnaten theyal apbiesh tompesgturenfor 1680188 Thel solyan Bas Temjoved ib4- 2. 77

(Ma, m), 2.96:3. LH,.OH brs)...3,40-3.78 (8H, CH,OCH2 and NCH2 , ).
10 Conpoundg%gg’)gn\%a‘%‘e&%sﬁ@g%ﬁ?g&y %%@%%g%ﬁaﬁg%%%w1%ﬁ%@ﬁ| di ng
bl ock- | i nkéichleasdthdiet 1:180)as &lhew. A td Frabhichs! WereEdMRhEd ahd theAVPLE
78. (3aS, 6aR) 4-(2-Biphenyl-3-yl-4-"15"_
met hyl pEht affbYEnSs: etremaRsh ofifar opaue - bicpy s - S-epekohexyl-2S-(fu@n-26yimethyl
sulfanyl)propionic acid (41) as a light brown oil, yield 142mg, (33%). Analytical
HPLC peak Rt = 18.68mins. TLC (single spot, Rf = 0.45, 10% methanol in

dichloromethane), HPLC-MS (single main pedk with Rt = 9.53mins, 291.0 [M +

Na").
15
81 (400MHz, CDCl; at 298K), 0.68-0.89 (2H, CHi(cyclohexane), m), 0.97-1.77
(11H, CH(cyclohexane), CHy(cyclohexane), m), 3.21-3.32 (1Hg, t, J = 7.79 Hz),
' 3.693.79 (1H, CHS, 4, J = 14.79 Hz), 3.84-3.94 (1H, CHLS, d, J = 14.8 Hz), 6.15-
6.28 2H, furan H-3 and H-4, d, J=27.34 Hz), 7.30 (1H, furan H-5, s).
20 '

Compound (41) was coupled under standard conditions to loaded building block- ’l )
linker comstruct (22). The intermediate loaded thioether (1.2pmole gear) was
oxidised with m-chloroperbenzoic acid (Seq, 65% reagent, 1.6mg). in
~ dichloromethane (200uL) for Shrs, followed by standard washing and then cleaved to
25 provide EXAMPLE 76.

EXAMPLE 77. (3aS, 6aR) 2R-Cyclohexylmethyl-4-morpholin-4-yl-1-(3-0xo-hexa
hydrofuro[3,2-b]pyrrol-4-yl)butane-1,4-dione




HPLC Rt = 19.09-20.76m ns (>90%, HPLC-Ms 378.4 [M+ H + 20 (a)Preparation
of Bi phenyl -3-yl-acetic acijd(met hg/l este(rjd(gorrpound I(38), Sg?;g §o5 ] I
Concentr'a&gfh uric aci 588L) was added to a solutio ﬁ nopheny
acetic aci (2%842?6146.5mml) i n met hanol (100nL). The m xt E'ng 2 ﬁlg?l uxed.
for 1.5h and then cooled to anbient tdfpPerature and evaporated under
reduced pressure 25 to afford a residue. The residue was redissolved in

di et hyl ether (500m), washed wth water (2 x 10OM), brine (100M), dried
(MgS™) and then evaporated under reduced pressure to afford 3-bronophenyl
acetic acid nethyl ester (10,65g). The 3- bronophenyl acetic acid nethyl
ester was OHEEGINS393.A Mot BHRSO7IS2M ¥ Mdfen phenyl 18 July 2005 WO

02/ 057270 PCT/ GB02/00184 -171 11 boronic acid (6.8g, 55.69mvl) added,
foll owed by a aqueous sol ution of sodium carbonate (93nL, 2M and
tetraki s(t T (pPRpiaRbR SPARISLRALLARCH.- AL - bt adh was
stirred oveqrﬁi gﬁt t hen coo e%ﬁto aﬁmﬁﬁnt lrlr%%}ﬁtureﬁgn%ut%ig@ad%ﬁ{gg{g

50l ut i-o® -ofestant ur at ed anmoni um chl ori de (100nL) added. The mixture was 5
extracted with ethyl acetate (2 x 200nL), died (Na2SO4) and evapor at ed
under reduced pressure to afford a residue. Flash chromatography of the
resi due over.(Haiiefidlach@BBbhyhSI-8y R HiiRfRIAE (1.1'2@?@@%&%8: i) 1as the
el uent gave Dbi phenyl-3-yI acetic "acid nethyl ester,” yield 10. 5g, (199 %9 ,
TLC (si ngl éudwxperzotriezole monchydrots €1.834, 5.6%emmi)e wene ddedirte)s stirrad yt i cal

HPLC Rt = ' 0., HPLG VB, (si ngl k with =.9.35 nin,
227.1 [M +%%%9®§%(€8€WY®§§S%PW? 1?%&?? (émqmlaqg > ?97
(3H, s,100CHR}8mmol4n me&aﬁ%amid@i(MWﬂt‘@CYhﬁderléﬁé@ Phe Rakakd Qs of

Bi phenyl -3-y| -acetic acid Water (39nl), followed by I'ithi um hydroxide
rronohydr at eStiugd for 25pynutesrthesmombeline @dowl & Hramel) iwasiaddeddropivasrongr - 3- y|

weet 1 20, b ol Gk PR e B BB e SRS T
extracted into ethyl acetate (200mi) then washed with 1.0M hydrochloric acid (3 x
_ 100ml), saturated agqueous sodium hydrogen carbonate solution (3 x 100ml), water
15 (100ml), then saturated aqueous sodium chloride solution (100ml), dried (MgSOs),
and the solvent removed in vacuo to give 2R-cyclohexylmethyl-4-morpholin-4-yl-4-
oxo-butyric acid methyl ester as an off-white solid, yield 1.22g, (94%). HPLC-MS
_ (single peak with Rt = 7.91mins, 298.1 [M + HJ", 617.3 [2M + Na[").

20  (b)Preparation of 2R-cyclohexylmethyl-4-morpholin-4-yl-4-oxo-butyric  acid
y (Compound (36), Scheme 7). :

A solution of lithium hydroxide monohydrate (0.51g, 12.18mmol) in water (27ml)

was added a stirred solution of 2R-cyclohexylmethyl-4-morpholin-4-yl-4-oxo-butyric

25 acid methyl ester (1.21g,, 4.06mmol) in tetrahydrofuran (55ml) and methanol (27ml)
at 0°C. The mixture was stirred at ambient temperature for 1 hours then diluted with

water (100ml). The agueous Iéiyer was extracted with diethyl ether (2 x 50ml) which

was discarded, then acidified to pH = 1-2 with IM hydrochloric acid. The product

was extracted into dichloromethane (3 x 50ml), then the combined ethereal layers

30  washed with water (2 x 50mI), saturated aqueous sodium chloride solution (2 x
50ml), dried (MgSO;) and the solvent removed in vacuo to leave a residue. The

residue was purified by chromatography over silica gel eluting with a gradient of



20 organics were renmoved under reduced pressure. The m xture was acidified
with } dilute hydrochloric acid (1M 8Qm), extracted thé:‘mipﬁ??g)rm(z X
| OOm.), dried -(MgSOH4) and evaporated under reduced pressure to a

bi phenyl - ¥gb2/@eewi c acid as a white solid, yield 10. 69, pc3a3oz2/081%3! yti cal
HPLC Rt = 16.565 mn, HPLCG-MS (single %in W peak with Rt = 7.91m n,
213.1 [M+ H +). 25 SH (400MHz, CDC13 = 298K) 3.77 (2H, s, CH2CO2CH3),
7.28-7.52 (9H, m  biphenyl-3-yl). (c)Preparation of

2RS- Bi phenyl - 3-yl - 4- net hyl pent-4-enoic acid 30 A solution of biphenyl-3-yl
acetic aci dmethanef : %himt)lethmeahhw&tﬁsmoev&mmw fimetions (vderkymbimsd added

2005 w0 02P 508 HBR rRaes G i VaesS A JR RO bR estaflekpormio Ry or bus

t et r ahydr of yE@8xé-Bafk)k @ld (363 2€a WiE 1L Yiekt 040, g*zi%)ﬂqﬂm@wgsga@e 0C

and stirred for 40 mn. The m xture vvasf en cool -78

3- br ono- 2- @WW@TB&@&@W%‘)ZEMMH]y5&ﬁaé2M-H‘Na]+)n xture was stirred
~f-or --1--h-9t ~-78 C then water (28nlL) added and the organi cs renoved under 5
reduced pressure. The m xture was then acidified with hydrochloric acid
(6M 14nml), § W t 00 . ( 46\@ ) and
evapor at ed U%S?P regﬁi(j:e%‘attrbgggmy-?gga(?ﬁggﬁg r%’m d%yﬂe bﬁq ﬁ04

chr omat ogr aﬁﬁy(cﬁﬂt)hdﬂr@na)as),dﬂlé()dm (8H] i GH(cy¢haghe ust _g(cmiblteaamﬂ), m),

b: Smaﬁ;?m ts ggt affogdgff llfh@Ehb rdBdgr@bhay over
b 230244 R0 g 6#%?46 ) 290519 (116 G b

silica 10 (é tﬂg%@@%ﬂqﬁﬂ . dichloronethane (1.5 : 985) afforded pure
2- bi phenyl - 3=yl met t-4-enoic acid, yield 5.27g, (60 %, TLC

(si ngl el({JV spot , = 0.28,. 5 % nethanol in dichloromethane), analytical =
HPLC Rt = 1Goﬁgounm(saﬁﬁka@ dapledi ﬁiﬂbﬁstaﬂﬂﬂr& cohgitiolis o TdndE bmj&némcmkn 267. 1

[|v| ‘ |—|]) (400ME. CDCI3 at 298K, 1. 765 (31 s, °53 (1H, dd,
and fﬂkeii copstruct (22), then cleaved to provxde EXAMP

EXAMPLE 78. (3as, 6aR) 4-(2-Biphenyl-3-yl-4-
15 ,meﬂ:ylpentanoyl)tetrahydiofuro_[3,2-b]pyrr01-3-one _ |

'ij
%)

HPLC Rt = 19.09-20.76mins (>90%), HPLC-MS 378.4 [M + HJ

20 .(a)Preparation of Biphenyl-3-yl-acetic acid methyl ester (Compound (38), Scheme 8)

Concentrated sulphuric acid (SSSuL) was added to a solution of 3-bromophenyl
acetic acid (10g, 46.5mmol) in methanol (100mL). The mixture was refluxed for

1.5h and then cooled to ambient temperature and evaporated under reduced pressure

. 25  to afford a residue. The residue was redissolved in diethyl ether (500mL), washed
e"'*\-jﬁ? with water (2 x 100mL), brine (100mL), dried (MgSQy) and then evaporated under
reduced pressure to afford 3-bromophenyl acetic acid methyl ester (10.65g). The 3-
bromopheny} acetic acid methyl ester was dissolved in toluene (117mL) then phenyl



3-H1), 2.91 (1H, dd, J=8.9 and 14.7 Hz, 3-Hi), 3.92 (1H, dd, J= 6.6 and
8.9 Hz, 2- H), 4.79 (2H, d, J= 10.7 Hz, 5-H2), 7.30-7.62 (9% i 2005 :

bi phenyl - _%@/{r z(d) Preparation of 2RS-Bi phenyl - 3-yl -4-net hyl pent anoi ¢ aci d
(Oorrpound%Y 37280 Schene 8) Pal | adi um on carbon (10% 3 SBURAY1340ded
portionwi se to a solution of 2RS- bi pherpl - 3-yl - 4-net hyl pent -4-enoic acid
(19, 3.76mmol) in ethanol (40nmL) at O T. A hydrogen atnosphere was then

i ntroduced and the mxture allowed to warmto 25 anbi ent tenperature. The
m xt ure was lfl t e e nd the
Tt ure {1 PapRls G [he Son) diley, MC0RE By RS R KR oy )
The conbi nedarbempen{93ndLi, 2M)adud tetaskis(trisienylphosplinsfptiadivadd oy 1prassaly.e to
afford a rei,"leue,, whi ch was flash,élgrtgnato raphed over silica (150g) using
met hanol  di CHF JRSHEE Fasestired ovgni fib caplgd o fmbignt fpperature and an

(singl & oy’ it adutolor iyl Rl Sion L oont ulied oSl | ca

~HPLC Rt &= 2exteRtedi with ity ddBtates (D gt @00mib),ndicl DragBON 4dd &apotdedl ondérn,
269.1 [M+ H.+, 291.1 [MNa]+). 18 J 005 . WO 02/ Q57270 .PCT/ GBQ2/ 00184
-173 5|[4 (4 %ﬂéwi Pé'@ﬁﬁ@"f[;@&h%%b%fes{f"& .ﬁigglsaamal,atogzap y@? Pye Tesidye eyggysilica

3ray, 3 ot R e syt gpring B {4815 e elietldpve biotengl 330 podle 1)

Conpound ( 38id weethyd estet, gdeld ez, 9% ADaTlCofsingie U¥nspot, Rel=00.2dd 104i dtllying
bl ock 1ink t (22),.t i d VPLE 78, EXAVPLE
79.OC( 3aSI, ”agﬁrsfaﬁ%?%%ﬁ%@aﬁ@%%hﬁ@@ & "r\{ %%éﬁmﬁ’é%ﬁ%@@ﬁw?g,m] 10

pyrr ol exol- Cpedramil R, DoBY khiRenzame iy ! S

81 (400MHz, CDCly at 298K) 3.76 (2H, s, CH,CO,CHs), 3.77 (3H, s, OCH:), 7.34-
7.66 (9H, m, biphenyl-3-yl).

15  (b)Preparation of Biphenyl-3-yl-acetic acid

Water (39mL), followed by lithium hydroxide monohydrate (4.2g, 101.5mmol) were

added to a solution of biphenyl-3-yl acetic acid methyl ester (11.43g, 50.57mmol) in

"_methanol (2651ﬁL). The mixture was stirred at ambient temperature for 2h then the

20  otganics were removed under reduced pressure. The mixture was acidified with

dilute hydrochloric acid (1M, 80mL), extracted with chloroform (2 x 100mL), dried

(MgS04) and evaporatéd under reduced pressure to afford biphenyl-3-yl acetic acid

as a white solid, yield 10.6g, (99%), analytical HPLC R; = 16.565 min, HPLC-MS
(single main UV peak with R, = 7.91min, 213.1 [M + HJ").

. .

25
m (400MHz, CDCl; at 298K) 3.77 (2H, s, CH,CO,CHs), 7.28-7.52 (9H, m,
biphenyl-3-yi).

(c)Preparatidn of 2RS-Biphenyl-3-yl-4-methylpeni-4-enoic acid

30 '

“ A solution of biphenyl-3-y! acetic acid (7.0g, 33mm61) in anhydrous tetrahydrofuran
(84maL) was added dropwise to a solution of lithium diisopropyl amide (36.4mL, 2M



KNS O O HPLC Rt = 13.74-14.85m ns (> 90%, HPLC-MS 359.2 [ MrHf. 15 EXAMPLE
80. (3aS, 6aR) 4-Methoxy-N-[3-nethyl-IS-(3-o0xo hexahydrof urgf 3uf2005
b] pyrrol e-4-carbonyl) butyl]benzanmide 0 (RI Y NH(S) OO HPLC Rt
=12. 95- 13.¥BIA2/8F270> 90%, HPLC-MS 375.2 [M+ H {. 18 Jul y HOOEBe LS4

02/ 057270 PCT/ GB02/00184 -174 EXAMPLE 8l. (3aS, 6aR)
4-tent-Butyl-N-[1S- (4-bronpbenzyl) - 2- oxo-2- ( 3- oxo- . .
-hexahydrof uro[ 3, 2-b] pyrrol -4-yl)ethyl ] benzamide Br o (R j g NO'k N

(s) HOOHPLC R =18.40-19.10ni ns (>90%, HPLC-MS 513.2 / 515.2 [M+ H] +.
5 EXAVPLE 8$olufigny & hexangs) in anhydrous tetrahydrofuran (84mL) at —78 °C. The mixture

4-tert-Butylrl\, ail&v?éd(t%-w%hﬁwxﬁ and lst%frgd- %1S 40 %-11%3 T}(ljexrga:xture was then cooled to
—78 °C and 3-bromo-2-methylpropene (4.97mL) rapidly added. The mixture was
stirred for 1 h at —78 °C then water (28mL) added and the organics removed under
5 reduced préssure. Thé I.nixtﬁre.was then.acidiﬁed With hydfochloric acid (6M, 14ml),
extracted “with ethyl acetate (3 x 100 ml), dried (MgSO4) and evaporated under -
reduced pressure to afford a residue. Flash chromatography of the residue over silica
(400g) using methano] : dichloromethane (3 :'97) as the eluent afforded impure 2-
biphenyl-3-yl-4-methylpent-4-enoic acid (8.3 g). Flash chromatography over silica
10 (400g) using methano] : dichloromethane (1.5 : 98.5) afforded pure 2-biphenyl-3-yl-
4-methylpent-4-enoic acid, yield 5.27g, (60 %), TLC (single UV spot, Re= 0.28, 5 %
methanol in dichloromethane), analytical HPLC R; = 19.99 min, HPLC-MS (single
main UV peak with R, = 9.57 min, 267.1 [M + HJ").

15 81 (A00MHz, CDCl; at 298K), 1.765 (3H, s, CH3), 2.53 (1H, dd, J= 6.6 and 14.7 Hz,
3-Hy), 2.91 (1H, dd, J= 8.9 and 14.7 Hz, 3-H,), 3.92 (1H, dd, J = 6.6 and 8.9 Hz, 2-
H), 4.79 (2H, d, J=10.7 Hz, 5-Hy), 7.30-7.62 (9H, m, biphenyl-3-yl).

(d)Preparation of 2RS-Biphenyl-3-yl-4-methylpentanoic acid (Compound (39),
20 Scheme 8) |

Palladium on carbon (10%, 300mg) was added portionwise o a solution of 2RS-
biphenyl-3-yl-4-methylpent-4-enoic acid (1g, 3.76mmol) in ethanol (40mL) at 0 °C.
A hydrogen atmosphere was then introduced and the mixture allowed fo warm to
25 ambient temperature. The mixture was stirred for 18h, then the hydrogen atmosphere
removed and the mixture filiered over Celite and the catalyst washed with ethanol
(40mL). The combined organic filtrate was concentrated under reduced pressure to
afford a residue, which was flash chromatographed over silica {150g) using methanol
: dichloromethane (1 : 99) as the eluent to afford 2RS-biphenyl-3-yl-4-
30  methylpentanoic acid, yield 980mg, (98%), TLC (single UV spot, Re = 045, 5 %
methano] in dichloromethane), analytical HPLC R; = 20.92 min, HPLC-MS (single

main UV peak with R = 10,15 min, 269.1 [M + HT, 201.1 [M+Na]").



hexahydr of ar o[ 3, 2-b] pyrrol -4-yl)ethyl ] benzamde -0 OPi Nc NOHOBPLC
Rt =17.50-18.31mins (> 90%, HPLC-MS 465.2 [M+ H +. 10 E)%MﬁlyEz@a (An
exanpl e’ @f 0? (Fl formula (11)). (3aS, 7aR) Morpholine-4- carboxylic acid
[ 1R benzyl'sulTanyl met hyl - 2- oxo- 2- ( 3- oxo- hexahydr of ur of 3, 2PCT/GB02/00154

b] pyridin-4-yl)ethyl]am de 18 July 200873175 i i N NH O O O The required
bi cycl e building block (3aS, 7aR) 3-oxo-hexahydrofuro[ 3, 2-b] pyridi ne-
4-carboxylic acid 9Hfluoren-9-yl nethyl ester was prepared in 8 steps as
follows. 5 (1) Preparation of

C s-rac-(3- hydroxy pi-peridi ne-1, 2-di carboxylic acid 1-(9H

f1 uor en- 9- rfd0MMHY, €DChs at XISK)y @83 (G, dr-06)5) 1, m—:-xajﬁy\,q .31 @m,ylhl c acid
commercial |y avail abl e 3- hydroxypi colinic

bt ai ned
(v o BT, P TEL i Glincih 336 ot geonk Fosss
(15.09, 103y mr. @)5(){@% ,ﬁdﬁgﬂeﬂ)@3aﬂxl gorously stirred, ice-cooled solution

of SOdI gm carbonat e

Compound (39) was coupled under standard conditions to loaded buﬂdmg block—
linker construct (22), then cleaved to prov:de EXAMPLE 78,

EXAMPLE 79. (3aS, 6aR) 4-Methyl-N-[3-methyl-15-(3-oxo0-hexahydrofuro[3,2-5]

10 pyrrole-4-carbonyl) butyllbenzamide

HPLC Rt = 13.74-14.85mins (> 90%), HPLC-MS 359.2 [M + H]+.

15 EXAMPLE 80. (3aS, 6aR) 4-Methoxy—N -[3-methyl- 1S—(3~oxo-hexahydrofuro[3 2-
blpyrrole-4-catbonyl) butyl]benzamide

&

N 0
<)
\0 ‘ Q

o)

Iz

HPLC Rt = 12.95-13.87mins (> 90%), HPLC-MS 375.2 [M + HJ".



~176 showed the presence-of cis and

{i ~{ 217.1mmle) in water (200nL). 1,4-Dioxan (100nL) was added provi di ng

a clear pale yellow solution. 9-Fluorenyl methyl chloroform guf 2do29,
108. 4mml e) in 1,4-dioxan (100n) was added over |hr, then the 1ce-cooling
15 renovedW@M3/051380 m xture stirred at RT for an additional pdhGeoPeldss i onal
water (150nL) was added, the reaction gi]éture washed with chloroform (2 x
250nL) and the conbined organic | ayers di Scarded. The aqueous phase was
acidified with INHCL to - pH 2, providing a thick opaque m xture. The
acidified a s mxture was extracted with chloroform (2 x 500nL) and 20

the now cle dousSlonEes, diadl afdedButyidV-Dih@deromobinayBel-atd-Bi(diomom
| ayers were b'fgqh Y 4 d.reduced in vacuo to provide a '
white foamlgglil I dé%fgﬁ@gﬂ%%l%wgeTLc (M nor UV spot, Rf = 0.58,

maj or UV spot Rf = 0.25, nethanol : chloroform1:4), analytical HPLC major
peak Rt = 16.990nins, HPLC-M5 (sifile npjor W peak with Rt = 25 7.976ni ns,
368.0 [M+ H+, 390.0 [M+ Na]+. Ana ¢ by 1H and 13C NMR 18 July 2005
geonetrical isomers around the 3-
am de bond. 6C (DVMSO d6 at 298K); 2¥,29%23.57 (d, C6), 28.89 (d, C7),
40.19 (d, ©,  47.59 (u, Fnoc C9), 59. : Ca), 67.34 (u, Cp),
67.75/67.87 (d, 5 Fnoc CH2), 121.13 g C-5), 126.90/127.02
(u, Froc CG1 and } C8), 128.1 u, M
and CG-6), 141.73 (q, Fnoc C
C-8), 155.71/156.23 (q,

.¥6 (q, Froc G 1' and

HPLC Rt = 18.40-19.10mins (> 90%), HPLC-MS 513.2/ 515.2 [M + HJ".

5
EXAMPLE 82. (3aS, 6aR) 4-ter-Butyl-N-[1.5-(4-methoxybenzyl)-2-0x0-2(3-0X0-
hexahydrofuro [3,2-b]pyrr01~4-yl)ethyl]benzamide
—,
0
N
H
0
- HPLC Rt = 17.50-18.31mins (> 90%), HPLC-MS 465.2 [M + H]".
10

EXAMPLE 83 (An example’ of general formula (I0)). (3aS, 7aR) Morpholine-4-
carboxylic  acid [1R-benzylsulfanylmethyl-2-0x0-2-(3-0x0-hexahydrofuro[3,2-
b]pyridin-ﬁ‘r_-yl)ethyl]amide

o 128.68 (u, Fnmoc G 3

R



~-ani de bond. -6H (CDC13 at 298K); 1.55

a s-rac-(3-hydroxy)piperidine-1,2-dicarboxylic acid 1-(9Hfl uoren-9-yl

met hyl ) ester (28.2g, 76.7mmole) was dissolved in toluene (& ﬂg}ioegﬁ a
Dean- St ark apparatus. Allyl alcohol (501) was added fol |l owed

t ol uenesul phoni ¢ aci d. hydrate (15.1g, 78.2mvle). The m xture was refl uxed
for I hr, cooled and CHC13 (500nL) added. The organic |ayer was washed wth
NaHCO3 (2 x 250nmL), O 1IN HCl1 (250nmL) and brine (250nm.), then dried

-(Na2SO4). Filtration and reduction in jyaguo gave a pale yel l ow nobile oil

(359). The crude oil was purified over silica gel (240g) eluting with a 20
gradi ent of heptane : ethyl acetate 3:1 3 1:1. Desired fractions were

conbi ned and reduced in vacuo to a colourless gumyield 20.4g (50.1 mol e,
65.3% . TLC (single UV spot, Rf = 0.20, heptane : ethyl acetate 2:1),

anal ytical HPLC Rt = 20.003m ns, APLC-MS (single main WV peak with Rt =
9.473m ns, 408.1 [M+ H +, 430.1 Na] +). Analysis by 1H and 13C 25 NWR
showed the presence of cis and tr3 geonetrical isonmers around the 3 :
H7or 2H6, d, -J9.3), 1.81 (1H7or 1H6,
.78/ 2.92 (1H6, dbt), 3.55 (I Hp, dd,
13), 4.31 (Fnoc H 9, m,
Jull 4.99/5.17 (Ha, d,’
OOCH2CH=CH2, m), 7.37 (2H
(2HaHmM|c,me H 3

d, J3.2), 2.06 (IHror 1H5, d, J3.2),
J12.6, 9.2), 3.78 (OH b), 3.95/4.]1 HE, d
4.49 (Frmoc CH 2, 30 m, 4.71 (2 Xx CH=Q
J4.8), 5.31 (2 x COOCH2CH=CH :
aromatic, 18 July 2005 177
and H-6), 7.62 (2H aromatic,oF 7.83 (2H aromatic, FnocC
H4 and H5). sC (CDC13 at 298K); 23.87/24.11 ¢d, C3), 30.59 (d, Cy),
41.26/41.56 (d, CE), 47.62 (u, Fnoc C-9), 58.29/59. 54 (u, Ca), 66.44/66.54

(1C119 6?/ 119, 90&%;91#8& blcg e%ﬁiléﬂ‘lg deEgg?a 27%1!2) §|%)xavzﬂe f%\%ga %(apyndme-

125. 22/ 125. Q&al(buxylﬁ'rmd Ol vmneeh- Gy Beth #1235 e 8/a6 prepBid én Klstépsaﬂnjfoﬂeﬁ/}; 128. 15
5

(1) Preparation of Cis-rac-(3-hydroxy)piperidine-1,2-dicarboxylic acid 1-(9H-
fluoren-9-ylmethyl) ester.

Cis-rac-(3-hydroxy)piperidine-2-carboxylic acid (obtained by hydrogenation

of commercially available 3-hydroxypicolinic acid, see Drummond, J. ef al, J.

10 Med. Chem., 32, 2116-2128, 1989) (15.0g, 103.4mmole) was added to a

) vigorously stirred, ice-cooled solution of. sodium carbonate (22.90g,

217.1mmole) in water (200mL). 1,4-Dioxan (100mL) was added providing a

clear pale yellow solution. 9—F1ﬁorenylmethyl chloroformate (27.52g,

108.4mmole) in 1,4-dioxan (100mL) was added over 1hr, then the ice-cooling

15 removed and the mixture stirred at RT for an additional 1hr. Additional water

(.1 50mL} was added, the reaction mixture washed with chloroform (2 x

250mL) and the combined organic layers discarded. The aqueous phase was

acidified with 1N HCI to ~ pH 2, providing a thick opaque mixture. The

acidified aqueous mixture was extracted with chloroform (2 x 500mL) and

20 the now clear aqueous phase discarded. The opaque combined chloroform

layers were dried (Na»SOs), filtered and reduced in vacuo to provide a white

foam, yield 30.2g (82.2mmole, 79.5%). TLC (Minor UV spot, Rf = 0.58,

major UV spot Rf = 0.25, methanol : chloroform 1:4), analytical HPLC major

_ peak Rt = 16.990mins, HPLC-MS (single major UV peak with Rt =

25 . 7.976mins, 368.0 [M:+ H}*, 390.0 [M + Na]". Analysis by 'H and *C NMR




(3 x 250nt) -and - fhe” dBnbMeEd

(u, Froc C 3 and C-6), 131.43/ 131 57 (u COOCH2CH=CH2), 141.73 (q, FnocC
C-4'" and G5'), 144.19/144.38 (q, Fnoc CG-1' and C-8'), 155'?87\/131590357 10
(g, OCON); 171.56 (COOCH2CH=CH2). (3) Enzymic Resol ution of '&"#

Ci s-rac-(3- hydroxy) pi peri di ne-1, 2-di carboxylic acid 2-allyl ester
1-(9H-fluoren-9-ylnethyl) ester to (2R 3S) (3-hydroxy)

pi peridine-1, 2-dicarboxylic acid 2-allyl ester 1-(9Hfluoren-9-ylnmethyl)
ester 15 and (2S, 3R) (3-acetoxy)pi perl%ne 1, 2-di carboxylic acid 2-allyl

ester 1-(9H fluoren-9-ylnethyl) ester.

C s-rac-(3-hydro ridine-1.2 rbo I|c al | ster (9H

] vor on- 5oy et notgred3REprererse 85 gad rmorbmerichbsdurard ghe Mamifano
Enzynme Inc.), vimgyhdacetate (300nL) and isopropyl ether (200n1_) were 20
stirred at 38C. After 5 days, HPLC indicated equilibration of 2 peaks (52%
48% indicating 9G¥OdMINEs oi GAFK 5rizB.2HE3 .5 24t CHONZHBRt(dy €. 1Pi (dt €k)ed

t hrough celite (3cm x 10cm be %& The celite bed was washed with chloroform

gihi E3948 tpale) (Feftfc 8 > 92O @ vi scous
tan oi | £23.00). piag C‘YLZQ%IQB'@V‘?I% PELL G FE. ?’6 @éii?clgz &T!Fnﬁﬁ(@g)am?l uting

with 25 a gradi ent of héptane acet at WO maj or
fractions were Cd@m‘ll&‘ ted, &imobcr(édmaﬂcm?’m Ma68du, Pmoddts atd (-@S14BR)

120511 ubr on o. mEPgi Lo ot C30, ?4f§%€4£7€e¢q§'%§$ée{;en |8 1)y el o

9.5g (21.1mmol e, 1§§79‘i@62§%€d@0ﬂﬂ'192 3W7§B9t008h 0.40, heptane : ethyl
acetate 2:1), analytical 3m ns, LC-I\/IS (single main W

peak with Rt = 10.714nins, 450.1 18 JuIy 2005 178 [M+ H +, 472.1 [M+

Qoomet 1 10al 1 dohEratafilh o Cire s v eE s bierioBe T Eicpabty b ) 2-aibi "
1.25-1.32/ 1. 52 163191/11(9112]{13@1@9_9();;;% IesR3, bm), 2.05- 2.15 (OCOCH3, bs),

3.35-3.58 (1HE, E) 3.98-4.10/4.18-4.22 (1HE, dd),
is-rac-(3- hydroxy)plpendlne—l 2-dicarboxylic  acid  1-(9H-fluoren-9-yl

methyl) ester (28.2g, 76.7mmole} was dissolved in toluene (200ml.) in a
Dean-Stark apparatus. Allyl alcohol (50mL) was added followed by p-
15 toluenesulphonic acid.hydrate (15.1g, 78.2mmole). The mixture was refluxed
for 1hr, cooled and CHCl; (500mlL) added. The organic layer was washed
with NaHCO; (2 x 250mL), 0.IN HCI (250mL) and brine (250mL), then
dried (NayS0O,). Filtration and reduction in vacuo gave a pale yellow mobile
oil (35g). The crude oil was purified over silica gel (240g) eluting with a |
20 gradient of heptane : ethyl acetate 3:1 -> 1:1. Desired fractions were
combined and reduced in vacuo to a colourless gum yield 20.4g (50.1mmole,
65.3%). TLC (single UV spot, Rf = 0.20, heptane : ethyl acetate 2:1),
analytical HPLC Rt = 20.003mins, HPLC-MS (single main UV peak with Rt
= 9.473mins, 408.1 [M + HJ', 430.1 [M + Na]"). Analysis by 'H and *C
25 - NMR showed the presence of cis and trans geometrical isomers around the 3°
amide bond.
sH (CDCl5 at 298K); 1.55 (2H, or 2Hs, d, J9.3), 1.81 (1H,or 1H;, d, J3.2),
2.06 (1H,or 1H;, d, J3.2), 2.78/2.92 (1H., dbt), 3.55 (1Hg, dd, J12.6, 9.2),
3.78 (OH, b), 3.95/4.11 (1H,, d, J13), 431 (Fmoc H-9, m), 4.49 (Fmoc CHy,
30 m), 4.71 (2 x COOCH,CH=CHj, m), 4.99/5.17 (Hq, d, J4.8), 531 (2 x
COOCH;CH=CHz, m), 5.87 (1 x COOCH,CH=CH, m), 7.37 (2H aromatic,



:

5 4.24-4.31 (Fnoc H9, n), 4.32-4.52 (Fnoc CH 2, n), 4.60-4.82 (2 x COOCH

CH=CH2, m),
COOCH2CH=CH

aronmmati c,

Cp), 118. 94/119 22
125, 34/ 125. 49 (ul™e

4.92-4.99 (Hp, m), 5.22-5.32 (H, m), 5.28- 5.3%@3)350@541 (2 X

dd, J17.2), 5.89-6.00 (1 x OCOOCH2CH=CH2, m), 7.37 (2H

Fnmoc H2 and H7), 7.38- 7.46 (2H aromatic, Fnoc H 3 and H6),
7.59-7.76 (2H aromatic, Fnoc H1 10 and H-8), 7.78=7.80 (2H aromatic, Fnoc
H4 and H5, d, J7.5). 3C (CDC13 at 298K); 21.22 (u, OCOCH3), 23.01 (d,

Co), 25.54 (d, Cr), 40.51/40.88 (d, C§%7 47.44 (u, Fnoc C-9), 55.55 (u,
Ca), 66.08 (d,

COOCH2CH=CH2) , 68. 30/ 6

65 (d, Fnoc CH2), 69.21/69.59 (u,

T2t A 8] CRAonai el el B G5 Pi oo

(v, Froc &3 andanflic, e B3 448 1900 POHAEURIc WlodiL A iFape C4 and

C-5'), 144.15 (q, Fnoc G 1' and C8

56.36 (4,

OCON) ,
169. 42/ 169. 91/ 176C QQDCM%W/:M DOGGHES).. 30289 @ 64lcit 28/41( R, §9)

( 3- hydr oxy) pi per

acetate 2:
peak with

and 13C NMR sho
around the 3 am

1.71-1.81
3.54-3.59

1= (9H-f | uoren-9-
(22. 2mmod e,

YRET S Bber R, 5?3%3;@&",.V'ngiifﬁwg@éﬂd 059

1)46aﬁ§%§¥$%gﬁ$ﬁgﬁ%’e6§%8 gmg&b §foﬁﬁrgﬁ%%&%5|ﬁgle hain W |

Rt = 91HBEMI h&90 4Q8. GO{)[\'ZI[ﬁCH]z@Hz)ﬂ;SDz(]lAi Nu;+ Bedet)C-4 Andll ysby by 1H

(1H8,
(Hp,

i 065 0t S FemesS 1 4t Soig 24 s Fie ¢y - DAL

RS éaéj%éf%4‘3@)31?557@3?%@%‘5?%@%0%5@?6%”%( (e, o

J10), 4.24-4.31 FEcoC-4ad OF)), MAD/MER (EFowc@Hl’, am) C-8%), 635.47/T8622 x

15

CH2,

5.96 (1

(3)

Enzymic Resolution of Cis-rac-(3-hydroxy)piperidine-1,2-dicarboxylic acid

-2-allyl ester 1-(9H-fluoren-9-ylmethyl) ester to (2R, 3S) (3-hydroxy)

piperidine-1,2-dicarboxylic acid 2-allyl ester 1-(9H-fluoren-9-ylmethyl) ester
and (28, 3R) (3vacetoxy)p1per1d1ne-l 2- dlcarboxyhc acid 2-allyl ester 1-(9H-
fluoren-9-ylmethyl) ester.

| Cis-rac-(3-hydroxy)piperidine-1,2-dicarboxylic acid 2-allyl ester 1-(9H-

20

25

30

fluoren-9-ylmethyl) ester (19.6g, 48.1mmole), Lipase PS (25g, ex Amano
Enzyme Inc.), vinyl acetate (300mL) and isopropyl ether (200mL) were
stirred at 38°C. After 5 days, HPLC ihdicated equilibration of 2 peaks (52% :
48%, indicating 95% conversion) and the reaction mixture was filtered
through celite (3cm x 10cm bed). The celite bed was washed with chloroform
(3 x 250mL) and the combined organic filtrate reduced in vacuo to a viscous
tan oil (23.0g). The crude oil was purified over silica gel (300g) eluting with
a gradient of heptane : ethyl acetate 3:1 - 1:2. Two major fractions were

identified and reduced in vacuo.

Product 1. (25, 3R) (3-acetoxy)piperidine-1,2-dicarboxylic acid 2-allyl ester
1-(9H-ﬂuoren~9—ylmethyl) ester.

A viscous very pale yellow oil, yield 9.5g (21.1mmole, 43.9%). TLC (single
UV spot, Rf = 0.40, heptane : ethyl acetate 2:1), analyticat HPLC Rt =
22.633mins, HPLC-MS (single main UV peak with Rt = 10.714mins, 450.1

3 sy, © oo 7 (2 % coomacic




COOCH2CH=CH2, m), 7.30-7.34 (2H aromatic, Fnmoc H2 and H7), 7.41- 7.48 (2H
aromatic, Fnoc H3 and H6), 7.53-7.62 (2H aromatic, Fnoc Hglyuangodt 8) .
7.79-7.81 (2H aromatic, Fnoc H4 and H5). SC (CDC1l3 at 298K); 23.87/24.12
(d, CS), 30.60 (d, Cy), 41.27/41.57 (d, CE), 5 47.62 (u, Frmoc C9),
58.29/59.54 (u, Ca), 66.44/66.54 (d, COOCH2CH=CH2), 68.28 (d, Fmoc CH2),
69. 15/ 69.42 (u, Cp), 119.67/119.91 (d COOCHZCH:CHZ), 120.42 (u, Fnoc C-4
and C-5), 125 22/ 125.35 (u,. Fnoc C-1 g C-8), 127.48 (u, Fnoc C 2 and
C7), 128.15 Froc C-3 and C-6), 131.42/131.57 (u, COOCHZCH=CHZ)

15567/ 1%6. 26 F?ﬁﬁ Bk P74y INES Verbepenitle) oy 'y SR tiooflone o5

3R) (3-hydoxy) pi pRkéifde B€cik add GheAEddMenidatisofiets afodld thé 3° 886 bond.
1- (9H-fluoren-9-ylnethyl) ester. 15 (2S, 3R)

( 3- acet oxy) pi per 5}(11|(GBC1:, 2-298Kr bask} 13261 521 JOU.B-2.90 (3 ©2H, by 2.05-

(s0my. orbsor ( asu PR e atar o (refi o Ok an0u AR b Tef o™
was coolgd, Eto“ﬁzﬁaﬁﬂ"&m%édﬁgb aﬁhﬁ W@@z Frlb NAEECB{, 22801482 (Brine

(250nL) and dried.(Na2S The’solvents we r enoved |n vacuo to 20 give a
tan oil (4.29). Eﬁ)é)(dﬁgmk(b]iﬂ .S pi.@l—ﬂl%d(HMem)slﬂ22:3.324e{H0(, 170928 ut i ng

ver o “conbi ned and2Pereth (b vak@OehalGhTee Lby BRI iebm al Veld
3. Qg (7. 37mml ecobeH,@ Jﬂicrﬁfm’mﬂﬁa 28PRbmaf, F‘m&: AD aRFRLANE 38-et hyl

acetate 2:1), analyti ca = 19.474m ns, HPLC- M5 (singl € main W
peak 25 with Rt %46.(38Ammat]c, zF&&c?H{Mmd ]-]}61) 7490, T (M aroNalie) Fméndd-Ysi s by

e S 0 S Sl Bl 0 PR o
I T e o b oty A0 R
4.26-4.32 (Froc #9.91/4088 a,4C:4. 5344 (0, Fmoc C-9), 55.55 (u, C,), 66.08 (d,
COOCH,CH=CH;), 68.30/68.65 (d, Fmoc CH,), 69.21/69.59 (u, Cp),
118.94/119.22 (d, COOCH,CH=CH,), 120.31 (u, Fmoc C-4 and C-5),
15 125.34/125.49 (u, Fmoc C-1 and C-8), 127.43 (u, Fmoc C-2 and C-7), 128.04
(u, Fmoc C-3 and C-6), 131.93 (u, COOCH,CH=CH}), 141.61 (q, Fmoc C-4’
and C-5°), 144.15 (g, Fmoc C-1’ and C-8°), 155.50/156.36 (q, OCON),
i 169.42/169.91/170.37 (COOCH,CH=CH, + OCOCH).

20

Product 2. (2R, 3S) (3-hydroxy)piperidine-1,2-dicarboxylic acid 2-allyl ester

1-(9H-fluoren-9-ylmethyt) ester.

A white crystalline solid, yield 9.05g (22.2mmole, 46.1%). TLC (single UV

spot, Rf = (.20, heptane : ethyl acetate 2:1), analytical HPLC Rt =
25 19.970mins, HPLC-MS (single main UV peak with Rt = 9.450mins, 408.1

[M + HT', 430.1 [M + NaJ'). Analysis by 'H and °C NMR showed the

presence of cis and trans geometrical isomers around the 3° amide bond.

sH (CDCl; at 298K); 1.47-1.61 (1H,+ 1Hs, m), 1.71-1.81 (1Hs, b), 2.02-
‘ 2.11 (1H,, b), 2.71-2.81/2.84-2.94 (1H,, dt), 3.54-3.59 (Hp, m), 3.70-3.82
Y 30 (OH, b), 3.93-3.96/4.10-4.16/4.11 (1H,, d, J10), 4.24-4.31 (Fmoc H-9, m),
4.40-4.56 (Fmoc CH3, m), 4.61-4.78 (2 x COOCH,CH=CH,, m), 4.98/5.18
(He, d, J5.0), 5.25-5.37 (2 x COOCH;CH=CH,, m), 5.86-5.96 (1 x




(Fnmoc CH 2, n), 4.60-4.80 (2 x COOCH CH=CH2, nm), 4.96-4.98/5.17-5.18 (Ha,
dd, J4.8), 5.25-5.42 (2 x COOCH2CH=CH , m), 5.82-5.97 (1 x1ﬁ%%@p52005
180 COOCH2CH=CH2, m), 7.30-7.38 (2H aromatic, Frmoc H 2 and 42- 7.48
7.48 (2H aromatic, Fnoc H3 and H6), 7.55-7.63 (21-1 aromatic, Fnoc H1
and H8), 7.79-7.84 (2H aromatic, Fnoc H4 and H5). sC (CDC1l3 at 298K);
23.86/24.12 (d, C5), 30.62 (d, Cy), 41.28/41.57 (d, CE), 5 47.62 (u, Fnoc
-G 9), 58.29/59.54 (u, Ca) 66. 43/ 66. 54 44l, COOCH2CH=CH2), 68.27 (d, Fnoc

- CH2), 69.15/69.43 (u, 119.69/119.91 (d, COOCH2CH=CH2), 120.42 (u,

Coand C 7). SQOP@?E% 25020 001 o B ool e B JRT 1, O, Foc

COOCH2CH=CH2) , 17248 (3H (atomafd, Frie Iq:34andalﬂ¢io7 53762148 dnbéd. Brioé B-1 FnoC
C-1' and G8"), 155.67/156. 26 71.57 &COG:I—IZCI—I:CHZ) (5)

Preparation of (2 H&R)7. Z%‘T{Sér@'ggtﬂm%iﬂ) meeH-fianeH5)2- di car boxyl i ¢ aci d

BRI ot TR SossB R M ORI o S e, 200 gt . o

f 1 uoren-P-yl net hy} §2 esiuer Heloc/ 5G-9% 39@29/*59)54\/\6& di ggp! V§<¢44/66@B,y (d
di chl oronet hane (20nmL) in a 50n gl'ass pressure tube and cooled to -

| sobut yl ene gas COOQHCHwHH0ond&B8edd] nﬂmctcheCH@] ut69o]r5/@14i2 CIEE,SO@B) (100L)

dded. A st b th d
and stirred ar rRrirer B WrnodCh SRt AR 361 sinteo Cpert (0D, ST
met hyl mor phol i ne {280155 166, Mnbe - 19&!?@% 12?‘71@%?]{4 *F%‘Jg‘t %n&"@f‘?‘? 498 1Y,

unsealed, with stirring over 2hr. D chloronetha ddded and the
or gani cs washed (m tHmadaGi30Bnd UMl )131 4RE31157i (ue ((UG@H)QHﬁﬁHd) iled.73( (g 2S04) .

or ude ol was pUPPY Bt URC SRR GoBRRIGH | A Caton 25 §1AN 2R of

heptane : ethyl @celce, p7ilsACodcHesi=ed)fractions were combi ned and

(4) Preparation of (25, 3R) (3-hydoxy)piperidine-1,2-dicarboxylic acid 2-allyl
ester 1-(9H-fluoren-9-ylmethyl) ester.
15 (25, 3R) (3-acetoxy)piperidine-1,2-dicarboxylic acid 2-allyl ester 1-(9H-
fluoren-9-ylmethyl) ester (4.5g, 10mmole) )} was dissolved in allyl alcohol
(50mL), cH2504 (200uL) added and heated to reflux for 24hrs. The mixture
was cooled, EtOAc (250mL) added and washed with NaHCO; (250mL),
brine (250mL) and dried (Na;SO4). The solvents were removed in vécuo to
20 give a tan oil (4.2g). The crude oil wés purified over silica gel (170g) eluting
with a gradient of heptane : ethyl acetate 3:1 = 1:1, Desired fractions were
combined and reduced in vacuo to a white crystalline solid, yield 3.0g
(7.37mmole, 73.7%). TLC (single UV spot, Rf = 0.20, heptane : ethyl acetate
2:1), analytical HPLC Rt = 19.474mins, HPLC-MS (single main UV peak
25 with Rt = 9.507mins, 408.2 [M + HJ*, 430.2 [M + Na]"). Analysis by 'H and
¢ NMR showed the presence of cis and trans geometrical isomers around
the 3° amide bond.
sH (CDCl; at 298K); 1.46-1.59 (1H,+ 1H;5, m), 1.74-1.81 (1H;, b), 2.01-
2.10 (1H,, b), 2.70-2.82/2.88-2.99 (1H,, dt), -3.49-3.62 (Hp, m), 3.70-3.80
30 (OH, b), 3.90-3.94/4.09-4.14 (1H,, dd), 4.26-4.32 (Fmoc H-9, m), 4.41-4.58
(Fmoc CHy, m), 4.60-4.80 (2 x COOCH,CH=CHy, m), 4.96-4.98/5.17-5.18
(Ho, dd, J4.8), 5.25-542 (2 x COOCH,CH=CH,, m), 5.82-5.97 (1 x




reduced in vacuo to a thick clear oil yield 1.59g (3.43mmole, 79.8%. TLC

(single W spot, Rf= 0.50, heptane : ethyl acetate 2:1), n@.}/l}l);‘l‘l%i HPLC Rt
= 24.123mins, HPLG- M5 (single main W peak with Rt = 11.9l mns (?8 2 30
[M+ HBu ]+, 486.3 [M+ Na]+, 949.5 [2M + Na]+). Analysis by 1H and "C
NMR showed the presence of cis and trans geonetrical isoners around the 3
am de bond. 18 July 2005 181 sH (CDC13 at 298K); 1.23 (9 x C(CH) 3, s),
1.46-1.98 (2H7+ 2H5, m), 3.37- 3.45/3. A}? 3.57 (1HE, dt), 3.61-3.72 (Hp, b),
3.90-3.99/4.02-4.10 (1H, dd), 4.20-4 %(Frmc H-9+FrmcCH+2xCOOCH

CH=CH2, b 4.8 d CH= J10.5
5.38 (1 xm)5 m&?@@%ﬂgﬁ @“&7&]}3605%% (?Ii % ‘%&7)7%8 7, 36)
(21-1 aromatic, 758&911'7&:(81@5@ Frhot) H- 37ar§f3H76)47552i]631(2H Mdn@,, Fib®e-t+ 3 and
H6), 7.56-7.69 (2H aromatic, Fnoc H 1 and 8), 7.76-7.81 (2H aromati c,

Froc H- 4 and H %)d He 16784 (3H apositic, Fa@c@ﬁaadblgﬁ(d C8), 28.38/28.65

CH3)3), 28. C9
gg SGC} 58. 117)(u E‘;?Cbgﬁ %%855)23%%&%)3% {Li“%{)%l % 6 ¥ 68. )13
(4. Froos O2) ' 767 (G | GREDID, 1382080310 AL (¢, COBIBEHS % 120. 40
(u, Froc CG-4 and G 5), 125.39/1257°48 (u, Frmoc C'1 and G 8), 127.46 (u
Froc G2 and G 7C0OCIREHACK), BE10 GA3 dmebeC- 6H), 1360, UD64.43 CROCERCHECHR)
141.71 (q, 15 F 4" and C-5'), 144 14/ 144 30 (g, F C.1' and G 8
155. 44/ (137. 00 ?2109 3‘1”1(710 %‘}’9? (q mDC Piﬂ?égg}éh on) of

(2S, 3R) (3- tertxf’é{%ﬂ?ﬂ%@) ﬁgf;hﬁ%o- %g«??%)??ﬁ@%ﬂ%&%-@ ahd C-7), 128.14

(9H-fl uoren-9-yl ne :
(3-tert-butoxy) p(lpé?imceh aed hn&mﬁl;alﬁbo%y]l?:ilcﬂa@i @Q@@Pﬂg@H—é&h)ﬂl@:XSQ&h

i ohl or et hane TEbREH A SD: P Ryt T e bmbE T ShaROr RO 5P 67456351 adi um

{q, OCON), 171.57 (COOCH,CH=CHy).

(5) Preparation of (25, 3R) (3-tert-butoxy)piperidine-1,2-dicarboxylic acid 2-allyl

ester 1-(9H-fluoren-9-ylmethyl) ester.
15 (25, 3R) (3-hydoxy)piperidine-1,2-dicarboxylic acid 2-allyl ester 1-(9H-
fluoren-9-ylmethyl) ester (1.75g, 4.30mmole) was dissolved in dry
dichloromethane (20mL) in a 50mL glass pressure tube and cooled to —78°C.
Isobutylene gas (~10mL) was condensed into the solution and cHySO4
(100uL) added. A stirrer bar was added, the tube was sealed, the cooling
20 removed and stirred at RT for 72hr. The sealed tube was cooled to —78°C, N-
methylmorpholine (200pL, leq w.r.t. cH,SO;4) and allowed to warm to RT,
unsealed, with stirting over 2hr. Dichloromethane (75mL) was added and the
organics washed with NaHCQ; (75mL), then brine (75mL) and dried
(NazS0O,). The solvents were removed in vacuo to give a pale tani oil (1.91g).
25 ' The crude oil was purified over silica gel (100g) eluting with a gradient of
heptane : ethyl acetaté 5:1 > 3:1. Desired fractions were combined and
reduced in vacuo to a thick clear oil yield 1.59g (3.43mmole, 79.8%). TLC
(single UV spot, Rf = 0.50, heptane : ethyl acetate 2:1), analytical HPLC Rt =
24.123mins, HPLC-MS (single main UV peak with Rt = 11.91mins, 408.2
% 30 M+ H-Bu'l", 486.3 [M + NaJ", 949.5 [2M + Na]"). Analysis by 'H and *C
NMR showed the presence of cis and trans geometrical isomers around the 3°

amide bond.



(0) (76ng, 0.066mole, 0.02eq) was added, followed by phenyltrihydrosilane

(0.71g, 0.622n., 6.58mmvle, 2eq). After |hr, 25 dichloronet % 0nl) was
added and the organi cs washed with 0.01IN HdJ (150nL), brine ?@% and
dried (Na2SO4). The solvents were renoved in vacuo to give a dark grey
solid (2.05g). The crude solid was purified over silica gel (75g) eluting
with a gradient of heptane : ethyl acetate 2:1 4 1:2. Desired fractions

~were comnbi ned and reduced in vacuo to ite 30 crystalline yield 0.97g

(2.29mmol e, 69.6% . TLC (single UV spo = 0.25, heptane : ethyl

acetate 1:1 anal HPL = 21, HPL ingle main W

per L ﬁ[EM S ¥y 08y 1223[@&0&%} i 4858 B 3K 0rY, 3005 182 f+
s ence o

cis and trans geonegﬂl caP ﬁlrag%y d‘Z g?%und??ﬁ@@ 3% %9\62(& @Iﬁ{&)@g

298K); 1.32/1.40460- Mﬂ%cﬂs& dﬂnocnﬂzz‘i-lﬁ@d()(l‘ﬂzﬂﬂiﬁﬂz,'ﬂn) 41897261. 80

(1H3, bnm), 1.82-1.96 (1H,,, . 76-2.82/2.90-2.97 (1H, dté 5 3.70-3.84
(Hp,~ b); 3.90- 4. GF.( dtie,J6d0) , 5 2(2 &, $OQERSHRCH,, d4 400.5), 5338 FRbocX CH | -

o oy s SaL SR, o500, By g g (e 2

aromatic, Fnoc Harbnifid, Fin89 H- arl®$177)87.38 2 A{ 0 atontaticF AMm6c H-3 aad ®l-63;, 5) ,
5), 10.90-11.10 s 10 5C (CDCl 3 at 298K); 23.71/24.23 (d, CS),

28. 21/ 28.28 (u, %ééﬂsé%@ a@@ﬁ&&/%noczlil(and g9, 7476 - 43} 1 wyngadic, Bpoc
47.58/ 47.63 (u, E Q), 58.20/58.43 (u,” Ca), 67.78/68.32 (u, Cp),
68. 69/ 68. 88 (d, " 78.48/78.67 (g, C(CH3)3), 120.31 (u, Fnoc C 4

and C5), 125. 167 (CHCRAH: 228K [05 62R3IXR (GUC;)F®8828 B5a0dCEB)s,), 28.75 (d,
127. 42/ 127. 46/ 127.59 15 (u, Fmoc G 2 and C—Z& 128.03/128.10 (u, Froc C 3
and C-6J0  141. 56/)140.488D72 1d.;7G:)( 476 Ftre F1ocA-9hri. 10/38.47 (u, Co), 65.67 (d,

Lo DO?/ STy igépgﬁx%@j—ﬁ{z)f 87,858 &5, %67.898.13 %) Fuibe-cy, A7, (@

C(CHj3)s), 118.44/118.57 (d, COOCH,CH=CHy), 120.40 (u, Fmoc C-4 and C-
5), 125.39/125.48 (u, Fmoc C-1 and C-8), 127.46 (u, Fmoc C-2 and C-7),
128.10 {u, Fmoc C-3 and C-6), 132.49 (u, COOCH,CH=CH,), 141.71 (q,

15 Fmoc C-4” and C-5°), 144.14/144.30 (g, Fmoc C-1° and C-8’), 155.44/157.00
(g, OCON), 170.43/171.05 (COOCH,CH=CHy). |

. (6) Preparation of (28, 3R) (3-tert-butoxy)piperidine-1,2-dicarboxylic acid 1-
' (9H-fluoren-9-ylmethyl) ester. - ,

20 (25,3R) (3-tert-butoxy)piperidine-1,2-dicarboxylic acid 2-allyl ester 1»(9H:-
fluoren-9-ylmethyl} ester (1.52g, 3.29mmole) was dissolved in dry
dichloromethane (ZSmL) with stirring, Tetrakistriphenylphosphine palladium
(0) (76mg, 0.066mmole, 0.02eq) was added, followed by
phenyltrihydrosilane (0.71g, 0.622ml, 6.58mmole, Z2eq). After 1hr,

25 dichloromethane (150mL) was added and the organics washed with 0.01N
HCl (150mL), brine ';(IS_OmL) and dried (NaySO.). The solvents were
removed in vacuo to give a dark grey solid (2.05g). The crude solid was
purified over s#lica gel (75g) eluting with a gradient of heptane : ethyl acetate

2:1 = 1:2. Desired fractions were combined and reduced in vacuo to a white

30 crystalline yield 0.97g (2.29mmole, 69.6%). TLC (single UV spot, Rf = 0.25,

heptane : ethyl acetate 1:1), analytical HPLC Rt = 21.310mins, HPLC-MS
(single main UV peak with Rt = 10.254mins, 368.2 [M + H-Bu'l’, 446.2 (M




(7) Preparation of (2S, 3R
(3-tert-butoxy)-2-(2-diazoacetyl)pi peridine-1,2- 20 dicarboxyli.c id

1- (9H-fluoren-9-yl nmethyl) ester. (2S, 3R %%IJ“IY 2005
(3-tert-butoxy)piperidine-1,2-dicarboxylic acid 1-(9Hfluoren-9- ylnethyl)
ester (830ngy, 1.96mmmole) was dissolved with stirring in dry

di chl oronet hane (20nL). The reaction was flushed with nitrogen and cool ed
to -15C. |sobutyl ehl oroformate (296ng, 182 16mmole in dry dichl oronmet hane 25
(2.5nL) and N-nethyl nor phol i ne (397rrg, 3.92nmmol e in dry di chI or onmet hane
(2.5m) were add d I n ?‘i‘ o] ns., her al
di azonet hane (ge%eraigl? %% R}([tlll aza all]g églsab%qﬁ ned ?XZENM Wegt ér

(40nL)) onto Sodpwm:ﬂt)td)lfeislad&tréﬂsgdég)etm&lwaﬁlefsa(r&lrﬁffhé?ﬂamlﬁébaﬁtm (8.6nl)
at 60C). was added to the activated am noacid solution and 30 stirred at RT

for 24hr. Aceti csBdCB s %rﬁ?ﬁ%ﬁ%&d@d%o@ﬁk&ﬁmﬁsx he2rledctifhrt, [Ha.Hah

S 1sont) ) then dirad AhddSoRm TR tibe St SRR ik 45005

183 vacug o gi ve. 738 qt,v6|I00.00h (112,040 45?@39r¢1ﬁ1§>c0H|%"‘@540J§99| for

the next stage wthout pur| fication. TLC single main
heptane ethyl a¢éhet€Hz th)), 4ai9%ad.G1/Hmats. HP(H; Rd Jé 7.987 Bﬁ?mﬁr{SH(aEJ@n&%, pl us
nuner ous m nor In W pea 095m ns, 364.2

k H
T 2 by 000, BRs -2 e e R or A b fesBoticn Emoa 360 2nd f-60, (AR 7 a0, 5
M+ Na]+ 917 ' 364. 2
E:orrespo]nds to tﬁz}ﬁgle%??at@?al%?%y”g@%%Juﬁ??%g@%ﬁp%}‘ém4aﬁqﬁ

3- ox0- hexahydr of 6),dP302Z-b0YICQH tes).4- car boxyl ic acid 9H-fl uoren-9-yl net hyl

ester. (8) Cy tion taq

S oxo-h chahydroféd: of DL b oobRinas 41840k (Grb 28214828 (u C(CH),

9H- f | uor en- 9-yl t S ofy | &t hi | ori.de 4

ool o) e rerr%?g) mg% il c@étcﬂ#&/&é’% {a, | EANIBER QF i de HifitA Wo),
58.20/58.43 (u, C,), 67.78/68.32 (u, Cp), 68.69/68.88 (d, Fmoc CHp),
78.48/78.67 (q, C(CH3);), 12031 (u, Fmoc C-4 and C-5),
125.16/125.27/125.50/125.53 (u, Fmoc C-1 and C-8), 127.42/127.46/127.59

15 (u, Fmoc C-2 and C-7), 128.03/128.10 (u, Fmoc C-3 and C-6),

141.55/141.69/141.79 (q, Fmoc C-4" and C-5"), 144.06/144.12/144.38/144.48

(q, Fmoc C-1” and C-87), 155.73/156.49 (g, OCON), 169.26/169.52 (COOH).

(7) Preparation  of (25, 3R) (3-tert-butoxy)-2-(2- dlazoacetyl)plpendlne-l 2-

20 dicarboxylic acid 1-(9H-fluoren-9-ylmethyl) ester.
(25, 3R) (3-tert-butoxy)piperidine-1,2-dicarboxylic acid  1-(9H-fluoren-9-
ylmethyl) ester (830mg, 1.96mmole) was dissolved with stirring in dry
dichloromethane (20mL). The reaction was flushed with nitrogen and cooled
to —15°C. Isobutylchloroformate (296mg, 2.16mmole in dry dichloromethane
25 (2.5mL) and N-methylmorpholine (397mg, 3.92Zmmole in dry
dichloromethane (2.5mL) were added simultaneously in 0.5mL aliquots over
I5mins. Etheral diazomethane (generated from diazald (2.5g, ~8mmole in
diethyl ether (40mL)) onto sodium hydroxide '(2.75g) in water (4.3mL) /
ethanol (8.6mL) at 60°C). was added to the activated aminoacid solution and
30 stirred at RT for 24hr. Acetic acid (~2mL) was added to quench the reaction,
then fert-butylmethylether (100mL) was added, the organics washed with

water (3 x 150mL), then dried (NapSQ,). The solvents were removed in




acid (20nm.) was added to (2S, 3R) (3-tert-butoxy)-2-(2- 15
di azoacetyl ) pi peri di ne-1, 2-di carboxylic acid 1-(9Hfl uoren-%y&,wé@yl )
ester (1000nmg, -2nnnole). Gas was evol ved and the yellow oily soll

di ssolved over Ihr to give a virtually col ourless solution. After 90m ns,
chloroform (150nL) was added and the organics washed with NaHCO3 (2 x
150m), brine (150m.) and dried (Na2SO4). The solvents were renoved in
vacuo to 20 give a pale yellow gum (92Qgg). The crude gum was purified over
silica gel (135g) eluting with a gradient of heptane : ethyl acetate 3:1

-] 1:1. Desired fractions re conbi.ned reduced, i n vac to a white
o yeta 1 ine sort wGuh B By OV AR B G o s e R el S
(single W spot, s withbut3Ruifemi g celdhydle gt atvespdt Ik f =l Wepad . HPLC Rt

= 18.734mns, 25 LC-M5 (single U/ peak with Rt =79.051lmins, 364.2 [M+
H +, 386.2 [M -+etiyl acptatenpid), ynlytipal HL.GRY =1BS§rns (FOVi80) plhe npmesunce of

Senidn A SRR ERIRIE LSRR S he0th SIS AR oL
2.50- 2. 62/ 2. 63- 2H§Q 749 bl[2MM) NaP. @ KtEH60.850mins 428.2 [R0+(1CRGH2470.9 [MIHL6. 3) ,

4.15 (Fnoc H 9, btﬁﬁ_, 4.25-4.34 (Hp, b), 4.36-4.60 (Fnoc CH + COCH Bl bnm),
4.75-4.82/5. 11- 5Nab, §Ha3 [d)" Na1' B0- 7. 36 (2H aromatic, Fnoc H2 and H7),

7.41-7.49 (2H arQupt| 3 oy . 005,
02/ 057270 PCT/ @gﬁoﬁﬁgzg@wfﬁgﬁ?{%ﬂ%@ s CEE?LS]%%#J&/Q% L
(2H aromatic, Fnbieydle pramct (3as5)aR) I CRELBydbRGBK)b]pRddiibMH2arikylid, CS),
26.60 (d, Qy), 41._40/%%1.66 ég! Ca,. 47.59 (u, Fnoc G9), 60.42 (u, CO
67.54 (d, Froc CRpr 9Hgbosen-Bglmehylesters cocrpo), 72.61 (u, Cp), 120.39 (u,
Froc G-¢yand G 5), 125.43 (u, Fnoc C 1 and C-8), 127.51 (u, Frnoc G2 and
C-7),128.14 (u, Fnoc CG-3 and C-6), 141.73 Fnoc C-4' and G5 144.30

(8) Cyclisation to (3aS, 7aR) 3-oxo-hexahydrofuro|3,2-bpyridine-4-carboxy lic

acid 9H-fluoren-9-ylmethyl ester.
A solution of lithium chloride (844mg, 20mmole) in water (SmL} and acetic
acid (20mL) was added to (2S5, 3R) (3-tert-butoxy)-2-(2-
15 diazoacetyl)piperidine-1,2-dicarboxylic acid 1-(9H-fluoren-9-ylmethyl) ester
(1000mg, ~2mmole). Gas was evolved and the yellow oily sohd dissolved
over lhr to give a virtually colourless solution. After 90mins, chloroform
(150mL) was added and the organics washed with NaHCO; (2 x 150mL)}),
brine (150mL) and dried (Na;SO,). The solvents were removed in vacuo to
20 give a pale yellow gum (920mg). The crude gum was purified over silica gel
(135g) eluting with a gradient of heptane : ethyl acetate 3:1 - 1:1. Desired
fractions were combined and reduced in vacuo to a white crystalline solid,
yield 370mg (1.02mmole, 51.9% from starting acid). TLC (single UV spot,
Rf = 0.25, heptane : ethyl acetate 2:1), analytical HPLC Rt = 18.734mins,
25 HPLC-MS (single UV peak with Rt = 9.051mins, 364.2 [M -+ H]", 386.2 [M
+ Na]"). Analysis by 'H and ’C NMR showed the presence of cis and trans
geometrical isomers around the 3° amide bond.
sH (CDCl; at 298K); 1.29-1.49 (1H, + 1H;, m), 1.61-1.80 (1H;5, bm), 2.06-
2.19 (1H,, bm), 2.50-2.62/2.63-2.80 (1H:, m), 3.96 (1H., b), 3.97
30 (COCHpaa, d, J16.3), 4.15 (Fmoc H-9, bt), 4.25-4.34 (Hp, b), 4.36-4.60 (Fmoc
CH, + COCHgg, bm), 4.75-4.82/5.11-5.19 (Hq, bd), 7.30-7.36 (2H aromatic,
Fmoc H-2 and H-7), 47.41—7.49 (2H aromatic, Fmoc H-3 and H-6), 7.52-7.68




--350ny, anal yti-cal HPLC 2

(9, ), (g, Fnoc CG1 and C-8'), 155.79/156.35 (q, OCON), 211.10/211.4 (q,

COCH20). 10 Follow ng the general details from Schene 2, th | I ed
bi cycl e building block (3aS, 7aR) %ju(?%ds
3- oxo- hexslyayesf1roo[ 3, 2- b] pyri di ne-4-carboxylic acid 9H f bgoigmizPeisy| net hyl
ester was converted to building block-linker construct as follows: (3aS,
7aR) 3-oxo hexahydrof uro[ 3, 2-b] pyri di ndS4 car boxylic acid 9Hfl uoren-9- 15
yl met hyl ester (250ngy, 0.689nmole) was dissolved in a mxture of ethanol
(12.0OnL) and water (1.75nL) containing sodiumacetate.trihydrate (141ng,
1.03mmol e, 1.5e@H amofpityinecdincndtbEhyi J5sahBh AHretdmdticchuboH-4 and H-
hexanecar boxylic.acid. trifluoroacetate (227ng, 0.689mmol e, 1.Ceq, Mirphy,
A M et al, J. §Qm Chem Soc., 114, 3156-3157, 1992) was added and the
m xture refl uxe rg. Ghl Gixlelp hg yor gani cs
washed with HO dﬁ(qg(%%n aizglg-%’%”oﬁ/?jegu {alilggofl) a%%}gggggéﬂ% @ég"b to
provi de crude bud7.69 g Frhoe K-9), 6RE2 (ur Q) ta7154t (da FedaaCHY), $82148@Il (4, Yi el d
eaks Rt = 17.101 (74.7% and 18.547mns (25.3% - .
(cis /| t¥ans geonPEH0M 7266 Cs) 120189 G WimgeC-4 and\C-HhdR5wBt(h, FmoeC8. 037
and 8.972m ns, 5 . d nst r-ugt 2 I r for
construct | oadi nﬁ%@é%@ﬁ%ﬁ%&‘éﬁ&f‘%@ ] Fllgg‘?ﬂgﬁae%@ﬂ‘é%égjfm?%@y :
required buildi nui¥Dqly; IFmdkerc-4tangt 057, Wassat (achadet o-’hangatigd, phase
provi di ng | oaded buil di ng bl ock-1inker construct as follows: 30 Building

bl ock-1inker conE¥x{R54D GOERNL2}1. 1021 hib&OCHPhzo0l e-1-y1)-1, 1, 3, 3-

“tetranet hyl uroni unhexaf | uoro phosphate (HBTU, 226.0ngy, 0.596mmovle), 1 18

July 2005 WO 02/057270 PCT/ GB02/00184 -185 hydroxybenzotri azol ehydrate
and (HGBT, Edliogving the gemed] ajetalisrfeord i Seheme 2 thereqdire® bivyeleobuiRmgdblotBnL) and,
N- et hyl rmr(gggl ine (NWM _131L, 1.197mmple).. added. After pre-activation for
5 m nutes, e /3R né-ogedesayydudue]32-pinysidine-4regrhoxylic acid 9H-fluoren-9-

ylmethyl ester was converted to building block-linker construct as follows:

(3aS, 7aR) 3-oxo-hexahydrofuro[3,2-b]pyridine-4-carboxylic acid 9H-fluoren-9-

15 yhmethyl ester (250mg, 0.689mmole) was dissolved in a mixture of ethanol (12.0mL)

and water (1.75ml) containing sodium acetate.trihydrate (141mg, 1.03mmole,

1.5eq).  4-[[(hydrazinocarbonyl)aminolmethyljcyclo  hexanecarboxylic  acid.

- trifluoroacetate (227mg, 0.689mmole, 1.0eq, Murphy, A. M. et al, J. Am. Chem.
ﬂSoc., 114, 3156-3157, 1992) was added and the mixture refluxed for 4hrs.

20 Chloroform (150mL) was added and the organics washed with HCI (150mL, ~ pE3),

' dried (N2;SO4) and reduced in vacuo to provide crude buﬂdiﬁg block-linker )
construct a clear viscous oil. Yield 350mg, analytical HPLC 2 peaks Rt = 17.101 |
(74.7%) and 18.547mins (25.3%) (cis / trans geometrical isomers), HPLC-MS {2 x

- UV peak with Rt = 8.037 and 8.972mins, 561.2 [M + HT"). Crude construct was used
25  directly for construct loading,

Following the general details from Scheme 2, the required building block-linker
construct was attached to the solid phase providing loaded building block-linker
construct as follows:

30
Building block-linker construct (0.595mmoles), 2-(1H-benzotriazole-1-y1)-1,1,3,3-
tetramethyluroniumhexafluoro phosphate (HBTU, 226.0mg, 0.596mmole), }-




added,
| ef t

pyri di n-4-

HPLC Rt

10

15

20

5 25

foll owed by dinethyl fonnam de (17.5nL) and | eft overnight.
5 coupling solution was then added to free am ne crowns (18 gx;
over ni ght,
| oadi ng i W3 7278ases.
requi red | oaded buil di ng bl ock-
solid phase as fol |l ows:
7aR) Morpholine-4- carbo lic acid 1R

R i I e bt

crude. exam@ﬂ%&gg%@egﬁ%ﬁ%%@gﬁﬁ( e gglnera té

15.59ni ns ( aB0A) AfieHpieC

benzyl sul f

02/ 057270 PCT/
4- Di met hyl apdsa®- N- [ | S- (4- hydr oxybenzyl) - 2- oxo 2-(3-
oxo- hexahydr of uro[ 3, 2- b] pyri di n-4-yl) et hyl ] benzam de

uhPddgapl e) and
St andard washi ng and anal yses indicated quantitative

Fol | owi ng the general details froRCT6RIAMEOBS t he

10 l'i nkgk_construct was el aborated on the
Loaded construct was el aborated to EXAMPLE 83 (3aS,

el e

MBatictPfo? 4 Miratdd] free Bhifind gédrpmmgx eXprvleswér8s -

130) were prepared as detalled for EXAMPLE 83, 20 coupling with the

required re § $oltayvegl bmdmlethyéfomﬁmﬂpe(ﬁ@ﬁmb}oar@dﬁféov LEhgspent3a3,
~7aR)Na th b 4- d I

exanyar o u PoEiEs STBioR: Ui em e 19 Pt AP 0T U 61 (fmeR) R gbfl 0 s

1B thrid a8 q@ashiﬁ@'—&fdw&a%@%s Indifhrdd Hl%innt&&el Waking OfobothO
02/00184 -186 EXAMPL (3aS, 7aR)

HO

Following the general details from Scheme 2, the required loaded building block-

linker construct was elaborated on the solid pbase as follows:

Loaded construct was elaborated to EXAMPLE 83 (34S, 7aR) Morpholine-4-
[1R-benzylsulfany]methyl-2-0xo~2—(3-oxohexahy.droﬁjro[3,2-b]
pyridin-4-ylethyljamide by standard Fmoc deprotection and sequential coupling
with Fmoc-Cys(SBzl)-OH then morpholine-4-carbonylchloride. The crude example
was cleaved and analysed (see general techniques). I-iPLC Rt = 15.59mins (>80%),
HPLC-MS 449.2 [M + HJ",

catboxylic acid

"'.I'he following examples (84 — 130) were prepared as detailed for EXAMPLE 83,

coupling with the required reagents to provide the full length molecule.

EXAMPLE 84. (3aS, 7aR) Naphthalene-2-carboxylic acid [15-(4-hydroxybenzyl)-2-
0%0-2-(3-ox0-hexahydrofuro{3,2-b]pyridin-4-yl)ethyl]amide

HO

R

HPLC Rt = 15.79mins (> 80%), HPLC-MS 459.3 [M -+ HT*.

The spent




O f (Po Hs NO(sl HOO {( F o5 HPLCR =10.98nmns (> 80%, HPLC M5
452.2 [M+ H +. EXAMPLE 86. (3aS, 7aR) Napht hal ene- 1-car boxﬁ‘h@y %‘qsd

[ 3-met hyl -1 S- (3- oxo- hexahydr of uro[ 3, 2- b] pyri di ne- 4- car bony utyl am de \
HHHOOWdGhudte Rt =17.71m ns (> 80%, HPLC M5 409. 2 [ MchridharooBXAMPLE
87. (3aS, 7aR) Napht hal ene-2-carboxylic_acid [3-nethyl-1S-(3-o0xo-
hexahydr of ur o[ 3, 2- b] pyri di ne- 4-car bonyT})g%butyI amde (RR N O N (s) H15
HPLC Rt =18.28mi ns (> 80%, HPLC-M5 409.2 [M+ H +. 18 July 2005 WO

02/ 057270 PCT/ GB02/ 00184 -187 EXAWPLE 88. (3aS, 7aR)

N-[ 1S- (4- hydr oxybenzyl ) - 2- oxo- 2- ( 3- ox0- hexahydr o

EXAMPLE 85. (3aS, 7aR) 4-Dimethylamino-N-[18-(4-hydroxybenzyl)-2-0x0-2-(3-
oxo-hexahydrofuro[3,2-b]pyridin-4-yl)ethyl[benzamide

R
N (o]
)
0

5 HPLC Rt=10.98mins (> 80%), HPLC-MS 452.2 [M + HJ",

HO

o
g“\h]
H
\N

EXAMPLE 86. (3aS, 7aR) Naphthalene-1-carboxylic acid [3-methyl-15-(3-0%0-~
hexahydrofurof3,2-bJpyridine-4-carbonyl) butyl]amide

” .
N o)
3

10 HPLC Rt = 17.71mins (> 80%), HPLC-MS 409.2 [M + HT".

~

 EXAMPLE 87. (3aS, 7aR) Naphthalene-2-carboxylic acid [3-methyl-15-(3-0xo-
‘hexahydrofuro[3,2-b]pyridine-4-carbonyl) butyljamide

15 HPLCRt= 18.28mins (> 80%), HPLC-MS 409.2 [M + HJ".




furo[ 3, 2-b] pyridin-4-yl)ethyl]-5-thiophen-2-ylnicotinamde NO N (sl HO
NO 5 HPLC Rt =13.16nmins (> 80%, HPLC-M5 492.2 [M + H +. Wﬂ%ﬁ&

(3aS, 7aR) 2-Pyridin-3-ylthiazol e-4-carboxylic acid [1S-(4-

hydr oxybeWSAZRSI2I§x 0- 2- ( 3- ox0- hexahydr of ur o[ 3, 2- b] pyri di nPEXEBROMEF ] ami de
HO/ I ~ s NO N(sl H i | 10 HPLCig#. =10.45mi ns (> 80%, HPLC- M5 493.2
[M+ H +. EXAMPLE 90. (3aS, 7aR) Bi phenyl -4-carboxylic acid

(IS (4-hydroxybenzyl) - 2- ,

0X0- 2- ( 3- ox0- hexahydr of uro[ 3, 2-b] pyridin-4-yl)ethyl.Jamde HO/ ORU NN
fsl i \ / O 18 July 2005 WD 02/057270 PCT/ GB02/00184 -188 HPLC Rt
=17.38mins (> 80%, HPLC-Ms 485.2 [M+ H +.

EXAMPLE 88. (3aS, 7aR) N-[1S-(4-hydroxybenzyl)-2-0x0-2-(3-0x0-hexahydro
faro[3,2-b]pyridin-4-yl)ethyl}-5-thiophen-2-ylnicotinamide

=

\_/

3 j‘. .

5 .
HPLC Rt = 13.16mins (> 80%), HPLC-MS 492.2 [M +H]".

EXAMPLE 89. (3aS, 7aR} 2-Pyridin-3-yithiazole-4-carboxylic acid [18-(4-
hydroxybenzyl)-2-0x0-2~(3-oxo-hexahydrofuro[3,2-blpyridin-4-yl)ethyl}amide

HO.

10
HPLC Rt = 10.45mins (> 80%), HPLC-MS 493.2 [M + HJ".

EXAMPLE 90. (3aS, 7aR) Biphenyl-4-carboxylic acid [1S-(4-hydroxybenzy1)—2-
0x0-2-(3-0x0-hexahydrofuro[3,2-b]pyridin-4-yl)ethylJamide

HO.

Iz




EXAMPLE 91. (3aS, 7aR) 4-ten- butyI N IS (4- hydroxybenzyl) 2- 0X0- 2- (3 0XO0-

hexahydr of ur o[ 3, 2- b] pyri di n-4-yl)ethyl] benzam de Ho N s (S|180.|7d" oosHPLC Rt
=17.90m ns (> 80%, PLC-MS 485.2 [M+ H +. EXAMPLE 92. (3aS, aﬁ'«%
N-[IS-(4- Wﬂlﬁﬂ(&yﬂ@nzyl) 2- 0X0- 2- ( 3- ox0- hexahydrof uro 10 PCT/GB02/00184

[ 3, 2-b] pyridin-4-yl)ethyl]-4-thiophen-2-yl benzamide ON O H O O HPLC Rt
=17.00m ns (> 80%, HPLC-MS 491.2 [M + H*. EXAWPLE 93. (3aS, 7aR) N-[1S
(4- hydr oxybenzyl ) - 2- oxo- 2- ( 3- oxo- hexahydrofuro 15
[3,2-b]pyridin-4-yl)ethyl]-4-trifl uoronmethoxybenzamde HOO(R) NH "0 I
\ NS (s) O 0 18 July 2005 WD 02/057270 PCT/ GB02/00184 -189 HPLC Rt

=17.07m ns gq%/f) - N2 * 94 (3aS, 7aR
N-[ 3- net hyl i?% oi?g Eexah%?r%%?)hﬁ%’gbzl\-/{g% ?'rlll;rﬁyp
car bonyl ) butyl ]-5-thi ophen-2-yl ni coti nam de
EXAMPLE 91. (3a$, 7aR) 4»z‘ert-butyl-]\f-[1S—(4—hydroxybenzyl)-2-oxo—2—(3-oxo-
5 hexahydrofuro[3,2-b]pyridin-4-yl)ethyl]benzamide

HO.

0 '
7}
N (o]
N (s
H
. 0
) ¢

HPLC Rt = 17.90mins (> 80%), HPLC-MS 485.2 [M + HJ".

10 [3,2—b]pynd1n—4—yl)ethyl]-4-th10phen—2-y1benzam1de

HO.

o .
(i}
N 0
N )
H
. 0
\_/ ’

HPLC Rt = 17.00mins (> 80%), HPLC-MS 491.2 [M + HJ*.

| EXAMPLE 93. (3a$, 7aR) N—[1S-(4—hydroxybenzyl)-Z—oxo—Z-(S—oxo~hexahydrofuro
15 [3,2-b]pyridin-4-yl)ethyl}-4-trifluoromethoxybenzamide

HO.




ki Ns(91 HN HPLC Rt =15.82nmins (> 80%, HPLC-MB 442.2 [M + H +. EXAVPLE

95. (3aS, 7aR) 2-Pyridin-3-ylthiazol e-4-carboxylic acid [3- {gaj\_\g/o(ks-(& 10
0X0- hexah%drofu 3, 2-b] pyri di ne-4-carbonyl) butyl]am de kN

N HPLC Rt ns (> 80%, HPLC- M5 443.2 [M+ H +. EXAMSE BJg/00484 58,

7aR) Bi phenyl 4 carboxylic acid [3-nmethgb-1S-(3-o0xo-

hexahydr of ur o[ 3, 2- b] pyri di ne-4-carbonyl) butyl]am de _S 'RR. K O NO # | \
Ns (sl H18 July 2005 WD 02/057270 PCT/ GB02/00184 -190 HPLC Rt
=19.88mins (> 80%, HPLC-Ms 435.2 [M+ H +. EXAMPLE 97. (3aS, 7aR)
4-ten-butyl -N-[3-nethyl -1S-(3-oxo hexahydrofuro[ 3, 2- b] pyridi ne-4-carbonyl)
butyl]benzamuer@-i7bvmﬁ:sl(9l8®/o§§tm@m929mw-i>}ﬁﬂ% HPLC- M5 415.2 [M +

H +. EXAMPLE 98. (3aS, 7aR) N-[3-nethyl-1S-(3-o0x0
hexahydr of uro[ 3, 2- b] pyri di ne- 4-

EXAMPLE 94. (3aS, 7aR) N-[3-methyl-15-(3-oxo-hexahydrofuro[3,2-b]pyridine-4-
5 carbonyl) butyl]-5-thiophen-2-ylnicotinamide

-

HPLC Rt = 15.82mins (> 80%), HPLC-MS 442.2 [M + HJ".

~ EXAMPLE 95. (3a$, 7aR) 2-Pyridin-3-ylthiazole-4-carboxylic acid [3-methyl-15-(3-
10 oxo-hexahydrofuro[3,2-_b]pyridine-4-carbonyl) butyl]amide

NT )

N

HPLC Rt = 12.55mins (> 80%), HPLC-MS 443.2 [M + HJ".

EXAMPLE 96. (3aS, 7aR) Biphenyl-4-carboxylic acid [3-methyl-15-(3-oxo-
15 hexahydrofuro[3,2-blpyridine-4-carbonyl} butyljamide

o
"
5 b 0
]
.0

=




carbonyl) butyl]-4-thiophen-2-yl benzamde O N N (s/ H O O 10 HPLC Rt
=19.60m ns (> 80%, HPLC-Ms 441.2 [M+ H +, EXAMPLE 99. @05
N. [ 3- et hyl - 1S- ( 3- oxo hexahydr of ur o[ 3, 2- b] pyri di ne-4- car bony‘flﬁ
but yl | - 4- two2rnsTeet hoxybenzamide N kN n) F (S) O F 0 ¥18ndwioys42005
WD 02/ 057270 PCT/ GB02/00184 -191 HPLC =19. 66mi ns (> 80%, HPLC- M5 443.2
[M+ H +. EXAMPLE 100. (3aS, 7aR) 2- Metnh¥yl-5-phenyl fiuan-3-carboxylic acid
[3-nmethyl- 5 1S-(3-o0xo0-hexahydrofiuo[ 3, 2-b] pyri di ne-4-carbonyl) butyl]am de
0Os NO N(S HYOOHPLCR = 20.48nins (> 80%, HPLC-MS 439.2 [M +
H +. 10 EXAMPLE 101. (3aS, 7aR) Morpholine-4-carboxylic acid
S

[ 1S- (4- hydr @3fReREX b e8imins (> 80%), HPLC-MS 435.2 [M+HT'.
EXAMPLE 97. (3aS, 7aR) 4-fert-butyl-N-[3-methyl-15-(3-oxo-hexahydrofuro[3,2-
b}pyridine-4-carbonyl) butyl]benzamide

N =)

5
HPLC Rt = 20.42mins (> 80%), HPLC-MS 415.2 [M + HI".
EXAMPLE 98. (3a8, 7aR) N-[3-methy1—1S~(3-oxo-hexahydroﬁ1ro[3 ,2-blpyridine-4-
carbonyl) butyl]-4-th10phen—2—y1benzam1de
) 0
)
& N Q
N @
H N
| o p;
\ / )
10

~ HPLC Rt = 19.60mins (> 80%), HPLC-MS 441.2 [M + HJ".

EXAMPLE 99. (3aS, 7aR) N-[3-methy}-18-(3-0xo-hexahydrofuro[3,2-b]pyridine-4-
carbonyl) butyl]-4-trifluoromethoxybenzamide

3 - o 7
& N (o]
F N (s}
E H
i ,
_ F o




0X0- 2- ( 3- oxo- hexahydrof uro[ 3, 2-b] pyridin-4-yl)ethyl]Jamde ;)~NfRJ O N
(5 " OO HPLGMs 418.2 [M+ H +. 15 EXAMPLE 102. (3aS, 74aR\ 2005
N[ 1S- (4- hydr oxybenzyl - 2- oxo- 2- ( 3- oxo- hexahydrofuro [3, 2-Db] pyryi (ﬂ n

- 4-y1) et hWQ 83578 #i de 18 July 2005 WD 02/ 057270 PCT/ GB02 RSOUGR02/003183D | N
(S) HO OHPLC Rt = 12.71mins (>85%, jigfLC-M5 409.2 [M + H +. 5 EXAMPLE
103. (3aS, 7aR) Napht hal ene-1-carboxylic acid [1S-(4-hydroxybenzyl)-

2- 0X0- 2- ( 3- oxo- hexahydr of uro[ 3, 2- b] pyri di n-4-yl)ethylJanude Ho O is O H
(sJ HO HPLC Rt =14.88m ns (>850/0), BPLC-M5 459.2 [M+ H +. 10 EXAMPLE
104. (3aS, 7aR) Furan-3-carboxylic acid [1S-(4-hydroxybenzyl)- 2-oxo-

HPLC Rt = 19.66mins (> 80%), HPLC-MS 443.2 [M + H]". |
EXAMPLE 100. (3a8, 7aR) 2-'Methy1-5-phenylfuran-3-carboxylic acid [3-methyl-
5 " 15-(3-oxo-hexahydrofuro[3,2-blpyridine-4-carbonyl) butyljamide

0 ‘
_ | ®
. _ ' N (s]
- N s '
o, . / \ H
o

HPLC Rt = 20.48mins (> 80%), HPLC-MS 439.2 [M + HJ".

10 EXAMPLE 101. (3aS, 7aR) Morpholine-4-carboxylic acid [1S—(4-hydroxybenz§1)-2~
o0x0-2~(3-oxo-hexabydrofuro[3,2-b]pyridin-4-yl)ethyllamide

HPLC-MS 418.2 [M + HJ".

15 EXAMPLE 102. (3a§, 7aR) N-[15-(4-hydroxybenzyl-2-0x0-2-(3-0x0-hexahydrofuro
[3,2-b]pyridin -4-yl)ethyl]benzamide




2- ( 3- oxo- hexahYdrofuro[ 3, 2-b] PYri~ dm 4-Y)1 ethYllJamde HO/ I O (RJ g N
0O HHOOHPLC R = 11.14nmins (>85%, HPLC-MS 399.2 [M + |'q8+Ju[§L§00]b“| y 2005
WO 02/ 057270 PCT/ GB02/ 00184 -193 EXAMPLE 105. (3aS, 7aR)

Benzo[ b] t Wwopbesms®- car boxylic acid [1S-(4-hydroxy PCT/GB02/00184

benzyl ) - 2- oxo- 2- ( 3- oxo- hexahydr of uro[ 3, 2-b] pyridin-4-yl)ethyl]am de HO rw
NO NI!s) HOHPLC Rt =15.99nmi ns (>85°7§9, "HPLC-MS 465.2 [M+ H+. 5 -
EXAMPLE 106. (3aS, 7aR) Benzo[ b]tbi ophene-3-carboxylic acid [1S-(4-hydroxy
benzyl ) - 2- oxo- 2- ( 3- oxo- hexahydrof uro[ 3, 2-b] pyridin-4-yl)ethyl]amde OfW
SO :

HO

HPLC Rt = 12.71mins (>85%), HPLC-MS 409.2 [M + HJ".
5 EXAMPLE 103. (3aS, 7aR) Naphthaleﬂe—l-carboxylié acid [15-(4-hydroxybenzyl)-
2—0xo—2—(3-oxo—hexahydroﬁ1ro[3,2-b]pyridin—4—yl_)ethy1]amide

HPLC Rt = 14.88mins (>85%), HPLC-MS 459.2 [M +H]J".

10 EXAMPLE 104. (3a8, 7aR) Furan-3-carboxylic acid [15-(4-hydroxybenzyl)-2-0xo-
2-(3-oxo-hexahydrofuro]3,2-b]pyridin-4-ylethyllamide

HO

(R

[} F

o



N(S) HHOI10 HPLC Rt =15.58nins (>85%, HPLC-MS 465.2 [M+ H+, 951.3

[2M + Na] +. EXAMPLE 107. (3a4, 7aR) Furan-3-carboxylic aci lv 2005

[ 1S- benzyl - 2- oxo- 2- ( 3- oxo- hexahydr of aro[ 3, 2- b] pyri di n- 4-yl e'{LH/??am' de O
rw s 0 NWQ8STH00 0 18 July 2005 WO 02/ 057270 PCT/ GBO2/RSXI€R02/001834 HPLC
Rt =14.44m ns (>85%, HPLC- M5 383.2 [Mjoddl +. EXAVPLE 108. (3a4, 7aR)

Thi ophene- 3-car boxylic acid [1S-benzyl -Z-oxo0-2-(3- 5

oxo hexahydr of hr o[ 3, 2- b] pyri.di n- 4- yI)ethyI]am de (RN N N (67 H O O HPLC

Nor phoi i ne- SSANBbRYIOT QR 3 -RerniAltepon:-BestneRic sai (1S (hydroy
hydr of ur o[ 3péaAi)Ry bkl 8 cko HRERBAV AirdP O W AHBAR-yT)ethyl Jamide

HO.

HPLC Rt = 15.99mins (>85%), HPLC-MS 465.2 [M + HJ".

EXAMPLE 106. (3a$, 7aR) Benzo[b]thiophene-3-carboxylic acid [18-(4-hydroxy
benzyl)-2-0x0-2-(3-0x0-hexahydrofuro[3,2-b pyridin-4-yl)ethyllamide

- HO

0
"
_ o o
N 5]
\ H .
‘0
g 0

10 HPLC Rt = 15.58mins (>85%), HPLC-MS 465.2 [M + HJ", 951.3 [2M + Na]".

. EXAMPLE 107. (3aS, 7aR) Furan-3-carboxylic acid [1S-benzyl-2-0x0-2-(3-0x0-
“hexahydrofuro[3,2-blpyridin-4-yl)ethylJamide

Rl

/\ N 5




O N(S) b--r N HOo HPLG-MS 368.2 [M+ H+. 15 EXAMPLE 110. (3a4, 7aR)

N [ 3-net hyl -| S- ( 3- oxo- hexahydr of i uo[ 3, 2- b] pyri di ne-4- car b\?@%‘.@v -
butyl ] benzamide 0 IR) 0 NO 011 N (5) H O 18 July 2005 ) 58270
PCT/ GB02/ Ma 8057295 HPLC Rt =15.42m ns (>85%, HPLC MS 3SG12chddovidd] +.
EXAMPLE 111. (3aS, 7aR Furan-3-car_boxy{ |.c acid

[ 3-met hyl -1 S-(3- oxo- hexahydro 5 furo[ 3,"2%bl pyri di ne-4-carbonyl)
butyl]amide 0O Crw s o OOHPLC Rt =13.74mins (>85%, HPLC-M5 349.2 [M +
H +. EXAMPLE 112. (3aS, 7aR) Benzo[ b]thi ophene-2-carboxylic acid

[3-met hyl -1S-(3-

HPLC Rt = 14.44mins (>85%), HPLC-MS 383.2 [M +HJ".

EXAMPLE 108. (3aS, 7aR) Th10phene—3 carboxyhc acid [18—benzyl—2—oxo-2—(3-
5 oxo-hexahydrofuro[3, 2~b]pyndm—4~y1)ethyl]am1de

HPLC Rt = 15.34mins (>80%), HPLC-MS 399.2 [M + HJ".

#

EXAMPLE 109, (3aS, 7aR) Morpholine-4-carboxylic acid [3-methyl-15-(3-oxo-hexa
10 hydrofuro[3,2-b]pyridine-4-carbonyl) butyl]amide

O
. |/\N/U\
[
- HPLC-MS 368.2 [M +HJ*".

15 EXAMPLE 110. (3aS, 7aR) N-[3-methyl-15-(3-oxo-hexahydrofuro[3,2-b]pyridine-4-
' carbonyl) butyllbenzamide '




10 oxo hexahydrof uro[ 3, 2-bl pyri di ne-4-carbonyl) butyl]am de kN. JR) OO
HPLC Rt =18.52niins (>85%, HPLG-MS 415.2 [M+ H +, 851.3 [gM Q{ﬁ]
EXAMPLE 113. (3aS, 7aR) 4-Di net hyl am no- N[ 3- et hyl -1 S- ( 3- oxo- Lhe ydro 15
fiaro[ 3, 2W943{6F7280 ne- 4- car bonyl ) butyl ] benzam de 0 s N O PRTGBI2/0HH86 O % O
18 July 2005 WO 02/057270 PCT/ GB02/ 00%5% -196 B PLC Rt =13.55nmi ns (>85%,
HPLC-MS 402.2 [M + H +. EXAMPLE 114. 7aR)

Benzo[ b] t hi ophene- 3- car boxyli ¢ acid [3 met hyl -1 S- ( 3-

oxo0- hexahydr of ur o[ 3, 2- b] pyri di ne-4-carbonyl) butylJamde 0O ~31 NMO NH
O s BPLC Rt =18. 26mi ns (>85% HPLC- M5 415.2 [M + H +. EXAMPLE 115. (3aS,

7aR) Thi opt'ﬁpgc?m ?CUI@E@S]@ (,q:{?xo hexa
hydr of ur o[ 3, 2- b] pyri d| ne-4 ar bo)nyl but yl n@g

EXAMPLE 111. (3aS, 7aR) Furan-3-carboxylic acid [3-methy1-lS—(3 oxo-hexahydro
~furo[3,2-blpyridine-4-carbonyl) butyllamide ' S

-

HPLC Rt = 13.74mins (>85%), HPLC-MS 349.2 [M + HT".

EXAMPLE 112. (3aS8, 7aR) B_enzo[b]thiophene_—"l—c_:arbpxylic_: acid [3-methyl-15-(3-
10 oxo-hexahydrofuro[3,2-blpyridine-4-carbonyl) butyljamide |

o
' . . AR
S N -
: N &
\ /N
O

HPLC Rt = 18.52mins (>85%), HPLC-MS 415.2 [M + HI", 851.3 2M + Na]".

EXAMPLE 113. (3aS, 7aR) 4-Dimethylamino-N-[3-methyl- 1S—(3-oxo-hexahydro
15 fiwo[3,2-b]pyridine-4-carbonyl) butyl]benzamide

Iz




ppl ONO Hc 10 HPLC Rt =14.80m ns (>85%, HPLC-Ms 365.2 [M + H] +.

EXAMPLE 116. (3aS, 7aR) N-[1R-benzyl sul fanyl met hyl - 2- oxo- 2-{g3 Lglgggd$xahydro

faro[ 3,2-b] pyridin-4-yl)ethyl] benzamde s ¢ m ~IINN (57 H] y 2005

WO 02/ 057WkPoAET44B02/ 00184 -197 B ?LC Rt =17. 78mi ns (>90%y/dibfeolde 439. 2

[ MF11] +, 899.3 [2M+Na] +. EXAMPLE 117. (9%a8, 7aR) Puran- 3-carboxylic

aci d-[ 1R- benzyl sul f anyl net hyl - 2- -196-

oxo-2-(3-oxo hexahydrof uro[ 3, 2-b] pyridin-4-yl)ethyl]Jamide o o NRJ f 5

14° HPLC Rt_= 16.41nmins (>85%, HPLC-MS 429.2 (M H]+ 451. 2 (MeNa] +.

EXAMPLE 118HPLEHE = mﬁémm(agﬂ%); EP3. MO0/ [M + HT

aci d-[ | R-benzyl sul f anyl net hyl -

2- 0X0- 2- ( 3- oxo0- hexahydr of uro[ 3, 2-b] pyridin-4-yl)ethyl]Jamde ON O
EXAMPLE 114. (325, 7aR) Benzo[b]thiophene-3-carboxylic acid [3-methyl-15-(3-

- 0xo-hexahydrofuro[3,2-b]pyridine-4-carbonyl) butyllamide

0
_ | ®
N (v}
N (57
\ H
» S ’ o

5
HPLC Rt = 18.26mins (>85%), HPLC-MS 415.2 [M + HJ".
EXAMPLE 115. (3aS, 7aR) Thiophene-3-carboxylic acid [3-methy1-lS-(3 0X0-hexa
hydrofuro[3,2-b]pyridine-4-carbonyl) butylJamide
0
N &
& N (o
N (s
N ,
10 ' ¢ )

HPLC Rt = 14.80mins (>85%), HPLC-MS 365.2 [M + H]".

EXAMPLE 116. (3aS8, 7aR) N- [1R-benzylsulfanyhnethyl—z-oxo-2-(3~oxo-hexahydro
furo[S 2-b]pynd1n—4-yl)eﬂ1y1]benzam1de

S
0
: {R)
& N 0
N [T
H
0 .
O



/ OO 10 HPLC Rt = 17.23mins (>85%, HPLC-MS 445.2 [M+ H +, 911.2 [2M +
Na] +.  EXAMPLE 119. (3aS, 7aR) Morpholine-4-carboxylic aci ddif 2005

cycl ohexyi net hyl - 2-

oxo- 2- ( 3- &S&Qﬁféwﬂydr of ur o[ 3, 2- b] pyri di n- 4- car bonyl ) et hy| P& @R02/0818¢ 18
July 2005 WD 02/057270 PCT/ GB02/00184.199198 HPLC- M5 408.3 [ M+tH] +, 430. 3

[ MFNa] +. EXAMPLE 120. (3aS, 7aR) N-[ 1S-cycl ohexyl net hyl - 2- oxo- 2- ( 3- 0x0
hexahydrofuro .5 [3,2-b] pyri.din-4-yl)ethyl]benzamide 0O NS (8 O Ho AO

F%éﬁpftel iéfﬂﬂ?@;ﬁ? %72’;%?1@,93 %%5 WL POOILaddd B Ar OdSh 2 ]+ 10
- cycl ohexyl met hyl - 2- oxo- 2-

3- oxo- hexahydrofurof 3, 2-b ridin-4-yl)ethyllamde O (wj ON kHIsJ O
(; EWLE 1[17. (3&5], v aR) Furan—3}/car)boxy c ]acid-[IR-benzy sul%anylmethyl—Z-

ox0-2-(3-oxo-hexahydrofuro[3,2-b]pyridin-4-yl)ethylJamide

5 .
HPLC Rt = 16.41mins (>85%), HPLC-MS 429.2 [M + HJ*, 451.2 [M + Na}".

EXAMPLE 118. (3a$, 7aR) Thiophene-3-carboxylic acid-[1R-benzylsulfanylmethyl-
2-0x0-2-(3-0x0-hexahydrofuro[3,2-b]pyridin-4-ylethyl]amide

10
- HPLC Rt = 17.23mins (>85%), HPLC-MS 445.2 [M + H', 911.2 [2M + NaJ".

EXAMPLE 119. (3aS, 7aR) Morpholiﬁe~4-carboxylic acid [LS-cyclohexylmethyl-2-
0x0-2-(3-0x0-hexahydrofuro[3,2-b]pyridin-4-carbonyl)ethyllamide




O HPLC Rt =17.12nins (>85%, HPLC-MS 389.2 [M+ it, 411.2 [2M + Na]+. 15

EXAMPLE 122. (3aS, 7aR) Thi ophene-3-carboxylic acid [1S- CyCBSD X t hyl - 2-
0X0- 2- ( 3- ox0- hexahydr of ur o[ 3, 2- b] pyri di n-4-y1) et hyl ] am de HN (S
O 18 Jul yvawazos7¥ 02/ 057270 PCT/ GB02/ 00184 -199 B PLC Ripeir/clRmbizi
(>85%, HPLC-Ms 405.2 [MrH +, 831.2 [2 ]+. EXAWPLE 123. (3a4, 7aR)
Furan- 3-carboxylic acid [IS-cycl opent yI[T&f hyl - 2- oxo-2- 5 (3-o0xo0
hexahydrof uro[ 3, 2-b] pyridin-4-yl)ethylJamde EI NO/ \ (s) %N 0 (P) i
O OHPLC Rt =15.80nmins (>80%, HPLC-Ms 375.2 [M+ H+, 771.3 [2M + Na] +.
EXAMPLE 124. (3aS, 7aR) Thi ophene-3-carboxylic acid

1S- | : - +
ol Sy?3°5§§i’%?x§€§§”§§o3fw%?§* AHMF AR 4.y Yethyl Jamide 0 (R} NN (SJ H

EXAMPLE 120. (3aS, 7aR) N-[15-cyclohexylmethyl-2-0x0-2-(3-ox0-hexahydrofiro
532 b 4ty Tbersemids b R A

.
®
. ' (s
N &\
H .
_ °
o]

HPLC Rt = 18.47mins (>85%), HPL.C-MS 399.2 [M + HJ', 819.2 [2M + Na]".

>

}0 EXAMPLE 121. (3a$, 7aR) Furan-3-carboxylic acid [1S-cyclohexylmethyl-2-0x0-2-
(3-0xo-hexahydrofiro[3,2-b]pyridin-4-yl)ethyl]amide

Iy ¥ 7

HPLC Rt=17.12mins (>85%), HPLC-MS 389.2 [M + HJ', 411.2 [2M + Na[".

15 EXAMPLE 122. (3aS, 7aR) Thiophene-3-carboxylic acid [1S-cyclohexylmethyl-2-
0x0-2-(3-0x0-hexahydrofurof3,2-b]pyridin-4-yl)ethylJamide




O HPLC Rt =16.72nmins (>85%, HPLC-M5 391.1 [M+ H +, 803.3 [2M + Na] +.
EXAMPLE 125. (3aS, 7aR) Furan-3-carboxylic acid 18 July 200
[ 3, 3-di nmet hyl - 1S- &13- oxo- hexa 15 hydrofuro[ 3, 2-b] pyri di ne-4- caryoonyﬁ )
butyl]am S BOF2R rw N s .(S) 18 July 2005 WO 02/ 057270 BEEGRBPPI¥0184
-200 HPLC Rt =15.06nmi ns (>90%, HPLC- MS_383.2 [M-H] +, 747.4 [2M+Na] +.
EXAMPLE 126. (3aS, 7aR) Thi ophene-3-carboxylic acid _
[3, 3-di net hyl - 1S- (3- oxo- 5 hexahydrof ur o[ 3, 2- b] pyri di ne- 4- car bonyl )
butylJamde OSNO E/ \ O(S!l OHPLC Rt= 15.75nm ns (>85%, HPLC- M5 379.2
[ MEH] +, 779.3 [ 2MtNa] +. EXAMPLE 127. (3aS, 7aR) Morpholine-4-carboxylic
aci d 1S- cyc HPRLE®I =27 0Fhnin (>88%), HPLC-MS 405.2 [M + HI", 831.2 [2M + Na]".
0X0- 2- ( 3- oxo0- hexahydr of uro[ 3, 2-b] pyridin-4-yl')ethyl ester OO  (S/ a O
HPLC- M5 409.2 [M+ Hl +, 839.5 [2M +Na] +. As detailed for EXAMPLE 74,

ombval) {0 T EdeR, O B L RO B S e BRBs R RA AR T

-5 (3-oxo-hexahydrofuro[3,2-5]pyridin-4-yl)ethyljamide -

HPLC Rt = 15.80mins (>80%), HPLC-MS 375.2 [M + H", 771.3 [2M + Na".

EXAMPLE 124. (3aS, 7aR) Thiophene-3-carboxylic acid [1S-cyclopentylmethyl-2-
10 0x0-2~(3-0x0-hexahydrofuro[3,2-b]pyridin-4-yl)ethylJamide

. . - : 0 .
. - \m
N {s) .
P s 4

HPLC Rt=16.72mins (>85%), HPLC-MS 391.1 [M+ HT*, 803.3 [2M + Na]".

. EXAMPLE 125. (3aS, 7aR) Furan-3-carboxylic acid [3,3-dimethyl-15-(3-0xo-hexa
15  hydrofurof3,2-b]pyridine-4-carbonyl) butyl]amide




b] pyri di ne-4-carboxylic. acid 9H-fl uoren-9-yhuet hyl ester equival ent of
| oaded bui | ding bl ock-linker construct (22), then cleaved {®;gy} oyosle
EXAMPLE 127. EXAMPLE 128. (2S, 3aS, 7aR) : '
4- [ 3- Cycl OM@RYM57270( f ur an- 2- yl et hanesul fanyl) 20 PCT/GB02/00184
pr opi onyl ] hexahydr of ur o[ 3, 2- b] pyri di n- 3-@‘@ 18 July 2005 WD 02/057270
PCT/ GB02/ 00184 -201 rw Srs/ O O N O2 HPLC-MS 392.1 [M + 11]+, 805.2
[2M +Na] +. As detail ed for EXAMPLE 76, compound (41) was coupl ed under
standard 5 conditions (follow ng Fnoc renoval) to the (3aS, 7aR)
3- oxo- hexahydr of uro[ 3, 2- b] pyri di ne-4-carboxylic acid 9H=f| uoren-9-yl net hyl

Cleaved 1o orow B8 BXAVBLD SO HIEReRS Py (L EmSIA TG+ p) e

4-[ 3- Cycl ohexyl - 2- (furan- 2-yl net hanesul phonyl)

5’5"8‘18%“??W;%[‘éiq‘é@éﬁ%%hﬁw- boriq o D Admetins §davped f o

- EXAMPLE - § 6, h@mgwfﬁlr jﬁﬂqﬁ% %’Bfi‘l dard conditions (followng . -
Fnoc renoval ) t0 the FéaSMMRg 3- 0x0-Tfexa )} rofuro[3,2- 15

b] pyri di ne-4-carbaoxylic acid 9H-fl uaren-9-yl net hyl ester equival ent of

| oaded bui | di ng bl ock-1inker con The i nternedi ate | oaded

t hi oether (1.2nple gear) was oOxi chl or oper benzoi ¢ acid (5eq,
65% reagent, 1.6ng) in dichloro OL) \for 5hrs, followed by
standard washi ng and then cl eave ' #

HPLC Rt = 15.75mins (>85%), HPLC-MS 379.2 [M +HJ", 779.3 [2M + NaJ".

EXAMPLE 127. (3a§, 7aR) Morpholine-4-carboxylic acid 1S-cyclohexylmethyl-2-
10 ox0-2-(3-0x0-hexahydrofurof3,2-b]pyridin-4-yl)ethyl ester

HPLC-MS 409.2 [M + HJ", 839.5 [2M + NaJ".

‘As detailed for EXAMPLE 74, compound (33) was coupled under standard
15  conditions (following Fmoc removal} to the (3aS, 7aR) 3-oxo-hexahydrofuro[3,2-
: blpyridine-4-carboxylic acid 9H-fluoren-9-yimethyl ester equivalent of loaded

building block-linker construct (22), then cleaved to provide EXAMPLE 127.

EXAMPLE 128. (25, 3aS, 7aR) 4-[3-Cyclohexyl-2-(furan-2-ylmethanesulfany])
20 propionyl]hexahydroﬁxroB,2-b]pyridin—3-one




provi de EXAMPLE 129. 20 18 July 2005 202 EXAMPLE 130. (3aS, 7aR)

2R- Cycl ohexyl met hyl - 4- nor phol i n-4-yl - 1- (3- oxo- hexa hydr of m@*éo@

pyr|d|n 48%33butane 1,4-dione 0 (R NO f ~ "N (S 100 07.1 [M

-1 - 20512 + NaJ+. 5 As detailed for EXAMPLE 77, JUmieBRP0I86) was
coupl ed under standard conditions (foldggwi ng Fnoc renoval) to the (3aS,
7aR) 3- oxo- hexahydrofuro[ 3, 2- b] pyridi ne-4-carboxylic acid .

9H-f | uoren-9-yl net hyl ester .equival ent of |oaded building block-Iinker
construct (22), then cleaved to provide EXAMPLE 130. 10 EXAMPLE 131 (An

exanpl e of general formula (11)). _(3aR, 7aS) Morpholine-4- carboxylic acid
[ 1R- benzyl sul f anyl net hyl - 2- oxo- pxohexahydr of ur o[ 3, 2-

b] pyridin-4-yl)ethyl] amde S R O 15 The required bicycle building
bl ock (3aR, 7ab5) 3-oxo0-hexahydr ot3, 2- b] pyri di ne- 4-carboxylic acid

9H fl uoren-9-yl methyl ester was prepardd in funther 4 steps from (2R
3S) (3 hydroxy) pi peridi ne-1, 2- d| car boxyl i c\aci d allyl ester

HPLC-MS 392.1 [M +HJ", 805.2 [2M +Na]".

o As detailed for EXAMPLE 76, compound (41) was coupled under standard
5 conditions (following Fmoc removal) to the (3aS, 7aR) 3-oxo-hexahydrofuro]3,2-
blpyridine-4-carboxylic acid 9H-fluoren-9-ylmethyl ester equivalent of loaded
building block-linker construct (22), then cleaved to provide EXAMPLE 128.
EXAMPLE 129. (28, 3aS, 7aR) 4-[3-Cyclohexyl-2-(furan-2-yimethanesuiphonyl)
propionylJhexahydrofuro[3,2-b]pyridin-3-one ) -

10
HPLC Rt = 19.015mins (>%), HPLC-MS 424.1 [M + HJ, 869.2 [2M + Na]".

‘As detailed for EXAMPLE 76, compound (41) was coupled under standard
conditions (following Fmoc removal) to the (3aS, 7aR) 3-oxo-hexahydrofuro[3,2-

15 blpyridine-4-carboxylic acid 9H-fluoren-9-ylmethyl ester equivalent of loaded
building block-linker construct (22). The intermediate loaded thioether {(1.2pmole
gear) was oxidised with m-chloroperbenzoic acid (5eq, 65% reagent, 1.6mg) in
dichloromethane (200pL) for Shrs, followed by standard washing and then cleaved to
provide EXAMPLE 129. |

20




18 July 2005 203 (1) Preparation of (2R, 3S)
(3-tert-butoxy)piperidine-1,2-dicarboxylic acid 2-allyl es
1-(9Hfluoren-9-yl nethyl) ester. (2R 3S) $§¥My2005
(3- hydoxy) pi peri di ne-1, 2-di carboxylic acid 2-allyl ester 1-(9H
fluoren-9-ylmethyl) ester (1.75g, 4.3omvole) was dissolved in dry 5
di chl oronet hane (20nmL) in a 50nL gl ass pressure tube and cooled to -78C.
| sobutyl ene gas (-101) was condensed '550 t he solution and CH2SO4 (100L)
added. A stirrer bar was added, the tubé mas seal ed, the cooling renoved

and stirred r,.72hr.  The, seal t s cooled to

met hyl norph@w%%géﬂ aSea’agJ 2RO st e b Lo XRT, 10
unseal ed, %d}oﬁlgd,[grg- q)}QMﬁ{4 utaFﬂ: ghlgpgret hane (75nL) was added and the
organi cs washed with then brine (75mL) and dried (Na2SO4).
The sol vents were reaned |n vacuo to give a pale tan oil (1.93g). The
crude 0|I was purified over si agel (100g) eluting wth a gradi ent of
~—heptane-: -ethyl - acetate 5:1 3 Desired fractions were conbi ned and 15 -
reduced in vacuo to a thick cl [ .48g (3. 19mmol e, 74.3% . TLC

(single W spot, Rf = 0.50, heptane : acetate 2:1), analytical HPLC
. Rt = 24.083m ns, HPLC-MS (singlg ih W peak mith Rt = 11.996m ns, 408.2
[M+ HBut]+, 486.3 [M+ W ; 130N|\/Rshowedthe
presence of cis and transfgﬁxnbbtrl cal i § und the 3 am de bond. 20
6H (CDCl3 at 298K); 1.24 \3\20( CH3)3, §), 1. .90 (2Hy+ 2H6, m), 3.3%-
3.48/3.49-3.58 (1H6, dt), 2-3.74 (Hp, b),d3.95-4.02/4.06-4.14 (1H6, dd),

4.24-4.78 (Fm)c H-9 + Fm)c CH + 2 x COOCH CH=CH2i bm), 4.88/5.01 (Ha, dd,’

J5.8), 5.25 % J5. 7) b.37 (1 x COOCH2CH=CH , d,

J16.8), 5. gHl éCcMS(‘lO&l @é&ﬂieﬁ%ﬁi N51]7 28 25 7.39 (2H aromatic, Fmoc

H2 and 4+7), 7.39-7.46 (2H aromati c, Fm)c H3 and H6), 7.57-7.71 (2H

aromatic, Fnoc H1 and H8), 7.78-7.86 (2H aromatic, Fnoc H4 and H5).
As detailed for EXAMPLE 77, compound (36) was coupled under standard

conditions (following Fmoc removal) to the (3aS, 7aR) 3-oxo-hexahydrofuro[3,2-
blpyridine-4-carboxylic acid 9H-fluoren-9-ylmethyl ester equivalent of loaded
building block-linker construct (22), then cleaved to provide EXAMPLE 130.
10 EXAMPLE 131 (An example of general formula (II)). (3aR, 7aS) Morpholine-4-
carboxylic  acid [ 1R-benzylsulfanylmethyl-2-o0x0-2-(3-oxohexahydrofuro[3,2-
*_bJpyridin-4-yl)ethyl]amide

(‘- "’-"/0

i !

O

J

15 The required bicycle building block (3aR, 7aS) 3-oxo-hexahydrofuro[3,2-b]pyridine-
: 4-carboxylic acid 9H-fluoren-9-ylmethy! ester was prepared in a further 4 steps from
"ﬁ (2R, 35) (3-hydroxy) piperidine-1,2-dicarboxylic acid 2-allyl ester 1-(9H-fluoren-9-

ylmethyl) ester as follows.




6C (CDC13 at 298K); 23.69/24.00 (d, CS), 28.38 (u, C(CH3)3), 28.65 (d, Cy);
40. 41/ 40.72 (d, CE), 47.61 (u, Fmoc C-9), 58.46 (u, Ca), 65153‘}'U|)(g@05N 30
COOCH2CH=CH2) , 67.82 (u, Cp), 68.12 (d, Fnpc CH2), 74.93 (q, CH3) 3) ,
118.46/118. 57 (d, COOCH2CH=CH2), 120.40 (u, Fnoc C-4 and C—5) 125.39 (u,
Froc G 1 and C-8), 127.46 (u,  Fnoc G2 and CG7), 128.10 (u, Fnoc C3 18
July 2005 204 and C6), 132.49 (u, COOCH2CH=CH2), 141.71 (q, Fnoc C-4' and
C-5"), 144.12/144.35 (q, Froc C-1' angps-8'), 156.24 (g, OCON),
170.42/171.06 (COOCH2CH=CH2). 5 (2) Preparation of (2R, 38)

3-tert-but I t hyl
bater. (2R 35T ERPRILREE GIaS) CHAFROL BTt stk E AR G2 ™)
ester 1-(9H fI uestant-@H-flosichyg- 91n&:ﬂiy¢)res(el 42g, 3.07mol e) was di ssol ved in

dry dichloronethane (25m.) with stirring, Tetrakistriphenyl phOSphI ne
pal | adi um 10 (0) (3% ?ré C-bydyinipireding éth%rbwéwaaaédf -afly) egvRed-

Gien! or oret hane- ?150&%1%2@3(1’%%}”&1 7?%2%%?%?%@% E&(’?‘th‘ o Ho
(150nL),5 bri ne ( dsBlkimethahed2Dedl) (N2 3GOL) glasEhpeessmlevalnt mdnaoted toemdi@d i n
vacuo to give a dark ey so .0g). The crude solid was 1 rified
over sili ga gel ?S?g@t?’ﬂ’@?ﬁ%qs é‘la{"&ﬁ ‘é{g%rc%ﬁ?eé‘ﬁ?‘{ d‘f‘tohg‘& é‘ﬂ@tl(’n @Pﬁy‘ﬁ%@&t ate
2:1 3 1:2. Desir j agho white
crystall i ne vyi el gﬁ)i)h%?éa%Z %%\ém%%egggb%%’d ?J%I ng%g é%ﬁég%t Céo%fng 0. 25,
hept ane. : et hyl amsivatand stired &trRa]‘ fri7aat. 'ﬂHBlsé‘alRﬂ tube 2as 300K ns - 7818, &- V5

(single maln w pet?hk wth R = 269mns, 368.2 [M+ HBu ]+, 446.2 [M 20
+ Na]+, 869.3 [2Me€ yi@?mjl‘)l“}ﬁn@p%%slfﬂyw ry eP O3 endpiowediRaimdo R-esence

Lot ? %) LSO iy A0 5 S0P LS oqPlf CLS
(1H3, bm, 1.82-drgalic§ Wrhshedmith 2NABC Qs SZERII0tRerO bripnd HESndl)) and  dried
(NaZSO4). The solvents were removed in vacuo to give a pale tan oil (1.93g).
The crude oil was purified over silica gel (100g) eluting with a gradient of
heptane : ethyl acetate 5:1 - 3:1. Desired fractions were combined and
15 reduced in vacuo to a thick clear oil yield 1.48g (3.19mmole, 74.3%). TLC

(single UV spot, Rf = (.50, heptane : ethyl acetate 2:1), analytical HPL.C Rt =

24.083mins, HPLC-MS (single main UV peak with Rt = 11.996mins, 408.2

[M + H-Bu'l", 486.3 [M + Na]"). Analysis by 'H and >C NMR showed the

presence of cis and trans geometrical isomers around the 3° amide bond.

20 sH (CDCl; at 298K); 1.24 (9 x C(CHs)s, s), 1.51-1.90 (2H, + 2H;5, m), 3.38-
3.48/3.49-3.58 (1H,, dt), 3.62-3.74 (Hp, b), 3.95-4.02/4.06-4.14 (1H,, dd),
4.24-4.78 (Fmoc -9 + Fmoc CH, + 2 x COOCH,CH=CHj, bm), 4.88/5.01
(He, dd, J5.8), 525 (1 x COOCH,CH=CH,, d, J5.7), 537 (1 x
COOCH,CH=CHa, d, J16.8), 5.88-6.00 {1 x COOCH2CE=CH§, m), 7.28-

25 7.39 (2H aromatic, Fmoc H-2 and H-7), 7.39-7.46 (2H aromatic, Fmoc H-3
and H-6), 7.57-7.71 (2H aromatic, Fmoc H-1 and H-8), 7.78-7.86 (ZH
aromatic, Fmoc H-4 and H-5).
5C (CDCl; at 298K); 23.69/24.00 (d, Cs), 28.38 (u, C(CHs)s), 28.65 (d, C)),

o 40.41/40.72 (d, C.), 47.61 (u, Fmoc C-9) 5846 (u, Ca), 65.67 (d,

':"2?,‘ 30 COOCH,CH=CHy), 67.82 (u, Cp), 68.12 (d, Fmoc CHy), 74.93 (q, C(CH3)s),

118.46/118.57 (d, COOCH,CH=CHy), 120.40 (u, Fmoc C-4 and C-5), 125.39

(u, Fmoc C-1 and C-8), 127.46 (u, Fmoc C-2 and C-7), 128.10 (u, Fmoc C-3



3.73-3.85 (Hp, b), 3.92-4.05 (1H6, dd), 4.23-4.32 (Fnoc H9), 4.40-4.58 25
(Fmoc CH2, bm), 4.60-4.62/5.02-5.04 (Ha, dd, J5.7), 7.29-7.86ui¢bbag omati c,
Froc H2 and H7), 7.39-7.44 (2H aromatic, Fnoc H3 and H6), 7.54-7.67
(2H aromatic, Fnoc H I and H8), 7.77-7.82 (2H aromatic, Fnoc H4 and H
5), 10.80-11.15 (COON bs). 3C (CDC13. at 298K); 23.71/24.24 (d, C3),
28.20/28.27 (u, C(CH3)3), 30 30.60/30.73 (d, Cy), 40.50/40.79 (d, Cp),
47.58/47.63 (u, Fnoc C9), -58.20/58.44p4u, Ca), 67.77/68.33 (u, Cp),
68.67/68.87 (d, Fnoc CH2), 78.48/78.67 (q, C(CH3)3), 120.30 (u, Fm)c C 4

157 a2 1o7 ag) 12565, 130D M ROOCHREE LNt BIRIGT mAlEsT s 4,
C6), 141.57/ 1414@1;&/144@357@ RpocF@EC 48d4C-830d5€25'(),, OCON), 170.42/171.06 |

144. 06/ 144. 11/ 14&@@/ 44 47 (g, Fnmoc G 1' and CG-8'), 155.73/156.49 (q,
COON), 169. 26/ 16 g’@é%:glﬂz)s (3) Preparation of (2R 3S)
- (3-tert-butoxy)-2-(2-diazoacetyl) pi peridine-1, 2- dlcarboxyllc aci d

q- (9H-fl uoren-9-yl net hyl) ester. (2R, 3S)-

(3-tert-Dut oxﬁqu@gamd@mef 1(2R, oﬁ.ﬁdﬁmwyhm@cmpdlcﬁm(-gﬂdmanmwﬂm%clq/Ilmst hyI)

ester (830ny, ved with stirring in dry 10
di chl or onet hane %ﬁ%feﬁ"?\léﬁm?g‘g@ t was flushed with nitrogen and cool ed
to -15C. |sobut YQZGEF'EIS}r(@h@ﬁtﬂﬁ&ﬁy%ﬁg%&ﬂﬁle—?zjc@éﬁmh%hb el Y-aﬁype&e;r ereihane

(2.5nL) and N-nethyl nor phol i ne in dry dichloromethane
(2.5m) were addﬂ’éprélil*ﬁmlmafﬂwﬁuﬁﬁﬁrl (11 #5ns. Oé’mmfnl@l swasy edissol B ris. dEY her al

di azonet hane (g 15 .di et et her
(40n)) onto so ‘éﬁlg{]o?rgc}t%a)?gg%%{@fﬁ ) Wﬁlgteg lftﬂpgwfphf’sphé% zﬂ%’ﬁ 6rr1_)
at 600)10 was add(@gi t(J?ltnIige -a0l062aiede,amoeg) d- ¢ad utddaded,andollswbd I edy at
for 3hr. Acetic acid (-3nlL) was add ed to guench the reaction, then

tert-butyl net hyll&eﬁ@ml(mﬂﬂl}e WEBOeg ddch8 e &r lfmmels, weeshe dARFY hikhr,
dichloromethane (150mL) was added and the organics washed with 0.01N

HCl (150mL), brine (150mL) and dred (Na;SO;). The solvents were
removed in vacuo to give a dark grey solid (2.0g). The crude solid was
15 purified over silica gel (75g) eluting with a gradient of heptané : ethyl acetate
2:1 = 1:2. Desired fractions were combined and reduced in vacuo to a white
crystalline yield 1.07g (2.53mmole, 82.3%). TLC (single UV spot, Rf = 0.25,
heptane . ethyl acetate 1:1), analytical HPLC Rt = 21.306mins, HPLC-MS
(single main UV peak with Rt = 10.269mins, 368.2 [M + H-Bu']", 446.2 [M
20 + NaJ', 869.3 [2M + Na]"). Analysis by 'H and *C NMR showed the
presence of cis and trans geometrical isomers around the 3° amide bond.
sH (CDCls at 298K); 1.32/1.41 (9 x C(CHa)s, ds), 1.43-1.59 (1H, + 1Hs, m),
1.70-1.81 (1H;, bm), 1.82-1.99 (1H,, bm), 2.75-2.82/2.90-2.97 (1H,, dt),
3.73-3.85 (Hg, b), 3.92-4.05 (1H,, dd), 4.23-4.32 (Fmoc H-9), 4.40-4.58
25 (Fmoc CHa, bm), 4.60-4.62/5.02-5.04 (H,, dd, J5.7), 7.29-7.36 (2H aromatic,
Fmoc H-2 and H-7), 7:39-7.44 (2H aromatic, Fmoc H-3 and H-6), 7.54-7.67
(2H aromatic, Fmoc H-1 and H-8), 7.77-7.82 (2H aromatic, Fmoc H-4 and H-
5), 10.80-11.15 (COOH, bs).
sC (CDCl; at 298K); 23.71/2424 (d, Cs), 28.20/28.27 (u, C(CHs);),
30 30.60/30.73 (d, C,), 40.50/40.79 (d, C.), 47.58/47.63 (u, Fmoc C-9),
58.20/58.44 (u, C,), 67.77/68.33 (u, Cp), 68.67/68.87 (d, Fmoc CHy),
78.48/78.67 (q, C(CHs)3), 12030 (u, Fmoc C-4 and C-5),




water (3 x 150nL), then dried (Na2SQ4). The solvents were renoved in 20
vacuo to give a tacky pale yellow oil (91(hng). The crude Oid‘;df?g'jdyjl’i fied
over silica gel (75g) eluting with a gradient of heptane : eth acetate
4.1 -~ 3:1. Desired fractions were conbi ned and reduced in vacuo to a pale
yellow oil/solid, yield 560ng (1.25mvle, 63.9% . TLC (single main W
spot, Rf = 0.35, heptane : ethyl acetate 2:1), analytical HPLC Rt =

18. 754m n, HPLC 25 M5 (UV peaks with RbgsF 9.095mins, 364.2 [M+ H +, 386.1
[M+ Na]+, 749.2 [2M + Na]+ and Rt = 10.856m ns, 420.2 [M+ H N2]+, 470.2

[M+ Na]+ 917. ﬁ 242N %5 ﬁ‘ﬁljf}b.lﬂc yﬁt %n{&agagpaﬁg3§.§5,C;g§)4§n%x§h§msaf G, 364- 2

corresponds to the desired cle pro
3- oxo- hexahydr of Bmof 3,22b] gadr | B He- 428.84008Y01 qu, 30maci dC-3 and C-6),

of cis and 7 ans LSUhEReTian Y Golaiod ot Lo [ a6 BARISOARSLI y 2005
206 6H (CDC13 6 , + 2H6,
.5 05/3 35 (THECC 6 ) 8 GEIIITHIEG R SO 16020 B0 e

dd). 4. 05- 407/4 78’4 83(H b , 424433(Fm)c H-9)

4.36-4.42/ 4.4 4 c Enmoc , ,
4.89/5.90 ( %‘El‘ln BE) g@ 7(33'6” (W’%’%réf‘f %@gﬁ@épl?@}dla‘ﬁbiﬂ %
7.40-7.44 (2H arglmb}@ hc algm)p(gﬁ;ﬂu@fgq l@_eth &@s/. 67 (2H aromatic, Fnoc
H1 and H8), 7.76- (2H aromati c, 4and H5 CDC13 at

298K) ; 23.94/24. ER, (ES') C&;err-wosﬂmsnage(lhﬁ dicgutpRylB) acid1 0 @91-%@12@984 ('d,

Wity i o Fhoe 5 Bl B ighonB ST 1 (o

Cp), 75101/ 75. S54dichlordat¢Birihk 32 0mL L Orhd Sedotidn s (lishdd M ih GitfogeARAd CoSikd
124. 85/ 125. 25/ 125. 53 Froc. CG-1 and C-8 127.46/127.59 (u, Fnmoc G2 and

C7), 127.97/ 128t.00é/5?é8f8917ut1’161}10mf9@n@ €9%me. &16mmole in dry dichloromethane
(2.5mL) and N-methylmorpholine (397mg, 3.92mmole in dry

dichloromethane (2.5mL) were added simultaneously in 0.5mL aliquots over
_ 15mins. Etheral diazomethane (generated from diazald (2.5g, ~8mmole in
15 diethyl ether (40mL)) onto sodium hydroxide (2.75g) in water (4.3mL) /
ethanol (8.6mL) at 6OOC). was added to the activated aminoacid solution and
stirred at RT for 3hr. Acetic acid (~3mil) was added to quench the reaction,
then fert-butylmethylether {100mL) was added, the organics washed With
water (3 x 150mL), then dried (Na;SO4). The solvents were removed in
20 vacuo to give a tacky pale yellow oil (910mg). The crude oil was purified
over silica gel (75g) eluting with a gradient of heptane : ethyl acetate 4:1 >
3:1. Desired fractions were combined and reduced in vacuo to a pale yellow
oil/solid, yield 560mg (1.25mmole, 63.9%). TLC (single main UV spot, Rf =
0.35, heptane : ethyl acetate 2:1), analytical HPLC Rt = 18.754mmin, HPLC-
25 - MS (UV peaks with Rt = 9.095mins, 364.2 [M + HYT", 386.1 [M + Nal",
749.2 [2M + Na]" and Rt = 10.856mins, 420.2 [M + H-N,J%, 470.2 [M +
Na]’, 917.3 [2M + Na]").

Note‘ that upon HPLC-MS analysis, m/z 364.2 corresponds to the desired
bicycle product (3aR, 7aS) 3-oxo-hexahydrofuro[3,2-b]pyridine-4-carboxylic

30 acid 9H—ﬂu6ren-9—ylmethyl ester.
A Analysis by 'H and C NMR showed the presence of cis and frans

geometrical isomers around the 3° amide bond.



15 141.62/141.69/141.73 (q, Fnoc C-4' and C5'),
144. 24/ 144. 31/ 144.50/ 144.61 (q, Fnoc C1' and C-8'), 155. 6$é;@92§§5(q
OCON), 191.90/192.37 (LOCH=N2). (4) Cyclisation to (3aR, 7ab)

3- oxo- hexahydrof uro[ 3, 2-b] pyri di ne-4-carboxy lic 20 acid

9H-fl uoren-9-yl methyl ester. A solution of lithiumchloride (494ny,
11.6rmmol e) in water (3nm) and acetic acid (12nm) was added to (2R, 39S5)
(3-tert-butoxy)-2-(2-di azoacetyl) pipepgdine-1, 2-dicarboxylic acid

1- (9H-fluoren-9-yl nmethyl) ester (520nmg, 1.16mmole). Gas was evol ved and
the yellow oily solid dissolved over Ihr to 25 give a virtually col ourl ess
solution. After 90m ns, chloroform (150nL) was added and the organics
washed with NaHCEB((CDCig alaemc),,l:tyr/i me(s(ﬂm@)g,, d&ipd .40-1 86 (a2 S0 bm)The
solvents were renoved in vacuo to give a crystalline solldégBQOng)

The crude solid M/Wﬁlﬁseét)oﬁéﬁ 35’1‘4/3 6&395-59‘! (H(ﬁ?é@) % U-307 hHaddh 4d05gr adi ent

and reduced i n VATE TSRS e 47 g2 T WL 4 PR A4S @ 8 o o,

47. 7% from StartFﬂﬂc %dhmlgT%l(%@qh% Fﬁ{oé@q}z;nﬁfﬁ% cod@gpiane;: et hyl
acetate 2:1), analytica = 18.563 m ns, M5 18 July 2005 WO

02/ 057270 PCT/ GBb®) 388439 (2 Aar¢mithy |quq\H1§emd W ’t')h 7F€(0 EAD (DT smdmadic, 364. 2

M+ H , 386.2 nd_13 resence
gf cis and transkk%eo apﬁggﬁfﬁgﬁﬁébz(éggﬁﬁwﬁ hgmgcgﬁrggﬁggﬁngﬂﬂfﬁ 13 at
208K); 1.20- 1. 38(dLkipinatid TemodthH.4 dnd5i-5. 68 (111s, 1.96- 5 2.08 (1H,,
bn), 2.40-2.52/2.53-2.67 (1H6, m). 3.87 (COCHZA d e, 5), 3.85-3.95

(1H6, b), 4.09 (5Go&EDsL, ahi2P8KYE. 23.94438,51bYd, £5212&38/88(5Errﬁc C’H@Hs)i-)s COCH2B,
bra),

and H7582743ZO/7§%29/3§1§9 F‘gﬁg’v)r 4&%%2%%4{#@3 (ZF&Z 7%’)%}17%4%& 1 "2
aromatic, Fmoc Hsk s8g 3khE) colHERY 61 kols3ldsqLOFBY b6.85/6826 (ﬁﬁu@&éﬂ*}
69.35/69.61 (u, Cp), 75.11/75.54 (g, C(CHs)s), 120.29/120.32 (u, Fmoc C-4
and C-5), 124.85/125.25/125.53 (u, Fmoc C-1 and C-8), 127.46/127.59 (u,
Fmoc C-2 and C-7), 127.97/128.03/128.07 (@, Fmoc C-3 and C-6),
15 141.62/141.69/141.73 (q, Fmoc C-4” and C-57), 144.24/144.31/144.50/144.61
(g, Fmoc C-1° and C-87), 155.68/156.89. (q, OCON), 191.90/192.37

(COCH=N,).

(4) Cyclisation to (3aR, 7aS} 3-oxo-hexahydrofuro[3,2-b]pyridine-4-carboxy lic

20 acid 9H-fluoren-9-ylmethyl ester. ;
A solution of lithium chioride (494mg, 11.6mmole) in water (3mL} and acetic

acid (12ZmL) was ‘added to (2R, 3S) (3-tert-butoxy)-2-(2-diazoacetyl)
piperidine-1,2-dicarboxylic acid 1-(9H-fluoren-9-ylmethyl) ester (520mg,

1.16mmole). Gas was evolved and the yellow oily solid dissolved over 1hr to

25 give a virtually colourless solution. After 90mins, chloroform (150mL) was
added and the organicé washed with NaHCO; (2 x 150mL), brine (150mL}

and dried (Na;SO,). The solvents were removed in vacuo to give a white

crystalline solid (390mg). The crude solid was purified over silica gel (75g)

| cluting with a gradient of heptane : ethyl acetate 3:1 - 2:1. Desired fractions

T, 30 were combined and reduced in vacuo to a white crystalline solid, yield 340mg

L

(0.94mmole, 47.7% from starting acid). TLC (single UV spot, Rf = 0.25,
heptane : ethy! acetate 2:1), analytical HPLC Rt = 18.563 mins, HPLC-MS




47.58 (u, Fnoc G9), 60.54 (u, Ca), 67.55 (d, Fnoc CH2), 68 fdyLdos
COCH20) , _ M, Cp), 120.39 (u, Fnoc G4 and C-5),125.42 (u. Fnoc C-1
and C 8)%9@217?5S Hﬂ(u, Fnoc G2 and C-7), 128.14 (u, Fnoc @é’éﬁ?ﬁ" -1%‘),
141.73 (g, Fnmoc CG-4' 15 and C5'), 144-2®/-(q, Fnoc Ci' and C-8'), 156.20
(g, OCON), 211.64 (g, €COCH20 . Follow ng the general details from Schene
2, the required bicycle building block (3aR, 7aS)
3- oxo- hexahydr of S i 19e=% GALRAX Y4 i - 20
(1S TR BEAY Wil Re=%. XY464e @gr-ldcﬂa%' jéﬁ@mg_sﬁ-faml e

met hyl ester was convertéd to building block-l11n struc

. (3aR 7aS) 3- oxoAmelyaisyby oFlranf3°C BYMRr shivwel fhe prsexcd iof @ciand trans

OH- f I n-9- ylnethyl. ester (290 280 e). was dissolved in a mxture
of et lﬁg:& (14?/0%3“1&’3?3%%%%“@?“%3) @Bﬁg%’#dng sodi um acetate. trihydrate
163ng, 1.198mo . 4 Rzl i ' y{ beycl o
gexagcar boxyl i clalggj%.@l}?ri f gb?ggglég gﬁzggﬁg%ﬁg%oﬁ(@’ﬁ%q#bfmrphy,
A MeetSal o I 208 @B mbm3p2.40-2.3%/2.53 3186 (B3 fm), NP COTILRddedr1asy, t he
m xture refluxed for 4hrs. Chloroform I_élSOrrL) was added and the organics
washed with HO BB866h93 (1H:pbR) 4-08(Fegc H-RE0h) 4 g br)eﬁ&%-fécﬂﬁi(ﬁma to
id de bui,l di bl.ock- Linker -white .
Crystal 11 ne ol | 8.k Ba 88 2h 0020 e 3 Be a7 UPhromete
67.6% and 18. 5p5H : p_o i gad A Fa08I S )1 7HRLC- VB
(2% 18 Jul'y 2000 00 33 0es T BT e e T R I P T
8. 069 and 9. 050n(2¥% prosetic Kt H-Hpnd H-8); 0.68- T HNEH aromatia Fonsdd-4 adidribct | y

for congtruct |oading. Followi ng the general details from Schenme 2, the
required building’ bl ock-li.nker 5 construct was attached to the solid phase

Bl ocke | niker conStronCH & BBCharell & S RERL G GRCALEY (@€, Prisfhs?s.
Fmoc C-9), 60.54 (u, Cy), 67.55 (d, Fmoc CHy), 68.40 (d, COCH,0), 72.61
(u, Cp), 120.39 (u, Fmoc C-4 and C-5), 125.42 (u, Fmoc C-1 and C-8), 127.51
(u, Fmoc C-2 and C-7), 128.14 (u, Fmoc C-3 and C-6), 141.73 (q, Fmoc C-4’
15 - and C-5%), 144.16 (g, Fmoc C-1° and C-8°), 156.20 (g, OCON), 211.64 (q,
| COCH;0).

- Following the general details from Scheme 2, the required bicycle building biock
(3aR, 7aS) 3-oxo-hexahydrofuro[3,2-blpyridine-4-carboxylic acid 9H-fluoren-9-yl
20  methyl ester was converted to building block-linker construct as follows:

~(3aR, 7a8) 3-oxo-hexahydrofiro[3,2-blpyridine-4-carboxylic acid 9H-fluoren-9-
y]methyl ester (290mg, 0.80mmole) was dissolved in a mixture of ethanol (14.0mL)

- and’ water (2.0mL) containing sodium acetate.trihydrate (163mg, 1.198mmole,

25 L5eq). 4-{[(hydrazinocarbonyl)aminomethyllcyclo  hexanecarboxylic  acid.
trifluoroacetate (263mg, 0.80mmole, 1.0eq, Murphy, A. M. et al, J. Am. Chem. Soc.,

114, 3156-3157, 1992) was added and the mixture refluxed for 4hrs. Chloroform
(150mL) was added and the organics washed with HCl (150mL, ~ pH3), dried
(Na;804) and reduced in vacuo to provide crude building block-linker construct as

30 an off-white crystalline solid. Yield 450mg, amalytical HPLC 2 peaks Rt = 17.109
(67.6%) and 18.565mins (26.3%) (cis / trans geometrical isomers), HPLC-MS (2 x



t et ramet hyl ur oni unhexaf | uoro phosphate (HBTU, 258ng, 0.680mmvle), 1- 10
hydr oxybenzotri azol e. hydrate and (HOBT, 105ng, 0.680mml e) {efgy gogsol ved

i n di methyl formam de (3nL) and N net hyl nor pholine (NMV] 150L, 1. 36nmol e)
added. Af W 0fis@27activation for 5 minutes, free ani ne geaPeT(GEA/08181. 2nl e)
were added, followed by dinet hylformaggdge (17.5n) and left overnight. The
spent coupling solution was then added to free amne crowns (18 x | Cpnol e)
-and left 15 overnight. Standard washing and anal yses indicated quantitative
| oading in h Fol l ow, ng the general details from Schene 2, the
required | oﬁg}eﬂe‘#‘id’ﬁaﬂﬁhg 85168 @rd 91?]59%1%5 eoh3 {Mit HleSrdr sepstaeicwassed he
solid phase ed construct was el aborat ed to EXAMPLE 91
(3aR, 7aS) dﬁ%ﬁ%#%ﬁgﬂ&% 'box lic acid | R-be~l sul fanYl net hYl - 2- oxo- 2-
3- oxohexahYdrofuro[ 3,2b Y | Y ( - pyr| di n-4-yl)ethyl]am de by standard

or phol § n. HOLTBE 1 ERnas deeler fent o0 e 2 S PE Rk
~anal yseds ('sgshsBageal aﬁ&‘éh'@ﬂ"tg%ﬁé)soh#' gh%é?grzowdj]r% AL D Huflad go’ﬁlock tﬁéfet o I o d. :

449.2 [M+ H +. The follow ng exanp were prepdred a

f or EXAMPLEcar8luctgs follawmipl i ng with the required reagents to provide the
full I'ength nolecule. 30 18 July 2005 WD 02/057270 PCT/ GB02/ 00154 -209
EXAMPLE 132. (3aR, 7a5) Morpholine-4-carboxylic acid

15 L o e ks congg 00, 7 QRS0
tetramethy’ uromumhexaﬂuoro phosphate (HBTU, 258mg, 0.680mmole), 1-

10 hydroxybenzomazole.}xydrate and (HOBT, 105mg, 0.680mmole) were dissolved in
dimethylformamide (3mL) and N-methylmorpholine (NMM, 150uL, 1.36mmole)

added. After pre-activation for 5 minutes, free amine gears (190 x 1.2pmole) were

added, followed by dimethylformamide (17.5mL) and left overnight. The spent

coupling solution was then added to free amine crowns (18 x 10umole) and left

15 overnight. Standard washing and analyses indicated quantitative loading in both

Cascs,

Following the general details from Scheme 2, the required loaded building blbck-
“Iinker construct was elaborated on the solid phase as follows:

20 _
Loaded construct was elaborated to EXAMPLE 91 (3aR, 7aS) Morpholine-4-
carboxylic - acid [1R-benzylsulfanylmethyl-2-ox0-2~(3-0xohexahydrofuro[3,2-5]
pyridin-4-yl)ethyljamide by standard Fmoc deprotection and sequential coupling

i

. with Fmoc-Cys(SBzl)-OH then morpholine-4-carbonylchloride. The crude example
25  was cleaved and analysed (see general techniques). HPLC Rt = 15.59mins (>80%),
HPLC-MS 449.2 [M + HT".

The following examples (132 — 156) were prepared as detailed for EXAMPLE 131,
coupling with the required reagents to provide the full length molecule.
30

i




NN (R) HPLC-MS 418.2 [M + H +. 5 EXAMPLE 133. (3aR 7aS)

N-[1S-(4-hydroxybenzyl - 2- oxo- 2- ( 3- oxo- hexahydrof uro . 18 Ju|y2005
[ 3, 2-b] pyr.i di n- 4%I)ethyl]benzamde HO( o Nc OO 10 HPLC Rt

(>809% , HPIHAS

6
9.1 [M+ H + EXAWPLE 134. (3aR 7aS) PCTIGBO/0TS

Napht hal ene-| - carboxylic acid [1S-(4- hyzwoxybenzyl) -

2- 0X0- 2- ( 3-

0x0- hexahydrofuro[ 3, 2-b] pyridin-4-yl)ethyl]J]am de HO O N (Po'

41 HOO18 July 2005 WD 02/057270 PCT/ GB02/00184 -210 HPLC Rt

=14. 87m ns
Mor phol i ne-

0 15 AR, A7 bl o BN 3R 8RR L5l 2.

hydr of ur o[ 3 pRe-R}(Byoxo-tiexehrydrofdolBmPplpyridit-wlylRiiyiemidy H/0 OS5 HPLC M5

368. 2 [ M-H]
N- [ 3- et hyl

butyl ] benzam de

10

+, 390.2 [ MtNa] +. EXAMPLE 136. (SaR 7aS)
o S- ( 3- oxo- hexahydr ofur o[ 3, 2-b] pydd| ne-4- carbonyl)

i
= e,

HPLC-MS 418.2 [M +HJ".

EXAMPLE 133. (3aR, 7a85) N—[1S—(4-hydroxybenzyl-Z-oxo-Z-(S-oxo-hexahydroﬁlro
[3,2-blpyridin-4-yi)ethylJbenzamide

HPLC Rt=12.67mins (>80%), HPLC-MS 409.1 [M +HJ".

EXAMPLE 134. (3aR, 7aS) Naphthalene-1-carboxylic acid [1.5-(4-hydroxybenzyl)-
- 2-0x0-2-(3-oxo-hexahydrofuro[3,2-b]pyridin-4-yl)ethyl Jamide




0 Cxs) 10 0) HPLC R =15.40mins (>80%, HPLC-MS 359.2 [M + |—|]+ EXAIVPLE
137. (3aR, 7aS) Furan-3-carboxylic acid [3-nmethyl-1S-(3-o0xod gagg

furo[ 3, 2-b] pyri di ne-4-carbonyl) butyl amde kNO O 15 18 JuI y 2005 V\D
02/ 057270 WCT2/EBOW 00184 -211 HPLC Rt =13. 74mi ns (>85% , »PCeddhosgd.2 [M
+ H+, 371.2 [2M + Na]+. EXAMPLE 138. R~ 7a.9)

Benzo[ b] t hi ophene- 2- carboxylic acid [3-fethyl -1S-(3- 5

oxo- hexahydr of ur o[ 3, 2- b] pyri.di ne-4-carbonyl) butyl]Jamde 0 Es (S NHO
HPLC Rt =18. i-ns (>80%, HPLC-MS 415.2 851.3 [2M + Na] +. 10
EXAVPLE 139.@@%4@?@9&%@%%@?@% I&P@Mr“l’m -1 S- ( 3- oxo- hexahydr o
furo[ 3, 2-b] pyri di ne-4-carbonyl) butyl]benzam de kNs N OO | O HPLC Rt
=13.55nm ns (>80%, HPLC-Ms 402.2 [M+ H+, 825.3 [2M + Na]+. 15 EXAMPLE
140. (3aR, ESAMBBEAGHL{3aR] Dasf)dderpBolarrdoarhbiylicaidl 3l Be®t-N{3-b-hx3-

hydrofuro [3,2-b]pyﬁdine~4-carb0nyi) butylJamide

5 .
'HPLC-MS 368.2 [M +HJ", 390.2 [M +Na]+.
EXAMPLE 136. (3aR, 7a$) N-[3-methyl-1S-(3-oxo-hexahydrofuro[3,2-]pyridine-4-
carbonyl) butylJbenzamide
10 B J

HPLC Rt = 15.40mins (>80%), HPLC-MS 359.2 [M +HT".

- EXAMPLE 137. (3aR, 7a$) Furan-3-carboxylic acid [3-methyl-15-(3-0x0-hexahydro
furo[3,2-b]pyridine-4-carbonyl) butyljamide

15




0x0- hexahydr of ur o[ 3, 2- b] pyri di ne- 4-car bonyl) butyl amde O HO 18 July 2005
WO 02/ 057270 PCT/ GB02100184 -212 HPLC Rt =18. 26mi ns (>80%18 NR-6bdgS 415. 2
[M+ @E@IOSQ’H%?M + Na] +. EXAMPLE 141. (3aR, 7aS) Thi o @3 car boxyl iC
acid [3 rrg (3-oxo-hexa 5 hydrofuro[ 3, 2-b] pyridine-

butyl]am de ()N HPLC Rt =14.80m ns (>80% , HPLC- M5 365. 2 [M + |-|]+ 387 2
[M+ Na]+ EXAMPLE 142. (3aR, 7aS)

N[ 1R- benzyl sul fanyl net hyl - 2- oxo- 2- ( 3- oxo- hexahydro 10 _
faro[ 3, 2-b] b @bl 014 Y4 )8 1 7« ' ), HPLC MS
439.2 [M +%@%99ﬁ3 2 E%@gﬁﬁg@%ﬁé@%@hgﬁ%@?#ﬁﬁ

Fur an- 3-carboxylic acid-[1R-benzyl sul fanyl net hyl - 2-

0X0- 2- ( 3- oxo0- hexahydrof uro[ 3, 2-b] pyridin-4-yl)ethyl]Jamde 0 O N (Pi HO
18 July 2005 WO 02/ 057270 PCT/ GBOZ/ 00184 -213 HPLC Rt = 16.41mi ns (>85%,

HPLC- M5 42 4
Thi ophene- ?ﬁé%irv%ﬂoyy#% CI a- 5-5? @?1%1103}1 any%tgﬁﬁh a%&%g%eﬂﬁ@&(s-
©2-0X0- 2 3- WMWQBﬂFk]bﬁ;&né}Wodyhmwjamdqw Janide o

b
!

e

HPLC Rt = 18.52mins (>80%), HPLC-MS 415.2 [M + HT*, 851.3 [2M + NaJ".

10 EXAMPLE 139. (3aR, 7aS) 4—Dimeﬂ1y1amino-N—[3-methyl—18—(3'-oxo-hexahydro
furo[3,2-b]pyridine-4-carbonyl) butyljbenzamide

‘\..,_,,.‘ ;

"-\N

/

HPLC Rt = 13.55mins (>80%), HPLC-MS 402.2 [M +HJ", 825.3 [2M + Na[".

15 EXAMPLE 140. (3aR, 7aS) Benzo[b]thiophene-3-carboxylic acid [3-methyl-15-(3-
oxo-hexahydrofuro[3,2-b]pyridine-4-carbonyl) butylJamide




ws rsi N"o, NOHPLC R = 17.23mns (>80%, HPLC-M5 445.1 [M + H] +,
911.2 [2M + Na] +. EXAMPLE 145. (3aR, 7aS) Morphol i ne-4-car{®ym beosci d
[ 1S- cycl ohexyl net hyl - 2- 10 '
0x0- 2- ( 3- OXBIHENTAT, dr of i ro[3 2-b] pyri di n-4-yl)ethyl ] an de ¥COGB02/00T84 , |, |,
"I"No HO J HPLG-MS 408.2 [M+ H +. 0,EXAMPLE 146. (3aR 7aS) N
[ 1S- cycl ohexyl net hyl - 2- oxo- 2- ( 3- oxo- hexahydr of uro
[3,2-b] pyridin-4-yl)ethyl]benzam de ¢ 111/0 H 0 18 July 2005 WD 02/057270
PCT/ GB02/ 00184 -214 HPLC Rt = 18.47m ns (>80%, HPLC-Ms 399.2 [M + H| +,
819.3 [2M +Na] +. EXAMPLE 147. (3aR, 7aS) Furan-3-carboxylic acid [IS

cycl ohexy! ngipwt R2=QXP68En>80° E + N
( 3- oxo- hexahydrofuro[S ) yrf’ HPLCN § '%%r'ﬁ%]e,?ﬂ-?’r[flM*“Na]-

EXAMPLE 141. (3aR, 7a8) 'I‘h10phene-3-carboxyhc acid [3~methy1—1S-(3 -oxo0-hexa
5 hydrofuro[3,2-5]pyridine-4-carbonyl) butyl]amide '

w

HPLC Rt = 14.80mins (>80%), HPLC-MS 365.2 [M + HJ", 387.2 [M + NaJ".

EXAMPLE 142. (3aR, 7aS) N-[IR-benzylsulfanyhnethyl—2-oxo—2—(3-oxo—hexahydro
10 furo[3 2-b]pyndm—4-y1)ethyl]benzanude

\® ' .
\0‘\ "q, )

- HPLC Rt=17.78mins (>80%), HPLC-MS 439.2 fM FHT, 899.3 [2M + Na".

EXAMPLE 143. (3aR, 7a$) Furan-3-carboxylic acid-[1R-benzylsulfanylmethyl-2-
0X0-2-(3-0xo-hexahydrofuro[3,2-b]pyridin-4-yl)ethyl]Jamide

(S}
\\\\ "’I’,




E i O( s(s~'0 OOHPLC Rt =17.12m ns (>80%, HPLC-MsS 389.2 [M + H] +.
EXAMPLE 148. (3aR, 7aS) Thi ophene-3-carboxylic acid [1S- cyoﬂgo‘n@(y(jm;et hyl - 2-
10 oxo- 2-&%)— 0x0- hexahydr of uro[ 3, 2-b] pyridin-4-yl)ethyl]Jam de Ns(W\ /OS o
HPLC Rt =Y¥Q ®4H%E (>85%, HPLC-MS 405.2 [M + H +, 831.2 [FENGBRApIE
EXAMPLE 149. (3aR, 7aS) Furan-3-carboxylihc acid
[1S-cycl opentyl nmet hyl - 2-oxo-2 15 )

. (3-o0xo0- hexahydrofuro[ 3,2-b] pyridin-4-yl)ethyl]amde N (Pi %\s (; o O 18
July 2005 WD 02/057270 PCT/ GB02/00184 -215 HPLC Rt =15.84nins (>85%,
HPLC-MS 375.2 [M+ H +, 771.3 [2M + Na]+ EXAMPLE 150. (3aR 7a5)

Thi ophene- 3gPRCIFRY 16 4185 M@,@%m@mw hYAIT245105 M + NaJ'.
ox0- 2-'( 3- oxo- hexahydt of i uo[ 3, 2-b] pyri di n-4-yI)ethyl]anide o )op, ~C_H OO
HPLC Rt =16.78m ns (>85%, HPLC-Ms 391.1 [M+ H +, 803.3 [2M + Na] +.

EXAMPLE 151 , F = = b | ] id .
Ta S et RETAREELR 138 bR A TRE et Y trBoRiitchoid- R besrrisulfrlmetvly
~but yt] an§ de2-oxe-2:(3-oxo-hexahydrofiro[3,2-Blpyridin-4-ylethyllamide -

W

8.
Q (\\
. e
N __a“\.\{\ "’I’Ifo
N™ - R
[y F
(4]

HPLC Rt = 17.23mins (>80%), HPLC-MS 445.1 [M + HJ", 911.2 [2M + Na]".

- EXAMPLE 145. (3aR, 7aS) Morpholine-4-carboxylic acid [IS-cycIohexyhnethy1~2~
10 . o0xo-2-(3-oxo-hexahydrofurof3,2-b]pyridin-4-ylethyljamide

o \e
Sy
@ )
' o]
" HPLC-MS 408.2 [M + HT'.
EXAMPLE 146. (3aR, 7aS) N-[1S-cyclohexylmethyl-2-ox0-2-(3-0x0-hexahydrofuro
[3,2-b]pyridin-4-yl)ethyl]benzamide
3 0

x=
3



O \ fRLft O ok O HPLCR =15.05mns (>85%, HPLC-Ms 363.2 [M+ H] +,
747.4 [2M + Na] +. EXAMPLE 152. (3aR, 7aS) Thi ophene- 3- car bpxyliy sogsci d

[ 3, 3-di net hyl -1S- (3-oxo- 15 hexahydr of ur o[ 3, 2- b] pyri di ne- 4- car bonyl )

butyl ] am d¥ON20%7270H O 18 July 2005 WO 02/ 057270 PCT/ GB02/¥@®i&ro2/00846 HPLC
Rt =15.76m ns (>80%, HPLC M5 379.2 [M_2+14|:|] +, 779.3 [2M + Na]}. EXAMPLE
153. (3aR, 7aS) Morpholi ne-4-carboxylic™acid 1S-cycl ohexyl nethyl-2- 5 7
0X0- 2- ( 3- oxo0- hexahydr of i uo[ 3, 2- bl pyridin-4-yl)ethyl ester /'"JIB N op\~~0
HPLC- M5 409.2 [M+H +, 839.5 [2M+Na] +. As detailed for EXAVPLE 127, conpound
(33) was coupl ed under standard 10 conditions (follow ng Frnoc renoval) to

O 11 wor en. S o rat il i CRMTITEC M U e ST AR B0 nker

construct (22), then cleaved to provide EXAMPLE 153. EXAMPLE 154 (2S, 3aR
7aS) 4-] 3- | -2-(fiuan-2-yl net hanesul f anyl 15

pr o)pi om[/l ] ?@Qﬁ%ﬁﬁﬁ%@%@&#ﬁ%ﬁw@ q9id; Ellpilwe@exmmwmo%z 1 [M
e 895%3-[02&4116‘3(%?{5&169,218} @I'hﬁlq‘}-gfﬁéﬂlWEE 128, conpound (41) was -

coupl ed under standar

Neo & g
R

o)

HPLC Rt = 17.12mins (>80%), HPLC-MS 389.2 [M + HI".

EXAMPLE 148. (3aR,_7é|.S’) Thiophene-3-carboxylic acid [15-cyclohexylmethyl-2-
10 oxo-2~(3-oxo-hexahydrofuro{3,2-blpyridin-4-yl)ethyljamide

° @
{S)
N
N “Ua

o™

ats y | o

s o
HPLC Rt = 18.05mins (>85%), HPLC-MS 405.2 [M + HJ', 831.2 [2M + NaJ*.

EXAMPLE 149. (3aR, 7aS) Furan-3-carboxylic acid [1S-cyclopentylmethyl-2-oxo-2-
1 5 (3-oxo-hexahydrofuro[3,2-blpyridin-4-yl)ethylJamide

5: 5 o m
k - ]
A . &

S N g
4]

rZ



20 conditions (follow ng Fnoc renoval) to the (3aR, 7aS)

3- oxo- hexahydrofuro[ 3,2 18 July 2005 WO 02/057270 PCTUGBO2{HWHB%005 217

b] pyri di ng- 4-car boxylic acid 9Hfl uoren-9-yl nethyl ester egui val ent of

| oaded bHABORE DI ock-1inker construct (22), then cl eave8BCEEHRIFNSe
EXAMPLE 154. } EXAMPLE 155. (2S, 3aR, %3§)

4-[ 3- Cycl ohexyl - 2- (furan-2-yl met hanesul phonyl) 5

propi onyl ] hexahydr of uro[ 3, 2-b] pyridin-3-one Os N~10 O OHPLC Rt =18.8
-19.4nmins (>90%, HPLC-Ms 424.1 [M+ H, 869.2 [2M + Na]+. As detailed for
EXAMPLE 129, conpound (41) was coupled under standard 10 conditions '
(fol | ow Ny DG 1Py Bhohics @449, ERARLVERSs Fnanomfierahy tugat 3, 2

b] pyri di ne-4-carboxylic acid 9Hfl uoren-9-yl net hyl “ester equi val ent of
loaded buil di ng bl ock-1inker construct (22). The internedi ate | oaded

t hi oet hei ( a S i.di.sed w t.h m.chl or r benzqi i.d, (5eq,
6556 r eagent EXANEES 1A ke TRs DhiniaRa gudiic et ERraeepémvindiyty;
St andar s Wagtt-Ng3-3RE-heRAR AR RRAVE LY RridhR emidsAMPLE -155. EXAMPLE -156.
(3aR, 7aS) 2R-%/g?(’:l ohexyl et hyl Fﬁ?‘n%%ho ?ﬁl)%wgﬁl - (3- oxo- hexa
hydrof uro[ 3, 2-b] pyridin-4-yl)butane-I,4-dione N"0' rwO 20 HPLC M 407. 2
[M+ H+, 833.3 [2M + Na]+. 18 J i ‘2005 WD 02/057270. PCT/ GB02/ 00184
0
N
H

-218 As As detailed for EXAVPLE conmpound (36) was coupl ed under

st andard :
57
(\;//\\\%

HPLC Rt = 16.78mins (>85%), HPLC-MS 391.1 [M +HI*, 803.3 [2M + Na]*.

°

EXAMPLE 151. (3aR, 7aS) Furan-3-carboxylic acid [3,3-dimethyl-15-(3-oxo-hexa
10 hydrofuro[3,2-b]pyridine-4-carbonyl) butyljamide '

s
ﬂ'"h

& "/lo

" HPLC Rt = 15.05mins (>85%), HPLC-MS 363.2 [M + H]", 747.4 [2M + Na[".

EXAMPLE 152. (3aR, 7aS) ']."hiopheﬁe—?:—cafboxy]ic acid [3,3-dimet]1y1-lS—'(3-oxo-
15  hexahydrofuro[3,2-b]pyridine-4-carbonyl) butyljamide '




conditions (followi ng Fnoc renoval) to the (3aR, 7a$5)
3- oxo- hexahydr of uro[ 3, 2- b] pyri di ne-4-car boxylic acid 9I—|—f|1g)_q!§g2@0g/l nmet hyl
ester equival ent of |oaded 5 building block-Ilinker construct (22), then

cl eaved t oVProa@iue EXAMPLE 156. EXAMPLE A. Assays for Cystmimnepbimigase
Activity The conpounds of this inventi og y be tested in one of a nunber
of literature based 10 biochem cal ass$ Ugat hat are designed to el ucidate
~the characteristics of conpound inhibition. The data fromthese types of
assays enabl es conpound potency and the rates of reaction to be neasured
and quantified. This information, either alone or in conbination with

ot her i nfor gt _ d.al reqguired, to produce
a given pha%%@?@ﬁ%%sméﬁégw/é’mgyﬁrggogfEQEQ&ﬁiM*]'NﬁFeri al s and
met hods Unl ess ot herw se stated, all general chem cals and biochem cals
were purchased fromeither the Signma Chem cal Conpany, Poole, Dorset, U K

or from Fi sHFAMPOESE%(3aR,i TaSUomboliftebbeabepylicawid 88 cpelohixyhmethyl-
Ab b : ac. Arri d . t 1r . .l t - t - d 96_ | | | t L S §
(Spect s DR SR R S b it A IR cor er <hi r 6, (U K) using

a SpectraMax PLUS384 pl ate reader (Ml ecular Devices, Crawley, UK.).

swere carried out in either 384-well
mcrotitre plates (Corning Costa b plates, Fisher Scientific) or 25
96-well "U bottonmed M crofluor W Motitre plates (Therno Labsystens,
Ashford, M ddlesex, U K ). Fluorescgncelassa re nonitored using a
SpectraMax Gemi ni fluorescence platje re Mol egul ar Devi ces). For
substrates enploying either - 0-4 cButmrin (AMC) or a

7-am no-4- trifluoronet hyI.cfrr;ﬁ"n (AFC) fuorﬁ’ hor ¢, assays were nonitored,
at an excitation 30 wavel ength o ©id an gmissi on wavel ength of 450

365 nm &

run and the fluorescence pl Meader cal i bratgd with AMC. For substrates
enpl oyi ng a 3-am no-benzoyl (Abz) fluorophore, assays were nonitored at an
excitation +N a p ssi on wavel ength of 445 ma; the
fluor escencﬁ%&@%@aﬁé\iiﬁg} 1@@?@\7&%5 ‘3- am no- benzam de (Fl uka).

Unl ess otherwi se indicated, all the peptidase substrates

Fl uorescence hi gh throughput assay

As detailed for EXAMPLE 127, compound (33) was coupled under standard
10 - conditions (following Fmoc removal) to the (3aR, 7aS) 3-oxo-hexahydrofuro[3,2~
blpyridine-4-catboxylic acid 9H-fluoren-9-ylmethyl ester equivalent of loaded

- building block-linker construct (22), then cleaved to provide EXAMPLE 153.

EXAMPLE 154 (25, 3aR, 7aS) 4-[3-Cyclohexyl-2-(furan-2-ylmethanesulfanyl)
15 propionyl]hexahydrofiro[3,2-b]pyridin-3-one |

HPLC-MS 392.1 [M -+ HJ", 805.3 [2M + NaJ".

As detailed for EXAMPLE 128, compound (41) was coupled under standard
20  conditions (following Fmoc removal) to the (3aR, 7aS) 3-oxo-hexahydrofiro[3,2-




18 July 2005 WO 02/057270 PCTI GB02/00184 " -219 were purchased from Bachem
UK, St. Helens, Merseyside, UK. Substrates utilizing fluoresgapesgos

r esonancewgy@ldy,7h r ansf er met hodol ogy (i.e. FRET-based Su&ﬁ%'r‘?%‘ﬁ? wer e
synt hesi zed at Incenta Linited using published nethods (Atfef 184
Sheppard, Solid Phase Peptide SynthestA7-1RL Press, Oxford, UK, 1989)
and enpl oyed Abz 5 2-am nobenzoy)1l as the fluorescence donor and
3-nitro-tyrosine [Tyr(NOz)] .as the fluorescence quencher (Meldal, M and
Breddam K. § dihe-4BiaflfRQTR | ad (9. ]“ﬁ%;]) Lpyli zi ne
et hanesul f o ]g?g (HEPES), Iri slcﬁf/%étgl}to}%le%ﬁ me?\tgyrre ane Pt‘!r)ﬂ}osl‘?%%&
bis-tris- prgﬁ aek-lnker chestivico{23)ithen clete tamtisle BXAMPLEHARS,
zwittergents, etc.) were purchased from CN Bi osci ences UK, Beeston, 10°
Not ti nghanshire, U K. dycerol was purchased from Anersham Phar naci a

Bi ot ech,  LEKAMPIGhASSORES, SAIEKTABNABRER e S. (fég‘g(‘z&@%lﬂéu%s‘&ﬁb%uﬁ%x' de

substrat inhibitor were made up to 10
(- DMBO) - ( tll’fﬁﬁlloﬂlél h@%@ﬁﬂmﬁ,@-&@yﬂ@mﬂi-wﬁl ut ed as appropri at eI y--requir ed.
In all cases the DMSO concentration in the assays was nai ntained at |ess

than 1 % (vol./vol.). 15 Assay protocols were based on literature precedent
.D. and Wessner, J.F., 1998, Handbook

(Tablel; Barrett, A J., Raw i ng

of Proteolytic Enzynes, Academ London and references therein) and

nodified as required to suit |ocs p cols. Enzyne was added as

required to initiate the reaction and fhe ﬁ;}y, as 20 judged by the
bsis aj,e to product, was

ed 1 251 C. Table 1. The

change in fluorescence upon gonversio
arrjied ou cording to literature

nonitored over tinme. Al as$ays-Aers
:enzyne assays descri bed heel

precedents. Enzyne Buffer Strate Ref efence/ Cat hepsin B Z- Phe- Arg- AMC a,
b Cathepsin H Il Bz-Phe-Val-Arg-AMC a, b

HPLCRt = 18.8 — 19.4mins (>90%), HPLC-MS 424.1 [M + HJ", 869.2 [2M + Na]".

} As detailed for EXAMPLE 129, compound (41) was coupled under standard
10 conditions (following Fmoc removal) to the (3aR, 7aS) 3-oxo-hexahydrofuro[3,2-
blpyridine-4-carboxylic acid 9H-fluoren-9-yimethyl ester equivalent of loaded
| building block-linker construct (22). The intermediate loaded thioether (1.2pmole
gear) was oxidised with m-chloroperbenzoic acid (5eq, 65% reagent, 1.6mg) in
dichloromethane (200pL) for Shrs, followed by standard washing and then cleaved to

15 provide EXAMPLE 155,

EXAMPLE 156. (3aR, 7aS) 2R-Cyclohexylmethyl-4-morpholin-4-yl-1-(3-0xo-hexa
‘hydrofuro[3,2~b] pyridin-4-yl)butane-1,4-dione




Cathepsin L | Ac-Phe-Arg-AMC b, ¢ Cathepsin S| Boc-Val-Leu-Lys-AMC c,d
Caspase 1 Il Ac-Leu-Qd u-Hi s-Asp-AMC e Caspase 2 || 18 July 2005

Z- Val - Asp- Val - Al a- Asp- AFC f Caspase 3 111 Ac-Asp-d u-Val - Asp-AMC g, h 18
July 2005 WO@/e312W7270 PCT/ GB02/ 00184 -220 Caspase 4 111 PCT/GB02/00184

Suc- Tyr-Val - Al a- Asp-AMC f Caspase 5 | Iil c-Leu-d u- Hi s- Asp- AMC Caspase 6
1l Ac-Val- Up-AMC i,j,k Caspase 7 |I[“°Ac-Asp-d u-Val- Asp- AMC Caspase 8
1l Ac-lle- 1 Caspase 9 Il .Ac-Leu-d u-Hi s-Asp- AMC Caspase 10 |11
Ac-Ile-d u-Thr-Asp-AMC Cruzipain IV D Val -Leu-Lys-AMC m n CPB2. 8ACTE Xl
Pro-Phe-Arg-AMC q S. Aureus | Abz-Ile-AlaAla-Pro- o Extracellular

T NO2) - d yN ' i-d Clostri.paj Z-Ay- - Ar g- FMVDV
LB by A A Seaifol 05, EAIPLE"936, Coaipinan B Foshoeled okl Seghid
Z- A y- G y- Avgnddibss(foll@Viagi Finod/tdmdVap- ) e ABAR L 245) G-Yx M8z Ry @ofifro[3,2-

Al a- Leu- Tyr (NO2) - Asp-NH2 Cal pain m VI'l | Abz-Lys-Léu-Cys(Bzl)-P e-[ger- t
Lys-G n- Tyr %J}m-glﬁj:;qggcq@@;y}ﬁc acid 9H-fluoren-9-ylmethyl ester equivalent of loaded_

5  building block-linker construct (22), then cleaved to provide EXAMPLE 156.

EXAMPLE A. Assays for Cysteine Protease Activity

The compounds of this invention may be tested in one of a number of literature based
10 biochemical assays that are designed to elucidate the characteristics of compound
inhibition. The data from these types of assays enables compound potency and the
rates of reaction to be measured and quantified. This information, either alone or in
combination with other information, would allow the amount of compound required
to produce a given pharmacological effect to be determined.
15

- (General materials and methods

Unless otherwise stated, all general chemicals and biochemicals were purchased

from either the Sigma Chemical Company, Poole, Dorset, UK. or from Fisher

20 | -Scientific UK, Loughborough, Leicestershire, UK. Absorbance assays were. carried
out in flat-bottomed 96-well plates (Spectra; Greiner Bio-One Ltd., Stonehouse,
Gloucestershire, U.K.) using a SpectraMax PLUS384 plate reader (Molecu1a‘r
Devices, Crawley, UK.). Fluorescence high throughput assays were carried out in
either 384-well microtitre piates (Corning Costar 3705 plates, Fisher Scientific) or

25  96-well ‘U’ bottomed Microfluor W1 microtitre plates (Thermo Labsystems,
| Ashford, Middlesex, UK.). Fluorescence assays were monitored using a
-SpectraMax Gemini fluorescence plate reader (Molecular Devices). For substrates
employing either a 7—am:ino~4—methy10011marin (AMC) or a 7-amino-4-
trifluoromethylcoumarin (AFC) ﬂuorophore, assays were monitored at an excitation

30  wavelength of 365 nm and an emission wavelength of 450 nm and the fluorescence
plate reader calibrated with AMC. For ‘substrates employing a 3-amino-benzoyl

(Abz) fluorophore, assays were monitored at an excitation wavelength of 310 nm and

s

an emission wavelength of 445 nm; the fluorescence plate reader calibrated with 3-

amino-benzamide (Fluka). Unless otherwise indicated, all the peptidase substrates




Cat hepsin K I X Z-Phe- Arg- AMC u Cat hepsin XXV 'WI: 10 mM BTP, pH 6.5
containing 1 nM EDTA, 5 nM 2-nercaptoethanol and 1 nM CaClgg by 2865 ™™ BTP,
pH 6.5 co 1 mM EDTA, 142 MM NaCl, 1 nMDTT, 1 nM 035 mv
Zwi tt er ge%&gﬂ%g’l"u 50mM HEPES pH 7.2, 10% G ycerol , f%T é""%

NaCl, 1 mM EDTA, 5 mMDIT IV: 100 nM m@l.um phosphate, pH 6. 75 contai ni ng
1 mM EDTA and 10 mM L- cysteine 18 July 2005 WO 02/057270 PCT/ GB02/00184
-221 V. 50 nMtrisacetate, pH 8.4 containing 1 mM EDTA, 10 nM L-cystei ne

50" m Hepes s PSRty R B INCE RS Sedeh SRk e s
VIIl: 10 mvﬂtEEESncqa Irbsénince Gk Nirdig et m&ﬂhadm £ §é, FRIRBaded s iZAes)M
CaCl2 .. I X: 100 sodi um acet ate; pH 5. cont aining 10 mM L- cystel ne and

1 M EDTA Xerersyy %eﬁ Ipggni Linsited. usma mlbkswrm%thed&(éﬁh@tom\& Shegpardi ne;

gogtSOaA: m]\é) ftg& #ﬁy@%r@%@%& e§ um 8]I‘nl orv’ 3@%%8%@; %le'%lﬂZS °

~Barrett,5A @- amﬁiobe:tm'yr) aslhe ﬂil&"ésceﬁﬁQdBﬂc& a8 nitddatyraside, [THrNOANgS ther schke,
H., Mt hods Enz%(got 61, 1981 15 ibell, M and Ta Ior S.,
W0069855, 28BeFe Pﬁrﬁ‘éendﬁ?f del, My gnd Breddam; Ke Angl. Bignhepeol95, B41-147,

W eder ander o938 . RYSkok) Gzt oBhRENEHYe Jamrtg; ALByaRkyoGR

aminomethane (tris) base, bis-tris-propane and all the biological detergents (eg.
CHAPS, zwittergents, etc:) were purchased from CN Biosciences UK, Beeston,
10 Nottinghamshire, UK. Glycerol was purchased from Amersham Pharmacia Biotech,
Little Chalfont, Buclc.iﬁghamshire, UK. Stock solutions of substrate or inhibitor
were made up to 10 mM in 100 % dimethylsulfoxide (DMSO) (Rathburns, Glasgow,
U.K.) and diluted as appropriately required. In all cases the DMSO concentration in
the assays was maintained at less fhan 1% (vol./vol.).
15
Assay protocols were based on literature precedent (Tablel; Barrett, A.J., Rawlings,
N.D. and Woessner, I.F., 1998, Handbook of Proteolytic Enzymes, Academic Press,
London and references therein) and modified as required to suit local assay
“protocols. Enzjrme was added as required {o initiate the reaction and the activity, as
20 judged by the chaﬁge in fluorescence upon conversion of substrate to product, was

monitored over time. All assays were carried out at 2531°C.

Mo

Table 1.  The enzyme assays described herein were carried out according to

literature precedents.
Enzyme Buffer | Substrate Reference
Cathepsim B I | ZPhe-Arg-AMC 5b
Cathepsin H I Bz-Phe-Val-Arg-AMC a,b
Cathepsin L I Ac-Phe-Arg-AMC b, c
Cathepsin S I Boc-Val-Leu-Lys-AMC c,d
Caspase 1 | I | Ac-Leu-Glu-His-Asp-AMC e
Y Caspase 2 T | Z-Val-Asp-Val-Ala-Asp-AFC T
Caspase 3 T Ac-Asp-Glu-Val-Asp-AMC gh




Biol .,

4, 149, 1997

-I: 10 mM BTP, pH 6.5 containing 1 mM EDTA, 5 mM 2-mercaptoethano! and 1 mM
CaCl,
II: 10 mM BTP, pH 6.5 containing 1 mM EDTA, 142 mM NaC}, I mM DTT, 1 mM

CaCly, 0.035 mM Zwittergent 3-16

Imi: 50mM HEPES pH 7.2, 10% Glycerol, 0.1% CHAPS, 142 mM NaCl, 1 mM

EDTA, 5 mM DTT

b IV: 100 mM sodium phosphate, pH 6.75 containing 1 mM EDTA and 10 mM L-

cysteine

Rano, T.A., et. al . , Chem "Tal anian, R V., et. at, J.
Biol. Chem, 272, 9677, 1997 20 glLazebnik, Y.A , Kaufmann, {:g;j-tl,; zmnoyers
S., Poi rery G .G _and Eamshaw WC., Nature., 371. 768- 774, 1994 )‘1

et. al., JVOBBP2"hem , 272, 13432, 1997 ' Takahashi, A. P@TfGB&UOOlPNAS
93, 8395,1996 i Martins, L. M, et. at, _dopBiol. Chem, 272 7421, 1997 25
kNagata, S., Cell., 88, 355,1997 Hans, J.L., et. al., J Biol. Chem, 273,
27364, 1998 mCazzqu J.J., -Cazzul o Franke, M C., Martinez, J. and Franke
de Cazzul o, Bpd O{—‘,h!—.”."‘ =1 nnh_yc Acta._ 1037 186-191 1990___Cazzul o,
J.J., Bravo, aéﬂﬁﬁ?ﬁo di, A, Bhgs}Pemivival-pl 3{1&%% G| deeI i man,

30 U, Cell "bpasd5 0T 44 Tmzt“‘- WEW&_ S b4 Kor zus,
G and Travis J.J Bi ochem J., 263 64- ,WWB July 2005| WO
02/ 057270 PCT| CBgRs00184 -2P2 B Kejbaial-GlA-IR-AsgBAMT e, ID. J 4 j, Rauber ,
and Barrett, AEJ__E%Eg_L,e_LL 233, 1277- 280 1991 "Alves, {I.C, et] al.,
Mbl . Bi ochem | P48 ol , 116] 11D, pAgAsp-GyaVe: Asp-AMC, J. Mi. Bjol.,

-3;--02-,--122-7--12-‘»%@??-- —=5Hatfonmemdi S a KatRar et ngw—»—r' rgs—aﬂd-—\M)essner,-
eds.), in HanalbgS 0 Protepl ytic Eﬁ“%?r?e@“??a%@n{%" ressg, Londonj 12-21,
1998. ' Sasaki OespasaQ (1984), 11 B Ak-LlERAHIsZAD -ANCI8I{ 12494, T984.
Bossard, M J. al N Lol lem ., 21, 12517-12524, 1996 _Santamari a,
., et. al., gCamamlochem 2781 1p8edlei@BYBIABAME w Kljemencic, |J, et
al., Eur.J.Bi e 26754045412 +2000—Trypanpsorra—er-udi—eruzpai n
pepti dase act tvzL:">1/‘Ja%111$says DT }WSM mn

CPB2.8ACTE Xt Pro-Phe-Arg-AMC q

S. Aureus . I~ | Abzlle-Ala-Ala-Pro- 0

Extracellular Tyr(NO,)-Glu-NH,

cysteine peptidase

Clostripain Z-Gly-Gly-Arg-AMC P

FMDVLP v Abz-Arg-Lys-Leu-Lys-Gly-
Ala-Gly-Ser-Tys(NO;)-Glu-
NH, |

Trypsin V1 Z-Gly-Gly-Arg-AMC 5

_ | Calpain VII | Abz-Ala-Asn-Leu-Gly-Arg-Pro- t

Ala-Leu-Tyr(NO,)-Asp-NH,

Calpain m VIII | Abz-Lys-Leu-Cys(Bzi)-Phe-Ser- t
Lys-GIn-Tyr(NOz)-Asp-NH;

Cathepsin K IX Z-Phe-Arg-AMC u

Cathepsin X X v, W

R




Wl d-type cruzipain, derived fromTr ypanoSoma cruzi DnR8 epi nmastigotes, was
15 obtained fromDr. Julio Scharfstein (Instituto de Biofi s{iganasdsos
Chagas Fi _Uni versi dade Federal do Rio de Janeiro, Ri eiro,
Brazil). ‘k@?‘?’\%#ﬂl assays were carried out in 100 nmM sodi gﬁ%&%g&}g‘[e pH
6.75 containing 1 mMv EDTA and 10 nM Lymgysteine using 2.5 nM enzyne.

Ac- Phe- Arg- AMC (KMaPP -- 12 laM and D- Val -Leu-Lys-AMC (KMaPP z 4 M were
used as the substrates. Routinely, Ac-FR 20 AMC was used at a concentration

equi val ent (4.0 P_.and Val -Jdeu- Lys- A d,at on ratd on of
25 PM The ‘a?d;%%) tE‘B?‘f\?@?i@h%‘? °8ﬁ%’§lﬂf+3§§e‘%@§ %ﬁ!@@sf’%ﬁ@?}&e romthe
sl ope of the 02304 @¢PCHAMY uorescence nonitored continuously over time. 25
Lei shmani a _nexi cana cyst ei ne protease rg’wéCPB pepti dase activity assays

W | d-type rﬁmgﬁPMﬁ-QWﬁé er@inal extention (i.e.

CPB2. 8ACTE x1.5aNd6 S0P ra Sird 715 L.l . i - 000) was
obt ai ned f rom ot HE %ﬁf}#/gtst"ruah‘%"{l ?F@g%g%%@ﬁ?frégﬂl?%ﬁ%ﬁg@ ?/gréacg

~Par asi t 9 og¥II: ToemM GEERRE) piP 7P kbiigRing Ri MBI Sithsrcgitoéthanyemd X00aggow, -

UK ). Activity assays were carried out in .;D 100 nmM sodi um acetate; pH
5.5 contai ni §¢Ck oM EDTA; 200 nM NaCl and 10 mM DTT (Al ves, L. et. at,

C,
Mol . Bioch I 1-9, USi 12
Pro- Phe- ar G PRVERB e s CenitE P FerPihe BRFYERLEDTA | 00
VIO 02/ 057270, TOCTAIIRARGR kedtate; 235 eimatning i Baytéabp0.05Yo(wHERL The

rate of conversion of substrate to product was derived fromthe slope of
t he increase 3mnd f gMdEEAce nonitored continuously over tine. 5 Catlepsin

pepti dage i N S I k 2} ] [ n
Bathepdin AR A inkr SOERAECEA, U5 ORI Fo pll TRl 182 e sodtil™
Reconbi nant huyhleride ahdepMEI Ahunman cat hepsi n- K and human cat hepsin X
were obtained fromDr. Boris Turk (Josef Stefan
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10 Institute, Ljubljana, Slovenia). Unless otherwi se stated, all peptidase
activity assays were carried out in 10 mM bis-tris-propanesg BliPpoopH 6.5
cont ai ni n% mM EDTA, 5 nM 2- ner capt oet hanol and 1 mM CaCl2. Human

cat hepsi n MO57¢y assays were carried out in 10 mM BTPP@EGBOSB01842 mM
NaCl21 1 nM CaCl2, 1 mMEDTA, 1 nM DTTy,4. 035 nM Zwittergent 3-16. Human
cat hepsin K assays were carried out 15 1"i" 100 nM sodi um acetate; pH 5.5
~containing 20 nM L-cysteine and 1 nM EDTA (Bossard, MJ., et. at., J.
Biol. Chem p,21,..12517-12524, 96) . Hupan cat hepsin X assays were carried.
out in 100 m %%%@eﬁzé‘l‘tg?» %&:ggaﬂbﬁfeﬁt and BagehoA AMIEBSC etk 2830 27D 05%
(wv) Brij 39gandoj nM EDTA (Santamaria, |., et. al., J. Biol. Chem, 273,
16816- 16823, 1998; Kl emencic, J, et alt Eur. J. Biochem, 267. 5404 20
5412, 2000) . Alves, LiGhaét. @ MoieBiockae Rarasiioh116150¢2001. t he assays were 0.5 nM |

bovi ne cat hepsin .S h ] 0.1 nM cat hepsin B, 0.25nM Cat hepsin
K;"1 nMcat @%enéffﬁaggﬂéghm?ﬁw453%11%494.20% thg i nhi bi tion assays, IOt he
ot hepel o H v o BdC CHIED ST, RAREOR A oS R R e —
20 YAV, Z 285r@nelfic dnsies| Adsslemic Pred) LpdonZ 1090, £998. AVC (KMePp -- 21Al1);
Bz- Phe- Vval - -4 Al res tively. In each case the substrate
concentratiggna%ﬁlge%f:“f'mgtgh‘}ﬁeg@%%s—gd%ﬁ?'ﬁﬁ@%89841e KMaPP. The rate of
conver si on BBossall ML, ez kb, , PBRAUCKeES] 4951 L essur 9994 he sl ope of the

i ncrease in_fluorescence nonitored conti nuousTy over tinme. 30 Trypsin
pepti dase acPawtemgriadsepwl.]ld. Biol. \CreaQR73WESI5. (323, 199BCT/ GB02/ 00184 - 224

Human papcr eati . LN C(odi-pat i, on X Bi.osci ences) activity assays
wer e cgérjlri eg&%%?ﬁﬁg?\"fqiﬁpwo ’é’,dzfﬂlr’g.g—gg%%dﬁ%%?ﬁ 5 nM CaCl2 using 0.1 nM;
trypsin. For the inhibition assays, Z-Ay-Ay-Arg-AMC (KMePP z 84 M was -

used as the, substrate at a concentration equivalent to KMePP. The rate of
conver si on &¥YPeuesOMaerazi cruzipain peptidase activity assays

Wild-type cruzipain, derived from Trypanosoma cruzi Dm28 epimastigotes, was
15 obtained from Dr. Julip Scharfstein (Instituto de Biofisica Carlos Chagas Filho,
Universidade Federal do Rio de Janeiro, Rio de Janeiro, Brazil). Activity assays
were carried out in 100 mM sodium phosphate, pH 6.75 containing 1 mM EDTA and
10 mM L-cysteine using 2.5 1M enzyme. Ac-Phe-Arg-AMC (K™ =~ 12 pM) and D-
- Val-Leu-Lys-AMC (K = 4 uM) were used as the substrates; Routinely, Ac-FR-
20 AMC was used at a concentration equivalent to K™ and D-Val-Leu-Lys-AMC was

used at a concentration of 25 uM. The rate of conversion of substrate to product wa‘s

)

derived from the slope of the increase in fluorescence monitored continuously over
time. |

25  Leishmania mexicana cysteine protease B (CPB) peptidase activity assays

Wild-type recombinant CPB Wwithout the C-terminal extention (i.e. CPB2.8ACTE;
Sanderson, S.J., et. al., Biochem. J., 347, 383-388, 2000) was obtained from Dr.
Jeremy Mottram (Wellcome Centre for Molecular Parasitology, The Anderson
) 30  College, University of Glasgow, Glasgow, U.K.). Activity assays were carried out in
- 100 mM sodium acetate; pH 5.5 containing 1 taM EDTA,; 200 mM NaCl and 10 mM
DTT (Alves, L.C., et. al, Mol. Biochem. Parasitol, 116, 1-9, 2001) using 0.25 nM
enzyme. Pro-Phe-Arg-AMC (Km™ ~ 38uM) was used as the substrate at a



5 to product was derived fromthe slope of the increase in fluorescence
monitored continuously over tinme. Clostripain peptidase ac{d _ydBﬁjO@says 10
Cl ostri pai n g%\ﬁg,na) activity assays were carried out in 10 5,
cont ai ni ng¥ BBTA, 5 mM 2- ner capt oet hanol and 1nM CaCl 2GIEB/081

enzyne. For the inhibition assays, Z-Gynsdy-Arg-AMC (KMePP =100 M was
used as the substrate at a concentration equivalent to KMePP. The rate of
conversion of substrate to.product was derived fromthe slope of the

increase in fluorescence .1 e | nuous ovyer tine. |_pai n
pept i dase ac??’ﬁ?f‘ &%Vfle“ggﬁ% QEW?&P é’P?Y‘?WB%éf %I\Bf‘%‘étleﬁ%?’i‘?dgﬂﬁ Por ci ne
ki dney m caldgaied; fréh the QloBk @F HietneRade MCAottic¥nRSE SN for¥E Ehimabiid] Zy‘ﬂdv;&Ut In
10 MM HEPES, pH 7.5 containing 2 M 2-ner capt oet hanol and CaClZ usi ng 25

nM of EIthEItmlﬁ’lzleE (Sasaki, et. al., 1 Biol. Chem, 259, 12489-12494,
1984). For -calpain inhibition assays, the buffer contained 100 gM CadC 2
and Abz- Al a- Asn-Leu-d y- Arg-Pro- Al a-Leu- Tyr (NQ2) - Asp-NH2 (KMePP -- 20 M

~btncenta §i mMdughbhsivdepiidnd adsvibRs@ubst rate. For- mcal pain 25 inhibition
assays, the assay buffer contal ned 200 M CaCl2 and Abz-Lys- Leu-
Cys(Bzl)-Phe-Ser-Lys-A n-Tyr (NO2) - Asp- NH2 (KMePP -- 22 M Incenta Li m'ted)
was used as BowvinesatiepsintSe huinan bathbpsrimkehuthﬁecaih&psinrﬁtaad bomee cathepsinB

enpl oyed in_the ssay ui val ent t P. The.rate of conver5| on
of "subst r at &% Bﬁw@ fm%%ﬂ % ¢ BRehHBInER Bane RO duC

fl uorescencg, e@ﬁ yc w&% oB¥ed frotR DrlﬁoAka?(@cﬂéfsééﬁn

02/ 057270 PCT/ 02/ 00184 - 225 tracellular S. aureus V8 cystelne -

pepti dad@ ( M?Ibpbluaﬂ)ﬂ: Bleyenig)a sdnlasst otherywise ﬂ&s&@l Igpﬁé@ﬂe@aavl%a%
obtained 1o P Qfied St in 18 MYk td S Spend 2], DR 6.5 Wb Sminite PR ETA,

5 mM 2-mercaptoethanol and 1 mM CaCl,. Human cathepsin H activity assays were

. carried out in 10 mM BTP pH 6.5, 142 mM NaCly, 1 mM CaCl,, 1 mM EDTA, 1

mM DTT, 0.035 mM Zwittergent 3-16. Human cathepsin K assays were carried out

15  in 100 mM sodium acetate; pH 5.5 containing 20 mM L-cysteine and 1 ;M EDTA

(Bossard, ML.J., et. al., J. Biol. Chem., 21, 12517-12524, 1996). Human cathepsin X

assays were carried out in 100 mM sodiuvm acetate; pH .S.S containing 20 mM L~

cysteine; 0.05% (w/v) Brij 35 and 1| mM EDTA (Santamaria, 1., et al, J. Biol

. Chem., 273, 16816-16823, 1998; Klemencic, J, et al., Eur. J. Biochem., 267, 5404-

20 5412, 2000). The final enzyme concentrations used in the assays were 0.5 nM

. bovine cathepsin S, 1 1M cathepsin L, 0.1 nM cathepsin B, 0.25nM Cathepsin X; 1

) nM cathepsin X and 10 nM cathepsin . For the inhibition assays, the substrates

used for cathepsin S, cathepsin I, cathepsin B, cathepsin K and cathepsin H were

boc-Val-Leun-Lys-AMC (K™ = 30 pM), Ac-Phe-Arg-AMC (Ky™F = 20 uM), Z-

25  Phe-Arg-AMC (K™ = 40 pM), Z-Leu-Arg-AMC (K™ = 2uM); Bz-Phe-Val-Arg-

 AMC (K™ = 150 M) tespectively. In each case the substrate concentration used

in each assay was equivalent to the K. The rate of conversion of substrate to
product was derived from the slope of the increase in fiuorescence monitored
continuously over time.

30
Trypsin peptidase activity assays




E

5 Sweden. Extracellular-S. aureus V8 cysteine peptidase (staphyl opain)
activity assays. were carried out using partially purified&uipooeus V8
cul ture supernatant (obtained fromDr. Peter Lanbert, Aston University,

Bi r mi nghany QORH70 Activity assays were carried out in 10PGINGBAZE0IH 6. 5
containing 1 nM EDTA, 5 nmM 2- nercapt ogzltgggnol and 1mM CaCl2 using two-tinmes
diluted partially purified extract. 10 r the inhibition assays,

Abz-11e-Al a-A a-Pro-Tyr(NO2)-d u-NH2 (Kvapp =117 M equi val ent to KMapp.
Incenta Linted) was used as the substrate at_a concentration The rate of
conver si on HRepFReldc ypsin ddieation srader CheBioseismes hactiityprssays wire

i ncrease i ng 4 luorese Wzﬁrﬁgﬁ r ' I Lre. .

Foot - and- noﬁ%rhg‘gihsea?e ea er?hpgj igggé}é]lt F%@M&%@%ﬁlﬁy%@a Si.
Reconbi nant Fer tie- injaibstidrivVeddaysP Z2naly-Glyt 4rppAWIE (RTPDr:. 84T LINSRY fsed | d3sthbt ut fur
Medi zi ni sche .Bi ochemi e, Abteilung fir Biocheni e, Universtat Wen, Wen,

Austria). Aostgted) agousspiratien eTBvalent &y Kulit- The sge elcenvessionebabstgel 8. 4

omainifg o paER wh Griddl B ol 0nR WoResd SR Al Moottt FidutiSledd 10 M -

enzynme. For t I nhi bition assays, 1
Abz- Ar g- Lys ctrsinubysdy Grer-tiha- A y- Ser - Tyr (N02)-d u-NH2  (Kvapp -- 51 M |
I ncenta Limted) was used as the substrate at a concentration equivalent
to KMaPP. The rate of conversion of substrate to product was derived from

the sl ope ofyg iSRRI dcfivity MQLRscence nonitored continuously over tine.
25 Caspase peptida Caspases 1-10 were obtained fromCN
Bi osci ences or BioVision Inc. (Mountain View, CA USA) and all assays were

car ri edi®ut ClostripQirM(BIgRIzp, achikity . &2says Ofere 3€arfisd \out GhyDeraM BIPL%H v6.5¥)
CHAPS, 142 mM NaCl ,. 1 %EDTA S mMdithiothreitol (DIT) using 0.1-1 U per
assay. For Eommmug'h mMEDTA, M -mepeaptocthpml and 1mMICaChiswgQBaMat e;:

for caspaseegynt: Yo th%SiHEFi . %EE@SZD_ - ?yvg_ S ?@pg y for

caspase 3, eAc-Asp-Gllru-Va }4%908-%% ’vvagﬁggld a%%gq Y Juh@owé%%d '

02/ 057270 PSTHEBORAIGE & a concentration equivalent to K™, The rate of conversion of
substrate to product was derived from the slope of the increase in fluorescence

15  monitored continuously over time.

Calpain peptidase activity assays

~ .Calpain (human erythrocyte p-calpain and porcine kidney m-calpain; CN
20 Biosciences) activity assays were carried out in 10 mM HEPES, pH 7.5 contaim'ng 2
mM 2-mercaptoethanol and CaCl, using 25 nM of either enzyme (Sasald, et. al., J.
Biol. Chem., 259, 12489-12494, 1984). For p-calpain inhibition assays, the buffer )
contained 100 uM CaCl; and Abz-Ala-Asn-Leu-Gly-Arg-Pro-Ala-Leu-Tyr(NOy)-
Asp-NH, (K™ = 20 pM; Incenta Limited) was used as the substrate. For m-calpain
25  inhibition assays, the assay buffer contained 200 pM CaCl, and ABz—Lys-Leu—
Cys(Bzl)-Phe-Ser-Lys-Gln-Tyr(NO,)-Asp-NH, (K™ = 22 uM; Incenta Limited)
was used as the substrate. In both cases the substrate concentration employed in the
assays was equivalent to the K. The rate of conversion of substrate to product
was derived from the slope of the increase in fluorescence monitored continuously
30 overtime,



-226 substrate, for caspase 4, Suc-Tyr-Val-Al a-Asp-AMC was used as the
substrate; for caspase 5, Ac-Leu-Qd u-H s-Asp-AMC was used #sJdNRO05

substr at e;w;)%msc]%pase 6, Ac- Val-Q3 u-11le-Asp-AMC was used_as the
substrate; 'Tor thspase 7, Ac-Asp-Gu-Val- Asp- AMC was usedPGYCBRo0184
substrate; for caspase 8, Ac-1le-Qd u-ThsAsp- AMC was 5 used as the
substrate; for caspase 9, Ac-Leu-d u-H s-Asp AMC was used as the
substrate; - for caspase 10, ‘Ac-1le-d u-Thr-Asp- AMC was used as the
substrate &N &&ﬁhﬁ? o D 3@[33&%’ g{n@bg N, A, | B 22 “!. 1997;
St enni cke, A R—and—Sa R o Heth— 27241 — 257 1<

1997; Tal anesays R V., et. al., J. Biol. Chem, 272(15), 9677-9682, 1997,
Wl f, B.B. and G een, DR, J. Biol. 10 Chem, 274(29), 20049-20052, 1999).
The rate of conversion of substrate to product was derived fromthe slope
of the incr8a@aenVB wasrabizinedBomdhok 8¢ Aavideon, Kaoalinsky Instituse, Stoakbolm,

Measur enent h r ente Macr 0sG0opi c. bi ndi. ' hael L. s) capstants (W")
~for- ---15n§u-b-ss%%€%né;ﬁx$%§6ﬁa %g} &Hit rcggtggsipgpgﬁ%%ﬁi&#aﬁggmﬁ?gﬁ VEEBS for
each substr afefe wbed ShtCuHing Pettially paifidd\S ALARTUE HuRuRS suUBBRYAR: @Blainedt Y as a
function of substrate _concentration.. The observed rates were plotted on

t he ordi nat &oBgfar Aster {ambes; Aster Uninstaity aBismpughaon 85Kt ) Adtivity essayhwergbsci ssa
and t he dat Lkt i r r essSi anal ysis. (Prjs 3. 02, aphPad,
‘San Di ego, gg%& u@#n%y qu&ﬁﬁ)éﬁg(@r ﬁ%gﬁ-o%%\'ﬂﬁ%, IAI.HNI F@E&%tm%f
enzyne ki netdencapflethiazhalinehdPI1aME CaCB Wsing WBroliZBes dilifed pardfiPDubified extdaet. [ SO |
+KM 25 {116] Egu%;gl on.l1. v, is the observed initial rate, Vi PPIS t he
obser vet maxP ﬁiﬂi&]?}ihpviaﬁsﬁlY%ttA@aHQJAE{‘MgP@tﬁgW@ﬁeGhbﬂﬁelﬁKmﬂ?éh‘? BMEMVBY
is'the appa : e Lhgi | i C : he. a
substr at o en TARHAEE 4k eed b o PhobenE 4P dopberiiRSh vkl 7
The rate of conversion of substrate to product was derived from the slope of the

increase in fluorescence monitored continuously over time.

15 Foot-and-mouth disease leader peptidase (FMDV-LP) activity assays

Recombinant wild-type FMDV-LP was obtained from Dr. Tim Skern (Institut fiir -
 Medizinische Biochemie, Abteilung fiir Biochemie, Universtt Wien, Wien, Austria),
_Activity assays were carried out in 50 mM trisacetate, pH 8.4 containing 1 mM
20 EDTA, 10 mM L-cysteine and 0.25% (w/v) CHAPS using 10 nM enzyme. For the
~ inhibition  assays, Abz-Arg-Lys-Leu-Lys-Gly-Ala-Gly-Ser-Tyr(NO,)-Glu-NH,
) | (K™ =~ 51 pM, Incenta Limited) was used as the substrate at a concentration
equivalent to Xy™™. The rate of conversion of substrate to product was derived from
the slope of the increase in flucrescence monitored continuously over time.
25
'Caspase peptidase activity assays

Caspases 1-10 were obtained from CN Biosciences or BioVision Inc. (Mountain
View, CA, USA) and all assays were carried out in 50mM HEPES; pH 7.2, 10%

30 (viv) glycerol, 0.1% (w/v) CHAPS, 142 mM NaCl, 1 mM EDTA, 5 mM
s  dithiothreitol (DTT) using 0.1-1 U per assay. For caspase 1, Ac-Leu-Glu-His-Asp-
kY AMC was used as the substrate; for caspase 2, Z-Val-Asp-Val-Ale-Asp-AFC was
used as the substrate; for caspase 3, Ac-Asp-Glu-Val-Asp-AMC was used as the



18 July 2005 WO 02/057270 PCT/ GB02/00184 -227 Measurenent of the
inhibition constants The apparent inhibition constant (K,) {@jugagds
conpound was determ ned on the basis 5 that inhibition was reversible and
occurred MYOB2RRIRW- conpetitive nmechanism The K; val ues vmrmce®iwidiat ed,
fromthe dependence of enzyne activity as a function of inhibitor

concentration, by direct regression ana Is (Prismv 3.02) using Equation
2 (Corni sh- Bovvden, A, 1995.). app F V[S] J 10 (2) [S]+{KMaPP.([I]fK;)}
In Equation 2 'vi' is the observed residual activity, "linaxaPP is the

observed névbsiaiel &otdaspasy 4Q |Slle-TyI-Nai-H@-Alsp-e‘dd@ wis uselliabithosybstratéMiRP' i s

the appar en C C I,n chael i ons ant for the substrate,

“[S]" s PR e frg" g%‘blﬁi éﬁ@%c"éﬁﬂ%ﬁ @5 fe sulstrate;cfoy H@P?ﬁ?ﬁrf‘e%t

di ssoci at | ONaLGISTIBMspAUIMC kilab 'uséc® af MR suibRRid R E@l”EAcaAgP ‘v'a]n
pproached the

situati ons where the apparent dissociation constant

enzyme 'c oﬁéﬁﬂ@tW@n@S@dtaﬁdhKS@MWafmsamc 8, AatitaiGht-Fhar-Asi-AYIE wepsadr at i ¢ |

sol utioncin e riched on ren

Bi oc hemrS Sc}lé.‘:’Ia a/‘J ﬁ{fg%?b%gég (58(:331’%6 Iéﬁ/df“f‘*‘?b ﬁu'%km%w ’B‘T% g" Act a2
185, 269- 286ubshae2 forSh@slﬁse JOR AN GHHTHANREIAC dras Eiise&% )

4622- 4628, 1986).. F{Ea -la -KOPP + (Ea -la -KaPP )Z +4. KAIP Ea 3 -2

) 25 K7PP @kcqulwrsd) Wéy?hmemn yFUPE22Z 2994306 Q%étmbmke,vﬁd{

reS|duaI ac F~d Syt ffe |V|ty
(e T rabd BitesenGS. 2 G P 20860, 2B HIEARA oo fiehren, ROV g
t he t ot al en&,yh&?:@lon:(baﬂl, rmu@p; 967198BE, 1995; W, @Baﬁﬁ'tirééhsﬁ%' .afthe.Lﬂ
constant%lso | a the inhibitor concentration. Curves were fitted by
non-1in p@ Gre ggi(gﬂ) 20049-20052 1999). The rate of conversion of substrate to product

was derived from the slope of the inerease in fluorescence monitored continuously

over time.

Measurement of the apparent macroscopic binding (Michaelis) constants (K3} for
15  substrates

The apparent macroscopic binding constant (Ky*) for each substrate was calculated,
from the dependence of enzyme activity as a function of substrate concentration,
"The observed rates were plotted on the ordinate against the related substrate

20  concentration on the abscissa and the data fitted by direct regression analysis (Prism
v 3.02; GraphPad, San Diego, USA) using Equation 1 (Comish-Bowden, A
Fundamentals of enzyme kinetics Portland Press; 1995, 93-128.).

qupp_[ So]
V= 1)
[Sa ] + K M i
25 . .
In Equation 1 ‘v;’ is the observed initial rate, ‘Fpa™*" is the observed maximum
activity at saturating substrate concentration, ‘Em* is the apparent macroscopic
binding (Michaelis) constant for the substrate, IS}’ is the initial substrate

concentration.



18 July 2005 WD 02/057270 PCT/ GB02/ 00184 - 228' analysis (Prisnm) using a
fi xed value for the enzyne concentration. Equation 4 was uwm;ygo@g:count

for the s
the initi
bi ndi ng

ki netics, where % is the inhibition c S
ﬁ%‘%@f’?ate concentration and 'KM PP is the app%@ﬁ&%&? scopi ¢
(M chaelis) constant for the suhstrate (Mrrison, 1982). 5 The

second-order rate of reaction of inhibitor with enzyne Were applicabl e,
t he concentration dependence of the observed rate of reaction (kbs)

each conmpound with enzyne was anal ysed by determ ning the rate of

of

10

enzyme inactivation under pseudo-first order conditions in the presence of
substrat e (Measur&Aent of tie inhibltBR.cod®2d 05, 1982; Tian, WX and Tsou,
Bi ochem stry, 21, 1028-103Z, 1982; Wbrrison, J.F. and Walsh, C. T., from
NMei ster (Ed.), Advances in Enryrml , 61. 201-301, 1988; Tsou, C. L.
Mei st er (EdT ¢ appavesnh tnhébition E:mgaxxbt[fs.l) for @ach G8dpotdd Wa&ﬁ&ﬂm)med\mﬂﬁbamr e

carried §ut
—-Puf fer cont

enzyme to tRevdl@RaGkére talthtated! SodfeldeBesRABOSS b e%ﬁeﬁfgﬁt ﬁiéﬁﬂgi& Lot

over time. During-the course of the.assay |ess than 10%™

conc rations 15 .f inhjbitor o

i ticn, $ Sovethie 283 oS b A o iy e haRie] Jheor

st

C L.,
from
assay

r ed
rate

was  consunisbibitoy concentratisin, bywiirot 2€gressicnanatysisiP(isin vidh02) usifigeE quation 2t y
fl uorescenc SS, CU re fitted by non-linear regression an
' ﬁcg&égg% (dﬁB’r 1’2%%‘”31969 Morrison, 1982); where "F is t

(Prism usi
fluorescence response, 't' is time, "Vv' is the initial velocity, "v3

the equilibrium 25 steady state vel ocity, "kobs' is the observed ps

first-order rate constant and Dms@’ﬁt intercept at tinme zero (i.
ordi nat¥ di spl acement of the order r@)e constant
i{far or (LAY l of kob, versus the

obt ai ned fromthe slope of t

15

.20
D

25

30

In Equation 2 ‘v;’ is the observed residual activity, ‘Vma™’ is the observed
maximum activity (i.e. in the absence of inhibitor), ‘K™ is the apparent
macroscopic bmdmg (Michaelis) constant for the subsirate, ‘[S]’ is the initial
substrate concentration, ‘K;’ is the apparent dissociation constant and fI]’ is the
inhibitor concentration. | |

In situations where the apparent dissociation constant (K*F) approached the enzyme

"concentrations, the Ki*” values were calculated using a quadratic solution in the form

described by Equation 3 (Morrison, J.F. Trends Biochem. Sci., 7, 102-105, 1982;
Morrison, J.R. Biochim. Biophys. Acta, 185, 269-286, 1969; Stone, S.R. and
Hofsteenge, J. Bzochemlstiy, 25, 4622-4628, 1986).

, _FE -1~k +/(E, ~I, —-K™) +4K® E,}
o 2

&)

K™ =K, (1+[S,1/ K\y™) @

In Equation 3 ‘vy’ is the observed residual ectivity, ‘F’ is the difference between the
maximum activity (i.e. in the absence of inhibitor) and minimum enzyme activity,

‘E,’ is the total enzyme concentration, “K;*™’ is the apparent dissociation constant

al ysi s
he

S
eudo
e. the
was

and ‘L.’ is the inhibitor concentration. Curves were ﬁtted by non-linear regression




I nhi bitor concentration (i.e. lobs/[1]). To correct for substrate kinetics,
Eq. 6 was wused, where '[Sc]' is the initial substrate conc&pg a%g%}n and
"SM PP is the apparent 30 macroscopic binding (Mchaelis) ¢ for
t he subst ve® e2/05¥870Jul y 2005 V\D 02/ 07270 PCT/ GB02/ 00184 -BAYGR02/00184

kal u(l +[ §f 1KMapp} (6 kiaac, - ~ 4" %orrpounds of the invention were
tested by the above descrlbed assays arfd®observed 5 to exhi bit cruzi pain
inhibitory activity or inhibitory activity against an alternative CA d
cysteine protease with an in vitro Ki inhibitory constant of |ess than or
equal to lewysiEfsispasing nfikel Vatlwfatathaeﬂzym@cummﬁmuonf Eepostiqnl € wasnpounds

of the |nvent|on are n i,n table .2. Tab Lary inhibitiqQn data
(Ki expressgﬁecla t%ﬁ\%&ﬂﬁ %@%f&]ﬁ%ﬂ TK @EBIWFE% tg [ts dht hepsi n
S Cat hepsi ”1d—th§%§1ﬂﬂ%b§trdﬁe cohdentéatiohfd > “"Pfis ﬂa?eoa?féreﬁ‘g—ﬂxa&% N%xc]bmélﬁ >25 0.3
>100 >10 i 69 >5 >10 0.8 >100 15 ,4 18 July 2005" 230 CLAI %orrpound

accordl ng tﬂ-\’fy@ﬁdﬁ&mﬁstﬂnﬁfﬂrdhﬂ%mmean ™82pula (11): 1

5

The second-order rate of reaction of inhibitor with enzyme

Where applicable, the concentration dependence of the observed rate of teaction
(kovs) of each compound with enzyme was énalysed by determining the rate of
10 enzyme inactivation under pseudo-first order conditions in the presence of substrate
(Morrison, J.F., TIBS; 102-105, 1982; Tian, W.X. and Tsou, C.L., Biochemistry, 21,
1028-1032, 1982; Morrison, 1.F. and Wélsh, C.T., from Meister (Ed.), Advances in
Enzymol., 61, 201-301, 1988; Tsou, C.L., from Meister (Ed.), Advances in Enzymol.,
61, 381-436, 1988;). Assays were carried out by addition of various concentrations
15  of inhibitor to assay buffer containing substrate. Assays were initiated by the
addition of enzyme fo the reaction mixture and the change in fluorescence monitored
over time. During the course of the assay less than 10% of the substraie was

' consumed.

v -V )1_1 e(""’”’}J

obs

20 F=vi+

G

The activity fiuorescence progress curves were fitted by non-linear regression
analysis (Prism) using Eq. 5 (Morrison, 1969; Mosrison, 1982); where ‘F’ is the

| _ﬂuorescence response, ‘t’ is time, ‘v,’ is the initial veiocity, ‘vs’ is the equilibrium

25  steady-state velocity, “Fops’ is the observed pseudo first-order rate constant and ‘D’ is
the intercept at time zero (i e.'? the ordinate displacement of the curve). The second
order rate constant was obtained from the slope of the line of a plot of ks versus the
inhibitor concentration (i.e. kos/[I]). To correct for substrate kinetics, Eq. 6 was

used, where °[S,]’ is the iniitial substrate concentration and ‘Kp"*"’ is the apparent

"'ﬁ 30  macroscopic binding (Michaelis) constant for the substrate.



RLR(VVm (X) a," UX) W 0 5 (~) (II) wherein: RL C 7- aIkyI (when C = 0,
R is sinmply hydrogen), C3.6-cycloalkyl or Ar- C_7-al kyI \M\Eﬁgmﬁzgog R1 |s
sinmply anwé g noi ety Ar) 10 Ar is an aromatic noiety
6- menber e %ZHC or 9- or
aromatic ring is optionally substitutegoby R19 as defined bel ow. z=0 or
S; 15 Pl1= CR5R6, PZ = CR-RB, 20 Q = CR9R10 or NR', where R' is chosen
from CO 7-al kyl, C3_6-cycloal kyl or Ar-CO .7-alkyl; Each of R5, R6, R7,
R8, RO and R10 is independently chosen,from C0 7-al k |, C3.6-cycloal kyl,
Ar-CO_7-al kyl, 00O 7-alkyl, O(3.6- k;,gg(ll—ic[é’l,]d;KM"”fL)B JuI y 2005 ,,_230a
O Ar-00 7-al kyl, S Co_,7-alkyl , “®&: T3 6- CyGrpal kyl, S Ar-Co 7 kyl
NH Co- 7- al kyl, NH C3. 6- cycloal kyl, NH Ar-Co-y-al kyI, N( Co- 7- al kyI)2,
N(C3-6- cycloal kyl )2 or N(Ar-Co_?-aI kyl)2; 5 Y = CR12R13-CO, where R 2 R13
are chosen from Co-7-al kyl, C3-6-- cycloal kyl or Ar-Co-7-alkyl; 18 July 2005
231 in the group (X)0, X = CR14R15, where Rl14 and R15 are |ndependently

~-¢hosen from,Co 7-alk C3. 6-cycloal kyl. and Ar-CO 7-al kyl -and o is a
nurber f r ontoEPauR % thein vention' were tested by the above described assays and observed

5  {o exhibit-cruzipain inhibitory activity or inhibitory activity against an alternative CA.

C1 cysteine protease with an in vifro Ki inhibitory constant of less than or equal to
100uM. Exemplary inhibition data for a number of example compounds of the

invention are given in table 2.

Table 2. Exemplary inhibition data (K1 expressed as pM).

10- menber ed bicyclic ringF %@'@fﬂrﬁﬁ*he C -

10
EXAMPLEN® | Cruzipain | Bovine Human Human
Cathepsin S | Cathepsin L. | Cathepsin K
3 0.2 >100 $35 >5
10 >5 >10 >25 0.1
48 >25 03 >100 >10
) 69 >5 >10 0.8 >100

15




5inthe group (W,,, W=0, S, (O, S(O or S(0)2 or NR16, where Rl16 is
. chosen from CO_7-al kyl, C3.6-cycloal kyl and Ar-CO_7-al kyl at&lJuly 280%ero or
~one; in the'group (VVm V = C(O, CS), SO, S(0)2, S(O2NH, 0OC(O, 10
NHC(O, NHC(O, NHS(O 2, OC(ONH C(Q4H or CRI7R's, where RL7 and R $ are
i ndependently chosen from Co_7-al kyl, C3-6- cycloal kyl, Ar-Co_7-alkyl and m
is a nunber fromzero to three, provj (ALM& when mis greater than one,
(V)m cont ai ns a maxi mum of one carbo | phonyl group; 15 U = a
stable 5- to 7-nenbered nonocyclic or a stable 8- to 11-nenbered bicyclic
ring which i% eit Acempapad secerding togeseralioanuld (Bred gangralHfoimah (dks  zero to
four heteroatons (as detailed below: _ ~3 ~T//B\ Il r R A414 DEG DE/\
MR5 T I1J\ GL/J\ DB DBALMREMREHERAMERIL JJITDII DB
/N jId Vi3 VE~-RME\ M/ I M R)2 MTz 2" 18 July 2005 232 OO B
TSI LJTS B Te L~J T5 EJg MR/ Pk E\ J]aMR~a O O~BT§; Ri
Q R Q.
L L o V), (X
v (V)"'\(W)n/( )°\Y/N 0 U S ), o\Y)I o

w

5 (1) | ()

wherein: R'= Cgr-alkyl (when C=0, R'is simply hydrogen), C;.¢-cycloalkyl or Ar-
Co7-alkyl (when C =0, R' is simply an aromatic moiety Ar);

10 . Aris an aromatic moiety which is a 5- or 6-membered monocyclic or 9- or
10-membered bicyclic ring, wherein the aromatic ring is optionally

substituted by R" as defined below.

z=0orS,
15
P! =CRRS,
P>=CR'R},
20 ' Q=CRR" or NR”, where R!! is chosen from Cyz-alkyl, Cs¢-cycloalkyt

or Ar-Cy_7-alkyl;

Each of R*, R®, R7, R} R® and R is independently chosen from Cy.7-alkyl,
Cs¢-cycloalkyl, A;r-C0_7-alkyl, 0-Cy.7-alkyl, O-Cs.¢-cycloalkyl,



M TSDBTS1iJI5 Dt R/ EMRI1 / EI/ wherein RI9 is: CO 7-al kyl,
C3. 6-cycl oal kyl, Ar-Co_7-al kyl, O CO_7-al kyl, O C3.6-cycloajgk Iy2005

O Ar-C y-al kyl, S-CO_7-al kyl, S C3.6- -cycl oal kyI S-Ar-C_7-al ky NH- Co- . 5
7-al kyl , NH C3-6-cycloal kyl, NHAr-CO 7-al kyl, N(CO_7 al kyI)2 N(CB 6
cycloal kyl )2 or N(Ar-CO 7-al kyl)2; or,2%en part of a CHR 9 or CR 9 group,

R19 maybe hal ogen;. Ayiag.&hg om ) gn? Nﬁg(}l wher e
R19 is as defined above@(”%%d?”anﬁr‘g%g&'%%a ]%O§ 14" NtR

C3. 6-cycl oal kyl and alkyd,CONH- (éjd(gycloaﬂgylDmm@@fﬂkylmdwémﬁelﬂtyl)y (@s.en
from CR19, where R19 N, 15 E is chosen from
CH2, CHR19; 0, S and:yﬂ%%yl%ﬂg[ﬁ@’é@'aﬁggﬁzo are defined as above; J, L,
M R T, T2, T3 and T4 are independently chosen from 20 CR 9 and N, where

R9 is as defined above; T5.is chosen from, CHor N 25 q is a number from
one to fhree, thereb ﬂéfRangC@ 5vher@-R r R7 aesnishossd froion §o-728ky3,uCy.s2005

233 2 A corrpound as n 1 wher ein |ndependently or in

*




3. A compound as clainmed in claiml or claim2 wherein R conprises
CO_7-alkyl or Ar-Co 7-alkyl. If 10 4. A conpound as cl ai rre@miygb(;y m 3
wherein Rl is selected fromhydrogen or one of the foll owi ng noieties: 15
5. A conmpound as clained in any one of clains i to 4 -wherein Y is CR12R13CO
where R12, R13 are selected from CO_72ahkyl, C3.6-cycloal kyl or

Ar-Co?aIkyI 6. A c kaLngg 14ipms from
one of the follow ni%"%fﬁé‘?&ezﬁ)o 8@ n?# ?8 %‘?é§@2%0§ﬂ§2§4%% ﬁu%ﬁ%@fl (X)0
(X)0 (X))o Of | (X)pchex frext) 0007@11@1 QCQ-CyclidiRyl R AOOR2IIGONRAOR2® a3 1- 3
(X0 1 (X)0 (X)0 1 NO'\LO(ﬁ-o}n Q000 RI9 RIORIO9 AT A r ~ 200
z C1-3 §501-3 154 erdto thice;

5 ~ in the group (W),, W = O, S, C(0), S(0) or $(0); or NR'®, where R® is
~chosen from Cor-alkyl, Cs.6-cycloalkyl and Ar-Co.7-alkyland n is zero or

one;

in the group (V)m, V. = C(0), C(8), S(0), S(0), S(O):NH, 0OC(0),
10 NHC(0), NHS(0), NHS(0),, OC(O)NH, C(O)NH or CR''R'®, where R"’
and R'® are _ independently chosen from Cys-alkyl, Cs.4-
cycloalkyl, Ar-Co_s-alkyl and m is a number from zero to three, provided
that when m is greater than one, (V) confains a maximum of one carbonyl
or sulphonyl group;
15
U = a stable-5- to 7-membered monocyclic or a stable 8- to 11-membered
bicyclic ring which is either saturated or unsaturated and which includes

zero to four heteroatoms (as detailed below):

M. T

.“. .Rw(\_l_/ f?-\( f—i\\ h/JY
- E

l J | B J
I Y T I S>— |
M R/ M\ s E E \R/M
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(X0 (X0 I NO(X)0 (X0 ',.,.". OOO11 Owherein R19, R20 and Ar are
as.defined in claim1l and wherein (X)0 is as defined in cl & dulg208f:d is
not part of the group Y). 5 7. ‘A conpound as clained in any one of clains-1
to 4 wherein Y is CHRI3CO where R13 is_Ar-CH2-, where the aromatic ring is
an optionally substituted phenyl or n%}l%cyclic het erocycle. 10 8. A
compound as clained in any one of clains 1 to 4 @herein Y is CHBl3CO wher e
R13 is a sinple branched 4l kyl group or a straig ﬂéteroall‘(, hain. 9. A
conpound as cl ai A oneLo W 1 t g4hhelsein YLI's R3O wher e
R13 conprises cyclioh thyI 15 ﬁ‘lco ou (<l ai ﬂ,‘ed) one of
clainms | to 4 whergth Y is seIecRe/d fro the\gollovm ng: RT&"S 1021 Ar zi
79 010 (X)0 (~0 110 (X)3 (X)o 0 0 0 0 O 0 18 July 2005 235 wherein R 9
and Ar are as defined |g claiml and wherein (X)0 is as defined in claim1l
(and is not part of thejgroup Y). 5 ¢l1. A conpound as clainmed in any one of
claims 1 to 10 er
—and R15 is selectpd f|
clainmed in any oriés
noi eties: 10 *

wherein R' is:
Co.r-alkyl, Css-cycloalkyl, Ar-Cy-alkyl, O-Cys-alkyl, O-C;¢-cycloalkyl,
O-Ar-Cy_7-alkyl, S-Cys-alkyl, S-Cs¢-cycloalkyl, S-Ar-Cy 7-alkyl, NH-Cy.

5 | 7-alkyl, NH-Cs¢-cycloalkyl, NH-Ar-Cy.7-alkyl, N(Cop7-alkyl)s, N(C;s-

cycloalkyl); or N(Ar-Cg.7-alkyl)y; or, when part of a CHR' or CR*® group,
R" may be halogen;

A is chosen from:

CH,,CHR", O, § and NR?;
10 where R" is as defined above; and R? is chosen from:
Co7-alkyl, C;¢-cycloalkyl and Ar-Cy.;-alkyl;

B, D and G are independently chosen from:
CR", where R" is as defined above, or N;
15 | |
E is chosen from:
CH, CHRY, 0, S and NR*, where R" and R? are defined as above;

‘ J, L, M, R, T, Ty, T3 and T4 are independently chosen from:
20 . CR' and N, where R"” is as defined above;

Ts is chosen from:
CHorN;

25 q is a number from one to three, thereby defining a 5-, 6- or 7-membered

RS ' ring.

he gi.o0u X (c), K is CRL4R15 and each, of R14
 7- aIDkyI jor “00 - a yITT12. AR nﬁas e
ms 1 ,/ ereu&p ( 0 i oneDoEf th/e fol | owi ng




Y ( Y (Wn~Y (Wn Y OHr NR20OR20 r COOR20 L 13 L 13
AnY (Wn Y (W (WnlY (WnlY Rls Rls Rls CONWOR20 | P-8lulyR0ds O 13
1JT. (WnYWnY() (WnY (WnY werein Rl9 and R20 are as defined in
claim1l and wherein (W" and Y are as defined in claiml (and are not part
of the group (X)0). 15 13. A conpound asydained in any one of clains 1 to
11, wherein, 2i n ARem@b@idns clalhd in¢lginCRhBEM inBegbntientysHiR 86MbinBde:i s C - C4
al kyl; and o is 0 or 1. 14. "‘A conpound as clainmed in any one of clainms 1 to
13 wherein, in the group (Wn: 20 Wis OS, S, C(O or NRL6 where R16 is
C o-4-alkyl; and,ad.s 0 or 1. 18 July 2005 236 15. A conpound as clai nmed
in any one of clains 1 to 13 wherein, in the group (Wn: Wis 0, S, S,
C(O or NH wher eP'rnid®’@rectHt and 16. A compound as clained in any one of

clains L to 13 rej.n, in the grou
5 O &l ify, the group

OH (Wn /~Y (Wn
Y

3. A compound as claimed in claim 1 or claim 2 wherein R* comprises Cy.7-alkyl
or Ar-C0t7-alky1. :

10 4, A compound as claimed in claim 3 wherein R is selected from hydrogen or

one of the following moieties:

-

— - ~< MO_ m_\O‘@Rw

15 . 5. A compound as claimed in any one of claims 1 to 4 wherein Y is CR’R"*CO
where R'2, R are selected from Co7-alkyl, C;5 ¢-cycloalkyl or Ar-Cy 7-alkyl.

6. A compound as claimed in c¢laim 5 where Y is selected from one 6f the

-

. following moicties:
20



(wa: Wis NHand nis 1. 3 w 17. A conmpound as clained in any one of
claims 1 to 16 wherein, in the group 10 (V)m Vis (O, C&¥hess CHRLS,
where R18 is COA-al kyl; and misCorl. 18. A conpound as clained in any one
of clainms 1 to 17 wherein the conbi natlA; 15 (V)mand (V\)mls one of the
foIIowing: u(X)oU0~(X)o,, uO(X)oNS ?6 '=1'n=1.n"=1.m=

0 'W=o0 'W=0 1W=S 'ni 0 'v=Cl12 ' IM 'mM=0 QO gy
usoZ(X)o u(x)o ubo(X)o uIH(x)oUNY 'n' n': H=1 o' 0
) V

"W =S02 V—OO ( CH2CH3 1(
1 IM = 1R16|:I 6(>90H v(x)0 VX)) . m =

wherein U and (X)0 are as de?’l ned in ©Ia|m1 (end are notgpart ofothe (V)m
and (Wm conbination). 20 19. A conpound as clained in any one of clains 1

to 17 wherelnthe corrblnat on X)0, (Vmand (Wmis one of the follow ng:
it OO0 111l Y/~ ' NR20R20 COOR?-U CONR20R20
. 3 .
g 3 | 007 (X)o X)s
o

R1e

[

(X)g |

wherein R19 R® and Ar are-as.defined in claim 1 and wherein O()o is as defined in

claim 1 (and is not part of the group Y).

7. A compound as claimed in any one of claims 1 to 4 wherein Y is CHR"*CO
where R" is Ar-CH;- where the aromatic ring is an optionally substituted phenyl or

. monocyclic heterocycle

10 © 8 A compound as claimed in any one of claims 1 to 4 wherein Y is CHR"*CO

where R is a simple branched alkyl group or a straight heteroalkyl chain,

9. A compound as claimed in any one of claims 1 to 4 wherein Y is CHR®CO
- where R" comprises cyclohexylmethyl.
15
10. A compound as claimed in any one of claims 1 to 4 wherein Y is selected from

the following:

5 % R [/Ar rAr s
s S0, ls
Xy Io (X)OJ% (X)o/(” X3 i X I Xy I X); |
o 0 o) 0 0 0




~OY U\ls/ U/S5\\0 x 'Y UNY U H MO=(X)o =" (Xo - (X)), =(Xo
=CHZ (X))o M)="0 (W"="O0 Mk="S (W. =802" M M, (WighiNbeos

(Mme' C(OY (V)meCH, (V) me' CH2' MrmE' CR, Mn-'.- M= C(O. 18 July 2005 237
wherein U and Y are as defined in claim 1 (and are not part of the (X0,
(V). and (W. conbination). 20. A conﬁé nd as clainmed in any one of clains
1 to 19 wherghsreld ROTHRA G A \etme®@R] JARA b)d SHBSH (]‘mt s Wefifdd @-JHRAPET ed
saturated or unsaturated heterocycle or an optionall’y substituted

satur at ed or(anésenalpart efithe-grenp YP- menber ed heterocycle. 21. A conpound as
claimed in claim20 wherein U conprises one of the following: 10 Rs-L N

U~~

RI9 NRs \\ RlIs 19 OROO0"~0 O R1I9 N R19 R?s~N R19 O-f ~. [/ R19 t
is N ORgRI9\ RI9 Rrs OORI9 Rs R19 wherein R19 is as defined
previously. -s~ - - ----- --- ---18 July 2005

5 11. A compound as claimed in any one of claims 1 to 10 wherein, in the group

~ (X)o, X is CR™R" and each of R"* and R" is selected from Cq 7-alkyl or Ar-Co.7-alkyl

12. A compound as claimed in any one of claims 1 to 11, wherein (X), is one of

the following moieties:

10
~ oy o e L
Win Y
W WY e Y e
(Win™ Y (W)n wWin~ Y (W)
R19
| R19 R
I: CONR20R20
.
Wn~ Y
S (Winm Y (W)n (W)n
wherein R" and R? are as defined in claim 1 and wherein (W), and Y are as defined
in claim 1 (and are not part of the group (X),).
15

13. A compound as claimed in any one of claims I to 11, wherein, in the group
(X)o, X is CRMR', R™ is hydrogen, R'® is C;-Cy4 alkyl; and 0 is O or 1.
14. A compound as claimed in any one of claims 1 to 13 wherein, in the group
(W)

20 W is O, 8, SOy, SO, C(0) or NR*®, where R'® is Cg4-alkyl; and nis 0 or 1.



238 22. A corrbound as claimed in any one of clains 1 to 21, wherein U’

represents a group: L-~Y L-Y Il-~~ L'l ~Y ILI-~Y Rl Rls RigJligyvods T D G
-RTDGNRTG ~RIT RI9 R GEGHWE GBE-E ~1 D E \\ -E-D GEDG
L- LLJ' JJ~~i Yd" G-J~GiJ~YD1- Lyggll Il MRTMRTMRTMRT
MR-T Gex: L-Y-\A\G" 11, EME\RM MROT MR-TR.~L .~ i L L~J TAY |

| Dt I~ ,6.D Alcompoind B blaknéd inEXxy Mre Bf ThiEs Mto B3 Weldrein) B theFirbhp
wherein R19, D, E, G J, L, M R T, T2, T3 and T4 are as defi ned
previously. ©8kiA conpound as claimed in any one of claims 1 to 22, wherein

Urepresents a o slsh, é(O)\)yN\I{YwherE\n Yol JE  RANJI

5 16. A compound as claimed in any one of claims 1 to 13 wherein, in the group
(W
WisNH andnis 1.

-

17. A compound as claimed in 'any one of claims 1 to 16 wherein, in the group
10 (V!
V is C(0), C(O)NH or CHR'®, where R'® is Cy4-alkyl; and

misQorl. -

18, A compound as claimed in any one of claims 1 to 17 wherein the combination

15 (V)m and (W), is one of the following:

. x
/(X)o U/O\(X)D U/\O { )g

X
U U S/(){]
n=0 =1 n'= 1 o= 1
m=0 'W=0 'W'=0 W =S
m=1 m=1

SIS SIS S S
s0;%% A Y UJ\O/(X)D U/U\N,—(X)O UJ\N,Y
2 N N

u U (X

n'= 1 o n'=1 (X),>0 '

naf — n'=0 WAL o X)g =

W - SOz . |\,| - C(O) W - O 'n' - 1 (.n')o=

V' = CH(CH,CH,) ' = 1 Vi=C(O1 oy =N W' = NRS

™' = m' =1 R®B =} n

m'= 1 R6=H
v =C(O) V' = C(O)
m' =1 'm =1

~ wherein U and (X), are as defined in claim 1 (and are not part of the (V) and (W),

combination).

20 19. A compound as claimed in any one of claims 1 to 17 wherein the combination
(X)o, (V)m and (W)y, is one of the following:

o
o .
PN 8 JJ\
; Y u S
] UJJ\O/Y U/\o/v : U/\s/ 0//\\\\0 )L/" ’ N/Y
. U H

X)g = K =% X)g =" . XK =" K)o ="CHy' Yy ="
e (=0 W), =% =50, (W), = COY = NH"
(V= 'C{O)’ (V) ="CHy' (Vo= CHy - Wm0 W),

. (V)m=;CH'2"- Mg=" o - V), ="ClOy -




RoT GRIT L-J\Y _G RI9O MRTGEGDDI M~TD:, E- GR-J ED--J GREY D
EG D 'GDG GIDI // 11 G11 YD L-J\" L- \" ~GL-J~-YNR bhdydods MR-T
MRTII 7\12 711 1T 11T MTM T MRTMRTR R 18 July 2005 239
‘wherein R9, Db E, G J, L, M Rand T a3e as defined previously. 24. A
conpound as clainmed in any one of clains 1 to 23, wherein U represents a 5
group. R 1\ {vhéreln Wan® Y\aré as21e2kRd bk claim it | &ewvin . E G
END GEDBE G %D DEG 'IIl /| G/ D/ /@%Mla%ﬁl)tﬁé@f&&%ﬁw%%? >

wher ei n R19, cqmbigation). 3 and L are as defined previously. 10 25. A method of
val idating a known or putative cysteine protease as a therapeutic target,
the nmethod conprising: (a) assessing the in vitro binding of a conpound as
claimed in ong of clajns 11. ta 24 to ap jsol gteﬂ known or putative
cystei ne prof&ase’™ BPBIPRA AYClaimed0 3n¥ oge of ¢igims; b [Q whereim I eomprisesat v,
one or BOre &tionBly SERA&] 5- or 6-membered saturated or unsaturated heterocycle or an

...optionally substituted saturated or unsaturated 9- or 10-membered heteroéycle. :

l

<

w

21. A compound as claimed in claim 20 wherein U comprises one of the

following;
- ~
R19l N R19_@| R19{§ R19‘©/R19©\/§
.0 8
0 o
e L Rw% Re-d/ T R{ﬁ |
. 0o 0~
Q o)
- ° | o - © o
N\ o .
seoissfisslllseg
RS
O O

wherein R'” is as defined previously.

10



(b) assessing the binding of a conpound as clained in any one of clains 1
to 24 to closely related honol ogous proteases of the targets amg2geser al
house- keepi ng proteases (e.g. trypsin) to provides a neasure of
"selectivity'; 20 (c) nonitoring a celbégased functional narker of a
particul ar cysteine protease activity,~“in the presence of a conpound as
claimed in apy. ond e@mpuad &8 clhihéd Zinyadié of(dRimRUNot 201, ih@red UdiepfBénts a
nodel - based functional marker of a particular cysteine 25 protease
activity, inSiMB presence of a conpound as clained in any one of clains 1
to 24. 18 July 2005 240 26. The use of a conpound as clainmed in any one
of clains 1 to 24 in thevalidation of a known or putative cysteine

protease as a therapel{jc targetiss 27. A und as ai-red i n_gny.-one of
clainms 1 to 24 fgk Ese in quigiggé’ espe iaﬂly for prgb‘nting (Q?fgating
di seases in mhic@zf%ﬁfﬂisﬁés pafholg e ﬂﬁﬁMVgadﬁbyﬂg FBitT ng a
cysteine protezi§"9e.|__\‘1 8. The.use of a cgnpound as @L@%ned i n @ny:. one of
~claims-1 to 24 in the 10 preparation of a medi carfent for pr&venting or
treating diseases in ich the disease pathology nay be nodified/by '
inhibiting a cysteie \protease,ozg.‘A co und as clpEped in ang-@ne of

claims 1 to 24 for (sePin preyenting or |t@eating hg#s' di seafe 15
30. A conpoundLa§ﬁcgapned’f any one”bi/%T%jnB 1720 foﬁ/dﬁéﬂTﬁ
preventing or ﬂirgﬁting Q@a s' dis&g; . 31. The _yse of a wmoupound as

claimed in any ofe of claifs 1 to 24K n the 20 Breparation Bt a medi canent

for preventing or tregting Chagasg' disease. 32. The use of a conpound as

claimed in any one dfgggains 22’ 4 Ln t e pr ation of \deicanent
for preventing pmﬁ%;wqfln%ﬁmgg@a diLs (%25&§§; Q}phanﬁégééﬂwcal or

. . v e i
veterinary conposilion cofpriking one. ] E E
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5 wherein ng, D.E,G,J,L, M, R, T, T,, T; and Ty are as defined previously.

23. A compound as claimed in any one of claims 1 to 22, wherein U represents a

- group
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conpounds as clainmed in any one of clainms 1 to 24 and a pharnmaceutically or
veterinarily acceptable carrier. 34. A process for the prep#s ailycoo®f a
pharmaceutical or veterinary conposition as 30 claimed in claim33, the
process conprising bringing the active,ggnpound(s) into association with
the carrier, for exanple by adm xture.

wherein R", D, E, G,J, L, M, R and T are as defined previously.

24. A compound as claimed in any one of claims 1 to 23, wherein U represents a

5 group
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wherein R', D, E, G, J and L are as defined previously.

10 25. A method of vélidating a known or putative cysteine protease as a therapeutic

target, the method comprising:

-~ (a) assessing the irn vitro binding of a compound as claimed in any one of claims 1
'to 24 to an isolated known or putative cysteine protease, providing a measure of

15 ‘potency’; and optionally, one or more of the steps of:

(b)  assessing the binding of a compound as claimed in any one of claims 1 to 24 to
closely related homologous proteases of the target and general house-keeping

proteases (e.g. trypsin) to provides a measure of ‘selectivity’;

20
(c) monitoring a cell-based functional marker of a particular cysteine protease
activity, in the presence of a compound as claimed in any one of claims 1 to 24; and
(d)  monitoring an animal model-based functional marker of a particular cysteine
L 25 protease activity, in the presence of a compound as claimed in any one of claims 1 to

24,
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26. Theuseofa corhpound as claimed in any one of claims 1 to 24 in thevalidation

of a known or putative cysteine protease as a therapeutic target.

27. A compound as claimed in any one of claims 1 to 24 for use in medicine,

especially for preventing or treating diseases in which the disease pathology may be

modified by inhibiting a cysteine protease.
28.  The use of a compound as claimed in any one of claims 1 to 24 in the
preparation of a medicament for preventing or treating diseases in which the disease
pathology may be modified by inhibiting a cysteine protease.

29. A compound as claimed in any one of claims 1 to 24 for use in preventing or

treating Chagas’ disease.

30. A compound as claimed in any one of claims 22 to 24 for use in preventing or

treating Chagas’ discase.

31.  The use of a compound as claimed in any one of claims 1 to 24 in the

preparation of a medicament for preventing or treating Chagas’ disease.

32.  The use of a compound as claimed in any one of claims 22 to 24 in the

preparation of a medicament for preventing or treating Chagas’ disease.

33. A pharmaceutical or veterinary composition comprising one or more
compounds as claimed in any one of claims 1 to 24 and a pharmaceutically or .

veterinarily acceptable carrier.

34. A process for the preparation of a pharmaceutical or veterinary composition as
claimed in claim 33, the process comprising bringing the active compound(s) into

assoclation with the carrier, for cxample by admixture.





