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TI TLE OF THE | NVENTI ON PROCESS FOR MAKI NG
N- SULFONATED- AMLNOACI D DERI VATI VES This Application
wa@ba@smessehe benefit of U. S. Provisional Appli ceeT/082005/015770

60/ 569,997, filed May 11, 2004. BACKGROUND OF THE

I NVENTI ON Asymmetric hydrogenati on of dehydro-a-am no

acid derivatives is a very wdely used transformation

in the pharnmaceutical and fine chem cals industries.

di | s contai ning chiral bisphosphine

THL%%%@W%?ready access to these val uabl e
PROGBA$HER MA KINGIE{SELRONA TED- ARINOG WGIDIDERIVATTVER| vy >95%

ee, often with S/C ratios exceeding 104. For opti nal

hydr ogenati on performance, dehydro-am no acid

subst r dthésApntieatioppiaims thy benebt efdi. B.Provgsionug Applaatiehed0/569,997, filed
May hbgy4l nvention relates to sul fonam de derived am no

aéid substrates for asymetric hydrogenation utilizing

rhodi um rutheniumand iridiumnetal catalysts.
BACIEGEROENSASE Tk IN®kNTgoNsul f onam de a -ami no acid

derivatjves fromnaturally occurring anm acids are

di scl os“esamrrﬁtr{eﬁaﬁfﬁévl,ati pfeyaio-o-appbactd dgsgityes leq iy widely used
transfOr2003y) in thSfhhfhacedtBAlland $idd cleitcal sindigtried URhod@im @dtalystskontaining chiral
s By FBRT 004, 42021 o200, o DR 0 i e
routindlys@F Bsecbfien with|S/@ratibl exBesgingd 0*. dfor gptimal hydrogemetion pEHfermance,
dehyd?%\%gilné %8\/\2 E\)bstthgs‘ ar@%fc?lﬁ_ﬁpr@t@gecygl tl?é))é?ﬂ{ngh%l 449

I -Buters,” Katja, et al. See al so US Pat.

No. 4, 9&is ipgutiongeiatss tQiruienaide desivest i acif gbstiss fagpsymmetric
hydroBdHaii&Altli¥ind el ddutn, e@hdh@uty hrdGridiGnGsetal SR8lysth. SBobdses for making N-
Hora: 5d§9, 267. I\/%:dg,gartl ul arl% t hi s inventign r(eil gteea, Ch
sulforafyidg oo agidrdsyivagy e Eam pRivribt $CFing 2miopacids e disglpsed dn Chemey,
Rober@l.ietald @ MedaChewe $2008), ¢6(10a b8 N e sedrplddyad, Tuva, ¢takd. Med. Chem. (2003),

ofam de unds. t hat are useful .agajnst. .. s
#6050 KBy LSRG R Rl o P P BB dctosed i Mo,
H. Bayard.entli, dnAmérs Ghans|Sat.d E957h 7arb4616f8 endeWO 2804/05144P €Wbsikowski-Buters,
Katja, et al.). See also US Pat. No. 4,962,230, which discloses a process for making optically active
carboxylic acids. See also US 5,559,267. ’

More particularly, this invention relates to a process for preparing optically active o -
amino acid derivatives which can be employed to make N-sulfonamide compounds that are useful against
anthrax and/or for inhibiting lethal factor. This invention also relates to an efficient and scaleable
synthesis for making lethal factor inhibitors for the treatment of anthrax infection. The N-sulfonamide
compounds of this invention are disclosed in PCT patent application US03/16336 and U.S. patent

application 60/530103, both herein incorporated by reference in their entirety.

SUMMARY OF THE INVENTION

This invention relates to a process for preparing optically active 0. -amino acid substrates
which are used to make potent lethal factor (LF) inhibitors for the treatment of anthrax. This invention
further relates to a process for synthesis of potent LE-inhibitors for the treatment of anthrax. This
invention further relates to a sulfonamide protected hydrogenation of dehydro amino acids utilizing

ruthenium catalysts. Speciﬁcaﬂy, the invention concerns a novel, high-yielding and highly
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synthesis for making | ethal factor inhibitors for the

treatnment of anthrax infection. The N-sulfonam de
wa@oeopaissds of this invention are disclosed in F@7U82005/015770

pat ent application US03/ 16336 and U.S. patent

appl i cation 60/530103, both herein incorporated by

reference in their entirety. SUMMARY OF THE | NVENTI ON

This invention relates to a process for preparing

optical | tive a -amno. acid sub tes which
The p{feess By 4 b i T RAIS ARt oL Vi APDFEE: Lo p gpdividua
impurith énd hednam nhdefredaniticmer oflhd%. Hamegnidtdare lesd ther 10 ppm. Optically
act1ve0§|aat es to a process for synthesis of potent

"N bitors for the treatment of anthrax. This

acid derivagimes, which enetshidenated hbniegendn enesstepfusina aridel peet e ystiphosphine
ligan gﬁ%&%léo%sc?lfbedjﬁnﬂlg bfdc ?1 %1aﬁdrglsth9 ﬁrﬂvleﬁtﬁ)h B8ates to a process for

rut heni um catal ysts. Specifically, e I nvention
making§ eptigdy actiye sefonamidg Roypasnd anfgn%}%ll %ilghl yThe process

provides LF inhibitors with a mninmumpurity of 98%

W th maxi mum 0. 5% i ndi vi dual inpurity and maxi mum

undesired enanti &rer K of 0.5% Heavyynmetals are |ess

than 10 ppm Optjl@l/ agtive a -a no,':ta

derivatives, wMchYareZSulf oiat edy-at ~y70gén i n one

step using a chi rgjr\met al catal yst-phosphi ne |igand

conpl ex are al sd3ides@si bed in thisR r ojess.

Particularly, the invention relates to a process for

maki ng an opt| cal i ve sul fonam c ound of

fornmula | or 1%‘—%‘?‘%# Formul a | OSIP‘%g?a
or a phdranceatally hm:abthl;le sdic apmadsxh@ diadtdreongn anih ivoaduydrolysable ester or mixture

[ greoner or in vivo hydrolysable ester or mxture
thereoq \%%etre? wherein, R3 represents(CH2)n C6-10 ry (CH2)n

C5 10 heteroaryl or (CH2)n C5-10 heterocyclyl, Q(CH2)n

R3 reﬁéseh&dﬁzt)m@fom:rwthstﬁmsil@hatémarﬂeﬁ eﬂ:I@@w& 1@Rélerocyclyl, O(CCHNCs-10
etero%(;lyl optionally substituted with 1 to 33qrou ps

heterqgyclpgsa Ylelﬁ?rt%%ﬂtaéld bstCigeyeint yptlonhlgi %gﬁute@qth 1 to 3'groups of Ra
aryl (G _6)al kyl, (G _6)al koxy

Ra reégem@)cﬁ‘ réa?%b{ (hg%rogegq) %ﬁ(ﬁg(c Cﬁ%ﬁ Y (CF g}ah&?)xy(cl alkyl,
halo(@e g]a]é;xl] n1t1gaq‘nmwynongmr[§lgki§( 1 6)al lammo acylammo acyloxy, carboxy, carboxy
salts, carboxy esters, carbamoyl, mono- and di-N-(Cj_g)alkylcarbamoyl, (C1-g)alkoxycarbonyl,

aryloxycarbonyl, ureido, guanidino, sulphonylamino, aminosulphonyl, (C1-g)alkylthio, (Cj-
6)alkylsulphinyl, (C1-g)alkylsulphonyl, heterocyclyl, heterocyclyl(C1-g)alkyl; and

Z represents C=0 or S(O),.

Y represents OR4, or NHOH;
R4 represents H or C1-4 alkyl;

nis 0to4;
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salts, carboxy esters, carbanoyl, nono- and
i -N- (G -g)al kyl carbanoyl, (G _6)al koxycar bonyl
waeybkaxssear bonyl , urei do, guani di no, sul phonyl Bom/ns2005/015770
am nosul phonyl, (d-6)al kylthio, (G -
6) al kyl sul phi nyl, (G _6)al kyl sul phonyl, heterocyclyl,
heterocycIyI(G 6)al kyl ; and Z represents C=0 or S(C»
.Y represents OR4 or NHOH R4 represents H or Ci
R émé‘%d d 1 Cop R P bined
1 and 5 BCRRE snmpfsgeaﬁ yeagr T19 FIYLSF Ces ABYL PR GT 2ndR2 ggmbine

repre@ndCIRP) ceihikpk d3r1e p:etemeytﬂoa[ﬁil 1Q- wyeed oaldsyil 1, heeBocdfyl, said aryl and

ro cloa r erocyclyl, . .
neterggof SRR e S o st PRV G Gl DRAGERRY Sipyped with 1
3 groupstselectedyfirern ghe gesfup Ransasﬁdg sfi d6 alkkly €] -6epkn Gl 10yaryl, halogen, carbonyl or

. . th 1- 3 groups selected fromthe group
dnea%%%%%%%y&ﬁ%%#&l . alkyl, G-g al koxy, C6-10 aryl,
hal ogen, carbonyl, O direct heteroatom attachnent,
compﬁgﬂgars Sdegica Edafifd b yorﬁpeqﬁ@mﬂﬂdrm a conpound of
formula Il: Formul'a I'l" 1 n the presence of a netal
catal yst and a ligand to @roduce a conmpound of formula
I, wherein R, R2 and R3 §re scribed herein. This
and ot her aspects of t | Y Il be realized
upon i nspection of the inve tlﬁf“ s a whol e. DETAI LED
DESCRI PTI ON OF THE | NVE nvention is
descri bed herein in detai usr%g the terns defined
bel ow unl ess ot herwi se specified. Wien any vari abl e
(e.g. aryl, heterocycle, Rduekdl) occurs nore than

in the @RBerick BBa hbtaPdatalyst and a ligand to produce a compound of formula I, wherein R1, R2 and

R3 are described herein.

This and other aspects of the invention will be realized upon inspection of the invention

as a whole.

DETAILED DESCRIPTION OF THE INVENTION

The invention is described herein in detail using the terms defined below unless
otherwise specified.

When any variable (e.g. aryl, heterocycle, R1, R etc.) occurs more than one time in any
constituent, its definition on each occurrence is independent at every other occurrence. Also,
combinations of substituents/or variables are permissible only if such combinations result in stable
compounds.

The term “alkyl” refers to a monovalent alkane (hydrocarbon) derived radical containing
from 1 to 10 carbon atoms unless otherwise defined. It may be straight, branched or cyclic. Preferred
alkyl groups include methyl, ethyl, propyl, isopropyl, butyl, t-butyl, cyclopentyl and cyclohexyl. When
the alkyl group is said to be substituted with an alkyl group, this is used interchangeably with “branched
alkyl group”.

Preferably, alkenyl is C2-Cg alkenyl.

Preferably, alkynyl is C2-Cg alkynyl.
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constituent, its definition on each occurrence is
i ndependent at every other occurrence. Al so,

wa@ eovbilmaR9 ons of substituents/or variabl es ar ePCT/US2005/015770
perm ssible only if such conbinations result in stable
conmpounds. The term"al kyl" refers to a nonoval ent
al kane (hydrocarbon) derived radical containing from1l
to 10 carbon atoms unl ess othermﬁse defined It may be

et uge IO S AapRof S sgmTETERt 1S o g, thes otbervis

specifiedpwithdut alteydtinp enteydnatinpdionlle batis )byﬂwseWhel:rbntaMSa[[tk'ydy contain from 1
to 4 r%%so tlﬂ& lré?fu?e%l %x&?%lgs %tscﬁggallg{l %[0\}\1})% 3%103)?0&% L 8%1(1*% )yl cgélopentyl

i's used
cycloppxpl pitd cyPlobénsyla Eﬂ]eg;zrocmlq:@élfyglis intgndeg tOBeaml cyelnatkyl ring groups which consists

of carbbiAtEm &R d¥ronRbiedt8 Ydur héter%o&?se@éc&@%& tﬂ%!gljo 1?% 1st1ﬂgsof§I 0, and S, and

speci e of alkyl containing from3 on at
mcluctwﬂ %Qlcofflrfe ﬁwﬂ Seteropclqatkybein opjignaHy pe %lb’été\“ﬁ%lwthé tqﬁ groups of Ra
describeSRdh | E)@inﬁiﬂé&@fHet@ﬁ:@ﬂﬂoah@ls%@ékaﬁ@ﬁbﬂﬁlcﬁhﬂm&oxd& ﬁ%ﬁ thiolane,

rom.l to 4 rings that are fused. Exanples of
pqmngvgﬁggpk fe FB@BSHﬂF@“€y%? rop cycl obuty
cycl o péﬂ %y re@g,sép gm éixvqlkyl thm@};gq @h}é rgf%pp optlonafly substituted as described

herelrgr%gg%lgfé ngll g%l ?%ﬁ ;%rs Hl%&lggg?%lg)% g?%gx CX&a)an arngﬁfrs]on{elng oups thereof.
f our hdilade sahahtor bdpgss pedirefarvimchlerdg flyogidec bemiidstand gnd’@iﬁ

N O afdis& hé?tl:l{:li P |1§ng'teﬂgecﬁ8 YneQﬁ ¥ Sk méﬁbﬂthc or bicyclic carbon ring
het er ocyc| oal kyl can optlona y he substituted wth 1

of up oo/ @er@?eahlﬁ§a<a¥ 1nga Wheaelp at lpash orr?éfngﬂham@%ﬁx@@p]@q of such aryl elements
includehétyd (h)iﬂ{tlﬁ.}m tkiydh§drafiph@yia heany i hithyd XABRn 1 0@, or acenaphthyl .

I rrolldlne aziridi ne,
AR s L e St
a stabletPe tcal- hljtmbgbd)mpnqcpcthc@n sthiply 8-stald $inmenbtred bagcltdserdehdid ring which is
e1therlg§[[u%lceﬁ or E%u zlte%s arﬁf }ﬁclzlhz%ﬁéistg Biocld:ﬁ)%n Q{oﬁlﬁ q}?& H?Iﬁ%p%ﬁtfm)%feroatoms

poxy, OX I soneri C roups
Selectsdw@@rtl ﬂfecgrowap@?g@ng ahd, Q.ané Ssanti @C@Nurmramm élcy¢lic \gorupde which any of the

abovebfeﬁﬁ@dqi%te%bgcli&gigg% fusde td'hsﬁegzé?l@ k8. nTh 1Rfe¥deyclickideg B Gfached at any
to mean_any stabl e nnnocxc ic or _bicyclic carbon ring
heteroatom or carbon atom which results in the creation of a stable structure. A fused heterocyclic ring

system may include carbocyclic rings and need include only one heterocyclic ring. The term heterocycle
or heterocyclic includes heteroaryl moieties. Examples of such heterocyclic elements include, but are not
limited to, azepinyl, benzimidazolyl, benzisoxazolyl, benzofurazanyl, benzopyranyl, benzothiopyranyl,
benzofuryl, benzothiazolyl, benzothienyl, benzoxazolyl, chromanyl, cinnolinyl, dihydrobenzofuryl,
dihydrobenzothienyl, dihydrobenzothiopyranyl, dihydrobenzothiopyranyl sulfone, 1,3-dioxolanyl, furyl,
imidazolidinyl, imidazolinyl, imidazolyl, indolinyl, indolyl, isochromanyl, isoindolinyl, isoquinolinyl,
isothiazolidinyl, isothiazolyl, isothiazolidinyl, morpholinyl, naphthyridinyl, oxadiazolyl, 2-oxoazepinyl,
oxazolyl, 2-oxopiperazinyl, 2-oxopiperdinyl, 2-oxopyrrolidinyl, piperidyl, piperazinyl, pyridyl,
pyrazinyl, pyrazolidinyl, pyrazolyl, pyridazinyl, pyrimidinyl, pyrrolidinyl, pyrrolyl, quinazolinyl,
quinolinyl, quinoxalinyl, tetrahydrofuryl, tetrahydroisoquinolinyl, tetrahydroquinolinyl, thiamorpholinyl,
thiamorpholinyl sulfoxide, thiazolyl, thiazolinyl, thienofuryl, thienothienyl, thieny! and triazolyl.

As used herein, "heteroaryl" is intended to mean any stable monocyclic or bicyclic

carbon ring of up to 7 members in each ring, wherein at least one ring is aromatic and wherein from one
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of up to 7 nenbers in each ring, wherein at |east one
ring is aromati c. Exanples of such aryl elenents
wo p@sadss2phenyl , napht hyl, tetrahydronapht hyl , PCTVd82095/015770
bi phenyl, phenanthryl, anthryl or acenaphthyl . The
term heterocyclyl or heterocyclic, as used herein,
represents a stable 5- to 7-nenbered nonocyclic or
stable 8- to 11-nenbered bicyclic heterocyclic ring
ithe r
o fouf iboh dndmEet Flag MBS e PRETiy hiong st S, 0, anats.
Examipkes ef welt brwogeliedtments incinid, he agr o fimited| ihiingdaablyiNpenzisoxazolyl,

o ) B LR A, BV SR Ly
benzaxazolylisbrprenel. eiprdinylTfibydeeardayk Idih&drpbemgofmyylb@hydrobenzothlenyl
dlhydﬁib&%m%yﬁh¥1&11ﬁ/ydflﬁéﬁoﬂﬁép9ﬂh§afsu1@é}{ebfapyl Ak ﬁﬁohnfyl indalyl,

results’in creation oOf asta]e structure used
isochoappyl jegipdaligyly fsprginaiayletiothiaselyl mapbifwidintlsadiarold, Ay spyrazinyl,
pyrazallyl;i pﬂﬁﬁdinylnp}}rimﬁi&mﬁnbytrcﬂ)ﬁ Q:lulilﬁﬁ(ﬂfn?l’; Mﬁihd)lﬁlyl qﬁ;goxaﬁhﬁ term -

tetrahﬁ%ms?qué%) 1n§xt§k,pl'ty %)%%1?1&@5: :111%#851&1 zlllrplﬁ thé?ngf%é%{/ls thienyl and triazolyl.
i ncl udélhibinyendpralpotelakes o 4 prdcesoior amlelpg Aydmpound of Formula I, Formula
IHao@ﬁ&ﬁﬁ@ﬁ@@éP'yl benzi soxazol yl , benzof urazanyl,
enzopyranyl, benzot hi opyranyl, benzofuryl,
benzot hi azol yl, bgnzot hi enyl, benzoxazolyl chr omanyl ,
ci nnol i nyl, dihyd obemzofuryl di h drdbenzothlenyl
dlhydrobenzothlq 4 ,Ryhydrob n
sul fone, 1, 3- dloxolaqyfﬁafuryl, I m
i mdazolinyl, im yl; indolinyt? tndol'yl,
isochronanyl, iso‘ndJllnyI I soqui pol ijnyl ,
I sot hi azol i di nyl , othiazolyl, I sotdi azol i di nyl ,
nmor phol i nyl, napht hyridi nyl, oxadi azol yl,
2- oxoazepi nyl , oxagzalm 2- oxoplperaqggmﬁh
2- oxoplperdlnyl 2- oxopyrrolidinyl, plperlgﬁ
pi perazinyl, pyrldyl pyrazi nyl , pyrazolidinyl
a phalmét’:éhﬁ@zilwacce@bébledﬂl bﬂm&tur@t}iérbéﬂ ainﬂ))‘llsmg pyrrolidi ny|

' linyl linyl,
UGS PR 0 0L O ol Ty

tetrahydrqu|noI|nyI t hi anor phol i nyl, thi anor phol i nyl
sul f oxi de, thiazolyl, t hi azol i nyl, thienofuryl,
thienothienyl, thienyl and trazolyl. As used herein,
"heteroaryl” is intended to an @gny stable nonocycllc
or bicyclic carbon ring B&JMp 9 7 nmenbers in each
ring, wherein at |least one ringlis aromatic and
wherein fromoneto four carbo ns are replaced by
het eroat ons sel ected fromthe_group consisting of N,
O and S [9)

Formula IV

with compound of formula V
HoN R
S0
Formula V
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Exanpl es of such heterocyclic el enents include, but
are not limted to, benzim dazolyl, benzisoxazolyl,
whenzaisseazanyl , benzopyranyl, benzot hi opyr anyPCT/US2005/015770
benzof uryl, benzothi azolyl, benzot hi enyl,
benzoxazol yl , chromanyl, cinnolinyl,
di hydr obenzof uryl, di hydrobenzof uranyl,
di hydr obenzot hi enyl
di hydr obenzot hi opyr anyl , dihydrobenzothiopyranyl
sul fone, furyl |n1dazol , indolin i ndoly
in thelPS%@h‘? eframgaid such g5 W@@Ffleﬁl}lf‘mlq agidq u;ﬁ-rﬁ%ﬂial GHA. PhSO3H phosphoric acids,

TFA, AOHNH3Z0) Md HA2 raaamédg@mmwch a@lx@@l'g AR like ¥ his@¥ffective,
pyrazinyl, pyrazol yl , r|da2|n rimdinyl

ny
2) heplyfrrgrt@ Flqupetfmrﬁ szabpiltriw @b%ﬂl%ﬂ}l prefeuably akent |lﬁ§?C to about 117°C for
abouttoﬁé aBYAR0 heRE Yrddhbl) Xﬂ)eut ﬁﬁofa@&){% ‘Bglﬁk @9% oﬁi}(ée'a compound of formula
hi azol yl, thienofuryl, thienothienyl, i enyl and
VL trlazolyl This invention also relates to a process
for meking a conpound of Fggnula H, Formula |IHa or
m xture thereof: Fornula H|Fonula H a a
pharmaceuti cal |y accept ah) Jec B m xture thereof,
conprising (1) reacting the #odpwund of fornula IV
wi th conmpound of formula V [Forjrula Vin the presence of
an acid such as nethanesul fopt'c acid, pTsOH, CSA,
Pl 1SOBH, phosphoric acids, TFA, AcOH, H2SO4 and HC
aci di c reagents such as P§€£§1 g the like are also
effective, (2) heating to erature of about 1000C
(3) asymmeteally hygmesnatinect omppmy C& al\g5 the pepserise of 2 metzlsatalyst and
ligandf @rpreduoeli camp@ubdofabmiila BDI[htObtf Rixtupd théledifabhe)telﬁmlahd RZ are as

descri%ﬁod; l%%gr?#uﬁ%gre%ﬁ%z(%y (érg{/}“;;rlgt nd b é?refploeh gsr 50 e]n‘éflﬁ(ol ma agnesmm, lithium,

sodiw O potssilnodndfvaterait ¥ i3 NHORM dnbyeafief ﬁﬁtﬁﬁaﬁrlﬁftmﬁ amt)ﬁzh herein.

cataly and Lo roduce W&
C Ha, S[tgF, rerg\dtl ur & I{ﬂ% compotinds o n 13 ge%{arzﬂly conducted

using solvents such as toluene benzene, heptane, hexane, THF and acetomtrlle When solvents such as

toluene are used high-boiling co-solvents such as diethylene glycol diethylether or a solubilizing solvent
such as DMAc or DMF can be added. After step (2) the reaction can be cooled to a temperature of about
10°C to about 1°C before conducting step (3).

One embodiment of this invention is realized when the ligand is a chiral monodentate or
polydentate, which optionally can possess an alkylated or arylated phosphine. Examples of ligands are
TetraMe-BITIOP-(TMBTP-see Benincori, T.; Cesarotti, E.; Piccolo, O.; Sannicolo, F. J. Org. Chem.,
2000, 65, 2043-2047 for full name); (S)-Me-f-Ketalphos-((3aS,3'aS,45,4'S,6S5,6'S, 6aS,6'aS)-5,5'-[1,1'-
ferrocenyl]bis[tetrahydro-2,2,4,6-tetramethyl-4 H-phospholo[3,4-d]}-1,3-dioxole] see Liu, D.; Li, W_;
Zhang, X. Organic Letters, 2002, 4, 4471-4474); (S)-BINAP; (R,R)-Et-ferrotane; (R)-xyIBINAP; (R)-
phanephos; (S)-Binaphane; (R)-xylPhanephos; (R,S)-Tangphos; (S)-Me-BoPhoz; (S,S)-Norphos; (R,R)-
Me-DuPhos; (R)-(S)-((diphenylphosphino)ferrocenyl-ethyldicyclohexylphosphine); ((R)-(S)-
((diphenylphosphino)ferrocenyl-ethyldi-t-butylphosphine) see Togni, A.; Breutel, C.; Schnyder, A.;
Spindler, F.; Landert, H.; Tijani, A. J. Am. Chem. Soc., 1994, 116, 4062-4066); (R,S)-((di-t-
butylphosphino)ferrocenyl-ethyldi-3,5-dimethylphenylphosphine); (S)-(R)-
((diphenylphosphino)ferrocenyl-ethyldicyclohexylphosphine), ((S)-(R)-((diphenylphosphino)ferrocenyl-
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descri bed herein, Y represents OR4 or NHOH, and R 4a

represents H, Cl.4 al kyl, magnesium |ithium sodium
wW@roop0isEssi um and wherein Y is NHOH only afterpPdTusives 015770

derivation as shown herein. The reaction of conbining

t he compounds of formula IV and V is generally

conduct ed using solvents such as toluene, benzene,

hept ane, hexane THF and acetonitrile. Wen solvents

et Bkl G ST EE Hy ek e PRa S T g

d1meth¥ibhﬁ®ﬂlph®sph1he)§$ef@hﬂ§z (R))’—(SD[\(Elphemfl[ihesmdﬂﬁehocAﬁ}tl{ethykﬂl-eputylphosphine

or (-)- (fé/}B'the( IFPQ o@? ??)b(gdé&%g# Qosf;lgrécﬁ d@%r?{;@lﬁf é%;ti&let b?l%slphosphme
phosptine ligargs éamltembta@fed tieingChiemy 8mtA- end Pdivese aﬁSP@@MGIMen t he
l'i gand 4§ MofmbY duitodifRRAFANLE Al&ntBh 19X HRHhAL Sata¥iV i€ Pidium, rhodium

0 tlonaIIy can possess an al kyl ated or aryl ated
or rut]bqqagxbmt tie a@(ameecé)u{;}:prlq)qsggﬁfa@bléyrrgthemum Examples of ruthenium catalysts

are thdRtdeAada-fin |(£Ehe)RIVBT,P- s8R ofhite BE E-P)RuX..; S ﬁ%;e&a eRdniples of the catalysts
are [(Egymgs RS, Jacla SR R ®arhion), rRnEb)clR Whcdsif.
Rh(ace@jc% Rb(Ridylangip{aac), BB@@)z SRUREOP)FdipRosphingr- R=alkyl or aryl),

Ru(m@cﬁﬁly@z@l@hbgphﬁle) [R'u(dOD)(methal allyla, RuClz(COD) RuX ) (diphosphine), [I(COD)ClIy,
errocenyl j et rahydr tetr I

QS p i bR eiert. 1 Gy Spig CBulO Phi s prefrablygha the meta
catalthhﬁ@ Ggand-ardAdd@NsG bl %)fefe‘r Exan%)@ég%vf fétal é‘a@aéfsﬂﬂ%?lé):omplexes are ((R) (S)-

((dlpré%m%o)fe gﬁengl-q%%grﬁréig}pgpa%hw éﬁgﬁgﬁ&s((k RS- e-BPE)Rh(COD)OTH,
((R)-(SR(&Ephehguptipspbino ) fdrDredyb et BARNORty 1 fKDshindRUGLIOS meb &1 ®) F((-)-

. hos*
s ARG e (5 BRI esp Py renek oG b RuCl-
cymene) J6hd € pRTMEI'P)Ry(Rp-cyBEne)]Cl, ((R)-BINAP)Ru(p-cymene)Cl]Cl, [(s)-Tol-

BINAP 'Cﬂw 1B Wmﬁ@)ﬁﬂf %@g&{' Rﬁ[ﬂ@-ﬁu@hﬁsﬁl&@_@bbﬁlp S@pﬂeférred metal

A ; tel .
catalyﬂ—hg?{cngmlggqx is {4R)- (S'h( rdgi;lpnylphospjnno)ﬁqfro@nElmtllygbé—butggigqsphlne)RuCl(p—
cymene@Y. ’f‘i%,%ta‘fl}gﬁc@l be fn%ga?éd lg( Hnrab it aYtta%lQ&pﬁbtﬁps)alt or its complex and a
di

ferroceqyl-et met hy I henyl phosphi ne
llgand( )des(cg ed above e catalyst may be prepare m 51tu or as an 1solate compound.

( (di r hewpthshershsidinen) $fehis drvertion-iewhapl thi lededzoksivy fssintiephly conducted
in the ipre@gnce of a base selected from the group consisting of primary amines such as methylamine,

seconée{rg}mfn? suck &4 (Hi@ é‘ﬂyﬂ’ﬁ%@ hineyYifaglide @RANS Bleyladine triiiWiamine,
dicycl in ne a the alkali metal h es sqdium hydride,
potzssg% § IBIE S boqate Q ?it]?g.gj;?& M’xe iS (}1 [ qdith m?iﬁ’l sod1ur¥1 and
ces1une th% rTr‘ ?r%l?ly éiﬂ%/f‘)l‘@flﬁ)ﬂlcd]l as talCB]Eﬁlilqe .g., ethanol,
methapb‘lo%-biltlamé 1mprc(par)ol 'Ifﬁ/ﬂﬁ'd?oatl@an)ﬂ- ahiVBERika)y THF, ethylacetate, toluene and the like,
preferhbR) the Q)cohd1€li £ B@HRBRERNGMRY frefckOEeaYkd 8800 Isdilete thslhybrogenation
step iPhasa I?)lun%lng a mole ratio of metal catalyst to the compound of formula II of about 0.1% to
about 5%, preferably about 0.25 to about 1 mole%, at a temperature of about 0°C to about 60°C,
preferably about about 25°C to about 35°C. Still another sub-embodiment of this invention is realized
when the metal catalyst-ligand complex is [((R)-(S)-((diphenylphosphino)ferrocenyl-ethyldi-t-
butylphosphine)RuCl(p-cymene)]Cl, [((S)-(R)-((diphenylphosphino)ferrocenyl-ethyldi-t-
butylphosphine)RuCl(p-cymene)]Cl, [((-)-TMBTP)RuCl(p-cymene)]Cl, or (+)-TMBTP)RuCl(p-
cymene)]Cl.
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phosphi ne |igands can be obtained from Chem S. p.A
and Solivas, respectively. Still another enbodi nent of

wo bios/11852€Nnt i on is when the netal catal yst i s PCT/Us2005/015770
rhodi umor rutheniumw th the appropriate counterions,
preferably ruthenium Exanples of rutheniumcatalysts
are those derived from]|[ (arene)RuX2] 2 + bi sphosphi ne
or (P-P)RuX2. Specific exanples of the catal ysts are

% (Rﬁ( Klé ne?nggngfﬁh%@@%%gei ﬂ{%’%&%\éﬂ%&?‘ corleound of formula IV:
Rh(et hyl ene) 2(acac), Rh(CO 2CL2, Ru(RCOO) 2(di phosphi ne
- R=al kyl or aryl), Ru(nethaljyl)2(di phosphine),
Ru(COD) (et hal 1yl )2, RuC* X2(di phosphi ne),
[Ir(COD)A]2, [Ir(COD)2]X, vvherel n X=hal ogen, BF4,
Cl X4, SbF6, CF3SO3, PF6- It ig pneferably that the
netal catalyst and |igand arel added as a conpl ex.
Exanpl es of netal catalyst/Ilig&hd conpl exes are
((R)-(S)-
( (di phenyl phosphi no) f er r od®a2&Y hy| di - t - but yI phosphi n
compB3if ) RhBF4, ((R R) - Me- BPE) Rh( COD) OTf ,

€)) C()'g]%fR‘ br_ggéa%)ohliéjﬁﬁ ht?lg nlggpr‘gﬁg %o} EO?T%IEIQWC}; alt t‘i]hl%l)td |- t-buty
TMBTP) RuCl (p-cynene) ] d,
((S) - (R - ((di phenyl phosphi ey
| phosphi ne) Rud (pcynene)] d,
[((+)-TVMBTP) Rud (p-cynene)] C
((R)-BINAP) Ru(p-cynene)d ]| [(3)-Tol -
Bl NAP) RuCl 2*Et 3N 2, ((S)-BI HRuUdA ~ and
((R R) - Me- DuPhos) Rh( COD) BF4. A preferred netal
catal yst-ligand conpl ex i
((R) -(9)-((di phenyl phosph%ﬂ%‘}‘ﬁlaeypocenyl _ethyl di-t-buty
with d gplonsise;ne) Rud (pcynene)] O . The catal yst can be
acting a transition netal salt or its
(z)adﬁﬁi‘pﬁﬁgﬁ%op%atg%ﬁ& and as descri bed above. The catal yst
(3)addipgyartasidy Wéé@mﬁtammgéhq tgmpgratzrs 2 abduser batoadl 036 rpmadide a compound of
formul IVt Reh eesBdis®N} alef]), o h&lidgWMREd o@foduse 1B EdnfolRd of formula IV as an

oo B TSR0 SRS CODE LR LT PRI

magnd3uni) BifiurAd 61 dERnS lﬂ‘eheraﬁy, ﬂﬁtsﬁyﬂl gﬂﬂi's@ﬁ added Q@ﬂl@ S5t B %?nperature of

about S#ﬁ(?fcm%og&é ﬁ’ég f%%f(%ﬁ@ Pﬁ% QJC,a | Sko¥ut10ns ofj’ii%rmﬁcizliJ %E]I can comprise solvents

such ad TEFC btbévemy thedikty Thrrdialkeyloxalate- in gdnetayly added @y a amﬁerhﬂn& of about -30°C to
aboutI d &epre@alﬁ@l a'boﬂeé()aé tg%gﬁtj g‘%s E?f&x%ple?c?f s%l? éflfggn{ﬁyad\]lll aré'magnesium,

lithium, potassium and sodium, wherein R4, is Mg, Li or Na for this particular reaction.

Pocenyl -ethyldi-t-buty

Examples of strong bases are alkyl magnesium halides such as iPrMgCl, PrMgCl,
EtMgCl.MeMgCl,, LDA, Mg diisopropylamide, and sodium, potassium or lithium hydride and the like.

Examples of the dialkyloxalate are dimethyloxalate, diethyloxoate and the like. Examples of acids are
TFA, HCl, H2S04 and the like. Examples of bases that are added to provide R4=acid are NaOH, LiOH,

KOH and the like.
This invention also relates to a process for making a compound of formula ITf, Ila or

mixture thereof as recited above or a pharmaceutically acceptable salt thereof, comprising

-8-
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pot assi um hydr ogen carbonate, K2CO3, potassium

tert-butoxide or the equivalent |ithium sodi um and
we@emsumssal ts and the |ike, using H2, D2 or T2PCT/US2005/015770

preferably H2 and sol vents such as al cohols (e.qg.,

et hanol , nethanol, 2-butanol, isopropanol,

trifluoroethanol and the like), THF, ethyl acetate,

toluene and the like, preferably the alcohols. A

b- ' t of th ited ab '
0 a5 BB RpB B P BRe S SFEUAET | o out usi ng a

mol e ratio of netal catalysg to the conpound of
formula Il of about 0.1%tojjabout 5% preferably about
0.25 to about 1 nole% gt dEBeure of about C0C
to about 600C, preferabl? abolt about 250C to about
35C. Still another sub-enboch t of this inventionis
reali zed when the netal catalyst-ligand conplex is
[((R-(S)-((di phenyl phosphin errocenyl -ethyl di-tbuty
| phosphi ne) Rud (p-cynene)] d
[((S)-(R)-((di phenyl phosp }%ﬁmggfrocenyl-ethyldi-tbuty
| phosphi ne) Rud (p-cynmene) ,
[((-)-TMBTP) Rud (p-cynene)] d, or

in the prseAMBFR MR GUINBREh Latbllystifhiil dolpRR kb ABddddalcBBpound of formula

| ates to rocess for making a conpound of fornula

IXa ﬁ%“”@&ﬂﬁ?ﬁ?iﬁgf(l) contacting a solution containing a
compound of formula VIl or salt thereof: Formula VII
with a strong base; (2)adding a dial kyl oxal ate; and
(3)adding an acid wa@ | e nmai ntainingthe tenperature at
about or below 100Clt o piegyce a copowmes fornul a
IV as an ester BRO1sCl-4 al k49O or] adding a base to
produce the conpoun%:dfiforqyla IV an acid (R4 is
hydr ogen), wherein R4 represents H| C -[4 al kyl, and
R4a represents H, Cik4_al kyl, nmagnesi ['ithium or
sodi um GCenerally, th® strong base i s added to the
solution at a tenperature of about -200C to about 5C
preferably 100C therm@alXa 00C. Sol ut i diesmep Dpr nul a VI
can conprise solvents

(2) hydrogenolysis of a compound of formula IXa, IXb or a mixture thereof in the presence of a
palladium catalyst to produce a compound of formula VIII, VIIla, a pharmaceutically acceptable salt or
mixture thereof, wherein P* is an acid selected from the group consisting of HCI, HI, HBr, acetic acid,
TFA, PTSA, and HBF4,

NHgP*

R40 R40

or

O
@) XRRL
=
T
@
9

)

Formula VIII Formula VIIIa
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such as THF, ether and the |ike. The dial kyl oxal ate is

generally added at a tenperature of about -300C to
wW@bwat118500C, preferably about -200C to about -BCI/US2005/015770

Exanpl es of salts of formula VII are magnesi um

['ithium potassium and sodium wherein R4a is My, Li

or Na for this particular reaction. Exanples of strong

bases are al kyl magnesi um hal i des such as i PrMd,

R A B A

Exanpl es of the dialkyl oxaélat e are d| met hyl oxal at e,
di et hyl oxoate and the I|ike: \@< Apl es of acids are TFA,
HO, H2SO4 and the |ike. Exghpies of bases that are
added to provide R4=acid are NaOH, LiOH KOH and the

l'i ke. This invention al sgullgoel g# gs to a process for

maki ng a conpound of for | Tla or m xture
in thetpresereo bf adasegci ted above or a pharmaceutically

4) hyﬂi:ogﬁﬂ‘gglﬁg u ﬁZIIn% %ﬁquéﬁ&f corrg)gﬁ'iglrtb ?fo i wﬁoﬁﬁ%ﬁ@ﬁ%’iﬂr&u a ITI, Ma or

HHXtUE)(h‘FfﬁOft W@eriw g dageds Elifeﬂﬁlaﬂh@d iilmp@pylﬁtmlh@mpumn-butylamme NaOH,

LlOHCKDHL MsHCO%,08nd06 anpibe xiké R3s adidsgibed led1P and Rl Gbpresents H, C1.4
ormula | Xa, | Xb or a mixture thereof; Fornula I|Xa
alkyl, P@lg?ﬁﬁ}ual iy 9)sofiYllr ogenol ysis of a corrpound of
f or mul &xbéples Ethodiim ar mnehmm:ataryewgaﬁd toinfldxer® 99 2R, 5R)-2,5-

dlmetgyl thEr]ﬁ‘l ia{@le{h%@éc&:{ooctxaﬁneﬁrgocp grt?rom%tg}gng qugls?tg = gg]I(QOD)(ZR 5R-
BPE)QFY; ﬁﬁR@cM@erﬁ@s&«cow%e% K@pmmp@fgf%a@ e ferocon
ethylcfl b Q%EH&RQE%T%gQ@Qﬁé%%)ﬁ% )?)Tf_| \}I’(I}{j_@5-(( n@ﬁ&l‘y‘lpﬁaosphmo)ferrocenyl—
ethyl%@ta@mspkledBP?K@CW@EHGhﬁé@r@ §rlivhew s Mespconst ety ldi-t-
butylﬁhbsﬂlﬂr%}ﬂh@pk?ﬁé&@]t‘l W{(LﬁTM‘BﬂPWpQ@m@@)]@ b (% 'ﬁQI'BTPh@lCl(p-
cymene)]di] Ln exaglrp?e 0 g%glla%lum catﬁysts is Pd/C.

The hydrogenolysis can be conducted using hydrogen gas or a compound which forms
hydrogen. The preferred reaction involves H) gas with a palladium (Pd/C) catalyst. If necessary, a base
can be added. A preferred base is sodium hydroxide or sodium bicarbonate.

Suitable pharmaceutically acceptable salts of the compounds used in this invention
include acid addition salts such as hydrochloride, hydrobromide, citrate, maleate and salts formed with
phosphoric and sulphuric acid. In another aspect suitable salts are base salts such as an alkali metal salt
for example sodium or potassium, an alkaline earth metal salt for example calcium or magnesium, an
organic amine salt for example triethylamine, morpholine, N-methylpiperidine, N-ethylpiperidine,
procaine, dibenzylamine, N,N-dibenzylethylamine or amino acids for example lysine. Preferred
pharmaceutically acceptable salts are sodium and potassium salts.

In vivo hydrolysable esters are those pharmaceutically acceptable esters that hydrolyze in
the human body to produce the parent compound. Such esters can be identified by administering, e.g.
intravenously to a test animal, the compound under test and subsequently examining the test animal’s
body fluids. Suitable in vivo hydrolysable esters for carboxy include C1-6alkoxymethyl esters for
example methoxymethyl, C1-6 alkanolyloxymethyl esters for example pivaloyloxymethyl, phthalidyl

-10 -
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(4) hydrolyzing and purifying the coupl ed conpound to
produce a conpound of fornmula DI, IHa or m xture

wo b@saofs29 wherein the base is triethylam ne, PCT/US2005/015770
di i sopropyl et hyl am ne, tri-n-butylam ne, NaOH, Li OH,
KOH, NaHCg 3, Na2CO3 and the like R3 is as descri bed
herein and R4a represents H, Cl.4 al kyl, magnesi um
l'ithiumor sodium Exanples of rhodium or ruthenium

esters i, D RO B I SR Bt RARLCL Bk Adr BBy b A igeprporated by

rdbmhmmﬁhuaﬁmﬁpthanesulfonate = Rh(COD) (2R, 5RBPE) OIf;

( C(]D) 5 %%ﬁ%(v Iﬁ)r)o%qug)oalx les 'glvEn %W? llluesltrél;%oélélﬁ dfim?lhstratlve of
the pregegtiinventidgnut ylI phosphi ne), and ((R R) - Me- BPE)Rh(CII»CﬂT
[((R-(S)-((di phenyl phosphi no) ferrocenyl et hyl di -
t - but yl phosphi ne) Rud ( p-cynene) ] C
[((S)-@gﬁﬂ@P@P%M@WN¢%hosphlno)ferrocenyl et hyl di -t buty
HOBT Phpe &%mﬁ%@ ORICY ARRREy) foimamide; DMAc — dimethylacetamide; DIEA —

diisop%c%pé/l;gh}lla i‘g{é&v@-ﬁc ;&rﬁﬁgﬁt});lgylhyg‘ﬁ)x&%] "BF%T— trg]uoroacetlc acid; PTSA

— tolug@bul fodicatidc MCM y dicklotsneBdh & EDIhe 1B dinegeholinpiapypadn be
ethylc&r%n(gyrr%hee Ch#fﬁ gahg%fr%%u?gne Bid a%\{ ﬁrdllgop??PgF:81% 811}_1&1 e; %Mf: or rrB

rredreac
dlmeﬂa/liigahalmdtf @M@dﬁ@}m@mlmsmyndiﬂe, N¥Eeslsmetpyl- ?ap}b@bém@a?n EDTA -

ethyleQ&ilﬁxqgégtraa&nQ 5&& &L @Qatgﬁ%ﬁ lll-sho§10 gbrﬁnﬂapty 9&%11% Ah=minute;

sodl um bi car onat e. i e ar maceut | cal
HPLCzbigh perétsmancs Anvid Cbﬁomewgae mﬁafsr%btampqaatt% tgmp=temperature;

=Kiaf) VR, RIVR=AGH1 64 enad@dtid reddghintd; @Rgreal MIBELEGR-AG] methyl ether;

oA R L AL AT S e LS YE MRl esl Soand

IPAc=doptopg@nceaspect SU|tabIe salts are base salts such as
an alkali netal salt for exanple sodi umor potassium
an al kaline earth netal salt for exanple cal cium or

Prepanatigmideinpln 1 an organi ¢ amine salt for exanple

Synthésﬁs' cﬁttlg»yéi ﬂ%rg %Lmémm%nhﬁﬁfom{}hﬂ@fn%w1£§ ridine,

I peri di ne, procaine, dibenzylam ne,
Ahﬁmﬂw&%w%%nzylethylanlne or amino acids for exanple
| ysine. Preferred pharnaceutlcally acceptable salts

are sodlun1and pot assiunj sal ts.
) _ CBOH __NH4OH
Direct
Chlorosulfonylation (Solvent) SO,CH SO,NH,

9

F F
Sulfonation/ \© HoSO4/NaCl \f:'\ SOCl,, DMF, MTBE \é\ NH,OH
chlorination SOgNa S0,

2
o R _NaNOgHz0 B _SOpgas_ CuCly _NHOH
Diazotization/ 7
Chlorosulfonylation NHp HOAC Hal Ng* 30,0l
2
1"

1. Chlorosulfonylation Route

-11-
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In vivo hydrol ysable esters are those pharmaceutically

acceptabl e esters that hydrolyze in the human body to
w@e@dacss2e he parent conpound. Such esters can BET/US2005/015770

identified by adm nistering, e.g. intravenously to a

test animal, the conpound under test and subsequently

exam ning the test animal's body fluids. Suitable in

vivo hydrol ysabl e esters for carboxy include

d.- 6al kox h sters for exanple nmethoxynethyl,
Eﬁmqﬁ@%a%W&gﬁgﬁ§W§&§ﬁﬁthyI esters for exanple
Mixtupd ofa:hkoydsmligtﬁreichly(mo mibh600akindy ke 1, 20 hlane thehee(98 ddi) iaperled to <2 °C.

—Flucﬁ&%ﬁ& 2§ %5 g?r%)g tx}ngolgéa %l&fglovwg ‘oveg ’3Aht § ’<§ ﬁ(? Twpeﬁxﬂ?ﬁ%oluuon was

cor erenc ire
warmddgb |R<Tvand yamgnrediahRT ifcné le xEhepsdlation \gasv:ecle(bv) Haf- &%\;ptane (200 mL) was

added! follbwdd @t 1001, dfSy =68 APARL -ty %S%Enetreﬂﬁ&aAﬁ%%% layer was cut. Organic

invention. Definition of terns are:
layer Wigec¥asReroithy WP milagfdi0g briver The efigprit #ALToR MR AeGENTafsiak4Q °C under 20

mmH#l @iﬁa@wmﬁﬁmm@eez (3@J7%§\lwas obhthinads @ny B@Mﬁfw@e 96.9A%. (derivatized
e; - o
with B 58 Y P verb el S GF o FUME e eepledtp °C and
was seedeli. Civror formddhad &; waEB@led tb 4(° slhiwiie t Hilpdaton affmpded pyihng wiBite solid 2.
I wt
After %I Eﬁ(xja ﬁ%’ %p?io % g)gip B%igﬁlly%:htggfd% %&ng 8¢ fﬂédﬂﬁg} vyv% %r'orf}ﬁqr‘ﬁ argie?6.2 % pure
andw@WNPS79ﬁ di met hyl ami nopyri di ne; NWP -

Prepallaﬁ&ﬁgfllﬁifon%nﬂiér(ﬁpﬂrdnq N Qhine EE%EAM chloride (2)
yl enedi am netetraacetc acid, sat'd=saturated

Cryst#ﬂﬁéa@nybmﬁia%él ped SRl 14 e 1f*n”’ el QR ffmb%?rawdm was
dissol{sdrih 090N GEMTIBEU IAdmﬁ&ﬁmﬁaycﬁgmmwnoﬁ%(zsw 30 tnif)) @@dMvater (30 mL) were

t -
addedl\@gﬁxﬂcg rg rg'%é Wégg 1§5an ef55a Orﬂf; ﬁﬁlel\’ﬁgiséﬁ gﬁ'? add‘g’cv e,&queous layer was cut.
OrganMBfertvas tvadhed yith bty bf Hi% brige. THAStganie sdiyticawasepncentrated to 100 mL

and 4d‘ﬁnL Eﬁ{p‘tanF Qgga(ﬁ% Yt {ulréj\%s%%gt X e C tA EIASOE})?%H @{Slﬁﬁy kesultmg

c=1 sopr opyl acet at reparative

solutlcsy\mswe@lpféw@ @ #nel veps We@ef} osl mnﬁmyd bén zrénfééleptﬁwaé@d over 1 hat
40 °C.| PheEIBAVALBoled to RT over 1 h, then was cooled <5 °C and was aged at <5 °C for 20 min.

Filtration afforded some crystalline solid. Cake was rinsed with 50 mL of 1:2 MTBE/heptane. After
vacuum oven drying, 27.20 g of sulfonamide 7 was obtained as white crystalline solid. By HPLC it was
99.9A% and ~100"% (vs. reference) pure and yield was 99%. Mp: 98 °C. 'H-NMR (400 MHz,
CD;CN): 8 2.32 (d, 2.0 Hz, 3H), 5.68 (broad, 2H), 7.20 (t, 9.1 Hz, 1H), 7.70 ~ 7.74 (m, 1H), 7.78 ~ 7.80
(m, 1H). *C-NMR (100 MHz, CD,CN): § 13.6 (d, 3.9 Hz), 115.4 (d, 24.0 Hz), 125.9 (d, 9.5 Hz), 126.2
(d, 18.4 Hz), 129.6 (d, 6.4 Hz), 139.0 (d, 3.2 Hz), 163.1 (d, 250 Hz). Anal. Calcd for C;HgFNO,S
(189.21): C, 44.44; H, 4.26; S, 16.95. Found: C, 44.51; H, 4.05; S, 16.92.

Preparation of sulfonamide (7) without isolation of sulfonyl chloride (2)

The mixture of chlorosulfonic acid (22 mL, 330 mmol) and 40 mL of 1,2-dichloroethane was cooled to
<2 °C. o-Fluorotoluene 9 (11.0 g, 100 mmol) was added slowly over 2 h at <5 °C. The resulting mixture
was warmed to RT and was stirred at RT for 3 h. The mixture was cooled to <0 °C. Heptane (100 mL)
was added, followed by 50 mL of water at <10 °C. Aqueous layer was cut. Organic layer was washed
with 50 mL of 20% brine then, 50 mL of 10% KHCOs. The organic solution was concentrated at 40 °C
under 20 mmHg. Crude sulfonyl chloride 2 was obtained as greenish color oil. It was 19.68 g. By
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Al ternative routes: Direct Chlorosul fonylation

Sul fonati on/ H2SO4/ NaCl MIBE NHAOH chl ori nati on
wor@zaisszat i on/ Chl orosul fonyl ation 1. PCT/US2005/015770

Chl or osul fonyl ati on Rout ePreparati on of sul fonyl

chloride (2) Mxture of chlorosulfonic acid (40 i,

600 nmmol ) and 1, 2-di chl oroethane (90 nL) was cooled to

<2 0C. o-Fl uorotol uene 9 (22.02 g, 200 Mol ) was added

I-IPLC;}Jé?N\é\%%S ’?160? ’ Te Eﬂ’ <r5n§]t%§fa's ggaet%{{ 16%4%{)}) ngfd%leu #h% oﬂym@\?vas dissolved in
150 mb.of MTBH) 1 Wak, of GS%&dmtomuﬁOh}(ﬂﬁmddeulhﬁdﬁﬁwzﬁs&ﬁﬂbdnﬂ}xe wagture was stirred for

1 h In%g‘qglqer{lge%ture %ﬁgea?e\é @10914 Mh%rde?jteaé& 01{9% (smed %% % of

yer
sulfonylecbinzide @i %ml@:@l L HEt wm%im |cheleousﬂexeowgemmt cO&@mlqtauy@nNas washed

with SW%L mﬁ%ed?ﬁ[e a‘l‘ﬁ@or@imc“s%h@@n Waggd'nc%graWS d‘—% u?ﬁe olut1on was heated to

[orid g) was obtai ne s ol

45°C H}ﬂL?@ i pf m@n%a%%gef{ d’@ﬁ rvéfturezw cpplehiofidperapd Wﬁ“e‘)ﬁe&éﬂ Slurry
formed. NgD 1AL krhbre?o arfdl vou3 QHIRAGvEND A 4BTPC thmdaﬁz% -codiB&to RT slowly and

was agsg la% Walrs %&glgg%b{zg? 18 gto4 0 Sa%%n 'g&?rti?clas(op]sﬁohd cake. Cake
was riged oittad nﬂme.ZIMT[‘BE/hspthned Ater ddytngy lafiﬁog,nmlfbnhnydm’gwas obtained. The

. . l.j I kraip
materlg’%vvagi%g%lﬁe BSO A)%Eegaanéo v ?g eﬁta‘ﬁ@g.’t 4@3@) En? gorl)%tlroé t&%%ooled to 45
°C andgfassedded nf’aﬁm@efome)d god §fhndy mere Abitingevas added wydr 2dHit 86 /@ eThe mixture
was cdofell tORY Slohy érﬂ%a% 'd%écdoa@ Rir oggﬁlf%ﬁﬂ AGie Zrikidrk - wad cEbleddB-3WE Miltration and

pure, 145 rmol 69 m above procedure was .
cake rgrest %é&entwe&\éBBHZ SRS ARt Y& BgTgR oven drying at 45 °C,
15.70 & of ditfouni{e?B¥as cHhiitd)as dMile it eBy EPO.CTLYasWBI9 % pure. Yield was 79%

from 9.

2. Sulfonation-Chlorination Route

Preparation of sulfonate (10)

Concentrated sulfuric acid (1.6 L, 1.45 vol) was added to a flask with 1.10 L. (1.10 kg, 1.0 vol, 10 mol) of
o-fluorotoluene 9 at RT. The mixture was heated to 80 °C with agitation (temperature control is
important due to exothermal reaction). The resulting oil was agitated at 80 °C for 3.5 h until HPLC
showed <0.5A% of 9. The resulting oil was cooled to ~ 75 °C and 10 L of cold water (9.1 vol) was added
quickly. Internal temperature rose up to 96 °C for a moment, then dropped to 48 °C. 1.1 L of acetonitrile
(1.0 vol) was added, followed by 2.7 kg of solid NaCl. The mixture was heated to 73 °C to dissolve all
solids. The clear solution was cooled to 70 °C and was seeded. A slurry formed gradually. The slurry
was cooled to RT over ~ 6 h and was aged at RT for 10 h. It was then cooled to <4 °C over 1.5 h.
Filtration afforded some crude salt 10 as pink solids. The solid was washed with 3.3 L of 20% brine (3.0
vol) to give 4.80 kg of wet cake. A portion of the wet solid (3.60 kg, 3/4 of total, 1/4 of wet cake was
saved for other use) was mixed with 7.5 L of 20% brine and 825 mil of acetonitrile. The mixture was
heated to 71 °C to dissolve all solids. The solution was cooled to 70 °C and was seeded. A slurry formed
gradually. The slurry was cooled to RT over 6 h and was aged at RT for about 10 h. The slurry was
cooled to <4 °C over 30 min and was aged at <4 °C for 30 min. Filtration afforded some pinkish color

solid. The cake was washed with 2.5 L of 20% brine. The salt 10 was dried in a vacuum oven at 50 °C
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added. The m xture was stirred for 1.5 h. 75 nL of 1M

H2SO4 was added. Aqueous |ayer was cut. Organic |ayer
wormsuesked with 100 nmLl of 10% brine. The or gaPrT/US2005/015770

solution was concentrated to 100 nL and 40 niL of

hept ane was added. The m xture was heated to 48 0C to

di ssolve all solids. Resulting solution was cooled to

400C and was seeded Slurry fornmed. 160 ni of heptane

t. 40 .. The slyrry was cool
to SR S6JEPT Pl 101 RERPHES EBPEA e el GRS Depure. Yiela
was 80% dfter rea@stmhhmnoﬁl ISomapiodnctad hvas sed stalin®] fedy Btbtad'altdr i@ analytical
sol | f t-an

pupof? M 7R RO NG, ST 8 9t B i 52 191 Beny 754 - 7.3
(m, ZHsté}WB (460 Mzt lézQ)r y48.aI(d. i1 0l 15 Q. (A BB HPLCIASI0 (defs4 Hz), 126.0 (d,
185 I@ng %"@(@@1 H}O)g% 8|—/Ed§\|y 8 Hz5 %fmle 68 CD% C@aﬁgglca k$ 'cdlé\ﬁ@ﬁms (212.17):
C, 3923@% §+5. 115 e'eld(Sr%"a%ﬁ Hp28; S71980-(t, 9.1 He, | H) ,
Preparatié® of sofid $étfdnid chldile (2F £r6fh sodidmBQlfdndte (16 . 13C NVR (100
Sulfoa%l(b(%@bg)uge gésg 176%: %g() Elm()g 1%21%1112(}% rmx%cgyn%%@g LHoé Mil'BE and 20.5

HRYIF aiRY. To (i, slu&y@vaszd,ed P8 3L of SO, (25@qhiz.).. TWN@Ixture was heated to 40
°C an(%g? sgaggnﬁt'%_& §H§ r&li%%héjsﬁ vbegi %ﬁw“%f ol Vé%%rr(a 5 L) was added
to quepth thg rfaptirarand éISQO?\)e alli sohidsutAgilayst aed o Ofzasig Nfyomnwas washed W1th 2x615

mL oicm%)ﬁﬁﬂée éc%):en-{llaﬁoﬂ'@f)&é‘éﬁﬁ sQltltl&Mf%cQ:aliISﬁé)@ Hlydstdie ( §§ HPLC, the
1, 2-di chl oroet hane wa

nd 4
reSIdue Rl e&lmtlf%? ?<<Qg 8% R}quﬁﬁaeplsttrsﬁtafé%h le%fﬂnf(:) e SHoG° ﬁﬁiﬂh)ed in heptane
(about\Es2 rAChh@d ttd] @Bluphe gme filedto atso ﬁﬁ @6e soll@nves Ullgll_d:c?ﬂ 20 °C and was
was ,way.ned t St r atl. 0 " .
e, K TR0 PR Do st s Do 28 08 1 o otsol by ason.
After dysnganidedracufuol, | WSk dysulbéhyhthl@fde Batas obtainedkdsofB&hite solid. It was

99. 9%%%%53“‘76%@} b??%le&#tﬁé% %ﬁrﬁ' W&J ?‘X ?@Wﬁ&%ﬁs 1Wn¥olaler liquor was

9.1%.0Mgat €- SBINNR GHOMEZ (B on D 20 éd 204 Ha GHYG 33r(tl 817 B 1H), 7.87 ~ 7.94
(m, 2THE.NNER Y B8 ﬁﬂkf@mb %hh%f(a dﬁz I%@Wiiﬁs @(@t @ @ﬁg) @257 2 (d 9.8 Hz), 127.5

@ 19%@2?@%534 Ohipr o5 S Rond0t 6 G Fst Dl g Cib I CH.CIFOSS
(208.4al: nemodo 18,.2.9008, 1Bid7y Feundes, 40.asH| ¥ed §, 15.4%0 nL of

el 5t T ST ) A 857 4 00
Sulforfagi®(B A8 Utoepuien tF18s €60 slobhWOyequip) ¥as rdided@ith 9.h&rof MTBE and 151 mL of
DMF gﬁ?feﬁé&g sluJ‘}lg> k}vg:s ’z‘c‘ﬁgg\@% rﬁloof %%)C‘sz(lj equiv). The mixture was heated to 40 °C and
was agitated at 40 °C for 3h until HPLC showed 0.30A% of 10. The mixture was cooled to 35 °C and 4.5
L of cold water were added to quench the reaction. Internal temperature increased to 40 °C, and then
dropped. The mixture was agitated for 5 min and was settled. The aqueous layer was cut and the organic
layer was washed with 2 x 4.5 L of 10% brine. The organic solution was vacuum distilled at <RT adding
9.0 L of fresh MTBE to maintain constant volume. After this distillation, there was no SO, in the
solution and 1.22 L of 28% ammonium hydroxide solution and 1.22 L of water were added. The mixture
was agitated for 1 h. Internal temperature increased slowly up to 38 °C, then decreased. HPLC showed
<0.1% of sulfonyl chloride 2. HZSO4 (1M, 4L) was added. pH of aqueous layer was 1. The aqueous
layer was cut and the organic layer was washed with 4.5 L of 10% KHCO4, then with 4.5 L of 10% brine.

-14 -



10

15

20

25

30

sul fonyl chloride 2. 25 nL of 1M HCO was added.
Agqueous | ayer was cut. Organic | ayer was washed with

w® 00118589 10% brine. The organi ¢ sol uti on was PCT/US2005/015770
concentrated to 50 nL. The solution was heated to 45
0C and 20 nL of heptane was charged. The m xture was
cooled to 43 0C and was seeded. Slurry formed. 80 ni
nore of heptane was added over 2 h at 43 0C. The

The o?glygifr: %%ﬁ&%\%lswa%%gnégﬁgt?o%}%s '1318 6%@@&? %a Séate%todlé%tO °8-£nd 0.9 L of heptane
was cH-élrgddr Ehe oixtat fnas d@dedsam&%s o linaly foakied. I@Kﬁldrﬁsf heptasechs added over 1

Of 142 a ter I d
h at 4§\’°¢ £ ohe aslmulrr cooledt O t Si or\{ee nﬁlﬁ and wds alge wv\ggbr Srgugl THe product was

isolat¢dbyFOtrationofl thBE v\aﬂdns@d flith de ddplt MABEdeptage. O°Gler Tzh:@um oven drying at
45 °CSR)|6§‘[% 8{951111’6@:?;:1189‘7’ kﬁgoﬁtﬁﬁéﬁs %ﬁ@&‘}st&‘l@g d&gﬁdl{%g at'vs% 0¥ 4A% and

forr nore heptane was a
about (09" % pere g yigkdevas 4 Zdesmn wifonae Br sl owl y and was aged
at RT overnight. The m xture was cooled to <5 0OC.
[ trat inse with 2:1 heptane/ MIBE (20
3. Dlaﬁ‘ﬂtza ‘F’(@'ﬁ?@ﬂ‘ Bﬁé W 7. After vacuum oven drying at
Prepaﬁﬁo@&(ﬁlﬁadﬁzcgnmﬁ(lsml f onam de 7 was obt a| ned as white

-Flu%g-l?,i—é%ﬂg}i:’%ﬁflﬂpl‘l?di 5 %0(9 %m%r’tl Oé)eaﬁoﬁ\{vasY 1@63"%%0711%_, tf acMPacid.

onat Iorlna rep aratlon
Wateri# frbhareseaddad) Theonlobon westcedled il FlEiaod 26irel. ¢ficose, HIC Wasgided, which

generé’tgi 2 shﬂ%ﬁ 'ﬁféq}?ﬁ?’t S %O(flﬁli(pt‘%& o NQNébé@(glORgg]m 191 Qf wlltep 1.02 equiv) was

| uor ot ol uene he m xture
added\mlmtéﬁe@ Otfﬁ 3Qemecwanrf APt dear é?\‘“fe‘tnefﬁ’ﬂ%fidatTB? golution was kept at <5

°C an® W sﬂ@hy b&dell ﬂ’ﬁ&lgﬂi&ml:@liﬁ)ett@ aqel Nevkrmth thieaed ofomn)g. ofﬂl@ 100 mL of

sectioappeng oo TN g Wb midarer ) wi” bl Blifopge mL o
water as used or 0i@searithe kech-yelfowcalla migttierwas Qgilatadolt RTViarsanadiekeh until HPLC

showe%lﬂio%lﬁlltzgniltujﬁ 5 e"i"ﬁ]eallm)&lgy?% é}gry%ééi \L%??X E@O I;nE o?ﬁ an%e fa&[ ﬁhgcombined

ace onitri
organic olotienoNs vwalsedafddew() nflopf] i§fedingy Concentragion hfferded 1. Readf 2 as oil. By

HPLCI 1€/20b& 8 e 2 neafurd 1iQd 682 Qs §99,.di ssol ve al |
solids. The clear solution was cooled to 70 OC and was

Preparerielgulionagide (7 remg syHomyighloida?y . The slurry
Qily sulfonyl chloride 2 (19.70 g, 94.2"'% pure, 88.9 mmol) from the above procedure was dissolved in

125 mL of MTBE. Ammonium hydroxide solution (28%, 16 mL) and water (16 mL) were added. The
mixture was stirred for 1.5 h until HPLC showed no 2. H,SO,4 (1 M, 40 mL) was added and aqueous
layer was cut. Organic was washed with 50 mL of 10% KHCOs, then with 50 mL of 10% brine. The
organic solution was concentrated to 50 mL and the concentrate was heated to 45 °C. Heptane (20 mL)
was added at 45 °C. The solution was seeded and a slurry formed. More heptane (80 mL) was added
over 2 h at 45 °C. The resulting slurry was cooled to RT over 1 h, then was cooled <5 °C and was aged at
<5 °C for 20 min. Filtration afforded some crystalline solid and the cake was rinsed with 30 mL of 1:2
MTBE/heptane. There was 2.8% loss of product 7. After vacuum oven drying, 16.06 g of sulfonamide 7
was obtained as white crystalline solid. By HPLC, the solid was 99.6A% and ~100wt% (vs. reference)
pure. The yield of 7 was 95% from 2.
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was cooled to RT over ~ 6 h and was aged at RT for 10
h. It was then cooled to <4 0C over 1.5 h. Filtration
wa@bkdosnassadd sonme crude salt 10 as pink solids. Ther/sstooso15770
was washed with 3.3 L of 20% brine (3.0 vol) to give
4.80 kg of wet cake. A portion of the wet solid (3.60
kg, 3/4 of total, 1/4 of wet cake was saved for other
use) was nmixed with 7.5 L of 20% brine and 825 m of
acetonitrile. The m xture was heated to 7 1 0C to
Schemgfi 550l ve al | solids. The solution was cooled to 70 0C
Synthésb\(@®)-2s { edBidoroA-séthylphenf dsulfed gmiad jral-hydrox 12 tegdalgrdrar 2H-pyran-4-
1)ace?/as cool ed to RT over 6 h and was aged at RT for about
y The slurry was cooled to <4 0C over 30 m n and
was aged at <4 0OC for 30 min. Filtration afforded sone
p| nki sh col %F\ solid. Th%soz%lée was waghed with 2. L of
@% bri ne? e s 180 r i N a ¢ OVENOat
o or@p*m ggﬁ ﬁﬁk&gmﬁ% v M ‘
Juderknregi o-i somer) and~83. 8wt % pure” YLV
2 oaf er recryst allization. Som— r oduct 10; was
Fecryst al li'%ed fromhot water for anar yti cal r pose,
Mb: 370 OC (dec). 1H NMVR (400 Mz, DZO) d /@(
3H), 7.10 (t, 9.2 Hz, IH), 7.54 ~ 7.63 ‘“‘éH)
13C—NI\/R(1OOI\/HZ D20): d 13 d 19Hz) 11 2(%11
ﬂ@ElZSO(d 94)%%)}@‘%0(d 18.5 Ha), 1@
HOQIQL,,N ) , Ecks38cddr; 162fmgd, 24 e
’“‘OCal cd :ﬂ@*ﬁ"’ZW%FNa Rg212. 17;Hydf°ee,“a“s“9 63;
2 8% S5 LD debie ik 39.33; H 2.58; S, 15.)20.
Pr‘épar aidprﬁ)ml f soli onyil chloride (2) frof sqdium
sul fenate (10) Sulfonat 740 ~C87F Owt % pure, 205.17 g,
8@ Mhiworigd- O equiv) was mxed with 1.23 L of MIBE and

©420,. Scambvrof DMF at RT. To the slurry was added 93 nL of
Pueeup MO qui v. ). The mixture was heated to 40 OC
and was agitated at 40 OC for 3 h until HPLC showed
A fFlO Cold water (615 nL) was added to quench
jO\Lr |on and dissolve all solids. Ag |ayer was
HOHN" c [t /,\\ gani c layer was washed with 2 x 615 nL of 10%
ne Concentrat| on of organic solution afforded 182g
0| | yer)egli4ehivero-3BthiiPle@)sufdndlamiesti due was chl ori de 2
5 (99. 8AW ‘EYE\“P’@Y)Z eyt WaciMien pi peri di ne. The oi |
was di ssolved in heptane (about 182 nlL) and total
Bxam 1oI ume was diluted to 260 nL. The solution was cool ed

20 0C and was
From compound 15 (THP Methyl Ester) to compound 16 (THP Acid )

THP methyl ester 15 (3.03 kg, 21 mol) was charged to a mechanically-stirred 22 L round
10 bottom flask, followed by water (3.0 L) and this mixture was cooled to 10 °C. NaOH (50 wt%, 1.15 L,
1.04 equiv) was then added at a rate such that the internal temperature did not exceed 50 °C. Upon
completion of the addition, a batch concentrator was used to remove ~1.3 L of solvent. The resulting
solution was cooled to 10 °C, then concentrated HCI (300 mL) was added, followed by MTBE (3.6 L),
and the remainder of the concentrated HCI (1590 mL), keeping the temperature below 20 °C. The
15  organic layer was then separated and the aqueous treated with NaCl (525 g). The aqueous layer was then
extracted with MTBE (3.6 L), and the combined organics were filtered to remove residual NaCl then

stripped to ~¥ the original volume. n-Heptane (1.8 L) was added, followed by batch concentration to
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seeded. A slurry fornmed and it was cooled slowy to
30C over 1 h. The solid was isolated by filtration.
wadosnigieyi ng under vacuum 159.12 g of sul f onp€T/US2005/015770
chloride 2 was obtained as off-white solid. It was
99. 9A% and 97. 9w % pure. Yield was 88% (75% from
-fluorotoluene 9) and loss in nother |iquor was 9.1%
Nb 37 OC 1H NVR (400 MHz, CDCI3) : d 2.40 (d, 2.0
2 . : ~ 7.
removg %IWWTEEO BNW( ! —hws ! gg 8 L)I ggsia&!_g%ds\gigl viéc?rglfrsﬁgi?r}ngi li[%é rfsulting thick
white 6cﬂ1d p2él:1;ﬁ3tafe|2)\)as thka filtered dpd @ie8 uhtiey N, 127115 theal at 4DFC2médr vacuum for 64 h
(d, 3.2 Hz), 165.0 (d, 258
to giv ?7 k%mﬁéjﬁ% yl S'HI?%% %} O FORS (208.64): C, 40.30; H,
2.90; S, 15.37. Found: C, 40.41; H 2.71; S, 15.48.

L@As@ﬁgr ation of sulfonamde (7) fromsulfonate (10)
ut isolation of (2) Sulfonate 10 (83.8w % pure,

Colunps ¥@rigx RE-09) 4fonm x1250 igQui v) was mixed with 9.1 L of
saveﬁg{gg(b?tmoamxfn.lgg& WSII\Q%S‘@'@ZPDJ ﬂHﬁ_@PBﬁffe@ SloWIthit: mA@ﬂgm KH,PO,/
) . e was ated. t
KPR oerate VAE: A5 BeRet BREO0 oy e RIY: [ Sampie
volum8h 8 Wi d Wav3eAdh:0%10kihn; REkaticn tichesr HEaRster A6] ¢Gmino TEEF AAE 16: 2. 1min.
and 4.5 L of cold water were added to quench the

reaction. Internal tenperature increased to 40 0C, and
Examplh@n dropped. The mi xture was agitated for 5 mn and

From F%oﬁﬁ& id (q(i{P H&G} t@&ﬁ%@ﬁ’rﬁ 1|79YﬁrIP &aﬁetgé&ergnd t he Or gani c

was was of 10% bri ne.

or gani dHFohqid il@ﬂ Qegs 7/ Mﬂﬁs&fi@ﬁdl tp p g4 Lgpund Wt% g?ﬁlf@”“h mechanical
stirrern@ tHern@fcolig1 & $HacvBBE atbatcHRbmtk@tiaforC TRST(ADIL) Was atied toAfidselive 16 then

e oS B OSSR i e B OSSR ess 1.

Karl Hishef (Kﬂabﬁuhe wiitere adeleSN0 pphe Am adtliios-fwmel veegitheataddbdf ond the mixture was

COOleCPtﬁe i dect eas &g&pﬁﬁﬁ%ﬂé go:}\‘g gg ggﬁ@%@ #h%% gﬁv%rqhﬁrﬁ%i%gl g the
tempeaturpBE@den(-1Q W anl|0) *CndXiisepepydpmip{ 1P Iaaéé@g%wasgp@radg}@lsaﬂ at once.
This dhek sg{hgo@g&ftﬂéi?w!lrﬁ%g fo 3’5& aﬁ&l_‘%&géa% Eh%ecerﬁﬁegzﬁﬁﬂe%ﬂ 3@%1%5 W%g)rous

hen with 4.
evolulim GHSIOPARE 8¢ yanpheeryest P S %Eﬁ%’éﬁﬂﬁ‘aﬂ@a&t%d@l@eﬂ to complete

formatOCofSRY MhdneduihassopRpYiaside OwiubOrifarddiditon & the Szfrboxylate

hept ane_ was char ed. Thﬁ m xture 35 deg: &f %f fE-whi

Sl urry F6FREYD = %‘reLW‘?‘?ﬁ @ VP REPTHR vggn THGEG B dy Ap off-white
slurryfor@ded 4ferOGD mliha 55 I°Qr This versure cak den tald t0 20 CeandIetimyl nxalate (1.15
L,85 mo(ii) WES489& oq/eraiS r%n %%pm% the tgm&rﬁuremﬁwpgeé UG ke B mi ng to RT over 90
min, the mixture was stirred for 1 h and stored overnight at 3 °C. Aging this solution at RT for 20 h does
not result in any significant loss in yield.

The resulting solution was cooled to 0 °C, then EtOH (500 mL) was added over 15 min,
forming a light yellow precipitate and giving a slight exotherm. This mixture was cooled to -10 °C, then
HClI (concentrated, 2.03 L) was added carefully over 1 h, so that the internal temperature did not exceed
10 °C, with evolution of CO,. The mixture grew thick upon acid addition, but was easy to stir. Off-
gassing of CO, should be carefully controlled by the rate of HCI addition so that the batch does not
bump.

-17 -



10

15

20

isolated by filtration. The cake was rinsed with 1L of

1:1 MIBE/ heptane. After vacuum oven drying at 45 0C,
wae@3/1gesed sul fonam de 7 was obtai ned as whi t ePCT/US2005/015770

crystalline solid. By HPLC it was 99. 4A% and about

100wt %ure and yield was 94% from sul fonate 10. 3.

Di azoti zati on/ Chl orosul fonyl ati on Route Preparation of

(7) via diazonium (12) 4-Fluoro-3-nethylaniline 11

(12.52 g, 100 nml, 1.0 equiVv s. di ssol v in 20 .
of  acetitis HEfe wwaéwe% ?ﬁk{gﬁgmadhwoolﬁﬁ 30 &0 F“ajf 4@?@ with water
(2.0 DVvagd KIOBEEH.01). AQ oOfhe aslills 2bmediatelly disesiesd. HGE aquasusdghdedas then cut, and

whi.ch gener at e The s r op| 0.4 .
the OrgaRics I%e@ﬁlé% V(lg] 1@1@% L&f’eé] X& ﬁ.nCE/@C éelfs{ﬁ\%\%l%/\év\é\é’a\%?ﬁ%ﬁsug%aﬁtl%y with 1.0 N HCI1
(2.0 Ivasd brite 20 % bastalh, 2.0clt). EBLO@sy gield3@alysin of Brsingthesprowedl described below
&.ear solution fornmed. The solution was kept at <5 0C
and was slowy added through a PTFE tube to anot her
flask with mxture of 47 g of SO2, 100 niL of acetic
HPL &%k, yidder &ueloddsans. HA solution (3.40 g/ 20 nl) over
— 2.7 hat RI. Aiter[ addition,] 6 nL of water was used
for rinsel 8BRSy deRPYEPFow [col or mi xture was agit at ed

FinaPOreRlicd OF| ffe@t her |20y until |HPLC showed no di azoni um
T2-—The Xxture wWas extractad with 3 x 100 nlL of

Aquepistiide an® t he camft ned organi c sol uti on was washed

Aqu¥¥ul But200 g of 10%4gi ne. Concentration afforded 19.72
g of 2 as[ oi . By [HPLC, 1T was 96. 8A% and 94. 2w %
Aquenys gutSvi of W of 2" welk® 89% Prleparation of sul f onani de
Total:7) from subhonyl |od3lzoride (2) G ly sul fonyl chloride
2 (1970 qg, 94.2wt% pure, 88.9 mol) fromthe above
procedure was dissolved in 125 nL of MIBE. Anmoni um
HPLAx&hpxi de sol ution (28% 16 nl) and water (16 nlL) were

added. The m x s stirred for 1.5 until  HPL :

Showed 15 2 Poq g poR s A ciogsle 1B il vas developed vsing
the 2,&dnéaipRerytydrazinagderivative 20) which thowad inyasied geakd shipea0d B response. A

of  10% wothen with 5 f. 10% pr.ine. . g
et SR SRR sl S il Bk 0t e tifgine 2508 0%
pure, 8 8muedi} sndicbromaghiphit-pdified exd 10T(1.$leptl8 mangl2ig MAOH at RT for 2 b,
followed by filtration of the precipitate product and recrystallization from hot MeOH to afford 1.94 g of

show

high purity material.

The reaction assay was run as follows: 2,4-dinitrophenylhydrazine (11.32 g) was dissolved in acetonitrile
(800 mL). A sample containing approximately 20 mg of o -ketoester 17b was dissolved in 3 mL of the
hydrazine solution, and then 50 p L of conc. H,SO4 was added. This was aged for 1 h at RT, then diluted
to 50 mL in a volumetric flask with acetonitrile for HPLC analysis. This assay agreed well with a 'H-

NMR assay for the o -ketoester 17b that was developed using mesitylene as an internal standard.
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was added at 45 OC. The sol ution was seeded and a

slurry formed. More heptane (80 nL) was added over 2 h
wW@e00d5168Q The resulting slurry was cool ed to RIT/OS®05/115770

h, then was cooled <5 0C and was aged at <5 OC for 20

mn. Filtration afforded sone crystalline solid and

the cake was rinsed with 30 nL of 1:2 MIBE/ hept ane.

There was 2.8% | oss of product 7. After vacuum oven

drying, 16.06 g of sulfonam de 7 was obtained as white

crystalline solid. By HPLC, the solid was 99. 6A% and
HPLC-A88Bw % (vs. reference) pure The yield of 7 was 95%

001ux?ré°iﬂ)r§aﬁf>??§eﬁg§¥%&§@5' s &venhs 305 SHG 07 3% BEI0s Flow: 10

mL/mi; Apuipastyre? 26 61 $@h>}¢€ti\’0c1111®-|-5pykawa‘¢-length) adenarfRef$04.i 180)k Retention
1. xal 9 . u CH
times: = ﬂlnlﬁ%&ﬁ&lﬂﬁréﬁ%@f&ﬁ%%&%ﬁa HUe9Ug 6|}llﬁlg

anpl e Fr'om conpound Ester) to
conmpound 16 (THP Acid ) THP nethyl ester 15 (3.03 kg,
2 1 nol) was charged to a nmechanically-stirred 22 L
ExamhS nd bottom flask, followed by water (3.0 L) and this
Aﬁlr;éxam ture was cooled to 10 OC. NaOH (50 wt% 1.15 L,
From torBgbued) U7 b/l HRas -ketoester piddenip@ind 48 ('BiR asKethadid)at t he

i nter nallhe o?%?%r ﬁluilcg dcgg{tagnn%oltHPe% Cl%:? %Stéroﬂggl.?fg%?g.rw an}%) was added to a

conpl etion conc
solutippseagitaingng ‘ém\ﬁé SLI KROH (&%, 486 g.6ht0 mathendr leATW0, (439 g, 2.50 mol). Use of a

uire S & e a t 1 the organic
buff %@hyﬁr?rgﬁ 4R %stsfa %&d@&s Tthﬁ@r sCs%?fé@Ek Kiafoﬁgh'ﬂ  the orga

layer pasaf- n%l@raqatfouf H@ere@ﬁ 8€H PR P TemOsg EtQP{) 0 wééfﬁvlﬂgg solution was
addedtahael I/HWETFHFUI&QMB OW) 2R @fe.soltifieér WisgABle€ td MY El CoB&ntrated HCI (1.0

L) wa@ 51(%@ ﬁel? 3&’8 E}k«%?%&é E)evﬁ% %{e%%gﬁ lgy{are \gztlsec%llggtetdhthgrl?ucl'e acgueogs layer was
washed with 3:1 MTBE/ THF (2 x 5.0L). The resulting combined organics was stripped to a thick
residue, then was flushed with MTBE (4.0 L). The resulting solution was filtered through an in-line

I

(D""_

filter, then concentrated to 1.7 L and heated to 49 °C to dissolve all solids. The solution was cooled to 45
°C, then seed was added. Upon cooling to 40 °C, a slurry formed. n-Heptane (5.1 L) was then added
over 2 h at 40 °C. The mixture was then cooled to 5 °C over 50 min and filtered rinsing the solids with n-
heptane (1.0 L). After drying at 50 °C in a vacuum oven, 891.4 g (95.3% yield from 17b) of off-white
solid was obtained (99.3 A%, 97.9 wt%). The overall yield of 18 from 16 was 71.7%.

HPLC Assa
Column: Zorbax RX-C8, 4.6 mm X 250 mm; Solvents: 50% CH,CN, 50% 0.25% HClO,; Flow: 1.0

mL/min; Temperature: 25 °C; Sample volume: 5 u L; Wavelength: 210 nm (Ref 360, 100); Retention
times: o -Ketoacid 18: 2.7 min; o -Ketoester 17b: (broad) 4.7min.
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extracted with MIBE (3.6 L), and the conbi ned organics
were filtered to renove residual NaCl then stripped to
wo-Yoshessey i gi nal vol ume. n-Heptane (1.8 L) wasPemuszmps/015770
foll owed by batch concentration torenove residual
MIBE. More n-heptane (1.8 L) was added with vigorous
stirring. The resulting thick white solid precipitate
was then filtered and dried under N2 for 1 h, then at
40 OC under vacuumfor 64 h to give 2.47 kg (91%
Exampled| q) of THP Acid 16. HPLC Assay Col urm: Zor bax
Sulfof®¥ar@e addd 6 nm x 250 mm Sol vents: 0 to 3 min: 35% ACN,
65% KH2PO4/ K2HPO4 Buffer; 3 to 5 min: 60% ACN, 40%
KH2PO4/ K2HPO4 Buffer; 5 to 7 mn: 35% ACN, 65%
KH2PC4/ K2HPO4 Buf fer; Fl owysh&oddef M n; Sanpl e

vol ung: veI engt h zajmennmvo et ent ion tj r‘ﬁes
THPICES

From oun}&|2 aC| d)\,to ound b | TH@ a

- Ket ogst ér ) THFQAC| A\ 16 (1. o kg 3 (%omol ) added
to a 22°L round bottomflask\wf mschanlc tirrer

and t hasnocoupl e, 11at t ached t GedxBatch- concerﬁratoﬁ9
THF (3.0 L) was added to dissolf¥® 16 then the sol vent
was stripped to 1L. THF (2.0 L) was added, and the

THEQ LR&McidVa Sulddinfest i pped to 1L. A Kargulfohsfagide(akid)
of the m xture was <500 ppm An addition-funnel was

t hen added, and the m xture was cooled to -30 OC.
z' Pr My@ -Kehtitl n8 THE,0 g81.17 nol) s aﬁmlvgithwaﬁoﬂahm ladaE® g, 1.06 mol)

inal ?,\{'gl{n& b&tjorﬁ%lasrkt il khn gih'érlﬁgal tst?r?é% alt e rogglpget [a;Ibean Qtagﬁraﬁ Diethylene
glycolatieled e@abﬂ (I&i mbhmd tol'ﬁtneil Qa0 keraidad, tallowedbyt inethansgnlfioeid acid (5.5
mL, 85' fcbl cﬁgthﬁtetﬂepfs 9 hﬁg@l%ﬂfn%tsbm&lt f@ed %pke%b] the product,

VI gor OUS evo ﬁll on_ of ane gas was observed

whichjigyary gsolubie g@o]p@qﬁp@fsg{ugplé hrﬂugb(élégle freactery ﬂéwx{ug)e was heated to reflux
(116-091Q) BF 23 §,%hidiBbie® By DT ahd19sidTEs@RL $b1 ke iab FRAuRRY thdad€on. To the
dark sv%ag? ‘flill%ml%# %%.E%itgl ad d 2@&3 %ec%a%@tt etreﬁ]g%gtgx gxt/e(e)léo ‘ﬂdNear the end of
toluers ailditi@( a ke b2d forméh i miwhird ®as cooled slowly to 5 °C over 3 h, was aged at this
temperature for 1 h. The solids were isolated by filtration rinsing with toluene (2 x 1.3 L). If conversion
is lower than expected, additional toluene washes can be used to remove unreacted starting materials
from the solids with minimal loss of product.

The resulting solid was dried under air for 64 h, giving 281 g of 19. Mother liquor and
rinse losses were 12.3 g (3.5%) of product 19 and 19.8 g of unreacted sulfonamide (9.8%). The solids
(275 g) were then dissolved in MeOH (825 mL) at 50 °C, then water (1.0 L) was added over 30 min until
a seed-bed formed. After aging 30 min, more water (925 mL) was added, and the mixture was cooled to
RT. The solids were filtered and washed with water (1.0 L), then dried overnight under air giving 280 g
of material as the hydrate (93.4 wt%, KF = 52200 ppm). Mother liquor and rinse losses were 6.1 g (2.2
%). This material (278 g) was dried by dissolving in EtOH (3.0 L, KF ~300 p g/ mL), and flushing the
solution with dry EtOH (4.0 L, KF ~50 w g/ mL) until the KF of the solution was ~600 p g/ mL. The
final solution was in ~1840 mL EtOH (~16.5 wt%). LC assay showed 256 g (73% yield) of 19 in the

solution. Including the solid samples removed gives a yield of 75%.
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Slurry formed after -30 mn at 55 OC. This m xture was
then cooled to -20 0C, and diethyl oxalate (1.15 L
w@28s5msp9 was added over 25 nmin keepi ng the teP@EUSL005/@15770
bel ow -5 0C. After warmng to RT over 90 mn, the
m xture was stirred for 1 h and stored overnight at 3
OC. Aging this solution at RT for 20 h does not result
in any significant loss in yield. The resulting
HPL | ution was cooled to O OC, then EtOH (500 nlL) was
-—i§§§%ﬁ over 15 mn, formng a light yellow precipitate
Coluna Zoghax IRIGCE, 454 infpht 256xah;RetventsTRits3 mix 659 e\ G $5 BIOHAD ./ K.HPO,
tq.-10.0 t : ). S
Bl 313, B O A1 KEFLER Sy $107ph} MR AR TP Krros
K,HP@ Buffiest Flewcb@ chLAr0in 0%pmphi Yotures; &1 Wit Waveddngth3i0 nithe
RetenTbifiHEse oIk Wk K 1P Gin Gl Rn e Blideia0.100 9 MBSSHBRMMIHO11: 5.8 min.
stir. Ofgassing of CO2 should be carefully controlled
by the rate of HCO addition so that the batch does not
ExamPlBp. This m xture was warned to 50 OC for 45 min, then

From £ 9 15 torgperyiectD i ol oN GL S (ooretafEEa.  The

aqueous | ayer was then cut, and the organics were

dibu .With MIBE (3.0 L), and the resultant was
Catal SH) Qlo\ﬁl! cessively with 1.0 NHCO (2.0 L) and brine
(20% sat'd., 2.0 L). HPLC assay yield analysis of 3
[ t he protocol described bel ow showed: HPLC assay
: (gt oester 17b. HPLC Asgay Due to poor HPLC
p.%@ k rehagecef t hev.ml(rdeéneBstier —170;>an (EhBBydisishopguCi(o-cymene)iCl
ev@e usi ng the 2, 4-dini t r ogR&RYF hydr azi ne
der ve 22, which showed inproved peak shape and W

onse. A ref (o apgdar . was
e S S G S P
-70% pure, 8.8 mmol) and chronat ography-purified ester
17b (1.87 g, 10 nmmol) in MeOH at RT for 2 h, foll owed
In a nfgéd-tildaaldverbx@k10 $ifn O5)@G-Fhderd)Ru@LQ LY g, 2190 mmol) and (R)-(S)-
((diphrer?y Ig o%;gh?rlxol)%erzrgctelny petgyﬁc{%!gjbgtglfphcq/s%gge t(é)l la f, f3%5%1n1'0'1,9 2405geq(1)11fv) were combined

in a 1 L round bottom flask. To the solids were added nitrogen degassed ethanol (234 mL) and DCE

(130 mL). If DCE is added first then the resulting solution will be immediately homogeneous, although
the order of addition does not affect the outcome of the reaction. Solution will be dark red/ brown at this
time. The flask was septum sealed and brought outside the glovebox where it was placed in a heating
mantle. A gentle nitrogen sweep was applied and a thermocouple was inserted into the solution. Gentle
heating was applied until T = 50 °C and then was kept at 50 °C for 1 h. Once the reaction temperature
has been reached the solution will darken until it is opaque in appearance. After 1 h, heating was
discontinued and the solution was allowed to cool to RT. The flask was then taken again into a nitrogen-

filled glovebox.

Hydrogenation
In a nitrogen filled glovebox (<10 ppm O,), the solution of [((R)-(S)-

((diphenylphosphino)ferrocenyl-ethyldi-t-butylphosphine)RuCl(p-cymene)]Cl (340 mL, 3.56 mmol, 0.54

mol %, substrate / catalyst = 187) was transferred to a 0.5 L stainless steel vessel (see figure below).
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high purity material. The reaction assay was run as
follows: 2,4-dinitrophenyl hydrazine (11.32 g) was
walk@salssed in acetonitrile (800 nL). A sanpl e PCT/US2005/015770

contai ning approximately 20 ng of a -ketoester 17b was

di ssolved in 3 nL of the hydrazine solution, and then

50 mL of cone. H2SO was added. This was aged for 1 h

at RT, then diluted to 50 nL in a volunetric flask

sangnfo Y0Pk L ST 5 o B B Moo wio

a ballwalse shpurlinghed twsvesglstresi t yl ene as an i nterna

e W N MR, S
additiont A5, VRewpentat of be cagODBample wondetammined tahelapproximately 1000
ppm. | %ng{] on yeﬁﬁlgié 'ngn(oig&frveﬁqg neglt%y imRali e éefé@tl\gﬂy%? fhe hydrogenatlon

trop razi ne.: . razone ad
This sglugopivas drB(%lﬁ‘fﬂ &l gallop @quﬂﬁ)@@ﬁ@wi Y#rupmifploged by an ethanol (300 mL)

rinse. ’ﬂ@ts@l@ﬁ&ﬁ%ias tfl&l &Qﬂ@éﬂ%ﬂl ifoded X T'hl;‘@tbﬁ%d dibel JJ%%IS containing the
catalyﬁbs%ﬂlggrgygﬁgﬁgljr{e%g% t%gged a ncl[laazg 51&15'&(@ e t{ilﬁ éptﬁf]ﬂﬁ ‘é;\ﬁtpgal.ced under

partla( Gicburh ynd KO (1B S6lutibB Gvag dradm Titto el aptoalade ﬂéﬂbﬂﬁ%y(ﬂﬂesﬁt@i rinse. The

solutlon \%Qs d‘égieséeds\ygmeﬁ O(I:E'O(g%sp f3er\%Jﬁdst1t1]r \A%S (?[Ish¥ Ic'éra?ue 3%&%11% IF was Elcreased to 30

°C. The reaﬁ@n ptqgeess)wgeam«mtoreéw hydpagenaptake fpm agepaeyoi: sUpayfewas very rapid

for théf\ﬁl%t I 9%%&%‘&9&% l?eﬁrf‘gdobgé}védeﬂ@%/?h =€ g réra%&d“\%asfd%é%&édﬁgy HPLC
sol ution was added THF m xture

analyin Upo erpplstion. %gvd&g@v évas Ye@tef@n@)@e r@éfh@e‘ﬁ%srdéatﬂéfé lei@a polyjug. The
vessel(WasQinbed wigSErated,). Tied Heve sksByyitla Glas (HEhir@) to Bd9.2% and the ee was

969(7organ|c | ayer was coll ected, then the aqueous |ayer
was washed with 3:1 MIBE/ THF (2 x 5.0 L). The

resul ting conbi ned organics was stripped to a thick

Ii{g&g?ue then was flushed with MIBE (4.0 L). The

ting solution was filtered through an in-line
Colunfij: | @héralpak AbREL.CSresent.p ames$otvents:. 90/10 keptingldB 4% drictigylggne, 0.4%
tr1ﬂu&@acgt§csa%ﬁ|) VFTOV@" 1.0 8PS0 Ehﬁnﬁﬂ)é \L{ﬁﬁn%n S WRLlk %ﬁht 0 4y nm;

t hen’'seed was added U on coollng to 40

Retengmmmﬁﬁ f or mé8)-Sylforpipige Hids (5.9 iy (RaSuiaIdsagidg: 2154 min

Sulfonenamide acid 19: 23.09 min.
Cymene catalyst preparation is known in the art. Illustrations for the process are disclosed in Mashina,

K. et al., Journal of the Chemical Society, Chemical Comm. 1989, vol. 17 page 1208-1210 and Takaya,
H. et al., Pure and Applied Chemistry 1990, vol 62, Issue 6, page 1135-1138.
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over 2 h at 40 0OC. The m xture was then cooled to 5 0C
over 50 mn and filtered rinsing the solids with
wob@stiasse (1.0 L). After drying at 50 OC i n a RPET/USIN5/015770

oven, 891.4 g (95.3%yield from17b) of off-white

solid was obtained (99.3 A% 97.9 wt% . The overall

yield of 18 from 16 was 71. 7% HPLC Assay Col um:

Zorbax RX-C8, 4.6 mm X 250 nm Sol vents: 50% CH3CN,

50% 0. 25% HO &4; Flow. 1.0 nL/m n; Tenperature: 25 0C,
Exam@lgfpl e volune: 5 mL; Wavel ength: 210 nm (Ref 360,
Ru Rell@@ion/ Bed @iatiden tines: a -Ketoacid 18: 2.7 nmin; a

-Ket oester 17b: (broad) 4.7m n. Exanple 4

Sul f onenar ai de acid THP a -Ketoacid Sul fonam' de

Sul fonenam de acjd a -Ketoacid 18 (185.0 g, 7 _prol )
was m x mthﬂgnamde 11(}%2%01.3 ) ]HOQ ) in a

5L r%% 6t§ ngﬁ%éh

chapd) "ég et~ a
t her nocoupl efand a Dean- :

t her mo hyf ene gI ycol
i et hy A ne (1 ) were added,
fol l ovved@ne{/%an%sul fgm/crg%(l’:f@ (5.5 85 %k
Di et hyl ene gl ycadr.ed et hyl ether is a hi gh boi TPy u, Fe
sol vent add&d to keep the product, which is very

insoluble in toluene, in solution throughout the
react i Gnlforimide Adiskt ure was heated to ref | (Bulfprab@dedAgid

Sulfo&galdﬁ &d 82§3@ ig 1. (Sloilh%lti)IW:!rsQo%ﬂ i¥1t§d 13) ~ 130088 b§l RJtéf? Q\\%goration (50

e reaction. sol uti on

°C batthh%ﬂnmér&ai el qvepqxéﬁéat(cszns@nuolmfeiﬁdﬁ@ ZHe Oi lé’ﬁwﬁeifbft {prlpsolution was

dlluteQR)OZ’@L %Pwi%nomc sdtaeraﬁﬁéhéaf to h@&ﬁﬁa@r *elh 4 [LQPAC ﬂn@e @™ HC1 (680
| S an ure

bed
L) g PPk (e PP AT L T 453 Mg was cut (0:4%
prod 1868 ifdiSha\&Ehid Bodratas dradhigd fvith 6@l @f waien@HBy OVIFL grod loss). The IPAc
uen i LS. r
o BHREL o Fr a5 SOMELILRDE b T TR s v
collectegrod the yapr leyee tesifibared thiough Helkaefiocaled, rinsivenwith@0@ olli of svater. The
combfgﬂ:& %g&ﬂ gzg@ll whQE e@§0 %IHI%QMZO AL %cés%ﬁau(li 1Y Pzgldsv%ls 'f‘ﬂeﬁé@ﬁn‘ough a
un arr gl ving 2 g of 19. Mot he
mediung iy siptepdglass funnel. The resin was slurry rmsed with 3 x water (1.2 L total) The basic
solution (~2.5 L) was mixed with 2.2 L of methanol (exothermed from 18 °C to 26 °C) and 1:1 conc
HCI/H,0 (210 mL) was added, followed by 40 mL of conc HCI to adjust the pH to 1. The mixture was
heated to 40 °C. After seeding, no slurry formed, so more water (400 mL) was added at 40 °C over 5
min. The solution was seeded again and a slurry gradually formed. More water (2.4 L) was added at 40
°C over 2 h. The mixture was allowed to cool slowly to RT and age overnight. The resulting slurry was
cooled to 4 °C, aged for 30 min and filtered, rinsing with 3:1 H,O/MeOH (400 mL). The white solids
were dried 2 d in a 50 °C vacuum oven to afford 398 g (98 wi%, >99 A%, 1.3 wt% water) with 89%

recovery of 8. Heavy metals were <3 ppm Ru and <3 ppm Fe and optical purity was 99.5% ee.
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rinse | osses were 12.3 g (3.5% of product 19 and 19.8
g of unreacted sulfonamde (9.8% . The solids (275 g)
woweos/1185en di ssolved in MeOH (825 nL) at 50 0QPCT/H8I005/015770
water (1.0 L) was added over 30 mn until a seed-bed
formed. After aging 30 mn, nore water (925 nL) was
added, and the m xture was cooled to RT. The solids
were filtered and washed with water (1.0 L), then
dried overnight under air giving 280 g of material as
Examplgd-I8ydrate (93.4 w% KF = 52200 ppn). Mther |iquor
and rinse |osses were 6.1 g (2.2 %9. This materi al
(278 ) mas drled by dissolving in EtOH (3.0 L, KF

- 300 an/ , and flusgge %E? @gkgtlon wi tth dwg Et OH

(4.0, I of t
was %0 n1/50€:j The flnal §ﬂ%ﬂt|on was in -1848
EtOH (- LC assay showed 256 g (73%yield) of
19 in the solution. Including the solid sanplgs,,
removed gives a yield of 75% HPLC Assay Col umh:  Zor bax
RX-C8, 4.6 nmx 250 mm Solvents: 0 to m n: 35% ACN,
23 5% KH2PO4/ K2HPOA Buffer; 2% #meli 0. OGB@/O ACN, 0- 1§ gpmol
Triethéﬂ%ﬁ@‘kﬂ“EK? HR@4 0Buabf er; 5 t 007101 ghinol354 AEN,  65%.093 mmol
K2HPO4 Buffer; Flow. 1.0 niL/ v‘Bﬁan'pl e
Ethangly| ype: 5 m L; wavelength 210 nn1Retgkﬁ times:
(- TB PRI (pl mede) A1 04 mSLinfIchER@H/BEEACi d 19: 2 2 m n;
Sul fonami de 11: 5.8 min. Exanple 5 Frp mpoungd %§b3 mmol
(sul fonenam de acid) to conpound 8 (( ul f onam
aci d) Canmhigrogenilieg glosigtion <10 ppm Oy), tosyl—vahne substrate 23 was combined

with %&Jé%%@han(ﬁldo §9§1L§)£}913ﬁﬂ39@| A Rz, OB REN1fGh an 8 mL septum-capped vial fitted

Josi phos =
with & Yep{ feedle.[ Tl &Obmemwﬁh@htﬁ'leﬁ He Y PRTABTFUF T GRETIPMBTIGShe fpatalyst
solutioPWhey/AdRE®AR IS 1136x B> Mhhé10 gEHR~vial Ihesla@h avefiass RssdPoppm

hydrog%a %ré?)ttfey rﬁn %?)tt ggv]asz r%ss{lr]iie:(li@vit%’szghsg 80%1;[12; z}nd%grged 3 times to degas and

finally ﬁrdi;spﬁﬂ:ﬂyigaﬁin GBQﬂpsIgd—)zf ghe caaivplwasugitpkedifort Lot laphoiggh temperature.
The slt_xérQPor gt Was 0[3 ressu a&d %T‘Qéic 021%%) mﬁ@&?fo? %ggﬁ%yéﬁ] A?ssay yield was

round sol
determined ode Ro2A% gacé sr@dtn@;ndmmq:ess( (@Qavasidyterpigedigbe 97.3% ee giving

preferentially the (R)-enantiomer of 24.

The following table of substrates were hydrogenated in a manner similar to that described for 23.

H H
HOzo N ~N /R3 Ru Catalyst HOQC\/N\ /R3
S 0.5 eq NEt; I (S)
, O2 o = 2
H PN
R "R EtGH R R
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(130 nL). If DCE is added first then the resulting

solution will be imredi ately honpbgeneous, although the
wor@snissty addi ti on does not affect the out conePOf/Us1085/015770

reacti on. Solution will be dark red/ brown &t this

tyiresy Fhpsfd ask passgept um seal ed and brought outside

the gl ovebox Whére 1t was placed in a heating mantl e.

A gentle nitrogen sweep was applied and a thernocoupl e

was inserted into the solution. Gentle heating was

applied until T = 50 0C and then was kept at 50 OC for
Enty 1 1 sy tHhe feactifin tenpelisst yr e hae ke di) (Emeheg 2552 YVield” conrig

Q

1 the sobuti om wv| sarden untimketit | S opaqus ins  970%  >99%
appean@ance.ve Af tver s+dveltstaheat pagersvas di s@ont isnued am@x  os%
the sebuti @l was aliewed togpsem to Riw The flaskewas o
then tgken,ggaip idtena Nitpogentill edygl oyebox. o5 o
wsdro%ﬁgag 'waém LMgnéerbﬁzrsogen ol €d gl gyebox (<10 ppm o,
? ’phenyl phosg m% ?%rro é;r;%é:%; yl d| -t b%tyl ho%pﬁl one
ud g 40 *0.84 6l % ¢
stbst r° {)e /Mecatl:gal v 6ﬂ4 1%7§S)M7d§e‘at"'i”%lnsf°é"rreﬁ t o*a Y¥6 9%
sfii nf®%s dteel™” vedese™ (Seesiftres bet®w) . £t hatiol #2¢1.00>99%
LAl rEﬁ’cﬁonWSre@El&h@@d td 8 >899 .chelsion tzﬁhs@} a813s wire @éteriﬁﬁﬁ@@émg HPLC and

compef Q7 i FRARG, T REED NG STl e nledPhesal ot Geean
ethyld&ebl\ﬁvéﬁlowmed TEA (34.4 g, 340 mml, 0.51 equiv). Prior
to addition of TEA, water content of the ethanol
ol.utign of 19 was determ ned to be approxi mately 1000
HPLa] "‘9'9%""0 e i been observed to
Dﬂeg%tl\,“'l“ '5%%"1'92?".1?5 Beet+yvity of the
stafting matelial -product [ Li-product
2 q;g%ﬁa%eﬁ ||||1%gou ttEof—pwas drawn into a 1 gallon
St red—atigetaye—via EC Y ol  oned by an et hanol
7(3(6 IIJL) AR |=%_8au Utd1.8" s then degassed V\/Ith
T TgOET (58~ e stantgss—pteel vessels containing
29t 1T cat at Y3 SO[ Utign Vl:‘l1!§8b£nect ed to the autoclave
o1 d T4 GXT Dby tupr Ty, T tocl ave was pl aced under
s T Al | vagunT g, G ey Tag gt yst sol ution was drawn
33 NUO gl & ag0CT pvehor fowkd Dy the EtOH rinse.  The
33501 U N Wgs depasged Wt 12l (500 psig) 3X with
Stirtring. The reaction tenperature was increased to 30

© O N Do R WD
~ 0O D D oD O Qg

a
B
o]

HPLC Assays: (All HPLC analyses were preformed using a Chiralpak AD-H Guard column (10 mm x

4.0 mm, Spm) coupled in line with stated column)

A: Chiralpak AD-H, 25 cm x 4.6 mum, 5pm, at 40 °C, 90/10 heptane/IPA (0.4% triethylamine, 0.4%
trifluoroacetic acid), flow rate — 1.0 mL/min, detection = 224 nm

B: Chiralpak AD-H, 25 cm x 4.6 mm, 5um + Astec Chirobiotic V 10 cm x 4.6 mm, at 40 °C, 90/10
heptane/IPA (0.4% triethylamine, 0.4% trifluoroacetic acid), flow rate — 1.0 mL/min, detection = 224 nm
C: Chiralpak AD-H, 25 cm x 4.6 mm, Sum, at 40 °C, 95/4/1 heptane/IPA (0.4% triethylamine, 0.4%
trifluoroacetic acid)/EtOH, flow rate — 1.0 mI/min, detection = 224 nm
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OC. The reaction progress was nonitored by hydrogen
uptake froma reservoir. Uptake was very rapid for the
wo oostiigs2d h with no uptake bei ng observed afteeT/BS1005/015770
End of reaction was determ ned by HPLC anal ysis. Upon
conpl etion, the hydrogen was vented and the reaction
was drained into a polyjug. The vessel was rinsed with
EtOH ( 1 L). The HPLC assay yield was determ ned to be
9Z.2@’a£§ the ee was 96. 9% HPLC Assay Col um:
Synthesis Pfa&ﬁ onxhoglehpdroaming agids ol vents: 90/ 10
%%ane/ IPA (0.4%triethylam ne, 0.4%trifl uoroacetic
Exmqﬁ% Flow. 1.0 mL/mn, 40 0C, Sanple volune: 5 ni;
25. Muﬁh&ngbﬁyl-oae?dayﬂmvam ention tinmes: (S)-Sulfonan de
acid 8: 16.95 min; (R -Sulfonamde acid 8: 21.54 mn
Sul fonenam de acid 19: 23.09 mn. Cynene catal yst

preparation is known inythe gt. lllustrations for the
process are disclosed i I\/E};}e,_ig it al., Journal
of the Chem cal Socid¥, e c nm 1989, vol. 17

page 1208-1210 and Takay H” et al., Pure and Applied
Chemi stry 1990, vol 62,7 1sSue 6, page 1135-1

138. Exanpl e 6 Ru Reduction/ % e upgrade Fe Sul f onam de
Acid Sul fonam de Acid Sul fonanm de acid 8 (436 g, 1.32

To EtH§R3,mdtiy] Btdbhutatdse Q050 Ntos@t Bieloly & THF L 50 &IL) s A1 YOHH,0(5.30 g,
125. Oeva@ 'ﬂl{uls gtg'r Efg g)galilbla héheégclll_e! %ﬁv}_?%%%nsgrﬁ%\ég p’g%;qa(lrte(se qtmg white solid was
slurriegiah MTRI (M@snldi dndtceded ® @CHthkn W6l (181 N, hiD0 enl)) RAS added. The resulting
blphaﬁg_igcﬁzgss %grlé{egq I’tothap saglg'!ita(??/ tﬁ rNa\?/_wf(S h él)% }Ik)r%agﬁfsrog n\§7ere tﬁ:l{ered and washed
with MERE- (6@ rnét)hWhamm@n@hbnganquweraqmemtd giyeer llmyeﬂw oil. This oil was
dlssolcéa lﬂ%lwn@ g4 @ﬁﬁ&nd%ﬁ@gﬁéﬁ@glg&g éféth?l étﬁ’ex %fz fﬁ_ﬁrﬁan\ﬁ%stgﬁtgne%ﬁdﬁanude (142

of wat er Y% pr od OSS
g, 83. 2 mmol) then methanesul onlc acid (0.54 mL, 8.3 mmol) were added. The resulting mixture was

heated at reflux with Dean-Stark removal of water for 24h, then cooled to rt. The resulting mixture was
mixed with EtOAc (45 mL) and NaHCO; (14.1 g) in water (150 mL). Upon complete CO, evolution and
dissolution, the aqueous layer was separated, then the organics were washed with NaHCO; (1.6 g) in .
water (45 mL). The combined aqueous layers were washed with EtOAc (2 x 45 ml.), then cooled to 0 C,
and treated with HC] (12.1N, 15.4 mL), to give a white solid precipitate, which upon filtration and drying
gave 15.0 g of crude material. This material was dissolved in MeOH (45 mL), then toluene (100 mL)
was added. This was heated to 90 C, and the MeOH was removed. Then n-heptane (100 mL) was added
slowly over 2h at 80 C, then cooled slowly to 0 C. Filtration gave 12.0 g of pure white material (54%
yield).

mp 188.5-189.5 °C. IH-NMR (400 MHz, CD,0D) d 7.67 (d, 2H, 20.1 Hz), 7.32 (d, 2H, 20.1 Hz), 2.42

(s, 3H), 2.09 (s, 3H), 1.79 (s, 3H); >*C NMR (100 MHz, DMSO-d6) 166.8, 146.9, 142.8, 138.6, 129.6,
126.9, 122.1, 22.1, 21.4, 21.3 ppm. HRMS calcd for C12H14NO4S (M-H): 268.0644, Found: 268.0638.
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solution was agitated with 925 nL of 1.5 N KOH to
adjust the pHto 10.4. The cl ear aqueous | ayer was
waeoelsacssedd and the rag |ayer was filtered thropghuSmokels770
floe pad, rinsing wwth 200 nL of water. The comnbi ned
aqueous |l ayer was stirred 30 mn with 220 g of Ecosorb
C-941 and was filtered through a nediumfrit sintered
gl ass funnel. The resin was slurry rinsed with 3 x
B Hﬁfter (1.2 L total). The basic solution (-2.5 L) was
xampleded with 2.2 L of methanol (exothermed from 18 0C to
26. NZ6-ntthoxz)tendentsutfond-dkldhydPévalizd 0 nl) was added,
foll owed by 40 nL of cone HO to adjust the pHto 1.
The m xture was heated to 40 OC. After seeding, no
slurry fornmed, so nDrecmatero(400 m.) was added at 40
OC over 5 min. The sol |ti oj_Wa ] geagain and a
slurry gradually fo d. 3t & ? .4 L) was added
at 40 OC over 2 h. The xtu e was al | owed to coo
slowy to RT and age overnight. The resulting slurry
was cooled to 4 0C, aged for 30 mn and filtered
-met]aylﬁsqmautwctaﬁdgsod&lw %%@I’ ](445(1)@1%)was Hiaiedin %\(E[‘Bg’odlp @d.) and cooled to

0 C, thearecian. e, 2. 3dn]l)l’bva@ aé&do Chy asulting sieRictws afafidddo 9B e@saturated with

Nazs(ga 81,"_1&& %;g%g(ig %ﬂ% gwgliﬁ 11tg \Aﬁ]t\a% egvﬁ%dﬁlg\\g%%%()ﬁi(ﬁgﬁzeﬁxe ggmbined organics

were gpppedad giye r ilight-yetiow 89. 5%5 ©f.vizx divpileed 1n 1fued8 ((4RnE Lehd Z:thyleneglycol

dlethy?g% %2 @L%Jid Q%e%fﬁf&g&é}ﬁfm{ %ﬁdg 1 '2‘%3}"6 L0 tfeI gé};?ggsulfomc acid

(0.08 L., L 2(opmgl) ‘WR‘B‘F‘W@U (5254 ’@S@VW}TUVM( hegted apgflig (6P, @: at reduced pressure
with ]Eéaggt@@@m&aﬂ& Wﬂter:koﬁm Q@rETRLIthE ndturdi vds QU8 \f/itﬂ Eﬁﬁ&c (25 mL) and

S 00X (<10(g , tosyl-valine substrate 2

NaH(g% b get WREH itk dVEﬂE?sCO@P ifdP> qeluaen Wé)dlséﬂaﬂeﬂzﬂee @gue@us layer was
separeh@l, tiknOBS ongiicy Weﬁ: @ish8d MithSIKEHODG C(Hp@ﬁ@h Wla@f (f1 tpd The combined
aqueops, iﬁgeré V\\/eeenfg'/asne tﬁ Hit%é éﬁjggug,g, tg?nnh%o ieg tyerell%eldlwuh HCI (12.1N,

2.1mL), to give a white solid prec1p1tate which upon filtration and drylng gave 0.45 g of crude material.

This material was passed though silica-gel, eluting with EtOAc to give 0.44 g of pure white product
(13% yield).

mp 162.5-163.5 °C. IH-NMR (400 MHz, CD30D) d 7.72 (d, 2H, 22.2 Hz), 7.02 (d, 2H, 22.7 Hz), 3.86
(s, 3H), 2.09 (s, 3H), 1.81 (s, 3H); C NMR (100 MHz, CD30D) 167.0, 163.2, 150.7, 132.0, 129.2,

121.2, 113.7, 54.9, 21.9, 20.5 ppm. HRMS calcd for C12ZH14NOSS (M-H): 284.0593, Found: 284.0591.

Example 10
27.N -(4-flu0r0benzene)sulfonyl-oc-dehydrovaliné.
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solution was added (0.18 nL, 1.86xI O 3 nmol). The vi al

was placed in a glass Fisher Porter hydrogenation
whodosl1ess29The bottl e was pressurized with H2 gaBCt(/882005/015770

psig) and vented 3 tinmes to degas and finally

pressurized again to 90 psig H2. The reaction was

agitated for 17 hours at anbient tenperature. The

Fi sher Porter was depressurized and the reaction was

|l ed for HPLC analy i el et er mi_n
3‘“‘“?’@%@‘08 025130 nghialltégrg & ﬁ%‘fé@ afég‘ff\[%d% fe %%nﬁg gnd cooled to
0C, théh el (97.1 393 eemg)l wdsngdgdr dhereetitih@bibyasicheas warmed to 1t, then saturated with

24, Jhe fol o f . .
NaZS(g Tl}e 1n$%amcn§ohds weﬁ:rﬁlteée avaslhe\é'I glﬁlﬁ l\ﬁlﬁgrhe(%l? m .a;Fh% %ombmed organics

were sthgpedd@glcyp i bight- }feﬂpw 28. [This ofllwas diEsqlved|iftaluéne 135 mL) antlldjethyleneglycol

y 0%
dlethl} efhBt {15 m%grggﬁggleﬁéggl%%ﬁgugﬁ%? % 1&922 ﬁﬂ%o)n[gér}\%%n-gg%w acid (0.19 mL,
m@epwve(e dedvistit rasuliipe 2Extpve vt hegday goflup vithplgeapsitprly reggeval of water for
24h, théh doleVio £6H4NE re)sulfﬂ@s-[ﬁd JwaQ@l@t&@d 2fld &ledQt ‘%ﬁl@ %m0 oF cAifie material, which

TNVBTP 0% % 50/ )
was Ryl FQ e G IBREL OF Lipse .90 % oS pussviip sqby (627 isolated
yield)>99% D 5 29 150 6 Me Me CBH5 (CH2)3 ( )-TMBTP 1 0% 25
24 98 1%98% D 6 30 150 9 (CH2)5- 4 Me C6H4 (R S) tBu
Josi phOS3 2 0% 25 24 95 9% >99 D 7 31 150 0 - (CH2)5-
mp 172: 143 EGHH-NRIRS|400 BIHZ 65:@Rps 3.81-7 864252147 957 QY9S- 82 (s, 3H), 1.87
(s, 3 213@5@411 N4 %30%%66%66351@7 "1’?18 1*§%t73(b Bas J12&8/01298 120.8,
i 4% 95% L (s>
115. 58})15,%2} O @Qﬁagpghggl\@ ngy&ijg CZIAHQ;Q:D@%S)@@%) |_27§ 0)33)3[ Found 272.0398.
reacti ons were determ ned to be >99% conver si on.
B ZIAﬁ_an yi el ds were determ ned usi ng HPLC and
*aRGpari son to authentic standards. 3(R S)-tBu-Josi phos

28. N=(behyl)S)lfohyHoderydrbytims.phno) f er r ocenyl et hyl di -
t - but yl phosphnme HPLC | nf ornati on

A o

3-methyl-2-oxobutyic acid, sodium salt (5.0 g, 36.2 mmol) was slurried in MTBE (25 mL) and cooled to
0 C, then HC1 (12.1 N, 3.1 mL) was added. The resulting biphasic was warmed to rt, then saturated with
Na,SO,. The inorganic solids were filtered and washed with MTBE (25 mL). The combined organics

0O
S

were stripped to give a light-yellow oil. This oil was dissolved in toluene (35 mL) and diethyleneglycol
diethyl ether (5 mL) and alpha-toluenesulfonamide (4.90 g, 29.0 mumol) then methanesulfonic acid (0.19
mlL, 2.9 mmol) were added. The resulting mixture was heated at reflux with Dean-Stark removal of
water for 24h, then cooled to 5 C. The resulting solid was dissolved in EtOAc (25 mL) and NaHCO; (4.8
g) in water (50 mL), then the aqueous was cut and the organics were washed with NaHCO, (0.50 g) in
water (20 mL). The aqueous layer was then treated with concentrated HCI (5.2 mL, conc.) at 0 C, to give
a solid which was recrystallized from toluene/ heptane to give 4.0 g (51% yield) of white solid.
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HPLC Assays: (Al HPLC anal yses were prefornmed using a
Chiral pak AD-H Guard colum (10 mmx 4.0 mm 5nm)
waeomphesszm | i ne with stated colum) A: Chiral pe&RT/BERBE/015770
25 cmx 4 6 mm 5mm at 40 OC, 90/10 heptane/lPA (0 4%
triethylamne, 0.4%trifluoroacetic acid), flowrate
-1.0 nL/mn, detection = 224 nm B: Chiral pak AD-H, 25
cmx 4.6 mm 5mm + Astec Chirobiotic V 10 cmx 4.6 nmm
Q.0C, 90/10 heptane/l1PA (0.4%triethylam ne, 0.4%
mp 19t4df9§ (o GLNAR @0 CDEQBY 743847 (mm, BT BHi7A7 (. 3H), 4.43 (s, 2H), 2.21

G, 3H2,@t®(‘<§l3@13 15 RRMR @D@IH%U@D 849 ADs iy 136.7C1M0%, fast, MM.8, 121.3, 59.0,

25, 3 yere gy Nt 22 “%%%‘x‘»%%éa'ﬁé% (sl g e am ne.

nm./ mn, detection = 224 nnBSynt hesi s of
'Va?ulfonyl-a-dehydroanino aci ds Exanple 8 25.
ol uenesul f onyl - a- dehydr oval i ne. To Ethyl

29. N-3propylrphéhyhndfouylamdelyalrovalibe.0 g, 104.0 mmol) in THF
(150 nL.) was added Li OH H2Q(5.30 g, 125.0 nmmol). This
stirred at rt overnight, then the solvent was
stripped. The resultingpwhite solid was slurried in
MIBE (150 ni) and cool gl t&@ C then HO (12.1 N,
11.0 nL) was added. A@e hesuly i bi phasi ¢ was war ned
tort, then saturated w Na2SO4. e inorganic
solids were filtered and washed w BE (50 nmL). The
conmbi ned organi cs were stripped to e a light yell ow
oil. This oil was dissolved in.toluene (84 nL) and
di et hyl enegl ycol diethyl ether (12 nlL) and

- nesulfon m de ).th
medRprHSRGE et oei it (56 b 25 mingh §aT B WESBE (3RHL) and cooted t
0 C, thelndIC@1€81 Ni h§ mii) xtas adiledia Thdweatldg taphasie wasiwametlho t, then saturated with
t
NaZSCrP4te %%ﬁo@#a‘élscuﬁ%mvgérﬁ] Q{I(tte%é? eagé\gfzslﬁlm )%/Aé‘tg Mf%ﬁ ??éf@ ’gl}%c%ml_) ned organics
were siiigpediti-EirRa [ight-yelleyy oil.nThigpid wag dis®lvetl Jn tolyson (20ankpl aad diethyleneglycol

d1ethy%ele(“$ tdn@n g@l@gylﬁbﬁaﬁl@lll-’smf&ﬁnn&e@ Oaéq Y&€Q l-iﬁm&lﬁﬁﬁﬁ m®fanesulfonic acid
separ at e t hen t organi cs were washed

(010 i, b5 @qul)rf"%@@?d ('&15‘: rﬁ{u}tmgw@u@dﬁlﬁﬁ inpreer 2d Fribe ethy D&?‘éﬁ%‘ﬂ( removal of
water ¥82118 hnashesdladith . EGRE (252010 aAGNAMTO, (1R i€ @aleLG0tnd ) vere added, and

this w% stirred until all materials dissolved. The aqueous was separated, then the organics were washed
with NaHCO; (0.40 g) in water (10 mL). The combined aqueous layers were then washed with EtOAc
(20 mL). The aqueous layer was cooled to 0 C, then HCI (12.1 N, 2.8 mL)) was added. The resulting oil
was extracted into EtOAc (2 x 50 mL), while still cold. The organics were passed through a plug of

silica-gel, then stripped and the resulting solids recrystallized from toluene (30 mL) to give pure material
2.87 g (67%).

mp 104.5-106 °C. IH-NMR (400 MHz, CDCl3) d 7.27-7.31 (m, 2H), 7.16-7.23 (m, 3H), 5.84 (s, 1H),

3.07-3.11 (m, 2H), 3.74 (t, 2H, 18.8 Hz), 2.30 (s, 3H), 2.17-2.24 (m, 2H), 2.16 (s, 3H); C NMR (100
MHz, CDCI3) 170.2, 159.6, 140.2, 128.5, 128.3, 126.3, 119.5, 52.8, 34.2, 25.1, 25.0, 22.6 ppm. HRMS

caled for C14H18NO4S (M-H): 296.0957, Found: 296.0951.
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and treated with HO (12. IN, 15.4 nL), to give a
white solid precipitate, which upon filtration and
waleysngsgave 15.0 g of crude material. This naPer/ist005/015770

was di ssolved in MeOH (45 nlL), then toluene (100 nlL)

was added. This was heated to 90 C, and the MeCH was

renoved. Then n-heptane (100 nL) was added sl owly over

2h at 80 C, then cooled slowy to 0O C Filtration gave

1%.9 g of pure white material (54%yvyield). np
ExampiedS5°189. 5 0C. | H- NMR (400 MHz, CD3OD) d 7.67 (d, 2H,
30. N26ludnesidfonykadRhidtocytidheRglgcibtz) , 2. 42 (s, 3H), 2.09

(s, 3H), 1.79 (s, 3H); 13C NWR (100 MHz, DWMSO- d6)

166.8, 146.9, 142.8, 138.6, 129.6, 126.9, 122.1, 22.1,

21.4, 21.3 ppm HRMS calcd faqy H14hEnS (MH):

268. 0644 Found: 268. 06B8. Exahp

i V- (4-met hoxy) benzengoul ontha\ ydrovallne

3- net hyl - 2- oxobut yi ¢ aci sodiumsalt (2.0 g, 14.2

nmmol) was slurried in (10 m.) and cooled to 0 C

then HO (12.1 N, 1.3 nwas added. The resulting

bi phasic was warned to it, then saturated with Na2SO4.

2—cycﬁ¥ﬁ%¥-?—§%&%&c ?ﬁ h (96 r%b\l\? éllfmc!l} \%Qsecgonﬁ)rﬁged%ﬁ‘{] e—?o&)ﬁ@n%sﬂ{fonanﬁde (2.63 g,

organi cs were
15.4 nyingle imtolegeh t21yral.) md/ dﬁﬂllylerlwvw diethyhetberdBgelol VA (10 mL, 1.5 mmol)

was aﬁ&lduﬁ{@lechis ]fﬁixmf) waeLadi 6t H:Yl'u? ﬁﬁ%}{ Ctﬁ!:n gdofetdht}{ |rt eflréq{:su(t% solids were

hoxyhenzenesul f (2 nmol
mlxedt Wé‘h EF%%%@ﬁ é%lcPl 08 Y1 si (@6 (2 lwa"ﬁt(@lmlz) ﬁﬂ%ll 2)11 %ﬁr@ls dissolved. The
aqueodél d@dsepdfaRd) 88uhdé bidgnitd Wi vesMaSwilleRhBdOat0.40e8) i >wa(e6510 mL). The

coms B SOHSELPESE S5 B RO SRV O con 00
then tlep@AGvith ZECINLY. 1 3 . INaHCCBhe( :2sulking) solids wat dilteXed @ndrivpshed with water and
dried H‘épgf'\lle Q;QBTJ 8f @rug%,om%%éﬁglm Tﬁensé?%ﬁg wgf‘est?gll H:tc%)@iﬁlhz&h fom EtOAC/ MeOH/ n-

eous mﬁer was separate ani cs
heptame(é@u wd/ Wb/ Tawicas gp@ A2 gpf puure wine epliq @Q%rm)ld) The
conmbi ned aqueous | ayers were washed with Et QAc (11

mo 27 202 NG L0 i i T [ 2 F bl 7kt G b 25821

(m, 21), btan ag,izen, ansi2.d6 yinnpgave 16045, gapfl.eristematgr i*al NMR (100 MHz,

co.offufr BRS5E! s 2352558 180 Sl 58395404 1500 . s

calcd for C15H19NOA4S (M-H): 308.0957, Found: 308.0953.

Example 14
31. N-(4-fluorophenyl)sulfonyl-a-dehydrocyclohexylglycine.

%O

O=CD=O
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(13%vyield). np 162.5-163.5 0C. | H NWR (400 Mz,

CD3CD) d 7.72 (d, 2H, 22.2 Hz), 7.02 (d, 2H, 22.7 Hz),
wWR2@6/1{8529 3H), 2.09 (s, 3H), 1.81 (s, 3H); 13CPCIVBS1029015770

MHz, CD30D) 167.0, 163.2, 150.7, 132.0, 129.2, 121.2,

113.7, 54.9, 21.9, 20.5 ppm HRMS cal cd for Cl2H14NG6S

(MH): 284.0593, Found: 284.0591. Exanple 10 27.

i V-(4-fluorobeiizene)sul fonyl

2—cyc?)_gde 'é%;(g%h%lﬁglaﬁﬁlﬁ)(% é@ gg}z{% nﬂm-%(él \glﬁsp Itﬂ_tl)lelfllg onarmde (2.70 g,
15.4 wmol) éxl todwend (AT, mLhard diEhylérbglydol Njettdil dthed (3 mn)s M84€d.10 mL, 1.5 mmol)

was a-gﬁle%l Er?ds‘ﬂﬂl tﬂnggxﬁ@kgg%%fﬁ %Zlu%or%ﬂ tthgn Ecgq’led OIS & ?lée resulting solids were

Sat ur at ed I norgani’ c so
mixed with EQ@Ac Badniarnd pHEQ:H(26MBEn @@@r 640) mL)T lvetilcahiphtagals dissolved. The

aquecRl$ 9@ ke%at@ﬁrﬁld%é bRRGE e %\gﬁd%{ﬂ 195111 doe'd) @(ng)in water (10 mL). The
This oil di ssol'ved 1 n tol uene )

combﬂlpcégwplgﬂwr y@%phe@ W@fWIWI@tE’?@AC 6@) W{:) EIFf:daqueous layer was cooled to 0 C,
then tEbaieQMdﬁhrI@@Mlﬁ ona B 1§ 5The @suld$: 1:03Wbe: f18RA and washed with water and

aried {EEVe B0 Pt @l a0t BateaéndeeFyapthesd T oene) methanol o give
2.8 g DednteStlat @8 voemdd)al of water for 24h, then cooled to 5
C The resulting solid was filtered, and dried to give
g of crude material, which was recrystal lized from

mp 2%@/ CrdHYMR 160 MEZ3EDadD) d §.53i A48 @0, 9B).g7.2F-7.pU (18, 2H), 2.61-2.65 (m,

2H), 2\@1 564 %4 mi) (1%84)598(9;1@%&1?0'1 Yi- ?h@'l/m 1%21?1%?{3(1@&1\4& , CP;0D) 1672

166. 3( 13- 72@5(3 A365 (8§eakg]__|)12gg(%-pea(k§) 1333.9 -1 §§Clg\jq3(lpoé0§/|.$z76 27.2, 25.7
ppm. ERBISRhicd 6&r.CAAHIFNGS MBBD):B312.0%05, Bound 3620702 peaks),

129.9, 129.8, 120.8, 115.5, 115.3, 22.0, 20.4 ppm

HRVS calcd for A ITH 1FNMS (MH): 272.0393, Found:
Exam@lg250398. Exanple 11 28. iV-(benzyl)sul fonyl -

i al | obutyi c acid, sodium
32.N @olfi&l}{@fo yﬁ& “g‘?"iga‘”ﬁ‘?’?“&g@aa urried in MIBE (25 i)
and cooled to 0 C then HO (12.1 N, 3.1 nL) was

added. The resulting bié)ha5| % was warnmed to rt, then

saturated with H 1
N§ Me
| T o

2-oxobutyric acid (10.0 g, 97.9 mmol) was combined with p-toluenesulfonamide (13.4 g, 78.4 mmol) and
MSA (0.51 mL, 7.8 mmol) in toluene (70 mL) and diethyleneglycol diethyl ether (10 mL). This mixture
was heated at reflux for 28h, then cooled to rt. To the resulting mixture was added EtOAc (50 mL) and
NaHCO; (13.1 g) in water (150 mL). Upon complete dissolution, the aqueous was separated, and the
organics washed with NaHCOs (2.0 g) in water (50 mL). The combined aqueous layer was then washed
with EtOAc (50 mL), then cooled to O C and treated with 12.1N HCI (16.0 mL). The product did not
crystallize, so it was quickly extracted with EtOAc (150 mL). The organics were dried (MgSO4), and
passed through silica-gel (150 mL) to remove dark color. The resulting organics were stripped to give

13.1 g of off-white solid. This was recrystallized from toluene/ n-heptane, then again from toluene to
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Na2SO . The inorganic solids were filtered and washed
with MIBE (25 nlL). The conbi ned organics were stripped
wo e00gitves2a | i ght-yellow oil. This oil was di sspCT/@E82005015770
tol uene (35 nL) and di et hyl enegl ycol diethyl ether (5
nm.) and al pha-tol uenesul fonam de (4.90 g, 29.0 mmol)
then net hanesul fonic acid (0.19 nL, 2.9 mMmvl) were
added. The resulting m xture was heated at reflux with
Dean-Stark renoval of water for 24h, then olqg to.5 .
give & ePhavIFE selid | Mateuels i threreothsr 1989w algrs OB 30 ffjenc to give an
additiamdl 2 MatdEateli4l. Gof) yield witler7 g(5P% yle)d). t hen the aqueous
was cut and the organics were washed with NaHCO3 (0.50
52 in water (20 nL). The aqueous | ayer was then
mp 150 ktled’ QMlﬂkNMRr(é%Mfat €D:01 d 759 2d.12H, 28.84k).)7-3% (d021E, 20.7 Hz), 6.92

[ I h [ st /
e 1}%‘17% TS, 2 é}@ i"@io& 31?’%?7 489 3“%1\%\(4)? 5@%&1& gﬁ(pgbgi)lief‘g 143.4, 138.9,
137. 4&972&91 dg7. @d26I8H2N&R13( ?4912111 Scriddpr g1 7125 OAS AH1- {‘IPn 254.0487, Found:
254.0849), 7.33-7.37 (m 3H), 4. 43 (s, 2H), 2.21 (s, 3H),
2.02 (s, 3H); 13C NMR (100 MHz, CD30D) 167.2, 151.4,
130.7, 129.7, 128.0, 127.8, 121.3, 59.0, 22.5, 20.6
ExampRms HRVB cal cd for C12H14NO4S (MH): 268.0644, Found:

2 .29. -(propyl -3 henyl)sul fonyl -
33ZViqagﬁ§§ﬁgvgﬁ%ﬁ§wﬁgﬁﬁgpﬁy| 2- oxobutyic acid, sodium
salt (2.6 g, 18.8 mmol) was slurried in MIBE (20 nlL)
and cooled to 0 C, then HO (12.1 N, 1.6 nlL) was

added. The resulting biphagi i was=vwarned to rt, then
saturated with Na2S N'\éeblids wer e
filtered and washed th||MB® (20 ). The conbi ned
organi cs were strippe give a light-yellow oil.
This oil was dissolved jn toluene (20 nL) and

di et hyl enegl ycol diethyl ether (3 nL) and
-metﬁ%l%&géﬂngfaaa@ﬁ Jodﬁﬁ'ﬂ $R Q?%dﬁ 9(13)111@1) gvas glﬁmlad RBEYDERL) and cooled

fonic acid (O ). were added.

10 0 GHen B0 A MELYe WHE HOSEIRE FRPHipat b oy £ i, then saturated
with Neg,. Stiae l‘in(fr Vellid® wewatiRdred &fd 48hbd vdithQVITBEQIZEGhH)O The combined

rt. EtQAc % NgﬁCCB (2.5 % n water &?P nL
organls T SHGRET B4 BNt Py o ot RGP 5 iy and
diethydérgloéat dﬂéthy]]'«hberaﬂtlﬂ)) arsl endues@pbioratidd, (4. 51ge?6.3 tmenol) then methanesulfonic
acid @Egaﬂrcf6 i % %gedM t1“1'1163 P@Mﬁ% m(i)gur%%%)heb@d \Qﬁ}e Dean-Stark
agueous er wer e en was
remov@at ()jaw;ater for 24h then cooled to 5 C. The resultlng solids were mixed with EtOAc (75 mL) and
NaHCO; (4.2 g) in water (100 mL), until all materials dissolved. The aqueous was separated, and the
organics were washed with NaHCO; (0.50 g) in water (20 mL). The combined aqueous layer was then
washed with BtOAc (25 mL). The aqueous layer was cooled to 0 C, then treated with HCI (12.1 N, 5.0
mL). The resulting oil was extracted into EtOAc (2 x 50 mL), then stripped to give a solid, a 10:1
mixture of olefin isomers by 1H-NMR analysis The solids were then recrystallized from toluene/

hexanes to give 4.2 g of white solid (57% yield), as a single isomer.

mp 166.5-167.5 °C. 1-NMR (400 MHz, CD,0D) d 7.69 (d, 2H, 20.8 Hz), 7.32 (d, 2H, 20.0 Hz), 6.56
(d, 1H, 26.9 Hz), 2.86-2.93 (m, 1H), 2.40 (s, 3H), 0.95 (d, 6H, 16.6 Hz); C NMR (100 MHz, CD;0D)

-3 -



10

15

20

25

30

(20 nL). The aqueous |ayer was cooled to 0 C, then HC

(12.1 N, 2.8 nL) was added. The resulting oil was
wezaosacssed into EtOQAc (2 x 50 nlL), while stillPcDU82005/015770

The organi cs were passed through a plug of silica-gel,

then stripped and the resulting solids recrystallized

fromtoluene (30 nL) to give pure material 2.87 g

(67@@ np 104.5-106 OC IfJ NVR (400 MHz, CDCI 3) d

166. 3314@77 31431{’[ 1(%%3 ;ﬁgQ 1@7 1@5 %(q"&qg% wgm%é% ce]?zl for C13H16NO4S
(M-HB b2.08001Foudd:2420805.2H) , 2. 16 (s, 3H); 13C NWR (100
|sz CDCl 3) 170.2, 159.6, 140.2, 128.5, 128.3, 126.3,

Synthﬁ{}? o M‘(‘%}Hﬁ%’?ﬂcﬁ 331@5%173 n%% 6%@?_ m HRVS cal cd

296. 0951. Exanpl e 13 30. -toluenesul fonyl -

a- dehydrocyclohexyl g]qgﬁ 2- oxoet hanoi c
acid (3.0 g, 19. ile éiic\%a‘ﬁgn%%n%l% MQ

p- toluenesulfonan1de (2.63 g, 15.4 nnDI) |n t ol uene

Racerfug :lmﬁﬂe) acfid Qs&‘l‘ of H)ﬂae H?Ht}éﬁﬂ!ysléitv@& gby pall B@lond Sf tHlo)methd3A The yields
1 nmol ) was added, this m xture was

Wme?%é@%@m%@ réflux for 24h, then cooled tort. The
resulting solids were n1xed Wi th EtCﬁc (35 nL) and

Metho?la g'g%%:\e}eg: c? undn 3%'}:56 6(§7O 3?1‘ 4)1’ weid rjapa%g tiyrﬁgsgln gltﬁe corresponding

e aqueous mhs Sep ar ated.
DL-amip excidas vexderwisinlg NEHCOB equav. )40hfgl) addimg the elrlfopilochﬂmyie (Tlgquiv.). Upon

comp%ﬁé‘mé)ﬂ}ggt@ﬂL{ﬁ@fﬁﬁu&r@mg ali@Bed Qﬁﬂ H@Sﬂﬁ Qhe\(’;ﬁr Jhcétc%&ll(z&@ in high purity

he aqueous | ayer was cooled to
from waterand gecpystaiizp@if neegssay. N 3.1 ). The res.ultl ng
solids were flltered and washed with water and dri ed

to _give 4.45 terial ol.ids were
Meth el B POt (oo R 0 et RIECHPPRRBGY IREOPTON L 1 comresponding
dehydidaminestdry i Megiaual 4 .rdory tofipeprure, witigt H% BHICI(2586%), 40 psi H2. The
reacti%(rg’egr%fdeg‘gl.eglﬁ%% %1‘?‘&}19 ggve yael!}wﬁle( é‘g&(g%e E@%&i%&ﬂlg%m% through celite,
then fAking tRrodgh &(llgca-g’SH)) re@ov@@olgr im@ufiigs. 2H), 1.48-1.60 (m
4H), 1.32-1.38 (m 2H); 13C NMR (100 MHz, CD3OD)

167.4, 154. 2 143.2, 137.3, 128.9, 127.0, 118.6, 30.8,
30.5, 27.5, 27.1, 25Nen-Bayemicqsmino prilss

Non-racemic amino acids were prepared using the following method. The yields were not determined.
Non-racemic, commercially available amino acid was slurried in acetone/ water (1:1) at 0 C, then NaOH
(2.0 N, 1 equiv.) was added to dissolve. Then diisopropyl ethyl amine (1.1 equiv.) was added, followed
by the corresponding sulfonyl chloride (1.1 equiv.). The reaction was allowed to warm to rt, then the
acetone was removed by rotary evaporation. The resulting water was diluted with water, then HCI (2N, 1
equiv.) was added. The pure derivatized amino acid was isolated from water, then crystallized or

chromatographed to high-purity.

Data for Racemic and non-racemic amino acid derivatives.
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cal cd for CL5HI9NOAS (M H): 308.0957, Found: 308.0953.
Exanpl e 14 31. -(4-fluorophenyl)sulfonyl -
wa@2ashysfeocycl ohexyl gl yci ne. 2- cycl ohexyl - 2- ox ot TTEHRINE 015770
acid (3.0 g, 19.2 nmmol) was conbined with
p-tol uenesul fonamde (2.70 g, 15.4 mmol) in tol uene
(21 nmL) and diethyl enegl ycol diethyl ether (3 nlL). MSA
(O 10 m., 1.5 nmol) was added, and this m xture was
eated at reflux for 28h, then cooled to rt. The
Exampléﬁulti ng solids were mixed with EtOAc (35 nL) and
34. NNaldexdsul{chybvadinei n water (60 nmL), until all materials
di ssol ved. The aqueous was separat ed, and the organics

wer e washed with I\IaHO(@(OZg) in water (10 ni).
The conbi ned aqueous | ayer _ hed with Et OAc
(20 nlL). The aqueousHbay w?)s o0 0 C then
treated with HJ (12.1 N rrL) The resulting

solids were filtered an shed with water and dried
to give 3.0 g of crude material. The solids were then

14%e0ysCal jii ld ag® 2ot [
mp oot tg Sol%{(ﬁﬁg)gsfg/(gdfﬂ}]%%ﬁ;@m m@ 15}@ 901{%7/?3@1 §H92107sz) 3.61 (d,

e, it ity S0, 3B @b TH0 S, 35, 5 H0p0 8P i %iw 1 Hz); “C NMR
(100 MHe 112,089 17238, 2KH)1, 127.21220.24668161.218D.9, 40.8581, 5596 fof. HRMS calcd for

cuosdfghos ol yotpdlriid i) 58 672 Deaks), 1269 (2

peaks), 118.3, 115.5, 115.3, 31.0, 30.5, 27.6, 27.2,
1§ ppm HRMS cal cd for CL4HISFNO4S (M H): 312. 0706,
ound: 312.0707. Exanple 15 32. N-tol uenesul fonyl -

35. N44- QMg bensene)syifionylyplige. aci d.  2- oxobutyric acid (10.0 g,
97.9 mmol ) was conbined with p-tol uenesul fonam de
(13.4 g, 78.4 mol ) and MSA (0.51 niL, 7.8 nmmol) in
toluene (70 nL) and di et hyI e@eg ol diethyl ether (10

Exam

m.). This m xture was eat[eels omef or 28h, then
cooled to rt. To th&Tesyltidg ture was added Et OAc
(50 nL) and NaHCO3 (13. in water (150 niL). Upon

conpl ete dissolution, the agueous was separated, and
mp 116(R117.5 °C. IH-NMR (400 MHz, CD30D) d 7.77 (d, 2H, 22.6 Hz), 7.02 (d, 2H, 22.5 Hz), 3.86

(s, 3H), 3.52 (d, 1H, 12.9 Hz), 3.32 (m, 1H), 0.94 (d, 3H, 17.0 Hz), 0.87 (d, 3H, 17.0 Hz); *C NMR (100
MHz, CD30D) 174.7, 162.8, 132.1, 128.9, 113.6, 61.9, 54.7, 31.0, 18.4, 16.6 ppm. HRMS calcd for

C12H16NO5S (M-H): 286.0749, Found: 286.0746.

Example 19
36. N-(4-F benzene)sulfonyl valine.
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organi cs washed with NaHCO3 (2.0 g) in water (50 niL).
The conbi ned aqueous | ayer was then washed with Et OAc
WO 3@5mi8529 t hen cooled to O C and treated w t h RCT/UB205/015770
HC (16.0 nL). The product did not crystallize, so it
was qui ckly extracted with EtOAc (150 nlL). The
organics were dried (MJSO™4), and passed through
silica-gel (150 nmL) to renove dark color. The

res [ organi cs were stripped to give 13.1 of
mp 157 b ENGEP a0 Vi ConD) PaDD it A T2 an ALbr SoluhdA0 Ha), 1.99-
2.10 (B, NEROABE4, j}hqn 03831 0100 (d0BH L Ol UgRe St QIR @10 MHY, @H30D) 172.7, 166.1,

white' solid. Materials in the nother [i guors were

163.6r d31-9s1309.i 297, £ 12816 t185-Ges-3.06153.v30. %nl?aadiﬁéormm IRMS caled for
c11H33@%0 Hgédno?m &burt elachsws 11.7 g (59%yield). np

150. 5- 151. | H NMR (400 MHz, CD3CD) d 7.69 (d, 2H,

20. 8 Hz), 7.32 (d, 2H, 20.7 HzZ), 6.92 (q, I|H 17.8
Examplep 2.41 (s, 3H), 1.81 (d, 3H, 17.8 Hz); 13C NWR (100

165 8. 143.4, 138.9, 137.4, 128.9, 127.0,
37“%%‘.‘%5%@3 3“‘?’? 3 ppm HRMG cal cd for Cl1HL2NO4S
(MH) . 254. 0487, Found: 254.0482. Exanple 16 33.

i V-tol uenesul fonyl - -dehydr ol euci ne.

4- et hyl - 2- oxopent anoi ¢ i dy Sodi um sal t (5.0 g, 32.9
mol) was slurried in B5Sm\) and cooled to 0 C,
then HO (12.1 N, 3.0 nil) s @d)e\ The resul ting

bi phasi ¢ was warned to rt- en satuyrated with Na2SO .

The inorganic solids were filtered and washed with

B N AT
13.0 )| Behen( BY, A (AridL, d7dt ) @Ak, BEbll7. ahHai) hyC ¥MRe(10¢ B1Hz, CD,0D)
173. 6“1-3)0 8a'1‘§b P ?é’b URRESK] § %331“1}9? &% ?g@ kel b, g dlgtg&HmNOst (M-

nesul acrd Were a
H): ZWO‘P dound: ?WWxt ure was heated at refI ux wth
Exam: @@ Stark renmoval of water for 24h, then cooled to 5
he resul ting solids were mixed with Et OAc (75 nlL)
ﬁ@hwm&vl’(ﬂf"? jelingr water (100 ni), until all
mat eri al s di ssol ved. The aqueous was separated, and
the organi cs were washed witK NaHCO3 (0.50 g) in water
(20 nmL). The conbinegO ue yer was then

mp 151-152 °C. TH-NMR (400 MHz, CD30D) d 7.26-7.30 (m, 2H), 7.16-7.22 (m, 3H), 3.77 (d, 1H, 13.4

Hz), 2.98-3.02 (m, 2H), 2.71-2.75 (m, 2H), 2.03-2.20 (m, 3H), 1.0 (d, 3H, 17.0 Hz), 0.93 (d, 3H, 17.1
Hz); °C NMR (100 MHz, CD30D) 173.6, 140.6, 128.0 (2 peaks), 125.7, 61.3, 52.1, 33.7, 30.7, 25.0,

18.3, 16.5 ppm. HRMS calcd for C14H20NO4S (M-H): 298.1113, Found: 298.1112.
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washed with Et OAc (25 nlL). The aqueous | ayer was
cooled to 0 C, then treated with HO (12.1 N, 5.0 nl).
wab@snesed ting oil was extracted into Et OAc ( 2P&T/B82005/015770
m.), then stripped to give a solid, a 10:1 m xture of
olefin isonmers by IH NWR analysis The solids were then
recrystallized fromtoluene/ hexanes to give 4.2 g of
white solid (57%yield), as a single isomer. np
é 5- 167 5 0C. |HNW (400 MHz, CD3OD) d 7.69 (d, 2H,
Examplg 23 7.32 (d, 2H, 20.0 Hz), 6.56 (d, IH 26.9
39.N4(fb)uenébuﬂ'6nyﬂ)c@ﬂol(dxylglyﬁ)w. 2.40 (s, 3H), 0.95 (d, 6H,
16.6 Hz); 13C NWR (100 MHz, CD30D)166.3, 149.7, 143.4,
137.3, 128.9, 127.1, 123 5, 27 20.6, 20.1 ppm HRMS
cal cd for CL3HI6NO4S ( MIH) :N-282 080, Found: 282.0805.
Synt hesi s of Racemi c B#d n-da eti ¢ N-sul fonyl am no
aci ds. Racem c am no aci erivatives. Racem c am no
acids used for chiral H anal ysis were prepared by
one of two nethods. The yTelds were not determn ned.
Met hod A. Racem c conpounds 34, 35, 36, 37, 38, 41,

mp mmrse °ar ef@@m@ (&m s Sah UD?QI ihze(dcgﬁrﬁﬁmaﬂv@@ @Lzﬂaribriq{z) 3.61 (d,

15, 1§ AT G | 305 Sl 095 1 26y0on Bompl MURGHOGMEL, CDOD) 1727,
143.0F EAICA, 110910, 11668, 0N uoe YAz, B9, disfel 6.5V tpaaltsll 19. %8st IRMS calcd for

T Lzed | ' hpurityfromvvater and
CISH%\E(?{%@W%@B?Hbﬁ‘ﬂ’geés@aﬂ;p Met hod B. Racemic
compounds 39, 40, 42 were prepared by hydrogenation of
Examéllew%correspondl ng dehydroanino esters in Methanol at
oom tenperature, using 10%Pd/C (25 w9%, 40 psi H2.
40. N-thE bﬁ@@@@ﬂﬂlfﬂsylm’d@h%mlég'cmeeanl y, in quantitative
yield. The products were isolated by filtration
through celite, then passing through silica-gel to

remove polar inpurities.oNop-Rageni c ami no aci ds.
@' @ using the

Non-racem ¢ ami no aci ds B9
fol |l owi ng net hod. TheH9| ellds aere not determ ned.

mp 143-145 °C. IH-NMR (400 MHz, CD;0D) 8 7.87-7.91 (m, 2H), 7.23-7.27 (m, 2H), 3.64 (d, 1H, 14.8
Hz), 1.57-1.76 (m, 6H), 1.00-1.32 (m, 5H); *C NMR (100 MHz, CD;0D) 172.6, 166.1, 163.6, 137.0 (2
peaks), 129.7, 129.6, 115.3 (2 peaks), 60.8, 40.3, 29.3, 27.8, 25.6, 25.5 ppm. HRMS calcd for
C14H17NO4S (M-H): 314.0862, Found: 314.0861.

Example 24

41. N-(toluenesulfonyl) aminobutyric acid.
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Non-racem c, commercially available am no acid was
slurried in acetone/ water (1:1) at 0 C, then NaCH

WO 2008/1M524 equi v.) was added to di ssol ve. ThenPCT/US2005/015770
dii sopropyl ethyl amne (1.1 equiv.) was added,
foll owed by the correspondi ng sul fonyl chloride (1.1
equiv.). The reaction was allowed to warmto rt, then
the acetone was renoved by rotary evaporation. The

[6S Itg;/ 1Water was diluted with water, then HC (2N,
mp 13. éfgféi (Q? HRSMRAGUUMHph eDflPXed ddp (28, 266 B 7nd @c?id 20.1 Hz), 3.72
(m, 11028 41 $QBAY, ad/L 1 PMaHE 159 NENnE NS ,tedd (284 198 Hz); *C NMR (100 MHz,

chr togra tq _hi gh-pyri t or 1 C d
DO B e LA rigS St 8- 0 A Bt SRS gl for CLUELANOS
(M-H): ¥54.@d4d hvmndtl 6560948. val i ne. np 149-150.5 0C. | H- NWR

(400 MHz, CD3OD) d 7.72 (d, 2H, 20.9 Hz), 7.33 (d, 2H,

21.7 Hz), 3.61 (d, IH 14.0 Hz), 2.41 (s, 3H),

Examfle 99-2.04 (m IH), 0.94 (d, 3H, 17.0 Hz), 0.89 (d, 3H,
42, N-%tzl&n&lﬁifbxgﬁﬁ&cw (100 MHz, CD30D) 172.8, 143.1,
37. 7, 129.0, 126.8, 61.3, 30.9, 20.0, 18.1, 16.6 ppm

HRVS cal cd for Cl2HL6NO4S (M H): 270. 0800, Found:

270. 0803. Exanple 18 35. iV-(4-Owe benzene)sul f onyl

valine. np 116.5-117.5 GC. {1 @L@go Mz, CD3CD) d

7.77 (d, 2H, 22.6 Hz)Ho7. i, , 22.5 Hz), 3.86 (s,

3H), 3.52 (d, IH 12.9 , 3.32 (m IH, 0.94 (d, 3H,

17.0 Hz), 0.87 (d, 3H 17.0 Hz); 13C NMR (100 MHz,

CD30D) 174.7, 162.8, 132.1, 128.9, 113.6, 61.9, 54.7,

T e N i LR
1H), 20Hr(2eHB) 664 gRyim. ) 148 (rp2H)39-83 §8 3BC16.8 HzNOR (04 Hz); “C NMR

(100 MHz, c6leb)ABk.3d 143.9013¢9) 10H) 12479,252.4, Ay .8244.2, 23.9690.4800.2 ppm. HRMS
96 (d, 3H 17.0

caled {qg'jz,l%ﬁisﬁ,?fpd@d}\aéﬁ%%&?_%f}gﬂl}i@ 2@'@@"9&7& (100 MHz, CD3OD)

172.7, 166. 1,

Example 26
(2R)-2-{[(4-Fluoro-3-methylphenyl)sulfonyl]amino }-N-hydroxy-2-(tetrahydro-2H-pyran-4-yl)acetamide

F F
1 n /@ 1. Oxalyl chlorid 1
N . . Oxaly! chioride
HO/U\./ S cat. DMF HOHNJ\;/ Nog

7\

. 0o —_— . 00
O 2. aqueous NH,OH O
99.5%ee
o <3 ppm Ru, Fe (94%) 0

8

Sulfonamide acid
Sulfonamide acid 8 was dissolved in 3.2 L. of THF (4 vol). This water level was high
(KF = 2400 pg/ mL) due to water in the solid 8. More THF (4 L) was added and the solution was batch
concenirated to the initial vol (KF = 1200 pu g/ mL). A caustic scrubber was connected to the reaction
flask. DMF (18.5 mL) was added, the solution was cooled over a -15 °C dry ice/ acetone bath to 5 °C
and 248 mL of oxalyl chloride was added from an addition funnel over 20 min at ~ 5 °C. The mixture
was allowed to age 2 h, after which the batch was cooled to -42 °C and 790 mL of aqueous 50 wt%

NH,OH was poured in from an open neck. The resulting reaction was exothermic and the batch
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163.6, 137.0, 136.9, 129.7, 129.6, 115.6, 115.3, 61.3,
30.9, 18.2, 16.6 ppm HRMS cal cd for Cl1HL3FNO4S
WO koh1185294. 0549, Found: 274.0552. Exanpl e 20 B@T/US2005/015770
N- (Benzyl) sulfonyl valine. np 120-121.5 0C. | H NWMR
(400 MHz, CD3OD) 7.42 (m 2H), 7.34 (m 3H), 4.31 (m
2H), 3.75 (d, 2H, 13.0 Hz), 2.09 (m IH), 0.98 (d, 3H,
17.1 Hz), 0 91 (d, 3H, 17.1 Hz); 13C NVR (100 I\/Hz
CD30D) 173 130.8, 129,7, 128. 128.1, 61.
tempogafurg ,rgsiso » %ﬂ%%‘gﬁﬁere ArgiRs dawt dTIFd?JXEieszéﬁeﬁéwet 50 mL of water
and 4 RYRIL 0868 HEDwasladded & 43pQ3dihe fiXanpb eEDAc (88.1) was added along with 100

mL Wlf’t:?/f: - e?lﬁ%éll %‘»_f&?\%l sul Oﬁyob} gl éor;veeéBe hgis %\ri_bwer%prf%entl % mixture
was tiamgfer@ o aBexfictod thelakieotBlaer Mz} put2ang$h63)rmu<(lnyer e washed with 960

mL otﬁg@r %hg grg%ugk lagﬁ)was asgg’d }_é;d%gl-ié%ld l\iﬁglﬂ 2 $100 al(dcthe%c zncgntrated to 4

L in ap23. gundjbptton flaglp @@pqrgtlw syntingedwith actgliuog of g@L Pt EtOAc to remove
THE. gz{{%{ r%&uée of%/?h@ forkd duri 3h1§ gﬂﬁﬂﬁéwh'%%re;ﬁke@dvégo\hl Ito malntaln good

. oun a
mixingg Thy @ert BeLereb i Do ﬁyﬂ“% B ek yi B %%\Waa@ gt 2 b the
mixtu@Gvaslagbtd\VRL (40T WHhd iAMDY cebl Zndrade Obernight, TAO si@rrir)5,°C) was filtered

(filterg)i(_@ ?mglg%gl%fi'ﬂ .}509 1]1 ﬁ_%))ﬁ)c/ 7 Bepéa.?g dTléeSs}_ll idg wqgé&ne%ﬁ?é RIWG(‘ nrtrogen and

then verQanvidzred © )raﬂ_s?izd HriedDndygat 403 17 1iad 98 Dg (DTN, 99.9 A%, 4.4%
ywld)q)tp 7,40 4, 29.2, 27.9, 25.6, 25.5 (2 peaks), 19.9
ph HRVS cal cd for CL5H20NO4S (M H): 310.1113, Found:
500, 1111, Exanpl e 23 40. iV-(4-F

Exampenzenesul fonyl j cycl ohexyl gl yci ne.

Formation of CBZ-enamide ester (3).

O

0 Q '
Moo NHCBZ | (Uj Tetramethylguanidine MeO } NHCB2
04;3)-“;);\/19 o THF, (272 :/3)to 20C
° 0
1 2 3
MW 331.26 MW 100.12 MW 305.33

Tetramethylguanidine (1.91 g, 16.6 mmol) was added to a solution of N-(benzyloxycarbonyl)- o -
phosphonoglycine trimethyl ester 1 (5.00 g, 15.09 mmol) in anhydrous THF (7.5 mL) at —20 °C. After
stirring for 1 h at —20 °C, a solution of tetrahydro-4H-pyran-4-one 2 (1.89 g, 16.6 mmol) in THF (2 mL)
was added. The cooling bath was removed and the mixture was stirred at RT for 1 day. The assay yield
was 82%. The reaction mixture was diluted with 25 mL of EtOAc and washed with 2 x 25 mL of 0.1N
HCIl and 50 mL of brine. The loss to washes was 1%. The organic layer was concentrated and the
residue was dissolved in 20 mL of toluene at 60 °C. Slow cooling to RT afforded a slurry, which was
further cooled over an ice bath and aged 3 h. The solids were filtered and washed with 4 mL of cold
toluene to afford after drying 3.27 g of CBZ-enamide ester 3 (71% yield) The mother liquor loss was

9%. The solids were recrystallized from toluene with 90% recovery of 3.
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np 143-145 0C. | H NWVR (400 MHz, CD30D) d 7.87-7.91 (m
2H), 7.23-7.27 (m 2H), 3.64 (d, IH 14.8 Hz),

wa 288418576 (m 6H), 1.00-1.32 (m 5H); 13C NVRPCT/082005/015770
MHz, CD30D) 172.6, 166.1, 163.6, 137.0 (2 peaks),
129.7, 129.6, 115.3 (2 peaks), 60.8, 40.3, 29.3, 27.8,
25.6, 25.5 ppm HRMS calcd for ClL4HL7NO4AS (M H):
314. 0862, Found: 314.0861. Exanple 24 41.

oo 1 SRR R 1S 25002 A5 128 5o

br, 7H), B (odl 2HR1E,432401(t 13 J =31 72);(H6-NMR) (,C]ZKI13410(( BIHZS )165.1, 154.9, 146.9,

136. 01182%? 737 1%?% 1% ]2059%&2@6%&]&3&'%% énaq cd o}'bmeNos C,

62.94;1H.76.%; 1@990F0uﬂ26€762E77Ho62(25\1 9.4720.0, 8.7 ppm HRVS
Exam @Izgd for CL1HL4NO4S (M H): 256.0644, Found: 256.0648.
le 25 42. N-(toluenesul fonyl)leucine. np 122-123
Asymé’e‘HCthlf-‘fRﬁﬂQa‘c%’de miggssief)-d 7. 72 (d, 2H, 20.8 Hz),
7.34 (d, 2H, 20.0 Hz), 3.80 (m IH, 2.41 (s, 3H),
1.66-1.78 (m IH, 1.48 (m 2H), 0.89 (d, 3H, 16.8
Hz), 0.81 (d, 16.4 Hz); 13C NMR (100 MHz, D)
174.3, 143 NIBEBZ9, 12%03si Hil 601D, SiCAfSM%% \NSQ(EPI\Z/LZI—D
21.9, 20. 4 0.2 pp H - Cl3H
284. 0957, Feuny: 2106’?1}/@0@@“ P;E?%f (2R)-
[ (4-Fl uoro- thyI phenyl )>§ °I‘for(19§ﬂ am no o
}- N-hydroxy- 23 (tetrahydro-2H pyran-4-yl)acet am de Fee
"/o > 8 Sulifvapess de acid Sul fonam de acid &wsas
dissolved in 3.2 L of THF (4 vol). This water |evel

The C\ﬁ%:c'enamt%e 3 (5.00 g, 16.4 mmol) was dissolved in MeOH (180 mL, N, sparged to exclude
oxygen) and degassed (vacuum/ N, fill cycles). The catalyst, (+)-1,2-bis((2R,5R)-2,5-

dimethylphospholano)ethane(cyclooctadiene)rhodium (I) trifluoromethanesulfonate (100 mg, 0.16 mmol,

Strem cat#45-0171) was added under a N, blanket. The mixture was shaken in a Parr apparatus for 15 h
under 45 psi Hy. The catalyst was filtered and the solvent was evaporated to afford 5.0 g (>95%
uncorrected yield) of CBZ-aminoester 4 as a colorless oil. A 100 g scale-up run was done at 90 psi H,
and afforded >99% ee.

Note: The use of pure CBZ-enamide ester 3 is required for successful hydrogenation.

'H-NMR (CDCls, 500 MHz): 8 1.47 (m, 3H), 1.55 (m, 1H), 2.03 (m, 1H), 3.36 (m, 2H), 3.76 (s, 3H), 3.98
(m, 2H), 4.35 (m, 1H), 5.11 (s, 2H), 5.32 (d, J = 9 Hz, 1H), 7.4 (m, 5H).
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(KF = 2400 ng/ nL) due to water in the solid 8. Mre
THF (4 L) was added and the solution was batch
waoemsansseat ed to the initial vol (KF = 1200 m BET/IRI005/845770
causti c scrubber was connected to the reaction fl ask.
DMF (18.5 nL) was added, the solution was cool ed over
a -15 0C dry ice/ acetone bath to 5 0C and 248 ni of
oxal yl chloride was added from an addition funnel over
ﬁo gin at ~ 5 0C. The m xture was allowed to age 2 h,
Exam r which the batch was cooled to -42 0C and 790 niL
Hydrogénohygid @aisinaBtentdo(BH2OH was poured in from an open
neck. The resulting reaction was exotherm c and the
bat cht enperature rose to 35 0C quickly before drifting
down. The m xtupe was diluted with 6300m_ of water and
410 nL of cone/lJ:IgNHms added to adjust it henpitito 4. 5.
Et CAc (9.5 LY*as added aldtig Midrh Y9 wat er and
the m xture was med t 045 OC 0 dlsmethe sol i ds
that were prese The m xt 4p@®)was tra (f) rred to an
extractor, the agpeous |ayer was cut, and the organic
| ayer was was cg:/{ h 960 nL of water. THe or gani c
| ayer was passed hrough a pad of Sol RaV$®6€e and then
batch concentrated to 4 L in a 22 L round bottom
The aﬂﬂnaésker 4 R RA Sdech Q8 WABeHD Bidr PEEthnWiHeh et @htbd o3 i@flatekiGhs lits
OAc to renpbve TBDF. A thick m xture of solids
CrySta]?’B? 5053 uring this distillation and required ~9 L vol
to mai ntain good m xing. The slurry was heated to 70

oo - 5P LS ok L . 7o sy -
Hz, 2H)o2.¢®Gh, léhdl oo Jovkh i, @Hﬁ 1.45Kéq, 1=k 13 He 28D 036 (des/ = 4, 12 Hz, 1H).
BC. NMR' (Ezﬁbﬁl@o( iod Mﬁ&) QQE k 18' 7ﬂ§6 @%2\@ 5'615 466l8 Qé 0 ]1692EIA%CCalcd for

hept ane.
CSHMQMO&;?}S %él 17 ﬁ%ﬁ\] \ﬁeﬁ‘ge FPP%@nsq é? ?’%ﬂé{ t7c§4t Nr%‘g t r ays and
dried 2 days at 40 OCto afford 783 g (99.6 w% 99.9
A% 94.4% yield) of product. Exanple 27 Formation of
EXAn@@enam’ de ester (3). Tetranethyl guanidine (1.91 g,
SulfonkBcHoridebprimana sul faddeide tyatlesisol ut i on of
N- (benzyl oxycarbonyl )- a - phosphonogl yci ne tri net hyl
ester 1 (5.00 g, 15.09 nmmol) in anhydrous THF (7.5 nl)
Step latSulfo@tiogo spditeysulfonate (7)

L e ey
—_—
NaO3S

NaCi

6 (85%) 7
MW 110.13 MW 212.17

Concentrated sulfuric acid (80 mL, 1.47 mol) was added to a flask containing o-fluorotoluene 6 (55.07 g,
0.500 mol) at RT. The mixture was heated slowly to ~80 °C over 30 min with agitation (the reaction is
exothermic and gradual heatup is recommended to prevent heatup >80 °C, which results in a colored
product). The resulting oil was agitated at 80 °C for 3 h until <0.7 A% of SM 6 remained. The reaction
mixture was quenched with cold water (500 mL, the internal temperature rose to 110 °C briefly at the

beginning of addition then quickly dropped to 50 °C after all water was added). Acetonitrile (55 mL)
-40 -
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stirring for 1 h at -20 0C, a solution of

tetrahydro- 4H pyran-4-one 2 (1.89 g, 16.6 mmol) in THF
W@ 200511)852ms added. The cool i ng bath was renoverCEOS2005@15770

m xture was stirred at RT for 1 day. The assay yield

was 82% The reaction mxture was diluted wth 25 nL

of Et OAc and washed with 2 x 25 nL of 0.IN HO and 50

nmL of brine. The | oss to washes was 1% The organi c

v B S8 UGS B, 8 o2l o R e ot
solids add \Msdmﬂ caolsdl tr 12y°C awivhich tewvgsrafun tebdsrwezomlded (100 @iz od1). Solids
formec\il\grgti%ua ht?{%ﬁe Aﬁ‘%{ﬂu%’y Qai T {%d%ooi{i‘ g)vetro ;efifwlaL £oo$et%qo £ G]C for 0.5 h. The
solids gexgifiligred, iipedywith 2CBZqusnesiiald (Hdtrdr), Srd(drigdand B °F) vadiven oven to
atford TRE S £ssol LAY 00 PR%, W88 vt PsRRle] dfrofe £
recrystallized fromtoluene wWwth 90%  recovery of 3.np
= 112 0C. 1HNWR (CDA 3, 400 MHz): d 7.36-7.27 (m br,
Note: TH reglisbied %, wasifleser® all 5% Snd &d-BluteSwif®7 (dthe BIPLC 4kdhy.
2.92 (m 2H), 2.43-2.40 (t, 2H, J = 11 Hz); 13C NWR
(CDA 3, 100 MHz): d 165.1, 154.9, 146.9, 136.0, 128.5,
128.3, 128.1, 119.5, 68.2, 67 7.3, 51.9, 32.0.
31.2. Anal. Calcd for cmmg@;g 62.94: H, 6.27; N,
4.59. Found: C, 62.77; Hiaots - 4.47. Exanple 28
Asymetric hydr ogenation to -am noester (4). The
CBZ-enam de 3 (5.00 g, 16.4 ) was dissolved in
MeOH (180 nL, N2 sparged to exclude oxygen) and
mp = Qste@asy@dc( M&i‘m&@/ﬂ% 0.0k y&c?-2%(s, 3Hhé 1@ Gt A §2Hz, 1H), 7.54 ~ 7.63

(m, 2}1()**)(:-1\11\/&( b@ MEZRDAR) -523% (d, J = 1.9 Hz), 1152 (d, J = 234Hz) 1250 (4, /= 9.4 Ha),
hoI an 6‘)f thane(Oiécl ooct adi ene) rhodi um (1)

1260@1’ ﬂl%rgﬁg %&fbgeﬂ bHz: 830@G0/ g2 1) 162 /b1 = By
cat #45-0171) was added under a N2 bl anket . The m xt ure

haken apparatus for 15 h under 45 psi
S’epz\ﬁgﬁo’l‘ﬂ‘é’"’@é‘fﬁgf%’fl &rﬁédef‘%ﬁter ed and the sol vent was
evaporated to afford 5.0 g (>95% uncorrected yield) of
CBZ- am noester 4 as a colorless oil. A 100 g scale-up

run was done at SI H2 gﬁl\ig&a}rféfﬁorded >9 . Note : (
The e of re Y- enam d 3 re ed for ‘
us hgu '8.0

successful Mt ogenation. cystatization
7 (88%) 8
MW 212.17 MW 208.64

The sodium sulfonate 7 (79.0 g, 80.6 wt% pure, 300 mmol) was added to MTBE (474 mlL) and DMF (7.9
mL) at RT. To the slurry was added SOCI, (53.8 g, 450 mmol). The mixture was warmed to 40 °C and
agitated 3 h until <1.7 A% of SM 7 remained. The reaction was quenched with cold water (237 mL),
agitated for 5 min, and was allowed to settle. The aqueous layer was cut and the organic layer was
washed with 10% NaCl (2 x 237 mL) and was concentrated to afford the sulfonyl chloride 8 as a pale
yellow oil (63.6 g, 1.5% region-isomer 8a). This was diluted in heptane (90 mL) and seeded at RT with 8
to afford a slurry. (Note: Alternatively, the solution of 8 in MTBE can be solvent-switched to heptane
with <2% residual MTBE and concentrated to 90 mL volume). The slurry was cooled to <3 °C over 2 h

(Note: Fast cooling results in solids precipitating on the walls of the flask). The solids were filtered and
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1HNWVR (CDCl 3, 500 MHz): d 1.47 (m 3H), 1.55 (m |H),

2.03 (m IH, 3.36 (m 2H), 3.76 (s, 3H), 3.98 (m
wa@aehos/148535 (m IH), 5.11 (s, 2H), 5.32 (d, J =POI/HRZ2005/015770

IH, 7.4 (m 5H). Exanpl e 29 Hydrogenolysis to

am noester salt (5) 5 MW307.34 MN 209. 67 The

am noester 4 was hydrogenated in MeOH over Pd/C and

the ami noester was isolated as its crystalline HC

dried %rgil’eﬁ ga?:bfu}rggt_ﬁ’gfgt%df orod%%4’1 gH_ @%I%’i%g’f%yﬁ%é%g}z‘b{?‘{z %umj% :sgffc?_n%(l chloride 8.

ML IdsEwasd., 2.10 (m IH), 1.57 (t, J = 14 Hz, 2H), 1.45
(dg, J =4, 12 Hz, IH), 1.26 (dg, J =4, 12 Hz, IH).
13C-NVR (d6 DVBO, 100 MHz): d 28.2, 28.7, 36.4, 52.0,
mp = 36°G5, "HEGVIB, 4@6VHIz, ABOL2 .5 240, J €20, 3r 7.28 A€ 8-z, 1H), 7.87 ~

7.94 (i 23y 2@%\&%1&' Lgﬁ%,ocﬁﬂas%@% &84 sRAUND3 2 Gr) 496,88, TH 2461841272, J =

, onyi  chl oridel/ primar

0.8 H AT aidi 1t 2 Bk WAST & Sr &5 Ho), B KBt § A d S0 7258 ). Anal

Calcd$sd ¢ enare,d: 13, 46.3085%.90( SMA/37] Godndd AYMO.21,21,2771; S, 15.48.
Concentrated sulfuric acid (80 nL, 1.47 nol) was added
to a flask containing -fluorotoluene 6 (55.07 g, 0.500

Step PleparationT sullidnemite Xt 1) fremsatfolyé ailedtiesBowl y to ~80 0C
over 30 mn wth agitation (the reaction is exgthermc
and gradual heatsd~+S recommended to preve Satup
>80 0C, which ragullts in a dbt8red produc he
resul ting ofP=%as agitated at 80 0C F'd¥°28 h until <0.7
A% of SM 6 renaingd. The reaction 11

Oily sulfonyl chloride 2 (19.70 g, 94.2"'% pure, 88.9 mmol) from above slow reverse addition procedure
was dissolved in 125 mL of MTBE. Ammonium hydroxide solution (28%, 16 mL) and water (16 mL)
was added. The mixture was stirred for 1.5 h until HPLC showed no 2. H;SO, (1 M, 40 mL) was added
and aqueous layer was cut. Organic was washed with 50 mL of 10% KHCOs, then with 50 mL of 10%
brine. The organic solution was concentrated to 50 mL and the concentrate was heated to 45 °C.
Heptane (20 mL) was added at 45 °C. The solution was seeded and a slurry formed. More heptane (80
mL) was added over 2 h at 45 °C. The resulting slurry was cooled to RT over 1 h, then was cooled <5 °C
and was aged at <5 °C for 20 min. Filtration afforded some crystalline solid and the cake was rinsed with
30 mL of 1:2 MTBE/heptane. After vacuum oven drying, 16.06 g of sulfonamide 7 was obtained as
white crystalline solid. By HPLC, the solid was 99.6A% and ~100"% (vs. reference) pure. There was
no regioisomer 7a in the product. The yield of 7 was 95% from 2.

Example 31
Coupling to sulfonamide ester (9)

F F
Meo/”\( NH; HCI Cl0,S Haoo/u\/ Nag
O MW 208.64 OO
__.___.__..__>

o iPrEtN, THF 0
5 (92%) 9
MW 209.67 MW 345.39
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m xture was quenched with cold water (500 ni, the
internal tenperature rose to 110 OC briefly at the
whegsnmseyg of addition then quickly dropped toPGRUSIH05/015770

after all water was added). Acetonitrile (55 nlL)was

added, followed by solid NaCd (135 g, 2.31 nol). The

m xture was heated to 75 0C to dissolve all solids and

was then cooled to 72 OC at which tenperature seeds

wer e added (100 ng of 7). Solids formed gradually at

70 OC. The slurry was cooled to RT over 2 h and was
The argipotsted salic> &0 5023 8fogrolpwis syspeldad is SHF 300mel)e DIEA (& 2adL., 501 mmol)
was addedSigt aWbluBor2 &% HeHYE CHISHASBUO.8 £6138Mnmo]) ANUIN 7@ EhL) Wadadded over

10 nnrrr’@/(cggg}ﬁg&ﬂ ﬁ”t%%ﬂ’@ aff %Qtu}elfz s?éuﬁec( i%?}/ Yioetdn ﬁa@n Ras allowed to

cool e oo, b iotised U U elee, TolS O
adjustéd tp mHtShféw}GPll_I@‘,I—Kﬁ $3ymLplhe ageounipyed #@s ACand tHe NgRi€ Y6 was washed
w1th wittdz (20020). T Grganic Ja$er wakRoncdntth®dtd 400ImE Qndzwﬁzavaﬂér'gted with IPAc (3 x

m]Z.)d%w]e resul:[%g ]](_1& (&%)y%au}@ tg %2 % M_Al%—fzs ng% golgi (agd Qrﬁs cooled to 75
°C wherg cxzystp}%}atw} 5@s gbsexa'ed =Thegsl WTYEAS coq}%at 43 %(E‘{ h tg RIgthgn h&gtane (840 mL)
was adti88o@r (2h, ahd the3l@ryMm} stitBZvBrn{gllf. ThesaUkB wHdr filteBtdeqnd 2insed with 2:1
heptang‘ﬂP@E I(mhme affOrasigtbd RPRE iMoot fen 199 %?( 763% 6. Woé)unty

64_.The sodium sul fonate
>99%%3&K6W°“%8€“m¥%p) vas added to MBE (474 i) and DVE
(7.9 nmL) at RT. To the slurry was added SOCl 2 (53.8 g,

mp = USOCTTEHNMR ThOMAEKH00 MHExS S (dels  BlzA0D0T6RaL J = 7 Hz, 1H), 7.60 (m,
1H), 734id 9‘—@01{23113) @f’yb'dn zﬂ ? {Oﬂi9ﬁ¥| ﬁ{)fﬂ‘ﬂ%nﬁfﬂ) 3 10 €m, 2H), 2.28 (s, 3H),

S 13

180%%&5 LB T2 vttt eS8 N0 ) uar s pwso,

100 8d44 (f.alyed 2 ak 28 §{29a1n d7-847d 9o PQ@tod: 0aldl 6.0és rarelde), 125.8

(d, J =Viist6rHZ} 0%y NadlJ <{ 25 ¥z 370.51d) J arsds MBys130andent 8.atey 1629 (d, J = 250 Hz),

171.1. %ga@rd%léd'?& uh ey enkoid; %5%431\? 49060§Jo§n&/9é'59‘é’13ﬂ1,!5.78;N, 4.00.
5% egi on- i SONEr 8 Thi's was dilutedin

heptane (90 nmL) and seeded at RT with 8 to afford a

slurry. (Note: Alternatively, the solution of 8 in

MIBE can be solvent-switched to heptane with <2%

resi dual MIBE and concentrated to 90 nL vol une). The

slurry was cooled to <3 0C over 2 h
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(Note: Fast cooling results in solids precipitating on
the walls of the flask). The solids were filtered
wanednissd under vacuum at RT to afford 55.4 g P@BUS2005/015770

yield, >99.9 A% 98.9 w % purity) sulfonyl chloride 8.

M. |l oss was 9% np = 36 0OC. 1H NWMR (400 MHz, CDdO 3) :

d 2.40 (d, J =2.0 Hz, 3H), 7.22 (t, J =8.7 Hz, IH),

7.87 ~7.94 (m 2H). 13C-NWR (100 MHz, CDC 3): d 14.5

(d, J =3.2 Hz), 116.4 (d, J =24.6 Hz), 127.2 (d, / =

9.8 Hz), 127.5 (d, J = 19.2 Hz), 130.7 (d, J = 6.8
WHAFZI CLABRGED 1§d, J =3.2 Hz), 165.0 (d, J =258 Hz). Anal.

Found: 16 a0 Bicestor galge dootied fhpoydon 157

Preparation of sulfonan1de (11) fron1su|fony| chl ori de
(8 8 11 Qly sulfonyl chloride 2 (19.70 g,

94. 2wt %pure, 889 I) from above gl owyeverse
addi ti on proce renﬁg ssolved | 25N1L. R, MIBE.
Ammoni um hydnoXi de soEytlon £28%Y16 ) #@d wat er (16
nm.) was added. The m xture was stirr for 1.5 h until
HPLC showed noRZ. s (1 M 40 nBy waB, added and
aqueous | ayer was cu Organi ¢ was mashed with 50 nL
of 10% KHCO3, then mnth 50 nL of 10% brine. The
organi ¢ sol uti on FER % bncent r at ed t o B85t lang t he
or a pERNERAidallY Bccvmsblhef! @tndinedMifEereokiepbrdn eivo AOdrolyyablaster or mixture
tmﬂﬁgdqﬁg at 45 0C. The solution was seeded and a slurry
> More heptane (80 nL) was added over 2 h at 45
0C. The resulting slurry was cooled to RT over 1 h,

R3 reﬁr&%ﬂts ‘(@132)509 L& erFkSc aegl 1do WesroRgEsH (@Hg)ﬁ@s Q@h&@foe?@yl O(CH2)nC5-10

ltration af d sone crystalline solid
heteroprréylcsaldeary&a@tqmﬁﬂéad wtﬁerﬁcysbl pirtiopdllyssubstifiteieyitfe bt%@?ups of Ra

Adter vacuum oven drying 16.06 ¢ of sulfonanide 7 was

Ra repre r?ta 4 d o ‘ﬂgb I&%/e ari%\ll\ﬁggﬁ?/f’ g& yé :{;Ft %alkomcl 6alkyl,

haIO(Gih@)aléylvxmgomnnce glooosm deN- (@&@alky@ahmn@ a@dlamtlo afHexyy taabaky, carboxy
salts, és)afrj’ti)o}%\é'ﬁérs %e Ifnfi}q r?n%no— M &1° G)Q-Ikﬁ'@éf&{rﬁd'}]fg (@1 P )alkoxycarbonyl,

nam este %
aryloxycarbonyl, ureido, guanidino, sulphonylamino, aminosulphonyl, (C1-g)alkylthio, (Ci-

6)alkylsulphinyl, (C1-g)alkylsulphonyl, heterocyclyl, heterocyclyl(C1.g)alkyl; and
Z represents C(O) or S(0)2;

Y represents OR4 or NHOH;

R4 represents H or C1-4 alkyl;

nisOto4;

R1 and Ry independently represents hydrogen, Cg-10 aryl, or C1-g alkyl, or R] and R combined
represent C3.1( cycloalkyl, C3-10 heterocycloalkyl, Cg-10 aryl, or C5.3 1 heterocyclyl, said aryl and
heterocyclyl optionally substituted with 1 to 3 groups of R2 and said alkyl, optionally substituted with 1-
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5 (92% 9 MV 209. 67 MW 345. 39The am noester salt 5 (50

g, 238 mmol) was suspended in THF (300 nL), DI EA (87.2
workgosa08529mol ) was added, then a sol ution of seCT/ORYNN5/015770

chloride 8 (49.8 g, 238 mmol) in THF (170 nL) was

added over 10 min (exothermed fromRT to 37 0C). The

m xture was stirred 13 h at 40 OC and then was al |l owed

to cool and age overnight. The reaction m xture was

3 grougiil et BEE BIEFF:’@P %0 ggw%ﬁlf%qk%?r SorreT 1@&%@%&@% carbonyl, or
direct'ha}é@ﬁtomaé}hﬁen@nd the organic | ayer was washed with
water (200 nlL). The organic |ayer was concentrated to
400 nmL and was evaporated with 1PAc (3 x 300 nL). The
comprisgpUsimetrisdllyrhyfrogehdingd gompasndrddsranlad 82 0C to
di ssol ve the solids and was cooled to 75 0C where
crystal li zati on was obser¥%ed.  The slurry was cool ed at
13 0C h to RT, then heptane N840Ry1) was added over
~2 h, and the sl urry was’ st qrreﬁ\ overni ght. The solids
vvereflltered and rinsed Q: ® heptane/ |PAc (60
m.) to afford after drying in2 40 OC oven 75.9 g (92%
yield, 99.7 A% purity, >99%e) of the sulfonamn de
ester 9. np = 145 0C. 1H NWRngddl DMSO, 400 MHz): d

i al @ lighn cela n rmulz 160
e e B gy s g0
=9 Hz, IH), 3.37 (s, 3H), 3.17 (m 2H), 2.28 (s, 3H),
1 80 (m | HThe progéks bétordingto lﬁldﬂl whbrelhn, thelméibl dafilysikridium,
MR (d6 OMSO, 100

f“the“fi}f—ra fr f%aﬁi% aﬁdé‘ahg*?“dls %P*é’%‘jejl g, 29.1, 37.3, 51.9,
60.6, 66.7, 67.0, 116.0 (d, J =23.8 Hz), 125.8 (d, =

18. 6 , 1 , =C =6. .

137.1 Cd, 3 hy _%55)(;%% )"‘c,]c"?Z‘?.sﬁ d(%“ 2 ﬁ’%%ﬁgd&gﬁk)ogphﬁf%iﬁ)s selected from
the gre\peronsiCak @’dTﬁmMeEEEI@O(ﬂN@Q?) ©)-BIHARQS)-Me-fKegajphoyjand (R,R)-Et-
ferrota‘heo(iﬁR/E@@ (ﬁ) B\I’i_’d%e[%%s s#Blﬁa[%ﬁne H{) )@ll@l@ﬂéﬁﬁ@g(ﬂ §) -Tangphos; (S)-Me-

rocess for gfr
BoPh%fSa@rb&orphqsf(RtPa)-MF&uﬁlaﬂSa(Ri S>F€6}1Rhﬁmél Oap}blﬁo)@rfocenyl-
ethyldR SRR BHbIpaRL), Y RPN E@ihh maﬂ,mno)@ﬁa@hylcaﬁf@ndl-t -butylphosphine)), (R)-
(S)- (((g-t%uty?phosp 1n%)fgrl;oclenyl eth\3//1%1 9% 1metxyﬁﬁlen)?lphosphme)o(r8) I(R xture
((dlphenylphosphmo)ferrocenyl—ethyldlcyclohexylphosphlne), ((S)-(R)-((diphenylphosphino)ferrocenyl-
ethyldi-t-butylphosphine)), and (S)-(R)-((di-t-butylphosphino)ferrocenyl-ethyldi-3,5-

dimethylphenylphosphine).

4. The process according to claim 2 wherein the metal catalyst is selected from the
group consisting of [(p-cymene)RuX3]2, RuCly(DME)X, [Rh(COD)Cl]2, [RR(NBD)Cl]2,
[Rh(COD) 21X, Rh(acac)(CO)2, Rh(ethylene)2(acac), Rh(CO)»Clo, Ru(RCOO)2(diphosphine — R=alkyl
or aryl), Ru(methallyl)(diphosphine), Ru(COD)(methallyl)2, RuCl2(COD), RuX2(diphosphine),
Ru(arene)X?, [Ir(COD)CI]2, [Ir(COD)2]X, wherein X=halogen, BF4, CIO4, SbFg, CF3S03, PFg,

5. The process according to claim 1 wherein the the metal catalyst and ligand are
added as a complex selected from the group consisting of ((R)-(S)-((diphenylphosphino)ferrocenyl-
ethyldi-t-butylphosphine)(COD)RhBF4, ((R,R)-Me-BPE)Rh(COD)OTH, [((R)-(S)-
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t hereof, wherein, R3 represents (CH2)n C6-10 aryl,

(CH2)n C5-10 heteroaryl or (CH2)n C5_io heterocyclyl,
W@R@5A)$5245- 10 het erocycl yl, said aryl, heteror€pUSENSH015770
het erocyclyl optionally substituted with 1 to 3 groups

of Ra Ra represents C _6 al kyl, hal ogen, OH,
aryl (G -6)al kyl, (G -6)al koxy,
(G _6)al koxy(Ci -6)al kyl, halo(G _6)alkyl, nitro,

PRy TP Brs ey P S A A BN 30 0 s raci

cymefIANR)- ((ﬂiphﬁrylpaﬂs{j)hfﬂlb}féﬂrc(caly-lﬁbhaldk-y-blﬁgalplnﬁﬁmiyé)RuCl(p -cymene)]Cl,
[(+)-THBI® d@ldﬁ ﬁ@ﬁ(ﬁf@])/(:(}i) WM&@%&B&W@JCN ((9' ”ﬂ)‘i’-'BH\IAP)RuCIQ*E@N]z

uani am no, “am nosul pho
(S BINARYRIHR 00 (& )5 ORGP
5 (G _6)al kyl sul phonyl , heterocycl yl,
heteroc&/(cl yl CI _(5) al kyl; and Z represents C(O
S(O 2; hegEGses ackRAding toNHORLS RETR{bE éf@@h‘faéalw Bgané:ucomplex is
[(R)- (% (@Hﬂﬁéhy{lpﬁbsbkﬁn(@feﬁ’@ceﬁyl e‘allymrtd)u{?i’phbgﬁﬂﬁi@ tchene)]Cl, [(S)-(R)-
resen
ntghapRs BB FapiaLeH R kR b gy T ERucIG-
cymeiI@y @ ¢Y-eF EBEFIRuCEp-ciRemh]fl., or C5.11 heterocyclyl,
said aryl and heterocyclyl optionally substituted Wi th
1 to 3 groups of Ra and said al kyl, optionally
subst i tlut ed Thetprocgss3ceprdiupts chraind othetbif tﬁl@hﬁ/&f@ﬂ@iﬁ)@éﬁcﬁpﬁmaﬂy

condLEgﬁ% ﬂ:&};)fégeélrgé OI;;%]:S@ACQ ed fr@rél ctt @e%b(\)ﬁm?to mo'g ?%eﬁ{ Yalnnne trimethylamine,
TFP yﬁﬁmaw st P\ltzlawrlg?

10

R %gang a ﬁ%@u‘ﬂ 81’ fetal catalyst to

the cdnPoi 6 fordmiulFDbMAbb 0l 1% torhbbﬁtes IEtQIQNELatGE oBab¥et @L to about 60 °C.
catalyst, and a ligand to produce a conpound of

formula |I. 2. The process according to claim1l wherein
the net&l caA atoysst adcsrding tdiclaimy 1 fartokading v rvopounth ofiformala I or
Fomﬁalgiiﬂg,he ligand is a phosphine |igand.

dicyc

15

O O
Xt :
Y ; N\S/ R3 Y :S/ R
= 72\ /4
OO O or 0 O
O (o)
Formula ITI Formula ITla

20  apharmaceutically acceptable salt or mixture thereof, comprising
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3. The process according to claim2 wherein the

phosphine ligand is selected fromthe group consisting
w@booFaissade- Bl TI OP (TMBTP), (' S)- Bl NAP, PCT/US2005/015770

(S)-Me-f-Ketal phos and (R R)-Etferrotane,

(R) -xyl BI NAP, (R)-phanephos, (S)-Binaphane,

(R) - xyl Phanephos, (R, S)-Tangphos, (S)-Me- BoPhoz,

(S, S)- Norphos, (R R)-M-DuPhos,

(0 el R S BRSY PGS RPT no) Ter ocenyl ethyl di ey ohexyl p

((R-(S)-((di phenyl phosphi no)ferrocenyl -ethyl di-t-buty
| phosphine)), (R)-
(S)-((di-t-butyl phosphi no)ferfocenyl - et hyl di -3, 5-di net
hyl phenyl phosphi ne), (S)-gR 0
( (di phenyl phosphi no) f er r oc&iyl -jet hyl di cycl ohexyl phosph
ine), ((S)-(R -((di phenyl phosphio)ferrocenyl et hyl di -
t - butyl phosrhine)), and
(S)- (R -((di-t-butyl phosphi no) f@rrocenyl - et hyl di - 3, 5-
di met hyl phenyl phosphine). 4. The process according to
claim2 wherein the netal Hanadh{¥t is selected from
the group consisting of [(p-cynene)Rux2]2,

. Rud 2(DNVF) X, [VRh(C(I))CI k, [Rh(NBD)C ]2, [Rh(COD) 2] X,

with qREIPgEMOf {2 V Rh( et hyl ene) 2(acac), Rh(CO) 2d 2,
Ru( RCOO) 2( di phosphi ne - Rgél\lkyl or aryl),
Ru( et hal | yl ) 2( di phosphi neg, \gu—(R@(D) (et hal lyl) 2,
Rud 2(COD), RuX2(di phosphi ngy, “Bu(ar ene) X2,
[Ir(COD)A]2, [Ir(COAD) 2] X, wherein X=hal ogen, BF4,
Cl™, SbF6, CF3SM3, PFe. 5. The _process according to
claim1 wherein the the ne?oéllnu]éé{)al yst and |ligand are
in thepetdafde 36 aRadi@ AR fHel tBE iodp EdneistitsE B4 RUsPsulfoMiS h&ll] HFILEOH, CSA,

- (.S) - i i | et hyl di -
oSOt bSOkt B Rl RS Mok BORE Bl ! o) ot
(2) heptir(gRY a (<B)pefatwle phaboyt! 10005t hbovd ) 238€ rabowroyé toatbhyt!3fihetrsbwtproduce a

i Rud ( p- a,

comp P RRIBIRIG (peyrne) lo G
(S)- (R - ((di phenyl phosphilpo) Herrocenyl - et hyl di -t-buty
phosphi ne) Rud ( p- cymene)] Ciy ">g-Rs
(
(

(+) - TMBTP) Rud ( p- cynene) 1 @ ¢” Yo

R) - Bl NAP) Ru( p- cynene) d ][,
(s)-Tol - BI NAP) RuCl 2* Et 3N|2 _{ (S)-BINAP)RUCI | , and
((R R) - Me- DuPhos) Rh( COD) BF4.” 6. The process accordi ng
to claim5 wherein the met@m@aVhl yst-1igand conpl ex

(3) as¥yrBmetrically hydrogenating a compound of formula VI in the presence of a metal catalyst and

(
I
[
(
[

ligand to produce a compound of formula III or Illa, wherein

R3 represents (CH2)nCg-10 aryl, (CH2)nCs-10 heteroaryl or (CH2)nCs-10 beterocyclyl, O(CH2)1C5-10
heterocyclyl, said aryl, heteroaryl and heterocyclyl optionally substituted with 1 to 3 groups of Ra;

Y represents OR4 or NHOH,;

nis 0 to 4;
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[((R-(S)-((di phenyl phosphi no) ferrocenyl -et hyl di -t - but
yl phosphi ne) Rud (p-cynene)]d, [(S)-(R) -

W@ ¢@spissay | phosphi no) f errocenyl - et hyl di -t - but yP@hosmas/ons770
e Rud (p-cynene)]d, [((-)-TMBTP) Rud (pcynene)] d, or
[((+)-TMBTP) Rud (p-cynene)]d . 7. The process
according to claim1l wherein the hydrogenation is
optional Iy conducted in the presence of a base
sel ected fromthe group consisting of triethyl am ne,

Ra reprepanist(Hy¢ dlkilnalogen. @%Iaﬁﬁ@ﬂw)ﬁﬁlﬁﬂhﬁﬁlk@y (&ieb)alkoxy(C1-6)alkyl,

halo(€ % Byalst, kR iB o Usdadord d-IN (Ei%)ﬂkyla—rgmo a"éfl‘lgmﬁlon&?r}%xfl @hibBxy, carboxy
metal cat al st to thgfh_lgrzgoun fornmul a

sls, GBI 6B BBl BOne éﬁ%ﬂ@?&ﬂ’iﬁ’?‘é‘oﬁf <Cdtf@%ﬂ<0x@@@0nyl
arylotyealbouturédb, @@mcﬁno Allpl{cmyleﬁl&oaﬁﬁlﬁéﬂlﬂﬁgn}ﬂ qCeleilienithiof @y .-

6)alkyls %1%1 a(F ﬁ)gorfyll |he{erocﬁ‘ﬁyollr %%‘ﬂ'f &gguﬁ%ugicept abl e

salt or mxture t hereof, conprising(l) reacting the

Rda r%ﬁ&@% 5%4 aik?} %%ﬁﬁq s, Yi’lhﬁd?n &%%?{ﬁngrldof formula V H N

e presence of an acid sel ected
fron1the group consi sting of nethanesul fonic acid,

R4 re E&Qng@l_ZLBkQ;SCBH phosphoric acids, TFA, AcOH,
4, HCO and POCI 3; (2) heating to a tenperature of

about 1000C to about 125C, about one to about 30

hours, 4.0 Progieas forGARRGYREmPSunf Of Hrhda W Fornul a Vi
(3). asymmetrically hydrogenating a conmpound of formula

VI in the presence of a netalOcatalyst and

R,O ©

0]

Formula IV
comprising

(1) contacting a solution containing a compound of formula VII or salt thereof:

R40-_.O

O

Formula VII
with a strong base;
(2)adding dialkyloxalate; and
(3) adding an acid while maintaining the temperature at about or below 10°C to produce a compound of
formula IV as an ester, or adding a second base to produce the compound of formula IV as an acid,

wherein R4 represents H, Cj.4 alkyl, and R4, represents H, C1-4 alkyl, magnesium, lithium, potassium

or sodium.
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ligand to produce a conmpound of fornmula Il or H a,

wherein R3 represents (CH2)n C6-10 aryl, (CH2)n C5-10
whedsnoszeyl or (CH2)n C5-10 heterocyclyl, O CHQTUEH0$/015770

heterocyclyl, said aryl, heteroaryl and heterocyclyl

optionally substituted with 1 to 3 groups of Ra ; Y

represents OR4 or NHOH, n is O to 4;Ra represents G _6

al kyl, hal ogen, OH, aryl (G _6)al kyl, (Ci _6) al koxy,

ko j - | K | k
gg ng) aIIQD fhﬁqﬁr 6Fsaslﬁ9%/°€§m%5° airg}ﬁgmcﬁea @ﬂnhigaqroggl the strong base is
select8@ FEbiRXDe, &@rcaﬂsﬁﬁng @ )Prlﬂ%ti SiMEAr DeXMyCEe 'D@f ¥g diisopropylamide,

rba i - N car bam)
and S((C%m GDPE:%W %g{?]ﬂgﬂv%l eaF%Hi gilSB aﬁ%d at %ﬂeg{pgature of about -20°C to
about@e@nhabxante isdihpthgloxhlae) diehylatulatosidliPiand ht,a temperature of about -30°C to
aboutiéac @ §+ gys sElQéth fr&Q—[he gﬁc@c@hﬁé@n? U* PRA MY¢; and H2SO4 and the second base

yl sul phonyl, erocycly
is seldwdélrowy@glyu;(@ns@)@ldeaOHRH@H apd KO8Nt s H d -4
al kyl , magnesi um I [ th| um or sodium and R4 represents
H or C| 4 al kyl . ocess for naking a conpound of
formul a1 v: PFEﬁOﬁﬁF for E@éﬁp‘ﬁmgquﬁ@ of Hormelg Al dtoringlg Mg or mixture
thered¥Ol Uti on contai ning a conpound of formula VIl or salt
thereof: Formula VII with a strong base; (2)adding
di al kyl oxal ate; apd (3) adding an @cid while
mai nt ai ni ng the tgnpdtature at abaolt bel ow 100C to
produce a conpownd™ \fseﬁyul a TVvas estfar, or
addi ng a second base @o\\@r odpce the C(Dﬁ)b\@nd of
formula IV as an @cid, wherein R4 fepnesents H C 4
al kyl, and Rd4a repregents H, Cl.4 @&l kyl, magnesi um
lithium potassiumO o

Formula IIT Formula IITa

a pharmaceutically acceptable salt or mixture thereof, comprising

(1) asymmetric hydrogenation of the compound of formula IX:

O

NHCBz
R4a0 '

o)

Formula IX
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or sodium 10. The process according to claim8 wherein
R4 is a hydrogen, the strong base is selected fromthe

w@e@dpissensi sting i Prvgd, Prvgd, EtMgd , MeMyC/pS10D8015770

My diisopropyl am de, and sodium potassiumor |ithium
hydri de, said strong base added at a tenperature of
about -200C to about 50C, the oxalate is

di met hyl oxal ate, diethyloxalate and is added at a
tenperature of about -300C to about -00C, the acid is

in thegpsgrop @f2 Fhodim Hantherdup cagniisndcgmplex terprodugen corgppynd of formula
IXa, B4 mandretthgecgecond base is selected fromthe group

consi sting of NaOH, LiOH, and KOH 11. A process for
maki ng a conpound of Formula DI, Formula Ilia or

m xture thereof: Formula IH Forrrulz{\)llia a

phar maceutically acgeptable salt orj m xture thereof,
conprising (1) Fﬁgpljﬁt;NUCBydrg L oh 55% he
compound of for a TK: Fornula 1Xinjthe presence of a
rhodi um or rutheniu alystr/1iga nplex to
produce a conpound ¢f fornmula | Xa, |[K bjor a m xture
thereof; Fornmula | Xa~Fornmula | Xb (2 ydr ogenol ysi s of
a conmpound of forrmula IXa, Kb or a mxture thereof in
t he presence of al.l adi um cat al yst £o praduce a
conpound of for n%logm\lﬁﬁga, VH a, a phgtP%cae% cally
acceptable salt or mxture thereof, wherein P* is an

(2) hyérogahplykie phait anpdnnd &)fommulkplXiangbtdn e ndxingeahsnebf df thé presaabaorf a
palladMintta@illysMiotpaod@te tontpsnl dfifemen VIl i7m-C o pRewidu@ally acceptable salt or
mixtufeQhetdbr AvHirdiOPidlag adfdi N the presence of a base sel ected

fromthe group consisting of triethylam ne,
di i sopropyl et hyl am ne, trin-
O

NH3P*

R4aO R4ao

or

o)

©)
@) Y11
=
X
w
R

Formula VIII Formula VIIIa

(3) coupling the compound of formula VI or VIIIa or mixture thereof with compound of formula IX

N
O

Formula X

in the presence of a base selected from the group consisting of triethylamine, diisopropylethylamine, tri-
n-butylamine, NaOH, LiOH, KOH, NaHCO3, NapCO3;

(4) hydrolyzing and purifying the coupled compound to produce a compound of formula III or IITa,
wherein R3 represents (CH2)nCe6-10 aryl, (CH2)nCs-10 heteroaryl or (CH2)nC5-10 heterocyclyl,
O(CH2)nC5-10 heterocyclyl, said aryl, heteroaryl and heterocyclyl optionally substituted with 1 to 3

groups of Ra;

Y represents OR4 or NHOH;
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butyl am ne, NaOH, LiOH, KOH, NaHC q 3, Na2CQO3; (4)
hydr ol yzi ng and purifying the coupled conpound to
woeaducss2a conpound of formula Il or Dla, wheper/msi8s5/015770
represents (CH2)nC6-10 a ryl, (CH2)JQC5-10 heteroaryl
or (CH2)nC5-1 q heterocyclyl, QU CH2)nC5-10
heterocyclyl, said aryl, heteroaryl and heterocyclyl
optionally substituted with 1 to 3 groups of Ra ; Y
represents OR4 or NHOH n represents 0-4; Ra represents
nrepregents-4| kyl , hal ogen, OH, aryl (G _6)al kyl,
(G -(9)al koxy, (G -6)al koxy(G _6)al kyl,
Ra repiagent((G-¢ 8kl kaydgen,rVH, ragyl(Carg)aiby!l, (0 realkany, (C1-6)alkoxy(C-)alkyl,
halo(C§ligyality(, Gitrd} ainls yhais- Biodi-Nayil @ﬁﬂkﬂ@mun@%ébﬁiﬁ)/ho @@rdapmxboxy, carboxy
salts, crBbRQ ﬁérssé’alrﬁénoyp ARORNd @ﬁNQC )2 B81AARY1, (f[%ﬂko@@ bonyl,

aryloxﬂarb Care <!hﬁc?rsa ¥amm(o 2)& 1518 (%' & IY Ithio, (C1-
Al L e
6) al kyl suI phinyl, (G _6)alkyl sul phonyl , heterocyclyl,
R4a remaam%h@amﬂky@mmwmnyﬂnhlmqr Rdamyaadr esents H, G -4
al kyl , magnesium [|ithiumor sodiumand R4 represents

R4repfdsen&ﬂi,6r€4_4aalnt§zy.l . 12. A process according to claim11
wherein the acid is selected fromthe group consi sting

of HC 12.8€ eA Ip%océas%lagdorci_l Illg to 'E'Eurn 11 'ﬁere E%:’%lcic?ig gelyc%ﬁélﬁom the group
consisting of HCI, acetic acid, HI, HBr, TFA, PTSA, and HBF4.
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