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Atrial fibrillation (AF) is the most common arrhythmia
and is associated with a high morbidity including heart

10 failure and heart attacks. Tt is often encountered in
patients exhibiting a cardiac pathological condition
such as hypertension, or coronary artery disease or
heart valve disease. The most significant consequences
0f AF are heart failure, with a 5- fold increase in the

15 risk of heart attack and twice the risk of mortality
(Duray G.Z., Ehrlich J.R. Hohnloser S.H., Dronedarone:
a novel antiarrhythmic agent for the treatment of
atrial fibrillation. Curr. Opin. Cardiol. 2010; 25: 53-
58) . Because of the aging of the populaticon, the number

20  of adults exhibiting AFs is likely to increase over the
coming decades.

AF 1is characterized by the coexistence of numerous
activation waves in  the atrial myocardium. The
25 mechanism of their initiation and of their persistence
has been the subject of a great deal of discussion over
the past few years. Because any form of tachyarrhythmia
induces frequency-dependent remodeling, the coexistence
of multiple reentry foci could represent the Common
30 mechanism responsible for the bersistence of AFs
asgociated with wvarious pathological causes. According
to the *“leading circler thecry, the maintenance of
reentries depends on the wavelength of the circuitr
which is the result of the conduction rate multiplied
35 by the effective refractory period {ERP) within the
circuit. The longer the wavelength, the fewer the
possible number of AF circuits in the atrium and the
higher the probability that the reentry circuits will

be simultaneously interrupted. Thus, &any medicament
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which may or may not be complicated by heart failure,

or for the prevention of post-infarction mortality.

25
Nevertheless, these compounds have the drawback of
being insoluble or gparingly soluble in water.

Amiodarone, which 1is an auricular and ventricular
30 antiarrhythmic that is active orally and intravenously,
is a water-insoluble molecule; the injectable solution
therefore contains solvents such as polysorbate 80 and
benzyl alcohol. These solvents induce hypotensive and
negative inotropic effects in the patient. The
35 injectable solution also causes local Venous
intolerance, which is avoided by recommending a central

injection in a specialized hospital envircnment.



Dr onedarone, a benzofuran derivative, which does not contain iodine in its
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15 probable that these effects are linked to the

blockage of sodium channels {Lalevee N., Nargeot J.,
15 Barrere-Lemaire S., Gautier P., Richard &, Effects of
amiodarone and Dronedarone on voltage-dependent sodium
current in human cardiomyocytes. J. Cardiovasc.
Electrophysiol. 2003; 14:885-890) and calcium channels

(Gautier P., Guillemare E., Marion A., Bertrand J.Pp.,

20 Tourneur Y., Nisato D. Electrophysiologic

characterization of Dronedarone in guinesa pig
ventricular cells. J. Cardiovasc. Pharmacol. 2003; 41:

181-202) causing negative inotropy in animals and
probably also in-
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patients. Consequently, the new compounds will have to
be free of any negative inotropy effect in animals
(pigs, for example) . Furthermore, compared  with
amiodarone or with dronedarone, our compounds offer
better metabolic stability and a stability in water

that is sufficient for an injectable form.

A  subject of the present invention is compounds
corresponding to formula {(I):

wherein

Rl represents:

- either

2

RO
—NRy-
R,
- or
V)
R~ R;

- or

RECTIFIED SHEET (RULE S$1) ISA/ED



O Me WD 2012/ 066234- 6 -Pcnl FR2011/ nc7ggl R3 represents a hydrogen
atom a (01-05) al kyl group or a benzyl group; 5 R4 represents a hydrogen
atomor a (Cl-C4) al kyl group; R5 represents a hydrogen atomor a (Cl-05)
al kyl groulO ROLLPEES3dt s a nitril e- gd@OUP or a heterPRZyLlgo9pee10
conprising from1l to 4 heteroatons chosen froma nitrogen atom and an
oxygen atom this heteroaryl gqroup being optionally substituted with a
(01-C6) al kyl group; R7 "‘r‘%{%a hydrogen atom or a |inear,
branched or 15 cyclic (C1l-04) al kyl % RRERB represents a hydroxyl group
or a cyano group; X represents a bond or an oxygen atom Amrepresents:
either or -(CH2)t-CR sH2o0NH17-R18

- or

e

RECTIFIED SHEET (RULE 91) ISA/EP



R16 represents a hydrogen atomor a (Cl-C4) al kyl group; WO 2012/066234- 7
- PeT/ FR2011/ 052661 R18 represents a branched or cyclic (01-C6) al kyl group;
R19 and R20 represent a hydrogen atomor a (Cl-06) al kyl 5 group, or forma
(C3-06) spMOOZIORRl/0f6e@Bd, m represent § an i nteger pegyak2b91Po986d1 N
represents an integer equal to 1 or 2; 10 r represents an integer equal to
1 or 2 - S pepresents an integer equal to 1 or 2; 15t represents an
i nteger between 2 and 4. The conpounds _of fornmula (1) can conprise one or
nore asymetric carbon atons. They can?therefore exist in the form of
enantioners or of diastereoi sonergs,_Thdse 20 enantioners and
di ast ereoi somers, and al so m xtures Mhergof, including racem c m xtures,
formpart of the invention. The conppundg of formula (1) can exist in the
formof 25 bases or in a formsalifietm th acids or bases, in particular
phar maceutical |y acceptable acids or bases. Such addition salts form part
of the invention. Thesesalt sareadvant ageousl| ypreparedwi th 30
phar maceut i.cal | yracceptabl e acids, but the salts of other acids useful, for
exanpl%; for purifying or isolating the conpounds of formula (1) also form
f

part of” the invention. WD 2012/066234- 8 -PCT/FR2011/ 052661
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RZz represents a hydrogen atom, a (C1-Cq) alkyl group, a
20  benzyl group or a CHy;-CF; group;



the term"a hal ogen atomt is intended to nean: a fluorine, a chlorine, a
brom ne or an iodine; the term"an alkyl group"” is intended to nean: a 5
| i near, branched or cyclic saturated aliphatic group. By way of exanples,
menti on mayobeonadesehksaet hyl, ethyl, propyl, |sogé@p¥ﬁ py;yg,ﬁg§obutyl
tert-butyl, pentyl, etc. groups; 10 -the term"a splroa%%y group”™ is
intended to nean: a bicycle of which the rings are connected via a single
atom The rings nay be of identical or different length or nature; 15 -the
term"a hakoalrkylregeaup” d siydigpgedten meanicacal kgl Qﬁfb 8f ¥hich one
or nore hygrgggn ﬁtons has (have) been substituted with a hal ogen atom
the term"an aryV ggouB is intended to nean: a 20 cyclic aromatic group
conprising between 6 and 10 carbon atons. By way of exanples of aryl
groups,z nepyl d h enz ht yI the term"a
heteroé?ylRgrgggga¥29?ﬁngngg§2?§ ﬁe%gxﬁ 9 3%? g%ﬁ

conprising 2, 3, 4 or 5 carbon atons and conpr|5|ng fron11 to 4 heteroatons
chosen froggar@ t-eegep-aLo epn.-ato inde n f. one

anot her, so as Fo be |§e%tﬁ¥29gg§ﬂd?F¥grgﬁtg &E%n qh%@%g§r§&§u%? t hem or
|ndependently of one 30 another, so as to be identical or different, when

there are B6otréﬂﬁﬁﬁem$mtaonnﬁﬁylbﬁ of oPYTrd dubcef-HERDY! ggghﬁyrrolyle
groups;, Oéﬁ /06623§ fCTgF % ;4052661 Anong t he conpounds of
fornula (Y§) ntafe stBlects bf %9%%??B%msneﬁ??%ﬁp T particul ar
be made ofnLhEOQQHIambmgandnpmumdsgéﬁ-amumnuxnubrﬁbté&oaryl group

(S-1-{2 p. enz doI|Z|ne carbonyl} py
rrolldlneBgEX%%r %élééagig %XLQE%EﬁQégt%r%Q R65¥3: 9

(R -1-{2-Butyl-3-[4-(3- dlbutylanlnolo

pr opy! )benﬂmykbb@egleh%bn%- TrarRany! dpyk T ok i di Res2: Canhaxyl Gy agid et hyl

ester;
2- But yF- 3- fﬁcggcdﬁ%uﬁ¥laﬁ#ﬁ@ﬁr@ﬁFW¥benzoyl]lndoI|2|ne 7- car boxyl i caci det hyl
(2- 15 nethoxyethyl)anlde conpound No. 5: ({2-Butyl-3-[4-(3-

di but yl I dol 7- bonyl } et hyl t d
O oy am epropylabepzoy! L AJL B B850y SETLORYLES! b, noacetic aci

X represents a bond or an oxygen atom;

20
Am represents:
- either
25
- or
~(CH2) ¢ -CR19R2oNR17~R13
30

R16 represents a hydrogen atom or a (C;-Cg) alkyl group;

R17 represents a hydrogen atom or a (C;-Cg) alkyl group;



20 conpound No. 6: ({2-Butyl-3-[4-(3-

di but yl am nopr opyl ) benzoyl ] i ndol i zi ne-7- carbonyl } et hyl am no) aceti c aci d;
25- conmpound No. 7: 3-(-(2-Butyl-3-[4-(3-

di but yl am pepreayl plgenzay! 1 i ndol i zi ne- 2- _carbonyl pahhyk 253 o) RS QRE ONi C

aci d; conpound No. 8:({3-[4-(3- 30
Cycl opent yl am nopr opyl ) benzoy1] - 2- et hyl i ndol i zi ne- 7-
car bonyl | i sopropyl am no)acetic acid nethyl ester; conmpound No. 9:

2- But y1- 3- [p4-8( Fepdichutiylsar nopmepyd) l@@nz:%h]llcnd@l Lzl nesfepardoxylic acid 35
et hyl (2-nmet hyl-2Htetrazol - 5-yl met hyl ) am de; conpound . 10:
2-Butyl-3-[4-(3- dibutylam nopropyl)benzoyl]indolizine-7-carboxylic acid

St hyl ( 3- geﬂ?lwl = iats Z%,bM)] meaﬂi%mﬂt— Br yiym{d@ﬂb ) @rﬁdciileioﬁ & @%m@pgglk?; 11: .
But y1- I t enz I ndo |2|ne carboxyl1c aci
ethyl (1 t(Legt%rOgl o] g 5Lfy ?hil pmac

{[2-Butyl-3-(4-piperidin-4- beenzolO

yl)indol i zing-ehrearheay bk 19RE0RY! 2880) a6ey ¢aehg methyl ester;  compound

4 {2 But y1- 3-[ 4- ( 3-di but yl am nopr opyl ) benzoyl ]i ndol i zi ne- 7- carbonyllplperaz

i ne- 2- one; nlyepgeRROuRd aNo i ntégel{ 3ch:4i(4o 1 or 2
Cyclop§$tylanlnobutyl)benzoyl] 2- et hyli ndol i zi ne-7-

car bonyt }i sopropyl am no)acetic acid nethyl ester; 20- conpound No. 15:
[(3-{4-]3- @1{e@mkmemyelapeﬁhybp@&opmbhmemboylerQQthyIindolizine-?-
car bonyl )i sopropyl am no] acetic acid nethyl ester; conpound No. 16:
[(2-Ethyl -3--(4-[3---(1- 25

met hyl anmi néc yebgpsanyk) propyltkoenz eglukilndol ilziome27-

car bonyl )i sopropyl am no] acetic acid nethyl ester; conpound No. 17:

3-[ 4- (3 tertButyIanlnopropyl)benzogl] 2- ethyllndoI|Z|ne 7-
represents an integer between and 4.

The compounds of formula (I) can comprise one or more
asymmetric carbon atoms. They can therefore exist in
the form of enantiomers or of diastereoisomers. These
20 enantiomers and diasterecisomers, and alsoc mixtures
thereof, including racemic mixtureg, form part of the

invention.

The compounds of formula (I) can exist in the form of
25 bases or in a form salified with acids or bases, in
particular pharmaceutically accéptable acids or bases.

Such addition salts form part of the invention.

These salts are advantageously prepared with

30 pharmaceutically acceptable acids, but the salts of
other acids useful, for example, for purifying or
isolating the compounds of formula (I) also form part
of the inventicn.

35 In the context of the present invention, and unless

otherwise mentioned in the text:



30 carboxylicacidet hyl (2-net hyl-2Htetrazol -5- yl nethyl)am de; conpound
No. 18: 3-[4-(3-tert-Butyl am no- 3-

met hyl but yl ) benzoyl] - 2- et hyl i ndol i zi ne- 7-carboxylic 35 acid

et hyl (2- neWfayRO2RY/ 0862320l - 5-y| et hyl) anmide; WO 2@ FRHEL2BA05dds 1

- PCT/ FR2011/ 052661 conpound No. 19: ({3 [ 4- (3- Cycl opent yl am no- 3-

met hyl butyl ) ben 1 et.hyl oI|Z|n 7-, carbon prop | am no) acetic
aci d net hyl estEHe\é %e% rgof&%g R ? oM. ét%yﬁn%e%(ie%(g? eétnhylg‘am no- 4-
nethylpent?l?@éh@@yl?lﬂbbbrznﬁe - bapbbry| braghdiodine;

et hyl (2-nmet hyl-2Htetrazol -5-yl met hyl )am de; conpound No. 21:

2-Butyl -3-[4-(3-. 10 dibutyl am nopropyl)benzoyl]i ndol i zi ne-7-carboxylic acid
benzyi ( 2- met hOxFREhfEF &N ‘et alkviompeund No 22terddut §o- Sepd:( 3

di but ylsani nopeepy! bli%@mwd] l@golcly@m%- T £@AEDOXYA i glaghgltlé ro
|sopropy1(% nethox %%%$n1 conpound No. 23: 2 1?%

di but yl am %pﬁgﬁ9l L %ﬂolHEﬁQR%OF-CQFHO%%FlEﬁéEidOf methyl

et hyl ( 2- |sep]nxaboxy>etbyrﬂ) aniggsrais1 coppeund Neohd4:i12- E’d&ﬁ‘c]—k?ut[ﬁr(&

di butyl am yl nzoyl ] indol i zi ne- 7-carboxvlic acid
(2- et hoxye $ﬁ£$§?so%$§py ¥ & e 25 - conpound No. 25: 2-Butyl-3-[4-(3-

dibutylanlnopropyl)benzoyl]|ndoI|Z|ne 7-carboxylic acid (2-netho

thyl Y2, 2, 2-t t hyl
?{ZyBE?yl . [4r%%é3?%ﬁ§ l%ﬂ%ﬁﬁ%gglkyl g%%ﬁBQqu NQ:+ 8Bed to mean:

propyl ) ben? oyt FYRE®I PE| wémhc&h@oﬁymét ypeamonsesced iacied sintyle est er;

compound NetomR/:The rings may be of identical diff 1
({2-Butyl-3-[4-(3- d|butylanlnopropylfbeﬁéé&ﬁ]lﬁgbhﬁglage tbar 1?}ethylam

no) acetic 35 %%é%F fsopropyl ester;  conpound No. 28:
({2-Butyl -3-[4-(3-di butyl am no- propyl)benzoyl]indolizine-?-carbonyllisoprop
yl -an o) aceti c. t Qyl nd No, 29:
({3- F}@(S dlbuty an?n%ﬁroéyl Q%%ﬁﬁa %F%ﬁgzl?ﬁdpr?Fa§d7to mearn :
carbonyl}|%@p¢bbylaﬁrﬁgpa©éuwhxnncbn&ﬂ@wlmeséehydrogen atoms has

{have) been substituted with a halogen atom;

- the term “an aryl group” is intended to mean: a
20 cyclic aromatic group comprising between 6 and 10

carbon atoms. By way of examples of aryl groups,

mention may be made of a phenyl, benzyl or naphthyl;

- the term “a heterocaryl group” is intended to mean:

_25 a cyclic aromatic group comprising 2, 2, 4 or 5 carbon
atoms and comprising from 1 to 4 heterocatoms chosen
from a nitrogen atom and an oxygen atom, independently
of one another, so as to be identical or different,
when there are 2 of them, or independently of one

30 another, so as to be identical or different, when there
are 3 of them. Mention may be made of pyridyl, furanyl
and pyrrolyle groups;

- the term “a hydroxyl group” is intencded to mean:
35 an -0H group.



conmpound No. 30: ({3-[4-(3-Butylam nopropyl)benzoyl]- 10
2-et hylindolizine-7-carbonyllisopropyl am no)acetic acid nethyl ester;
conmpound No. 31:

({3-[4-(3 r yhani.gopr opyl ) benzoyl].- 2- et hyl i i,.Zl.nhe- 7-
carbonylIlggpéggéfggggggacetic acid ne#h esterngg 6%%%%%5/$%£6§%:
({2-Ethyl-3-[4-(3- isopropylaninopropyl)benzoyl]|ndollzine-7-

car bonyl }i soprngpydtean cojpeetds afi damtdyd €5l ewhi2B acenpouniedNos 33
({3-[4-(3 | pr 1 I | izi ne-¥-

car bonyl }e??%ﬁﬁ%ﬁ%ac@%ﬁ%%gﬁ }Ln p%%r%&ch'ﬂ?o[]?ﬁed%ge 391f
({3-[4-(3- GP@I@Q&%PVPQ@Iﬁ@@?@pyﬂ?benzoyl] 2 |sopropyI|ndoI|Z|ne 7-
car bonyl }i sopropyl am no)acetic acid nethyl ester; conpound No. 35:

({3-[4-(3- 30 cl ohexyl am nopr opyl ) benzo 2- ethyllndoI|2|ne 7-
car bonyl }i o Lﬂéyaaetl E nﬁpﬁy éstér 3~ EoRpbYhE™NEC~36:

[(3-{4- [3(@rapﬁﬂmbbhybpn@mmﬁamhl@h@LOpwhkbeﬁyqyléyzraummhhadngznne 7- 35

car bonyl )i ani nol. acet i cid nethyl ester; WD 2012/066234- 13
-PCT/FRQOl%%%éE%%Elch LRG58 005 [ 4- ( 3-
Cyclopentylanlnopropyl)benzoyl] 2- ethyllndollzine 7- carboxylic acid
(2- et hoxyet hyl)etixlkagde; ugp 4 o
4-{3-[4-(3-t UILEULy dﬁ?uuﬁlop gﬁgoy% 9@ ethylﬂndoipgfxra?lno

car borbd | pPEePEZ) Repzeké ] ingon @eﬁa Rocazpongliplylrolifdanp32¢1- 10

met hyl cycl epepbyl,ant-ng)-paopgkhbenzaylli ndol i zi ne- 7-

carboxyl i caci det hyl (2-met hyl-2H tetrazol -5-yl - nethyl)anide; conpound No.
40: 3-[4-(3-tert- 15 Butyl am nopropyl)benzoyl]-2-ethylindolizine-7-

car boxyl i caccdmbbyh@i2net hyl- 2Hetie/Lazol 45({gldimathybhanbgesp-  conpound

il ﬁéol T R S ARk RS ppacia e (o

methoxyethyl}amlde

- compound No. 5: ({2-Butyl-3-{4-(3-

dibutylaminopropylbenzoyl]indolizine-7-

carbonyl}lethylamino)acetic acid methyl ester;

20
- compound No. 6: ({2-Butyl-3-[4-(3-
dibutylaminopropyl)benzoyllindolizine-7-
carbonyl}ethylamino)acetic acid;

25 - compouﬁd No, 7: 3-{{2-Butyl-3-[4-(3-

dibutylaminopropyl)benzovl]indolizine-7-

carbonyl}ethylamino)propionic acid;

- compound No. 8: ({3-[4-(3-

30 Cyclopentylaminopropyl!benzoyvl]-Z-ethylindolizine-7-

carbonyl}isopropylamino)acetic acid methyl ester;

- compound No. 9: 2-Butyl-3-[4-(3-

dibutylaminopropyl)benzoyllindolizine-7-carboxylic acid
35 ethyl (2-methyl-2H-tetrazol-5-yvlmethyl)amide;



tetrazol -5-yl net hyl ) am de; conpound No. 42:
3-[4-(3-tert-Butyl am nopropyl)benzoyl] - 2-cycl obutylindolizine-7-carboxylic
acid ethyl (2- 25 nethyl-2Htetrazol -5-ylnet hyl )am de; conpound No. 43:

2- Et hy1- 3- y¢- @B1ievbgbasuno- 4, 4- - 10 - PCT/FR2011/052661
d|nethylpentyl)benzoyl]lndoI|Z|ne 7- carboxyllcaC|d

et hyl (2-neth Htetrazol - a conpound No. 44:
3-[4-(3-tert§éu§yﬂa§+§8$+ggyl¥5§ﬁ%3§ % g]eﬁﬁyllndoI|2|ne 7-carboxylic acid

et hyl (1- metihipliipl byiazptoByy) behhyl ) athdel i 3bne-voopouadyNoc 45:id

ot hyl (1 moChyT Ik porobL- 40y That Ry Ly ARab: > V'absl osasad: 14 ¢
- PCT/ FR2011/ 052661 conpound No. 46:

3-14-(3F tettcgﬁbwhﬁalﬂgprgmylngﬂ%leb 2zetfylindolizi ne-7-carboxylicaci det
hyl (5- net hylTsSoxazor -3-ytmet hyl )am de; |5 conpound No. 47:

(R -1-{3- [@1?§t¥éﬁWlBﬂP§PﬁwP@B?éﬁy”b@ﬁ%%}ﬂﬁ etaprbadplici recid
car bonyl } pgenoliditreeB8reapbenst ihetnd) amcgapound No. 48:
{3-[4-(3-tert-Butyl am nopropyl ) benzoyl-2-ethylindolizin-7-y11-((s)-3-
hydr oxypyrrolidin-1-yl)nmet hanone; conpound No. 49: 3-[4-(3-tert- 15
But yl am nopr oppbebedzByl] 12: e hylbndoli 2+ ne-gipsatboxyhiglnehto-

(9 1 (A SRR P RO B F bR B oo BORGTPRABI i 2i %9 20

car bonyl } - meﬁﬁrhyﬁﬁyﬁrolldlne 2-carboxylic acid nethyl ester; conpound No.
51:

3-[4-(3-tert- Butzlanlnoprog ) benzoyl] - 2- ethyllndoI|2|ne 7-carboxylicacid
25( R) - 2- net hERIRPupd Mot ot 8y LeseeButyl-3-[4- (3-dibutylamino-

propyl)benzoyl]1ndollzlne 7-carbonyl lpiperazine-2-one;

15
- compound No. 14: ({3-{4-(4-
Cyclopentylaminobutyl)benzoyl]l-Z2-ethylindolizine-7-
carbonyl}isopropylamino)acetic acid methyl ester;
20 - compound No. 15: [(3-{4-[3-(1-

Aminocyclopentyl)propyllbenzoyl}-2-ethylindolizine-7-
carbonyl}isopropylaminojacetic acid methyl ester:;

- compound No. 16: [ (2-Ethyl-3-(4-[3-(1-
25 methylaminocyclopentyl)propyllbenzoyllindolizine-7-

carbonyl)isopropylaminoclacetic acid methyl ester;

- compound No. 17: 3-[4-(3-tert-

Butylaminopropyl)benzoyl]-2-ethylindolizine-7-
30 carboxylic acid ethyl {Z-methyl-2H-tetrazol-5-
vimethyl)amide;

- compound No. 18: 3-[4-(3-tert-Butylamino-3-

methylbutyl)benzoyl]-2-ethylindolizine-7-carboxylic
35 acid ethyl(2-methyl-2H-tetrazol-5-yvlmethyl)amide;



conpound No. 52: 3-[4-(3-tertButyl am nopropyl)benzoyl]-2-ethylindolizine-7-
carboxylic acid (R)-5-oxopyrrolidin-3-yl ester; 30 conpound No. 53:
1-{3-[4-(3- Cycl opentyl am nopropyl)benzoyl]-2-ethylindolizine-7-
carbony1} [ wo4pdiazepaps - one; 35- canpound No. S4pcd fskddrd Aod3 661 -

But yl net hyl am no) propyl ] benzoy11- 2- et hyl i ndol i zi ne- 7-

carbonyfliso ro Ia i o]a tif cig thyl . ester npound No. 55:

[ (2- Et hy1- 3- : 6%‘ mi *§%F589?T5¥%§%§F?|ﬁaol|2|ne 7-
carbonyl)|mephgmyhamihb¢azeyl¢ acedhpkihybl esieer75 conpound No. 56:
({3-[4-(3 ben indolizine-7-carbonyl }isopropyl -am no
)acetic ac?%gﬁé¥k§?1 PEB&%%%lgoégxouna Ro™C59+ t? g 8 %

Di butylanlnopropyl)benzoyl]lndoI|2|ne 7- carbonyl}lsopropylanlno)acetlc
aci d;  £onpouBapNandSRe. (£8: BELM£591L§ (8= (1 ) -3rethylamin

dlbutylanlno I ndol i zi ne-7- car gl?ls%propy?anlnc)acetlc
aci d i soprBpyFyeReRFYl) bRporihdingol5ping- Buegubaxyhipi peri di raand

yl benzoyl ) bpdoliiziRecHyTaphoxyti-szacli d-di gty anides20 conpound No. 60:
({2-Buty1- 3-[4-(3-di butyl am no- propyl ) benzoyl ]i ndol i zi ne- 7- car bony! }i soprop
yl -am no)acetic cid ethyl ester; 25 - conpound No. 61:

({3-[4-(3- Eipopvhadinoprbpyl2b3ﬁ29y1$ 24ethyl i ndol i zi ne-7-

b t d No. 62:
(o iyl - SR epEeREhARE 00t LORBrhin RES O b T T Benzo9 Ty PRto P HeLs
carbonyl)|b@pﬁﬁbyﬂamehb¢aﬁethzlh@mddﬁethyI ester; conpound No. 63:
({2-Butyl-3-[4-(3-di butyl am no- propyl)benzoyl]indolizine-?-carbonyl}isobuty

| -35 ami no)acetic acid nmethyl ester;
- compound No. 22: 2-Butyl-3-[4-(3-

dlbutylamlnopropyl)benzoyl]lndollzine—7—carboxylic acid
15 isopropyl{2-methoxyethyl}amide;

- compound No. 23: Z-Butyl-3-[4-(3-

dibutylaminopropyl)benzoyllindolizine-7~carboxylic acid
ethyl (2-isopropoxyethyl)amide;

20
- compound No. 24: 2-Butyl-3-[4-(3-
dibutylaminopropyl)benzoyliindolizine~7-carboxylic acid
{2-ethoxyethyl)isopropylamide;

25 - compound No. 25: 2-Butyl-3-[4-(3-

dibutylaminopropyl)benzoyllindolizine-7-carboxylic acid
{Z2-methoxyethyl) (2,2, 2-triflucroethyl)amide;

- compound No. 26: ({2-Butyl-3-[4-(3-dibutylamino-

30 propyl)benzoyllindolizine-7-carbonyl}ethylamino)acetic
acid ethyl ester; '

- compound No. 27: ({2-Butyl-3-[4-(3-dibutylamino-

propyl)benzoyllindolizine-7-carbonyl}ethylamino)acetic
35 acid isopropyl ester;



WD 2012/ 066234- 16 -PcT/PR2011/082661 conmpound No. 64:
({2-Butyl-3-[4-(1- et hyl bi peridi n-4-

yl ) benzoyl ] i ndol i zi ne- 7-car bonyl } i sopropyl am no) acetic acid;, 5 - conpound
No. 65! ([ HcEtdorl/de6e3@ peridin-4-yl-12 - PCT/FR2011/052661
benzoyl )i ndol i zi ne-7-carbonyl ] i sopropyl am nol acetic acid nmethyl ester;

conpound No. s 1- 30(4-pi-peridin-4-yl 109 . .

benzoyl )i ndo ot o 3 | i@za%u&y&i &t hyl 3%1 FePUYIRBIRRT No. 67:

(i 2- But y1- ®ropyipingevdadili<iscolizine~7-carbonyl}isopropyl-

yl oxy) benzqyl:l14 JsZi-he-£--car | ) .opyl am no) acetic acid nethyl
ester; 15 %%%%%ggﬁ%kﬁﬁb%gég'?F%ggﬁtf%i -T'4- ((s) - pi peridin- 3-

yl oxy) benzoyl ] i ndol i zi ne- 7- car bonyl | i sopropyl am no) acetic acid nethyl
ester; 20- ComRdthdmo.699 (321l 2Buvindbdibd- o _
dlbutylanlngpro Y1 benz%ﬁg5|ndollz|ne-Z-qarbonyI}ethyIanlno)proplonlc acid
met hyl est &°P &%@@ﬁ@ 54T PFRY2 ABEOHIZ3 R /(3. 25

di but yl an rmeptepyil)benpayipl/ilate hicz iare-t i «C akheX Wit acicd Hfognzyl et hyl am de;
conmpound No. 71
2-Buty1-3-[4-(3-butyl am nopropyl ) benzoyl ]i ndol i zi ne-7-carboxylic acid

et hyl (2- 30 momnoandt Wp.) 38i:dd;{ 3 -ddndduBt tMd ani 20propyl) benzoyl] -

2- But vl 3- b4-(3:AdI: l:am_ nopr | 1.0 i_zi.ne-7-car.boxyl i caci d( 2-
sopr onbey St AT SoRPaRaT B e RhaE S 13 o8e e o MEher RS0 o661
compound Nﬁl.et¥’3':l [EEZeBut y1- 3- {4-[ 3- (( 3R, 53) - 3, 5-

di met hyl pi peridin-1-y1)propyl]benzoyl }indoli zi ne-7-

car bonyl )i sopropyl ami no] acetic acid nethyl ester; 5 - conpound No. 74:
(Benzyl-{25b&E§E%§£ELEE3~§§buﬂ§ﬁé&#ﬁdﬁf&ﬁﬁFTbenzoyI]indoIizine-?-carbonyI}a
M no) acet i Buagildmieihyopest Benzoyl 1c0MReURd iNao113ine-7-

2 oty L da e 3 e BT 001 O R PR Y LLLAGY' L2 T

car bonyl | i SOpro

- compound No. 32: ({2-Ethyl-3-[4-(3-

isopropylaminopropyl)benzoyl]indolizine-7-

carbonyl}isopreopylamino)acetic acid methyl ester:

20
- compound No. 33: ({3-[4-{(3-
Cyclopentylaminopropyl)benzoyl]l-2-ethylindolizine-7-
carbonyilethylamino)acetic acid ethyl ester;

25 - compound No. 34: ({3-[4-(3-Cyclopentylamino-

propyl)benzoyl}l-2-igsopropylindclizine-7-

carbonyl}isopropylamino)acetic acid methyl ester;

- compound No. 35: ({3-[4-(3~

30 Cyclohexylaminopropyl)benzoyl]-2-ethylindolizine-7-

carbonyllisopropylamino)acetic acid methyl ester;

~ compound No. 36: [(3-{4-[3(2,2-Dimethylpropyl-

amino)propyllbenzoyll-2-ethylindolizine-7-

35 carbonyl)isopropylaminolacetic acid methyl ester:



conpound No. 76:
({3-[4-(3-tert-Butyl am nopropyl ) benzoyl] - 2-ethylindolizine-7- 15
carbonyl}isopropylanino)acetic acid; conmpound No. 77:

3- [ 4- ( 3- Oymb 0penk ybeez3opr opyl ) benzay iz 2- et hyl i @@@ﬁﬁmﬂrmmxw ic acid
et hyl (2- net hy1- 2F+tetrazo| 5-yl met hyl )am de; 20 conpound No. 78
3-[4-(3- tert But opr pyl% ﬁ%-ﬁ 1] - 2- et hyl i ndol i zi ne-7- carboxyllcaC|de
thyl (2- met T et iT)anide; 25 - conpound No. 79:
[ (2- Et hy1-Gy¢dep8r it asopsopybah e eyel dbpend iy prodyl 1benzoyl }i ndol i zi ne-7
-car bon-yfli ] ace h £ste conpound No. 80:
2-Buty1-3-%%f%?%2$¥%?%&gg g% é?% %gégﬁg?Ld%?¥zﬂ%é&% carboxylic acid
et hyl (3-nethyl [ 1, 2, 4] oxadi zol - 5-yl net hyl )am de; conpound No. 81:
((2-Bukyl-3- éémﬁ&&d%@erjéﬂ “43{3 [4—(3 tert-

yl oxy) benzoyl TTmdotTzie- 7= car bonyl }i sopropyl - 35 anino)acetic acid nethyl
ester; in PREVIBLHIGPr P HREREBFOVE] an-adlay tivdekedineith an acid.  Anong

t he COHpOUﬂQﬁb@ﬁyip@ﬂ@éﬁbﬁiﬂ_EW@ﬁglare subj ects of the invention, one group
of conpounds consists of the follow ng conpounds: conmpound No. 3:

(R -1-{2-Butyl-3-[4-(3- dibutylaninopropyl)benzoyl]indolizine 7-car bonyl ) pyr
rolidine-2- campoundilfoacs?: nethyhyesiefs-| —(ronpound No. 4:

2 puyy s rlléﬁﬂglQﬁi’ﬁéﬁ{%ﬁ%&n@f%%%?ﬁgé%cﬁ}%ﬁ 4 L P d-parboxyl e acid
({ 2- But y1-@afZex8l & but ylamihopr omtiiblerizod hividati-ziateazadarboni } et hyl ami

no) acetic plo-1a6i o pesdyl ester; conpound No. 8:
({3-[4-(3- Cyclopentylanlno propyl)benzoyl]2 et hyl i ndol i zi ne-7-carbon-yl }iso

propyl am no)acetic acid nmethyl ester; 20 conpound No. 9:
2- But y1- 3- | dedapchbhdit b am_imopggpyl)pe@é@yl] i ndol i zi ne-7-carboxylic acid

ethyl (2- nethyl- A Telrazpl 5.yl et hyl Jam de. vorizine 7o

carboxylic acid ethyl (2-ethyl-2H-tetrazol-5-yl-

methyl)amide;

- compound No. 41: 3-[4-(3-tert-Butylaminopropyl)benzo-

20 vllindolizine-7-carboxylic acid ethyl (2-methyl-2H-
tetrazol-5-ylmethyl}lamide;

- compound No. 42: 3-[4-(3-lert-Butylaminopropyl)benzo-

yl]l-Z-cyclobutylindolizine-7-carboxylic acid ethyl (2~
25 methyl-2H-tetrazol-5-ylmethyl)amide;

- compound No. 43: 2-Ethyl-3-[4-{3-ethylamino-4,4-

dimethylpentyl)benzoyl]indolizine-7-carboxylic acid
ethyl (2-methyl-2H-tetrazol-5-ylmethyl)amide;

30
- compound No. 44: 3~{4w(3—tért—Butylaminopropyl)benzo—
vll-Z-ethylindeclizine-7-carboxylic acid ethyl (l-methyl-
lH-pyrazol-3-ylmethyl)amide;

35 - compound No. 45: 3-[4-(3-tert-Butylaminopropyl)benzo-

yli-2-ethylindolizine-7-carboxylic acid ethyl {l1-methyl-
1H-pyrazol-4-yimethyl)amide;



25 - conpound No. 10: 2-Butyl-3-[4-(3-

di but yl am nopr opyl ) benzoyl ] i ndol i zi ne-7-carboxylic acid

et hyl (3-nethyl [ 1, 2, 4] oxadi zol - 5-yl net hyl ) am de; conmpound No. 13:

4-f 2- But y 1w R410F-0die2aayl ami no30 - 14 - PCT/FR2011/052661

propyl ) benzoyl ]i ndol i zi ne-7-car bonyl | pi perazi n-2-one; conpound No. 16:
[(2-Ethyl-3-{4-[3-(1- nethylam nocycl opentyl) propyl ] benzoyl }i ndoli zi ne-7-
carbonyl )i sopropyl am no]acetic acid nethyl ester; WD 2012/066234- 19

- PCT/ FR2011/ esa@eundc dlapoudid RNo.[4173-tert- Butylamanpropyl)benzo—
3-[4-(3-te But QRYl: ) henz hyl i ndgl.i zi ne-7-car ylicacid
et hyl ( 2- ne%%j T2 ﬁﬁ%gFgggb 8%1%2 It %g%% g& 5 - %onéound %gh ?g%
3-[4-(3- teﬂﬁtBNﬂ}E@#Eﬁ@l33nﬁﬂmﬁtbuﬂymeéﬁzoyl] 2- et hyl i ndol i zi ne- 7- car boxyl
i cacid gt hyl (2-met hyl-2H-tetrazol - 5- ylnethyl)anlde conmpound No. 22:

2-Butyl1-3-[4-(3-di butyl am nol0 propyl benzoyl ] i ndol i zi ne-7-car boxyl i caci d
isopropy1(2-E&EE&E&QL&ELL&& déR) -1-¢émpéand-NertaButylamino-
2-Butyl- 3-b&o@§1db@@&bbaqLao@&gpyhha@mggythndoI|2|ne 7-carboxylic acid

et hyl (2- 15_i r ound No.
24: 2-But y1- §IFE%?§B ﬂ% Srgarbonlgg Y2
yl ) benzoyl ]i ndol i zi ne- 7- carboxyllcaC|d(2 et hoxy- ethyl)isopropyl am de; 20

conpo No.

({2- nggl B-Fégggyggbg¥§+am1né§ 4p§?)benzoyﬁf¥négﬁ|2|ne 7-carbonyl }i soprop
yl - anmi no) aPErPy aéﬁﬁzmwﬂhﬁke@@wéﬂndQElZlueﬁpwﬂdd X&) -29:

({3-[4-(3- E&ggg&b%gkgglgﬁggyhl gnﬁ@¥ﬁbngngphyllndoI|Z|ne 7-carbonyl }iso-pro

pyl am no) acetic acid net conpound No. 30:

({3-[4-(3- Butylanlnopropyl)benzoyl]

2- ethyI|ndglbam@euiﬂcmbboayl}Bsququk@&kno)acetlc acid nethyl ester;

conpo

({3- [%&?3N%%Fy%éﬁﬁﬁpgﬁpﬁglﬁPSB?PY%éngo$ny§l@?ﬁ%ﬁ?ﬁ&@rl2|ne 7- car bonyl }i so-

35 propyl anembpagédticc aadidd 2rekhitl/ ledtietptrazol -5-ylmethyl ester;

- compound No. 50: (S)-1-{3-{d4-(3-tert-

Butylaminopropyl)benzoyl]-2-ethylindeclizine-7-
20 carbonyl}-2-methylpyrrolidine-2-carboxylic acid methyl
ester;

- compound No. 51: 3-[4-(3-tert-Butylamino-

propyl)benzoyl]-2-ethylindolizine-7-carboxylic acid -
25 (R} -2-methoxy-1-methylethyl ester;

- compound No. 52: 3-[4-(3-tert-

Butylaminopropyl)benzoyl]-2-ethylindolizine-7-

carboxylic acid (R}-5-oxopyrrolidin-3-yl ester:
30

- compound No. 53: 1-{3-[4-(3-

Cyclopentylaminopropyl)benzoyl]-2-ethylindolizine-7-
carbonyll}l,4]diazepam-5-one;

35 - compound No. 54: [(3-{4-[3-{tert-

Butylmethylamino)propyllbenzoyl}-2-ethylindclizine-7-
carbonyl) isopropylaminolacetic acid methyl ester;



conpound No. 35:

({3-[4-(3-Cycl ohexyl am nopr opyl ) benzoy1] - 2- et hyl i ndol i zi ne- 7-

car bonyl }i sopropyl am no)acetic acid nethyl ester; 5 - conpound No. 40:
3-[4-(3-tewb- Botylagenapr opyl ) benzoyl]r2-et hyl i nctﬁ&d:zrmﬂxp@éi@awl ic acid
ethyl (2-ethyl- 2Htetrazol -5-yl met hyl) am de; conpound No.
3-[4-(3-tert-Butyl am nopropyl) benzolO

y1] - 2- cycl obut y1li ndol i zi ne- 7-carboxylic acid ethyl (2-

met hy1l- 2H t etompolin8- Mbuebhy| ] a-dehyl-3-¢onpdund No. 43:

2- Et hyl1- 3- [ 4- 1,ho- 4. 4-di et n benzoyl 1indol i zi ne-7- car boxyl

icacid 15 géﬁﬁg%ggﬁékﬁngggﬁPo g yT%LBﬁ B%ké §ﬁ$%%£ _2ﬁpound No. 53:

1-{3-[4- (SCﬂybpﬁﬁéh@yDQﬁDnﬁbampnyHybenzoyatla BEthRndetEZLne 7-carbonyl}[1
, 4] di azgpam 5-one; 20 conpound No.

[(2 Et hy1-3- (4-] 3- (ethyllsoprop I-anlno pro yl ] benzoyl }i ndol i zi ne- 7- car bony
| )i sopropyl - SEFRB¥ALANPe F6j d ¢ rﬁ&r(és putybamiggnmpound No. 58:

({3-14-(3- ﬁkbp§Y1B€hI@le1ndollzlne 7-carbonyl}isopropyl-
propyl)benzo¥ L % I|nd i zi ne-7-carbonyl } et hyl -am no) acetic acid
B acg ﬁ%

i sopropyl &% ofifid hBet%§ FESSBat yl - 3- (4-[3- 30
(butylethylanlno)propyl]benzoyl}|ndoI|Z|ne 7-

car bo )iso ] agset i CI thyl ester; conpound No. 63:

({2- BE¥£1 3-§é§§é££rb§§y+§zl g{§ 5py| benzoyl]lndoI|2|ne 7-carbonyl }i sobuty
| -35 am nopabetyéamndpnephwbeszexmmdoﬂmaund No. 64:

({2- But y1- 3z kALl TRLBYLBLPELAS

yI)benzoyI]?ndg %z?ﬁe % cg? ony#??éSSFégy?anlno)acetlc acid 5 - compound
No. 65: ([ 2-Ethyl-3-(4-piperidin-4-yl benzo-
yI)|ndoI|ZLneoﬁpeaﬁaonyL]ssopn@pyhaﬂbmoha¢@tlga0|d nmet hyl ester; conpound

anlno opy%}%&%&i?ﬁi?ﬁﬂﬁ??gihé67285$%¥ﬂ9P}éFﬁ9Paﬂlno)proplo nic acid nethyl

ester, carbonyl}isopropylamine)acetic acid isopropyl ester;

- compound No. 59: 2-Butyl-3-(4-piperidin-4-

vibenzoyl)indeolizine-7~carboxylic acid diethylamide;

20
- compound No. 60: ({2-Butyl-3-[4-(3-dibutylamino-
propyl)benzoyl]lindolizine-7-carbonyl }isopropyl-
amino)acetic cid ethyl ester:

25 - compound No. 61: ({3-[4-(3-Dipropylamino-

propyl)benzoyl]l-2-ethylindolizine-7-

carbonyl}isopropylamino)acetic acid methyl ester;

- compound No. 62: [(Z-Butvl-3-{4-[3-

30 (butylethylamino)propyllbenzoyliindolizine-7-

carbonyl)isopropylaminolacetic acid methyl ester;

- compound No. 63: {({2-Butyl-3-[4-(3-dibutylamino-

propyl)benzoyl]indolizine-7-carbonyl}isobutyl-
35 amino)acetic acid methyl ester;



conpound No. 75:
({2-Butyl-3-[4-(3-diethyl am no-propyl)benzoyl]i ndoli zi ne-7-carbonyl }i soprop
yl - 15 am no)acetic acid; = conpound No. 77: 3-[4-(3-Cycl opentyl am noprop-

yl ) benzoyl¥Wo22@8.ayDEAEBLI zi ne- 7- car boxd i-C PCT/FR2011/052661

et hyl (2-net hyl-2Htetrazol -5-yl met hyl )am de; 20 acid conpound No. 78:

3-[4-(2-tertg pr gpyl n t hyl Zi he 7 car boxylicacid
et hyl (2-nme th Lad, ReE E }PE %ﬁ¥%% 5 EE i fﬂggﬂ\ﬁi]?ﬁ%e?ormo? a base or
of an addi¥i hegapvlﬁﬂnﬁOémzzaeaErdarbnnyhélsgpsegubamlneXacethe term
"protectivgcguoup” (Pg) is intended to nean a group which nmakes it

possi bl e, on the one hand, to protect a reactive 30 function, such as a
hydroxyl or an am ne, during a synthesis and, on the other hand, to

r egenersat e- thempaﬁﬂ&tmbeaek‘ﬁv¢ @um@hy@mat(zltbgp@flﬂd@ﬁ sypthesis. Exanples
of protect% g ?rg 3@ and al so of ﬂ? rotectlon and deprotection are
given in "ProfEeti vBUS5 & Bups- ?ﬂr S ?B%%?@lnatﬁéﬁﬁl%t al., 3rd
edition (JebhndWhkely& Sensy; | nc. NEM/Ybrk). In the text which folloms,
the term "Leavi ng group” (Lg) is intended to nean a group which can be
readily cleaved froma nolecul e by breaking a heterolytic bond, with the
depart ure of campgupdoNoe| 66t r InButThi 8- gfonprsrtadnnt Auslbe readlly repl aced
wi t h qmpthséngagyplhao@1§yﬁétv185£BBX§@9et589@ &géﬁﬁgﬁgmiﬁ Such | eaving
groups are, for exanple, halogens or an activated hydroxyl group such as a
mesyl, tosyl, triflate, acetyl, etc. Exanples of Ieaving groups and al so
ref er ences- feémpbﬂn&ONateeaEaR(QnBﬁhﬁle@i [Arepgb¥eNaiA-4Advances in Organic
Chem stry" 3 rch gi g tion, zv Int SC|ence p. 310-316. In

accor dance %?Fﬁ RBZPRYSARFSHT 2T PBY %%OﬁgoﬁY%pare t he conpounds
of fornul aaiihonethtRE, a&Yd méahﬁTAﬁshaang t he sane neaning as previously

accordighg to the process which follows, illustrated in schenes 1, 2, 3, 4
and 5. 20 In schenmes 1, 2, 3, 4 and 5, the starting conmpounds and t he
reagents, P g $0r\bﬁe%atythséée (S) rpipdesdinbed, are
comer ci al {,yoayahbbabbel pr §8§££19§d7'8 FREal At SLALYL S O el se can be
pr epar ed é%c%?y?ng toﬁng h whi ch ar% de%%rggegﬁt%§¥%ln and which are
known amlno)acetlc aCld methyl ester;

20 - compound No. 69: (S)-2-({2-Butyl-3-[4-(3-

dibutylaminopropyl)benzoyl]lindolizine-7-carbonyl}ethyl-
amino)propionic acid methyl ester;

- compound No. 70: 2-Butyl-3-[{4-(3-

25 dibutylaminopropyl)benzoyllindolizine-7-carboxylic acid
benzylethylamide;

~ compound No. 71: 2-Butyl-3-[4-(3-butylamino-

propyl)benzoyl]lindolizine-7~carboxylic acid ethyl{(Z2-
3¢ methoxyvethyl)amide;

- compound No. 72: 2-Butyl-3-[4-(3-dibutylamino-

propyllbenzoyllindolizine-7-carboxylic acid (2-
isopropoxyethyl) isopropylamide;
35



25 to those skilled in the art. The indolizine nucleus (VIIl, schene 1) is
prepared according to the Chichi babin process via the quaternization of the
pyridine (XI) (with R = an al kyl 30 group such as isopropyl) with an

a- hal oket qne gle12yessyea(X) such as.l-br amohexan-péaoneAot 17082663t €p i),
in a solvent such as butan-2-one brought to reflux, followed by a

cyclization reactio step_iii).inth resence bas uch as sodi um
carbonate,‘iiﬂ%%gﬂﬂgLégLsféblbL%TB%E%ﬁ_gé?gég%?5@%%2#857§u§ﬁt to refl ux.
WO 2012/ 066234 hPBp: Pet TAVRO01: ] Dedadst]l Fo&nredel 1 kaiaf 1 sineaction for

acylation of osiiign 3r“jtfaﬁﬁ agig é@lorigg %V@I% mhe{e Y represents a
hal ogen at om %?%p i%?pg?gﬁs, st et h afi%%, tfie % %o e -Tefivative (V).

Alternatively, in step (iv'), the 5 acylation can be carried out with an

aci d chl or i deofiiblnd bt My X: AMpEar | g, 2B ari ne- fAed L anouhich i s masked i n
an am de or T —and which I's unnasked at the end of synthesis so
as to gi veaihHeocrbAPBUNECTEYPY ! brnAaght AilSed FATRCRBEIHL PP b2 @eEive 10 group
conpat i bl e;y § hnthg,$apgpitfication conditions of step (vi) and freed again
after the final step (vii). In a step (v), the condensation of the am ne
AmH (V) with the hal ogenated derivative(VT), where Y 15 represents a

hal ogen atongompoitith@ Foes®hee (Of-Bubase’sieh (asapetiagsatimear bonate and of
a catﬁbyticrgnnf of ggﬁasaign&igdlgg (KI'), in a solvent such as
acetonitrife %¥oﬂ%ﬁ?z? ef“Pux?*gfves the amine (1V) which corresponds to
a conpoundcafbthell nsanbapylym20onwheetin Rtidepresents OR when R = R12 = a
(C1-Co6) al kyl group such as an isopropyl group. The saponification (step vi)
of the ester (IV) with sodium hydroxide in a solvent such as dioxane,
fol |l oned 25 E&EPﬁBnﬂrNPva?ﬁon(égtéé"&?r}eéi‘ﬁﬁéyéém¥%@ponding car boxylic
acid (111)pubitioearsospondscho: anagupound ol formia (1) vherein Rl
represents 0-R12 with 2 =_H wth a coupling agent such as

0- benzZet r i 32BPYTK Ki-REPROPY LeFaiet AGELr 6nfGhft et raf | uor oborate (TBTU), 30
in the presence of the am ne derivative or al cohol derivative R1-H (11) and

of a base su NN di i sgpropyl, et hyl.am ne | EA), in an aprotic sol vent
such as dich§§$§§%¥%2§8¢fzé%0? é?vig #YEEOBS%%%EQGS of Alternatively, as
descri bed amischenpy2)btheoXiMAntehahmlindobéziner ddagedonging a Sonogashira

reaction betwgen: 0y abkynender ualLvea(¥) angiachal oggnaked derivative

(VI),2%repar as described’in schene

- compound No. 78: 3-[4-(3-tert-Butylaminopropyl)benzo-

v1i]-Z2-methylindolizine-7-carboxylic acid athvl (2-
methyl-2H-tetrazol-5-ylimethyl)amide;

25 - compound No. 79: [(2-Ethyl-3-{4-[3-(l-isopropylamino-

cyclopentvl)propyllbenzovl}indolizine-7-carbon-

vl)isopropylaminoc]acetic acid methyl ester;

- compound No. 80: 2-Butyl-3-(4-piperidin-4-

30 vwvlbenzeoyl)indolizine-7-carboxylic acid ethyl{3-methyl-
[1,2,47loxadizol-5-ylimethyl)amide;

- compound No. 8l: ({2-Butyl-3-{4-((R)-piperidin-3-

yviloxylbenzoyvl]indolizine-7~carbonyl}isopropyl-
35 aminc)acetic acid methyl ester;
in the form of a base or of an addition salt with an acid.



5 represents a hal ogen, preferably an iodine atom Thus, in step (ii), the
coupling is carried out in the presence of an organi c base such as DI EA and
of a catalytic anount of copper (1) such as Cul or CuBr, and of palladium
such as Pdgd2¢bPR18kekB4a pol ar sol ventg such 10 ascoeixgii/difmsdeated to
50C. In step (iii), the triple bond of the al kyne derivative (1V) is then
totally reduced under dr ogen atnDs ere, or th, a hydrogen-transferring
agent such 38" lﬁﬁ?%¥ ,9F n teRE Fes%%%em%fcg ééﬁalg%l?%ﬁ%unt of

pal | adi um of- tie canbent{&d; C)onlen @ ot iof smmmin@mcboaslstba@ﬁ or

met hanol . ?QakEXIO%Enge ggg n scheme 1, the ester (lI1l) is subjected
to a saponification-pepti coup i ng sequence (steps iv and v) to give the
compound |. The various substituents, when their definition is not 20

speci fised, - 36mBSu éfkeedsl n(generab_ 1&9&9&4‘ . m(gﬁ% 15&{9 Y.as
described in no ashira cou can be ca ried out with an
al kyne derP@%PY@ébPHﬁ@YFéﬁE@P%éﬁlﬂﬁt% aaﬁg@em seYreplagine-25 function such
as a carbogytbexatid Eungt hepnhwhi eb-&s; masked in a hydrogenol yzabl e benzyl
ester group so as to guarantee effective orthogonal deprotection in the
presence of the second ester function with R as previously described. Thus,
in step (it+)gowbeubdi §be 80 berdrahd3the-hendybueslanifRl3 = OBn) of the
Sonog ir I ed. under ydr nospher e
it N S RN TR R R T i et
presence ofebheavarhvicammdant of pal | adi um on-carbon (Pd C in a 35 protic
sol vent such as ethanol or nethanol. The carboxylic acid function (VII)

thus freed is converted, in step (iii)_according to a Curtius
rearrangenengompound No. 5: ({2-Butyi-3-[4-(3- dibutylamino-

propyl)benzoyl}indollzlne—7—carbonyl}ethylamlno)acetic

15 acid methyl ester;

- compound No. 8: ({3-[4-(3-Cyclopentylamino-

propyl)benzoyl]2-ethylindolizine-7-carbon-

vl}isopropylamino)acetic acid methyl ester;

20
- compound No. 9: 2-Butyl-3-[4-(3-dibutylamino-
propyl)benzoyllindolizine-7-carboxylic acid ethyl (2-
methyl-2H-tetrazol-5-yvimethyl)amide;

25 - compound No. 10: 2-Butyl-3-[4-(3-

dibutylaminopropyl)benzoyl]indolizine-7-carboxylic acid
ethyl (3-methyl[1,2,4]loxadizol-5-ylmethyl)amide;

- compound No. 13: 4-{2-Butyl-3-{4-(3-dibutylamino-

30 propyl)benzoyllindolizine-7-carbonyl}piperazin-2-one:

- compound No. 16: [{(2-Ethyl-3-{4-[3-(1-
methylaminocyclopentyl)propyl]benzoyllindolizine-7-

carbonyl)isopropylaminolacetic acid methyl ester;
35



WO 2012/ 066234- 25 -prmwi r2011inR 7ggl into a tert-butyl carbanmate
function (V) in the presence of diphenyl phosphoryl azide (DPPA) in
tertbutyl alcohol and of a catal ytic anmount of copper (I) such as Cud . The

derivativend\aoiz/64eps4(iv) and (v) 39i s subj ecteedh/meolaywsdewdl i n schene
1, to a saponification-peptide coupling sequence so as to give the conpound

(rrr). Finall the tert- te funct [11) can be 10 either
acidonzed"wﬁ%ﬁEﬁEﬂi+§%¢e£ﬂ # F@cﬁﬁ' Ty VB@L Yoride in step (vii) so
as to I‘eSLﬂJJt‘OﬂJ*ﬁlIﬂﬂﬁlﬁ@\ﬁbpumdeﬂlylm&dﬂlRﬂﬂﬂ@—ﬂc@fboﬂ:ﬂﬂlﬁéep (viggicbefore the
aci dol ysi s tr th rga ch_as sodi um hydri de
(NaH) in t%all}gjpéserﬂgcﬁg)g? %\f?\ a?gyeilz nf;“@d{éirﬁ%‘?%ﬁ@rh'lg?h X representing a

brom umor iodine atom in a polar aprotic solvent such as

di rechy f of reghlGuhd\id ang, 0 ves L he- abkyl aled sarbamitgaderivative (11).
The vari ous SUDStTtUETTS;, heir_definition 1s not 20 specified, are as
def i ned i nPgenbtaEnEay bt a- ?t@y1¥@@%ﬁ¥%&m@97ycaﬁgoﬁ%%é¢|bed i R&ichene 4,
the X- Am chah{l (Mhbriy T epiesents @) an-exyeenyatamasd Am functional i zed
with a protected am ne function such as 25 a tert-butyl carbamate, which
guarantees good stability during the step of saponification of the ester
functi on wtdohpasndensti D2d prBviwUsly[4+ 63 +atvodutediust ng a Buchwal d

b h h
coupl g tetaRsh PRAZRF) faiSl et e PR 1 ccanti ng €% ogen atom

such as anisopioeyhtdmandokXanhylV)amsdearried out in the presence of an
i norgani ¢ base such as cesium carbonate (C52C03) and of a catal ytic anount

of a ligand of i )
- compound No. 23: 2-Butyl-3-[4-(3-dibutylamino-

propyl)benzoyl]lindelizine-7-carboxylic acid athyl (2-
15 igopropoxyethyl)amide;

- compound No. 24: 2-Butyl-3-[4-(3-dibutylaminoprop-

vitbenzoyllindolizine-7-carboxylic acid (Z-ethoxy-
ethyl)isopropylamide;

20
- compound No. 28: ({Z-Butyl-3-[4-(3-dibutylamino-
propvl)benzoyllindolizine-7-carkbonyllisopropyl-
amino)acetic acid methyl ester;

25 - compound No. 29: ({3-{4-(3-Dibutylamino-

propyl)benzoyl] -2-ethylindelizine-7-carbonyl}iso-

propylamino)acetic acid methyl ester;

- compound No. 30: ({3-[4-(3-Butylaminopropyl)benzoyl]l-

30 2-ethylindolizine-7-carbonyllisopropylamino}acetic acid

methyl ester;

- compound No. 31: ({3-[4-(3-tert-Butylamino-

propylibenzoyl]l-2-ethylindolizine-7-carbonyl}iso~

35 propylamino)acetic acid methyl ester;



phenant hrol i di ne type and of copper (1), such as Cul, 35 in an apol ar
sol vent such as toluene heated at reflux. The ether (IV) in step (iii) is
converted into the derivative (11) according to a saponification-peptide

coupl i ng sgpaueaLe/@seggscri bed in scheme 1. Fi naldom,sfin t€fds3u41y!
carbamate group is acidolyzed either with trifluoroacetic acid or with

hydr ogen chloride ip an aprotic_solvent such as pethyl ene chloride (CH2Cl2)
5 or ethyI—a5%ﬂ5255£E¥2M£§§éo{g%" %‘b?V%y?%%h%§¥%@%%'%é |. Alternatively,
as descri bedopil sicdeney D] - £ het KAM edel NzLap-he i ntroduced using a Wttig
reaction. Ln ep. (i 10 the acylation reaction between the indolizine
(MI11) and"% %é%¥%gl%%?5??ﬁgaT+%§!a@fY}F)@?% r%§5%¥inﬁs%eﬁélogen at om such
as a WD 2012/066234- 27 -PCT/FR2011/ 052661 chlorine atom in the presence
of an argani Hﬁé@n agnl utidjnes e fopyri di j L¢c amounts in
an aprg%ic §%Fveut éﬂfﬁ'aé?éh%o?%bg%gggzeH%gg%%gggﬁ?gg?%gi?%¥%%§ the
conpound (¥41y2-¢@nst epdeiiFingcéoraiperybls taeldyr MMl Gordittilons, the
benzyl hal pde-deriyative,{Nbidyi1oa1&4, in an excess of phosphite derivative
(V) such as ethyl phosphite heated at ref lux, is converted into the
phosphonate (VI). A Wttig reaction in step (iii) between the ester (V)
and a chiral cdfipeundi Boal dehyse[ der vasiver(t¥) amprepasedl f rearthe a-am no

acid rent. compound of 1 C he.am ne function is pratected wth a
tert-gﬁkyIy%grgg%%ng%Fgggl?%?iéz$?ﬁé ~d@b %%%gf?onaFﬁ%angﬁﬁ%#ﬂ " acidic
medi um andethph 3df-taorgaol €5 baseeshich) asiflaH, in an anrotic 15 sol vent
such as THF, gives the alkene (Ill1). In step (v),the alkene is

converted, according to a hgdrogenation-saponification-peptidecoupling-

aci dol ysi s~ seefeperd Na. dbder 2 beehyh-schéme3 2ethitenthe-dedidative (1). The
various sulsthlUsah syl Y\B‘i@ﬂz%v_?)ﬂ In@o defhBivionrbscppi-specified,jare as

defined in ggneral formul a A ,
15 ethyl (Z-methyi-Z2H-tétrazol-5-yimethyl)amide;

- compound No. 53: 1-{3-[4-(3-Cyclopentylaminoprop-

vl)benzoyl]-2-ethylindolizine-7-carbonyl}[1l,4]diazepam-

5-one;

20
- compound No. 55: [(2-Ethyl-3-{4-[3-(ethylisopropyl-
amino)propyllbenzoyl}indolizine-7-carbonyl) isopropyl -
aminolacetic acid methyl ester;

25 - compound No. 58: ({3-[4-(3-Dibutylamino-

propyl)benzoyl]l-2-ethylindolizine-7-carbonyl }ethyl-

amino)acetic acid iscpropyl ester;

- compound No. 62: [(2-Butyl-3-{4-[3-

30 {butylethvylamino)propyllbenzoyl}indolizine-7-

carbonyl)isopropylaminolacetic acid methyl ester;

- compound No. 63: ({2-Butyl-3-[4-(3-dibutylaminc-

propyl)benzoyllindelizine-7-carbonyl}isobutyl-
35 amino)acetic acid methyl ester;



Schene 1

10

15

20

25

30

35

Schene 2 Scheme 4 NaOH (h) (iv) TFA or 1C

WO 2012/066234 - 21 - PCT/FR2011 /052661

- compound No. 64: ({2-Butyl-3-[4-(l-methylpiperidin-4-

v1l)benzoyllindolizine-7-carbonyllisopropylamino)acetic
acid

- compound No. 65: {[2-Ethyl-3-(4-piperidin-4-vylbenzo-

vi)indolizine-7-carbonyllisopropylaminclacetic acid
methyl ester;

- compound No. 69: (5)-2-{({2-Butyl-3-[4-(3-dibutyl-

aminopropyl)benzoyvl]indolizine-7-carbonyl}ethyl-

amino)propionic acid methyl'ester;

- compound No. 75: ({2-Butyl-3-[4-(3-diethylamino-~

propyl)benzoyllindolizine-7-carbonyllicsopropyl-

amino)acetic acid;

- compound No. 77: 3-[4-(3-Cyclopentylaminoprop-

vilbenzoyl]-2-ethylindolizine-7-carboxylic acid
ethyl (2-methyl-2H-tetrazol-5-ylmethyl)amide;

- compound No. 78: 3-[4-(3-tert-Butylamino-

propyl)benzoyl]-2-methylindolizine-7~-carboxylic acid
ethyl (2-methyl-Z2H-tetrazol-5-yvlmethyl)amide;
in the form of a base or of an additicn salt with an

acid.

In the subseguent text, the term “protective group”
(Pg) 1is intended to mean a group which makes it
possible, on the one hand, to protect a reactive
function, such as a hydroxyl or an amine, during a
synthesis and, on the other hand, to regenerate the
intact reactive fﬁnction at the end of synthesis.
Examples of protective groupes and alsc of methods of
protection and deprotection are given in “Protective
Groups in Organic Synthesis”, Green et al., 3 edition
(John Wiley & Sons, Inc., New York).



Tan 9n19i ngg91A 32 _prmrrnollinR )ggi A subject of the invention,
according to another of its aspects, is also the conpounds of formula (V)
RelV!') 5 wherein: R7 is as defined in claiml1;, Rrepresents a (Cl-C4)

al kyl grouge zgﬁng@g?gnts a (C1-C4) al kyl gr Ougbf,&ﬁzﬁfﬁo%r nts a

phosphorus atony 1n the formof a basé or of an tion'salt wth an acid,
as described in synthesis schene 5. These conpounds are useful as synthesis
i nt er medi afles Tt ERECcopotind$ o ofsr mutlae (IYerm 5" Fhavied | g ”

abbrevi ati png) and nRlRGIHA {Or fBLAC sal8-Jigedyn 0. aphy #oys20 Bt OAcet hyl
acetate DULLEhLgr et nang PeEdEhl or getiane DLEAIY, < Sopr gpyl £t byl am ne
with the departure of a pair of electrons. This group
5 «can thus be readily replaced with another group in a
substitution reaction, for example. Such leaving groups
are, for example, halogens or an activated hydroxyl
group such as a mesyl, tosyl, triflate, acetyl, etc.
Bramples of leaving gtoups and also references for the
10 preparation thereof are given in “Advances in Organic
Chemistry”, J. March, 3™ edition, Wiley Interscience,
p. 310-316.

In accordance with the invention, it is possible to

15 prepare the compounds of formula (I) with ®R;, Ry, X and
Am having the same meaning as previously according to
the process which follows, illustrated in schemes 1, 2,
3, 4 and 5.

20 In schemes 1, 2, 3, 4 and 5, the starting compounds and
the reagents, when the method for preparing same is not
described, are commercially available or described in
the literature, or else can be prepared according to
methods which are described therein and which are known

25  to thosge skilled in the art.

The indolizine nucleus (VIII, scheme 1) 1s prepared
according to the Chichibabin process via the
quaternization of the pyridine (XI) (with R = an alkyl
30 group such as igopropyl) with an t-haloketone
derivative (X) such as l-bromohexan-2-one (Y = Br, step
ii), in a solvent such as butan-2-one brought to
reflux, followed by & cyclization reaction (step 11i)
in the presence of a base such as sodium carbonate, in

35 a protic sclvent such as isopropanocl brought to reflux.



DI PAdi i sopropyl am ne 25 DI ADdi i sopropyl azodi carboxyl ate

DPPAdi phenyl phosphoryl azi de DVFdi net hyl f or mam de

EDCI N- et hyl - N - ( 3-di net hyl am no- propyl)carbodiimde * HCL 30
HVPAhexanmegdysphospeesaai de HOBt 1- hydmexybenzot r imzolsar ddRlaGhi=als gaer f or nance
| i qui d chromat ography LC/ MSIiquid chromatography/ mass spectronetry

RECTI FI ED SHEET (RULE 91) ISA/EP . w0 "101" A 1A- 33a -PCJ/ FR2Q11/ 052661
NVPN- et hyf m])?rrﬁl’?& Engrﬁétépﬂ?%%ﬁjtﬁﬁ oﬁofaraﬁé’rjr&%%a\kcfglppﬁéﬁiﬁflr i“azol- 1-

yl oxy) (di met hiy| asm nogaed hythoendd - NvEmet hythaies hahantdpntgBents  a
tetrafluorﬁggogég TEAErkgEhﬁlan‘n%lEQFtEtr%gxd&gg.ﬁ%%, the ketone
derivative (VI). Alternatively, 1in step ({iv’), the

5  acylation can be carried out with an acid chloride

(VII') with X-Am bearing an amine function which 1is

magked in an amide or formate group, and which is

unmasked at the endk of synthesis so as to give the

compound (I), or again used 1in a second protective

16 group compatibie with the saponification conditions of

step (vi) and freed again after the final step (vii).

In a step {(v), the condensation of the amine 2am-H (V)
with the halogenated derivative (VIY, where Y
15 represents a halogen atom, in the presence of a base
such as potassium carbonate and of a catalytic amount
of potassium i1odide (KI), in a solvent such as
acetonitrile brought to reflux, giveg the amine (IV)
which corresponds to a compound of the formula (I)
20 wherein R; represents OR when R = Ry; = a {(C1-Cglalkyl

group such as an isopropyl group.

The saponification (gtep vi) of the ester (IV) with
sodium hydroxide in a solvent such as dioxane, followed
25 Dby the activation (step wvii} of the corresponding
carboxylic acid (III) (which corresponds to a compound
of formula {I) wherein R, represents 0-R;; with Ri» = H)
with a «coupling agent such as O-benzotriazolyl-
N,N,N', N -tetramethyluronium tetrafluoroborate (TBTU),
30 in the presence o¢f the amine derivative or alcohol
derivative Ri-H (LI and of a base such as
N,N-diisopropylethylamine (DIEA), 1in an aprotic sclvent
such as dichloromethane (DCM), gives the compounds of
general formula (I) in accordance with the present

35 invention.



ATanbi ent tenperature TFAtrifluoroacetic acid 10
DI AD1, 1' - (azodi car bonyl ) di pi peridine Tern nnininGen, A ' ny dow. 1.4./ww4"a=
nrimf1C'i CCl  DVEdi net hoxyet hane DMFdi et hyl f or mam de DVBOdi et hyl sul f

oxi de 5 Thgpfohipresepexanpl es illustpate the preparatbel 19fos3@® conpounds
in accordance with the invention. The nunbers of the conpounds exenplified

refer back to those of the table given later on which illustrates the
cheni cal stR¥AReV e 7 ﬁﬁ%ré]a?dppapé?%lﬁ@@ 8t &bfe X167 SMFGENds

accordi ng ¢onthe iinvedtiverd Thefpldi sngn@@a@hﬁmeﬁ:@a@m@w etk twiddn a " Bl achi

mel ting point 545" nstrunent |ca ot at i asured with a
TPerkin B fbr 2UFIR ARTE 16V Tha sy BRLOPERREPE Shrai et Afnder |t he
follomnng T Ms qmnﬂ¢am@icoﬂﬂ|tdegurlﬂéﬂunin(NErh%nmaZGqumﬂnnxKrdh35|I 50 x

2.1 mms 6. Do P ELUEOt 8 130T O (107 % By 540/ GHRGY Ty {1000

0.5)
in step (ii), the coupling 1s carried ocut in the

presence of an organic base such as DIEA and of a
catalytic amount of copper (I) such as Cul or CuBr, and
of palliadium such as PACl;(PPh;) in a polar solvent such
10 as acetonitrile heated to 50°C. In step (iii}, the
triple bond of the alkyne derivative (IV) is then
totally reduced under a hydrogen atmosphere or with a
hyvdrogen-transferring agent such as ammonium Zformate,
in the presence of a cetalytic amount of palladium-on-
15 carbon (Pd-C) in a protic solvent such as ethancl or
methanol. Finally, as described in scheme 1, the ester
(ITII) 1is subjected to a saponification-peptide coupling
gsequence (steps iv and v) to give the compound I. The
various substituents, when their definition i1s not

20 specified, are as defined in general formula (I}.

Llternatively, as described in scheme 3, the
Sonogaghira coupling can be carried out with an alkyne
derivative functionalized with a precursor of amine
25 function such as a carboxylic acid function which 1is
masked in a hydrogenolyzable benzyl ester group S0 as
to guarantee effective orthogonal deprotection in the
presence of the second ester function with R .as
previously described. Thus, 1in step (ii), the triple
30 bond and the benzyl ester {R12 = OBn) of the
Sonogashira product are concomitantly reduced under a
hydrogen atmosphere or with a hydrogen-transferring
agent, such as ammonium formate, 1in the presence of a
catalytic amount of palladium-on-carbon {(P4-C) 1in a
35 protic solvent such as ethanol or methanol. The
carboxylic acid function (VII) thus freed is converted,

in step (iii) according to a Curtius rearrangement,
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inte a tert-butyl carbamate function (V) in the
presence cof diphenylphosphoryl azide (DPPA) 1in tert-
butyl alcohol and of a catalytic amount of copper (I)
such as CuCl. The derivative (V) in steps {(iv) and (v)

5 is subjected, as described in scheme 1, to a
saponification-peptide coupling sequence so as to give
the compound (III).

Finally, the tert-butyl carbamate function (III) can be
10 either acidolyzed with trifluocrcacetic acid or hydrogen
chloride in gtep (vii) so as to result in the compound
(I) with R17 = H, or, in s8tep (vi), Dbefore the
acidolysis step, treated with an inorganic base such as
sodium hydride (NaH} in the presence of an alkyl halide
15 RI17X, with X representing a bromium or iodine atom, in
a polar aprotic sclvent such as dimethylformamide (DMF)

and give the alkvlated carbamate derivative (II).

The wvarious substituents, when their definition is not

20 specified, are as defined in general formula {(I).

Alternatively, ag described in scheme 4, the X-2Am
chain, with X representing an oxygen atom and Am
functionalized with a protected amine function such as
25 a tert-butyl carbamate, which guarantees good stability
during the step of saponification of the ester function
with R as described previousgly, is introduced using a
Buchwald reaction s0 as to create a carbon-oxygen bhond.
Thug, in step (i), the coupling between the derivative
30 (VI), with Z representing a halogen atom such as an
iodine atom and HXAm (V) is carried out in the presence
of an 1norganic base such as cesium carbonate {(Cs,C0O3)
and of a catalyvtic amount of a ligand of
phenanthrclidine type and of copper {(I), such as Cul,
35 in an apolar solvent such as toluene heated at reflux.
The ether {IV) in step (iii) 1s converted into the

derivative (II) according to a saponification-peptide



Condi tions B: Colum: Acquity BEH C18 (50 Xx 2.1 mm 1.7 p.m Eluents: A
H20/ TFA (0. 05% 30B
-PT/ FR2011/"f | ccl

10

CH2CN/ TFA (0.035% wn 2012/ 066214- 35

t(
WO 2012/066234 - 26 - PCT/FR2011,

52661

coupling sequence as described in scheme 1. Finally,
the tert-butyl carbamate group is acidolyzed either
with trifiuorocacetic acid or with hydrogen chloride in
an aprotic scolvent such as methylene chloride (CHyCl,)

or ethyl acetate (EtCAC) so0 as to give the derivative
I.

Alternatively, as described in scheme 5, the Xam chain
can be introduced using a Wittig reaction. In step (1),
the écylation. reaction Dbetween the indolizine (VIIT)
and the acid chloride (IX), with X representing a
halogen atom such as a

nmm %A %8B Flowrate (mM/mm 0 98 2 1 1.6 0 100 1
0



2.1 0 100 1 The retention tinme is denoted Tr. 5 - The proton magnetic
resonance spectra (1H NWR), as descri bed below, are recorded at 400 MHz in
DMSO-d6, using the DMBO-d5 peak as reference (8 = 2.5 ppn). The chemi cal

expressed as follows: 10 s = singlet; d doublet 't =triplet; bs =

unresolvedégﬁ§fﬁgée$E8%d S'”nghgéisedgcno éﬁogrtgglgo anerﬁleNIand Mm

are denot et &rehca 't o ma| or m nor rsoner s
respectivety)lutsdEranphé f $¢nvhbsus ol cavalnternedpaneslimetdyl et hyl

2-butyl- 3- a 0 Ll.car l)4 ndol ngr 7- car boxyl
ate 1y1 1.%%?%%%%§%§Pyéﬂ% EEEH)BE Eﬁggggﬁgﬁrbﬁééiggﬁfé-%% %%aaﬁ%eof 11.9 ¢

(55.7 nnnlglﬁﬁsltﬁ@thMQQHﬂ (VERD or oL1B- AEERY| Piir)i di AECATEaRBoX3A at e and

1.2 g of pahéadiAba-LR- a@bh&@teengarbmbaﬁoehg I dpPasl RfriR@Fds stirred
for 24 h aé%ﬁgflent t enper at ure_under of hydrag The term

a
"ambi ent t atorate anF%hd@ﬁ“?%sn%gnpggﬁgﬁﬁé?a@@Fé%ﬁéﬂﬁgen\@ and 25C.
The reactiwachi xsurehiyd foHdssed antdthed fatt rateuiks dencentueatiadi

into the phosphonate (VI). A Wittig reaction in step
(iii) between the ester (VI) and a chiral

10 o-amincaldehyde derivative (IV), prepared from the
O-amino acid parent compound of which the amine
function is protected with a tert-butyl carbamate group
for a final deprotection in an aprotic acidic medium,
and from an inorganic base such as NaH, 1in an aprotic

15 solvent such as THF, gives the alkene (IZI). In step
(v}, the alkene is converted, according to a
hvdrogenation-saponification-peptide coupling-
acidolysis sequence, as desgcribed in scheme 2, inte the
derivative (I). The wvarious substituents, when their

20 definition is not specified, are as defined in general
formula (I).
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under reduced pressure. The residue obtained is then taken up with 200 ni
of water, neutralized at 0OC using 30 Na2003, and then extracted with 3 x
200 mM of DCM The organi c phases are conbined, dried over sodiumsulfate,
-prmrp20l1lli ncgRl Theresi duei spurifiedbysilicacol uim chromat ogr aphy,
elution being carried out with an E{:Rétﬁéqd ohexane gradient of 0 to 30%
with respect to EtOAc. After concentratron under reduced pressure, 5 38.05
g of 1-methyl ethyl 2-nethylpyridine-4-carboxylate are obtained in the form
of a colorless oj)I.OField:m%0 g 1.2 o R

2- Met hyl - 4-[ (1- ne®Hyl et hoxy) car bo ]} 1-(2- 10 oxohe S)pyri di ni um brom dé

A m xture of 9.88 (55.]1§ nmol ) o\l-mathi;ethyl - N
met hyl pyri di ne- 44icanboxyH-at-e~and [14. 88 —g—@é&-@g-mml ) [jof | 1-.br onohexan- 2- one
in 30 M of byt “oge 845 g ed

j‘g;m h. b 7action mixture is
allowed to return to ambi ent tenperat y.e~akd.t he rjesultin,Q precipitate is
filtered off and tIen washed successi vély w th butan-2-ole ‘and pent ane.
16.4 g of 2- met hW¥-4-[ (1- met hyl etBxy) car Bony1] - 1- (2™xe- 20

hexyl ) pyri di ni um brom de are thus obtained in the formof a whitish powder
which is used as it is in the next step. Yield = Sgg/g;oaS 1.3 1-Met hyl et hyl

2-butylindolizine-7-carboxylate A mixture of 16.4 g.d:49.%82 mol) of
2-met hyl-4-[(1- met hyjet ar bony1] - 1- (2- oxohexyls) p
14.17 g (136.52 mmol ) ° 003Yin 200 m of iPrOH

{iv) N
- - QY,Q&RT
13 : : xa‘

RO (vii])

ri di ni um brom de and

R,-H /

. E TBTU /DIEA
[ 9] N i
@ Am (vit P




30 is refluxed for 1 h 30. The reaction mxture is then concentrated under
reduced pressure, and then taken up with 200 m of water and extracted with
3 x 150 M of DCM The organi c phases are conbi ned, dried over the sodium
sul fate, fydtegesl;osamhd hen concent raged.under 3pcrotupeed ipnesdssie. The
resi due obtained is purified by silica colum chromat ography, elution being
carried out with DOM After concen;ratio under reduced pressure, WO
2012/ 066234- 37 - m.,. lrnflfll | € ¢....1.1.CL1.6 V.1-S1 V../ C.
8.24 g of 1-nethylethyl 2-butylindolizine-7-carboxylate are obtained in the
formof a yellowsolid. Yield = 70% 5 1.4 1-nethyl ethyl

2- butyl-3-f[4-(3-chl oropropyl y,phenyl ] car bonyl } i ndol igi n¢
8.24 g (31.77 mmol) of 1-met h%@_},@ytylindolizi e
7- car boxyl at eand6..89,,g{ 31. 77 I 4- (3- 10 chl grepripopyl ) benzoyl chl ori de
are stirred fog 4Lh R:85C. Atvianbi ent terperg e/ the reaction mixture
is taken up with 2 m of vvaT‘éTT'{;jn‘GUT‘r’zIrrzed th Na2CO3 and t hen
extracted with '@XM 50 ml of ether. The organi®e phg,ﬁes are conbi ned, dried
over Na, 804, 15 filtered, and then concentrated under reduced pressure. The
resi due obtained is chromat ographed on a silica c,gl umj, elution being
carried out with an Et0Ac/cycl ohexane gradi erp_t;_é)ﬂ‘_n{jtc 10% wi th respect to
Et OAc. After concentration under reduced press(s,l,re,}\-;.,{T

R fity

ar boxyl at e

Cul/ DIEAY
PdCL{PPH)

H, or HCO,NH, 7 MeOH e
MY R,
(i3] 0__\1 Ty

i
RO RO

(sl 1)

WaOH | {iv]

R «H (11} / TETU IDIEA R.

(v}
OH i R, {1}



20 12. 4 gof 1- et hyl et hyl 2- buty1- 3-f[4-(3-chl oro-
propyl ) phenyl ] car bonyl | i ndol i zi ne- 7- car boxyl at eare obtai ned in the form of
a yellowsolid. Yield - 89% 25 1.5 1-Methyl et hyl
2-butyl-3-%d42b382¢dsbatyl am no) propyl aghenyl } car amyigsavdol 4 o8 28517 - car bxoyl
ate hydrochl oride A mxture of 12.4 g (28.18 mmol) of 1-nethylethyl 2- 30
butyl-3-f[4-(3-chloropropyl)phenyl Sl bonyl }i ndol i zi ne7-carboxyl ate, 5.46 ¢
(42.27 mmol ) of di-n-butyl anm ne, 1€ Y 184.55 mol ) of K2CO3 and 4.68 g
(28.18 nmmol) of KI in 350 m of CH3CN i s ref luxed for 3 days. The reaction
m xture is then concentrated undet/ oseduced 35 pressure, takenrup with 200
n of water and th %2 ed WEHS?x"200 n of E. Fhel.or gani ¢ phases
are conbi ned, dri ed Na2SOA, filRtered, and thgn NMD 261:"2/%aa A lz -
38 - PCP/ FR2011/ 5266 concent Reler redﬁ‘c pressur e. The residue
obt ai ned i s hregategr aphed on asﬁghga co utfon being carried out
with an EtOAciicycl ohexane gradient of O to 40%wnth respect to Et0Ac. After
concentration®8 ufller reduced pre#sure, 12.°F g™t 1inethylethyl 2-
butyl-3-({4-[3-(dibutyl am no) proPYl ] Phenyl | car bonyl )i ndol i zi ne- 7- car boxYl at
e are obtained in the formof a yellow oil . ¥%PH<¢188% 10 The
hydrochloride is prepared by taking up the B3 th a 0. 1N sol ution of
hydrochloric acid in i PrOH (1 4 €q. ) which is then concent “aiged under

S dUe obtained is chrorrat gr

BDPA
terBuOH

(i o

H

~ N R.-H {ll}  TRTU / DIEA
o Ty
OH W}
c
N X
O S



15 on RP18 reverse phase, elution being carried out wth a CH3CN H20 (0. 01N
HCl) gradient of O to 100%with respect to CH3CN, and then |yophilized. M
(© = hygroscopi c gum LCO Ms: M= C34H48N203 = 532; M+H = 533; Tr 13.0
m n 20( con¥Pt REAS/REE2EA NVR (ppm d6-DMVSO, 400 MrET/FRROBD/ASRESE (bs, 1H);
9.30 (d, 1H); 8.30 (s, 1H); 7.60 (d, 2H); 7.45 (d, 2H); 7.30 (d, 1H); 6.85
(s, 1H; 5.25-5.10 (bs, 1H; 3.15-g.Ramibs, 6H); 2.85-2.70 (t, 25 2H);
2.40-2.25 (t, 2H) 2.15-1.95 (bs, 2H) 1.70-1.55 (bs, 4H), 1.50-1.30 (bs,
1211); 1.10-1.00 (bs, 211); 0.95 (t, 611) 0.70 (6, 311). Exampl e 2:
conpound No. 2: nethyl (S)-1-{[2-butyl-330

({4-[ 3-(di butyl am no) propy1] phenzl‘z carbonyl ) 1ndOl i zi 17-yl i car bonyl ) prol i nat -
e hydrochloride 2.1 XAm V)

- { Cull Ligand [ & - ¥Am,
2-Butyl-3-({4-[3- (c1° NV mno)—p\r—prH—phenyL}carbo 4.ngdl i zi ne- 7- car boxyl
ic acid 35 yl)ir

ol zi fie- 7- car boxyl dte and 1. 9; 47. mmol ) of NaCH in
ng—20 m of water is stirred”for ays at anbi ent
SreFction mxture is then n d wth a 2N aqueous

100 M of di oxane
t enper at ur e.®
sol ution of 55kydreghloric acid, and concentréﬁedu\un er reduced pressure,
and the resulting precipitate is filtered off, and shed with ice-cold
water and then with ether. After drying under redyegd pressure, 11.4 g of
2-butyl-3-({4-[ 3-di butyl am no) propyl ] phenyl } car bon- d
yl )indoli zi ne-7-carboxylic acid are obtained in the frormof a yellow solid.
Yield = 97% 2.2 Methyl (S)-1-{[2-butyl-3-({4-[3-(dibutyl15
am no) propyl ] phenylgca jul ndol i zi n-7- yl]carbqpyl olispat e
hydrochloride 1.0 mol ) of TBTU i s added, anounts, at 0C,
under argon, to ution of Frsig, (3u0§esmol ) |
2- buty1-3({élb- [ 3 | am noyprepyHpheryt} caribonyl »Rdol i zi ne- 7- car boxyl i
c acid, 0.5 06 mol.) of nethytw (S)-protyhateé and 1.07 m (6.11 mol)
of DIEA in 30rm of' DCM The reaction mxturecis ghlowed to return slowy
to anbient tenperature and the stirring is 25 continued for 18 h. The
reaction mixture ig taken up with 150 m of DCM washed successively with 2
x 75 m of a satg;}g%&%utlon of NaHCO8, 2 x 75 ml of water and 75 ml of
0

brine, dried over and filtered, and the filtrate is then treated
with 1 mM of a 4N sol ution 30 of hydrogen chl oride in di oxane and then
concentrat ed under edm,,mnessure The residue obtained is

chr omat ogr aphed on rfeverse phase, elution being carried out with a
CH3CN H20 (0.01 gradient of 0 to 100% with respect to CH3CN. After
concentrati on uQEie R,




35 reduced pressure and |yophilization, 1.33 g of nethyl

(5)-1-{[ 2-butyl-3-({4-[3-(di butyl am no) propyl ] phenyl }car bonyl )i ndoli zin-7-y
| ] car bonyl } prolinate WD 2012/ 066234- 40 -PCT/ FR2011/ 052661 hydr ochl ori de
are obt ai npd. 2¥helds5288% M (C): hygroscopi ¢ gured adddb s /o241 = 0. 1;
MeOH) 5 LO M5: M = C37H51N304 = 601; MtH = 602; Tr = 9.0 mn (conditions A).
1-13 NWR (ppm d6-DVSO, 400 MHz, 2 c]onf or [Ter s Wn 8:2): 10. 10-10.00 (bs,

1H); 9.35 (d, 1H); 7.90 (s, 1Hm; 5 ¢s® 1HM: 7.60 (d, 2H); 7.40 (d,
2H); 7.05 (d, 1Hm); 106.85 (d, 1HM; 6.70 (s, 1HM:; 6.65 (s, 1HM;
4.70-4.60 (bs, 1HM; 4.60-4.50 (bs, 1HM; 3.80-3.45 (bs, 5H); 3.15-2.95
(bs, 6H); 2.80-2.70 (bs, 2H); 40- 2. 20 (bs, 3H); 2.430- bs, 5H);
1.70-1.55 (bs, 4H); 1.45-1.2% @ : 7 9.90 (t, 6H);
0.70 (t, 153H). m.e 3. ®wonpetdnd No. 3: net hyl# 1-{(2-butyl -2-3-
({4-[3-(di but y%}@@?&pyl ] phent } car bonyl )i sdolii.zikaZ- Vit i car bonyl } prol i nat
e hydrochlorid ZOWII'he process s carried out i tt{'\’%) sane way as in exanple
2.2, Thus, stafting from1.50 g (3.06 nmol) of R®
2-butyl-3-({4-[3-(di butyl am no) propyl ] phenyl ) car bonyl )i ndol i zi ne- 7- car boxy|
ic acid and 0.50 g (3.06 mmol) 25 of methyl (R)-proliinate, 1.20 g of nethyl
(R -1-1[ 2-
butyl-3-({4-[3-(di butyl am no) propyl ] phenyl } carbonyl )i ndol i zi n-7-yl ] car bonyl
}prolinate hydrochl oride are obtained after a r"'e?8rge gphase on RP18,
elution being carried out with a CH3CH H20 (0.0fN HC1) gradient of 0 30 to
100% wi th respect to CH3CN, andl yophilization. Yi eI‘d = 65% M (O:

hygr oscopi ¢ gum ® . -NR,,BOC
= q R‘Zﬂ
i NaH | THF I o OR"
e} {iv) _ R0
NN - H 7NN e
o, N A ? e T ’
wo (0 i) re v

H, or HCO,NH, !

W} 1 jeoH

R’A)

_ Ry |
#"NR‘ITBGC

o F}/H

N / a: NaDH
K\N A . b: TBTU ! DIEA | R,-H R
c: TFA OF HMCH
[ "\_\ o

ro (B o)




[a] D2c) +22 (¢ = 0.1; MeOH) LCO Ms:M = 037H51N304 = 6.01; MtH = 602; Tr =
9.0 min 35(conditions A) 11-1 NWMR (PPm d6-Dnso, 400 WMHz, 2 conforners Wn
85:15): WD 2012/066234- 41 -PCT/ FR2011/ Acnccl (s, 1Hm; 7.60 (d, 2H); 7.45
(d, 2H); 7.05 (d, 1Hm; 6.90 (d, 1HYM; 6.75 (s, 1HM; 6.65 (s, 1HM;
4.75-4.65 {Ps2 "12—%?“2360 4.50 (bs,- J}fih'r -3. 80- 3 P /ER2 0130 52%615- 2. 95
(bs, 6H); 2.85-2.70 (bs, 2H); 2.40-2.20 (bs, 5 31-1); 2.10-1.80 (bs, 5H);
_1 70 1. 50 £bsub4ddy; ot. éﬁel1ﬁ5eﬁb§onﬁlbbcoidiﬁgot85abb%he%lbf i@&=90 (t,

(d| bu?yrgné%‘?f)g%PYffpﬂg%‘gllé&%r% '\%e?%yﬁgm‘%’%B a3 10

met hoxyet hyl )i ndol i zi ne- 7- car boxam de hydrochl ori de The process is carried
out in the same way as in exanple 2. art4ng from1.0 g (2.04
mol ) of 15 6.1#63})/51\@

2-butyl-3-({4-[3- (dlbutylanlno)propy ] ph
ic acid and 0.36 g (2.55 nmol
2-butyl -3({4- .
[ 3- (di butyl am no) propyl ] g > y1) - N-et hyl - N( 2- et hoxyet hyl )i ndol i zin
e- 7- car boxam de hydrochl orifle 20 are obtained in the formof a hygroscopic
yel l ow foam after an RP18 a@verse pli&iye and lyophilization. Yield = 60% M
(O : hygroscopic gum LC/ M5: M = C36115311303 = 575; MtH = 576; Tr = 9.6 mn
25(conditions A) 1H NMR (ppm d6-DVSO, 400 MHz):

wherein:

%%?ﬂb R ) i ndol i zi ne- 7- car boxyl
ﬁoxyethananlne 0.75 g of

- R7 is as defined in claim 1;
- R represents a {C1-Cs) alkyl group;
- R’ represents a {(C.-Cy) alkyl group;

10 - P represents a phosphorus atom; in the form of a base
or of an addition salt with an acid, as described in
synthesis scheme 5. These compounds are useful as

synthesis intermediates for the compounds of formula

(I).
15
The following abbreviations and molecular formulae are
used:
anh. anhydrous
20 EtOAc ethyl acetate
DCM dichloromethane
DCE dichloroethane
DIEA N,N-diisopropylethylamine
DIPA diisopropylamine
25 DIAD diigsopropyl azodicarboxylate
DPPA diphenylphosphoryl azide
DMF dimethylfcocrmamide
EDCT N-ethyl-N’'-{3-dimethylaminoc-
propyl)carbodiimide * HC1
30 HMPA hexamethylphosphoramide
HOBL 1-hydroxybenzotriazole
HPLC high performance liguid chromatography
LC/MS liguid chromatography/mass spectrometry

RECTIFIED SHEET (RULE 91} ISA/EP



10.00 (sl, 1H); 9.40 (d, 111); 7.70 (s, 111); 7.60(d, 211); 7.45 (d, 211);
6.90(d, 111);6.65 (s, 1H); 3.70- 3.15 (bs, 8H); 3.15-2.95 (bs, 6H);
2.80-2.70 (bs, 2H); 30 2.30-2.20 (bs, 2H); 2.10-1.95 (bs, 2H); 1.70-1.55
(bs, 4H); wo4@0122B666b34 6H); 1.20-0.95z(bs, 6H) ;pdr/HRA0119264L 70 (t,
3H). Exanpl e 5: conpound No. 5: nethyl N-{[2-butyl-3-({4-E335

(di butyl am.ng) pr opyl | Ycarbonyl)indolizin-7- _
yI]carbongkg?N-ethyI%F@%?ﬁgigoﬁgg?%%ﬁ?oride 5.1 nmethyl N-ethylglycinate
hydr ochl or PdeC3 m (®eliadmmwtynetarhvonyl chloride are added dropw se, at
0C, to a s i on of 2. _ _5.of Ar-ethylglycine in 40 m of
MeOH. The ?gggtion nyxgﬁ%g §§9g$?€ggg¥%o§return_tp anbi ent tenperature and
then, after stirringYiery4 (Rimepbevienetponerxl ideensl c¥ncentrat ed under
reduced; pressure. Thﬁe&ﬁ?hﬂé@h@ﬁéﬁiﬂ@@mi scbpbidibledofsom ether, filtered
and washed_10 successively with ether and pentane. 3 g of nethyl

N- et hyl gl yEfhat e hdeB&ﬁF%V%G@lQ?e obtained in the formof a white solid
which is usedH as it ketiahthecpextnstep. Yield = 95% 15 5.2

Met hyl AT-{[2-butyl-3-(f4-[3-(di butylan no)prop-

yl ] pheny! }%‘gr bonyl )i f FF{zlgng?f-“??F%é‘r”68ny1}- N- et hyl gl yci nate hydrochl ori de
20 The pro€E3s i s catriéduonbtacatiheasade way as in exanple 2.2. Thus,
starti f 2.0 g (4,08 o ;o
2- but y1;t93_1(5? %3_3[ 3- (di bltyl égngﬁlg%‘%%%?ﬁ%%gﬁ?f?‘éﬁ%%%%?/i )i ndol i zi ne- 7- car boxy!
ic acid and 0.78 g (5.09 mml) of N-ethylglycinate hydrochloride, 0.77 g of
met hyl Ar- 25([2-butyl-3-({4-[3-

(di butyl am no) propyl ] phenyl | car bonyl )i ndol i zi n- 7-

yl ] carbonyl}- N-et hyl gl yci nate hydrochloride is obtained in the formof a
hygroscopi c yell ow foam after an RP18 reverse phase, elution being carried
out wwth a 30 CH3CN H20 (0. 01N HCl) gradient of O to 30% wth respect to
CH3CN, and |yophilization. Yield = 30% '

RECTIFIED SHEET (RULE 81) ISA/EP



Mp (©): hygroscopic gum LC/ MS: M = C36H51N304 = 589; MtH = 590; Tr = 9.30 mn

35(conditions A) IH NWVR (ppm d6-DVMSO, 400 MHz, 2 conforners): WO

2012/ 066234- 43 -PCT/ FR2011/ 052661 (bs, 1H); 7.60 (d, 2H); 7.45 (d, 2H);

7.00- 6. 85 {Hs201L)yp56238-6. 65 (bs, THB4A 4. 25 (s, EHAFR2A0- DT Lbs, 3H);

3 55 3.35 (bs, 3H); 3.15-2.95 (bs, 6H); 2.85-2.70 (t, 2H); 2.30-2.20 (t,
2.10- 5 (bs, 211);+.1.70-, 55 (bs, 4H); 1.45-1.25 (bs, 6H);

s 20 1.10 ]%Ii’”g 21-i);aﬁ)i6?%’.{%%t?%%? 21-1); 0.95 (t, 6H); 0.70 (t, 31-i).

Exanpl e 6:D¥Bnpound Mgmeghyliormamide

N- ([ 2- but yhmdo ({ 4- [ 3g{dLbbuty! & pg)paepy! ] phenyl | carbonyl)indolizi n-7- 10

yl i carbonyl | - NLet hyl gl yci ne hydrochloride 3.0 mM (3.0 mmol) of a 1N aqueous

sol ution of sodi um hydroxide are added, at 0C, to a solution of 1.6 g (2.71

mol ) of neadyledNldwidwt whadplbs- [i&lﬂéﬁrate the preparation of

(di butyl anmi no) pro yl } carbon indolizin-7- . .

yl ] car bonyay™® %’\I— %der@% é%l 4 tWédF‘eattﬁei o HEREUPE- i ST | oved to
return to aohbent tehpertat urc@rr@mhntdlge stkempilidgies coafenudobdlor 24 h. The
reaction e ks.tre Wi of .8 Ol :Ut-i of rogen
chl ori de ﬁlﬁégéxg%efﬁgo%}:&gﬁﬁ gtllg}&%l 1 g‘ire r et Ledechlr el;islu%g: t%o %}’Q

chr omat ogr aptedcah RPI&C?C@V@Ss@néhébé péllyimc@ri eiomprdares alf oiemevi th a

CH3CHA IR0 &Qmﬁé{}h&'gléclfﬁékﬁat c8f tﬂetﬁ?n@&{%%ah respect to CH3CN. After
concentration under reduced pressure and 25|y Ehl||2atlon 0.78

gof N-{ [ 2- bERE§ 1ML ELRg ?0%%M%ﬁ%ﬁ‘%%§%¥%%y1”} Redy "REitborfR Y 5 Hed! i zi n- 7-
yl ] car bonyhbihdethghgtyehperbyenechl oride is obtained in the formof a

hygroscopic, yel |l ow. foam Yield = 41% h scopi & | ] ow foam
LC/MS: M = %%51%%%%@4 m%a?tslorl\ﬁm“@r%esmefﬁ(ur)e@ G‘X’%Eﬁ %con%%llﬁfldhs A IH
NVR (ppm AbxENVEDA 3 400nMrr iment .

15 The mass spectra are obtained under the following LC/MS

coupling conditions:

Conditions A:

20  Celumn: Kromasil 50 X 2.1 mm, 6.5 Hm
Eluents: A = CHCN/TFA {(0.05%)
B = HO/CHi:CN/TFA (1000 : 3 : 0.5)

Gradients t  (mm) EA %B Flow rate
(ml /mm)
0 0 100 0.5
12 100 0 0.5
15 100 0 0.5

25

Conditions B:

Column: Acqguity BEH C18 (50 x 2.1 mm, 1.7 pm)
Eluents: A = H,G/TFA (0.05%)
30 B = CH3CN/TFA {0.035%)



9.45-9.30 (bs, 1H); 7.75-7.55 (bs, 3H); 7.4 (d, 2H); 35 6.95-6.80 (bs,
1H); 6.75-6.60 (bs, 1H); 4.20-4.05 (bs, 2H); 3.60-3.20 (bs, 2H); 3.15-2.95
(bs, 6H); 2.85-2.70 (t, 2H); 2.30-2.20 (t, 2H); 2.10-1.95 (bs, 2H); 1.70-
1.55 (bs, wWé)20124b6&228 (bs, 6H); L1 20:Q 90 (bs,pdulidradh1/gdss8H) -
Exanpl e 7: conpoundNo. 7:3-({2-butyl- 3[4 (3-

di but yl am nopr opyl ) benzoyl ] i ndol i zi ne-7- 5 carbonyl | et hyl am no) pr opi oni c
acid hydrochloride 7.1 Methyl Ne{[2-hutyl-3-({4-[3-(di butyl am no) prop-

yl ] phenyl }casfdayt $i ndold zian) 74yl Jazar bony 138N et IibwPralkanj nat e
hydrochl ori de 10 The {process i|s carried out in thliang way as in exanple
2.2. Thus, starting friem2-0-g {408 mml) of m_ /mm
2-buty|-3-({4-[3-(dibutylamlno)prdﬁyl]mhen}])cafbonyl)- N of
AcAr - di et hyl i ndoli zi ne-7 boxanl e acid 0[/54 ¢g.,15(4.08 mmol) o
methyl N-et hyl - P-al ani hat bt g R P
3-({2-Butyl-3-[4-(3- d|but@lhn1noprﬁpyl)beﬂiﬁyl] ndol ilzi ne-|7- car bonyl | et hyl a
m no) propi oni caci d hydrochl oride The process is carried out in the same way
as in 35 exanple 6. Thus, starting from1l.1 g (1.82 mmol) of nethyl
N-{[ 2- but yI2g- %?EEPBlPﬂlbmm?laﬁlﬁ@?©t©@yfrphen yl I carbonyl)indolizin-7-yl]c
arbonyl)-1'i-ethyl-P- alaninate, 0.91 g of

3-({2- butyl 3 [ 4- (3-di butyl am no- N
he proton magnetic resonance gpectra (H NMR), as

described below, are recorded at 400 MHz in DMSO-d6,
using the DMSC-d5 peak as reference (8§ = 2.5 ppm). The
chemical shifts 06 are expressed in parts by million
(ppm) . The signals observed are expressed as follows:

10 s = singlet; d = doublet; t = triplet; bs = unresolved
peak or broad singlet; H = proton (for the rotamers, Hy
and Hp are denoted with reference to the major and minor
isomers M and m respectively).

15 Example 1: Synthesis of the intermediate Il-methylethyl
2-butyl-3~-({4-[3-(dibutylamino)propyl]phenyl}carbon-
vl}indolizine-7-carboxylate

1.1 Il-methylethyl 2-methylpyridine-4-carboxylate
20 |
A mixture of 11.92 g (55.7 mmol) of I1-methylethyl 2-
chloro-6-methylpyridine-4-carboxylate and 1.2 g of
palladium-on-activated carbon at lO%Iin 150 ml of i1iPx0QOH
is stirred for 24 h at ambient temperature under 4 bar
25 of hydrogen. The term “ambient temperature” is intended
Lo mean a temperature between 5 and 25°C. The reaction
mixture is filtered and the filtrate is concentratead
under reduced presgsure. The residue obtained is then
taken up with 200 ml of water, neutralized at 0°C using
30  NapCOz, and then extracted with 3 X 200 ml of DCM. The
organic phases are combined, dried over sodium sulfate,

filtered, and then concentrated under reduced pressure.



propyl ) be

nzoyl ] i ndol i zi ne- 7- car bonyl ) et hyl am no) pr o- pi oni ¢ aci d

hydrochl oride is obtained in the formof a hygroscopic foam 5 Yield = 85%

M (Q: h
(conditio
1H); 7.60
4H); 3. 15-

(t, 2H)

ygroscopi c foam LC/ MS: M = C36H51 N304 = 589; MtH = 590; Tr =

1.09 mn

8o R} 012Y 062 EHpm d6- DVBO- 460 -Mz) : 10 mOHah1 145266165 (s,
(d, 2H) 7.45 (d, 2H): 6.90 (d, 1H), 6.65 (s, 1H) 3.80-3.20 (bs,

A0 (Gl 2 602 10,0020 b T0RB0LLY 520220

1.20-0.90 ¢msqmaﬂ¢gra©hyo (eluBHhn 1BekErgnpker8iecompound wdh8: aret hyl

N{ES({4
et hyl i ndo
2- Met hy1-

The praecessgisscar bired
starting from 39. 0,
2- nethylpy??%lﬂ%tﬁl

in 120 m

étéﬁcﬁéy éﬂéagkgalgﬁ9p$klRhegéliﬁarQQE¥lkg%gect to

T zi n-7- y I carbony1}- N-propane- 2

| yci nate hy hloride 20 8.1

1=t22@x0phEpFI) - BOPCAREPRAIOD  YNGRY) caIBWAC pytafisiiiam br oni de

viebdtan7@%one, 66.15 g of 2-nmethyl-1-(2-oxopropyl)-4-

—GHets T 'y'leﬁ:ﬂ?ls @%é%l%ﬁfﬂltrﬁlgféw&x]yl?atg hus,
e
g%ﬁbb%yF%?e %ﬁ% %9.29°91 P %%S%ZOH%DI) of 1-bronmobut anone

[ (propan- 2-yl oxy) car bonyl ] pyri di ni unbroni deare 30 obtained in the formof a

pal e yel |l ow powder which is used as it

8.2 Propa
10

15

20

25

30

35

M 22 y12 Methyl + 4d0l 1 zheehy! eanboxytarbodpl] -1- (2-
oxohexyl)pyridinium bromide

A mixture of 9.88 g (55.13 mmol) of 1l-methylethyl 2-
methylpyridine-4-carboxylate and 14.88 g (82.69 mmol)
of 1l-bromohexan-Z-cne in 30 ml of Dbutan-2-one is
refluxed for 24 h. The reaction mixture ig allowed to

—

return to ambient temperature, and the resulting
precipitate ig filtered off and then washed
successively with butan-2-one and pentane. 16.4 g of 2-
methyl-4-[ (1-methylethoxy)carbonyl]l-1-{(2-0x0-
hexyl)pyridinium bromide are thus obtained in the form
of a whitish powder which is used as it i1s in the next
step.

Yield = 82%.

1.3 1-Methylethyl 2-butylindeclizine-7-carboxylate

A mixture of 16.4 g (45.52 mmol) of 2-methyl-4-[(1-
methylethoxy)carbonyl]-1-{2-oxohexyl)pyridinium Dbromide
and 14.17 g (136.52 mmol) of NazC0; in 200 ml of iPrOH
is refluxed for 1 h 30. The reaction mixture is then
concentrated under reduced pressure, and then taken up
with 200 ml of water and extracted with 3 x 150 ml of
DCM. The organic phasgses are combined, dried over the
sodium suifate, filtered, and then concentrated under
reduced presgsure. The residue obtained is purified by
silica column chromatography, elution being carried out

with DCM. After concentration under reduced pressure,

is in the next step. Yield = 96%
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2-met hyl- 1- (2- oxopropyl)-4-[ (propan-2- onxy)carbonyI]pyrldlnlunlbronlde and
6.5 g (627.62 mmol) of Na2002 in700 m ofi PrCH, 40 g of propan-2-y12-
ethyI|ndolmalﬂglg;gggpggylate are ohtained in thedopRdpof/ e vel | ow
solid. Yield 83% 8.3 Propan-2-y13-{[4-(3- chIoropropyl)phenyl]carbon-
yll-2- ethyllndoI|Z|ne 7- car hox Iate 10 The process is carried out in the
same way as-fh exafplemetpyl I & dSHg T g\ g EEPX L#kS ) of
propan- 2- ydr2-ebtwlhadolhzine- foﬁ@rcbﬂxa|3aé§l@ﬂd9851@3 g (51.88 mmol) of

4-( 3- chlorgfrggyl)pggzoyl chloride, 15 17.6

gof pr opan- [ 4-T3-chl oropropyl ) phen-

yI]carbonyl} 2- ethyllndoI|2|ne 7- carboxylate are obtalned |n the formof a
yel | ow
3-[(4- f% [ ter ojs oHen ar bony1] -
2- ethyllndbli?@ﬁbOHYb-¥%@le%}@e @5C¢ﬁngsb®t%d tube a mixture of 4.0 g
(9.71 muol ) of propan-2-yl 3- {[4 (3 chIoropropyl)phenyl]carbonyl} 2-
ethyllndoI|2|ne 7- carbox | at e, 19.42 mol ). of cycl opentyl am ne and

1.69 g (10°%22%m®l ¥>o6f 7Kl m{ﬂﬁléoouﬁ 101“@& LETEREON BV i Sdir el 31 %reat ed for
18 h at 105Qa3@o::ﬂaeateactam malwegl s thenm caftent ratesd unders s educed

pressuyre, and then t . suc e ver with 2
R Soo b ot rtaki! hatheYhs SnfPRidh Preasivar shades L fi Ixterd and
concentrat%ﬁoﬂndetlambmmmtptemparetuﬁeOBu@eﬁreageiémmmn&mdee ar® 35 thus

obt ai ned, a XM 5 I) of
Boc20 and ggg%ﬁ E§4v@§: ? %é%nk R%}e adgﬂ%n5¥ GE (ifw gch F%?rlﬁg for 18
h at rann@$@|n§bﬁnA extracted with x 150 ml1 of ether The

crganic phases are combined, dried over NazS04,

15 filtered, and then concentrated under reduced pressure.
The residue obtained i1s chromatographed on & silica
column, elution being carried out with an
EtOAc/cyclohexane gradient of 0 to 10% with respect to
EtDAc. After concentration under reduced pressure,

20 12.4 g of l-methylethyl 2-butyl-3-{[4-(3~-chloro-
propyl)phenyl]carbonyll}indolizine-7-carboxylate are
obtained in the form of a yellow solid.

Yield = B89%.

25 1.5 1-Methylethyl 2-butyl-3-({4-[3-(dibutylamino)prop-
v1lphenyl}carbonyl)indolizine-7-carbxoylate

hydrochloride

A mixture of 12.4 g {(28.18 mmcl) of l-methylethyl 2-
30 Dbutyl-3-{[4-(3-chleoropropyl)phenyl]lcarbonyl}indolizine-
7-carboxylate, 5.46 g (42.27 mmol) of di-n-butylamine,
11.6% g (84.55 mmol) of XK;CO; and 4.68 g (28.18 mmol) of
KI in 350 ml of CH:CN is refluxed for 3 days. The
reaction mixture is then concentrated under reduced
35  pressure, taken up with 200 ml of water and then
extracted with 3 X 200 ml of EtOAc. The organic phases
are combined, dried over Na;50s, filtered, and then



lvy CV.1.C./WIJG J.3 - 47 -PCT/ FR2011/ 052661 anbient tenperature (AT),
the reaction mxture is taken up with 200 m of DCM washed successively
with 100 mM of water and 100 ml of brine, then dried over MgSO, filtered,
and concewbr abed/o8deB4r educed pressr®e.- The 5 PEB{RRAGHLAIIREH S

chr omat ogr aphy, elution DCM MeOH gradient of O to 5% with respect to MeOH.

Af t t ' d i
or opan 2. PR FLH-CIE 1 CPIBOL ofy ot Bamyl (i (1o e Fesidue

pent y| ) anohekpnepy i Epdnpnesadyefic 2rethyd  Heeh | 9 HER cat BoxiPat e are

obtai ned in:the Lorm.of A wyehlow Gmcoieldya daharfe yradient of
3-[(4-(3-F%te t - But oxycar bonyl ) (cycl opent -

15 .
yf I am no] Br opy| ¥idenyt FeartiRedt 258t i FPafdol PA5TRE- 7°°TC bkt 7% acid 8.5
m of a 1N aeueousiNeGd seokukisamrcar eladded doapwiseetaylaihyio a-sol ution
of 2.37 g.(4.23_mmpl) of 20 propan-2-yl ~
3-[(4-{3-FPﬁéﬁ“35dﬁ§f§géH%BﬁVFV?@§%P8 gﬁP?V}AﬁPﬁ€FBQSS§Pf6henyI)carbonyl]2-
et hyl i ndokiziim@ol1 arbaxylaafexyiate mirefoldioivemre dndthdelerhrping is
conti nued for1 2 h..Ehe reaction mxture is cooled to 0OC, treated by
addi ng, dfopWise,” £ of a 1N aqueous 25 HCL sol ution and then extracted

with 2 x 20@id =0f853CM The organi c phases are conbi ned, washed with 100 ni

of bripe, dried over Na2SX4, filtered, and then concentrated under reduced
pressure. 2.29 of 3-[(4

(3-[(tert-Ta o&@;grdapﬁbhyﬁfﬁé@yci%p@ﬁ@pﬁfgﬁi Ny priGeingp up the base
yl } phenyl )ganbony1h- 2retdyl i wpgh | zimengdeathowylicc acid dre tRwSHobt ai ned
Iy|ne][ ge:f (irogl]%of eaq .y)eI lw%V!csrgl iids WIn’t‘:ihcerlll i Scolillsc%(lj‘lt?‘:%tietd ! %Ilid%:ft h?e@%)é%dSt ep.
pressure, and the residue obtained is chromatographed
15 on RP18 reverse phase, elution being carried out with a
CH3;CN/H,0 (0.01N HC1l) gradient of O to 100% with respect
to CH3CN, and then lyophilized.
Mp (°C) = hygroscopic gum
LO/MS: M = CagHagN203 = 532; M+H = 533; Tr 13.0 min
20 (conditions A).
'H NMR {ppm, d6-DMSO, 400 MHz):
10.30-10.15 {(bs, 1H); 9.30 (4, 1H); 8.30 (s, 1H); 7.60
(@, 2H); 7.45 {4, 2H); 7.30 (4, 1H); 6.8> (s, 1H);
5.25-5.10 (bs, 1H): 3.15-2.95 (bs, 6H); 2.85-2.70 (t,
25  2H): 2.40-2.25 {(t, 2H) 2.15-1.95 (bs, 2H) 1.70-1.55
(bs, 4H), 1.50-1.30 (bs, 12H); 1.10-1.00 (bs, 2H); 0.95
(t, 6H) 0.70 {6, 3H).

Example 2: compound No. 2: methyl (8)-1-{[2-butyl-3-
30 ({4-[3—(dibutylamino)propyl]phenyl}carbonyl)indolizin-

7-yllcarbonyl}prolinate hydrochloride

2.1 2-Butyl-3-({4-[3-(dibutylaminc)propyl]phen-

yl}carbonyl)indolizine—?—carboxylic acid

35
A mixture of 12.7 g (23.84 mmol) of Il-methylethyl 2-
butyl—B—{{4ﬁ[3—(dibutylamino)propyl]phenyl}carbon—



358.6 Methyl N---({3-[(4-{3-[(tert-butoxycarbonyl)(cyclo-

pentyl ) am no] propyl | phenyl ) carbonyl ] - 2-et hyl i ndol i zi n-7-y1} car bonyl) - N- pr op
an-2-ylglycin Mg 2012/ 066234- 48 - PCT/ FR2011/ua400s Wth the exception
of the sa|WPi§§3?dHG £86, the process 1% carri ed BRR/FR21L/ 832@6hay as i n
exanple 2.2. Thus, starting from2.29 g (4.42 mol) of

3-[(4-{3- meﬂhdbﬂlti@xyleazble_aybblkgy.al:@p;aﬁd/I % am In@] erpgsg ngngl )( 50f7 4 ol ) of
yl } phenyl) onyl].-2- et hy ol i zi ne- 7-carbaxylic acid,0. a(5.

net hyl N- prg%g%- é¥l ]&loél §/“éi r?ft g‘dlr?ﬁ%cﬁin@n e,m%l.ofl VY. 9 St 5e9f DI EA
and 2.13 gI(6. 62daysl atofartBHAE @ eadamfrdDOh?. feartion mixture

of met hyl AT- ({3 -{.3- > byt Qxygar honyl) (¢cycl o- 10 .
pentyl)arriﬁ(%]p?%érﬁI f%ﬁ%%é%%%%r%oﬁ@fﬁfZQEt%§I|%§3F99Fn7§9}35%?%0ﬁﬂﬁ)-Ar-prop

I

an- 2- ylgl y@Vﬁﬁ?égi?éiébt aAdied i made formeofratyeél | awderamratiesd
urificatipRegBudesi | 4f@ cOldMyeghytign Belpg Gartied; oute
EtOAc/cyclgggxaﬁee radi ent _of Deio.466§£fBEt8A€. %@ Y|%$d £&y%€53%.7.N@thyl
N-{[3-({4-F -(cy@?gpéﬁﬁ%m%ﬁﬁrWﬂﬁ%(H%HQWQQéﬁ-yWﬁ@&Kboﬁ?@)-Qb%mhyﬁlﬁ@ol|2|ne-7
-yl ] car bongthel: pracpa 24y ghycuhake hydnoe %rg%sugg, AﬁNlasg;! Ut # g]p gfo

: . : > .
?gdgggﬁgnf?ngkggfhgﬁ%ﬁ2?3Laiggg$9a3538Y£§8by?%phehy&?cgrggny 10 d
N- ({3-4Y 4-¥3) fpdetizbueeXycarbonrylj ¢cystbfiendys | asthroimpe@pyisd pheryl ) car bony
1]-2-ethy|EggﬂlBfiQ-7élggwy5é§§5bonyl)-N—propan-2-y|egC|nate in 20 m of
DCM and then the realtion mxture is allowed to return to AT. After
stirring f&tep4d i, 9¥he reaction nmixture is concentrated under reduced
pressure and the residue obtained is triturated fromEt20, filtered through

a 30 sintere | as unnel _and_washed with Et20 and then dried under
reduced présguggggilgziﬁlbl:ﬁégﬁ?PtKi{§?1{4—53—(dlbutyl—

({4-[ 3 cyahbpenbybenl nphenopyLhphenyl } canbony i - 2= _
et hyl i ndol | Il bonyl [ - Lgl'ycinate hydrochl oride are
SR ader. Yield = 96% M (O: 228

1.0 g (3.06 mmol) of TBTU is added, in small amounts,
at 0°C, under argon, to a solution of 1.5 g (3.06 mmol)
20 of Z2-butyl-3({4-[3-(dibutylamino)propyl]phenyl}carbon-
vl)indolizine-7-carboxylic acid, 0.51 g (3.06 mmol) of
methyl (S)-prolinate and 1.07 ml (6.11 mmol} of DIEA in
30 ml of DCM. The reaction mixture is allowed to return
slowly to ambient temperature and the stirring is
25 continued for 18 h. The reaction mixture is taken up
with 150 ml of DCM, wasghed successively with 2 x 75 ml
of a saturated solution of NaHCO;, 2 X 75 ml of water
and 75 ml of brine, dried over Na,S0. and filtered, and
the filtrate is then treated with 1 ml of a 4N solution
30  of hydrogen chloride in dioxane and then concentrated
under reduced pressure. rThe residue obtained 1s
chromatographed on RP18 reverse phase, elution being
carried out with a CH;CN/H.0 (0.01N ECl) gradient of 0
to 100% with respect to CH;CN. After concentration under
35 reduced pressure and lyophilization, 1.33 g of methyl
(S)-1-{[2-butyl-3~({4-[3-(dibutylamino)propyl Iphen-
vll}carbonyl)indolizin-7-yl]carbonyl}prolinate



WO 2012/ 06623=- 49 -PCT/ FR20111052661 LC/ M5: M = C32H4211- 304 = 531; M+tH =
532;Tr = 1.09 mn (conditions B).- I|H NVR (ppm d6-DVSO, 400 MHz): 9.60-9.50
(bs, 1H); 8.70-8.50 (bs, 1H); 7.70 (s, 1H; 5 7.60 (d, 2H); 7.40 (d 2H) ;

6.90 (d, 1B 28:40048234H); 4.20-4. Q0 (bs, 3"') &5,'5%"@5. g/%%
3.50-3.40 (bs- 1t): % 00-2.90 (t, 2H): '2.90-2.80 (1 320 (bs,

2H); 2.10-1.95 (bs, 4H); 1.80-1.70 (bs, 2H); 170 1 50(bs, 4H) ;
1.20- 1. 05 {pérogrjoridgoare, oBHINa®- Exanpl e
9: conpoundNpe 95 2= bgigy 1- 3- ({4-[ 3-

(di butyl ami no) pr opy. hen carbonyl) - N-ethyl - N-[ (2-
met hy1- 2I—|—¥%t%a§bf %gfgmﬁ’é‘i’ﬁh%]g%ol i zi ne- 7- car boxam de hydrochl oride 15
9.1 tert- Bu&yﬂ)ZFZ [(220yan@e0hyl)m§®np] 2- oxoet h- yl | et hyl car bamat e

1_1.31 E?Lgﬁﬁ ) ( 9 2 1\338 ibdéjfd %}pc aé%izln 2[0r SZTTE}J]O amunts, to a

m xt ur
(tert- buyt bawémbowa)Al\L et hyl gl ycine, 6.89 g (98.41 nmol) of

3 ami nopr onanani t (ke a0dofised dobtR20 mbhf%mé%w/& 339)n1 of an 8:2

DCM THF m xture e'reaction mxture is | owed to 25 return

slowy to Af- éﬂdl@hﬁosﬂbﬁrl A§) i s Fcdht i(fuedHor 7189%. Sheledct’off mi xture

is vvashed $gccq3§1i)vel7y am thg2 >9HJ,OO mMaef (wat egH)and*yZog 10 mupf. a
sat ur

f K2 3 ilt d, t
conceﬁTOr at d ?jéh‘ucgc?ﬁr Ces %’re Vgrl' gggf (tse A £ ’J:Ieépo

(bS, 1Hm), 4.60-4.50 (bs, 1Hy}; 3.80-3.45 (bs, O5H);

3.15-2.95 (bs, 6H); 2.80-2.70 (bs, 2H); 2.40-2.20 ({bs,

3H); 2.10-1.85 (bs, 5H); 1.70-1.55 (bs, 4H); 1.45-1.25

{bs, 6H); 1.10-0.95 ( bs, 2H); (.90 (t, 6H); .70 (t,
15 3H).

Example 3: compound No. 3: methyl (R)-1-{[2-butyvl-2-3-
({4-1{3-(dibutylamino)propyllphenyl}carbonyl)indolizin-
7-y1llcarbonyl}prolinate hydrochloride
20
The process 1s carried out in the same way as in
example 2.2. Thus, starting from 1.50 g {(3.06 mmol} of
2-butyl-3-({4-[3-(dibutylamino)propyl]lphenyl}carbon-
vl)indolizine-7-carboxylic acid and 0.50 g (3.06 mmol)
25 of methyl (R)-prolinate, 1.20 g of methyl (R)-1-{[2-
butyl-3-({4~[3- (dibutylamino)propyliphenylicarbon-
v1l)indolizin-7-y1l]carbonyl}prolinate hydrochloride are
obtained after a reverse phase on RP18, elution being
carried out with a CH:CH/H,O (0.01N HCl) gradient of 0
30 to 100% with respect to CH:CN, and lyophilization.
Yield = 65%.
Mp (°C): hygroscopic gum
[01p?® = +22 (c = 0.1; MeOH)
LC/MS: M = C37HsmN304 = 6.01; M+H = 602; Tr = 9.0 min
35 (conditions A).
'H NMR (ppm, de-DMSO, 400 MHz, 2 conformers M/m 85:15):
9.90-9.75 {bs, 1H); 9.35 (d, 1H); 7.90 (s, 1Hy); 7.70



30 butyl (2-[(2-cyanoethyl)am no]-2-oxoethyl}ethyl carbamate are thus
obtained in the formof a white solid which is used as it is in the next
step. Yield = 88%35 9.2 tert-butyl{[1-(2-cyanoethyl)-1Htetrazol -

yl ] met hyl ket ydrardbesude WO 2012/ 066234- 50 - r e@n/iFR2011/040166112. 32 ¢
(47.00 nmmol) of PPh3 and then 9.36 m (70.50 rrrml) of trirrethylsilyl azi de

are added nde go nmount a f 23.50 mol )

of tert-bu ELIZI‘“{ Qcﬁgno@my%@m lr~117(r;]4‘%2 g(gbetzh LeLEhyTQ a{r bana ‘and 5 9.5

g (47.00 n@mSDQ ofl, Dllﬁ@)tn6485rr1(33,f BAh.; T$-|F65Af(1ser 1% rri4ng Satd . AP for 48 h,

t he reacti xlt}#lre i 5 g@k% 3blp %gh %@p n of s FLOAgs washed g ecesswely
m

with 2 x 1 wat er brlne dried over

filtered, antbtheh® coheentHared Fider- 7r0ed£]%%d Pressard0- @02ﬁ}he( SI due

obt ai ned isypurpfigdibygsilsca gl colum chy orBsoguaphy 1 .elsutii ek bei ng
carried out. wth an Ef OAc/ cycl ohexane@gradl en@ of 036[0 40@ th respect to
Et 0Ac. Aft 87S cofEent ratibr thdelPFeddddd pr edQurlé, ) f t%but yl

f[1-(2-cyamoet hyl )-1Htetrazol -5- 15 yl]nmethyl)ethyl car bamate are obt ai ned
in the formof a reddish oil. Yield = 48% 9.3 tert-Butyl

et hyl (1Htecrazol -5-yl met hyl ) carbamate 20 A m xture of 3.3 g (11.77 mol)
of tert-buExamplée- §2 cyan:m@dnydlq 1H- tNe + a0l - 5- yﬂ-]hmiy-l%-e(tﬂﬁrlfci‘a-rbanate

and 17..7 R Hmpis stirred for
3 dayéoat "kdr%"rﬁ’é reactl on'm xﬁ%ﬂ*gj%ﬁﬁ%ggo{gl% % 0C, neutralized by
addi ng, drepvhesyethyy) imdeliainar Argrrbexaiide orydrerhberidfen extract ed
wth 2 x 150 mM of DCM after addition of 40 m of brine. The organi c phases
are conbi ned, washed with 50 m of brine, dried over Na2SO4, filtered, and
then 30 coRRentRERWFUNder Faduded pPeSsule. D656 Yart -dut yit

et hyl (1Hteka:a15@é 2:y| matdny ) cathanbie d&vent hend opt dened monme dormof a

0,
o i e e e AT e o % o

yl yindolizine-7-carboxylic acid and .36 g (2. 55 mmol )

of N-ethyl-2-methoxyethanamine, 0.75 g of 2-butyl-3-

({4-[3-{dibutylamino)propyl]lphenyl }carbonyl)-N-ethyl-N-

{2-methoxyethyl)indolizine-7-carboxamide hydrochloride
20 are obtained in the form of a hygroscopic yellow Zfoam

after an RP18 reverse phase and lyophilization.

Yield = 60%.

Mp (°C): hygrogcopic gum

LC/MS: M = C36Hs3N303 = 575; M+H = 576; Tr = 9.6 min
25 . (conditions A)

‘H NMR (ppm, d6-DMSO, 400 MHz):

10.00 (sl, 1iH); 9,40 (4, 1H); 7.70 (s, 1lH); 7.60 {d,

2H); 7.45 (4, 2H); 6.90 (d, 1H); 6.65 (s, 1H); 3.70-

3.15 (bs, 8H); 3.15-2.95 ({bs, 6H); 2.80-2.70 (bs, 2H};
30 2.30-2.20 (bs, 2H); 2.10-1.95 (bs, 2H); 1.70-1.55 (bs,

4H); 1.40-1.25 (bs, 6H); 1.20-0.85 {(bs, 6H}); 0.90 (t,

61); 0.70 (t, 3H).

Example 5: compound No. 5: methyl N-{[2-butyl-3-({4-[3-
35 (dibutylamino)propyllphenyl}carbonyl)indolizin-7-
vllcarbonyl}-N-ethylglycinate hydrochloride



WO 2012/ 066234- 51 - PCP/ FR201i/052661 0.517 g (12.92 mmol) of NaH at 60%in
oil is added in small anpbunts, at OC, under argon, to a solution of 2.67
g(11.75 mml )oftert-butylethyl (| Eutetrazol-5- 5 ylnethyl)carbamate in 10.7
m of anh. WOVROIA¥0€6238¢i rring for 30 48 nutes at BCr/PRIGLLY 0534675 ol )
of iodomethane is added dropwi se and the stirring is continued for 18 h at

AT. The reschi OfeRbyluiecty/h8koR 4R W hialalnTh-0heFl OAC, washed
successively w of bri ne, dried over

Na2904, filtered, and then concentrated under reduced pressure. The residue

obtained ig puri f@z_qpl Yy widica gel umpichamat @gj[@p}gae e'a‘itel on,bglhg carried
out with agﬁEtOAc/cy ane gradient of 0 to 40% wth respect to EtOAc.

cl oh
After concE&hPPHEFEn lf_fﬁde(f tedifed 13°presdtref ¢-d5 % 640 19t iy
et hyl [ (2- nBEhyLF%thylbeybaaél-SmylﬂﬁEmhy|kﬁarQ&Kﬁ§e arke 0. & @ Dén
tert-butyl L L(2 1-211-tetrazol - met carbamate are_isol ated
in the foer%g%F%a%l 5??%2?’0?% JtOYl TSR éﬁb néi‘)l h% Tlemperature and
N-[ (2- met hgheRit wdtteaz ob & Bryiygrethyl J4etthancine nechydt oahldritdere 6ig1 of a 2N
?gl ution fgzohxg%ggseeah' Qe | N ElZQ.are 2o added toqgg sol ution, of 0.95 g
ethyl [(1- n’épﬁ?inﬂil-‘—ﬁetﬁf&zldil@-%@)ﬁﬁé@hyﬁ]ﬁb@rbarfatléiam% anid ofa$CMiand t he
stirring lgu@@egsmug@yf 05148 hetdleATanEhepbgaghbon 4m UB@ | Betie]
concentratﬁd Eg reducedg ssure, triturated from ?tered and 30
dried undel PEHYLEIYHIBEEGr 8YTEOS85 05166 RS 2Femper e the form
2H t et r azob£5-wy Iyetdykbet Hananidte hydreedd osd deci sid hus ebiaineg-in the
formof a LNQ ée solid which is used as it is in the next step. Yield = 56%
WO 2012/ vo8Z. 34- 52 - PCT/ EE2011/ 052661 9.6
2-Buty1- 3- “(f{tﬂl{ﬂS (8bBut yl ani no) propyl | phenyl } car bonyl et hyl - N-[ (2- net hyl -
tetrazgel -5- yl)methyl]indolizine-7-carboxide hydrochloride 5 The process
is carried_out in the sanme vvaE/ as in exa le 2.2. Thus, starting from0.93
g (1.90 nBkF ofethyl 2-butyl-3- ({4-[3- (dibutylamino)prop-
2- butyé 30§ggph§n§@§@HE??ﬁﬁkahQBQEXHLDHEQYh&8@583915lhﬂd0|'Z'ne 7- car boxyl
ic aci ol ). of
N-[ ( 1- et h§EX P~ BYGEQEBL RGPSt hanani ne 10 hydrochl oride, 0.74 g
(5.70 mmol) of DIEA and 0.92 g (2.85 mol) of TBTU in 9.5 mM of DCM 0.91 g
of 2-
but y1- 4 {Ehf3 R By am ngfﬁféﬁfl ] BRENYTT cartBony A "a¥hy#S N-17 2- et hy| -
2H t et razoEX5m191§3n%thyl [Tndol | gtaet Yagarfboxan? dé dydHodlsl amicde isfobt ai ned

in the formghcyl-3- ({4-[3- (dibutylamino)propyl]phenyl}carbon-
yl)indolizine-7-carboxylic acid and 0.78 g (5.09% mmol)

of N-ethylglycinate hydrochloride, 0.77 g of methyl N-
25  {[2-butyl-3-({4-

{dibutylamino}propyllphenvl}carbonyl)indolizin-7-

vllcarbonyl}-N-ethylgiycinate hydrochloride ig obtained

in the form of a hygroscopic yellow foam, after an RP1S8

reverse phase, elution being carried out with a
30 CH3CN/Hz0 (0.01N HC1l) gradient of ¢ to 30% with respect

to CH:iCN, and lyophilization.

vield = 30%.

Mp (°C}): hygroscopic gum

LC/MS: M = C3gH51N30, = 589; M+H = 5%0; Tr = 9.30 min
35 (conditions A)

‘H NMR (ppm, de-DMSO, 400 MHz, 2 conformers):

10.15-10.00 (bs, 1H); 9.45-9.35 (bs, 1H): 7.75-7.65



15 a hygroscopic white powder. Yield = 73% LC/ Ms:M = C361-151N702 = 613;
MrH = 614; Tr = 1.16 min (conditions B) 113 NVMR (ppm d6-DVSO, 400 MHz):
2010. 40-10.30 (bs, 1H); 9.40 (d, 1H); 7.80-7.70 (bs, 1H); 7.60 (d, 2H);

7.50 (d, 24; 26180066994(bs, 1H); 7.7Qq{s, IH),; of¥Bhi{bs28d): 4. 40
(s, 3H); 3.55-3.40 (bs, 2H); 3.15-3.00 (bs 6H) ; 2 80-2.70 (t, 2H); 2.30-

2.20 (t, ZF% 2. 10 1.95 ébs, ZEQ% 1.70-1.60 (bs ; 251.45-1,25 (bs, 6H)
1.20-1.10 (P52 i1. 1089, 46" (b&D) nHY 4? 0((§1(t2HBH) 857680, 5. Exanpl e
(18 bc?rrlpoumetl)\lo 61@52'6bl5t5y1(-135,({4ﬂ|}3 4.25 hs, 21—1)( 3. 80 3.65 (bs,

i butyl a ny).} car e
nmet hyl}/l m_,)ge c}dl FE% § 12@{1 %dgli; % %é ?I'bg r}dea%n%Be %yd(? ochl ori de

10.1 tert- Blnt,yIZfH hyli(fﬂéfﬁtml-(ﬂ; 224£)0xa21112®)+1:595/I Ybs, n@ﬁihyl]ba?(banate 35
V\0201 upez 1/ FRR01 1/ 05266 3 (17414

hydr%J)oxyet ﬁanl m dam d{ % % 2 és %g\lﬁder&a} 3A ?egn?ar Si eve |n 184 m
of anh. THE.1AfFdePOstibpri ﬁ@ f"0|9 25h ét Af) i alsdPutiton38f -2.0 g (9.21 mmol)
of nmethyl N-(tert-butoxycarbonyl)-N 5 ethylglycinate in 30 ml of anh. THF
is added and then the reactiqgon_mxture_is refluxed f 18_h, The mxture is

then filteEZ8MPL8NEanCPEPEYRENAS (Sedulletl %‘r*é‘é“slcﬂr?'f theBuPEh 200 M of
DCM Washegl'la.tnﬁ.ﬁesﬁrbgirl]phéhyi}&aiﬁﬁnjﬁl)ﬁlhdm‘ﬁ.eﬁ.namd 100 M of brine,
dried qver nd_th a entrated under reduced
pressdlre !fécheg’md‘H B}tg gglgcﬁﬂl P’Sﬁggme %a col umm chr omat ogr aphy,
el ution bei ng carrl ed out with an Et 0Ac/cycl ohexane m xture of 0 to 40%

wth respe r ncent f,atd de d re 1.65
g of tert- uty ﬁﬁ%t (I@Mn@t hB? £ Eg (ﬁ{é LE]'raézo% %89F§I?retoalfil %§$ mate are
obt ai ned |hYtiﬁ@XﬁLé@mc’eﬁe aaéi@edrl @‘@ G°C. to a SOlUthl’l of

{(2.71 mmol) of methyl —{[2—buty1—3~({4—{3—
15 (dibutylamino)pfopyl]phenyl}carboayl)indolizin—?—
vi]carbonyl}-N-ethylglycinate, and then the reaction
mixture is allowed to return to ambient temperature and
the stirring is continued for 24 h. The reaction
mixture ig treated with 1.0 ml of a 4N solution of
20 hydrogen chloride in dioxane, concentrated under
reduced pressure, and then chromatographed on RP18§
reverse phase, elution Dbeing carried out with a
CH3CH/H,C {(0.01N HCl) gradient of ¢ toc 30% with respect
to CH3;CN. After concentration under reduced pressure and
25 lyophilization, 0.78 g of N-{[2-butyl-3-({4-[3-
(dibutylamino)propyl lphenylcarbonyl)indolizin-7-
v1llcarbonyl}-N-ethylglycine hydrochioride 1is obtained
in the form of a hygroscopic yeilow foam.
Yield = 41%.
30 Mp {(°C): hygroscopilic yvellow foam
LC/MS: M = Ci5HagN3;04 = 575; M+H = 576; Tr = 8.6 ming
{conditions A)
'Y NMR (ppm, d6-DMSO, 400 MHz):
9.45-9.30 (bs, 1H); 7.75-7.55 (bs, 3H); 7.4 (d, 2H);
35 6.95-6.80 (bs, 1H); 6.75-6.6C (bs, 1H); 4.20-4.05 (bs,
2H); 3.60-3.20 (bs, 2H); 3.15-2.95 {(bs, 6H); 2.85-2.70
(t, 2H); 2.30-2.20 (t, 2H); 2.10-1.95 (bs, 2H); 1.70-



Yield = 74% 20 10.2 N-[(3-Methyl -1, 2,4-oxadi azol -5- yl)nethyl]ethanam ne
hydrochl oride The process is carried out in the sane way as in exanple
9.5. Thus,_ starti r}gcfggm 1.65 g (6.85 nmol) of 25 tert-butyl

et hyl [ (3- rﬁ’e?h?%%: $323%%adi azol - 5- yI)) rfet hyl | car bBRR & R2A0 Ve paFol

M [ (3-met hyl -1, 2, 4- oxadi azol -5- yl) net hyl ] et hanam ne hydrochl ori de are

obt ai ned in. she (ber mah ;aiwaiste pewdeys., ¥eel.d 1= 86%. 930 &% 3 11:)

2-Butyl- S-éi é} [ z %?I but yl am no) propyl ] phenyl } car bonylS -N-ethyl - N-[(3-

nmet hyl -1, 2, 4- 8x 8 a3 :5-yl)nmethyl ]Jindolizine-7- carboxam de hydrochl oride
35 WO 2012%@862847 : S5domp@indR2011/Nnd0Ds 3-{{2-butyl-3[4-(3~

1V-[ (3- mt%;ﬁﬁ%@ﬁ?Eé@%}ﬂ?iﬂabif&i‘ﬁ&m ne hydrochioride, 1.3 g
e

(2. 65 mol

(di but yl anfasPprBpyethriban ponyPhiaderidi hed7ochhobibdgl ic acid and 1.03
g (3.97 mol) of TBTU in 51.4 m of DCM 1. 04 gof 2- buty1-3-({4-[ 3-
di but yl anmi no) pr opyl ] phenyl } car bonyl) - N-et hyl - N-[ ( 3-

Eret hyl Yl, 2?4%5%%&& 5- {N%mm%/y it L AT Jﬁlm : chl ori de
are obt ai nell] pRehhe) E0rBoaT1 fiHENL 1300 Y7 el 0] ca B850y L &L VB M1 GB7HSING03 =
613; MtH = 6]’_L4' Jr = lhl mn (gco ditions B) ITT NVR (ppm d6- DVMSO- 400 MHz):
10. 35- 10. 2%—?—%%?—‘“&%,—3’@?—2%#1@& 7.75 (s, 1H): 7.60

10

The process 1is carried out in the same way as in
example 2.2. Thus, starting from 2.0 g (4£.08 mmol) of
2-butyl-3-({4-[3~(dibutylamino)propyl lphenyl)}carbonyl) -
N,N-diethylindolizine-7-carboxamide acid and 0.54 g
15  {4.08 mmol) of methyl N-ethyl-B-alaninate, 2.2 g of
methyl N-{[2-butyl-3-({4-[3-(dibutylamino)propyl]phen-
vi}carbonyl)indolizin-7-yl]carbonyl}-N-ethyl-B-
alaninate hydrochloride are obtained.
Yield = 89%.
20 MP {°C): hygroscopic yvellow foam
LC/MS: M = CayHs3N304 = 603; M+H = 604; Tr = 1.18 min
(conditions B) |
'H NMR (ppm, ds-DMSO, 400 MHz) :
9.4C (d, 1H); 7.65 (s, 1H); 7.60 (4, 2H); 7.45 (&, 2H);
25 6.9C (d, 1H), 6.65 (s, 1H); 3.80-3.20 (bs, 7H); 3.15-3.00
{(bs, 6H}; 2.80-2.70 (bs, 2H); 2.70-2.60 (£, 2B}; 2.30-2.20
(t, 2H); 2.10-1.95 (bs, 2H) 1.70-1.55 (bs, 4H); 1.45-1.25
(bs, 6E); 1.20-0.9C (bs, 11H); 0.70 (t, 3H).

30 7.2 3-({2-Butyl-3-[4-(3-dibutylaminopropvyl)benzo-

yllindeclizine-7-carbonyl }ethylamino)propionic acid

hydrochloride

The process is carried out in the same way as in
35 example 6. Thus, starting from 1.1 g {(1.82 mmol) of

methyl  N-{[2-butyl-3-({4-[3-(dibutylamino)propyl]lphen-
vl}carbonyl)indolizin-7-yllcarbonyl}-N-ethyl-f-



15 (d, 2H); 7.40 (d, 2H); 6.95 (d, 1H); 6.70 (s, 1H); 4.90 (s, 211);
3.60-3.45 (bs, 211); 3.15-3.00 (bs, 611); 2.85- 2.75 (t, 211); 2.40 (s,
311); 2.30-2.20 (t, 211); 2.10- 1.95 (bs, 2H); 1.7-1.55 (bs, 4H); 1.40-1.25
(bs, 6H); fo200iss08ddds 1.10-0.95 (hsys 21 0. OCedisribibs AsfkeP( 1, 311).
Exarrple 11: corrpoun .11

2-buty '{[1 édl butyl an no) proPYIiTphenyI }car bonyl)-N-ethyl-N-(1Htetraz
ol - 5- yI mc;%L GRITRESE i A rfe- B c8F boxam e Hyidr othi b 1@5tn11arqmo—

%h( S-[(Et hpsl:aﬂymm)aﬁtzgyil %ﬂ:@.‘blﬁﬁiﬁéob éarb&shym@@ap@amﬁblbﬁrbygr Og El oride

e process.is.carri [ ane exa us,
starbing PbR0R g Py BT e sbaryrd 10 Ehe Torm of a

([1-(2- cyahpgtbybbapibl— fesamazol - 5-ya] nmet hyl }- ethyl carbamate, 1.83 g of
3--(5- [5( et{ﬂ%;gp noéget hyl] - 1Ht et razol - 1-yl } propanenitril e hydrochl oride are
obtainéed in € formof a white powder. 35 Yield = 74% WD 2012/ 066234- 55
- POT/ U( 20140052661 hygRogc@nigl £&&f[ 1- (2- cyanoet hyl ) - 1H-tetrazol - 5-

yl ] methyl}r 374£4-[ 31 (_dlck%HIII Y ied] o) opyl lphenyihear bopyl) - N-¢3 I}){Jﬁ g ndoli zine
-7-carboxamde 5 Wth the exceptl on of the salification step, e process
is carried{68PdiR1PRE Bhne way as in exanple 2.2. Thus, starting from2.0 g

(24b8t8 . }H(m[&R (pgl)m tC16 DMSrcl)o) groo \qIHZ : arbonyl 2| e-7-car boxyl
ic acid, 9‘9’0 3((1 &gﬁ’m‘rgl )rf’%of S10%@?/{ (ég%/h{ff o) Ebtrazol -

%”6} ;Irlopan:aﬁl poile, B}{Iﬂirpc@@:ﬁl e, 1H)58 33 8(Cﬂr2a 23 rtmfl .) 4Hf) DBEASaBIdOCL 97 ¢
mo DC%I i fi cation,on,a,silica
colum, el B(J}PI bn Lt%)el nj '“gcog%r ngq%ﬁt’ WI 2%% graﬁ éng g? % %é 5% w th
15 respect {(to RBDH, 2a1{ﬁel Londent rdatli oln’fiﬂﬂder%r dibacedEpressdbel .2535 g of

2-butyl -N-{f,d- (@Hﬁyaln% Wb dbl. Lehitazols@-y ] mehhyll- 3 ({4-[3-

(di but yl ami noj propyl ] phenyl} carbonyl et hyl i ndol i’zi'né-7- car boxam de are
obtaided in the formof a 20 yellow foam Yield = 50% 11.3

2- Buty1- 3- fdmb3e 8¢di bednvbSithd 0) REOPY ]sphen#é}:ﬁﬂborwi% rNuethyfsNu(1M 25
tetrazo'_51¥§QEEE¥££§EQ%L£S Bgogyi?pgg§§E5carbo%g&?cglOrlde

ethylindolizin-7-yl]carbonyl}-N-propane-2-ylglycinate

hydrochloride
20
8.1 2-Methyl-1-{2-oxopropyl)-4-[ (propan-2-

vloxy)carbonyl]lpyridinium bromide:

The process 1is carried out in the same way as in
Z2h example 1.2. Thus, starting from 39.0 g (217.61 mmol)
of l-methylethyl 2-methylpyridine-4-carboxylate and
49,29 g (326.42 mmol) of 1-bromobutanone in 120 ml of
butan-2-one, 66.15 g of Z-methyl-1-{(2-oxcpropyl) —4-
[ {(propan-Z2-yloxy)carbonyllpyridinium bromide are
30 cbtained in the form of a pale yellow powder which is
used as it is in the next step.
Yield = 96%.

8.2 Propan-2-yl 2-ethylindolizine-7-carboxylate

35
The process 1is carried out 1in the same way as in
example 1.3, Thus, starting from 66.15 ¢ (209 mmol} of



A mxture of 1.32 g (2.02 mmol) of 2-butyl-N{[1-(2-

cyanoet hyl )-1Htetrazol -5-yl ] met hyl}-3-({4-[3-(dibutyl- 30

am no) pr opyl ] ohenyl | carbonyl )-N-ethylindolizine-7- carboxanm de in 5 m of
THF and 4 WO 6013/PR63ddeous NaOH sot 6 on is stiPCRAFRBOLLBOS2GELAT. The
reaction mxture is then neutralized with 4 ml of a 1N aqueous HCl

sol ution, 'thle‘EHI_E[llq qgagg{bg%c%yq_}f% qqgrbggﬂ Eh§lg§ rggg{oni{}r_}g product is

extract ed vvith 2 .%X.5 he organic ases are conbi ned, washed
successi vely WFHd%@lH“ SR Y 505 ng éﬁ Br PRemmEL) e@fovErnCOND
2012/ 066234n 56 70BCHAFR26E1/ un#00k, Na2$§)4g flbfer efrobsgagegiwith 2 m of a
2N sol ution 81 %%rﬁ[ en _chlori dE t hen congentrated under
reduced pr &SSYaROPAEZARST duges P§Vr]l@5‘el f‘l’ten%?%%%%dfﬁ—amté*t%eﬁorml | tered,
and then drifed pader yeddoumsodi&.19 g of
2-butyl- 3- Q{éiél 3-(dkbutyl am no) propy1l] phen-yl}carbonyl)-N-ethyl-N(1Htetra
zol - 5-yl net in oI i'zi ne-7-car boxam de hydrochl oride are thus obtali ned in
the formof a hygroscopic foam Yield = 92% 10 LC M5: M = 025H49N702 = 599;
M-H = 600; §r, 3= 3rgaHLQ gondljl DVEQO 00 M—Iz):
10. 70-10. 50_(bs . 9. 40 H : ‘— 55 ¢ j ;
2H): 7.00 @Miéﬂdpélz4mr7ncaqbpw 8Hp: 3.55-3.40 15 (bs, 2H):
31021.c95(bs 6H) ; 280270(t 2H) 2.30- 220(bs 2H); 2.10-2.00 (bs,
1.70- bs 1. 40- 5 (t, 3H); 1.05-0.95 (bs,
1 0.90 %F 6%0668%5 &, 9230 E%&rrpg% 1"—2he cGFundaNo. 232: 1het hyl
(2 but ykex8mpL4- 1( gi. p&hiudi, nsctawt)lmgerﬁﬁdncaﬂrdacm)d){mqiz; Zhs 17y of

N[

yl') car bonyl]: rop I t rochl.o |de

4-11-(Tri f*) ij'bt)gcgt 3? [%)I %er%ﬁw&%ﬁlzjl%‘engm 8 15%92@%34 - ?‘14% 16 mmol)
of TFAA ar é%d&@d‘ﬂ@@éﬁ)w gzt t 04a §o|ct1ﬂ|omp@rbpw @egzwﬁ 7 2c ot ) def

4- (pi peyidin-4- gyl ) kenzoi 490 T for 1 h at
AT, the reactl on m%’?uregﬁscﬁggﬁcgentlr at e%ﬂ {J%er'ﬁS dﬁ%e@%i%s%?e t aken
up with 5081AFagPoRYbAc2- %@Héangaééééglﬁv@I'&}aWOPﬁYi@Gem of wat@feand 200
m of brineptdihed over I\@&Qfl fbirht erogd, andybheswagai n ganceptiated under
reduced pressu The res e obtained is then triturated from pentane,
filtered, Sngs%ﬁ%%la?ﬁeﬁ ggr 35 reduced pressure. 11.24 g of

4-11- (tr| fYueldaeceB§k) pi peri di n-4-yl ] benzoic acid are thus obtained in the
formaofy a whitish solid which is used as it is in W) 20121066234- 57

- PCT/ FR2011/ 032661
8.4 Propan-2-v1 3-[(4-{3-[{tert-butoxycarbonyl) (cyclo-

pentyl)aminolpropyllphenyl)carbonyll-2-ethylindolizine-
7-carboxylate

25 In a sealed tube, za mixture of 4.0 g (9.71 mmol) of
propan-z2-y1l 3-{[4-(3-chloropropyl)phenyl]carbonyl}-2-
ethylindolizine-7-carboxylate, 1.65 g (19.42 mmcl) of
cyclopentylamine and 1.69 g (10.2 mmol) of %I in 30 ml
of a 2:1 CH;CN/DMF mixture is heated for 18 h at 105°C.

30 The reaction mixture 1s then concentrated under reduced
pressure, and then taken up with 200 ml of DCM, washed
successively with 2 X 300 ml of water and 100 ml of
brine, dried over Na;804, filtered, and concentrated
under reduced pressure. 2.08 g of a yellow powder are

35 thus obtained, and taken up with 25 ml of DCM, and then
1.28 g (5.90 mmol) of Bocy0 and 0.46 g (4.52 mmol) of
TEA are added at 0°C. After stirring for 18 h at



the next step. Yield = 77% 12. 2 _
4-[1-(Trifluoroacetyl)piperidin-4-yl]benzoyl 5 chloride 1In a sealed t ube,
a mxture of 11.2 g (37.18 mol ) of

4-[1-(trifluorppcet yl)pjperidin-4-yl]Qhenzoic acidin.33 .. Jmol ) of

t hi onyl cHPﬁrTﬂ%flﬁ”ﬁ@ﬁTed to 70C 10 ?ﬁ fhe presé&ncéd oF a™ J&§ﬁ°8 T DIVF.

After 5 h at 70C, the reaction mxture is then concentrated under reduced
pressure. diibB2niy ofmdefdedtei {ADpr oabet yeapipeni dimtdreylipbemkeyl chl oride
are thus ' LR At fQr itks Ld: whigh is.,u it isin
the noxt Stoprih 908 g5 SR | JrdMad SuB0u i ¥ AT 2SE8 &8

Propan- 2- yaD- patpr- 3qq 4108- pir ol ubrbaget then dried over MgSOs,
y|)p|perlckfﬁéeﬂéiphﬁﬂﬁ|b%%@@%@ﬂ&@é&kﬂﬂééﬁergduc@@r oxykate. 2@,.A solution
of 9.65 g (37, H%B 1-net hyl et hyl 2- butylindolizine-7-carhboxyl ate
and of 4. Br%'g%@t?elg PYRBE DI BR i s RHded ¥ opwPSe t 81al881 ut i9H of 11.89

g (37. r1719 r@@ll‘dm@{o%riﬁh}ﬂrlhfaﬂ_li@fL@ﬁceﬂo}éIJ_hE)i p%’dﬂfl@cﬂ ﬁ@tyl lshenzow chl OLI de
in 41 F th t he xt eat or 5 at_85 t he
eacti on Wb P54 Gindar “pladtad prestare. ordh w th 400
m of Et O%ﬁtmsi@e@c&nﬂzcr:%spmelqndmt hr200cetl gfresstere and.200gnmodf brine,
dried over . flltere 2 t gqg reduced
pressure. gﬁggreéldﬁg obtalneg |sq%hr¢ﬁﬁgé¥¥% 3lc§&%%ﬁtnn hronatography,
el uti 88 bebeigtyhi aheeo ok onyt Iokeryt) olel Etl)ﬁ@tw&?em@lmmem 30% wi t h

respect tO?EEzQﬂQ@x éé‘é &Eélcgﬁééﬁ%é@” Mndes FSHHCOE PresEUsg. gdr. 7- 19
gof propan- 2-y12- bu

(trlfluord%h%% ITp@%erldln 4- yI]phenyIIcarbonyl)lndoI|2|ne 7- car boxyl at e
are obtained in the formof WO 2012/yooz 4- Do -LJUT/ YRAU-11/4bbl a

whi ti sh SOLI ermned by L f 90% Yield = 31% 5
12. 4 3-({4%] o Bre Plo SR

yl ] pharyl }¢h) doiyd) pPebul ybhadel | czéneedytarboxyhyCimdgodizine-7-
carboxylic acid

8.5 ml of a 1N agueous NaOH solution are added
dropwige, at AT, to a seclution of 2.37 g (4.23 mmol) of

20 propan-2-vyl 3-[(4A-{3~-[{tert-butoxycarbonvl) (cyclopent-
yvi)yamino]propyllphenyl)carbonyl]2-ethylindolizine-7-
carboxylate in 10 ml of dioxane and the stirring is
continued for 72 h. The reaction mixture is cooled to
0°C, treated by adding, dropwise, 10 ml of a 1N agueous

25 HCl solution and then extracted with 2 X 200 ml of DCM.
The organic phases are combined, washed with 100 ml of
brine, dried over Na, S04, filtered, and then
concentrated under reduced pressure, 2.29 g of 3-{(4-
{3-[(tert-butoxycarbonyl) (cyclopentyl)amino]prop-

30  vlliphenyl)carbonyl]-Z-ethylindolizine~-7~carboxylic acid
are thus obtained in the form of a yellow solid which
is used as it is in the next step.

Yield = 100%.

35 8.6 Methyl N-{{3~-[(4-{3-[{tert-butoxycarbonyl) {cyclo-
pentyl)amino]propylliphenyl }carbonyl]-2-ethylindolizin-

7-v1llcarbonyl)-N-propan-2-yviglycinate



A mxture of 7.19 g (13.25 nmol) of propan-2-yl 2-
butyl-3-({4-[1-(trifluoroacetyl)piperidin-4- 10

yl ] phenyl } car bonyl )i ndol i zi ne- 7- car boxyl ate and 4.58 g (33.13 mmol) of
1(2003 in @%020lt24b66BBMH is stirredfdrd 2 h at ABCTIARRIICAGRA6EM Xture i s
then concentrated under reduced pressure, taken up with 200 nl of water,

and washe h X1 D(:Ig%f a th reC| ate S
obt ai ned fjvr\{x\ll:%e gall?e_o%%c%hggénl il {%glreed%%fl% %h tZOé}géjnd dried
under redupedcpPéssurce. B igdf auyel Low @Macj%&methw@yob@aunedl and

placed in é%ﬁlbﬂ@”z' B, l?phms Ofg 1@ 2111 - ?1!-\51@%'699'5 NaQH/di RRAS mxture to
Wmch0959(( 1) ‘20 Boc20 1s_add ?er stlrrlng or 4 h at

AT, the reacti 6n{ﬁ1 %Q?étr?uEW%@lﬂP‘énﬁt (Wé@ﬂe@%ﬁl@éb HEROBOTEP-of a 0. 2N
aqueous, HGE1sphehi,0ncandohhen- EXét@ﬂ@ﬂdelﬁem159r151>x911@0w The organic

phases are_conbi ne shed rine ed over Na2SO4, 25
filtered afid™ gﬁ @o%&ﬁtra de] mredu‘% d d?ée I Gpnptyis

3-({4-[1- (YEgﬁybmhaxycmmny:hﬂpn:ne'!rei din-2A g (13.25 mmol of DIEA

yl ] phenyl Igﬁ(rib%nyé) Eﬁté’d 'nQrgoqL i 25PeT%T%a l%oxyd & ag %u@ obt ai ned

in the formof "an a used as isi’'n ‘the Sext st ep.
30 Yield =084% m@Qhﬁlt erlt= Btﬁy w{@(Ethﬂlth@mm&(M@zm@et h-

y1) (prgpa -

T} by TS ahEny o et G e I ey bocaT 208 1 Js” G ShiB 8554 s

- POT/ FRzoﬂrE%éeeI @;aétﬂqbr@—grgparrhasylgmawﬁ@efrwz Porgyined 54immol ) of

3- ({471 [1- L@hél bﬂﬁﬁ%)é@&r bgnylapideer irdif, 4- ?/fﬂ@ﬁﬁ@ﬂr}le:ard&%}i) gnbU&W i nflol l52

i ne-7-carboxyli caci of met propan C|na e

hydr ochl or Pde; “%. 76’06“{“5?3 6%1§Fﬁbpflm%% %Q’PQ Q?U(“E ’?#m of TBTU

in 22 m oEtDENM/ c¥cBBhgxahet grtlibyt of 0 to 40% of EtOAc.

4-[ 4- ({2-b al: -[ et hoxy- 2- oxoet hyl ) (propan- 2-yl ) car banoyl ] i ndol i zi n- 3-
Sony )Y Bhénc yiT

yIIcar ony en- ['pi peri di ne-1-carboxyl ate are obtained in the form of

10 a white foam Yleld = 67% 12.6

Met hyl N-(g- bUtMétﬁyﬂ[4N(‘ ?B( 4UFB4T0|&fgﬁﬁhtylamino)propyl]phen—

yl ] car bonyl }i ndo ' DT opan-2 vi gty I E

hydr ochl or¥ AcaﬁbﬁﬂY%ﬁ 3‘*~ e ohZafehydY agedal 8RN Hri d hOHPBxane
2-vlglycinate hydrochloride

20
A ZN golution of hydrogen chloride in Et;0 is added
dropwise, at 0°C, to a solution of 2.0 g (3.06 mmol) of
methyl N-({3~[{4d-{3-[{tert-butoxycarbonyl) {(cyclopent-
v1)aminolpropyllphenyl)carbonyl]-2-ethylindolizin-7-

25 vyllcarbonyl)-N-propan-2-yviglycinate in 20 ml of DCM and
then the reaction mixture is allowed to return to AT.
After stirring for 24 h, the reaction mixture is
concentrated under reduced pressure and the residue
obtained ig triturated from Et,0, filtered through a

30 sintered glass funnel and washed with E£;0 and then
dried under reduced presgure. 1.72 g of methyvl N-{[3-
({4-[3-(cyclopentylamino)propyllpheryvl}carbonyl)-2-
ethylindolizine-7-yvl]lcarbonyl}~N-propan-2-ylglycinate
hydrochloride are thus obtained in the form cof a vellow

35 powder.

Yield = 96%.
Mp {(°C): 228



are added to a solution of 1.99 g (3.22 mvl ) of tert- butyl
4-[4-({2-butyl-7-[(2-nmet hoxy-2-oxoet hyl) (propan- 20
2-yl ) carbanoyl ]i ndoli zi n- 3-yl | car bonyl ) phenyl ] pi peri di ne-1-carboxylate in 7
m of DCMwaNfz@er2st6§¢234g for 8 h at AS, -t he rea®QFRIIUIVITS 2i6% 1
concentrated under reduced pressure, and the residue obtained is triturated
1(‘)][ O?eﬁliPLé}Mé eregI, ar&lzéﬁﬁrb 25 %%ric_entraﬁeg éjﬁj'er redléceld R essure. 1.4 ¢
N-[ (2- but yle®@:d]di¢yps peri di n-4-yl ) phenyl ] car bon-yl }i ndol i zi n-7-yl ) car bonypr
opan- 2-yl gll}ywt drch de p@f et hus obt a| ned. Yield = 79% 30M (O):
123 LO M5 M = IJ£r§9li.'tli~‘%;84ML%JUESl? O%H —21518 Tr = 0.99 mn %COHdI tions B) 1H
NVR (ppm %GGM@Omﬁbswzl)H 19,507 8 - A - b8:9(§-H8 770/ (U5, (gH) 1HA ;65 (s,
%II;)I); 1528 7’356(§d(d2FQH 7.4046d a1t 6. %g9gg 511%2126 @5768 {S%l_bjl-_glg ég EE

; (s S,
3H); 2.25- ‘% 21% b@o éE% 3%5 3 \Ké%ﬁ/ 0682343150 3P(5f|}f R6118% ccl 1.80
(bs, 4H); ﬂHﬂD L25-0h90 2H), 1E25-12100{bsg06H);, 1280; 029G o(-kes,22H); 0. 65

o) anf TorPhe 1 BOPPOUTERLE. ohF, - 00Z LUV (9133 -

yl ] car bonyl } b pérazi 4527 ohe2 hydr@chlios i delThel ptbcess 38) carried out in the
same y as in exanple 2.2. Thus, starting from1.0 g (2.04 mmol) of 10
3-({4-[1-(tert-butoxycarbonyl)piperidin-4-

yl ] pheny| }E¥aRRmg 19 : 2- bL&"Sﬂlﬁ’Cﬁmﬂl zi M 7- carffoxy| ilcbadivd,~30. (A2 4 X2. 45 mol )

of pi per az{ @Ko tamIndfolohyl IphemRll ) @érﬂxﬁﬁl)al’!d-&&glqv.(ﬁ(ﬁ.ﬁ mmol ) of
TBTU in 10 m of 0.88 gof4-f[2-but f Jﬂ
15( di butylﬁ?ﬁ%fg‘?'\%p%‘} YT C ‘)y/lP %b%‘?‘? Fiwe-7-carboxamide

hydrochloride
15
9.1 tert-Butvyl {Z-[(2-cyanocethyl)amino] -2-oxoeth-

v1lethylcarbamate

11.31 g (59.04 mmcl) of EDCI are added, at 0°C and in
20 small amounts, to a mixture of 10.0 g (49.2 mmol) of N-
(tert-huvitoxycarbenyl}-N-ethylglycine, 6.89 g
(98 .41 mmol) of 3—aminopropanenitrile and 7.%3 g
(49.20 mmol} of HOBT in 230 ml of an §:2 DCM/THF
mixture, and then the reaction mixture 1is allowed to
25 return slowly to AT and the stirring is continued for
18 h. The reaction mixture i1s washed successively with
2 X 100 ml of water and 2 X 100 ml of a saturated
solution of EK,;CO;, dried over MgSQ,;, filtered, and then
concentrated under reduced pressure. 11.0 g of tert-
30 butyl {(2-[{2-cyancethyl)amino] -2-oxoethyl}lethylcarba-
mate are thus obtained in the form of a white solid
which is used as it is in the next step.
Yield = 88%

35 9.2 tert-butyl {{1-(2-cyvancethyl)-1H-tetrazol-5-

vl ]lmethyllethylcarkbamate




yl ] car bonyl | pi perazi n-2-one hydrochloride is obtained in the formof a
yel l ow solid, after purification on a silica colum, elution being carried
out with a MeOH DCM gradient of 0 to 10% with respect to MeOH, 20 foll owed

by a sali fi‘féaﬁbQQISE@EBéYi eld = 75%_ Mp (O): 162 deg M1 A3H#Pd03 =
572 MkH = 573; Tr = 1.01 min (conditions B) 25 1H NWR (ppm d6 DIVBO 400
7.45

9. 50- b 8.15 7.80 ;

(d 2H) 13033?05 i‘ﬁj Olas“’?‘@l( O%Pﬁ;”hz@fi% fhen %H)% @1867§ 3 Iﬂfb%l oH) :
g 15- 30(1)078bi t%:(ifd%aiéhﬁlﬁﬂlyﬂ A9id4 , a2t ad&e&O@d%@ (drgoh) ;ir2. @@11 98 g gs,(t

; s ; : ,
6I|:|)|); 0.65 (1043 a%plj%jex‘i%e Ogﬁrsél?g(%\b 2%%0 @P NOg E%f {91
(cycl opent y2 a[’r( qumcadt]‘rpﬁélaylh}loafbewyde)t@b}tdwyﬁﬁarbamate

dol | 1= hl.ori d
20121 usbzad 1Pt FROOTE bE2BRT T B oaanibo g Atk eAfé/Q
3-{[ 4- (4- cBFe¥ B y3Y p%%n@@ﬁc‘h?rﬁbny:ﬁf- rzea@tthm ﬁ@i@ﬁli?— nes 7telebhowy| at e

Except forythe addihi opr of:t BAEA wd DI QGRES:di%ed rwl%ﬁ 2 Quiob nmi he sane
way as in exarrple14. Thus, startln from4.7 g (20 nmol

propan- 2- y8L 2- R A | 78 i Zi el 9 é’%}\’bd%fyl Srdnes, 1%1%%0 G O@f 4- (4-
chlhorobutyEibemayJ ghbordrde m&xﬁ&age(cﬂ%ﬁfemé&u@éd DbE&s 520 m of
anh.

o o Bngt el PR i P i ety Y £PARIE S boSOTEER are

obt ai ned i nhttwafoyramwfy an elangeycobeired guarrieél dost71%ith an
EtOAc/cyclohexane gradient of 0 to 40% with respect to
EtOAc. After concentration under reduced pressure, 3.2 g
of tert-butyl {[1-(2-cvanoethyl)-iH-tetrazol-5-
15  wllmethylilethylcarbamate are obtained in the form of a
reddish oil.
Yield = 48%.

8.3 tert-Butyl ethyl(lH-tetrazol-b-ylmethyl)carbamate

20
A mixture of 3.3 g (11.77 mmol) of tert-butyl {[1-(2-
cyanoethyl )} -1H-tetrazel-5~yv1llmethyvl}ethylcarbamate and
17.7 ml cof a 1IN aquecus NaOH solution in 24.0 ml of THF
is stirred for 3 days at AT. The reaction mixture is
25 then cooled to 0°, neutralized by adding, dropwise,
17.7 ml of a 1IN aqueous HCl sclution and then extracted
with 2 X 150 ml of DCM after addition of 40 ml of
brine. The organic phases are combined, washed with
50 ml of brine, dried over NasS0., filtered, and then
30 concentrated under reduced presgure. 2.76 g of tert-
butyl ethyl(lH-tetrazol-5-ylmethyl)carbamate are then
obtained in the form of a colorless o0il which is used
as 1t is in the next step.
Yield = 51%.
35
8.4 tert-Butyl ethyl [ (Z-methyl-2H-tetrazol-5-yl)meth-

vl1]lcarbamate




15 14.2 Propan-2-yl

3-({4-[4-(cycl opentyl am no) butyl ] phenyl } car bony1) - 2- et hyl i ndol i zi ne- 7- car bo
xylate The process is carried out in the same way as in exanple 8.4. Thus
starting fF8ntB1250986834 11 mmol) of 20 propan- 2-§3T/FR2011/052661
3-([4-(4-chl orobutyl)phenyl]carbonyll-2- ethylindolizine-7-carboxyl ate,
4.92 g (57.75 mml ) of cycl opentylam ne and 2.52 g (15.16 mmol) of Ki in 35
m of CH2 f ro -2-y1 o . : .
3-({4-[4-( y%f?)p%nt a%ﬁn@‘g‘gﬁ){y#p%ﬁt—caﬁ%nfﬂ-%%t hY1 iGESS 2t he-7- 25

car boxyl at emat® aﬂ:onbmﬂmd am G‘he fuorderotrgoyel towapewilet iorYi ef d2 =697%
14.3 P tegt-b I

pent yl ;gﬁlaﬁo] b%ﬁyl ?%(Iﬁm f Ezgr %nyl?égg%ﬁﬂgﬁ Réoﬁ)ﬁ(h#ﬁ%%:igg%%x% a?e A
m xtur & of YQHGBh:gl)(qalrmﬂaﬁfoll)n df0 .gr spanL2aph. 3DUF4- After stirring
[4- (cycl opeptyt g Na)Luu Q)h’%n)’b} ?@rﬁ?f’ngﬂ- S5 ml) of 10(2‘18m k&arie42

et hyl i ndol i zi ne-7-car boxyl ate, 84 ol Boc
(14.03 mot§ BFITEAIFACEESH g Ei@m ﬁ§1§¥%ﬁl§eﬁsf6©m}@¢ﬁ%tfw 18He ni xture

is thenz\ggahe@wl sumee%éakgd:zsbhrwrhﬂctméﬂ 1 9f t%@éﬁr u@n%g@a MsPfbréne, %I ed
over Na iltered, _and then, copcentrat un edyced pressure. e
resi due obﬁgg‘% i gﬁﬁ AEE By 8T chleﬁ ?mﬁ ﬁﬁoﬁé é(bﬁse efti on bei ng
carri dd oul086 mlt ko farbENACc/ dyttdhexamne mzmurefdﬁ_taréd 30 theriespect to

gfm?é(r: o p'g‘Lt g& yﬁggfﬁ%}é%ﬁtﬁ@ L nngee&uc & 'f:ﬁ%% RLESSHEE: Lol25ue obtained

but oxycar b@ﬁyﬂbl)lﬂéfc@lcﬂxbﬁant&wl)lm rolbun y¢hpdrenydgreatyonelution being
yll - 2- et hybhngdoba 2 o GARORYDAL L oMY hiteo 00T LML an

or angey-col ored oil. 89%
3-[((4-{4- T’{LF]ﬂeF?SBﬁ?‘éx%aﬂEQﬁ?I )ééijéroﬂﬁétﬁ??l:yaﬁ%%] B@@%¥}Eﬁ@ﬂ9?<§icar bony1]
-2-ethy i ngebkgine 15 (/- 905argboxy>El C agig- H@@ﬂproce,&&@y [§2CAEEhed-out in the

o o SRy AL Bttt ma T D g (28T o
ethyl [ {(2-methyl-2H-tetrazol-5-y1l)methyl]carbamate are
isolated in the form of colorless oils.

Yield = 60%.

20
$.5 N-[(Z2-methyl-2H-tetrazol-5-yl)methyl]ethanamine
hydrochloride

6 ml of a ZN golution of hydrogen chloride in Et,0 are
25 added to a solution of 0.95 g (3.17 mmel) of tert-butyl
ethyl[ (I-methyl-1H-tetrazol-5-yl)imethyl]carbamate in
6 ml of DCM and the gtirring is continued for 18 h at
AT. The reaction mixture is then concentrated under
reduced pressure, triturated from Et{,0, filtered, and
30 dried under reduced pressure. 0.395 g of N-[(Z2Z-methyl-
2H-tetrazol-5-yl)methyl]ethanamine hyvdrochloride is
thus obtained in the form of a white so0lid which 1is
used as it is in the next step.
Yield = 56%.
35



20 yl)am no] butyl } phenyl ) carbonyl] - 2- et hyl i ndol i zi ne-7- carboxyl ate, 6. 016
gof 3-[ (4-{4-{(tert-butoxy-
carbonyl)(cyclopentyl)anlno]butyl}phenyl)carbonyl] 2-

et hyl i ndolwgi »erZ/cesboxyl i c acid aresgbtai ned i pddyersein Qisswakel | ow
powder. 25 Yield = 91% 14.5 N@thyl

N-({3-[(4- é [(ﬁeét" y 1. ) anj Q butyl}phenyl)carbony
1] - 2- et hyl Mot o 4 30 The process
is carri edybhd:arbbmjnb sHﬁet}m}/—las[ (Zw—mahmleZB—tﬁetﬂ'MJ, Starting from1.1 g
(2.07 nol) P{ - .

[(4-{4-](t=e ; 56 cHoper att-HoT b enyl ) car bonyl] - 2- et
hyl i ndol i zi ne- 7- carboxyllc 35 aC|d 0 52 (3 10 nnDI) of met hyl
N- pr opan- 2rp Y| chc;dégaée @ydagemg@ tO ﬁ@ GHeb. 20y Of gD BA and 0.99

(3.10 nmol ) of TBIU g o t hy {3 V\02012 66334 63 -
PCT/ FR201135966% £ (4- {Ehpe‘u ﬁtaﬁﬁl&gyc‘%zf%n%?%cgmép@ﬁt mnol)  of

ya%a”1BO]b%iyﬁﬁﬁheﬁytan[bgnﬂiﬁuﬁyﬁﬁﬂyﬁéﬂﬁf&p?lﬂ@héhyl}c?rbon—f .

yl} car bony an- c e are ai.n in e formo yel | ow
gum 5 YIéY% 1ng%§f ZIDE g yﬁg?%g?xy 1c ac1é) %g ¥9 mmol ) %f

Ar - {[ 3- ({4~ B¢ eyetiopent J aat oy bl y+y pheatlyy } tatbamyd)n- et hyl i ndol i zi n- 7-
yl i capbony ylglyci na d or Q The,pr, s is
carr|e§ od%}aP%?%ngydg mé?'%%gﬁ Rgxzﬁpﬁﬁgg 'éghtm, st%ﬁ?léggﬁ§ om 1.3 g
(2.01 nnDI)20$5ﬂ@@©¥] of TBTU in 9.5 ml of DCM, 0.91 g cof 2-

N-({3-[(4- ier Ut 9X @ggy hgnyl ) car bon
1] ({2 eHl I1|£n o¥|§| El{e@ 59 %éﬂ;garéﬁoinﬁ% %?ﬁgo%%%ﬁgip@%ﬁy%iafeﬁ 1 2)3 g ofy
Tyt NGBV THL [ 42 (BSEFBhehyF B Wo bub YV} PHERGY ) Lo Bonyasne.
2- Ethy|lnd@l¢§tﬁb§éﬁi$§ah?@ﬂbéhib&@&@p@%'%ﬁﬁéﬁﬂé&rﬁﬁetH¥dE@@m(Hﬁde are
obtalaﬁd in the form of a%%ellom/ oam 20 Yield = 88% M (O: 154 LC MsS: M
3hB%4hYg%%%c%B¥F B HOWIGr 93 njpy
Yield = 73%.

LC/MS: M = CigHs1N50: = 613; M+H = 6l4; Tr = 1.16 min
{conditions B)
' NMR (ppm, de¢-DMSO, 400 MHz) :
20 10.40-10.30 (bs, 1iH); 9.40 (d, 1H); 7.80-7.70 (bs, 1H);
7.60 (d, 2H); 7.50 (&, 2H); 7.00-6.90 (bs, 1H}); 7.70
(s, 1H); 5.00-4.80 {(bs, 2H); 4.40 (s, 3H); 3.55-3.40
(bs, 2H); 3.15-3.00 {(bs, 6H}); 2.80-2.70 (t, 2H); 2.30-
2.20 (t, 2H); 2.10-1.95 (bs, 2H); 1.70-1.60 ({(bs, 4H);
25  1.45-1.25 (bs, 6H); 1.20-1.10 (t, 2H); 1.10-1.00 (bs,
2H); 1.00 (t, 6H); 0.70 (t, 3H).

Example 10: compound No. 10: 2=-butyi-3-({4-[3-
(dibutylamino)propyl]phengl}carbonyl)—Nhethyl-NL[(3—

30 methyl-1,2,4-oxodiazol-5-yl)methyl]lindolizine-7-

carboxamide hydrochloride

10.1 tert-Butvl ethyl[(3-methyl-1,2,4-oxadizol-5-v1) -
methyl]carbamate

35
1.9 g (29.92 mmel) of NaH at 60% in oil are added in

small amounts, at 0°C under argon, to a mixture of



(conditions B) NVR (ppm d5-DVSO, 400 MHz): 259.45-9.35 (bs, 1H); 8.75-8.60
(bs, 2H); 7.65 (s, 1H); 7.55 (d, 2H); 7.40 (d, 2H); 6.90 (d, 1H); 6.70 (s,
1H); 4.10 (s, 2H); 4.10-3.95 (bs, 1H); 3.70 (s, 3H); 3.50- 3.35 (bs, 1H);
2.95-2.85 y¢,281D70867542. 65 (t, 2HL; <2 30-2. 20 (ghsp,;wdo11%-0%%ek85 (bs,
2H); 1.70-1.45 (bs, 3010H); 1.15 (d, 6H); 1.05 (t, 3H). Exanple 15:
conpound No._15: nethyl N-([3-({4-[3-(1- o ,

ani nocycl opeht9! Ha?ob%?] Eﬁé&nifl P{Evaf‘]{)(‘j“ﬁ‘yii)r%yﬁhammldamlde and 3 g

et hyl i Pﬂdol(d)ﬂi pewaey:e}ica%ﬁb(lﬁldﬂ%aﬁ@f l()Qilév%- m:crglm rhat eoSSaEyldr@mﬁ.O(rji ge 0
36. 72 .15 | ) _of a_l. ol uti of n-BulLi _in n-hexane an 4. 07
n of HNPAégtF%ragggldg%]rrb%wf’é%& Z{ﬁ e ?ﬁ] er Zargon"ttgta I?t'ieoorg of 8.30
m (58.75 Mot) mhoDl PA iaf 100mathel anhv- TiHEc-Afderchatbiamiing §-or 15 min
at -40G, t r j L Xt:ur e, 4 S,1C0o0} e 0 - d ol.ytion of 10.0
g (48. §6 %%Xf%&%%ﬁ%% .gg{c?’odpélr%t a%ec%FEOXE%eﬁsaggggdggﬁopﬁés%. After
stirring forelbeprhlian TASCUr2] gl Il 1osd g2ormbB) hof Taie S0%twWxe sol ution

of propargyd 28ehr gmiideidy t okiens, ar e addedadropwisgeealhs-dgaptd on nixture
is then left. to return slomy to AT and, after 1 h, it is treated with 200

y ) . !
m of a sat¥fetedPadlidds28bititi 8 HCRmEATLM cAHEFREE 1R Yt Mei-Text r act ed
with 2 x 200k oofmEt @QAC. wdherorgani ¢ophasescar &raer)i ngdi 45 washed with
r S filtered, and then concentrated under
5% o CHi

reducdd priestie, “ShEteEERaton: AT hEN | SSBIF | TR
chr omat ogrephyced| ptriess uei.nglioar restddost oldainms B OApheycliebexane
Peouced prossirs, oipt GrepRRttheaBpg, o1 e g SHERAE el boeyi at e
are obt ai M&HtR n athe BteAn /6ty cdwherangeysokoned obf . Ovi sbd £097%it26 15. 2
Propan- 2- ydzs et by 1-3s [ (#:ddopheryl) caphenscyblipdol 25 0e- Z=Larhoxyl ate
15 pressure, 1.65 g of tert-butyl ethyl[(3-methyl-1,2,4-

oxadiazol-5-yl)methyl]lcarbamate are obtained in the

form of a colorless oil.

Yield = 74%.

20 10.2 N-[(3-Methyl-1,2,4-oxadiazol-5-
yl)methyl]ethanamine hydrochloride

The process 1is carried out 1in the same way as in

example 9.5. Thus, starting from 1.65 g (6.85 mmol) of
25 tert-butyl ethyl [ {3-methyl-1,2,4-oxadiazol-5-yv1limeth-

vlicarbamate, 1.05 g of N-[(3-methyl-1,2,4-oxadiazol-5-

yl)methyl]ethanamine hydrochloride are obtained in the

form of a white powder.

Yield = 86%.

30
~ 10.3 2-Butyl-3-({4-[3-
(dibutylamino)propyvllphenyl}carbonyl)-N-ethyl-N-[{3-
methyl-1,2,4-oxadiazol-5-vl)methyli]indolizine-7~
carboxamide hydrochloride |
35

The process is carried out in the same way as in
example 2.2. Thus, starting from 0.52 g (2.91 mmol) of



The process is carried out in the same way as in 30 exanple 14.1. Thus,
starting from22.0 g (95.12 mmol) of propan-2-yl
2-ethylindolizine-7-carboxylate, 25.35 g (95.12 muol ) of 4-iodobenzyl

chl oride amsl 4@2138Pc86295. 12 mol ) of BYEA in 100 sw/efz2bHA./ 034 6%ig oOf
propan-2-y1l 2- ethyl 3-[(4- iodophenyl)carbon- 35 yI]indoIizine 7-car boxyl at e
are obtain f | ow id . Yi = 78% _ _wo 2012/ 066214-
65 -Prl T/ Ii???bﬁ @%Yflg]g ?Dr% %% 3 IR ekf‘ ?%ﬁ%%&?)car bon-

yl] cycl opd@@ic}@b@ridgn -\ )gahélyE]Scamed:nIylc}afz -Zefduwdy-li-3dd] {i4zi [rve~ 7- car boxy
| ate

et hyl- 3 [( %Eg%ée% % QQ%%#?? Z%%%gg}ypgg@%%%%% 9.93 g (40.97
mrol ) of bmﬂzlydDXﬁl(@ro@GQd yaiadt - yl)%%lcﬂfop%t%%e‘@mlb)oxwfat &BTY 53Lfg (27.31
mol) ef D EAapd 0.31 g Gkyf4 mmel pa0f CulEn 542_@ Qf1 GH3GN 8310 stirred
for 15 mn at AT under argon,_ and then 0. 77 g. (1. 09 mmol of PdC12 (PP143)
i s added ah‘éll]?%’éﬂ%‘aé’{li)bﬁfwx%w]ée@él%‘ﬁ%ﬁb%&%éde%t}SY:h tL69T. At AT, the
m xture i sméaken- ypzy\udaxéﬁﬂaﬂmozs ﬁppﬁ@thwawﬁdom@méswel y with 2 X 100
m of water_ and 100 of. 15 lé)rln dri ed gver filtered,. and then
concent r at €%" Wﬁ%lfll@%d]ﬂ}fgﬁoﬁP ‘3§iﬁ a%ﬁe §{-46 65“[ Elhﬁedﬁo & Siritied by
silica colgumm. chromat ogr aphy, elution being carried out with an

Et OAc/gycl phexane gradient of 0 to 10%w th respect to EtOAc. After
concentratl on Undef 20 reduced pressure, 10.5 g of propan- 2 y1 3-{[4-(3-f1-
[ (benzyl oxi§ 48 bon JTyohBp¥aly |3 grlep- 1- Pnkl= 614; Tr = 1.18 min

y1) phenyl ] @%llggggﬁmg g4 hyl i ndol i zi ne-7- carboxyl ate are obt ai ned in the
formof an_ap OXI mat el y 80% pure brovvn oil which is used as it is in the
next step. @ el P GAECer 8 ¥R) 115. 4

1| i 3-[4- I(§2@ Eili?»ByJL-WED( Rmpgm}ﬂ)l yloxy) gar,bomml 11 Ndod | Z?Dg'l&-)w |(’Ea6®0ny: ) phen
yl ] praopy c nt ane _car.boxyl i c .aci xture of 5.Q.9 (f.2,mMmD
ol ed)%%f gﬁ&aﬁ;gpy?d, Xy)1.c agid 30 A mxture of 5-4y,8 (f.- &
3-{[4-3-{1¢f(berzyl Bxy)lcayr. tﬂcﬁnyilr}s:,yczlapenByﬂEpBopm jDISL-ySH pheny8jear bonyl | -

2- et hyl i ndgl -7- boxyl.at e g ( apnoni rmate and
0.6 g of 1 0/:)7§Sn(§;d- gﬁ]’ 53 4 S’ g%i %gbdl oxaner x?@é rﬁ?%gat ed under
argon for 9.H5at(X80C.2°he iie_acﬁl 55 riogt.uréll 5 LhéA-toRkeritsat ekflunder
reduced presgyr . taken, up Wolh o5 (bs, 2H); 0.90 (t, 6H); 0.70

20 (t, 3H).

Example 11: compound No. 11: 2-butyl-3-({4-[3-{dibutyl-

amino)}propyllphenyl}carbonyl)-N-ethyl-N-(18-tetrazocl-5-

ylmethyl)indolizine—?—carboxamide hydrochloride

25
11.1 3-{5-[{(Fthylamino)methyl]-1H-tetrazol-1-

viipropanenitrile hydrochloride

The process 1is carried out in the same way as in
30 example 9.5. Thus, starting from 3.02 g (11.42 mmol) of
tert-butyl {[l-{(Z-cyvanoethyl)-1H-tetrazol-5-vl]lmethyl}-
ethylcarbamate, 1.83 g of 3-{5-[(ethylaminc)methyl]-1H-
tetrazol-l-vllpropanenitrile hydrochloride are obtained
in the form of a white powder.
35 Yield = 74%.



300 M of DCM washed successively with 2 x 100 M of water and 100 m of
brine, dried over MgSO4, filtered, and then concentrated under reduced
pressure. The residue obtained is purified by silica colum 5

chr onat ogr ¥h#018VYA6K8R4bei ng carri ed dut- wi t h arPGROFRIIOM A5Rb&ht of O to
S%w th respect to MeOH After concentration under reduced pressure, 3 g of
%'yffégfbé%iifhhihuz LCRC@pa0+ 2=y, oxy2 €A, ROy Ladpligh
t he forn1oYX$m§EbY W rdfgbutyhaming) gropyl phen-

7

Propan- 2- y33 £h4b68y{ 1 - M Eehl1 PHEOXYE@hBON=carboxamide

yl ) am no] cycl opent yl Jpropyl ) phenyl]carbonyl}-2-— 15

et hyl i ndoli zi ne-7-carboxylate 2.83 m (3.61 nmol) of DPPA are added
dropw e, WitAT, the aecseleption obf5. 3Geg (sHLIFG damildn ofsded 3- [dné{ 2-
ethyl-7-[( - 2-yloxy)carbonyl ] i ndol.i zi n-3- 20 .
yI}carbony?%%E%%?l]éfbpy 3%@%?%pe% Bneddr boxtdt i AT alf@Y2. 5% g ¥21. 90
mol ) TEA erampleere? . Afilers st frarpgndorfr®rh at0 AT, (Uh@8r eaofi)onofri xture is
taken up woth,;200_8l of_Et0Ag; L washed; ' ' 0 nm of water
and 50 m of Br?neh é?ieg o@§% %82C§Q1§?f§g§§g¥?gée§¥%?%%géogoncentrated
under redu¥édpredsaiee-ncarberyédct @sdd.a 8o Ut or o8t RE@olesi@fie
obt ai ned apd{6-1 (gchf1aRRhd)RELtBYU] L1080 rALo0t1anh. t-BuOH is heated for
18 h at 115% The reactio i xture is cqoncentrated under. reduced gressure
and then pirtPFERABERDY ST Fi BYCEBFRRTERFomet-G6r &phii2 UM )hePhg carri ed
out with anIErOAnficycbahexamse 1gr adicent o@f T®T0D it5%0onrilh gegpectat® Et OAc.
After concentyatj on. er. reduced_pressure, 4.0 g of propan-2-yl
3-{[4-(3-{‘?’?%@ eé‘?{%ﬁ]o%%%r% b&HY | ?arﬁlﬁj‘o e ISSEREY | }SEngP?pﬁ%%l-n%

yl ] car bony¢prRieghyutndel tlzi pe DMK yhae@aert obtfai hedoi B%t hel flor m of a
yel low il oYield = §5%eok5. 6 -

3-{[4-(3-{5?[ tert-Buton?afbo%fE %ni%%T%?%T%%%%?n1}%?%%@1fﬁﬁ%ﬁ???carbonyl
- 2- et hyli nHBFFERB+ 7- 1 -8ar Box i ¢ adwty Irié- b %CéésCY%ﬁQﬁﬁhYkkhiﬁh in the
sane mag aﬁe%ﬁagﬁgn§L§i$m5th§myzgm$t@nggg f{Oﬁ]Q.5O g (0.9 mmol ) of
propan-2-y1l 3- = (3-{1-[(tert-butoxycarbonyl)amno] -
cycIopenty%?b?ﬁ%yiéﬂﬁ%ﬂ§£§eayiéﬁ§ﬁﬂy }%§ﬁ?P¥ﬁ56FWE?#EYI‘

indolizine-7-carboxamide are obtained in the form of a

are obtained in

20 vyellow foam.
Yield = 50%.

11.3 2-Butyl-3-{{4-[3-
(dibutylamino)propyl Iphenyl }carbonyl) -N-ethyl-N- (1H-

25  tetrazol-5-ylmethyl)indolizine-7-carboxamide

hydrochloride

A mixture of 1.32 g (2.02 mmol) of 2-butyl-N-{[1-(2-
cyanoethyl) -1H-tetrazol-5-yillmethyl}-3-{{4-[3-{dibutyl~
30 amino)propyllphenyl}carbonyl)-~N-ethylindolizine-7-
carboxamide in 5 ml of THF and 4 ml of a 1IN agueous
NaOH solution is stirred for 18 h at AT. The reaction
mixture is then neutralized with 4 ml of a 1IN agueous
HCl solution, the THF is evaporated off, and then thé
35 resulting product is extracted with 2 X 50 ml of DCM.
The organic phases are combined, washed successively
with 50 ml of water and 50 ml of brine, dried over



5 7-carboxylate, 0.48 g of 3-{[4-(3-{1-[(tert-butoxy-
carbonyl ) am no] cycl opent yl | propyl ) phenyl ] car bony1} - 2-
et hyl i ndol i zi ne-7-carboxylic acid is obtained in the formof a yell ow foam

Yield = 10R60238902466828%t hyl N) - [ (3- {] 456(3- { 1- [ (t erde ARRVIGUIREEL
yl ) am no] cycl opent yI } propyl ) phenyl ] car bonyl}-2- -

t hyl i ndol j yl gly |
cLl Lndol kgl e, FoublSarbprLl N ope 2 gl ygi et 15, The. e eés4ésg
(0.94 mol Dlydfogex{l[ &n(3rfifie] (trerEtjout caqd:athenyIc):)aumema]rayekio-under

tyl 1 I
sf)ncgr %g;%&%@?@ #e?%a%‘ﬁf%?/o}%% ?&I}/ C?d%?r?%tztleq%&dhy%iroc lotrl%r % 36 ¢
(2.81 nmmol froh BrEreand OLUSxed.1. ﬁ@dnnﬁhﬁnofdﬂ'w@ @d@fg\@fcmhyl

P
y1) car bonyi¥ N%]P%%Té lzNyﬁﬁﬁyLNaﬁ%% Sebhtarhed YHERR 25 form of a yel | ow

f??mh Yi leiﬂl"f]bﬂ&%lﬂ-ﬁg E/E&:ayiabllzér&lﬁdé {7 4- llﬁﬁdfdcblam?micgoqpﬁltylﬁm&p-
ypeny car bon et hyLi ndo - car bon -

L b 3y PO el LnG HESERFD: Phic® TG pRSRRES TakBar ried out in the same
way as in example 82%. Thus, starting fromO0.435 g (0.69 nol) of nethyl

N-[ (34 4- [ (tert oxygarb _ _ :
yl)am nOE)] c%gfl{é%entgfl prcgg%gﬁﬁ?enyﬁbcdr bonyl =p800;  Tr = 3.82 min
et hyl i ndol { gpnéi Zign¥cBi bonyl] - N- pr opan 2-yl glycinate, 0.272

gof met hyl Nef [ Smb{ 4rdidn ( Laarhm@sy cl@ 10.70-10.50 (bs, 1H);
pent yl )progyl %phen%ﬁ%ar bonyl) >2/ et hyI | ()j | i 71 n-7- RECTI FIED SHE)E'T ( RULE
91) |SA/EP (s, 1H}; .55 (4, 2H); 7.40 (4, 2E);

7.00 (d, 1H); 6.65 (s, 1H); 4.45 (s, 2H); 3.55-3.40

15 (bs, 2H); 3.10-2.95 (bs, 6H); 2.80-2.70 (t, 2H); 2.30-
2.20 (bs, 2H); 2.10-2.00 (bs, 2H); 1.70-1.60 (bs, 4H);
1.40-1.25 (bs, 6H); 1.15 (t, 3H); 1.05-0.95 (bs, 2H);
0.90 (t, 6H); 0.65 (t, 3H).

20 Example 12: compound No. 12: methyl N-[{Z-butyl-3-{[4-
(piperidin-4-vl)phenyvllcarbonvl}indolizin-7-

vl}carbonyl] -N-propan-2-vylglycinate hyvdrochloride

12.1 Z-[1-(Trifluocrcacetyl)piperidin-4-yllbenzeic acid

25
20.34 ml {146.16 mmol) of TPAA are added dropwise to a
golutrion of 10.0 g (48.72 mmol) of 4-(piperidin-4-
vllbenzoic acid in 490 ml of THF. After stirring for
1 h at AT, the reaction mixture is concentrated under

30  reduced pressure, taken up with 500 ml of EtOAc, washed
succesgively with 200 ml of water and 200 ml of brine,
dried over MgS0,, filtered, and then again concentrated
under reduced pressure. The regiduse obtalned is then
triturated from pentane, filtered, and then dried under

35 reduced pressure. 11.24 ¢ of 4-[1-{triflucro-
acetyl)piperidin-4-yllbenzoic acid are thus obtained in
the form of a whitish scolid which is used as it is in



WD 2012/ 066234- 68-PCM F1221111/0c9A61 :

yl ] car bonyl}- N-propan- 2-yl gl yci nat ehydrochl ori dei s obtained in the form of
a yell ow powder. Yield = 69% M(CO:176 5 LG M5: M = C32H43N304 = 531; MHH =
532;+-Tr =0 103 Av6da3andi tions B) - 57 LH NVR( PRPWrd 6rDYED/ 46056z ) :

the next step.
Yield = 77%.

12.2 4-[1-(Trifluorcacetyl)piperidin-4-vylibenzoyl
5 chloride

In a sealad tube, a mixture of 11.2 g (37.18 mmol) of
4-{1-({trifluorcacetyl)piperidin-4-vl]lbenzoic acid in
35 m1 (483 mmel) of thionyl chloride is heated to 70°C
10 in the presence of a drop of DMF. After 5 h at 70°C,
the reaction mixture i1s then concentrated under reduced
pressure. 11.82 g of 4-[1-{trifluocrcacetyl)piperidin-4-
vi)benzoyl chleride are thus obtalned in the form of a
whitish sclid which is used as it is in the next step.
15 vield = 100

e

12.3 Propan-2-vl 2-butyl-3-({4-[1-{crifluorcacet-

vl)piperidin-4-vlilphenyl}carbonyl)indolizine-7-

carboxylate

20
A gsolution of 9.65 g {(37.19 mmol) of Il1-methylethyl 2-
butylindelizine-7-carboxylate and of 4.8 g (37.19 mmol)
of DIEA is added dropwise to a solution of 11.89 g
(37.1% mmol) of 4-[1-{trifluorvacetyl)piperidin-4-
25  wyllbenzoyl c¢hloride in 41 ml of THF and then the
mixture is heated for 5 h at 85°C. At AT, the reaction
mixture 1s concentrated under reduced pressure, taken
up with 400 ml of EtOCAc, washed successively with
200 ml of water and 200 ml of brine, dried over Na,SO4,
30 filtered, and then again concentrated under reduced
pressure. The residue obtained is purified by silica
column chromatography, elution being carried out with a
cyclohexane/EtCAc mixture of 0 to 30% with respect to
EtOAc. After concentration under reduced pressure,
35 7.19% g of propan-2-vyl 2-butyl-3-({4-[1-
(triflucroacetvl)piperidin-4-yl]lphenyl}carbon-

vllindolizine-7-carboxylate are obtained in the form of



9.40(d, 1H);
6.90(d, | H;

2.80-2.70

10

15

20

25

30

35

7.95-7.80(bs, 3H); 7.65 (s, 1H)'7.55 (d, 2H); 7. 40(d, 2H) ;
6.70(s, 1H):4.10 10 (s, 2H):4.05-3.95(bs, 111) 3.75 (s,

[ e N I W 3 S gty
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a whitish solid with a.purity, determined by LC/MS, of
90%.
Yield = 31%.

12.4 3-({4-[1-(tert-Butoxycarbonyl)piperidin-4-

vilphenyllcarbonyl)-2-butylindolizine-7-carboxylic acid

A mixture of 7.19 g (13.25 mmol) of propan-2-yl 2-
butyl-3-({4-[1-(triflucroacetyl)piperidin-4-
vilphenyll}carbonyl)indolizine-7-carboxylate and 4.58 g
(33.13 mmol) of K3C03; in 270 ml of MeQOH is stirred for
2 h at AT. The reaction mixture ig then concentrated
under reduced pressure, taken up with 200 ml of water,
and washed with 2 x 100 ml of DCM, and then the
precipitate thus obtained in the agueous phase 1is
filtered off, washed with Ef,0 and dried under reduced
pressure. 1.6 ¢ of a yellow solid are thus obtained,
and placed in solution in 12 ml of a 2:1 0.5N agueous
NaOH/dioxane mixture to which 0.95 g (4.36 mmol) of
Bocy0 is added. After stirring for 4 h at AT, the
reaction mixture 1is cooled to 0°C, neutralized with
30 ml1 of a 0.2N aguecus HCl solution and then extracted
with 2 x 150 ml of DCM. The organic phases are
combined, washed with 50 ml of brine, dried over Na;S0.,
filtered and then concentrated under reduced pressure.
2.29 g of 3-({4-[1-{tert-butoxycarbonyl)piperidin-4-
yvllphenyl}carbonyl) -2-butylindolizine-7-carboxylic acid
are thus cbtained in the form of an amorphous powder
which is used as it ig in the next step.

Yield = 34%.

12.5 tert-Butyl A-[4-{{2-butyl-7-[ {(2-methoxy-2-oxoeth-
v1l) (propan-2-yl)carbamoyl]indolizin-3-

vl}carbenyl)phenyllpiperidine-l-carboxylate

With the exception of the salification step, the

process 1s carried out in the same way as in

3H);'



(t, 2H); 2.30-2. 20(bs‘2FD (d,61-1);1.00(t,3H). 1.80-1.50 (bs, 12H);1.15 WD
2012/ 066234- 69 -PCT/ FR2011/ 052661 Exanpl e 16 conpound No. 16: nethyl
N-({2-ethyl-3-[(4- (2-(1-

(met hyl amwe) sych ppessyd 1 propyl } phenylkkcar bonyl | igedolsiz@o11 /052661

i n-7-yl }carbonyl)-N propan-2-yl gl yci nate hydrochloride 5 16.1
3-{[4-(3-{1-[(tert-Butoxycarbonyl)(neth am noj cycl opent propyl ) phenyl ]
carbonyll-?x%$ﬁ§? ?n%ongPﬁe 2 Iﬁ%&%ﬁ@d 2909144 Eﬂ @% i ﬁﬁ%l) of NaH
at 60%| n oif{ar Elaﬂéﬁd—b@t§ﬁ%érmmiﬁlp@h@ﬂn%dﬁl]ﬁﬁegﬁm to a solution
of 970 73 ol .

o (e (3 (11T (e EPTREA by oo BORSTS A T By T SHRREY ) opy! ) phéidcar bony
}-2- ethvllﬁdaﬂlglndS?Ocmmbdlear@ i meShpl ofV-gntepaddME. - YIS lAftierats min, 220
il (343 met.hgne .ar d, el e T,a8d A irring is
contrnued $%8£%%ﬂ%0£#%8 réa??rga ﬁ?%ﬁ%?e |spfﬁ%% E?%%?é Al hh%oSgt of a
sat ur at ed é@]u%buIQmMrMC@fscﬂﬂiﬂfW ohll &7d ttlhepf eactled® W a h?? Xeo M of

et her. Thep@fgani ¢ %hlas f@Fe o hed hpashed sUe6ES Mih 2 x 50
m of water e%d 50 f brrne dried over Na, SA4, frlteréﬁgkgnd t hen

concent r at €Y hh@dFPRrBeN L EUNEP eL5iR e’ ~ThiCF RPNk BBtRi ned is taken up with
10 m of dipxghgeandihben-dafboeflacd NaaguebdaihatHisollilel Gorar eodded 25
dropmne) at AT. ﬁﬁ%er stirring for 18 h, the reaction mxture is cooled to
0 and then®n&GtFa f9%8-with 4 M of a 1N aqueous HCL sol ution and extracted
with 2 x 190ehfl of 6EB60Ac. The organi ¢ phases are conbi ned, washed
successively with 2 x 50 m of water and 50 m 30 of brine dried over
Na2804, filtered, and then concentrated under reduced pressure The residue
obt ai ned i %2 efir ¥abheg ol % j 4 R 14 oA ey carri ed
out with M%Qﬁ!{g ﬁﬁaemz% @ %9 89&%%1!&@5 E@Lt)aﬁDENEOH After
concentrat -[(tert-

but ox y i axtis entyl}prop y1) phenyl ] car bonyl}-2-ethylin
dol i zi ne-7- carboxylrc acrd MO 2012/066234 70 -porinmp9011i 0c9ggl

3 ml of a 4N solution of hydrogen chloride in dioxane

are added to a solution of 1.99 g {(3.22 mmol) of tert-
butyl 4-T4-({2-butyl-7-[ ({2~methoxy-2-oxocethyl) (propan-
20 2-v1lcarbamoyllindolizin-3-yllcarbonyl)phen-
yl}piperidine—l—carboxylate in 7 ml of DCM. After
stirring feor 8 h at AT, the resaction mixture is
concentrated under reduced pressure, and the residue
obtained is triturated from Et;0, filtered, and then
25 concentrated under reduced pressure. 1.4 g of methyl N-
[(2-Dutyl-3-{[4-{piperidin-4-v1)phenyllcarbcn-
vilindolizin-7-vl1l)carbonyl] ~-N-propan-2-ylglycinate
hyvdrochloride are thus obtained.
Yield = 79%.
30 Mp (°C): 123
LO/MS: M = C3:HigN3O, = 517; M+E = 518; Tr = 0.99 min
(conditions B)
'H NMR (ppm, de-DMSO, 400 MHzZ) :
9.50 (4, 1H); 8.90-8.70 (bs, 2H}; 7.65 (s, 1H); 7.60
35 {(d, 2H); 7.40 (4, 1H); 6.%0 (4, 1H}; 6.65 (s, 1H); 4.10
(s, 2H); 4.10-3.95 (bs, 1H}); 3.70 (s, 3H}); 3.45-3.35
(bs, 2H); 3.10-2.90 (bs, 3H); 2.25-2.15 {(bs, 2H); 2.05-



are obtained in the formof an orangey-colored solid which is used as it is
in the next step. Yield = 77% 516. 2 Mt hyl
IV-1(3-{[4-(3-{1-[(tert-butoxycarbon-

y1) (et hylyanken £g€éapent yl } propyl »-pleny1] car borpctl/s®2011 /052661

et hyl i ndol i zi n-7- yI)carbonyI] 1V- pr opan- 2- ngIyC|nate Wth the exception-

of the flnfl éal EIC%H 4§p]_gﬂ§ ég Proeess, i | ngng%%ut€¥ﬂ the sane

way as in exanpl s, startin From 1 1
3-{[4-(3-{1- {@t@r?ObUbﬁxy%@rbo®y$§(h@thﬁEbanlno]cyclo-
pentyl } propyl) phenyl ] carbony1}-2-ethylindolizine-7- carboxylic acid and 0.7

g (4.17 mol ) of nethyl Ar- 15 propan-2- yI?IyC|nate h drochlorlde 1.07 g
of nethyl Example 13: compound No. 13: ~butyl-3-({4-

I\T ][ (3- Es[ 4- (@1 hdey{dRiho Pt SpyTRERSRY] ) ¢aBbdyy) amd@iﬁyﬁﬂéapfnlt yl }pr ?pyl ) phen
yl ] car ony ndol i zin opan-2-yl gl yci nate are
obt ai ned i¥ lﬂ%rkﬁ?%#g?l%eﬁ%?+%wfT?%ﬁ;h¥§%%$ﬁ%95£$%natography on a silica
gel col um, eIutlon being carried out with a cyclohexane/EtOAc gradi ent of

0to 50@6 re tq FEt Yi-el 80% 10 1 Met
N ({2- ethy iﬁ%%é? %_ gﬁyfé§§no cyclopegi ]%r%byl %enﬁ?)carbonyl]lnd

olizin-7- y$$@mpben%13 Nﬁpﬁnpaat@xWi@@yémnmtéLHWdJodﬁl6ﬂ|MBol of The
processy 'SBQ@E&LEP @H&rtﬂbﬁbﬁxfé ﬁélﬁgriélﬁxéﬂp|e 11.3. Thus,
of net [ (3

starting from
{[4-(3-{1- ﬂi@h@%h?@%%@%%hy?719%%341%%4ﬁbﬁl@y&f@@@ﬁ@wlb@opy| ) phenyl ] car
bonyl} - 2- e58yHi nd@lzgl? 7¢2 2805 Yo &BY baswy 1] A HRa 2o gl w:lenzat@ of
nmet hyl N—({ ethg% 3 :5 éA[%ﬂ%ﬂqshgéanlQg)%%clopﬁntylﬁp %I}phen-
10 ml  of  DCM, 0.88 g of  4-{[2-butyl-3-({4-[3-
15 {(dibutylamino)propyllphenyl }carbonyl)indelizin-7-

vl]lcarbonyllpiperazin-2-one hydrochloride igs obtained
in the form of a vellow solid, after purification on a
silica column, elution Dbeing carried out with a
MeOH/DCM gradient of 0 to 10% with respect to MeOH,
20 followed by a salificaticn step.
Yield = 75%.
Mp (°C): 162
LC/MS:. M = CagHyglNs 0y = 572; M+H = 573; Tr = 1.01 min
(conditionsg B}
25 'H NMR (ppm, de-DMSC, 400 MHz):
9.50-9.35 (be, 2H); 8.15 (g, 1H); 7.80 (s, 1H); 7.60C
(d&, 2H); 7.45 {4, 2H); 7.00 {d, 1H); 6.70 (s, 1H); 4.10
(s, 2H); 3.80-3.60 (bs, 2H); 3.15-3.00 (bs, 6H); 2.80-
2.70 (¢, 2H); 2.30-2.20 (t, 2B); 2.05-1.90 (bs, 2H);
30 1.70-1.55 (bs, 4H); 1.50-1.25 (bs, 6H); 1.10-1.00 (bs,
2H}; 0.95 (&, 6H); 0.65 (t, 3H).

Example 14: compound No. 14: methyl N-{[3~-({4-[4-

{cyclopentylamino)butvliphenyl}carbonyl)-2-ethyl-
35 indolizin-7-yvl]carbonyl}-N-propan-2-yvliglycinate
hydrochloride



yl ) carbonyl ] i ndoli zi n-7-yl1}carbonyl)-N-propan-2-yl-gl yci nate hydrochl ori de
is obtained in the formof a yell ow powder, after chromatography on an RP18
reverse 25 phase columm, elution being carried out with a CH3CN H20 (0. O1N
1101) gradwentont/0662380% with respeqi t-0 CH3CN.pct Atk Yagzede (O :

149.5 LC/ M5: M = 033H43N304 = 545; m’rH = 546;Tr = 1.13 m n 30(conditions B)

I H NMR (pp g8 DIVISO : : , 2H);
7.65 (s, E& 5E : S 4

(bs, 311); 23eiiby1$1;1d31—ﬁz112e75 (:arb@ﬁils‘;lté 50 352 40 (bs 3H); 2.30-2. 20
(bs, 2H); 1.90-1.50 (bs, 12H); 1.15(d,6H);1.00(t,3H). WD 2012/066234- 7la
- PCT/ FR2011/ 052661 Exanple 17: conpoundNo. 17:3-({4-(3-(tert-butyl-

ani no) pr op§kFERAENGPY caRBoAgE) tNOR- dife DREA- NHHE2 DRstnas 21 teturazst - 5-yl ) net
hyl 11 ngol i g{,pe~ A~ Gatboxank dgaby dochh opkdRp9e17. 1. PRopan- Zitkting

3-({4-]3- (tert butyI am no) prop | ] phenyl }car bonyl) - 2-et hyl i ndol i zi ne 7-carbo
xyl ate | nt&°8eal®d tdbe,’ it“‘ﬂi‘“roe1 of 9835 BB Amdl) of &Epropan- 2-y1

3-{[4-(4- chh@bmbumé)phcayba:ﬁg;tm@ayl}S& ¢t hyloi.ndokimzilne- g car-boxyl ate, 2.4
gh3é§2 8 nngiér £u£§£} Uth?n%ﬂEorl e %% %.%a.%l?gﬁ)Béﬂ%AglerEQ M of
DIEA in 20 mi of anh. THF, 6.15 g of propan-2-yl1 3-{[4-
10 {d-chlorobutyl)phenyllcarbonyl}-2-ethyvlindolizine-7-~

carboxylate are obtained in the form of an orangey-
colored gum.
Yield = 71%.

15  14.2 Propan-2-yl 3-{{4-[4-{(cyclopentylamino)butyl]phen-

vll}carbonyl)-2-ethylindeolizine-7-carboxylate

The process 1is carried out in the same way as in
example 8.4. Thug, staerting from 6.15 g (14.11 mmol) of
20 propan-2-yl 3-{[4d-({4d-chlorobutyl)phenyl]carbonyl}-2-
ethylindolizine-7-carboxylate, 4.92 g (57.75 mmol) of
cyclopentylanine and 2.52 g (15.16 mmol) of KI in 35 ml
of CH.CN, 6.66 g of propan-2-yi 3-({4-{4d-(cyclo-
pentylamineo)butyllphenylicarbonyl)-2-ethylindolizine-7-
25 carboxylate are obtained in the form of a vellow
powder .
Yield = 97%.

14.3 Propan-2-yvl1 3-[(4-{4-[{tert-butexycarbonyl) {(cyclo-

30 pentyl)aminolbutyliphenyl)carbonyl]l-2-ethylindolizine-

7-carboxvylate

A mixture of 6.66 g (14.03 mmel) of propan-2-yl 3-({4-
[4- (cyclopentylamino}butyllphenyllcarbonyl)-2-

35 ethylindolizine-7-carboxylate, 3.67 g (16.84 mmol) of
BocO and 1.42 g (14.03 mmol) of TEA in 60 ml of DCM is
stirred for 18 h at AT. The mixture 1is then washed



heated for 48 h at 105C. The reaction mxture is taken up with 100 m of

Et OAc, washed successively with 2 x 30 mMl of water and 30 ml of brine,
dried over Na2SO4, filtered, and then concentrated under reduced 5
pressure. Woezoegidaezpbtai ned is sol iadi fi ed fromeettmrzoiildsrest and
washed with ether. 3 53 g of propan-2-yl

3-({4-13-( - no) | ] phenyl carbon ) ethylln al.i. zi ne-7-carbo
xyl at e aregﬁﬁéggg% 3r|n tﬁg %grn&bﬁka yeI %@ Eg) |%%%%?1Bed 10 as
it isin tﬂéiﬁéxpvsreﬁaz&QQIdﬁﬂixa%ﬂ.rhnﬁ then concentrated under

3-(f4-[3- (+eah-But y.am %Q)eoroi%(é] ENNLEC £

2- ethyllndollene %Jcas boxylic ac?g h% %ﬁﬂ%i 1ﬁfa8ugégéeﬁaéﬁrsolutlon
are added, Saibﬁﬁn§@1§FHAFhfP@aéO§65@PN@neéﬁt3053t§l@?'@Qﬁﬁﬂ%d(ﬁUWNOpan 2-
yl 3-({4- [v?flf:herémblﬂtﬂﬁ@fﬂc@@l@}%@é&d@hﬁﬂkkhﬁérb<9f‘y]® 2o 30% with

et hyl i ndolizine-7-carboxylate in 16 m of a 2:1;1 20 di oxane/ MeOH THF

mi xture anfePRECELIT? | fUAC coltinted PBFCRETAt 1 The WRSETI & @ISR0l ed to OC
and then lfpreksaotea 1N agplegus €1 setepaore-are addem 4r ppw sesrdhe

resul ting La hen filt of f, . wash Wi th ter and then

dri ed unde$ug8§§8 Egn¥§% gclgpfngyf?aﬁgnb]bugyf?phenylvgagbon—

3-({4-]3- (Yéit2bat9Yénnd0)ngp9FYphenpbyyaabenyip 2btained in the

et hyl ispdol Ezi-nes#- sar oxylLLs_agid-age i hus obtained in the formof a yellow
powder whi ch |souse as |% ?s ?n % g %ext step. Yield = 99% 30 17.3

3- ({4-[ 3- (¥Y&rLdBat §P&ni no) propyl ] phenyl | car bony1) -

N, 2-di ethyl -N-[ (2-nethyl -2H-tetrazol -5- yl)nethyl]indolizine-7-carboxam de

hydr ochl or 5 Th ro s is carried out t ane way as in exanple
25 Thus, L4, dad (e BheBT B g E1B8bbigasbhey D) (& TE"

3-({4-]3- (pentybmamhﬂﬁﬂb@tpl@pMéhﬁhEﬁakbﬁﬁybpnyiétﬁyl1ndollzlne~

et hyl i,ndol zl.ne Z Cfrbox lacaC|dand0 36 g WD 2012/066234- 73

-PPM\jI l‘—gg—agg;[—%—i—gé—ml) of Nu[ ( 2- net hyl-2Htetrazol - 5-yl ) net h-
yI]ethaneanlne hydrochloride, 0.9 g are obtained, after silica colum

chr omat OQV@HQYC%P&%Q” e RY Gad edy,out; W th,a RDOYMeQH gradient of 0 to

10% wi th respe
example 8.5. Thus, starting from 7.15 g {(12.44 mol) of

propan-2-v1 3-[(4-{4-{ (tert-butoxycarbonyl) {cyclopent-
20  vyl)aminolbutyl}phenyl)carbonyl]-2-ethylindolizine-7-
carboxylate, £.016 g of 3-[(4-{4-[ ({tert-butoxy-
carbonyl) {cyclopentyl)aminolbutyl }phenyl) carbonyl] -2~
ethylindolizine-7-carboxylic acid are obtained in the
form of a yvellow powder.
25  Yield = 91%.

14.5 Methyl N-({3-[(4-{4-[ (tert-butoxycarbonyl) (cyclo-
pentyl)amino]lbutyl }phenyl)carbonyl]-2-ethylindclizine~

7-v1}carbonyl)-N-propan-2-ylglycinate

30
The process is carried out in the same way as in
example 8.5. Thus, starting from 1.1 g (2.07 mol) of 3-
[ (4-{4~-[{tert-butoxycarbonyl) {(cvclopentyl)aminclbut-
v1lphenyl)carbonyl]-2-ethylindeclizine-7-carboxylic

35 acid, 0.52 ¢ (32.10 mmol) cof methyl N-propan-2-

viglycinate hydrochleoride, 0.80 g (6.20 mmol} of DIEA
and 0.99 g {(3.10 mmol) of TBTU, 1.3 g of methyl N~ ({3-



5 MeOH, and taken up with 5 m of DCM and then the resulting product is
cooled to 0C, 1.70 ml of a 2N solution of hydrogen chloride in ether are
added and the resulting mxture is left to return slowy to AT. The

preci pi t at@0oBbariedoe84filtered of f5 aashed w t lpdd/ERATERL /EBREéhen dried
under reduced pressure. 0.88 g of

glé%ﬁy{3 (Eg&L{QUEX%ég%F§%?§§§¥%L§Q €¥ gEF?ﬁgﬁélrgfhe 7- carboxanldehydroc

hl ori dei st% %a@bﬂa héﬁylhphﬁ@Y1b€ﬁ¥ pnglhhetethohtedol 158ivgeld = 84% M
(9 &7 Lol MBarMom, CROROONI0R, =3 S99y 7aB30aTE, Sptaifoll DA cgudli tions B)
1H NMR (pp 4g ): H); 9.00-8.80 (bs, 2

7.80-7.65 ?%% E?B eEEOYVIUBY) - 7. 40 (d 2H): 6.95-6.85 (bs 1H): 6. 70-
6.60 (s, ¥i»144-9574.80 (bs, 211); 4.35 (s, 311); 3.50- 3.35 (bs, 211);
2.95-2.70 (bs, 411); 2.30-2.15 (bs, 211); 2.10-1.95 (t, 211); 1.25 (s,
911); 1.20-0.95 (bs, 611). 25 Exanple 18: conpoundNo.
18:3-({4-[34(6eMEth1v|JW{[ -{{4-[4- (Cyclopentylamlno)butyl]phen—

ani no) - 3- ngy hyl by eny| . wigggy %1' : nethgl 2H-tetrazol -
3-yl)neth 0 ZT1TE cat-bo de—tyc :
Propan-2-ya3XLH&XEBEEEE&EX@E@&E&BiE@E 3-
met hylfgut - 1-yn-1 -yl ] phenyl } carbony1) - 2- et hyl i ndol i zi ne7- car boxyl ate 35 The
process is carried out i,n the sanme way as, in exanple 15.3. Thus, starting
from2.2 g'{q. MRS OfF pFapanss yedtethyl -tie (game way as in

i odophenyl ¢xampdavi] 7 ndahvgi, nes 7acai b9x yhatean®B g (2.01 mmol) of

methyl N-({3-[(4-{4-[ (tert-butoxycarbonyl) {(cyclo-
pentyl)aminolbutyllphenyl)carbonylj-2-ethylindolizine-
15 7-yl}carbonyl)-N-propan-2-yiglycinate, 1.03 g of methyl
N-{[3-({4-[4-(cyclopentylamino)butyllphenyl}carbonyl} -
2-ethylindolizin-7-yl]lcarbonyl}-N-propan-2-ylglycinate

hydrochloride are obtained in the form of a vyellow
foam.

20 Yield = 88%.
Mp (°C}: 124
LC/MS; M = C33Hs3NaQs = 545:; M+H = 545; Tr = 1.13 min
(conditions B)
'"H NMR (ppm, ds-DMSO, 400 MHz) :

25 9.45-9.35 (bs, 1H); 8.75-8.60 (bs, 2H); 7.65 (s, 1H):
7.55 (d, 2H); 7.40 (d, 2H); 6.90 (d, 1H); 6.70 (s, 1H);
4.10 (s, 2H); 4.10-3.95 (bs, 1H); 3.70 (s, 3H); 3.50-
3.35 (bs, 1H); 2.95-2.85 (t, 2H); 2.75-2.65 (t, 2H);
2.30-2.20 (bs, 2H); 2.00-1.85 (bs, 2H); 1.70-1.45 (bs,

30 10H); 1.15 (d, 6H); 1.05 {t, 3H).

Example 15: compound No. 15: methyl N-{[3-({4-[3-(1-

aminocyclopentyl)propyl]lphenyl}carbonyl)-2-

ethylindolizine-7-yl]carbonyl}-N-propan-2-vlglyvcinate
35  hydrochloride

15.1 Benzyl 1-(prop-2-yn-1-vl)cyclopentanecarboxylate




1.27 M (7.15 mol) of N-tert-butyl-2-nethyl but-3-yn-2- amine, 2.5 g of
3-({4-[3-(tert-butyl am no) - 3-net hyl but 1-yn-I -yl ] phenyl } carbonyl) -2-et hyl i nd
olizine-7- carboxylate are obtained in the formof an oil, after 5 silica

col um chrpseg Uz apbw23£! uti on bei ng garri ed out pet/FrraoquGloskesane/ Et 0Ac
gradient of 0 to 40%with respect to EtOAc. Yield = 100% 10 18.2

ﬁtret?ﬁslnbﬁt ﬁ?pﬁ%élyllf‘? g oiélbu'[ )etﬂg %‘ngopl Vi ReLpriopaPhoRyPitd 1R mixture

of 2.5 g (b-128amel| hndf ﬂaphrmﬁ ysf ?rH{HPA- §Be added dropwise at

15(tert-buty, n -1-
yl'] phenyl }caér)%%nny (ge et hgl dl | ZI ne 7%carbo xytf acf and\E 1. 10% Pd- C
in 20 nl of5& 1% 1IT1IEQI))ACICE—‘L OHIIﬁAxt dre iL8§0smilrred farhl HFHfhdeﬂﬂebar of

hydrogen. Jhe.feacti EBE‘ ri%d'mli@ 'étsubz@e@uerttﬂey Eéééﬁ’ 5 neggtw@n 120

concentrated under reduced éPressure he residue
chr omat ogré@®e8ionta si1i8Ch cAtm, CEBRGtI 6h bR HYEEMEri 88 odtd W th a

cycl Ohtexa{l(%ﬁ @G\gmz%ﬁﬂld ent lC)i@iFlZ?lt eyé@%{p%ﬁ;ané@a@%kyugtgt QAC afdEr
concentration under reduce ressure ro -2-

3- ({4-[3- (%%QQWbﬁ%ylégFﬁB) §9rrln for fgvﬁh E —B%QC, %%.81 ml
net hyl but y[] phedy| }resbonyds) - et 18098 ndot | dale:tAord oo beodpatrendr e
obt al,6d | Reihealonm of8DearangeyCal e aiblLE. I Tnd®ectiin

3-({4- m Nno
nethylbutym4®h@ﬂvlheatbanylﬁfm Zodiretthyin Bs f¢@lyethy RZHanet r @fdlers- y1) net hy

I']indolizipes7- QQrQQ%W%éHEe@VQ£9ﬁhb@b'%3 &% QDBEXhQQt d. agueou

saponi fication-peptide coupling sequence as describ In exanpﬁ es 17.2
and 17.4 re3pektPVePy, HRPE(E t FREOFIEM @Hﬂg e BaitﬁﬁfﬁF)?doﬂﬂld?rlbpan 2-y1

3-t§1{l4 [ 3- 1t>€[126®ﬁ11{| am Moad-. TheI oré_:falnlc phases age comblneQd ‘L

met hy enyl | car i ndol j z - carboxylate, and after a
(ool Br 1 rrraregn ECPRDN 80 ntne s SOt 1401 §1dt dHES i amars .

met hyl but ydaﬂl@henyéhcabbnnyﬂtrmtédd| ahldyeh: Atreduzeet pteisret.r aztthe 5-y1) net h

;Lé;zdggﬁég %%83{: 2? ¢ hyqr och%gq_,ll%eds ogt ained; in the formof a

chromatography, elutlon being carried out with an
EtOAc/cyclcochexane gradient of 0 to 30% with respect to
20 EtOAc. After concentration under reduced pressure,
9.1 g of benzyl 1-{prop-2-yn-l1-vl)cyclopentane-
carboxylate are obtained in the form of an orangey-
colored oil.
Yield = 77%.
25
15.2 Propan-2-yl 2-ethyl-3-[ (4-iodophenyl)carbon-

yvllindolizine-7-carboxylate

The process is carried out 1n the same way as in
30 example 14.1. Thus, starting from 22.0 ¢ (95.12 mmol)
of propan-2-v1 2-ethylindolizine-7-carboxylate, 25.35 g
(95.12 mmol) of 4-iodobenzyl chlioride and 12.30 g
(95.12 mmol) cof DIEZ in 100 mi of THF, 34.3 g of
propan-2-vi 2-ethyl-3-[ (4-iodophenyl)carbon-
35 vllindelizine-7-carboxylate are obtained in the form of
a yvellow solid.
Yield = 78%.



M (C: 122 LG/ MS: M= C32H43N702 = 557; MtH = 558; Tr = 1.05 min
(conditions B) IH NWVR (ppm d6-DVSO, 400 MHz): 309.45-9.30 (bs, 1H)
8.30-8.10 (bs, 2H); 7.80-7.65 (bs, 1H); 7.55 (d, 2H); 7.40 (d, 2H

7.00-6. 85 Whs20iblyns€28b (S 1H); 5.0G=4..80 (bs, s/ reh@Eh 52681,
360330(bs 2H); 2.80-2.70 (bs, 2H) 2.25-2.15 (bs, 2H) 2.15-2. 05 (bs,

H); 1.55- %543 gb
2012/06623 F-F i oY

EL([3- ({4-£31 c{zcyobepemybﬂmmb}yﬂ heyhyp]bmhyl]@iﬁlﬁ]ﬁgmymaﬁb(—)@yh})rlz-

et hyl i ndol | (]EC%I’ Qg &}( propan- 2 -yl glycinate hydrochloride 5 19.1
Pr opan- 2- = but-1-yn-1I-

yl') phenyl ] car bonyl} 2-ethylindoli 2| ne-7-car boxyl ate The process is carried

t t h a n-40 us st r 0 13.01
out ing eAS%@cw&@Iye $ 8 N7 4 6§Xi A |odﬁ hen of ﬁ£55}§ﬂ hrom 6,0 g (

mol ) of propa 1 2-ethyl-3- carb
i ndol i zi neth-‘éér%oiﬁa%@d@]ﬁ]ael}Y BCﬁin‘?IRl Biln‘ﬁ%wl%? ?=
met hyl but - 8ayBoRyagtae, H.9b5 @@opgopﬁﬂozjybﬁ Bbﬂzgﬁ i- (prop-2-

am no- 3- net hyl bu hen bonyl
et hyl i ndol Y21 eyﬁi-e}é¥28 %5%598?%]0’}3 Yirhed 5t3h€ G m3df "alel 1% sol i d,
after si | |DaE.aolanancBrLogat agrdphynolel uti amibeimgpLany i el omicwi idh a

ropan . yiBErERl; Soro i it ot nTnTREY A% und! Sl P 0 192

Propan-2-y opent yIam no
met hyl but - 11y9|91myb}bhequl?@éli)oh93%2 es hylddedo| dzd néhec ardroxyd ait e

mixture is then heated to 5 h at 50°C. At AT, the
mixture 1is taken up with 300 ml of EtOAc, washed
successively with 2 X 100 ml of water and 100 ml of

15 Dbrine, dried cover MgS0,, filtered, and then concentrated
under reduced pressure. The residue obtained 1is
purified by silica column chromatography, elution being
carried out with an EtOAc/cyclohexane gradient of 0 to
10% with respect to EtOAc. After concentration under

20 reduced pressure, 10.5 ¢ of propan-2-yv1 3-{[4-(2-{1-
[ (benzyloxy)carbonyl]cyvclopentylliprop-1-yn-1-
vi)phenylicarbonyl}-2-ethylindolizine-7-carboxylate are
obtained in the form of an approximately 80% pure brown
0il which 1s used as it is in the next step.

25 Yield = 54% (corrected).

i5.4 1-{3-[4-({2-Ethyl-7-[ {propan-2-yloxy)carbon-
yvllindelizine-3-yl}carbonyl)phenyllipropyl}cyclopentane

carboxylic acid

30
A mixture of 5.0 g (6.2 mmol corrected) of propan-2-vl
3-{[4-3-{1-[ (benzyloxy)carbonyl]lcyciopentvllprop-1-yn-
l-vi)phenylicarbonyl}-2-ethylindolizine-7-carboxylate,
.47 ¢ (150 mmcl) of ammonium formate and 0.6 g of 10%
35 PA-C in 50 ml of a 9:1 MeOH/dioxane mixture is heated
under argon for ¢ h at 90°C. The reaction mixture is

then concentrated under reduced pressure, taken up with



25 A solution of 5.15 g (12.36 mmol ) of propan-2-y1 3-([4-

(3-am no- 3-net hyl but-1-yn-1-y1) phenyl ] carbonyl| - 2-

et hyli ndoli zi ne-7-carboxylate and 2.19 m (24.7 mmol) of cycl opentanone in
25 m of DmE pei1syossgsafor 2 h at ATgnd then O0.pérmrAch2 Asawenl ) of AcCH

and 3.14 g 30 (14.84 mol) of NaBH(QAc)3 are successively added. After
stirring f 24_h t he ction mxture is.treated th. 20 of a
sat ur at ed gé%eﬂ;s C%al—@% sHF‘ﬁ#Ieg SHGE S97eT ot r‘ﬁ%?]%da PIWE Pl5@m  of

Et OAc. Thewatganiaadphdgesniaret cbrrbn@eddrdieded)v@\temg’m504ﬁlﬁérfedter ed, and
Lhen conceplral eflpnder ceduced.preggure. Theyres dugoblalded fg.

chr omat ogr aphed on a Siiica ¢ol am eing c rr| ed out
DCM MeOH  ¥¥r 2012/ 06823ingdb %rrm&i@lEﬂOSZBﬁl gtadient ofolpmm 5% with

respects tOcP{FQHaté\BEQ]Bh?O”C%TEE%hO”b%”ﬂ%r edyeed Pregsung - 9 g of

ropan2-y
g ({4-[3- (189@1{696% YRR IRE 39%et By ITsut Sf- yl 18| FSROKAN cBP b - 2- et hyl i n
aﬁ! i ﬁ' ne- 7Aﬁ@é50>@6@te@1t&ra%l%nom1@?é@?reaugba fgﬁl’éﬁlsg{;:e’:‘, bg omnogr een solid

1 C 1S U S 1 S| nex S |1 e
Vet hyl N 1 BT {0 (S2CE SRy SpantyPanPAD) 2 v 1asy) carbonyl] 1adoTizin-
nmet hybut yl $pyem§zhkbanpmmyﬂl§m§z‘1 ebhypiyhtlolczopenanecarboxylic acid
y']ca”bony%%elé{b?é% ykﬂ%ygb%tthxdg%%\?zrégﬁdw applying a

r educt’ion-saponi |ca Ion- e coupl sequence, “as described in

exanpl es 18181d1¥ 20&nd 8.6 15 respectively, and starting from1.60 g (3.58
nmmol ) of propan-2-yl 3-({4-[3-(cycl opentyl am no) - 3- net hyl but - 1-

yn- 1-yl ] phenyl } carbonyl) - 2- et hyl i ndol i zi ne-7- carboxyl ate, 1. 58 gof net hyl
(cycl opent ¥Pafi mwmm&mmw

ethyli nd0|ylf)aﬁlﬁoybif@abh@ﬂiﬂzl}ﬂayopﬂrﬂwﬁﬁeﬁyyh@Jaifﬁbﬂ?l? bydrochl oride are
obt ai ned in ] nf ;yLel oW owjer Yield = 79% WM (O : 245 25 LC/ Ms:
M = Ms&%ﬁﬁi@g]_ﬂm-n 18 mn (condltl ons B) 113 NWVR (PPM
d6- DVSO, 400 MHz):

2.83 ml (3.61 mmol) of DPPA are added dropwise, at AT,

to a sgolution of 5.36 g {10.95 mmol) of 1-{3-[4-({2-

ethyl-7-1 (propan-2-yvloxy)carbonyl]lindolizin-3-

20 vllcarbonyvl)phenvllpropyllcoyclopentanecarboxylic acid
and 2.22 g (21.5%0 mmol) TEA in toluene. After stirring
for 3 h at AT, the reaction mixture is taken up with
200 ml of EtOAc, washed successgively with 2 X 50 ml of
water and 50 ml of brine, dried over MgS0,, filtered,

25 and then concentrated under reduced pressure. In a
sealed tube, a solution of the residue obtained and
0.1 g {1 mmol) of CuCl in 50 ml of anh. t-BuOH is
heated for 18 h at 115°C. The reaction mixture is
concentrated under reduced pressure and then purified

30 by silica column chromatography, e<elution being carried
out with an EtOAc/cyclohexane gradient of 0 to 15% with
respect to EtOAc. After concentration under reduced
pressure, 4.0 g of propan-Z2-yl 3-{[4-(3-{1-[(tert-
butoxycarbonyl)amince]cyclopentyl lpropyl ) phen-

35 vyllcarbonvl}-Z-ethylindolizine-7-carboxylate are
obtained in the form of a yellow oil.

Yield = 65%.



9.50-9.35 (bs, 1H); 8.60-8.40 (bs, 2H); 7.65 (s, 1H); 7.60 (d, 2H); 7.40
(d, 2H); 6.90 (d, 1H); 6.70 (s, 1H); 4.15 (s, 2H); 4.10-4.00 (bs, 1H)
3.80-3.60 (bs, 4H); 2.80-2.70 (bs, 2H); 2.30-2.20 (bs, 2H); 2.10-1.90 (bs,
54H) ; 1. 80WQ. 2@1@M§662E$ 1.70-1. 50-(b§7 2H); 1. BCTAARBML/A52061d, 6H);
1.00 (t, 311). Exanple 20: conpound No. 20: (R S)-Ec2-diethyl-3-({4-

[ 3- (et hyl am no) - 4- net hyl pent yl ] phenyl } carbonyl)-N-[(2- 10

met hyl -2Htetra o% 5- yl)nethylllndoI|2|ne 7- car boxam de hydrochl oride 20.1

Propan- 2- y+°35¢ sty hnBHY PI¥aABEAYYY i amino] cyclopent -

2- ethylindgﬁﬂpkbpyﬁﬂgaéhgxybakgonii}1@ @%hQi@ﬁdéﬂlzlne 7-

nmol ) of 4- (chI thyl%b nzoyl chioride are addéd to a solution of 8.66 ¢
(37.43 nmo 1 2-ethylindolizine-7-carboxylate, 8.69 m (74.86

mml) of lutidine and 0.61 m (7.49 mmol) of 20 pyridine in 75 m of

chl orobenzene and then the m xture is refluxed for 2 h. The reaction

m xture is then taken up with 300 nl of Et0Ac, washed successively with 2 x
150 m of water and 150 ml of brine, dried over Na2304, filtered, and then
concentrated under reduced 25 pressure. The residue obtained is

chromat ographed on a silica gel columm, elution being carried out with a
cycl ohexane/ Et OAc gradient of O to 10% wth respect to EtOAc. After
concentration under reduced pressure, 10.44 g of propan-2-yl 3-f[4-

30(chl or omet hyl ) phenyl ] car bonyl11- 2- et hyl i ndol i zi ne-7- carboxyl ate are
obtained in the formof a yellow solid. Yield = 72% 20.2
Propan-2-y13-({4-[ (di et hoxyphosphoryl ) net hyl]- 35

phenyl | car bonyl) - 2- et hyl i ndol i zi ne- 7- car boxyl at e carboxyl ate and 26.80 ni
of triethyl phosphite is ref luxed for 3 h. The excess triethyl phosphite
is evaporated off under reduced pressure. The residue obtained is taken up
with 500 Ml of EtO0Ac, washed 5 successively with 2 x 200 mMl of water and
100 m of brine, dried over Na2SO4 | filtered, and then concentrated under
reduced pressure. The residue obtained is chromatographed on a silica
colum, elution being carried out with a cycl ohexane/ Et 0Ac gradi ent of 10 O
to 100% After concentration under reduced pressure, 12.8

gof propan- 2-y13- ({4-



[ (di et hoxyphosphoryl ) net hyl ] phenyl } car bony1) - 2-

et hyl i ndol i zi ne- 7-carboxyl ate are obtained in the formof a brown oil which
is used as it is in the next step. 15 Yield = 68% 20.3

Ae- (tert - bydoxyearhogydl - Ae-et hyl - N nd hoxy- AL it erldla-Aaddgam de 20
1.66 g (41.37 mol) of NaH at 60%in ol l are added |n smal | anmounts, at 0C,
under arg Q% toa sol uti.on of 7. 1% ﬁé E&f .

Ae- (t ert - bULBXYRRTDTHY 1) ATHEFRORY- NP tnjy?- ,e-vﬁﬂ“ﬁarﬁ‘%% iH° 92"l of anh,
NVP. Aftereddnpla &t50CThis4]l staxSbnd 6 fmool )0 470 iodéet hameo2)h arfe added

dr opwi se, h acti-on Xt-ur I I to AT and

t he stlrrléPgﬁgﬁc%n ?nue f%¢11%P{%'fﬁé%%égﬁgglgﬁg%gﬁﬁé j'ﬁsg%ryo]natographed
on a S|I|c@Y@bPBﬁﬂtYéFD¥©@ﬁlb@ﬁ@@th¢@¥@@nﬁhi W ehial By@d blvekagde/ Et 0AC
gradi emt of_ @awo%gzé@e@wtm geegpect st o Ft OAc. (Af tier; concent ralipn under

reduced pressure,

Ae-(tert- bﬁ%%??’&ié}b%w?lF?é%%%?nwm-ﬁ%mﬂ NPRBIERY] Car ot i nani de are

obt ai ned I@thiﬁﬂlﬁ@b]ﬂl@in@—@Ob@ﬂb@ﬁﬁl_@dz| adi@l ds= £B%einba20i4 tgid - Butyl
yI]carbana% net hyl - 1- oxobut an- 2- 3.64 mM (3.64

S 3:
mmol ) of a ﬁﬁpng % %ﬁf%?& F%%™4 in THF are added dropwise, under argon, at
-78C, to avseldt+#oh006%.1.0 g (3.47 mmol ) of
| e- (tgrt-butoxycarbonyl)-1\12-et hyl - N-nmet hoxy- N-net hyl -D, L- 5 valinanide in
11 m of anh. THF. After stirring for 10 min, the reaction mxture is
stirred at1®De7 f¥ethulnin, di | Jeld3n &40 1 of ( tarfernu tavwy cadenred
successi vely) whifot &y81 8hAPPPRbHEE hiAe: pddedohp srRL1 amounts and

wat er added dropwi Se. untii—two trqurd
ethylindolizine-7-yl)carbonyl]-N-propan-2-yvlglycinate

15 The process 1s carried out in the same way as in
xample 8.6. Thus, starting from 0.48 g (0.94 mmol) of
3-{[4-(3-{1-[ (tert-butoxycarbonyl)amino] cycio-
pentyllpropyl)phenyl]carbonyl}-2-ethylindolizine-7-
vl)carboxylic acid, methyl N-propan-2-yvliglycinate

20 hydrochloride, 0.36 g (2.81 mmel) of DIEA and 0.45 ¢
(1.4C mmol) of TBTU, 0.43 g of methyl N-[(3-{[4-{(3-{1-
[ {tert-butoxycarbonyl)aminolcvclo-
pentyl}propyl)phenyl]carbonyl}—2—ethylindolizine—7—
vl)carbonyl]-N-propan-2-vlglycinate 1s obtained in the

25 form of a vellow foam.
Yield = 74%.

15.8 Methyl N-{[3-({{4~-[3~(l-aminocyclopentyl)prop-

vllphenvl}carbonyl)-2-ethylindolizin-7-yvllcarbonvl}-N-

30 propan-2-ylglycinate hydrochloride

The processg 1s carried out in the same way as in
example 8.7. Thus, starting from 0.435 g (0.69 mol) of
methyl N-{(3-{[4-(3-{1-[{tert-butoxycarbon-

35 vylj)aminolcyclopentyl}propyl)phenyl]lcarbonyl}-2-
ethylindolizine-7-yl)carbonyl]-N-propan-2-viglycinate,
0.272 g of methyl N-{[3-{({4-{3-{l-aminccyclo-
pentvyl)propyllphenyllcarbonyl) -2-ethylindolizin-7-

RECTIFIED SHEET (RULE $1) ISA/EP



10 phases are obtained. The supernatant is then renoved, washed
successively with 20 m of a 1N aqueous HCl solution and 20 m of brine,
dried over Na2SO4, filtered, and then concentrated under reduced pressure.
oi |l which vis zees/assRt4i s in the nextastep. Vi elmbrysk301 /28620663

Pr opan- 2- yl(R S)-3-[(4-{(1E)-3-[(tert-

but oxycar a net

yl }phenyl) %#%’]W% Fh@?!)%%% ghyéﬁgg%%%%oxyﬁlﬁdm(&ﬂl%nde(s GIE nmol ) of
NaH at 50%1i?¢1ab?i143<3| snaab@dfilﬁmmfs&trai\J’q?lh@mum@‘sdennder argon, at 0C, to a
solution of: 474 9(89%0 mmol ) of propan-2-y13- ({4-

[ (diet hoxyphosghor yl %met hyl ] phenyl } car bony1) - 2-

et hyllndolq@%lh Chic Boxyl ate in 10 mM of anh. THF. After 30 mn at 0OC, the
reactien nm}zme |sac—oqi3§1d4lmg)o430c 528G ang+thensazsol utd an 10f13l.dif g (3. 47
mol ) of t 8 {% gFﬁ?g et hyl [ 3-met hyl - | - oxobut an-2- yl Jcarbamate in 5 ni
of anh. TH ?R“adued® dropwi se. The reaction nixture is allowed to return
slowy to %ctl'l\a{rd {ren stdg-DMs@ , | 40€oMHEzNUed for 18 h. The reactl on 35

m xture is n ai ooledt t at w t-h 30 o] te
aqueous NH%C gsoﬁtlfo&#ang ?ﬁez ggtrgzsteedgg\)fh%’% Ygé EH "Et 0%§ The
organi ¢ phédes2Bie CodAbi néd, 2Washéd8udcesdititel ¥ Wikt K50 Jﬁi) jofd LN WO
91119:Q00r A 7Q)- Dr@fbé%’%’él ELe') g9, agueaus SCLggl uts - A0;gr of

wat er and brine, rle over tered, "and th en

concent r at &8l uﬁﬁér r%ecﬁ%@d%e@é%r ezH)Thelr %Ql %Iuéoolﬁpélrnél@ﬁ 15

chr omat ogr agheduon a.gol iiea gehumm, elution 5 being carried out with a
cycl ohexane/ Et 0Ac gr adi ent of 0 to 30%wth respect to Et0OAc and then with
a DCM MeOH gradient of O to 10% with respect to MeOH After concentration
under reduced pressure, 1.32 g of propan2-yl

(R S)-3-[(4-{(1E)-3-[(tert-butoxycarbonyl)(ethyl)- 10

am no] - 4- met hyl pent - 1-en-1| -yl } phenyl ) car bony1] - 2-

et hyl i ndol i zi ne-7-carboxyl ate are obtained in the formof an
orangey-colored gum Yield = 68% 1520.6

(R S)-3-[(4-{(1E)-3-[(tert-Butoxycarbonyl) (ethyl)-

RECTIFIED SHEET (RULE 91) ISA/EP



am no] - 4- et hyl pent - 1- en- 1- y1} phenyl ) car bonyl | - 2-

et hylindoli zine-7-carboxylic acid 7.1 m (7.1 nmmol) of a 1N aqueous NaCH
solution are 20 added dropwi se, at 0C, to a solution of 1.98 g (3.53 mmol)
of propan-®Oy2012/066234 - 69 - PCT/FR2011/052661

(R S)-3-[(4-{(1E)-3-[(tert-butoxycarbonyl) (ethyl)am no]-4-nethyl pent-1-en-|
-yl } phenyl pganBboayib: 2cehp¥lih8did 21 TmeahPOX V-l & idtida H- pfaa 10: 1
THF/ MeOH ﬁrgf?gé_ﬁﬁﬂ then the reaction 25 mxture Is allowed to return
slowy to A LArter stirring for 18 h, the reaction mxture is cooled to
0C, neut rakinéeﬂymhmhna)&y&ﬂ.opénﬁy?}.ﬂxbk@ﬁyﬁpbhé%@]])ﬁﬁﬂb@ﬂiflﬁﬂhﬁdlﬂkt h ﬁ >O<I 70
m of a 95; i Pr m xtuge. The_ organi ases are_conbi ne washe

W th 50 m T T set bR RRoRY T Cas BT RESR AT L EePLASER SBRERCEBheER R arod under
reduced pressure. 2.19 g of (R S)-3-

[(4-{(1E) - g5l {t orrhut 9xysar honyh) 66t hyl ) N
nmet hyl pent - | - en=1= = e-7-carboxylic acid

are thus obihifmedol gvgbopRatydiarepyd) poehvh povdenywhi 8hekbylsed as it is

in the nex{ngbepPsiNbehde5-84%1:20afig

tert-Butyl TR Sy-ethyl {(1IE- I-{4-{(2-ethyl-7-

{ethyl[(2-methyl-2Htetrazol -5-yl)nethyl]carbanoyl}-

i ndol i n- B4yl hearsampl kpkeny 1ds 4naat iy pemt - inenyid- ayé] cackamate 5 The

process is cagiied out. in the as_in exaqgle 2.2, Thus, s%arting
a solu

from 1. 25 am% 4fﬂ%ﬁﬂ}sstﬁ at g@”ﬁnﬁ&@% argon, T tion ©
(R S)-3-[(27¢ (k&) - BL {13 emtobut efycarboayt} el hylys[4-(3-{1-[ (tert-

aninO]-4-nBﬁQM&ngEb&%%g%%ﬁXhé?gg%%éﬁ%ﬁEg??%géggi)%Qenyl]carbonyl

et hyl i ndol 1 zI ne- 7-car I caci _
mol ) of N- [ { 22 nefhylipdpieeiagol -sarpoxmeahg| iet Hamelni 08 Bypdr.odiori de, 1.4

g of tiert-REE¥E 15 min, 220 pl _ (3.43 1 f iodometh
(R 'S)-et hyl [ (1E) -1 {4- [ (2- et hill" . 7-(é 6t hyf“fngz-)ne?hyﬁ%kﬁmel? Faz0! - 5oyT) met hyl ] ¢
arbannyl}iﬁ OFfzAROBwige at AT and thé stirring is continued for

¥/| ) car ]E)onyias F]:aenygqje— %é@?@émeﬂ%x&uﬁé- 3=yl ﬂlﬁ@ﬁ{ bapak eear ﬁfi@plt fmgm i B the
ormof a qw fo ter silica co chr onat ogr aphy, el ution being
carried ou gmﬁ?h é*%ﬁ%ﬁ%ﬁ%ﬁanﬁﬁ%fﬁ%i gbg ' ntSBEEBl B:100%0f EtPAc. Yield
= 91% 20 28tBateed- Butyl A R S)0letllyldfl-¢dngf 2- ehby brigefetthyides

met hyly2H r - b- angq2¥l-' I zLne- 35
yI)caﬁ%%ny%f%hgﬁgﬁ??ﬁgﬁé?ﬁ%ﬁ%%%faﬁ- -y Sék%%&Laﬁ%@E 2 x50l of

water and 50 ml of brine, dried over Na,50,, filtered,

and then concentrated under reduced pressure. The
resicdue obtained is taken up with 10 ml of dioxane and
then 4 ml of & 1N agueous NaOH solution are added
25 dropwise at AT. After stirring for 18 h, the reaction
mixture is coocled to 0° and then neutralized with 4 ml
cf & 1IN agueous HClL solution and extracted with
2 X 100 ml of EtOAc. The organic phases are combined,
washed succesgively with 2 X 50 ml of water and 50 ml
30 of Dbrine, dried over NasS0., filtered, and then
concentrated under reduced pressure. The residue
obtained 1s chromatographed on a silica gel column,
elution being carried out with a DCM/MeQH gradient of 0
to 20% with respect to MeQH. After concentration under
35 reduced pressure, 733 mg of 3-{[4-{(3-{1-[(tert-
butoxycarbonyl) (methyl)amino]cyclopentyliprop-
viiphenyljcarbonyl}-2-ethylindolizine-7-carboxylic acid



25 A mixture of 1.4 g (2.19 muol) of tert-butyl (R S)-

ethyl [ (1E)-1-{4-[(2-ethyl-7-{ethyl[(2-nmethyl-2H etrazol -5-yl)net hyl ] carbano
yl }i ndoli zi n-3- yl)carbonyl ] phenyl}-4-nmnet hyl pent - 1-en-3-yl]carbamate and
0.14 g of e-$nes/ /408024 30 M of MOHg s stirredcd) o1l /aswadar 5 bar of
hydrogen. The reaction m xture is subsequently filtered and then
concentrated ungfr,re uced %%955 re. Tge resi due obtai£ed IS .

chr omat ographe@C5AESSH | 112a -E6 T PGt iBh BEFREE¥ArP1IESButMith a

DCM MeOH grlatitientis ofis &3t &s 10006 i t I 35h¢ espectstep MeOH. After concentration
under redugegl ressure, 1.12 g of tert-butyl (R S)-ethyl[1-{4-[(2-
ethyl-7-{e hy}ﬁ(?-nefhyl-ZFLtetrazoI-5-y|)nethy|] wn 2012/ 066214- 80a

- PCVR2011/ 052661 car banoyl }i ndol i zi ne- 3-yl ) car bonyl ] pheny11- 4-

met hyl pent pg- 3- ban _ _obt t I _yel | ow f oam
Veld 2pide E ehe? 2, At s Fe Pﬁoﬁ)_4_
nmet hyl pentyi | phery AR HBAYIYC NP 9. arbonyl}-2-

ANDIDET A

) anbaey hy digoshbesh de- 18 Jhenprocess is
carried out inThe same Wway as in exanple 8. 7. Thus, starting from1l. 12 g
(1.78 mol ) of tert-butyl (R S)-ethyl[1-(4-[(2-ethyl-7-{ethyl[(2-

rrﬂ hyl -2115|ﬂeirllr anel} e‘chdp)tﬁbfmyjﬂ Cﬁﬁ@aﬂf)lyhli peldbfZcneidn step, fthe

yl ) car,bony nyl}-4-nmet pent an- 3-yl.] car hbamat e 5 0.77 of .

(R S R o B R 51 4G Sy [ AN noy . ™ fand® faf” 8% i

met hyl pent gkdpheay? } 2ar Fimel) - Nedf Rimept Hylon2H- tetg a8l 88yinpet hyd§ i ndol i zin

-7- b i hyd I ori i | i f i sh wder .
Vil osee  banY (EPeTL B Fiﬁ%@ﬁﬂ%%&?%i2‘%.5%%*9{%%%‘0?%%%?%1 PO
C311- 141N7RenEY bAgr oRyH) ehegyl | qarkony o~ A7 athrbhafel basng) /-

carboxylic acid and 0.7 g {4.17 mmel) of methyl N-

5-y1) net h%ﬁlﬁﬂ%@iﬂﬁiﬂzﬁﬁfg%

15 propan-2~ylglycinate hydrochioride,



1H NVR (ppm d6-Dmso, 400 MHz): 259.45-9.35 (bs, 1H); 8.80-8.60 (bs, 1H);
8.30-8.10 (bs, 1H); 7.80-7.70 (bs, 1H); 7.55 (d, 2H); 7.45 (d, 2H);
7.00-6.90 (bs, 1H); 6.75-6.85 (bs, 1H); 5.00-4.80 (bs, 2H); 4.40 (s, 3H);
3.50-3. 35 ybs202thoeérdb- 2. 75 (bs, SH1 2. 30-2. 1pdmywraptin;/ 0226%12. 00 (bs,
1H); 2.00-1.80 30(bs, 2H); 1.35-0.80 (bs, 15H). Exanple 21: conpound No.
81l: net hyl [ 2- but-yl - 3- - g - a1 _ -

[ (3R) - pi pelr :ngplﬁ n§3-§ ox#&%{gﬂlylrf c[a(ero{n[qI )(i3nd{g1 i[z(itne-q- butoxycarbon

yl ] car bonyy) - Nepraphael 3o htyel orewthyHeoehy b plaengbl arhonyl} -2-

Propan- 2- yla2s iﬂé@ﬁiHﬁ:*iDgPP@&fHéﬁycﬁTbﬁl%dédépaﬁf@%'ﬁ_l iperfaear boxyl ate
RECTI FI ED SHEET (RULE 91), ISA/EP Wi 21112/ 066914PCT/ M?011/ 0c The process
is carri edout $9EdHESand! wdy'€as tPATexafpl @ 1¥SALOh L%t atitRf from 30. 0
g (115568 amPdnabcPaepanoir Y4 2ihuts i gdol icdingmy - carbexyhatesiangd 30.8 ¢
(rio. 68 Mol ) pladohedonsnzoy ghhoride,and-palt it dl dit% F2o™R)) of

2- but yl - 3-(¥4-wodophesytycatbonydde ndol i zi ne-7- carboxyl ate are obtained in
the formaof. a yellow, solid, after silica colum chronatography, elution

bei ng carri edlout W th a cycl ohexane/ Et 0Ac gradient of 0 to 10 20% with
respect to EtOAc. Yield = 76% 21.2 o

3-[ (4-{l (348 ;3-ftend: Bupoxycashanyldpi perigi fr-3tmethylamine) cyclo-

yl ] oxyl phenyl %car oonylil- 2- Dutill i ndolT zI ne- 7-carpoxylate 15 A m_th ure of 8.0
g (16.35 naﬂm,Y%ipﬁ@Bﬁ hpbg?y bg@n@@myl]1nd011ZLn— -y1l}carbonyl) -

3-[ (4-i odophgnybisar bonyl VEndetézhperdcrasboayl at e, '

The process is carried out 1in the same way as in

15 example 11.3.

~Thus, starting from 1.68 g (2.60 mmoi} of methyl N-[(3-
{[4-(3-{1-[ (tert-butoxycarbonyl) (methyl)amino]cyclo-
pentyllpropyl)phenyl]carbonyl}-2-ethylindolizin-7-

20 vyl)carbonyl]-N-propan-2-ylgiycinate, of methyl ©~N-({2-
ethyl-3-[(4-{3-[1-{methylamino)cyclopentyl]lpropyl}phen-
vl)carbonyl]indoliizin-7-v1l}carbonyl)-N-propan-2-yi-
glycinate hydrochloride is obtained in the form of =&
vellow powder, after chromatography on an RP18 reverse

25 phase column, elution being carried out with a CHiCN/HO
(0.01N HCl) gradient of 0 to 30% with respect to CH;CN.
Yield = 45%.

Mp (°C): 149.5

LC/MS: M = Ca3Hs3N30, = 545; M+H = 546; Tr = 1.13 min
30 (conditions B)

'y NMR (ppm, dg-DMSC, 400 MHz, T = 60°C)

9.40 (4, 1H); 8.70-8.60 (bs, 2H); 7.65 (s, 1H); 7.55

(a, 2#); 7.40 (4, 2H); 6.85 ({d, 1H); 6.70 (s, 1H);

4.15-4.05 (bs, 3H); 3.70 (s, 3H); 2.7% {t, 2H); 2.50-

35 2.40 (bs, 3H); 2.30-2.20 (bs, 2H); 1.90-1.50 {(bs, 1ZH):;
1.15 (d, 6H) ; 1.00 (t, 3H).

RECTIFIED SEEET (RULE S81) IS2Z/EP



6.0 g(29.81 nmmol )oftert-butyl (3R)-3- hydroxypi peridi ne-1-carboxylate, 8.0 g
(24.55 mmol ) of 20 Cs2CO3, 0.5 g (2.77 mol ) of 1, 10-phenanthroline and
.0.25 g (1.31 mmol) of Cul in 20 M of anh. toluene is refluxed for 18 h
under ar gowWo Zh@2f@§6236n-nixture s 7tther WA 91 15OV /RRPIMA-/ (BI2661

-P*"T/ FR2011/ n""" taken up wth 200 m of EtOAc, washed successively with
100 m of mﬁ&ﬁblénﬂ75ocgjﬂp@{1narl nqqodrj_-ﬁd oveg W%(géfg_gﬁyl_and t hen

concentrate ander gr gressure due, obt ai ned

chr onat ogr BHRY Bﬁ°%¥ hen %}E%FﬁﬂﬂyléTﬂi?oﬁlﬁEpﬁb @éFF?é%eﬁﬁ¥lﬁjth a

cycl ohexanetiEt 8éeagohdb el ) mét Ryl DidA84 i herpspaebokamfdHAC. After

concentr at duced pressure, 2.45 g of

(3R) - 1- (te%?gﬁgggfégﬁéﬁonyl)plperldln 3-yl 3-

[ (4-{[ BR)-1-(tert-butoxycarbonyl)pi peridin-3- 10 _ _
yI]oxy}pheﬂylic§£ngM1i gle$y344mE§|g&éEh bﬁ%&f&ﬁ%ﬂéﬁﬁ%&gﬁi(BﬁéﬁDEd in the
formof a ye} ow puvvuer X 9% B N

3-[(4-([ (3R 1 Buf oizedt bof hE -ﬁﬂr oxyiste
yI]oxy}phenyI)carbonyl] 2- butyllndoI|2|ne 7-carboxylic acid The process is
carried out in the sane way as in exanple 8.5 Thus, starting from2.54 ¢
(3. 48 nmol FRof* 2BEIRFEL-T(HE 1 - ButBRGCHDoRY| )i berd dilf- 3- jagl) (4oL

{[ (3R)-01- (pespahut exycar banyi )pi Wcﬁlﬂid}:c@autyl)phenyl]carbonyl} 2-

i1 oyl phenyl ) o bonydl2-hulyLhadol izLne- 7 catboxyaie, 0,95 o
butoxycarbbﬂyt)bupglammne3ayﬂ]6x9?pgemﬁlﬁcamhdnytﬁ-ZI 2oy 12 ml of
butyllndolgﬁ(gﬁ sz carboxylic acid is obtained in the formof a yellow foam
Yield = T tert- Butyl (3R)-3-[4-({2-butyl-7-[(2-net hoxy-2- 30
oxoet hyl ) (propan- 2-yl ) car banoyl ] i ndol i zi n- 3-

yl | car bonyl ) phenoxy] pi peri di ne- 1- car boxyl at e

RECTIFIED SHEET {(RULE 91) ISA/EP



The process is carried out in the same way as in exanple 2.2. Thus,
starting fromO0.65 g (1.25 mmol) of 35
3-[(4-{[(3R)-1-(tert- but oxycar bonyl ) pi peri di n- 3-

yl ] oxy} phagy!| dees Asgead 4 2- but yl i ndoLi zhne- 7- car b%ﬂzﬁoaqwneoahg(l 87

mmol ) of et hyl N-pr opan-2- ylglycinate hydr ochloride, 0.48 g (3.75 mmol) of
R ”%azr'oe? e 14)%5@'58%%“@' M §509:298L:3nd, 0,99, 9 (1 87, mpl) of
(3R) - 3-[ 4-f 2- vbJLtIEyI 6] (@2 WEiﬂﬂO)E}t-OZA«::QXO@rTaISWe)ﬂ( prs,mlp:@@s%lvely with

yl) car bamoyl ] i zin-3-yllcar yl) phenox |per|d| I carboxylate i's
obt ai nedn% thsgtﬁj olrm o%f §%§e§rel ?9\% %({rj:]rﬁgft%%r S]:Ip ¢ ¢6 um1 chr'cmat ogr aphy,
el ution bé-‘ifénz@O@ar riigd-enad wi ethda DM I\/EOHanadaemi ofin@et o r&0%wict h r espect
to MeOk. I8%00 2o MELIVLALLS @ut BSgMdL@Bp pigperi di n-3-

yl oxy] pheny car bonyl indolizin-7-yl]ca Npr opan- g yci nat e

hydr ochl or¢deeThe bt be@sadi sagdr rW@%Ih%@t Wh hee§5ﬁ>§ -way Pn P5 exanpl e

8. 7. Thus,psd@dAing, jron10 @l(Q4QQ391t@HQ|bu@&lamlno)propyl]phEHH

E))e(:);t E;} 3”(%]? %)adrﬁoén 2 bUt 1]1(# (2 nEt hox—géar_boxylate are thus
yl }car bonydbt;adite:mﬁ(ylm m@rel di grex lef:aab@eyuame,pcﬁwfé: gwlefch is used

nmet hy {[ { ( piperidin-3- 20

yl oxy?@?en I car )@%\%OI?(%? nége-}%ﬂ ] car bonyl | - Npr opan- 2-yl gl yci nat e

hydr ochl or¥deld s= o"m"’al ned in the formof a yell ow powder, Yield - 100% M
(©: 141.5 25fulD2 = -2.6 (¢ = 0.205; MeOH) LC Ms: M = C31H39N305 = 533;

MtH = 534; Tr = 1,09 min (conditions B)
17.2 3-({4-[3-{tert-Butylamino)propyllphenyl}carbonyl} -

2-ethylindolizine-7-carboxylic acid

15
16 mi1 of a 1N agueocus NaOH solution are added, dropwise
at AT, to a solution of 3.53 g (7.9 mmol) of propan-2-
vi 3-({4-[3-(tert-butylamino)propyvl]phenyl}carbonyl)-2-
ethylindolizine-7-carboxylate in 16 ml of a 2:1:1
20 dioxane/MeQOH/THF mixture and the gtirring 1s continued
for 18 h. The mixture is cooled to (0°C and then 16 ml
of a 1IN agueocus HCIl solution are added dropwise. The
resulting precipitate i1s then filtered off, washed with
water and then dried under reduced pressure. 3.1 g of
25 3~ ({4~-[3-(tert-butylamino)propyl]phenyil}carbonyl)-2-
ethylindolizine-7-carboxylic acid are thus obtained in
the form of a vellow powder which i1s used as it is in
the next step.
Yield = 99%.
30
17.3 3-{{4-[3-{tert-Butylamino)propyl]phenyl}carbonyl) -
N,2-diethyl-N-[{2-methyl-2H-tetrazol-5~

yvl)methyllindolizine-7-carboxamide hydrochloride

35 The process 1s carried out in the same way as in

example 2.2. Thus, starting from 0.8 g {(1.97 mmol) of
-({4-13-(tert-butylamino)propyliphenyl}carbonyl)-2-

ethylindolizine-7-carboxylic acid and 0.36 g



111 NMR (ppm d6-DVBO, 400 MHz): 9.35-9.25 (bs, 1H); 9.15-8.85 (bs, 2H);
7.70-7.65 (bs, 30 3H): 7.20 (d, 2H): 6.90-6.80 (bs, 1H): 6.65 (s, 1H):
4.95-4.85 (bs, 1H): 4.15 (s, 2H): 4.15-4.00 (bs, 1H): 3.75-3.60 (bs, 3H):
3.40- 3. 15 fds2024)o6&dh- 3. 05 (bs, 2Hyz 2. 40- 2. 2Bckhsrodk/ 02328341 80 (bs,

i S e i

3H); 1.80-1.65 (bsz 1H); 1.50-;.35 (bs, 2H), 1.25-Q.95 (bs, 8H); 0.80 35(t,
o oo e ABLED ol istiateg Lhe aenion Stiustugs and the
i nvent i on:yl}le@danedicl:id N&EOHNTLMALWE, (0C) guanb bbnbiweld, LEWYES RETENTI ON
TIMVE, METHD (M) 8o {Man B ¥dmdBo FAFAND NAMEG £ 9 2 102 2 BYt Y LB bt (8-
with a DCM/MeOH gradient of 0 to 10% with respect to
5 MeQH, and taken up with 5 ml of DCM, and then the
resulting product is cooled to 0°C, 1.70 ml of a 2N
golution of hydrogen chloride in ether are added and
the resulting mixture is left to return slowly to AT.
The precipitate obtained is filtered off, washed with
10 ether, and then dried under reduced pressure. 0.88 g of
3—({4—[3—(tert—butylamino)propyl]phenyl}carbonyl)—N,2—
diethyl-N-[ (2-methyl-2H-tetrazol-5-yl)meth-
vl]lindolizine-7-carboxamide hydrochloride ig thus
obtained in the form of a white powder.
15 Yield = 84%.
Mp (°C): 175
LC/MS: M = C3pHagN705 = 529; M+H = 530; Tr = 1.04 min
(conditigns B)
'H NMR (ppm, d¢-DMSO, 400 MHz):

20 9.50 (4, 1H); 9.00-8.8C (bs, 2H); 7.80-7.65 (bs, 1H);
7.55 (&, Z2H); 7.40 (4, 2H); 6.95-6.85 (bs, 1H); 6.70-
6.60 (bs, 1H); 4.95-4.80C (bs, 2H); 4.35 (s, 3H); 3.50-
3.35 (bs, 2H}; 2.95-2.70 (bs, 4H); 2.30-2.15 (bs, 2H);
2.10-1.95 (£, 2H); 1.25 (s, 9H); 1.20-0.95 (bs, 6H).

25
Example 18: compound No., 18: 3-({4-[3-(tert-butyl-
amino)-3-methylbutyl]lphenyl}carbonyl)-N, 2-diethyl-KN-
{{(2-methyl-2H-tetrazol-5-yl)methyl]lindolizine-7-
carboxamide hydrochloride

30

18.1 Propan-2-vl 3-{{4-[3-(tert-butylamino)-3-
methylbut-1-yn-1-yilphenyllcarbonyl)-2-ethylindolizine-

7-carboxylate

35 The process 1is carried out in the same way as in
example 15.32. Thus, starting from 2.2 g (4.77 mmol) of
propan-2-yl 2-ethvl-3-1(4-
iodophenyl) carbonyl]indolizine-7-carboxylate and



di butyl am hopropyl ) benzoyl ] i ndol i zi ne-7- carbonyfl pyrrolidi ne-2-carboxylic
acid nethyl ester (R -1-(2-Butyl-3-[4-(3-
di but yl am nopr opyl ) benzoyl ] i ndol i zi ne-7- !

car bonyl }pm)r ebhdi/08s338ar boxyl i ¢ aci dy4ret hyl estﬁT&@ﬁmlﬂﬁsjg%i 3-
di but yl am nopr opyl )benzoyl ]indolizine-7- car boxyI ic acid

ethyl (2- nﬁihaéye&hyl)%gl Oﬁgnl%p%vs £ g&t&i 2 meéﬁylght 3- yn %gi- tunb.

amine, 2.5 g of 3-({4-[3-(tert-butylamino)-3-methylbut-
l-yn-l-vyllphenyl}carbonyl)}-2-ethylindolizine-7-
carboxylate are ocbtained in the form of an o0il, after

5 gilica column chromatography, elution being carried out
with a . cyclohexane/EtQOAc gradient of 0 to 40% with
respect to EtOAc,
Yield = 100%.

10 18.2 Propan-2-vi 3-({4-{3-(tert-butylaming) -3~
methylbuiyllphenyl}carbonyl)-2-ethylindolizine-7-

carboxylate

A mixture of 2.5 g (5.29 mmol) of propan-2-vi 3-{{4-[3-

15 (tert-butylamino}-3-methylbut-1-yn-1-
vilphenyllcarbonyl}-2-ethylindolizine-7-carboxylate and
1.7 g of 10% PA-C in 20 ml of a 1:1 EtOAc/ELOH mixture
is stirred for 1 h under 3 bar of hydrogen. The
reaction medium is subseguently filtered and then

20 concentrated under reduced pressure. The residue
obtained is chromatographed on a silica column, elution
being carried out with a



umb lunb 823 (V) E 6 (V) 98 (E) 60'T 1.09 (B)

({2-Butyl-3-[4-(3-di butyl am nopropyl) -

benzoyl | i ndol i zi ne-7-carbonyl } et hyl am no)- acetic acid nmethyl ester
(f2-Butyl -8o[ 200.37d6b2B%¥| am nopr opy ) -7denzoyl ] i et imRa0-1/-05R661
carbonyl ) et hyl am no) acetic acid 3-((2-Butyl-3-[4-(3-dibutylam nopropyl)-
benzoyl ]i nd EFéhQQaZ 9@E8ﬂ8yé &l E%h@md¥nﬁ %%OEanhﬁtﬂCE%spect to
({3-[4-(3- openty am nopr benzoyl] -

et hyl i ndol E&PAe-7- ééﬁ@ényr:pm@mtéwll@m n@l)f]deéfcetfeéiué?@dd metgsguEst er C, 0
1%---\ 00,17 g of propan-2-vl ~{{4-[3- (tert-butylamino) -3-

methylbutyljphenyl}carbonyl)—2—ethylindolizine~7—

5 carboxylate are obtained in the form of an orangey-
colored gum.
Yield = 46%.

18.3 3-({4-[3-(tert-Butylamino)-3-
10 methylbutyllphenyl}carbonyl)-N,2-diethyl-N-{ (2-methyl-

2H-tetrazol-5-v1)methyl]lindolizine~7-carboxamide

hydrochloride

By applying a saponification-peptide coupling sequence

15 as described in examples 17.2 and 17.4 respectively,
and starting from 0.7%9 g (1.81 mmol) of propan-2-yl1 3-
({4~ [3-(tert-butylamino)-3-
methylbutyilphenyl}carbonyl)-2-ethylindcolizine-7-
carboxylate, and after a final trituration in ether,

20 0.52 ¢ of 3-{{4-[3-({tert-butylamino) -3~
methylbutyl]lphenyl}carbonyl)-N, 2-diethyl-N-[ (2-methyl-
ZH-tetrazol-5-yl)methyllindolizine-7-carboxamide
hydrochloride is obtained in the form of a green
powder,

25 Yield = 48%.

Mp (°C): 122

LC/MS: M = Ci33HaaN.0; = 557; M+H = 558; Tr = 1.05 min
(conditions B)

'H NMR (ppm, ds-DMSO, 400 MHz):

300 9.45-9.30 (bs, 1H); 8.30-8.10 (bs, 2H); 7.80-7.65 (bs,
1H); 7.55 (d, Z2H); 7.40 (d, 2H); 7.00-6.85 ({(bs, 1H);
7.65 {s, 1H): 5.00-4.80 (bs, 2H); 4.35 (s, 3H);
3.60-3.30 {bs, 2H}); 2.80-2.70 (bs, 2H); 2.25-2.15 (bs,
2H); 2.15-2.05 (bs, Z2H); 1.55-1.40 (bs, 15H); 1.20-1.05

35 (bs, 3H); 1.05-0.95 (bs, 3H).

RECTIFIED SHEET (RULE 21} ISA/EP
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660 2-Butyl -3-[4-(3-dibutylam nopropyl) -

acid et hyl

Wr- op - 86 - tunb tunb uinb ECG (a) 9T'T (H) 81T 3.82

(2- methyl-2Htetrazol -5-yl net hyl)am de

(A (H

benzoyl ] i ndol i zi ne-7-carboxylic
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et hyl ( 3-
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et hyl (1Ht

10

15

20

25

30

35

s

met hyl [ 1, 2, 4] oxadi azol - 5-yl net hyl ) am de

EfandLd DLy, anponropy il POV LLIMOL T 2o G SR T aci

(cyclopentylamino) -3-methylbutyl]lphenyl}carbonyl) -2~
ethylindolizin-7-yl]carbonyl}-N-propan-2-yvlglycinate
hydrochloride

19.1 Propan-2-yl 3-{[4-{3-amino-3-methylbut-1-yn-1-

vliphenyl]carbonyl}-2-ethylindolizine-7-carboxylate

The process is carried out in the sgame way as in
example 15.3. Thus, starting from 6.0 g (13.01 mmel) of
propan-2-vil 2-ethyl-3-{ (4-iodophenyl}carbonyl]-
indolizihe—?—carboxylate and 1.68 ml (15.61 mmol} of 2-
methylbut-3-yn-2-amine, 5.15 g of propan-2-yl1 3-{[4-(3-
amino-3-methyibut-1-yn-1-yl)phenylicarbonyl}-2-
ethylindolizine-7-carboxylate are obtained in the form
of & yellow solid, after silica column chromatography,
elution being carried out with a DCM/MeOH gradient of O
to 10% with respect to MeQOH.

Yield = 95%.

19.2 Propan-2-vyi 3-{{4-13-(cyclopentylamino)-3-
methylbut-1-yn-1-vl]lphenyl}carbonyl)-2-ethylindolizine-
7-carboxylate

A solution of 5.15 g (12.36 mmol) of propan-2-vi 3-{[4-
(3-amino-3-methylbut-1-yn-1-vyv1)phenyl]carbonyl}-2-

ethylindolizine-7-carboxylate and 2.19 ml (24.7 mmol)
of cyclopentanone in 25 ml of DCE is stirred for 2 hh at
AT and then 0.71 ml (12.36 mmol) of AcOH and 3.14 g
{14.84 mmol) of NaBH(OAC); are guccesgsgively added.
After sgtirring for 24 h at AT, the reaction mixture is
treated with 20 ml of & saturated agqueous NaHCO,
solution and then extracted with 2 x 50 ml of EtOAc.
The organic phases are combined, dried over Na;SQs,
filtered, and then concentrated under reduced pressure.
The residue obtained is chromatographed on a silica

column, elution being carried out with a DCM/MeQH

RECTIFIED SHEET (RULE 21} ISA/EP
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gradient of 0 to 5% with respect to MeOCH. After
concentration under reduced pressure, 5.99 g of propan-
2-v1 3-({4-[3-(cyclopentylamino)-3-methylbut-1-yn-1-
vliphenylcarbonyl)-2-ethylindolizine~7-carboxylate are
obtained in the form of a brown-green solid which 1is
used as it is in the next step.

Yield = 100%.

19.3 Methyl N-{[3-{{4-[3- (cyclopentylamino}-3-

methybutyl iphenyl}carbonyl)-2-ethylindoliizine-7-

vl]carbonyl}-N-propan-2-ylglycinate hydrochloride

By applying a reduction-saponification-peptide coupling
seguence, ag described in examples 18.3, 17.2 and 8.6
respectively, and gtarting from 1.60 g (3.58 mmel) of
propan-2-yl1  3-({4-13-(cyclopentylamino}-3-methylbut-1-
yvn-1-yllphenyll}carbonyl)-2-ethylindolizine-7-
carboxylate, 1.58 g of methyl N-{[3-({4-13-
{cyclopentylamino) -3-methybutyllphenyllcarbonyl)-2-
ethvlindolizine-7-vllcarbonyl}-N-propan-2-ylglycinate

hydrochloride are obtained in the form of a vellow

powder .

Yield = 79%.

Mp (°C): 245

LC/MS: M = C34H4sN304 = 559; M+H = 560; Tr = 1.18 min

(conditions B)
'H NMR (ppm, dg-DMSO, 400 MHz):

RECTIFIED SHEET {(RULE 91) ISA/EP
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- 87 - Z9T DST 9LT S 6, T (E)T().-E (E) EFT (El) ET'T (E) ET'T
4-{2-Eutyl-3-[4-(3- dibutyl am nopropyl)benzoyl]indoli zine-7-

car bonyl } pi perazi n-2-one ({3-[4-(4-Cycl opentyl am nobutyl)benzoyl] - 2-

et hyl i ndoli zi ne-7- carbonyl}lsopropylanlno) acetic acid nethyl ester
1(3-{4- [ 3-FP- ARLASLGERBBent yI ) propyl] -7 PCT/FR2011/052661
benzoyl ) -2-et hylindolizi ne-7-carbonyl)- isopropylam no]acetic acid nmet hyl
ester [(29Echyb- 35{4bfs3- thnethyBaHBnaquk@pennml) 7.65 (s,

pr opy! ] benzoyd} ijgdobizi ng- Tpcanbony)).- 4 SoPrapyham,ng) agst] s sl ety
ester - ! ’
4.15 (s, 2H); 4.10-4.00 (bs, 1H); 3.80-3.60 (bs, 4H):
2.80-2.70 (bs, 2H); 2.30-2.20 (bs, 2H); 2.10-1.90 (be,
5 4H); 1.80-1.70 (bs, 4H); 1.70-1.30 (bs, 2H); 1.40 (s,
6H); 1.10 (d, &H); 1.00 (t, 3H).

Example 20: compound No. 20: (R,;S)-N,2-diethyl-3-({4-
[3-(ethylamino)-4-methylpentyliphenyl}carbonyl)-N-[(2-

10 methyl-2H-tetrazol-5-yl)methyl]indolizine-7-carboxamide
hydrochloride

20.1 Propan-2-yl 3-{[4-({chloromethyl)phenyl]carbonyl}-

2-ethylindolizine-7-carboxylate

15
10.61 g {56.14 mmol) of 4-(chloromethyl)benzoyl
chloride are added to a solution of 8.66 g (37.43 mmol)
of propan-2-yl 2-ethylindolizine-7-carboxylate, 8.69 ml
(74.86 mmol) of lutidine and 0.61 ml (7.49 mmcl) of
20  pyridine in 75 ml of chlorobenzene and then the mixture
is refluxed for 2 h. The reaction mixture is then taken
up with 300 ml of EtOAc, washed successively with
2 x 150 ml of water and 150 ml of brine, dried over
NayS0q4, filtered, and then concentrated under reduced
25 pressure. The residue obtained ig chromatographed on a
silica gel column, elution being carried out with a
cyclohexane/EtOAc gradient of ¢ to 10% with respect to
EtOAc. After concentration under reduced pressure,
10.44 g of propan-2-yi 3-{[4-
30 {(chloromethyl)phenyl]lcarbonyl}-2-ethylindolizine~7-
carboxylate are obtained in the form of a vellow solid.
Yield = 72%.

20.2 Propan-2-vil 3-({4-[ (diethoxyphosphoryl)methyl]-
35 phenyl }carbonyl)-2-ethylindelizine-7-carboxylate

A mixture of 15.0 g (39.08 mmcl) of propan-2-v1 3-{[4-
(chloromethyl)phenyl]lcarbonyl}-2-ethylindolizine-7-
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carboxylate and 26.80 ml of triethyl phosphite is
refluxed Zfor 3 h. The excess triethyl phosphite is
evaporated off under reduced pressure. The residue
obtained 1is taken up with 500 ml of EtQAc, washed
successively with 2 x 200 ml of water and 100 ml of
brine, dried over NazS504, filtered, and then
concentrated under reduced ©pressure. The residue
cbtained is chromatographed on a silica column, elution
being carried out with a cyclohexane/EtQAc gradient of
0 to 100%. After concentration under reduced pressure,
12.8 g of propan-2-yl 3-{{4-
[ (diethoxyphosphoryl)methyl Iphenyl}carbonyl) -2-
ethylindolizine-7-carboxylate are obtalned in the form
of a brown oil which is used as it is in the next step.
Yield = 68%.

20.3 AF—{tert—butoxycarbonyi)—Aﬁ—ethyl—N>methoxy—N;

methyl-D, L~valinamide

1.66 g (41.37 mmol) of NaH at 60% in o0il are added in
small amounts, at 0°C, under argon, to a solution of
7.18 g {27 .58 mmol) of N°- (tert-butoxycarbonyl ) -N-
methoxy-N-methyl-D,L-valinamide in 92 ml of anh. NMP.
After 15 min at 0°C, 4.41 ml (55.16 mmol) of iodoethane
are added dropwise, then the reaction mixture 1is
allowed to return slowly to AT and the stirring is
continued for 18 h. The residue obtained is
chromatographed on a silica column, elution being
carried out with a cyclohexane/EtOAc gradient of 0 to
40% with respect to EtQOAc. After concentration under
reduced pressure, 6.25 g of N°-(tert-butoxycarbonyl)-Ni-
ethyl-N-methoxy-N-methyl-D, L-valinamide are obtained in
the form of a colorless oil.

Yield = 79%.

20.4 tert-Butyl (R, S} -ethyl [3-methyl-1-oxcbutan—2-
v1l]carbamate




Lo v-i ~ - 88 - - 89 - uinb unmb uinb (E) EET (E) 93 T, (E) 63'T (E) 3ET
2-Butyl-3-[4-(3-di butyl am nopropyl ) benzoyl] - indolizine-7-carboxylic acid
benzyl(2- methoxyethyl)am de 2-Butyl-3-[4-(3-dibutylam nopropyl)benzoyl]-

i ndol i zi newd'-z@rboxgé234 aci d i sopropylyg(2-- met hoprel/ri2bam/de2651

3.64 ml (3.64 mmol) of a 1N solution of LiAlH, in THF
are added dropwisge, under argon, at -78°C, toe a
solution of 1.0 g (3.47 mmol) of N°- (tert-
butoxycarbonyl)—Aﬁ—ethyl—Nlmethoxy~NLmethy1hD,L—

5 wvalinamide in 11 ml of anh. TEF. After stirring for
10 min, the reaction mixture is stirred at 0°C for
10 min, diluted with 40 ml of ether, and treated
successively with ~2 g of ammonium chloride added in
gmall amounts and water added dropwige until twe liguid

10 phases are obtained. The supernatant 1s then removed,
washed successively with 20 ml of & 1IN aqueocus HCI
solution and 20 ml of TDbrine, dried over Na;S0a,
filtered, and then concentrated under reduced pressure.
After concentration under reduced pressure, 1.17 g of

15 tert-butvl (R,S)-ethyl[3-methyl-l-oxobutan-2-
vl]lcarbamate are obtained in the form of a coloriess
01l which is used as it is in the next step.
Yield = 100%.

20 20.5 Propan-2-yl (R,S)-3-[(4-{(1E)-3-[(tert-
butoxycarbonyl) (ethyl)amino] -4-methylpent-l-en-1-

v1}phenyl)carbonyll-2-ethylindolizine-7-carboxylate

0.15 g (3.64 mmol) of NaH at 50% in o1l is added in
25  small amounts, under argon, at 0°C, %o a sgolution of
1.7 g (3.50 mmcl) of propan-2-vyl 3-({4-

[ (diethoxyphosphorylimethyl]lphenyl}carbonyl)-2-
ethylindolizine-7-carboxylate iIn 10 ml of anh. THF.
After 30 min at 0°C, the reaction mixture 1s cooled to
30 -78°C and then a solution of 1.17 g (3.47 mmol) of
- tert-butvyl {(R,8)-ethvl[3-methyl-1l-cxcbhutan-2-
vl]lcarbamate in 5 ml of anh. THF igs added dropwisgse. The
reaction mixture is allowed to return slowly to AT and
the stirring i1s continued for 18 h., The reaction
35 mixture is then again cocled to 0°C, treated with 30 ml
of a saturated aguecus NHsC1 solution and then
extracted with 3 x 70 mi of EtOAc. The organic phases

are combined, washed successively with 50 ml of a 1IN



2-Butyl - 3-[ 4- (3-di butyl am nopropyl ) benzoyl1] - indolizi ne-7-carboxylic acid
et hyl (2- isopropoxyet hyl)am de 2-Butyl -3-[4-(3-di butyl am nopropyl ) benzoy1] -
i ndol i zi ne-7-carboxylic acid (2-ethoxyethyl)- isopropylamde .7 , r
7s-..--4 )wb, 2ot27066232----N. .. 2 79 t-1 CV Cbdd/rr2011/052661
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[5)]

agquecus HC1 solution, 50 ml of water and 50 ml of
brine, dried over Na;80;, filtered, and then
concentrated under reduced pressure, The residue
obtained is chromatographed on a silica column, elution
5 being carried out with a cyclchexane/EtOAc gradient of
0 to 30% with respect to EtOAc and then with a DCM/MeQH
gradient of 0 to 10% with respect to MeOH. After
concentration under reduced pressure, 1.32 g of propan-
2-vl (R,8)-3-[(4-{(1E)-3-[(tert-butoxycarbonyl) (ethyl} -
10 aminol-4-methylpent-l-en-1-ylliphenyl)carbonyl]-2-
ethylindoliizine-7-carboxylate are obtained in the form
of an orangey-colcred gum.
Yield = 68%.

15 20.6 (R,5)-3-[(4-{(1E)-3-[(tert-Butoxycarbonyl) (ethyl) -
aminol]-4-methylpent-l-en-1-vlliphenyl)carbonyli-2-

ethylindolizine-7-carboxylic acid

7.1 ml (7.1 mmol) of a 1N agueous NaOH solution are
20 added dropwise, at 0°C, to a solution of 1.98 g
{3.52 mmol) of propan-2-vl1 (R,S)-2-[(4-{(1E)-3-[(tert-
butoxvcarbonyl) (ethyl)amino] ~4-methylpent-l-en-1-
yv1lliphenyl)carbonyl]-Z2-ethylindolizine-7-carboxylate in
22 mi of a 10:1 THF/MeCH mixture and then the reaction
25 mixture 1is allowed to return slowly to AT. After
stirring for 18 h, the reaction mixture 1is cooled to
09C, neutralized with 7.1 ml of a 1N HCl solution and
extracted with 3 x 70 ml of a 95:5 DCM/iPrOH mixture.
The organic phases are combined, washed with 50 ml of
30 Dbrine, dried over NazS0,, filtered, and then
concentrated under reduced pressure. 2.19 g of {(R,8)-3-
[(4-{(1lE)-3-] ({tert-butoxycarbonyl) (ethvl)amino]-4-
methylpent-l-en-1-v1iphenvyl)carbonyll-2-
ethylindolizine-7-carbexylic acid are thus obtained in
35 the form of a vyvellow powder which isgs used as 1t is in
the next step.
Yield = 54%.
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2-Butyl - 3-[4-(3-di butyl am nopropyl ) benzoyl1] - indoli zi ne-7-carboxylic acid

(2- methoxyethyl)-(2,2,2-trifluoroethyl)am de

((2-Butyl v [2ba33rgHdusd4y| ami nopropyl)gq - PCT/FR20

benzoyl i ndol i zi ne- 7- carbonyl ) et hyl am no)- acetic acid e

((2-Butyl-3-[4- 3d| t

benzoyl ] i rfdol’| Zix 5Py
{ethyl[ (2 methyl 2H>tetrazol 5- yl)methyl]carbamoyl}—

indolizin-3-vl1)carbonyl lphenyl}-4-methylpent-1-en-3-

vi]carbamate

5
The process is carried out in the same way as in
example 2.2. Thus, starting from 1.25 g (2.41 mmol) of
(R, 5)-3-[(4-{{1lFE)-3-[ (ftert-butoxycarkbonyl) {(ethyl) -
amino] -4-methylpent-l-en-1-vl1lliphenyl)carbonyl) -

10 ethylindeolizine-7-carboxylic acid and 0.47 g

(2.65 mmol) of N~[ (2-methyvl-2H-tetrazol-5-
yv1l)methyl]lethanamine hydrochleoride, 1.4 g of tert-butyl
(R,S)—ethyl[(lE)—l—{4—[(2—ethy1—7—{ethyl[(2—methy1—2H;
tetrazol-5-yl)methyl]carbamovl }indolizin-3-

15  vwl)carbonyl]phenvl}-4-methylpent-l-en-3-yl]carbamate
are obtained.in the form of a yellow foam, after zsilica
column chromatography, elution being carried out with a
cyclohexane/EtOAc gradient of 0 to 100% of EtQAC.

Yield = 91%.

20
20.8 tert-Butyl (R,S)-ethyl[l-{4-[(2-ethyl-7T-{ethyl[ (2~
methyl-2H-tetrazol-5-ylimethyl]carbamoyl}indolizine-3-

vlicarbonyliphenyl}l-4-methylpentan-3-vl]carbamate

25 A mixture of 1.4 g (2.19 mmol} of tert-butyl (R,S)-
ethyl [{(1lE)-1-{4d-[{2-ethy]l-7T-{ethyl [ (2-methyl-2H-
tetrazol-5-yl)methyl]lcarbamoyvl}indolizin-3-
vl1)carbonyllphenyll}-4-methylpent-l-en-3-yl1]carbamate
and 0.14 g of Pd-C at 10% in 30 ml of MeOH is stixrred

30 for 3 h under 5 bar of hydrogen. The reaction mixture
is subseqguently filtered and then concentrated under
reduced pregsure. The regidue obtained is
chromatographed on a gilica column, elution being
carried out with a DCM/MeCH gradient of 0 to 10% with

3% respect to MeOH. After concentration under reduced
pressure, 1.12 g of tert-butyl (R,S)-ethyl[l-{4-[(2-
ethyl-7-{ethyl[ (Z-methyl-2H-tetrazol-5-v1)methyl]
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carbamoyl }indolizine-3-yl)carbonyllphenyl}-4-
methylpentan-3-yl]carbamate are obtained in the form of
a vellow foam.

Yield = 81%.

20.9 (R,S)-N,2-Diethyl-3-({4-[3-(ethylamino}-4-
methylpentyl]lphenylicarbonyl)-N-{ (2-methyl-2H-tetrazol-

5-yl)methyllindolizine-7-carboxamide hydrochloride

10 The process 1s carried out in the same way as in
example 8.7. Thus, starting from 1.12 g (1.78 mmol) of
tert-butyl (R,S)-ethyl[1-{4-[{2-ethyli-T-{ethyl] (2~
methyl-2H-tetrazol-5-yl)methyl]carbamoyl}indolizine-3-
vl)carbonyl]lphenyl}-4-methylpentan-3-yllcarbamate,

15 0.77 g of (R,8)-N, 2-Diethyl-3-({4-[3-(ethylamino)-4-
methylpentyl]lphenylcarbonyl) -N-[ (2-methyl-2H-tetrazol-
5-yl)methyllindolizine-7-carboxamide hydrochloride 1is
obtained in the form of a greenish powder.

Yield = 93%.

20 Mp (°C): 100
[alp™® = +4.2 (c = 0.19; MeOH)

LC/MS: M = C3HalNs0p, = 543; M+H = 544; Tr = 1.05 min
(conditions B)
'H NMR (ppm, dg-DMSO, 400 MHz) :

25 9.45-9.35 (bs, 1H}; 8.80-8.60 {(bs, 1H); 8.30-8.10 (bs,
18); 7.80-7.70 (bs, 1H); 7.55 (d, 2H); 7.4%5 (4, 2H);
7.00-6.%90 (bs, 1H); 6.75-6.85 (bs, 1H); 5.00-4.80 (bs,
2E); 4.40 (s, 3H); 3.50-3.35 (bs, 2H); 3.15-2.75 (bs,
5H); 2.30-2.15 (bs, 2E); 2.15-2.00 (bs, 1H); 2.00-1.8C

30 (bs, 2H); 1.35-0.80 (bs, 15H).

Example 21: compound No. 81: methyl N-{[2-butyl-3-({4-
[{3R) -piperidin-3-yloxyiphenvl}carbonyl)indolizin-7-

vilcarbonyl}-N-propan-2-yvlglyvcinate hydrochloride
35
21.1 Propan-2-vil 2-butyl-3-[{4-iodophenyl)carbonyl]-

indolizine-7-carboxylate

RECTIFIED SHEET (RULE 91) 18SA/EP



(V‘CO CN - 91 - 06 68 PQOZ 06Z 1.13 (B) (g) TOT (E) 90'T (E) PO T
({3-[4-(3-D butyl am nopr opyl ) benzoy1] - 2-
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il ot N e

et hyl i ndol T zi ne=7-carbonyl }i sopropyl ani no)- , acéti ¢ aci d methyl “ester

({3-[4-(3-tert-Butyl am nopropyl ) benzoyl] - 2- )

et hyl i ndol TB¢ neresDoriA } FE6PLBRY| QAT nodR &d6t | E2REI dWdbt A st er
example 14.1,. Thus, sgtarting from 30.0 g (115.68 mmol)

of propan-2-yl 2-butylindelizine-7-carboxylate and
30.8 g (115.68 mmol) of 4-iodobenzoyl c¢hloride and
5 14.84 g (114.82 mmol) of DIEA, 42.81 g of propan-2-yl
2-butyl-3-1 (4-icdophenyl)carbonyllindolizine-7-
carboxylate are obtained in the form of a yvellow solid,
after silica «column chromatography, elution being
carried out with a cyclohexane/EtOAc gradient of 0 to
10 20% with respect to EtOAcC.
Yield = 76%.

21.2 3-[{4~{[{3R)-1-{tert-Butoxycarbonyl)piperidin-3-
vl]loxyliphenyl}carbonyl]-2-butylindolizine-7-carboxylate

15
A mixture of 8.0 g (16.35 mmol} of propan-Z-yi Z-butyl-
3-[ (4~iodophenyl}carbonyl]indolizine-7-carboxylate,
6.0 g {29.81 mmol) of tert-butyl (3R} -3~
hydroxypiperidine-1-carboxylate, 8.0 g (24.55 mmol) of
20 Cs,C03, 0.5 g (2.77 mmol) of 1,10-phenanthroline and
0.25 g (1.31 mmol} of Cul in 20 ml of anh. tocluene is
refluxed for 18 h under argon. The reaction mixture is

then
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taken up with 200 ml of EtOAc, washed successively with
100 ml of water and 50 ml of brine, dried over Na;SO04,
filtered, and then concentrated under reduced pressure.
The residue obtained 1s chromatographed on a silica
column, elution being carried out with a
cyclohexane/EtOAc gradient of 0 to 40% with respect to
EtOAc. After concentration undef reduced pressure,
2.45 g of (3R)-1-(tert-butoxycarbonyl)piperidin-3-v1 3-
[(4-{[ (3R} -1- (tert-butoxycarbonyl)piperidin-3-
v1loxylphenyl)carbonyl]-2-butylindolizine-7-carboxylate
are obtained in the form of a yvellow powder.

Yield = 21%.

21.3 3-[(4-{[(3R)-1-(tert-Butoxycarbonyl)piperidin-3-

v1l]loxylphenyl)carbonyl]-2-butylindolizine-7-carboxylic

acid

The process 1is carried out 1in the same way as in
example 8.5, Thus, starting from 2.54 g (3.48 mmol) of
(3R)-1-({tert-butexycarbenyl)piperidin-3-yl 3I-[(4-
{[{(3R)-1-(tert-butoxycarbonvl)piperidin-3-
v1loxyvivhenyl)carbonyl]-2-butvlindolizine-7-
carboxylate, 0.65 g of 3-[(4-{[(3R)-1-(Eert-
butoxycarbonyl)piperidin-3-ylloxyliphenyl)carbonyl]-2-
butylindolizine-7-carboxylic acid is obtalned 1in the
form of a vellow foam.

Yield = 36%.

21.4 tert-Butyl (3R)-3-[4-({2-butyl-7-[{(Z2-methoxy-2-
oxoethyl) (propan-2-yl)carbamoyllindolizin-3-

v1}carbonyl jphenoxylpiperidine-1-carboxylate

The process 1s carried out in the same way as in
example 2.2. Thus, starting from 0.65 g (1.25 mmol} of
3-[{4-{[(3R)-1-{tert-butoxycarbonyl)piperidin-3-
yvlloxylphenyl)carbonyl]-2-butylindolizine-7-carboxylic
acid, 0.31 g (1.87 mmol) of mathyl N-propan-2z-
vlglycinate hydrochloride, 0.48 g (3.75 mmol) of DIEXZ
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et hyl i ndol i zi ne- 7- car bony1l) pi per azi n- 2- one

and 0.60 g (1.87 mmol) of TBTU, 0.62 g of tert-butyl
(3R)-3-[4-({2-butyl-7-[ (2Z-methoxy-2Z2-oxoethyl) (propan-2-
vl1)carbamoyl]indolizin-3-vyl}carbonyl)phenoxy] -
piperidine-l-carboxylate is obtained in the form of a

5 wvyellow gum, after silica column chromatography, elution
being carried out with a DCM/MeOH gradient of 0 to 10%
with respect to MeOH.
Yield = 78%.

10 21.5 Methyl N-{[2-butyl-3-({4~-[(3R)-piperidin-3-
vioxy]phenyl }carbonyl)indolizin-7-vyllcarbonyl}~N-
propan-2-ylglycinate hydrochloride

The process 1s carried out 1in the same way as in
15 example €.7. Thus, starting from 0.61 g (0.97 mmol) of
tert-butyl (3R)-3-[4~-{{2-butyl-7-[(2-methoxy-2-
oxoethyl) (propan-2-yl)carbamoyl]indolizin-3-
vllcarbonyl)phenoxylpiperidine-1-carboxyvlate, 0.55 g of
methyl N-{[2-butyl-3-({4-[ (3R)-piperidin-3-
20 vyilioxylphenvl}lcarbonyl)indolizin-7-yllcarbonyl}-N-
propan-2-yvlglvcinate hydrochloride is abtained in the
form of a yellow powder.
Vield = 100%.
Mp (°C): 141.5
25  [alp?® = -2.6 (¢ = 0.205; MeOH)
LC/MS: M = (C31iHagN30s = 533; M+H = 534; Tr = 1.0% min
{conditions B)
'H NMR (ppm, Gg-DMSO, 400 MHz) :
9.35~-9.25 (bs, 1H); 9.15-8.85% (bs, 2H); 7.70-7.65 (bs,
30 3H); 7.20 (&, Z2H); 6.90-6.80 {(bs, 1H); 6.65 (s, 1H);
4.95-4.85 (bs, 1H); 4.15 (s, 2H); 4.15-4.00 (bs, 1H);
3.75-3.60 (bs, 3H); 3.40-3.15 (bs, 2H); 3.15-3.05 (bs,
2H); 2.40-2.25 (bs, 2H); 2.00-1.80 (bs, 3H); 1.80-1.65
(bs, lH); 1.50-1.35 (bs, 2H), 1.25-0.95 (bs, 8H); 0.80
35 (t, 3H).
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-clhi - e dple whicn follows illustrates the chemical
structures and the physical properties of some examples

of compounds according to the invention:
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9 * VI"OTl T. 66 SOLUBILITY RESULT (my/mM) ZL " 8 9 1 gO B COVWOUND NAME
(S)-2-({2-Butyl-3-[4-(3-di butyl am nopropyl) - o .
benzoyl ] i ndol i zi ne- 7- car bonyl } et hyl am no) - propionic acid methyl ester
((2-Butyl -@e[ 40637d6ekBy| am nopropyl)1ibenzoyl j i nsekiedaer1erdwnyl }-
i sopropyl am no) acetic acid (0-[4-(3-tert-Butyl am nopropyl)benzoyl]-2-
et hyl i ndol i zi ne-7-carbonyl | i sopropyl am no)- acetic acid
[ (2-Ethyl -3-(4-[3-(1-isopropyl am no- _ _
cycl opent yEfpeopybEbbheogbhpododis zonel&ftcatbbayl ¥ilsopl bepyiemi no] acetic
acid nmethyl ester
The effect of the compounds of the invention on atrial
5 refraction and on the induction of brief episodes of
atrial fibrillation/flutter caused by premature atrial
beats of the left atrium was studied in pigs of the
German Landrace strain, anesthetized with pentobarbital
and subjected to a thoractomy (Knobloch et al.
10 Electrophysiological and antiarrhythmic effects of the
novel IKur channel blockers, £89947 and S20951, on left
vs. right pig atrium in vivo 1n comparison with the IKr
blockers dofetilide, azimilide, d,I-sotalol and
ibutilide”, Naunyn-Schmiedeberg's Arch Pharmacol 2002,
15  366: 482-487}. Left atrial wvulnerability in this pig
model 1s alsco & wvalid parameter for testing the
efficacy of atrial antiarrhythmic compounds and has

demonstrated its predictiveness in humans {Knobloch et

al.).
20
Method
The animals were premedicated with 2 mi of
intramuscular (i.m.) Rompun® 2% and 2 ml of

25 70leti1100®, and anesthetized with 5 ml of Narcoren®
(pentobarbital, 160 mg/ml = 25-30 mg/kg i.v.) injected
as an intravenous (i.v.) bolus, followed by a
continuous intravenous drip of pentobarbital at 12-
17 mg/kg/h. The heart was exposed after left

30 thoracotomy supported by a pericardial cradle. The
animals are ventilated by respiratory assistance
{air/oxygen). The analysis of blood gases (pCs; pPCO3)
was carried out at regular intervals in order to check
the oxygen supply provided by the respirator and to

35 maintain a p0; > 100 mmHg and a pl0; < 35 mmig.
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TO record the hemodynamic parameters, electronic

catheters of Millar PC 350 type are implanted in the
left femoral artery (BPs/d: abbreviation for blood
pressure systolic/diastolic), the pulmonary artery and
in the left wventricular wvia the right carotid artery
(LVP, LVEDP and HR: abbreviations for left ventricular
pressure, left wventricular end-diastolic pressure and

heart rate, respectively).
The Dbipolar surface ECGs (electrocardiograms) were
recorded by means of lead II or III needle electrodes

implanted subcutaneously.

A monophasic action potential electrode is placed in

"the right atrium wvia a venous approach, and another on

the epicardium of the left atrium in order to measure
the atrial refraction.

The electrophysiological data are continuously recorded
and stored on the hard disk of a computer via an online
acqguisition and analysis system (Hem Notocord

Evolution, Croissy-sur-Seine, France).

The left and right atrial refractions are measured
according to the 81-3S2 incrementation protocol with
hase cycle lengths of 240, 300 and 400 ms before and
after administration of the vehicle or of the test
compound at regular intervals (15, 30, 60, 90,
120 min).

The episodes of Dbrief atrial fibrillations which
frequently follow the premature beat S2 are noted and
compared with the base recording (left atrial
vulnerability: maximum 45 min before and after the
injecticn of the test compound).

69 619



Or 2-Butyl -3-(4-piperidin-4-ylbenzoyl)- indolizine-7-carboxylic acid
ethyl (3- nethyl[1, 2, 4) oxadi azol - 5-yl net hyl ) am de
({2-Butyl-3-[4-((R)piperidin-3-yloxy)- benzoyljindolizine-7-carbonyl}-
| sopropy! agg ey BELYéE62 81 d TEL Nyl estffg el \ \-\pd&-/tr%z%lflgo%s%p- co

Ef fect of the conpounds on left atrial Tibrillation The effect of the

conpounds of the invention on atri al . .
The evaluation of the QT interval was carried out

during right atrial pacing, the rate of which was
increased by 10 beats per minute compared with the
sinus rate for the first 15 minutes after the
5 adminigtration so as te avoid having tTo correct the
duration of the QT interval and the monophasic action
potential (MAP) relative to the heart rate. For this
purpose, a stimulating electrode is placed on the
proximal part of the left atrium. This procedure makes
10 it possible to distinguish the compounds which affect
the wventricular repolarization {prolongad QT interval
is an undesirable effect, since it promotes ventricular

arrhythmias) .

15 The electrophysiological recording {(ECG and MAP) makes
it possible to identify the standard side effects which
are often related to the blockage of potassium, sodium
and calcium channels in the heart (prolonged QT,
atrioventicular block, delayed conduction). Hemodynamic

20 monitoring makes it possikle to distinguish the adverse
effects relating to inappropriate blockage of potassium
channels [increase in arterial pressure (AP) and in
pulmonary pressure (PP)], and of sodium and calcium
channels (negative inotropic effects, drop in arterial

25 pressure}.

Results:

The compound of the invention is evaluated on 2 to 4
30 pigs at 3 mg/kg i.v., bolus or as a drip for 15 min,
and with 3 pacing rates (150, 200 and 250 bpm). The
results obtained are expressed as % increase in right
and left atrial refractory periods (LAERP and RAERP,
respectively), and as % decrease in left atrial
35 wvulnerability (episodes of atrial fibrillation induced
by 52, LAV) relative to the base line, and the duration
of action 1is expressed in hours (h). Compounds No. 2 to



5 refraction and on the induction of brief episodes of atrial
fibrillation/flutter caused by premature atrial beats of the left atrium
was studied in pigs of the Gernman Landrace strain, anesthetized with

pent obar bi @l 261, Gswb st ed to a thorags ony (Knolacksalo1al ost®e
El ect rophysi ol ogi cal and antiarrhythm c effects of the novel |Kur channel

bl ockers, 89947 and 820951, on left vs. ght plﬂiatrlun1|n Vivo in
conpar i son ghi f t hBe| Bkt s UBRER IPH%lO%&l Rg d&AERP| -6t &%I and

i butilide"ledNaunyow Scimhedebetne sLAVChyPhar magek 2082, plb1366° t4@2- 487).
Left atrlq% vuInerablllté i n_thi ﬁ é nodel |s also a valid paraneter for
testing the ef fréacy of“&tPFEI 2hti ar PRyt Affc dOWPGENdS anEdRas Ve

denDnstrate@otrsppxedffECVenése A xhionen f{ Khobl ochaet iakrkpas20 iMet hod
Theani ga Egggﬁ nﬁgg t scul ar(i.m ) Ronpun2%and2 ni of
25 ZoIetllloo(gxp an anest%etlz vm%h %Iﬁﬁﬂgf Nar coren (pentobarbital, 160
mg/m - 25-30 ng/kg i.v.) injected as an intravenous (i.v.) bolus, followed

conti nuousr ¢ Nthavereys dibPeofs 1Tnae/ kghd. cHhe heaid é@@éo%ﬂ@gectéo
thoracoton%h% pported, by ‘a pericardial_ aninmals are ventil ated
Ss

respirat or %Y%%Eeo%alpﬁﬁﬁyg@ﬁ) PN BREREEPSES §¢BEW@6@1§§§é§ﬂ(p02

p002) was gat ety ouln abarepuhBer | ST aatisy it Df defoporeheck To record the
henod %anlc paraneters, electronic catheters of MIlar PC 350 type are

i npl ant'ed in the left fenoral artery (BPs/d: abbreviation for blood
pressure siseobbwpdiasgsokiceprdihg muimﬂnarynaemeiynandnSdheﬁéﬁbﬂ&ﬁt

ventricul ar, Vlﬂ g?e &bght§%%%9£{q¥frtﬁg g éVEDEEIagaﬁglCQB_reV|at|ons

for left ventricu pres ven Tieu end ol1¢ pressure and

heart ratean¢%%$%h¥¢ﬂmﬁ@)mGQEpam@ntﬁpolar surface ECGs (el ectrocardi ograns)

were recorded by neans of lead Il or Il needle electrodes inplanted

subcutaneousI% A nonophasi ¢ action potentlal el ectrode is placed in 15 the
i

ri ght 1at ri Ui 2ECVEROYE BPpPBAERST afll RSt REPSERSthé SFRO&SH Wh of the
left atriumhéniotvdetidbn &easwcﬂdah’cexﬁsrlmlmfﬁ@lﬁpr@@e Fheompound

eIectrophys ologi cal are contin usl rec 20 and stored on the
hard disk © &pggwgﬁt ?ESra‘%% 8ﬁ1i%§855b sﬁF} gﬁﬁrgﬂ | Y& S syt em (Hem
Not ocor d Evmmamtﬂ@lbﬁy-aswepﬁeibi@ Bradcepf Theel efdmmndchdi gt atri al
refractiong, &ﬁ red 25 according to the 51-32 increnentation protocol

wi th base cyc engths of 240, 300 and 400 ns before and after
adnlnﬁgtratlon of the vehicle or of the test conpound at regular intervals

(15, 30, 6fhedD, ndd0cBhbBhcs38re of therapeutic use in particular
in the treatment and prevention of atrial and
ventricular arrhythmias: atrial tachyarrhythmia, atrial
fibrillation, atrial flutter, atrial tachycardia,

25 wventricular tachyarrhythmia, ventricular extrasystoles,
ventricular tachycardia, ventricular flutter and
fibrillation; of angina pectoris, of hypertension, of
cerebral circulatory insgufficiency, of heart failure,
of myocardium infarction which may or may not be

30 complicated by heart failure, or the prevention of

post~infarction mortality, or of stroke.

Thus, according to another of its aspects, a subject of
the invention is the use for a compound of formula (I)
35 for preparing a medicament intended for the treatment

of pathological syndromes of the cardiovascular system.



The episodes of brief atrial fibrillations which frequently follow the
premature beat 32 are noted and conpared with the base recording (left
atrial vulnerability: maxi mum 45 mn before and after the 35 injection of
the test cowpauridy 066234 eval uati on-ofi2tthe QT i nteCcvAFRRAS1ZA52660 out
during right atrial pacing, the rate of which was increased by 10 beats per
m nute co I e te for e m.pyt es afte the 5
adm ni stra |o(r§)(}sdo éjg EtE) a\sk'a(%r?D eglr\alll Ogtol%%rrgecﬂt;g‘%%e dura?l on*t of “t'he Qr

i nterval adgviendiesnopkigdiacesact i on popbﬁrmate(lm%lr el abityestoiohe heart
rate. For tdjs, Punpese.,a é&tﬂyéaﬁhgge@L%ﬁEYOQP ééhﬁ%éﬁ@d geo£8§ gr oxi mal
part of the left atrium rocedur e nakes posm%eto I'stinguish
t he conpourtds V\viki‘lechl&f’?é‘éﬂOflhe VBRER cEFéFm@QEBFaFF‘%at FeRPepEbl6Rged QT
interva | scataundeshr a@ﬁ@@i_{@gt AcHACB i tapr MRS vert rkedbatnd
arrhythm as) . %tlThe | ect rka%])hym olo %eﬂ?al recordi ng <SECG and, MAP) makes it
possi bl e t FRSMTPEY tHie Stndardl SiideTef f et s thi EREEFECERESRZFeVat ed to

t he bl ockagecebtpbilassialm Fodiaim artdn;ﬁﬁirﬂi urarchaaned sat nl ket heaet

(prol onged m%tcreh%‘i%%tll ulaagce %;%lie e%C% e% ctonductl on). Henodynam c 20
rmnitoring es It possibleto &stlngws the ‘adverse effects relating to
i nappropriate bl ockage of potassiumchannels [increase in arterial pressure

(AP) ang '@aﬁ@!”D@%EXPQ%%%%UreaEBP)]ch%@QnOf sgebegaaﬂg Ca£8'U”t§Qanne'S
(negative inotropic effects in arterial 25 pressure). Resu The

compound oPPERESCRAER PN f@r@vaﬂrﬁjat e8cometest 4 030 piigsnastBahyPRg i.v.,

bol us or agiea:diicp fﬂoni5tﬁbn,us®f&q Vst 3 pacd Ngnt ahesirel 94how00rand 250
bpm). The r ults ogtilal ned ate expressed as %increase in right and left
atrial reff tsc?rﬁ’kﬁ eﬁjclén(f_C Ptind RAERP, respectively), and as %
decrease in left atr| al 35 vulnerability (episodes of atrial fibrillation

mduc@ by %ZI k Iprhea(%a{é/ tlocélhe %goslz{%gdnsand %hetggraég:gg of action

IS expresse ounds
lnventlon for oral sublingual, subcutaneous,
intramuscular, intravenous, topical, local,
intratracheal, intranasal, transdermal or rectal

administration, the active ingredient of formula (I)
20 above, or galt thereof, can be administered in a unit
administration form, as a mixture with conventional
pharmaceutical excipients, to animals and to human
beings for the treatment of the zbove disorders or
diseases.
25
The suitable wunit administration forms include oral
administration forms, such as tablets, soft or hard
capsules, powders, dgranules and oral solutions or
suspensions, sublingual, buccal, intratracheal,
30 intraocular and intranasal administration forms, formg
for administration by inhalation, topical, transdermal,
subcutaneous, intramuscular or intravenous
administration forms, rectal administration forms, and
implants. For topical application, the compounds
35 according teo the invention can be used in creams, gels,

olntments or lotlons.



81 of the invention, which prolong the LAERP by at |east 20% inhibit the
LAV by at |east 60% prolong the QIc by a nmaxi mumof 5 nms and i nduce a
negative inotropic effect of a maxi numof 20% or an increase in 5 AP or in
PP of a negbmigiofodss¥dig. It therefore; appears toisd/sedRq0mEEs
according to the invention have an advant ageous pharmacol ogi cal activity,
in particular antiarrhythm c properties. 10 The conpounds according to the
i nventi on ©@n Yer Qﬁor%xa%p%%ed & obpt e FHI Y et [N £ ™ nPpard i cul ar
anti arr hyt bompsotedi aageptisnglsolhilss aceoicisg t6 apbiber fokn tmspects, a
subject of the inventiop |s nedicanments which conprise a conpound of

formul a (If?m%¥l%% g%%i??%ﬁoﬁ%T% THaF ebFUWiTR a phar maceutical |y acceptabl e
acid of the conpound of fornmula (1). 20 These nedi canents are of

therapgyti@ogggﬁh& Q@é&f&g% {%%”tﬁgeiﬁé Nt and géquﬂ%ion of atrial and

ventri cul ar rhyt hm as: tachyarrhythma, atria brillation,
atrial fluMgeritatrial tachycardia, 25 ventricul ar28achyarghyt hni a,

ventri cul agogxthasyst@hesmeVeptei cul ar tachycardia, yeptggcular flutter and
fibrillation; of angina pectoris, of hypertension, of cerebral circulatory

i nsuf ficieney™ ®F2heldrt failure, of nyocardi uminfatet? FA9whi ch may or nay

not be 30 mpapbkeatedybyctieal tfdiltse, or the prevent2omnmef
post-iQ;arﬁtion Qnrtaéitya or of stroke. Thus, accor i@ to another of its
aspecgs, a %%%?%c?mo? thE*FRvention is the use for a’¢ %%%und of formula
(1) 35 for preparing a nedicanent intended for the treatnent of

pat hol ogi oah. sUNdEaes, oF e soardl oaseul g skt f,opocor difg,Le anot her

of its aspects, resent invention relates to Fmaceuti ca
conposi t i OABS@GAPr RPERNGPPASPICEINs iFHffediemged eonpotndagdcofiitng to t he

i nvention. ;1hes@ BTG LULHGAl 1 CPEROSHH | ORS R reQRbAl fb annef flegidve dose of
at | east one conpound_according to the invention, or a pharnmaceutically
acceptiabl epggq:{:gg@, saif cONpPBERd, AP & St LPEateGhePphaPhacettical iy
accept abl edexetpiest. b¥0 thal dbrextiqiLant sSceseathoses, ateon@didd oot he

phar maceut | cal fgéﬁ]gng thg ﬁEt od of.ggﬂinistration desired, fromthe
usual exci% nt's Fch%ar € Khowr T o thoke sﬁpﬁieﬁeFﬁOPﬁg a’t. 9% %n the
phar maceut behieconpositi ons of the present

i nventi onfororal, sublingual, subcut aneous,

i ntranmuscul ar, i ntravenous, topical, | ocal ,
2 According to another of i1its asgpects, the present

invention alsoc relates to a method for treating the
pathological conditiong indicated above, which
comprises the administration, to a patient, of an
effective dose of a compound according to the

25 invention, ocr a pharmaceutically acceptable sgalt
thereotf.

30



intratracheal, intranasal, transdermal or rectal adm nistration, the active
ingredient of fornmula (1) 20 above, or salt thereof, can be administered in
a unit admnistration form as a mxture with conventional pharmaceutica
exci pi ent swot goaniyogeszand to human hebngs for theasd@addgenioiséhe above
di sorders or diseases. 25 The suitable unit adm nistration forns include
oral admnistration forns, such as & s, soft or hard capsul es, powders,
granul es and oral solutions or suspensions, sublingual, buccal,
intratracheal, 30 intraocular and intranasal adm nistration forms, forns
for admini strat honohyolnhakatiespoh@Phtale thansderig, subcutaneous

i ntranmuscul ar or intravenous admnistration forns, rectal adm nistration
forms, and inplants. For topical application, the conpounds 35 according to
the invention can be used in creams, gels, ointnents or lotions. WO
xaypl e, a unit

adm nistration formof a conpound ac®gro f Lpvention in tablet form
can conprise the foll ow ng constituen 2 according to the

i nvention50.0 ng Mannitol 223. Z8R caranel | ose6.0 ng Corn
starchl15. 0 ng Hydr oxypropyl ne 2.25 ng 10 Magnesi um stearate3. 0
ng There nmay be specifiq;cas$- : ' or | ower dosages are
appropriate; such dosages™ " fromthe context of the invention.
According to the usual 15 gractice, the dosage appropriate for each patient
i s deternined by the physiclan according to the nmethod of administration
and the weight and response of said patient. 20 According to another of its
aspects, the present invention also relates to a nethod for treating the
pat hol ogi c4l*®E8®Ai ti ons i ndi cated above, which conprises the

adm ni str akioneptesanpati ent, of an effective dose of a conpound according
to the

i - either
O
RO
NR;
R,
- or
o N—
1= R—0 R,
- or
R0
4
_R:,X—NR;
- or
R
{““NR;
20
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25 invention, or a pharmaceutically acceptable salt thereof. 30 WO
2012/ 066234- 122 -PCT/ FR2011/ 052661 CLAIMS 1. A conpound corresponding to
formula (1) 5 wherein Rl represents: 10 -either O 15 O

WO 2012/006234 - 123 - PCT/FR2011/052661

- or

- or
5
Ra N—
1 4
- or
Me
Me—0O O—
10
- or
H
fQ_
15 - or

N"""N:

i _
/N""’“N; O—
Me

RZ represents a hydrogen atom, a ({Ci;-Cg) alkyl
20 group, a benzyl group or a CH;-CF; group;



or 20 WD 2012/066234- 123 -PCT/ FR2011/ 052661 or or Re--cN r
15-or
hydr ogen at om

‘'O0 O

10

i5

20

25

30

WC

~ A
LU

or

Me M

WD 2012/ 066234- 124 -PCT/ FR2011/ 052661 R3 represents a

a (01-04) al kyl group or a benzyl group;

12/066234 - 124 -~ PCT/FR2011/052661

R3 represents a hydrogen atom, a (C1-C¢) alkyl
group or a benzvl group;

R4 represents a hydrogen atom or a {(Ci-C.) alkyl

group;

R5 represents a hvdrogen atom oxr a (C1-Cs) alkyl

group;

R6 represents a nitrile group or & heterocaryl
group comprising from 1 to 4 hetercatoms chosen
from a nitrogen atom and an oxygen atom, this
hetercaryvl group being optionally substituted with

a (C1-Cg) alkyl group;

R7 represents a hydrogen atom or a linear,
branched or cyclic (Cy-Cs) alkyl group;

R8 represents a hydroxyl group Ccr a Ccvanoe group;
X repregents a bond or an oxygen atom;
Am repregents:

-  eaither

NR,

-{CH:)}+-CR1sR2¢NR17-Rig



5R4 represents a hydrogen atomor a (01-C4) al kyl group; RS represents a

hydr ogen aton1or a (C1-05) alkyl

a het eroar

nitrogen a QHFHH
substituted wth 15a (Cl-00 al kyl

group; 10 R6 represents a nitrile group or

group conprising from1l to 4 heteroatonms chosen froma

group;

d/8868%¢gen at om thi §2heter oar yIPQRARRR Wl A0B52581 onal | y
R7 represents a hydrogen atom or a

|inear, branched:or Rysldcerk Gl DO)yakiybn OhoUR: 20RB fepresentsca hydroxy!

group or a cyano roup; represents
represents: 25 grgPPher 30- or
(C1-C6) al kyl group,

10R19 and R20 rée

al kyl 5group; R&g resents a

(C3- C6)> spi roal kybugr oup;

10

15

20

25 2.

30

35

R18 represents a branched or cyclic

group;

7e ERE 5 R Sr Ggen?

an oxygen at

R16 represents a hydrogen atom or a

R17 represents a hydrogen atom or a (Cl-C6)

branched or
S owor

aEZWCiﬁt%§a8%$§%alkyl

R19 and R20 represent a hydrogen atom or a

alkyl group, or
m represents an
n represents an
r represents an

5 represents an

form a
integer
integer
integer

integer

(C3-Cg)

egqual

egual

egual

equal

to

to

to

to

O or 1;

1 or 2;

1 or 2;

1l or 2;

t represents an integer between 2 and 4;

{C1-Ce¢)

(

A

alkyl

C1-Cg)
spircalkyl group;

in the form of a base or an addition salt with an

acid,.

The compound of formula

chosen from:

- compound No. 2:

(I} as claimed in claim

aminopropyl)benzoyllindolizine-7-carbonyl}-

pyrrolidine-2-carboxylic acid methyl ester:

- compound No. 3:

aminopropyl)benzovllindolizine-7-car-

1

-

(8)-1-{2-Butyl-3-[4-(3-dibutyl-

(R)-1-{2-Butyl-3-[4-(3-dibutyl-

bonyllpyrrolidine-2-carboxylic acid methyl ester:

- compound No. 4:

(2Z-methoxyethyl)amide;

Z-Butyl-3-{4-
propyl)benzoyl]indolizine-7-carboxylic

acid

(3-dibutylamino-
ethyl

oup;
or forma



mrepresents an integer equal to O or 1; 15n represents an integer equal to
1 or 2; r represents an integer equal to 1 or 2; s represents an integer
equal to 1 or 2; 20t represents an integer between 2 and 4; in the form of
a base or WP agdRviés284lt with an acids 25 2. TheeamigrROM afsFedxul a (1)
as claimed in claim 1, chosen from conpound No. 2:
(S)-1-(2-Butyl-3-[4-(3-di butylam nopropyl)benzoyl]indolizine-7-carbonyl}-
pyrrolidine-2-carboxylic acid nmethyl ester; 30 conmpound No. 3:

(R -1-{2-Butyl-3- F@mgeuﬂﬂbﬂpvl5anlh%pB@byR)@ehéoy3}ﬁnb@tvirne 7-car-bonyl }p
yrrolidine-2- Ca%ﬁﬁﬁﬁbk@p?@ geﬁ?é?!h1ﬁ§5§521§é 7CLHPRYAY $ch i-
2-Butyl-3-[4-(3-di utylanlno- % enzo I]|ndoI|Z|ne carboxylic acid
et hyl ~ (2- net hox$BLR{) RERT 46 acv@ 1?@‘91 Yée@? 4L/ 126 - PCT/ FR2011/ 052661
conpoursd No. 5:
({2-Butyl-3-[4-(3-di but I- nln r o] ndol i e-7-carbonyl | et hyl -
m no) acetic acid &Sﬂﬁg 68 ?E%n%8gﬁé {b 699 tyZ—

({2-Butyl-3-[ 4- @aidbbmbpylahenapybbyhﬁbémzmyé}vHdatbanﬁE}5tn@lbonyl}ethyl-
m no)acetic acid; 7a§8F98qu' 0. 7: 3-({2-Butyl-3-[4-(3-dibutyl -
anlnopropyl)benzoy in Zi ne- 2 car bonyl } et hyl - am no) pr opi oni ¢ aci d;

10 - compound No. 7: 3-({2-Butyl-3-[4-(3-dibutyl-

aminopropyl)benzoyl]lindolizine-7-carbonyl}ethyl-

amino)propionic acid;

- compound No. 8: ({3-[4-(3-Cyclopentylaminoprop-

i5 viybenzoyl]-2-ethylindolizine-7-

carbonyl}isopropylamino)acetic acid methyl ester;

- compound No. 9: 2-Butyl-3-[4-(3-dibutylaminoc-

propyl)benzoyllindelizine-7-carboxylic acid eth-
20 v1{2-methyl-Z2H-tetrazol-5-ylmethyl)amide;

- compound No. 10: 2-Butyl-3-[4-(3-dibutylamino-

propyl)benzoyl]indelizine-7-carboxylic acid eth-
y1{(3-methyl-[1,2,4]loxadiazol-5-ylmethyl)amide;

25
- compound No. 11: 2-Butyl-3-[4-(3-dibutylamino-
propylibenzoyllindolizine-7-carboxylic acid eth-
vyl (lH-tetrazole-5-ylmethyl)amide;

30 - compound No. 12: {[2-Butyl-3-(4-piperidin-4-
yvlbenzoyl)indolizine-7-carbonyl]isopropyl-
aminolacetic acid methyl ester:

- compound No. 13: 4-{2-Butyl-3-[4-(3-dibutyl-

35 aminopropylibenzoyl]lindolizine-7-

carbonyl }piperazine-2-one;



conmpound No. 8: ({3-[4-(3-Cycl opentyl am nopr op-

15yl ) benzoyl1] - 2- ethylindolizine 7- carbonyl |i sopropyl am no)acetic acid
nmet hyl ester; npound No. 9:

2-But y1- 3- ﬁ?(ﬁ?%ﬂtﬁﬂ%ﬁ%ﬁﬂ nopr opy! ) beAZ8yl-] i ndol | BCHAFR2@AL HOEYEEL aci d
et h20yl (2- net hyl-2Htetrazol -5-yl net hyl ) am de; conpound No. 10:

2-Butyl- 3-[ 4- (3m{hdaﬁ§ﬂﬂﬂa meRr apyl )iy gnqqylhl §ghb6bﬂ%yzaﬁﬁhgoxy|lc aci d
et hy1( 3- net hyl - % oxadl aZol -5 am de; " 25 “conpound No. 11:
2-Butyl- 3-[ 4- (3 tﬁﬂt%F%ﬁpﬁaﬂr3p?¢¥§%ﬁ?@VﬁP@ﬁ&@rﬁzﬁﬁébwﬂcarboxyl|c aci d
et hyl(1H t et r azolle-iBoplrmethyn) am) deet30- 2eoapaLRe N0 et

{[2-Butyl- 3-(4-piperidin-4-

yl benzoyl )i ndol i zi ne- 7- car bonyl ] i sopr opyl am nol aceti ¢ acid nethyl ester;
conpound No. 13:- compound No. 15: [(3-{4-[3-{l-aAminccyclo-

4L Buy LS [pind byl deaninonteny ) begoy bbb ados el ge- 7

car bonyl } pi per azi ne-2

({ 3- [ 4- (4- Oycl ofeatyrah) A6ORGERY ) BBA ROy 2 eRiet hyldndethzinesEecar bon-yl }i so
propyl am no)acetic acid nmethyl ester; 5- conpound No. 15:

[ (3-{4-[3-(1- Ami nacycl o- pentyl)praopyl]benzo 2- eth | i ndol i zi ne-7-
carbonyl)isoproﬁyﬁ&éEﬁEPQGEE&glEC|é ﬁe%ﬁyvl gréﬂ ~meghipound No. 16:
[ (2- Ethyl - 3- (4- pﬁa@bcyeubpbﬁegmnpegﬁgn@@@ﬂkbyl@agawhhagﬁéoyLllndollZlne 7-
carbonyl)lsopro%% %ghng]acetlc aﬁ 5 % npound No. 17:
3-[4-(3-tert-Butyrannopropyl PB&nzZ8y Tl 3¢ SFH§|Pﬁaé|W?FH¥17eé£€6oxy||c
15aci d et hyl (2-net hyl- ZFLtetrazoI 5-yl met hyl ) am de; compound No. 18:
3-[4-(3-tert-ButyLapRand- NgEtﬁylb§t¥4l?§nE8¥%lBat§& thgol|z|ne-7-
car boxyl i caci deth

pfopyl)benzoyl] 2 etbyllndollzlne 7-carboxylic

15 acid ethyl (2-methyl-2H-tetrazol-5-ylmethyl)amide;

- compound No. 18: 3-[4-(3-tert-Butylamino-3-

methylbutyl)benzoyll-2-ethylindolizine-7-
carboxylic acid ethyl (Z-methyl-2H-tetrazol-5-
20 yilmethyl)amide;

- compound No. 15: ({3-[4-(3-Cyclopentylaminc-3-
methylbutyl)benzoyl]-2-ethylindoliizine-7-

carbonyll}isopropylamino)acetic acid methyl ester;
25 '

- compound No. 20: 2-Ethyl-3-{4-((S)-3-ethylaminoc-

4-methylpentyl}benzoyllindolizine-7-carboxylic
acid ethyl (2-methyl-2H-tetrazol-5-yimethyl)amide;

30 - compound No. 21: 2-Butyl-3-[4-({3-dibutylamino-

propyl)benzoyl]lindolizine-7-carboxylic acid
benzyl (2-methoxyethyl)amide;

- compound No. 22: 2-Butyl-3-[4-(3-dibutylamino-

35 propyl)benzoyllindolizine-7-carboxylic acid
isopropyl (2-methoxyethyl)amide;



20yl met hyl ) am de; conmpound No. 19: ({3-[4-(3-Cycl opentyl am no- 3-

nmet hyl but yl ) benzoyl] - 2- et hyl i ndol i zi ne-7- car bonyl }i sopropyl am no) acetic
acid nethyl ester; 25 conpound No. 20:

2- Et hy1- 3- % éSS; - et hyl am no4- nethylpentyl)benzqyl]lndoI|2|ne 7- car boxyl i
c acid et h§P( ﬁE{ﬂyi“é tetrazol - 5=yl At hyl ) ani RET/IR2WIAPEZPIN0.  21:
2-Butyl-3-[4-(3-di butyl am no- propyl)benzoyl]|ndoI|Z|ne-?-carboxylicacid
benzyl ( 2- met hoxyetéyppanidRo. 23: 2-8@APOURA[NO(3 2@ibutylamino-

2-Butyl-3-[4-(3-dibu Ianlno enzoy |ndol zi ne-7-carboxy]icacid
i sopropy1( 2- netﬂBQ?%i 9??5ﬂ¥ﬁ£8nggi%%b% g R% i acrd
2-Butyl- 3-[ 4- (3edhbhﬁ9+aﬂmpn@m@pyéﬁh@h29mi¢endol|Z|ne 7-car boxylicacid

et hyl (2-i sopropoxyet hyl )am de; 5- conpound No. 24:

2-Butyl-3-[4-(3-di butyl am no- propyl)benzoyl]indolizine-7-carboxylic

aci d( 2= ethoxyeth&?ﬂ£§3@iﬂﬁ&iﬂ%& dez - Bebviposin 84 NO3 - @Bbu vy Bunihe3- [ 4- ( 3-
10di but yl am no 7=C aci N

(2- met hoxyet hy%?@ﬁgi pﬁt&fg? jﬁlogg&é%iﬁﬂgﬁl ¢ e@é%&%{ig%onp%uln% No(2 26:

({2- Buty1- 3-[ 4- ?@ G?ﬁ%??Y%h%%%@%Q%biﬁwb@ﬁzoyI]|ndoI|2|ne 7- car bonyl } et hyl -
5am no) acetic acid ethyl ester; conpound No. 27:

({2-Butyl-3-[4-(3- dlbutééaﬁ1no-gr0£y£%g fzgytl n90I|Z|ne 7-car bonyl } et hyl -

m noi acetic acid
10 dibutylaminopropyl)benzoyllindolizine-7-carboxylic

acid (2-methoxyethyl) (2,2,2-trifluoroethyl)amide;

- compound No. 26: {{2-Butyl-3-[4-{(3-dibutylamino-

propyl)benzoyl]lindolizine-7-carbonyl}ethyl-

15 amino)acetic acid ethyl ester;

- compound No. 27: ({2-Butyl-3-[4-{3-dibutylamino-

propyl)benzoyllindelizine-7-carbonyllethyl-
aminojacetic acid isopropyl ester;

20
- compound No. 28: ({2-Butyl-3-[4-(3-dibutylamino-

propyl)benzoyl]lindolizine-7-carbonyll}isopropyl-
aminoacetic acid methyl ester;

25 ~ compound No. 29: ({3-[4-(3-dibutylamino-

propyl)benzoyl]-2-ethylindolizine-7-carbon-

vllisopropylamino)acetic acid methyl ester;

- compound No. 30: ({3-[{4-(3-Butylamino-

30 propyl)benzoyl]-2-ethylindolizine-7-carbon-
vllisopropylamino)acetic acid methyl ester;

- compound No. 31: ({3-[4-(3-tert-Butylamino-

propyl)benzoyl]-2-ethylindolizine-7-carbon-

35 yvllisopreopylamino}acetic acid methyl ester;



20 conpound No. 28: ‘ _

({2-Butyl-3-[4-(3-di butyl am no-propyl ) benzoyl ]i ndoli zi ne-7-car bonyl )i soprop
yl -am no)acetic acid nethyl ester; 25- conpound No. 29:

({3-[4-(3-di butyl am no- propyl)benzoyl]-2-ethylindolizine-7-carbon-

yl }i sopr opyQurd Wed H&d3 %4 aci d net hyl- est%®r- PCEYIBS03d /N52680:
({3-[4-(3-Butyl am no30pr opyl ) benzoyl] - 2- et hyl i ndol i zi ne- 7- car bon-

yl I'i sopropyl am no)ag&dwndaidl. ety esar,1-3- 14- (xonpound No. 31: ,
({3-[4-(3-tert-But . benzoyl] -2- et hyli ndol i zi ne- 7- car bon- 35yl | i
sopr opyl ami no) acetqR A RSt IR Crash I¥Sn 20 l) Nore32:

({2- Ethyl- 3- [ 4- (Garih&opr Oy raReRMm ) Lenzioy | dd ndeld @ie-aster ;

car bonyl }i sopropyl am no)acetic acid nethyl ester; 5- conmpound No. 33:
({3-[4-(3-Cycl opentyl am no-

propyl ) benzoyl] -2-sinpydumil Mo zi3e- 7¢ Car bbne3d Getlydam ogmeicet4 ¢ aci d et hyl
ester; C 34, ({3-1.4-(3- Cycl opentyl am.ng-

10pr opyl ) benzoy1]-2- so%gr)%zpci}ﬁln oIelézlllyhle%nf%élalrzblonre"%/y_lﬁa}%l%opr%_opyl ami no) acetic
aci d net hyl esterllethylanigoppowgtd NoacBb:ethyl ester;

({3-[4-(3-Cycl ohexyl am no- propyl ) benzoy1l] - 2- et hyl i ndol i zi ne- 7- car bon-

15yl }i sopropyl am no) acetic acid nethyl ester; conpound No. 36:

[ (3-{4-[3(2, 2- D hetMRHUBNO 4 34h0) b&b“p%'] beraeeren st ainiol i zi ne- 7-carb
on-yfligopr I0|oy| %ﬁfﬁﬁ@ﬁ%ﬂ%ﬁ?@%dﬁ&oﬁﬂﬂdﬁﬁﬁziwm 37: . _
?ZE . ggxf;\éfh;{’fg&%ﬁ%ﬁg@gﬁ%ﬂ&eﬁa@ e S vdndel Tzlne; 7-carboxylic acid

- compound No. 35: ({3-[4-(3-Cyclohexylamino-

propyl)benzoyl]-2-ethylindolizine-7-~carbon-

15 vllisopropylamine)acetic acid methyl ester;

- compound No. 36: [(3-{4-[3(2,2-Dimethylpropyl-

amino)propyllbenzoyl}-2-ethylindolizine-7-carbon-
vl)isopropylamino]acetic acid methyl ester;

20
- gompound No. 37: 3-[4-{3-Cyclopentyvlamino-

propyl)benzoyl]-2~ethylindolizine-7-carboxylic
acid (Z2-ethoxyethyl)ethylamide;

25 - compound No. 38: 4-{3-[4-{3-tert-Butylamino-

propyl)benzoyl]l-Z-ethylindolizine-7-carbon-
vllpiperazin-2-one;

- compound No. 39: 2-Ethyl-3-{4-[3-(1l-methyl-

30 cyclopentylamino)propyllbenzoyl}indolizine-7-
carboxylic acid ethyl{2-methyl-2H-tetrazol-5-vi-
methyl)amide;

- compound No. 40: 3-[4-(3-tert-Butylamino-

35 propyl)benzoyl]-2-ethylindolizine-7-carboxylic
acid ethyl (2-ethyl-2H-tetrazol-5-ylmethyl)amide;



25- conpound No. 38: 4-[3-[4-(3-tert-Butvlam no-
propyl ) benzoyl] - 2- et hyl i ndol i zi ne-7- car bon-yl ) pi perazi n-2-one; conpound
No. 39: 2-Ethyl-3-{4-[3-(l-nmethyl -

30cycl opentyl gmi r | ] benzoyl |'i ndglLi.zi ne-7- c Xy] ] i
ethyl(2-ne?ﬁy?g§%??§F?§§ol-5-y|neth?l?égide; 3%@8%%%Q§%88§§§5£0:
3-[4-(3-tert-Butyl am no- 35propyl)benzoyl]-2-ethylindolizine-7-carboxylic
aci d et hyl (2- et hy opgouadr Noe| 45 yBreéthyB)rarirdeButytenpoond No. 41:
3-[4-(3-tert-Bu h R -.ndel i.zi.ne- 7~ car boxyl i cacj d

R R i e R A

3-[ 4- (3-t ert - BuBylXi{Holesypy PEbERESSEPL25cyé mebhy ) Bnddei zi ne- 7-

car boxyl i caci det hyl (2-met hyl- 2Htetrazol -5- vl met hyl)am de; 10- conpound

No. 43:. 2-Ethyl-3-[4-(3-ethyl anino-4, g _
di met hyl pent yi )Beﬁé&ﬁéﬁﬂaﬂé—;&'- é- 77 AT BexyErFE Rty lanino-

et hyl ( 2- met hy1- Hobelh zakef: y+pethyl bankgeindolizineompound No. 44:

3-[4-(3-tert-Bu i ropl5yl ) benzo -2-ethylindol i zi ne-7-car boxylicacid
et hyl (1- met hy1- %ﬁ—’%@‘%‘gﬁf 3-y ﬁ%‘?hyl )%?jﬁlﬁéff mgthﬁ‘c%‘ﬂp‘%%‘fﬁaamf‘ 5.

3-[ 4- (3-tert - Buvyhamhnopeopyky benzoyl] - 2- et hyl i ndol i zi ne- 7- car boxyl i c
20aci d ethyl (1-met hyl- 1H pyrazol - 4-ylnet hyf| am de;

i0 - compound No. 43: 2-Ethyl-3-[4-(3-ethylamino-4,4-

dimethylpentyl)benzoylliindolizine-7-carboxylic
acid ethyl (2-methyl-2H-tetrazol-5-ylmethyl)amide:

~ compound No. 44: 3-[4-(3-tert-Butylaminoprop-

15 yllbenzoyl]-2-ethylindolizine-7-carboxylic acid
ethyl (l-methyl-1E-pyrazol-3-ylmethyl)amide;

- compound No. 45: 3-[4-(3-tert-Butylamino-

propyllibenzoyli-2-ethylindolizine-7-carboxylic
20 acid ethyl (l-methyl-1H-pyrazol-4-ylmethyl}amide:

- compound No. 46: 3-[4-(3-tert-Butylamino-

propyl)benzoyl]l-2-ethylindoliizine-7-carboxylic
acid ethyl (5-methylisoxazol-3-ylmethyl)amide:

25
- compound No. 47: (R)-1-{3-[4-(3-tert-Butylamino-

propyl)benzoyll-2-ethylindolizine-7-carbon-
vlipyrrolidine-3-carbonitrile;

30 -~ compound No. 48: {3-[4-(3-tert-Butylamino-

propyl)benzoyl]-2-ethylindolizin-7-y1l}-{(8)-3~
hydroxypyrrolidin-1-yl)methanone;

- compound No. 49: 3-[4-(3-tert-Butylamino-

35 propylibenzoyli-Z2-ethylindolizine-7-carboxylic
acid 2-methyl-2H-tetrazol-5-ylmethyl ester:;



conpound No. 46:
3-[4-(3-tert-Butyl am nopropyl ) benzoyl] - 2-et hyli ndol i zi ne- 7- car boxylic acid
et hyl (5- net hyl i soxazol - 3-ylnet hyl ) am de; 25 conpound No. 47:

(R -1-{3-]4-(3-tert-Butyl am no- propyl )benzoyl] - 2- ef hyl.i | lzi ne; 7- car bon-y
1}pyrro|iﬁéngaﬁéggggéﬁ%trile; 30- Eoiﬁbuﬁd No. 4%§%}9Lé6EEl&§é§ :
{3-[4-(3-tert-Butylam no- propyl)benzoyl]-2-ethylindolizin-7-y1l1-((S)-3-
hydr oxypyrrol i di gomppgndeNbanbfe; (S)-1-{3ecoApdidndeNo-Bddylamino-

3-[4-(3-tert- i vh) -2-et hyl kn { Z] 7~carboxylic

act d 2.met hyl - SFLPER Do OEn ket rr  berar 20 b019f BRBSH: 2131

- PCT/ FR2011/ 052661y lpgipedndiNe-250arboxylic acid methyl ester;
(S)-1-{3-[4-(3-tert-Butyl am nopropyl ) benzoyl] - 2- et hyl i ndol i zi ne- 7- car bony1}
-2- net hyl pyrrolidine-2-carboxylic acid_nethyl _ester; 5- conpound No. 51:
3-[4-€§-tert-BGtﬁEEREHBQ_EEgp§E)béﬁiéyi?TE?E¥ﬁ§PFHHGWFEPﬁe-7-carboxy|ic
ac}d ER)-Z-nEtb@&Fyﬂﬂb%hhwyeﬂh¥L%eE§Eﬁhdolizin@?ﬂPgHFﬂok@li523 boxvl
3-[4-(3-tert-Butyl.aninolOpr nzo =2-et hylindolizine-7-carboxylic
cld (R -5 oxoftFolFara-Bep ek pEraetal i scRi senie ' 65

3-[4-(3-Cycl opentyl am no- propyl ) benzoy1] - 2- et hyl i ndol i zi ne- 7- car bon- 15yl

-{

[1, 4] di azepant 5; : ogrouRd. Ne. 94~ _ _ o

(3. {a 15 (Fort - BoRBounBONR0 B9, 10 ?%p§?]%$ﬁ§o§ Eyi?g%ﬂ§|indo|izine-7-carbo
n-yl Yi%Sopr opyl BEPRE]LABENEEYadi-d-AERHYLNEStégingo/ -canpoundiNo. 55:

[(2-Ethylj3-{4aE§d(QRW¥EL%QBbQP¥b§HHBﬁl@L?@ybb@@@%0y|)ind0|i2ine-7-
carbonyl )i sopropyl am no] acetic acid nethyl ester; 25- conpound No. 56:
({3-[4-(3-Di butyl am no-

propyl ) benzoyl }i adaponinde N6~ c8BbopyK pi-sapropylcasbraratehiacaci d met hyl
ester;

propvllbenzovl]l-2-ethvlindolizine-7-carbon-
15 v1}I[1l,4]1diazepam-5-one;

- compound No, 54: [(3-{4-[3-{tert-Butylmethyl-

amino)propylibenzoyl}-2-ethylindelizine-7-carbon-
vi)isopropylaminolacetic acid methyl ester;

20
- compound No. 55: [(Z2-BEthyl-3-{4-[3-(ethyliso-
propylaminoe)propyllbenzoyllindolizine-7-

carbonyl}isopropylaminojacetic acid methyl ester;

25 - compound No. 56: ({3-[4-(3-Dibutylamino-

propyllbenzoyllindolizine-7-carbonyl}isopropyl-
amino)acetic acid methyl ester;

- compound No. 57: ({3-{4-(3-Dibutylamino-

30 propyl)benzoyllindelizine-7-carbonyl}isopropyl-

amino)acetic acid;

- compound No. 58: ({2-Butyl-3-[4-(3-dibutyl-

aminopropylibenzoyl]lindolizine-7-carbonyl}iso-

35 propylamino)acetic acid isopropyl ester;



conpound No. 57:
({3-[4-(3-Di butyl am no30propyl ) benzoyl ] i ndol i zi ne-7- car bonyl }i sopr opy! -

am no) acetic acid; conmpound No. 58:
({2-Butyl- 3- L4 (3 d| but m nopropyl ) benzoyl ]indolizine-7-car onyI }iso-35p
ropyl am n ‘ﬁysopr opyl estér? WD 2012FPEBHERA0114952661

- POT/ FR2011/ 052661 corrpound No. 59: 2-Butyl-3-(4-piperidin-4-

yl benzoyl )i ndol-i z:tdmoimmrmnxﬁsi :C Za@iutyvdi-et-hyll-ramedd;dier- 4compound No. 60:
({2-Butyl- 3- [4 di but.y. . .

pr opy!| )benzoyl Hi 1% &%Oz‘*zlr')em;g g%@r?yl N CEEBCani A6 dcet FECEPYH 6t hyl

ester; ampaied No. 61: ({3-[4-(3-Di propyl am no-

10propy| )benzoyl] 2- et hylindolizine-7-carbonyl }i so- propyl am no)acetic acid
met hyl ester; conmpound No. 62:

[(2-Bubyl-3-{4- Eﬂﬂﬁﬂﬂ&éﬁﬁdﬁﬂ no)2pEopd ] BerlZoy3ididoltivAiard rcar bonyl )i s

0- 15propyl anmi Yerdd W netdmil; zﬁsrfee-r’/" a%mgu d Ny
({2-Butyl- 3- [4%?43 butyI an}fino pr%g;yl ) benzoyl Jin olr}l ZSI ne- O“S}JT“‘%rcar bonyl }i sobuty

| - ami no) acet i ¢ SR RAHVIC &St SHRfound No. 64:
({2-Butyl-3-[4-(1-nethyl pi peridin-4-yl)benzoyl]indolizine-7-

??erE?Kly}ll :s%og)zfo_pyl 2m no&iajgti G CI(d{B 2r‘-§; &orgx%ur%%y )il
benzo¥y{)i ndol i zlrrm}y?l Jazerrmyl 1] s eprtopyilndant irmijreec St-oaraeind Ieitdnd - ester ;
compound Mo 6%;r Gl ¥k Al PRI Hhlir oste

30benzoyl)i ndoI 171 car’boxy | c acid diet hyl am d:

- compound No. 62: [(2-Butyl-3-{4-[3-(butylethyl-

amino)propyllbenzoyllindolizine-7-carbonyl) iso-

15 propylaminolacetic acid methyl ester;

- compound No. 63: ({2-Butyl-3-[4-(3-dibutylamino-

propylibenzoyl]indolizine-7-carbonyliscbutyl-
amino)acetic acid methyl ester;

20
- compound No. 64: ({Z-Butyl-3-[4-(l-methyl-

piperidin-4-yl)benzoyllindolizine-7-

carbonyl}isopropylamino)acetic acid;

25 - compound No. 65: {[[2-Ethyvl-3-{(4-piperidin-4-vi-

benzoyl)indolizine-7-carbonyl]lisopropyl-

aminclacetic acid methyl ester;

- compound No. 66: 2-Butyl-3-(4-piperidin-4-yl-

30 benzoyl)indolizine-7-carboxylic acid diethylamide;

- compound No. 67: ({2-Butyl-3-[4-(piperidin-4-

vloxy)benzoyl]lindolizine-7-carbonyl}isopropvi-
amino)acetic acid methyl ester;
35



compound No. 67: ({2-Butyl-3-[4-(piperidin-4-

yl oxy) benzoyl ] i ndol i zi ne- 7- carbonyl}lsopropylanlno)acetlc aci d net hyl

ester; conmpound No. 68:

{2 Butyl [ 4- ridin-3-yl oxy nzoyl ] i nqgl.d ZIJx Z,ggﬁggnyl}lsoprop
an1no)a§% ?E£é2%ﬁgﬁ£§h ester; gggnpound *ga“iil

(S) 2-({2-Butyl-3-[4-(3- dlbutylanlnopropyl)benzoyl]|ndoI|Z|ne 7- car bon-

yl } et hyl ami no) pr opempoendcNd. neg hyl { 2sketryl-3- [4- ¢ OfparipeNodiTo0:

2-Butyl-3-[4-(3 I oxylicacid

benzylethylan]d%dyfgkﬁpﬁgﬁgbggPiﬁggiQPE&éoy iéPﬂ&ﬁyf}IEbﬂk&ﬁyP

2- But y1- 3- [ 4- ( 3abiy} agthopr opyf ) Berzoy| §$weo! i zi ne- 7- car boxyl i caci d

15et hyl ( 2- met hoxyet hyl ) am de; conpound No. 72:

2-Butyl-3-[4-(3-di but Ianlnopro benzo |ndoI|2|ne 7-carboxylic acid(2-
isoproﬁbxyethyl7i§8$2%5£§a§2de,§ Stofp ‘gﬁ% [4-1{3-

[ (2-Butyl-3-i4-§8ntt3RaBHhodrbpyl) benzoyl]lndollzlne 7-carbon-

di et hyl pi peri di ro %%enz |ndo i Zi 7 carbonyl )i sopropyl am no] a
ceti caci dnet hyl ¥ g%?gﬁyigglgég 293¢ 18 §I Tg Shuty1-3-[4-(3-

di but yl am nopr opyl ) benzoyl ] i ndol i zi ne- 7- carbonyl ) am no)acetic acid nethyl
ester; 30- conpo 5 {2nBut | [ e f¥ ho-
propyl)benzoyl]lnggﬁﬁg?ﬁé yogaﬁgon% %&Eglr%pg g%1%o acetic acid,

conmpourtd No. 76am1nopropyl)benzoyl}1ndollzlne 7-carboxylic acid

({3-[4-(3-tert-Butylan-nO35REQRY! ) benzoyl] - 2- et hyl i ndol i zi ne- 7- carbonyl }i so

- compound No. 71: 2-Butyl-3-[4-(3-butylamino-

propyl)benzoyl]lindolizine-7-carboxylic acid
15 ethyl (2-methoxyethyl)amide;

- compound No. 72: 2-Butyl-3-[4-(3-dibutyvlamino-

propyl)benzoyllindolizine-7~carboxylic acid (2-

igopropoxyethyl)isopropylamide;

20
- compound No. 73: [(2-Butyl-3-{4-[3-({3R,535)-3,5~-
dimethvlipiperidin-1-vl)propyllbenzoyl}indolizine-
7-carbonyl) isopropylamino]acetic acid methyl
ester;

25
- compound No. 74: (Benzyl-{2-butyl-3-14-(3-
dibutvylamincopropyl)benzoyllindeolizine-7-
carbonyllamino)acetic acid methyl ester;

30 - compound No. 75: ({2-Butyl-3-[4-(3-diethylamino-
propyl)benzovl]lindolizine-7~-carbonyl)}isopropyl-
amino)acetic acid;

- compound No. 76: {{3-[4-(3-tert-Butylamino-
35 propyl)benzoyl]l-2-ethyiindolizine-7-carbonyl}liso-

propylamino)acetic acid;



propyl am no)acetic acid; WD 2012/066234- 134 -PCT/ FR2011/ 052661 conpound
No. 77:

3-[4-(3-Cycl opentyl am nopropyl ) benzoyl] - 2- et hyl i ndol i zi ne- 7- car boxylic acid
ethyl (2-meigbydo2hy bebsagol - 5 vl methyl ) agi de; 5. oeupaunth Ny odflic: -
3-[4-(3-tert-Buty(an1no- propyl ) benzoy -2-nethyI|nde|Z|nef?anfboxyI|c
aci d ethyl(2-nethy1-2kktetrazo|-5-%lnethgléanide; conmpound No. 79:

[ (2- Et hyl- 3- { 4- [ 3¢pRROYRd. F aht hbTyet'epehey ey py bppijoenzo-

yl }i ndolji Zi neégpﬁgbg@wliﬁt@%gq Opyé@a%rmgéﬂtgn@cvdca@%éswlfét er;

conpound No. : 2-Butyl-3-(4- rpdin-4- .

15yl benzoyl )i nddf i ﬁ‘éﬁfﬁzar‘%gb?féz%ﬂﬁtﬁ?ﬁ%(érylmethyl) amide;

met hyl -[ 1, 2, 4] oxadi azol - 5-yl met hyl ) am de; conmpound No. 81

2y abeat Lo LT 41 PSRRI QT o ) oo
addi tion salt mbrhpah)hehdoy$]ThemeﬁhprMdobizimeﬁﬂ+aafb@xgsicIained in

ei ther 250f clajpsgleands2p- _§£0 ogpo Df ' L des
(R)-1-{2-Buty1-3??%-?3-gi%ut%?ggggoprog%Fgéeﬁgo§l }ﬁg%?ﬁ%?%%%q?'

car bonyl } pyrrol i di ne- 2- car boxyl i caci dmet hyl 30ester; conpound No. 4:

2-But y1- 3-[ 4- ( 3- debuipylragi nepr opyl ) bpozen! 1 indeki zi ney 7- car boxyl i cacid

ethylG%anthoxygégg%zgglgﬁinocyclopentyl)propyl]benzo—

yill}indolizine-7-carbonyl)isopropylamino)acetic
acid methyl ester;

- compound No. 80: 2-Butyl-3-(4-piperidin-4-

15 vlbenzoyl)indolizine-7-carboxylic acid ethyl (3-
methyl—[1,2,4}oxadiazol—5—ylmethyl)amide;

-~ compound No. 8l: ({2-Butyl-3-[4-((R}-piperidin-

3-yloxy)benzoyl]indolizine-7-carbonyl)}isopropyl-
20 amino)acetic acid methyl ester;

in the form of a base or of an addition salt with

an acid.
3. The compound of formula (I) as claimed in either
25 of claims 1 and 2, chogen from:

- compound No. 3: (R})-1-{2-Butyl-3-[4-(3-dibutyl-

aminopropyl)benzoyl]indolizine-7-

carbonyllpyrrolidine-2-carboxylic acid methyl
30 ester;

- compound No. 4: 2-Butyl-3-[4-(3-dibutylamino-

propyl)benzoyllindolizine-7-carboxylic acid
ethyl (2-methoxyethyl)amide;
35



conpound No. 5:
({2-Butyl-3-[4-(3-dibutyl am no-propyl)benzoyl]indol i zi ne-7- carbonyl ) et hyl -
m no)acetic acid nmethyl ester; 5- conpound No. 8:

({3-] 4- (3-y B GAAH64%34 no- - 135 - PCT/FR2011/052661
propyl ) benzoyl ] 2- et hyl i ndol i zi ne-7-car bon-yl | i sopropyl am no) acetic acid
met hyl ester; _ comp&@i@ad NO.(&i-putyi-3-14- (2-dibutylamino-

2-Butyl-3-[4-(3- d'I'b'Ut'y'TM‘n'GIUp pyl )benzoyl ] ndoI i zi ne-_7-carboxylicacid

et hyl ( 2- net hy 1-25¢R%}) %O@M%W Y e AT RBRPoRId WG, 10:

2- But y1- 3- [ 4- ( Saxrghirdintad & depriap sz add:ndol i zi ne- 7- car boxyl i caci d

15et hyl (3-nmet hyl [ 1, 2, 4] oxadi azol -5-yl net hyl ) am de; conpound No. 13:
4-{2-Butyl-3-[4-(3-di butyl -am nopropyl )benzoyl ]i ndoli zi ne-7-car bon-yl } pi per
azi n-25one; 20 - crmmnmdi N . 186 ({32~ EBE-hyE-Grd Yo ehrt(yi-anino-

met hyl am nocycl I | ]-be /- 1yl ) i soor opyl am noj a
ceti caci dnet hyI B%g%))yl]u) %ﬂd&%h%{@% gﬂ&%

3-[4-(3-tert- Bmwmﬁmxo]p@m)rbe)ch Z2@ithyie Haol isAtRe7- car boxylic acid
et hyl (2-nmet hyl-2Htetrazol - 5-yl met hyl ) am de; 30- conpound No. 18:
3-[4-(3-tert-Butyl am no- 3- _net hyl butyl ) benzoy1] - 2- et hyl i ndol i zi ne- 7-

car boxyl i caci det ERERUYRA A . A1 1ZthdHz0t -5 [41 Mty Iy BmaRinss.  conpound
No. 22p 2- BUtylpﬁbﬂyEXB%ﬁﬁéymb&ﬁﬁﬂﬂﬂklne 7-carboxylic acid

propyl ) benzoyl ]I ntgzlol (f'methyl aj}poxgtlrlagzacl d5 slorg)eé)r%yl])(am tf_hoxyet hyl ) am de;

- compound No. 10: 2-Butyl-3-[4-(3-dibutylamino-

propyl)benzoyl]indolizine-7-carboxylic acid
15 - ethyl (3-methyl{l,2,4]Joxadiazol-5-ylmethyl)amide;

- compound No. 13: 4-{2-Butyl-3-[4-(3-dibutyl-

aminopropyl)benzoylliindelizine-7-carbon-

vilpiperazin-2-one;

20
- compound No. 16: [(Z-Ethyl-3-{4-{3-(1-
methylaminocyclopentyl)propyllbenzovllindolizine-
7-carbonyl) iscpropylaminolacetic acid methyl
ester;

25 .
- compound No. 17: 3-[4-(3-tert-Butylamino-
propyvl)benzoyl]-Z-ethylindolizine-7-carboxylic
acid ethyl (2-methyl-2E-tetrazol-5-ylmethyl)amide;

30 —~ compound No. 18: 3-[4-(3-tert-Butylamino-3-
methylbutyl)benzoyl]-2-ethylindolizine-7-
carboxylic acid ethyl (2-methyl-2H-tetrazol-5-
vimethyl)amide;

35 - compound No. 22: 2-Butyl-3-[4-(3-dibutylamino-

propyl)benzoyl]lindolizine-7-carboxylic acid

igopropyl (2Z-methoxyethyl)amide;



conpound No. 23:
2-Butyl-3-[4-(3-di butyl am nopropyl ) benzoyl ]i ndoli zi ne-7- car boxyl i cacid

et hyl (2-i sopropoxyet hyl )am de; 5 conpound No. 24:

2- Buty1- 3: buLyIanlnopropyI)beq oyl]lndol c acid(2-
ethoxyethy)|§§p(3pyfan1de 10- conpou%d No. betPFado£R] P92¥61
({2-Butyl-3-[4-(3-di butyl am no-

propyl ) benzoyl ] i ndol i zi ne- 7- car bony1l i sopropyl - am no) aceti c aci d net hyl
ester; CORPRBRUNNONGZ923: 2-Butyl-3-[4-(3-dibutylamino-

({3 [4 (3-Dibuty enzoylf 2-ethylindolizine-7-carbonylliso-
propylanlno)acéFPEY&éP@nﬁéﬁﬁgﬂn§§ﬂéﬁlnec8nﬁéﬁ @*Né 1 30: acic
({3-[4-(3- But ylami/nqprapyrbenzgrthy24 atkhyki; ndol i zi ne- 7-
20car2?nyl}|sopropylan1no)acetlc acid nmethyl ester; conpound No. 31:
({3-[4=(3-tert-Butyl am no- propyl ) benzoyl] - 2- ethylindoI|2|ne 7-car bonyl }i so-
propylanlno)acetcom@om@dnﬁmhym4esQeBut25 3cdﬁpdﬁﬁd1Nuty35mlno—
({3-[4-(3-Cycl I 1 ol i 7-¢arbon-yl)iso
propylanino)acgg%éxhg%% 38%g§?§%§9§05 %a%%%&k%@%o %BQSB [29(3 tert-
Butylaninopropﬁtﬁb@ﬁfﬁ&&ﬁfZéﬂﬁﬁppwﬂdmnﬁﬁhne 7-

car boxyl i caci det hyl (2-ethyl-2Htetrazol -5- yl net hyl)am de; 35- conpound No.
42: 3-[4-(3-tert-Butyl am no- ) )

pr Opy}r(§ benzoy1-2cepRoyme W -nd8i:i AilneBrredrpotyilé -ddytylamino-

et hyl (2- nmet hy 1 p2bph/at) hazele/8- Y et gk hant7dearbonyl } isopropyl -

amino)acetic acid methyl ester;

- compound No. 29: {({3-[4-(3-Dibutylamino-

15 propylibenzoyl]~2-ethylindolizine-7-carbonyl}liso-

propylamino)acetic acid methvl ester;

- compound No. 30: ({3-{4-(3-Butylamino-

propyl)benzoyli-2-ethylindolizine-7-

20 carbonyllisopropylamino)acetic acid methyl ester;

- compound No. 31: ({3-[4-(3-tert-Butylamino-

propyl)benzoyl]l-2-ethylindolizine-7-carbonyl}iso-
propylamino)acetic acid methyl ester;

25
- compound No. 35: ({3-[4-(3-Cyclohexylamino-

propvl)benzoyl]-2-ethylindolizine-7-carbon-

vllisopropylamino)acetic acid methyl ester;

30 ~ compound No. 40: 3-[4-(3-tert-

Butylaminopropyl)benzoyl]-2-ethylindolizine-7-
carboxylic acid ethyl (2-ethyl-2H-tetrazol-5-
vimethyi)amide;

35 - com@dund No. 42: 3-{4-{3-tert-Butylamino-

propyl)benzoyl-2-cyclobutylindolizine-7-carboxylic
acid ethyl{2-methyl-2H-tetrazol-5-ylmethyl)amide;



WC 2012/ 066234- 137 -PCT/FR2011/ 052661 conpound No. 43:

2-Ethyl-3-[4-(3-ethylam

no- 4, 4-

di met hyl pentyl ) benzoyl ] i ndol i zi ne- 7- car boxylic acid
s

et hyl ( 2- metWs 2034

&%l - 5-yl met hyl Yl&v de; 5 cBABOERAONG/0B3661

1-{3-[4- (3-Cycl opentyl am no- propyl ) benzoy1] - 2- et hyl i ndol i zi ne-7-car bon-yl } [

1, 4] di azepam 5-one; 10-

compound No. 55: [(2-Ethyl-3-{4-[3-(ethyliso-

propyl am no) propyl ] benzoyl |.i ndol_i zi_ ne- 7- carbonyl |sopropylan1no]acet|c
md

aci d net hyl est er ;compourid

ethylamino-4,

compountd Nomdidid N8

({3-[4-(3-Dibut ﬂ:ammgrll?gmmﬁyl )h@fk@z)ﬂ]l]lfﬁicﬂlﬂt}ﬂﬂdl@mda&lmﬁcyﬂnﬁﬁr bon-

Bty 13 (4 by et iy i ey o Bt R0y o A 20 A e

20car bohyl ) i sopropyl am no] acetic acid nmethyl ester; conpound No. 63:

({2-Butyl-3-[4-(3
| -am no) aceti c aci

A0~ . 0%'{)3be[’hzo{ﬂjd¥%§ﬂeédfﬁa¥nﬁﬂ bonyl }i sobut y

({2-Butyl-3-][ 4- @@nﬁﬁﬂﬁneqﬁqxﬁ|1ﬁ1ﬁuhgm)Hﬁﬂt&gmqa1ﬂﬁﬂanﬁqme 7-carbon-yl)isop
ropyl am no) acet i jaci di 1 BQz&ompoung No.  65: f[2- Et hyl- 3-(4-pi peri di n-4-

beenzoyI)lndoI|2|ne 7-carbonyl | i sopropyl ani no}acetic acid methyl ester;

conpound No. 69:

(S) - 2- (f2- But yl --3-dofngdcRidhatlinsut y8 5 n@prramu)-enzeyl 34 naolyilzise- 7-

carbonyl}ethylanln%%ﬁﬂﬂﬁgégyé%égﬁfﬁbetPB§1f¥%é%IlZlne %912/066234 138

- PCT/ FR2011/ 052661

carbonyl)isopropylamino]acetic acid methyl ester;

- compound No. 58: ({3-[4-(3-Dibutylamino-

15 propyl)benzoyl]-2-ethylindolizine-7-carbon-

vllethvlamino)acetic acid isopropvl ester;

- compound No. 62: [(2-Butyl-3-{4-[3-(butyl-

ethylamino}propyllbenzoyliindolizine-7-

20 carbonyl}isopropylaminojacetic acid methyl ester;

- compound No. 63: ({Z-Butyl-3-[4-(3-dibutylamino-

propylibenzoyl]lindolizine-7-carbonyllisobutyl-

amino)acetic acid methyl ester;

25

- compound No. 64: ({2-Butyl-3-[4-(l-methyl-

piperidin-4-vl)benzovl]lindolizine-7-carbon-

yvllisopropylamino)acetic acid;

30 - compound No. 65: {[2-Ethyl-3-{(4-piperidin-4-

vibenzoyl)indolizine-7-carbonyl]isopropyl-

aminolacetic acid methyl ester;

- compound No. 69: (S)-2-({Z2-Butyl-3-14-(3-

35 dibutvlaminopropylbenzovilindolizine-7-

carbonyll}ethylamino)propionic acid methyl ester:



conpound No. 75:

({2-Butyl-3-[4-(3- dlethylanlno propyl)benzoyl]|ndoI|Z|ne 7-car bonyl }i soprop

yl -ami no)acetic acid; 5- conpound No. 77: 3-[4- (3- clopentxlanlnoprop-

yl ) benzoy HQ Z&kAAGEZEA i zi ne- 7- carbdd icaci d PCT/FR2011/052661

et hyl (2-nmet hyl-2Htetrazol -5-yl met hyl )am de; conpound No. 78:

3-[4-(3-tert - But Ydaapdigd Ipr oy )Q%myl%mhwidlcgﬂﬁyzﬂmnkxar boxyl i c

acid ethyl (2-met hyT-ZFFtetrazol - nethy})anlde i.n the formof a base or

of an additi on FHRY Wik 9?%9¥%%ﬁQPO:E?%P%K o SEERRYE (W1 )

wher ei n:  20- R?amﬁqcﬂ)Sacc&:lemesctzlm claim1l; R represents a (01-04) alkyl

group; R represents a (01-04) al kyl group; P represents a phosphorus

atom in the formof a base or of an addition salt with 25an

acid. BA nedi canmctmpq;m M erized - Mi%cyqlmm@mmound of

formula (1) as %ﬁgb Eﬁuééﬁyifﬁ e 18, 1y iﬁf%ogyd_qp addijti;gn salt of
a

t hi s 30conpoun a arnaceutlca y accept e acid of theé conpound of
formula (1). ethyl (2~ methyl 2H-tetrazol-5-ylmethyl)amide;

- compound No. 78: 3-[4-(3-tert-Butylamino-

10 propvl)benzoyl]-Z-methylindolizine-7-carboxylic
acid ethyl (2-methyl-2H-tetrazol-5-ylmethyl)amide;

in the form of a base or of an addition salt with

an acid.

15 4. 2 compound of formula (VI):
wherein:

20 - R7 18 as defined in claim 1;

- R represents a (C1-Cy) alkyl group;

- R' represents a (C1-Cs) alkyl group;

- P represents a phosphorus atom;

in the form of a base ¢or of an addition galt with

25 an acid.

5. A medicament, characterized in that it comprises a
compound of formula (I) as claimed in any one of
claimg 1 to 3, or an addition galt of this

30 compound with a pharmaceutically acceptable acid

of the compcound of formula (I).



WO 2012/ 066234- 139-. -PCT/FR2011/052661 6. The conpound of general formula
(1) as defined in any one of clainms 1 to 3, for use thereof as a
medi canment. 5 7. The conpound of general formula (1) as defined in any one
of clainms WOt90B2/98%23% eparing a neditanent int SFEFRHLL/WEZHSvent i on or
treatment of atrial and ventricular arrhythmas: 10 atrial tachyarrhythm a,
atrial fibrillation, atrial flutter, atrial tachycardia, ventricular
tachyarrhythm a, ventricul ar extrasystoles, ventricul ar tachycardia,
ventscul a6+ 11 (Eer CHRRORREr Pl ST Ge of GHIgH 1. pbbt 61 S 1oTohy gt ¢ ensi on,
15 of cerebral shycvhatosy icosuhki ¢i encyy, offdreanbef aiHdrees ohsmepcar di um
i nfarction whi cnrlle(ﬁrlaé(aqén@ny not be conplicated by heart failure, or the
prevention of post-infarction nortality, or of stroke. 20 A pharnaceuti cal
conposisti on, characterized in that it conprises a conpound of fornula (1)
as claimed; in apye 0pGnBhufhaEs ckddrad Ofd phayfRceut lealilyAceptabl e
salt, and also at 25[east one pharnmaceutically acceptabl e excipient. 9. The
use of a any om@%Bf #BEi c&FentCl3oEE Hol ot cab sy§PEmM pesmpadad ofa f ornul a
(1) as clainmed hW83ic&heht® lihCeddedOr preparing adrdeidetdn or
forthetreat ment of s%/ndrorres of the_cardjovascular_ 10. The use of a
conpound of for MEFATTFYC aflcl aFhedti F%hyVERET OFUEREI fE TR IR a5 or
preparniong a 35 sedl €anentachiyandagthot at he prevent i orfiriirieatiment of
atrial and ventrigular arghylhm ag:, aty i al, haghyar Lyt a., A a
tachyarrhythmia, ventricular extrasystoles,

ventricular tachycardia, ventricular flutter and
fibrillation; of angina pectoris, of hypertension,
15 cf cerebral circulatory insufficiency, of heart
failure, of myocardium infarction which may or may
not be complicated by heart failure, or the

prevention of post-infarction mortality, or of

stroke.
20
8. A  pharmaceutical composition, characterized in
that 1t comprises a compound of formula (I) as
claimed din any one of c¢laims 1 to 3, or a
pharmaceutically acceptable galt, and also at
25 least one pharmaceutically acceptable excipient.
g. The use of a compound of formula (I) as claimed in
any one of g¢laims 1 to 3, for preparing a
medicament intended for the treatment of
30 pathological syndromes of the cardiovasculaxr
system.
10. The use of a compound of formula (I} as claimed in
any one of claims 1 to 3, for preparing a
35 medicament intended for the prevention or

treatment of atrial and ventricular sarrhythmias:
atrial tachyarrhythmia, atrial fibrillation,



atrial flutter, atrial tachycardia, ventricular tachyarrhythm a, _
ventricul ar extrasystoles, ventricular tachycardia, ventricular flutter and
fibrillation; of angi na pectoris, of hypertension, of cerebral circulatory

i nsuffici eWPy20d2/RBRRE4T ai | ure, of “mkbeardi um i MEFCEIREIGIFOFhY or nay
not be conplicated by heart failure, or the prevention of post-infarction
mortality, or ottstim@keflutter, atrial tachycardia, wventricular

tachyarrhythmia, ventricular extrasystoles,
ventricular tachycardia, ventricular flutter and
fibrillation; of angina pectoris, of hypertension,
5 of cerebral circulatory insufficiency, of hear:
failure, of myocardium infarction which may or may
not be complicated by heart failure, or the
preventicon of pest-infarction mortality, or of

stroke.



