WO 2009/132979PCT/EP2009/054637 4-TRIMETHYLAMMONIO-BUTYRATES AS CPT2
_INHIBITO% . Oolngs%d'%/ention is concerned with novel 4-trimethylammon%%%%gggﬁg.?PTz _
inhibitors, a process Tor the manufacture of these compounds, pharmaceutical preparations which
contain such compounds as well as the use of thesg.compounds for the production of medicaments.
More specifically, the invention relates to compounds of the formula H C H C-N 3| CH3
HNACH2),TAI--(CH2);---R 50 wherein is 0 or a bond, is selected from 3, 4, 5, 6, 7, 8, 9 and 10, nis
selected from 1, 2, 3,4 and 5, 10 Rlis aryl selected from phenyl and naphthyl, said aryl being
unsubstitu ed or substituted by one, two, three, four or five groups selected from the group consisting
of lower alkyl, halogen, lower halogenalkyl, lower alkoxy and phenyl, or  heteroaryl selected from the
group consisting of By g ie L AREVIAZAN B SaFe ROleTRaNXIbeRgLNSHIRItHEPRPr substituted by
one, two or three groups selected from 15lower alkyl, halogen, lower halogenalkyl, lower allwxy and
phenyl, and phairnaceutically acceptable salts thereof  Elevated plasma levels of free fatty acids

(FFAs) cause acute and iong-tetm peripheral and hepatic insulin resistance. In ed,plasma FFA
evols and BRSSO ATERTAS BeCo U b S T B TP CA S ERE B
overnightdastsigoa theajorheietank afribieso comipepodtamheiagsestica iistion digiatiatascairitexcessive
gluconeQ@enesis dsnaisyyy Il 6 200044 329AR cIiipBRNHOSHe Jfodndianpenaibieciondhs.

postabsorptive hyperglycemia in diabetic patients. High levels of free fatty acids (FFA) lead to an
Increase of "W&@kﬁ&&ﬁ@ﬂgﬁkﬁ'%&%}{‘r%ﬁ&% esulin iR easeg sapgentrations of acetyl CoA.
This provides increased energy (ATP) and reducing force (NADH) for gluconeogenesis. Increased
acetyl CoA levels also stimulate gluconeggenesis-by an allosteric 5 activation of pyruvate carboxylase.
Thereby, reduction of excessive liver fl- T, which is crucial to drive efficient gluconeogenesis,
should lead to a reduction Plf Eisting hyperglycemia in diabetic patients. The mitochondrial oxidation of
tong-chain FFA requires thedntervention of tvo membrane-bound camitine-dependent
palmitoyltransferases (C,R{}'gx).—GTTl, thgouter mitochondrial membrane enzyine, catalyzes the
formation of long-chain acylcamitines. Liver (L- PTD, and muscle (M-CPT1) CPT1 isoforms are

encoded by two different genes %inﬁ?ﬂi‘\eﬁ/ 2 A

5 o ' ;

wherein

Al is O or a bond,

m  isselected from 3, 4, 5, 6, 7, &, 9 and 10,
n is selected from 1, 2, 3, 4 and 5,

10 R' s aryl selected from phenyl and naphthyl, said aryl being unsubstituted or substituted by
one, two, three, four or five groups selected from the group consisting of lower alkyl,
halogen, lower halogenalkyl, lower alkoxy and phenyl, or

hetero aryl selected from the group consisting of pyridyl, thienyl and thiazolyl, said
heteroaryl being unsubstituted or substituted by one, two or three groups selected from
I5 lower alkyl, halogen, lower halogenalkyl, lower alkoxy and phenyl,

and pharmaceutically acceptable salts thereof.

Elevated plasma levels of free fatty acids (FFAs) cause acute and long-term peripheral and
hepatic insulin resistance. Increased plasma FFA levels and mcrease FFA oxidation are
associated with type 2 diabetes. Hypergiycemia after an overnight fast is a major hallmark and

20  an important diagnostic criterion of diabetes, and excessive gluconeogenesis is mainly



by malonyl-CoA. The N-telininal domain of L-CPT1 confers its lower sensitivity to malonyl CoA. CPT2,
the inner mitochondrial membrane enzyme, reconverts long-chain acylcarnitines into long-chain acyl
CoA esters”Poi§2tHaii®acyl-CoAs are then n-oxidized to acetyl-CoA, whid-AGRAEL e pyruvate
carboxylase and gluconeogenesis. According to th_eQ[nechanism of 15 action described above,
phalinaceutically active substances which inhibit transport of long chain FFA though the inhibition of
CPTs, reduce liver froxidation, consequently inhibit gluconeogenesis and therefore counteract
hypergljegpngible PheppostabsmveitdyrelabeecoinovéidsimppuitsswHich hahititoddimitifpalmitoy!
transferasigéGRTA pitivity, 40 paraidar preferaiialbn GRT B acivityerd Rencameaids elthese present

inventio rmaceptically active agents, which eful in the prevention or
roatment e e LR e & DR e ey G
inhibitor FArGEHRAI; R J8eC ISR ACETE %@W%%ﬁ%gm@@mmam@mmers.
Such disegsasinclites.ge: diabetehandrassasiatethpashalogiesssoa insuindepandenidiahetes

mellitus {aJsq;refered 5&@@@%&?&'&%&@&&%} @h&m{% M%ﬁ;ﬂ% g@ﬁﬂlﬁﬂg%ﬁ#?éfgl%?es Aqrome,

metabolic %yndrome, hyperlipidemia, hypercholesterolemia, fatty liver disease, atnerdsclerosis,

congestiaPHES RAESRTe Aergaii oxidgHen Rl JengABB U BriHESp IBSeREmGBRIBATexceed the
compourvdskemvrin-teal anasneattpasdiepiribdiyi parficedas OCRFejefENTiAIECRIR activity. They
are tzefﬁfﬁé%&%ﬁt{]@%éﬁ%%@%&ﬁﬂe?emg%g éﬁ@f?ﬁﬁ%&ﬁﬁﬂ@bﬁ&%? e%vﬁqﬁﬂﬁﬂss.ct%w%ﬂds
already nin.the art. s rwise indicated, the following, definitions are set forth to
illuz@lrateg§ gﬁé‘fé’fﬁ%‘fﬁé%&#fﬁf@r@ ggolﬁg%ﬁﬁeaﬁ?a%f}g%r}?ﬁ§wu(§é%%8r‘éfgs%ﬂ]§é #he RYEHEEN herein.
In this spesimderdriine. tehmNibweningd dewditbahbdnfd bromictonisikting ofmvievity sevenlp8§l preferably
offone t@é@urm%?l@_m@mm&ﬁgﬂ/&md_ 2 %ﬁ%ﬁ%l ; 9Qe%/&}%M@t%I 63 Ao bchaﬁb&ggég%ﬁmggen"d
refers to flugrine, chlorine, bramine and iodine, with fluorine, chlorine and bromine being preferred.
B T ey T AR el S B o

) 1n i) .
The term "a one om other groups, refers raighit-chain

monovafdHERARiTEREY BRONAHRAS GrEeeXBBAc aRFcalGPBYREEB Wi iy @i it (et 915 resteralily one to
sixigen saibordaiaibs] atore prederabbuaos o defveatsmatemshit henten tehsfdakngelermto a

branchegkr &mgqmaghgmime9%%f&ws;s%Hﬁ%&%@!ﬁ@@ﬂ@%{oco%{sbaﬂi&?i%h%%’”e to ten carbon
atoms, such as e.g. methyl, ethyl, n-propyl, isopropyl, n-butyl, é-cbutyﬁ, t-“butz/fl, pentyl,
1,1,3,3-%%@5%%}?1“5%%?&ﬁ?@?WﬁW%%&?ﬁ% described below also are preferred alkyl

groups. 10The telin "tower alkyl" or "CI -C7-alkyl", alone or in combination with other groups, refers to
a branched of BeraigHue Haipnohtlaliehivateylclagicaronone hicbevbib it advoitiatarmisyipreferably one to
four carﬁleﬂsaéﬁmcmiﬁatl@iiﬁtgs, flﬂlj_'ibﬁio@ﬁ@?@l j p@f@é&xﬁxl_gu?@mcaﬁﬁﬁﬁtﬁmf%&%lyds _rpepyl, ™
isoprop - -butyl, t-but ike. The term “lower haloitenatkyl" or ‘halogen-CI-C,-alkyl"
re?ggs tg) Tgr\g/\?girjgkﬁt%% u [a)é E%Lpiéga(?gﬁé?é%%%%?eﬁ %a%%r%?ﬁlz% fessto %21 1c()}zi_jt _ee_llﬁl)sl%frl";%% r?h &toms of the
lower aﬂl&ﬁf‘ﬁ’l‘gﬁﬁli@%ﬂé@@&%%ﬁ%@%ﬁ%ﬂ?ﬁ%@@%ﬁ%?ﬁ%d@lm% pieferably fluoro.
Among thetipréteteddowe: halRiEhaligiigroypardce ifiudiemethyhidiflueremehyb trifluoroethyl,

2.2 diugipalvearamsing and ehigramelid: wih loRnelyl, '&geeé.pﬁlg%égﬁﬁ erred. The

tell" "allcoxy or "lower alkoxy" refers to the group R1-0-, wherein R’ is lower-a and the telin
"lower &&%ﬂ%&?ﬁﬂf&%@%ﬁ@%@%&ﬁﬁ%&g dgpainiegpfolibe ARERF G0 35 Siahstesgyrsethoxy,
ethiixy, Hipobpoxy, isopropory, mbutoxysiabutoxyisecshuteapendstedbutexyypnéfeiksbiyamethoxy
and ethaxy-a0d pastRiRipratmatboxk-CempRUBSS b fammladlicandainpiiamaagutigally

acceptagﬁu%glts. Compounds of

The novel compounds of the present invention exceed the compounds known in the art,
masmuch as they inhibit in particular or preferentially CPT2 activity. They are therefore
30  expected to have an enhanced therapeutic potential compared to the compounds already known
in the art.

Unless otherwise ndicated, the following definitions are set forth to illustrate and define
the meaning and scope of the various terms used to describe the invention herein.

In this specification the term “lower” is used to mean a group consisting of one to seven,
35 preferably of one to four carbon atomys).



formula (I) can form salts with bases. Examples of such salts are alkaline, earth-alkaline and 25

ammonium salts such as e.g. Na-, K-, Ca- and trimethylammoniumsalt. Compounds of formula | can
also form p?{é’rﬁ%%{éﬁﬁ%%ny acceptable acid addition salts. Examples of sugﬁpyﬁgﬁ?f’e?@@ﬁfﬁ?ally

acceptable salts are salts of compounds of folinula {l) with physiologically compatible mineral acids,
such as hydrochloric acid, sulphuric acid or phosphoric acid; or with organic acids, such as
methanesulphonic acid, p-toluenesulphanic acid, acetic acid, lactic acid, 30 citric acid, fumaric acid,
maleic acid, thRGIFEBCREISKRIEIARIARIE SeamSyrRlazie THE TR 2Rshiadnse st AP Heg eptiobiecsalts”
refers taadl thesensditem g WEFR0D/132979PCT/EP2009/054637 -4- In detail, the present invention
relates to compounds of the foiinula 0 0 HC H3C-11 CH3 0 wherein Al is O or a bond, 5 mis selected

from 3, 4, 5, 6;hé,18:ird ‘anel L0 aisraelecteshF®makiod With ¥ELD oRMp andrealested:fom-ahenyl and
naphthyl, said a beindnsubsitdterd or substityted by ane, i, e, four, or ive groups selected
from the grd%p consisting o Tower aliy, fal ogen, wer ha ogena(iﬁyf), lower aWox;yan % en)ﬂfSOr
10héterBEHAT 3R BRI FrOTASHECGTBOM LORSISHeGSIT piRTabstIehiA HidcahezoNemsaldh 804yl being
unsubstjiuigid/ vrrstdpstiuechbyhot or maighthiesngraups seleciad-iemdiphaiaikkobategen, lower
halogenalkyl, | | : r ic y e, hereof. i

Com ponl% saclﬁ8 g@nﬁ%ﬁ?ﬁeﬁ%ﬁﬁ%%%&%&@fgﬁ%gn %%a%%ﬁgﬁgﬁﬁ’&c@%éﬁeggﬁg 11% thereof
are indiidhh iy PretePrEE; with-thé- GBS wrtemdube Bsingoparialish g vatatdascribed

below also are preferred alkyl groups.

10 The term “lower alkyl” or “C;-Cy-alky!”, alone or in combination with other groups, refers
to a branched or straight-chain monovalent alkyl radical of one to seven carbon atoms, preferabiy
one to four carbon atoms. This term is further exemplified by such radicals as methvl, ethyl, n-
propyl, isopropyl, n-butyl, s-butyl, t-butyl and the like.

The term “lower halogenalkyl” or “halogen-C,-C--alky!” refers to lower alkyl groups as
15  defined above wherein at least one of the hydrogen atoms of the lower alkyl group is replaced by
a halogen atom, preferably fluoro or chloro, most preferably fluoro. Among the preferred lower
halogenalkyl groups are trifluocromethyl, difluoromethyl, trifluoroethyl, 2,2-difluoroethyl,
fluoromethyi and chloromethyl, with trifluoromethyl being especially preferred.

The term “alkoxy” or “lower alkoxy” refers to the group R’-O-, wherein R’ is lower alkyl
20  and the term “lower alkyl” has the previously given significance. Examples of lower alkoxy
groups are ¢.g. methoxy, ethoxy, n-propoxy, 1sopropoxy, n-butoxy, isobutoxy, sec-butoxy and
tert-butoxy, preferably methoxy and ethoxy and most preferred methoxy.

Compounds of formula (I) can form pharmaceutically acceptable salts. Compounds of
formula (I} can form salts with bases. Examples of such salts are alkaline, earth-alkaline and
25 ammonium salts such as e.g. Na-, K-, Ca- and trimethylammoniumsalt. Compounds of formula I
can aiso form pharmaceutically acceptable acid addition salts. Examples of such
pharmaceuticaily acceptable salts are salts of compounds of formula (I) with physiologically
compatible mineral acids, such as hydrochloric acid, sulphuric acid or phosphoric acid; or with
organic acids, such as methanesulphonic acid, p-toluenesulphonic acid, acetic acid, lactic acid,
30  citric acid, fumaric acid, maleic acid, tartaric acid, succinic acid or salicylic acid. The term

"pharmaceuticaily acceptable salts" refers to all these salts,



Preferred are further compounds of formula | according to the invention, wherein Al is O (oxygen).
Preferred f pounds of foimula | according to the present invepi jn_._mis
selected fr%&r%) éﬁqgf%%?gnd 10. Especially preferred are compounds of folrg%?a{kf\,g\%ﬁ%ﬁ?m 20is 7.
Further preferred are compounds of formula | accorgling to the invention, wherein n is selected from 1,
2, 3 and 4, with those compounds being more preferred, wherein n is 1 or 2 and those compounds
being especially, preferred, wherein nis 1. WO 2009/132979PCT/EP2009/054637 -5-  Especially
preferred ar %&%B%U PRSI AHEHE dOSRTRERHS Qfgﬁgﬁ%grg@@cted from 8, 9, 10 and 11.
A group of preferred compounds of formula (I) according to the invention are further those, wherein RI
is aryl selected from phenyl and naphth{#sai | being unsubstituted or substituted 5 by one, two,
three, four or five groups selected from the droup consisting of lower alkyl, halogen, lower
halogenalkyl, lower allcox phenyl. pecially preferred are compounds of fotinula | according
to the invention, wherein R’.is pheiyl ituted by one, two, three, four or five groups selected from
the group consisting of lowet alkyl, halogen, lower halogenalkyl, Lower, aLkoxy and phenyl. More
preferred are those 10 compoun@siof fdNmyl {@Hg);ﬁfﬁi\%%‘(gbhm%ubstituted by one, two, three,
four or five groups selected from the group ¢pnsisting of lower alkyl, halogen, lower halogenalkyl,
lower allcoxy and phenyl provided that at least one of the substituents is halogen or Lower
halogenalkyl. Especially preferred RI is phenyl substituted by one, two, three, four or five groups
selected from halogen and lower halogenalkyl. 15Another group of preferred compounds of formula |
according to ﬂﬁl%eﬁ‘r’é‘sent invention are those, wherein R' is heteroaryl selected from the group
consisting of pyridyl, thienyl and thiazolyl, said heteroaryl being unsubstituted or substituted by one,
two or three grélps sbitected from lower alkyl, halogen, lower halogenalkyl, lower alkoxy and phenyl.
Especially preferred are compounds of foilula | of the invention, wherein R' is thienyl. 20Furthermore,
compounds af fersatdd frbaving (R)scantigaratibnoare especially preferred, i.e. these are the
compounds having the foimula 0  Preferred compounds of formula | are those selected from the
group cgnsisting REéR k311843 4-dif|ygro-benzylo xy)-octartoylamino]-4-trimethylammonio-butyrate,
25 (R)-348-(2,5-difluoro-benzyloxy)-octanoylamino] 4-trimethylammonio-butyrate
(R)-3-1842.4-diluoro-penayioan ot ananp iRl e HYARMO N AL o Qhstiruted by

one, two, three, four or five groups selected from the group consisting of lower aikyl,

halogen, lower halogenalkyl, lower alkoxy and phenyl, or

10 heteroaryl selected from the group consisting of pyridyl, thienyl and thiazolyl, said
heteroaryl being unsubstituted or substituted by one, two or three groups selected from
lower alkyl, halogen, lower halogenalkyl, lower alkoxy and phenyl,

and pharmaceutically acceptable salts thereof.

Compounds of formula I are individually preferred and pharmaceutically acceptable salts
15 thereof are mdividually preferred, with the compounds of formula I being particularly preferred.

Preferred are further compounds of formula I according to the invention, wherein A' is O

(oxygen).

Preferred are further compounds of formula I according to the present invention, wherein
m is selected from 6, 7, 8, 9 and 10. Especially preferred are compounds of formula I, wherein m
20 is7.

Further preferred are compounds of formula I according to the invention, wherein n 1s
selected from 1, 2, 3 and 4, with those compounds being more preferred, wherein n is 1 or 2 and
those compounds being especially preferred, wherem n is 1,



-6- (R)-348-(2,3,4-trifluoro-benzyloxfroctanoylamino]-4-trimethylammonio-butyrate,
(R)-318-(pentafluorophenylmethoxy)-octanoylamino]-4-trimethylammordo-butyrate, (R)-3 -[
8-(4-trif|uon%’rﬂéﬂﬁ’%-ﬁgﬁ%yloxy)-octanoyaminoJ-4-trimethylammonio-buty}r’gtE{Em”m“ﬁ”
(R)-348-(3-f|uoro-4-trif|uoromethyt-benzyloxy)-octapg)ytamino]-4-trimethylammonio-buryrate, 5
(R)-348-(4-methoxy-benzyloxy)-octanoylamino]-4-trimethylammonio-butyrate,
(R)-3[8-(bipheny1-4-ylmethoxy)-octanoylamino]-4-trimethylammonio-butyrate,
(R)-348-(2-flUeBeaRHNUBESHSthTCemRIoRis O tanaylkinhind]ctetrthe thiymaimorid-putyidested
(R)-348#23 .8, B-leteaftupro-4-metho xy-benzylo xy)-octano ylamino]-4-trirnethylammo nio- but yrate,
10 (R)-348-(naphthalen-1-ylmethoxy)-octanoylaminol-4-trimethylammonio-butyrate,

(R 308 B e s b pyention ar futhe tose
(R [ CRTENS 5B R L) TR A L o FAGHEL BB AR ostitted or subsiued
(R)-3-[8b40cgo tob hysto KU SEtaFD wRani OF W atash Stbwyl dhergomip-tuutyirtiteg 06lower alkyl, halogen,
(R)-348162:3r difl@earROZ D -desanayi@niagi ¥ trimethylammonio-butyrate,
(R)-3-(10-phenyl-decanoylamino)-4-trimethytammonio-butyrate,
(S)'3'(10'Phe@éﬂ‘é&%ﬁﬂﬁ%’éﬁ’éﬁ@?&féﬂs%ﬂ%&%'HF}QH%‘E%E%%@& to the invention, wherein R' i
(R)-3-[10- 2-f|luoro-phen )-decanoylamino]-4-trimgthylammonio-butyrate, o

(R)-3- 16005 AT VP - ARSS ol HA 6T YA B RGBT @ 03 consisting of
(R)-3-[126atlipietiaybeive iyt p:dedegmplboylino}4:t dhetlydadwhomid- bty ate¢Rd3afd those
0-(4omethaprphenyi indscanovaminald-timethyiammanieuhratieR kel firar Atbalams1ano vl
amino )-4Itr|m8t§¥1% rgonlo-bgt ra eéﬂR -4-tr|me}tkrg/l m;gncgn lower hal alkevl. | I d
0-3-{L0 ST 0 Sl SN SN AEA By G L ppitacn. lower halogenalkyl, lower alkoxy an
(R)-3-[10b@:fiuprosisdnhar deleasioyiaminbd-abshoemysambatagion outprets 2B g8k L Bse@ellifluoro
-p henyhidecana ViaminalAstisrtdylamsnenioobiveatr (R« & ArRicnbeRBrom halogen
-yI-decag}gﬁlgOa‘an%ir}ggféfgr]ﬁilnlﬁt@ylammonio-butyrate, -
(R)-3-(6-phenyl-hexanoylamino)-4-trimethylammonio-butyrate,
(R)-3-(7-phenyl-heptanoylamino)-4-trimethylammonig-butyrate, ) ) _
(R)lé-(8-phed§ﬂ%&gn%§ﬂ%ﬁn}:85?igﬁﬁﬂ§ﬂwp£ﬂ%ﬁ IRyt 2G0ES 5660 /DS T SBCRTRBRI0R546 37
-7- (R)-3uSphehgieroRanoltiemelyi ssiecatthylamithergmbpiyratisiing of pyridyl, thieny! and
(R)-3-(1irRbeRy| 1 ERAOHANBINNY-triime RN ManQ R Bl e, two or three groups selected
(R)'3'(1§5Qh?”%k§’gﬁ|(e‘f na%/lamlpo -4-}t1r|[neth olgrrln%)nlo- tyrate, 3@3 gr\armaceutlcally acceptable
salts thefeot. 5 ‘értlcﬂdry pt%eflé’rr% egor%f)) tnasof 1Ormuft ép”eafﬁi “&&lected from the group
consisting of (R)-348-(4-trifluoromethyl-benzyloxy)-octanoylaming]-4-trimethylammaonio-butyrate,
(R)-348-(3f B%ﬁﬁﬁdﬁ?éﬁ?@fh?ﬁ?o‘“éﬁ%%&{%i&t Srhinblbe-tRraBtpariasHioRo ity Ratay L
(R)-3-[8-(biphenyl-4-yImethoxy)-octanoylamino]-4-trimethylammonio-butyrate, 10
(R)28-[8-(naphthsherioyimetrppynoc airoyianhinduing tietopmbametio- buapspresially preforred, ie.
(R)-348th3sdugeaibenaisondecianayaminelndilrimethylam_monio-butyrate,
(R)-3-(10-phenyl-decanoylamino )-4-trimethylammonio-butyrate,
(S)-3-(10-phenyI-decanoyIamino)-4-trin&gzthylan&gnonio-butyrate,
(R)-3-[10-(2-fluoro-phenyp-decanoylami <frimethylammonio-butyrate, 15
(R)-3-[10-(2,5-dimethyl-phgryl)-decanoylamino]-4-trimethylammonio-butyrate,
(R)-3-[10-(2,6-dimethyl-phe?1yl\)\-d oylamino]-4-trimethylammonio-butyrate,
(R)-3-[10-(4-methoxy-phiepggh=decanoylamino]-4-trimethylammonio-butyrate, I-A
(R)-3-(10-naphthalen-1-yl-decangylamijpo)-4-tri (#I_@rp\m_] la'gl- y_ty'h_t\ate,
(R)-3-[10-(3-fluoro-phenyp-decanoylamin -trfme ylammonic*utyrate, 20
(R)-3-[10-(2,3-difluoro-phenyl)-decanoylamino] -4-trimethy Lammonio -butyrate,
(R)-3-(10-thiophen-3-34-decanoylamino)-4Qrirnethylammonio-butyrate, (R)-3-(
I2-phenyl-dodecanoylamino)-4-trimethylammonio-butyrate, and phaimaceutically acceptable salts
thereof  Ibpilbhe Appreriated fhad thegampouRds s%ﬁ&%@ﬁac!m@gm%méﬂx Rion may be 25
derivatised at functional groups to provide derivatives which are capable of conversion back to the
parent dippeltac in-divimoThédnrdnliphaismselateséd-a-piocesd dombeaipregpstation of compounds of

ft)mula | as . _
25 (R)-3-[8~(2,5-diflucro-benzyloxy)-octanoylamino}-4-trimethylammonio-butyrate

(R}-3-[8-(2,4-difluoro-benzyloxy}-octano ylanino }-4-trimethylammonio-butyrate,



defined above, which process comprises reacting a tertiary amine of formula WO

2009/132 09/054637 -8- OOH 11 CH3 IHN(CH2)7A1--(CH in.Al, m, n and
sl s 208 BBl

Rl are as rembefore,  with a methylating agent in the presence ase in a polar
solvent to obtain a compound of foimula 0 0 H 3 ,Ngd43 C IHN(CH2),T-A1-(CH2)7R1 CH3 0 The
methylating agent is preferably selected from iodome.thane or trifluoromethanesulfonic acid methyl

ter. " f a base" ferably.in th f sodi h bonat
PotassiU TR R aF U B iy G ECHER ERTFhe o or acetonite
Preferafyy, 16, (6ARUAS AR OUL 8L ACISTROIALIES BONIESN .G ADH 60y rercAS compounds o

foiniula 1 having (R)-configuration are preferred, tertiary amines of the formula

{R)-3-[8-(4-trifluvoromethyl-benzyloxy)-octanoylamino -4-trimethylammonio-butyrate,

(R)-3-[ 8-(3-fiuoro-4-trifluoromethyl-benzyloxyj-octanoylamino |-4-trimethylammonio-butyrate,
5 (R)-3-[8-(4-methoxy-benzyloxy)-octanoylamino |-4-trimethylammonio-butyrate,

(R)-3-[8-(biphenyl-4-ylmethoxy}-octanoylamino -4-trimethylammonio-butyrate,

(R)-3-[8-(2-fluoro-4-trifiuoromethyl-benzyvloxy)-octanoyvlamino }-4-trimethylammonio-but yrate,

(R)-3-[8-~(2,3,5,6-tetrafluoro-4-methoxy-benzylo xy}-octano ylamino }-4-trimethylammonio-
butyrate,

16 (R)-3-[8-(naphthalen-1-ylmethoxy)-octanoylamino |-4-trimethylammonio-butyrate,
(R)-3-(8-benzyloxy-octanoylamine }-4-trimethylammonio-butyrate,
(R)--3-[8-(2-fluoro-benzyloxy}-octanoylamino |-4-trimethylammonio-butyrate,
(R)-3-[8-(3-fluoro-benzyloxy)-octanoylamino]-4-trimethylammonio-butyrate,
(R)-3-[ 8-(4-fluoro-benzyloxy}-octanoylamino]-4-trimethylammonio-butyrate,

15 (R)-3-[8-(2,3-difluore-benzyloxy)-octano ylamino }-4-trimethylammonio-butyrate,
(R)-3~(10-phenyl-decanoylamino)-4-trimethylammonic-butyrate,
(S)-3-(10-phenyl-decanoylamino }-4-trimethylammonio-butyrate,
(R)-3-[10-(2-fluoro-phenyl}-decanoylamino]-4-trimethylammonio-butyrate,
(R)-3-[10-(2,5-dimethyl-phenyl)-decanoylammo J-4-trimethylammonio-butyrate,

20 (R)-3-[10-(2,6-dimethyl-phenyl}-decanoylamino ]-4-trimethylammonio-butyrate,
(R)-3-[10-{4-methoxy-phenyl)-decanoylamino]-4-trimethylammonio-butyrate,
{R)-3-(10-naphthalen-1-yl-decanoylamino )-4-trimethylammonio-butyrate,
(R)-4-trimethylammonio-3-[10-{4-trifluoromethyl-phenyl)-decanoylamino]-butyrate,
(R}-3-[10-(3-fluoro-phenyt)-decanoylamino ]-4-trimethylammonio-butyrate,

25 (R)-3-[10-(2,3-difluoro-phenyl)-decanoylamino |-4-trimethylammonio-butyrate,
(R)-3-{10-thiophen-3-yi-decanoylamine }-4-trimethylammonio-butyrate,
(R}-3~(6-phenyl-hexanoylamino }-4-trimethylammonio-butyrate,
(R)-3-(7-phenyl-heptanoyiamino }-4-trimethylammonio-butyrate,

(R)-3-(8-phenyl-octanoylamino )-4-trimethylammonio-butyrate,



0 OH H3C 11-A CH3 N(CH2)7A1-(CH2),-,---R 0 are preferably used in the process of the present

invention. wg Q&ﬁ{?ﬁ%t invention also relates to compounds of fmula | as, &g@gﬂgﬁg&gye when

prepared by a process as described above.  In more detail, compounds 0 u gfﬁhe present
invention are synthesized from the corresponding tertiary amines Il. The conversion of Il to | is
accomplished by using a methylating reagent such as iodomethane or trifluoromethanesulfonic acid
methyl gﬁgzgﬁg tﬂ% WO 2009/132979PCT/EP2§%546 7 -9- presence of a base, e. g., sodium
hydrogéhearbmar b FEBRT AR HYdr JERENS % BBiTéHt such as methanol or acetonitrile, at

temper@%r_gs(r?g%g -—Qu%@dﬁ%@@aﬁix%@ﬂ M&%ﬁ&uh{&gﬁ}(ﬁ@OTRl CH3 0 Compounds of foil(

ula Il are synthesized from the corresponding estérs 1 (RP = methyl,’5 ethyl, benzyl), using methods

known ifRHh&-drl-Espectaliepiafeimc:ars commpahiidsinwitic BR vedoenzyl, which can be converted to
11 by hydrogenation at a pressure of 1 to 10 bar, using a suitable catalyst, e. g., palladium on
activatetié ParsBHC IR B BIASREREEH 48! hEWIEASI or ethanol, at temperature between 0 C to 50 C.
Alternatively, esters 1 can be transfmmed into Il by base-catalyzed hydrolysis, using reagents such as
lithidm hydroRidegsedyprdfydroxidepatassiiivtiuty drozidesnsstlvedt§ andhagvmtesmsigthanol,
ethanol ytetrahydrofuran, or mixtures thereof, at temperatures between 0 C and 100 C.  Alternatively,
compounds of formula Il, wherein A'is a bond and n is 2, can also be
(R)-3-[8-(4-trifluoromethyl-benzyloxy)-octanoylamino ]-4-trimethylammonio-butyrate,

(R}-3-[8-(3-fluoro-4-trifluoromethyl-benzyloxy)-octanoylamino |-4-trimethylammonio-butyrate,
(R)-3-[8-(biphenyl-4-ylmethoxyj-octanoyiamino |-4-trimethylammonio-butyrate,

10 (R)-3-[8-(naphthalen- ! -ylmethoxy})-octanoylamino }-4-trimethylammonio-butyrate,
(R)-3-[8~(3-fluoro-benzyloxy)-octanoylamino |-4-trimethylammonio-butyrate,
(R)-3-(10-phenyl-decanoylamino -4-trimethylammonio-butyrate,
(S)-3-(10-phenyi-decanoylamino )-4-trimethylammonio-butyrate,
{R)-3-[10-(2-fluoro-phenyl)-decanoylamino}-4-trimethylammonio-butyrate,

15 (R)-3-[10-(2,5-dimethyl-phenyi)-decanoylamino }-4-irimethylammonio-butyrate,
(R)-3-[10-(2,6-dimethyl-phenyl)-decanoylamino J-4-trimethylammonio-butvrate,
(R}-3-[10-(4-methoxy-phenyl}-decanoylamino |-4-trimethylammonio-butyrate,
{R)-3-(10-naphthalen-1-yl-decanoylamino }-4-trimethylammonio-butyrate,
{(R)-3-[10-(3-fluoro-phenyl)-decanoylammo]-4-trimethylammonio-butyrate,

20 (R)-3-[10-(2,3-difluoro-phenyl)-decanoylamino]-4-trimethylammonio-butyrate,
(R)-3-(10-thiophen-3-yl-decanoylamino)-4-trimethylammonio-butyrate,
(R}-3-{12-phenyl-dodecanoylamino)-4-trimethylammonio-butyrate,
and pharmaceutically acceptable salts thereof.

It will be appreciated that the compounds of general formula I in this invention may be

25 derivatised at functional groups to provide derivatives which are capable of conversion back fo

the parent compound m vivo.

The invention also relates to a process for the preparation of compounds of formula 1 as
defined above, which process comprises

reacting a tertiary amine of formmla



synthesized from ester 2 (in the case where RP is benzyl) by hydrogenation as described above, 15
whereby a double bond eventually adjacent to R' as a result of the synthetic protocol used (see below)
is also redC8¢ /& Ese where RP is methyl, ethyl, or benzyl, the transRStRERSH L3430 (11) can
also be accomplished in two steps as follows: In a figst step the aforementioned double bond is
reduced using triethysilane and trifluoroacetic acid in an inert solvent such as toluene or
dichloromethane. In the second step tI‘@ est?r roup is hydrolyzed, using reagents such 20 as lithium
hydroxide, sodium hydroxide, potassium roxide, in solvents such as water, methanol, ethanol,
tetrahydrofuran, or mixtur ere(%{tq'@}y(peratures between 0 C and 100 WO
20091132979PCT1EP2009%054637 -10- 2 clH 3 HN((%HZ)TC The compounds of formula 1 are
synthesized from 3-amino-4-din&%ylb§i‘d- u (%Q@Rﬂﬂdg@g—ﬂ%nd carboxylic acid 4 HO 0 4

This can be carried out under conditions well known to the person skilled in the art. For example, the

reaction can conveniently be carried out b§ymixing carboxylic acid 4 with amine 3 in aprotic solvents
such as dichloromethane, tetrahydrofuran, N,N-dimethylformamide, Nmethylpyrrolidinone and

mixtures ther\ev%fe}agite%peraltluargg 1Q;atvveeesn dng agr}ltlj 60 %ﬂi the 10 presence or absence of a base such
as triethylamine or N/AL diisopropylethyiamine  and 5 B8H8&Hsing agent. Appropriate condensing

agents are selected for example from 047 - .
benzotriazol-ﬂ&ﬁﬁfﬁ%@??@%ﬁ%’@tﬁiﬂlﬂ*@ﬁ?ﬁﬁ?—f&?&?ﬁf@rﬁb@)%@(ﬁm§,t@@’?’faé\lzaﬁéﬁmﬁi%tol- I
-3/1)-N, N, ¥Rhtétramethyluronium-hexaflurophophate (HATU),dicyclohexylcarbodiimide,
1-(3-dimethylamino-propy1)-3-ethyl-carbodiimide hydrochloride, 0- 15
(benzotriazol-1-y1)-N,N,N',N'-tetramethgjuropiim hexafluoro-phosphate,
bromo-trispyrrolidino-phosphonium hexatljorophosphate or others well known to the person skilled in
the art. Alternatively, such geaction n be performed in two steps involving first fonlation of the acyl
halide derivative of 4 and entc uplingz reaction,with amine 3 in the pfesence of a 20 base.
Typically employed reagents for Sfcﬁhﬁ i @f"fb&"dﬁﬂ@ﬂiy)ﬁé%re thionyl chloride,

5 ©

The methylating agent is preferably selected from iodomethane or
trifluoromethanesulfonic acid methyl ester. “In the presence of 2 base”™ means preferably m the
presence of sodium hydrogencarbonate or potassium hydrogencarbonate. The polar solvent is
preferably selected from methanol or acetoniirile. Preferabiy, the reaction is carried out at

10 temperatures between 0 °C and 60 °C.

As compounds of formula I having (R)-configuration are preferred, tertiary amines of the
formula

04 OH

HSC""i?; 1 1 -A
HN_ _ACH,)=—AM(CH.)—R
CH3 \n/ 2im 2/n

O
are preferably used in the process of the present invention.

15 The present invention also relates to compounds of formula I as defined above, when
prepared by a process as described above.

In more detail, compounds of formula T of the present invention are synthesized from the
corresponding tertiary amines II. The conversion of II to I is accomplished by using a

methylating reagent such as iodomethane or triflucromethanesulfonic acid methyl ester, in the



phosphorus pentachloride, oxalyl chloride or cyanuric chloride, and the reaction is generally conducted
in the absence of a solvent or in the presence of an aprotic solvent like dichloromethane, toluene or
acetone. A%%%%ggéﬁz%gtionally be added, like for inteimediate pyridine, tri&ﬁ%gﬁ%’g{%“ 37
diisopropylethylamine or 4-methylmorpholine. The gbtained acyl 25 chloride can be isolated or reacted
as such with an amine 3 in an aprotic solvent, like WO 2009/132979PCT/EP2009/0541637
dichloromethane, tetrahydrofuran or acetone, in the presence of a base. Typical bases are
triethyldFRHECE-H AT GriSh o By RS OR B IR RARSTHE SR SRR hyfdine or
mixturesinereefich hemetiiash), csushtreaiciions campeeapexobrredin WE stepsirialving first formation
of a 5 mixed anhydride derivative of 4 obtained by reaction with a reagent such as ethyl chloroformate,
isobutyl chloroformate or acetic anhyd 4Al subsequent reaction with amine 3 as described above.

Compounds of foimula 2 are synthesized from 3-amino-4-dimeth.ylaminobutyrate 3 and carboxylic

acid 5, in analogy to I. HOHSH T R1 5 The synthesis of 3-amino-4-djmethylaminobutyrate 3 is
highlighted in scheme 1 and staits fr comn@@lpqi?ﬂy,@z ' protected aspartic acid monoester 7.
RP is methyl, ethyl, or benzyl, v@t’ﬁsbenzy eing esz‘eciaI y p?e?erred. Scheme 1 In step a,

scheme 1, carboxylic acid 6 is reacted witiydimethylamine to the N,Ndimethylamide derivative 7, using
reagents and methods as described for the reaction of carboxylic acid 4 with amine 3. In step b,
scheme 1, N,./V-dimethylamide 7 is convened to dimethﬁgmine derivative 3 by 20 5eduction and

subsequent refERAFYISAE RSP HE T E BRSBTS g eI Praftine astekgeRs TorftBYeduction
are borathedtdicahylrofungmedmpidnomararhe-aimetpyisalfidercomplestcinoampapndiid sotehit such as

tetrahyqrafiyan, At tempSEAURS S RRIVER AN & ANG AR £ s REFRAE Ob federt Butoxyaarbonyl group is

accomplish Ef in an acidic environment, usin .
psuzta% e catfﬂyst, e. g. paﬁadmm on actngated charcoal, in a solvent such as methanol or ethanol,

at temperature between 0 °C to 50 °C. Alternatively, esters 1 can be transformed mto II by base-
catalyzed hydrolysis, using reagents such as lithium hydroxide, sodium hydroxide, potasstum
10 hydroxide, in solvents such as water, methanol, ethanol, tetrahydrofuran, or mixtures thereof, at
temperatures between 0 °C and 100 °C.
Rp

|
s 0O

HyCy | | .
L HN_ _ACH)—AMCH)—R
CH3 Y 2/m 2/n
®

Alternatively, compounds of formula II, wherein A' is a bond and n is 2, can also be

synthesized from ester 2 (in the case where R” is benzyl) by hydrogenation as described above,
15 whereby a double bond eventually adjacent to R' as a result of the synthetic protocol used (see

below) is also reduced. In the case where R” is methyl, ethyl, or benzyl, the transformation of 2

into (1I) can also be accompiished in two steps as follows: In a first step the aforementioned

double bond is reduced using triethysilane and trifluoroacetic acid in an inert solvent such as

toluene or dichloromethane. In the second step the ester group is hydrolyzed, using reagents such
20  as lithium hydroxide, sodium hydroxide, potassium hydroxide, m solvents such as water,

methanol, ethanol, tetrahydrofuran, or mixtures thereof, at temperatures between 0 °C and 100
°C,



hydrochloric acid or sulthric acid, in solvents such as ethanol, methanol, water or mixtures 25 thereof,
at tempera&ge;ﬂlﬁa%\évz%eg 0 Cand 20 C. WO 2009/132979PCT/EP2009/054637 Carboxylic acids 4
are either co ruaﬁy Zvailable or can be produced as outlined in schemes P FPHRPRET R is as
described above and A2 is oxygen, carboxylic acicj§é can be produced as described in scheme 2,
where X is a leaving group such as bromine, iodine, or 5 methanesulfonyloxy and PG is an optional
protective group, e. g., tetrahydropyran-2-yl. Scheme 2 PG-0 (CH2),7-X +
H-A1-(CH2)TR1t-(CH2),A1-(CH2)E-R 910 HO (CR2)TAL (CHAT Ri 0 114 In step a, scheme 2,
compound 9 is alkylated with optionally protectedgso-halo or co- sulfonyloxy alcohol 8, leading to 10.
The reaction is performed in a solvent such as™ethanol, 10 acetonitrile, or AN-dimethylformamide, in
the presence of a base, e. g., pgtassiu bonate, sodium hydroxide, potassium tert-butylate, or
sodium hydride, at temperaturesabet en 0 C and 100 'C.i#1 In optional'step b (i. e., in the case
where PG t Fl), the protective group o;n430 & H%Ta‘ g to e}lcohol 11. In the case of PG =
tetrahydropyran-2-y1, this reaction is accomplistied 15 using'arr@cid catalyst such as hydrochloric
acid, toluene-4-sulfonic acid, or pyridinium toluéﬁe4-sulfonate, in a solvent such as water, methanol, or
ethanol, at temperatures between 0 C and 100 'C.  In step c, scheme 2, alcohol 11 Ls oxidized to
carboxylic acithd <Fypicailjserhfiloyeth feagesytstzni-eoiditiodfonthe-dxidationafralaafoldd dnclude
pyridinium dichromate, 20 chromium(VI)oxide, or potassium permanganate. This oxidation of 11 to 4 is
also possible for alcohols 11 in whigh-4' | oneh: Eé[ngtively, alcohol 11 can be synthesized as
outlined in scheme 3, A2 is oxygen and|RI, m and n are a_sl%efined abgpve. In this route diol 12 and
compound 13 are reacted under Mitsun©biy caidifiorts using a phosphine, e. g., triphenylphosphine,
and an azodicarboxy ic acid 25 diester, e. g., diethyl azodicarboxylate or diisopropyl azodicarboxylate,

in a solvent such a o
an ca?boxyhc acid 4

HO

O}—(CHQ);AL(CHz);mR‘ 4

This can be carried out under conditions well known to the person skilled in the art. For

example, the reaction can conveniently be carried out by mixing carboxylic acid 4 with amine 3
n aprotic solvents such as dichloromethane, tetrahydrofuran, N, N-dimethylformamide, N-
methylpyrrolidinone and mixtures thereof at temperatures between 0 °C and 60 °C in the

10 presence or absence of a base such as triethylamine or N, N-diisopropylethylamine, and a
condensing agent. Appropriate condensing agents are selected for exampie from O-(7-
benzotriazol-1-yh)-N NN, N -tetramethyluronium-tetrafluoroborate (TBTU), O-(7-
azabenzotriazol-1-yl}-N.N, N’ N -tetramethyluronium-hexaflurophophate (HATU), NN -
dicyclohexylcarbodiimide, 1-(3-dimethylamino-propyl)-3-ethyl-carbodiimide hydrochioride, O-

13 (benzotriazol-1-yl}-N N.N', N -tetramethyluronium hexafluoro-phosphate, bromoe-tris-
pyrrolidino-phosphonium hexafluorophosphate or others well known to the person skilled in the
art.

Alternatively, such reactions can be performed in two steps involving first formation of the
acyl halide derivative of 4 and subsequent coupling reaction with amine 3 in the presence ofa
20  base. Typically employed reagents for the formation of the acyl chloride are thiony! chloride,
phosphorus pentachloride, oxalyl chloride or cyanuric chloride, and the reaction is generally
conducted i the absence of 2 solvent or in the presence of an aprotic soivent like
dichioromethane, toluene or acetone. A base can optionally be added, like for intermediate
pyridine, trithylamine, diisopropylethylamine or 4-methylmorpholine. The obtained acyl
25 chloride can be isolated or reacted as such with an amine 3 in an aprotic solvent, like



WO 2009/132979PCT/EP2009/054637 -13- tetrahydrofuran, dichloromethane, or toluene, at
temperatures between O C and 50 C, leading to 11. Scheme 3 HO
H-Ai--(CH2YORIEHRTAL(CH2), T-R 1311 5Alternatively, alcohol 11 carfb&/EVARYEN6E as outlined
in scheme 4. A" is oxygen and R', m and n are as ( elf_ined above, X is a leaving group such as
bromine, iodine, or methanesulfonyloxy. Thus, compound 14 is alkylated with halide or suifonate 15.
The reaction is performed in a solvent such as ethanol, acetonitrile, or N,N-dimethylform-amide, in the

presenéicbiaaBngBaes. getporassiincarsepiare, sodiararpsrnoxide protmssiniratdnsobgifate, or sodium

10 hydrigleshatdenmpetaires betvyeeri G antiilk)GiGomehsmed#itddQr dimethylaminopyridine
X-(CHZEI%&-%QQJ& CH2)7R 141511 Acid 4 can also be synthesized as outlined in scheme 5. A
is oxygen an& , mand n arc as defined above, X is a leaving group such as bromine, iodine, or

methanesulfonyloxy. The 15 alkylation of c%rbox lic acjd 16 with halide or sul on%te 15 is performed in
an analoguod BRI THER BFEEAVIR P (oRFARFEI SSEREERS FRSHIGRE Tt 3

ormation of a

CH2) A Imixd @ iicHRy Frade (@M D TR Q0bY6E8Aon with agatgrated cicids: tifygehleralidommigla 5 can

be fgr}tn%%ﬂ asosiinaskinsebeme S RriddrOaba g8 delined ahavenia sdowacalied. . 9.,
methy g{;(gave.y '

Compounds of formula 2 are synthesized from 3-amino-4-dimethylaminobutyrate 3 and
carboxylic acid 5, in analogy to 1.

HO

10 c?‘(CHE)”T\\‘R1 i

The synthesis of 3-amino-4-dimethylaminobutyrate 3 is highlighted in scheme 1 and starts
from commercially available N-protected aspartic acid monoester 7. R” is methyl, ethyl, or
benzyl, with benzyl being especially preferred.

Scheme 1

In step a, scheme [, carboxylic acid 6 is reacted with dimethylamine to the N,N-
dimethylamide derivative 7, using reagents and methods as described for the reaction of
carpoxylic acid 4 with amine 3.

In step b, scheme 1, N,N-dimethylamide 7 is converted to dimethylamine derivative 3 by
20 reduction and subsequent removal of the tert-butoxycarbonyl protective group. Preferred
reagents for the reduction are borane-tetrahydrofuran complex or borane-dimethyisulfide
complex, in an aprotic solvent such as tetrahydrofuran, at temperatures between —20 °C and 80
°C. Removal of the tert-butoxycarbonyl group is accomplished in an acidic environment, using
hydrochioric acid or sulfuric acid, in solvents such as ethanol, methanol, water or mixtures
25  thereof, at temperatures between 0 °C and 20 °C.



WO 2009/132979PCT/EP2009/054637 -14- Scheme 6 Ra-0a)Ra-0 \\\,.'--R1-(CH2)1 00 171819 b) HO
(CH2)".\\05 In step a, scheme 6, unsaturated ester 17 is reacted with styrene derivative 18 in an
aLkene cr8%8-Hi&dd1&4ls reaction, leading to 19. This reaction is carried dift EARER*“¢STvent, such
as 5dichloromethane or toluene and requires a su_iia}k_JIe catalyst, e. g., dichloro(1,3-dimesityl-4,5-
dihydroimidazol-2-ylidenc)(phenylmethylene)(tricyclohexyl-phosphine)ruthenium, at temperatures
between 20 C and 100 C. In step b, scheme 6, ester 19 is converted to acid 5 by base-catalyzed
hydrolysis, uSitigeszbeatids dot agithensrEyeidgsidea sulibin HywoRideroguesdsta RuHyHdRde, in
solventscsustras t07water, methanol, ethanol, tetrahydrofuran, or mixtures thereof, at temperatures
between 0 C and 100 C.  Alternatively, unsaturated acids of formula 5 can be synthesized as
outlined in sahgmer?. iR AR IANE A% Hefined aRaVE SENER Iy HEHRBHABINBIIQ #4CH2),7-Br

~0-6) légg'c-r]fggﬁ-ri’nps_c%grp}e 2, where X is a leaving group such as bromine, iodine, or

5 methanesulfonyloxy and PG 1s an optional protective group, e. g., tetrahydropyran-2-yl.

Scheme 2
PG'O\M 1 1 a) PG-Q 1 ’
(CH,)—X + H—A=(CH,)—R  —— “—(CH,)}—A(CH,)—R
8 9 10
b) HO c) HO 1 1
— —(CH,)—ANCH)—R' T J(CH, ) A= (CH,)-R
0
11 4

In step a, scheme 2, compound 9 1s alkylated with optionally protected o-halo or o-
sulfonyloxy alcohel 8, leading to 18. The reaction is performed in a solvent such as ethanol,
10 acetonitrile, or N,N-dimethylformamide, in the presence of a base, e. g., potassium carbonate,
sodium hydroxide, potassium tert-butylate, or sodium hydride, at temperatures between 0 °C and
100 °C.

In optional step b (1. ¢., in the case where PG # H), the protective group of 16 is removed,
leading to aicoho! 11. In the case of PG = tetrahydropyran-2-vyl, this reaction is accomplished
15  using an acid catalyst such as hydrochloric acid, toluene-4-sulfonic acid, or pyridinium toiuene-
4-gulfonate, in a solvent such as water, methanol, or ethanol, at temperatures between 0 °C and
100 °C.

In step ¢, scheme 2, alcohol 11 is oxidized to carboxylic acid 4. Typically employed
reagents and conditions for the oxidation of alcoho! 11 include pyridinium dichromate,
20 chromium(VD)oxide, or potassium permanganate, This oxidation of 11 to 4 is also possible for

alcohols 11 in which A' is 2 bond.

Alternatively, alcohol 11 can be synthesized as outlined in scheme 3, A? is oxygen and R?,
m and n are as defined above. In this route diof 12 and compound 13 are reacted under
Mitsunobu conditions using a phosphine, e. g., iriphenylphosphine, and an azodicarboxylic acid

25 diester, e. g., diethyl azodicarboxylate or diisopropyl azodicarboxylate, in a solvent such as



0i OR Ph\--\ R. 20215 22 In step a, scheme 7, co-bromoacid 20 is reacted with triphenylphosphinc,
leading to phosphonium salt 21. This reaction is carried out in an inert solvent such as toluene, at
temperatufte HRIE2HY20 C and 110 C. WO 2009/132979PCT/EP2009/0548%57 248054647 step b,
scheme 7, phosphonium salt 21 is reacted with algi hyde 22, leading to 5. This reaction is carried out
in the presence of a base, e. g., sodium hydride, n-butyllithium, or potassium tert-butylate, in a solvent
such as diethyl ether or tetrahydrofuran, at temperatures between -20 C and 50 C. 5As described
above, We2hedefesmpbokasostatiiin Polole sresdrnantishisayeBdei60hd%o inHBtE&rmitine
palmitoyl transferase 2 (CPT2) activity. The compounds of the present invention can therefore be used
in the treatment and/or prophylaxis of diseases that are modulated by CPT2 inhibitors, particularly
diseases that grgselated to hyperglycemia and/or glucose tolerance disorders. Such diseases include
e.g. diabetes and associated pathologies, non 10 insulin dependent diabetes mellitus, obesity,
hypertensign, insulin resistance syndrorqe, metaboli1c syndrome, hyjaerlipidemia, .
hypercholester(littnja—f@tty liver distastabetdscirosis,congestive he@ HigitmiealiiHtgmaRailure.
The invention therefore also relates to pharmaceutical compositions comprising a compound of
formula | as defig d above and a pharmac?gtically acceptable carrier and/or 1§1adjuvant. The
invention also embraces compounds of formula | as described above for use as therapeutically active
substances, especially as therapeutically active substances for the treatment and/or prophylaxis of
diseases whidHaretiiplurielBy P DBz shit ANy Idr SSeeE thetapBOiE&RY e
substansesdar ihedselatinett b K praphbyldnis mwbhypecylyceria; glucase: 20rtolerance disorders,
diabetes, and assasiated paiplogigs, nan ingwlindepandent diabries metits, phesity yperension,

insulin resistance syndrome, métabolic syndrome, hyperlipidemia, ercholesterplemia, fatty liver
isease SRR 0 Eo GBSV RS RS A B EAUREC ) nSErE ot Cirsidfment,
the inverftiobase)ates tposansethosfovithie, thstape biidra5idndloeprophidsctivietmeso dltiseases
whigh agemedulated;y.GRIA,nRikitogs:panictigriy for the therapeutic and/or prophylactic treatment
of hyperglycemia, glucose tolerance disorders, diabetes and associated pathologies, non insulin
dependent d%’&%?%% @ellitus, obesity, hypertension, insulin resistance syndrome, metabolic syndrome,
hyperlipidemia; hypércholesterolemia, fatty liver disease, atherosclerosis, congestive heart failure and
renal 30fajlure, which method comprises administering a compound gfformula | as defined above to a
human being-granjmal’—H The inventiom—@islam{ateé to-the-use of compeyimis 9 foknip HaR '
described above for the preparation of medicaments for the therapeutic and/or prophylactic treatment
of diseases which are modulated by CPT2 inhibitors, particularly for the therapeu%i{: and/or
prophylactic treatthent 15

Acid 4 can also be synthesized as outimed in scheme 5. Al is oxygen and R', m and n are
as defined above, X is 2 leaving group such as bromine, iodine, or methanesulfonyloxy. The
15 alkylation of carboxylic acid 16 with halide or sulfonate 15 is performed in an analoguous
fashion to that of 14 with 15 (scheme 4).

Scheme 5
HO 1 1 HG 1 1
O}—(CHQ);A“H * X~(CH—R' —= O}*(CHz)nTA"(CHZ);R
16 15 4

Unsaturated acids of general formula 5 can be synthesized as outlined in scheme 6. R and

20 m are as defined above, R" is lower alkyl, ¢. g., methyl or ethyl.



35 of hyperglycemia, glucose tolerance disorders, diabetes and associated pathologies, non insulin
WO 2009/132979PCT/EP2009/054637 -16- dependent diabetes mellitus, obesity, hypertension,
insulin resi¥AA¥ddAtome, metabolic syndrome, hyperlipidemia, hypercASTESERISI& T Fatty liver
disease, atherosclerosis, congestive heart failure and renal failure. Such medicaments comprise a
compound of formula | as described above. 5Prevention and/or treatment of hyperglycemia and non
insulindependent diabetes is the preferred use.  The following tests were carried out in order to
determine th&é@t&ﬁ@ of the compounds of the present invention. Background information on the perfoi
tried assays can be found in: Jackson et al., 1999, Biochem. J. 341, 483-489 and Jackson et al.,
2000,11 Biol. CRen®) 275, 19560-19566. 1QHuman and@ht CPT@%H CPT1 cDNAs, and human
muscle CPT1 cDNA/}v-e(é)bg ed in pG%&ZB;dr pGAPZA, respegtivéyHT lasmids were used
to transform P. pas%ris strain X-33 via electroporation after the prégaration of elec ro%ompetent cells.
High copy number clones.were selected Wherqagwecessary using 0.50r 1 ml Zeocin. Cultures for
activity measurements were induced for 16 h in YPD medium (1% yeast extract, 2% peptone, 15 2%
glucose). Crude cell extracts were prepared by disrupting the cells with glass beads or French Press,
depending on fermenter sizes. After centrifitgation, the cell-free extracts werg resuspended in cell
breaking buffer (50 mM Tris, p1-17.4, 100 mM KC1, 1mM EDTA) in the prens'Enb@ of a protease
inhibitor cocktail, before aliquoting and freezing at -20 C. CPT activity was measured using a
spectrophotometric assay using 5,5'-dithio-bis-(2- 20 nitrobenzoic acid) (DTNB) also called Eliman's
reagent. The HS-CoA released on the formation of acylcamitine frggy eamitine (500 uM) and
palmitoyl-CoA (80 uM) reduced DTNB (300 uM) forming 5-mercapto&}n'g@@p [ aci1d which
absorbed at 410 rim with a molar extinction coefficient of 13600 M-iem-1. Th& as uffer contained
120 mM KC1, 25 mM Tris, pH 7.4, | niM EDTA. This assay was used for the identification of CPT
inhibitors, particularly/ 25 preferentially CPT2-selective inhibitors, versus thé liver and muscle CPT1
isoforms.  The compounds according to formula | preferably have an IC50 value (CPT2) below 10
uM, preferably dtap\.teckOntud\h, moreupreféably 17rihdtotdditiThertolalwing takl@&howvsatlate: for

some emﬂﬁaad{g@s%%@{&%%lzl@ﬁgﬁ/ 82900403 15 bAnFsasnPle RERIL IHRiBHaR IR0 [limol/]

hL-CPT] inhibition IC50 Lumol , . : L
3 cilicglorome%ane or toluene and requires a suitable catalyst, e. g., dichloro(1,3-dimesityl-4,5-
dihydroimidazol-2-ylidene}{phenylmethylene ){tricyclohexyl-phosphine)ruthenium, at

temperatures between 20 °C and 100 °C.

In step b, scheme 6, ester 19 is converted to acid 5 by basc-catalyzed hydrolysis, using
reagents such as lithium hydroxide, sodium hydroxide, potassium hydroxide, in solvents such as
10 water, methanol, ethanol, tetrahydrofuran, or mixtures thereof, at temperatures between 0 °C and
100 °C.

Alternatively, unsaturated acids of formula 5 can be synthesized as outlined in scheme 7.

R’ and m are as defined above.

Scheme 7
HO a) HO Br Ph b)  HO
§(CHBr —— S CHPepn —— O>—(CHZ>;—\_Fz1
Ph NS R
5 20 21 29 5

In step a, scheme 7, o-bromoacid 20 is reacted with triphenylphosphine, leading to
phosphonium salt 21. This reaction is carried out in an inert solvent such as toluene, at

temperatures between 20 °C and 110 °C.
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In step b, scheme 7, phosphonium salt 21 is reacted with aidehyde 22, leading to 5. This
reaction is carried out in the presence of a base, ¢. g., sodium hydride, n-butyllithium, or
potassium tert-butylate, in a soivent such as diethyl ether or tetrahydrofuran, at temperatures
between —20 °C and 50 °C.

5 As described above, the novel compounds of formula I of the present invention have been
found to inhibit carnitine palmitoyl transferase 2 (CPT2) activity. The compounds of the present
mvention can therefore be used in the treatment and/or prophylaxis of diseases that are
modulated by CPT2 inhibitors, particularly discases that are related to hyperglycemia and/or
glucose tolerance disorders. Such discases include ¢.g. diabetes and associated pathologies, non

10 1nsulin dependent diabetes mellitus, obesity, hypertension, insulin resistance syndrome,
metabolic syndrome, hyperlipidemia, hypercholesterolemia, fatty liver disease, atherosclerosis,
congestive heart faiture and renal failure.

The invention therefore also relates to pharmaceutical compositions comprising a
compound of formula I as defined above and a pharmaceutically acceptable carrier and/or
15 adjuvant.

The invention also embraces compounds of formula I as described above for use as
therapeutically active substances, especially as therapeutically active substances for the treatment
and/or prophylaxis of diseases which are modulated by CPT2 inhibitors, particularly for use as
therapeutically active substances for the treatment and/or prophylaxis of hyperglycemia, ghicose

20 tolerance disorders, diabetes and associated pathologies, non insulin dependent diabetes mellitus,
obesity, hypertension, insuiin resistance syndrome, metabolic syndrome, hyperhipidemia,
hypercholesterolemia, fatty hiver disease, atherosclerosis, congestive heart fatlure and renal
failure.

In another preferred embodiment, the invention reiates to a method for the therapeutic

25 and/or prophylactic treatment of diseases which are modulated by CPTZ2 inhibitors, particuiarly
for the therapeutic and/or prophylactic treatment of hyperglycemia, glucose tolerance disorders,
diabetes and associated pathologies, non insulin dependent diabetes mellitus, obesity,
hypertension, insulin resistance syndrome, metabolic syndrome, hyperlipidemia,
hypercholesterolemia, fatty liver disease, atherosclerosis, congestive heart failure and renal

30 failure, which method comprises administering a compound of formulia I as defined above to a
human being or animal.

The invention also relates to the use of compounds of formula T as described above for the
preparation of medicaments for the therapeutic and/or prophylactic treatment of diseases which
are modulated by CPT2 inhibitors, particularly for the therapeutic and/or prophylactic treatment

35 of hyperglycemia, glucose tolerance disorders, diabetes and associated pathologies, non insulin
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dependent diabetes mellitus, obesity, hypertension, insulin resistance syndrome, metabolic
syndrome, hyperlipidemia, hypercholesterolemia, fatty liver disease, atherosclerosis, congestive
heart failure and renal faiture. Such medicaments comprise a compound of formula I as
described above.

5 Prevention and/or treatment of hyperglycemia and non insulin dependent diabetes mellitus
is the preferred use.

The following tests were carried out in order to determine the activity of the compounds of
the present invention. Background information on the performed assays can be found in: Jackson
et al., 1999, Biochem. J, 341, 483-489 and Jackson et al., 2000, J. Biol. Chem. 275, 19560-19566.

i0 Human and rat CPT2- and iiver CPT1 ¢cDNAs, and human muscle CPT1 ¢cDNA were
subcloned m pGAPZB or pGAPZA, respectively. These plasmids were used to transform P.
pastoris strain X-33 via clectroporation after the preparation of electrocompetent cells. High
copy number clones were selected where necessary usmng 0.5 or I mg/ml Zeocin. Cultures for
activity measurements were mduced for 16 h in YPD medium (1% yeast extract, 2% peptone,

15 2% glucose). Crude cell extracts were prepared by disrupting the cells with glass beads or French
Press, depending on fermenter sizes. After centrifugation, the cell-free extracts were resuspended
in cell breaking buffer (50 mM Tris, pH7.4, 100 mM KCI, I'mM EDTA) in the presence of a
protease inhibitor cocktail, before aliquoting and freezing at -20 °C.

CPT activity was measured using a spectrophotometric assay using 5,5 -dithio-bis-(2-

20 nitrobenzoic acid) (DTNB) also called Eliman’s reagent, The HS-CoA released on the formation
of acylcarnitine from carnitine (500 uM) and palmitoyl-CoA (80 uM) reduced DTNB (300 uM)
forming S-mercapto-2-nitrobenzoic acid which absorbed at 410 nm with a molar extinction
coefficient of 13600 M cm™. The assay buffer contained 120 mM KCl, 25 mM Tris, pH 7.4, 1
mM EDTA. This assay was used for the identification of CPT inhibitors, particulariy/

25  preferentiallty CPT2-selective inhibitors, versus the liver and muscle CPT1 isoforms.

The compounds according to formula ] preferably have an 1Csq value (CPT2) below 10 uM,
preferabiy 1 nM to 10 uM, more preferably ! nM to I uM. The following tabie shows data for
some examples.
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The compounds of foiinula 1 and/or their pharmaceutically acceptable salts can be

used as medicaments, e.g. in the form of pharmaceutical preparations for enteral, parenteral or topical
5 administf3R18)8an be administered, for example, peroratly, e.g. i feHbtH°d b ets, coated

tablets, dragees, hard and soft gelatine capsules,

lutions, emulsions or suspensions, rectally, e.g. in

the form of suppositories, parenterally, e.g. in the"fs'orm of injection solutions or suspensions or infusion
solutions, or topically, e.g. in the form of ointments, creams or oils. Oral administration is preferred.
WO 2009/132979PCT/EP2009/054637 -18- The production of the pharmaceutical preparations can be

effected in a manner \
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The compounds of formula I and/or their pharmaceutically acceptable salts can be used as

medicaments, e.g. in the form of pharmaceutical preparations for enteral, parenteral or topical

administration. They can be administered, for example, perorally, e.g. in the form of tablets,

coated tablets, dragées, hard and soft gelatine capsules, solutions, emulsions or suspensions,

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

suspensions or infusion solutions, or topically, e.g. in the form of ointments, creams or oils. Oral

administration is preferred.



-19- Examples Abbreviations:  HPLC = high pressure liquid chromatography, m/e = mass to charge
ratio as measured by mass spectrometry (MS). SIintermediate |

(R)-3-18- (f‘svﬁ) Bt Fﬁ’enzyloxy) -octanoylaminol-4-dimethylamino- butyrlg%ﬁgll’gf%é?ﬁg ion of
1,8-octanediol (300 mg, 2.05 mmol) in tetrahydrofykan/N,N- dimethylformamide 2:1 (3 mL) was added
dropwise at 0 C to a suspension of sodium hydride (60% dispersion in mineral oil, 90 mg, 2.3 mmol) in
N,N-dimethylformamide (1.5 PILL then 10 after 2 h 3,4-difluorobenzyl bromide (445 m% 2.15 =oh was
added. After ¥R pERAMCHSHAT HindlrTIREs i HORBA A0 Rrafdfoslag & Sty ITRCE AR iﬁ}?\e"‘fdpganlc
layer wias faashedonitty Iprinen diidtt o ve tisodivuby sulfateg filte dedc@ding] evagaratdd oClnmomatdgraphy

(5102, é&ﬁ%@@ﬁcﬁt{ap{gﬁﬁ&‘é@&mﬁﬁ%@ ?J@é%@ﬁs%%rgﬁlyg{q&ﬁm@mﬁ%}ﬂn@ (258 mg, 46%).
Colourless oil, m/c = 2 :?3 +HI% Step 2: P ridinju % |c:hromat as added

at 0C t6"5TeBRHiSH! Bﬁ“éah(‘é R RSB B g & %6%? SSLabE
N,N-dimethigfocmnarnitte(@ eLipa e sowetibtersiiid e s hiloied e s idhavbri tavipserateiel over 16
h, thenm@g%@ﬁ&@%ﬁgalw@ter and ethyl acetate. The organic layer was washed with brine, dried
over sodium sulfate, filtered, and evaporated. Chromatography (Si02, heptane-[ethyl acetate/formic

acid 100:1] %&r%%%fa%ﬁmgsﬂa% (et nqkftymgpl&%g BHOXRCANAIRACH(16R I, B¢ Figlourless

oil, mile = 285.1 3: A solutiori of 8-(3,4-difluoro-benzylox octanolc acjd (153 mg,
0.53 m-RI&di 69@ n@ma ﬁ?gmé*i%%%”é’ﬁﬂ‘@‘(%%‘?%e% HHEZAE NI N

tetramethiydurantemshéxatarcphopttate { 2 tabist©, 6zkredriobidts NN adirm e tidybonhgaiaitdic was 25 stirred
ford h aLroom tgm&%@wﬁl&%&@fﬁ%ﬁ%@{ é@hﬁa@w Qlfégdae@eﬁby@mmzb ie.8Rid henzyl ester

d|hydrochlor|d 98 m 64 N- d|m formamld wa The reactjon
mixture 45> WJS lhg%fcfégfg %g?é&’u %m§pora%é ?orgg o&?gﬁﬁ;}“@%@ m
d.ch|orm@mw{mghtohom@mraﬂme/mmdom%%&qo%emﬁw@ﬁmm@mmﬁ)o&1@@%@%@&) produced
(R)- 34%%@@%%@9%@@%@9@%@@%@]sﬂrrdfm@myfmmwywaa peiddgnzikester (136
mg, 50%%% Xello tg"’l Ile%u ?ec 1€r thra %[re s cfabﬁoggﬁigﬁl%fare Or exany te
of-4di e%ter"& 5'mg,

(R)- -348 itk eTcen enzylo anoy amm met amlnobutyrlc acid benzy

0.25 miephR mgiw&fg@ma Lﬁﬁééﬁaﬁﬁﬁégpﬁ%@b}‘@é&%ﬁh@ﬂf@d&@%&w@é BHPLREREH {To% on
activatesk shateoal 30! moaiterB36immathe, datalyst was- WEI2008/18A9MMFIC HHRRR0MNEE4637 -20-

filtered ,?{ éﬁg shfsrﬂ n;ﬁé%@ggﬁﬁ%{@ﬁ%%fmeﬁﬁ&o @Jﬁwg}&ﬁa&%&al(éwﬂy@@ﬂ%&%mxy)

octanoy amlno -4- ino-butyric acid (96.ru g Light (éow oil, mle = 4 3i2 (CM H1).
preparéﬁfaﬂﬁocgfc(ﬁff%% ﬁo%/ iR G BRIRATCS i azym&%‘? g EFSChIBRRGYien

glycols and cellulose derivatives.

20 Usual stabilizers, preservatives, wetting and cmulsifying agents, consistency-improving
agents, flavour-improving agents, salts for varying the osmotic pressure, buffer substances,
solubilizers, colorants and masking agents and antioxidants come into consideration as

pharmaceutical adjuvants.

The dosage of the compounds of formula [ can vary within wide limits depending on the
25 discase to be controlled, the age and the individual condition of the patient and the mode of
administration, and will, of course, be fitted to the individual requirements in each particular case.
For adult patients a daily dosage of about 1 to 2000 mg, especially about 1 to 500 mg, comes mto
consideration. Depending on the severity of the disease and the precise pharmacokinetic profile
the compound could be administered with one or several daily dosage units, ¢.g. in 1 to 3 dosage

30 units.

The pharmaceutical preparations conveniently contain about 1 to 500 mg, preferably I to

200 mg, of a compound of formula 1.

The foliowing examples serve to illustrate the present invention in more detail. They are,

however, not intended to limit its scope in any manner.



5a) Triethylaminc (2.8 mL, 20.0 mmol) was added at O C to a solution of Boc-D-aspartic acid 4-benzyl

ester (5.00 g, 15.0 mmol) in dichloromethane, then ethyl chlorofol mate (1.91 mL, 20.0 mmo I) was

added dropMg8¥hEFEaction mixture was stirred for 1 h at 0 C, then a soR{BRBLE e Iamine
hydrochloride (2.65 g, 32.0 mmol) and triethylamine (4.53 mL, 32.0 mmol) in dichloromethane (100
mL) were added dropwise. The reaction mixture was allowed to reach 10 room temperature over 16 h,
then washed with brine, and concentrated. Chromatography (Si02; heptane-ethyl acetate gradient)
produced (R)-3-tert-butoxycarbonylamino-N,N-HEaEtmesuccinamic acid benzyl ester (3.77g. 70%).
Colourless oil, m/e = 351.4 ([IMH-FI]1.  b) Borane-dimethyl sulfide complex (1.57 mL, 3.14 mmol)
was added dadpwisdai@h€ to a solution of (R)-3-tert-butoxycarbonylamino-N,N-dimethyl-succinamic
acid benzyl ester (500 15 mg, 1.43 mmol). The reaction mixture was warmed to room temperature and

heated at reflaifor3Highiscther tooledrehéianapiioaied drepwise With:6 MidGshieiasklore acid

solutio%gsgggg&gﬁ}c{nnzeﬂ)s The reaction mixture was allowed to warm to room temperature and
concentrated in vacuo. R S|d)UaI water was azeotroped with toluene and concentrated under high

vacyum to afford (R)-3-amino-4-dimethylamino-butyric acid benzyl ester dihydrochloride (384 20 mg,
879%). White solid, m/e = 237.4 ([M+H]+). Int 1
(R)-3-[8-(2,5-Difluoro-benzyloxy)-octanoyiaminoi-4-dimethylamino-butyric acid  The title compound,
m/e = 413.3 (fR-R-whi- Pifugeed anariargyewins avlamiselAcdimstbslamisubwhudc 2@doctanediol
was alkylated in step 1 with 2,5-difluorobenzyl bromide, 25 leading to

8-(2,5-difluorbttehzil sriitiootanI-Hlo etdricHiolds Mxidiz €dif step!Ritot84dhSdrofuran/N, N~
difluoroshaemyasyhestarRaic agith TS WARISGOURIBH 5k 3fep Fwith (R)3:8INGr dodium hydride
dimethylamino-butyric acid.benzyl egter dlfa/grochl rldey?i ﬁgrodut&igr . '

(R)-3-[8(- 5-di L?drlc{))belﬁznﬁg%/a)-o%:tanor)ﬂ%’mi‘ Ol A<tiniet yaﬁ%%- ﬁﬁ%&dﬂﬁgeﬂénszwlé)st@ﬁ%hich was
hyéifogaiigtetilin srsipfmorpbonzp0o B RE79p T iE B200008 he3% Riicthtdfaedihtdgreaction

(R)-3. 1&(&&@%@@?&@@&%&&@&@@3@@%@@&@0&3@;@@% RecBHY TS aciths wHiRttiRgomMpound,
mJc = . 117 ed.in_analogy. with inte late 1, steps 1.10 4, Thus
3ot e B D e I D RE 0 Rt
8-(2,4-difitiao BahsHioRAREKAN O f; diveRa s BNy ed 8t bt BaR446%). Colourless oil,
difluorortvenz@ioxy)dadtadpic acid. This was coupled in step 3 with (R)-3-amino-4-
dimethylamino-butyric acid benzyl ester dihydrochloride to produce

ER?MS-(Z,4@&9_@@@3@@3@&&@@?@%qmmog;%qmﬁmmm@qmap@@ts%whﬁﬁ%fwhich was
(R Dy e 0 S T e SR B AP ohmpounc,
mie = 43T {RAIE PSSt SaaMb gy WEeTARSTA B &restL | §teben eoratitimed, besweritanediol
was alkylatediid stepl kedtin?, 3 Betoflumiobensylbsamided leadingite, dried over sodium sulfate,
8-(2,3, Afi&fﬁ%&!&’,@ﬁ%@%}ﬂ@@’éd@ @6%@&9{%@/ Y6 2 )ﬂg&%ge!—rfe%% %é&t%?%t%ig{:' acid 100:1]
20  gradient) afforded 8-(3,4-difluoro-benzyloxy)-octanoic acid (162 mg, 61%). Colourless oil, m/e
= 285.1 ([M=-HT").

Step 3: A solution of 8-(3,4-difluoro-benzyloxy)-octanoic acid (153 mg, 0.53 mmol), N N-
diisopropylethylamine (414 mg, 3.21 mmol), and O-(7-azabenzotriazol-1-yD)-N,N,N" N -
tetramethyluronium-hexafluropbophate (244 mg, 0,64 mmol} m N, N-dimethylformamide was

25 stired for 1 h at room temperature, then a solution of (R)-3-amino-4-dimethylamino-butyric acid
benzyi ester dihydrochloride (198 mg, 0.64 mmol) in N, N-dimethylformamide (! mL) was added.
The reaction mixture was stirred for 16 h at room temperature, then evaporated. Chromatography
(5105, dichloromethane—[dichloromethane/methanol/25% ag. ammonia solution 110:10:1]
gradient) produced (R)-3-[8-(3,4-difluoro-benzyloxy)-octanoylamino ]-4-dimethylamino-butyric
30 acid benzyl ester (136 mg, 50%). Light yellow oil, m/e = 505.4 ({M+H]").

Step 4: A solution of (R)-3-[8-(3,4-difluoro-benzyloxy)-octanoylamino | -4-dimethylamino-
butyric acid benzyl ester (125 mg, (.25 mmol) was hydrogenated under atmospheric pressure in

the presence of palladium (10% on activated charcoal, 30 mg). After 30 min, the catalyst was



15 trifluoro-benzyloxy)-octanoic acid. This was coupled in step 3 with (R)-3-amino-4-
dimethylamino-butyric acid benzyl ester dihydrochloride to produce

(R)-3-[8- (X2 BBenzyloxy)-octanoylamino]-4-dimethylamino-butyri® a&EHERY P Ester, which
was hydrogenated in step 4. Intermediate 5 20-
20(R)-4-Dimethylamino-3-(8-pentaiIuorophenylme&woxy-octanoylamino)-butyric acid Thetitle
compound, m/e = 467.5 ([M-1-117), was produced in analogy with intermediate 1, steps 1 to 4. Thus,
1,8-octhiete oiband | [Baaler wapenirtshutairsrsbaroyt BRomitiefebditbyego-benzyloxy)-
8-(pentaftuaseibenzy|oxyinetayisnio whighinasdoxidized 89%5iep.RKOvellow oil, mie = 413.2 (M-
8-(pentafluorobenzyloxy)-octanoic acid. This was coupled in stop 3 with
(R)-3-amino-4-dimethylamino-butyric 25 acid benzyl ester dihydrochloride to produce

(R318-(ergalons s S benzyiesier which

(R)-4-Dimeth Iamino-348_-(4-trif|uoromethyl-benzyloxy)-octanoylaminol-butyric acid The title
compound, rﬁ%éfge&asl@wm-@& WasrBduRed iNaaAdtisgy2ithriterrrurs of Ry tEpRnag%. Thus,
1,8-octaniddichanasg! alkytate 0 (nz st maith) 4t riflcldooonetthdrbetieyl ditointt &y tefadimget6l .91 mL,
L L LI YU
. 7 -22- triflugromethyl-benzyloxy)-octangic aci s.was coupled in

Step 3 SRS B BT A BurL SR Ay ER s Bt e o TR
(R)-348i{ehiviftunetmetHyMemdyl oxg s e dtedalrznmine]-fhdinechyglaminosutps e beidBén zghdster, which
\(’Va;ﬁ) hY%Qﬁiﬁ.ﬁ{ﬁ&é@u%&‘cg/éé ?Qﬁ?ﬂ%ﬁq\%@ﬁeﬁ with briéle, anil concentratecli. Chromatography Ej Si0z; e i
R)-4-Dimethylamino-348-(3-fluoro-4-trifluor thyl-benzyloxpoctanoylaminglkbutyric. aci The title
Compot R o B A R R e s GRS e
1,8-octanedinsirvagafkpritad ritstdg-F with/8fudrolauirigriorBniethyl-berz {iNoBlomide, leading to
8-(3-fluoro-4-trifluoromethyl-benzyloxy)-octan-I-ol, which was oxidized in step 2 to
8-(3-fluoro-44yithaoroemeimdindnayfaicyyaoepdaoic ACid T hisl wasncduptechitisier@witky at 0 °C to
(R)-3-amipprdsdigtaiRy anminashutyric.acid henayl gstendilveroshiende: e Rradiee (ks (500
[8-(3-fluoro-4-trifluor hyl-benzyloxy)-octano fam|%ot](;4-d|metr]1r}llam|np-bu(pﬁ|c ag[ld beHz%/tfester,
Whggh it |J1y mb@ﬁqrg?ggoj Tg%%{:eer%%sd}g%néc room femperature and heated at retiux 1or
(R)-4-Dinbethylahsinooslfg8-(a triéihosdyrbendyloxy)setanbytarhitn ydegatiedidcid Fpketite compound,
m/e = 4@768 M- 11Hnwasmrotucadrinmanalegywith dateimediaie & SIeRs ddsedtlRumd,8-octanediot
was alkylated.in step | with 4zmethoxy-benzyl bromide, leading to 8-(4-methoxy-benzyloxy)-octan-I-o1.
hich v e L e 5
with (R)SewaIE-A0FA SRy Rrmerntime ddimanestsrdinirseh stisiedis ysiegtluide (384
(RRp3B48{d-sethoxydhenzylioxy)ectasoylamingl 4-dimethylamino-butyric acid benzyl ester, which was
hydrogenated in step 4. Intermediate 9
(R)-348-(Bipheny1-4-ylmethoxy)-octanoylamjpeindimathylamino-butyric acid 25The title compound,
m/c = 455.3 ([M+FI] ), was produced in analogy with intermediate 1. steps 1 to 4. Thus, 1,8-octanediot

was alkyIategllg?igetgg_szg!ﬁﬁgﬁfgﬁ%[%ﬁé%%f&Eﬁ{wlgﬁﬁqmgﬂﬁﬁﬁ@mgﬁké;gmogg{&octan-I-o!,

which was o In'Step 2 to 8-(

The title compound, m/e = 413.3 ([M-H]"), was produced in analogy with intermediate 1,
steps 1to 4. Thus, 1,8-octanediol was alkylated in step 1 with 2,5-difluorobenzyl bromide,

25 leading to 8-(2,5-difluoro-benzyloxyi-octan-1-ol, which was oxidized m step 2 to 8-(2,5-
difluoro-benzyloxy)-octanoic acid. This was coupled m step 3 with (R)-3-amino-4-
dimethylamine-butyric acid benzy! ester dihydrochloride to produce (R)-3-[8-(2,5-difluoro-
benzyloxy)-octanoylamino ]-4-dimethytamino-butyric acid benzy! ester, which was hydrogenated

In step 4.



ylmethoxy)-octanoic acid. This was coupled in step 3 with (R.)-3-amino-4-dimethylaminobutyric acid
benzyl ester dihydrochloride to produce (R)-348-(biphenyt-4-ylinethoxy)- 30
octanoylatfiRFeaf#Ehylamino-butyric acid benzyl ester, which was hydF§déRzadE & 4. wo
2009/132979PCT/EP20091054637 -23- Intermedigte 10
(R)-4-Dimethylamino-348-(2-fluor0-4-trifluoromethyl-benzyloxy)-octanoylaminol-butyric acid The title
compound, m/e = 463.1 ([M-I-1]7), was produced in analogy with intermediate 1, 5 steps | to 4. Thus,
1.8-octanediol was alkylated in step 1 with 2InigiEaediaftbromethyl-benzyl bromide, leading to
8-(2-fluoro-4-trifluoromethyl-benzyloxy)-octan-1-01, which was oxidized in step 2 to
8-(2-fluoro-4(RiF3eiiilethDifbenaylenlyictrR o savigidhis olds domegladamted Btyaih acid
(R)-3-amino-4-dimethylamino-butyric acid benzyl ester dihydrochloride to produce (R)-3-
[8-(2-fluoro-Arttifuas amethldie azytoxyzoctanoyiaminal-grdineth aminegh utyiciaeidnbeazyt 10 ester,
which was hydrogenated, ip step.4..Inter. ' 1 . . oy

R4 B gt L ERAR AL, step L with 2 S Hlorobm P 2 cid The
titteScorspamsdorf/e = A8 ipvher a9 xWacod dte d mcén‘éiﬂﬁdﬂi‘ig?ﬂ?%fﬁ%&ié‘?éf?ﬁsteps 1to 4.
Thus, 1{@Hactariedio) was)alkidatédadn stEpid withc2yR5bretraf|doratRieihomnobénzyl bromide,

leading {n SR 3miSs e HaoIe ynSIRRYPaRARMAsERN »lantieh papepidized.ipsstep 2 to

8-(2,3,5,6-tetrafluoro-4-methoxy-benzyloxy)-octanoic acid. This was coupled in ste 3W|tp
(R H TG AR i S GRS BLCEs S B (o P e 1 drogenaced
(R)-3484(218n546-tetrafluoro-4-methoxy-benzyloxy)-octanoylaminol-4- 20 dimethylamino-butyric acid

benzyl ester, which was hydrogenated in step 4. Intermediate 12
(R)}#-Dimethylamino-3-[8-(naphthalen-1-yimpibexydiatarioyiaminol-butyric acid The title compound,
m/e = 427.1 ([M-H17), was produced in analogy with intermediate 1, steps 1 to 4. Thus, 1,8-octanediol

was alkylateg jnysifipnd i diRiRN e tbY-A8 808 - AR 19AdNE By Iamino]-butyric acid

8-(naphthalen-I-ylmethoxy)-octan-1-ol, which was oxidized in step 2 to 8-
(naphthalen-yli - ic_acid, ~Thi ' ' -3 AN diate
e I e

R4 thytahind b berEEhdPMEdter, which

utyric a
(R)-3-[8&f@i>§p1h’tﬁérg13h§§»|Hwétﬁ&)%‘ﬁﬁ@é‘éa‘ﬁ%‘
was hydsogjepatesHin, Steprifluoro-benzyloxy)-octan-1-oi, which was oxidized m step 2 to 8-(2,3,4-

15 trifluoro-benzyloxy)-octanoic acid. This was coupled in step 3 with (R)-3-amino-4-
dimethylamimo-butyric acid benzyl ester dihydrochloride to produce (R)-3-[8-(2,3,4-trifluoro-
benzyloxy)-octanoytamino]-4-dimethylamino-butyric acid benzyl ester, which was hydrogenated
n step 4.

Intermediate 5

20 (R)-4-Dimethyiamino-3-(8-pentafluorophenylmethoxy-octanoylamino)-butyric acid

The title compound, m/e = 467.5 ([M~H]"), was produced in analogy with intermediate 1,
steps 1 to 4, Thus, 1,8-octanediol was alkylated in step 1 with pentafluorobenzyl brommde,
leading to §-(pentafluoro-benzyloxy)-octan-1-ol, which was oxidized in step 2 to 8-(pentafluoro-
benzyloxy)-octanoic acid. This was coupled in step 3 with (R)-3-amino-4-dimethylamino-butyric

25  acid benzyl ester dihydrochioride to produce (R)-3-[8-(pentafluoro-benzyloxy)-octanoylamino |-
4-dimethytamino-butyric acid benzyl ester, which was hydrogenated m step 4.

Intermediate 6

(R)-4-Dimethylamino-3-[{8-(4-trifluoromethyl-benzyloxy)-octanoylamino}-butyric acid

The title compound, m/e = 445.6 ({M~H]"), was produced in analogy with intermediate I,
30 steps 1to 4. Thus, 1,8-octanediol was alkylated in step 1 with 4-trifluoromethyl-benzyl bromide,
leading to &-(4-trifluoromethyl-benzyloxy)-octan-1-ol, which was oxidized 1n step 2 to 8-(4-



WO 2009/132979PCT/EP2009/054637 -24- intermediate 13
(R)-3-(8-Benzyloxy-octanoylamino)-4-dimethylamino-butyric acid The title compound, m/e = 377.6
(IM-1-1]1, WASHIBHEEY in analogy with intermediate 1, steps 1 to 4. ThuS CT/EIGEEASHST was
alicylated in step | with benzyl bromide, Leading to,8- 5 benzyloxy-octan-I-ol, which was oxidized in
step 2 to 8-benzyloxy-octanoic acid. This was coupled in step 3 with
(R)-3-amino-4-dimethylamino-butyric acid benzyl ester dihydrochloride to produce

(R)-3[8!HEH g&ﬁé}ﬂ%ﬁ’m@fm@ﬂﬁﬁmEﬁmmaw@}#@@da Ben2yVEstEr WHER WS

hyd Fogﬂm&ﬂyiﬁrﬁtﬁ@-&dﬂﬁﬁefmﬁﬁﬂﬁt&ﬂ%&er dihydrochloride to produce (R)-3-[8-(4-trifluoromethyl-
10(R)- gl B%é% ? und,
e 2 30 N o e o L L S5ty LGy

1,8- octéfhéfﬁibﬁwas alLkylated in step 1 with 2-fluorobenzyl bromide, leading to
8-(2-fluoro-benzytoxy)-octan-I-ol, which was oxidized in step 2 to 8-(2-tluoro-benzyloxy)- octanoic acid.
Thi$ was coupled in step 3 with (R)-3-aminoiatglimettigkéniino-butyric acid benzyl 15 ester
dihydrochloride to produce (R)-348-(2-fluoro-benzyloxy)-octanoylamino]-4- dimethylamino-butyric acid
benzyl g&eH- Dokt ndsrhipdrSg B éicthiorsté g dlintesmedigich 2hAfR) 4 Bicatbyiamino} a8y fl o
0-benzyloxy)-octanoylaminol-butyric acid The title,egmpound, m/e = 397.4 ([1?4+Hr), was produced in
analogy with intermediate 1, 20 steps 1 to 4. Thus, 1,8-octanediol was alkylated in step 1 with

3- quorobenz;flhbrorImde Ieadlrczlgnge %J w on )oc ighont \I/I\é%ch \‘/erat%%g%%gié@esltep 21to
8-(3-fluoro- benzyf o%?anmc acid. asc ste sy ' '

(R)-3- aﬁﬁ%éht@iﬁnggﬂﬂa}rﬁn‘éﬁ@@ﬁm% | a¢ad %ﬁlﬁﬁ@&éﬁ%ﬂyﬁ?ﬁbﬁt@ﬁa@té -Bifaprenethyl-benzyl

(R 1%4&@ﬁwmrmddeﬁgmj}m%amkmb%dimemﬁ§mm beeyic-aticybenzayhestadimwhioh was
hydroggﬂ% ? te?hﬁ)rgséirﬁ?ﬁm’gl‘%% ?ben?ylox - octanmc dCid This was coupled In ste
(R)-4-Dim a dS 'Ip rf gmpound m/e

minQg-348-(4-fluoro-benzyloxy)-octanoylaminol-butyric aci

= 397. 4"([%{1]%&% rodasy AR Wﬁﬂﬂt@?ﬁ%@a%E@fldléyéﬁgcﬁmderrmgmﬁ%c%&@néd.o| was
alkylateld ifB Slepro-with fAdionetiohbyinaydmider deamiyigrtom®i(4-Hunet:panzyioby)octanid ienwyhich was

oxidizedJp,steR;ichtq & (dlrarhenzylgxy)s 30 octanoic acid. This was coupled in step 3 with
(R)-3-amino-4-dimethylamino-butyric acid benzyl

15 Intermediate 8

{R)-4-Dimethylamino-3-{8-(4-methoxy-benzyloxy)-ectanoviamino]-bufyric acid

The title compound, m/e = 407.6 ([M—H] ), was produced in analogy with intermediate 1,
steps 1 to 4. Thus, 1,8-octanediol was alkylated in step 1 with 4-methoxy-benzyl bromide,
leading to &-(4-methoxy-benzyloxy)-octan-1-ol, which was oxidized in step 2 to &-(4-methoxy-

20 benzyloxy)-octanoic acid. This was coupled in step 3 with (R)-3-amino-4-dimethylamino-butyric
acid benzyl ester dihydrochloride 0 produce (R)-3-[8~(4-methoxy-benzyloxy)-octanoylamino |-
4-dimethylamino-butyric acid benzyl ester, which was hydrogenated in step 4.

Intermediate 9

(R)-3-[8-(Biphenyl-4-yImethoxy)-octanoyiamino|-4-dimethylaminoe-butyric acid

25 The title compound, m/e = 455.3 ([M+H]"), was produced in analogy with intermediate 1,
steps 1 to 4. Thus, 1,8-octanediol was alkylated in step 1 with 4-(bromomethyl)-biphenyl,
leading to 8-(biphenyl-4-yimethoxy}-octan-1-ol, which was oxidized in step 2 to 8-(biphenyi-4-
vimethoxy)-octanoic acid. This was coupled in step 3 with (R)-3-amino-4-dimethylamino-
butyric acid benzyl ester dihydrochloride to produce (R)-3-[&~(biphenyl-4-yImethoxy)-

30 octanoylamino]-4-dimethylamince-butyric acid benzyl ester, which was hydrogenated in step 4.



WO 2009/132979PCT/EP2009/054637 -25- ester dihydrochloride to produce
(R)-348-(4-fluoro-benzyloxy)-octanoylam no]-4- dimethylamino-butyric acid benzyl ester, which was
hydrogena%(a %ﬂﬁg{b?ﬁ’% Intermediate 17 PCT/EP2009/054637
(R)-3-[8-(2,3-Difluoro-benzyloxy)-octanoylamino]-4 9_imethylamino-butyric acid 5The title compound,
m/e = 415.5 ([M+HI), was produced in analogy with intermediate 1, steps Ito 4. Thus, 1,8-octanediol
was alkylated in step 1 with 2,3-difluorobenz]yl bromide, leading to
8-(2,3-difluoro-benzyloxy)-octan-1-ot, which step 2 to 842,3-
difluoro-benzyloxy)-octanoic acid. This was coupled in step 3 with (R)-3-amino-4-
dimethy@nihddbusghipiavithbeh 1§+ (@ stimoting cidBntoraeetb Yrbducd ¢R)) 3 a(@ Satiffnolebu gric
benzyloxy)-octanoylamino]-4-dimethylamino-butyggigcid bcnzyl ester, which was hydrogenated in step
4. Intermediate 18 (R)-4-Dimethylamino-3-(10-phenyl-decanoylamino)-butyric acid The title compound,

nile = 377.3 &%*HB'?W%%@[% ;m@ﬁﬁlaﬂ%\ﬁ!ﬂﬁj%{ %g@éSd%£%§V%WtﬁQ&éﬁJ&@e 1,

commercially available 1 nyldecanoic acid was coupled In step 3 with"

(R)-3-aiifRS-4 it E@}ma}nffoﬁ%@ﬁ&ﬁﬁrm@a PErATE S @ Hya’f&ﬁréﬁfaéofé-geélaa&%H(ﬁssdzbeﬂzﬂ
dimethylasmini-3eftidaphefy(=d6oanmyaniino)cutirit- boid beny)bester] whishinaw tydxafenated in
step 4. !;fﬂéﬁ;@‘t@Cﬂ%&e%?&@s&-ﬁ&m@w@mEﬁﬁy%@ﬂz@&ﬁﬁadc%@@nmﬁl@%@%k}&i@éri& agig3  The title

, nrtie, = 377.5 ), duced i | ith,int iate 1, st 3 4. Thus,
commelb TS o heA LA SOk A SO Th b i o produce iU e

(S)-3-antir{e-dugiraettiyiBrnicobiryrecaeidoyanpptastepdingdrochioside toprodudm (Syudd benzyl

dinmethydgirinehd- k020 heddaeasoylaming)-butyric acid benzyl ester, which was hydrogenated 25 in
step 4.  (S)-3-Amino-4-dimethylamino-butyric acid benzyl ester dihydrochloride was prepared in

analogy with (R)-3-amino-4-dimethylamino-Rytyic, asigkbenzyl ester dihydrochloride (inteimediate 1),
starting from Boc-L-aspartic acid 4-benzyl eSter. WO 2009/132979PCT/EP2009/054637 -26-

Intermediate. 20 (R)-4-Dime .hylamino;3410-(2-fluoro-phenyl)-decanoylaminol-butyric acid . Step 1:
S 123 5k b R ROt S T S R U e
2-fluorostyrene (617 mg, 5.05 mmol) in dichlofSHia#aiid(12.5 mL) was added 5

dichloro(1,3-dirnesity1-4,5-dihydroimidazol-2-ylidene)(phenylmethylene)(tri-
The title compound, nve = 479.4 ({M-H]"), was produced n analogy with mtermediate 1,

15 steps 1 to 4. Thus, 1,8-octanediol was alkylated mn step 1 with 2,3,5,6-tetrafluoro-4-methoxy-
benzyl bromide, leading to 8-(2,3.5,6-tetrafluoro-4-methoxy-benzyloxy)-octan- i -ol, which was
oxidized in step 2 to §~(2,3,5,6-tetrafluoro-4-methoxy-benzyloxyj~octanoic acid. This was
coupled in step 3 with (R)-3-amino-4-dimethylamino-butyric acid benzyl ester dihydrochloride
to produce (R)-3-[8-(2,3,5,6-tetrafluoro-4-methoxy-benzyloxyi-cctanoylamino }-4-

20 dimethylamino-butyric acid benzy] ester, which was hydrogenated in step 4.

Intermediate 12

(R)-4-Dimethylamino-3-[8-(naphthalen-1-yvlmethoxy)-octanoylamino[-butyric acid

The title compound, m/e = 427.1 ([M-H]"), was produced in analogy with intermediate 1,
steps 1 to 4. Thus, 1,8-octanediol was alkylated in step 1 with 1-bromomethyl-naphthalene,

25  leading to 8-(naphthalen-1-yimethoxy)-octan-1-ol, which was oxidized in step 2 to &-
(naphthalen-1-ylmethoxy)-octanoic acid. This was coupled in step 3 with (R)-3-amino-4-
dimethylamino-butyric acid benzyl ester dihydrochloride to produce (R)-3-[8-(naphthalen-1-
yh‘ne‘thoxy)-octanoylainino]w4~dimethylam§no~butyric acid benzyl ester, which was

hydrogenated in step 4.



cyclohexylphosphine)ruthenium (107 mg, 0.13 mmol). The mixture was flushed with nitrogen and
sealed in a pressure tube, then heated at 40 C for 18 h. After cooling and evaporation of the solvent,
the product ®3&98dPHEA by chromatography (502, heptane- dlchloromethé)r?gg“%a@g?ﬁ??a
10-(2-fluoro-phenyl)-dec-9-enoic acid ethyl ester (_%0 mg, 57%). 10Step 2: To a solution of
10-(2-fluoro-phenyl)-dec-9-enoic acid ethyl ester (420 mg, 1.44 mmol) in tetrahydrofuran (2 mL) was
added 2 M ag. lithium hydroxide solution (2 nth 4 mmol). The reaction mixture was stirred at room
temperature for 16 h, then partitioned betwe@IMAHE N drochloric acid solution and ethyl acetate.
The organic layer was dried over magnesium sulfate, filtered, and evaporated, to afford
10-(2-fluoro-pheny! e 3-8 dhaiedeiy{28ammyladain) -1 5Htept By lnneinaldgyrywithagittrmediate 22, step
3, 10-(2-fluoro-phenyl)-dec-9-cnoic acid was converted to 10-(2-fluoro-pheny0-dec-9-enoyl chloride,
then reactedmihi{B)-Sr@vimad; 4n/dimethyiafinalutykies astsibenrid esiercdivyediachionietiadeading to
ety Sdaduaormneiascaenoy '?'&%ﬂ%%f'ﬁr@ﬁlﬁi@%ﬁ galos Sten &

Hydroge tlon (R) -4-dimethylamino- 41%4 uoro phenyl)-dec-9- enoyamlno butyric acid
benzyl %@éﬁ%{éﬂtﬁ@yvﬂ b A vt &b 1% b (R, Eabepylaxy-octanoic acid. This was

dlmethylammmﬁél@(ﬂwm&)a&amweémm%dmwm acid barleyt 385, QilffMrotidjrile

Intermegi ﬁI’Sd?u]ce@)) 4-Rimet 9%%91&%%1 meshykaoembkdeeaneviamingl:putyie acid The
title com O@i‘%@ﬁn&x 5 05. 4§ -E1- zl 5, was produced in analogy with intermediate 20, 25 steps 1 to

4. Thus, fo e ko (0 153?8pwas reacted in step 1 with 2,5-dimethylstyrene, leading to
10-(2,5-dimethyl-phenyl)-dec-9-enoic acid ethyl_ ester, which was hydrolyzed in step 2 to
10-(2,5-dimethyl-phenyl)-dec-9-cnoic acid. Iﬂ?éﬁéﬁléi!&ﬁ%lﬁas converted to 10-(2,5-dimethyl-
phenyl)-dec-9-enoyl chloride, then reacted with (R)-3-amino-4-dimethylamino-butyric acid benzyl ester
dinydrochloridéRledeip ok mininde {By2ufiinor e oz iossdieritnispamigd-dedy go acid
9-enoylamino]-butyric acid benzyt ester, which was hydrogenated in step 4. WO

2009/13297 9P THER20QV0R16RZ 279 Tntgfivedifte @2s produced in analogy with mtermediate 1,

<R) 4- Da gmy ARG (19 Qcérf@mt%%anxéehqg%@c%oykmmohﬁ%ﬂ&ggidm%&@p@ad gsolution

-bromo-nonanotc acid (7.0 9.5 mmo0 in toluene (10 m éswasefld%ed triphenylphosphine (7.74
g 29 5 Fimd BT PR SBIIRtioR Wé@”sé&éd”&ﬁd’e’?’ﬁ%t?&@‘@ﬁ%‘&%tﬁ? {0 b FRP B A 110C for

18 hoursct@wikeastiofice mpletion orphes switbréRolisenvied - AR ertafudneiop tayerovasidecapted

fropg thegepde, PTG Mieh was wapled yith teluspend8-Hadhmasasiyldddirhenyl-phosphonium
bromldeé_h pwas btalnegil%lch&@gsgértgt use%lln lﬁer?g)@étegq\?vh]i%]semlsohd m/e = 419.3

([124*H BRI i o §p3’ foh I %%‘Pachﬁl J°H &' mmol) was added 10
portionwisc at room temperature to a stirred solution of (8-carboxy- octyl) triphenytphosphonium
bromide (2.8 g, 5.6 mmol) in tetrahydrofurad26eim4diated8m temperature, then after 1 hour
2,6-dimethylbenzaldehyde (757 mg, 5.64 mmol) was added portionwise to the reaction mixture and the
solution stirred(Rr-2-Biysthyioorinted fetatlirmrohsaadioncovtiotbimivaleb i1orit1golhs added and
the solution acidified to pH 3 with concentrated hydrochloric acid.

The title compound, m/e = 397 4 ([M+H]"), was produced in analogy with intermediate 1,

20  steps 1 to 4. Thus, 1,8-octanedio! was alkylated in step 1 with 3-fluorobenzyl bromide, leading to
8-(3-fluoro-benzyloxy)-octan-1-ol, which was oxidized in step 2 to 8~(3-fluoro-benzyloxy)-
octanoic acid. This was coupled n step 3 with (R)-3-amino-4-dimethylamino-butyric acid benzyl
ester dihvdrochloride to produce (R)-3-[8-(3-fluoro-benzyloxy)-octanoylamino]-4-
dimethylamino-butyric acid benzyl ester, which was hydrogenated in step 4.

25 Intermediate 16

{R)-4-Dimethvlamino-3-[8-(4-fluoro-benzyloxy)-octanoylaminoj-butyric acid

The title compound, m/e = 397.4 ([M+H]"), was produced in analogy with intermediate 1,
steps [ to 4. Thus, 1,8-octanediol was alkylated in step 1 with 4-fluorobenzyl bromide, leading to
§-(4-fluoro-benzyloxy)-octan-1-ol, which was oxidized in step 2 to 8-(4-fluoro-benzyloxy)-

30 octanoic acid. This was coupled in step 3 with (R)-3-amino-4-dimethylamino-butyric acid benzyl



15 The product was extracted with ethyl acetate, the organic layer dried over magnesium sulfate,
filtered and evaporated. Chromatography (Si02, heptane-ethyl acetate 4:1) afforded 1042,6-
dimethyl-pHéEh%2déE % enoic acid as a colourless oil.  Step 3: A solutiot8fEP2009/054637
10-(2,6-dimethyl-phenyl)-dec-9-enoic acid (239 mg, 0.87 mmol), oxalyl chloride (0.11 mL, 1.3 mmol),
and N,N-dimethylformamide (one drop) in 20 dichl%?omethane (3 mL) was stirred at room temperature
for 2 hours, then volatile material was removed by distillation to afford

10-(2, 6edinieatinyidphingtiddde-prehimpt (Bhicrlde(4Flinwascredissoivedindibimonoiréthane, then
AN-diisgprepylethvianbine (4 40iehnkA4mmabhwasadded drpuiseifallgyed by
(R)-3-amino-4-dimethylamino-butyric acid benzyl ester dihydrochloride. The reaction mixture was
stirred at room temperature for 16 h, then Wﬁ?&%%%&;ﬂﬁ"l’f"ater The organic layer was evaporated
and the residue purlfled by preparative EIPLT O affora

(R)-4- dlmeth 6-di eth nyl)-cle y no rc d benz ter

Step 4: Hydr C%Il-@%ldﬂ %{ %%Yﬁ Xé%il ‘g‘ﬂ‘ﬁ]é‘?}%ﬂﬁl%% 188 85895 Fé inokbutyric
acid benzyl ester in analogy with intermediate 1, step 4 produced (R)-4- 3

dimethylamind 3 {18 {20 RY R pHehy 2) B‘éééﬁo&rl%(ﬁﬁ%?Wl@%dOW&ﬁMWﬁW%Pt) WO
2009/13@399@@/ HR2QORasA 83118V intdkyletidte 28p 1 with 2,3-difluorobenzy] bromide,

(R)-4- Dreagtﬂi 9%%%40%% mpﬁe%}ﬂspmxtm%&t&%%% 2 td R§Aile compound,

m/e roduce alogy with rmediate 2 ps 1to 4. Thus 9-decenoic
i et RIS PR IO SISt b 1 U TR P A -t

10-(4-nietresky prershrdedcneddienavic etnydibstep cvhichotapiogansiyRed it sap-gifbioro-

101 (4-meinew g heRd saerdh Ry iCARGIEth SRR S WRSICOISTIBH IR which was hydrogenated
10-(4- met QXY henyl)-dec-9-enoyl chloride, then reacted with (R)-3-amino-4-dimethylamino-butyric
acid benz gs er dihydrochloride, leading to (R)-4-dimethylamino-3-[10-(4-methoxy-phenyl)-dec-9-
enoylaminoj-butyric acid benzyl ester, Whlchwas hydrogenated in step 4. 10Intermediate 24
(R)-4-Dime hylamino-3-(10-naphthalen-I-yl-aEea8¥#arates-butyric acid The title compound, m/e =
427.4 ([IM+H] ), was produced in analogy with mtermedlate 20, steps 1 to 4. Thus, 9-decenoic acid
ethyl ester was reac{éﬁ1ﬁ§W1W1Wﬂ§MHméﬂ@Cme0} butyric acid
10-(naphthalene-1-y1)-dec-9-enoic acid ethyl ester, which was hydrolyzed in step 2 to 15

10- (naphthal&f“hciﬂiiylcpdw%nmic add? [h §idp13] this waswbred e drtgdd- idpint batedék-y1)-

3?53 e %mﬁ’(:['qe'fm@nc@ﬁa@g&gt&‘ﬂ 4@%@&@;@&@{&@&%@%@&%@/@&@%@ Bett 'seéft]b t
ihydro ide,. leadin i ami na alen ec-9-enoylaminolbu yric

acid be{}b{/ ederw %’%’&%@@é‘?ﬁéﬁﬁ%& ﬁ]i%qu X(Pﬁ(flt(éfrgt fJAPeC?E%fﬁ to produce { ?

20(R)- &mmbmmrﬁy@qmmyhﬁmmlemmaﬂamg deddroytdrasiwl-bliiphiovasitly droftratide

compougigmie = 445.1 GM--Ell), was produced in analogy with intermediate 20, steps 1 to 4. Thus,

9-decenoic acid ethyl ester was reacted in step 1 with 4-trifluoromethylstyrene, leading to

10-(4-trifluoromethyl-phenyl)-dec-9-enoic acjg gyl gsierywhich was hydrolyzed in step 2 to
10-(4-trifluoromethyl-phenyl)-dec-9-enoic acid. Tn step 3, this was converted to 10-(4-

20 (S}-4-Dimethylamine-3-(10-phenyi-decanceylamine)-butyric acid

The title compound, m/e = 377.5 ([M+H]"), was produced in analogy with intermediate 1,
steps 3 and 4. Thus, commercially available 10-phenyldecanoic acid was coupled in step 3 with
(S)-3-amino-4-dimethylamino-butyric acid benzyl ester dihydrochloride to produce (S)-4-
dimethylamino-3-(10-phenyi-decanoylamino)-butyric acid benzyl ester, which was hydrogenated

25 mstep 4.

(S)-3-Amino-4-dimethylamino-butyric acid benzyl ester dihydrochloride was prepared in
analogy with (R)-3-amino-4-dimethylamino-butyric acid benzyl ester dihydrochloride
(Intermediate 1), starting from Boc-L-aspartic acid 4-benzyl ester.



25 trifluoromethyl-phenyl)-dec-9-enoyl chloride, then reacted with (R)-3-amino-4-dimethylaminobutyric

acid benzyl ester dihydrochloride, leading to (R)-4-dimethylamino-3-[10-(4-

trifluorom e RHRERYHI]ec-9-enoylamino]-hutyric acid benzyl ester, whichfvaERIMES¥hdted in step 4.
WO 2009/132979PCT/EP2009/054637 -29- Intermediate 26
(R)-4-Dimethylamino-3-110-(3-fluoro-phenyl)-decanoylaminol-butyric acid  The title compound, mie
= 395.3 QM+HI), was produced in analogy W|th mtermedlate 20, steps 1 to 4. Thus, 9-decenoic acid
ethyl ester was reacted in step 1 with 3-fluofgd8iFBg@ideaeling 5 to 10-(3-fluoro-phenyl)-dec-9-enoic
acid ethyl ester, which was hydrolyzed in step 2 to | O- (3 fluoro-phenyl)-dec-9-enoic acid. In step 3,

this was conveRi-4eltidxéShfitrominphei - (e it renpydnghichidap dybmred b fyite acid
(R)-3-amino-4-dimethylamino-butyric acid benzyl ester dihydrochloride, leading to

(R)-4- dImeths_amq@als%(ﬁ;ﬁlu@mﬂ@hw&)adﬁce&ﬁmyéamﬂmmwm a0t benzsd Bstediwhich was
hydrog te;{%ﬂ) ﬁ?{gp&% Pﬁ’;;ﬂo 5, 05 01 1 dlchlor%methane (IC% mIF? was added
eny utyric aci

(R)- 34 uoro- ecanoylammol-4-dime title compound,

amino-
mi 4194 mmwm&amqmgm iV BaRESTIEA 0 4. Thus
2,3-diflugrikienzatteyide avasreacted 7 step @ 18ith«(B¢aithoxyiomty 48 fhehg phtspitomiem
oo o Gastrapmmilinca s psusRM R
acid BB IRYAIBCHHIE TEAEHS s anry (o0 R SEhTomEle Y F7%
dimethyiffoih 6034 0v@ Slifiuphedphéngi)icecidctndyisieinolbogyit’aeid benzyt ester, which was
hydrogenated in step 4. Intermediate 28

20(R)-4-Dimgtby arrTfjQr3@(\1@6thmfmhbma}ybdephﬂgybaﬂBmG)elautyrama@dayl eStep4PORendtioh of
3-thiop ﬁ%@%ﬁg&xﬂﬁﬂ' %‘29&&%‘&%%‘5&?%&){1&@9?&%%&9%R{&Eﬂ'@?n&ﬂ 841@19@ with

inte,mediate 22, ste roduced I (thiophen-3-y1)- dec-9- enmiﬁ Step 2:.In analo%(/I
BB

.ntermeakaéezg@téa%mrwﬂﬁasﬁsﬂ % m&%%ﬁar& foid Gl ohsq Rytween
10-(thidphizneBlyt)edetdB@Enoyh child ity tierereatie dmithi¢R)y8ravandridd dwnemymmmmbutifrﬁc, acid

benzyl eptar.dibydrochiorides lepdingdq dR-4rcivaetiyiaminesd Hic acid (250 mg, 66%).
(thlophen -3-y1)-dec-9- enoylamlnol butyric acid benzyl ester.  Step 3: Triethylsilane (0.23 mL, 1.43

I) and tr etic ) wer 4 -34
éophen-é&fdgal% éﬁ”o n‘g}?ﬁ%%ﬁmr%cg r%%ldg\{%? %6(’(3((1%&%?? lﬁﬁgﬂgqﬁ%nrfggam to!iueneg(S mL).
The reé&#ﬁ’ﬁ%&f@ré%sﬂé‘ﬂ‘@@%@b tetnie %tltﬁi’é"f elﬁ‘ﬁ%u?%%%?”%‘lﬁ WiEHAe-€olution was
added tdieetil datuiatediagic W@ BOOIMNIRGTHRCITIEIRR009/0546] e 3B)-4-dimethylamino-3-[10-

(2-fluoro-phenyl)-dec-9-enoyiamino -butyric acid benzyi ester,

Step 4: Hydrogenation of (R)-4-dimethylamino-3-{ 10-(2-fluoro-phenyl)-dec-9-
20 enoylamino]-butyric acid benzyl ester in analogy with intermediate 1, step 4 produced (R)-4-
dimethylamino-3-[10-(2-fluoro-phenyl)-decanoylamino]-butyric acid, m/e = 395.2 ([M+HT".

Intermediate 21

{R)-4-Dimethylamino-3-[10-(2,5-dimethyl-phenyl)-decanoylamino]-butyric acid

The title compound, m/c = 405.4 ([M+H]"), was produced in analogy with intermediate 20,
steps 1 to 4. Thus, 9-decenoic acid ethy!l ester was reacted in step 1 with 2,5-dimethylstyrene,
leading to 10-(2,5-dimethyl-phenyl)-dec-9-enoic acid ethyl ester, which was hydrolyzed in step 2
to 10-(2,5-dimethyl-phenyl)-dec-9-enoic acid. In step 3, this was converted to 10-(2,5-dimethyl-
phenyl)-dec-9-enoyl chloride, then reacted with (R)-3-amino-4-dimethylamino-butyric acid
benzyl ester dihydrochloride, leading to (R)-4-dimethylamino-3-{ 10-(2,5-dimethyl-phenyl)-dec-
30 9-enoylamino]-butyric acid benzyl ester, which was hydrogenated in step 4.

b2
Lh



sodium bicarbonate solution. The aqueous phase was separated and extracted twice with
dichloromethanc. The combined organics were dried over magnesium sulfate, filtered and
concentrat®& #HYHUEHSTD afford 4-dimethylamino-3-(10-thiophen-3-yl-deca?fbylﬁ?ﬁ?ﬁ3@%ﬁ§§ric acid
benzyl ester (74 mg), m/e = 473.3 ([1\1+H]+). Stepzé}; Hydrolysis of
4-dimethylamino-3-(10-thiophen-3-yl-decanoylamino)-butyric acid benzyl ester, in analogy with
inteimediate 20, step 2, produced (R)-4-dimethylamino-3-(10- thiophen-3-yl-decanoylamino)-butyric
acid, m/e = 383.1 ([M+H]i. Intermediate 29 FELAIDEHAEIamMin0-3-(6-phenyl-hexanoylamino)-butyric
acid 10The title compound, mie = 321.3 ([M+1-1]1, was produced in analogy with inteimediate 1, steps
3 and 4. ThusRoekidimeibiiiaminilabld 6-@ifedjihetiahgibanit-desnoplsdnn] dabyBigithid
(R)-3-amino-4-dimethylamino-butyric acid benzyl ester dihydrochloride to produce (R)-4-
dimethylamirge346-phanyihexantyarsinexbhiyieacid fRogy, estésrmnrthibhinakibyd(dgeniated in step
4. 15Inte ' i iN0-34(7- l-hept inQ):-hutyric.aci itle,
compou T e ey o e ARG
commeRETANFaGANEBI AL nciE SE0WES COPRSHIR SAG B AR o Phasch were
(R)-3-antipgadifietylarninoblatyricasidcoenzyl festetidinydde giohide whiphosaces (F)ed vah
dimethylA(uRo A FapherbDL inaburicadidhaneyi ester whishuashwaregenated in
step 4.%%&% 3]% g)g‘r@g”%?ﬁy é??m?ﬁ%%?g%e%ﬁ%@gﬁw{gﬁjgo)-butyric acid The title

compo ‘dy Bt (ﬁ@f‘i—ﬁse %&%&&‘5@ ma glogyw intermediate 1, 25 steps 3 and 4. Thus,
commercially available 8-phenyloctanoic acid was coupled in step 3 with
(R)-3-amino-iehretifiamitadbiss RO dpersy et dibchiotige o PRt cergded
dinmethylarinex34¢ &ipbenyteontanoytamine)hutysidwaaid beftzyhestey; wwhibhividshyldrogenated in step
4. WO ?}Qo%@%%&%!&%%og/ 9%41%1?1'70[)31]1'[ t@gﬁ%gﬁ{% 20 mL) at room femperature, then

. . | 830 mL)
(R)-4-Dimethylamino-3-(9-phenyl-nonanaoyl mmg%igbut ric ac?ﬁ The title compound, m/e = 361.5
(V-1 B BRI hE e T FEBp Y Stk T ORI Eh iy avaiable
9-phenytnotiancicxaeid aues cosgiteirsstep! Jowidhdays at room temperature. On reaction completion,

water (10ml) was added and the solution acidified to pH 3 with concentrated hydrochloric acid.

FEYEEN

15 The product was extracted with ethyl acetate, the organic layer dried over magnesium sulfate,
filtered and evaporated. Chromatography (SiO;, heptane—ethyl acetate 4:1) afforded 10-(2,6-

dimethyl-phenyl}-dec-9-enoic acid as a colourless oil.

Step 3: A solution of 10-(2,6-dimethyl-phenyl)-dec-S-enoic acid (239 mg, 0.87 mmol),

oxalyl chloride (0.11 ml., 1.3 mmol}, and ¥, N-dimethylformamide (one drop) in

20 dichloromethane {3 mL) was stirred at room temperature for 2 hours, then volatile material was
removed by distillation to afford 10-(2,6-dimethyl-phenyl)-dec-9-enoyl chloride. This was
redissolved in dichloromethane, then N, N-ditsopropylethylamine (140 mg, 1.04 mmol) was
added dropwise, followed by (R)-3-amino-4-dimethylamino-butyric acid benzyl ester
dihydrochloride. The reaction mixture was stirred at room temperature for 16 h, then washed

25 with water. The organic layer was evaporated and the residue purified by preparative HPLC to
afford (R)-4-dimethylamino-3-[ 10-(2,6-dimethyl-phenyl)-dec-9-enoylamino J-butyric acid benzyl

csier.

Step 4: Hydrogenation of (R)-4-dimethylamino-3-{10-(2,5-dimethyl-phenyl)-dec-9-
enoylamino]-butyric acid benzyl ester in analogy with intermediate 1, step 4 produced (R)-4-
30  dimethylamino-3-{10-(2,6-dimethyl-phenyl)-decanoylamino]-butyric acid, m/e = 405.3
(IM+HT.



5 (R)-3-amino-4-dimethylamino-butyric acid benzyt ester dihydrochloride to produce (R)-4-

dimethylamino-3-(9- phenyl nonanoylamino)-butyric acid benzyl ester, which was hydro
4. Intermedigé® g%”(ﬁ? A- Dimethylamino-3-(11-phenyl-undecanoylamino)- BSEWr@%’ng fg(’f‘
compound, m/e = 391.5 ([1\4+1-11 ), was produceﬁigln analogy with intermediate 1, steps
Thus, commercially available 11-phenylundecanoic acid was coupled in step 3 with
(R)-3-amino-4-dimethylamino-butyric acid benzyl ester dihydrochloride to produce (R)-4-

enated in step
he title
3 and 4.

dimethylamino-3-(11-phenyi-undecanoylam#¥e$B¥eEl 9eidl benzyl ester, which was hydrogenated in
step 4. 15Intermediate 34 (R)-4-Dimethylamino-3- (12 phenyl-dodecanoylamino)-butyric acid The title
compound, mAR>-408B BN ismingss i bitoeet e anplogyrtdetaramiosiae -butaps Bihd 4. Thus,

commercially available 12-phenyldodecanoic acid was coupled in step 3 with

(R)-3-amino-Brdiethytaminadbutirie 4@ EnaTEsteradipysttochicnidado prodticar&jnddiag: 20,
cimethyiaming:3:(igphenxtdadecan dagiogl-ouie aeid heuex! exieh hatas udogenated n

step 4. Example 1 fluoro-benzyloxy)-octanoylaminol- -trlmetégfammonlo
T

PotassitiAt bRt ﬁ%drﬁﬁ?%}é PO A% FRATO AR GHBA GIES RIS 1574

rae

DL AIMER2S were

added to dGoutierhok {R):8484324-diftmoro dveh 2yl osap) b dtaneyiantimad tad diméiaminhabutyric acid
(77 mg Qe%%melmnm%@e%@ fMdnkd.the R%HI{R'?-EUMQ wmwgﬁiﬂ@emﬁw&aature for 16

h, then dlluted |th rof m Insolu terl as. re yf|I tlon 0 af
()53 b BB o TNB R R e BH A G PR 2SR e JaREi solc,
mle = 453@31%{1%&!] b}t‘%ﬂy)?ﬁhé %%Wm‘@eex‘afﬁmieefwéﬁéimeem’@d in ‘ﬁﬁlal%gy with example 1: WO

2009/132979PCT/EP2009/054637 Example Compound name Intermediate mie ((M+HI+)
i0 Intermediate 24

(R}-4-Dimethylamino-3-(10-naphthalen-1-yi-decanoyiamino}-butyric acid

The title compound, m/e = 427.4 ([M+H]"), was produced in analogy with intermedi

ate 20,

steps 1 to 4. Thus, 9-decenoic acid ethyl ester was reacted m step 1 with 1-vinylnaphthalene,

leading to 10-(naphthalene-1-yl)-dec-9-enoic acid ethyl ester, which was hydrolyzed in step 2 to

15 10-(naphthalene-1-yl)-dec-9-enoic acid. In step 3, this was converted to 10- (naphthalene-
dec-9-cnoy! chloride, then reacted with (R)-3-ammo-4-dimethylamino-butyric acid benzyl

1-y1)-
ester

dihydrochloride, leading to (R)-4-dimethylamino-3-[ 16-(naphthalene-1-yl)-dec-9-enoyviamino]-

butyric acid benzyl ester, which was hydrogenated in step 4.

intermediate 25

20 (R)-4-Dimethyiaming-3-[10-(4-trifluoromethyl-phenyvl)-decanoylaminoj-butyric acid

The title compound, m/e = 445.1 ([M+H]"), was produced in analogy with intermedi

tate 20,

steps I to 4. Thus, 9-decenoic acid ethyl ester was reacted in step | with 4-trifluoromethylstyrene,

leading to 10-(4-trifluoromethyl-phenyl)-dec-9-enoic acid ethyl ester, which was hydrolyzed in

step 2 to 10~(4-trifluoromethyl-phenyl)-dec-9-enoic acid. In step 3, this was converted to 1

0-(4-

25 trifluoromethyl-phenyl)-dec-9-cnoyi chioride, then reacted with (R)-3-amno-4-dimethylamino-

butyric acid benzyl ester dihydrochloride, leading to (R)-4-dimethytamino-3-[16-(4-

trifluoromethyl-phenyli-dec-9-enoyiaminoj-butyric acid benzy! ester, which was hydrogenated

in step 4.



9 (R)-3-18-(Bipheny1-4- 1 ylmethoxy)-octanoylaminol-4- trimethylammonio-butyrate
(R)-348phenyl-4- %/Imethoxy)-octanoylamino]—4- dimethylamino-butyric acid (intelmediate 9) 469.3 10
(R)-3-18-(?f Iﬂ@?d‘-ﬁzﬁtﬁfluoromethyl-benzyloxy)- octanoylamino]-4- trimetﬁ&éﬁ%‘g}ﬁ@?ﬁmg/rme
(R)-4-Dimethytarnino-3-18-(2- fluoro-4-trifluorometfiy[- benzyloxyhoctanoylamino]- butyric acid
(intermediate 10) 479.2 11 (R)-3-18-(2,3,5,6-Tetrafluoro 4-methoxy-benzyloy octanoylamino]-4- x)-

tr.ethylammonio-butyrate i (R)-4-Dimethylamno-348-
Intermediate 26

(R)-4-Dimethylamino-3-{16-(3-fluoro-phenyl}-decanoylamine]-butyric acid

The title compound, m/e = 395.3 ({M+H]"), was produced in analogy with intermediate 20,
steps 1 to 4. Thus, 9-decenoic acid ethyl ester was reacted in step 1 with 3-fluorostyrene, leading
5  to 10-(3-fluoro-phenyl}-dec-9-enoic acid ethyl ester, which was hydrolyzed in step 2 to 10-(3-
fluoro-phenyt)-dec-9-enoic acid. In step 3, this was converted to 10-(3-fluoro-phenyl)-dec-9-
enoyl chloride, then reacted with (R)-3-amino-4-dimethylamino-butyric acid benzyl ester
dihydrochloride, leading to (R)-4-dimethylamino-3-[10-(3-fluoro-phenyl)-dec-9-enoylamino}-
butyric acid benzyl ester, which was hydrogenated in step 4.

10 Intermediate 27

(R)-3-[10-(2,3-Difluoro-phenyl)-decanoylamino]-4-dimethyiamino-butyric acid

The title compound, m/e = 413.3 ([M+H]"), was produced in analogy with intermediate 22,
steps 2 to 4, Thus 2,3-difluorobenzaldehyde was reacted in step 2 with (8-carboxy-octyl)-
triphenyl-phosphonium bromide, leading to 10-(2,3-difluoro-phenyl)-dec-9-enoic acid. In step 3,

15 this was converted to 10-(2,3-difluore-phenyl)-dec-9-enoyl chloride, then reacted with (R)-3-
amino-4-dimethylamino-butyric acid benzyl ester dihydrochloride, leading to (R)-4-
dimethylamino-3-[ 10-(2,3-difluoro-phenyl)-dec-9-enoylamino |-butyric acid benzyl ester, which
was hydrogenated mn step 4.

Intermediate 28
29 {R)-4-Dimethylamino-3-(10-thiophen-3-yl-decancylamino)-butyric acid

Step 1: Reaction of 3-thiophenecarboxaldehyde with (8-carboxy-octyl)-triphenyi-
phosphonium bromide, in analogy with intermediate 22, step 2, produced 10-(thiophen-3-yl)-

dec-@-enoic acid.

Step 2: In analogy with intermediate 22, step 3, 10-(thiophen-3-yl)-dec-9-enoic acid was
25 converted to 10-(thiophen-3-yl)-dec-9-enoyl chioride, then reacted with (R)-3-amino-4-
dimethylamino-butyric acid benzyll ester dihydrochioride, ieading to (R)-4-dimethylamino-3-[10-
(thiophen-3-yl)-dec-9-enoyiamino]-butyric acid benzyl ester.

Step 3: Triethylsilane (0.23 mL, 1.43 mmol) and trifluoroacetic acid (0.21 mL, 2.9 mmol)
were added to a solution of 4-dimethylamino-3-(10-thiophen-3-yl-dec-9-enoylamino))-butyric
30 acid benzyl ester (67 mg, 0.14 mmol) in toluene (8 mL). The reaction mixture was stirred at

room temperature for 12 hours after which time the solution was added to cold saturated aq.



(243,5,6-tctrafluoro-4- methoxy-benzyloxy)- octanoylamino]-butyric acid (intermediate 11) 495.41 1 12

(R)-3-18-(Naphthalen-1- ylmethoxy)-octanoylamino]-4- trimethylammonio-buﬁ/rate
(R)-4-Dimé‘fﬁﬁ3??ﬁm9§918- (naphthalen-1-ylmethoxy)- octanoylaminol-buﬁl i

CEAY intéthediate 12)

4435 | 13 (R)-3-(8-Benzyloxy- oct anoyl amino )-fljot_rimethylammonio-butyrate ( R)-3-(8-Benzyloxy-
octanoylamino)-4- diethylamino-butyric acid (intermediate 13) 393.3 14

Un

10

20

25

sodium bicarbonate solution. The aqueous phase was separated and extracted twice with
dichloromethane. The combined organics were dried over magnesium sulfaic, filiered and
concentrated in vacuo to afford 4-dimethylamino-3-(10-thiophen-3-yl-decanoylamino }-butyric
acid benzyl ester (74 mg), m/e = 473.3 ((M+H]".

Step 4: Hydrolysis of 4-dimethylamino-3-(10-thiophen-3-yl-decanoylamino )-butyric acid
benzyl ester, in analogy with intermediate 20, step 2, produced (R)-4-dimethylamino-3-(10-
thiophen-3-yl-decanoylamino)-butyric acid, m/e = 383.1 ([M+H]").

Intermediate 29

(R)-4-Dimethylamino-3-(6-phenyl-hexanoylamine)-butyric acid

The title compound, m/e = 321.3 ([M+H]"), was produced in analogy with intermediate 1,
steps 3 and 4. Thus, commercially available 6-phenylhexanoic acid was coupled in step 3 with
{R)-3-amino-4-dimethylamino-butyric acid benzyl ester dihydrochloride to produce (R)-4-
dimethylamino-3-(6-phenyl-hexanoylamino}-butyric acid benzyl ester, which was hydrogenated
m step 4.

Intermediate 30
(R)-4-Dimethyiamino-3-(7-phenyi-heptanoyvlamino)-butyric acid

The title compound, m/e = 335.4 ([M+H]"), was produced in analogy with intermediate 1,
steps 3 and 4. Thus, commercialty available 7-phenylheptanoic acid was coupled in step 3 with
{R)-3-amine-4-dimethylamino-butyric acid benzyl ester dihydrochloride to produce (R)-4-
dimethylamino-3-{7-phenyl-heptanoylamino )-butyric acid benzyl ester, which was hydrogenated
n step 4.

intermediate 31

(R)-4-Dimethylamino-3-(8-phenyl-octanoviamine)-butyric acid

The title compound, m/e = 347.4 ([M-H]"}, was produced in analogy with intermediate 1,
steps 3 and 4. Thus, commercially available 8-phenyloctanoic acid was coupled in step 3 with
(R)-3-ammo-4-dimethylamino-butyric acid benzyl ester dihydrochloride to produce (R)-4-
dimethylamino-3-(8-phenyl-octanoylamino )-butyric acid benzyl ester, which was hydrogenated
1 step 4.



(R)-3-18-(2-Fluoro- benzyloxy)-octanoylamino]-4- trimethylammonio-butyratc ‘
(R)-4-Dimethylamino-3-[8-(2 fluoro-benzyloxy)- octanoylamino]-butyric acid (intermediate 14) 411.4 15
(R)-3-18-(§'1?I6%}-‘353??zyloxy)-octanoylamino]-4- 'methylammonio-butyreﬂ’éC /EP2009/854637
(R)-4-Dimethylamino-318-(3- fluoro-benzylo xy)- Qg}@noylaminokbutyric acid (intermediate 15) 411.5
WO 2009/132979PCT/EP2009/054637 -34- Example Compound name Intermediate Ink1 1
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Intermediate 32

(R)-4-Dimethylamino-3-(9-phenyl-nonanoylamine)-butyric acid

The titie compound, m/e = 361.5 ([M-H] ), was produced in analogy with intermediate 1,

- steps 3 and 4. Thus, commercially available 9-phenylnonanoic acid was coupled in step 3 with

{R)-3-amino-4-dimethylamino-butyric acid benzyl ester dihydrochioride to produce (R)-4-
dimethylamino-3-(9-phenyl-nonanoylamino)-butyric acid benzyl ester, which was hydrogenated

in step 4.

Intermediate 33

{R)-4-Dimethylamino-3-(11-phenyl-undecanoyviamino)-butyric acid

The title compound, m/e = 391.5 ([M+H]"), was produced in analogy with intermediate 1,
steps 3 and 4. Thus, commercially available 11-phenylundecanoic acid was coupled in step 3
with (R)-3-amino-4-dimethylamino-butyric acid benzyl ester dihydrochloride to produce (R)-4-
dimethylamine-3-{11-phenyi-undecanoylamino)-butyric acid benzyl ester, which was
hydrogenated in step 4.

Intermediate 34

(R)y-4-Dimethylamino-3-(12-phenyi-dodecanoylamino)-butyric acid

The title compound, m/e = 403.6 {({M-H] ), was produced in analogy with intermediate 1,
steps 3 and 4. Thus, commercially available 12-phenyldodecancic acid was coupled in step 3
with (R)-3-amino-4-dimethylamino-butyric acid benzyl ester dihydrochloride to produce (R)-4-
dimethylamino-3-(12-phenyl-dodecanoylamino}-butyric acid benzyl ester, which was
hydrogenated in step 4.

Example 1
(R)-3-[8-(3,4-Diftuoro-benzyloxy)-octaneylamino|-4-trimethylammonio-butyrate

Potassium hydrogencarbonate (24 mg, 0.24 mmol) and iodomethane (106 mg, 0.74 mmol)
were added to a solution of (R)-3-[§-(3,4-difluoro-benzyloxy)-octanoylamino }-4-dimethylamino-
butyric acid (77 mg, 0.19 mmol) in methaneol (2.5 mL). The reaction mixture was stirred at room
temperature for 16 h, then diluted with chloroform (5 mL). Insoluble material was removed by
filtration to afford (R)-3-[8-(3,4-difluoro-benzyloxy)-octanoylaming -4-trimethylammonio-
butyrate as a light yellow solid, m/e = 429.3 ([M+H]").

The following examples were prepared in analogy with example 1:



GM+Hr) 16 (R)-348-(4-Fluoro- benzyloxy)-octanoylamino]-4- trirnethylammonio-butyrate
(R)-4-Dimethylamino-348-(4- fluoro-benzyloxy)- octanoylamino]-butyric acid (intermediate 16) 411.5 1
17 (R)-34éy&,%0-qgﬁﬁf873- benzyloxy)-octanoylaminol-4- trimethylammonic?—% t%/% @/054637
(R)-3-[8-(2,3-Difluoro- benzyloxy)-octanoylamino]-4, dimethylamino-butyric acid (intermediate 17)
429.3 18 (R)-3-(10-Phenyl- decanoylamino)-4- trimethylammonio-butyrate (R)-4-Dimethylamino-3-(10-

i
m/e
Example Compound name Intermediate -
((M-+H]")
) (R)-3-[8-(2,5-Ditluoro-
(R)-3-[8~(2,5-Difluoro- )
X benzyloxy)-octanoylaminoj-4-
2 benzyloxy)-octanoylamino]-4- , ) ) ] 429.5
, ) dimethylamino-butyric acid
trimethylammonio-butyrate . ,
{intermediate 2)
. (R)-3-[8-(2,4-Difluoro-
(R}-3-[8~(2,4-Difluoro- X
' _ benzyioxy)-octanoylamino |-4-
3 benzyloxy)-octanoylamino -4- . . L 429.5
) , dimethylamino-butyric acid
trimethylammonio-butyrate ; )
{intermediate 3}
X (R)-4-Dimethylamino-3-[8-
(R)-3-[8-(2,3.4-Trifluoro- .
) (2,3.4-trifluoro-benzyloxy)-
4 benzyloxy)-octanoylamino |-4- . o 447 .4
, . octanoylamino]-butyric acid
trimethyiammonio-butyrate ] .
(intermediate 4)
‘ (R)-4-Dimethylamino-3-(8-
(R)-3-[8~(Pentafluoropheny!-
) pentafluorophenylmethoxy-
5 methoxy)-octanoylamino }-4- . o 483.3
, i octanoylamino)-butyric acid
trimethylammonio-butyrate . .
(intermediate 5)
) ) (R)-4-Dimethylammo-3-{8-(4-
(R)-3-[8~(4-Triflucromethyl- ,
. triffuoromethyi-benzyloxy)-
6 benzyloxy)-octanoylamino]-4- _ o 461.4
. ) octanoylamino|-butyric acid
trimethylammonio-butyrate . .
{mtermediate 6)
(R)-3-[&-(3-Fluoro-4- (R)-4-Dimethylamino-3-[8-(3-
5 trifluoromethyl-benzyloxy)- fluoro-4-trifluoromethyl- 479.4
octanoyiamino}-4- benzyloxy)-octanoylamino}-
trimethylammonio-butyrate butyric acid (intermediate 7)
(R)-4-Dimethylamino-3-[8-(4-
(R)-3-[8~(4-Methoxy-
, methoxy-benzyloxy)-
8 benzyloxy)-octanoylamino]-4- . _ ] 4233
. . octanoylamino |-butyric acid
trimethylammonio-butyrate . ) _
{imtermediate 8)




phenyl-decanoylamino)- butyric acid (intermediate 18) 391.2 | 19 (S)-3-(10-Phenyl- decanoylamino)-4-
trimethylammonio-butyrate (S)-4-Dimethylarnino-3-(10- phenyl-decanoylaminoé- but

(intermedi&fé’ 12;5399@?{.21920 (R)-3410-(2-Fluoro-phenyt)- decanoylaminol-i?-qm ?ﬁ%}? f?‘ﬁ%"ﬁ?ﬁio-butyrate
(R)-4-Dimethylamino-3-110- (2-fluoro-pheny1)- deganoylaminol-butyric acid (intermediate 20) 409.4 21
(R )-3-[10-(2,5-Dimethyt- phenyl)-decanoylamino]-4- trimethylammonio-butyrate

ric acid

m/e
Example Compound name Intermediate .
(IM-+H}')
, _ R)-3-[8-(Biphenyl-4-
(R)-3-[8-(Biphenyl-4- (R)-3-[8-(Biphenyl-
. yvimethoxy)-octanoylamino -4~ .
9 ylmethoxy)-octanoylamino]-4- ] , o _ 4693
: . dimethytamino-butyric acid
trimethylammonio-butyrate . ,
(intermediate 9)
(R)-3-[8-(2-Fluoro-4- (R)-4-Dimethylamino-3-[8-(2-
10 trifinoromethyl-benzyioxy)- fluoro-4-trifluoromethyl- 4797
octanoylamino |-4- enzyloxyl-octanoylamino]-
tamino]-4 b ! lami
trimethylammomo-butyrate utyric acid {(iniermediate
imethy!l i0-b butyric acid (i diate 10
R)-4-Dmmethylamino-3-[&-
(R)-3-[8-(2,3,5,6-Tetrafluoro- ®) Y [
(2.3.5,6-tetrafluoro-4-
4-methoxy-benzyloxy)-
11 _ methoxy-benzyloxy)- 4954
octanoylaminoj-4- _ o
. . octanoylamino|-butyric acid
trimethylammonto-butyrate ; )
mtermediate
diate 11
R)-4-Dimethylamino-3~[ §-
(R)-3-[8-(Naphthalen-1- ®) Y [
. (naphthalen-1-yimethoxy)-
12 ylmethoxy)-octanoylamino]-4- . o 4435
) i octanoylamino}-butyric acid
trimethylammonio-butyrate , .
(imtermediate 12)
R}-3-(8-Benzyloxy-
(R)-3(8-Berzyloxy- (R)-3-{8-Benzyloxy
' ) octanoylamino)-4-
i3 octanoylamino)-4- ) ] _ ) 3033
) ] dimethylamino-butyric acid
trimethytammonio-butyrate . )
{(intermediate 13)
R}-4-Dimethylamino-3-[8-(2-
(R)-3-[8-(2-Fiuoro- ®) v [8-C
) fluoro-benzyloxy)-
14 benzyloxy)-octanoylamino }-4- . o 411.4
) ) octanoylamino |-butyric acid
trimethylammonio-butyrate _ . ,
(intermediate 14)
R)}-4-Dimethylamino-3-{8-(3~
(R)-3-[8-(3-Fluoro- ®) Y 3-8
' ) fluoro-benzyloxy)-
[5 benzyloxy)-octanoylamine |-4- . S 411.5
i i octanoylamino]-butyric acid
trimethylammonio-butyrate , )
miermediate 13
diate 13




(R)-4-Dimethylamino-3-[10- (2,5-dimethyl-phenyl)- decanoylaminokbutyric acid (intermediate 21)

419.5 22 (éF?-SMO-(é,G-Dimethyl- phenyl)-decanoylaminol-4- trimethylammonio-butyrate

(R)-4-Dim

419.4 WO 20091132979PCT1EP20091054637 -35;
11V11{1) 23 (R)-3410-(4-Methoxy- phenyl)-decanoylamino]-4-

Example Compound name Intermediate m/e

ﬁi/ﬁ'gﬂ?fﬁ %410- (2,6-dimethyl-pheny1)- decanoylaminol-butyr?ccg@a’ 76‘[9 dhietiate 22)

m/
Example Compound name Intermediate ¢ .
(IM+H]")
R}-4-Dimethylamino-3-[8-(4-
(R)-3-[8(4~Fluoro- (R)-4-Dimethylamino-3-[8-(
. fluoro-benzyloxy)-
16 benzyloxy)-octanoyiamino |-4- ) o 411.5
, i octanoylamino }-butyric acid
trimethylammonio-butyrate ; . _
(intermediate 16)
X (R)-3-[8-(2,3-Difluoro-
{R)-3-[8-(2,3-Difluoro- ,
) penzyloxy)-octanoyiamino }-4-
17 benzyloxy)-octanoylamino}-4- _ ) ) _ 429.3
, X dimethylamino-butyric acid
trimethytammonio-butyrate . .
(intermediate 17)
(R)-3-(10-Phenyl- (R)-4-Dmmethylamino-3-(10-
1¥ decanoylamno)-4- phenyi-decanoylamino )- 391.2
trimethylammonio-butyrate butyric acid (intermediate 18)
(S)-3-(10-Phenyl- (S)-4-Dimethylamino-3-(10-
19 decanoylamino)-4- phenyl-decanoylamino)- 391.4
trimethylammonio-butyrate butyric acid (intermediate 19)
R)-4-Dimethylamino-3-[ 10-
(R)-3-[10-2-Fluoro-phenyl). | )+ Pumethylamino-3-|
. (2-fluoro-phenyl)-
20 decanoylamino}-4- ) : S 409 .4
) , decanoylamino}-butyric acid
trimethylammonioc-butyrate ‘ ,
(intermediate 20)
R)-4-Dimethylamino-3-[10-
(R)-3-(10-2,5-Dimethyl. | (-4-Dimetbylamino-3-|
) (2,5-dimethyl-phenyl)-
21 phenyl)-decanoylanino}-4- . S 419.5
) ) decanoylamino}-butyric acid
trimethylammonio-butyrate _ .
(intermediate 21)
R}-4-Dimethylamino-3-[ 10~
(R)-3-[10-(2.6-Dimethyl. | (- +Pimethylamino-3-{
. (2,6-dimethyl-phenyl}-
22 phenyl)-decanoylamino]-4- . S 419.4
) , decanoylamino J-butyric acid
trimethylammonio-butyrate , _ ‘
(intermediate 22)




trimethylammonio-butyrate (R)-4-Dirnethy 'amino -3410- (4-metho xy-phenyl )- decanoylaminokbutyric
acid (intermediate 23% 421.1 24 (R)-3-(10-Naphthaten- 1 -y1.- decanoy [amin%g)-zé[l)b 054637
trimethylaﬁﬁ&ﬂ%{]@& >7r9ate (R)-4-Dimet hylamino nap htha ten-l-yl- decangng minogf-'Bu?yric acid

441.5 (int'mediate 24) 25 (R)-4-Trimethylammonjg-3- [10-(4-trifluoromethyt-
phenyl)-decanoylaminop but yrate (R)-4-Dimethylamino-3410- (4-trifluoromethyl-pheny1)-

m/e
Example Compound name Intermediate (M-HD)
. (R)-4-Dimethylamino-3-[10-
(R)-3-[10-(4-Methoxy-
. {4-methoxy-phenyl)-
23 phenyl}-decanoylamino |-4- , o 4211
i , decanoylamino J-butyric acid
trimethylammonio-butyrate i ,
(intermediate 23)
, (R)-4-Dimethylamino-3-(10-
{R)-3-(10-Naphthalen-1-yi-
o naphthalen-1-yl-
24 decanoyiamine )-4- i ) ) 441.5
, _ decanoylamino)-butyric acid
trimethylammonio-butyrate , i
(intermediate 24)
(R)-4-Trimethylammonio-3- (R)-4-Dimethylamino-3-[10-
55 [10-(4~trifluoromethyl- (4-trifluoromethyi-phenyl)- 456 4
phenyl)-decanoylamino]- decanoylamino }-butyric acid '
butyrate (intermediate 25)
(R)-4-Dimethylamino-3-110-
(R)-3-[10-(3-Fluoro-phenyl}-
, (3-fluoro-phenyl)-
26 decanoyiaminoj-4- ] ) ) 409.5
trimethvi o butvrat decanoylaminoj-butyric acid
ammonio-butyrate
e 4 (intermediate 26)
N (R}-3-[10-~(2,3-Difluoro-
(R)-3-[10-(2,3-Difluoro- ]
] phenyl)-decanoylamino |-4-
27 phenyl)-decanoylamino]-4- . . L 4273
, i dimethylamino-butyric acid
trimethylammonio-butyrate , . )
(intermediate 27)
(R)-3-(10-Thiophen-3-yi- {R)-4-Dimethylamino-3-(10-
28 decanoylamino)-4- thiophen-3-yl-decanoylamino)- 397.3
trimethylammonio-butyrate butyric acid (intermediate 28)
(R)-3~(6-Phenyl- (R)-4-Dimethylamino-3-(6-~
29 - hexanoylamino)-4- phenyl-hexanoylamino ) 3354
trimethytammonio-butyrate butyric acid (intermediate 29}




decanoylaminol-butyric acid (inteimediatc 25) 459.4 26 (R)-3410-(3-Fluoro-pheny I) decanoylamino]-4-
trimethytammonio-butyrate (R)-4-Dimethylamino-3-[10- (3-fluoro-phenyl)- decano Iamino;-butyric acid
(intermedigltg %’)9255%927 (R)-3-[10-(2,3-Difluoro- phenyl)-dccanoylamin%?—E{EPN 1905463
trimethylammonio-butyrate (R)-3-[i 0-(2,3-Ditluoro-;pheny1)-decanoylamino]-4- dimethylamino-butyric
acid (intermediate 27) 427.3 28 (R)-3-(10-Thiophen-3-y1- decanoylamino)-4-

trimethytammonio=butyrate ;
m/e
Exampie Compound name Intermediate R
(IM+H]")
(R)-3-(7-Phenyl- (R)-4-Dimethylamino-3-(7-
30 heptanoylamino }-4- phenyl-heptanoylamino}- 3494
trimethylammonio-butyrate butyric acid (intermediate 30)
{R)-3-(8-phenyl- {R)-4-Dimethylamino-3-(8-
31 octanoylamino )-4- phenyl-octanoylamino }-butyric 3634
trimethylammonio-butyrate acid (intermediate 31)
(R)-3-(9-Phenyi- (R)~4-Dimethylamino-3-(9-
32 nonanoylamino }-4- phenyl-nonanoylamino)- 377.4
trimethylammonio-butyrate butyric acid (intermediate 32)
(R)-3-(11-Phenyl- (R)-4-Dimethylamino-3-(11-
33 undecanoylamino )-4- phenyl-undecanoylamino)- 405.5
trimethylammonio-butyrate butyric acid (intermediate 33)
(R)-3-(12-Phenyl- (R)-4-Dimethylamino-3-(12-
34 dodecanoylamino -4~ phenyl-dodecanoylamino}- 419.4
trimethylammonio-butyrate butyric acid (intermediate 34)




(R)-4-Dimethylamino-3-(10- hiophen-3-yl-decanoylamino)- butyric acid (intermediate 28) 397.3 29
(R)-3-(6-Phenyt- hexanoytamino)-4- (R)-4-Dimethylamino-3-(6- phenyl-hexanoylami %% utyric acid
(intermedigfg 3387 trimethylammonio-butyrate WO 2009/132979PE%%%8 4637 -36-
Example Compound name Intermediate m/e GM+14.1") 30 (R)-3-(7-Phenyl- heptanoylamino )-4-
trimethylammonio-butyrate

Example A

Film coated tablets containing the following ingredients can be manufactured in a

conventional manner:

Ingredients Per tablet
Kernel:
Compound of formula (T) 10.0mg  200.0 mg
Microcrystalline cellulose 235mg  43.5mg
Lactose hydrous 60.0mg  70.0 mg
Polyvinylpyrrolidone K30 12.5mg 15.0 mg
Sodium starch glycolate 12.5 mg 17.0 mg
Magnestum stearate 1.5 mg 4.5 mg
(Kernel Weight) 1200 mg 3500 mg
Film Coat:
Hydroxypropyl methyl cellulose 3.5mg 7.0 mg
Polyethylene glycol 6000 0.8 mg 1.6 mg
Tale 1.3 mg 2.6 mg
fron oxide (yellow) 0.8 mg 1.6 mg
Titanium dioxide 0.8 mg 1.6 mg
5 The active ingredient is sieved and mixed with microcrystalline cellulose and the mixture

is granulated with a solution of polyvinylpyrrolidone in water. The granulate is mixed with
sodium starch giycolate and magesiumstearate and compressed to yield kernels of 120 or 350 mg
respectively. The kernels are lacquered with an aqueous solution / suspension of the above
mentioned film coat.



(R)-4-Dimethylamino-3-(7- phenyl-heptanoylamino)- butyric acid (intermediate 30) 349.4 31
(R)-3-(8-phenyl- octano Iarnino) -4- trimethytammonio-butyrate (R)-4-Dimeth Iamlno 3 8 pheny 1-0
ctanoylam‘ﬁg\émﬁﬁ% acid (intermediate 31) 363.4 32 (R)-3-(9-Phenyl-

(R)-4-Dimethylamino-3-(9- phenyl- nonanoylamlnog butyric acid (intermediate 32) 377 4
trimethylammonio-butyrate 33 (R)-3-(11-Phenyl-

Example B

Capsules containing the following ingredients can be manufactured in a conventional

manner:
Ingredients Per capsule
Compound of formula (I) 25.0 mg
Lactose 150.0 mg
Maize starch 20.0 mg
Talc 5.0mg

5 The components are sieved and mixed and filled into capsules of size 2.
Example C

Injection solutions can have the following composition:

Compound of formula (I} 3.0 mg
Polyethylene giveol 400 150.0 mg
Acetic acid g.s.ad pH 5.0
Water for injection solutions ad 1.0 mi

10 The active ingredient is dissolved 1n a mixture of polyethylene glycol 400 and water for

injection (part}. The pH is adjusted to 5.0 with acetic acid. The volume is adjusted to 1.0 ml by
addition of the residual amount of water. The solution is filtered, filled into vials using an

appropriate overage and sterilized.



undecanoylamino)-4- trimethylammonio-butyratc (R)-4-Dimethylamino-3-(11-
phenyl-undecanoylamino)- butyric acid (intermediate 33) 405.5 34 (R)-3-(12-Phen0%l-
dodccanoW&fﬁﬁ?{%H”ﬂ'?methylammonio-butyrate (R)-4-Dimethylamino-3-(E(Z‘r-WE?2 /054637
phenyl-dodecanoylamino)- butyric acid (intermediag 34) 419.4 WO
2009/132979PCT/EP2009/054637 -37- Example A Film coated tablets containing the following
ingredients can be manufactured in a conventional manner: Ingredients Kernel: Compound of formula
() Microcryspa*ﬂﬁél)é’émjlose Lactose hydrous Polyviny fpyrro lidone K30 Sodium starch glyco late
Magnesiu stcarate

Soft gelatin capsules containing the following ingredients can be manufactured in a

conventional manner:

Capsule contents

Compound of formula (1) 5.0 mg
Yellow wax 8.0 mg
Hydrogenated Soya bean oil 8.0 mg
Partially hydrogenated plant oils 34.0 mg
Soya bean o1l 110.0 mg
Weight of capsule contents 165.0 mg

Gelatin capsule

Gelatin 75.0 mg
Glycerot 85 % 32.0 mg
Karion 83 8.0 mg (dry matter)
Titanium dioxide 0.4 mg
Iron oxide yeliow L.Img

5 The active ingredient is dissolved in a warm melting of the other ingredients and the

mixture is filled into soft gelatin capsules of appropriate size. The filled soft gelatin capsules are

treated according to the usual procedures.



(Kernel Weight) Film Coat: Hydroxypropyl methyl cellulose Polyethylene glycol 6000 Talc Iron oxide
(yellow) Titanium dioxide Per tablet 10.0 mg 200.0 mg 23.5 mg43.5 mg 60.0 mg70.0 mg 12.5 mg15.0
mg 12.5 mgPPYHGHS mga.5 mg 120.0 mg 350.0 mg 3.5 mg7.0 mg 0.8 %Ti’?ég’r%“é”fi% 92.6 mg 0.8
mgl.6 mg 0.8 mgl.6 mg SThe active ingredient is,gieved and mixed with microcrystalline cellulose
and the mixture is granulated with a solution of polyvinylpyrrolidone in water. The granulate is mixed
with sodium starch glycolate and magesiumstearate and compressed to yield kernels of 120 or 350 mg
respectively. friels arc lacquered with an aqueous solution / suspension of the above mentioned
film coat. WO 2009/132979PCT/EP2009/054637

Sachets containing the following ingredients can be manufactured in a conventional

manner:
Compound of formuia (I} 50.0 mg
Lactose, fine powder 1015.0 mg
Microcrystalline cellulose (AVICEL PH 102) 1400.0 mg
Sodium carboxymethyl cellulose 14.0 mg
Polyvinylpyrrolidone K 30 10.0 mg
Magnesium stearate 10.0 mg
Flavoring additives 1.0 mg
5 The active ingredient is mixed with lactose, microcrystaliine cellulose and sodium

carboxymethyl cellulose and granulated with a mixture of polyvinylpyrrolidone in water. The

granulate is mixed with magnesiumstearate and the flavouring additives and filled mto sachets.



-38- Example B - Capsules containing the following ingredients can be manufactured in a
conventional manner: IngredientsPer capsule Comppund of formula (1)25.0 mg 1 Lactose50.0 mg
Maize starch20.0 mg Talc5.0 mg 5The components are sieved and mixed and filled into capsules of
size 2. Example C Injection solutions can have the following composition: Compound of formula (1)3.0
mg Polyethylene glycol 400150.0 mg Acetic acidci.s. ad pH 5.0 Water for injection solutionsad 1.0 ml
10The active ingredient is dissolved in a mixture g4 polyethylene glycol 400 and water for injection
(part). The pH is adjusted to 5.0 with acetic acid. The volume is adjusted to 1.0 ml by addition of the

residual amoynt of water., The solution.is filtered, filled into vials using an appropriate overage and
sterilized. WL(j)‘ f§§6%@§@ﬁ'fé§%69/054637 -39- Example D  Soft gelatin capsules containing
the following ingredients can be manufa%ured inOa_conventionaI manner: Capsule contents

H,C
\N" | !
H,C~)

CH, HNY(CHz)n—]—AL—(CHZ);—W
O
wherein
5 Al isOorabond,
m 18 selected from 6, 7, 8, 9 and 10,

n is selected from 1 or 2,

R'  is aryl selected from phényi and naphthyl, said aryl being unsubstituted or substituted by
one, two, three, four or five groups selected from the group consisting of halogen and
10 trifluromethyl or

thienyl,

and pharmaceutically acceptable salts thereof.
2. Compounds of formula I according to claim 1, wherein A' is O
3. Compounds of formula I according to claim 1, wherein A’ is a bond.

15 4. Compounds of formula I according to any one of claims 1 to 3, wherein m is 7.



Compound of formula (1)5.0 mg Yellow wax8.0 mg Hydrogenated Soya bean 0il8.0 mg Partially
hydrogenated plant 0ils34.0 mg Soya bean 0il110.0 mg Weight of capsule contents165.0 mg Gelatin
capsule Gelatin75.0 mg Glycerol 85 %32.0 mg Ka on 838.0 mg (dry matter) Titanium dioxide0.4 mg
Iron oxide yellowl.1 mg  The active ingredient is dissolved in a warm melting of the other
ingredients and the mixture is filled into soft gelatin capsules of appropriate size. The filled soft gelatin
capsules are treated according to the usual procedures. WO 2009/132979PCT/EP2009/0541637 -40-
Example E %&%@@%ﬁ%&ﬁgﬁﬁﬁﬁ@ﬁdﬁﬁmﬁ@m@'é@kﬁ@ can!panmbiufactliedinnd cbnventional

manner: Compound of formula (1)50.0 mg Lactose, fine powder1015.0 mg Microcrystalline cellulose

(AVICEL PH 1023400 (10, Badiin, sbaxume I celHOspIAQ 00, Sy RaligaRg K 30100
mg Magnesium stearatc10.0 mdg Flavoring additives1.0 mg
selected from phenyl and naphthyl, said aryl being unsubstituted or substituted by one, two, three,

four or five groups selected from the group consisting of halogen and trifluoromethyl.

5 7. Compounds of formula I according to any one of claims 1 to 6, wherein R is phenyl

substituted by one, two, three, four or five groups selected from the group consisting of halogen
and trifluromethyl.

8. Compounds of formula I according to any one of claims 1 to 5, wherein R is thienyl.

9. Compounds of formula I according to any one of claims 1 to 8 having the formula

0 0
H.C
3 \ .
HSC”‘"T [-A
CH, HNT(CHz);AL—(CHZ)rR1
10 ©
10. Compounds of formula ], selected from the group consisting of

(R)-3-[8-(3,4-difluoro-benzyloxy)-octanoylaminol-4-trimethylammonio-butyrate,

(R)-3-[8-(2,5-difluoro-benzyloxy)-octanoylamino}-4-trimethylammonio-butyrate,



5The active ingredient is mixed with lactose, microcrystalline cellulose and sodium carboxymethyl
cellulose and granulated with a mixture of polyvinylpyn-olidone in water. The granulate is mixed with
rnagnesiued4&3ahd the flavouring additives and filled into sachets. -ZETERAMEUE46Bmpounds of
the formula H C 3 \Ni+ H 3 CH3 HN 0 wherein 5 A 'és 0 or a bond, is selected from 6, 7, 8, 9 and 10, is
selected from 1 or 2, Rl is aryl selected from phenyl-and naphthyl, said aryl being unsubstituted or
substituted by one, two, three, four or five groups selected from the group consisting of halogen and

10trifiur%&ﬂ@k&%kﬂéﬂﬂ@{m&mmmly@mp‘fébi@l@hﬁ@thmé@—buty@t@ompounds of

wherenf NI o TOAO RO ST SELarAT g AP BRBET M o 3, wherein m i

7- = 42 ()3 s COMRAMBA RLIOTIUIR L ACGOIEHBS AR ANE AL AR M Rt otiglRIN N is 1.
(R)-3-[8-(4-trifluoromethyl-benzyloxy)-octanoylamine J-4-trimethytammonioc-butyrate,

5 (R)-3-[8-(3-fluoro-4-trifinoromethyl-benzyloxy)-octanoylamino j-4-trimethylammonio-butyrate,
(R)-3-[8-(4-methoxy-benzyloxy)-octanoylamino |-4-trimethylammonio-butyrate,
(R)-3-[8-(biphenyl-4-ylmethoxy}-octanoylamino ]-4-trimethylammonio-butyrate,
(R)-3-[8-(2-fluoro-4-trifluoromethyl-benzyloxy)-octanoylamine }-4-trimethylammonio-butyrate,

(R)-3-[8-(2,3,5,6-tetrafluoro-4-methoxy-benzylo xy)-octanoylamino ]-4~trimethylammonio-
10 butyrate, )

(R}-3-{8-(naphthalen-1-yimethoxy)-octanoylamino |-4-trimethylammonio-butyrate,
(R)-3-(8-benzyloxy-octanoylamino )-4-trimethylammonio-butyrate,

- (R)-3-[8-(2-fluoro-benzyloxy}-octanoylamino }-4-trimethylammonio-butyrate,
(R)}-3-[8-(3-fluoro-benzyloxy)-octanoylamino -4-trimethylammonio-butyrate,

15 (R)-3-[8~(4-fluoro-benzyloxy)-octanoylamine J-4-trimethylammonio-butyrate,
(R)-3-{8-(2,3-difluoro-benzyloxy)-octanoylamino}-4-trimethylammonio-butyrate,
(R)-3-(10-phenyl-decanoylamino -4-trimethylammonio-butyrate,
(S)-3-(10-phenyl-decanoylamino )-4-trimethylammonio-butyrate,
(R)-3-[10-(2-fluoro-phenyl}-decanoylamino |-4-trimethylammonio-butyrate,

20 (R)-3-[10-(2,5-dimethyl-phenyl}-decanoylamino j-4-trimethylammonio-butyrate,
(R)-3-[10-(2,6-dimethyl-phenyl)-decanoylamino |-4-trimethylammonio-butyrate,
(R)-3-[10-(4-methoxy-phenyl)-decanoylamino]-4-trimethylammonio-butyrate,
(R)-3-(10-naphthalen-1-yl-decanoylamine )-4-trimethylammonio-butyrate,
(R)-4-trimethylammonio-3-[1 0~(4~triﬂu0romethyl-phenyl)-decanoylammo}ubutyrate,

25 (R}-3-[10-(3-fluoro-phenyl}-decanoylamino ]-4-trimethylammonio-butyrate,
(R)-3-[10-(2,3-difluoro-phenyl)-decanoylamino ]-4-trimethylammonio-butyrate,
(R)-3-(10-thiophen-3-yl-decanoylamino)-4-trimethylammonio-butyrate,
(R)—3—(6—phenyi;hexano ylamino)-4-trimethylammonio-butyrate,

(R}-3-(7-phenyi-heptanoylamino }-4-trimethylammonio-butyrate,



6. Compounds of foimula | according to any one of claims 1 to 5, wherein Rl is aryl selected from
phenyl and naphthyl, said aryl being unsubstltuted r,substituted by one, two, three, four or five groups
selected from the group consisting of halogen and tr| luoromethyl. 57. Compounds of formula |
according to any one of claims 1 to 6, wherein R1 is phenyl substituted by one, two, three, four or five
groups selected from the group consisting of halogen and trifiuromethyl. 8. Compounds of formula |
accordm&()o any one of claims 1 to 5, wherein Rl is thienyl. 9. Compounds of formula | according to .

any one c$aﬁﬁ1§@ﬂé518)ﬁf§w&jEtWéUﬁ)rﬁTE}]@’@thIlﬁ@ﬂséwyk@HSiﬁN(CH2)nrA1 (CHR 100  10.
Compou O{ nuI |, select d fro Igr?h conS|st|n
(R)-348- 4 %I"@o ezhoz%/ ox§; “Gets ylamlno 31 Wﬁ?@fﬁ) %é‘ﬁéfﬁ%%o -butyrate,

(R)-348-(g 230l Nz ReNA arainplAimatbylarmmenie; butyrate, WO
2009/135979 #&%09/0546%@ 43- (R)-348- (tgjil difluoro- ben%r/&loxy) -octanoyla

nol-4-trirfiei3y(amphentd-bodyrate; ylamino )-4-trimethylammonio-butyrate,
(R)-348-(2,3,4-trifluoro-benzyloxy)- octanoylaralno -4-trimethylammonio-butyrate,

(R)-348- Gﬁérﬁ’@?&?ﬂmﬁéﬁl}}fﬁéﬂ?@%l% eatihBYAEIRn0]-4-trimethylammonio-butyrate,
(R)-3-[8-(4-trifluoromethyl-benzylo xy)-octanoyl amino ] -4-trimethy lammo nio-but yrate, 5

(R)-3-[8-(3-flupyo | Y 0 mmonio-butyrate,
(R)-308.(4-mehe e T aE Y e, ()04

8-(biphe iy L4t gliaethyopatandtaniniorv-tunatyliammagniarbtimdtemmonio-butyrate,

(R)-348-(2-fluoro-4-trifluoromethyl-benzyloxy)-octanoylamino]-4-u-imethylammonio-butyrate,

(R)-348- B)ﬁi&&aﬂammﬁm@m@lb@mm@mbmammp& ﬁﬁm@wﬂlhdﬁmmnwh@tmtyrate,
(R)-3[8-( n-l-yl oct oyla -4-trimethyl |o butyrate,

(R)-3-(8- @%ngg% @%&ﬂow ﬁ?ﬂ %?inr?o By momo utyrate,

(R)-s8- %ﬁ JioE; &%ﬁﬂé@é&if)z%ﬁ@%éﬁ'g&hﬁ g&mﬂey@m })QHM&;% butyrate,

(R)-348-(3 quoro -benzyloxy)-octanoylamino]-4-trimethylammonio-butyrate, 15

(R)-3-[8-(RyfBipsohénoylobey)z orianoylamindi-dridne thitamimoniebuiyaitrate,
(R)-348- 32 ,3-difluoro-benzyloxy)-octanoylamino]-4-trimethylammonio-butyrate,

(R)-3-(1 Pﬁh’eﬁwﬁééaﬁbglmﬁﬁbamimhéﬁm@ﬂm@m@aiyrbtéyrate,
(S)-3-(10 nlyé d amin ) -4-trirn onlo b tyrate,
(R)-3- [1 % %%)é'anoy 6{ P n%ﬂ@afﬁityrate 20

(R)B[lqp(%ﬁﬁ t'?bﬂo?@%ﬂbéﬁ e@@% Q f‘a”tﬁlﬁ@@( ETuelelfe BT

(R)-3-[10-(2,6-dimethyl-pheny1 decano amino]-4-trimethylamrnonio-bu yrat

(R)-BS[1QR4—3F[émO3sﬁ—rihﬂW—@heﬁm&mﬂﬂMFmﬂmﬂﬂmﬁﬂm@mﬁwwam,
(R)-3-(10-naphthalen-1-yl-decanoylamino)-4-trimethylammonio-butyrate,

(R)-4-trirfettiy [Afaehimathol @bermlictermran s icieekymanmmier thosaste, 25

(R)-3-[1 de gmino tr m Iam nio b t
(R 100 S ey B e T e R S e
(R)-3-(1Qthiophen-3whdreanay ]ﬁ@w@yﬁlﬁlﬁlﬁmﬁlﬁm&w&%ﬁ@l@myrate

(R)-3-(6- phenyl hexanoylamlno) -4-trimethylammonio-butyrate,

(R)-3-(743ehy-tvé ptEinoydaphimyi 4dtometyiytamojehitbuthrdteymddio (R348, -phenyl -octanoyl am
ino)-4-trim eth ylammonio-butyrate, (R)-3-(9-phenyl-nonanoylamino)-4-trimethylarnmonio-butyrate,

(R)-Z( 1Rptéhy 1%ﬁd@é]a+9691§hﬁ Mwiﬁﬂaméwwa@m@@j%b@@ﬁﬁaenyl
'd°deca'8ﬁ¥'%'8% fl'gﬂ chﬁ @a@c? Pnuc}}/w%ﬁmethylammomo -butyrate,

(R)-3-{12-phenyl-dodecanoylamino}-4-trimethylammonio-butyrate,

and pharmaceutically acceptable salts thereof.

12. A process for the preparation of compounds of formula I as defined in any one of

25  claims 1 to 11, which process comprises

reacting a tertiary amine of formula



5 and pharmaceutically acceptable salts thereof  11. Compounds of foiiiiula 1, selected from the
group consisting of (R)-348-(4-trifluoromethyl-benzyloxy)-octanoylamino]-4-trimethylammonio-butyrate,
(R)-348-(3-fluoro-4-trifluoromethyl-benzyloxy)-octanoylamino]-4-trimethylammonio-butyrate,
(R)-3-[8-(bipheny1-4-ylmethoxy)-octanoylamino]-4-trimethylammonio-butyrate, 10
(R)-348-(naphthalen-1-ylmethoxy)-octanoylamino]-4-trimethylammonio-butyrate,
(R)-348-(3-f|uoro-benzyloxy)-octanoyla61ino]pAHtrimethylammonio-butyrate,
(R)-3-(10-phenyl-decanoylamino)-4-trim ammonio-butyrate,

(S)-3-(10-phenyl-decanoyl 'no)wlf-im/uﬁgvylammonio-butyrate,
(R)-3-[10-(2-fluoro-phenyl)-Hechhoyla ino]-4-trimethyl1ammonio-b1utyrate, 18

- (R)-3410-(2,5-dimethyl-pheny1)-dgcabdilamitCidetiytaizmBnio-butyrate,
(R)-3-[10-(2,6-dimethyl-pheny1)-detanoyldmino]-4-trimethylammonio-butyrate,
(R)-3-[10-(4-methoxy-phenyl)-decano yl athino] -4-trimethyl ammonio-butyrate,
(R)-3-(10-naphthalen-1-yl-decanoylamino)-4-trimethylammonio-butyrate, ’
(R)-3410-(3-flupro-phenyl)-decangylamin %4 trimeth: Iﬁl1 monio-butyrate, 20

(R)-3-110-(2, S BT pHRr) & SRy A T T Bl monio-butyrate,
(R)-3-(10-thiophen-3-yl-decanoylamino)-4-trimethylammonio-butyrate, )
(R)-3-(12-phetiifdonebatrsing ises) a-thriaign shiho RS biigraetaiandy phdihoiteint ety erieehtable
salts therefifrmula 12. A process for the preparation of compounds of formula | as defined in any one
of 25 claims 1 to 11, which process comprises reacting a tertiary amine of formula - 45 - OOH
wherein Al, m, n and RI are as defined pgreighefore,  with a methylating agent in the presence of a
base in a polar solvent to obtain a compoujpd of formula H,C IHN(CH2),TA1--(CH2),7R1 - CH3 50
13. Pharmaceutical compagitiens risthg a compound of formula | according to any one of claims
1to 11 and a pharmaceuti ceptable carrier and/qr adjuvant. , 14, Compounds of formula |
according to any one of claims 1(39|311H‘H @é"ik)é"ﬁé‘p“é(ﬁ%‘dﬁ\?e substances. 1015. Compounds of
formula | according to any one of claims Itdi11 for use as therapeutic active substances for the
treagment or prophylaxis of diseases whichCare modulated by CPT2 inhibitors. - 46 - 16. The use
of compounds of formula | according to any one of claims 1 to 11 for the preparation of medicaments

for the therapeytis, grpropiulaclsmirRimeR RbAIseaREs WhisD A FRAMAIEY RES&iTg inhiitors.

one of claims 1 to 11 and a pharmaceutically acceptable carrier and/or adjuvant.

14. Compounds of formula I according to any one of claims 1 to 11 for use as therapeutic
active substances.

10 15. Compounds of formula I according to any one of claims 1 to 11 for use as therapeutic
active substances for the treatment or prophylaxis of diseases which are modulated by CPT2
inhibitors.



17. The use of compounds of formula | according to any one of claims 1 to 11 for the 5 preparation of
medicaments for the therapeutic and/or prophylactic treatment of hyperglycemia, glucose tolerance
disorders, diabetes and associated pathologies, non insulin dependent diabetes mellitus, obesity,
hypertension, insulin resistance syndrome, metabolig syndrome, hyperlipidemia,
hypercholesterolemia, fatty liver disease, atherosclerosis, congestive heart failure and renal failure.

1018. The us rd|n o claim 17 fo aratlo of medicaments, for the prevention and/or

boatment of oaT e M B LA LA i Ry S s B TR 18
preparation of medicaments for the therapeutic or prophylactic treatment of diseases which are
modulated by CPT2 inhibitors.

17. The use of compounds of formula I according to any one of claims 1 to 11 for the
5 preparation of medicaments for the therapeutic and/or prophylactic treatment of hypergiycemia,
glucose tolerance disorders, diabetes and associated pathologies, non insulin dependent diabetes
mellitus, obesity, hypertension, insulin resistance syndrome, metabolic syndrome,
hyperlipidemia, hypercholesterolemia, fatty liver disease, atherosclerosis, congestive heart

failure and renal failure.

10 18. The use according to claim 17 for the preparation of medicaments for the prevention

and/or treatment of hyperglycemia and non insulin dependent diabetes mellitus.



