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THE | NVENTI ON The p ent invention relates to the fields of organic

chem st rywo @harsraceuti cal chem stry, biochem stry and nedicai/mes/od1m
particular, it relates to novel florfenicol-type antibiotics. BACKGROUND
OF THE I NVENTION Florfenicol is a broad spectrum antibiotic with activity
agai nst many gram nengNE\lceFléPBFgNlﬁ@bJé(PtEA@TB%l@tTéQSa Florfenicol is
useful for the prevention and treatnent of bacterial infections due to
suscepti bl e pathogens in birds, reptiles, fish, shellfish and mammals. One
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pododermatitis in cattle caused by Fusobacterium necrophorum and Bacterioides

melaninogenicus, swine respiratory disease caused by Pasteurella multocida,

Actinobacillus pleuropneumoniae, Streptococcus suis, Salmonella cholerasuis

and(or) Mycoplasma spp., colibacillosis in chickens caused by Escherichia coll,

enteric septicemia in catfish caused by Edwardsiella ictaluri, and furunculosis in

salmon caused by Aeromonas salmonicida. Other genera of bacteria that have

exhibited susceptibility to florfenicol include Enterobacter, Klebsiella,

Staphylococcus, Enterococcus, Bordetella, Proteus,and Shigella. In particular,

chloramphenicol resistant strains of organisms such as K. pneumoniae, E. cloacae,

S. typhus and E. coli are susceptible to florfenicol.

Florfenicol is a structural analog of thiamphenicol, which in tumn is a derivative
of chloramphenicol in which the aromatic nitro group, which nitro group has been

implicated in
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irreversiwbDa3apisasti c anem a in humans, is replaced w th &craBosy3sal f onyl
group. Florfenicol has a fluorine atomin place of the prinmary hydroxyl
group of chl oranpheni col and thianphenicol. This renders florfenicol |ess
susceptible to deactivation by bacteria containing the plasm d- encoded
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Sal monel | a speci es (Bolton, L. Clin, Mcrobiaol. 1999, 37,
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44, 4214 C%u rd%ﬁ%?éﬁdde%ha%%db@@q&éﬁtBﬁﬁ&ﬁ%ﬂmatléﬂm Bhctafia., Antim crob.
Agents g 2001, 45, 2381), i n the aquacul tural Fat hogen,
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(Keyes, K., et al., Antimicrob. Agents Chemother., 2000, 44, 421.), KlebSIeIla
pneumoniae (Cloeckaert, A., et al., Antimicrob. Agents Chemother., 2001, 45, 2381),
and in the aquacultural pathogen, Photfobacterium damselae subsp. piscicida
(formerly Pasteurella piscicida) (Kim, E., et al., Microbiol. Immunol., 1996, 40, 665).
This resistance has been traced to a highly conserved gene (flo) that produces an
antibiotic efflux pump (Flo).

The emergence, and threatened spread, of resistance to florfenicol has
fostered the need for new antibiotics that retain or exceed the activity of florfenicol,
maintain its imperviousness to the CAT enzyme and, in addition, are not substrates
for the Flo efflux pump. The compounds of the present invention are such
antibiotics.

SUMMARY
Thus, an embodiment of this invention is a compound having the chemical

formula:



formula: 2 WO 03/077828 PCT/1B03/03140 OHR R4/ HNO R2 RBR 3
wherein: R is selected fromthe group consisting of -OH and -F;, R2 and R3
are i ndepwodentisys sel ected fromthe group consisting of hpdragemn3ifol C -
4C) al kyl, halo, -CF3, -NH2, -CN and N3; R4 is selected fromthe group
consisting of: -C(=R5)R6, wherein: R5 is selected fromthe group
consi sting of oxygen, N-C=N, and NOR7, wherein: R7 is selected fromthe
group consi sting of hydrogen, alkypH aryl, heteroaryl, alicyclic and
heteroalicyclic; R6 is selected frdmthe group consisting of hydrogen, (1 C
- 4Qal kyl, (3C - 6C)cycloal gf al koxy, aryl, heteroaryl,
alicyclic and het eroal i cyclic N.A B ~Ad~ wherein: A is carbon or
nitrogen; A2, A3, A4 and AR*are”i ndepéwdently selected fromthe group
consi sting of carbon, nitrogen, oxygem_ and sul fur, provided that at | east
one of A - A5 is not carbon, that RhgsRdtal number  of ni trogen, oxygen
and sulfur atomin the ring. does not exceed 4 and that the ring is
ar omat | whetimbon atons in the ring are independently substituted with an
en%'c';Zyﬁe|§§%<8ﬁedffr{)ﬂ{rfh{erb‘?m%%ls$ﬂ§%fsél’-lréﬂdofz hydrogen, (1C - 4Qalkyl, (3C
R? and R? are independently selected from the group consisting of hydrogen, (1C —

4C)alkyl, halo, -CF3, -NHa, -CN and N3;
R* is selected from the group consisting of:
-C(=R°)R®,

wherein:

R%is selected from the group consisting of oxygen, N-C=N, and NORY,
wherein:
R’ is selected from the group consisting of hydrogen, alkyl,
aryl, heteroaryl, alicyclic and heteroalicyclic;
R®is selected from the group consisting of hydrogen, (1C — 4C)alkyl, (3C —
6C)cycloalkyl, (1C — 4C)alkoxy, aryl, heteroaryl, alicyclic and heteroalicyclic;

wherein:

A'is carbon or nitrogen;

A2 A% A* and A® are independently selected from the group consisting of
carbon, nitrogen, oxygen and sulfur, provided that at least one of A'-A%is
not carbon, that the total number of nitrogen, oxygen and sulfur atom in the
ring does not exceed 4 and that the ring is aromatic;

carbon atoms in the ring are independently substituted with an entity selected
from the group consisting of hydrogen, (1C —4C)alkyl, (3C — 6C)cycloalkyl,
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28 PCT/1B03/03140 (1 C - 4CalkylO, -CF3, -OH, -CN, halo, (1

C- 40alkylS(O-, (1 C- 40QalkylS(O (err)-, NH(err)SQerr)-, (1 C -
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substl tuent being bonded to adjacent ri ng carbon
infany of the al kyl groups in any of the substituents may

e substituted with a group selected from halo and -OH

hydroger’ﬁ\l\n 24" conmpounds, except when R2 and R3 are both F, in whi

R8 i s hydrdy
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wherein:

A8 A7, A A® and A are independently selected from the group consisting of

Sne—
carbon, nitrogen and , provided that only one of A — A" at a
SN —0,

time can be

carbon atoms in the ring are independently substituted with an entity

selected from the group consisting of hydrogen, (1C — 4C)alkyl, (3C —
6C)cycloalkyl, (1C -~ 4C)alkylO-, -CF3, -OH, -CN, halo, (1C — 4C)alkylS(O)-,
—4C)alkylS(O)z-, NH2SO2-, (1C — 4C)alkylNHSO2-, ((1C — 4C)alkyl)a2NSO.-,
-NHz, (1C — 4C)alkyINH-, ((1C — 4C)alkyl)2N-, (1C —4C)alkylSO,NH-, (1C —
4C)alkylC(O)-, (3C — 6C)cycloalkylC(O)-, (1C — 4C)alkylOC(O)-, (1C -
4C)alkylC(O)NH-, -C(O)NHj, (1C — 4C)alkyINHC(O)-, ((1C — 4C)alkyl)2NC(O)-
and -OCH0-, the oxygen atoms in the ~OCH20- substituent being bonded to
adjacent ring carbon atoms, wherein any of the alkyl groups in any of the
substituents may optionally be substituted with a group selected from

halo and -OH;

R® is hydrogen in all compounds, except when R? and R® are both F, in which case

R® is hydrogen or F; and,

RS is
ch case



4 WD 03/077828 PCT/1B03/03140 the compound is either a racemate having the
rel ati ve stereochem stry shown or is substantially enantionerically pure
and has tWwe oalbzwsbait e stereochem stry shown. I n an enbodi nmPoir/1B63/3Mi0s
invention, RLis -F. In an enbodiment of this invention, R2 and R3 are

i ndependently selected fromthe group consisting of C and F. In an
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Ag - AlO0, L.n gn enbodi nent of this invention, R4 is ~A and one, two or three
of A6 - Aefiged 8PAY& nitrogen: and, one or two of the remmining carbon atons

in the ring isaakmoBindial this BueSiont Rt fdcMit(o)-.- NH2, all ot her carbon
atons in the ring being unsubstituted. In a presegtly preferred enbodi nent

of this invention, R4 is selected fromthe 7,gﬁﬁ\u onsisting of: 4Ck -ON
N\ N\ N;NN\ N N-I TLV
. A ¢A1°
In an embodiment of this invention, R*is s ,
wherein:
A8, A7, A%, A% and A" are as defined above, and,
any of A®° — A% that is carbon is substituted with an entity selected from the group
consisting of hydrogen, -NHa, halo-, -CN, (1C — 4C)alkyl-, (1C — 4C)alkylC(O)-, (1C
— 4C)alkylS(O)-, (1C — 4C)alkylS(O)2-, NH2SO2~, (1C — 4C)alkylSO2NH-, (1C —
4C)alkyINHSO,-, ((1C — 4C)alkyl)o2NSO»-, wherein any of the alkyl groups in any of
the substituents may optionally be substituted with halo or —OH.

Y
AL

In an embodiment of this invention, R* is o and one, two or three
of A® — A'® js/are nitrogen; and,
one or two of the remaining carbon atoms in the ring is/are optionally substituted with
—NHj>, all other carbon atoms in the ring being unsubstituted.

in a presently preferred embodiment of this invention, R* is selected from the

group consisting of;

O OO O



NN 5 W 03/077828 PCT/1B03/03140 NH3ICHNI N O2 NH2 J~J and NJ
HZN N H2ZN N A2-Al AaO 5 In an enbodi nent of this invention, R4 is ~Ad~ as
defi ned awowa/077822-A1 /O 5 In an enbodi nent of this inveariiBes/o3RD | s ~Ad~
and all carbon atons and nitrogen atons are unsubstituted. A2-Al A30, 5 In
an enbodi ment of this invention, R4 is ~A4~ and one of A2 - A5 that s
carbon is substituted with an -NH2 group, all other carbon and, if

applicable, nitrogen atonsyin the r| n% bei ng_unsubstituted. In a presently
preferred enbodi nent o FSinve R4 M S ected fromthe group
consisting of: ; ﬁ@ N I NNJi’ NN N6 WO 03/077828
PCT/ 1 B0O3/ 03140 ¢ ¢ g HAWN N N H2N"ZN H2N NH2
NH»
/lk _ and Jl\ /j/
HoN~ N HaN" SN
7o,
A2___A1
AéQ/\As
In an embodiment of this invention, R* is \A"' as defined above.
/,
A2_A1
In an embodiment of this invention, R* is \A4 and all carbon atoms
and nitrogen atoms are unsubstituted.
/.
A2_A1
Aé \A5

In an embodiment of this invention, R*is A*  and one of AZ — A% that
is carbon is substituted with an —NH; group, all other carbon and, if applicable,
nitrogen atoms in the ring being unsubstituted.

In a presently preferred embodiment of this invention, R* is selected from the

group consisting of:

S S



and N H2N A presently preferred enbodi nent of this invention is a

conpound selected fromthe group consisting of: OHOHOH \ FFF N\ | /
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A presently preferred embodiment of this invention is a compound selected

from the group consisting of:
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OH HNOI/ HNOF \p NN p~C, SI / HNHNFFHCO C HNNTO I z
zZNFF, OHOHOH FFF NN HNONWM | / HNOCH3SOz HNO S F X-s CC d
Cl , F ,woM3p778d8/ HN O and NJ C ClI wherein the conpoumrdTiiBo3i3idver a
racemate having the relative stereochem stry shown or is substantially
enantionerically pure and has the absolute stereochemstr
presently particula preferred enbodl Bt of this |nven'ﬁon S a conpound

selected fromt onsi sting
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wherein the compound is either a racemate having the relative stereochemistry
shown or is substantially enantiomerically pure and has the absolute stereochemistry
shown.

A presently particularly preferred embodiment of this invention is a compound
selected from the group consisting of:

on OH OH
. F F
P HNIO NS HNfO NN HNIO
NCl/ N NF F F,N/ ci” >l ,



'pHNOI FF NN/ HNOMN / HNO G C NHSH2ZNFFHS O C OH O
N HNXO CH36@/0s280 ~N CI C and C Cl, wherein the conmpo®rad/IB&/@i40her
racemate having the relative stereochem stry shown or is substantially
enantionmerically pure and has the absolute stereochem st shown. In
anot her particularly preferred enbodi nent of this i nvent if n, the conpound

OHOHF ~r I FFpHIO HNNHNONFF C C NCI C C HN, OHOHOH
FF
a

herein is subst@htially enantioneri dlly pure and has~s E2-(9S)
absolute con prati on. An enboewpent~of this i on jyy. apnet hod of
treating or Nt bhg a  bagte Lif egtion, N(iorlsmgamnlsterlngto
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i nfection is caused by a bacteria of the genus Pasteurella, Haenophil us,
Fusobacterium Bactericides, Aerononas, Enterobacter, Escherichia,

Kl ebsi el l a, Sal m)neHI a, Shi gel la, Acti nobaci | lus, St rept ococcus,
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wherein the compound is either a racemate having the relative stereochemistry
shown or is substantially enantiomerically pure and has the absolute stereochemistry
shown. |

In another particularly preferred embodiment of this invention, the compound
herein is substantially enantiomerically pure and has a 1-(R)-2-(S) absolute
configuration.

An embodiment of this invention is a method of treating or preventing a
bacterial infection, comprising administering to a patient in need thereof a
pharmaceutically effective amount of a compound hereof.

In an embodiment of this invention, the bacterial infection is caused by a
bacteria of the genus Pasteurella, Haemophilus, Fusobacterium, Bacterioides,
Aeromonas, Enterobacter, Escherichia, Klebsiella, Salmonella, Shigella,
Actinobacillus, Streptococcus, Mycoplasma, Edwardsiella, Staphylococcus,
Enterococcus, Bordetella, Proteus, or Mannheimia.

In an embodiment of this invention the bacterial infection is caused by
Mannhemia haemolytica, Pasteurella multocida, Haemophilus somnus,

Fusobacterium necrophorum, Bacterioides melaninogenicus, Actinobacillus



Fusobact eri um necr ophorum Bacteri oi des nel ani nogeni cus, Actinobacillus 9
WO 03/077828 PCT/1B03/ 03140 pl europneunoni ae, Streptococcus suis,

Sal nonel IaogborBe@asui s, Mycopl asma bovis, Mcopl asna hyopoEUBREN3249,
Mycopl asma hyorhinis, Mycoplasma gallisepticum Edwardsiella ictaluri,
Escherichia coli, Enterobacter cloacae, Staphyl ococcus aureus,
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shoul d I(}?L}igeé&ﬁﬂ%%?%@amc{&g limt the scope of this invention in any manner
what soever. Definitions As used herein, "halo" refers to fluorine,

chl orine, brom ne or _.iadi r fers to a saturated
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refers to - CH2CH2-, CH3CH ,
CH3CH2 M)&'ntﬁ”tpm@?wa“WM%tﬁ%V%roup may be unsubstituted or

substituted ypidy RIS fﬂérrﬁlc%rﬁém%s %gbiﬁé‘nt\ﬁlqcﬁ fr%r%dnlﬁ'ﬁo@fdgléPtrﬁé’”s' sting
of halo, -OH OCH3, used rein gc oal " refers to an

all -car b@\terwyewece tﬂ’StQ'dusB@ lrﬁn&nqiyﬁend,ed nphﬁﬂoulmm ﬁ00a$tt‘lm§iu§h|lmltt theay
contain S%E? Efth@ﬁ@erﬂBH% gnE%QEGrm {Bt&idps an essentially aliphatic

char act er 1's, the dou onds o not interact to forma delocalized
t-el ect rQﬁflmygn%m around the ring. For the purposes of this invention, the

ring may contgi LelReldth, tnsidk RErsab AllBrine! MhioflRS ORI} ibdiGe. 6C) cycl oal kyl

As used herein, “alkyl” refers to a saturated (containing no multiple bonds)
aliphatic (no delocalized n-~electron system), hydrocarbon (containing, if .
unsubstituted, only carbon and hydrogen). The designation (n«C — naC)alkyl,
wherein nq and nz are integers from 1 — 6, refers to a straight chain or branched
chain alkyl comprising from n to nz carbon atoms. For example, (1C — 4C)alkyl
refers to CHs-, CH3CH>-, CH3CH2CHz-, CH3CH(CHj3)-, CH3CH2CH2CHo-,
CH3CH2CH(CHz3)- or (CH3)sC-. The alkyl group may be unsubstituted or substituted
with one or more moieties selected from the group consisting of halo, -OH, OCH3,
and -C=N.

As used herein, "cycloalkyl" refers to an all-carbon cyclic or fused multicyclic
ring, which, although it may contain one or more double bonds, maintains an

essentially aliphatic character; that is, the double bondé do not interact to form a
delocalized Tt-electron system around the ring. For the purposes of this invention,

the ring may contain up to 7 carbon atoms. The designation (3C — 6C)cycloalkyl
refers to 3, 4, 5, and 6-member all-carbon-atom rings. As used herein, "fused"
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refers to 3, 4, 5, and 6-nenber all-carbon-atomrings. As used herein,
"fused" 10 WO 03/077828 PCT/1B03/03140 neans that two cycl oal kyl groups
share at weasiw7msee ri ng atom between them Thus, such co®EEUBRER3AE
spiro[ 4. 4] nonane are considered "fused" for the purposes of this

I nvention. More commonly, fused rings share two adjacent ring carbon atons.
An exan“ﬁ?én%fhaéMQ]C)&?'QQJMQYWMSB%%6§'%&9!"‘# fng Atasly bpbygeryihemni Afusay be

unsubst i §d&1%rﬁH&HﬁH? Mh‘é[ﬁq Mﬂntahe %r@%&)ﬁd’e’&g@ k fﬁ&é Gof h8 :?uwb%eg P

consi sting of here refers to
an all - davemwnsi\ﬂmmmmwg f@sedtrmgsmtneajtm adjamneg canbngatomheAm ng or

fused i g %) kP AELASSLLARY sZLal| SELIALIRSH Moy yrHSRled S oo

that each ri'ng o shares two a carbon a with at
| east oner swbktituted with aAmietyysblecﬁedgirammﬂwelmouplsummﬂstlrtgmfe@mr-os’lmshalbut ed with
one or rmr{qe_(%g\l eties sel ect ed fromthe group consisting of -CH, -OCH3, halo
and - used herein, "heteroaryl" refers to a five-nenber or

si x-menber rixgus¥d HePeint ¥RylY IhEIS to bin @ll-cafim énﬁﬂfﬂé‘?"rln%bv\méfu%eﬂgf%oer or a
five- and a six-menber ring fused together wherein the ring or fused ring

has a dehemékr degs, Tie ehgot fuead Biygd Ieaming & dalocalized TT-%lettron Bpstber €8l 1t nust

consi st of carbon and nitrogen only and may contain fromone to four

ni t r ogenfugediis meantghat eaghiringfaf tlee spstdye sbaresitwo mdicevioingadatbamatomsi t r ogen,

oxygen , al nitrogen
AP b BB S9N R B8 uobii el 0F SheBAL bBRT . e

r| ng i sor‘reemmomrmqntleszselé’tted troncthe greupusadsistiog efpils, -DECHhbalbaaid t hat t he

| ocation of the double bonds that participate in making the ring

heteroarg ‘ic is not static, rather it 1is dependent on the nature of the

atoms form nQd idrierdin, 'fheﬁeroarvheéfbl%rtotdmé IAEMbeE 8F SikMmenhdrrPgest to OXygen or
sul fur and what, groups, if any, are bonded to them The actual _ structure

of any fPLINGEner Woed -BIeEh S i Sx-[henbes or A fiveuangd ai{-TapmRPEIRY fusedt hose
killed h t t h t d Wth dt

ﬁelt ergartéﬁgr% ‘ere w ‘%r(?if}(;@%erpﬁé’ertﬁtrﬁleﬁ?r@gg&m %E?Eﬁcﬁlgzselggﬂ% ‘?Fgrgﬁlsbfﬁteﬁg %rt heocase

of aryl , r%?g"éﬁfmeébgg%ae it AN coﬁén%;bz o nfhd Hgfezw %r?l LESmRY ¢ yﬁH&?ﬁ | tut ed

with any I'es descri ove W to a groups.
used herfeam oné te faur oitdgepcttores. If efringss fioe-merytmdred, |bmuémm¢bm3mda| cCri ng

system Qt%(;é(e%' Bky% ?#r smﬁ‘unsgtl %Cén%qngy 85%5?1 on%r RN(P orc f%rr]ese' g&&ltlog‘laf)f car bon,

n|trogen
mtrogen atoms. A five-member ring with a circle in the center indicates that the ring

is heteroaromatic. The circle is used to emphasize the fact that the location of the
double bonds that participate in making the ring heteroaromatic is not static, rather it
is dependent on the nature of the atoms forming the ring, i.e., whether they are
carbon, nitrogen, oxygen or sulfur and what groups, if any, are bonded to them. The
actual structure of any five-member heteroaromatic will be immediately apparent to
those skilled in the art once the ring atoms are designated. With regard to
heteroaromatic groups, the term fused has the same meaning as in the case of aryl
groups. A heteroaryl group may be unsubstituted or substituted with any of the
moieties described above with regard to aryl groups.

As used herein, "heteroalicyclic" refers to a cyclic or fused cyclic ring system

containing atoms selected from the group consisting of carbon, nitrogen, oxygen and
sulfur but no delocalized Tt-electron system. "Fused” has the same meaning set

forth above with regard to cycloalkyl rings. Likewise, a heteroalicyclic ring may be
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sul fur but no delocalized 7t-electron system "Fused" has the sane neani ng
set forth above with regard to cycloal kyl rings. Likew se, a

het er oal iw@aBiot7se$ ng may be 11 WO 03/ 077828 PCT/ 1 B0O3/ 0314®@CTURGMI3340 t ut ed
or substituted with the sanme noieties described above for cycl oal kyl

rings. Whenever a ring carbon atomis stated to be "unsubstituted,” it is
under st omﬁUbﬁﬂffdheda}WUbﬁﬂUﬂeﬁ adthvihe spmedneielies desceeed @b@(@p’pééyﬂdﬁgﬂlMdr ogen
at ons. wise, if aring nitrogen atomis capable of being further

substitut "and it is stated to be unsubstituted, it neans that the
ni trogen i s BEhermyer 8 ringloadiangginmas stateddio hes'sidstiestigited, "i'triewaxia'rs/teod

St er e0Chal Sy kS| S Red OablIF LAPBLAILAN WPk IRooRASERA | iRSt il

relative anot use e st ereoc ref ers
to the enmogerpatemtis capatge of beisgliathier stissiitided and ftrie statederis onal space as

det er m ned Lthe Cahn-| l.d- Prel og. ,rul,e the ., a atlon of which are
wel | - knOW?uB%tltPtﬁﬁslgang%nPE@agt?%nQrﬁgergﬁponﬂgga%agyﬂ@BE orgn "enanti oner"
refers to one\saiseﬂmerémﬂ relatha Mb%ocﬁérﬁﬂsft;ﬂ’(}’em wifhemftiogw@ah space off a

rmleculeth r ot at ane | arized light in one direction or the other
(i.e., ?@PB@S@I@&Y%E’ ?f? Q& ori gi nal axis, conventional Iy called

"| eft ! or C|A@Ql§é'd3férelﬁOféwdslbie%léﬂebb!hérﬁéﬁy”rr@féré b e e ébiqftisnbonm@)bf
subst anti al | éﬂtenantl onerically pure" is npant that t he congound consi sts

of gr eat ¥Pstiyigntoindhise- d“tnﬁ@s'eﬂ%' S@ﬁﬁ‘?\?ﬁ egermingf dydba brndneRé-Erelethan 95%

and nost ruleefr@ra%tallHat%QﬁWcH A8 Well 9HnAS thisedKkiNIRH &l the 4. r acemat e” refers
toa 1:1 mxture of the two enantioners of a conpound. Racem c mxtures

are desi gnat & Uspddiefein, gn fenaniemer refeimiowantal 41 wo ahshite oner i cal | y pure
conpoundge l%'b@he?ﬁlewb 1%{]]\‘,% l%sté Pﬁﬂﬁg cﬁl%tt trot%‘ie%’ﬁl%ﬁe Pelraﬁké'd hgm?{ab@: refers

to birds, rept articu refers
to bi rdsdlmtwn arsthewthefdue c¢uﬁtergthcb\mseérﬁnbllk%@rssglaai@xmm@wﬂomallyh such as,

wi t hout %AHEH"( QP ciot AL gbé%na Petfér‘reiflih r|¥;ﬁ "i%\@aédbsta |'s such as,

without TTmtation, cats, |ts prgs, horses and
goat s amhmdnomhmailn ploies’ ngmeaﬁt thatibei compotlihe comrﬁsmﬁd&aabér than 80%mfenti on are

expect ednb 8nBBnittrhbr, bforbB) of8F R 059 bl St plehbrably GEkicPen "

99%.

As used herein, a "racemate" refers to a 1:1 mixture of the two enantiomers of
a compound. Racemic mixtures are designated by a (+/-) indicator. Substantially
enantiomerically pure compounds are shown without the indicator.

As used herein, “patient” refers to birds, reptiles, fish, shellfish, and mammals.
In particular it refers to birds such as, without limitation, chickens and turkeys, fish
such as, without limitation, salmon, trout, catfish and yellowtail, mammals such as,
without limitation, cats, dogs, rabbits, sheep, cattle, pigs, horses and goats and to
human beings.
Discussion

The compounds of this invention are expected to be useful for the treatment
of bacterial infections in patients.
Compounds

The compounds of the present invention are set forth generally in the

Summary, above. Exemplary compounds of this invention are shown in Table 1.
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Compounds The conpounds of the present invention are set forth generally
in the Sunmmary, above. Exenplary conpounds of this invention are shown in
Table 1. Wb 03Wr33% 077828 PCT/ 1 B03/ 03140 Neither the tabl @cmaBoydse40
conmpounds shown therein are intended, or are to be construed, as limting
the scope of this invention in any manner what soever. TABLE 1 Corrpound #
St r uct urideithgr the tEblenporthe o@npaunds shown taeigrgre intepded, X are/topeCl G 41 OH F

0 HNO Q:oﬁgﬁﬁ%d 26 iftnfg 1nB"%kope 6Mnf3 inlbrish 1A afy mehnertfhdtbdver. ™S I/ HN O 1A

TABLE 1

Compound # Structure

28 OH
F
N7 HN__O
o CIICI
29

41

47

48

49
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F HN X0 NC C

Cl 13 WO 03/077828 PCT/1B03/03140 50 OHF HN :to

51 HF HNS O~OF F 52 OH HN-O S |

OH F HNWOo3o71d28+/') C

HNO O'NCd

Xci

(+/-) FF 53 OH Crlt+

NC F F
F HN 54

Cl 55 OH F~~SHNO NN (+-pcTiB@o31H6 OH F
50 OH
(W
HN.___O
51 OH
(s
O HN 0]
~ (+/-) I
5% F7F
52 OH
53
54
55
56
57

(+)
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57 OHF OCHNO 14 WO 03/077828 PCT/1B03/03140 58 OHF O'\N+ HN O (+/-)
ad a 59 O0HF HNNC~cod 60 OHF HN~co O'NC G 61 OHF HNO
~S~.0C wpo3ezseH F NHN O | cIl 63 OCHF NI r ~HNNTOPCI/IBI3/B14064 OH UN
HN O

58 OH

HNIO

Cl Cl

(+/-)
59 OH

F

| XN HNIO
N~

cl” Cl
60 OH

F

’\ HN._O
Nt

o Cl Cl
61 OH

S
>sg cl” ¢l

0*>%
62 OH
F
N HN\EO
~ ci
63 OH

—2Z

\_/
:IZ:
I

cI” > F
64 OH
F
N HN_ _O
B T
= o >al
65 on
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c

/ HNO <I d cl

cl

C 65 O0HF HNO NCXF 15 WO 03/077828 PCT/1B03/03140 66 CHF S|

67 OHF NI
(+/ -)woed3oHs2s-F D HN~O Y ci C

/ HON C Xcl
O(+/-) 71 HF

66 OH
F
S HN.__O
< X
Cl Cl
67 OH
F
N7 HN._ _O
P
N Ci Cl
68 OH
F
N7 HNIO
|
Z cl >cl
(+1-)
69 OH
F
! HNIO
Cl Cl
o) (+1-)
71 OH
F
HNIO
© Cl F
72 OH
F
_O HNIO
© Ci Cl
73 OH
F
HNIO
© (+-) Cl! Cl
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16 WD 03/077828 PCT/1B03/ 03140

F ~O/ HNO Ocl ¢l 73 OHy"H+ _C
74 OHF C ~~01 HNO OCI C 75 OHF HO-~OIl HN O
Cl I NOWwWOoGh7Bes (+/-) 77 OHF NI / HNO HOti S Cl
OS\\~e HNOF FF 79 O OHO1l - HNO
74 OH
E
o ~O HNIO
° cl” al
75 OH
F
Ho O HNIO
° ci” >l
76 OH
E
ol NIO
© Cl Cl
(+1-)
77 OH
E
N HN.__O
o CIICI
78 OH
iop e
~ HN.__O
0*>% \EﬁF
LF
79 OH
O OH
o) HN.__O
<o O CIICI
80 OH
E
| HNIO
HO” cl” al

17
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<0 Cd d
OHCF HN To

s F CN) Gvh oger7s)s O Cl

a xa 92

80 OH ~F

Ol

| H\yO HON O C

82 CHF N/

~HN O |

86 OH FHNO N (+/-) C

17 WD 03/077828 PCT/1B03/ 03140 81
F:rF 84 OHF NNs HN O

~ 85 OH
F 91 @edTABo3dN1®® O + -

81 OH
F
HN\EO
© Cl
82 OH
F
N7 HN_ O
| X
Z @) FOF
84 OH
jope:
</N\N HN.__O
-
(+1-) Cl Cl
85 OH
F
N HN.__O
[\
o
N (+-) Cl Cl
86 OH
F
X HN._ _O
[ X
N™ () Cl” °F
91 OH
F
HNIO
@*-) CI7Cl
92
93
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OHF HN,Tr
94 F >-<\ S/ HNTO

F S HN GvoNB®728N-N F F

O 93 18 WD 03/077828 PCT/1B03/03140 OHF HN O H2N O 1\0

Il -NC A (+-) 950 F NSHNNNFF (+-) 970
(+/-) 98 0 9 F PCT/IB03/03140
F
HN.__O
HoN. O I
28 cl
0’0o
94
F
S 0
P X
N-N
(+1- Cl
95
F
s! o)
AN IF
(+-)
97
F
S HN.__O
Mes—¢ | :/E
N-N E
(+/-)
98
F
o s HN.__O
RN
- \N’N -
(+/-)
100
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Ol S/ HNONNF F

(+/-)

HNO NNFF 101 0 SHNO -(

107 OH F wOo0BH#71828 N -

F 111 OH F

100 19 WO 03/ 077828 PCT/1B03/03140 0 F S|
(+/-) 106 OH F

~~O HN O \\

G 109 OHF HO HN O 1P0T@BOhI03144N To

I NNNC d
N (+-) C
F
HNIO
(+/-)
101
F
HNIO
(+/_ cl
106
F‘
HN_ _O
" (+/_ FI
107
F
HN_ _O
109
m
(+/") CI
110 OH
F
N (+-) F™OF
111 OH
F
I N HNIO
N7 +-) ¢ i

/
N



HN O 20 WD 03/077828 PCT/1B03/03140 112 OHF HN O 0 113 CHF HN :to

114 OHF N |

(+-) FF 21

HN O N +/-

FFF 115 OHF S HN O HN \
lz:t N | wolBloOs28 117 F OH F a-b",

HN O cl x cl

~ 116 F OHF t+1
118 OFCH/IBG/0dNt0: co

112
113
114
115 OH
F
S HN._ O
<1
(0] N-N
(+-) cCl Cl
116 F  OH
F
HNIO
F
117
F
HNIO
Cl
118
F
<S HN.__O
| X
N (+1) g g

21
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WD 03/077828 PCT/ 1 B03/03140 120 OHF H N O NI (+/-)
NNN~HNO 122 OHF NNNYH(+-) FF 123 HF NHNO NCC dC 124
/ HO cl
127 O0H FNNM / HNO / (+/-) FF

OH F N HNO@3/0N82¢ F 125 OH F NN~ |

N-N (+/-) Cl

c

a d

120 CH
F
S HN._.O
oy
N ¢H) e el
121 OH
122
123
F
NN HNIO
|
N w7
124
125
126
127

22
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22 WO 03/ 077828 PCT/1B03/ 03140

F NHNO NG d

(+/-)
(+/-)

Cl
c

130 H F N

128 OHF N |

HN O N (+-)
HNO (+-) NFF 131 OH F O

c

a 129 oH
s HNO N

O N(+/-) FF 133 OH FPBTHBII®3 142N j

D 03A3BAOH F O | / HN
c 134 OH F
128 OH
F
NI,N\ HNIO
-
2 0N
129 oH
F
N HNjO
1l -
N GR cl
130 OH
F
N HNIO
il
(+/-)
N ENE
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S HN H2N-< (+/-) NFF 135 OH~F e0 | HN N (+/-) Fd 23 WD 03/077828
PCT/1B03/ 03140 136 OHF j1s HNO N (+ ) C O 137 OHF SHNO NF F
138 OH FWBosks® N F O 139 OHSl s HN To < N F F 14@COHBOF3S / HN O
N-N+/-) F, Cl

136
137
138 OH
F
S HN.__O
N X
N\ +/[w
(F) F~ ~Cl
139 OH
F
S HN.__O
T Y
N F7F
140 OH
141
142
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141 OHF O OHNrF F H2N 142 OHF sOi HNTO C C H2N 24 WO
03/077828 PCT/1B03/03140 143 OHF NHNO NCFF 144 CHF NHN O NC C
Cl 145 OMOM3/omM®28 / HN O CI ~Ccl 146 OHF C 00 HN O @CT/1BG/@B440 CH F

sS1 / HNO
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NN HNIO
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—Z

\_/
z
—

NC Cl Cl
145 OH
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147 OH
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\, TNNNC C 148 OH OOHNT N (+/-)

FF HNO 149 HF | HNO No

C C 25 WO 03/077828 PCT/1B03/03140 150 CHF OHNO d TC HO 151 OH
F O $YJwbHploFses HO 152 OHF HN O d 2), _
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154

155

156
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_ I
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54 OH
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F V\V f HNO NC N 166 OH

NC NNH2 168 OH s F \
170 OH F wDlozre7M428d4N ~co

\' F S|
HN O NC N NH2 169 OH
NCl I 171 OHF N\ |
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/ HN O

/" HN ~0 cl
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F
HNIO
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176 OH
F
s HN_ O
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N cl” ¢l
177 OH
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172 HF S |
[/ HNTO FF 175 CHy"HN FF 176 OHF S HNO H2N--~ N C

NON |

/ HNO H2N~ T NF F 173 OH

OH F N Iwo osie7®28 HZN Cl C (+/-) 178 OH ~ F | / HN O FeN1BhEI310l
179 oH
NH, F
PN HN_ O
| I
kN/ c->al
(+-)
180 OH
F
NI,N\ HNIO
=
N
H, wy O

Syntheses

Intermediates were prepared in enantiomerically pure form, starting with
commercially available chioramphenicol base (1), or as racemic mixtures by
condensation of p-bromobenzaldehyde with glycine under basic conditions. For the
enantiomerically pure synthesis of intermediates such as 9, chloramphenicol base
was converted to compound 3 (Rebstock, M. C., et al., J. Am, Chem. Soc., 1949, 71,
2458; Evans, D. D, et al., J. Chem. Soc., 1954, 1687; Morris, D. S. and Smith, S. D.,
J. Chem. Soc., 1954, 1680). Compound 3 was subjected to the Sandmeyer reaction
after which the acetate protecting group was removed under acidic conditions to
provide enantiomerically pure 9.

Alternatively, p-bromobenzaldehyde (5) can be converted to (d/l)-threo-p-
bromophenylglycine (6, Scheme 1), (Bolhoffer, W. A. J. Am. Chem. Soc. 1954, 76,
1322; Herbert, R. B.; Wilkinson, B.; Ellames, G. J. Can. J. Chem. 1994, 72, 114),
which can be protected as N-Boc derivative 7 and then reduced in two-steps:
activation with DCC and N-hydroxysuccinimide followed by treatment with NaBH4 to
provide 8. Compound 9 can be isolated as its TFA salt or as the free base.
Regioselective introduction of fluoride is accomplished by protecting the amine and
benzylic hydroxyl group as phenyl oxazoline 10 followed by fluorination with
(diethylamino)sulfur trifluoride (DAST) or [bis(2-methoxyethyl)amino]sulfur trifluoride
(Lal, G. 8., J. Org. Chem., 1999, 64, 7048) to give 11. Compound 11 is used in the
Suzuki cross-coupling reaction for the synthesis of biaryl derivatives. The other
Suzuki partner, an aryl boronic acid such as 12, can be prepared as shown and

reacted with aryl halides.

30

Cl

"HN OMN T FF H2N 174 OH F
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29 WD 03/077828 PCT/1B03/03140 179 CHNHR2 F HNO NNOC C (+/-) 180 OH
F NN-T / HNO | H2N/ (+/-) G C Syntheses Internediates were
prepared wo oafozases omerical ly pure form starting with comeEIBIRI3NL0

avai | abl e chl oranpheni col base (1), or as racem c mxtures by condensation
of p-bronobenzal dehyde with glycine under basic conditions. For the
enantionerically pure synthesis ofchemernedi ates such as 9, chl oranpheni col
base was converted to conpound 3 (Rebstock, M C., et al., J. Am Chem
Soc., 1949, 71, 2458; Evans, D. D., et al., J. Chem Soc., 1954, 1687,
Morris, D. S fand Snmith, §_©. J, Chem ., 1954, 1680Q) .{"Conpound 3 was
subj ect ed °‘Sar’rd1'm(}/e eheli onaf t ch-ttre acetfafle TprBt ecti ng
group vva§2Nr_em)ved under®ci gi ¢ conditi B¥Wsto provide efantkonerically pure
9. Alternatively, p-bronobenzal dehyde (5) can be converted t|o
(d/1)-threo-p- bronophenyl glycine (6, Schene 1), (Bol hoffer,| W A J. Am
Chem Soc. 1954, 76, 1322; Herbert, R B.; WIlkinson, B.; H'lanmes, G J.
Can. J. Chem 1994, 72, 114), which can be protected as N-Roc derivative 7
and then reduced in two-steps: activation with DCC and

N- hydr oxysticci ni migheo f ol | owed by §reat ment wi tfH NaBH(err) 1§ ovi de 8.
Corpound(9) €an drat Bdmaf T8 FRAT Fietreelodsdy,

Regi osel efti ve-t r Yeuct i or”of, t'ori de i & aggonpl i shed bywpeotecting the
am ne ands ben_zyl(ie{: hydroxyl @Group as phenyl gfgxgrz)ol i ne 16¥?sdirTlA5§}ed bg
fluorination with (diethylam no)sulfur trifluoride (DAST) or

[ bi s(2-nmet hoxyet hyl ) am no] sul f trifluorid (Lal, G S, i g. Chem
1999, 64, 70(%8) to give 11. nmpound 11 isgised in the o~ ’
N N

X 2 i
OH ix 3 B Xl
Br NHy Br OH Br F (HO).B F
(enantiopure or (+/-)) (enantiopure or (+/-)) (enantiopure or (+/-)) (enantiopure or (+/-))
(free base or TFA salt) 10 e 12

9

i) Ac,0 neat; ii) Ha(a), 10% Pd/C; iii) NaNOo/ag. HBr, 0 °C, then CuBr/aq. HBr; iv) 10% HyS04, A, then NaOH workup; v) KOH, glycine, then aq. HCI, then
NH4OH; vi) Bocz0, dioxane, water, vii) DCC, HOSu then NaBH, THF then H,0; viii) TFA then NaOH workup; ix) ethylbenzimidate hydrochloride, EtaN; x)
DASTor [bis(2-methoxyethylyaminojsulfur trifluoride, <78 °C to raom temperature; xi) first n-Buli at -78 °C, then B(OMe); -78 °C to room temperature.

The conditions for removal of the phenyloxazoline protecting group proved to
be incompatible with many functional groups at the p-position of the aromatic ring.
Thus, a new protecting group motif was developed based on literature methods
(Scheme 2; Jommi, G., et al., Gazz. Chim. Ital., 1986, 116:485). Phenylserine 6 was
converted to methyl ester 13, which was protected as oxazolidinone 14, which, in
turn, was reduced with NaBH; to 15. Fluorination with either DAST or [bis(2-
‘methoxyethyl)amino]sulfur trifluoride gave intermediate 16, which did not give
consistently good Suzuki reaction yields. Thus, 16 was converted to 17. Cleavage of
the oxazolidinone protecting group was facilitated by the introduction of a Boc group
(Grehn, L., et al., Acta Chem. Scand. B, 1986, 40, 745) followed by base-catalyzed
cleavage to give 18 (Ishizuka, T. and Kunieda, T., Tetrahedron Lett., 1987, 28, 4185;
Jommi, G., et al., Gazz. Chim. Ital., 1988, 118:75).
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Suzuki cross-coupling reaction for the synthesis of biaryl derivatives. The
ot her Suzuki partner, an aryl boronic acid such as 12, can be prepared as
shown andworogatisesl with aryl halides. 30 WD 03/ 077828 PCT/PCBIBINB140
Scheme 1 OHOH OHOH OH OzN |1 NHz OH &N 1/ NHAO HI ~ HzN/ NHACOH N H 2
34iv CHOOHOOHOHvV OHO vi \ OFI vii I OHwviii I OH OH-~/ (/ NH
NHz Br | / NHBoc Br NHeoc Br Br (&rhem®Bure or (+/-)) Br (+/ ) (+/-)
(+/-) (free base or TFA salt) 6 6 7 8 g 0" 0~ 0\ / OHNHz OHga _ Br OH Br

Fx (HOzB | B Br (enantlopure or (+/-)) (ehantlopure or
(enantlopmch/-)) fen e or (+.-)

11 12 9 i @ neat ; iip) :  T0% Pd/[C)

CuBr/aqg. HBrMiv) 10% H2SO4, t hen N

g )
N friee am,}i salt) 10
i) NaNQ2/ O C, then
wet keip; v) KOH, gl(ygbl ne, then aq.
HCl, then NH40—I vi) Boc20, d| oxane, watef4 vii) DCC, HOSu then NaBH4 THE

then H2O All) TFA th NaOH wor kup; |a;) et hyl benzi m dat € hydrochl ori de,
2 met,hox et hyI @o]sulv.fur tri o |de -78 Cto
|rst n- “then Begr ¥78 Cto room

Et 3N, x) DASTor [bi
room t enper at ur e;" i

tenperature. T nd tions forBr the phenyl oxa,zolol\frje protecting
group proved to bégl nconpatible wi t1|ﬂ many functional g®#oups at the

p- position of the aromatic rlng Thus, a new protecting group notif was
devel oped literatu el hod  etha y | ., Gazz.
Chim Ital Qﬁﬁi%ﬁﬁge‘% Lo reu{?f Fh un&Zﬁgén%{gﬁgﬁgggéfn%ém@%‘ﬁDg% @&%}%iﬁhw ester
13, whi ch Wa¥ %t ected as oxazol i di none 14, which, in turn, was reduced
with NaBH4 to 15 Fl uorination with either DAST or [bis(2-

Compound 18 was protected as isopropylidene derivative 19, which was
converted to boronic acid 23 (Scheme 3). Compounds 18, 19, 22 and 23 were used

in Suzuki cross-coupling reactions. Compound 23 provided the most versatility since
it could be cross-coupled with any aryl bromide or iodide and the protecting groups
could be easily removed under mild conditions. Compound 22 was attractive as a
Suzuki cross-coupling partner in that the coupling reactions yielded the desired
florfenicol analogs directly without the need for deprotection and dihaloacetylation.
However, cross-coupling yields with 22 were lower than those with 23. Cross-
couplings using 21 gave the desired products contaminated with acetate and
monochloroacetate analogs.

Racemic compound 20 was identical spectroscopically to a sample
synthesized from semi-synthetic 11 by hydrolytic cleavage and basic work-up. This
provided unequivocal proof that the condensation of phenylserine 6 had proceeded

with the appropriate relative threo or syn stereoselectivity.
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met hoxyet hyl )am no] sul fur trifluoride gave internediate 16, which did not
give consistently good Suzuki reaction yields. Thus, 16 was converted to
17. C eavaiga30f7828 he oxazol i di none protecting group was f &crlBea3ed by t he
i ntroduction of a Boc group (G ehn, L., et al., Acta Chem Scand. B, 1986,
40, 745) followed by base-catal yzed cleavage to give 18 (Ishizuka, T. and
Kuni eda, T., Tetrahedron Lett., 1$®heme®3 4185; Jommi, G, et at., Gazz.
Chim Ital., 1988, 118:75). 31 WD 03/077828 PCT/1B03/ 03148 Scheme 2 0 OH
OOHOO 00 H C OHO-\ \NHJifl' I ~. 11 NH2 NH2 Elr 6 13 (+/-)
1514 OHF O Hv 0 "Np Vi iv ~[NJB HN-0—0-0—>Br (a/)F"Be° (+/-) F 18 16
17 1) HaO, MOHO Cto roomteﬁ‘rper(@,ture 18 h, then refluxc¥8qh; ii) CDI,

Et 3N, THE/ 1, 2-di chl or oet léine; feeporNaBH4, MeOH 0 C, iv) 2DAST or

[ bi s(2-nmet hoxyet hyMsul fur ©Fifluari de,;78 C 10 mn then room
tenperature until npl ete; v) Boc20, BIOVE\W) Cs2CC3, MeCH.
Conmpound 18 was protected as isopropylidene derivat ve 19 i ch was

converted to_b&tanic acid 23 (Schene 3). Conmpounds 18, 22 and 23 were
used in Su iHNcrgoss-coupI ing reactions. Conpound 23 pr/.oviﬁed t he nost

versatility s(iﬁ_pc{ it could be cross-coupled with any afyl bfoni de or
i odi de and the prbfecti ng groups could be easily renoved under mld

condi tions. Conpound iiwas attractive as a Suzuki cross-coupling partner
in that the coupling reas{ions yiel degl%f he desisred fl orfeﬁ(cgl anal ogs
directly w thout the need Psr depr J~¢n and—dihal oa dtfi on.  However,
cross-coupling yields with 22 weg, V) pot@an t hos .o PAC Ofoss-

23

19

i) 9:1 TFA, H,0, then NaOH work-up if free-base is desired; ii) methyl dichloroacetate, Et;N, MeoH, A; iii) 2—m.ethoxyprope.ne, p-TsOH-H;0; iv)
rzlethyl diﬂuongoacetate, EtzN, MeoH, A; v) difluoroacety! chloride, Et3N, followed by 1:8:1 Et;N, MeOH, H,0; vi) first n-BuLi at -78 °C, then B(OMe);,
-78 °C to room temperature.

Compounds 11 and 12 were used to prepare compounds 28 and 29 (Scheme
4). Compound 11 was cross-coupled with 3-pyridine boronic acid under standard
biphasic Suzuki conditions to yield protected intermediate 26. The N-C cross-
coupling product 27 was prepared according to the recently reported methods of
Lam and coworkers (Lam, P. Y. S, et al., Synleft, 2000, 674; Lam, P. Y. 8.,
Tetrahedron, Lett., 1998, 39, 2941; Lam, P. Y. S., Tetrahedron Lett., 2001, 42,
3415). Both 26 and 27 were deprotected and dichloroacetylated to give 28 and 29.
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couplings using 21 gave the desired products contam nated with acetate and
nonochl or oacet at e anal ogs. Racem c¢ conpound 20 was i denti cal
spectroscwpiosalisgst o a sanple synthesized from sem - synt RETIIBOIMB14y

hydrol yti c cl eavage and basic work-up. This provided unequi vocal proof
that the condensati on of phenylserine 6 had proceeded w th the appropriate
relative threo or syn stereoselectivity. 32 WO 03/077828 PCT/1B03/ 03140
Scheme 3 OH OH/ (\ F H\~O Br ISCM B (+-) (+-) A G free base or
TFA salt 211 20 iv or v OH OHF I:BrIiHN HN O (+/ Br i 22 F F
(+/-) 018 Gk 0 vy \ O df F( B (+-) F 19 23
then NaCH wor k- up)#f free-base is ired; ii) nmeth
Et 3N, MeoH, A k%) 2-nethoxypropene, p-ilisOHH20;, metpgl

di fl uor oace%BM—moH, , i f | Tor o&cet hl or iogiyI Et 3N, foll owed
by 1:8:1 E . H2O, st\n-BuLi at -78 Gretoheén B(OME)3, -78 C
to room tenperature. Conpolipds 1 and 12 were used tc®prepare conmpounds 28
and 29 (Schene

P o
P\ ) 0\ i, i F
’ N
=/ I
(HO)B F 7N F clI” ~al

(+-) N (+1-) (;/9-)

H) 9:1 TFA, H20,
| rOr oacet at e,

i) m-pyridine boronic acid, NapCOs, Pd(PPhs)s, THF, H20, A; i) 6 N agueous HCI, sea led tube 100 °C then basic work-up; iii) methy!
dichloroacetate, EtsN, MeOH, 4; iv) Cu(OAG),, pyr., CH2Cl,, room temperature, open to alr, 40 h.

Compound 23 and 2-bromo-1,3,4-thiadiazole (24) were reacted to give 48
(Scheme 5). Suzuki cross-coupling produced the heterobiaryl 25. Compound 25
was deprotected with 9:1 TFA/H,0, which removed the Boc and isopropylidene
groups simultaneously, and then was difluoroacetyated to give 48.

Scheme 5
oH
e e

N S 0
= \( + f W/Br i N~ i, F
o—é N-N — o—é — <Sl HN._O
(HO)B 3 F N I
? (;'é) 24 <\—!\l (*+) F NNy poSE

25 438

i) Cs,C03, PdCly(dppf), THF, DMF, Ho0; i) 9:1 TFA/H,0; iil) EtsN, methyl difluoroacetate, A

While p-bromo functional groups of derivatives such as 11 and the
corresponding boronic acids such as 12 have substantial utility as synthetic
intermediates to florfenicol analogs, p-cyano compounds have also served as
important intermediates. Using literature methods (Morris, D. S.; Smith, S. D,
above), intermediates such as 30 have been prepared in enantiomerically pure form
(Scheme 6). Larger amounts of intermediate were prepared using racemic, totally
synthetic intermediates such as 35. The aldol condensation used to produce 32
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4) . Conpound 11 was cross-coupled with 3-pyridine boronic acid under
standard bi phasic Suzuki conditions to yield protected internedi ate 26.
The N C cwovs/w7mesipl i ng product 27 was prepared accor di ng PCa/iBBzo3necent | y
reported nethods of Lamand coworkers (Lam P. Y. S., et al., Synlett,
2000, 674; Lam P. Y. S. Tetrahedron, Lett., 1998, 39 2941; Lam P. Y.
S., Tet ffmreprcpanabenealdelpaigrandaglycineseetsly! esiar was gdapigd fremibedieiairet ect ed
and dic yd it inea 2 7828 PCT/1B03/ 03140
SCHEME 2#%@%?%& Aéf?j PS‘%'%\QSI%M ANgTéﬁdaolzl‘I%anr 3?97@03931@3/ (enantl opure) C 11
1/ 2628 OH O\ Oii, iii 11. " 11 F \ Niv 'N~ NHNO N (HO 2B/ F NON
F (/) d d (+/-) (+) 29 12 27§c)1em ri dine boronic acid, Na2CGC3,
Pd(PPh3) 4, THF, H2O, A; ii) 6 N aqueous CI, seal ed tube 100 C then basic
wor k-up; iii) methyl dlc*t*oroacetate Et 3N, MeOH, A iv) Cu(OAc)2, pyr.,
CH2Cl 2, room t enper at uf Ld_a.'\.r, @ @brrpound 23 and

2- brono- 1, 3, 4-t hi adigroFe (NQZ4) were mea BNYO give 48 (Schene 5). Suzuki
cross-coupl i ng produced the heterobiaryl é°5 Compound 25 was deprotected
with 9:1 TFA/ H20, which renoved the Boc and i sopr opyl i dene gr Qups

si mul t aneaasly, and then was di fl uor/@acetyat ed tcp,/<g| vcva 48. Scoh@rre 50 CH i

.N\+(©SYQI’F o NH_>/©/H\ _>/©/HiNH
NC Nz NG OH NG

F
CN (+-) NC™ ™ O o’ (+1-) (+-)
31 32 33 34 35

i) literature procedure--see text; if) literature procedure—see text; iii) CDI, TEA, THF or 1,2-dichloroethane; iv) NaBH4, MeOH, 0 °C; v) DAST or
[bis(2-methoxyethyl)yamino]sulfur triflucride -78 °C 10 min then room temperature until complete

Compound 41 (Scheme 7) was prepared from intermediate 38, the
preparation of which from 30 has been described (von Strandtmann, M., etal., J
Med. Chem., 1967, 10, 888). Compound 36 was deprotected with aqueous H2SO4
and then regioselectively protected as phenyloxazoline 38. Compound 39 was
obtained on treatment with DAST and then was deprotected and dichloroacetylated
to give 41.

Scheme 7

OH OH OH oiN
OH i OH i oH Wi -~
NG D):(\ro —_— m%o — > NH, OH
o]

30 ) 36 37 o 38
\; OH
OH
v ™\ v vi .
’ = F HN._.O
" X
F 0 4 ° 4 aa

i) MeLi, THF, then H20; i) 10% aqueous HaS04, A; iii) EtzN, ethyl benzimidate hydrochloride, A; iv) DAST -78 °C to room temperature; v) 6N
HCI, A; vn)methyldxchloroacetate EtsN, MeOH, A.
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O NNNSHNO (HO2B 23 ) F <24 SNFNN(+) FF N25 48 i) Cs2C3,

PdCl 2(dppf), THF, DMF, H20; ii) 9:1 TFA/H20; iii) Et3N, nethyl

di f | uor oawetoawers2A Wi |l e p-brono functional groups of deripcatiBex®14uch as
11 and the correspondi ng boronic acids such as 12 have substantial utility

as synthetic internediates to florfenicol analogs, Eﬁcyano conmpounds have
aI so ser ved &ompawpd 47 was prepaieddanainiermediate g5 by teplnentavitet hods (Morri s,

P St ValoieinPhyoraBHONE) o1 D4S PRI B Uffladto SRl Qe opar o0

Ica orm Larger ambunts of iInternediate
were pr ejmr@dcindltmglveai@ewhtﬁh wastthen QIChWﬁq&Mat@dl nt er medi at es such as 35.

The al dol condensation used to pr 34 WO 03/077828 PCT/ 1 B03/ 03140
from p- cyanobenzal dehyde and gl yC| ne rre ester was adapted fromthe
literature (Pines, S. H and Kazlowski, M A, J. Og. Chem, 1972, 37,
292). Schene 69CH OH OH i oH’ WEZN; NHZ N Jﬁm HN O 1 30 f O OHO0 O-~
OV Oii G S NH H() NP, 1| [ F~ TN NC( + - TOoB(NC (+1-) OH
NC (+1-) ke 32 33 34™ ih Fiterétl re(*p)récedure<-l ;i)

&£
literature prosedure-sé@'text®? iii) D, TBA THE oro, 2- eh chi oroet hane:
iv) NaBH4, MeOH, O C v) DAST or [bis(2-methoxyethyl)an no]sulfur
trifluoride -78 C 10 mn then roomte@perature until conplete. Conpound 41

(Schene 7) IvVVaS pre from [ nter the pfeparation of which
from 30 has D NI Q,ed (von dthgann al. FJ. Med. Chem,
1967, 10, 888)<’ ou 36 was c,d' prat ect ed vvu(' n@F(S H2SO4  and then
regi osel ectivel y pr4g)t ec d as phenyl®exazol i ne 38 Go vnd 39 was

i) NH,OH-HC}, EtOH, A; ii) triethyl orthoformate, A; iii) Boc,0, DMAP, MeCN; iv) Cs,CO0s3, MeOH; v) TFA/H,0 9:1; vi) methyldichloroacetate,
Et3N, A.

p-Acyl derivatives were obtained by Stille coupling reactions of the protected
intermediates (Scheme 9, compounds 87 and 88) with acid chlorides.
Trimethylstannyl groups were introduced by Pd-mediated reactions using

hexamethylditin.

Scheme 9
(0]
O ) ~\\N
\\N —l—> \

/S{' F

Br F /
enantiopure or (+/-
enantiopure or (+/-) 987 (+/)

oK o oK o
Isa G N o ade

\
(+F-)
88

i) MesSnSnMes, Pd(PPhg)s, A, CgHg or PhMe
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obt ai ned on treatnment with DAST and then was deprotected and

di chl oroacetylated to give 41. Schene 7 OHOH OH O\ JIl:~CHOHii | OH
i1l _ NC /we®3ges 0 36 HN~O O / 37 NH2 O/ 38 CH OH OH ipcT@BO/08140 vi F F
|l s Hy0O / NHZ39 041 d d OF 40 0 i) MLi, THF, then H2G ii) 10%
aqueous H2SO4, A; iii) Et3N, ethyl benzim date hydrochloride, A iv) DAST
-78 Cto roomtenperature; v) 6N HC, A vi) nmet hyl di chl or oacet ate, Et 3N,

MeOH, A 35 W%O%Q)%Zgﬁgerp\g_%?@ a%ﬁi‘roxy ROROY %r w@%og red from

i nternedi ate treatment with ochl or foIIovved by
t ri et hyl reactidrothet pradecedintgrinediass 8B atieneato) Vd‘e@TWﬁ%delér@tQC@dg@Wb 46, which
was t hen %ﬁ%%gf@fé | ated. Schene 8 O04 NH 11\ ONHONO NHIiIi HZNF
NI/FI\% @ %/ (+/) (+/) F 35 HON42 ON43 ON4 OHOH ™ iv
F-T\ F vi \Attemptbl d@ardtdadtiohbf e ybdlopidpy defivative edrjesporeingito 80 @dN (+/ 47

Cl C 45 4 Iy, H2 OHHC Et N i et hyl .ort hof.ar A i

Boc20, DRKE-TBRRISY TS hstags, il prbhrendl fisghn 0o Ry BERE Sirodon 1)

met hyl di whé empiyed airee deprotection occurs under conditions that do not affect the
cyclopropyl group.

Scheme 10
P N
(o]
—_— N HN (o]
\
_sn F O CIICI
) !
87 89 73
/k OH
0 0
N O/k 0 F
N LA TS s TN o .
_Sn F © CIICI
) @y F )
88 o 90 91

i) Pdadbaa, KoC04, EtsN, cyclobutanecarbonyl chloride, room temperature, 3h; i) 6N HCl sealed tube, A; iii) methyldichloroacetate,
Et3N, MeOH, 4; iv) Pdadbas, K,COs, EtsN, cyclopropanecarbonyl chloride, room temperature, 3h; v) TFA/H,0

When required, p-carboxyphenyl derivatives of protected phenicol
intermediates could be prepared in two ways. For example, hydrolysis of the p-nitrile
analog of 17 gives the corresponding carboxylic acid. However, nitriles generally
could not be obtained as readily as the bromo derivatives. Thus, the preferred
approach to carboxylation was replacement of the bromo group. For example,
carboxylic acid derivative 102 (Scheme 11) was prepared by lithiation of 17 followed
by treatment with CO- and acid wqu-up.' Compound 102 was converted to methyl
ester 103, which was reacted with hydrazine to give 104. Cyclization of 104 with
triethyl orthoformate gave oxadiazole 105, which was deprotected and
dihaloacetylated to give 106 and 107.
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Et 3N, A. p-Acyl derivatives were obtained by Stille coupling reactions of
the protected internediates (Schene 9, conpounds 87 and 88) with acid

chl ori deswoO o3p0718eg hyl st annyl groups were introduced by PdPoEdBes/asd40
reactions using hexanethylditin. Schene 9 O,\N\ I P I ~S~ F Br F
enantiopure or (+/-) enantiopure or (+/ - 1187 O OO 0B s F,S\ F
(+/-) (+1-) 19 88 i) Me3SnSnMe3, Jwhepenbl 4 A C6H6 or PhMe 36 WO

03/ 077828 PCT/1B03/ 03140 The cycl obut derivative 73 was prepared from 87
via a Stille | [ rNd dlgtermadlate@% &Schenme 10)
whi ch was atetykat ed—At t e ection of
the cycl AN 5 iT]g to 89 led ¢ | -edi ated ring
openi ng. Thus,wto prepare 91, th‘é bQ&/ISOpI’Opy| i dene apprf,)(,@{ch was enpl oyed
since deprotection occurs under conditions that do not affect the

cycl opropyl group. Sche 10O 0OOF ,N! N11, 111 HNO 87 O 89 73 OH

O-~00/ 00 ~"MNM v, 1?71 oHN O o'l( o ¢
iii "\N_<O iv ‘\\N—< v, vi F
—  H,NHN \ > 0 é — > 9 HN__O
x . 0 E < I
o] (+1) \N’{“ (+-) \N’N GRSy

i) n-Bulli, -78 °C, THF, then bubble dry CO, then warm to room temperature, then H30"; CH,Ny; iif) hydrazine, EtOH, 4; iv)
triethylorthoformate, A; v) TFA/H,0; vi) for 106 EtzN, ethyldifluoroacetate, room temperature; for 107 same as 106, but replace ethyl
difluoroacetate with methyl dichloroacetate.
The carboxylic acid derivative of 102 was also used to prepare compounds
such as 109 (Scheme 12), by reduction to alcohol 108 followed by deprotection and

dichloroacetylation

Scheme 12
OH
o o OA( o
“\N—< \N"_{ I F
0 i, ii -~ O,e iii, iv HO HN. O
HO. F —» L0 —_— I
(+-) F
o () (+-)

102 1os 10 O C

i) DCC, pentafluorophenol, EtOAc; if) NaBH,, MeOH; iii} TFA/H,0; iv) methyl dichloroacetate, Et3N, A.

Biological evaluation

All of the compounds of this invention are expected to demonstrate
antimicrobial activity against the same bacteria as the other members of the
chloramphenicol family. In addition, they may be expected to be active against
species of bacteria that are resistant to current chloramphenicol antibiotics, in
particular florfenicol. It is also expected that the present compounds may exhibit
activity against genera and species of bacteria against which current
chloramphenicol-type antibiotics are not active.

It is also understood that, with regard to bioactivity, one enantiomer of a

compound may be more active than the other. In such case, whether expressly
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,Sn F 88 90 91 i) Pd2dba3, K2CO3, Et3N, cycl obutanecarbonyl chloride, room
tenperature, 3h; ii) 6N HCl sealed tube, A iii) nmethyldichl oroacetate,

Et 3N, MeQwip 08077829 Pd2dba3, K2CO38, Et 3N, cycl opropanecar beaylBeimos de,
roomtenperature, 3h; v) TFA/ H20 Wen required, p-carboxyphenyl derivatives
of protected phenicol internediates could be prepared in two ways. For
exanpl e,stitgdoohgitiee mbre duive istimeriis eonsideied theatreferregiarelzodimentoaithies pondi ng

b l. d I b d
oo b0 o o RIRA resB b LS ARSI hpp i Foff i nod o
car goi;ylaﬁsogwte wﬁggmiﬂgaﬁémgcimpomm&emm group. Fﬁr exarrpl;a c?r boxylic
aci erivatiyve . ene t 17 |1 d
by treatnent Wi qei r@@ée ﬁ}‘?daﬂ%‘? a')“i*ﬁ'ﬁ' P@Eyﬁﬂ‘éﬁ%ﬁorﬁ%ﬂn cg%rcba'?‘:i)ver t edot oOWe
met hyl  igwedrition 1ma,fowwn¢d1pmorsaaay e used hothed saeti pn@tdcmlsgwmeaei:ﬂme

Cyclization of 104 £ th thf di I 5, which
was depr?\;ﬂp@fﬁrﬁéo Hoge SE'?'%!”&hgé‘ftyﬁaé‘gééPn 'E)gé'lSQQS‘irg EF??H'%( %6‘5}%%%0\7 %ﬁﬁ%/ 07|7§28

PCT/ | BO?é(:@ééﬂa@thlsSFhk)@rﬁ‘ﬂi‘)nlePne &omp&lrﬁis i{er&n@re e%ctedto%t Dnly@xhibitt o p o O
17 102 103 OO0 v ~N H2NHNF.00HNO

-1r O (ﬁubftqqﬂpl(arytlbyctganqtn(lty/t)ut%alﬁg@ei% %ggpt%e 5] cq[@f\ X=d i)

n-BuLl, (& afpondiibel rbSi8RAnEAIRRCRaMEM G@?eéé?ééh BLécdId RaBIA @Epseat ure, then
H30O+; CI—CI:ZNZE“%ph iﬂ ?lyr ra2|nne ta S; I V) trﬁf\%thl ort hoforng?e A, V)

TFA H20; uaed)toﬁ@term@ SE{CBNha@@PWIISHﬁ #l§@r oacet ate, room tenperature; for 107
same as d06.o !?t?fﬁtiht qgg ethyl difluoroacetate with methyl

di chl oroacsﬁcf te g( boxylic acid derivative of 102 was also used to
prepare corrp(ﬁmctsounds were evaluated against a panel of bacterial strains using a broth

microdilution assay performed as recommended by the NCCLS (National Committee
for Clinical Laboratory Standards (NCCLS) 2000, Methods for Dilution of
Antimicrobial Susceptibility Tests for Bacteria That Grow Aerobically - Fifth Edition,
Approved Standard, NCCLS Document M7-A5, Vol 20, No. 2). The minimum
inhibitory concentration (MIC) is defined as the lowest concentration of a compound
that prevents the growth of the bacteria.

The following 10 organisms constituted the primary panel of evaluation:

TABLE 2

Bacteria Strain Efflux Pump Phenotype
Escherichia coli ECM1194 AcrAB? Wild type
Escherichia coli ECM1694 None AacrAB::Tn903kmr
Escherichia coli ECM 1642 AcrAB MarR
Escherichia coli ECM 1888 MdfA tolC::Tn mdfR
Escherichia coli ECM 1750 CmlA AacrAB::Tn903kmr/pLQ821
Escherichia coli . ECM 1958 Flo AacrAB::Tn903kmr/p1956
Escherichia coli ECM 1970 AcrAB+Flo marR/p1956
Escherichia coli ECM 1197 AcrAB? EMR::Cm (cat)

or ECM 2024 AcrAB? ECM1197 acrAB::Kan

Pasteurella multocida ATCC43134 Wild type
Mannhemia ATCC33396 wild type
haemolytica

AcrAB efflux pump expressed at a low level
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such as 109 (Schene 12), by reduction to al cohol 108 foll owed by
deprotection and dichloroacetylation Schene 12 G1( OH ),J ~Ni ' ~ i i
i, v HW003/077828 F HOO HO I o 102 108 109 cl~(C i) PCTIB03/03140

pent af | uorophenol, EtOAc; ii) NaBH4, MeOH, iii) TFA/ H20; iv) nethyl
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active tq‘IHVPf’o%é %Pﬁél"‘?""ﬁwﬁéﬁd%‘é%‘?e‘m% elr exgrgss?y cgrsrp%no?,/rrg%mgsrmre
PCT/ 1 BO3/ 03144¢ b%'b%tri@gp@%uﬁiﬁgﬁere blePartar s BAdWY CFbISaBRIstiath, A8 HolReed t he

preferred enbodi nent I nvention. Particularly preferred is the nost

active aolonyiwaseysegitoinpsulpig o) of Sapbef GAMHE ThPEUHESWEr®f any conpound
herei n. iﬂ_&bgféoecg\fgtrﬁght]{(g?lh'bﬁ %tgfg‘dclir?é(l%lswaﬁg ﬁﬁhbé{ﬂol?.ymé&\h/&% th@Rpounds of

this invention, f . oW ng protoco e used. er such protocols
wi | | bectirted inpissitecsaline do atipssitisequivaientitg atthe MeFerlga 8éppensiohe di scl osures
her ei n e s Ak h IS ¢ | 1408 ; ounds herein
are expggﬁ%@kt1odmn%lfwgnrll*y?{a]?%ﬁgﬁS%&a%r%m@\aéfagﬁg ?t‘)%?’?‘ gﬁ B;Fﬁgct lvity but to
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e S SRl ol 05l Sl e iR gho05h 3608 e
original inocula were determined by applying 10 ul of several 10-fold dilutions on
TSA plates. Agar plates were incubated overnight at 35 °C and colony-forming units
(CFU) counted. Microtiter plates were incubated for 20 hours at 35 °C and were
read using a microtiterplate reader (Molecular Devices) at 650 nm and by visual
observation using a microtiterplate reading mirror to determine the MIC.
Pharmaceutical compositions

A compound of the present invention, a prodrug thereof or a physiologically
acceptable salt of either the compound or its prodrug, can be administered as such
to a patient or can be administered in pharmaceutical compositions in which the
foregoing materials are mixed with suitable excipient(s). Techniques for formulation
and administration of drugs may be found in Remington's Pharmacological Sciences,
Mack Publishing Co., Easton, PA, latest edition. The formulations and techniques
discussed in Remington relate primarily to use with human patients; however, they
may readily modified for use with non-human patients by techniques well-known to
those skilled in the veterinary art.

Routes of Administration

As used herein, "administer" or "administration" refers to the delivery of a
compound, salt or prodrug of the present invention or of a pharmaceutical
composition containing a compound, salt or prodrug of this invention to an organism

for the purpose of treating or preventing a microbial infection.
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Compounds were eval uated agai nst a panel of bacterial strains using a broth
m crodilution assay perfornmed as recomended by the NCCLS (Nati onal

Comm t t eewOfoat0778k8 ni cal Laboratory Standards (NCCLS) 2000 pcChvaBésods4of or
Dilution of Antimcrobial Susceptibility Tests for Bacteria That G ow
Aerobically - Fifth Edition, roved Standard, NCCLS Docunent M/-A5, Vol
20, No. 2). S$hitabie routemef admmn@tra&rrymémmld@r withewt IMiiptien. algeactaled as t he
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Aacr AB: 903knr/ L@B21 Es richia.coli n903knr /
1956 E§¥§8M‘%WF‘E\”% qr eé@ﬂ}P%@% PIEARHEIOR 35 %ﬁﬁlg%g%é %Ilé?@ﬁéé& ;‘ga coli ECM
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Pasteurel | a nultocida 50543134 Eg % b ga/herri a ATCC33396 WIld type
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PCT/ | BOH g Mtnoﬁﬁ%@ﬁﬁnd’lﬂfrﬁ performed in Cati on Adj ust ed Muel |l er-Hinton
Broth (CA %Dbat a bacterial jnoculumof 5 Xx and_a flag vol ume

of 100 pl. FFPbameafessal sRANPOEKIPRT SHPRERFITH! Mertargney B s oo unds
the pr%&g{j&%S%S WBH kndurRSthb R, e@esdsi‘ rgie {ama) ofRBERAGWRRIaRg, Di l ution to
! e

t he des concentration was acco d directly on the plates by
seri al ZHS‘SQIVde;IQTamUIQ@HQL@BQQG'@alﬁHQt V&@éﬂ%eﬂ“ﬂ?'ﬁ’é’t& @”C%fst%ﬁ'”gdl lution, 25 I

of mw%nﬁ@?plﬁggﬁ@o@ﬂhﬁﬁﬁ Brotekdes. -FII‘H’e &ﬁ%c%\’tioﬁ& mdysedormRIE&) iRr epar ed as

foll ows one 1solated 'colony was used to inoculate a
vol ume abnpingliorodittCang-e: mmragpwﬂqum@ajlymp@table carriers comprising

excipients and auxiliaries which facilitate processing of the active compounds into
preparations which can be used pharmaceutically. Proper formulation is dependent
upon the route of administration chosen.

For injection, including, without limitation, intravenous, intramusclular and
subcutaneous injection, the compounds of the invention may be formulated in
aqueous solutions, preferably in physiologically compatible buffers such as Hanks'
solution, Ringer's solution, physiological saline buffer or polar solvents including,
without limitation, N-methyl-2-pyrrolidone, 2-pyrrolidone, other pyrrolidones, N,N-
dimethylacetamide, N,N-dimethylformamide, dimethylsulfoxide, acetone and glycerol
formal. For transmucosal administration, penetrants appropriate to the barrier to be
permeated are used in the formulation. Such penetrants are generally known in the
art.

For oral administration, the compounds can be formulated by combining the
active compounds with pharmaceutically acceptable carriers well-known in the art.
Such carriers enable the compounds of the invention to be formulated as tablets,
pills, lozenges, dragees, capsules, liquids, gels, syrups, pastes, slurries, solutions,
suspensions, concentrated solutions and suspensions for diluting in the drinking
water of a patient, premixes for dilution in the feed of a patient, and the like, for oral

ingestion by a patient. Pharmaceutical preparations for oral use can be made using
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i ncubat ed overnight (20 hours) at 35 Cin a shaking incubator. They were
then diluted in sterile saline to a density equivalent to a 0.5 MFarland
suspensi owO ogappe®x. 108 CFU ). The suspensions were furChaBoxiiux ed in
CAMB to approximately 5 x 105 CFU m . A volume of 50 | of the inoculum
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the del italermolyfinyh pyicaidepanrbensl gelppolyetbuiens QB‘POIt ABA/BF %@BW ‘gﬂwgﬁ’t ion or of
a phar ”?e?%tlﬂﬁe? g&{JtlorFsogﬂ&’%hﬁdb@or@?ﬂk@oweﬂ% & SoR/EROKNGres aUye@thf@bpdr ug of

this invention pose of treating or preventing a
ni cr obi gigmerite ciaydre adﬂDO\A@tlﬂBVaDIB?%QBd'Pm P%B@éqwgent@@ﬁfﬂ%@retor outes of

adri ni st @%\te{g?enzgg%fg%grglj éé%lné@fohggpécta)erqohﬂ}o'uﬂa doSédl . rectal, transnmucosal,

i nt r amus neous rame y, Intrat hecal di rect
i ntraventri c@harmadaticalengositionsthabean be ased or&ﬂlvmtdetmﬁéaﬂt capsiiesnasal ,

aural or Uy 9GH 3 TS RELEISFAUQILSRaR oAU SIY hjsgfAge ool and

par ent er&fc fray” adm ni s oun [ ocal
rather tduan assw:bmrbc s@mﬂﬁleﬂhefpmshéwaamﬂms dan cmnwatrwt aczﬁweawradlgratﬁve t hat
's appl Ilr(la gdr%llgtgr%tv!/% ?Iler such as lactose, a binder such as starch, and/or a lubricant
such as talc or magnesium stearate and, optionally, stabilizers. In soft capsules, the
active compounds ’may be dissolved or suspended in suitable liquids, such as fatty
oils, liquid paraffin, or liquid polyethylene glycols. Stabilizers may be added in these
formulations, also.
For administration by inhalation, the compounds of the present invention can
conveniently be delivered in the form of an aerosol spray using a pressurized pack or
a nebulizer and a suitable propellant, e.g., without limitation, dichiorodifluoro-
methane, trichlorofluoromethane, dichlorotetrafluoroethane or carbon dioxide. In the
case of a pressurized aerosol, the dosage unit may be controlled by providing a
valve to deliver a metered amount. Capsules and cartridges of, for example, gelatin
for use in an inhaler or insufflator may be formulated containing a powder mix of the
compound and a suitable powder base such as lactose or starch.
The compounds may also be formulated for parenteral administration, e.g., by

bolus injection or continuous infusion. Formulations for injection may be presented in
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the infected area or by injection of the conpound directly into infected
tissue. In either case, a sustained release formulation my be used.
Conposi t iwo/oBorsed ati on . Pharmaceuti cal conpositions of PoE/Ipexsest

i nvention may be manufactured by processes well known in the art, e.g.,
using a variety of well-known m xing, dissolving, granulating,
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conbi ni ng tﬁe zgct | vg conpounds w th pharmaceutically acceptable carriers
wel | - knoagentsihatiscrease theSsalubiliiyof theroompesdbieta #lovels gBaigtion g i nvention

to be f%éﬂiplg?&gc%gﬁégefda%hﬁfoﬁs. ARb#n ﬁ\ﬁa{hl{’gﬁfg& 1in€r§@%ﬁ?t§ay%ﬁﬁ%\ﬁ§er l'i quids,

gel s, syr urrres, so , suspensions; concentrated

sol ut i orfermifat constitetien witls afsvitalde vahiclege.on stetie,dyragenritee walesetdrea pati ent,
prem xes for dilution in the feed of a patient, and the |ike, for oral

i ngesti off°by a patient. Pharnmceutical preparations for oral use can be
made usi ng 4Thé@oBHo0rRds akyRGD hadnoaistin rectalotdmpasitionpisech as opt i onal |y

after aCRPROSITRST SRR eheacas Frasr &8 cnimsappa g PbE Tt B et s "or
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Isﬂg lhugls ,ngf Olr alllgtggaigq’)%tsout rechl’?ﬁularrt‘&)%gldtegclzribe%rprg\%gsllyt/,%é cgnqnlpl)llfrlwossn%‘ayp Lggarations
be formulated as éepot preparations. Such long acting formulations may be
administered by implantation (for example, subcutaneously or intramuscularly) or by
intramuscular injection. A compound of this invention may be formulated for this
route of administration with suitable polymeric or hydrophobic materials (for instance,
in an emulsion with a pharmacologically acceptable oil), with ion exchange resins, or
as a sparingly soluble derivative such as, without limitation, a sparingly soluble salt.
Other delivery systems for relatively hydrophobic pharmaceutical compounds
may be employed. Liposomes and emulsions are well-known examples of delivery
vehicles or carriers for hydrophobic drugs. In addition, organic solvents such as
dimethylsulfoxide may be used, although often at the risk of greater toxicity.
Additionally, the compounds may be delivered using a sustained-release
system, such as semi-permeable matrices of solid hydrophobic polymers containing
the therapeutic agent. Various sustained-release materials have been established

and are well known by those skilled in the art. Sustained-release capsules may,
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mai ze starch, wheat starch, rice starch and potato starch and ot her
materials such as gelatin, gumtragacanth, nethyl cellul ose, hydroxypropyl -
met hyl celwologmers2&odi um car boxy- rnet hyl cel | ul ose, and/ or PCT/IB03/03140

pol yvi nyl pyrrolidone (PVP). If desired, disintegrating agents may be
added, such as cross-1|inked pol yvinyl pyrrolidone, r, or alginic acid.
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bol us i rHa@ehtsON or continuous infusion. Formulations for injection may be

presented in_ 42 WO 03/077828 PCT/1B03/03140 ni t f ,
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i m t at | QiernHERPBNSthAdd phatradefisal Prociiutes iR R8I bultupés ¥r @rpeameenmss
animals. For example, the MIC and the LDs, for a particular compound can be
determined by methods well-known in the art. The data obtained can be used to
formulat a range of dosages useful in patients. The dosage, of course, may vary
depending upon the dosage form and route of administration. The exact formulation,
route of administration and dosage can be selected by the individual physician in
view of the patient's condition. (See e.g., Fingl, et al., 1975, in "The Pharmacological
Basis of Therapeutics”, Ch. 1 p.1). In general, however, the presently preferred
dosage range for systemic delivery of a compound of this invention will be from
about 1 to about 100 mg/Kg. The presently preferred dosage range for topical use
will generally be from about 0.1 mg to about 1 gm.

Dosage amount and interval may be adjusted individually to provide plasma
levels of the compound that are sufficient to maintain a concentration equal to the

MIC or any other desired level. Such plasma levels are often referred to as minimum
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containing the active ingredient. The pack may for example comprise metal or
plastic foil, such as a blister pack. The pack or dispenser device may be
accompanied by instructions for administration. The pack or dispenser may also be
accompanied by a notice associated with the container in a form prescribed by a
governmental agency regulating the manufacture, use or sale of pharmaceuticals,
which notice is reflective of approval by the agency of the form of the compositions
or of human or veterinary administration. Such notice, for example, may be of the
labeling approved by the U.S. Food and Drug Administration for prescription drugs or
of an approved product insert. Compositions comprising a compound of the
invention formulated in a compatible pharmaceutical carrier may also be prepared,
placed in an appropriate container, and labeled for treatment of an indicated

condition.

45



depending on their chem cal nature, release the conpounds for a few weeks
up to over 100 days. Depending on the chem cal nature and the bi ol ogi cal
st abi | i t ywofo3whms28 parti cul ar conpound, additional stabili PatwiiBes/st4oat egi es
may be enpl oyed. Pharnmaceutical conpositions useful herein also may
conprise solid or gel phase carriers or excipients. Exanples of such
carriers or excipients include, but are not limted to, calcium carbonate,
cal ci um, Qg\t e, various sugars, starches, cellulose deri vati ves,

gel atin, pol ymers such as pol yet hyl ene gI ycol s. Dosage

t her apeut i caTthfcﬂmegtexamréem&mtpWﬂd@i@ ilustrate @@ﬁﬁjfhﬂﬁ@pdmghﬂjlsef fective

to preven all eyi ate 0 i on.

bt or m o o5 o ot B L eSingY PR shled, BIRHAR Bopb B8 | °Thve
capabi | inighnef whiisseverki | | ed | n the art, especially in light of the

di scl osure h .n used in the meth f the.nvention,
t he t herapeu E qrya?eélpf cﬂﬁ?m CQH"'B%rC@& gsdgmﬁ dgﬁ HorEl}/rom cel |
culdt Iur ef@wxp?nﬂéaﬁﬁnuntelge Otl@ﬁﬁlgeltotém @@rﬁloalre[uipa{i@d lrichudads/el;jﬁa:r; ani mlal |
nodel s so as to achieve irculatin ntrat,ion e that includes
the M CFigagape-anGaster; 'ﬁg@iﬂm 48@%‘1?5%”9‘%88%‘ NSASEhaY $€W%@§rq t hen be used
Lo 1mor € | AR{edl-RdI¢ trdnstefred iﬁt@ﬁlz(ﬂ%l«?é]ﬁﬁalﬁg@ét%em nO apaticenhg eaEﬂ@)Xn ahtNs and

t herapeutic efficacy of the conpounds

escrj bed herein. can det er m ned
by st an@ave hagarlfgcdals Wess Wﬁ@@@&h?\é‘ﬁ“”ﬁ‘m &l q‘ndcﬂP'EqS’r'Bé\bJﬁ‘SB?(‘gezﬂF? ment al
ani mal s dﬁocfj KRR 99 °eh¢>db5|2@d@d?ﬁw5§8bﬂa%@ ffoRf ARIrRAhidaiskarrospmeound can be
ed

deternn nmethods wel |l -known in the art. The data obtai ned can be used
to for okt %tam@igéeﬁgenﬁéwge‘i@w@g@f mhlqhmafampéﬂ@%essawaabwees of course,

may var xverg?@?&]dbﬂ%/df&@sél% ° AISUrEREBIG R ER&HhRaPdupiiBisrel U@l on. The

exact fornulation m ni stration and dosage can be sel ected by
t he i ndiasiislual physician in view of the patient's condition. (See e.g.

gl et e o M Bpedith waRLERRERRAY A5 Gty vFRA - QU SRRt eS ch. 1

p.1). In gener the presen preferre osa range for
syst emi (anddrevamytedﬁn mecforrp@lljnblemicatskhl% mmvemtyontegratlonbeoumlom about 1 to

about 100 Th 838 use wll
gener al Ic§’nﬁ {( o?r?léfgf}g cogs Tntr?garggeegqg{edﬁrﬁl-lqgﬁa%%osr %eggg;ﬁg%%%@%g%:nnterval
may be adiesséragss Pidifine Uaingle qtaaqun{edlasplsaecteométer/edmpped whle conpound t hat

are suff|C| ent to nmi ntghsla concentration equal to the MC or any other
desi r ed ARKIOSPra%INEAICRIRE evel s are often referred to as m ni mum

The following three Suzuki cross-coupling methods were used:
Method A: the aryl boronic acid (0.167 mmol) and aryl bromide (0.334 mmol) were
combined in a mixture of aqueous Na,COs3 (3 mL of a 10% (w/w) solution) and THF
(5 mL). The mixture was purged briefly with No. Pd(PPhs)s (10 mol%, 0.0167 mmol)
was added, the mixture purged with Np, and then refluxed for 16 hours. The reaction
mixture was diluted with ethyl acetate (EtOAc), washed with a saturated brine
solution, dried over anhydrous Na,SO, and concentrated. The residue was then
purified by chromatography.
Method B: the aryl boronic acid (0.301 mmol), the aryl bromide (0.602 mmol), and
Cs,CO03 (0.903 mmol) were combined in THF (2.0 mL), DMF (2,0 mL), and H20 (0.5
mL) at room temperature. The mixture was purged with N for § min and [1,1'-
bis(diphenylphosphino)ferrocene]dichloropalladium(ll) dichloromethane complex
(0.0301 mmol) was added. The mixture was purged with N2 for 5 minutes and then

stirred at 55 °C for 16 hours. The mixture was concentrated under vacuum, diluted
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44 WD 03/ 077828 PCT/1B03/03140 effective concentrations (MECs). The MEC
w Il vary for each conpound but can be estimated fromin vitro data, e.g.,
t he concewDroat7me8 necessary to achi eve 80+% i nhibition offCa/iBIX(30de, nay
be ascertained using the assays described herein. Dosages necessary to

achieve the MEC w || depend on individual characteristics and route of
adm ni swithtBtOAC arflvGashed ayith hoinebiThads@pe wasrdrieg Qyeeaniysrerss Mam@e pl asma

concentra ned usi ng MEC val ue.
Compoundgd oBTaRaE Tt HFlp deB LA BbT SRMABERR. P 17 1Y N pl asma
| evel s MuthediChéhe wmémnlcmrog(ﬂ%%fmmé theraﬁyl bpersider(@symmet)wech 30- 90% and

t | b t 50- 90‘V
selecti Faetine a0 RnET BPrecisPonted D ARG Mt BeR (TG RS LE" 20 ot be
rel at ednilg, hcaEp@ (Z@rn_gerrhemlxture waslpurcgedrat rqumo teoperetirk mithlNziaftet he art may

b | o Th
orount Sk REREReK (00RS e et andtr- i Togn e auBOfuiaE it Ton (he
pgt i ent aBeitibgalty maﬁhm ar’(cjdmeﬁ ﬁé@l}?dtt% 767Gt Ingiteir gﬂmwso the mheureavaser (F))f )
adnministration, the ju nt of t escr i bi siciap, etc. Packagin
The conﬁ@@'?ﬂlt%&onhﬁﬁmp‘?rﬁ and E@f‘ceﬁg %dég‘éiﬁf }é%Fq%HP h¥'bea9§ Wi penser I

devi ce, paalishedBeeehMAEBIAVEshdEOANTE PAL ) TETheTEIOAR [ByarWasOrashde uni t
dosage 1porms containing the active ingredient. The gack for exanple

conpr i savitheiriae (3x SQmb diied pyen anhydeys 250 qng eancy 'iE?(ted'F‘Hée ack or

di spenseg,. q-ﬁer;@yd&ewagggmmy Gfom¥idgRggryuct i ons for admi n| stration.

The pack or |spenser may al so bé acconpani ed by a notice associated with

the container in a formprescribed by a governnmental agency regulating the

manuf actfg{)%q ﬁqecq)r ﬂ?f pharmaceuticals, which notice is reflective of
0

approval e age the formof the conmpositions or of human or
veterinary adm stratlon Such noti €8, for exanpl e, may b of t he

| abeling a nt he U. S Fo owg Adm ngstra O~ escri ption
drugs or pproved product er AcOorrpOS| tions rlNﬁhpg a conpound

of the QZHvenu on fornmul ated P a conpati bl e phar ne&dut] cal carrier nmay
al so be prepared, placed in an appfopriate container, and | abeled for

treatment of |80 1dbiGAé®Enol was dissolved 8.13 g (32.0 mmol) of chloramphenicol
base as the N-acetate, prepared by literature methods (Rebstock, M. C., et al.,
supra, Crooks H. M. et al., supra; Evans, D. D.; Morris, D. S. et al., supra). After
purging with N2, Pd/C was added and the mixture was stirred under Hz(1 atm) for 16
hours. The Pd/C was then removed by filtration through Celite. The solution was
concentrated under vacuum and the residue purified by silica gel chromatography,
eluting with 15% MeOH in CH,ClI; to give 3 (7.13 g, 31.7 mmol). 'H NMR (300 MHz,
CDs0D): § 1.92 (s, 3H), 3.40 (dd, 1H, J=11.1, 6.0), 3.61 (dd, 1H, J=11.1, 5.7),
4.01 (m, 1H), 4.73 (d, 1H, J=5.4), 6.69 (d, 2H, J = 8.4), 7.11 (d, 2H, J = 8.4).

Example 2: Compound 4

OH OH
/@AK\OH — /©/'\‘/\OH
Al
HoN NHACc Br NHAc
3 4

An aqueous solution of NaNO2 (1.27 g, 18.5 mmol, 50 mL H2O) was added
dropwise to a solution of 3 (3.76 g, 16.8 mmol) in 35 mL of 48% aqueous HBr at 0
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condition. 45 WO 03/077828 PCT/1B03/ 03140 Exanples The foll ow ng exanpl es
are provided to illustrate certain enbodinents of this invention and are
not i nt ermod3/orses are they to be construed, to limt its PCEABIIIB1IENY
manner what soever. Starting materials were obtained from commerci al
suppliers and used without further purification unless otherw se noted.
Cheni cal°Cs fisr addifon wels waapletedrthe mixture) wassstiresdor 3% aus ekP *Cpd®Ph3) 4 was

obt ai ned_. S ; oy i | r 4@t 0 N2
P ushed TR ed Bt EddeqBloplisg B A 3duib THECHB! @08 § NS RFFnBL D N 1
wer e wr aylpé8%i ayuabusrHBnmT heimixtareiwas weeded 1o RAT tegwpgsaiurezanst stingdifobaggi es

t -20 C._ P 2 f bt ai.. f (el o ; h bottle.
St andar GASETBRRT T aonr®S e CHRuR SR gy Beu B M 8BS U one, ¢
wer 3 us eNhOMy e chisoLR bl v pad o Qelite, sndrexdirasied vithoEMQe(3i>c 800 mpplher s and
used as i

. 1H NMR spegtra were recorded on 3 VHz, Var i T- NVR
spectro nedaﬁfaa@f:z%%%‘f’%rﬁ Cﬁ'r‘?dtoﬁgr ﬁrﬁ}yﬁﬁqusﬂ\@é%‘t@gp < F?rﬁ%(t ltiplicity,
i nt egr atyn@er va&RUR fogve ¢.Qgge@4am inmiol) @& epldengrododtshatvias wsed witpat ted in Hz.
Mass spectra were obtgined on

re a Mcromass Platforml]l  sinpgl uadr upol e
mass spdethesppfitcatiopui PPEYRILEH MH&, Q&@E’Sb?’éy&} {ﬁw?%tq-%i (ﬁéﬁ) 9 “The
fol |l ow r&ee i {1Er PS i t _ e1Msgd:3 .8k Rodd A the aryl
bor oni Cmgc(?%%OB?ggH%lf Pz?l,ld@(é)lrgy ﬂ@o@dwggggg Wm‘?) V\%ee gonbi ned in a
m xt ur e 2, JayB88d rs4NERCEB J(38-A: of a 10% (W w) solution) and THE (5 nl).
The m xture was purged briefly with N2. Pd(PPh3)4 (10 nol % 0.0167 mmol)
was added, the m xture purged with N2, and then refluxed for 16 hours. The
react i orExampde3: ecCompodndi& ed with ethyl acetate (EtOAc), washed with a
saturated brine solution, dri over anhydreus Na2SO4 and concentrated. The
residue was then purified byjchromat aphy| Method B: the aryl boronic

acid (0.301 mmol he gyl brom de (01602 »q _and $2003, (0. 903 nmol )
wer e conbi ned i HEH( 35 ] E @ dsnL) , | ane T—l2 at room

t enper at ur e. e 4gni xture 'was purgedait 2 for 5 MfinTamP [1,1' -

bi s(di phenyl phosphi no) f err ocene] di chf*o | I gdi un(11) dichl oronet hane
conpl ex - Br

4-Bromobenzaldehyde (100 g, 0.540 mol) was dissolved in ethanol (EtOH) in
a 2 L round-bottom flask. With rapid stirring, glycine (0.5 molar equivalents, 20.3 g,
0.270 mol) and then, in one portion, KOH (30.3 g, 0.540 mol) were added. lItis
essential to add the KOH all at once. Thus, an ice bath should be used when
performing the reaction on a larger scale to control the exotherm. After addition of
the KOH, the turbid suspension became yellow and homogeneous. After about 15
minutes, a thick white precipitate began to form. The mixture was stirred for 12
hours at room temperature under No. Enough 2 N aqueous HCI was added (~400
mL) to make the solution red to pH paper. The mixture was then stirred at
approximately 60 °C until it again become a homogeneous yellow solution. The
EtOH was removed under vacuum to give an aqueous suspension of white
precipitate. The precipitate was filtered and the remaining aqueous solution washed
three times with EtOAc. The aqueous solution was then basified to about pH 9 with
concentrated aqueous NH3z and excess ammonia was removed under vacuum. As
the NH; was removed, the product, 6, began to precipitate. Evaporation continued to

one-quarter the volume of solution where precipitation was first observed. The
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(0.0301 Mol ) was added. The m xture was purged with N2 for 5 m nutes and
then stirred at 55 C for 16 hours. The m xture was concentrated under
vacuum dwbusedrsa® WO 03/ 077828 PCT/1B03/ 03140 w th Et OCAecandoinssdved wit h
brine. The Et OAc was dried over anhydrous Na2SO4 and concentrated. The
resi due was purified by chromatography. Method C. the aryl boronic acid
(0. 934 pramluct wab thearoplledied ondevacusAiliensnd dru%undm@mn(tqa@onﬁﬁaﬁt) wer e

P ToBe G Tl N PR el oy R e Sbleni il 20
ooty memtons iR o i 1
3/as cobils®R)o O r%é‘ﬁfq 3%’)5{ fa}g%&r@ 8Bnt§e?ﬂ%a?% (ﬁh%%’r v%c{) %5%?§e resi due
was  pamiy ti-onaf between H20 (75 ml-) and EtOAc (75 nL). The EtOAc |ayer
was washed wth brine (2 x 50 mL), dried over anhydrous Na2SO4, and

concentrated under vacuum The residue was purified by chronmatography.

Exanpl e BROath £H OH OHlow OH )NO OH (2N NH2 2N NHAc H2N Cf
~NH Al E&?nﬁﬁ 80 L of met hanol was di ssolved 8.13 g (32.0 mol) of
chl or anpheni coIOHb@se as the N-acetate, prepared terature nethods

(Rebstock, M , @t <y 1noSU s H etal- ~opupra; Evans, D. D.;
Morris, D. al .QH su 10; &J'N%cocr(\? Iagi NQ h NRwpded/ C was added and
t he m xture was s\tHrred unglefoxéﬂié(aooamrr) f oBr’16 hours The Pd/ C was then
renmoved BxSy fi I(Fér)atl on through Celite. The sol utttdn was concentrated under

vacuum and the residue purified by silica gel chromat ography, eluting with
L3 NECH RS 500 2, i) b Ay 44 Mot 901
5.7), 41@% v/ 500 td).). Bi-fed-udyl dicarhonaite=(38.219,, 156 reglo()cwaszcﬂqssqjve_d iB.4), 7.11
N o L LN
was addeghs stirred at room temperature for 72 hours. The mixture was concentrated under

vacuum and taken up in 100 mL 1 N aqueous NaOH and washed with Et,O (2 x 100

mL). The aqueous layer was acidified with 1 N aqueous HCI and the product

extracted into EtOAc (3 x 200 mL). The combined EtOAc extracts were dried over

anhydrous Na»SOy, filtered, and concentrated under vacuum. The product (26.7 g,

74.0 mmol) was isolated and used without further purification. "H NMR (300 MHz,

CD3OD): § 1.32 (s, 9H), 4.37 (d, 1H, J = 2.7), 5.23 (d, 1H, J=2.7), 7.32 (d, 2H, 8.4),

7.46 (d, 2H, J=8.4).

Example 5: Compound 8
OH O OH

OH _ o OH

Br NHBoc Br NHBoc

(+)-) (+/-)
7 8

Compound 7 (5.29 g, 14.7 mmol) and N-hydroxysuccinimide (1.69 g, 14.7
mol) were dissolved in EtOAc (200 mL) and the mixture cooled to 0 °C. N,N*-
dicyclohexyl- carbodiimide (3.04 g, 14.7 mmol) was added and the mixture stirred for

30 minutes, warmed to room temperature and stirred for 30 additional minutes. It
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dropwise to a solution of 3 (3.76 g, 16.8 mml) in 35 nL of 48% aqueous HBr
at 0 47 WO 03/077828 PCT/1B03/03140 C. After addition was conpleted, the
m xture vwa® osimeed for 30 mn at 0 C. The mixture was tren/1BOBABA40dr opwi se
to a solution of CuBr (2.65 g, 18.45 mmwol) in 15 nL 48% aqueous HBr. The

m xture was warned to roomtenperature and stirred for an additional 16
hours. Wae theracedlethiond ¢ and filiered teramevs the pregipitater MMEliRsIPEexaeR,
filtere F, QU0 j i ; 0 m).
The - conb AR R ity s Robafaud il LEAR Ao e BB
concent Tatre(d 00 umde Theaolution vasgiooked 1o B °¢, NaBHZ (g, Y158 mroelhaddgstoduct t hat

was used without further .purification, 6 1.87 (s,
3H), 3. #8d M turﬁ,sltl'ﬁreg%rl@.od?'“%".%g) W%e&é%ﬁ%ﬁ%g t%T%@%j), 4. 01(
3(3 m3)1 grop‘#\lligelwﬁtdggbblhig cbagedi.tﬁ%n aY/omme(mf,wgfléﬂéEqu}almme?yplunre afsT P(IEJ,Z 2H, J =
.3). a e 3: oun ! INf . " ~ H ci ne 2N ag.
/~\" ~O—|W3%|%déieét°@f :g) %qe%ra%;‘r ‘C’tl'i% 3"‘1\@%“5@“’6& W%rg%?!do rﬂg'%r gm)benzal dghyae
]g |100kg, ﬁnﬁé}ﬁtmghd \é@ﬁe@ifcﬁrwdlaesj_ Tie @gk@crwWS ]euﬁ FeridYed unldeavébuung ar%md- bog t (2)m0
ask. th rapid stirring, ci'ne ., D No] ar ul ents . , .27
ol andEtOREKE0] LS BHREs ol oweekhy dratd gocBloatish wifs Sk sRidta” | &
essent i itht ONadebEHEOHTIRE EtGhC BYGEVasTREShedWith Bindaididridtntled be used when
per form ngyérge reaction on a larger scale tg control the exot hﬁ)m Af ter

addi ti o®n unbas®Py. Fileation fdiowed iy senssriirline LaAe" \ASHIBHARS Hbfogeneous.
After ahpily imol) BF 8L e @stuﬁé@{ﬁ/it%\httfﬁ’rtrﬁgr%iriﬁ&ét%he ‘BewdR (800 AN The

m xture was stirre ours at roomtenperature under N2. Enough 2 N

aqueous GBEONaS 1:82ded9Kl), B016-3.A1 Ymt dHWBIES-B 8 (goRtiH®S (@, 1Y) gifPaper. The

m xture t he tir £ oximately 60 C until it again becone a
homgené&%’y& Boiﬁl %6?3&%“]%2’5 Et OH was renoved under vacuumto give an
aqueous suspension of white precipitate. The precipitate was filtered and
the reml, 18 BUEHSo §1dh SR 425 ned

oH OH
NHAC — > g 2
Br
4
9

Compound 4 (1.0 g, 3.5 mmol) was dissolved in 10% aqueous H2SO4 (10%
v/v, 15 mL total) and the solution refluxed for 10 h. The reaction mixture was
basified with 3 M aqueous NaOH and extracted with EtOAc (3 x 50 mL). The
combined EtOAc fractions were dried over anhydrous Na;SO, and concentrated
under vacuum to give 710 mg (2.9 mmol) of 4, which was used without further
purification. "H NMR (300 MHz, CD;0D): § 2.80-2.90 (br m, 1H), 3.30-3.39 (br m,
1H), 3.40-3.50 (br m, 1H), 4.52-4.58 (m, 1H), 7.30 (d, 2H, J=8.1), 7.49 (d, 2H, J =
8.1).

Example 7: Compound 9 (from 8)
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three tines with Et OAc. The aqueous sol ution was then basified to about pH
9 with concentrated aqueous NH3 and excess ammoni a was renoved under
vacuum A§O oBloz7sh#H3 was renoved, the product, 6, began toPpTaBI3NI3N4N €.
Evaporation continued to one-quarter the volunme of solution where
precipitation was first observed. The 48 WO 03/077828 PCT/1B03/ 03140
product was thegycollected on a vacuumof"ilter and dried under vacuumto a

constant weight (51.3 g). If NWR jing olhe presence of the undesired
trans stergors OH -ean—b®reno b Hecrystal lization from H20/ EtO—I)
1H NVR (308_Mlz, NHEEBOD): 5 3. 68r RS 6), 5.25 (d, 1 H, J = 3.6).

O F O
7.41 (d,BrZH @)= 8. 4), 7.53 (d, 2H J(+/:) 8.4). Exanple 4: Conpound 7 O—| 0
OH O OH 10% & Na2CO8 (v/wt) Kreefbagror IME®Sbe  Br (+/-) NH2 1, 4- di oxane,
Boc20 +/ 6 ( ) 7 Conpound 6 (32.60 §, 12.53 mmol) was dissolved in 10%

aqueous KZCOéoéTb ?aa"/s"(d, 3?%91 121%)1(121% \?MISM%‘ m‘%‘ﬂﬁﬁ‘fr&%&%%cﬁeﬁFﬂ g, 157

nol ) was di ss 500 m -) and added to the aqueous
sol ut i omO ral‘.), eThevmlxnhetV\Pw stirmet! diore3 howrs as taom @cmmrahucmﬂmd eapenkeigde for 72

hours. [e S 100 nL 1
N aqueod"gl QWd fw'%sﬁ%'ggw t %@%E@P ﬁ?%s%%’ e}éﬁ%ggﬂl‘_ ?E? '\} “gﬂmg&ﬁ | ayer
was aci d;nijlacbquét Vollmbl o Gt@Acs ThiElayaraivereseparaded and ttbetaca@t)esl layat o Et OAc (3

Fi 1 or oMo e A TR0 ThEr TOAGTRE4 RAOAb B ieet im0,

was iS0|bﬁilh@ddmd)medhwmthmubgsw:hﬂrdacormanﬂrétedMdmacmthN@i\(e%Wam-lz

CD30D H d, 2.7
7.32 %d 502‘1%1(2 2 é)“ gl (‘@"'Céﬂasjised é’%ﬁ‘)’“"%@%”@??t%&n&' NREos & oy T
1T OH I gy, CD,0D): § 2.83-2.90 (m, 1H), 3.30-3.35 (m, 1H), 3.46 (dd, 1H, J = 10.8, 4.8),

4.56 (d, 1H, J = 6.8), 7.29 (d, 2H, J = 8.6), 7.49 (d, 2H, J = 8.6).

Example 8: Compound 10

O\
OH W
OH __ 5
Br NH; Br OH
(enantiopure or (+/-)) (enantiopure or (+/-))
{free base or TFA salt) 10

9
Compound 9 (710 mg, 2.89 mmol), ethyl benzimidate hydrochloride (533 mg,

2.89 mmol) and triethylamine (EtzN, 0.40 mL, 2.89 mmol) were combined in 25 mL
1,2-dichloroethane. The mixture was refluxed with stirring under Ny for 16 hours at
which time TLC indicated one major product. After cooling to room temperature, the
mixture was diluted with EtOAc, washed twice with saturated aqueous NH,Cl, twice
with saturated aqueous NaHCO3; and then dried over anhydrous Na;SQO4. The
solution was filtered and the EtOAc removed under vacuum to give 885 mg (2.66
mmol) of 10, which was used without further purification. H NMR (300 MHz,
CD;OD): § 3.74-3.89 (m, 2H), 4.13-4.18 (m, 1H), 5.59 (d, 1H, J = 6.6), 7.30 (d, 2H, J
= 8.4), 7.46-7.57 (m, 5H), 7.99-8.02 (m, 2H).

51



Br NHBoc Br / NHBoc (+/-) (+/-) 7 8 Conpound 7 (5.29 g, 14.7 mmol ) and
N- hydroxysuccinimde (1.69 g, 14.7 nol) were dissolved in EtOAc (200 m -)
and t he mvetoanegrseool ed to 0 C. N, N - dicycl ohexyl - car bodiPCritBes/(384004 g,
14.7 mmol) was added and the m xture stirred for 30 mnutes, warnmed to
roomtenperature and stirred for 30 additional mnutes. It 49 WO 03/077828
PCT/ 1 B03/ 03140 was then cooled to O C and filtered to renove the
precipitated N, N -di cycl ohexylurea byproduct. The filtrate was
concentrated under vacuum and the residue dissolved in THE (100 nmL). The
solution was cooled to 0 C, NaBH4 (5.6 g, 150 mmol) added, and the m xture
stirred for two mnutes. Water was then added to the m xture dropw se
until bubbling ceased, then a volune of water equal to the volunme of THE
was added over 30 mnutes, after which the m xture was warnmed to room

t enper at tirred 5 hours. The di oxane was renoved under vacuum
and Et (53@"(@8% %omp%agj i{jd fol l owed by gradual acidification of the
aqueous | ayer wit N aqueous HCl . The OQAc | ayer was washed with brine
and dried over a ous Na2SO4. Filtra foll owed by concentration
under vacuum gave A. 1 g (12.4 mol) of /87 which was used wi thout further
purification. 1@ I\/R(300M—|z CD3CD)3 ® 1.32 (s, 9H), 3.46-3.51 (m | H),
3.63-3.73 §.N4.88 (br s, 1 29' (d, 2H, J =8.3), 7.45 (d, 2H, J
= 8.3). 3 e 6 Corercm'H’Q(fr 1) OH OHO00 jCf ~ OH ~NHAc Br NH2
Br 4 9 p und rofHl. 0 g, 3.5gM was Fdi ssol ved in 10% aqueous H2SO4
(10% % Qal) and the solutlon refluxed for 10 h. The reaction
mxture %"O%Jées?rf( d with 3 MEGRMLAPYL NEGY and extracted with EtOAc (3 x
50 nL). The Yorbi ned Et OAc fracti on@ were dried over anhydrous Na2SO4 and
concent r at ed Compound 10 (885 mg, 2.66 mmol) was suspended in CH2Clz (15 mL) and

cooled to =78 °C. Diethylaminosulfur trifluoride (DAST, 0.53 mL, 4.00 mmol) was

added by syringe, the mixture warmed over 1 hour to room temperature and then
stirred for 16 hours under N,o. Excess DAST was quenched by slow addition of H20
after which the mixture was diluted with additional CH2Clz. The organic layer was
washed with H.O and saturated aqueous NaHCOs3, dried over anhydrous Na2SO4
and concentrated under vacuum. The residue (950 mg) was chromatographed on
silica gel, eluting with 15:85 EtOAc/hexanes to give 11 as an oil (420 mg, 1.25
mmo!). 'H NMR (300 MHz, CDCl3): 8 4.23-4.35 (m, 1H), 4.45-4.75 (m, 2H), 5.43 (d,
1H, J = 6.9), 7.17(d, 2H, 8.3), 7.36-7.47 (m, 5H), 7.96 (d, 2H, J = 8.3).

Example 10: Compound 12

0 O\

N N
~ N
D)\L >
Br F (HO),B F

(enantiopure or (+/-)) (enantiopure or (+/-))
11 12

Compound 11 (807 mg, 2.41 mmol, enantiopure from chloramphenicol or

racemic from (+/-)-threo-p-bromophenylserine), was dissolved in anhydrous THF (10
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under vacuumto give 710 ng (2.9 mmol) of 4, which was used wi thout further
purification. 1H NMR (300 MHz, CD3QD): 5 2.80-2.90 (br m 1 H), 3.30-3.39
(br m 1wH)03/031849-3.50 (br m 1 H), 4.52-4.58 (m 1 H), PCI0OB{M31H, J =
8.1), 7.49 (d, 2H, J = 8.1). Exanple 7: Conpound 9 (from38) 50 WO
03/077828 PCT/1B03/03140 OH OH OH OH NH2 Br NHBoc Br +/-) (+/-) 8
(free baspinca flaRg-dsiat rourgl bQItmpﬁaﬂ’mar@ oplegitog;781E. 41-Ritbl é 6044 di ssol ved in

ﬁglo:r: ? gﬁ&%‘%ﬁe%lf 85%4@3': mol s"%aded ﬁlv &%Hé@tlmﬁe%&tbfﬁ@%ﬁlﬂés3 hours at

con acuum salt was
partiti pinedny ®brate(0.55 mil, 4c63 rzrrml)ampaeadmdl\fé?@l-ﬂnlxmﬁd wamed fxrooibl ume of

Et OAc. The | ayers re se I
ot Ohc. (ORISR da et ABd terea ey ges g It HE s MBBRURRNEE M UM o
?\Z/e; Zanmrﬁiﬁ Wéqlﬁ@%@@ﬂclmhmeedtthmbdmemm EtQawufing corgbined &t@éﬁy solid
Mo

(300 Niﬁéct' M)ash%d Iﬁge% @ésusﬁﬁcéﬁr'“?oangé’t”ﬁfﬁ%%g%%ﬁ &%%f'ﬁcz%é 46 (1 ngN? H,
% H: ‘%0 Bhne éi)t@)\c wad- ré@no(/éh uﬂdéﬁ,vadléum@o Give 80528y bbimaRidal, WhichBady , 7. 49 (d,

. oun
o (1 pyrRkuRas e ORISR Sps Fiing ity bRt Baxats o4 B moond 6
(710 NOrerfoRAnipiRties fofbR¥ bh@RAbWALED MeDHICH,OLitdleblairBBenoduct as

an oil (285 mg, 0.953 mmol). 'H NMR (300 MHz, CD3OD): § 4.29-4.39 (m, 1H), 4.69
(dd, 2H, J=47.1,4.2), 5.64 (d, 1H, J=6.6),7.37 (d, 2H, J = 8.1), 7.47-7.52 (m, 2H),
7.56-7.62 (m, 1H), 7.67 (d, 1H, J = 7.5) 7.74-7.82 (m, 1H), 8.01 (d, 2H, J = 7.2). ).
LRMS (ESI) m/z: 298.0 (M-H* C16H14BFNO;3 requires 298.1).

Example 11: Compound 13

OH O OH ©
OH 1) HCI, MeOH, A O/
Br NH; 2) NaOH NH,
(+) Br (+1-)
6 13

Compound 6 (20.6 g, 0.079 mol) was suspended in 400 mL of anhydrous
MeOH. The mixture was stirred rapidly and cooled in an ice bath to 0 °C.
Anhydrous HCI gas was slowly bubbled in. After 10 minutes, all solids had
dissolved. Acidification was continued for 10 minutes after the mixture became
homogeneous, at which point the MeOH turned pH paper very red. The apparatus
was fitted with a drying tube and the reaction mixture was refluxed for 8 hours
followed by stirring at room temperature for 12 hours. The mixture was concentrated
under vacuum and then suspended in a mixture of 300 mL of EtOAC and 100 mL of
water. With rapid stirring, 3 N NaOH was added very slowly until the suspended
material dissolved. Addition of base was continued until a pH of 10 was attained.
The layers were separated and the EtOAc fraction was washed with brine (2x) and
dried over anhydrous Na,S0O4. Concentration under vacuum gave 13 as a white
powder (15.3 g), which was used without further purification. *H NMR (300 MHz,
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2.89 mmol) and triethylamne (Et(err)N, 0.40 nL, 2.89 mmol) were conbi ned
in 25 mL 1, 2-dichloroethane. The m xture was refluxed with stirring under
N2 for lowbmanz’sat which tinme TLC i ndicated one major pr ®dwaBo3/osioer
cooling to roomtenperature, the mxture was diluted with Et QAc, washed
twice with saturated aqueous NH(err)Cl, twice wth saturated aqueous
NaHCO8 G0 h 359 (@d 1Hy éF abfBd6aes3iia @2 (iStded FA.S)TR94d] 2iti HA was
filtere n OAc r.enoved under vacuumto give 885 ng (2.66 nmol) of
10, whi %nﬁngsf*tgﬂgeﬁﬁvdrﬁoﬁt further purification. 1H NVR (300 Mz, CD3OD):
b 3.74-3.89 (m 2H), 4.13-4.18 (m 1 H), 5.59 (d, 1 H J =6.6), 7.30 (d,
2H, J =8.4), 7.46-7.57 (m 5H), 7.99-8.02 (m 2H). 51 WD 03/077828
PCT/ 1 B03/ 03140 Exanple 9: Conpound 11 OO .NN Br OH Br i= (enantiopure
or (+/-)) (enantiopure or (+/-)) 10 11 Conpound 10 (885 ng, 2.66 mmvol) was
suspended in CH2ClI2 (15 m-) and cooled to -78 C. D ethylam nosul fur
trifluoride-(DAST, 0.53 nm., 4.00 mol) was added by syringe, the m xture

var med gueimdieI9UEohthdd enperature and then stirred for 16 hours under
N2. Excess DAST was quenched by slow addition of H2O after which the

m xture was dilgged w th additional Cl 2. The organic |layer was washed
with H20 and _salur dt ed aqueous NaH Adried over anhydrous Na2SO4 and
concentr at ¢ ndef v@cuum [Ee resi dueM950 ng) was chromat ogr aphed on
silica ~efutiNlg with 15:°85 c/ hexanes to give 11 as an oil (420 ny,
1.25 mol). 1+H NVR (300 Mgy ~® 4.23-4.35 (m 1 H), 4.45-4.75 (m

2H), 5.43 (d, 13 H J = 6.9), 7.1('?‘{")d, 2H, 8.3), 7.36-7.47 (m 5H), 7.96 (d,
2H, J = 8.3). Exanple 10: Corrpound 12 OP O\ NBr F (HO2B F (enantiopure
or (+/-)) (enantCapponyidiiotiddzole (28.6 g, 0.146 mol) was dissolved in 250 mL of

anhydrous 1,2-dichloroethane at room temperature followed by addition of
triethylamine (Et3N, 12.2 g, 16.8 mL). In a separate flask, 13 (33.26 g, 0.121 mol)
was dissolved in 125 mL of anhydrous tetrahydrofuran (THF) and an equivalent of
triethylamine. The THF solution was diluted with 125 mL of 1,2-dichloroethane and
then added, under N, over 2 hours to the 1,1’-carbonyldiimidazole solution. After
addition was complete, the mixture was stirred for 2 hours under N2 at room
temperature. The reaction mixture was concentrated under vacuum and the residue
diluted with 300 mL of EtOAc, which was washed with 5 x 200 mL of 2 N HCI, 3 x
300 mL of saturated NaHCO3, and 2 x 200 mL of brine. The EtOAc layer was dried
over anhydrous NazSOs4, filtered, and concentrated under vacuum to give 34.27 g of
14, 80-90% pure by 'H NMR. Compound 14 was used without further purification.
"H NMR(300 MHz, CD30D): & 3.83 (s, 3H), 4.34 (d, 1H, J=5.0), 5.65 (d, 1H, J =
5.0), 7.36 (d, 2H, J=8.7), 7.60 (d, 2H, J = 8.7).

Example 13: Compound 15
O

7 oA
0 NH
B OH
Br 0”0 ' (+-)
(+) 15
14
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11 12 Conpound 11 (807 ng, 2.41 mmol, enantiopure from chl oranphenicol or
racem c from (+/-)-threo-p-bronophenyl serine), was dissolved in anhydrous
THE (10 WD 03338 077828 PCT/ 1 B03/03140 nl) in a flame-decadBoausmed bott om
flask and cooled to -78 C. n-BuLi (1.6 Min hexanes, 3.02 niL, 4.83 mmol)
was added with vigorous stirring. After 10 mnutes, trimethyl borate (0.55
m., 4.83 moCpmpasnadd¢sh. 3gh@184xmmole)mmardmdlvedlrr&?ﬁﬁnLtMﬁ@élr athere over 1

aaueous PRIOANECaRPB o Srcianptiy L et A8 MESTRR Abel 7

f r act I onmspavames \@%\B@Ing teken td hotlst mettembenaltwe a@nceatt 26C.o0der theligslr ous

s renoved under C v o] erial,
Whl ch ngrtloBlqufqcﬁ}?\éﬁ(}othgwsggﬁlaﬂia%%ﬁ“@ Lﬁ? égfﬁ?/"%g%al ﬁ% |é|rﬁ ﬁal ly with
%/e wgﬁg?ﬁd Eﬁﬁ@e\%tstqaded ElaswmntirrawH ofl 2wasé athiovet 'lhembmnremvawﬁltbl'edl 9
(300 Mﬁhromcéeb?te% ?Potﬂgeefﬁparﬁ‘gf? ?Wﬁeryapblumﬂ@g r‘giz'g‘be @ﬁpaﬁ'? ‘%fgml) 4, %;4 Ng/R 64
(1dH)1 ?bgﬂNe(enGEt@Ac ?37§Fnlﬁ_)@n;jzﬁl1\l Hbl'}‘5@)ﬂq)_ Théargﬁnﬁaay(dﬂwe@'@/ashea 56-7. 62 (m
, 7.2
LRVE ( ESiith)2 NHCT (296309 b WU@G@EQW@‘%‘@%@R%&Z%G‘Lg?nd@ ﬁf&?@ 11: .
g‘r)m(f’ofn%ﬂ)?’d% @ée(()gén&dnr% Nk $@J61fllt%%nd'%ogcentf‘$t€d aﬁdéﬂ&@cbdurg/ TN‘EOEF m(_ +/ f)
was_ suspended in o]
anhydr o@sod\@mastﬁ@ allizee diioa W@@n?@/fﬁ*@é@m gWP@%}P %ﬁﬁlﬁ:od‘[‘ MMRF08 i ce bath
bl e Q t al |
s_ol i ds M-d‘z cpi:{'sso \;sel_‘jgéd' omfl C ‘t| on %(/glglpéjlon?n df@ 9“1(%’ mmﬁE?eas?ﬁafter t he
m Xt ur e (PeHhne= Br&)m)geneous, at which point the MeOH turned pH paper very
red. The apparatus was fitted with a drying tube and the reaction m xture
was refluxed for 8 hours followed by stirring at roomtenperature for 12
hours. Exanmplst14t Comgsourm@ent rated under vacuum and then suspended in a
m xture of 300 m_ of EtOAC and 100 nmL of water. Wth rapid stirring, 3 N
NaOH was added v)%ry slowy until the s pended

OH
(+F)
15 (+/..

Br

Compound 15 (7.57 g, 0.0278 mol) was suspended in 275 mL of CHzCl,.
Under Ny and with rapid stirring, the biphasic mixture was cooled to ~78 °C in a dry
ice/acetone bath. DAST (5.51 mL, 6.72 g, 0.0417 mol) was added dropwise by
syringe over 2-3 minutes. After 30 minutes the mixture was transferred to an ice
water bath and stirred for 30 minutes, during which time the solids dissolved.
Another 1 mL of DAST was added to ensure completion of the reaction. The mixture
was stirred for 20 minutes at 0 °C and then warmed to room temperature. The
mixture was stirred at room temperature for 20 minutes and then cooled to 0 °C.
Excess DAST was quenched by dropwise addition of saturated aqueous NaHCOg
over 30 minutes with very rapid stirring. After bubbling ceased, the aqueous layer
was slightly basic (7 < pH < 9). The CHxCl, was diluted with enough EtOAc (~600
mL) to bring the organic layer to the top during aqueous extraction. The organic
layer was washed with saturated aqueous NaHCO3 (1 x 300 mL), 1 N HCI (2 x 200
mL), saturated aqueous NaHCOj3 (3 X 200 mL ) and brine (1 x 150 mL) and dried
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mat eri al di ssolved. Addition of base was continued until a pH of 10 was
attained. The layers were separated and the Et OAc fraction was washed with
brine (2xyoan@778ds i ed over anhydrous Na2SO4. Concentrat i oRCUMHE03¥4CUUM
gave 13 as a white powder (15.3 g), which was used wi thout further
purification. 1H NVMR (300 MHz, 53 WD 03/077828 PCT/1B03/03140 CD30D): 6
3.59 (dover amhydrous4\155$043ﬁ6ker(lltratlcmthe mixdgre(wgs gongentyated Anggr vagupm (d, 2H,

J = -1 % 0O O ~0O
S Heivbe T £ i, it erEbioB s SRR Y 040, ©
0 146 m()lt):: )$4CB4S($IGI Elelet:m6275@3H§LF)oﬂ2 ), ¢, dirs JI 2-1)i7c34 @k, @kl Hame at room
terrperature 8||0 é §dd|t|on of triethylamne (Et3N, 12.2 g, 16.8 nl).
In a seﬁffrazé e, 4(33. 26 g, 0.121 nol) was dissolved in 125 nL of
anhydr ous tetrahydrofuran (THF) and an equi valent of triethylamne. The
THE solution was diluted with 125 nL of 1, 2-dichloroethane and then added,
under N2, over 2 hours to the 1,1'-carbonyldiim dazole solution. After

addi ti OrEx‘élﬁﬁ:IEQSPb%hf‘podmfn xture was stirred for 2 hours under N2 at room
t enper at ur e. The reaction m xture was concentrated under vacuum and the

resi due dllut th 300 nL of Et OAc, whPch was washed with 5 x 200 nL of
2 N HC , m. of saturated NaH anq) 2 x 200 m. of brine. The

Et OAc Iayer dulked —over—aMhydr gus B Z\S@f{’/ filtered, and concentrated
under vacu 0 give 34.27 g of B0- 90%ure by 1H NVR. Conpound 14 was
used wi tgp urther purificatig B 30 , CD3CD): 6 3.83 (s, 3H),

4.34 (d, 1 H ()= 5.0), 5.65 (d, I H, 14'— 5.0), 7.36 (d, 2H, J =8.7),
7.60 (d, 2H, JN6= 8.7). Exanple 13: Conpound 15 0

Compound 16 (8.13 g or 0.0297) was dissolved in 200 mL of CH3CN. Boc,O
(9.71 g, 1.5 equivalents, 0.0445 mol) and DMAP (362 mg, 0.00297 mol, 0.1
equivalent) were then added. The mixture was stirred for 2 hours at room
temperature under Na. Concentration of the mixture under vacuum was followed by
partitioning between 200 mL of EtOAc and 200 mL of 1 N HCI. The EtOAc layer was
washed with 2 N HCI (3 x 100 mL), saturated aqueous NaHCOj3 (2 x 100 mL) and
brine. The EtOAc layer was filtered, dried over anhydrous Na;SO, and concentrated
under vacuum. The residue was recrystallized twice from hexanes/EtOAc. "H NMR
(300 MHz, CD30D): & 1.53 (s, 9H), 4.29-4.40 (dm, 1H, J = 24.6), 4.63-4.98 (m, 2H),
5.53 (d, 1H, J=4.2), 7.34 (d, 2H, J= 8.4), 7.61, (d. 2H, J = 8.4).

Example 16: Compound 18

Lo m
Fena®

+/-
(17) 18

Compound 17 (0.050 g, 0.134 mmol) was suspended in 5 mL of CHzOH.
Cs2CO3 (8.7 mg, 20 mol%, 0.0267 mmol) was added with rapid stirring at room
temperature. The solids dissolved in about 10 minutes after which stirring was
continued for 10 minutes, at which time TLC (3:1 hexanes/EtOAc) indicated that the
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O O,NHBr OOBr OH (+/-) 15 14 54 WO 03/077828 PCT/1B03/03140 Conpound
14 (55.3 g, 0.184 nmmol) was dissolved in 375 nL MeOH. The sol uti on was

cool ed t owO o®ozrsa8 NaBH4 (2 equival ents, 13.9 g, 0.369 nol pcraBozsded in
portions, care being taken to not let the tenperature exceed 20 C. After
the last portion was added, cooling was ceased and the m xture stirred for
2 hour s.red@tiasivals compietec Taeirdaction neigideaiwes cansentigtad ungep Maguny angs

achi eveq, The m xt. filt | 3t t d d
vacuum nESul el Baeerl ALRE ot BRORE A HBE 61 992 IReraaRel L
(500 nL)vs(/jas'lélm&liﬁHcgsiighﬁy Wity d N apeouaslitd dhe wiixthrevippreiasly hakersawl the) |
sat ur at agueous 250 ml - Lhri | 0]
anhydroﬁ@%%ﬁ?tep? ﬁ%é&ﬁ@%&’ﬁé sp%@@&ﬁﬁﬁ@?&ég%%ﬁ]& ﬁlﬁ@bbgg?)d\ljg[ was
&gg} ?I |>d8Z§r¢lL£ aigdrt;dgwameg@ RILOAThe EtQAR evaBGiriddgvef ardifydrdus NaRCBGEMd MHz,

; . 64- m . 2. 38 (d H,,J = 5 {. : H, = 8.6),
|7: . 515 (1 gn%H‘%aﬁeM‘:-;;@é)VZ@é%ﬁ%%e 34 ’ES?(%&B%HW%'?B&‘? as ?Eﬁh'{eq?af%NﬁH] Br Br )

MRQSBOMMZ, D)5 133 (9, 9H)78.00m 37 pas4is) FpendedH| n=28rH, nL of

CH2Cl 2.  Under N2 and i t)h rapi(d QS}?I rring, gpﬁe b%lpgs:(ig m!xturg wasocool ed
to -78 J4th(da2blky=8§.8k/acetone bath. DAST (5.51 ni, 6.72 g, 0.0417 nol) was
added dropwi se by syringe over 2-3 mnutes. After 30 mnutes the m xture
was transferred to an ice water bath and stirred for 30 m nutes, during

whi ch tiEwample 13oCompalirgb2? ved. Another | nL of DAST was added to ensure
conpletion of the reaction. The m xture was stirred for 20 minutes at 0 C

and then warnedjto roomtenperature. The ture was stirred at room
t enper at ur nft nutes and then co rC. Excess DAST was
quenchedBr opw sgoadditiom o™ sat ur
Br
(+-) O -
18 j< (;é) F F
Compound 18 (0.740 g, 2.13 mmol) was stirred in 10 mL TFA/H,0 (9/1, v/v) at
room temperature for one hour. The mixture was concentrated under vacuum and

partitioned between 30 mL of EtOAc and 30 mL of 1N aqueous NaOH. The mixture

was shaken vigorously and the layers allowed to separate. The organic layer was

washed with brine (2 x), dried over anhydrous Na>SO, and concentrated under
vacuum to give 0.484 g (1.95 mmol, 92%) of product, which was dissolved in 20 mL
of CH,Clo. To this was added 1 mL of EtsN and 1 mL of difluoroacetyl chloride,
prepared according to literature procedure (Yu, K-L., et al., J. Med. Chem., 1996,
39, 2411-2421.). After 1 hour, the mixture was concentrated under vacuum. The
residue was placed in 10 mL of a 1:8:1 (v/v/v) solution of EtsN/MeOH/H20 and stirred
for one hour at room temperature to cleave any difluoroacetyl groups on the benzylic
oxygen. The mixture was then concentrated under vacuum, and partitioned between
EtOAc (50 mL) and 1 N HCI (50 ml). The EtOAc layer was washed twice with 20 mL
of 1 N HCI, twice with 20 mL saturated aqueous NaHCO3 and twice with 20 mL
brine. The EtOAc was then dried over anhydrous NaxSOy, filtered, and concentrated
under vacuum. Compound 22 (584 mg, 1.79 mmol) was used without further
purification. "H NMR (300 MHz, CD30D): & 4.25-4.67 (m, 3H), 4.90 (d, 1H, J = 3.9),
5.98 (t, 1H, J = 53.9), 7.30 (d. 2H, J = 8.6), 7.48 (d, 2H, J = 8.6).
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over 30 mnutes with very rapid stirring. After bubbling ceased, the
aqueous layer was slightly basic (7 < pH < 9). The CH2CI 2 was diluted with
enough EtW00@307880 mnl-) to bring the organic |ayer to thecrapoxsiing
aqueous extraction. The organic |ayer was washed with saturated agueous
NaHCO3 (1 x 300 mL), 1 NHC (2 x 200 mnlL), saturated aqueous NaHCO3 (3 x
(2)00 m_ and brine (1 x 150 mf_)land dried 55 WO 03/077828 PCT/ |1 B03/ 03140
ver t iltration, the m xture was concentrated un
vacuum. %‘“3"“‘? %@%wﬁp B own oi . 1H NVR( 300 MHz, CD30D): 8 3.87-3. 980Ier
(dm 1H, J = 2CDH(F CHN)) 4.54 (dd, 2H, J 6.7 (CHZ-F), 4.2), 5.42 (d, 1
H J =5.1) 34 2H, J = 8.4), 7590( 2y J = 8.4). Exanple 15:

Conmpound 1 ,NH N O Br F Br
0. 0297) ppe »

_ npound 16 (8.13 g or

) in 200 m."of C BCZQ) 71 g, 1.5 equivalents,
0. 0445 nol) a(n/q P (362 ng, 0.00297 W0l 0"d eQuivalent) were then
added. The md'ure stirred for 2 hourggat room tenperature under N2.
Concentration of the m xture under vacuum was followed by partitioning
bet ween 200 gbrpbufitl 98¢1.88¢), 203 minobfwab disddGied T IRHE:(8Q nildyea Slas washed

bri ne. wﬁ%né%@ﬁpéﬁfﬂas%w%o%{é&éﬁgnei@#%ﬁ@?ﬁ Y s RS and
concentr, F% fd"la Ngggmgne %n%%ggu@nmﬁome%us@adeHmyd&mece from

hexanes/ 0 (dm 1
H J ',Afteﬁ)abomt 16®1wt@ghg fﬁlxtgqebtumegi y@ﬁov(/d TLY (pﬁd Igexangg))gjOAq) %@W(e oH J =
8.4), 7.8e o sitbebreséht hn da4RiSRhIS déps 6P IRetAskybordre RrOaddéd

followed two minutes later by another 5 drops, a which time TLC indicated the

reaction was complete. The CH>Cl, was removed under vacuum and the residue

partitioned between EtOAc (75 mL) and saturated aqueous NaHCOj3 (50 mL). The

EtOAc layer was washed twice with 50 mL NaHCO; and twice with brine. The

EtOAc layer was dried over anhydrous NazSOy, filtered and evaporated to give a

yellow oil (1.08 g, 2.78 mmol) that solidified to a waxy solid, which was used without

further purification. 'H NMR (300 MHz, CD;0D): § 1.49 (s, 9H), 1.55 (s, 3H), 1.67 (s,

3H), 3.70-3.85 (m, 1H), 4.34-4.53 (m, 2H), 5.08, (d. 1H, J=7.5), 7.37 (d,2H, J=

8.6), 7.54 (d, 2H, J = 8.6).

Example 19: Compound 23
o o

Jona ¥ at
0 0
Br (+-) F \é (HO).B (+-) F \é

)
19 23

Compound 19 (309 mg, 0.796 mmol) was placed in an oven-dried 50 mL
round-bottom flask equipped with a magnetic stir bar. The flask was immediately
capped with a rubber septum and flushed with dry N2. Anhydrous THF (15 mL) was
added by syringe and a long cannula was used to flush the solvent with Ng for 10
minutes. The mixture was then cooled to —78 °C. With vigorous stirring, n-BuLi (850

pL, 0.995 mmol) was added dropwise by syringe over 3 minutes to give a clear
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Br HNO 10 Br (+/-) F 17 18 Conpound 17 (0.050 g, 0.134 nmol) was
suspended in 5 nL of CH3OH  Cs2CG8 (8.7 ngy, 20 mol % 0.0267 mmol) was
added wi tworoajprm2&tirring at room tenperature. The sol i decdiiBexdsred in
about 10 mnutes after which stirring was continued for 10 m nutes, at
which time TLC (3:1 hexanes/Et OAc) indicated that the 56 WD 03/077828
PCT/ | Boafr@agbal&mtroaaoqftem QOmsuteenB(@Me)s (TFeul, 6639 Mool ivsticlt kadiegen

concentr und vac he. r esj du f
e O arsired o T afpirearmoiyle Fisl s o i B8 dd hedtl i BhUEFBofRIE, O
aqueous diet ond RnUe Xbing@an\dvenidvies| yastigt epriraed 'Itmaerm)dua'gevas waarpmdao ed. The
Et CAc | ayer was washed with saturﬁtfggaggueous NaHCO3 m-) and

brine (rogmigmpenatureRadisticsad URder Qs aﬁﬂ@fﬂ?‘mﬁ&w&h %Gnd

concent r
foam 1Hsaattl§'rgteﬁ"§i|fﬁéot\l&§_|§lwm \Fv%s:) Sl \ﬁl@ﬁ ﬂgﬁ@ué @urmg Whieh reqfitedi®n asvhﬁevw;l t2 S "

2H, J = rgeqyltate vispersed.in fhe, twy)lgugl qr)asg aﬁB‘P g]l)f(l;ﬂ'e \@%’[H[ﬁfgfo%g}] o
015: )~ F ad%ﬂ% n& od kUL ERY @eﬁ*ﬂ‘luﬁed':wdﬁ Et@-ﬁ\c?éhd I%TQ@MTHH tH@p(tepﬁéfé g, 2.13

was stirred 1n 10 nmb TFA/ H20 ( v/ v room tenperature for one
hour. Tmassnl\bedurTéle\mgam@iﬂyéhWﬁaﬁébﬁfaWQeWa \Mlﬁﬁl Briee andiAtied P¥ed bet ween 30

m. of Et O Qgt ésﬁé efftefollPJla Etd)?(,qva Fg?ﬁoJEdXﬁMe?va&@ﬁn &hghen

Vi gorousaf o Separate. The organic |ayer was
washed v328hng|of yaﬁlo(Aka)ThejpnoddctcympLHIﬁhS*@V@dlga Kebsmamatngraiydesieat ed under

vacuum t 4

So o ot Bebed: “RiviR God I EeReth %1 9 CeRT me sl s i Go: XSSeL ¢
ghl (I\)/Orel dch4gr%q%g(g1)a§ger1dﬂzfmgnt2]-l)l Bi1er(dt UH.e/ pi7cR)eTUBéd, (2, J KB-1).7.64t al .
cbncent s &6 Jrdeh: \J‘&\G%VQ%S%/ZZM?’%Z)Z ALP%{" FaiBRNO; rbilfrdl 882" 4

Example 20: Compound 28

o9 :
F
O™\ O™\ N7 HN O
m = c el
Br F N7 E (enantiopure)
1 L J 2

28

This is an example of Suzuki coupling method A. Compound 11 (47 mg, 0.14
mmol) and pyridine-3-boronic acid (21 mg, 0.17 mmol) were dissolved in 5.0 mL of
THF. Pd(PPhs)s (11 mg, 0.0098 mmol) and 3.0 mL of 10% (w/v) aqueous Na2COs
were added. The reaction mixture was refluxed for 16 hours, cooled, diluted with
EtOAc and washed twice with 10% (w/v) aqueous NaxCOs and twice with brine. The
EtOAc layer was then dried over anhydrous NazSOy, filtered, and concentrated
under vacuum. Silica gel chromatography (eluting with 1:1 hexanes/EtOAc) gave 47
mg (0.14 mmol) of 26. Intermediate 26 was heated to 105 °C in a sealed tube with
6M aqueous HCI and held at that temperature for 16 hours. The mixture was cooled
to room temperature and basified to pH 10 with 3 N NaOH. The product was
extracted into EtOAc, which was dried over Na;SOs, filtered, and concentrated under

vacuum to give 42 mg of the deprotected free amine, contaminated with the
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residue was placed in 10 nL of a 1:8:1 (v/v/v) solution of Et3N MeOH H20
and stirred for one hour at roomtenperature to cleave any difl uoroacetyl
groups orwDhg/obmsegyl i ¢ oxygen. The mi xture was then concearnBexai4ander
vacuum and partitioned between EtQOAc (50 nL) and 1 N HCl (50 ml). The
Et CAc | ayer was washed twice with 20 nL of 1 NHC, twice with 20 nL

sat ur at ezkpadied deszolaHCds ekt bypwaugl arisingdran clgavage offthe Pretepiindnas t hen

dried 0‘6&%&??%%&@33 r%@@@é%m%[d;cwo%é‘&t gﬁ@&‘agwm hiMeSR ofPadegjjgacuum

Conpoun was u w thout further purifigation. 1H
NVR ( 300geVicaron@hsgbBphy, @/uing Svith. B3%(MeOBH) CHeChogave 10 mg of pred@t.o)H 5. 98

(t, 1 H = 7 : = 8.6k nolrid — 2h, =.8,6). 57 WO
657 0776 VBSRT iz 65 )ggﬁéﬁ%-gii@té&)ﬁpo&(ﬁd%ggdf@' g2rds 1) g )i~
i ssol vor T e e K A 2 o Found. bot L om { Lagk. 2. NEL hoxypr o

i ssolved in in a oynd-botto . 2- OoXypropene
(339 L, Hlsh= %\%4%7% Saahé»dLBV'S gﬁlﬂtﬁdé Léfn’gigl (&algd %M%ﬁsi ngl e crys%/gl gf
p- t ol uengsl JourNc0aekd.0fp- TsOH) hydrate. After about 1 minute, the mxture
urned yellow. TLC (4:1 hexanes/Et OAc) showed sonme 18 to still be present.
t P

An additional 5 drops of 2-nethoxypropene were added followed two m nutes

| at er byEféllﬁHéeﬂ:@diﬁﬁ&@nd gzwhich tine TLC indicated the reaction was
conpl et e. e CH2Cl 2 was renoved under vacuum and the residue partitioned

bet ween Et QAc (75 and sat urated agueous CO3 (50 nmL). The EtOAc

| ayer was washed twX ith 50 nL NaHCO3 an ice with brine. The EtOAc
| ayer was dried over /anhydrous Na2SO4, filtefed and evaporated to give a
yellow oil (1.08 g9 R.78 mmol) that solidi%Ned to a waxy solid, which was

used wit hout Npurificgtion. 1 3b0 MHz, CD30D): 5 1.49 (s,
9H), 1.55 (s, , 1. 67 (s, 3H), 3.7 85((m 1 H), 4.34-4.53 (m 2H),
5.08, (dHORLE N = 778), 7.37 (d728 ¥ = 8%®), 7.54 (d, 2H J = 8.6).

Exanpl e 19: Corfgound 23 =/ (+-)
12 27

Boronic acid 12 (43 mg, 0.144 mmol), imidazole (15 mg, 0.215 mmol) and 4A
powdered molecular sieves (110 mg) were combined in CH,Cl» (4.0 mL) and
pyridine (23 pL). With rapid stirring, Cu(OAc) (26 mg, 0.144 mmol) was added and
the mixture stirred, exposed to air, for 40 hours at room temperature. The mixture
was quenched with 3 mL of 2 M NHs in MeOH. The mixture was filtered through
Celite and concentrated under vacuum. The product was purified by flash column
chromatography (19:1 CH,Clo/MeOH). Although "H NMR indicated that a significant
side-product had eluted with the desired product, the mixture was used without
further purification. LRMS (ESI") m/z: 321.9 (calc. for M+H* CygH17FN3O 322.1).

Example 22: Compound 29

N
= ) 29
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OA_ _OOVO N Br (+-) F(HO2B (+/-) F 19 23 Conpound 19 (309 ng,
0.796 mml ) was placed in an oven-dried 50 nL round-bottom flask equi pped
with a megoasioc7seg ir bar. The flask was i mediately cappedTaBodn3ador ubber
septum and flushed with dry N2. Anhydrous THE (15 nlL) was added by syringe

and a long cannula was used to flush th I £ow N2 f 10 ' .
The m xture WSAOLEH %d37§w,p@&4?”gﬁ@!)Wﬁ%th%%ﬁlcg‘gFlb\éM§\} gpi' %3!*-9%8-,) t?ij@{)TLinuE SZO

L, 0.995 v - i , )t |
Ly oSS By e oSy e ST g o 0 ves e
(158 L, taémperature| hasifie with BAbadueens NaQi ead exteactedhtues limes sdthis0é6ul ar

sieves fqgr at Jl.ea 4 0 j ' [
oven- ar i e R iR DRvicDe WEIR aPed Grer LR floBE neps Gl ABRdTElY, £ L8 Abure
and st i rgopdentraied uberfvacudif thglvesd mamp residusat RMS ZBSH). nuE: 236G (Calted

aqueous NHACI ,was e ith vigorous stirring, which resulted in a white
preci pi tfQf M+ gé’ﬁg]g@ficgﬁ%ﬁg two |iquid phases. The m xture was stirred for

an addi ti ongle90sifiid1WhE FefRirEd iR OM (5.0 edl) %ﬁthinﬁthEGNﬁmsl uHRQ8eNti | al |l the
precipitate dissolved. The organic | ayer was separated, washed with brine

ang dr i edmelend mﬁhy{dﬂ@ﬂ@romsf@mm @126 mneglxfar sriiourne Tee REUIRANES: enpved
under vac : ' 0 biH
i1 ca. gotCanndlalder R durdnisd BY'ybe oo chF o Ry S SO Sy Y 6

1.49 (s,in@MLCl) tb6ivé 29 (8)mg,10.677 (EnolBHH NMR (3B003At88 GDaOLL): By, 334. 33- 1. 52

(m 2H). 5,10 = 7.5), 1,43 (d 2H I, = 8. . L 2H J =
8.1). L %’Ee%'gw s, e/ 5 Th Bos AP RS 1’@(12[53125%5%%5%%5'5’%' grrpi]e
20:  Conpeund). 2RMS\(ESH) m/z034% Bl (tals. foIWIEGH" CliyHisClBN:B, 846.0). F (enanti opur e)

11 28 28 This is an exanple of Suzuki coupling nethod A Conpound 11 (47
ng, .14

Example 23: Compound 34

o o)
OH O 0//< ,/<
o ——» NH N
NH,
NC 7 NC OH
(+1-) NC™ 90" © (+/-)
32 33 34

Compound 32 was prepared by the procedure of Pines, et al., supra. Ina
250-mL round-bottom flask was placed 1,1’-carbonyldiimidazole (CDI, 5.06 g, 31.2
mmol) and EtsN (2.17 mL, 15.6 mmol) in 1,2-dichloroethane (50 mL). Compound 32
(4.00 g, 15.6 mmol) was added to a beaker containing 1,2-dichloroethane (50 mL).
EtsN (4.34 mL, 31.2 mmol) was added to the beaker upon which\a thick suspension
formed. Additional 1,2-dichloroethane (20 mL) and THF (50 mL) were added to thin
the suspension. The mixture was added portion-wise to the CDI suspension over 30
min. The mixture, which became mostly homogenous and turned yellow was stirred
for 12 hours. The solvent was removed under vacuum and the residue was
partitioned between 2 N aqueous HCl and EtOAc. The EtOAc layer was washed
with 2 N HCI (2 x 45 mL), saturated aqueous NaHCO3 (2 x 30 mL) and brine. It was
dried over anhydrous Na;SOy, filtered, and evaporated to give 3.27 g of 33 as a fluffy

yellow solid, which was used without further purification.
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mmol ) and pyridi ne-3-boronic acid (21 ng, 0.17 nmol) were dissolved in 5.0
mL of THF. Pd(PPh3)4 (11 ng, 0.0098 mmol) and 3.0 nL of 10% (w v) agueous
Na2CO3 wwoasatsesl. The reaction m xture was refluxed for PC@/IR@MN3$40 cool ed,
diluted with EtOAc and washed twice with 10% (w v) aqueous Na2CO3 and

twice with brine. The Et OAc er was then dried over agﬂ‘édrous Na2S4,
filtered, an@opmauedt33dd &8 9. &rﬂéi'”\?&d’!ﬂ’ﬁrﬁ"s%?l‘f'qdc'a MRPH EBP BHa@Bgr aphy

| uti ' :
I(ﬁt g: Imr; Wl tdhtaé) € Ih at eéi 59ﬁMGte@7Ng§g4 génge Wﬁ%mr%l%M aqueous HCl

and hel caddtedpndtont\wnpeﬁﬁeub@bﬂlog cedsatlo LS. (59|‘¢Meﬁi‘b<lﬂl§3rl'éz%§1d¢<€ﬁ§%d to room
t enper at,yr.e u s extracted
in{rg Et éﬁ%t stéff %ﬁ?ﬁéﬁlélngée@e@\%ﬁg&a%%%&l%a{\lﬁere %gn%tétﬁr\?at ed under

vacuum tbm:bglmgacemedgthefmimee Wepqcewteddmfrr@ecnalriﬂ@ép Uﬁblrﬂ pifiofiat ed with the

ar' o1 ng PPBHBREN LS gpBr g ARG RS AR Rb RALER e P 20

ing group Fude resi
di chl or qaetitionkdbetiverh EtOAdBndSly NtHI@IS i ThedEtC2E:. Iaﬁrlwm@iad@hﬂon&t ogr aphy,

oo sk AR B G R Al i 1

I- g? 852% Smg 3k, prédut wiad isckdted by 3iliGa Q%zlbcmomgto@dﬂﬂhy L(gﬁgo 3% o $%(r)ﬂ 2. 356 .
. r r s Z.

(calc. fB70 ‘MﬂﬂOH '@il'é’n%%%’zw?z% g‘ﬂa%{h%lég%fim%%@ﬁ W57 0=~ \ O

\N\'N ('ﬂ&ﬁe&zby@b&raﬁoﬂof)thé éﬁuéousl&yeﬁouoa@acwtﬁtuaé.uod with it Etopc 0. 144

nmmol ), 1 m dazole @Iﬁd red nol ecul ar sieves (110

ng) wer €183 mg, 284 mth FQNMJR @OHLMH@{H%CW)( ﬁcﬁ @%(b(283*ﬂ) S5.8f R Sy api d
stirrin ) S (26 s added and the mxture stirred,
exposedg'iHc)Oglcjrg%ST%?l ‘42107%1}293? roomte?:ﬁer ature. The m xture was quenched
with 3 mb of 2 MNH3 in MeOH The m xture was filtered through Celite and

concentr he product was purified by flash col um

chr omat %ﬁ%@%?@@% MeOH). Al though 1H NMR indicated that a
significant side-@roduct had el ut edcwlth t he desired product, the m xture
was used w t houtp

Non i J@Ji
(+/- (+/-

Fluorination was performed using DAST as in the synthesis of compound 11.
"H NMR (300 MHz, CD3;0D):  3.89-3.97 (m, 1H), 4.49-4.66 (m, 2 H), 5.55 (d, 1H, J
=4.8), 7.59 (d, 2H, J=8.1), 7.80 (d, 2H, J = 8.4).

Example 25: Compound 38

OH OH O™\
N
HN gH ii NH . - |
T 2 o
o) 36 0 37 ) 38

Compound 36 (2.12 g), was prepared by the procedure of von Strandtmann,
supra. It was heated with 10% aqueous H2SO; to 100 °C in a sealed tube and held

for 4 hours. After cooling to room temperature, the mixture was basified with 1 M
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further purification. LRVS (ESI+) mz: 321,.9 (calc. for MrH+ C19H17FN30
322.1). Exanple 22: Conmpound 29 CHF O\'NNON/ HNO NF (+-) A C
(+/-) 29 w0 0607Me3 03/ 077828 PCT/ 1 B0O3/ 03140 Conpound 27 ( PCTrg93/@31884 nmol )
was heated with 6 NHCI (3.0 m.) to 100 Cin a sealed tube and held for 16
hours. The m xture was cooled to room tenperature, basified with 3 N
aqueous NeQbHarhexteaatecitires]times sathri-brsanali he Prioytanol fraglorsoweiened Et OAc

fractio i , trated
nder vABULHeR SE igadE aRAKANE SP Tk soblgp! (g Buaiidioa ORERN T2 BT
MtH+ C12HHSG-bI3EN . 236 1). The residue was refluxed in MeOH (5.0 i)

containi ng E gap un%hé?%%?&?%%oﬁ%s@é%&d dqlgq AR (166 L, 0.126

mmol ) for 3 re was ’‘concen er vacuum and purified
by sili e gﬁbnghﬁtbmwgemmdd@hwome (1ng427d(2ynnqu) gnd&tP(1.@6 0 ny,

511, ") S S s il B,

LRVS ( E%hdr)dnﬂ%a Wit AStOAd CRleCsolfitoh Wdishirasbbd lifhGRNRPa@ oud NHAEX Bpl e 23
Corrpound 34 O0 OHO Qo

(+/-) 3% aB@S%tﬂfaéﬁ%'@hﬁP%(i %ngf'@%ét‘r’%fc?rgvdl\%é %Siféuﬁhs F’B‘?‘J\IC g;/s )etOH al .

?%r a. 'pfﬂecﬁp ta?e':oofr&h tﬁ@EwAB@htcE?hs lgaﬁgﬂ@ldgﬁmnmfme&aﬂdrbpswhmbdm m dazol e’

, 2-di cmn@rQ)@z mﬁéS((Bd rﬁm)ol) %HrPﬂMBr( BHz, CDsOD) 5 2.60 (s 3H), 3.79 (dd,
1H, J = 11.3, 5.9), 3.89 (dd, 1H, J = 11.3, 4.1), 4.14-4.20 (m, 1H), 5.70 (d, 1H, 6.3),

7.47-7.61 (m, 5H), 8.01-8.05 (m, 4H).

Example 26: Compound 39

Compound 38 (0.62 g, 2.1 mmol) was suspended in CHCl» (15 mL) and
cooled to =78 °C. DAST (0.42 mL, 3.1 mmol) was added by syringe and the solution
stirred overnight, during which time it was allowed to come to room temperature as
the cold bath warmed. The solvent was removed under vacuum and the product
isolated by silica gel chromatography (1:4 EtOAc/hexanes) to give 0.17 g of 39. H
NMR (300 MHz, CD30D): § 2.60 (s, 3H), 4.30-4.40 (m, 1H), 4.63-4.67 (m, 1H), 4.79-
4.81 (m, 1H), 5.74 (d, 1H, 6.9), 7.48-7.63 (m, 5H), 8.01-8.07 (m, 4H).

Example 27: Compound 40

63



(4.00 g, 15.6 nmmol) was added to a beaker containing 1, 2-dichl oroethane (50
m). Et3N (4.34 nL, 31.2 mmol) was added to the beaker upon which a thick
suspensi owoO oBorrsesl. Additional 1, 2-dichloroethane (20 nlL) pamdB@IHB14050 i)
were added to thin the suspension. The m xture was added portion-wise to
the CDI suspension over 30 mn. The m xture, which becane nostly
honmogenous and t ur yel low was stirred for 12 hours. The sol vent was
renoved under vac and the residue was partitioned between 2 N agueous
HCl and Et OAc. The/ Et OAc | ayer was washegy with 2 N HC (2 x 45 nL),
saturated aqueo@\NaHCO3 (2 x 30 nL) andlbrine. It was dried over
anhydr ous od. N | tered, and evagorsyt ed tofgive 3.27 g of 33 as a fluffy
yel | ow sol i i¢h was used without~fdrt ¥t purification. 61 WO 03/077828
( pound 33 (1. 00&?’ 4. 06 mmol ) was dissolved in MeOH (50
m.) and cool ed390 0 Cin an ice bath. er 5 mnutes, NaBH4 (308 ng, 8.13

nmol ) was ded Af t er, bubbl i ce (
cH2d 2) ndi G2 hgggé?ﬂgr §|5r§dn'??8[)é{ﬁs ?“W%’%E‘Hﬁ%e'ggq%‘g' Q&W onal
N?BH4 }A%H%%éd@d tutlﬁe‘ tEfe mb@hrblwmmm}oaqmeand mmr;]c_a msounmeﬂﬁhl_ed with

aci a c until a appr.oxi mately 7 : e m xture was
goncent capkng terigem t@@@ﬁ@ﬁﬁ'rﬁn@‘geﬂéW‘? Y"?Brﬁ’\éﬁ'zﬁﬁaﬂgﬁ\l E@éﬁaa‘l ®. N HC. The
Et OAc |%Yc§‘duc‘f‘@§tré(@e°d"‘i%$ @H%djl (38} Wlﬁ&ﬂn@ﬁé@@%CMﬂd@ﬁan(@epe dHedndver and bri ne
(40 ni) "and dried over an rous . The ﬁj VSL% i sol at ed by
silica @ehy@nw@h@e%gf,élﬁﬂsed(az%mcgmmtﬁd lngive 69 @/ #/Edli i”ﬁ‘fp@'@:l to give
128 mg qf H)P S L 3@yappr ati on of
t he aqueouslt?aygfm}f gpﬁ R@?j%%bggﬁ rg???r:ﬁ?mm.tﬁmwg?m%tﬁg(ﬁyﬁé ng, 281 ny
total). (dHHNNR= 63007 524, ZED@GD,W .80 60 2Hh/ =8.1BH) , 5.50 (br s, 1 H, 7.58
(d, 2H, J =7.8), 7.79 (d, 2H, J = 7.8). Exanple 24: Conmpound 35 O 0_~
,NH)01 " \ ,NHe NC (+/-) OHNCI(+/-) F 34 35 Fluorination was perforned
usi ng DAEXBn#slei28: Coenpoyurtdbi s of conpound 11. 'H NMR (300 MHz, CD3OD): 5
3.89-3.97 (m 16—}1}, 4.49-4.66 (m 2 H, 555 (d, 1 H J

F

HNIO

© Cl Cl
Compound 40 was dichloroacetylated to give 41 in the same manner that 27

was converted to 29. 'H NMR (300 MHz, CD30D): § 2.57 (s, 3H), 4.31-4.78 (m,
3H,), 5.03 (d, 1H, J = 3.3), 6.23 (s, 1H), 7.53 (d, 2H, J = 8.6), 7.95 (d, 2H, J = 8.6).

Example 29: Compound 43
0O
0
o//< 0//<

NH ‘\\NH
N ____>
m HoN
NG F | +-) F

Compound 35 (100 mg, 0.454 mmol) was dissolved in 3 mL of EtOH and
transferred to a 25 mL round-bottom flask. Hydroxylamine hydrochloride (38 mg,
0.545 mmol) was added followed by EtsN (127 pL, 0.909 mmol). The mixture was

stirred at reflux for 3 hours, at which point TLC indicated complete consumption of
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=4.8), 7.59 (d, 2H J =8.1), 7.80 (d, 2H, J = 8.4). Exanple 25: Conpound
3 HOHO OHOHii! " I ~N HNO-'" e NH2 e OH0 36 O 37 0 38 Conpound
36 (2.12 wp,03mams29r epared by the procedure of von Strandt ®emnBo3/@ur a. |t
was heated with 10% aqueous H2SO4 to 100 Cin a sealed tube and held for 4
hours. After cooling to roomtenperature, the m xture was baS|f|ed wth 1 M
62 WO 03l0thRBRStePel/ TIBOBI (T MRS (anceNtsFead aReerapcyumta 282 My ab¥eligNt h

n- but an%lf,hwﬂ_@ﬁv@stqéteamhoﬂtrfﬁﬂﬁé lfl}fé\ﬁro‘?l ,@Bq#ﬂgr?%f‘tl"@ﬂz(q'% %}Wé%r anhydr ous

Na2SO4 was evapor ated ound 37 (1.61
g, 7. 70dmsolv)adwaﬂ;omlse;fdhetdagllorthofmrraatdl ahmmwmwae stiredat 120 °C andgig with

oy RSl R L Erbbudeder AT BB (1. 00 -

t enper atQHEl,) antajoi hew egdotwi The tHbtBpcortHbfiernm=id was oemewes! yreshgdcum h sat ur at ed

Raps04 amas rsitierSarfineR B MetaE 1A Neadtke S RaCbl, e S GRAR A 1 on of
séeD\éeOrD ?I Iééfeﬁzawgng(%\fassh@daﬂtﬁsi N@qu@tbuseNéDHZ{Zg ) ahd BBng 22 A). Mhe! EtOA’bI-HaWRl( aooj Mz,

11. 3, 4@*@1&’%%‘@“{’%5 "iaa%%‘*' %'tefed (@ elvaﬂor%éda)?o 9?"9 827‘“9°Eﬁ'?(m 5H) ,

8. 01- 8. Ghe(dind wﬁMas@mn@as 8I5ronﬁ@émﬂﬂ(ﬁdnl319s|liaa%|at¥(1503t055@5680@039 Conpound
38 (0.62 g, 2.1 nmml) was suspended in CH2Cl 2 55{[?‘% 8@ ooled to -78
C. DAST heganes/BIOAG). ANRHiST purj t'ﬁ'éiaéﬁhweé?/tf‘?mée/ ¢ %)ql?c)tqac‘fﬁ stirred
over ni

Che Coﬁg%ézg%% né(e\@hﬁé“rﬁéndgg Lrgnr/]l @M%3m)09m3tzpo4 pamMipapgLature as

s renoved under vacuum and the product

|330I i}_{edl &%/ (rsj 2 H3,86.52(d, dit, Jrreli. b)y 7shig, 2Hi; 4=8.3A8/IHdda?ids) =8c3)gP¢8 0.17 g of
(s, TH).

Example 30: Compound 45

o]
0 OH
OJ<NH oA o
. \\N—Q —_— F
Ben ok T
</ng (+/-) F </N ] (+) F o-N (+-) O\ﬁ
43 O—N 44 45

Compound 43 (20 mg, 0.076 mmol) was dissolved in CH3;CN (2 mL). Boc,O
(25 mg, 0.114 mmol) was added followed by a single crystal of DMAP
(approximately 1 mg, 0.008 mmol). After 2 hours, TLC (1:1 hexanes/EtOAc)
indicated that the reaction was complete. The CH3;CN was removed under vacuum
and the resulting white solid dissolved in EtOAc, which was washed with 1 N
aqueous HCI (2 x), followed by NaHCOs (2 x) then brine. The organic layer was
dried over anhydrous Na,SOy, filtered, and concentrated under vacuum to give 44 as
a white solid (28 mg).

Compound 44 (0.026 mg, 0.072 mmol) was dissolved in MeOH (2 mL) and
Cs2CO0s (5 mg, 0.014 mmol) was added in a single portion. After 1 hour, TLC (1:1
hexanes/EtOAc) showed a single product. The solvent was removed under vacuum,
EtOAc added and the mixture stirred rapidly at room temperature. Then, H20 was
added, followed by 0.5 M HCI dropwise until all solids dissolved. The organic phase
was washed with 0.5 N HCI, followed by saturated aqueous NaHCOj3 (2 x) and brine.
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NVR (300 MHz, CD30OD): 6 2.60 (s, 3H), 4.30-4.40 (m 1 H), 4.63-4.67 (m "I
H, 4.79- 481 (m 1 H, 574 (d, 1 H 6.9), 7.48-7.63 (m 5H), 8.01-8.07
(m 4H) . Eoanpts227: Conpound 40 63 WO 03/ 077828 PCT/ | BO3/,Q3AB@/030OH \ N |
F NH2 I~ F O40 O 39 Conpound 39 (0.17 g, 0.58 mmmol ) was suspended in 6
N aqueous HCl (5 ml) in a sealed tube. The mixture was heated to 100 C and
Bel df f ofThedrgasic yerwasthenshisniovgr ahyeisimNassRsr Hiaiedand sencaniiaiéfe was
asifie 3 X The
conbi negog—iggl)%”%act | oﬁgq"v(atles@n fied BgH@f\?g%thﬁ\C(ﬁerﬁgfuésiﬁdé %C{laf |(I tez ed and
concent hexanes{EOfiote 140 hemnleﬁtEtQACDtoazﬂf\ne #5613 mga@i03&|mn 1306‘1 MR cosoD) -

L5 by, @i COopy s o] G oA bt (i Ry hdfd 2?24‘775%8@(%0”%0&5

41  OH BH,H <3841 s@5]d, epinpeisd), Q@Masml) chl oroacetylated to give 41 in the
same manner that 27 was converted to 29. 1H NWR (300 MHz, CD(err)QD): 5
2.57 (s, 3H), 4.31-4.78 (m 3H,), 5.03 (d, 1 H J 33)623(s 1 H,

7.53 (d, E,g,ﬁg,,gﬁ &oﬁ}pou}m‘a&(d 2H, J = 8.6). Exanple 29- Conpound 43 0 0
0 O, NH NH H2N

OH ' OH
N N
</NI HN\(O </ I Ha A HN. O
o-N  (+4) o) o-N  (#-) < ,lN (+-) ;/[
a5 j< 46 o a7 7 ¢

Compound 45 was dissolved in 2.5 mL of 9:1 TFA/H,0O in a 10 mL flask. The
mixture was stirred at room temperature for 30 minutes, at which time TLC indicated
completion of the reaction. The mixture was concentrated under vacuum and
partitioned with rapid stirring between 1 N aqueous NaOH and EtOAc. The EtOAc
layer was washed with brine (1 x), dried over anhydrous Na>SOx, filtered and
evaporated to give 11 mg of 46 as an oil .

To 6 mg (0.025 mmol) of 46 in a 10 mL round bottom flask was added MeOH

(2 mL), followed by Et3N (3.5 pL, 0.025 mmol) and methyl dichloroacetate (13.1 pL,
0.025 mmol). The mixture was refluxed for 4 hours at which time TLC indicated no
reaction had occurred. An additional 26.2 pL of methyl dichloroacetate was added
followed by 7 pL of EtzN. The mixture was refluxed for 20 hours after which TLC
indicated that the reaction was complete. The product was purified via chromatotron
(1mm silica gel plate, 99:1 CH>Cl./MeOH) to give 5 mg 47. "H NMR (300 MHz,
CD3OD): & 4.32-4.72 (m, 3H), 5.03 (d, 1H, J=2.7), 6.25 (s, 1H), 7.56 (d, 2H, J =
8.3), 8.05 (d, 2H, J = 8.3), 9.24 (s, 1H). LRMS (ESI') m/z: 346.0 (M-H*
C13H11CloFN3O3 requires 346.0).

Example 32: Compound 24
S
Br
«r
N—N
24
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NC (+-) FI (+) F (+/-) F 35 HO PN 42 O N 43 Conmpound 35 (100 ng, O0.454
nmol ) was dissolved in 3 nL of EtOH and transferred to a 25 ni

round- botwormsformek. Hydroxyl am ne hydrochl oride (38 ng, @®C34Boasn40) was
added fol |l owed by Et3N (127 L, 0.909 mmol). The mixture was stirred at

reflux for 3 hours, at which point TLC indi cated conpl ete consunption of

64 WO 03/ 077828 20€Tl RUBAHRItAD flask a2-aminp-hdidkthiagiazoithd 08 1182 was

concentr t I wi t hout
Furt ner TS MBI B IR ot 483 ofiodls HE |\Wtor 10 L e acBd 0 B0e 1 10
of tri etdudllomémbﬁlonmmwmchmt sphidsudtissohesl. sfh&mwrawaﬁmo@ddﬂ@é’ﬁw for 2

hour's_and e o, bRE RIS LB 10 GvA%MMESe bk LSRRI fle O2T 2

a maj or S renpbved under vacuum and
t he r esipﬂemplrmm NaN 68 Deigye S0 rﬁmﬁll}warwbsblmdarqaémlsHb@(aﬂd afided or gani c

ayer wa N a The Et OAc
I ayer \)@%p"éﬁ'rs‘? QMG%W%WBC!@%@] m’%‘r"l tﬁgﬂ“&yﬁgggéﬁéﬁg Ked, to gi ve
gg Zg ofg rg%ﬁ %r(m)d 6b@q4L%r»<gdumE fwmjrcm?mﬁ&mbbyoloﬂrnmh rmowlyr']gm golutiom E ilica plate,
to to e es/ Et OAc ot her. purl |cat| n
chr omat &%W%@%VW@@@?W @ﬁ’é% VE§A? yr%avga SR r@%?/l d. 1H NMWR
(3005Mf§addi7ﬁ8§g¥3%0dmﬁ12u%sg&oﬂ°cgﬁ%&ﬂhe fimid) as‘bvﬂa&ﬁuo#bé@ar{ NThe miftureSwas (d 1 H,

Exanpl e vwme@dﬁﬁmaemgergt@ww@(@nmu@q: qutu@eq\pquqouglw%&ﬁp Wg? ra F <N /
(+/-) F a?d%'d tﬂ)pvﬁée untn@bbﬂlﬁng%ﬁsédlaf}@tr@m%@@ 3T &Qs Bis 2adéF 60Dl ) was

di ssol ve was added fol | owed by

a singl dﬂbpflgt%céiﬂ mﬂmhqsmrw%pﬁﬁtrewamdlwh@mm%srw filtera€ t or 2 hours,
TLC (1 lthrtb%éﬁ%ﬁ%ﬁf%}gie to' o8 Bt é}ﬁfthéﬁ%é Bpsrsivitiie YBSarai®  Biee.  The

CN was T r vacuum an e resulting white solid dissolved in
Et QAc, wirgathicsveerennasted witht brine (R x). The aqueous Iayer was extracted with EtOAc

and washed with brine (1 x). The combined organic layers were dried over Na;SOsa.
The remaining aqueous material was extracted once more by vigorous stirring with
EtOAc (50 mL) for 12 hours. This EtOAc layer was washed with brine and combined
with the EtOAc that was already drying over Na,SOs. The solution was filtered and
evaporated under vacuum to give 24 as a tan solid (1.22 g, 7.36 mmol), which was

used without further purification.

Example 33: Compound 25
O/k o) o/k o
S
N~ oY N~
0‘% N—N — o%
(HO)B , +) F

(;:/5-) j 24 <\ -N
25 '
This is an example of Suzuki coupling method B. Compound 23 (19 mg,
0.0538 mmol) was dissolved in THF (1 mL), DMF (1 mL), and H20 (0.5 mL). The
mixture was stirred at room temperature until all material dissolved and then 2-
bromo-1,3,4-thiadiazole (24, 5.0 mg, 0.027 mmol) was added. The solution was
purged with N for 5 minutes by means of a long needle. PdClx(dppf) was added

and then the solution was again purged with N3 for 5 minutes. The mixture was then
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aqueous HCI (2 x), followed by NaHCO3 (2 x) then brine. The organic |ayer
was dried over anhydrous Na2SO4, filtered, and concentrated under vacuum
to give Moag/o7m28hite solid (28 ng). Conpound 44 (0.026 mgI/180303240nm0| )
was dissolved in MeOH (2 nL) and CS2CO3 (5 ng, 0.014 mmol ) was added in a
single portion. After 1 hour, TLC (1:1 hexanes/EtOAc) showed a single
product stifféabBh W@ fur WRewurenmdes i @nddher atioam tenmerptefedfaran adaifiondle mi xt ur e

t d | h | I d by 0.5
M Har ©aPBERHE. TR b0 SERP BB o odfigehtted uideNacull | Bel e
with O. Eoli*hpdﬁhd 250(bl4owg 10.6¢3% eamai awasiobtgined s aNggHOBoIl(ky cnroraﬁtptrbm ne. 65 WO
03/ 077828 P Q3/ 0314 n hyd
2501, LGRS g h PRI deb ELTAT ISRy ds o A gEE o P e
Ey chr olmat ot rtQ\nats(fd)urﬁﬂT’tl'&Z t5heq€elalcamld beéhubstahatfxla/nm@e@hy gvgtching to oD 6

exanes lLve

1.31 (sC0 'He®9853 630 ’(‘H&U’Bdsg’ (0%'38’ W*mﬁ? %%%99 %g‘fd oH, J =

gH 4), 8 nQﬁo|§ d/er@hissdlved B dinixiSre M tdlsene], nHutarkotcaml 4.3 18 nﬂ:cmmmmm OH OH

O N O | /-) ~
e45 46 @nd&m@psé@ 91%5@@9%“2&%@%?%5%98@‘ F?‘ﬁa%pHﬁQeng'\tb‘ ;/H)ZO iCn a

10 m - iBASkn,)W8s aHBé‘d Ut 1fe WRGuratwds fshimpurige@ Witheugoer 8iningtes ahd 3term nut es,
at which tinme 4I'LC i ndicated conpletion _of the reaction. The m Xt ure was

concent rstitred ranidle At V@ G yrfaiid fobé?ﬂ"PtJisonw AP Mgsi PNERRFAEhYNEREt ween 1 N
T d d
aqueous ,) 5}%3 ﬂlag%%&lue ;fy%nd%h%%etvbe%qud‘% Mﬁﬁ@@&lEt@A@g@mneTﬁé x), drie

over anh red and evaporated to give of 46 as an
oi | . Tdayerswye(eosamzmatacany the EURAG wagwaghed Wit brige Gox PBML) 488 was added

MeCH  ( gEéak% v¥e](s ({ %@Vm[gxh@%@g{l%s@ phlter@d Qi EBRbhtrated uﬂ'&érh@écuum

di chl or m xture was refluxed for 4 hours
at whi cho gives). 1200y bhyelioat @d Gampound 25 (O 220 g) was obtained by silica gel

chromatography, eluting with 5:1 to 2:1 to 1:1 hexanes/EtOAc. "H NMR (300 MHz,
CD3s0D): § 1.50 (s, 9H), 1.58 (s, 3H), 1.70 (s, 3H), 3.80-3.94 (m, 1H), 4.42-4.61 (m,
2H), 5.20, (d. 1H, J = 7.5), 7.64 (d, 2H, J = 8.3), 8.05 (d, 2H, J = 8.3), 9.45 (s, 1H).

Example 34: Compound 48

OH
F
<s HN__O
9 X
NN @y B E

48
Compound 25 (5.4 mg, 0.014 mmol) was transferred to a 25 mL round-bottom

flask and 2.5 mL of 9:1 TFA/H,0 (v/v) were added. The resulting bright yellow
mixture was stirred at room temperature for 18 hours. The solvent was removed
under vacuum and the residue dissolved three times in a mixture of MeOH and
toluene, which was evaporated to near dryness each time. The product was
recovered as an oil (4.9 mg, 0.013 mmol), which was used without further
purification. "H NMR (300 MHz, CDsOD): & 3.59-3.70 (m, 1H), 4.30-4.71 (m, 2H),
4.92 (d, 1H, J = 8.1), 7.64 (d, 2H, J = 8.3), 8.08 (d, 2H, J = 8.3), 9.47 (s, 1H).
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reaction had occurred. An additional 26.2 (err)L of nethyl dichloroacetate
was added followed by 7L of Et3N. The m xture was refluxed for 20 hours
af ter whiwb 03828 ndi cated that the reaction was conpl et ePCThBO30@UCt was
purified via chromatotron (1 mmsilica gel plate, 99:1 CH2ClI 2/ MeOH) to
g|ve5ng47 1H NMR (300 MHz, CD3OD): 8 4.32-4.72 (m 3H), 5.03 (d, 1 H,
J = 6. Rﬁaqemu rodpng-bpited flask, thelabgve:pragiugl) wag. digsolvg dip@migot g 3),

L b e B T G A I

PCT/ | Bo%ﬁf%ﬂéla‘%etalté‘ 35‘0%900 oB5 HaHe - oRs rpuikassreflaxaiond6 holredat hi adi azol e
(1.00 g, 9. Ié was added to 10 nmlL of 48% aqueous H@@ \%ter 10 n)
was addé!@qubptgﬂtv-ﬁ- indigatadoiias e ﬁt@ﬁlngmaﬁrlerﬁ'ﬁrﬁ%a@&f% lAopplRd. The
m xture gy I added to give
an opaque r%fﬁﬁ\go E%dg?\&;fvxcnﬁl Bﬂled%d&éﬁéﬁ M?%hg?%ﬁ%%b%%g&r ng, 9.89 mmol)
was di s$oursedl startt® mateﬂammwbem@umsdo e seixighie waa soqief i@ EOM o t he

1 adi 2aglBouth dhipv Al Aot theRe ATE: MRt ARG UPPARHG 02l N Lhe

first drop y, the solution ecaie, br owni sh yel | ow
and br owmmgh svas\oblaimast byl de“omamtmflepunﬂsatml (sifiealgelod ram plateli tH UNB 10

m nut es 0 0 n,\hega T, war med
to room(gé(ﬁ&g&a{:bﬁgbé\%‘?%éﬁf?&ﬂ’t %égt(g’r al%?e‘g gquégggquaHJC(&s_ is” added

dr opwi se sgtd, bHbUEE 8))g.9pe@s 2H, ara. :e)he4meswas &FH\/ISTESthnnizvmﬁ)”added 50 nL
of Et OAc ,and the bi phasic nmxture stirred rapidly. The m xture was filtered
t hr ough 4 ‘B‘aﬁﬂgﬁNééﬂsi reguires ?%& Ve solids and then the layers were
separated. The organics were washed with brine (2 x). The aqueous | ayer
was extracted with EtOAc and washed with brine (1 x). The conbi ned organic
| ayers were dried over Na2SO4. The remai ni ng aqueous material was

extract 1 ous stirring wwth EtQAc (50 nL) for 12 hours.
This Et g‘ﬁ@geﬁmﬁmmghgggwth brine and conbined wth the Et OAc that
was al ready drying ofBr Na2SO4. The solution was filtered and evaporated
under vacuumto e R4-ag a tan solid (1.22 g, 7.36 mml), which was

HN Io
(+-)

Cl Cl
The biaryl intermediate was prepared from 18 and the appropriate boronic

NC

acid using Suzuki coupling method A. Removal of the Boc group was accomplished
by brief treatment with 90/10 (v/v) TFA/H2O. Dichloroacetylation was performed as
in the synthesis of 29. 'H NMR (300 MHz, CDs0OD): & 4.31-4.80 (m, 3H), 5.01 (d,
1H, J = 3.6), 6.26 (s, 1H), 7.52 (d, 2H, 8.3), 7.65 (d, 2H, J = 8.3), 7.79 (s. 4H).
LRMS (ESI) m/z: 379.0 (M-H" C4gH14CI2FN20, 379.0).

Example 36: Corhpound 50

NC
The biaryl intermediate was prepared from 22 and the appropriate boronic

acid using Suzuki coupling method A. "H NMR (300 MHz, CD30D): § 4.27-4.68 (m,
3H), 4.99 (d, 1H, J = 4.5), 6.00 (t, 1H, J = 53.9), 7.52 (d, 2H, J = 8.1), 7.67 (d, 2H, J =
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used wi thout further purification. Exanple 33: Conpound 25 0* o s 0 + \\
/1 Br N (HO2B 23) F NN24N < s N (+/-) Fo N25 This is an exanple of
Suzuki cowplodngseet hod B. Conmpound 23 (19 ngy, 0.0538 molprmaees/@idsol ved
in THE (1 nL), DVF (1 n), and H20 (0.5 nL). The mixture was stirred at
roomtenperature until all material dissolved and then 2-

br ono- 18.3,)4776]-7&2!(32(2"‘6 LRMS &%)z 70D Mo HwisNRrieduirghe sol uti on
was é%;ql with N2 for 5 minutes by neans of a | ong needle. PdC 2(dppf)
was add %\nd then the solution was again purged with N2 for 5 m nutes.
The m xture was then 67 WD 03/077828 PCT/1B03/03140 stirred at 55 C for 18
hours upder N2 ?ng thenmﬁt5 roomtenperature for an additional 30 hours.
The resFFEMREE 21 PMBPYRA %ol uti on was concentrated under vacuum  Conpound
25 (5.4 ng, 0.0137 mayl ) was obtained as a yellow oil by chromatotron
purification (silli F1 mm plate, 1:9 Et OAc/ hexanes to 1:4

Et CAc/ hexanes) . as found that the yield could be substantially inproved

by swi tchin Svet hod C. Conmpounds 23 (0.330 g, 0.934 nmol) and
24 (0.385 | ) were dissolved in a mxture of toluene, n-butanol,
and H20 ,8\\ nf) Fand Cs2CO8 (0.912 g, 2.80 mmol) was added. The

m Xt ure was pﬁrged with N2 and Pd(PPh3)4 was added. The n]?xt ure was again
purged wi t h Kbe Pigryl inteimadiate wasprepripd from 22 ard theAPRrqPriate BYORIC nder N2 f or

12 hours a ng st r due
parti t1 SHES DS SHAR Folfie ERARFIA, RIS MHECRHEDRND ST SR ¢

separ at ad3oands (e 3H), G0 (Ead Hwe sHed), Biaon(t, b1rH r= §4), X.580dn2hl. J=H$e3) Et OAc vvas
dried o dro filt d £ a cuum

gt ve 0. 159 §' 8Ny SE AT Lpoa 28006 855 5P habRM B AES LT ca
gel chw,ggat(ﬂ,gHapjw-lﬁ[eijlsnngmw(ﬂ) 1).to 2:1 to 1:1 hexanes/ Et OAc. 1H NMR
(300 Mz 50 1.58 (s, 3H), 1.70 (s, 3H), 3.80-3.94
(m 1 H)Examnl?3§ 6?"‘(%““ 5 20 (d. 1 H J =7.5), 7.64 (d, 2H, J =
8.3), 8.05 (d, 2HpHJ = 8.3), 9 45 (s, | H). Exarrple 34: Conmpound 48 OH

F

HN_ _O
a I
S (+-)

F7 F
The biaryl intermediate was prepared from 22 and the appropriate boronic

acid using Suzuki coupling method B. "H NMR (300 MHz, CD30D): § 4.26-4.64 (m,
3H), 4.93 (d, 1H, J = 4.8), 6.01 (t, 1H, J = 53.9), 7.40-7.45 (m, 4H), 7.60-7.66 (m,
3H). LRMS (ESI") m/z: 328.1 (M-H* C45H43F3NO2S requires 328.1).

Example 39: Compound 53
OH

0]

HN
\_s (+-) :/[

F”°F
The biaryl intermediate was prepared from 22 and the appropriate boronic

acid using Suzuki coupling method B. "H NMR (300 MHz, CD3;0OD): & 4.25-4.65 (m,
3H), 4.92 (d, 1H, J = 4.5), 6.01 (t, 1H, J = 53.9), 7.06-7.08 (m, 1H), 7.36-7.42 (m,
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F gHN~Co | N- NFF 48 Compound 25 (5.4 ng, 0.014 nmol) was
transferred to a 25 nL round-bottom flask and 2.5 nL of 9:1 TFA/ H20 (v/v)
wer e addewoO o3log7seesul ting bright yellow mxture was stir PEX/TRO3/G304M
tenperature for 18 hours. The solvent was renoved wunder vacuum and the
resi due dissolved three times in a mxture of MeOH and , tol uene, which was

evapor at4l), 761 féaaH.df 5 8elds LBMS (BSINen/zT13624) salseforMieNa't ecover ed as an oi |
(4.9 Ny, I ch was used without further purification. 1H NWR
(300 MHz %@5@8%5@’3 3.70 (m 1H), 4.30-4.71 (m 2H), 4.92 (d, I H, J
= 8.1), 7.64 (d, 2H, J 8.3), 8.08 (d, 2H, J =18.3), 9.47 (s, 1 H. 68 WO
03/ 0778 PCT/ I4§0§/ 2%}4?% a 10 nL round-bottom fl ask, the above product
was di s To this was added Et3N (9.7 L, 0.070 nmol)
fol |l oned by met hylOH di f | uoroacetate (3.0 L, 0.035 mml ). The m xture was
refluxed for ,cfat whi ch point TLC indicated that sone starting
material stil ilne An additional 3 drops of Et3N was added foll owed
by 2 dro HIN Gl uoroacetate. After 3 hours, all starting materi al
had beenyc m3d The m xture was cooled to room tenperature and
evaporated to ryné?ds tthder vacuum Conpound 48 (4.1 ng, 012 mmol) was
?gggl nMitzi blc/:Dg‘iﬂé(UE?gl%treﬂﬂe&Hfé \R/aé:arteggrréd(fﬁjnh PIG%nIQHie adro?m_éﬂécagﬁh 138N?/F .
H J = Icouplmrr(eéhodzﬁ Rgemaval qf)kge 1?099“(%9 WWCCW!?“B“%SW '@”%3 (s, 1H.
LRVE ( ES} fémg@nﬂﬁgﬂl@/(\é %A’#ch@l'éﬁ;\l@)}:o'gﬂé@%ﬁoh%é'de‘?@rrﬁé@a%)n thexanpl e 35:

Conpoun he bi ary i nter nedi at e was
pr epar edsyhthesisks 2thd'H NM%WHZ&@@:&%} érﬂ 33-4 78 (. 360y 038(: ki, JSoupl i ng

met hod A JRempval 1 786 B9R, JEWR), Wad- 295 QP S RYS (0, 2H, v =5.7).

LRMS (ESI*) m/z: 357.1 (calc. for M+H" C1gH16CI2FN2O5 357.1).

Example 41: Compound 55
OH

F

s HN._O
fro
NN ) cl

Cl
The biaryl intermediate was prepared from boronic acid 23 and compound 24

using Suzuki coupling method B. Removal of the protecting groups was
accomplished by brief treatment with 9/1 (v/v) TFA/H2O. Dichloroacetylation was
performed as in the synthesis of 29. "H NMR (300 MHz, CD30D): 5 4.34-4.76 (m,
3H), 5.04 (d, 1H, J = 3.0), 6.24 (s, 1H), 7.58 (d, 2H, J = 8.3), 7.97 (d, 2H, J = 8.3),
9.42 (s, 1H). LRMS (ESI') m/z: 362.0 (calc. for M-H" C43H11CIoFN302S 362.0).

Example 42: Compound 56
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by brief treatnent with 90/10 (v/v) TFA/H2O Dichl oroacetyl ati on was
performed as in the synthesis of 29. 1H NWR (300 MHz, CD3QD): 8 4.31-4.80
(m 3H), wWoko(ms281 H J = 3.6), 6.26 (s, 1 H), 7.52 (d, 2PdI/1BoB)31407. 65 (d,
2H, J =8.3), 7.79 (s. 4H. LRM5 (ESI-) mz: 379.0 (MH+ C18H14Cl 2FN2C2
379.0). Exanple 36: Conpound 50 OH F HN O (+/ J:~ F 'F NC The biaryl

i nt er nedi at e Geaspopnd B89 4imard.0824mma wassgipsabyad intdemb @f Girl2E12. dded usi ng

400 (e s B848a% BocriVoniprdbrdlio RITh-Crid i g I o -
7.67 (d,mmbl) w]as:add@d\A@h%hﬂfg?%ﬁaﬂé@ﬂl‘mum\?mf@%mmre gagwared@e o2 (m 2H).
Compoundegberisfie @fd e Vs oot Hherpbeluidh kBt abéa bhoer EDR: Spar e
f1 lr_| 0 m Né 2 aaddhé beodapppwoilied auyesnlinargehcmomam@bpmlemgmsésmkessnmlwmmgg%ret rdmdlAi_|
J = a 5§ B0 tC%% B Mf%ﬁ@léHZ 25§H%”8°“%58&’35°§"%3% astg?@ﬁfd (2H, J =
0

8. 3) 7.53fid gzlzs O~b66 Bme)), '8 I\Q\QR((QOO RiHz, @D—O@)®4 3RRANVES gESngf 400. 1
(M H+ CL8HL7F3 S requi res 40 . Exarrpl e HN The

bi aryl (At Hi.naBade-2nds, 6r|'3pé5@&d’123f|‘brﬁ ?§4éer7d74 @Zébdro%ﬁ? 2% orbni ¢ aci d
using Suzuitip) cOEPld B9, 7RI N ERMEHENVRZ 491 MigalcHBP ML 8 4. 26-4.64 (m

C16H14Cl2FN203 371.0).

Example 43: Compound 57

OH
F
~ HNfO
N e F

The biaryl intermediate was prepared from 18 and the appropriate boronic
acid using Suzuki coupling method B. Removal of the protecting group was
accomplished by brief treatment with 9/1 (v/v) TFA/HO. Difluoroacetylation was
performed as in the synthesis of 48. 'H NMR (300 MHz, CD3;OD): & 4.28-4.68 (m,
3H), 5.00 (d, 1H, J=4.2),5.99 ({, 1H, J=53.9), 7.55 (d, 2H, J= 8.1), 7.70-7.77 (m,
4H), 7.84 (d, 2H, J=7.2), 8.56 (d, 2H, J = 6.3). LRMS (ESI") m/z: 325.2 (calc. for
M+H" CygH16F3N202 325.1).

Example 44: Compound 58
OH

O™ HNIO
(+/-) Cl

Cl

Compound 58 was prepared from 68 as 56 was from 54. "H NMR (300 MHz,
CD30D): 6 4.30-4.75 (m, 3H), 5.02 (d, 1H, J = 3.3), 6.25 (s, 1H), 7.55-7.67 (m, 5H),
7.87 (d, 1H, J = 8.1), 8.30 (d, 1H, J=7.2), 8.58 (br s, 1H). LRMS (ESI') m/z: 371.0
(calc. for M-H" C4gH14Cl.FN203 371.0).
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3H, 4.93 (d, 1 H J =4.8), 6.01 (t, I H J =53.9), 7.40-7.45 (m 4H),
7.60-7.66 (m 3H). LRVMS (ESI-) mz: 328.1 (M H+ C15H13F3NO2S requires
328.1). Bxerplws3®:. Conpound 53 OH HN O S (+/-) F F X Poa/1Boxn3y40
internedi ate was prepared from 22 and the appropriate boronic acid using
Suzuki coupling net hod B. 1H NIVR (300 MHz, CD30D): 8 4.25-4.65 (m 3H),
4.92 (d, 1 H J =14 6.01 (t, 1 H J=053.9), 7.06-7.08 (m 1 H,
7.36-7. 28 PCT/1B03/03140 4H), 7.61 (d, 2H, J = 8.4).
LRVS (Eé?‘ '&'n}ﬁgg %@?%éﬁ%%? for MHNa+ CL5H14F3NNaO2S 352.1). Exanpl e 40:
Compound 54 OH 6HHN O C C The biaryl internediate was prepared from 18
: EI ng Suzuki coupling nmethod B. Renoval of the Boc
group was acdonpfl i shed by brief treatment with 9/1 (v/v) TFA HO
Di chl or ¢a , id?’f‘;fg performed as in the synthesis of 29. 1H NMR (300
)

JOD): "6 4.33-4.79 (m 3H), 5.03 (d, 1 H J = 3.3), 6.26 (s, 1 H,
7.55 (d, PH, J = 8CH) . Ck.69-7.75 (m 4H), 8.56 (d, 2H, J = 5.7). LR\VS

(ESI) mz ébla@é&lﬁ&hzﬁl\amhaa fexisorphie 41:
Compound 55315173 &aéﬁﬁit&méd%e%b‘b (+") ca C Thg)pﬂbcl)pgra intler medi at e was

pr epar edciflusingsazoki coupingimethodify EB?rﬁB‘EﬂV&OX?EO“Q%F?rHECE”L&éTHUPé'@?pI i ng net hod
B. Remdyal iy drieinR diihfstbadaeatd gRdRSin#Bduced as in the synthesis of 29. 'H

NMR (300 MHz, CD30D): § 4.30-4.75 (m, 3H), 5.02 (d, 1H, J = 3.6), 6.26 (s, 1H),
7.54-8.70 (m, 8H). LRMS (ESI) m/z: 354.8 (calc. for M-H" C1gH14Cl2FN20, 355.0).

Example 46: Compound 60

OH
F
\ HNIO
Ak
o0 NF c” >cl

Compound 60 was prepared from compound 59 in the same manner that
other pyridine N-oxides in these examples were formed from the corresponding
pyridine. 'H NMR (300 MHz, CDsOD): & 4.33-4.78 (m, 3H), 5.03 (d, 1H, J = 3.3),
6.25 (s, 1H), 7.57 (d, 2H, J = 8.4), 7.75 (d, 2H, J = 8.4), 7.87 (d, 2H, /= 7.5), 8.38 (d,
2H, J = 7.5). LRMS (ESI') m/z: 370.8 (calc. for M-H" C1gH14CI2FN2O3 371.0).

Example 47: Compound 61
OH

F
o Y
>s< cl” ¢l

o "0
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acconplished by brief treatnent with 9/1 (v/v) TFA/H20O Di chl oroacetyl ati on
was perfornmed as in the synthesis of 29. 1H NVR (300 WHz, CD3CD): 6

4. 34- 4. 76W0r0s/0773kS | 5.04 (d, 1 H J =3.0), 6.24 (s, | H) pCTaB®/@d40 2H, J =
8.3), 7.97 (d, 2H, J =8.3), 9.42 (s, 1 H. LRVS (ESI-) nlz: 3620(ca|c
for M H+ C13H11C12FN3028 362.0). Exanple 42: Conpound 56 CHF HN O O-'N+
(+-) C C THe m@rmﬁermem/prawﬁd)ﬁmm1 auhineLaRProRriate boreniey, 0. 0824

m oh or apEn BERBI Ll ppemediod A5 he pndf fg%"%‘%'&@&' GRS R © "

stirringleadéd and Blch’iormaoeisate fritedoted as ip ttmasymhemof 29 (NNMR(3per at ure and

stirred for The t u and the
pr oduct NH_I[E quE?SQE)%' 41(?(:%%2 é&%?%t g@?ﬁ% néjgf,&%c@l vlinl-el y with 2%
3% 4% 759 (d aﬂﬂlﬁ%d\fgﬂﬁefm%(:ﬂa mrew@cmalwas)o@oal(@aﬁ as=a7phite
solid (22. 06 (300 4.32-4.75 (m 3H),
5.03 (dLRMS EIFZBSIJ W234%38(@|9§0QMH10185'17C#F§{§34§?3 3% J = 8.4), 7.74 (d, 2H,
J =8.4), 7.84 (d, 2H J =7.2), 8.34 (d, 2H J:72) LRVS (ESI-) mlz:
371.0 (calc. for MH+ C16H14C 2FN203 371.0). Exanple 43: Conmpound 57 OH
F HN O MExanpi¢ 48: Compomne @1 aryl internediate was prepared from 18 and the
appropriate boroniggy acid using Suzuki coupling nethod B. Renoval of the
protecting group acconplished by brief treatment with 9/1 (v/v)

TFA/ H2O. Dif 6ac¥t yFFati on was perforned as in the synthesis of 48. 1H

NVR (300, Mz GBBCBN:_® 4.28-4.68 (m 3H), 5.00 (d, 1 H J = 4.2), 5.99
(t, 1 HNJF 53.9), 7[55 (d, 2H, J = 8.1), 7.70-7.77 (m 4H), 7.84 (d, 2H,
J =7.2) .56 (d, 2H ) = 6.3). LRVB (ESI+) mz: 325.2 (calc. for MH+
CL6HLEF3 N202Tﬁg ?ree amine intermediate was prepared as in the synthesis of 28. The

nitrogen was monochloroacetylated using chloroacetyl chloride. "H NMR (300 MHz,
CD;OD): & 4.00-4.03 (m, 2H), 4.27-4.70 (m, 3H), 5.00 (d, 1H, J = 3.9), 7.49-7.55 (m,
3H), 7.66 (d, 2H, J=8.4), 8.09 (d app t, 1H, J=7.8, 2.4), 8.50 (dd, 1H, J= 4.8, 1.5),
8.78 (brd, 1H, J = 2.4). LRMS (ESI") m/z: 321.0 (calc. for M+H" C46H15CIFN2O2
357.1).

Example 49: Compound 63

OH
F
N HN;/[O
~ cl”F

Prepared in the same manner as 28 using ethyl chlorofluoroacetate. HNMR
(300 MHz, CD3OD): § 4.31-4.70 (m, 3H), 5.01 (d, 1H, J = 3.9), major diastereomer
6.49 (d, 1H, J = 49.8), minor diastereomer 6.51 (d, 1H, J = 49.8), 7.49-7.56 (m, 3H),
7.63-7.67 (m, 2H), 8.07-8.11 (m, 1H), 8.49-8.51 (m, 1H), 8.78 (br d, 1H, J=1.5).
LRMS (ESI) m/z: 338.9 (calc. for M-H" C1gH14CIF2N202 339.1).

Example 50: Compound 64
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Exanpl e 44: Conmpound 58 OH F ON HNO C 'T C Conpound 58 was prepared
from68 as 56 was from54. 1H NWR (300 MHz, CD30OD): b 4.30-4.75 (m 3H),
5.02 (d, wWOH3/0378283.3), 6.25 (s, 1 H), 7.55-7.67 (m 5H), PCTABI/@Gd40 | H, J
=8.1), 830 (d, 1 H J=7.2), 858 (br s, 1H. LRMS (ESI-) mz: 371.0
(calc. for MH+ Cl6H14C12FN203 371.0). 72 WD 03/077828 PCT/1B03/ 03140
Exanpl e 45: Corrpo*r*ud 50 HF HNCO N/ C C The biaryl internedi ate was
prepared from4 | e appropriate boronic acid using Suzuki coupling
met hod A.  Thg ] ox(?zol i ne protecting group was renoved and the

i ate g ntroduced as in the synt hesis of 29. 1H NWR (300
VHz, »'-n : 6 4.30-4.75 (m 3H), 5.02 (d, 1 H J 3.6), 6.26 (s, 1 H,
7.54-8.70 (m 8H).CILRVB (ESI") mz: 354.8 (calc. for M H+ Cl6H14C 2FN20O2
355.0). Exanmpd Blaﬂﬁintﬁﬁméd/aﬁ(br@é@d froM 12 afy 2-b@mEpyridinepaeimyl 60 was

d f d 59 h idi npe N-oxid
Pﬁe'? P GUEE FEIBEABAE08 B TEHNMR DD I TR SR di 20T P D5 H VR ( 300
25 1
1 70%@54 jfée} 73{% 4H7§7 %VS 151)0'35§gd 5H, ;= é17(731§)7,93(§1 (s,

2H = 7.5),
8 38 (d4H2,|-$ 5&8;607(n5)1H)LRW9< ES )M 354 8 @lg erdﬂch CszmC‘NAﬁNe
C16HL4CL2ENPCB 371.0). Exanple 47: Conpound 61 CH

Example 51: Compound 65

OH

.
A~ HNIO
N~ cl” F

Compound 65 was prepared in the same manner as 59 using ethyl
chlorofluoroacetate. 'H NMR (300 MHz, CD3OD): § 4.32-4.70 (m, 3H), 5.02 (d, 1H, J
= 3.6), major diastereomer 6.48 (d, 1H, J = 49.8), minor diastereomer 6.50 (d, 1H, J
=50.1), 7.55-7.58 (m, 2H), 7.73-7.78 (m, 4H) 8.57 (br d, 2H, J = 5.7). LRMS (ESI’)
m/z: 338.8 (calc. for M-H" C4sH14CIF2N202 339.1).

Example 52: Compound 66

OH
F
<S/ HN.__O
I
\ X
N Cl” *Cl

The biaryl intermediate was prepared from 12 and the appropriate bromide
using Suzuki coupling method A. Removal of the protecting group and
dichloroacetylation was accomplished as in the synthesis of 29. 'H NMR (300 MHz,
CD;OD); § 4.34-4.72 (m, 3H), 5.01 (d, 1H, J = 2.4), 6.25 (s, 1H), 7.52 (d, 2H, J =
6.3), 7.57 (d, 1H, J = 2.6) 7.84 (d, 1H, J = 2.6), 7.90 (d, 2H, J = 6.3). LRMS (ESI’)
m/z: 360.7 (calc. for M-H" C14H12Cl1.FN20,S 361.0).
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F HNO ICd 0-S.0C 73 W 03/077828 PCT/1B03/ 03140 The biaryl
internediate was prepared from 11l and the appropriate boronic acid using
Suzuki cowplosogseet hod A. The phenyl oxazol i ne protecti ng PGTaBs/osas)

cl eaved and di chl oroacetate introduced as in the synthesis of 29. 1H NWR
(300 MHz, CD30OD): 6 3.14 (s, 3H), 4.36-4.75 (m 3H), 5.02 (d, 1 H J =
3.6), 6EXampde 53: Gpmponnslb7(d, 2H, J = 8.3), 7.68 (d, 2H, J = 8.3), 7.87
(d, 2H, J =8.7),48.01 (d, 2H J =8.7). LRVs (ESI") mz: 431.8 (calc. for
M H+ C18H17Cl2F 432.0). Exanple 48: Compound 62 OH F NI / HN O C
The free am nedi ate was prepared as in the synthesis of 28. The

ni trogen gacetyl ated using chl oroacetyl chloride. 1H NVR (300
VHz, : 4. OO-E. 03 (m 2H), 4.27-4.70 (m 3H), 5.00 (d, 1 H J =
3.9), 7. .55 (mgy , 7.66 (d, 2H, J =8.4), 8.09 (dappt, I H J =

7.8, 2.4), 8.50 (dd, 1 H .J =4.8 1. 78 (br d. 1.H =2.4).
(ESI+) m z: §'2‘1bl(§‘r3(|(‘,‘§13@e¢%}? W?ﬂé@fﬁaﬁ@a %@{h%@oﬂr%n’at@é%gé Z% HRE
Conpoungdsfig sPtki douplitdNridthod A7l REmBU IR iRsIpiotedting geupearitanner as 28 usi ng
et hyl chlorofluoroacetate. 1H NVR (300 MHz, CD3 - F§ -0%7 (m 3H),
g_. 01 (ddichlorpacetyatiprgyas ﬁ%ﬁoﬁ"rp"ali‘%%%%WéBﬁéV”thWﬁQP%y '%'\ﬁ(‘ %3_ Mg'.ze), mi nor
I aster 6 - = .8, 7L . 16p=7. 67
24 5 GPpO (e ARSI M P S B IR BT o))
8.3), 7.70 (d, 2H, J = 8.3) 9.06 (s, 2H,), 9.13 (s, 1H). LRMS (ESI") m/z: 357.8 (calc.
for M+H" C45H15CI2FN30, 358.0).

Example 54: Compound 68

OH
e
N HN;/[O
\~ ¢ >l

(+-)

The biaryl intermediate was prepared from bromide 11 and the appropriate
boronic acid using Suzuki coupling method A. Removal of the protecting group and
dichloroacetylation was accomplished as in the synthesis of 29. "H NMR (300 MHz,
CD3OD): § 4.31-4.74 (m, 3H), 5.02 (d, 1H, J = 3.8), 6.27 (s, 1H), 7.48-7.51 (m, 1H),
7.54 (d, 2H, J = 8.3), 7.64 (d, 2H, J = 8.3) 8.08 (ddd,1H, J = 8.0, 2.4, 1.8), 8.50 (dd,
1H, 4.8, 1.5), 8.77 (dd, 1H, J = 2.4, 0.9). LRMS (ESI") m/z: 354.8 (calc. for M-H"
C16H14CI2FN2O, 355.0).

Example 55: Compound 69
OH

F
SRS
Cl Cl

o] (+l-)
The biaryl intermediate was prepared from bromide 11 and the appropriate

boronic acid using Suzuki coupling method A. Removal of the protecting group and
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LRVS (ESI) mz: 338.9 (calc. for MH+ C16H14CI F2N2O2 339.1). Exanpl e 50:
Conpound 64 74 WD 03/077828 PCT/1B03/03140 O4F UNI HNO C C The

bi aryl inweroamldisat e was prepared from 12 and 2-bronopyri diPe@/IBei/03g40 Suzuki
coupl i ng met hod A. 1H NWR (300 MHz, CDBOD) b 4, 28 4 74 (m 3H) 5.02 (d,
1H J 3.6), 6.27 (s, 1 H, 7.33-7.37 9 J =18.1),
7.18-7. QR:h(untpacethongva'ﬁ%p@f%medelm the)synL 8 ")"WB C’@@M@ (calc. for

Cormpount BT 2P dpettda -5 Wa ) med ﬁ@fﬁ)@gﬂ‘d Fo.62 f L@P”'* s CI XF

chl orofl&wa/&esewesm MMR J(39.8), VH5 (dCRRQDS:8.6) 8106 1, 42H7QI=(806 3H), 5.02 (d,
1 H J = .6), maj or dlastereorrer 6.48 (d, 1 H J = 49.8), mnor

di astereomer 6.50 (d, I H J =50.1), 7.55-7.58 (m 2H), 7.73-7.78 (m 4H)
8.57 (bi,@ 5,%156\1(;0 Z|)1d14RI\/S (ESI") mz: 338.8 (calc. for MH+

Cl6H14Cl F2N 339 1). Exanple 52: Conpound 66 OH F S T HNO ~ NC C
The bi aryl d| ate was prepared from 12 and the appropriate brom de
using Suzuk 0P g method A. Renoval of the protecting group and

di chl or cace t4Qn was acconplished as in the synthesis of 29. 1H NMR (300

I nte

C! F
This compound was prepared in analogous fashion to 41 using ethyl
chlorofluoroacetate in place of methyl dichloroacetate. '"H NMR (300 MHz, CD;0D):
§ 2.58 (s, 3H), 4.31-4.71 (m, 3H), 5.03 (br d, 1H, J = 3.9), major diastereomer 6.46
(d, 1H, J = 49.8), minor diastereomer (d, 1H, J = 50.1), major diastereomer 7.53 (d,
2H, J = 8.1), minor diastereomer 7.51 (d, 2H, J = 8.1), 7.94-7.96 (m, 2H). LRMS
(ESI) m/z: 304.1 (calc. for M-H* C43H13CIF2NO3 304.1).

Example 57: Compound 72

OH
F
_0 HN;/[O
° cI el

Initially, the p-cyano analog of compound 11 had been prepared by methods
analogous to those used to prepare 11 itself. Attempts to remove the
phenyloxazoline protecting group (as described in the synthesis of 29) led to some of
the desired deprotected nitrile intermediate. However, much of the mass recovered
was the deprotected p-carboxylic acid corresponding to acidic hydrolysis of the nitrile
functional group. This material was dichloroacetylated using the same procedure as
that employed in the synthesis of 29 and the product was converted to its methyl
ester with CH2N2. "H NMR (300 MHz, CD30D): § 3.83 (s, 3H), 4.25-4.66 (m, 3H),
4.98 (d, 1H, J = 3), 6.17 (s, 1H), 7.46 (d, 2H, J = 8.3), 7.91 (d, 2H, J = 8.3).

Example 58: Compound 73

77



CD3OD): b 4.34-4.72 (m 3H), 5.01 (d, 1 H J=2.4), 6.25 (s, | H), 7.52
(d, 2H J = 6.3), 7.57 (d, I H J =2.6) 7.84 (d, 1 H J=2.6), 7.90 (d,
2H, J = owB)3/orRMS (ESI") mz: 360.7 (calc. for M H+ CLABCTABEFNRLRS
361.0). 75 WO 03/077828 PCT/1B03/03140 Exanple 53: Conmpound 67 OH F N HN
O NG d The biaryl intermediate was prepared from 12 and the appropriate
brom de using Su i coupling nethod A. Rermpval of the protecting group
and dichl oroae en was acconplished as in the synt he5| s of 29. 1H NMWR
‘ ) : 4.2475(m3H) 5.04 (d, 1 H J=23.6), 6.26 (s, 1
H, 7.597°( ﬁc& 7.70 (d, 2H, J = 8.3) 9.06(5, 2H,), 9.13 (s, 1

H . LRVE ( 'l z: 8 (calc. for MrH+ C15H15C12FN302 358.0). Exanpl e
54 Corrpound ) O /| HNO | C CC Ir~ (+~) The biaryl

i nternedi at e ﬁ&eﬂ@?]mgomdsv@,mel %\ﬂafsa%éotv@é I@WHanrm@te boroni ¢ acid

usi ng Suzuki coup i ng Renoval of the prot ect| n P
d| chl or aabystrglisitindar MasAterasisisionsy @ahydrous peweereq ek s i £ d% 7§H NVR (300

. }ntr@ ‘}tﬁﬂe\@asséu {gga@ﬁ)r\lj%t%(é%ﬂobhsﬁnmmga@a 6. 373§58.|08H)’

(ddd, 1 Idycldbuiaﬂec&rbcmyhchldnc&)(ﬂ38n|5(D ’(‘cEdmmozl)werezadged andyhe 8"X?l?fe(dd 1H J-=

2.4, 0. 8l R (BN, O i il e s B o EHARLAFGB355. 0)

Exanpl e P
again with N2 The mixture was then stirred under N, for 3 hours after which it was

diluted with EtOAc and H,O and filtered through a cotton plug. The EtOAc layer was
washed with 1N aqueous HCI (x 2), brine (x 2), and dried over anhydrous Na;SOa.
The mixture was filtered and the solvent removed to give 16.9 mg, 0.0501 mmol of
material that was purified by chromatotron (1 mm plate, eluting with 4:1
hexanes/EtOAc). The protected intermediate obtained was subjected to
phenyloxazoline cleavage and dichloroacetylation as in the synthesis of 29 to give
73. "H NMR (300 MHz, CD30D): § 1.73-1.85 (m, 1H), 1.99-2.11 (m, 1H), 2.20-2.27
(m, 4H), 3.97-4.09 (m, 1H), 4.23-4.67 (m, 3H), 4.95 (d, 1H, J=3.3), 6.16 (s, 1H),
7.45 (d, 2H, J = 8.4), 7.81 (d, 2H, J = 8.4). LRMS (ESI') m/z: 360.0 (calc. for M-H"
C1sH17Cl2FNO3 360.0).

Example 59: Compound 74

OH
F

o~ HNIO
© cl” el

The carboxylic acid intermediate from the synthesis of 72 was
dichloroacetylated as in the synthesis of 29. The resulting intermediate (95.8 mg,
0.297 mmol) was dissolved in 2 mL of MeOH, several drops of H20 were added and
then a 20% (w/v) aqueous Cs>COs solution was added dropwise until the solution
reached pH 7. The mixture was concentrated under vacuum. One drop of EtsN and
10 mL of 2-chloroethanol were added and the mixture stirred at 135 °C for 2 hours.

Residual chloroethanol was removed under vacuum and the residue
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HNO C C O (+/-) The biaryl internediate was prepared from brom de 11
and the appropriate boronic acid using Suzuki coupling nethod A Renoval
of the prwDesw78gs8 group and 76 WO 03/ 077828 PCT/ | B0O3/ 0314®CT/1B03/03140

di chl oroacetyl ati on was perforned as in the synthesis of 29. 1H NWVR (300
MHz, CD3OD): (err) 2.63 (s, 3H), 4.31-4.74 (m 3H), 5.01 (d, 1 H J =
3.9), 6cRDdn{sographéd. Compoynt 74(4,3.3mg) &a8)the magr preduckpnd 7540.8 M), 7. 75 (d,

2H, J =_,8.6) 8.06 : I - | ; und,,7 F HNO O
G F it BhispBtrichas VB PR B om e LR BT R e T et i
B+ T R O T e O (R 1 3% 3 0)

; .58, (s . 4.31-4, , : , = 3.9),
naj or diLBMSe(Fe%Jrﬁe’F‘]ZG."'E%s; (egic. for j+Ng 81%3?%¥E6N?§6%Béiogstereoner (d, I H J
= 50.1), nmpjor diastereomer 7.53 (d, 2H, J = 8.1), mnor diastereoner 7.51
(d, 2H, J =8.1), 7.94-7.976(m 2H). LRVs (ESI-) mz: 304.1 (calc. for
M H+ ClExaBwleESRnGoameund 7%Exanpl e 57: Conpound 72 OH F ,0 1 / HNO 0 C
Cl Initially, the p-cysno anal og of compound 11 had been prepared by

met hods anal ogous _to X hose used to prepare 11 itself. Attenpts to renove
the phenyl oxazol f prqtedting group (as described in the synthesis of 29)

led to W de $iNe deprotected nitrile internmedi ate. However, much
of the mass recfvered

Cl Cl

"H NMR (300 MHz, CD30D): § 3.83-3.39 (m, 2H), 4.31-4.74 (m, 5H), 5.02 (d,
1H, J = 3.3), .23 (s, 1H), 7.52 (d, 2H, J = 8.4), 8.02 (d, 2H, J = 8.4). LRMS (ESI’)
m/z: 366.0 (calc. for M-H* C44H15CI,FNOs 366.0).

Example 61: Compound 76

OH
F
N._.O
’ x
© Cl Cl

(+/-)

The cyclopropyl analog of intermediate 89 was prepared by a Stille coupling
analogous to that used to synthesize 89. Acidic cleavage of the phenyloxazoline
group resulted in the HCI-mediated opening of the cyclopropyl ring. This material
was deprotected and dichloroacetylated to give 76. "H NMR (300 MHz, CD30D): &
2.10-2.19 (m, 2H), 3.19 (t, 2H, J=7.1), 3.66 (t, 2H, J = 6.6), 4.31-4.74 (m, 3H), 5.03
(d, 1H, J = 3.3), 6.23 (s, 1H), 7.53 (d, 2H, J = 8.3), 7.96 (d, J = 8.3). LRMS (ESI")
m/z: 381.9 (calc. for M-H" C15H4sCIsFNO3 382.0).

Example 62: Compound 77
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was the deprotected p-carboxylic acid corresponding to acidic hydrolysis of
the nitrile functional group. This material was dichl oroacetyl at ed usi ng

t he sane yoosmdsee as that enployed in the synthesis of 2@TaReb/3he product
was converted to its nmethyl ester with CH2ZN2. 1H NWR (300 MHz, CD3C0D): 6
3.83 (s, 3H), 4.25-4.66 (m 3H), 4.98 (d, 1 H J=3), 6.17 (s, 1 H, 7.46
(d, 2H, J = 8.3), OH(d, 2H, J = 8.3). Exanple 58: Conpound 73 77 WD
03/077828 PCT/1B03 40 g—l F HNO O (+/-) A C Conpound 87 (36.5 ng,
0.0873 mmol ) was , |n THE (5 nL anhydrous) under N2. After

addi tion of 8red K2CO3 (24 ng, 0.175 mol), the m xture was
pur ged wyg'h s Et 3N (31 0.218 mmol ) and cycl obut anecar bonyl chl oride
(13 nmL, 0.113 nmol) welCt aflled and the nixture purged gently with N2 for

another 5 m 'Themé’ﬁméiﬁn@mtfﬁéidﬁdio@%sﬂ‘meﬁﬂbytwnﬁemrg@‘dhe @gﬂecﬂed\n th N2. The
m xture was then stirred under N2 faq y\m_h% @(&e di luted
wi th Et odidiledpiermediaieg the PP'E?W”PHHQGU'@ﬁm&iecW ﬁeaﬁt'%n Y N BT | ayer was
washed V‘fr{ﬁ:thpoahhl@éWQQH%nH?b?t%E with: th@%bﬂ%pﬁé‘te@r@teét@@ Hhbi8eaBY¥Ryl anhydrous

Na2SO4. m xture was ered and the solvent renoved to give 16.9 ng,
0. 0501 montpashd tmmrthalsubﬁ&utevl/é@amw showni Bepotectiga®dtdron (1 nm pl at e,

el uting %6&? t t ai ned was
subj ect ed’*ﬂ:rilglroéc‘%t%la o\?(]gg ne ¢ %saf&gggh%ggc}ﬁg @ﬁs‘gﬁé@%%nﬁ{mﬁoﬁ@as in the
synt hesiNMBf( 3QG)MHZ @Dé@D)784 3PHL. RE/Rn( B0 SNHz(d, CBR3OB)3.3h6R7A8-1HB5 (m 1 H),

3, 4 3713%&6 1)) 51 (0. 29 98 ) 7001 &, J- ¥ 3y GavpfEshyls o ©7 47

(d 2H (Gale. for -1 CRMR,CESN0,93¢1.0360. 0 (calc. for M H+ 016H17CI 2FNG3
360.0). Exanple 59: Conmpound 74 OH FCOCTI'HNOIrf 0 C C

Example 63: Compound 79
OH

OH
<O O HNIO
0 Cl Cl

This compound was formed by Suzuki coupling method A from an
intermediate in which the primary hydroxyl group was not converted to a fluoride.
Deprotection and dichloroacetylation were performed as with other compounds of
this invention. '"H NMR (300 MHz, CD3;0D): & 3.55 (dd, 1H, J = 11.0, 5.9), 3.77 (dd,
1H, J = 11.0, 6.5), 4.07-4.11 (m, 1H), 5.02 (d, 1H, J = 3.6), 5.96 (s, 2H), 6.29 (s, 1H),
6.86 (d, 1H, J = 8.4), 7.05-7.07 (m, 2H), 7.40-7.50 (m, 4H). LRMS (ESI’) m/z: 395.9

. (calc. for M-H" C4gH16CI2NOs 396.0).

Example 64: Compound 80
OH

F

HN.__O
L

N Cl Cl

Compound 41 (11.5 mg, 0.0346 mmol) and hydroxylamine hydrochloride (2.8

HO~

mg, 0.0415 mmol) were stirred in EtOH (3 mL) for 12 hours and then refluxed for an

80



The carboxylic acid internmediate fromthe synthesis of 72 was

di chl oroacetylated as in the synthesis of 29. The resulting internedi ate
(95.8 ng,wom3AgB28mol ) was dissolved in 2 nL of MeOH, sevecaliBavops of H20
were added and then a 20% (w v) aqueous Cs2CO3 sol ution was added dropw se
until the solution reached pH 7. The m xture was concentrated under
vacuum a@tittorhl d@ holur<st Bie soleent s@semofeuaddryeseimandltheprasiugidded and t he

ndor  visdlte Gha 3ol Ratieh ks RO Sy FRuHERer PR G AD e aser T emoved

chr onat eghepkiak). GamMRIBOTMHZ1GD30DY)s Mas (s,18H) 26 .68 (audH,),.oheb 75 (9. 2

ng) the minor product. NHz . 18:3.82 (m 2H),
4.23-4. 68 /= -@,,6-27@7%%ﬁqﬁ?‘dﬁ-&%@a@ﬂ?sﬁ-ﬁ%ﬁ 7.46 (d, 2H J =
8.3), 7.93 (d, 2H, J =8.3). LRWs (ESI) mz: 407.9 (calc. for M+rNa+
C14H15CI 3FNNaO4 408. 0). Exanple 60: Conpound 75 OH F HO'---OHN O O
Cl1C 1ExpwRle §6oCempoundddD): 3 3.83-3.39 (m 2H), 4.31-4.74 (m 5H), 5.02
(d, 1H J=23g}, 6.23 (s, 1 H, 7.52 (d, 2H, J = 8.4), 8.02 (d, 2H, J =

8.4). LRVS (ESI" z: 366.0 (calc. for MH+ Cl14H15CI 2FNO5 366. 0). Exanpl e
61: Conpoun FFC I ~NO O0C'TC (+/-) The cyclopropyl anal og
of inter 88 prepared by a Stille coupling anal ogous to that
used to synthesize §9. Aci di c cl eavage of the phenyl oxazoline group
resulted Tn the HC -1adi at ed openi ng of the cyclopropyl ring. This materi al

s S 1 S By ) i s e B e o

3- 3% io?}ﬁxi?& Ejjﬂﬁd 50 03. Chibrodcekic adhydrBie3p dréps)and sjethylanine7d5sBogsd, 2H, J =
8.3), 7'Wgeerse ggc’ied] aer gn'e?’r%ixtull"el:3 M%r%eEds ko Poom temperature and stirred for 2 hours.

The solvent was removed under vacuum and the product purified by silica gel

chromatography (2:3 EtOAc/hexanes) to give 3.3 mg (0.011 mmol) of product. H

NMR (300 MHz, CD3OD): § 2.59 (s, 3H), 3.92-4.03 (m, 2H,), 4.29-4.68 (m, 3H), 5.02

(d, 1H, J = 3.3), 7.53 (d, 2H, J = 8.4), 7.96 (d, 2H, J = 8.4).

Example 66: Compound 82
OH

F
N7 HNIO

ey P

The biaryl intermediate was formed by Suzuki coupling method A using 22

and the appropriate boronic acid. 'H NMR (300 MHz, CD3;0D): § 4.28-4.68 (m, 3H),
5.00 (d, 1H, J = 4.2), 6.01 (t, 1H, J = 54), 7.49-7.60 (m, 3H), 7.66 (d, 2H, J = 8.4),
8.07-8.11 (m, 1H), 8.50 (dd, 1H, J = 4.8, 1.5), 8.79-8.79 (m, 1H). LRMS (ESI') m/z:
322.9 (M-H" C1gH14F3N20; requires 323.1).

Example 67: Compound 84

81



mz: 381.9 (calc. for MH+ C15H16CI 3FNO3 382.0). Exanple 62: Conpound 77 79
WO 03/077828 PCT/1B03/03140 OHF NI / ~HNHO S C C The thiazole ring
of this awelosg7was formed by conversion of the protected PaTIBId/@S140
internediate to the corresponding thioam de by reaction with H(lerr)Sin
pyridine. The thioam de was then reacted with the appropriate protected
(err)-hal ocar bon OH ~conpound to formthe substituted thiazole shown.

Deprot ecti on C ,Loroacetyl ation was perforned as for other conpounds
of this inve é_l}\llH NI\/R(BOOM—IZ CD30D): 6 4.32-4.75 (m 5H) 5.01 (d,
1 H J =08 : 7.38 (s, | H, 7.51 (d, 2H, J = 8.3), 7.91
(d, 2H, éx;i 8. 3) L (ES I-) mz: 390.9 (caic. for MH+ C15H14C| 2FN233S
391.0). ar‘rp(l*/e) 63%! Coffpound 79 OH OH OHN O C C This conpound was

fornmed b Su u i i t he
primary Kydr ?I g}poosladoéagﬁépﬁggﬁy(gg@@gaﬁg dﬁiﬁ?ggﬁ%gfogesg%%egg?l on and
di chl or Guhemes® areh3 WEhe 4p@rX irizzdl- byl )ienyisotiheanaogpdGngs of  t hi s
t H N 300 MHz CD .6 3. = 9 3.77

(o1 Rntgetlzed By Sar Fuptipas Ry pid g PHerehyfiba - aptedea®)s 3,70
(7 52102?) ﬁergz%ldéhydévdd)s prefar8é aédiesdrlbldd in the lﬂeml)ure'(l'@ﬁaké A7 ef ah, I—ﬁlg)C12N05
. 40- a r
396. 0) . I@Cﬁ%ﬂ@éﬂ 6@98%61?%*89@%8W@4\'§\% 3%FW'§? (IER?\(IB% SN

3H), 5.04 (d, 1H, J = 3.3), 6.26 (s, 1H), 7.59 (d, 2H, J = 8.6), 7.78 (d 2H, J = 8.6),

8.14 (s, 1H), 9.05 (s, 1H). LRMS (ESI') miz: 345.0 (calc. for M-H" C1sH12ClFN4O2

345.0).

Example 68: Compound 85

OH
F
N HN._O
~
[ x
N @ c”

The biaryl intermediate was prepared from boronic acid 12 and 2-
iodopyrazine. Deprotection and dichloroacetylation were accomplished as in the
synthesis of 29. "H NMR (300 MHz, CDsOD): § 4.32-4.75 (m, 3H), 5.04 (d, 1H, J =
3.3), 6.27 (s, 1H), 7.57 (d, 2H, J = 8.4), 8.05 (d, 2H, J = 8.4), 8.51 (d, 1H, J= 2.7),
8.65-8.66 (m, 1H), 9.08 (d, 1H, J = 1.8). LRMS (ESI') m/z: 355.8 (calc. for M-H*
C15H13CI2FN3O2 356.0).

Example 69: Compound 86
OH

F
X HNIO
I N @) C7OF
Same procedure as that for the synthesis of 68. "H NMR (300 MHz, CD30D):
8 4.29-4.73 (m, 3H), 5.01 (br d, 1H, J = 3.9), major diastereomer 6.49 (d, 1H, J =

82



Compound 41 (11.5 ngy, 0.0346 mmol) and hydroxyl am ne hydrochloride (2.8
nmg, 0.0415 mmol) were stirred in EtOH (3 m-) for 12 hours and then

refl uxed worosan7s280 WO 03/ 077828 PCT/ |1 B03/ 03140 additi on®@CTARIIBu40s. The
sol vent was renpved under vacuum and the product isolated as a single
isomer (it was not determ ned whether the isoner was the cis_or trans

oxi me) . 49.8),MvRo( diagteidemer GEBIAD) 1HbJ = 4818) 48316 (M, 3d). 4.8887-6Mm(M3H, ), 4. 95

(d, 1 iqﬂ: B : = - d, 2H J =
55 Exdngr e aa @il i ar 1B Dl T AR eSS 2T 0
ng, 0.0228.9rwalt.)fomisHdC&0IGIENAO2 3BOCAN (1 nl) and the mixture cooled to O
C. Chloroacetic anhydride (5 drops) and triethylamne (5 drops) were added
and the m xture warned to roomtenperature and stirred for 2 hours. The
sol vent Eyagmpléeovesmpodad 87acuum and the product purified by silica gel
chromat ography (2:3 Et QAc/ hexanes) to give 3.3 _ng (0.011 mol ) of product.
1H NWR (300 MHz, OD): 5 2.59 (s, 3H), 3.9 03 (m 2H,), 4.29-4.68 (m
3H), 5.02 (d, 1 = 3.3), 7.53 (d, 2H, J =\8/4), 7.96 (d, 2H, J = 8.4).
Exanpl e 66: Conpo 82 OH F N HN O The biaryl internediate was forned by
Suzuki couplin thod A using 22 and the phepriate boronic acid. 1H NWR
(300 MHz, CD3 :.}\ﬁ 4.28-4.68,(m 3H), 9, 1 H J=4.2), 6.01 (t, |
H J = 54) 7.60 (m 3H), 7.66 (\d, J& 8.4), 8.07-8.11 (m 1 H),
8.50 (dd, Jl= 4.8, 1.5), 8. 79-8/§'\"9 (m 1 H. LRV (ESI") mz: 322.9
(M H+ CB6H1ZF3N202Frequires 323.1). Exanple 67: g:orrpound 84 81 WD 03/077828
PCT/ | BO3 r@ﬁ%@ra or (+1) enanfiopure or {+/-

k!

87

Compound 11 (0.496 g, 1.48 mmol) was dissolved in anhydrous benzene (15
mL) under Na. The flask was fitted with a reflux condenser and a long needle was
dropped through the condenser and the solution purged with a gentle stream of dry
N for 5 minutes. Hexamethylditin (0.58 g, 1.78 mmol) was added and the mixture
purged for another 5 minutes. Pd(PPhs)s (0.171 g, 0.148 mmol) was added and
purging with N2 continued. After 5 minutes, the needle was removed and a Nz inlet
was placed at the top of the reflux condenser. The mixture was refluxed for
approximately 2 hours under N2. Over the course of the reaction, the mixture turned
from orange to yellow to black. The solvent was removed under vacuum and the
product purified by chromatotron (silica gel, 1 mm plate) to give 440 mg of product as
a clear oil. "H NMR (300 MHz, CD3OD): 8 0.27 (s, 9H - this resonance contains
significant satellite peaks, which are due to NMR-active isotopes of tin), 4.27-4.41
(m, 1H), 4.59-4.76 (m, 2H), 5.60 (d, 1H, J = 6.9), 7.33 (d, 2H, J=8.1), 7.45-7.31 (m,
5H), 7.99-8.02 (m, 2H).

Example 71: Compound 88

83



OHF NNHNTf- J N (+/-) A This conpound was prepared by procedures

anal ogous to those described in Schenmes 2 and 3. The

4- (1, 2, 4-woioanwis2d - yl ) phenyl seri ne anal og of 6 was synt hesitaBe/isy40t he sane
met hods used to make 6. The required 4-(1,2,4-triazol-1- yl)benzal dehyde

was prepared as described in the literature (Tanaka A, et al., J. Med.
Chem 1998, 41, 3(90 2410). 1H NMR (300 VHz, ) : 6 4 33-4.76 (m 3H),
5.04 (d, 1 H Db

_@626(51 759 =8.6), 7.78 (d, 2H,

J =8.6), 9.05 (s " n12 345.0 (calc. for
M H+ C13H1L 2 032 0)—E>aarrp|e6 rrpund8 OH F (N, HNO N C
Cl The Bjpdary¥ i nteg nedi ate was prepaJse om bgronic acid 12 and 2-

i odopyr azi ne +I;)eprot ection and di chl ohoacet Iatl on were acconplished as in
t he syntheswi, of 29. 1H NWR (300 MHz, 6 4.32-4.75 (m 3H), 5.04
(d, 1 H J = 3.3), 6.27 (s, 1H),757(d332HJ 8.4), 8.05 (d, 2H, J =

8.4), 8.51 (ﬁtpls%om or]nd'w%saeparé}:i |ﬁ5h§s§r§e(rﬁ3nrierﬁ)s,879198\IMR (300 MHz) = 1.8).
LRVS (ESI™ g (calc. C15H13C12FN3Q2 356. 0). Exanple 69:

COWpounCBEBG’D)ﬁ'lO OEHHNaHawnm ségrfﬂgant:satslhsamksrcaéé%%Nw getiye tilor t he

R e e VR A Sl R i r o

PCT/ | BO3HYFHIES (d, 4%, 8)= 7.5),17086- asas(menelomer 6.51 (d, 1 H J = 49.8),
7.48-7.56 (m 3H), 7.64-7.67 (m

Example 72: Compound 89

m

) 5 @R

Compound 87 (36.5 mg, 0.0873 mmol) was dissolved in anhydrous THF
under N. With stirring, K2COj3 (24mg, 0.16 mmol) was added. The mixiure was
purged with a gentle stream of N for 5 minutes. EtsN (31 ulL, 0.22 mmol) and
cyclobutanecarbonyl chloride (13 pL, 0.11 mmol) were added and the mixture
purged with N2 for 5 minutes. Pd.dbas was added, the mixture purged for 5 min and
then stirred under N, for 3 hours. The mixture was diluted with EtOAc (25 mL) and
H,0 (25 mL) and filtered through a cotton plug to remove solids. The EtOAc was
washed with 1 N HCI (2 x) and brine (2 x), dried over Na;SO, and concentrated
under vacuum. The product was purified by chromatotron (silica plate, 1 mm, 1:4
EtOAc/hexanes) to give 16.9 mg (0.050 mmol) of product. LRMS (ESI") m/z: 338.2
(M+H" C21H21FNO; requires 338.2).

Example 73: Compound 90

84



2H), 8.06-8.10 (m 1 H), 8.49-8.51 (m 1 H), 8.78-8.79 (m 1 H. LRMS
(ESI-) mz: 338.9 (calc. for MH+ Cl6H14CI F2N2Q2 339.1). Exanple 70:
Conmpound 8@ 03007820 ,N /S\ \ F Br F enantiopure or (+/-) PCENBO&I30PUr e Or
(+/-) 87 11 Conmpound 11 (0.496 g, 1.48 mmol) was dissol ved i n anhydrous
benzene (15 m-) under N2. The flask was fitted with a reflux condenser
and a | ong needgggfas dr opped t hrough the condenser and the sol ution
purged with a g e gtream of dry N2 for SOmEﬂut S. Hexamethylditin (0.58
As._. d /and tihe m xture ur ge

g, 1.78 mol L(% not her 5 m nutes.
Pd( PPh3) ¢ ( ), 0014 pu with N2 continued.
e needle was re a inle was placed at the

After 5 g
top of the ref_,l l)lX condenser. The m xtufe vva5(+/r)efFI uxed for approximtely 2
ﬁg Over the course of thé@react$on, the mixture turned from

hour s under
orange to yellow to black. The solvent Y and the
product puri PREE %%Qﬂ?{%ﬁﬁt%ﬂlﬁ(ﬁa{nW%'PPEg@&E{ﬁm% ﬁﬂpwﬂ& B;C@f)])gg]\/e 440 ngy of
product ps7 @ &l Saith Qphlflc shidrité §Q&s%se@@§ﬂmR aetivh Qﬂlsbﬁapegﬁ this

resonance cont ai ns cant satellite peaks, which are due t%i‘-{)
5. 60

NVR- act i Gssﬁlﬁbﬂe@biwi) n1)67é§ @‘7'-)13713;:3 88N, 1 H))4-30-4865. (N, 25 306 8¢y | 5.
(d, 1 H,Zl_,lr,_?i%&& 3 (kflaggh J = 8.1 7.45-7.31 (m SH), 7.99-8.02 (m
e Y

2H) . Exanp 83 WO 03/ 077828 PCT/ 1 B03/ 03140 O0-~ 0-~ Br F
S\ F (+-) (+/-) 19 88 This compound was prepared in the sane manner as

- 6 0.027 (s, 9H, with significant satellite
peaks c%@'&% 94%@%% L

F
(+l-)

HNIO
Cl Cl
91
Compound 91 was deprotected by brief treatment of 90 with 9/1 TFA/H,0.

The dichloroacetyl group was introduced as in the synthesis of 29. LRMS (ESI') m/z:
345.8 (calc. for M-H" C45H16Cl.FNO3 346.0).

Example 75: Compound 92

OH
F
N HN.__O
| I
+
oA ¢ g

92
The same procedure as that used in the synthesis of 56 was employed. H

NMR (300 MHz, CDsOD): & 4.28-4.74 (m, 3H), 5.01 (d, 1H, J=3.9), 5.98 (t, 1H, J =
53.8), 7.55 (d, 2H, J = 8.4). 7.76 (d, 2H, J = 8.4), 7.86 (d, 2H, J = 7.1), 8.35 (d, 2H, J
=7.1).

Example 76: Compound 93

85



i sotopes), 1.49 (s, 9H), 1.55 (s, 3H), 1.67 (s, 3H), 3.73-3.83 (m 1 H),
4.30-4.49 (m 2H), 5.06 (d, 2H, J =7.5), 7.36-7.51 (m 4H). Exanple 72:
Conmpound 89 0®op782&6n F F (+/-) O (+/-) 87 89 Conpound 87 PC3IAB&/0Bu40 0. 0873
mmol ) was di ssolved in anhydrous THE wunder N2. Wth stirring, K2CO3 (24ng,
0.16 nmmol) was added. The m xture was purged with a gentle stream of N2
for 5 mnutes. Et3N (&' L, 0.22 mmol) and cycl obut anecar bonyl chloride (13
L, 0.11 mol) wer deed-apd the mxture purged with N2 for 5 mnutes.
Pd2dba3 was added eyNi Xpure purged for 5 nmin and then stirred under N2
for 3 hours. [The ture s diluted with EtOAc (25 ml-) and H20 (25 m -)
and fil Hgt. Fough aGE n plug to renove solids. The Et OAc was washed
with 1 N bo (2 xQ+-land Drine (2 x), dried over Na2SO4 and concentr at ed
under vacuum Theoproduct was purified by chromatotron (silica plate, 1 mm

1: 4 Et OAc/ hexa A5 (ESI +

i z: 338.2 fﬁ%%@%ﬁg@ms%&%ééggggwgﬂ%rw@%mp e 5 54 WO
03/ OE78B&nﬂﬂﬁbbiﬂ@$&am4ﬁupmg\ApDep6dﬁbﬂm andshnmbrba%életbon Bafﬁecqgil@éedu[] e as
in the synthesis + Wi t

signi fi E’Q/{:‘T‘S %ﬁcé'P?‘??éo‘f?éQH% 3%@%3 BM_%II\)R&% H Py &‘/n é%tad'ges) 1.49 (s

9H), 1. 557H1§C|2|3Ni)o4slreamlré§43:3w 3. 73 3.83 (m 1 H, 4.30-4.49 (m 2H),

5.06 (d 2H = 7.5), 7.36-7.51 (m 4H). Exanple 74: Conpound 91 OH F

Example 77: Compound 94
OH

F

S HN.__O
P o

N"N ) ol

94

The biaryl intermediate was prepared by reaction of 23 with 2-amino-4-
cyclopropyl-1,3,4-thiadiazole (prepared as in the synthesis of 24) using Suzuki
coupling B. Deprotection was accomplished by brief treatment of the protected biaryl
intermediate with 90/10 TFA/H,0 and dichloroacetylation was performed as in the
synthesis of 29. "H NMR (300 MHz, CD3OD): 8 1.12-1.31 (m, 4H), 2.46-2.52 (m,
1H), 4.30-4.75 (m, 3H), 5.02 (d, 1H, J = 3.3), 6.24 (s, 1H), 7.54 (d, 2H, J = 8.4), 7.87
(d, 2H, J= 8.4).

Example 78: Compound 95

OH
F
s HN._O
- X
N-N F7OF

(+/-)
95

Same procedure as in the synthesis of 94 using methyl difluoroacetate in
place of methyl dichloroacetate. "H NMR (300 MHz, CDs0D): & 1.13-1.15 (m, 2H),
1.28-1.32 (m, 2H), 2.47-2.52 (m, 1H), 4.29-4.70 (m, 3H), 5.01 (d, 1H, J=4.2); 5.98
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[/ HO O+/-) A '"TCA 91 Conpound 91 was deprotected by brief treatment of
90 with 9/1 TFA/ H20. The dichloroacetyl group was introduced as in the
synt hesi swofo3@2182¢ RM5 (ESI-) m(z: 345.8 (calc. for M H+ ECTHRGGB2HHNO3
346.0). Exanple 75: Conpound 92 OH F HN To 92 The sanme procedure as that
used in the synthesis of 56 was enpl oyed. 1H NWR &300 VHz, CD3CD): 6
?azs-zﬁ. 7(41*(Im'=:5;3)7,), B.541d(2H, 4= B,7)J7.88 &, &H, J5= 8).(LRMPB (§SI) miz: §§Q-§), 7.55

, ,M_‘?.ﬁ].ﬁ%. & (G 794y 8-4), 7.86 (d, 2H J =7.1), 8.35 (d,
oH 3 TG @(éan?ze Efg‘ Iré‘srrpou)ad 93 85 WD 03/ 077828 PCT/|1B03/ 03140 OH F
HN O_H2N,f6 :s), (+/-) G A 93 The biaryl intermedi ate was prepared by
reaction._o n priate brom de using Suzuki coupling A
Deprote Fm?%%ﬂg- g?%ﬁ%})‘?@%@tyl ation were carried out as described above

in the synthesis of 29. LRVB (ESI;-) mz: 433.0 (M H+ Cl7H16CL2FN2g4S
requires 433.0). Exanple 77: ungy94 OH F BS | / HNO V- |

S Br N » F
S 1 \f(o — s HN.__O
N-N —_ s\<\ ]
o6 O T 7 NN GR)
o o7 FF

Compound 96 was prepared in analogous fashion to 24. Compound 97 was
prepared in analogous fashion to 48. Suzuki coupling method B was used, followed
by deprotection and difluoroacetylation. LRMS (ESI") m/z: 376.0 (M-H*
C14H13F3N30,S2 requires 376.0)

Example 80: Compound 98
OH

OH
F e F
. Sl HN._O 9 5 HN__O
A T ST o L
F F 98 F F

N R -
97 N-N

Compound 97 (11.1 mg or 0.0294 mmol) was dissolved in 5 mL of CH.Cly,
with stirring at room temperature. To this was added m-CPBA (36 mg, 0.147 mmol).
The mixture was stirred for 23 hours. Attempted Chromatotron (1 mm plate)
purification, eluting with 80:20 then 70:30 then 50:50 hexanes/EtOAc, failed to
remove m-CPBA-related materials. Thus, material from the Chromotron was
subjected to C-8 reversed-phase HPLC, which gave 8.8 mg (.021 mmol) of 98. 'H
NMR (300 MHz, CD;0D): & 3.52 (s, 3H), 4.34-4.72 (m, 3H), 5.05 (d, 1H, J = 3.6),
5.97 (t, 1H, J = 53.9), 7.61 (d, 2H, J = 7.61), 8.05 (d, 2H, J = 8.1).

Example 81: Compound 100

87



NN (+') C C 94 The biaryl internediate was prepared by reaction of 23
W th 2-am no-4- cyclopropyl-1, 3, 4-thi adi azole (prepared as in the synthesis
of 24) uswog38umseki coupling B. Deprotection was acconpl iPsmasodnsidw i ef
treatment of the protected biaryl internediate with 90/10 TFA/ H20 and

di chl oroacetyl ation was perforned as in the synthesis of 29. 1H NWR (300
MHz, CD30OD): 6 1.12-1.31 ( 4H), 2.46-2.52 (m 1 H), 4.30-40#5 (m 3H),
5,02 (d, 1 H J =233, & (solH) 7.54 (d, 2H, J =841 7,87 (d, 2H,
J = 8.4). 1 | e 78 ~Corpod CH_F»s HN O N'NF W 9% Sane
procedureXas! i n the 31 co#’\—/é‘)d simg Tt h di £$ et n place
of met hyl Hl'éhl,q)@ S d 300 I\/HZ—_C%CD)“<\5 1@ 15f§m 2H) ,
1.28-1.32 (99 H)247(-+/2)52m1 ,429470(m§&0 F1H J-=
4.2); 5.98 86 VO 03/ 077838 PCT/IBOB/0314O (t, 1 H J 53, 7) 7 54 (d, 2H,
J = 8.7), 7.88mplun®bb whspréparid il ddioddbSifaghion to: 243510 000 Wik H+

C16H15F3N3028 requires 370,.1). le 79: Co und, 97 A- OS Br F
/| S-~ N prepared ig qqﬂla@ouggas%@rét? ‘éxgnjzég'rﬁ%lam '5@8\8928 Wﬁgﬁzﬁ%%_'l nganal ogous
fashi Onbty(ae?ﬁyt d&@ﬁ%ﬂ%ﬁkm?oé'@@lélroﬁpaﬂwl\AR 300 RIH2Y OB ODYSHR®0 (5BHB.  Suzuki
coupling e was used, fol 83(¥6H-0Jr0t ection and

di f | uor daife.y0 4mi 3H), SO, (1ESY ) 3.61, 5:9 APRR) 1A% FEBNZ0RER 1 equires
376.0) 791 (d, 2H, J = 8.3).

Example 82: Compound 101

OH

F

\< HN_ O
N\

NN O ci” >al

101
Compound 101 was prepared using the same procedure as in the synthesis

of 100 but with methyldichloroacetate in place of methyldifluoroacetate. "H NMR
(300 MHz, CD30D): § 2.79 (s, 3H), 4.31-4.75 (m, 3H), 5.03 (d, 1H, J = 3.0), 6.24 (s,
1H), 7.55 (d, 2H, J = 8.4), 7.89 (d, 2H, J = 8.4).

Example 83: Compound 102
OA{ o) OA( o
\\N—<

\\\N—{O é i ‘ . <
HO F
Br

) F (+)
17 o 102

Compound 17 (100 mg, 0.258 mmol) was placed in a dry round-bottom flask
equipped with a stir bar. The flask was charged with 5 mL of dry THF and the
contents cooled to =78 °C under N2. With rapid stirring, n-BuLi (1.30 M in hexanes,
0.322 mmol, 0.248 mL) was added, which produced a clear brown/yellow solution.
The mixture was stirred for an additional 10 minutes. Excess COy, generated by

sublimation of dry ice, was passed though a drying tube charged with Drierite and
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Exanpl e 80: Conmpound 98 OHOH F F S I/ HNOO S1I/ HNO 0=S < /S
N-N+/-) TF 9 97 F (+/-) FF -N Conpound 97 (11.1 ng or 0.0294 rmml) was

di ssol vedwpre3®71sk8 of CH2CI 2, with stirring at roomtenpeParaBe/037® t hi s
was added m CPBA (36 ng, 0.147 mol). The m xture was stirred for 23
hours. Attenpted Chromatotron (1 nmplate) purification, eluting wth

80: 20 t buhblaDdiBtly rga tHE0-ED° hmbdwies new earippedwits @ tepting 8redIe ItdhePBA- r el at ed

materi al s, Thus ri r : | to C8
51 ok e B o MR RO B S 00,
E:D3Cli)) : tebngRerat@rd and Stifed ah Adbiitinrizp3Q minges by Bhih tinee it wap|clepryelipvs) 5. 97
t, H, = 53..9 7.61 = . X = , Exa | e
51 CorPRARECTaNCH Al i ad Bmisely Taggiag 42 ahhorg] ovsi@ngr- BT
gr gpgr Hgb‘_@ (Wv&)'él@ié&s( Nfzal h(_E o) prodyicifiy & claely yelbw gaspepsiopuitie99 was
ared in anal ogous fashion to 24 and 100 o] ' | ogous

f ashi pnw%uwa%ﬁlmptf%%aﬂﬂaﬁ@%t%ﬂ" emp%@cieéi 'B oEI‘? @g‘\%\ggo hﬁﬁ)/%ggpr gt ection
and di f bQspRaeh Yoo citrié HohINB pr SdlteMHaiph438 ARturetha®ingCa pis of 2H).,
4.30-4.70 (m 3H), 5.01 (d, 1. H _J = 3'6r)’ 5.9 gt,. le :Osrsn ), 7.55
(d, 2H, Thelaygrspyere sepgrat¢djandfhe HOAcHayy .W%%fg\e Vgt rt'fc?n({l&%d Egl oH F

The mixture was dried over Na,SOy, filtered and evaporated to give 105 mg of yellow

oil. The product was isolated by chromatotron (1 mm plate eluting with 4:1

hexanes/EtOAc to 65:35 hexanes/EtOAG to 1:1 hexanes/EtOAc to 2% MeOH in

CH,Cl, to 5% MeOH in CH,Cl, and, finally, 10% MeOH in CH,Cl; to which several

drops of acetic acid had been added). The appropriate fractions were combined,

diluted with toluene and evaporated to give 67.5 mg (0.191 mmol) of 102. "H NMR

(300 MHz, CD30D): § 1.49 (s, 9H), 1.57 (S, 3H), 1.69 (s, 3H), 3.77-3.90 (m, 1H),

4.39-4.57 (m, 1H), 4.90-5.10 (br s, 1H), 5.18 (d, 1H, J=7.2), 7.56 (d, 2H, J = 8.1),

8.04 (d, 2H, J = 8.1). LRMS (ESI') m/z: 352 (M-H" C1gH23FNOs requires 352).

Example 84: Compound 106

OA( o o)( OA(

0
(o] N—<

‘\\N._« N . R\
— » o**%“

Hojrl::j/LW\ 0’<f jrl::j/LW: *4§/éj — }hNHerl::j/LT\

F _o F
(+/-)
o} (

102 sy ¢ 0 ()
103 104

—)( OH
o o]
F
.\\N_(O % o \'/©/':‘N/\ 0
- T ¢
F —_—> N-N ()
106 F F

Compound 102 (106 mg, 0.299 mmol) was dissolved in EtOAc and
diazomethane, generated using an Aldrich Chemical Company diazomethane Kkit,
was added dropwise until a slight yellow color persisted. Excess of diazomethane
was allowed to evaporate overnight in a well-ventilated fume hood, and the

remaining EtOAc solution was concentrated under vacuum. The residue was
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SI1 / HNO 101 cl cl Conpound 101 was prepared using the same procedure as
in the synthesis of 100 but with methyldichloroacetate in place of

met hyl di fWooBozIses at e. 1H NVR (300 MHz, CD3CD): 6 2.79 (®CTABN3/0344031-4.75
(m 3H), 503(d, 1H J=230), 6.24 (s, 1 H, 7.55(d, 2H, J = 8.4),
7.89 (d, 2H, J 8.4). Exarrple83 Conpound 102 CA O OO_Br"' F OHO F 17
102 Conpiesoided in Eti@@ndyyas@egwhmwequw\kléHﬁpa@@d then bring- yThedanersbot t om f | ask

equi pped with HE and
(he CofethithLadhahofiE omgh jehalhe Boe GPEF SRtalfahsTh, flerll dnd TE 215,
i n hexapewentritedaa gmmo 08Dg2&84 mclwﬁ%%adﬂmdthy{/\mtem , ydiheMasuggdear
brom/yeltw |§| utla The e Be stirred for ?ﬁ] addi tional 10
m nut es &d Wr' H’e’roatc tén %Yé%l imation of dry ice, was passed
}3 ?:%J?gog/ gg 31/28@ Euﬁ?ﬁ‘@@ﬁ‘b Bi136 rﬁ)nnk)waseiisamd/eﬁfin Wmloef BtOr828o this
e t he d th

a vent i WgsReesd By rﬁzq‘ﬁg'yg'?eﬁ)f{ﬁz,@’ &ﬁ)&e(}’gﬁql) q@%&%l‘l’v%&ﬁﬂ% efg}r“eggﬁr eWI The
m ﬁL;”eehM@’ém%%WehOwéQ%mon{mﬁeaVMwnaam tel proeuct parifeltby i onal 30

S
f or med. cmepma«%»t}iqw'ém”%aé%@um o0y Ebflh ofiSepoing 84 SRS FOdedons Nuor (s
drops), FHeE iMoo A W e vitheDefisthenchafaceriztish ULRM@S concent r at ed
under v cuum and re-suspended in Et OAc %50 m.) and enough 10% aqueous

citric #$00 m@ ﬁ%ﬂﬂd‘g 180phNaQi teaNire® 3P@)- having a pH of 2.5. The |ayers

were separ at Qn& %4%6%9%%'@3@3 mW)WB@QoI%dm$JMLrtﬁtnﬁéthw 10 m). The
m xt ure was over |tered and evaporated to give 105 ng of

\Xme![ Ihozv odhd)forrma’@ qndﬁw@d alid 20 PG S0r=a4cipUsy. ERe BIHLER Wahe\aPoReRIugi¥e el ut i ng
%6 éﬂééﬁ%ﬁﬁé Eg&b‘w%mvsfaé L%é_&@ﬁﬁ@uﬁ%/ﬂ%r@ﬁﬁréc@br&aﬂo@@%@ﬂﬁéétﬁi@C to 2%

|2 and, finally, 10% MeOH in CH2CI2 to
V\/m ch sever aCormpoops 165 (210051 g, B@14mmal) WeestirastiidpomtaEPaIRsEYihat e

fr aggl gg? q\{ﬁBf 9 qoﬂiﬂi@ 8TarMh?e%&é%ﬁ%ﬂjr%%%%ﬁ?ﬂg%ﬁga’{‘éﬁg)ﬁr?de‘?@aﬁ&rﬁ'1Vg76(785

3H) 1. GRsbved Hpe tithedTn 3.MEOHADIudndnjxture, the solvents being evaporated
each time, and dried to a constant weight to give 0.5 mg of deprotected material.
The residue was dissolved in 1 mL of MeOH in an open container and 5 drops of

_ methyl difluoroacetate and 15 drops of EtsN were added. The mixture was stirred at

room temperature for 12 hours. After 12 hours, TLC indicated a single product. The
mixture was concentrated under vacuum and the product isolated by silica gel
chromatography eluting with 20:1 CH,Clo/CH3OH to give 2.3 mg of 106. 'H NMR
(300 MHz, CD30D): § 4.31-4.74 (m, 3H), 5.04 (d, 1H, J=3.9), 5.96 (t, 1H, J = 53.9),
7.61 (d, 2H, J = 8.4), 8.05 (d, 2H, J = 8.4), 8.99 (d, 1H). LRMS (ESI') m/z: 314 (M-
H* C43H11F3aN3O3 requires 314).

Example 85: Compound 107
OH

F
< HN.__O
N- (+/-) I
107 G~ C
Compound 107 was prepared in analogous manner to 106 using methyl
dichloroacetate in place methyl difluoroacetate. "H NMR (300 MHz, CD30D): § 4.32-
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4.39-4.57 (m 1 H, 4.90-5.10 (br s, 1 H, 518 (d, I H J =7.2), 7.56 (d,
2H, J =8.1), 8.04 (d, 2H, J 8.1). LRI\/B(ESI-) n12 352 (M H+ C1l8H23FNGb
reqU| res \862p/0778Ek anpl e 84: Corrpound 106 o Oo | ( O ~RET/IBA/O3140HO | /
--" I N " H2NHN F O 102 103 104 OH //// O~ No+ OHNO O~ \\ 106 F F N
105 Conpound 102 (106 ng, 0.299 rrrml% was di ssol ved i n Et QAc and

di azoggzg&mén Yonbat(@dTdsi #G.-Qnb.AB AP tH). TeErtFcA. £58rng-0di (dz ekt hane kit
was a e unt Y8 of

di azonet h%g'é “Wa 'aﬁpo%wt@glg%%r a‘t%m({)\l\ll_gr i gh@%:wség ?éhwrg\g)(esﬁté)lsl ated fume
hoopIE:I and the8r emai ni ng Et CAc sol uti on was concentrated under vacuum The
resi due ) \ 3/ 07 PCT/ 1 B03/ 03140 dissolved in Et20 and washed
W th aq%@plﬁ%ﬁ%ﬂgﬂﬂnaqﬁﬁ brine. The | ayers were separated and the
organic |ayer was dried pyer anhydrous Na2SO4, filtered and concentrated

to give 0.087 g (0.24 |, 9% of nethyl ester 1034 ch, was used

wi t hout further purdfi at\meﬁ of characterization. Confpo 103 (0.037g,
0.136 mml) was d d i INnL of EtCH. Totvva\ad ydr azi ne
hydrate (.007C 077 mpl). The M XTUrE was.refluxed 12" hours. The

sol vent was rengved GHder vacuum and the product pue-fi ed by chromatotron
(1 nmmplate, 10% MeOP3n CH2CI 2). Conpound 104 was icsol ated (40.0 ny,

0. 109 nmol d - :
366 (M H+ élmgjﬁﬁga%t ho rl’%lt}]%{) V\?aganISSO \f'\er Z%tb% (8 Iﬁﬁl\{%ngESI ) mz:
cooled with stirring to 0 °C. Pentafluorophenol (17 mg, 0.093 mmol) was added.
Once all solids had dissolved, DCC (19 mg, 0.093 mmol) was added and the mixture

stirred at 0 °C for 1.25 hours. The mixture was evaporated to one-quarter the
original volume at which time a DCU precipitate formed. The DCU was removed by
filtration and the pentafluorophenyl ester was isolated by evaporation. The residue
was dissolved in 4 mL of MeOH and cooled to 0 °C with stirring. NaBH,4 (18 mg,
0.46 mmol) was added portionwise. When bubbling ceased, the mixture was
warmed to room temperature. After 2 hour, excess NaBH,4 was quenched by
addition of 4 drops of glacial HOAc. The mixture was evaporated to dryness and the
residue partitioned between 1N ag. HCI and EtOAc. The EtOAc was separated and
washed with 1 N agueous HCI (2 x 15 mL), saturated aqueous NaHCO3 (2 x 10 mL)
and finally brine (1 x 25 mL). The EtOAc layer was dried over anhydrous NazSOy4,
filtered, and evaporated to give 50 mg of yellow oil. Chromatotron purification (1
mm plate, eluting with 5% EtOAc in hexanes to 10% EtOAc in hexanes) gave 108
(10.3 mg, 0.030 mmol). 'H NMR (300 MHz, CD3OD): & 1.49 (s, 9H), 1.57 (s, 3H),
1.68 (s. 3H), 3.75-3.89 (m, 1H), 3.90 (s, 2H), 4.39-4.58 (m, 1H), 4.90-5.05 (br s, 1H),
5.19 (d, 1H, J=7.2), 7.57 (d, 2H, J = 8.3), 8.04 (d, 2H, J = 8.3).

Example 87: Compound 109
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Conmpound 104 (0.050 g, 0.133 nmol) was dissolved in 5 nL of triethyl
orthoformate and stirred at 120 C for 24 hours. The m xture was evaporated
to give W6 mg7sLs crude 105, which was used without furth@CT/1B03/03140
characterization or purification. Conmpound 105 (0.0051 g, 0.014 nmol) was
stirred at roomterrperature with 10 nmL of 9:1 TFA/H20 for 10 m nutes. The
m xture was concen ted under vacuum dissol Vvl three tinmes in a
MeOH/ t ol uene mxtCu the sol vents being ev each tinme, and dried

to a constan 94 ve 0.5 ng of depfot 4 terial. The residue
was di sgl Ive OH—m—ar™opét
di fl uoroa d I15 drops of Et 3N were ad@@_g

d 5 drops of nethyl
. The mixture was stirred at
roomterrperaturég{f| 12 hours. After 12 hour sge TEC itldi cated a single
product. The ure was concentrated under vacuum and the product
i sol ated by eo.mpoanageos ¢10rroged. 8 mapoly wak dissolyedin b mioof19: tHFEYHIQ@HIOH t o

2. 106. 5.04 (d,
2 Ve 3" 2ndYgged ghiggmyiemberpre3oLt i, TS HRkyre iyt tifn Sgdderlled™ - 2 07 ¢
2H, J —uﬁdélr)vacﬁu&%@iﬁe doprhximb D (g Jeprotacted inbtéridl abHheCIBABAR3N303

T

di ch | f t 8(4300 M—IZ CD3CD 5
| chi or gagealfe LovaliapeaBlylardul buoy aac! am (a2 NRe (?f ) :

4.32- 9 e e P2 3 . 50 3H), 5, = 3.0),
6.23 (S, 1 H)'hGQrﬁQOt@atezlﬂl (003mgnaf) werg digso &d "??Im':JOf—MQO '”aé‘@@“(s 1H).

S Sl e o R R aap i, e
(+/ -) (dichjordacetata. Toe mixture was stirred for 56 hour at room temperature. By the

end of the reaction the solvent had completely evaporated. The residue was loaded

onto a chromatotron (1 mm plate, eluting with 2% MeOH in CHCl, to 4% MeOH in

CH,Cly, providing 7.5 mg of 109. "H NMR (300 MHz, CD;0D): & 3.88 (s, 2H), 4.28~

4.73 (m, 3H), 5.02 (d, 1H, J = 3.3), 6.22 (s, 1H), 7.51 (d, 2H, J = 8.4), 7.97 (d, 2H, J=

8.4).

Example 88: Compound 110
OH

NT - FTOF
110

Prepared in analogous fashion to other pyridine-containing biaryl compounds
herein. 'H NMR (300 MHz, CD3OD): § 2.54 (s, 3H), 4.30-4.68 (m, 3H), 4.99 (d, J =
3.3), 5.98 (t, 1H, J = 40.5), 7.35 (d, 1H, J=6.0), 7.49 (d, 2H, J = 6.2), 7.61(d, 2H, J
=6.2), 7.95 (dd 1H, J = 6.0, 1.7), 8.61 (d, 1H, J = 1.7). LRMS (ESI) m/z: 336.9 (M-
H* C47H16F3N20; requires 337.1).

Example 89: Compound 111
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Compound 102 (32.7 ng, 0.0925 mml) was dissolved in EtOAc (8 nlL) and
cooled with stirring to 0 C. Pentafl uorophenol (17 ng, 0.093 nmol) was
added. Qwoasab182&o0l i ds had di ssol ved, DCC (19 ny, 0.093 maoliBoismss4tadded
and the m xture stirred at 0 C for 1.25 hours. The m xture was evapor at ed
to one-quarter the original volune at which tinme a DCU precipitate forned.
The DCU was renove®tby filtration and the pentafl uorophenyl ester was

i sol ated by evag i g The residue was dissolved in 4 nL of MeOH and
cooled to 0 C i rrdng. NaBH4 (18 ng, 0.46 nmol) was added

portionwi geXrWign bubb¥i ng ceased, the mixture was warnmed to room

t enper at yke -~ Af{?r 2 , excess NaBH4 was quenched by addition of 4

dr ops of gINaci al"Hoid’ e m xture was evaporated to dryness and the
residue partiti dHed between 1 N aq. HCl and Et OAc. The Et OAc was separ at ed
and washed with 1 N aqueous HCl (2 x 15 nl), saturated aqueous NaHCOB (2 x
10 nL) and Preparédintariatomos fashith taiother pygdiaeQastainiye biayh sompedfisoy er

anhydr oys Na2 filiered .8V, [ ow oil.
Chr omat g‘?FeHh %Mﬁ‘&%‘iq @HZ(QDW??I%?@@;FQT%%%QWWf@ A)E?'gf&éa’ieinm’hjgxanes to
10% Et OAG3 bY) slErx@nes), 7058/, 108 =(8L0), 3.56Ud, 2HOB6 8xpV )61 (AH2HNMRE 8300 MHz,
CD3OD): 8 1,49 (s,_9l—%, %)..ﬂ%?( , ﬁzg,_ é’GS (s. 3H), 3.75-3.89 (m 1 H),
3.90 (s,/-991H, 4dgé=4.52. -61?@)1, 2 98:3)0o5 (br s, 1 H, 519 (d, 1 H J =
7.2), 7.57 (d, 2H, J =8.3), 8.04 (d, 2H, J = 8.3). Exanple 87: Conpound
109 91 WO 03/077828 PCT/1B03/03140 OHO~p | ~F HO/ ~ HOIl / OHNO \

(+/ - Exampig 99: epmpounthBl2 09 Conpound 108 (10 ng, 0.30 mmol) was
dissolved in 5 nL of 9:1 TFA/H20 and stirred at roomtenperature for 1
hour. The m xture was then concentrated under vacuumto give approxi mtely
9 mg of deprote rial as the TFA salt. 1H NWR (300 MHz, CD30OD): 8
3.54-3.68 (m . A 91 (s, 2H), 4.24-4.67 (m 2H), 4.90 (d, 1 H, solvent
obscur ed) , *miﬁg = 8.4), 8.07 (d, 2H, J = 8.4).

Cl Cl

N ()
o M2

Compound 111 (0.0185g, 0.0499 mmol) was dissolved in 10 mL CHCl at 0
°C. To this was added m-CPBA (0.246 g, 0.0997 mmol). The mixture was stirred
until the ice bath melted and the mixture came to room temperature, approximately
12 hours. The mixture was concentrated under vacuum and 112 was isolated by
preparative plate silica gel chromatography (15% MeOH in CH.Cl,) followed by a
silica gel plug (3% MeOH in CHyClz). LRMS (ESI") m/z: 385 (M-H" C17H16Cl2FN203
requires 385.1).

Example 91: Compound 113

OH

o M3
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The 9 ng of material (0.03 mmol) were dissolved in 2 nL of MeOH in an open
container. To this was added 15 drops of Et3N and 15 drops of nethyl

di chl or oawetoawers2§he m xture was stirred for 56 hour at r@cmiB&xsesoat ure.
By the end of the reaction the solvent had conpletely evaporated. The
resi due was | oaded onto a chromatotron (1 mmplate, eluting with 2% MeCOH
in CH2Cl 2 t oCébripbbaiH 13 wasdydhesized Gromasaneporng 11 i helgame MankRR (300 MHz,

(s, 1 ni2asmpiiesgel g P, frif (51 g Syt G hp:

Conpoundedui®s 3BB8.1)F O HN T N (+/-) F F 110 Prepared in analogous f ashi on
to other pyridine-containing biaryl conpounds herein. 1H NVR (300 MHz,
CD30D): 6 2.54 (s, 3H), 4.30-4.68 (m 3H), 4.99 (d, J = 3.3), 5.98 (t, 1
H J =40.5), 7.35(d, 1 H J=6.0), 7.49 (d, 2H, J =6.2), 7.61 (d, 2H, J
=6.2), 7.95(dd 1 H J=6.0, 1.7), 861 (d, 1 H J=17). LRV (ESI-)
mz: 336.9 (M H+ C17H16F3N202 requires 337.1). Exanple 89: Conmpound 111 92
WO 03/077828 PCT/1B03/03140 OHF Y HNO '"~N(+ Cl '~Cci 111 Prepared in
anal ogous fashi on to ot her rldlne contai ning biaryl conpounds herein. 1H
NVR (3o@wle@@3@95np°yr@13@/ 4.30-4.74 (m 3H), 5.01 (d, 1H, J =
3.9), 6.27 (s, | H, 7086 (d, 1 H J =8.1), 7.56 (d, 2H, J =8.4), 7.61
(d, 2H, J = 8.4), .98 ( H dd, J =8.1, 2.3), 8.62 (d, 1 H J = 2.31).
Exanmpl e 90: Conpo

N @l FTF
114

This compound was prepared in the same manner as other biaryls herein.
LRMS (ESI) m/z: 324 (M-H™ C45H13F3N3O2 requires 324.1).

Example 93: Compound 115

OH

F

S HN O
2y U

© NNy

115
Prepared in same manner as compound 48. The required aryl bromide was
prepared in two steps from 2-amino-1,3,4-thiadiazole by bromination with Bra
followed by acetylation. LRMS (ESI") m/z: 419 (M-H* C45H14Cl2FN4O3S requires
419.0).

Example 94: Compound 116

F  OH

F

NS HNIO

s -  FOF
116
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OH F HN O 112 O Conpound 111 (0.01 85g, 0.0499 nmmol) was dissolved in 10
m CH2G 2 at 0 C To this was added m CPBA (0.246 g, 0.0997 nmol). The

m xture wa® oso78eed until the ice bath nelted and the m PCOMBO3EM® t 0 room
tenperature, approximately 12 hours. The m xture was concentrated under
vacuum and 112 was isolated by preparative plate silica gel chromatography
(15% MeCH i nCOZHZ)GUQ 116 MWaswpathbsized as sé¢tiforh feBchangp 2 306 Bedihei n CcH2Cl 2) .

LRVS (ES nl z 385.1 Ex l e 91:
Compounnaterds ahg W@W&i@%&%ﬁ%é@%%&ﬁ%%/ 803/ 03140 Campound
113 \r/]vas flayr(rjobfbﬂgldaq@émﬂmmynmmuku@uphng hretyani® waansed td coupiaithe

synt hesi ze rom111 - 35 7 Cl2 '

353, 1) . DETAGBSsRe R I R R0 Bpfioad Rerbgote S L= A0 (Tl ound
was prepaieebdcBtyidiion T camist out as desdnbed breuiousty Hezeiai LRMS &' ESI -) nf z:

324 (M H+ CL5HI3F3N30
( m/z: 343 M+HL\%15_I1SE(NJIOFZ%SqU?r26§Sig-,l).Exarrple 93: Conpound 115 OH F

Example 95: Compound 117

F  OH
F
N HN;/[O
|
= a1 >al

Same procedure as that used for the synthesis of 116. LRMS (ESI") m/z:
375 (M+H" C4gH15FsN20; requires 375.1).

f

Example 96: Compound 118

OH
F
N
N_/< % > _/< ‘<; HN.__O
Br (+/- +-) F7OF
e o0

Compound 19 (100 mg, 0.258 mmol), potassium acetate (38 mg, 0.386
mmol), and 2 mL of N,N-dimethylacetamide (DMAC) were combined in a glass
pressure tube. Thiazole (112 mg, 1.31 mmol) was added by syringe, and the syringe
rinsed with an additional 1 mL of DMAC, which was added to the pressure tube. The
mixture was stirred at room temperature while purging with Nz for 10 minutes.
Pd(PPhs)s (15 mg, 0.013 mmol) was added, the mixture purged with N2 for5
minutes, the tube sealed and heated to 150 °C behind a blast shield and held at that
temperature for 12 hours. The mixture became dark brown. After cooling to room
temperature, the contents of the tube were filtered through a pad of Celite and the
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| HNO HN--~1 O==~ NN (+/-) G Cl 115 Prepared in sane nmanner as
conmpound 48. The required aryl brom de was prepared in two steps from

2- am no- 1wB,08/t1se@di azol e by brom nation with Br2 foll owedThBozsetoyl ati on.
LRVS (ESI-) mlz: 419 (M H+ C15H14C 2FN4A0O3S requires 419.0). Exanple 94:
Conpound 116 F OHF a-6 HN O 116 94 WO 03/077828 PCT/|B03/ 03140 Conpound
116 was fiinate évepiorated tsdryaess. ofheresidugaiasreissovedid 48 mirak3:phenyl seri ne

o e RSN R SIS 15 SLepor e gbRpimhntyce w T
(1 Tl ot o) e e et
(o) o OB A SR UL B L e R B SR e ) Deren L
117 F Odnfpoubd H19IWa3 fUrifi€l b$ailiea pelateatnategesphy leliting véith §020 toHE:89 nt hesi s
o 2 bt e B A n T LIS EF (PRt B0 S

requires 393.2).

All of compound 119 was dissolved in 9:1 (v/v) TFA/H20 (7.5 mL) and stirred

at room temperature for 30 minutes. The mixture was then concentrated under

vacuum and the residue dissolved twice in a mixture of toluene and methanol, the

solvents being evaporated each time. A portion of the product (9.7 mg, 0.027 mmol)

was dissolved in 2 mL of MeOH and 10 drops of EtsN and 12 drops of methyl

difluoroacetate were added. The mixture was left open to the air and stirred rapidly

for 16 hours. The mixture was evaporated to dryness and the residue purified by

chromatotron (1 mm plate) eluting with 3% MeOH in CH2Cl> to give 118 (6.0mg,

0.018 mmol. "H NMR (300 MHz, CD;0D): § 4.27-4.69 (m, 3H), 4.97(d, 1H, J = 4.2),

5.99 (t, 1H, J = 53.9), 7.47 (d, 2H, J=8.3), 7.65 (d, 2H, J = 8.3), 8.16 (s, 1H), 8.94

(s, 1H). LRMS (ESI") m/z: 331.1 (M+H" C44H14F3N202S requires 331.1).

Example 97: Compound 120

OH
F
S HN.__O
<\N | (+/-) I
120 Cl Cl

Compound 120 was prepared in a manner analogous to that used to prepare
118 using dichloroacetylation instead of difluoroacetylation. LRMS (ESI") m/z:
363.0 (M+H" C14H14CI2FN202S requires 363.0).

Example 98: Compound 121
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S*\\ Br FF NJJ~ 19 N 119 118 Conpound 19 (100 ng, 0.258 nmol),

pot assi um acetate (38 ng, 0.386 mml), and 2 nL of N, N -di nethyl acet am de
(DVAC) wewe osomisesied in a gl ass pressure tube. Thiazol e @PCIABoMAN314. 31
mol ) was added by syringe, and the syringe rinsed with an additional | nL
of DMAC, which was added to the pressure tube. The mxture was stirred at
roomtenperature H‘e purging with N2 for 10 m nutes. Pd(PPh3)4 (15 ny,

e mxture purged with N2 for 5 minutes, the tube

room tenperature, ntents of the tube were flltered t hrough a pad of
Celite and the (93 V\l§03/ 77828 PCT/1B03/03140 filtrate evaporated to
dryness. The re®tdue was dissolved in 40 nL of 3:1 EtOAc/ hexanes and

washed with 2o Q&eéﬁe&5ld?§ﬂ)int§ﬁﬁbd?ét'e%is%/nthe%§ed1b )SL20Ri ddugling shetted over
anhydrous Na2$S OE

ried organic er was fi eggto re ve t he
dryi ng dy&em M%%ﬁb‘@fﬁ'?ﬁ@@ﬂylﬁﬁt?@pWaéﬁﬁfﬁtﬁgmﬁlW‘i orﬁ)@c%ty Pdwn oil .
Conpoun OgRRIBES uwznqsmnoth 80: 20
oo el e aneséaéééogé%?‘ewo'%bb% &qh'sweﬂ% e S 308 1 MeHr
CZOH26FNIM}:B{§C1s|équzF§sOBB®UE¢S 3ARM).of corrpound 119 was dissolved in 9:1
(v/iv) TFA/H(err)O (7.5 nm.) and stirred at roomtenperature for 30 m nutes.
The m xture was then concentrated under vacuum and the residue dissol ved
twice in a mxture of toluene and nethanol, the solvents being evaporated
each time. A portion of the product (9.7 ng, 0.027 mml) was dissolved in
2 mL of MeOH and 10 drops of Et3N and 12 drops of nmethyl difluoroacetate
were added. The mixture was |left open to the air and stirred rapidly for
16 hours. The m xture was evaporated to dryness and the residue purified by
chromatotron (1 mmplate) eluting wwth 3% MeOH in CH2Cl2 to give 118
(6.0ny, ExhrApR 99 Clompgound\i22 (300 MHz, CD3CD): 8 4.27-4.69 (m 3H), 4.97(d,
1H J=42), 599 (t, 1 H J=5309), 7.47 (d, 2H, J = 8.3), 7.65 (d,
2H J =8.3), 8.16 {5, 1 H, 894 (s, 1 H. LRVMS (ESI+) nfz: 331.1 (MrH+
C14H14F3N2028 requi yes 331.1). Exanple 97: Conpound 120

(+-)
122

Prepared in analogous fashion to 121. LRMS (ESI") m/z: 340.1 (M+H"
C16H17F3N302 requires 340.1).

Example 100: Compound 123

oH

F

PN HN._O

NG @) o
123

The protected biaryl intermediate was prepared by Suzuki coupling method B
from boronic acid 23 and the appropriate aryl bromide. This intermediate was then
deprotected by brief treatment with 9:1 (v/v) TFA/H,0 and dichloroacetylated as
described for 29. LRMS (ESI") m/z: 380.0 (M-H* C17H13CI2FN3O; requires 380.0).
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OH FS - HNO NI (+/-) G d 120 Conpound 120 was prepared in a nmanner
anal ogous to that used to prepare 118 using dichloroacetylation instead of
di f | uor oawetogloatseon. LRVS (ESI+) miz: 363.0 (MtH+ Cl4H14@CTABRBBSIr equi r es
363.0). Exanple 98: Conpound 121 96 WO 03/077828 PCT/1B03/03140 OH F TXI

Cl C 121 The protected biaryl intermedi ate was synthesized by Suzuki
coupling nethod B from 23 and 3-chl or o- 6- net hyl pyri dazi ne. Deprotection
and di chl or -1y Lg perfornmed as for other conpounds of this

i nvent i %ﬁ‘?@%’%@bf'&@wﬁ’%#rgﬁz%z.o (MrH+ CL6HL7CI 2FNBQ2 requires 372. 1).
Exampl e 99: Conpound 122 OH F N,N~ HN To 122 Prepared in anal ogous
fashion to 121. LRVSQUESI+) mfz: 340.1 (MtH+ CLl6HL7F3N3O2 requires 340.1).

) OH FNI / HNO NC(+-) C C 123 The
protected biaryl ediate was prepared by Suzuki coupling nethod B

X

(+/-) F™°F

Prepared in analogous fashion to 123. Difluoroacetylation was performed as
with other compounds of this invention. LRMS (ESI") m/z: 348.0 (M+H"
C47H13F3N302 requires 348.1).

Example 102: Compound 125

L oH
O/P ? NBoc
NBoc o
3 N O F
Fo )l\j s F — N HN. 0
(HO)B ) o~ | ) P
e o~ al *) el
125

23
The biaryl intermediate was prepared from boronic acid 23 using Suzuki

coupling. LRMS (ESI") m/z: 392.0 (M-H" C45H13CIsFN30O, requires 392.0).

Example 103: Compound 126

O’P O’P O’P O/P
> — H —
F HoN F MezN.__N S5 F
c A N T
N e Ten T )

(+h) NN
OH

F
— ,smo
— N\ I

|
]
N () el

126
The starting nitrile was prepared from 35 by analogy to the preparation of

bromo intermediate 19. Treatment with Ph,P(S)SH gave the thiobenzamide which
was converted to the thiobenzamidine intermediate by reaction with
dimethylformamide dimethylacetal. Cyclization with hydroxylamine-O-sulfonic acid in
methanol/pyridine gave the biaryl intermediate. LRMS (ESI") m/z: 364.0 (M-H"
C13H12CI,FN302S requires 364.0)
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fromboronic acid 23 and the appropriate aryl bromde. This internedi ate
was then deprotected by brief treatnent with 9:1 (v/v) TFA/ H20 and

di chl or oawetogloatsesl as described for 29. LRVS (ESI+) ni z: P83OB/(3M40H+
C17H13C12FN302 requires 380.0). 97 WD 03/077828 PCT/1B03/ 03140 Exanple
101: Conpound 124 OHF HNO ", N I~ NC +/-) FF 124 Prepared in

anal ogous fashion to 123. Difluoroacetylation was perforned as wth ot her

compoun hS. ¢ i RVS (ESI+) mlz: 348.0 (MtH+ CLl7H13F3N302
r equi re?@%%?biﬁgﬁﬁagh%%ﬁmnpound 125 O OH NBoc NC NBoc F C CCC1
+ NFN'N\ HN O (H 0)2E3 F 23 ly%5 The biaryl internmedhate was prepared

from boronic i L 23 using SuzuRm\ coupling. LRMS z: 392.0 (M H+
C15H13C13E “equi r es»392 ~f'é'xanp| e $03: Conp O NBoc ~NBoc

;Noc , NBdg _NC RHZN F B2 -\ S1 F —t1-

19 127
The phenyllithium intermediate was prepared by treatment of intermediate 19

-n

with n-butyllithium in THF at -78 °C. The intermediate was reacted with pyridazine
and the mixture of the resulting 2- and 3-position adducts was oxidized with DDQ.
The desired 3-pyridazyl regioisomer was isolated by chromatography. LRMS (ESI")
m/z; 326.0 (M-H* C1sH14F3N302 requires 326.0)

Example 105: Compound 128

Compound 128 was synthesized using the procedure in Example 104.
LRMS (ESI") m/z: 358.0 (M-H" C45H14Cl.FN3O; requires 358.0)

Example 106: Compound 129

/P OH

7 NBoc F
/L::]/LX\F -—j:;» N N Hﬁjio
e N R g

19 127

The procedure discussed in Example 104 was used. LRMS (ESI") m/z:
358.0 (M-H" C45H14CI,FN3O; requires 358.0)

Example 107: Compound 130
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F ->g 1 / H\WO NON (+/-) G C 126 The starting nitrite was prepared

from35 by analogy to the preparation of brono internediate 19. Treatnent

w th Ph2R¢B)Skirgas/e t he thiobenzanm de which was convert edCTaBeINEs140

t hi obenzam di ne internedi ate by reaction with dinethylformam de

di met hyl acetal . Cyclization with hydroxylam ne-O sulfonic acid in

met hanol / pyri di neQfave the biaryl internediate. LRVS (ESI) mz: 364.0 (M H+

C13H12C12FN30 equires 364.0) 98 WO 03/077828 PCT/1B03/ 03140 Exanple

5~ ONBoc ,NBoc F F N F)0. NN~ HNO 19 127 The

rate was prepared by treatnment of internediate 19
Uty | itthi um il _THE at -78 C. The internediate was reacted with

pyri dazi ne and the" mi Xture of the resulti ng 2- an+d 3-position adducts was

oxi di zed wi t ThOPRcedTieef daaimpi1® pys udedyLRMSJESI'I oner 3288 (Msbl at ed by

chromat ogr aphy., LRMS (ESL£)., mz: 326.0 (M H+ CL5H14F3N302 requires 326.0)

Exanpl e %1:4':(‘}59@6%'%?%6%4 FNN_HNO C ~c C Conpound 128 was

synt hesi zed using the procedure in Exanple 104. LRWVMS (ESI+) mz: 358.0

M H+ CL5H14C12EN30Q2 requi,r 358. 0) Exanple 106: Conpound 129 OH
( Example 108: Compoﬂnd 1%% ) P al

ok
o’k OJ(
OJ( NBoc NBoc NBoc
NBoc “ 3 o
- et z ] NJ +/- ]
Br F & on e

(+-) o R
19

oH
F
— o HN.__.O
N e I 131
Cl Cl

The phenyllithium intermediate was reacted with N-methoxy-N-

methylacetamide and the resulting acetophenone was reacted with
dimethylformamide dimethylacetal and hydroxylamine-O-sulfonic acid in methanol in
presence of pyridine to give the isoxazole. LRMS (ESI") m/z: 347.0 (M-H*
C14H13ClN203 requires 347.0)

Example 109: Compound 132
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O- 0 ,NBoc ,NBoc F FNHNO )INBr (+) FN/ (+) N/ (+/) cl cl 19 127
The procedure discussed in Exanple 104 was used. LRVS (ESI+) mz: 358.0
(M H+ C1l5win4c02mi8b802 requires 358.0) Exanple 107: ConpoumdTABG/GMIMNO
03/077828 PCT/1B03/03140 OHF NHN O NF F The procedure of Exanple 104
was used. LRMS (ESI+) mlz: 326.0 (M H+ C15H14F3N302 requires 326.0)

Exanpl e 108: CQuppancthd323das@yntheBized gsingiae pocrige in RrRawple-108.F Me2N F o~ F

BrF O+~ I N + ' s
pheny! | M U7t BFE S b RO iR e ony v et nyi acet ar e

and the resulting acetophenone was reacted with dinethylfornan de
di net hy Exagipié 140:Compoany138i ne- O-sul fonic acid in nethanol in presence

of pyridine to g ve the isoxagele. LRVS (Egl+) miz: 347 0AM H+

C14H13Cl 2N2OB {1y i res 347, NBoc ou NBoc NBoc
B 3 o S o S
Br/©/k\\|: > H Fooo S/QALF > £
H

) o g ¢

ok on
F
S F S HN__.O
H,oN —
T e = (T oy L
N a

The phenyllithium intermediate was reacted with dimethyiformamide to give the

133

formyl intermediate which was then reacted with the ylide generated from
methoxymethyltriphenyl phosphonium bromide. The resulting enol ether was brominated
with bromine to give the bromoaldehyde. Cyclization with thiourea gave the
aminothiazole. LRMS (ESI") m/z: 378.0 (M-H" C44H14CI2FN30,S requires 378.0)

Example 111: Compound 134

OH
F
S HN.___O
HN—C [ :/[
N F7OF

Compound 134 was synthesized using the procedure in Example 110. LRMS
(ESI") miz: 346.0 (M-H* C1sH14F3N302S requires 346.0)

Example 112: Compound 135 (mixture of diastereocisomers)

OH
F
0 HN._O
T e L
F Cl

Compound 135 was synthesized using the procedure in Example 108. LRMS
(ESI") m/z: 331.0 (M-H* C14H13F2N203 requires 331.0)
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Exanpl e 109: Compound 132 OH HN ON (+/ _) F F 100 WO 03/077828

PCT/ 1 B0O3/ 03140 Conpound 132 was synt hesi zed using the procedure in Exanple

108. LRVBVOHESI0F)82811 z: 315.0 (M H+ CLl4HL13F3N203 requires 3PETOBO3/Branpl e

110: Conpound 133 o~ O' O O NBoc ,NBoc NBoc NBoc Ove 0 ~~ F > HIli F -->
FHF O0Br OH NBoc F SFSHNXO HZNNHaN NI (+/) C C 133 The

phenyl | Example 113:€Gompound 138s reacted with di nethyl formanide to give the

formyl internediate which was then reacted W|t the ylide generated from

met hoxymet hyl tri Qli(?enyl phosphoni urljv{'br om de. ek esul ting. e o et her was
br om nat ed ®nine to g br Qnoaldeh de, Cygl liZAtfon with

t hi ouream@@ﬂ%ﬁﬁm%nﬂ”%(m% @ @ z: 737 M I{
C14H14C12FN392% requires 378 ) Exanple 111 Corrpound 134 A4 % 1 e HNO
H2N-~ ~+/-) N F F Conpound 134 was synt hesi zed using the Bfocedure in

Exanpl e 110. Th&EMBrtingErehtelalth Exafhfe P08 WhétedcletlidrGaBESnIsagagants 346. 0)
and the product was cyclized to the biaryl intermediate with hydroxylamine-O-
sulfonic acid in methanol in presence of pyridine. LRMS (ESI") m/z: 363.0 (M-H"
C14H13ClaFN20,S requires 363.0)

Example 114: Compound 137

OH
F
HN._O
F7OF

Compound 137 was synthesized using the procedure in Example 113.
LRMS (ESI") m/z: 331.0 (M-H" C14H13F3N2028 requires 331.0)

Example 115: Compound 138 (mixture of diastereoisomers)

OH
F
HN___O
N X
+/-
() F Cl

Compound 138 was synthesized using the procedure in Example 113. LRMS
(ESI) miz: 347.0 (M-H" C14H43CIF2N20,S requires 347.0)

Example 116: Compound 139
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Exanpl e 112: Conpound 135 (m xture of diastereoisonmers) OHF O1l e HN O
N (+/-) F C Conpound 135 was synt hesi zed using the procedure in Exanple
108. LRvBvO(oBSY78p8 m z: 331.0 (M H+ CLl4H13F2N203 requires 3P8IIB)3/@M WO
03/ 077828 PCT/1B03/03140 Exanple 113: Conpound 136 0- OH 0 O \ NBoc NBoc
\ NBoCF \ -~ M2Ne F>S e F~~NSHNO M2Ne e F (+-) N, (+)

(+/-) 0sa d R1) 136 The starting material in Exanple 108 was reacted
wi th Lawesso 2age and the product was cyclized to the biaryl

i nt er nedi ate h Nydré)xyl amne-O sulfonic acid in nmethanol in presence of
pyri di ne<S i (E r)y) mz: 363.0 (MH+ Cl4H13C12FN202S requires 363.0)

Exanpl e X,L, . Conpou 137 OH S HN F F Conpound 137 was synt hesi zed using
the procedure in Efamﬁe 113. LRMS (ESI) m(z: 331.0 (M H+ CL4H13F3N202S
requires 331CQnpoxadpi3e WdbsyrBredndin3Be procetiuresin dixadimes D@ steoiigoner s)  OH

kS HI\I'fr%m the desired enantiomer of intermediate 19. LRMS (ESI") m/z: 331.0 (M-H"

C14H13F3N202S requires 331 .0)

Example 117: Compound 140 (mixture of diastereoisomers)

OH

F
<s HN._O
% X
N (-
NN EP) A

Compound 140 was synthesized using the procedure in Example 41. LRMS
(ESI*) m/z: 348.0 (M-H" C13H12CIF2N30,S requires 348.0)

Example 118: Compound 141

. A ok oA oA
7 NBoc 7 NBoc NBoc NBoc NBoc
/©)\\\ */©/k\\ P P F o F
F N
Br Pz F Ve | N
(+h) ws 2 ) W R neo R ) >\j ¢
19

N

OH

gﬁ*f ;

Tt
Intermediate 19 was reacted with trimethylsilylacetylene in presence of copper

iodide and PdCl(PPhs).. The product was desilylated by treatment with potassium
carbonate in methanol. The cyanoacetylene intermediate was reacting acetylene
with n-butyllithium, which was then reacted with tosylcyanide. Cyclization to the 3-
aminoisoxazole was performed by treatment of the cyanoacetylene with
hydroxylamine in ethanol. LRMS (ESI*) m/z: 330.0 (M-H" C14H14F3N3Os requires
330.0) '

Example 119: Compound 142
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N F C Conpound 138 was synt hesi zed using the procedure in Exanple 113.
LRMS (ESI+) mz: 347.0 (M H+ Cl14H13Cl FZRIZOZS Iroequi res 347.0) garrpl e3116:
Conpound WB8®300828\0 03/ 077828 PCT/1B03/03140 OH F g | / PEWIBN3/03140N F F
Conmpound 139 was synt hesi zed using the procedure in Exanple 96 starting
fromthe desired enantioner of internediate 19. LRVS (ESI+) mz: 331.0
(M H+ C14H13F3N2 requires 331.0) Exanple 117: Conpound 140 (m xture of
) S1 / HNO NNI (+-) ~CF C Conpound 140 was
synt heS|zed ugi ng pcgocedure in Exanple 41. LRMS (ESI+) nmz: 348.0
2CIF equires 348.0) Exanple 118: Conpound 141 -~ O1C o
(JJ\IIBOCNBoc FFFFENP, ( TM5( ) HNC 19 HZN OH

Compound 142 was synthesized using the procedure in Example 118.
LRMS (ESI") m/z: 362.0 (M-H™ C14H14Cl2FN3O3 requires 362.0)

Example 120: Compound 143

ok

F

NBoc NBoc — HN_ _O

Br F7OF
19 7; 143

The desired enantiomer of intermediate 19 was reacted with

OH.

bis(pinacolato)diboron in presence of 1,1’-bis(diphenylphosphino)ferrocenepalladium
(1) dichloride dichloromethane. The pinacolboronate ester was coupled with 5-
bromo-2-cyanopyridine using the Suzuki reaction. LRMS (ESI") m/z: 350.0 (M-H*
C17H14F3N30. requires 350.0)

Example 121: Cpmpound 144

OH

F

N HN;/[O
|

NCT o >cl

Compound 144 was synthesized using the procedure in Example 120.
LRMS (ESI") m/z: 382.0 (M-H* C47H14CI2FN3O2 requires 382.0)

Example 122: Compound 145 (mixture of diastereoisomers)

OH

ok
Boc NBoc NBoc
\ F
Br F —»HO F —» HO HN._.O
(+-) o &M (+-) +/-) I
cl” ~Cl
145
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F F H2N 141 Internediate 19 was reacted with trinethylsilylacetylene in
presence of copper iodide and PdCl 2(PPh3)2. The product was desilyl ated by
t r eat mentwaiodio73e% assi um carbonate in met hanol. The cyan®erdaByd/sme
internedi ate was reacting acetylene wth n-butyllithium which was then
reacted with tosyl cyanide. Cyclization to the 3- am noi soxazol e was

per f or med bylntereetiate 19 efastrbactey avitb acwityllitbiven and thentwity oxyl ani ne i n

1107 ComfBTNIrLTIMYS b AR Py RS ART M " Rt 0 RGT

N C H2Nrdpoid tolgite MR bavaslis gitbhelsiszenixise rof didstergisometiur eRME (EREhpl e 118.

LRMS (ESI + . 362.0 14H14C1 3 requires 362.0) Exanple 120:
Cormounﬂ“/i')4§%.('\""§l QN'{‘?I%"?'%L'\,'&BBE‘@U"G? ggj'\'l,aﬁlBoc 310 Br OBCF NC N O 19 p 143

The desired enantionmer of internediate 19 was reacted with

bi s( pi nacol ato) di boron in presence of 1,1'-bis(diphenyl

phosphi fxpmle 428 epaPoBAM8 (11) dichl oride di chi oromet hane. The

pi nacol bor onat flj(est er was coupjed with 5- br - 2-cyanopyri dine using the
Suzuki reacti o LRVS (ESI+) omfz: 350.0 (M i

Boc
Exanpl e 12 #‘pound 144 ]
F ¢
4 &= N
(+-) MeQO,C (+-)

The starting acetylene, prepared as described in Example 118, was reacted
with n-butyllithium followed by addition of carbon dioxide and the resulting acid was
esterified with diazomethane in ethyl acetate/diethyi ether. The 3-hydroxyisoxazole
was obtained by reacting the ester with hydroxylamine and was then methylated with
diazomethane in ethyl acetate/diethyl ether. LRMS (ESI") m/z: 377.0 (M-H’
C15H15C12FN204 requires 377.0)

Example 124: Compound 147

OH

F

<s HN_ _O
] T

N-N ci” ¢l

Compound 147 was synthesized by the method of Example 120 using 2-
bromo-1,3,4-thiadiazole in a Suzuki coupling. LRMS (ESI*) m/z: 364.0 (M-H"
C13H12CloFN302S requires 364.0)

Example 125: Compound 148

L ok ok
7 NBoc NBoc ‘\\NBoc
\ — > —
//©/’\\\F W F > ] F >
7 ) y (+-) » (+-)

N
Et0,C HOLC HN— 148
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OH FNI / HNONCC C Conpound 144 was synthesized using the procedure

in Exanple 120. LRVS (ESI) nfz: 382.0 (M H+ CL7H14C12FN302 requires 382.0)
Exanpl e MP:03@ospound 145 (m xture of di astereoi soners) - PCOIBAAH310 ' Ngcc O
Ngcc NBoc FHF HOF HOHN O 19 C C 145 104 WO 03/ 077828 PCT/ 1 BO3/ 03140
Internediate 19 was reacted with n-butyllithiumand then w

di met hy! f or e stertinglaeetyleneyyas ohtainad af deecripgd it EX’TeE Wgt ﬂh?réf hyl magnesi um

brom de t LR
CEST sy “cPotinsy, SRR PRSP RpBined T cftbgaon o e e Sauier s LRID
K:/g(r)rgcc):u&gerisdrét/e@m sity fEOI@ethWBdtQaCBBéﬁ; di-NBelyldicarhenateand # --A- OHN O (+/)
b (x"

s descRmsiviphineRyidiie, Thprite WS bt s SR AGHAes, | B Ty
gdgl E)I O{m;]érfnedwt@b? hydrolysideo mejzd:ld\,e:aneenslmtn@ea@wﬂ Cmaﬂde asd eagcfiprd wit h

i azonet hane in .e t i I
obt ai neW!tBRMBARIR; nék/[snﬁstrg/lz \K%%FRVW ﬁr o>2§/H1é g%ﬁr(wg)s%t%h )riarzrgt ﬁyl \Q?Zd
with diazonethane in ethyl acetate/ d| et hyl et her LRVS (ESI+) mz: 377.0

M H+ C15H15CI 2FEN2O4 r
( CLoHo 38, c°mp03.%‘3'1285 377.0) Exanple 124: Conpound 147 OH

OH
F
0 HN._O
¥ X
cl” ~Cl

Compound 149 was synthesized using the procedure in Example 108 starting
from the desired enantiomer of intermediate 19. LRMS (ESI*) m/z: 347.0 (M-H"
C1aH1sCloFN2O3 requires 347.0)

Example 127: Compound 150

The 3-carboxyisoxazole intermediate obtained as described in Example 125
was converted into the acid chloride using Vilsmeyer reagent in dimethylformamide.
The crude product was reduced to the 3-hydroxymethyl isoxazole intermediate with
tetrabutylammonium borohydride in THF. LRMS (ESI") m/z: 377.0 (M-H*
C15H15Cl2FN204 requires 377.0)

Example 128: Compound 151
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FSI/ HO I NNC C Conmpound 147 was synthesized by the nethod of
Exanpl e 120 using 2- bronp-1, 3,4-thiadiazole in a Suzuki coupling. LRVS
(ESI +) mwo0 036747808 (M H+ CLl3H12Cl 2FN3O2S requi res 364.0) PBxanpodzo31fab:
Compound 148 0-~- OO0 OH NBoc oc NBoc F OF ,OF O HNO Et02C HO2C H2N ~01
148 105 WO 03/077828 PCT/1B03/03140 The starting acetyl ene was obtai ned
as descri bed Gammpuadpll &1 wag synthesizecciging elirgeduse iazxaneple ALér nedi at e was

s d pI&! wassyhesiBCusing el eplpiedy medi ¢
et hyl i RSBy 12 P4 O G e 3BT L T i mopyr di ne. The

am de was obtained fromthe 3-carboet hoxy isoxazole internedi ate by

hydrol ysis to the acid. co sion to the acyl chloride and reaction wth
armoni a. EXagRle( r§)°"?19%‘!“£i{s§o (M H+ CL5H14F3N3O4 requires 358.0) Exanple
126: Conpound 149 OHgH Ol / HNO N C CI Conpound 149 was synt hesi zed
usi ng the procedurg ) pl e 108 starting fromthe desired enantioner of

i nternedi ate 19. S (\ESI'+) nm(z: 347.0 (M H+ Cl4H13C12FN2QG3 requires
347.0) Exar‘rB Ce A2 d 150 O~ O- CH , NBoc , NBoc
| Cl

C

N 7 &

Compound 152 was synthesized using the procedure in Example 125.
LRMS (ESI*) m/z: 390.0 (M-H" C15H14CI,FN3O4 requires 390.0)

Example 130: Compound 153

O/P OH
/@)\\i\lBoc r
Br E | x HN \EO
(+/-) /
19 N~ (+-) 153 CN

Compound 153 was synthesized using the procedure in Example 40.
EDC/HOBT was used to acylate the amino intermediate with cyanoacetic acid.
LRMS (ESI") m/z: 314.0 (M-H" C47H16FN3O2 requires 314.0)

Example 131: Compound 154

OH
F
N HN \EO
L
N (+/-) N3

Compound 154 was synthesized using the procedure in Example 130.
LRMS (ESI") m/z: 330.0 (M-H" C4gH16FN5sO2 requires 330.0)

Example 132: Compound 155
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F OFOFOHNO C1 C1 HX®R2C HO HO 150 The 3-carboxyi soxazol e

i nternedi ate obtained as described in Exanple 125 was converted into the
aci d chl owode/nusesg Vil snmeyer reagent in di nethylformam deCT/iBis03esoude
product was reduced to the 3-hydroxynethyl isoxazole internediate with

t et rabut yl ammoni um bor ohydride in THF. LRVS (ESI+) mz: 377.0 (M H+
C15H15C12FN204 requires 377.0) Exanpl 28: Compound 151 OH OHNTO ~ ~
HO F F 106 WD 03/@A7828 PCT/1B03/ 031 Conmpound 151 wa®£Hsynt hesi zed usi ng

the procedure S5l e 127. LRVB(ESISBHI z: 345. 0 (b SHL5F3N204

requires 345 anpl-e=129: OCo mpound \15 F oHN Z)w G G H2N O
Conpound vas syn'f hesi zedyUgrng™t he pFocedur,e I arrpf‘L 125. LRMS

(ESI +) 380. 0 (M H+ CI5HI®EC12RN304 requires 890. 0} Exanple 130:

Conpound 153 O ~- O--~- OH ,/NBoc ,NBoc F / F F | HN{55

The starting acetylene was obtained as described in Example 118. The 3-
methyl isoxazole intermediate was obtained by cycloaddition of the nitrile oxide
generated in situ from nitroethane, di-t-butyldicarbonate and 4-
dimethylaminopyridine. LRMS (ESI*) m/z: 329.0 (M-H" C45H15F3N203 requires
329.0)

Example 133: Compound 156
OH

HNfO

Cl Cl

(+/-)

Compound 156 was synthesized using the procedure in Example 132.
LRMS (ES!I*) m/z: 361.0 (M-H" C45H45CI2FN2O3 requires 361.0)

Example 134 : Compound 157
0 O OH

04 O’« .
NBoc NBoc
Br F NN F )" CIICI
(+F-) )7’ (+1-) (+1-)

19 157
Intermediate 19 was reacted with 4-methylimidazole in refluxing
dimethylformamide in the presence of copper powder. LRMS (ESI") m/z: 3460.0
(M-H* C12H14C12FN3O; requires 346.0)
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Br 19 153 Conpound 153 was synt hesi zed using the procedure in Exanple 40.
EDC/ HOBT was used to acylate the amno internediate with cyanoacetic acid.
LRVS ( ESIWD 3#02782814. 0 (M H+ C1L7HL6FN302 requires 314.0) Bxanmpox03isil:
Compound 154 OH HN Nto (~) 3 Conmpound 154 was synt hesi zed using the
procedure in Exanple 130. LRWVMS (ESI+) mz: 330.0 (M H+ Cl6HL6FN502

requi r e Exasple®)3EGompeundA58Conpound 155 107 WO 03/ 077828 PCT/ | B03/ 03140

O~ O- OHBoc ,Ngoc ~j 1 F OF --)1- OH N O 11 155 The starting
acetyl ene was obt pi ned as described in Exanple 118. The 3- nethyl isoxazole
i nternedi ate opht'armed by cycloaddition of the nitrile oxide generated

in S|tuf 0 ol hame, di-t-butyl di carbonate and 4-

di et hylr\a/m'\hogy)rll din LRVS (ESI+) mlz: 329.0 (M H+ C15H15F3N203 requires
329.0) Eim‘!p 33: Fﬁpound 156 OH FOHNO N(+i_) C C Conpound 156
was synt hesi zed using the procedure in Exanple 132. LRMS (ESI+) mz: 361.0

(M H+ CL5H15652EbRAB 1580kay Smtrabiked)usigan® brockddre iRERamphe 1347
LRMS (ESI") m/z: 328.0 (M-H" C1sH1sF3N302 requires 328.0)

Example 136: Compound 159

OH
F
0 HN.__O
N X
F©" °F

Compound 159 was synthesized using the procedure in Example 126.
LRMS (ESI") m/z: 315.0 (M-H* C14H13F3N203 requires 315.0)

Example 137: Compound 160

o) o) o o)
Joads e (o
Br F o F

19 .

A mixture of the desired enantiomer of intermediate 19 (1 g, 2.5 mmol),
potassium carbonate (712 mg, 5 mmol), and propiolamide (1.07 g, 15 mmol) in N,N-
dimethylacetamide (4 mL) was stirred at room temperature while purging with N2 for
10 minutes. Pd(PPhs)s catalyst (15 mg, 0.013 mmol) was added and the mixture
was purged with N for another 5 minutes. The resulting mixture was stirred at 100
°C for 9 hrs. After cooling to room temperature, the crude was flash silica gel
chromatographed to give the coupling product (601 mg). "H NMR (300 MHz,
CDCl3): § 1.49 (s, 9H), 1.59 (s, 3H), 1.70 (s, 3H), 3.75-3.90 (m, 1H), 4.35-4.60 (m,
2H), 5.15 (d, 1H, J = 7.5), 5.65 (s, 1H), 5.85 (s, 1H), 7.45 (d, 2H, J = 8.4), and 7.55

(d, 2H, J = 8.4).
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OO0 OH ONBoc NNBoc 1 HNO -~i NF NFNBr (+-) ~C C 19 157

I ntermedi ate 19 was reacted with 4-nethylim dazole in refluxing

di et hyl fwopreani®es i n t he presence of copper powder. LRVS PESIB)3/0340. 3460.0

(M H+ Cl4H14C12FN302 requires 346.0) 108 WO 03/077828 PCT/1B03/ 03140

Exanpl e 135: Conpound 158 OH F NON HN O (+/-) F F Conpound 158 was

synt hesi zed usi ng)(/hq) procedure in Exam%LQ/l§4. LRVS (ESI+) mz: 328.0

2_\\N|Léq(%lres 328.0) Exanpl e¥%36; Conpound 159 OH F p HNO

S

NFTF Conp 59 sym?hesi zedi ng tPecprocedure in Exanple 126.
LRVS (EQ +)yZ 315.0 (M H+ Cl14H13+3N203 Fequires 315.0) Exanple 137:

60 OA--{~-0 0 0 O4L InO Br ~ F OF 19 NH2

2

To dimethylformamamide (2 mL) was slowly added thionyl chloride (2 mL) at
0 °C and the reaction mixture was stirred at that temperature for 30 min. The
solution was then cannulated to a solution of the propiolamide intermediate (600
mg) in DMF (4 mL) at 0 °C. After stirring at room temperature for 30 min, the mixture
was poured into ice/water (50 mL). The pH was adjusted to 7 with saturated sodium
bicarbonate. The solution was extracted with ethyl acetate three times. The
combined organic layers were washed with water, dried over anhydrous sodium
sulfate, and purified by column chromatography to give propiolonitrile intermediate
(326 mg). 'H NMR (300 MHz, CDCls): § 1.49 (s, 9H), 1.59 (s, 3H), 1.70 (s, 3H),
3.75-3.90 (m, 1H), 4.35-4.60 (m, 2H), 5.15 (d, 1H, J =7.5), 7.49 (d, 2H, J = 8.4), and
7.63 (d, 2H, J = 8.4).

To a solution of sodium hydroxide (206 mg, 7 eq.) in water (2 mL), was added
hydroxylamine hydrochloride (256 mg, 5 eq.). The solution was added to the
propiolonitrile intermediate (263 mg) dissolved in ethanol (7 mL). The resulting
mixture was stirred at room temperature for 6 hrs. Ethyl acetate was added, the

| organic layer was separated, washed with water, and dried with anhydrous sodium
sulfate. The crude material was purified by column chromatography to give the
protected 3-aminoisoxazole which was then dissolved in THF (6 mL) and 4 N HCI (6
mL), and stirred at 80 °C for 2.5 hrs. The reaction mixture was evaporated to
dryness under reduced pressure. The residue was co-evaporated with methanol
twice and dried overnight under vacuum. To the crude material dissolved in
methanol (2 mL) was added triethylamine (2 mL), followed by methyl
dichloroacetate (1 mL). The mixture was stirred at room temperature for 24 hrs. The
solvent was evaporated and the mixture was purified by flash column
chromatography to give compound 160 (167 mg). "H NMR (300 MHz, CDCl; +
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A mxture of the desired enantioner of internediate 19 (1 g, 2.5 mmol),

pot assi um carbonate (712 ng, 5 nmmol ), and propiolamde (1.07 g, 15 nmol) in
N, N- di newbyBacseam de (4 nl-) was stirred at room t enper CAIB0O3M3il40e
purging with N2 for 10 minutes. Pd(PPh3)4 catalyst (15 ng, 0.013 mmol) was
added and the m xture was purged with N2 for another 5 m nutes. The

resul ti mpmmr&nessmmm; By &.Gf (m,0H), £8b6ds, FH)hPI6 (af thbk 7édddHi Ad. d 0 room

t enper at_ 10, gi ve the
coupl 1 n by bal e Cof gy = & L Niip 460 M- SERRIH GERTE k0.8 18
(s, 3H);eqh|r‘é@3(620)3l-|) 3.75-3.90 (m 1 H), 4.35-4. 60 (m 2H), 5. 15 (d, 1
H J = 5.65 (s, 1 H, 5.8 (s, 1 H, 7.45 (d, 2H, J = 8.4), and 7.55
(d, 2H, J = g. 4) 109 WO 03/077828 PCT/1B03/03140 OOOOO0-<-- 10 04L O
FF N EMdﬁ, T@ﬂan@bmﬁdm{mm de (2 mM-) was slowy added thionyl
chloride (2 m_) at C and the reaction mxture was stirred at that
tenperature for 3Hm n. The solution was then cannulated to a sol ution of
the propiol anFte T nyerpediate (600 ng) in DMF (4 nb) at 0 C After
stirring At r agpepature for 30 mn, the mxture was poured into

i ce/ wat g (] 0 ). Thé pH was adjusted to 7 with saturated sodi um

bi car bongt€. The s on was extracted with ethyl acetate three tines. The
combi ned/organi c | ayers were washed with water, dried over anhydrous sodium
sul fate, and | OnBokmidg i | e
oul ot 2nSGHIREC BRI PP By e S 59 (s
3H) 1 7on the dadjred esav@rmergdlr(tmmeﬁlmwzl LW&('%%I IW{Z 2?5510 (d, 1 H J

~ éﬁf}ﬁcgﬁazés (%II’RE%G@?) and 7.63 (d, 2H J =8.4). OH O OC F

Example 139: Compound 162

Compound 162 was synthesized using the procedure in Example 138.
LRMS (ESI*) m/z: 329.0 (M-H" C15H15F3N20s requires 329.0)

Example 140: Compound 163

OH
F
N HN \EO
L
NC™ 'N CN

Compound 163 was synthesized using the procedure in Example 120.
Dicyclohexylcarbodiimide was used to acylate the amino intermediate with
cyanoacetic acid. LRMS (ESI") m/z: 339.0 (M-H" C4sH15FN4O2 requires 339.0)

Example 141: Compound 164
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N~ HZN N-O 160 To a solution of sodium hydroxide (206 ng, 7 eq.) in water
(2 m.), was added hydroxylam ne hydrochloride (256 ng, 5 eq.). The

sol uti on wav3atdesl to the propiolonitrile internedi ate (2P63/1BePo03dicssol ved
in ethanol (7 mL). The resulting mxture was stirred at room tenperature
for 6 hrs. Ethyl acetate was added, the organic |ayer was separated,
washed with water, a@d dried w th anhydrous sodium sulfate. The crude
mat eri al was puriN gol um chromat ography to give the protected

3- am noi soxazol then dissolved in THE (6 m-) and 4 N HCl (6
m.), and st z or 2.5 hrs. The reaction m xture was evapor at ed
to dry l\? der reduc NPressure. The residue was co-evaporated with
met hanol™C t i ce and dri ed “over ni ght under vacuum To the crude nmateri al

di ssol ved '”Coﬁﬁfoﬂﬁﬂoim(\ﬁaéfb))ntmea%&@ thélpeédeyaha:rmmahanlmzo fol l oned by
met hyl di chl oroacetate The m xture was, sti rr%ge roomtenperature

for 24 ml@’CICH@éy|C%r@P9'§Hlﬂe\Mé?§ wﬁﬁ%asx'@a thg amingeiniareed purified by

flash c i Wr_pp unngg 355 NVR (300
MHz, CD%ZQBEC%%%H%B 07 ZIB}@/C#/:?%O% 03140 g_%Dg %% bb 4.70 (m 3H),
5,05 (m 1 H, 585 (s, 1 H, 6.16 (s, 1 H), 7.44 (d, 2H J 81) and
7.65 (d.g gsESI+) mz: 362.0 (M H+ C14H14C12FN303
requires )%E’kogﬁéx }'r'p 8: Corrpound 161 OH Fp HNO NOC d Conpound
161 was synt heS| zed L=J| ng the procedure in Exanple 132 starting fromthe
desired enantiong \internmediate 19. LRMS (ESI+) nmfz: 361.0 (M H+
C15H15C12FN203 381.0) Exanple 139: Conpound 162 OH Oo HNO

Compound 165 was synthesized using the procedure in Example 120. The
amino intermediate was acetylated with acetic anhydride. LRMS (ESI") m/z: 314.0
(M-H" C47H16FN302 requires 314.0)

Example 143: Compound 166
OH

Compound 166 was synthesized using the procedure in Example 120.
LRMS (ESI") m/z: 350.0 (M-H" C43H11F4N302S requires 350.0)

Example 144: Compound 167
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N F F Compound 162 was synthesized using the procedure in Exanple 138.

LRMS (ESI+) nmfz: 329.0 (M H+ CLl5H15F3N203 requires 329.0) Exanple 140:
Conmpound w633/00H28 F HN O ~CN NC N Conpound 163 was synt ResiiBexd3ugi ng t he
procedure in Exanple 120. Dicycl ohexyl carbodiim de was used to acylate the
amno internediate with cyanoacetic acid. LRVMS (ESI+) mz: 339.0 (M H+
C18H15FN402 requires$939.0) Exanple 141: Conpound 164 111 WD 03/ 077828
PCT/ 1 B03/ 03140 Fo NC N N3 Conpound 164 was synthesized using the
procedure in Ex 0. 5 Di cycl ohexyl carbodiim de was used to acyl ate the
am no interl ' w t h r"azi doacetic acid. LRV5S (ESI+) mz: 355.0 (M H+
Cl?HlSFDQ:g k qui res 35 % Exanpl e 142: Conpound 165 OHF HN O NC N
Conpoun 65 was synt hesi Zetl using the procedure in Exanple 120. The amino

internedi ate RHET YéRaE sythdsiBsrlsing Mhyeeddies inlEBdmGIESR) mz: 314.0

M H+ CL7H16FN302 requires 314.0) Exanple 143: Conpound 166
( Dicyclohexylcarbodiimide was used) to acylgt% the amino intermediate w?th N-%Z)‘c-

at

glycine and the resulting glycinamide was deprotected with hydrochloric acid in
methanol. LRMS (ESI*) m/z: 329.0 (M-H* C47H17FN4O- requires 329.0)

Example 145: Compound 168
OH

HN \EO

w NH,
Compound 168 was synthesized using the procedure in Example 1421.
LRMS (ESI*) m/z: 343.0 (M-H" C1gH1sFN4O- requires 343.0)

Example 146 : Compound 169

Br F (/\ F
19 N’I

The desired enantiomer of intermediate 19 (1.16 g, 3 mmol), potassium
carbonate (1.659 g, 12 mmol), imidazole (1.225 g, 18 mmol), and copper powder
(191 mg, 3 mmol) in 20 mL of DMF were stirred vigorously at reflux for 4 hrs. The
reaction mixture was cooled to room temperature and poured into water (100 mL).
After extraction with ethyl acetate and washing of the organic extract with water (3X),
the organic layer was passed through a silica gel and anhydrous sodium sulfate
plug. Evaporation of solvent gave the imidazole (1.06 g). "H NMR (300 MHz,
CDCls): & 1.45 (s, 9H), 1.60 (s, 3H), 1.75 (s, 3H), 3.75-3.85 (m, 1H), 4.35-4.55 (m,
2H), 5.20 (d, 1H, J = 7.5), 7.22 (s, 1H), 7.28 (s, 1H), 7.41 (d, 2H, J = 8.4), 7.58 (d,
2H, J = 8.4), and 7.89 (s, 1H).
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F g HNTO NN FFF Conmpound 166 was synt hesized using the procedure in
Exanple 120. LRVs (ESI+) mz: 350.0 (M H+ CL13HL1F4N302S requires 350.0)
Exanpl e Ivd:03@omspound 167 112 WO 03/ 077828 PCT/ | BO3/ 03140 PCCHB#3/031HN To NC
N NH2 Compound 167 was synt hesized using the procedure in Exanple 120.

Di cycl ohexyl carbodiin de was used to acylate the amno intermediate with
N-Boc- gl ycine ’%nd the resulting gcl—\)((:ionam' de was deproteched with

hydrochloric a gi/( met hanol @EI\ZE‘J%E | +) mlz: 329.  CL7THL7FN402
requires Bﬁ Eézg'npl‘e—r% nd 168 O P H\~ 6 NH2 Conpound
168 was é\%_r:t esized using tt{ﬁ;lprocedure i n Exanpl e™\&44, 'm (ESI+) nlz:

343.0 (M C18H19FN402 requires 343.0) Exanple 146: G;Qgrpound 169 ~jo c o

i nl\le> weNgl at4eThlgl'%@'giged“eﬁnﬁ%%:(z%cﬁw&@g%ﬁ% SIQ:“E&H?]@ '36% ‘g& 12 nmol ),

i m dazoligci(30 449, &hd 4Brdi R 80 °CPfRH 2GHBE The P¥ELEibN mixture was evaporated
to dryness under reduced pressure. The residue was co-evaporated with methanol
twice and dried overnight under vacuum. The crude material was dissolved in
methanol (20 mL) and triethylamine (5 mL) was added, followed by methyl
dichloroacetate (5 mL). The mixture was stirred at room temperature for 20 hrs. The
solvent was evaporated and the mixture was purified by flash column
chromatography to give compound 169 (1.1 g) as white solid. 'H NMR (300 MHz,
CDCl3): & 4.30-4.75 (m, 3H), 5.21 (d, 1H, J = 7.5), 5.86 (s, 1H), 7.05 (d, 1H, J=7.5),
7.10 (s, 1H), 7.28 (s, 1H), 7.39 (d, 2H, J =8.4), 7.52 (d, 2H, J=8.4 Hz), and 7.81 (s,
1H). LRMS (ESI*) m/z: 360.0 (M-H" C15H16Cl2FN3O2 requires 360.0)

Example 147: Compound 170

OH

F
N HNIO
]
N~ o cl

Compound 170 was synthesized by the method of Example 106 using the
desired enantiomer of intermediate 19. LRMS (ESI") m/z: 358.0 (M-H*
C15H14Cl2FN3O2 requires 358.0)

Example 148: Compound 171

OH
F

N HN:/[O

1

N~ ENE

Compound 171 was synthesized using the procedure in Example 147.
LRMS (ESI") m/z: 326.0 (M-H" C1sH14F3N3O2 requires 326.0)
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(1912 ng, 3 mol) in 20 nL of DMF were stirred vigorously at reflux for 4
hrs. The reaction m xture was cooled to roomtenperature and poured into
wat er (10WOmBp77828ft er extraction with ethyl acetate and waghBesgp3aedo t he
organic extract with water (3X), the organic |ayer was passed through a
silica gel and anhydrous sodi um sul fate plug. Evaporation of solvent gave
t he i m dExerhple(11906oy)pourd AR (300 MHz, CDCI3): S 1.45 (s, 9H), 1.60 (s,
3H), 1.75 (s, 3H), 35@385 (m 1 H, 4.35-4.55 (m 2H), 5.20 (d, 1 H J
= 7.5), 7.22 (s, 1 H .28 (s, 1 H, 7.41 (d, 2H, J = 8.4), 7.58 (d, 2H,
J 8.4), and 7. . 113 WO 03/077828 PCT/1B03/03140 O O\-- OH
.,,N////\N--s+ MN/E{}N/FO~NIiHNOONF“-NUJI\L]I\L]cici

169 TheHiNmixdafol e i nterfrediate (2.77 g) was dissolved in THE (20 ni-) and
4 N HC (20 , and stiTred at 80 C for 2.5 hrs. The reaction m xture was

evaporated to drynes nder r ess

co- gvaporat e AR nﬁeﬁ#iwaﬁ SYR %éecgwg{hﬁrm%ho%\(?g&ﬁiaﬁ qﬁ@@%@&uum The
crude neieafrbdkendftontiret tuetedidte 198 LIRMS(ES20m: - 3460 (MH'T et hyl ami ne (5

m -) was_added, followed %Grreth yl dichloroacetate (5 nL). The m xture was

stirred GQuHrboth@SnisekEews46-fbr 20 hrs. The solvent was evaporated and the
m xture was purified by flash colum chronatography to give conpound 169
(1.1 g) as white solid. 1H NVR (300 MHz, CDCI3): S 4.30-4.75 (m 3H), 5.21
(d, 1 HEmamplpﬁ)O Congeoynd 183 H)  7.05 (d, 1 H, J=7.5), 7.10 (s, 1 H),

7.28 (s, 1 H, 390}(,d 2H, J =8.4), 7.52 (d, 2H, J=8.4 Hz), and 7.81 (s, 1
H . LRVS (ESI+) 360.0 (M H+ CL15H16C12FN302 requires 360.0) Exanple
147: Conpound

Compound 173 was synthesized using the procedure in Example 137.
LRMS (ESI") m/z: 330.0 (M-H" C14H14F3N303 requires 330.0)

Example 151: Compound 174
OH

oy
N\//:'\l HNIO

F7OF
Compound 174 was synthesized using the procedure in Example 146.

LRMS (ESI*) m/z: 314.0 (M-H" C14H14F3N302 requires 314.0)

Example 152: Compound 175

OH
F

HNIO

© F7F

Compound 175 was synthesized using the procedure in Example 28. LRMS
(ESI") m/z: 290.0 (M-H" C43H14F3sNO3 requires 290.0)
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| C Conpound 170 was synthesized by the nethod of Exanple 106 using the
desired enantioner of internediate 19. LRVS (ESI+) mz: 358.0 (M H+
C15H14C12WN30A718eg Ui res 358. 0) Exanpl e 148: Conpound 171 POHIBOS/HEMIO N FF
Compound 171 was synt hesi zed using the procedure in Exanple 147. LRMS
(ESI+) mz: 326.0 (M H+ C15H14F3N302 requires 326.0) 114 WO 03/ 077828
PCT/ | BOFhGeple 158xaapinoung176Conpound 172 OH S 1 / HN H2N--~ NF F
Conpound 172 was syntdjesi zed by the nmethod of Exanple 110 using the
desired enantioner_ofyinternediate 19. LRVS (ESI+) nmz: 346.0 (M H+
C14H14F3N302S re 46- 0) Exanple 150: Conpound 173 OH OO I / HNT
N F F H2N s synt hesi zed using the procedure in Exanple
137. LRMS~ESI+) mz: 380.0 (M H+ Cl4H14F3N303 requires 330.0) Exanple
151: ConpounBi™174 OH gIF ¢

Compound 176 was synthesized using the procedure in Example 149.
LRMS (ESI") m/z: 378.0 (M-H" C44H14CI,FN3O2S requires 378.0)

Example 154: Compound 177

OH
. ,
N HNIO
H,N o~ c1 >l

(+1-)
Compound 177 was synthesized by the method of Example 33 using the
bromopyridine derivative and boronic acid 23. LRMS (ESI") m/z: 372.0 (M-H"
C16H16Cl2FN3O2 requires 372.0)

Example 155: Compound 178

OH
.
PN HNIO
HQN)I\N/ c->cl

(t/-)
Compound 178 was synthesized by the method of Example 33 using a
bromopyrimidine derivative and boronic acid 23. LRMS (ESI*y m/z: 373.0 (M-H"
C15H15CIoFN4O2 requires 373.0)
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NONIT / HNO F F ' Conpound 174 was synthesized using the procedure in
Exanpl e 146. LRMS (ESI) nfz: 314.0 (M H+ Cl4H14F3N302 requires 314.0)
Exanpl e Ms®:03@omspound 175 OH F HN O O F F Conpound 175 meg/IB§antshesi zed
using the procedure in Exanmple 28. LRV (ESI+) mz: 290.0 (M H+
C13H14F3NO3 requires 290.0) 115 WO 03/077828 PCT/1B03/03140 Exanple 153:
ConpoundExanplexi5e: CgmpodRdd79H2N N X CI O Conpound 176 was synt hesi zed
using the proceduryg in Exanple 149. LRMS (ESI+) miz: 378.0 (M H+

C14H14Cl 2FN302S rgqui res 378.0) Exanple 154: Conpound 177 OH F ONHNT

H2N C CI NHg olind 177 was synthesi zed by the nmethod of Exanple 33
using t U YHN derivative and boronic acid 23. LRM5S (ESI+) nlz:
372.0 (M H+| Cl6H16CI RFN302 requires 372.0)

cI” Tl
(+-)

Compound 179 was synthesized by the method of Example 33 using the
bromopyrimidine derivative and boronic acid 23. Standard conditions were used for
the removal of protecting groups and the introduction of dichloroacetamide
functionality. LRMS (ESI*) m/z: 373.0 (M-H" C1sH1sCl2FN4O; requires 373.0)

Example 157: Compound 180

OH
F
NS HN;/[O
H,N ~ ¢l >cl

(+1-)

Compound 180 was synthesized by the method of Example 33 using the
requisite chloropyridazine derivative and boronic acid 23. Standard conditions were
used for the removal of protecting groups and the introduction of dichloroacetamide
functionality. LRMS (ESI") m/z: 373.0 (M-H" C45H15Cl2FN4O2 requires 373.0)

CONCLUSION
Thus, it will be appreciated that the present invention provides novel
florfenicol-like compounds and methods for their use in the treatment or prevention
of bacterial infection in animals or humans.
Although certain embodiments and examples have been used to describe the
present invention, it will be apparent to those skilled in the art that changes in the
embodiments and examples shown may be made without departing from the scope

of this invention.
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Exanmpl e 155: Compound 178 OH F NHNO | HZNNC TA (+/-) Conpound 178
was synt hesi zed by the nethod of Exanple 33 using a bronopyrimdine

deri vat i vwoan@71ses oni ¢ acid 23. LRVS (ESI+) m z: 373.0 (MPHE¥/I1B03/03140
C15H15C 2FN402 requires 373.0) 116 WD 03/077828 PCT/1B03/ 03140 Exanple
156: Conpound 179 OH NHF 2 NI / HNO N CC C Conpound 179 was

synt hesi zed by the nethod of Exanple 33 using the bronopyrimdine

deri vat WRARHRI CAAMMEE acid 23. Standard conditions were used for the
removal of protecting groups and the introduction of dichloroacetanm de
functionality. LRVMS (ESI+) mz: 373.0 (M H+ C15H1I5C12FN402 requires 373.0)
Exanpl e 157: 1.Conphepapagtd baying the qemigal formulas 1pN (+/-) G C Conpound 180
was synt hesi zed by the nmethod of Exanple 33 using the requisite

chl oropyri dazi ne derivative and b@tbnic acid 23. Standard conditions were
used for the renoval of protectind groups and the introduction of

di chl oroacetam de functiona T L R’:’SI +) mz: 373.0 (M H+
C15H15C12FN402 requires 3@{. qNJ\/S/IE@I
R2 R8R3
wherein:

R' is selected from the group consisting of -OH and -F;

R2 and R? are independently selected from the group consisting of hydrogen, (1C —
4C)alkyl, halo, -CF3, -NHz, -CN and Ng;

R* is selected from the group consisting of:
-C(=R¥R®,
wherein:
R%is selected from the group consisting of oxygen, N-C=N, and NOR’,

wherein:

R’ is selected from the group consisting of hydrogen, alkyl,
aryl, heteroaryl, alicyclic and heteroalicyclic;

Reis selected from the group consisting of hydrogen, (1C —4C)alkyl, (3C -
6C)cycloalkyl, (1C — 4C)alkoxy, heteroaryl, alicyclic and heteroalicyclic;
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Thus, it wll be appreciated that the present invention provi des novel
florfenicol-1ike conmpounds and nethods for their use in the treatnent or
preventi owo oafo71sagt erial infection in animals or hunans. ACThBegis1gert ain
enbodi nents and exanpl es have been used to describe the present invention,
it wll be apparent to those skilled in the art that changes in the

enbodi nents and exanpl es shown nay be nmade w thout departing fromthe scope
of this invention. 117 WO 03/077828 PCT/1B03/03140 WHAT IS CLAIMED: 1. A
conpound havi n% the chemcal formula: OH R RA 1 HNR2 RB R3 wherein: R
i s sel ectag=fAOMm the group consisting of -OH and -F;, R2 and R3 are
independq’ el ected fromthe group consisting of hydrogen, (1 C -

4C) al kyl a3 A5-CF3, -NH2, -CN and N3; R4 is selected fromthe group

consi sti nb\/ -C(=R5)R6, wherein: R5 is selected fromthe group

consi sting of oxygen, NNC-N, and NOR, wherein: R7 is selected fromthe
group consisting of hydrogen, alkyl, aryl, heteroaryl, alicyclic and
het er oal i Cyc'v{g%reiﬁﬁ is selected fromthe group consisting of hydrogen, (1 C
- 40 al kyl, ( - BCcycloal kyl, (1 C - 4C)al koxy, heteroaryl, alicyclic
and heteroalicyclic; 118 WD 03/077828 PCT/1B03/03140 // A2-A° 5 A3 A5

A' is carbon or nitrogen;

A2, A3, A* and AS are independently selected from the group consisting of
carbon, nitrogen, oxygen and sulfur, provided that at least one of A'—ASis
not carbon, that the total number of nitrogen, oxygen and sulfur atoms in the

ring does not exceed 4 and that the ring is aromatic;

carbon atoms in the ring are independently substituted with an entity selected
from the group consisting of hydrogen, (1C — 4C)alkyl, (3C — 6C)cycloalkyl,
(1C — 4C)alkylO-, -CF3, -OH, -CN, halo, (1C — 4C)alkyIS(O)-, (1C —
4C)alkylS(0)2-, NH2SO2-, (1C — 4C)alkyINHSO2-, ((1C — 4C)alkyl)2NSO2-,
-NHz, (1C — 4C)alkyINH-, ((1C — 4C)alkyl)2N-, (1C — 4C)alkylSO2NH-, (1C ~
4C)alkylC(O)-, (3C — 6C)cycloalkylC(O)-, (1C — 4C)alkylOC(O)-, (1C -
4C)alkylC(O)NH-, -C(O)NHa, (1C — 4C)alkylNHC(O)- and ((1C —
4C)alkyl)oNC(O)-, wherein any of the alkyl groups in any of the substituents

may be unsubstituted or substituted with a group selected from halo and -OH;
if Al is carbon and the ring does not contain oxygen or sulfur, one of the

nitrogen atoms may optionally be substituted with an entity selected from the
group consisting of (1C — 4C)alkyl, (1C — 4C)alkylS(O)z- and —NHy;
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\A4'" wherein: A is carbon or nitrogen; A2, A3, A4 and A5 are

i ndependently sel ected fromthe group consisting of carbon, nitrogen,
oxygen arwognaiofses provi ded that at | east one of A - A5 IPET/IRGX03¢4r bon,
that the total nunber of nitrogen, oxygen and sulfur atons in the ring
does not exceed 4 and that the ring is aromatic; carbon atons in the ring
are independently substituted with an entity selected fromthe group

consi sting Ofv&l{i%gf ogen, (1 C - 4Qalkyl, (3C - 6Ccycloalkyl, (1 C -

4C) al kyl O, -CN, halo, (1 o 4C)al kyl S(O -, (1 C -

4C) al kyl S(0) 288, Wﬂ’é@?and (A11° @re inde)anideniinssacted fromithe groursyersigfing RS0 2- |
-NH2, (1 C - 4C)a| Kyl NH-, L C - 4C)a| kyl)2N-, (1 C - 4C) al kyl SO2NH-, (1 C

AC)AfaCI) El/r%/:l(gg rb°r( %?8%&9”8(1 C - 4C§:§f3ﬁfqeﬁqé§tgn1y§r@ Zﬁ' ROQDg . (1 C-

4C) al kyI)2NC(O) wherss g-any of the alkyl groups in any of the
substituents tlrﬁﬁya'béeuﬁsubstl ttuted or substituted with a group sel ected
fromhalo and -OH, if A is carbon and the ring does not contain oxygen or
sul fur, one of the nitrogen atons may optionally be substituted with an
entity sel ectetbdn sionmstie theyringipredodepandently sibstituted witanp gntityl , (1 C -

Snen S %l e g Bhafind AN SRR (03 00

consi sti ng of6C)ncgclbaihyl 1iCt + 6Gaikydd -GF 9 vOttie elCIN Hzetlo,d Cy- dalkyflSEB)-- A10 at a

- tine en tituted
W th an Ot oy soueESie Wb Ren L o IR (RSP o BN
zéC) al gl | k(?CNH26Q)G?yC4éO)a|IdyWH , (1CC 4CYaRyBINY (1@ - 4{1)§IByIS%NH; -(—I hal o, (1
- 4Q) al ky 4 al kyl NHS02- ,

((1 C- 4C al@ajkikﬁgéf (3C - %@Cy %ﬁé'%@t:) ?Eky ﬁkyﬁ?@)@ ZC) al kyl ) 2N- |
(1 C - 40 al kytyaigidio) NHl -€(O)NH;, (1C — 4C)alkyINHC(O)-, ((1C — 4C)alkyl),NC(O)-

and —OCH,0-, the oxygen atoms of the —OCH,0- group being bonded to

adjacent ring carbon atoms, and wherein any of the alkyl groups in any

substituent may be unsubstituted or substituted with a group selected from

halo and -OH;

R® is hydrogen in all compounds, except when R? and R® are both F, in which case

R®is hydrogen or F; and,

the compound is either a racemate having the relative stereochemistry shown or is

substantially enantiomerically pure and has the absolute stereochemistry shown.
2. The compound of claim 1, wherein R'is -F.
3. The compound of claim 2, wherein:

R? and R?® are independently selected from the group consisting of Cl and F; and,

R®is hydrogen.

120



4C)al kyl C(O -, (3C - 6C)cycloalkylC(O-, (1 C- 4QalkylCC(O-, (1 C -
4C)al kyl CCONH, -C(ONH2, (1 C- 4QalkylNHC(O-, ((1 C - 40 alkyl)2NC(O -
and - OCH20,030hms290xygen atons of the - OCH20- group bei ng IremdBaeB/i3040

adj acent ring carbon atons, and wherein any of the alkyl groups in any
substituent may be unsubstituted or substituted with a group selected from
hal o and - OH4.R8 iThelepapoyrchof ¢laig B, wheipbunds, except when R2 and R3 are
both F, in which case R8 is hydrogen or F; and, the conpound is either a
racemate having the relative stereochem stry shown or is substantially
enant i om®ical(ER°)Rire and has the absol ute stereochenistry shown. 2. The
conpound of claim1, wherein RL is -F. 3. The conpound of claim2, wherein:
R2 and R3 are independently selected fromthe group consisting of C and F;
and, R8 is yreigen. 120 WO 03/ 077828 PCT/ |1 B03/ 03140 4. The conpound of
claim3, wherein: R4 is -C(=R5)R6, wherein: R5 is selected fromthe group
consisting of oxygen, NNC-N, and NOR7, wherein: R7 is selected fromthe

group consi st R safedidiF&Eefe gRiukWonsisiig/df oxygéreMpaeN, anal NORE| i ¢ and
heteroalicyclic; and, R6 is selected fromthe group consisting of hydrogen,
(1 C- 4Qalkyl, (3C- 6Ccycloalkyl, (1 C- 4C) al koxy, aryl, heteroaryl,
alicyclic and het gipadih.cyclic. 5. The conpound of claim4, wherein R4 is
CH3C(O -. 6. The conmpound of claim2, wherein: A6\ AID g Ao R4 is

, A9/ wherein: A6, A7, A8, A9 and Al0 are as defined in claim1; and,

R’ is selected from the group consisting of hydrogen, alkyl,

aryl, heteroaryl, alicyclic and heteroalicyclic; and,

R® is selected from the group consisting of hydrogen, (1C —4C)alkyl, (3C —
6C)cycloalkyl, (1C — 4C)alkoxy, aryl, heteroaryl, alicyclic and heteroalicyclic.

5. The compound of claim 4, wherein R*is CH3C(O)-.

6. The compound of claim 2, wherein:

RYis
wherein;
A8 A7 A8 A° and A" are as defined in claim 1; and,

any of A® — A'® that is carbon is substituted with an entity selected from the
group consisting of hydrogen, -NHy, halo-, -CN, (1C —4C)alkyl-, (1C -
4C)alkylC(0)-, (1C — 4C)alkylS(O)-, (1C — 4C)alkylS(O)2-, NH2SO2-, (1C —
4C)alkylSOzNH-, (1C — 4C)alkyINHSOo-, ((1C — 4C)alkyl)2NSO.-, wherein any
alkyl group in any substituent may be unsubstituted or substituted with halo or
—OH.
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any of A6 - AlO that is carbon is substituted with an entity selected from
the group consisting of hydrogen, -NH2, halo-, -CN, (1 C- 4Qalkyl-, (1 C
- 4C) al kyWwO(dp77826§ 1 C - 4C) al kyl S(O -, (1 C - 40 al kyl S( OpeT/IBOS/¢426CO2-, (1
C- 40 alkyl S2NH-, (1 C - 4C al kyl NHS02-, ((1 C - 4C) al kyl )2NS02-, wherein
any alkyl group in any substituent may be unsubstituted or substituted
with halo or -OH 121 WO 03/077828 PCT/IBO3/ 03140 7. The conpound of

claim 3, wherein )olgim. epeﬁm is VA9 , wherein: A6, A7, A8,
A9 and AlOQ are |ndepenﬁ%&¥rfd ol 'rgc?fe {r om the group consisting of carbon,
ni trogen and /-0 rovi ded that only one of A6 Al10 at a tine can be O ;

and, any of - 0 hat is carbon is substituted with an entity sel ected
fromthe grayp capsisting of hydrogen, -NH2, halo-, -CN, (1 C - 4C)alkyl -
(1 C- 4 K@D -, (1 C- 40alkylS(O-, (1 C- 4QalkylS(O2-, N
H2SQ2-, (1 C - 40 al kyISOZNH— (1 C - 4C)a| kyl NHS02-, ((1 C -

4C) al kyI)2N802- wherein any of the al kyl groups within any of the
substituents e unsubstituted or substituted with halo or -OH 8. The
conmpound of ¢ |m2 wherein: one, two or three of A6 - AlO is/are
nitrogen; and, one or two of the remaining carbon atoms in the ring is/are

optionally s%las it utﬁ‘dal){ﬂ At arﬁ%peﬁbént@%g%v\}]erg}ﬁ%@%% doRsitiey &6 Ng bei ng

unsubstitute e corrpoun two or” three of
A6 - AlO is/are nltrogen Nﬂu -or two of the remaining carbon atons in
the ring i s/ aaeboapniirogeit Blyd stbst i tut eepvidedihatagiponespi Aot her carbon at ons
in the ring being unsubstitygted. 122 WO 03/ 077828 PCT/|1B03/ 03140 10. The

conpound of gltaLm gme\gaﬁrb%ipzﬁzi_r@' ’s&{Oe,ct ed fromthe group

any of A% — A" that is carbon is substituted with an entity selected from the
group consisting of hydrogen, -NHy, halo-, -CN, (1C - 4C)alkyl-, (1C —
4C)alkylC(O)-, (1C — 4C)alkyiS(O)-, (1C — 4C)alkylS(O)2-, NH2SO02-, (1C —
4C)alkylSO;NH-, (1C — 4C)alkyINHSO»-, ((1C — 4C)alkyl)2NSOz-, wherein any
of the alkyl groups within any of the substituents may be unsubstituted or

substituted with halo or —OH.
8. The compound of claim 2, wherein:
one, two or three of A’ — A'° is/are nitrogen; and,

one or two of the remaining carbon atoms in the ring is/are optionally substituted with

—~NH,, all other carbon atoms in the ring being unsubstituted.
9. The compound of claim 3, wherein:
one, two or three of A® — A" is/are nitrogen; and,

one or two of the remaining carbon atoms in the ring is/are optionally substituted with

—NH,, all other carbon atoms in the ring being unsubstituted.
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consisting of: 01, Na',~ NN N\ N~ NNNNNN1, kN NN~IN s/ HNN
HZN N O NH2 N~ and N H2N N 11. The conpound of claim3, wherein R4 is
sel ect ed Woaaiorises group consisting of : \ I \~ | ON+ N | PCI/IB@/0414¢ \ ~ ~N\
NNJL NNNNNIT II~N N/ NNNIN HCI N3/ HZNH2N N O NH2 NN
and H2ZN N 123 WO 03/077828 PCT/1B03/03140 12. The conpound of claim 2,
wherein: A2-Al /

10.  The compound of claim 2, wherein R* is selected from the group

consisting of:

O O S T g

SN S Sl CAIR TS
% % “ 5,

HSCY©/, m;j H?_ND ,HzN/le/Nj/

O NHy

and Nl/ij?’
HZNJ\ “

N

11.  The compound of claim 3, wherein R* is selected from the group

consisting of :

SIS oI ol >
oG ol car e
Segh O S ol
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AO 5 R4 is \A4/ wherein A, A2, A3, AA and A5 are as defined in claim 1.
13. The conmpound of claim3, wherein: A2-Al AsO 5 R4 is wherein A, A2,
A3, A4 amdOAB/0zmses as defined in claim 1. 14. The conpound PET/IBO3I3MI012,
wherein all carbon atons and nitrogen atons are unsubstituted. 15. The
conpound of claim 13, wherein all carbon atons and nitrogen atons are
unsubsti t ut ed 16. The conpound of claim12, wherein one of A2 - A5 that is

car bpn is BSt'ﬁ'tler'% %pé@)drﬁl&rbl he Vil e?éiﬁel aII ot her car bon and, if

appl i cabl e, |’tro ng unsubstituted. 17. The
conpound of claim¥%3, wherein one of A2 - A5 that is carbon is substituted
with an -NH2 gz , all other carbon and, if applicable, nitrogen atons in

sel ected from Kgroup consisting of: 124 WO 03/077828 PCT/1B03/03140 S
XS O<gth NNNo Sss HZN I N1 NHZN N and ~ N H2N NH2
H2N- \\ N/ 19. The corrpound of claim3, wherein R4 is selected fromthe

group

the ring bei n@gubstitut ed. 18. The conpound of claim?2, wherein R4 is

wherein A", A2, A3, A* and A°® are as defined in claim 1.

13.  The compound of claim 3, wherein:

v
A s
wherein A", A2, A%, A* and A?® are as defined in claim 1.

14.  The compound of claim 12, wherein all carbon atoms and nitrogen

atoms are unsubstituted.

15.  The compound of claim 13, wherein all carbon atoms and nitrogen

atoms are unsubstituied.

16.  The compound of claim 12, wherein one of A% — A° that is carbon is
substituted with an —NH, group, all other carbon and, if applicable, nitrogen atoms in

the ring being unsubstituted.

17.  The compound of claim 13, wherein one of A% — A° that is carbon is
substituted with an —NHz group, all other carbon and, if applicable, nitrogen atoms in

the ring being unsubstituted.

18.  The compound of claim 2, wherein R* is selected from the group

consisting of:
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consisting of: ~, S\ SO-N~—~" < M T "N " NJ NNOss N HNs N~ ~
2 NH2N~ N/Nand ~ N H2ZN NH2 H2N N 20. A conpound of claim1l sel ected

from t he womap7msensi sting of: OHOHOHF\ FF N\ | / PNT@BO3/MN1d0] / HO
M HNTO FTF RNFF HNNFF OHOHOHFF F NNHN HN 1HN O O cl ci H3C
FFFF\.-S C— 125 WD 03/ 077828 PCT/IBOS/0314O OHOHOHFFF N I/ HN
ON\HNON\ HNO C Cd HNdC \SCI%CHCH FFF

seks el e e R
s
«jﬁ Ng“s Y \_SN nd

HoN

ek

N

19.  The compound of claim 3, wherein R* is selected from the group

consisting of:
s S s“‘“,om‘v/w%
I S R

”‘q{l
s A o s 2'4 S“\<
H2N'<\Nj, Ngj %L' h{@ N \N _N and
HN NH,

Y

N

20. A compound of claim 1 selected from the group consisting of:

OH OH OH
F F F
N HN:/[O PN HN:/(O’ J\f\\ HNfo
| | P
7 FNF HNT Y FOE HN" N FOF
OH OH
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N HNOMN HNONNMN HN O 14 NC A C

NCFFCQ A OH OHOHF O FJGQ&(O

HNTNNC A FFNC O NH2 OHOHOH XNXOFFF HW HNONHNOL N
C G H2NED o722l CI OOHOHOHd \ F\ Fp HN Op I/ HRCOIBoF31HM N S
I/ HNO FF A C H2N H2N H2ZN, N F F 126 WO 03/077828 PCT/1B03/03140 CH

OHOHFFF N _Tr |

/ HNOMN HN O CH3SO2 HN NHS X NHS ~0 F and F , C

al,d d, HF
OH
m N HNI Ns
=
OH OH
F F
N HNIO 1 N HNfO
l |
NG~ F c- al N F7OF
OH
OH OH F
= NN HN._ O
HN._ O HN. O I
N™™S f N™™S I NF o >al
N~ FNF N~ c >l NH;
OH OH OH
F F F
o
N HN. O N HN O\ A HN
NI+/ Jl\ - N “\ ~N
-0~ Cl” ~cl , HaN™ °N” cl” cl, N cl” ~cli
OH
F
s HN_ O
HzN‘<\ | :/[
HaN N F7OF,
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N HN O N cl ~cl wherein the conpound is either a racemate having the

rel ati ve stereochem stry shown or is substantially enantionerically pure

and has tWe oalosmbit e stereochem stry shown. 21. A conpoumdTaBoxi3aiom 1

selected fromthe group consisting of: OHOHOH FFFNHN~Co NI/ HNO

NHN~Co Na,, XN/ NCFFFFCQ, C , OH OHOHE,FF 03 HNO HN N HN

ONI FF a afNca a , HN OHOH FP'OIf HNFF _-~ NXNS HN
F ( 828 PCT/ | BO3/ 03140

O fLH3E? H iy chH Cl 3 wiNer epon the conpound i s
ingNMe relative ster%éﬂérn’ Stry ﬁown or is
|y enami:' ri 8ably pur ecprtdghas the absol gresgt ’eé,fcpchen‘i stry

I

OH

F
HN.__O
N

ﬁi;l céjicu

wherein the compound is either a racemate having the relative stereochemistry

shown or is substantially enantiomerically pure and has the absolute stereochemistry

shown.

21. A compound of claim 1 selected from the group consisting of:

o OH OH
F F F
N HNIO N X HN:/EO Nj/Q/EI;[O
s N, NP FNE, N o >,
H

o
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shown. 22. The conpound of claim1, wherein the conpound is substantially
enantionerically pure and has a 1-(R)-2-(S) absolute configuration. 23. A
nmet hod ofworoemtisagy or preventing a bacterial infection, cecprBei/o3gso

adm nistering to a patient in need thereof a pharnaceutically effective
anount of a conpound of claim1l. 24. Ttb met hod of claim 30, wherein the
bacterial inf ectiPh is caused by a bactz'lri a of the genus Pasteurella,
Haernophi | us, C gfi um Bacteri ) rononas, Enterobacter,

Escheri chi a, ebsinel |®, Sal monel | grl L@ Actinobacillus,
Strept o@us, Mycoplfasna, Eds¥e 1T a, St phyl ococcus, Enterococcus,
Bordetel & Prote eima. 25. thod of claim 31, wherein the
bacterial infection is cdused by Mannhem a haenol ytica, Pasteurella .
rru: tocida, Haenmophilus somus, Fusobacterium necrophorum Bacteri oides
mel ani nogeni.cys, Actinohaci] | us | eur ppne i S suis,
Sal monel r%‘Hgﬁ‘%?%[EPR‘Q", 'Wgh?fl adgar‘?g”’ﬁg?/ﬁ%{m&%gg%ﬁ%es%F%@bb%ﬁ%%ni ae,
My copl assmawhyRidéubstantibicemraismerigalyl puse phd basthe dibsonutel stegédcheimistl ur i
Escherichia coli, Enterobacter cloacae, Staphyl ococcus aureus,
St aphyl $O8WBus i nternedi us, Enterococcus faecalis, Enterococcus faecium
Kl ebsi el | a pneunoni ae, Kl ebsiella oxytoca, Enterobacter cloacae, Proteus
mrabilis, or Aerononas sal npnicida. 128 . .

2 The compound of claim T, wherein the compound is substantially

enantiomerically pure and has a 1-(R)-2-(S) absolute configuration.

23. A method of treating or preventing a bacterial infection, comprising
administering to a patient in need thereof a pharmaceutically effective amount of a

compound of claim 1.

24. The method of claim 30, wherein the bacterial infection is caused by a
bacteria of the genus Pasteurella, Haemophilus, Fusobacterium, Bacterioides,
Aeromonas, Enterobacter, Escherichia, Klebsiella, Salmonella, Shigella,
Actinobacillus, Streptococcus, Mycoplasma, Edwardsiella, Staphylococcus,

Enterococcus, Bordetella, Proteus, or Mannheimia.

25.  The method of claim 31, wherein the bacterial infection is caused by
Mannhemia haemolytica, Pasteurella multocida, Haemophilus somnus,
Fusobacterium necrophorum, Bacterioides melaninogenicus, Actinobacillus
pleuropneumoniae, Streptococcus suis, Salmonella cholerasuis, Mycoplasma bovis,
Mycoplasma hyopneumoniae, Mycoplasma hyorhinis, Mycoplasma gallisepticum,
Edwardsiella ictaluri, Escherichia coli, Enterobacter cloacae, Staphylococcus aureus,
Staphylococcus intermedius, Enterococcus faecalis, Enterococcus faecium,
Klebsiella pneumoniae, Klebsiella oxytoca, Enterobacter cloacae, Proteus mirabilis,

or Aeromonas salmonicida.
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