METHODS FOR THE PREPARATI ON OF STEREO SOVERI CALLY
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transcription of the retroviral genome of the HIV virus, thus giving a measure of control,
30  though not a cure, for patients afflicted with AIDS. The search continues for drugs that can

cure or at least provide an improved measure of control of the deadly HIV virus and thus the
treatment of AIDS and related diseases.

Retroviral replication routinely features post-translational processing of polyproteins.
This processing is accomplished by virally encoded HIV protease enzyme. This yields mature
35  polypeptides that will subsequently aid in the formation and function of infectious virus. If this



This processing is acconplished by virally encoded H V
prot ease enzyne. This yields mature pol ypepti des that
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function as anti-H V viral agents. HV protease is one
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Summary of the Invention

The present invention relates to methods of preparing a stereoisomerically enriched
compound of formula (),
R! 0
RA N
> oR
3 5
Z R
30 R* 0
wherein:
Zis O, S, C=0, C=CHy, or (CR'R)-;



Zis, S, GO CCH, O -((CRR8-;RL is hydrogen,
-(CRRMC-Caryl), -CHCHCH, -C(COR 7, -C(OOR 7,

WO ZOPAIY OR 7, or -Si (R ) , wherein said C - Per/1B2004003812
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optionally substituted with at | east one substituent
chosen fromhalo, C-C alkyl, -OR7, and -N(R R8); R2
and R3 are independently chosen from hydrogen, C -C

al kyl, C-C alkenyl, C- alkynyl, -(CR) (C-C aryl),
and -(CR )(4-1 nenbered heterocyclic), wherein said C
-C aryl and 4-1 0 nenbered heterocyclic are optionally
substituted with at |east one substituent chosen from
halo, C-C alkyl, -OR7, and -N(R R8) ; R4 and R5 are

i ndependent|ly chosen from hydrogen, halo, C -C al kyl,
C -C al kenyl C C al kynyl (CRRJt(C- aryl), and

- (CR )4 rocyc
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hydroltls dnteg%no?nﬁer aspect of the present invention
pPAs/meiRes campisse: t he net hods descri bed herein of
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solvent, or'ad mixture of organic and aqueous solvents wherein at least one sterecisomer is
selectively hydrolyzed.

Another aspect of the present invention provides any of the methods described herein
of preparing a stereoisomerically enriched compound of formula (1), wherein:

Zis 0, 8, C=0, C=CHj, or {(CR'R%)-;

R is —(CR'R®)(Cs-C14 aryl), -CH,CH=CH,, -C(O)R’, -C(O)OR’, -C(0)C(O)OR’, or
-Si(R")s, wherein said Cg-C14 aryl is optionally substituted with at least one substituent chosen
from halo, C4-C1q alkyl, -OR’, and -N(R'R®);

R? and R® are independently chosen from hydrogen and C4-Cip alkyl;

R*and R® are independently chosen from hydrogen, halo, and C4-Cyp alkyl;



R2 and R3 are independently chosen from hydrogen and
CrC alkyl; R4 and R5 are independently chosen from

whyasogase hal o, and C -C al kyl ; - AR6 i s hydr ogeaiT/1B2604/003812
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and R8 are independently chosen from hydrogen, hal o,

al kyl, CC al koxy, C -C alkenyl, C-C alkynyl, -(CRR
MC -Caryl), and -(CR R )(4-1 0 nenbered

het erocyclic), wherein said C -C aryl and 4-1 nmenbered
het erocyclic are optionally substituted with at | east
one substituent chosen fromhalo, C-C al kyl, -OR9,

and -N(R R9) ; each R9 is independently chosen from
hydrogen and C -C alkyl; and t is an integer fromO to
5. n still another aspect of -4-he present invention are
provi ded any of the nethods described herein of
preparid s %reoi sonerically enriched conpound of

f or mul ajﬁ’i,a erein: Zis, S, CO CCH, O - (CR
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al kyl ; tBahmidg¥dion@ass. R7 and R8 are independently
chosen from hydrogen, hal o, al kyl, alkoxy, C-C

al kenyl, C-C alkynyl, -(CRRC-Caryl), and -(CRR

) (4- 10 'mihenethetpsheat efteroyesentdiventinher eiondaizing oGhe aetiddy |
anisofibebthersrrdd preE:Aiing1& btleBiSanfetitAly Hrighe@ BérhR0/ ch‘}"ormula (), wherein:

substi twted Widh Rl | egstzene substituent chosen from
hal 0, C,-Ci ’gdl-é’rq_%hg’&ggéka d -N(R R9); each R9 is

. y ) )
i ndepeRdEMGHP(CHErs @M.+ RS SEIRRAAY -@O) AR yihsremrsid
t Ge$rcanyl isoptpgaly shbstitnted wittoat Bast Bnedueétiieht cASRE fém Rdio, Idhe,,

PrAFEOR’ iaRYRREN are provided any of the nethods
descri Qgeglg gre stereoi sonerically

i.n of preparing a
enr | che%*;I Eﬁg‘ﬁrgdwapwg@%?%?%f%ﬂr)V?'m%‘?é‘f“éPn% gkyls | S,
C=0, CRBGMd R’ @ye indepepperp phosenfrbmi iydredeBHhalo( &5d-C5Caf aHy)) ,

- CH CHRGbhydroge:O) OR 7, or -C(O) C(O) OR 7, wherein said

C -C apyl. 4 Lonal Ly substituted with at | east one
subst | P 2 fEMeray oo iriden. HelrsCra g cricR Ao,
R&p-Croglsenyi §=-Ro akwyh @B Bert Py ehd<eriRiiom hemteagen,
mbetarptyclick whgrkin saidi Cy-Cy, afdhd pa 0rghberBfhefdiéhydne aRlotionally
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yb eachyis Independently chosen from hydrogen and C;-Cq alkyl; and

tis an integer from 1 to 3.

In another aspect of the present invention are provided any of the methods described
herein of preparing a stereoisomerically enriched compound of formula (1), wherein:

Zis O, 8, C=0, C=CHj, or ~(CR'R®)-;

R" is ~(CH2)(Cs-C14 aryl), -CH,CH=CHj, -C(O)OR’, or -C(0)C(O)OR’, wherein said
Cg-C14 aryl is optionally substituted with at least one substituent chosen from halo, C-Cyg
alkyl, -OR’, and -N(R'R®):

R?and R® are independently chosen from hydrogen, methyl, ethyl, butyl, and pentyl;

R*and R®are independently chosen from hydrogen, halo, methyl, ethyl, butyl, and
pentyl;

R® is hydrogen:



pentyl; R is hydrogen; R7 and R8 are independently
chosen from hydrogen, hal o, al kyl, al koxy, C-C

w@bdosngdige and C -C aryl, wherein said C -C ar yPCT/BB2004/003812

optionally substituted with at | east one substituent
chosen fromhalo, C-Calkyl, -OR 9, and -N(R R9) ;
and each RO is independently chosen from hydrogen and
C-Calkyl. nstill a further aspect of the present
invention are provided any of the nethods descri bed
herein of preparing a stereoisonerically enriched
corrpound of formula (1), wherein: Zis , S, CO C=CH
O -((CR)R;8RLi - CHPh, -C(COOR 7, O
C(O)C(O)(R 7 ; R2 a annRd3das-h arree hyyddrrooggeenn;
; R4 and R5 are i ndependently chosen from hydrogen and
met hyl ; is hydrogen: and R7 and R8 are
i ndepen"d &l F)F’%ﬂ?%’é‘ﬁ’ef‘tlyé’h?sﬁyﬂ?r@@é’f?gafh §218y| Qeho, alkylh @1-Cio alkoxy,
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enriched c \g rein: is, S,

c=0 Ceft 'QJ%‘&P?EPPW f—%’“’ssn °Se’t§49r91 Cioétk& OCH ,

5-C(O0C(CH) , O -C(OC(OOCCH ; R2 and R3 are

hydr oganstit Rduriercisiet AR pfe@éi@ Iheé}ﬂ&fbﬁé Nroﬁ&@%ﬁ)rbfftl{e%'gthods
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rmn

and OC%—FO %CaQo@TFé’lz %SW -of the present invention
are pr ov/iisda,rmnyC(OJor ve- aeicmds’;descri bed herein of
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f or mul I%:,{H X IS CHPh, -C(O OCH
Yoo 3re mdeaer}dentb:(c@see @anrogewdmwwm ar e
hydr ogeiiis iRrogantkn®5 are nethyl; and R6 is hydrogen. n

still a?7fahkllﬁq'h$ém&%&%ﬁtly%ﬁos%m?or@ﬁ & andity-entaikpn are
provi ded any of the nethods desc)falﬁ)ged h(lgs\r(elr})na gf

preparing a stereoisonerically enriched conpound of
f or mul ahg PreseniiRventiangiso proyides@ainpf tieawgthods dyscribedherst) of pBsRaring
S-a {t&srdidsmisiCaly@naichigli Jompolitd dEfdrdth (1), wifeteld) R7, - C(O) CR?

- (O CQ Ry, 6=0%-= 'o("-E%C)R7 8 V\,here| nsaid C-Caryl is

opti onal Isy ubst tufed at | east_one substituent
chosen R Is=CHzPh, C(O)OCH3, —C(O)OC(CH3)3, or -C(O)C(O)OCHj;

R? and R® are hydrogen:;
R*and R® are independently chosen from hydrogen and methyl;
R®is hydrogen; and

R’ and R® are independently chosen from hydrogen, fluorine, methyl, and ~OCHa.

In another aspect of the present invention are provided any of the methods described
herein of preparing a stereoisomerically enriched compound of formula (I), wherein:

Zis S;

R" is —CH,Ph, ~C(O)OCHs, -C(O)OC(CHg)s, or ~-C(O)C(O)OCHS;

R? and R® are hydrogen;

R* and R® are methyl; and

R is hydrogen.

In still a further aspect of the present invention are provided any of the methods
described herein of preparing a stereoisomerically enriched compound of formula (1), wherein:
Zis C=0, C=CHy, or -(CR'R®)-;



fromhalo, O Calkyl, -OR7, and -N(R R8); R2 and R are
i ndependently chosen from hydrogen and C -C al kyl; R4

wW@nws@5418¢ e | ndependent|y chosen from hydr ogenpCTiEB2004/003812

and C -C alkyl; R is hydrogen; R7 and R8 are

i ndependently chosen from hydrogen, halo, C -C al kyl,
C -C alkoxy, C-C alkenyl, C-C alkynyl, -(CRR) (C
-Caryl), and -(CR R ) (4-1 nenbered heterocyclic),
wherein said C -C aryl and 4-1 nenbered heterocyclic
are optionally substituted with at |east one

substi tuent chosen from halo, CC al kyl, -OR9, and
-N(R R9) ; each R9 is independently chosen from
hydrogen and C -C O alkyl; anglt is an integer fromto
5. Another aspect of the present invention provides

any of the descri bed herein of preparing
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and - N(R,R) osen from

hydr ogen @% o ep @dgfﬁg Qse'éﬁ%in Fydf°§e'h??dlcr’1f3@gj‘g‘y ¥om 1 to
3. n stt'ﬁqn"ﬁegﬁﬂmﬁ@%spect of the present invention
are provided any of the methods described herein s of

prepar 'A(ﬁgtlhx)él' a§5e%{ & %ﬁ%@%ﬁ InQe%k @:/? %eg §E he the mnR oc%ﬁﬁ,ﬁcntf)eddjgrem

fornul

Cl_igaqparm e:(stejewmencall I@(cgppo;.md of(ﬁqrmule(lmvhgr@) OCH ; R2
and R3 Zis 6= @)Q#ﬂﬁgen(cmima)and R5 are independently

chosen {'; I d h I k.and
som.;;]:y]d GPWEC@Q Cw Ad(@)oﬁ lgy C’(O)%lkgr%ebendent ly

e S
R*and R® are mdependently chosen from hydrogen, halo, and C-Cyp alkyl;

R%is hydrogen;

R’ ahd R® are independently chosen from hydrogen, halo, C-Cyg alkyl, C4-C1o alkoxy,
Ca-Cyoalkenyl, Co-Cyo alkynyl, ~(CR°R%)(Ce-C14 aryl), and -(CR°R®)(4-10 membered
heterocyclic), wherein said Cg-C14 aryl and 4-10 membered heterocyclic are optionally
substituted with at least one substituent chosen from halo, C+-Cyp alkyl, -OR?, and -N(RgRg);

each R%is independently chosen from hydrogen and C;-Cyqo alkyl; and

tis an integer from 1 to 3.

In still a further aspect of the present invention are provided any of the methods
described herein s of preparing a stereoisomerically enriched compound of formula (1),
wherein:

Z is—(CR'R%)-;

R' is ~CH,Ph, ~CHzCH=CHy, -C(O)OCHj, -C(O)OC(CHsa)s, or -C(O)C(O)OCH3;

R? and R® are hydrogen:

R*and R® are independently chosen from hydrogen and methyl, ethyl, butyl and
pentyl;



and C -C al koxy. The present invention further relates
to nethods of preparing a stereoisonerically enriched
weooposiss of fornmula (1A), RL S - CH CH wher ei PCT/HR20042003812
- CHPh, -C(OOR7, or -C(OC(OOR 7; and R7 is C-C
al kyl; said nethod conprising: treating a conpound of
formula (IC, S - CHCH wherein RL is as defined
above and R6 is chosen fromC -C al kyl, C -C al kenyl,
C-Calkynyl, - CHCGC aryl), and - CH(4-10 nenbered
het erocyclic), and wherein said C -C aryl and 4-10
menbered heterocyclic are optionally substituted with
at | east one substituent chosen fromhalo, C -C alkyl,
-OR7, and -N(R R7), with a bi®mcatal yst in an aqueous
solution, an organic solvent, or a mxture of organic
and aqu,@(lnsuhsdrsooén\_/e ts wherein at | east one stereoi soner
is sel ec,tl\yegg hydrol yzed. The present invention
f ur t herR'@8¢ Bt 8 inflependeptlyshosem tombudregers flateise chilyind, ey, ailny|,
of anoray{Cayaldogy. a St er eoi sonerically enriched conmpound of
formula (IA), wherein RLis - C(OOC(CH ) , conprising
treating a conpound of formula (1C), wherein RL is -

5 and Re Mg PEgent inygntiqn furthey refatas taImethods 9f peeraring a etetesisomerically
s o#nvichied aomrmandef fpamdl (1ol vent, or a mixture of organic
and aqueous solvents whergin at | east one stereoisoner
is selectively hydrolyzedyInocstill a further aspect of
the present invention ar Npr/d)h'bgled any of the methods
descri bed herein of prep ri§ngHa stereoi sonerically
enri ched conmpound of forrm_l@EHA), wherein Rl is -
CHPh, conprising treating a éonpdénd of fornmula (1C),
whetregsim R1 is - CH Ph and R6 is - CH3, with a
bi ocat alysioHsh, RoBAUGPUSORALIR Qs 2N O gani C

10 sol vent ; or @a mi xt'uré of ofcganl ¢ and aqueous sol vents
wher ei i 5“1%4 one st ereoi somer is sel ectivel y
hysdidonejhod dommiisisgiot her aspect of the present invention

are preeitdgdc bds sofhul aring a stereoisonerically
enri ched corrpglﬁdr?d of 0f ourérfyc?g (1), (IB)

| O

(N OR®
S——CHj

CHg (IC)
wherein R’ is as defined above and R°® is chosen from C-Cy, alkyl, C-Cqo alkenyl,
15 Cp-Cyp alkynyl, ~CHy(Cg-Cy4 aryl), and —CH,(4-10 membered heterocyclic), and wherein said
Ce-C14 aryl and 4-10 membered heterocyclic are optionally substituted with at least one
substituent chosen from halo, C-Cyo alkyl, -OR’, and -N(R7R7), with a biocatalyst in an
aqueous solution, an organic solvent, or a mixture of organic and aqueous solvents wherein
at least one stereoisomer is selectively hydrolyzed.
20
The present invention further relates to any of the methods described herein of
preparing a stereoisomerically enriched compound of formula (IA), wherein R is -
C(O)OC(CHys)s, comprising treating a compound of formula (IC), wherein R is —
C(O)OC(CHs)s and R°® is—~CHs, with a biocatalyst in an aqueous solution, an organic solvent,

25  ora mixture of organic and aqueous solvents wherein at least one stereoisomer is selectively
hydrolyzed.



wherein: RLis - CHPh, -C(OOR7, or -C(OC(OOR7; and
R7 is C-C alkyl; said nethod conprising: treating a

weooposiss of fornula (1D), F- (1D) wherein Rl PGI/EBR004/003812

10

defi ned above and R6 is chosen fromC -C alkyl, C-C
al kenyl, C-C alkynyl, - CH (C-Caryl), and - CH(4-1
nmenbered heterocyclic), and wherein said aryl and 4-10
nmenbered heterocyclic are optionally substituted with
at | east one substituent chosen fromhalo, C -C al kyl,
-OR7, and -N(R R7), with a biocatal yst in an aqueous
sol ution, an organic solvent, or a mxture of organic
and aqueous sol vents wherein at | east one stereoi soner
is selectively hydrol yzed. Th& present invention
further relates to any of the nethods described herein

P AR P Bl e R TR F0bity SRy SR,

t r ée&t:ribﬂ@ heae'@ efrprparing aéferqb@mele%i'Y eroed aghieeusd pf fRIuiagIA),

C( e)emi{ RHs }ClayRb, cBiprisig trédting a dtinipbund oblo@ut (/) Yeherein'R! BLCH,Ph
A0LRHIR %ﬁ l\”lth Q'Brocé?ﬂlsp I:n g@&{u‘éou% %Iyt%ma'n O?Japigsoq\]{e)r%tt grraemi%lfjre of

organi ¢ _and aqueous 'So

st YPAS B8 AeoySSoNgntpwheraat &?aﬂyﬁﬁﬁ%@a\ew iy sedqcfively hadrolyzed
further aspect of the present invention are provided
any of ik Eﬁ)tff@?&dﬂ@&%f HeHEdehthREntids Er%'prvﬂéd Hétﬁcﬁi@%ﬂ Jﬂ&fnng)a

reoi somer fornmula
Ser8°'30"ﬁﬂca'§enr'°rﬁﬁ|ﬁ?{“p° %“{}’EF"F%H?%:@B t reat| ng a conpound
of formula (ID), wherein R{ - CHPh and Ris - CH3,
wWith a biocatalyst in an a@ggﬁgs sol ution, an organic
solvent, or a m xture of @rgani@Hand aqgueous sol vents
wherein at | east one ste€ k is selectively
hydrol yzed. Al so providedFim»ghe ﬁéesent invention are
an of the nethods described here H of preparing
%ﬁﬂsonerlcally enri ched conmpounds of fornmulas (1),
(IA) &l ds 4aHBPh, IR an -6@)C{ORIcamtial yst i s chosen
from arR7a4d§Ia¢15§]@| prot ease, an esterase, a lipase, a
dr gﬁgc aq%many conbi nation thereof. n another
asped? PHE ?esent i nvention are provi ded net hods
wher ei riregéig@ OB'i“%!a@ efifgrmpla (IB), chosen from Kl ebsiel | a
oxytoca, Aspergillus nella@us, Bacilius subtilis,
Bacillus |icheniforms, BaC|K?us | entus, and Pig Liver

esterase. The present in ral so relates to a
met hod for the resol uti Cﬁsconpound of formula
I D

20

25

wherein R' is as defined above and R® is chosen from C4-Cyo alkyl, C5-Cyq alkenyl,
C3-C1o alkynyl, ~CHx(Cg-C14 aryl), and —CH,(4-10 membered heterocyclic), and wherein said
Ce-C14 aryl and 4-10 membered heterocyclic are optionally substituted with at least one
substituent chosen from halo, C4-Cyg alkyl, -OR7, and -N(R7R7), with a biocatalyst in an
aqueous solution, an organic solvent, or a mixture of organic and aqueous solvents wherein
at least one stereoisomer is selectively hydrolyzed.

The present invention further relates to any of the methods described herein of
preparing a stereoisomerically enriched compound of formula (IB), wherein R'is -
C(O)OC(CHes)s, comprising treating a compound of formula (ID), wherein R' is —
C(O)OC(CHa)s and R® is—CHs, with a biocatalyst in an aqueous solution, an organic solvent,
or a mixture of organic and aqueous solvents wherein at least one stereoisomer is selectively
hydrolyzed.



wherein: Zis , S, CO CCH, O - (CRR3)-; RLis
hydrogen, -(CR R MC -C aryl), -CH CH=CH , -C(O RY,

WO GSpERSe - C(O) C(O OR7, or -Si (R )3, wherein BEi/TB2004/003812

10

15

25

30

arylis optionally substituted withat |east one
substituent chosen fromhalo, C-C alkyl, -OR7, and
-N(R R8); R2 and R3 are independently chosen from
hydrogen, alkyl, C -C alkenyl, C- C alkynyl, -(CR)
(C-Caryl), and -(CR) (4-1 nenbered heterocyclic),
wherein said C -C 4-1 nenbered heterocyclic are
optionally substituted with at | east one substituent
chosen fromhalo, C-C alkyl, -OR7, and -N(R R3); R4
and R5 are independently chos®n from hydrogen, hal o,
al kyl, al kenyl, C-C alkynyl, -(CRR M -C aryl), and
-(CR R) (4-10 merrbered heterocycllc) wherein said C
-C a¥ tEg nbered heterocyclic are optionally
subst i tuted W?rﬁs%?f’t qf ths gresBhiBvestigirs Rremdet anyms the mefhodsm
h eflesgribeg hegelin of preRafing stardoisdnieRealRB3rricHad corfipoGtost QJPmﬂjlé @81 hefein

al A yd ~CHGPH, Ebn&?drlklﬁéWéatmgq con@nEXﬂé(rlnula (lbfz@h%:selh/% i§ = ﬁﬁ;@% g?.chRB

t
aqéj d:}-%%&a b)o%étflys:!‘ln §n &quSH%?FBIgpogldaeq%%i%éele pea mixigre of organic

o) ﬁ(‘i" BHapYsyoly Hefeinta faskonersten¢oisomerss setentvely lipsblyetient
chosen fromhalo, C-C alkyl, -OR7, and -N(R R8); R7
?gdale AR EranM%PHﬁE&@%l éeﬁt%%%%knan{{lg he m{ dr o esnm?eg gérgn ofC
arp§)5|pj]rm¥ gtﬁlams?reﬁﬂcﬂy )ar(r;ghe_g cﬁ'@Pﬂyé‘?sé?ﬁ foﬁ‘@#@r(bdw lanat()B), wherein said
witiopasdlyst is gliagerafrop aneaticlling-piofease ab est@skeNeipaEOS Mﬁrdlé%e aaﬁ@ any

Ofebrhtshidbr therSdd bﬁﬁah&th@r & eWo‘E # ﬁ\%se’@@%htlog %(Fe o ﬁs é@t HER! ach

RB%S' RTACTCRRERCR . i e
wapfs, B%ﬁ“l'as licheniforays, Basillegjentusf aroifigLiteoesieraseai d net hod

c o npr i BempeeseitinvaritibMgsd rBigtes @ BMRUHAE o fhe FQbITRL 35 4 éo)mp)%ntd B

afothgé:@t alyst in an aqueous solvent, an organic

sol ven or a m xture of aqueous and organi ¢ sol vents,

to afford a stereoi somer Réalcby enri ched conpound of

formula (1) wherein en. Anot her aspect of
t he present |nvent|oqR v d ny of the methods
described herein for thé Iutlon of a compound of

formula (1), wherein: le S CQ@ C=CH, or -(CR

R8herein:RL i -(CR R MC - Caryl) -CH CH=CH , -C(ORY7,

C(O)(Bzosg_@)g;@%g -Si (R, wherein said C -C
bstit

aryl al'l ited with at | east one

Subst 7 SHEoRosER FHGnenavh CiocHeshs 1oi0IR @RI and
N(@CFQSPR or SI(R )3, wherein said Cg-Cy4 aryl is optionally substituted with at least one
substituent chosen from halo, C4-Cyo alkyl, -OR’, and -N(R'R?);

R?and R® are lndependently chosen from hydrogen, C4-Cyg alkyl, C2-Cyq alkenyl, Cp-
Ci1o alkynyl, (CR7R8 1{(Cs-C14 aryl), and (CR7R8)t(4 10 membered heterocyclic), wherein said
Cg-C14 aryl and 4-10 membered heterocyclic are optionally substituted with at least one
substituent chosen from halo, C4-Cg alkyl, -OR’, and -N(R'R®):

R* and R® are independently chosen from hydrogen, halo, C4-C1q alkyl, Co-Cyo
alkenyl, Cz-Cso alkynyl, -(CR'R®)(Cs-Ci4 aryl), and -(CR'R%)(4-10 membered heterocyclic),
wherein said Cs-C14 aryl and 4-10 membered heterocyclic are optionally substituted with at
least one substituent chosen from halo, C4-Cyq alkyl, -OR’, and -NRR;

R®is chosen from C4-Cyg alkyl, Co-Cyg alkenyl, C5-C1o alkynyl, ~(CR'R®)(C5-C14 aryl),
and (CR7R8)1(4 10 membered heterocyclic), and wherein said Cs-Cyg aryl and 4-10



R2 and R are independently chosen from hydrogen and C
-C alkyl; R4 and R5 are independently chosen from

whyasogase hal o, and C -C al kyl; R6 i s hydrogepPCT/BRoeu®d3812
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R8 are independently chosen from hydrogen, halo, C-C
al kyl, C-C alkoxy, C-C alkenyl, C-C alkynyl, -(CRR
MC -C aryl), and -(CR R ) (4-1 nenbered heterocyclic),
wherein said C -C aryl and 4-1 nenbered heterocyclic
are optionally substituted with at | east one
substituent chosen fromhalo, C-C alkyl, -OR9, and
-N(R R9); each RO is independently chosen from
hydrogen and C -C alkyl; and t is an integer fromto

5. n still another aspect of .{ghe present invention are
provi ded any of the nethods described herein for the
resolution of a conpound of fornula (1), wherein: Zis
. mempsrey heterqoyglic argyeptiongligrubsiiiyted witpat fegst onecgubgiitnentchosen from
ar by, C-cGlikgHotH and NE'&HOR7, or -C(O C(O OR 7, wherein
said C rGaRYhe knﬁeﬁ%%én%l}é% frgjm%égetﬂ,tegg‘ (‘é"— 1pall§§l¥c]gl4i§%§ﬁ<oxy,

one substit ugn; ochosen Trom hal 9, ?ﬁ \ 7, )
an{r S RERMRYERT MRV 2RI (R Bpéh amrmBpred gteroryca. gihprein
hy dait e amicnC4-1Omerhbeyéd hefRdbcpnficlarRbptianally subdtiyedeitrst legst one
ﬁhg@:ﬁiﬂuécnf&B%éﬁm@g@%&,mrd??éll@l, -m,obn@-h:(lﬁlﬂaai; kyl ; Rf6 i's

ydr ogen; - a re independen sen from
hydr oge?]a:Ch EZ\'F 3 ?ep&n ‘186&%%&%?(‘ ?rorg%’-' 9%t ﬁ%ax'?]',rb?‘@%(-yba%c{)kenyl ,

C - C al Wg#nyinteger {05 (C -C aryl), and -(CR R ) (4-1

e ghiemetdodwinpistgycl i c), wherein said C-C aryl and 4-1
menber ed,_het ' ] Jbst Lt

| onsy e ORRHFin G Ginfla bbb oy st doedh Pl

- ORganIGEyeIhN RMRGYS of@qeaquseyd i°§a?'ﬁ€9é"ﬁ%‘ﬁd%i’ff°r‘&ﬁ Heeisoperically
f r emrichgdcboopraind effidim@a () whekejd R® ighydrogen. s an i nt eger from

1 to 3. n another aspect of the present invention are

R e e LD MR
&r thexasplutioa gf4 comgpund of fgpruRdl). whegin: | - (CH )(C -C

ar yld) 2 Ziele, @-di;&?ﬂCFCHZCqﬁrQﬁ@ﬁéﬁ)-; or b- ( OLtC( 0) CRt 7, wherein
one. sbSit OB HERERmIr Bt SO O s TRl

- (R yrhered said G- e il ontipnplrubRiibiad Wi atiesiane syRsipent chosen
hy étero @ Cr-Gatatiyl] -OREBhYINRBYE yI , and pentyl; R4 and R5

are i ndgnaBHeRE Indedeh@PH bR R NAQRR Bna B1&, LalkylTBL hY I,
ethyl, IQ‘UatnX |R5 aréa%gep%%]etnw c‘:hosen from hydrogen, halo, and C4-Cq alkyl;

R® is hydrogen;

R’ and R® are independently chosen from hydrogen, halo, C4-Cyg alkyl, C1-C1o alkoxy,
C2-Croalkenyl, Co-Cqo alkynyl, (CR’R%)(Cs-C14 aryl), and -(CR°R®)y(4-10 membered
heterocyclic), wherein said Cg-C14 aryl and 4-10 membered heterocyclic are optionally
substituted with at least one substituent chosen from halo, C4-Cyg alkyl, -OR®, and -N(R°R®);

each R%is independently chosen from hydrogen and C4-Cyq alkyl; and

tis an integer from 0 to 5.

In still another aspect of the present invention are provided any of the methods
described herein for the resolution of a compound of formula (1), wherein:

Zis O, S, C=0, C=CH,, or -(CR'R?)-;

R is ~(CHy)(Ces-C14 aryl), -CH;CH=CH,, -C(O)OR’, or -C(O)C(O)OR’, wherein said
Cs-C14 aryl is optionally substituted with at [east one substituent chosen from halo, C1-C1g
alkyl, -OR’, and -N(R'R®);



R is hydrogen; R7 and R8 are independently chosen from

hydr ogen, halo, CC alkyl, C -G alkoxy, C-C al kenyl,
w@pws0Qs+18 aryl , wherein said C -C aryl is optiPCEIB2§04/003812

substituted with at | east one substituent chosen from

hal o, al kyl, -OR9, and -N(R R9); and each R9 is

i ndependently chosen from hydrogen and al kyl. n still

a further aspect of the present invention are provided

any of the methods described herein for the resolution

of a conpound of formula (1), wherein: Zis , S C=0

CCH, O - (CRR8)-; RLis - CHPh, -C(OOR7, or

-C(OC(OOR 7; R2 and R3 are hydrogen; R4 and R5 are

i ndependently chosen from hydnogen and nethyl; Ris

hydrogen; and R7 and R8 are independently chosen from

hydrogen, hal o,. C -C al kyl, and al koxy. The present

i nvent i%ﬁn%\ﬁsaée BreBe gy Cé?ﬁ?” Bem PREorRAN e S ¥ r i bed

her ei n R'@nd Riase indapeidattlyshoseh frem bysimgen halo,ghd €€ aalky;

(1), wWhengiytroged;is , S, CGO CCH, O - (CRR8)-; R1

is - h, . = QO (O -CLO (O ,

R2_and AR STOIPREY ShPe Tl istoghn, P G Ty o
5 ¢ heseralkend =1 ms mGEhE RetOman, e -(CR @8 gemberethd

fFerhm@yas), Wiiegein sachapam ey bhq/4-m’kﬁ@ﬁd’éré;c]ﬂh9@%bﬁéwaﬁ@@ﬁonally

- - : r~a ct.o0f .t 9,9,.
pr BRSPS o QN Choser ol o £ ot g AR

descr i 588" Rdt Bierendghtly chrsen Eamhygioetang Crao@fiRddnd of

f or mul ais(@n)ntegatfermeitn3. is S; RL s - CH Ph, -C(O CCH ,
10-A(OQOC(CH) , O -(O(OOCH; R2 and R3 are

St 2R el R e o ivtlon vR Beeed any R o gesiioes

pr pritiettherggolugen ¢flssompaundefdoraes iy, wheseinherei n for the

resol utdieo, fifc=e, campAA@rH’)-formul a (1), wherein: Zis

E:_E:S’ CH; i -:(Ci'?z SE—) 1%%}45— '284%", %_(@%%R§£(@§}@O?j ,anthrein said
15 Cs-C14 aryl is optionally substituted with at least one substituent chosen from halo, C4-C4g

alkyl, -OR’, and -N(R'R®);

R? and R® are independently chosen from hydrogen, methyl, ethyl, butyl, and pentyl;

R*and R®are independently chosen from hydrogen, halo, methyl, ethyl, butyl, and
pentyl; '

20 R® is hydrogen;

R’ and R® are independently chosen from hydrogen, halo, C4-Cyg alkyl, C4-Cs alkoxy,
Ca-Cypalkenyl, and Cg-Cy4 aryl, wherein said Cg-Cy4 aryl is optionally substituted with at least
one substituent chosen from halo, C;-Cyo alkyl, -OR®, and -N(R°R%); and

each R’ is independently chosen from hydrogen and C4-Cyq alkyl.

25

In still a further aspect of the present invention are provided any of the methods
described herein for the resolution of a compound of formula (I), wherein:

Zis 0, 8, C=0, C=CHjs, or -(CR'R%-;

R is —-CH,Ph, ~C(O)OR’, or -C(O)C(O)OR’;

30 R? and R® are hydrogen:

R*and R® are independently chosen from hydrogen and methyl;

R® is hydrogen; and

R’ and R® are independently chosen from hydrogen, halo, C4-Csg alkyl, and C4-C1o
alkoxy.

35



-Si(R) , wherein said C-C aryl is optionally
substituted with at |east one substituent chosen from
whad0s/054386¢ C al kyl , -OR7, and -N(R R8); R2 and R3I/EB2004/003812
i ndependent|ly chosen from hydrogen and C -C al kyl; R4
and R5 are independently chosen from hydrogen, hal o,
and C -C alkyl; R is hydrogen; R7 and R8 are
i ndependent|ly chosen from hydrogen, halo, C -C al kyl,
C -C alkoxy, C-C alkenyl, C-C alkynyl, -(CRR MCC
aryl), and -(CR R)(4-1 nmenbered heterocyclic),
wherein said C -G aryl and 4-1 nenbered heterocyclic
are optionally substituted with at |east one
substituent chosen from hal 0;12C -C al kyl, -OR9, and
-N(R R9); each RO is independently chosen from
hydrogen and C -C a and t an integer fromto 5.
Anot her "g[FERE ‘“6?”t'?ﬂfé‘vﬁf°é‘§%srﬂnyu°ﬂb%ﬁ?tf‘ dEﬁ"B‘%ﬂd&%@'"éﬂW‘e
of restidionetadrongouwde sidermbled), veereinn f or the resol uti on of

a con‘pozugd) chd‘d)t:%mzaor(_tdah er e| nnzZis CCO CCH, O

(% s B eod o R T aqrBEEL 1O

5chosen 'f‘radiiahR gehysrsaniand C -C al kyl; R4 and R5 are

I ndepeniesnt Rﬁlare maaﬂm&nycmdwdbragwnogehahdunet@nd C-C
al kyl ; @q ,1, o é/ Looen; R7 and R8 are independently
chosen f %n hal o, C -C al kyl, C -C al koxy

o)

_C al ke'n)ﬂ“ RCZre {nd Rtipﬁw chosecmhytyoge@ﬂm@ngmr}yl argin-@CHs
-(CR R)(4-1 nenbered heterocyclic), wherein said C -C
1paryl ang aﬁdtﬁ'er Hﬁ)@:ﬁ ef tﬁ@pr&%ﬁﬁﬁ\@ﬁ%ﬁ laf'ecbrd'%rdgd ot tﬂ@ﬁgthyds described
su Feemé d oiaa e(au%I ormN%% r!Qéltuent chosen from

hal'd & §?i‘<t§?f‘  GREoUnd 8 Meach RO is
mdepen%léﬁtly chosen from hydrogen and C -C alkyl; and
t is anriigtager, -¢omwoH, -to)8c(om,)s b Ido)@d)ocker aspect

of the ) ion are provided any of the
met hodsﬁggg %r @Y(ﬁgrﬁrel n for the resolution of a

15 conpound 9# f%f?ﬁ‘ﬁ!h)ﬂ ), wherein: S (CRR8)-; RLi -
CHPh, -KMbigHR@H., -C(OOCH, -C(OOC(CH) , O
C(O)C(O)OCH R2 and R3 are hydrogen; R4 and R5 are
|ndepende from h%/tdro en _and neth eth

butyl ahd" ﬁ'é%ﬁ%*%ﬁ SPGB s rope st i
i nerspréded bereih {or R teselutiof pfcﬂnomydmd g@fprmural(lm ahemia;,
20 chl or i ngis cEo; =orh, oy L(CRRY)-;

R" is -(CR'R®)(Cg-C14 aryl), -CH,CH=CH,, -C(O)R’, -C(0)OR’, -C(O)C(O)OR’, or
-Si(R7)3, wherein said Cg-C14 aryl is optionally substituted with at least one substituent chosen
from halo, C4-Cyo alkyl, -OR’, and -N(R'R®);

R? and R?® are independently chosen from hydrogen and C4-Co alkyl:

25 R*and R® are independently chosen from hydrogen, halo, and C4-C1j alkyl;

R%is hydrogen;

R” and R® are independently chosen from hydrogen, halo, C4-Cyo alkyl, C-Cqo alkoxy,
C2-Cypalkenyl, Co-Cyo alkynyl, (CR°R®*)(Ce-C14 aryl), and -(CR°R%)(4-10 membered
heterocyclic), wherein said Cgs-C14 aryl and 4-10 membered heterocyclic are optionally

30  substituted with at least one substituent chosen from halo, C1-Cy, alky, -OR®, and -N(RgRg);
each R’ is independently chosen from hydrogen and C4-Cy, alkyl; and

t iz an integer from 0 to 5.

Another aspect of the present invention provides any of the methods described herein
35  for the resolution of a compound of formula (I), wherein:



and C -C al koxy. Anot her aspect of the present

i nvention provides a nethod of preparing a
wae@sedilgoneri cal ly enriched conpound of for muP@r/{B20)4/003812

R11 o wherein: R10 is hydrogen, -(CRR) (C-C aryl),

-CHCH=CH, -C(OR 15, -C(OOR 15, -C(OC(OOR 15, or

-Si(R) , wherein said C-C aryl is optionally

substituted with at | east one substituent chosen from

hal o, G -C alkyl, -OR15, and -N(R R16); Rll is

hydrogen, C -C alkyl, C -C alkenyl, C-C al kynyl, -(CR

R) (C-Caryl), or -(CRR)t(4-1 nenbered

het erocyclic), wherein said C -C aryl and 4-10

menber edhet erocyclic are optHenal ly substituted with

at Ieast one substituent chosen from hal o, al kyl,

2 and R13 are |ndependently

chosen 'Pgmof%%én(m C-Calkenyl, C-G

al kynylR' is {@RPR-§HACE=CI, @@)Rj -C(@IRR' -4 SROR(PIQRA- 1

menber exf diekesro GM6dendehtly dNBRh &bM hxRdgan aﬁm-cﬂmyﬁ 1

menmber elg’ alﬂg kL8 g—ﬁé%lebgen c%o eRtfrorg ﬂ@r% hulssatnld @alkvyl th

at | east, one su Hosen
5_ORL5, RAMNIQER: R16) prow ded that R12 and R13 cannot

bot h beR’kay\d Rbgem;depﬁﬂldbnﬂ)echbged Ifragemroglai?malami RldkyRCRCyg alkoxy,
' n@ 2PSARENE & C@g% -(Elﬁ“k”?&é‘ey >Ong - Qﬁ% %go% bErBéb C
o) Y
PSSRk st oo a5 %wga ﬂﬁ%’[f@fe s e peonaly
vvh eubstityiecswiihcht igast hesubitituant ghaser Epnieaidh 61-8d aldt- -ORD ey NIRER);
10are optéRnal Igmd@éla@ahw dnbRd frivh hjtiraden brRESIc, PG, and
substit emmtg%ﬁ?r%[j.} JPm hal o, C -C al kyl, -OR17, and

-N(R R1 I'S independently chosen from
hydrogen and alkyl; and t is an integer fromO to 5;
sai d mnehliiich forthepaspsdt bighe drésesttiivargionars propicet hy ofthe raétiodk a

(1 bdscribdd RE S 'ﬂ:r %Qesolﬁ"@olu of é:?c%rp%ﬁg lg[(fgqr%lagf) %v(tg@r%lnd efin ed

above, and R;L I's chosen kenyl ,
15_C al kyhrC F"(bRRM: Caryl), and (CRR)(41
menber el isre@dPociddCHefH., £16@)Ofhe FOIPHEHMK, @ - C@)Q(D}@Cl‘&nd

" 4-10 nen%a@da,lgeﬁpc%gaﬁycl ic are optionally substituted
W|th at Je

chosen fr I
S TR RO T B oRERR afvs
soP%IttM‘on an organl c sol vent, or a mxture of organic
20and aqureetwsydmglaw,eﬁﬂs wherein at | east one stereoi soner

is sel eﬁi énﬁ%h Xre%gﬁeﬂhéﬁﬁ)e&bsen from hydrogen, fluorine, chlorine, C4-C1o alkyl,
and C4-Cqp alkoxy.

Another aspect of the present invention provides a method of preparing a
25  stereocisomerically enriched compound of formula (l1),
R” o
R1°/N>(U\OR14
R127OR18 (I
wherein:
R is hydrogen, —(CR"R®)(C¢-C14 aryl), -CHoCH=CH,, -C(O)R", -C(O)OR"®,
-C(O)C(O)OR'™, or -Si(R"®)5, wherein said C-C14 aryl is optionally substituted with at least
30  one substituent chosen from halo, C4-Cyo alkyl, -OR'®, and -N(R'®R"®);
R"is hydrogen, C;-C alkyl, C,-C1o alkenyl, Co-C1g alkynyl, -(CR"®R®)(Ce-Cu4 aryl),
or -(CR"R"®)(4-10 membered heterocyclic), wherein said Cg-C14 aryl and 4-10 membered



n still a further aspect of the present invention are
provi ded any of the nethods described herein of

w@e@pasdileg a stereoi sonerically enriched conpore™IB2)04/003812
formula (11), wherein: RIO s-(CR R W -C aryl),
-C(OOR 15, O -CCOC(OOR 15, wherein said C -C aryl
is optionally substituted with at | east one
substituent chosen fromhalo, C-C al kyl, -ORl5, and
-N(R R16); R11 is hydrogen, C -C alkyl, C -C al kenyl,
C-Calkynyl, -(CRR X(C-Caryl), or -(CRR)t(4-1
nmenbered heterocyclic), wherein said C -C aryl and
4-10 menbered heterocyclic are optionally substituted
with at | east one substituentt4chosen fromhalo, C-C
aIkyI CR15 and -N(R R16) ; R12 and R13 are

e%gociyc,: ic efe |onn[%3 s fltfu{eg F@% %r o e %b%{'ﬂfpt)cmsgﬁ Hom (]@P CCro
) Q"Xlll 10'?% I?1éter ocyclic), wherein said C-C aryl
and 4- JR1haﬁ‘maé3rd ?th@%ﬁfeﬁ@)&ﬁésbﬁfr@ﬁ Eydﬂ:@&d enal;layl, 02-01% alkenyl,
Su 1 nNe % uen
g o SRS R Rty S0, e “ERTH ) WSl R iRy
5 Rl‘Q hesginpaid Gy CC"aar’MB'Pd b rnempéreﬁyetpr@@@w arqoptioriadly fypelitutagenith at
R1Bashore sRisbtuent ehdserdiespeintte 0f-¢ y alki 0SRY, ahd NR B G SreddRd that R'2

haérfaR@JaJﬁsekbo%beG,yaﬂogéw C -C alkenyl, C-C al kynyl,

gyp ,and -(CR R) (4-1 nenbered
hetero ycFP wherel n said C-C aryl and 4-1 nenbered

het er o/ cand &’ eﬁfealn@ﬁ@@m@mulchgsersmmmdtogereblalwcla Lodtkyll @b
10 ONgkoSy GBS Tl bMeY, CEORaRYMy I(gmma?k@wc&;ampa@d JORTR™ %7
an
rg?rgdgeeﬁ hgll,%ly((ihc‘i %%Iglieﬁjs%d ana a{yF:RS ) aﬁ n]eﬁ¥%r %pe%ar?cgfhc Gret o
°W%‘P"V§HB¥'W?§@' Wil 5@*&8 e subeitugyt @lgaﬁntfromﬁwlefﬁw%m"ar €R", and
pramfﬁéﬂ any of the methods described herein of

pr epar| 78t 0

Pormm B Fa% neagegga@,r%éeﬁ%m@?g %&th & mgg.&d 00 oR
15; Rli'slg "398?8’5@?1“& C-Calkyl; Rl and R13 are
|ﬁ@@m@ﬁ@énmﬁWSMMOsen fron1hydrogen C-Calkyl, C-C

al kﬁn%/ ltreat§) @ cémpotindidr karith ¢il), RA&Yih GEdR e arﬁllgs 2095 gghl:l)hd
ot e b Bkt BT BTl B

[ I’ﬂf@ﬂ?quWRalRe)f@ﬁ8me@éﬁeﬁhﬁ}erwdlﬁ)h@dN‘é‘?'ﬁ@ésld Ce-C14 aryl and 4-10

20 membered heterocyclic are optionally substituted with at least one substituent chosen from
halo, C1-Cso alkyl, -OR", and -N(R'R®), with a biocatalyst in an aqueous solution, an organic
solvent, or a mixture of organic and aqueous solvents wherein at least one stereocisomer is
selectively hydrolyzed.

25 In still a further aspect of the present invention are provided any of the methods
described herein of preparing a stereoisomerically enriched compound of formula (1),
wherein:

R is=(CR'°R")(Cs-C14 aryl), -C(O)OR™, or -C(0)C(O)OR'®, wherein said C-C14
aryl is optionally substituted with at least one substituent chosen from halo, C-Cq alkyl,

30 -OR", and -N(R"R');

R'!is hydrogen, C4-Cig alkyl, Co-C1o alkenyl, Co-Cso alkynyl, (CR'R")(Ce-Cia aryl),
or -(CR"R"®)(4-10 membered heterocyclic), wherein said C-C14 aryl and 4-10 membered
heterocyclic are optionally substituted with at least one substituent chosen from halo, C;-Cyq
alkyl, -OR"™, and -N(R"R®);



descri bed herein of preparing a stereoisonerically
enri ched conpound of formula (11), wherein: Rl

WO 200808M8R 15 O -C(O C(O OR15; R11 is hydr ogepPCT/HRR04/®3812
hydrogen; R13 is C -C al kenyl; R14 is hydrogen; and
R15 is C -C al kyl . Anot her aspect of the present
i nvention provides any of the nethods described herein
of preparing a stereoisonerically enriched conpound of
formula (11), wherein: RLO is-C(OOR15 or -C(O C(O CR
15; R11 is hydrogen; R12 is hydrogen; R -C al kenyl;
R14 is hydrogen; and R15 is -C(CHs) . The present
invention also relates to nethods of preparing a
stereoi sonerically enriched cgnpound of fornula (HA)
H (HA) wherein R10 is chosen from hydrogen, -(CR R MC
-Caryl%) -C(OR 15, -C(OOR 15, and
NogeYoto) et R kpr migpebiay RAson Aot G Ciori¥penitiefikany
ch 5@ alkyngim(CR/ER DR 4By, Brdal0R)R )@ 10 Bembiradhgter&yeli),
al Rk saidcacs, ailaddy. I1(3 merglser%dae% \Agﬁ;: &t Mﬁt%mall?ﬁﬁgst‘tt{tmﬁ at

e I

5sub@tﬁl ¢anead beth bhhydrogémeast one substit uent chosen from
hal o, R"Y@nhadrdigeh;,; - OR17, and -N(R R17); each R1l7 is

d 6
| nieperdegtys SO0SER AN G9ER AN o GALIY o, 20
t r 8y C&%Wb&@rﬁd’ sy O%Ra)t(eﬁﬁy aryiy and- -( RIR )( -10

membered heterocyclic), wherein said C¢-C14 aryl and 4-10 membered heterocyclic are
10  optionally substituted with at least one substituent chosen from halo, C4-Cyo alkyl, -OR"", and
NRTR™;
each R" is independently chosen from hydrogen and C4-Cyp alkyl: and
tis an integer from 0 to 5.

15 In yet another aspect of the present invention are provided any of the methods
described herein of preparing a sterecisomerically enriched compound of formula (il),
wherein:

R'" is-C(O)OR" or -C(0)C(O)OR'™;
R"is hydrogen or C;-Cyo alkyl;

20 R' and R" are independently chosen from hydragen, C-C1g alkyl, Co-C1o alkenyl,

and C,-Cyo alkynyl, provided that R'? and R™ cannot both be hydrogen;
R is hydrogen; and
R" is C-Cyg alkyl.

25 In still a further aspect of the present invention are provided any of the methods
described herein of preparing a stereoisomerically enriched compound of formula (II),
wherein:

R is-C(O)OR" or -C(0)C(0)OR™;
R"is hydrogen;
30 R" is hydrogen;
R"¥is C2-C1o alkenyl;
R™ is hydrogen; and
R" is C1-Cyp alkyl.



"OR 14 -CH 3 (HB) wherein R10 is as defined above, and
Rl14 is C-C alkyl, with a biocatal yst in an aqueous
w@i0ans4asg an organi c solvent, or a m xture of POT/TEN04¢003812
and aqueous sol vents wherein at | east one stereoi soner
is selectively hydrolyzed. Al so provided in the present
i nvention are any of the nethods descri bed herein of
preparing a stereoisonerically enriched conpound of
formula (HA), wherein RI0 is -C(OOC(CH ) , said
nmet hod conprising, treating a conmpound of fornmula
(HB), wherein RLO is as defined above and R14 is
nmethyl, with a biocatalyst in an aqueous sol ution, an
organi ¢ solvent, or a m xturesof organi c and aqueous
sol vents wherein at |east one stereoisoner is
sel ecti vel drolyzed. Al so provided in the present
Pvent i ATtk e o o B RD GV S0k o B Pl e Bpd heren
pr efrerarng asﬁtwememﬁ*menr@aed spmpeund offerthudiipeherais  of
f or mul ag'™ (sld@)oRifabt @ofckByor™Wher ei n sai d biocatal yst is
chosen 1ﬁg (% | kal i ne protease, an esterase, a
| i pase, qu ol'ase, and any conbi nation thereof. n
5anotherRa§6éﬁﬂﬁbf the present invention are provided
met hodsRWsex-€j sikedgli d bi ocat al yst is chosen from
Kl ebsi ep# R 0¥eRGRg Aspergillus nelleus, Bacilius
subt|I|s15 an |g Li ver esterase. n still another
aspect esent i nvention are provided nethods
for the resolutlon of a compound of formula (Il), R2 o
10R V () THeMpRIsEit Miveriidn diso rBMEE t@%fhodsc(fﬁ%pﬁn?@ t@eon@er’én):ally
r@\_ﬁ om unc?gf%rmula IIAF(O) R 7 A0 X 7,
-Sl? el E 'C -C aryl is optionally
substituted wth at Ieast ‘E\bstituent chosen from
hal o, al kyl, -OR7, and dW ‘OHR2 i s hydrogen, C -C
al kyl. C -C al kenyl, C - -(CRR) (C-C
aryl), or -(CRR )t(4-1 ne 3 het e @éycllc)
wherein said C -G aryl and 4 10 menbdld het er ocyclic
ar whesgieii onal |y substituted with at |east one
subst i t R€RtchasbOBEMhydFogen, N@RERRCK B, aryh CBH,CHROH,, OOIR"™,

R8) JP’%%@%% E@%Fbkmq_gggrgeﬂt : y f:hosen from hyd;/ogen
and - ( d@ChaR) end R ﬁ'ﬁ#Pséﬁeéaenﬂb‘fhef%éwhv@ygenv%&ﬂ@'w
C alxyal2y01o skanyl, £-C0 aticgyh e(CRY RHRCeCaaryt, and -(@RER")(4-10
OPeRP&d ReterdtAsit)] etk dslt, Adryi LifPE 1o M bered heterocyclic are
optionally substituted with at least one substituent chosen from halo, C4-Cg alkyl, —OR”, and
20 -NR"R");
each R" is independenily chosen from hydrogen and C4-Cyg alkyl; and
tis an integer from 0 to 5;
said method comprising:
freating a compound of formula (lIB),
H

0]
r1o-N “\\\”\ORM
ke
25 CH, (IB)
wherein R" is as defined above, and R™ is C;-C1g alkyl, with a biocatalyst in an

aqueous solution, an organic solvent, or a mixiure of organic and aqueous solvents wherein
at least one stereoisomer is selectively hydrolyzed.



substituent chosen from halo, alkyl, -OR7, and -N(R
R8), provided that R3 and R4 cannot both be hydrogen;

woR0sm54aBOsen fromal kyl, C -C al kenyl, C -C ap&ym20(04/003812

10 -

15

20
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-(CRR) (C-Caryl), and -(CR R ) (4-10 nenbered
het erocyclic), and wherein said C-C aryl and 4-1
menbered heterocyclic are optionally substituted with
at | east one substituent chosen from hal o, Cl-Cl10
al kyl, -OR7, and -N(R R8); R7 and R8 are independently
chosen from hydrogen, halo, C-C alkyl, C-C al koxy, C
-C al kenyl, C -C alkynyl, -(CRR) (C-Caryl), and
-(CR R)(4-10 nenbered heterocyclic), wherein said C
-C 4-10 nenbered heterocycligrz.are optionally
substitut ed vvith at Ieast one substituent chosen from
hal o, -C al k ,.and -N(R R9); each RO is
|ndepe|‘|°t56€rﬁ’f‘1"§'e 'HBE?@F?S?’}* BYRNHSARr W I9' thp pretapdeyiescribaddiereiniog
arpr$mtlImﬁe’terém-‘@melﬁhalycenfiqhed;eunubomﬁtohbﬂhlmrmrM&rd’rng is
tr-@@)bﬂ@:l—k)@%a@m%&%p%n @am&aaco“pwnd\é*fg%ue (IIBg vrheremR is
daned¥§ovea Ign| g%\ﬁ é 3;10 t n ﬁn oA i tio organic
PR AR G 0 A S?ﬂbsﬁlc?@%fe\?'ésrﬁ"@ My 3 org
af SF’U P} A ag"t')@{f%@‘lowewemd@auaoys Wiveite wealeic atrignstomd stofeoisomer is
f agelertivaly aydrglyzederein R5 is hydrogen. n still a further
aspect of the present i nvention are provided nethods
of preparing st ereoi sonerically enriched conpound of

f or mul so( qrcmded ipthe pﬁeswtlr(ye@p_m\arg arcw_q)f thgimethedsdeseriber hegein of

hyrepagrerstersofsoRerRally efr@hed Zompytin}is of féBbi&HmGd/or (11A) hdrin &id
GlidAei R chos@f @@Ql?lme]pﬁ_’oteégé an ek dtérgse) ﬁhpa\é‘@ %rhg& %]as%aénq a%

s ucgrg%lx%tlogﬁfreg h 815%8 ?%Bqﬁcﬁ)gfhs prea?q& Syyentlor@fagowd(;ﬁ dpethméqq

Rmrem SR bioryalysy/id ehwgenfromafi¢bpiella Rytodd, Adpkmiliyd mell€ls; Bacilius

al skiytiny land Pig OReriBstbise: C aryl ), or ( CR R)t(4-10

470, AP RBES ol Bt B fretrd il f Feeappon

vm°fﬁ°°é‘fp°}"é’é§f°”ﬂi’r’?e(”)substltuent chosen fromhalo, C-C
al kyl, -OR15, and -N(R R16923 R12 and R13 are

[ ndependent l'y chosen frompydjo en, alkyl, C-C
al kenyl, C -C al kynyl, RZ%?%\@%C aryl ), and -(CR R)
(4-10 rrenber ed heter ocycl c), wherein §a| d C-Caryl
amdre#in1 0 nenbered heterocyclic are optionally
subst i Ruk@ghrddeh,L(@TR®)(Ce-Cy4 aryl), -CH,CH=CH,, -C(O)R’, -C(O)OR,
-C(O)C(O)OR7, or -Si(R7)s, wherein said C¢-C14 aryl is optionally substituted with at least one
substituent chosen from halo, C4-Cyq alkyl, -OR’, and N(R7RB),
%is hydrogen, C-Cyp alkyl, Co-Co alkenyl, C5-Cy alkynyl, -(CR7R8)t(Ce-C14 aryl), or
-(CR7R8)t(4 10 membered heterocycllc), wherein said Cg-Cy4 aryl and 4-10 membered
heterocyclic are optionally substituted with at least one substituent chosen from halo, Ci-Co
alkyl, -OR’, and -N(R'R®);
R® and R* are independently chosen from hydrogen, C4-Cy, alkyl, Co-Cyo alkenyl, C,-
Cio alkynyl, -(CR7R8)t(Ce-C14 aryl), and -(CR7R8)t(4-1 0 membered heterocyclic), wherein said
Cg-C14 aryl and 4-10 membered heterocyclic are optionally substituted with at least one
substituent chosen from halo, C4-Cyo alkyl, -OR, and -N(R'R®), provided that R® and R*
cannot both be hydrogen;
R® is chosen from C1-Cyq alkyl, Co-C1o alkenyl, Co-C1o alkynyl, ~(CR'R®)(Cs-C14 2ryl),
and -(CR7R8)t(4-1 0 membered heterocyclic), and wherein said Cg-Cy4 aryl and 4-10
membered heterocyclic are optionally substituted with at least one substituent chosen from
halo, G4-C1 alkyl, -OR’, and -N(R'R®);



| east one substituent chosen from halo, C -C al kyl,
-OR15, and -N(R R16), provided that R12 and R13 cannot

whoeilk/obashydr ogen; R14 is hydrogen; R15 and RIBCHIB2004/003812
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i ndependent|ly chosen from hydrogen, halo, C -C al kyl,
al koxy, C -C al kenyl, C -C alkynyl, -(CRRt(C-C
aryl), and -(CR R) (4-1 nenbered heterocyclic),
wherein said C -C aryl and 4-10 nenbered heterocyclic
are optionally substituted with at | east one
substituent chosen fromhalo, C-C alkyl, -ORl7, and
-N(R R17); each R17 is independently chosen from
hydrogen and C -C alkyl; and t is an integer fromO to
5; said nethod conprising: (i13- treating a conpound of
formula (11), wherein R10, R11l, R12, R13, andRl4 areas
defined ,above, with a chiral, non-racenm c hase to

af f or d B 2R §t*ﬁ? Bdependentiysheser fiore Rydrogem hele,: G afkyl, C-Cro alkoxy,
s ePataalieny, GuelhelalldindSAGR°RRIC argiakrds(TRFRAMea elempsraeT ;

anﬁgt&édyén);) wRAMeEdid B, ?éﬁrlgndii %gﬁ&mg%ﬁfﬁﬁé g Bﬁﬁ?nf’af

it T RN MR A

provi desdchiRtiniodepertdsntlytchesen awhydtogerendiC&natgipadnd of

f or mul & ig(dnlintegeRio ®t0f8; 13 (11) wherein: R10 is

hygy or(‘n&ﬁi%) (C-Caryl), -CHCHCH, -C(OR 15,
§ OOR 15 or -Si(R) , wherein said

c-C ar’fss‘«‘ﬁf"igéhecfﬁ?’i’%ﬁ%\?flf‘gfmg'aﬂlé,mﬂt biergtalyptimanaduecya agveingn

S utygdnictsaleert, oc h mixere df sqrvdsahod orgdic Olvatk W afford@RIdmoisamétically

Ngrﬁcl%].i c%mpoBler'lof‘fo?mllﬂé{ {ﬁ{/\clga‘?é'\w RGs hy@o@lzrl(yl C - C al kenyl,
C -C al kynyl, - aryl’), (CRR)t(410
menber ed heterocycl ic), wherein sai d C-Caryl and
4-10 nendd raéld‘thhr@lseactnfyf@m're@eramerﬁm argpravideg nethoss of pepaitg a
W téredidomleiat erfiéiRd SeMpplinddiRMuLcfipsen from halo, C -C
al kyl, -OR15, and -N(R R16);,, Rl2 and R13 are
mdependently chosen from dr gen, C-Calkyl, C-C
al kenyl, C -C al kynyl, -t di®-C aryl), and -(CR
R) (4-10 menbered heterod®&liRE), whergjn said C -C
ar% and 4-10 nmenbered heterocyclic are optionally

stit

uygjed with at | east one substituent chosen from
hal o, C*-Ehyirggy. ‘(CWQ(CG'SH@WDNFW%@)"Z’ PRI JER A at
Rl’g;(O)C(O)OR15 or - Sl(R1 )3, wherein said Cg-C14 aryl is optionally substituted with at least

one substituent chosen from halo, C4-Cyg alkyl, -OR'3, and -N(R'°R®);

R is hydrogen, C4-Cyp alkyl, Ca-C1o alkenyl, C,-Cyp alkynyl, -(CR'R'®)(Ce-C14 aryl),
or -(CR"R'®)(4-10 membered heterocyclic), wherein said Cg-C14 aryl and 4-10 membered
heterocyclic are optionally substituted with at ieast one substituent chosen from halo, C4-Cyg
alkyl, -OR", and -N(R"R®);

R'? and R" are independently chosen from hydrogen, Cs-C1o alkyl, Co-Cio alkenyl,
C2-Cio alkynyl, -(CR™R')(Cq-C14 aryl), and -(CR'°R"®)(4-10 membered heterocyclic),
wherein said Ce-C14 aryl and 4-10 membered heterocyclic are optionally substituted with at
least one substituent chosen from halo, C1-C alkyl, -OR™®, and -N(R'°R®), provided that R"
and R"® cannot both be hydrogen:;

R' is hydrogen;

R' and R'® are independently chosen from hydrogen, halo, C-Cyo alkyl, G1-Co
alkoxy, Co-Cqoalkenyl, Co-Cyo alkynyl, -(CR"R"")(Cs-C14 aryl), and -(CR''R')(4-10
membered heterocyclic), wherein said C¢-Cy4 aryl and 4-10 membered heterocyclic are
optionally substituted with at least one substituent chosen from halo, C-Cyo alkyl, -OR", and
NRRY:



and R13 cannot both be hydrogen; R14 is hydrogen; R15
and R16 are independently chosen from hydrogen, hal o,
wa@bdoglos418% C al koxy, C -C al kenyl, C -C al kynyl PCF{BE2B4R03812
C-Caryl), and -(CR R ) (4-10 nmenbered heterocyclic),
wherein said C -C aryl and 4-10 nenbered heterocyclic
are optionally substituted with at | east one
substituent chosen from halo, alkyl, -OR1l7, and -N(R
R17); each R17 is independently chosen from hydrogen
and alkyl; and t is an integer fromO to 5;said nethod
conprising: (i) treating a conpound of formula (11),
wherein R 10 , R11, R12 , R 13, and R 14 are as
defi ned above, with a chiral-9-non-raceni c base to
afford a m xture of di astereorreri c salts; (ii)
separ at | er eo alts o) t her;
and (i |eF$ 'ﬁ\?g? "é@f’ g’i’%?gg?)ﬁ%‘ﬁ 03 'fyf doo a
ster eoﬁ@@ﬁﬁﬁ&gé%ﬂq"ymeﬁrl ched conpound of formula (11).
TheidaemeBémprisMgnt i on al so rel ates to net hods of
resoIV| g a, I fol (1NA)2 ;
R1O is @ hosé&&ﬁ&%o%{d&ﬁﬁ% @C&‘i@wcél\lﬁ W@eaﬂgh e as
5 Creefingd abQV@(W‘R cmlgpl non- @6@)1@3335} affgrd @ mn@xr@))f@(ag)emngrg salts;
and eadi R1§eparaﬂng%amﬁiuaateeommieﬂ&mdmmbd:ryotmhmscen from
hydr ogggp, CE&;V@HIA@@atd dgstlergorﬁér}égéﬂ’yto a gereo%encallﬁennched

al | kkeenn kyynnyyl |
HHCEPoRRo é% |(“))a, , nndd- { ( CCRRR ) (44--1100 menber ed
het erocyclic), wherein said C -C aryl and 4-10

10 Menber aglydd giofHePsap6dt biGhedrseMirveRioNBra dldvidsd Héthtdb fot ik Hs&tion
{ Q?Sf"%gh ubsti tuent chosen fromhalo, C-C

-N(R R 17) ; each R17 is
|ndependently chosen from Hrogen and C -C al kyl; and

t is aninteger fromtq.&N >§<quqz1‘{rethod conpri si-ng:
(i) treating a conpound ome‘o ma (HA(O) wherein R 10
n-

is a s defined above, with a chlral racem c base
t ¥ ord a mixture of diastereoneric salts; (ii)
separ atR'highgiaigen, ¢{GRFRE)EoormiyYy, -SEIOHSCHS, OBt Fo(OaReY,
15 an-@(O)C(O)OR“, or - SI(R15)3, wherein said Cg-C14 aryl is optionally substituted with at least
one substituent chosen from halo, C;-C1o alkyl, -OR'®, and -N(R"°R"®);
R"'is hydrogen, C4-Cyp alkyl, C2-C1o alkenyl, Co-C1o alkynyl, -(CR'"®R®)(Cs-C14 aryl),
or (CR'R"®)(4-10 membered heterocyclic), wherein said Cg-C14 aryl and 4-10 membered

\;\1 c%(fra]\ cglmp

heterocyclic are optionally substituted with at least one substituent chosen from halo, C1-Cqq
20  alkyl, -OR", and -N(R*R®);

R and R"® are independently chosen from hydrogen, C4-C1o alkyl, C2-C1o alkenyl,
Co-C1o alkynyl, -(CR'R"®)(C¢-C14 aryl), and (CRR"®)(4-10 membered heterocyclic),
wherein said Cg-C14 aryl and 4-10 membered heterocyclic are optionally substituted with at
least one substituent chosen from halo, C1-Cy alkyl, -OR"®, and -N(R'®R"®), provided that R*

25  and R" cannot both be hydrogen;

R™ is hydrogen;

R' and R'® are independently chosen from hydrogen, halo, C4-Cqo alkyl, C1-C1o
alkoxy, C2-Cqoalkenyl, Co-C1o alkynyl, -(CRR"")(C-C14 aryl), and ~(CR""R")(4-10
membered heterocyclic), wherein said C¢-Cy4 aryl and 4-10 membered heterocyclic are

30 optionally substituted with at least one substituent chosen from halo, C4-C1g alkyi, -OR”, and
NRR™;
each R" is independently chosen from hydrogen and C-Co alkyl; and
tis an integer from 0 to 5;



(iii) converting said diastereoneric salt t o a

stereoi sonerically enriched conmpound of fornmula (HA)
WOR@s/0prieei ded i n the present invention are angCDiB20éu003812

nmet hods descri bed herein of resolving a conpound of

formula (HA), wherein R10 is -C(OOC(CH) . Also

included in the present invention are any of the

nmet hods descri bed herein of resolving a conpound of

formula (HA), wherein said chiral, non-racenic base is

either (R -(-)- 2-phenylglycinol or

(S)-(+)-2-phenylglycinol. OQher resolving agents

useful in the present invention include other chiral,

non-racem ¢ am nes i ncludi ng,20but not limted to,

ei t herenanti oner of 2-am no- 1- phenyl 1, 3- pr opanedi ol

and either enantioner of 1-phenyl -1 - aninoethane As

us &Xf MERASICAMPTERE t er ns conpr|S|ng and "incl udi ng"

are usep i ntedtiey a coyrennd df trhdladll), whereis 8HsR'!, RESRlIispd R™ are as

heg&hdy abmew.’ehearemran Iﬂwrace@ﬁ*.e Bsse IR o ke BttRdsterdoRBfsalts:
Vi r us. eterm reln nmeans

the. Purh | R okt R e e
5term " (@ C abrgiting saidshiastgrsonieresaibion stetpglseraerically Ispjohtds e

I NEin@BtRGs folni@ (Wdes sat urat ed nonoval ent hydrocar bon

radi cal s having strai ght, branched, or cyclic noieties

(including fused and bridged bic cli'c and spirocyclic

noi et i eQIp Preggnt ﬁ"‘?f‘B‘?ﬂﬂ'ﬁ?é?'?tW° 5‘?"“?%&9“ fes?ip SoEPRHR &t fprawia

andiagont ai ning from 1-1 carbon atons. For an al kyl

group to have cyclic noietigs,pthe group nust have at

| east three carbon atons1wﬁxadpj s of such groups

i ncl ude, but are not Ilﬁ%%ié}* nethyl et hyl ,

propyl, iso-propyl, n-but butyl tert- butyl
1oand such. The term al kenyl ", Cles used mmneln unl ess

I {&mse |nchated bincljudes alkyg aﬁletles Pﬁv:ng at

eas car bon-car bon do on erei y.

s def | il BN BB RIERL G ROME-AnaDR FEGHERS: SO q
al lkataydR hraidec@)C@@R'having from 2 to 10 carbon at ons.

The terggeh R°afd @F Kr)érmhpendaﬁy Sho e frhﬂrhwrsben UKyl C-Cro

15IOtegI Yo Cf?g @E?Wg%t' é?rag% &ge’% ﬁ% {ﬂ &Eer ei (&5”&@% ﬂQ a
18 mewbaTeins S, Wit SeBh R A g4 Brinenbersd Setegpylc are

at gpnallPsubSitutédiith GYI6dsd arledeyibstiyem diser foni ialop0ed alkyd, -0RErand
a s guﬁgted or partially saturated, nonocyclic, or
fus or SEJYO ol ycyclic, ring structure haV|n9 a
total ofach Roifinslepgyidanyy E*&’FWF?”WVWQQQ&QB%1 Eoatyhi
20 het er oatioareptegeEkamPlod y cycl oal kyl s i ncl ude

cygg@mgggmkm FAYA Jobutyl cyclopentyl cyclopentenyl

cycl ohex da an i ke

The ter ar )}regt'"g 3§°’8%°¥'a" ?1‘2‘}”81“&”'% Mhesd R 'shaesrc\‘iﬁ? g above, with a
i ndhirehowdacemisdlasate gffaitha mixtyeamif diasterenessr Sﬂer ived from an

aromati G hyGegeaind s dysidieimiedalofonoden Bivell dgen, such
as phe n%}é 0 rco%ﬁ’ Hé LLY(J %l,asgpe%m'éﬁ,r IR to ap J’fbreo@sgrqencglﬂeeﬂwhedl as

25,sed h
compound of formula (IIA)

Also provided in the present invention are any of the methods described herein of
resolving a compound of formula (l1A), wherein R is -C(0)OC(CHa)s.
Also included in the present invention are any of the methods described herein of
30 resolving a compound of formula (11A), wherein said chiral, non-racemic base is either (R)-(-)-
2-phenylglycinol or (S)-(+)-2-phenylglycinol. Other resolving agents useful in the present
invention include other chiral, non-racemic amines including, but not limited to, either



The term "4-10 nenbered heterocyclic", as used herein,
unl ess ot herw se indicated, includes aromatic and
woemsasasmt i ¢ heterocyclic groups containi ng OPET/IR2004/003812
four heteroatons each selected from, S and N, wherein
each heterocyclic group has from4-1 atons in its ring
system and with the proviso that the ring of said
group does not contain two adjacent or S atons.
Furthernore, the sulfur atonms contained in such
het erocyclic groups may be oxidized wth one or two
sul fur atons. Non-aromatic heterocyclic groups include
groups having only 4 atons in their ring system but
aromati c heterocyclic groups-2rust have at | east 5
atons in their ring system The heterocyclic gr oups

|nclude benzo-fused rin st ens. of a 4
BRI PRI CRE T PEReHE S PR PpEL P
f r eminegtt@né.di ne) . An exanple of a 5 menbered

het er oCNELlskd hatEiRURe fefins “BbriiSihy lan@ NfbILARg e Ik 8n BEir BoehOnon-

pbg1%gngeterocycllcgroup is quinolinyl. Exanples of

onati c heterocyclic groups are pyrrolidinyl,
5 t et r ahy’éﬁ e heraipd the ¢ yidiVo Meangriyuman tnamyngpsfigiersy Mrésnyrhe term
t etHIaprpdaep ys adey hereld i el 109 yitaaryinmunodeficiency Virus protease enzyme.

tetr ahyﬁLOﬁ[E,I}l,{ QR‘){E%néﬂyp " P PELe CHeFéﬂ b sp&f?énh@é) d\dlcatfed includes

t hi onor 1 NO, I oxany erazin

oxéﬁ“éf’ﬁtﬁ mOF‘PYialéTtawﬁmca"Pﬂ'}nrﬁfJFaEse Fq:vmg rﬁ;rp Qréwﬁ% or cycllc moieties

t hiirpding [fysed @ag eyidgay Ibicydlic @ne ppirpgycjic aietesk mir mytqmblnatlon of the
10 » 2fo%g§m? ﬁBlét&E‘)é% @cﬁ.’iéfdwﬁ'ﬂ’@b‘lh 1022y 5t6ﬂ1é Bk an alkyl gfroup to have cyclic

di OX { es tlu—:n Xrgu OXO ?dst tﬁreeg k(g_ﬂarl]n ms éé%on%q?s 8y f:h groups include,
di bW ﬁ@l nafﬁlwted tel mﬂh&!r P@wllso PEAPHyEtt: FspBviyi tert-butyl and such.
di hydr ofhgrt@myt,-Cpykagn| dsdisetyherein, Mihiekd ZtHewisg! indicated, includes alkyl

i [T]éng glhé grét/lleasic%e cﬁé&?lgﬁ%ﬁ ld%&h}?]og\lonf%wa $ as defined above and
15 qu I“HEH"?gzﬁy 3 IsoEsTs F'@é'k%ﬂ”f mgigbp e hav f°é’r2d€ Jesarien geBtips
ar e pyrTheiterpl "Co-C aialfagi | a |l usedoerdinriualessydtherwisgrigiibatey,| includes alkyl

tr h@é@s}ﬁbwngﬁﬂ et bitYdarboh-83rbAafieYbond (wHErdh alkyi 3128 Q¥ined above, and
1 SOXaz0

iaz oxazolyl i sot hi azol yl ,
py??"Vp¥m55k1gfﬂﬁvytd|SOqU|noI|nyI i ndol yl ,
benzi m A &zdty Fyclogleh giefRirig Nendedcio (RGN |argaturateidm§ @2dply| saturated,
20 | Nehohdcidiie) ot fusqaindr BaitoasblyByslic, rily stiuckaréingyihg a fofal &&ioRyd to 10 carbon

ﬁégngtwné/ I(t:!uf RB ?\Eﬂer@ht@% B%Hﬁﬂ%ll tﬂ/clgéilg/g' ﬁét%leyéyclopropyl cyclobutyl,

beﬁ%@f’?ﬂ"ybﬁﬁ@ﬁ?]te”y'b‘é’ﬁ'i Hi Asieepy, ad&@ﬁ’z‘ﬂ»@&ﬁ deygroups.
gqui nazofhengim "Ga@inarylgl asnydeqd he@phuhiyssi aienyise inditaded, includes an

f UB/QRNY laBlEdD Yerived i £@£r@ﬂ£¥|cn1gdr95a%95$:$§)vﬁ gf oré@YarbdeRMuch as

the gro S h
25 |\ et OB it 8 e 1PV 4 By oS i, R ot grow.
group dEeitgrad4f¢ owmpsred hﬁt%oomy Beussy hereih-uhlegq otherwise indicated,

( Nmatided GRadlic 4 ridh- érbﬁ%btrca'relérocﬁc% @rbﬂ;i%%ﬁtﬁﬁhmg bier t R&F hetBroatoms
?r 8&9 sggc%eld\é'grg O]c éSKQ N Whg? Lc% het %c}%f tgrouR Qac?)zfrom ,&r];l 0y koms lr] its ring

of ssﬁfeWe@f@'rVw mprqvlsgtha&}be Wﬁlé%f éa 9rguRy Jopgynat aqrt?ﬁﬁwa@@?ﬁﬁnt Cors
30 ar etossl bEdrthérmbre cthenbulfi atone dortBiled D buh ihetdrotyslic groups may be oxidized

1, Jv'tf%n@&Pt’vJthlﬂxFQtBrﬂ? olklénnéfématlg‘hetg}géyaﬁ Sﬁagysj indlla® BBups' h%vmg only 4

i nt ended to nean NMONOCYyCIl I C

POFBY BTk S ATl TR DD QU TR i ogtqrs e
ri rig systems The retdragiidlie) grofinsomplutie benzéfubet ring crteonss Apehkautied a 4
fr gembdrdd ﬁ&ﬁ&ych@@ﬁ@ﬁr‘s azhidiny® %Hef'nléﬂ froh! éiéﬁdirfeﬁt IA\'{e‘f-:xalmple ofa s

mnp]{)?ergd }Qefterohcg‘%llgr 25 Ys th%zcﬁyy End ?ﬂ gxaﬁ'lg\% ﬁ? )ér %nbered heterocyclic

Bih Ieny oxaz qu% razo
pyri di nyl, pyra2|nyl triazolyl, tetrazolyl



i ndol yl, quinolinyl, quinoxalinyl, benzthiazolyl,
benzodi oxi nyl, benzodi oxol yl, benzooxazolyl, and the

WO pdos/054iBe t erm "al koxy", as used herein, unl eBGT/IB2004/003812
ot herw se indicated, includes O al kyl groups wherein
al kyl is as defined above. The terns "hal ogen" and
"hal 0," as used herein represent chlorine, fluorine,
brom ne or iodine. The term"substituted,” neans that
the specified group or noiety bears one or nore
substituents. The term "unsubstituted,” nmeans that the
specified group bears no substituents. The term
"optionally substituted" neans that the specified
group i s unsubstituted or substituted by one or nore
substituents. X n accordance wth a convention used in
the art, the synbol is used in structural fornmulas
he$reim is SUiBipYlct ExaeplasoffdNerRERMatis hetRsocydlie rgroupp are pyrrolidinyl,
at tetaryarefatangf dilyerofuing} ytetahydrothistiyl,t Uetabydtapyraiye  cithydromgyranyl,
baﬁh&@&@th&ﬁfréﬁ% UBISendﬂo a%&ﬁr@ﬁ\%cethmnmhé\fﬂ@t NRibxany, he piperazinyl,

convent Q ome structu L fornmulae herein t
cafBinY t°6ﬂ§“y AFtE e ih?m%’ﬁﬁ YETPEe e s OGP B! “Pﬁ'of"azep'"y'
5 exihlazepinyll yi.2ckcftetcathidiopyedingl, , 2-pyerplingls @rpyreolinyl ninddipd.  Zit-pyegpyl, 4H-
I epyragENtoxaA, €4 ﬁlMlbxc@rnﬂUppyrdz@llh&lesﬂifhtaﬁyl a &tﬁn@lbwper&hy&iropyranyl
gr grd%rothﬁetnglt h Plﬁ%dtro%ramnyldztm%?rfrg%lhg r(gyhmee :nslrgg?zofmgrhs t |r{1|d:%zol|d|nyl 3-
bu?zaE'P!fGPE’ﬂ Qlhepcpnyk dgzabigyaicié 1-Hlaerianyladtiipein andyuinofisiyk Examples
at errmomatucgmemncp:scnc rapaa. pylidipdr inidagdAr pyritnkigylt @yrazolyl, triazolyl,
10 e r’ylo onIr ?Lfrﬁr %ueth |§@9az§ﬁlle rt@?ﬂoﬁlp n&%ﬁ)l)ﬁ)f |s&h|azolyl b pyrrolyl,

el e el T Sy

aspmlyéa;tmt'iemmdazmyh eifiaginylt dsoamdoldll, piestdinyt, epudifiyl, epxadiazolylraghigdiazolyl,

of fu?az@n'?}'f t b&%f@ézaﬁy@ n’lB@ﬁiBﬂlcpﬁEhﬁ tb@ﬁzmthlaﬁﬁly'ﬁs B&fz&@E%NI ‘quin&Blinyl,
ons

ql}moggmglt re]a gg ndmel andS {uwg}rrldlng 'ﬁmeaforegeo Wg g(s&ps arsvd\%nved Qrom the

15 as gravRstliptpdakoem mey Be %ﬁ@c%ﬁdé’f H@ttacmwf@re supreig passiple. Ridstance, a
angiotiederivelii@mtpgidna mayt iR peed-heNaadchath erpyireHagr{C-aatdped).C Further,
wh ggrouﬁ‘ @éﬂlvmﬂ'oﬁ'l' nﬂndaz'él@ﬁr%& Be I‘ﬂ%a?ol—q 9@@ tahé%ﬁ‘ed%r%ﬂ.u&zh W ?d’ ﬁ‘!aawed)

rticular stereolsoner IS
st éﬁ PEmPiES £ K)et%r PRYFic ProuR RSt %ﬁtgecﬁfbam}m arg gybgiitytgrawith gxo (=0)
t henoietidsdésr 1, pdise thimmerpbolieyleoi sonmeri ¢ products. For

20° ex arrpl eA @t&wﬂ e&s&p maiendé@rmnb&% nﬁmcﬁcn%r 19&@ or spiro polycyclic,

ot 8PEBETE LU hafetoch o P A e e TG 1 fp & neterostoms
pr selentad fIlOFilattmEWB%‘e@"dr?Bif% Bystratiye Exgmpies of ketarepnfigroups include
t hayrroq:t hieérsyi, \oiabigl, prsz0lyic QRGbIVIL fitye pirididye hReAMYE Mizzayl) Wtrazoly,
entlsGie r%ﬂ@gil'&glrn?xgmgﬁb J&QQ@S QoJPJx‘R eéeﬁﬁfq.o‘%&gt B %Q(ajzolw

here er eoch n1ca nfic
25 #€. n such cases, the methods and processes
Cont ai n'et[é tbrer"elkaxy"pasgised Iwirénh uglessiothbnwise indcated, includes O-alkyl groups

St Gh&ah SRTRE GefirBANds i n which all p055|ble
stereo oners are r n a a
S Torq TereR oo A ran & vRaReen sttt aha e Pemine

presiedite.in a statistically significant
30 The term “substituted,” means that the specified group or moiety bears one or more

substituents. The term “unsubstituted,” means that the specified group bears no substituents.
The term “optionally substituted” means that the specified group is unsubstituted or
substituted by one or more substituents.



greater anount than the others. f the starting
materi al constitutes a m xture of stereoisoners, such

W@008/05418€M c M xture, one stereoi somer nay I eBCT/IBRD04003812
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15

20

25

30

slowy than the other in the presence of a chiral,
non-racem c reagent or catal yst, such as a

bi ocatal yst, an optically active base, or an optically
active acid. Such a reaction nay be referred to herein
as a kinetic resolution, wherein the reactant
enantioners are resolved by differential reaction
rates to yield both stereochem callyenriched product
and stereochem cally-enriched, unreacted starting
material. Kinetic resolution2ps usually achieved by
the use of a sufficient amount of a chiral,
non-racem c reagent or catalyst to react wt onIy one

stere0| ner, of the startin eri The {2

T v o el et lien (8 B P ol B iseg nructural
bafeinwlag HereiB imeepichiae band thabis thetpoinhof @iteshinens nethé moiktp onsubstitlient
i Sto fh@tcorerod B&Ribonk Bir@firee Gtuaicoradl‘?aélW&h HHothr doﬁ\fentlon |n some structural

CObinfall g&gl'n | %rb?@%{aﬁé én% th%ﬂ @mnfi ge? atom% ﬁrg H%éﬁfé F%de&:ted

conpoun 2- pheny yci nol exrs

OpN@S| CQSHrééBHtE ag' %fhz'lt @%Uéo salhed B‘Lseng 4y ethél group,

(S)-gnanti oners. nd the (S)-enanti oner
are p esent in equal amounts, such a mxture is said
tol_Lbe/"racemc." |If, however, one enantioner is

pres NIeRTSFeRIR 2 SYFSRFNY! gP@acter t han the ot her, the

m Xt ur @hé erng Stetolsoméye’ réfas Fo-doMPAMHSthAL hI\Fbed%ﬁd’ar@\emlcal

rc%ﬁé?ilu%rl B différ Vit rdgSra @ tHé Shn Jﬁ?eﬂ{‘of%emmggrﬁg s in space. In
CI b sepa ster e0| Soneric co C?g ]p %
AN G e tod HerRasepere L 8 FTePOH L Pl o
ccﬁ#pfrrmpwglemwr inRaes df oreenstherf The tpranst'iacamiciior ‘coerpio tixtlre,” as
Asuseisiagkid) edt@itda 1:1 merd dﬂErha‘ﬁfbme?Jlﬂl a phrB&RF ¥nipPund@ e tgr\?@nt
t Gd.hé?&ééh%‘?s" o?)tﬂne Jﬂ%: Flang re €S gq tﬁe re ahﬁfh'%éﬁiéﬁoeh %tglalr 0 stereogomers

é'i‘?i 9??%&' 'P% P@h'a?fP awmmetslﬁ Ce"éﬁlﬁ%Wﬂtel net miggrgineges gipnt another.
denot e The pmoGescemicaRtditthed lprod @ Géhe® e herbi @efirs @S£r@hction

i rbYd%iUct,t WRBref %Emydld? Bte@blsdnf % rﬂﬁs&ﬁ in'Q s?aﬁl%lgglg @i{gy'nit%cg%t g%@%r
term" ?ﬁ?cat s]ey a§| use er 0 an“enzyne
o RIE{EFYe e‘ﬁ‘f&ﬁ’@ ¢ ﬁtﬁrfmi"gﬁ”%%f o5t al 9f @¥EnPlepAProduct that
arsemerisss mere ainng enantianmen theyy tha iothesyouldeohstithie alsiel@echeﬂﬂmeuy
e IANINB SHbduR 2Ry, m&&w%&&%&a of Y d.Eé?érQa.s% ehin %Z .

S, o e L e TS
f @fm?sdqqn@we%m'mare geidioeffvhi atermwrca&v dnii¢hed Sppreduotf In such

f ensesribarhettods Bridirbtessad tontah@d hérkif begt wilR@mix @b 6f Yerddisométic
c Q:grmg:[ﬁﬁ&é IQWhlcTallﬁ.‘)g%'ib‘e g mstalngrs §£§qugnt %rabomut grﬁ %ﬁ@zaa%\gurﬁ ﬁXd
sGfferdapig lllﬁt inwhich atdgas‘ Cﬁle @ﬁ@ouﬁqﬁqﬂs&fesyt g\raosgqglst|cpl |sigpficant
egepieparcquptibar the ¢fard. her nore, a "stereosel ective

procesg the's&rt@@ %akh@ﬁon@ﬁtﬁ%ﬁ&tu@ opélérteél&me%r such as a racemic
ster re erence to

o T, 5B WE o eome mPBF i B e fatohghi e presence or chiral,
Ewawapg@@ree@qnt ¥icetglygt.suefeas@miokdtglyst; an npticélly ectivaase, or an optically

" et hiif NRich 6 re2ktRe F1@Y bd ©R)redt6 hérBif ds Rinetic resolution, wherein the
reactant enantiomers are resolved by differential reaction rates to yield both stereochemically-
enriched product and stereochemically-enriched, unreacted starting material. Kinetic
resolution is usually achieved by the use of a sufficient amount of a chiral, non-racemic
reagent or catalyst to react with only one stereoisomer of the starting material.




follows: [% enantioneric excess A(ee)=(% enanti oner

A -(%enantionmer B)], where A and B are the
wepasvsaseri ¢ products forned from the starti nBCT/IB2004/003812

materials. The compounds of the present invention may

have asymmetric carbon atons. The carbon-carbon bonds

of the conpounds of the present invention may be

depi cted herein using a solid line (), a solid wedge

(), or a dotted wedge ( " ). The use of a solid |line

to depict bonds to asymretric carbon atons is neant to

indicate that all possible stereoisoners at that

carbon atom are included. The use of either a solid or

dotted wedge to depict bonds-280 asymetric carbon

atons is nmeant to indicate that only the stereoi somer

shown is neant to be included. t is possible that

conpoundé &5 iRl NoRVASRINE B35e n @S/ USED ARSI MeABT 2Pasks SPMRIHRH that

asganegistrin enagt@medsfomt awhis not drésestdn ancaupa emast withis corsssparbiingly

a §hbiid ehanﬁ&nér.om%;angje, e Bhholi 2hERIIBRLhbIexiSRELRD

atons,_is ngant 1o in |tcathe tpa]{ed?%l_ i , R)- and

poSEMSIMEL L PREGFS SRTPY =t NG A we Frropurgegs g (R-an
5 uste (ff)-epangerngrelare ipigeent i ecapaneauntdGiehsa migtuigriesaisito papirasemic.” If,

aSHEWERIr| dn6 efemEidHeaN isPreREM inl df amoGrd GRgeHeknAhe dilee, the MRl isQid

an%b%t‘h%n- 2emRb @ solid or dotted wedge to depict bonds

to ofher asynmetric carbon atons in the sane conpound

i s meanthef¥M$ refoktitneandhweolingningan f eethpd ofphygicaly epaEting

i Sstpredsaetic cofipeurtde from 4 tixeiee of stgredisagers) st ak e ragemic mixeiens
10 @l LOWHESh @b ehRfchierd #A peB&E EtlpolirRa AL B2k Perkf, “FREBioh O

conptact W th oFte.apgtg}Qﬁ_L%a.ulch tha‘ a cgﬁm cal reaction

or "ePYRS 257 et BN RlAnd guPlete psoliattnl e, in the

pr oces sk teshs feheymaticrreasss,”i"enzematic mathod” "enrypatismenctish,” or

f ofehratid rbdolutibitydehte b proedse6l ivdtriol obresdibr dikhe pRRENt IA&HAGH C

bagl% Ié% %Lferggeﬁrrﬁiajo& Q\‘?’sma pr OdUCt Of d Chem Cal

react rod. N gqc regcgl ons, the conpound of fornula
15(11) i sThedamy "hiecatgysty peusee Berelp fefers tpan pnzyae orgyjgye of enzymes

I etheica Besobtahed drom @himely, pldnts, rsicbérganshasad tHeilikpu i Ttle plegae or

]9 gtr?nezgﬁ?sﬁﬁay b'e rémﬁlgilédtiﬂl Q’@ ford Eucﬂ af i 'th'u m‘@E 'fogﬂ, aQ.frud@ ¥m ,OJ mi;(tblg.

¢ dependi ng. on the identi of the reactant
T PGS FELoDp G eion Sl e b pr ooy
or filttaieqfdermendation brath, andd like eitiensolefysain camiinaticre I8 adsiition, the
20 Pyl R@br! iicrbisidd batlyinfg b&imnloSitel, shivMas@h b r&ieoimay b H seil form,
Cog]% Unds Lo S?rgé‘s-u%ﬁéagﬁz mgg{xstg.xanpl e, if a chem cal
reaction takes plrace anc BrG Ces at |east two
pr oductRirthgrmpreeagterepyelectva groprss e ans tet Pioduspad PaisulBbt h
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A surfactant or mixture of surfactants may be added to the reaction mixture to

solubilize the substrate. Examples of suitable surfactants include, but are not limited to,
35  nonionic surfactants, such as alkylaryl polyether aicohols. One such surfactant that may be
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The amount of erizyme used may vary from about 5 units to about 12,000 units of

enzyme per mole of starting materials. The amount of a specific enzyme or mixture of
enzymes required will depend on factors that include, but are not limited to, the temperature,
35  the specific subject compound, the enzymes and/or microorganism used, and the desirable
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occurring polyners (e.g. cellulose). Specific exanples
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In a convenient isolation procedure, after the enzymatic hydrolysis, the pH is adjusted
35 topH 7.5 to 8 (in the case of immobilized biocatalysts, the biocatalyst is first separated by



affords the unreacted starting material and the
product acid, which can be purified and freed of the
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chromat ogr aphy or ot her nethods known to those of
ordinary skill in the art. Either the unreacted,
stereoisonerically enriched starting nmaterial or the
stereoi sonmerically enriched product can be further
racem zed, if so desired. The unreacted,
stereoisonerically enriched starting material can be
racem zed by nethods known to those of ordinary skil

in the art, such as heating in the presence of a base
and in the presence of an apgtropriate sol vent or

sol vents. The stereoisonerically enriched product can
be further racem zed by converting it to an ester and
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affords the unreacted starting material and the product acid, which can be purified and freed
of the buffer salts and enzyme by selective precipitation or chromatography or other methods
known to those of ordinary skill in the art.

Either the unreacted, stereoisomerically enriched starting material or the
stereoisomerically enriched product can be further racemized, if so desired. The unreacted,
stereoisomerically enriched starting material can be racemized by methods known to those of
ordinary skill in the art, such as heating in the presence of a base and in the presence of an
appropriate solvent or solvents. The sterecisomerically enriched product can be further
racemized by converting it to an ester and heating in the presence of a base and in the
presence of an appropriate solvent. The sterecisomerically enriched product can be
converted to an ester using methods known to those of skill in the art, such as by heating the
product in the presence of an alcohol and an appropriate acid. In this manner, any
stereoisomer of the compounds of formulas (I) and (ll) can be obtained in stereochemically
enriched form.

The compounds of formula (I) can be prepared according to Scheme | shown below.
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met hods known to those of ordinary skill in the art.
The protected glycine derivative can then be all owed
to react with an agent or conbination of agents that

is capable of O alkylating the term nal carboxyl group
to afford conmpound 2. Exanpl es of agents or

conbi nati ons of agents that are known to O al kylate a
car boxyl group include, but are not |limted to, alkyl
hal i des, al kyl sul fonate estéfs, and al kyl
trifluornmethane sul fonate esters. These reactions nmay
besdpghé prmed in the presence of a base that will not
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performed in the presence of a base that will not interfere with the desired transformation.
Such bases include, but are not limited to, inorganic bases such as sodium carbonate and
potassium carbonate, and organic bases such as triethylamine or pyridine.

Alternatively, N-protected glycine derivatives such as compound 1 may be allowed to
react with an alcohol in the presence of an agent or combination of agents that will convert
the —OH group into a suitable leaving group. Examples of such agents or combination of
such agents include, but are not limited to, dicyclohexylcarbodiimide, diisopropylcarbodiimide,
1-[3-(dimethylamino)propyl}-3-ethylcarbodiimide hydrochloride (EDC), 2-chloro-4,6-
dimethoxy-1,3,5-triazine (CDMT), cyanuric chloride, 4-(4,6-dimethoxy-1,3,5-triazin-2-yl)-4-
methylmorpholinium chloride, O-(7-azabenzotriazol-1-yl)-N,N,N',N'-tetramethyluronium
hexafiuorophosphate (HATU), carbonyldiimidazole (CDI), benzotriazole-1-yl-oxy-tris-
(dimethylamino)-phosphoniumhexaflucrophosphate (BOP), 2-ethoxy-1-ethoxycarbonyl-1,2-
dihydroquinoline (EEDQ), 2-(1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium
hexafluorophosphate (HBTU), 2-(1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium
tetrafluoroborate (TBTU), and 3-(diethoxyphosphoryloxy)-1,2,3-benzotriazin-4(3H)-one



tetrafl uoroborate (TBTU), and

3- (di et hoxyphosphoryl oxy) -1, 2, 3-benzotri azi n-4(3H) - one
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presence of optional additives. Suitable additives
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be perforned in a solvent that does not interfere with
the desired transformation. Anong suitable sol vents
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Additionally, water may be used as a co-solvent in
this transformation if necessary. Furthernore, such
reactions may be perfornmed at tenperatures from- 20 C
to 100 C. The specific reaction conditions chosenw ||
depend on the specific subject conmpound and reagents
chosen. Such choices are within the know edge of one
of ordinary skill in the art. The racem ¢ conpounds of
formula (I11), such as conpound 3 shown in Schene , my
be prepared from glycine der&atives that are
C>a|ky|ated with an allyl group or a derivative

hereof, such as co ound Such O al kyl at e |l ycine, .
v e DY e SO (RGN BRI A ATt ohgBiRes B wini
c otbknowlefigeref ofe ohgrdinerg sidllictheathat t he conpound under goes
a Cl ai S8 rdcHie cdn@iindd BOBTHRAY), dubh &f doMpelind B enddva ISHHEHS!,

?yobe r%eaareé hdok glyqhedEbal \%L ha%é? £S %|kg${8‘ﬂ/ frod e W@%u;?z?h

5t h@?”\i?é'!q th%’é“ftsf‘ﬁ\ﬁfcﬁml?ﬁéﬂm’ % rﬁucmmla% plydins: derivatiyes EYqy ke
ar Slowedey teactwitiarydgestton emmsbjnatidnloydgeots sah ytat s t@m®ynd undergoes a

ggér;\ttgpe ;gj}ngmatt) 'aﬁ‘cir&]ﬁ‘lg E&%E#&Q Bﬁornﬂ%l B9 ﬁwrb%hég these
K B et P R BiaeBitst oS nip b B e e o

hytnsforaratiann dmormsuitablesaeiyknds are alkyl e ethers \atkpitos arylregtetsdrsomatic
100 U&nd%ﬁﬁaﬂ:q{ydrbéamohﬁ Halbgnat&d Jb)(/lentél%ﬂ'l F Byl nitrBsabalkyyér aryl ketones,

?g%é a%t% hy OCF i onspgr het%%?{1 %tat?c htyﬂ'o Xé =3iF F%nga%gg ﬁuﬁgitellx&/ents

ne,
c hln@iw@t@h%re fet "mtﬁﬁdr?%teﬁ'y'l ac?teiﬁ n%’ﬁ&'tﬂ écet%!? H?@P'HRM' afé@éﬁt %fﬁﬁ'ttie
pr ageta@Ninkthyl Isebutybkatqne mﬁmttlrdxyemané dissapropydéts blorobarzedd, dimethyl

Lﬁnanﬁjdee& ﬂ&‘ﬂ ?\‘Fde |Ie tbutgv’ﬂdﬂlﬁﬁle tegrﬂ'}fsé'lcohg' RBRYH, diethy!

15 e 't‘eé'tYHa‘iyﬁ‘i)@?‘%ﬁf T G e e Fian 2
hepetaythetrahncmfb:amdl4 diextrrea pavkane, hexape. digetansl metRangk, elp@mbn-

ﬁaﬂaoi pro&hal&tb@ﬁ%l hn -t AR @dnol, dbl@c{%nﬁ&ﬁéﬂ@tcharﬁfbrm 1,2-
cnl a ce

b eﬁ@-ﬂ) eﬂ}an% gcétgggré? gﬁlézon@fget htgrﬂeg%g anong ri)ergzrelné ?dltiene aglsole
ankveokss andylidneeer any MbUFRAT thgiabRYe S@Ye“'ﬁnﬁddfﬁ%’t‘"m rvgtemay preused
20 abgy/£cosivarE Mttiss trahddintatioTiblebassaryvaituetheriorg, ddeh resaiohsasayde

CO %ﬁ‘rﬁ/eg QF teh&argtm sc‘er %S& W{Eﬁbé 0ﬁ‘1e sBecﬁ’i@ ﬁeg&%ﬁl[i%dltlons chosen

ernore, such reactions ma

t eWﬁé‘?p&f‘%?’b@e $Pegiif subiga C‘E‘f‘pc%”dla@é reagef%éhgﬁ?agg‘l“ih Ehoices are within
r etoe knosmedgoidng of oriparylskibisthevartl | depend on the specific

S U?Jh ect '{‘ Ema@ W0ch caasénrr@aaa@atnantg mg,smron%tmympfbm aar e
n e

5 ar £l Sl T i Hi0EaR Ol PIRRDET R e gl can
pr M@wdwmﬂher%ﬁlkyﬂwlwe eetivativen tB(tf%aCBﬂﬁl“tbth a@ﬁgena/ﬂé combination
S DSK‘dg@ﬁs th&t@hn fuctibroasnstieiginsd. IFer Hample anoEamylited dhithB derivatives

en Qanabte%"oagh %r]éacf:\ﬁlﬁ llggmpéugo%?o{pﬁ Qm\‘dg %_rqj]bs p)q‘orgtﬁé A‘ex Le%teﬁgate

errvatives

c 0 ﬁ%‘?’h SUPYRAYENS AT ﬁ'ts% T BREPMEA “Felﬁ‘i%sﬂ“‘&r?f %‘g"t'ﬁesﬂﬁi rgnown to
30 bag@motE euchesaatips, @ychtds.evi@s adideyikeadiredll)ghlgritien i additiany auch reestions

t(?ﬁ%aAntb%t gﬂf%rlgwﬁiagav%ﬁﬁéﬁvm%tt mer#elré WY fited @@.ﬁsewét.oﬁmr%g

L R T e Y b A
ad tydrdcerbanst Hatpgenated silyamenaltybor aryl nitriles, alkyl or aryl ketones, aromatic
hydrocarbons, or heteroaromatic hydrocarbons. For example, suitable solvents include, but

35  are not limited to, ethyl acetate, isobutyl acetate, isopropyl acetate, n-butyl acetate, methyl



pronote such reactions, such as Lewis acids |ike zinc
(I'l) chloride. n addition, such reactions can be
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the desired transformati on. Anong suitable solvents
are alkyl or aryl ethers, alkyl or aryl esters,
aromati ¢ and al i phatic hydrocarbons, hal ogenated
solvents, alkyl or aryl nitriles, alkyl or aryl
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to the reaction mxtures if so desired. Furthernore,
such reactions may be perfornmed at tenperatures from -
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wi || depend on the specific subject conmpound and
reagents chosen. Such choices are wthin the know edge
of one of ordinary skill in the art. The protected
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(BOC) Oto afford the BOC- protected am ne, conpound 6.
Cyclic am nes, such as conpound 6, may then be all owed
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Compounds such as 9 can be resolved or prepared in stereochemically-enriched

35 form using the methods of the present invention. As shown in Scheme |, reaction of a



be resol ved or prepared in stereochem cal” enriched

formusing the nethods of the present invention. For
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react with an agent or conbination of agents that is

capabl e of converting the ketone functional group into

a di hal o nethyl ene noiety, such as a - CF - group.

Such reactions may be performed using agents or

conbi nati ons of agents known to those of ordinary

skill in the art, such as (diethylam no)sulfur

trifluoride (DAST), and others. For exanple, reaction

of conpound 8 with (MeOCH CH ) 2NSF (sold as

Deoxo-Fluor(r) by Air Producis, Inc.) in

di chl oronet hane and at 55 C, afforded the difluoro

conpound 9. Conpounds such as 9 can be resol ved or
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- met hods known to those of MPLegn the art. For

exanpl e, see M noto, 9
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60°F 254 plates (Analtech (0.25 mm)) and eluted with the appropriate solvent ratios (v/v).
30 The reactions were assayed by high-pressure liquid chromotagraphy (HPLC) or thin-layer
chromatography (TLC) and terminated as judged by the consumption of starting material. The
TLC plates were visualized by UV, phosphomolybdic acid stain, or iodine stain.
'H-NMR spectra were recorded on a Bruker instrument operating at 300 MHz and
BC.NMR spectra were recorded at 75 MHz. NMR spectra are obtained as DMSO-dg or CDCls

35  solutions (reported in ppm), using chloroform as the reference standard (7.25 ppm and 77.00



suppliers, such as Al drich Chem cal Conpany or

Lancaster Synthesis Ltd., and used w thout further
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reactions set forth bel ow were perfornmed under a

positive pressure of nitrogen, argon or with a drying

tube, at anbient tenperature (unless otherw se

stated), in anhydrous solvents. Analytical thin-Iayer
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gel 60 F 254 plates (Analtech (0.25 mm) and el uted
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starting material. The TLC plates were visualized by
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from Altus as CLEC-BL as a 6-14 % w/v solution) (7 L of fresh CLEC * 5L recycled CLEC (80
% of the initial activity) and 24 L of di-water). The pH of the suspension was adjusted to 8.0
30 by addition of 20 mL of 2N NaOH. A solution of the racemic ester (400 g, 1.36 mol, 1.00 eq,

in acetonitrile, 3.6 L) was added to the suspension and the mixture was stirred at 30 °C for

262 h. During the reaction time, the pH of the solution was monitored and was maintained at



Exanpl e : Preparation of
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el ectrode, an overhead stirrer, a heating coil and a
base addition line (718 Stat Titrino-Metrohm pH
titrator, Brinkman Instrunments, Inc.), was added the
al kal i ne protease fromBacillus |icheniforms,
(Subtilisin Carlsberg, purchased from Al tus as CLEC BL
as a 6-14 %wv solution) (7 L of fresh CLEC + 5 L
recycled CLEC (80 % of the initial activity) and 24 L
of di-water). The pH of the suspension was adjusted to
8.0 by addition of 2 O L of 42-N NaOH A solution of
the racem c ester (400 g, .36 nol, .00 eq, in
ac itrile, 3.6 L) was added to the suspension and
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i n hot Takwinagnalyticl methodsstrsad io moriipr sgartivnewngtess adol
t ongaswerthe &hgEcand purityeof dre @natprgtntct: The resulting slurry
Wagnichitdi geiggl and the crystals dried in a vacuum oven
at_40 C ovprqigl&g to afford the acid as a white solid
( DEECRTVHEHINE¥Y 8 95 yield for kinetic resol ution,
>Rl HPNEC#r4e8 X 3HMIVR (300 MHz, CDCI3): d 7.9

( viubdrtempéralife: 67 H), 3.89 (dd, 2H), 1.5 (s) + 1.45
(s9 “ﬂr$45|)135n:}ur§i (s,3H), 1.15 (s, 3H). The follow ng
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P MBI HasdNOR-26 i ’,POIRIHC: 5; BeA®h@le Wavel engt h: 200 n
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Retention times: Acid 1.63; Ester 3.28

Chiral HPLC:

Detector wavelength: 195 nm

Column: Chiralcel OJ-R, 3um, C-18,.4.6 x 150 mm

Column temoerature: 40 °C

Flow rate 0.5 mL/min

Injection volume: 10 pL

Mobile Phases: A: 25 mM KH,PO,4 pH 2.0; B: Acetonitrile; C: HPL.C H,0



Col um tenperature: 35 C Flowrate 1.5 niL/mn
I njection volune: 10 nL Mobile Phases: A 25 M KH PO

W@R0B/05t18B: Acetonitrile Run: gradient: 35 to FOI/#82B04/003812
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5 mn, 2 mn post run Retention tines: Acid 1.63;
Ester 3.28 Chiral HPLC: Detector wavel ength: 195 nm
Colum: Chiralcel AJ-R, 3mm C-18,.4. x 150 mm Col umm
tenperature: 40 C Flowrate 0.5 nL/mn Injection
volunme: 10 nL Mobil e Phases: A: 25 mM KH PO pH 2.0; B:
Acetonitrile; C HPLC H ORun: Isocratic: 7 5 %A and
25 %B for 17 min, then 75 %B and 2 5 %C for 3 mn,
and finally, 75 %A and 2 5 %B for 15 mn Retention
times: Acid 14.85(R) and 15.8% (S) Sanple preparation
Tvvo sanpl es were taken each ti me sanpling was

fornmed. Every sa was
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upper | | a ayer .vere further diluted with 400 ni of
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g nd injected into the HPLC. ExanEI e 2:
Pr epar aoorgmgles were taken each time sampling was performed. Every sample was
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a tenperature probe, a stirring bar, a pH el ectrode
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aci i chgniforms, (Su in rlsbrg,
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sol ution) D add fter add| t of

t7h$oenz¥rre,|= he pH H gl osne m Xt ur eF S appr oxi matreFy

lsi ng o TP S cFoRARETR CorHEZ R e R 6 e o8

adfRIS beftér at@Hrﬁl-QQ'85 OL)weret ahiéedatdd 26 ok 3-néck flask eguirped with 2
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Carlsberg purchased from Altus as CLEC-BL as a 6-14 % wiv solution) (37.5 mL) was then
added. After addition of the enzyme, the pH of the mixture was approximately 7.70. The
resulting mixture was slowly heated to 40 °C using a heating mantle. The pH of the mixture
was adjusted to pH 8.0 by the addition of 1 N sodium hydroxide (0.848 mL). As the reaction
progressed, the pH of the reaction mixture was monitored and maintained at pH 8 by the
periodic addition of 1 N sodium hydroxide ( a total of 17.7 mL of 1N NaOH were added). The
resulting suspension was stirred at 40 °C for a total of 121 h. Reaction progress was
monitored by reverse-phase HPLC monitoring both conversion and % ee of the product. The
reaction was stopped after HPLC analysis indicated that 43 % of the starting material had
been consumed. The % ee of the acid was measured as 94.6 % ee.

The resulting mixture was extracted MTBE (three x 75 mL each) and the combined
organic layers were filtered through Whatman paper number 1 to remove emulsified
particulates and to better distinguish the aqueous-organic boundary. The aqueous layer
associated with the emulsion was added back to the mother liquor. The organic layer was
dried over Na,SO; and concentrated under vacuum to afford 1.74 g of crude scalemic ester |,
(R)-enriched.



periodic addition of 1 N sodium hydroxide ( total of
17.7 nL of NaOH were added). The resulting suspension
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progress was nonitored by reverse-phase HPLC

nmoni toring both conversion and % ee of the product.
The reaction was stopped after HPLC anal ysis indicated
that 4 3 % of the starting material had been consuned.
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s UBReGURHIO. fThe proania lave wasaiiisd with e $Pcpad cancénirgted snder vacuum to
C Cdorlith 42 28 @ WelitaMaIicR0 BPI0d, 081% <@ 3895k dhViaF kirl¥ac re83iutiord 8ok %

t ' ' 4 f
aee S Ei .8 LKL 8 3Dt f Mmool BB
MBS, (s, Phip 18d$ @HwhY wdidhed twice with 75 nL of 10 M
pot assiTuaTodwrrRAjiRal iéthb@d werd ulitcfmatitor réhcfonlpRgfeS8ENE
DVEQ, TUS 0L ANk 61l BYSYARAET ed W th Na SO'and

concenfrate vacuum to afford the acid as a
whienechisd HPEC: (0. 831 g, 98 % ee, 58%vyield for kinetic
r eSaddotor vavelengt®@006riPLC pure). H NMR (300 MHz CDCI3): d

5. GudnSrunklidie, A6 S0 k. 1H), 3.89 (dd, 2H 1.5 (s) +
1 (s, 3H) 1.15 s, 3H). The foll ow ng

1.45 (s, 9 1.3

an%q%/"g"‘t%'ﬁ'?e%?'ﬁga% were used to nonitor reaction
pridey mtes!.Samldmineasure the % ee and purity of the final
Prigesiet voNen1hii ral HPLC: Detector wavel ength: 200 n

PR S raninds S RO tme: e Mobi 1 6
Phiusegadient: 39 & 7§1% KA 5pdn, @rnipdt ruB:  Acetonitril e Run:
O rRdinBeH time8Aclda 680Estér Bog n 5 min, 2 mn post run
Chiral HPLC:
Detector wavelength: 195 nm
Column: Chiralcel OJ-R, 30m, C-184.6 x 150 mm
Column temperature: 40 °C
Flow rate 0.5 mL/min
Injection volume: 10 OL
Mobile Phases: A: 25 mM KH;PO4pH 2.0; B: Acetonitrile; C: HPLC H,O
Run: Isocratic: 75 % A and 25 % B for 17 min, then 75 % B and 25 % C for 3 min, and finally,
75 % A and 25 % B for 15 min
Retention times: Acid 14.85(R) and 15.84 (S)
Sample preparation:




Retention times: Acid 1.63; Ester 3.28 Chiral HPLC

Det ect or wavel ength: 195 nm Col um: Chiralcel QJ-R
wWEDws/083H884. 6 x 150 mm Col utm tenperature: 40 ECTIBR04/003812

rate 0.5 nL/mn Injection volunme: 10 DL Mbil e Phases:

A: 25 MM KH PO pH 2.0; B: Acetonitrile; C HPLC HO

Run: Isocratic: 75 %A and 25 % B for 17 mn, then 75

% B and 25 % C for 3 min, and finally, 75 %A and 25 %

B for 15 mn Retention tinmes: Acid 14.85(R) and 15. 84

(S) Sanple prepa ration: Two sanples were taken each

time sanpling was perforned. Each sanple was prepared

by diluting 100 nL of the reaction m xture with 1.9

m . acetonitrile. The solutie®- was vortexed and 1 L of

this sol uti on was centrifuged on a Beckman m crofuge

;220 lu EF‘F ro sa ¥lg£ Wi ?akelnnelagwct‘:meedsalngﬁng w'é'sp Ip'eri’ormBé Egch sample was

N- breparsd by4dllu1m@|1 0|k of the @aionl mixtarewithJ9ahli avetomitsitehTie selgtiop was

Pl— Eor@@ and 4 AL oBthigBolRioPWhsheRtrifudbnAGNCHmah rrgé?of@e 2fe dPperdayer

931 e ecf%oﬂgLfgg% ee, 47% isolated yield
f" 1825} oxycarbonyl 4, 4-di fl uoro- 3, 3-di rrethyl proline

5mathy| ester (5.0 g, 17.0 nmol) was added 4M HCl (2.0

€ ( Exanthl63:nikgsoliutiortdfdiiseneyl-4, Akl udroc s, BHiin etigyfpraiink eyl éterO

Cfor 3 h. After the reaction was judged to be

conpl ete by HPLC t he di oxane and excess HCl were

renoved i acuofto afford a crud esi dye. The crude

resi due deoy—Mﬁﬁ'&tS_nL ) wrd Wried in

oven to provi P”§§I1?"’d“CN

4, 4-di f | uor o- 3 8- d| net B 70l i ne net hyF fest er

(~95%urity), which was used in the next reaction

Wit hout any shawidedver purification. ,olp..3yeBsofdiedfeia

4, 4-di fl uoro-3, 3-di net hyl proline nethyl ester was

55 m e e aRr AR T E e B Y Penh 30 170

10 f gpamol) was added 4M HCI (2.0 eqy, 8 5 mL) in dioxane. The mixture was stirred at 0 °C for 3

h. After the reaction was judged to be complete by HPLC, the dioxane and excess HCl were
removed in vacuo to afford a crude residue. The crude residue was washed by MTBE (3 mL
x 2) and dried in oven to provide 3.8 g solid 4,4-difluoro-3,3-dimethylproline methyl ester
(~95%purity), which was used in the next reaction without any further purification.

15 To 3.8 g of 4,4-difluoro-3,3-dimethylproline methyl ester was added K,COs; (3.8 g),
MeOH (60 mL), and BnBr (1.1 eqv, 2.55 mL). The resulting mixture was stirred at 23 °C for
20 h. The mixture was filtered and the solvents were removed under vacuum, leaving a
residue. The residue was dissolved in MTBE (60 mL) and was washed with 1N HCI (20 mL x
3), NaHCO5(20 mL x 3) and brine (20 mL x 1). The organic layers were combined, dried over

20  NayS04, and the solvents were removed under vacuum to afford 4.3 g (90% yield) of N-
benzyl-4,4-difluoro-3,3-dimethylproline methyl ester.

The racemic ester (3.0 g, 10.6 mmol) was dissolved in acetonitrile (9 mL, 15%) and
potassium phosphate buffer (pH 8.0, 0.1 M, 60 mL) was added. Pig Liver esterase (750 mg,
10~15 units/mg) was added and the pH of the solution was malntamed at pH 8 by the periodic

25  addition of 1N NaOH.

Reaction progress was monitored by reverse-phase HPLC. After 20~24 h, ~50%
conversion was reached and the pH of the mixture was adjusted to pH 8.3-8.4 by the addition
of 1N NaOH and the solution was extracted with MTBE (40 mL x 3). The organic layer was
dried over Na,SO4 and was concentrated to afford the remaining R-ester 5 (1.56 g, ~52%).

30  The pH of the remaining aqueous layer was adjusted to pH 3.5 by the addition of 1N HCI and



20 h. The mxture was filtered and the solvents were

renmoved under vacuum | eaving a residue. The residue
wor®sdiesol ved in MIBE (60 nli) and was washed »ET/iB20iI003812

(20 nL x 3), NaHCO (20 nL x 3) and brine (20 nmL x 1).

The organic |ayers were conbi ned, dried over Na SO4,

and the solvents were renoved under vacuumto afford

4.3 g (90% vyield) of Nbenzyl -

4, 4-di fluoro-3, 3-di net hyl proline nmethyl ester. The

racem c ester (3.0 g, 10.6 nmmol) was dissolved in

acetonitrile (9 nL, 15% and potassi um phosphate

buffer (pH 8.0, 0.1 M 60 nL) was added. Pig Liver

esterase (750 ny, 10~15 unitskng) was added and the pH

of the solution vvas mei ntai ned at pH 8 by the periodic

addi ti on NaOH. ction progress was nonitored
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8. gnﬁthﬁp@nﬁeqh@ dﬁ,{gltl on of NaOH and the sol ution was

t t 3 .
e g R iR ety ER G tioRrr 4y S gt e
5r e Ped)nd 4P (R-16ls BE7-3598 (M, 255 30 (s-81204.30 (1), JH4 ¥, 3heC NMR (75
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t €808 HHzNCk): \ﬁéﬂé-Mémmﬁdaid 394 @b =138 HiartH, § 481d, dFd3:2 Hz, 1H),

ZF @%@(SYIIFR‘]S ﬁ(QIM 826 @ta3d 310, &Izﬁ@hEWprszl(dae S16. 8914, 18.3 Hz,

10 ESI ﬂ/ﬁ_?_ﬁs 110 % %Mﬁ@%ﬁ% %B%BQ?H&E E%JO( ﬁz%tsz)ms 73,
3. m@ DB18( §5.72251)98, 4.B03 82, 2819 18.9. 30 (s, 3H), 1.04
( s, 3H)n- béJW-4(47c5ﬂqu©fa3 din&Dhylpr&iné TeS u-HP B84 3'H MR 380 MHz,

4 4
N 588 P 3850 Pop 84 6 57 A L O BRI i et 032857
est(rerZH) BIB (. NHI]1.28 84 3H), 1.1HSNIVR TR [BLopm CIDQ) §174 10} 136.19,
157 330 16, 443.68M27 7k)74.83 6947,(58 49, \153-75 14842 2olzao, 18.7¥) , 3. 48

s, 3 39 (s, 1 H)
§§e?’5°cﬁ"”gf”a‘—""§%m§m‘§d"eée ‘ﬁ‘z*‘g , gddd J =6
4 N-bengyl-84-pifiuorot3, N}ilmethylgglmfe@eﬂ'gl}qf er: 1Ch@q|ce€ D RS‘I-(ﬂ 6 X@Q\WR 3
( 7~'ﬁm§) B rafe6h ml/mir® hjedtiof Zolurhe: 3G ARbbilelphdSesSNGN/ALE20"80),
127 .03, t‘&s}n , 58.72, 51.98, 47.06, 33.82, 20.16, 1
8. Gt Rp% -4,4-di fluoro-3, 3-di net hyl prol i ne: ESI
20] MN-jenzyl Q@-glﬂqoro -3 Hdlmﬂylergm@ m@lce@ﬁ@?H 14 6 X109 g 3 pmx(ow rate:
( mo 6lmin;3nj &ﬂor(\ﬂlumé suLldioflie bRasedACNBLE @50(46*),, delecfonlat 284 nm.
H) , 3! 3.57 (m 2I—I),305(m1 , 1.26 (s,
3H) 111 S, 3H).CNI\/R 75“0 ) .6171.10, 1
36.Examplg 9o Pregarationgof §3)-31dimethy: '?qc-swlgimwem 56. 49,
53.75, 46.48, 20.40, 1 8.77. The follow ng anal yti cal
met hods were used: o
N- benzyl - 4, 4-di f | uor o- 3, 3- di net hyl pn[oq"i'( SHEt hyl
ester: ChlralceboAbRHo,(l46x 0nmm 3 flow rate:
0.6 nmL/mn; injection_volune: 5 m_, JIRDL e1d phases:
ACN H (20:80), det ectron gﬁes% >98 % pure

e1n water
0
+o—/( COMe
N
x

>56 % ee, 55 % crude yield
2 5 >90 % pure



N- benzyl - 4, 4-di f| uoro- 3, 3-di net hyl prol i ne: Chiral cel
OD-RH (4.6 x0mm 3 m,; flowrate: 0.6 nL/mn;

w0 pjosos4186 vol ume: 5 ni; nobil e phases: ACN H ¥GDIB20)4/003812
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detection at 254 nm Exanple 4: Preparation of
(S)-3,3<linethyl-NBoc-vinylglycine "COH/ N/ N
Crude 914%e 47%ield, 10 %a s cubtoti misp ne C
anrl wsb aeterrg >98 % pure 3OC ,COM / N >56 %ee, 5
5 %crude yield >90%ureTo a 5 L three neck flask

equi pped with a p electrode, an overhead stirrer, a
heating mantl e and a base addition |line, was added the
racem c ester (78 g, 0.3 nol, .00 eq) in acetonitrile
(280 nmL). n a separate contat4fer were added Al cal ase
(350 nL of a solution that was passed through a

T A )

L) ManfRang3pase agn fes it adARy tRoPeAMiGATten:Ed adjared. éd)otee) in

p HacgtobitrileTRg0 relnzyme sol ution was added to flask

cont ai nj Bgedahi® c%ﬁ‘l‘aﬁér véﬂ-:l é&EéooﬂcalaIQ@M ﬁﬁ b atéoglgon that w V\i']pas?]ed

Su eq'hta V\%?fl |n n ated to f th n%olce:and
i3 tfﬁﬁ% iYB‘F'iﬁ‘taP%?P 9\%.‘5 ﬁda'i HP%P“‘H glihe eriginayolyge)

t he«st;uedrwew (%8 L. dhe RHHYf thefresMsi@Hbolutiontvers abljusséd t9 BH 8.0nThepdnzyme

basdutiathticthd@a4as fidsk Eontalning)the d3RAGILEGH) TRE RBIIRYSuMBSsion was

f oLtlerX‘%%O b%f er §¥ F? rdﬁr?hg%%ﬁ ﬁmw %ga %ﬂﬁ ?oll'bﬁ@rv%ascréau} alj]ne\é’at% 0 by

ot P pFiogic Adaier DI VoG (bioiohol OBl SBeRse Tie RToK i P& ydRgacion

ex progredsaas toildwed bl BieréBphade HIfLClane &e gactionMds sthgbed amdpit wesl

OF G&d¥infhed that 45 % of the starting material had been consumed.

The mixture was extracted with MTBE (3x 1.75 L each), and the combined organic
layers were dried over MgSQ,4 and concentrated under vacuum to afford 50.81 g of crude
scalemic ester |, (R)-enriched (>55 % yield, approx. 56 % ee). This crude mixture contained
some carboxylic acid < 7 %, which was recovered later by acid-base extraction. The
remaining aqueous solution was passed through a Pellicon 2 tangential flow filtration
equipped with an Ultracel cellulose membrane. The remaining solution was acidified to pH
4.0 and extracted with MTBE (3 x 1.75 L). The fractions containing the acid were pooled,
dried over sodium sulfate and concentrated under vacuum to afford a pale yellow oil (31 g,
91.4 % ee, 42 % yield, >98 % HPLC pure). 'H NMR (300 MHz, CDCI3): § 10.69 (s, 1H), 5.78
(dd, 2H), 5.02 (m, 2H), 4.96 (s, 1H), 4.09 (d, 1H),1.36 (s, 9H), 1.06 (s, 6H).

The following analytical conditions were used:

Non-chiral HPLC

Detector wavelength: 200 nm

Column: Luna C-18, 4.6 x30 mm

Column temperature: 35°C

Flow rate 1.5 mL/min

Injection volume: 10 pL

Mobil Phases: A: 256 mM KH,PO,4pH 2.5; B: Acetonitrile
Run: gradient: 30 to 70 % B in 5 min, 2 min pre run
Retention times: Acid 1.63; Ester 3.28

Chiral HPLC

Detector wavelength: 200 nm

Column: Chiralcel OJ-R, 3um, C-184.6 x 100 mm
Column temperature: not controlled



| ayers were dried over MySO and concentrated under
vacuumto afford 50.81 g of crude scalemc ester |,

w@ Rosesriseched (>55 % yiel d, approx. 56 % ee). HEN/BB2004/003812

crude m xture contai ned some carboxylic acid < 7 %
whi ch was recovered | ater by acid-base extraction. The
remai ni ng aqueous sol uti on was passed through a
Pellicon 2 tangential flow filtration equipped with an
U tracel cellul ose nenbrane. The remai ning sol ution
was acidified to pH 4.0 and extracted with MIBE (3 X
1.75 L). The fractions containing the acid were
pool ed, dried over sodium sul fate and concentrat ed
under vacuumto afford a pal @é8yellow oil (31 g, 91.4 %
ee, 42 %yield, >98 % HPLC pure). H NWR (300 Mz,
CDg%\g ate O &I;}/%Q (s, 1H), 5.78 (dd, 2H), 5.02 (m 2H),
™24 09  (d, 1H).1.36 (s, 9H), 1.06 (s, 6H).
Thé‘JeF’dﬂ”IV@V\W%QO Bnal ytical conditions were used:
No Mokl Rhasds: A1Rb MvDeiHpred pH 2wase>lcetaugﬁnia 200 n Col umm:

LUBG Gt 258 9%or38 nflT iRt enPer at ure: 3 Flow rat e

5icHRPETERImEsEAUEI0 RAR BRI T (o6 ERERED QB 30 1570

%Bin5mn, 2 mn pre run Retention tinmes: Acid
1. ﬁ@moﬁgg%yzge@&pg}glegﬁl HPLC Det ect or wavel engt h: 200

Cob ol "%ﬂﬁ%eraﬂéﬂh RoxQhffy 3 C184.6 x 100 mm

ure:" not ntroIIedFIowrateOS m./ m n
| nflewfatey A8 Milne: 10 nl I\/bbll Phases: A: 25 M NaH PO p

10 2. BemdBratuhe 80 @Wddgreel € Run: | socratic: 25 % B for 55

15

20

25

m t.eption tinmes: Acid 16.33 (R
g“’b"%pgp?& %?’skﬁﬁ%%gﬁgo (S), 51.30(R) Method to
an Wayelen f‘mpure ester: Colum: Chiralcel OD-RH, 150

X aarﬁolmrenérabwn rate: 0.8m /mn Tenperature: 30 C
degs e dokidig: phr ase: 30% ACN and 70% H O

Two samples were taken each time sampling was performed. Every sample was made by
taking 2x200 uL from the reaction mixture, diluted with 1 mL of ethyl acetate and 100 OL of
1N HCI, then vortexed and layers separated by centrifugation on a Beckmann microfuge. 100
OL. of the upper layer (organic) were further diluted with 400 pl of acetonitrile/water(1:1) and
injected into HPLC.

Example 5: Preparation of (R)-3,3-dimethyl-N-Boc-vinylglycine

sol'n

xoiﬁkl . LK NAWOH >|\J\ﬁ;(\

0  ,—-HO
2 irecycled % (8)}2 (R)- 2
3 oo HsN

39 . 37.49,>98% ee
(R)~(-)-2-Phenylglycinol 40.1% Isolated Yield

9:1 ACN: MeOH
14 vol of solution

To a 2000 mL jacketed flask equipped with an overhead stirrer was added the
racemic acid 2, 3,3-dimethyl-N-Boc-vinylglycine, (93.3 g, 386.2 mmol, 1.00 eq), (R)-
phenylglycinol (52.6g, 386.2 mmol, 1.00 eq), methanol (200 mL) and acetonitrile (1800 mL).
The resulting slurry was stirred and heated to 70-80 °C until the solution became
homogeneous. The solution was allowed to slowly cool to room temperature with continuous



Wavel engt h: 205 n Sanpl e preparation: Sanple
preparation: Two sanples were taken each tine sanpling
wor®spensor ned. Every sanpl e was nmade by taki nBCRKE200+/003812

mL fromthe reaction mxture, diluted with 1 L of
ethyl acetate and 100 DL of HCI, then vortexed and
| ayers separated by centrifugation on a Beckmann
m crof uge. 100 DL of the upper |ayer (organic) were
further diluted with 400 nL of acetonitrile/water(1:1)
and injected into HPLC. Exanple 5: Preparation of
(R) -3, 3-di net hyl - N-Boc-vinylglycine sol'n PP T . H
HHOn- - 2 i recyc led - J (S)-2)-2i 3 g (R-(-)-
2- Phenyl gl yci nol 37. , >98% e 9:1 ACN. MeOH 14 vol of
solution To a 2000 nL jacketed flask equi pped with an
overhead stirrer was added the racem c acid 2,

3, Sirdp fevliyg i Rysakzatann T hejlesuiting gurry wes filered and s crysiafipg satt
1 (@6ntaha)ng thd dsiredReenahtppl vanlvash&yithg 0 B8 6f cdldrmebntrild, . OO
€04l c@tahél&%llyzé@@m%) In@6¢ks @:ﬁ@r& Qﬁ'dte&r'eh ® .&a,@mha%)ee of the

resultin

untew'f'n@ﬁ%d%?{f( e 1 EAlrEiom R U B = 61 RO
5was al | heedt was thencoivpriesidothe freg aciddpndissolving thetsalk & 26@ miof ethyl

C ORdetaRUBtEFREiVelyl TR cah ®8 Udel inlfack Bf etyyatbile). \B&éri (280.mL] W8S then

[ CS4teh bk S'ﬁf A rxg?aﬁn{f%\u%%;ve@ QU%eJtEEH?%@E Bhdilofey ! ¢

wi hysroghleric, ac'éf TheqIrgpnis (¥ergfae eerpIated aBbine BqueRis PARRG was aga'n
anattryaedwitdyethylRic&ate 200 &t.E SThakaraets ivkreicsmighesi] driedl odeosodium

101 MR Enk BéhcdRraRd Bhaet @@utfnﬁg Wirdrd Qgeéf’ Bm&%s Bida@Verhil}® ubder

crystallizatio C [yst .
el eaTo RENOI GAL SR Rolhid SR Beehte ., as s pure)
acRekcybing (R)®bervigiveinplt he salt in 250 L of ethyl acetate
(alter nﬂklpwek e agfzgal% 168 roRRhd IS &\ibub BePwarRijuskd Bt by the

? ﬁg (%x%e anc? thew%ﬁl dSan{% gt%qgg wap%) tnn_e fEthﬂ Acetate

écﬁ'gr?gf 1{\1 soctllum h
15 ad &r MTBIR- ahe extract was then drled w1th sodlum sulfate and concentrated under vacuum.

The product was isolated as white crystals (12.3g, >98 % pure, note that recovery was only
from 40% of material, the remaining recrystallizing agent can be recovered from the filtrate
generated in step 4).
The following analytical methods were used:
20  Chiral HPLC Conditions
Detector wavelength: 205 nm
Column: Chiralcel OJ-RH, 3u, C-184.6 x 100 mm
Column temperature: 30 °C

Flow rate 0.6 mL/min
25  Injection volume: 10 pL
Mobil Phases: A: Acetoniirile (0.1% TFA): B: 75% H,O (0.1% TFA)
Run: Isocratic: 25% A: 75% B 18 min
Retention times: Acid: 11.69 (R) and 12.9 (S) /5.3 R-phenyl glycinol

30 Example 6: Preparation of (25)-4-0x0-3,3-dimethyl-N-Boc-proline



hydrochl oric acid. The organic |ayer was separated and
t he aqueous phase was again extracted with ethyl
wae®sasasq 200 nl). The extracts were conbi ned, PCr/iB2d04/003812
over sodium sul fate, and concentrated under vacuumto
afford a clear oil that was dried overnight under
vacuumto afford a white solid (37.4 g, >98 % ee,
40. 1% i sol ated overall yield, >98 % pure). Recycling
(RVPhenyl al vci nol : The pH of the aqueous |ayer from
the previous step was adjusted to pH 8.0 by the
addi tion of sodi um hydroxi de and the sol ution was
extracted with 300 nL of Ethyl Acetate (or MIBE). The
extract was then dried w th -6&di um sul fate and
concentrated under vacuum The product was isol ated as
white crystals (12. 3 >08 %pure note that recovery

was onl leo 40/oﬂ)f 'E%Itﬁl Or ermai n| Ng. /H O
recry i ered rom t ‘\\\JJ\OMe
filtra B@gated 1°r%é@'?ép58 éollovvlﬁ 5
anal yti cal methods wr°6 used: | raI HPLC Condi 1%ns

Det ec length: 205 n raI cel Q- RH,
3m R%%TY%%% 100 mm Col umcg’gnpep\g ir'e: 30 C Fl ow

rate 0.6 nL/mn Injection volunme: nL Mbil Phases:

Acfbtn‘:)d'ufwe réc%mﬁ:gstlr@a-gg end@d MW ?n'E'ro@e(sgf a"ce/PorTEi anBﬁQs added o

Isocrtlcpﬁgf /Enr] : tion tines:

5 1 OGRS o) Baslus Tt nesise [ALDE s oo o
6: stcmpg:tgjl\ea'tei horesdfing in a 50% conversion and >98% ee of the acid product (2S)-4-
( Zoxp-34-= o@?féfhyaN%oéibrﬁlﬁlE htharidpRRGther kB H ViR Bhdther candf@até Qvhiéh was

p'_#oundpbc’gr Qlitgl SN@Q(‘?IO 9v?thoé?m%§r enﬁ%ge%%wme ce reac§\9 t %

conversi o susﬁended in
100 mcrollters of acetonitrile and was added to 900 L
of KPB buffer containing 10% Bacillus | entus protease
(BLP). The reaction was stopped after 16 h, resulting
in a 50% conversion and >98% ee of the acid product
(2S)-4- oxo-3, 3-di net hyl -N-Boc-proline. Amano

prol eat her FGF was anot her candi date, which was found
to carry out this reaction with simlar

enati osel ectivities and reactivity. W claim



A net hod of preparing a stereoisonerically enriched
conpound of formula (1), o -OR6 (1) wherein: Zis , S,

W@E205/0e1e8H , O - (CR R8)-; Rl is hydrogen, - (BR/EB2M3/003812
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-Caryl), -CHCHCH, -COR7, -CCOOR 7, -CCOC(OOCR
7 or -Si(R) , wherein said C-C aryl is optionally
substituted with at |east one substituent chosen from
halo, C-C alkyl, -OR7, and -N(R R8) ; R2 and R3 are

i ndependently chosen from hydrogen, al kyl, alkenyl, C
- alkynyl, -(CR) (C-Caryl), and -(CR R)(4-10
nmenbered heterocyclic), wherein said C -C aryl and
4-10 menbered heterocyclic are optionally substituted
with at | east one substituensi-chosen fromhalo, C-C
alkyl, -OR7, and -N(R R8) ; R4 and R5 are
HWteendently chosen from hydrogen, halo, C -C al kyl,
C - o kenyl, C-C alkynyl, -(CRRC-C aryl), and
(CR R)(4-1 menber ed heterocycllc) wherein said C -C

aryl antnéhckf pesey ©derbidioftiefCdntithed ESngdHd idAha/(),
substituted with at |east one substituent chosen from

hal o, al kyl, -OR7, and I\g(R|R8)0, R is hydrogen; each
R7 and R8 is independent'? gér om hydr ogen, hal o,

C-Calkyl, C-C alkoxy,RCY:. skenyl, C -C al kynyl,
-(CRR) (C-Caryl), and -( )(41merrbered

het erocyclic), wherein said C-C aryl Qnd 4-1 0
meMFEIed het erocyclic are optionally substituted with

at | eastis on® CcsobsHdH, weACRMIpsen from hal o, al kyl,

TR GCTR, B Yk T
t GORIBADR Ao WIBF 4 g 1 E-ArHMGEP e i agrast one
foaumjlttant(cm)senmmq m-mam,,-oRépnd%MFdRﬁ R5 are as

def [ ned#@h@ﬂ%r@ﬂ@ep@@ieht@ HELRAEBmh C%Beﬁ: 01% Y bp_-CQark&yl Co-

)(zf" o i o3 B et ?:‘1(?‘53 B‘%@fﬁ O E@Fﬁfj% vsferem said

arSatCia gt andl'&ﬂ(herﬁﬁéfr@u ¢Herpypliscaye Ioptionall esubstituted rveith | 3y least one
S LebdtituenticRabemfrdrithad, Cl-e3alkyl,COR’, ShtbstR’RYent chosen from

hal o, a% a(n?rda\if’ké/r!e Hnde%éntl)a%ﬁosrﬂ[n\'%gn%roﬂen hélo wa alkyl, C2-C1o

bi ocat st in utl
o RPR¥ S5 2y %?F?’%ét%fcmﬁfg'érﬂ"e BRI Mﬂ@dﬂ&@bg@ﬂ \etprogyetic),
whenegimsaigt Cd@asryl anr d-18 trenmberies beterocyiclc B bgtiohally elibgtituted with at
hMé’a"sDérﬁéé@&tutaentéqo%tf#aﬁh%l%c@m@élm b, &laalEFRe;Wherein in
t he conpo glmgen ornmul a (
each R” and R® is independently chosen from hydrogen, halo, C4-Cyo alkyl, C1-Cyo
alkoxy, Co-C1q alkenyl, C»-Cyo alkynyl, ~(CR’R%(C4-C14 aryl), and (CR°R%)(4-10 membered
heterocyclic), wherein said Cg-Ci4 a'ryl and 4-10 membered heterocyclic are optionally
substituted with at least one substituent chosen from halo, C4-C+g alkyl, -OR®, and -N(RQRQ);
each R%is independently chosen from hydrogen and C4-Cy alkyl; and
tis an integer from 0 to 5;
said method comprising:
treating a compound of formula (l), wherein R!, R?, R®, R* and R® are as defined
above and R’ is chosen from C4-Cyo alkyl, C2-Cio alkenyl, C-Cqp alkynyl, ~(CR'R®)(Ce-Cia
aryl), and -(CR7R8)t(4-1 0 membered heterocyclic), and wherein said Cs-Cy4 aryl and 4-10
membered heterocyclic are optionally substituted with at least one substituent chosen from
halo, C4-Cyp alkyl, -OR’, and —N(R7RB), with a biocatalyst in an aqueous solution, an organic
solvent, or a mixture of organic and aqueous solvents wherein at least one sterecisomer is
selectively hydrolyzed.



2is, S GO CCH, O - (CRR8)-; RMis -(CH)(C-C
aryl), -CHCH=CH, -C(OOCR7, or -C(OC(OOR 7, wherein

W@ 2004/08218Ci aryl is optionally substituted w tPCEHIB2004/003812
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| east one substituent chosen from hal o, alkyl, -OR7,

and -N(R R8); R2 and R3 are independently chosen from

hydr ogen, nethyl, ethyl, butyl, and pentyl; R4 and RS

are i ndependently chosen from hydrogen, hal o, methyl,

ethyl, butyl, and pentyl; R6 is hydrogen; R7 and R8

are independently chosen from hydrogen, halo, C-C

al kyl, C-C al koxy, C-C alkenyl, and C -C aryl,

wherein said C-C aryl is optionally substituted with

at | east one substituent cho$eén from halo, C -C al kyl,

-OR9, and -N(R R ); and each R9 is independently

chosen from hydrogen and C -C al kyl. 3. A nethod

according to claim, wherein in the conpound of

f of-mul & rmetblod chordlnggo clgimch, wherginin the@ampouc qugyla :R1L i -

CHPh, -Z3§ O) RZ0, @CHJ&&QX}G(F@) OR7; R2 and R3 are

hydr oY RéraRsloRanl @H.AIRIENERILKY of h@@gﬂofddao Wiherein said

i ngee%eﬂ%'ﬁt°f>vnéwﬁ%ﬁhmwmﬁ_%/%? 38, Siaplonet Sheseh gt g CrCro
FRR, andeMRARhg to claim, mhereln in the conpound

Of f Or MR¥lafd Rl aré anepbrﬁjemtlyghos@T%m fydfdgen, methyl: dtfyRbi, arid penty;

R]é( IOS C(%% are%d@é%'_l c%orsen E%Y‘) roec%n, w metayl I:\%hyl butyl and

| NRRS bndently chosen from hydrogen and nethyl; Ris
hydroge:ﬁnslqmdgem and R8 are independently chosen from

hydr og , j
accor d qf‘ ané ‘Suég% fn&lﬁ)en mkg:}{(l)es;eﬂ ﬁ‘laﬂ h‘{% halg C1 rgﬂéylh 91 C1o alkoxy,
f ofaiup %{k 2 andfs-Cg aQ" whereinsaid CeflGmary! isepiigp %qubstltuted with at least

- Cir@)sOB(itht yhoserdromr@(oa;@@l@cl-mmdamﬂegm aad e
hydr ogefch RYs indierdent® chosERtrdhY hydrad@tard o5 alkyidr ogen. 6.

A met hod according to claim, wherein |n t he compound

of formula (I
3. A method accordlng to claim 1, wherein in the compound of formula (1):

Zis O, 8, C=0, C=CHj, or —(CR R® )

R' is —~CH,Ph, -C(0O)OR’, or -C(O)C(O)OR;

R%?and R® are hydrogen;

R* and R® are independently chosen from hydrogen and methyl;

R® is hydrogen; and

R’ and R® are independently chosen from hydrogen and G4-Cyo alkyl.

4, A method according to claim 1, wherein in the compound of formula (I):
Zis 0, 8, C=0, C=CHy, or ~(CR’R%)-;
R" is —CH,Ph, -C(0)OCH3, -C(O)OC(CHg)s, or -C(O)C(O)OCHs;
R?and R®are hydrogen;
R* and R°® are independently chosen from hydrogen and methyl;
R%is hydrogen; and
R’ and R® are independently chosen from hydrogen, fluorine, methyl, and —-OCHa.

5. A method according to claim 1, wherein in the compound of formula (I):
Zis S;
R' is =CH,Ph, ~C(O)OCHj, -C(O)OC(CHg)s, or -C(O)C(O)OCHS;



Zis-(CRR8)-; RLis - CHPh, -CH CHCH , -C(OCOCH ,
-C(OO0C(CH) , O-C(OCOOCH; R2 and R3 are
whyasogass R4 and RS are independently chosen PEDIB2004/003812

hydrogen and nethyl, ethyl, butyl and pentyi; R6 is
hydrogen; and R7 and R are independently chosen from
hydr ogen, fluorine, chlorine, C-C alkyl, and C -C

al koxy. 7. A method of preparing a stereoisonerically
enri ched compound of formula (1A, RL S- CHCH
wherein: RLis - CHPh, -C(OOR7, or -C(OC(OOR7; and
R7 is C-C alkyl; said nethod conprising: treating a
compound of formula (I1C, RL S CH| wherein RL is as
defi ned above and R6 is chos®&& fromC -C alkyl, C-C
al kenyl, C -C alkynyl, - CH (CGCMaryl), and - CH(4-10
nmenber heter ocycl i c) and wherein said C -C* aryl
and 4- i% aeﬁ Ser rggroﬂerf erocyclic are optionally
substltﬁJta@fHRvﬁr%'ﬁetb!t' ¢ast one substituent chosen from
hal 0, G®ishyabgepl , -OR7, and -N(R R7), with a

bi ocatal yst in an aqueous sol ution,an organi c sol vent,
or a mixture of organic and aqueous sol vents wherein
5at |east one stereoisoner is selectively hydrol yzed.

8. 6.A meA hefobdakcopdirgpaciaimd , whesdirein deicsopaeind gfddrinyla @nr i ched
corrpour]g]ts ErRBLMul a (1B), (IB) wherein: RL i - CHPh,

-C(O /o d
ot hod %rﬁz%ﬂc;??&%reat ol TolRicib e Ao
(1D, R andR are hydrogen;

10 R* and R® are independently chosen from hydrogen and methyl, ethyl, butyl and
pentyl;
R® is hydrogen; and
R’ and R® are independently chosen from hydrogen, fluorine, chlorine, C4-Cy alkyl,
and C4-Cjyo alkoxy.

15
7. A method of preparing a sterecisomerically enriched compound of formula (1A),
oo
"y on
S—‘VCHS
CH3 (1A)
wherein:
R is =CH,Ph, -C(O)OR’, or -C(0)C(Q)OR’; and
20 R’ is C4-Cyp alkyl;

said method comprising:
treating a compound of formula (1C),

1
R0

(N OR®
S—{—CH,

CHj (IC)

25 wherein R' is as defined above and R® is chosen from C4-Cqo alkyl, Co-C4g alkenyl, C2-Cyqg
alkynyl, =CH»(Ce-C14 aryl), and ~CHx(4-10 membered heterocyclic), and wherein said Cg-C4
aryl and 4-10 membered heterocyclic are optionally substituted with at least one substituent

" chosen from halo, C1-C1o alkyl, -OR’, and -N(R'R’), with a biocatalyst in an aqueous solution,



(ID) wherein RL is as defined above and R6 is chosen
fromC -C alkyl, C-C alkenyl, C-C alkynyl, - CH (C

WO hoangd13¢ and - CH(4-1 nmenbered heterocycl i c)PCHIBR004/003812
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wherein said C -C aryl and 4-10 nenbered heterocyclic
are optionally substituted with at |east one
substituent chosen fromhalo, C-C alkyl, -OR7, and
-N(R R7), with a biocatalyst in an aqueous sol ution,
an organic solvent, or a m xture of organic and
aqueous sol vents wherein at |east one stereoisoner is
sel ectively hydrolyzed. 9. A nethod of preparing a
stereoi sonmerically enriched conpound of fornmula (11),
R11 o wherein: R10 is hydrogef#, -(CRR) (C-C aryl),
-CH CH=CH , -C(OR15, -C(OOCR15, -C(OC(O ORL5, or
- : r [ -C
okt s B2 R SroinElald shBoRlhanBRE ke 4t egs one
hafteecisemerds gglaefiyely hvérplyasd. and N(R Rl );Rl1l is
hydrogen, C -C alkyl, C-C alkenyl, C-C al kynyl, -(CR
R M - cArﬁétB/ch)of pr@ﬁanng{ﬁer& Qon{e‘}caﬂy Qﬂ‘lgﬂéFJQ pggnd of formula (IB),
het erocyclic), wherein said -C ary
menber ed heterocyclic ar O@tl onal Iy substit ut ed with
at | east one substit uentN\cmLsen fromhalo, C-C alkyl,
-OR 15, and -N(R R16) anoohi?lS are i ndependently
chosen from hydrogen, F Heyl, C -C alkenyl, C-C
al kynyl -(CR R Jt(C -G afih), and dg)CRR)(4-1 0
ng:)ed het er ocycl i c) wherein said C -C aryl and 4-1
ered heterocyclic are Of)tl onal ly substituted
WI th atR I'S€§§'€Phoﬁ3éo s°f| ¢QEHPI ¥ 8én fromhalo, C -C
al kyl , R@&RIyalgihd - N(R R16) , provided that R12 and

R13,i(GRR8 bortPitiRg: Pe hydrogen R14 is hydrogen; R15 and

R16 ar |ndepende é @?Q‘ﬁn from hydrogen, halo, C-C
E'/J m kenyl, C -C alkynyl, -(CRR

-1 0 msnber ed

C-Caryl and 4-1 0

MC -C aryl), and -(CR RR)(
heterocyclic), wherein %ai
nmenbered heterocyclic OpORdnal |y substituted with

at | east one substit tesen fromhal o, alkyl, -OR
17, and -N(R R17) ; ea¢h drL7 is |nd§@endently chosen
from hydrogen and al kyl ; and t is ah’integer fromO to
5; said nethod conprising: treating a conpound of

f owtrardiraR Y ik le} definbe pigive aRiL B’ is Riidsen RAR C-SRCIKRL B:-af @lkarsyl, Co-Cro

degllkyﬂﬁ Aoy @é‘@m a@ﬁ danaléHL(§-1@R%Fé?edfrre%cﬁhc)grﬁlm ein s8id CCy,
arﬁ aXd 4-1 memberec}( Xett-,yroc’ycllc (are opﬁanglgl substituied with at least one substituent
chosen from halo, C4-C alkyl, —OR7, and N(R7R7), with a biocatalyst in an aqueous solution,

an organic solvent, or a mixture of organic and aqueous solvents wherein at least one
stereoisomer is selectively hydrolyzed.

9. A method of preparing a stereoisomerically enriched compound of formula (11),
&
R™ o
R1o/N OR™
R127OR13 )
wherein:

R is hydrogen, —(CR¥R"®)(Cs-C14 aryl), -CH,CH=CH,, -C(O)R", -C(O)OR",
-C(O)C(O)OR"Y, or -Si(R")3, wherein said Cg-Cy4 aryl is optionally substituted with at least
one substituent chosen from halo, C1-Cyq alkyl, -OR", and -N(R"R"®);



aryl), and -(CR R )(4-1 O nenbered heterocyclic), and
wherein said C -C aryl and 4-10 nenbered heterocyclic

wae@soptisonal |y substituted with at | east one PCT/IB2004/003812
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substituent chosen fromhalo, C-C alkyl, -OR 15, and
-N(R R16), with a biocatalyst in an aqueous sol uti on,

an organic solvent, or a mxture of organic and

aqueous sol vents wherein at |east one stereoisoner is
sel ectively hydrolyzed. 10. A nmethod according to
claim9, wherein in the compound of fornmula (I1): Rl
iIs-C(OOR 15 O -C(OC(OOR 15; R11 is hydrogen or

al kyl; R12 and R13 are independently chosen from
hydrogen, CC alkyl, C -C al-kegnyl, and C -C al kynyl,
provided that R12 and R13 cannot both be hydrogen R14
is hydrogen; and R15is C-C a Iy

pr epar Rnd Bydegen Solodir Pt F“ﬂ?e”é P#‘Eﬁél&yrl?br{fﬁguhd)‘(gfc“ ary),
f ar RERERCNMN 0 imeribiéted Wetemeycliv), WR@ini ssidctieearylf andi-10 membered

hMQferg e are OHRNER )sut(sﬁut‘e&:wﬁ{ Mlidast onElsbbistitart cndsér 3t dRd Ralo, C1-Cro
C(O OR 15; and each R15 and R16

T %’W‘d@ 17%/ chosen from hydrogen, C -C alkyl, C
- C aI k@()@m’@ e ddreangently chosen fdnkhysiyagen, - GCR FkyME-Ce alkenyl,
afcéldm A1, - (EREAEICoChr ryiyE e I- @R Ry @r1oCKehbardd heterocyclic),
v% ?elin sa?datl) c#14 argl%b@{@ﬁto nel er%a h% w Ar& gptBﬁéllzr %Xtﬁtle&l Gith ?;c
sdo%ﬁ ?Ile@é*?ﬂ'weﬁ ghasen fr%fr‘ﬁ'% ar 610 aly -BRa| 15'9 NR. BRh?m‘"%??&hat R

- N(nRRRL@Drot ienttctie Hdrdgeins | ndependent | y chosen from
hydroge{rmlgmro C alkyl; and t is an integer fromto

S R R PR AR B8 .
ababory, @m@ho FEMHYLS CECroCaliginily | ~(CRUR DiGarCoi Goit Eﬂn9/s1(c'? r? aff-10
aA0HERYsFed StiRkdidcyéhB), WhEreiRl GRINCLCS @lyV amt 4- 10rmémbﬁienthéfe&)cy1ilc are
orcg)@ aEy s%qultu%%ﬁtﬂléfleés%n :spﬂsﬁwg\g%ﬁci‘%éﬁ‘frcﬁﬁ A& 25k, ARG, -0R", a

I's selectiv
N(RR)

each R" is independently chosen from hydrogen and C4-C+g alkyl; and

tis an integer from 0 to 5;
said method comprising:

treating a compound of formula (Il), wherein R™®, R"', R", and R' are as defined
above, and R™ is chosen from C4-Cyo alkyl, Co-Cyo alkenyl, C,-C1o alkynyl, ~(CR"R"®)(Ce-C1a
aryl), and -(CR'R'®)(4-10 membered heterocyclic), and wherein said C¢-C14 aryl and 4-10
membered heterocyclic are optionally substituted with at least one substituent chosen from
halo, C+-C1o alkyl, -OR™, and -N(R"R"®), with a biocatalyst in an aqueous solution, an organic
solvent, or a mixture of organic and agueous solvents wherein at least one stereoisomer is
selectively hydrolyzed.

10. A method according to claim 9, wherein in the compound of formula (Il):

R'® is-C(O)OR" or -C(0)C(O)OR"™;

R""is hydrogen or C4-Cyp alkyl;

R' and R™ are independently chosen from hydrogen, C4-Csg alkyl, Co-C1o alkenyl,
and C-C1p alkynyl, provided that R'? and R* cannot both be hydrogen;

R"is hydrogen; and

R'"®is C1-Cyp alkyl.

11. A method of preparing a stereoisomerically enriched compound of formula (11A),



12. A nmethod according to any one of clains 1 to ,
wherein said biocatalyst is chosen froman al kal i ne

wQe@bendeq an esterase, a |ipase, a hydrol ase, PErB2ao003812

conmbi nation thereof. . A nethod according to claim 12,
wherei n said biocatalyst is chosen fromKlebsiella
oxytoca, Aspergillus nelleus, Bacilius subtilis, and
Pig Liver esterase. 14. A nethod for the resol ution of
a compound of forrmula (I1), 11 13 (ll)wherein: R10 is
hydrogen, -(CR R MC -C aryl), -CH CH=CH , -C(OR 15,
-C(OOR 15, -CCOC(OOCR 15, or -SiI(R) , wherein said
C-Caryl is optionally substituted with at | east one
substituent chosen from hal 0:%6C - C al kyl, -OR15, and
-N(R R16); R11 is hydrogen, C -C alkyl, C -C al kenyl,
C-Calkynyl, -(CRR) (C- C%ryl) or -(CRR)t(4-1
menber ed heterocycl ic), Yxhﬁreun said C -C aryl and
4-10 nmenmbered het er ocycRi G are Bptional Iy substituted
with at | east one substit Gthosen fromhalo, C -C
al kyl, -OR15, and -N(R R16);CH12 and @g% are
[ ndeeoendent l'y chosen from hydrogen, C al kyl, C-C

al K&, C -C alkynyl, -(CR RM: -C aryl gi and - (CRR
) (4-1 it it €hhasen Freme*wéregﬁfu F(QR EeEinargni GFHEH-CHarFIOR™,
ang(@okC, srnb@@ad)drt eddocycl i c are optional |y

SUbSUT L bR AL .&@3&@@9 cﬁéé@ﬁrtf ik GBko shee é»gpf&-cm

hal o,

RI9h GOra. et Sor ANBH! el doICs ROME e R

RlBembrertedRideragydic), e na@nCd§. @hb sieh 4§10 onenbeckd dgéemcyclic are

h%&ona@ sLﬁstﬁJt&Wnth a@leas‘t:orﬂzl iBSient Ghosen ﬁ&k REY, |G1-Cq5 alkd, -OR", and
ngé Caryl), and -(CRR) (4-1

d het7er ocycl ic), wherein said C-C aryl and

104 10 neqmlﬁe&lwémﬂ%xmom framdy@paen epd+§ro aliisnd t ut ed
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W t h attid #aségedfsn 618I5st i t uent chosen fromhalo, C -C

al d -N(R R17); each R17 is independently
ch%%'enet oggirljn%%mﬁy gen and C -C alkyl; and t is an

i nt egertreﬂ“@rﬁcﬁmi’%‘ gof g (1Bst hod conprising: (i)
treating a conpound of formul® (11), wherein R10, R11,
R12, R13, and Rl14 are agid®ij+egrabove, with a chiral,
non-racem c base to afford a mxture of diastereoneric
salts; (ii) separating sai a§tereomer| c salts from
each other; and (iii) converti *ng sai d W ast ereoneric
salt to a stereoi sonerical | y enriched

wherein R" is as defined above, and R is C-Cyq alkyl, with a biocatalyst in an aqueous
solution, an organic solvent, or a mixture of organic and aqueous solvents wherein at least
one stereoisomer is selectively hydrolyzed.

12. A method according to any one of claims 1 to 11, wherein said biocatalyst is chosen
from an alkaline protease, an esterase, a lipase, a hydrolase, and any combination thereof. |

13. A method according to claim 12, wherein said biocatalyst is chosen from Klebsiella
oxytoca, Aspergillus melieus, Bacilius subtilis, and Pig Liver esterase.

14. A method for the resolution of a compound of formula (1),
11
R o

R1°/1N2>%J1\30R14
R R ()



compound of formula (I1). . A nethod according to
claim 14, wherein said chiral, non-racem c base is

w@ R)os50549182- phenyl gl yci nol or (S)-(+)-2-phenyl pCTB2004/003812
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wherein:

R is hydrogen, —(CR"R'™)(Ce-C14 aryl), -CH,CH=CH,, -C(O)R", -C(O)OR",
-C(0)C(0)OR", or -Si(R™)s, wherein said Cs-Cy4 aryl is optionally substituted with at least
one substituent chosen from halo, C1-Cyg alkyl, -OR", and -N(R"R®);

R is hydrogen, C-C1o alkyl, Co-C1o alkenyl, Co-Cyo alkynyl, (CR™R")(Cs-C14 aryl),
or -(CR"R'®)(4-10 membered heterocyclic), wherein said Cg-C14 aryl and 4-10 membered
heterocyclic are optionally substituted with at least one substituent chosen from halo, C4-Cyo
alkyl, -OR", and -N(R"R"®);

R" and R™ are independently chosen from hydrogen, Ci-Cyg alkyl, C»-Cqo alkenyl,
C»-Cro alkynyl, (CR™R™)(Cs-C14 aryl), and -(CR™R™)(4-10 membered heterocyclic),
wherein said Cg-Cy4 aryl and 4-10 membered heterocyclic are optionally substituted with at
least one substituent chosen from halo, C4-Cy alkyl, -OR"®, and -N(R"°R'®), provided that R"
and R'® cannot both be hydrogen;

R“is hydrogen;

R' and R' are independently chosen from hydrogen, halo, C-Cyp alkyl, C1-Cyo
alkoxy, C»-Cyo alkenyl, C;-Cyo alkynyl, —(CRR")(Ce-Cys aryl), and -(CRR')(4-10
membered heterocyclic), wherein said Cg-C14 aryl and 4-10 membered heterocyclic are
optionally substituted with at least one substituent chosen from halo, C4-C1o alkyl, -OR”, and
-N(R17R17);

each R is independently chosen from hydrogen and C;-C alkyl; and

tis an integer from 0 to 5;
said method comprising:

@) treating a compound of formula (I1), wherein R™®, R"", R"2, R®, and R" are as
defined above, with a chiral, non-racemic base to afford a mixture of diastereomeric salts;

(i) separating said diastereomeric salts from each other; and

(i) converting said diastereomeric salt to a stereoisomerically enriched
compound of formula (ll).

15. A method according to claim 14, wherein said chiral, non-racemic base is (R)-(-)-2-
phenylglycinol or (S)-(+)-2-phenylglycinol.



