1 D PROLI NE DERI VATI VES The invention relates to D-prolines of the fornula
[err] wherein 5 Ris. SH benzyl or phenyl, optionally substituted by
hydroxy or |ower alkoxy or [err] the group; Rerr] is hydrogen or hal ogen;

10 X is -(CHerr])[err] CH(R r]s)‘ CH[err])[err]
-CHerr]O(CH"err]9)[err]; -CHerr] e dn R[err]) =CH-;
-CHerr]CH(OH)-; or thiazoI-Z,S-ZMWillzﬁl -j)CES_'[N((arR{])[f;r] -o--
-NH; -N -7 -CH=CH:; -NH r err
-N[CH[erEF[C[ere;]r%H[err](OCH[err])Cferr]] - [err]C[err]H[err] f20’00

-N(CH err](err] H[err])C(O)N(CI—l[err] C[err] Herr]) - N(akoxyal ky1) -

-N(cycl oal kyl -nethyl)-: 15 [ pyttai——2.5-fur anyl ; 2, 5-thi enyI

1, 2-cyl ohexyl ; 1, 3- cycl ohexyl ; qﬂﬁ%(S}EEBﬂMSyBEEM 2- napht hyl , qggpb%hyl;
1, 5-napht hyl; 1, 6-napht hyl ; bi pieny| eREPIGCED, 2- ph enyl en, 1, 3- phe @

1, 4- phenyl en, wherein the Phenylen groups—are-opttonal |y subst Ituted by 1-
4 substituents, -2- selected from hal ogen, |ower. al kyl, |ower al koxy,
hydr oxy, carboxy, - COO-lower alkyl, nitrilo, 5-tetrazol, (2-carboxylic
acid-pyrrolidin-1-yl)- 2-oxo-ethoxy, N hydroxycarbam m doyl, 5-oxo-[1, 2, 4]
oxadi azol yl , 2- ofthe intefition relates bo BDepraiiresl of the tforrmula | 1 2, 4] oxadi azol yl
and 5-tert- 5 butyl sul fanyl -[ 1, 2, 4] oxadi azol yl; X

-(CHerr])[err]-; -(CHerr])[err]CH R2)-; (CH[err])[err%'é{:H rr]

-NHCH[ err]-; benzyl, H G(Rerr])-5 OH) CH err] 5 di yl

NG X
or -4 \rr R
: rRY R ©

I-B

(4

L N XN XN
T

R' R1o o]

wherein
5 R is SH, benzyl or phenyl, optionally substituted by hydroxy or lower
alkoxy

or

the group ;
R' is hydrogen or halogen;
10 X is -(CHg)p-; -CH(R2)(CHg)n-; -CH20(CHa2)y-; -CH,NH-; benzyl,
-C(R*=CH-; -CH,CH(OH)-; or thiazol-2,5-diyl;
Y is-S-S-; (CHa)p~; -O-; -NH-; -N(R?)-; -CH=CH-; -NHC(O)NH-; -
N(R»C(O)N(R?)-; -NICH,C H,(OCH,),}-; -N(CH,C H,)-;
-N(CH,,C H,)C(O)N(CH,C,H,)-; -N(alkoxyalkyl)-; -N(cycloalkyl-methyl)-;
15 2,6-pyridyl; 2,5-furanyl; 2,5-thienyl; 1,2-cyclohexyl; 1,3-cyclohexyl; 1,4-
cyclohexyl; 1,2-naphthyl; 1,4-naphthyl; 1,5-naphthyl; 1,6-naphthyl;
biphenylen; or 1,2-phenylen,1,3-phenylen and 1,4-phenylen, wherein
the phenylen groups are optionally substituted by 1 - 4 substituents,
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R2 is |ower alkyl, |ower alkoxy or benzyl and n is 0-3, 10 and to
pharmaceutically acceptable salts and nono- and diesters thereof. Canpounds
of formula I-A and |-B are novel conpounds with-2he exception of

they are 1 5 described in J. ’Corrpuf _-Ai ded Mol . Des. 1987) .. 1(2 13342 in
¢ el B iy L s
TN L aeirmie sl iy kA
gngpgi iogg;soﬁngorgfdyur esA- e;;eb(ﬁil t -Egi’sur%i si P?xl y beer'l foundrt hat the
prevention ofXaI I1 f(g'?;[r%)ho’f «ger%?nr al Ggar?d gg?znm %Hgﬁyfxg{[g%’s%y?’ch s a

di sorder of protegHIBIRYS LCHIOCH: 6P thiaz6BR 5vdiy®l ubl e aut ol ogous
proteins are deposi tedei nthe ti sgggé as abnormal insoluble 25 fibrils,

whi ch cause sReuUGEK Y@er a1k lewWer IRbxFbS beRiylehd The nost conmon di sorders
associ ated with anyl oidosi's are Al zheiner's di sease (AD), nmaturity onset

di abet.es nel | 4t ugg o8, anyl oi dosis - as a significant cause of non-ischaemnc
heart failure, - as conplication of |long term haenodialysis in renal

failure, 30 and te pharmavputically ecceptablersaitsoaad monorapd:diesters theneof;
cortain types of Campomndst A a0 I BREPEY SAEHPLEEs TN tBPt 1 cr ont
di seases suc hefcsepgi%in@f (?tf)-l- [(R)- and (R)-1-{(S)-3-mercapto-2-methyl-propionyl]-
pyrrolidine-2-carboxilic acid. These compounds are described in WO 97/10225,
having antibacterial activity against B. fragilis. Furthermore, they are
15 described in J. Comput.-Aided Mol. Des. (1987), 1(2) 133-42 in a theoretical
study of angiotensin-converting enzyme inhibitors.

The compounds of formulae I-A or I-B may contain 4 or 2 asymmetric
carbon atoms. Accordingly, the present invention includes all sterioisomeric
forms of the compounds of formula I-A or I-B, including each of the individual

20 enantiomers and mixtures thereof.

It has surprisingly been found that the D-prolines of formula I-A and I-B
can be used in the treatment or prevention of all forms of central and systemic
amyloidosis, which is a disorder of protein metabolism in which normally
soluble autologous proteins are deposited in the tissues as abnormal insoluble

25 fibrils, which cause structural and functional disruption. The most commeon
disorders associated with amyloidosis are Alzheimer’s disease (AD), maturity

onset diabetes mellitus, or amyloidosis

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

- as complication of long term haemodialysis in renal failure,
30 - as complication of monoclonal gammopathies,

- from chronic inflammatory disorders,



hereditary anyl oi dosis nost common fam lial amyloid pol yneuropathy (FAP),
scrapi e and Kreuzfel d-Jakob di sease. The common pat hol ogical feature is
extracel | ul ar deposition of so called anyloid prdteins in b-structured
fibers and the saBofl ShrdnidisRaéed 61 stics. Serum anyl oi d P conponent
(SAP) is a normal plasma protein and the precursor of anyloid conponent, a
uni ver sal consti tufrom cértaimtypesof cahcek) ti ssue deposits in anyl oi dosis.

It is resistant Jopg‘;’otease .and therefore plays_ a key . role in the
per si st ance hoTI0Re, amylojdesis-gomprises mahdiffarent diseasessugh as forms of

eyl ord 1 b Hereditffy bl ot driubn el AR LR ATheRR T (RAD), "
fiber inted acicrapie arid KeeuzfekhJakob diseasst i on with nore general fiber 15

conponents such as gl ycosam nogl ycans. SAP congists_as a pentaner of 5
i denti cal nonthecemman pathelegitali featunetis exteaceliulardenasition of smcalled

non- coval ent | sociate to ecaner,wmth th WO _pent aneric, di sk-1. ke
rings inter aé%‘?ﬁ%@%% %@?grg &“‘f‘%ﬁ‘a“'@a ‘?ﬁ}ﬁﬁ sﬁ‘i‘ﬁéﬁiﬁ Hpe Icpﬁﬁ?fgeﬁisﬁﬂ?ng
protein. It is produced and degraded exclusively in 20 hepatocytes and

extremely stabi | Sepith$ affylbideP bbm@@dh@&?fisi&haﬁbpﬁla&hasﬁﬁ’odeﬁx &g the
pat hogenesis od anyl oi dosis in vivo confirns that inhibition of binding to
amyl oi d fi br iprecursoxn of amylaick comporentap emiversahcopstituent of theyabnérmat i ous

human di ses. jects of th esepi.inventi are the aforenenti oned
bomounadthy Hisus elsphsits o akiinfosian this Festtant i relepsra g Bruistorscplags a

and as_ther apgyliofald hepbisiSiabl ot 0615 yimg%. FROHAGRY phaththobliRbAnyS©

for therapeuti € purposes” and, respectrv or pr o
cor r espondi nactiwd icompoundsdeavectol beefoumddihivhewbsldopreveht thgirtegctisniofl of
formula I-A | --B or a salt thereof and-the_ production of such

medi canent s wHth gmséromﬁbake.'l‘hls interaction has heen demonstrated tadeat es
strai ght-ch ab@oﬁeﬁn tHb%Q (iﬂgé}_asagh,r&'ather than an interaction with more general fiber

15 components such as glycosaminoglycans.

SAP consists as a pentamer of 5 identical non-covalently associated
subunits. Two pentamers can non-covalently associate to a decamer with the
two pentameric disk-like rings interacting face to face. SAP is a calcium-
dependent ligand binding protein. It is produced and degraded exclusively in

20 hepatocytes and extremely stabile outside the Liver.

The participation of SAP in the pathogenesis od amyloidosis in vivo
confirms that inhibition of binding to amyloid fibrils is an attractive

therapeutic target in a range of serious human diseases.

Obj‘ects of the present invention are the aforementioned compounds of
25 formula I-A and I-B and salts and esters thereof per se and as therapeutically
active substances, their manufacture and their use for therapeutic purposes
and, respectively, for the production of corresponding medicaments as well as
medicaments containing a compound of formula I-A and I-B or a salt thereof
and the production of such medicaments for the said purpose.

5



saturated hydrocarbon residues, preferably with 14 C atons, such as nethyl,
ethyl, propyl, isopropyl, n-butyl, 2-butyl, isobutyl and t-butyl. "Hal ogen"
denotes chlorine, iodine, fluorine and bron ne-45 Conpounds of fornul a

|-A and | -B can fgy 45wk taﬁﬁe esrtﬁai lé?!a i lsts such as
sodi um or potassi um sa ts1 or al Kal Pﬁé&ggrt ﬁg%a saﬁ?is”a%‘?f é%‘aé‘él ci um or
magnesi um sakatyrated hydroearbon residaes cpr@ferably with 104 GHtoass, SUEH a8 nethyl,
N- et hyl pi peri di ne, prqcai ne or, di_ benzyl am ne, or salts with basic am no
aci ds” such a%tR¥) PEORYl; }soprepy Rdurl,i3butd, isvhutd and t-butdn be formed 10

and isol ated by nethods well known in the art. The conpounds can al so be
used in the esterghg,» ej | | R.oarematic, such as,
for exanple al kyl an® p ?r%o Fe%sée}%g'éPg’.i:il%elén%‘is)‘{}%éé?grbfglmg‘t ers are al kyl
esters derived from{err] alkanols, especially nethyl and ethyl esters. 15

The conpoénds of Conipourais df formnth I-ABasd 1-Ban foem wabis vbithfrﬁétﬁl@,fe.%.hﬁkrali
prodrugs at either one qr both, carbonr}él functions. Exanples are ‘esters,

i Int ram)ldecul me F@F%?“@hﬁ%ﬁﬁé&@% siupp gslts %meﬁﬁaémm&ﬁa%st ers,
naoht hy| et notSiPEh Bflci i ABROL T BofiS B dreBBichsts! pihe SOLLY ath Adings 20

resent co idi ' i ' | L+ :
SR o S PGS rRSTBED, B S b,

distribution and transport to the brain. (
Drugs of t heaminoaeidsisichiassaliowith drginireahlysine Theselsaltsaanibé fodmed

Sci ence, ,£9, 802, .1 . D. anb et al., Current Medical Chemstry 1,
376, 199%,a ﬁ%&&@%@%&n&%hﬁw&g%owmﬁbsqﬂﬁ. Especial |y preferred
conmpounds 25 of fornmula I-A in the scope of the present invention are those

n which X 1S CHERb Bbiipbiids @ahlalbe bt kised B tHOSkflr FoRlnCkhih bitelE by '

met hoxy and n is 0 or 1. The OW ng are exanpl es of “such corp
g R) - l:L]: [ ( IS) - gaﬁp}ts?lmlsor (aﬂ):_ﬂa&lg smh/aawlo; g#aﬂﬂpge &myglaﬁl pleéﬂnucae%t@m MHeMbst
i sul fayl]- ﬁrrg%e yl.- pr opi ony |-]oyrro I.di_ne- 2- car boxyl 1 c_acid,

esters are esters derived from C, | ols, especially methyl
and ethyl esters.
15 The compounds of formulae I-A and I-B can also be used in form of their

prodrugs at either one or both carbonyl! functions. Examples are esters,
intramolecular esters, phosphate esters, double esters, glycolamide esters,
glyceride conjugates, dihydropyridine derivatives or 8-(hydroxymethyl)-1-
naphthylmethyldisulfide esters. The prodrugs may add to the value of the

20 present compounds advantages in absorption, pharmacokinetics in
distribution and transport to the brain. (WO 9514705; H. Bundgaard et al.,
Drugs of the Future, 16, 443, 1991; A.N. Saab et al., Pharmaceutical Science,
79, 802, 1990; D.M. Lambert et al., Current Medical Chemistry 1, 376, 1995;

Preferred are compounds of formula I-A. Especially preferred compounds
25 offormula I-A in the scope of the present invention are those in which
X is CH(R")(CH,),- and wherein R’ is methyl or methoxy and nis 0 or 1.
The following are examples of such compounds:

(R)-1-[(S)-3-[(S)-8-[(R)-2-Carboxy-pyrrolidin-1-yl]-2-methyl-3-oxopropyl-
disulfanyl]-2-methyl-propionyl] -pyrrolidine-2-carboxylic acid,



-5 - (R-1-[8-[(R) -2-Carboxy-pyrrolidin-1-yl)-2,7-di net hyl - 8- oxo- oct anoyl ] -
pyrrolidine-2-carboxylic acid,
(R -1-[8-[(R) -2-Carboxy-pyrrolidin-1-yl]-2, 7- di&et hoxy- 8- oxo-oct anoyl ] -

(-1 6. () GO RIPIR2 R Bhfy BPfrolidin o2 rcimethyl Sronysctamprll, |

pyrrolidine-g h&ﬁi@tﬁlc@rﬁﬁﬂldd&dt ure of 3 diast ereorrers) Especially
preferred are aI SO cor‘gounds in which Xis -(CH[err])-gerr]- and n is 0 or
1. Such conpd® -Carboxy-pyrrolidin-1-y1}-2,7-dimethoxy-8-oxo-octanoyl]-

(R-1-[7-[(R.2 [ eJe) rol1d|r.11 | ] -7-oxo- heptanoyl | - pyrrolidine-2-
carboxylic Cﬁ écg% anﬁ

(R -1-[6-§( Ft)mgx @I}M LOAFb6EY-pFtrelilin1l y1§-20K dieuaAs.bko Bk ARbYIN Ne- 2-

car boxylic aci

(R -1-[5- [(R)yﬁoﬁdmaawapbmxﬂiamdl(ﬂmyﬂu]reﬁfﬁﬂamemys)l pyrrolidine-2-

car boxylic acid,
(R -1-[[4-]2- [(R) 2- Carboxy pyrrolldln 1-yl]-2-oxo-ethyl]-phenyl]acetyl]-

%r? I[an[ezéf‘g%@ér XYy~ pyrro?Oamlpm_'fndﬁmzwoxcg%tlﬁogpljl’)welddn]l 8yrro| I d

i ne-2- 20 csaélp&m*pﬁuﬁdsdre o _
(R -I-[[Benzyl -[2-[(R)-2-carboxy-pyrrolidin-1-yl]-2-oxo-ethyl]-am no]-acety
1]1- pyrrddidi ne 2-car boxylic acid,

(R -1-[cis-4s N _,{)i(}{}‘?#goagﬁ? rrol | |ne1I_ lf%[é)x%-nl\{e tan Pgly%')x('o gmarQonyl]

pyrrolidine-

(R-1-1]3- [2041.(,&% boxy pyrrolldln 1-yl]-2-oxo0-ethyll-phenyl]-acetyl]-
pyrrolidine-2 oxyli1¢ acid. Preferred are further conpounds of formula

|- A wherei M RY-1-§6-{(BH2: Carbbxy-pyrrotidins-1fl] -Semio-hexgnuoylldpyrzroldine24 ol | owi ng:
30
(R-1-1]2- [MPWlﬁwﬂboxy pyrrolidin-1-yl]-2-o0xo-ethoxy]-phenoxy] -acetyl]

E R) yrlr Fl[ ‘Lfgj[ Wﬁﬁm&poxy%ﬂwhﬁ llylllPl'oxf Bt an?ﬁ%)?ﬁmlﬁenoxy] acetyl]
carboxylic acid,
(R)-1-[{4-[2-[(R)-2-Carboxy-pyrrolidin-1-yl}-2-oxo-ethyll-phenyl] acetyl]-
pyrrolidine-2-carboxylic acid,
(R)-1-[[8-[2-[(R)-2-Carboxy-pyrrolidin-1-yl]-2-oxo-ethoxy]-ureido]-pyrrolidine-2-

20 carboxilic acid, '

(R)-1-[[Benzyl-{2-[(R)-2-carboxy-pyrrolidin-1-yl]-2-oxo-ethyl]-amino]-acetyl]-
pyrrolidine-2-carboxylic acid,

(R)-1-fcis-4-[(R)-2-Carboxy-pyrrolidine-1-carbonyl]-cyclohexanecarbonyl]-
pyrrolidine-2-carboxylic acid and

25 (R)-1-[[3-[2-[(R)-2-Carboxy-pyrrolidin-1-yl]-2-oxo-ethyll-phenyl]-acetyl]-
pyrrolidine-2-carboxylic acid.

Preferred are further compounds of formula I-A, wherein X is -CH,O-.
Examples of such compounds are the following:

30 (R)-1-[[2-[2-[(R)-2-Carboxy-pyrrolidin-1-yl]-2-oxo-ethoxy]-phenoxyl-acetyll-
pyrrolidine-2-carboxilic acid,
(R)-1-[[4-[2-[(R)-2-Carboxy-pyrrolidin-1-yl]-2-oxo-ethoxy]-phenoxyl-acetyl]-
pyrrolidine-2-carboxylic acid,



pyrrolidi ne-2-carboxylic acid, - 6-
(R-1-[[4-[2-[(R) -2-Car boxy- pyroI|d| n- 1-yl ] - 2- oxo- et hoxy] - 2- net hoxy- phenoxy
]- acetyl]-pyrrolidine-2-carboxylic acid, -6-

(R1-[[3-[2- @Car%xy I%yceﬂso&g ;sﬁwn&nyilynZz % 8-eth V3 Rl HRL PheoRyY! | -

y

3-

pyrrolidine- C acl

(R - 1- [ [ 3- [ 2adetyl}-p3reslidioey2-parbosiylid asid] - yI] 2- oxo- et hoxy] - 2- met hyl - phenoxy

]- acetyl]- prr063d|ne2 boxylic acid and

(R -1-[[5-[ & @ermo dl}al-}-yﬂ -Sesoethessliphrnsrviraceiyll- y| oxy
- tyl]- d. 10 Co d whi ch X

]-CI—Fg(rar]yNL a%é&%%”ﬁ@éf@@%%& Cnag(arrpl e of m;agﬂ Z l:(r)]rrpo:J(r:]d |sI >

(R -1-[[45] 2(H)(RI[32[2Q€R)1 qiyzﬁlbmalh ngll-Q-nﬁmtﬁéiﬁmeétﬁM Eh@ﬁ Myl noj

- acetyl]-pyrrolidine-2-car boxy ic acid. Compounds, in whic

- CH er r] CH( Guety: ﬁ-rpe’rmh zawfbexyhdacﬁmda corrpound |s for exarrpl e,

4o ehoyl | U HE- e i vic oo oty aptiale Sraee

conpounds OfaJe‘l?ﬂTngi‘rdhtﬁn@-@cér ﬁggpﬁ manuf actured i n accordance W|th t he

I nvention by a) erting a compound of fornula [err] into a conpound of
formula 25 [err] and then into a conpound of formula

10 Compounds in which X is -CH,NH are further preferred.
An Example of such a compound is

{R)-1-[[4-[2-[(R)-2-Carboxy-pyrrolidin-1-yl]-2-oxo-ethylamino]-phenylamino]-
acetyl]-pyrrolidine-2-carboxylic acid.

15 Compounds, in which X is -CH,CH(OH)- are futher preferred.
Such a compound is, for example,
(2E,4E)-(R)-1-[6-[(R)-2-Carboxy-pyrrolidin-1-yl]-2,5-dimethyl-6-oxo-hexa-2,4-
dienoyl]-pyrrolidine-2-carboxylic acid.

20 The aforementioned compounds of formula I-A and I-B can be

manufactured in accordance with the invention by

. a) converting a compound of formula
HO

into a compound of formula

HO.__o
( N
gx / \n’x‘sn
R1 1 0O

o5 R B
and then into a compound of formula



-7 - [err] wherein Rerr], X and X have the significances given above and
Rlerr]is |ower alkyl, or 5 b) treating a conpound of formula [err] with a
conpound of forrmula [err] 10 to a conpound of #@rnula I-A by cleaving off
the protecting group, whereiygX and X' haveg! hgypi gni ficances given
above and R err] is hydroxy or ogen, or c) reéfcting a conpound of
formula 15 [err] with an am ne formula NH ertARerr] and cleaving of f
the protecting group froma c X5TS—T™h [rr] -8- wherein Rlerr]
and Rlerr] are described as rogen, |ower alkyl,

| ower al koxy, benzyl, |ower al kBxyal kyl, cycPoaBkyI-rretiﬂ\yﬂ or
-CHerr](err] H[err](OCI—|-Ilerr])[err] Qr 5 reacting a conpound, of formula
[err] with a conpdeneinoRl X end X avethes1gmﬁcanoesg,lvenabove and R'is .

lower alkyl,

or
5 b)treating a compound of formula

.R‘\n,x\ Y,x'\[ra

o) o v
with a compound of formula -
ro.__.0
t "NH
R R v

10 to a compound of formula I-A by cleaving off the protecting group,
wherein X, Y and X’ have the significances given above and R* is hydroxy or
halogen, '
or

¢) reacting a compound of formula

15
R0.__0 o
\ N/u\/
R R X -
with an amine of formula
NH,R®

and cleaving off the protecting group from a compound of formula

Rso o O or®
0 B )
J\/\ l )
. N :
a” g R’ R’

20



[err] 10 and cleaving off the protecting group of a conmpound of formula
[err] wherein Rerr], R err] and X have the significances given above, or
e) reacting a conpound of formula 15 -8- [err] with

compounds. of VBPaRA ff B Rl fford &P abine clf Baf hifiepstd, Soel o,

si gni fi canceSIoﬁier@_lkC%\&nﬁH 1606F mﬂﬁﬁﬂiﬂ%glodlg}ﬁrﬂﬁue%w}’érz_' ower al koxy,

hydr oxy, carboxy, | ower "al kyl, nitrilo, “5- azo .carboxylic
acid-pyrrolidﬁﬂiihéiﬁﬂﬁﬂiﬁgo-ethoxy, N- 5 hydroxycar bami m doyl ,
5-oxo0-[ 1, 2, 4] oxadi azol yl , 2-oxo- [1, 2, 3, 5] oxat hi adi azol yl,
5-tbioxo-[l,Z?Z]oxadiazolyl and 5-tert-butylsul fanyl- [1, 2, 4] oxadi azol yl,
and mis - & ; {ﬁaé' otecting group froma conpound of
formul ae (1)% [dgrrﬁ]g&m rael n 6‘%%?@1§5 Y and X is as described as above
and R[err]is a protecting group, to give a conpound of fornula I-A or |-B,
and, if desired, 15 converting a conpoqu of general fornulae I-A and I-B
into a pharma- ceutically usable salt d#9g® a nono- and diester. In
accordance with process variant a) a conpopnd of fornmula I-A-11is

NH

L
LY
L

R’ R1 v

R0 _.O

5 0

¢ NJLX’Br
RY R XV

10 and cleaving off the protecting group of a compound of formula

with a compound of formula

\ R0 O
rR'0_ O

wherein R', R’ and X have the significances given above,
or

e) reacting a compound of formula

rlo_ O
1
Br
¢ N X7
R 'R XV

7

15
with a compound of formula

OH

OH XVit

and cleaving off the protecting group of compounds of formula



obt ai ned by converting a conpound of fornmula I, for exanple
1-[(S)-3-acetyl - 20
sul f anyl - 2- et hyl - pr opi onyl ] - (R) pyrrolidine-2-8arboxylic acid, into a

conpound of formula I-B-1 ang into a conmpound of forrrula |-A-1. The
reaction is conveniently eff nder inert atnos ®at room
tenperature in the presence of ’:ﬁg{ / ’ such as net hanol .
After stirring for about 2 ho CoMpotdO ted and subsequently

the reaction 25 product can b Lwbr ked- up e esFl efl pure product
accordi ng to general |y usualR'rerhods. -10- The co Rds of fornula
| -A-1are obtained by stiTtring the above conpound in a solution of CuSO4 in

water at roogyy ?gaeﬁatnﬁ snaggﬁagfe%aééggﬂxﬁe&}e%s@mgwaﬁaqms ebed in

nore detail I'n war ki ng naccordance wWith reacti on
step b) a prmﬂﬁyr}lawefanmxyshtydemeeanbﬁiy,acmimaoai&yb,gnﬂnhg@oxyl iC

acid or with a correspondi ng acetyl hal.ide at Qerr C T e fol |l owi ng
¢ peig-

di car boxyl i cteteazl, @- aeid-pyrrohidind )2

(2:in glhgig ylﬁu‘g‘m Peirin @5’&@8 0@%%3&%%53@225%' Cd?ge?boxyl ic acid,

1, 4- phenyl enﬂdz ecabksﬂﬁaafhzoﬂyl35&mm&ﬁ@dlo&emm1ﬁw 5herzbityldulfaniylol

acid, benzeneé’1 3-dioic acid, pyridine- 2,6- di carboxylic acid,

t hi ophene 2, Eﬂ;&m;hanplyl; amdnkxsf%*én 2,5-di carboxylic acid, adipic acid,
1, 4- phenylenedlacetlc acid, 1, 2- phenylenedlacetlc acid, (4- carboxynethyl
naphthylen 1% )acetic acid, (6 car boxynet hyl - pyri di n-2-yl)acetic acid, (5-

15 car boxygﬁyewnéw%&;?ggggpeneﬁh&%ggﬁ Fréth! deordpoatd BEfRRNa Eexanedi oic

acid, 2,5- d or 2, 5 di I'sopropyl - hex- 3- enedi oxi c
acid. A detailed procedure I's descriped in the Exanpl es in the CGeneral
Procedure A. The reactlon step c) descrlbes the treatngnt of an am ne, for

exanpl e propyl ani ne R propyl met ne, net hoxyel ol ne, benzyl am ne
or
X\ /X
1

wherein R, R*, X, Y and X’ is as described as above and R’is a protecting
group,
to give a compound of formula I-A or I-B, and, if desired,

15

converting a compound of general formulae I-A and I-B into a pharma-
ceutically usable salt or into a mono- and diester.
In accordance with process variant a) a compound of formula I-A-1 is
obtained by converting a compound of formula II, for example 1-[(S)-3-acetyl-
20 sulfanyl-2-methyl-propionyl}-(R)-pyrrolidine-2-carboxylic acid, into a
compound of formula I-B-1 and then into a compound of formula I-A-1. The
reaction is conveniently effected under inert atmosphere at room temperature
in the presence of ammonia in a solvent, such as methanol. After stirring for
about 2 hours the compound is separated and subsequently the reaction
25 product can be worked-up to the desired pure product according to generally
usual methods.



20 veratrylamne with a conmpound of fornula I X. This reaction is carried
out at a tenperature between 20 and 80 [err]C in a solvent, such as
acetonitrile. In accordance with variant d) a thnpound of formJIa I-Bis
pr epar ed. Toamﬁﬁg}, f ST 0t - égrg_{,ﬁgﬁ#? Cis
added a correspondi ng br]%{r(rlgcgyl glear(lﬂ\l/qa??l\c/aemsﬁh asgbro cety orl;’]reom' de,
and a corrpoumipoﬁndﬁnésnlnhbndfCﬁﬂ@ltemateeatrmmmmpwatmrr| ed out by
met hods known in the art. Conpounds, in which_ Y is an_optionally

subst i t ut ed Theprecisezeagtion cqndlﬁmﬁwre egeribed in morgdetald juithe working
accor dance ﬁx%.g éﬁ% ction variant e). To a conpound of fornmula XV a
correspondi ng di roxy-derivative of formula XVII is added. The reaction
is carried out in dinethylformam de at room 30 tenperature. Preferred are
the fol | gwi ng dbhugésrdunee wittdréactivn stef) @priedted D-proline is treated with a
tetrafl uorohydroqui none, chorohydroqui none, nethoxyhydroqui none

resorci nol , cmespnn@mg@iu;qvbp m@-q:mm@memon@ng acetyl halide at 0°C.

3, 5-di hydro oat e. .3 | rQ benzo*' riyl e, phloroglucinol,

pyrogal | ol ﬁ‘ﬁg’lﬁ Wﬂsé:}a;’b%y% ‘ﬁ/ tHo r,"dt et rachl or ocat echol ,

2, 6- dihydroxynaphthalene 1,5- 5 dlhydroxynaphthalene

2, 3-di hydr OXynaﬂm&ﬁﬁ&iB@lgI&t&uc diidy ¥ @&ﬁhbﬂﬂﬂ&‘iémmlc 4cid2 BPE1RERARD Y- OF

2, 7-di hydroxynaﬁ’ht hal ene, "I n accordance W t rocess variant f) a conpound

of formul aedicarbexylicadid, cjepohexanedli3idicar io acid, oydghemm-lt%r mula |- A
or I-B ab Lot eg rou t hads,for, t r ava

famliaf toéﬁg‘fgﬂ é«f%@mﬁ%@%&‘f%ﬁ é&n‘aﬁaﬁlee ﬁﬁ\‘/lg gc{‘i,amer e can
b d |

be used onl b et BLALRAADALANE Ml G20 iR B RyuRLECS

The tert - buthibphene 2, E&drbah-h&;ﬂﬁrw& furani2 Brdicarbekelic adidDadipicerid, g4-

groups. The ﬁrocess is carrjed out in conventional nanner. For exanple, a
conpound of Pheryignadiacetic acid, ds2phenylenediapstic agid, {#carbexxraathdr m xt ure

of solvents h dJ
bt esence of RRHRNEa P R BAE AL B AT NS SHRIRHE Beld) (7'
15 carboxymethyl-thiophen-2-yl acetic acid, 2,5-dimethoxy-hexanedioic acid, 2,5-
dibenzyl-hex-3-enedioic acid or 2,5-diisopropyl-hex-3-enedioxic acid. A detailed
procedure is descriped in the Examples in the General Procedure A.

The reaction step c) describes the treatment of an amine, for example
propylamine, cyclopropylmethylamine, methoxyethylamine, benzylamine or
20 veratrylamine with a compound of formula IX. This reaction is carried out at a

temperature between 20 and 80 °C in a solvent, such as acetonitrile.

In accordance with variant d) a compound of formula I-B is prepared. To
a compound of formula XV in dichloromethane at 0°C is added a corresponding
bromacetyl derivative, such as bromacetyl bromide, and a compound of
25 formula V. The deprotection is than carried out by methods known in the art.

Compounds, in which Y is an optionally substituted 1,2-, 1,3- or 1,4-
phenylen group, can be prepared in accordance with reaction variant ). To a
compound of formula XV a corresponding dihydroxy-derivative of formula
XVII is added. The reaction is carried out in dimethylformamide at room
30 temperature. Preferred are the following dihydroxy-derivatives: hydroquinone,



Pharmaceutically acceptable salts and esters can be manufactured accordi ng
to nmet hods which are known per se and famliar to any person 20 skilled in
the art. In schenes 1-9 are described processesiflor preparation of

conpounds of thpydiilRghydrdbqitfone, Bhotdlidroiddrd mdtRYRy BTN from

conmpounds, whi ch can be prepared in conventional nanner.” The starting
mat eri al s of reseruimhale2)§-diliydrb&kytoludns, Smethoxyriborcindl) 8,5-diliydvoxytenixhate,

are comerci al _prodycts_or can be prepared accordi to mej hods known per
se. The prepg?r,é@ﬁmgmbsmm&,aﬁwm 1pal, pyze lwl-gte&hgl Er$bed in
nore detail i ' - 2= erein R1,
X and X havé‘ﬂ?wléé%gl?@ ?é%‘??%%%ﬁ%%b%%ﬁ%h%% l\égr%d R err]
is a prot &t idilydfdyhaphthalehs; 2 3cdfdréxynaphthalene, 2,2’-dihydfoxybiphdisiei n

X, Y and X' have the significances given above and R err] Is hydroxy or
hal ogen. 10 Jefmvaphthpguinone or 2,7-dihydroxynaphthalene, :

In accordance with process variant f) a compound of formulae Il or IV is
deprotected to a compound of general formula I-A or I-B. Suitable protecting
groups and methods for their cleavage will be familiar to any person skilled in

10 the art, although of course there can be used only those protecting groups
which can be cleaved off by methods under the conditions of which other
structural elements are not affected. The tert-butyl group and the benzyl
group are preferred O-protecting groups. The process is carried out in
conventional manner. For example, a compound of formula III is dissolved in a

15 suitable solvent or mixture of solvents such as ethanol and ethylacetate, and
hydrogenated in the presence of Pd on carbon at room temperature and

atmospheric pressure.

Pharmaceutically acceptable salts and esters can be manufactured
according to methods which are known per se and familiar to any person
20 skilled in the art.

In schemes 1-9 are described processes for preparation of compounds of
formulae I-A and I-B, starting from known compounds or from compounds,

which can be prepared in conventional manner.

The starting materials of formulae V, VI, VIII, IX, X, XTI, XIV, XVII, XX
25 and XXIV are commercial products or can be prepared according to methods
known per se.

'The preparation of compounds of formulae I-A and I-B are described in
more detail in working Examples 1-104.



-14 - wherein Rerr] and R err] are described as above and Rlerr] is

hydr ogen, |ower al kyl, |ower al koxy, benzyl, |ower al koxyal kyl,

cycl oal kyl -nmet hyl or - CH[err]C[err]H[err](OCHWﬂw])[err] Schene 4 [err] 5
wherein R err], Rerr], X and X have the sisggmkiiCcances given above and
Rlerr] is hydrogen, | ower al kyl, 1 ower al koxy, or benzyl. Scheme 5 10 [err]
w wherein R err], Rerr] and X have the significances given above.

Schenme 6 [err] whtgeisy Rlerr], Rerr] and X have the si ogoli cgneces given
above and R[err] i s [hal ogen, Iomer alkxﬁ; | ower al koxy, hydifoxy, carBoxy,

- COO- | ower B nitrj gol , (2-carboxyli /ﬂ\
aci d- pyrrolldln 1- %) 0XO0- etho N-hydroxycaﬁbanlnldoy' \H/x\
5-o0xo0-[ 1, 2, 4] oxagf Qlyl‘,Z 0x0- [ , 3, 5] Qyat hi adi azol

5-t hi oxo- [1 4]0xa8§azo|y| and 5- tert- butyl sul fanyl-[1, 2, ﬁ]oxadlazolylvn

and mis O - 4. Scheme 7 10 [err] wherin Rerr], R[err] R err X and
X' have the significances given above.
HO__o HO
‘ -—— i N X< /lOL
i N\f(x‘su WA gt
1 R 0
R 1 O R'
R -B-1 I
. HO 0O OH
: NTX~S—S—X’\H/N ;
R* 1
R © O /" R paq

wherein R1, X and X’ have the significances given above, R’ is lower alkyl and
R’ is a protecting group.



-16 - Schene 8 [err] wherein R err]Jand R err] have the significances given
above. Schene 9 [err] wherein Rl err] has the significance given above.
The preparation of the follow ng exanples is dest3+bed in nore detail:

[err] 10 -17 - X Y R
Rl err] ExpL -CHCH err] - . -S- S -CH err]-CH
- H ld -CHCH err] - Scheme 2 SH
H lc -CHCH err]- -S- S -CH err]-CH
H 2c SH H 2b -CHCH ert].- -(CHerr])[err]-
-S- S -(CHerr])[err]- H
-(CH err])[err]- -CHerr]- (CH[err])[err] H
4b -CH(CH err])CH err] - (CH[err])[er] C#eCH3) -
ggé[—l(OCl—l[err])Cl—l[err? OR® [err]j\
-CH[err]CH( |\ir)(]~,} R H [orr [ el ]
-CH err erTPrer
7 8[b -C}—IZ- 0 \g-/(&'—'i[err B ‘rgr_|][ [ ] -CH[er 4
H (R),(R) -CH err]- - Kr]- Vv R gt r"" R'CH dtr]-
H CH2- ond -CH err]-
H IOb CI—|[err]O(CH[err])[err]
-(CH2) 20CH err] - H (CH[ern/[err]
- (CH2) 2- H 12
O, ,OH O.. _OH
) ,i&
5 R Rt r" R A

wherein X, Y and X’ have the significances given above and R’ is hydroxy or

halogen.
10
Scheme 3
Ro.___0
0
A ¢ R e
\ X
R R X

HO 0 HO. O



13- -CH err] - -CHerr] -
H (R,(R 14b -CHerr] & -OCH[err] -
H (R, (R) -(CHerr])[err]- -14 -

- (CH . ~H 15 s4\< -

. (g[ ( [CEL %]r z ][ %e‘{,% {:%%1 #0d ] R’ ar;) described ag.abaye f‘?§¢§ &?ﬂ@%&&l Tovrbr alkyl, |,
c -CHerr o

I i 1) i e Gl g

-(CH err]) [ €eHLE H,(OCH,),. 18 (CH[err])[err]-
-(CH err])[err]- (CH[err]gc[,eerrJ - H
19 abond H 20b -CH err] -
H 21d -CHerr] O OCH[err]-
- H 22b -CHerr] O 3
_OCH err]- ROz, - aterrl o eCH[Férrsq‘O
-OCH[ err] j\ NHR® - /ﬁ\ -CHerr]O
-OCHerr]- - ¢ N7 X7 H> 2 e\rn‘f?b( ]
H 2% ) [err]g o v gCH err] -
H 2 err
H 28b - [CH[e]rr]“b - -
H 29b -CH err] O | / -OCH err] -
- H 30b - CH[err]O
-OCCH err] - 31b -CHerr] O
-OCCH err] - 32 CHerlHd)Oo
- OCH -

R R 1ag

wherein R', R®, X and X’ have the significances given above and Ris hydrogen,
lower alkyl, lower alkoxy, or benzyl.

Scheme 5
R0 O rRo_ O
/ﬁ\(a —> X ’
E e
,\ NH + B r “ N X’ —e
R7TRT XV R R XV
3

ey

w wherein R, R®and X have the significances given above.

-
-

-B-2



-CHerr]O

35b -CHerr] O

36b -CH err] G

37b -CHerr] &
-CHerr]O

-CHerr]-

-CHerr]O Ro__0
41b -CH err] O 9
42b -CHerr] O JLX,B
43b -CH err]
44b - H - XV
45b H -CH err] O

46b -20 - -CHert]O

£ 0
"-
1

Bi
-OCCH err] -

“fh;a&i
- rr]- R'  xviH

H 47b - H - ?r o} ~OCH err] -

48b -CHerr]O - OCHlerr j\

49b - CH2NH g N “NHCH err] -
50b - CH2NH- / e H
- CHe- -N[(@H[é%r])[err [err]]- g R -CH[err] |
H 52b -CHerr] - W\ (CH err])[err] & err]]-

-CHerr]- - H 53b -CH err]

-N(CH err]Cerr]Herr])- -CHerr]- H

-NL(CH er rHI erwh@k&arm IR® abH3 have the §fgrx IEQ‘&EW:%BH(; and R’ is

55c -N[CH2C[err[H err]- -CH-
CHZC[ err ] H er r ] halogen, lower alkyl clowler alkoxy, hydroxy, carboxy, -000-10\561:
5 alkyl, nitrilo, 5-tetrazol, (2-carboxylic acid-pyrrolidin-1-y1)-2-oxo-

ethoxy, N-hydroxycarbamimidoyl, 5-oxo-[1,2,4]Joxadiazolyl, 2-oxo-
[1,2,3,5]oxathiadiazolyl, 5-thioxo-[1,2,4]oxadiazolyl and 5-tert-

butylsulfanyl-[1,2,4]oxadiazolyl, and m is 0 - 4.

H
51b

54b
- CHz-

Scheme 7
R30 o Oy _OR®
1 SN .
ABr

+ NHZR5 —_— { N/ILX/N\X’ N i

] R 1
1 1 1

R R R XIX

ZWE

wherin R’, R®, R®, X and X’ have the significances given above.



- CH2NH- - benzyl H 57

-CH(CH err])- -CHerr]- -CH(CH err])- -
H 58b - CH( CH3) - abond -16- -CH(CH3) -
H 59b a bond abond -
H 60b abond Scheme 8 abond -
H 61b a bond ond -
H 62b a bond N~ R°Br R® ?E?)_nd -
H 63bo. e - — o F o -CHerr]-
- H 64b A - -CH err]- B2 >
-CH err] - o_ - - PpX 65b abdqd- X«
abond - H 66b abond a4
abond - H 67b a band | RO 0 abond
- H r68b a band aborpa
H GQBW\(E boR y > - H
70b -CH err]- o $71b - CH2-
- CH2- OH- R*H xxn (S),(S) 72% CH[ er] g’ R XXl
-CH err] - - H (S),R'S) R'3b - CH[err]O
-OCH err] - - H (S),(S) -CHerr]-
-CH err]- H 74 d -CH err]-
-CH err]- Hio 75d -CH err] -
-CHerr]- H . 76e - (CHpgrr [err]
77d (CH[err‘ﬁ 2 o 8 79
- (CH2) 2-

N

A8 A7

wherein R'and R? have the significances given above.

Scheme 9

R'0.__0 RO L0 | ©
,ﬁ\ — —
i ;N OR® N/U\ORS NH
o XXV . XV F el

wherein R® has the significance given above.

The preparation of the following examples is described in more detail:

HO HO-°
R‘l
\1 N ¢ ! H1 f
W' gY and L NY’“a
R’ R‘ o 0 0 R’ R‘ o

10



st ereoners CI-l(CI-l[err]C[err]H[err])
-CH(CH err](err]Herr])-

-(CHerr])[err]-
80d -CH (CH err])[err]]-

H 81ld -CH (CH err])[err]]- -(CH e7F)[err]- 82
-CH (CH err]JTeTRI T~ g CH er T J[ertyp- F CHegRTI)jerr]]-
- . H 2 dlaﬁ- stereorrers -CH(i - prop. )ﬁ -‘tCI—Q;ﬂ;-r B
-CH(i-prop. )= 83 =22 [errlylorr]lQ
CHerr]]- z (CH[err])[err - s -CH (AH erf])[err]dCH err] -
- H 4d 85e -CH¢€H err])- : - H 1d
-CH(CH err])| - -CH& H | ©WGa- btereomers|-c(CHerf])=cH
a bond . ' - (,((,‘H[errj)- - “H 86b
-CH(CH err] )- -(CHerr])[grr]- - G(PH egs 1) -
i H Hohe7 IO err] CH OH) - e
-CI-l(G—i)CI—l[err]-‘ - H |880-CH[errﬂ-
- CH=CH X - CH2s-s- T e H. H 89b 2¢
~(CHerr])[queds | . n(Ceperelyter i Tiercyy. 3
-(CHerr])[grr]s= - H 90c F(CH efrr])ferr]-
-N(Cl-l[err]cyclopropyl)- - -(CHerr])ferr]-{ SH H } 2b H
91b - (CH ern]) [-®«or} - -N[CH[err]Cerr]H[err] CCH egrr])|err]]-
-(CHerr])[erTT~ H OZC F(CH errJ)ferrJ-
- N[ CH - - - H
SRR ) oo i@l Tn ]
-(CH err])[err]- - 94b-(CH[err])ferr]-
- NH- -(CHz)s- {(CHl er@Ha [ er r] L -(CHz)s- - 4b 950
-(CHerr])[err]- - N( CH2CH3) - CI-}[err Yerr]-
- H | crecr)@8- {(CH o)l errl ¢ -cu,crcHbE dH[err] Clrerf ] H err] Qr[err]] -
-(CH err])- - H 97 98c -CH err] -
-(CH err]) [ e cHFer1 +H— (R, (9
CH(OCH,)CH, ~(CH.)s- -CH,CH{OCH,;)- - H 6b
-(CHy),- -CH,- ~(CH,),~ - H 7
8b
-CH,- -(CHa),- -CH,- - H (R)(R)
-CH;- -CH;- -CH,- - H 9b
-CHr abond 'CH:’ - H 10b
-CH,O(CH,)»- -0O- ~(CH,),;OCH,~ - H 11
-(CHz)2- -(CHz),- - H 12
13
CH,- O~ CH- - e ®e
14b
-CH,0- Q -OCH;- - H (R),(R)
‘(CH;):' m '(CHZ)T = ’ H 15¢
~(CHa)- -N[{CH,),CH,}- -(CHa)- - H 16c
-CH,- -NHC(O)NH- -CH,- - - H 17¢
-(CH,)s- -(CH,).- -(CHy)s- - H 18




-CH[err] -(CHerr])[err]- -CH err]-
99c - CHz- -(CH err])[err]-
- CH err] - F | OCe -CH &r] O
- OCH2- -(CH,):- Fich),-  1P0 J&BLSTTIf - [ H 19
-CH err]- % |l IULD —CHerri—= —
-(CH err])[err] - -CH efr]- oo 103f
bond -CH erf] O 2bond WV ~ OCI—I[I'%rr] -
H 104b—bond 23 As_nent thd conbounds of gener al
fo_rrrul a l-Atand 1-B ip accordance w} ave pal uabl e
phar macol ogijcal-Cpleopefti es. TFhey can | IH f or m@ldf gentral
and system ¢ anyl oi dog$is, which is a dt ei n} met abol ijsmin
whi ch nor nal dip the tigsues as
abnormal ingoluble filpril s,_{lv.lz,Lch capse structurle and {f uncfi onal
di sruption. Comonds of formila |-A andOCH# havie been tHest ed2tly the
fol | owi ng mgthod: £ . Test}] metjhod Bi ndijng of
SAP (serum P) to huﬂ anyl o] d AR} 42) ffihriljs Nupc Bhpurd
Pol ysorp 96 wel?i'kpl ates wer oated With 0.5 [er[r]g/wgl | of AB1-42, which
had been ag : I_al_e.sq/se.r_e_c{u_ed_i 37
[err] C, washed with 2jx 150 ril of TC (10 mMitris, 6 nmMvi
Cad 2, 0.05% 15CHNaN[ err ] ) wiih 193beving serum & bjuni 24b ThEn 50
[err]] TC containing 8% bovi serum al bumin, 25 [errlil compound in TC and
- 25 [err]140InM [ 1251] serum-anyl oid pfotein in TH (10 M EQTA 1 nstegd of Ca)
were added per gghl . |ncub was perf @oped over _ni chrH o&ym
t enper at ur e} and vel | s|wer e hed twWce with 180 [err]l of i ning 1%
bovi ne serufrarpum n. | 10 20 determ ng radi oacti Vi qu | losci nt
40 were added perwel| and ) H 26b
-CH,0- )Q -OCH;- - H]
-CH,O- - - p‘w H 28b
-CH,0- ‘{Q{ -OCH,- - H 29
vd
-CH,0- /@ -OCH,- - H 30b
Omyp O
-CH,0- b\ -OCH;- - H 31b
Oz O
-CH,;O- 6\ ~OCH;- - H 32
-CH,0O- ?l -OCH,- - H 33b
NN
-CH,0- Ny :OCH,- - H 34




radi oactivity was neasured in a TopCount (Packard). The ICferr] ([err]M of
preferred conpounds of forrmula I-A and I-B are in the range of about 0.2 -
2.0. The conpounds of fornula |-A and |-B and-flBeir pharmaceutical y 25
accept abl e [acrd addriion sald,s, theflr nono-and [l estefs aEd CycClic}imdes

t hereof car be >d 4s nedi cnent.s & t hel form pfyphar ngg ceut i cal
preparati ors. '(‘I“ﬁ?phalr mace;@zil pr(kpara?l dns can be a%

istéered prally,
e.g. in thg formof tlabl et’s,” coated|tabl ets, drhgees,|har¢ and sof

gel ati ne cgpsules, sqlutio emul sfons or -susppnsionk. The adm nijstration
can, 30 hojevegy il sq be ef %td rectaldog,-e. 9] in thegformdpf

supposi t orijes, parenterallrmﬁ €.g. ih the form of i njection solutions, or

nasal | y. -24- For {the ufacture of pharmacputical preparations the
conpounds qf fornmulag |-Ag#R_d |I-B apd the phar rraceutl cal |y acceptable acid
addition sglts and egters r eof cian be procesged wi fh pharmaceutj cally

i nert, i nortgari-e—er——grgant-e—earrerf—taetese—ferA—stareh—or—derHvat i ves
thereof, tglc, stearijc.aci or |tJE salts and {he Ilke chn be used, for
exanpl e, ag suBarfiers f tabl els, ¥dked tabl-ets, Hr ageeb and har d
gel atine cgpsul es. Syitabl rrierg for soft gelatine capsules arje, for
exanpl e, ve } L —se-soldt-and-guigd-polyolgl and t he
| i ke. Depending on the nat ugq%f the active substancef no carriers fare,
however, ugual-€§:Oreqyired iNg Mshe cape ofOGHft gfl ati nF Hapsul3gs. 10

Suitable carriers for the nuf actufe of solutipns and syfups are,| for
exanpl e, water, poly¢ls, dl rol, Vvegetable oi]s andf theflike. S:ji tabl e
carriers fqr suppositorie , for]exanple, natural pr hardened qgils,
waxes, fat g7 sem=—tiqurd-or [Tqur ] poryot s and te— ke e
phar maceut i{cal g?r epar ati onsg-gan, nofeove contiin pr eser satiyes, {15

sol ubili zens i | if zers, ting pgents; ?enul sifierjs, vveetsglheri
col orants, Jf | avor ant $, saltgsnfor vafying the oshotic [prespure, bufffers,

coating agegnts or
-CH,0O- o ?< -OCH,- - H 40b
N
o~ s
-CH,0- -OCH;- - H 41b
-CH,0- _Q: -OCH,- - H 42b
cl CI

_CI-IZO" c ch 'OCHZ’ - H 4‘3b
-CH,0- m/ -OCH,- - H 44b

- H
-CH,O- (5:’3 -OCH,- 45b

. - H
CHy0- 8 OCH; s




ant i oxi dant

S.

They can also contain still

ot her therapeutically val uable

subst ances. Medi canents contai ning a conpound of formulae I-A or I-B or a
20 pharmaceutically acceptable acid addition-88Ft or nono-and diesters
thereof and a therapgutrcally rnertfvarrier are also Jagop) ect of |the
present inyentio a$ is afprjocess for their uf actfure mhi%g)coqbrises
bringi ng one or Iore|conpaelifds of fermula *-A ahd |-H and{ or
phar maceutijcal | y acce¢pt abl ‘J i d adgition salts|and no- gnd di estjers
t her eof into a gal enjjcal adw¥nistration 25 . for herfwith ong or nore
t her apeuti ¢gartyTTeTr{CTarTTers. T gCCoT danceE W A TEmtTomgonpounds
of general {forpyula I'{A an as well 3¥§$heir ceu.icg@ly gdccept abl e
acid additifon” s and no and df est *t herjeof can bef us usdgd in the
t r eat ment Jr prevent §on of ntral and systemc anyl di dos| s. The rost
comon di s¢rders asspcrateg Wi 30 any|0|005|s are A e ner S dfjsease
(AD), matunity, set | di a@gﬂl i %Irl_garryl oi dosi|s 3 as a
significantf ca “of {nonA"¥C I C 1eart |Iure, - as conpllgatldn of |ong
term haenogralysTs T{rremal_farturey - as conprfcatt n oforoctoral
gammopat hi ¢s HI\fréomchrom nflanTato ﬁglsorders frorh chronic
I nfections an& 21T ogn cer ypes Furtherﬁﬁr 5@?I0|dosis
conpri ses feRy—e-H-efrent—eai-seases S'Ch aS—oFHe-o——hgreeh u.y arHOoi dosi s
nost comonp fam lial janyl onneuropath%E(FAP) rapi g and
Kr euzf el d- Jak&HNH-sease. 10 Further esenL,chp und® can be used
for the mapufacture ¢f correspondi ng nedi canentjs. Thg dospge can \Jary
within wide lighs ahd wds,),cH,)- -CH,- - H 52b
-CHy- -N[(CH,),0CH,}- -CHr - H 53b
-CH:- -N(CH;C&PIS)' ‘CHz' - H 54b
-N[(CH,);CH;]-
“CHr | CO-NI(CH):CH;)- G N Dl
-N[CH,CgH;)-
"CHz‘ CO-N[ CHZCGHS]_ ‘CH;‘ - H 56¢
-CH,NH- - - benzyl | H 57
-CH(CH,)- -CH,- ~-CH(CH;)- - H 58b
-CH{CHs;)- abond -CH(CH;)- - H 5%b
abond ‘O abond - H 60b
abond O abond - H 61b
abond D\ abond - H 62b
abond p\ abond - | = 63b
OH
-CH,- -CH,- - H 64b




requirenents in each particul ar

of course, be fitted to the individual
case. In the case of oral admnistration the dosage |lies in a range of
about 0.1 ng per 15 dosage to about 5000 ngy p@‘l -day of a conpound of
general forpotrast=A7Jor r-B Or the gorrespondi amount o a
phar maceutial | y..accept ablﬁlmd addition,salt ¢r nong- aljnd dj ste S
t hereof , alf hougt¥ t he uppe it cdan al $%be efceedell thén t i $ shown
to be indi cpted—Fhe—fotH-ew-rg—Bar i e—t+-he—pPreSent ...',ntion in
nore detail}l 20 Howgver, tiféy-are ot intendedjlinmitfitsjscope in}]any
manner. All{tefPrat ures are_given jln d | sfust Bxanpl
(R -1 -[(S)-3-[(S)-3-[!(R)-2- boxv-gyrrolidin-13yl]-2¢methyl -3-oxopropyl -
di sul fanyl ]} 2- gednay! - propim- pyrnol i divegd 2- car boxylig ﬁﬁci de785 R)
1-[(S)-3-(Acetyl sul fanyl)-20=net hvl 4propi onyl | - {R) - pygr ol ifdi ne- 2- carboxylic
acid tert-butylester [and
1-[ (R) 3- (Acet y%‘wnganyl ) - 20%1@@ priopi QgR%hd - (R} - pyrr ol ydiine- gy car Boxyl I C
acid tert-butylester {18.6 i et hyl am ne werejgivenjat @- 5[err]Cto a
solution of{ 23720 (ldb mol ) 30 D-prolrne-tert{putyl gsteq rn 230 dry
di chl or onet hangb d utio 24. 519 ( I _ H P
S-(3-chl orot \LL 3- oxopr ?)pylg ethapethiolc a¢id ester | 1]?8 i -26 -
di cht or onet hane wer e jadded this tlenperature pver ajperijod of 1 hour and
stirring was cebdndnugd at t enpgr at wbend or 2 hour 5. HThe proeci p|tate was
renoved by —t+eattrorf—Hre trt-ron vm—wa-s-l‘red—\' et with
sodi um sul flate. Evapqgrati onagf’ the golvent at r 2 41.4 ¢
5 col ourl esls_oif¥¥mhi dh was chroont o¢r aphé¥zon
et her/ cyl ohexane 2/ 1 jyi el di 19.6 g’ (46% 72b
1-[ (R) - 3- (acet el f gnyl ) - met hyl 4 -CH,- - H (8),(S)
propi onyl | -JCR-pyTrolfi dr ne- Z_car bDOXyI1Cc acid teft-putyresjer apd 1B.2 ¢
TSy O@h Q | )
[(S)-3-(Acetyl suF? anw )-2 yl - ptopi o%?/lil’] -(R) - pyrr DIIfIdi ne(-s&(-SZ:ar boxyl i C
acid
~CH,- 8 -CH,- - H 74d
-CHj- m -CH,- - H 75d
CHy AN -CHy- - | H 76e
9/ -(CH,)s~ ?/ - H 77d
o e ~CH-
o~ o~
~{CH,),- - H 78f
o’ o’ 79
dn -(CHy)s- A - H 2 dia~
stereomers
CH(CH,C¢Hs) ~(CHz),- -CH(CH,CgH;)- - H 80d
-CHI(CH,)d}- - H 81d
~CHI(CH,)4})- -(CH,),- .
82
-CH[(CH,)4]- ~(CHy)e- -CHI(CH,)4}- - H |2 dia-
stereomers
~CH(i-prop.)- -({CHg),- -CH(i-prop.)- - H 83d




tert-butylester and 1.6 g m xture of epiners.

10 M5 nfe(%

=315 (M-, 3),

259(10), 242(10), 214(100), 172(10), 145(32), 70(22); [a]D=-0.7 [err] (1%
EtOH). MS me(% =315 (M-, 4), 259(7), 242(9),-224(100), 172(9), 145(33),
70(33); [a] ,FI]I, %ﬁzo I% ECOH). D)
1-[(S)3-Acetyl sul tanyf - 2nmet - propi %(l:é&ﬂ yfrrolidine- 2-0%({)oxyi c acid
15 15.45 g (48. @il ] 1-[ (525 (Acel v St ¥an )-20-met%§l L pr 8P onyl - (R) -
pyrrolidinej2-carboxyl|ic aci étert butyl ester wgre stijrred w ghe 99 |m
trifluoric pcicH@ag-5p nl am=60l e under.car@gyn. f qr t.hr e ghour s3 gi,Lhe |m xture
was evaporated under yakuum The resj due was di gsol vedq in ab@u&me}@( m
I cecol d ethylacetate pnd washed w thf about 200 nif of gn i cjecor d aggeous
sol ution of | 28cug0eiunbi carjgpat e. i‘n&%ﬁa&&ﬁ hydr oghlpri & d yas added
unt er i cecopttrg—tnt+T—ph—t—2—T*he HeOHS—PRESG—WaS—axtF times
with icecolf et hxl acejfate, dried wth sodium sulffate gnd ¢vaporated. The
yl e| d was 1 0 2)2' 'CH(CH;)- - H 87
1-[(S) 3-acetyl sul fany| - 2- et hyl - propi onyl ] - (R) - gyrr ol i{di ng- 2- car boxyl i c
aci d that wasCHiSH@HNM [ hout #berd her pur-chiomchpn.| 25 a}pc-llsﬁ (0]6%
EtOH). c) 1f[(S)3-NeTLapt o- Z- netnyr-jpropronyt=<{[R—=pynrotrTdrme=2=c@r boxyl i c
acid 11.59 g (44,69 npol) [ 3-agetyl fanyl}- 2- met/h propionyl]-(R)-
pyrrol | dl ne l_ vgguovy | Fol Q-Q\:H é&?ﬂrn I SSO %H at lroom.t Pﬂl’\ rat ﬁbp 1] ]der
argon in 70| nl argon washed methanol|. After addiftion ¢f 7¢ m 10N ammoni a
in 30 nethanofChhi rrfi ngNisLea)-i ned F@H:wo Hours at Hr dom s@npef at ur e.
Then the soLvent was [dIsTITTed of T gnder vacuum| Tie [esique was taken up
wi th 5% aqueou ISd jler ' acted six fi h
dl Chl or Orret Iané&}K}_‘ J‘-'ﬁacﬂi%hégrr%jpﬁ’:f | a\l@rz) VY=Yd \_A'ésh r‘lﬁfe 1 Pﬂsk 1t h 5%
aqueous KHSO[ err] soljution, three ti rres wth 1 hydr ¢chl qri ¢ aci dy and
dried over [sodf ul f|aNECHEdB(Q0H),]-qn of(CHie soljvent anH dryseallifation
from et hyl gcet at e/ hexane

-(CHz)- -N[CH,),OCH;)- -(CH,),- - H 93b

~(CH,),- -N(CH,CgH;)- -(CH,),- Co- H 94b

'(CHz)z- -NH- -(CH;);— - H 95¢

-(CH,)o- -N(CH,CH,)- -(CH,),- - H 96

-(CH,).- -N[CH,C¢H,CF;}- -(CH;),- - H 97

98c

-CH,- -(CHa),- -CH,- - H (R),(S)

-CH,- -(CHz)r- -CH,- - H 99¢

-CH;- -(CH,)>- -CH,- - F 100e

-CH;0- )@k -OCH,- - F 10Ib

-CH,- g -CH,- - F 102b

-CH,- -(CH,),- -CH,- - H, 103f

:tmd
-CH,0- : -OCH,- - H, 104b
bond




yiel ded 6.25 (64% 1-[(S)3-nercapto-2-nethyl-propionyl]-(R)-pyrrolidine-2-
5 carboxylic acid with-nelting point 99-101 [err]C a]D=+40.7 (1% EtCOH).
d) ( R)-1-[(9)-3-[(9)-3-[(R)-2-Carboxy-pyrrcdddin-1-yl ] - 2- net hyl - 3-
oxopropyl di sul fanyl ] -2-net hyl - propi onyl | - pyrrolidi ne-2-carboxylic acid A

sofution of 799 A¥imbritiSnG¥Ratlics, Hib Ehibotings H?ngei(\ékag?mfm%}xyxaiﬂ a@3-Bdged at

10 roomtenperature to a solutron o

1- [ (S) 3- ner apdrdadice et the pivapitivtyhave Wluaple pharinacoldgical propertiesaTheyi n
90 m dichl oronet hane. The mxture was vigorously stirred_for 1Q njinutes

and fil t er eganbecused againsiall ferme of opnin sysesnigiamylaidasis vorieh g fe

"the organic es A, te
and the gol ﬁ%a%g%w %%%%er va%%@?&%ﬁ%ﬂ%@%ﬁ H&Bg

di chl or omet hasde %%tpirgﬁ\@tﬁgtﬁs%é@bﬁm insoluble ﬁbnls which cause
(R-1-[(9-3-[(S)-3-[(R) - 2-carboxy-pyrrolidin-1-yl]- rrethyl 3-

oxopr opyl di structwxd and famctignal shismipdton.| - pyrrol i di ne- 2- carboxylic acid with
mel ting point 142- 144 [err]C [a] D=+42.8 (1% CHC13). 20 Exanple 2

(R-1-T(R-3-[( r box -1-vyll-2-n@th 370X 0-

propyl di sul f any nﬁp‘r fo b‘?ﬁfﬁ%“%gr‘#g‘ﬁ 8*’& %‘&5@“&@3} %’D%mga)
1-[(R) 3- Acei%étﬁu fanyl - 2 rret hyl - propi onyl | - (R) - pyrrol i di ne-2-carboxylic
acid 25 18 60. 0 nmol )

1-(3- acetylsulfanyl 2- met hyl - propi onyl ) - pyrrol-i di ne-2- carboxylic acid
tert-buttPl ester were stirred w t.h 120 Béstimethadoric acid and 75 m ani sol e
under argon for three hours. The m xture was evaporated under vakuum The

resi due was . di i cecol dJeI S cet ate and wasfed ) an icecold
aqueous sol A er=e ' e G2 T man, amy.o ~’v~=- Sorye 30 acid
was added URhfe FIHT6 ryeldven SwilSofokR1-29! ed

three tines wt h | cecol yI acet SOdI umsul fate an

evapor at ed. wHieh hiadlhkenmgetﬁos 7gﬂa(3&%3’ﬂ°¢(ma%eamg Idrieidf fon 3 d ysnait 317 PC,
washed with 2 x 150 pl of TC (10 mM tris, 138 mM NaCl, 6 mM CaClg, 0.05%

15 NaN3 pH 8.0) with 1% bovine serum albumin. Then 50 nl TC containing 8%

bovine serum albumin, 25 ul compound in TC and 25 ul 40 nM [125I]serum
amyloid protein in TE (10 mM EGTA instead of Ca) were added per well.
Incubation was performed over night at room temperature and wells were
washed twice with 180 pl of TC containing 1% bovine serum albumin. To

20 determine radioactivity 100 nl Microscint 40 were added per well and
radicactivity was measured in a TopCount (Packard).
The ICs0 (uM) of preferred compounds of formula I-A and I-B are in the range
of about 0.2 - 2.0.

The compounds of formula I-A and I-B and their pharmaceutically

25 acceptable acid addition salts, their mono-and diesters and cyclic imides
thereof can be used as medicaments, e.g. in the form of pharma-ceutical
preparations. The pharmaceutical preparations can be administered orally,
e.g. in the form of tablets, coated tablets, dragées, hard and soft gelatine
capsules, solutions, emulsions or suspensions. The administration can,

30 however, also be effected rectally, e.g. in the form of suppositories,

parenterally, e.g. in the form of injection solutions, or nasally.



-28 - propionyl]-(R)-pyrrolidine-2-carboxylic acid that was used w t hout
further purification. [a]D=+127.8 (1% EtOH). b)

1-[ (R) 3- Mer capt o- 2- net hyl - proni onyI] (R) - pyrr<24 di ne- 2- carboxylic acid 5
2.98 g (11.5

1-[ (R) 3- Acet yl sulo%anyfnﬁnufat op| Onyﬁerh(;%preﬁarrgpoasﬁhe cgm@guggsﬂl c

were di ssol Y&dnﬁlaerIOArﬁﬂ&méﬁd Uh@ phaf@acaiticdlly Acceptiableaicid addftidiealts
met hanol . After addition of 15 ml 10N ammonia in nmethanol stirjing was

conti nued f&m tesbensdénese@ﬁ cmbmnrem@edmtbphmceu@c@u\vm inerganistar! | ed

of f under vacuum at _r.00 ratur The resid 10. with 5%
agueous KHS@W]: gﬁlﬁ’ﬁ et@f%l?i ﬁ& gl&ﬁ gm teanc cid
di chl or oget BARG stk éﬁﬁﬂﬁehk@%&nvbéﬁsﬁ M%@Ieeasmh%sﬁeﬁsfdﬁm&sw e

washed twice with 5% aqueous KHSJ err ] sol ution, three times with 1 N

hydr ochl or i comteddabletsddiagéesand hard gelating sapsulesafuitableocarviers fier saft vent

15 et capt SRS FRRSHTR 1% K8 FERiRpIe,PEEIRDLN A TSSh 858 etmiotid and
(R)-1 TRy apigpd %9 {%3%9&@0% ol ot e Rl of the active substance no.

oxopr opyl di satrfiés)dres howenst, ustallyaey hireﬁxmrtdnleldilsé@faoﬁ@bwﬁé capsadesl 20
Anal ogous tg exanple 1d): MS m's (9%: 43%& ) 217(100) 184(76), 172(67),
142(13) 107o§ny)able1gzpz19rs fgr( and syrups are, for example,

YTt ol 1 di ne PSRRI &5 "%fg@%‘@blef%"fﬁwdﬁg' SEbibl GrpRORy - 9

1-(3-mer capg d}%ﬁﬂir%k\’éﬁe‘ ﬁﬁ)eﬁiﬁﬁm ndtaRd 2r dirgexyd bﬂsaﬁhﬁeé favs, EBhAL i al )
were dissolved in dichlofonmet hane and extracted wth 5 of an sat urat ed

aqueous sol lifuhonlig@idpdlyolhand ¢hedilke. phase was extract ed twice with
di chl or onet hane, the conbi ned organic phases filtered, dried with 30

egnesi unmsul f aig, 204, ©Y200LALE drer L ATRL 281 APk b QHOIRL NG

15 solubilizers, stabilizers, wetting agents, emulsifiers, sweeteners, colorants,

flavorants, salts for varying the osmotic pressure, buffers, coating agents or
antioxidants. They can also contain still other therapeutically valuable

substances.

Medicaments containing a compound of formulae I-A or I-B or a
20 pharmaceutically acceptable acid addition salt or mono-and diesters thereof
and a therapeutically inert varrier are also an object of the present invention,
as is a process for their manufacture which comprises bringing one or more
compounds of formula I-A and I-B and/or pharmaceutically acceptable acid
addition salts and mono-and diesters thereof into a galenical administration
25 form together with one or more therapeutically inert carriers.

In accordance with the invention compounds of general formula I-A and
I-B as well as their pharmaceutically acceptable acid addition salts and mono-
and diesters thereof can be used used in the treatment or prevention of central
and systemic amyloidosis. The most common disorders associated with
30 amyloidosis are Alzheimer's disease (AD), maturity onset diabetes mellitus, or
amyloidosis



acetone/ formc acid 80/20/1 gave 70 ngy
(R -1-[3-[3-[(R) - 2-carboxy-pyrrolidin-1-
yl ] - 3- oxo- propyl di sul fanyl ] - prop| onyl | - pyrrol r@bre- 2- carboxylic acid as a

-29 - I I '
(R - 1[80[?% gssc_a ox;grﬁﬁf’?%? - %(AYH_QS 0XO0- nonanﬁlﬁyrrol I di ne- 2-

carboxylic acid ajys complication of long term haemodialysis in renal failure,
(R-1-[9-[(R) - 2- Benzyl oxycar bonyl pyrrolidin-1-yl]-9-o0xo-nonanoyl] -

pyrrol i di ne- 2- car a®ggmplicatipn of srendclonal gangmopathias,mol )

D prol i ne-benzyl egt er dr.ochkori di chl oronet hane 10 were
stirred with 4501%!3 E%??%ﬂéﬁwéfﬁﬁa%ﬁe and 1.12 m (8 muol)

triet hyI ne forgg gﬁcm%oﬁggﬂa at roomtenperature. Extraction with
2N hydroc I oric acid and brine, drying with sodiunsul fate and evaporation

gave 1.2 g oil mhﬁutnwastanht)q:mtofganpd&md over silicagel with acetoacetate
to yield 0.9 g (80%

nonanoy| ]+ byt r ol ATk, esth eroEises parbe diferate diseases such gp
1H NVR (miignﬁﬁmher%d%&?y Qn(;%:%%@ié) ost ¢brdmén (fEhdiihl athyfoid 6 (M 2H),

5.1- 5.3 (2x

(R -1-[9- [(@olﬁnéim‘dzmthymFARJsdapxelandKreﬁzfeld}Jakohﬂmda]spyrroI i di ne-2-
carboxylic acid. 20 100 ng (0.18 nmol)

(R-1-]9- é( R) - 2- benzyl oxycar bonyl - pyrroi di n- 1-yl | - 9- oxo-

nonanoyl] pyrrolidine- 2 car boxylic acid benzyl ester in 20 m ethanol were .

hydr ogenat e at room
t enper at ur edF‘IE—'&P%?%tol on a 3%%%? ati On&ﬁgé’%ﬁ%ﬁ@&?%&%@%% -%gar boxy-
pyrrol i di n- leoytdspIndisy Asdieaiehtry Thel dodape can aip withincwild Bmifisard will,

clourless oil. 2 | SP- M5 383 (MHerr]). Exarrple5
of course, be fitted to the individual reqmrements in each particular case. In

the case of oral administration the dosage lies in a range of about 0.1 mg per

o
-

15 dosage to about 5000 mg per day of a compound of general formulae I-A or I-B
or the corresponding amount of a pharmaceutically acceptable acid addition
salt or mono- and diesters thereof, although the upper limit can also be
exceeded when this is shown to be indicated.

The following Examples illustrate the present invention in more detail.
20 However, they are not intended limit its scope in any manner. All

temperatures are given in degrees Celsius.

disulfanyl]-2-methyl-propionvl]- olidine-2-carboxvlic acid

25 a) 1-[(S)-3-(Acetyls 1)-20-methyl-propionvl]-(R)- 1_idine—2—car oxylic
acid tert-butylester and
1. 3-(Acetvlsulfanyl)-20-methyvl-propionyll-(R)-pyrrolidine-2-carboxylic acid
tert-butylester '
18.6 ml Triethylamine were given at 0-5 °C to a solution of 28.2 g (135 mmol)
30 D-proline-tert-butylester in 230 ml dry dichloromethane. A solution of 24.5 g
(135 mmol) S-(3-chloro-Z-methyl-3—oxopmpylzethanethmlc acid ester in 116 ml



(R-1-[8-[ (R -2-Carboxy-pyrrolidin-1-yl)-2,7-di methyl - 8-oxo-octanoyl] -
pyrrolidine-2-carboxylic acid 30 1.2 g (5,0 muol)
2, 7-di met hyl - oct anedi oylic chloride were disseRbed in 100 n

di met hyl f or BphRr wbPe H soée'rﬁ?e' 3&;04%;73 . I
triethylam E wer%ﬂag ed and tgﬁg%ﬁa?tq}%e wa rfea to 5 [epﬁlg% orﬁc%lfrvaend

m nut es. stifting Stk continued atqoom terepeniturefon2 hopes, Sthe pregipitatei wis .
The solvent was distil]ed off_and the residue taken up in 30, mi, 2N,

hydr ochl ori crea@,QV&d-@ﬁitae@%n spludion was éf?eﬁbé’,ﬁ Wi wateriand %eﬁmm fate,
evapor ati on h ve Il ] '

chl orof orm f@%ﬁeﬁ%&%ﬁ%ﬁ@%t%& ﬁfs% %)W%gév‘g%%e% pressure gave 414 g

(R) - 1- [ 8-5 ( Rblcintédssikwhioh walsi dhrdmbtygraphed-oh 4kighsilicSoe) with

octanoyl | -pyrrolidine-2-carboxylic acid as colourless ol l. |SP-MS 397
(M) [err]. mrthepcyobexage 2/1 yielding 19.6 g (46%) 1-[(R)-3-(acetylsulfanyl)-20-methyl-

(R L8 (R e PO RNl 81 0o 2 T2 SR 0
(R)-1-[ 8- (fgRal sthbb i aypeolla g b Bty

oct anoyl ] -p;l:gsf'%?i I'n -%Elga bggg?ﬂll% Cirﬁhg%ﬁyﬁ@é%}%ol%ﬂi%S g f nmol )

2, 7- di met hoxgrisbtitylestien andal. 8¢ mixtureiof epirmers. 25 nl 15 tetrahydrof uran
and 20 m dichl or onet hane was added a solution of 0.35 g (2.1 nmol)

car bonyl 1) i MSanéa(%) =3155Mrt, 3)e 269100y 242(16)y 214(160), 1T2(10)NU5H(B2), FO(22);
tenperature for two hours 0.52 g (2.16 mol) D proline-benzyl ester

hydr ochl ori delp=010 "nf1% ESED: onet hane and 0.54 g triethyl anine were added
and stirring was continued for 18 hours. 20 After filtration the solvent
was di sti | | edSahfe(%)e-3154Mt,4)I259(T)s242(93,214(1@0) 173(D] 245(38),70(88);act ed
wi th 2N hydrochloric acid and water. Dryig with sodi unsul fate, evaporation
of the sol vdalp=#itb6shroftfedpQihy over silicagel with ethyl aceteate yiel ded

0219 (R 35003 L8 Co oo oL ol
15 1545¢ (48;9 mmol) 1-[(S)-3-(Acetylsulfanyl)-20-methyl-propionyl]-(R)-
pyrrolidine-2-carboxylic acid tert-butylester were stirred with 99 ml trifluoric
acid and 55 ml anisole under argon for three hours. The mixture was

evaporated under vakuum. The residue was dissolved in about 100 ml icecold
ethylacetate and washed with about 200 ml of an icecold aqueous solution of

20 sodiumbicarbonate. Concentrated hydrochloric acid was added unter icecooling
until ph 1-2. The aqueous phase was extracted four times with icecold
ethylacetate, dried with sodium sulfate and evaporated. The yield was 11.6 g
(91%) 1-{(S)3-acetylsulfanyl-2-methyl-propionyl]-(R)-pyrrolidine-2-carboxylic
acid that was used without further purification.

25 [a]p=-11.8° (0.6% EtOH).

-[(S)3-Mercapto-2-methvl-propionyll-(R)-pyrrolidine-2-carboxvlic acid

11.59 g (44.69 mmol) 1-[(S)3-acetylsulfanyl-2-methyl-propionyl]-(R)-
pyrrolidine-2-carboxylic acid were dissolved at room temperature under argon
in 70 ml argon washed methanol. After addition of 70 ml 10N ammonia in

30 methanol stirring was continued for two hours at room temperature. Then the
solvent was distilled off under vacuum. The residue was taken up with 5%
aqueous KHSO4 solution and extracted six times with with dichloromethane.



1-yl]-2, 7-di met hoxy- 8- oxo- oct anoyl | - pyrrolidi ne-2-carboxylic acid benzyl
ester 25 as acolourless oil. S I1SP:. 609 (MtH)[err]. b)
(R -1-[8-[(R)-2-Carboxy-pyrrolidin-1-vl]- 7~£7nﬂet hoxy- 8- oxo- oct anoyl ]-

(B 15[ (e P RaR sty WachaD ke Wit B srmeque KHGO4 sclution,

di met hoxy- Stigreg-timba wavh I-NH: a@b&ﬁbﬁ@a@t@&ﬁ&%&&v&%&%ﬁ% ggster in 10

m et hanol were hydrogenate n the presence of 5% Pd- on car bon.

Fil trati on Ewdpenaimor of therselvertrand mwlzytmh(fmtnmhyk@e(zﬂé%exane

L béx[pr[yﬁy%ichﬂ ﬁ % W)é HS)B-marraRty- 3 sty bBremigny YR msaTolidine-2- car box

ylic 31 -.ac l urI ss_oil 4 MH . Exanple 7 5

(R) 1- [75[(%1"2 fifng Ro ’Pt;}#l‘%lzéo hept anoyl ] - pyrrol i di ne- 2-
carboxylic ﬁ%%@?{fo 99 g (5 mml) pineloyl chloride, 1.15 g (10
nmmol ) D-pro eahd O mol) triethylamne in 100 nm

di et hyl f or Boxy-56 HL Aetipi4i ned and then
stirred ove‘lrwnlg anor e Cay }E‘} %mﬁiﬂl 'Vé%%s distilled
of f under vesopropyldisulfasy pt] ) " ¥vlid acidci d and
extracted wi th_dichl ororret hane Eva orat i on (r)#aéhe soI vent and

chr omat ogr a‘ﬁﬁ? e of V49 mg 63 Omb GrePO4i%p an0 md water asaddpdiaf 5
| ded 7- 2
T ol 1 16 n Tooin SRS Y AN Ren o BT 88 e (3.0mme i mercartodr oi |

1? I>\//:S] 25§xo%aﬁoﬁ‘rﬂﬁ]{;yr rgfnﬁl &gﬂefé'%gp%ﬁ/l%é%% QitGrdtlbthane.

The mixture was vigorously stirred for 10 minutes and filtered. The aqueous
phase was washed 5 times with dichloromethane, the organic phases were
washed with brine and dried with magnesiumsulfate and the solvent was

15 removed under vakuum. Crystallization from dichloromethane/hexane gave
275.3 mg (43%) (R)-1-[(S)-3-{(S)-3-[(R)-2-carboxy-pyrrolidin-1-yl]-2-methyl-3-
oxopropyldisulfanyl]-2-methyl-propionyl]l-pyrrolidine-2-carboxylic acid with
melting point 142-144 °C. |

[alp=+42.8 ° (1% CHClg).

20

25 18.9 g (60.0 mmol) 1-(8-acetylsulfanyl-2-methyl-propionyl)-pyrrolidine-2-
carboxylic acid tert-butyl ester were stirred with 120 ml trifluoric acid and 75
ml anisole under argon for three hours. The mixture was evaporated under
vakuum. The residue was dissolved in icecold ethylacetate and washed with
an icecold aqueous solution of sodiumbicarbonate. Concentrated hydrochloric

30 acid was added unter icecooling until ph 2-3. The aqueous phase was extracted
three times with icecold ethylacetate, dried with sodium sulfate and
evaporated. The yield was 15.3 g (98%) 1-[(R)3-acetylsulfanyl-2-methyl-



20 a) (R-1-[6-[ (R -2-Benzyl oxycarbonyl - pyrrolidin-1-vl]-6-o0xo-hexanoyl] -
pyrrolidine-2-carboxylic acid benzyl ester 0.97 (10 nmol)
D proli ne-benzyl ester hydrochl oride in 70 m di28Foronet hane were stirred

W th 0.92 g (g gﬂﬁ#l h&iﬁ&%ﬁ?g%&c@d m&%asmea»nmm%

over the weekKen er argon at roomt rature. 25 Extraction
hydr ochl ori c;nmﬁbatmh water, drying with sodiunsul fate, evaporation and
chr omat ogr aphy over sili cagel Wi th acetoacetate to yielded 0.42 g (16%

(R)-1-[6- [(R)[a}aa=be11?ﬂ;88>@efaEwﬂ)1-pyrro|.d. n- 1-yl ] - 6- oxo-
hexanoyl ] - pyr.rol | 2- car boxyljc _acid, be zyl ester as col ourl
MB- | SP: 521 to-Buneth olidine-2-carb

(R-1-[6-[ @R o2 Gggr(ﬁzig,vzmw%g @j@%@im@@%@&ﬁ%is&Ame&f}Ri#) Yyfotédine-

car boxylic acr

(R) - 1-[ 6- [ ( R2-carbogylit Mexe dissolved fFdoh | @eiaﬁdxb &d@a«ergonm 15 m] argon

hexanoyl ] - pyrrol i di ne-2-carboxylic acid benz ester in nmet hanol

wer e hydrogen‘;ﬁ@:&mequiréﬁeréﬁdgmomofﬁé /l aunnmammmsthlanphst;mngnd
599 6 5
oyt rol fd 2”1%0@ %\{ﬁﬁ’iéﬁ"&%‘i‘%ﬁﬂ P imaPStattrg A Eh e yeat Was® )

col ourl ess oi ‘@cf,
(R -1-[5- [(R)dlsz Car Boxy pyrro ﬁ'Hlin 156&? 5- Sgﬁt‘ﬁé"nt are]gyﬁdugv'rwraglta& ne- 2 10
car boxyl 10 acwith &% aghedus KHSO4 solution and extracted six times with with

5-[(R)-2- Bengl oxycar bonyI pyrrolidin-1- yI ] - 5- oxo- pent anoyl ] -
pyrrol i di ne- dichdetomethaneand thxeetjmes yrish ethylacetate (Therorganic layers were

D proline-benzylester. h oghl oride i chIo mehane r tirred
W tn 0. 88 g t5vies Yol 5% Gbaes RSO solis Wi § N
triethylamn e nder,_ ar E
2N hydt ool ofraragfE Hid BRT ar R W?I%%%ﬁf% %ﬁ%@aﬁ“ﬁg Sefent'ahd
crystallization from ethylacetate/hexane yielded 1.59 g (64%) 1-[(R)3-
15 mercapto-2-methyl—propiony1]-(R)-pyzrolidine-z-carbomlic acid with melting

point 98-100 °C.

ss oLl .
id

[alp=+128.8 ° (1% EtOH).

oxopropyldisulfanyl)-2-methyl-propionvll-pyrrolidine-2-carboxylic acid
20 Analogous to example 1d):

MS m/s (%): 432(M*,2) 217(100), 184(76), 172(67), 142(13), 70(79), 41(21).

25 pyrrolidine-2-carboxylic acid
0.9 g (4 mmol) 1<(3-mercapto-propionyl)-(R)-pyrrolidine-2-carboxylic acid (raw
material) were dissolved in dichloromethane and extracted with 50 ml of an
saturated aqueous solution of CuSO4. The aqueous phase was extracted twice
with dichloromethane, the combined organic phases filtered, dried with

30 magnesiumsulfate and evaporated. Chromatography with dichloromethane/
acetone/ formic acid 80/20/1 gave 70 mg (R)-1-[3-[3-[(R)-2-carboxy-pyrrolidin-1-
y1]-8-oxo-propyldisulfanyl}-propionyl]-pyrrolidine-2-carboxylic acid as a



evaporati on and chromat ography over silicagel with acetoacetate to yiel ded
0.44 g (17% (R)-l-[5-[(R) 2- benzyl oxycar bonyl - Bérrol I di n-1-yl]-5-0x0-

pent anoyl ] - pyrrolidi ne-2-carboxylic acid benzytZ28ster as colourless oil. 20
M5-1SP. 507 (dMtdird&ds'dil. D)

(R -1-[5-[ (R) - 2- Car boxy- pyrrolidin-1-yl]-5-o0xo-pentanoyl]-pyrrolidine-2-
carboxylic aqSWN 44S: 493(8-8H. Mol )

(R -1-[5-[(R) - 2- benzyl oxycar bonyl pyrrolidin-1-yl]-5-o0xo-

pent anoyl | - pyrrol i di ne-2-carboxylic acid benzyl ester in 100 m ethanol
were 25 hydrogenated in the presence of, 40 5% Pd on carbon. Filtration
and evaporation of the sol vent vyiel ded M@AG%

(R-1-[5-[fR lidine-2-
pyrrolidin-1-y as col ourl ess

oil. M5-1SP: _Jyj_&ﬁﬁ_rr] 30 Exanpl e 10
R-1-[4-[ (R -2-Ca rolidin-I-yl - -hut yryl rrolidinpe-2-carbo

§(y|) i C [aC| Ej( )a. p%‘h fj car ﬁ/ ] 1- .£.n y d—o:?gf-nonano 1]-

(R -1-[4- [(R-- 1|£é} 1-yl]-4-oxo-butyryl]-

pyrroline-2- . 0 a solution of 300 ng (1.2 mmol)

D- Prol i ne berggtg hﬁhol)WﬁBh@-’bbﬂﬂyl@Bﬁerl oahloﬁaeSnmmin)l diéhleréretians

in 9 m dlchloronethane at 0 [err] C was adde w se 68 n £06mml)

succi nyl 1hl ovenestiamed svith 450gqng ¢ mmspé)daze&aosd eandrh 12:@13 &mmel) The
reacti on m xtus sth hed sequentially wth atur t ed

chlori de sol (i€ gl,l,}' &gféﬁi?éﬂﬁﬁﬁﬁf g?@"‘?é d%%}

water, and t asRE %ﬁ tdxg,qﬁé H:gqhg m;h?

conbi ned or gfa%]c extra(cu{qi:3 vvereaﬁg rie éov r q’é. um 1% sul phate an orlﬁﬁn

concentr at ed gaJVe\Afﬂgmﬂ whidf was chabmaonidphedaiver silidagel withnapetoacktate to
I |1 : NH 493 H 100
Sgge( ég) oW e yield 0 9g (80‘%) &)—1—’3{9‘[( )-2J-rbenz[y gxrglcar onyl-pyrrolgMn-l-yE %—ro]xo- )

15 nonanoyll-pyrrolidine-2-carboxylic acid benzyl ester as colourless oil.
1H-NMR (CDClg, ppm): 1.1-2.4 (m, 22H), 3.4-3.7 (m,4H), 4.4-4.6 (m, 2H), 5.1-
5.3 (2xAB, 4H), 7.34 (m, 10H).

carbozxvlic acid.

20 100 mg (0.18 mmol) (R)-1-[9-[(R)-2-benzyloxycarbonyl-pyrrolidin-1-y1}-9-oxo-
nonanoyl]-pyrrolidine-2-carboxylic acid benzyl ester in 20 ml ethanol were
hydrogenated in the presence of 20 mg 5% Pd on carbon for two hours at room
temperature. Filtration and evaporation gave 60 mg (R)-1-[9-[(R)-2-carboxy-
pyrrolidin-1-yl}-9-oxo-nonanoyllpyrrolidine-2-carboxylic acid, as a clourless oil.

25 ISP-MS: 383 (MH").

pyrrolidine-2-carboxylic acid
30 1.2 g (5,0 mmol) 2,7-dimethyl-octanedioylic chioride were dissolved in 100 ml
dimethylformamid, 1.15 g (10 mmol) D-proline and 1.4 ml (10 mmol)

triethylamine were added and the mixture warmed to 50 °C for five minutes.



b) (RI-[4-[(R) -2-carboxy-pyrrolidin-1-zl]-4-oxo-butyryl]-pyrrolidine-2-
carboxylic acid 15 A solution of 256 ng (0.5 nmol)
(R -1-[4-[(R) - 2- benzyl oxycar bonyl - pyrrolidin-1=30-

yl] - 4- oxo- bUtSﬁi‘hb @dtﬁiﬁéﬁ‘@ffo%&? ?baﬁﬁ'b%vgf t. THeCd l¢é}1t5wH%

et hanol was sti rre 13 mg 10% PaI I um on car er 1 atm
hydr ogen for di@tiﬂedtoﬂ’ andithe rpsidat daken Adptiar30 mIIZMhydmdiﬂone moide Exteaction

catal yst, conc on |n acuo afforded 1 1009 .of the title
corrpoﬁnd (R vgﬁ?\gﬁt%y w{ so(gﬁ'\umsu.lofairsreg egrapor{a()tlon and

[ (R)-2-carbo .o
acid as a co%ﬁ%@%&é@oﬁ%&&?&%%ﬁ t‘ﬂ%‘ H’og%& %ﬁh@f@ﬁ‘r’% &%g%w iqs&é?arrpl e
11 25 5 gave0.11 g (R)-l-[8-[(R)-Z-carboxy—pyrrohdm-l—yl)-z 7-dimethyl-8-oxo-
(R-1-[[2-]2- [2 [ (R Car boxy-pyrroljdin-1-yl)-2-o0xo- ethoxyl et hoxyl - et hoxy
| - acetyl ] - pyeatane wmluhna@xmxxmamd a# golouzless 0il. 04 g (4 mol)

2,2' -[oxybi s(2,.1- et hanedi Xy)] bis acetyl chloride, 0.92 g (8 mml)

D proline andSP-MS: 39% (Mﬁ%& amne in 200 m di et hyl fornmam de was stirred
for three days at anbient tenperature. The 30 solvent was distilled off
under vakuum The residue was chromatographed over silicagel wth nmethanol

toyield 0.42 g (R-1-[[2-[2-[2-[(R) - 2-%@?&6
pyrrolidin-1- I)-2 0X0- ethoxylethox ]. t hoxyl -acetyl ] -pyrrolidine-2-carboxy

lic -Bw- (301 1t Bxr X ] i :: XY-S-0X0-0 »A:‘;_QL:J“!L
Exarrple 12 5

(R-1-[3-[4- [%%%ml&gﬂ%lldln 1- yI) 3- 0x0- propyl] phenyl ] -propio
' Rafbdiytiprfoltinli-30-27(dni

nyl]- pyrroligi (gy2-

1, 4- benzene dlpropanoy
trlethylamneo' and¥lP pyirrolidine2y 79l B
anbi.ent t enpey aa% g (irritalnls]:%i)pzens ne oiy-folcéatn%rd?t%caar(]:ijd in a mixture of 25 ml

15 tetrahydrofuran and 20 ml dichloromethane was added a solution 0£0.35 g
(2.1 mmol) carbonyldiimidazole in 15 ml tetrahydrofuran. After stirring at
room temperature for two hours 0.52 g (2.16 mmol) D-proline-benzylester
hydrochloride in 10 ml dichloromethane and 0.54 g triethylamine were added
and stirring was continued for 18 hours.

20 After filtration the solvent was distilled off and the residue dissolved in
ethylacetate and extracted with 2N hydrochloric acid and water. Drying with
sodiumsulfate, evaporation of the solvent and chromatography over silicagel
with ethylaceteate yielded 0.21g (R)-1-[8-[(R)-2-benzyloxycarbonyl-pyrrolidin-
1-yl]-2,7-dimethoxy-8-ox0-octanoyl]-pyrrolidine-2-carboxylic acid benzyl ester

25 as acolourless oil.

S-ISP: 609 (M+H)".

pyrrolidine-2-carboxylic acid
182 mg (0.3 mmol) (R)-1-[8-[(R)-2-benzyloxycarbonyl-pyrrolidin-1-y1}-2,7-
30 dimethoxy-8-oxo-octanoyl]-pyrrolidine-2-carboxylic acid benzyl ester in 10 ml

methanol were hydrogenated in the presence of 30 mg 5% Pd on carbon.
Filtration and evaporation of the solvent yielded 109 mg (84%) (R)-1-[8-[(R)-2-
carboxy-pyrrolidin-1-yl]-2,7-dimethoxy-8-0xo0-octanoyl]-pyrrolidine-2-carboxylic



10 the solvent was distilled off under vakuum The residue was taken up in
acetoacetate, washed with 2N hydrochloric acid, dried over sodiunsulfate
and chromat ographed over silicagel w th dichl oBbmet hane/ acet one/form ¢

aci d 80/ 5/ 154® a¥ic8lohribst&il

(R-1-[3-[4-[3-[(R) - 2-carboxy-pyrrolidin-1-yl)-3-oxo-

propyl ] - pherpiil 47 ¢n(-#0)y! ] - pyrrol i di ne- 2-carboxylic acid as col orl ess foam
15 M5-1SP: 417 (MrH)[err]. Exanple 13 (R -I- [ 4-

[2-[(R) - 2- Car boxy-pyrrolidin-1-yl]-2-oxo-ethyl]-phenyl]acetyl]- 20

pyrrolidine-2-carboxylic acid A m xturg of 1. g (5 mol) 1, 4-benzene

di acetyl dichloride, 1.15 g (10 mml) &Eﬂﬂi?—ée and 1. 5 n1 trlethyl amne in
100 m digretdqyiL e rRyigde S, =

The sol vent S

m 2N hydr ocarbstydiccadid, treated 25 wth ultrasound, flltered and dried to
yield 1.19 g of a brown sol d. tgls was stjrred and refluxed for 30 m nutes

in 300 M ned migtare of §.89 & (Sommaly piyaeloyl shlozide, delb g §10 mmehD-gwoking and

LT 2 [ R R B Bty ripiviaiddls, 100 sl dimethylormamide vas warmed, 1 o

| di ne- 2- caniiiiiyd tlea? GoHatich waklobtaiieddri thetl éﬂih@ﬂ'&vbﬂ@n@@ﬂﬂtamblent
210-214[err] C. 30 e PR S (MrH) [err]. -

35 |
(R) 1-[[1B [ ;_temyatan@amhewlmntm dmtﬂb@pﬁ uadexuabum;%&qermMWaacetyl]
- [ i di b
(R)- SN F[Iz I[ C%rzwﬁm I %&ﬂﬂﬁ?ﬂm‘iwﬂcﬂ’ﬁ%@‘mﬁ dichloromethaney| . 5
h | acet | £, 566 2.5
ol ) 1, 3°§%‘4ﬁ°§%‘%‘éﬁ§£§%§§§¥‘%ﬁ§%ﬂ§' mRftbgr R er Gl Glae] 4ith 00 9 12,
sol ution of chldbfant/aceton/formae hadﬁwlmydalﬂeﬂeﬂ 27 gﬂ)*ﬁ-['ﬁ-ﬁmaiyﬂhbﬁzw an.

After Stll’l’ln roomtenperature for t hours 1, 21
. %1 -1-y1]—7-g§o-heptanoyli)p dme-2-carboxyhc a(tcld as an oil.

15 MS: 363 (M-H)".

20 a) (R)-1-[6-[(R)-2-Benzyloxycarbonyl-pyrrolidin-1-yl]-6-oxo-hexanoyl}l-
pyrrolidine-2-carboxylic acid benzyl ester
0.97 g (10 mmol) D-proline-benzylester hydrochloride in 70 ml
dichloromethane were stirred with 0.92 g (56 mmo}l) adipoyl chloride and 2.8 ml
(20 mmol) triethylamine over the weekend under argon at room temperature.

25 Extraction with 2N hydrochloric acid and water, drying with sodiumsulfate,
evaporation and chromatography over silicagel with acetoacetate to yielded
0.42 g (16%) (R)-1-[6-(R)-2-benzyloxycarbonyl-pyrrolidin-1-yil-6-oxo-
hexanoyl}-pyrrolidine-2-carboxylic acid benzyl ester as colourless oil.
MS-ISP: 521 (M+H)".

30




mmol ) ) D-proline-benzyl ester hydrochloride in 30 m dichl oronethane and-
1.4 10 m triethylam ne were added and stirring was conti nued over the
weekend. The mixture vvas extract ed with 2N hydsgghloric acid and brine.

Drying with s sol vent ,and t aph
O Y19, S T e GO B BBl AR AR
(R -1-T[2- [ 24{ckBhod] GREOREMYAYLic acid benzyl ester in 100 m]l methanol were
pyrrolidin-1-yl]-2-0X0- et hoxy]-phenoxy]acetyl]-pyrrolidine-2-carboxiic acid

15 benzyl edydrogenatetidnithepresdénceld 58 mg(5% Pdoad carhau: Filisatiog Bnd 368

Eé??i f?? | o epprstion b miyrrorili 160 rig Som R R
L A RS R IR e b )

0Xx0- et hoxy] - EE%P pyrrolldine 2-carboxilic acid benzyl ester in
100 mM et hano mere hydr ogenated in the presence of. 30 ng 5% Pd on carbon.
Filtration and evaporation of the solvent yielded 0.2 g
(R-1-[[2-[2-[(R)-2-

car boxy- pyrrolldln 1-yl]-2-oxo- ethoxy] #ﬁﬁﬁﬁ&%&?-acetyl] pyrrolldlne 2-
carboxilic a . QsSS . al.a SHIF

25 et hanol) ™1 ISR ‘ EX ‘

1-[3-[6-[1®& [ e y - pyrrolldin 1- yI] 3 0XO0- propyl] pyridin-2- 30
vIIpropionyIi-p rrolidine-2- carboxyllc acid a) .

3-[ 6- (2- Car b@} (Bt r{8-J(FR)2 , onyhpyrroliding 9X0-pemtary .6 g
(0.2 nol) naohthe .

t et r ahydr of uPHFEAHEes = at roomtenperature. After

-36 - coolinggp (i@&&&xﬁi)@)?ﬁﬁh&ﬂeﬂa Iétste'i-ﬂfd:@chfo%&b #PYQ pAicetic acid in

10m tetrahydro arane was added and Stirring was continued for three hours

at room t enpdidiloreamethame warestipred vhithl.35 2,(6-thivol X glubarytetithloyideramd B8 i n
65

15 ml (20 mmol) triethylamine over night under argon at room temperature.
Extraction with 2N hydrochloric acid and brine, drying with sodiumsulfate,
evaporation and chromatography over silicagel with acetoacetate to yielded
0.44 g (17%) (R)-1-[5-[(R)-2-benzyloxycarbonyl-pyrrolidin-1-yl}-5-0xo-
pentanoyl]l-pyrrolidine-2-carboxylic acid benzyl ester as colourless oil.

20 MS-ISP: 507 (M+H)". |

carboxvylic acid

440 mg (0.87 mmol) (R)-1-[5-[(R)-2-benzyloxycarbonyl-pyrrolidin-1-yl]-5-oxo-

pentanoyl]-pyrrolidine-2-carboxylic acid benzyl ester in 100 ml ethanol were
25 hydrogenated in the presence of 40 mg 5% Pd on carbon. Filtration and

evaporation of the solvent yielded 130 mg (46%) (R)-1-[5-[(R)-2-carboxy-
pyrrolidin-1-yl]-6-oxo-pentanoyl]-pyrrolidine-2-carboxylic acid as colourless oil.
MS-ISP: 327 (M+H)".

30 Example 10
R)-1-[4-[(R)-2-Carboxy-pvrrolidin-1-vl]-4-oxo-butyryl]- olidine-2-carboxylic

acid



m tetrahydrofurane was added and stirring was continued over night at room
5 tenperature. 200 m ether were added and the m xture was extracted with
water. The water Iayers wer e flltered through—3@9ml Bi oRad AGL- X8 ion

exchanger. To10Eh S | and then
TE‘WHU&H%‘I%W

eluated witt

evapor at ed, ezﬂ-ca- Eeaeidcbé le¥tersed to yield 3.9 g (35%
3-[6-(2- carboxy ethyl)- 10 pyridin-2- yII-prop| onic acid as-a_|ight yeIIow

powder . |vs fRoca golutiozoof 0 mex(l.2 xreell@hProline benzyl %BHMOCMQQS?B
77(13).

(R -1- 3- [60[%5 lié2-5mmel) Sristhylapying in 9 mi dichlgromethane ab QG was added

pyridin y ] 45
SR R

m xture of 28om tepeperatiymy. reactioo mutnremasrthenmhed:mqmntmﬂbemth

sol ution of 0,65 .0 nmmol) Jlm oIe| tra uran.
After sti rr?ﬁ&%tgﬁiéﬂm’f’& r‘é‘& ‘g ’c"ﬁasﬂ P§e‘3)s g‘ﬁ"aﬁ' S8

D proline- R4S 1.12
triethylam %gl vvereﬁa% %@%%%ﬁa@dﬁ\%@gﬂrﬁl nuegE géﬁours 20 Then

et hyl acet at diclfsrateidthrie Thecombihed ergahicextrhdby were ldam‘d overwodiumat er .
Drying WI t h sodi unsul fate, evaporation of the_ solvent and chronmatography

over si I10cagalphaterand eopcantrated in Nagan to afford 286 me (947 hekihe tatlet hen

t hyl t at db d ch t hy of th

Sr oéu?fecgn?égﬁog%a? %?agréﬁ%&?éﬁl | cgggl S\?M'C?E age'[ gﬁhgg;ﬁg %/2 yi eFded
0. 18 4

(R - 1 [ 3- [6%@’("&7")25%051“3/1*“3/%%03%‘ ?3%?31 3’00)’I288I‘] 2’; 0X0- pr opyl ] -

.‘ ‘ ) 3
acol ourless 0|I I\/IS-ISP 598 (I\/H—|)[err] C)
(R-I-[3- [GM&&arboxy pyrrolidin-I-yl]-3-o0oxo-propyl]-pyridin-2- 30

71 PO AR Y 6 B S R B pyroidin- 1
gégepr opyl ] yﬂﬂbﬂbiblﬁyﬁﬂ-pw 2led?Bbkflid ¢i8DetizFPESRRY Ih 5omP etladiN2Y |
was stirred with 13 mg 10% Palladium on carbon under 1 atm of hydrogen for
16 h at room temperature. After filtration to remove the catalyst,
concentration in vacuo afforded 170 mg (100%) of the title compound (R)-1-[4-
20 [(R)-2-carboxy-pyrrolidin-1-yl]-4-oxo-butyryl}-pyrrolidine-2-carboxylic acid as a
colourless viscous oil. '

MS w/e (%): 313 (M+H), 100).

25

acetyl]-pyrrolidine-2-carboxvlic acid

A mixture of 1.04 g (4 mmol) 2,2°-[oxybis(2,1-ethanediyloxy)ibis acetyl
chloride, 0.92 g (8 mmol) D-proline and 1.2 ml triethylamine in 200 ml
dimethylformamide was stirred for three days at ambient femperature. The
30 solvent was distilled off under vakuum. The residue was chrométographed
over silicagel with methanol o yield 0.42 g (R);-l-[[2-[2-[2-[(R)-2-carboxy—
pyrrolidin-1-yl)-2-oxo-ethoxylethoxyl-ethoxyl-acetyll-pyrrolidine-2-carboxylic



-37 - in 100 m ethanol were hydrogenated in the presence of 35 ng 5% Pd on
carbon. Filtration and evaporation of the solvent yielded 0.11g (92%
(R-1-]3- -34-

[6-[3-[(R) -2;8ar - Akl Ly b - 3- 0xo- propyl ] - pyridi n-2-yl ] propi onyl ]
- pyrrolidi ng- _%%%g)g%ﬂ&gﬁggf:@%géﬂé%] orless oil. 5 M5-I1SP: 418 (MtH)[err].

Exanpl e 16 MS-ISP; 417 (M+H)",
(R -1 -[3-[[3-[(R)-2-Car0[\)doxy)-pyrrol i di n-1-yl]-3-o0xo0-propyl]-propyl -am noj -
propi onyl ] -pyrrolidine-2-carboxylic acid 10 a)

(R) -1-Acryl oyl - pyrrolidine-2-carboxyli é aci g ggnzyl ester To a solution of
390 ng (1.6 nmml) D-Proline benzyl est hloride and 0.47 m (3.4

ol ) tri gt ek aiaqalra. . Blo Ao b SRR JIALE vBLa. Beb Shbbfi WandfidedoshaAn S
0.2 m (274 e and strrrrng concrimg oom
tenperature.mwdeﬁs.&i.mh@ aigidwas t hen washed sequentially with 15
water, 1 M hydrochloric acid and gnce nore with water, and the aqueous
phases back- &mixtyre of\li3hg & semebohéthensene dirropsnayhdichlorideilc12g@8ct s
were dried over i um.sul t ngd_.cangent.r at.ed AN cuo..tg.af ford, 420 ny
(2009 of t nEpoP R RIGHRE AR I Rrit) FiERiiaBHER 3R oo el RGNS iEmaide Wan
benzyl esters@sred fof |2@;&561%')§$at%bie%(ﬂ tdRperSturd) Thé Uspdhdieh Mas BRbred gAd

100), 91 (25), 70 (21).

E R) )1 [ 31 QE 3t1_)i£( ﬁqlveémwi&yednﬁ’an;dermadm_nmdﬁe resildjze vanctakenopy lifi- pr opy |

of 400y ( 1hestaeatald raahed Wb BRSFPONpte Aeid i ve sadumisu i 2l
. Y &3 SARD oxY! P

otirred for SuopiatografHEl bydk AR Wi dloipoRimBRRL pbbtare/bPmic dcid

finally for 86/5/5tto3Relded. 48 @ (Ryar[3M-{3-(R)2-carboggysyreclidinl Byl)-3-oxo-

chromat ography (20% H err]0 in acetong), afforded 84 ng_ (19% of the title
conpound ( R) proRydl-phenyl|propionyl]-pyrrolidine-2-carboxylic acid as colorless foam.

benzyl oxycar -pyrroli din-1-yl]-3-o0xo-propyl!l-propyl-am no] -propionyll -
pyrroli dﬁe-gfgﬁgbiyﬁﬁ X d benzyl ester as a pale yellowoil. 30 Ms nme
(% : 578 (M+tH err], 100).

20 pyrrolidine-2-carboxvlic acid
A mixture of 1.15 g (5 mmol) 1,4-benzene diacetyl dichloride, 1.15 g (10 mmol)
D-proline and 1.5 ml triethylamine in 100 ml dimethylformamide was stirred
for 20 hours at ambient temperature. The solvent was distilled off under
vakuum. The residue was taken up in 30 ml 2N hydrochloric acid, treated

25 with ultrasound, filtered and dried to yield 1.19 g of a brown solid. This was
stirred z;nd refluxed for 30 minutes in 300 ml methanol. Filtration,
evaporation and recrystallization from methanol/acetoacetate gave 0.18 g (R)-
1-[[4-[2-[(R)-2-carboxy-pyrrolidin-1-yl]-2-oxo-ethyl])-phenyllacetyl]l-pyrrolidine-
2-carboxylic acid as yellow crystals with melting point 210-214°C.

30 MS-ISP: 389 (M+H)".



c) (R-1-[3-[[3-[(R)-2-carboxy-pyrrolidin-1-yl]-3-o0xo-propyl]-amno]-
propi onyl ] -pyrrolidine-2-carboxylic acid -38- A solution of 84 ng (0.15
mmol) (R -1-[3-[[3-[(R)-2-benzyl oxycarbonyl - -35-
pyrrolidin-1-yl]-3-o0xo-propyll -propyIEg%%% 1Qr opi onyl ] - pyrroli di ne- 2-
carboxylic aC|d benzyl ester in 3 nl S stlrred W|th 10 ng 10%

mg (1009
(R)-1-[3-[[;
propyl] -

solid. Ms
Exanpl e 17

[[3-[2-[(RTe D@ﬁ&ag@m@ R@-m@mWMmmﬁ]m&wéeﬁpﬁydmﬁmne 2-

CR O b § - BB dibd anslvtion 0815 mmoD.sarhengBimidesala 25 Bl penzy !
ester 15 Iliet drofisan. Mﬂ!ﬁﬂ?ap?wlt@ﬁﬁaﬂﬁ@ﬁf Biv8 HRRs WSS £ (

di ssolved in 100 nml dichl oronet hane and strirred with 0.7 nl trlet Fam’ ne.
The mi xtur emmsl) éﬂ-pmmbenzylesmd!ydrdchleﬁdmxntﬂ(bnﬂ Idmidui'dmeﬁ'xaamhnd 14

evapor a due was di in a mxture of 100
tetr ahyiﬁ ahagming wene sadedAnd st stirgmg,wes captipped over ! the weekend.

NN - di cycl added
and stirri ggﬁwas con mue%glfacwgq%ours a?mrcom‘i errpearna%t%re yléheje %Bs

acetic aci dgoftamstulifded, evaporation oﬁﬂxéﬂmltréﬁﬁ aﬁﬂ ch@@mat@mghytd%ﬁ silieagel xt ure
was filtered and the sol vents were distil The resi due was taken up

in acet oacewitheet hﬁ&%ﬂ?@@m yiplded (b25 & (R)t]r[@-fgo[@)' wenizy loxyeathonyl-

AR TR BT e T T DR R
di chl or et eyl BRtdianolofbds i el ded 1. 439 (79% (R-I-tert-

MS m/e (%): 600 (1,M"), 509 (1), 368 (25) 246 (17), 217 (19), 204 (14), 91 (100).

olidine-2-carboxilic acid

230 mg (0.38 mmol) (R)-1-[[2-[2-[(R)-2-benzyloxycarbonyl-pyrrolidin-1-y1]-2-
20 oxo-ethoxy}-phenoxylacetyl]l-pyrrolidine-2-carboxilic acid benzyl ester in 100
ml ethanol were hydrogenated in the presence of 30 mg 5% Pd on carbon.
Filtration and evaporation of the solvent yielded 0.2 g (R)-1-[[2-[2-[(R)-2-
carboxy-pyrrolidin-1-yl]-2-oxo-ethoxyl-phenoxyl-acetyll-pyrrolidine-2-
carboﬁlic acid as colourless glass (that still contained small amounts of
25 ethanol) |

MS-ISP: 421 (M+H)".

30 ylipropionyl]- lidine-2-carboxvlic acid
a) 3-16-(2-Carboxvy-ethyD-pyridin-2-vli-propionic acid
A mixture of 25.6 g (0.2 mol) naphthalin and 1.39 g (0.2 mol) lithium in 150 ml
tetrahydrofurane was stirred for three hours at room temperature. After



but oxycar bonyl am noacet yl - pyrrolidi ne-2-carboxylic acid benzyl ester as
colorless oil. Mo me (%: 363 (MtHerr], 1), 306 (29), 289 (10), 114 (44),

91(76), 70 (100), 57 30 (64). -39 - b) -

R -1-[[3-]2- Io ca b

f22 oon Eat hgﬁkﬁ'ﬁ%@dgg‘%%ﬁ’ ?IEIP %@Igg %3 %@cﬁ%%lﬁlz@e’ﬁzwngster 8.6 m
trifluoric ag BG4l %@&&Etﬂnﬁ@%&@c&rﬁnﬂu&@fdﬁﬂh‘}@e Bbuts af
(4.34 mmol) .(R)-I-tert-butoxycarbonyl am noacetyl-pyrrolidine-2-car boxyl iC
acid 5 benzy‘oonsteanpemtﬁrﬁ Tltenil&.Bl g)fQ)ﬁmndﬂaﬂeﬁ- mome‘bbyﬁpyndme im 6&d

f hal f t | ut hed wi.th

sodi Unbi car B8 secsiﬁaéé’o%é“r 4 ag 3 g o8 AP R PvoT SR Eaf e

?Irlsgﬁlo\sfgene an ‘2?9%%&%? tri %e am n&%mr&#hér%r %sours at %1)10

t enper at ur e wdtee. mwar\lmrewmcﬁle&edn thirodgh m&mm&mmbm ishi i ed
wi th sodiunsul fate and evaporated. The renaini ng .15 g resi due wer e

chr omat ogr a@&ebhanges. The xo@eﬁ;@hangehwes 8} and thenne

o chi or omet FANGIA-BHA AR driRiel) BrOReS %ﬁ‘%@gffﬁg ‘%5{%'%%19 tdfeq, "

(R)-1-1[3-[ @issblved in water and phyhsed to yield 3.9 g (35%) 3-[6-(2-carboxy-ethyl)-
[ (R) - 2-benzyl oxycar bonyl - yrro I'din-1 ){ﬂ]yl - 0x0- et hoxy] - ur ei dol - pyrrol i di ne

-2- car beIpmdaanl-yHWomstaerdasadxg iyellowpoeler.551 (MtH)[err]. c)

| - I II- hoxvl | -
8 i i o o5

pyrrol i di ne MSaafenFk): 1228
(R -1-T[3-[25] GR);

et hoxy] - ur ePder=%55 : Ty St e oo et hanol
vere nydrodgRaid.g. 11; e tE Itration,
evapor ati on~of € na crystalllzation 1rom nethanol 7 et hyl acetate

To 0. 45 g (2 0 mmol) 3-[6-(2-carboxy-ethyl)-pyridin-2-yll-propionic acid in a

15 mixture of 25 ml tetrahydrofuran and 25 ml dichloromethane was added a
solution of 0.65 g (4.0 mmol) carbonyldiimidazole in 20 ml tetrahydrofuran.
After stirring at room temperature for two hours 0.97 g (4.0 mmol) D-proline-
benzylester hydrochloride in 50 ml dichloromethane and 1.12 g triethylamine
were added and stirring was continued for 18 hours.

20 Then ethylacetate was added to the mixture followed by extraction with water.
Drying with sodiumsulfate, evaporation of the solvent and chromatography
over silicagel with ethylaceteate/hexane 2/8, then ethylacetate, then
ethylacetate/methanol 95/5 followed by a second chromatography of the
product containing fractions on silicagel with aceton/hexane 6/4 yielded 0.18 g

25 (15%) (R)-1-[3-[6-[3-[(R)-2-benzyloxycarbonyl-pyrrolidin-1-yl]-3-oxo-propyl]-
pyridin-2-yl]-propionyl]-pyrrolidine-2-carboxylic acid benzyl ester as

acolourless oil.

MS-ISP: 598 (M+H)*.

30 ylipropi - olidine-2-carboxylic acid
0.17 g (0.29 mmol) (R)'~1-[3-[6—[3-[(R)-2—behzyloxycarbonyl—pyrrolidin—l-yl]-3-
oxo-propyil-pyridin-2-yl}-propionyll-pyrrolidine-2-carboxylic acid benzyl ester



yielded 0.07 g ( 52% as white crystals wth nelting point 157-160[err]C.
25 Example 18 (R -I- [ 10- [(R) -2Carboxy-pyrrolidin-
1-yl]-10- oxo-decanoyl ]-pyrrolidinr-2- carboxyi8%-acid Ca salt (1:1) A

m xt ure of ﬂ% t@m ﬁé}‘legr-' ol i ne
and 30 1.4 #121?)?8&;?”%0 lﬁ%t%h Ian#er;\e |n]%g;§erﬁ}v%iénn%#ﬁ%’%’ﬁl%egéas
stirred overkatbom. Rittratidnaindehipdratibe v ¢hé solvent JHelded Oviary (92%) (Rp1Li[Bl ed
of f under vakuum_ The residue was taken up with 40 m aqueous citric caid

acid and  [648-IR)kZwcavhextipyroldin-Aylhduaxerproprliapiridin- 2iyllpropisaylb| vent
and chr onmat ograﬁhﬁ %yf_%ﬁs&olf&ﬁgggildavgéo%ﬁggggﬁf ornfaceton/formc acid

80/5/15 yie

[ 10-[ (R) =2- .gg?y- r iy n- 1-yl ] - 10- oxo- decanoyl ] - pyrrol i di ne-2- car boxyl
ic acid Eg g@é | .“@g(%ﬂigp: 397 (MtrH)[err]. 0.89 g (2.24 muol) of this
oil were dissolved in 50 ml ethanol and stirred with 0.175 g (2.24 mmol)

cal ci umhydr oxi de for 48 hours. The suspesion was filtered. The solid
residue was taken up in 15 m water, me 80 [err]C, filtrated when
' e i£1 et her, 10fi|te0_ed and

hot and evapg 'é'l o 4 esi due was
washed wi t h etHetH o

pyrrolidin- i ne- 2- car boxyl i c acid Ca salt
(1:1) as a 'te solrd. €eory : (theory) 6.96 N (theory) 6.45 C
(found) 185. a) 1 Fpyitrolidiries. b dcid bennypl estéP o
et L B L attiom of 390 mg (1% Mumot) D-Profine bensy) eatdr hydbochforide and
0.47 m] (3.4 mmol) triethylamine in 20 ml dichloromethane at 0 °C was added
dropwise 0.2 ml (2.4 mmol) acryloyl chloride and stirring continued for 24 h at
room temperature. The reaction mixture was then washed sequentially with
15 water, 1 M hydrochloric acid and once more with water, and the aqueous
phases back-extracted with dichloromethane. The combined organic extracts

were dried over sodium sulphate and concentrated in vacuo to afford 420 mg

(100%) of the title compound (R)-1-acryloyl-pyrrolidine-2-carboxylic acid
benzyl ester as a colourless oil.

20

aminol-propionvyl]- idine-2-carboxvlic acid benzyl ester

A solution of 400 mg (1.5 mmol) (R)-1-acryloyl-pyrrolidine-2-carboxylic acid
benzyl ester and 63 ml (0.75 mmol) propylamine in 5 ml acetonitrile was

25 stirred for 16 h at room temperature, then for 6 h at 45 °C, and finally for 16 h
at 80 °C. Concentration in vacuo and flash chromatography (20% H20 in
acetone) afforded 84 mg (19%) of the title compound (R)-1-[3-[[3-[(R)-2-
benzyloxycarbonyl-pyrrolidin- 1-yl]-3-oxo-propyll-propyl-amino}-propionyl]-
pyrrolidine-2-carboxylic acid benzyl ester as a pale yellow oil.

30 MS m/e (%): 578 (M+H", 100). '

ropionvi]- olidine-2-carboxylic acid



A mxture of 1.10 g (5 mmol ) suberoyl chloride, 1.15 g (10 nmml) D-proline
and 20 1.5 mM (10 mmol) triethylamne in 100 m di nethyl f ormam de was
stirred over 20 hours at anbient tenperature. -B8 solvent was distilled off

and- ext ract o Do B S TSI KR B ARG EBLEApbarpfiy ™ ¢ o1 €

chr omat ogr ap@h‘@l&&in—il 1{ g%L%wptyq W}.ﬁﬁﬁhﬂ]_ﬁﬁ@lgﬂ&m%ﬁ&aﬁbgﬁm 5/ 15
yi el ded 0.8 (R

2- car boxy-p b maq_xdybema'leataronttianﬁy:thaxpglrwas stimed\mthalﬂamgyw% acid as

28%'ethanfa”t4§ PR i fcatms of Bvaboedngy 181 el eofep dpmpeRecss, 20

hour s.
di ssol ved in 2519%% %Oﬂ\;\%gtfeer&ﬂ&v%gﬁs Qlty%gn was %af'trat eﬁ an}iﬂvapor at eg to
yield 0.5 g (1Bp%)-of ghe title compound (R)-1-[3-[[3-[(R)-2-carboxy-pyrrolidin-1-y1]-3-oxo-

[ (R)-2-carboxy-pyrrolidin-1-yl)- 8 ox oct yl]-pyrrolj.dine-2-carboxyli.c
acid Ca sal tPIPPyij)‘P@?y amppir é)m i}gacl d as a white solid.

§l:?|) p}llrggl | d.ﬁg@?ﬁgo§§$m+ﬁ,&%9§] 1 yI car bonyl] [ 2, 2] - bi t hi azol y] - 4-

(R-1-[4"-[ (R -2-Carboxypyrrolidin-1-yl-carbonyl]-[2.2]-bithiazolyl-4- 5
yl I pvrrolidine-2-car boxyol ic acid benzyl ester Thionylchloride (2 m) was
added totGg solution of 0.26 g(1 mmul) Examplédl? hi azol yl -4, 4" - di carboxylic
acid in 20 ni tetrarreth | urea and the_m xture was stlrred for three days at
room t enper &8 3 ArDoy 8- 1y, ibine BAC g

under vakuum ghﬁ!%essﬂue 10 was three times taken up |nd| met hyI f or mam de
dlssolvedln 50 m pyrldlne 0289(11mm|)
8 oBéd R dir-g 3

and evapor at
D- prol i ne- bepzgResitest-B

roomtenperature for
taken up inesten oacetate and
15 1.21 g (6 mmol) D-proline-benzylester hydrochloride were dissolved in 100 ml
dichloromethane and strirred with 0.7 ml] triethylamine. The mixture was
extracted with water, dried with sodiumsulfate and evaporated. The residue
was dissolved in a mixture of 100 ml tetrahydrofuran and 50 ml chloroform.
1.03 g (56 mmol) N,N*dicyclohexylcarbodiimide and 0.88 g (5 mmol) BOC-

20 glycin were added and stirring was continued for 18 hours at room

temperature. Five drops acetic acid were added and after 10 minutes at room
temperature the mixture was filtered and the solvents were distilled off. The
residue was taken up in acetoacetate, washed with aqueous citric acid, with
aqueous sodiumbicarbonate and water, dried with sodiumsulfate and the
25 solvent was distilled off. Chromatography over silicagel with
dichloromethane/methanol 99/1 yielded 1.43g (79%) (R)-1-tert-
butoxycarbonylaminoacetyl-pyrrolidine-2-carboxylic acid benzyl ester as
colorless oil. |
MS m/e (%): 363 (M+H", 1), 306 (29), 289 (10), 114 (44), 91 (76), 70 (100), 57
30 (64).



extracted with 2N HO and brine. Drying with sodi uncarbonate, evaporation
15 of the solvent and chromatography on silicagel w th acetoacetate/ hexane
1:1 yielded 0.094 ¢ o -39 -

(R-1-14 -1 SR ERidin Ello-oxo-ethoxyl.ureidgl

roddind : Tid 4kid Bzl dder 380 (25), 329 (33), 313 (30),
223 (38) 194 (83) 180 (66) 145 (24), 137 (21), 91 (100). 20 b)
(R-[4'- [(R)sﬁnﬂabriﬂugn@ymdcﬁverh aﬂded/ﬂm;ﬂnbeayl °<D202]s<ﬂut1bn&:fdl5’] g44.34
yI]pyrrolldlne- -carboxilic acid,0.51 (0.08

(R -1-[4 - m@@amypnmpamtal pYY q)hqlge-%carboxyhc acid

were otif 3}%%5%%9 5%l RS PhoinatCata BREfhe ol Sntils i R o

25 64 hour houlfdtFoodtitirhpératite. Zhdyslutiohvid washbd with hquBbhd the m Xt ur e
was extracted with dichloronmethane. The extracts were dried with

sodi unsul fatsedmbwammedne diymaswifatecand evaparaged. The residue was
?:?)ChlloE?lmat %gneoéa g&é f}oi ”%f aci gl 80/ 15/ SIQan\mthoézqg(O 7 mmol)

S5 Pl | B RO B bt
(R -1-[[1R {temperature: ’ﬂi‘hemixtdrmwhsﬁx]:raetai with pN hydrodhloriacid] tried virith
acid a) (R rrollglne carbo aC|dtert but% ester The title
conpound vva§°Pé’(‘-léB PYFFPR}' qmaamm ga8 e(‘ﬁ?ms Thor sen,
5633 - 5630 AEHPHEEEREE Y ﬁﬁ%‘gﬁ%h%cﬁw@%ﬁ%e 55815/t g

(R - pyrroli didrtioAs cof p@omebvw&n»bniatbgﬁqﬂﬁa RbE aﬂiua@elaenﬁx
colorless oil. b) (R)-(1)-Bronpacetyl-pyrrolidine- carbox%S%c aci d

tert-butyl dichioromethmnelacetone/foymiomacrhi80/15/5 tovield128 &(3IBAR-WIBIZni de
'n 250 rI115 [(R)-2-benzyloxycarbonyl-pyrrolidin-1-yl]-2-oxo-ethoxy]-ureido]-pyrrolidine-2-

carboxylic acid benzyl ester as an oil.

MS-ISP: 551 (M+H)".

pyrrolidine-2-carboxilic acid
20 0.14 g (0.36 mmol) (R)-1-[[3-[2-[(R)-2-benzyloxycarbonyl-pyrrolidin-1-yl}-2-oxo-
ethoxy]-ureido]-pyrrolidine-2-carboxylic acid benzyl ester in 60 m] ethanol

were hydrogenated in the presence of 40 mg 5% Pd on carbon. Filtration,
evaporation of the solvent and crystallization from methanol/ethylacetate
yielded 0.07 g ( 52%) as white crystals with melting point 157-160°C.

25

carboxylic acid Ca salt (1:1)
A mixture of 1.20 g (5 mmol) sebacoyl chloride, 1.15 g (10 mmol) D-proline and

30 1.4 ml (10 mmol) triethylamine in 100 ml dimethylformamide was stirred over
the weekend at ambient temperature. The solvent was distilled off under
vakuum. The residue was taken up with 40 ml aqueous citric caid acid and



di chl oronet hane at O[err] C was added dropwi se a solution of 27.5 g (161
- mmol ) (R)-pyrrolidine-2-carboxylic acid tert-butyl ester and 30 m (177
mml) N ethyldiisopropyl am ne i n 150 m di chl-o4®ret hane within 40 mn. The

g
boored 15 1 SEEACHRT witH SHEabaatE Aok B of BHP SEEHE Bndl (P beriily)
wat er phase weer mgslmmmar&eﬂnmce%ﬁfdm@ mimmnsf $Rldedrpi2igdR) Bani ¢

phases were washed wth saturated sodi um bi carbonate solution and brine,
dried ( magne§1Qﬂﬁﬁlﬁtﬂ-fcathﬁxyapw'l‘ehdpbi&ﬂbllomoydeeauoﬂ}ml(@n%zwbpmhc| tle
compound as aaﬁgiown oi.di that crystallized upon standing at room

t enperat ure. g point 51.5-53.2[err]C c)

(R-1-T[¢( onyl -pyrrolidin-I-yl]-acetyl]-pyrrolidine-2-

car boxyl |CB7) ﬁ%ﬁgsggggfﬁgster To a solution of 34.3 g (200 nmol)

( R) - (1) - br ompagek Y224V ansd]) 6f fifis dilcweROdiskolved $h G0l btiutiol landSéteFrel fwithO
di chl or onet hane at O[errLC wer e added dropwise 25 27.9 m (200 nmol)

t ri et hyl am n@.17% g €2.2¢tmmalhgalcinmhgdraxidenfort 48 howrspEhesuspesiay waisy (200
nmol ) bronoacetyl brom de were added dropwi se. Stirring was continyed at
Oferr]C for &ltereddTheeokid r@s:ﬂunwas)bakan up méﬁankmaﬁ%m@ttaaae& The

h t d t t ed
bi car bonat o SUAFR D TRRRCRG b v et op B s St eBrnddt 1 AFapor at ed
to yields &freeamoao@sﬂédmméﬂi&%l ¥281d"0.51 )r%g 1B 3-Lardiadyc00! i ng to
-78[err]Cgave 7.1 9 (9% of a pale yeIIow solld | ting point

75.0-76.0[ er p]yﬁ'o]ihﬁnﬂ-yl](m-oxd»décdmy&hpmhdmekz-caswmmﬁé 104 salt (D)1) as
-43 - d
(R -1- [%(R) ?@%&?ydpyrrol i din-yl]-acetyl]-pyrrolidine-2-carboxylic acid

A solution o ﬁ’@

(R)-l-[[(R)-Ez-'l-éﬁ ?ggutoxycar ony pyrrg(tg'eoz-'yf-645

yl]-acetyl ] - gytfowhd)Xi5s:22 -1 ¢foeandy | 7.01aNi @oved)t B108y| ester in 4 ni
trifluoroacetic acid was stirred for 3 h at roomtenperature. The sol vent

was renovd®d in 5 vacuo and the residue suspended in 10 m ether. The
resul ti ng suspensi on was
Example 19

carbo:_:glic acid Ca salt (1:1)
A mixture of 1.10 g (5 mmol) suberoyl chloride, 1.15 g (10 mmol) D-proline and

20 1.5 ml (10 mmol) triethylamine in 100 ml dimethylformamide was stirred over
20 hours at ambient temperature. The solvent was distilled off under vakuum.

The residue was taken up with 40 ml aqueous citric caid acid and extracted
with ethylacetate. Evaporation of the solvent and chromatography over
silicagel with chloroform/aceton/formic acid 80/5/15 yielded 0.8 g (R)-1-[8-[(R)-
25 2-carboxy-pyrrolidin-1-yl)-8-oxec-octaneyl]-pyrrolidine-2-carboxylic acid as an
oil. |
MS-ISN: 367 (M-H)".0.79 g (2.15 mmol) of this oil were dissolved in 40 ml
ethanol and stirred with 0.167 g (2.15 mmol) calciumhydroxide for 20 hours.
The suspension was filtered and the solid residue was almost dissolved in 25
30 ml water. The solution was filtrated and evaporated to yield 0.5 g (R)-1-[8-
[(R)-2-carboxy-pyrrolidin-1-yl)-8-0xo-octanoyl]-pyrrolidine-2-carboxylic acid Ca
salt (1:1) as a white solid.



stirred overnight. Filtration and drying gave 300 ng (quantitative) of
RO 64- 2799/ 000 as a pal e yell ow anor phous and hygroscopic solid which
still contains trace ambunts of trifluoroacetrdlacid. MS mie (%: 269
(MHerr], 4.5), 113 (CF[err]CJerr] ,%Flég_%aarrple 22

(R-1[[4- [2 [(R) 2- car boxy-pyrrolidin-"I- - 2- OX0- et hoxy] phenoxy] - acetyl] -
pyrrolidi ne-RebiHdR)-2C lidi 1-carbonyll-[2.2

(R-1-[[4-]2- (R) 2- tert Butox,carbonyl pyrrolidin-1-yl]-2-oxo-ethoxy]- 15

phenoxy] - aceXiyl PLIANE£7¢RFDOX ':?ﬁ»‘- ic acid tert- butyI ester To a
sol ution of PO 4 2 s R

di et hyl f or . ’ e o 7 S }

ng (1.0 nyolyy 5&1&@%&:& hacﬂi |spermam de. Stirring vas
conti nued for mn and a solution mg (2.0 nmmol )

(R-(I)- brorfﬂbmayidhloﬂde@mlcﬁwdsaddeddsaalaoMmOﬁGJ%g(drmnmlﬂyl ester in 4
Stirred for BAEHORENY b4 dhcmbomCApa n o ol tohramaormlies et theoved i n
(710 of t hariiiire Wi diitre '@‘3@8&1@?‘52@"@? e B 1 350 ™
(MeNH[ err], thiddylchlbride2dnd the dolf6hy welne d;lstalled off under vakuum. The residue
A B L bbb St 2 "

R -1-[[4- -2
1L gl 305 A1 o Do RS oy 1
acid 30 teriydistNoriiei werd ddded'hnd stirtingr datiRived a’%CtdénY\@é‘mﬁétdﬁﬁd f$1024 3 h

at roomtenperature. The solvent was renpved in vacuo and the residue
suspended i rhoxgsnThesnlsient pras d:@@liledmf@ the spsidue daken sipsin acedoaceteteand: .

LU O A s N ER S Dring W dodh b QBN Shadortlch®

powder .
15 of the solvent and chromatography on silicagel with acetoacetate/hexane 1:1

yielded 0.094 g (R)-1-[4‘-[(R)-2-carboxypyrrolidin-1-yl-carbonyl]-[2,2]-
bithiazolyl-4-ylipyrrolidine-2-carboxyolic acid benzyl ester.

MS m/e(%): 630 (M+, 24), 539 (17), 495 (44), 449 (51), 380 (25), 329 (33), 313
(30), 223 (38), 194 (83), 180 (66), 145 (24), 137 (21), 91 (100).

20

Hpyrrolidine-2-carboxilic acid
0.51 g (0.08 mmol) (R)-1-[4"-[(R)-2-benzyloxycarbonyl-pyrrolidin-1-y1] [2,2]-
bithiazol-4-yl]pyrrolidine-2-carboxilic acid benzyl ester in 50 ml methanol
were stirred with 5 ml 2N sodiumhydoxide solution at room temperature for
25 64 hours. After addition of 2N hydrochloric acid until pH 1 the mixture was
extracted with dichloromethane. The extracts were dried with sodiumsulfate
and evaporated. Chromatography ocer silicagel with dichloromethane/acetone/
formic acid 80/15/5 gave 0.04 g (R)-1-[4"-[(R)-2-Carboxy-pyrrolidin-1-yl-
carbonyl]-[2,2]-bithiazolyl-4-yllpyrrolidine-2-carboxilic acid as colorless solid.
30 MS-ISP: 451 (M+H)".



-44 - M me (%: 443 (MrNa[err], 48), 438 (MtNH err], 39), 421 (MtHerr],
100). Exanple 23 (R -I-[[4-]2- [(R) 2- Car boxy- pyrroI|0| din-1-yl]

- 2- oxo- et hoxy]-2,3,5,6-tetrafluoro- 5

phenoxy] - acetyl ] - pyrrol i di ne-2-car boxyfl g a}
(R-1-[[4-2[(R) - 2- tert Butoxycarbonyl ‘pv'r‘r%?ér'g'll'
2,3,5, 6-tet réR) 2 0K , G X o4k
tert-butyl ester To a soI utlon of 185 rrg (1 65 rrm)l) pota55|um
tert-butyl at a) (1 1 20 2 ARIKEe 858X t enper at ure was added

cropui ¢ 2 sy gitfe“- TR iR B R R o

my (1.50 smoThodseh; TP - Aﬁd@f&ﬁcﬂ PHedeyse: ngB Hdard sa@qz@%s‘soacmmhedmn

tert-butyl ester in 2 m dlmathylforrram e was added within 1-2 mn. The
reaction ni x198% 4B 5688 -4636c ed f or addltlonal 4 h at roomterrperature The
sol vent was fenoved,in vacuo d th

f I ash- chr onePtgtRgEFo peﬁ@ qme,&#é ﬁi@gimﬂg@%te
fR? i [[NE %eﬁwgﬁorﬁs i oxo & 2&’&?575)‘”& 5,6- 20

tetrafl uoro-} o} D-carboN 3 oSfeirut i on of 80
6&2- % 2 tert but oxyca )

my (0.13 mol) (R -1-[]4
pyrrol i di®- 1T«yra]so taom of ,mmOBbremmtwbbmmgﬁoadetyl] pyrroll

stirred for SeHlorpmithan 8 bC s S84&] arnfiod A alibon o arcie (1oL 1EBeDand:
the residue @& py‘i'k'&ﬁ’%@eﬂ- aFbok§lielackd Ea%-bu“t'iipeétef uhalswmm PE Afhel) N&s

-yl]-2-oxo- ethoxy]
iplo @ vk i xglik dhci

stirred overnight. Filtration and dryi gave 64 ng (96% of the title
conpound as sthw&dliwppomiammh’&lrlﬁ@mg/gh &fon{xéﬂ:ld,ne]s@ﬁ)nn 40 min. The reaction
Exanpl e 24

(R-1-[ [ 4- [ ZoiytRye wasallowed £ wiasm to Feom jemperafuge ovrenight andiwas Bogteshoxy
1- acety{g - Bk 8ob Ihl6r wabdt. RRE0rkinftPKkhse was separated and the water phase

was extracted with 600 ml dichloromethane. The combined organic phases

were washed with saturated sodium bicarbonate solution and brine, dried

(magnesium sulfate) and evaporated to yield 44.1 g (94%) of the title

compound as a brown oil that crystallized upon standing at room temperature.
20 Melting point 51.5-53.2°C.

carboxylic acid tert-butyl ester
To a solution of 34.3 g (200 mmol) (R)-(1)-bromoacetyl-pyrrolidine-2-carboxylic
acid tert-butyl ester in 350 ml dichloromethane at 0°C were added dropwise

25 27.9 ml (200 mmol) triethylamine. After stirring for 45 min at this

temperature, 17.8 g (200 mmol) bromoacetyl bromide were added dropwise.

Stirring was continued at 0°C for 3 h and 250 ml 1 N hydrochloric acid

solution were added. The organic phase was separated and was washed with

saturated sodium bicarbonate solution and brine, dried (magnesium sulfate)
30 and evaporated to yield 45 g of a brown oil. Trituration with ethyl acetate and

cooling to -78°C gave 7.1 g (9%) of a pale yellow solid.

Melting point 75.0-76.0°C. MS mw/e (%): 405 (M+Na", 11), 383 (M+H", 100).



-45 -
a)(R-1-[[4-[2-[(R)-2-tert-Butoxycarbonyl -pyrrolidin-1-yl]-2-o0xo-ethoxy]-2-
chl or o- phenoxy] -acetyl ] -pyrrolidine-2-carboxytd48-acid tert- butyI ester To a

t ' Jnol. .
i et P  or rEREAREIE: & By, puohdsih vh okl i RiRibe st liborylic agid 1 g
6 ng (0.75 AeshitionhofB8thgr @b imaaoh (R)-11[[(R)-2ltaRtbutokpeardohs B lidih 19
was Continued for 2-3 mn _and a sol ution of 438n?(1 50 nmmol) (R -(1)-

br onpacet yl yﬂlramllcﬁimohdmzr@mqwh&@ccd tenttbusyl gsterdin drmi Iﬁnﬂunroaoetlc

di t hyl f th 1-2 t t

ST on o B e ired 55 3 1 1ot B ibre The St e Seovel R e i n
10 vacus angel, B%nﬂ%e%ﬁlwsﬁspﬂeﬂdbalﬁh@sm eﬁ&&%@%m eual\/;/%F nl $As0
(35% of the title conpound as a white foam Ms me (% : 4 NH err],

100), 511 ( 4&irred 6Gexright. HiJtration and drying gave 300 mg (quantxtatwe) of RO-64-
R-1-[[4- rrolidin-1- 2- 0X0- et ho hli o henox
(- ) ace'E [y| ] [éy{f’%qqﬁepﬁ%iﬁﬁ% %%J mm&wﬂﬁé ly.sf} (op25 Y

mml ) (R)-1, R}Eﬁw
pyrrolidin- fE)ﬁH"-&ﬁ-oxo e ﬁ -chloro- %noxy] acetyl | -pyrrolidine-2-

car boxyl i c MBdnle(%): QBQ)(M-DBLQE) IITISJ(@UJO‘QIMM uoroacetic acid was stirred

for 4 h at roomtenperature. The sol vent’ was removed in vacuo and the
resi due ¥uspended in 10 m ether. The resulting suspension was stirred

overnight. 20 Filtration and drying ve 12 o0 (quantitative) of the
title conpound as a white powder. M—ﬂ% (MH 100). Exanple 25 25
(R -1-[[4-[ 2R)-051442¢ Biky- .ﬂu&wﬂﬁoﬂwﬁﬂaﬁﬁzphenox
y]- acetyl]-pyrrol1dine-Z2-carboxylic acl

met hoxy- phemﬂ@ﬁ&w@ ne- 2- car boxyl i c aC| d tert-butyl ester To

a solution o ﬁ_ -erg %ogassélr onLlert

15 phenoxyl-acetyll-pyrrolidine-2-carboxylic acid tert-butyl ester
To a solution of 236 mg (2.1 mmol) potassium tert-butylate in 2 m}

dimethylformamide at room temperature was added dropwise a solution of 110

mg (1.0 mmol) hydroquinone in 2 ml dimethylformamide. Stirring was
continued for 2-3 min and a solution of 584 mg (2.0 mmol) (R)-(1)-bromoacetyl-

20 pyrrolidine-2-carboxylic acid tert-butyl ester in 4 ml dimethylformamide was
added within 1-2 min. The reaction mixture was stirred for additional 3 h at
room temperature. The solvent was removed in vacuo and the residue purified
by flash-chromatography to yield 380 mg (71%) of the title compound as a
colorless oil.

25 MS m/e (%): 550 (M+NH,’, 100), 477 (23), 421 (65).

pyrrolidine-2-carboxylic acid

A solution of 350 mg (0.66 mmol) (R)-1-{[4-[2-[(R)-2-tert-butoxycarbonyl-

pyrrolidin-1-yl]-2-oxo-ethoxy]-phenoxyl-acetyll-pyrrolidine-2-carboxylic acid
30 tert-butyl ester in 4 ml trifluoroacetic acid was stirred for 3 h at room

temperature. The solvent was remov_ed in vacuo and the residue suspended in
10 ml ether. The resulting suspension was stirred overnight. Filtration and
drying gave 265 mg (96%) of the title compound as a white powder.



30 dinethylformam de at roomtenperature was added dropw se a sol ution of
140 nmg (1.0 nmol ) net hoxyhydroquinone in 2 m dinethylformamde. Stirring
was continued for 2-3 min and a solution of 5844y (2.0 mml) (R -(1)-

br onpacet yl - ' '.r]f,;daz @ X Y ' & t idm4 m - 46-
di net hyl forrrla%r%ggé\t/\%g' a d@ggg\mﬁthﬁy’ %Sg(arvnpﬁ\ ﬁgb?j’gaﬂc]i@gﬁﬁrﬁ %(qbu)'re was
stirred for additional 3 h at roomtenperature. The solvent was renoved in
vacuo and the residue purified by flash-chromatography to yield 280 ng
(50% of the title conpound as a col orExampie23 5 M5 mfe (%: 580
(MeNH[err], 100) .o A : .5 2 45 ) .

(R) - 1-[[ 4- [ 2FERy 2 ACArBEORT Py £ O T-ar ooyt [~ 2 Rt Loy 2~ HEETORy~
phenoxyl - acebnidosRyL: 1 Aidiré-PrarbbeviachddA sol ution of 250 ng .(0. 44
mmol) (R -1- -

pyrrolidin-21a) 10
carboxylic acid ) A {red

f or 3 h at )it it sl 1180020, EROXY ay 1043 DY QLI ;5; 04 VILE 3 M

resi due susp din 10 mM ether. The resulting suspension was stirred

over ni ght. ation and drying gave 188 ng (94% of the title conpound as

a white powdBs a sbhutibn of 285 g (1.65 mdlppetasium Sert-Btyldtetibt] alr ], 24),
451 ( l\/HrHigr r], 100). Exanple 26 M xture of (R)-1-](4-hydroxy-3-_ and
- 2- met hok§- Mﬁmﬂpﬁmm ta;np@ra@ure;mamd[flneﬂdirapmsga sglutignefi137 of
(R -1-[(4-hydr -3-_and - 2- et hgxy, - phenoxy.) -aceat ¥l | - . .
byr ol 1 i ne BEL0! TPy veiralpEh st 5l dimlethulformamida.Stigrne
formed as siggspprEHEEE fO2IT Gk BRdY Solatdh FUI¥ mg (1.50 mmol) (R)-(1)-
(R-1-[[4-[2-] (R -2-tertbut oxycarbonyl - pyrrolidin-I-yl]-2-o0xo-ethoxy]-2-
met hoxy- pherimwoploavetylypyrrolidine-2-¢arboxdlicacid tentimtyt esterén 2 dodit y| ester.
dimethylformamide was added within 1-2 min. The reaction mixture was
15 stirred for additional 4 h at room temperature. The solvent was removed in
vacuo and the residue purified by flash-chromatography to yield 87 mg (19%)
of the title compound as a white foam.
MS m/e (%): 622 (M+NH,’, 100), 549 (32), 493 (57).
b) (R)-1-[[4-[2-[(R)-2-Carboxy-pyrrolidin-1-yl}-2-oxo-ethoxyl-2,3.5.6-
20 tetrafluoro-phe -acetyl]-pvrrolidine-2-carboxylic acid
A solution of 80 mg (0.13 mmol) (R)-1-[[4-[2-[(R)-2-tert-butoxycarbonyl-
pyrrolidin-1-yl]-2-oxo-ethoxyl}-2,3,5,6-tetrafluoro-phenoxyl}-acetyl}-pyrrolidine-
2-carboxylic acid tert-butyl ester in 1.5 ml trifluoroacetic acid was stirred for 4

h at room temperature. The solvent was removed in vacuo and the residue

25 suspended in 10 ml ether. The resulting suspension was stirred overnight.
Filtration and drying gave 64 mg (96%) of the title compound as a white
powder.

MS m/e (%): 491 (M-H, 100).

30




25 | sol ati on and purification by flash-chromatography gave 80 ng (23% of
*RO 64-2915/000 as a colorless oil. [err]E-NMR (CDCl [err]), ppm: -1.41 (s,
2.4H), 1.45 (s, 661H) 181232(m 4H), 3.-38-3.82 (m 2H), 3.75 (s,

[ A ), QY . . H '6

3H, 4.39-4 ofigh? -1(ﬂ!-2@%e&o%§d%zgt§ i

1H). 30 b)
pyrr ol i di neeBlogonitene ‘m xture of

#(R) - 1-[ (4-"hydr oxy- 3- and =3 .
et hoxy- pheﬁwﬁﬂyl f]lségmg&m&.m@pamm.tsrtabuwla@mbmw ester in

: ﬁydr ochl’ or | : né%?ga%em\ﬁﬁ E?ﬁggﬁ%“;? ﬁéeas %q%éﬁ%%@sgérﬁ%‘éﬁo? r?f\}gguo

and the pesj *mma%mbﬁh uifbfigin 1Mk di@sthyifdieh Smede %«%
stirred oveﬁl&l]@ht Flltratlon%%ﬁdryl ng gave GSME%JP 979 of the ti Ies
[

" conpound ascmgnueéf@%Mandmamaop%ﬁmgﬁg(( mmc}l (BBA)- Exanple 27

(R-1-[[3-] R%-%-far boﬁi ?% roI %cald]te%a- X%I%ts&oxl\ﬁ] gﬁenoxy] acetyl]

*10 pyrroli

R-1-T[3- -0 |
E)h)enoxgll[ a[cwygffﬁ%d%\%é}%gé oxyli1c Zfrsllﬁ tert- uty %@%y !

sol ution of sfitredpr @dditionall 4 hpstroom tmp&’atufmtﬂi&asc&vem: wastremoved in
di met hyl f ormam de at_room_tenperature was added dropw se a solution of 275

15 ng (8. sonewn sod the residue purifiedby Slaghrohyometognaphy togreld 149 me 35%)
t df g ol f 1.46 5.0 I
(C%;]-I(E;J?broﬁggéaw ot a ﬁg‘;}}‘g‘gg‘f?%xw [ cmgm(d temmsztyl ester in5m

di met hyl forw YRS @ggqql. M e0)l521 @), 455¢9eract i on nixture was

stirred for ad |t|onal “roomferrperat’ure he sol vent was rem)ved in
vacuo and the (B R)}-2Cs 1 hos henox

getyll-pyrrolidine-2-carboxylic acid
18 A solution of 140 mg (0.25 mmol) (R)-1-[{4-[2-[(R)-2-tert-butoxycarbonyl-
pyrrolidin-1-yl]-2-oxo-ethoxy]-2-chloro-phenoxyl-acetyll-pyrrolidine-2-
carboxylic acid tert-butyl ester in 1.5 ml trifluoroacetic acid was stirred for 4 h
at room temperature. The solvent was removed in vacuo and the residue
suspended in 10 ml ether. The resulting suspension was stirred overnight.
20 Filtration and drying gave 126 mg (quantitative) of the title compound as a

white powder.
MBS m/e (%): 453 (M-H, 100).

25

methoxy-phenoxyl]-acetyll-pyrrolidine-2-carboxylic acid tert-butyl ester
To a solution of 236 mg (2.1 mmol) potassium tert-butylate in 2 ml

30 dimethylformamide at room temperature was added dropwise a solution of 140
g (1.0 mmol) methoxyhydroquinone in 2 ml dimethylformamide. Stirring
was eontinned for 2-3 min and a solution of 584 mg (2.0 mmol) (R)-(1)-
bremoacetyl-pyrrolidine-2-carboxylic acid tert-butyl ester in 4 ml



20 by flash-chromatography to yield 830 ng (62% of the title conpound as
a colorless oil. Msnme (%9: 550 (MtNH err], 100), 533 (MtH err], 95), 477
(48), 421(95). b) -46 -
(RI-113-[ 2-difeRkn: r | ‘thixil 192 ZiiRXThe L%w zacetyl]
- pyrrolidine- 2-cg§%§j§€iﬁég&§s£&eﬁﬁso tl}tzl on 0?17';5[%&%% nHE mm%?

(R) - 1-[[ 3- [ 3tirted) f& additioRal 81y atardomn y,émperature The solvent Was removed in

DL % e o bubabiEa e beRRR B bbby IS 58 e S
aci er i
roomte@er%&‘ﬁ@%t@ﬁ}:ﬁ, ‘X'?‘E resu‘F% nv&ﬁi I n vacuo and t he residue

suspended in g suspension was stirred overnight.

Filtrati @ M8 mf @)y 580 (Mfﬁ‘ﬁloog 51&8(%&111‘ 78)e507 (62), aBIEeTd as a white

powder. M5 nle (0 : 443 M:Na[ err], 32), SI\/HrNH[err] 20), 421
(MrH err], Do00m 4-12-[(R)-2-Garhoxyoys hdm-- -2-0xo-ethox thoxy
(R) 1-](3- Hyd oxy-phengxy)-acetyl | -pyrrolidi ne:2-carboxylic acid a)
(R -1-[(3- paepoxvi-deaiylicpvrralidine-o-farhoxyiig.acid - -carboxylic acid tert-butyl

ester 5 The A i I%xﬁoﬁcﬁf%mﬂg"@%@ﬂﬁﬁﬁg (RS- 1AL E2-NEOA brtHtithRerBonyl-

prepar ation of

1-[[3-] 2- [(@)yrﬁTlichntl-ythaWb thnxyjl 42—me((j;hmty-phgndx;|ﬂ+d_,oeﬂyl§>-mrmlidll xngi2-phe goxy]
ur' 1 o6 éaawﬂsim o et o doed L W‘“y PR WRRSLEAP B0 B000 as
| orl 73), 266
?188) o o)es?ﬁ?lr&f?% oxy enoxﬁﬂdz\a%ggiﬁh%% r?% %gé&ﬁ%‘%ﬁ c) aci d
To a sol uti gispéndedin 0 ol e'i:ﬁefmﬂxé réélﬂlmé's[u(sﬁehﬁdh% @tﬁﬁ%ﬂ%ﬂ%{w' ]-

pyrrolidine-2-carboxylic acid tert-butyl ester in | m dichl ororret ane were
added 5 m #liltrationiand) drying gave A§8 mag K945%) of the Htle cominovmdeas awhite 3 d,
the 15 sol ventd was renoved in vacuo and the residue suspended in 10 m

et her. The POWGer.

15 MS m/e (%): 473 (M+Na', 45), 468 (M+NH_', 24), 451 (M+H", 100).

carboxvlic acid

20 a) Mixture of (R)-1-[(4-hydroxy-3- and -2-methoxy-phenoxy)-acetyll-
pyrrolidine-2-carboxylic acid tert-butyl ester
The title compounds were formed as side products during the preparation of
(R)-1-[[4-[2-[(R)-2-tert-butoxycarbonyl-pyrrolidin-1-yl]-2-oxo-ethoxy]-2-
methoxy-phenoxyl-acetyl]-pyrrolidine-2-carboxylic acid tert-butyl ester.

25 Isolation and purification by flash-chromatography gave 80 mg (23%) of RO-
64-2915/000 as a colorless oil.
'H-NMR (CDCL), ppm): 1.41 (s, 2.4H), 1.45 (s, 6.6H), 1.81-2.32 (m, 4H), 3.55-
3.82 (m, 2H), 8.75 (s, 3H), 4.39-4.78 (m, 3H), 6.16-6.26 (m, 1H) 6.40-6.43 (m,
1H), 6.67-6.74 (m, 1H).

30 b) Mixture of (R)-1-[(4-hydroxy-3- and -2-methoxy-phenoxy)-acetyl]-

lidine-2-carboxvlic acid

To a solution of 80 mg (0.23 mmol) mixture of (R)-1-[(4-hydroxy-3- and -2-
methoxy-phenoxy)-acetyl]-pyrrolidine-2-carboxylic acid tert-butyl ester in 1 ml



resul ting suspension was stirred overnight. Filtration and drying gave 95
nmg (97% of the title conpound as a white powder. MS mie (%: 264 (MH,
100). Exanple 29 20 -47 -

(R L 13 [ sl Berd o Yol it dr o AN GG I il R o)

acetyl]-pyrroli I C aci

(R) - 1-[[ 3- [ didxai)e: Aﬁeerﬁzmpthvw&mwk ranwal i6lvBcko hil tBe @¥SideiehoXy] - 2-
met hyl - phenoxy] - acetyl pyrrol i di ne-2-car boxyl ic acid tert-butyl ester To a
sol ution of sps@ended in 10 misthey fFhesre grsnsmspmv@sstuzedimmght

di et hyl f or eratu W se solu n of 124
my (1.0 nnD??ﬁ%ggngﬁﬁggﬁgyﬁfggﬂ%ﬁ%n%ﬁagﬁ%}a@ﬁﬁ%@ﬁ E?WEH? HP I ng was
continueg f@pwdeB M n and a solution of 584 ng (2.0 nmol)

(R -(1)-bronmacetyl - pyrrolidine-2-carboxylic acid tert-butyl ester in 4 ni
di net hyl f or MSrime (Fas2961(Ma-HY, 160k 1-2 nin. The reaction mxture was
stirred for additional 3 h at 30 roomtenperature. The solvent was renoved
in vacuo and the residue purified by flash-chromatography to yield 335 ngy

(61% of the title conmpound as a col MS me (%9: 564 (MtNH err],
100), 491 (27), 435 (71) -49 - b;’E&_&ﬁﬁQ_?
(R - 1- [ [ 3- [ ZRMIRIBI2TRL2-Carbyoky-Pyirolidin- 1

phenoxy] - acetyl ] - pyrrolidine-2-carboxylic acid A S0 utlon of 300 ng (0.55
mmol ) (k- ]ﬂm.hémq_‘gﬂﬂgg&g.&ﬂtoxycarbonyl

pyrrolidin-1 %8 - N9X Y -2 - TRt hy he : \ I|d|ne2 5
car boxyl i ¢ %ef ’ 1 o was-stirred

for 3 h at ﬁﬁ@mgdﬂrm%] %@mhﬁiﬁe%waggmaaawsam @sﬂé}c uo and the
resi due suspende et her e resulting suspension was stirred
over ni ght . 'Folatsodation of 361dngi(v.§ maval) potassinrg $6s-butylatednt 4 mle conpound as
a white povglmethylformamlde at room temperature was added dropwise a solution of 275
15 mg (2.5 mmol) resorcinol in 4 ml dimethylformamide. Stirring was continued
for 2-3 min and a solution of 1.46 mg (5.0 mmol) (R)-(1)-bromoacetyl-
pyrrolidine-2-carboxylic acid tert-butyl ester in 5 ml dimethylformamide was
added within 1-2 min. The reaction mixture was stirred for additional 3 h at
room temperature. The solvent was removed irn vacuo and the residue purified
20 by flash-chromatography to yield 830 mg (62%) of the title compound as a
colorless oil.
MS mw/e (%): 550 (M+NH,', 100), 533 (M+H" 95), 477 (48), 421 (95).

pmolidine-z-carbogyh'c acid
25 A solution of 750 mg (1.41 mmol) (R)-1-[[3-[2-[(R)-2-tert-Butoxycarbonyl-
pyrrolidin-1-ylj-2-oxo-ethoxy]-phenoxy]-acetyll-pyrrolidine-2-carboxylic acid
tert-butyl ester in 6 ml trifluoroacetic acid was stirred for 3 h at room
temperature. The solvent was removed in vacuo and the residue suspended in
15 ml ether. The resulting suspension was stirred overnight. Filtration and
30 drying gave 581 mg (98%) of the title compound as a white powder.
MS m/e (%): 443 (M+Na’, 32), 438 (M+NH,’, 20), 421 M+H", 100).



10 Ms me (%: 457 (M+Na[err], 54), 452 (MtNH err], 55), 435 (MtHerr],
100). Exanple 30 (R -1-[[3-[2-[(R)-2-Carboxy-pyrrolidin-1-yl]
- 2- 0xo0- et hoxy] - 5- met hoxy- phenoxy] - acetyl | - pyt4®Fi di ne- 2-carboxylic acid 15

a)

(R-1-[[3-[[2-(R)-2-tert- Butoxycarbon%‘x%?lr'&%dln | -yl]-2- 0X0- et hoxy] - 5-
met hoxy- phe (B4} {SdE rvmle sarblidi e

a solution of : 2
di et hyl f or Banstysi-do-S2 ¥ETORYoRACRORY naLC i CDITR Ligi SRrOOX VG A = atyli40
ng (1.0 mol rrethoxyresorcmol in 2 m dlrrethylforrramde Stlrrlng was
20 continu r 2-3 mn and a solution of 584 ng (2.0 mmol)

(R - (1) - I3 ompacktlecompound was fernded as Bitte/produet daringl thebpreparatibe bf (R)-4 M
di met hyl f ormam de was added within 1-2 min. The reaction _m xture was

\s; ; 1: lrJ (r) eg n]:j 0 [ rﬁﬁ&[ﬁ[ﬁ%@ﬁgymrﬁhﬁmlﬂﬂ&Wﬁﬂmﬁgfhﬁg@bed in
(72% of 1 hacehi o g GEbotvis A3 ter- UG 3oty folafel e pigghestion
(R -1 [ 5 | B EageOuamiise ittty gdf0 20 e 18] of RDIGHRBVAIOND as 2 colorless
phenoxy] - aceflyl ] - pyrrol i di ne 2-carboxylic acid A solution of 370 ng (0. 66
n;nrjlrz)l fg?onlﬁé%}%igéé X" gy:ﬁ% ar%ghﬁ?;)??ﬁ-@%yl | - pyrrolidine-2-

car boxylic t ] | %]EE!]‘? cetic o ae s stirred
for 3 h at mggﬁ%eﬁd oxy)ace olidihe2: %bo %c—lg'ﬁd t he
resi due sus(Tonglsélutionldf Iﬂo Biger87 iﬂiﬁolr) 9SR)1- (8- hydeeyphenoxypsacetyl]+ ed
over ni ght. -50- Filtration and dr gave 287 ng (97% of the title

conpound as parudlidineZocarboxylicacidde . mtqmrémlrdqchlom;nethaae were
(MeNHerr], aﬁﬁéa 541?:} o% g/& IH\T slo Q&bn %f hydrochloric acid in dioxane. After 3E(i(,atﬁgl e 3l

15 solvent was removed ir vacuo and the residue suspended in 10 ml ether. The

resulting suspension was stirred overnight. Filtration and drying gave 95 mg
(97%) of the title compound as a white powder.
MS m/e (%): 264 (M-H, 100).

20

methvl-phenoxv]-acetyl]- lidine-2-carboxvlic acid tert-butyl ester
To a solution of 236 mg (2.1 mmol) potassium fert-butylate in 2 ml
25 dimethylformamide at room temperature was added dropwise a solution of 124
mg (1.0 mmol) 2,6-dihydroxytoluene in 2 ml dimethylformamide. Stirring was
continued for 2-3 min and a solution of 584 mg (2.0 mmol) ®R)-( 1)-bromoacetyl-
pyrrolidine-2-carboxylic acid tert-butyl ester in 4 ml dimethylformamide was
added within 1-2 min. The reaction mixture was stirred for additional 3 h at
30 room temperature. The solvent was removed in vacuo and the residue purified
by flash-chromatography to yield 335 mg (61%) of the title compound as a
colorless oil.
MS m/e (%): 564 (M+NH,', 100), 491 (27), 435 (71).



(R-1-[[3-[2-[(R) -2-carboxy-pyrrolidin-1-yl]-2-o0xo-ethoxy]-5-net hoxycar bony
] - phenoxyl -acetyl]-pyrrolidine-2-carboxylic acid a)
(R-1-[[3-[2-[(R) -2-tert-But oxycar bony] - pyrrelBdi n-1-yl ] - 2- oxo- et hoxy] - 5-

met hoxycar lgn b di - Al tert - but
10 es%/er SHiss 2 Entblr. Rl -SRI ;?{-Iﬁ%{f’:lgg'rate in Z]
m di net hylsmﬁ_ﬂﬁeaﬂ]-' E@gg@&gﬁmﬂdded dropwi se a sol ution of
420 ny (2 ) 3 ydr oxybenzoate 1n 4 di met hyl f ormam de. Stirring
was cont | nub@ohuiorsoB300 m&émS%mth(RH-HS-[z-[ﬁE)- Pferisbutonyoasbangl- (1) - 15
br onmoacet yl i 2-carbo er ut ster .
di met hyl f or N PRI was
mtplit et St -t phehhadkr S eoding 2,

stirred g Orcg Bok$li0R6H teriibatyl R6dR it B il Midroaddife 2GR stifred FBVRA i N

vacuo and t residue purified by flash-chromatography to yield 1.01 g
(68% of t hat soonl temperature. Fse solvehbwassenmvied id@ackB andthedesidis

M+NH 92 5 48 535 (41 479 (100). b .
E R -1 - [ [e[ 5] m&@é@%&% Tbﬁl)rﬁﬁﬂlt}n%(/?‘fgpfﬂ&@ Y(Véﬁ § gvernight.

of 710" mg (st thviEiayel et toh ) dl s BS Btbivnd Bl @ #mf 1 O
pyrrolidi n-powddr. 2- oxo- et hoxy] - 5- met hoxycar bonyl - phenoxy] acetyl]-pyrrolidi
ne- 25 -2-carboxylic acid tert- buti@jester in 10 trifluoroacetic acid

was st it edBon/@(%): 457 d&+Nas B 402 (M+ N, 8%), \435@%@1@ ,A@®ved in vacuo

and the residue suspended in 20 mMl ether. The resulting suspensi on was
stirred overnight. Filtration and drying gave 540 ng (94% of the title

conpound as a white powder. 30 M5 M gdnled3y (M Herr], 100). -51 -
Exanmple 32 (R)-1- [3 Car boxy- 5 [ 2- [(R)-Zl-carboxy-pyrrolidin yI]
1-HBad8 2-Carb lidin-1-y1 th h

methoxy-phenoxvl-acetvll-pyrrolidine-2-carboxylic acid tert-butvl ester
To a solution of 236 mg (2.1 mmol) potassium tert-butylate in 2 ml
dimethylformamide at room temperature was added dropwise a solution of 140
mg (1.0 mmol) 5-methoxyresorcinol in 2 ml dimethylformamide. Stirring was
20 continued for 2-3 min and a solution of 584 mg (2.0 mmol) (R)-(1)-bromoacetyl-
pyrrolidine-2-carboxylic acid tert-butyl ester in 4 ml dimethylformamide was
added within 1-2 min, The reaction mixture was stirred for additional 3 h at
room temperature. The solvent was removed in vacuo and the residue purified

by flash-chromatography to yield 407 mg (72%) of the title compound as a

25 colorless oil.
MS m/e (%): 580 (M+NH,’, 98), 563 (M+H", 100), 507 (54), 451 (95).

henoxv]-acetyl]- lidine-2-carboxylic acid
A solution of 370 mg (0.66 mmol) (R)-1-[[3-[2-{(R)-2-tert-butoxycarbonyl-
30 pyrrolidin-1-yl}-2-oxo-ethoxy]-5-methoxy-phenoxy}-acetyll-pyrrolidine-2-
carboxylic acid tert-butyl ester in 4 ml trifluoroacetic acid was stirred for 3 h
at room temperature. The solvent was removed in vacuo and the residue

suspended in 10 ml ether. The resulting suspension was stirred overnight.



acetyl]-pyrrolidine-2-carboxylic acid To 10 m of a 0.5 N |ithium hydroxide
solution in nethanol/water = 3:1 were 5 added 100 ng (0.2 nmol) of
(R-1-[[3-[2-[(R) - 2-car boxy- pyrrolidin-1-yl]-&B0®xo-

et hoxy] - 5- . [ - rqkidi ne-2-cgrboxyli.c acid.
The sol utio il&%ﬁ%wg%%#%&g é%i#%@#&g&ﬁl%ggmp&m@ﬁg%m ®mixture
was adj ust egoilepH 6 by dropwi se addition of hydrochloric acid solution and
| yophilized to give 800 of a white powder. The product was isol ated by
10 chr onath@ada&%)sﬂﬁg(M*Na)m&éﬁédgﬁNﬂsl, S0),HIeM+H y DM | | zati on gave
20 ng (22% of the title conpound as a white powder. M5 me (% : 487
(MtNa[err], 61), 482 (MtNH err], 54), 465 (MtH err], 100). Exanple 33 15

a)
(R -1-[[3- [2- [(R) o2-tert- Butoxycarbon%?%‘;?%?‘%%u di n- 1-y1 ] - 2- oxo- et hoxy] - 5-
cyano- phenof®}1-43 (R)42¢Ce pyerralidiy-dopll-Rioxossthdx : arlios

sol ution of 1. 35 Q (10 -I) 3 .5- dlhyorox benzonltrlle and 5. 84 g (20 mmol )
(R) - (1) - br oR3CcRAXVI+aCE 1}-pyvrrolidine-2-carbe 8Cl8cid tert-butyl ester in 25 ni

dlrrethylfor j [ > I dro_u 201 =

pot assi um c3 e At e i T 1T ‘ MM% um
salts were ﬁ&ﬁ@;@rg{,ﬁl pikbridx® AR bvIvREdhee R \aebh lmg.teﬁh&l%ﬂsi due
was purifie y as*ncromatograpyto yireld 4. 0 I'tle
conpountii0asesterol orl ess foam Ms mie (%: 575 (I\/HrNH[ err], 100), 558
(MtH err]

(R-1-[] 3, [ 29 2) %igé Q?)B_8§446§$ so‘%’m%gpﬂgﬁ?ﬂ@-tﬁﬁﬁbm%n@yano phenoxy]
- acetyl]- %%WS it 26bhf i séﬁaﬁuf&wg'meafar%é%@a(sm&lmﬂzo

(R-1-[[3-] utoxycar
pyrrolidi n-tgy®@]5 ﬂxmxb%-ﬂdxydroiybmwteh&myﬁimeﬂiﬂfdlmmﬁd iStirréng -

carboxylic acid tert- 33 5 ester in 5 trifluoroacetic acid was stirred

for 18" h 30WagcoRyBHe T%mmendwéolyaomft 4b ;g BvemalhRiAddo and the
overni gt 5%0?'??6%*@5% gl e i b BRI BT " Conpound as
a white pov@ighethylformamide was added within 1-2 min. The reaction mixture was
stirred for additional 2 h at room temperature. The solvent was removed in
vacuo and the residue purified by flash-chromatography to yield 1.01 g (68%)
of the title compound as a colorless oil.
20 MS m/e (%): 608 (M+NH,", 92), 591 (M+H", 48), 535 (41), 479 (100).

methoxycarbonyl-phenoxy]-acetvl]- lidine-2-carboxvylic acid
A solution of 710 mg (1.2 mmol) (R)-1-[[3-{2-[(R)-2-tert-butoxycarbonyl-
pyrrolidin-1-yl]-2-oxo-ethoxy]-5-methoxycarbonyl-phenoxyl-acetyl]-pyrrolidine-
25 2-carboxylic acid tert-butyl ester in 10 ml trifluoroacetic acid was stirred for 3
h at room temperature. The solvent was removed in vacuo and the residue
suspended in 20 ml ether. The resulting suspension was stirred overnight.
Filtration and drying gave 540 mg (94%) of the title compound as a white
powder.
30 MS m/e (%): 477 (M-H, 100).



-52 - I\/Brﬂe(/(): 444 (MH, 100). Exanple 34 9

(R-1-[[3-[2-[(R)-2- Car bonxy- pyrrolidin-1-yl]-2-oxo-ethoxy]-5-1Htetrazol
-yl - 5 phenoxy]-acetyl]-pyrrolidine-2-carboxy8t-acid To a solution of 110
ng (0.2 mml) (R-1-[[3-[2-[(R)-2-terg é ar bonyl -
pyrrolidin-1-yl]-2-o0xo- ethoxy] 5- cyan = pIe acetyl] pyrrolidi ne-2-

car boxyl i ¢ @R)-8-[[3Carbotkw-5-12(R)- Bék h dth Sl oL dthioRvIAE aeied

200ng(06mm

days. 10

, 1.4 g of gaseous hydrochlorlc

o83 e Diiedy pue et %ﬁg%pfmt@%n%%ﬁ%ﬁ% L5 e

-5

reflux for 3

sol vent Wasa&&é@\lﬁd lﬁ? (0. 2%&161{"9!‘ (H)e1-9i8- [2- (RF-2bYRR-p ?ﬂoﬂiﬁﬁlleﬁlgm-&o -et her

to give 61
15 MS nle

100). Exarrpl
(R-1-[[3-[%

y]- acetvllg

(92% the title conpound as a pal e 'yell ow anorp

éﬂﬁmﬁm@wmb@yhﬁbemﬁgbawﬂ@m@mﬂ-caﬂﬁ’x&ﬂiew rThe

()-1-[[3-[2° %&%t&‘gﬂ%éﬁ%}&(@% ony p irdséhlor icqqd solution and 1 - 5-

a sol ution
(1) - br oABac

di met hyl f or

of 95 ng (0.75 pmol ) _phl orogl uci npl and 438 ng, (1.5 mmol) é
shperaphy MEINg an ion sxchangesegin Bewex). Lyophilization gave

namn r e added 520 ng anhydrous 25
pot assi um C%”@%%) °ft§%%ge}é §€'?‘?’PN§ a%\fem% Wow He potassiumsalts were
filtered of MSfle (%5: 487 IINaCE1), @BQMNHV%@9'QL65TM+H€SIGMG was purified
by flash-chromatography to yield 50 129 ’of the title conpound as a

white foam
437 (100).

M me (%: 566(M+NH[err] 96) 549 (MrH err], 88), 493 (47),

30 b)

(R-1-[[3-[2-[(R) - 2- Car boxy-pyrrol i dimqi%- oxo- et hoxy] - 5- hydr oxy-

20

25

30

cyano-phenoxv]-acetyll-pyrrolidine-2-carboxvlic acid tert-butyl ester
To a solution of 1.35 g (10 mmol) 3,5-dihydroxybenzonitrile and 5.84 g (20

mmol) (R)-(1)-bromoacetyl-pyrrolidine-2-carboxylic acid tert-butyl ester in 25
ml dimethylformamide at room temperature were added 7 g anhydrous
potassium carbonate. After stirring for additional 20 h, the potassium salts
were filtered off and the solvent was removed ir vacuo. The residue was
purified by flash-chromatography to yield 4.77 g (86%) of the title compound

as a colorless foam.
MS m/e (%): 575 (M+NH,', 100), 558 (M+H“ 42), 502 (35), 446 (85).

acetyl]- lidine-2-carboxvlic acid

A solution of 280 mg (0.5 mmol) (R)-1-[[3-[2-[(R)-2-tert-butoxycarbonyl-
pyrrolidin-1-yl}-2-oxo-ethoxy]-5-cyano-phenoxy}-acetyl]l-pyrrolidine-2-
carboxylic acid tert-butyl ester in 5 ml trifluoroacetic acid was stirred for 18 h
at room temperature. The solvent was removed in vacuo and the residue
suspended in 10 ml ether. The resulting suspension was stirred overnight.
Filtration and drying gave 280 mg (72%) of the title compound as a white

powder.

hvdr oxy- pherympﬁhm&wgi]vemmkldlmhﬁe@mym Iﬂ'odﬂcﬁﬁa’s isulated st er To

ous solid.

p?wp waealigwed tﬁ;ﬂt%ﬁl @a Fpom. tmneza% for 24,8, The mgHEL,# 8% cnox



phenoxy] - acetyl]-pyrrolidine-2-carboxylic acid A solution of 46 ng (0.084
mol) (R -1-[[3-[2-[(R)-2-tert-but oxycarbonyl -

pyrrolidin-1-yl]-2- oxo et hoxy] 5- hydr oxy- phenox88 - acet yl | - pyrrolidi ne-2-
-53 - carboxyﬁ yjt(ﬁster in 1 m trifluoroacetic acid was
stirred for at roo errpera ufe. The solvent was renoved in vacuo and
the residue suspended in 5 ether. The resulting suspensi-on was stirred
overnight. Filtration and dry| ng gave 35 ng _(96% of the title conpound as
a light brown 5 povvder Ms me (%: 43Exampleddr], 100). Exanple 36
(R-1-[[3,5- '

10 acetyl]- i3z

P ) 0 .
(R -1-[[355- Bhenb: [. 5}1&55 ¥ laeidyr r ol i di n-1-yl ] -2- oxo- et hoxy
1- phenoxy] -acety pyrro I ne- 2- IC acld tert-butyl ester To a

sol uti on of 3% awolutionsofikie) xpg;imz)mgola )raﬂ[anﬁzr[@iz)efz-hgt@utuynaxbom(lﬂ)
i %?Lﬁﬁﬁfetmiryéﬁ-zﬂ- e TR B RAR 82 b”h% m&ﬁw 8 pot assi um
?r?rgl ;)n?k)e (1 %cﬁoacet yf'&t' “%g é%b hcx%?gomc ert uty ‘g%%éréo

wer e added ( asg ((r6dhinobnirilautyltsh iazide) a'hmmwe masaldeatted ateflux for 3 days.
potassiumsalts were filtered off and the solvent was renpved in_vacuo. The

resi due Wls é@ermwhngéermmftemeremxét grof gagequs hyduoghloris aggd(wemn of
S id 1,2800)

760 (ki o PRt B e By S350 o ENTopyolfor dsd Wik

- (R -1-[[ 3, SdihétHokye ﬂ@neaﬁarsﬁﬁ%gwaéeéﬂﬁnﬁe&fw 12 B: Tkeselvewadhenxy] -
acetyl] pyrrolidine-2-carboxy lic acid 25 A solution of 350 ng (0.47 nmol)

(R) - 1-[[ 3, 5- bémmoyed fxt Rpcwo andtths wilyresiduseowas triturated with ether to give 61 mg
(92%) of the title compound as a pale yellow amorphous solid.
15 MS m/e (%): 511 (M+Na’, 41), 506 (M+NH ', 32), 489 (M+H", 100).

20

hydroxy-phenoxyl- 1}-pyrrolidine-2-carboxylic acid tert-butyl ester
To a solution of 95 mg (0.75 mmol) phloroglucinol and 438 mg (1.5 mmol) (R)-
{1)-bromoacetyl-pyrrolidine-2-carboxylic acid tert-butyl ester in 2 ml
dimethylformamide at room temperature were added 520 mg anhydrous

25 potassium carbonate. After stirring overnight, the potassium salts were

filtered off and the solvent was removed in vacuo. The residue was purified by
flash-chromatography to yield 50 mg (12%) of the title compound as a white
foam.
MS m/e (%): 566 (M+NH,", 96), 549 (M+H" 88), 493 (47), 437 (100).

30

henoxy]-acetyl]- olidine-2-carboxvlic acid
A solution of 46 mg (0.084 mmol) (R)-1-[{3-[2-[(R)-2-tert-butoxycarbonyl-
pyrrolidin-1-yl}-2-oxo-ethoxyl-5-hydroxy-phenoxyl-acetyl]-pyrrolidine-2-



pyrrolidin-1-yl]-2-oxo-ethoxy]-phenoxy] -acetyl]-pyrrolidine-2-carboxylic
acid tert-butyl ester in 1.5 m trifluoroacetic acid was stirred for 4 h at
roomtenperature. The solvent was renoved i n-%8cuo and the residue

ded ht .
BT Erat; on GxhOsfiic SLtert bUGSRI il PRUIRIIBAONId BShal LEE'REU AT
brown powdedt. robﬁ tempérgturé Phé biilMaht wals, refovedGn Ydchib rdethd residie ., 592
(MtH, 56). le 37 M xture of (E)- and
(2)-(R)-1- [S[lzyppgdfq R;Szqu gtharx Theyresulting ﬁquepqomwgﬁ@hréeigwplght
- 5= (N-hydr mﬁg ;Bﬁ’%dﬁ( gfﬁhg%@%%%ﬂg (0898 of the thYd ERhpIAE a8 2 RERCEYWS

acid 5 a)

(2)-(R -5 [I{o%vde}[(R) 2-tert-butoxycarbonyl -pyrrolidin-1- yl]
- 2- 0X0- et hox é}l\l— hydr oxycar bam m doyl ) - phenoxy] - acetyl ] - pyrrolidi ne- 2-

carboxylic ¥ 480t (M-F5100). To a solution of 1.25 g (17.9 mvl)

hydr oxyl am ne hydrochl oride in 6 m dinethyl sulfoxide were added 1.82 ¢
(18 mmol ) triethylamne. An insoluble 10 naterial was filtered off and was

washed with 5 ml tetrahydrofuran. Th%éé}ﬁg_[%&? was concentrated in vacuo at
3. 59 rrrml)

100 nbar to renove tetrahydrofuran a
(R-1-[[3-[(B 8 52Bi R)tBegrbe \
et hoxy] - 5- cyano phenx.]

ester e 8460 ¥ : t he reactlon m xture

was dil uted : 8L S5 A angele -4}33 ﬂbtoﬁvf- EIJU@MQ#FM&C

sol ution ' ' OT 1 C acC SU

sol ution KVBh, ﬁamg.gQ ok cidnt et detepol Uti on and
extracted wt yl' acetate. organi ¢ solution was washed with water,
dried (sodiTma sullitamegof %mg(ﬂa% phlopeglucinoy and 220 mgd0t75 mencldlﬂiérund

igo? , cglsgr l((gzérozzgqgce%!a??moh%ne& @arhoxyShc amyatL: Hltyl 7e)ster 912 gnlYH Herr],
15 dimethylformamide at room temperature were added 520 mg anhydrous

potassium carbonate. After 2 h and 6 h stirring at room temperature, 220 mg

(0.75 mmol) (R)-(1)-bromoacetyl-pyrrolidine-2-carboxylic acid tert-butyl ester

were added (per addition) and stirring was continued for 18 h. The potassium

salts were filtered off and the solvent was removed in vacuo. The residue was
20 purified by flash-chromatography to yield 465 mg (82%) of the title compound

as a colorless foam.

MS m/e (%): 777 (M+NH4 , 100), 760 (M+H“ 4), 704 (11), 648 (22), 592 (22).

25 A solution of 350 mg (0.47 mmol) (R)-1-[[3,5-bis-[2-[(R)-2-tert-butoxycarbonyl-
pyrrolidin-1-yl}j-2-oxo-ethoxy]-phenoxy}-acetyl}-pyrrolidine-2-carboxylic acid
tert-butyl ester in 1.5 ml trifluoroacetic acid was stirred for 4 h at room
temperature. The solvent was removed in vacuo and the residue suspended in
10 m] ether. The resulting suspension was stirred overnight. Filtration and

30 drying gave 254 mg (92%) of the title compound as a light brown powder.

MS m/e (%): 614 (M+Na", 73), 609 (M+NH,’, 100), 592 (M+H", 56).



‘b) M xture of (E)- and (2)-(-1[[3-[2- (R -2-carboxy-pyrrolidin-1-yl]-2-o0xo0- |
et hoxy] - 5- (N- hydr oxycar bam m doyl ) - phenoxy] - aceyl ] - pyrrol i di ne- 2-car boxylic
acid 25 A solution of 120 ng (0.2 mmol) m xt484-of (E)- and
(2)-(R-1-[[3-[2-[(R 2-tert-

but oxycar bonyl pyrrol I di n-1-vyl ] 2-oxo§§%}'§'}'ﬂ‘5- ( N- hydroxycar bam m doyI ) -
phenoxyl - ac §figlthre DL e : R). B4 ! .

resulting 30 . guspensmn was st |rred ovem ght F| Itration and dry| ng gave
96 ng (quan tive) of the t|tIe conpound as a Ilght br own povvder I\/IS n e
(9% : 501 g( MsNalgthire of &3 ‘ AT oRs

(R-1-T[3-] DOXy-pyrrolrdrn-1I-y
- 2- oxo- et hoxif}2-6x: £H- bamimidoyl)-phenoxyl-acetyll-pyrrolidine-2-

[1, 2, 4] oxadi azol - 3-yl ) - phenoxy] -acetyl]-pyrrolidine-2-carboxvlic acid a)

(R)-l-[[3 [Mm@&ﬁ&m}f%onyl -pyrrolidin-1-yl]-2-oxo-ethoxyl-5-(5
5 . e i

0X0-4, 5-di h\'; as‘flfmfnﬁfolx%%ga%'lg %’m‘?l?hxﬁ‘énﬁl?ﬁm%%é’?dﬁ yrrofngl ne- 2- car bo

Xyl It c aci ]9 ?%?btﬁﬁdéﬁi(lf%&ﬁ%%?ve{@a&ﬂed 1 BXH 01 & thrii6l) Yriethylaimia@ OARLinkSluble oI )
m Xture o - an -
[ (3-[ 2- [10R) nmaterial was ofS antl-was weshed with §iml tetoabydnofesar. Fae N

g%drgﬁ%/;?r bgrtg%w\ésﬁg n%)_éi\%}s{acet% lﬁé‘ijm i di ne 2- car b%ﬁ?@’r’mt

were added grpp\s 30 ﬁ%lfapg? BHRR)D-RrEbiUA lﬁ%ﬂ‘i 513 lao-

m xture was strrred at 0 uted wth water and ‘extracted

with ethyl athxy]é-cyiire-phesoxyl-apeiyiepyerslidine2-casbalkyliv acid tertehuipl @sterat ed
and the oily residu dissol ved_in 20_nd | uene., After 16 h stirring at
room 15 tem?aﬂdpé Kfex stisring for 38%%# 5 Qéglemgﬁféanm%ummé dilwtedq

(S0di UrygUl LAl AFlehh LLEILRH St A GRefiih. THo Sritié Bulibe B3P OF 1o

VIscou
extracted with 1 N hydrochloric acid solution. The aqueous solution was

adjusted to pH 10 with 1 N sodium hydroxide solution and extracted with
ethyl acetate. The organic solution was washed with water, dried (sodium

-

sulfate) and evaporated to give 1.74 g of the title compound as a colorless
20 foam.
MS m/e (%): 613 (M+Na', 7), 591 (M+H", 100) 535 (21), 479 (15)

acid
25 A solution of 120 mg (0.2 mmol) mixture of (E)- and (Z)-(R)-1-[[3-[2-[(R)-2-tert-
butoxycarbonyl-pyrrolidin-1-yl}-2-oxo-ethoxy]-5-(N-hydroxycarbamimidoyl)-

phenoxy]-acetyll-pyrrolidine-2-carboxylic acid tert-butyl ester_in 1.5 ml

trifluoroacetic acid was stirred for 4 h at room temperature. The solvent was

removed irn vacuo and the residue suspended in 10 ml ether. The resulting
30 suspension was stirred overnight. Filtration and drying gave 96 mg

(quantitative) of the title compound as a light brown powder.

MS m/e (%): 501 (M+Na’, 31), 479 (M+H", 100).



M me (%9: 639 (MtNaJerr], 51), 634 (MtNH err], 100), 617 (M+tH err], 14),
561(40), 505 (79). 20 b)

(R-1-[[3-[2-[(R) - 2- Car boxy-pyrrolidin-1-yl]-288%0- et hoxy]-5-(5-0xo0-4.5-
di hydro[ 1, 2, 4] oxadi azol - 3-vl ) - phenoxy] pyrrolldlne 2- carboxylic
acid Asolutlon of 220 nmg (0. 36 rrrml)-———b-—-j

(R) - 1- [ [ 3- [ ARMIRI[3F2L[ERI-2004#b eI @Olidin-1-y1]-2-0x0-ethox 5-( 5-0x0-4.5-dihydro-
pyrrolidin-1-yl]-2-o0xo- et oxy- - -oxo 4,5-di hydro-[1, 2, 4] oxadl azol'-3-yl ) -
phenoxy] - ac dil\3.2laxadiagol -yl -pRhenoxyagaty J-pyrrolidisve: 2-parhoxvlic agid in 1.5 m

S vent was DafhLdIE RS
sol vent was e e 3

resul ti ngs Sugpensld 4S5 aﬁﬁdxamt eﬂ:d Ibt 18l 9o o135

ng (74% of 'tlre conpound as a 11 g powder-. .
(MtNa[err], M[err] 75), 505(IVHH[err] 100). 30 -56 -

I
(E)F(ef1 mi f[ gg[ Ty en)lc?c@pé@ﬁlgnwf 300 me (015, mmobgpixtare ok () sndAZ)(B)-1- 3-

di hvdro-[1I, ﬁﬂ?#ﬁﬁ? g‘!’ TvA% mm%h& Bw-laﬁf%ioww&% Bch\fle 2- car boxy

lic acid (c OXICé
(R)-1-[[3-] }Lhcétyl]tpﬁ*rdhﬂmb-zichﬂ?om& R gept} - 5- (2

0xo0- 2. 3-di hagio [1,2,3,5 oxathl adi azol -4-yl)- phenoxyl ace I'] - pyrrolidine-2
- carboxi@i d)u;yl éster ng &Sémmobmyrgdmefmg mlidm rmaniide mre

| ce-cool ed s of, 3 1
[[3-12-[(R) %@&%&Pﬁ%ggﬁ% ?%? m%%‘& eﬁ%‘%‘%”@?ﬂ%@g elO .
hydr oxycar b t %‘E‘aﬁﬁﬁrg | jtert-
butyl ester &bg%ld (1 mmy% pyr ghne I N t'gwr‘ﬁgt i chl or orree%%a*l’g \;\a‘/éet?1 added
dr opwi se 60 augtdt@ Themrghw)ud;lsha:seydvas:&imdl(dﬁdmch salfate)dvapofatddrind the oily
di chl or onet hang The m XiFg?rdl t O[erg] C for 45 mn, diluted
wi t h di chl of§ W@Sdm %2@1 Kf@a Sturng atroom and
evapor at fid. temperature, the toluene solution was washed with brine, dried (sodium

sulfate) and filtered over silica gel to give 280 mg (89%) of the title compound

as a viscous oil.
MS m/e (%): 639 (M+Na®, 51), 634 (M+NH,", 100), 617 (M+H", 14), 561 (40),
505 (79).

20

dih 1.2 4loxadiazol-3-y1)-phenoxyi-acetyll-pyrrolidine-2-carboxylic acid
A solution of 220 mg (0.36 mmol) (R)-1-[[3-[2-[(R)-2-tert-butoxycarbonyl-
pyrrolidin-1-yl}-2-oxo-ethoxy]-5-(5-0x0-4,5-dihydro-[1,2,4] oxadiazol-3-yl)-
phenoxyl-acetyl}-pyrrolidine-2-carboxylic acid tert-butyl ester in 1.5 ml
25 trifluoroacetic acid was stirred for 4 h at room temperature. The solvent was
removed ir vacuo and the residue suspended in 10 ml ether. The resulting
suspension was stirred overnight. Filtration and drying gave 135 mg (74%) of
the title compound as a light brown powder. |
MS m/e (%): 527 (M+Na', 73), 522 (M+NH,", 75), 505 (M+H", 100).
30 '



15 flash-chromatography gave 190 ng (59% of the title conpound as a sem -
solid liquid. Msnme (%9: 659 (MtNaJerr], 14), 654 (MtNH err], 100), 637
(MrH err], 11), 581(14), 525 (74). b) - 56 -

(R-1[[3-[2- [(R) 2- Car bonxy- pyrrolidi gﬁﬁ%%ggoxo et hoxy] - 5- (2- oxo- 2. 3- 20
di hydro-[1, 2, 3, 5] oxat hi adi azol 4- yI ) - -acetyl]- pyrroI di ne- 2- car boxyl
ic acid (co 1-[ISE[2SHR : - diii 18’ : 2.026-2180! )
(R-1-[[3-[2; o :
pyrrolidin- 1Y 3 . CROEY hgchly 2olRamien - GaWORYIINEs ol -

4-yl)- phenoy h c ester

(config. of &

_-2 carboxylrc acid tert-butyl
1.5 mM trifluoroacetic acid was

stirred fgr mmﬁrwm%wmﬁ o YO PtolERS- 1L FI1IPLE6%b-bth and
t he resi due suspende m ether. e resulti ng suspensron was stirred
over ni ght . Foxa-23-didvydyerdl 2.3.5}07 -e-z,_-‘;a pi-4avi HoREBD XV olidipyes21ind as
a |light brown po g e 5 76 Na r ]s~1@ , 542 (M:NH err],

86), 525 (

r 0
but yi sl £ anyrs BT, %@E?%l%%‘-"%@%ﬁ@f ??%% (s B B B B o BUDL o
lic acid a) [[3-[2-[(R)-2-tert-butoxycarbonyl—pyrrohdm—l-yI]-2-oxo—ethoxy]-5-(N-

(R) 1- [[3 [2 [ R) - 2-tert - But oxycar bonyl - yrrolrdrn 1- - 0X0- ethoxy] 5-(5
oxycarbamimidoyl)-phenoxy -acety] pyrro lidine- -carboxyhc acid tert-

o Béiyf‘.i a%ﬁpéﬁ%@ér%éﬁﬁ%@@%ﬁ%’ 2T ISRy i 9ads >

t f
R s i G

hydr oxycar badmlﬂod’o;d phehﬂbp]mmtarqlw]aspa}nred At i0AE -far 45 miny Wiluted ovitht er t -
?gt él ester, dljhﬂ)rggneg: %&d Wlt:h wa r, &eg%ggél% ?uﬂa%e%l ggap%?fgte
15 Flash-chromatography gave 190 mg (59%) of the title compound as a semi-
solid Liquid.
MS mw/e (%): 659 (M+Na’, 14), 654 (M+NH,’,.100), 637 (M+H", 11), 581 (14),
525 (74).

20

A solution of 165 mg (0.26 mmol) (R)-1-[[3-[2-[(R)-2-tert-butoxycarbonyl-
pyrrolidin-1-yl]-2-oxo-ethoxy]-5-(2-0x0-2,3-dihydro-[1,2,3,5]oxathiadiazol-4-yl)-
phenoxy]-acetyl]-pyrrolidine-2-carboxylic acid tert-butyl ester (config. of S-

25 oxide R:S=1:1)

in 1.5 ml trifluoroacetic acid was stirred for 4 h at room temperature. The

solvent was removed in vacuo and the residue suspended in 10 ml ether. The
resulting suspension was stirred overnight. Filtration and drying gave 115 mg
(85%) of the title compound as a light brown powder.

30 MS m/e (%): 547 (M+Na", 65), 542 (M+NH,", 86), 525 (M+H", 100).



mol ) 1, 8-di azabi cycl o[ 5. 4. 0Jundec-7-ene in 10 mM acetonitrile was stirred
at 15 roomtenperature for 4 h. The m xture was concentrated in in vacuo,
diluted with water, adjusted to pH 4-5 with 1-87Rkydrochloric acid solution
and extracted with ethyl acetate. The extract was concentrated again, the
resi due was dissolved in 100 m 1 N sodi um hydroxi de sol uti on and washed
with ether. The aqueous solution was Ekdipedddo pH 4 with 1 N hydrochloric
acid 20 solution and was extracted with ethyl acetate. The organic phase
was washed with water, dr| ed (sodium sul fate) and was evaporated to give
490 ny (89% 655
(MeNa[ err], *35y
521(52). g5
(R-1-[[3-] rboXy- pyrrori y yI-
but yl sul fan;L_clI 2, 4] oxadi azol 3 yI) phenoxy] - acetyl] - pyrrol I di ne- 2- car boxy
lic acid A sql i _ v s

(R-1-[[3-[ &

pyrrolidin- 7 _-h
)"0 phondRiposRE

1.5 n tnflM@g&WMwedfor 4hat roomterrperature The
sol vent was renoved in vacuo and the residue suspended in 10 t her. The
resul tin A@Stmﬁ@[ﬂlm{m b meixture: 9ﬂ@hﬁndleHRh'ﬂr[53r[%'W)&yl ng

gave 160 ng 0. of 1 er. Mbnme (%: 599
(MiNa[err] | té%'b@?éﬁciﬁ%%ﬁ O‘%&Jg@ﬁgﬁ\?ﬁ% N0y 521 (37). 5
Exanpl e 41 amimi - - "

(R-1-[[2- [%1 y[d{R})KYCZar gar boxg }E)l))/-rp rh gnlo?]n?ce_tgll]gy?%l;(%mgtzh-gﬁrb xghfr&%%%mphenox

y] - acetyl | byl este, mmg(@a%mmﬁ ]a]:’rthm)arbonyldlmdazole and 530 mg (8.5
et hoxy- phe TR B AigFARSTRIOLE £ QI aee e Al Tl acpipridie Bt SHrma &
15 room temperature for 4 h. The mxxtu:re was concentrated in in vacuo, diluted
with water, adjusted to pH 4-5 with 1 N hydrochloric acid solution and
extracted with ethyl acetate. The extract was concentrated again,: the residue
was dissolved in 100'm] 1 N sodium hydroxide solution and washed with
ether. The aqueous solution was adjusted to pH 4 with 1 N hydrochloric acid
20 solution and was extracted with ethyl acetate. The organic phase was washed
with water, dried (sodium sulfate) and was evaporated to give 490 mg (89%) of

the title compound as a pale brown foam.
MS m/e (%): 655 (M+Na’, 35), 650 (M+NH,’, 100), 633 (M+H", 14), 577 (31),
521 (562).

25

butylsulfanyi-[1.2 4Joxadiazol-3-v1)-phenoxyl-acetyll- lidine-2-carboxylic

acid

A solution of 315 mg (0.5 mmol) (R)-1-[[3-[2-[(R)-2-tert-butoxycarbonyl-

pyrrolidin-1-yl]-2-oxo-ethoxyl-5-(5-thioxo-4,5-dihydro-{1,2,4]oxadiazol-3-yl)-
30 phenoxy]-acetyl]l-pyrrolidine-2-carboxylic acid tert-butyl ester in 1.5 ml

trifluoroacetic acid was stirred for 4 h at room temperature. The solvent was

removed in vacuo and the residue suspended in 10 mi ether. The resulting



10 To a solution of 236 ng (2.1 mvl ) potassiumtert-butylate in 2 m
di met hyl formam de at room tenperature was added dropw se a solution of 140
ng (1.0 mol ) pyrogall ol - 1- et hyl ether |n 2 nh8di rrethylforrramde Stirring

vas conti nuadehgisidn Jvdl SiARA o tyabiondnd it Grate] £
br onpacet yl - pis/fr) IIC]fI ne- 2- carbofy I'C aC|d tert-buty ster |n 4 nqs(ﬂ@o

di met hyl f or kheititke ompadﬂddsmwhmeﬂov&lenn The reaction m-xture was stl rred

for additio e | cuo
and the resrﬁé 5§§ (@ﬁtﬁ?agﬁf?c%é"o@ﬁf@a% g’%ﬂm ggé)%& /c) of
the title corrpound as a colorless oil. MSnme (%: 580 (MtNH err], 14), 563
(MtH err], 100), 507 (14), 451 (12). 20 b)

(R-1-[[&[2- [(R)- 2-carboxy- pyrrol i di Bxhmyllbl 0x0- et hoxy] - 3- et hoxy-
phenoxv] -acetyl ] - p rroI i di ne-2- car boxvl I ¢ acl d A solution of 345 ny (0 61
mol ) (R)- 14] R yrpyrzrelidin-fy thoxy]-3-methoxv-ph
pyrrolidin-21- 2- OX Q-1 h%x | ¢ 3- ”net ho y- phenoxy] acetyl]-pyrrolidine-2-
carboxylic M@M trlfluoroacetlc acid was stirred

for 4 h 25

overni ght. proxY i -deetiviiepyraohd i1 bRl asid y npound as
a whi te %O\Aq%asclu\{tsl 2@61:1 7&f Na{)%or SSIElAfx)tertEutylatem%ooi 30 Exanpl e

(R -1 (1202 gt o b 5 B ot PR BV o b 96

- acetyl]-pyrr
(R -1-[[2-[ Zng (FD-mEriol) Pyﬁgﬁﬂwiahbﬂiw lekhéyin 2 mlddiméthylforagidecStiowing- 3-
met hyl - phenoxy] -acetyl ] -pyrrol i di ne-2-carboxylic acid tert-but yI ester To a
sol ution of was@ d) fomZpB mipoand sisohation of 8¢ me(%0 immplR)-(1)-
bromoacetyl-pyrrolidine-2-carboxylic acid tert-butyl ester in 4 ml
15 dimethylformamide was added within 1-2 min. The reaction mixture was
stirred for additional 8 h at room temperature. The solvent was removed in

vacuo and the residue purified by flash-chromatography to yield 375 mg (67%)

of the title compound as a colorless oil.
MS m/e (%): 580 (M+NH,’, 14), 563 (M+H+ 100), 507 (14), 451 (12).

20

henoxy|-acetyll-pyrrolidine-2-carboxylic acid
A solution of 345 mg (0.61 mmol) (R)-1-[[2-[2-[(R)-2-tert-butoxycarbonyl-
pyrrolidin-1-yl]-2-oxo-ethoxy]-3-methoxy-phenoxy}-acetyl]-pyrrolidine-2-
carboxylic acid tert-butyl ester in 4 ml trifluoroacetic acid was stirred for 4 h

25 at room temperature. The solvent was removed in vacuo and the residue

suspended in 10 ml ether. The resulting suspension was stirred overnight.
Filtration and drying gave 265 mg (96%) of the title compound as a white
powder.

MS m/e (%): 473 M+Na®, 54), 451 (M+H’, 100).

30




di met hyl f ormam de at room tenperature was added dropwi se a sol ution of 124

5 ng (1.0 mol) 3-nethylcatechol in 2 m dinethylfornmamde. Stirring was

continued for 2-3 min and a solution of 584 1gg (2.0 mml )
.d

)& \ ) . ) ' C
di met hyl f oFfrefi-e ¢ LBges rt-Batoxycarbonyl-pyry

stirred fb&n&ﬁil;bh@ﬁ&l\'ﬁa&@ F%Mdﬁ&m%hcm%% rrem)ved in
vacuo and e residue puri 0 D ash-chromatography to yreld 356 ng

(65% of tﬂbasalhuonmfr&aﬁrmga(ﬁhnnnbbrplo&w1mmlterw&uﬂylatqm2ﬁh7 (M+H, 100),

491(14 4

(E)(l f[z ?ynt@ foy 9tmﬂmaﬁn@ﬁﬁa@9|vy %@&#éfmtr assqlrewﬁw; 124
enox

PLET 5t AP TG aid i of bt S wid®

pyrrolidi ncdnﬁhhe&f@@%&hmmﬁ Bsotation of B84 mey(R:(enahsl) (RPY1 Fotomibavetyl-
carboxylic acid tert-butyl ester. in 4 m_trif]luoroaceti cid vvas stirred
for_g h at Pyoohdinendesarboxelic and test-butyl egter Mrmléi!m%ﬁy etwl%sd
5150 SRR A Tl s SRR B

conpound  agesm \HeirpRrafyée TheMalvnt wa8 rembved i Diéss ahd the residde puvifiédrr] .
100). Beispiel 4325

(R) -1-[12- y[ﬂaah-duma:togyam tooyieltl 856 mg {65%hebithet titleywpmmponngl &5 aet rachl o
r o- phenoy ace % -pyrrolidine-2carboxylic acid a)
R-1-[[2-] lP&F ert - But oxcar bonyl - pyrrolidin-1-yl]-2-o0xo-ethoxy] -

tert-butyl
tert-butyl p) €Rj)1-

3.4.5.6-tepf r e-2-carboxylic acid
M &6 *%ﬁm'rm’ “‘d&f@% QMFT .

65 mml) pot assi um

a sofutron

di et hyl f oP2AROXS : prolidine-2-earbexplicpeid 2-3 nin and a sol ution of 438
M (138 "Olufibh o%%bs mg (0.60 mmol) (R)-1-[[2-[2-I(R)-2-tert-butoxycarbonyl-

pyrrolidin-1-yl}-2-oxo-ethoxyl-3-methyl-phenoxyl-acetyl]-pyrrolidine-2-

carboxylic acid tert-butyl ester in 4 ml triflucroacetic acid was stirred for 3 h

at room temperature. The solvent was removed in vacuo and the residue

suspended in 10 ml ether. The resulting suspension was stirred overnight.
20 Filtration and drying gave 235 mg (91%) of the title compound as a white

powder. )

MS m/e (%): 457 (M+Na’, 59), 435 (M+H", 100).

25

3.4,5.6-tetrachloro-phenoxvl-acetyl]- lidine-2-carboxylic acid tert-butvl

ester

30 To a solution of 185 mg (1.65 mmol) potassium tert-butylate in 1 ml
dimethylformamide at room temperature was added dropwise a solution of 186
mg (0.75 mmol) tetrachlorocatechol in 1 ml dimethylformamide. Stirring was
continued for 2-3 min and a solution of 438 mg (1.50 mmol) (R)-(l)-



-60 - brompacetyl -pyrrolidine-2-carboxylic acid tert-butyl ester in 2 m
di met hyl f ormam de was added within 1-2 mn. The reaction m xture was
stirred for additional 4 h at room tenperatur&0-The sol vent was renoved in

(35% 5 or PioabfRietCpitioiatoRibofR AR SRR TRIe 1 481 © TR0 7
100), 615 (dfethydRrinbiridedias added w1th1n 1-2 mm The reaction mixture was
(R-1-[[2-[2-[(R)- 2Carboxy]f£rrolld|n -yl ]-2-o0xo-ethoxy] -3, 4,5, 6-

t et r achl or ostirneddiey pdditie yﬂtrroomonemaa&mea Isdvm‘uasxrwbuedm of

pz)i(r)r (r)rlg | ((:I?n?){ila%ﬂ a%d @%rﬁhﬁﬁﬁ@% §a§ﬁ %%I"J?‘t?g‘? X&B@‘Fld;%e? 1gEE% o i

di ne- 2- {ifle 36 Boq‘ﬁ@ag)g%t@ﬁaﬁg in1.5m trifI uoroacetic acid was

sti rred at room tenperature sol vent was renoved in vacuo and

the resi dueMSmIe(n%e:cﬁ'Ih(MGIﬁj 1e0),615 (m)35595(m4).| ng suspension was stirred
overni ght. Fi Itrat on_ an %I e conpound as
a white 1 50 SBidedf2-[24(B)2-Cayboxv.pyrral S0 34.0.6-

R -1-[[6-[ 2L A 5‘- Y1 e L 0qs 2} l?é&&éy] napht hal en- 2-yl ox
y]- 20 acety

(R)-1-[[6-[&~ sblmoﬂofzzo t@&aaﬁﬁmydR)m&[W[@Rﬁziteyﬂ-bu&xg&arw 3axy] -
napht hal en- 2-yl oxy) acetyl]-pyrrolidine-2-car boxyl ic acid tert- bUtﬁ ester

To a sol@t i pyrrolidasd-yliy2¢axote 13 4ch Gdetnachlarotphemoxy racetyl-pyrrolidine-
di met hyl f d t t d | ut. f 60
25 g (1. CERAERGFIBe Aot iRy EEARE o 2 PSR Gr SR e erig 7% HEFeeor 4

Stirring sidhge! )
(R -(1)- \lla\?%r?ggggt '%é%pyérro d%%@ﬁbﬁ?i%’?ﬁ%éﬁ’?&?&ﬁgt&ﬁ’ggt erin 4 n

di met hyl f or suspetideddn Méthezt Athe tbsﬁltmglsuéi#wsxaawassmmd(bmmght
stirred for dd|1| onal .3 h at ro [ solven enoved in
30 vacuo dreEmng, gave; st%éﬁemgq PﬁangFfG 120 ny
(21% 45 powder.,

MS m/e (%): 559 (M-H, 100).

Example 44
R)-1-[[6-[2-[(R)-2-Carboxy-pyrrolidin-1-yl)-2-oxo-ethoxv]-naphthalen-2-yloxyl-
20 acetyvl]- lidine-2-carboxvlic acid

a) (R)-1-[{6-[2-[(R)-2-tert-Butoxyearbonyl-pyrrolidin-1-y1)-2-oxo-ethoxyl-
naphthalen-2-vl -acetyl]- olidine-2-carboxylic acid tert-butyl ester

To a solution of 236 mg (2.1 mmeol) potassium tert-butylate in 2 ml
dimethylformamide at room temperature was added dropwise a solution of 160
25 mg (1.0 mmol) 2,6-dihydroxynaphthalene in 2 ml dimethylformamide. Stirring
was continued for 2-3 min and a solution of 584 mg (2.0 mmol) (R)-(1)-
bromoacetyl-pyrrolidine-2-carboxylic acid tert-butyl ester in 4 ml
dimethylformamide was added within 1-2 min. The reaction mixture was
stirred for additional 3 h at room temperature. The solvent was removed in
30 wvacuo and the residue purified by flash-chromatography to yield 120 mg (21%)
of the title compound as a white solid.
MS m/e (%): 605 (M+Na’, 14), 600 (M+NH_’, 92), 583 (M+H", 5), 527 (32), 471
(100).



of the title conpound.as a white solid. MS nme (%: 605 (MtNa[err], 14),

600 (M+NH[ err], 92), 583 (MrH err], 5), 527 (32), 471 (100). -61 - b)

R -I-[[6-]2- [(R) 2- Carboxy pyrroI|d| n-1-vl)-2ggxo- et hoxy] - napht hal en- 2-
- | b

yio) acet 1 S A STl

mol ) (R)- 2 & e S st
pyrrolidi n-j& i%)-a&h 5 b- 5 yl oxyl -acetyl]-pyrrolidine-2- 5
car boxyl i ¢ "aci er ester In fi6 8 rifluoroacetic acid was stirred

for 58 h atA sohxtmmoﬁﬁﬁ mrﬁ:&oals Emo?ﬁﬂ)dnt[&[ﬂd(maﬁnaﬁdbutbxymbbr@m thg

resi due suspen et us i on mas stirre
over ni ght. ! &F&ﬂ'kﬂba?m ﬁ‘re\}ﬁ p}é@éﬂ%’@f (388%’ p 'EP}'F'FQ lidine#rpound as
?Nﬁﬁ'[ L7 8 Eehonrtk adlB B estbd In 16 Yol ifihoroalltic 4B oM Mibrrdffor £
(R) - 1- [ [ 5- [Rat £6dm ZefnpebattitreD The @blviint was/tdmevéik iy S4dr<ahd tBE Residugn- 1-yl o

xy] - acetyl]-pyrrolidine-2-car boxyl ic acid 15 a)

(R) - 1- [ [ 5- [smspemiecdin 30 mBethexryTh emeﬁsﬂltwusﬂemmway stirredharvermighicy | -

To'a. sol ut FSlvBRoR s vink gAYh 60 g BT of SRPBH g nflg whife” '

di net hyl forﬂmé}e at roomtenperature was added dropw se a solution of 160
ng (1.0 mmol) 1, 5-di hydroxynaphthalene in 2 m dinethyl formam de. Stirring
20 wast @ o MBméd(% )0 H93-(M+Na", 58, 488 MuNH}, 33), 481 (M#H32 100kl ) (R) - (1)-
bronoacetyl - pyrrolidine-2-carboxylic acid tert-butyl ester in 4 n
di met hyl f ormam de was added within 1-2 mn. The reaction m xture was )
stirred for additional 3 h at roomt . The solvent was renpoved in
vacuo and the reS| due purlfled by fIMﬂit ography to yield 470 rrg
(81% 25 D URE-DYE 3

15
naphthalen-1-vloxyl-acetvll-pvrrolidine-2-carboxvlic acid tert-butyl ester
To a solution of 236 mg (2.1 mmol) potassium tert-butylate in 2 ml
dimethylformamide at room temperature was added dropwise a solution of 160
mg (1.0 mmol) 1,5-dihydroxynaphthalene in 2 ml dimethylformamide. Stirring

20 was continued for 2-3 min and a solution of 584 mg (2.0 mmol) (R)-(1)-
bromoacetyl-pyrrolidine-2-carboxylic acid tert-butyl ester in 4 ml
dimethylformamide was added within 1-2 min. The reaction mixture was
stirred for additional 3 h at room temperature. The solvent was removed in
vacuo and the residue purified by flash-chromatography to yield 470 mg (81%)

25 of the title compound as a pale yellow foam.
MS m/e (%): 605 (M+Na", 10), 600 (M-i»NH4 , 100}, 527 (20), 471 (63).

loxyl-acetyll- olid:ine~ -carboxvlic acid
A solution of 290 mg (0.5 mmol) (R)-1-[[5-[2-[(R)-2-tert-butoxycarbonyl-
30 pyrrolidin-1-yl}-2-0xo-ethoxy}-naphthalen-1-yloxyl-acetyl]-pyrrolidine-2-
carboxylic acid tert-butyl ester in 5 ml trifluoroacetic acid was stirred for 18 h
at room temperature. The solvent was removed in vacuo and the residue

suspended in 10 ml ether. The resulting suspension was stirred overnight.



M5 me (%: 605 (MtNa, 10), 600 (M:tNH err], 100), 527 (20), 471(63). b)
(R -1-[5-[2-[(R) - 2- Carboxy-pyrrolidin-1-yl]-2-oxo-ethoxy] - napht hal en- 1-
yl oxy] - acetyl]-pyrrolidine-2-carboxylic acid -%&elution of 290 ng (0.5

;r)n;lr)lrél |(§|) nlﬁy d‘é”%&?"e’ﬁiﬁ%fv%g%ﬁ%% en- )IX ?hoxy acmtpof"]nd T |l%11| ne- 2-

carboxylic powdetrert-butyl ester in 5 nl trifluoroacetic aC|d was stirred
for 18 h at roomtenperature The sol vent_ was renoved in vacuo and the

resi due suspEdaie (Fn: 493 (MdNa'e45), A8 MELNH,, 8] s4EbM¢EEn108s stirred

over ni ght. -62 - Filtration and drying gave 230 ng (98% of the title
conpound as a white powder. Ms nmfe (%9 : 493 (MtNa[err], 45), 488 (MtNerr],
37), 471s(MrH err], 100). 5 E le 46 Exanpl e 46
(R-I1-[[3-[2-](R - 2- Car box -oyrrolldln-i-yi'TZloxo et oxy] - napht hal en- 2- yl ox
y] - acetyl ]| tnirisfd-jo anboxwcpyirolidin-d -vl}-2-oxo-ethoxy]-naphthalen-2-yvloxyl-
(R-1-[[3-[2: i -pyrrolidin-1-yl]-2-o0xo0-ethoxy]-
napht hal en- 2554 35 Pl ae- 2- carboxyllc aC|d tert- butyI ester
10 To a so a
di net hyl forlil rl o-L2: tg&’ g ghy X 22 f 160
hpRtlatdnPdloxsi-asetvijpiaotidi iviietdvid ftextiputvilestedt i rri ng
was contlnued for 2-3 nmin and a solutjon of 584 (2 0 mmol ). (R-(1)-

br omoacdPyl T ﬁﬁumprpézﬁﬂclagsg@moa@p@qsm ﬁsm-butséat@n 2mly ni 15

Stirred tor CONRHHARARNE Y ol Rechplrdbule wHlad SR LI S it 30 60, |
vacuo and thfgaeo M@l)@Bl&?&dﬁmfathal@héMﬂg Hﬁﬁ@thﬂﬁ)rhhﬁhi’dé Hirfing
(53% of the title conmpound as rless oil (99 : 605(|\/Hr|\la[err],

27), 600 (Mwas[continueddpr 253 mipnand asplytioroof5846aE ((st)mmnb (RIH1)-( 24) .

bromoacetyl-pyrrolidine-2-carboxylic acid tert-butyl ester in 4 ml

15 dimethylformamide was added within 1-2 min. The reaction mixture was
stirred for additional 3 h at room temperature. The solvent was removed in
vacuo and the residue purified by flash-chromatography to yield 310 mg (53%)
of the title compound as a colorless oil.
MS m/e (%): 605 (M+Na’, 27), 600 (M+NH,’, 16), 583 (M+H", 100), 527 .(16),

20 471(24). '

1)

loxyl-acetyl]- lidine-2-carboxylic acid
A solution of 230 mg (0.4 mmol) (R)-1-[[3-[2-[(R)-2-tert-butoxycarbonyl-
pyrrolidin-1-yl]-2-oxo-ethoxyl-naphthalen-2-yloxy]-acetyl}-pyrrolidine-2-
25 carboxylic acid tert-butyl ester in 5 ml trifluoroacetic acid was stirred for 18 h

at room temperature. The solvent was removed in vacuo and the residue
suspended in 10 ml ether. The resulting suspension was stirred overnight.
Filtration and drying gave 180 mg (96%) of the title compound as a white
powder.

30 MS m/e (%): 469 (M-H, 100).



b) (R-1-[[3-[2-]
yl oxyl -acetyl] - py
(R-1-[[3-[2- [l(R)

(R) - 2- Car boxy-pyrrolidin-1-yl]-2-o0xo-ethoxy] - napht hal en-2
rroline-2-carboxylic acid A solution of 230 ng (0.4 mmol)
2-tert-but oxycarbonyl - -63 -

pyrrolidin-1-yl]-2-o0xo0-ethoxy]-napht lﬂ@l%lw oxy] -acetyl]-pyrrolidine-2-
25 carboxylic aC| d tert but yl ester N rifl uoroacet Ic acid was
b C s ‘ J F o

t he residue su | . her ., The resul ti ng suspen5|on was stl rred
over ni ght . 8k pt SREr< AT OORY
a white powyge
(R-1-[[2"~

d180 mg (96% of the t|tIe conpound as

(R-I- [[2 2- [(R) 2tertButoxvcarbonyI pyrrolldl n-1- ﬂ] 2- oxo- et hoxy]- 5
bi pheny! - asplutioneof160 mg (1o44 mmel) potassiviy tert-batylate in d-6mly| ester To

di ne'g E%L?Bﬁm*ﬁ%lf&?mmﬁ? eb P By %%"a%%%%aﬁ?%éﬁé@sé”as %?Lyﬁoanofowlz?
my (0. .mmg)(o%s%nnﬁmﬁw 29biphen§l #n m&%) i (n%lng

was continued for 2-3 and a sol utlon of 400 - 10
br onpacet ylwas/continugdcfor2-8 animand iacsodution v 100 mrg (1.8% tramal h(R)-(1)-

Slh " ed d?éa”r%%ﬁ %?%%g%&%?g%xxﬁcw@ tesPhuh Sgier Reddba ?nw\ellgcu?] and
209

it e comp i thtfEipaiide Rl dleaRiAE ueboThy sekith HREV 4ol (o6

( MeNH er r] stirbéd ovéfightvitbeum teddperatyre. The solvent was removed i in vacuo and

(R-1[[2 -[2-[(R).- 2- Car box rolidin-1-yl]-2-o0xo-ethoxy] -bi phenyl - 2-yl oxy
]- acetyl] ibym@%d;ueummﬁeigﬂfés +e¢hromsatagra ]h to yield 84mg%20% of the title

compound as a light brown oil.
15 MS m/e (%): 631 (M+Na’, 22), 626 (M+NH4 , 100), 609 (M+H" 16).

acetyll-pyrrolidine-2-carboxylic acid

A solution of 87 mg (0.14 mmol) (R)-1-[[2'-[2-](R)-2-tert-butoxycarbonyl-

pyrrolidin-1-yl}-2-oxo-ethoxy]-biphenyl-2-yloxy]-acetyl]-pyrrolidine-2-
20 carboxylic acid tert-butyl ester

in 1 ml trifluoroacetic acid was stirred for 4 h at room temperature. The

solvent was removed in vacuo and the residue suspended in 10 ml ether. The
resulting suspension was stirred overnight. Filtration and drying gave 31 mg
(44%) of the title compound as a light brown powder.

25 MS m/e (%): 519 (M+Na’, 62), 497 (M+H’, 100).

acetvl]- lidine-2-carboxvlic acid
30 a -1-[[4-[2-[(R)-2-tert-Butoxycarbonyl-pyrrolidin-1-y1)-2-oxo-etho
naphthalen-1-vloxy]-acetyl]- lidine-2-carboxvlic acid tert-butyl ester

To a solution of 160 mg (1.44 mmol) potassium tert-butylate in 1.6 ml
dimethylformamide at room temperature was added dropwise a solution of 116



A solution of 87 ng (0.14 mol) (R -1-[[2'-[2-[(R-2-tert-butoxycarbonyl -
pyrrolidin-1-yl]-2-o0xo-ethoxy]-bi phenyl -2-yl oxy]-acetyll-pyrrolidine-2- 20
carboxylic acid tertbutyl ester in 1 m trlfl-uﬁtieacetlc aci d was stlrred

for 4 h at e
resi due susgggg@e'ggi n !Ldgﬂr!ﬂ‘ie%? er.oaﬁiw resu t| ng susgen{s}lx%gﬁag SUI'r %vas

over ni ght . Ebhtmabddbraxsindnmsdmﬁoﬂ@aﬁ@%lSﬁxﬂxhel)KRDJ(!i)-COWDOUHd as
a light browm powder. 25 Ms nme (%: Nalerr], 62), 497 (MtH err],
100) . Exanpl omacetyl—pyrrohdme-2-carboxyhc ac1d tert-butyl ester in 4 ml

01 gt o o s

(R-1-[[&[ %tﬂrféa overright ﬁufwﬁu tampepxturBy The sbiefit wad ertovedoired dde/and

napht hal en-1-yl oxy] - acet -pyrrolidine-2-carboxylic acid tert-butyl ester
To a sol uti ¢he pesidee payified by ﬂashl-t)hrpmaé:gﬁaphyt@rnelﬂjzw ag (670 ofthe title

di met hyl f or mam de ure was added dropw se a solution of 116

-64- ng (0. GW?HP;¥Q%E’F PABhe in 1 M dinmethyl formam de. Stirring

was conti ”Uﬁsfrﬂfe @‘f
n

bronpacet yl - pyrrol [

rﬁgla» tion of 400 ng (1.37 nmml) (R)-(1)-
c 3( }cl acid tert- butyI ester in 4 ni

stirred qvernight at ] sol vent was rem)ved in vacuo and

the resil@ue Yioxylmcetylipyrnoliine-2rearborwlicacidl 1o yield 269 rrg (67% of the
(R-1-Cra ?Z‘\”?‘Pﬁ?‘@ £y Bt oD rﬂﬁfliﬂf 51 Loar iR bharE 1 1
yl oxy] - acet Lﬁ&@%@@&p&hﬁ@ﬂl&l@@]%ﬁﬂ]-ﬁ%ﬁﬁ&g@o 30

mmol) (R)- 1 4 [2 ([ac@& -tert-butoxycarbonyl -
pyrrolidin- tertcbutyl estendind. &mlltr;ﬂtmvyammwd]wwsmmdoﬁonélz

at room temperature. The solvent was removed in vacuo and the residue
15 suspended in 10 ml ether. The resulting suspension was stirred overnight.

Filtration and drying gave 140 mg (quantitative) of the title compound as a

light brown powder.

MS m/e (%): 469 (M-H, 100).

20

naphthalen-2-yloxy}-acetyl]- lidine-2-carboxvylic acid tert-butyl ester
25 To a solution of 110 mg (0.69 mmol) 2,7-dihydroxynaphthalene and 400 mg
(1.37 mmol) (R)-(1)-bromoacetyl-pyrrolidine-2-carboxylic acid tert-butyl ester
in 1.5 ml dimethylformamide at room temperature were added 480 mg
anhydrous potassium carbonate. After stirring for additional 20 h, the
potassium salts were filtered off and the solvent was removed in vacuo. The
30 residue was purified by flash-chromatography to yield 296 mg (74%) of the
title compound as a white foam.
MS m/e (%): 600 (M+NH,’, 100), 527 (25), 471 (99).



carboxylic acid tert-butyl ester in 1.5 m trifluoroacetic acid was stirred
for 4 h at roomtenperature. The solvent was renoved in vacuo and the

resi due 15 suspended in 10 m et her . The res@st‘l ng suspension was stirred
overni ght. % ‘ ) : Bﬁh&fbﬁ pitle
conpound as a
Exanpl e 49 -ace 1]- 11dme-2-carbo

isfi' ac[ezyl[ig%%@i"ggﬁgﬁagé‘gﬁ%rm IOEBC ﬁ’7 Zl(ﬁf-g tgwﬁuéﬂxy@ "1" en-2-ylo
I e i e o AT T

25 To assoéarbbﬁyhohcfﬂ]ﬁr@u(:ﬂ &ﬁemm)l)s m} inﬂubmkcemrnnhwrnlstmedlfoh' 400 ny

(1.37 mml) (R)-(l)-bronpacet rroI|d| ne- 2- car boxylic acid tert but yl
ester in 1.% raomtemperatuge G vent Wass Wﬂ/@é theysesidue o ng

pot A um eI BT her, ArioTientitié ifhmuiol el B8 s Brrtetbuc. e

30 resi duerifativd ahd Aeyig édmﬂ%g%%wf%ﬁéhﬂ&c Nﬁbﬂna A6 arrﬁrtﬁ@% of
the title conmpound as a white foam me (%: 600 (MtNH err], 100), 527

(25), 471 (8®¥der. -65 - b)

(R A @%&Mﬁﬁ%@p Bos8s a8 AR, 1" 507

mmol) (R -1-[[7-[2-[(R) 2-tert-butoxycarbonyl -
pyrrolidin-1-yl)-2-oxo-ethoxy] - napht hal en- 2-yl oxy] - acetyl | - pyrrolidine-2- 5
carboxylic acid tert-butyl ester in Exampld5@f| uoroacetic acid was stirred
for 4 h at roomterrperature The soIv nt s rem)ved i n, vacyo and th

resi due v‘ ktles -2l (IRgr 2k , eLh plaminei-ps 5
gv\e\;]in![ ght [ 1&% -Eyf ﬁé“é& ngo%%giél .9 he ti tI e corrpound as
156 & -1-[[8-[2-[(R)-2-tert-Butoxycarbonyl-

henylaminol-acetvll- lidine-2-carboxvlic acid tert-butyl ester
To a solution of 75 mg (0.69 mmol) 1,3-phenylenediamine and 400 mg (1.37
mmol) (R)-(1)-bromoacetyl-pyrrolidine-2-carboxylic acid tert-butyl ester in 3 ml
dichloromethane at room temperature were added 0.21 ml (1.5 mmol)

20 triethylamine. The reaction mixture was stirred overnight at room
temperature, The organic phase was washed with 1 N sodium carbonate
solution and brine, dried (sodium sulfate) and evaporated. The residue was
purified by flash-chromatography to yield 285 mg (78%) of the title compound
as a light brown foam.

25 MBS m/e (%): 553 (M+Na’, 15), 531 (M+H", 100), 475 (20), 419 (10).

henylamino]-acetvl]-pyrrolidine-2-carboxylic acid triflnoroacetate (1:2
A solution of 170 mg (0.32 mmol) (R)-1-{[3-[2-[(R)-2-tert-butoxycarbonyl-
pyrrolidin-1-yl]-2-oxo-ethylamino]-phenylamino}-acetyll-pyrrolidine-2-
30 carboxylic acid tert-butyl ester in 4 ml trifluoroacetic acid was stirred for4 h
at room temperature. The solvent was removed in vacuo and the residue

suspended in 10 ml ether. The resulting suspension was stirred overnight.




powder. 10 M me (9%9: 493 (MtNa[err], 48), 488 (M:tNH err], 23), 471
(M+H4, 100). Exanple 50
(R-1-[[3-[2-[(R) - 2-Carboxy-pyrrolidin-1-yl ] 286x0- et hyl am nol - phenyl am nol

ER?C?[%”[]B [ﬁ% 5‘@?‘@‘?{’@%@% %5‘?83‘%? é%l) W%ﬁ%&i@?‘g%éo (]al?‘ﬁyl am nol-

phenyl am nolfoaget yl ] - pyrrol | di ne 2-car boxyl ic acid tert-butyl ester To a
sol ution of 75 {O 69 3 phenyl enedi am ne and 400 ng (1.37 nmmol)
(R-(1)-bro Gy%bﬁrlﬁdM n Q) carboxylic acid tert-butyl ester in 3 m
di chl oronet hane at room tenperature were added 0.21 m (1.5 mmol) 20
triethylamne. The reaction m xture was stirred overnight at room
tenperatge. The organic phase was waghginpldsn 1 N sodi um carbonate
solution and brine, dr| ed sodi um sul

purified by {R)d el R R 2« carbok prolidindl -9H2-0x heny
conmpound as a |i M5 i e, ; - : 531
(MeH, 100), c acid tri :

(R -1-[[3- ] 1 ]
phenyl am no%- - I-ar ne- Z- imn g%ﬁgg& Qrgia%th jaming 2) A
sol uti on of phéhviamt eyl Rdith A . y tlte
pyrrolidin-1-yl]-2-oxo-ethyl am no] phe

acetyl ] prrI i di ne-

|
car boxyl1& &9 a'spbitianyef 74 mg (69 MI)R nom@aaé@m §t3 I r ed

rosi dug ousPRRRUHIPROT SriBaeftaf p5 el fihe P ark BRRE Rt e ABHiRN Wher g

over ni ght . tetraﬁ%&drhhatlx@ mtﬁﬁeweaaa@d r.roo %h firédie title
conpound as a brown foam Ms me (%: 417 (MHerr]
Exanpl e 51 potassium carbonate. The reaction mixture was stlrred ovemlght at 40°C. The

potassium salts were filtered off and the solvent was removed irn vacuo. The
15 residue was purified by flash-chromatography to yield 180 mg (50%) of the

title compound as a brown foam.

MS m/e (%): 553 (M+Na’, 26), 531 (M-i-H+ 100).

henylaminol-acetyll-pyrrolidine-2-carboxylic acid trifluoroacetate (1:2
20 A solution of 168 mg (0.32 mmol) (R)-1-[[4-]2-[(R)-2-tert-butoxycarbonyl-
pyrrolidin-1-yl}-2-oxo-ethylamino]-phenylamino}-acetyl]-pyrrolidine-2-
carboxylic acid tert-butyl ester in 2 ml trifluoroacetic acid was stirred for4 h
at room temperature. The solvent was removed, the residue suspended in
toluene and the solvent removed again to eliminate excess trifluoroacetic acid.
25 The residue was re-suspended in 10 ml ether. The resulting suspension was
stirred overnight. Filtration and drying gave 160 mg (78%) of the title
compound as a brown foam.
MS m/e (%): 417 (M-H', 100).

30

pyrrolidine-2-carboxylic acid trifluoroacetate (1:1



(R-1-[[4-[2-[ (R -2-Carboxy-pyrrolidin-1-yl]-2-o0xo-ethyam nol-phenyl am nol -
acetyl]-pyrrolidine-2-carboxylic acid trifluoroacetate (1:2) a)
(R-1-[[4-[2-[(R-2-tert-Butoxvcarbonyl - pyrrol@&n-| - yI] 2- 0x0- et hyl am no] -

phenyl am no A r 'béﬂ- Fb@‘ﬁ"’é# H t tl.h E 10 To
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tetrahydrofuran at roomtenperature wer e added 190 ydr ous pot assi um
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IC2)0 X sol ut g‘%gyggﬁﬁse(ﬂagy a ﬁ(}. ium carbonate so utaion andeb( )

(R-1-[4-] QQ,E -
pyrrolidin-I-y oxo ‘él!'% )am néf %eﬁ am nrcﬁsi%%ee‘t”ﬁfuﬁ/ﬁerdoh' ar%— -
carboxylic ahrdinhﬁfgrabhjr)tb y@ﬂd%ﬂlmgzsa%)bftlﬁé titleoconeporndhas @ lighst Itown ed
for 4 h at roomtenperature. The solvent was renoved, the residue suspended
in tol udBe 8Hd the sol vent removed again to elininate excess

resul ??L;’aiﬁé%a@% aﬁ§<%@m?3v¥€%@%ﬂﬁﬁﬁf&§?‘*§ﬂ ‘%Mr;”. g gave 160
Tg)og 7803/<)0 of py I|)11i- (T hé&dto
(R) 1- [ [ [ 2- pyidolidineZbearbbxylic aciditatifluoregedtats @xd) et hyl | - but ylI - anmi no] - acety

- rroli e2c rhoxy aci tate - a) ...
(k171115 Aagtasion ﬁs&s&bﬁca%@h% L R B pcxg eashonylmyRioliding |
15 1-yl]-2-oxo-ethyl]-butyl-amino]-acetyl]-pyrrolidine-2-carboxylic acid tert-butyl
ester in 0.2 ml trifluoroacetic acid was stirred for 4 h at room temperature.

The solvent was removed in vacuo and the residue suspended in 10 ml ether.
The resulting suspension was stirred overnight. Filtration and drying gave 46
mg (92%) of the title compound as a light brown powder.

20 MS mw/e (%): 382 (M-H, 100).

aminol-acetyll-pyrrolidine-2-carboxylic acid trifluoroacetate (1:1)

25 a) (R)-1-[[[2-[(R)-2-tert-Butoxvearbonyl- lidin-1-v1l-2-0xo-ethyl]-(2-
methoxy-ethyl)-aminol-acetvll-pyrrolidine-2-carboxvlic acid tert-butyl ester
To a solution of 137 mg (1.83 mmol) 2-methoxyethylamine and 970 mg (3.33
mmol) (R)-(1)-bromoacetyl-pyrrolidine-2-carboxylic acid terf-butyl ester in 4 ml
dichloromethane at room temperature were added 0.51 ml (3.66 mmol)

30 triethylamine. The suspension was stirred overnight at room temperature.

The organic phase was washed with 1 N sodium carbonate solution and brine, -
dried (sodium sulfate) and evaporated. The residue was purified by flash-



am no] -acetyl]-pyrrolidine-2-carboxylic acid tert-butyl ester To a sol ution
of 136 ng (1.86 mmol) butylam ne and 995 ng (3.40 mol ) (R)-
(1)-bronpacetyl -pyrrolidine-2- carboxyllc acid@gst-butyl ester in 4 m 5

?Irlcglt ﬁ;log;t ne. %@%%&;%&&%Z% |rre gggige?ﬁ?lgh%ugoungd%é %)bg

The organi cofbhase was washed with 1 N sodi um carbonate sol ution and bri ne
dried (sodium suI fat and evaporated. The residue was purified by flash-

chr omat ograMﬁ/ %:H20 GdaNa), §)3498 EM-tHs 1000 e corrpound as a |ight brown

TN ﬂ@ﬁ[ﬁfﬁﬂm blrroliain-1 0ol do-bthyil2-Hothoxyt © (2 440
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tyl]- pyrroli e-Z-car ac ICEl a on of 50

my (0.1 rmDA)sollﬂ)Leﬂ. of Bszm R) 72 -mhavd) @)t BA2-dR)2értdyatoryeatibonyl5

1-yl]-2-oxo0-ethyl]- but -amn tyl]-pyrrolidine- car oxylig_acid
tert-butyl pwrrelidin, ir%ﬂxof?ﬁ?wﬂu@' X-ethylammo ﬁm«a Ldme-2t room

terrperature din
10t et her ﬂ%ﬁ%&*ﬁ%é&ﬁ‘feﬁ%’@@éﬁ%@nﬁ il et éc%ﬁh? YBFEREEE anc
dr yl Ng gaveatdfooil) téRp¥ratiire! The solveat mnwmrﬁwdz@mnd)tmsmwer 20
M me (9 382(MH err], 100). Exanple 53
(R)-1- [ﬁpz juspendedin bl&m eplyen: ulting suspensiorwag|stirred evernight.et hyl ) -
am no] - acet roI I ne- 2-carh rif.luoroacet te ( 25 a)
(R -1-[[[ 2- %"(‘% z?ru.n%‘%&@?%cﬂ%tt‘ "1" © (PTPIUp &S&ﬁ%ﬁ% (2-
nmet hoxy- et Wmm] -acetyl ] -pyrrolidine-2-carboxylic acid tert-butyl
ester To a solution of 137 ng (1.83 mml) 2-nethoxyethyl am ne and 970 ngy
(3. 33 Mol )MSRn/é (%188 (Mddt $00pyrrol i di ne-2-carboxylic acid tert-butyl
ester in 4 m dichloronethane at roomtenperature were added 0.51 m (3.66
mol) 30 triethylamne. The suspension was stirred overni ght at room
tenperajgre. The organi ¢ phase was \/\%ﬁ% 1 N sodi um car bonat e
solution and brine, dried (sodium sul evapor at ed. The residue was
purified b ! b idi ] thvl

pyrrolidine-2-carboxylic acid trifluoroacetate (1:1)
a) (R)-1-[[Benzyl-[2-[(R)-2-tert-butoxycarbonyl- lidin-1-vl]-2-o0x0-ethvl]-

aminol]-acetyl]- lidine-2-carboxylic acid tert-butyl ester

20 To a solution of 104 mg (0.97 mmol) benzylamine and 514 mg (1.76 mmol) (R)-
(1)-bromoacetyl-pyrrolidine-2-carboxylic acid tert-butyl ester in 5 ml
dichloromethane at room temperature were added 0.27 ml (1.94 mmol)

triethylamine. The suspension was stirred overnight at room temperature.

The organic phase was washed with 1 N sodium carbonate solution and brine,
25 dried (sodium sulfate) and evaporated. The residue was purified by flash-

chromatography to yield 270 mg (58%) of the title compound as a light brown

oil.

MS m/e (%): 552 (M+Na’, 12}, 530 (M+H", 100).

30 pwrrolidine-2-carboxylic acid trifluoroacetate (1;1)
A solutmn of 200 mg (0.38 mmol) (R)-1-[[Benzyl-[2-[(R)-2-tert-butoxycarbonyl-
pyrrohdm-l-yl] -2-0xo-ethyl}-amino]-acetyl]-pyrrolidine-2-carboxylic acid tert-
butyl ester



-68 - chromatography to yield 397 ng (489% of the title conpound as a
light brown oil. MSme (%: 520 (MtNa[err], 50), 498 (MtH err], 100). b)
(R-1-[[[2-[(R) - 2- Car bonyl - pyrrolidin-1-yl]-2-886-et hyl]-(2-nmethoxy- 5

ol 1 on of BT RGaGecadl el At oy BATSH foorh vembBrgaR Bhe T D
pyrrolidin- anw&nt&vwseﬁwadknb&maﬁaweeém&sagb@me@ﬁﬂam&morh i ne-

2- carboxylic acid tert-butyl ester in trifluoroacetic acid was

stirred for resulting suspensiorpwaststirced Wemght;d?ﬂtrmenm&ﬂwinggavadﬂe mgd
t he residue enged in 1 et.her. The resulting suspensi on was
stirred over‘égﬁf’ﬁ& F&f%‘fq%ﬂ ‘:‘R@aﬁ %%&350 (95% of the title
compound 15 1Sl WorRUAOTOESRY, 165, A", 366, (MHerr], 100). 15

Exanpl e
(R-1-[[Benzyl-[2-[ (R - 2- carboxy pyrrolidin-1-yl]-2-oxo-ethyl]-amno]-acety

| ]- pyrrolidine-2-carboxylic acid trif]luoroacetate (1:1) a)
(R -I1-[[Benzl-[2- [(R) 2-tert- butoxycaw_ rolidin-1-yl]-2-oxo-ethyl]-

am no] - acet 4 a
sol uti on of *I0 097 ‘ T -
(1) - br onpac glcgtyl iddheo- ¢idc aci d tert butyl ester in 5 m
di chl or onet hane at roomtenperature wer e added O. 27 m (1 94 rrm)l) :
triethylldhi @ b DULY R W RE-ZCRNDOKMIC ACID $eNTHDULY: at ur e

;Zl';ge §;iggai ‘(33832%?8 ﬁg«g ﬂ'hl{) s'lﬁwggvum .car, b;n@&glmlglgé}lag :nd br| ne,
i ght brown 5 Er%%%%@%%%bﬁ“%’%%gf’ﬁ% X6 i R bRepERA B0 % )

( R) - 1- [ [ Benpyirrdliliner-e@rboxylioagidotart-buityl estér in P nil dichlerpimethaneiatapencet y
- temperature. The suspension was stirred overnight. The organic phase was
15 washed with 1 N sodium carbonate solution and brine, dried (sodium sulfate)
and evaporated. The residue was purified by flash-chromatography to yield

370 mg (81%) of the title compound as a light brown oil.

MS m/e (%): 285 (M+H", 100).

20 dibutyl-ureidol-acetvll- lidine-2-carboxvlic acid tert-butvl ester
To a solution of 165 mg (0.58 mmol) (R)-1-butylaminoacetyl-pyrrolidine-2-
carboxylic acid tert-butyl ester in 5 ml toluene were added 305 mg énhydrous
sodium carbonate. The suspension was evaporated to dryness and the residue
was re-suspended in 2 ml tetrahydrofuran. Then, 1.4 ml (2.88 mmol) of a

25 phosgen solution (20 % in toluene) were added and stirring was continued for
6 h at 50°C. The sodium salts were filtered off and washed with
tetrahydrofuran. The filtrate was evaporated and 165 mg (0.58 mmol) RO-64-
2576/000 dissolved in 2 m] tetrahydrofuran and 305 mg anhydrous sodium
carbonate were added again. After stirring overnight at 50°C, the organic

30 phase was washed with 1 N hydrochloric acid solution, dried (magnesium
sulfate) and evaporated to give 330 mg (91%) of the tiltle compound as a light
brown powder.
MS m/e (%): 617 (M+Na’, 19), 595 (M+H", 100).



30 pyrrolidine-2-carboxylic acid trifluoroacetate (1:1) A solution of 200
ng (0.38 mmol) (R)-1-[[Benzyl-[2-[(R)-2-tert-butoxycarbonyl -
pyrrolidin-1-yl]-2-oxo-ethyl]-am no]-acetyl] -@r< ol i di ne-2-carboxylic acid

tert- butyl yeghgi.[s.- 9.8y ¥ {421 AAE S dofe- i) - 18S %leﬁﬂ‘}ﬁﬂ' 3 h
at roomte } pVea |
suspended i gcetPll+pyredlidine-Zberbiogglit i) suspensi on was sti-rred overnight.
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(R) - 1-Butyl am noacetyl - pyrrodi ne-2-carboxylic acid tert-butyl ester To a
sol uti on ofini2 s8 trifhjoreacetic aciﬂmgswﬁmdgmﬁhatrdbmrﬂem}mmtmafhaas added

d i | ut.i f 470 1.6 R).- (1) -br,0 cetyl -

e T ol § i neseRvent Bk pETOvad 7 ohgike 2BAGpE TBanE Was SRR g 363 e NIAD a
t . ' irred overnight. The organi ¢ phase

s 15 hact et BEmpRAAIS Kb fath. lon an fied (sodi

was 15 washed wt um c e solution and brine, dried (sodium

sul fate) anMSemde(Hnt505 (MANal,ckl)(487 (88), #88 (M-, 138),f465:(100)r onmat ogr aphy
to yield 370 ng (81% of the title conpound as a light brown oil. Ms nme
(%: 288 (MH err], 100). b)

(R-1-[[3-[2-{(R-2-tert-Butoxycar bory] - retidin-1-yl]-2-oxo-ethyl]-1.3-
20 di butyl -ureido]-acetyl]-pyrrolidi Mﬁ%xylic acid tert-butyl ester

To a sol ut i@ Rf[1 HDibEn4y-5B- (RN cdrBbzy- &dﬂcﬁﬂinﬂozabié-e@glg-%a_w- 2-
carboxylic acid tert-butyl ester 1n 5 ol'uene were adde ny
anhydr ous samstylirpyardiidineci-caiboxxlie pedsi-on was evaporated to dryness and
Lhe rest due, % § GRS bl ot LM i d U f e (2 83
15 To a solution of 1.25 ml (11.4 mmol) benzylamine in 1 ml dichloromethane was
added dropwise a solution of 335 mg (1.14 mmol) (R)-(1)-bromoacetyl-
pyrrolidine-2-carboxylic acid tert-butyl ester in 2 ml dichloromethane at 0°C.
The suspension was stirred for 4 h at this temperature. The organic phase was
washed with 1 N sodium carbonate solution and brine, dried (sodium sulfate)
20 and evaporated. The residue was purified by flash-chromatography to yield
312 mg (86%) of the title compound as an amorphous solid.
MS m/e (%): 319 (M+H", 100).

ethylj-ureido}-acetvll-pyrrolidine-2-carboxylic acid tert-butyl ester

25 To a solution of 233 mg (0.73 mmol) (R)-1-benzylaminoacetyl-pyrrolidine-2-
carboxylic acid tert-butyl eéter in 2 ml toluene at room temperature were
added 0.20 ml (1.34 mmol) triethylamine. Over a period of 8 h, 0.30 ml (0.70
mmol) of a phosgen solution (20 % in toluene) were added in 6 portions and
stirring was continued for 3 h at room temperature. The organic phase was

30 washed with 1 N hydrochloric acid solution, 1 N sodium carbonate solution
and brine, dried (magnesium sulfate) and evaporated. The residue was
purified by flash-chromatography to give 245 mg (50%) of the title compound
as a light yellow oil.



~.25 phosgen” 'sol ution (20 %in toluene) were added and stirring was
continued for 6 h at 50[err]C. The sodiumsalts were filtered off and
washed with tetrahydrofuran. The filtrate was&vaporated and 165 rrg (0.58

mol ) RO 64 / 0 a
anhydr ous s%%c%bﬁﬁ%@%ﬂ%ﬁggg agam“gp@e’r St@ﬂl’l ny verm ght at

50[err]C, téa ) ; <113
sol uti on, dr| ed (rragne5| um sul fat e) and evaporat ed to gl ve 330 ng (91% of
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pyrroi di n- 1egmboxglioacidtergbuty] ester by ;mlﬁ&\éhﬂd:p@mwpdpsnlubbndnne 2- 5
for a b ot HianeSanslimaldor ket rdmdeminstatiit,d88 Rrhdydones tiracied
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(R) - 1- B4z yaestate Jhe oreanje P Q‘ia (maagnesium,silfatel ang axapogated  tol 5

To a sol uti 1 m dichl oronet hane
was added d%q%éé@%%)%n %pﬁéﬂé%s%%{%?ﬂ( R)-(1)-bronoacetyl -
pyrrolidi nengs ais 0%yy549 (MCHY 100).t - butyl ester in 2 di chl or onet hane at
Oferr]C. The suspension was stirred for 4 h at this terrperature The

organi ¢ phase was Example 57

The title compound was formed via urea cleavage as side product during the
preparation of (R)-1-[{1,3-Dibenzyl-3-2-[(R)-2-carboxy-pyrrolidin-1-yl}-2-oxo-
| ethyll-ureido]-acetyl]-pyrrolidine-2-carboxylic acid. It was isolated from the
acidified aqueous solution as follov.vs. The water phase was concentrated and
-20 the residue was suspended in 2-propanol. Inorganic salts were filtered off over

| celite. Evaporation and drying gave 78 mg (45%) of (R)-1-benzylaminoacetyl-
pyrrolidine-2-carboxylic acid as a colorless foam.
MBS m/e (%): 261 (M-H,, 100).

25 In the following Examples the general procedures are used:
General Procedure A: EDC Coupling Reaction
To a stirred solution of D-proline benzyl ester hydrochloride (2 equiv.), a
diearboxylic acid (1 equiv.), N-methylmorpholine (6 equiv.) and
hydroxybenzotriazole (2 equiv.) in dichloromethane at 0 °C was added N-(3-
30 dimeﬂlylaminopropyl)-N'-ethylcarbodiimide hydrochloride (2 equiv.) and
stirring continued at  °C for 2 h and then at room temperature for 16 h. The
reaction mixture was then washed sequentially with 1 M hydrochloric acid,
saburated sodium bicarbonate solution and finally with saturated brine, and



-washed with 1 N sodi um carbonate solution and brine, dried (sodiumsulfate)
20 and evaporated. The residue was purified by flash-chronmatography to
yield 312 ng (86% of the title conpound as a#2anor phous solid. MS me (%:
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To a solution of 233 ng (0.73 nmol) (R)-1-benz am noaceté p rroI|d| ne- 2-

car boxyl i c Parificatien by fiash chromatpgraphyi on kieseigel then tlg e were
addedOZOrﬂIg0 mol) triethylam ne. Over a period of 3 h, 030n1
(0.70 mml) Amﬁosgen solution (20 % in toluene) were added in 6 .

pOft'On%af@eﬁéﬂalPrﬂébdﬁﬁ%%_?ﬁ&ff%@' ﬁoi#isgﬁgﬁxﬁ?wmtenperature- The
or gani ¢ phase was washed w ydrochloric acid solution, 1 N

sodi um car b&sahmwmecbemﬂ esterin isepropanélwga etirred with &vetfe afia0%

t ed. d f b i h- t g 245
g\éM?OE/?ZE::t reS| u ]rl hagmxgléy S cr}ro%t}logér%% 0 give ny
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i do] - acet \h]vapubrasld 8 auhbeetyimes ammhﬂomfbnhl dna otz evagpot Aoz 3o
nmol ) ({8 1-[[1, 3-Di benzyl -3-[2-[ (R -2-tert- 6

but oxycHt baemovel asbtnasewﬂlsypm@nszldl‘ben%ql lngd:r@dpc‘a(p&ep 2 vigoops|oildi ne- 2-
car boxylic aci. I 4 roc I.c aci nin
di oxane \Aﬁ?@l%’“ﬁ@d"%@?@ %ﬁ“b’@#‘?é‘ﬁﬁ& gnﬁfld&f’é'tcuﬁ/a@a {)?@ct ed
with 1 N segiggrdysy pghde sol ution, the basi c extract was acidified with 1
N hydrochl onc acid solution to pH 4 and the product extracted with ethyl 10
acetate. The organic phase was dried (nmagnesium sul fate) and evaporated to

give 74 ng (41%9 of the title corrpou%d aslagown oil. Mo me (%: 549
(MHerr], 100). Exanple 57

ntanoyl]- lidine-2-carboxylic acid benzyl ester (mixture of 3
diastereomers)

20 Using General Procedure A with 6.05 g (25 mmol) D-Proline benzyl ester
hydrochloride and 2.0 g (12.5 mmol) 2,4-dimethylglutaric acid afforded, after
flash chromatography (EtOAc), 4.3 g (64%) of the title compound as a light
yellow oil. MS m/e (%): 535 (M+H" 100).

25 pyrrolidine-2-carboxylic acid (mixture of 3 diastereomers)
Using General Procedure B with 4.30 g (8.05 mmol) (R)-1-[5-[(R)-2-
benzyloxymethyl-pyrrolidin-1-yl}-2,4-dimethyl-5-oxo-pentanoyl]-pyrrolidine-2-
carboxylic acid benzyl ester (mixture of 3 diastereomers) afforded 2.58 g (91%)
of the title compound as a white foam. MS m/e (%): 355 (M+H", 100).

30

pyrrolidine-2-carboxylic acid (mixture of 3 diastereomers)



15 (R)-1-Benzyl am noaetyl - pyrrolidine-2-carboxxylic acid The title
conpound was forned via urea cl eavage as side product during the
preparation of -73-

(R)-1- ; b ' yi9 0x0-
ethyl]- S "§.0q"a'red from

and 20 the rem&g sus end d in 2 propanol Inor anlc salts wer e
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stirred solution of D i ne benzyl ester hydrochloride (2 equiv.), a

di aboxyl i c cobourless aily xp/e (%hﬁtﬂle‘prh'kQQ)ne (6 equiv.) and

hydr oxybenzaqt s & 4k ‘ hane .at err].C was added

N-(3- 30 d¥retay A 2 equiv.)
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Hydr ogenol Y(80%)®f thetitle cafi &Gﬁn&\aﬁd whitefoin. MIS rbRNZ)t 323 (M+HY) 100).

| sopropanol was stirred with 5 wt% of 10% pal | adi um on charcoal under 1 atm
of hydrogen for 16 h at roomtenperature. After filtration to renove the
catalyst, the reaction m xture was cqgpcent d in vacuo and azeotroped
three times with chloroformon a rotMator to

15

(R)-1-[trans-4-[(R)-2-Carboxy-pvrrolidine-1-carbonyll-cvclohexanecarbonyll-
pyrrolidine-2-carboxylic acid
a) (R)-1-{ftrans-4-[(R)-2-Benzyloxvcarbonyl-pyrrolidine-1-carbonyvll-
cyclohexanecarbonyll-pyvrrolidine-2-carboxvlic acid benzyl ester

20 Using General Procedure A with 2.0 g (8.2 mmol) D-Proline benzyl ester
hydrochloride and 700 mg (4.1 mmol) trans-cyclohexane-1,4-dicarboxylic acid
afforded, after flash chromatography (EtOAc), 1.67 g (76%) of the title
compound as a colourless oil. MS .m/e (%): 547 (M+H", 100).
b 1-{trans-4-[(R)-2-Carboxy-pyrrolidine-1-carbonyll-cyclohexanecarbonyl}-

25 olidine-2-carboxvlic acid
Using General Procedure B with 1.61 g (2.95 mmol) (R)-1-[trans-4-[(R)-2-
Benzyloxycarbonyl-pyrrolidine-1-carbonyl]-cyclohexanecarbonyl]l-pyrrolidine-
2-carboxylic acid benzyl ester afforded 1.07 g (99%) of the title compound as a
white foam. MS m/e (%): 367 (M+H", 100).

30

Example 61



10 renove |ast traces of isopropanol. The resulting product (often a
viscous oil, sem-solid or foam was triturated in ether and then dried in
vacuo (10 rrbar) at 50[err]C for 16 h. Exanpl e-58 15

(R) - 1-15- ( R fd : ioh- o RH

: ) / : ©3-ogarbofvlisol ) D Proline
benzyl ester_h -roch[or de' . | et _Iglutarlc acid
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e Homm ol U B AT
gleﬁi;lerggggrﬁ% %o&%%ﬁ%wé . 1 HE%%}‘Q‘Z&?S%FWH ?%sﬁ}c}criaﬁ‘l C aci d

af f or ded, af2-earboxylic acid benzyl ester aﬂ'orded 930 mg (69%) of the title compound as a
white foam. MS m/e (%): 365 ((M-HJ', 100).

15
Example 62
R)-1-3-[(R)-2-Carboxy- lidine-1-carbonyll-cvclohexanecarbonyill-
pyrrolidine-2-carboxylic acid (mixture of 3 diastereomers)
a) (R)-1-[3-[(R)-2-Benzvloxycarbonyl-pyrrolidine-1-carbonyll-
20 cyclohexanecarbonyll-pyrrolidine-2-carboxvylic acid benzyl ester (mixture of 3
diastereomers)
Using General Procedure A with 5.6 g (23.2 mmol) D-Proline benzyl ester
hydrochloride and 2.0 g (11.6 mmol) cyclohexane-1,3-dicarboxylic acid
afforded, after flash chromatography (EtOAc), 4.4 g (70%) of the title
25 compound as a colourless oil. MS m/e (%): 547 (NI+H", 100).
b) (R)-1-[3-I(R)-2-Carboxv-pyrrolidine-1-carbonyll-cyclohexanecarbonyl]-
pyrrolidine-2-carboxvlic acid (mixture of 3 diastereomers)
Using General Procedure B with 4.4 g (8.05 mmol) (R)-1-[3-[(R)-2-
Benzyloxycarbonyl—pyrrolidine-I-ca.rbonyll-cyclohexanecarbonyl]-pyrrolidine—
30 2-carboxylic acid benzyl ester (mixture of 3 diastereomers) afforded 2.9 g (98%)
of the title compound as a white foam. MS m/e (%): 367 (M+H", 100).



5 flash chromat ography (EtQAc), 1.45 g (69% of the title conpound as a
colourless oil. Msnfe (9%9: 521 (MtH err], 100). b) :
(R-1-[4-[ (R -2-Caroxy-pyrrolidin-1-yl]-2, 3-ci Bt hyl - 4- oxo-butyryl]-

pyrrolidi ne-2-carboxylic acid (mxtur%é?'@girg?stereorrers) Usi ng General
Procedure BW|th1459(2 78 mmol ) ( R -2- 10

Benzyl oxycaiNixtitre OR)yark 5.9 -9:c2¥Bo i L oI I di ne-2
- carboxylic acid EenzyI ester meture o¥ 14 %l astereomers; %¥orded 780 ny
(80% of thea il -oytionexa DO | -pY dine-Rcarboxylig acid41 (MrHerr],

100) . Exanpl_g .80 15e )

(R-1- [tran- R) ‘ RO O R R DO P ey e Ramee ar bonyl | -
pyrroli digne pgregHias-édrbant Johexanecarbonyl}- %gohdme-%carboﬁzhc acid

(R -1-[tranS-4- - Z-Benzyl.oXycar bonyT - pyrrol 1 di ne- I-carbony

cycl ohexanebankwnyl | - pyrrol i di ne-2-carboxylic acid benzyl ester 20 Using
CGeneral Procgedqure, A w 2.Q g (8.2 | ) D-Proljne_benz ester

hydr ochl ori Mﬁrgr?%%%mﬁ% (%%Mmﬁnﬁbém?ﬁﬂll ic acid

Cormouni oc JeEHEFAS BT HLCEY b Pl e b it

(R) - 1- [t r angfférdédy)atter@Badtpdirodidtography CELOASY, NBB/E [62%F bPHR*Eflecar bonyl ] -
25 pyrrolidine-2-carboxylic acid Using General Procedure B with 1.61 g

(2.95 mid ) cqmpogn[itasem golgu;\e@ o;_i MS mle (%) 547 (M+H’, 100).
) \ | G . pyrrolidine-
2- car boxyl i & '3“" 22 il—ﬁé—éae' Smpound

Benzyl oxycag bgy : ne

as a white E%Bn% ;&eaﬁ%nﬂ%ﬂﬁh&n&& ‘]’ﬁ 1@@5&' e 61 -74-

(R -1-[cis-4- - 2- oXy- pyrrolT drne-1-carbonyl|-cycl ohexanecarbonyl ] -
Using General Procedure B with 1.36 g (2.48 mmol) mixture of (R)-1-{(1R,2R)-
and [(1S,285)-2-[(R)-2-benzyloxycarbonyl-pyrrolidine-1-carbonyl}-

15 cyclohexanecarbonyll-pyrrolidine-2-carboxylic acid benzyl afforded 900 mg
(99%) of the title compound as a white foam. MS m/e (%): 367 (M+H", 100).

20

dihydroxv-phenvli-acetyl]-pyrrolidine-2-carboxylic acid benzyl ester

Using General Procedure A with 10.7 g (44.2 mmol) D-Proline benzyl ester

hydrochloride and 5.0 g (22.1 mmol) 2,5-dihydroxy-1,4-phenylenediacetic acid
25 afforded, after flash chromatography (gradient: 70-100% EtOAc/hexane), 3.17

g (24%) of the title compound as a colourless foam. MS m/e (%). 601 (M+H",

100).

henyl]-acetyll- olidine-2-carboxvlic acid
30 Using General Procedure B with 3.17 g (5.3 mmol) (R)-1-[[4-[2-[(R)-2-
Benzyloxycarbonyl-pyrrolidin-1-yl}-2-oxo-ethyl}-2,5-dihydroxy-phenyl}-acetyl]-
pyrrolidine-2-carboxylic acid benzyl ester afforded 2.2 g (99%) of the title
compound as a white crystalline solid. MS m/e (%): 421 (M+H", 100).



pyrrolidine-2-carboxylic acid a)

(R -l-[cis-4-[(R) -2-Benzyl oxycar bonyl - pyrrol i di ne-1-carbonyl ] -

cycl ohexanecar bonyl ] - pyrrol i di ne-2-carboxyl i c -2#8 ¢ benzyl ester 5 Using
General Procedure Awith 2.0 g (8.2 nmmol) D Proline benzyl ester

hydrochl oride and 700 nmg (4.1 mml ) cis-cycl ohexane-1, 4-di carboxylic acid
af forded, after flash chronmatography (Ex&nle68.0 ¢ (91@@ of the title
conpound as a_col our| ess 0|I 0 1

(R-1-[cis- 4 ()N e ()Y R B pHoYa At 0N HphienyHracedvhiony| | -
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cyol Shexdfo. eolouriessploMs me (B<BaA wm wmesswmeﬁmmt ogr aphy
(Et OAc), 4A i@ frol

(9% : 547 (M -
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arbo en e
(R-1-13-[( ngﬁmz;&yfﬁ@%ﬁ@éﬁ&- 1- car bonyl ] - cycl ohexanecar onyl ] -
pyrrolidine-Z-carboxyl1c acl m xture of 3 diastereoners) Using Ceneral
Procedur e B Usitg Geperal(ProgeduroB)witR)1.84 I3[ Bmal) (R)-1- [[3-[2~[(R)-2-
Benzyl oxycar honyl - pyrrol i dj ne- 1; carQonyl ] -cycl o ne rbo ] - I’0|I |ne-
505 ot box BRRETREYeRBORY P ERLER Aoy RS Bheay pyF
2.9 g (%%@ %xjﬂogﬁh& abl Po&R QL0 Afordedl 2 £ (8595 oyﬁxgh"ﬁle(c@mpaﬁzd as a

white foam. MS m/e (%): 421 (M+H", 100).

(MtH err

20 carboxvlic acid
-1-[4-[(R)-2-Benzvloxvcarbonyl- lidine-1-carbonyl}-benzovl}-
pyrrolidine-2-carboxylic acid benzyl ester
Using General Procedure A with 5.8 g (24.0 mmol) D-Proline benzyl ester
hydrochloride and 2.0 g (12.0 mmol) benzene-1,4-dioic acid afforded, after flash
25 chromatography (EtOAc), 4.66 g (72%) of the title compound as a yellow oil.
MS m/e (%): 558 (M+NH,’, 100), 541 (M+H" 96).

carboxylic acid
Using General Procedure B with 4.66 g (8.62 mmol) (R)-1-{4-[(R)-2-

30 Benzyloxycarbonyl-pyrrolidine-1-carbonyl]l-benzoylj-pyrrolidine-2-carboxylic
acid benzyl ester afforded 3.05 g (95%) of the title compound as a colourless
foam. MS m/e (%): 378 (M+NH,", 100), 361 (M+H", 55).



-75- Exanple 63 Mxture of (R-1-[(1R 2R)- and
-[(1S.25)-2-[(R)-2-carboxy-pyrrolidine-1-

car bonyl ] - cycl ohexanecar bonyl ] - pyrrol i di ne- 2- ¢goxylic acid a) M xture of
(R-1-[(1R 2R)- and [(1S.2S)-2-[(R)-2-benzyl oxycarbonyl - 5
pyrrolidine-1-carbonyl ] -cycl ohexanecarbonyl]-pyrrolidine-2-carboxylic acid
benzyl Using General Procedure Awth R ld §72 nmol ) D-Proline benzyl
ester hydrochlorlde and 700 g (4 1 nnoig

t rans- cycl ohdidalr DENPYIY e-1e

chr omat ograph{vﬂgEt;OAcE.,! 136 (62%of thetltle 10 corrpound as a
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[ (IS, 2S)-2-[(R -2-benzyl oxycarbonyl yrrolldlnel rpo
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acet vl ] rrolidine-2-carboxylic acid a

(R-I- [%[2M[S(mye(z%he55§wl¥5* M@Js@(M&HdBH)l yl]-2- oxo- et hyI] 2. 5-

di hydroxy p ) \ : ¢ cid X

Gener al Procegutre oy i -2 S~Pr o e 1

hydr ochl ori d&rg ﬁ»cgma (22 1 rrm)l) 2, 5- d| hydroxy 1, 4- phenyl ened| acetic
acid 25 afforde after flash chromat ography (gradient: 70-100%

Et OAc/ hexan@]s@GéngdlMedﬂrethxthﬂ%gdﬁ;ﬂmﬂxd%(ﬂ)-tdﬁ‘d(m-ass foam M
me (%: 601 (MtH err

(R |( [2.5- [ﬁéwf[ ]bfea%rmmizdmsﬁﬁybqgaflkbpmsﬂl-mma}@ﬁwbml}c
phenyl | - pgetylih 1RyeEPdtdl BfforddP ] 90X 1 00% P5t the title compound as a colourless

foam. MS m/e (%): 378 (M+NH,’, 100), 361 (M+H", 35).

20 olidine-2-carboxvlic acid

carbonvl}- lidine-2-carbhoxvlic acid benzvl ester

Using General Procedure A with 5.8 g (24.0 mmol) D-Proline benzyl ester
hydrobhloﬁde and 2.0 g (12.0 mmol) pyridine-2,6-dicarboxylic acid afforded,
25 after flash chromatography (EtOAc), 5.0 g (77%) of the title compound as a
yellow oil. MS m/e (%): 559 (M+NH,’, 60), 542 (M+H", 100).
b) (R)-1-[6-[(R)-2-Carboxv-pyrrolidine-1-carbonyll-pyridine-2-carbonyl]-
pyrrolidine-2-carboxylic acid
Using General Procedure B with 3.2 g (5.9 mmol) (R)-1-[6-[(R)-2-
30 Benzyloxycarbonyl-pyrrolidine-1-carbonyl]-pyridine-2-carbonyl]-pyrrolidine-2-
carboxylic acid benzyl ester afforded 1.9 g (90%) of the title compound as a
white foam. MS m/e (%): 379 (M+NH,', 100), 362 (M+H", 65).



30 Using Ceneral Procedure Bwth 3.17 g (5.3 mol) (R-1-[[4-[2-[(R) - 2-
Benzyl oxycar bonyl - pyrrolidi n-1-yl]-2-o0xo0-ethyl]-2,5-di hydroxy-phenyl]-acety
| 1- pyrrolidine-2-carboxylic acid benzyl ester afgorded 2.2 g (99% of the
title conpound as a white crystalline solid. Msme (%9: 421 (MtH err],
100). Exampl e 65

(R-1-[[3-[2-[(R)-2-Carboxy-pyrrolidin- Ex%ﬂl% o-et hyl ] -phenyl] -acetyl]
- pyrrolidine-2- carboxylrc acid 5 a)
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pyrroIrdrne-Z-caQ)o L &0, ﬁ! ester Usi ng GEneraI Procedure A wth
5.8 g (24.0 ster hydrochloride and 2.0 g (12.0

mol ) benzeneﬁsﬂg@é&i@aﬁ?&@beﬂh&@@ﬁ@hh nm? I3 moam)thsnmw aphy
(EtQCAc), 4.66 g (72% of the title conpound as a yellow oil. M nf

558 ( MtNH[ err ]benzjab):yc@bpnykpmqne-gayarbonyll-thxophene-z-carbonyl] pyrro d/gne-
15 2-carboxylic acid benzyl ester afforded 770 mg (63%) of the title compound RO-
64-2667/000 as a white crystalline solid. MS m/e (%): 365 ([M-H]', 65).

20 2-carboxvlic acid
a) (R)-1-[5-[(R)-2-Benzyloxycarbonyl-pyrrolidine-1-carbonyl]-furan-2-
carbonvll-pvrrolidine-2-carboxylic acid benzyl ester
Using General Procedure A with 2.0 g (8.2 mmol) D-Proline benzyl ester
hydrochloride and 640 mg (4.1 mmol) furan-2,5-dicarboxylic acid afforded,
25 after flash chromatography (EtOAc), 1.7 g (78%) of the title compound as a
yellow oil. MS m/e

pyrrolidine-2-carboxylic acid
Using General Procedure B with 1.7 g (3.2 mmol) (R)-1-[5-[(R)-2-

30 benzyloxycarbonyl-pyrrolidine—1-carbonyl]-fﬁran-2—carbonyl]-pyrrolidine-z-
carboxylic acid benzy] ester afforded 1.02 g (91%) of the title compound as a
white foam. MS m/e (%): 351 (M+H’, 100).



b) (R-1-[4-[(R)-2-Carboxy-pyrrolidine-1-carbonyl] -benzoyl]-pyrrolidine-2-
carboxylic acid Using General Procedure Bwth 4.66 g (8.62 mml)
(R-1-[4-[(R-2- 30 -79 -

Benzyl oxycar bonyl - pyrrol i di ne- 1-car bon;k! Bqﬁzﬂyl | - pyrrolidine-2-carboxylic
acid benzyl ester afforded 3 05 g (959 itle conpound as a
col ourl ess f (&) BAS) hox T - 3 dscandy idiid-2- 55) .

-77- Exanple 67 .

(R -1 -[3-[(R52M1h§.mipyrrol i di ne- 1- carbonyl] benzoyl ] - pyrrol i di ne- 2-
carboxylic ag{q % .
(R-1-[3-1 (R AESY,
pyrrolidige- _hmm&rﬁﬂ%!@ﬂameﬁﬂ Séte psi ng General Pr ocedure A wth
5.8 g (24.0 nmo rolrne pbenzyl ester hydrochloride and 2.0 g (12.0
mmol ) benzenWsing Géneral Procedard Arwtith, 1.6fg @1 nhmel) Ie Prolime bgnaﬂhapteﬁxEt OAc),
4.68 g (72% of t tlec ou as a eIIowoL n1e( . 558
(I\/HrNH[ err], E")qucli? mpﬁ[ xpgr}g ad1p1c acl Aaﬁclur ecivs

GRS Eéﬁéw%f %%%g%%@hbﬂ%?”;dé %9%9%%99%%@% B fldiness
(R) - 1- [ 3- [ (RoilZMS m/e (%): 521 (M+H", 100).
Benzyloxycarbon | -p rrollne 1- carbonyl -benzo |1 -pyrrolidine- 2.carboxyI|c

15 aci d18enbki(Sk-d+l6 2/ arbexy-pyry 1}-8-oxerhexanow ] pymrolidine:2: 3

col ourl ess foa (O/c) 378 (IVHNH[err] 100), 361 (NHH[err] 35).

(R)-1-[6- [(%&&@aemmmwk £67 ey huiyl) (S}-1brpsR2car bonyl ] - 20

pyrrolidine-2-carboxylic acid a)

(R bl [ |6] [( @emﬁgmdwgmﬂﬁmhdwlﬂdl Mémyﬂ@%stﬁhﬂmgemaﬁiﬁyhc
car bony pyrr in carpoxylic aci est.er i ng Gener
Procedure A %\ﬁl 3“@24“%’%5&9 2%?‘?2&%9@? compqund as a white

15 crystallme solid. MS m/e (%): 341 (M+H", 100).

Example 72
(8)-1-[[4-[2-[(S)-2-Carboxy-pyrrolidin-1-yll -2-oxo-ethyl]-phenyll-acetyl]-
pyrrolidine-2-carboxvylic acid

acetyl]-pyrrolidine-2-carboxylic acid benzyl ester
Using General Procedure A with 1.0 g (4.1 mmol) L-Proline benzyl ester

hydrochloride and 400 mg (2.1 mmol) 1,4-phenylenediacetic acid afforded,
after flash chromatography (EtOAc), 1.07 g (91%) of the title compound as a
25 colourless oil. MS m/e (%): 586 (M+NIL , 100), 569 (M+H", 97).

pyrrolidine-2-carboxylic acid

Using General Procedure B with 1.07 g (1.88 mmol) (S)-1-[[4-[2-[(S)-2-

benzyloxycarbonyl-pyrrolidin-1-yl}-2-oxo-ethyl}-phenyl]-acetyll-pyrrolidine-2-
30 carboxylic acid benzyl ester afforded 410 mg (56%) of the title compound as a

white crystalline solid. MS m/e (%): 389 (M+H", 100).



hydrochl oride and 2.0 g (12.0 mmol ) pyridi ne-2, 6-di carboxylic acid

af forded, 25 after flash chromatography (EtOQAc), 5.0 g (77% of the title
conpound as a yellowoil. Msne (%: 559 (M:NIgb, 60), 542 (MtHerr],
100). b)
(R-I-16-[(R-2- Carboxy pyrroI|d| ne 1-%—? pyr|d| ne- 2- carbonyl]
pyrrolidine- : sirho' Gy Abx¥]-&
mmol) (R)-1-
Benzyl oxycar p¥
2- carboxylic
as a white f&h#

nple 6
(R) 1[5?( e2carbony|] -
pyrrolidine- Bsm&@nﬁfalCPmeduﬁeAa)nth10g(41mmol)L—Prohnebenzyl ester
(R-1-[5-[( Benzyl oxycar bonyl - pyrrollbdl ne- 1- car bonyl ] -t hi ophene- 2-

car bonyl ] - %Y@Tq chiorade apd 7@@5@9&(3 he@xleepdmge taz aeid-afforded,

Poced < X 0 kel et iiodiiy AU 00 B 30Tl B oy

chr omat ograpmoﬁﬂb@gﬂ,mﬁge%§%m(mimmﬂ)ltIe conmpound as a 10 yel | ow
crystalline sollsd I\/Brﬂe(% _ (l\/HrN.err]17O) 547(I\/Hr§[err], 100 b)

(R-1-[510(R

pyrrolidi ne-2- | cgm : ‘ 39 General Pr ocedure W|th1 84 g (3. 3
mol ) (R)-1- WFL%—%—@:—XE“’“‘

benzyl oxycar PR)%F WI rolidine-
15 2-car boxjg?mc/é acl (E:‘if‘%enzy ester f:ﬂo?%lglcf9 gﬁﬁd; %)gi-tlfﬁl pf?gsztil tle

corpound ROngzﬂ&iﬁEzéﬂﬁlﬁnyl;gwmhdim-leylil-ﬁt-ﬁd-eﬂmxybbhdnomadeeyl(]-%yncﬂﬁﬁne—
err|, . a e
(R 101 6 [ { Fp-catbamiinarid penarh enter afforleds By mE (960):4f the ditle ompppund as

-pyrroligines 40 «ostdfiR2 84l MR he (%): 421 (M+H?, 100).

1 ester

acetyll-pyrrolidine-2-carboxylic acid
' 20 a) 2-Diazo-1-(4-diazoacetyl-naphthalen-1-yl)-ethanone

To a stirred solution of 3.0 g (13.9 mmol) naphthalene-1,4-dicarboxylic acid
and 4.4 m] (30.6 mmol) triethylamine in 200 ml THF at -15 °C was added
dropwise 2.9 m] (30.6 mmol) ethyl chloroformate. After stirring for 15 min, 250
ml (approx. 0.3 M, approx. 75 mmol) of an ethereal solution of diazomethane

25 was added at 0 °C and stirring continued for 16 h at room temperature. The
reaction mixture was then washed sequentially with saturated sodium
bicarbonate solution, saturated ammonium chloride solution and finally with
saturated brine, and the aqueous phases back-extracted with ether. The
combined organic extracts were dried over magnesium sulphate and

30 concentrated irn vacuo. Flash chromatography (gradient: 15-50%
EtOAc/hexane) afforded 450 mg (12%) of the title compound as a yellow
crystalline solid. MS m/e (%): 323 (IM+QOAc], 100).



a) (R -1-[5-[(R)-2-Benzyl oxycarbonyl - pyrrolidine-1-carbonyl]-furan-2-
carbonyl ] - pyrrolidine-2-carboxylic acid benzyl ester Using General.
Procedure A with 2.0 g (8 2 rrm)l) D-Proline be83yl ester hydrochloride and
640 ng (4.1 ) Z I .aglrded 25 after flash
chr omat ografy ~trtre conpound as a yellow oil.

MsS nfe b) To a stu'red solution of 450 mg (1 7 mmol) 2-diazo-1-(4-diazoacetyl-
(R -1-[5-[(R) - 2- Car boxy- S)yrrol i di ne-1-carbonyl]-furan-2-carbonyl]-

pyrrolidi ne-!Jla- phihalen lryd)-ethanans lngQxﬂeTHF #Fr-20SQuwereadded sequengigily in
mmol) (R)-1-

benzyl oxyc ar%réér@p%/%%f W&F?‘Fe Sf g r(§3ﬁ Wo})ﬁx}yﬁr ?e%?%@n@jz%ﬁ‘ﬂ?]&) ‘?ﬁ‘qﬂ QSZ

boxyl f
Civrd 5 A Sl 9 ol b iaglohi o s =

(S) - 1- [ 6- [ ( SputpePatiore: Theyreaction mixtupe jvas-then-dihted eyith 100rmbethtrend -

carboxylic acid a)

(S)- 16 (W%edfwwmwﬁweﬁlﬁ%w&mbwre gokition, Sheeambined i
Ey{)rg I(4I Ee;ng%fe)%hg% e%%e# er ﬁkitgrogﬁﬁegag&rand&? ﬁg&?ﬂ WIrriml)

adi pi ¢ aci d cahtentiated hf/&&hl&ha&hld:aﬁ@ %ﬁtmtétmfufbﬁb@ﬁhiee find®6 Withldth. Of
the title conpound as a colourless oil. M5 nie (% 521 (MeH err 100) .

b) (S)-11¢6 Th@}attemg@amewmﬂ wertencombyimed andscied oxen sgdx}mpy phateiand 2-
carboxylic gg,' ertiabdhl 70565 to ARG $46 niy Woo) or 1BE %18 ZorhpiliB@as a yellow

(S)-1-[6-[(
benzyl oxycar, | iS'mle 400\ | @i ne- 2- car boxyl i c
@Mhﬂé{ o8 6‘%} of tﬂqniue(mc)’romrrp%?nd as a white 15

acid benzyl ester afforded 609 0 (8
crystallinegd M 25 Benzdxda

naphthalen-l-x l-acetvl]-nmnhdme-%carboghc acid benzyl ester
15 Using General Procedure A with 200 mg (0.82 mmol) D-Proline benzyl ester
| hydrochloride and 100 mg (0.41 mmol) (4-carboxymethyl-naphthalen-1-yl)-
acetic acid afforded, after flash chromatography (EtOAc), 188 mé (75%) of the
title compound as a colourless oil. MS m/e (%): 636 (M+NH,’, 100), 619 (M+H",
75).

20

acetyll-pyrrolidine-2-carboxylic acid

Using General Procedure B with 130 mg (0.21 mmol) (R)-1-[[4-[2-[(R)-2-

benzyloxycarbonyl-pyrrolidin-1-yl}-2-oxo-ethyll-naphthalen-1-yl]-acetyl]-

pyrrolidine-2-carboxylic acid benzyl ester afforded 79 mg (86%) of the title
25 compound as a white crystalline solid. MS m/e (%): 437 ((M-H]", 100).

30 a) (6- omethyl-pyridin-2-vl)-acetonitrile
To a stirred solution of 3.47 g (13.1 mmol) 2,6-bis(bromomethyl)pyridine in 50
ml dichloromethane was added dropwise a solution of 4.1 g (26.2 mmol)
tetraethylammonium cyanide in 20 ml dichloromethane and the reaction



Example 72 (s)-1-[[4-]2-
[ (S)-2-carboxy-pyrrolidin-1-yl]-2-oxo-ethyl]- phenyl ]-acetyl]-
pyrrolidine-2-carboxylic acid 20 a)

S)-1-[[ 4- [ 2pd; o ] |
8 ok dasaan o o s sl G Lo
Procedure A yearh t&mpegai{m‘ejandﬂt)eréd Ml filteatecway comentratod drnadee) i de and

400 ng (2.1 nmmol) 4- phe yl ened| acetic acid afforded,  after flash
chr onmat ogr apFﬁF“(sEP@ﬂ\ 4 in tered pace again, ap

second flirs
(91 1 [ [ 2omeeitted oxyvé %W%F‘h&ft%ﬁa@%%@?ﬁﬁ@%%% fﬁé%%qi

pyr Ir ;)I I( ‘;; Bi 2*73 mt%) oﬁmﬂe%mwﬁawalw}ﬁw&%wﬁne solidhMs 97/e€(%()11§'?3
mo

benzyl oxycar nﬁﬂof)yi:i&)(mw%),ﬁ%@et hyl ] - phenyl ] -acetyl ]-pyrrolidine
-2- 30 carbo I ; d 4 0ng(56% of the title
conmpound as &wh Ry "" €<€%: 389 (MrH err], 100).

- 80 - Exanp hinol) &: ?5,91 -

1-yl]-2-o0xo- %tesr?g%?ﬁ%ﬁgg%éﬁégcetyli- pyrrol 2-car 01>%y cfgonégﬂcfm)ao

(ﬁ) 1- [][2 [Zmlll(cmeéhﬁailzmllahydn;ochldmgamdiwas héatgbdbratlmdl iC ﬂ)rcﬁ@heﬁ‘hewhctxﬁnl
phenoxy] - acet yl ] - pyrrol.i di ne-2- carboxylic acj engyl ester Usi ng Gener a
Pr ocedur 338 W%ﬂ(@ gogled kg rearptempezatyme and eoncentrabed ée waswe.dBhend

(7:2?0 gt (()gzg r ip (H“:% %&% )&H%géiéféa% G&Cg&ﬁ%ﬂ?i W@g :ﬂ?@gﬁﬁg&é ?ée E%i}%ﬁ’r‘? ess
oil. MSne Iﬁgﬁted@ﬂﬂSd ¢ 5230 lnmlﬁﬂﬁer réghoval of the charcoal by filtration, the

(S)-1-[[2-]2- ( - 2- Carboxy pyrrolidin-l-yl]- oxo et hoxy phenoxy] - acet yl
1- pyrrolidi ancugaa@% ﬁaﬁlise&ﬁomwatg'ﬂﬂ_ 8

mol) (S)-1-§ [’& &%&o&ﬁ)z 28 g (100%) of the title compound as an off-white crystalline
15 solid. 'H NMR d (250 MHz, D,0) 8.42 (1H, t,J = SHZ) 7.80(2H, d, J = 8 Hz).

1l-acetyl]- lidine-2-carboxylic acid benzyl ester
Using General Procedure A with 9.7 g (40 mmol) D-Proline benzyl ester
hydrochloride and 3.9 g (20 mmol) (6-carboxymethyl-pyridin-2-yl)-acetic acid
20 afforded, after flash chromatography (gradient: 0-10% MeOH/EtOAc), 890 mg
(8%) of the title compound as a yellow oil. MS m/e (%): 570 (M+H" 100).

cetyl]-pyrrolidine-2-carboxylic acid
Using General Procedure B with 890 mg (1.56 mmol) (R)-1-{[6-[2-[(R)-2-
25 benzyloxycarbonyl-pyrrolidin-1-yl]-2-oxo-ethyll-pyridin-2-yl]-acetyl]-
pyrrolidine-2-carboxylic acid benzyl ester afforded 410 mg (67%) of the title
compound as a yellow crystalline solid. MS m/e (%): 390 (M+H*, 100).

30

olidine-2-carboxvlic acid
a) 2 5-Bis-chloromethyl-thiophene



Benzyl oxycar bonyl - pyrrolidi n-1-yl]-2-o0xo-ethoxy] - phenoxy] - acetyl ]
-pyrrolidine- 2-carboxylic acid benzyl ester afforded 717 ng (95% of the
title conpound as a 15 white crystalline solie838M5 me (%: 421 (MrHerr],

100). Exanp

(R -1-[[ 4- [ﬁ%‘?{) 31 of 2, 37% aqueous solutlon of formaldehyde was added dropwise | 1)
- acetyl]- pwvnthllce:#cmhr& EﬁBhnkyfcm&nttht@ﬂhyﬂrochlonc acid and then 20 ml (0.25
2-Di azo-1-(4- pacety nap hal_.en- 1-yl ) -et hapnone To a st rred sol utlon of
3.0 g (13.9 aafu w& @drme@@%ﬁmm%ae@@ iR

tn’:r;)F; hg![ ﬁ;/r} %ﬂgr %yi“:ﬁ E—if rri ng or W%%ﬁle?approx 38 g

M appro¥ Bigﬂﬁﬂﬁh@‘es%ﬁeﬂ@eﬁﬁbnﬁﬁllytmh witetl] Sttpatddostdidn bitasberkted

at 0 [err]C and stirring continued for 16 h at roomte rature The

reacti on m ﬁpm@omdtﬁmlwmmt&bmm ’J}hevaquem ersibacik-

bi carbonate s Iu ur at ed .ammon hl oride sol ution inally with
eatur ated. bieRAEACte ifh e i the e prganie eitndl W‘Frfﬂa?‘i@?’ = The
combi ned or Hiwﬁn%’&lﬁ e&@&%&%m&s&sm&aeb@gt SR 6f B title
concentrated 1 n vacuo. Flash chromat ography (gradient Et OAc/ hexane)

af f orded 45@ompouhdR0eB4-44834000! s manﬂmrebom:mdynl IMS/m.fey(%)a[IMr(M 8),i d.
MS me

(oo bg@ e magméq @&9 ﬁ@wgﬁémh 40, 14561M-CU1, 108) 19 (Bon of 450

al en- 1-yl ) -ethanone in 20 m
Thne dark 1.5 m water, 86 ng

(375 mmol ) S?d ¥ Qﬁrﬂ%ﬂ”ﬁdlﬁh@n(& 18% (82)8 ‘mhoﬂrﬂlﬁlﬁg-cﬁlorﬁine&ﬂyl%}ﬁ'ﬁphéne in 500

triethylamne (2.9 equiv.) and stirring continued for h at room

t enper at ur e mitighlarameatbanewas add anemsow@@naf% 5190182 mmobr and
extracted twi ce th satu.rateds ate sl ution, ,.The cquobi ned
aqueous pha?% éntrgr(ﬁje??\fﬁ? E?%EMWQ&?W&&PW th
15 mixture then heated at 45 °C for 24 h. The reaction mixture was then cooled to

room temperature and washed twice with water. The organic phase was dried

over sodium sulphate and concentrated in vacuo. Flash chromatography (20%
EtOAc/hexane) afforded 4.88 g (86%) of the title compound as a yellow oil. MS
m/e (%): 162 (M”, 44), 122 ([M-CH,CNT", 100).

20 c¢) (5-Carboxymethyl-thiophen-2-yl}-acetic acid
To a stirred solution of 1.2 g (7.4 mmol) (5-cyanomethyl-thiophen-2-yl)-
acetonitrile in 5 ml ethanol and 5 ml water was added 1.74 g (31.8 mmol)
potassium hydroxide and the reaction mixture heated at 100 °C for 1 h. The
reaction mixture was then cooled to room temperature and concentrated in

25 wvacuo. The residue was acidified with hydrochloric acid and extracted with
three times with ether. The combined organic phases were dried over
magnesium sulphate and concentrated in vacuo to afford 1.3 g (88%) of the
title compound as a brown crystalline solid. MS m/e (%): 221 ({(M+Na-HJ', 50),
199 (IM-HJ', 45), 155 ((M-CO,HJ, 100).

30 4 (R)-1-[[5-[2-[(R)-2-tert-Butoxycarbonvi- lidin-1-vll-2-0xo-ethyil-
thiophen-2-vil-acetyl]- lidine-2-carboxylic acid tert-b ester
Using General Procedure A with 2.23 g (13 mmol) D-Proline benzyl ester
hydrochloride and 1.3 g (6.5 mmol) (5-carboxymethyl-thicphen-2-yl)-acetic acid



-concentrated hydochloric acid and extracted a further three tinmes with
ether. 10 The latter organic extracts were conbi ned and dried over sodium
sul phate and concentrated in vacuo to afford 388-ng (80% of the title
conpound as 0 | 4] | R 199
(M CO[ err] H a%ahhtw kR cﬁ&ﬁa%&ﬂaﬂhy@r%@n& ) 10%%(&@%@1;6&)]9 @g

(R - 1- [ [ 4- [ 27D¢8Rof ZThBeitley bonipsand asd yellow eili Mswmer%%&@éMa-m%* 96) 507

napht hal en- 1- -acetyl roI|d|ne 2 carboxylic acid benzyl
Usi ng Gener dl M-Fixbdéﬂ 1 Hﬂcﬁﬂ @@)439%%&30‘5,15;&@)% benzyl ester

hydrochl ori .- hy| | -yl ) -
acetic acid=# , ; RHSH T : =as . =599 of
the titlescaog glz)égﬂb% hgbhdl\/srﬂe (% 636 (I\/HrNH[err] 100),

619 (MrH err
(R -1-[][ 4- [wgmg)eea@almgedamrmmun 60D mg](l.ZSmamoi) ﬁ?)l-l—lﬁﬁa[ﬁai(fia-l%tert- yI]

acetyl rroljdine- 2 c rbox US|n Pr oc dur
(0. 2>1/ ]m-£|y) o_xycﬂ ny pprﬁéi.\dgn e yi]qz-oxo-e op en-2-y -aue pyrro

benzyl oxycar ?%ﬁ;
pyrrolidi ne-%—ca xylalgisd gug?'minésﬁ %@géda]t??of% ngy F é/élcg
EI[ }vi a] [25 Cfrmlog)dIMEx swml ggsli&sms /e %3 BISAMME 1100, (%) . 437

err anpl e
(R-1-[[B[2[(R) -2-Carboxy-pyrrolidin,-1-yl]-2-oxo-ethyl]-pyridin-2-yl]-ace
tyl]- pyrrolidine-2-carboxylic acid 3Q,a
(6- Cyanonet hvl - pyr|d|n 2-yl) - acetomtiMstlrred solution of 3.47 ¢
(13.1 mmol) ORIy ' ] £l lagpe was added
dr

opwW se a N cyam de in 20

) 1 g (20. y
m di chl oromgllmmm_ hcacﬁiz - mxture then heated at 45

[err]C for 7 jre was then cooled to roomtenperature
and filtered fcedeateed i n vacuo, resuspended in ethyl

acetate, g 'h’ire?dopé]céhé%ﬂaigssas?ﬁ ééé% 18P Sirleld! dofidfibin of 0.70 g (3.1 mmol)
palladium acetate, 16.9 g (156 mmol) benzoquinone and 0.4 ml (6.2 mmol)

methanesulphonic acid in 200 m]l methanol at room temperature was added

via syringe pump over 4 h a solution of 5.95 ml (62 mmol) 1,3-cyclohexadiene
in 5 ml methanol, and stirring continued for an additional 16 h. The reaction
20 mixture was extracted three times with ether and the combined organic
extracts washed successively with water, 2 M sodium hydroxide solution and
saturated brine. The organic phases were dried over sodium sulphate and
concentrated in vacuo. Kugelrohr distillation (6 mbar, oven temp 120 °C)
afforded 5.42 g (61%) of the title compound as a colourless oil. ‘H NMR d (250
25 MHz, CDCl,) 5.92 (2H, s), 3.70 (2H, t, J = § Hz), 3.37 (6H, s), 1.90-1.65 (4H,
m).
b) 2R.58)-2,5-Dimethoxy-hexanedioic acid
Lit. J. Am. Chem. Soc. 1983, 105, 5688. To a stirred solution of 5.0 g (85.2
mmol) (3R,65)-3,6-dimethoxy-cyclohexene in 120 ml acetone and 120 ml water
30 were added 37.6 g (176 mmol) sodium periodate and 50 mg (0.24 mmol)
ruthenium (III) chloride and stirring contined for 16 h at room temperature. 5
m] isopropanol was added and stirring continued for 30 min, then the reaction
mixture filtered and the filtrate concentrated in vacuo to half-volume. 5 g



concentrated in vacuo. Flash chromatography (33% Et OAc/ hexane) afforded 5
1.77 g (84% of the title conpound as a white crystalline solid. MS me
(9%9: 157 (Merr], 100), 130 ([MHCN [err], 9598590 (55). b)

6-Carb 2o f |
(6 cyanonst & hy?“i“ylr iégbo 9«?%r%éﬁ?o%%d?r?%%%%%?&k%e%?r%rgaﬁcw )
bydr ochl ori ¢heed timesswithaithyl atetatd) Ty édrbbined orgatiic JhusekSPdrel WAsHEY

m xture was then cooled to roomtenperature and concentrated in vacuo. The
resi due was Withisstwrajed brinejdried overspdine Uénbaf@oandmmtramlmamqwre

{itration, ¥ %sf‘oh?rlr‘? (420 8t B Bl omp BRI o0 B e o BEY By 205

recrystal5|§mlq'{ommater at 4 [err]Cto afford 2. 48 g (100% of the title
conpound as an off whlte cr stalllne 15 solid. [err HNNRdémeothM_lz
= »‘ by ) . ' '6"

Dierr]0) 8.42 - 1-v1pP
-2- yl]-ace®f P ter US|ng General

(R)-1-[[6- [2

P d A d
3.9 g (20 "%Er‘%ﬂ et %&oxy%ﬁ “r‘%t?{ %%ﬁ ?@%8@???%@%‘%‘%8%"% 4F 420,
after fl ashMmﬁbﬁd@&ﬁ&/&ﬁ&ﬁﬂﬁ&hinmﬂﬂﬂﬂ;ﬁ&%ﬂbﬂe&mx&%mﬁm aefd t he
title corrpound as_a ||OWOI . Msme (% i Hedt 100) d)

(R - | - [ [16 [ affo @i&r hxomatognaphy (grra]d@f@ Q-Jé{Wy

acety lrmgly; @% %@@@&@c’g&%g@% A B8 o4 YeloB 3 pre "y

benzyl oxycapbenyd): 581 (M_gmnuﬂg)yl ] - 2-oxo-ethyl]-pyridin-2-yl]-acetyl]-
pyrrolidine-2-car boxyl ic acid benzyl ester afforded 410 ny (67% of t he
G (13 oy ‘ 0 d A :

title conpodhdRsl-H2R5S
100). Exarrpe 76 .
(R) - 1-[[ 5- [ 2=p&H8 ¥ £ a|] 2- oxo0- et hyl ] -t hi ophen-2-vl]-ac

etyll- Ry ' Udifly S PRRAS Baﬁid 640 fnP(1716 nirbbD (RIALIYR;58). EHEONS
benzyloxycarbonyl-pyrrolidin-1-y1]-2,5-dimethoxy-6-oxo-hexanoyl}-pyrrolidine-
2-carboxylic acid benzyl ester afforded 440 mg (100%) of the title compound as
a yellow solid. MS m/e (%): 399 [M-HJ', 100).

20

dimethoxy-6-oxo-hexanoyll-pyrrolidine-2-carboxylic acid

a) Acetic acid (1RS 4RS)-4-acetoxy-cyclohex-2-enyl ester
Lit. J. Org. Chem. 1984, 49, 4619. To a stirred solution of 2.8 g (12.5 mmol)

25 palladium acetate, 27.2 g (267 mmol) lithium acetate, and 7.64 g (70.7 mmol)
benzoquinone in 200 m1 acetic acid at room temperature were added 26.1 g
(300 mmol) manganese dioxide and a solution of 23.8 ml (250 mmol) 1,3-
cyclohexadiene in 400 ml pentane, and stirring continued fer 16 h. The two-
phase reaction mixture was separated and the acetic acid phase extracted

30 twice with pentane. The combined organic extracts were washed successively
with saturated brine, water, and 2 M sodium hydroxide solution, then the
organic phases were dried over sodium sulphate and concentrated in vacuo.
Recrystallisation from pentane afforded 16.1 g(33%) of the title compound as



-83- To 63.4 m of a 37% aqueous sol ution of fornmal dehyde was added

dropwi se with ice-cooling 15.3 ml of concentrated hydrochloric acid and
then 20 m (0.25 nol) thiophene was added drop8Bse and stirring continued
for 90 mn %ﬁm{ L1 f d

w th ether %ld tﬁ%mggorganl C p%gy;yﬁa%e(?seggg%l ?%GMA%QH
saturat ed s@ODCH,D] Eﬁ@b@ﬁé{@) solution and finally wit h saturat ed brine. The
aqueous phases er e back- extract ed W|t et her and the conbi ned organic
extracts we S A0 A0S $28¢ and concentrated in vacuo to

afford 30,810, (3% G phordb | o GRTBONGY R84 MATHUL0P145 £ 5 o

(Merr], 524)ace&éic{d {?e t8 zhsr)fd-ac&&y ghéx-Bhéniyli [eRtdrlin S0Pl rddihainétiwash)

(S-Q/anorrethvl-thlo )-acetonitrile To a stirred solution of 15 g
(82.8 mol ) aﬂdﬁdﬂlmmﬂlﬁdﬂmudwmhydmmdaesdutmnm tHe mactlbnmmuimne was

added dropw s utf L on of 28. 5 82 mml tet aet ni um,cyani de
200 i " airEinged Rt 1 Fna /e isRofiag 5 For e imRer e SFAeR 45

[err]C for 9?1221 Jﬂég;e W%gaﬁggper ature
and washed t%emagc‘%on\%gmﬁfa?@?tzhg e%?ggrﬁﬁg r:31"2,1:5}11\/\CS/%IS over sodium

sul phate an datpealeeaTﬁbmﬁuﬂev&@m&e@mﬁaﬂymﬁﬂeﬁhﬁtw&mxane)
afforded 4.88 g (36%_of the title co und as a yellowoil. Msnme

(99
162 (M &0 | andatheicombiped omganic) ihrses msodwncs)ulphate and concentrated
(5- Car boxynet thio 4 A a To a st rred | fod.
(74 ol e@%ﬁm@ﬂéﬁlﬁ%%ﬂ@%?%ﬁ*@&gm F.88 ptoiie Etapibe
5 m water aﬂ%& oM IO
reaction ml%ltagée eate g.tylldogyf glr]?.]r%)%%? 1 h. Q?hegar}gggtlon nql;(t%%%ﬂwas
t hen cool ed]DO)roomterrperature and concentrated in 25 vacuo. The residue
was aci dified h [ ndetracted wth three times with

ether. The & ed over magnesi um sul phate and

concentr. Y ]ﬁ é% f OLE
br own cr@tst 3111: |Jrie Qjﬁ(fgn %3%%995&‘?%#%3&%{%5 Eli | bp]s% gw 1Y 16'55%
([M |‘|] [ er r] digpgersiobSn dil)Mrahdded Bropviie)at (BAC with stu-rmv a solution of 10.1 g
(R - [5[2 %R) 2-tert-Butoxycarbonvl-pyrrolidin-1-y - 2- 0Xo0- ethyl]-
mmol) (1RS,4RS)-cyclohex-2-ene-1,4-diol in 100 ml'I'HF 34 ml (546
mmol) methyl iodide was then added and stirring continued for an additional

48 h at room temperature. The reaction was quenched with saturated

it

20 ammonium chloride solution and extracted with ether. The combined organic
extracts were washed successively with saturated ammonium chloride
solution and saturated brine, dried over sodium sulphate, and concentrated in
vacuo to afford 11.5 g (91%) of the title compound as a yellow oil. 'H NMR d
(250 MHz, CDCl)) 5.90 (2H, s), 3.82 (2H, br t}, 3.37 (6H, s), 2.10 (2H, m), 1.51

25 (2H, m).

d) (2RS 5RS)-2 5-Dimethoxy-hexanedioic acid

To a stirred solution of 6.0 g (42.2 mmol) (3RS,6RS)-3,6-dimethoxy-
cyclohexene in 140 ml acetone and 140 ml water were added 50.5 g (236 mmol)
sodium periodate and 67 mg (0.32 mmol) ruthenium (III) chloride and stirring

30 contined for 16 h at room texﬁperature. 10 ml isopropanol was added and
stirring continued for 30 min, then the reaction mixture filtered énd the
filtrate concentrated ir vacuo to half-volume. 5 g sodium bicarbonate was then
added portionwise, and the mixture extracted three times with ether. The



t hi ophen-2-yl]-acetvl|-pyrrolidine-2-carboxylic acid tert-butyl ester Using
CGeneral Procedure Awith 2.23 g (13 mmol) D-Prol | ne benzyl ester :
hydr ochl orlde and 1.3 g (6.5 muol) (5- carboxynﬂeﬁ yl -t hi ophen-2-yl) - acetlc

Voo et onc) , “SRE0R° PBne P eidietd ih AR bRReARINS SR kel | ¢ (o

(5[2|£\1/++ (H M;g[H[ er ﬁ: ea@m Wﬁgmo ?ﬁ&y&l[a@éfdte The¢ cortbindd digenid phé&éﬂ[ﬁéfe] drié@)oves 95
err err]

(R -1-[[5-[28p m;néwnmtaatedlmqam toaffordriy82 gt(ﬂﬁ%ﬁlﬁé'fthgtgﬂlq - 5

acetyl]- pyrr% | di ne-iéR?;é‘F%b@ﬁpam d USI n o??'l?on m&\g)sc ur on\éﬂ 600 ng

(1.18 mmol)
But oxycar Bonyghubyhas phiadé Bvér 48 haAfeded ¥ddthdr 608 gi%vr%)?ofyﬁﬂodﬁeﬁtmﬁmﬂa'(%w '

di ne- 2-carboxylic aC|d tert.- bmé& ester afforde of the title
conpound as a.GBe(fMeCOr,Hit,EDD,lldé D,Lml G@)rﬂfe(&(%’?lemﬂ)( MFH[err] 100). 10

Exanple 77

(R-1-[(2R 58 E > 6
hexanoyl ] - pyr el y-cy Iohexene
15 Lit. J. d’iﬂ% f 0.70 g (3.1
mol ) palladlanm Frolid

mol ) et hanesul honlc aC|d |n200 m rret hanol at roomtenperature Was
added vi d40sy dimethony.H EXANIG axliaiacs

1, 3-cycl ohexadi.en tha edlfor an

addl tional y %efg%?f? a:p§7 @’%Hﬁgﬁﬁg&r %B ??We%stﬁft h
ether and thﬁyﬂ%ﬂlﬂﬂﬁdem@n@@@ﬁiﬁow@hs(tmﬂw% afeldfic 2 M
sodi um hydroxide solution and saturated brine. The organic ases were

dried over sadidafferded)after flashcbromatograplyi(gradient. Q(ll@@%rEtQAc/hexane
distillation r 0 fQr.ded 5.42 619 t he
title conpouﬁlée%gB% Mﬂaﬁﬁ@@o% m% gﬁf‘%’]—&ﬁ\ﬁﬁ {lﬁfgﬁ‘p" dg(rém%‘@e
15 diastereomers) as a brown oil, and 172 mg (24%) of the title compound (single
separated diastereomer) as a yellow oil. MS m/e (%): 581 (M+ H", 100).

dimethoxy-6-0xo-hexanoyll-pyrrolidine-2-carboxvlic acid
Using General Procedure B with 160 mg (0.28 mmol) (R)-1-[(2R,5R)- or

20 [(28,5S)-6-[(R)-2-benzyloxymethyl-pyrrolidin-1-yl}-2,5-dimethoxy-6-0xo-
hexanoyl]-pyrrolidine-2-carboxylic acid benzyl afforded 90 mg (82%) of the title
compound as a white foam. MS m/e (%): 399 ({IM-HJ', 100), 355 (IM-H-CO,],
61).

25

dimethoxy-6-oxo-hexanovl}- lidine-2-carboxvlic acid
Using General Procedure B with 95 mg (0.28 mmol) (R)-1-[(2S,58)- or -
[(2R,5R)-6-[(R)-2-benzyloxymethyl-pyrrolidin-1-y1]-2,5-dimethoxy-6-0xo-

30 hexanoyl]-pyrrolidine-2-carboxylic acid benzyl afforded 70 mg (100%) of the
title compound as a white foam. MS m/e (%): 399 (IM-HJ, 100), 355 ([M-H-
CO,I', 20).



25 MHz, CDCl[err]) 5.92 (2H, s), 3.70 (2H, t, J =5 Hz), 3.37 (6H, 5s),
1.90-1.65 (4H, m. b) (2R 5S)-2.5-D net hoxy-hexanedioic acid Lit. J. Am
Chem Soc. 1983, 105, 5688. To a stirred solutigg-.of 5.0 g (35.2 mmol)
(3R 6S) -3, 6-di net hoxy-cycl ohexene in 1@% m laﬁtone and 120 m water 30
were added 37.6 g (176 mmol ) sodi um pe d 50 nmg (0.24 mmol)
ruthenium (111) chloride and stirring contined for 16 h at .room
tenperature. 5 n isopropanol vvas added and stirring continued for 30 mn,

then the rea€R)-0-205-B4 olidinel-glloRrorehekanel]i N vacuo
to hal f-volune. 5, - SOdI um b| car bona e.was then added portionw se,
and the m xt @HELOAGIAGHCATD Rrde dias SORIS, The comnbi ned

organi c phkasgs
sul phat e, "and 1 0 o .
conpound as ailebh&lie@rOH MS me (9: 205 5 ([MH][err] 100). c¢)
(R-1-[(2R 59)-6-[ (R -2-benzyl oxycar bonyl - pyrrolidin-|- yI] 2. 5-di met hoxy- 6-
oxo- hexanoy! Loy stirnedasal %’G!Qn@ﬁﬁﬁé@g (8- 4domnalbirapis-2-butenest drdjcadmaylic

643 g (3.1 wwééa%&?g%%aﬁm@;w off S2h '/ e ane
El\i/]lcetC](-:\I;tfC)lég)S,h 643 ngfc?ﬂ?&%’é"&?ﬂg; g@??ﬂ‘hen co#&?ﬁa@gﬁﬁﬁ%ﬁu@)w 88

581 ( M+ Hper njmol)@¥)a 2 B solution of LDA in THF was Ia]dcled drgpwxsehand stirring
(R-1-[(2R 5S)- 6 2- rboxy rolidin-1-vy 5-di,met hoxy- 6 oxo-
hexanoyl ] - py PR ae&éolz‘lga 20@5&619 1% Hade was,

gggzg}yoﬁic;?go H}#épy%ﬁeg(lﬁﬁ}ﬁﬁ 67# ‘E"E%'n?e]f%oxy-ag- 0X0- %x %%“;H"j“ﬁ??r olidin
e- 2-car boxyghénéltediab gtk m@%mmma%mﬂoﬁm dHlbtidle

conpound as a yellow solid. me (%: 399 [MHerr], 100).

solution and the mixture extracted three times with ether. The combined

15 organic phases were washed with saturated brine, dried over sodium sulphate,
and concentrated in vacuo. Flash chromatography (6% EtOAc in hexane)
afforded 927 mg (71%) of the title compound as a yellow oil. MS m/e (%): 398
(IM+NH,J', 100).
b)_Mixture of 58)- and «(2RS.5SR)-2,5-dibenzyl-hex-3-enedioic

20 To a stirred solution of 200 mg (0.53 mmol) mixture of (E)-(2R,58)- and -
(2RS,5S8R)-2,5-dibenzyl-hex-3-enedioic acid diethyl ester in 5 ml THF was
added 4.3 ml (4.3 mmol) of 1 M sodium hydroxide solution. After stirring for
68 h at room temperature, the reaction mixture was acidified to pH 3 by
addition of 1 M hydrochloric acid and extracted three times with ethyl acetate.

25 The combined organic phases were washed successively with water and with

saturated brine, dried over sodium sulphate, and concentrated in vacuo. Flash
chromatography (50% EtOAc in hexane containing 1% AcOH) afforded 127 mg
(74%) of the title compound as a white crystalline solid. MS m/e (%): 342
(IM+NH,]", 100).

hex-3-enovli- idine-2-carboxylic acid benzvl ester (mixture of
diastereomers)



20 Example 78 (R -1-[(2S,5S)- or
-[ (2R 5R)-6-[(R) - 2- Hydr oxymet hyl - pyrrol i di n-1-yl ]-2.5-
- di met hoxy- 6- oxo- hexanoyl ] - pyrrolidi ne-2-carbox8+c acid a) Acetic acid

4615, To o SHEESaRY FriAEe £ i FOUE dad mabl B ol Benbilestel o7

g (267 mol hydrbéhlofidecaid Vo0 nand. is %nal)(ﬁ&twpm)—@mssntaﬂm@mmﬂ n

acetlc acid at roomtenperature were added 26. 0:&300 nol ) nmanganese

~ di oxi de and Zo-sidbenzydhest3-egedioin a@dsbethy&pytex od] aftexfaslene in 400

e copar of SHRERARRRI I MEOT T HOAY, $PE e f1sf) el R G oo,

The conbimed peIADbfl. B L8 (% %wsecmmd TOMCE9s (VRIFY, @sh.h sat urat ed

brine, water, and 2 M sodi um ydI‘OXI de sol utlon _then the or gani ¢ phases
. ; : yll-

Recrystal li satl n fr 0 ntan f0 of the title conmpound
as -86 - . DOXYSE 8CAG VRIXSE SYRkeomers) 138 ([ M AcOH [err],

( 1R59?1R(s§ % w&ﬁ%e ﬁ&eﬁl‘% q?wﬂéfgéélm%lb% ol (FYR)-1:12,5-Gibenzyl-6-

stirred soI t@¢RMb@hzﬁﬁx?c&bbﬁﬂ-ﬁyﬂ‘mldim‘i—ﬁ@-&oxb-h@x-&enoyﬂ-pyrrohdme-z-
(1RS, 4RS) - 4- acet oxy-cycl ohex é ster in 500 met hanol was added 120

m 2 M J&di garbexylis,acid besryk ester ureof 3 diastercomens) afforded 6i8angor 15

mn. After A ng.t 0 omte”"o atur e reactio S
concentrategg%bf}ggb%w ed’%% el?fgcwgﬁﬁe Wé&%i%ﬁ}gliwfde
pel lets. Thegrizgoyr e was extract ed repeatedly with ethyl acetate 10 and the
conbi ned organi c phases dried over sodium sul phate and concentrated in
vacuo to afford 10.2 g (90% of the title conpound as an of-white
crystalline solid. MSnfe (%: 113 ([%}H :elrrsll 13), 96 ([MHerr]gJlerr],
36), 70 ([MHerr]C=CHOH|[err], 100).&XampleSl

15 1-[2.5-Dibutyl-6-[(R)-2-carboxy- olidin-1-y1}-6-ox0-h:
pyrrolidine-2-carboxvlic acid (1 out of 3 possible diastereomers)

diethyl ester
To a stirred solution of 2.0 g (9.99 mmol) trans-2-butene-1,4-dicarboxylic acid

20 diethyl ester in 80 ml THF was added 2.54 g (69.9 mmol) anhydrous lithium
chloride and the resulting suspension cooled to -78 °C. 10.0 ml (20.0 mmol) of a
2 M solution of LDA in THF was added dropwise and stirring continued for 45
min. 2.2 ml (20.4 mmol) butyl bromide was then added and stirring continued
for 15 min at -78 °C, then 30 min at 0 °C, and then 4 h at room temperature.

25 The reaction was quenched by addition of saturated ammonium chloride
solution and the mixture extracted three times with ether. The combined
organic phases were washed successively with saturated ammonium chloride
solution, water, and saturated brine, dried over sodium sulphate, and
concentrated in vacuo. Successive flash chromatography (10% EtOAc in

30 hexane for first column; then gradient: 10-100% toluene in cyclohexane for
second column) afforded 509 mg (16%) of the title coutpound as a yellow oil.
MS m/e (%): 330 (IM+NH,}*, 100).



'c) (3RS. 6RS)-3.6-D net hoxy-cycl ohexene 15 Lit. J. Og. Chem 1988, 53,

5695. To 14.3 g (328 mml) sodi um hydride (55% di spersion in oil) was added
dropwise at O [err]Cwith stirring a solution-80-10.1 g (88.5 mmmvl)
(1BS, 4RS) -c s SN ot 540 bind (IR 58RI E- i . t hyl
I odi ne i [TTINng contrnaed Tor an a t room
t enper at ur e. Td hastireed solutiomosf 485mpHdBNnirhol) atixtaieof (B)-(2RSSRiamd chl or i de
solution and extracted with ether. The combined organic extracts were

washed succd@ éﬁ‘@)ﬂiﬁ‘m@wm&emimémtbﬂweg@dﬂmﬁ%w ur at ed

o (0109 of CHEAE 3 38 AR sBol G M SRR RRRRAAE Bty A, SigBpg g v °
CDC [err]5 %a@ﬁﬁﬁ,mﬁ&gerat&% tRéiredbtidn) midu®é wd hcidifiedtolpH(F by adlitidn 51
25 (2H, m. d 2RS. 5RS) - 2. 5D et hoxy- hexanedi oi c acid To a stirred

sol uti on of o IMyhydrochlomeasid Brexrasted three himesowith ethyl enetatecThe 140
m t d . 140 .,n wat dded .50. 5 23 di i odat
and 67 . ( FORBIRRAOTERRe R P ety STk THET S99 WO, | ned
for 16 h at gRaml-AMMPREIHIE] ovdt %&Wﬁﬂ?ﬁﬁ%} lanfPcrReAahted th %&bz?é k&9

continued for 30 mn, then the reaction xture filtered and the fTi

3 1=
w

Iltrate
concent r at ecafford3d8mg @748 df-the tithe coripgund ds wwhitearystadline wakid : MiSmwlelded
portionwi se, and the mi xture extl[@c ed three tines with ether. The -87 -
aqueous Hhad@)gad sEBVMHT , Q) &Lk é&ﬁ@@ds 48 -oric acid and extracted

: C Shk R R NS :

repeatedly with WAr gy dr | ed gver
sodi um sul pVg “‘-'

mg
1 (69

(0]
me (9: jiagtetedmbensy |, 20), 113 (58), .10 ), 85 (50),

(100). €) (R)-d-of(: - or .
-[(2R.5R)-6M&QM blG-l(R)-2-beng ponylpyrrolidin-]-
15 hex-3-enoyil-pyvrrolidine-2-carboxvlic acid benzvl ester (principally 1 out of 3
ossible diaste: er.

Using General Procedure A with 653 mg (2.70 mmol) D-Proline benzyl ester
hydrochloride and 346 mg (1.35 mmol) mixture of (E)-(2R,5S)- and -(2RS,55R)-
2,5-dibutyl-hex-3-enedioic acid afforded, after flash chromatography (gradient:
20 83-50% EtOAc in hexane), 148 mg (17%) of the title compound RO-64-
3271/000 (mixture of 2 diastereomers) as a yellow oil and 116 mg (14%) of the
title compound (single diastereomer) as a yellow oil. MS m/e (%): 648 (M+NH,’,

25 olidine-2-carboxvlic acid (1 out of 8 possible diastereomers
Using General Procedure B with 140 mg (0.22 mmol) (E)-(R)-1-[2,5-dibutyl-6-
[(R)-2-benzyloxycarbonyl-pyrrolidin-1-yl]-6-oxo-hex-3-enoyl]-pyrrolidine-2-
carboxylic acid benzyl ester (principally 1 out of 3 possible diastereomers)
afforded 81 mg (81%) of the title compound RO-64-3273/000 (single

30 diastereomer) as a colourless oil. MS m/e (%): 451 (IM-HJ', 100).



di met hxy- 6- oxo- hexaoyl ] - pyrrolidi ne-2-carboxylic acid benzvl and
(R-1-[(2R 5R) - or (2S.55)-6-[(R) -2-Benzyl oxynet hyl -pyrrolidin-1-yl]-2,5-
10 di met hoxy- 6- oxo- hexanoyl ] - pyrrolidi ne-2- c@tboxylic acid benzvl Using
General Procedure Awth 1.67 g (6.9 ggg#@gg?groline benzyl ester
hydrochlorlde and 250 mg (1.2 nnDI) ( 2, 5-di met hoxy- hexanedi oi c
aci d af f or deR))-1-44 ¥56-ICR RirDaE A B h 6. OAc/ hexane

Aol e-Brasg 1 > G rof & poss : nd-oomee
,(4[5'6[‘?} ® S0P e&zeﬁl aifﬁo‘égﬁ’%; Bavg}tﬁ M9 ,'n%%% mqu) ﬁ’«:)"‘(ﬁ)”ﬁ’t [2%8&“1b(uty1-6-
-[ (2R 5R- Bi(RYB. beiPl SR BBy RURARI Y06 o Hex?s Snoy yl]-pyrrolidine-2-

di met hoxy- 6- oxo- hexanoyl | - pyrT ol’i d| ne- 2- Carboxylic acid I'ng Gener al

Procedure Bcanbbkyliﬁ @cidpbdrizy? @stardimixtiie-df-J ¢@&RySRpessible2diastereomers)

[ (2S, 5S) - 6[ enzy yrroI|d| l'].- 25d t hoxy- 6- oxo-
hexanoyl ] - p Q@’o‘?f@‘l" %E?@PBBHQ%' afp ¢dounless t he
title conpo Y 2] e (9%: 399([MH][err] 100), 355
([MI—I—CCD[e?JirT'de%(SST?e@% 1 @ﬁfrH]N?Om Exampl e 79

(R-1-[(2R 5R) - or -[(2S.55)-6-[(R)-2-Hydroxymethyl-pyrrolidin-1-yl]-2.5-
di et hoxg- 6- oxo- hexanoyl ] - pyrrol i di ne-2-carboxylic acid Using CGeneral
Proceduf@® B with 95 ng (0.28 nmmol) (@MSS)- or -

[ (2R 5R) - 6- thyl spyryolidin- L- | et hoxy:.6-oxo- 30
hexanoyl ] - pY ‘ oo 7 —'»‘-‘ PRt 009% of the
[ , 100), 355

pyrrolidi ne J-C rboxyl ic acid (mxture of 3 d| astereorrers) 5 a) M xture of
(B)- (2R 58)dl S. 5SR) - 2. 5- di benzyl - hex- 3-enedi oi ¢ acid

15 To a stirred solution of 5.0 g (25.0 mmol) trans-2-butene-1,4-dicarboxylic acid
diethyl ester in 120 ml THf was added 6.35 g (150 mmol) anhydrous lithium
chloride and the resulting suspension cooled to -78 °C. 25.0 ml (50.0 mmol) of a
2 M solution of LDA in THF was added dropwise and stirring continued for 45
min. 4.7 ml (60 mmol) isopropyl bromide was then added and stirring

20 continued for 15 min at -78 °C, then 4 h at 0 °C, and then 48 h at room
temperature. The reaction was quenched by addition of saturated ammonium
chloride solution and the mixture extracted three times with ether. The
combined organic phases were washed successively with saturated ammonium
chloride solution, water, and saturated brine, dried over sodium sulphate, and

25 concentrated in vacuo. Successive flash chromatography (20% EtOAc in
hexane for first column; 5% EtOAc in hexane for second column; 10% EtOAc in
hexane for third column) afforded 259 mg (4%) of the title compound as a
yellow oil. MS m/e (%): 302 (IM+NH,J*, 100). i
b) Mi e of (1)-(2R.58)- and -(2RS 5SR)-2.5-diisopropyl-hex-3-enedioic

30 To a stirred solution of 108 mg (0.38 mmol) mixture of (E)-(2R,5S)- and -
(2RS,55R)-2,5-diisopropyl-hex-3-enedioic acid diethyl ester in 5 ml THF was
added 10 ml (10 mmol) of 1 M sodium hydroxide solution. After stirring for 96
h at room temperature, the reaction mixture was acidified to pH 3 by addition



di ethyl ester To a stirred solution of 688 ng (3.44 mol)
trans-2-butene-1, 4-di carboxylic acid diet hyI ester in 35 m THF was added
1.46 g (34.4 mol) anhydrous |ithiumchloride-8gd the resulting suspen5| on

TrF vas adaedt 4P Byfrochlde Bhid s Bt Boiel Biske fopdh Gih Ril asdfhy® Tho "

ol ) benzyl cduilitieden d pledbes e washed sudckSiively Wwithupdtdrndlwitiat - 78

[err]C and 10 min at [err]C. The reaction was quenched at this
t enper at ur e $aturaked brine,giried pvemsediuamswiphate, drideintentrited iin waaud to he

m xture extr hr e wi,th ether. The co ne es
wer e washed g#? ﬁdgéi @%ﬁ%é‘lﬁﬁ FPRIROBY: @sﬂgﬁ?ﬁvé’g‘ ﬁgt‘%/ eg(%}dgz'? ?ﬁ‘i
concent r ag edgi-ny o (ﬁ)c Fl ash chromat ography (5% Et OAc i n hexane) afforded
927 ng (71% of t etltle corrpound asayellow0|l I\/Sn1e(% 398

\ 5-Diis pyl-6-[(RR)-1 Plexyarbod .rrogdm-l-zll~6-oxo-
| ut | ofrg 1;of 3200 ny

(0.53 mol ) hes

(2RS, 5SR) - 2, ‘ﬁigt’g m}:%)hex 3- enedl oi c aC| d diet hyI ester in 5 mM THF was

added 4.3 of 1 M sodi um hydroxi de solution. After stirring

for 68 h at IU Geneell Procedure® with 114ahRg (10.47 UaenolpD-Proliel Byt est 3 by
addi ti on of 1 édrochl ori c acid and extracted three tines with ethy

acetate.1®5 h errnt & @ﬂ (@24 mamel) mixiureof (BXHZB 68 sand e(%RS;ESR)—

concentrat eoé5 B R DRt RO PP (AR BT 3o REAAE EBfioRt ng

1% A f fay. f I
LR o sk B a5 010 Y S ot 1
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15 pyrrolidine-2-carboxylic acid (mixture of 3 diastereomers)
Using General Procedure B with 41 mg (0.07 mmol) (E)-(R)-1-[2,5-diisopropyl-

6-[(R)-2-benzyloxycarbonyl-pyrrolidin-1-yl}-6-0xo-hex-3-enoyl]-pyrrolidine-2-
carboxylic acid benzyl ester (mixture of the 3 diastereomers) afforded 28 mg
(100%) of the title compound as a colourless oil. MS m/e (%):423 ([M-HI", 100).
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thyl)- ovil-pyrrolidine-2- lic acid (mixture of 3 diastereomers

a) Mixture of (E)-(2R.55)- and -(2RS 5SR)-2.5-bis-(2-methoxy-ethyvl)-hex-3-
25 enedioic acid diethyl ester

To a stirred solution of 5.0 g (25.0 mmol) trans-2-butene-1,4-dicarboxylic acid

diethyl ester in 125 m] THF was added 6.35 g (150 mmol) anhydrous lithium

chloride and the resulting suspension cooled to -78 °C. 25.0 ml (50.0 mmol) of a

2 M solution of LDA in THF was added dropwise and stirring continued for 45
30 min. 7.4 ml (78.7 mmol) 2-methoxyethyl bromide was then added and stirring

continued for 15 min at -78 °C, then 1 h at 0 °C, and then 2 h at room

temperature. The reéction was quenched by addition of saturated ammonium

chloride solution and the mixture extracted three times with ether. The



Usi'ng General Procedure Awith 1.04 g (4.30 nmol) D-Proline benzyl ester
hydrochl oride and 700 ng (2.16 mmol) m xture of (E)-(2R 5S5)- and .
-(2RS, 5SR) - 2, 5-di benzyl - hex- 3-enedi oi ¢ aci d dp#thyl ester afforded, after
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M xt ure of (M- and - (2RS. 5SR)-2. 5-di butyl - hex-3-enedioic acid
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2-methoxy-ethyl)-heptanoyl]- idine-2-carboxylic acid benzyl ester
{mixture of 3 diastereomers)

20 Using General Procedure A with 1.86 g (7.69 mmol) D-Proline benzyl ester
hydrochloride and 894 mg (3.84 mmol) mixture of (E)-(2R,5S)- and -(2RS,5SR)-
2,5-bis-(2-methoxy-ethyl)-hex-3-enedioic acid afforded, after successive flash
chromatography (gradient 50%-100% EtOAc in hexane then 10% MeOH in
EtOAc for first column; 20% toluene in EtOAc for second column; 20% toluene

25 in EtOAc for third column; gradient: 25-20% toluene in EtOAc for fourth
column), 146 mg (7%) of the title compound as a light yellow oil. MS m/e (%):
652 (M+NH_', 50), 635 (M+H", 100).

ethyl)-heptanoyll-pyrrolidine-2-carboxylic acid (mixture of 8 diastereomers
30 Using General Procedure B with 146 mg (0.23 mmol) (E)-(R)-1-{5-[(R)-2-

benzyloxycarbonyl-pyrrolidine-1-carbonyl]-7-methoxy-2-(2-methoxy-ethyl)-
heptanoyl]-pyrrolidine-2-carboxylic acid benzyl ester (mixture of 3



-90- b) Mxture of (E)- (2R 5S)- and - (2RS.5SR) - 2. 5-di butyl - hex- 3-enedi oi c
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acetate. The conbi ned organi c phases were washed successively with water
and with saturated brine, dried over sodium sul phate, and concentrated in

vacuo to afford 346 ng (97% of the tidle cf und as a white crystalline
solid. MSme 10 (%: 255 ([MH[err]M, 211 ([MH—CCIerr]][err]
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pyrrolidine-2:carbox cid_ (1 out SsS e di astereorrers) Usi ng
General Pr o@elﬂmnsn 4!71%5 dthﬁw %ré thenquequs phages hapk- 6-

[ (R) - 2- bz v gwtad GAty hld?ﬂ&ro%étﬂhﬂe.lTKL kofinisda Bfgnic SRAMCLs REkE Qhled! Ne- 2-
over sodium sulphate and concentrated in vacuo. Flash chromatography (50%
EtOAc in hexane) then afforded the title compound as a light yellow oil which
crystallised on standing. MS m/e (%): 374 (M*, 10), 283 ([M-Bn]*, 16), 239 ([M-
Bn-CO,T", 18), 91 (Bn*, 100). '

20 b)_Mixture of (R)-2-[4-[(S)- and (RS)-2-[4-[(RS)-1-benzyloxycarbonyl-ethyll-
phenyl]l-propionic acid benzyl ester
To a stirred solution of 2.0 g (5.3 mmol) (4-benzyloxycarbonylmethyl-phenyl)-
acetic acid benzyl ester in 80 ml THF was added 1.35 g (32 mmol) anhydrous
lithium chloride and the resulting suspension cooled to -78 °C. 10.7 ml (21.4

25 mmol) of a 2 M solution of LDA in THF was added dropwise and stirring
continued for 45 min. 1.33 m} (21.3 mmol) methyl iodide was then added and
stirring continued for 15 min at -78 °C, then 20 min at 0 °C. The reaction was
quenched at this temperature by addition of saturated ammonium chloride
solution and the mixture extracted three times with ether. The combined

30 organic phases were dried over sodium sulphate, and concentrated ir vacuo.
Flash chromatography (EtOAc) afforded 2.1 g (100%) of the title compound as
a brown oil. MS m/e (%): 420 (IM+NH,J", 100).
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carboxylic acid benzyl ester (principally 1 out of 3 possible

di astereoners) afforded 81 ng (8 1% of the title conpound RO 64-3273/000
(single 30 di astereoner) as a colourless oil .-9Bme (%9: 451 ([MH[err],
100). -9 amm) , on ~
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-78 [err]C, tﬁ@g@!é%@,r&;mgrg}err] C and then 48 h at roomtenperature. The
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chromatography (EtOAc), 170 mg (38%) of the title compound as a colourless
oil. MS m/e (%): 614 (M+NH,’, 100), 597 (M+H“ 60).

ropionyll-pyvrrolidine-2-car lic acid (mixture of the 3 diastereomers
20 Using General Procedure B with 170 mg (0.29 mmol) (R)-1-[2-[4-[2-[(R)-2-
benzyloxycarbonyl-pyrrolidin-1-yl]-1-methyl-2-oxo-ethyl]-phenyl]-propionyl]-
pyrrolidine-2-carboxylic acid benzyl ester (mixture of the 3 diastereomers)
afforded 50 mg (42%) of the title compound as a white foam. MS m/e (%): 415
(IM-HT, 100).

25

30 oxo-hexa-2.4-dienovll-pyrrolidine-2-carboxylic acid benzyl ester
To a stirred suspensiop of 0.91 g (5.32 mmol) 2,5-dimethyl-hex-2,4-dien-1,6-
dioic acid in 80 m] dichloromethane containing two drops of pyridine was
added dropwise at room temperature 0.77 ml (10.6 mmol) thionyl chloride and



‘hexane for first colum; 5% Et QAc in hexane for second columm; 10% Et QAc in
hexane for third colum) afforded 259 ng (4% of the title conpound as a
yellow oil. M nle (%: 302 ([MeNH err]][err]+9800). b) M xture of

(8 (20 55 lachE oo b SRR 00 B 05D fostBinf Bl
(2RS, 5SR) - 2,+kaélcbsled 16 10YC 463 added Wopiwisetd 4 sélution)df 257 ?f(IOFB mib]) BF was
added 10 m (10 mml) of 1 M sodi um hydroxi de sol ution. ter stirring for
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title cotpodfiad: 86 s 16Q); 545 (M8 ,rﬁe (% 620 (M+NH err], 100). d)

(R - 1[25| AP AR Y G- 2-&akbox ol 1 4 .-ohex noI]
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General Pr 0@,@%&&1@@@@24&9&;@@5&( £)-(R)-1-[ 2, 5-di | Sopr opy! -
6- [ (R) - 2- benzyT oxycar bonyl - pyrr ol di n- I- - 6- 0x0- hex- 3-enoyl ] - pyrrolidi ne-
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15 pyrrohd;ne-z-carhoxyhc acid benzyl ester and mth dioxane as solvent afforded
127 mg (16%) of the title compound as a white solid. MS m/e (%): 3656 (M+H",

100).

20

pyrrolidine-2-carboxylic acid (mixture of 3 diastereomers)
A solution of 593 mg (1.09 mmol) (2E 4E)-(R)-1-[6-[(R)-2-benzyloxycarbonyl-
pyrrolidin-1-yl}-2,5-dimethyl-6-0xo-hexa-2,4-dienoyl]-pyrrolidine-2-carboxylic
acid benzyl ester in 15 ml dioxane was stirred with 25 mg (0.11 mmol)

25 platinum (IV) oxide under 1 atm of hydrogen for 72 h at room temperature.
After filtration to remove the catalyst, the reaction mixture was concentrated

in vacuo and azeotroped three times with chloroform on a rotary evaporator to
remove last traces of dioxane, then triturated in ether to afford 400 mg (100%)
of the title compound as a white foam. MS m/e (%): 369 (M+H", 100).
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20 Exanple 84

(R -1-[5-[(R)-2- Car boxy-pyrrolidine-1-carbonyl] - 7- met hoxy- 2- (2- met hoxy-
et hhyl ) - hent anoyl | - pyrrol i di ne- 2- car boxylic am&‘)"-(m xture of 3

di ast er eomer gy R 6l - . .
-(2RS, 5SR) - 27 X R — y

To a stirr edesbod o6l @il j ; eelbutene 1, 4- d| car boxyl i C
acid di et hyl ester |n 125 m THF was_added 6.35 g (150 nmol) anhydrous
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[err]C and then 2 at roomterrperature The reaction was quenched by
addi ti on of EdlawaﬂeM&mferﬁ%)rﬁaﬁ\W4 swﬂbt, 538 (Mald-l‘t,lﬁé)m xture extracted
three tines C

successi vel y=
sat urated brj

Fl ash chro TCF 290 (109§ Ol

title conpounshsd esterel | ow oi | . I\/Bnie(% 334([erNH[err]][err] 5100)
b) Mxture of (E):(2R 5S)- and - §2RS 5SR) - 2 5- bi s- (2- met hoxy- et hyI - hex- 3-
enedi oi c1@ciTo astirred splutipnsof 3,18 &(6:04 mmol)dR)-1-i6sl(Rirdrhenryiexyicar myl-

E 2R, 5S) - d 2-net h th di d
((ZII 2at §1yl es% e}?yarg ligi r'rfé %ﬁ%\?ﬁgﬁﬂg":&g@%ﬂﬂ s ‘"p'l)ée‘iﬁ‘r% quifi AR aCI .
hydr oxi de sObefizy?BsteNihel( il labéton@ 1 16 §n1‘w3€err\9@i€ ARJBIPO80 WEL(T. 29 %nmol)

reaction mxture was acidified to pH 3 by addition of 1 Mhydrochloric acid
and ext r act ettmethytmorphaling-doxideghd @cﬁznﬂtof a 2.5% salutioned csmjam betpundes

e R ot et S b B SRS SO
15 38% sodium hydrogensulphite solution was then added at 0 °C and stirring
continued for a further 15 min. The reaction mixture was then filtered and
extracted three times with ethyl acetate. The combined organic extracts were
washed sequentially with 1 M hydrochloric acid and saturated brine, dried
over sodium sulphate, and concentrated in vacuo to afford 3.34 g (100%) of thé
20 title compound as a colourless oil. MS m/e (%): 575 (M+Na’, 35), 570 (M+NH

—~<

55), 553 (M+H", 100).
¢) Mixture of (R)-1-[(3R.4R)- and -[(3S,4S)-3.4-dihvdroxy-6-[(R)-2-carbo
lidin-1-v1]-6-0x0-hexanovl]- lidine-2-carboxylic acid

Using General Procedure B with 506 mg (0.92 mmol) mixture of (R)-1-

25 [(3R,4R)- and -[(3S,45)-6-[(R)-2-benzyloxycarbonyl-pyrrolidin-1-y1]-8,4-
dihydroxy-6-oxo-hexanoyl}-pyrrolidine-2-carboxylic acid benzyl ester afforded
341 mg (100%) of the title compound as a white solid. MS m/e (%): 395
(M+NH,', 55), 373 (M+H", 100). '
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15 vacuo to afford 894 ng (84% of the title conpound as a yellow oil. M
me (%9: 259 ([MH[err], 100). c)

(BE)-(R-1-[5-(R) -2- Benzyl oxycar bonyl - pyrrol i d|n981 carbonyl ] - 7- net hoxy- 2-
(2 et hoxy. et oAl RN bl L AR A SR, 951 o RORRMLs 2305
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flash ch to t ..\50% 10% MeCOH

Et ?)SAC ?oiop?raégg:g&é?é%%m e })Lfﬁﬁ’és’g‘ 9@?5& °F5?‘ %geéo?&ﬁﬁﬁaﬁgato: Eene
25 Et ?fal%) BOHEREO. th
col u%) (1?’2% kb 79 ﬂpﬁ?ﬁg%?% corrpoungpas a(gt(?ﬁ‘ﬁ;?%gl?{gzﬁfe%@ﬁ%%%
(% : 652 (mmi@nemiystamnefxﬂﬁ (IS hpfer (9%): 56%QM)+INH)‘ , 35), r:151 (M+I(-I’, 100)?1395
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(et %yl ) - [ heE)'E ak@jﬁ&dﬁﬁgﬁﬁ%ﬁigéﬂhﬁ&éﬁ §g?ld] (m xture gf 3 di asteregmers
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hept anoyl ] - pR-ésdbostyli€ adgidcar boxyl i ¢ aci d benzyl ester (m xture of 3 -94-
di astereoners afforded 92 ng (88% of the title conpound as a col ourl ess
oil. M5 ritGe a stiseed mlﬂpparqfﬁoomg)(l 3§xmmlb(ms( -[6-[(R)-2-tert-

R -1-[2-]4- R)- - b t 23 henyl
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4- B I Qfm;ig Bﬁchi’tﬁ%&ﬂ Rz ?g&a

gjsfoensiegfnyo é%{e ﬁﬂmlﬂ? gnzene 1&'h ag%tlc fgls 9%%8%(1?%3

mol ) 4-di rremydéﬁns mpyl)ltmﬂtmrewbtﬁ:&idmhd(ﬁim'fnmanmw 1@hathobm n 10

150 m dichloronethane at 0 [err] C.was addedq 11.85 8 nmol ) N-(3-
temperatare. Concentration in vacuo an azeotropmg e times with

15 chloroform on a rotary evaporator afforded 402 mg (90%) of the title compound
as a white foam. MS m/e (%): 339 M+H", 100).

20 propionyll-pyrrolidine-2-carboxylic acid
a) (R)-1- loyl- lidine-2-carboxylic acid benzyl ester
To a stirred solution of 390 mg (1.6 mmol) D-Proline benzyl ester
hydrochloride and 0.47 m! (3.4 mmol) triethylamine in 20 ml dichloromethane
at 0 °C was added dropwise 0.2 ml (2.4 mmol) acryloyl chloride and stirring
25 continued for 24 h at room temperature. The reaction mixture was then
washed sequentially with water, 1 M hydrochloric acid and once more with
water, and the aqueous phases back-extracted with dichloromethane. The -
combined organic extracts were dried over sodium sulphate and concentrated
in vacuo to afford 420 mg (100%) of the title compound as a colourless oil. MS
30 m/e (%): 269 (M*, 25), 124 (100), 91 (25), 70 (21) '

ino]-propionvl]- olidine-2-carboxvlic acid benzyl ester



di met hyl am nopr opyl ) - N -et hyl carbodii m de and stirring continued at O
[err]C for 2 h and then at roomtenperature for 16 h. The reaction m xture
was t hen washed sequentially with 1 M hydroch@8¢c acid, saturated sodium
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brown oil. lﬁﬂﬁnﬁ ﬂM&HFhﬁﬁHﬂﬁdrogéxQ@dr 16h&tx%5n9lexhroéﬁdth?e0f
(R-2-[4- [(S)- and (RS)-2-[4-[(RS)-1-carboxy-ethyl)-phenyl]- propi oni ¢ acid
A sol ution mtasmmm then¢atalysé, eincemyratidniig y@uo affiorded 58 mg

coter i E“z% ﬁ% %ﬁ@sﬁaﬁ FeRPA e WY S ST PP .ol

char coal15under 1 atm of

Example 91 :
R)-1-{8-[[8-[(R)-2-Carboxy- lidin-1-v1]-8-oxo-propyll-cyclopropylmethyl-

aminol-propionyl]- lidine-2-carboxvlie acid

20 clopropylmethyl-aminol-propionyl]- lidine-2-carboxylic acid benzyl ester
A solution of 444 mg (1.71 mmol) (R)-1-acryloyl-pyrrolidine-2-carboxylic acid
benzyl ester and 74 ml (0.85 mmol) cyclopropylmethylamine in 5 ml
acetonitrile was stirred for 1 h at room temperature, then for 16 h at 80 °C.
Concentration irn vacuo and flash chromatography (gradient: 0-100% MeOH in

25 EtOAc) afforded 220 mg (44%) of the title compound as a yellow oil. MS m/e
(%): 590 (M+H", 100).

aminol-propionyl|-pvrrolidine-2-carboxylic acid
A solution of 220 mg (0.37 mmoal) (R)-1-[3-[[3-[(R)-2-benzyloxycarbonyl-

30 pyrrolidin-1-yl]-3-oxo-propyll-cyclopropylmethyl-amino}-propionyl]-
pyrrolidine-2-carboxylic acid benzyl ester in 20 ml isopropanol was stirred
with 10 mg 10% Palladium on charcoal under 1 atm of hydrogen for 16 h at
room temperature. After filtration to remove the catalyst, concentration in



hydrogen for 16 h at roomtenperature. After filtration to renove the
catalyst, the reaction m xture was concentrated in vacuo to afford 70 ng
(55% of the title compound as a white crystal-§0f=solid. MS nme (%: 222

(R 1 [ o (. potpatidftind To3ibe TAA0%) of e tinte ihmatdhd 48 5 yollgw: solid. M e

et hyl ] - phenyl@z)p40® (IMYH] -100)r ol i di ne- 2- car boxyl I c acid benzyl ester
(m xture of the 3 di astereoners) Usi ng General Procedure A with 370 ng

(1.53 mol ) D-Proline benzyl ester hydrochloride and 170 nmg (0. 77 mmol)
mxture of (R)-2-[4-[(S)- and (RS)-2-[45 15
[ (RS)-1-carboxy-et hyI) phenyl] prop| oni forded after flash

chr omat ogregap
o1 e e (R DR
(R) - 1-[ 2- [ 4- [propyRarfi

]- propionyl]-p
di ast er eoner LXK

(R-1-[2-[4- '
benzyl oxycar b%’né%%r r%?lu R -5y?]g-(%? Hﬁm?l)g Ic’)ﬁ%hne ﬁfrf P“‘Bhl p‘ric‘)ipsl onyl ]
- pyrrolidinggg; ICMXﬂibﬁxﬂﬁhﬂnbmasb xﬁlsﬂiiilﬂdméthhﬁefaﬂ: (I‘*@w&s added

di astereoners) afforded 50 420/)9 of the title conpound as a white foam
M me (A0 QpW[im-&JG[mi (‘}3 aridssand sti contmued for 48 h
(2E. 4E) - (R) - r I|d|nI vII 5- di exa2
4- dienoyl]- W&PB e’%&!ﬁ‘?m was then was erayseq

(2E. 4E)- (R) - - Lot B r -chielh |

30 oxo- hexa- 2 %%y pyrroi | gl newglpgﬁg%ysﬁ?%ﬁg%%%gﬁg% ézﬁsﬂtgr%‘l;'l%&é&

stirred susp&henmthfsamfh’tedb@h@hﬂﬂde)a@;eﬁudlpimsbgbaebnxﬁaﬁtdwmm 6-
dioic acid i m di.chl orgnet hane ¢ontai pin vvo dro pyr I, ne was
added dropwi Qé%'a? leeth%@%ﬁoaﬁme&mﬂmc( m I8 de and

15 sulphate and concentrated in vacuo to aﬁ'ord 6.6 g (100%) of the title

compound as a yellow oil. MS m/e (%): 243 (M+NH4 , 33), 226 (M+H", 100).

dimethoxy-benzyl)-aminoel-propionyli- lidine-2-carboxvlic acid tert-butvl
ester

20 A solution of 1.0 g (4.44 mmol) (R)-1-acryloyl-pyrrolidine-2-carboxylic acid tert-
butyl ester and 0.33 mi (2.22 mmol) veratrylamine in 25 ml acetonitrile was
stirred for 16 h at 80 °C. Concentration in vacuo and flash chromatography
(gradient: 0-10% MeOH in EtOAc) afforded 150 mg (10%) of the title
compound as a hght brown oil. MS m/e (%): 618 (M+H", 100).

25

To a stirred solution of 150 mg (0.24 mmol) (R)-1-[3-[[3-[(R)-2-tert-
butoxycarbonyl-pyrrolidin-1-yl]-3-oxo-propyl]-(3,4-dimethoxy-benzyl)-amino}-
propionyll-pyrrolidine-2-carboxylic acid tert-butyl ester in 5 ml

30 dichloromethane at 0 °C was added dropwise 1.0 ml trifluoroacetic acid and
stirring continued for. 16 h at room temperature. Concentration in vacuo and
azeotroping three times with chloroform on a rotary evaporator afforded, after



-96 - the reaction mxture was then heated at 50 [err]C for 2 h. The
resulting solution was cooled to O [err]C and added dropwi se to a solution
of 2.57 g (10.6 mml) D Proline benzyl ester-#gtlicochloride and 3.0 ni

(21.5 mTD|) ¥ ' Il WAL

was conti nue #&%hh i’ﬁeﬁf’g (asqr%ﬁf}*] gg&i‘gargﬁg%%@%%%%v?%tg%e
reacti on m Xgglicke Mssm,td'@g) wos(dtEEqeentially with 1 M hydrochloric acid
and with water, and the aqueous phases back- extracted with

di chl or onet hane The conbi ned organic extracts were dried over sodium

sul phate and concentrated i n vacuo. Igsh ctgrégat ography (EtQAc) afforded
2.79 g (96% of the title conpound as ess oil. Msme 10 (%: 562

(MeNH[ errg, ;

(2E, 4B)- (R -T- . yI-6-0x0-hexa-
2. 4-di enoyl | axm roghii iginée2eceaboxiviit acid tEifhsorahcdtate jJe Bwith
1.14 g (2.09 mm = . , . 3s

Benzyl oxycar8oa=pari el L DAUR Y - PO LN |- 15

D el . -
o o A R e b
365 (MtH[ er r A, sohition of1 0P (448 mnidl) (R)- 1-acryloy1-pyrrohdme-2—carboxyhc acid tert-

(R -1-]6- &(R 2- Car boxy- Byrrolldl n-1-y 5-di meth - 6- 0xo0- hexanoyl]
pyrrolidi @:llestﬁmd: 48 ml mztml m@nomfé} %}n 2538l ution of

ggfrg?l ((:hlnoi- : "‘ a%gt &gor i@%@ogc ﬁyﬁ&by’l’%%aﬁg%ﬁr boxy
lic acid benaﬂon?e&b ad% u@é'aﬂierﬁ* 0299% MO S Ef@Ac)’\bﬁ’Br&‘amﬁé@BW )

25 platinum (1V) oXi nder 1 atm of hydrogen for room
t enper at ur e. thef title cbmpmm:d ama light dbrowa cihMBankd (%) 526KM-I=HE;CIIOOOn m xt ure
J ) and. a eotroe,thre tinmes wth

“‘s 2-arboxy-pytrrolidin-1 3-0X0-Dron

Toa st:rred slutmn of 150 mg (0 29 mmol) (R)-1-[3-[[3-[(R)-2-tert-
butoxycarbonyl-pyrrolidin-1-yl}-8-oxo-propyl]-(2-methoxy-ethyl)-amino]-
propionyl]-pyrrolidine-2-carboxylic acid tert-butyl ester in 5 ml
dichloromethane at 0 °C was added dropwise 1.0 ml trifluoroacetic acid and

20 stirring continued for 16 h at room temperature. Concentration irn vacuo and

azeotroping three times with chloroform on a rotary evaporator afforded, after
resuspension in water and subsequent lyophilisation, 100 mg (67%) of the title
compound as a yellow oil. MS m/e (%): 436 (M+Na", 385), 414 M+H", 100).

25

ropionvl]- lidine-2-carboxylic acid trifluo: tate (1:

aminol-propionyl}-pyvrrolidine-2-carboxylic aci butyl ester

30 A solution of 1.0 g (4.44 mmol) (R)-1-acryloyl-pyrrolidine-2-carboxylic acid tert-
butyl ester and 0.24 ml (2.22 mmol) benzylamine in 25 ml acetonitrile was
stirred for 16 h at 80 °C. Concentration in vacuo and flash chromatography



M xture of (R -I-[(3R 4R)- and -[(3S. 4S)- 3. 4-di hydroxy-6-[ (R) 2-car boxy-
pyrrolidin-1-yl]-6-o0xo-hexanoyl]-pyrrolidine-2-carboxylic acid -97- a)
(RI-[6- [(R) 2- Benzyl oxycar bonyl - pyrrol i di ne- 2-1@&onyl | - pyri di ne- 2-

Ig?ggggﬁlr]e A Wghg%'i?%a@wa;&w ﬁ%gaé(%enz;’ﬁégé%rg%&}r oc%l oride and

1.5 g (10.3 mﬁddMafyellewedikmslxﬁlea(%}MSSf(M-ﬁﬂq 108jter 5 flash
chromat ogr aph Et OAC) 3.15 g 59% of the t|tIe corrpound as a Ilght

yel low oi |l . NR N2 -0aTr DOXVF-DEETO g E-Hrexo-propyli-amiano|-
M xt ure of (R 1 R) 1. and - S, 49) - 65[ (. -2- be | @xycar bonyl -
pyrrol i di n- .(vilR{’?’ 2 Pe=-2- car boxyl i ¢

aci d benzy %&rstﬁ-Ped Iﬂu&oﬁtdﬂﬂ%ﬁ%% Rnélh (ﬁ>1313q1aéz§zﬁ‘{3m)-2-ten-
(R -1-[6-[(R)-2-benzyl oxycar bony

Byr r o: i di ne- bmmbbmbyymhdm-l-ﬁhwﬂ@pﬂﬁamindaaprgpﬁmd} pmgz;)hde @Bt Id)
enzyl ester etone a ter. were e nmo
2-net hyl norpwe?b ORVHE 250 Sl eéﬁm&r‘ﬁiﬁc@%@eﬁﬁﬁv&rﬁtﬁ %G SFa ded

Y e i
tgﬁr{)g)r(;t ﬁrian %@W?%h t@ﬂ&) so ydroge &I‘n teﬂégput%gﬁq\%gksr?%mn

added at O [Qém]pﬁratlﬁ'esﬂohbemaﬁﬁﬁtmﬂmdofm ﬂebw‘dplimgtliﬂeemmesmreaction
m xture was then filtered and extracted three tines wth_ethyl acetate The

conbi ned 1§ gshlaroform gutasratery evaporatoraliorded; aftey triturationimethers 460 mg
acid and sat debr dri [ _Soeh um s ate n din
vacuo to aff%@g ggh Eﬁfm&@q]ﬁ%a?@ °?"?‘iy§h’?§ﬁﬁc§8h§ g’éﬁ%@?‘%‘uﬁ%ss
oil. M5 me (MsN273 5H*; 169). 570 (M:NH[err], 55), 553 (MrHerr],
100). ¢) M xture of’ ( (3R 4R) - and

-[(3S.4S)-3. 4-di hydroxy 6 [(R) 2- car boxy-
pyrrolidin-1-yl]-6-o0xo-hexanoyl]-pyrroljding-2-carboxylic acid Using
General Procedure B with 506 ng (0.92 ﬁ%ﬂ)’iﬁq@éure of (R) 1- 25 [ (3R 4R) -
and -

trifluoromethyl- aminol- ionyl]- lidine-2-carboxylic acid tert-
butyl ester

20 A solution of 1.0 g (4.44 mmol) (R)-1-acryloyl-pyrrolidine-2-carboxylic acid tert-
butyl ester and 0.32 m! (2.22 mmol) para-trifluoromethylbenzylamine in 25 ml
acetonitrile was stirred for 16 h at 80 °C. Concentration in vacuo and flash
chromatography (gradient: 0-10% MeOH in EtOAc) afforded 480 mg (31%) of
the title compound as a light brown oil. MS m/e (%) 626 (M+H", 100).

25

ropionvl]- olidine-2-carboxylic acid tert-butvl ester

aminol-propionyl]l-pyrrolidine-2-carboxvlic acid tert-butyl ester
A solution of 290 mg (0.46 mmol) (R)-1-[3-[[3-[(R)-2-tert-butoxycarbonyl-

30 pyrrolidin-1-yl]-3-oxo-propyl}-(4-trifluoromethyl-benzyl)-amino}-propionyl]-
pyrrolidine-2-carboxylic acid tert-butyl ester in 50 ml ethanol was stirred with
30 mg 10% Palladium on charcoal under 1 atm of hydrogen for 72 h at room

temperature. After filtration to remove the catalyst, concentration irn vacuo



di hydr oxy- 6- oxo- hexanoyl ] - pyrrol i di ne-2-carboxylic acid benzyl ester
afforded 341 ng (100% of the title conpound as a white solid. Ms me (%:
395 (M+NH err], 55), 373 (M+Herr], 100). 30-103«

Exanpl e 89 -

(B - (R - - [ &0 fgshchromatography (eradient; 0-100% MeQH, in EtOAc containing 11, ne-
2- carboxyl B, )Saﬂ’ordeda36 mg (17%) of the title compound (R)-1-[3-[3-[(R)-2-tert-
(B)-(R-1-[6-[(R)-2-tert-Butoxycar bonyl pyrrolidin-1-yl)-6-0x0-hex-3-enoyl ]

- pyrrol i di Autoxyearbonyl-pyrretidin-lerl- mprmmepmﬁ}mMre A

¥Mr ;25}3?hgxgﬁﬁlﬁ%ﬂm§fi‘?%’§?m I 8#8%%&%#@55# gﬁ%ﬁ&gr@? %M‘ﬁl&gﬂg

in EtOACk, Furth ib%r&ﬁ%%fﬂ?émﬂ %ﬁayaitablzo% sol i d.
M me (%: 568 ( béerr 1 (MtH efr] 100
((M+H- C[ er r Mg@Hrid EtOA: wﬁ@m@b%(!lw%ﬁ[rded JSH[mgr(Ni%é of the bpyproduct

(s bbb ol B Fopolls

(B)-(R-1-] -
but oxycar bo%’iﬁl %Pg%éﬁgiln- -y k@ggo%(-gaﬂbg)fy E:gﬁlody pyrt¥ |t§fﬁg?£ecnaor%8§<1yl I C
acid tert-bMSmIver 406 (MH, 100xhl oronet hane at 0 [err] C was added
dropwise 4.4 ni_ (57.8 nmol) trifluoroacetic acid and stjrrjing continued for
16 h at 1000 R)- 1 0 '

( aiforded 402 ng (90% of
the title cOHMpoUE-= 39 (MtH err], 100).

Exanple 90 T4 g tu'red solution of 33 m %'(0 07 mmol% (R)- -[3-[3-[(R)-2-tert-
(R-I-[3- [[3 [(R) Carboxy pyrrolidin-1-yl]-3-o0xo-propyl]-propyl -am no] -

20 propi onybhtemycashongilipyree |-3-oxa@rdp$1pmmo]-propmnyl]—pyrrohdme-z-

R) -1-A | oyl.- I - 2 b t
Sol ut on ot cagiRHte apdbertusFoeler fn Bl Sichieronidtoane k0, X s sdeda o 47
m (3. 41870 ofvrise 1Y m&%ag&l%ciﬁ' 4{H SGPHRER8AGNued for 16 h at room

temperature. Concentration in vacuo and azeotroping three times with

times with 1

chloroform on a rotary evaporator afforded, after resuspension in water and
subsequent lyophilisation, 19 mg (76%) of the title compound as a yellow
glassy solid. MS m/e (%): 354 (IM-HJ', 100).

20

propionyll-pyrrolidine-2-carboxvlic acid trifluoroacetate (1:1)
To a stirred solution of 85 mg (0.17 mmol) (R)-1-{3-[[3-[(R)-2-tert-

25 Dbutoxycarbonyl-pyrrolidin-1-yi]-3-oxo-propyl}-ethyl-amino}-propionyl]-
pyrrolidine-2-carboxylic acid tert-butyl ester in 5 ml dichloromethane at 0 °C
was added dropwise 1.0 ml trifluoroacetic acid and stirring continued for 16 h

at room temperature. Concentration in vacuo and azeotropfng three times
with chloroform on a rotary evaporator afforded, after resuspension in water

30 and lyophilisation, 63 mg (97%) of the title compound as a yellow crystalline
solid. MS m/e (%): 442 (IM+OAcJ, 35), 382 ([M-HJ, 100).



at 0 [err]C was added dropwise 0.2 m (2.4 mol) acryloyl chloride and
stirring 25 continued for 24 h at roomtenperature. The reaction m xture
was then washed sequentially with water, 1 M hyl@4ochl oric acid and once

nore with water, and the aqueous phaseg E&;@%ract ed with
Hﬁﬂ :

di chl or onet hane. The conblned organi c
sul phate and i A VI5 e

re dri ed over sodi um

91 (25), 70 tate (12
am nolpr o ertisin e r<gm'zip%immﬁwyiggpropz'
Egn;;: ogst er an fg‘ %?’55{16‘32‘%11 }lygf‘gé&%"?%ggﬂ[@% aiclge{tg %5&620'

stirred for hinimojpropivmyllepyrerolidines2-catisoxylieracid berdtbutyl pster 5 mibd

finally for 16 h at 8Q [err]C _Concentration jn vacuo d flash
chr omat ogr apKjchloromethane af 9 RCqwv: %é@@% firgpwisede r#guqr?g%%wdr@d itle

conmpound as el 9 L& ):

(R-I-[3- [[3%’%%’225'0 Xc,)é%‘(i; pyrroﬁ%g0 IIF%}gt-ﬂ'é)ll%{}c:Hﬁ?opy 1llgrgcf’ﬁyvl(iz)camn
propi onyl ] - pyks6tirb here6 diBex witle cRlorsfofmSen utroﬂityOéva%rmr(ﬁo}aemmér
(R-1-[3-[[3-[(R) -2-benzyl oxycarbo% 10

pyr [) ol i Id| 10 1 trikpradian in gthery 150meg £ %hﬂf the} title sompopnid dqg/gg'ﬁﬂgg|q:!§stfé£}ne
car boxylic aci i.cred w 0
Pal | ad?/um on Bﬂ Eﬁgﬁ’/ﬁg‘g’ggﬁé @f[ﬁ}\t;f" ﬁ%gggmﬂi@h at_room tenperature.
After filtration to renopve the catalyst, concentration in vacuo afforded 58
ng (100% of the title conpound as a white solid. MS me (%: 398

(MtH err], 100). 15 Exanple 91 Example 98
(R-1-[3-[]3=[. ) I di - 3-.0X0: propyl ] - d3l(§lop é?ylmethy
| - ammmo] - pr opHeRYs : s 35 )2rarboxy-p 1]-6-0xo0-

15 exanoxll-pzr_'rohdme-Z-carboghc acid

a)_1H-Pyrrole-2-carboxvylic acid benzyl ester

Lit. J. Org. Chem. 1979, 44, 975. To a stirred solution of 5.0 g (45.0 mmol)
pyrrole-2-carboxylic acid and 31.3 m] (225 mmol) triethylamine in 100 ml
DMF was added dropwise 26 ml (225 mmol) benzyl bromide and stirring

20 continued for 72 h at room temperature. The reaction mixture was then
concentrated in vacuo and the residue resuspended in dichloromethane and
washed twice with saturated sodium bicarbonate solution and twice with
water, and the aqueous phases back-extracted with dichloromethane. The
combined organic extracts were dried over sodium sulphate and concentrated

25 in vacuo. Flash chromatography (25% EtOAc in hexane) aﬁ’orded 8.23 g (90%)
of the title compound as a yellow oil. MS m/e (%): 201 (M *, 33), 94 (IM-OBn]*,
22), 91 (Bn', 100).

b) 1-[6-(2-Benzyloxycarbonyl- 1-1-y1)-6-oxo-hexanoyl]-1H- le-2-
carboxylic acid benzyl ester _

30 To a stirred solution of 1.0 g (4.97 mmol) 1H-pyrrole-2-carboxylic acid benzyl
ester, 0.06 g (0.50 mmol) 4-dimethylaminopyridine and 0.82 ml (5.47 mmol)
1,8-diazabicyclo[5.4.0]Jundec-7-ene in 40 ml dichloromethane at 0 °C was
added dropwise 0.36 ml (2.49 mmol) adipoyl chloride and stirring continued



a) (R-1-[3-[[3-[(R) -2-Benzyl oxycar bonyl - pyrrol i di n-1-yl]-3-o0xo-proyyl]- 20
cycl opropyl net hyl - am no] - propi onyl ] - pyrrolidi ne-2-carboxylic acid benzyl
ester A solution of 444 ng (1.71 nmmol) -105-

(R -1-acryl | QD Z\ m (0 85
mol ) cycl ogérﬂépy rreﬁ#xg R%ga{‘gogﬁ 1 %\ﬁgséﬁéqﬁ%ghgé

room t enper aegtientially Wn‘ftnrlm&ﬂx@hhﬁ&e[aﬁ Jﬁtu@waeé!ﬁﬁiﬁﬁarﬁbﬂb%éuo and
flash chromat ography (gradient: 0-100% MeOH in 25 EtOAc) afforded 220 ng

(44% of t heolutionand %atswatedvbmm,andsthﬂaq(m@us pleasesibadier r]

100

(R) - ). 1- [3 [ [ $xfragted with dighjongmethang; The combined greanic sxtracts were Atied et hy
| - ami nolg &%gg%?[ fo( th SndeconiceAfrAted i Sa@:% ft'lésﬁ%%xhaﬂogifapﬁ%‘lzm

(0. 37 mml) (R R) - 2- benzyl oxycar bonyl -
pyrrolidi n- EtDAe i humam)cqﬂ'drﬁedﬂébapgd&&%bmf Hye tmlucm}pq]mﬂ:)as aywhite

pyrrolidine-2-cagboxyl], n | sopropanol was stirred
with 10 ny fﬂ%‘?&ll“l‘ ‘f‘%ﬁ»@od@@?ﬂﬁ, of hydrogen for 16 h at

room t enper M
vacuo affor

me (% : 40&xbl [ dvrréBdine-Z=¢a
(R-1-[3-[(3.4-Di 0X 3 - 2-car boxy-pyrrolidin- 1y|] 3- oxo-
propyl ] - mgr(bynm OWQIB withe800 mg b8G mmoblcl-i6<2- f | uor oacet at e

Stirted sol hearionyeahyngt prgror IR hegoniF LEFbomplic - Btbimliadd o
(32.1 mol ) Hehhfv'f Sﬁt@i’”aﬂ%rdé& 460 0¥ (FH%) $Ahe B0 bR pdng s Wititd\eiystaltied 10

dropwi se 3.6 ml mol ) acryloyl chloride and Stirring continued for 48
h at room tmhdrMSJn#e(%hBB%ﬁM-IﬂmlﬂD)cture was then washed sequentially
with water, saturated ammoni um chl ori de solution, once nore with water and
then with saturated brine, and the aqueous phases back-extracted with

di chl or ofget hane. The conbi ned or gani CE?:SH@QQ@ were dried over sodium

Lit. Tetrahedron 1985, 41, 5633. To a stirred solution of 10.0 g (90.0 mmol)
pyrrole-2-carboxylic acid in 180 ml dioxane was added dropwise at 0 °C 18 ml
20 concentrated sulphuric acid 2-methylpropene was then condensed info the
reaction flask over the course of 1 h, using a dry-ice condenser, and stirring
continued for 16 h at 0 °C while the dry-ice condenser was periodically refilled
so as to maintain a slow reflux of 2-methylpropene. The reaction mixture was
then poured cautiously into an ice-cooled mixture of 400 ml ether and 150 ml 2
25 M sodium hydroxide solution. The phases were separated and the aqueous
phase extracted twice more with ether. The combined organic phases were
washed successively with 2 M sodium hydroxide solution, water and finally
with saturated brine, then dried over sodium sulphate and concentrated in
vacuo to afford 9.07 g (60%) of the title compound as a colourless oil which still
30 contained some dioxane. 'H NMR d (250 MHz, CDCL,) 9.60 (1H, br s), 6.90 (1H,
m)}, 6.83 (1H, m), 6.22 (1H, m), 1.56 (9H, s).
b) 1-[6-(2-tert-Butoxycarbonvi- 1-1-y1)-6 he: 11-1H- e-2-
carboxylic acid tert-butyl ester



1 5 sulphate and concentrated in vacuo to afford 6.6 g (100% of the title
conpound as a yellowoil. Ms nme (%9: 243 (MtNH err], 33), 226 (MtHerr],
100). b) - 108 -

R-1-[3-[[3- - =1 e Qi by - 3- -pranyl)-(3,4
U et oy pEhBtrcn® RERIABA G pAED A BvSrole AeartipRic Rt
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C. Co t I ati OR . h t h dient: 0-10%
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oil. M5 mig (%ﬁmhﬁww[ﬁ%}?oﬂ%ﬁp&ﬁtuﬂAﬁmher 95 mg (0.78 mmop]4_-3_ oxo.

(R -1-13-[(3.4-D et hoxy-benzyl)-[3-[(R)-2-carboxy-pyrrolidin-1-

propyl ] - ami nadinpethplamiddpywidine landi h28 2nk@. Sdmmmol) 158-diazabiéyelelbdakiratee-
(1:1) To a stjrred | ytion of ,150 nmg (0,24 1) (R,-1-[3-[[3-[(R)-2-tert-
but oxycar bony?‘%’}"?raga AR St}ﬂn%%&%nmg% %@Lﬂ &ih@tm@[’%mmwgm noj
- propionyl]- i nes2 I ' ' Efﬁgﬂy Wi '|]1I[373§

di chl or onet ha%ég%dﬁgﬁﬂ[ﬁ m@&%@fg@%&&g@ . r# tI’I?MO oa%@?%gaci d
and stirring deddisatitatedmodiftm bisarboaite solativroand ginallyneithisattatedibrineécuo
and azeotroping three times with chloroformaon a rotary evaporator

af f or ded, 1&f tand the agueous phasesthackrextnacted avith dichloxpmethaneo Thecombingd

X . . 0 .
compound a5, & Yell ot LS Gl B5ed bk sodBul bphie and Sohbi St in A

(R) - 1- [ 3- [ [ 3-F168h cArémabspraphy &Padidht 10-20% BtOXe 1R h@ﬂ%&yéﬁo@amﬁ%@a?y'

)- am no] - propionyl]-pyrrolidine-2-carboxylic acid trifluoroacetate :
a) (R)-1-[3-[(13%) cRthe titk ¢corBpound aarbkght yellow otysdaline solid. MS m/e (%): 462
- 3- ox0- propyl -_éﬁa;

nmet hoxy- et hylé‘1 o]l-ﬂgp-opi onyl ] -pyrrolidine-2-carboxylic acid tert-butyl
ester A uth o Ol - «vlic aci
(R)-1-acryl oyt=pyTT ar ne- 2- . 1- erand U.
M (2.22 molTo 2 stietdbsolation af B85 mg (0. P5mthol) 1-[6-(2-tert-butoxycarbonyl-pyrrol-

1-yl)-6-ox0-hexanoyll-1H-pyrrole-2-carboxylic acid tert-butyl ester in 8 ml
dichloromethane at 0 °C was added dropwise 0.15 ml (1.97 mmol)
trifluoroacetic acid and stirring continued for 16 h at room temperature.

20 Concentration in vacuo and azeotroping three times with chioroform on a
rotary evaporator afforded 39 mg (95%) of the title compound as an off-white
crystalline solid. MS m/e (%): 350 (M+NH,", 100).

25 Example 100

ifluoro olidine-2-carboxvlic acid
a) (2R)-4-Oxo- idine-1.2-dicarboxvlic acid 2-benzyvl ester 1-tert-butvi
ester
30 A solution of 15.6 ml (0.22mol) dimethylsulfoxide in 50 ml dichloromethane
was given to 9.60 ml oxalylchloride in 150 ml dichloromethane at minus 65°C
during a period of 10 minutes. After 5 minutes at -65°C 32.1g (0.1mol)
(2R,2R)-4-hydroxy-pyrrolidine-1,2-dicarboxylic acid 2-benzyl ester 1-tert-butyl



acetonitrile was stirred for 16 h at 80 [err]C. Concentration in vacuo and
flash chromat ography (gradient: 0-10% MeOH in Et OAc) afforded 300 ng (23%
of the title conpound as a |ight brown oil. Ms1@¥e (%: 526 (MrHerr],

100). b)
(R)-1-[3-[[ 3 epter n 100 mi dichloromethane were 8qdedl and after additional 15 minutes ||

)- 15 am nol24pt ndi(0:18l ﬂae}:)wrremhyhmmmeZ “Thee domliplg lathowas rembbu@;mms

1:1) T t d | ut 0.29 | R-1-[3-[[3-[(R-2-tert-
but oxycar bongPoRe %frér' rpd 3 dhi ZaEpwre s poR o [s%vgit(gm) ol

propi onyl ] - py. ﬁﬁ) 6I] ?il Clt

di chl or onet h!f'répéﬁtﬁ err vvaq)séxlzf aﬁgafal&%{%gée 1. tri PI uoroacegl c acid
and 20 st ig r bigarbonate niediwiatér d6d Rheématspraphypeedsilicageoaitkent ration in
vacuo and azeotroping three tinmes with chloroform on arotary evaporat or

af forded, af o gﬂmlacafaat@ﬂsargamﬂabbq ) (2R)hoxpqyrrelidines0 ny
(6799 of the iy bl FOmROUNS 9%, G bl bbre B TUatek 8  RSf LS -
(R)-1-[3- [BEMSEJ:/BQ%[ { FB3@1580RAYIenRY 75, @rmﬁe@ 184/(90) 3128<E)I43f gpgé) 837409 -

pr opi onv] pyrrolidi ne-2-carboxylic acid trifluoroacetate
(R -1-[ 3-[ BebZ\{100B-[ (R) - 2 t ert-but oxycar bonyl -pyrrolidin-1-yl]-3-o0xo-propy

| 1- am nqgl.- ptopi lldln- arboxylic acid tert-butyl ester 30 A

sol utionqbf i & %414 eF‘éfu'?lp'l’ﬁcryl oyl - pyrrolidine-2-carboxylic acid
tert- butyl a ) b Iamn '.” 25 m ace rrfytrlle
was stirred R tsieat At al = L T

chr omat ogr apBytyl es@&’ adl ent 0-10% MeCH i n Et OAC) afforded 470 ng (349 of
the title conmpound as a yellowoil. MS nme (%: 558 (MtH err], 100) b)

(R) - 1- [ 3- [ BeAzgolufion [ofR)GQg &&Obﬂxgxelp &2R)34+@wp5&rqh<]m%—h2ed1paﬂnw1m acichB] -
11 ety S S il s
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was added  room temperature for 32 hours and then the mixture was poured on ice.
Extraction with dichloromethane and filtration over silicagel with hexane
followed by elution with dichloromethane gave 0.62 g (90%) (2R)-4,4-difluoro-
pyrrolidine-1,2-dicarboxylic acid 2-benzyl ester 1-tert-butyl ester as light
20 yellow oil.
MS m/e (%): 285(1}, 206 (6), 106 (33), 91 (35), 57 (100); [a ], = +43.0° (c= 1% in
methanol).
2R)-4.4-Difluoro- lidine-2-carboxylic acid benzyl ester hydrochloride
25 100 ml of dry HCl in diethylether was added to a solution of 7.51 g (0.022 mol)
(2R)-4,4-difluoro-pyrrolidine-1,2-dicarboxylic acid 2-benzyl ester 1-tert-butyl
ester in a mixture 100 ml diethylether and 20 ml dichloromethane. After
stirring for two days 5.84 g (96%) (2R)-4,4-difluoro-pyrrolidine-2-carboxylic
acid benzyl ester hydrochloride (1:1) were isolated by filtration and dried
30 under reduced pressure. Mp.: 118-120°C; {a ], = +29.3° (c= 1% in methanol).
d) _R)-1-[6-[(R)-2-B lo; nyl-4.4-difluoro-pyrrolidin-1-yi}-6-oxo-
h 1]-4.4-difluoro lidine-2-carboxylic acid benzyl este




dropwise 1.0 m trifluoroacetic acid and stirring continued for 16 h at
roomtenperature. Concentration in vacuo and azeotroping three tinmes with
10 chloroformon a rotary evaporator afforded1@84¢er trituration in ether,

150, (0% B s kbR ORS00 Aot obPY BTG QBB ARt
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(2.22 mmol) para-trifluoromet hyl benzylam ne in 25 acetonitrile was
stirred for m&ldnedmthsndjumsﬂfatae Gthramatogaphy evercsilinaigdl lvith

h t h d t: % NMeCOH Et 0 310 f th
it 1e conpourichlirameiane Bftlpcinte Skearedd oy (0690 GNIHEIR-2-100). 25
b
(R-1-13[3 (TEE e A AR e e ey o

propi onyl ] - p)ﬂiﬂ&bh? dxgh@fﬁciﬂ benzyllester aseédlsﬂegmsﬁl ISP-MS: 598
-tert-Butoxyc onyl -pyrrolidin-1-yl]-3-o0xo0-propyl]-ethy

(R-1-[3-[[3 -

|- am no]{%rdjpéﬁ%y[q]mﬁﬁé’ﬁdcﬂé%m:mgyﬁc aC|d tert- butyI ester A
sol ution of 290 B X

pyrrolidin-1%§ Q3O A S E2s SSEERO0RY 201

- pyrrolidinegd -ct&l&yl ester in 50 m ethanol was
stirred with=3C arcoal under 1 atm of hydrogen for 72

h at room tertpssg(moelmel)t(ﬁ)—I—[G-[(&atz-Bénbplo&ym\benyhe 4Ldifhdorsipyrrolidin-1-
concentration_in vacuo - and flash chromat ogr aphy (gradl ent:

0- 100% MeCOH iyl -ﬁtc@qchmﬂrA,Agﬂaﬂwmmlpdxpeaz-p@rhmhs eciybenzyhestar 20
title co U ndl g&an%l [m?’er[a?}xsld(r@enateg at room temperature and atmospheric pressure

in the presence of 0.12g 5% palladium/carbon. After completion of the reaction
- the catalyst was filtered off, the solvent was distilled off, and the residue was
dissolved in dichloromethane. Evaporation gave 0.4g (97%) (R)-1-[6-[(R)-2-
carboxy-4,4-difluoro-pyrrolidin-1-yl]-6-oxo-hexanoyl]-4,4-difluoropyrrolidine-2-
20 carboxylic acid as a white foam. ISP-MS: 413 (MH)"; [0 ], = +54.2° (c= 1% in

dimethylsulfoxide).

25 phenoxv]acetyll-4 4-difluoropyrrolidine-2-carboxylic acid

ethoxvl]-phenoxylacetyl]-4.4-difluoro lidine-2-carboxylic acid benzyl ester
To a mixture of 1.11g (0.004 mol) (2R)-4,4-difluoro-pyrrolidine-2-carboxylic
acid benzyl ester hydrochloride (1:1), 0.45g (0.002 mol) 1,2-

30 phenylenedioxydiacetic acid,
1.21g (0.012 mol) N-methylmorpholine, and 0.61g (0.004mol) 1-
hydroxybenzotriazole hydrate in 90 ml dichloromethane were added 0.77¢g
(0.004 mol) 1-(3-dimethylaminopropyl)-3-ethylecarbodiimid hydrochloride. After



But oxycar bonyl - pyrrolidi n-1-yl]-3-0xo0-propyl am no] - propi onyl ] - pyrrolidine-2
- carboxylic acid tert-butyl ester as a yellowoil. MSnfe (%: 468
(MtH err], 100) 5 Further flash chromat ography0®t the | ess polar fractions
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| - am no] - pro onyI] pyrrol i di ne-2-carboxylic acid tert-butyl ester as a
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but oxycar bon 3= 0x0- pr opyl am no] - propi on pyrroli ne 2-
carboxyl i ¢ aestdr agrcoldridsgloik ISP-MSh 693r(MH) s fd. By 0 #68!¢1 e= 4% ih Methanellded
15 dropw se 1. 0 m trrfluoroacetrc aci d and strrrrn contrnued for 16 h at
room t enper a 22 Garboxv-dot-difly ardi-vl e
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subsequent | ¥ HLQromgIRiIy 8¢ 88%ound as a yel l ow
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[3-[Ethyl-[3- 2- car boxy- rro I di n-1- 3-oxo- propyl | - am noj] -
propi onyiD- p&wibﬂm&romthﬁxyﬂ-rﬁhenpky}aoamlhﬁdr difluovopyrrelidire-2-tathoxidicaacid

Bt oxycar bonpPaAs et 70 Tl athanobwers hypepnatd At 1o i te”'éﬁmd |
b added dr SRIPEEPGb ik i Bid phlecibe SEDT0e. Sppiadibai i IR0 O] ©

16 h at roonpdapletiont of the reactien thacatilystwia filterad dff) thobolRenb Grdshr ee
times with chloroformon a rotary evaporator_afforded, after resuspension

in water 30 distillednfiiandthe msiduswag d@mﬂ@ dm dichloromethanepEvaporation

YoM o ChB> B %23 ity P18 18- ) 4-Brbdey ™ A btdpyrain® D511 2-0x0-

ethoxyl]-phenoxy] acetyll-4,4-difluoropyrrolidine-2-carboxylic acid as a light
yellow foam. ISP-MS: 493 (MH)"; [a. ], = +46.8° (c= 1% in dimethylsulfoxide).

Example 102

20

acetyl]-4.4-difluoro lidine-2-carboxylic acid

ethyll-phenyll-acetyll-4.4-difluoropyrrolidine-2-carboxvlic acid benzyl ester
To a mixture of 1.11g (0.004 mol) (2R)-4,4-difluoro-pyrrolidine-2-carboxylic
25 acid benzyl ester hydrochloride (1:1), 0.39g (0.002 mol) 1,4-phenylenediacetic
acid, 1.21g (0.012 mol) N-methylmorpholine, and 0.61g (0.004mol) 1- |
hydroxybenzotriazole hydrate in 90 ml dichloromethane were added 0.77g
(0.004 mol) 1-(3-dimethylaminopropyl)-3-ethylcarbodiimid ﬁydrochloride. After
stirring at room temperature for 18 hours the mixture was extracted with 1N
30 HCI, water, 10% aqueous sodium bicarbonate and again water.
Chromatography over.silicagel with dichloromethane/ethylacetate 9:1 yielded
0.72g (56%) (R)-1-[{4-[2-[(R)-2-benzyloxycarbonyl-4,4-diftucropyrrolidin-1-yl]-2-
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(R-1-[3-[[3-[(R)-2- Carboxy-pyrrolidin-1-yl]-3-oxo-propyl]-(4-trifluorometh
yl - benzyl) - am no] - propi onyl ] - pyrroI|d| ne- 2- ca.rbm(yllc acid
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di chl or onet hawe(R}-19[4-£2
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Bexan?)yl ] t pyrﬁrm%aﬂm&hﬂkmm%dﬁfgmammmwmedc ac:c d5 .
enzyl ester Lit. g. em sti |on 0
tg M?hol ol )2HR9SPReEICPTeaF RSN § Bl@isﬂn%ﬁweg @lgé %f' qaé%sfwi ! |

ri et hyl am ne zy
broni de and st B}?]%ﬁgn% %ﬁ%@%ue% % ﬁ%ﬁ%téﬁ%%r?%ﬁ

reaction 10 xtdistilledoff, aed theresiduervas disfsolfmuﬁ dicHlorbmeteanel Bvapattipanded
i n di chl oronet hane. and washed twi ce with saturated sodium bi carbonate

sol uti on and gamec®28g (61 % (R)-1- [k R-I{Re-2-earhonz-4straifuoropyrraidinyH2-0keh

di chl or onet ha I ae Lied ov

sul phat e and %ﬁﬁgeﬂ? ?Eﬁ)c%ﬂ ?ﬁ%ﬁ‘?ﬁ@%@é‘ﬁ“@%ﬁ@&&ﬁ&&ﬁ&}ﬁ%@‘%mc in
hexane) affor. W tl[Q 1ceBSdcaD .38 y&id ow oi | . M5 nfe
(% : 201 (Mérr] 33) 94([MCBn[err’f ;’5 91(Bn, 100). b)

1-[6-(2- Benz;dlmethyrga@mﬁd@yrrol 1-yl]-6-o0xo0-hexanoyl]-1H pyrrol e-2-
carboxylic acid benzyl ester 30 To a stirred solution of 1.0 g (4.97 mmvl)
1H pyrrol ¥ 2- carboxyli ¢ acid benzyl

dihvdro le-2-carboxvlic acid

a) (2R.4R)-4-(Toluene-4-sulfonyloxy)-pyrrolidine-1.2-dicarboxylic acid 2-henzyl
20 ester 1-tert-butyl ester -
A solution of 2.35g (0.007 mol) (2R,2R)-4-hydroxy-pyrrolidine-1,2-dicarboxylic
acid 2-benzyl-ester 1-tert-butyl ester in 22 ml pyridine were treated at 5°C
with 1.53g (0.008 mol) p-toluenesulfonyl chloride and kept in the refrigerator
for 15 days. The pyridine was then distilled off in vacuo and the residue was
25 purified by chromatography on silicagel with dfchloromethane/ethylaoetate
95:5 to yield 2.81g (81%) (2R,4R)-4-(toluene-4-sulfonyloxy)-pyrrolidine-1,2-
dicarboxylic acid 2-benzyl ester 1-tert-butyl ester as colorless liquid. MS m/e
(%): 376 (2), 340 (10), 284 (6), 240 (21), 91 (48), 68 (100), 57 (63); [ ], = +24.5°
(e= 1% in methanol).
30 b) (2R.45)-4-Phenylselanyl-pyrrolidine-1.2-dicarboxylic acid 1-tert-butyl ester
2-ethyl ester
A solution of 7.99g (0.026 mol) diphenyl diselenide in 250 ml ethanol was
treated with 1.59g (0.042 mol) sodium borohydride and stirring was continued



_ester, 0.06 g (0.50 mmol) 4-dinethylam nopyridine and 0.82 m (5.47 mmol)
=1, 8- d| azabi cycl o[ 5. 4. 0]Jundec-7-ene in 40 mM dichloronethane at O [err] C was
added dropwise 0.36 m (2.49 mol) adi poyl chtdiide and stirring continued
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(R) - 1- [ 6- B( SChranthtogiaphy dif silicRael withadibhloromthdhd/Hiethanyl 98:2-gave 8.48g
0x0- hexanoyl ]a{%rrol I di ne- 2- car boxyl ic acid 10 Using General Procedure B

with 800 ng { bmrml)l[es(z- _ _
onsyl est or CRASHARba AL PYF IR P A ek Hgho] getef 22°' ©
scrystall | ne éfﬂ&lckstéfs me (%: 339 ([MJ][err], 100). 15

‘Exanpl e
1-[6-(2- Car bax y-qolorieds dil.yMB-16/e0(0b): 5996(17!);326 {13}; RY0 (18) 226 (88),A86 (36),48 d
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ISlr.:| phuri c al:%? WE§@§!@%O§W%® 88&{%’; ,,,p_igd_gl 2 (g%tnrg fI ask
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for 16 h at ry-ice condenser was periodically refilled

$0 as to nai BVAI(87) 248d48), AA6.4931208-(36),/92 (10O)B8(54187 (2MB)cfia hr= w321 2T e~
was then poured cautiously into an ice-cooled m xture of 400 m ether and
150 M 2 25 Wesinimethapel).oxi de sol uti on. The phases were separated and the

.@ queous yg ¢) (R)-2,5-Dihydro-pyrrole-1.2-dicarboxvlic acid 1-tert-butyl ester 2-ethyl ester
To a solution of 7.35g (0.016 mol) (ZR,4S)-4-phenylse1anyl-pyrroli_dine—1,2-

dicarboxylic acid 1-tert-butyl ester 2-ethyl ester in 80 ml dichloromethane
were added at 0-5°C 1.93 ml (0.024 mol) pyridine and 4.6 ml 30% hydrogen
peroxide and stirring was continued for 1.5 hours. The mixture was extracted
20 with 5% aqueous HCI, saturated aqueous sodium carbonate, and water.
Chromatography on silicagel with ethylacetate/hexane 1:5 yielded 2.99g (77%)
(R)-2,5-dihydro-pyrrole-1,2-dicarboxylic acid 1-tert-butyl ester 2-ethyl ester as
colorless oil. MS m/e {(%): 186 (11), 168 (48), 140 (32), 112 (100), 68 (85), 57
(568). a1, = +242° (c= 1% in chloroform).
25 d) (R)-2,5-Dih 1H-pyrrole-2-carboxylic acid ethyl ester trifluoroacetate
(1:1)
1.5g (0.006mol) (R)-2,5-dihydro-pyrrole-1,2-dicarboxylic acid 1-tert-butyl ester
2-ethyl ester were dissolved at 5°C in 10 ml triflucroacetic acid and stirring

ﬁ)

UH

- was continued at room temperature for 3 hours. Evaporation of the solvent in
30 vacuo gave 2.05g (quant.) of (R)-2,5-dihydro-1H—pyrroIe—2-carbo:-:ylic acid ethyl
ester trifluoroacetate (1:1) as a yellow oil. MS m/e (%): 142 (1), 68 (100), 45
(10), 41 (15). [ot ], = +95.4° (c= 1% in methanol).
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‘phase extracted twice nore with ether. The conbi ned organi c phases were
washed successively with 2 M sodi um hydroxi de solution, water and finally
with saturated brine, then dried over sodium sulfghate and concentrated in
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brine, 10 anavel(:37guUea) (W&SES[WMWWHMI%WW]-GWG

conbi ned organl C extracts wer e _dried over sodi um sul phate and concentrated

i n vacuo. 10 #zr-hexvaseutlohpAhydropyarelerd-cathyxyboacidpidyl gstenasmvsllon pir ded

464 ng (13% rrpound as a light yellowcrystalline solid. M
me (9: 462@&%5’?& 15 «¢)

1-[6-(2-carbg ) " B ¥E . hevlyig 5. acid To
a stirred solution o -tert-utoxycar ponyT - pyrrol -
1-yl) - 6- oxo- dilaydn 28 ' boxyllc aC|d tert-butyl ester in 8 nl

o tor e e egly. ﬂoéi J;;Cf#fi Aé?ﬁﬁ)n BT crebeBy 2 e REper kbl 6
15 oxo-hexanoyl]-2,5-dlhydropyrrole-2-ca:boxylic acid ethyl ester were stirred
with aqueous HCI at 50°C for 3 hours. The solvent was evaporated and the
residue dissolved in water and lyophilized to yield 0.08g (97%) (R)-1-[6-[{(R)-2-
carboxy-2,5-dihydropyrrole-1-yl}-6-oxo-hexanoyl]-2,5-dihydropyrrole-2-
carboxylic acid as light yellow foam. ISP-MS: 335 (M-H)".

20
Example 104
-1-[{2-[2-[(R)-2-Carboxy-2.5-dihvdropvrrole-1-vl]-2-oxo-ethoxyl]-
henoxylacetyl]- 2.5-di ole-2-carboxylic acid
R)-1-[2-[2-[(R)-2-Ethylcarbonyl-2.5-dih ole-1-yl]-2-oxo0-ethoxyl]-
25 phenoxvlacetyll-2,5-dihvdropyrrole-2-carboxylic acid ethyl ester

To a mixture of 0.99g (0.003 mol) (R)-2,5-dihydro-1H-pyrrole-2-carboxylic acid
ethyl ester trifluoroacetate (1:1), 0.34g (0.0015 mol) 1,2-
phenylenedioxydiacetic acid,

1.3 ml (0.012 mol) N-methylmorpholine, and 0.46g (0.003mol) 1-

30 hydroxybenzotriazole hydrate in 80 ml dichloromethane were added 0.57g
(0.003 mol) 1-(3-dimethylaminopropyl)-3-ethylcarbodiimid hydrochloride. After
stirring at room temperature for 18 hours the mixture was extracted with 1N
HC], water, 10% aqueous sodium bicarbonate and again water.



20 Concentration in vacuo and azeotroping three tinmes with chloroformon a
rotary evaporator afforded 39 ng (95% of the title conpound as an
- off-white crystalline solid. MSme (%: 350 (Mfgferr], 100). 25

67 oo’ nexandgMomateEraphy qust SeREe! witkeo bR, Heldsd g 8) (1.
ater 30 A SR Rt B Pyl SR pr BBl oty B

di chl or onet hmm]@aﬂ}z@d%ﬁ&opyrnﬁmzwmbmhmxd ethglOester as colorless

di chl or onet han i’nﬁ GWUI‘I ng a period of 10 minutes. After 5 mnutes
at -65C 32. 1g> -ds é] 13 =4 hydroxy pyrfolidine- 1 2di car boxyl ic acid
2- benzyl t b I 3 thane were
added andeééf " ’ a%m ne. The
cool i ng bat h plgsndxetanets pociarh .;w ni ght and then the
m xt ure was poured |nt0|cewa ion wi.th dichl oromet han

fol | owed by v@;ﬁg ﬁ@,omfirmd) @)ﬂ?ﬁ%lz-[@)@@ﬂiﬂmyw pyxrole-1-yl]-2-

T o 9% P s etHoag ) nl sy a2, 5 SR BB o L B ASCRAN SeR nlipV ©
1 tert-butyl qgié‘é( :)%dawftﬂl de%ﬁé}ten&t 80°ORr'd Bolr’d m&%lxkéutswaytyl ene,
219 (8), D4y, 128 91 (58), 84 (40), 57 (100);

[ [ err ]11[et0®] evapbrifedrand thsréﬂ’due dmbmdﬂn) watsr and lyophilized to y1e1d 0.13¢g
E)ﬁ? g/l 4egt (E,)lr f k%%%)ug )gi.ﬂ;.f'%[‘@%gf o8 b%y Cddle'l'ﬁfé'oxo'et %EI.Y _tert-

erbr in 3mSR %ﬁéléﬁa%'e&‘%ém?é%’g@e?*?‘ REREN, o Wilo dglorghops

(0.006 nol) dbsirdet. IBPMSIUAGT(MH)T | uori de, stirring was conti nued at

15



roomtenperature for 32 hours and then the m xture was poured on ice.
Extraction with dichloronethane and filtration over silicagel wth hexane
fol l oned by elution with dichloromethane gave 0143 -g (90%

(2R) -4, 4-difluoro- pyrrolidine-1,2-di ce!; Eﬁxﬁ | g acid 2-benzyl ester
l-tert-butyl ester as light 20 vyellow : me (%: 285(1), 206(6), 106

(33), 91 (35), 57 0) ; errl]lerr] = +43.0[err] (c=_1% in methanol). c)
(2R)-4.4-Dif|uorof#%}a??%mfgflﬁ@dgmaﬁmmsehaei %éﬁ%ﬁ%&?@%w@% ride
(1:1) 25 100%e§ér.dry HC in diethylether was added to a solution of 7.51
g (0.022 nol) =4, 4-di fl uor o- pyrrolidine-1, 2-di carboxylic acid 2-benzyl
ester 1-tert-butyl ester in a mxture 100 m diethyl ether_and m

di chl oronet hane. After stirring for two days 5.84 g (QG%QM

(2R) -4, 4- dif | YtReMREFediedt Ne- 2- car boxylic acid benzyl estqpghydrochloride
(1:1) were isolated Dy tiltration and dried 30 under reduced pressure. M.:
118-12[ err] C, Howat.dhd¢toser] = +29.3[err] (c= 1% in net hanol ) 95d)
(R)-l-[6-[(R)-v§1-]g§nzyl oxycar bonyl - 4, 4-di fl uoro-pyrrolidin-1-yl]-6-o0xo0-
hexanoyl ] - 4, 4- SBFREYAECB! i di ne- 2- car boxyl i ¢ aci d benzyl §§t er -108 -
To a suspensi . . 004 nol)

(2R) -4, 4-di f| %}ﬁaﬁ %‘g‘a‘i&e

I ne-2-carboxylic acid benzyl estershydrochloride
(1:1) in 20 niNdegfbosimsthylzbercher e added 11.7 ml (0. 008 nolp
triethylanmne, and 0.29 m (0.002 nol) adipoyldichloride in 5 mn
di chl or ondOhaMbagesiam stearateng at room tenperature over nigBt the 5
m xture was extracted with 1N HO, water an,il @ggeou sodi Uﬁg'bcar bonat e and
dried wth sodi umsul fate. Chronatogaphy ovet? iwc?éééﬁ Wi t
di chl or onet hane/ et hyl acetate 8:2 gave 0.79 g (66% (R -1-[6-[(R) -2-
benzyl oxycar bonyl - 4, 4-di f|l uor o- pyrrolidin-1-yl]-6-o0xo0-hexanoyl] 4, 4-
di fl uoropyrrolidine-2-carboxylic acid [BaaaypledBter as colorless oil.
| SP-Vs: 593 10 (MH); [[err]][err] = +67.3[err] (c= 1% in nethanol).

Tablets of the following composition are manufactured in the usual

15 manner:

mg/tablet
Active ingredient 200
Powd. lactose 100
White corn starch 64
20 Polyvinylpyrrolidone 12
Na carboxymethylstarch 20
Magnesium stearate 4

Tablet weight 400

25 Example C

Capsules of the following composition are manufactured:

mg/capsule
Active ingredient 50
Cryst. lactose _ 60

30 Microcrystalline celluiose 34



e) '
(R -1-[6-[(R) - 2-Carboxy-4.4-di fl uoro-pyrrolidin-1-yl]-6-o0oxo-hexanoyl]-4,4-
di fl uoropyrrolidine-2-carboxylic acid 0.59g (0-998r0l)

(R-1-[6-[ (R Benzyloxycarbonyl 4, 4-difluoro-pyrrolidin-I-
yI]-6-oxo-hexg yI] 4,4-di fl uoropyrrolidine-2-carboxylic aci% benzyl ester
in20 15 m pﬁﬂﬁﬁgﬁnﬂ@ﬁgaﬂugrogenated at roomtenperature apd at nospheric
pressure in the presence of 0.12g 5% pal | adi um carbon. After conpletion of
t he reaction the catalyst was filtered of(kqﬁﬂdefﬂbhmﬁ@htwak5ﬂistiIIed of f,

dth id l.ved I 1 ) t 0.4
and she resi due V@m 2 lxgredlgn i omm e, BUPATalhon 42160, 40

oo 3o 3 oSk sk Yhs ibiitysialinge Selipel RO pgedaqlidly kit b aile

[[err]][err] andﬁﬂar?{;wzéd abd%hki’eameﬂtalehhdlmagﬁéﬁuﬂeéteafanmeﬂxﬁib:dd?m
[[2-[( R -2-Carboxy-4.4-diflugropyrrolidin-1-yl]-2- oxo ethox¥

phenoxy] acet yfipished mixtuye infilled dntahard gelaine sapsnle e s1ze
(R-1-[[2-[2-[(R - 2- Benzyloxycarbonyl-4.4-dif|uoropyrrolldln 1-yl]-2-oxo-
et hoxyl ] - phenoxy] acetyl ]-4. 4-di fl uoropyrrolidine-2-carboxylic acid benzyl
ester To a mxture of 1.1l g (0.004 nol)

(2R) -4, 4-di fl uoro-pyrrolidine-2-carboxylic acid benzyl ester hydrochloride
(1:1), 0.45g (0.002 mol) 1,2- 30 phenyl enedi oxydiacetic acid, 1.21g (0.012
nol ) N-net hyl norpholine, and 0.61g (0.004nol) 1- hydroxybenzotriazole
~hydrate in 90 m dichl oronet hane were added 0. 77g (0.004 nol)

1- (3-di net hyl am nopr opyl ) - 3- et hyl carbodi i m d hydrochl oride. After - 109
- stirring at roomtenperature for 18 hours the m xture was extracted with
IN HCO , water, 10% aqueous sodi um bi carbonate and agai n water.
Chronatography over silicagel with dichloronethane/ethylacetate 9:1 yielded
0.52g (39%

(R-1-[[2-[2-[(R) - 2-benzyl oxycar bonyl -4, 4-di fl uoropyrrolidin-1-yll-2- 5
0xo0- et hoxyl ] - phenoxy] acetyl ] -4, 4-di fl uoropyrrolidine-2-carboxylic acid
benzyl



ester as colorless oil. ISP-Ms: 673 (MHA)[err]; [[err]][err] = +68.4[err]
(c= 1%in nmethanol). b)

(R-1-[[2-[2-[(R) - 2- Car boxy- 4. 4-di fl uoropyrrol i-df¥61-yl] -2-o0xo-ethoxyl]-
phenoxy] acetyl]-4, 4-di fl uoropyrrolidine-2,garhoxylic acid 0.47g (0.0007nol)
(R-1-[[2-[2-[ (R -2-Benzyl oxycar bonyl - 4, 4= oropyr rol g B, t],_%

1-yl]-2-oxo0-ethoxyl]-phenoxy]acetyl]-4, 4-difluoropyrrolidi lcgd -
acid benzyl ester in 20 ml ethanol were hydrogenated at rj
and atnospheric preétapotnds bety fim@la@9g 5% pal | .

After conpletion of the reaction the catalyst was filtered off, the sol vent
was distilled off, and the residue was dissol ved in dichloronethane.
Evaporation 15 gave 0.32g (94%

(R-1-[[2-[2-[ (R -2-carboxy-4, 4-di fl uoropyrrolidin-1-yl]-2-o0xo0-

et hoxyl ] - phenoxy] acetyl ]-4, 4-di fl uoropyrrolidi ne-2-carboxyo,cacid as a

li ght yel | ow foam | SPHR82%93 (M—|)[e8 OH[err]][err] = +46f8[err] (c= 1%
i n di met hyl sul foxi de). Expnple 102 20
(R-1-[[4-[2-[ (R -2-Car 4 %< dix] ysfopyrrolidinoed-yl]-2-9x -“qrﬁ(y‘ln]-pheny
11 - acetyl]-4.4-difluprkpyrifol i ¥i n§- dghrboxylic acid a) A, b
(R-1-[[4-[2-[(R - 2- B&izygoxPcar bonPl - g'Axdi f | uor opyrr ol i Bi nBi -yl ]-2-oxo-

et hyl ] - phenyl ]-acetyl]-4.4-difluoropyrrolidine®-carboxylic acid benzy_b
ester To afrixture of 1.11g (0.004 nol) '

(2R) -4, 4-di fl uoro-pyrrolidine-2-carboxylic 25 acid benzyl ester

hydr ochl ori de v('ﬂx?]el? 0.39g (0.002 nol) 1,4-phenyl enediacetic acid, 1.21g
(0.012 nol) N-Het yI'mor phol i ne, and 0.61g (0.004nvol) 1-

hydr oxybenzot r gaz or 1Nbptibedlly sabstitinsd of 16wér g
(0.004 nol) l?gioﬁﬁgt}%lﬁgjr’n nol;s)l'rl%%gﬁ )?3- et hjjl car bodi i %}ﬁiﬁ%chl oride.
After stirring atalkompnorenperature for 18 hours the ni xture was extracted
with 1IN 30 HO, water, 10% agueqQus sodi um bi carbonate and agai n water.

Chr omat ogr aphy over silicagélyth di chl or omet hane/ et hyl acetate 9:1 vyi el ded
0.72g (56%
(R-1-[[4-[2-[(R) - 2-benzyl m bony! - 4, 4-di f1 uor opyr r T BHEEY HASBEEN
-110- oxo-ethyl]- mg@(&!lﬁace -4,4-difluoropyrrolidipe-2- G ﬂét’gi c acid
benzyl ester ? )

10 R' is hydrogen or halogen;

X is (CHg)p~; -CH(R2)(CH2)n-; -CH20(CHg)p-; -CH,NH-; benzyl,
-C(R*)=CH-; -CH,CH(OH)-; or thiazol-2,5-diyl;

Y is-S-S-; -(CHp)p~; -O-; -NH-; -N(R)-; -CH=CH-; -NHC(O)NH-; -
NRC(O)NR?-; -NICH,C,H,(OCH,),l-; -N(CH,CH,)-;

15 -N(CH,C H,)C(O)N(CH,CH,)-; -N(alkoxyalkyl)-; -N(cycloalkyl-methyl)-;
2,6-pyridyl; 2,5-furanyl; 2,5-thienyl; 1,2-cyclohexyl; 1,3-cyclohexyl; 1,4-
cyclohexyl; 1,2-naphthyl; 1,4-naphthyl; 1,5-naphthyl; 1,6-naphthyl;
biphenyl; or 1,2-phenylen,1,3-phenylen and 1,4-phenylen, wherein the

N

phenylen groups are optionally substituted by 1 - 4 substituents,

20 _ selected from halogen, lower alkyl, lower alkoxy, hydroxy, carboxy, -
COO-lower alkyl, nitrilo, 5-tetrazol, (2-carboxylic acid-pyrrolidin-1-yl)-
2-oxo-ethoxy, N-hydroxycarbamimidoyl, 5-oxo-[1,2,4Joxadiazolyl, 2-oxo-
[1,2,3,5}oxathiadiazolyl, 5-thioxo-[1,2,4Joxadiazolyl and 5-tert-
butylsulfanyl-[1,2,4]oxadiazolyl;

Wy



as colorless oil. ISP-Ms: 658 (M\NH err]); [[err]][err] = +55.5[err] (c= 1%
I n methanol). b)
(R-1-[[4-[2-[ (R -2-Carboxy-4. 4-di fl uor opyr r okildiZn- 1- yl ] - 2- oxo- ethyl] pheny

(R- 111125 (I HRIe Crn HRer: AU oG SV R pRefet © 201
yl]-2-oxo-ethyl] égﬁ%@@})ﬁ @@g@ﬁf % %@zwp di ne- 2-carboxylic acid
e i [ SO W A I oo i e
conpl etion o the Peatt g %ﬂ(%%y ? ered off, the solvent was
10 distilleg off;o0-gnd the residue was di ssol ved in dichl oronethane.

Evapor ation gave 0.28g (61%

(R)-1-[[48 Zahﬂliih&n&@demiem dteepiablOEARY of P drit- 2ml diektets eéreof, with the
et hyl ] - phenyl ] - acet 4-di fl uor%) yrrolidi ne-2-carboxylic acid ‘as a | i ght

|
yel | ow f oam ex&ptm%l o%m}xm)f end |(R)drK§)-3imercapt¢-2rmpthylypopiingll-] (C=

0.33 % in dinethyl UHOXI%gzzg}lE) anple 103
(R)-1-[ 6-[ (RPYEE ch%y‘ﬂﬁliopyrrole 1-yl ] - 6- oxo- hexanoyl ] - 2. 5-

di hydr opyrrol e- 2 carboxyllc acid a)
(2R 4R) - 4- (Tol uene- 4-sul f onyl oxy) - pyrrolidi ne-1.2-di carboxylic acid

2-benzyl 20 est 2r Conipoundsudfidenesaleformida I imacairdanédwiticladim ol )
(2R, 2R) 4- hydroxy-pyrrolidine-1, 2- d| carboxylic acid 2-benzyl -ester

l-tert-bytyl est n 22 yrid e were treated at 5] ]Ea_ﬁpa

(0.008 rrgp) p- to ud"? “F{ENP P Oi%‘m%m%@ﬁ@nr% § ﬁé’fhg@r 15
days. The pyr &Hsf &ﬁj: acuo and the residue was 25
purified by c orrat ogr pHY on o L‘%aggl%fls P%rg. chl or onet hane/ et hyl acet ate
95:5 to yield 2.81g (81%

(2R, 4R) - 4- (t ol uedeConpounds)ihaceprdunceatitticheind 3 2whiklcardioxyl i c acid
2-benzyl ester 1l-tert- butyI ester as colorless liquid. Ms me (%9: 376 (2),

Egg (5[122 r] 2%@(‘6‘)%3%3 l(gl) éé»qu—gﬁ'rglji&n 1—33]-2-met?hyl-[3[-§£0rprog'1r~ )

(20 19 . PR SEER phl  oB hel o1 200 et
ethanol w8s (R)-1-[8-[(R)-2-Carboxy-pyrrolidin-1-yl)-2,7-dimethyl-8-ox0-octanoylj-
pyrrolidine-2-carboxylic acid,
(R)-1-[8-[(R)-2-Carboxy-pyrrolidin-1-yl]-2,7-dimethoxy-8-0x0-octanoyl]-
pyrrolidine-2-carboxylic acid and
(R)-1-[6-[(R)-2-Carboxy-pyrrolidin-1-y1)-2,5-dimethyl-6-oxo-hexanoyl]-
20 pyrrolidine-2-carboxylic acid (mixture of 3 diastereomers)

5. Compounds in accordance with claim 2, wherein X is -(CH,) - and n is 0

orl.
25 6. Compounds in accordance with claim 5, which are:

(R)-1-[7-[(R)-2-Carboxy-pyrrolidin-1-yl}-7 -oxo-heptanoyl]-pyrrol_idine-z-

carboxylic acid,
(R)-1-[6-[(R)-2-Carboxy-pyrrolidin-1-yl]-6-oxo-hexanoyll-pyrrolidine-2-
30 carboxylic acid,
e memmm T is Sheet Has Been Re laced TH‘S HAS Bﬁ\
T e
VR



treated with 1.59g (0.042 rml) sodi um bor ohydride and stirring was
* conti nued until the yellow solution turned colorless. After addition of

20.0g (0.042 nol) -118 -

(22Eef1sz§/I4egEgky?q§e¢$§g'¢&%§8%@% Qﬂure é\'/g Mﬁuﬁgﬁog?@g’?dhours A

.white preci pbaﬁ(ﬁ;y\lnsacidltered of f and the sol vent was renmoved in vacuo. 5

- Chr omat ogr aphy_ on _silicagel w th dichl oronethane/ net hanol

98: 2 gave 8. 48g

(519 (2R 4SfBX¥l Fim@ ﬁ‘»ﬂr Wf-pmobdmr 1yi-20x0-ethyilyphenydlacetyll-
1-tert-butyl _est | or | | MBS me (%: 399
?(7)eg26 ?1%) y%qﬁu?3-§£w§§@X§§% igaa(gg)oragsi00£60) 57 ?186% 41(28).
‘[lerr]][es rRE 1#?@{%[@1@&1:&9@%&%-1- E—za%-éﬂlﬁ&y]ﬂﬁiﬁdbﬁﬂbﬁcﬁﬁiﬁe@

(2R, 45S) 4- phenyl sel anyl - pyrrol i di'ne- 1, 2-di car

oxylic acid 2- benzyl ester

1-tert-butyl ceshoxilimacidpl orl ess oil. MBS me (%: 461(7), 326 (21), 270

(on, 248 Cithy i Lot 0o 00 158 658l S5k s

coter Ton (OVIRIREARZAPRERERRRY O ¢ o 0 TEeTiobulY

ester 2-ethyl.

(2R, 4S) - 4- phR}-1 Jeisad {(R)iB-Cavboxli-perrblidinetl carbeuyll-cgclohétarecaebénydi v
ester 2-ethyl ester in 80 _m dichioronethane were added at O-5[err]C 1.93
m (0. 024Onnpwraﬁxh@wﬁkmaﬁgxﬂh%a@ﬂfﬂ@b@hydrogen per oxi de and stlrrlng was

continued fo ture cted

sat ur at ed aq@%ﬁi@%‘i@%%@eﬁﬁ ' tﬁﬂfpoﬁ?
with ethylac dise-20carborylié séld.ed 2. 999 (77%

(R) -2, 5-di hydro-pyrrol e-1, 2-di carboxylic acid 1-tert-butyl

ous HO ,
“li cagel

ester 2-ethyl

ester as colorless oil. Msme (%: 186 (11), 168 (48), 140 (32), 112

0) (K285 D hyarlo CompA s adcomtasipeymith dnh Zeipreiakds CHOS 77 %

154

trifl t at . .
(Ir?l)-ztjgr ?‘ﬁ;d?oepilﬁoﬁp%%‘l car boxﬁel C ac}a@cfni'? hf?}bﬁlt%il

ester

(R)-1-[{2-[2-[(R)-2-Carboxy-pyrrolidin-1-yl]-2-oxo-ethoxy]-phenoxy]-acetyl]-

pyrrolidine-2-carboxilic acid,

(R)—l—[[4~[2-[(R)-2-Carboxy—pyrrohdm—1—y1]-2-oxo-ethoxy]-phenoxy}-acety1]-

20 pyrrolidine-2-carboxylic acid,

(R)-1-[[4-12-[(R)-2-Carboxy-pyrrolidin-1-yl]-2-oxo-ethoxy]-2-methoxy-phenoxy]-

acetyl]-pyrrolidine-2-carboxylic acid,

R)-1-[{3-[2-[(R)-2-Carboxy-pyrrolidin-1-yl]-2-oxo-ethoxyl-phenoxy]-acetyl]-

pyrrolidine-2-carboxylic acid,

25 (R)-1-[[3-[2-[(R)-2-Carboxy-pyrrolidin-1-yl]-2-oxo-ethoxy]-2-methyl-phenoxy]-

acetyl]-pyrrolidine-2-carboxylic acid and

(R)-1-[[5-[2-[(R)-2-Carboxy-pyrrolidin-1-yl]-2-oxo-ethoxy]-naphthalen-1-yloxyl-

acetyl]-pyrrolidine-2-carboxylic acid.

30 9. Compounds in accordance with claim 2, wherein X is -CH,NH:

10. Compounds in accordance with claim 9, which compound is

THIS SHEET HAS RS
REPLACED

e i




2-ethyl ester were dissolved at 5[err]Cin 10 m trifluoroacetic acid and
stirring was continued at roomtenperature for 3 hours. Evaporation of the
solvent in 30 vacuo gave 2.05g (quant.) of -119-

(R) -2, 5-di hy, ik i &irR $vill-21oR et B ¥ laShinlol ate
(1 1) a5 a yoPro i Ry RSty Ve i A Bl sy tehinl phie LR ERY
[[err]]] err]acet@l}-piireclidinee2-cdrboxplicecidanol ) . -112- e)

(R -1-[6-[ (R) - 2- Et hyl oxycar bonyl - 2. 5-di hhdr opyrrol e-1-yl ] - 6- oxo- hexanoyl ] -
2. 5-di hydropyrrol e-2-carboxylic acid ethyl ester To a suspension of 0.99 g
(0.003 nol (R) -2, 5-di hydro-1 H pyrrol e-2-carboxylic acid ethyl ester

trifluoroacet at 3 ' : | ariag }Fe(fgﬂ 5 . 009
mol ) triethyl amﬁn:‘é?%gb%%c%%% m)l ?iggi%& i nggirsi g?ﬁ%yﬂ?lg?

di chl oronet hane. After stirring at roomtenperature over night the 4L

m xture vlas ext rk:t @dmpoumdsNntactordamice with ¢laimi by whiohdéompourad ionat e and
dried with sodiunsul fate. Chromatogaphy over silicagel with ethylacetate

gave 0.37 ¢

GREEN rﬁ%ﬁ?‘@%Eslﬁt[@)ﬁ%‘&ﬂrb?’,%mﬂﬁﬁi_ﬂp&ﬂ]&é‘-@ﬁt}lﬂs@"’f@'hexa-lzf-
g;(loj ?gg?%:&%é@z_%@#g%%&bﬁﬁgawy ic acid ethyl ester as yellow

(R -1-[6-[(R) -2-Carboxy-2. 5-di hydropyrol e-1-yl ] - 6- oxo- hexanoyl ] - 2. 5-
di hyropyrrol e-2-carboxylic acid 0.0Q09 0. 0002 nol) .
(R - 1-[ 6- [ (R - 2-1&- dymedjcament: especigliyifor the freatweat or preventionsof

-h | ].- 25 54di:h T ol e-2- ' id et t 2 ' d
i eh aquy o ob Ry s ComaBiE scbrdnd fieR an b ot Mibe g ©
E g)e rl _e[s I6dt[1(e F%ii_(g_gm-[(m and \®}-2L[(SPSL.rhereaBtd-Rafetiyl-proplohyll-Bpsolidfte-2-
car boxy- 2, 5-cdirbgxiliomeid ot e-pharijacguticallj@ccentpble 2316 ot inhynbr-apd diester? -

boxylic agid as |ight yellow f | SP- VB, 335 " 20 Exanple 104
(R- 1L 2- [ 2 ot acufans herapRprbp erbicarioc aetibko- ot hoyl |-

14. A process for the manufacture of compounds in aé¢cordance with any

15 one of claims 1-12, which process comprises

a) cleaving off the protecting group from a compound of formulae

Ro o Oy OF’

{ N X : S X
wr"\f'wr\z-' AT
R\ O o xR R %1 O

M ang

wherein R, R, X, Y and X’ are described in claim 1 and R’is a protecting

20 group,
to give a compound of formula I-A or I-B, and, if desired,

converting a compound of general formulae I-A and I-B into a pharma-
ceutically usable salt or into 2 mono- and diester thereof.
25

THIS SHEET HAS Bt
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phenoxy] acetyl]- 2.5 di hydropyrrol e-2-carboxylic acid a)

(R -1-[[2-[2-[ (R -2-Ethyl carbonyl -2.5 di hydpyrrol e-1-yl ] - 2- oxo-et hoxyl]- 25
*bhenoxy] acetyl ] - 2. 5-di hydropyrrol e- 2-carboxyld t2@ei d et hyl ester To a

m xture of 0.99

ethyl ester trif étjg%%gge’ te %@rq‘%&@dﬁ%g{lg"t%ﬁ&o;ﬁ @,bgge‘porxyl ic acid

phenyl enedi ompdiufactiuréd bgithe processidefihedin di@im 14-oriyhath WIM@M
0.46g (0.003mol) 1- 30 ydroxybenzotri azol e hydrate in 80

di chl or onet heavivakens thevwrad- 0. 57g (0. 003 nol )
1- (3-di net hyl am nopr opyl ) - 3-et hyl carbodi i m d hydrochl oride. After stirring

vt er 1056 Bquect CORPERIAT BBt Sl bhE of B o 15 oF o f}1-R) Kia

Ch t L 1-
50T PESUID IS it iy pron e g ol o

phenoxyl acetas pharma&uiwﬂbpm table selftstandnonosri diesteny therepf forasse as

col orl ess oi] ISP 473 .
(R -1-[[2- [2"1’[9(?&? ﬁiﬁﬁﬂ%ﬁ» &3%%41% againat confral and sysiemic
phenoxy] acet zaﬁnﬂ? Qpyrrol e-2-carboxylic acid 0.17g (0.0004 nol)
(R-1-[]2- 12f6]flﬁs)- - arbonyl 2, 5-di hydropyrrol e-1-yl | -2-

oxo- et hoxyl ] - phenoxy]acetyl] 2, 5-di hydr opyrrol e-2-carboxylic acid ethyl
ester were stirred 'Bhéhsaqﬂmpmﬂﬂs atcobdingr to] diryf ame chlauns 1-TRer o6 (Rpiit

was 10 eva at ed resi due djsso di er a yophi li z to
vield 0.18 gpié})_%nd &-lf[@ﬁ-mercapto-é-me yf-pro;?iony -pyrro -f—carbox? c

(R-I-[[2- [ !
phenoxy] acety ?%%Wopyr ro gmgegér%gé;y g(%n%ﬂéd 812 t%%df phous
powder. | SP-é‘@ecﬁll?f fol'ithé ¢Fedtmeh? or prevention of central and systemic forms of

: amyloidosis, and, respectively, for the production of corresponding

medicaments.

15 18. The invention as hereinbefore described.
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-114 - Exanple A Tablets of the foll ow ng conposition wer e manuf actured in
the usual manner: ng/tablet 5 Actil¥d +ngredient

100 Powd. | actose 5 eethgslfe%ﬁe %&rch
35 Pol yvi nyl pyrrolidone

car boxymnet hyl st arch 10 10 HMHKI

2 Tablet weight 250 Exanple B Tabl et f he foll o are
manuf actured in the usual 15 nmanner: t Active ingredi ent

200 Powd. | actose 100 White corn starch
64 20 Pol yThe\ihperitioh irélates to D-prolines of the formula 12 Na

car boxynet hyl star ch 20 Magnesi um stearate

4 Tabl et wei ght 400 25 | e C Capsul es of

Exargj
f apijur ed: rrg/capsul@ ve i ngredient

the follow ng co i foon are ma
60 3 M crocrystalline

50 Cryst. | actose

cel l ul ose | ¢ NYX\Y’X’T?,N or | \ \g/X\R
g W o 1 R™ R
A I-B

wherein
R is SH, benzyl or phenyl, optionally substituted by hydroxy or lower

alkoxy

or

OH
— THIS SHEET HAS BEEN
the group : REPLACED

R' is hydrogen or halogen;

X  is (CHg)n-; -CH(R2)(CHgn-; -CH20(CHy)y-; -CHNH-; benzyl,
-C(R")=CH-; -CH,CH(OH)-; or thiazol-2,5-diyl;

Y is-8-8-; (CHg)p-; -O-; -NH-; -N(R?-; -CH=CH-; -NHC(O)NH-; -
N(R)C(O)N(R)-; -NICH,C,H,(OCH,),}-; -N(CH,CH)-;
-N(CH,C H,))C(O)N(CH,CH,)-; -N(alkoxyalkyl)-; -N(cycloalkyl-methyl)-; 2,6-
pyridyl; 2,5-furanyl; 2,5-thienyl; 1,2-cyclohexyl; 1,3-cyclohexyl; 1,4-
cyclohexyl; 1,2-naphthyl; 1,4-naphthyl; 1,5-naphthyl; 1,6-naphthyl;
biphenylen; or 1,2-phenylen,1,3-phenylen and 1,4-phenylen, wherein the
phenylen groups are optionally substituted by 1 - 4 substituents, selected
from halogen, lower alkyl, lower alkoxy, hydroxy, carboxy, -COO-lower
alkyl, nitrilo, 5-tetrazol, (2-carboxylic acid-pyrrolidin-1-yl)-2-oxo-ethoxy, N-
hydroxycarbamimidoyl, 5-oxo-[1,2,4}oxadiazolyl, 2-oxo-
[1,2,3,5]oxathiadiazolyl, 5-thioxo-[1,2,4]oxadiazolyl and 5-tert-butylsulfanyl-
[1,2,4]oxadiazolyl;



Tal c 5 Magnesi um stearate
1 Capsule fill weight 150 The ac%lve i ngredi ent having a suitable particle
size, the crystalline 5 lactose and the mcrocrystalline cellul ose are
honpgenXbusisy(GHishe; (CHy)gOE(RRR; HEH,)s0C R MNECH S baizyl; tal ¢ and
magnesi um stearate are adm xed. The finished mxture is filled into hard
gel ati ne caBHEEERYE; -CH(OB)GHg oz ¢hiazol-25L8iylCl ai ms 1. D-proline derivates
of the general formulae [err] wherein Ris SH benzyl or phenyl, optionally
subst i tmzedsﬂywbydikydylmeﬂaﬂmxyatbenyymd err] the group 10 R[err] is
hydrogen or halogen; X is -(CHerr])[err]-; -CHRerr])(CHerr])[err]-
-CH[errpC(GHKb3;])[err] -CH[err]NH- benzyl -C(Rerr])=CH;
-CH err] CH or th| is -S—S— CH err err -0
[ ] ( 13) Y and (CH t{l ]); ]- ;

NH - RRBo- @nd) Hierter

iNE%ar;ﬁﬁFer%%é err%ﬂ sphit - phb b %%&%I%Mr

-N(cycl P Pévantiorbsfall formeoﬁcéntralch&d systendié am;ﬂb:,doaxsis thl enyl;
1, 2-cycl ohexyl; 1, 3- cyclohexyl 1, 4- cycl ohexyl; 1, 2-naphthyl;
1, 4- napht hyl ; 1 5- napht hyl ; 6 naphthyl
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;- 117 - biphenyl: or 1.2-phenylé&n. 1. 3-phenylen and 1. 4-ph
«t he phenylen-groups are optionally substituted by 1 - 4 s
.sel.ected from hal ogen, |ower alkyl, |ower alkoxy, hydroxy
COO- | ower -al kyl. nitrilo, 5-tetrazol 12-1(':ar boxylic acid-
2- oxo- et hoxy, N-hydroxycarbam m doyl. 5-exo-[1, 2. 4] oxadi
[1,2.3,5] oxathiadiazolyl, 5-thioxo- [1 ,2,4]oxadiazolyl
butyl sul fanyl-[I , 2, 4] oxadiazolyl; X is -(CHerr])[err]
-(CHerr])nCHR2)-; -(CH2)nOCH err]-; -NHCH err]-; benzyt
-CH(OH)CH,; or thiazol-2,5-diyl; 10 Rerr] is |lower alkyl, |ower
benzyl and n Is 0-3, with the proviso, that when Ris SH and R err] is
hydro, in fornula |I-B X cann@-PROEINE DERBATIVES for R2 hydrogen, | ower

al kyl or benzyl, 15 and pharmaceuticalTy acceptablre salts or nono- aéugb

di esters thereof. 2. D-proline derivatives of general fornula I-A inid0#3§{-3
accordance with Z'Qheinvenﬁoﬂﬁlﬂﬁe&-toﬁ-gﬁﬁimidmeimﬂrdanCe with claim 2,
wherein Xis CHR2)(CH err])[err]- and R2 is methyl or nethoxy and nis O

or 1. 4. Conmpounds in accordance with claim3, which are; (R-1-[(S)-3-
[(S)-3- [(R)-2- Car boxyepysg ol i di n- 1-gl] ox2- met hyl - 3- oxopfGpy#?

di sul fanyl]-2-net hyl -propi onyl] -pyrrdlidine-2-carboxylic agid, (R- |- [8-

[ (R -2-Carboxy-pyrrolidifc1-yl)-2,7-dixet hyl - 8- oxo- oct anowk] - X
' ;‘Y%T - 78- [ (R -2%Car boxy- hridﬁn-

pyrrolidi ne-2-carboxyl ig ,
1-yl}-2 , 7-di net hoxy 0- gct anoyg] rrolidine-2-car®oxyl i ® acid and
A

'l en, wherein

EByj 1 SIS ~—

Fat ey
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wherein
5 R is SH, benzyl or phenyl, optionally substituted by hydroxy or lower
_ alkoxy
or
OH
—N
the group ;

R' is hydrogen or halogen;
10 X is {CHg)p-; -CH(R2)(CH2)n-; -CH20(CHg)y-; -CH,NH-; benzyl,
-C(R)=CH-; -CH,CH(OH)-; or thiazol-2,5-diyl;
Y is-S8-S-; «(CHg)p-; -O-; -NH-; -N(R")-; -CH=CH-; -NHC(O)NH-; -
NR)C(O)N®R"-; -N[CH,CH,(OCH,),]-; -N(CH,CH,-;
-N(CH,C HJC(O)N(CH,C H,)-; -N(alkoxyalkyl)-; -N(cycloalkyl-methyl)-;
15 2,6-pyridyl; 2,5-furanyl; 2,5-thienyl; 1,2-cyclohexyl; 1,3-cyclohexyl; 1,4-
cyclohexyl; 1,2-naphthyl; 1,4-naphthyl; 1,5-naphthyl; 1,6-naphthyl;
biphenylen; or 1,2-phenylen,1,3-phenylen and 1,4-phenylen, wherein
the phenylen groups are optionally substituted by 1 - 4 substituents,



,118 -. (R)-.1- [6- [(R)-2-CarBoxy-py. |
rrolidin-1-yl)-2.5-dinetyl -6-oxo-hexanoyl]- pyrrolidine-2-carboxylic acid
(m xture of 3 diastereoners) a. Conpounds in accordance with claim 2.
wherein X is -(CHerr]),- and nis 05 or 1. 6. Conpounds in accordance
with claim5, which are: (R -1- [7- [(R)-2-Carboxy-pyrrols din-1-yl]

- 7- oxo- hept anoyl | -pyrrolidine-2- 10 carboxylic acid, (R -1-[6-
[ (R)-2-Carboxy-pyrrolidin-1-yl] -6-o0xo-hexanoyl] -pyrrolfgme
acid, (R- 1- [5- [(R-2-Carboxy-pyrrolidin-1-yl] -5-0xg-p
-pyrrolidine-2- carboxylic acid, 15 (R-1-[[4- [2-

[ (R -2-Carboxy-pyrrolidin-1-yl] -2-oxo-ethyl] -phenyl].
pyrrolidine-2-carboxylic aci db- IIINE [DERIVATIVES

[ (R) - 2-Carboxy-pyrrolidin-1-yl] -2-o0xo0-€ = 1 do
.carboxilic acid, (R -1-I[Benzyl- [2-

[ (R) - 2-carboxy-pyrrolidin-1-yl]-2-o0xo0-et hyI@%ﬁ&o] -acety
pyrrolidine-2-carboxylic acid, (R- 1- [cis-4-

[ (R) - 2- Car boxy- Bhe igivedtion-rélates b@ﬁl‘%}hlﬁféécdf‘%ﬂ@@%ﬁﬂ bonyl ] -
pyrrolidine-2-carboxylic acid and (R)- 1- [[3- -

[ (R) - 2- Car boxy-pyrrolidin-1-yll-2-oxo-ethyl]-phenyl] -acetyl]-
pyrrolidi ne-2-carboxylH cid 25 7. npRUNds i n accor dal yth claim 2,
wherein Xis -CHerr]O Compounds i 1f accordance with claim 7, which are:
(R-1- [[2- [2- [(R-2- ox;s(-pyg,rol' (N-1-yll-2-oxo-etho - fy?\noxy]
-acetyl] - 30 pyrrolidiBe-ZNarys id, (R-19[[4-]2- NY R

[ (R) - 2- Car boxy- pyrr ol & -ol] -2- boxy] - phenoxyl - & Q{I 1a

pyrrolidi ne-2-carboxvlic acid, LA

MAR 1999

Jdine-2
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wherein the definition of substituents is given in the description,

and to pharmaceutically acceptable salts and mono- and diesters thereof.
The D-prolines of formula I-A and I-B can be used in the treatment or
prevention of all forms of central and systemic amyloidosis.



geetyl]-pyrrolidine-2-carboxylic acid,
(R-1-[[3-[2-[(R) - 2- Car boxy-pyrrolidin 1tglL] .

- 2- ox0- et hoxy] - phenoxy] -acetyl]- pyrrolidine-2-carboxylic acid. 5
(R-1-[[3-[2-[(R)-2- Carboxy-pyrrolidin- 1-yl] -2-oxo-ethoxy]

- 2-met hyl - phenoxy] -, acetl]-pyrrolidine-2-car boxyI ic acid and (R)--1-.

[(5-[2-[(R)-2-Carboxy-pyrrolidin-I-yl]-2-oxo- ethoxy] al en- 1-yl oxy] -
acetyl]-pyrrolidine-2-carboxylic acid. 10 mg@m ﬂﬂ!#ﬂﬁrdance
with claim2, wherein X.is -CHerr]NHerr] 10. Corrp ce with
claimy9, whi ch conpquRgp
(R-1-[[4-[2-[(R -2 5? EM}\E\!?}' SﬂEETl - 1-yl ] - 2- oxo- et hyl am no]

- phenyl am no] - acet pgmé -tarboxylic acid. 11. Ccrnpounds in
accordance with clai s{-CH err]CH(OH)-. 12. Conpounds in
accordance with claifmill, which corrJOJnd i's

(2E 4E) - (R)-1-[6-[ () - 2- Car boxy-pyrro}idin-1-yl]-2, 5 di nethyl - 6- oxo- hexa- 2,
4- dienoyl]-pyrroli hci d. s 13. A nedi canent,
especially for the treatnment or preventio rryl oi dosi s, contai ni ?g?
conpound i n accordance with any one of clains 1-12 or a phar maceut i
acceptable salt org 'HW thereof as well as a therapeutical I y
inert carrier nateri SX1V. of Yreogramsal forntdigemanuf act ure of
conmpounds in accordance with any one of clainms 1-12, which process
conprises a) cleaving off the protecting group from a conpound of fornul ae
- 120- [err] wherein RR R, X, Y and X/ err] are described in claim1l and
Rlerr] is a protecting group, to give a conpound of fornula I-A or |I-B

and, if desired, HO 0O
- \ N XX N
R1 H‘ \(r)l/ mo/ g T

s -A
B
wherein
R isSH benzyl or i
. phenyl optionally substituted by h
) d
. Yy hydroxy or lower
O OH
the group

?

10 R' ishydrogen or halogen;

X is (CHo)p-; -CH(R2)(CHy)n-; -CH2O0(CHy)y-; -CH AVH-; benzyl,
2
-C(R)=CH-; -cH :CH(OH)-; or thiazol-2 ,5-diyl;

is -5-S-; -(CHy)p-; -O-; -NH-; -N(R?)-; -CH=CH-; -NHC(O)NH-; -
N(R)C(O)N(R?)-; -N[CH,C,H,(OCH 2l -N(CH,C H.,)-;

15 -N(CH,C H,)C(O)N (CH,C,H,)-; -N (alkoxyalkyl)-;

-N(eycloalkyl-methyl)-:
2,6-pyridyl; 2 ,5-furanyl; 2 5 o 1a

5-thienyl; 1 .2-cyclohex
vl; 1,3- -cyclohexyl; 1, 4-
cyciohexyl; 1 »2-naphthyl; 1 ,4-naphthyl; 1 ;5-naphthyl; 1,6-naphthyl;

UP> A3 21~3
S[Q—\n:a



5 converting. a conpound of general fornulae I-A amﬂ" w,nﬂﬂlr ma-
ceutically usable salt or into a nonojiand di ester it ounds
according to any one of clainms 1-12, whenever 10 nmanuf act ur €d By the

process defined in claim14 or by an obvi ous chem cal equival ent thereof
16. Conpounds acddphémgl: be lahphengleafl.Sigieonyldn 42d dsiphkhybn, pimeautheal |y
acceptabl e salts and pono-or diesters tger of for gs:e a‘irﬁlg t her apeutically
active subst ancesPheylen BEIYRA apoRIRInAEhswRatitged 8y dt whubsatyantas

anyl oi dosis. 17. s-gglé;tlt% %[?glfé&%g&%gﬁ‘ﬂ ﬁ'&l@exa%ﬁﬁf'i.qio%rtag;@.\w 1RREoF c%lr?rflxr(s 1-12

and of pharmaceutl ts and rfono- or esters thereof, ‘for the

production of corC@&pveirgkikdiicalebtetfaol iR2eatrboagloraqiderendlidig-oetbi r al
and system c forns of anyl oi dosis.

2

5 2-ox0-ethoxy, N-hydroxycarbamimidoyl. 5-ox0-[1,2.4]Joxadiazolyl, 2-oxo0-
[1,2.3,5]oxathiadiazolyl, 5-thioxo-[1,2 4Joxadiazolyl and 5-tert-

butylsulfanyl-[1,2 4Joxadiazolyl;
X' is {(CHo)y-; (CH2),CH(R2)-; {CH2),OCHos-; -NHCH,-; benzyl.
-CH=C(R"-; -CH(OH)CH,; or thiazol-2,5-diyl;
10 R2 islower alkyl, lower alkoxy or benzyl and
n is0-3,
with the proviso, that when R is SH and R1 is hydrogen, in formula
I-B X cannot be -CH(R?)-CHo- for R? hydrogen, lower alkyl or
benzyl,

15 and pharmaceutically acceptable salts or mono- and diesters thereof

~ 2. D-proline derivatives of general formula I-A in accordance with

20 claim 1.

3. Compounds in accordance with claim 2, wherein X is CH(R*XCH,) -

and R” is methyl or methoxy andnisQor 1.
4. Compounds in accordance with claim 3, which are:

(R)-1-{(S)-3-[(8)-3-[(R)-2-Carboxy-pyrrolidin-1-yl}-2-methyl-3-oxopropyl-
disulfanyl]-2-methyl-propionyl]-pyrrolidine-2-carboxylic acid,
(R)-1-[8-{(R)-2-Carboxy-pyrrolidin-1-y1)-2,7-dimethyl-8-oxo-octanoyl]-

8}
(S]]}

pyrrolidine-2-carboxylic acid,

(R)-1-{8-[(R)-2-Carboxy-pyrrolidin-1-yl}-2,7-dimethoxy-8-oxo-octanoyl]-

pyrrolidine-2-carboxylic acid and
REPLACEMENT SHEET
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(R)-1-[6-[(R)-2-Carboxy-pyrrolidin-1-y1)-2.5-dimethyl-6-ox0-hexanoyl]-

pyrrolidine-2-carboxylic acid (mixture of 3 diastereomers)

5. Compounds in accordance with claim 2, wherein Xis {CH,) - and n is 0

or 1.
6. Compounds in accordance with claim 5, which are:

(R)-1-[7-[(R)-2-Carboxy-pyrrolidin-1-yl]-7-oxo-heptanoyl]-pyrrolidine-2-
carboxylic acid,
(R)-1-[6-[(R)-2-Carboxy-pyrrolidin-1-yl]-6-oxo-hexanoyl]-pyrrolidine-2-
carboxylic acid,
(R)-1-[5-[(R)-2-Carboxy-pyrrolidin-1-yl}-5-oxo-pentanoyl]-pyrrolidine-2-
carboxylic acid,
(R)-1-[[4-[2-[(R)-2-Carboxy-pyrrolidin-1-yl]-2-oxo-ethyl}-phenyllacetyl]-
pyrrolidine-2-carboxylic acid,
(R)-1-{[3-[2-[(R)-2-Carboxy-pyrrolidin-1-yl]-2-0xo-ethoxy]-ureido]-pyrrolidine-2-
carboxilic acid, .
(R)-1-[[Benzyl-{2-[(R)-2-carboxy-pyrrolidin-1-yl]-2-0x0-ethyl]-aminol-acetyl]-
pyrrolidine-2-carboxylic acid,
(R)-1-[cis-4-[(R)-2-Carboxy-pyrrolidine-1-carbonyl]-cyclohexanecarbonyl}-
pyrrolidine-2-carboxylic acid and
(R)-1-[[3-[2-[(R)-2-Carboxy-pyrrolidin-1-yl}-2-oxo-ethyl]-phenyl]-acetyl]-

pyrrolidine-2-carboxylic acid.

7. Compounds in accordance with claim 2, wherein X is -CH,0-

8. Compounds in accordance with claim 7, which are;

(R)-1-[[2-[2-[(R}-2-Carboxy-pyrrolidin-1-yl}-2-oxo-ethoxy]-phenoxy]-acetyl]-
pyrrolidine-2-carboxilic acid,
(R)-1-[[4-[2-[(R)-2-Carboxy-pyrrolidin-1-yl]-2-oxo-ethoxyl-phenoxyl-acetyl]-

pyrrolidine-2-carboxylic acid,

REPLACEMENT SHEET
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(R-1-{l4-[2-[ R22-Carboxy-pyrrolidin-1-y1}-2-ox0-cthoxy}-2-methoxy-phenoxyl-
acetyl]-pyrrolidine-2-¢arboxylic acid,
(R)—I-I{S-{‘Z-[{R‘)—Q-Carbo:{::-pyrr.olidin-l-yl]-?.-oxo-ethoxy}-pheno.\:}"j-acetyl}-
pyrrolidine-2-carboxylic acid,
(R)-1-1[3-[2-[{R)-2-Carboxy-pyrrolidin-1-v1}-2-oxo-ethoxy]-2-methyi-phenoxyi-
acetyl]-pyrrolidine-2-carboxylic acid and
(R)-1-[[5-{2-[(R)-2-Carboxy-pyrrolidin-1-yl}-2-oxo-ethoxy}-naphthalen-1-vloxy]-

acetyl]-p¥rrolidine-2-carboxylic acid.
9. Compounds in accordance with claim 2, wherein Xis -CH,NH:

10. Compounds in accordance with claim 9, which compound is

(R)-1-[[4-[2-(R)-2-Carboxy-pyrrolidin-1-ylj-2-oxo-ethylamino]-phenylamino]-

acetyl]-pyrrolidine-2-carboxylic acid.

11. Cempounds in accordance with claim 2, wherein X is -CH,CH(OH)-.
12. Compounds in accordance with claim 11, which compound is

(2E,4E)-(R)-1-[6-[(R)-2-Carboxy-pyrrolidin-1-yl]-2,5-dimethyl-6-oxo-hexa-2,4-

dienoyl] -pyrrolidine—Q-carbéxylic acid.

13. A medicament, especially for the treatment or prevention of amyloidosis,

containing a compound in accordance with any one of ¢claims 1-12 ora

pharmaceutically acceptable salt or mono-and diesters thereof as well as a

therapeutically inert carrier material.

14. A process for the manufacture of compounds in accordance with any

one of claims 1-12, which process comprises

a) cleaving off the protecting group from a compound of formulae
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wherein B, R, X, Y and X' are described in cizim 1 and R'is a protecting
group,

to give a compound of formula I-A or I-B, and, if desired,

converting 2 compound of general formulae I-A and I-B into 2 pharma-

ceutically usable salt or into 2 mono- and diester thereof.
15. Compounds according to any one of claims 1-12, whenever

manufactured by the process defined in claim 14 or by an obvious chemical

equivalent thersof

16. Compounds according to any one of claims 1-12 as well as

phmaceutically acceptable salts and mono-or diesters thereof for use as

therapeutically active substances, especially against central and systemic forms of

-amyloidosis.

17. The use of compounds according to any one of claims 1-12 and of

pharmaceutically usable. salts and mono-or diesters thereof, for the production of

corresponding medicaments for treating or preventing central and systemic forms of
amyloidosis,
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