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Background of the Invention This invention relates to Itﬁﬁ 101024

preparation of substituted chromanol derivatives and 10 to internediates
useful in said preparation. The substitutgd chromanol derivatives that
are prepgred in accord with the present invention are disclosed in United
St at es pat ent appllcatlon seri al nunber 08/295 827, flled January 9,
1995, entitled "Benzopy : < H AR

925 (publ i shed

I nternational applicati o -'

April 25, 1996), PCT i nte% satton nunber 15 WO
96/ 11920 (published April 25, 159_639roﬁ!@3’of titeemmmﬂomnal application
Foregor ng. Uni t ed G ANaudteleleg g8 arPrioR fgtﬁs*%é STon el e
i ncor poniat etd ihmrnaedsatgs usefut iresaie prepardtioin. The subsﬂMéchl}fomanol derivativesithat
substituted_chr s that,are prepared,in ac

orosent | nveit SRR Ao MBS plethr Rl 48 iklespydi BhFe Srentent s
pat ent apylicatior serial saembazk 08}293,68270ﬁlé895nt8é}7,9 " 868 rdnfifled tBar0pgranind
LTB[ err] ané on| Ir ﬂ%\t i tuted chromanpol. derivatives that are
prepared ac 8 3 éo W%W’é%e fRtematigRal appligation Ruhlication nmyaber HGrent
OL LTB[ er (r]I ] ssfﬂdm@ubhiﬁetﬁﬁm 2suwsaspcmHtaimb@énapéhsatrﬁ?mcanod RehBEF Ng
oo Toc e B8 Nevshn GRb PR AD s 1968 BEROhEtaBRA sePlemion g edeninn
aut oi nmune dimBasws, gambss (pua&hbamu%usts 1993). Each of the foregoing United States
Summary of the lnventio resent invention relates to a

process of ﬁrlxcégg,T 'H@'%at%rﬂﬁiﬁ'?foaﬁﬁhc?ws are InGRTRpTates herein by reference in their

OH [err] entire®> or the enantiomer of said compound, wherein in
sai d conmpound of _formul a the Rlerr]-substituted benzoic acid noiety
i s attached at cﬁ%@HbB"“BYed?c'UP”taﬁé‘ gnrvatiies thatgare prepared in aggosd vyith the

- (CH er ab) [ gresbstRLeRtidrRInHiBH O BERIA ofl LTS, Oat Qidblosed in United States patent
application serial number 08/295,827, referred to above. As LTB, antagonists, the

substituted chromanol derivatives that are prepared according to the present invention
are useful in the treatment of LTB,-induced ilinesses such as inflammatory disorders
including rheumatoid arthritis, osteoarthritis, inflammatory bowel disease, psocriasis,

25 eczema, erythma, pruritis, acne, stroke, graft rejection, autoimmune diseases, and
asthma.

Summary of the invention

The present invention relates to a process of preparing a compound of the

tormula

30
CopH gz M

R3

35
or the enantiomer of said compound, wherein in said compound of formula X
the R*-substituted benzoic acid moiety is attached at carbon 6 or 7 of the chroman ring;
R' is -(CH,),CHR®R® wherein q is 0 to 4;
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each Rerr] and R err] is independently selected fromthe group consisting
of H, fluo¥e9811085 chloro, Clerr]-Cerr] alkyl, Cerr]-d errpcaibmogozs
phenyl sul finyl, phenylsuifonyl, and -S(O[err]((err]-Cerr] alkyl)

wherein nis 0 to 2, and wherein said al kyl group, the alkyl noiety of said

al koxy and -S(O)[err](C[err] Cerrp.alkyl) groups, and the phenyl
noi ety of said phenylsulfinyl and 5 phenylsulfonyl groups are optionally
substituted by 1 to 3 fluoro groups; Rlerr] is H derr]-Cerr]

al kyl, or phenYéac‘ﬁmddtn’t@ﬁid@ﬁerﬁieﬁﬁﬁ/]selected from the  gro %554!5 Ll)-“'f ﬂuoro
C[err] Cerr] alkyl err err] cycloal kyl derr

nmenber ed rf%ﬂ%rpoﬁrﬁ alky C, Wwwy&;u!imyl pamylﬁ)éfpévloawfs( régpge a&kw)
opti onal | yuisdtBimtd fsUb &slz byndlwﬁare% $418 2Ky} BRAUGS the a|k¥n'rngi§§ﬁ@ﬂ£am biko%fFh \Agt eg

from phenyl , err], and phenyl substltuped by
conpri ses Bf@alGirfes AOmSERHRS. 0and Hbef DhﬁW'amcletYe@fr Jsaid phenyisuffinyl and  or

th t t f th
enant | oot visdioA Lfodarng upfiofiny pRed By 1o Sifudh BRARRL P "
Rlerr] are as défqurté.cC, Cs afkmlbgr/pherﬂ[!sub;tatuwd(b[yeﬁ%’r] C[err] al kyl, and the
benzoat e ol oty 1, 26/, EOB A8 Oc08, Tl of BS e ELBB kI

with a base. oce ot ﬁ’re@a? the co
formul a X whéreinsaitharylahddfeteroaryl gmumalaae d:ptuarmllpsldfsanaedl byt neatsaustauerits an

A phany! banagHarBnfS FectBl Giokh phPl T, 8 Ben supstiRBi by g i 7o

prefertdl y hydrwiieh comprisestreatirig & conpiosingrod ftee folodnylaf | uor o, chl or o, or
met hyl optionally 25 substituted by 1 to 3 fluorines, and Rerr] is

preferably ethyl or 2,2-dine t@yllﬁ?op |>. I\@Ht preferably, said conpound
of formula I X is treated wt ase~conpi i si ng1aque gs sodi um
hydr oxi de, said conpound of; g R)-2-€ enzyl - 4- hydr oxy-

chroman-7-yl)-4-trifl uorogeé ¢§ acid ethyl ester, and said conpound

of formula Xis

(38 4R}52 (3-benzyl - 4- hydr oXy ri- 7- Y07 - 4-tri fl uor omet hyl - benzoi ¢ aci d.
In a further aspecR3of the present invention, said conpound of

forrrul alX or the enanti omer of said conpound, wherein R[err]

tRE Z;H ngR[aeE:(r)]np‘Bupﬂf %a‘?{ﬂh & ﬁg?:laggrﬁw;:gsgd %??ormula B( in the Brepgratlon cgythe

enantiomer of said compounld of formula X, wherein R', R?, and R® are as defined
above, R® is C,-C, alky!, and the benzoate moiety is attached to position 6 or 7 of the
20 chroman ring, with a base.

In said process of preparing the compound of formula X, the compound of
formula IX is preferably treated with an aqueous hydroxide base, R' is preferably
benzyl, 4-flucrobenzy!, 4-phenylbenzyl, 4-(4-flucrophenyl)benzyl, or phenethyl, R? is
preferably hydrogen or fluoro, R® is preferably fluoro, chioro, or methyl optionally

25 substituted by 1 to 3 fluorines, and R* is preferably ethyl or 2,2-dimethylpropyl. Most
preferably, said compound of formula X is freated with a base comprising aqueous
sodium hydroxide, said compound of formula IX is (3S,48)-2-(3-benzyl-4-hydroxy-
chroman-7-yl)-4-triflucromethyl-benzoic acid ethyl ester, and said compound of formula
X is (3S,4R)-2-(3-benzyl-4-hydroxy-chroman-7-yi)-4-trifluoromethyl-benzoic acid.

30 in a further aspect of the present invention, said compound of formula IX, or the
enantiomer of said compound, wherein R', R? R?, and R* are as defined above, is

prepared by treating a compound of the formula



WO 98/ 11085

PCT/ 1 B97/ 01024 -3- Jerr] 5
or the enantjoner of said conpound of formula VII in the preparation of the
enanti oner SYCPHHOB¥npound of fornmula IX, wherein Rlerr] and eV 74,5
defined above and the boronic acid noiety is attached at position 6 or

7 of the chroman ring, with a 10 conpound of the fornula [err]

wherein Rlerr] and R err] are as defined -&ove and Z is halo or
Cerr]-Cerr] perfluoroal kyl sul fonate, in the presence of a base or
fluoride salt and a palladium catal yst. 20 In said process of
maki ng the conpound of formula I X, or the engyioner of sai d conpound,
preferred substituents for Rlerr], Rerg®, Rgerr] and Rerr] are as stated
above for sai d process of making the congound gRYfornula X. In another
preferred enbodi nent, Z is halq Pluoride salt is selected
from sodi um carbonate, tri eé}gﬁl aal,B pS ' bi car bonate, cesium
carbonate, tripotassium pho a?t 7 Ippt t asfum f 1 upri de¥Y 2B cesium fl uori de,
sodi um hyalr oxi de, bari um hydr oxi de,
the palladiumcatalyst is selected from
tetraki s(tri phenyl phosphi ne) pal | adi un{ O,

di chl or obi s(tri phemkpmastitinae ppaiibi astinpdunid) of foahuladvilin tHe) prepetadios, of the

al lyl pal |l adi um_,. ch] goride dine o 2

tris(di benzﬁr\aagﬂ'é‘ﬂ:@{ @"ﬁeﬁod?%%ﬂngﬁfi Tormper Xawherein AL Ane & As 3 2ene Jpove
Most pr ef er adridythetbteofia aeidonofetyisratidehediat positiqro6 as Ji afrthé icbmmarering hwith a
pal | adi um cat al yst 30 . i g 10% pal | adi um on carbon, the conpound of fornula
VI is (3% ayoreingdefAe formula ™ v 4r oxy- chroman- 7-y1 ) - boroni ¢ acid, and

t he conpound of fornula VIII is et h)do ZRizodo-4-

trifluoronethyl-benzoate. 2

z VIII
16 R3

wherein R® and R* are as defined above and Z is halo or C,-C,
perflucroalkylsulfonate, in the presence of a base or fluoride salt and a palladium
catalyst.

20 In said process of making the compound of formula IX, or the enantiomer ot
said compound, preferred substituents for R', R?, R® and R* are as stated above for
said process of making the compound of formula X. in another preferred embodiment,
Z is halo, the base or fluoride salt is selected from sodium carbonate, triethylamine,
sodium bicarbonate, cesium carbonate, tripotassium phosphate, pottasium fluoride,

25 cesiumfluoride, sodium hydroxide, barium hydroxide, and tetrabutylammonium fiuoride,
the palladium catalyst is selected from tetrakis(triphenylphosphine)palladium(0),
dichlorobis{triphenylphosphine)palladium(il), palladium(il) acetate, allylpalladium
chloride dimer, tris(dibenzylideneacetone)dipalladium(0), and 10% palladium oncarbon.
Most preferably, the base or fluoride salt is potassium flucride, the palladium catalyst

30 is 10% palladium on carbon, the compound of formula Vil is (3S,4R)-(3-benzyl-4-
hydroxy-chroman-7-yl)-boronic acid, and the compound of formula Viil is ethyl 2-iodo-4-

trifluoromethyl-benzoate.
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In a further aspect of the invention, the conpound of fornula VII, or the
enant i oner W&288a98% conpound, wherein Rl err] and R err] are a®ctaBsriex?4
above, is prepared by treating a conpound of the fornula 5 [err]
10 or the enantioner of said conpound of formula VI in the
preparation of the enanti omer of the,conpound of fornmula VII, wherein
Rlerr] and Rlerr] are as defined above and X is a halide and is

attached at position 6 or 7 of the chroman ring, with (1) Cerr]-Cerr]

al kyl 1ithium t] : | S

maki ng t he conp%%d%e?oérg%ﬁab(}ﬁe?gg}r% 3t @ﬁa%?wgﬂ%é&g?qégn@ég\?‘g ?:rogn{)eound,
preferred sodsomerossidicomprRiuadr Wheneth I and R? areasatefised above isoprepared hyai d
process of | formula X In another preferred

enbodi nent fr@%ﬁg@c&&?o&ﬁ%ﬂ%ﬁfof’%aﬁ and said conpound of formula VI is
treated with (1) nethyl lithium R2 i) butyl lithium and (3) said
borating agent which is sel ected;fromsgborane- t et rahydrof uran conpl ex,
triisopropyl borate, and trinethyl boriate. Mggt preferably, the 20
conpound of formula VI is (3 ~*br ono- chr oman- 4- ol and sai d
borati ng agent is bora ran conpl ex. In a
further aspect of the inv und of forrquJ VI, or the

enanti omer of said conpound, ], Rerr] and X are as defined
above, is prepared by treating a“onpound of the formula [err]

30 or the enantioner of said conpound of formula V in the

prepar aoi on of bhehe enantinidr dfogEd compduadcsiTpannd \0fin ftne PréparMion vheveei n
Rerr], R[grrwr“lﬁ and X.are as defin

d aboy
omer of the compound of ?ormu?a Vﬁ, wherein R' and R? are as defined above
and X is a halide and is attached at position 6 or 7 of the chroman ring, with (1) C,-C,

alkyl! lithium, and (2) a borating agent.

In said process of making the compound of formula Vi, or the enantiomer of

15 said compound, preferred substituents for R' and R? are as stated above for said

process of making the compound of formula X. In another preferred embodiment, X

is bromo or iodo, and said compound of formula VI is treated with (1) methy! lithium,

(2) butyl lithium, and (3) said borating agent which is selected from borane-

tetrahydroturan compilex, triisopropyl borate, and trimethyl borate. Most preierably, the

20 compound of formula Vi is (3S,4R)-3-benzyl-7-bromo-chroman-4-ol and said borating
agent is borane-tetrahydrofuran complex.

In a further aspect of the invention, the compound of formula VI, or the

enantiomer of said compound, wherein R', R? and X are as defined above, is prepared

by treating a compound of the formula

25 OH
RZ F

30
or the enantiomer of said compound of formula V in the preparation of the

enantiomer of the compound of formula VI, wherein R', R? and X are as defined above
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X is attach gsition 4 or 5 of the phenyl ring, and Y is halo or
nitro, V\/ithe‘goagts“?% se, optionally in the presence of added coBf&ABRLQ1P24
In said process of making the conmpound of formula VI, or the enantioner of
sai d conpound, preferred substituents for Rerr], R err] and X are as

stated above for said 5 process of naking-the conpound of formula VII. In
anot her preferred enbodi nent, Y is halo, and said base is potassium
tert-butoxide, sodiumbis(trimethylsilyl)am de, pot assi um

bi s(trimet hydrid Xys httadithel atGassition 4 GABDEMNAE PheAy! mRylian Y RyR&lb 42 nitrd/DGith a

referably, said base i otassiumtert-butoxi de and the conpound of
]P ornul a Vyi Jase, opﬁ‘onaﬂy sm Rme presence of aJded copper salts. P

(1R 29) - 2- benzy! - jh-$d PrsuERs Bt k@i tH@shibourid ePrRnfull VB ér He eddhtiomer of
In a further aspect of the invention, th und of fornula V, or the

enhanti oner ofaid 5P@p88%&fﬁfﬁneﬂfﬁ’rbéﬁwemse'gf %Q”ﬁfé'i‘q K arg agngiated ahovgdoygaidned

above, isg procRdCHARBEING L EQRPOIH 8f forBYWN iRfanbliier bPeiEMéR embodinént] Y
or the enantionmer of said conpound of fornmula |V in the preparation of the

20 enanti omdf ROt AR E8iFHBARRI IHPofassium detybuigpidesisadivm is(trintaylsiyamidgmd v
are as defi ngfassium %?Hﬁe@%ilﬁ)dﬁid@? tca6ilR calbdaRd, L 6O Rofiu Iﬁ/dﬁﬁe.t hevost.
phenyl ring, and X err] is a chiral auxiliary, with a hc}/ ride reducing
agent . preferably,| $pid biage (% petassiupt tegRitayiderndcihepermecwid phfarmuta V isor
the enantio S vi-1-14- O] ~ T, L s fiuents for Rerr],
Rlerr], X amaﬁgrzzﬁargys} 4’[% %gegg?o@{ﬂﬁf'%"%ﬁgjgggs of making the
conpound1®f f or nuinaaViurthem aspeat hefr ther irventiend ebeempewnd of[fermida V, oritpe

(R) - 4- benzyl 5 'nﬁ_é%_éploif %Ia’bgﬁg?i’ﬁ%@]allwnﬁgﬁ/ I Zhg’xi‘za(?:ldirw &8"&s defined above, is

(4R, 5S) - 4- net hy 0xazo n-'2-one, 0

(4S, 5R) - 4- neRrepared-mhicenating exerrop i obthertermulaer ei n sai d X, is
attached at the nitrogen of the oxazolidin-2-one ring, and said reducing
agent is l'i t hi um bor ohydride, Iithi @ alur®num hydride, sodium

bor ohydri de, or cal cium 30 ~bor ohydRFde. IMost
formula Ly is [4R-[3(2R 3R)]]-4-hendyl - -
3-[ 2-benzyl - 3- (4- brono- 2-fl uor -sohe N - 3- RydT oxy-"Br.opi (v]yl ] -oxazolidin-2-0
ne, 1-methyl - 2- pyrr ol KetH solvate o I

[4R-[ 3(2R, 3R)] ] - 4- benzyl - 3-[ 2-

pit ef er abl y, the conpound of

or the enantiomer of said compound of formula IV in the preparation of the
20 enantiomer of the compound of formula V, wherein R', R? X and Y are as defined
above and X is attached at position 4 or § of the phenyl ring, and X_ is a chiral auxiliary,

with a hydride reducing agent.
In said process of making the compound of formuta V, or the enantiomer of said
compound, preferred substituents for R', R?, X and Y are as stated above for said
25 process of making the compound of formula VI. In another preferred embodiment, X_
is (R)-4-benzyl-2-oxazolidinone, (S)-4-benzyl-2-oxazolidinone, (4R,53)-4-methyl-5-
phenyl-oxazolidin-2-one, or {4S,5R)-4-methyl-5-phenyl-oxazolidin-2-one, wherein said
X, is aftached at the nitrogen of the oxazolidin-2-one ring, and said reducing agent is
lithium borohydride, lithium aluminum hydride, sodium borohydride, or calcium
30 borohydride. Most preferably, the compound of formula IV is [4R-[3(2R,3R)]}-4-benzyl-
3-[2-benzyl-3-(4-bromo-2-flucro-phenyl)-3-hydroxy-propionyl]-oxazolidin-2-one,  1-methyl-
2-pyrrolidinone solvate or [4R-[3(2R,3R)]]-4-benzyl-3-[2-benzyl-3-(4-bromo-2-fluoro-
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phenyl ) - 3- hydr oxy- propi onyl ] - oxazol i di n-2-one, and said reduci ng agent is
lithium  WO@BdI0gEri de. In a further aspect of thpcrmyRmisan,

t he compound of fornmula IV, or the enanti omer of said conmpound, wherein

Rlerr], Rerr], X Xerr] and Y are as defined above, is 5 prepared by
treating a corrpound of the fornula R - CHjeerr]C(O) X[err], wherein R err]
and X[err] are as defined above, with (1) a Lew s aC|d (2) a base, and
(3) a compound of forrmula [err] whereln Rlerr], Xand Y

ing 15 PSR preplchyRharEah Fhnbl Rhl Bl crelete pgpflis, TGy

t he enant i dmgehydride. said conpound, preferred substituents for R[err]

Rerr], X Xerr tate ove roces Ki ng
t he conpound of ‘%‘oerKeG?g’fﬁa‘%o % g"’g é"\nerE' acoé'ﬂ%%‘m%ﬁtormq SI¥a| ﬂqﬁgw S
acid i s a banaotiomet Dtleaidrcqmpdtmdam;armtﬂ%‘,sai,d(,basamd ¥ dre iastdufihadiabevearis
g'['ef?]pr @y G&EF%{B%@YQF%&F% ?\rdag?lkﬁ/é form {Jlg #%ﬁzc&'(%‘?-@fwﬁé’rém ‘aand X, are

(R) -4- benz),ds Gefindd H@bonyg| wm (Jipla)ll:am; aoidaa)ld age, 2ndr(8) a sambouadd farehutd
formula I'll is 4- br ono- 2-f | uor o- benzai dehyde, said Lewis acid is

di butyl boron triflate, and said base iis 0 triethylanine. In a
further aspect of the invention, theR nd of formula IV, or the

enanti oner of said conpound, whereiq Rlerr], X, Xerr] and Y are as
defined above, is 25 prepared by 2 g
Rerr]-@err]C(O-Xerr], grailn Rl efr] and X eryjjare as defined
above, with (1) a titani um((l\/) D4l i de (2) a base optionally followed by
treatment with a donor |igand, anthg3) a~sonpound of formula [err]

wherein R?, X and Y are as defined above and X is attached at position 4 or 5
of the phenyl ring.

15 In said process of making the compound of formula IV, or the enantiomer of
said compound, preferred substituents for R', R?, X, X, and Y are as stated above for
said process of making the compound of formula V. In another preferred embodiment,
said Lewis acid is a boron halide or sulfonate, and said base is triethylamine or
diisopropylethylamine. Most preferably, said compound of formula R'-CH,C(0)-X, is

20 (R)-4-benzyl-3-(3-phenyl-propionyl)-oxazolidin-2-one, said compound of formula lll is 4-
bromo-2-fluoro-benzaldehyde, said Lewis acid is dibutylboron triflate, and said base is
triethylamine.

In a further aspect of the invention, the compound of formula IV, or the
enantiomer of said compound, wherein R, R? X, X_ and Y are as defined above, is

25 prepared by treating a compound of the formula R'-CH,C(0)-X,, wherein R' and X_ are
as defined above, with (1) a titanium(lV) halide, (2) a base optionally followed by

treatment with a donor ligand, and (3) a compound of formula

R20

30
X IT1
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wherein R e d Y are as defined above and X is attached at position
4 or 5 yfd?sﬁéoﬁenyl ring. In said process of neRGHEAL024
conpound of forrmula IV, or the enantioner of sai d conmpound, preferred
substituents for Rerr], Rerr], X Xerr] and Y are as stated above for 5
sai d process of making the conpound of fo#aula V. In another preferred
enbodi nment , said titanium(1V) halide is titaniumtetrachl oride, and
said base is a tertiary am ne or tertiary diam ne base. |In another
preferred enbodi nemdreing?fi, ¥ dralst aresas Kiethdy blasienandX is attached at position 4 or 5

N, N, N, N -tet¥ ne%h%v[let hyl enedi am ne, and said treatnment with said base is
fol | owed by with a donor ligand selected from 1

- et hyl - 2- pyrrol |ld|s|atmpcocé€h dt making fhercamnmpsland af formula IV, or the enantiomer of

o 25 i i ghposit Prelbaed sbry RNy B Riotnt 209 Y orear S aABpYe for
CH2C( O - A ergald mcé&) oﬂmmwew&mmmmmw wurhathemafarmal éint?ocﬁﬁﬁnt

said conpound Iuoro benzal dehyd sai d

base i ttapjum(V HEIE s, Hapivoy tetfARPLatEE; Bnf B2 Sasb Bt LPTHATH AHING Giing

is 1 ”Et hy|taﬂia@b’d31&ﬁ||irléibmn€!n aia5ther preferred l&n‘fbd‘dﬁlﬁérﬁ\eﬁanameﬁlis ﬁfetﬁyh‘@nme or
i nvention, said conmpound of fornula |X, or enantionmer o

compound, " Wb ARG R YRR piamins and sas FeRmert aiasad RSP FEloUBRbY,

I's Pr eparRmeyt cpl i BY Goﬁ@s”p%@ﬁﬁldo‘c s8188eH0T 2 1-théfhyl-2-p9Holidinone,
or the enantioner of said conmpound I'n th eégrﬁeﬁ)par ation of the enant i oner of
]

the 25 cHhpdslimetbylteemamide; X1 Iudemeithy =P -Apdaiydre 2(AH-Ryigedinede,
above and X'met Eﬁas,sh%te and® bagipgbat MB%?F éfa@.b@ ea.d7cd#.pédwd SRR mf ng,

is halo or %[ ; perfT uoroal’kyl sul fonat a conpound o
the fornul a H,[Cé ”( is (R)-4-benzyl- ad(g-pgwnyl_tg@plonyl)-oxazohdln-2-one said compound of

PCT/ 1 B97/ Olqgfjmu!a Il is 4-bromo-2-flucro-benzaldehyde, said base is N,N,N' N'-
tetramethylethylenediamine, and said donor ligand is 1-methyi-2-pyrrolidinone.
15 In a further aspect of the invention, said compound of formula {X, or the

enantiomer of said compound, wherein R', R?, R® and R* are as defined above, is

prepared by coupling a compound of the formula

Re OH

20
Vi

or the enantiomer of said compound in the preparation of the enantiomer of the
25 compound of formula 1X, wherein R' and R? are as defined above and X', which is
attached at position 6 or 7 of the chroman ring, is halo or C,-C, perfluoroalkylsulfonate,

with a compound ot the tormula

4] OR*4

30 B(OH),
R3 X1V



- 8- wherein R err] and R err] are as defined above, in the
presence of a base or fluoride salt and a pall adi um cat al yst.

In the process of preparing the conmpound of formula I X, or the enantioner
of samp esspstind, as recited directly above, preferred ssdigighyRpl S
for Rlerr], Rerr], Rerr] and R4 5 are as stated above for the process
of making the conpound of fornula X. |In another preferred enbodi nent,
X is preferably bronmpo, iodo, or trifluogonethanesul fonate, the

pal | adi um catal yst is preferably selected from

tetraki s(tri phenyl phosphi ne) pal | adi um( O,

g: fg: Bgﬁb;zi( L:nl pvﬂ?e@Xibﬁ%S?chG%n g'i)eﬁ%lr %‘Jgfgnle'éna(blc}vg.’ inqﬁlz lp?gslelrjxgg Iolf)a baa%gto?tﬂ(abride

t ri s(di benzgpltiatdrepaiidme cdiapat.| adi un( O, and 10% pal | adi um on car bon, 10
and the base or fluoride sa I s sel ected fromg&?iu arop nat e

t -
triethyl amne, J8dTTROCess o prapafnd dhe competndPERrpyY enAntiomer ff
phosphat e, spif ¢aapound, lasabtithe difsRBy WBove, prefelrd@ sLB&itusg FarHR N RAr XAKEER

bari um hydroxi de, .apd tetraputyl anmoni um fl yori de. Most referably,
Che. compburith B SIRFhARSIAPT Re AraSeerrel i 1A SomRBGR oA, 40 Bro et
conpound ofpréfefred letnb¥dimet, X' is preferably bromo, iodo, or triflucromethanesulfonate, the
2- (2, 2-di net hyl - propoxycar bonyl -5-trifl uorometh 15 benzeneboroni ¢ acid,

| -
the base oP&ifdigm cptalistis Pf@&ers*emFa*ﬁpﬁaaﬁm@@réki_séwem@hpaphiaammdium(0)-
catal yst i sidHiéroBleitphényigHaphipRRmaaRmpal [RIAMITD)- acetate,  allyipaifaBiufh
further aspect of the jnvention, the conpound of fornula Xl \/,_ wher ei n
Rlerr] chigtigerjrasr Yisidikenzylidprepgeleng; adipgy (P ekt PRI BPBEECRY a
conpoungh Ofarldfte baEEEI fucridel t'id selected 1ok sodium, carbonat&hﬁétﬁ%lgnﬂ@, sbliufd
Rlerr] are as define above, the dashed line indicates a bond or no
bond bet wedlicarhenae aprsivinnaghenate, Wngtassidmepherphgtan daitesiyne flueride, ceaigm
Rlerr] is HBfide, sodifh ﬁ?&r]oii %ér]un"i‘hgéﬁ]aridg,[?ﬁ t]etrhﬁutglraﬁ'fn%rggrleruUriag.dMos}
preferred substituents for err] an err] are as’state above tor
sai d pr ocedselgrabinkihrecrapewrholintmuli Vi i (38148)8-benzgk Ebeamhg-chroman-hphiths ysi s
30 is eff Wt hhsa hel, c (Y Ol ' N re
cach 2. bt T o ey b B dthy
2-[ 1, 3, B 2)usinasnehsisonic @gid, theyhase or fluoride salf isisodvine carpenpienand thepaligdium

2, 2- di met hy, . , (o
BCT/ [ B97/ O 1%}&31\}5‘?ﬁ’é’{etn%ﬁfsﬁﬁphenylphosphme)p\éﬁacﬂgﬁq}d),

In a further aspect of the invention, the compound of formula XIV, wherein R®

and R* are as defined above, is prepared by hydrolyzing a compound of the formula

0 OR®
20 IO/(C&;{E)ne
Broreors =Ry
O~cchy,
R3

25
wherein R® and R* are as define above, the dashed line indicates a bond or no
bond between the B and N atoms, n and m are independently 2 to 5, and R® is H or
C,-C, alkyl. R®is preferably H and preferred substituents for R* and R* are as stated
above for said process of making a compound of formula X. Preferably, said hydrolysis
30 is effected with an acid, such as hydrochloric acid, and n and m are each 2. Most
preferably. said compound of formula XVI is 2-[1,3,6,2}dioxazaborocan-2-yl-4-

trifluoromethyl-benzoic acid 2,2-dimethyl-propyl ester.



In a further aspect of the invention, the conpound of fornula XVI, wherein

Rerr], Rlerr] and R err] are as defined above, is prepared by
reacting a eTaiy e of formula XV, wherein R err] and R err] are
defi ned above, Htgsa conpound of fornula HO(CH err])[err]-N RPEF 3710‘024

(CHerr])[err]OH (formula XV), wherein n, mand R err] are as defined
above. In said process of 5 preparing the conpound of forrmula XVi,
preferred substituents for Rerr] and R epf] are as st at ed above for
sai d process of preparing a conpound of formula X. Most preferably,

said conmpound of formula XIV is

2- (2, 2-di met hyl - pmaﬂunyeraaépenybt)thsmveintrbuohherumﬂrgdund of fornfnda 28 clbiosreim B3,

d d h I
T do e DR R ———ry
Rlerr] 10 avmhdreRp élr’ a]'rd R araas deﬂne@wbpwwh aIc&nwoepdrcetbrwa&Mdl(oHy)ymgt“)a

Rerr] are dERaEPRIERTRiANG: hreig 6, TendR s as defner Aokt i | said prgpess &

hydr ol ysiss preparing the &iopipdung affémsmed(w\n farbdasmsé,m@rcdﬂfoaww Rt Aol C

acid. Preferr dsubsergjgtuets 20f err and err Qs tate agve
for said pr&tededaBeveoksa pé°‘fﬁ§ﬁr9 d°f or;pua ost preter
further aspaaid &mpdiend BV estrium, xrvrrezqemmdwyo rdpikitdrBonifi)- $-tnﬂM&ﬁ:Frﬁéﬂhyl-

Rerr], ar)d are as defrn ove, i.5s ared by
treating a (?SHR%%ﬂﬁ?]&"Eﬂ‘ctaﬁ "l?]r?ﬁ,'ﬁ’ §°mP25“f’é’r‘ rmiule XV is §(?"Pa”° i5‘”’""ﬁ,here| n
Rlerr] and Rlerr]n farrenaér s% ﬂeﬂh@hﬁvmow {He GomBdiHd 8MofiRURAAY, Wheldie R
presence of a tri-((err] err] al kyl )borate. I'n said process

of maki N t ﬁédﬁ)rﬁﬁelﬁ‘ﬁcﬁe{fjﬂe‘f abavYe. ds qunareqabrehwfrrowrmgempeém &f the formyla
Rlerr] and Rlerr] are as stated above.fqQr said process of making the
conpound of formul a ¥ OR

BC(OR"),
X111
15

R

wherein R* and R* are as defined above and R’ is C,-C, alkyl. Said hydrolysis
is preferably effected with an acid, such as hydrochloric acid. Preferred substituents
20 for R’ and R* are as stated above for said process of making a compound of formula
X.
In a further aspect of the invention, the compound of formula Xlil, wherein R,
R* and R’ are as defined above, is prepared by treating a compound of the formula

OR*4
25

R3 XII

30 wherein R® and R* are as defined above, with a metal amide base in the
presence of a 1ri-(C,-C, alkyl)borate.
In said process of making the compound of formula Xill, preferred substituents

for R® and R® are as stated above for said process of making the compound of formula
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I n anot her preferred enbodi nent, said netal am de base is selected from
lithium walesrmogy opyl anide, lithium diethylanide, |ithiUmperamorotozs

2,2,6,6-tetranet hyl pi peri di ne, and
bis(2, 2,6, 6-tetranet hyl pi peri di no)magnesium and said tri-(C[err]-Cerr]

al kyl )borate is sel ected fromtriisaopropyl borate, triethyl borate, and
trimethyl borate. Most preferably, the 51°'corrpound of formula XIl is
4-trifluoronethyl -benzoic acid 2, 2-di net hyl -propyl ester, said nmet al

am de base s |lithiumdiisopr .amde,, and said tri-(Jerr]l-Clerr]. .

al kyl ) bor af%e Ipsanogwertqrgﬂegggregﬂi}?dggpa% gaid metal amide é"ﬁ? i$ ?ﬂ'ﬁ‘{‘?ﬁmﬁ‘s%@&“ of

t he invgnt Bﬁs‘bpr{:hﬁamwoﬁthiﬂmofdiéthlyml’:jide,X,litht h@,s,&t%ﬂrﬁélhf_ y@m?rridmfe, Sandl

conpounada, | err err, an err are a I N apove, 1S

Conntoa. 10 PlhE5 o BBnIA S R HENeRY T Bht e Rl oy SRS AP - SpiRsTedl

Rlerr] and#Bhetiibopropylborate triettliborate, 3l fimbBylbordte an Wﬂmﬁiefﬁ?‘bbl%/,_ the
|

car boxyl at e of thg ¥orrru| %} Lﬁ”r-,r%qu o . or the enantioner of
sai d coRpoGREPGHNE SHRIMYaRS 4-rifHetumethAtkanzeic apida. 2 HimeinyrRrppylRsiarseiding
Rierr] arengsaldgiidie Basday aithilie tfssgdppainriel tamainsaial #F(dEr blky)Bbatd §s and
Rlerr] are as stated above 20 for said process of nmaking a conmpound of
formul a X tispRrapybe@ndary anine, Rlerr] and Rlerr] are each

?ggf e ?bg%’cgé’fggﬁe&(%nhé}mﬂpd&f & @habhventRAl dh& YTRPHUAIObt FEHHA K, XY the S
exyl armoni GRADAIqMenR said campsindo wireesin Bivedi- #0q R} ave as defingdiebpie iy reacted
benzoat1® with a secondary Rfihd \6FWd %hﬁﬂ@ﬂlkﬁaggt WRere A5 RhACES arePhs RIhR | Ng

a conpound of the fornula 25 [err
above, to form an ammonium carboxylate of the formula

RIREH,N'  CO,”  p2 D
; Rl XVII

15

or the enantiomer of said compound of formula XVil, wherein R', R?, R? R® and

R® are as defined above. Preferred substituents for R', R?, and R? are as stated above

20 tor said process of making a compound of formula X. In said secondary amine, R® and

R® are each preferably cyclohexyl. Most preferably, said compound of formula XVl is

(3S,4R)-dicyclohexylammonium-2-(3-benzyl-4-hydroxy-chroman-7-yl)-4-trifluoromethyl
benzoate.

The invention also relates to a process of preparing a compound of the formula

R* X

<

SOt
H

30

>
>
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or the enantioner of said compound, wherein Rlerr] and X[err] are as

defi ned aboV¥O 9811485 sai d process of preparing a conpound of PCETBSTHOI4
and Rlerr] is (err]-Clerr] alkyl, Cerr]-Cerr] al kenyl or phenyl
substituted by Y in the 2 position, Xin the 4 or 5 position, and Rlerr] in
one of the remaining positions of the phenyl nviety, wherein Y, X and
Rlerr] are as defined 5 above for said process of preparing a conmpound of
formula V, by treating a conpound of the fornula

Rl eL r ]( 1)CH[ err] C( Qe ﬁfieeafrfahtlorWéebesagd Iabﬁfpro].manﬂhé’r[e&f R ard [K aﬁef ﬁklaﬂéﬁm a’ﬂ:hﬁ)ée
Wi t a e, se i on

0 er e AR kel ool d N AP LY CLESRS &,
preferably adikery! br phany albstitutedfbyay doteIpEsitdn, Dhie thedneH Sposition, I%ndGQGhH

wher ei n err] is, as defjned ove, .relative to the a nt sai d ound
107 of "t ok mine ¢{ia FarnEninGARERReY SkiARNENYIEIER: MDESEL BoK ARG B e 4 HeTne

reagent s § oraviedosLd protess of prepamg:eaamaguﬁebﬁfoﬁaaaww tfafanﬁ@ar&hﬁ:o&h&
or the enantioner of said conpound, ar st ated above for said

process of pPlethgricAgula Bofbdaitd-Yer “F’Gf‘ﬂ‘mlpa ang s iafR) ag Aefined above; withuhl pv)
hal i de. tltantumélVThﬁlldéqYﬂrht&é%@ ﬁ!t@ﬂaﬁﬁb%\ﬁéd b trdath P AHASY dnok igad iRl @
15 [err] enanti1oner of said conpoun

wher ei n R er (@) lesrthang equvalenis.\prajecabiy aeuttlcaquivalent gh g pompraund of sipEBEias
of pr epar | NgRA_GOTROWRErR] RU NS a§ @"eﬁﬁ'écﬁa%we reléhve to the an’ld@m? 8t &hig QERMHAIOT

formula V, and the enantioner of said rrpoun preferred substltuents

for Rleri®, eferppia X-GHeCiP)at.e %@f%'[e&t subsiibionis pod reagents fasceaid popcess of
preparing a &Q\/H?@&@garefcomuf'\erm%u\é XIXVBFtherizhG5AB} ¥5 sai@bOmpOTRA U of

formul a
(1R, 2S) - 2- betatpd- abque- tor dieisl pradegsres-prapayng apsasprend oBfermylla IV using said
The |nvent|otﬂa,qi[_,§1qwr)%gﬁa&§s to a conmpound of the formula [err] 30

WD 98/ 11085
PCT/ 1 B97/ 01024  The invention also relates to a compound of the formula

15

20
and to the enantiomer of said compound, wherein R', R?, X and Y are as stated
above for said process of preparing a compound of the formuia VI.
In said compound of formula V, and the enantiomer of said compound,
preferred substituents for R', R?, X and Y are as stated above for said process of
25 preparing a compound of the formula VI. Most preferably, said compound of formula

V is (1R,2S)-2-benzyl-1-(4-bromo-2-fluoro-phenyl)-propane-1,3-diol.

The invention also relates to a compound of the formula

RZ - OH

30
VI




-12- and to the enantionmer of said conpound, wherein Rlerr]

and R err] are as stated above for said conpound of fornmula V and X is
halo or CJerr]-Cerr] perfluoroal kyl sul fonate and is attached at

posi tion 6 woegnmsst he chroman ring. In said corrpoFg,g of for mul a
VI, and the enantioner of said conpound, 5 preferred substi

Rlerr] and R err] are as stated above for said conpound of formnul a V,
and X' is preferably brono, iodo, or trifluoromethanesul fonate. Most
preferably, said conpound of the fortila VI is

(3S, 4R) - 3- benzyl - 7- br onp- chr oman- 4- ol . The invention al so
relates to a conpound of the formula 10R [err 15

and to the enant?hist ther erantigmes pl et comiporatnwResin R’ and B} ere bs astateds

st at ed 20V Sorf Sid %Moﬁmpmufg vfa%fw'.@?éfb or CF -C, perfluo oa&y?s%‘f
conmpound of formula VII, and the enantioner sal ‘h% dr ?erred
subst i tuentaé’df'ﬁraﬁRf’Edr af Refitiony &pF 7 ofthe akroman fing.above for sai d corrpound of
formul a | I 0, r V

(SIS o o NSRRI (3o TR Sl ke Mk,
i nventi ar S@"P‘élﬁ?@ﬁ”?’ﬁs é"@o@dﬁfcﬁfeﬁsﬁtﬂied ebovg for spidragmpouriiof formula

and to the \ﬁ'&ﬁatx* @ﬁS‘?éfeFH fﬁao$ocmoupeﬂn &Q%&héﬂwéﬁ: alrtgpﬁ{osf]g, e;eré'% %%‘ﬁand

Rlerr] are stated above T process 0O d of
t he fornul wommmdtq{éhemm‘lutmvloat(és #B) -8ibenizg-7abroachelttotrmanppsi. t i on 6 or 7 of
the chroman rin n romula 1 X, and the
enant i oner of sgﬁhg '%erﬁ:t)'gn adso Je&téﬂ et%gﬂi) gdﬁé’?? %@Hlas for Rerr],

Rlerr], Rerr] and R err] are as stated abo for said process of

prepari a conmpound of the fornula X.Ra/bst spreferably, the conpound of
formula 1X 1

15 and to the enantiomer of said compound, wherein R' and R? are as stated
above for said compound of formula VI.

in said compound of formula Vil, and the enantiomer of said compound,

preferred substituents for R' and R? are as stated above for said compound of formula

VI. Most preferably, said compound of the formula VI is (3S,4R)-(3-benzyi-4-hydroxy-

20 chroman-7-yl)-boronic acid.

The invention also relates to a compound of the formula

C02R4 RE gH

25

R3

and to the enantiomer of said compound, wherein R', R?, R® and R* are as
stated above for said process of preparing a compound of the formula X and the
30 benzoate moiety is attached to position 6 or 7 of the chroman ring.
In said compound of formula 1X, and the enantiomer of said compound,
preferred substituents for R', R?, R* and R* are as stated above for said process of

preparing a compound of the formula X. Most preferably, the compound of formula IX
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i s(3S,4R) - 2-(3-benzyl - 4- hydr oxy-chroman-7-yl)-4-trifl uoromet hyl - benzoi caci d

ethyl ester. woosnioss The invention also relates to a corrpound,i:?,(,[ﬁgll:”amu
err| are as

formul a [err] 10 wherein R err], Rerr] and

stated above for said process of preparing a conpound of the formula
XI'V using a conpound of fornula X I1I. In said conpound of formula
X1, preferred substituents for Rerr], "Wrerr] and Rerr] are as

stated above for said process of preparing a conpound of the formula XV
using a conmpound of formula XiIl. 15 .. The invention also rel ates
to a conpour®3gi4Rel3ikanzuirdhydrpyy-giroman-Ay)-4-triflucromethyl-hgnzoigagidethyiestera n g
Rlerr] are as stafipfnaliiep d58 reiabd 16 TRAEMNA o iR fBtingiaX! | | - In
said compound of formula XV, preferred substituents for Rerr] and Rl err]
are as stated above for saigl conpgRfd of fornmula Xil11. Mst preferably,
said conpound of 25 the fornula is

2- (2, 2-di net hyl - propoxycar bonyl )-5¢trifl uor onet hyl - benzenebor oni ¢ aci d.

5 BC(OR >,

XITI

R

10 wherein R® R* and R’ are as stated above for said process of preparing a
compound of the formuia XIV using a compound of formula XlIL.

In said compound of formula Xiil, preferred substituents for R’, R® and R* are

as stated above for said process of preparing a compound of the formula XIV using a

compound of formula Xli!.

15 The invention also relates to a compound of the formula
O OR?
B(OH),
R3 X1V
20

wherein R*® and R* are as stated above for said compound of formula XIll.
In said compound of formula XV, preferred substituents for R® and R* are as
stated above for said compound of formula Xill. Most preferably, said compound of
25 the formula XIV is 2-(2,2-dimethyl-propoxycarbonyl)-5-trifluoromethyl-benzeneboronic

acid.
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- 14- The invention also relates to conpounds of the fornula
[err] wherein the dashed line indicates a bond or no bond
bet ween t hwoBsamssN 10 atons, n and mare independently 2 tptthgﬁbﬂﬁﬁ] and
Rlerr] are as defined above for sai d conmpound of forrmula XV, and

Rlerr] is Hor Jerr]-(ferr] alkyl. In said conpound of formula
XVlI, n and mare each preferably 2, preferred substituents for Rl err]

and R[err] are as defined above for sai‘&l“'corrpound of formula XV, and
Rlerr] is preferably H Most preferably, the conpound of forrmula XVI is
15 2-11 , 3,6, 2%S| oxaz bor canl? yt 4-trifl uorg.f tfthﬁ benzoic acid

2, 2-di net hyl - angg [ alss Telafes’to compounds Of & IOMHE, el ates to an
ammni um car boxyl ate conpou 4 for mula [err] 20

and to the enantionmer of sai'dReoM¥ in Rerr], Rerr], Rerr],
Rlerr] and R err] are as 25 flnedO 3 or said process of preparing a
compound of the fornula X Preferredg...... sqtps.tg&uents for Rlerr], Rerr],
and R[err] are as stated above farSaid precess of X Wdki ng a corrpound of
formul a®X. 1n the ammoni um Qﬁ'q[:hl nd R err] are each preferably
cycl ohexyl. Most preferably, orrpound of formula XVII is (3S, 4R)-

di cycl ohexyl ammoni um 2- ( 3- ben - hydr oxy-chroman-7-yl)-4-trifl uoronethyl
30 benzoate. R

jO

wherein the dashed line indicates a bond or no bond between the B and N
10 atoms, n and m are independently 2 to 5, R® and R* are as defined above for said
compound of formula XIV, and R® is H or C,-C; alkyl.
In said compound of formula XVI, n and m are each preferably 2, preferred
substituents for R® and R* are as defined above for said compound of formula X1V, and
R® is preferably H. Most preferably, the compound of formula XVI is
15 2-[1,3,6,2]dioxazaborocan-2-yl-4-trifluoromethyl-benzoic acid 2,2-dimethyl-propyl ester.
The invention also relates to an ammonium carboxylate compound of the
tormula
RORYMH N co,” g2 O
i 1 XVII
20

and to the enantiomer of said compound, wherein R', R?, R*, R® and R® are as

25 defined above for said process of preparing a compound of the formula X. Preferred

substituents for R', R?, and R® are as stated above for said process of making a

compound of formula X. in the ammonium moiety, R® and R°® are each preferably

cyclohexyl. Most preferably, said compound of formula XVII is (3S,4B)-
dicyclohexylammonium-2-{3-benzyl-4-hydroxy-chroman-7-yl)-4-triflucromethyl

30 benzoate.
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The present waggg%ﬁgg also relates to a conpound of the fornula [err]

and to the enan of said conmpound, wherein R, R2, X, Y aR€TIABETAL0241r €

as defined above for said process of preparing a conpound of formula

V. The present 10 invention also relates to solvates of said conpound of

formula IV and the enanti oner of sai digonmpound of formula IV.

Preferred sol vates of said conpound of fornula IV, and the enanti oner

of said conmpound, are those fornmed with a donor |igand sel ected from

1- met hyl - 2- pyr r ol i Thepresentdhveritioy | iy repatesits a compound of the formula

1, 3-dinmethyl -3, 4,5, 6-tetrahydro-2(1H) - pyri m di none,

tri et hyl phosphate, and 2,2'- dlpyrldyl2 Th@Href dred conpound of fornula 15
IV is R H

[4R-[3(2R 3R)]] - 4- benzyl - 3-[ 2- benz | 8- f 1 uor o- phenyl ) - 3- hydr oxy-

propi onyl ] - oxazol i di n-2-one, ang S red”solvat e of said conpound is
[ 4R- § 3(2R, 3R)]] - 4- benzyl-3 ¢

[ 2- benzyl - 3- (4- br ono- 2-f | uor o- phe hydréﬁz pr opi onyl ] -

oxazolidin-2-one, 1- met hyl - 2- pyrre at e. The term
"hal 0", as used herein, unless otherw se indicated, nmeans fluoro, 20

chloro brono or iodo. The term "al kyl", as used herei n, unless

ot herwi se i ndi cat e {onthe rhestiemenphsaid compoundnwbereioni', rﬂld?(otéafﬁdﬁk are as
radi cal s haviduinéd adbogétor 33(@;9%@5& ef pfe\ﬁﬁhhﬁ arE?J' dupd & rforn?ula VCOffY P%F&ns

t her eof . The term xy", rein, includes 0-a
groups whi? eu"ﬂvef‘aPRﬂSO "e?te&mdi@ﬂ‘(&\ﬁ%stfaﬁﬁWéomPOUNd of formutmH¥ andrthe 'eaarytiomeras

used herein, d4%'a%séorﬁbaﬁd’\bﬁgrdw@@lgatP?Qferrb&'Ql:H?t% o?galﬂrc%%ﬁioand of fo n‘“ﬂé?@l

derived forman aromati c hydrocarb renoval of one
phenyl or napidipe enantiomer of sa:d]tw@npqums ‘atectheseturykd | wn'dasa dmm‘ hbandrlsal;ected

unl ess ot her gﬁ@gﬁ%@ gﬁgm;la. é;%e@lglf%a?ﬁ?cfegq@ &meﬁﬁl £3k &Sﬁérgy%?’%ég%“ an
pyridyl, furyRyimidipers;triethdphnsiphateyand p2-dipyitivhyThe piﬁf@rrpsi campnyhd of formula
15 IV is  [4R-[3(2R,3R}}]-4-benzyl-3-[2-benzyl-3-(4-bromo-2-flucro-phenyl)-3-hydroxy-
propionyl}-oxazolidin-2-one, and the preferred solvate of said compound is [4R-
[3(2R,3R)]]-4-benzyl-3-[2-benzyl-3-(4-bromo-2-flucro-phenyl)-3-hydroxy-propionyl]-

oxazolidin-2-one, 1-methyl-2-pyrrolidinone solvate.

The term "halo”, as used herein, unless otherwise indicated, means fluoro,
20 chioro, bromo or iodo.

The term "alkyl’, as used herein, unless otherwise indicated, includes saturated
monovalent hydrocarbon radicals having straight, branched or cyclic moieties or
combinations thereof.

The term "alkoxy", as used herein, includes O-alkyl groups wherein *alkyl" is

25 defined above.

The term "aryl", as used herein, unless otherwise indicated, includes an organic
radical derived form an aromatic hydrocarbon by removal of one hydrogen, such as
phenyl or naphthyl.

The term "heteroaryl", as used herein, unless otherwise indicated, includes an

30 organic radical derived from an aromatic heterocyclic compound by removal of one

hydrogen, such as pyridyl, furyl, thienyl, isoquinolyl, pyrimidinyl, and pyrazinyl.
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- 16- The term "enantioner” as used herein in reference to the
conpound of forrmula X [err] means a compound of the formula
[err] Y0 98/110Fhe term "enantioner” as used herein in ref ecengedioad he
conpound of formula IX Jerr] 20 means a conpound of the formula

[err]

10

15

20

25

30

-16-

The term “enantiomer” as used herein in reference to the compound of formula



30 WD 98/ 11085
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The term "enanti oner”
as used he {}#}n reference to a conpound of formula VII
means a co&?&)

err
9% the formula [err] 15 The té'FEWm‘J’mm"

"enantioner"” as used herein in reference to a conpound of the formula VI
[err] 20

-17-

The term “enantiomer” as used hereln in reference to a compound of formuia
VH

S )
b
(HD) ;B
means a compound of the formula
10 OH
RE |
\\\\\\R 1
(HO) ,B
0
15
The term "enantiomer" as used herein in reference to a compound of the formula
Vi

R® OH
20

V]

25

30

The term “enantiomer” as used herein in reference to a compound of the formula



means a conpound of the forrmula [err] 30 The term "enanti oner”

as used herein in reference to a conpound of the formula \% WO
98/ 11085
PCT/ | B97/ 0WO24&/11085 - 18- [err] nmeans gegRiPeiRg of
the formul a [err] The term "enantioner” as used herein iIn
reference to a conpound of the formul a

-18-

¥

means a compound of the formula

OH

RE
10 Q OH
X
Rl
Y

The term "enantiomer” as used herein in reference to a compound of the formula

15 IV

20

means a compound of the formula

OH 0

RE
25
1
v R



151V  Jerr] means a conpound of the formula [err] WO

908/ 11085 PCT/ | B97/ 01024
-19- W)ﬁ "enanti oner"” as used herein in reference to a conpound
of the fornula I [err] 5 neans a conpound of t hePFOIRLN0I024

[err]
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The term "enantiomer* as used herein in reference to a compound of the formula

Xvil
ROReH,N*
XVII
5 .

means a compound of the formula

10
RSREH,N*

15

XiX

20 Rll///\\\\///Jl\\\x

.0 11 {TTTTEERR
H

25 XIX

means a compound of the formula

OH 0

Rll
30 ' c



15 The term "enantioner” as used herein in reference to a conpound of

the formul a XIX Jerr] 25 means a conpound of the fornula
[err] 30 WD 98/ 11085

PCT/ 1 B97/ 01W2/8/11085

Det ai | ed Description of the Invention The pr ocespsc'lé)’?mt;ﬁieo24
present invention and the preparation of the conpounds of t he present
invention are illustrated in the foll OWiJz’I& Schenmes. In the follow ng
Schenes and di scussion that followsT unl ess otherw se indicated,

Rlerr], Rerr], Rerr], Rerr], Rerr], Rerr], Rerr], Rerr], 5 HRerr],
Y, Z. X, Xerr], and X are I .gbove.. The follow ng Schenes and the
di scussion that follows descsgaﬂg Hascrglion ofthe Vet e conpounds of

formul as |- Xl X. The profees btihepresent Bubrtissandithedwagdratior 6Nthe @mgoainiews

o e P AR AFBReSh eGSR e Sl g Seharas
and discussion that follows, unless otherwise indicated, R’, R?, R®, R¢, R®, R®, R’, R°,
5§ R Y, Z X X, and X' are as defined above. The following Schemes and the
discussion that follows describe the preparation of the compounds of tormulas I-XIX.
The following Schemes and description that follows also applies to the enantiomers of

the compounds of formulas I-XIX, wherein the term “enantiomer" is as defined above.

10
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Overal |, the synthetic sequence in Schene | involves attaching chiral
auxiliary WO9841083] to R -containing conpound I (step 1), a i
al dol condensation wth al dehyde 1l (step 2 or 2'), redE%&ﬁgéhpgﬁbval
of the chiral auxiliary fromaldol IV (step 3), base- nmedi at ed
cyclization of diol V (step 4), lithiation and boration of hal ochronanol VI
(step 5 5), coupling boronic acid VIl wRfh aryl halide or sulfonate VIII
(step 6), and hydrolysis of ester I X (step 7). In step 1
of Scheme 1, chiral auxiliary HX err] .is converted to the correspondi ng
anion by treatnent with a suitably st age, such as an al kyllithium
base, preferably L e )
) R8
oR* |
5 . HO~(CH,>,-N-(CH,),-0H
B(OH),

XV
R3 XIV

10 ll

15 2 E— N—R®

20 X1V



butyllithium in an aprotic solvent, such as an ethereal solvent, :
preferably 10 tetrahydrofuran (THF), at a tenperature of approximtely -80
to O[err]C, R&s%g&ﬂgky -78 to -55[err] C, over a period of about 20

m nutes to one hour. Substituent X err] is a chiral auxi | i ECT/IHVa1024 S
suitable to control relative and absol ute stereochem stry in asymetric

al dol reactions. Exanples of HX[err] include (R)-4-benzyl-2-oxazolidi none,
(S)-4-benzyl - 2- oxazol i di none, -25.

(4R, 5S) - 4- net hyl - 5- phenyl - oxazol i di n- 2-one, and (4S, 5R)-4-nethyl -5- 15
phenyl - oxazol i di n-2-one. The resulting anion is treated with acylating
agent 1, wherein group Wis a hal iSG#{ENE @f erably chloride, and R err]
is as defined above, in the sane solvent at a tenperature of
approximately -80 to O[err]C,Opreferany about -75[err]C, over a

peri od of about one hour, andjjthen warned to approxinatec§ -20 to 20[err]C,
preferably about O[eiilguhggfore aqueous wor gdp, whijch is preferably

done by treatnment thkklgo aq us sodi um bi car borat e, ield acyl ated
chiral au%iliary II. B ep 2 of Scheme 1% ns al dol "
reaction that is perfornmed under conditions that are anal ogous to

t hose described in Evans, D. A ;. Bartroli, J.; Shih, T. L., J. Am

Chem Soc. 1981, 103, 2127X¥ddl &age, J. R: Evans, D. Al Org. Syn. 1989,
68, 83, both of which references are incorporated herein by reference. In
particular, in 25 step 2 of Scheme 1, the acylated chiral auxiliary Il is
treated with a Lew s acid, a base, nd substituted benzal dehyde |11l to
yield alﬁ hol 1V with a high degree of stereosel ectivity.

Benzal de gde [1l is substituted with ort olsubstituent Y which serves

as a leaving group during cyclization stgp~4, group X (or X for Schene 2,
in particular coupling step 4 of Schene 2) which is substituted by the
aryl sidechain during coupling 30 step § and substituent R err] which is
as defined above. Substituent X (or X for Schene 2) is attached at
position 4 or 5 of the phenyl nviety of benzal dehyde I11. The | eaving

WD 98/ 11085

PCT/ 1 B97481024 -27-

group Y is typically a halo or nitro_group and X is a halide (and, for
Schenme 2, Xis a hal i de or C[er@ -C[rerﬁ)perfluoroalkylsulfonate). To
prepare al dol product 1V, acyl ated chiral auxiliary Il is treated with
a boron halide or sulfonate, S?Qb di al oron sul fonate,

preferably dibutylboron triflate,“in anNgprotic | vent, such as

di chl oronet hane, 1,2- 5 dichloroethanei toluene,cor diethyl ether,
preferabl y di chl oromethane, at a tenperagyre of about -78 to 40[err]C,
preferab?@ -5[err]C, over a period of abBut 20 minutes, followed by
treatment with a tertiary am ne base, such as triethylam ne or

di i sopropyl et hyl am ne,

XIX



preferably triethylam ne, at a tenperature of about -78 to 40[err]C,
preferably -5 to 5[err]C, over a period of about one hour. This

m xture is treated with substituted benzal dehyde 10 [|I1l at a tenperature
of about -30@esmdgserr]C, preferably about -70[err]C, over a Rgpedebs
about 30 minutes. This mixture is allowed to warmto a tenperature of about
-20 to 25[err]C, preferably about -10C, over a period of about one
hour, and then treated with a protic oxidative quench, preferably by
t he successive addition of a pH 7 buf f erR6- sol ution, nethanol, and
aqueous hydrogen peroxide, at a tenperature of |ess than 15 about
15[err]C, to yield ohol IfJerr]. . Step 2' of Schepe 1 js an
alternative, gg L 'P%BY'@?LWET%S"‘S? I PeRAms hﬁ“mp’es a&?i‘?ﬁ%l"ﬁﬁw iy a
t |h t an: um c0<:1tcﬁﬂhbd5l@talnaw Sonasdshd |l (Eteﬁtw,‘,ra_s?hnﬁtri&ﬁlbembnBen@&WnaMﬁdaldehyde
chiral auxiliar

titanium tdy r(%TEﬁIEO?' %ﬂe redicive "ﬂwa\t‘fﬂé’g?’?tﬁ é}grn % g%m f'ga{:%'ggg \P{sgﬂeé)r? B $hane,

1, 2-di chl orm&aaeyclﬁat;émbmmu 4)pmakﬁ6@bhabdtagbh @t ﬁaeéman%,nom (8tep
terrperature of pg ably over  a

period & FRe 06 Vhwia an haiea orsﬁtr'fpﬂﬁwgwfldﬁteatﬁiuen%bvq’ﬁowmses

fol | owed b)bfb@@?]w& mth a tertiary amne or tertiary diamne base, such
as triethylamne or N NNN -tetrarrethyl et hyl enedi am ne, preferably
N.N,N N - tletskemmclﬂﬁctaemnyzl B robitaloasidiiary HX, i convpsedtotie oérreﬂp@udmgSO to

0C, preferab 80 to 2 e er| od of a nut es

opt i bl |y SRPETRAEEAENY: 2 p0katdStont Basen o e R DA BTRie 2BV and,
such as 1 ngnshmb# ﬂyré@'éﬂbﬂ@n@@wﬂhmﬂd&ﬂ' fa@r ERAMliCareal  solvbnt, preferably

, 3- di et hyl 4,5 6-tetrahydro-2( 1 H)-pyrimdinone, triethylphosphate, or
2,2 -di¥yr |telyahydrofurandffblf:braabltymmenamgmapmpwatdv 80 tRoPs, rretesabily rffictoat ur e
of about -8 = 4 r ef, y 65 fol ] o :
stirring fo$ acgpg‘%e?o%j]p ﬁd atb%gg% mmﬁpes tOT‘Izlné Rﬁqurxt %ﬁégétgért“rg'a{ %Ebgﬂgyvm th

substi t ut edubma@ahdebydmblé]o edintﬁn retdIRe antubsolite steidicherh¥frytiv abfnmetric
preferably -80 ver a Perl od of about 30 m nutes, and all owed
to warmto agiqlé%pag uEéaerles of HX, include (R)\pbenzyl-2agxgzolidinone, (S)-4-benzyl-2-

PCT/ 1 B971/

730 to 30| SRATdidingne JABSS4gethisphenyprazsldinzone, pnd (48HIamensls: | 5,
hours, 18 efpereabquxazohdmatnmt Thehresuiting a'rhbrs |sntredteﬂ ®ith acylamg egienMI,t»Inhére;w otic
quench prefera&vy aqueous errperature of -30

to 30[ err] & &¥ & aphids. Pbef%'S‘Fb’m]?‘@‘dev@ 'gl & as deh”%ﬁ aBavt: i \he iagi%e

treatment Wo‘@n@aﬂé’@ﬁ drh@lAd ey hépr@?iﬂ‘?a)lel{ b t%l@'fd"'cﬂref’e}‘é abbiit -39, over@ses,
provi ded as a crystall |ne solvate wth the donor |igan Stirring the

quenched per Iorie}i@bpghom twmr endithdn warmsd to @mmmate&uaﬁ taL0ch), Pt@i?@bh’] f or

a period of_,ab atur out .20
bt oves ¢ LN 147G et Radis, warklpo S RLPEST BP7 SRR, 4 rediieg; i
titani upp byam@@%‘s@dlum bicarbonate, to yidldeadylatédNbnira alsdmdry ondi ti ons Of step 2
of Schene are preferable and
Step 2 of Scheme 1 is an "Evans aldol" reaction that is performed under
conditions that are analogous to those described in Evans, D. A.; Bartroli, J.; Shih, T.

L., J. Am. Chem. Soc. 1981, 103, 2127 and Gage, J. R.; Evans, D. A, Org. Syn. 1989,

68, 83, both of which references are incorporated herein by reference. In particular, in
25 step 2 of Scheme 1, the acylated chiral auxiliary 11 is treated with a Lewis acid, a base,
and substituted benzaldehyde !l to yield alcohol IV with a high degree of
stereoselectivity. Benzaldehyde 11l is substituted with ortho substituent Y which serves
as a leaving group during cyclization step 4, group X (or X' for Scheme 2, in particular
coupling step 4 of Scheme 2) which is substituted by the ary! sidechain during coupling
30 step 6, and substituent R? which is as defined above. Substituent X {or X for Scheme

2) is attached at position 4 or 5 of the phenyl moiety of benzaldehyde lli. The leaving



10 operationally nore sinple than the boron al dol conditions of step 2 of
Schene 1 in that they avoid the pyrophoric reagent tributyl borane,
the corrosive reagent triflic acid, and t heir exotherm c conbination
in the prepéWQPF@ﬁméf the Lewis acid dibutylboron triflate. PCT/RSTOMIA,
in contrast to titanium aldol reactions described in the literature, such

as in Evans, D. A; R eger, D. L.; Bilodeau, M T.; Upi, F., J. Am
Chem Soc. 1991, 113, 15 1047, the titas7um al dol conditions of step 2' of
Scheme 1 provide high selectivity with | ess than two equival ents of
the al dehyde I11. Preferably, about one equival ent of al dehyde 111 is
used in thigsie ﬁnsI am raar&@o oPRIfYIgren aﬁelx aéaal Kélide (88dUSPSch&he2NX! 8 a
referenceto aldeh a comnpoun the f orrmaR[err]C(O)H(as

recited in thalide or C &apew.)orord&visuﬂoem)t H'arprepﬂ'eeiﬁdm\mbémtslvoac\dated chiral

hat two equobiar (e TR heihle sosviRiEs. sicn B agrdibvbSehaBioia,

al dol react igpéferibf} BiBRYIOIrEN Hifkie, An aﬁ@hs@ewant such as dichlordnietRald,t1,2n to
having utility in the preparation of the therapeutlc agents of formul a

X, the ti% arfiehierapthenedefiene; wisietayl ethesppreferalily dichlatemethane, aledtpmperaiurene

preparation \/ e it r

United Ki ng(fgfranbggt 78& gﬁ?é a%'le %‘:@1 |é§;1c né&%gg:é@gég%géa@ %prﬁg\% shPogng}grﬂcw 30,
1994) and i ﬂreBtrﬁ)ant[DGIﬂﬁe)temary arﬁheaiase, Juzihr@eﬁtmrhmbtdercmsoﬂraa?let@%aé.,
1851. Schene 4 illustrates the application of titanium al dol reaction

to al dehyde Px&/prably 'rﬁ'emawmnﬂ[?érartﬁmpgrwr@rcvf]abepéﬁrq toA98fF,, prefeeatyly -5ocb 1§,

2 Nealti o s RPUESHBUBR RV S Rt RS Kk o

noi ety, WherBiah atemesatdreRS aboet si00def ¢ 1@ cbratzeatdy ab30t W(Eeraceirlaop‘enod of

conditions for i&erre 4 ar t he sane as those descri bed above f f“L‘sat?%pm g
an

2" of Schen@PPUt AP RURYGE: SI’P"‘MEM towaramiRia tPpefatym Eahe

glcg';)lhglgw o1 02254°C prefé’?@o@&lblﬁp&%°c over a period of about one hour, and tia%n treated wnt)rzl X

enconpasses aapuikobxidaliverquangb hpraterably Tine thec agtdessivefadditivene! 4 ary beffersed

to prepare HI Vv nhi bi t [ ounds. t hat re desc

ni Fed K nodgiiien. mRlTAnRE el Fisbip dyicRmBepaienssosoa d PRl par irss Db,
wher e R[ﬁfr]ab'oﬁt (§ec tb-yidi€aldohal vyl or Cerr]- Cerr] alkenyl,

preferably 3-cycl ohexyl pr openyl . 5 Table 1 below illustrates how

t he product of Sdtepe #f &Chsftnem & apfaltgyistive, and prefer@hlwangthq@gérmpwgmn
L 2t SSAREN | HBbog By ERe OO g CPLABE A B nell R,
chiral auxiliary 1l is treated with a titanium(IV) halide, preferably titanium tetrachloride,
in an aprotic solvent such as dichloromethane, 1,2-dichloroethane, or toluene,
20 preferably dichloromethane, at a temperature of about -80 to 0°C, preferably -80 to
-70°C, over a period of about 30 minutes with additional stirring for about 30 minutes,
followed by treatment with a tertiary amine or tertiary diamine base, such as
triethylamine or N,N,N'.N'-tetramethylethylenediamine, preferably N,N.N'N'-
tetramethylethylenediamine, at a temperature of about -80 to 0°C, preferably -80 to
25 -65°C, over a period of about 30 minutes. This is optionally, and preferably, followed
by treatment with a donor ligand, such as 1-methyl-2-pyrrolidinone, dimethylformamide,
1,3-dimethyl-3,4,5,6-tetrahydro-2({1H)-pyrimidinone, triethylphosphate, or 2,2'-dipyridyl,
preferably 1-methyl-2-pyrrolidinone, at a temperature of about -80 to 0°C, preferably -80
to -65°C, followed by stirring for a period of about 30 minutes. This mixture is treated
30 with substituted benzaidehyde 1l at a temperature of about -100 to 0°C, preferably -80

to -65°C, over a period of about 30 minutes, and allowed to warm to a temperature of



equi val ents and by the addition of 2 equivalents of NMP. In Table 1, 1.0
equi val ent of al dehyde RCHO was used for each reaction, x and y
represent equival ents of base and 10 NWMP, respectively, NWP neans

1- net hyl - 2- MO 9841088 none, TMEDA neans N N N , N - 97101024
tetranet hyl et hyl enedi am ne, NEti Pr2 neans di | sopr opyl et hyl am ne STIBP103e
rati o of di astereoners was determ ned by HPLC. The al dol isoners were
i dentified by separation and convers% n to known carboxylic acid

i somers by hydrolysis with Li OH/ H[ er ?q err] according to procedures
anal ogous to those described in Van Draanen N. 15 A.; Arseniyadis, S.;
Cri mm ns, a . Chem 1991, 56, 2499 and
Gage, J. R 33°é9a?9§f% BfefﬂaE’Vé?tf 25;% OVfge@eneg,ofageumme 1924 heufsi prefasably s
|[2?|r ]cat ed abodt”d, bRlugs. This mnxture is t/'ea}LS%gvnh a protic quench, SWF%IE%ULQQE E 1l
PCT/ 1 B97/ 0 1gzamomum chloride, at a temperature of -30 to 30°C, preferably 0-t8@5°C, to yield

TABLE 1 enol i zation
ratio of al aIS?hol v. Wﬂeﬁqdreatment with a,dqhog ligand is dong, thgplcohol Whiseinagame

8|[ Zﬁ ]e rC ee rfeéﬁses3§rovud2ed6a55 a crystaliffe dolvate w&th }he dgﬁuj l%'a['\ﬁr rétl{rlr% mlgpquenched
reaction mixture with a solid support such as Cellte" for a penod of about 12 hours at
a temperature of about 20 °C improves the filtration of the reaction mixture for removal
of titanium byproducts.
The titanium aidol conditions of step 2' of Scheme 1 are preferable and
10  operationally more simple than the boron aldo! conditions of step 2 of Scheme 1 in that
they avoid the pyrophoric reagent tributylborane, the corrosive reagent triflic acid, and
their exothermic combination in the preparation of the Lewis acid dibutylboron triflate.

Further, in contrast to titanium aldol reactions described in the literature, such as in

Evans, D. A.; Rieger, D. L.; Bilodeau, M. T.; Urpi, F., J. Am. Chem. Soc. 1991, 113,

16 1047, the titanium aldol conditions of step 2' of Scheme 1 provide high selectivity with
less than two equivalents of the aldehyde lll. Preferably, about one equivalent of
aldehyde 11l is used in this step. The phrase "about one equivalent" as used herein in
reference to aldehyde Ill or a compound of the formula R''C(O)H (as recited in the
claims) means less than 1.5 equivalents of said compound. In the foregoing article by

20 Evans et al, it is reported that two equivalents of aldehyde would be required for a
titanium aldol reaction analogous to step 2' of Scheme 1.

In addition to having utility in the preparation of the therapeutic agents of
formula X, the titanium aldol conditions of step 2' of Scheme 1 are useful in the
preparation of HIV protease inhibitor compounds that are described in United Kingdom

25 patent application number 2,270,914 (published March 30, 1994) and in B.D. Dorsey
et al., Tetrahedron Letters, 1993, 34(12), 1851, Scheme 4 illustrates the application of

titanium aldol reaction to aldehyde XV1iI in which R'' is C,-C, alkyl, C,-C, alkenyl, or
pheny! substituted by Y in the 2 position, X in the 4 or 5 position, and R? in one of the
remaining positions of the phenyl moiety, wherein Y, X and R? are as defined above.
30 The reaction conditions for Scheme 4 are the same as those described above for step

2 of Scheme 1. Aldehyde XVIll encompasses aldehyde 1l from Scheme 1, and alcohol



10 " 1.2 TMEDA 0 NWP o[err]C

22:--:55:23 15 " 1.2 NEtiPr2 0 NwWP -78C
29:--:10:62 " 1.2 TMEDA 0 NwWP -78[err]C

16: - -: 57: 28 WO98/11085 2 TMEDA 0 NWP - 78 ECT/IB97/01024
2:--:86:11 3 TMEDA 0 NWP -78[err]C
2:--:94:5 " 3 TMEDA 2 NWP -78[err] C
1:--:99:-- 20 1.2 TVERS 0 NwWP -78[err]C
--:--:11:89

(anti:anti:syn:syn) " 3 TMEDA 2 NWP

-78[err] C X encormpasses &8hol IV rom Scheme 1. THeSehdtion of Schbnte 4 MaPBe used

0 NwWP -78[err]C 28:39:33:-- 25 3 TMEDA
2 ‘NVP to reéparerth€HIV proteas@inidbitor compounds that are described in1riite@iNGidom

o b Patpl Ehbikgiion numBy §afEoid, reterred to abbve, whpredy 3 p G a1
chiral auxil 'cgrau(e}{hepfdfe;'hmyr@mxﬁgmbeapﬁi onal Iy recovered for reuse

in step 1), and the oxidation state of conpound IV (acid level) is reduced
to 35 the desirdablglichelow iNustretasrhowithet produgirod Sehieme 4aprastep 8uet Sehemeet

EE%:?%S;? Ogg%% \Ilgr?!giepending onthe re\a/\giognséo%\%g%?\s that are used, and, in particular, how the

diastereoselectivity increases by increasing the amount TMEDA from 1.2 to 3
equivalents and by the addition of 2 equivalents of NMP. in Table 1, 1.0 equivalent of
aldehyde RCHO was used for each reaction, x and y represent equivalents of base and
10 NMP, respectively, NMP means 1-methyl-2-pyrrolidinone, TMEDA means N,N NN
tetramethylethylenediamine, NEtiPr, means diisopropylethylamine, and the ratio of
diastereomers was determined by HPLC. The aldol isomers were identified by
separation and conversion to known carboxylic acid isomers by hydrolysis with
LiOH/H,0, according to procedures analogous to those described in Van Draanen, N.
15 A.; Arseniyadis, S.; Crimmins, M. T.; Heathcock, C. H., J. Org. Chem. 1991, 58, 2489
and Gage, J. R.; Evans, D. A, Orq. Syn. 1988, 68, 83. The desired isomer is indicated

in boid.
SCHEME FOR TABLE 1
0 a
1.1 TiCl, 1.0
20 NN x base /lk
- N 0 y NMP R H NH,C1Caq?
CHaCl, -78 to 0°C Celite ®

Ph

25

a0 Ph



-31 - in Penning, T. D.; Duric, S. W; Haack, R A ; Kalish, V. J.;

M yashiro, J. M; Rowell, B. W; Yu, S. S, Syn. Commun. 1990, 20,

307, which is incorporated herein by reference. In this process

al cohol | VWwosestmesst ed with a hydride reducing agent, such asp ﬁ#y ol

bor ohydride, Iithium alum num hydride, sodi um borohydri de, or NN
borohydride, 5 preferably Iithiunlborohydride, in an ethereal solvent
such as THF, diisopropyl ether, thyI tert-butyl ether, preferably
THF, typically containing a protlc solvgnt such as wat er, ethanol, or

i sopropanol, at a tenperature of about -78[err]C to reflux tenperature,
preferably O[err]C to anbient tenperature (20-25[err] C. After a period of
one to 24 hours, typically 12 hours, the reaction is quenched with
water with the optional subsequent 101ABERltion of hydrogen peroxide.
Chiral auxj covered for reuse in ste 1b
sel ective precipitation, or by extfjactionfo err| 1Thto aqueous acl
preferably hydrocHl oric acid,{fromajsolution of giol Vin an org
sol vent Ssufth as di | sopdopyl ef hyl or| a encizatien of | eatipyof aldelt at e a
hexane, fo| IR by neutxbasesati on| afNMRe| temperatwreus | aiidstireomets act s
base, and gxtractign of inf o an_of gani c_sol vent .

of Schemne Ui is an ntrdlrflol_g(bgﬂ%x n@{’]f’c subs@°&uti on \ﬁﬁéﬁ%@? t he
primary hyfir oxyl di 4l V displ ac s orthp | eaving gropfsynani:gymantixt e Lhe
chr omanol 'ng ygtemof VI. |n partjcular, diol V, in which Ieavil
group W0 s | hal p or nijtro grpup, preferably a flporo group, is
treated wifh ase, sych as potassiumteft- but oxi de, sodi um
bis(trinetpylsilyl)am de, potassiumbis(tyimethylsilyl]am de, cesium 2 ,
carbonat e, jor sodi um hydri de, prefgrabl y pot assiumtert-butoxide, in a
aprotic sofvent Sych as_THF, —pirmethyl—sutfoxiue, T
- net hyl - 2-§§rrol i di nong, 1.2TMERAabI iy OTWMAP ppti 0B&C y 22i-n55:88 presencp of

added cqpplr, salts, at rat ufe of between anbi en t enper at ur
and 130 Cpr of or afll émﬁ Qr'}lME‘ far 'ZB?)GH od) @B-tHe620 24 ho S,

typically bout four hour ng hol V n ch angd. . the
substi tuen u'.%.-m%quc..c’ ﬂ}ﬁﬁﬁm ttached at pj:g?i'%'z - t he
chroman rifg. 2 TMEDAS ep| & NiiPSEhemezgscsubs] izt Ligstr1X i n

chronmanol WITs converted to T1tnpmand —Then a DPront ¢ aci d grou
For lithiaflion. chromadd TNEDAs prefdiMBI Y treZBR@ fir §R:viP41S met hiy|

Lir;t/lhi umto L?Lmu:[qnhen LI E hﬁfﬂkﬁl koxi ﬂ%pwmml _% Bijiy\lml ngéﬁum to formihe

o vvvvv y

preferaly yifbrom de or 30 grmmg;te, $ Nipat ed w;ghctwo =q_l.u Mqlggnt s of
al kyl'l'ithifim pré!ferablyflrst wi th one efjui val ent { %ﬁ‘yg thlum
fol l owed bfy one “equi vallent of buty] lithipm in an ethg
WO 98/ 1108
PCT/ 1 B97/ 01024 3 TMEDA 2 NMP -78°C ie1-1100 32-
0 1.2 TMEDA 0 NMP -78°C 28:39:33:--
25
NP
! 3 TMEDA 2 NMP -78°C 4:92:3:2
o 1.2 TMEDA 0 NMP -78°C 18:40:42:--
i 3 TMEDA 2 NMP -78°C 2:96.2:--

In step 3 of Scheme 1, chiral auxiliary X, is removed (and optionally recovered
for reuse in step 1), and the oxidaticn state of compound 1V (acid level) is reduced to

35 the desired alcohol V according to a procedure analogous to the procedure described



preferably THF, at a tenperature of -78 to OC, preferably -70 to -65[err]C,

for a period of about one hour, followed by treatnment with a borating
agent, such ,&%}O;r%&rlasne- t et rahydrof uran conplex, triisopropyl borate,
or trinmethyl g8s pref erably borane- THF conpl ex, at a PEIIBYRIIOLE

of -78 to O[err]C, preferably -70 to -65[err]C, over a period of 5 about
30 mnutes, followed by quenching with water or optionally agueous acid at

a tenperature of about -65[err]C to -amient tenperature, preferably at
about O[err]C, giving boronic acid VII in which the boronic acid
noiety is attached at position 6 or 7 of the chroman ring.

Step 6 of ScinePennind, . ., gt S. 40 Plaabk, RN VRARK PP PNMFyaRird VM . ﬁ@?’ﬁ'{k%z

compound VII| to formthe biaryl bond of compound 1X I'n conpound
is a haf¥-idé. ot Seu3une RRMNUM 1898 20,1307 whioh isdncarpdiates herein by reference.

ortrifl uorongt ﬂ%”@r?‘ébérﬁ N Shol ng{rhaéeﬁ v&{he{x rg&'g{%ee %erocll.{cmg b?%{}lé | agg “%&;r]

I s as defined abo IS procedure 1S ana

descri bed i nbodohydride, litdiym Bumikim HydridehesaiurRBbrotfidle, 854 bdfdhgbrids
i ncor por aged h(?,r ein by reference. This procedure 1s preferable”to the
coupl i ng Bf RfefRraRly lithivm hosehyskidesin anetheesal seivent isuch asthHR fdiigopiopyi ether,

Or ganozincs gNmatHyPMeAfhiif %ltf?efr?;%gfetr&ﬂ% g fyb{%w} I:%r}t%iﬁié\gsﬂr ﬁ%%gégnegt? Tpyads:

In this process, a4 mxture o ronit acl I
pal | adi um  watealetisanol, sistpropanol  atta tekripstatuiendtabplipiras chbrelpealehadatttd)) |

di chl orobi s(tri nyl phosphi.ne)pal l adium(11), palladium1ll) acetate,
al Iyl pal | adi(%rﬁ#éﬁ)'gtﬁy%g 19 ral@em-) tﬁg}p,eraturen(go-z °C§). After a p%od )of one to 24 hours,

tris(di benzydgpeam@ HoaRe Kl %E{i@rﬁjisu%%cgeg gﬂ&%@ﬁ%ﬂ%y Shghdi %ng%'%uei'g

preferably 10% pal | adi um on car bon se or fluoridesal

sodi um 10  additemefthydregancpdrpkider Gairalsanntliam HX canlievetevered fortBusainaegt e,
tripotassi um ?Jr%)t'{osphat,el Pot assium fluoride, cesiumfluoride, or

t et r abut yI anmhdHi ?1"80‘?'?8’_8}“ on. or by exiraplie) o X Eite AaMEQYs iagld, prafesably
sol vent suchhyaRosHibiaNadid, fbriR! SN BOEBI VI an orgari@LHFa%R: snﬁﬂtésogﬁloﬁog!%

containing water, preferably ethanol, are stirred at a tenperature
bet ween ambi ®hY! eepp@idureref athyl acBpier add hepans, dobdved byf hewtralieatizer af the,

for a perio f: . bout, 24 hours,, . pr.eferably aboyt three
hours, gi vi gagqlﬁog?y cnafzﬁ@#%ac%ﬂn\?%tigagé, anpheé(trﬂcg&m?f @E*t'@ ?ﬂ)f’@%‘}"q §°Li‘fﬁrltac hed
at positi®dn 6 or Stepf4 hSchbmemis khNGtramolecular aromatic! SLbstiRiiod \mergﬁfﬂw 1,
ester | Xis treated with aqueous hydroxide base, such as aqueous

sodi um hydr oXiray hydraxy! inldelnbrisplases eghe leasingtgrawp iYdogengrdte thediromanal a

30 tenperat en;, 4 C r.ef | emper ature, . preferabl
Cof 1 i | empete sfste AN bR AL it ISRIRG el 108 T, BE mitro
preferably aroup, pieterablyrs fludte gragGtis areated with a basd)\S¥ a3 GiRassium tert-
PCT/IBQ?/OlQ%g . L . . o Lo -33-
mxture is cgbPdde: ¥Pdlym; Risitrirpethysiviamide, aetessim bistEmethdlylasides qestvim

base andao  carBéhae 4 BoBiuAPhyeide p!%*&?gb@???‘ggméﬁﬁg‘&“ﬁ%”ﬁﬁg?g8@‘%&"'5%%29pyI

et her. The aqgueous solutiron 1s aci ouan S
extracted i riushan ToitFgdimeathy sLifedtte, sutimethyl-2-mgrofitihyhe, areferibty THRI cptigmainod
of extracti ng thhe compoun Xa/vi th organi c solvents .
the "presence of added copper salts, at a temperature of between ambient
temperature and 130°C, preferably about 70°C, for a period of one to 24 hours,
typically about four hours, giving chromanol Vi. in chromanol VI, the substituent X {or
25 X' for Scheme 2) is attached at position 6 or 7 of the chroman ring.

In step § of Scheme 1, substituent X in chromanol VI is converted to lithium and
then a boronic acid group. For lithiation, chromanol Vi is preferably treated first with
methyl lithium to form the lithium alkoxide followed by butyl lithium to form the aryl
lithium. In this process, chromanol VI, in which X is a halide, preferably bromide or

30 iodide, is treated with two equivalents of alkyllithium, preferably first with one equivalent

of methyliithium followed by one equivalent of butyl lithium, in an ethereal solvent,



5 renoves neutral inpurities which is particularly advantageous in the
| ast step of this synt hesi s. To facilitate the handling of
carboxylic acid X, this conpound can be treated with a secondary am ne

f the formab , wher ei d |
of the formabas/Nds§err]Rerr], wherein Rlerr] and Rlerr] are@ifﬂ’g%’éﬂg? the

above, in a solvent such as toluene, to forman anmoni um carb

formula 10 [err] 15 wherein R err], Rerr], Rerr], Rerr]
and Rlerr] are as defined above. Ammni_\rég] carboxylate XVIl can be
treated with an aqueous acid such a hydréchloric acid or sul phuric acid,
preferably hydrochl oric acid, in a solvent such as ethyl acetate,

t ol uene, or r}re':?gw r};}a chl ori de %eferably et hgl acetate, at a

t enper at ur P nﬁ" 3 i tBNBeTatute o -Z818i0S % PrefRtsblvav 0 te -8551C. fora perigstet od
of 30 m nutaggut end MU FolidWedf A, ot OV agboxylic acid X
Schenme 2 ill ugt rgt es an %I tg?ngyﬁeéeawén{]%ﬁc%u%?f?{rﬁ@sa Gét']'g*n "EC%o%ss?%r%geS and
6 of Sytahydroturailicemplexctiisopodpybbirate oPtrinsetiyl brité gitefefitipbdrané-TRFheme
2 is an efter'fication of carboxyljc acid XI_with alcohol Rerr]OH in
whi ch R[ er FPMad grtf”]"ngaé“'33°fd'§%itﬂe%’ » preferaly, 70 tq ($85Eh Vet @ Rrattogrofx| |

I n this sprapeas3o rmdexybiswar by qibnéting WRALEHeMbE Bzl @l it O
preferably a primary or secondag)(/q al coh%l sucheas gpzﬁgebﬁ%sp%gﬁﬂa

al cohol , temyeram_a ahabewtd68e o @SﬂlémtftemberaagrbdpréfgrdblgdtIablo'utoaﬁi diving
g?;?gpg;ﬁ;fogurqrﬁcu?%é %Alctln Gu,/hi?iﬁ]ﬂ'lzieulg%ﬁagnfc?g hf%&g |isdéﬂ%e§aqp@gg@9rs‘%l cf>r070 IOF th%CI d.
di chl or onethengan frg.di chl or oet hane, preferably toluene, at a tenperature

of O[err]Cto reflux tenperature, preferably reflux tenperature, for a
period of one tctem 630 Sebams, 1ty A Swievki doupling shetweeprbmronie asid &l ény.

WO 98/ 8 : ,
PCT/ | ngﬂJ?G? 0%8ré1£ound Vil to form the biaryl bond of compound IX. in compound yAI_I. Zis a

In step 2 bblidsodrentiotste gubierabk) bronsidé, isdde Gr witlubromdthakesuignatB erYie A, i NY
ort ho tal |l at,ed species is trapped with a trial kylborate to give
bor onat e eg{;glr ang ?ﬁ“_|s|ar,§ gpfgtfd above. Q'Ris procedure is analogous to the procedure
described in Miyaura, N.; Suzuki, A., Chem. Rev. 1995, 95, 2457, which is incorporated
herein by reference. This procedure is preferable to the coupling of zinc or tin species
16 due to the difficulty of preparing organozincs on a large scale and the toxicity of
organotin compounds. In this process, a mixture of boronic acid VII, arene VI, a
palladium catalyst, such as tetrakis(triphenylphosphine)paliadium(0),
dichiorobis{triphenylphosphine)palladium(ll), palladium(il) acetate, allylpaliadium
chloride dimer, tris(dibenzylideneacetone)dipalladium(0}, or 10% palladium on carbon,
20 preferably 10% paliadium on carbon, and a base or fluoride salt, such as sodium
carbonate, triethylamine, sodium bicarbonate, cesium carbonate, tripotassium
phosphate, potassium fluoride, cesium fluoride, or tetrabutylammonium fluoride,
preferably potassium fluoride, in a solvent such as ethanol, dimethoxyethane, or
toluene, optionally containing water, preferably ethanol, are stirred at a temperature of
25 between ambient temperature and 130°C, preferably reflux temperature, for a period
of about one to about 24 hours, preferably about three hours, giving biary! IX in which
the benzyl ester moiety is attached at position 6 or 7 of the chroman ring.
In step 7 of Scheme 1, ester IX is treated with aqueous hydroxide base, such
as agueous sodium hydroxide, in an alcoholic solvent, such as isopropyl alcohol, at a
30 temperature of between 40°C and reflux temperature, preferably reflux temperature, for

a period of about one to about 24 hours, preferably about six hours. The reaction



3 of Scheme 2, the boronate ester Xl Il is hydrolyzed to the correspondi ng

boronic acid XIV which is perfornmed by nethods known to those skilled
in the art.“wszf@%s 2 and 5 3 of Schene 2, ester Xl is treated with a
metal ami de'BPa th as |ithium di i sopropyl ani de, |ithi BfI/IB97/01024
diethylamde, lithium 2,2, 6, 6-tetranethyl pi peridine, or bis(2,2

, 6, 6-tetranet hyl pi peri di no) magnesi um preferably |ithiumdiisopropylam de,
in the presence of a tri-((err]-C[88] al kyl)borate, such as
triisopropyl borate, triethyl borate, or trimethyl borate, preferably

triisopropyl borate, in an ethereal solvent, such as THF, 10 dii sopropyl

et her, di oxaibauredie calldaytb dnstsibnttsinpleratiiracind garitfored Weywddiraqusts tase and
tenperat ure range of about -78[err]C to anmbient tenperature
(20- 25[ er r ] &) OrgRRif éroa'sny SHRB B DMirtEneco! hgxape and isoprapyieathesd Bie aguenusut es

to 5 hours, s
acid to pros{)'ggbrg?r%)dh?@ecg%}"gdgé@%' E&ﬂﬁ&b.‘?&‘x 'éeﬁ}é@%&hﬁﬁg %Me rg 'cﬁg‘r\lgﬁfkgjg% of
boroni c aci ds it kebtate [Thisceettiadgott exteicting 4hedtorhpoursit ewith 2:;gﬁrhe sbmemsi c
acid XIV_can be reacted with an am nodiol as illustrated in me 3.
In Schem® 3remp@yasnpeutsat ipy(itiesjwhichs ischarticylpiadyantasteoys ixthe Wﬁbﬁ"@PrPfRPlér r],
m and n are sfrin ﬁ gfined above, in a solvent such as isopropanol, ethanol,

met hanol , exanes, toluene, or a conbination of the foregoi ng

sol vents, pref er dol fycdﬁa&mﬁ@pbmtdhpg of carkaixylic aadpe tisis womnpeiunti gant e treatede  of

0 Ct t t o t f
per 1 ot of 187 SRSy BT ot She orinki NEFORL GHASEP F° F0F B U g5 ded”
am ne conpl @ko¢d/lin a EBIVRhPERSCasiolUznd! Rfofn @h arsEMBM carBOtyiite SPTHY MY | S

hydrol yzed to boronic acid XV according to methods known to those skilled

in the at. Sucéﬁ;geﬁhﬂds i ngllude the use)lf aqueous acid, such as
hydr ochl ori c aci d. Stepd of B(,Ehene 2 |s a Su%yklla coupl i ng
bet ween boronic acid XIV and 25 ~4H ¢ y mthe bound of

I X. I'n this process, a mxture
X'V, chromanol VI, a palladium

¢ont ai ni ng boronlc aci d

di chl orobi s(tri phenyl phosphi ne) pakl:iadl ur‘r(l 1),
al Iyl pal | adi um chloride diner,

tris(di henzyli deneacet one)di pal | adi um(0), or 10% pal | adi um on car bon,
preferably 30 tet r@klzs%grlsphen% | phosphi ne) pal | adi un{0), a base or_f| uoride
salt, such #&esgyfurk’ afecas defingd pbpyer ARMastm eATRs YAt XM can
(I;eC'SI'I/ :Jgg(;?{)?ggj}egteot WP h 8854408 acid such a hydr¥EhiBR¢ 2483 sulphuric acn_dsgr_eferably
phosphat e, peptitoabicnmadcid)dn ad®)veatsiuichnas lethyl ackatestodliamn®, by drethxjileres chlaride;m
hydr oxi de, LV t et r abut yl anproni um f | uor | def\, g{)ﬁg&erag{ﬁ( Sé)di um

car bonate, R&Fjerab tméﬁ?e’é‘ At atemperaturesianging rogt Bafrde amiisRtisiBREratura ift,

opt i onal : Al r. In
chr omand® vF PARIH R MELER 1o R FARE THalerdl § 388 toprafagEaLRigR 4R X
Scheme 2 illustrates an alternative to the coupling sequence of steps 5 and 6

pal |l adium(l1) acetate,

of Scheme 1. The process of Scheme 2 is preferred. Step 1 of Scheme 2 is an
esterification of carboxylic acid X1 with alcohol R*OH, in which R® and R* are as defined
above, to generate ester Xll. In this process, carboxylic acid Xl is treated with alcohol
25 R°CH, preferably a primary or secondary alcohol such as 2,2-dimethyl-propy! alcohol,
and an acid such as sulfuric acid, hydrochloric acid, methanesulfonic acid,
toluenesulfonic acid, or camphor suifonic acid, preferably sulfuric acid, in a solvent such
as toluene, dichioromethane, or dichloroethane, preferably toluene, at a temperature
of 0°C to reflux temperature, preferably reflux temperature, for a periocd of one to 24

30 hours, typically 4 hours, to provide ester XH.



5 1is attached at position 6 or 7 of the chroman ring, represents a halide

or (Jerr]-Cerr] per fl uoroal kyl sul fonate, preferably brom de, i odide,
or trifluoronethanesul fonate. The m xture is stirred at a tenperature
of bet weenveobs/erngs t enperature and refl ux t enper at ur e, ﬁﬁhﬁﬁ'ﬁﬂo 4
reflux tenperature, for a period of about 10 mnutes to about ours,
preferably 1 hour, to provide biaryl I'X 10 In step 5 of Scherre 2,
ester I X is hydrol yzed to provide the cggboxylic acid X as descri bed
above for step 7 of Schene 1. The present invention is

Il lustrated by the foll ow ng exarrples but it is not limted to the

detail s thereof ex t,he, te ent t ture"
moans oL e Sfbe 8L SEharfe " Beigr RIR BRapl el £ b kg AN I tesLBHE S
25[err] C 115etauated SpéCleS is trapped with a tnaikylborate to Ewe Horéhatk Rsfer XiHt. In step
(R) - 4- Benzvl - 3- ( 3- phenyl - pr opi onyl ) - oxazol i di n- Z- one

sol uti on of qfRehemp-2 thedhnrghate-esies X 1smydme@9megcor@smndm)boawmgg@% nmy

added over 48 Whieh R efbrnBd kY Saheadin ot B s RS ek ineple Bnd” "

5. 14 nolg) . 3The ScreprRr @] WskerOXiitiselrealfd WiBR@L imdital Narkider Bas@ sudhi a¢ aitiiam at
| ess than -55[err] C during the addition. The reaction m Xt ure was
cool ed to diisPRIPPYlaMigRY H&VW@Cidfﬁ%)ﬂ@iwdechl"B'lumjez-eﬁ@f%ﬁa"!ﬁfmp'ﬁﬁﬂqmﬁasm’added

over 5 mn T L0 . Lol at
whi ch poi n;g'stq%e 2.6 @%ifaﬁ%ﬁ*t&@a%uﬁ@%a&eﬂgﬁm + eﬁéggkgy{ngluﬁtﬁdggh&pﬁazﬁl%, |rﬁ]hlen
| ayer chr onpmésepeapstya tri-(C,-Cheatiytipat2é hyd;craaettatsepro?:ylb)orat'e'hmetle,ﬂbcbdam avas
guenched by addi ng O%a ueous 25 sodi um bj carbonate ( oj

(3.6 L). TH%’“SWM@&(%%H %aMs*"*a?@B%ﬂPé{{b@éa‘a’ntﬂ‘ an ethergglt ‘édsb\? ﬁsv%ﬂéi

acet at &d 3 diloprbP& MM LBELhe0b t F, prEabREHE, bleraomperat@fHeous

sodi um car bon%?reB% 6 L) ! anc‘le Sg'tﬂgilhg![ légjs%%gﬁéﬁsﬁgodl uﬁ] chlori de (Eera dried

over nagnesange emticatte78°£nt1b m’ubteehtenmeeduner(m%ﬂﬁ) tpnefa;:qzhly)nbmtt"l@/ atter of a
[ nsion, This sl ur ssolved jin eth tate

(3°0) - condeRbren 81 DGnRUES ©of natrs, iRy LbRodt 1A FeRsion iceiepebed

50[err] C. 86 abibido prbuiadB3rcficlad xnd the mxture was slowy
cooled to 10[err]Cresulting in the precipitation of solids which were
VWO 98/ 11085 To facilite the handiing of boronic acid XIV betore proceeding to step 4 of

sPtC;r /r Ir Sg ga'? ]#%%mfeo ?ﬁ'rﬁﬂ[tc eascld 'Fhv s Itfed cterd ewn(t:r(wjlapear{nnadgl A |||k{s:§rg%ed in
washed Wit 8cheme mexasetsemaadbanohrdim@m\ats raabueermhtaﬁmawx We\aweﬁdudlﬁ‘ig 1.4
kg (88% of (R)-4-benzyl-3- (3- phenyl - propi onyl ) -oxazol i di n-2-one as
pal e yel | oW ate as gefinad apave( msmm such ascisgprppangl) ethapph nethanc, 33

(7,0, 35l ooyt g By i,
1375, 1308 at a temfst@flre LROB, thédange W 0o &y reflux Tpmp&aireApreferhilly ambient
20 temperature, for a period of 15 minutes to 10 hours, preferably 10 hours, to provide the
amine complex XVI. To proceed with step 4 of Scheme 2, amine complex XV is
hydrolyzed to boronic acid XIV according to methods known to those skilled in the art.

Such methods include the use of aqueous acid, such as hydrochioric acid.

Step 4 of Scheme 2 is a Suzuki coupling between boronic acid XiV and
25 chromanol Vi to form the biaryl bound of IX. In this process, a mixture is prepared
containing boronic acid XIV, chromanol VI, a palladium catalyst, such as
tetrakis(triphenylphosphine)palladium(0), dichiorobis{triphenylphosphine)palladium(li),
palladium(ll) acetate, allylpalladium chloride dimer,
tris(dibenzylideneacetone)dipalladium{C), or 10% palladium on carbon, preferably
30 tetrakis(triphenylphosphine)paliadium{0), a base or fluoride salt, such as sodium

carbonate, triethylamine, sodium bicarbonate, cesium carbonate, tripotassium



EXAMPLE 2 [4R-[3(2R 3R) 1

1- 4- Benzyl - 3-[ 2- benzyl - 3- (4- br ono- 2- f | uor o- pheny1l) - 3- hydr oxy-

propi onyl ] -oxazol i di n-2-one 10 To a sol ution of

([err])-4- beWRABIALRS3- phenyl - propi onyl ) - oxazol i di n- 2- one ( 1064PGT/IBITN10B. 44
nmol) in dichloronethane (5.6 L) at -5[err] C was added di butyl boron triflate
(1133 g, 4.13 nol) over 20 mnutes, followed by the addition of
triethylamne (719 ni, 5.16 nol) whi 438- nai ntai ning a reaction
tenperature of less than 5[err]C. This m xture was cooled to

-70[err]C, and a solution of 4-brono-2-fluoro-benzal dehyde (699 g, 3.44
nmol) in 15 Fh@&ﬂr@i@rmmmm fidorlde, B@ﬁur%qm%ﬂdQVﬂduﬁﬂ H;vurw&&s bafii® RJ¥SHEE,
was allowed to warm to -10[err] C over hour point it was
judged to beOCtﬂﬁfﬁPétVéanWOt“HFhﬂ'-I'%ﬂ@r preferab[ymo@lm GglbéaﬂhSP @hé)@aﬁé%?fétsﬁyh as
acet at e, hed.,. t ate
nonobasi c- so 'Qh %ﬁ%)%’ dgmﬁ) V%ﬁf‘?'(eér %&’Bé“@) g%rgépmgowaﬁ? ?jﬁérﬂmj%mg
fol | owed by Barﬁtbmi‘rtd wétkr.8nichramaha} ¥owiicreis peeguréd ageordingto Stitemé 1, 8, whichver
1.5 20 hours while maintaining a_reaction tenperature of |ess than

15[ err] C. 5SThis aitaghedcal gosition 6 or Jagf theyshreman rivgsrepmestntshashalidea®re §:-C.
aqueous sodi n 6, 1 etdhanol
(4D "and 25 HCRRRIRb etk rbrerdly BRbimie, Kofto, or rin B beciGHRe = 7HE
separ at ed, wadttec i Ishrrmtar a(téwip)eratdré ol mwéemmmtumrmdrime anain eeflux
concentrat ed in vacuo giving 1818 9 (103% - crude weH%h of

[ 4R-[3(2R 3Rﬁn]|pez{atyé%ﬁ?fe5a reﬂggm,gga Upe, for a period of about T0 minutes to about
(4-bromo- 2- f byes, W@Hb)yﬁhBMrdﬁ&iSYoM&BﬂN%n?H oxazol i di n-2-one as a very
Vi scous anber-colored oil: [err 400 MHz, CDCl[err]) [err] 7.46
(t, J=8. 00Hz 1H) }n Stepds Ff Schefmg 2, ester M)H)hydﬁzlmdeo%ox(im tHa-Barbexydis aci X
J=4.7 Hz, 4.45-4 51(m 1H, 3.92 (m 2H),
3.01-3. 14 (ma §Fﬁ°’%fd8%b°(’af§‘r’p%}%%l?)1°f Sehemerf,, 2.05 (dd, J=10.0, 13.5

Hz, 1H); |R 3460 . o . : 7
760, ;D47 30 701%% psbtveriBa® 'r'w‘{géfar%d Qﬁﬁ’%f 'm% exchiles, Pl e rictfihited

PCT/ | |397/ 010the details thereof. In the following exampies, the term "ambient tempera;w:e means

EXAMPLE 3

[4R-[ 3( 2R BR?]tTmﬁe BaHe W'thg' 'f'f rB'%?ﬁ? a%""(tfobpotﬁoabf ?Eo(r:o phenyl ) - 3- hydr oxy-
pr opl onylik- oxazol i d| n -one, 1-Methyl -gxamprRlii di none Sol vate

To a solution of (R)- 4 benzyl 3-(3- henyl propi (l)nyl) loxazol i di n-2-one (12.0

kg, 5 38.8 nol) in di c B Benzvhitieplhemdrpropienyl)-oxarolidin-2@0ker r | C was added
LA e oo TR B oo BB REEL (3 SO R s
-70[err] C tof 2288ipgridy} @s an inbiichkdX'in hetrahydrofuraet(s ajrat I=I756°é1 h@h Gamieddameneo
(17.6 L, 116.4 nol) vvas added r..30 m nutes ving a &
reaction m xfUpwes 32, %éﬁ‘ll-df‘l'm‘me(z(o?qﬁﬂad mety. Eh?ﬁﬂ'ﬁp%'é" Bg,

and 10 the é‘a@%h Prﬂxtmex\;vb'g ﬁ\amnéd laf e8¢ i -589C unHE §%e addilioN'rhé€ reaction

mai ntai ning a reaction
mixture was cooled to -75°C and hydrocinnamoyl chioride (850 g, 5.63 mol) was added

over 5 minutes. The reaction mixture was allowed to warm to 0°C, at which point the
reaction mixture was judged to be complete by thin layer chromatography
(hexanes/ethyl acetate, 2:1). The reaction was quenched by adding 10% aqueous
25 sodium bicarbonate (3.6 L) and water (3.6 L). The aqueous phase was separated and
extracted with ethyl acetate (3 L). The combined organic layers were washed with 5%
aqueous sodium carbonate (3.6 L) and saturated aqueous sodium chloride (2 L), dried

over magnesium sulfate, and concentrated in vacuo to approximately 2 L of a viscous

yellow suspension. This siurry was dissolved in ethyl acetate (3 L), concentrated to a
30 solid, and dissolved in ethyl acetate at 50°C. Hexanes (10.7 L) was added, and the

mixture was slowly cooled to 10°C resulting in the precipitation of solids which were



tenperature of less than -66[err]C. A solution of

4- br onp- 2- f | uor o- benzal dehyde (7.9 kg, 38.8 nol) in dichloronethane
(38 L) was added over 30 m nutes while maintaining a reaction

t enper at ur ewefoghigges t han or equal to -68[err]C. The reaction mxture

al | owed to warmto 20[err]C over 8 hours at which point T?”R&@m886|ed
to 10[err] C and quenched with 15 a solution of 5.0 kg of anmonium chl ori de
in 11 L of water inducing a white preC|Qg%ate and an exothermto
28[err]C. Celite[err] (12 kg) was added d the reaction mxture was
stirred for 12 hours at 20C. The reaction mxture was filtered,
concentrated t nospherically to an oil, treated with hexanes (120 L),

concent r at eXlired aép‘ﬁ’r"&f%é’toe’wmtes The SE"dSsWBWI gollestedehy filtratiprar wasbednwith
| at ed | b
Pl raci on, " Bangs diaHlSanel iR o BBETle vians fh ko @ STl E8eRER: ™

in 110 L of(aehrrehqumopahmnmzdmmaz-eﬂe \Hst;lsaB%Ild;wQ‘feelﬂ@saneH NI (300t Mpfzed

at nospheri &éé final vol une of pr oxi mat 250 L (distillate

t enper at ur € {bf?}‘d‘ﬂ 33 (m, 1QidL 4RP (KP-t )adt"l%'e(ht\-l-o%/‘ﬂn"ﬂd@b'ﬁ 3-8 ms Bl 3/03

cool ed t t F L, | ded
674 kg | oM o LA BTSN G g, 1, 1 17BL T g, 194G, e

br ono- 2- f | UR08: P2 K- 83%herds' pxyp 1021106PGI | - oxazol i d| n- 2- one, 1

- met hyl - 2- pyrrolidinone sol vat iﬁallght tan granular solid: [err]H
NVR (400 MHz, CDCl[err]) [err] 7.46 ﬁ—E—JBOHz 1H), 7.15-7.29 (m
10H), 6.94 (dd,j483308, | 4.91-4.96
(m 1H), 4.44-4 . 90- 3. (dd,
J=7.2, 7.2 pagpiopyj-ox@zqidinP-ome (m 2H), 283(s 3H) 282(dd J=3.3, 13.3

(o) 102 3805 e e Stighoct @yg benzlFa-flenybirg oG oxasicing-app 110606,

80- 83[ err] @.44 mol) in d;chlorowatr%{e]&@@ at -5°C was added dibutylboron tnflate (1133 g,
PCT/ 1 B97/ 01024
EXAVPLE 4 4.13 mol) over 20 minutes, followed by the addition of tnethy!amme (719 mL 5 16 mol)

(1R, 25) - 2- aﬁr(ﬂ rl'x?:;l%alglrﬂn E%g%tlﬁ %#gérguﬁ@ep%sg aa%g% )gv.}re wasscofl?ﬁ)ﬁ vvas

2 M sol ution of bor Petra

di | uted wi t-n0t®] reakly dr sbitiom &flé-brbho%dlﬁ%bhﬁlﬂé}wdbf wse@ Vel Mrif)ein (61
L, 3.4g0193,ﬁa ov r 15 nutes This m xture was stirred at anbj ent

t enper al ?F"I was added)|qyer 3¢ minities d hmixtyrg Washgllavied tgiyarihen

added to at§OJ1BBC0<5\/ePf1 Mﬁr (o3 (iR
benzyl 3-[ 2-benzyl - 3- ( 4- br ono- ‘gﬁ?l tl?oo}rr;l(% 'ﬁwgﬁﬂ’?g%d hy Fo%‘i,"‘B'reéepF nhlnj Iagxazol i
di n- 2- one chror@mo‘gﬁaptg (héxahelsmﬂ)yl iacetatd, 2at)y Uheteaction Was qudnehed bQ[aeiﬁﬁr]gC
over 30 m nut es. y-white suspensign was allowed to

warm to amfBATSYR H%B?Fﬁ%%? E’°888?5"i'2°ﬂ'8{5‘r'§'dé‘?x'q"t?"’ wietter (35 tnovet SQ/\BE‘%?fdged

to be conplelidwddy by Mhéthhmdi qi.sCl)r HPbSY ARfaBuUE R§ADY eﬁ{jpﬂemwe (1.8 L)akek alee,
2:1). The reaction mxture was cooled to 15[err]C and quenched W|th wat er
(5.25 20 hours while maintaining a reaction temperature of less than 15°C. The organic layer

was separated, washed with saturated aqueous sodium bicarbonate (6.7 L), and diluted
with anhydrous ethanol {4 L) and 25% aqueous sodium bisulfite. The organic layer was
separated, washed with water (4 L), dried over magnesium sulfate, and concentrated

in vacuo giving 1818 g (103% - crude weight) of [4R-[3(2R,3R)]]-4-benzyi-3-[2-benzyi-3-

25 (4-bromo-2-fluoro-phenyl)-3-hydroxy-propionyl]-oxazolidin-2-one as a very viscous
amber-colored oil: 'H NMR (400 MHz, CDCl,) § 7.46 (t, J=8.0 Hz, 1H), 7.16-7.32 (m,
10H), 6.84-6.96 (m, 2H), 6.35 (d, J=4.7 Hz, 1H), 4.92-5.28 (m, 1H), 4.45-4.51 (m, 1H),
3.92 {m, 2Hj), 3.01-3.14 (m, 3H), 2.83 (dd, J=8.1, 13.6 Hz, 1H), 2.05 (dd, J=10.0, 13.5
Hz, 1H); 1R 3460 (br), 1780, 1696, 1483, 1388, 1350, 1209, 1106, 1068, 877, 760, 747,

30 701, 583, 512, 486 cm™".



L) over 15 mnutes and stirred an additional 10 m nutes before addi ng 35%
aqueous hydr ogen peroxide (2.6 L) over 20 mnutes. The reaction

m xture was stirred for 15 m nutes and then diluted with ethyl acetate
(5.3 L) and W ¥¥11P88 | )  The organic layer 15 was separated aRCTVERSHEd24
with water (5.3 L), 5% aqueous sodiumbisulfite (5.25 L), and 50%
saturated aqueous sodiumchloride (7.5 L). Peroxides were detected in the
organic layer, so it was further washed wavrh 5% aqueous sodi um bisulfite (5
L) and 50% saturated aqueous sodiumchloride (6 L). The organic |ayer
was concentrated in vacuo to an oil, diluted with ethyl acetate (4 L)
and hexanes (13 L), and washed with 1 pkaMPLg@aqueous hydrochloric acid (6
times 17 L) to renove the R +) 4- be'ﬁz_y"I'T'Z—' oxazol i di none. The
organi c | ayer wasi4vsHen.d . h(fRDK L1, :
(5,30 91! gt o BlHE9rk?: W 3 SR Beiag  V3CU0 V1 €101 o
(1R, 2S) - 2- benzyl - To(Asdlutiom ol (H)latsureyrnevhe W%x&z@hdﬂk H
NVR (400 Hz, CDOLerr]& [err%? 47- ; ?JNH’ nyllb )33 dd g%?ea(ﬁz(blgg
1H), 7.1557.888(moll2in dighioromethpne, (B0( ) azH)70°5> 0] -§ﬁ°CJW3$6adHi§d ma@mm

(b, 11 2 BYpRgHaq g 4q' mo) Slerifif minynas o < pick sdspehiion e s

1H), 2.15- 2 S@redn fot Hin  Ad8iotds, 30L HriindtBs 330 -109Q, 132680681), AMGREN-
1406, 1213, 1033, 1021, 870, 700 c err} 30 WD 987 11085
PCT/ | B97/ 0 1Oﬁgftramethylethylenednamlne (17.6 L, 116.4 mol) was added over 30 minutgsg giving a

EXAMPLE 5 more fluid reaction B'nxtklre. 3 -Metnyl ?ﬁycr g?g@él 776%&&& Q&%@?gé

A 1 Msolution of sodiumbis(trinet tetrahy ur an

L, 6.55 10 theol'e)actpm raidtheel voase stirddd formn 80 eamucasa alioWhile emaintain(ig a reactlon
R, 2S) - 2- benz 3 %' d%so hen¥ ) - propane- 1 3 diol (1975
5.82 nmol) in H?Pf?é ‘Hgﬂ o 815 2P (0. ’88°'H§)'°%1? 4bprrapR-fluoro- ef'%quw&ﬁd?@ kgrhe
mxture was 8. Q\M'nML hﬁ&kﬁl@rérﬁetﬁ%@(ﬁd G wadlgtqéas B{Iéraéd)ﬁuﬁiﬂ&éjgm thaintainin

di spl ace the tetrahydrofuran fromthe reaction mxture t hen heat

60 to 65 er rie@ction tenfppratgreefiiess ’thmier equsRdta HIBGLC. heuaactzn mﬂxtm:thamaﬂbweue
reacti on was e, | ete accordin t Qj

chr onat ogr ap'f?’ e{éaénogs# g‘ﬁ‘i? Ihoé'E Jyhich E°’T§‘?w‘?ﬁ 8&1’68 to égg?iaﬂﬁ qreReneEwith s
cool ed t a5an@isemtion 6MPSNQLdathrASKILALPSTRRAN BY Lad Waldt iM@Iditg & White precipitate

and an exotherm to 28°C. Celite® (12 kg) was added and the reaction mixture was

stired for 12 hours at 20°C. The reaction mixture was filtered, concentrated
atmospherically to an oil, treated with hexanes (120 L), concentrated to approximately
80 L, slowly cooled to 0°C and granulated for 24 hours. The crude product, 24.3 kg,

20  was isolated by filtration, combined with the crude products from two similar reactions
in 110 L of dichloromethane, treated with 320 L of hexanes, concentrated
atmospherically to a final volume of approximately 250 L (distillate temperature 65°C),
seeded with authentic product, and siowly cooled with granulation over 18 hours at
20°C. Filtration yielded 67.4 kg (94%) of [4R-[3(2R,3R)]]-4-benzyl-3-[2-benzyl-3-(4-

25 bromo-2-fluoro-phenyl)-3-hydroxy-propionyl}-oxazolidin-2-one, 1-methyl-2-
pyrrolidinone solvate as a light tan granular solid: 'H NMR (400 MHz, CDCI,) § 7.46 (t,
J=8.0 Hz, 1H), 7.15-7.28 (m, 10H}, 6.94 (dd, J=1.9, 7.2 Hz, 2H), 5.34 (d, J=4.8 Hz,
1H), 4.91-4.96 (m, 1H), 4.44-4.49 (m, 1H), 3.80-3.95 (m, 2H), 3.55 (bs, 1H), 3.37 (dd,
J=7.2, 7.2 Hz, 2H), 3.00-3.13 (m, 2H), 2.83 (s, 3H), 2.82 (dd, J=3.3, 13.3 Hz, 1H), 2.36

30 (dd, J=8.2, 8.2 Hz, 2H), 1.97-2.06 (m, 3H); IR 3150 (br), 1776, 1695, 1652, 1600, 1221,
1050, 996, 953, 875 cm™'; mp 80-83°C.



L) followed by 1 N aqueous hydrochloric acid (10 L). The resulting tan
suspensi on was filtered, washed with water (2 L), and dissolved in
ethyl acetate (12 L). This solution was washed with vvater (two tines
12 L), cowngesdeésed to a | ow vol une, dissolved in i SOppg. %ﬁilgﬁr (4
L), and concentrated under atnospheric pressure at 50 to 60 err 0o 15
1.0 L, at which point solids began to precipitate. The resulting suspension

was cool ed to anbi ent tenperatureg stirred for 12 hours, concentrated
to one-half its vol une, cooledtosto 5[err] C and filtered gi ving
916 g (49% of (3S,4R)-3-benzyl-7-brono- chroman-4-o0l as a white
solid. The filtrate was concentrat eg g g dark oil (906 g), di ssol ved
in isopropyl ether (1.5 L) at reflu to anbi ent tenperature,

stirred, and 2913,&5? biﬁeﬁéy;m%lﬂbm @ﬁh&gﬂ%h‘éhﬂﬂﬂo%%eﬁ,@ﬁiofm id. The
f||trate was concentrate chromat ographed on sitica gel (60-230
mesh) el uti ng i 2 M 3olltine cd dithivre thieyehydrisiedn detrahydrof@raod i Lr 8 8imbl) anasi ons

wer € concef Qt eg}t pf%c{%at%l_)gerg?;:éq [fuaﬁqpera%)a/ it WSy (gll %’lﬂfjlsntgmol) an

addi ti onal

(3S, 4Rk 3bb6ﬂ35|mx71u€§somh|§ hhime véasoktlrred at \WAbidril 38mP efnd Y untll ﬂ{yﬂ]'d'ést'VR
(400 MHz, CDCl[err]) errl 7.29-7.33 (m 2H), 7.21-7.25 (m I—A)

7 15- 7 19 evalutigHcease iy haw), znyi then agdeddo ajsqalytionsofRIRRFERR, §_)2Hs 11. 3

s 1L ol laeetdlia-tEfemoporo FRenibl pydoRpidnyiigieloidg ot

HZ, 1H); I¢ R732<§43(4bﬁ'004) talﬁﬂal’(yawfuraﬂﬁ@&s 25&% Cl4%e?,30 minutesl 48Re rés‘l-ﬂt@\g 1219,
1070, 1052, 1023, 859, 700 cnferr] 3.5-144.0[err] C 30
VWO 98/ 1lggvglky-whlte suspension was allowed to warm to ambient temperature over 12 hours at

PCT /1 / 4
@ w&w point it was judged {o be comp!et? §§ t)}f&)laygr ghromﬁtogfaglp% wxgﬁ%é%gxl 4- ol
To a sol utacetatei2: ()1 Rha Bacliob enityie ias ¢ebléd s on amdjwmcpbdwm)wqjelo(]ﬁaaﬁe 1

, 3-di ol prepared from 33. (54.8 npl es)
[ 4R-[3(2R L3 Fé’f'] g"ﬁ%‘l‘?i? ang sflrzetgéﬁﬂgdlt@nem%p&uw{;es pefore adding 35% aqueous
2-11 uoro- m}@mﬂe% ﬁerMdé Q¥ ¥- Lﬁr&et QBW\JWU%aZﬂ{e' BaBicts A8ure was stirred fc?r 15

1- net hyl - 2-pyrr ol di none vate W thout isolation) in 185 L
t et r ahydr ghinutes ansisther dideted Nith atlgyl (al;gfmerfﬂ 1) Lpand watgndt &k sTherorganic layetoxi de.

The regction m xt ated at 4 hour i nt

Che r olt: (A TRnerates A vissnaY aohovetbElesy Ly i sfups Samiifile grgs™

(hexanes/ eindydosneaiupdted aﬁueé‘t)s soditin 'cBRfFideqR. s ) X IRErSid@SwEROIAECtba iR tHY ent

tenperature, 10 quenched with 170 L of water, diluted with 83 L of ethyl

acetate, aiganiefayef.isedt was fgrhg vgashed withde aauepusapdium bisuiite754.) png50%

concentrat ed hydr [ r [

under vacudim't %gaa%%r%%’%r%'&ﬁfq?ggg?%p g‘%sgloﬁ 'J'rl@g?a ru %oncepﬁg%i'__g_%ﬁig

i sopropyl tetdresil, datsedith @it asathiee(4 Deasd hieginess(i BW) yarxb olased ovith[ €N | C,

d | at ed

an gr%l ! a%u%ous hydrochloric acid (6 times 17 L) to remove the (RB)-(+)-4-benzyl-2-

oxazolidinone. The organic layer was washed with saturated aqueous sodium

bicarbonate (5.3 L), diluted with toluene (2 L), and concentrated in vacuo yielding 1138

g (88%) of (1R,2S)-2-benzyi-1-(4-bromo-2-fluoro-phenyl)-propane-1,3-diol as an oil: 'H
NMR (400 MHz, CDCl,) 6 7.47-7.51 (m, 1H), 7.33 (dd, J=1.8, 8.3 Hz, 1H), 7.15-7.25 (m,

25 4H), 7.04-7.06 (m, 2H), 5.39 (d, J=2.6 Hz, 1H), 3.77 (dd, J=3.0, 10.7 Hz, 1H), 3.64 (dd,
J=5.0, 10.8 Hz, 1H), 3.44 (bs, 1H), 2.68 (dd, J=11.0, 13.8 Hz, 1H), 2.69 (dd, J=4.1,
13.9 Hz, 1H), 2.15-2.20 (m, 1H), 2.01 (bs, 1H); IR 3370 (br), 3269 {(br), 1485, 1408,
1218, 1033, 1021, 870, 700 cm'".
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at 0 Cfor 12 hours. (3S, 4R)-3-Benzyl -7-brono-chroman-4-o0l, 5.1 kg of white
solid, was 15 isolated by filtration. The nother |iquor was washed with 4

L of saturated aqueous sodi um chl ori de, concentrated to a final vol une
of 57 L, an¥@P#Hg8ated at O[err]C for 12 hour s af f or di n@Ca/mB9Bologs
second crop of (3S, 4R)- 3-benzyl -7-brono-chroman-4-ol. A second

I dentical reaction m xture was quenched, diluted with ethyl acetate,
and acidified as descri bed above. The orgsmic | ayer was dried over 10 kg of
20 magnesium sul fate, concentrated atnospherically to approxinmately 30 L

of a slurry, diluted with 38 L of isopropyl ether, concentrated to
approximately 57 L, slowy cool ed, ExaMBL g anul ated at 0 to 10[err]C for
12 hours. (3S,4R)-3-Benzyl-7-brono-chroman-4-ol, 8.7 kg, was isol ated
by filtration. The nother Ii nzgihybroeoo-ehtomeaneohot her | i quor

o oo L e PO 5 R b L o2
20[err]C fOrméi?d&@%ﬁ@e@B%r@ﬁnf&ies&oWlﬁlon of (1RQQﬂZjHehiﬁﬁe(d-tﬂbe@ﬂ@brg kg

of (3S, 4R) - 3-benzyl - 7- brono- chroman- 4-ol after was
i sopropyls etpmnyl)-vr@a@@rﬁm -Ated (t978pg. §.82 mdlpinhdimethyl sdmrdeetgeBajL) atdargbienhg
\2/\% 88 /1 1085k(gm it ThS Ritile ?WageQZXl‘y- Heathd @-&Qtoﬂﬁgér4éé);>|irator Viduum to

PCT{V:: EEW? 01Qfidptace the tetrahydrofuran from the reaction mixture, and then heated at-6blto 65°C

(3S, 4R) - ( 3- Ben2ythows Mpdeb RepPiteteio kaguum it which peint thee regction was judged tg ke

sol ution of S - 3- 3 L)y i
t et rahydr of ué ! ?)%Ccfi)aqﬁgyg %Terfe?%h?ﬁn&”ggag ygki’&i‘ézlﬁ%syo% %’lgt)eg%& The
met hyl | i 1dhi uattorahixRire was céd!a@td.amBneEYtaPﬂﬁe}atonéand@leﬁbm ippadding eater (10
mai ntai ning a terrperature of less than - The reaction

mi xture was Sifellovwed by 1 Naguepyshydraehierig G‘F'd i“Hdu Fhefﬁﬂq”b'\ﬂéﬁn SVSR%'C‘&H’H?‘"( i on
f 2.
or a ° M Sfﬁ)tlel'gd %s%d WM\XJIA&(I G‘Jr Iéfnahg ‘%ﬁér ; ean Qﬂﬁ%?a@é‘tate]ﬁg Lyo g%‘er rcfﬂé:tl T

m nut es. reaction m xt ess than -
hour, fol I OV\&ﬂh Wystidewiid diater (twmtimes 12 13, &onﬁbel)dtratebubla)iomﬁolume, dissoived in

boranetetra drofuran ¢ lex in tetr h ofuran (5.9 L, | ) over
30 i nut o5, PROPURED R L S pencERE R ke Al aAPBPRS BresHBi R R *%?Pj“gam g
water 15 (fio4, gowhxaﬁibarﬁ£ @&.dg%e@'a'n% mécﬂan%td\l mue&m@m#aﬁ&bﬁws csolél (4
L), and extracted | sopropyl " et her L). The aqueous | ayer was

extracted WTDhamb@pY mweretumarst(medmor ‘@ntlours commtretwotmedebp@ahu olbmeer s

were washed WAl % % 1 B9HCOHS Mrid' Thing604 ¢ faskd) &t (35,4R)-3-benzyl-7-bromo-

chroman-4-oi as a white solid. The filtrate was concentrated to a dark oil (S06 g),
dissolved in isopropyt ether (1.5 L) at reflux, cooled to ambient temperature, stirred, and

20 filtered yielding an additional 82 g of solid. The filtrate was concentrated and
chromatographed on silica gel (60-230 mesh) eluting with 3:1 hexanes/ethy! acetate.
Product-rich fractions were concentrated and recrystallized from isopropy! ether yielding
an additional 82 g of solid. The total yield of (35 4R)-3-benzyl-7-bromo-chroman-4-ol
was 1080 g {58%): 'H NMR (400 MHz, CDCl,) 6 7.29-7.33 (m, 2H), 7.21-7.25 (m, 1H),

25  7.15-7.19 (m, 3H), 7.06-7.09 {m, 2H), 4.44 (bs, 1H), 4.21 (dd, J=2.6, 11.3 Hz, 1H), 3.97
{dd, J=4.5, 11.3 Hz, 1H), 2.68 (dd, J=6.5, 13.8 Hz, 1H), 2.561 (dd, J=9.1, 13.8 Hz, 1H),
2.18-2.23 (m, 1H), 1.85 (d, J=4.3 Hz, 1H); IR 3274 (br), 3181 (br), 1588, 1573, 1483,
1480, 1410. 1219, 1070, 1052, 1023, 859, 700 cm™’; mp 143.5-144.0°C.
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L). The aqueous | ayer was adjusted to pH 3 with 1 N aqueous hydrochloric
acid (5.5 15 L) and extracted with ethyl acetate (5.4 L and 2.7 L). The
combi ned ethyl acetate |ayers were dried over magnesi um sul fate, and
concentr at uo yielding 304.5 g (91% of

(3S, 4R) - (BQ:ge'rgé};/ §1 hydr oxy- chroman- 7-yl ) -boroni ¢ acid as a YervVew P¥af ' H
NVR (300 MHz, CDCl[err]) [err] 7.35-7.00 (m 8H), 4.42 (d, J=4.1 Hz,
1H), 4.19 (d, J=11 Hz, 1H), 3.90 (m_ 1H), 2.68 (dd, J=6.2, 13.8 Hz,
1H), 2.47 (m 1H), 2.15 (m 1H); IR 3336fQbr), 20 1413, 1348,

1320, 1211, 1025, 749, 730, 700 cnferr].

EXAMPLE 8
(3S, 4R) - 2- ( 3- Benzyl - 4- hydroxy chrorra@_(&MBLEﬁ trifluoronethyl -benzoic Acid
Et hyl Ester A e of e_;a_gl

2-io0do-4-trifluoronethyl-b an ,4R) - (3- 25

benzyl - 4- hydroxyf&arsmmmﬂof h R.28PpLHENEYIA d:r(u%?z-mmra- e ropPkasEHiem
fluoride (366 g, 6. X)’ 9)‘0% \{ ;(glumon carb gﬁﬁw‘;é F‘%O%Water

wet), and %WW@@@QM(“ SmO*Q%O ﬂﬁt[?(aw)ﬁe‘hbwyhﬁ [2-@9!1 3f(61br®'“npurs
"nd cat e el Ry B BRI EBSkqloip 2:ord, of MR Bihrofaeg, > Y

diluted w tshalmowtaaml isefatien) i6 A 8b)L. off telrargydestutan wag Ad §sd nne[icg (11sanel) washed
wi th 10% 30 aqueous sodi um bi_carbonate (1.5 L). The aqueous | ayer was

separat ed arfiesstimaent-Bitoxide. Thereastiop migHia was heated at efiux ToRéd hodbatdich
(I;E%?Ir]:?,g?} 8{%‘%@ WS CredBRdIE dvid tfguﬁf@tt%r bQ6 cBATplete by thin layervgr%%éc_lﬂééhy

dried over (miagm@si'eimlaubn‘ame 1)aﬂfble'téaeﬂbte&lmbﬁefwﬁad‘dw{ﬁordmlﬁeﬁﬂehbe&tM) and
silica ient tenperature. This m xtur

was fil ? Rr e‘ﬁPﬁFﬁF‘Sﬁwga’ 78éo°f<watef d"utg# Mt@a%éaf sthybaceigfenpadgoidiigd to pH S. 5°
trat | th
R P i A e e
eluting 5 cmcehtrettehylbncm:enaammgowppgommhteg/nﬁa dnblea sﬁutwtdllotedv\mm Héwa of
trated t . 920 f
Coe Ry | 3 (somBRITRAS MAPad Jo SisRalE MY sids. slom 9l 185y PR SrRIBI e
et hyl esteraa® ol i BRburBITiEE, my 3. Beﬁg-ﬂﬁmh(&ﬂ&wm 5. {vaitd Soliiewad
7.89 (d, J=8.1 Hz, 1H), (m 2H), 7.18-7.38 (m 6H), 6.91
(dd, J= 158, isglatedr by flma}kon 6.188 mqthen liquor wgs washed with 4 4 ofSaiupated |qpeocus 25

b5 112 ppehyfycHoioptbondinrhettly o dolfpe B L Andiroiile osSige By

1H), 2halfrs @ffordli) a 413 RP sechondlsrbp Df {BS,4R)-Blbendyl-GDbréino-chrdmanidzol. 3H) ; | R
3307 (br), 3216 (br), 1734, 1339, 1298, 1247, 1191, 1175, 1118, 1097,
1050 cnferr]. second identical reaction mixture was quenched, diluted\witipethyhaceétate,

(3S, 4R) - 2- ( 3r Peiidited a0 FEt¥ad UERUBN- Try | drgahib Nhjdr RO IRY budte g A ofici d

20 magnesium sulfate, concentrated atmospherically to approximately 30 L of a slurry,
diluted with 38 L of isopropy! ether, concentrated to approximately 57 L., slowly cooled,
and granulated at O to 10°C for 12 hours. (3S,4R)-3-Benzyl-7-bromo-chroman-4-ol, 8.7
kg, was isolated by filtration. The mother liquor was combined with the mother liquor
from the second crop from the first reaction, concentrated to an oil, solidified by
25 cooling, granuiated in 6 L of isopropyl ether at 20°C for 12 hours and 0°C for 2 hours,
and filtered giving 6.3 kg of (3S,4R)-3-benzyl-7-bromo-chroman-4-ol after washing with
cold isopropy! ether. The combined crops from both reactions were dried giving 20.8

kg (59%) of (35,4R)-3-benzyl-7-bromo-chroman-4-ol.

30



15 A mxture of

(3S, 4R) - 2- ( 3- benzyl - 4- hydr oxy-chroman- 7-yl ) -4-trifl uoronet hyl - benzoi c

acid et hyl r (897 g, 1.93 nol) and 10% aqueous sodi um hydr oxi de (980
%f&?gm%

m., 2.72 nol 8Bpropyl alcohol (9 L) was heated at refl ux PCIVIBET/PIOAM s,
cooled to anbi ent tenperature, and stirred for 12 hours. The reaction
m xture was diluted with water (13.5 L), hexanes (9 L), and i sopropyl
ether (4.5 L). The aqueous | ayer was 20-4iseparated and extracted with

hexanes (9 L) and isopropyl ether (4.5 L), adjusted to pH 2 with 2 N

aqueous hydrochloric acid, and extracted with ethyl acetate (8 L and 4 L).
The conbi ned et hyI acetate extracts nggmm_grved wth water (6 L), dried

over magnesi um sul fate and conce entrat ea |n vacuo to a dark anber oil
whi ch was dil uted ' : LI PX 8 . sdAgidhain to an oil.

(5:8°L) wore adoed g olher 1555 S f%%*}@%ﬁ“‘ 77 EPERRI o

50 [err] C. téﬂ‘uhyt:imiu&al(ﬁﬂi)\dnLmq)ne@a@décﬁaedtm(%m:bﬁ\w )hétmhhmm inGether
anbi ent nﬁer ature over several hours were filtered and washed with

2:1 hexare/ ﬂbﬁ&e &7("pol) pver 45 minuiegwhile majriaining pdempesasurecef less %han 0@HE( 5
L) at 60[er gke%a&iﬁﬁ%l%r%EQs@%&&[lsgsr thaP-€be fof l1th(°o 8ollf>wef1nby heflion th -

t ol uene, concentrated I n vacuo to approXl mately m xture 30
was heat ed pbaR06 S0§autiqrCef butgiithivdh dﬂmxamesmmh hampsve(rasﬁnlb)xtescdthdeed,

and granul at ed at 5[err]C for 1 to hour s The resulting solids were
filt gr ed, M%an\mﬁqrﬁv&s stir]red at less thqmsggpfgro‘ggour, followed by th % addition of

PCT/ | 597/ 01@2r0 M solution of borane-tetrahydrofuran complex in tetrahydrofuran 594.3'5 ol
hexanes/toluene (2 L), and the wet ycake was Sptl rreof i th hexe{nes (4 L "S )at

reflux fidr ®ger 30 minwtesutTés reatlion mikiutawas wasneshiol G5C, tqueanbecéhy addinpavaderur e,

nder vacuult BrTBES fePiouitS e gPls fydfodsly agdth B and dtEiida Wik
3S, 4R) - 2- | d
(3549 2 om0, st e ikid ooy e g

Hz, 1H), 7.8 ¢enibined organjelayers \sers wished Mith 075 6Baqueoud ispdiuth nﬁiramée &
6H), 6.89 (dd, +J=1.7. 7. 1H)., ,6..85 W, Jd=1. 7 1 .6, 1 ,
2! 050 (&5 708 gleeuk BygPuay dliuly ¥ prs with v Bafedlel ByarddilenCadg (85, |
J=4.6, hsl.Q)kkd eﬂtlﬂc,tec?wmtﬂewﬁhceﬂa'f@ (8.4 LBAd2. 2. Theldbmbihdlethfldcetttdlagersl3. 9
Hz, 1H), 2.22 (m 1 H); IR 3454, 3218 (br), 1699, 1431, 1337, 1299,
1275, 1258, Welegried ovey magnesiumsuliate, zmd comgentrated sq_\,fa_cug_vﬂ@@ 304.5'g (91%)’

EXQ‘N[P)‘LEE ﬁ: ©f é)SS %S)l 3|_:benz¥l-4 hydréxyTEHrL%%erjﬂ?B&%chaean 9& & y%ﬁéﬂ foam: ‘H NMR
(300 MHz, CDCl,) 6 7.35-7.00 (m, 8H), 4.42 (d, J=4.1 Hz, 1H), 4.18 (d, J=11 Hz, 1H),
3.90 (m, 1H), 2.68 (dd, J=6.2, 13.8 Hz, 1H), 2.47 (m, 1H), 2.15 (m, 1H); IR 3330 (br),
20 1413, 1348, 1320, 1211, 1025, 749, 730, 700 cm".
EXAMPLE 8

{3S,4R)-2-(3-Benzyl-4-hydroxy-chroman-7-yl)-4-trifiucorcmethyvi-benzoic _ Acid

Ethyl Ester
A mixture of ethyl 2-iodo-4-trifluoromethyl-benzoate (723 g, 2.1 mol), (3S,4R)-(3-

25 benzyl-4-hydroxy-chroman-7-yl)-boronic acid (627 g, 2.2 mol), potassium fluoride (366
g. 6.3 mol), 10% palladium on carbon {157 g, 50% water wet), and anhydrous ethanoi
(6.27 L) was heated at reflux for 3 hours at which point thin layer chromatography
(toluene/acetic acid, 5:1) indicated the reaction to be complete. The reaction mixture
was diluted with isopropyl ether (8 L), filtered through Celite® and washed with 10%

30 aqueous sodium bicarbonate (1.5 L). The aqueous layer was separated and extracted

with isopropyl ether (3 L). The combined organic layers were washed with water (6 L),



To a suspension of 4-trifluoronethyl benzoic acid (75.0 g, 394 mmol ) and

2, 2- di net hyl - propyl al cohol (70.5 g, 800 mmol) in toluene (500 nm)
was added 15 concentrated sulfuric acid (3.0 nL). The m xture was stirred
at refl ux #asoghibgrs, cooled to roomtenperature, pour

sat urat ed agqueous sodi um car bonate (250 m.) and the Iayggghﬂ\/\/;e%w“
separated. The organic | ayer was washed with saturated aqueous sodi um
carbonate (250 m.), and brine (100 mi), nd was concentrated to gi ve
4-trifluoronethyl -benzoic acid, 2,2-di rf% -propyl ester (102 g, 99%
yield) as a 20 yellow liquid: R[err] 0 66 (ethyl acetate/ hexanes 25/ 75);
IR 2932, 1727, 1327, 1280, 1133, 862. 775, 704 cnferr]; "H NWMR

(400 M—Iz grigd pusrrPeanesiyn sylfate, gngd tfeafed Wﬂb Darco® 60 (1.07ka) and Stﬂ@a gg (x 8.1

Hz, 4 r rr

26, 51, 31 5 7020 M) d e teberaiite Ml Whgdrk e lprad Rrud  bogled )

134. 35 (q, silice=g8i1(70-230)mesh) an8Toncentrated in vacuo to 922 g of dark oil. This oil was

EXAMPLE 1 é 25 2-%2 o .

, 2- Di met hy PIPS yiRyRRY Berite U4 epdfitersd Shrouah a anlipe ot plisn apld2 k) gluting

To a sokut i - r ter

(3. 525 5" WAR Wy Sobale, QAR LTSy 350k Gn Al o€ cOhdled 3 g% 29

triisopropyg CH1e 8 ydroxy-c -7~ -tedf otnd:metlnyWaenmﬁn éd to
i I(Ba‘?’h & (I4B)eR-(a-b riiQH}h d innorori an-7-Yile-teifal aed

-78 C apd, Lithi d I

Cetr anydr of LS HeRt &gt 3850 fio ) MR B MEE o BEW e 2 s Vs o5bP et bt s,
The red solridalrosy paszis) r7r1rse;dségﬁ 60, 891085y = 3l H%OL% Hi 688110, SweHGRed

by the sl ow addi tion of drochl'oric acid (50 ni). m Xt ur e was

al | owed t o Yar®$5 (bs, 1H), 425 (ddz\a%rmmzsﬁz 1H), 4.17 (q, J=7.1 Hz 2H), 4.00 (ddd,

Dot ot otBab,ad 41205 MR T8 g JPEHE R BB 4G o 7Rt Pl L)

The | @\per (g, WH)EH sem&rﬁed HNd H) heodiganiy @ HaysH); vvaassoaqbgdsms (br),
successi vel hydrochloric acid (two ti nes with 100 m), water

W t h
(100 ), %@f" ﬂﬁ?ﬂd%@mm ”?heﬁ75 1118 r1§8Ri t058xemdct s were dried over
magnesi um sul fate, filtered, and co dtoan 5 oil. The crude
product was crystallized from hept a::g%%gérré) to provide 2-(2,2-
di et hyl - pr opoxmnhpm&ﬁ_@yumjzumwmr@i 7J?ﬁﬂltﬂﬂtﬁi?6mmvﬁba¢z&h Agid037 g,
62%y|eld as a white sal 160[err]C, IR 3377 (br),
2063, 1703, 1374 mMibse fi?@s 49)2(31q%¥y'~479mr°m§1femaér7ry' }-4{tafluoremeivRi-( 400

MZZ 1|[_)|)|\/BO’79LR{J(,¢1 Q,d[ﬁﬁyl]esﬁrq%fg 143 %&bé (?‘400 'é%ueogugrsr%]dl m %&%Téﬁ. §\9/H§ 3

DVBQ' O er r ) 2672 inoB6n Gﬁprém’w;onwwl) whe hedfed dtoefinsior B2Bod6, cddiedag,

131.98 (q, amblen% }emperature ar?d stlrr?é% fgrs 12 %ggfsgsrhelrggbt%% mixture was diluted with

water (13.5 L}, hexanes (8 L), and isopropyl ether (4.5 L). The aqueous layer was
20 separated and extracted with hexanes (9 L) and isopropyl ether (4.5 L), adjusted to pH
2 with 2 N aqueous hydrochloric acid, and extracted with ethyl acetate (8 L and 4 L).
The combined ethyl acetate extracts were washed with water (6 L), dried over
magnesium sulfate, and concentrated in vacuo to a dark amber cil which was diluted
with toluene (2 L) and concentrated again to an oil. The oil was dissolved in toluene
25 (4.21L)at 60°C, and hexanes (8.8 L) were added at a rate to maintain a temperature
of greater than 50°C. The tan solids which precipitated upon slowly cooling to ambient
temperature over several hours were filtered and washed with 2:1 hexane/toluene (2 L).
These solids were dissolved in toluene (5 L) at 80°C, treated with Darco® G-80, filtered,
washed with toluene, and concentrated in vacuo to approximately 4.0 L. This mixture
30 was heated to 50-80°C, treated drop-wise with hexanes (8.6 L), cooled, and granulated

at 5°C for 1 to 2 hours. The resulting solids were filtered, washed with 2:1



EXAMPLE 12

(3S, 4R) - 2- ( 3- Benzyl - 4- hydr oxy-chroman-7-yl )-4-trifl uoronet hyl - benzoic Acid
2, 2-Di met hyl - propyl Ester 15 A bi -phasi c sol ution of

2- (2, 2- di neMBA%P#poxycar bonyl ) -5-trifl uoronet hyl - benz exsmmewoozs
acid (1.72 g, 5.66 mml), (3S,4R)-3-benzyl-7-brono-chroman-4-ol (1.80

g, 5.63 mmol), sodiumcarbonate (1.82 g, 17.2 mol), and
tretrakis(triphenyl - phosphi ne) pal Iadi un(0) (12 ng, 0.19 nol% in
toluene (15 nL) and water (9 nL) was stirred at reflux for 100

m nutes. The reaction m xture was cooled to roomtenperature, 20 poured
into water ﬁé;&d&h)eoxaaﬁe eXLY aRd Bfb Wot Sakd WELRIFRIMH Redankd M E}Atreim@fd?rs@am c
extracts were washed with brlne (50 mL), treated with Darco[err]

dried over munutemdmmmwaamolerd ft embient nemgg’ﬂtute.l grappiated forahdhour
concentrate The C duct S pu | ed b chro 0

silica gel ﬁlﬁ TR Ak erf"g'f ﬁﬂﬁ\aﬁﬂ)eﬁed dﬁf Eﬁcf“ﬁ' py&nigh RS B ‘}%2/48619
4R) - 2- ( 3- bepyl)ot {48/ ARPAY3-BEHYTBRydrok )chﬂoﬁaérw attﬂﬂrmrbmlet BéRidic a&bc&sZ, 2-
25 dinmeth F%y;p wyest;e)ry%s azqwhl %’e fgam & 98 84% |H3Ie.d) R err

0.32 (et ﬁyl an o wakt%tsabde/ hexMMBs(498/NiE3,: CPRIB 40739 1el) J= é%ljz, iHR 766

e e B YL

Hz, 7. &BJ@ 7Hz|)1H76319(bZ 2H), aBo @ =43 8- 1@1)981é|(ﬂld 21592 7HRBHL 1HY =
44Hz 1H). 4.22 (dd, J =11.2, 2.5 Hz, 1 H), 3.99 (dd, J = 11.2, 3.3
Hz, 1H), 3. ?@4(@@' 4.6, D19 BzatH) 04 (9d=J58.1313.8 Hz, 1), 251) (ddpJ59.4¢ 43.9 Hz.=

(5. Cony " er R T B4 B T Bt 1952, 18 T d SR 0 s,

WD 98/ 110851135, 1123, 700 cm™; mp 142°C.

PCT/ | B97/ 01024 - 45-
64.76, 67.42, 75.33, 116.77, 121. o7,§¥§¢ﬂﬂ$;ﬂa24.13, 126.44, 127. 50,
127.54, 128, 45, 1 . 129, - 139. 08,
141,69 142 03 154.4 4 'f?rﬁl lemejt b%%zm!:a\%dléﬂ [ﬂﬁgt pEg’ér

EXAMPLE 13 To a suspensnon of 4-tnf|uoromethylbenzouc acid (75.0 g, 394 mmol) and 2,2-

(35 4R) - 2. (G Benal A YLRRY (A8 O o ko " IleH 888 Ly Relk Yol

(38 4R) 18- ( dohcdmirated! sty e Qeya @élbqaﬁ)n Trhxlr%mﬂné iWak| dtie@ndt la¥ilix for 4 holfd)zoi C
acid 2,2-dinethyl-propyl ester (2.34 g, 4.69 mol) in isopropyl alcohol (23

L) wasoeled e seom ttempgmraqnwsg Istocsatvraieddrdyeicde spdiugy parbopate (2§81 )

and heated at r.ef | ux The rea tion _m xt S to
i ont ¢ oni 2 e B4t yerS sePaidfRt, Tnd e ot Fayed Wl idetlef WY sBRIHEH
hexanes (23ag&éo@na:dl@rﬁQfa%Hat@!dmrmL)l?anﬂtBnnelﬁoo-Hﬂg @stcdr@¥ﬁﬂ’rat‘éaao
separated and extracted w th hexanes (23 nL) and isopr et her (13

nL), adj ust gyetbtrifupremgtebeneiz deidus. wwwrpmﬁvteﬁef ﬂ'ﬂéa&op%&tw%@t %"davm th
P T Ll R AT U ke
concent r at edot® as2whrs,e70aam; 'H NMR (400 MHz, CDCl,) 6 8.16 (d, J = 7.9 Hz, 2H), 7.70
{d, J = 8.1 Hz, 2H), 4.04 (s, 2H), 1.04 (s, 9); '*C NMR (100 MHz, CDCl,)  26.51, 31.561,
74.72, 123.63 (q. J = 272.7 HZ), 125.4, 129.9, 133.7, 134.35 (q, J = 31.7 Hz), 165.35.
EXAMPLE 11
25 2-(2.2-Dimethyl-propoxycarbonyl)-5-trifiuoromethyl-benzeneboronic Acid
To a solution of 4-trifluoromethyl-benzoic acid 2,2-dimethyl-propyl ester (4.225

g, 16.23 mmol) in tetrahydrofuran (40 mL) was added triisopropylborate (9.00 mL, 38.0
mmol). The solution was cooled to -78°C and lithium diisopropylamide (12.0 mL of a
2.0 M solution in tetrahydrofuran/heptane, 24.0 mmol) was added dropwise over §
30 minutes. The red solution was stirred for 30 minutes, warmed to 0°C, and quenched

by the slow addition of 1N hydrochloric acid (§0 mL). The mixture was ailowed to warm



whi ch was recrystallized from tol uene/ hexanes. The resulting solids were
filtered and 15 washed wi th hexanes, and the wet cake was stirred with

hexanes (20 nmL) for 1 hour. The m xture was filtered and t he
resul ti ng wolgsdsesser e dri ed under vacuumto provide ,ng'mmzw el d)
of (3S,4R)-2-(3-benzyl -4-hydroxy-chroman-7-yl)-4-trifl uororre

benzoic acid as a white solid: [err]H NVR (400 I\/Hz CDCl[err]) [err] 8.00
(d, J =8.1 Hz, 1H), 7.67 (d, 3—1‘?471Hz 7.64 (s, 1H,

7.18-7.36 (m 6H), 6.91 (dd, J = '20 6.86 (d, J = 1.7
e, 1 H), 53(dJ 42Hz 1H) 424(dd J=112 2.7 He, 1H) 3.97
(dd, J = 1 1. (dd, J = 13.9, 3 (dd, J

= 13.7, 9 to ﬁfm temperifupﬁ sli%regdffog Sggm(nmeslar}q) added t60 ﬁexanes (25?) mL). The
EXAI\/PLE 14 2sbhardt I i £ h zoi c
M d?’r’r?artsh\;erepfo%ayr el &@t@é%@bﬂ&qgﬂ?é} fia¥ w{_é‘shteﬂ Yt{%{sgga Wi B0
4-trifl uor*wdé@ﬁqumeﬁddtm Hmled Vﬂthzmn mé), lwatep(wpymL)esahdrbr(n@asa rgL) The 138
mml) in tet ra.hyq(%‘oftur L added trii sopro&%/‘{ orate 0
316 ARBTY EXFRES T Bt % Qe "P@BP@H"& Bigte fiftored RPRFRNtra ted’to-an
di i soprgpyéamwl@ ér(8e rabu&f 0

t et rahydrof'uran/ herpt gg%r %46was %m#tmuvﬁsfr%ﬁ ll‘%#‘gro ﬁgzaL)ot\?eProwde & %t?es 30
and the redimsivrpranexyeabenyixs- mupmmahylmozenmmm@ecim(a@aég, BRRéxvield) (200

) was Gs?gt}rm%% 8' | OW%?: by@%%’%iggg% (gr)agéé?i (1;89 {391 1388 {n_,)%t ure

was Stll’l’e

PCT/ 1 B97/ Ofl1¥34 794, 708 cm’; '"H NMR (400 MHz, DMSO/D ,0) & 8.05 (d, J = 8.1 HED1H), 7.78
m nut es and poured i nto hexanes (200 niL The or gani c éer was washed with

1 N hifrlothBdriie Hal d.-88 (o tHIm8S4160 2ir)) 09§n(d BH): n ( N Kﬂ9° M’ﬁie
f
3 oK1 00 B 214 g e LRSI e, O LETES,

di et hanol arz)ne34.25, BR.6R, 166807 Mol ) were added, and the 5 m xture was

stirred at roomtenperature for 10 hours. The solids were filtered and
washed with a m xture of isopropyl Mﬁbﬁ-’-@w nm) and hexanes (30 nL) to
= I

provide  2-bd 6. @lalinoyar HRMeo RSP © ﬁgld

2, 2-di et hyl - propy 0
233-234 | 3, 2862 1722, 1480, 1467, 1371, 1331,

E
o I e P B,
Hz, 1 H), benzengb&am(:(i@bd (JJ 72 375 86 n‘ﬂma) |('§S %%enz?l Q%rérhﬁ%hrérhgn-zldol P%edt. 14

(m 2H), 3.98 (m 2H), 2.88-2.94
(m 2H), 1902 mrmtg sP@wfﬂ] @ama(emmm mmn@reclo] }md tretrakis(triphenyl-

phosphine)palladium(0) (12 mg, 0.19 mol%) in toluene (15 mL) and water (3 mL) was

stirred at refiux for 100 minutes. The reaction mixture was cooled to room temperature,
20 poured into water (40 mL) and extracted with diisopropylether (75 mL). The organic
extracts were washed with brine (50 mi), treated with Darco® G-60, dried over
magnesium sulfate, filtered through Celite®, and concentrated. The crude product was
purified by chromatography on silica gel (ethyl acetate/hexanes 20/80) to provide (3S,
4R)-2-(3-benzyl-4-hydroxy-chroman-7-yl)-4-trifluoromethyl-benzoic acid 2,2-
25 dimethylpropyl ester as a white foam (2.35 g, 84% yield): R; 0.32 (ethyl
acetate/hexanes 25/75); IR 3407 (br), 2961, 1721, 1336, 1292, 12562, 1172, 1134, 1110,
1022, 848, 749 cm™'; 'H NMR (400 MHz, CDCl,) § 7.90 (d, J = 8.1 Hz, 1H), 7.66 (d, J
= 8.1 Hz, 1H), 7.83 (s, 1H), 7.19-7.37 (m, 6H), 6.88-6.93 (m, 2H), 4.53 {t, J = 4.4 Hz,
1H). 4.22 (dd, J = 11.2, 2.5 Hz, 1H), 3.89 (dd, J = 11.2, 3.8 Hz, 1H), 3.78 (s, 2H}, 2.73
30 (dd, J = 13.8, 6.3 Hz, 1H), 2.54 (dd, J = 13.6, 9.4 Hz, 1H), 2.20-2.80 (m, 1H), 1.81 (d,
J = 5.2 Hz, 1H), 0.74 (s, 8H); '*C NMR (100 MHz, CDCl,) & 26.64, 30.96, 34.62, 41.53,

-~



26.51, 31.69, 50.92, 63.33, 74.72, 123.94, 128.59, 132.06, 139.61, 171.56.
EXAMPLE 15 15 (3S

4R) - Di cycl ohexgll anmoni um 2- ( 3- benzyl - 4- hydr oxy- chr oman- 7-yl ) - 4-
trifluoroneMR ¥ Y8 0at e A mxture of PCT/IB97/01024
2-[1, 3, 6, 2] di oxazaborocan-2-yl -4-trifl uoronethyl -benzoic acid

2, 2-di met hyl - propyl ester (7.04 g, 18.9 nmmol) in toluene (45 nL) and 1.5 N
hydrochl ori c acid (45 nmL) was stirr.ag- at roomtenperature for 45

m nut es. The aqueous | ayer was 20 renoved and sodium carbonate
(2.73 g, 25.8 mol), (3S, 4R) - 3- benzyl - 7- br ono- chr oman- 4- ol (5. 47
g, 17.1 mewlys, 67.42, 7$ssrﬂleﬁ(t1mnmemzéshomumemadd a@vmmg@)né%ébm

20.8 [err]mol), and wat er (20 mL) were added. The bi asic sol ution
was stirred12B.6Pet28.82,1128.110032nut30s31, 188108414 1L69,01%2.03, 1544t4eh@%3ﬁtur e,

and poured into water (50 nL). The | I separated, and the 25
organic |l ayer was treated with Darcom filtered, and concentrated.

The crude ester (3s 4R). B§H Mlh mx'-ehéoﬁmf h-tﬁh@&hﬁieu{ Befddic ABRE 10%
aqueous sodi um hydr oxi e solutron was heated

at reflu® for 3 Homo@tm@oéwf eﬂBStQﬁ)réb@menva-hv@r@p\epamm@-waﬁrtéﬁuqrﬁmtw er

120 i (,40
Y. The' aquontait pagZE el BN ERel B s 85 mot n A5 BIEanS! B3mi)
ether (40 nias tediacswvitdl 108 adlicdusisoiuin Nylsoxideci2l D rrile 6ac inolpand éxateaicated

W th met hyl tert- but_}/ ether (two tines 75 nlL). The organic extracts
were dried &8fx for 3 hours. The rgactian mixigne was cooled to ambient temperature, poured

PCT/ 1 B97/ 01
magnesi um sﬁﬁ?lé%aée' tlé?r grc]id egﬁ %%ﬁ’g’én g?ﬁd(za'ltne) andu or roIp géiﬁmteﬂ/assml')'
di ssol ved i mhe aquem layér Wway seprrhtel amidhedracted with he)famtés dtr&yrdl) @ineXydpropyle

(4.10 mL, 20, The m xture a I rred qverni and

Uhe ool Tt oiner Tl GoRisteclia b Wih S Saueoss B RRCPIOBEClsh Epf Sred Wit i

to afford (3IpyfReste W RREE @ r(e?tf@cﬁ@éfi‘e tRact hed with
hydr oxy- chromg'ﬁ\l Ye yl) Wtrlfl uomtehy benzoa? 2 exg,cs%e/roeﬁaesl 5) w'rrp =

209- 210 brihef4( r6L). dReq 808, ma&PRisjun? S@thte Jibad atﬁiZtﬁ?nCEBEﬂt,ed 1429%1@3987’1
1388, 1333, ?’1}‘]“) 8. 1119

MHz | CDCl[ e \{;g ﬁcryftélf.efi dronj to_[ue}a%%%%géiégise r g\rg] Ssthl e fl ered (aég

(d, J =169 wdéhed With h%xiﬂeﬂ aRd t?ﬁéﬂueﬁ&ke @a@ghrféﬂjwntﬁ hexZné% (2b. n?L)Hbr 1 Hdbr,
7.00 (d, J 1.7 Hz, 1H), 8 (d, J - 1H), 4.17 (dd, J =
11.0, 2.6 H hemwur%wgeflwad amdﬂhwesuitm @phds V@rﬂﬂnmurdelszum teopronidesH) |

T 68170 (A0ak o yledicet G2 Bl Boxihipmag 784 ctbReri

NVR (100 I\/Hbenﬁae%ﬂras]&mt%ow 'HRMA3(408MI93, CBEILP Aa@(d)% =311 Hz, 14],. 75,
52.64, 65.00, 116.50, 121.42, 122.59, 123.7

126. 73, 128. 357 (€2é =5%1 HLzngbe? 641(391t}); 7.18-7.36 {mgbHd)s 6. 91139d-1v$ 71921 Bz, 1k, 20,
154.04, /368 (d, J = 1.7 Hz, 1H), 4.53 (d, J = 4.2 Hz, 1H), 4.24 (dd, J = 11.2, 2.7 Hz, 1H), 3.97
(dd, J = 11.0, 4.0 HZ, 1H), 2.76 (dd, J = 13.9, 6.4 Hz, 1H), 2.53 (dd, J = 13.7, 8.3 Hz,
1H), 2.24-2.26 (m, 1H).
EXAMPLE 14
2-[1,3,6,2]Dioxazaborocan-2-yi-4-trifluoromethyl-benzoic acid 2,2-dimethyl-propyi
25 Ester

To a solution of 4-trifluoromethyl-benzoic acid 2,2;dimethyl-propyl ester (35.8 g,

138 mmol) in tetrahydrofuran (250 mL) was added triisopropylborate (73.0 mL, 316
mmol). The solution was cooled to 0°C, lithium diisopropylamide (73.0 mLofa2.0 M
solution in tetrahydrofuran/heptane, 146.0 mmol) was added dropwise over 20 minutes,

30 and the red solution was stirred for an additional 30 minutes. Hexanes (200 mL) was

added followed by 1N hydrochioric acid (200 mL). The mixture was stirred for 10



15 EXAMPLE 16

(3S, 4R) - 2- ( 3- Benzyl - 4- hydr oxy-chroman-7-yl )-4-trifl uoronet hyl - benzoic Acid
A m xture of

(3S, 4R) - di wpesAgsYy! ammoni um 2- (3- benzyl - 4- hydr oxy- chr onan- s '#{}3(9 010
4-trifluoromethyl-benzoate (2.37 g, 3.89 mml) in ethyl aceta 28 r%ﬂ)
and 1 N hydrochloric acid (25 nm.) was stirred at roomtenperature for
1 hour. The mixture was 20 poured into ethyl acetate (20 nmL) and the
aqueous |ayer was renoved. The organi c 45 | ayer was washed with water
(six times 50 nmL), dried over magnesiumsulfate, filtered, and
concentrated to provide (3S,4R)-2-(3-benzyl-4-hydroxy-chroman-7-yl)-4-
trifl uor onpinwes- anchpoureddotodhexanes (2P0 MmO IBhe ergehic iyar vad Whsbedagith WHY

CDCl [err]) 8. 00 7.6 d, J.=8.1 Hz, 1H),
7.64 (s, *l‘-}g"e °f1“1é° 3cd g‘“{"rﬁ‘m%‘?ﬂ)’g" H’Lgla"(cg%""% mL). %hé drganjc gxtracts wWergs gg
(d, J = 1.driddzovet ihagresid dliate) ﬁﬂev‘bdZ ahié coﬂé‘ﬂntraﬂed’zt‘b At Z@OmL Isopﬂépy? 2.7
Hz, 1H), 397('dd J =11.0, 4.0 Hz, 1H), 2.76 (dd, J = 13.9, 6.4

2.53 eehol {160 13.)7 and disthenclamine t1586-@.. 18.7 meIH)Nere added, and the V\D
|?>8C{|'/1|1gg€ / (ﬁ‘lﬁ'ﬁe was stirred at room temperature for 10 hours. The solids were fnt&§d and

EXAMPLE 1 /washed with a mixture of isopropy! alcohol {15 mL) and hexanes (30 mL) to provide
[[3(2R 3R) 4R 59] - 3-[ 2- Benzyl - 3- (4- bronmp- 2-fl uoro-p hen¥2) hydr OXy- propi o
nyl ] - , .ﬁélﬁvra@bﬁmrz-ﬁﬁsﬁzﬂv@remm -BARpzoic acid YrPERRWt i on

(1 ESR jr’s)e% TR g7 B TR FRER R0 e %’t&yi@?of"éa“ﬁ’@%?gédd%aﬁ o

titani um 1722, 1480, a@Bmemw d288, 1290312meph P54 BN 16 7y 1 08)W0BT aT0T@,

sol ution which_was sti mnutes at -70[err]C

NN T e B et VB 40RMIE (GGI L 533 & i 3T T = 7.9 Hatd. over
10 m nut esy a r4k e r4.8dafo@r

ot oo a7 S8 Yy8Y 8 28 HEMHPESEIBR, Thi et WA CRIES R 1R oldra 96
added dr opim,<2t), 3.82-3H00(n, [281) r 288-RiSar{nmyi2ii),ure2 (sasHyt'1G NOMR f1O0 Mz, 80GCIL)es at

-70[err] C |_uor (0.990 g, 4.9
nmol ) in d?‘?ﬁf érb#et%a%e ?éagn%n}ava?aa%e’ag B 8%%%3563 \%??’8 mai nt ai ni ng a
reaction tenperature of |ess than ogexasmpak {0 -68 C. The reaction

m xture was stlrred at -70[err]C for 60 mnutes and then aIIowed to warmto
0C 18over : digyclopexylamiy - Ratlsd-Hydsa -yl

sat ur at ed AHYSQat -beﬂ"mg" um chl ori de and 1 2 g. of Cellte[err] Thi s

m xture wa Trrght at room tenperature and filtered. The
phases were separ atigrand thp B62idiotazaboean@syl-4-trifluonerabibg- Mrrze&: tadies
with water _and once with brine, dried over nmagnesi umsul fate

concent r at @d-dmgEY-RrPYLARterd7 54 86 18, 95pmah) "\)‘P|U988rﬁ‘l5amhl g ﬁé‘] "t‘qu P%h'EB‘Frpound

?:Bgl [lerzr] )a "é’ rfﬁlH_}_Y?g@?g%i,ﬁ*e?f:aégoﬁé%mﬂsergfupé'for AL ith0REe The lqlbsLMG( R0 Mz,

20 removed and sodium carbonate (2.73 g, 25.8 mmol),

(3S,4R)-3-benzyl-7-bromo-chroman-4-o} (5.47 g, 17.1 mmol},

tetrakis{triphenylphosphine)paliadium(0) (24.0 mg, 20.8 ymol), and water (20 mL) were
added. The bi-phasic solution was stirred at reflux for 100 minutes, cooled to room
temperature, and poured into water (50 mL). The layers were separated, and the
25 organic layer was treated with Darco® G-60, filtered, and concentrated. The crude ester
was dissolved in isopropy! alcohol (80 mL) and 10% aqueous sodium hydroxide (8.0
mL) was added. The solution was heated at reflux for 3 hours, cooled to room
temperature, poured into water (120 mL), and extracted with hexanes (80 ml) and
isopropyl ether (40 mL). The aqueous layer was washed with hexanes (80 mL) and
30 isopropyl ether (40 mL), adjusted to pH 2 with 6 N hydrochloric acid, and extracted with

methyl tert-buty! ether (two times 75 mL). The organic extracts were dried over



20 1H), 7.09-7.34 (m 12H), 5.35 (d, J=7.3 Hz, 1H), 5.32 (d, J=4.9 Hz,

1H), 4.89-4.92 (m 1H), 4.51-4.55 (m 1H), 3.65 (bs, 1H), 3.35 (dd,
J=7.1, 7.1 Hz, 2H), 3.03-3.06 (m 2H), 2.81 (s, 3H), 2.34 (dd, J=8.1,
8.1 Hz, 2H) WQA%yHO085 03 (m 2H), 0.40 (d, J=6.6 Hz, 3H). PCT/1B97/01024\0
98/ 11085 PCT/ 1 B97/ 01024
- 49- CLAI M5 VWhat is clainmed

i S: 1. A process of preparisg a conpound of the formula

[err] 10 or the enantioner of said conpound, wherein in said
conpound of formula X the Rlerr]-substituted benzoic acid noiety is

aE tCI?Ifg(ra(rj] ?E g%r: ﬁﬂ%&&[ﬂ S&ﬁ!g fﬂ!f et%g?géog\@ntrgteggﬁhe 4crudt-': product fa: rcld‘%s}i??ﬁdeipr]

and Rlerr] mtwndggesmer&ﬂhef (snel L}, eshd Hibvblbhgxﬂﬁrﬁiﬂé @A0Sitt P0G Aimdl was
fluoro, chloro, Clerr]-Clerr] alkyl, Clerr]-(err] alkoxy

phenyl sul f i agfed.pbayTistwe éﬁﬁ*ffe%\ﬁ@lema"@) angt the(sgflid rwgs. iitfeced pn@ma;hyd with

wherein n i sai d
al koxy and %G%J'%?@P%Pp(ﬁrer r A ade#r3 rfkégﬁy)g(g'ggcv%hue%gﬁm%‘gﬁ"ﬁ? ﬁb%vg i

noi ety of saydroppensdnsan-7iyhyttriiistomethypbemadatel (7. sm_\gl 70%Ojdﬁlﬁ ):ah £raosmal I y
substituted by 1 to 3 fluoro oup RL ]gC&
SRyl or  pREhR 30p0RE 250, BoSaioee; 1564, 1429, 1396, 1488y 1303, 166, 1116, 903,

Clerr] - Ol er ghe24sy bes %@f ik bﬁﬁ’(iob r\gﬁg'réﬁbg sg(ﬁrj Lfher Lngﬂés gaso'iH? 10

menber ed heteroary wher el n' sai het'er oaryl gt ou
optional | y Fuaasi Uu% @b by, H)o7.12Z- B&b(mj SiHE o8 (dd, J =+ mﬁepembllemm)y 7908 feic Ued

(rom pheny! At L 209k WP §5 987 L Blp22 685, 1, 30 0, o 401 1

10 11.0, 5.0 Hz 1H}), 274279(m 3H) 2.50 (dd, J = 13.8, 9.4 Hz, 1H), 1.80-1.82 (m, 4H)
2.20 (brs, 1H), 1.68-1.70 (m, 4H), 1.56 (d, J = 12.2 Hz, 2H), 1.00-1.26 (m, 10H).
NMR {100 MHz, COCl,) 6 24.70, 24.73, 25.03, 28.94, 29.09, 34.75, 41.75, 62.64, 65.00,
67.57, 116.50, 121.42, 122.59, 123.77, 126.38, 126.73, 128.03, 128.55, 129.08, 129.45,
138.95, 1398.16, 142.51, 144,20, 154.04, 173.85.

16 EXAMPLE 16

(3S,4R)-2-(3-Benzyl-4-hydroxy-chroman-7-yl}-4-trifiuoromethyl-benzoic Acid

A mixture of (3S,4R)-dicyclohexylammonium-2-(3-benzyl-4-hydroxy-chroman-7-yl)-
4-trifluoromethyl-benzoate {2.37 g, 3.89 mmol) in ethyl acetate (25 mlL), and 1 N
hydrochloric acid (25 mL) was stirred at room temperature for 1 hour. The mixture was

20 poured into ethyl acetate (20 mL) and the aqueous layer was removed. The organic
layer was washed with water (six times 50 mL), dried over magnesium sulfate, filtered,
and concentrated to provide (3S,4R)-2-(3-benzyl-4-hydroxy-chroman-7-yl)-4-
trifluoromethyl-benzoic acid (1.66 g, 100% yield): 'H NMR {400 MHz, CDCl,) 6 8.00 (d,
J = 8.1 Hz, 1H), 7.67 (d, J = 8.1 Hz, 1H), 7.64 (s, 1H), 7.18-7.36 (m, 6H), 6.91 (dd, J

25 =7.9.1.7Hz, 1H), 6.86 {d, J = 1.7 Hz, 1H), 4.53 (d, J = 4.2 Hz, 1H), 4.24 (dd, J =
11.2,2.7 Hz, 1H), 3,97 (dd, J = 11.0, 4.0 Hz, 1H), 2.76 (dd, J = 13.9, 6.4 Hz, 1H), 2.53
(dd, J = 13.7, 9.3 Hz, 1H), 2.24-2.26 (m, 1H).



or the enantiomer of said compound of fornula I X in the preparation of the
30 enantioner of said conpound of fornmula X, wherein Rerr], Rerr], and

R3 are as defined - 50-
above, R[ q¥dbg/immsslerr]-Cerr] alkyl, and the benzoate noie i t ached
to position 6 or 7 of the chroman ring, with a base. %r/lisr%nﬁf

The process of claim 1 wherein the conmpound of fornula I X, or the
enanti omer of said conpound, is preparﬁd by treating a conpound of the

formul a OH [err] 10
or the enantiomer of said conmpound of fornmula VII in the preparation of the
enantiomer of said conpound of fornula IX wherein Rlerr] and Rlerr] are as

defined in claim and the bor@ﬁﬁMﬂcﬁ_ﬂZml ety is attached at p05|t|on

6 or 7 of t
20 ﬁ&%ﬁg@ =5 NG Zis
hal o or Cﬁmmh5£§rernF¢Loxazondme-efdmoroal kyI sul fonate in the presence of a
base or fluoride salt and a palladi um cataly 3. The
process of clailm 62SwhtwfeDﬁ(@ﬁﬁ)ddmpﬁwhﬂ-pbﬁnﬂ@r(ﬁmhgnyMprppionytb-bnazohdm-z-

5 one (1.50 g, 4.8 mmol) in dichioromethane (23 mL) at -70°C was added titanium

tetrachloride (0.6 mL., §.3 mmol) giving a yellow-orange solution which was stirred for
15 minutes at -70°C. N,N,N'N'-Tetramethylethylenediamine (2.2 mL, 156 mmol) was
added over 10 minutes giving a dark red reaction mixture which was stirred for 70
minutes at -78°C. 1-Msthyl-2-pyrrolidinone (0.80 mL, 9.7 mmol) was added dropwise,
10 and the reaction mixture was stirred for 30 minutes at -70°C. A solution of 4-bromo-2-
fluoro-benzaldehyde (0.990 g, 4.9 mmol) in dichloromethane (5 mL) was added
dropwise while maintaining a reaction temperature of less than or equal to -68°C. The
reaction mixture was stirred at -70°C for 60 minutes and then allowed to warm to 0°C
over 80 minutes, at which point it was quenched with 15 mL of saturated aqueous
15 ammonium chloride and 1.2 g. of Celite®. This mixture was stirred overnight at room
temperature and filtered. The phases were separated and the organic phase was
washed three times with water and once with brine, dried over magnesium sulfate, and
concentrated under vacuum to 2.76 g of an cil containing the title compound and 1.2
equivalents of 1-methyl-2-pyrrolidinone: 'H NMR (400 MHz, CDCI,) § 7.48 (t, J=8.1 Hz,
20 1H), 7.09-7.34 (m, 12H), 6.35 (d, J=7.3 Hz, 1H), 5.32 (d, J=4.9 Hz, 1H), 4.89-4.92 (m,
1H), 4.51-4.55 (m, 1H), 3.65 (bs, 1H), 3.35 (dd, J=7.1, 7.1 Hz, 2H), 3.03-3.06 (m, 2H),
2.81 (s, 3H), 2.34 (dd, J=8.1, 8.1 Hz, 2H), 1.95-2.03 (m, 2H), 0.40 (d, J=6.6 Hz, 3H).



25 enantioner of sald corrpound wherein R[err] and R[err] are as defined in

claim?2, is prepared by t ornul a 30
T S 1] N —
conpound of forrmula VI in the preparatlon of the enanti omer of said
conpound of fornmula VII, wherein Rlerr] and Rlerr] are as defined in claim

2 and X is a halide and is attached at pggition 6 or 7 of the chroman ring,
with (1) Cerr]- 10 Cerr] alkyl lithium and (2) a borating agent.

4. The process of claim3 wherein the conpound of fornula VI, or the
enanti oner of said conpound, wherein Ré Rlerr] and X are as defined in
claim3, is prepared by treating a—%und of the fornula

[err] 15  whatis claimed is:

1. A process of preparing a compound of the formula

COEH RE DH

10 or the enantiomer of said compound, wherein in said compound of formula X
the R*-substituted benzoic acid moiety is attached at carbon 6 or 7 of the chroman ring;
R' is -{CH,),CHR*R® wherein q is O to 4,
each R? and R? is independently selected from the group consisting of H, flucro,
chloro, C,-C; alkyl, C,-C, alkoxy, phenyisulfinyl, phenylsulfonyl, and -S(0),(C,-C; alkyl)
15 wherein n is 0 to 2, and wherein said alkyl group, the alkyl moiety of said alkoxy and
-§(0).(C,-C, alkyl) groups, and the phenyl moiety of said phenylsulfinyl and
phenylsulfonyl groups are optionally substituted by 1 to 3 fluoro groups;
R® is H, C,-C, alkyl, or phenyl substituted by R%
R® is H, C,-C; alkyl, C,-C, cycloalkyl, C,-C,, aryl, or 5-10 membered heteroaryl,
20 wherein said aryl and heteroaryl groups are optionally substituted by 1 or 2 substituents
independently selected from phenyl, R?, and phenyl substituted by 1 or 2 R%

which comprises treating a compound of the formuia

C02R4 RE 9H

25

R3

or the enantiomer of said compound of formula IX in the preparation of the

30 enantiomer of said compound of formula X, wherein R', R? and R® are as defined



20 or the enantioner of said compound of formula Vin the
preparation of the enantioner of said conpound of formula VI, wherein
Rlerr], Rerr] and X are as def Imu 3 and X is attached at
position 4ygloghi@k the phenyl ”Im'” Im"“”m 0 or nitro, PCT/IB\%/E}ghz?
base, optionally in the presence of* added copper salts. .

The process of claim4 wherein the conmpound of fornmula V, or the 25

enanti omer of said conpound, wherein R| rr] Rlerr], X and Y are as defined
inclaim4, is pr epar ed bytreatlné-’ corrpound of the fornula 30
WD 98/ 11085

PCT/ 1 B97/ 0

or the enf#t"f“ﬁn%rs&ﬁ -G RAbBERENBPate SReiatY LS F’VQ?Wthtﬁd’%“@ﬂeﬁ 8%76’?1“’6? t he
enant i orrerchpgmg,alnqgc\gﬂpggageof formula V, wherein R, R2, X and Y are as
defined in claim4 and X is attached at p05|t|on 4 or 5 of the phenyl
ring, and X errd. i s Ehechracass 0 claimxi Wharejn the tbmpobyd raf dermmga uX, ogttegent .

6. Theéprocess of claimb5 R\%‘: erein the conpound of fornula IV, or the

enant i omer "S‘F“'%'Bﬁroldciﬁ‘é)ﬁﬁ‘??af’” d$ Bf?P“F&‘%PY]"eaWEbFFPmPX”W(PéWﬁ f°5'HH'aY are as -
definedgin claimb5, is prepared by tregﬁ_l ng a conpound of the fornula
R-CHerr]C(O-Xerr], wherein R err]gand err] are as defined above,
with (1) a Lewis acid, (2) a base, ard (3)ia compeund of formula 15 [err]

(H0),B VII

10
or the enantiomer of said compound of formula Vii in the preparation of the
enantiomer of said compound of formula IX, wherein R' and R? are as defined in claim
1 and the boronic acid moiety is attached at position 6 or 7 of the chroman ring, with

a compound of the formula

18 CO,R?
7 VIII

R3

20
wherein R® and R* are as defined in claim 1 and Z is halo or C,-C,
perflucroalkylsulfonate, in the presence of a base or fluoride salt and a palladium
catalyst.
3. The process of claim 2 wherein the compound of formula Vi, or the
25 enantiomer of said compound, wherein R! and R? are as defined in claim 2, is prepared

by treating a compound of the formula

30



20 wherein Rerr], X and Y are as defined inclaim5 and X is

attached at position 4 or en ring. 7. The
process of claimb5 wherein the 3%& ”' la |V, or the
enant i omer WP 2¥B1085 conpound of f in Rerr], RRSIBI7A1024
X[err] and Y are as defined 25 in clarm5 S prepared by treating a

conpound of the formula Rlerr]-CHerr]C(O-X err], wherein R err] and
X[err] are as defined in claim5, with &£1) a titanium(IV) halide, (2) a
base optionally foll owed by treatnent with a donor ligand, and (3) a
conpound of formula 30 WO 98/ 11085

PCT/ 1 B97/ 01024 ? H -53- [err]
wherein Rerr], Xand Y are as d fine(g'n claim5 and X is attached at
position 4 or 5 of the phenyl ri r;g 8. The process of

51
claim 1l wherein the conpound or the 10 enantioner of said
conpound, wherein Rerr], and Rl err] ar\rfe as defined in claim
1, is prepared by couprTing pnpoundf of the for é

or the enantiomer of said compound of formula Vi in the preparation of the
enantiomer of said compound of formula Vil, wherein R' and R? are as defined in claim
2 and X is a halide and is attached at position 6 or 7 of the chroman ring, with (1) C,-
10 C, alkyl lithium, and (2) a borating agent.
4. The process of claim 3 wherein the compound of formula Vi, or the
enantiomer of said compound, wherein R', R? and X are as defined in claim 3, is

prepared by treating a compound of the formula

OH
15 R2

BT

20 or the enantiomer of said compound of formula V'in the preparation of the
enantiomer of said compound of formula VI, wherein R', R? and X are as defined in
claim 3 and X is attached at position 4 or 5 of the phenyl ring, and Y is halo or nitro,
with a base, optionally in the presence of added copper salts.

5. The process of claim 4 wherein the compound of formula V, or the

25 enantiomer of said compound, wherein R', R?, X and Y are as defined in claim 4, is

prepared by treating a compound of the formula

30



[err] 15 or the enantioner of said conpound of fornula Vi
in the preparation of the enanti oner of said conpound of formula IX,

wherein Rlerr] and R err] are as Hm ﬂ ”\HL@" 20 1 and X', which is

attached akydegipgn 6 or 7 of t is halo or ?ﬁ_ r]
per fl uoroal kyl sul fonate, with a conpound of the*formul a ;ml ‘%g‘r

wherein R err] and Rlerr] are as defined in claiml, in the presence of a
base or fluoride salt and a pall adi um cat al yst. 9. The
process of claim8 wherein the conpoundd®df fornula XIV wherein 30 Rferr]
and R[err] are as defined in claim8, is prepared by hydrol yzing a conpound
of the formul a WD 98/ 11085

PCT/ 1 B97/ 01024 0 -54- [err]

OH

b w3 TUTERERS
-

or the enantiomer of said compound of formula IV in the preparation of the
enantiomer of said compound of formula V, wherein R’, R? X and Y are as defined in
claim 4 and X is attached at position 4 or & of the phenyl ring, and X_ is a chiral

10 auxiliary, with a hydride reducing agent.
6. The process of claim § wherein the compound of formula IV, or the
enantiomer of said compound, wherein R', R? X, X, and Y are as defined in claim 5,
is prepared by treating a compound of the formula R'-CH,C(O)-X., wherein R' and X,

are as defined above, with (1) a Lewis acid, (2) a base, and (3) a compound of formula

15 o2 0

20
wherein R?, X and Y are as defined in claim 5 and X is attached at position 4 or
5 of the phenyl ring.
7. The process of claim § wherein the compound of formula IV, or the
enantiomer of said compound of formula IV, wherein R', R%, X, X, and Y are as defined
25 in claim 5. is prepared by treating a compound of the formuta R'-CH,C(O)-X,, wherein
R' and X, are as defined in claim 5, with (1) a titanium(IV) halide, (2) a base optionally

foilowed by treatment with a donor ligand, and (3) a compound of formula

30



5 wherein R err] and R err] are as defined in claim8, the
dashed line indicates a bond en the B and N atons, n
and m are independently 2 to 5, Hmlmummj mHmH or Jerr]-Cerr] alkyl.
10.  The pMR&¥LF claim 9 whereintthe compouhd of formul a YRUT/IBAABI034 n
Rlerr], Rerr] and R err] are as defined in cIa|m9 I's prepared by

reacting a conpound of formula [err] wherein R err] and

Rlerr] are as defined in claim9, wth asgonpound of fornula
HX(CH err])[err]-N(Rlerr])-(CHerr])[err]OH, wherein n, m and Rlerr] are

as defined in claim9. 20 11. The process of claim8 wherein the
conpound of forrmula XV, wherein Rlerrd and Rlerr] are as defined in
claim8, is prepared by hydrolyzing g2conppund of the formul a

[err] 30 wherein Rerr] and R gir] are as defined in claim8 and
Rlerr] is CJerr]-Cerr] alkyl. WO 98/ 11085

PCT/ | BO7/ 01024 " H 1]

wherein R?, X and Y are as defined in claim 5 and X is attached at position 4 or
5 of the phenyl ring.
8. The process of claim 1 wherein the compound of formula (X, or the

10 enantiomer of said compound, wherein R', R?, R® and R* are as defined in claim 1, is

prepared by coupling a compound of the formula

R? OH

15 VI

or the enantiomer of said compound of formula Vi in the preparation of the
enantiomer of said compound of formula X, wherein R' and R? are as defined in claim
20 1 and X', which is attached at position 6 or 7 of the chroman ring, is halo or C,-C,

perfluoroalkylsulfonate, with a compound of the formula

0 OR4

B(OH),

R3 X1V
25

wherein R* and R* are as defined in claim 1, in the presence of a base or
fluoride salt and a palladium catalyst.
S. The process of claim 8 wherein the compound of formula XiV wherein
30 R® and R* are as defined in claim 8, is prepared by hydrolyzing a compound of the

formula



- 55- 12. The process of claim 11l wherein the conpound of
formula X111, wherein R3, R4 and R7 are as defl ned inclaim1l1l, is

prepared by treating a corrpound Nmu““mm ferr] _
wher ei n Rawengnftésare as defi ne th a rret al %%99@%‘“ n
1

the 10 presence of tri-(Cferr]- €[e?r]LaI kyI)borate The
process of claim1l and further conprising reacting the conpound of
formula X, or the enantionmer of said conpound, wherein Rlerr], Rerr], and
Rlerr] are as defined in claim1,-%th a secondary am ne of the
formula NHR[err] Rl err], wherein R[err] and Rlerr] are as defined in
claiml1l, to form an ammniumcarboxylate of the formula 15 [err]

20 or the enantponer qjR%ai d conpound of formula XVI1 when
prepared fromthe enant ™ of sangcégrrpound of the fornula X
wherein R err], Rerr], Rerr], R[err(rand ér] are as defined in
claim1. 14. A pr -ef---p-r ngercorrpound of the formula
25 30 |

0cchy),

wherein R® and R* are as defined in claim 8, the dashed line indicates a bond
or no bond between the B and N atoms, n and m are independently 2 to 5, and R® is

10 H or C,-C; alkyl.
10.  The process of claim 8 wherein the compound of formula XVI, wherein

R®, R*and R® are as defined in claim 9, is prepared by reacting a compound of formula

0 oR*

BCOH),

15
R3 XIV

wherein R’ and R* are as defined in claim 9, with a compound of formula
HO(CH,),-N(R®)-(CH,),OH, wherein n, m, and R"® are as defined in claim 9.

20 11. The process of claim 8 wherein the compound of formula XIV, wherein

R* and R® are as defined in claim 8, is prepared by hydrolyzing a compound of the

formula

OR¢

25 B(OR?),
XITI

30 wherein R’ and R* are as defined in claim 8 and R is C,-C, alkyl.

SIRSTITHTE QUEET M E 2
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I[Q[ere;]r] is “(‘EPI{’BW?) [err] CHR| er ‘Im.“ﬂwm t“'Of 3 dl (S:ogpmound 9;/\//(I)lleor24el "

each R err] is independently sel ected fromthe group consi sting of H,
fluoro, chloro, Cerr]-Cerr] alkyl, Cerr]-Cerr] alkoxy,

phenyl sul finyl, phenylsul fonyl, and -S(,%[ err](Cerr]-Cerr] alkyl) wherein
nis O0to 2, and wherein said al kyl group, the alkyl noiety of said al koxy
and -S(O[err](Cerr]- Cerr] alkyl) groups, and the phenyl noiety of
sai d phenyl sul figyl I I . r [ I .
substituted by 1@,[0 3 l;ﬁgcr?%@é o?'dIaIfﬂ'W wﬁe?em%@ggrﬁpé[ugdr §ffto|5'r§0%)hx wherein
Clerr]- C[erR"] thkgﬂﬂ’ameaphieﬁlyéd Maﬁnﬂutieqlxé;yaréa;by treating a compolficebf the s H,
Cerr]-Cerr | kyl, Cerr]-Cerr] cycloalkyl, Clerr]-Clerr] aryl, or 5-10
member ed h&? ryl, wherein said aryl and heteroaryl groups are
optionally substituted by 1 or 4 tuents i ndependently sel ected
fromphenyl, R err], and phenyl tuted by 1 or 2 Rerr]; 20

X[err] i a chiral auxiliary; Rlerr] is (err]-Cerr]
alkyl, derr]-Cerr] alkenyl or I substituted by Y in the 2 position,-
X inthe 4 or 5 position, P injone ofgthe remaining positions of
t he phenyl noiety, wher ei aro, nitro or CJerr]-Cerr] al koxy,
and X is a halide, which conpr eating a conpound of the formula
Rerr]-CHerr]C(O-Xerr], whereih R err] and X[err] are as defined above,

oot ot S Ak g S PR RS RELASERR B

conmpoungd obrdskacé of tG-dJ@kyhbetdd.H wherein Rlerr] is as def| ned
above, relative to the anount of said conpound of fornula

R[ err]-CH err] C(1®) - X[Tdergrocess of claim 1 and fgther comptsing ueattivt thasohgramnka
of formula X, or the enantiomer of said compound, wherein R', R?, and R® are as

defined in claim 1, with a secondary amine of the formula NHR®R®, wherein R® and R°®

are as defined in claim 1, to form an ammonium carboxylate of the formula

15
RORCHN*  €0,m e 9”
: Rl XVII
R 3
20
or the enantiomer of said compound of formula XVll when prepared from the
enantiomer of said compound of the formula X, wherein R', R?, R?, R® and R® are as
defined in claim 1.
14. A process of preparing a compound of the formula
25

30
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or the enanti omer of said c Rlerr] is
-(CHerr]) gé%ﬂerr]R[err] whgm“’“mum l\nml\ each err]
i s independently sel ected from the grfoup consi sti ng of H, f1 EGREBIEHO
Cerr]-[err] alkyl, (Jerr]-Cerr] al koxy, phenylsulfinyl, phenylsulfonyl,
and -S(O)[err](C[err]-C[err] al kyl) wherein 10 nis 0 to 2, and wherein
sai d al kyl group, the al kyl npoiety of s&bd al koxy and -S(OJ[err](Cerr]-
Cerr] alkyl) groups, and the phenyl noiety of said phenylsulfinyl and

phenyl sul f onyl groups are optionally substituted by 1 to 3 fluoro
gr oups; Rlerr] is H Ceqgl-Cerrg alkyl, or phenyl substituted
by R2; Rlerr] is H, C[era'] Cerrkyalkyl, (err]-Cerr]

cycloal kyl, CJerr]-Cferr] aryl, or

ed heteroaryl, 15 wherein
said aryl and heteroaryl groqu1

ubstituted by 1 or 2

substituents i ndependent | y ‘sel ect ed¥from phéfyl, Rl err], and phenyl
substituted by 1 or 2 R2; X Es a halo group and is attached at
position 4 or 5 of the phenyl ring; andR Y is halo or nitro.
16. A*tonpound of the formul a [err] 25 or the

enanti omer of said conpound, wherein Rlerr] is

-(CHerr])[err]CHR[err] R err] whereincl(1 is 0 to 4; each
Rlerr] is independently selected from th&Xgroup consisting of H, fluoro,
chl or o, Cerr]-Cerr] alkyl, (err]-Cerr] al koxy, phenylsulfinyl,
phenyl sul fonyl, and -S(Of[err](Cerr]-Cerr] alkyl) wherein

or the enantiomer of said compound, wherein R’ is -(CH,),CHR’R® wherein q
10 isOto 4

each R?is independently selected from the group consisting of H, fiuoro, chloro,
C,-Cq alkyl, C,-C, alkoxy, phenylsulfinyl, phenylsulfonyl, and -S(0),(C,-C, alkyl) wherein
nis 0 to 2, and wherein said alkyl group, the alkyl moiety of said alkoxy and -S(O),(C,-
C, alkyl) groups, and the phenyl moiety of said phenylsulfinyl and phenylsulfonyl

15 groups are optionally substituted by 1 to 3 fiuoro groups;

R® is H, C,-C, alkyl, or phenyl substituted by R?;

R®is H, C,-C, alkyl, C,-C,4 cycloalkyl, C,-C,, aryl, or 5-10 membered heteroaryl,
wherein said aryl and heteroaryl groups are optionally substituted by 1 or 2 substituents
independently selected from phenyl, R?, and phenyl substituted by 1 or 2 R?;

20 X, is a chiral auxiliary; and,

R'' is C,-C, alkyl, C,-C, alkeny! or phenyl substituted by Y in the 2 position, X
in the 4 or 5 position, and R? in one of the remaining positions of the phenyl moiety,
wherein Y is halo, nitro or C,-C, alkoxy, and X is a halide, which comprises treating a
compound of the formula R'-CH,C(0)-X,, wherein R' and X, are as defined above, with

25 (1) atitanium(lV) halide, (2) a base optionally followed by treatment with a donor ligand,
and (3) less than 2 equivalents of a compound of the formula R''C(O)H, wherein R"'
is as defined above, relative to the amount of said compound of formula R'-CH,C(O)-X..

15. A compound of the formula

30



30 nis O0to 2, and wherein said al kyl group, the alkyl noiety of said

|11 1) T

Clerr] al kyWOUEHS, and the phenyl tnore phenyl sul frRaTyiBOZOTD24

phenyl sul f onyl groups are optionally substltuted by 1to 3 fluoro
gr oups; Rerr] is H (err]-Cerr] alkyl, or phenyl
substituted by R2; Rerr] gg.H Clerr]-Cerr] alkyl,

Cerr]-Cerr] cycloalkyl, Cerr]-Cerr] aryl, or 5-10 nenbered heteroaryl,
5 wherein said aryl and heteroaryl groups are optionally substituted by 1

or 2 substituents i ndependent |y sebﬁct ed fromphenyl, Rerr], and
phenyl substituted by 1 or 2 RZ; X is halo or C[err] derr]
perfl uoroal kyl sul fonate and is att%%hed at position 6 or 7 of t he

chroman ri ng. 17. conpownd o he formul a [err] 15
or the enantioner of said co iT i's
-(CH err])[err]CHR[ err] R e¥ £.is 0to 4 each

Rlerr] is independently sel ectgd oK t he &loup consisting of H fluoro,
chloro, s Clerr]-Clerr] alkyls~>Cerry-Cerr] al koxy, phenylsulfinyl,
phenyl sul fonyl, and S(O)[err](C[err] Cferr] alkyl) wherein 20 nis 0 to 2,
and wherein sai d®l k§P Yroup, the alkyl noiety of said al koxy and

-S(Oferr]( QL ro]rner of said % é?t]snlfl\n}ﬂé'r%mw %’Qé )aﬁqﬂtﬁhewﬁ)&@w asln?;t/@hy of

sai d phenylsu Inyl an fon &8ps are optlo
substituted by 1etoh8? st:ndnp;ngemNMected from the grouplepasisfing of Hi fluoro, chloro,

STH e e Gt ARG e eblend praryBsshi e S(RG -y dh o
ooy " 0808 03 Wro Py RSy et oo e ingey brgiSemcp
f rom phenyl CqRilieyiy prowpsd apHethy| preniyk mdiety ed sajd phenylguliRiydrarid, pherlsulfonyl
groups are optionally substituted by 1 to 3 fluoro groups;
R® is H, C,-C; alkyl, or phenyl substituted by R
R®is H, C,-C; alkyl, C,-C, cycloalkyl, C-C,, aryl, or 5-10 membered heteroaryl,
15 wherein said aryl and heteroaryl groups are optionally substituted by 1 or 2 substituents
independently selected from phenyl, R?, and phenyl substituted by 1 or 2 R?
X is a halo group and is attached at position 4 or 5 of the phenyl ring; and,
Y is halo or nitro.

16. A compound of the formuta

20 Re

OH

VI

25
or the enantiomer of said compound, wherein R' is -(CH,),CHR*R® wherein g
is 0 to 4;
each R?is independently selected from the group consisting of H, fluoro, chloro,
C.-Cq alkyl, C,-C, alkoxy, phenyisulfinyl, phenylsulfonyl, and -S(0),(C,-C; alkyl) whersin
30 nis0to 2, and wherein said alkyl group, the alkyl moiety of said alkoxy and -S(0),(C,-



the boronic acid noiety is attached at position 6 or 7 of the chroman ring.
18. A conpound of the formula H,H" WO 98/ 11085
PCT/ 1 B97/ 01024 "’ {’ J"(L - 59-

$S

[err] or the enant§ orter "o conpound, ei n the
benzoat e r‘fvo?gﬂlmfss attached at carbon 6 or 7 of the chr"%

Rlerr] is -(CHerr])[err]CHRlerr]Rlerr] wherein qis 0 to 4; 10 each
Rlerr] and R3 is independently selected fromthe group consisting of H,
fluoro, chloro, derr]-Cerr] alkyB; derr]-err] alkoxy,

phenyl sul fi nyl, phenyl sul fonyl, and - S(O)[err](C[err] Clerr] alkyl)
wherein nis 0 to 2, and mherein said al kyl group, the al kyl noiety of said

al koxy an&; alkyi) QS(uD)s[ @nd] the] phenyt @[oénty]ofadd@lp)\egylwlﬁrwl amid phéreyluitfenyll

noi ety of ad henyl sul fonyl gro are

oplt i o%al I 9?%"'(?5 8B3L‘1{¥f“%¥"t“8"9§%¥ h&?BfE'PERJ E°S”%s-15 e UIOSR[ err] is
Cerr]-Cerr] éﬁSKyH C,-C alkyl or phei%ubbtitufed by REerr]-Clerr] alkyl, or

phenyl substituted by R[e rl; Rierr] is H derr]- C[err]

alkyl, d er r]- & ds H] Cefe Iatkal, Riy-ICa ogflenikyh Cp€hs dryhioyb; 100nerﬁb§@drtmeami

h d h
cubst | 2t srers 5o AR B naRlqan ofeu? We SBlcal s Bk 1 Rl BHI SRRy
Rlerr], antiepengemtlysesitéd tidracbhyyll ROrand piRenyl Q&bstnuted by 1 @2 R? A conpound

of the fornula
X' is halo or C,-C, perfluoroalkyisulfonate and is attached at position 6 or 7 of

the chroman ring.

17. A compound of the formula

10 OH
2 g
R i 1
(HO)>,B

15

or the enantiomer of said compound, wherein R’ is -(CH,),CHR’R® wherein q

is 0 to 4;

each R?is independently selected from the group consisting of H, fluoro, chloro,
C,-C; alkyl, C,-C, alkoxy, phenylsulfinyl, phenylsulfonyl, and -S(0),(C,-C, alky!) wherein
20 nis 0to 2, and wherein said alkyl group, the alkyl moiety of said alkoxy and -S(0),(C,-
C, alkyl) groups, and the phenyl moiety of said phenylsulfinyl and phenylsulfonyl
groups are optionally substituted by 1 to 3 fluoro groups;
R® is H, C,-C, alkyl, or phenyl substituted by R?;
R®is H, C,-C; alkyl, C,-C, cycloalkyl, C4-C,, aryl, or 5-10 membered heteroaryl,
25 wherein said aryl and heteroaryl groups are optionally substituted by 1 or 2 substituents
independently selected from phenyl, R?, and phenyl substituted by 1 or 2 R?; and,
the boronic acid moiety is attached at position 6 or 7 of the chroman ring.

18. A compound of the formula

30



[err] 25 wherein R[err] I's selected fromthe group

consisting of H, fluoro, chloro, err] aI kyl , Cerr]-Cerr]
al koxy, phenyl sul finyl, phenylsul l !l err] (derr]-Cerr] alkyl)
wherein n i WO 98/410880 2 and wher et oup, t he al kytTAasyRid240f

sai d al koxy and - S(O)[err](C[err] C[err] a ky * WD 98/ 11085
PCT/ 1 B97/ 01024 - 60-
groups, and the phenyl noiety of said phgglgyl sul finyl and phenyl sul f onyl
groups are optionally substituted by to 3 fluoro groups;
Rlerr] is (err]-Cerr] alkyl; and, Rerr] is C[err] derr]
al kyl. 5 20. A corrpound of the fqornula [err]
wherein R3 is selected fromtheQgrAup ﬁgn5| ing of H fl uoro, chI oro,

| kdix ahEny| finyl,

Clerr]-Cerr] alkyl, Cerrj-Cerr
phenyl sul fonyl, and -S(O[e [

2, and wherein said al kyl
-S(Of[err](derr]-Cerr] alky
phenyl sul finyl and phenylsulfonyl
1 to 3 flauoro groups; and,

21. A conpound of the forrrul a

yl) einnis O0to

e y of said al koxy and

4r.omm and the phenyl noiety of said
gr otips aﬁb 15 optionally substituted by

Rlerr] is (Jerr]-Cerr] alkyl.

«Q

or the enantiomer of said compound, wherein the benzoate moiety is attached
at carbon 6 or 7 of the chroman ring;
R' is -(CH,),CHR®R® wherein q is 0 to 4;

10 each R? and R® is independently selected from the group consisting of H, fluoro,
chloro, C,-C; alkyl, C,-C; alkoxy, phenyisulfinyl, phenylsulfonyl, and -S(0),(C,-C, alkyl)
wherein n is 0 to 2, and wherein said alkyl group, the alkyl moiety of said alkoxy and
-S{0),(C,-C, alkyl) groups, and the phenyl moiety of said phenylsulfinyl and
phenyisulfonyl groups are optionally substituted by 1 to 3 fluoro groups;

15 R* is C,-C; alkyl;

R% is H, C,-C; alkyl, or pheny! substituted by R?;
R®is H, C,-C, alkyl, C,;-C4 cycloalkyl, C4-C,, aryl, or 5-10 membered heteroaryl,
wherein said aryl and heteroaryl groups are optionally substituted by 1 or 2 substituents

independently selected from phenyl, R?, and phenyl substituted by 1 or 2 R%.

20 19. A compound of the formula
0 OR*
B(OR™),
XITI
25
R

wherein R is selected from the group consisting of H, fluoro, chioro, C,-C, alkyl,
C,-C;s alkoxy, phenylsulfinyl, phenylsulfonyl, and -S{0),(C,-C; alkyl) wherein n is O to
30 2, and wherein said alkyl group, the alkyl moiety of said alkoxy and -S(0),(C,-C, alkyl)



[err] 25 wherein the dashed line indicates a bond or no
bond between the B and N at ons; n and mare i ndependently 2
to 5; Rlerr] is sel up consisting of H, fluoro,
chloro, C gf % 1%55”1 al kyl , eﬁlm M‘ﬂ“mm‘“ﬂ“}al koxy, phenﬁl sul fi ngzl,
phenyl sul fonyl, and - S(C»[err](CIer?]‘{Iérrf al kyl) wherein CrdByqig24,
and 30 wherein sald al kyl group, the al kyl noiety of said al koxy and

-S(O[err](Cerr]-Cerr] alkyl) groups, WO 98/ 11085

PCT/ 1 B97/ 01024 -60- -61- and

t he phenyl noiety of said phenylsulfinyl and phenyl sul fonyl groups are

optionally substituted by 1 to 3 fluoro groups; Rerr] is

q err]-C egro]upal kuyd! thexpleny! moiety of said pRéisulfinybaiti phe&iiStifdnyChRiupl a@rbky! .
moni um car boxyl ate of the tornmula errf’

22
or t he enaHPﬁ"?ﬂ?ﬂY SB*PS"%‘PEI BYohiRoR Hecro#erRs:n in said car boxyl ate of fornula
XV R* is C,-C, alkyl; and,

R’ is C,-C, alkyl.

5 20. A compound of the formuta
Os_OR?
B(OH),
R3 X1V
10

wherein R* is selected from the group consisting of H, fluoro, chioro, C,-C, alkyl,
C,-Cs alkoxy, phenyisulfinyl, phenyisulfonyl, and -S{0),(C,-Cs alkyl) wherein n is 0 to
2, and wherein said alkyl group, the alkyl moisty of said alkoxy and -S(0O},(C,-Cg alkyl)
groups, and the phenyl moiety of sald phenylsulfinyl and phenylisulfonyl groups are

15 optionally substituted by 1 to 3 fluoro groups; and,

R! is C,-C, alkyl.
21. A compound of the formula
0 oR¢
: —p8
20 B.b """" MR v
~(CH,),
R
25 wherein the dashed line indicates a bond or no bond between the B and N
atoms;

n and m are independently 2 to 5,
R® is selected from the group consisting of H, fluoro, chlore, C,-C, alkyl, C,-C;
alkoxy, phenylsulfinyl, phenyisulfonyl, and -S(0),(C,-C4 alkyl) wherein n is 0 to 2, and
30 wherein said alkyl group, the alky! moiety of said alkoxy and -S(0),(C,-C; alkyl) groups,



the Rlerr]-substituted phenyl rmi ety is attached at carbon 6 or 7 of the
chroman ring; Rlerr] is -(CHerr])[err]CHRerr] Rl err] wherein g

is 0to 4; 15 each R[err!] ﬂ ndependently sel ected from
the group cwos9sexiossy of H, fl uor, Iﬂm”“ﬂﬂ” lmu "C[ err]-d err] pairkindro1024
Cerr]-Cerr] al koxy, phenylsulfi nyI phe'ﬁyl sul fonyI and
-S(Oferr](Cerr]-Cerr] alkyl) wherein nis 0 to 2, and wherein said
al kyl group, the alkyl noiety of said al kpxy and

-S(O[err](Cerr]-Cerr] alkyl) groups, and the phenyl noiety of said
phenyl sul fi nyl and phenyl sul f onyl groups are optionally substituted by
1to 3 fluoro

Gerr- o or P HiecsReiv, sty o peic BREFY FuF by Braty SRR roubs ke eptisgaly |

i s i ndependemidiivutet bleiord ikdrergrdumd; kyl, Cferr]- derr] cycl oal kyl,
Cerr]-Clerre] aryl, or 5-10 rrenbered het eroaryl, wherein said aryl
and heteroaryl gPoiRHS -&salkgh@ndnal |y substituted by 1 or 2
substituents indgp t S cted from phenyl, R err], and phenyl
substituted R ?s'%or} d‘l’c q%ﬁ 23. A conpound of the
formula 5 [err]2z2. An ammonsuW):&Bbmaif the formula

PCT/ 1 B97/ 01024 oM hed - 62-

or the enantioner of cQhpou whereip X attached at position 4 or
5 of the phenyl Rﬁﬁ? N n@o ER[ err]

(CI-l[err])[err]Cl—lR[err]R[err] N GAF R1 XKVIT o aeh

Rl err] is independently sel ect¢ onsistlng of H,.fluoro,
chloro, 5 (err]-Cerr] alkyl, oxy, phenylsuiflnyl
phenyl sul fonyl, and - S(O)[err]( E C ] ~@kyl) wherein nis O0to
2, and wygerein said alkyl group, phe alkyl noiety of said al koxy and
-S(Oferr](derr]- Cerr] alkyl) groups, and the phenyl noiety of said
phenyl sul finyl and phenyl sul f onyl groups are optionally substituted by

1to 3 fl ; . . is H. d. - | kyl
Shenyl subot 1t o St pagtiomey of said comieuigr whéreniip Sef GRiseR Bl hfomly KV
Cerr]-d erfhe gyslRdfad {)hgy@ﬁfo}etﬂseéﬁe]chéﬂ ¥t cai®on®s di07 BEIHeEREmARIRIgRar yI

wherein said aryl and heteroaryl groups are optionally substituted by 1 or
2 substituents ~R'is i(@tgernndftwhereinl gistte 4:r om phenyl, Rerr], and pheny!
substitq%ed by 1 or

g Yis
hal o or Nitro; aﬁECh %5%&5 'L indegfgy?r]tlylsglegtegﬁf%fheaqﬁw 3’??’“'”9 of H, fluoro,
chloro, C,-C, alkyl, C,-C, alkoxy, phenyisulfinyl, phenylsuifonyl, and -S({0),(C,-C, alkyl)

wherein n is 0 to 2, and wherein said alkyl group, the alkyl moiety of said alkoxy and
-5(0),({C,-C, alkyl) groups, and the phenyl moiety of said phenyisulfinyl and
phenylsulfonyl groups are optionally substituted by 1 to 3 fluero groups;

20 each R® is independently H, C,-C, alkyl, or pheny] substituted by R?;

each R°® is independently H, C,-C, alkyl, C;-C, cycloalkyl, C4-C,, aryl, or 5-10

membered heteroaryl, wherein said aryl and heteroaryl groups are optionally substituted
by 1 or 2 substituents independently selected from phenyl, R?, and phenyl substituted
by 1 or 2 R

25 23. A compound of the formula

30



10

15

wosst10ss A IS

-62-

or the enantiomer of said compound, wherein X is attached at position 4 or 5
of the phenyl moiety;

R' is -(CH,),CHR’R® wherein q is 0 to 4;

each R? is independently selected from the group consisting of H, fluoro, chloro,
C,-C; alkyl, C,-C, alkoxy, phenylsulfinyl, phenylsulfonyl, and -S(0),(C,-C, alkyl) wherein
nis 0 to 2, and wherein said alkyl group, the alkyl moiety of said alkoxy and -S(0),(C,-
C, alkyl) groups, and the phenyl moiety of said phenylsulfinyl and phenyisulfonyl
groups are optionally substituted by 1 to 3 fiuoro groups;

R® is H, C,-C, alkyl, or phenyl substituted by R?;

R®is H, C,-C; alkyl, C,-C, cycloalkyl, C,-C,, aryl, or 5-10 membered heteroaryl,
wherein said aryl and heteroaryl groups are optionally substituted by 1 or 2 substituents
independently selected from phenyl, R?, and phenyl substituted by 1 or 2 R%

X is halo;

Y is halo or nitro; and,

X, is a chiral auxiliary.



