PREPARATI ON OF BETA- AM NO ACI DS HAVI NG AFFI NI TY FOR THE ALPHA- 2- DELTA
PROTEI N BACKGROUND OF THE | NVENTI ON FI ELD OF | NVENTI ON [ 0001] This

i nvent i onwoeb@tmssibo materi al s and net hods for prepari ngcopsroosbdiyecti ve
b-am no acids that bind to the al pha-2-delta (a2d) subunit of a cal cium
channel . These conpounds, including their pharmaceutically acceptable
conpl exes, salts, solvates and hydrates, are useful for treating pain,

fibr | gi a, d i et f hi atri d sl di d . DI SCUSSI ON
[0002] U S, FREPARARIGN QUBESA-AMINEDAGT0S SEOINGARRINELY E0R A HR (1 he

' 251 application) describes W G ind to the a2d subunit of a
cal ci um channel . These como%@%%?“ﬁﬁgbﬁ%ﬁr phar maceutical |y

accept abl e conpl exes, salts, solvates, and hydrates, nmay be used to treat a
nunber of. di sorders, conBAIGIOGROUNIN QH FHEIBYENHERE i ncl ude, w t hout
limtation, sleep disorders, such as insomia; fibromnyal gia; epilepsy;

neur opat hic pain, jn¢luding acute and chronic pain; mgraine; hot flashes;
pai n assﬁ%%@gmwﬁabl e bowel syndrone; restless | eg syndrong;

anor exi a; [ompj ¢ 4ihsOnJ8itiondERIAR TS hAlriakeAd MdhoBItbLelch M LbpiRrlier s; and
anxi ety, including general anxiety disorder, obsessive conpul sive behavior,

aﬂd at t enadtiva Pehinoiatids yipe bt tb vhe alplti-2-deltie (20 sangitatf heakiufi0003]  Many of
t he b-am no acids describedq i.n.the '251 application ar tically active.
Some of tﬂ@ne%nﬁila%%‘{mnquﬂ S’t“PFcS%(Sng g‘ﬁ?'ré’?éﬁ’(e u‘iﬁ‘iﬁluﬁ’-’(?tcﬁ‘m?ﬁ’? ¢ a18 S possess

L0 PR A SL o s BT Pram ok 7
pr epar i ngpyphiata dngd-skeepidisorders.
DISCUSSION
[0002] U.S. Patent Application No. 2003/0195251 Al to Barta et al. (the *251
application) describes B-amino acids that bind to the 028 subunit of a calcium
channel. These compounds, including their pharmaceutically acceptable complexes,
salts, solvates, and hydrates, may be used to treat a number of disorders, conditions,
and diseases. These include, without limitation, sleep disorders, such as insomnia;
fibromyalgia; epilepsy; neuropathic pain, including acute and chronic pain; migraine;
hot flashes; pain associated with irritable bowel syndrome; restless leg syndrome;
anorexia; panic disorder; depression; seasonal affective disorders; and anxiety,
including general anxiety disorder, obsessive compulsive behavior, and attention

deficit hyperactivity disorder, among others.

[0003]  Many of the B-amino acids described in the *251 application are optically
active. Some of the compounds, like those represented by Formula 1 below, possess
two or more stereogenic (chiral) centers, which make their preparation challenging.
Although the *251 application describes useful methods for preparing optically-active
B-amino acids at laboratory bench scale, many of the methods may be problematic for
pilot- or full-scale production because of efficiency or cost concerns. Thus, improved
methods for preparing optically-active 3-amino acids, such as those given by

Formula 1, would be desirable.



b-am no acids at |aboratory bench scale, many of the nethods may be
problematic for pilot- or full-scale production because of efficiency or
cost concwonsos/odBag, | nproved net hods for preparing optipcahByoscdiose

b-am no acids, such as those given by Fornula 1, woul d be desirabl e. SUMVARY
OF THE | NVENTI ON [ 0004] The present invention provides conparatively
efficient and cost-effective nethods for preparing conpounds of Formula 1,
or a diastereoner thereof or a harnaceuticall¥ accept abl e conpl ex, salt,
solvate or hydrate ther eofS,UW/B‘EBVrQFﬁﬂEaWW PN i ndependent |y hydrogen
atons or Cl1-3 alkyl optionally substituted with one to five fluorine atons,
provi ded wh LS 2 t : ; m and R3
o 1o o0 TR Bl By qh RS Ppalii Iy oo AMCDROAR BT O1
Cl- 3 al kymgthods for preparing compamds of Eamtmlallkyl of R3 is optionally
substituted wth one to five fluorine atons, and each aryl of R3 is
optionally substituted with fr ne to three substituents independently
sel ected fromchloro, fluoro, am Moy Nityko, trano, Cl-3 al kyl am no, C1-3

al kyl optionally substituted with ope tp dhsee fluorine atons, and Cl-3

al koxy optionally substitutedOvithAr one to three fluorine atons. [0005]
One aspect of the present inventifon includes reacting a conpound of Fornul a
2, or Formula 4,with Hin the présence of a chiral catalyst to give a
conpound of Forrmula 3, or a diastereoner thereof, wherein Rl, R2, and R3 in
Formula 2, Fornmula 3, and Formula 4 are as definhed in Formula 1; R4 in

Formul a 20r aF 1glsr{grlegm§f thgr%gf oFr0 ) f)]ﬁje{rr%ageuitf?:al?y Qéégﬁt%’l% %01%&)?&], saq:t} E(ﬁvﬁle l&{l '

hydrate thereof, wherein:

R! and R? are independently hydrogen atoms or C.3 alkyl optionally
substituted with one to five fluorine atoms, provided that when R' is a hydrogen atom,
R? is not a hydrogen atom; and

R%is C1 alkyl, Cs.6 cycloalkyl, Cs.¢ cycloalkyl-Cy.¢ alkyl, aryl, aryl-

C1.3 alkyl, or arylamino, wherein each alkyl of R? is optionally substituted with one to
five fluorine atoms, and each aryl of R’ is optionally substituted with from one to
three substituents independently selected from chloro, fluoro, amino, nitro, cyano,
C1.3 alkylamino, C;.3 alkyl optionally substituted with one to three fluorine atoms, and

C1.3 alkoxy optionally substituted with from one to three fluorine atoms.

[0005] One aspect of the present invention includes reacting a compound of

Formula 2,

or Formula 4,



C2-6 al kenyl, C2-6 al kynyl, C3-7 cycloal kyl, C3-7 cycl oal kenyl, halo-C 1-7
al kyl, halo- C2-7 al kenyl, halo-C 2-7 al kynyl, aryl-C 1-6 alkyl, aryl-C2-6
al kenyl , wo 2866d086322- 6 al kynyl or a cation sel ected frowca/as¥ospoidceret al
ion, a Goup 2 netal ion, a primary ammoni umion or a secondary amoni um
ion; and R5 in Fornula 2 and R19 in Fornula 3 are independently hydrogen
atom carboxy, Cl-7 al kanoyl, C2-7 al kenoyl, C2-7 al kynoyl, C3-7
cycl oal kanoyl, C3-7 cycloalken(fégjr hal o- C 1-7 al kanoyl, halo-C 2-7

al kenoyl , hal o-C 2-7 al kynoyl , - arbanyl, halo-C 1-6

al koxycarbonyl, C -7 cycl oal koxycar onébf pyr- Cl-7 al kanoyl, aryl-C2-7
al kenoyl , aryl-C2-7 al kynoylg4@ryl gxycBrboRyl, or aryl- C1-6

al koxycarbonyl, provided that R5)fs not a hydrogen atom and optionally
converting the conpound of Formulla 3 or its diastereonmer to the conmpound of
Formula 1 or its diastereoner or Qo a pharmaceutically acceptabl e conpl ex,
salt, solvate or hydrate of the conpound of Fornmula 1 or its diastereoner.
[ 0006] A useful chiral catalyst for asymetric hydrogenation of the
conpoundswmﬁEEmrmMpmghmnoﬂ&mMMlanﬂyﬁncgh@esxmnmmnde?meg&ma,bound to a
transition netal throughone or nore phosphorus atons. Such catal ysts

i nclude ( "S"- TANGPhos, (R)- BESTAPINE, (R)-eTCFP, or (R)-nTCFP, or

stereoi soners thereof, which arenNound<to rhodium The asymetric
hydrogenation is typically caR'{ed ng ®3single chiral catalyst.
However, the nethod may al so ggploy Mk e chiral catalysts in which the
prochiral substrate (ForrrulaR ormula 4) is reacted successively with
first and second chiral catalysts| (e.g., (R -BINAPINE and (R)-mICFP,
respectively, or opposite enanti rs thereof). In such cases, the first
chiral catalyst has greater stereoselectivity than the second chiral

catal yst under the sanme conditions, agd the second chiral catalyst has a
faster rate of reaction than the first chiral catal yst under the sane

condi ti ON&-, diastereomer thereof, wherein

R}, Rz, and R? in Formula 2, Formula 3, and Formula 4 are as defined in
Formula 1;

R* in Formula 2, Formula 3, and Formula 4 is a hydrogen atom, C;.¢ alkyl,
C,.¢ alkenyl, Cy¢ alkynyl, C37 cycloalkyl, C37 cycloalkenyl, halo-Cy; alkyl, halo-
C,.7 alkenyl, halo-C,.; alkynyl, aryl-Ci.¢ alkyl, aryl-Cy¢ alkenyl, or aryl-Cs.¢ alkynyl
or a cation selected from a Group 1 metal ion, a Group 2 metal ion, a primary
ammonium ion or a secondary ammonium ion; and

R’ in Formula 2 and R" in Formula 3 are independently hydrogen atom,
carboxy, C)_7 alkanoyl, C,.7 alkenoyl, C,.7 alkynoyl, Cs.; cycloalkanoyl,
Cs.7 cycloalkenoyl, halo-C;.7 alkanoyl, halo-C;.7 alkenoyl, halo-Cy 7 alkynoyl,
C 1. alkoxycarbonyl, halo-C;.¢ alkoxycarbonyl, C37 cycloalkoxycarbonyl, aryl-
C1.7 alkanoyl, aryl-C,.; alkenoyl, aryl-C,; alkynoyl, aryloxycarbonyl, or aryl-
C1.¢ alkoxycarbonyl, provided that R’ is not a hydrogen atom; and

optionally converting the compound of Formula 3 or its diastereomer to
the compound of Formula 1 or its diastereomer or to a pharmaceutically acceptable

complex, salt, solvate or hydrate of the compound of Formula 1 or its diastereomer.

[0006] A useful chiral catalyst for asymmetric hydrogenation of the compounds of

Formula 2 or Formula 4 includes a chiral ligand bound to a transition metal through

B



[ 0007] The conpound of Formula 2 nmay be prepared by reacting the conpound

of Fornmula 4, or a salt thereof with a conpound of Fornmula 5, 5 wherein R5
i n For nulwo20éco0882defined in Formula 2 and X i n For mul acs/msmosiodiyelr oxy or
a |l eaving group, such as hal ogeno, aryloxy or heteroaryl oxy, or -OC(OR 15
, In which RI5 is Cl1-6 al kyl, C2-6 al kenyl, C2-6 al kynyl, C3-12 cycl oal kyl,
hal o-C 1-6 al kyl, halo-C 2-6 al kenyl, halo-C 2-6 al kynyl aryl aryl-C 1-6

al kyl , heterocyclyl het eroaryl , or heteroaryl C 1l-6 al [0008] The
corrpound ohe Eonats PROSPhoEYs Fampy S\é@r@éﬁlws inslige (R %SI:E d’d’sdﬁ)For nul a

6,with ang Fl‘éﬁiP( etate
and aceti c aci ghﬁ @ﬁgrel n %&)I@ﬁpg %%OI%% 1‘1%?&50‘2}#121'{’2}8%% Hh?fgd in
For mul a 1r}mdduiR4Thcsasgmrdetfm hedrogenaftion iadypically canied buAmdighesinglephirhl of t he

present inventiqQnpn includes reducing an am no _ noi ety of canpound  of
For mul a 7Satiyey HOWAvaS ot @6@95 niww woralpy e chifid caigfyssan ghieh thge

compound  GlocfiiThgrate (HARNE 1oy )30 FaRa SR EQTRY G (BiGupS defi ned

i n Formul |3016a enyl (e.qg.,

al 1 yl) orseaoyd elGtal atalysisl (e e (F)- BIIﬁABfN]E)and aRn)dranmFPowapdcywdgnmerti ng the
compound of Fornula 1 or_ its.diastereoner tp a eutical |y acceptable
conpl ex, SER9sttc eRgniigmersthergof), A‘i‘éu‘:%[céﬁffﬂ hefie Cgﬁﬁﬁ%% g‘? ¥be reduced
by react i ggrebfteGRR AWAhObedonll BikA cAtalyst bnddr | ma: dahiR d@ﬁ@aﬁ@% %n@thea catal yst.
Useful catalysts include transition netal catalysts, such as Pd/ C and Raney
ni ckel .  second chiral catalyst has a faster rate of reaction than the first chiral catalyst under

the same conditions.

[0007] The compound of Formula 2 may be prepared by reacting the compound

of Formula 4,

or a salt thereof with a compound of Formula 5,

RS_XI
5

2

wherein R’ in Formula 5 is as defined in Formula 2 and X' in Formula 5 is a hydroxy
or a leaving group, such as halogeno, aryloxy or heteroaryloxy, or -OC(O)R", in
which R is Cy6 alkyl, Cp.¢ alkenyl, Cy¢ alkynyl, Cs.12 cycloalkyl, halo-C.¢ alkyl,
halo-Cs.¢ alkenyl, halo-Cy ¢ alkynyl, aryl, aryl-Cy.s alkyl, heterocyclyl, heteroaryl, or
heteroaryl-C.¢ alkyl.

[0008] The compound of Formula 4 may be prepared by reacting a compound of

Formula 6,



[ 0011] The conpound of Fornmula 7 may be prepared by reacting a conmpound of
Formul a 8,or a diastereoner thereof, with an acid or base, wherein R, R,
and R i n wonmndmsQ2are as defined in Fornmula 1 and R6 i scaasrhefnnees i n
Forrmula 7. [0012] The conpound of Fornula 8 nay be prepared by cyclizing a
conpound of Forrmula 9, or a diastereoner thereof, wherein R, R, and Rin
Formula 9 are as defined in Formula 1 and R6 is as defined in Formula 7.

For instance, the hydroxy nDiety(in Fornmula 9 may be activated (e.g., by
conversion to a sulfonate ester) 3 vated al cohol, which is
subsequently cyclized by treatnent th\a gse (e.g., a carbonate) [ 0013]
The conpound of Formula 9 mar4be pr paRed By reacting a conpound of Formula
10, or a diastereoner thereof w a conmpound of Formula 11, NH2 R6- 0 11
wherein R, R, and Rin Fornulall0O are as defined in Fornula 1 and Rin
Formula 11 is as defined in FormfPa 7. To facilitate reaction, the
carboxylic acid noiety of the conpouné of Fornmula 10 may be activated usi ng
a coupling agent, such as DMI-MM [ 0014] The conpound of Fornula 10 may be
prepared by reacting the above conpound o la 6 wi i,n the

presence 8¥hﬁn@m19°at A TEE Y& GG et %\H% r‘?amt}?m%lr%ﬁa afﬁl acgic 5
di ast er eoggad), WaeleaPR’, RMaiER NinFHormiih 6 zﬁ&as ﬁé’ﬂﬂiéa‘ln%rrﬁ@l'amﬁtﬂ ﬂas aie as

defined in Formula 1 and Formula 2 2; and
defined in Formula 2.

[0009] Another aspect of the present invention includes reducing an amino moiety

of a compound of Formula 7,

or a diastereomer thereof or a salt thereof to give the compound of Formula 1,

wherein Rl, R?, and R? in Formula 7 are as defined in Formula 1 and R® is Cy.6 alkyl

(e.g., methyl), Cy6 alkenyl (e.g., allyl) or aryl-C,_3 alkyl (e.g., benzyl); and
optionally converting the compound of Formula 1 or its diastereomer to a

pharmaceutically acceptable complex, salt, solvate or hydrate.

[0010] The amino moiety may be reduced by reacting the compound of Formula 7
with H, in the presence of a catalyst. Useful catalysts include transition metal

catalysts, such as Pd/C and Raney nickel.

[0011] The compound of Formula 7 may be prepared by reacting a compound of

Formula 8§,



optionally converting the conpound of Fornula 12, or its diastereoner, to
the conmpound of Formula 10. [0015] An additional aspect of the present

i nvent i orwonodeuses2r educi ng an ami ne noi ety of a conpourdTaB2dbeningéa 13, or
a diastereoner thereof, to give a conpound of Formula 37,or a diastereoner
thereof, wherein Rl, R2, R3, and R4 in Fornula 37 and Fornmula 13 are as
defined in Fornmula 1 and Fornula 2, respectively, and R7 in Fornmula 13 is
C -6 alkyl, C2-6 al kenyl (e.g., allyl) or aryl-Cl-3 al kyl (e.g., benzyl);
and optionally converting the coqp%und of Fornmula 37 or its diastereomer to
t he conpound of Fornula 1 or itdQdiastereoner or to a pharmaceutically
acceptabl e conplex, salt, solvatg or hydrate of the compound of Formula 1
or its diastereoner. [0016] The ) 3 the conpound of Fornula 13
may be reduced by reacting t und<6 Fo la 13 with Hin the
presence of a catalyst. Usef ca IysRs i Rl ude transition netal

catal ysts, such as Pd/C and Raney nickel. [0017] The conpound of Formula 13
may be prepared by treating a conmpound of Formula 14, 14 or its opposite
enantionmer with a base to give a deprotonated chiral am ne and reacting the

deprot onat ed chiral a ne_.w ound of F ba swher el R 1, RT 2,
and R>3 i FHaseEReames ’f‘e@f hﬂ@’f’i“ﬂ l?aﬁe Q{nﬂ angl% I*—L‘B‘jé a%5 i s as
def i ned | cGOUBHIA A Foffitha Rark R A0 bW thed dn FormAladef i ned in Formul a 13.
[0018] The conpound of Formula 15 may be prepared by reacting a conpound of
Formula 16, wth a base, wherein Rl, R2, and R3 in Fornmula 16 are as
defined i WOER} mulThe Tompaundhofirmulad 1Y ibs Preparrsfheslizng BsorpPENdOf and RS
is a leavy qﬁ% gup [ 0019] The conpound of Fornula 16 may be prepared by
reacting lﬁ%o’und of

HO,,

or a diastereomer thereof, wherein Rl, R2, and R in Formula 9 are as defined in
Formula 1 and R® is as defined in Formula 7. For instance, the hydroxy moiety in
Formula 9 may be activated (e.g., by conversion to a sulfonate ester) to give an
activated alcohol, which is subsequently cyclized by treatment with a base (e.g., a

carbonate).

[0013]  The compound of Formula 9 may be prepared by reacting a compound of

Formula 10,

or a diastereomer thereof with a compound of Formula 11,

66—



Formula 17, with a conpound of Fornmula 18, R9- X2 18 to give the conpound
of Formula 16 in which R8 is RO, wherein Rl, R2, and R3 in Formula 17 are
as defi nestoiznodroséml a 1, R4 in Fornula 17 is as defi nedpicmiBomosiiase?, R9 is
tosyl, nesyl, brosyl, closyl, nosyl, or triflyl, and X2 is hal ogen or ROO .
[ 0020] The conpound of Fornmula 17 nmay be prepared by reducing a b-carbonyl
noi ety of the above conpound of Formula 6. For exanple, the conpound of
Formula 6 may be reacted with Hin the ﬁesence of a catalyst to give the
conpoundof Fornula 17. Useful catalyst ficl ude transition netal catalysts,
such as platinum and rutheni um baspd-gat al ysts. [0021] Al ternatively, the
conpound of Fornula 15 nmay b e prepared b y reacting a conpound of Formula
39, with a base, wherein R, R, and Rlin Fornula 39 are as defined in
Formula 1 and Rin Fornmula 39 is as defined in Formula 2 . [0022] The
conpound of Fornu prepared b y reacting a copgpound of Fornmula

lg 39 may b e
38, with whersiRduRd B lgﬁnﬁmraulzgp are 3 dgfinpdndrarnpda | and Re iy esence of
copper a i ral .al yst rei 1 . i la 29
canndd sosatuilI LR SRR EaatETE o RefiuaSpoafncbanb s 2 20 i a 3
8 is as debidnedf the chapsutdoofFormald ndy béladtdatedluaing akouplilgbgegenach [ 0023]

The present_invention al so provides nethods of naking conpounds of
as DMT-MM.

[0014] The compound of Formula 10 may be prepared by reacting the above
compound of Formula 6 with Hy in the presence of a chiral catalyst to give a

compound of Formula 12,

HO,,

R*O

12

or a diastereomer thereof, wherein Rl, Rz, R3, and R* in Formula 12 are as defined in

Formula 1 and Formula 2; and

optionally converting the compound of Formula 12, or its diastereomer, to

the compound of Formula 10.

[0015] An additional aspect of the present invention includes reducing an amine

moiety of a compound of Formula 13,

Phﬁ ‘\\\\\\

or a diastereomer thereof, to give a compound of Formula 37,

S



Formula 6 , above. Thus, another aspect of the present invention includes
treating a conpound of Fornula 19,or a salt thereof with an acid, wherein
Rl, R2, RS0 aswbob¥i2i n Forrmula 19 are as defined in Formecang2asdoibes nul a 2.
[ 0024] The conpound of Formula 19 may be prepared by reacting a conpound of
Formula 20, 20 with a conpound of Formula 21, 2 1 or a salt thereof, in the
presence of a base and, optionally, a netal ion, wherein Rl, R2, and R3 in
Formula 20 and Rin Fornula 2 e as defined in Formula 1 and Formula 2,
and R10 in Formula 20 is a |l ea sas a chiral oxazolidin-2-
one-3-yl or an imdazol-1-yl. Usefu ,0xazol i di n-2-one-3-yls include
(5)-4- isopropyl oxazolidin-2gr , R
(1 ?)-4-isopropyl oxazolidi n-2-oneyB-yl, (S)-4- benzyl oxazolidin-2-one-3-yl,
(/?)-4-benzyl oxazol i di n~2-one-3-¥l, (5)-4- phenyl oxazolidi n-2-one-3-yl,
(7?) ~4- phenyl oxazol i di n-2-one-3-¥#, (45", 5i?)-4-nethy|-

phenyl oxazol i di n-2-one-3-yl, or 37

(4i ?,55)-4-net hyl - 5- phenyloxazolldln 2- one 3- yI or stereoisoners

t hereof . [0025] The compound of Formu a,2 e tlng a
conpound ®f2 dratorgperihereol; wherein Bai R Bﬁ’eﬁ“élcﬁ \%‘loflﬁ l@% 8#8) Usef ul

coupl i ng a&?ﬁ?&éfbdeg% Fglgn&f?'l aniPForm &b My?orI?FP and R Yn f%@%ula%@ EDC,

di i sopropyl car iTm i sopropenyl rmat e, | sobutyl
chl or of or@ps dkyli @, aazkmsé(egg atkyd) G- wyhZol alityl/(e)s., h@haﬁhhfndl c chloride,

g: Bﬂgzg: BES: Bﬂgﬁ %lp 1@%}@3{ cagvexp he il CBIQ’I%%‘BITA nlg Igormull Oﬁ &Fits QAbstereomer to

the compound of Formula 1 or its diastereomer or to a pharmaceutically acceptable

complex, salt, solvate or hydrate of the compound of Formula 1 or its diastereomer.

[0016] The amine moiety of the compound of Formula 13 may be reduced by
reacting the compound of Formula 13 with H in the presence of a catalyst. Useful

catalysts include transition metal catalysts, such as Pd/C and Raney nickel.

[0017] The compound of Formula 13 may be prepared by treating a compound of

Formula 14,

or its opposite enantiomer with a base to give a deprotonated chiral amine and

reacting the deprotonated chiral amine with a compound of Formula 15,




[ 0026] The conpound of Fornula 22 may be prepared by hydrolyzing a conpound
of Fornmula 23, in the presence of an acid, wherein R, R, and Rin Fornula
23 are aswoebigmessizcn Forrmula 1. [0027] The conmpound of PornBi@s@RIewmY be
prepared by reacting a conpound of Fornula 24, 1 with a source of cyanide
ion, wherein R, R, and Rin Fornula 24 are as defined in Fornula 1 and Rl
1 is a leaving group. Useful sources of cyanide ion incI ude sodi um cyani de,
pot assi um cyani de,, zi nc,cyani de, hydroger] cyani de or_agetone cyanohydrl n,

al one or vheranRbi RaehdR’ fobesulaheassnesiine BEorgakl. 3 o Fermulp dS pr epar ed
by reacti.n mula 26, R 12_

c 326 td° &%ﬁ ngnog%%lplg%% %drﬁm %F%rflul\ﬁﬂzl%q??\sgﬁ(}u%g% I%IMIE%&ZO wher ei n
Rl, R2, and R3 in 1 Formula 25 are as defined in Formula 1, Rin Formula 26
is a tosypo18resyThe bompotnd of[Fosytila 16a8a3 be mepdred by ydactiama cofnpeundaifogen.

[ 0029] Alternatively, the conmpound of Formula 22 may be prepared by

hydr ol yziﬁﬁ’@malacléwpound of Formula 27, 27 wherein R1, R2, and R3 in Fornula
27 are as defined in Formula 1, and R13 , R14 , R15 , and Rl6 are

i ndependent|y hydrogen atom Cl-8 al k <6 cycloal kyl, C3-6 cycl oal kyl -
Cl-6 alkyl, aryl, or aryl-GC-3 alk

16

with a base, wherein Rl, R?, and R in Formula 16 are as defined in Formula 1, R*in

Formula 16 is as defined in Formula 2, and R® is a leaving group.

[0019] The compound of Formula 16 may be prepared by reacting a compound of

Formula 17,

R*0O

with a compound of Formula 18,

R9_X2
18

k4

to give the compound of Formula 16 in which R%is R90—, wherein Rl, R2, and R® in
Formula 17 are as defined in Formula 1, R* in Formula 17 is as defined in Formula 2,

R%is tosyl, mesyl, brosyl, closyl, nosyl, or triflyl, and X2 is halogen or R°O-.

[0020] The compound of Formula 17 may be prepared by reducing a -carbonyl
moiety of the above compound of Formula 6. For example, the compound of

Formula 6 may be reacted with H, in the presence of a catalyst to give the compound

—9



[ 0030] An additional aspect of the present invention includes treating a
conpound of Fornula 33,33 with a base to generate a dianion; reacting the
di ani on wvohoe/mesmpound of Formula 32, 32 to give an i nrernBrhiosv@vsand
treating the internediate with an acid to give the conpound of Formula 6,
wherein R, R2, and R3 in Formula 32 and R4 in Fornmula 33 are as defined in
Formula 1 and Fornmula 2, and Rin Formula 32 is a |l eaving group. [0031] The
conmpound of _Formul a 32 nayeﬁg pr epar ed bg reactinq a conpound .of Formul a
34, H 0 >oForpulad’Usglgleat t%ﬁ@éﬁﬁéﬂ% orrgetal FHAYES, sHEBoePlatigug; ve t he
conpound HR&@ i ich R18 is R120-, wherein R, R2, and R3 in

For mul a 3§Lg§gkés dgg%ﬁg aﬁEhFornula 1. [0032] The present invention al so
provi des conpounds represented by Formula 2 to 4, 6 to 10, 12, 13, 15 to
17, 19, 2[@02rp, axittrEsivelyhihetrompeund vEForatuby &7 mawdeiprapacmddsy rehaing a
conplexesé saltﬁ,f%olvqagg, hydr at es, opposite enantioners, diastereoners,
geonet ri cCTeRHEF O A APt ures. [0033] Thus, another aspect of the present
i nvention provides conpounds of Formula 40,40 including conpl exes, salts,
sol vates, hydrates, opposite enantio sel eoners,

R*O

39

with a base, wherein Rl, RZ, and R? in Formula 39 are as defined in Formula 1 and R*

in Formula 39 is as defined in Formula 2.

[0022] The compound of Formula 39 may be prepared by reacting a compound of

Formula 38,
R2

R*O

with a compound of Formula 29,

R3-CH,MgX*
29

ki

in the presence of copper and a chiral catalyst, wherein R', R?, and R® in Formula 29
and 38 are as defined in Formula 1, R* in Formula 38 is as defined in Formula 2, and

X* in Formula 29 is halogeno.

[0023]  The present invention also provides methods of making compounds of
Formula 6, above. Thus, another aspect of the present invention includes treating a

compound of Formula 19,
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geonetric isoners, and m xtures thereof, in which: R, R, and Rin Fornula
40 are as defined above in Formula 1; R20 is a hydrogen atom hydroxy,
R6- O NH- ,wB2M6/m861R19-NH-, or R2 1 is a hydrogen atom @tT6Bz0kYd1966C2- 6

al kenyl, C2-6 al kynyl, C3-7 cycloal kyl, C3-7 cycl oal kenyl, halo-C 1-7

al kyl, hal o-C2-7 al kenyl, halo- C2-7 al kynyl, aryl-C -6 alkyl, aryl-C2-6

al kenyl, or aryl-C2-6 alkynyl or a cation selected froma Goup 1 netal

ion, a Goup 2 netal ion, a priyary niumion, a secondary amoni umion
or R6-O-NH; and R6, R7, R9, a re as defined in Formula 7, Formul a
13, Fornmula 18, and Fornula 3, regpectively. [0034] A further aspect of the
present invention provides qo Ia 39, including conpl exes,
salts, solvates, hydrates, oppgSite)enanty omerB> di ast ereomers, geonetric

i somers, and m xtures thereof in PREQ ,RR2, and R3 in Formula 39 are as
defined in Formula 1, and R4 |§n%s d&fined above in Formula 2. {0035] An
addi tional aspect of the present mveﬁl on provides conpounds of Formula
41, 4 1 including conplexes, salts, sotlvates, hydrates, opposite

enantioners, diastereoners, | O geonetric isonmers, and mixtures thereof, in
which R oR saldfl bt Joftn EOEEH! @hébeih 187 823, 81 RPBOFdUFPTITHe A éefu]%d s as
defi ned |n or mu and R1s a hydfogen’atom or carboxy. [0036] Yet

anot her amd?nrmum‘lm’uquzrmimht i nvention provides conpounds of Formul a 42,
42

[0024] The compound of Formula 19 may be prepared by reacting a compound of

Formula 20,
10
R X R3
T %2
0 R R
20 ,
with a compound of Formula 21,
@) OH
R*O
0]
21

2

or a salt thereof, in the presence of a base and, optionally, a metal ion, wherein Rl, Rz,
and R? in Formula 20 and R* in Formula 21 are as defined in Formula 1 and

Formula 2, and R' in Formula 20 is a leaving group, such as a chiral oxazolidin-2-
one-3-yl or an imidazol-1-yl. Useful chiral oxazolidin-2-one-3-yls include (S)-4-
isopropyloxazolidin-2-one-3-yl, (R)-4-isopropyloxazolidin-2-one-3-yl, (:5)-4-
benzyloxazolidin-2-one-3-yl, (R)-4-benzyloxazolidin-2-one-3-yl, (5)-4-
phenyloxazolidin-2-one-3-yl, (R)-4-phenyloxazolidin-2-one-3-yl, (4S,5R)-4-methyl-5-
phenyloxazolidin-2-one-3-yl, or (4R,55)-4-methyl-5-phenyloxazolidin-2-one-3-yl or

stereoisomers thereof.



i ncl udi ng conpl exes, salts, solvates, hydrates, opposite enantioners,

di astereoners, geonetric isonmers, and m xtures thereof, in which Rl, R2,
and R3 i nwbaneealoss142 are as defined in Forrmula 1, and RpC3/iB2d0y/deogen at om
or a chiral oxazolidin-2-one-3-yl. [0037] The present invention also

i ncludes the follow ng conpounds, as well as their pharmaceutically

accept abl e conpl exes, salts, solvates, hydrat es opposi te enanti oners,

di ast ereoners, geonetric isomers, and m xtur

(Z?) - 5- mdPM3AL. 3= Eﬂa%cmp@wf@oa@m 20 mgy b%@ﬁeeared by reacting a compound of

(i7?)-5- xo-octanoi c acid ethyl ester; (i?)-5-methyl-3-oxo-nonanoic
acid et Eﬁowllula%f (/?,2)-3-am no-5-net hyl - hept 2-enoic acid ethyl ester;

(i ?,2)-3-am no-5-net hyl -oct - 2- en0|c acid et hyI ester;

(i ?,Z)-3-am no-5-nmnet hyl - non- 2- a% ester;

(1?,2)-3-acetyl am no- 5- net hyl - hep 2- ef c 1d et hyI ester;

(/?,Z)-3-acetyl ani no- 5- met hyl - oct 12- &loi ®R?acid ethyl ester; (

, Z) - 3-acet yl am no- 5- net hyl ~non-2-enoic acid ethyl ester; (3 5

) - 3- ammo- 5- et hyl - hept anoi ¢ aci d et hylp ester;

(35, 5i ?) - 3-am no- 5- net hyl -oct anoi ¢ acid ethyl ’ester;

(35,5/7?)-3-am no-5-net hyl -nonanoic acid ethyl ester; (3S,5

) - 3- acet ydraarﬁanmhé&ecbfewmlcohlﬁmgaugemc seiud cetipiyrlg ashisiinclude CDI, DCC,

o e AR 0K BB G BB R nihste (35

(3S,5i7?)- § gﬁ&%@n&i ?t{[bfb‘?or%a@@%s*&hfyﬁ‘@lﬂ%ﬁﬁ@ﬂn?at@% Ptbls §2 oxo- -3-oxazolidinyl)-

(31'S,5/7?)- m no- 5- et hyl’- oct anoi ¢ aci'd
) - 3- acet )/[ﬂlﬁ)ﬂplnn}c&hfmidhydllphmry@wsphoayh adide, dlphenylphosphlmc chloride, or
(3/7?,5/7?) 3hh Flro 5-nmet hyl - hept anoi ¢ aci d;

dip en%r phos

otyl cyanide.
[0026] The compound of Formula 22 may be prepared by hydrolyzing a

compound of Formula 23,

//\(\R3
N of

R! R?
23

ki

in the presence of an acid, wherein Rl, RZ, and R in Formula 23 are as defined in

Formula 1.

[0027] The compound of Formula 23 may be prepared by reacting a compound of

Formula 24,

RN R

Rl R2
24
with a source of cyanide ion, wherein Rl, R2, and R in Formula 24 are as defined in
Formula 1 and R!! is a leaving group. Useful sources of cyanide ion include sodium
cyanide, potassium cyanidé, zinc cyanide, hydrogen cyanide or acetone cyanohydrin,

alone or in combination.
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(3i?,5/7?)-3-hydroxy-5-nmet hyl -oct anoi ¢ aci d;
(3/7?,5i7?)-3-hydroxy-5-net hyl - nonanoi ¢ aci d;

(3i ?, 5i ?)wB-2hysdingsay - 5- net hyl - hept anoi ¢ aci d benzyl oxy- a®airdB2005/001966
(3i?,5/7?)-3-hydroxy-5-net hyl -oct anoi ¢ aci d benzyl oxy-am de;
(3i?,5/7?)-3~hydroxy-5-net hyl - nonanoi c acid benzyl oxy-am de; (3/7?,5
) - 3- hydr oxy- 5- net hyl - heptanoi ¢ acid ethyl ester;
(3/7?,5i?)-3-hydroxy-5-net hyl -octanoi¢c acid ethyl_ ester;

(3i 2, 5i ?) [928] dr okdip-compoad L Hermuns 24 mayibg Pesnaled Risiearting@mgempgyind of
1-benzy|OF%&éﬂgésnethyl-butyl)-azetidin-2-one;

(2R, 4S) - 1-benzyloxy- 4- (2- net hyl - pent yl ) - azeti di n- 2- one;

(2R, 4S) - 1- benzyl oxy- 4- ( 2- net hyl - hexyl ) - azeti di n- 2-one; ( -
- benzyl oxyam no- -nethyl-heptangﬁp/%bggéf\\R3
(35',5i ?)-3-benzyl oxyam no- 5- met hyl - g¢thanoi ¢ aci d;

(3S, 5R) - 3- benzyl oxyam no-5-net hyl - n anot ¢ aci d, (I.S,35

, 51 ?) - 3-[ benzyl - (| - phenyl - et hyl ) - am n§] - 5- net hyl - hept anoi ¢ aci d et hyl

ester; (15,35, 5i ?)-3-[benzyl-(I-phenyl-ethyl)-amn no]-5-nethyl-octanoic acid
et hyl ester;

(15, 35' , 5vhth-aZopipenng bt Forophar§.l - et hyl ) - ani no] - 5- net hyl - nonanoi ¢ aci d et hyl
ester; (51 ?)-3-hydroxy-5-net hyl - heptanoi c acid ethyl ester;
(5/?)-3-hydroxy-5-net hyl -octanoic a hgﬁﬁihyl ester;
(5/?)-3-hydroxy-5-net hyl - nonanoi ¢ acid ‘ethyl ester;

(/?,E)-5-nethyl -hept-2-enoic acid eth3d ester; ( ,E)-5-nethyl-oct-2-enoic
acid ethyl ester;

to give the compound of Formula 24 in which R'lis RIZO—, wherein Rl, R2, and R® in
Formula 25 are as defined in Formula 1, R in Formula 26 is a tosyl, mesyl, brosyl,

closyl, nosyl, or triflyl, and X is halogen.

[0029] Alternatively, the compound of Formula 22 may be prepared by

hydrolyzing a compound of Formula 27,

O

R13/g/N\”/\(\
= S R?
RIS RI6 5 Rl‘ 2

R

27

2

wherein Rl, R2, and R® in Formula 27 are as defined in Formula 1, and RB, R14, RY ,
and R'® are independently hydrogen atom, C;.6 alkyl, Cs.¢ cycloalkyl, Cs.¢ cycloalkyl-
Ci.6 alkyl, aryl, or aryl-C,.3 alkyl, provided that R" and R are different and are not
both hydrogen atoms.

[0030]  An additional aspect of the present invention includes treating a compound

of Formula 33,



(7?, E) ~5-net hyl - non-2-enoic acid ethyl ester; (i?,E)-5-nethyl-hept-3-enoic
acid ethyl ester; (i?,E)-5-nmethyl-oct-3-enoic acid ethyl ester;

(772, E) - 5-wet2hysioosaan- 3~enoi ¢ aci d et hyl ester; PCT/IB2005/001966
(5/7?)-5-nmethyl -3-(tol uene-4-sul f onyl oxy) - hept anoi ¢ aci d ethyl ester;
(5/?)-5-nmet hyl - 3- (tol uene-4-sul fonyl oxy)-octanoic acid ethyl ester;
(5/7?)-5-nmet hyl -3-(tol uene-4-sul fonyl oxy) - nonanoi ¢ acid ethyl ester;

(51 ?) - 3-met hanesul f onyl oxy- 5- net hyl - hept anoi ¢ acid ethyl ester;

(5i ?) - 3- met hanesul f onyl oxy- 5- net hyIQBct ddoi ¢ acid ethyl ester;

(51 ?) - 3-nmet hanesul f onyl oxy- 5- et hyl I nonajpoi c acid ethyl ester;
(i?)-1-imdazol-1-yl-3-nmethyl -pegran=-one;

(i1?)-1-imdazol -1-yl-3-nethyl -hexan-lzone; and (R)- 1-im dazol -

| -yl -3-nmethyl -heptan- 1-one. [0038] e present invention includes al

conpl exes and salts, whether pharmaceutically acceptable or not, solvates,
hydrates,Wﬁ@gbg%uggg&ggggiﬁaﬁ&§ of the disclosed conmpounds. Certain
conpounds may contain an al kenyl or cyclic group, so that cisltrans (or

ZI E) st er eoi sonmerschngthecdaiitn witharcomppundeit Bormuda ¥bt o or oxi ne group, so
that tautonerismmay occur. In such cases, the present invention generally
includes all ZIE isoners and tautgpgeric forns, whether they are pure,

substantially pure, or m xtures. j DESCRI PTI ON DEFI NI TI ONS AND
ABBREVI ATI ONS [0039] Unl ess ot herw éé~i,ndicated, this disclosure uses
definitions provided bel ow. Sone t e definitions and fornul ae may

include a dash ("-") to indicate abong between atons or a point of
attachnment to a named or unnamed atom or group

to give an intermediate; and
treating the intermediate with an acid to give the compound of Formula 6,
wherein Rl, Rz, and R® in Formula 32 and R* in Formula 33 are as defined in

Formula 1 and Formula 2, and R!® in Formula 32 is a leaving group.

[0031] The compound of Formula 32 may be prepared by reacting a compound of

Formula 34,

HO R

R2
34

RI

with the compound of Formula 26, above, to give the compound of Formula 32 in
which R8 is RlZO—, wherein Rl, R2, and R in Formula 34 are as defined in

Formula 1.

[0032]  The present invention also provides compounds represented by Formula 2
to 4, 6 to 10, 12, 13, 15 to 17, 19, 20, 22, and 39, which are given above, and includes
their complexes, salts, solvates, hydrates, opposite enantiomers, diastereomers,

geometric isomers, and mixtures.

[0033]  Thus, another aspect of the present invention provides compounds of

Formula 40,
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of atonms. OQther definitions and fornmul ae may include an equal sign ("=") or
an identity synbol (" ") to indicate a double bond or a triple bond,
respect i webyoos@®sdiai n forrmul ae may al so i nclude one or wroTAgBa®S/EIWEKS ("*")
to indicate stereogenic (asymetric or chiral) centers, although the
absence of an asterisk does not indicate that the conpound | acks a
stereocenter. Such fornulae nmay refer to the racemate or to individual
enantiomers or to individual diastereoners, which may or may not be pure or
substantially pure. Oher formnul NQC fne or nore wavy bonds (" LL
L,"). Wien attached to a stereogeni¢ centex,. the wavy bonds refer to both
st ereoi soners, either indivigug ly gr mB& ures. Likew se, when attached
to a doubl e bond, the wavy bonds™hdi cate a Z-isonmer, an E-isomer, or a

m xture of Z and E isoners. Sone [flornmul ae may include a dashed bond " " to
indicate a single or a double borfd. [0040] "Substituted" groups are those
in which one or nore hydrogen atons e been replaced with one or nore
non- hydrogen atons or groups, provided that val ence requirenents are net
and t hat iackiding complsresisalss, solyaiepdunthtese oppasie PRUYHONISES, difsterdomers,.on.

[0041] "About" .or "appr.oxi " en.used in connection with a
neasurabl%x%ﬁﬁ%?ﬁ8§F%ngﬁggﬁéggﬁg‘3¥gn§gn ie i ndicated value of the

variabl e and to &!|R¥aht®s ioFoinhga Y hiced ®fihbdiboveen Bbitohila 1f he experi nent al
error of the indicated val ue %e. wi thin the 95% caonfidence interval for

the mean) or wit R nisENYYEREEE O%ﬁiﬁdﬁ‘é% RaiQREaR I IR MHileRBver is
greater. [004ﬁ£~"Alkyl" refers to straight chain and branched saturated
gr

hydr ocar bon ups, generally having a specified nunber of carbon atons
(i.e., Cl“s. W,7refers to an al kyl group having 1, 2, 3, 4, 5, or 6
carbon atong). Exanples of al kyl groups

Ph :

R*! is a hydrogen atom, Cy.¢ alkyl, Cy.¢ alkenyl, Ca.s alkynyl,
Cs.7 cycloalkyl, Cs.7 cycloalkenyl, halo-C; 7 alkyl, halo-C,.7 alkenyl, halo-
C,.7 alkynyl, aryl-C; alkyl, aryl-Cy.¢ alkenyl, or aryl-C,¢ alkynyl or a cation selected
from a Group 1 metal ion, a Group 2 metal ion, a primary ammonium ion, a
secondary ammonium ion or R®-O-NH-; and

R6, R7, R9, and R" are as defined in Formula 7, Formula 13, Formula 18,

and Formula 3, respectively.

[0034] A further aspect of the present invention provides compounds of

Formula 39,

including complexes, salts, solvates, hydrates, opposite enantiomers, diastereomers,
geometric isomers, and mixtures thereof, in which Rl, R2, and R® in Formula 39 are as

defined in Formula 1, and R* is as defined above in Formula 2.
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include, without limtation, nethyl, ethyl, n-propyl, /-propyl, -butyl,
s-butyl, /-butyl, t-butyl, pent-1-yl, pent-2-yl, pent-3-yl,

3- net hyl bwd-2beeyloge13- et hyl but - 2-yl, 2- nethyl but-2-yl, PCT/IB2005/001966
2,2,2-trinmethyleth-1-yl, n-hexyl, and the Iike.[0043] "Al kenyl" refers to
strai ght chain and branched hydrocarbon groups having one or nore

unsat ur ated carbon-carbon bonds, and generally haviing a specified nunber of

carbon at Exappl .of al ken groups i nclude, wthout limtation,

et henyl , Ed}%ﬂ)pe oy ?@fﬁflm?al ﬁ?H?ﬁ%#-@@ presen inyegtian PIFO-V;A@,S comppngs.of - y| | 1-

but en- 2- ykgr@yihyien-1-yl, 3-buten-2-yl, 2-buten-l-yl, 2-buten-2-yl,

2-nmet hyl - 1-propenl- yl, 2-methyl-2-propen-Il-yl, 1,3-butadien-I-yl,

|, 3-butadi en-2-yl, and the like. [0044] "Al kynyl" refers to straight chain
or branched hydrocarbon groups haR?%g one or nore triple carbon-carbon
bonds, and generally having @ spe¢i fied nunber of carbon atons. Exanples of
al kynyl groups include, with } i ynyl, 1- propyn-1-yl,
2-propyn-l-yl, 1-butyn-1l-yl, 3-buty lé%ﬁ; 3-butyn-2-yl, 2-butyn-I-yl, and
the |like. [0045] "Al kanoyl" refggs t© yIR%XC)-, where al kyl is defined
above, and generally includes a specified nunber of carbon atons, including
t he carbonyl carbon. Exanpl es of alkaﬁbyl groups, i ncl ude, w thout
limtation, formyl, acet propi onyl , butyryl, pentanoyl, hexanoyl, and
the |1 ke. B Complees i S&Lvapeﬂgmﬁg;ﬂs% PpBosii spintiomeE KidsiFasaper g

al kenyl - C%@netﬁ@ﬁoﬁiel‘s\[ BYd rikt{des thepMET B VKB RY R0 RP Yty £1 gefk ned
above. References to aIkeryI and al kynoyl gener%gly |nclugé a specified
nurber of defined om Fatnyle 1, Bx islagdiefiged ind ormnlach phd Bar bemydegamploesonf al kenoyl
gr oups in&hgd%f wi thout limtation, propenoyl, 2-nethyl propenoyl,

2- but enoyT, %ﬁbutenoyl, 2- met hyl - 2- but enoyl, 2-nethyl -3- butenoyl,

3-net hyl - 3-but enoyl , 2-pentenoyl, 3-pentenoyl, 4-pentenoyl, and the |ike.
Exanpl es [@036] kynotlangheryspedtde thedesent inkientionl provides dopipouRdOey noy!

2-butynoyl, 3-
y yFormula 42,

including complexes, salts, solvates, hydrates, opposite enantiomers, diastereomers,
geometric isomers, and mixtures thereof, in which Rl, R2, and R® in Formula 42 are as

defined in Formula 1, and R® is a hydrogen atom or a chiral oxazolidin-2-one-3-yl.

[0037] The present invention also includes the following compounds, as well as

their pharmaceutically acceptable complexes, salts, solvates, hydrates, opposite

enantiomers, diastereomers, geometric isomers, and mixtures:
(R)-5-methyl-3-oxo-heptanoic acid ethyl ester;
(R)-5-methyl-3-oxo-octanoic acid ethyl ester;
(R)-5-methyl-3-oxo-nonanoic acid ethyl ester;
(R,Z)-3-amino-5-methyl-hept-2-enoic acid ethyl ester;
(R,Z)-3-amino-5-methyl-oct-2-enoic acid ethyl ester;
(R,Z)-3-amino-5-methyl-non-2-enoic acid ethyl ester;

(R,Z)-3-acetylamino-5-methyl-hept-2-enoic acid ethyl ester;
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butynoyl, 2-pentynoyl, 3-pentynoyl, 4-pentynoyl, and the |ike. [0047]

"Al koxy" and "al koxycarbonyl" refer, respectively, to alkyl-0O, al kenyl-Q,
and al kynyb-2@¢/med2t o al kyl -O- C(O -, al kenyl-O-C(O -, alkynp2oo&p6Go6d - ,
where al kyl, al kenyl, and al kynyl are defined above. Exanpl es of al koxy
groups include, without limtation, nethoxy, ethoxy, n-propoxy, /-propoxy,
n- but oxy, s-butoxy, tbutoxy, n-pentoxy, s-pentoxy, and the |like. Exanples

of al koxycarbonyl groups include, wthout Iim t,gti on, et hoxycarbonyl,

et hoxycar bonyl , %Q@p%?%%{?‘ﬁ@rﬁzmethwpﬁp%ﬁwwﬁ YL eHeBut oxycar bonyl |

s- but oxycar bonyl , pt~ hu SRR 1neNtC e esisPENt OXycar bonyl ,
and the |ike. [Oéﬁg])@u%—clgf% B?;Tﬂgtghggﬁggt%?ﬁ%%cogen%’)"esné’y be used

i nt er changeabl y, (3$)16R)-8faatind-6-rhéthplrlgeptambiocatcnd ethylaster; and i odo. [ 0049]
"Hal oal kyl ," "hal oal ke ' oal kanoyl ," "hal oal kenoyl ,"

yl,." "hal pal kynyl ," "hal é
" hal oal kynoyl , " '(%5%31?8’;&99'5'% 3?1"?%4115’% %@(9@¥]r?69§yl " refer, respectively,
to alkyl, alkenylsgariy! ino-glrhggﬂmnﬁﬂ&i@aamyleét&sfnoyl , al koxy, and

al koxycar bonyl groups” substitut one or riore hal ogen atons, where
al kyl, al kenyl , #B&§RyB-acetykaroyb;methikldrepianpicadckdetbyl estea] koxy, and

al koxycar bonyl ar fLned above,_ Ex | es of hal kyl . groups incl ude,
without |imtati 6&?’9§}-?T&Fﬂ8ﬁ8}m'ﬁW?tﬁﬁ?%?ﬂ%ﬁ?fﬂfg?'ﬁa ?S¥eﬁent af | uor oet hyl ,
pent achl or oet hyl 38588 hgetklakfino-5A0aRY1-ndakkdieaLidEkhy egbers to saturated
nonocyclic and bicyclic hydrocarbon rings, generally having a specified

nunber of car bon (33.6Rk3w@heiylasonpdimehylHeepiangi acid;e. , C -7 cycl oal kyl refers
to a cycl oal kyl aving 3. 4, 6 or 7 carbon atons as ring nenbers).
The cycl oal kyl ngéfggg)'gtaf%{tgﬁgan?é%g%gr%cg oglgcr%cllj% or to a substrate at any
ring atom unl esg3$8RN3ALEFRATRSS-MeHYIchonanbidkeidyal ence requirenents.

Li kew se, the cycl oal kyl groups may include one or nore non-hydrogen
substituents unl é3B.58)8Hhye F-methdhenigneig agidol at e val ence requirenents.

Useful substit ueQgﬁ,SkS'-%l-l‘Hﬂ?dny\g-E&Wl—octanoic acid,
(3R,5R)-3-hydroxy-5-methyl-nonanoic acid;
(3R,5R)-3-hydroxy-5-methyl-heptanoic acid benzyloxy-amide;
(3R,5R)-3-hydroxy-5-methyl-octanoic acid benzyloxy-amide;
(3R,5R)-3-hydroxy-5-methyl-nonanoic acid benzyloxy-amide;
(3R,5R)-3-hydroxy-5-methyl-heptanoic acid ethyl ester;
(3R,5R)-3-hydroxy-5-methyl-octanoic acid ethyl ester;
(3R,5R)-3-hydroxy-5-methyl-nonanoic acid ethyl ester;

(2R 45)-1-benzyloxy-4-(2-methyl-butyl)-azetidin-2-one;
(2R,4S8)-1-benzyloxy-4-(2-methyl-pentyl)-azetidin-2-one;
(2R 45)-1-benzyloxy-4-(2-methyl-hexyl)-azetidin-2-one;
(35,5R)-3-benzyloxyamino-5-methyl-heptanoic acid;
(35,5R)-3-benzyloxyamino-5-methyl-octanoic acid;
(35,5R)-3-benzyloxyamino-5-methyl-nonanoic acid;
(18,35,5R)-3-[benzyl-(1-phenyl-ethyl)-amino]-5-methyl-heptanoic acid
ethyl ester;
(18,3S,5R)-3-[benzyl-(1-phenyl-ethyl)-amino]-5-methyl-octanoic acid
ethyl ester;
(18,3S,5R)-3-[benzyl-(1-phenyl-ethyl)-amino]-5-methyl-nonanoic acid
ethyl ester;
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limtation, alkyl, alkenyl, alkynyl, haloal kyl, hal oal kenyl, hal oal kynyl,

al koxy, al koxycarbonyl, al kanoyl, and hal o, as defined above, and hydroxy,
nmer capt o,woi2beemosa@nd am no. [0051] Exanpl es of nonocycl pcTapziogadikgd gr oups
include, without limtation, cyclopropyl, cyclobutyl, cyclopentyl,

cycl ohexyl, and the like. Exanples of bicyclic cycloal kyl groups include,
without limtation, bicyclo[1.1.0]butyl, bicyclo[l.I|.I]pentyl,

bi cycl o[ 2. 1. 0] pentyl, bicyclo[2.1.1]hexyl, bicyclo[3.1.0]hexyl,

bi cycl of 2. 2. 1] heﬁﬁé)-?-hmqir@ngoqusthzl-b«}p’@mmya@d BihyyestD] 3. 1. 1] hept yl ,
bi cycl o[ 4. 1. 0] he I I . . 1hj 3.2.1 tyl,
bic§c|o%4.1.1}ocR§¥*3%?%§%?g%%%§§5§%%§§¥%mggg§%%% A.Z.O]Lgfyr,

EI cyc: o% :Z : g é} nomyj}e)-%hyw{&ydgmgﬁg%lémlwiq abc_id eth;lrl e[stzr;2 2] decyl

i cycl o[ 4.3.0] non i cycl o] 3. 3. ecyl, bicyclo[4.2. ecyl,

bi czcl o[ 4. 3. 1] deééi@'5bmg§‘é’l'gfﬁfiz4?¥ﬂi‘aé%9P‘;hyb?%%?é:I o[ 3. 3. 3] un)éecyl ,

bi cyclo[ 4.3

. 2] ung&%ﬁﬂﬁmgﬂhﬁm&%éﬂcgiigf%gf}’é)r‘gt“' and the |ike. [0052]

"Cycl oal kenyl " r s nonocycl1c an I ¢ hydrocarbon rings having one
or nore unsat ur at(Bg)Sambibyl-cen-Banoharikethyltsgener al | y havi ng a specifi ed

nunber of carbon at that. conprise the ring (i.e., C3-7 cycloal kenyl
refers to a cycl (SgiEﬁ'gBﬁWFE‘é]ﬁB%%%ﬂﬂlﬁﬁc%,ﬁhﬂesg?r’6 or 7 carbon atoms as ring
menbers). The cygkoglsepinli-gaY3-Boidhtiachfdciter; 2 parent group or to a

substrate at any ring atom unless such attachment would violate val ence
requi rements. Li KByi)Semethiybnondtemaldesiddthyresieps nmay i ncl ude one or nore

non- hydrogen substjtuent.s.unless such .substiitution woul iol ate val ence
requi renents. Usi%@‘y'mi%f{ﬁ%% i 'ﬁ@fwg?xmhﬁﬂtgﬂ?mla?lﬁie& e?%{ i“on. al kyl |
al kenyl , al kynyl 1(5R)35—@(ﬁ4t}kﬂ13r(dt6lﬁbﬁ@h%@ﬁwﬂ lofigloeahlienild etryliegicy:,

al koxycar bonyl , al kanoyl ,” an al o, as defined above, and hydroxy,

mercapto, nitro, (aRuS-atlnd-3-(tdossy-4-sdferdeniaregnoic and ethyl efieral kenoy! "

e 0, Yo 0o ks B i YRGS i oSSR . e
(5R)-3-methanesulfonyloxy-5-methyl-octanoic acid ethyl ester;
(5R)-3-methanesulfonyloxy-5-methyl-nonanoic acid ethyl ester;
(R)-1-imidazol-1-yl-3-methyl-pentan-1-one;
(R)-1-imidazol-1-yl-3-methyl-hexan-1-one; and

(R)-1-imidazol-1-yl-3-methyl-heptan-1-one.

[0038] The present invention includes all complexes and salts, whether
pharmaceutically acceptable or not, solvates, hydrates, and polymorphic forms of the
disclosed compounds. Certain compounds may contain an alkenyl or cyclic group, so
that cis/trans (or Z/E) stereoisomers are possible, or may contain a keto or oxime
group, so that tautomerism may occur. In such cases, the present invention generally
includes all Z/E isomers and tautomeric forms, whether they are pure, substantially

pure, or mixtures.
DETAILED DESCRIPTION
DEFINITIONS AND ABBREVIATIONS

[0039] Unless otherwise indicated, this disclosure uses definitions provided

¢ 2

below. Some of the definitions and formulae may include a dash (“-”) to indicate a
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above. References to cycl oal kanoyl and cycl oal kenoyl generally include a
speci fi ed nunber of carbon atons, excluding the carbonyl carbon. Exanpl es
of cycl oavban@mydosgroups i nclude, without limtation, cyecopsnpsnayés
cycl obut anoyl, cycl opentanoyl, cycl ohexanoyl, cycl oheptanoyl,

1- cycl obut enoyl, 2-cycl obut enoyl, 1-cycl opentenoyl, 2-cycl opentenoyl,
3-cycl opent enoyl, 1-cycl ohexenoyl, 2-cycl ohexenoyl, 3- cycl ohexenoyl, and
the |ike. [0054] "Cycloal koxy" and "cycl oal koxycarbonyl" refer,

respect i viednd betweanapma pky poiat obgckpentda aampl oo uaRNdAtRROr g8y | - O C( O) -

and cycl o enyl - = | d c Q) e defined
above. Re‘?ﬂe%l%glﬁl 'e(s)% d%%‘FS%%@?&%ﬁ%Qﬁ{fw%% %o%?y%@%ﬁ%%%? _é%?]lggrnal l'y include
a speci f i peniiyBIboPf=CRolAdicat @ MBublebehd 8} Q&iﬁl@ﬁoﬁﬁ&éﬁ?&dve@ﬁr@ﬁhm Exanpl es
of cycl oal koxy groups include, wthout |imtation, cyclopropoxy,

cycl obut ofoymulagahaypasn inelpde eye piomesedsierisits (“Yiodrdicasp siricogeniey cl obut enoxy,
1- cycl opent enox 2- opent e - cla - 1 ghexenoxy,

2. cyol oneRerBRy e S D BRI oRG e Hie RS RRE I EIGHRN ks ByemaRG:

cycl oal komyeme Q@ﬂ%)bmgf RUAS, iterebstder. WubhHinuldehdyeadefed o the racemate or
99cycl opr opoxycar bonyl, cycl obut oxycar bonyl, cycl opentoxycarbonyl,

cyci ohex OWééWBbhﬂwl}aﬂpo@yﬁl%Hht@%i% diassEspmery whjeh ]@BYIPEW@X%%%%O nyl, 1-
cycl opent =.C tﬂgd'éy - oxycar bonyl ,
1- cycloh xgﬁ%%3%%%§§%§P#el¥ﬁ%%ﬁ§ﬁ@§§%§%§?%r OH%FP§§?%§g@gﬁg§§%oxycarbonyl,
and the | (‘ke.).008Rh attdehet to asdrébgenit eastr, (el eavytwndpraferabdoth and di val ent

aromati c groups, respectiyvely, including 5- and 6-nmenbered nonocyclic
aromatic ?@Bfﬁgmﬁﬁa?ﬂ@éﬁ%déi’lﬁu@lyt%%Wéf‘%?%&t@?ﬁs?’ﬁ%ﬁé’ﬁa&ﬁilt? 4sel ected from

ni trogen, 4QYI6shd, ﬁﬁgﬁi\ﬁfl Hohbis i@ 23sder NS Mhdr Cordf Hixtehe @¥PSinlinc! ude,

w thout Irmtation, |, pyrrolyl, furanyl,
E isomers. Some formulae may include a dashed bond “====" to indicate a single or a
double bond.
[0040] “Substituted” groups are those in which one or more hydrogen atoms have

been replaced with one or more non-hydrogen atoms or groups, provided that valence
requirements are met and that a chemically stable compound results from the

substitution. ‘

[0041] “About” or “approximately,” when used in connection with a measurable
numerical variable, refers to the indicated value of the variable and to all values of the
variable that are within the experimental error of the indicated value (e.g., within the
95% confidence interval for the mean) or within +10 percent of the indicated value,

whichever is greater.

[0042] ' “Alkyl” refers to straight chain and branched saturated hydrocarbon
groups, generally having a specified number of carbon atoms (i.e., Cy.s alkyl refers to
an alkyl group having 1, 2, 3, 4, 5, or 6 carbon atoms). Examples of alkyl groups
include, without limitation, methyl, ethyl, n-propyl, i-propyl, n-butyl, s-butyl, i-butyl,
t-butyl, pent-1-yl, pent-2-yl, pent-3-yl, 3-methylbut-1-yl, 3-methylbut-2-yl, 2-
methylbut-2-yl, 2,2,2-trimethyleth-1-yl, n-hexyl, and the like.
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t hi opheneyl, thiazolyl, isothiazolyl, imdazolyl, triazolyl, tetrazolyl,

pyrazolyl, oxazolyl, isooxazolyl, pyridinyl, pyrazinyl, pyridazinyl,
pyri m di nyb,20@emdsdibe |i ke. Aryl and aryl ene groups al soprcmaBodsodabesycl i c
groups, tricyclic groups, etc., including fused 5- and 6-nmenbered rings

descri bed above. Exanples of multicyclic aryl groups include, wthout
limtation, napht hyI bi phenyl ant hr acenyl , pyrenyl car bazol yl

benzoxazo| ben benzot hi azo] yI m dazol yl ,

benzot hi OB% Ayl ng( |r|e "l‘to SRl Frrn R pranf:h?ﬁl éoca{?é’ﬁzgéq"ﬁ’%nyl

purinyl, ﬂggg I _5B§% FRE ups may be
attached t %@r%ﬁoraﬁggagﬁ%%dtdgh%nsu rbgjltil gé gtﬁ &gﬁliérarall ng zlil'?é(’)% unl ess such

at t achmengpevifiet] dumbet @it @rhal ome Eleaqnpleeom}kmyl grdnpmmdeawyhOIEnd aryl ene
groups i.ncl ud e.or nore dr subst s such
Jubebtt Ut HaHaleh PO of Frepeaut-ah ol s brapast byb A etbaiE uent o

i ncl ude, wt&bggﬁ ﬂ-bﬁ'fbﬁ-aztyloﬁhbu&hkﬂtl quuke%ny b, 266&%1&1;/1 zhﬁkmi K¥ropen-

hal oal kenyl I oal kynyl~, cycl oal , cycl oal kenyl, al koxy, cycloalkoxy,

al kanoy! , 1yl rmathihAoydpench s, d)éikﬂkléﬁb?ﬂ 1- }&I Khytadiepshyl, and the like.
cycloalkoxycarbonyl and hal o, as defined above, and hydroxy, nercapto

nitro, gy and i amhae. LAOTEL KL BEAGYSl S AR ISLGLARYGEY T Ter e

to satur par unsa ura ura C or*bi cycl iC

rings havoﬂegorfrﬁ&@tﬁple@ar‘t’)oﬁrcaftfoﬁmoﬂdst, and geder A1l mmg@r specifed pegibevedl y. These
groups have ring nenbers nade up of carbon atonms and froml1l tg 4
het er oat ofsbarnpmay Exarﬁalébeﬁei&myl;grwp@ iRsdede, wethgwdimigationyethygyl, knd may

net or ooyt eR gy L EAYRR BeMneE Pinc 38 SRR LR ! €

het er oat oaml thajyikepti onal | y be oxi di zed. The heterocycllc ring may be
attached to a parent group or to O 2a substrate at any heteroatom or carbon

atomunl e t ach d . vi brg val ence.r irenents. Likew se,
any of t h@ﬁégf bongélfanﬁly éshtora%uﬂ'é & ferﬁéqu is defined above, an
generally includes a specified number of carbon atoms, including the carbonyl carbon.
Examples of alkanoyl groups include, without limitation, formyl, acetyl, propionyl,

butyryl, pentanoyl, hexanoyl, and the like.

[0046] “Alkenoyl” and “alkynoyl” refer, respectively, to alkenyl-C(O)- and
alkynyl-C(O)-, where alkenyl and alkynyl are defined above. References to alkenoyl
and alkynoyl generally include a specified number of carbon atoms, excluding the
carbonyl carbon. Examples of alkenoyl groups include, without limitation, propenoyl,
2-methylpropenoyl, 2-butenoyl, 3-butenoyl, 2-methyl-2-butenoyl, 2-methyl-3-
butenoyl, 3-methyl-3-butenoyl, 2-pentenoyl, 3-pentenoyl, 4-pentenoyl, and the like.
Examples of alkynoyl groups include, without limitation, propynoyl, 2-butynoyl, 3-
butynoyl, 2-pentynoyl, 3-pentynoyl, 4-pentynoyl, and the like.

[0047] “Alkoxy” and “alkoxycarbonyl” refer, respectively, to alkyl-O-, alkenyl-O,
and alkynyl-O, and to alkyl-O-C(O)-, alkenyl-O-C(O)-, alkynyl-O-C(O)-, where
alkyl, alkenyl, and alkynyl are defined above. Examples of alkoxy groups include,
without limitation, methoxy, ethoxy, .n-propoxy, i-propoxy, n-butoxy, s-butoxy, #-
butoxy, n-pentoxy, s-pentoxy, and the like. Examples of alkoxycarbonyl groups

include, without limitation, methoxycarbonyl, ethoxycarbonyl, n-propoxycarbonyl, i-
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i ncl ude
val ence

a non- hydrogen substituent unless such substitution would violate
requi rements. Useful substituents include, without limtation,

al kyl , alwenydsoo8dizynyl , hal oal kyl , hal oal kenyl , hal oal gmyB200sy@beal kyl ,
cycl oal kenyl, al koxy, cycl oal koxy, al kanoyl, cycl oal kanoyl, cycl oal kenoyl,
al koxycar bonyl, cycl oal koxycarbonyl, and hal o, as defined above, and

hydr oxy,

nmercapto, nitro, am no, and al kyl am no. [0057] Exanpl es of

het erocycl es include, without_ limtation, acridinyl, azocinyl,
benzi ni daxepsHycarberyl of-GRFyEarbeshobwpBcatbanyl -OBOXY M bHENyY |

benzoxaz
benzi sot

;?aﬂm$gﬁﬂ&b@%§§%#%§§gﬁﬁﬂéﬁ%&g@g?&k, benztetrazol yl, benzi soxazoly

I azoryl, n azol yl, 4aH carbazolyl, carbolinyl

chromanyl, chronmenyl, cinnolinyl, decahydroquinolinyl, 2H,

6H-1,5, 2
furazany
i ndol eny

-[00481i azi‘Hylo,” ‘thatvgdn’ofndd G{alyg8ro b e be ateddniefdnanggabiy pahidfer
|, inidazoli@ nyl, im dazolinyl, imdazolyl, IH ndazolyl
| to fjuges chiye: PreReind2P9R/1 | i ndol yl, 3Hindolyl, isobenzofuranyl,

i sochromanyl, isoindazolyl, isoindolinyl, isoindolyl, isoquinolinyl,

i sot hi az
oct ahydr
1, 2,5-0x
pyri m di

phenoxat
pteridin
pyrazoly
pyri di ny
pyrrol yl

qui nucl i

tetrahyd
1,2,4-th
t hi azoly
t hi ophen

qob4o] | SeMaralyl,y “ﬁma_sma&i;il,nyhaloznﬁgm,hY‘hal_ahmﬁoyl,” _
oi soqui nol 1 nyl [ "oxadi azol'yl, 1,2,3-" oxadiazolyl, 1,2, 4-oxadi azolyl
athamalkendyl, 1 haloalkynal adeloplkoxpi and [‘halpallpxycesberpl yefer,oxazol i di nyl

ny| henant pr i di nyl he hraolinyl, ph jN ot hi azi nyl ,
s PR AR R AR, BRARERh R BesonE AORRY bR oy
Ydlkox3hirbBiyl,grélsdabdtituted fnadi o lor nidye BAOkdnditomb,, winste alkel,i nyl ,

|, pyridazinyl, pyridooxazole, pyridoimdazole, pyridothiazole,

| alkenyt,iagkpnyl, p;hanwldalkwqyl,rﬁ}lﬁmyf aikayy, ang wikosyehonyl 218 pyrr ol yI |

: iLnazql i pyl [ ' ' (2 : j:poxal i nyl ,
ABFE R Bompl P SO S hOHEREL, S el | v
rpiglubrodatig] trichldrdmathl; péritattlioaadting] pentacBlddecthyli adl the dky. |

i adi azolyl, 1,2,5-thiadiazolyl, 1,3,4-thiadiazolyl, thianthrenyl,

ly['ﬂ)Og(?ll © ny‘lc’yclE)Qﬁ(?la(%tegirsat%oslat‘\(.llrdtec{ r?lgggc%gﬁg %19(1 gilcycﬁcmy%?gciar 'O%az olyl,
rings, generally having a specified number of carbon atoms that comprise the ring

(i.e., C37 cycloalkyl refers to a cycloalkyl group having 3, 4, 5, 6 or 7 carbon atoms as
ring members). The cycloalkyl may be attached to a parent group or to a substrate at

any ring atom, unless such attachment would violate valence requirements. Likewise,

the cycloalkyl groups may include one or more non-hydrogen substituents unless such
substitution would violate valence requirements. Useful substituents include, without
limitation, alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, alkoxy,
alkoxycarbonyl, alkanoyl, and halo, as defined above, and hydroxy, mercapto, nitro,

and amino.

[0051]  Examples of monocyclic cycloalkyl groups include, without limitation,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and the like. Examples of bicyclic
cycloalkyl groups include, without limitation, bicyclo[1.1.0]butyl,
bicyclo[1.1.1]pentyl, bicyclo[2.1.0]pentyl, bicyclo[2.1.1]hexyl, bicyclo[3.1.0]hexyl,
bicyclo[2.2.1Theptyl, bicyclo[3.2.0]heptyl, bicyclo[3.1.1]heptyl, bicyclo[4.1.0]heptyl,
bicyclo[2.2.2]octyl, bicyclo[3.2.1]octyl, bicyclo[4.1.1]octyl, bicyclo[3.3.0]octyl,
bicyclo[4.2.0]octyl, bicyclo[3.3.1]nonyl, bicyclo[4.2.1]nonyl, bicyclo[4.3.0]nonyl,



triazinyl, 1,2,3-triazolyl, 1,2,4-triazolyl, 1,2,5-triazolyl,
1,3,4-triazolyl, and xanthenyl. [0058] "Heteroaryl" and "heteroaryl ene"
refer, respeoddossdly, to nonoval ent and di val ent het er ocyciraB2005/001966

het erocycl yl groups, as defined above, which are aromatic. Heteroaryl and
het er oaryl ene groups represent a subset of aryl and aryl ene groups,
respectively.[0059] "Arylal kyl" and "heteroarylal kyl" refer, respectively,

to aryl -al kyl and heteroaryl -al kyl, where aryl, heteroaryl, and al kyl are
def i ned AeUoBARBADPYTIEde2 dentstoeclald Hdacpb e giodecy, ™

fl uorenyl 2 A - 2- v ' . | al kanoyl , "
"heter oar%}?gﬁégh%%}m}&j&%’g%§%§%&%%§§/@dﬁc¥lﬁ@? %%lggij?]gﬁﬁ%%g% ?,the"lg%l al kynoyl , "
and "heteroaryl al kynoyl " refer, respectively, to aryl-al kanoyl,

het er oar yll0082k and¢@iycloalkghylakdfens aydnochetoemd digyictiahikdmoocarbon singd hadikgy noyl , and
het eroaryl - al kynoyl, where aryl, heterqary|, al kanoyl, al kepoyl, and
al kynoy| ~HePrdRITe HBRIYRGY CarbeR-cahonbopds o ,neWilﬁ%' ﬁ‘f‘glaisﬁf"flﬁ#on, benzoyl ,

benzylcarﬁgﬂ? , lhatf Lcar. dalkdol B:¥&Qks 2- oyl ,
inidazol-2-y(#ﬁggﬁy?%§?g§ﬁ§?fhp e§§ gth ne%é?ggﬁ@¥,al}ﬁ%enylE%ﬁenecarbonyl,
1- pheny| - gripdcaybgioophiving 3 phén g lop 7 cpthos eeamoasying members). The

3- phenyl - pr necar bonyl , i m dazol - 2-yl - et henecarbonyl , 1-

(i i dayol S TRERSL HET B AHISBRYfS & DErpht S 81 o Sy Py Ay S ARE ARy |

2- (i m dazgllerd-sudtl dtRhARENLGAN RRNNE vaBnéd iy Eidddms - NikpwReoBenecar bonyl ,
phenyl et hynecar bonyl , phenyl propynecar bonyl

(i m dazol cyzloalRengt grpnpscmph tiviide ong pt dwzonophydrpgensubphitheiappigsssuchand t he

like. [0061].." Aryl al koxy:' and "hetergaryl a " . ecld y, to

aryl - al ko&uﬁtétﬁﬁo%&ogtdg‘ﬁggﬁey%? “8%5?““ %’re Peﬂsalrdé%fﬁy %bisgiruggtrsﬁ Cff&(gehg}l{gﬁéoxy are

defined ah@uetiod 4RiRlaB&niInalkyad, halbilRpluhalbalkedydthabonlk yash zlazyy ,

fl uorenyl net hyl oxy, i m dazol -2-yl net hyl oxy, and_the I|ike. .
alkoxycarbonyl, alkanoyl, and halo, as defined above, and hydroxy, mercapto, nitro,

and amino.

[0053] “Cycloalkanoyl” and “cycloalkenoyl” refer to cycloalkyl-C(O)- and
cycloalkenyl-C(O)-, respectively, where cycloalkyl and cycloalkenyl are defined
above. References to cycloalkanoyl and cycloalkenoyl generally include a specified
number of carbon atoms, excluding the carbonyl carbon. Examples of cycloalkanoyl
groups include, without limitation, cyclopropanoyl, cyclobutanoyl, cyclopentanoyl,
cyclohexanoyl, cycloheptanoyl, 1-cyclobutenoyl, 2-cyclobutenoyl, 1-cyclopentenoyl,
2-cyclopentenoyl, 3-cyclopentenoyl, 1-cyclohexenoyl, 2—cyclohexenoyl, 3-
cyclohexenoyl, and the like.

[0054] “Cycloalkoxy” and “cycloalkoxycarbonyl” refer, respectively, to
cycloalkyl-O- and cycloalkenyl-O and to cycloalkyl-O-C(O)- and cycloalkenyl-O-
C(O)-, where cycloalkyl and cycloalkenyl are defined above. References to
cycloalkoxy and cycloalkoxycarbonyl generally include a specified number of carbon
atoms, excluding the carbonyl carbon. Examples of cycloalkoxy groups include,
without limitation, cyclopropoxy, cyclobutoxy, cyclopentoxy, cyclohexoxy, 1-
cyclobutenoxy, 2-cyclobutenoxy, 1-cyclopentenoxy, 2-cyclopentenoxy, 3-
cyclopentenoxy, 1-cyclohexenoxy, 2-cyclohexenoxy, 3-cyclohexenoxy, and the like.

Examples of cycloalkoxycarbonyl groups include, without limitation,

I, L N



[0062] "Aryl oxy" and "heteroaryl oxy" refer, respectively, to aryl-O and
heteroaryl -O, where aryl and heteroaryl are defined above. Exanples

i ncl ude, wibtbesuinsdizm t ati on, phenoxy, i m dazol -2-yl oxy, pemdBidogod1vée.

[ 0063] "Aryl oxycarbonyl," "heteroaryl oxycarbonyl,"” "aryl al koxycarbonyl ,"
and "het eroaryl al koxycarbonyl " refer, respectively, to aryloxy-C(O) -,

het eroaryl oxy- C(O -, arylal koxy-C(O -, and heteroaryl al koxy-C(O -, where
aryl oxy, heteroaryloxy, aryl al koxy, and heteroarylalkoxy are defined above.
Exanpl es $yskapieroxyairbha: CyclabrtoxyPahonypaiapgeiar ermanyl

i m dazol - I ; J xycar bon |,

I m dazol %’ Yc{h%gég’ﬁfbfi% 0 1y(1:a$' ony'{eﬂ&g}%g{b%ﬁgly cgﬁl%'f)‘u%%féﬁ%ﬂcﬁﬁ%t) ggygr oup” Y
refers tocygigpegfefoydaiimhyl, eaayelspmtemix@eabenyh&by@operﬂmgmbm dn process,

i ncl uding substitution reactions, elimnation reactions, %

addi t i on- @Ci%eﬁa%qxafﬁﬁrla@aé{% ohexgnRYRyOERYuPEYHRYEHSBONISEIPBY wE | in whi ch
the grou yes with a pair of electrons that formerly served as the bond
bet ween t e eavi ng group .and the nolecule, or may be el ectrofugal, in

whi ch the group | eaves wi t hout the pair of electrons. The ability of a

nucl eof ug&)l()SflS]eavi“lz%gjyltfjraudu|65a1tyhanls’éeaf@r tdetpmmdslemranﬁtdéwban@rcamaﬁ@rggoms with the

t t b be, th t
eavi ng. g ROPEA T AR B rRb el meRe Wl B3 TS B (LSO B nat es,
i ncl udi ngioad katérobohRNAdPendRily selefBS Yoat ﬁlrogfﬂ Ryl kad sufuf. OEﬂzhﬁﬁleé e.g.,

triflate, hexaflate, nonaflate, and tresyla , and aryl sul fonates (e.g.,
tosyl ate, ofhnorgydyaliearyt gwsps @F@de&ﬁ@hm@bmlmléy Ph@:lﬂepﬁrqlﬁbﬁuﬂ@dcar bonat es,

hal i de io car t t s. Some
ctronger BRpbEROEHRAALE (RBERT SRR I Fisk B0t PR BERRE oc oups by

t r eat ment o¥izbly1,asbcxexdlyl, @rﬂmyl pﬁe@h O pigadzidyePyringdigy ups therlideude t he
proton, CO2, and netals. 65] "Enant] omeric excess" or "ee" is a nmeasure,

for a gi véwl@aﬁﬁnéenecﬁrowéwe@g@e RieyQisceramsn tricyRlG SOURY: S (BelBHNE sanpl e
of a chi rﬂse&?—%ﬂ%ﬁe%gredqmgs described above. Examples of multicyclic aryl groups

include, without limitation, naphthyl, biphenyl, anthracenyl, pyrenyl, carbazolyl,
benzoxazolyl, benzodiokazolyl, benzothiazolyl, benzoimidazolyl, benzothiopheneyl,
quinolinyl, isoquinolinyl, indolyl, benzofuranyl, purinyl, indolizinyl, and the like.
They aryl and arylene groups may be attached to a parent group or to a substrate at
any ring atom, unless such attachment would violate valence requirements. Likewise,
aryl and arylene groups may include one or more non-hydrogen substituents unless
such substitution would violate valence requirements. Useful substituents include,
without limitation, alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl,
cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, alkanoyl, cycloalkanoyl,
cycloalkenoyl, alkoxycarbonyl, cycloalkoxycarbonyl, and halo, as defined above, and

hydroxy, mercapto, nitro, amino, and alkylamino.

[0056] “Heterocycle” and “heterocyclyl” refer to saturated, partially unsaturated,
or unsaturated monocyclic or bicyclic rings having from 5 to 7 or from 7 to 11 ring
members, respectively. These groups have ring members made up of carbon atoms
and from 1 to 4 heteroatoms that are independently nitrogen, oxygen or sulfur, and
may include any bicyclic group in which any of the above-defined monocyclic
heterocycles are fused to a benzene ring. The nitrogen and sulfur heteroatoms may
optionally be oxidized. The heterocyclic ring may be attached to a parent group or to



expressed as a percentage. Enantioneric excess is defined as 100 x (er - 1)
[ (er + 1), where "er" is the ratio of the nore abundant enantioner to the
| ess abunwlenbocanseizi oner. [0066] "Di astereoneri c excess'PconBidgiobve a
measure, for a given sanple, of the excess of one diastereoner over a
sanpl e having equal anounts of diastereonmers and is expressed as a
percentage. D astereoneric excess is defined as 100 x (dr - 1) / (dr + 1),

where "dr" is the ratio of a nore abundant di astereoner to a_ | ess abundant
di ast er ecnwibstr{to@6HTy hetiraztemsu|cabon ptom unlgsiasych gidathgent yauld violate

"di ast er e%? %:ci? %%41%\1@ ment@ng,llye%\;léea ofttﬂg L&8bn of flR Iﬁﬂngn&hﬁ)@& ngl}pcess (e.g.,

hydrogena‘{ one “ster eol so nant 1 oner,

dit aster e?ih@lﬁ&@ﬁ nbﬂilapdlﬁgemmsheem unksp eadh suekmuu@o%é]]d Vitkghvaleave of
stereosel ectivity," "hi evel of_ enantios Iectlv "hi gh_| evel of
di ast er ede@ieaspan(s. t@semlasﬁhsuiﬁ‘?qt%ﬁ@%ld? H@‘F@B‘F ygHen. aﬁ%’l’a?uﬁ‘?n}’ Aygkess t hat

yi el dspr t I

i et of e ey OMEAT LGSR L AR, SRR IR ARy, 20 For a
pair of edlixiioyhpelsalandii, a;grtbakenr@d,sa,lkmcyha@hnjrlw;eﬂoaﬂiown&hblil}ds@idect ivity or
di ast ereosel ectivit mould gwrres pond to an ee or f at. | east about 80%
[0069] " Ste @drsfinas 3boxe. Apd oy dHcTcapte aHp; Wieﬁ Ylamimoc hed, -

"di astereonerically enriched,"” and variants thereof, refer, respectively,

to a sampgsAl aEamBRYBHhEERkyHASHERES, Wb Bnf8bRCEOMBY, az@AIL i Omer  or
dlastergggeeﬂthan gﬁ%ther Theydegree of enrichment may EZ measured by % of

total pr du:nzl:rmdmzroly"loberJQOﬁmrryl drenzathinfuramds kenaethifiphends kesaexagzolyby ee or de.
00701 SRR e U LA s PRSP, enant orer
respecti Vl%nhmﬁl@zcﬁm?laBﬁ»ﬂb@zcﬂﬁnﬂﬂlﬂ&hﬁbgzdyﬁ bﬁb@@mﬁ%l@dimal%ﬂ,adﬁrmﬁa@ﬂ or
di ast ereoner, which conprises at |ea
c1nn011ny1 decahydroquinolinyl, 2H, 6H—1 5,2-dithiazinyl, dihydrofuro[2,3-
bltetrahydrofuran, furanyl, furazanyl, imidazolidinyl, imidazolinyl, imidazolyl, 1H-
indazolyl, indolenyl, indolinyl, indolizinyl, indolyl, 3H-indolyl, isobenzofuranyl,
isochromanyl, isoindazolyl, isoindolinyl, isoindolyl, isoquinolinyl, isothiazolyl,
isoxazolyl, morpholinyl, naphthyridinyl, octahydroisoquinolinyl, oxadiazolyl, 1,2,3-
oxadiazolyl, 1,2,4-oxadiazolyl, 1,2,5-oxadiazolyl, 1,3,4-oxadiazolyl, oxazolidinyl,
oxazolyl, oxazolidinyl, pyrimidinyl, phenanthridinyl, phenanthrolinyl, phenazinyl,
phenothiazinyl, phenoxathiinyl, phenoxazinyl, phthalazinyl, piperazinyl, piperidinyl,
pteridinyl, purinyl, pyranyl, pyrazinyl, pyrazolidinyl, pyrazolinyl, pyrazolyl,
pyridazinyl, pyridooxazole, pyridoimidazole, pyridothiazole, pyridinyl, pyridyl,
pyrimidinyl, pyrrolidinyl, pyrrolinyl, 2H-pyrrolyl, pyrrolyl, quinazolinyl, quinolinyl,
4H-quinolizinyl, quinoxalinyl, quinuclidinyl, tetrahydrofuranyl,
tetrahydroisoquinolinyl, tetrahydroquinolinyl, 6H-1,2,5-thiadiazinyl, 1,2,3-
thiadiazolyl, 1,2,4-thiadiazolyl, 1,2,5-thiadiazolyl, 1,3,4-thiadiazolyl, thianthrenyl,
thiazolyl, thienyl, thienothiazolyl, thienooxazolyl, thienoimidazolyl, thiophenyl,
triazinyl, 1,2,3-triazolyl, 1,2,4-triazolyl, 1,2,5-triazolyl, 1,3,4-triazolyl, and xanthenyl.

[0058] “Heteroaryl” and “heteroarylene” refer, respectively, to monovalent and
divalent heterocycles or heterocyclyl groups, as defined above, which are aromatic.
Heteroaryl and heteroarylene groups represent a subset of aryl and arylene groups,

respectively.
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about 95% of the sanple. For pairs of enantioners and di astereoners, a
substantially pure enantioner or diastereoner would correspond to sanpl es
havi ng arweeo@vroosi@2of about 90% or greater. [0071] A "pwrce/1Bioeseabsoner , "
"pure enantioner,"” "pure diastereoner,” and variants thereof, refer,
respectively, to a sanple containing a stereoi soner, enantioner, or

di ast ereoner, which conprises at |east about 99.5%of the sanple. For pairs
of enantioners and di astereoners, a Eure enanti omer or pure diastereoner”

woul d corl088%ond “Aevlskip| and “heigraseylaliiy@aclst, repegivelp deerydabeybandyr eat er .
[0072] " 0si t nant | frefer I i

non- stuper LA BrE R By bEEIEE, b PTRE BB . Brboles o

obt ai ned faybieuaioudimitationbehng, BiRER0GLME itEhzelrS ybethyd andfier ence

mol ecul e. For exanple, if the reference nolecule has S absolute

st ereocheliccal configuration, then the opposite enantioner has R absol ute
stereochem cal configuration. Likewse, if the reference nolecule has S, S

absol ut e eochem pfed j en ite enantionmer has R R
e e e

st ereoche uration, and so on.” | ereoi soners” of a
speci fi ed“leatpayiatkenefler“aryalkinoydfpos i“hecmaghalkypmmyt” wfert fespectimgdguod and to
any di astereoi soners or geanetric isomers (Z/ E) qf thec und. For
exanpl e, ?rﬁ’l‘?'lﬁ%n‘é’ é@fqr?aégl—glge?whﬁayl léeng?’hﬂl?tegiaéﬁé@&%@ﬁg&?fa Ygur ati on,
Its ster eﬁiﬁ%@@&ffgmkyﬂbyl,%&é Qryl LRt RORIE lik@n S 20 kéRVE and AWdyAGy1RrS, Z

[

configuration, di ast’ereoners having $,$,Z configuration and R R, Z
conf i gur addfmed abont. iBExempiesintinie widonelimitition, hepz@yRbenzydesthanyt.ati on, R S, E

fi i .S E fi £ d R R.E fi tion (0074
"%l var - Mudrind RisreSRrh e iRt Zan e S Aot BB o e
conpound ﬁwﬂyﬁt&h@émlﬁmgngagmeﬂ%ﬁ@i,qh;bml_pﬂope@wmtlylpn-pﬁaeylor nor e

sol vent nol ecul es (e.g., : o
propenecarbonyl, 3-phenyl-propenecarbonyl, imidazol-2-yl-ethenecarbonyl, 1-

(imidazol-2-yl)-ethenecarbonyl, 1-(imidazol-2-yl)-propenecarbonyl, 2-(imidazol-2-
yl)-propenecarbonyl, 3-(imidazol-2-yl)-propenecarbonyl, phenylethynecarbonyl,
phenylpropynecarbonyl, (imidazol-2-yl)-ethynecarbonyl, (imidazol-2-yl)-
propynecarbonyl, and the like.

[0061] “Arylalkoxy” and “heteroarylalkoxy” refer, respectively, to aryl-alkoxy
and heteroaryl-alkoxy, where aryl, heteroaryl, and alkoxy are defined above.
Examples include, without limitation, benzyloxy, fluorenylmethyloxy, imidazol-2-yl-

methyloxy, and the like.

[0062] “Aryloxy” and “heteroaryloxy” refer, respectively, to aryl-O- and
heteroaryl-O-, where aryl and heteroaryl are defined above. Examples include,

without limitation, phenoxy, imidazol-2-yloxy, and the like.

[0063] “Aryloxycarbonyl,” “heteroaryloxycarbonyl,” “arylalkoxycarbonyl,” and
“heteroarylalkoxycarbonyl” refer, respectively, to aryloxy-C(O)-, heteroaryloxy-
C(O)-, arylalkoxy-C(O)-, and heteroarylalkoxy-C(O)-, where aryloxy, heteroaryloxy,
arylalkoxy, and heteroarylalkoxy are defined above. Examples include, without
limitation, phenoxycarbonyl, imidazol-2-yloxycarbonyl, benzyloxycarbonyl,

fluorenylmethyloxycarbonyl, imidazol-2-yl-methyloxycarbonyl, and the like.
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[0075] "Hydrate" refers to a solvate conprising a disclosed or clained
conpound and a stoichionetric or non-stoichionetric anount of water. [0076]
" Phar mac embi2e@d/doys1accept abl e conpl exes, salts, sol vat espconBlyshhabes"
refers to conpl exes, acid or base addition salts, solvates or hydrates of
cl ai mred and di scl osed conpounds, which are within the scope of sound

nmedi cal judgnent, suitable for use in contact with the tissues of patients
w t hout undue toxicity, irrjitation, allergic response, and the |iKke,
commensur H004; ¢ hLé’aYléémblr"efe{?éﬁéﬂngngk trl%?t"%a“%ﬁ’li?f %f Wdgidse for their

i nt ended Hagm EHL’[QQ(ZI; %rolégéﬁ em@lﬁﬁ?%%ﬁﬁstltﬁﬁorfr%%%y}qmﬂﬁ@tﬁ}ﬁrl‘%%ﬂo Eehgrs to a

conpound or-set of tonpounds that are converted into a catalyst prior to
use. [ 0078]ditidu-ekmimagon reteoms. Ieaviageraipsgyaydie mleafigal in whivhithe i ng t he
progress of 962 dj sorder_or conditjon,t i ch such term

t
appl i es, ng "Hpr v tg‘lphgf S rlec P atfosherly srrgeds tgﬁg?ln LHPeRthe _
condi ti Onlea{lﬂgé%up ahdqRS ﬂ%[gcﬁler &f 1?15? bé QleEtlﬂgfr uBAl inQfhich itRAbRFIecav@s defi ned

i mredi ately above.” [0080] Table 1 Iists abbréviations used t t hroughout the
speci fi cawitbout tﬁﬁm_lEOf electranst Tbe alpility efid midlepfiegallisar ingi grouoio 1Bescr i ption Ac

acetyl ACN acgton I e hon Desc O ace anhydride aq
aqueous (&£ B PR ﬁ}gtﬁ’+W thy S{FORgH b‘% @ ﬁ’sﬁﬁ?"ﬁ%g iﬁ’&ﬁ’?&ne ( )-BI CHEP
(R-(-)-2 gx%upb.l géﬂh@m@u@mﬂﬁgm@@ﬁﬁg offibs ﬁlcﬁldeuﬂk@hwg., Fronldiazodtimheny!

salts); sulfonates, including alkylsulfonates (e.g., mesylate), fluoroalkylsulfonates
(e.g., triflate, hexaflate, nonaflate, and tresylate), and arylsulfonates (e.g., tosylate,

brosylate, closylate, and nosylate). Others include carbonates, halide ions,

carboxylate anions, phenolate ions, and alkoxides. Some stronger bases, such as NH,

and OH  can be made better leaving groups by treatment with an acid. Common

electrofugal leaving groups include the proton, CO,, and metals.

[0065] “Enantiomeric excess” or “ee” is a measure, for a given sample, of the
excess of one enantiomer over a racemic sample of a chiral compound and is

expressed as a percentage. Enantiomeric excess is defined as 100 x (er- 1) / (er + 1),

where “er” is the ratio of the more abundant enantiomer to the less abundant
enantiomer.
[0066] “Diastereomeric excess” or “de” is a measure, for a given sample, of the

excess of one diastereomer over a sample having equal amounts of diastereomers and
is expressed as a percentage. Diastereomeric excess is defined as
100 x (dr - 1) / (dr + 1), where “dr” is the ratio of a more abundant diastereomer to a

less abundant diastereomer.

[0067] “Stereoselective,” “enantioselective,” “diastereoselective,” and variants
thereof, refer to a given process (e.g., hydrogenation) that yields more of one

stereoisomer, enantiomer, or diastereoisomer than of another, respectively.

[0068] “High level of stereoselectivity,” “high level of enantioselectivity,” “high

level of diastereoselectivity,” and variants thereof, refer to a given process that yields
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(5,9S)-BICP (2S,2'S)-bis(di phenyl phosphino)-( 1S, 1'S)-bi cycl opent ane BI FUP
2, 2" -bi s(di phenyl phosphino)-4,4",6,6"- tetrakis(trifluoronmethyl)- 1,1
- bi phenylwORDoclobe1Bl NAP (R) - (+)-2,2 ' -bis(di-p-tolyl phesphBrod/601deel’
- bi naphthyl (S)-Tol-BINAP (S)-(+)-2,2 ' -bis(di-p-tolylphosphino)- 1,1
- bi napht hyl (R)-BINAP (R)-2,2'-bis(di phenyl phosphi no) -1 "1 -bi napht hyl
(S) - Bl NAP (S) 2,2'-Dbi s(di phenyl phosphi no)-I | - bi napht hyl BI PHEP 2,2 '
-bi s(di phen hOSphI no) - Jf henyl (R)-MeOBIPHEP (R)-(6,6
- di met h&@?ﬁ?‘gﬁ Baxing a0 oxcesgghAng s eB‘?"é“(‘H‘P%h"é?WPB‘P?B‘é RfliagpreoRpmer, Wiieh BPHEP

| ph hi no
(7 () SRS B gl RS e ous BB BrosPlie)

bi s(di phedlydtq:lhompm alh)gh 1dvel of el’mmpbmir;dtivBy oPdiagtBreByeldctRitlyiveuld
-butyl meth hosph| no% g l tbetrt BITIANP (S)-(+)- '
- bi s(di pH RS PL 9 g1 at ledsgabout 8 appt hyl - 3,3 |
- bi benzo[ Z?] t h| ophene Bn benzyl BnBr, BnC benzyl brom de, benzyl chloride

Boc t - but[@eggjar bﬂsﬂem&@ﬂlﬁéﬂrlcﬁé@}’“enantlomerlcally enriched,”
1-yloxy-tris-(di met hyl am no) - phosphoni um hexaf | uor ophosphate (R)-(S)-BPPFA

(-) - (R) ~ “diagtegeqrperipplly enyi¢heyl,”| and yariants thereof, refer, respectively, to a sample of
bi s(di phe&é’dn%l)%ﬁﬁ PR BhL FoFLSURE seFE NG n?erp fantiomer or diastereomer than

another. The degree of enrichment may be measured by % of total product, or for a

pair of enantiomers or diastereomers, by ee or de.

3 &6

[0070] “Substantially pure stereoisomer,” “substantially pure enantiomer,”
“substantially pure diastereomer,” and variants thereof, refer, respectively, to a sample
containing a stereoisomer, enantiomer, or diastereomer, which comprises at least
about 95% of the sample. For pairs of enantiomers and diastereomers, a substantially
pure enantiomer or diastereomer would correspond to samples having an ee or de of

about 90% or greater.

I &8 2% 4¢

[0071] A “pure stereoisomer,” “pure enantiomer,” “pure diastereomer,” and
variants thereof, refer, respectively, to a sample containing a stereoisomer,
enantiomer, or diastereomer, which comprises at least about 99.5% of the sample.
For pairs of enantiomers and diastereomers, a pure enantiomer or pure diastereomer”

would correspond to samples having an ee or de of about 99% or greater.

[0072] “Opposite enantiomer” refers to a molecule that is a non-superimposable
mirror image of a reference molecule, which may be obtained by inverting all of the
stereogenic centers of the reference molecule. For example, if the reference molecule
has § absolute stereochemical configuration, then the opposite enantiomer has R
absolute stereochemical configuration. Likewise, if the reference molecule has S,
absolute stereochemical configuration, then the opposite enantiomer has R,R

stereochemical configuration, and so on.

[0073] “Stereoisomers” of a specified compound refer to the opposite enantiomer

of the compound and to any diastereoisomers or geometric isomers (Z/E) of the
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(RR-Et-BPE (+)-1, 2-bis((2R, 5i)-2,5-di et hyl phosphol ano) et haneAbbr evi ati on
Description ( )-M-BPE (+)-1, 2-bi s((2R 5R) -2, 5-di net hyl r hosr hol ano) et hane
OS S) - BPRNVD(20(61083245S) - 2- di phenyl phosphi nonet hyl - 4- di plremybmoss@bésno- 1-

- but oxycar bonyl pyrrolidine Bs brosyl or p-brono-benzenesul fonyl Bu butyl
ft-BuLi r-butyl lithiumt-Bu tertiary butyl t-BuOK potassium
tertiary-butoxide -BuOLi lithiumtertiary-butoxide (+)-CAWP

(R - (+)-cycl ohexyl ( 2- ani syl ). met hyl phosphi ne;_.a nophosphi ne CARBOPHOS
met hy| - a- E2BPIEED Péwﬁé%%ﬁa? ?&%@@@M@aw slezgoshemical

di et hyl phgmeh ) pRASAN B 8dmChZyRea 9 enlomer having R

, V- car bony’ri} | %d% dazol ee( 5,r§) - CHI RAE%“C%H&%B enatiomer having R.S5.2

(2S, 39) - ( ednfigustionpitedipstpleosiptsi navinlgl, 8 A eoffiguraadHEE R,R,Z configuration,

e o's” AR R o AL 00 11747
14-bi s- di ghgipvlRidasSalaaR R E onfigufhtdn,

t et r ahydr o- 5, 10- di oxa- di benzo[a, c] cycl odecene for n=4). (R)-CYCPHOS

(R -1, 2-bi s(di phenyl phosphi no)- 1-cycl ohexyl ethane DBAD di- -butyl

azodi car b§Ry#ht e “OBNate” Fefgrsdp apndyeila]onpley eroppringyedisclosed or claimed

compound and a stoichiometric or non-stoichiometric amount of one or more solvent

molecules (e.g., EtOH).

[0075] “Hydrate” refers to a solvate comprising a disclosed or claimed compound

and a stoichiometric or non-stoichiometric amount of water.

[0076] “Pharmaceutically acceptable complexes, salts, solvates, or hydrates”
refers to complexes, acid or base addition salts, solvates or hydrates of claimed and
disclosed compounds, which are within the scope of sound medical judgment, suitable
for use in contact with the tissues of patients without undue toxicity, irritation, allergic
response, and the like, commensurate with a reasonable benefit/risk ratio, and

effective for their intended use.

[0077] “Pre-catalyst” or “catalyst precursor” refers to a compound or set of

compounds that are converted into a catalyst prior to use.

!

[0078] “Treating” refers to reversing, alleviating, inhibiting the progress of, or
preventing a disorder or condition to which such term applies, or to preventing one or

more symptoms of such disorder or condition.
[0079] “Treatment” refers to the act of “treating,” as defined immediately above.
[0080] Table 1 lists abbreviations used throughout the specification.

TABLE 1. List of Abbreviations

Abbreviation Description
Ac acetyl
ACN acetonitrile
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8- di azabi cycl o[ 5. 4. 0] undec- 7- ene DCC di cycohexyl carbodi i m de de
azodi car boxyl ate (R, R) - DEGUPHOS

- (¥88,24d8)008614- bi s( di phenyl phosphi no) pyrrol i di ne Dpé&Dis2doso@pvepy !
(-)-Oisorropylidene-2, 3-di hydr oxy-
Di PAMP
rhenyl )r hOSphI no] €t hane DVAP

ne h\l| QII| f oxi de

DBU I,
di astereoneri c excess DEAD di et hyl
- benzyl
azodi carboxyl ate (R R -Di op (4R 5R)-
1, 4- Abbrevi ati on Description bis(di phenyl phosphi no)butane ( )-
2- bi s[(orret hoxyphenyl ) (

(RR)-(- )-I
4- (di met-k
DMT- WM 4
(R R) - Et=F

(5,9)-Et-D - d| et f | yI phosphol ano) benzene (R
R) - Z- Pr-@tlJPHOS (+)-1,2-bis(a R) 2,5-di-/- propyl phosphol ano) benzene
(R R -Me-DUPHOS (-)-1, 2-bi s% 2R 5R) - 2, 5- di et hyl phosphol ano) benzene
0S, S) - Me{ ) -1, 2- bi s(3R6R)- G@)Zﬁizbg(cap ilp}ulo pHRReIaRto) benzene EDCI
| - (3-di opropyl) 378t a & ss Et
et hyl rrgﬁﬁ : rék[ﬁf“ﬁ _am ne 093 P}’b‘é %R?ﬂcﬂm%h%?{yl%ﬁoﬁﬁ% 1%Vt thyi((iel
biphenyl
(5,5)-BICP (25,2’8)-bis(diphenylphosphino)-(15,1’S)-bicyclopentane
BIFUP 2,2’-bis(diphenylphosphino)-4,4’,6,6’-

(R)-Tol-BINAP
(5)-Tol-BINAP
(R)-BINAP
(S)-BINAP
BIPHEP
(R)-MeO-BIPHEP

(R)-C1-MeO-BIPHEP

(5)-C1-MeO-BIPHEP

BisP*
(+)-tetraMeBITIANP

Bn

BnBr, BnCl
Boc

BOP

(R)-(S)-BPPFA

(R,R)-Et-BPE

tetrakis(trifluoromethyl)-1,1’-biphenyl
(R)-(+)-2,2°-bis(di-p-tolylphosphino)-1,1’-binaphthyl
(8)-(+)-2,2’-bis(di-p-tolylphosphino)-1,1’-binaphthyl
(R)-2,2’-bis(diphenylphosphino)-1’1-binaphthyl
(S)-2,2; -bis(diphenylphosphino)-1°1-binaphthyl
2,2’-bis(diphenylphosphino)-1,1’-biphenyl
(R)-(6,6’-dimethoxybiphenyl-2,2’-diyl)-
bis(diphenylphosphine)
(R)-(+)-5,5"-dichloro-6,6’-dimethoxy-2,2’-
bis(diphenylphosphino)-1,1’-biphenyl
(8)-(4)-5,5’-dichloro-6,6’-dimethoxy-2,2’-
bis(diphenylphosphino)-1,1’-biphenyl
(§,5)-1,2-bis(z-butylmethylphosphino)ethane
(8)-(+)-2,2’-bis(diphenylphosphino)-4,4’,6,6-tetramethyl-
3,3’-bibenzo[b]thiophene

benzyl

benzylbromide, benzylchloride

t-butoxycarbonyl
benzotriazol-1-yloxy-tris-(dimethylamino)-phosphonium
hexafluorophosphate
(-)-(R)--N,N-dimethyl-1-((S)-1°,2-
bis(diphenylphosphino)ferrocenyl)ethylamine
(+)-1,2-bis((2R,51)-2,5-diethylphospholano)ethane
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Et OAc ethyl acetate Et20O diethyl ether EtCOH ethyl al cohol FDPP

pent af | uor ophenyl di phenyl phosphinate (R R)-Et-FerroTANE 1, 1

- bi s(( 2R wW8Bre@,vbscd et hyl phosphot ano) f errocene Fnoc PCT/IB2005/001966

9- fl uor oenyl net hoxycarbonyl h, mn, s hour(s), mnute(s), second(s) HOAc
acetic acid HOAt |-hydroxy-7-azabenzotriazole HOBt iV-hydroxybenzotriazol e
HODhbt 3- hydr oxy- 3, 4- di hydr o- 4- oxo-1, 2, 3-benzotri azi ne (R)-(R)-J0S PHOS
(R)-(-)ded R =2- .

(di phenyAbbms'ptiblmo) ferrocenyl ] et hyl di cycl oh®eyttii®8phi neAbbr evi at i on

De H JOSHHES—S =)} ~2=
(d?gaggyﬁﬁb E’r';gﬁ%) ferrocen Pj)le%P@ @F5?2?20%@%%’8}%063?%&“‘065*‘%%) JOSI PHOS
(R) ( ) - dt.S“tf)(]ﬁ)Pl@ (di phenyl Ehosnty)nodi Eﬁéﬂyﬂ%@}pﬁﬁh&hmymxycl ohexyl phosphi ne

S pot assi um hexanet hyl di sil azane LDA i thium dii sop opyl am de LHWVDS
| h| um hexanet hyl di si | azariphanglphosplinersitsepivepyPeyipy &4 ami de LTWP

2,2,6, 6- ]get ramet hyl pi peri d'br}gs}!\{%r?a?b h%o-benzenesuri%rhwl ene chl oride

Bu butyl

n-BuLi n-butyl lithium

t-Bu tertiary butyl

-BuOK potassium tertiary-butoxide

t-BuOLi lithium tertiary-butoxide

(+)-CAMP (R)-(+)-cyclohexyl(2-anisyl)methylphosphine; a
monophosphine

CARBOPHOS methyl-o-D-glucopyranoside-2,6-dibenzoate-3,4-di(bis(3,5-
dimethylphenyl)phosphinite)

Cbz benzyloxycarbonyl

CDI N,N-carbonyldiimidazole

(5.5)-CHIRAPHOS (28,39)-(-)-bis(diphenylphosphino)butane

CnTunaPHOS 2,2’-bis-diphenylphosphanyl-biphenyl having an —O—

(R)-CYCPHOS
DBAD

(CH2)—O- group linking the 6,6’ carbon atoms of the
biphenyl (e.g., (R)-1,14-bis-diphenylphosphanyl-6,7,8,9-
tetrahydro-5,10-dioxa-dibenzo[a,c]cyclodecene for n=4).
(R)-1,2-bis(diphenylphosphino)-1-cyclohexylethane
di-z-butyl azodicarboxylate

DBN 1,5-diazabicyclo[4.3.0]non-5-ene
DBU 1,8-diazabicyclo[5.4.0]Jundec-7-ene
DCC dicycohexylcarbodiimide

de | diastereomeric excess

DEAD diethyl azodicarboxylate

(R,R)-DEGUPHOS
DIAD
(R,R)-DIOP

N-benzyl-(3R,4R)-3,4-bis(diphenylphosphino)pyrrolidine
diisopropyl azodicarboxylate
(4R,5R)~(-)-O-isopropylidene-2,3-dihydroxy-1,4-
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MEK net hyl et hyl ket one or but an-2-one MeCH net hyl al cohol

(RR-t-butyl-mni PHOS (R R) -1, 2-bi s(di -”-butyl nmet hyl phosphi no) net hane

(S, S) MarwlpRb@0§632S) - (-)-2,2' -bis[(R) - (N, -di nethyl am roX/1gzdognybgeret hyl | -
1,1" -bis(di phenyl phosphino)ferrocene (R)-MnoPhos (R -(-)-[4,i1V,

- di met hyl ammo] di napht ho[ 2, 1-d: 1' ,2" - f] [1, 3, 2]di oxaphosphepin (R)-MP
(R)-(+)-2-(di phenyl phosphi no)-2" -nethoxy- 1,1 -binaphthyl MPa nega

Pascal s op nelting point M nesyl or npethanesulfonyl MBE nethyl tertiary
butyl et h’éxbre\lli@ionrret hyI pyrrol i done Ns nosyl Bcscripti®robenzene sul fonyl (R
R) NORPHES \LR, 3R\ . cli eyHrhosphi IIU} b bybl U|_ 2—2- 1] hep; 5- ene
PdCl 2(dppf)2 di chi oro’ [1 1 .Slsg(#lﬁt(éé’ly%ﬁﬁv‘ﬁﬁg A% no) f  errocene] pal | adi um
(1) dich qa% aypiAlgpe adduct RR)»@)H Bhis (IR 2S, 4R, 5S) - 2, 5- di net hyl - 7- phos
rhadi cycl'o 2. 2. 1] he rtaneAbbr evi ation scri pti on PENNPHOS Ph phenyl Ph3P
tri phenyl phosphi ne Ph3As t r iqsHesyphensi)iehefy)) plrispiNEeldtsne

(R)-(-)- %I\;L%bel s(di pheny!| phﬂ 1mer%19}1a1[nlno%]pypgililgcyd ophane

DMF dimethylformamide
DMSO dimethylsulfoxide
DMT-MM '4-(4,6-dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpholinium

chloride
(-)-1,2-bis((2R,5R)-2,5-diethylphospholano)benzene
(-)-1,2-bis((25,55)-2,5-diethylphospholano)benzene
(+)-1,2-bis((2R,5R)-2,5-di-i-propylphospholano)benzene
(-)-1,2-bis((2R,5R)-2,5-dimethylphospholano)benzene
(-)-1,2-bis((2S,55)-2,5-dimethylphospholano)benzene

(R,R)-Et-DUPHOS
(S,S)-Et+-DUPHOS
(R,R)-i-Pr-DUPHOS
(R,R)-Me-DUPHOS
(S,S)-Me-DUPHOS

EDCI 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
ee enantiomeric excess

Et ethyl

Et;:N triethyl-amine

EtOAc ethyl acetate

Et,O diethyl ether

EtOH ethyl alcohol

FDPP pentafluorophenyl diphenylphosphinate

(R,R)-Et-FerroTANE

1,1’-bis((2R,4R)-2 ,4-diethylphosphotano)ferrocene

Fmoc 9-fluoroenylmethoxycarbonyl

h, min, s hour(s), minute(s), second(s)

HOAc acetic acid

HOAt 1-hydroxy-7-azabenzotriazole

HOBt N-hydroxybenzotriazole

HODhbt 3-hydroxy-3,4-dihydro-4-ox0-1,2,3-benzotriazine

(R)-(R)-JOSIPHOS

(R)-(-)-1-[(R)-2-

(diphenylphosphino)ferrocenyl]ethyldicyclohexylphosphine
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(S)- PHANEPHGCS (S)-(-)-4, 12-bi s(di phenyl phosphi no) -[ 2. 2] - par acycl ophane

(R -PNNP , '"-bis[( R-(+)-a-nethylbenzyl]-iV,iV -

bi s(di phewmyl2péwmpdizno) et hyl ene di ami ne PPh2- PhOx- Ph PCT/IB2005/001966

(R -(-)-2-[2-(di phenyl phosphi no) phenyl ] - 4- phenyl - 2- oxazoline Pr propyl

/-Pr isopropyl (R)-PROPHCS (R)-(+)- 1, 2-bis(diphenyl phosphi no)propane PyBOP
benzotri azol e- 1-yl-oxy-tris-pyrrolidino-phosphoni um hexaf | uorophosphate
(R -QU NAR(R) = ()= 1. (2-dipheonylghosphino: 1:naphthyl)isoquinoline RT room
t enper at @lbbre("aqmﬂom rrately ZOC to 250) s/ c slh&tﬁstlpmfé to- cat aI yst nol ar
rati o ( RysSpit P RISR R =gnrrptAAnonane C i phi nous
aci d estet’; ' : Ilgand(RRSS) TangPhos(RRSS)
I, 1" -di - -butyl [22]blph0 Wbsphthdyfctocdn ]é&i?@(ﬂé SHexgphosphind ) -

1,1, 3,3-tetranet hyl uroni um t&gitiga?{puorpob?r)gte (F%‘a Pﬁi(lR) gl%{ [pzﬂdl

“butyl - pHOsEHERSIFH@Shy | | - fdrby I-[hdsphanyl }- 2-met hyl - propane (S)- eTCFP

> et hy| - pr opane (R mTcrp f syt %%saﬂ%ﬁﬁ%?ﬁ%%%ﬂ@e?me

- met hyl pReRyDany| } - 2- met hypotpssia hexamethyldisilazane

LDA lithium diisopropylamide
LHMDS lithium hexamethyldisilazane
LICA | lithium isopropylcyclohexylamide
LTMP 2,2,6,6-tetramethylpiperidine
Me methyl
MeCl, methylene chloride
MEK methylethylketone or butan-2-one
MeOH methyl alcohol
(R,R)-t-butyl-miniPHOS  (R,R)-1,2-bis(di-t-butylmethylphosphino)methane
(5.,9) MaﬁdyPhos (8,8)-(-)-2,2’-bis[(R)-(N,N-dimethylamino) (phenyl)methyl]-
1,1’-bis(diphenylphosphino)ferrocene
(R)-MonoPhos (R)-(-)-[4,N,N-dimethylamino]}dinaphtho[2,1-d:1°,2’-
\‘ £](1,3,2]dioxaphosphepin
(R)-MOP (R)-(+)-2-(diphenylphosphino)-2’-methoxy-1,1’-binaphthyl
MPa mega Pascals
mp melting point
Ms mesyl or methanesulfonyl
MTBE methyl tertiary butyl ether
NMP N-methylpyrrolidone
Ns nosyl or nitrobenzene sulfonyl
(R,R)-NORPHOS (2R,3R)-(-)-2,3-bis(diphenylphosphino)bicyclo[2.2.1]hept-5-
ene
PdCly(dppf)2 dichloro[1,1’-bis(diphenylphosphino)ferrocene]palladium

(II) dichloromethane adduct
(R,S,R,S)-Me- (1R,28,4R,55)-2,5-dimethyl-7-phosphadicyclo[2.2.1]heptane

— 32



(,S)-H TCFP (S)-2- {[(di- -butyl-phosphanyl)-nethyl] -nethyl Abbreviation
Descri p phosphanyl }-2-nethyl-propane TEA triethanolamne Tf triflyl or
trifl uor owethy/msdibonyl TFA trifluoroacetic acid THF tetcahpzhosduven TLC
thin-1ayer chromatography TMS trinmethylsilyl Tr trityl or triphenyl nethyl

Ts tosyl or/?-toluenesul fonyl [0081] Sone of the schenes and exanpl es bel ow
may omt details of comon reactions, including oxidations, reductions, and
so on, which are known to persons of ordinary skj I_I in-the art of oarganic
chemi st r ZAbbWyéatigat ai | s of such reactions carPéseripé@hd in a nunber of
treati ses e ttehi-re—Ri 3 ar-ock—CEon Hre—O L ime S Fat | ons
(1999), | ti-volume series edited by Mchael B. Smth and ot hers,
Conpendi pp of Organi ¢ Synt hghdy] Met hods (1974-2005). Starting materials and
reagents _may be obtained from conmmercial sources or nmay be prepared using

| i t er at uPbsthet hods. [0082] Mriphseyighesphinke reacti on schemes and exanpl es

bel ow, cegftain conpounds cap. repared using protecting groups, which

pr event ghﬁ%si rabl e chem caﬁlp}%%n %glr? at otherw se reactive sites.

Prot ecti (B)-BHAMNBPH®Y al so (®-Uped2ibis(giphangshosphiib)-|2.2]ypagdcyclopRing se
nodi fy physi cal Bi—lﬁﬁ)erti es of a congg}rnd. For a di scussion of protecting
group st FRIEIANEPHY Y escr i ptPdn-bi2-higfdiphanytphasphip [RdParasyclpplaangl | i ng and
r enovi ng(lp)r_pﬁﬁfati ng groups, N?}V*dbiﬁ‘[(R?fmi-d-ﬁlteﬁ%e%yﬂ’-%ﬁlwl protecting groups

for

\I U U U J V A Jda O

bis(diphenylphosphino)ethylene diamine

PPh,-PhOx-Ph (R)-(-)-2-[2-(diphenylphosphino)phenyl]-4-phenyl-2-
oxazoline

Pr propyl

i-Pr isopropyl

(R)-PROPHOS (R)-(+)-1,2-bis(diphenylphosphino)propane

PyB op benzotriazole-1-yl-oxy-tris-pyrrolidino-phosphonium
hexafluorophosphate

(R)-QUINAP (R)-(+)-1-(2-diphenylphosphino-1-naphthyl)isoquinoline

RT room temperature (approximately 20°C to 25°C)

s/c substrate-to-catalyst molar ratio

(R)-SpirOP (1R,5R,6R)-spiro[4.4]nonane-1,6-diyl-diphenylphosphinous
acid ester; a spirocyclic phosphinite ligand

(R,R,S,S) TangPhos (R,R,S,S) 1,1’-di-#-butyl-[2,2’ Jbiphospholanyl

TATU O-(7-azabenzotriazol-1-yl)-1,1,3,3-tetramethyluronium
tetrafluoroborate

(R)-eTCFP (R)-2-{[(di-t-butyl-phosphanyl)-ethyl]-methyl-phosphanyl }-
2-methyl-propane

($)-eTCFP (8)-2-{[(di-#-butyl-phosphanyl)-ethyl]-methyl-phosphanyl } -
2-methyl-propane

(R)-mTCFP (R)-2-{[(di--butyl-phosphanyl)-methyl]-methyl-
phosphanyl }-2-methyl-propane

(S)-mTCFP (8)-2-{[(di-#-butyl-phosphanyl)-methyl]-methyl-




common functional groups, including am nes, carboxylic acids, alcohols,

ket ones, al dehydes, and the like, see TW Geene and P. G Wits,

Pr ot ecti go@oawapssizn Or gani ¢ Chemistry (1999) and P. Koecenskios/odivet ecti ve
G oups (2000), which are herein incorporated by reference in their entirety
for all purposes.[0083] Generally, the chemcal transformations described

t hroughout the speC| fication may be carried out usi ng substantl ally

st oi chi e+ :
from umﬁ@b’eﬁw@?éess of one or nore of the rIéQﬁéltlbtmIs Add| t| onal |y, many of
the rea

about RT, but particular reac H PR he use of hi gher
tenperatWEas (e.g., reflux @Qﬂ@nblaﬁﬁﬁé or | ower tenperatures, depending on
reacti OI’I,FEI netics, yields, and the |ike. Many of the chem cal

transforati ons may al so en‘&flﬂlobﬁ@"@mlﬂﬁhﬂﬂéﬁ?ﬂﬁ’étl bl e sol vents, which may
i nfluencepphe reaction rate;gRdMb& cdaculpependl ng on the nature of the
reactants, the one or nore solvents may be ' polar protic solvents, polar
aprotic EHFvents non- pol artegatiydeofugan or sone conbi nati on. Any reference in
the disc uretoast0|ch| ic.ran a tenperature range, a pH range,
etc. tﬁédes t he i ndi cat tgmel:‘?ﬁffo‘?hﬁ?@gtoﬁ’i%hﬂ] Thi s di scl osure concerns

mat er | aI svand nethods for prgpagiggioptically active b-amno acids
represented by Fornula 1, above,” includi ng diastereoners thereof and

phar maceliti cal | y accept abl etrltsdmplr@mgylnmlhyls sol vat es and hydrat es

t her eof . TThe clai med and di,scl.ose t hogs provide conpounds of Formula 1
that arelStereoi sonerical | yOOHPT 2rgliensshiio Wﬁi ch in many cases, are pure or
substantiralTy pure Stereor sonmers. [0085] The conpounos of —Formora—thave at
| east two Béﬁreogem c _centers and incl ude substltuents Rl, R2, and R3.

Subst i tue[H AEner) the sshemerans Rrampley be @gﬁﬁ%‘t@ﬁ@élsmfcmlln@nal kyl

opti onal 'ﬂ%&i&k&&ﬁh&lﬂ&ﬁQ oWdbfion ?edruetu;ﬂsy&cf Joblﬁlr, WaEH30 WBown to persons of

ordinary skill in the art of organic chemistry. The details of such reactions can be

found in a number of treatises, including Richard Larock, Comprehensive Organic
Transformations (1999), and the multi-volume series edited by Michael B. Smith and
others, Compendium of Organic Synthetic Methods (1974-2005). Starting materials
and reagents may be obtained from commercial sources or may be prepared using

literature methods.

[0082] In some of the reaction schemes and exémples below, certain compounds
can be prepared using protecting groups, which prevent undesirable chemical reaction
at otherwise reactive sites. Protecting groups may also be used to enhance solubility
or otherwise modify physical properties of a compound. For a discussion of
protecting group strategies, a description of materials and methods for installing and
removing protecting groups, and a compilation of useful protecting groups for
common functional groups, including amines, carboxylic acids, alcohols, ketones,
aldehydes, and the like, see T. W. Greene and P. G. Wats, Protecting Groups in
Organic Chemistry (1999) and P. Kocienski, Protective Groups (2000), which are

herein incorporated by reference in their entirety for all purposes.



provi ded that when RL is a hydrogen atom R2 is not a hydrogen atom
Substituent R3 is Cl-6 al kyl, C3-6 cycloal kyl, C3-6 cycloal kyl-C 1-6 al kyl,
aryl, aryweQiechogdizyl , or aryl am no, wherein each al kyl pofr/iBRdosompéd onal | y
substituted with one to five fluorine atons, and each aryl of Ris
optionally substituted with fromone to three substituents independently
sel ected fromchloro, fluoro, amno, nitro, cyano, Cl-3 al kylamno, Cl1-3

al kyl optlonal |y substituted with one to three fluorine atons, and Cl-3

al koxy opt008ah | ﬁ@wélm thgtchemigal Harsfesmatines @E@Cltlbﬁdetbrorugwmﬁe atoms. [0086]
Co d 10
[ ngggggd;# Flffﬁ %e%’é&'ﬂ%ﬁ gPﬁsLﬂ%?l%bQ&?ﬁ%l ééjmh’l% ancmgz%f(raenot bot h

hydr ogen, mctaﬁﬂsaﬁeugmceﬁdaimﬂ&a&lo&s mhy(Beihcﬁt ﬁxbrhyakmglaepxmeuf aid stfameepounds  of
Forrrulalalso|nclu%jrethose|nwh R1is hyd is methyl, and R

3 i s met Wgreackngy | Agttigpllyppeny pf e fe?{cf}?@ @Pd9se§ﬂ%ﬁ}1ﬁ@”§ theéet hy! - hept anoi ¢
acid, (35 ) = 3=
(35, 51 9) - Peameadopifal B sl Ot BB R B fRkisaeions 4 s ees
met hod of ugerafhaghien tenapedasics églg.steflug @osdin®ns) of ldvwee taopgraured, dfperdingul a 1.
The stereoselectlve synthesi s i .udes_ reacting an tically active
b i car boy1eaCRa NP6y el 4R e ctany Of s are bR bamatioBrmtal | y
active enggd Bep @an%k fofte dorhpiio]d si)l%w QP& May BRGERL the %éac%h agy! ating
agent (Fornula 5) to give an optically active enam de (Formula 2). The
enami ne (#&uvkyielda Deppnding ph@leamam@éﬂ(eﬁoamtatlzf)one@rmcs@dew nieytbedr ogen in
t he presence. of hi r al ata St to und of Formula 3 ,
which o Bt GRAE rG HiResrS 288 cob e iR a SRR PGPS conBMcRe at hen
with an aghg réferchase. thSaslobirt @nh StoRhiomdtde radipd, NR3mipbrabi@e Mtgs, ZpH 3 . 4 and
6 are as defined in Formula 1; substituent R4 in Formula 2 , 3, 4, and 6
is a hydrgen cig dapludesithe ingligajad endpoigtsal kenyl, C2-6 al kynyl . C -7
cycl oal kyl, C3-7 cycl oal kenyl, halo-C 1-7 al kyI , halo-C 2-7 al kenyl, halo-C
2-7 al kynygoggpr v! - 2= -yl - G al kynyl or
21 20 KIWBAR" Y I de R Encthn s e PhROH ro et ofickn

active B-amino acids represented by Formula 1, above, including diastereomers

thereof and pharmaceutically acceptable complexes, salts, solvates and hydrates
thereof. The claimed and disclosed methods provide compounds of Formula 1 that
are stereoisomerically enriched, and which in many cases, are pure or substantially

pure stereoisomers.

[0085] The compounds of Formula 1 have at least two stereogenic centers and
include substituents Rl, R2, and R>. Substituents R! and R? are independently
hydrogen atoms or C;.3 alkyl optionally substituted with one to five fluorine atoms,
provided that when Rlisa hydrogen atom, R*isnota hydrogen atom. Substituent R>
is Cy.6 alkyl, Cs. cycloalkyl, Cs.6 cycloalkyl-Cy¢ alkyl, aryl, aryl-C,.3 alkyl, or
arylamino, wherein each alkyl of R’ is optionally substituted with one to five fluorine
atoms, and each aryl of R is optionally substituted with from one to three substituents
independently selected from chloro, fluoro, amino, nitro, cyano, C;.3 alkylamino,

Ci.3 alkyl optionally substituted with one to three fluorine atoms, and C;.3 alkoxy

optionally substituted with from one to three fluorine atoms.

[0086]  Compounds of Formula 1 thus include those in which R' and R* are
independently hydrogen or C,.3 alkyl, provided that R! and R? are not both hydrogen,



Goup 2 netal ion, a primary amoniumion or a secondary anmmoni umion; and
substituents R5 in Formula 2 and Fornmula 5 and Rin Fornula 3 are

i ndependewDl2gosnpssiegen at om car boxy, C 1-7 al kanoyl, CecT/iBidosnayss C2-7
al kynoyl, C3-7 cycl oal kanoyl, C3-7 cycl oal kenoyl, halo-C 1-7 al kanoyl ,

hal o-C 2-7 al kenoyl, hal o- C2-7 al kynoyl, C 1-6 al koxycarbonyl, halo-C 1-6
al koxycarbonyl, C3-7 cycl oal koxycar bonyl, aryl-C 1-7 al kanoyl aryl-C 2-7

al kenoyl , |-C 2-7 al kynoyl oxycar bonyl, or |-C 1-
al koxycar mﬁr@:pse lprwivddBdIStcﬁmalwlsﬁeﬁrematwewymg %tj% {ado@sq General |y,

and unl esgnhiabfd § PRI AR RO R, 3ha REBOHERYE R gept 1 Fier (R 1,

R 2, R3, € I ned for I'n connec I’'on a fornmul a,

the sane prepsl i.&.UE85R)Beatido-BimethyitdBptdsed atid, @S eamimot5-hethyld a, Wi | |
have the sane definition_as_in the earlier f or mu] a. Thus, for exanple, if R
in a firsPctansigagid, god ( ﬁ‘%ﬁbé@ﬁ“ﬁ‘? SripethErageneic 26id- ¢ 1-6 al kyl, then unl ess
stated differently or otherw se cclleeaarr ffrroommtthhee context of the

text, 0875 6C AR fe eimusaaﬂe§ "iﬂe%l’ﬂ)d Re aRRLBIBIGe0i®¥bm& oFthe
[00@9? Pr ? ﬁ% %

aIkyI he b-di carbonyl (Fornula“6 be prepared using nethods

i |1 ustr atesnpounSoli EFnendly 1arikhe Senenyeledtivelsghthwasis amiudes reaonngan eplidatiyt he
enam ne ( For I h. treatpent with an apmonia source

Repr esent 35§ &- c%e&ﬂsﬁwﬁ} Iz 8hy ﬁagure?:ag RPN 0 2R AARPUGANY tiyect- 6

al kyl est

(17} - 5 e iR ESERED TRCH b RngP Uk & &F1dfng agent Formlato. i g
Exanpl es glfvelandpmaalllbcmgzvesenahmde (Hociubhe?)( Thp eﬁamiﬂbhiljd)mﬁ}la)ékberhhpt anoi c acid

et hyl ester, 3- 0xQ-qct.anoi c_aci.d ethyl ester, . an

(27 5 ety oRaL R dn e e e s teoreseben dhe S EBAYSH© anmoni
i ncl ude a rth@-c@fﬁ BB HOMRIRACKE Ll @y is ag@mu?ql@af&yze@e@me%ﬁl poufd of>

Bar al di al ., SyntheS|s (11):7902-903 (198 actign is typically

carried oEmmwla h by frecetseeng mthranaeidaar dase. egt(b@tl@lents_ii 2R @nd 87 igreater) in a

Formula 2, 3, 4 and 6 are as defined in Formula 1; substituent R* in Formula 2,3,4,
and 6 is a hydrogen atom, Cy¢ alkyl, Cy.6 alkenyl, Ca¢ alkynyl, Cs7 cycloalkyl,

Cs.7 cycloalkenyl, halo-C;.7 alkyl, halo-C,.7 alkenyl, halo-C;.7 alkynyl, aryl-C;_¢ alkyl,
aryl-C,.¢ alkenyl, or aryl-C,.¢ alkynyl or a cation selected from a Group 1 metal ion, a
Group 2 metal ion, a primary ammonium ion or a secondary ammonium ion; and
substituents R® in Formula 2 and Formula 5 and R' in Formula 3 are independently
hydrogen atom, carboxy, C;.7 alkanoyl, C,.7 alkenoyl, C,.7 alkynoyl,

Cs.7 cycloalkanoyl, Cs.7 cycloalkenoyl, halo-C;.7 alkanoyl, halo-C,.; alkenoyl, halo-
C,.7 alkynoyl, Cy_¢ alkoxycarbonyl, halo-C;.¢ alkoxycarbonyl,

Cs.7 cycloalkoxycarbonyl, aryl-C;7 alkanoyl, aryl-C, 7 alkenoyl, aryl-C,7 alkynoyl,
aryloxycarbonyl, or aryl-C;.¢ alkoxycarbonyl, provided that R’isnota hydrogen

atom.

[0088] Generally, and unless stated otherwise, when a particular substituent
identifier (Rl, R%, R, etc.) is defined for the first time in connection with a formula,
the same substituent identifier, when used in a subsequent formula, will have the same
definition as in the earlier formula. Thus, for example, if R in a first formula is
hydrogen atom, halogeno, or C,.¢ alkyl, then unless stated differently or otherwise
clear from the context of the text, R* in a second formula is also hydrogen, halogeno,
or Cy¢ alkyl.
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protic solvent, such as EtOH or HOAc, and at RT or above (up to reflux
tenperature). [0090] As shown in Scheme |, the enamne (Formula 4) is

opti onal Iwocomvesdied to the enam de (Fornula 2) via conteciBwos/hoiass

acyl ating agent (Formula 5). Representative enam nes include Cl-6 al kyl
esters of the Z- and E-isoners of (R)-3- am no-5-nethyl-hept-2-enoic acid,
(i ?)-3-am no-5-nethyl -oct-2-enoic acid, and (R)-3-

i no- 5- - - id. | f th | ude the Z-
i Sombags; "o 31%3%0@0@(1ﬁ@t%%o"pm@p%ze@%%@m@hgﬁm@ﬂg@&ir °
(/?)-3- anlrf‘@c‘lémeWJﬁWS“cﬁgﬁmgf BkloW, Qn@%' C%Pﬁérpe\é to BiRd eq{aglsn‘fi‘epﬂzor%&?ﬁat i ng agent s

(/7?)-3-am no-5- et hyl - non- 2- énoi ¢ ’aci ster

i ncl ude ctrbughyttdatmantivdth awﬁnmbnh&ﬁﬁrcbeﬁep@%ﬂtat%@d@aﬂab 1 dofripBlinds0
contactln t he enam (Formula 4) or in-situ (i.e., in the presence of the
enani ne u %’5‘“5’1\6 appvdspyarious C@@G’&IY! ?ﬁger&géﬁf)ﬁ Hﬁﬁp’ﬂéw@tmﬁw@lmd vat ed

I hydri m, xed
gg; Eg)r%!t Ieés\R 353111%?11[4' §Qf£|$t<’éec"ﬂar§ﬁc %& a#ﬂ%fg Imeth qeja&?ongorg#]% acugaﬁf‘?n?ge%al ogeno,
aryl oxy (ef Brdiqattenebs thusdnSludel (Res- hwmb%@% tdofc dciPaH m;e@ r(@ﬁisy | OXy

d | yl oxy), ,|nV\/mchR15|sC1 al k
i m@z%éo&yqayfgﬁam@aaq%y St53) dog| (R)-fanehyd. 310§oabkz;dom wwad ahge- ~

| 6_al het
ﬁLFngLr y%@ or t er oary H(Cﬂ{d% F&?—ﬁ%? 4(%{118“’%8? a%{rfﬁ’(ﬁ'él] Ot her

sui t abl e ethylsateag. @,gérﬂ Biiraidi etch, S)&[tMWUlPQ@EQ%(19ﬂ@ Cﬂle%&:tﬁﬁﬁé vat ed
In-situ usin ent . Typ| cally, the reaction is carried out in

an aproti 8#1%%?1%39 ‘glﬂé XGRENEMPORIUNHAGSELe (el ub AT MEEDPRteT) NP, TH{: etc.
are no
i e f%‘%ac P e B e R o AR AR EIE B (i R B

car bodi i m de, . .
[0090] As shown in Scheme I, the enamine (Formula 4) is optionally converted to

the enamide (Formula 2) via contact with an acylating agent (Formula 5).
Representative enamines include C; alkyl esters of the Z- and E-isomers of (R)-3-
amino-5-methyl-hept-2-enoic acid, (R)-3-amino-5-methyl-oct-2-enoic acid, and (R)-3-
amino-5-methyl-non-2-enoic acid. Examples of enamines thus include the Z- and E-
isomers of (R)-3-amino-5-methyl-hept-2-enoic acid ethyl ester, (R)-3-amino-5-
methyl-oct-2-enoic acid ethyl ester, and (R)-3-amino-5-methyl-non-2-enoic acid ethyl
ester. Useful acylating agents include carboxylic acids, which have been activated
either prior to contacting the enamine (Formula 4) or in-situ (i.e., in the presence of
the enamine using an appropriate coupling agent). Representative activated
carboxylic acids (Formula 5) include acid halides, anhydrides, mixed carbonates, and
the like, in which X' is a leaving group, such as halogeno, aryloxy (e.g. phenoxy, 3,5-
dimethoxyphenoxy, etc.) and heteroaryloxy (e.g., imidazolyloxy), or -OC(O)R", in
which RY is Ci.6 alkyl, Cy.6 alkenyl, Cy¢ alkynyl, Cs_jp cycloalkyl, halo-C.¢ alkyl,
halo-Cy.¢ alkenyl, halo-Cs.¢ alkynyl, aryl, aryl-Cy_ alkyl, heterocyclyl, heteroaryl, or
heteroaryl-C;_¢ alkyl.
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i sopropenyl chloroformate, isobutyl chlorofornate,

i V,1V-Dbis-(2-o0xo-3-o0xazolidinyl)~ phosphinic chloride, diphenylphosphoryl
azi de, diwbenydpkasphi nic chloride, anddi phenyl phosphor ycTapzmsd@sdsef ul
catal ysts for the coupling reaction include DVAP, HODhbt, HOBt, and HOAt.
[0092] The optically active enam ne (Fornula 4) or enam de (Formula 2)
under goes asynmmetric hydrogenation in the presence of a chiral catalyst to

gi ve the corrp(a)und of Formula 3. As depicted in S |, useful enam de
hydr ogenati on (&S Xgornula 2) include indi . psoners or
a mxture of Z- and Eisomers, and NHghoidee C1-6 al kyl |estefFshvof the Z- and
E- isomerR4 (1 .)-lﬁ- a"i:%tyl am no-é—%%{-hiyd» hepr4@- engi c Rei R

(i ?)-3-acetyl am no-5-net hyl -oct-2-enoic acid, and ) - 3-
acet yl am no- 54net hyl - non- 2- enoi ¢ aci d. Exanpl es of lluseful enam des thus
include the z9 and E- isomers of (i?)~3-acety|anin515-nethyl-hept-2-enoic
acid ethyl ester, ¢i?)-3-acetyl am no-5-nethyl -oct-2-eno#c acid ethyl ester,
and (i?)-3-acetylam no-5- nethyl-non-2-enoic acid ethyl [ester. [0093] When
substituent R4 in Fornula 2 or 4 is a hydrogen atom the nmethod may
optionally include converting the carbexylic acid to a Ripxt, Goup 2, or
ammoni um salt prior to asymetric hydf ogenati on through con%act wth a

sui tabl e base, such as a primary am ne (ehg., - BUNH2) , setondary am ne
(DI PEA), and e like. In sone i ances, % he use of a %alt of the enam de
(Fornul a 2),19 siul a 4) mishitaheptelysle copyversi on, inprove
stereosel ectivity, olb“ rpvi'de other advantages. CpN.ON e net hod may
enpl oy anrtmor gahi Rsalk” of the cagboxylic- aci d RSbt anped ti{ ougR” cont act
with a suitabl@ base such as NaOH, Na2CO , LiCFh Ca( 2Rl argk the |ike.

[ 0094] Dependilng on which enantioner of the ch #% talyst is used, the
asymetric hyﬁ}ogenati on generates an excess (de) ¢f a diastereoisoner of

3 2

Hydrolysis

Scheme 1

[0091] Other suitable acylating agents include carboxylic acids, which are
activated in-situ using a coupling agent. Typically, the reaction is carried out in an
aprotic solvent, such as ACN, DMF, DMSO, toluene, MeCl,, NMP, THF, etc., and
may also employ a catalyst. Coupling agents include, but are not limited to DCC,
DMT-MM, FDPP, TATU, BOP, PyBOP, EDCI, diisopropyl carbodiimide,
isopropenyl chloroformate, isobutyl chloroformate, N, N-bis-(2-0x0-3-oxazolidinyl)-

phosphinic chloride, diphenylphosphoryl azide, diphenylphosphinic chloride, and
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Formul a 3. Although the ampbunt of the desired diastereoi soner produced wll
depend on, anong other things, the choice of chiral catalyst, a de of the
desired dvesvevmesiigoner of about 50 % or greater is desipcahBmosenide of
about 70 % or greater is nore desirable; and a de of about 85 %is stil
nore desirable. Particularly useful asymetric hydrogenations are those in
whi ch the de of the desired diastereoisoner is about 90 % or greater. For
the purposes of this disclosure, a desired diastereoi someror enantiomer is
consi der e@ph@ymogmweﬁwmépl {Jsefuf eatalystp forthe conpling seaciian gichuls o, or
greater. % :ﬁOAﬁhe asymmetri c hydrogenati on of the enam de
(Formul a enam he ( ) enploys a chiral catalyst having the
requi site stereochem stry. Useful chiral catalysts include, wthout
limtati o092} cl iThe@ptiealiycdciiee ewdminalFarhmdph menhlinghr(ﬂan(nﬁa 0) .,
nonophosphi nes, bi sphosphi nes, bi sphosphol anes, et.c hosphinite

| i gands b@tﬂ%g%aﬁwgtﬂﬁhaﬂrwa&% n ghedHessacs %%%T%ﬁ?tallyﬁ‘galg&l‘?ﬁ the v di um or

pal | adi um, élg%ulnd R Forria 30 EASPCQP{%MSLH @CH@IH%P hﬂéﬂﬁhb infiBe H{/dreg%ﬁbh no

oxazol i ne exes are optically active because ey posséss a chiral
phosphor usubaﬂratns @ioraulati) ﬁlallucgnodumctlahﬁemrtlémbomrsaorpﬂmsq@hm ofig- andBAy or

posacas ARPHPSCHIT PR C -OEBY LI NP P 4 AR AIBOTE UE) SR HBnP o t at i o
B SP (B Mo St risaonimg sohahba s LRIRGE GRS 7D PAV

R) - (S) - BPPF S, S) - BPPM CA| | RAPHCS;
(R) : NER?DHCEet}(IéR)lan’rWhY( -Ryn: \e@pmld ( plwmsefmkerra)mmudm

Ry Et - BPELe B S opy B et Teier e F R psi g Ay e
(R R) - Et-{foryg m(o% B)ethyibuw kenditc ARG eft), ad@ (B NAEty 1éiﬂlndvsP

(R - QU NAP CAl S)-JOSI PHOS; (R)- PHANEPHOS; Bi PHEP;
(R§ NE’@G‘BB’PFEP -cORC. a%%@ﬂgaﬂgsﬁp (R) - l\/bElO?Dhos;

’

[0093] When substituent R* in Formula 2 or 4 is a hydrogen atom, the method
may optionally include converting the carboxylic acid to a Group 1, Group 2, or
ammonium salt prior to asymmetric hydro genation through contact with a suitable
base, such as a prirnéry amine (e.g., --BuNH,), a secondary amine (DIPEA), and the
like. In some instances, the use of a salt of the enamide (Formula 2) or enamine
(Formula 4) may increase conversion, improve stereoselectivity, or provide other
advantages. Optionally, the method may employ an inorganic salt of the carboxylic
acid obtained through contact with a suitable base such as NaOH, Na,CO,, LiOH,
Ca(OH),, and the like.

AN

[0094] Depending on which enantiomer of the chiral catalyst is used, the
asymmetric hydrogenation generates an excess (de) of a diastereoisomer of

Formula 3. Although the amount of the desired diastereoisomer produced will depend
on, among other things, the choice of chiral catalyst, a de of the desired
diastereoisomer of about 50 % or greater is desirable; a de of about 70 % or greater is
more desirable; and a de of about 85 % is still more desirable. Particularly useful
asymmetric hydrogenations are those in which the de of the desired diastereoisomer is

about 90 % or greater. For the purposes of this disclosure, a desired diastereoisomer
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BIFUP; (R)-SpirOP; (+)-TMBTP; (+)-tetraMeBITIANP; (R R S S) TANGPhos; (R)-
PPh2- PhOx- Ph; (S, S) MandyPhos; (R)-eTCFP; (R) -mlICFP; and (R)-CnTunaPHGCS,
where n iwoanogmsager of 1 to 6. [0096] O her useful chipcaliBliogamdess
include, without Iimtation, (R ~(-)-I-[(S)-2-

(di (3, 5-bistrifluoronethyl phenyl)phosphi no)ferrocenyl]ethyldicycl ohexyl - pho
sphi ne;

(R-(-)-1-[(S)-2-(di(3,5-bis-trifluoronethyl phenyl )({)hosphi no) ferrocen-yl]et
hy!l di (3, 50T fapEemeT IS Kepsiorath Exhmiubstantiqtly. gury if it hgsg)dexregiof 95 % or

t - butyl phg %no)ferrocenyl ] ethyldi (3, 5-dinethyl phenyl ) phosphi ne;

(R-(-)-1 %? - 2- (di cycl ohexyl phosphi no) ferrocenyl]ethyldi-

t - butyl phosphine; (R -(-)-1-[(S)-2-(dicycl ohexyrphosphi no)ferrocenyl]

et hyl di cyI098Exy | Addnstpdabreve, the asymmetric hydrogenation of the enamide
(R-(-)-1-1(S)-2-(di cycl ohexyl phaosphi no) ferraocenyl ], et hyl di phenyl phosphi ne;
(R-(-)-I (%0%@1322-)(% e ,Bleg’rgﬂ’xﬁlﬁ@gl SRy %2@%@6&?@1 having the réquisite

phosphi noytebrpeeu ] etdl ity 6aRes HARRS RRhAG limitati I i
(R -(-)-1-T(%-2- %J( phenyl phosphi gg%(?ﬂer : oég“%?"]%e?’ﬁlﬁ - SYEHE Ot 81YShSs phi e
(/7?)- -[ 2¢kiraVphpgphinedigapiiaie suonetdphbiphines, bisphosphines, bisphospholanes, etc.)
rethy! - LS baind BpalhRNe @SSR A0 SR SP RS IMLARLAE

(di phenyl plmsal pelaRanY Ros Ri-| hn&tﬂ’u&*)ﬁés?nink;lﬁxo'éplﬂhiﬂwxfﬂﬁisﬁlﬁﬁbe; (-1«
R R) -2- benzyl - phosphol anyl') - hen- 2-y1]1-( R, )

*) - phos phexagalize ¢amplexesrayé opiiqal 3 aetivedhegayse they(r{dssess a chiral phosphorus

“2-b - ph | - - (*. i 2%)-phosphol.an- 2-yl 3 - phenyl - net hane.
Vo0or) ot eR ol Shestid o ol BORGR S S SRS < Mo

di ast er eoOBEYARaa( sihildrheopRbmatic lis@andBedpsssédsRRMAI thirdlite Veaeding
par agraphs, which may_ be obtai ned béﬁi nverting all or sone of the

st er eogentigands inchids, yithguidinigation; BRb: G0-HINARHNE: (Pryeoener eogeni ¢ axi s
2l s/ ol aRuRER O RICEIRREMNNG X IXERRRE: FESUPREE L frapnacnes T
(5, ) - Et - LHHCBEIR ABHOBE NAPPROBHOR (R, R)-NAGR PXIBS; (/8) BINAK| (RY QY CPHOS; _
CRERHTNER MO CR s s L
Pr-DUPHOS; (R,R)-Me-BPE; (R,R)-Et-BPE (R)-PNNP; (R)-BICHEP; (R,S,R,S)-Me-
PENNPHOS; (S.,5)-BICP; (R,R)-Et-FerroTANE; (R,R)-t-butyl-miniPHOS; (R)-Tol-
BINAP; (R)-MOP; (R)-QUINAP; CARBOPHOS; (R)-(S)-JOSIPHOS; (R)-
PHANEPHOS; BIPHEP; (R)-CIl-MeO-BIPHEP; (R)-MeO-BIPHEP; (R)-MonoPhos;
BIFUP; (R)-SpirOP; (+)-TMBTP; (+)-tetraMeBITIANP; (R,R,S,S) TANGPhos; (R)-
PPh,-PhOx-Ph; (S,5) MandyPhos; (R)-eTCFP; (R)-mTCFP; and (R)-CnTunaPHOS,

where n is an integer of 1 to 6.

[0096] Other useful chiral ligands include, without limitation, (R)-(-)-1-[(S)-2-
(di(3,5-bistrifluoromethylphenyl)phosphino)ferrocenyl]ethyldicyclohexyl-phosphine;
(R)-(-)-1-[(S)-2-(di(3,5-bis-trifluoromethylphenyl)phosphino)ferrocen-ylJethyldi(3,5-
dimethylphenyl)phosphine; (R)-(-)-1-[(S)-2-(di-z-butylphosphino)ferro-
cenyl]ethyldi(3,5-dimethylphenyl)phosphine; (R)-(-)-1-[(S)-2-(dicyclohexylphosphi-
no)ferrocenyl]ethyldi-z-butylphosphine; (R)-(-)-1-[(S)-2-(dicyclohexylphosphino)fer-
rocenyl]ethyldicyclohexylphosphine; (R)-(-)-1-[(S)-2-(dicyclohexylphosphino)ferro-
cenyl]ethyldiphenylphosphine; (R)-(-)-1-[(S)-2-(di(3,5-dimethyl-4-methoxyphen-
yDphosphino)ferrocenyl]ethyldicyclohexylphosphine; (R)-(-)-1-[(S)-2-(diphenylphos-
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obtai ned from comerci al sources or may be prepared using known nethods. A
catal yst precursor or pre-catalyst is a conpound or set of conpounds, which
are convewbeadogimsa2t he chiral catalyst prior to use. CatalrygBtoopo@oss Sors
typically conprise Ru, Rh, Ir or Pd conplexed with the phosphine |igand and
either a diene (e.g., norboradiene, COD, (2-nmethylallyl) 2, etc.) or a
halide (O or Br) or a diene and a halide, in the presence of a counterion,
X ,such as OIf , PF6_, BF4 SbF , d O , etc. Thus, for exanple, a

catal yst phise)ersepenydstiylilisebutgiphosmhines WM 2-(Vbriupsb¥aminmethyddd) Rh( coD) |

+X may be nyer 1,0 ' | yst ti t di CCD
" eoH CBeP P R b An F R Rt A SRR R YL o equent |y
di spl aced(dihehhphespairiofshenifr4vUl-meylettiyl e andingir¢daizolel a1-4)(R,RM2-ch

under goes_ enanti osel ect|ve hydr o(%enation to the ﬂesi red chiral conpound

(For nul a bynzykEphoasphdanydi-rha-#-31-@3 ) ywhosphgtanciy hrRhenylsmsthgpes apd {incl ude
+) - TMBTP, ' [ ' ; : -~

EpLp. 1 ut et ek O b R Sk SRE, SRR Aty BBl P AR ) 2

compl ex; (S)-tol-BINAP-rutheniun(ll) Br2 conpl ex;

[ ((3i?, 4i 093] 4- Aiss{ulilighedsyhphasehichd} sterevitomyerpienantioméraend r hodi um

|, 5- | goct adj -tetrafl t | : ) ;
LR RS SRSaaReanel of e reenaniSprba R Tes Wsesding mrasols Mhidior omet hane

sul f onat emﬁ?ﬁ_@b@?&ine[i(b DinRirNPAINGF (el 3iTthé stereogenic centers of a given ligand
|, 5-cycl ooct ai dene)] -fetrafl uoroborate conpl ex;
[

( S) - e TCFe:Ift inBertipg ieoderaaigeninedxis plcadi ampppispmede Hgdndy olusoionexanplepl ex; and

S) - mMrCFP- (1., 5= I t adj ene) - ' 1A I ¢ : | ex.
[0003] " Foreelitghieeant i diparude BRE e B Akl KBRS For i o 2
or 4), the SHOVBDURHOS; f,StHBEDSPPESS; 45 EB VAP CE) aloy-BINAS, ¢)-y depend on,
anong ot her things, H2 pressure, reaction tenperature, and solvent (if
any) - UsuHPSIPHOS € (0DSIOB, (Red et (D TOrExeastighabout 100 1 or 200: 1,

and substrate-to-catal yst ratios of about 1000: 1 or 2000: 1 are conmon.

Al t hough Edﬁgﬂ“’ hi rl\%nf(?f{tﬂé ¥ital @9&513}3@, SRy Ip?é?:ursla.@ BELhiral 1i gands may be

obtained from commercial sources or may be prepared using known methods. A

catalyst precursor or pre-catalyst is a compound or set of compounds, which are
converted into the chiral catalyst prior to use. Catalyst precursors typically comprise
Ru, Rh, Ir or Pd complexed with the phosphine ligand and either a diene (e.g.,
norboradiene, COD, (2-methylallyl),, etc.) or a halide (Cl or Br) or a diene and a
halide, in the presence of a counterion, X ,such as OTf ", PFs’, BF4, SbF¢', ClOy, etc.
Thus, for example, a cétalyst precursor comprised of the complex, [(bisphosphine
ligand)Rh(COD)]*X ~ may be converted to a chiral catalyst by hydrogenating the
diene (COD) in MeOH to yield [(bisphosphine ligand)Rh(MeOH),] "X ~. MeOH is
subsequently displaced by the enamide (Formula 2) or enamine (Formula 4), which
undergoes enantioselective hydrogenation to the desired chiral compound
(Formula 3). Examples of chiral catalysts or catalyst precursors include (+)-TMBTP-
ruthenium(II) chloride acetone complex; ($)-Cl-MeO-BIPHEP-ruthenium(II) chloride
Et;N complex; (S)-BINAP-ruthenium(II) Br, complex; (S)-tol-BINAP-ruthenium(II)
Br, complex; [((3R,4R)-3,4-bis(diphenylphosphino)-1-methylpyrrolidine)-rhodium-
(1,5-cyclooctadiene)]-tetrafluoroborate complex; [((R,R,S,S)-TANGPhos)-rhodium(I)-
bis(1,5-cyclooctadiene)]-trifluoromethane sulfonate complex; [(R)-BINAPINE-
rhodium-(1,5-cyclooctaidene)]-tetrafluoroborate complex; [(S)-eTCFP-(1,5-
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substrate-to-catal yst ratios are nore useful. For exanple,
substrate-to-catal yst ratios of about 1000:1, 10,000:1, and 20,000:1, or
great er, woubeb/dossigsef ul . The asymetric hydrogenati on ipsTipmos/adibye carri ed
out at about RT or above, and under about 10 kPa (0.1 atn) or nore of H2.
The tenperature of the reaction m xture may range from about 20C to about
80C, and the H2 pressure nmay range from about 10 kPa to about 5000 kPa or

hi gher, but nore typically, ranges from about 10 kPa to about 100 kPa. The
conbi nat i @Wlwctad@mbﬂmduml)]ﬁmqﬂ@s@lm@e camgles it (B @TCEPEdal yst ratio is

general ly S& o] ntlaII onpl ete conversion (i.e.,
about 95 W° %C agfenfillcého?%gqlﬁqﬁ%%f 5%(136% 4) within about 24 h. Wth
many of the chiral catalysts, decrea5| ng the H2 pressure increases the
enant i 0sef0809] Vi tBor a[gdeCGhirdl caddlysttad Bidiogénaeioh subvayteliFotitgld 2ioh 4),he
asymmetri ¢ hydrogenation, including protic solvents, such as water, MCH,
Et OH, andthenmlaHatioohibe subwraif argdmagaémt §/OHBINERPeRG PB3TRONEABeT tBigRYent s,

such as TH pr8llY o REH 3 n?er%tg%ﬁ%f%ﬁg t §Egﬁ¥ftﬂuﬁﬂ§ @g&ﬂs&&ehxdrogenat | on

may enpl oy ngl'e so xture of solvents, such as
THF and MedtdystThifo a;aﬁe&saetbeut 1(Ex Obt 200d1 ,veat] aubstiet=Cld- caredysnadtars, ofabelitt he | i ke.

[0101] In orre C may be van eqgus. to enpl o e than_one chiral
catal yst 1 Oc]alP’iml VR SORM e} %oggﬁ@%rcg@r@h%tqlgﬁ n@ﬁ%i %‘ffgg}g&% (For nul a
2 or 4). Ed%rstr%%ﬁéhﬁl st BBk ke WP TR¢ d8mbmR! sdb@@&t&it@gatfafi@t BRg¢n de or
enam ne successively W|th first and second chiral catalysts'to exploit the

conpar at i oEdbpuyt @t krl0H0Brle ekl @000: Vi arygredvert wouldehe usefaitt Thasyatneetoé t he
cond chi r al provi des

first (or atal xanm he, met
For r eact Mo EEet BPer B oy of B R1ren RS Ao b St o
catal yst @oin)3R%dRé of H).- Bhé\RRIp¥arde of tie @mwﬁlrﬁm@amylrﬂ@rﬁ&ﬂl | oned by
reaction In the presence of a chiral catalyst conprised of ( )-nlCFP or its
opposi t e grah20Whtrabout 80°C, and the H, pressure may range from about 10 kPa to about

5000 kPa or higher, but more typically, ranges from about 10 kPa to about 100 kPa.

The combination of temperature, H, pressure, and substrate-to-catalyst ratio is

generally selected to provide substantially complete conversion (i.e., about 95 wt %)

of the substrate (Formula 2 or 4) within about 24 h. With many of the chiral catalysts,

decreasing the H, pressure increases the enantioselectivity.

[0100] A variety of solvents may be used in the asymmetric hydrogenation,
including protic solvents, such as water, MeOH, EtOH, and i-PrOH. Other useful
solvents include aprotic polar solvents, such as THF, ethyl acetate, and acetone. The
stereoselective hydrogenation may employ a single solvent or may employ a mixture
of solvents, such as THF and MeOH, THF and water, EtOH and water, MeOH and

water, and the like.

[0101] In some cases it may be advantageous to employ more than one chiral
catalyst to carryout the asymmetric hydrogenation of the substrate (Formula 2 or 4).
For example, the method may provide for reacting the enamide or enamine
successively with first and second chiral catalysts to exploit the comparatively greater
stereoselectivity, but lower reaction rate of the first (or second) chiral catalyst. Thus,
for example, the method provides for reacting the substrate with hydrogen in the

presence of a chiral catalyst comprised of (R)-BINAPINE or its opposite enantiomer,
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[0102] As shown in Schene |, the nethod optionally provides for conversion
of the hydrogenation product (Fornmula 3) into the optically active b-am no
aci d ( Forwolzaoelgpssibor exanpl e, when R4 is Cl-6 al kyl ane@cRIB20605001966

non- hydrogen, the ester and am de noieties may be hydrol yzed by treat nent
with an acid or a base or by treatnment with a base (or acid) followed by
treatnent with an acid (or base). For exanple, treating the conpound of
Formula 3 with HO, H2SO4, and the |ike, with excess H20 generates the

b- am no afalleweddwranrciionyn ge piesened of adial ryalystziompriredel (FagntTGEP evnpound of
Formul a 3. I norgani ¢ base, such as LiOH, KOH, NaOH, CsCH,
Na2CQO3, &%@osﬁ%f@iﬁﬁ%ﬁd the like, in an optional polar solvent (e.g.,
THF, MeCH, EtOH, acetone, ACN, etc.) gives a base addition salt of a

b-am do af1®2] whi Ahshomn ineSchemmal, eble itethod aiptieadlly grovijenier adevetdien bF am no
acid (Fornmula 1) or an acid addition salt. Likew se, when R19 in Formula 3
i s hydr og8i$ hydiecadiony pradict (Kormala Hanieythe apycadly apyve B-aminpspid wi t h an aci d

or base t ' h -am | Ghd; . ¢l e.addition
cal t - theliplfs DiobeRhiIR Bk (R Tl la 87 P Hof bk, BAGHACH

t enper at uasbajletmoietids| may Hechmaesgzad 8y treun@entfwidesan scdor 4 bastardgt of the
acid or base additjon saJts with a suitable base (e.g., NaOH)_or acid
(e.g., Hdr?at@e%\‘é’lt{l Hé’a?erééa%iés éﬁ‘go}i’éﬁi By(trfm@c"éwl@ﬁﬁ.ac{%dfbéﬁsebs@ruI conpounds
r epr esent ' = am ' = By esters in
B i e L e T A e T L e )
and R2 ar exaesd HpO tghndrytds thgPrammodicid@samila 1Woi adhad®® additiGil sdt. aldeyting 1 Usef ul
conpounds :of Fornula_ 3 al so inﬁl ude those in which Ris_hydrogen, Ris

met hyl , af§ cRmpeuRgehlgrmuls §yiithsp aquenus gyqrganic Base, guchags AR .ers of
3,S,5/7 .s % . .'e'an 1 olar solve
( S/ ?NaOrR OO, hﬁg??%,h&zbdl?égzm', fm, %g‘% ,gﬁ) I g_pg (r)#ﬁl 8—1 LS 1

(35,5/7?)-3-am no-5-ne -octanoic acid, metl}'tuyl - nonanoi ¢
aci d, (35(cc¢.?THB; Moty [Ea0Hn accbonep AOW, elte)pdiassal tasaadditiof Sdb &R) B-dmido

acid, which may be treated with an acid to generate the J-amino acid (Formula 1) or

an acid addition salt. Likewise, when R'® in Formula 3 is hydrogen, the ester moiety
may be hydrolyzed by treatment with an acid or base to give the B-amino acid
(Formula 1) or an acid or base addition salt. The ester and amide hydrolysis may be
carried out at RT or at temperatures up to reflux temperature, and if desired, treatment
of the acid or base addition salts with a suitable base (e.g., NaOH) or acid (e.g., HCI)

gives the free amino acid (zwitterion).

[0103] Useful compounds represented by Formula 3 include 3-amino and 3-
amido C¢ alkyl esters in which R' and R? are independently hydrogen or C,.3 alkyl,
provided that R! and R? are not both hydrogen, and those in which R is Cy.6 alkyl.
Useful compounds of Formula 3 also include those in which R! is hydrogen, R is
methyl, and R3is methyl, ethyl or n-propyl, i.e., Ci.¢ alkyl esters of (35,5R)-3-amino-
5-methyl-heptanoic acid, (35,5R)-3-amino-5-methyl-octanoic acid, (35,5R)-3-amino-
5-methyl-nonanoic acid, (35,5R)-3-acetylamino-5-methyl-heptanoic acid, (35,5R)-3-
acetylamino-5-methyl-octanoic acid, and (35,5K)-3-acetylamino-5-methyl-nonanoic
acid. Examples of useful B-amino C;.¢ alkyl esters thus include (35,5R)-3-amino-5-
methyl-heptanoic acid ethyl ester, (3.5,5K)-3-amino-5-methyl-octanoic acid ethyl

ester, and (35,5R)-3-amino-5-methyl-nonanoic acid ethyl ester. Likewise, useful [3-
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acet yl am no-5- net hyl -octanoic acid, and (3S,5

) - 3-acet yl am no- 5- net hyl -nonanoi ¢ aci d. Exanpl es of useful b-am no Cl-6

al kyl estwo=oddmessizncl ude (3S, 5/ ?)-3-am no-5- net hyl - heptanpios/eaabes et hyl
ester, (35 ,5i7?)-3-am no-5-nethyl-octanoic acid ethyl ester, and

(35r, 5i ?)-3-am no-5-net hyl - nonanoi ¢ acid ethyl ester. Likew se, useful

b-am do Cl-6 al kyl esters include (3S,5 )-3-acetyl am no-5-net hyl - hept anoi ¢
acid et hyl ester (3S,5 )-3-acetyl am no~5-net hyl - oct anoi ¢ acid ethyl ester,

and (3S, 5Ryidy. m?émeéﬁ?wade bR)- %MW% Ut hgptagaie apid efigi04]

Conpounds, |2,3t@k Ssfep and R2 are
i ndependens'?%y hyfgvo%%n %rﬁ%ﬁd 5‘8{3&%@ O?taggfgsa?ﬁhﬂ Ste ’I%ﬁ}a(gnd %3 are not both
hydr ogen, a@luylamhm;sfememyl\ﬁmonmdmad@elﬁgz}&tal kyl. Useful b-amdo acids of
Formula 3 also include those in which Ris hydrogen Ris nethyl, and Ris

met hyl , or ( 5i ’>) 3- cet m no~5- net hyl - hept anoi ¢
acid, (35 "%ﬂb) ﬁ(ﬁ%ﬁ‘%ﬁa#ﬁwm%agé HWC'&P{ agdqsdn Wiyieh R 3amdsR |

)-3-acety Formula 1,
or its di ??tmé S?c}songﬁﬁ%r%%@f‘é {’JerdtE Ioe/nc%ﬁgﬁ té{ Fﬁr oug ﬁge}q)é])ﬁ_I fractional
recrystal hydtagerpandnmosdnﬁnmwgﬁ a0y, ﬂkylbyjseﬁﬂlﬁyzﬁhﬂblabﬁabf Pornila 8 sui tabl e
solvent. In addition, conpounds of Fornula 1 or be enriched through

t r eat ment 2@ isluds %9?29%% i3 yyerogep&s ds Wﬂafﬂnaaé& is pethybethst Rere ||

illustrat not h 1 r L QHES- of the
conpound glf%p o?%rufjs iIlﬁ gtglg}dg)oggﬁmén éﬂﬁmg% @g 63I'r&%e‘é Feact i ng an
opticall ySmthyd@cmndlmuban@(3&HDF3m¢mylﬁmm—5-lft1dﬂmd¥mgm1¢ acid.he presence of
a chiral catalyst to yield an optically active b-hydroxy carboxylic acid

cor r 6apon B b TV BEPoUE O (RBRIT o e Ty Lhe BEPGE | s 1 cact eq

Wi th an agiri@ed frR6wBH, 8.91 BactiOnk s@dnpa%h%bhﬁbnﬁ% ¥ e (Formula 9),
which is cycl |ezed laglniderg Maféunobéu@}(’:onél tions (e.qg. ,grlth %EAD dry THF) to

gi ve a chicerystallizationnin FatiiehlezssoB)enin Inradilitiper enngpounls ofHEormula 1 or 3 may

be enriched through treatment with an enzyme such as a lipase or amidase.

[0106] Scheme II illustrates another method for preparing the desired
stereoisomer of the compound of Formula 1. The stereoselective synthesis includes
reacting an optically active B-dicarbonyl (Formula 6) with hydrogen in the presence
of a chiral catalyst to yield an optically active B-hydroxy carboxylic acid derivative
(Formula 12) that is subsequently hydrolyzed to give the corresponding B-hydroxy
acid (Formula 10). The activated acid is reacted with an amine (Formula 11) to give
an optically active amide (Formula 9), which is cyclized under Mitsunobu conditions
(e.g., PhsP, DEAD, dry THF) to give a chiral lactam (Formula 8) with inversion of the
stereocenter. Besides DEAD, other useful azodicarboxylates include DBAD, DIAD,
and 1,1’-(azodicarbonyl)dipiperidine. In addition to Mitsunobu conditions, the
alcohol (Formula 9) may be activated by conversion to a sulfonate ester (e.g., reaction
with MsCl and pyridine), which is subsequently cyclized by treatment with a base
(e.g., a carbonate). Treatment of the lactam (Formula 8) with an acid or base gives a
secondary amine (Formula 7), which is subsequently reduced via, e.g., catalytic
hydrogenolysis to give the compound of Formula 1. Substituents R', R% and R® in
Formula 7 to 10 and Formula 12 are as defined in Formula 1; substituent R*in

Formula 12 is as defined in Formula 6; and substituent R® in Formula 7 to 9 and
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stereocenter. Besides DEAD, other useful azodi carboxyl ates include DBAD,
DIAD, and |,|"'-(azodi carbonyl)dipiperidine. In addition to M tsunobu

condi ti onwo 2vdwosdicohol (Formula 9) may be activated bypconsmosi@ned 0 a
sul fonate ester (e.g., reaction with MsC and pyridine), which is
subsequently cyclized by treatnment wwth a base (e.g., a carbonate).
Treatnent of the | actam (Formul a 8) vm'th an acid or base gi ves a secondary

am ne Fo subs reduced via, e.g., catalytic
hydr og(eno ‘g Z i)lsga}rmgeéf%@ HZY ’fg é&%rﬁﬁﬁﬁ’(}i en@db%tﬁﬂ,t@eaﬁﬂéylmgg R2, and

R3 in Forﬁ%{ ortCQ %fkeﬁ?](it 1goraqlil};,[a 12 are as defined in Formula 1;
substltuent ormJ 7 18 as defined in Formula 6; and substltuent R6

in Forrrula?toQandFormJIa 11 is aryl-Cl1-3 alkyl (e.g., benzyl,
3, 5- di et K32Yben e mathedologyGhognah Bylllen(@llgnay mnplbylrr)angmf G- sGmal kenyl
(e.g., almyi 107 hene enpl oy many of

the same t e%%lé%% EGl 1“(98?18?%?3?‘1‘?‘“{1%@%‘?1?80@“{ %r‘r’éeff'd reag%% exanpl e,
usef ul r e@gediitates( SHHRAS L4 AL S, soNans%tc@%h@kUrﬁﬁﬁenss(@ tire, ﬁx‘egsule apd)

conditions (tenperature, pressure, etc.) for the stereose ctive

hydr ogenafor 8¢ SéﬁfreQSthbV@hﬁhogﬁmybn oFbe Prdicarbynytl Fginwda 6)e dive thy @ oxy

car boxylig CI d derivati.ve, ((Formu ncl t he reagent s and condi tions
descri bedh RO LR yficp ‘ﬁf&at Vﬂ:ﬁﬂ%’?ﬁ%‘&& t’{‘g heergsmisHn t‘ﬁéd’élﬁﬁsm de
(Fornul a descritdavii Behem®EfR SLasyRindtQE H%rbgéhaﬂf)n Bh@le A& ( (351315

inverts the b-carbon stereocenter, the chiral catal yst shou pr ormte t he

formati onHQWe@rrhma@Wh%f@bmtaimmoietbe QcmnedﬁnnmhrS)@EmmuhaB Xajbohavi ng t he
opposite er €0 con r on as t of th arbon of the final
pr oduct ( %{‘1’ &T‘baiﬁ%t]a yé%h Pgirl?rﬁ?moFeeth@g‘?ﬂné‘uﬁﬂﬁﬁégﬁ%iof‘)’ shstited coupl i ng
the b- hyCHt&&Uceﬁ%E POyl £128 Hadlin e ﬁltégkreéagnﬁlbﬁ Bhfi ﬁﬁfoféc? &t c( Formul a

11) to give the chiral am de (Fornu i ncl ude reagent con |tions
descri bedht f-gdtvarns the final pmrbalca(tﬁounukafl)t he enamine (Formula 4). For
exanpl e, the b-hydroxy carboxylic acid (Fornula 10)

[0108] Similarly, reagents and conditions for coupling the B-hydroxy carboxylic
acid (Formula 10) and the primary amine (Formula 11) to give the chiral amide
(Formula 9) include reagents and conditions described in Scheme I for acylation of
the enamine (Formula 4). For example, the B-hydroxy carboxylic acid (Formula 10)
may be activated in-situ with a coupling agent (e.g., DMT-MM) and reacted with a
primary amine (e.g., BnONH; or BnONH;3*Cl) to give the chiral amide (Formula 9 in
which R® is Bn). Useful B-hydroxy carboxylic acids (Formula 10) include (3R,5R)-3-
hydroxy-5-methyl-heptanoic acid, (3R,5R)-3-hydroxy-5-methyl-octanoic acid, and
(3R,5R)-3-hydroxy-5-methyl-nonanoic acid. Representative B-hydroxy amides
(Formula 9) include aryl-C;; alkyl amides derived from the aforementioned
carboxylic acids, including (3R,5R)-3-hydroxy-5-methyl-heptanoic acid benzyloxy-
amide, (3R,5R)-3-hydroxy-5-methyl-octanoic acid benzyloxy-amide, and (3R,5R)-3-

hydroxy-5-methyl-nonanoic acid benzyloxy-amide.

[0109]  Likewise, reagents and conditions for hydrolyzing the B-hydroxy
carboxylic acid derivative (Formula 12) or the lactam (Formula 8) include reagents
and conditions described in Scheme I for hydrolysis of the amino acid ester

(Formula 3). Useful, B-hydroxy carboxylic acid derivatives (Formula 12) include
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may be activated in-situ with a coupling agent (e.g., DMI-MM and reacted
wth a primary amne (e.g., BnONH2 or BhONH3 +C ) to give the chiral am de
(For mul a Woiz2noedosaab R6 is Bn). Useful b-hydroxy carboxylpce/iBmiosisoioéeor mul a
10) include (3R 5R)-3- hydroxy-5-nethyl-heptanoic acid,
(3/?,517?)-3-hydroxy-5-net hyl -octanoic acid, and

(3/7?,5i7?)-3-hydroxy-5-net hyl -nonanoi ¢ aci d. Representative b-hydroxy am des
(Formula 9) include arél -C 1-3 al kyl anmides derived fromthe aforenmentioned

car boxyl i €1-adkkykestarhef G&HY-IBYdoxy-5ymehylhaptappicacih (#RP Rhdpvdisive aci d

benzyl oxyam 3 2. 512 - XY - hy] - @ct anai c. ac oxy-am de,
and (3R 53{5}}-‘%&5’1#;?%“8%5’@ r"%g‘% %5%%Qﬁg’i%g&rasé/%“&&’giefni‘gz&ygﬁ?lgkc%f&g% I%ga%f{ 109]

Li kew se, of @68 Bsydasd; Coulkilicafess ﬁqerudbym,skygih@grokpxs-llnemyﬁh?wncﬁ@r boxylic
acid derivative (Fornmula 12% or the lactam (Fornula 8) include reagents and

condi t i on&cidethvt esesdGR BchBydroky-Ponethydeesinei¢ acidethyhesternib(G&:IR)- est er
F | f i i i [ la 12
el udecr S BYAiRgS e S-SR APURB CrBhi R (AR 2l h, (3

, 5i ?) - 3- hindlu@s Y2R 3SELdryl-€¢ bhlanoixg)-aqR dnetlyl thutyd)-azetidin-2-one, (2R 4S5)-1-

, 5i ?) - 3- hydr oxy- 5- net hyl - nonanoi ¢ aci d.. Exanpl es_of useful b-hydroxy Cl-6
al kyl est @&F¥-Crcalkdexy) 3 @-medyl-suy)mzstidn2-aes. 3y HepDah¥-aci d et hyl
ester, (3h?, Sh )3 10 Q%71 BuliR)- e Bes- j i Y, and (3R, 5K) -
3- hydr oxyt-:*sé %%(? 2?;1(?; %X%anm 3‘%}; [ d%‘ﬁ@f : g@fggéﬁ&&%glrc gfsdg’nitogtg ?@IF’act ans

(For mul a @R.49)€l-betzyloly-2A-@5mbthyhbytvh)Gzdtidn-2-one, (2R,4S5)-1-benzyloxy-4-(2-

al kyl oxy) -4-(2-nmethyl -butyl)-azetjdin:-2-one, (2R 45)-1- (aryl-G - 3 -

al kyl oxy)mﬁg‘&’gpﬁﬁﬁ’ W@tlﬁﬁ‘ﬂ'éf‘%“-ea%‘@t dzgi‘&)'i-‘llﬁ’i’éylogﬁ& 'é?‘z‘?tégl)'l&qx“’bé?rzﬁﬁldlnCl-

al kyl oxy)s4nk2- met hyl -butyl ) -azetidi n-2-ones. These include, for exanple,
(2R, 4S)- 1-benzyl oxy-4-(2-met hyl -butyl)-azeti di n-2-one,

(2R, 4S) - 1- benzyl oxy-4-(2- nethyl -pentyl)-azetidin-2-one, and (2R, 4S)-

1- benzyl ob114] ( 2-Hysiregenolysisys yareie@ putdinthe preganee of a catalyst and one or more

polar solvents, including without limitation, alcohols, ethers, esters and acids, such as
MeOH, EtOH, IPA, THF, EtOAc, and HOAc. The reaction may be carried out at
temperatures ranging from about 5°C to about 100°C, though reactions at RT are
common. Generally, the substrate-to-catalyst ratio may range from about 1:1 to about
1000:1, based on weight, and H, pressure may range from about atmospheric
pressure, O psig, to about 1500 psig. More typically, the substrate-to-catalyst ratios
range from about 4:1 to about 20:1, and H, pressures range from about 25 psig to

about 150 psig.

[0111] Useful substrates (Formula 7) include those in which R! and R? are
independently hydrogen or C,.3 alkyl, provided that R' and R? are not both hydrogen,
and those in which R? is Cy. alkyl. Representative compounds of Formula 7 include
those in which R' is hydrogen, R* is methyl, R’ is methyl, ethyl or n-propyl, and R° is
benzyl, i.e., (35,5R)-3-benzyloxyamino-5-methyl-heptanoic acid, (35,5R)-3-
benzyloxyamino-5-methyl-octanoic acid, and (35,5R)-3-benzyloxyamino-5-methyl-

nonanoic acid.

[0112] Useful catalysts include, without limitation, heterogeneous catalysts
containing from about 0.1% to about 20%, and more typically, from about 1% to

about '5%, by weight, of transition metals such as Ni, Pd, Pt, Rh, Re, Ru, and Ir,
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[0110] Hydrogenolysis is carried out in the presence of a catal yst and one
or nore polar solvents, including without limtation, alcohols, ethers,

est ers amnsloaceadmssisuch as MeOH, EtOH, | PA, THF, Et OAc, aou/1BEdds00196E
reaction nmay be carried out at tenperatures ranging fromabout 5C to about
1000C, though reactions at RT are common. Cenerally, the
substrate-to-catalyst ratio may range fromabout 1:1 to about 1000: 1,

based on weight, and H pressure may range from about atnospheric pressure,
0 psig, tawa%m oxpdesandcogbinatipas hgrsobarhich arerippigallysyupReried on vasioss v st

ratios ra 0 Em%g ' u : S e a from
about 25 g%?eé{aisomé out ?gggp(g%@%ﬁ%%aaésﬁj{jl\d?ébg{(%é? ggz, ?Ir:éo?’%gﬁa 7)

i ncl ude t thedikei Madyi afithd3g neetads, R2cladiag iPdgepe be dopddywitly air agere, ailfide, o3 al kyl ,
provided that R and R are_pot bo hydrogen, and those i ich R3is Cl-6
al kyl . Reﬁﬁ@@ﬂ%ﬁv@cﬁaﬁﬁgu%s“% r%%efﬁl|catabStSﬁﬁww@u5%B§@$qmm ch RLis
hydr ogen, L ] ¢ e I8 I sibenzyl
e s s O PR PICREER /B S, B P4,

benzyl oxyhblatkh®delyend e lket eomtdining ¢ioay alzowd 1% to about 5% Pd, based on

3S,51?)-3-b | 1.n0- 5- et hyl i, i d 0 | _catalysts
i( ncl ulde? W{gﬁgﬁ%@f ﬁ?e{@?q%@s?ﬁg&ﬁggggﬁ%%&(%mgMﬁ;ﬁ@wﬁhﬁ omyabout
0.1%to aheot, 20%e ARs FBNaQiiic)AEHi&rﬁJ)ﬂ%dr&éeﬁBTy@Q%ﬂﬁaRﬁf’é §R 138O te R0,y
wei ght, of transition netals such as 'Ni,” Pd, Pt, , Re, , and

| r,incl udb884.4%2 teHasegawe enddi mdiichon Setefreinearporaigsl iyhregarencey pi cal |y support ed
on various materials, including Al2Q3, C, CaCO3, SrCC3, Bas™, MO Si 2,

it an oAl B B T s B ot NS PR o I R e 007 OP ™

cat al yst ssttiuBoimecblitie cpapbadi afffog@atil Iy STl setebsehstiReléynthdsH/ie1642s3,
PdZAl 208, Pd/ MjO, PdZCaCO3, PdzBaSO4, PdO, Pd bl ack, Pdd 2, and the Iike,
cont ai ni nigdp¢igavRBteallyachve Biditrbonyd Gormplae dyong., reacting it with

hydrogen in the presence of a metal catalyst, to give an optically active B-hydroxy
carboxylic acid derivative (Formula 17). Activating the B-hydroxy moiety via, e.g.,
reaction with a compound of Formula 18, gives an intermediate (Formula 16), which
undergoes elimination via treatment with a base. Reacting the resulting unsaturated
acid derivative (Formula 15) with an anion of a chiral amine (Formula 14) gives, after
protonation, an optically active secondary or tertiary amine (Formula 13), which is
subsequently deprotected via catalytic hydrogenolysis to give the compound of
Formula 37. As in Scheme I, the compound of Formula 37 is optionally hydrolyzed
to the compound of Formula 1 by treatment with an acid or base. Substituents Rl, R2,
and R and substituent R* in Formula 13, 15 to 17, and 37 are as defined in Formula 1
and Formula 6, respectively; substituent R’ in Formula 13 and 14 is Ci.6 alkyl,

Ca.6 alkenyl, or aryl-C,.3 alkyl; substituent R® in Formula 16 is a leaving group (e.g.,
R°0-); substituent R’ in Formula 18 is tosyl, mesyl, brosyl, closyl (p-chloro-
benzenesulfonyl), nosyl, or triflyl; and substituent X> in Formula 18 is halogeno or
R°O-.



wei ght. O her useful catalysts include Raney nickel, RhZC, RuZC, ReZC

Pt @2, RhZC, Ru®, and the like. For a discussion of hydrogenolysis

cat al yst swoe®/dos2 Patent No. 6,624,112 to Hasegawa et palriaB200bo@bed s
herein incorporated by reference. [0113] Schenme IIl illustrates an

addi tional nmethod for preparing the desired stereoi somer of the conmpound of
Formula 1. The stereosel ective synthesis includes reducing an optically
active b-dicarbonyl (Formula 6) by, e.g., reacting iéyyjth hydrogen in the
presence of a 3, to give an optically acti’s “Rydroxy
carboxylic acid d r| ﬁt' Formula 17)He Actlvatlng t he b- hydrgxy noiety
via, e.g., R4 th"a conpound—ef—Forml a 18, R'g) an i nternedi at e
(Formul a 16), ich under goes el i m @atal Oralysta treat mernf with a base.
Reacting the rqsulting unsaturated acid derivative (Fghnmula 15) with an
anion of a chiral agine (Formula 14) gives, after protonatjon, an optically
active secondary or tertiary amne (Formula 13), which is subsequently
deprotected via catal ytic hydrogenolysis to give the conmpound of Formula
37. As in Schene |, the conpound of Forrmula 37 is optionall|y hydrolyzed to
t he compound of Forrmula 1 by treatnment with an acid or base HySwhsisi t uents
R1, R2, and R3 and substituent Rin Formula 13, 15 to 17, and 37 are as
defined in Fornula 1 and Forrmula 6, respectively; substitugnt R7 in Fornula
13 and 14 is Cl1-6 al kyl, C2-6 al kenyl, on&aryl C 1-3 al kyl} substituent R8
in Fornmula 16 |s a IeaV|ng group (e _+ /ROO-); substituent RO in Formula 18
is tosyl, mesyl H ? orobenzenesulfﬁﬁ&l
triflyl; and SHbStI uent \x2 I'n Fornula118 i s hal ogeno or

Cycli zati Rt CoNdi tjon& Hy8rol ysis -«——- HO
(0)
o 0
9 10
Cyclization
Conditions

RS
O\/ Hydrolysis
N \ R3
o) rU “R2
8
Scheme II
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Hydr ogenol ysis Schenme Il 8-[0114] The net hodol ogy shown in Schenme |11 may
enpl oy many of the sane reagents and conditions described in Schene Il. For
exanpl e, weabeloos@agents (catal ysts, solvents, etc.) angceaBziosane
(tenperature, pressure, etc.) for the catalytic reduction of the b carbonyl
and substituted am no noieties of the conpounds of Formula 6 and Formul a
13, respectively, include the reagents and conditions described in Schene
Il for the catalytic hydrogenolysis of the secondary am ne (Fornula 7).

Repr esent B4k opheangthgdolesy shevwada Sebeips [1Hmay @ﬂtﬁl%}f?la%k‘rpfl@f S@E@r IT}J| ah1|3)
i ncl _ami . : ] (- i ]
:igfng?%? ﬁ%g%lﬂﬁ) epg)tg gﬁi&ﬁg hg%f%,&ﬁ ?]lghe%gﬂg/ ;3) x é@%%ﬁ%ﬁlyljf ?é-eﬁlﬁsgns In}le'ta hyl>/) )

am no] - 5- (vataysts; sslvangiecc. pariddonditidns (temperature, pressure, etc.) for the catalytic
(15r, 35,5i ?)-3-[ benzyl - (I - phenyl - et hyl ) - am no] - 5- met hyl - nonanoi ¢ aci d.
Exanpl es ¥Hauetiqurqf|the:p sarbaaylendsubgtityied agingrmoietiessofithe Forpoynts of

Sr,5/?)-3 |- £ 4= - .) @ -h- - Ic acid ethyl
ester, (1Fé‘%§ﬁ£§|ag§ b%‘%@%%%y’gﬂ%me&ﬁe@ﬁé}ﬁhe@&ﬁ% %glg é'!ﬁiaﬁgﬁrgd}ﬁ%?%yl - oct anoi c
aci d et hydlesesib&¥in Seheéine II for the catalytic hydrogenolysis of the secondary amine

(15', 35,5/ ?)-3-[ benzyl - (| - phenyl -et hyl )-am no] - 5- net hyl - nonanoi ¢ aci d et hyl
ester. [OoFPERUA)sRERRFSTHatey alfy 3ctive seeopdafy gx &Ejatysidngs of t he conpound

of For nul ' i vat | a~re [ ot f. Formul a 18.
eef ul - (i Aelstad o pehniloe el BB s SO RRF RIPEHAL PonGPlie. i
al kyl est ehgl)-ainifdi52nethyl-hystaeody abid MEISIBSI SR)SPIbRAHI G 1 3hkhlyl-cthyl)-

(51 ?)-3-hydroxy-5-net hyl - octanoi ¢ acid, and (SRL- )

3- hydr ox y@@lnﬁé‘%ﬁwth icacidiagd (Rb3Y 6B henzyk(lophapat-eteyl) @migobf«y |

esters t LN - (52?3 r - ¥ ~he Lc.acid ethyl ester,

eot = BRI 0s  Brka BN OSBRI L i

(51 ?) - 3- hfISBEOR) S~ [Hehiyl(1 {pheayl ity ReinthodShybtheShétanoic acid ethyl ester,
(15,35,5R)-3-[benzyl-(1-phenyl-ethyl)-amino]-5-methyl-octanoic acid ethyl ester, and

(1S,3S,5R)-3-[benzyl-(1-phenyl-ethyl)-amino]-5-methyl-nonanoic acid ethyl ester.

[0115]  As shown in Scheme III, the B-hydroxy mbiety of the compound of
Formula 17 is activated via reaction with the compound of Formula 18. Useful 8-
hydroXy carboxylic acid derivatives (Formula 17) include C.¢ alkyl esters of (5R)-3-
hydroxy-5-methyl-heptanoic acid, (5R)-3-hydroxy-5-methyl-octanoic acid, and (5R)-
3-hydroxy-5-methyl-nonanoic acid. Representative B-hydroxy Cj.s alkyl esters thus
include (5KR)-3-hydroxy-5-methyl-heptanoic acid ethyl ester, (5R)-3-hydroxy-5-
methyl-octanoic acid ethyl ester, and (5R)-3-hydroxy-5-methyl-nonanoic acid ethyl

ester.

[0116] Useful compounds of Formula 18 include sulfonylating agents, such as
TsCl, MsCl, BsCl, NsCl, TfCl, and the like, and their corresponding anhydrides (e.g.,
p-toluenesulfonic acid anhydride). Thus, for example, compounds of Formula 17 may
be reacted with TsCl in the presence of pyridine and an aprotic solvent, such as ethyl
acetate, MeCl,, ACN, THF, and the like, to give Ci.¢ alkyl esters of (5R)-5-methyl-3-
(toluene-4-sulfonyloxy)-heptanoic acid, (SR)-5-methyl-3-(toluene-4-sulfonyloxy)-
octanoic acid, and (SR)-5-methyl-3-(toluene-4-sulfonyloxy)-nonanoic acid. Likewise,

compounds of Formula 17 may be reacted with MsCl in the presence of a an aprotic
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[0116] Useful conpounds of Fornula 18 include sul fonylating agents, such as
Tsd, MsC, BsC, NsC, Tfd, and the |like, and their correspondi ng

anhydr i deso(2e0egog6127- t ol uenesul foni ¢ aci d anhydri de). Tiras/aBiso@xenpl e,
conpounds of Fornmula 17 may be reacted with TsCO in the presence of
pyridine and an aprotic solvent, such as ethyl acetate, MeC 2, ACN, THF,
and the like, to give Cl-6 al kyl esters of (5 )-5-nethyl-3-

(t ol uene- 4-sul fonyl oxy) - hept anoi ¢ aci d, .

( 5/ ?) - 5- meRlKgAt-and psEPRgpIRdesed bassy sushpy Etdt tagise C1-aalkyl esigrg of (5R)-3-

(51 ?)-5- 5 Jr (e U --agnano] ' | kew conpounds
o For mul B P eop b A R Cgetd SRS AR o SR

apr ot i csobstemtic acid, andgbRpAgnathadekviferyisk yoharethydnoimmse &4E&N, to give Cl-6

al kyl esters of (5R)-3- nethanesul fonyl oxy-5-net hyl - hept anoi ¢ aci d,

(5/7?)-3-ngt esul fonyl.oxy- 5- net byl oct anoi.c acid, and . .

(5/°?)-3- EE}IH es &bﬂ%Flﬁ%ﬁl@f%ﬁ YA ALY é&ir?f.‘lﬂfn@l@t?fm@ﬁéﬁﬁ activation
of the b- % i e I i i i r 16). 1s reacted
W th 5 badd PAIRGTE Shdted W ERELY L1005 UhRRIREL PSRN SRt 0.1 27055
The react (Konmuk 15)piTbetdaytiamistymdalbudariddd i abR Tab abeveaand ih ithet fresgpeesence of

ti | vent , h t hyl t , 2, S d the like.
ot ol baSkd TR AR PBHL o a5cice A M e A e Bl B | 1 ¢
bases) sugfieachlddNrodg oﬁﬁ%remﬁ_es BRUnofflcleBpnilit F%eii s?ﬂ:ﬂ%]; Efi\, .ndi cat ed

above, conjugate addition of a chiral ‘amne (Forrmula 14) to an unsaturated
car boxyl i Bu@¥i, PEMNDRH! andgh¢ Hee.nul a 15) gives an optical ]y active secondary
or tertiary amne (Formula 13). The stereochem stry of the chiral am ne

(Formul a et ey h tereochem cal confi.guration of t
am no- sub@ﬂlzl?ﬂt e Sgl}l glr%gtg(g 3@?%? g?lﬂ%g%?aa(ﬁ%ﬁ? qg}é‘%ﬁ ?mgﬁb@f’%?lﬁgﬁ} B the
conj ugat eaalhaturied carbdiytie adid dekivEtiveS@denheladss) gived X uptecally adiveand E-
isomers of the unsaturated carboxylic acid derivative (Formula 15) and
i ncl ude CECBIGIK YT teEire pRinsr(Foranlz 13} nbhemsterserhemistir of iy chgral amine
met hyl - he@o’nﬁﬁﬁﬂ% get@ﬁhiﬂes b SeiedcABLIM 6091%%[112“&81@ F &e%ﬁ{ilqo-s%ﬁtuted
(i ?)-5-nmethyl-non~2-
stereocenter (Formula 13). Useful substrates for the conjugate addition include Z- or
E-isomers or a mixture of Z- and E- isomers of the unsaturated carboxylic acid
derivative (Formula 15) and include Cy alkyl esters of the Z- and E-isomers of (R)-5-
methyl-hept-2-enoic acid, (R)-5-methyl-oct-2-enoic acid, and (R)-5-methyl-non-2-
enoic acid. Examples include the Z- and E-isomers of (R)-5-methyl-hept-2-enoic acid
ethyl ester, (R)-5-methyl-oct-2-enoic acid ethyl ester, and (R)-5-methyl-non-2-enoic
acid ethyl ester. Useful chiral amines (Formula 14) include (R)-(+)-N-benzyl-o-
methylbenzylamine, (S)-(-)-N-benzyl-o-methylbenzylamine, and the like. See
S. G. Davies and O. Ichihara, Tetrahedron: Asymmetry 2(3):183-186 (1991); and

J. Chem. Soc., Perkins Trans. 1 2931-2938 (2001).
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enoi ¢ acid. Exanples include the Z- and E-isoners of
(/?)-5-nmethyl - hept-2~enoic acid ethyl ester, (/7?)-5-nethyl-oct~2~enoic acid
et hyl estwo,20@n@8d12?) - 5- net hyl - non-2-enoi c aci d et hyl estenB200sesiués chira
am nes (Formula 14) include (i?)-(+)- -benzyl-a- nethyl benzylam ne, (5>(-)-
- benzyl - a- net hyl benzyl ami ne, and the like. See S. G Davies and O

| chi hara, Tetrahedron: Asymmetry 2(3): 183-186 (1991); and . Chem Soc,
Perkins Trans. 1 2931-2938 (2001).Schenme 111[0119] To carryout the
conjugate addition, the chiral amne (Fornula 14) is typically treated with
a strong base, such as n-BuLi and the like, in an ethereal solvent, such as
Et20 THF, etc., and at a tenperature of about -78C to RT. The resulting
deprotonated anmine is subsequently reacted with the unsaturated carboxylic
acid derivative (Formula 15) to give the optically active secondary or
tertiary amne (Fornula 13) having the desired stereochem cal

configuratiog. [0120] Scheme I|llIgyshows an al kernative ~method for preparing
t he conpoung of Formula 15. The ng;hod lnphﬂbes Leacti/ng, a sorbate ester
(Formul a 38) anmde with a G rd reagent_(For nul ) and a catalytic
amount of another netal G@ g., ogger sal t) sand an optdiepal chiral

catal yst. TRe ?esulflﬁg—eﬁaﬂblo rrcall entiehed conmfound (Formula 39) is
merized by treathen{ with a base (.9 iethylamne) in a
pol ar solv o, THF) to give t @onpound of;Zﬁf Ia

Al ternatively, & he conpound of Formula 39 may be iSoneri zed by treatment
with a metal ca&alyst, including R& Rh of Pd sal t's conphéxed wth a
counterion, such as a halogen anion, COD, and the |ike. Conpounds of
Fornmul a 15 andA39 may al so be enantk onerically enriched B treatment with a
| i pase undek stlandard conditions. gTlhe optional chiral catil ysts may incl ude
those descrdbed above in connecti @n with the asynnetch @ydrogenatlon of
the enam de™(Fqrmul a 2) and enam neg (Forrmula 4) in Sch l.

37
Scheme III
— 51—
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[0121] Substituents Rl, R2, and R3 and substituent R4 in Fornmula 29, 38 and
39 are as defined in Fornula 1 and Fornula 6, respectively, and substituent
X4 i n Forwol2aoeA®sé13 hal ogeno. Useful conpounds of For nulpeTdB2dbouseéancl ude,
without Iimtation, Cl-6 al kyl esters of the Z- and E-isoners of

(i1 ?)-5-nmethyl -hept-3-enoic acid, (/?)-5-nethyl-oct-3-enoic acid, and

(i ?)-5-nmethyl -non-3-enoic acid. Exanples include the Z- and E-isoners of
(/7?)-5-net hyl - hept - 3 enoic acid ethyl ester, (/7?)-5-methyl-oct- 3-enoic

acid ethyl ester, d (17?)-5-nethyl-non-3-enoic acld ethyl ester. [0122] In
addi ti on {Q1dhe @W@Pb Cgﬂlbl\%ﬁ%aﬁdlgeﬁéh@dmra,l anpipt(Fogmplsuddd isof  For nul a 37

may be pr %g%gglufea@mn@a &&;@%@9 s@fn 59{ ﬂ'dtﬁ% El'ﬂcgaﬁl%h\éfﬁe?ea symmetric

conj ugat e on of "an am See, I e et - gani cLetters

6: 1861- 186dlvémt Ofh as ERO, ToIR) ket andlasa:teﬁgiéfﬁu@fof\abdnﬂhm"ﬁ foeR'Ei Thé ncor por at ed
by reference. [0123] Schene IV illustrates a nmethod for preparin
b- di car bofspRking depreinrated)amise i suhseguenthyerepcteq with Ahgunspiuratq garhestyhisd

S es RahlAARE Porfillil 35) & SARE obFANT ety ERkold Ry orefliary RERRS | 0N 01

a sul fonylating age eanlnter Iate rmul a 24),
which is smdrﬁmwlajﬂahymgltlead@dem&fwahamuﬂaﬁnﬁgu@uan| de ion to yield an
optically active nitrile (Forrrul a 23). Hydrol yzing the nitrile (Formula 23)

t hrough ¢ t ves a.chir ar box acid la 22 or
ot 0) 2 w07 Aebeweduibeys SeifSatton wrifonth proane hedRemobrtl T h
coupling ggefia %’S'C‘Thé‘ﬁle@gd 1naiﬁ§es%£dtﬂlgta‘%grlﬁ?€ QXY FoEmAL B S &%M@Mtﬁe _
(Formula 20) 1s reacted with a maloni ¢ acid salt or ester (Forrmula 21) in

t he presenéwignfrdaehgene (Eqnngia/@)atnd acstlab&mlammladoiimﬂom oetadi(elgi peppenedi at e
(Formul a

1 @/n (L\ treat ment .w hanaldto provi de
{he des: r S0 BOBAE GPHTY FRCRGRLIA B): FthUFEF eI PSR BTG ahent s | hel ude
those desgshpaithd (Fo&RIlAS9} is%ﬁbé&qh&t@%&h’é@ze&%y téa@hdik wHAW KRS (0F., cyani de
ion include, without limtation i um cyani de, potassium cyani de, zinc
cyani de, ﬁ}@b}dg@me) in a polar solvent (e. g., THF) to give the compound of Formula 15.

Alternatively, the compound of Formula 39 may be isomerized by treatment with a

metal catalyst, including Ru, Rh or Pd salts complexed with a counterion, such as a

halogen anion, COD, and the like. Compounds of Formula 15 and 39 may also be

enantiomerically enriched by treatment with a lipase under standard conditions. The

optional chiral catalysts may include those described above in connection with the

asymmetric hydrogenation of the enamide (Formula 2) and enamine (Formula 4) in

Scheme 1.

[0121] Substituents Rl, Rz, and R® and substituent R* in Formula 29, 38 and 39
are as defined in Formula 1 and Formula 6, respectively, and substituent X*in
Formula 29 is halogeno. Useful compounds of Formula 39 thus include, without
limitation, C;.¢ alkyl esters of the Z- and E-isomers of (R)-5-methy1—hept-3—enoic acid,
(R)-5-methyl-oct-3-enoic acid, and (R)-5-methyl-non-3-enoic acid. Examples include
the Z- and E-isomers of (R)-5-methyl-hept-3-enoic acid ethyl ester, (R)-5-methyl-oct-

3-enoic acid ethyl ester, and (R)-5-methyl-non-3-enoic acid ethyl ester.

[0122] In addition to the methodology shown in Scheme III, the compound of
Formula 37 may be prepared from the compound of Formula 15 by catalytic

asymmetric conjugate addition of an amine. See, e.g., Hamashima et al., Organic



cyani de, acetone cyariohydrin, and the like, either alone or in

conbi nation. [0124] Instead of the chiral alcohol (Forrmula 25), the nethod
may enpl oyoanocamséizat ed prochiral enoate (Fornula 30), woiraB2oososieect ed
with a deprotonated chiral oxazolidinone to give an TV-acyl ated
oxazol i di none (Formula 28). The deprotonated oxazolidi none may be prepared
froma chiral oxazolidinone (Fornula 31) by separate treatnent with a
strong base ( i -BuLi)_ or in-situ treatnment. with a hindered base
(e.g., Et émers ¢H§6NB%SAOQﬂb&heo@mldbﬁe@mére(qf&w i hempn ingoxoriediuent | y
reacted “b§ﬂ%§§ gnard reagent (Formula 29) in the presence of a copper
salt (e. ) to give a conjugate addition product (Formula 27). As
|nd|cated in Schene |V, the conjugate addition product (Fornula 27 or
Formul a 2[01128] WhiStheind 0V iiusarate ia' héth Ok & Prépdiing B-diteebhryyd (Fommylakey react ed
with the nmalonic acid derivative (Formula 21) to give the a-substituted

mal oni ¢ adied in Ackamelilherd HEoThemetheg)inclpdesdetivatinga apirat Heckdhi ral  si de
chain may cid or base
v of yo) CRTRELEREH, L3, D8 AR Rl BRPRiRmblahg) odive 81 € 07 Do
as Li OOH mﬂerﬁadlaﬂ'd'(ﬂ:ofrﬁﬂllhd‘ﬁ@:dﬂbyh fsesdbgetquanly thetegl wmh b h@ncabm»anideciacl d of
Formula 22 or. a salt thereof. and regenerate the chiral auxiliar

(For mut o Suyeldas,opiehiicina pits Foqe s sn, Msrohgmente evleAFoRide S ee U s
Pat ent No r 0125
n Schene TPk sl SRR p iral SRULNEL HERTE i ) 2 Gp LI Pl ) 0200
27, 28 ang sﬁBsequmthzsacdeitbdldﬂowgmeg ireadion muithea doupﬁ&dg agenFeuamds L0 and 2 1

is as defj in For 2; . 17 i n For. 0, 24, and 30
e Teayi TBE Stisd Sl Bi deid Agavatie tEemionOds roeQiea ik hbslenic B4 '3 36
is a tosyéalt &E‘e%bél (Fd?ﬁl‘aﬁyil,) 1&hﬁ§}flzsen8@§fye{ bas@to %1%511&' subtfuted o %Bﬁ‘iﬁ' a26is
hal ogeno; and R16 1n Fornula 27, 28, and 3 1 are

[ ndependeamdi mtﬁyrmhdmge(FoMom 190;1wﬁchhd<c}elcarb68y16tedjogltmaﬂnkeplt with3mGcalytol oal kyl -

1-6 al kyl, ar r.aryl-Cl-3 al kyl rovided that RL5 and R16 are not
y provide the gesue ﬁ -dicarbonyl (Fc))/rmuleP 6). Useful sulfonylating agents include

those described in connection with Formula 18; useful sources of cyanide ion include,
without limitation, sodium cyanide, potassium cyanide, zinc cyanide, hydrogen

cyanide, acetone cyanohydrin, and the like, either alone or in combination.

[0124] Instead of the chiral alcohol (Formula 25), the method may employ an
activated prochiral enoate (Formula 30), which is reacted with a deprotonated chiral
oxazolidinone to give an N-acylated oxazolidinone (Formula 28). The deprotonated
oxazolidinone may be prepared from a chiral oxazolidinone (Formula 31) by separate
treatment with a strong base (e.g., n-BuLi) or by in-situ treatment with a hindered
base (e.g., EtsN). The N-acylated oxazolidinone (Formula 28) is subsequently reacted
with a Grignard reagent (Formula 29) in the presence of a copper salt (e.g.,
CuBrDMS) to give a conjugate addition product (Formula 27). As indicated in
Scheme IV, the conjugate addition product (Formula 27 or Formula 20 in which R'® is
a chiral oxazolidin-2-one-3-yl) may be reacted with the malonic acid derivative
(Formula 21) to give the o-substituted malonic acid intermediate (Formula 19).
Alternatively, the chiral side chain may be cleaved following asymmetric synthesis
via, e.g., acid or base hydrolysis, using for instance, an alkali metal hydroxide or

peroxide such as LiOOH in aq. THF followed by reduction, to give the carboxylic



bot h hydrogen atons. [0126] For the nethodol ogy shown in Schene 1V,
representative chiral al cohols (Formula 25) and correspondi ng activated
fornms ( Fowoub@/@dg12i ncl ude, without limtation, (2?)-2-mrerhpteobudasol ,
(/7?)-2-methyl ~pentanol, (/7?)-2-methyl-hexanol, (R)-2- nethyl-

1- (tol uene-4-sulf onyl oxy)-butane, (/?)-2-nethyl-1-(toluene-4-sulf

onyl oxy) - pentane, ( )-2-nmethyl- 1-(tol uene-4-sulfonyl oxy)-hexane,

(R) - 1- met hanesul f onyl oxy- 2-nmet hyl - butane, (R)-I

- met hanesagid @ﬁ?‘l’f@%}a 22 pie Rkt ﬂxp@ﬁ%/gmbto rageperary theeRiNEdifY onyl oxy-

2- met hyl I

aci ds {Fo ?2156?5?@&%?1%18%1%%% H élg H\Q/g?lr #r%rsgrié) or %theg%ﬁg?ﬁgl Iuge
wi t hout | 5801, 3119 rDaviés?9t-aB- aﬂiﬂtréﬂéfen@@rtht%ﬂelmrélhl | e,

(1?)- 3 rrethyl hexanenitril e, (R) 3-met hyl - heptanenitrile, (R) 1-i m dazol -
1-yl - e I - 1-

and (R - A5 o Soherys PRt Ran ek S PR, oL & B SN e | v

[0127] '“27’"%'a§1t1%0’aréM&ﬁ%@%@&de\iﬁﬁﬁ iyat RanF&%Hile@a&{‘@P{s% (Formul a 30)

i ncl ude, wW’thout Timtat i on aC| es of the Z- and E-isoners of

but - 2- enodefinadiinFosmdh 2aB bR, 2actRb)in Fohhvﬂa|26924 Rep 8@ serieaning groubi.r al
oxazolidin Forpmul a 31 cl ho imtation

(72) - 4- | swﬁlrcﬁﬁ’% B?IPﬁP%dl st gqg( F\‘%’ “E%%Jm LS oo one, (

) - 4- benzy(ﬁlb%%?d%:yl di- ifB10R%€in Rthula 26 i 1s halogeno and R13 R R”, and R in
(4/?,59)-4-neth phenyl oxazol i di n- 2- on€. Thus, {)r esentative -acyl ated

oxazol i di Fermeda 2'Fd7r8nﬁ|ﬂlch3 8 mdﬁpbmﬂdeMm aﬂonm(hata kyh Cststegclpalkahd

o omer Sl (AR DR SO ksl SORSPRL RHAAL 6 g RO o

(but - 2- engyth hy@oaéehiodisn- 2- one, and
(4/7?,55")-3- (gut 2-enoyl ) - 4- et hyl - 5- phenyl oxazol i di n- 2-one. Likew se,

representative Mchael adducts (Fornula 27 or
[0126] For the methodology shown in Scheme IV, representative chiral alcohols

(Formula 25) and corresponding activated forms (Formula 24) include, without
limitation, (R)-2-methyl-butanol, (R)-2-methyl-pentanol, (R)-2-methyl-hexanol, (R)-2-
methyl-1-(toluene-4-sulfonyloxy)-butane, (R)-2-methyl-1-(toluene-4-sulfonyloxy)-
pentane, (R)-2-methyl-1 —(toluene-4-Sulfonyloxy) -hexane, (R)-1-methanesulfonyloxy-
2-methyl-butane, (R)-1-methanesulfonyloxy-2-methyl-pentane, and (R)-1-
methanesulfonyloxy-2-methyl-hexane. Representative nitriles (Formula 23), chiral
carboxylic acids (Formula 22) and corresponding activated forms (Formula 20)
include, without limitation, (R)-3-methyl-pentanenitrile, (R)-3-methyl-hexanenitrile,
(R)-3-methyl-heptanenitrile, (R)-1-imidazol-1-yl-3-methyl-pentan-1-one, (R)-1-
imidazol-1-yl-3-methyl-hexan-1-one, and (R)-1-imidazol-1-yl-3-methyl-heptan-1-one.



Forrmul a 20) include, wthout limtation,
(i?,/?)-4-isopropyl -3-(3-net hyl - pent anoyl ) - oxazol i di n-2- one,
(/7?,17?)-dwo0mopsik- 3- ( 3- met hyl - hexanoyl ) - oxazol i di n- 2- eoe/IB085/K)1966
4-i sopropyl - 3- (3- net hyl - hept anoyl ) - oxazol i di n- 2- one,
(7?,1/7?)-3-(3-net hyl - pentanoyl ) - 4-phenyl - oxazol i di n-2-one, (
,1?)-3-(3-nethyl - hexanoyl) 4- phenyl - oxazol i di n- 2- one,
(|° [?)-3-(3- nethyl %hanpyl) 4- phenyl - oxazol i di n- 2- one,
(1?,i7?)-4-benzyl - hyI pent anoyl ) - oxaza i di n- 2- one,

(i?,2?)- 4H(b€rh~{-\31{(3-nezéhy;-hex noy. azol i g 2- 986, X Or?

(/ ’> , 1 ?)~4- berzylr23- ( 3- et hyl heptﬁaWazol i din- sz

(3i ’7 4i ?, 518" ),z 4- et hyI 3- (3- net hyl -,y ent anoyl ) - 5- phenyl - Fgazol i di n-2-o0ne,
(3R 4R, 58)- 4- et hyl - 3- (B- et hyl - hexanoyl) 5- phenyl - oxazol 1 di n- 2- one, and
(3/?,4/?,59)-4- nethyl -3t (3-methyl - heptanoyl ) - 5- phenyl - oxgzol i di n- 2- one.
[0128] Schene V ill ust at anot her met hod for pr epzﬁldnﬁ .tlhe b-di car bonyl

(Formula 6) used in 16 11, and I11. The nethod“i'h¢ijudes activating a
chiral al cohol (Forﬁﬁi y via, e.9.o reaction with a sulfonylating agent
(Formul a 26), tq,giveRan Fnte&me ) (Fornula 32), ich'is subsequently
reacted wt epr ot onat ed, acg acef ate derj,vative Ut . The

resul ting.g pi on (FormuRa 3% a espondi ng altl‘t RB treated with
an acid to y|g$d, Vi a tautonerlqatmano t he,desired b- %kgonyl (Formul a
6). As shown in Schene V, the displacenent of substltuent 8 (Fornula 32)

results in inversion of the stereoged$c center and occurs via attack by a
dianion internmediate (Fornula 36 or corresponding salt). The dianion
(Fornmul a 36) may be prepared by treaglng an acetodcetate derivative
(Formul a 33) successively wi t R -GRL { ui IentE of |la first base
(e.g., LiH NaH etc.) and a seg asé ?mysg}‘ /" BuLi )“¥H4t| are strong
enough to deprotonate, respec |veI y, he central nethyleng and term nal
met hyl groups. Alternatively, the acetoacetate derivative may be treated
with two or nore equivalents of a SI89|e base t hat cqp deprotonate the

term nal net hyl RY 0\( ____________ - R R?
T “p2
R13 N. 0O R R
RIS RI6 3 Rl 'R?
0, OH
27
. Base
R*O Mg Salt
o
21

Scheme IV

[0127] In addition, representative activated prochiral enoates (Formula 30)

include, without limitation, acid halides of the Z- and E-isomers of but-2-enoic acid,

such as but-2-enoyl chloride. Representative chiral oxazolidinones (Formula 31)

include, without limitation, (R)-4-isopropyl-oxazolidin-2-one, (R)-4-phenyl-

oxazolidin-2-one, (R)-4-benzyl-oxazolidin-2-one, and (4R,5S)-4-methyl-5-phenyl-
— 55—



group. In Schene V, substituents R, R, and Rin Fornmula 32 and 34 are as
defi nedabove in Formula 1; R4 in Fornula 33 and 36 is as defined above in
Formul a 2woaneb/dédQ2i s a | eaving group. Scheme V [0129] Por/iBiesnEbsoodol ogy
shown in Schene V, representative chiral al cohols (Fornula 34) and
correspondi ng activated forns (Fornula 32) include, without [imtation,
(S)-butan-2-ol, (5)-pentan-2-ol, (S)-hex-2-ol, (5)-2- (toI uene-4-

sul f onyl oxy) - but ane, (S)-2-(tol uene-4-sul fonyl oXxy) - pent a

(S)-2- (topmﬁb in-2-apg. f’H{W{ SRS eabien-acylated oxazolidinones (Formula 28)

(S)-2-(c h n%fu e\ﬂﬁﬁ(ﬂﬁ ]hﬁnt'sdﬁl)lfl C{?X ?a(]%@i ﬁgygn?er}g of ((R§)3—&mt—Z-enoyl)—4-1sopropy1—

(chl or obenzene-

(>S')-2- (6kdz©I1@1heIlZﬁ”IER)43-$blltf23&)6yD)w bhégt-arezolidin-2-one, (R)-4-benzyl-3-
(5) - 2- met hanesul f onyl oxy- but ane anesul fgnyl oxy- pent ane, and

(9)-2- metiiRanayeRTdidn-gopgmad (ﬁééﬁéﬁéht‘t&% eyt SRRt BRYder i vat i ves
F I I t f
cet oacat Lol AR, IALIAY roblcfr hedienie ada i or B Ve gi ani ons
(For mul a Bé&muln20uidepdeviviitiout liitatiom t(RMR);4-deprapgl- 35(3 Hmﬂgiﬂ-@enthndyl):l 6
| k but -diol d h E h -
Sl e i et e e
(Fornul a 33opkdifi- gft@amaﬂlylmtanbw&xa&dn(aﬁa 2&&4{4@%«@%@{;@ pfaﬁtaﬁo91)l C1-6

al koxy-4- nmethyl-hex-1-en-2-o0l anion
al koxy- 4- ﬁwhbuyyl-ob[emhdhn—éwng,-((ﬂ Radr(dmetlaidiet B)oyl)-4cphengl-oxazolidin-2-one,

0 1 o S R R ooy G T S Lo o
(R-1-et hﬁféﬁ@%&ﬁ%yiﬂombmhtzeme (km b’enaﬁ(l -AF-ARthyRRExanoyl)-

(R) -1 -ethoxycar bonyl -4- yl -oct-1 -en- ani on. {30130] he activation

of the chpxagpligincodes (1@ thﬁnaylsﬁﬁ meilyd-hepfeneylipxizohdiardane, of R18 ( For mul a
carti od opte it SEBbuft A Rk Lotk P SRRl A B SR ARG o on
(Formul a 3GetiggrieGamkthybEEtansyir s -pieapks akzolids-2-ass add@R,40684-00C, and nore
B Yy B SRS A SR 555 A0 ARl 0 Ut areater” than abou

[0128] Scheme V illustrates another method for preparing the B-dicarbonyl

(Formula 6) used in Scheme I, II, and III. The method includes activating a chiral

alcohol (Formula 34) via, e.g., reaction with a sulfonylating agent (Formula 26), to

give an intermediate (Formula 32), which is subsequently reacted with a deprotonated

acetoacetate derivative (qumula 36). The resulting chiral anion (Formula 35) or a

corresponding salt is treated with an acid to yield, via tautomerization, the desired -

* dicarbonyl (Formula 6). As shown in Scheme V, the displacement of substituent R'®

(Formula 32) results in inversion of the stereogenic center and occurs via attack by a

dianion intermediate (Formula 36 or corresponding salt). The dianion (Formula 36)

may be prepared by treating an acetoacetate derivative (Formula 33) successively

with one or more equivalents of a first base (e.g., LiH, NaH, etc.) and a second base

(e.g., BuLi) that are strong enough to deprotonate, respectively, the central methylene

and terminal methyl groups. Alternatively, the acetoacetate derivative may be treated

with two or more equivalents of a single base that can deprotonate the terminal methyl

group. In Scheme V, substituents Rl, RZ, and R? in Formula 32 and 34 are as defined



[0131] Many of the conpounds described herein are capable of form ng

phar maceutically acceptable salts. These salts include, without |imtation,
aci d addiwoanoszmidis (i ncl udi ng di -aci ds) and base sal t spcPhBzoosomuéd cal | y
acceptabl e acid addition salts include nontoxic salts derived from

i norgani c acids such as hydrochloric, nitric, phosphoric, sulfuric,

hydr obrom ¢, hydroi odi ¢, hydrofluoric, phosphorous, and the |ike, as well
nontoxic salts derived from organic acids, such as allphatlc nono- and

di car boxyRbeveds FasmulgHeRy in Eergsta 33 ardi3Gisies ssfiredsahioye i Fgranda s adk anoi c

aci ds, al i , aromatic acids, aliphatic and aromatic sulfonic
acids, etg 1%%1%%%3?@% ‘hus i ncl ude sulfate, pyrosul fate, bisulfate,
sulfite, bisulfite, nitrate, phosphate, nonohydrogenphosphate,

di hydr ogenphosphat e, netaphosphate, pyroph aPe, chloride, brom de,

i odi de, acetate, trifluoroacetate, propionale, daprylate, isobutyrate,

oxal ate, nml onate, succinate, suberate, a fumarate, nmal eate,
mandel at e, benzoate, chl orobenzoate, nethyl beazoate, dinitrobenzoate,

pht hal at e, benzenesul fonate, tol uenesul fonate; phenyl acetate, citrate,

| actate, malate, tartrate, nethanesul fonate, and the like. [0132]

Phar maceutically acceptabl e base salts includeBa@ntoxic salts derived from
bases, including nmetal cations, such as an alkali or alkaline earth netal
cation, as wellas am nes. Exanpl es of suitably netal cations include,

wi thout Iimtation, sodiumcations (Na+), potassium cations (K+), nagnesium

cations (My2+), calciumcations (Ca2+), andokhe o ke. anpl es of suitable
am nes include, without limtation, iV,iV -dibe zerth ianpine,,

chl or opr ocai ne, chol i n&’ *@lethanolanlne ’C xyl am 3 R

et hyl enedHan; nethybglucantgé//a\q procanae For‘@_di c&%5|%n of usef ul
acid additi a;Z n® base sat s, S. armaceuti cal
Salts,"” 66 of Pharm ScL, 1Ri9 IE21977) see aI so St ahhy and Wer mut h,

Handbook of Rﬂarnaceutlcal Sal ts:3Properties, Selection, ang Use (2002).

Acid

Scheme V

[0129] For the methodology shown in Scheme V, representative chiral alcohols
(Formula 34) and corresponding activated forms (Formula 32) include, without
limitation, (S)-butan-2-ol, (S)-pentan-2-ol, (5)-hex-2-ol, (S)-2-(toluene-4-
sulfonyloxy)-butane, (S)-2-(toluene-4-sulfonyloxy)-pentane, (S)-2-(toluene-4-
sulfonyloxy)-hexane, (S)-2-(chlorobenzene-4-sulfonyloxy)-butane, (S)-2-
(chlorobenzene-4-sulfonyloxy)-pentane, (5)-2-(chlorobenzene-4-sulfonyloxy)-hexane,
(8)-2-methanesulfonyloxy-butane, (S)-2-methanesulfonyloxy-pentane, and (.5)-2-
methanesulfonyloxy-hexane. Representative acetoacetate derivatives (Formula 33)

include, without limitation, C;.¢ alkyl esters of acetoacetate, including acetoacetate



[0133] One may prepare an acid addition salt (or base salt) by contacting a
conpound's free base (or free acid) with a sufficient amount of a desired
acid (or we=ze)sdoes1pr oduce a nontoxic salt. One may thenpcsaBamsodbe salt by
filtration if it precipitates fromsolution, or by evaporation to recover
the salt. One may al so regenerate the free base (or free acid) by
contacting the acid addition salt with a base (or the base salt with an
acid). Certain physical properties (e. gl , solubility, crystal structure,
hygr oscop$tyksptere Repiesgitatvecdipponsdosnila 36) inghwle, Witqut digtitationrZ-Axdt t er i on
may diffep. bE $.8Ci -lp.l?f— addi t§ en:-5a]:t - NN ver,

refer enceg 1%%&%3?? r(:(aa}é6 aqaif:%, rg’ga[ggahseei’gih@\?élél?%rrg?%%h%fs (%) é%&) ugd woul d

i ncl ude i ¢thomgbutadndtdizasd ,hdibl tianions Similarly, 0d@ddeniitive chisdcdnivnd cl ai med
conpounds j st in, both unso] vated and _sol vate or nd as ot her
types of Q%E%Pgégg“H$§#ﬂ&@hQQﬁP§¢m%%%?ﬁ@“b%#ﬁmﬁﬁ%gﬂﬁgﬂragéﬁk?@WﬁTates or
conmpound- g1 heeh Wsl 281 SRR RX 8 WheldR v 5 498 nde ARt BARh, A Present
in stoichionmetric or non-stoi(c iorrlevé'{t}l?fcyanogn s.%se?u? conplexes may al so
cont ai n t {@)-lof-selkexyrgaethyl-odtilesrg2iol enionrwinicly awiwledh dnd Aeisgaeaisof conponent s

[ i chj ' - | chi tri ] o T |t |
my " be | oD RGBSR TS S e Tt 21 ARRB D ot DI SEp Pl RGBT S o
conpl exesheptaeenl2-ol ﬁaioﬁ!adnﬂt{k)-@fbthdxyearﬁ)ll%%flm!—mgﬁliyl—o&éli—&i-%01%ﬁﬁmgS (1975).

Pharmaceutical |y acceptabl e solvatés al so incl ude hydrates and solvates in

which the crystallization solvent may be isotopically substituted, e.g.
D20, d6- a@é@éhe, Tde-actxason aftle chizahaleahdl yFormpya 34e syhsepissbdisplicanhing

di scl . nd also_i.ncl ude the
cor r esponth g iy 32 b AR o Al Bh B o BuEC TR REaGaRtrd V%
di scl osedcaaePonng sbaltss0tMed redax avihilehe propatibh 6fthe\iAtEEHMLR J650t opi C

variations, in which at |east one atomis replaced by an atom having the
sane generally occurs at temperatures less than about 0°C, and more typically, at

temperatures less than about -30°C but greater than about -80°C.

[0131] Many of the compounds described herein are capable of forming
pharmaceutically acceptable salts. These salts include, without limitation, acid
addition salts (including di-acids) and base salts. Pharmaceutically acceptable acid
addition salts include nontoxic salts derived from inorganic acids such as
hydrochloric, nitric, phosphoric, sulfuric, hydrobromic, hydroiodic, hydroftuoric,
phosphorous, and the like, as well nontoxic salts derived from organic acids, such as
aliphatic mono- and dicarboxylic acids, phenyl-substituted alkanoic acids, hydroxy
alkanoic acids, alkanedioic acids, aromatic acids, aliphatic and aromatic sulfonic
acids, etc. Such salts thus include sulfate, pyrosulfate, bisulfate, sulfite, bisulfite,
nitrate, phosphate, monohydrogenphosphate, dihydrogenphosphate, metaphosphate,
pyrophosphate, chloride, bromide, iodide, acetate, trifluoroacetate, propionate,
caprylate, isobutyrate, oxalate, malonate, succinate, suberate, sebacate, fumarate,
maleate, mandelate, benzoate, chlorobenzoate, methylbenzoate, dinitrobenzoate,
phthalate, benzenesulfonate, toluenesulfonate, phenylacetate, citrate, lactate, malate,

tartrate, methanesulfonate, and the like.

[0132] Pharmaceutically acceptable base salts include nontoxic salts derived from

bases, including metal cations, such as an alkali or alkaline earth metal cation, as well
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atom ¢ nunber, but an atomic mass different fromthe atom c mass usually
found in nature. Exanples of isotopes suitable for inclusion in the

di scl osedvoanwmesds i ncl ude, without |imtation, isotopesTaB2doydriegen, such
as H and H isotopes of carbon, such as 13C and 14C, isotopes of nitrogen,
such as 15N, isotopes of oxygen, such as 170 and 180 i sotopes of
phosphorus, such as 3 1P and 32P; isotopes of sulfur, such as 35S; isotopes
of fluorine, such as F; and i sotopes of chlorine, such as 360 . Use of

i sot opi ¢ 9wdmiaes. opamResf suiable apdtal eptions inelydeyprithoyt kmitation, S@@éliﬂapeut ic

advant ageg, J es CJ[+') &Q)IthSE%Hf &Hu%ﬁg ﬁga{]@ @Pegom ca%foﬂ?gﬂ/[?h :calim égtgﬁt i onal Iy,

increased In viv sage re ‘ment s.

certain l@@fbpmm thatikat Emmapleé of h&taﬁlefaﬁhﬂéseidclﬁ@ﬂmﬂmdshﬂmytmmcor porate a
radi oactive isotope ( ? tritium 3H, or .. Whi ch may be useful in
drug and/ &V by ?r}eégaaanﬂ.cgqums%q% c%elum disthapglaAmies [ 0136] The

foll ow ngdl%gem%x%nﬂ%% égﬁl&i&ﬁﬁ%l g@ﬁe%l eftnYlﬁe and M“JC'E??XK/ELE 1a”d

represent s rc e ts o I nventi on
Pr epar ati duscm‘élo(uo?)lseffulrm:ima}ddiﬂlmxmddnase sedtis gseb 1ISOM. (BePge &-ahpt hyl - pent anl - ol

V|a(/’>) -met h anepitr 0137]. A m e of

(i ?) - 2- met HHAD fl &l Sl 6%1:\/8’%1’%”’5% p)}'{Boﬁ?ifEfzJ}Xéeec%m%tﬁhlt%ldmCto 100C. To
this m XtWe?mh& Pi@zﬂ%’ocﬁk@f&l"%%&ﬂeb%ﬁl 566! Pidp@%ze@nﬁeléﬁz%nr&%lmé @@oF)eact i on
mxture is allowed to warmto RT overnight. "The reaction is quenched by the

addition of water and the m xture is separated into upper and |ower |ayers.
The | ower [013§kr iQnesaahpigpatictan adid) aqlﬂéloaqallﬁwr baTm@alt)bgamm@Cﬂer is
concentrat ed to

QUL tl|g | uted .wi.t h DMSO and

reacted oy otiAg eaenson B Sl skl Bl vs S N e
cool i ng- t BasBto prbduce @awhtdxic £HliX IOHeEmaystheh iséleeltheishin bh Ex@atnand wat er and
t he upper layer is washed with water. The hexane | ayer is

precipitates from solution, or by evaporation to recover the salt. One may also

regenerate the free base (or free acid) by contacting the acid addition salt with a base

(or the base salt with an acid). Certain physical properties (e.g., solubility, crystal

structure, hygroscopicity, etc.) of a compound’s free base, free acid, or zwitterion may

differ from its acid or base addition salt. Generally, however, references to the free

acid, free base or zwitterion of a compound would include its acid and base addition

salts.

[0134] Disclosed and claimed compounds may exist in both unsolvated and
solvated forms and as other types of complexes besides salts. Useful complexes
include clathrates or compound-host inclusion complexes where the compound and
host are present in stoichiometric or non-stoichiometric amounts. Useful complexes
may also contain two or more organic, inorganic, or organic and inorganic
components in stoichiometric or non-stoichiometric amounts. The resulting
complexes may be ionized, partially ionized, or non-ionized. For a review of such
complexes, see J. K. Haleblian, J. Pharm. Sci. 64(8):1269-88 (1975).
Pharmaceutically acceptable solvates also include hydrates and solvates in which the
crystallization solvent may be isotopically substituted, e.g. D,O, dg-acetone, de-
DMSO, etc. Generally, for the purposes of this disclosure, references to an
unsolvated form of a compound also include the corresponding solvated or hydrated
form of the compound. '
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concentrated by vacuumdistillation giving (i?)-3-nethyl-hexanenitrile as
an oil. The oil is reacted by adding ag HO and heating the m xture to 5Q0C
to 600C fwo 260dm08613. The reacti on m xture is extracted wpchisesbybeet her
and the organic layer is concentrated by vacuumdistillation, which
provides the titled conpound as an oil. EXAMPLE 2. Preparation of

(i ?)-5-nmet hyl - 3-oxo-octanoic acid ethyl ester from (R)- nethyl -hexanoic

acid and OtaSSI um et h mal onate [0138] To a stirred m xture of N, N
car bony! diiavHazoihe d(lsfé)sﬁd gympernfsrlse ipdudeal) Phagmaceyiieylly acceptable

(i?)-3-me Bﬁbbl ARGHS nfj‘\ﬁhféh%gféa&)on@tato'ﬁq- is.1 @ch{gﬁ@%ﬂbﬁ&n’ﬂﬁ "tfe QAH’? red upon

stirring 4 hours at RT to give an activ oxylic acid so ution.
To a sti ratemlcrmmhbﬂrebmfanetdnyﬂc ek diffdrent fonageiatomsandss (&lly foind m

t tril added L),. To th m re was added
g(r:lﬁygplougl i (j,:é‘f’ﬁ‘ﬂi’r f?ifbslo S ﬁ%&gﬁrf(’( %%WS{:B“ IPEI"%%‘F%PWSCIO%HOWE SIl:eepl nz t he
tenper at uenak, &»ﬁﬁé&t ﬁnﬁégon ,IBSRop R4 &mgeﬁ'sﬁéﬁ ¥s MBS EH; QYREhds @rwar m to RT

and was stirred f ?1 The activated car oxyI ic acid solution was
added to tahtborslsunhqp a(ﬁdnd é3, momll@s of nitroget, isnchea 2N mopmofloicygcmrs The

reacti on wa y HCO a Pl W th M The organic
| ayer was® l{kﬁfﬁg@y 05188 OBﬁsi F%%St éu‘g’rﬂf l% dsﬂePeSs SE{ ffons. The
sol vents WRh&s ?f@m\ﬁﬁiﬂ)ewfﬂ@d‘rﬂié%@hsakllqﬁ ahd RBtdpes &f dorkhe sidntds€eticompound as
a yellowoil (36 g). 1H NVR (400 Mz, (DA 3) d 4.20 (q, 2H), 3.42 (S, 2H)

2.52 (dd, Upapf isotop® varationsis.g., ﬂemn(um “Hpay aff@d(cm“calarﬂ}eraneuzg (t, 3H, 1.16
I
(Im (17?)- IE;D ne%%\'%fl{an%sor% g'gl%%gﬁﬁ%%’ g%%i E‘ﬁﬁ{ S%blfté/r P(?rreé%nf’]ﬁ) mcreaﬁﬁi ik Vflu anoi c

acid and paf- Hﬁesdrltﬁdlﬁ:bﬁylbsa@akéqm&teﬁleh@13‘91]d1t‘E@1aﬂy,Sdettﬁlﬁ1€l§bt6pR§tvuﬁﬁm‘mfs o, N
carbonyl di i m dazole (33 kg) in EtQAc (217 L) was added

(/?)~3~ ne%hﬁw&c}fé%%mwéﬁ Hlayzlgcorz@qrawsrg@p@@we.lwtmec&\cg (t5Hum) ’EMOTRT. The
reaction ”bzt‘%l{laqfd g%@%ge %fhré% hﬁcf/b{;sleEtPJtef {Jlss*ﬁQgEstﬁﬁ L{afl&' ve an
oxyll on. To' a qure o

activated cC aC| ol ut stirre et hyl mal onate
potassiumsalt (45.8 kg) and
EXAMPLES

[0136] The following examples are intended as illustrative and non-limiting, and

represent specific embodiments of the present invention.

EXAMPLE 1. Preparation of (R)-3-methyl-hexanoic acid from (R)-2-methyl-pentan-
1-ol via (R)-3-methyl-hexanenitrile

[0137] A mixture of (R)-2-methyl-pentan-1-ol , MeCl; and pyridine is cooled to
0°C to 10°C. To \’this mixture is added toluenesulfonyl chloride and the resulting
reaction mixture is allowed to warm to RT overnight. The reaction is quenched by the
addition of water and the mixture is separated into upper and lower layers. The lower
layer is washed with dilute aq HCI. The organic layer is concentrated to an oil by
vacuum distillation, then diluted with DMSO and reacted by adding sodium cyanide
and heating to 50°C for 3 hours. After cooling to RT, the reaction mixture is diluted
with hexane and water and the upper layer is washed with water. The hexane layer is
concentrated by vacuum distillation giving (R)-3-methyl-hexanenitrile as an oil. The

oil is reacted by adding aq HCI and heating the mixture to 50°C to 60°C for 6 hours.
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magnesi um chl oride (25.6 kg) in EtQAc (320 L) was added Et3N (31.1 kg). The
activated carboxylic acid solution was added to this slurry and the

resul ti ngwoizedamoss1eas stirred at 40C to 50C for 11 hour CTABBONINDEE € WaS
cooled to 100C to 15C, and the reaction was quenched wi th aqueous HC . The
organi c | ayer was washed successively with water and aq sodi um bi carbonate
and then concentrated by vacuundistillation to give the titled conpound as
a yellow oil (38.2 kg, 100%vyield of 92%£ure product). EXAMPLE 4.

Pr epar at i b BRetionmsdiye i gytagted wythydietibetaerand dhepnggnic daseesss f r om

pot kel uns BE R LB AR LA pr G AR bagapBl. o1

(/?,17?)-4-nmet hyl -3-(3-net hyl - hexanoyl ) -5- phenyl - oxazol i di n-2-one (34 g)
and et hy| EXAMIPIEE 8. pPotpassion of S&)-3-n{edityl @) oxroaastiondid eillybet@FomiR)- was
added magne?li chl oride (.45 %%Hll n gﬁrti ons whil e keeping the tenperature
bel ow 6008t Tﬁg‘l”ﬂlﬂﬁcrﬂf}l PP U pRleRd® (35 nl) and heated to 60C for
16 hours. After cooling to RT, the reaction was quenched with ag HCO and

extract eqowsgih etriovd stifeAtndkire TR, NEFBSN IdilANaEolWEs MBSRCEM 173 @fl) sodi um
bi carbonate and with water. The sol vents were renoved by vacuum

di sti | | atwamaddad dRx-hrenatled diexinvic awd (s RE'. sTherreaasivnimixhes eleersd ( 300 n1_~)
and filtered. ..The solids 90% pur e..recover ed .. . )

(41 2, 55) -PORsERITE BT AHERy T, gy Ay g PR o 4°i slWitad Gbncent r at e
by vacuurstiiedtohiktié bP&thylaaalbhdte Gotassifih Salk '(4§.@g) BorBeHtEle (245 fhl) WY pure via
vapor phase chromat ography). The product coul be further purified by
vacuum di2sded EtsfN @A.4 rgkgn%musmlw@paasadﬂ% agfydpqus ynapnpsivimahlagidex o- oct anoi ¢

21 2) - LB Wtiony Pt kpshing e SRR 9" G225 T assi um et hy!
mal onat e resulting slurry was allowed to warm to RT and was stirred for 4 hours. The activated

carboxylic acid solution was added to the slurry and the mixture was stirred at RT for

17 hours. The reaction was quenched with aqueous HCI and extracted with MTBE.

The organic layer was washed with sodium bicarbonate and NaCl/H,O/HC] solutions.

The solvents were removed by vacuum distillation to give the titled compound as a

yellow oil (36 g). "H NMR (400 MHz, CDCls) § 4.20 (q, 2H), 3.42 (S, 2H), 2.52 (dd,

1H), 2.33 (dd, 1H), 2.03 (m, 1H), 1.3 (m, 3H), 1.28 (t, 3H), 1.16 (m, 1H), 0.9 (m, 6H).

EXAMPLE 3. Preparation of (R)-5-methyl-3-oxo0-octanoic acid ethyl ester from (R)-

methyl-hexanoic acid and potassium ethyl malonate

[0139] To a stirred mixture of N,N carbonyldiimidazole (33 kg) in EtOAc (217 L)
was added (R)-3-methyl-hexanoic acid (25 kg) dissolved in EtOAc (30 L) at RT. The
reaction mixtﬁre cleared upon stirring for 1 hour at RT to give an activated carboxylic
acid solution. To a stirred mixture of ethyl malonate potassium salt (45.8 kg) and
magnesium chloride (25.6 kg) in EtOAc (320 L) was added EtzN (31.1 kg). The
activated carboxylic acid solution was added to this slurry and the resulting mixture
was stirred at 40°C to 50°C for 11 hours. The mixture was cooled to 10°C to 15°C,
and the reaction was quenched with aqueous HCI1. The organic layer was washed

successively with water and aq sodium bicarbonate and then concentrated by vacuum
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[0141] To a stirred m xture contai ning

(/?,17?)-3-(3-net hyl - hexanoyl ) - 4- phenyl oxazol i di n- 2-one (5 g) and et hyl

mal onat e wotaswiossesalt (6 g) in acetonitrile (50 L), was/BZdgM186ENYdr OUS
magnesi um chloride (7.8 g) in portions while keeping the tenperature bel ow
60C. The slurry was diluted with Et3N (5 nL) and heated to 60C for 16
hours. After cooling to RT, the reaction was quenched with aqueous HC and
t he upper | ayer concentrated to an oil, then extracted with hexane. The
sol vent wdist %}P&J@@l%ﬁ%&@ﬁ?ﬁ@%@%w@ww& (yp-eikg 194% arldehyand as an
oil (2.3 repé§%c roduct could be further purified by vacuum

distillatton. LE 6. Preparation of (i?)-5-nethyl-3-o0xo0-octanoic acid
ethyl ester from (S)- pentan-2-ol and acetoacetate ethyl ester [0142] To a
250 nL r oBEXAMBLE dmPrépiskionart(&)-hrinmghyl-bk@ocabeoie ecid stiyl estgd frahl or i de

was. adaedeR RS it BERRTD Safhenibmetotdoe o pliasbon e |

m xture wagylshhlohse at 40C for at |east 3 hours. After the reaction was
conpleted, 37% HCl (4.7 nL) and water (10 nL) were added to the reaction
m xture. The organic |ayer was separated and washed with water (25 nL x 2).

The sol velfl4Qks ~rlenmpsiaeedgypizgirs cpntpiningdR, Rr4-methyd st Gppetbylhexanayi=5¢ 10 nL x

2) was a NS [eS] I nder. vacuum t ' .

(515 (e sl BB B and Bl Al R W By 0 a1 1
round bot dcetonitribs{R50 aiit)aivas addedimSopsiopydhdsrideg4s 4Pinfhaitiodd. wiilerol ) in THF
(50 m), which was cooled to -20C, was slowy added n-BuLi (138.9 g, 0.45
mol ) whi | Eecpifigrtha fomneiptiisdelasniiCat Thees ey wws dilwedwithfsNi3& mEeants cool ed

to -400C., After addi-tion s compl eted, .acet pacetate eihyl .ester (29.5
> o 22 Aeih 0B SR b o i PR R e e RRE S g het vl BRr ow - s00c
9, L. . . ! Ar e
to give IHel hxyxthidiedwitBetdyeRemtel WBrebr@nidiagsi Wik whddd Mith b9 sbignet hy!
acet oacet ate_di ani on was added the pentyl closylate oil (30 g,
bicarbonate and with water. The solvents were removed by vacuum distillation, and
the resulting solids were slurried in hexanes (300 mL) and filtered. The solids were
90% pure recovered (4R,55)-4-methyl-5-phenyl-oxazolidin-2-one. The filtrate was
concentrated by vacuum distillation resulting in the titled compound (14 g, 94% pure

via vapor phase chromatography). The product could be further purified by vacuum

distillation.

EXAMPLE 5. Preparation of (R)-5-methyl-3-oxo-octanoic acid ethyl ester from
(R,R)-3-(3-methyl-hexanoyl)-4-phenyl-oxazolidin-2-one and potassium ethyl

malonate

[0141] To a stirred mixture containing (R,R)-3-(3-methyl-hexanoyl)-4-phenyl-
oxazolidin-2-one (5 g) and ethyl malonate potassium salt (6 g) in acetonitrile (50 mL),
was added anhydrous magnesium chloride (7.8 g) in portions while keeping the
temperature below 60°C. The slurry was diluted with EtsN (5 mL) and heated to
60°C for 16 hours. After cooling to RT, the reaction was quenched with aqueous HCI
and the upper layer concentrated to an oil, then extracted with hexane. The solvent
was removed by vacuum distillation to yield titled compound as an oil (2.3 g). The

product could be further purified by vacuum distillation.



0.1 1 nol) in a single addition. The m xture was allowed to warmto 25C and
was stirred for at least 3 hours. Follow ng conpletion of the reaction, an
HO sol utwonrogs@dséizg i n 200 nL water) was added to the eclrdBroesiciven

m xture at OOC to quench the reaction. After separating the organic |ayer,

t he aqueous | ayer was extracted with hexane (50 nlL). The conbi ned organic

| ayers were washed with NaHCO3 solution (10 g in 100 nL water) and 10%

brine (10 NaCl _and 3nmL of 37% HC in 100 nmL water). The sol vent was
r emoved bﬁgﬁfé\éﬁhﬁm@%w%ﬁ SHR)-Fraethylt3-exo-eeinpeid aaideiyl gstst fromd®-under

vacuum at Péﬁ%%@ﬁ@&)&dﬁ@%%@%’gw MPLE 7. Preparation (

) - 3- et hy eptanol ¢ aci rom - 3- (3- net hyl hept anoyl ) -
4- phenyl - oxazol i di n-2-one [0145] To a solution of ( ,
) - 3- ( 3- nefligR} hepEan230 ind Arophe bytkon flagkotdnttining 4echdorpBenz6ndsg)fomyl THF (180 L)

d 30.L), ded |ithj hyd i.de, I db
oot e e HEE A5G Sl ol P DR BT st LT a8 5t et
and 35 % gs Ryddn IR (21X 46.163501K8d BhAP &9 @fd.@d57§ﬁdﬂ.r1*1%i@h&fr;n@%eat | east

4 hours, the reaction was quenched by the additTon of aq so sulfite
(42 kg NaweOstdiesisa40ed fomrnt 1eb8t 3 hovas.e Aftenthd revasionl mlas templeiddn3 eHHC] acet at e

(150 kg). The _layers par at and the |ower |ayer was extracted with
et hyl acef%{]@l()@ R eﬁg‘ﬁg‘igtw a‘i’ggtt% reagiiop dnixkye” thiereada layst washed
W th brin AT g s (et eYeX:Tal | u ed d [ KeSi due was
di ssol ved%ia%w%giaanes (2%0 ngﬁgat%g%?gg‘#? ﬁ@iétdgﬁt ?gg(r)eﬁ d'by
) - 4- pheny{isohation] 4t dinbiedt pressurevhTHR (Waslcol) et abilebyo fandveatdidunl The
filtrate concentrated b u distillati t ive the titled
cormpound, VCHGERacR e ST e grabhtene Hes SRy IOk EAEenan: =S BRAVPLE &,
Preparation of (/?)-5-nethyl-3-o0xo-nonanoic acid ethyl ester from(R)-
3- et hyl - [lIABRNOITY AL Ldoantib@aIna SadkBnelitiy d%ﬁﬁﬁﬂﬁnh@%f glo a stirred

e

m xture of CDI (13.2 in ethyl acetate (50 nmL) was ad
0.45 mol) in THF ?30 mL), which was cooled to -20°C, was slowly added n-BuLi
(138.9 g, 0.45 mol) while ‘maintaining the temperature below -10°C. The mixture was
cooled to -40°C. After the addition was completed, acetoacetate ethyl ester (29.5 g,
0.22 mol) was slowly added while maintaining the temperature below -30°C to give

1-ethoxy-buta-1,3-diene-1,3-diol dianion.

[0144] To the ethyl acetoacetate dianion was added the pentyl closylate oil (30 g,
0.11 mol) in a single addition. The mixture was allowed to warm to 25°C and was
stirred for at least 3 hours. Following completion of the reaction, an HCI solution
(89.4 g in 200 mL water) was added to the cold reaction mixture at 0°C to quench the
reaction. After separating the organic layer, the aqueous layer was extracted with
hexane (50 mL). The combined organic layers were washed with NaHCOj5 solution
(10 g in 100 mL water) and 10% brine (10 g NaCl and 3mL of 37% HCI in 100 mL
water). The solvent was removed by vacuum distillation. The titled compound was

distilled under vacuum at 40°C to 45°C (26% yield).



(1?)-3-nmethyl -heptanoic acid (11.1 g). The m xture was allowed to stir for
4 hours at RT to give an activated acid solution. To a stirred m xture of
et hyl nalwoave/qsdiassi um salt (18.3 g) in ethyl acetatepCidB20sdoves added
Et 3N (12.4 g). To this m xture was added anhydrous magnesi um chl ori de
powder (10.3 g) in portions while keeping the tenperature at 15C to 250C.
The slurry was allowed to warmto RT and continued to stir for 1 hour. The
activated acid solution was subsequently added to the slurry and the

mi xt ure WEEAMPLEEd PagparariondR)-Banpibut-beptanioic sahEomdl. Rod-(frmstisied with
aqueous H% tgirogﬁégég(ﬁ%gxéﬂig{n_%% washed wi th sodi um bi carbonate and bri ne

sol utions apn nts viere renoved by vacuumdistillation to yield the
titled conmpound as a yellow oil (15.9 g, 96%ield). 1H NVR (400 MHz, CDd 3)

cli g. 201( g[o(lzsi) éFDBFM?S((I&OIQ@(R,IQ).—E?—SﬁfhylJhgbkﬁ)an(%ygﬁppglgmyl-dxgﬁoliﬁn@?qném ][FD,

.3 - 1. . . , . . EXAl . Preparation o
(R5) - 5. @R kEbim GRa5) and Bllerdiny 4. Nasiaiod Wiy hydroperoxide, wiich

5- net hyl - 3 - I i 7 ont ai ni

(R b et Faf BROBEBYulmnBtiLafion (B8 1@ o0 oty EatiiCaian 2 Y 19,

kg) was atideH ofiwabdrpaml 35 fosagthyidpdpen perixidaBB k) at 31500 e Aifterstuddg fgy f ol | owed

by 10% aq HC g0.7 kg). The reactor contents were heated to 50+5 0C and
react ed uPldesst Sdops; @eé?aCH%l V38 gretcied by theqddiionh aq sediamdhisulkits

bsequen ] iitr i : '
SubseqUenLN NINSO, Heldh 190N B SN Wb LAl .
et hyl acelh¢ hy¢B0vdry sepaciaieatdrthe bovedyyayeaoas exteicsdd witlatthghaceaggai n di | ut ed

with EtOAc (.6 , copled to -10 OC to -20 C and further diluted with
T hanes o0 Thi B9 e Byar Rieys cinp ] Bralsd SRR A 00! ool o

-10C to - a&lc&taa@h@wuﬁ%ﬁii&g)aﬁwﬁs ThE %Mdﬁe%%%s%&%ﬁ@éaﬁé?{b@? the
tenperature bel ow Z0C. The sol ution was warnmed to 40C to 6Q0C tfof at |east
12 hour s, andeaelasigocexstallize@mC(Ret-pbaG]-oanzbligire Aonedvingh whe calliadtgn of aq
Ha . The filtration. The filtrate was concentrated by vacuum distillation to give the titled

compound, which was carried directly into the next reaction.

EXAMPLE 8. Preparation of (R)-5-methyl-3-oxo-nonanoic acid ethyl ester from (R)-

3-methyl-heptanoic acid and potassium ethyl malonate

[0146] To a stirred mixture of CDI (13.2 g) in ethyl acetate (50 mL) was added
(R)-3-methyl-heptanoic acid (11.1 g). The mixture was allowed to stir for 4 hours at
RT to give an activated acid solution. To a stirred mixture of ethyl malonate
potassium salt (18.3 g) in ethyl acetate (125 mL) was added Et3N (12.4 g). To this
mixture was added anhydrous magnesium chloride powder (10.3 g) in portions while
keeping the temperature at 15°C to 25°C. The slurry was allowed to warm to RT and
continued to stir for 1 hour. The activated acid solution was subsequently added to
the slurry and the mixture was stirred at RT for 17 hours. The reaction was quenched
with aqueous HCI. The organic layer was washed with sodium bicarbonate and brine
solutions and the solvents were removed by vacuum distillation to yield the titled
compound as a yellow oil (15.9 g, 96%yield). 'H NMR (400 MHz, CDCl3) 8 4.20 (q,
2H), 3.42 (S, 2H), 2.52 (dd, 1H), 2.33 (dd, 1H), 2.03 (m, 1H), 1.3 - 1.1 (m, 6H), 1.28
(t, 3H), 0.9 (m, 6H).



organi ¢ solution was washed with water and concentrated by vacuum
distillation resulting in an oil. Hexane was added and the sol ution
concent r avedodwyozacuum di stillation to give the titled eorpBrwsioidds kg, 80%
yield). 1H NWR (400 MHz, CDCl 3) d 6.94 (dt, IH, 5.80 (d, IH, 4.18 (q,
2H), 2. 19(m IH, 2205 (m IH, 1.63 (m IH, 1.3 - 1.1 (m 4H, 1.29 (t,
3H, 0.9 (m 6H). EXAMPLE 10. Preparatlon of

| >S, 35", enzyl - (I - phenyl - et hyl ) -am no] - 5- mnet hyl -oct anoi ¢ aci d
(et hyl est EPQAMBLE ﬁ/rspa(af@tmgw (ée@ = msthabiost-ZEnePie a¢y Iethé%ﬁsé?f fron4B) To a

cool ed sokl of O -ethyl)-amne (21.3 kg) in THF (77
L) was adégéétgg]‘l/gﬁz(@ﬁa&?g%gﬁgge)%y%tgﬁggo 0C to -300C. The resulting solution
was cooled to -700C to -900C and (R, E)-5-nethyl -oct-2-eneoic acid ethyl
ester (15[Kgy]in Todrrdat®dr contammes(RYGHyecthgiadxovetanaioaiatd ethyi@uner The

reaction m tur LSt for an additional to 1 s at -65Cto
(75 0C. THE ¥edsma ﬁ%@é@é@%&@ﬁ@ﬁ%@éﬂe%ﬁls&)ﬂ%@&m BYnh of aq HA
and the nmuhdli€mRas4 g)tﬂoﬁB@Qd b?ﬁ@%%gﬂq k OWee réaﬁ:‘tfcﬁrc%nteﬁﬁex‘wéfpper | ayer
was washed two tinmes"wth water an e org nlc | ayer was concentrated by
vacuum di bedtéd mﬁ(bﬁ°€<an@raaeteﬂ tuad¢r15t()| p:-sdg oftnydoaged fars2(louns.| TifSRaktgr 93%

yi el d). EXAMPLE 11. Pre n .of 5)- 3amn05rrethl-octan0|c acid
HCI faom Vs Seaspqueny 3’@8{89 4 mErPg?H"Pé’ﬁVFS coptepis)filigrsd-aad. ‘%S’nFFé’tt‘l‘?ﬁ -'B@Ranoi ¢

Ll i T

ester (31bkg§tcuum Esﬁ]}ht(oh()&ahj d111&etﬂwahé3t{)Ac€(6(D d),(cbOlel @) ;10%@30 FHRCtaad W t h

hydr ogen at _45C to 55C for. at |east 16 hours, Follow ng reaction,
the react 311%%%@ I’éﬁﬁaf}ﬁﬁiﬂg@dl flPHde {12 blen The desufiecsohttionvéasver e

i st 11 ai onct S db e GlE uft RS Rl Ve So i) gk ERARP A Gsnd Ty T
resul ti ngtesgletdtinerbelsns 20PERt Bk dotutBRGydsavakRRE1d @0°catom0qcrmﬁméasﬂ-22 hours and

hours, then cooled to 0°C to 10°C, and quenched by the addition of aq HCl. The

organic solution was washed with water and concentrated by vacuum distillation

‘resulting in an oil. Hexane was added and the solution concentrated by vacuum

distillation to give the titled comﬁound (11 kg, 80% yield). 'H NMR (400 MHz,

CDCl3) 6 6.94 (dt, 1H), 5.80 (d, 1H), 4.18 (q, 2H), 2.19 (m, 1H), 2.05 (m, 1H), 1.63

(m, 1H), 1.3 - 1.1 (m, 4H), 1.29 (t, 3H), 0.9 (m, 6H).

EXAMPLE 10. Preparation of (1.5,35,5R)-3-[benzyl-(1-phenyl-ethyl)-amino]-5-

methyl-octanoic acid ethyl ester from (R)-5-methyl-oct-2-eneoic acid ethyl ester

[0148] To a cooled solution of (5)-benzyl-(1-phenyl-ethyl)-amine (21.3 kg) in
THF (77 L) was added 24% n-BuLi (27 kg) at —20°C to -30°C. The resulting solution
was cooled to —=70°C to —90°C and (R,E)-5-methyl-oct-2-eneoic acid ethyl ester

(15 kg) in THF (10 L) was slowly added over about 1 hour. The reaction mixture was
stirred for an additional 5 to 15 minutes at -65°C to —75°C. The reaction was
subsequently quenched by the addition of aq HCI and the mixture partitioned into
upper and lower layers. The upper layer was washed two times with water and the

organic layer was concentrated by vacuum distillation to give the titled compound as
an oil (30 kg, 93% yield).
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adm xed with toluene. The solution was partitioned into upper and | ower

| ayers. The | ower | ayer was separated and concentrated by vacuum

di stil | atworzodemoss1zol ume of about 50 L. The sol uti on wagctaBtoesio@nes t he
resulting precipitate was collected by filtration, washed with toluene,
then dried under vacuumto provide an off-white solid (7 kg). The solid was
recrystallized fromisopropanol and toluene to give the titled conpound as
a white product (5 kg, 30%yield). 1H NWR (400 MHz, D6DVBO) d 12.71 (bs,

| H) 8.16 EXAMPL 11.3Pgpagatipn pH)3S.5R)6Baththe:5-mdthyl-ecigoicdgid HEpfrom. 61 (m

o o e G roms ey ipEnl Byt ol Ay gl die RA By PR

(1 ?)-5-net hyl - 3- oxo-nonanoi ¢ acid ethyl ester [0150] To a reactor

cont ai ni NM149) - 5-AELRYlof 30X 0 INRRE i S0 %A Gtk @lehy (1568 H)-I-enkd-(175 nol) in
Et OH (90 kg) was added dichloro-tris(triphenyl phasphi ne@_‘lr ut heni um (96 Q)
fol | owed BiEnyoehEo-apinol prupthydpctaneig agigipiien eiteh3 1ikga it BEOH G006k a0dieat ed t o
50+50C under. 50 i 9.0 I f 0 l<baw i.on, the
Feactor et IHatE St hran et B arita GO hiteL HAS G P FEALIAL.

concent r atEgbur® PélldWihg Baachas Whiiedttst whd ddrt@nandfeged withvairoden biiced Wit h
ethyl acetate (60 L), concentrated by vacuumdistillation, diluted again

wi th Et OdBe cogenty weegbltergds dhe fibraiowapdiluted with ag H¢lhepncgntratedy wi t h
th fonyl .. i - i . -10C t
Tt hanes A Ul daathed o TS0 ) 9 s (BRE R 10 Lo

bel ow 2Q0esulfihgssiafion wadhewsl ta@0ME to 1@ afor b nfifdMurh of 12houreasd 12 hours,
cooled to OC to 1X0C, and quenched with ag HO . The organic solution was

washed wi admigedyithielugrm cietsphition Way peritionad dita uppar aad rver dasigrs: i/ i n an

fo give (Rae| PopENASEpaat Al O]y SAGHR) LRLAR SRR B 0 5) ' 0
6. 94 (dt,abold 50 b. e cdlutibirvas dodled fm th2 ksulthgdRedipitat ps cAldtedlyy | H), 1.60
(m 15, f%l'tr%ti(_)n,l\ila]éhe(:d witg Igglhenle', %%n (dgi’ed %rlzge’r v(z)léugum to provide an off-white solid

(7 kg). The solid was recrystallized from isopropanol and toluene to give the titled

compound as a white product (5 kg, 30% yield). 'H NMR (400 MHz, DsDMSO) &

12.71 (bs, 1H) 8.16 (bs, 3H), 3.38 (m, 1H), 2.68 (dd, 1H), 2.53 (dd, 1H), 1.61 (m,

2H), 1.3 - 1.1 (m, 5H), 0.83 (m, 6H).

EXAMPLE 12. Preparation of (R,E)-5-methyl-non-2-eneoic acid ethyl ester from

(R)-5-methyl-3-oxo-nonanoic acid ethyl ester

[0150] To a reactor containing (R)-5-methyl-3-oxo-nonanoic acid ethyl ester
(16 kg, 75 mol) in EtOH (90 kg) was added dichloro-tris(triphenylphosphine)-
ruthenium (96 g) followed by 10% aq HC1 (0.7 kg). The contents of the reactor were
heated to 50+5°C under 50 psig of hydrogen for 20 hours. Following reaction, the
reactor was purged with nitrogen and the contents were filtered and concentrated to an
oil by vacuum distillation. The oil was diluted with ethyl acetate (60 L), concentrated
by vacuum distillation, diluted again with EtOAc (60 L), cooled to -10 to -20 C, and
further diluted with methanesulfonyl chloride (12.1 kg). The solution was cooled to
-10°C to -20°C and Et3N (23 kg) was slowly added while maintaining the temperature
below 20°C. The solution was warmed to about 50°C for at least 12 hours, cooled to
0°C to 10°C, and quenched with aq HCI. The organic solution was washed with
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(m 6H). EXAMPLE 13. Preparation of (I 3 ,5 )-3-[benzyl-(I-

rhenyl - et hyl ) -am no] -5- net hyl -nonanoic acid ethyl ester from

(i ?)-5- mavbybeanoBs12- eneoi ¢ aci d ethyl ester [0151] To aprcuaBmdse@bes i on of
(S)-benzyl - (Il -phenyl-ethyl)-amne (29 kg) in THF (250 L) was added 24%
Ti-BiLi (34.5 kg) at -20C to -30C. The resulting solution was cooled to
-70C to -90C and (i ?)-5-nethyl-non-2-eneoic acid ethyl ester (19.5 kg) in
THF (70 L) was slowly added over about 1 hour. The reaction m xture was
stirred fwatenamdenicenteted bisvacgumslistillatipr sesattingdgen od. Hezae wegeaddedct i on was

gquenched Db he .addi ti on of ueous HCl .and the. mi xtu rtitioned

bet ween u?}ﬁiet&‘e 5?‘}3 1?169%},%11%}%(?@3" VW&%&S&&“‘PE%EW\%@C till/\tli/aeg]hé(g%%qo\?l\/c%)}dti nes with
wat er andcihg e5Ba18). | &y RVIRVBFOPGE S (avaguusgdisl iH), atjigon to give
t he title(d Q%Frpou?ljgé a)s an oil (32 kg,ogg%??i(te% . EXAI\/PLI% 14.) Preparation
of (3S, 5i @) 28),&AMh@a,5LHe 09 |(mn dHANGE(nadiH), HE- .1 ¢mn 6H), 1.29 (t, 3H), 0.9

(15r, 35, 5{'3%)6-@- [ benzyl - (I - phenyl - et hyl ) - am no] - 5- net hyl - nonanoi ¢ aci d et hyl
ester [0152]7 A slurry of 20% Pd/ C (20 kg, 50% water wet),

(1S, 3S,5R)-3-[ benzyl - (I phenyl - et hyl)-am no] - 5- net hyl - nonanoi ¢ acid et hyl
ester (50EK@MPIE E8 OPkcpadatioh bf (98K, 50E3-{enagli d-fhkhykghylrasging-52ci d, was
reacted with hydrogen (50 psig) at 45C to 55C for at |east 16 hours.

Fol | owi ngmedixkaeraoicasel fPtB%l(ﬁS%F figes(R)enedyhaen-grangeig agidtsthestebgen and t he
contents were filtered. The filtrate was diluted with ag HCl, concentrated

by vacuu kgi i | haty i o JRVV IR g VLS _3B% HCI. 100 Kg
wat er (1&)0%% ‘Fﬁ)edésag)ilelﬁa’ gﬁg}\}\l/adsft(ﬁ)g%%ﬂégl &13918%?:1 %gfqg(@énég?%g)n%?%um of 12
hour s and(25bér) wad mdaei4% B0 (3ehkg) ath20°solbouB0Wh Tesrepdtihg sdlathed i nt o
upper and | ower |ayers. The |ower_ | ayer was separated and concentrated by
vacuum di 98 ¢qokad ton7Q6 @ VTG ard dY)-absthyl-non-2teneqisackisithiliestsr was di | ut ed

W th ConC&@FSr l<‘?}g;[)(%r(1:I TR (75| %) was slowly added over about 1 hour. The reaction mixture

was stirred for an additional 5 to 15 minutes at -65°C to -75°C. The reaction was
quenched by the addition of aqueous HCI] and the mixture was partitioned between
upper and lower layers. The upper layer was washed two times with water and the

organic layer was concentrated by vacuum distillation to give the titled compound as

an oil (32 kg, 79% yield). '

EXAMPLE 14. Preparation of (3.5,5R)-3-amino-5-methyl-nonanoic acid HCI from
(15,3S,5R)-3-[benzyl-(1-phenyl-ethyl)-amino]-5-methyl-nonanoic acid ethyl ester

[0152] A slurry of 20% Pd/C (20 kg, 50% water wet), (1.5,35,5R)-3-[benzyl-(1-
phenyl-ethyl)-amino]-5-methyl-nonanoic acid ethyl ester (50 kg) in EtOH (312 L),
and acetic acid (15 kg) acetic acid, was reacted with hydrogen (50 psig) at 45°C to
55°C for at least 16 hours. Following reaction, the reactor was vented and purged
with nitrogen and the contents were filtered. The filtrate was diluted with aq HCI,
concentrated by vacuum distillation, and diluted with 50 Kg 35% HCI1 (50 kg) and
100 Kg water (100 kg). The solution was heated to 80°C to 100°C for a minimum of
12 hours and then admixed with toluene. The solution was partitioned into upper and
lower layers. The lower layer was separated and concentrated by vacuum distillation
to a volume of about 100 L. The solution was diluted with concentrated aq. HC]

(12 kg) and cooled. The resulting precipitate was collected by filtration, washed with
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(12 kg) and cooled. The resulting precipitate was collected by filtration,
washed wi t ht ol uene, then dried under vacuumto give an off-white solid (21
kg). The wol2oeb/oosa2r ecrystal lized twice fromag HO to pcouBziesbiiesd it ed
conpound as a white solid (11 kg, 40%yield). 1H NVR (400 WHz, D6DVsSO d
12.77 (bs, IH), 8.14 (bs, 3H, 3.36 (m IH, 2.67 (dd, IH), 2.53 (dd, IH,
1.60 (m 2H), 1.3 - 1.1 (m 7H), 0.83 (m 6H). EXAI\/PLE 15. Preparation of
(35',5 )-3-am no-5-net hyl -nonanoic acid from (3S,

) - 3- ami notcduenst thyn drierhanilst Faqunytorgive gr@gfggyhlte solid (21 kg). The solid was

(3S,5/?) - f»qc?n}ael A aan Qggft‘{i C@@gaedmyﬁhgd d&ﬁ%@ tess% fjved in water

(45 L), to renove N NaCH (10
L) to gi V€116k%5|40%r elhﬁvﬁmmmmmmmmﬁm 5161) l8d181(\b§r3ﬂ)dl ssol ved
by MIBE (50 L) and the solution cooled to -5C to 5 C. The resulting

preci pi t aB86wes 1HnI2.@idddBY 233 (ddatbA 6ren. wH hled - il (0. d5b) @83 I(IIIIBE The
sol i ds vvegﬁl)sl urried in water (about 50 L), collected by filtration, washed
wi th MIBE, then dried in a vacuumoven to give the titled conpound as a
white solid (3.8 kg, 42%yield). 1H NVR (400 MHz, CD30OD) 6 4.93 (bs, 2H),

3 42 (m EH)AMELEGS( Pebpatation o2 (2H5RHBFandifd-5-nietibl-rompnddéhcid from - 1.1 (m

}g I—% EXAMPLE 16. Preparation of
(| 2. Z) 3- R)r 3 ARie- %m?g%ﬂkwnwcwéiﬂs}c acid ethyl ester from
(/’>) 5- met hyl - 3- oxo-octanoi c acid ethyl ester [0154]

(i7?)- 5gNE‘Ed’1)$B] 3- Qé?sR?@%’&ﬁh& Sarﬁétﬂyleﬁé}}éhof%%ﬁeré?@ 1Re) 2 dREHMAL 1M acet at e

(16.2 wer e heated in OH (15 fo hours, then cool ed and
concent r amatr (49 hhfldteﬂedbgrmmmmmﬁatcd Iaaddmutedmaqﬁtlﬁﬂ‘ia@H%Lhuossol ved

t ol d trat stil.l.at t i t ol
. oo R TR SO ot B, S L bl LR EBED Lot e
ol uene,  pstr ¥ GAGhEShIi &leds -SdiongIcaambhGuRRIDpHedifieut 3s Gdnd pyr i di ne
(21.3 L) and heating the m xture at

by filtration and washed with cooled MTBE. The solids were slurried in water (about
50 L), collected by filtration, washed with MTBE, then dried in a vacuum oven to
give the titled compound as a white solid (3.8 kg, 42% yield). "H NMR (400 MHz,
CD;0D) 6 4.93 (bs, 2H), 3.42 (m, 1H), 2.46 (dd, 1H), 2.28 (dd, 1H), 1.61 (m, 2H),
1.5 - 1.1 (m, 7H), 0.9 (m, 6H).

. EXAMPLE 16. Preparation of (R,Z)-3-acetylamino-5-methyl-oct-2-enoic acid ethyl

ester from (R)-5-methyl-3-oxo-octanoic acid ethyl ester

[0154] (R)-5-Methyl-3-oxo-octanoic acid ethyl ester (20 g) and ammonium
acetate (16.2 g) were heated in EtOH (150 mL) at 60°C for 3 hours, then cooled and
concentrated to an oil by vacuum distillation. The material was dissolved in toluene
and concentrated by vacuum distillation. After adding toluene and cooling to 15°C to
25°C, the slurry was filtered, diluted with additional toluene, and reacted further by
adding acetic anhydride (20 g) and pyridine (21.3 mL) and heating the mixture at
100°C to 110°C for 16 hours. The reaction mixture was cooled to 10°C to 20°C and
the reaction was quenched by the addition of water. The mixture was partitioned into
upper and lower layers, and the upper layer was washed with dilute aqueous sulfuric
acid followed by water. The product was concentrated by vacuum distillation,

dissolved in EtOH, and concentrated again to give the titled compound as an oil (21 g,
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100C to H OOC for 16 hours. The reaction m xture was cooled to 100C to 2Q0C
and the reaction was quenched by the addition of water. The m xture was
partiti orwo 200s008aapper and | ower |ayers, and the upper IlpayaB200s8019&shed
with dilute aqueous sulfuric acid followed by water. The product was
concentrated by vacuumdistillation, dissolved in EtOH, and concentrated
again to give the titled conpound as an oil (21 g,88%vyield). 1H NWR

CDA 3) d 4.90 H, 4.17 (g, J =8 Hz , 2.88 2.34 IH),
(214 ()s &%yleié)gdHNMRE@DCrB)SGS\O@ DPB)4IG|_(|)8,97{:|3]H26 )k%x(vp (m K

i o asy oot e MR oBEATL A B A of 24U Y DR BB oty - 32%2%?2

acid ethyl ester using (i?,i?,5,5")-TangPhos-Rh cat aI yst [0155] A 250 ni

3NRB gl asgxiAMBKE fii7t Peéi)ayutﬁ)h oﬁ(WM—h@etﬁhhﬁﬁ@&m@h}ﬂw@faﬁblc&em éthyl a gl ass
stopper, and a gas inlet adapter, Zggr ged by evacuat | ng% and filling the
flask witesteriviz ayarmetyg hy@nomtlormé (R.Za3racarytanipess-pethrleertiZnenpic acid

ni t rogen I | containing

bi s(I, 5- c{"/t(&:1 le%gefg%ﬁég&mfﬁ%%@fh%or onea&gne sul fonate (0.123 g, 0.263
mmol, 1.00 nol% and a vial containing (R R S,S)- TangPhos (0.070 g, 0.245
mol , 0. 9@158] %) .A Ihemii 3VRB wiase flagefieel with atrhepnetic gitteed sibber e charged to

the flask. The fl ask whi ch_cont ai ned the cat al precurso s seal ed,
moved to $FPHEBC SIRWHSHICL AT A 2a P s ttan g F&@&%Uﬁ%ﬁ%ﬁl Ngnder a
posi ti ve Mt QO RRnREESEH ur thlddClne sk vﬁagmernaﬁ@cea%)aﬁkm%%ﬁmhass flask

fitted wth a nagnetic stir bar was charged
(/?, Z) - 3- gloet Yhgatong with metidlydonwitin@bis (ol -cycoddaditieyRh(@ttiduoroBed@ng, 26. 2

S}Tgt!s)s gtn giﬁﬁﬁﬁ*’&ﬁﬁ%%@%@m@f Ltg@lﬁoi?’?\ﬁ“f%lvg‘ #&%ﬂﬁégt}ggs ) ;Sl\ﬁ:o} gmst ?r ring

its cont emissPhbie. Moagflo m&nﬁl@r @e3b heur). tTH@B@albWe@a/@féﬁed hiprhefd filing the
flask with nitrogen was then hel d under positive nitrogen

pressur e egnderits We@mhg@qdf,o th@rf@sk The flask, which contained the catalyst

precursors, was sealed, moved to a hood, purged again with vacuum and nitrogen, and

held under a positive nitrogen pressure.

[0156] To a separate 250 mL 3NRB glass flask fitted with a magnetic stir bar was
charged (R,Z)-3-acetylamino-5-methyl-oct-2-enoic acid ethyl ester (6.33 g, 26.2
mmol) and MeOH (120 mL). This flask was sealed with a rubber septum, a glass
stopper, and a gas inlet adapter with a PTFE stopcock. While stirring its contents, the
flask was purged four times by evacuating and filing the flask with nitrogen. The
flask was then held under a positive nitrogen pressure and its contents were

transferred, via syringe, to the reaction flask, which contained the catalyst precursors.

[0157] The reaction flask was again inerted (with agitation) using several
vacuunynitrogen purges. Hydrogen was then introduced as a rapid stream that was
vented through a bubbler. After about 10 minutes the hydrogen flow rate was reduced
so that it maintained a small positive pressure, estimated at about 5 psig to about

10 psig, as indicated by the bubbler. The reaction was run at ambient temperature,
without heating or cooling to give the titled compound. Samples were taken via
syringe for TLC and chiral GC analysis, and the reaction was found to be complete

after about 4 hours (97.1% de via chiral GC). 'H NMR (DgDMSO0) 6 7.66 (d,J =8
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transferred, via syringe, to the reaction flask, which contained the

catal yst precursors. [0157] The reaction flask was again inerted (with

agi t at i onyouseengs@aever al vacuuni ni trogen purges. Hydr ogecTaB:05/bE066
introduced as a rapid streamthat was vented through a bubbler. After about
10 m nutes the hydrogen flow rate was reduced so that it maintained a small
positive pressure, estimted at about 5 psig to about 10 psig, as indicated
by the bu blﬁ%jfl-rhe reaction was run at anbient tenperature, w thout

heating ofZc g (@ 15D\60t e /17 1 Hed2RbAptumy 2Ha P 655 3R keAq Ghen vi a
syringe fE’H LG ang, ¢ gi)r@é ng% aI ysis, and the reaction was found to be

conpl ete af er about hou S .1% de via chiral GC). 1H NWVR (DeDVSO d
7.66 (d, J = 8Hz, , 4.13 (m IH), 4.01 (g, / =7 Hz, 2H), 2.34 (m 2H),
1.75 (s, EH)&MHLEOS( Rrep@tdtion bf (351513 -3-aget@bdnindd5-Bnefhngl-oGtdhoickAMILEA 18.

t hyl t
oy et 1 6k Sy BARE AY DB OBk o R a ARG SR Y Ok cmeHi ¢ aci d
hyl MARP t [0158]
(e}? >Z/) gsgggtl;blgg?ngﬂgg Rﬁrrgt hyl %@Z&gﬁtgsacfd ethyl ester (5 g) was

di ssol ved in methanol (15 ml) and the solution thoroughly degassed and

i nerted wWd8lar géR. Z)(3 C%VW%EW@@D} Bi%mm(e@@i %ylm(%g):lwah in a glove

Pg)e(lct ?gﬁ (\i/ba&‘s%h)s/e?ﬁlri‘rﬁj‘le VI g ous%d ﬂ%ﬁﬁ Of%yggg' %39\5? Ig%%%‘F‘etl on of

t he reactirgon. memmnhmam}mq (3 Néqmaﬂ&é@h%cgl&&wavgnéﬁ@ titled
conpound as an (5.9, 96% de). LE 19. Preparation of

(31'S', GR)Ve§sel¢ (f%ﬂr o Fﬂéceé %@Wﬁ%ﬂéﬁ&)@ghcﬂ@ r@tuﬁwn veastséirredi a asymmetric

h drogen 5- rret oi c.acid ethyl ester
U}S/I ng (R)a\tl %@9&& Y %%Ea{ogl?éib?ﬁgﬁo %&O&Q?Iﬂé?ﬁeﬁ% THAOBCt - 2- enoi ¢
aci d et hyixestevas Cbacep)ratedso give $ied tied dotnpBahdadai oif 15, 9@% daand the sol ution
t hor oughl y degassed and inerted

EXAMPLE 19. Preparation of (3S,5R)-3-acetylamino-5 -methyl-octanoic acid ethyl
ester via asymmetric hydrogenation of (R,Z)-3-acetylamino-5-methyl-oct-2-enoic acid

ethyl ester using (R)-mTCFP-Rh catalyst

[0159] (R.Z)-3-Acetylamino-5-methyl-oct-2-enoic acid ethyl ester (52 g) was
dissolved in methanol (150 mL) and the solution thoroughly degassed and inerted
with argon. (R)-mTCFP-Rh(COD)BF; (178 mg) was added in a glove box, and the
vessel sealed and placed under hydrogen (10 psig). The reaction was stirred
vigorously and warmed to 35°C. Following completion of the reaction, the reaction
mixture was concentrated to give the titled compound as an oil (52 g, 93.2% de). 'H
NMR (CDCl3) 6 5.98 (d, 1H), 4.35 (m, 1H), 4.15 (q, 2H), 2.47 (m, 2H), 1.97 (s, 3H),
1.57 (m, 1H), 1 — 1.4 (m, 8H), 0.9 (m, 6H).

EXAMPLE 20. Preparation of (35,5R)-3-amino-5 -methyl-octanoic acid HCI from
(3S,5R)-3-acetylamino-5-methyl-octanoic acid ethyl ester

[0160] (3S,5R)-3-Acetylamino-5-methyl-octanoic acid ethyl ester (4.5 g) was
diluted with 35% aq HCI (4 mL) and water (8 mL) and heated to 95°C to 105°C for 3
days. Toluene (10 mL) was added to the mixture, which was cooled to 5°C. The

product was collected by filtration, and washed with toluene resulting in the titled



wi th argon. (R)-mICFP-Rh(COD)BF 4 (178 ng) was added in a gl ove box, and
the vessel sealed and placed under hydrogen (10 psig). The reaction was
stirred woaoeumksizand warmed to 350C. Fol | owi ng conpl erconBmhsbhiess
reaction, the reaction m xture was concentrated to give the titled conpound
as an oiI (52 g, 93.2%de). 1HNWR (CDO 3) d 5.98 (d, IH, 4.35 (m IH),
4.15 (q, 2H), 2.47 (m 2H), 1.97 (s, 3H), 1.57 (m IH, 1 - 1.4 (m 8H),
0.9 (m 6H). EXAMPLE 20. Preparation of (3"S,5R)-3-amp-5-nethyl-octanoic
acid HO FPBAPEES26m). ?ha@é?c{})!cmaﬁbe Buriher pytitiebwresTystaliging Erpmw ester

0160] (3 g) was
i 1ot e weaREHCEEH KRR ARo L REh HgHE RS oLGRE hgiied, 2 102C
for 3 daysndefoheiming (HOMRXD@MSTIAELD. T Mbst 1), 8L D BE, eiH)\{VBBSWmV\@HRCOM ed to
5C. The product was collected by filtration, and washed with tol uene

resul tingZiof (dhe % $117deddpodad ((1@, Jo= )17 Hnd T bl ém. ) Ik (nther

purified g fromaqueous HCl or toluene/isopropanol, and
then fil t?rﬂe(g‘?(i\%gﬁgh‘h llf[ﬂ t ol uene, and dried under vacuum 1H NWVR (D6D|VBO)

d 12.7 (bs, IH), 8.17 (bs, 3H), 3.38 (m IH), 2.69 (dd, / = 6, 17 Hz, IH),

2.53 (dd EXAWIP]lE 2tz Prépdyatioh.df LR (ZDA3-akdylanding- senlmethﬂfH)lon-i eﬁo{ﬁm}cldl ehthyIZO 8 (m
6H) . paration of (/?,Z)-3-acetylam no-5-net -non- 2- enoi ¢
alcjl) d et hyFSt%r %IP E)r'gl’ﬁ‘e(ﬂ? )3 BX%?WPIC@CWWéHB}a&Re@F%a@fW eddr vi a

(17?,7)-3- a50 8QngicRidwh1Q¥eer 2- €Nnoi ¢ acid ethyl ester [0161]
(i ’>) 5- Met hyl - 3- oxo-nonanoi ¢ acid ethyl ester (30 g) and ammoni um acet ate

(22 g) were heated in EtOH (150 nL) at 60C for 16 hours, then cool ed and
concent r al@1lby V&y-GtMetdiybsioxbatonamic I¢ié etmyt estéraB0 whandiaremohined i n t ol uene

and concenlygi o BYBRN LBt L abien  BEtesiiitg coneepirgte vas

di still at ;QfechtPatel ¥¥vacuum distillation. The material was dlssolved in toluene and
concentrated by vacuum distillation. The resulting concentrate was dissolved in
toluene, filtered to remove solids, and concentrated by vacuum distillation to give
(R,Z)-3-amino-5-methyl-non-2-enoic acid ethyl ester as an o0il (29 g). A portion of the
enamine (25 g) was dissolved in toluene (150 mL), and reacted further by adding
acetic anhydride (24 g) and pyridine (24 mL) and heating the mixture at 100°C to
110°C for 16 hours. The reaction mixture was cooled to 10°C to 20°C and quenched
by the addition of water. The reaction mixture was partitioned into upper and lower
layers and the upper layer was washed with dilute aqueous NaHSO,, water, and was
concentrated to give the titled compound as an oil (26 g). 'H NMR (CDCl3) 6 11.2 (s,
1 H), 4.90 (s, 1H), 4.17 (q, J = 8 Hz, 2H), 2.88 (dd, 1H, J= 8, 16 Hz), 2.34 (dd, 1H, J=
12, 8 Hz), 2.14 (s, 3H), 1.79 (m, 1H), 1.30 (m, 7H), 0.89 (m, 6H); '*C NMR (CDCl)
169.1, 1668.3, 157.8, 97.2, 59.8, 42.7, 36.3, 31.4, 29.0, 28.8, 22.9, 22.7, 19.0, 14.2,
14.0.

EXAMPLE 22. Preparation of (R,Z)-3-amino-5-methyl-non-2-enoic acid ethyl ester

from (R)-5-methyl-3-oxo-nonanoic acid ethyl ester

[0162] A pressure vessel was charged with (R)-5-Methyl-3-oxo-nonanoic acid
ethyl ester (50 g), EtOH (250 mL), and ammonia (about 8 g). The resulting mixture

was allowed to react at 50°C for about 20 hours. The mixture was subsequently



(/7?,2)-3-am no-5-net hyl -non-2-enoic acid ethyl ester as an oil (29 g). A
portion of the enamne (25 g) was dissolved in toluene (150 nL), and
reacted fwotzhevookgp2addi ng acetic anhydride (24 g) and pycirdsmes/(®4edrl) and
heating the m xture at 100C to 110C for 16 hours. The reaction mxture was
cooled to 10C to 200C and quenched by the addition of water. The reaction
m xture was partitioned into upper and | ower layers and the upper |ayer was

washed with djl ueous 4, water, and was concentrated to give the
titled coﬁ%ﬁ‘i@lﬁaﬁaﬁ CQﬂCPnt(% Y vacuymnitiiatony Fhe gesulting %Ce@faz?jvgaﬂ 90 (s,

I 4.17 IH J=
1|2'|) 8 Hz) d&%l\lzc]d m &ta’ﬁ’é an@ l?&nceﬁtrgcgd f)g&acdfﬁhgfgf‘llﬁo?ﬁ gNg)tg%ﬁ?e;’%f‘ 6H). 13C NMVR
(cbd 3) 16@n119un116168n311(16§)8 97 2, 59.8, 42.7, 36.3, 31.4, 29.0, 28.8,
22.9, 22.7, 19.0, 14.2, 14.0. EXAMPLE 22. Preparatl on of

1?,2)-3- t cid et ester from,

g/ ?) - )5 ne?%l\‘/qf%%é%% ?g ng,og Ogﬁkgglg)fﬂﬁet@ﬁf“é‘%/ o-pEeEByl-iRngRQis acid HGlessel was
h d RorPHQ 881Nk EtC]—I
(250 ) e e b o e O e & e

react at byl dstar usins (h)- EINABINE%HF Ipitxt ure was subsequent | ycool ed to RT
and concentrated by vacuumdi stillation. The resulting concentrate was

di | ved t n cuum di,s t | ve the
5 o Solusgape SR PAAMESR, S3h PN SA bR O Pl
) - 3- acet yuarBMmmmwemmqsnmgpw&eld@som@uﬁ@efrﬁ\i@tédrﬁltwﬁﬁ@genatI on of

( ,2)-3-acetyl am no 5 nmet hyl - non- 2-enoi ¢ aci d eth%/ ester using (
) - Bl NAP| I\M‘ﬂ%{ Wfl@feey]teqwlz}ly@oggemmrﬁ) ab3& Crefdlpwingn- 2- enoi ¢ aci d

et hyl est Pl NE- Rh re.dissol ved
under i neﬁ Igcl fﬁ%%geq?tﬁélﬁew O3S Cﬂéccﬁ% dll%ﬁréf”é&n@\rﬁ%hﬁte Yatogen (30
psi g) at Maqﬁ(tﬂ(o.\éi ) @nd water (0.6 mL) and heated at 100°C to 105°C for 50 hours.

The solution was cooled to 0°C to 10°C and filtered to give the titled compound.

EXAMPLE 24. Preparation of (35,5R)-3-acetylamino-5-methyl-nonanoic acid ethyl
ester via asymmetric hydrogenation of (R,Z)-3-acetylamino-5-methyl-non-2-enoic

acid ethyl ester using (R)-BINAPINE-Rh catalyst and (R)-mTCFP-Rh catalyst

[0164] A pressure vessel was charged with (R,Z)-3-acetylamino-5-methyl-non-2-
enoic acid ethyl ester (100 kg) and MeOH (320 kg) and was purged with nitrogen.
(R)-BINAPINE-Rh(COD)BF, (500 g) was added and rinsed into the vessel using
nitrogen-purged MeOH (20 L). The reaction vessel was purged with hydrogen and
the contents allowed to react at 35°C under 25 psig Hj for 2 to 5 days. (R)-mTCFP-
Rh(COD)BF; (about 60 g) was added and rinsed into the vessel using nitrogen-purged
MeOH (20 L). The reaction was allowed to continue at 35°C under 25 psig Ha.
Following completion of the reaction, the mixture was concentrated by vacuum
distillation to give the titled compound as an oil. 'H NMR (CDCl3) 65.97 (d, 1H),
4.35 (m, 1H), 4.15 (q, 2H), 2.56 (dd, 1H), 2.47 (dd, 1H), 1.97 (s, 3H), 1.57 (m, 1H),
1.42 (m, 1H), 1.1 — 1.3 (m, 10H), 0.9 (m, 6H).

EXAMPLE 25. Preparation of (35,5R)-3-amino-5-methyl-nonanoic acid HCI salt

from (3S§,5R)-3-acetylamino-5-methyl-nonanoic acid ethyl ester



conpletion of the reaction, the m xture was concentrated to an oil and
diluted with 35% ag HO (0.6 g) and water (0.6 nlL) and heated at 100C to
1050C f orwbQodwese2 The sol ution was cooled to 0C to 10pCraBzbofindiber ed t o
give the titled conpound. EXAMPLE 24. Preparation of

(3S, 5R) - 3-acet yl am no- 5- et hyl - nonanoi c acid ethyl ester via asymetric
hydr ogenation of (R Z)-3-acetyl am no-5-nethyl-non-2-enoic acid ethyl ester
usi ng (R)-BI NAPI NE- Rh catal yst and (R)-niTCFP-Rh catal yst [0164] A pressure
vessel wal168hr gddSaR)-B- AR IImGoat atef yhmionanos: ared eyl st (230 kegiovas aci d

(R b Nart R R H BT 10y BRI PO Mkl VST i ng

ni t r ogen- pakgemhaVeiel 62foder-to Thsed Gt 1a8 48859 wmesaimuiggdfﬂ/a pdiibydr ogen

and the contents allowed to react at 350C under 25 psig for 2 to 5 days.
( R) - mlrCFRéththe QR mBRatfcalb d0@ L 0Ty solatsorasiskechobaddo B57(S 6xl50°6L, ovaslvel witlssel usi ng

ni trogen-purged. MeQH (20 L). The reaction was ,al|owed o continue at 35C
under 25 '1951‘3@‘6 @QOIFBP?%WI}?GJH%?F&I&%%JWY&‘FC‘E% d}sghetl‘cino ,hetrﬁgﬂtﬁ’i‘&t ure was
concentr i Sk j giAga; i d as an oil.
TH VR ( I Sy BRGUIRE! St RGO T\ irk 7 by LR (BTBRMEE T3y
2. 47 (dd, slbwly, coblifig tHessolidn,to db&ik 104 rdshiited ih. Adlidmpredipate, Iwhich wias 3 (m

10H), 0.9 ( 6H) . EXAMPLE 25 reparati on of, ) )

(3S, 5R) - 390&@%-193-%@% aﬂﬁdm%h%fr ¥ithdrgmaend dsied. Thesalids were dissolved

(35, 5R) - 3¢ | H05a | - ] i ; 25 5

3 Acwty Tamio 8RR dr ApieOPARhERSRDE SLMIWIS TOFEICIEER ot oo

wi t h 35% e $4dids (EBOcdllectrd by ddiraron, 3@Gchdd)withThexanes ahd iheg doed taigizewas heat ed

and stirred at 100C to 115C.f t | east 48, r ile distilling off a
portion o ett‘l?uléd%m%‘?ﬂd ?Séwﬂg?ébgg’@%?‘ﬁ@soﬁ%&&%@%&é@%@ gSC to
50C, washegly \hd e o 1efg, 41309 36)m, 309, LENRRNYHRLESS &lai o, 1y uum
distillat ?%%@STEEIBW esul ti n%ﬂconc(glﬁt ?g’t egﬁ s’gﬁﬁ’ut edélvvi tglﬁjt oqog()éfﬁg@%oo L).
Addi ng 35¥3aql.HGn, THH0.84)(ng o).

EXAMPLE 26. Preparation of (35,5R)-3-amino-5-methyl-nonanoic acid (zwitterion)

from (35,5R)-3-amino-5-methyl-nonanoic acid HCI salt

[0166] (35,5R)-3-Amino-5-methyl-nonanoic acid HCI salt (51 kg) was dissolved
in water (170 L), passed through a polish filter, and titrated with aq NaOH until the
pH of the solution was 5.5 to 7.5. MTBE (200 L) was added and the resulting mixture
was warmed to 25°C to 35°C and slowly cooled to 0°C to 10°C to form a solid
precipitate. The precipitate was collected by filtration, washed successively with a
small amount of water and with MTBE and then dried to give the titled compound as
a white solid (41 kg, 95% yield). "H NMR (400 MHz, CD30D) & 4.93 (bs, 2H), 3.42
(m, 1H), 2.46 (dd, 1H), 2.28 (dd, 1H), 1.61 (m, 2H), 1.5 - 1.1 (m, 7H), 0.9 (m, 6H).

EXAMPLE 27. Preparation of (3.5,5R)-3-amino-5-methyl-nonanoic acid HCI salt
from (35,5R)-3-acetylamino-5-methyl-nonanoic acid ethyl ester via (35,5R)-3-

acetylamino-5-methyl-nonanoic acid

[0167] To a solution containing (35,5R)-3-acetylamino-5-methyl-nonanoic acid
ethyl ester in MeOH is added aqg NaOH. The resulting mixture is stirred for 2 hours

or until complete to give (35,5R)-3-acetylamino-5-methyl-nonanoic acid sodium salt.



slowy cooling the solution to about 10C resulted in a solid precipitate,
whi ch was col lected by filtration and washed with hexane and dried. The
sol i ds wewe 2dicamedized in /-PrOH and were recrystallizedproy/Bzidsngéexanes
and slowy cooling the solution. The solids were collected by filtration,
washed wi th hexanes, and then dried to give the titled conpound as a solid
(51 kg, 39%yield). 1H NWVR (400 Mz, D6D|£O)|d 12.176(()bs, I|2—|), 8.11;1 (bi, .
o7 ghghmidadci ot e gpnentbbby prcasin isldco about one-tiird of it

35 . 51 ) o 3 ani Ros G ) . ! . .

(35, 5i 7) | SR, WPurer A (plenO READAL 1ol ol b BB pBpeR Reparated |
S', 5i | ?) - AqAiCne addedetbhlyd lonenyel and@tededdlingalitidnSd hkged wamwodtssol ved in
water (170 L), passed through a polish filter, and titrated with ag NaCH
unti | the”ﬁﬂ-&dcf’r tieast 36 hewren Threolution is ogled to pespRitpte@coliy. Weish &dded and t he

resul ting.dyj ¢ PSR - . 8 ] ogled to QOC to
10C to f%(%nr%)é Eé?usb I §t[ljrem pI %Sa?%@%g%%}eg(g%&et at gﬂ&mgst}%glcglél@f)gﬁby_
filtration, washed successively with a small amount of water and with MIBE
and t hen BKAMPLD 2§i WPecpatutioniof (35 R)edrpmirnds-asetityl wohieis adid dihyiidstdeg, 95%

i D), d 4.93 (bs, 2H), 3.42 (m LH, 2.46 (dd,
?“H? . 2%4’418 ok ““1(“%‘401,% %3{9??&3"“2‘{%@@Li%aml(nff%m@}th!)ﬂ*?ﬂ}?-@gg Q(C%F}thbléb A eAWPLE

27. Prepagsgdri on of (3S,5 )-3-am no-5-nethyl ~nonanoic acid HO salt from
(35", 5i ?)-3-acetyl am no-5- et hyl - nonanoi ¢ acid ethyl ester via (3S,5R)-3-
acetyl am no-5 -met hyl -nonanoi ¢ acid [0167] To a solution containing

(3>S, 5i 7) 0368 et yA BFesTIGE Beseltih ghargrshitlo (R.Zx3iadnino Hymetbgtmom-2enddeOH | s added

aq NaOH. TF [ ] s stirre ry2 hours or until conplete to
gi ve (35, qf?(ﬁ?&lgpééclt:etét(w 5%1{%2%’?&%%%0?‘%‘8“‘%4%?9 ?R‘?tge §8‘HFWW?£‘Fgeﬁ?e ani de
aci d sal twitk nitrgernTo aievkskyl ivarivd (RA(SITOSIPHOSRE(COIDBE, é%g}. hpgd of its
vol une. Water and toluene are added to the concentrate and thée phases
separ at edvessel contents are purged with hydrogen and are reacted at 50°C under 100 psig H,

for 1 to 2 days or until the reaction is complete. The mixture is concentrated by

vacuum distillation to give the above titled compound.

EXAMPLE 29. Preparation of (35,5R)-3-amino-5-methyl-nonanoic acid from

(3S,5R)-3-amino-5-methyl-nonanoic acid ethyl ester

[0169] (38,5R)-3-Amino-5-methyl-nonanoic acid ethyl ester (10 g) is diluted with
35% aq HCI (10 mL) and water (20 mL) and is heated with stirring at 100°C to 115°C
for at least 6 hours while distilling off about 2 mL of solvent. The solution is cooled
to 35°C to 50°C and is washed with toluene (20 mL). The solution is concentrated
slightly by vacuum distillation and is diluted with toluene (20 mL). Concentrated aq
HCI (10 ml, 35%) is added and the solution is cooled slowly to about 10°C to
precipitate the above titled compound, which is collected by filtration, washed with

hexane, and dried. The solid may be recrystallized from i-PrOH and hexanes.

[0170] It should be noted that, as used in this specification and the appended
claims, singular articles such as “a,” “an,” and “the,” may refer to one object or to a
plurality of objects unless the context clearly indicates otherwise. Thus, for example,
reference to a composition containing “a compound” may include a single compound
or two or more compounds.
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Ag HO is added to the Iower layer and the resulting solution is heated to
100C to 110 C for at |least 36 hours. The solution is cooled to precipitate
a solid, wbizeds/dossicol | ected by filtration and washed w thThB28@5601965 gi Ve

t he above-titled conpound. EXAVMPLE 28. Preparation of (35,5

) - 3-am no- 5-net hyl - nonanoi ¢ aci d ethyl ester via asymetric hydrogenation
of ( ,Z)-3-am no-5-nethyl-non-2-enoic acid ethyl ester [0168] A pressure
vessel is charged with (i?,2)-3-anino-5-nethyl-non-2-enoic acid ethyl ester

(
(10 g) antP131b’ 21t isite bpgndrssthadhdiat theabeye daseriptinn is rerdeddohee purged wit h

e B Lt Do ik ot s M

psig H2 fprthdatt@pdn cayihgahe binivieldetdiiptibeaThé tvpe of aenipl@itien skbgam xture is
concentrated by vacuum distillation to give the above titled corrpound
EXAVPLE 2terefpraphs daiergynest nc(tcygﬂsrefer@lcam the-apperded lameong withiied from
(35',5/7?) t s

(35", 5i 9)@%§#Qng‘%um‘i%ﬁ “’m%g‘k@ Cgaqcﬂlr1 alee ]llﬂegsirg‘% d%s%égﬁ%s c|)fsaud| luted with
35% aq HChrticle® and jefamncespineludinzPaten) a;qmdammshganed patehts, add rri ng at 1000C
to 115C for, at .| east .6 hours ile di t||||n of f about nm_ of sol vent.

The sol utP%ICP%OIEoHFé’aCWrQ@ég%eal@o@ RS lg%?/%"s%’éie%aflﬂ%‘?lcﬂlhene (20 ni).
The sol utb&g odes. concentrated slightly by vacuumdistillation and is diluted
with tolu (20 nmL). Concentrated aqg HO (10 m, 35% is added and the
solution is cooled slowy to about 10C to precipitate the above titled
conpound, which is collected by filtration, washed with hexane, and dried.
The solid nay be recrystallized from/-PrOH and hexanes. [0170] It should
be noted that, as used in this specification and the appended cl ai ns,
singular articles such as "a," "an,"” and "the," may refer to one object or
to a



plurality of objects unless the context clearly indicates otherw se. Thus,
for exanple, reference to a conposition containing "a conpound” may i ncl ude
a singl e worp@ssier two or nore compounds.[0171] It i sprco/nBmosoaesst ood
that the above description is intended to be illustrative and not
restrictive. Many enbodi ments will be apparent to those of skill in the art
upon readi ng the above description. The scope of the invention should,
therefore, be determined not with reference to the appended cl ai nms, al ong
with the IHATISSIAIMERIN val ents to which such claims are entitled. The
di sclosures of all articles and references, including patent applications,

granted patents, angjgaﬂb?gpﬁﬁﬁﬁgqlggﬁﬁpﬂfgppﬂﬁﬁﬂgg herein by reference in
their entirety and for all purpoSes. T 1S CAMED IS 1. A nethod of

maki ng a conmpound of Formula 1, or a diastereoner thereof or a

phar maceutical |y acceptabl e corid vate or hydrate thereof,
wherein RL and R2 are independently|hydroygen ons or Cl1-3 alkyl optionally
substituted with one to five ghuoripe Rt onB? provi ded that when Rl is a
hydrogen atom R2 is not a hydrogen atom and R3 is Cl1-6 al kyl, C3-6
cycl oal kyl, C3-6 cycl oal kyl -C1-6 |pl kyl, aryl, aryl-Cl1-3 al kyl, or
aryl am no, wherein each alkyl of R3 is optionally substituted with one to
five fluorine atons, and each aryl of 1IR3 is optionally substituted with
fromone to three substituents independently selected fromchloro, fluoro,
am no, nitro, cyano, Cl1-3 al kylam no, Cl-3 alkyl optionally substituted
with one ¢i? dipstaisomerBeraqé ont pheymageiticaly accgptableycomplexe palt.sglvaiglost i t ut ed

W th fron%?ﬂ%eﬁ%x%gfgﬁm£hporine atons; the method conprising: reacting a
conpound rmula’ 2,

ORl and R? are independently hydrogen atoms or Cy.3 alkyl optionally
substituted with one to five fluorine atoms, provided that when R is a hydrogen atom,
R is not a hydrogen atom; and

R’is Crg alkyl, Cs.¢ cycloalkyl, Cs.¢ cycloalkyl-Cy.¢ alkyl, aryl, aryl-Cy_; alkyl,
or arylamino, wherein each alkyl of R? is optionally substituted with one to five
fluorine atoms, and each aryl of R? is optionally substituted with from one to three
substituents independently selected from chloro, fluoro, amino, nitro, cyano,

Ci-3 alkylamino, C;.3 alkyl optionally substituted with one to three fluorine atoms, and
Ci-3 alkoxy optionally substituted with from one to three fluorine atoms;
the method comprising:

reacting a compound of Formula 2,

or Formula 4,
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or Formula 4, wth H2 in the presence of a chiral catalyst to give a
conpound of Fornula 3, or a diastereoner thereof, wherein Rl, R2, and R3 in
For mul a 2yoRossmob@23, and Formula 4 are as defined in FecruBz0d/po1Bes i n
Formula 2, Forrmula 3, and Fornula 4 is a hydrogen atom Cl-6 al kyl, C2-6

al kenyl, C2-6 al kynyl, C3-7 cycloal kyl, C3-7 cycl oal kenyl, hal o-Cl1-7 al kyl,
hal o- C2-7 al kenyl, hal o-C2-7 al kynyl, aryl-Cl-6 al kyl, aryl-C2-6 al kenyl,

or aryl-C2-6 al kynyl or a catigﬁl\zel ected froma Goup 1 netal ion, a Goup
2 netal ion, a primary ammoni um? ry ammoniumion; and R5 in
Formula 2 and R19 in Formula 3 are
Cl-7 al kanoyl, C2-7 al kenoyl R4G2-7
cycl oal kenoyl, halo-C 1-7 al kano

ndepemdgntly hydrogen atom carboxy,
Ik?noyﬁ; C3-7 cycl oal kanoyl, C3-7

, hal o-C2-7 al kenoyl, hal o-C2-7 al kynoyl,
Cl-6 al koxycarbonyl, halo- Cl-6 koxycar bonyl, C3-7 cycl oal koxycar bonyl ,
aryl -Cl-7 al kanoyl, aryl-C2-7 al kenoyl, aryl-C2-7 al kynoyl,

aryl oxycar bonyl, or aryl-Cl-6 al koxycdrbonyl, provided that R5 is not a
hydr ogen atom optionally converting the conpound of Formula 3 or its

di astereoner to the conmpound of Formula 1 or its diastereoner or to a

phar maceuvitt &2|iy thecressnemolca durppratslysigalgive asesinyzouad of Foymarlafe of the
conpound of Fornula 1 or its diastereoner. 2. The nethod of claim1,
wherein the chiral catalyst conpigjses a chiral ligand bound to a transition
metal through one or nore phosphdwus The nethod of claim 2

wherein the chiral ligand is ' R $YS) - RANGPHOs, ( )-BINAPINE, ( )-eTCFP
or (R -mICFP, or stereoisonEﬁg t her gof RI4."RA et hod of making a conpound of
Forrmula 1, or a diastereomner tH or a pharmaceutically acceptable

conpl ex, salt, solvate or hydrate|thereof, wherein RL and R2 are

i ndependent |y hydrogen atons or -3 alkyl optionally substituted with one
to five fluorine atons, provided that when RL is a hydrogen atom

3

2

or a diastereomer thereof, wherein Rl, Rz, and R’ in Formula 2, Formula 3, and
Formula 4 are as defined in Formula 1; R* in Formula 2, Formula 3, and Formula 4 is
a hydrogen atom, Cy¢ alkyl, C;. alkenyl, Cy.¢ alkynyl, C3.; cycloalkyl,
Cs.7 cycloalkenyl, halo-Cy.7 alkyl, halo-C,; alkenyl, halo-C, 7 alkynyl, aryl-C_g alkyl,
aryl-Cy.¢ alkenyl, or aryl-C,.¢ alkynyl or a cation selected from a Group 1 metal ion, a
Group 2 metal ion, a primary ammonium ion or a secondary ammonium jon; and R’
in Formula 2 and R" in Formula 3 are independently hydrogen atom, carboxy,
C1 alkanoyl, Cy.7 alkenoyl, C,.7 alkynoyl, Cs7 cycloalkanoyl, C3; cycloalkenoyl,
halo-C;.7 alkanoyl, halo-C,_; alkenoyl, halo-C,7 alkynoyl, Cy alkoxycarbonyl, halo-
Ci1.6 alkoxycarbonyl, Cs.; cycloalkoxycarbonyl, aryl-C;.; alkanoyl, aryl-C, 7 alkenoyl,
aryl-Cy_7 alkynoyl, aryloxycarbonyl, or aryl-C;.¢ alkoxycarbonyl, provided that R’ is
not a hydrogen atom,;

optionally converting the compound of Formula 3 or its diastereomer to the
compound of Formula 1 or its diastereomer or to a pharmaceutically acceptable

complex, salt, solvate or hydrate of the compound of Formula 1 or its diastereomer.

2. The method of claim 1, wherein the chiral catalyst comprises a chiral

ligand bound to a transition metal through one or more phosphorus atoms.
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R2 is not a hydrogen atom and R3 is Cl1-6 alkyl, C -6 cycloal kyl, C3-6

cycl oal kyl-C 1-6 al kyl, aryl, aryl-Cl-3 alkyl, or arylam no, wherein each
al kyl of W8 2e/mpdizonal |y substituted with one to five fcwaBtooso@bes, and
each aryl of R3 is optionally substituted with fromone to three
substituents independently selected fromchloro, fluoro, amno, nitro,
cyano, Cl1-3 al kylam no, Cl1-3 alkyl optionally substituted with one to three
fluorine atons, and Cl-3 al kox&gpti onal ly substituted with fromone to

t hree fl uori ne3at onghe misthodex lsaim o mbeiein thg chiraldigendé ER.aMno noi ety of a

conmpound Qf I I gsit r .the to give
he compont B ekaRNAPING BLF R ot (B RISE P s efihheh 26558 ' 27
defined in Formula 1 and R6 is Cl-6 al kyl, C2-6 al kenyl or aryl-Cl-3 al kyl;
and opti onal | y4convArméthgd bheakiagpeongoanid 60Fsuluda I, or its di astereomer to
a pharmaceutically acceptable conplex, salt, solvate or hydrate. 5. A
nmet hod of making a conpound of mula 1, or a diastereoner thereof or a
pharmaceutically acceptable co saiN vat e or hydrate thereof,
wherein R and R are independently hydrogeMd atons or Cl-3 al kyl optionally
substituted with one to fiveHbuor ihe tongy provi ded that when Rl is a
hydrogen atom R2 is not a hydrogen atom and R3 is Cl-6 al kyl, C3-6
cycl oal kyl, C3-6 cycl oal kyl-C 1-@ al kyl, aryl, aryl-Cl-3 al kyl, or
aryl am no, wherein each al kyl of is optionally substituted with one to
five fluorine atons, and each aryl of IRis optionally substituted with from
one to three substituents independently selected fromchloro, fluoro,
\c’;l“n}[ Eobngl {)rgz{) ({ﬁﬁf?té%g%’eh%fe%g%%% é@&‘agﬁgm&}& gcc%{)ti%fe C%R}plle%r,] gzllljt, gol%gttgsotrl tuted
hydrate thereof, wherein

R! and R? are independently hydrogen atoms or Cy.3 alkyl optionally
substituted with one to five fluorine atoms, provided that when Rlisa hydrogen atom,
R? is not a hydrogen atom; and

R3is Ci.6 alkyl, Cs6 cycloalkyl, Cs.¢ cycloalkyl-C; ¢ alkyl, aryl, aryl-C,_; alkyl,
or arylamino, wherein each alkyl of R® is optionally substituted with one to five
fluorine atoms, and each aryl of R is optionally substituted with from one to three
substituents independently selected from chloro, fluoro, amino, nitro, cyano,

Ci.3 alkylamino, C;.3 alkyl optionally substituted with one to three fluorine atoms, and
C1.3 alkoxy optionally substituted with from one to three fluorine atoms;
the method comprising:

reducing an amino moiety of a compound of Formula 7,




Cl-3 al koxy optionally substituted with fromone to three fluorine atons;
the met hod conprising: reducing an am ne noiety of a conmpound of Fornula
13, or a dwevewmesrer thereof, to give a conpound of For rulraBdiosodiver a

di ast ereoner thereof, wherein R, R, and Rin Fornmula 37 and Formula 13
are as defined in Formula 1, Rin Formula 37 and Fornmula 13 is a hydrogen
atom Cl1-6 al kyl, C2-6 al kenyl, C2-6 al kynyl, C3-7 cycloal kyl, C3-7

cycl oal kenyl, halo- Cl-7 al kyl, halo-C2-7 al kenyl, hal o-C2-7 al kynyl,

aryl - C1- 60k Rigbteregmer thepedd oz Ralhifiereosto give theGngaan@ phyprogrla d, cati on

sel ected fraom a,G$u tal i a_G&.0 tal.i.on pri mafy, anmoni um
ion or a St élcrghrﬂ%r’}g a%%?ﬁnﬁrgﬁ?amaﬁr aﬁ%';eﬁlgedlzﬂ}Eer%lpglal]?,aquﬁd?-dtﬁ'ﬁ é‘ﬁ‘&%{l , C-6
al kenyl o, gaNenf@lbr 3rld Yl alkydyghdopt i onal |y converting the conpound of
Formula 37 or its diastereoner to the conpound of Forrmula 1 or its

di ast er eoner oPPHNaly sARYSTHRS theicemppyndy matl boribhghpgrreoniat o a sol vat e or
hydrate o Q r I eoner. 6. A nethod of
maki ng a E%éﬁ%%ﬁn {Egﬁyg%re%fﬂaégg, ég{féﬁlﬁsﬂ%%r? h@}agé;'e i ndependent |y hydrogen
atons or Cl1-3 alkyl optionally substituted with one to five fluorine atons,
provi ded that ®hen Rimethod ofiydkmgercoatpommd B2Forsnuiol, a hydrogen atom and R3
is Cl-6 al kyl, C3-6 cycloal kyl, C3-6 cycloal kyl -C1-6 al kyl, aryl, aryl-Cl1-3
al kyl, or arylam no, wherein eaﬁlN al kyl of R3 is optionally substituted
with one to five fluorine atons,?a rf R3 is optionally
substituted wwth fromone to three gnts independently selected from
chloro, fluoro, am no, nitroHOyano, kyl am no, Cl1-3 al kyl optionally
substituted with one to three flJprine atons, and Cl-3 al koxy optionally
substituted with fromone to thr fluorine atons; and R4 is a hydrogen
atom Cl1-6 al kyl, C2-6 al kenyl, -6 ail kynyl, C3-7 cycl oal kyl,

or a diastereomer thereof or a pharmaceutically acceptable complex, salt, solvate or
hydrate thereof, wherein

R' and R? are independently hydrogen atoms or Cj.3 alkyl optionally
substituted with one to five fluorine atoms, provided that when R' is a hydrogen atom,
R%isnota hydrogen atom; and

R%is Ci alkyl, Cs.6 cycloalkyl, Cs.6 cycloalkyl-Cy.¢ alkyl, aryl, aryl-C.3 alkyl,
or arylamino, wherein each alkyl of R> is optionally substituted with one to five
fluorine atoms, and each aryl of R3is optionally substituted with from one to three
substituents independently selected from chloro, fluoro, amino, nitro, cyano,
Ci.3 alkylamino, C;.3 alkyl optionally substituted with one to three fluorine atoms, and
Ci.3 alkoxy optionally substituted with from one to three fluorine atoms;

the method comprising;:

reducing an amine moiety of a compound of Formula 13,
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C3-7 cycl oal kenyl, hal o-C1-7 al kyl, hal o-C2-7 al kenyl, hal o-C2-7 al kynyl,
aryl-Cl-6 al kyl, aryl-C2-6 al kenyl, or aryl-C2-6 al kynyl or a cation

sel ect ed woamenossioup 1 netal ion, a Goup 2 netal ion, PETABRAVEONIENTIONI UM
ion or a secondary anmoni umion; the method conprising treating a conpound
of Formula 19, 19 or a salt thereof with an acid, wherein R, R, R, and R
in Formula 19 are as defined in Formula 6. 7. A nmethod of naking a conpound
of Formula 6, whereinRl and are |ndependently hydrogen atonms or Cl-3

al kyl optionally substituted ~ohe to five fluorine atons, provided that
when Rl is a hydrogen atom R2 is| not a hydrogen atom and R3 is Cl-6

al kyl, C3-6 cycloal kyl, C3-6 cyclpal k 6 al kyl, aryl, aryl-C 1-3

al kyl, or aryl am no, wher ei n &ch 2 yl R3R3s optlonally substituted
with one to five fluorine atogs, an e&@h peyl of R3 is optionally
substituted with from one t oR{®s ubstituents independently selected from
chloro, fluoro, amno, nitro, cyapo, Cl-3 al kylam no, Cl-3 alkyl optionally
substituted with one to three fl gbrine atons, and Cl-3 al koxy optionally
substituted with fromone to three flyorine atonms; and R4 is a hydrogen
atom Cl-6 alkyl, C2-6 al kenyl, C2-6 al kynyl, C3-7 cycloal kyl, C3-7
cycl oal kenyl, halo-C 1-7 al kyl, 1lalo-C2-7 al kenyl, halo-C 2-7 al kynyl,
aryl-C 1-& aadikstéreo@éﬂthe@af,fﬁoFiv&embhlpoaﬁd af Fornfila §7, al kynyl or a cation
selected froma Goup 1 netal ion, a Goup 2 netal ion, a prinmary anmoni um
ion or a secondary arrrmnlurnlor]%2 he net hod conprising treating a conpound
of Formula 33, 33 with a base t ig@ni on;

R*O

37

or a diastereomer thereof, wherein R‘l, Rz, and R® in Formula 37 and Formula 13 are
as defined in Formula 1, R* in Formula 37 and Formula 13 is a hydrogen atom,
C1 alkyl, Co¢ alkenyl, Ca.¢ alkynyl, Cs.7 cycloalkyl, Cs.7 cycloalkenyl, halo-
C17 alkyl, halo-C,7 alkenyl, halo-C,.7 alkynyl, aryl-C; alkyl, aryl-C,.¢ alkenyl, or
aryl-C, ¢ alkynyl or a cation selected from a Group 1 metal ion, a Group 2 metal ion, a
primary ammonium ion or a secondary ammonium ion, and R’ in Formula 13 is
C1_6 alkyl, Cy.¢ alkenyl or aryl-Cy.3 alkyl; and

optionally converting the compound of Formula 37 or its diastereomer to the
compound of Formula 1 or its diastereomer or to a pharmaceutically acceptable

complex, salt, solvate or hydrate of the compound of Formula 1 or its diastereomer.

6. A method of making a compound of Formula 6,
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reacting the dianion with a conpound of Fornmula 32, 32 to give an
internediate; and treating the internmediate with an acid, wherein Rl, R2,
and R3 i nrwbanwmuoss132 and R4 in Fornula 33 are as defi ne#gcirnBteos/nubes 6 and
R18 in Formula 32 is a |leaving group. 8. A conpound of Fornula 40, 40

i ncl udi ng conpl exes, salts, solvates, hydrates, opposite enantioners,

di astereoners, geonetric isoners, and m xtures thereof, in which: RL and R2
are independently hydrogen atons or Cl-3 al kyl optionally substituted with
one to fiV8CEMMyorine atoms, provided that when RL is a hydrogen atom R2 is
not a hydrogenga 2R3 I o I cycl oal kyl -C
1-6 alkyl, ary tag‘% lhéeé’gﬁ?%ﬂ?hwoggﬁfog“n%&r@ \?&I!}QX"P%%Q h al kyl of R3
is opti onale;mm«bwtth bod ediwe fldormeatdnos, broveddd thatrvwhg m‘tlwmydﬁigénet@ﬁh aryl of
Ris opti @al I% %é[g{tltuted with fromone to three substituents

|ndepende 8ihyeogs feB2B4 or o, fluoro, amino, nitro, cyano, Cl-3

ators. and cfllégfd&oxdylk%’é?% %ﬂ%?ﬁk% BRI AU S D TSl e
fluorine et aykmifReovhiescin eimhoalogert RitivoptidupHy substitRGt ithlbne toR@@  or R19 NH-,
R2 1 t C C2-6 alk |, C3-7
g;cl oal k;/ r&f?yg *P%?IS%&%W ]fﬁjallsé’l’éo‘iall?' S&g%wtegﬁy‘ih(fr@]?mﬁhqh@%yl hal o- C

2-7 al ky nydbstlﬁll’eﬁﬂs itdepeRicatl ¥dlectad ﬁbmcaﬂ&oaﬁﬁmﬁmmernlﬁﬁ}’éyaﬁg 6 al ky nyI or a
cation sel ected froma Goup 1 netal ion, a Goup 2 netal” ion, a primry

amoni um Conalkslagunw §ilarikyhaptmalsitatitued REhOnpk threshErazing:atoms, and

Ci3 alkoxy optionally substituted with from one to three fluorine atoms; and

R*isa hydrogen atom, Cy. alkyl, C,.6 alkenyl, Cy¢ alkynyl, Cs cycloalkyi,
Cs.7 cycloalkenyl, halo-C;7 alkyl, halo-C, 7 alkenyl, halo-C,_7 alkynyl, aryl-C;.¢ alkyl,
aryl-Cs.¢ alkenyl, or aryl-Cy.¢ alkynyl or a cation selected from a Group 1 metal ion, a
Group 2 metal ion, a primary ammonium ion or a secondary ammonium ion;

the method comprising treating a compound of Formula 19,

or a salt thereof with an acid, wherein Rl, Rz, R3, and R* in Formula 19 are as defined

in Formula 6.

7. A method of making a compound of Formula 6,

wherein



R6 and R7 are independently Cl1-6 al kyl, C2-6 al kenyl or aryl-C 1-3 al kyl;
RO is tosyl, nmesyl, brosyl, closyl, nosyl, or triflyl; and R19 is hydrogen
at om carwoxyoe/00861Z al kanoyl, C2-7 al kenoyl, C2-7 al kyneyir;iB£085/601966

cycl oal kanoyl, C3-7 cycl oal kenoyl, halo-C 1-7 al kanoyl, 1lalo-C2-7

al kenoyl , hal o- C2-7 al kynoyl, Cl-6 al koxycarbonyl, halo-C 1-6

al koxycar bonyl, C3-7 cycl oal koxycarbonyl, aryl-C 1-7 al kanoyl, aryl-C 2-7
al kenoyl, aryl-¢2-7 al kynoyl, “aryl oxycarbonyl, or aryl-C 1-6

al koxycar bony| Roan\R¢ aiepodapendsntly dyeipsan soms3y Gipallod ppidonadimpl exes, salts,
sol vat es, tes, S enant i . i r. ric isomers,
and i i P SRR BRP R TR o R QB B TS G RRE s ot o
or Cl1-3 aRkw nodpthiydiakh dtogiyhasdi tuted with one to five fluorine atons,

provided that when Rl is a hydrogen atom R is not a hydrogen ato R3 is
Cl-6 al kyl, C3Roisyed dylkiis CW@‘Y&M-WWIKYE_CH el gL, ar-Gh-3 aléi%l -Cl1-3
wth ono PoeyiIhE IR R AT & Sl B R VRS e AN
subst i t ut doniet drorhs,cind @ach drgl o1 i optitudl Iiytsubstitsted mdiafeora eng tosthssel ect ed from
chloro, flyoro, amno, nitro, cyano, -3 al kyl ami no,, C1-3 al kyl optionally
subst i t ut SPSHIVERS drrepersiently é@e@ft?‘ﬁ@ﬂ“rfﬁ%{? IO AYDGNIHOLYRBYyY opt i onal |y
substi t ut f . : LNG: ; o ogen
atom CL- g Al rtig TS il BoR Hegs spb et i TR un i Sy 4R

cycl oal kefy} alkhmy optiondlly seliskifted with frof) er talthen flupritmdtom€2and al kynyl ,

aryl-C 1-6 al kyk, aryl-C2-6 al kenyl] ,. ar | -C2-6 al k | or cation
sel ected from @%@Pﬁrﬁgeﬁéﬁﬂ?’ i ’cﬁrf}ﬂ(g %‘6%[5&9' lwg%ﬁaafn?}f’ﬁ%(r%d Cﬁﬂi‘%&ﬁ'ﬁ anmoni um
ion or a egcedGNerdNMHRARN-CY AIRYY; half-CA BREHRURK-Of ; o a2y14d,; alkyl,

aryl-Cy.¢ alkenyl, or aryl-C,.s alkynyl or a cation selected from a Group 1 metal ion, a

Group 2 metal ion, a primary ammonium ion or a secondary ammonium ion;

the method comprising treating a compound of Formula 33,

OR* O

A

33

b

with a base to generate a dianion;

reacting the dianion with a compound of Formula 32,

to give an intermediate; and
treating the intermediate with an acid, wherein Rl, R2, and R® in Formula 32

and R* in Formula 33 are as defined in Formula 6 and R'® in Formula 32 is a leaving

group.

8. A compound of Formula 40,
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41 includi ng conpl exes, salts, solvates, hydrates, opposite enantioners,

di astereoners, geonetric isoners, and m xtures thereof, in which:RlL and R2
are i ndepsodessidoysibydr ogen atons or Cl-3 al kyl optional lpgTapimsndieéed Wt h
one to five fluorine atons, provided that when R1L is a hydrogen atom R2 is
not a hydrogen atom R3 is Cl-6 al kyl, C3-6 cycloal kyl, C - cycloal kyl-C
1-6 alkyl, aryl, aryl-C 1-3 alkyl, or arylam no, wherein each alkyl of Ris
optionally substituted with one tg five fluorine atons, and each aryl of R3
is optionally substituted with f eg substituents independently
selected fromchloro, fluoro, am no! R cﬂ%no, Cl1-3 al kyl am no, C1-3

al kyl optionally substitutqumt;h olle ®RY tIR°ee fluorine atoms, and Cl-3

al koxy optionally substitute fromone to three fluorine atons; R4 is
a hydrogen atom Cl1-6 al kyl, C2-¢|al kenyl, C2-6 al kynyl, C3-7 cycl oal kyl,
C3-7 cycl oal kenyl, halo-C 1-7 allk@yl, 1lalo-C2-7 al kenyl, halo-C 2-7

al kynyl, aryl-C 1-6 al kyl, aryl-C 2-6&@l kenyl, or aryl-C 2-6 al kynyl or a
cation selected froma Goup 1 netal ion, a Goup 2 netal ion, a primary
amoni um inclnding canpéexesndalty, salvaesihydratesnppposite BRdhtiosiess, Hipgdiersgarerat om or
carboxy. 11. A conpound of Formyla 42, 42 including conpl exes, salts,

sol vat es, 99V semerspakmixtures, tsreob, i icl; a5t er eoners, geonetric i somers,

and i Xt ures tREreR? ok inadhkedbng Rhy@dGeRaoa &r CNd aReNGgikMy hy dr ogen at ons
or Cl-3 alkyl optionally substituted with one to five fluorine atons,
provi ded substitutedenittRind to fiveflirdriog etonwst provided thas when Ra ingHydgeen aleem R i s

gllksl al ky. zis%%fgh%r%lggr?a!ltléﬁ;’ C3-6 cycloal kyl-C 1-6 alkyl, aryl, aryl-C 1-3

R®is C.s alkyl, C36 cycloalkyl, Cs.¢ cycloalkyl-Cy.s alkyl, aryl, aryl-C;3 alkyl,
or arylamino, wherein each alkyl of R’ is optionally substituted with one to five
fluorine atoms, and each aryl of R? is optionally substituted with from one to three
substituents independently selected from chloro, fluoro, amino, nitro, cyano,

C\.3 alkylamino, C;; alkyl optionally substituted with one to three fluorine atoms, and
C1.3 alkoxy optionally substituted with from one to three fluorine atoms;

R¥isa hydrogen atom, hydroxy, R®-O-NH-, R°0- or R”’-NH-, or

[V PV Vo ¥

|
., (N\ R7
Ph and

k4

/,"l

R?isa hydrogen atom, C;¢ alkyl, C,¢ alkenyl, Cy.¢ alkynyl, Cs.7 cycloalkyl,
Cs.7 cycloalkenyl, halo-C;.; alkyl, halo-C, 7 alkenyl, halo-C,.; alkynyl, aryl-Cy.¢ alkyl,
aryl-Cy.¢ alkenyl, or aryl-Cp¢ alkynyl or a cation selected from a Group 1 metal ion, a
Group 2 metal ion, a primary ammonium jon, a secondary ammonium ion or
R6-O-NH-; wherein:

R® and R are independently Cj.¢ alkyl, Ca.¢ alkenyl or aryl-Cy.; alkyl;

R’ is tosyl, mesyl, brosyl, closyl, nosyl, or triflyl; and

R" is hydrogen atom, carboxy, Cy.7 alkanoyl, Cy7 alkenoyl, Cy7 alkynoyl,
Cs.7 cycloalkanoyl, Cs.; cycloalkenoyl, halo-Cy.; alkanoyl, halo-C, 7 alkenoyl, halo-
C,.7 alkynoyl, Cy.¢ alkoxycarbonyl, halo-Cy.¢ alkoxycarbonyl,
Cs cycloalkoxycarbonyl, aryl-C;_7 alkanoyl, aryl-Cs.; alkenoyl, aryl-C,.7 alkynoyl,
aryloxycarbonyl, or aryl-C;.¢ alkoxycarbonyl.
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or arylam no, wherein each alkyl of Ris optionally substituted with one to
five fluorine atons, and each aryl of Ris optionally substituted with from
one to thweeossubsdiet uents i ndependently sel ected from cleiconB200§/ba19660,

am no, nitro, cyano, Cl-3 al kylam no, Cl1-3 al kyl optionally substituted
with one to three fluorine atons, and Cl-3 al koxy optionally substituted
with fromone to three fluorine atons; and Ris a hydrogen atomor a chiral
oxazol i di n-2-one-3-yl.12. A conpound sel ected from

(7?) - 5- net hyl - 3- oxo&ropiared ef Bumyladhy| ester;

(7?)-5-nmet hyl - 3- oxo-octanoi c acid ethyl ester; (i?)-5-nethyl-3-0x0-nonanoic
acid ethyl ester; (i?,2)-3-am no->5- t-2-enoic acid ethyl ester; (

, Z) - 3- am no- 5- met hyl - oct - 2- enoi ¢ aci er; (

, Z) - 3- am no- 5- met hyl - non- 2- eg@({)c ac 2ester; (

, Z) - 3-acet yl am no- 5- net hyl - hept= noi c acid ethyl ester;

(/?,2)-3-acetyl am no-5-net hyl - oct{} 2-enoi ¢ acid ethyl ester;

(i ?,2)-3-acetyl am no-5- net hyl - no® 2-enoi ¢ acid ethyl ester;

(35, 5i ?)-3-am no-5-net hyl -heptanoic &9 d ethyl ester; (3

S, 5/?)-3-am no-5-net hyl -octanoic acid ethyl ester:

(3S, 5i ?) -BeladingsoBiphxehysalin solanios,hiyduites, eppopite esantiomefs3 dBstSreomers,

)-3-acetyl am no-5-net hyl - hept angi ¢ acid.ethyl ester;

(35', 5/ ?)56‘??’52%% %?P‘&‘ﬁ’isn%lldsm ‘Fﬁ@ﬁl"%eé’?’dwfﬂ%ci d ethyl ester;

(35", 5/7) - 3- acrt ldR? ne iltepeideyily RMBRE Lo iof CEL Ayl Gstioaklly

(3S, 5R) - 3-acet yl am no-5-net hyl - hept anoi ¢ aci d; L

(3S, 5R) - Fuhstitpied avihenestofive ripe eleAsi proyiged that when R” is a hydrogen atom,

(3S, 5R) - %ﬁ%%ﬂﬁ%ﬁ&&&&%‘; hyl - nonanoi ¢ aci d;
R’ is C16 alkyl, Cs.6 cycloalkyl, Cs¢ cycloalkyl-C.¢ alkyl, aryl, aryl-C;_5 alkyl,

or arylamino, wherein each alkyl of R?is optionally substituted with one to five
fluorine atoms, and each aryl of R’ is optionally substituted with from one to three
substituents independently selected from chloro, fluoro, amino, nitro, cyano,
Ci-3 alkylamino, C;.3 alkyl optionally substituted with one to three fluorine atoms, and
Ci.3 alkoxy optionally substituted with from one to three fluorine atoms; and

R*isa hydrogen atom, Cy.s alkyl, Cy.¢ alkenyl, C,.6 alkynyl, Cs.7 cycloalkyl,
C5. cycloalkenyl, halo-Cy_; alkyl, halo-C,.7 alkenyl, halo-C,7 alkynyl, aryl-C_¢ alkyl,
aryl-C,.¢ alkenyl, or aryl-C,.¢ alkynyl or a cation selected from a Group 1 metal ion, a

Group 2 metal ion, a primary ammonium ion or a secondary ammonium ion.

10. A compound of Formula 41,

including complexes, salts, solvates, hydrates, opposite enantiomers, diastereomers,

geometric isomers, and mixtures thereof, in which:
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(3i ?,5/7?)-3-hydroxy-5-net hyl - hept anoi ¢ aci d;
(3i7?,5i7?)-3-hydroxy-5-net hyl -octanoi c acid;

(3i ?, 5i ?)w8-2hysrnesay - 5- net hyl - nonanoi ¢ aci d; PCT/IB2005/001966
(3i?,51?)-3-hydroxy-5-net hyl - heptanoi ¢ aci d benzyl oxy-am de;
(3i?,517?)-3-hydroxy-5-net hyl -octanoi c acid benzyl oxy-am de;
(3i?,5i7?)-3-hydroxy-5-net hyl -nonanoi ¢ aci d benzyl oxy-am de;

(3i 2. , 5/ ?) - 3- hydroxy- 5- met hyl - hept anoi ¢ acid ethyl ester;

(3i 2. 5i ?) - 3- hy & 8% &awmﬁwmé@ttbfﬁwd@ggaua@r@w 1tk optionally

3i ’? 5i ? ter
(3R 49 - 1SEETHn 3nPE) HG RIEURES BEOAaEE N oL €T o pygrogen atom,
)-1- benzyR&x‘syndta(}gfdf@%h)atomentyl) azeti di n- 2- one;
(2772, 45)-I-benz3_,g|oxy (2-me I) azetidin-2-one; (3S,5
) - 3- benzyl oxyaf moCss ‘l"HéYlh?Bé ﬁlé%‘?aém1 s-a@tpallas G .6 alkyl, aryl, aryl-Cy.3 alkyl,
) -
) -

3- benzy FP@&XIF&%lﬁQ é}ah%{:h Ak 13&{1{3(35 gﬁ‘%‘-au? l%ébs't@uted with one to five

3- benzyl oxyam no- 5- net hy anol c
AN S Cbenﬂybr-lﬁ atpine nanid-catin ! aﬁR?lmbpﬁelnainsth&mﬂazndi fromond tethgd  est er ;

é% ﬁw est él?bsuzuents 1nc?epel¥éen{1y s 12&22( fro q}fcln)o uorgolml?lonr?lttrgylcya%gt anoi ¢ acid

(15', 35", ergtahﬁﬁ@ zy| i -dlikyl Bﬁﬁ&ﬂlry%ﬁmﬁﬂte@'&hﬁ%e% Eﬁ&@ﬁﬁor NAGKL Gin C' d

et hyI est er dr oxy-5-nmet hyl - hept anoi ¢ aci d ester;
) - 3- hydr oﬁya Blknny hyﬂlormﬂvanbﬂtmutatwcthétohnybn@@tthrep f{uBrine atoms

LGS T R SR Cr -y —
Cs. cycloalkenyl, halo-C;.7 alkyl, halo-C,; alkenyl, halo-C, 7 alkynyl, aryl-Cy alkyl,
aryl-Cs.¢ alkenyl, or aryl-C,¢ alkynyl or a cation selected from a Group 1 metal ion, a
Group 2 metal ion, a primary ammonium ion or a secondary ammonium ion; and

R*is a hydrogen atom or carboxy.
11. A compound of Formula 42,

R23

42

including cdmplexes, salts, solvates, hydrates, opposite enantiomers, diastereomers,
geometric isomers, and mixtures thereof, in which:

R' and R? are independently hydrogen atoms or C;_3 alkyl optionally
substituted with one to five fluorine atoms, provided that when R' is a hydro gen atom,
R?is not a hydrogen atom;

R®is Cy.s alkyl, Cs. cycloalkyl, Cs.6 cycloalkyl-Cy.¢ alkyl, aryl, aryl-C;.3 alkyl,
or arylamino, wherein each alkyl of R’ is optionally substituted with one to five
fluorine atoms, and each aryl of R’ is optionally substituted with from one to three
substituents independently selected from chloro, fluoro, amino, nitro, cyano,

C1.3 alkylamino, C;.3 alkyl optionally substituted with one to three fluorine atoms, and
Ci.3 alkoxy optionally substituted with from one to three fluorine atoms; and

R¥isa hydrogen atom or a chiral oxazolidin-2-one-3-yl.
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(/?,E)-5-nmethyl -oct-2-enoic acid ethyl ester; (2?,E)-5-nmethyl-non-2-enoic
acid ethyl ester; ( ,E)-5-nethyl-hept-3-enoic acid ethyl ester;

(i ?, E) - 5-wet2hysioo8aak- 3- enoi ¢ acid ethyl ester; (/?,E)-5- rerthpleosoned enoi c
acid ethyl ester; (5i?)-5-nethyl-3-(toluene-4-sulfonyl oxy)-heptanoic acid
ethyl ester; (5 )-5-methyl-3-(toluene-4-sul fonyl oxy)-octanoic acid ethyl
ester; (5/7?)-5-nethyl-3-(toluene-4-sul fonyl oxy)-nonanoic acid ethyl ester;
(5i ?) - 3-met hanesul f onyl oxy- 5- net hyl - heptanoi ¢ acid ethyl ester;

(5i ?) - 3- met hand3ul féﬁqwlﬁwmgﬁﬁﬂéﬁtﬁilfmﬁét anoi ¢ acid ethyl ester;

(/?)-3-net hane;ﬂ_g_?ﬁﬁ%%ﬁﬁégd_@%&i&%%% %)t%ci d ethyl ester; (R)-

1-i m dazol - 1- e - One; 1-i m dazol -

| -yl - 3- met hyl - @x8&umetlylexo-Octhndie heitl ddgdbster; y1 - 3- met hyl - hept an-1-one; and
t he pharnmaceutically acceptabl e conpl exes, salts, solvates, hydrates,
opposi t e enant (Oheyiethyistenrespgicaciqibylesictc | somers, and m xt ur es

ther eof . (R,Z)-3-amino-5-methyl-hept-2-enoic acid ethyl ester;
(R,Z)-3-amino-5-methyl-oct-2-enoic acid ethyl ester;
(R,Z)-3-amino-5-methyl-non-2-enoic acid ethyl ester;
(R,Z)-3-acetylamino-5-methyl-hept-2-enoic acid ethyl ester;
(R,Z)-3-acetylamino-5-methyl-oct-2-enoic acid ethyl ester;
(R,Z)-3-acetylamino-5-methyl-non-2-enoic acid ethyl ester;
(35,5R)-3-amino-5-methyl-heptanoic acid ethyl ester;
(35,5R)-3-amino-5-methyl-octanoic acid ethyl ester;
(35,5R)-3-amino-5-methyl-nonanoic acid ethyl ester;
(35,5R)-3-acetylamino-5-methyl-heptanoic acid ethyl ester;
(35,5R)-3-acetylamino-5-methyl-octanoic acid ethyl ester;
(35,5R)-3-acetylamino-5-methyl-nonanoic acid ethyl ester;
(3S,5R)-3-acetylamino-5-methyl-heptanoic acid,;
(3S,5R)-3-acetylamino-5-methyl-octanoic acid;
(35,5R)-3-acetylamino-5-methyl-nonanoic acid;
(3R,5R)-3-hydroxy-5-methyl-heptanoic acid;
(3R,5R)-3-hydroxy-5-methyl-octanoic acid;
(3R,5R)-3-hydroxy-5-methyl-nonanoic acid;
(3R,5R)-3-hydroxy-5-methyl-heptanoic acid benzyloxy-amide;
(3R,5R)-3-hydroxy-5-methyl-octanoic acid benzyloxy-amide;
(3R,5R)-3-hydroxy-5-methyl-nonanoic acid benzyloxy-amide;
(3R,5R)-3-hydroxy-5-methyl-heptanoic acid ethyl ester;
(3R,5R)-3-hydroxy-5-methyl-octanoic acid ethyl ester;
(3R,5R)-3-hydroxy-5-methyl-nonanoic acid ethyl ester;
(2R 45)-1-benzyloxy-4-(2-methyl-butyl)-azetidin-2-one;
(2R 45)-1-benzyloxy-4-(2-methyl-pentyl)-azetidin-2-one;
(2R 4S5)-1-benzyloxy-4-(2-methyl-hexyl)-azetidin-2-one;
(35,5R)-3-benzyloxyamino-5-methyl-heptanoic acid;
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(38,5R)-3-benzyloxyamino-5-methyl-octanoic acid;

(38,5R)-3-benzyloxyamino-5-methyl-nonanoic acid;

(15,3S8,5R)-3-[benzyl-(1-phenyl-ethyl)-amino]-5-methyl-heptanoic acid ethyl
ester; ‘

(15,35,5R)-3-[benzyl-(1-phenyl-ethyl)-amino]-5-methyl-octanoic acid ethyl
ester;

(15,38,5R)-3-[benzyl-(1-phenyl-ethyl)-amino]-5-methyl-nonanoic acid ethyl
ester,

(5R)-3-hydroxy-5-methyl-heptanoic acid ethyl ester;

(5R)-3-hydroxy-5-methyl-octanoic acid ethyl ester;

(5R)-3-hydroxy-5-methyl-nonanoic acid ethyl ester;

(R,E)-5-methyl-hept-2-enoic acid ethyl ester;

(R,E)-5-methyl-oct-2-enoic acid ethyl ester;

(R,E)-5-methyl-non-2-enoic acid ethyl ester;

(R,E)-5-methyl-hept-3-enoic acid ethyl ester;

(R,E)-5-methyl-oct-3-enoic acid ethyl ester;

(R,E)-5-methyl-non-3-enoic acid ethyl ester;

(SR)-5-methyl-3-(toluene-4-sulfonyloxy)-heptanoic acid ethyl ester;

(S5R)-5-methyl-3-(toluene-4-sulfonyloxy)-octanoic acid ethyl ester;

(S5R)-5-methyl-3-(toluene-4-sulfonyloxy)-nonanoic acid ethyl ester;

(S5R)-3-methanesulfonyloxy-5-methyl-heptanoic acid ethyl ester;

(SR)-3-methanesulfonyloxy-5-methyl-octanoic acid ethyl ester;

(R)-3-methanesulfonyloxy-5-methyl-nonanoic acid ethyl ester;

(R)-1-imidazol-1-yl-3-methyl-pentan-1-one;

(R)-1-imidazol-1-yl-3-methyl-hexan-1-one;

(R)-1-imidazol-1-yl-3-methyl-heptan-1-one; and

the pharmaceutically acceptable complexes, salts, solvates, hydrates, opposite

enantiomers, diastereomers, geometric isomers, and mixtures thereof.
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