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(54) Title: PRODRUGS TO D-PROLINES

(57) Abstract: The invention relates
(1A) to compounds of formulae () or (IA),

o, R
. Q. M O
N wherein R' and R? are independently
N MN D from each other and signify lower
: alkoxy, lower alkenyloxy, benzyloxy,
5 NN : hydroxy, -OCH(CH;)OC(O)-lower
1 QO

A alkyl or OCH,C(OIN(R3HR®), with

X /\ 0 the proviso that only one of R or

R? may be hydroxy; R® and R* are

independently from each other and signify hydrogen, lower alkyl, lower alkenyl or cycloalkyl; or R! and R? form together with the

carbon atom, to which they are attached the linking group X, wherein X is -O(CH,),CH=CH(CH_),0- or -O(CH;),,O- nisl, 2 or 3;

o and m. is 4-8.. as well as pharmacentically acceptable salts of said compounds. Compounds of the present invention can be used

for the treatment of diseases where Serum Amyloid P Component depletion has a beneficial effect, in particular in the treatment
or-prevention of all forms of central and systemic amyloidosis. : '

iy,

R
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or prevention of all fornms of central and system c anvloidosis. 13 June
2006 WO 03/051836 PCT/ EP02/ 13527 Prodrugs to D-prolines Thes pmesens
invention is concerned with new D-prolines of fornulae 0, _R2 wherein | or
A R and RZ are independently fromeach other and signify. | ower al koxy,
l-ower al MEMFO8I8I6 benzyl oxy, hydroxy, - OCH(CH3) OC( O - IP6EREFO2APEY| or
-OCH2C(ON(R3)(R"), with the proviso that only one of R or R2 maybe
hydroxy; R3 and R4 are independently from each other and signify hydrogen,
| ower al kyl, |ower alkenyl or cycloalkyl; or RL and R2 formtogether with
the carbon atom to which they are attached the |inking group X, wherein
Xis -Q(CH2)"CH=CH(CH2)"O or -0(CH2)nD-; nis 1, 2 or 3; and ms4-8. as
wel | as pharmaceutically acceptable salts of said conpounds. Conpounds of
the present invention can be used for the treatnent of diseases where
Serum Anyl oi d P Conponent depletion has a beneficial effect, in particular
in the treatment or prevektodomsofo Bigrefimess of central and systenic

anyl oi dosis. The npst conmon di sorders associated with anyl oi dosis are

Al zhei mer' s S&nt ilFRUbH fsXoRRaRY witd haP BL 5 SliMEebE foii#aOr anyl oi dosis - as
a significant cause of non-ischaem cheart failure, - as conplication of

| ong term haenodialysis in rgnak2failure, 13 June 2006 WO 03/ 051836

PCT/ EPO2/ 13827 o , 0
N
' PN\C &
0 {
R 7O Vor X/\O

wherein

A

R! and R? are independently from each other and signify lower alkoxy,
lower alkenyloxy, benzyloxy, hydroxy, ~OCH(CH3)OC(O)-lower alkyl or
_OCH,C(O)N(R*)(R*), with the proviso that only one of R' or R* may be

hydroxy;

R*and R’ are independently from each other and signify hydrogen, lower alkyl, lower
alkenyl or cycloalkyl; or

R! and R? form together with the carbon atom, to which they are attached the
linking group X, wherein

X is ~O{CH3).CH=CH(CH3>),0- or O(CHz2)n0O-;
nisl,2 orl 3;and .
mis4-8.
as well as pharmaceutically acceptable salts of said compounds.

Compounds-of the present invention can be used for the treatment of diseases where
Serum Amyloid P Component depletion has a beneficial effect, in particular in the
treatment or prevention of all forms of central and systemic amyloidosis. The most
common disorders associated with amyloidosis are Alzheimer’s disease, maturity onset
diabetes mellitus or amyloidosis

| - as a significant cause of non-ischaemic heart failure,

- as complication of long term haemodialysis in renal fa_ilure,’




-2 - as conplication of nonocl onal gammopathies, - fromchronic
inflammatory disorders, - fromchronic infections - or from agtbhabg types
~of cancer. Furthernore, anyloidosis conprises many different diseases such
as forms of hereditary anyl oidosis nost comon famlial anyloid

pol yneur SYEBRIBEAP) | scrapi e’ and Kreuzfel d-Jakob di FEIERZIBHE conpounds
of the present invention may also be used in certain bacterial infections
(M Noursadeghi et. al., Proc. Natl.Acad. Sci. USA 97 (2000) 14584-14589).

't has now Sut gy sichglte BERBn Mk biiflatgApOUNds of formulae | and |A

were, in vitrg and 1n vivo, readi verted to the parent conpound of
formul a HO \OfmeChéﬂwlé%WPﬁ@Wé]F%F%%e used as prodrugs. The D-proline of
formula Il (pafepichesgiaftihasi S a known conpound and is disclosed in EP
915 088. Conpoungds of formula |l have a limted bioavailability. It was

t heref ore usef{l ?'Bcerfaluhép%feo?fa\'}ﬁ i ves of the conpound of formula Il to
render these conpounds suitable for oral _application, A nolecule with
optimal st rucForbdrmemmtnyoidads compars mny diflcsahdismiaruchpoipant ofes for

el i ci ting Heh@ital9aimyRillokiDRbAREMEcR HBHHARTRIRHoletrdpathy ERAPYst@pians not

necessari I% 1?2?@3 ) %he best nol ecular formand properties for its
delivery tg&f 'Sai‘f)]ﬁ BGfeultimate action. Usually, only a minor fraction

of doses administered reach the target area and since nost agents interact
wi t h"non- t ar g&he eimpsindsofitld irgsentrinyentddrf ingy dsabedistd ineeripimbpgterizlsul t in
undesi r ablige. i e (Melib e SGsghi dMILSPioR Qa0 cadli dcf, E6£98 ERODYY4b¢aNSROL t and i n

situ effect characteristics for many drug noleculs is the basic reason why

bi oreversi bl e_ghem cal derivatizatiqgn of drugs,..i.e rodrug f.ormation, is
o eane by whlidHs B hsetsaly s it B9 Raoupdarengiet AR LCy™ of
drugs can v adhit eve deadii ermstroaddy thepatehecqmppend gf fappelmach is i nvol ved 1.
enhancenent of bioavailability and passage through vari ous bi ol ogi cal

barriers, 13 June 2006 o O, _OH
N\‘\/\/\)LN‘ y
0
wo” O I

and can therefore be used as prodrugs.

The D-proline of formula II {parent compound) is a known compound and is
" disclosed in EP 915 088.

Compounds of formula I have a limited bioavailability. It was therefore useful to
find derivatives of the compound of formula IT to render these compounds suitable for oral

application.

A molecule with optimal structural configuration and physicochemical properties for
eliciting the desired therapeutic response at its target site does not necessarily possess the
best molecular form and properties for its delivery to its point of ultimate action. Usually,
only a minor fraction of doses administered reach the target area and since most agents
interact with non-target sites as well, an inefficient delivery may result in undesirable side

* effects. This fact of differences in transport and in situ effect characteristics for many drug
" moleculs is the basic reason why bioreversible chemical derivatization of drugs, i.e,
prodrug formation, is 2 means by which a substantial improvement in the overall efficacy

of drugs can be achieved.

Therefore, in the prodrug approach is involved
1. enhancement of bioavailability and passage through various biological barriers,




i ncreased duration of pharmacol ogical effects, 3. increased
icity, 4. decreased toxicitygand adver se react i @N%une2006

EPRE of organoleptlc properties, and , 6. inmprovenent of stability
and sblublllty A prodrug is in nost cases a phar macol ogi cal Iy inactive
derivative of a parent drug nolecule that requires spontaneous or
-enzymatic transformation wthin the body in order to release the active
drug, and that has inproved delivery properties over the parent drug
‘nol ecul e. Prodrugs are designed to overcone pharnmaceutically and/or
pharnacoklqphkgg&MMmhﬁ@ﬁdfgmﬁhh@abgaa&ﬁauated wi th the parent drug nol ecul e

t hat woul d , ot her the clinjcal usefulness of the drug. In recent
years seveéapcfefb%yls& Eﬁlglﬁi&yéver'm bl e derivatives have been exploited for

utilizationk dmemsitgnmn@ndradmactiﬂmsng esters as a prodrug type for drugs

containing g e%éntgfor éslg{a i s most popul ar. Further
wel | - known a rug §¥r| F-Wiél 1&1?; pepti des, 4-im dazolidi nones and the
e,

li ke, desc@r’é&foﬁ@% 1991, 16(5) 443- 458 or N-oxi des,
“described for @ﬁﬁ@ﬂu@mllﬁhﬂd&&s&%}ﬁﬁﬁawﬁmby‘mm dexivative obaparent ¢rugvi de

;23/ QSVSLaﬁ‘H’E%B%QﬁaE U"F' D@ggased&s r(%g?)é%; assocllqg%g%%nw T ﬁﬂﬁ&#&wﬁysyt hat

" woul d ot hepndeset)lrdemetthftﬂﬁfé‘fftﬂhluﬂi dfivery properiies oXECHEFATFtt 0 a
first asF)eEfquﬁolE&fé.P beHwigﬁ@dﬁ)d@td@ﬁié dﬁﬁh mﬂvopf f or mul ae

wh CN7) d f
Fover a1 Romacckiasicdy Basgiboed) agﬁé%Pﬁgvgﬁﬁeé%W‘%ﬁ%%r Ugedllag Ot 1Y
'WZQQN(mW)WWM@W@f pnly one of R or R2 naybe

hydr oxy; g,&;agi f@d@ﬁ% ved IBRE bantexploseli fyr hydr ogen,
| ower al kyl q;aomerta Sé‘%% Sfﬂlb%véﬁﬁ and form toge ther with

the carbor® n eﬁmle&wﬁ@ws ﬁgn&at%ré ﬁ%%i’ff’ﬂ’é‘g e for drugs co
carboxyl or hydroxyl function is most popular. Further well-known are prodrug

derivatives of peptides, 4-imidazolidinones and the like, described in Drugs of the Future,
1991, 16(5), 443-458 or N-oxides, described for example in US 5.691.336.

The present invention can provide the novel compounds of formulae I and [A
to overcome pharmaceutically and/or pharmacokinetically based problems associated
with D-prolines that would otherwise lmit the clinical usefulness of the drug.

According to a first aspect of the invention, there is provided compounds of

formulae
2
o 0. R o
N . .
- Q
0 0 /§
1 0
R . _ 'OI' X O
wherein

R and R? are independently from each other and signify lower alkoxy,
Jower alkenyloxy, hydroxy, -OCH(CH;)OC(O)-lower alkyl or
—QCH,C(ON(R®)(R?), with the proviso that only one of R or R* maybe
hydroxy; ,
- R%and Rare independently from each other and signify hydrogen, lower alkyl,
lower alkenyl or cydoalkyl; or '
" R! and R? form together with the carbon atom, to which they are attached the

 Iinking group X, wherein




| i nki ng group X, wherein - 3a -13 June 2006 Xis -0(CH2)" CH-CH(CH2)) O
or-Q(CH2)nO-; nis 1, 2 or 3; and m s4-8. as well as pharnmageuij-oahé Yy
acceptabl e salts of said conpounds.- Mst- preferred are prodrugs of fornula
| . Exemplarly preferred are conpounds of forrmula I, wherein Rand R2 are
identical. and R/R2 are -0CH2C(O N(R3) (R4) or Iovver al koxy and R3 and R4
ar-e i ndepengent| H?@H goer al kyl, lower alkenyl or
cydoal kyl . njg’r ef eﬁ@%@:%?rpo n tgcej(frr%q{g? are -OCHZC(O)N( R3)(R ), are
: thefollowl‘hgs 81,20r ,an :

(R -1-[6-[ (@ - 2- de4¢ b&noy! net hoxycar bony1- pyrrol i di n- |-yl J- 6- oxo- hexanoyl } -

pyrrolldlne 2-carboxylic acid carbanoyl net hyl ester,

(R)-1-[6- [(;;B)ve@uaﬂzﬂaﬁhs&w S0P Y ERBLHIO XS BF LRI Wy aplldln | -yi |l -6- oxo- hexano
"yl 1- pyrrolidine-2-carboxylic acid aIIyIcarba met h ester
e el

(R) - 1- [ 6- [ ( RMést picsaedepyprodrigs e gre-compounds of 1 1 6_ oxo

ER?eiangl[f Iagmaé efti R %W&@i@éhﬁ&l%dﬂ‘m%&emz%m(ﬁwwmlbw ester,
“butyl car bazm m@% araddsnendeptin opm apch other pdrogsy, Jower allrl, lower
_ hexanoyl}anuﬁ)ﬂg,k 2 dalkyR- car boxyl ic add tent butyl car banoyl - rretti;llyl estlcir6
R)-1-[6 R) 2+ Egﬂﬂ-]yd @ﬂw g 0oX
(()-)hexgnogll(})w {f?é g‘%%&%-bar oxy iC amg %gpr py?R %ge%é -Eet hyl
Gster, 13(Rlhd6100E webwepimeuET bRy prRodin eyl 6-cxo-bexanopl-

(R) - 1- { 6- b{Ridind-SicAmloky c@adhﬁmwoy!m&th téf;r bonyl ) - pyrrolidin-1-yl]-6-oxo-
hexanoyl] rrol i dines 2- ar bo_ | L C_ac *%) ] ester or
(R -1-{6-f "I@Itlﬁ Y PERT @W?@#c g‘ﬁiﬂ?’%@@’ in-1-yl]-6-oxo-h
exanoy! } - pyyslidihé-tlicaboRicacidetly canbamvhhaﬂh)éwm car banoyl - net hyl ester.
Preferred Sy_ Jaeoxoo! | owi ngs:-
(R -1- {6 E@I%TR%T@%}%’X@?% %rro i n- 1 y Fﬁ*&gﬁhﬁg}(anoyl }-pyrrolidin
o e-2- yi}-pyrrolidine-2-carb o sylic acid xsopropylcarbamo -me ﬁ
‘ (R)-1-{6-{(R)-2-(tert-butylcarbamoyl-methoxycarbonyi)-pyrrolidin-1 -yl]-6-oxo-
 hexanoyl}-pyrrolidine-2-carboxylic acid tert-butylcarbamoyl-methyi ester,
. (R)-1- {6-[(R)-2—(cydopropylcarbamoyl—methoxymrbonyl)-pyrrohdm»l-yl]-6-0X0-
. hexanoyi}_-pyrrqhdme-z-carb_oxylic aqd cyclopropylcarbamoyl-methyl ester, -




carboxylic acid nethyl ester,

(R-I-[6-[(R) -2-ethoxycarbonyl -pyrrolidin-1-yl]-6-o0xo-hexapyli-@yg " ol i di ne
-2- carboxylic acid ethyl ester or

(R) - 1- { 6wrBnSmid R - 2- pr opoxycar bonyl - pyrrol i di n-1-yl ]PCJ?&%@ZHQ%[]} -pyrrolidin
e-2- carboxylic acid propyl ester. There can be further provided conpounds
of formula IA, wherein Xis -Q(CH2)"-4GH=CH(CH2)" O or Q(CH2) nO . :
Compounds, wherein Xis -Q(CH2)" CH=CH(CH2)" O, are the foll ow ngs:

(12R, 21R) {B)116-{ R)xalimethylarbameyt-miethprjicafboryd)-Byrblidin-1-y1)-6-oxo-

8, 12] t et r Q%0 idfne/-éa id Rl -f

(12R 23R)- ‘g)ésl 1 iiﬁég%&e# %ﬁ;@ié tr 'f@%ﬁ’é‘faﬁa‘.né% methyl ester or

8, 12] hex adis1-{erl(iR)2- iettiyicarbssoylapethetyearbesyl)-pyrrolidin-1-yl]-6-oxo-hexanoyl}-

(12R, 25R) pirtolRitnedi2-cathoxyliBacili diathyltarbaysl-afethidl étef). O

8, 12) oct acos-18-ene-2, 7, 13, 24-tetraone. Conpounds, wherein Xis -Q CH2) nO>

are for exa ' 3o plyp? N
(128 218) - 14 S8 e a0 et Wi ' aroloye g Glwings:

t et racosane- 20-t1 etraone . .

(12R, 23R) @4&2—&%@3—&&3@ ?%%%&PW?I@%l-a{léqugrlwwogl}ﬁ]rolldlne~2~
hexacosanerBoxglid 8jdRethdtesterpne or ‘

(12R 25R) rrshdy_23r8h 93 hAZR ol Y ClRE 230 Re 3 12)...

oct acosang)gl, ésga(g?g}ﬂt%{%bghg c!:%ﬁridll ﬁg[ﬂ% §°§E§g§)gﬁ a(;shglengtz of the

i nvent i oncarbiglicacidethyl estar@ed a medi cament  contai ni ng one or more compounds
of formul 6@-1I~{@M-c_t-ﬂma-ﬂ@ﬁdxﬁ@%ﬁbpmmﬁaﬁ-l-?Eaaaﬁsﬁp%ﬁsaddhﬁé@ccept able
exci pients. Q(}:'lcor nﬁlﬂ’tlo a third aspect of e invention, there is provided
the use oPTPXVHSAHIRIORY! ST def i ned above for the manufacture of

correspondi ng nedi canents for the treatment or prevention of diseases ,
rel ated to allhefespibe firtherprovidednempoyndesfifermadd oflgpseinXis 13 June 2006 -

4a - As uses(die) SH-CIReRLTBC sHib@ad,) o.accept abl e sal ts” useful in this
invention include salts derived fromnetals, salts fromam no acids and

salts of mineral, or, organi id | es of ferred netal salts are
those der¥BBOYS Whepeur }sﬁg(éﬁﬁe&éfg,ﬁ%wn%x%fﬁﬂ}eg’ OWIRgShi um (Li +), sodi um
(Na+). and potassium (K+). Especially preferred is sodium Qher salts are
derived f(12kR2HR-HolSadivxisl,& dista-aiyclé[09.3.00811R) tetracasnal 6-enewd, T,13,20- ptmadme  oOr
l'ysine. | (g%ﬁ,ﬁﬁz)iﬁ(ﬂléi&%‘%bf,@ :R{%ga'iﬁfa{r&ﬂzﬂibﬁ'sﬂz]h‘éﬁ%&-isﬂ&?é-ij, YL Rerdbife

or S

illustrat as ‘j ol ne

( 12R,25R)-14,23-di0xa-1,8-diazg-tricycle{23.3.0.0 8,12} octacos~18-ene-2,7,13,24-tetraone.
Cbmpounds, wherein X is ~O{CH,)O- are for example the followings:

(12R,21R)-14,19-dioxa-1,8-diaza-tricyclof19.3.0.0 8,12]tetracosane-2,7,13,20-tetraone,
(12R,23R)-14,21-dioxa-1,8-diaza-tricyclo{21.3.0.0 8,12) hexacosane-2,7,13,22-tetraone or
{12R,25R)-14,23—'di0xa-1,8-diaza-tricyclo[23.3.0.0 8,12]octacosane-2,7,13,24-tetraone.

According to a second aspect of the invention, there is provided a medicament
containing one or more compounds of formulae I and IA as defined above and

pharmaceutically acceptable excipients.

According to a third aspect of the invention, there is provided the use of a
compound as defined above for the manufacture of corresponding medicaments for the
treatment or prevention of diseases related to all forms of central and systemic

amyloidosis.




nucleus a solid line (' ), indicates that the substituent is in the
(3-orientation, that is, above the plane of the nolecule, jfyhf0leg |ine

), indicates that the substituent is i the a-orientation. 13 June 2006 WO
03/ 051836 PCT/ EP02/ 13827 -5 The term |'Gwer al kyl" refers to both straight
and branched chain saturated hydrocarbon groups having 1 to 6 and
preferably 1 Asustdberindphamadenticatipacceptablipdalts” usetiilliy this inednliph incuder opy| ,

' Sopr opyl Sal%geﬁ#eﬁrt%g]p%&x S, § glﬁqrc}nPgminoiﬁngXndtshﬁs SR rmeéal%¥81g91?il 5(3." )h,'f I's meant a

ura o0pr op
cycl obut y&mregleﬂ r;ﬂdnmﬁﬂllsaétyenedh@gﬁtrl\md fropet @alka!ﬂlatrtalef@ﬂ%ﬁiéwy . The

conpound Bifl-mfxﬁf(ﬂiﬂb %od;uﬂr(Narf)sa%h oEaQ@lixﬁ?f(*}? eQﬁlyFb’ &&v&ﬁgs@wefm@e known .
processes. ,Morepver,. a conp rmul a %’)‘ red by esterifying

“the conpHisare ‘?SlrfFﬂﬂ'%fnﬁnPa B‘%‘CQ% or Pé%?"ﬁ%wf SUME-of f or nul ae

Y-R3 Il 1O wherein Y is a halogen atom preferrably a chl orine atomand R5
is | ower. al kylnthe fomenlae sepresenpdd helrim ashien sub@itaSHBIrEluOratedasgoined tothe or. _
- G240 Nﬁ@ u(sB)sol?alﬂaeFﬁS—arudm&c%&haaﬁéa{b's&g&ﬁmm rsobﬂen&mne&lta%l fication

reaction e starting conpound IS use ortion of ., about Ito 3
"mol e equi i’}%ﬂ"éﬁi g’é Heasdirglin ige ({He )SWQ‘F%tFSeratdBWEH{BWtI“’Gr a salt
15 thereoﬂleoEdﬁdmdtm of corrpounds of formula Il are the follow ngs:

2-chl oroacetam de, N-(chloroacetyl)allylam ne,

N(chl oroacetyl )i sopropyl am ne, N (chloroacetyl)-t-butyl-am ne,

N- (chl oroacetyl)-cycl opropyl am ne, 2-chloro-N, N di net hyl acet am de,

2-chl oro-N, N-di et hyl acet am de, 2-chloro-N, N-dii sopropyl acetam de 20 or
2-chl oro-N-t-butyl -N-nethyl acetam de,. This reaction is carried out in a
solvent inert to the reaction. Suitable solvents include

N, N- di et hyl f oram de, N, N-di net hyl acet am de, acetone, acetonitrile and so
forth. Exanples 1- 9 have been prepared in this way. The conpound of
formula I, wherein R and R2 are both nethoxy (Exanple 10) may 25 be
prepared by a reaction of a solution of diazonethane in diethylether with a
sol ution of




t he conpound of fornula Il in tetrahydrofuran. Furthernore, conpounds of
Exanpl es 11-16 have been prepared by reactions of a sol utipmnefoas compound
of fornmula 11 and Anberlitet9l R120 (ion-exchange resin, useful in
catal yti tions) in conventioal manner with et hanol r opanol ,
but anol , R&‘SR@} ?al cohol, 3-buten-1-ol and 4-penten- | B ﬁ’é‘p%’ne 2006 WO
03/ 051836 PCT/ EP02/ 13827 -6 The conpound of formula I, V\/nerel n R is ethoxy
and R2 is benzyl oxy (Exanple 17) has been prepared froma nixture of

~adipic acid aniysteiril9ew 1m+df@em@nm Jght anldbedrekdal Asih d8uARd

N- et hyl - holjn in d und ri y am ne
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al koxycar b&eRpeyndof frmake for asaly therepfausthasempaynd offormpiaci di ne- 2- car boxyl i ¢
acid allyl ester (Exanple

20),or (R -1-{6-[(R)-2-but-3-enyl oxycaYtRﬁnyIlI—pyrrolldln | -yl}-6-0x0 i5
hexanoyl } - pyrrol i di ne-2-carboxylic acid but-3-enyl ester (Exanple 21), or

(R)-1-{g[(R- wheremYlsa al:igen ato eferrabi; hIorme atonhand R’ zsﬂ er alkyl, lower
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bis(tri cyckl&bﬁwlapmSphl ne) di chl or or ut heni um i n di chl oro_rret hane. The
reaction is carried out at about 50 C. 20 The doubl e bond in conpounds of

Exampl es 20 20 GRS, B coliUTagENR R DR bAGKTE 2 bon i

et hyl acetate in conven 24 and
25, about 1 to 3 mole equivalents to each equwalent of the starting compoundl or a salt
15 thereof.

Examples of compounds of formula I are the followings:

2-chloroacetamide, N-(chloroacetyl)allylamine, N(chloroacetyl)isopropylamine, N-
(chloroacetyl)-t-butyl-amine, N-(chloroacetyl)-cyclopropylamine, 2-chloro-N,N-
dimethylacetamide, 2-chloro-N,N-diethylacetamide, 2-chloro-N,N-diisopropylacetamide

20 or 2-chloro-N-t-butyl-N-methylacetamide, .

This reaction is carried out in a solvent inert to the reaction. Suitable solvents include
N,N-dimethylforamide, N,N-dimethylacetamide, acetone, acetonitrile and so forth. -
Examples 1 — 9 have been prepared in this way.

The compound of formula I, wherein R' and R2 ar_é both methoxy (Example 10) may
25 be prepared by a reaction of a solution of diazomethane in diethylether with a solution of
the compound of formula II in tetrahydrofuran.

Furthermore, compounds of Examples 11 — 16 have been prepared by reactions of a
solution of a compound of formula I and Amberlite® IR120 (ion-exchange resin, useful
in catalytic applications) in conventioal manner with ethanol, propanol, butanol,

3 allylalcohol; 3-buten-1-ol and 4-penten-1-ol.




As nentioned earlier, the conpounds of forrmula | and their pharmaceutically
usabl e addition salts may be used as prodrugs of the parep pgeRBG4INds of
formula 11, which 25 possess val uabl e pharmacol ogi cal properties. These
conpoundgﬂﬁgre nvestigated in accordance with the test given hereinafter.
The evi dehte’™ &t the conpounds of formyla | may be FEEFPELF odrugs of
their parent conpounds of formula Il _gs shown in accordance with the
description given hereinafter. 30 The conversion of prodrugs to the

correspondl Ng PRI @RipobRIBrTsHiEsa I, ﬁhéibiﬁRﬂi%eﬂloxMﬂ'I@hs\Heh tp&rm pnd there
i ons occur in

|1 d f t he | t. t
Vivo, 13" O THb-SOREE P A QS Pieatr Ty ane D r%%é&@% bt i on:
Stability bfdbtidorpieadd Ngmethyl- rbdnpbdlrandxcblommhmawnheq;oﬁhasbnmudnd bl ood
sanpl es ffsfrh,gwafnﬁﬁ%fd Jﬁ@nea%ﬁﬁxré"@lfl\? giqu éqguf&g%gotammnf #-(10 M

f d t tt
|Ont 2; \C/)alr“lsjg@\ﬂﬁt )ée%;)garzﬂeoli’fpﬂyl) 3‘5@’@# ?Sillr"l‘;%‘g}(‘:ﬁdé%bloﬂé‘ha% %ger SQQ ﬁlbYrrSr otein

precipitation with acetonitrile followed by centrifugation (20 mn., 1800 g
at 10 C). The Thylenryidxgptoupany ilrenbd hpdredeyatedheloidesky goupiathysi S. The _
concentr at E%s n%ofg;%ﬁﬁﬂnﬁfrﬁgrpﬁu eﬂ@,ﬁcg%%ggqspry LC-Ms: The chromat ogr aphic

- system consSi rralfl M5 C8 3.5 pm 10 x 2.1 mm

i.d., lo Waters) and an anal tlcal ol um, (Symetry C8 3.5 pm X 2.1 nm
“i.d., Waters) A R somprusd s6orauts Lathersin Rpnd KXows bpty aé‘!f 65 ‘w&g
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trappi ng ctempemetand el uted with a fast gradient. The retention tinme of
(R-1-[6-[(R) 15
2- car boxy- pyrrmrth@f az:ém%(édnd%f%auia%ﬂﬁwé ﬁmp&édwrkmmoﬂkwgqm-z-c aci dwas

- 2.1 mn. uen n spray
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2-pent-4-enyloxycarbonyl-pyrrolidin-1-ylj-6-oxo-hexanoyl} -pyrrolidine-2-carboxylic acid
pent-4-enyl ester (Example 22) with benzylidene-
bis(tricyclohexylphosphine)dichlororuthenium in dichloromethane. The reaction is
carried out at about 50 °C.

20 The double bond in compounds of Examples 20, 21 and 22 may then be
hydrogenated with palladium/carbon in ethylacetate in conventional manner to

compounds of Examples 23, 24 and 25.

As mentioned earlier, the compounds of formula I and their pharmaceutically usable
addition salts may be used as prodrugs of the parent compounds of formula II, which

25 possess valuable pharmacological properties.
These compounds were investigated in accordance with the test given hereinafter.

The evidence, that the compounds of formula I may be used as prodrugs of their
parent compounds of formuta II is shown in accordance with the description given

hereinafter.

30 The conversion of prodrugs to the corresponding parent compounds is due to a
hydrolytic mechanism and there is well known evidence from the literature that similar

reactions occur in vivo.




to 226.1 [Fragnment]+ and for the internal standard 349.1 [ MtH + to 234.1
[Fragment] +. 2n The results were expressed as half-lifes (pDprif00p5ersion
of the prodrug), using the data of the prodrug at tinme-point O mn, as 0 %
val ue. Test description for m crosone incubation Rat and hunan Ilver

m crosomd 9 PRUHEE | ons were conducted on-line in a CTC ¥HEPHIBHsanpl er in
order to avoid any degradation of the_ prodrugs during the work-up. 25

I ncubati on mixtures consisted of |iver mcrosones (rat 1.0 ng prot/nL or
human 2.0 ng prot/nL), prodrug 19 ddvbifelidn{3-3 M), and an NADPH
regenerating system consisting of glucose-6-phosphate dehydrogenase, NADPH
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15 2-carboxy-pyrrolidin-1 —yl] -6- oxo-hexanoyl] -pyrrolidine-2-carboxylic acid was ~ 2.1 min.

“The effluent (300 pl min™) was passed to the turbo ion spray interface without splitting and
was nebulized using nitrogen. Multiple reaction monitoring (MRM) in positive mode was
used for mass spectrometric detection. The transitions for the parent were 341.1 (M+H]"
to 226.1 [Fragment]" and for the internal standard 349.1 {M+H]" to 234.1 {Fragment]”.

20 The results were expressed as half-lifes (50 % conversion of the prodrug), using the data of

the prodrug at time-point 0 min. as 0 % value.

Test description for microsome incubation

Rat and human liver microsome incubations were conducted on-line in a CTC PAL
autosampler in order to avoid any degradation of the prodrugs during the work-up.

25 Incubation mixtures consisted of liver microsomes (rat 1.0 mg prot/mL or human 2.0 mg
prot/mL}, prodrug 10pM, MgCl, (3.3 mM), and an NADPH regenerating system
consisting of glucose-6-phosphate dehydrogenase, NADPH 2nd glucose-6-phosphate
(equivalent to 1 mM NADPH) in a total volume of 1.0 mL of potassium phosphate buffer
100 mM pH 7.4. Reactions were initiated by addition of the NADPH regenerating system

30 at37°C.Attimel,5,9,13,17,21,25,and 29 mina 5 pL aliquot was directly analysed on
a HPLC-MS/MS system consisting of a HP 1100 quaternary pump with degasser and a
PE-Sciex API-2000 MS/MS spectrometer. The analytical column was a Waters Symmetry

 Shield RP8 (2.1*50mm with a 3.5 M particle size). A polarity non linear gradient from
phase A (MeOH/Ac. Form.1 % 20/80) to phase B (MeOH) was applied for a total run time




Rat m crosonesHuman m crosonesRat plasma NtI/2 h o.d earanceMAB

%l ear anceMAB %ours 15881930. 4 2186664201 ow 3823016501 ow 462 p3rAdd50wW
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10 : Results
Tablel
Example Rat microsomes Human microsomes | Rat plasma
No. - t1/2 hours
Clearance | MAB % | Clearance | MAB %
1 5 88 i 93 04
2 | 18 | e6 64 20 low
3 -82 30 16 50 fow
4 625 5 57 22 low
5 36 50 8 67 low
6 7 84 1 96 0.8
7 | .9 73 2 90 0.2
10 9 79 2 | 90| 1.3
11 46 _ 44 5 77 04
12 253 12 73 18

It is seen from table 1 that the compounds of formula I are potential prodrugs for the
parent compound II.

It has been found, that the compounds of the formula I exhibit low stability in plasma
15 where they give rise to the formation of the parent compound II, With microsomes they
show a medium to low stability with the formation of compound II. The bioavailability was




tabl ets, dragees, hard and soft gel atine capsul es, solutions, enulsions or
suspensi ons. The adm nistration can, however, also be effggmggzmggtally
e.g. in the formof suppositories, or parenterally, e.g. in the form of
injection solutions. The conpounds of formula | and thel harnaceutlcally
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inert, inorganic or organic excipientsgfor the productlon of tablets,
coated tablets, dragees and hard gel ati ne capsul es. Lactose, corn st ar ch

or deri vatanv:@&eabﬁrs@&iedekﬁmes 81 @60 95, 336 be), WS%)ta?]dsigl(iOS% G, can be used as
such excipi e ees and hard gel atine capsul es.

Sui t abl e eS?B}Pﬂf‘%’Ht%agfff’(sfo'g?)‘?‘{ngé’zfoé‘?’f'ﬁ@a sules are e.g. vegetable oils,
waxes, fats, sem - 20 solid and liquid ponoIs etc. Suitable excipients for
t he manuf dBtesefindiries sugiest thotthe eomopesmdanf foramla Ishay amiateased opbl yol s, _
sacchar 0s &jodyiisliity a?l'dgﬂf.rrcfoxglhld n%LIQIalug‘FUrMeﬁln@ﬁ?b@ﬁ%g&?wﬁe% % jection
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st abi | i zertheir peéiiticogpaganbformeutuiisi fi ers, sweeteners, colorants,
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Cel sius. The follow ng prodrugs have been prepared: Exanple 1

The compounds of formuta I and their pharmaceutically usable acid addition salts

15 canbe processed with pharmaceutically inert, inorganic or organic excipients for the
production of tablets, coated tablets, dragees and hard gelatine capsules. Lactose, corn
starch or derivatives thereof, talc, stearic acid or its salts etc can be used as such excipients

e.g. for tablets, dragées and hard gelatine capsules.

Suitable excipients for soft gelatine capsules are e.g. vegetable oils, waxes, fats, semi-

20 solid and liquid polyols etc.

Suitable excipients for the manufacture of solutions and syrups are e.g. water,

polyols, saccharose, invert sugar, glucose etc.

Suitable excipients for injection solutions are e.g. water, alcohols, polyols, glycerol,

vegetable oils etc.

25 Suitable excipients for suppositories are e.g. natural or hardened oils, waxes, fats,

semi-liquid or liquid polyols etc.

Moreover, the pharmaceutical preparations can contain preservatives, solubilizers,
stabilizers, wetting agents, emulsifiers, sweeteners, colorants, flavorants, salts for varying
the osmotic pressure, buffers, masking agents or antioxidants, They can also contain stiil

30 other therapeutically valuable substances.




(R -1-[6-[ (R -2-Car banoyl net hoxycar bonyl - pyrrol i din-1-yl]-6-o0xo- hexanoyl ] -

i o pyrrolidine-2-carboxylic acid carbanoyl methyl ester Tojapgl2ehson of
170 ng (0.5 mol) (R)-1-[6-[(R)-2-carboxy-pyrrolidin-1-yll-6-

oxo- hexanoyl ] - pyrrol i di ne-2-carboxylic acid and 93.5 ng (1 mmol)

2-chl oroéﬁ%? in 2 m dinmethylformanm de were adde§TEROBI3EA (0.1 rnnol)
sodiumiodide and 139 m  (Inmol) trigyhylam ne. After stirring overnight
at 90 C the solvent was distilled off, the 15 residue was taken up with

di chl or omet hange agHgeosh vaAG WRHinWH BN MBS BH wil 0%0%96149%@@ %ﬁ% IRk &af bonat e

and brine. The organic extracts were dried with sodiumsulfate and the
sol vent wa§THeREnf gl particwanspss) I geotialny thecesagf opl admypistration 4 dary - 2-
car banoy| rgg zsmambmwmwrh% pérlpws@féfaxb&r&n@@gaﬁmmmﬁe;yadlcpﬂ,é di ne- 2-car

boxylic acid carbanoyl met ester as a ht yellow foam M5 W (% : 455
' (M+%+, 100)@%@@%&%&&“&& %{)vg_gpper limit can also lbg excet)e/ded when necesggry. (%

[6-[ (R)-2-Allyl car banoyl net hoxycar bonyl - pyrrol i di n-1-yl]-6-o0xo-hexanoyl ] -
pyrrolidi ne- 2Thafollowipk Eramplesd tal2b illusteatdhapietane invydtionsfithout [niingivl ut i on of

170 ng (0.5 ol R -1:[6-] (R) - 2-~¢carboxy-pyrrolidin-1-yl]-6-
0X0- hexandglltfmgif%tﬁlgﬁsl)'lﬁi%%fl?{ée#eﬁso(‘gf“fst acid and 134 ng (1 mol) N 25
(chloroacetyl)allylamne in 3 m dinethylformm de were added 14.9 ny

(0. 1I'nmmol ) sog umih@al go,ﬁ{‘kgh;,%% & dgol ) triethylamne. After stirring
overni ght at 90 %‘the‘kgsol ent w;s pélép;a'fl Iled off, the residue was taken up

wi t h di chi oronet hane and extracted W'Fth i ter. The organic extracts were
dried with sodiumsulfate and the soF¥EMwas distilled off to yield 200
ng (75 % of (R)-1-[6-[(R)-2-allyl carbanoyl met hoxycar bonyl - pyrrolidin-I 30
yl ] - 6- oxo-{Repk4®6R)2-Earbanodylndethexy2arbanybpryslidin-doi]eb-atd-dxemydanoy| met hyl

ester s h:OWy_ 0 s oA - H+,100). 13 June 2006 WO
03/ 051 36%%%‘%%%%/%%‘2’#% f’%%hﬁérx@ rr"ﬁigtgﬁ?fgtw

exanoy ) e v 0 eaibora il g Ochroppmmb i ! coter
To a sol utoke+hexahoyd fFPyraalidiie-Bearbmdlic acid and 93.5 mg (1 mmol) 2-chloroacetamide in

A ﬁe[xgn%“ﬁ)@?eyfﬁﬁéﬁ%ﬁﬁhe- AR e (0T o) sodipmiodideand 139yl
_  {Immol) triethylamine. After stirring overnight at 90 °C the solvent was dstilled off, the
15  residue was taken up with dichloromethane and extracted with water, 2 % aqueous
sodiumbicarbonate and brine. The organic extracts were dried with sodium sulfate and the
solvent was distilled off to yield 100 mg (44 %) of (R)-1-[6-[(R)-2-
carbamoylmethoxycarbonyl-pyrrolidin-1-yl]-6-oxo-hexanoyl}-pyrrolidine-2-carboxylic
acid carbamoylmethyl ester as a light yellow foam, MS m/e (%): 455 (M+H+, 100).

20 Example 2

(R)-1-[6-[(R)-2-Allylcarbamoylmethoxycarbonyl-pyrrolidin-1-yl]-6-oxo-hexanoyl]-
pyrrolidine-2-carboxylic acid allylcarbamoylmethy] ester

To a solution of 170 mg (0.5 mmol) (R)-1-[6-[(R)-2-carboxy-pyrrolidin-1-yl]-6-
oxo-hexanoyi]-pyrrolidine-2-carboxylic acid and 134 mg (1 mmol) N-

25 (chloroacetyl)allylamine in 3 ml dimethylformamide were added 14.9 mg (0.1mmol)
sodium iodide and 139 ml (1 mmol) triethylamine. After stirring overnight at 90 °C the
solvent was distilled off, the residue was taken up with dichloromethane and extracted with
water. The organic extracts were dried with sodium sulfate and the solvent was distilled off
to yield 200 mg (75 %) of (R)-1-[6-[(R)-2-allylcarbamoylmethoxycarbonyl-pyrrolidin-1-

30 yl]-6-oxo-hexanoyl]-pyrrolidine-2-carboxylic acid allylcarbamoylmethyl ester as a yellow
oil, MS m/e (%): 535 (M+H+, 100). |




(chl oroacetyl )i sopropyl-amne in 3 m dinethylformam de were added 14.9 ng
(0.1 mol) sodiumiodide and 139 m (1 nmol) triethylam ngs yfftRheStirring
overnight at 90 C the solvent was distilled off, the residue was taken up
with dichl oronet hane and extracted wth water. The organic extracts were
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extract s VoL enlniith Wbl R Wb el SO h] oWiigrPhidhat! ed of
(R) - 1- { 6- [ hRyolpent way distifled 9ff,¢le totiditsywas talsertupoyitadittderphiethpge andlekigicted -

yl]- 6£)OXO|' REX FRRY II‘l}u'e %ﬁﬁi@%ﬂt&kt@ﬁr&@ﬂﬁ@& RRXMdi ﬁ@flhlg and the solvent was £67

EE/E_L;, ljj_%%) 1%%@3 E&Mg&t‘?@/ mg?YSiit"g)rof?ﬁ)—%‘{6—1‘&5—E’Z?(isg;?roinﬂéarllv\{l%oﬂ-e (%

(R - ﬁ {6- [@Rﬁﬂﬂfd@fﬂbﬁftfﬁhﬁiﬂ@ﬁﬁﬁ)ﬂ@ﬂhﬁﬁbﬁppyfcﬂifbﬁrﬁyd:aﬂ?qiyli‘daoildi d: n-1- Kl } -6-0
X0- hexano: - [1Ql | n - (o ] r - met

coter To bR EERAHDEYT R 3 SREMS EKTIHI R R RRTOY ! - TR Y

(R -1-[6-[(R)-2-carboxy-pyrrolidin-1-yl]-6-
oxo- hexanoyl ] - pyrrolidi ne-2- car boxyl i‘%/m‘aﬂlf-‘d and 134 ng (1 mol)

N- (chl oroacetyl) 30 cyclopropyl-amne in 3 m dinethylfornmam de were added

14.9 ny ( O(R)ym@BlR)sD (etButil@ebasiyhinethddRarbbny Lpyrradidn-1-yi]-6tdryd ami ne. After
stirrin v er ni .190.,C t | : g | Shi f, the residue was
t aken u‘g’ \?\%’ ﬁ?‘ﬁ“‘ﬁﬁ'@hi oﬁ%‘r’r‘g—tzﬁcgrrlfgﬁgﬁguéget@{r %%{?lgﬁb%\nn% "jlv\e/a%g?s.?nghe organic
extracts were dried with sodium sulfate and the solvent_was distilled off

to yield 13 Jdee solution vid 70 2108 S @l Py IsidlR ik 2 garhoxyspyrrolidin-1-yl]-6-
oxo-hexanoyl]-pyrrolidine-2-carboxylic acid and 149 mg (1 mmol) N-(chloroacetyl}-t-
butyl-amine in 3 ml dimethylformamide were added 14.9 mg (0.1 mmol) sodium iodide
and 139 ml {1 mmol) triethylamine. After stirring overnight at 90 °C the solvent was

20  distilled off, the residue was taken up with dichloromethane and extracted with water. The

organic extracts were dried with sodium sulfate and the solvent was distilled off to yield
205 mg (72 %) of (R)-1-{6-[(R)-2-(tert-butylcarbamoyl-methoxycarbonyl)-pyrrolidin-1-
yl]-6-oxo-hexanoyl}-pyrrolidine-2-carboxylic acid tert-butylcarbamoyl-methyl ester as a
white solid, MS m/e (%): 567 (M+H+, 100).

25 "Example 5

(R)-1-{6-[(R)-2-(Cyclopropylcarbameoyl-methoxycarbonyl)-pyrrolidin-1-yl}-6-oxo-
hexanoyl}-pyrrolidine-2-carboxylic acid cyclopropylcarbamoyl-methyl ester

To a solution of 170 mg (0.5 mmol) (R)-1-[6-[(R)-2-carboxy-pyrrolidin-1-yl]-6-
oxo—hekanoyl]-pyrrolidine—Z-carboxyIic acid and 134 mg (1 mmol) N-(chloroacetyl)-

30 cyclopropyl-amine in 3 m! dimethylformamide were added 14.9 mg (0.1mmol) sodium
iodide and 139 mi (1 mmol) triethylamine. After stirring overnight at 90 °C the solvent was
distilled off, the residue was taken up with dichloromethane and extracted with water. The
organic extracts were dried with sodium sulfate and the solvent was distilled off to yield




190 ng (71 %9 of _
(R -1-{6-[(R-2-(cycl opropyl car banoyl - met hoxycar bonyl ) - pyr [ Dl 2006
1-yl]-6-o0xo0- hexanoyl}-pyrrolidine-2-carboxy|ic acid

0 .
| ((:K/ﬁhgpr(ig%kﬁg}@% v getShyI ester as a light yellow S%l"I‘IIFEiP’ﬂzA\é%ZT e (%: 535
(R -1-{6-[(R)-2- (D met hyl car bamyl - xycar bonyl ) -pyrrolidin-1-yl]-6-o0xo-

hexanoyl } - pyrrol i di ne-2- carboxylic aC| di et hyl car banoyl - met hyl ester To a

soluti on_Ofiod.fg (ﬂ%{ S8 (R)ITBI(IR) (R Jlo;[rﬁpyh&@am%ylcxﬁétﬁ&&xarmﬁfr)C%ﬁ'nﬁln1 yl]-6-

0x0- hexano | C  acl

2-chl or o- W @P RNy RVE %@e*zrr-@oy maag FWE’PH&HW?TP?F&PMI‘&%?‘%F%“éﬂded 14.9
ng (0.1 mmﬂnghmkbmldmsmdh(w. $35d MEFS+,T00)(1 nmol ) triethyl amne. After
stirring overnight at 100 C the solvent was distilled off, the residue was
taken up with dichloronethane and extgagifds Wi th water. The organic
extracts were dried with sodiumsulfate and the solvent was distilled off
to vyield 0 %9 0 .

(R -1- {e [ﬁeﬂ-@-t@%ﬁﬁmt@ﬂ?aﬁ%ﬁwﬂ-ﬂﬁﬂwm%aﬂkam%@mw{l-rﬁa%oai n-

1-yl ] - 6- ox behendhpytiglidiner - clrbakiylieacitt dime thpkyrbamodaeathydestat hyl car barmyl I 5
net hyl ester as a yellowoil, MSnme (%: 511 (MtH+, 100). Exanple 7

(R -1-(6-[ 2 . .
(R-2-(Diet hyI 'g%zrl Clution o_f %}tm%g(o BC%IPIOQn ? bR [6 [(R) 2 carboxy Eyn?hdm .gxo hexanoyl } -
pyrrol i di n@%®t %scawﬁxfgmoas ’&6120‘33610&1%?;?9@&% | lmw-cfé@péﬂ Nro a sol ution

of 170 ny aﬁhéihymfah&uc(em) 280l an{]t(tﬂyﬂ,ﬂ)rrﬁarﬁﬂé b&xyddkyl r14 thgcton nimdf) $odfm 20

0x0- hex hoy |

2ol or B N d;’fu ii%ﬂ mPQ gl&&‘eihﬁ?aé‘y?ﬁ i ‘f’hnﬁlofv erhitf %06 o\k/etr e °§1%f8ed 14.9 ny
(0.1 nmol) ngﬂwﬂnﬂl Offdﬂﬁ uedws 1dden pp with dwhbro)methameemxamt@ﬂiﬂﬁmt@r stirring
over ni ght @he §aric &dGcd QEfé QRbd WAR soditing bilifate@Hd Helsolvdn Gad cﬁﬁill@&lgffws taken up

i Qdd'vﬂ‘L%@S%ng%% PR Hioentubial SemoReaBpD- o 1ol d 25 260

g (92 96) patolidin-1-yl}-6-oxo-hexanoyl} —pyrrohdme -2-carboxylic acid dnnethylcarbarnoyl-

(R) 1-{fa-[ et r yI) pyrrolidin-1-yl]-

6- 0X0- hg’xa%lo Y es(e%saﬂﬁ%?ﬁﬁém)@(/@% lﬁ%mgl?ﬂ | et hyl car banoyl - met hyl ester
as a yellow oil, Msnme (%9: 567 (I\/HrH+, 100). Exanple 8 (R)-1-{6-]

(R) - 2- (Di i sopropyl car banpy! - et hoxycat#8®a73 - pyrrol i di n- 1-yI ] - 6- oxo- 30
hexanoyl } - pyrrol i di ne-2-carboxylic acid diisopropyl carbanoyl - net hyl ester
To a sol ut (R)Fl- {5 BRP2-Diethylcrbanoyl)methoxycarbonyl)-pyrrolidin-1-yl]-6-oxo-hexanoyl}-

(R)-1-16-[ lgﬁ}éll%' . pa%éﬁyﬁéqcfcf)&étﬂﬂgarﬂ‘mx&}]l m@thyl ester

To a solution of 170 mg (0.5 mmol) (R)-1-[6-{(R)-2-carboxy-pyrrolidin-1-yl]-6-
20 oxo-hexanoyl]-pyrrolidine-2-carboxylic acid and 137 ml (1 mmol} 2-chloro-N,N-
diethylacetamide in 3 m! dimethylformamide were added 14.9 mg (0.1 mmol) sodium
~ iodide and 139 ml (1 mmol) triethylamine. After stirring overnight at 90 °C the sclvent was
distilled off, the residue was taken up with dichloromethane and extracted with water. The
organic extracts were dried with sodium sulfate and the solvent was distilled off to yield
25 260 mg (92 %) of (R)-1-{6-[(R)-2-(diethylcarbamoyl-methoxycarbonyl)-pyrrolidin-1-yl]-
6-oxo-hexanoyl}-pyrrolidine-2-carboxylic acid diethylcarbamoyl-methyl ester as a yellow
oil, MS m/e (%): 567 (M+H+, 100).

Example 8

(R)—l-{6-[(R)-2-(Di-isopr‘opylcarbamoyl-methoxycatbonyl)—pyrrelidin-1-y1]—6-oxo-
30  hexanoyl}-pyrrolidine-2-carboxylic acid diisopropylcarbamoyl-methyl ester

* To a solution of 680 mg (2.0 mmol) (R)-1-[6-[(R)-2-carboxy-pyrrolidin-1-yl}-6-
oxo-hexanoyl}-pyrrolidine-2-carboxylic acid and 708 mg (4 mmol) 2-chloro-N,N-
diisopropylacetamide in 10 m} dimethylformamide were added 60.0 mg (0.4 mmol)




oxo- hexanoyl }-pyrrolidine-2-carboxylic acid and 708 mg (4 mmol )
2-chloro-N,N- diisopropylacetamde in 10 ml di nethyl f or mam g, Wepgs added
60.0 mg (0.4 mml) 13 June 2006 WO 03/051836 PCT/ EP02/ 13827 -13 sodi um
~iodide and 557 ml (4 mmol ) triethylamne. After stirring overnight at 90 C
the sol Wh/RE36 distilled off, the residue was taken PGE/BRIAIES2T

di chl or onet hane and extracted mnth 2 @6aqueous sodi unbi car bonat e and
brine. The organic extracts were dri €l d3i th sodium sulfate and the sol vent

\(Nglsl glo;ﬁ Iolpil? glgf%fglﬁﬁo cﬁif‘ﬂgg OH%B‘%@HT%TM%‘H3§ ‘# é@? %k%th%xanoyl }- pyr

rolidine @wamﬂyulled offcthd r@ldnsmmk:ylwamﬂhalmldremahmel andsttencted svithn 0i | |

}/\g) ( ;/‘) ; 66[22?0 o alfliddhis sodﬁQxﬂ)iBu%ar@ﬁﬁmh@ biz?e The orFamc extracts were dgn ¥

] - 6- oxo0- ﬁ)ﬁ‘éi%émé?w veﬁy‘wﬁ@%@?@ Y&m)%m (7k%§e¥e’<)- 1461

Ee;t bl[JByl[(Ialﬁtdpyd;ﬁ)hixﬁ&ﬂWdemiﬂywrb(ﬁm)@yrr]ﬁﬁmeI%L&bx&ﬁex@ﬁoyﬁ%@rlﬁiﬁdlﬁa 0 nmol )
R)-1-[6 r

0X0- hexanoyf i yqucfaoﬁodéll ?F?é(é)ichléﬁrag‘l Qr %‘ea{'ﬂaﬂgg sangh é\g%mﬁg(%)462m%+)]{+’

2-chl or o- NOOkbut yl - N- met hyl acetam de in 10 m di met hyl f or mam de were added

60.0 ng (0.4 mol) sodium iodide and 557 nl (4 mmol) triethylamnne. After
stirring over the weekend at 90 C t h&xhmpleol vent was distilled off, the

}thsr?f/hrrolldl n-1-yl

".residue was taken up wi th dichl oronet hane and extracted with 2 %aqueous

Ul fate andvang (&) ”@er?ﬁmﬁﬁﬂ%shﬂ?mﬁﬂ%ii‘g%%hgﬁcaf%%ﬁaﬁﬁn@f" WQ&“% For
(R) - 1- {18- [}(epqgnozl}(pmp]@dme-z-carboxyhc acid tert—butylmethy carbamoyl—meth ester
but yl net hyl car banoyl - met hoxycar bonyl ) - pyrrolidi n-1-yl]-6-0x0-hexanoyl }-pyrr

ol : di:lnel-\/B n;:arﬂaqwhn&amewﬁmzonmﬁlydmtﬂm{m)az -oabeyipyimlidivl1-gpter as a

SOl |

(RS O eyl R Rt o deid and R e 1 7 PO Ny o i
e- 2- car bowsthylecemmids imd ) dimethylforntangdé were ailed £0.0 mgd Odwirhelheodium

di ethyl et I’l?cﬁndé iR s@ﬁ@h 4mmﬂgﬁgameq«¢efhy lih@SvePhhe w%&e'ﬁ?gc dBuCile 5 Mol )

(R -1-[6- oXYy-pyrro I n- | exano
Cpyrrol i 'Eh ﬁelvzlt@af llpd P@‘ t %readpﬁwascalﬁ%p up with érfbhr%m}haaw andyexteacted it | ng
over ni ght 2mathaacd sodlumblcarbonate and brine, The organic extracts were dried with sodium

sulfate and the solvent was distilled off to yield 1.02 g (85 %) of (R)-1-{6-[(R)-2-{tert-
butylmethylcarbamoyl-methoxycarbonyl)-pyrrolidin-1-yl]-6-oxo-hexanoyl}-pyrrolidine-
2-carboxylic acid tert-butylmethylcarbamoyl-methyl ester as a solid, MS m/e (%): 595

20 (M+H+, 100).

Example 10

{R)-1-{6-[(R)-2- Memoxycarbonyl-pyrrohdm- -y}]-6-oxo0-hexanoyl}-pyrrolidine-2-
carboxylic acid methyl ester

A solution of diazomethane in diethylether (~6 mmol) was added to a solution of
25 500 mg (1.5 mmol) (R)-1-{6-[(R)-2-carboxy-pyrrolidin-1-yl}-6-oxo-hexanoyi]-
pyrrolidine-2-carboxylic acid in 10 ml tetrahydrofuran. After stirring overnight methanol
was added and the solvents were evaporated. The residue was taken up in
dichloromethane, extracted with brine and dried with sodiumsulfate. After separation from
, the solvent 400 mg (72 %) (R)-1-{6-[(R)-2-methoxycarbonyl-pyrrolidin-1-yl]-6-oxo-

_r 30 hexanoyl}-pyrrolidine-2-carboxylic acid methyl ester were obtained as a light yellow oil,

MS m/e (%): 369 (M:+H+, 100).




was added and the solvents were evaporated. The residue was taken up in
di chl oronet hane, extracted with brine and dried with sodi upsylftahes After
separation from t he sol vent 400 ngy (72 %

(R -1- {6 2 rret hoxycar bonyl - pyrrolidin-1-yll-6-o0xo 30
hexanoyl} B¢ di ne- 2- carboxylic acid nethyl ester RAEPSBP#ned as.
alight yell ow oi |, I\/IS me (%: 369 (MTHJ' 100). 13 June 2006 WD 03/051836

PCT/ EP02/ 13827 - 14- Exanpl e 11

(R -1-{6-[ (R - 2- Et hoxycar bonyl - pyrrot*amrﬂklli yl ] - 6- oxo- hexanoyl }-pyrrolidine
-2- carboxylic acid ethyl ester A m xtu of 170 mg (0.5 mmol)

ﬁ?xaﬁo[yf] R@%‘r*éﬂ&@’rﬁ%é&’é@%’%@ ‘é‘&?ﬁllaqia’?%ﬁewﬁrﬂyéﬁ@ﬂ%ér) | R120 in 10

n et hanol casbexgicatidrethyliestr room t enperature for 48 hours. After filtration
the solvent was distilled off, the residue was taken up in dichloronethane

d d
i ed w £ anﬂw"ff?@g?‘% ?;hmﬁ”’ﬁﬂ’ S S G M G TR

(53 9% P Rhefanogllpymplidoei+g A5 m@b@lm@ﬂRmm@%et ano
oxlo hexanagﬂre}stmea aDlobfh taapé&at@&rfbmsyiouﬁ Afedr diltedrivy theadlvert wasdiatilled bif, yel | ow
Ol
(R-1- { 6- Ctﬁ r(eé% e(vﬁ)sgé(e ‘“o‘?%&'é‘é*r"%%‘r‘%i’/ eaggre)(‘ratgfcgeélm'fhlzﬁ P%K8%anoy! ] - pyrrol i din
“e-2- car bomjmmblcerbpuatpr'l"cbpytga@sc!@ractws Aried withsasliwhsulfate andth¢ ol wnhives )
' gleRZ(aﬁoglles] [dﬁsﬁ?’lic(?ﬁffl%rywm‘jﬁggr 5@%)%2—1;{63{ )= Be@®¥Qycarbonyl-pyrrolidin-1- yl 6I‘R120 n 10
m prop %\n(ﬂ% itk prrsitie -C%%W%%ﬁﬁg}v&smrés flight »fgﬁ«?wth\&s o

fil tratloB9ItM+EIelmmt was distilled off, the residue was taken up in
di chl oronet hane and extracted wi th 2% aqueous sodi unbi car bonate. The
organic extract was dried with sodi uggplfabe and the sol vent was 20
distilled off to yield 65 rrg (31%

R)-1-{6- b | |
§/I g heiangéﬁ}gﬁ)‘b&i’@r[ﬁ%ﬁ I é%? 8‘53 131/’9”8'0 r 4 ﬂfﬁwwé}s%@hé?e&n ght yel | ow
oil, NS vwa@%yncaéa@rwrestes), 268 (100), 156 (21), 70 (69). Exanple 13

15 A mixture of 170 mg (0.5 mmol) (R)-1-[6-[(R)-2-carboxy-pyrrolidin-1-yl}-6-oxo-
_ hexanoyl]-pyrrolidine-2-carboxylic acid and 54 mg Amberlite® IR120 in 10 ml propanol
‘were stirred at room temperature for 48 hours. After filtration the solvent was distilled off,
the residue was taken up in dichloromethane and extracted with 2% aqueous
sodiumbicarbonate. The organic extract was dried with sodiumsulfate and the solvent was
20 distilled off to yield 65 mg (31%) (R)-1-{6-ox0-6-[(R)-2-propoxycarbonyl-pyrrolidin-1-
yl}-hexanoyl}-pyrrolidine-2-carboxylic acid propyl ester as alight yellow oil, MS m/e (%):
424 (M+, 3}, 268 (100), 156 (21), 70 (69).

Example 13

(R)-1-{6-[(R)-2-Butoxycarbony!-pyrrolidin-1-yl)- 6-oxo—hexanoyl}-pyrrohdme—z-
25 carboxylic acid butyl ester

A mixture of 170 mg (0.5 mmaol) (R)-1-[6-[(R)-2-carboxy-pyrrolidin-1-yl]-6-0xo-

. hexanoyl}-pyrrolidine-2-carboxylic acid and 54 mg Amberlite® IR120 in 10 ml butanol
were stirred at room temperature for 48 hours, After filtration the solvent was distilled off,
the residue was taken up in dichloromethane and extracted with 2 % aqueous

30 sodiumbicarbonate. The organic extract was dried with sodiumsulfate and the solvent was
distilled off to yield 70 mg (31 %) (R)-1-{6-[(R)-2-butoxycarbonyl-pyrrolidin-1-yl]-6-

" oxo-hexanoyl}-pyrrolidine-2-carboxylic acid butyl ester as alight yellow oil, MS m/e (%):

,453 (M+H+, 100).




(R -1-{6-[ (R)-2-Butoxycarbonyl-pyrrolidin-1-yl]

- 6- oxo-hexanoyl } - pyrrolidin-2- 25 carboxylic acid butyl esfﬁfunéng@(t ure of
170 nmg (0.5 mol) (R)-1-[6-[(R) -2-carboxy-pyrrolidin-1-yl]-6-0xo0-

hexanoyl h(g) rroI|d| ne- 2-carboxylic acid and 54 ng Anmberlite(r % | R120 in 10
m butan 2 stirred at roomtenperature for 48 hSGFEPEBE fi|tration
t he sol vent vvas distilled off, the residue was taken up in dichloronethane
and extracted with 2 % aqueous 30 sodiunbi carbonate. The organi ¢ extract
was dried with sodiunsul fate and theﬁ&lﬁjg was distilled off to yield 70
nmg (31 % (R)-I-{6 [(R)-2- butoxycarbony' pyrrolidin-1-yl]-6-

oxo- hexano rDyrrol I di ne car boxylic acid hutyl ester as alight yellow
oil, M5B W )v 6-[(BgeZs artybpyrroliinglnyl-6xyodewimopd o eldtiee-2CT/ EP02/ 13827
-15 Exanpl @rlio‘kyhc acid a}lyl ester

(R-1-{6-[(R-2-AI oxycar bonyl - pyrrolidin-I-yl]-6-o0xo-hexanoyl}-pyrrolidine
-2- carboxylic 02

(R-1-[6-[(R }Eﬁcar g{’(ﬂy o @%rﬁ&l&ﬁﬂmﬂg Ml?%%;rb%)tyapyr%hﬁm-fw6)oxo-

hexanoyF] -ksanayl] rmrrnbdlge SAHORiF acd %gﬁamblerbte@ TRMA9dn BY mbgllylalcobul20 in 30 nd
al 1yl al cohgdre stivpidart ﬁiohft'éﬁgeratﬁlréfﬁpgﬁ R R Rioh Me sBReANE SistilRll baT

filtration,the, sov ue was taken up in

di chl or one ﬁéeﬁlél“%lﬂ ,ugg{ g&‘%\ﬁ*’f‘ﬁ%”@“ﬁ(ﬁ%ﬁé W‘MGﬂTﬁ%&r bonat e. IOThe

or gani ¢ exvdisstbicasonate.Thd ovgani exgodt wasslnikd witle saliongulfate suy the sflventwas di sti | | ed
off to yief Q.lll@@gff 1&4@20@1 (49 %) (R)-1- ‘6 [éR) -2~ alonFTrbonPrlv%yrrohdm -1-y1}-6-

(R) - 1{6[(R) 2a| oxy ny pyr.rol

0x0- hexX&ndyPThemner syt eZZE%P% Cfdcanﬁcf’FtG”}ila ight yelloweoil, MS mfe (%Kt yel | ow
oi |, M mdai(MpH+, 4). (MrH+, 100) . Exarrpl e 15

(R -1-16-[ (R -2-But-3-enyl oxycar bonyl - pyrrolidin-1-yl]-6-o0xo0-hexanoyl]-pyrr
ol i di ne-2- carboxylic acid but-3- enyhxaﬁspeglr 15 A mxture of 1.02 g (3 muol)
(R-1-[6-[ (R - ZCarboxy pyrrolidin-1- oxo- '
hexanoyl ] rroI éﬂl ne- 2- car boxylic, acid _and g Anberli te(r) |R120 in 25 m
3- but en- | -8i-1-I6d %E#tr%%loarcarhﬂ’ahlrwmémalrﬂ} 6 OPfenheworlb;a:rrso idigjerZor

filtrati ortathgyls:@hwbnba\e&,ﬂeamstl Iled of f,

15 A mixture of 1.02 g (3 mmol) (R)-1-[6-[(R)-2-carboxy-pyrrolidin-1-yl]-6-oxo-
hexanoyl}-pyrrolidine-2-carboxylic acid and 3 g Amberlite® IR120 in 25 mi 3-buten-1-oi
were stirred at roomn temperature for 72 hours. After filtration the solvent was distilled off,
the residue was taken up in dichloromethane and extracted with 2 % aqueous
sodiumbicarbonate. The organic extract was dried with sodiumsulfate and the solvent was

20 distilled off to yield 490 mg (37 %) {R)-1-{6-[(R)-2-but-3-enyloxycarbonyl-pyrrolidin-1-

' yl]-6-0x0-hexanoyl]-pyrrolidine-2-carboxylic acid but-3-enyl ester as alight yellow oil, MS
m/e (%): 449 (M+H+, 100).

Example 16

(R)-1-[6-[(R)-2-Pent-4-enyloxycarbonyl-pyrrolidin-1-y1]-6-oxo-hexanoyl]-pyrrolidine-2-
25 carboxylic acid pent-4-enyl ester ‘

A mixture of 2.04 g (6 mmol) (R)-1-[6-[(R)-2-carboxy-pyrrolidin-1-yl}-6-oxo-

- hexanoyl]-pyrrolidine-2-carboxylic acid and 5 g Amberlite® IR120 in 25 ml 4-penten-1-ol
were stirred at room temperature for 48 hours. After filtration the solvent was distilled off,
the residue was taken up in dichloromethane and extracted with 2 % aqueous

3t sodiumbicarbonate. The organic extract was dried with sodiumsulfate and the solvent was
7 distilled off to yield 1.6g (58 %) .(R)-1-[6-[(R)-2-pent-4-enyloxycarbonyl-pyrrolidin-1-yl]-
6-oxo0-hexanoyl]-pyrrolidine-2-carboxylic ac1d pent-d-enyl ester as alight yellow oil, M$
m/e (%): 477 (M+H+, 100).




the residue was taken up in dichloromethane and extracted with 2 % aqueous
sodi unbi car bonate. The organic extract was dried w th sodi ygpylef>abg and the
solvent was 20 distilled off to yield 490 nmg (37 % '
" (R -1-[6-[(R) - 2-but - 3-enyl oxycar bonyl - pyrrolidin-|-

“yl ] -6- oxOVOBHEHEY| | - pyrrol i dine-2-carboxylic acid but PET&RYI138¥t er as
alight yellowoil, M5 me (%: 449 (MtH+, 100). Exanple 16

(R -1-16-[ (R) - 2- Pent - 4- enyl oxycar bonyl 1-f’p'yr rolidin-1-yl]-6-o0x0-hexanoyl]-pyr
rolidine-2- 25 carboxylic acid pent-éllé-en I ;ster A mxture of 2.04 g (6
mmol) (R)-1-[6-[(R)-2-carboicy-pyrrol 9i-y|]-6-oxo-

hexanoyl | - pyrrolidine-2-carboxylic acid and 5 g Anberlite(r) IR120 in 25

m 4- pent en{R)-1o[6-[(Re2-Ethoryaarbedylaqyriobidim - dhporeheraoylppyradidnetds. After
filtrationcdb@yROdciEbnzpesiedi stilled off, the residue was taken up in

di chl oronet hane and extracted with 2 % aqueous 30 sodi unbi carbonate. The

of ?a[‘gcyfgf A%k @‘éc’%ﬁrggﬁ/éo%‘}'ng’%ﬁ@ sl SIBE ey 30E, 6015 Bs Sy 1R Bro. 1 St ! ed
(R) - 1- [ 6- [ OByl-13dpehioride-and P27 Hml (e hmal) N-pythylambgpholit inyl0nl .

6- 0x0- hexagemblonhW: /&, E‘H@d%‘ ey A i a s alight
yellow oi |, _I\/Bm%l_e af'g %‘&4177 o 100#&62‘%1 Sglg&%b‘l%g %‘8@?‘%@%‘&%6
- PCT/ EP02/ 1R®®ary amgnert2 Wgéwg_ry added and stirring was continued for 1 hour. After filtration
(R -1- [-g'- [$B)mIZ7Etnhﬁmd bynaﬁ}&tﬁﬂyinofphblimbﬁsihgfﬂrﬁ Minol Yor-Bydeo B@fﬁa@wdlle,py(rj rolidine
-2- carboxylyi ¢ aci nzyl,.ester A mxture of 403. 1 adi pi c
261 o anhydt o0 e aiihHminePloppits ey bosshe bit R b 57l
(2.5 il ) 4Romgi2isynmab FpBRdirprOEt wete@dddd auid ¢ roixbwevisatioedes agatherd8d at room
t enper at ur ko RechoiPbi the sHVRR: a%dféhl%nﬁ@g}'%ﬁf mbgﬁuagel wﬁﬁ'eﬂ'i?l'&&é_téﬂ%d%@ 142 neq/ g)
wer e added anﬂzqut I’I’IG& ﬁ?_‘ontl ue?rgf r_énm , After frltration 823 ni
(7.5 mmol ) PR HRHR - B REePacasentkprrolicn-nulis oo bpenasllaseligeF azol e.
479 ng (2. Bcarbmdylic deid [Renghil eepdrlaya bghit padipwoilyM} nide @) y30M-i10Ei100). de
hydr ochl ori de and io 450 ng (2.5 nmmol) H D-Pro-CEt were added and the

m xture was stirred for another 48 Rours. fRenmoval of the sol vent and
chromat ography on silicagel with ethylacetate gave 135

15 (R)-1-[6-[(R)-2-Ethoxycarbonyl-pyrrolidin-1-yl}-6-oxo-hexanoyl]-pyrrolidine-2-
carboxylic acid

A mixture of 92 mg (0.2 mmol) (R}-1-[6-[(R)-2-ethoxycarbonyl-pyrrolidin-1-yl]-6-
oxo-hexanoyl]-pyrrolidine-2-carboxylic acid benzyl ester and 30 mg 10 %
palladium/carbon in 5 ml ethylacetate was hydrogenated over night. Filtration and removal

20 of the solvent yielded 70 mg (R)-1-[6-[(R}-2-ethoxycarbonyl-pyrrolidin-1-yl}-6-oxo-
hexanoyl]-pyrrolidine-2-carboxylic acid as a light yellow oil, MS m/e (%): 369 (M+H+,
100).

Example 19

. (R)-l-(ﬁ-{(R)-Z-[1-(2,2—Dimethyl-propibr’nj(loxy)-ethoxycarbonyl]-pyrrolidin-1-yl}-6-0x0-
25 hexanoyl)-pyrrolidine-2-carboxylic acid 1-(2,2-dimethyl-propionyloxy)-ethyl ester
(mixture of diastereomers)

To a solution of 170 mg (0.5 mmol) (R}-1-[6-{(R)-2-carboxy-pyrrolidin-1-yl}-6-
oxo-hexanoyl]-pyrrolidine-2-carboxylic acid and 149 ml {1 mmol) diazabicycloundecan in
4 ml dimethylformamide were added 209 mg (1 mmol) 2,2-dimethyl-propionic acid (RS)-
30 1-bromo-ethyl ester and the mixture was stirred at room temperature for 3 hours, The
solvent was distilled off and the residue was taken up in water and extracted with |
dichloromethane. The organic extracts were washed with 2 % aqueous sodiumbicarbonate
and buffer pH7 and dried with sodiumsulfate, Removal of the solvent and chromatography




- 8, 12]tetracos 16-ene-2,7, 13, 20-

(12 %
(R -1-16-[ (R) - 2-et hoxycar bonyl - pyrrolidin-1-yl]-6-0x0-hexamunk2pgsr ol i di ne
- 2-carboxylic acid benzyl ester as a light yellowoil, M5 W (%: 459
(MtH+, 100). Exanple 18 is
(R - 1- [ 6-WQRyeSI836+t hoxycar bonyl - pyrrolidin-1-yl]-6- oxo-B@ERASPEY - pyrrol i di ne
-2- carboxylic acid A m xture of 92 ng7 (0.2
mmol ) (R)-1-[6-[ (R) - 2- et hoxycar bonyl - ]rrolldlnlyl] 6-

h d, 30 10 %
pal | ad unt SapKE wibisHEase ERE 01 ﬁf&ﬁ@)q'@?@ﬁgﬁ%ﬁ%f A ght -
Fi | t rat i onpeapipnylemoweshoxp@rsnylperralislin-enl- @@@khﬁémfﬂ) -pyyolidine-2-
(R-1-[6- [éﬂ% h&tcwwzi&m-pﬁﬁﬁdn?lbkﬂle&wﬂesﬂImﬁmﬁé@f dlastereomers) asa

e B YA e, T 5 5.1 o ST B v

1- (2, 2-Di net hyl - propi onyl oxy) - et hoxycar bonyl ] -pyrrolidin-1-yl}-6-o0xo0- 25
hexanoyl$ - pyrrol i di ne-2-carboxyl i c adxamgle2®, 2- di met hyl - pr opi onyl oxy) - et hyl
- ester (mxture of diastereoners) To a solution of 170 ng (0.5 mmol)

(R) - 1-[6- [ (BR;24RE8, @Dibxﬁ’-}i@td%z‘amuﬂfcfb{w 310.(%8,12]tetracos- 16-ene-2,7,13,20-
0XO0- hexanokl&ja lg%rro I di ne-2-carboxylic acid and 149 ni (1 nmol )

di azabi cyc Mfecan in 4 m di methyl f or ram de wer e added 209 ng (i mmol)
2,2-dinmethyl -propionic acid (RS) 30 1-bronp-ethyl ester and_the m xture was
stirred at rockmixtweef &0umg(lfromol (Relre(RFpeloyoitbem-pyedidii syili6-ed of f and

the resi d“&&%aﬁcﬁﬂﬁ%ﬁdﬁdxh@ﬂ@%@hﬁﬂﬂdﬁ Hsé?&:ﬁ@m% Benzfligekd-or omet hane. The

organi c exfracts % aqueous  sodi tinbi car bonat e .and buffer
pH7 and"’dr‘t”é@n% ?hﬁ)%leb?saﬁ@aﬁfﬂ%ow BgPan 3 Q)m?#wél rompthang 43S treSrmat ogr aphy
13 June 20880¥Qol:3hi ﬁlﬁ&ﬁoﬁ[ﬂﬂtﬁ%ﬁr&ﬂt%&&hmﬂﬂto@dﬁp@d’nﬁl&g@lwh\ht h ethyl acetate

gave 55 MO,

pr opi onyl Oxﬁ)jllac&/‘i?l&e%ne %Q V{g(lﬁgmg;dsl })0(1(131{ %llij 1?;91%) &l(l)xa']}’is dize; oyI ) -pyrrolidine-
2- car boxytrlcyzcltdd;ﬁ 30. Qﬁﬂzlt@r@f}hﬁ Wk%bt%ﬂﬂrtdmﬂnexgﬂ)ghérﬂﬂywoci@ﬂ%mf‘(ﬂg Xture of

di ast er eonpyagMa2pr,dggycol orless oil, MS me (%: 597 (MrH+, 100). 5 Exanple
20 (12R, 21R) - 14, 19- Di'oxa- 1, 8- di aza- tricyclo[19.3.0.0

Example 21

(12R,23R)-14,21-Dioxa-1,8-diaza-tricyclo[21.3.0.0 8 12]hexacos-17-ene-2 7,13,22-

tetraone

A mixture of 410 mg (0.92mmol) (R)-1-(6-[(R)-2-but-3-enyloxycarbonyl-
pyrrolidin-1-yl]-6-oxo-hexanoyl}-pyrrolidine-2-carboxylic acid but-3-enyl ester and 40 mg
20 benzylidene-bis(tricyclohexylphosphine)dichlororuthenium in 30 ml dry dichloromethane
was stirred at 50 °C overnight. Removal of the solvent and chromatography on silicagel
with ethylacetate/acetone 8/2 gave 200 mg (51 %) (12R,23R}-14,21-dioxa-1,8-diaza-
tricyclo[21.3.0. 08 IZ]hexacos 17-ene-2,7,13,22-tetraone as an oil; MS m/e (%); 421
(M+H+, 100}.

25 ' Example 22
(12R,25R)-14,23-Dioxa-1,8-diaza-tricyclo[23.3.0.0 8,12] octacos-18-ene-2,7,13,24-tetraone

A mixture of 1.20 g (2.5 mmol) (R)-1-[6-[(R)-2-pent-4-enyloxycarbonyl-pyrrolidin-
1-yl]-6-oxo-hexanoyl]-pyrrolidine-2-carboxylic acid pent-4-enyl ester and 40 mg
benzylidene-bis(tricyclohexylphosphine)dichlororuthenium in 30 ml dry dichloromethane

30 was stirred at 50 °C overnight. Removal of the solvent and chromatography on silicagel
with ethylacetate/acetone 8/2 gave 430 mg (38 %) (12R,25R)-14,23-dioxa-1,8-diaza-
tncyclo[23 3.0.08, 12]octacos-18 ene-2,7,13,24-tetraone as an 011 MS m/e (9%): 449

 {M+H4, 100)




tetraone A m xture of 420 ng (1 mmol)

(R-1-{6-[ (R -2-all oxycarbonyl -pyrrolidin=l-yl]-6- 13 June 2006

oxo0- hexanoyl }-pyrrolidine-2-carboxylic acid allyl ester and 40 ng

benzyl i dene 10 bis(tricycl ohexyl phosphi ne)di chl ororutheniumin 30 m dry

di chl or or¥¥® PEIs883as stirred at 50 C overni ght. RenpovdCT@R03/13827sol vent and

- chromat ography on silicagel with ethy|lacetate/ acetone 8/ 2 gave 110 ng (28
%) (12R, 21R)-14, 19-di oxa-1, 8-di aza- 1Htyclo[19.3.0.0 |
8,12]tetracos- 16-ene-2, 7, 13, 20-tetra%§§ a.ls Light yellowoil, Ms me (%:
393 (M+H+, 100). 15 Exanple 21

(12R, 23R) - 14, 21- Di oxa-1, 8-di aza-tricyclo[21.3.0.0

8, 12] hexacERZIREH&12Dioxad, Sdiazatteicycloblisd 000 fil Kltetragosehetd,d,13120- fefra@®mo )

(R -1-16-[ (R -2-but - 3-enyl oxycar bonyl -

py{rol i dhn41 YA b uwzd;tﬁas rﬂémaytlrzalmﬂ DE1LARRE- @@mzﬁ.@n r&gbtatcr 3t ﬁnyl
ester an enzy e-bi s X 0S i.chl or or ut heni um
in 30 m d?@z E‘Fﬁ’s T#aﬁ?a tﬁ%"é’né?r?drﬁye‘ﬂg g‘?"(z’%h%ﬁ &7 ?fgﬁq emoval of the
sol vent sandhﬂba:emmmsgi}rdmgwa&d osdr nigh gdirationi anl rendwl af(cl&tsalvaitemktedaﬁ 8/ 2 gave

200 mg (519 R

AT o AF A1 41 2000 DKt BidhiBd oo e nfctzdg)s/g

( MirH+, 100)tetf2@°|§>iallfﬁll“é’ei?2“{ﬂl§ﬁ@5 7 935%3‘5*'01&931 8-diaza-tri cycl 0
[23.3.0.0 8,12] octacos-18-ene-2,7,13,24-tetraone A mxture of 1.20 g (2.5
mmol) (R)-1-16-[(R)-2-pent-4- enyI oxchaﬁxhphay&- pyrrolidin-

1-yl]-6-o0xo- hexanoyl] pyrrolidine-2-carboxylic acid pent-4-enyl ester and

40 ngy ben@hl RIgs ?%Q{Jxﬁ 1W&Aﬂ%§%iogigs@@segh%e&h9& .95 3 fenbumd n 30 m

dry dichlo ané was stirre erni ght. "Renoval of the
330"y 038 9 4 ook s Baoammal ERaIBI WAL Fort Lidier serdoqigan - - 9°
430 ny 9 13.0.

8, 12] oct ac®$2]hé&kaedrel72ené; 231;»’1.3224-téteiohamaf20aﬁg Hoqialladivvicatben inB)ml 449

(M, 100), ﬂ}{mﬁgg&as}@%rgge 183 o%ggm %ﬂt]%ﬁ °fé“‘§ rﬁn%ralBof i}g]solvent yielded 120

(12R 21R) - &
t etracos anggﬁ?%/ol@ZB@?:RbH,%dﬁgxa -1,8- diaza-tncyclo[ZI 3.0.0 8,12)bexacosane-2,7,13,22-

tetraone as a light yellow oil, MS m/e (%): 423 (M+H+, 100).
15 Example 25
(12R,25R)-14,23-Dioxa-1,8-diaza-tricyclo{23.3.0.0 8,12] octacosane-2,7,13,24-tetraone

A mixture of 400 mg (0.9 mmol) (12R,25R)-14,23-dioxa-1,8-diaza-tricyclo[23.3.0.0
8,12]octacos-18-ene-2,7,13,24-tetraone and 40 mg 10 % palladium/carbon in 10 mi
ethylacetate was hydrogenated over night. Filtration and removal of the solvent yielded 245

20 mg (61%) (12R,25R)-14,23-dioxa-1,8-diaza-tricyclo[23.3.0.0 8,12]octacosane-2,7,13,24-
tetraone as a white solid, MS m/e (%): 451 (M+H+, 100):




A m xture of 260 ng (0.66 mmol)

(12R, 21R) - 14, 19-di oxa-1, 8-di aza-tricycl 0[19.3.0.0 - 13 June 2006
8,12]tetracos-16-ene-2,7, 13, 20-tetraone and 30 ng 10 % pal | adi unm carbon in
10 M 5 et hxl acet at e was hydrogenated overnight. Filtration and renoval of
the sol vafR 358 ed 255 ng (98 % PCT/EP02/13827

(12R, 21R) - 14, 19-di oxa- 1, 8-di aza-tri cygt [19.3.0.0
8,12]tetracosane-2,7,13,20- tetraone as"a light yellowoil, MS me (%9: 395
(MtH+, 100). Exanple 24 (12R 23R)-14, 21-Di oxa-1, 8-diaza-tricyclo[21.3.0.0
8, 12] hexacosane-2, 7, 13, 22-tetraone in A m xture of 150 ng (0.36 mmmol)

(12R, 23R) - 14, 21- di oxa- 1, 8-di aza-trmﬁ%ﬂﬂﬂ. 3.0.0

-8, 12] hexacos-17-ene-2, 7,13, 22-tetraone and 20 ng 10 % pal | adi uni carbon in 5
m et hyl acet at e was. hydrogenated gver night. Filtration and renoval of the
sol vent vyi el detpblepspt tlﬁfgliomng)@ompomtlon are manufactured in the usual manner:

(12R, 23R) - 14, 21-di oxa-1, 8-di aza-tricyclo[21.3.0.0

8, 12] hexacosane- 2,7, 13,22- tetraone as a light yel bfpyalsled , MS me (%: 423
(MtH+, 100). 15 Exanple 25 (12R, 25R)-14, 23-Di oxa-1, 8-di aza-tricyclo0[23.3.0.0
8, 12] oct.ac stiameabzta?tel& 24-tetraone A m xture of 400 g (0.9 mol)
(12R, 25R) - 1975 3"%1°05%%- 1, 8- di aza-tricycl 0[ 23.3.0.0

8, 12] oct acbm:tds8- ene- 2, 7, 13, 24-tetraone and 40 ng 10 %5pal | adi unf carbon in -
10mM et h%‘ébﬁ&?ﬂt@{e was hydrogenated over night. Filtgation and renmoval of
the sol vent yielded 245 20 ng (61%

(12R, 25R) - Micragydillinexelul@edi aza-tricycl 0[23.3.0.0 34

8, 12] oct ac - 24- tetraone as a white solid, ;M5 me (%: 451

( MirH+, 100?@%‘%&%‘?@%06 WD 03/ 051836 PCT/ EP02/ 13827 -19 Exanpl € A Tabl ets
of the Wol | owi ng conposition are manuf act Tabled weight hellfsual manner:

ng/tablet 5 Active substance 5 Lactose 45 Corn starch 15

Mcrocrystal line cellulose 34 Nagm@ stearate 1 to Tabl et weight 100

Capsules of the following composition are manufactured:

mefcapsule
Active substance 10
15 Lactose 155
Corn starch 30
Talc 5
Capsule fill weight 200

The active substance, lactose and corn starch are firstly mixed in a mixer and then in
20 a comminuting machine. The mixture is returned to the mixer, the talc is added thereto

and mixed thoroughly. The mixture is filed by machine into hard gelatine capsules.




Exanpl e B Capsul es of the foll ow ng conposition are manufactured:

ng/ capsul e Active substance 10 15 Lactose 155 Corn starchi3@mebabg 5
Capsul e fill weight 200 The active substance, |actose and corn starch are
firstly mxed in a mxer and-.then in 20 a conmm nuting nmachine. The m xture
i s retur MEU¥%S™®%e mixer, the talc is added thereto a?f(ﬁfoﬁP%Hs’ﬂhor oughl y.
The mxture is filled by machine into fpard gel ati ne capsules. 13 June 2006
WO 031051836 PCTI EP02/ 13827 -20 Exanple C Suppositories of the follow ng
conposi tion are manufactured: m/sgsypp@ctive substance 15 5 Suppository
mass 1285 Total 1300 The suppository SS is nelted in a glass or steel
vessel , m xed thoroughl¥ ar}g cooled to 45 C. Thereupon, the finely
powder ed act i VPRt QE theiteloningsampationase marprfactyredr ed until it has

di spersed conpletely. The m xture is poured into suppository noulds of io
suitable size, left to cool, the suppositories aremgRes.removed fromthe
nmoul ds and packed individually in wax paper or netal foil. Exanple D An

i njection L ut | y have the follow ng conmposition.and i s manufactured
in wusual %H’%&@BP&BS Active substance 1.0 ng 1 n EI 20.0 pl * acetic
aci d 0.5 nBuppository mass 1285

Total 1300

The suppository mass is melted in a glass or steel vessel, mixed thoroughly and
cooled to 45 °C. Thereupon, the finely powdered active substance is added thereto and
stirred until it has dispersed completely. The mixture is poured into suppository moulds of

10 suitable size, left to cool, the suppositories are then removed from the moulds and packed

individually in wax paper or metal foil.
Example D

An injection solution may have the following composition and is manufactured in

" usual manner:

| 15 Active substance 1.0 mg
1 n HCl 20.0 pi
acetic acid 0.5 mg
NaCl 8.0 mg
~ phenol 10.0 mg
20 1nNaOH q.s.ad pH5

| _- H0 | : : q.s. ad 1 ml




NaCl »8:0 ng phenol 10. 0 my 20 1 n NaOH gq.s. ad pH5 H2Oqg.s. ad 1 m 13
1. Conmpounds of fornulae wherein - 27 dains | 0f iR BBosand R2
ently from each other and signify | ower al koxy, | ower

- al kenyl oxy, hydroxy,_OCI—I(CI—B)OC(O)-Iower al kyl or - 001430(0)N(R3)(R45_, with
the proyiso that only one of R or be hydroxy; R3 and R4 are
| ndependent ly fromeach ot her and si gnl 4ﬁydrogen, | oner al kyl, | ower

al kenyl or cydoal kyl; or R and RZ formtogether with the carbon-atom to
with they are attached the Iinki ng group X, wherein Xis

-Q(CH2), CH=CH(CH2) ) O or-Q(CH2)nD-; nis 1, 2 or 3; and mis4-8. ‘as well
as pharnmaceutically acceptable salts of said conpounds. 2. A conpound of

formula | in accordance with claiml1, ghéhein R and RZ are identical. 3.
A compound of fornmula I in accordance with claim?2, wherein R/R2 are both

-OCHZC(O N(R3) (R4) and R3 and R4 are as defined in claim1. 4. A conpound

of formula I in 1@.@@%3@{3@%th@| aim3, wherein the conpound is

(R -1-[6-[(R) - 2- car banoyl met hoxycar bonyl - pyrrolidin-|-yl)-6-oxo-hexanoyl ] -
pyrrolidine-2-carboxylic add capbagoyl net hyl ester,

(R) 1-[6-[ (R -2- allwa)xycarbo -pyrroI|d| - 1- yI] 6- 0X0-

01‘

wherein

R' and R? are independently from each other and signify lower alkoxy,
lower alkenyloxy, hydroxy, ~OCH(CH;)OC(O)-lower alkyl or
—OCH,C(ONR}(RY), with the proviso that only one of R* or R? may be
hydroxy;

R?and R*are independently from each other and signify hydiogen, lower alkyl,
lower alkenyl or cycloalkyl; or

R' and R? form together with the carbon atom, to which they are attached the

linking group X, wherein
X is ~O(CHa)aCH=CH(CH2),0- or —O(CH2)nO-;
n isl,2or3;and ‘
m is4-8.

“aswell as pharmaceutically acccpté.ble salts of said compounds.

2.A mﬁpowd of formula I in éccordance with claim 1, wherein R and R? are
identical.

3. A compound of formula I in accordance with claim 2, wherein R'/R? are both
~OCH,C(O)N®R*)(R*) and R’ and R* are as defined in claim 1.

. 4. A compound of formula Iin accordance with claim 3, wherein the compound is
(R)-1-[6- [(R)—2—carbamoylinethocharbon}rl-'pyrrolidjna1-yl]-s-oxo-hexanoyll—
. pyrrohdme-z-carboxyhc acid carbamoylmethyl ester,
(R)1- {6 [(R)-2—allylcarbamoylmethoxycarbonyl—pyrrohdm—1 -yl]-6-oxo-
hexanoyl] ~pyrrolzd1ne—2—carboxyhc acid ailyicarbamoyimeth)d ester,




hexanoyl ] - pyrr ohdi ne- 2- car boxylic acid allyl carbani oyhnet hyl ester, 13 June
2006 WO 03/ 051836 PCT/ EP02/ 13827 -22 13 June 2006

(R -1-{6-[ (R -2-(isopropyl carbanoyl - net hoxycar bonyl ) -pyrrolidin-1-y1]-6-
0XO0- hexanogl}- pg\ér rolidine-2-carboxylic acid isopropyl car banoyl - met hyl

ester,  WO03/051i836 PCT/EP02/13827
(R-1-{6-[(R-2-(tert-butyl carbanoyl mj hoxycar bonyl ) - pyrrolidin-1-yl]-6-
oxo0- hexanoyl } - pyrrol i di ne-2-carboxyl i c“acid tert-butyl car banoyl - et hyl
ester, 5 . ' .

(R) - 1-{6- [ (R) - 2- ( §EFSGIREFsgpiorrigybament-msshosrpibemt-presfidinstvlliGr- 1 -y 1 1 - 6
10 oxo- hexanoyl } - W@ﬂl@tahwllﬁmﬂnﬂié@pﬁmﬂiomicadﬂdbopx;opj«loqybnmyﬂ-mmﬂkyhml - et hyl

ester, R)-I-{G-{(]R)—Z-(tert—butfrlcarbamoyl-methoxycarbo yl)-pyrroljdin-1-yl]-6- :

(R - 1-{6-[ (R) - 2- (di met hyl ¢ar bamoy! - net hoxycar bon |5’-pg¥'rohd| 112yl -6-
oxo- hexanoyl| )-per?S’ir’T”F' -aﬁ T}QQYE%’HE ﬁ&gr‘ﬁaf!’oég¥&C13it%gWF% gperrmathyhettdy]  est er
or (R -1s{6- (R)-1-{6-[(R)-2-(cyclopropylcarbamoyl-methoxycarbonyl)-pyrrolidin-1-y1}-6-

[ (R -2-(di et hyl carbal -ma}_%l'l]% 1) cpvGroki dinglayl]-6- -

hexanoyl } - pyrroli ?ﬁg%ljo é}r oxy#:lg 26{%%&%“%?1%§’?¢:°§?‘%?§%%§}¥I-n@f‘ﬂ%ﬁest er. 5.° A
conpound of fornuk#en in accordance with cl aim2, wherein R/R2 are both
lower al koxy. 15 @R)-A{6QRPoYaGhetyihMdamahidmbthbcABGI)IRoRdML L 1]-¢l ai m 5,

wh i-n th d ‘e T

(R - 1. (6- [ (R)- 2" netrbsseaerpliding 2eaibomlis asid gimethyloathamoekmeByestenyr 1 of i di n
e- 2-calboxylic aord nethyl ester, o o
(R)-1-{6-[(R)-2- ehg)@ié_ ﬁpﬁg@%ﬁgfrl]9%{;&)%&ﬂm—:ﬂaﬁéﬁs&w?%?&&%ﬁﬂqx]'-é.bﬁw rolidine

-2- carboxylic aci ot A
(R) - 1- { 6- oxo0- 6- [ ( ksxapoyhriypehdiagsamordispeid diethalcabamoylimethyl svtery| } - pyrrol i din

e- 2-carboxylic acid propyt ester. 7. A conmpound of formula IAin

accordance wi th Alcampoukd of forfuladipmdndand withichith 2, whirdimR 4RT40¢e Hedhce wit h

claim 7, wherei nio&ef%ﬂcd CH2)"CH=CH(CH2)" O . 25 9. A conpound of formula
C

| Ain accordance w aim 8, wherein the conmpound is

(1 2R, 21R) - 14, 19-di oxa-1, 8-di aza-tricyclo[ 19.3.0.0 .
8, 12] t eltr acos-5 6-campoundpt fosmnfy 1 in accofdance with claim 5, wherein the compound is

- (R)}-1-{6-[(R)-2-methoxycarbonyl-pyrrolidin-1-yl] -6-oxo-hexanoyl}-pyrrolidine-
2-carboxylic acid methyl ester, :
(R)-1-{6-{(R)-2-ethoxycarbonyl-pyrrolidin-1-yl}-6-oxo-hexanoyl}-pyrrolidine-2-
carboxylic acid ethyl ester or
20 (R)-1-{6-0x0-6-[(R)-2-propoxycarbonyl-pyrrolidin-1-yl]-hexanoyl}-pyrrolidine-
2-carboxylic acid propyl ester.

7. A compound of formula LA in accordance with claim 1.

8. A compound of formula A in accordance with claim 7, wherein X is
~O(CH,),CH=CH(CH;),0- .

25 - 9.A compound of formula IA in accordance with claim 8, wherein the compound is
(12R,21R)-14,19-dioxa-1,8-diaza-tricyclo[19.3.0.0 8,12]tetracos-16-ene-2,7,13,20-
tetraone, -
(12R,23R)-14,21-dioxa-1,8-diaza-tricyclo{21.3.0.0 8,12]hexacos-17-ene-2,7,13,22-
tetragne or

30 _ (12R,25R)-14,23-dioxa-1,8-diaza-tricyclo[23.3.0.0 8,12]octacos-18-ene-2,7,13,24-
tetraone.

- 10. A compound of formula IA in accordance with claim 7, wherein X is
—O(Cﬂz)m -




tetraone, (12R 23R)- 14, 21-dioxa-1, 8-diaza-tricyclo[21.3.0.0

8,12] hexacos-17-ene-2, 7,13, 22- tetraone or 30 13 June 2006
(12R, 25R) - 14, 23-di oxa- 1, 8-di aza-tricycl o[ 23.3.0.0

8, 12] oct ag@e3ikiesene- 2, 7, 13, 24- tetraone. 10. A conpoungtrpipedeisiiul @ 1A in
accordance wth claim?7, wherein Xis QCH2)nO. 13 June 2006 WO

03/ 051836 PCT/ EP02/ 13827 -23 11. A con@ound of fornmula I A in accordance
wi th claim210, wherein the conpound is .

(12R 21R) - 14, 1Y ficempeundaf &ralzlnglwn espendagios with clging 10, wherein the compound is

8, 12] t et r acosan€r2R,21R -84, P diok£4 )8almd2e-tricyclo[19.3.0.0 8,12]tetracosane-2,7,13,20-

(12R, 23R) - 14, Zliézi(iaoxea- 1,8-diaza-tricyclo[21.3.0.0

8, 12] hexacosane- 2993, 22- 5 tetraone or

(12R, 25R) - 14, 23(3R23%B)-14,B-diosz4.8tdidza-yridydp[2B8.3.8.0@8, 2 hexacosane-2,7,13,22-

8, 12] octsacosaneggadneks, 24- tetraone. 12. A conpound of fornulae | and 1A in
accordance with chaiﬁn 1 for. use_ as prodrulg in the treatnment or prevention
of all forms of (IBroRhl4ZhdioxdsiB<hazetrgxglels? 3898 2] adtpeamane-274ddfc anent

cont ai ni ng one etragiet € conpounds of forrmulae | and 1A as clained in any
one of clains |1-11 and pharnmaceutically acceptable excipients. 14. A

medi cament acggr gdj | yat t i ated to
all forms of ?gjn’?kgﬁp‘;é’ﬁﬂgg%@é%]@g@ IA}%%&%@?@E%C% 1%@&%@?@%, conmpound
in any one of cindhgigeatment pf preyention ef lfpimsof captral apd systemic ampoisiging -

medi canments for the treatnment or prevention of diseases related to all
forms ab cent rialA madicsiysit eonitainiag phOwdase Sompdundsdoffoinila Tland A &s

hereinbefore deggrip ler'\)(%'n‘y one of claims 1 - 11 and pharmaceutically acceptable excipients.

14. A medicament according to claim 13 for the treatment of diseases related to
all forms of central and systemic amyloidosis.

15 15. The use of a compound in any one of claims 1 — 11 for the manufacture of
corresponding medicaments for the treatment or prevention of diseases related to
all forms of central and systemic amyloidosis.

16. The invention as hereinbefore described.

b g




