STERECSELECTI VE SYNTHESI S OF PI PERI DI NE DERI VATI VES CROSS- REFERENCE TO
RELATED APPLI CATI ONS This application clains priority to U. S. Provisional
Appl i cat iwo 20lw/073®8/ 122, 461, filed Decenber 15, 2008. Pha/useomwants1df the
prior application is hereby incorporated by reference in its entirety.

BACKGROUND Piperidine is a six-nenberedaﬁﬁclic conpound cont ai ni ng

five carbon atons andIdnBEOSBEELCIHIE SNBSS ¢2E are wi dely used as
bui | di ng bl ocks in the 1@q}qugfjﬁgfgIHERgthqquEthaining organic
conpounds for pharnmaceut rcal_and ot er uses. The stereochenica
configurations at the ring atons of piperidine can be critical to
pharmaceuti cal acti CRIOSSOSREFBRENI(IETO REIATIN AFPRIGHTHONSNI ¢ conmpounds.

Thus, effectively and stereosel ective nt.hesi.zj ng. pj. i di ne derivatives
ToUof grear 15T HSaPPaHEET RN e LS AR gral M RiGENp on r el at e o
di al dehydg)omnadigni fifeh IIc6ABR0UN IS8, i Lddnahe o 8 pkbr hfplRBHING hereby
stereochem cal iy pure piperidine derivatives. The compounds of this
inventionHWQHQﬁﬁ@fhﬂhﬁbmnﬁﬂolwﬁthHLa I, in which Rl is an am no-protecting
group; R2 is H Ci1-C6 al kyl, C2-C6 al kenyl, C2-C6 25al kynyl, C3-C8
cycl oal kyl, C1-C7 heterocycl oal kyl, aryl, or heteroaryl; X is C(O)H or CN,
and nis 0, 1, or 2. The conpounB&GKYROEA{Are that R is C(0)O0t-Bu,

0) OCH2Ph, ] 0).CF3, CH2Ph, .. 0) 0- Ph: . i Cl- C6 al kyl
o O 1 BloShline & b e e et s R B fbteig B AR 280 ndis

have the and one nitrogen atom. Its derivatives are widely used as building blocks in the

10 synthesis of piperidine-containing organic compounds for pharmaceutical and other
uses.
The stereochemical configurations at the ring atoms of piperidine can be
critical to pharmaceutical activity of the piperidine-containing organic compounds.
Thus, effectively and stercoselectively synthesizing piperidine derivatives is of great

15 importance.

SUMMARY
One aspect of this invention relates to dialdehyde or dinitrile compounds,
which are useful in making stereochemically pure piperidine derivatives. The
compounds of this invention have formula I:

20
RZ NHR'

x)\(\%%\x

formula I,

in which R! is an amino-protecting group; R?is H, C;-Cs alkyl, C,-Cs alkenyl, C,-Cs

25 alkynyl, Cs-Cg cycloalkyl, C;-C5 heterocycloalkyl, aryl, or heteroaryl; X is C(O)H or
CN; and nis 0, 1, or 2. The compounds may feature that R' is C(O)Oz-Bu,
C(0)OCH,Ph, C(0)CH,, C(O)CFs, CH,Ph, or C(0)O-Ph; or R* is C;-Cg alkyl (e.g.,
methyl).



Shown bel ow are two exenpl ary conpounds of this invention: HN Boc Oand NC
Me NHBoc - CN, wherein Boc represents t-butoxyl carbonyl. Anot her
aspect ofwORlor/i7mwenti on relates to a synthetic processPChaliSa@ong7817
contacting the dial dehyde or dinitrile conmpound of formula | with a

conpound of fo la 11: H2N formula I1, in which RB3is H Cl-C6

al kyl, C2-C6 akﬁm&mg focthe &VE%RWP,,SO&@%%P&IFH?&PM%V@&@ c7

15het er ocycl oal kyl, aryl, or heteroaryl, %o erl_g&a}re a piperidi ne conmpound
[ 13N i

of formula I'11: RRNHRL' NR? RINHR'or nul n which R, R2, R3, and n
are as defined above. In pne enbodinment J Rl izs C(0)0t- Bu, C(0)0CH2Ph,
C(0)CH3, C(0)CF3, CHZPB( 0 Q-Ph; s/ H X C-Co6 al kyl (e.g., CH3);
R3 is Hor CH2Ph; and his 0,71, or 2. This process can further

i ncl ude r sRPPERYNIRBY #F om t he conpoudrd of fornula I11, wherein nis 1, and

coupling the resultant conpound with a quinolinone 25conpound to forma
conpound of the following fornula: WD 2010/ 077798PCT/ US2009/ 067817

Shown below are two exemplary compounds of this invention:

Me HN-Boc
R Me NHBoc

| | -
5 @) O and NC CN

wherein Boc represents #-butoxylcarbonyl.

2

Another aspect of this invention relates to a synthetic process including
contacting the dialdehyde or dinitrile compound of formula I with a compound of
formula II:

10
H,NR?

formula II,

in which R® is H, C;-Cs alkyl, C,-Cs alkenyl, C,-Cs alkynyl, Cs-Cg cycloalkyl, C,-C

15 heterocycloalkyl, aryl, or heteroaryl, to prepare a piperidine compound of formula I1I:

R2\[(A;]/NHR1
n

N

R3

formula III,

20 in which R', R?, R?, and n are as defined above. In one embodiment, R’ is C(0)Or-
Bu, C(0)OCH,Ph, C(O)CHs, C(O)CF3, CH,Ph, or C(0)O-Ph; R* is H or C,-Cg alkyl
(e.g., CH3); R* is H or CH,Ph; and n is 0, 1, or 2.
This process can further include removing R* from the compound of formula
III, wherein n is 1, and coupling the resultant compound with a quinolinone

25 compound to form a compound of the following formula:



00 IOR4 wherein R is H C(0)O0t-Bu, C(0)0CH2Ph, C(0)CH3, C(0)CF3, CH2Ph, or
C(0)0- Ph; R2is Hor Cl1-C6 alkyl; R3 is Hor CH2Ph; R4 is H or carboxyl
prot ecti myogooupy79and RS is H, Cl-C6 al kyl, C2-C6 al kenpCT/uS200@66mli1kynyl ,
C3-C8 cycloal kyl, Ci-C7 5heterocycloal kyl, aryl, or heteroaryl. The

resul tant conpound nmay have the follow ng stereochem stry: 00 00 R2
The di al dehyde conpound used to prepare "hechonpound of forrmula (111) can
10be obtai ned by conducting a reducitrap-Tea 9 ga of a diester conpound of
the follow ng fornula RQF?HE% OR5 0 reduci ng the diester conpound to
a di al cohol conpound and

above process, when the diald

g conpound. In the
cordodnd of formula | is R NHRL 1 0O

;04@

N

2
N
=
)
o
)
o
o
>0
=}

wherein R' is H, C(0)O#-Bu, C(O)OCH,Ph, C(O)CH3, C(O)CFs, CH,Ph, or C(0)O-
Ph; R”is H or C,-Cs alkyl; R? is H or CH,Ph; R* is H or carboxyl protecting group;
and R’ is H, C;-Cs alkyl, C,-Cs alkenyl, C,-Cs alkynyl, C3-Cs cycloalkyl, C,-C5

5 heterocycloalkyl, aryl, or heteroaryl. The resultant compound may have the following

stereochemistry:

R'HN,, /@ﬁﬁ)‘\
Q OR5
, or preferably

The dialdehyde compound used to prepare the compound of formula (IIT) can
10 be obtained by conducting a reduction reaction of a diester compound of the

following formula

RZ NHR'
R40 OR>®

O O

or by reducing the diester compound to a dialcohol compound and then oxidizing the

dialcohol compound.



, the compound of forrmula Il thus obtained is The di al dehyde conpound can
be obtai ned by reduction of R2 NHRL R407 OR5 R2, A, oNHRL - \ / ri ' N RS
00 5Furt hwo,20im7¢198 above process, when the di al dehyde eomrpseed/ 0681 or mul a

| is RR NHRL 7 , the corrpound of formula I'll thus obtainedis R2,",..oNHRL
1 n' . The d aI de de co g g@ &(ti)t ai ned edu t'.on of NHR1 R40
. OR5 00 I the a & RIPHS ’r"i’ %Brlﬁ A eh“soé‘&Pquﬁ Sprocess can be

prepared by t atl n 10wi th a dehydrating agent, a djam,de und of the
fol | owi ng de Rg' & ﬁm?

£ N

3
, the compound of formula III thus obtained is R

The dialdehyde compound can be obtained by reduction of

R? NHR'

m

5 Further, in the above process, when the dialdehyde compound of formula I is

R? NHR1

, the compound of formula III thus obtained is
n
N
R3

. The dialdehyde compound can be obtained by reduction of

R?Z NHR'

M

The dinitrile compound used in the above process can be prepared by treating,

10 with a dehydrating agent, a diamide compound of the following formula
R? NHR'
HoN NH,
n
O O

in which R' is an amino protecting group; and R?is H, C;-Cs alkyl, C,-C¢ alkenyl, C,-
Cs alkynyl, C;-Cg cycloalkyl, C;-C; heterocycloalkyl, aryl, or heteroaryl. The

15 diamide compound can be prepared by direct amidation of the diester compound

4



00 i

aryl,

n which R is an am no protecting group; and R2 is H, Cl-C6 al kyl,
C2-C6 al kenyl, C2- C6 al kynyl, C3-C8 cycl oal kyl, C1-C7 heterocycl oal kyl,
or WeteroparyB. The 15di am de conmpound can be prep&CEWISR§0IascTSET t

am dation of the diester conpound shown above wi th amonia or by

D LSSl R P B BT S @

In the ab

R2. " NHR1 Qmumhghogﬁkuﬁﬁkis, t he conpound of formula Il thus obtained is
5The dinitrile conpound can be synthesized by dehydration of R2 NHR1 H
N'NH2 , whi ch, I thetabove, proegss,behqnrtbp dned | dogonzpoudd ol tmmata 1

turn, can be prepared by am dation of NHR1

NC n CN N
is , the compound of formula III thus obtained is R
5 The dinitrile compound can be synthesized by dehydration of

R? NHR1

NHR1

R2

HR?
HOMOH

(e.g., o o ).

Further, in the above process, when the dinitrile compound of formula I is

R2 NHR'!

, which, in turn, can be prepared by amidation of

Iz

N

3
, the compound of formula III thus obtained is R
10 The dinitrile compound can be synthesized by dehydration

R?> NHR'

, which, in turn, can be prepared by amidation of

R2 NHR’

NHR'
M HO\H/\/'\H/OH

(c.g., © ©

include treating the following compound:

). This process can also

R1
NCAH/\CN

15 in the presence of a base, ¢.g., liithium hexamethyldisilazide (LIHDMS), with RL,

||Z

wherein R? is alkyl, e.g., methyl, and L is I, Br, MeSOy; to stereoselectively

5

of 00, whi ch,

R2 NHR!

in



NCCN n 15in the presence of a base, e.g., liithium hexanethyldisilazide
(LiHDVMS), with R2L, wherein R2 is alkyl, e.g., nethyl, and L is I, Br,
MeSO4; t owetercog®Becti vely synthesize the conpound of pCerusabe/06781Furt her,
it may include reacting t he conpound of fornula I, wherein R3is H wth

an acid (e. I|c aci r aci.d rma salt
st er eosel 8¢t %7169 epeﬂmnwﬁg? Uiagi ﬁlﬁrﬁé i rrﬁnCQrdﬁrractlr%rf@rC@nrpeu%d strai ght

or branchggrydl.a¢atReRin R@ﬁt}@'\ﬂﬂ{‘ﬁl a’!c@(e%%;&‘ﬁ@ aéleQH% chEXeER)8s f&fn al kyl
groups include, buf are not limted , ethyl, n- propyl , 1-propyl,

n- but yl , asddualyi steramletctlb@lyyohrlfyTlh@thteealm aI koxy refers to an 0 al kyl

radicaI.Exa s, of .al.kax rou i.ncl ude, but, ar

rothony. ot nowy el RIS D RUL il ok Py p it A BRD. s bR )
diradj cal cgbom RonfsX EXRMBRs Of alk§11 g¥heaclul o Wuu iR nobUited &, Mthyll &hjled to,
nmet hyl ene and ethylene. 10 The term "al kenyl" refers to a straight or

branched Hhyuerydariyopylhabbiv zdw&vlorndrfdm/lci@emr@% gfersgx anpl-es of

2~ bt oyt IRl 1 e BLSy R UME b e FRORRIGe o GBMBERYL 70 o

br anched BMdXﬁ@ﬁdetﬁ)xyC(Théwrm‘fag(y(lb’iﬁ”m’feﬂm%Q@yldhtaﬂlh@l bangs. Exanpl es of
an al kynyl group i.nclude, but 15are not |limted to et hynyl , 2-propynyl,
and 2- but §rgmples of “alkyfene”rglpdo: Rpiare nptdfrgited fogmsthglengap ﬁg{lﬁ{?ﬁécycl ic,

10- cgy bon bi cyghl fyrml4 eﬁ "l?&@rsttB'a(‘s}%ﬁlghF? Qrg@kaﬁ &ﬂo@?zbéﬁ’ﬁéﬁﬁ% &£ n each

ring may have 1 to 4 su ituents an-aryl group ude, but
are not | inord @dCtdoublrahnengirsl Emmiesrqﬂalk@ayﬂgmnpdmakuéuwut arthet hmutmi to,

"cycloal kyl" refers to a satu ted and partially unsaturated 20 cyclic
hydr ocar b%f&re@rlomu‘ﬁa%ﬁ@d%% 2 carbons. Exanpl es of a cycl oal kyl group

i nclude, but a‘Tﬁe&@ﬁl 4alk%§zleqle¥e@n rd %S lt&@t?l?&’étpal Y6t %Héﬁéh,hyﬁ%‘%hr%ﬁm yl,
cycl opentenyl, cycl ohexyl; cyclohexenyl, cycloheptyl, and’cycl ooctyl .

The term cmalamgamylo'fnroeé €E§ ttlpleémnés oErmmpdedief&nmmgt gduporbadecbutc, 8-12
menbered bic l gh]a'{ 14 nenber érr C c ring system having one or
nor e1525hef‘ré’r 16%4&‘1(%8 nyls 2propynygangy ‘éﬂi pl es of a heteroaryl group

i nclude pyri dyirpe fethayaryl® BBER%04 charﬂoﬂq%ddcyclicnqi@-%ﬁ)rlbﬁh bidyemz 1ol dazol yl,
pyrimdinyl, thienyl, duinolinyl, and thiazolyl he term "Reteroaral kyI

refers t ocahomtrioybhcgarouptls obg systern echewdin bach rh@treasohawll tgriowpstitiérds.t er m

"het erocygl oal kyl » ref rs to rorratr red cyclic, 8-12
ronber ed SrEgRrt ot i B PR LA R uido g FRERTHER 6 one or
nor e het epaaf8myl ( THE Rer@s cPeloNkyOlrefS)s toE&arrlpAt%a&fpaauélghﬁrs@ﬁmé@al kyl group
i nclude, but are not limted to, piperazinyl, pyrrolidinyl, dioxanyl,

nor pHol i nyrcllcéwdrchrbpargmpdraﬂmr%/ﬂo 1214athomec fximalek9f a exahodey| grage char i de
|
net o ooy ol TR aqr tiied SOty Pleb @Bl BBy, SERRREE o

substitut eybl@redﬂnmlblsdmhgdt @itlcrmpfytllaaa cyBsagrpl. es of substituents include,

but are not Irmted to, hal o, hydroxyl, amino, cyano, nitro, nercapto,
al koxycar bony| Tha e hegapdy eféltﬁalhé@maﬁlééﬁ megbRriad uenesKslic; Sdar bami do,

membered bicyclic, or 11-14 membered tricyclic ring system having one or more

25 heteroatoms (such as O, N, or S). Examples of a heteroaryl group include pyridyl,
furyl, imidazolyl, indolyl, indazolyl, benzimidazolyl, pyrimidinyl, thienyl, quinolinyl,
and thiazolyl. The term “heteroaralkyl” refers to an alkyl group substituted with a
heteroaryl group.

The term “heterocycloalkyl” refers to a nonaromatic 3-8 membered

30 monocyclic, 8-12 membered bicyclic, or 11-14 membered tricyclic ring system having
one or more heteroatoms (such as O, N, or S). Examples of a heterocycloalkyl group
include, but are not limited to, piperazinyl, pyrrolidinyl, dioxanyl, morpholinyl, and

tetrahydrofuranyl. Heterocycloalkyl can be a saccharide ring, e.g., glucosyl.



5car banyl , carboxyl, thioureido, thiocyanato, sulfonam do, alkyl, alkenyl,
al kynyl , al kyl oxy, aryl, heteroaryl, cyclyl, and heterocyclyl, in which the
al kyl , alwerrgloo7atokynyl , al kyl oxy, aryl, heteroaryl, cyeCylus2ema67817

het erocyclyl can be further substituted. The term "am no protecting group”

refers to a functional grou hat,, en bonded to an am no grouyp, prevents
the anino gr oug\TIfleoa?Wﬁ@ﬁ?@wLﬁww% Eéti@ﬁ}'@?aelfwlf ﬁ‘él’@i‘lggﬁtegﬂéﬁﬂbe r enoved
by conventj.angiled IR HRiudErRIPI®StRlcdah RAsuds Qe hHgHE GtRmpldrude, but
are not limted to, alkyl, acyl, and silyl. Conmmonly used am no protecting

groups ar subGfiiots iBUydeCh ) BChRPIMite 1©0) ITHB, ﬁy@(@W@ﬁmiHMQmD,, ngred C( 0) O- Ph.

Am no protectipng grou have been di scussed in T. ene, and P.G M Wits,
brotect | VBBt BN Gmeh EnReRE SGS . M FhESHF: E9Pahidoons
(1991 . ThabhmyMcardety dhafurd18o,aBBBYanafoe bigfchain@d A akyeMI&aY 1, agenyl, t hat, upon
contacti ng another chem cal substance, renoves water fromthat substance.

Exanpl es alkylxgehylheeioatylagehtl. dnddietssecyclybtin ashichibe alkyhiatksayh o,

phosphor ut e RS XA e CE' B PR SUOY s RERPRRENE O oo

and advant agesTaé tdrine‘aimiiveprotcdtingvziolupb ecfeng pas endctibniad grdupahstesben pt i on and
the clains. DETAI LED DESCRI PTI ON . The di al dehyde conpounds of this
i nvent i onbeadediie ahrEEe FEUHPTHENS- R gMRoEER MM IngHerRe IS  as

illugtrat i Ftﬁ%% i repared from
cormﬁ Ci a? ;t/écg\l}gté a ISP[IP-Q g‘%rget‘\(éer%% gg%%ﬁmwglﬁg&gg%g%@ﬁgyﬁggﬁ%pcan pr ot ect

t he am nopatettiogighoyy incdudeubst aoé netilaika td, dlbylofdydiand cdplp dlomam@nlyand t hen
conduct al kyl at.ion of conpound 2 ith a tin t, as Mel,
VoBs  anduidatas P B mramnge e Bo EOfIER A BRI VR Vi 1Y o

al kyl ati oppph @ -Ph. A mideSrSteftiROsbhipOihve BRPGsGRMIiaH @d by the
stereochen’ngt ry g}m?zg C2 r:][310p§)sri tei (1)n. ThI:).IS, thee 4SSi somelr of conpound 3 is
pr edoni nabitr¢epefand R M. SEets Himesgvatrretpsak Orgdet Spitkevsoad Llgd.1 John1998, 39,

5887'5 and E\,rwi8§0et 1? Tetrahedron Lett., 2003, 44, 285. After this
st er Bosel SHPVEIRRY (1201 bn, conpound 3 i's reduced to WO

2010/ 077798PCTITLISERR108Bdii o0ioéet deftyt8d cHbmiddeiydethanmMpen Béhtdotingn wWhi ch
the stereochem stry of the G2 and G4 positions is maintained. 1. HCO/MCH

NH22. Boc2mytigrehemmsbsubstanmsremenes waggaeppctheaqbetaned Bragples of aOove

dehydrating agent include, but are not limited to, benzenesulfonyl chloride, cyanuric
chloride, ethyl dichlorophosphate, phosphorus oxychloride, or phosphorus pentoxide.
20 Other features, objects, and advantages of the invention will be apparent from

the description and the claims.

DETAILED DESCRIPTION
The dialdehyde compounds of this invention can be prepared by well-known
methods. For example, as illustrated in Scheme 1 below, a dialdehyde compound can
25 be prepared from commercially available L-glutamic acid. More specifically, one can
protect the amino and carboxyl groups of diacid 1 to obtain compound 2, and then
conduct alkylation of compound 2, with a alkykating agent, such as Mel, MeBr, and
Me,S04, to form compound 3. Note that the stercoselectivity of alkylation of
compound 2 at the C-4 position can be controlled by the stereochemistry of the C-2
30 position. Thus, the 4S isomer of compound 3 is predominantly formed. See
Hanessian et al., Tetrahedron Lett., 1998, 39, 5887; and Gerwick et al., Tetrahedron
Lett., 2003, 44, 285. After this stereoselective alkylation, compound 3 is reduced to



42THE, -78 Cr%/ n Y no 00 12 M NHBoc MO/ : OwveDl BALH t ol uene,

3 a:

n=0 b: n=1 c: n=2 5Schene 1 The di al dehyde conpounds d

-78 C 0OnO
escri bed

herei n cawokeiwwwam8ed with a primary am ne or anmoni a uRdEUSE@IO6TISILY e
am nation condition, which requires a reducing agent, to forma p

art.

2 bel ow,

conpound. Reduci ng,.agents used rreducti ve am nati.on 0
ExanBlVedicst iglicTgR R %éﬁﬁr&ﬁwateme 3 bl reth
ghalidrhy dritappeund 4 is reacted with benzyl am ne and NaBH4 to

peri di ne
in the
n Scheme

form N-benzyl piperidine conpound 5 and reacted with amonia and NaBH4 to

form N-free cyclic N-containing conpound 6: NH3 e. " NHBoc n
1. HCI/MeOH
NH, 2. Boc,O/EtOAC NHBoc LIHMDS, Mel,
HO\W/\67§erH Nﬁcoﬂﬁq‘ Meoﬁ%i?@%;ﬂ/OMe THF, -78°C
o) e 0O "0
1 2
Me NHBoc Me l;lHBoc
MeO “ _OMe DIBALH/toluene, ~78 °C H H
NG -~ st)s
5 n o] "0
3 4
a: n=0
b: n=1
c: n=2
5 Scheme 1

The dialdehyde compounds described herein can be reacted with a primary
amine or ammonia under reductive amination condition, which requires a reducing
agent, to form a piperidine compound. Reducing agents used in reductive amination
are well known in the art. Examples include NaBH4, NaCNBH; and NaBH(OAC)s.

10 As shown in Scheme 2 below, dialdehyde compound 4 is reacted with benzylamine
and NaBH, to form N-benzyl piperidine compound 5 and reacted with ammonia and

NaBH,4 to form N-free cyclic N-containing compound 6:

Me NHBoc Me\[@ﬂ‘\\NHBoc
Y ke

o N
(@] no NaBH, k
4 Ph
5
NH; Me ~NHBoc
> n
NaBH, N
H
6
a: n=0
b: n=1
c: n=2

15 Scheme 2

8



NH®G6 a: n=0 b: n=1 c: n=2 NaBH4 15Schenme 2 WO

2010/ 077798PCT/ US2009/ 067817 D al dehyde conpounds nay be unstabl e
and can beouswd7f™8 a further reaction wthout isolatiomrCoruspamiobiseati on.
Schenme 3 bel ow depicts a one-pot process of converting protected L-glutamc
acid 2b to piperidine compound 6b, which is reacted 5with oxalic acid to

gi ve piperidine_ oxalate conpound 7b. In_this process, the internedi ates
di al dehyde conpiiddyds C@@pwmds irwb&ﬂ@atabk@ﬁfit%b? perdtfpom furthenessgtion 10Shown

bel ow ar e?ﬁtﬂgﬁ S5 & R Qt'lcﬂle ABRAY R & ; gk, can be

prepared from chg thﬂnh e 018 n%s. rb% Vﬁ?&)l %&gmﬁ%ﬁ? g Rl =

CO2 CH2 C6 HeorB/ertRE prob%ct@d IFglutanﬁc adid Pb 16 pipRilidme CORGOETOM O hidtilis +edCE@ACE HS
5 with oxalic acid to give piperidine oxalate compound 7b. In this process, the

intermediates dialdehyde compound 4b is not isolated from the reaction.

[ T.LHMDS, Mel, ‘:
E THF, -78°C :
H 0 I
: NHBOC 2. DIBALH/tquene, -78C Me NHBOC Me ‘\NHBOC:
{ MeO *_OMe o M0 H A _H ' !
| \n/\/\n/ 4. NaBH,, -78 °C to 40 °C NH; !
1 - — N 1
! o) o) o) o) H :
: 2b 4b ’
E o i
i i

One-pot reaction

Me ~NHBoc
oxalic acid \Ej
£BuOMe 0.5 Hy,C504
—>

Scheme 3

10 Shown below are some other piperidine compounds and enantiomers that can

be prepared from dialdehyde compounds.

ANHR' g R1= CO,CH,CH, ANHRT 11 R1= €OLCH,CeH
9R!= Ac 12R'= Ac

N 10 R!= CO,C¢H;s H 13 R'= CO,C¢H;

N

Ph

R wNHBoCc 14 r-y 17 R = CH,C¢Hs 20 R = CH,CH=C(Me),
I5R = Et 18 R = CH,CH=CH, 21 R = CH,CH=CHC H; (E)
I6R=C¢Hs 19 R =CH,C(Me)~CH,

14 1 ! /
4, NHR 8 1{1 COQCH2C6H5 ‘e, N HR g Rl COQCH2C6H5
9! Rl Ac 9 1{1 Ac
N

10'R! = CO,CH; ” 10' Rl = CO,C4Hs

NHBoc  14r-p 17' R = CH,C¢Hs 20' R = CH,CH=C(Me),
15'R = Et 18 R= CH,CH=CH,  21'R= CH,CH=CHCH; (E)
N 16 R=CHs  19'R=CH,C(Me)=CH,
H

15



WO 2010/ 077798PCT/ US2009/ 067817 The pi peri di ne conpound can be used as a

bui I ding bl ock for synthesizing other organi c conpounds. The
di al dehyd®ocompourds descri bed above can be al so prepar @dTfuseomdsmsst er by a
reducti on-oxi dati on sequence. For exanple, as illustrated in Schene 4

below, 5 djester. conpound 3 is reduced i.n.the presence of. LiAl1H4 to forma
di al cohol ﬁlb%ﬁ‘é’&ﬂﬂ]&eﬁ @pmdc%n%w%&ﬁ aehltlgdaﬂ&h%b%@érﬁm PYEPE 81t 0 afford

di al dehydgLRiRedRdudds. M@ NHBocMe NHBocoxal yl chl oride MeOLi Al H4 @ OVeHO
OHDIVSO nl 2C1 2 OTHFO 322-70--60 C a: n=0 b: n=1 c: n=2 Schene 4 10

Li ke the di al déhydeldsbpgoemamundhdesdiibid above canbpdsmpisparad diohatikgcthy

dehydrat i th orrespondi ng di am des an seq .t re cyclic

N cont a nPRa EBHRRLREER Rl ien Fof S SRlFEE 1 RoRERERRSeSYel o, the
di ester corpeisnpsund B ectuest nGhapichdict @ LIAmé &irth diiakbAs conmpound 23,
which is treated with a 15 dehydrating agent to give dinitrile conpound 24.

Di ni tril eceropypidrid. 2hichavastsahiceted éq Swemn axpdasinndm pogrdiddetydeani ne in

one-pot u qlgplytic hydr ogenati on condition to give conmpound 6: a:
n=0 b: n=?&§§0un§2'208cherre 5
Me NHBoc LA Me NHBoc oxalyl chloride Me NHBoc
MeO ~~_-OMe A4 HO ‘__OH DMSO :
sis —_— s.s —_  » | s™hs)
O O THF CHCl o) o)
3 22 -70--60 °C 4
a: n=0
b: n=1
c: n=2
Scheme 4

10
Like the dialdehyde compounds, the dinitrile compounds, available by

dehydrating the corresponding diamides, can be used to prepare cyclic N-containing
compounds. For example, as illustrated in Scheme 5 below, the diester compound is
subjected to amination to afford diamide compound 23, which is treated with a

15 dehydrating agent to give dinitrile compound 24. Dinitrile compound 24 is then
reacted with ammonia or benzylamine in one-pot under catalytic hydrogenation

condition to give compound 6:

Me NHBoc Me NHBoc CeHsSOCI Me NHBoc
z NH,OH R o z
MeO OMe 4 ridine
st s o, HN st's NHp _ PYRAme NC st s CN
. CH,CI n
O O 0O e} 2Ll2
3 23 0°C-rt 24
Hy
NH,OH
or BnlH, «NHBoc «NHBoc
/MeOH < n > n
—_— — >
CN
Pd-C NHR H
or Ra-Ni
R=HorBn 6
25

a:n=0
b: n=1
c:n=2

20 Scheme 5
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WO 2010/ 077798PCT/ US2009/ 067817 Resol uti on of conmpound 6 can be achi eved
by reacting it with an acid (e.g., oxalic acid) to give its salt form

fol | onwed WO 20tyst®Bl | zati on or trituration using appropPCAUUS260/09EMmT
systens. In certain instances, a chiral acid may be used. The

di ast ereoneri ¢ excess (Cde) Vadla e of t us-c%ri fied conpound. 6 can exceed
99. 9% 5SchenteEION Qi CAMBRICHhCal feerchisy P BY BrasiRbE e synt hesi ze
di am de 23 4izedid)% BHERRLE RIrRETHicNRd B RAMIARR% of GiRA%LAALRE I n Scheme 5.
Di ester conmpound 3 I's hydrolyzed to give diacid conpound 26, which is

subj ect edapmopmdteisalivon susictes. b avirthioh iogsatics.i aothitabacad fray dedisedri the 23. See

Pozd , . F. Tet.r ahed Let t 199 36, 7115. Thi inim
Phedners: Hiep s itic Soras B S 8 frusdtnfed S bl B oo dahale: o o<S
Schene 6 D acgehed@s BaBwaheRs Be alkirBRaRc vt BlosYdsab kpfth&@fze diamide

y-met hyl - N- Boc- L-gl utamate in 15the presence of |ithiumdiisopropylam de,
fol | owed BY updde dreparaspiperdingeompperdsedidgmesstrapghin Schepe P, Diestahown i n

Schene 7 j 0 i c I . | kyl ati on

o oduct  2EanbindZ S pSUANEE REPRE Lo RGRTRb S NAER NS ot Mom 26b,

is very hag@hatidn uvhdd®kd miNHEaGIit2on th DAfotdiamideR23C SecWotikdd3V. Mel /' MeO 00\
Tetrahedron Letters, 1995, 36, 7115. This method minimizes the possibility of

10 racemization, as it requires a mild condition.
pyridine
Me NHBoc Me NHBoc Boc,0O Me NHBoc
MeO “__OMe ' NNaOH 4 “_OH NHHCO;  H,N ~_NH,
S nS D S ns R S\7.S
0 o] THF o} o] THF -
3 _5%C 26 one-pot
a: n=0
b: n=1
c:n=2
Scheme 6

Diacid 26b can also be prepared by alkylation of y-methyl-N-Boc-L-glutamate in
15 the presence of lithium diisopropylamide, followed by hydrolysis of the intermediates
(26b’, 26b"), as shown in Scheme 7 below. The diastereomeric excess (de) value of
the alkylation product 26b, determined by HPLC analysis of diamide 23 obtained
from 26b, is very high.

1. LiOH
2. LDA/THF, -70 °C
l;lHBoc 3 Mol Me NHBoc Boc CO.Li
e g G B S e
+
0] @) 0] @) N
Me
v-methyl (2R)-N-Boc-L-glutamate 26b' 26b"
1. OH Me NHBoc
2. H;0* HO ~_OH
20 © 26b ©

Scheme 7
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\ Boc N "sCQ2Li m/ y-nmet hyl (2R)- N Boc-L-glutamate 26b' 26h" 1.
NHBoc 2. H30+HO/OH S S 3. 4. 20

WO 2010/077798 PCT/US2009/067817
Diamide 23 can be converted into dinitrile 24 at low temperature using cyanuric
chloride as a dehydration agent. See Scheme 8 below. This dehydration method is
described in Aureggi, V. et. al. Org. Synth. 2008, 85, 72.
X
)
Me NHBoc Cl)\N/)\CI Me NHBoc
HoN S S NH, o NG”s S CN
o "5 DMF
23 0-10 °C 24
a: n=0
b: n=1
5 c: n=2
Scheme 8
Alternatively, dinitrile 24 can be synthesized from diacid 26 in a one-pot fashion
as illustrated in Scheme 9 below.
Cl
pyridine )N|\ \)N\
Me NHBoc Boc,O Me NHBoc a1 N e Me NHBoc
HOMOH (MR [ N né N ———»  NC"sM sCN
o) O DMF o) 0 0-10 °C
26 "one-pot" 23 24
a:n=0
b: n=1
10 c:. n=2

Scheme 9

15

20
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0 26b Schenme 7 WD 2010/ 077798PCT/ US2009/ 067817 D am de 23 can be
converted into dinitrile 24 at | ow tenperature using cyanuric chloride as a
dehydr at iwo 20enr798See Schene 8 bel ow. Thi s dehydr at i onPogtuseevios7sdescri bed
in Aureggi, V. et. al. Og. Synth. 2008, 85, 72. a:
n=0

: =2 Schene 8 vely, dinitrile
24 can be syn@%lileifhf’%ﬁpi’ieg(‘f‘i’da%n‘i RliGaRgwRachde p?rpgglﬁ %i’ dOM| | ystrated in

Scheme 9 bghikcially akaildfle L@g@g@é@gwgspw U82009/ 067817 Shown i n

Schenme 10 below i$ a synthetic approach to piperidine 6b fromconmmercially
avail abl e L-glutam c acid:

1. HCI/MeOH
’;jHZ 2. Boc,O/EtOAC I;IHBOC LIHMDS, Mel,
HOMOH NaQCO3/H20 MeOMOMe THF, —78 OC
0 0 o0 0 0 710%
85.6 % (isolated as crystals)
L-Glutamic Acid
pyridine
Me NHBoc Boc,O
Me NHBoc TNNaOH g : S OH NH4HCO;
MeO 3 s OMe THF o) o) THF
"one-pot”
o o -5°C (isolated as crude extract) o
100 % 97.6 %
X
N”N
)l\ /)\ " NHE H2, Pd-C \\\NHBOC
Me l;lHBoc Cl N Cl e NHBoc 85 psi
HaN ~_NH ° —_— N
i e 2 > NCTSYTSON i N
O O 0-10 °C MeOH
75.7 % 73.2% (isolated as oxalate)
5
Scheme 10
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NHBoc Li HVDS, Mel, MeO 53 - 1 OWeTHF,

crystals)

-5C(i sol aveaosm7cro8de extract) 100 9®7.6 %

H2ZN-NH2 NC s s CN 000 - 10 C

-78 C 42 0071.0% (i sol ated as

pyri di ne NHBocBoc20 1 N NaOH HOOHNH4AHCO3 THFOOTHF "one- pot"

Cl NN NHBoeCT@s2e08/0&18/e NHBoC

Scheme 11 below shows another synthetic approach to piperidine 6b:

pyridine
NH, ; gaOH' H0 NHBoc Boc,0 NHBoc
HO “_OH -Boc0 HO “_OH NH,HCO;  H,N _NH,
Y —— Y Y — Y
0 0 0 0 THF 0 0
"one-pot"
L-glutamic acid N-Boc-L-glutamic acid
X
O -
CgH5S0,CI N )\N )\CI NHBoc LIHMDS, Mel J\/ETBOC
ridine : 789 X
24 or —_» NCT"on _THRTETC O Ne CN
CH,Cl, DMF
0°C -1t 0-10 °C
Hz
NH,OH
or BnNH, wNHBoc
/MeOH
- N
Pd-C H
or Ra-Ni
Scheme 11
5 The method described above can also be used to synthesize pyrrolidine and

azepane under mild conditions. Shown in Scheme 12 below is a general synthetic

route to 5-7 membered cyclic N-containing compounds:

X
pyridine /’\ﬁ\ \)N\
’;‘HBOC BOCQO ’;‘HBOC cl N/ cl NHBOC
HO ~ OH NH4HCO4 HoN ~ NH> 2
\[]/\H:\n/ - = \H/\H:\ﬂ/ E— NC/\H/\CN
o o THF o} o} DMF n
"one-pot” 27 0-10 °C o8
n = 0, N-Boc-L-aspartic acid
n =1, N-Boc-L-glutamic acid
n = 2, 2-N-Boc-pentanedioic acid
Ho
NH4OH
or BnNH, NHBoc
/MeOH [@ﬂ
—_— =
Pd-C N
or Ra-Ni H
29
a: n=0
b: n=1
c:. n=2
Scheme 12
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75.7 %9 H2, Pd-C 85 psi BnNH2 MeOH 73.2 % ", NHBoc 5 (i sol ated as oxal ate)

Schenme 10

10 15 20 WO 2010/ 077798PCT/ US2009/ 067817 Schene 11 bel ow

shows anovbeniogyntoBet i ¢ approach to piperidine 6b: pyri @¢CmaS2009Ne@t; H20

NH2

10

15

The cyclic N-containing compounds are useful building blocks for synthesizing
other organic compounds. (35)-3-(tert-butoxycarbonylamino)-pyrrolidine (compound
29a) can be used to synthesize Rho-kinase inhibitors. See PCT publications WO
2008105442 and WO 2008105058. (35)-3-(tert-butoxycarbonylamino)-piperidine
(compound 29b) can be used to synthesize Tie-2-kinase inhibitors. See J. Med.
Chem., 50, 2007, 627-640). The antipode of compound 29b, (3R)-3-(tert-
butoxycarbonylamino)-piperidine, has been widely used to produce dipeptidyl
peptidase IV (DPP-4) inhibitors such as Alogliptin. See PCT publication WO
2007112368. 3-tert-Butoxycarbonylaminohexahydro-2-azepine (compound 29¢) can
be used to synthesize CHK1 inhibitors and DPP-4 inhibitors. See PCT publications
W02005066163 and W02002068420.

Scheme 13 below shows that piperidine compound 6b is coupled with
quinolinone 30 to form intermediate 31, which, after undergoing deprotection and
acidification, affords compound 34, an antibacterial drug candidate (see US Patent

6,329,391):

O O OAc

Me ~NHBoc B O O OAc
\(j + | 7 OP'I\'(I:EA/M CN | O’B\OAC
e
N F N —_— BOCHN/, N N
OMe A OMeA
6b
30 Me 3
1. NagH (aq.), CHoClo o 0 ; zcg(:cz.), ()3H2CI2 o O
2. AcOH .Na aq.
3. Distill, Cool | OH| 3. Acidify,Distill, Cool | OH
4. Neutralize, Extract | BocHN,, N N 4. pH 7.8, Filter N HsN,, N N
Q OMeA 69% OMQA
Me
Me 32 33
d,|-Malic Acid, HOZC\(\COZH O O Overall Yield 18.8% from Glutamate (2),
95% EtOH, H,0 OH 53.6% from MAP (6)
OH
78% HoN |
aNr o~ N 05H,0
OMeA
Me
34
Scheme 13
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L-glutamc acid N- Boc-L-glutam c acid C6H5S02C1 pyridine CH2C 2 0 C -
NHBow OGO 77198 HVDS, Mel NHBoc NCCN or PCT/US2009/067817
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Schemes 1-13 shown above are merely illustrative. Modifications can be
made to prepare and use the compounds of invention. Chemical transformations
useful in practicing this invention can be found, for example, in R. Larock,
Comprehensive Organic Transformations, VCH Publishers (1989); T.W. Greene and
P.G.M. Wuts, Protective Groups in Organic Synthesis, 3" Ed., John Wiley and Sons
(1999); L. Fieser and M. Fieser, Fieser and Fieser’s Reagents for Organic Synthesis,
John Wiley and Sons (1994); and L. Paquette, ed., Encyclopedia of Reagents for
Organic Synthesis, John Wiley and Sons (1995) and subsequent editions thereof.

The examples below are to be construed as merely illustrative, and not
limitative of the remainder of the disclosure in any way whatsoever. Without further
claboration, it is believed that one skilled in the art can, based on the description
herein, utilize the present invention to its fullest extent. All publications cited herein

are hereby incorporated by reference in their entirety.

Example 1: Synthesis of (S)-2-fert-butoxycarbonylamino-pentanedioic acid dimethyl
ester (compound 2b)

L-Glutamic acid (200 g) and MeOH (800 mL) were charged into a three-liter
four-necked flask and then cooled to -10°C. SO,Cl, (324 g) was added dropwise at
<10°C and the mixture was stirred at room temperature for 18 hours. The reaction
was monitored by LC/MS. Ethyl acetate (800 mL), Na,CO; (200 g), H,O (200 g),
and di-tert-butyldicarbonate (280 g) were sequentially added. After stirring for 18
hours at room temperature, the resulting mixture was washed with water (400 mL x 2)
and then diluted with toluene (400 mL). The organic layer was separated and

evaporated under vacuum to give compound 2b (314 g, 84% crude yield).

Example 2: Synthesis of (25,45)-2-tert-butoxycarbonylamino-4-methyl-pentanedioic
acid dimethyl ester (compound 3b)

1 M LiHMDS in THF (1500 mL) was charged into a five-liter four-necked
flask at -78°C under nitrogen. To this was added dropwise a solution containing
crude compound 2b (210 g in 1000 mL dry THF) at < -60°C, and then stirred for 1.5 h
at -78°C. To the resulting solution was added Mel (175 g in 100 mL dry THF) at < -
60°C. The reaction was stirred at -78°C for 4 h and then quenched with MeOH (35 g)
at -60°C and 2 N HCI (1500 mL) at -10°C. To the resulting solution was added

16



THF, -78 C DM O - 10 C H2 NHAOH or BnNH2 / MeOH Pd-C or Ra-Ni
....-- NHNHBoc Scheme 11 5The net hod descri bed above can al so be used to
synt hesi 2&0pyrowwsbiodi ne and PCT/US2009/067817

toluene (1000 mL) and stirred for 0.5 h. The organic layer was separated and treated
with a Na;S;03 solution (175 g in 1000 mL water) with stirring for 30 minutes, during
which period, the color of the solution turned from dark brown to pale yellow. The
organic layer was evaporated under vacuum to give compound 3b (212 g, 96% crude

5 yield). "H NMR (CDCls, 300 MHz): 1.22 (d, J = 6.9 Hz, 3H), 1.43 (s, 9H), 1.45 (m,
1H), 1.86 (ddd, 1H), 2.00 (dd, 2H), 2.58 (dd, 1H), 3.67 (s, 3H), 3.73 (s, 3H), 4.35 (br s,
3H), 4.97 (d, J= 6.0Hz, 1H); MS: m/e 312.0 (M'+23).

Example 3: One-pot synthesis of (35,55)-3-(tert-butoxycarbonylamino)-5-methyl-/N-

10 benzyl-piperidine (compound Sb)

A solution of the crude compound 3b (50.0 g) in toluene (750 mL) was cooled
to
-78°C with stirring under nitrogen. To the solution was added dropwise cold
DIBALH (500 mL, 1 M in toluene, -78°C) at < -60°C to give (25,4S5)-2-tert-

15 butoxycarbonylamino-4-methyl-pentanedialdehyde (i.e., compound 4b). After
stirring for 30 minutes at -78°C, a mixture of benzylamine (22.5 g in 25 mL of toluene)
and MeOH (12.5 mL) was added. The cooling bath was removed to allow the
solution temperature to rise to -10°C. NaBH, (6.5 g) and acetic acid (10.0 g) were
then added. After the reaction mixture was stirred at room temperature for 18 h, it

20 was treated with 2 N HCI (3000 mL) at -10°C. The aqueous layer was subjected to
extraction with dichloromethane (500 mL x 3). The combined organic layers were
concentrated to give brown oil, which was purified by a short pad of silica gel eluted
with ethyl acetate, 1/4 (v/v) methanol/ethyl acetate, and 4/16/80 (v/v/v) ammonia
water/methanol/ethyl acetate to afford compound 5b (15.6 g, 30%). 'H NMR (CDCls,

25 300 MHz): 6 0.83 (d, /= 7.0 Hz, 3H), 1.04 (ddd, 1H), 1.45 (s, 9H), 1.55 (ddd, 1H),
1.79-1.81 (m, 2H), 2.12 (dd, 1H), 2.67-2.71 (m, 2H), 3.43 (d, 1H), 3.46 (d, 1H), 3.85
(m, 1H), 5.33 (d, 1H), 7.22-7.42 (m, 5H); MS: m/e 305.0 (M '+1).

Alternatively, Compound Sb was prepared by the following methods.
A solution of the crude 3b (38.0 g) in toluene (650 mL) was cooled to —78°C

30 with stirring under nitrogen. To the solution was added dropwise cold DIBALH (700
mL, 1 M in toluene, 78°C) at <60 °C. After stirring for 30 minutes at —78°C, a
solution of benzylamine (15.0 g in 45 mL of MeOH) was added. Then the cooling
bath was removed to allow the solution temperature rise to —10 °C. NaCNBHj3 (15.0 g)

17
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spartic acid n = 1, N-Boc-L-glutamc acid n = 2, _
ent anedi o aghd, b2 NACH or, BIND, | NEOH P C or RacN o
room temperature for 18 hours, it was treated with 2 N HCI (700 mL) at -10°C. The
aqueous layer was subjected to extraction with dichloromethane (200 mL x 2). The
combined organic layers were concentrated to give brown oil, which was purified by a
short pad of silica gel and eluted with ethyl acetate, methanol/ethyl acetate 1:4 (v/v)
and ammonia water (28-30%)/methanol/ethyl acetate 4/16/80 (v/v/v) to afford
compound 5b (10.0 g, 25.0%).

Compound 5b was converted to compound Sb-HCI as follows:

A suspension of compound 5b in toluene was titrated with HCl in ether (1M)
to equivalent point at 0-5°C. The resulting solution formed crystals on standing. The

crystals were collected by filtration, washed with fert-BuOMe, and dried to give
compound 5b-HCI (9.8 g, 100%) as a white powder. Mp: 173°C (toluene).

Example 4: Synthesis of (35,55)-3-(tert-butoxycarbonylamino)-5-methylpiperidine
hydrogen chloride (compound 6b-HCI)

Compound 5b-HCI (3.3 g) was dissolved in methanol (100 mL). To this was
added 10% Pd-C catalyst (0.74 g). The solution was stirred in a Parr hydrogenation
flask for 24 hours under H; at the pressure of 75 psi. After filtering off the catalyst,
the volatiles were removed under reduced pressure to give yellow oil, which was
triturated with diethyl ether. The resulting solution gave precipitates on stirring. The
precipitates were collected by filtration, washed with ter--BuOMe, and dried to give
compound 6b-HCI (2.5 g, 96.6% purity) as a white powder. Mp: 168°C (diethyl
ether).

Example 5: One-pot synthesis of (35,55)-3-(tert-butoxycarbonylamino)-5-
methylpiperidine (compound 6b)

A solution of the crude compound 2b (16.0 g) in toluene (240 mL) was cooled
to -78°C with stirring under nitrogen. To the solution was added dropwise cold
DIBALH (160 mL, 1 M in toluene) at such a rate that the solution temperature
remained at <-60°C. After stirring for 1 hour at -78°C, ammonia aqueous solution (50
mL, 30%) and acetic acid (1.7 g) were added. The cooling bath was replaced with an
ice bath and the reaction mixture was stirred at 0-5°C for 1.5 hours. NaBH, (1.1 g)
was added and the reaction was monitored by LC/MS. After 1 h, additional NaBH4

18
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Compound 6b was also prepared in the scales of 50 gram and 100 gram in the
manners similar to that described above.
20 Resolution of compound 6b was achieved by converting it to the salt form
followed by crystallization or trituration using appropriate solvent systems. Table 1
below shows that resolution with various acids and recyrstalliaztion/trituration with

various solvents afford high diastereomeric excess (de) values.

25 Table 1: Purification of compound 6b in salt formation
Entry | Resolving Solvent Method de Yield | de value
acid (0.5 system value (free (%),
molar eq.) (%), base) pure 6b
crude
6b
1 d-tartaric | acetone/water | recrystallization 95 69 99.8
acid 18/1 (v/v)
2 di-o- acetone recrystallization 95 78 98.8
toluoyl-d-
tartaric
acid
3 oxalic i-PrOH/water | recrystallization 95 70 98.2
acid 10/1 (v/v)
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sequenti al | fFaddéH‘a 9 t ef a%qtane“ ng ¢ At BT s [at)F-dom tew‘per at ) the
resul ti ng_nm xt urleéCighs washed with water (400 m |x 2) and then diluted|with
t ol uene (400 nl)|.oxThe or gagttenclegter | hesrimegimnat ¢d Ahdl qvapBr at ed>0nber
vacuumt o gi ve darpbund 2R0/(13¢4)g, B4% crude yidgld). 25 Exanpl e 2:

Synt hesi s of (2S,45)-2-tert-butoxycarbonyl am no-4-net hyl - pent anedi oi ¢ acid
di met hyl eghi@ple(6c SORAITLBBY, 59)-3-(rerd bioki daleRyiamidd IFs-tbBRGipdddiv@s char ged
into a five-Titer r-nefgg S) a(sk at -§,78C u%,der dr?ltrogieg%ﬁ%r% this was
added dr opmlgte(@r@mumﬂﬁbro %Hm@zﬁzuhl ng 30 crude conpound 2b (210 g in 1000

mL dry THF) at 60C, a 78C, t\he resul ting
sol ution was agaue%: 0(”1 Eﬁgﬁgﬁfi%‘{) Qura%ds?wgfnofopéahc agt%-ll-%#? Uy eaction
was sf i rr gdtiahor w&€ shiendedinahd Bulae ar@nanpst 40p¢ h Tive ik tu5we codled 60C and
2 N HC1L (1500 nmL) at -10C. To the resulting solution was added toluene
(1000 ni) toanegmstemperathre and girgedHor FhHbouss. gamctpltra@y afere@smee phtlasedingnd
treated 25203 S0l tirring for
30 mi nut \émsﬂle BuFiPh M ts %COlfégteg%,yH%g)m%OWaShe fWIEhh = olll(gweb%m{&}leﬁ ta from dark
brown to pﬁivﬁiey@l:ﬂp@md dbhe.5oMgan, 7.8y 83%Wasovemapor avesuritndara whiedlum t o gi ve
conpound 3h (212 g, 96% crude 5yield). 1H NMR (CDC13, 300 MHz): M 22 (d, J
= 6.9 Hz, PM)CT- 1. 43 (s, 9H), 1 45 (m 1H), 1. 86 (ddd, 1H), 2.00 (dd, 2H),

é gaz (dd, l_é\/ﬁ‘pH%gj ‘% nftert %u?]%@ ’?’allgza’tlo% HE[(he Cl c%c%[ag]fml%'_pM g\f}v % E eg Id’s gf:

(3S, 55) - 3n{ctighbl wz-gwwgwe hﬁdﬂdﬁ@ﬁouﬁd @tohsz@oA@lﬂméydve@r ﬁ@dd)fdl ne
(conpound 5b) A sol ution of the crude conpound 3h (50.0 g) in toluene (750
nm) was c&dled to -780vv|th stlrrlng under nitrogen. To the sol ution was
added dropw se BALH 5 60C to gl ve
(2545 20t or ¢ CouBuRLEES o bRy Db Kol erp e fiekiBarae i
conpound &be)tmg%hq;buﬁd 650i59,(,0r, wath 4Tba3bt &S NMIR d4BGvasddtchioehaf

benzyl am ne (22.5 g in 25 nL of toluene) and MeOH (12.5 nL) was added. The
cool ing b&YMPAES Gberpviedsly pregpicdw t he sol ution temperature to rise to -10C.
NaBH4 (6.5 g) and acetic acid (10.0 g) were then added. After the reaction
m xture was stirred at roomtenperature for 18 h, it 20was treated with 2 N
HC1 (3000Emimplat7:- 10C. The aqueous |ayer was subjected to extraction wth
di chl or onet hane (500, he conbi n d organic |layers were concentrated
to give gﬁ@ﬁwp%wnt T@rﬁ%éé) %&F’f’fhu&i‘yﬁ anxéwa%@ﬁaae yipgeridps gel el ut ed

W th ethyl,as @&ﬁ@ L44b0v4 M cleet hanol / et hyl acetate, and 4/16/80 (v/v/v)
anmoni a vvapt(er 0rlllo | /et hy I)Za{c(z?ate to afford conmpound 5b (15.6 g, 30%.

1H NMR ( CDC13LiH2BSGoMtoh (SZK) QL83 1(M,in THFJ vors Ielharg&l—l)nto a_oﬁdrh(eddiub,r- 1H), 1.45

ddd - 1.
( S 9H) 3n%c§ d %Iiaﬁi at37gD§ 1(1r&{ez %pﬁjb,ggé ’&gn)] tl(lmohltp_;n v:!'zgzc)s efl éropme atf C; 1 4(2m( m
5H) NB ms@luﬁgrgcs)pcr(l% Edhpottld B 4l ¥ &l Yoo LRTRPANNEHRR YRS REGRAr €d by the

fol |l ow ng net
mixture was stirred for 1.5 h at -78°C. Mel (44.4 g in 20 mL dry THF) was added.

After stirring for 2 h at -70°C, diisopropylamine (30.0 g) was added to quench
25 unreacted Mel. The mixture was stirred at -70°C for 2.5 h.
To the solution was added dropwise cold DIBALH (600 mL, 1 M in toluene)
at such a rate that the solution temperature remained < -60°C (~ one hour period).
After stirring for 0.5 h at -70°C, ammonia aqueous solution (360 mL, 30%) was added
to the mixture within a five-minute period. The reaction temperature was allowed to

30 rise to
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A solution of the crude 3b (38.0 g) in toluene (650 nL) was cooled to -78C
30with stirring under nitrogen. To the solution was added dropw se cold

Dl BALH ( WO 2010/071798 i n t ol uene, 78C) at <60 C. After st iPCTIUSgI0RO5783D

m nutes at -78C, a solution of benzylamne (15.0 g in 45 nL of MeOH) was

added. Then the cooling bath was renoved to allow the solution tenperature
rise to - 19°E aREENBIESS (18)-Y) &) wasiRHo@4a5¢H foae@fsébiéa%b@nﬁf alidy @2{7@

added. Af i en Jire for 18
hours, i tgﬁaAhg Sélat &i&t ?{%W I{IH ﬁg&wa%%édng)ggetn%ei%%% Searﬁg%gt(t)us | ayer was
subj ect edfilrthe£Ktd @AbOMNeMpErhtuel M@Wbmrb&%l%ndmﬂa)ed BheCoagbi ned

organi c Iaﬁers were concentrated to _give brown oil, was purified by a
5short padhefelegsed samgaia vasdrapped B ki vtaicre 20y4 Na@Htaé]iuéouSr?@M]ﬁﬁ 6190t hy|

acetate 1 etate 4/ 16/ 80
(v/ v/aév) toigw 3 d%ﬁggt%{ﬁgbTﬁgﬁ%mé@@ﬁ%ﬁ%%o%éﬁh@g w%ga converted to
conmpound 51bteh-@1gla$ fhrmidl oxith: suéticau Sﬁmgmric biyecafithofittchtdGvas wathetd wathe was
titrated with 1 in_eth equalent oint at 0-5 The

resul ti ng“eb¥ @%ofﬁiw 8 e&w@’é’ﬁs& UngSR VAT UK Ye N e99RIEALBer e col | ect ed
by {11 tration,) Vﬁﬁeha@anmatg'al KL hoRMENEw ARl dith SbihoBhieriRGERAMRD Sb. HCL
(9.8 g, 100% “as a white C (toluene). Exanpl e 4:

Synt hesi sswfio3The ﬁﬂ)at@waQ c@pbramdmd;zcaaobomyIﬂmrmdueﬁwamtbemﬁltmefb eridi ne

o o9 e s PSR e e he AIRARR M Soicenbalifad, 3 16074

g). The S%dﬂlhh@t@ pMaScradd édrﬁﬁbuhﬂ@(ﬁ’@ hudcoasmal cAle k@Rt W& 24 hours
under H2 at the pressure of 75 psi. ter filtering off the catalyst, the

vol at i | espwefied hyefeshes lumterome gl ebrt@ctwh@thyba@tat@twle/ﬂo/@w GTWY) whi ch was
20t ritur a}neﬂl lteh[hdl a%Etaye t %%h ?armne oI %gl {ulr " ﬁ{i kﬁ?l@gv%ﬁr eci pi tat es
Mhe"pYecrpit ates SRPYISE plly |

on stlrrlng wer e ec tion> Washed with

tert- BuOveasea@dcd[dean{p@mgjw) conmpound 6b. HC1 (2 5 g, 96. 6% purity) as a
white powder. Mp: 168C (diethyl ether). 25Exa One- pot synthesis of

(35, 5573t er {OHBICR NN L BRI eri sl NTDaBgound ob) A
| ut o
Fo! e PR R ESURCOaNIR, 2Bk k0 Lebaede: (24T poe co0l ¢

col d DI BAkt¢epdBlnhmicdadid ivas iaddussiedd @ftL- ghntzimla acidt SotthedmpduadHblanti on

tenperature 30r maln d at <-60C. fter stirrin aqur at -78 anmoni a
aqueous sbP QRFGHATEY Wer@s@waa et et 2 ildr ‘\%Rhtgyaﬁthﬂéﬁ%ya%%&n The

cool i ng bafheWignd @RlapeRs Wetclub '\{;écﬂeﬁ?o ﬁ@m aﬁ‘iﬁglsfshQ“hE%b%Itb HoWBPthatr € was
stirred at 0-5C for 1.5 hours. was added and the reaction was

moni 200r ed cdoypau@idNgb. haAfatlexpt1¢allpuna>d@t|eaueothah 9&%BH4 VO
2010/ 077798PCT/ US2009/ 067817

Example 8: Syntheses of piperidine compounds 8-21
Compounds 8-10 were individually synthesized in the same manner as those
described in Examples 1-3 except that amino protecting agents different from di-tert-
25 butyldicarbonate were used.
Compound 8, 'HNMR (CDCl;, 300 MHz): 80.81 (d, J = 6.3 Hz, 3H), 1.04
(ddd, 1H), 1.58 (ddd, 1H), 1.84-1.88 (m, 2H), 2.16 (dd, 1H), 2.68-2.78 (m, 2H), 3.43-
3.48 (m, 2H), 3.90 (m, 1H), 5.05 (s, 2H), 5.75 (br s, 1H), 7.22-7.42 (m, 10H); MS:
m/e 339.2(M '+1), compound 8-HCI, white powder: Mp: 215°C (tert-BuOMe).
30 Compound 11-13 were synthesized in the same manner as those described in
Examples 1 and 5 except that amino protecting agents different from di-tert-

butyldicarbonate were used.
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(0.5 g) was added. The ice bath was renoved and the reaction was stirred at
roomtenperature for 18 hours. Celite (45 g) was added with stirring. The
m xt ure wWai® 2bmare®st o 50C to renpve amoni a and filter e#CThusoagloc7s1?
Celite-alumina gel in a sintered glass funnel with suction. The filtrate

bj ect ed tr % 5 nmL 2
The ool tor o ubpmmol Thal WGP s G sdegd rs Srin e’ faory * 2
nmet hanol / r t n t fael @r vvlth
Tt o | B A L D R L T MRS, A al R (e, 006 Kisos
aqueous sd9at(ddnHY, BOEB (mb. HH)23.10 A, 2HoSS. 611émKH$D1 26xt44on.sShe MS: awnbi ned,

washed wi ?Eblgglgluggf (50 m. x 2), neutralized with anmmoni a, and extracted
with ethy etate (200 nL x 3). The combined organic layers were

evapoy at ed undebmyaeitm-b3 %%94 waygl%p%ma@u%n%o%e@ Mp: BEAC (téw
anal ytical sanmple was prepared by silica gel colum chromatography

puri fi cat BoPMi ng 1/ 10/0.05 (v/ v/ v) nethanol /ethyl acetate/amonia water

and fol |l owed b II| tion ne to ve co ound 6b as pal e
TRty €8 A TS R A T AR ORISR T M
6 0.80 (dExélmplés ®ahll 5 e%‘@lpt thht &&gfaﬂgﬁiwaﬂr@therlloflgbrﬁiﬁcte@ B} conbud@d bded, 1H),
1.95 (dd, 1H), 2.16 (m 1H), 2.82 (dd, 1H), 2.90 (dd, 1H,

3.70 (m glﬁerersausyla(ﬂﬁg@gsntsws me 215.2 (M). Conpound 6b was al so

Phat Thescri bettombony T Slsddpderan bR tnse AR KEPRESEMES AT ™ °°
conver ti ng g7tmt OHY, 4586 (1A, 2048, gwactAlaq FEVSH ALl IFARITBm 9 (rhf TR ation
using appropriate sol vent systens. Table bel ow shows that resol ution with

various aéitds-@hdnrldby?4ta114 @ZthH)nl t7§11t19r(m il&h, WooH . Adim. dbe, kdbvent s
corpound 55 SHr Tornaat Shs e R g aci d (0.5 ol ar eq.) Sol vent
syst em Met hod @enl\pa{mels%{,NMRJ(cdﬂ)@b, 300eVIEIz{:60.88 (t, 3H), 1.29 (m, 2H), 1.35
15 (s, 9H), 1.40 (ddd, 1H), 1.73-1.76 (m, 2H), 2.08-2.15 (t, 1H), 2.65 (dd, 1H), 2.82 (dd,
1H), 2.90 (dd,1H), 3.70 (m, 1H); MS: m/e 229.2 (M +1).
Compound 16: 'H NMR (CDCls, 300 MHz):31.40 (s, 9H), 1.62 (dd, 1H),
2.20-2.40 (m, 2H), 2.50 (dd, 2H), 2.82 (dd, 1H), 2.90 (dd,1H), 3.75 (m, 1H), 7.13-
7.32 (m, 5SH); MS: m/e 277.2 (M '+1).
20 Compound 17: '"H NMR (CDCls, 300 MHz): 31.40 (s, 9H), 1.58 (ddd, 2H),
2.20-2.40 (m, 3H), 2.50 (m, 2H), 2.65 (dd, 2H), 3.75 (m, 1H), 7.13-7.32 (m, 5H); MS:
m/e 291.4 (M '+1).
Compound 18: 'H NMR (CDCls, 300 MHz): 51.40 (s, 9H), 1.81 (s, 1H), 1.91-
1.95 (m, 1H), 2.03-2.22 (t, 2H), 2.68-2.72 (d, 2H), 2.84-3.01 (dd, 2H), 3.76 (m, 1H),
25 4.96 (dd,1H), 4.99-5.01 (m, 1H), 5.68-5.77 (m,1H); MS: m/e 241.2 (M '+1).
Compound 19: '"H NMR (CDCls, 300 MHz): 81.40 (s, 9H), 1.65 (s, 3H), 1.81
(m, 2H), 1.96 (m, 2H), 2.03-2.22 (m, 1H), 2.68-2.72 (d, 2H), 2.84-3.01 (m, 2H), 3.76
(m, 1H), 4.58(s, 1H), 4.68 (s, 1H); MS: m/e 255.2 (M +1).
Compound 20: 'H NMR (CDCls, 300 MHz): 81.40 (s, 9H), 1.54 (s, 3H), 1.76
30 (s, 3H), 2.16 (m, 1H), 2.65 (dd, 1H), 2.82 (dd, 1H), 2.68-2.73 (dd, 2H), 2.84-2.88 (d,
2H), 3.00-3.04 (dd, 2H), 3.74 (m, 1H), 5.02-5.07 (m,1H); MS: m/e 269.2 (M '+1).
Compound 21: 'H NMR (CDCls, 300 MHz): 81.40 (s, 9H), 1.58 (ddd, 1H),
1.95 (dd, 1H), 2.16 (m, 1H), 2.68-2.73 (dd, 2H), 2.84-2.88 (d, 2H), 3.00-3.04 (dd,

22



base) de value (%, pure 6b 1 d-tartaric acid acetone/water 18/ 1 (v/v)
recrystallization 95 69 99.8 2 di-o- toluoyl-dtartaric acid acetone
recryst alwozatowon995 78 98.8 3 oxalic acid i-PrOH wat er PCO/UB2¢09/097817
recrystallization 95 70

10

15

20

25

30

2H), 3.78 (s, 1H), 6.08-6.32 (m, 1H), 6.32-6.37 (d, 1H), 7.15-7.33 (m, 5H); MS: m/e
317.2 (M™+1).

Example 9: Synthesis of (35,55)-3-(tert-butoxycarbonylamino)-5-methyl-N-benzyl-
piperidine (compound Sb) by oxidation-reductive amination sequence.

A solution of compound 3b (10.2 g) in THF (50 mL) was added to an ice-cooled
suspension of LiAlH4 (3.8 g) in THF (150 mL) with stirring. After stirring for one
hour at room temperature, the reaction was re-cooled to 0°C and treated with 35 mL
of 10% KOH. The resulting mixture was filtered from Celite and evaporated. The
residual oil was purified by flash column chromatography using ethyl acetate as the
cluent to yield the diol 22b (6.9 g, 84%). 'H NMR (CDCl;, 300 MHz): § 0.94 (d, J =
7.0Hz, 3H), 1.43 (s, 9H), 1.56-1.65 (m, 1H), 1.66-1.83 (m, 2H), 3.38-3.42 (m, 1H),
3.43-3.60 (m, 2H), 3.60-3.70 (m, 1H), 3.71-3.80 (m, 1H), 4.86 (br s, 1H); MS: 256.0
(M'+23).

To a cooled dichloromethane (149 mL, —70°C) was added oxalyl chloride (9.1 g)
with stirring. After 5 minutes, dry DMSO (11.2 g) was added dropwise at —65°C to
—70°C. Then to this was added a solution of (25,4S5)-2-tert-butoxycarbonylamino-4-
methyl-pentane-1,5-diol 22b (6.9 g) in dichloromethane (35.5 mL). After stirring for
15 minutes at —65°C to —70°C, a pre-cooled tricthylamine (26.5g, —70°C) was added,
and stirring was continued for 15 minutes. Then the mixture was treated with a
solution of Oxone (6.0 g) in water (113 mL) while stirring. The separated organic
layer was transferred to a flask, cooled to —50°C, and treated sequentially with
anhydrous MgSO4 (3.1 g) and a pre-cooled solution of benzylamine (3.5 g, —50°C) in
THF (20 mL). After 15 minutes, sodium triacetoxyborohydride (18.8 g) was added
and stirred at —15°C to 0°C overnight. The resulting mixture was washed with brine
and the separated organic layer was evaporated. Purification of the residue by a short
pad of silica gel using 1/20 to 1/10 (v/v) ethyl acetate-hexanes yielded compound Sb
(4.8 g, 53.3%).

Example 10: Synthesis of (2§,45)-2-tert-butoxycarbonylamino-4-methyl-pentanedioic
acid diamide (compound 23b)
Method A: A suspension of compound 3b (33.0 g, 114.0 mmol) in ammonia

water (28-32%, 300 mL) was stirred at room temperature. The mixture gradually
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98.2 WD 2010/ 077798PCT/ US2009/ 067817 4 oxalic acid acetone hot trituration
97.5 71 99.0 5 oxalic acid acetone/water 20/1 (v/v) hot trituration 97.5 73
>99. 9 Baopbw/6G7798y Nt hesi s of PCT/US2009/067817
(3S,5S) - 3- (tert but oxycar bonyl am no) - 5- et hyl pi peri di ne oxal ate (conpound

6b. 0.5 H2 ude ¢ ound 6 and .sat rat ed solutjon of oxalic
acid (1.5 Fﬁl.gs ﬁlaﬁglpy b%twag%l%to ife 58 @uwpe&wm Mgt 40C. The
m xture WaseLRahechduss. r&RéP sftl?[f’ﬁ?ét%&ﬁﬁerﬁﬂ&aﬁé for ¢4 hf Ak s48d Rakfikered

PreC|p|tates were forned whil e stirring. TepreC|p|tates were col |l ected by

filtrationand keshelicdionlvatem.- BaOited wiid vawsiredystallipedirpae O Bhpatsred 6b. 0. 5
H2C204 (

(tort - Buokey M eEB A amEaly 23 (6P bRkl Bt et R Sy,
g];et ggj&)ol I 20t aﬁ@@\ﬂﬁ S&ME (AWVIBOFIOBPOMIE,) 6910 694,72C8 %43, nH)he 44 gcovery rate
9H), 1.81-1.90 (m, 2H), 2.46-2.48 (m, 1H), 4.06 (dd, 1H); MS: m/e 282.1 (M +23).

Method B: To a solution of compound 3b (11.6 g, 40.1 mmol) in THF (60
mL) was added dropwise aqueous 1 N NaOH (90 mL) at —10°C to —5°C with stirring.
The stirring was continued for one hour at 0-5°C and checked by LC/MS. At the end
10 of the reaction (~one hour), the reaction was treated with 3 N HCI (35-40 mL) until
the color changed to Congo red. The aqueous solution was extracted with ethyl
acetate (160 mL x 2). The combined extracts were evaporated under reduced pressure
to give (25,45)-2-tert-butoxycarbonylamino-4-methyl-pentanedioic acid (compound
26b) (12.5 g, ~100% crude yield, vacuum dry) as viscous oil. "H NMR (CDCls, 300
15 MHz): 6 1.22 (d, J= 7.0 Hz, 3H), 1.43 (s, 9H), 2.02-2.07 (m, 1H), 2.28 (ddd, 1H),
2.62-2.68 (m, 1H), 4.50 (m, 1H), 5.26 (d, ] = 6.6 Hz, 1H); MS: m/e 284.0 (M'+23).
A solution of compound 26b (12.5 g) in THF (116 mL) was added in
successively pyridine (3.9 g, 49.3 mmol), Boc,O (23.5 g, 107.7 mmol) and
ammonium bicarbonate (8.1 g, 102.5 mmol) with stirring. The reaction turns
20 gradually from clear into a white powder suspension. After stirring for 12 hours at
room temperature, the precipitate was filtered off and dried on vacuum to give
compound 23b (10.3 g, 99%). HPLC analysis reveals that the purity of compound
23b is 95.2% and the de value of compound 23b was 99.4%.

25 Example 11: Synthesis of (2§,45)-2-tert-butoxycarbonylamino-4-methyl-pentanedioic
acid (compound 26b) from y-methyl (2R)-N-Boc-L-glutamate and conversion of 26b
to diamide (compound 23b)

Method A: A solution of diisopropylamine (5.3 g, 52.4 mmol) in 40 mL THF
was cooled to -70°C, and n-butyllithium (21 mL, 2.5 M in hexane) was added via a

30 cannula at the temperature < -60°C. The yellow clear solution was stirred at -70°C for
0.5 h and 0°C for 15 minutes. The dried lithium salt of y-methyl (2R)-N-Boc-L-
glutamate (5.5 g, 20.6 mmol, prepared by titration of 5.4 g free acid to pH 8.0) in
THF (27 mL) was added at -60 to -70°C during a 40-minute period, and the thus-
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Compound 6 was obtained as white powders, Md: 63-64C (hexane), by
treating conpound 6b. 0.5 H2C204 with a base. Its NVR data was identical to
t hat 15cowpaard)76t98pr evi ously prepared. Exanple 7: One- pot/usgomwhemsis of
(3S,55)-3-(tert-butoxycarbonyl am no) - 5- et hyl pi peri di ne oxal ate (conpound

6b. 0. 5 H2C204) ,20Li HVDS sol uti.on (52 0 in THF) was charged into a
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o um ha o8 iGRE BrBbS RO REd i Heith ARORLSnaRFTRIBREa B! Suct | on.
The filtrahemeass [x@l8 Qa4 ORI A6 P toTh&ith @SN @g apas)febendf il tered

10t hrough Celite and washed with ethyl acetate. The filtrate was
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ot B o ¢ SR bR Gy st RO R T L R PR A o pr v de
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synt hesi zeltdmpteeasqapparembin@r268d4tpdé. 7demebiipa andnpesianpl toMathgd except

19 opti o CenTREaERe BEHAAG Matt QbR T RIS U ERIRON 2, o), =1

i socyanat eas 8. t he resulting chiral ureas were subjected to HPLC anal ysis.
The results showed t hat 20cor;gound 6b had an _optical purity qreat er than
SO

98% 2%Exanpl e sMeshed hderepat rgryemeihld 2EbnpBesrdselgtamate): A solutighfpounds
S L0 e o 0eiag L e, g 28 g ser bed i
butyllithium (36.4 mL, 2.5 M in hexane) was added via a cannula at the temperature
<-60°C. The yellow clear solution was stirred at -70°C for 0.5 h and 0°C for 15
minutes. The dried lithium salt of y-methyl (2R)-N-Boc-glutamate ester (11.0 g,
25 41.2 mmol), prepared by titration of 10.8 g free acid to pH 8.0) in THF (60 mL) was
added at -60 to -70°C over a 40-minute period, and the thus-obtained cloudy mixture
was diluted with 5-10 mL THF under vigorous stirring. Mel (10.2 g, 71.9 mmol) in
THF (15 mL) was syringed in at the temperature of -60 to -70°C over a 15-minute
period. The reaction was then stirred at -70°C for 3.5 h. Subsequently a sodium
30 hydroxide aqueous solution (1 N, 42 mL) was added at -30°C and then stirred at 0°C
for 3h. The resulting mixture was acidified to pH 1 to 2 with 6 N HCI at < -10°C and
diluted with ethyl acetate (100 mL) under stirring. The organic phase was washed
with water (50 mL) and evaporated to give diacid 26b (10.7 g, 99 %). Diamide 23b

(5.2 g, 49 % based on y-methyl (2R)-N-Boc-glutamate ester) was prepared from 26b
25



25but yl di car bonat e were used. Conpound 8, 1H NWR (CDC13, 300 MHz):
60.81 (d, J= 6.3 Hz, 3H), 1.04 (ddd, 1H), 1.58 (ddd, 1H), 1.84-1.88 (m
2H), 2. 1ewQadio/aziHpes 2. 68- 2. 78 (m 2H, 3. 43 3.48 (m 2PCT/U32@0/067817 1H) ,
5.05 (s, 2H), 5.75 (br s, , 7.22-7.42 (m 10H); MS: me 339.2(M1),

conpound white omder ter und 11-13 were
synt hesi Z&&H{Cé) 81 ﬁﬁ@%@ﬂﬁ?ﬁ)gﬁgﬂe@%@@d%l%{gﬁg& @lalysigng 5

except thg{o\,@smhgtqh@agg,ﬁg@ bp&@gﬁlﬂg%gl\xj%@qwt fromdi-tertbutyl di carbonate
wer e used Conmpound H NVMR (CDC13, 300 MHz): 60.83 (d, J= 6.6

Hz, 3H), 1.19 (ddd, 1H), 170(m 1H) 182 (ddd, 1H), 2.20 (m 1H), 2.71

(dd, 1H), 28 ( 3. 83 (s, 2H), 5.62 (m
iH ., 7. 254—‘&@—@21 S)é’lj—'ggs’l%\}?zsf (gﬁf‘é) gﬁ@%“‘("ﬁ%‘i%rb&g}&ﬂgé HEDT05 for04 was

prepa ed E@nt@ne\&’iﬂlﬁrﬂe Rewgetnd p) 155 C (tert- BuOwe). Oorrpounds 14- 21
were synthesized in the sane manner as those described in Exanples 1 and 5

except that al Mathed da Tman ertcheled sotpepverioctaseraynd g3hdlicd edtin t h di f f er ent

3 M RN B0 Ml Y0250 AR, (L,

1H) 2. 73ad’de'¢191rq$mlsé|.bbnzeﬂesﬁlfoﬁylfszlo(rlldb (AH) g, Z164ABmnddN) Afﬁr thdddiflon/5- 1. 79 (m
1H), 1.60-1.70 (m 1H), 1.46- m1H@,144(s, 9H): MS: mle 201.2
(M41) the ice batleyigp sty cdzind _ﬂﬁ woelc@@f OWg P HHAY rape egInCratuIg T 1. 29

65%(2 ﬁ§ur§5(|[&i n%'(%&e \%%thﬂel( Eﬁﬂeg%d éc?@lrf@%thgg 7@?1%5"2 ﬂ_:%as% 2 15 ( t,
229 2 ( VA 8)th water (70 GrpOYIthAl&parbdNE| CBEAAy236apdti 261 tmesldued gH)lH) 1.62
490 (1 m @ﬁ&f%gfhszggh gi%@%?) ﬁwpagﬁ?&lf\]@d E?t%%’itg%@\&%) e%‘;%)éﬁ‘oﬁ‘rz%ggné 17: 1H
NVR ( CDClﬁ@xa%QOTWéallech%Qhﬁlén W%'S")evap]erégd (Tll‘ijéjvesﬁﬁﬁl,sol?td %Qs ?ecf@ste(lmed?"") 2.50

m 2 2.65
E M41) v from lmdﬂo(wr‘nd f@IOMHtheé dj@113L) mvmpouvﬂmb((% 7 g99$%) ms 81 ( s,

A 2.84-3.01
Lo 155ty it R0, ey ik Gadiesiaf b FuldBy Sulifel By °E 5a75 77
(m1H); N&crﬁa@hz’éﬁﬂm ZoaMLS)parts of hot l@gﬁpﬁwﬂﬂuéﬁle-lﬂdﬁaﬁﬂg% RERGIAated00 MHz) :
M 40 (s, HL{165 (s, 3H) ., 1.81 03-2.22 (m 1H),

2.68-2. 72y(chl. Gpanalysigzevgaly tha fhe Im)ty OECOI@W 25!b|)ls 91/Ffl)/o B8 ghe derjaluca. 68 (s,
or) . 1. 55y ©rigiyd 24D 5eduyFRIHNA. Shy O VT ROy 2182 (G
1H) 2. 682 NMR((@@CI?@DO MHBA5 3. éﬁ)&d(ﬂir 7221)1z FP043.(QHH)del052H)7, (13- 74 (m
. 205 02-2I§I) 02 79( ?8%??11 IPI/)S:4 7rg(%r 5619H) 5 (OO (br d, J = 8.7 Hz,1H); MS: m/e 246.0
(M'+23).
Method B: To an ice-cooled solution of compound 23b (181.0 g, 698.8 mmol) in
DMF (905 mL) was added cyanuric chloride (128.8 g, 698.4 mmol) in one-portion at
0-10°C. After being stirred for 1.5 h at 0-10°C, the ice bath was removed and the
25 stirring was continued for 2.5 hour at ambient temperature. The mixture was then
poured into ice water (2.5 L) during a period of 5 minutes with stirring; and then
stirred for 10 minutes to allow white solid to precipitate out as needles. The slurry
was filtered and the solid was washed with water (500 mL) to give crude compound
24b (160.0 g, >99%) after drying. The crude compound was dissolved in 800 mL
30 (~ 5 parts) of hot ethyl acetate (50-60°C) and filtered through Celite to remove
insoluble solids. The filtrate was evaporated under vacuum to yield compound 24b

(125.0 g, 80%). GC analysis reveals that the purity of 24b is 93% and the de value of
24b is greater than 99%.
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Conmpound 21: 1H NMR (CDC13, 300 MHz): M40 (s, 9H), 1.58 (ddd, 1H), 1.95
(dd, 1H), 2.16 (m 1H), 2.68-2.73 (dd, 2H), 2.84-2.88 (d, 2H), 3.00-3.04
(dd, 2H),we.288/(7%7981H), 6.08-6.32 (m 1H), 6.32-6.37 (dPCTHS2009/04B17. 33 (m
5H); M5 me 317.2 (I\/I41) Exanpl e 9: Synthesi s of

3S, 59) - 3- bonyl - 5- et b 5

gcorrpozmd (Stﬁl é&?l‘)ioé CS‘EH?{’] o‘ia??ﬂ?qc})}é’dazrﬁ%&r 'P$/6ﬁ° %%é O%Ing‘iﬁ\{’g%ﬂng)u on of
conpound §pr\/ﬂE9(la791)L)'v{7'asTa!dﬁe(( §105u%9551‘0@1§ BO§ €43 0 o2504. fﬁm&ﬁpl ed suspensi on
of LiAlH4 (3.8 g) in THF ( h”stirring. "After stirring for one

hour at reomonampbicatbonas (tfh% grb%ﬁc@nmml)/\msi rryeledm@dﬂéog 96.10@mabdvitlr eat ed wi t h
35 mL of O%KCJTIh The,.re mtlnﬁﬂf% EIPV\B.S fi red fromcCel.ite and
evapor at et HRe 10§ 5P} ) f‘frlflg’aa% 1 PRERT SR O™

chr onat ogrwéhmrﬁﬁ%%% Ehdid ata@@ﬁla&ﬁ%@fﬁmweh&w@m% W cYhRIreted B adbtaty 22b (6.9

g, 84%. 1H NMR 13, 300 M 0.94 (d, J = 7.0Hz, 3H), 1.437°(s, 9H),
1.56-1. 65a1(b1:;IOV1|4K}3°C1101©610¥e 8@1a(1h:p kg ressltmsselungn(mﬁ cqcrkbtd inZanjige-Batb0 (m 2H)

tor0 o Loatlomibmediihad s Mol e 8o Namdh atitsrdfian 5t AT 4 (o, 1

g) Wth Shigef baﬁésﬁfré@for§ Orﬂﬁ%éaﬁath%rﬂpm Q&(ﬂitl&lﬂbmwﬁts addeghApopw se at
-65C to -70C. Thén to this was added a sol ufion of

(2S, 49) - Zelnlende 6Lt )yuidp b sl Jnvperd-ad et dnyll stipeny wmsecobfiBudi fot 132bat( 6. 9 g)
in dlchloro After stir for, 1 sat -65C to

| Soct s, oPEBRBLRR el e AT B vouird bt S Tlaal) Sl ot r g
was conti ?é&%ﬂ oy mﬂrﬁlté@\ﬁtﬁ ﬁﬁnng h@g thdesticd trok t8n Wasutkd eallied Whitdsadidsol ution

of Oxone in water (113 nL) while stirring. The separated organic
| ayer wastqpraﬁsft@tﬁ petastngcdlcs. | E@«slu@bma@ﬁlt@@d%@@e whd waseeseat isequent i al | y

W|th anhydr o 504 ) ol ed z mne (3.5
g, -500 ?n %QE]% m%%rasgg f§lm nu gmpsoucli};a%m t%?g 8)92“30%0 ydri de
(18.8 9) u@sng'sldﬂwzbru&ézaﬂdaﬁlsgon@d iAt1s ilﬁQ4Dpeﬂﬁ)eﬁﬁ@ﬂﬂt@hfacetéﬁbﬁmesm ting

m xture was_washed with brine and the separated organic |ayer was

evap8r at ef0 "Plndritlicsed Brough ashartpad pﬁﬂécweléo ERRE et sa.hdm décgel using
1/20 to 1 g,

53 390 . ‘61 één%/laé’%v gbﬁééd 1?@%11 %c%m?eté%?c? HhFoHRD4BATPS YN B4R ol S

(2S, 45) - 2e<bmp¢unkiL2t6beG€rdmab/yisamdats -tHatrtied puytiity pé ndrapediddidd ia0B% ahidaing de
(compound ,23 . t hod A: A suspension of conmpound 3b (33.0 g, 114.0
mol ) in Qﬁﬁ%ﬁ?&gx&t@%ﬁ%@g&éQ% 300 mL) was stirred at room tenperature.
The m xture gradually changed from granul ar yel |l ow powder suspension to
white solid suspension within three to four hours. After stirring at room
t enpaxr at uEsamhple 132Symthesireofsohipdundéb by Irtdactde amuhafioeez@)Ariegd on vacuum

T e o B LSEL YRS, L s I RS S D85
1H NWR (4d- Nbﬂdth(ﬁpﬂ Midzg solioh: ok@ofnpounk24b 6‘% I@T%ml\%) #HMESH 9H)

1.81-1.90 (m 2H), 2.46-2.48 (m 1H), 4.06 me 282.1 (ML +23).
Met hod B: (128 ral kesingainiss Rency dimgkslind @iwet wel t)gfvaszrddqd PAVSPYS JAMPRE (60 nl)

was added 4y u irring.
The otirriaghiae eanti qearal Bachb R Gehall an dlgr Mitulte) S i A
the snd 1peksurée atiemohit@dd by QTEMSO UK the tilof thaedaktidh, \t\EeSmbd’t@tatvﬁﬁl with 3 N
HC1 (35-4Q nL) until the color changed to Congo red. The aqueous sol ution

was ext r a8t @f&d\;ﬁﬁozﬂhcélempd seaorted. (Hlgorepiduad ophwastiisredfipmpdtiuaet 1ied s wer e
evapor at eg L@q‘@r alt tgﬁeal%%{eecoh&n%fé%’ ﬁy% trieth larnlge and, then,

(2S, 45) - 2=t ert-but oxyc am no- 4 pen vanedr ol ¢ acrd (conpound
26b) (12. 6vagppratdd)t@°@merwﬂ@qunél6ﬂ (2Mac69)dry) as viscous oil. 1H NWMR (CDCL3,
300 15MHz): 6.1.22 (d, J= 3H), 1.43 (s, , 2.02-2.07 (m 1H),
2.28 (ddd, uf)?omﬁowfimgs %l?ﬁ 185@6601 3 S@bg'om “(m)hyg?)gﬁ%at%fgsolaﬂo%vvés Hz, 1H);
VB 5 € 28fteld (hieR)-(activated, fO(ﬁl’i’lEMf '8&fp @at&%ﬁﬁ%ﬂsﬁﬁ@w@g@m@l@@d inn THE

(116 nmL) was added in successively pyr|d| ne (3.9 g, nol ), Boc20 (23.5
g, 107.7 ifrphis lmid-PaﬁibﬁEh@mwlmmnmnewssreﬂteg WIILIOQSEQ @m@ﬂa)r eqiivhlest i rri ng.

The react] of oxathc adidl with heating to clearness, and then stood at room temperature overnight.

Compound 6b-0.5 H,C,04(2.3 g, 55%) was isolated as a white powder in
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20gradually fromclear into a white powder suspension. After stirring for
12 hours at roomtenperature, the precipitate was filtered off and dried on
vacuum t owgizom/worpound 23b (10.3 g, 99% . HPLC anal ysi eCraseabsotshat t he
purity of corrpound 23b is 95.2% and the de val ue of conmpound 23b was 99. 4%
25Exampl e 11: the

(2S, 45) - SSHEFINg ﬁk@rl% AYY Livationavret RyPMsandaddi 6C@nabsid revsshpound

26Db) fron}ﬁét{ﬁetdrgwal&%@)ch@le@gﬁodndgg yjganmate and conversion of 26b to diam de
(conpound 23b) A: A solution of diisopropylamne (5.3 g, 52.4

mol ) in 40 nLCiFHPO\mbﬂmmi; eldoptﬁpamdmﬁmgri&(hl/bu,(vw hinndeinimwé2t ., 2.5 Min

hexane) was . ad ed 30can t the te . The yel | ow

Coar - sol TEHGHOGEG L ArPpa R sl oF i€ OGS 6 5 cfasim e ' The

driedg |i tgmmgﬁhﬁe@iomaf@smed(a%@,eN—Boc Lglutamate (5.5 g, 20 6 mol ,

prepared by titration of 9 free acid to pH 8.0) in THF (27 nmL) was
4ou

added at - 60 Msthotbl; duspl u@gn@ mmt%bp{&%g;m 6o ad brgylamaibe ai ned

cl oudy m re ri ng. Mel
(4.6 g, 6' 5 ?mﬁldl if'l%—i%goqp ‘%Ie:h S}Hy%lﬁﬁéyégp )§$rggh%%ﬁosfébéndnute peri od
at the te(‘zp@gﬁ(wg Eydiﬁgeﬁﬁteﬂ@n—am Sikeelindt BO phingedsortes, Janﬁ,rn(ﬁdﬁbretd wnal Mel
(1.0 g) was ringed in. The reaction was stirred at 5-70 to -30C for 1 h

and mai nt &F - vt thaaend Qfrtks TeaptegmviiedRigitEe WaS AP fgqr@ﬁahlorbpa%f&am 26"
The resul i, gat ﬁbﬁrn?e(sﬂgéwdargv g&%{eﬁ% ReR oﬁﬁ’%éb gﬂr% g &b EdmAdund - 10C and

diluted wt uene er s rrrin hi'c phase was washed
SUCCGSSI véb yvawatsb peepledSROR Iswlthidn bA nfdlarseqgivialenR0f tdnzyatgne) (iandOvwat er (50

. t j | act 266.0 (M
425 . 10D SyERBhEkg S Han (R S Bo5he SR %&ﬂeféozna%%%e BUOVE) |
To an i Cew‘é@ﬁlu%q 1841118 MaRbr ARenticAathp@) anda dihn &&rrblé'fhb% gded an

i ce-cool ed solution of Iithium hydroxide nonohydrate 9) | n vvat er (18
m.). Aft eppmtcpnﬁmrmgthatie@@dfstﬂre@hbrmstrbfemtlebgk of @gstmcx:touﬁ sereganeeicdi fied to

H1lto and d ted acet at 30 nL
P aopict Pty Critligisn il Srmadon e RS it ol en A ap e 50 n)” and
evaporate 2\163331,%& %(Sm%&hd(@i) ak agbolozr@ss/ %@ﬁﬁﬁf‘jcv?ﬂab/ @@taﬁé/lklm%evléﬁ)lg that Q{eUt amate) .

The di am % based on y-ne Boc- Lgl utamat e) was
prepar ed fle vwu@6bth{sacompmpund s, 9H/hm)l) ina rranner simlar to Method B

described in anpl HPLCa S sho t .the.de val ue of, compound
235 was 95% SORBTHOPEMCMESRE Bf T ey e Ry PP HRe e R Plnat o) - A
sol ution gfcaGhdtERPIRBNbRITh PRafBle7.g, 90. 9 rrm)l) in 80 nL THF was cooled to
-70C, and nbutyllithium(36.4 n., 2.5 Min hexane) was added via a cannul a

at t?e tenperMethad C: go®lutiieofcompeund REa(S.Q o) 244 srnelhandhanzyleding - 70C f or
0.5 h and - dri ixt hi
(2R) - I\liigogjg:fgu‘?%néﬁleépeg? 4 %% %le nggfeh@gﬂ'z\;}}ﬂ%% ?‘?cl gpn#@élggeg?%&yt itration of

10.8 g fres 6aﬁolﬁ1r etq@nphan) cﬁb)ltanmng HF>/o(FIOC (L) gwvasntaid thech0att’s 6Ater,0AKACK over a
40-m nut e_period, and hus- obt ai ned cl oudy m xture was diluted with

5-10 L Tﬂpglﬁﬁﬁaé&fpe)/?@o%ceﬁéteéfh%rﬁwéo S wap h@drggfglateﬂlolw ParpShaken THFE (15 ni)
was syringed. igh 7 %Eikﬁrefse'ﬂ%@ %ﬂdg&%gé ?%rcﬁgn gﬁ%fﬁo@‘f@{gd%ﬁ{@msﬂ%ﬁhpe“ od.

The reaction wa en sti rre - ently a sodium
30hyzhr oxi ched aﬁﬂlemstlem |t111E[ modur@ Jval ﬁl%&drthl)ou‘ghﬁehtbdaeld eaaporaﬁd:tcagldet hen

stirred at OC f 3 [esultin ur ,dified to H1t02vmth
6 N HCL aforRpous b(ﬁ& R T N e A awtxig@t PH?)COHWB stirring.

The or ga”b&ntﬂhééﬁ 8%1&‘@&@&@0%&61&@&% 3}ierTc( RV hAMastEvaRer ARding,0 gi ve
diacid 26b (10.7 g, 99 % . D amde 2 2 g, 49 % based on y-Tet hyl

(2R) - N- Bocergmltndrﬁbt\easamréie)i apdllqyrsepar ed from 26b 25

To a suspension of oxalic acid (1.06 g, about 0.5 molar equivalent) in acetone
30 (53 mL) and water (5.1 mL) was added a solution of the crude compound 6b (5.1 g)
in acetone (53 mL) over a 5-minute period at 40°C with vigorous stirring. The
mixture was heated under reflux with vigorous stirring for 9 h. The re-cooled mixture

was filtered and washed with cold acetone to give oxalate of compound 6b. To a
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(10.7 g) in a manner simlar to Method B described in Exanple 10. HPLC

anal ysis shows that the de val ue of conpound 23b was 94% Exanpl e 12:
Synt hesi swof20(028778) - 2- t ert - but oxycar bonyl am no- 4- et hyPCTASesmwassdi nitril e
(conpound 24b) Met hod A: To an ice-cool ed suspension of conpound 23b

(12.3 g, 47.4 mol ). in dichl gronet hane (70 cont ai nin ridine (23.5 g,
297. 1 mmPljspﬁ\%%o%‘b‘iféfa%‘ﬁ@ﬁgﬁ‘-g@?%}‘{%@h@u{ %Was Ao ey g 176. 1

mol ) . Affglcdh@7andidd flts) biEcth§racBald(498SL \?ﬁ@yﬁﬁjin%n%ﬂtep% heARE ON was
allowed to stir at Toomtenperature for 1030 hours. The m xture was then

di | ut ed wof $tirdngthoresnittnh aae fi{tz@dthrpugng Swaerhé glagi funneldo esm¢vz0 nl x 2). The
separ ated organi,c l.ayer ) aporated and the resid filtered through a
ol Ug of 5 BRFIAEd SpAR oxelitghe) THETCRARE iy v e S TewsFd LRSI TEE - hexane.
The ool | eGlagektkddtw @i cthBaceie @b 3h1§dThd Bshbiasd Stbahicetrhkds aH mL)
recrystallized fromhot 1/1 (v/v) t-BuOwve-hexanes (118 nL) to give conpound
24b (9.7 was 9ashedasith walst (18 k) endPwapoptediorsays mek gomppendcbhided gesi due was

di | ified b ization f -5 f hot 1/1 (v/
! Buone hiianes S Mt M b R Rt RGP o Pl ibtbhe puri 1y
of conpoupdeR frkc 2B 997 ahﬂﬁo@ﬁlsté@éd#&r%gﬁ@tm%ﬁMn%é&pb%c%lﬁat er than

99% Mp: 108-110 C (1/1 t-BuOve-hexanes); 1 (CDC13, 300 MHz): 6 1.40
(d, J= 7.2 HComppundiohyway ebtaigeq at cpmpgrapleyicldmnd podty) when Flgspargountm  1H) |

4.70, (br s, A0 = g.. ) : - 4 .

Vet hBd B: &Fc'fjsgﬁoiO?ez-%c%%f‘gefd@oﬁ]e&??ng’%zé‘@%%%%@%%@%&%%%@@8 ol )

in DVF (908lufe)of tasSsohdiietlas k@t 5EmEh| @imstaing bd&x8Bibited @R 8pcalpiriy i n
one-portion at 0-10C After being stirred for 1.5 h at 0-10C, the ice bath
was renov8tfatshhap 9 e sdvch wasdptedneddnt the msthadglesgibs i Eramplegnbi ent
tenperature. The m xture was then poured into ice water (2.5 L) during a
period of 5 mnutes with stirring; and then stirred for 10 mnutes to all ow
whi t e sol EdarhplegdeReqpildtameof@atmpasnd@edl es. The slurry was filtered and the

solid was washed with wateer (500 to give crude_.c ound 24b.(160.0 g,
>9994° aft er df T VCPHECUIQRES: SH‘F[;Lo‘z‘PHH’ ‘iaai“?é@}“(}@%‘? W%@@tﬁlﬁa@(ﬂ(- 5

parts) of wl?ﬂato.sﬂﬁlhya_lrrﬁgﬁf%lleﬁteofflﬁ@-j-@%)ricaa@ﬁi fhitot %ﬁ%&&?&t@ﬂi@@/l‘%ﬁaw)&@ to renove

i nsol ubl e solids. iltrate was evaporated under vacuumto yield

conmpound 2@ (Y425 Ruridied 808tpour@®myalysicevarpMual seaterahart 5 Pudestrgd of 24b is
93% and the de val ue of .2 [ reat.er rhan .99%. Met .C (one-pot from
compound SaBy Piray ARsBnif S G HARuEL Al BB Sy o R Pres
added i n pucaesShiEhYd BOCHA 4-Hhud) D -tatbic Acid e al RIEHb YA tBiipFRenat e
(15.7 g, 198.6 mol ) and pyridine (7.6 g, 96.1 mml) with stirring. The
reac?d on theripneymadtarity ageeptabld isegveint o a white powder suspension. 5
After stirrin 0 . r 1 e s evapor at ed
by a rotary a?o%gé%nw gﬁ%@b&%bggﬁb%§gh%§)ﬂ§f}{ % tggg[.eleqlﬁlréagg?’uﬁhl%nhgwéggl ution was
cool ed i ndasrnhiaed bathe, chardldurtherthodeit@ibediid Axawpsiadri ¢ chl ori de (14.8 g,
80.3 mmol ) in one-portion at 0-10C. After being stirred for 2.0 h at

i ce-bath tenperature, additional anounts of cyanuric chloride (7.4 g) and
DVF (40 ng) g 52 Hodngk 8 EI5 11, ol haued-f9t iBich 10anbi ent

t enper at ur—eﬁ@ﬁc‘e_smggr?uere vva(ssjpoﬁér’g%u}/%?g ?éﬁ wat grﬂegglg%dlrgmlc) © uring a period
of 52am nutlesidd fchmpbind 27y); and then stirred for ten mnutes to allow white

solid to precipitate as_needles. . T |l urry was f.i a the solid
has vashed | nASobBaEof VEBT reNarer i ey 1565 b ik heE8ouna 24
(23.0 g, %a?%@ed%fs&rceﬁ'i\)@l}nﬁyridm@&l%rlugq93%%13 dbs8nloved; iy 15 m (- 5
parts) of hot ethyl acetat’e (50- 1560 C) and flitereql through a short pad
of sili camgedl),aod pemvneim hsetbobhte (3bitigd$d7 Thmendl) ith atiwingashfesrdgor at ed under
vacuumto % bas

i el d compound, 24 11. 5 . 64 ed o ompound, 26h). GC
analye s PEUEA S RTBRERU bt e drPnbtiiia Sl o ThE R TR e vai ue i s
greager thatraB%ver t-BuOMe (500 mL) and the precipitate was collected by filtration and
dried under vacuum to give compound 27b (37.3 g, 97%). MP: 130-132°C (MeOH);
'H NMR (*d-MeOH, 300 MHz): 51.45 (s, 9H), 1.85-1.90 (m, 1H), 2.04-2.07 (m, 1H),

2.31 (t, J=17.7 Hz, 2H), 4.02-4.05 (m, 1H); MS: m/e 268.1 (M'+23).
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20Exampl e 13: Synthesis of conpound 6b by reductive am nation of
(S)-2-tert- butoxycarbonyl am no-pentanedinitrile (conpound 24b) by

cat al yti cwbydroggemati on. Method A: To a sol ution of conpoln$2@4/0671837 6 g,
16.1 mmol) in MeOH (120 nlL) containing Raney N ckel (-3 g, wet weight) was
added aqueous ammonia (24 nL, 28-32% . The m xture was then hydrogenated on
a Parr Shaker under 80 psi 25pressures, and nonitored by LC/Ms. At the end
of the reaghh pR. 16t bf’ntﬁés)fst S (@ SYBTert- bhtfo@&@a%aﬂy@mﬂ{@pbﬁﬁnmtﬁgapor ated. The
resi dual 0| tered froma plug of silica gel (5-10 parts) using

et hyl ace(came)ooodlfl&b)m ng 0.1%triethylani ne and, then, evapor ated to give

compound b (B sl SR8 TSl FOhShe s Byok,' oLy T
evapay at egd(féﬂ@gfﬁtﬂﬁlcr&l%rfﬂée{ﬂ‘@% @5@@ %ﬁ@lsilﬂ 6he11§br9@1{ 510- wc IAﬁ’é@ém The

resulting solufion was treate mol ar equi val ent of oxallc acid
wi t h heat stirged for ¢15éaattrtb@®mcmmptﬂaane sth@n;d bath waonmoeaharddtures waer ni ght .

Sopoand Suydd R TP of St iedRr i T B R e B R & hnal vsi s

reveal s t Qater (4835 #lE) &1@411%9& Ariddifgive RO A ith$ti4 and then stirréPfR@nd 6b was
al so prepared using 1/ 1/5 (v/v) ammoni a wat er - net hanol and/ or ammoni um

sal t addi filEes tOreivsd rsbmyoc%hmlmm@a& flécredangd Yissolihwehwadwidnyithayvateanners to
that  desc n; of ..o 24b (8.4 g,
37,6 ol 520%% e(rzli\z/& drilhe f{}/g&t s gﬁté&FSOOWHﬁR i) ety @6  val el('lt) B’ MEOH

(240 L) DoRbAECD th@olha%anc Exttabt Zn(gﬂiltéllf@@ tlﬁwgh@gﬁmttlﬁd ocﬁllhaa Balr rThShaker
under 80 EB pressures, and nonitored At the end of the reaction,
T

the mi xt ufilirafpyas i"faﬁ’@fa&ﬂi Fdshs @S%%Sphéws@fSSQiiVﬁ‘}/mlb](OaféLlO{thﬁetd 100 mesh)
and evapopghgsl. {6% & %/Iﬁitﬁgr{i%%ﬂ Rh%?an% %@%@ fAftbenZy odon§b was al so

prepared using less Par eqw amne (i.e. 1.0to
1.5 nol ar teggpsratadeetht sjixture azb@ﬂtteﬂedﬂen@araﬁlewvaﬂdso ﬁh&)fhbk&ﬂvl%o gfvct28® conpound

6b was found identical to that of authentic sanple, and a cl ean doubl et
apper ed &0 (bgﬁgzp/@rﬁsd’ﬂﬁﬁﬁoﬁﬁsdef prarstglss MB PSS Fdberem: sHYMR (GPGlack of

exi stencesy G p C S l4i o} he crude
6b from 4 par Jﬁﬁnﬁhkﬁza%g?gtg%m g’)gv{eosszS:(E:ﬁl1 i gu@? %@agsﬁy col orl ess
granul ar 6109s3.20 (mGﬂEI)aW yﬂe%lé{kﬁ%%)t hat the de value of this conmpound is
94% Conpound_ 6b had r|t reater than_98% determ ned by
the chiral ur %W%@?ﬁﬁ@%g g o7 Prepefd d10aH?2 %’(ﬁ( ®l ution of

conpound g4k nﬁcﬁ%&aﬁma@r?erﬂmmﬂ?lta h/féﬂ%d%'&é%h%@@lﬁ@;(a@np’iegz 23.3 mmol, 1.04
nol ar equivalent) in 7 N methanolic ammnia (50 15.6 nol ar equi val ent)

cont&i ning 10% Pd-C (1.5 g, cont a| ni ng 50 wt%vvat er Al drich Degussa type)

o Sl a0 44T SRR e BROR T Ve 20

25 end of péhenddaaeiié @Bmpbhtd mmtaﬂﬁ%oﬁ\@&méﬁ td&fn%uhbmugh Celite and
evapor at ed to give corrpound 6b (5.1 g, >99% crude yield). CC anaugm S

showed that th¥l bt}hM&Sndeﬂﬁﬂeandd)\@a%%@damD@rﬁé)@lmbdﬂesk atrp®iG wyder To
renove the. di ast orrer ur ound 6b. was ur|f| ed as f l ows: To a
Coanomsi ORGSR, T FRS Sl edsd SRR sl tingiarbiting banefiy B ooet one
?g(?z?s ML) (¥l VWt ®fnnfo?; id SOLAL WRS TR EL0R -89 titah@ e stilRE f&r E Gt ZerEound 6b

To the resulting solution Mel was added (4.7 mL) below -65°C. The reaction was
stirred at -65 to -78°C and monitored by LC/MS. After 3 h, the reaction was
quenched with MeOH (2.4 mL), at -60°C, and 2 N HCI1 (167 mL) at -10°C. Toluene
(70 mL) was added and the mixture was stirred for 0.5 h. The organic layer was

30 separated and treated with a Na,S,03 solution (11 g in 96 mL water) with stirring for
30 minutes. The organic layer was evaporated under vacuum to give a crude product,
which was purified by recrystallization using 1/5 (v/v) tert-BuOMe-hexane to yield
compound 24b (9.3 g, 83%). GC analysis reveals that the ratio of compound 24b and
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in acetone (53 nL) over a 5-mnute period at 40C with vigorous stirring.
The m xture was heated under reflux with vigorous stirring for 9 h. The

r e- cool eawoizatonrerosas filtered and washed with col d aceromast@omnsise’ oxal at e
of conmpound 6b. To a suspensi on of the oxalate (4.8 g) in water (20.7 niL)
was added.ia successive. 10% hyl acetate

(45 ) witt AlASEIORICRE 2 Méﬁr Cdﬁﬁ@ga i%&qupﬁwauni% n%@sfi}ﬁ ant was

filtered Bml&emu@atﬁg%ﬁﬁ%&ﬂ (@ﬁ§leﬁ?‘%ﬁ1poﬁf?d GEWﬁg 2vgPERLSHuS psib ym
oxal ates. The organic |ayer was collected and the aqueous |ayer was

extract ed3W>tHaS@t¢ty28l5)o@tsa)f0@H(e4i5 m ). The conbi ned organic extracts (-90
m.) was washed with water (18 nlL), and evaporated to give pure conpound 6b
(3.6 g, 75%9 as white powders. Mp: 63-64C (hexane). GC anal ysis reveal s
that & he puihpl¥ 18 fsﬁhhés% &r(ggtssy 34 RAb A8 AN n AN AR BQTEperidiRUr i ty

exi sts in conpound 6b. Conpound 6b was obt ai ned at conparable yield and
purity V\héwﬂaﬁollééébhrmunt 10 (i.e., 5, 10, or 20 mL) of 7 N nethanolic

amoni a was 0} Vi s kept
at 50 nL. c:oa’fllgeutnof’@‘r1 TRTSn (IR e 18 tucglfep\é%rdﬁ%gjr‘% [ B R 1°P
was det er mmmdnﬂmf stﬂﬁ@rﬁ@Mﬁﬂ@bod@ﬁ@gdnbe@m PxdoxgdanB eGC ankkaiptecaled: thizesol uti on
of conpound 6b. 15To renove stereoi somers, crude conpound 6b was purified
by recrysP%fPP%H@W%at‘W‘@@‘?ﬁﬂa@ equi val ent of D-(-)-tartaric acid in hot
acetgne-water (18/1 (v/v) to 36/1 (v/v)). Purified conmpound 6b (73%
recovery) had great er than 99.5% desired isoner purity determ ned by GC
anal ysi s. EQuhple 10hBythesacofd8.)-2uehbawxyeaybaiybennopuntdpicacidcdianidt and
(+)-di-1,4-toluo h tartaric acid, were also enployed to inprove 20t he

i soner qu‘ioi“%PO\‘/W% ccept abl e recovery. Conpound 6b exhi bited an
optical purity,gse@ties ofﬁ%c@-@%ﬁé"ﬂ&@@%@ %t%ﬁlo'ﬂ)eiﬁﬁ{/FGﬁQIﬁlm ral urea

nmet hod described in anpl e 15: Synt’hesi s of
(25)-2-temas Biﬁtedwménbdhyﬂgnﬂﬁb‘) p&mlhrﬁwu@(@ agi LG ainzol), ded(conpound 27b)

st eq pBlogie BaftoBre (A0S 8 A it ¥ il T TRtobBSHR $8°5 5

417.9 mokgrredefod 12AFBRIatiFdol €aipbenat and &ikndvehord8d .. PhéF®idhc Wath stir rl ng.
After 12 hours at roomtenperature, the reaction m xture was eva&orat ed.

The resi dddutgsyithathyl apetate 42 X0mbyand washgdveth(sger (0ymbahvith HéTipeedhpi t at e

was colle f gi ve conmpound 27b
(37.3 g, g‘gﬁgﬁlc%ﬁ wf%B%g% ‘ﬁé&i% &&%&@ﬂ%@@%%&%ﬁ) 300 MHz): M 45 (s,
9H), 1.85Mp: 990(192 °¢|'dMeCﬁ{)(MI-IZ\IMR ((drMeljﬂi 306 Mﬂlz)( 161.44%s, OHH, He4, 259
4.02-4.05 (m me 268.1 232 16: Synthesis of

(25)22- te(bemﬂtD%‘dé? BENyA AAHHS- (ﬁed ﬁi/Q? b(Mct%@ound 28b) To an
ice-cold solution of 27b (37.0 g, 150.9 nmmol) in DMF (185 nlL) was 5added
cyanuric chloride (27.7 g, 150.2 mmol) in one-portion at 0-10C. After being
stirred f@karhple 20: Synthéss SE0F)-2-enpbu@kiitatboryenincdubatdinkadl renoved and
stirring was continued for 1.5 h at anbient tenperature. The m xture was

t hen pour &9MPeEed 288 wat er (555 nl) during a period of five mnutes with

stirring; andc t f The slurry was
filtered and tﬁgﬁg% 2(?' V@‘é %\gﬁﬁgg&h \{Aegtsfg?&fg‘?lg@b& )Lté?l gdrl ed. The
filtzeate 8&$ rmnbh),qgtml@w@ﬁ]ﬁ geleeqb,caaﬂ@beze@@@inonjd)chlde:s(&) vexl3he)solids in
the extract and filter %W% %h(c{) ad of ,silica gel. The filtrate
was evapotst BgHh & %ﬂ“i 8 ik %lgéizved in 110 nmL of hot tBuOwe
(600 andpifiangdishut atbxibdN RXAREC ?%MMHﬁféﬁﬁ%@XbHitzg i fenperature,

the m xture was nd wash 50 m of ané to give 28b 15

(26.0 g, 8%%3.4d%, @H);@SMMe(m dHy,simei JTWR.7 Bl4; B8 C Milexan2)8.0 1H NVR ( CDC13,

300 M—Iz) %*2% 2.10-2.20 (m 2H), 2.40-2.60 (m 2H), 4.60-4.70 (m
5. 00( )(m 1H) MS: mfe 232.1 (M23).
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The title conmpound 28b (25.5 g, 81% was al so prepared from27b (37.0 g,
0.15 nol) in a manner simlar to Method A described in Exanple 12. 20
Exanpl e WO 2810mt7esi s of (2S, PCT/US2009/067817

45) - 2-tert - but oxycar bonyl am no- 4- net hyl pentanedinitril e (conmpound 24b) and

conversi o 0 c 6b HVDS in THF . ( was charged into a
500 . | Baganple 319 %tﬂmqf (ﬁﬂ-%-éﬁghﬂut@af%wgyle@mﬂ%.paﬁro ©added dropwi se a

sol ution (ggmp%hﬁl&gga corrpound 28b 25(10.5 g, 50.0 nmol, in 80 nL dry THF)
bel ow -65C, and then stirred for 3 h at -78C. To the resultlng sol ution Mel
was added (4. Qomp9u11de29taw7-0®@1‘VTh\elSIpmtaddmmé§aél(]3rgede Simmabintzp - 78C and

noni t or ed b the . reac n s quenched with MeOH (2.4
m), at - er§HH aftﬂlﬁ\i% ({:’)'(::Lgﬁscilﬁ_bfd ¥ afé@ %I uene (70 nL) was added and
the g xtucsm\mn@tm edy, tgm,@wﬁ 1h70oéfa@ecqr(aﬁﬂwé)a%@NNm%4d3m©@prs@t)ed and
treated with a Na25203 solution in 96 mL water) with stirring for 30

m nut es. WHéz)od dddi(s Iy £P0+RaK) (@udﬁ)r&ﬂ@d Mderlﬂ)ai:iﬂrﬁlﬁdngmﬂé 3&r ude

product d gﬁb tiQn using 1/5 (v/v)

tert- Bu@ﬁﬂﬁz%ﬁgit“of@“éﬁg ﬁﬁd%%4]‘?7 +98 83% . GC analysis reveal s
that the ratio of conpound 24b and its d| astereoner is 2:1. After catal ytic
hydrogenatl on of conpound 24b and the oxal ate triturating (guri fication

(Tabl e 1) Exempls@dndy®hesiaddi (3§)-3 (ge-butere codonelamsad-pipernling (semperngn 28b) was
obta ned ﬁyarrple 18: Synthesis of (3S, 55)-3
(tert bug ycar bonyl am no) -5 - net hyl pi peri di ne (conpound 6b) The title

conpound 6b (Qofpeund’BW)(7WaSg 79W@Q@d’s®@eﬁa‘f@lnﬁ&ﬂl28f)lﬁ) 6 ¢048.8tfolymd ) in a
manner simlar to_Method C descrjbed in Exanple GC_anal s reveal ed
that conpB@REcTEEN |0 M%%Od@dﬁ%cr@rﬂd gubrampje Egaﬁ?ﬁn@omd Z%h%%@smwé

2S 2te iR onpound 29b

gl'o 23. sol u ﬁrlt?%%%ﬁg%@a%gsparﬁegﬂg (o} !Z 8&%@5‘%&19%(%13%2 ﬂ;ﬁ;‘)%? |m; EIJ'HF (34)8 m)
was added pyridine (11.7 g, 147.9 mol), BocZO (70.5 g, 323 0 mol ), and

15anmmoni um bi car hopat 307.4 mmo] ) with stirrin The, reaction

Tt Do, whseBbRtod B Tt ta%wﬂo@w%éﬁ%fl%z@a? Ol I TGy apor at ed.
The resi dpgnyRandbryted with ethyl acetate (250 ni) and washed with water
(50 mL) wth stirring. The organic | ayer was evaporated to give conpound

29b (20.1 g, G@lﬁz@ound 27¢ (2N, 7680 -whe PrapafciOt) 2-1att bRy ¢t loy@hino300 MHz) :
m 242(52’ 19 01c @é&%?@z%?r@{}ﬂ# R%él?% ﬁlgﬁﬁér 512m|_91ar o N?ezcﬁolld ﬁsdegcmbe&l_rq » M

(25) 2 teE;;arﬁpl[teqnycar bonyl am no-but anedinitrile (conmpound 28a) Conpound 28a
(9.0 g, 549% was prepared from corrpound 27a (19.8 g, 2585.6 mmol ), pyridine
(45. D g, dIBI3edP] EriYdeHRE I URA(GhiIcQEhI30PINBZ): §9.48 (g 91D, 96@1:])66

(m, 2H), 1.70-1.77 (m, 2H), 2.25 (t, J = 5.4 Hz, 2H), 3.98-4.02 (m, 1H); MS: m/e
282.0 (M*+23).

Example 24: Synthesis of 2-fert-butoxycarbonylamino-hexanedinitrile (compound
25 28¢)
Compound 28¢ (1.5 g, 73%) was prepared from 27¢ (2.4 g, 9.3 mmol) in a
manner similar to Method B described in Example 12.
MP: 61-63 °C (hexane); 'H NMR (CDCls, 300 MHz): & 1.44 (s, 9H), 1.80-1.87 (m,
2H), 1.90-2.00 (m, 2H), 2.43 (t, J = 6.6 Hz, 2H), 4.50-4.60 (m, 1H), 5.00-5.20 (m, 1H);
30 MS: m/e 246.0 (M '+23).
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in a manner simlar to Method A described in Exanple 12. MP: 134-136C
(hexane); 1H NMR (CDC13, 300 MHz): M 46 (s, 9H), 2.95 (dd, J = 6.6, 3.4 Hz,
2H), 4.80w0.298/(7m981H), 5.32 (d, J = 8.7 Hz, 1H),; M5 mCe/B1@90618W23). 30
Exanpl e 21: Synthesis of (38) 3 (tert but oxycar bonyl am no) - pyrrolidine

conpound_29a 19 epared .from 28a (10.3 g,
(52 gp mol ,E_\lfﬁ@a_zéaﬁwgﬁg OW ayl@%%% &Rgﬁ@zﬁw e 13. ( ?
5Conpound(c%%§b09n 29@0204 I\/P 17OC (dec.) (t-BuOwe); 1H NWVR (4d-MeOH, 300
MHz): 6 1.44 ( , 1.90-2.10 (m 1H), 2.20-2.30 (m 1H), 3.17-3.37 (m

g(—l) |3 32 SS@&npmndZH)c (34. le‘igo) hs @mpamldl)aﬁ ymvtvlnilé‘fmvormp@mdmy y

anmpl e esi er 0 n eridi ne
(co%ound%l% %E Mol %lﬂ?f}f 5‘@ %{Pgn d%@? \r/\]iggal a]‘g%)a Pom 28b (10.1
g, 4& 3 m@NMR C@G@BU@MH@”B'I&II (%O)IMEH Bed & GesiH) Ped-1i gy (%Mml e 13.

Compound 29b ha optical purity greater than 99% determ ned by the
met hod de%dﬁa%é&(lﬁﬁq afs ldz, ?H)J%é%a?n‘bl ABg:J Sy -AthieedHg, 60-3.70 (m, 1H),

2-tert-bu a negj 0
Compound g,{syscgd QR%) Jg@%‘%ﬁe‘%? ﬂd o e)g (?&%ﬁ?u%d%c%%lﬁfe PRRYBP AL
2-tert-bu(th1;(()Mreponyl am nopent aned| oic acid (3.2 g, 12.3 mmol) by in a
manner simlar to Method B described in Exanple 10. 20MP. 135-137 C (MeOH);
1H NVR (4d- MeOH, 300 MHz) : M43 (s 9H) 1.60-1.66 (m 2H), 1.70-1.77 (m
1225 (t, J = 5.4 Hz, @Vﬁi K); MS: mfe 282.0 (M423).
Exarrpl e 24: Synt he5| s of 2 tert ut ox car bonyl am no- hexanedi nitrile
(corrpound 2528a)I of the féaﬂlp@dlstl@%dn(ﬂnﬁspgclﬁza%nm&sbqscmplanecﬂmfangm 27c (2.4

g, 9. . thod.B d bed | 12.
AUERLNEE R, T IEREE e S LU
(m 2H) gclte(%ﬁat?vquatﬁf@sem thé sélﬁe (etqulvltlent,@)r Qinkilfar gﬁ;bose ATIRR: n16Q (m 1H),
5. 00- 5. Me 0 (M423). Exarrplpe 25: Synthesi s of

3-tert- butmy&sm%@n@'b@mme@@dhﬁedm@ diselosndiinenlycorrpounis Fegen@anmpound 29¢
(3 4 719 ellow oil from conpound 28c (5.0 g, 22.4

' SRR PLRRESERrEHEY C described Ln Exarple 13 S1F1 AR
(CDC13 300 MHE)om thelabdite ﬂé‘scrlgﬂi’d}n one §I8Hdd Bdhé E@tcélﬂ‘&asﬂﬂz aertdindhe ( m 2H) ,
2.73, 2.78 (ABg, J = 4.8 Hz, , 2.87, 2.91 (ABqg, J 3.6 Hz

H)
3. 60- 3. 70CAtial Bharagengics of fergscntpycnn, %ﬁdémmt deraving frOl@dfrﬁ)%mm
29c. oxal ab sc'gge tl%?eo% éag%?alge V(l}lo@%%es and modifications of the invention to

adapt it to various usages and conditions. Thus, other embodiments are also within

20 the scope of the following claims.

33



100THER EMBODI MENTS Al'l of the features disclosed in this
specification may be conbined in any conbi nati on. Each feature disclosed in
t hi s specwbi2esi7orysnay be repl aced by an alternative fe&Cuns2&e/0¢isny t he
sanme, equivalent, or simlar purpose. Thus, unless expressly stated

ot herw se f sclosed is only an exanple of a generic 15series
of equi val\)\é@g’%% wag?% eat ures. yFr omt h(rarpabove degcri ption, one
skilled in the art can easily ascertain the essential characteristics of

the present inyens c@Rpo@icbibini@t: departing fromthe spirit and scope
t hereof, can nmake var| ous changes and nodifications of the invention to

adapt it to various usages and condi gB2ns ﬁ , other enbodi nents are al so
wi t hin 20t he scope of the follow ng ai

2010/ 077798PCT/ US2009/ 067817 WHAT | DIS: 1. A conpound of fornula
| R2 NHR1L formula | 5Swherein X is amXno-protecting group; R2 is H,

Cl-C6 al kyl, C2-C6 al kenyl, C2-C6 al kynyl, C3-C8 cycl oal kyl, C1-C7
het er ocycl oal kyl, aryl, or heteroaryl; X is C(OjH or CN; and n is 0, 1, or

2. 2. The conpound of cI aiﬁvmmllai[/\her ein R is Cl1-C6 al kyl.
3. Teco ound,, of cIa m 2, whe OOt C(0) CH3,
C( 0) %ﬁrﬁﬁl Rop a8agyie B‘ﬁowcnng grolp: *r éalggh&g?faah%@y 6% 1,

wher ei n Xalk§nyd( Q) ﬂg cycloalkyl, C;-C; h&ero@b@lo@l&@@m%rﬂete@é 1is QLOTH Sk n the
conmpound i s 206. The conmpound of claimb5, wherein Rla%%’s C(0) Ot - Bu,

C(0) 0CH2PRN; @{1@)1@}@1 €[ ®) CF3, CH2Ph, or C(0)0-Ph; R2 is Cl-Cs al kyI and n
is 0, 1, or 2. 7. The conpound of clal m 4, wherel n the conmpound is R2 NHR1

2. The compound of claim 1, wherein R is C;-Cg alkyl.
10
3. The compound of claim 2, wherein R' is C(0)Oz-Bu, C(O)OCH,Ph,
C(O)CH;, C(O)CF3;, CH,Ph, or C(O)O-Ph.

4. The compound of claim 1, wherein X is C(O)H.
15

5. The compound of claim 4, wherein the compound is

R?2 NHR'
I n |
O O
20 6. The compound of claim 5, wherein R' is C(0)Oz-Bu, C(O)OCH,Ph,

C(0)CH3, C(0)CF3, CH,Ph, or C(0)O-Ph; R? is C,-Cs alkyl; and n is 0, 1, or 2.

7. The compound of claim 4, wherein the compound is

RZ NHR'
M
25 O O
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)\/ 2580 . 8. The compound of claim7, wherein R is C(0)O0t-Bu,
C(0) OCH2Ph, C(0)CH3, C(0)CF3, CH2Ph, or C(0)0-Ph and R2 is C -C6 al kyl. 59.
The conpowoadomforctoai m 1, wherein X is CN. 10. The conpo®aa/uskooelosaisnt 9,
wherein the conpound is R2 NHRL NC 11CN 10 11. The compound of claim
10, wherein R is C(0)0t-Bu, C(0)0CH2Ph, C(0)CH3, C(0)CF3, CH2Ph, or
C(0)0-Ph; R is Hor C-C6 alkyl; and nis 0, 1, or 2. 12. The conpound of

e e en o iS5 o 'B@{ll\ﬂ_ﬁé() ) gl®, The
k0 il BABBAMNSE difim'® wherciftR' N O)Egaf\ll%g%(?cc%o)’u‘&

conpound of claim 12, erein R is C(0) ,

C(0) CF3, CHOYEH:, 61(OB() OTRRh,amd(EROiRh «@t-R36s hslalky20 14. The conpound of
claim1, wherein the conpound is Me N-Boc 15. A synthetic process
conprising: conducting a cyclization reaction by contacting a conmpound of

formyga |: RZND- | Rhe compBtiiibRcldim PWARE&hX RN S an ami no- prot ecting group;
R2is H GC-C6 al kyl, -C6 al kenyl, C2-C6 al kynyl, C3-C8 cycloal kyl, Cl1-C7
het erocycl oal kyl, aryl, or heteroaryl; Xis C(O)Hor CN, and nis 0, 1, or

2, with a Conp%'.nq"h%fcofn%rom[ﬁ & Jléi-rn 9, wherein the compound is

R?2 NHR'
NC 0 CN‘

10
11. The compound of claim 10, wherein R' is C(0)Oz-Bu, C(O)OCH,Ph,
C(0)CH3, C(O)CF3, CH,Ph, or C(0)O-Ph; R? is H or C;-Cs alkyl; and nis 0, 1, or 2.

12. The compound of claim 9, wherein the compound is
15
R?2 NHR!

NC)\/\CN .

13. The compound of claim 12, wherein R' is C(0)Oz-Bu, C(O)OCH,Ph,
C(O)CH;, C(O)CF3, CH,Ph, or C(O)O-Ph and R* is C,-Cy alkyl.

20
14. The compound of claim 1, wherein the compound is
Me N-Boc
M Me NHBoc
| l )\/-\
© O o NC CN
25
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H2N R3 10fornmula Il, wherein R3 is H Cl-C6 al kyl, C2-C6 al kenyl, C2-C6

al kynyl, C3-C8 cycl oal kyl, Cl-C7 heterocycl oal kyl, aryl, heteroaryl, to
forma cowpaord7ofsf ornmula 111: R2ZNHRL N 143 15f or nul a PCIrjuseevdmbiseh R1,
R2, R3 and n are as defined above. 16. The process of claim 15,
V\/nereln R1 |s 0) Ot - Bu, 0) 0CH2Ph, . C(0) CH3, C(0) CF3, CH2Ph, or C(0) 0- Ph;
R2 is Hor % éﬁmthet@%? S}EQRPEESh: 20and n i s 1. 17. The

process Oonfdu@!n‘iQ é@ycllzh't'iéd”&%ﬁctfo%fﬂifdo%{a@ﬂng%@Mb&ﬁld%?fi)ﬁﬂﬁhihe conmpound of
formula I'l'l and coupling the resultant corrpoun with a quinolinone conpound

to forma conpound of the follow ng fgenul 520 25R2 wherein R is H,
C(0) Ot - Bu, C(0) 0CH2Ph, C(0)CH3, C(0) 3, or C(0)0- Ph; R2is Hor
Cl-C6 al kyl; R4 is H or carboxyl pr roup; and R5 is H, Cl1-C6

al kyl, C2-C6 al kenyl, C2-C6 al kynyl gcl oal kyl, Cl1-C7

het er ocycl oal kyl, aryl, or heter oaryl 18. The process of claim15, wherein
the conpound of formula | is R2 NHRforf9g1d1,n . and the conpound of formla

1l is R2.ONTHRL N
5 wherein R' is an amino-protecting group; R” is H, C,-Cs alkyl, C,-Cs alkenyl,

C,-Cs alkynyl, Cs-Cg cycloalkyl, C;-C5 heterocycloalkyl, aryl, or heteroaryl; X
is C(O)Hor CN; andnis 0, 1, or 2;
with a compound of formula II:
H,NR®
10 formula II,
wherein R? is H, C,-Cs alkyl, C,-Cs alkenyl, C,-Cs alkynyl, C-Cs cycloalkyl,
C;-C7 heterocycloalkyl, aryl, heteroaryl, to form a compound of formula I11:

R2\[(/\)]/NHR1
n

N

R3
15 formula III,

in which R', R?, R* and n are as defined above.

16. The process of claim 15, wherein R' is C(0)O#-Bu, C(O)OCH,Ph,
C(0)CH3, C(0)CF3, CH,Ph, or C(0)O-Ph; R? is H or C;-Cs alkyl; R is H or CH,Ph;

20 andnis 1.

17. The process of claim 16, further comprising removing R* from the
compound of formula III and coupling the resultant compound with a quinolinone

compound to form a compound of the following formula:
O O
| OR*

25 )



143 19. The process of claim 18, wherein R is C(0)O0Ot-Bu, C(0)0CH2Ph,
C(0)CH3, C(0)CF3, CH2Ph, or C(0)0O-Ph; R2is Hor C-C6 alkyl; R3is H or
CH2Ph; arwiorzoim717981520. The process of claim 19, furthecTasa@iosisny
renoving R3 fromthe conpound of forrmula Il and coupling the resultant

Formila: boerein ROLZDAHEDEIR e Oy 6 i OB ot ePh o (e} G,

(0) CF3,  phiAehis o6 &-8) Ay FIR* i858 dr%at*ﬂo?% ﬁieg@hga%gﬁ%gnﬁs 1§H"%§ c ,CH2Ph; R4

is Hor carboxyl protecti ng grou &6 al kenyl

C2- C6 al kylhyl, ,Cz@s afigenyl €hdal dklwnyl Ct- @7cm®ta§¢ybd“yue¢nlaﬂt¢¢ycycl<miwl argk, or

het er oaryl . The process of claim15, wherein the conpound of fornula I

is R2 NH 5’((%5311 , and the conmpound of formula Ill is R2L'""NHRL N | Z3

22. The process of claim21 wherein R is C(0)Ot-Bu, C(0)0CH2Ph, C(0)CH3,

C(O)CFS CHZPh or C(0)0-Ph; R2is CG-C6 alkyl; R3is Hor CH2Ph; and n is
23. 1§hdhgimeeasssolarlaian B, whemin thercohweurdeiiorsiled i¥ emovi ng R3 from

the compound of formula Il and coupling the resultant conpound with a

qui nol i none conpound to forma ¢ ourN:HE{1 the follow ng formula: 00

X7 ™ X
, and
the compound of formula III is
R{IfijNHR1
n
N
R3

10
19. The process of claim 18, wherein R' is C(0)O#-Bu, C(O)OCH,Ph,
C(0)CH3, C(0)CF3, CH,Ph, or C(0)O-Ph; R? is H or C;-Cs alkyl; R is H or CH,Ph;

andnis 1.

15 20. The process of claim 19, further comprising removing R* from the
compound of formula III and coupling the resultant compound with a quinolinone

compound to form a compound of the following formula:

[;J OR5

20 wherein R is H, C(0)Oz-Bu, C(O)OCH,Ph, C(O)CHs, C(O)CF3, CH,Ph, or C(0)O-
Ph; R”is H or C,-Cs alkyl; R? is H or CH,Ph; R* is H or carboxyl protecting group;
and R’ is H, C,-Cs alkyl, C,-Cs alkenyl, C,-Cs alkynyl, C3-Cs cycloalkyl, C,-C-
heterocycloalkyl, aryl, or heteroaryl.
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15wherein R is H, C(0)O0t-Bu, C(0)0CH2Ph, C(0)CH3, C(0)CF3, CH2Ph, or
C(0)0- Ph; R2is Hor Cl1-C6 alkyl; R3 is Hor CH2Ph; R4 is H or carboxyl
prot ecti myogooupy79and RS is H, Cl-C6 al kyl, C2-C6 al kenpCT/uS200@66mli1kynyl ,
C3-C8 cycl oal kyl, C1-C7 heterocycl oal kyl, aryl, or heteroaryl. 2024. The
process of claim?23, wherein R is H R2is CH3, R4 is H and R5 is CH3.
25. The process of claim 15, wherein the conpound of forrmula I is an

di al dehyde CO”EP”%e%%oc%E'&MIQﬁJ the%%@the@%ﬁl BLAFESRrAlaqli@l m 25, further
conprising, before the cyclization reaction, obt ai ni ng the dial dehyde
conpound by conducting a reduction gygact a)]f a conmpound of formula 1V,

00 fornmula IV, 10in which R is an m'no';ﬂ_:I ectinggroup; R2is H Cl1-C6

al kyl, C2-C6 al kenyl, C2-C6 al kynyl cycl oal kyl, Ci1-C7

het erocycl oal kyl, aryl, or heterydry and ¥ach of R4 and RS,

i ndependently, is H, G -C6 al kyl, C2-C6Nal kenyl, C2-C6 al kynyl, C3-C8

cycl oal kyI C i-C7 heterocycl oal kyl, aryl, or hatderoaryl. 1527. The process
of claim wher ej ﬂfetLhe al dehyde corrpound is RR NHRL Il 00 the conpound of
formula | el@“ﬁ@@“ OFBHBAUAY of formula 111 is

RZ\[(/\)]‘\\NHFU
n

N

R3

22. The process of claim 21, wherein R' is C(0)O#-Bu, C(O)OCH,Ph,
C(0)CHs, C(0)CF3, CH,Ph, or C(0)O-Ph; R? is C,-Cs alkyl; R? is H or CH,Ph; and n
is 1.
10
23. The process of claim 22, further comprising removing R* from the
compound of formula III and coupling the resultant compound with a quinolinone

compound to form a compound of the following formula:

R HN/ /@\)‘j)‘\
@ OR5

15 wherein R' is H, C(0)Oz-Bu, C(O)OCH,Ph, C(O)CH3, C(O)CFs, CH,Ph, or C(0)O-
Ph; R*is H or C,-Cs alkyl; R? is H or CH,Ph; R* is H or carboxyl protecting group;
and R’ is H, C,-Cs alkyl, C,-Cs alkenyl, C,-Cs alkynyl, C3-Cs cycloalkyl, C,-C-
heterocycloalkyl, aryl, or heteroaryl.

20 24. The process of claim 23, wherein R'is H, R?is CH;, R*is H, and R’ is
CHs.

38



R2.ONHR1L N 201i3 28. The process of claim 27, wherein the al dehyde
conpound is R2 NHR1 NHR1L R40- OR5 , and the conmpound of fornula IIl is:
R24, ..., ,WON0H/R1798l 13 29. The process of clai m 2@CTases0gion7stihe
reduction reaction and the cyclization reaction are perfornmed in a one-pot

f ashi on. . aim 25, t her co rising,
before the cycﬁézz;&he@ﬁt)%g%ﬁfé@ o it %?gcoalpewﬁdpe&ﬂff?&n&l@ fidfhula |V: R
NHR1 0Qiai Rk @HM&imhgsthghbagwls an am no protecting group; R2 is H,

Cl1-C6 al kyl, -C6 al kenyl, C2-C6 al kynyl, C3-C8 cycloal kyl, Ci1-C7
het erocycl oal kyl, aryl, or heteroary“QZZO@ﬂquach of R4 and R5,
i ndependently, is d - C6 al kyl, C2-C6 C2-C6 al kynyl, C3-C8
cycl oal kyl, Ci1-C7 heterocycloalkyl I heteroaryl to forma
di al cohol conpound as shown bel ow || |
O O
5 26. The process of claim 25, further comprising, before the cyclization

reaction, obtaining the dialdehyde compound by conducting a reduction reaction of a
compound of formula IV,
R? NHR
R*O OR®
O O
formula IV,

10 in which R' is an amino protecting group; R is H, C-Cs alkyl, C,-Cs alkenyl, C,-Cg
alkynyl, C3-Cs cycloalkyl, C;-C- heterocycloalkyl, aryl, or heteroaryl; and each of R*
and R, independently, is H, C;-Cs alkyl, C,-Cs alkenyl, C,-Cs alkynyl, C3-Cg
cycloalkyl, C;-C; heterocycloalkyl, aryl, or heteroaryl.

15 27. The process of claim 26, wherein the aldehyde compound is
R? NHR'
| |
O 2
the compound of formula IV is
RZ NHR'
R*O ~_OR®
O O , and
the compound of formula III is
RZ\(j_\\NHW
N
20 R3



NHR1 HOOH , and oxi di zi ng the di al cohol conpound to provide the dial dehyde
conpound. 31. The process of claim 15, wherein each of X groups is CN. 32.
The procewe 20fo/ormsm 31, further conprising, before thePcyaiSe@atosmsm?
reaction, treating, with a dehydrating agent, a compound of formula V, R2
NHR1 formula V, 10in which R is an am no protecting group; R2 is H,
Cl-C6 al kyl, C2-C6 al kenyl, C2-C6 al kynyl, C3-C8 cycl oal kyl, C1-C7

het erocycl oal kyg, T%reéjlroce%om&ﬁf?ﬁ%ereu@ﬂfé aﬁﬁéhgd@eorﬁpodﬂﬁ i¢; to provide the
dinitrile conmpound. 33. The process of claim 32, wherein the dinitrile

compound is R2 NHRL _ NCON 15 thngbnqu@@ of formula Vis H2N the
conpound of forrmula Il1l is NHRL

O

the compound of formula IV is

R*O . _OR®
5 O O , and

the compound of formula III is:

10
29. The process of claim 26, wherein the reduction reaction and the

cyclization reaction are performed in a one-pot fashion.

30. The process of claim 25, further comprising, before the cyclization
15 reaction, reducing a compound of formula I'V:
R?  NHR'
R*O OR®

O O

formula IV,
in which R' is an amino protecting group; R is H, C-Cs alkyl, C,-Cs alkenyl,
C,-Cs alkynyl, Cs-Cg cycloalkyl, C;-C7 heterocycloalkyl, aryl, or heteroaryl;
20 and each of R* and R’, independently, is C,-Cs alkyl, C-Cs alkenyl, C,-Cs
alkynyl, C;-Cg cycloalkyl, C;-C7 heterocycloalkyl, aryl, or heteroaryl;

to form a dialcohol compound as shown below:
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Il %:NH2 . in 00, and R2"H,."NHRL ' in- 34. The process of claim 33,

wherein the dinitrile conpound is R2 NHR1L NCON , 00, and the conpound of
formul a IWO2080/(R2%8. . .,, NHRL N 143 35. The process of clpairmsi®g/o6tser ei n t he
conpound of forrmula | is R NHRL _ wherein nis 0, 1, or 2, R is an
amno protecting group, R2 is alkyl, and each of X is CN 36.

The process of claim 35, further corR?i siNlgR' eating the follow ng
15conpound HO\)\)\/OH

, and

oxidizing the dialcohol compound to provide the dialdehyde compound.
31. The process of claim 15, wherein each of X groups is CN.

32. The process of claim 31, further comprising, before the cyclization

reaction, treating, with a dehydrating agent, a compound of formula V,

R? NHR'

H,N NH,
O O
formula V,
10 in which R' is an amino protecting group; R is H, C-Cs alkyl, C,-Cs alkenyl,

C,-C¢ alkynyl, C;-Cs cycloalkyl, C,-C; heterocycloalkyl, aryl, or heteroaryl; and n is

0, 1, or 2; to provide the dinitrile compound.

33. The process of claim 32, wherein the dinitrile compound is

R?2 NHR'
NC CN
15 n ,
the compound of formula V is
R?2 NHR'
HoN ' NH»
n
O O , and
the compound of formula III is
R2 WNHR!
n
N
R3
20
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NHRL X("),!1., X whereinnis 0, 1, or 2, R is an am no protecting group,
and each of Xis CN, in the presence of a base, wth R2L, wherein R2 is

al kyl andw 208/d7779Br , or I\/ESO4 to stereosel ectively syRChAS2®S/0613¢7
conmpound of formula I. 37. The process of claim 36, wherein
R2 is nmethyl a e base i S, . .38.. The process of claim 35,
further conpri gg'ngﬁreé’é‘b‘ie?%f‘il %ﬁ?ﬁ]@{ﬂ%th@fdlmmlﬁﬁ?lgp diswherein R3 is H,
with an acid to forma salt and ste §osm_elﬁtgively purifying the salt. 539.
The process of claim 38, wherein t i oxalic acid or a chiral acid.

NC CN

2

5 the compound of formula V is

R? NHR!

35. The process of claim 15, wherein the compound of formula I is

R*  NHR'
x/'\%\x

10

wherein nis 0, 1, or 2, R' is an amino protecting group, R” is alkyl, and each of X is

CN.

36. The process of claim 35, further comprising treating the following
15 compound
NHR'
X T x

wherein nis 0, 1, or 2, R' is an amino protecting group, and each of X is CN, in the

presence of a base, with R’L, wherein R? is alkyl and L is I, Br, or MeSQy4, to

stercoselectively synthesize the compound of formula I.
20

37. The process of claim 36, wherein R? is methyl and the base is LIHMDS.
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38. The process of claim 35, further comprising reacting the compound of
formula IIT, wherein R* is H, with an acid to form a salt and stercoselectively

purifying the salt.

39. The process of claim 38, wherein the acid is oxalic acid or a chiral acid.
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