Synthesis of 3-(5-Nitrocycl ohex-1-env p Acrylic Acid

and Esters Thereof Field of the Invention This
wappisioosd4eon rel ates to a novel process for thecT/us2007/015152
preparation of nitrosubstituted conpounds via
oxi dation of oxinmes nedi ated by a peroxo nol ybdenum
oxi dation conplex. Mre specifically, this invention
provi des for preparation of nitro-substituted
conpounds conta|n|ng unsaturated functlonallty Vi a

ishef 3 litrogyclohexrinenyl ASKYIIG, ACHH _EstersThereof

Background of the i nvention Thronbln is known to have
a variety of activities in different cell types and
thrombin receptors are known to be present in such
cell types as human pl atel ets, vascul ar snooth nuscle
cells, endothelial cells and fibroblasts. It is
therefore expected that thronbin receptor antagonists
will be useful in the treatnment of thronbotic,
i nfl ammat ory, atherosclerotic and fibroproliferative
di sorders, as well as other disorders in which"

tEronbi n and its reM@M@lhol ogi cal role.
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treatment of thrombotic, |nflammatory, atherosclerotic and fibroproliferative

disorders, as well as other disorders in which thrombin and its receptor play a
pathological role.

Thrombin receptor antagonists peptides have been identified based on
structure-activity studies involving substututions of amino acids on thrombin
receptors. In Bernatowicz et al., J. Med. Chem., 39, p. 4879-4887 (1996),
tetra- and pentapeptides are disclosed as being potent thrombin receptor
antagonists, for example N-trans-cinnamoyl-p-fluoroPhe-p-guanidinoPhe-Leu-
Arg-NH2 and N-trans-cinnamoyl-p-fluoroPhe-p-guanidinoPhe-Leu-Arg-Arg-
NH2. Peptide thrombin receptor anatgonists are also disclosed in WO
94/03479, published February 17,1994.



conmpounds are disclosed in U S. Patent 6,063, 847,

herein incorporated by reference, Thronbin receptor
wan@gosi4st s are useful in the treatnment of thpomwskioc/15152

i nfl ammat ory, atherosclerotic and fibroproliferative

di sorders, as well as other disorders in which

thronmbin and its receptor play a pathol ogical role.

Vari ous process are described in the art to prepare
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preparation of an orally bloavallable thrombin receptor antagonist (11). Each
of copending US Patent Application Nos. 11/331,324, (the *324 application)
and 11/330,936 (the "936 application) also disclose processes utilizing 3-(5-
nitrocyclohex-1-enyl) acrylic acid as an intermediate in the preparation of
himbacine analogs. An example of one preparatory scheme is Scheme VI|,
below, described in the *324 application, which utilizes the acid (compound 6

in Scheme VII) in the provision of himbacine analog compound 11.



many process steps and provide the acid in low yield

and | ow purity, requiring additional steps to provide
weuidsasis4 pure materi al . One possi bl e approach POT/US2007/015152

i mproved preparation of the acid internediate is the

i sol ation of the oxinme analog of 3-(5-nitrocycl ohex-1

-enyl) acrylic acid (the conpound of Fornula IA,

illustrated herein below) w th subsequent oxidation of

t he [ functional group to a nitro functional
ScipBg I BT or Saaro TPl AP At ofGoripound 11:

oxi di ze oxines to the cofresponding nitro conpound.

For exanple, O ah, et 4d° YYNLETD, pp 337-39 (April
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ti€ acid t0 r m nitro compound 0

correspondi ng oxi Ag¥REnmmugeciand Paganop~yda gAMm Chem
RrBggrel 77, 4557859 (19 , use peroxytrifluoroacetic

acid as an oxidizing agent. Bose and Vanaj atha use

OXONE (pot asgi um per oxgeOnosd fate) in acetonitrile to

oxi di ze oxitie N4 t r oal kawe® (Synt h. Conmun., 28,

4531-4535 (19€8)7). Ifflard and Yen in J. Am Chem
Soc, 76, 4083-85 (1 di scl ose usi ng
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provision,of, for exanple, 34§5-nitrocycl okgyoed; enyl)
acrylic acid by oxidation of the correspgigi ng oxine.
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The '324 and '936 applications describe the preparation of 3-(5-
nitrocyclohex-1-enyl) acrylic acid from acrolein and nitromethane, which is
incorporated by reference herein. However the processes described entail
many process steps and provide the acid in low yield and low purity, requiring
additional steps to provide suitably pure material.
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SYNLETT pp. 1093-4 (Novenber 1996) describe the

oxi dation of alkyl oxines to the correspondi ng
waoizbospasieanes by enpl oyi ng an Mo(VI) oxodi per oROT/US2007/015152

conpl ex catalyst in acetonitrile, however, none of the

conmpounds di scl osed therein contained reactive

functional groups other than the oxine substituent.

Tamam and Yeganeh in Eur. Polym J. 35, 1445-1450

(19
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I'n one enbodi nent the I nventi on provi
othgr gyidiadioncgensitive groups present in the oxime, for example,
unsaturated bonds, for example, carbon-carbon double bonds and carbon-
carbon triple bonds. Accordingly, these methods would be unsuited to the
provision of, for example, 3-(5-nitrocyclohex-1-enyl) acrylic acid by oxidation
of the corresponding oxime.

Anionic molybdenum-peroxo complexes are known in the art to be
effective oxidants for primary and secondary alcohols in nonpolar solvents.
Bortolini et al., J. Org. Chem., 52, 5467-69 (1987). Ballistreri et al. in
SYNLETT pp. 1093-4 (November 1996) describe the oxidation of alkyl oximes
to the corresponding nitroalkanes by employing an Mo(VI) oxodiperoxo
complex catalyst in acetonitrile, however, none of the compounds disclosed
therein contained reactive functional groups other than the oxime substituent.

Tamami and Yeganeh in Eur. Polym. J. 35, 1445-1450 (1999),
describe two polymer supported anionic peroxomolybdenuym compound that
can be used as oxidizing agents for a variety of organic compounds including
oximes, however, they report that these reagents produce the corresponding

aldehyde from the oxime.
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i ntroduction of nitro-group functionality into a
conpound which contains also a site of unsaturation
wandismosaxygen functionality by direct (one steg)/Us2007/015152
oxi dation of an oxinme functional group nediated by a
nol ybdenum VI / VI | peroxo conpl ex, the process
conprising: (a) providing a substrate of Fornula I
cont ai ni ng an oxime functional group; Formula I
wherein R1L and R2 are sel ected i ndependently from
|'i near, branched or cyclic alkyl and |inear, branched
or cyclic al kenyl g@gggghgﬁggtﬂmalhvsmﬁehituted w th
carboxylic, ester, halo, phenyl, cyano, alkyl, alkeny!
aryl, cycloal kyl, cyano, al koxy, alkylthio, -N(al kyl)
2, anuémeWI'ég&ng, tH“e'l‘é *i’é?ﬁén@é‘ﬁ néddddPrigvi Hethods of

functionality, or and are taken together to form
SV“H‘Q%}%‘PQ&P'H@@H“‘@&M ppmmdﬁrﬁﬂl&pﬂysfr@m @Ximgis| gontaining

othéﬂﬁdtﬁ/étfﬁﬂcﬁbﬁil g?rBﬁ gr F“U?{ Iﬁ*gﬁgﬁﬁlﬁya%%r fitan efficient

' 1 near, branched "or yc iC a near
© progess gt pKidizing @meximentst & ovitso fl@rﬂ@iml oraieh thet isisuificiently

selél‘.ﬁf\/eoél?r%1 5‘3%%‘!’ ﬁét@é@@stﬁhﬂ?k@é@é\/&?ublcy a*?-?fﬁ)i&resent

cyano
alsgi the S!abﬂi(toalyz malaty laréinot oxidizéd ok jsdmenrizet in the process.

n t i SO
'V'°"%W ROttt o frie YRS BBt oo nBiBRHs skl ainRodhin o
receyotoln Iatlmtdm@mistsam wél) ag ghe avh'tl’rqsés of thtenhetﬁaaéﬁ uséd to
al wt enum 0x ex t her
profgielifiste sebRuBrérR Lt sl CopeiHlop STiEiRnt ad Seledfive
memlmn!stfbo oaidluzjng wxirhe funeiéﬁhaﬂgroabs presest ngfs%dﬁytr(ljawé%
rnu are as .defjned above.
confgining, doulE R A BHCGE RrRtiRes SR binctenal droups.
rTDHMhd@anﬂtﬁél ﬁ@@n@ﬁcémhmmgﬁ%de&téﬂmagams@ rfew, novel
%Dld)ébqenum oXi dati on conpl ex of
metho preparing intermediates for the provnsuon of such antagonists are

always of interest.

Summary of the invention

These 'and other advantages are met by the present invention.

In one embodiment the present invention provides a process for the
introduction of nitro-group fun.ctionality into a compound which contains also a
site of unsaturation and/or oxygen functionality by direct (one step) oxidation
of an oxime functional group mediated by a molybdenum VI/VII peroxo
complex, the process comprising:

(a) providing a substrate of Formula | containing an oxime functional
group;
Formula I
1
" \C"—‘=N—-—-—OH
Rz

wherein R and R? are selected independently from linear, branched or

cyclic alkyl and linear, branched or cyclic alkenyl! groups, optionally

5



Formula 11, Formula Il wherein R3 is a benzyl group or

an aryl group, each of which is optionally substituted
woi2ods/0akdayl substituents and R4 is sel ected frear/us2007/015152

I i near, branched, orcyclic alkyl of up to 12 carbon

atons. Wen the nol ybdenum oxi dati on conpl ex of

Formula Il is used it is preferred to add at | east one

equi val ent of the conpl ex based on the anpunt of

o SR bR ol IS RSBt Blobiakin
For aamyi,acyfrdlofalukyle>c>g¢a:s.e»E afkoﬂy,ealfkg!ilhmgLﬁ(ﬁlkylb)gsﬁql:yvkl%élhﬂ) 2, -
anmount OT Subs e OXxl dl zed. en a enum
o Ry B iO)Br ikl ipeHonalty sor B @d RE aré taken

pr efajetREr tPfcia axcyewamérgﬂ @aglgﬁdu@éhﬂ' Whghi8 'oi‘fltiontally

aprotic solvent, nore preferably a solvent selected

f r ofvgHUiR WiIthRN:eEMATPIGTPURS Splegted &isny linaar, branched or
re ; :

0”0 Y& 7 Yhefr. Binshad or EBE sl RinatbEl GraEk,
pr oeaek ofwhitk nay eptiboally bé substiybed sith alkedw Fcarboxy,

cader ek hah PRERVE Sy Aer SREL A, BhoBallih BRHR, Bk

andalkkyttbio, dNl(dlkykd, emdedN(cycloaligi):, Sumesticrat gréwss, with the

con J. " 'y n the nmol yhdenum

o R s i s of B for vt GRataing 8 el b ainom feuple
usebandaamadnt of sodi um nol ybdate based on the nunber

of nol es of substrate to be oxidized equal to from
about 0.1 equivalents to about 2.0 equival ents of

goylcomtactihy adid subsware of Edenaal Ywith armal®dentnPoxidation
equi va to,abouyt,. 1.5 equi val ents of sodi um

| ent . .
ol GHARIEX. AP CAdEg sRdyme inetanataroupsog nitro
sodjunctiohhy §flieto yiald e Siaidur@BPFbrmrNINaMDl y Ox
conpl ex i.s use it is preferred to use an anount of
per oxi deFRE@RIA Bk the number of noles of substrate to
be oxi di zed egal to fromabout 1.0 equivalents to
about 3.0 equi v?l\gp,Ls_lq{) per oxi de, nore preferably
from about 1.2 egui val enfs to about 2.0 equi val ent s of
peroxide, and RBre preferably 1.5 equival ents of

Whies R R4 R? are as defined above.

In some embodiments of the inventive process the molybdenum

oxidation complex used in step “b” is a molybdenum oxidation complex of
Formula ll,

Formula I
_ CI) —
O\ /O - -
PR
o) /N\
——0 R l R
RS - " -

wherein R® is a benzy! group or an aryl group, each of which is optionally

substituted with alkyl substituents and R* is selected from linear, branched, or
6



When an NaMbl yOx conplex is used it is preferred to

carry out the reaction in a solvent conprising water
wonemsidosxa4 sol vents, for exanple, acetonitrile PAONS2007/015152

acetone, and dinethylformam de (DWMF). Preferably the

reaction is carried out at a tenperature of from about

O OC to about 100 OC, nore preferably at a tenperature

of from about 40 OC to about 60 OC. In sone

nt s 0 nd of ornmula | has the
oy SE AT DeSto 125608 SiftrsowbaR 167 aNBrRBRET axraion
corhiplelx ofeformidladnishesed it is peéfetred tovadd aptéadrleVequivalent of
subst | i near branched or cyclic al kenyl,

the STl H4Ped B0 the aramnplabayatato Bpiasiard, For most
appiicasibhé MeBtiriors r&é?&ﬂ?@g useUR Qﬁﬁ‘nﬁft dT“FI'i@ cBhplex of Formula

al kenyl al kyl , kynyla kyl , cycl oal
ub%q:q%q Qkone malem )pagpmyqn he amoyny pf Substrate to be
r
i WA A o o '

preggmje@tq ragyaudhelreattion in aguian aprdiic bolvenuphotm préfgrably
o SBHER1 b W o dbhe” o SAL R ek SphETRSEch

caraedmmt laart a temmmneaoﬂ fromfabbautrout@ ld-wbadmer@o °@. is as
defi ned above. In sone preferred enbodi nents the oxine

of Formula 1A is prepared by the process conprising:
(a) providing a protected ketal conpound of the

e a8 AR aR G ptdh wroPsof taJavRpteeineutalybtenu
OX'MMTE“MM%Grmﬁdréﬂ‘ﬂy'%ép"d?a@elﬂﬁnﬂiltéd&dnﬁ ddditioh % the

of the Formula V (Formula V)

T T I LY g B
sorhithex YbPEbMRanibhBs aEONENIGl S, hwm%%deﬁﬂjrﬂ“' a

ox1cYat|o?1 ggmom me of the structure of

plex used is NaMolyOx, it is preferred to use an amount of
sodium molybdate based on the number of moles of substrate to be oxidized
equal to from about 0.1 equivalents to about 2.0 equivalents of sodium
molybdate, more preferably from about 0.5 equivalents to about 1.5
equivalents of sodium molybdate, and more preferably 1.0 equivalents of
sodium molybdate. In the same manner when NaMolyOx complex is used, it
is preferred to use an amount of peroxide based on the number of moles of
substrate to be oxidized equal to from about 1.0 equivalents to about 3.0
equivalents of peroxide, more preferably from about 1.2 equivalents to about
2.0 equivalents of peroxide, and more preferably 1.5 equivalents of peroxide.
When an NaMolyOx complex is used it is preferred to carry out the reaction in
a solvent comprising water miscible solvents, for example, acetonitrile (ACN),
acetone, and dimethylformamide (DMF). Preferably the reaction is carried out
at a temperature of from about 0 °C to about 100 °C, more preferably at a

temperature of from about 40 °C to about 60 °C.

In some embodiments, the compound of the Formula | has the
structure of the compound of Formula {A:
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Formula 1A: RO (Formula IA). In sone enbodi nents of

the present invention utilizing this process for the
wonosiesam of oxime to be oxidized, conversi onPeTAR200¢/015152

is carried out without isolating the ketone prepared

in step "b", by adding hydroxylamne in situ to a

solution of the ketone forned in step "b". In sone

enbodi ments of the present invention utilizing this

process for the prgvision of the oxinme to be oxidized,

the ketone is isolk [

step "b" and tR® oxi

separated in tinme and/or ;

sonme enbodi nents of the present invention, the

compound of Formula | has the structure of the

CO'Wﬁé'm‘n w nsﬁqr ﬂiwzar 'bl?ana'leﬁ\'gr"cf/&iif aMyR olplﬁbnah? 5BbBtituted,

is as defined above and oxidation of the oxinme

t hearpﬂ baear biansbeskoneyslic alkenyl coptinally sibstivated, wherein
St rtﬁgtcgftﬁm‘yl SEBE{@ é Qr s%c%&frﬁﬁgﬁgq{r'mo*%of amﬁg)lalkyl

oxXlI ne ructure o
us ealkymylatkyb oychoalley, cy;cloalheylyla!kyl,t anylalkyld alkydary!,

AR, Ao fERbdBaNT, At ARkl R BEHRkEY P oV ded

( Natbétby@y)clcmkenylptkyd),ranyfcyclmlkylvam agylhgterasycloaliyl, each

and_t hrougho tion, the follow ng terns,

unl%ft hig ﬁﬁ@qﬁﬁ'gggﬁ¥§%§§ {%ﬁg&shall be understood to

have the foll owi ng nmeanings: "Nitro-containing

ound nea n r ganj corrpou d.that contains.

thup ot Ureleowis She raNaseBatpdation comigex Jigiihe a
compuna haviegihestyuctugaof FoanoRoMNA t hat contains at

| east one oxi rI]_:e

ormula HIA

(@]

NO,
RO/U\/\O/

where “R” is as defined above.

In some preferred embodiments the oxime of Formula IA is prepared by
the process comprising:

(a) providing a protected ketal compound of the structure of Formula 1V

(Formula IV);

(b) hydrolyzing the compound of Formula 1V, thus remaoving the ketal
protecting group from the compound of formula IV to form a compound
of the Formula V

O
/’\/U (0)
RO (Formula V); and

8



functional group (i.e., -C=N-OH group); see e.g.,

W ki pedia, http://en.w | ki pedia.org/w | ki/oxinme .
woeomionsismcor porated by reference. "Al kyl" nmeaReTA82007/015152

al i phati c hydrocarbon group which may be strai ght or

branched and conpri sing about 1 to about 20 carbon

atons in the chain. Preferred al kyl groups contain

about 1 to about 12 carbon atons in the chain. Mre

R&p&saafa%@nglthwcoeﬁm &p rrbﬁhmaavquﬁh hyHRORAYINS thus

carbon atoms in the chain. Branched nmeans that one or

nor EoN¥eRiIngthryGorgpeund of rermada Metorgm oxisne wf ﬂm structure of
pr op%lrmu@gg\attached to a linear alkyl chain. "Lower

al kyl™ nmeans a group having about 1 to about 6 carbon
atonms in the chain which may be straight or branched.

The term "substituyyed al kyl" nmeans that the alkyl

group may be sub sedBy-MNhr nore substituents

whi ch may be tH®@ sane o fferent, each substituent

bei ng i ndependent|y sel eeted frorfFORAWR ) consi sting

of halo, alkyl, aryl, cycloal kyl, cyano, hydroxy,

al koxy, al kylthio, am no, -NH(al kyl), -NH(cycl oal kyl),
-N(al kyl') 21 carboxy and -C(O O al kyl. Non-limting

exa I ' .3 A

¢ T SBmeer Bk St peBHP Ry eRfpH Ui Wys process for
themmnam chloxpphattd behgxidized; bonversiarpstepnicliis carriexd out

wih 3¢l o A AR HaRef L 8B oRE APl Bfne i
s:t%fo aadhatioradvbthe ketonbekl)ghed rn skee il riadsarhé @mbodinments of

t t
the ESeRl lerBphufiiit s o e op bk Broisibcnt B8 sikime o be
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substituents which

R——=——=—=NOH (Formula IB)

wherein “R” is as defined above and oxidation of the oxime by the present
process provides a compound of the structure of Formula IB’:

Ha
R——C—NOz (Formula IB’).

When oxime compounds of the structure of Formula IB are used it is preferred
to carry out the oxidation reaction using a molybdenum oxidation complex
provided by sodium molybdate and peroxide (NaMolyOx).
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may bB&ubdtitited by one or more substituents which may be the same or

different, each substituent being independently selected from the group
consisting of halo, alkyl, aryl, cycloalkyl, cyano, hydroxy, alkoxy, alkylthio,
amino, -NH(alkytl), -NH(cycloalkyl), -N(alkyl),, carboxy and —C(O)O-alkyl.
Non-limiting examples of suitable alkyl groups include methyl, ethyl, n-propyl,
isopropyl and t-butyl.

"Alkenyl" means an aliphatic hydrocarbon group containing at least one
carbon-carbon double bond and which may be straight or branched and
comprising about 2 to about 15 carbon atoms in the chain. Preferred alkenyl
groups have about 2 to about 12 carbon atoms in the chain; and more
preferably about 2 to about 6 carbon atoms in the chain. Branched means that
one or more lower alkyl groups such as methyl, ethyl or propyl, are attached
to a linear alkenyl chain. “Lower alkenyl" means about 2 to about 6 carbon
atoms in the chain which may be straight or branched. Non-limiting examples
of suitable alkenyl groups include ethenyl, propenyl, n-butenyl, 3-methylbut-2-

enyl, n-pentenyl, octenyl and decenyl. The term "substituted alkenyl" means
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carbon, for exanple nitrogen, oxygen or sulfur, alone
or in conbination. Preferred heteroaryls contain about
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carbon atoms. The aryl group can be optionaily substituted with one or more
"ring system substituents” which may be the same or different, and are as
defined herein. Non-limiting examples of suitable aryl groups include phenyl
and naphthyl.

"Heteroaryl" means an aromatic monocyclic or multicyclic ring system
comprising about 5 to about 14 ring atoms, preferably about 5 to about 10 ring
atoms, in which one or more of the ring atoms is an element other than
carbon, for example nitrogen, oxygen or sulfur, alone or in combination.
Preferred heteroaryls contain about 5 to about 6 ring atoms. The "heteroaryl"
can be optionally substituted by one or more "ring system substituents” which
may be the same or different, and are as defined herein. The prefix aza, oxa
or thia before the heteroaryl root name means that at least a nitrogen, oxygen

or sulfur atom respectively, is present as a ring atom. A nitrogen atom ofa
11



cycl ohexenyl, cycl oheptenyl, and the I|ike.

Non-limting exanple of a suitable multicyclic
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Preferred cycloalkenyl rings contain about 5 to about 7 ring atoms. Non-

limiting examples of suitable monocyclic cycloalkenyls include cyclopentenyl,
cyclohexenyl, cycloheptenyl, and the like. Non-limiting example of a suitable
multicyclic cycloalkenyl is norbornylenyl.

"Aralkyl" or “arylalkyl” means an aryl-alkyl- group in which the aryl and
alkyl are as previously described. including the optional substituents.
Preferred aralkyls comprise a lower alkyl group. Non-limiting examples of
suitable aralkyl groups include benzyl, 2-phenethyl and naphthalenylmethyl.
The bond to the parent moiety is through the alkyl.

“Alkylaryl" means an alkyl-aryl- group in which the alkyl and aryl are as
previously described, including the optional substituents. Preferred alkylaryls
comprise a lower alkyl group. Non-limiting example of a suitable alkylary!
group is tolyl. The bond to the parent moiety is through the aryl.

"Cycloalkyl" means a non-aromatic mono- or muiticyclic ring system

comprising about 3 to about 10 carbon atoms, preferably about 5 to about 10
12



"Aryl het erocycl oal kyl "™ nmeans a group derived froma
fused aryl and heterocycl oal kyl as defined herein.
weénefsaosad aryl cycl oal kyl s are those wherei n argi/us2007/015152
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atoms. The arylheterocycloalkyl can be optionally substituted by one or more
“ring system substituents”. Non-limiting examples of suitable
arylheterocycloalkyls include

F_o :
|G S

The bond to the parent moiety is through a non-aromatic carbon atom.

"Alkoxy" means an alkyl-O- group in which the alkyl group is as
previously described including the optional subsitutents. Non-limiting
examples of suitable alkoxy groups include methoxy, ethoxy, n-propoxy,
isopropoxy, n-butoxy and heptoxy. The bond to the parent moiety is through
the ether oxygen.

“Alkyoxyalkyl” means a group derived from an alkoxy and alkyl as
defined herein, including the optional substituents. The bond to the parent
moiety is through the alkyl.
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Preferred are fluorine, chlorine or bromne, and nore

preferred are fluorine and chlorine. "Ring system
weubmsiosdent " nmeans a substituent attached to RaOT/US2007/015152

aromatic or non-aromatic ring system which, for

exanpl e, replaces an avail abl e hydrogen on the ring

system Ring system substituents may be the sane or

di fferent, each being i ndependent ly selected fromthe
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heterocycl yl.s contai n about 5 t'o about Lin

Prefarss Aes fiioring, ChleANBrONHPEIDE! SPQ RO METEIFed P griorine
and o9 ﬁge means that at |east a nitrogen, oxygen or
sul atomr;@gectlvely is present as a ring atom
Any'RINBI syatem stiend! meansa seagtiient Pﬁﬁﬁ'a?‘ééﬂ? ap aromatic
ArR6 )
or (tE drdtiat Ao R[N D, Rt SLlriBl) repBbesan dvdiobt
hydrogen certhe rpgg sysiem. hP&ng system snbsﬂtuentsemwdzey meysame or
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hetdrddrey, amalkylaad(mrql,afetéedaraé@l rzékydheteroaryl, hydroxy,
hydroxyalkyl, alkoxy, aryloxy, aralkoxy, acyl, aroyl, halo, nitro, cyano, carboxy,
alkoxycarbonyl, aryloxycarbonyl, aralkoxycarbonyl, alkylsuifonyl, arylsulfonyl,
heteroarylsulfonyl, alkylthio, arylthio, heteroarylthio, aralkylthio,
heteroaralkylthio, cycloalkyl, heterocyclyl, Y,1Y2N-, Y1Y2N-alkyl-, Y1Y2NC(O)-
and Y1Y2NSO»-, wherein Yy and Y2 may be the same or different and are
independently selected from the group consisting of hydrogen, alkyl, aryl, and
aralkyl.

"Heterocyclyl" means a non-aromatic saturated monocyclic or
multicyclic ring system comprising about 3 to about 10 ring atoms, preferably
about 5 to about 10 ring atoms, in which one or more of the atoms in the ring
system is an element other than carbon, for example nitrogen, oxygen or
~ sulfur, alone or in combination. There are no adjacéent oxygen and/or sulfur
atoms present in the ring system. Preferred heterocyclyls contain about 5 to
about 6 ring atoms. The prefix aza, oxa or thia before the heterocyclyl root
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The nitrogen or sulfur atom of the heterocyclyl can be
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pi peri dyl net hyl , pi perg rolidyl nmet hyl,

nor phol i nyl propyl, pi ggl( azi ndyl net hyl ,

azetidyl ethyl, oxiranyl prc{]:)yl and the |ike. The bond

to the parent noiety is through the al kyl group.
there is no -OH attached directly to carbons marked 2 and 5.

“Alkynylalkyl” means an alkynyl-alkyl- group in which the alkynyl and
alkyl are as previously described including the optional subsituents. Preferred
alkynylalkyls contain a lower alkynyl and a lower alkyl group. The bond to the
parent moiety is through the alkyl. Non-limiting examples of suitable
alkynylalkyl groups include propargylmethyl.

"Heteroaralkyl" means a heteroaryl-alkyl- group in which the heteroaryl
and alkyl are as previously described including the optional substituents.
Preferred heteroaralkyls contain a lower alkyl group. Non-limiting examples of
suitable aralky! groups include pyridylmethyl, and quinolin-3-ylmethyl. The
bond to the parent moiety is through the alkyl.

“Heterocyclylalkyl” means a heterocyclyl-alkyl group in which the
heterocyclyl and the alkyl are as previously described including the optional
subsitutents. Preferred heterocyclylalkyls contain a lower alkyl group, Non-

limiting examples of suitable heterocyclylalkyl groups include piperidylmethyl,
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"Het erocycl enyl” (or "heterocycl oal keneyl ") neans a
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heteragyelesiyl ncan;he optmmlbﬁsmsmum byipne qrmore] Bngusyatem
sudgﬂg.hértt h@%lﬁ’"ﬁﬁa %s?émasﬁé'tﬁ@éﬂte idTHS HefikElidbove. The

erocy
nitrggen siviseyfar aﬂmmflthedfm’terqdyclanyh canibe optienatlypdxddizet to the

cor 4o FERRRENS -G A SSEERSYTL B9 B o
suitabjed mpnodyklic azabeteroaydrlléhpu dgrplupsdnolupei ‘nzwmch al kyl

tetraiySarb et of 2ty diopu oKt d oY RIRT A8 over
tetrahw&opyﬁmt I 1 ,mﬂ,BﬂGtr&hWﬁimﬁnﬂﬁyﬁ 2Ly ywlbsmmhyly b-
lmlélazo%)\yl Iél pyrazolmyl and the like. Non-limiting examples of suitable
oxaheterocyclenyl groups include 3,4-dihydro-2H-pyran, dihydrofuranyl,
fluorodihydrofuranyl, and the like. Non-limiting example of a suitable
multicyclic oxaheterocyclenyl group is 7-oxabicyclo[2.2.1]heptenyl. Non-
limiting examples of suitable monocyclic thiaheterocyclenyl rings include
dihydrothiophenyl, dihydrothiopyranyl, and the like.

"Hydroxyalkyl" means a HO-alkyl- group in which alkyl is as previously
defined including the optional substituents. Preferred hydroxyalkyls contain
lower alkyl. Non-limiting examples of suitable hydroxyalky! groups include
hydroxymethyl and 2-hydroxyethyl.

"Acyl" means an organic acid group in which the -OH of the carboxyl
group is replaced by some other substituent. Suitable non-limiting examples
include H-C(O)-, alkyl-C(O)- , cycloalkyl-C(O)-, heterocyclyl-C(O)-, and

heteroaryl-C(O)- groups in which the various groups are as previously
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hydr oxynet hyl and 2- hydroxyethyl. "Acyl" means an

organic acid group in which the -COH of the carboxyl
wgnroesmosa4r epl aced by sonme ot her substituent. Barwablogoi1sis2

non-limting exanples include HC(O-, alkyl-C(O)-

cycl oal kyl -C(O -, heterocyclyl-C(O-, and

heteroaryl -C(O - groups in which the various groups

are as previ ousl ydescri bed. The bond to the parent

cooiBheh Tt AR5 BerSAL OB FISLSR AL, Protomec

acyl%l&drﬂﬁirﬁa wr 8lkglPNonAthitieg dxtmples eferlitbleadyl groups
panoyl . "Aroyl" means an aryl-C(O- group in which
'NC"F%f%ﬁ"W' @F@b’baﬂg RI9PAPEV% ousl y descri bed i ncl udi ng

the ppgy ?ﬁ@é}né Hﬁ%r?ﬂb?ﬂs roﬁbanmﬂehttﬁetd?ﬁ FALPE as

moli ety 1s throu |mt|n exanp | es

pre‘obuslmdeﬂﬂl’@egi @gwm@ the, aetlgl@alz%wsﬂaatﬁnti erﬁ]PHBQ to the

I I
par%'ﬁoup %S pr ﬁ&‘%ﬁ“’a@cr | gHg‘rﬁ"ﬂgw&(ﬁ En IE&on'ﬁlﬂable
groops mnlladie moytaMﬂsnaMhoyl mting exanples of

S RbB S AL P RET TR ek s

preﬁauelytdmurlﬁed insludingtigd oftiore sabstituemis:. Nof-lmiging'

xS Sneyfbia aloR Prb e Rl o A-dropBRy.

|so§r@b&kyfamﬂh&3utbbﬁ rhei bortbtoethenparent odoietyi isabraugh the ether
xloxy groups include phenoxy and napht hoxy. The bond
°XVQS the parent noiety is through the ether oxygen.
Ar'ﬂ(&wqumemaﬁ HYI-0- @'rwﬂr 1r0w|*@kfmtl'ga ﬁ"" gm@m ig as o
ara group,is.as previous descri bed i e
previousblEPSHIRAM INIERng thasRiPnE) SeogusEin, Nendfmilile

exa?Hblb@Qif%ﬂl‘éﬁlé‘&Méﬁ(& @F&!Pézlnbmaéiﬁﬁeﬁwahempmmﬂy Phe

napht hal enengt ho bond to the parent noiety

bondstq meomgwerttmeov@tma%&mwe el P¥ELH* neans an
al ki raiky &P URebRs Y SfaNyiO-AGi00p BN WHiRhi the@Falkyl group is as

previously described including the optional substituents. Non-limiting

examples of suitable aralkyloxy groups include benzyloxy and 1- or 2-
naphthalenemethoxy. The bond to the parent moiety is through the ether
oxygen.

"Alkylthio" means an alkyl-S- group in which the alkyl group is as
previously described including the optional substituents. Non-limiting
examples of suitable alkylthio groups include methyithio and ethylthio. The
bond to the parent moiety is through the sulfur.

*Arylthio” means an aryl-S- group in which the aryl group is as
previously described including the optional substituents. Non-limiting
examples of suitable arylthio groups include phenylthio and naphthylthio. The
bond to the parent moiety is through the sulfur.

"Aralkylthio" means an aralkyl-S- group in which the aralkyl group is as
previously described including the optional substituents. Non-limiting example
of a suitable aralkylthio group is benzylthio. The bond to the parent moiety is
through the sulfur.
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previously described including the optional

substituents. Non-limting exanples of suitable
wablbosiobka4e gr oups i nclude nethylthio and et hyl porTws200he15152

bond to the parent moiety is through the sulfur.

"Arylthio" means an aryl-S- group in which the aryl

group is as previously described including the

optional substit uent s. Non-limting exanpl es of

PabhiayveaanyIHTBeROR AN A e iar Gtpoty g flfiog examples
of s%heoiﬁléu(dﬁycar k@rll@fbhbs%clua@metmxwaﬂumy; sndgroup i n

h
etocatia The tpnd i niertredeh & Fieip K5 coHsn.
-?)ﬁgﬂgjé&gﬂ{arﬁ?ﬁgl" RBARs Qhadrgblbt@(@ group. 'Nohﬂiﬁmﬁhghl 0.

parent nol hr ough
examnilésuof émltéhiem\dwnﬁrbbnyéummmlm pmm@rreepyl and

-l im,ti
naphieAton B ERnE s the ARy RMCAINS carbonyl
b Z mrdlRokyearpenglitmeans an aralldyhoacgj@)-t geoumr bl@wylpmltmg
cxart b S e A B Bl . e
bonartBLtﬁé gatehtishistydas erotghitbieydarbodylnapht hoxycar bonyl .

R i g ISk VMg g

thoé\:bﬂf vahl'l‘iht Mwal ?Pgﬂ@i@ ieflowes alwab'rl'hearcaww(maapamm Imoiety is
enzy oxycar bonyt. The bond to the parent
thrqm SLHW -ough the carbonyl. "Alkylsul fonyl" neans

an . @L Iléhlféﬁ\fp}ne&@dﬁ -arfrs{E5)" efows.oTPe lsored tdtreeparent
whi ch” t he |(;érou i s lower alkyl. The bond to the
moigdy @mhrmleﬂye sylieRYlough the sul fonyl. "Aryl sul fonyl"

ne ) ] d I ”
Sy I e erosvacan

meédhet Imteaogny&l. r::yd:l!)ailcyy(;q)rdaﬁatpy(pqf_;aql@,aukylaa:myly group in which the
hetggh@ﬁrg!r ?’P(é@l ﬂgJ (}%%I/%W%rﬂ? Qﬁ’ﬁ&fﬁé@% (;ﬁ\rl)loll.lﬁW descrglbed
It ist dlso understood that the terms “arylcycloalkylalky!
“heteroarylcycloalkylalkyl”, “arylheterocycloalkylalkyl”,
“heteroarylheterocycloatkylalkyl”, “heteroaryicycioalkyl”,
“heteroarylheterocycloalkyl”, “arylcycloalkenyl”, “heteroarylcycloalkenyl”,
“heterocycloalkenyl!”, “arylheterocycloalkenyl”, “heteroarylheterocycloalkenyl”,
“cycloalkylaryl”, “heterocycloalkylaryl”, “heterocycloalkenylaryl”,
“heterocycloalkylheteroaryl”, “cycloalkenylaryl” and “heterocycloalkenylaryl”
similarly represented by the combination of the groups aryl-, cycloalkyl-, alkyl-
. heteroaryl-, heterocycloalkyl-, cycloalkenyl- and heterocycloalkenyl- as
previously described, including the optional substituents. Preferred groups
contain a lower alkyl group. The bond to the parent moiety is through the
alkyl.

The term “optionally substituted” means optional substitution with the
specified groups, radicals or moieties, in available position or positions.

Substitution on a cycloalkylalkyl, heterocycloalkyialkyl, arylalkyl, or
heteroarylaikyl moiety includes substitution on the ring portion and/or on the

alkyl portion of the group.
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heteroaryl, cycloal kyl, heterocycloal kyl and al kyl are

as preV|oust described. It is also understood that
woOheostoesazs " aryl cycl oal kyl al kyI PCT/US2007/015152

“het eroaryl cycl oal kyl al kyl "

"aryl het erocycl oal kyl al kyl "

Theteroarylheterocycloalkylalkyl"

"het eroaryl cycl oal kyP, "het eroaryi het erocycl oal kyl "

[1] | | h
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het er ocycl oal kyl aryl ", "het erocycl oal kenyl aryl "
dlffe"@ﬂit erocycl oal kyl het eroaryl "cycl oal kenyl arzl and

" DY RG¥FSRE toPihg Mimber of mdléﬁésy (e. gprs&ﬂmhrtmhtbygtd@s or

t f th
nngsc)gn@l:ggmlp%nnghg% - gro;ggqswf fln% Cl 2 %%ﬁ orh%g}{l'nore"
and b%tt BRAFY Dﬁlé&?ﬂ&lan tRSrePEHY b8 Maﬂgsﬁbiemé ad Ohérmballg
ronal subs

e op tituents. Preferred grouscor‘h P
errhmeelc antikhe dgteupination ofdhe reaximempuieher absues nicefles is

wellry&él e the kAGibANY pt fiied SkiRd RPIHeRAL LY Subst] Ut e

e speC|f|ed gr oups,

?hﬁatgﬁ sggghﬁﬁ%ﬁ’sméa'ﬁs%’ﬁi bﬁ@'o‘? rﬁeﬁé F\*&%géfns on the

utiron on a cycl oal k

desi@@h@éd) aymhoalrkgllaaébyhlth arqﬂl@@tiqn fromy th?e'f‘é'ﬁ?é?? IGEPRRH

orodled o RS G B e Mt i

e grou en a
circifistaites ismutanceeded, ahdithatthe $ubsaltgm<5m feeitsain a stable

comsgni GoFRRSEGEnTR SubUeRE Ry LipoBl it

erence
only # sUBA d@#ﬁ@iﬁmlcﬁs resEit irestabte gompsuinsisi tBye ‘r‘ﬁtebleggqmpgund

or §ﬁbr5é § ue@lﬁg" s, meanba g gglléll?c? ?I%agt g%@“‘icﬁg r@? t{l&q to s0fvive
|3015{?8ﬁ ?%%ﬁfhé?ﬁl A6grERyof Pwitgtficra areadhien roidtiie, gadhiormetation

e determ nation of the maxi num nunber of such
Inton@fl sfficasious tharapaptit,agebhe know edge of those skilled

m)r e‘ﬁ t%hg ;entikﬁgé]lﬁéﬁebs‘im&w M opiews suatitution with the
specified groups, radicals or moieties.

It should also be noted that any heteroatom with unsatisfied valences
in the text, schemes, and examples herein is assumed to have the hydrogen
atom to satisfy the valences.

When a functional group in a compound is termed “protected”, this
means that the group is in modified form to preclude undesired side reactions
at the protected site when the compound is subjected to a reaction. Suitable
protecting groups will be recognized by those with ordinary skill in the art as
well as by reference to standard textbooks such as, for example, T. W.
Greene et al, Protective Groups in organic Synthesis (1991), Wiley, New
York.

When any variable occurs more than one time in any constituent or
formula, its definition on each occurrence is independent of its definition at
every other occurrence.
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designated atomis replaced with a selection fromthe
i ndi cated group, provided that the designated atonis

woaaoosasd4al ency under the existing circunstanceeTiUs2000015152
exceeded, and that the substitution results in a
st abl e compound. Conbi nations of substituents and/or
vari ables are perm ssible only i f such conbi nati ons
result in stable corrpounds By "stabl e conpound' or

"stable structure" is a co t

suf he deent ﬁ9"ffsg o gl héref o 8%"5‘2‘&‘?&?"?‘9”
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't shoul d be noted that any heteroatom
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may, 15 @{r?%q gﬂ{:i%lra |h¢lg@§8%ﬂ'\%ttﬁeh "EQ@(SB’VQ& vgeq rﬁir@lﬁ

he val'ences en a unctlona group in
Phanﬁapeuﬂdallwad:cmptame (peotremn-teXic, mhy%olﬁgmﬁgytq@gpgafge) salts

are 3@3‘8&?& g\tﬁ?ﬂr@ﬁ gﬁ t?rdﬁélf% Q?(ft glls rnfs%jgﬂ e?ﬁl'ﬂéj 8F L cRfinSbEd may

e conmpound is
be féﬂﬁeﬂcfcﬁtbm;aer bweacung Suiarapoengh mitheamn angotgrtafwld or

basg Ul anan Sduval agulic b fsheaBiEIEN Beiic ly biichlhe
salt ﬁechggtne[@é@gﬂ]@a a u&buﬁgﬁuﬁen&fc;llmhmed%wmhllwthps
vaamel a&@g}céaﬁci;pgnl(.ﬁitﬁ éﬁlg% q%!t?#%\gﬁggémﬁt&,t Jerizoates,

benQéaéQulF@Ha’ztes' bisufiafds) borates) buﬁﬁaiéso cittatescamphorates,
ependent of its definition ?/othe

campharpvleRateshbIMBRES JaYdr P§5“°”d§'§eéwa oRrafiges.dygroiodides,
Iactgfé},o'i'ﬁéleafééj 'rﬁeﬁéhb%uﬁ@ﬁﬁé@ WaphtHalengsuliohaags!/ mitrates,

ganic acids, as wel as basi c salts forned w%eg
f

oxalaies,g[alﬂmitp?m‘teisdﬁrqw%?é» salicydatessyUeRINAiasn SU

an GEBE ARG oot sl hossiatb apa e
like. Additionally, acids which are generally considered suitable for the
formation of pharmaceutically useful salts from basic pharmaceutical
compounds are discussed, for example, by S. Berge et al, Journal of
Pharmaceutical Sciences (1977) 66(1) 1-19; P. Gould, International J. of
Pharmaceutics (1986) 33 201-217; Anderson et al, The Practice of Medicinal
Chemistry (1996), Academic Press, New York; and in The Orange Book
(Food & Drug Administration, Washington, D.C. on their website). These
disclosures are incorporated herein by reference thereto.

Exemplary basic salts include ammonium salts, alkali metal salts such
as sodium, lithium, and potassium salts, alkaline earth metal salts such as
calcium and magnesium salts, salts with organic bases (for example, organic
amines) such as dicyclohexylamines, t-butyl amines, and salts with amino
acids such as arginine, lysine and the like. Basic nitrogen-containing groups
may be quarternized with agents such as lower alkyl halides (e.g. methyi,
ethyl, and butyl chlorides, bromides and iodides), dialkyl sulfates (e.g.
dimethyl, diethyl, and dibutyl sulfates), long chain halides (e.g. decyl, lauryli,
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noi ety, such as, but not limted to a carboxylic acid,

zwitterions ("inner salts") nmay be forned and are
woneiswded4wi thin the term"salt(s)" as used hepPerms2007/015152

Phar maceutically acceptable (i.e., non-toxic,

physi ol ogi cally acceptable) salts are preferred,

al though other salts are also useful. Salts of a

compound may be fornmed, for exanple, by reacting a
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77) 66 1 1-19
corrmmnﬁ?ﬁc@hhec@v?&@%)n%d% isptopgs of %&h%@aeléb rFaé*P°'31 nitreggn,
oxyGbAChhE 8o 6 lndNeHibARE YsUdHPES FH, Apatia e, 15, 180,

in The Orange Book (Food & Dru
17OACIIH %égtrﬁlefb a'Wis AnERSPECHPRY: on their website). ’

Th efseqtgbﬁ‘éxg ?érkf&éd %%délﬁﬂfsoeéﬁb%ﬁe%hﬁb@ phdpaidaserstidwing

t he basi¢c salts include anmmoni um salts,
procé:dharieis amlagoualtcp ﬂwqaa:hwnm@h@ At by substuting@n appropriate

lsotgﬁ}ca 3:#@%%%‘ 1195 oft f5t'd A n‘?%ttoglld%%bﬁ%ldn% b as

Heg] um sa ts"wth organi c bases
(for exanpl e organl c am nes) such as

S YD SRS B PS8 i ot
grobps iif compagris cothimimg ogidationpsensitive functionality, for example,
ketone functional groups, aldehyde functional groups, ester functional groups,
and double bonds, including double bonds conjugated with other functional
groups having double bond character, for example, ketones and esters, can
be oxidized to provide a nitro functional group, by direct oxidation without
significant oxidation occurring at the sites of the other oxidation sensitive
functionality present in the substrate, and without double bond rearrangement.
Surprisingly, such oxidations can be mediated by molybdenum oxidation
complexes described herein. Accordingly, the present invention is a process
for providing nitro group functionality in a substrate bearing both an oxime and
additional oxygen sensitive functional groups. Moreover, since ketone
functional groups can be selectively converted to oxime functional groups, it is
a process for the provision of introducing a nitro functional group into a
substrate which contains a ketone functional group along with other oxidation

sensitive functionality.
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may be quartem zed wth agents such as | ower al kyl

hal i des (e.g. nethyl, ethyl, and butyl chlorides,
wonesiodes4 and i odi des), dial kyl sul fates (e.g. PCT/US2007/015152

di methyl, diethyl, and di butyl sulfates), long chain

halides (e.g. decyl, lauryl,and stearyl chlorides,
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inventlon which are identical to those recited herein,
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osphorus, fluorine and chlorine, such as 2H, 3H,
compdex oiEermm 180, 170, 3 1P, 32P, 35S, 18F, and
36C1, respectively. |sotopically |abeled compounds can
general ly be grepared by follow ng procedures
anal ogous to wladhown in the art by substituting an
appropriate isotopieally | abel ed agent for a
non-i sotopi cal Iy | gbel eddeagent he i nventors have
surprisingly discoy er@d at d)XI me|functional groups

iy

i n conpounds cont a| ddti on $enpitivge
functionality, for tone|fupcti ohal gfoups,
al dehyde functi onal oup Ster fungti ong gr ups,
and doubl e bonds, incI udi doubl e boﬁg/cT ted
with other functional group ong d l e

character, for exanple, kerones andg egtersi canlbe

oxi dized to providg a nlm%o functi ¢gnal group, by
direct oxidation wilthout significamt oxidation
occurring at the sites of the other oxidation
sensitive

wherein R® is a benzyl group or an aryl group, each of which is optionally
substituted with alkyl substituents and R* is selected from linear, branched, or
cyclic alkyl of up to 12 carbon atoms. One preferred molybdenum oxidation
complex is BzO'Mo(Oz)2] ButsN* , wherein R? is benzyl.. Other anionic
molybdenum oxidation catalysts known are also suitable, for example, those
described by Ballistreri et al., Synlett, 1093-4 (November 19986).

The inventors have surprisingly found that a molybdenum oxidation
complex suitable for mediating oxime oxidation in the process of the present
invention can be made in situ by using 1 equivalent of sodium or potassium
molybdate in the presence of 1.5 equivalents 25% aqueous H202
(equivalency based on the number of moles of substrate to be oxidized).
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functionality present in the substrate, and w t hout
doubl e bond rearrangement. Surprisingly, such

woxi@ansams can be nedi ated by nol ybdenum oxi datcTms2007/015152
conpl exes described herein. Accordingly, the present
invention is a process for providing nitro group
functionality in a substrate bearing both an oxine and
addi ti onal oxygen sensitive functional groups.
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absutigthBl® for nediating oxime oxidation in the process
of the present
Because the reaction medium utilizes an aqueous buffer it is preferred
to employ polar solvents which are miscible with water.. Examples of suitable
solvents include acetone, acetonitrile, DMF, and NMP.

The oxidation reaction can be run at temperatures from about 0 C to
about 100 C, preferably the temperature is maintained at from about 40 C to
about 60 C during the oxidation reaction. In this temperature range, the
substrate is completely consumed (less than about 5 mole % remains) in
about 1 to about 3 hours. Longer times can be employed, however, the nitro
functionalized product of the oxime oxidation of the present invention is
subject to conversion to ketone under less basic reaction conditions.

Accordingly long reaction times can decrease nitro-compound yield.

In a preferred embodiment, a compound of the formula:
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i nvention can be nmade in situ by using 1 equival ent of
sodi um or potassium nolybdate in the presence of 1.5
weqoiswasamt s 25% aqueous H2Q2 (equi val ency basedTms2d0he15152

nunber of noles of substrate to be oxidi zed). Moreover,

the inventors have found that the nol ybdenum oxi dati on

conpl ex prepared from sodi um nol ybdate and peroxi de

can be used catalytically, utilizing fromabout 10

nol e% of sodi um noly e ased.,on the anmount of

substrate to be oxi o'?g(gﬁf"\éssf hﬁgr)om about 1.2

equi val ents of peroxide to about 1.6 equival ents of

per oxi de based on the apmoupt. of suhst t : I
wherexR i lirear, branehegd ef Eyaé,fda{g%"ﬁ@?af'ﬁgaheh?ﬁuﬁ{ Syglic glkepyl,
. ' C ' | ICARPAIRYE alkyiaigt, itmrecdaryhe
"neagﬁéf%ﬂ?g%%' ?ﬂé%&ﬁ:edlwm BryICaRpaIRYE afiy

reve degradation of th oduct. T
hetefceyul, tasyloycloatkybandaarytheterasysioalig, eagh Bf @’2%?61? is dftfonally

i.nvention are, sepnsi b : i he oxi dati on
sub%ﬁlﬂﬁﬁa s Q@ﬁ'berdd\%'nﬁ% (,Eéfi{r?t'{)gs %rag}"gﬂr‘j'? ggwté'o run the ]
is pr%eséfé@t ince prassssi whichrcarpripes swistiiinganoye ef the formula:

uitabl e buffers can be made, for exanple, by adding a

conventional aqueous buffer made from sodi um

phosphonat e nonobashdHCeNsOH er t(H®) reaction nixture

to a pH of fromabout pH 4.5 to about pH 8.5. The

buffer is made by dissol ving sodi um phosphonate, =
whegQngQféfﬁme‘aaétso\}é, Vith Bbefumn medlybdatesie kydragenmerexiderip the

u

r system whjch I ntains.the [ [
progsiceroa SavaBbaNBtRchicsa ! B BBIT ppBars 1o BERER T gtne
NaM&go i ABIVFRBHUM Bkidatiepscamplxudesacsibedidmve.t i s

preferred to enploy polar solvents which are m scible

with water. Exanples of suitable solvents include

aceltl,t | [grep%‘fﬁtti@rg bf bikinfe stftinganetddis mEyebe xnakde from

reac n-can run at tenperatures from about .
procaxures kpowp, inpthefast §tﬂ¢n9ﬁ@mefﬁ§é"‘r"é’lmuﬁ“8ﬂr§e ﬁ%ﬁrﬁ%)%&h%‘ﬁg
at . J 4em QRicnh APt dHay Be ddiained cernimercially

hydf@%fjﬁgx.g&?éng’t%?g 'Eé'?r%%r ature r _ange_, yt_he sutgé [ gt eis
or LyamRkEyiahknowTs prezeduress Qnagkiisaun Wis At ¥ 4 B¢Pns)
publli?:ations such as Chemical Abstracts and Beilstein at his or her disposal
and would be able to modify known synthetic routes to prepare a specific
starting material.

in one embodiment, the present invention related to a process for

preparing a compound according to formula i

0

NO
RO/N\/\O/ 2
(IIIA)

wherein R is H, linear, branched or cyclic alkyl, optionally substituted,
and linear branched or cyclic alkenyl, optionally substituted, wherein
the optional substituents are selected from one or more of alkenylalkyl,
alkynylalkyl, cycloalkyl, cycloalkenylalkyl, arylalkyl, alkylaryl,
heteroarylalkyl, heterocyclealkyl, optionally substituted
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about 1 to about 3 hours. Longer tinmes can be

enpl oyed, however, the nitro functionalized product of
woOhersowsaze oxi dation of the present invention PET/US2007/015152

subj ect to conversion to ketone under |ess basic

reaction conditions. Accordingly long reaction tines

can decrease nitro-conpound yield. In a preferred

enbodi ment, a conpound of the formul a: US2007/ 015152

R-CH2-NO2 (1B ) wh |
alhmrocych@aq(en)yﬁﬁlgglg %Mcy@pahygaqud %{yﬂe%gf&yﬁlf%égg Bach
%ﬁ?ﬁ is 8&“8&(&1 §ul§éthméd aryl, arylal kyI

ereroaryl, heterocycl arylcycloalkyl and
from arqdmpoendoyme)mmwla each of which is optionally
substituted as defined in the definitions section
above, is prepared in a process whi ch conpri ses

oxi di zing an oxi ne of t iNa: R-HC=N-CH (1 B)
where R is definega®ovg, @odi um nol ybdate in
hydr ogen peroxide in the p nce(®f) a sol vent

buffered to a pH of fromabout 6 to about 7.5 using

t he NaMbl yOx nol ybdenum oxi dati on conpl ex descri bed

above, ration of oxime starting materials may
sa'dlﬁ’éoﬁ%ﬁegwgm P ocedur es known in the cﬁ r4i 8% ompound

fr(aprehmvmgﬁn@ketalmetﬁ%'f‘ﬂeﬂi BRI Fb%(ﬁ P

derl vat.ives tiné forfylape obt ai ned

af<:f QPH?@Q §Hﬂn0%5dcc¥mr)6nnunrbgvt\géprocedures One

skllled in this art would have publications such as

Chem cal Abstracts angBeilstein at his or her

di sposal and would b fy known synthetic

routes to prepare gospecifi artlgf material. In one

enbodi nent, the present invention ’ated to a process

for preparing a conpound according to fornula I

wherein Ris H, linear, branched or cyclic alkyl,

optionally substituted, and linear branched or cyclic

al %B?%hvé’r'%qulédhﬁii@ﬁ& ik HomshulaWewieh to an oxime of the

Formula IA:

and
(b) oxidizing the compound of formula (IV) with a peroxomolybdenum

complex complex or sodium molybdate/hydrogen peroxide catalyst.

Preferred values for R in this process include is hydrogen, alkyl,
substituted alkyl, phenyl, substituted phenyi, benzyl, or substituted benzyl, H,
linear, branched or cyclic alkyl, optionally substituted, and linear branched or
cyclic alkenyl, optionally substituted, wherein the optional substituents are
selected from one or more of alkenylalkyl, alkynylalkyl, cycloalkyl,
cycloalkenylalkyl, arylalkyl, alkylaryl, heteroarylalkyl, heterocyclealkyl,
optionally substituted heterocycloalkenylalkyl, arylcycloalkyl, and
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the optional substituents are selected fromon

nore of al kenyl al kyl, al kynyl al kyl cycloalkyl? o
woyaismasdaenyl al kyl , aryl al kyl, al kyl aryl, PCT/US2007/015152

het eroaryl al kyl, heterocycl eal kyl, optionally

substi t ut edhet erocycl oal kenyl al kyl , aryl cycl oal kyl

and aryl heterocycl oal kyl, each of which is optionaily

substituted froma conpound of the formula: said

arylhgtregc(g:n;;qigg& r| 2 ot gNl’SIF% &%gssﬁtﬁ or rrm&éeﬁ?éfé?ﬁed
vaiuegqrépp\gﬁwgﬁ@ﬂggﬁﬁ atrd\}féﬁsﬁ}r@é@npbbmds swharein Rgs twerogen,
alkyl bAsubstituted aisl whareip t(nﬁesq‘q;,gﬁ@ i8S gq}%ghéﬁ&'\% W&‘
e B R s o, i
H(dyetoaRoyn -NialkyDwarbey orde( OO o Especiaif préfeed are
thosq,pogm;g{qcfﬁj\yﬁsk%h@%ﬁﬁy'%fgﬁﬁ%bihwed phenyl benzyl ,

b h
al Kttés h lymalolf the kotal |(¢lepgﬁ?\rd AN) ;sagé e ﬁﬁ%@s&ltmg

ketoég&}:ér%lgﬁlngiq&ﬁq §§H§§ln gééey grrh?% hg&%ls M&!nﬁhﬂfdrhe

from one ar
con\i%'r!a‘t;ég{;tlbilglé)ﬂlxlrlv? Avantiel aydi/or ary el plack yaeparated from the of
nyl al kyi

hydrp (S'Hrciﬂl‘aﬁ@p tﬂéﬁr %B(grbél(ggpﬁ;$ |cgr?a ?carned outin
situ %ﬁ%hi jddhasbriet ane ketdmal Compatinds of t;nfmubq & ase iejther

cosnini ooy S5 b by SR ki o . s

Int

6.0 Wt%éf{'%gﬁ[)st | ﬁgﬁsmg%me[ ein R is hydrogen,

ard Haahw;qubmmga pegrned %Hﬂﬁ"aﬂﬁ ‘Qw%%véﬁ% pH of
fron ﬁ&egf‘él% %&%Ct is éb)g({Préfekbdd hdids famneohydrolysns include
mme@(l@)rﬂs;lslqdh aﬂ;}ﬁ.‘dd—lﬁq 9r %g%per Brf%s) will aé&%vg ung 88(s,
for @)F%;\EL%‘ aﬂRt(t@%Hg ghﬂ%ﬁi’&\%@ld r@étﬂﬁh?rs’ﬁlfo‘?ﬁc Ay, cla;bmqhofacuds
and Lewis acids, with p-toluene sulfonic ancRd %te(:ertljg rrEosz? prefserred "Breferred
solvents include polar and moderately polar solvents, for example, alcohols,
nitriles, ketones, esters and ethers. Preferred solvents are acetonitrile,
acetone and tetrahydrofuran (“THF”), with acetonitrile and acetone being
especially preferred.

Hydrolysis can be preformed at temperatures ranging from 0 2C to the
refluxing temperature of the solvent selected, preferably from about 20 °C to
about 40 °C.

The oxime can be prepared with or without isolation of the ketone of
formula Il. The oxime may be formed with conventional reagents, such as
hydroxylamine and a base, for example, as descnbed in detail in copending
U.S. Application No. 11/331,324, filed January 12, 2006, which is incorporated
herein by reference, preferably, hydroxylamine hydrochloride and pyridine.
When the oxime is oxidized without isolation, it is preferred to conduct the
hydrolysis of the ketal (compound IV) in mixed acetonitrile/water with p-
toluene sulfonic acid. Following completion of the hydrolysis reaction, the

reaction mixture is adjusted to a pH of about pH 7 by addition of an
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ketone (comound V) can be isolated fromthe hydrolysis
medi um for conversion to the oxine at a tinme and/or in

wa 2pisaoss4separ at ed from the hydrol ysis, or conrergisem7/015152
to the oxime (compound I A) can be carried out in situ
wi t hout isolation of the ketone. Conpounds of fornula
IV are either known in the art or can be nmade by
nodi fyi ng known synthesis (see, e.g., US 6,063, 847,

herei n i ncorparated by refer . s, 1S
appBBRAtS ARPUR) o8 SAHGOUR SoEin FYeRoXds ehd WEh Sl |
hydrb%@Bnfike Wndpyridihe idirezli i tineih§dfalysts ehisturedozairysoutdhe

the hydrolysis include mneral acids, such as HCl,
prepapation pf tsEeNIMeBPO4 as wel | an organic acids, for

exag&ﬁsgraeﬁgam'r peESaratibh ticonfsduhd oRfophuls UIA byiaxidation of

acl oxylic acids and Lew s acids -t ol uene

L W.th
the exiffeoof foraiia IAethegoxidation PEadiGt &an be BP\éﬁé%&eﬁ vents
crysta;]fi%ﬁ% B%c‘%gsf?gﬂgm b Heﬂgi'mﬁﬁisﬁﬁ i$ prefefred tof@ystallize the

nitri , ketones, esters and .
compioadsfromir am acidiziselution comprising the samnaaung, agetanitrle, and

d tet dr of ' i Lt
vt rifroRU S BENARRE phe Al BREEER tisraad o o
morReRsraBly Whete theephitis froam abogt phi 3 to mboutpHg. tIRsome

refl uxing t erat ure. of the
emiicimEns SRPBREA At By s AN oh SR, fils preferred to
digék‘sg?laﬁ gngd];@ Pg?&ﬁbtvﬂtfdﬁn@immdrhpwatmmw ithoen obol the solution to

mula 11, The oxi ma f ith

a temprratitretavhicBdhrigalpitalgs %&%85%%% %q%%md a
it e Rirfad B5cEHIT6thE 8Blutib it atémperatopeotiiess

e"‘%?‘@ﬁ‘%ﬁé%ﬂ‘i'?fﬁi on No. 11/331 324, filed January 12,
than@beut @fiGh i s i ncorporated herein by reference,

pref erably, hydroxylam ne hydrochl oride and pyri di ne.
Wien the oxime is oxidized wthout isolation lf| t ] Sution of
pr elhesoree arobodiments it is@rafaires] ixsprenare @nagdified solution o

e SERFBSHRNof orh D TA AR b udlized b
takimgup tys ceudeseompoundtdfdormula | in a neutral solution comprising
acetonitrile and an aqueous sodium phosphate monobasic/sodium hydroxide
buffer, heating the solution, preferably to a temperature of at least 40 °C,
cooling the solution to a sub-ambient temperature, preferably cooling to a
temperature lower than about 10 °C, and acidifying the solution, preferably to
a pH of at least about pH 3, more preferably to a pH of from about pH 3 to
about pH 2. Preferably when this procedure is followed, after acidification the

solution temperature is reduced to a temperature of about 5 °C or lower.

In some embodiments, following the crystallization procedures it is
preferred to collect the precipitate by vacuum filtration, wash the filter cake
with cold water and dry the washed filter cake in an air draft oven at an oven
temperature of about 45 °C. ‘

The following non-limiting examples are provided to ilustrate further
the present invention. It will be apparent to those skilled in the art that many

modifications, variations and alterations to the present disclosure, both to
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reaction mxture is adjusted to a pH of about pH 7 by

addi tion of anappropriate anmount of aqueous sodi um
woydisonsde and t hen add the hydroxyl am ne and pgriusoee/ 015152

directly to the hydrolysis mixture to carry out the

preparation of the oxinme. If desired, after

preparation of conpound of formula |IHA by oxidation of

the oxime of forrmula I A the oxidation product can be

purified by a crystallization h
oo mat e TR P, P B rles g such
modifiCaRIHY] gafnaﬂshérarﬂﬁa%mi&ﬂb l#iré dntendegriodienyithirethe spirit

conpound, acetonitrile, and water, preferably where
and sdopesofl thei peseat iNYeMORer e aci di ¢ t han about pH 3,

nore preferably where the pHis fromabout pH 3 to

about pH2. In sone enbodi nents enpl oying an acidic
recrystallization sol uEXAMP s preferred to digest

the crude produc L ih§Ettrabiationans thé Exaensles

th "?&Ptﬂqr‘gﬂ”‘%g %a%qugg;@mhgt which it precipitates
beloff om t he solution. In sone enbodinents it is preferred

to cool .to the solution to a tenperature of |ess than
abBUeE DIWRETS n sone enmbodiments it is preferred to

Pr @PAIRaf acidified solution of the conpound of
FormulTa I A from whi ch the conpound is crystallized by
t aR)-Ag=upeWiRg RYI0He conmpound of Fornula | in a neutral

SOPMSONdS L HfricthPddas@foxidé ri | e and an aqueous sodi um
phosphat e nonobasi ¢/ sodi um hydr oxi de buffer, heating

the solution, preferably to a tenperature of at | east

Al Wﬁ)&t CRYUdIRESd8n WO KIHAINMR speutrommdiesnuniess otherwise
enperature, preferably cooling to a tenperature | ower
indicated. about 10 0C, and aci difying the sol ution,

preferably to a pH of at |east about pH 3, nore
preferably to a pH of from about@pH ﬁ to.aktgzt pH 2.
Prepaeition uf\3-(hreximecyciphexdaeay) Aaryie AR (<At t or
acidification the solution tenperature is reduced to a
tenperature of about 5 OC or lower. In sone

enbodi ments, following the crystallization procedures
i® is pre ed to collect t pLeciRi ©Hy vacuum
Hoo\/\as-h—t-he—ii»l t,gg, A €

1 2

To a 3 three-neck flask equipped with an agitator, thermometer and a
nitrogen inlet, 660 mL of water, 99 g (0.52 moles) of p-toluenesulfonic acid
monohydrate and 110 g (0.52 mols) of 1 were added. The reaction mixture
was agitated at 20 °C for 20 hours and was then cooled to 0 °C. The pH was
adjusted to 6.5 by adding sodium hydroxides aqueous solution. 40g (0.58
mol) of hydroxylamine hydrochloride dissolved in 220 mL of water was slowly
added to the reaction mixture while maintaining the temperature at 0 °C.
Compound 2 precipated as crystalline white solid; yield: 74 g (77%). m.p.
204.5 'TH-NMR (DMSO-dg) 512.2(brs, 1H), 10.5 (s, 1H), 7.31 (d, J=15.8 Hz,
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with cold water and dry the washed filter cake in an
air draft oven at an oven tenperature of about 45 0OC.
woheosioosd4owi ng non-1imting exanpl es are provi #ed/uUSe007/015152

illustrate further the present invention. It wll be

apparent to those skilled in the art that many

nodi fications, variations and alterations to the

present disclosure, both toUS2007/015152 materi al s,

met hods and re ctlon 0 I
1H), 6 @h(svddd) 567611( 15\12’( ?&I%ﬁg gngﬁi’l?era |on G‘gs‘é @
—-Sé g fled to be W|th|n the spirit and scope of the

present invention. EXAMPLES Unl ess ot herw se stated,
the follow ng abbreviations in the Exanples below m
M-Bnyh dBtylicrngeidqept DVBO-ds =
Prepariliph ot 3 E oSS R

ata is collected on 400
MHz NMVR spectroneters unl ess ot herw se indicated.

Pre8arat| on of 3-(5-oxi mecycl ohex-1-enyD) acryl ic acid

(2)

To_a dOHeck qui pped oNO>
Bh ermﬁre and amtm 6810 99
(0252 meles) of p-tollgesul fonic aci m)nohy ate

and 110 g (O. 52 nols) of 1 were added. The reaction
m'xture was agitated at 20 OC for 20 hours and was

3‘5 &3%% ﬁQ JQ@k eyqu@pﬁlé'dl Wah @dhghaed, therfidinéter and a
nitroge) intt, s raSEE0 Enla ph iR 86 1008 0oty phSodfim
phofindle HBhED a&ﬁ%éhSﬁg&a@Sd%é BHIdIhe seattimmixidrenas

al nin erature at

adjystes ipaietydse cciion o 2o uRAILTLBIAGXIR ALSOYS SN,
73g of (é‘% (O.%Qnol), 97.8 g of sodium molybdate dihydrate (0.40 mol) and
230 mL of CHsCN were added to the reaction mixture. The resulting mixture
was heated to 50 °C followed by slowly adding 62 mL of 30% hydrogen
peroxide aqueous solution while maintaining the temperature at 50 °C. The.
reaction mixture was agitated at 50 °C for 1 to 2 hours and then cooled to
20°C. Next a solution of 10.22 g of sodium sulfite in 73 mL of water was
added to the reaction mixture. The reaction mixture was then agitated for 30
minutes at 20 °C and concentrated under vacuum. To the reaction mixture
was added 365 mL water, and the reaction mixture was cooled to 5 °C and
the pH was adjusted to 2-3 by the addition of 37% hydrochloric acid aqueous
solution. Compound 6 precipitated out and was then filtered, washed and
dried to provide 55 g of a light brown colored solid; yield 69%, m.p. 162.8 °C.
'H-NMR (DMSO-ds) 512.2 (s, 1H), 7.22 (d, J=15.8 Hz, 1H), 6.28 (s, 1H), 5.78
(d, J=15.8 Hz, 1H), 4.97 (s, 1H), 2.74 (m, 2H), 2.33 (brs 2H), 2.08-2.22 (m,
2H).
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204.5 1H NWR (DMBQD 6) di2.2(brs, 1H), 10.5 (s, 1H),
7.31 (d, J=15.8 Hz,52 1H), 6.38 (s, 1H)15.71 (d,
wO0200/065344H) , 3.09 (s, 2H), 2.36 (s 2H), 2.34 ¢d1/US2007/015152
J=5.31, 2H). Preparation of
3-(5-nitrocycl ohex-1-enyl) acrylic acid (6) To a 3
three-neck flask equi pped with an agitator,
thernoneter and a nitrogen inlet, was added 730 m _ of
wat er and 10Qg (0.72 nol) of sodium pRAL e
Purifiogation -Lc':'--i“..s HOQEeXTH- eI 8 Bgms?_) Pgr#’%gr)e

was adjusted to . by the dditi on of 25% sodi um
hydr oxi de aqueous sol ution. 73g of )= (0. 4 W -
9Tt gomiposlodiGJm&Rﬂf%d@uaécafqﬁﬂﬁ%W&%&?‘.aiap%o aZa"’“npd“”f‘e"l
730 f . d to the reaction m xture.
by onﬁ]gfﬁgﬁp{lﬁﬁ%‘% @ﬁj‘%ﬁ’\?\gg heated to 50 OC fol | owed by
slowy adding 62 nL of 30% hydrogen peroxi de aqueous
sol ution while maintaining the tenperature at 50 0OC
Proceddre daction nixture was agitated at 50 OC for 1 to 2
hours and then cooled to 200C. Next a solution of
10.22 g of sodium gsulfite.] ; erihdRAsionsksied and
{ointm a2 Labiaononk Rk gatipbd ditard aaltatcf oF

€ reactron m xture was t n

a nitﬁc%érﬁfrﬁ&, {wis é’draéd ﬁa.toeg ofICtapo0nEhe prepatett abeys) 500 mL
u er vacuum 0 the_rea | on, ,m r .
of waterand 3@ "i"-h_@f PE%@H"H%‘?#U& Blr"eo%hg sc;%_cl)o_ ed@v%%e%’jg%%g% 2.5
with #3/3 %*@ﬁo%la&%&&ué&@s&l&?&n@_t@ Qi ThHeosuspier $. .1‘96 was
stirrqm at ROFGH0E A o, el GRRISE 18" Er SHEPIASY &é%%g@'ta%?';°2; at
oc 4 ' ' brpouncht erasiwashed wi
0°C ging '%"%&3/%& 8%%“?@%’.‘% e @Tﬁmcérgwso 06 2353 o
coldhiviater aredried injanmirdraft oyey) sepaba lempefgjire o 29 (dd
J=15.8 ai 29 HwisE, plrity
provids 24,1 (fpt £9lmalnd 81 o e et hon 6 o
97 .B%WBwii Thequoifieecompannd §rwas eharadieiedhpy P 3) e

conpound 6. .prepar ' ; 8
OsFiphreteot) SIS e REE [ FIRIEE & yene
Hz, 1H), 6.28 (s, 1H), 5.78 (d, J = 15.8 Hz, 1H), 4.97 (s, 1H), 2.74 (m, 2H),

2.33 (brs, 2H), 2.08-2.22 (m, 2H).

Procedure 2

Into a 2 L three neck flask equipped with an agitator, thermometer, and
a nitrogen inlet, was added 69 g of sodium phosphate monobasic
monohydrate and 500 mL of water. An aqueous 25% sodium hydroxide
solution (27.5 mL) was added to adjust pH to 6.5. To above solution was
added 50.0 g of Compound 6 and 350 mL of acetonitrile. The pH was
adjusted to 7.0 with additional 25% sodium hydroxide aqueous solution. The
mixture was heated to 40°C and stirred for 15 minutes. Atthe end of 15
minutes the mixture was cooled to a temperature of less than 10°C. To the
cooled solution was added 60 mL of 37% hydrochloric acid aqueous solution
to adjust solution pH to pH 2 to pH 3. Purified compound 6 began to
precipitate from the solution forming a suspension. The suspension was
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Procedure 1 Into a 2 L three neck flask equi pped with

an agitator, thernoneter, and a nitrogen inlet, was
weaddsios340 g of Conmpound 6 prepared above, 500CTUS2f/015152

wat er and 350 ml _ of acetonitrile. The pH of the

solution was adjusted to 2.5 with 5% hydrochloric acid

aqueous solution at 20C. The suspension was stirred at

200C for 1 hour, then cool ed to 00C, stirred for one
addi ti onal hour 00

| tirred tor
coolethio 2 demperatyre om%‘r%ﬁw it orle +%r§|ﬁbh81rhour
whﬂe"Wﬁnrﬂéirﬁﬁ ithe %Dsﬁelﬁmdh dtta t@nme@urabelmw ﬁ?fb.e Adtthe engrof

oo o G s Sl S SEREHAT e Qe

dvied ﬂl@h ﬁiﬁdrﬁs@venwt at
comfARYS s ERGHITEH e g o

a tempémﬁremt 45 1) pr@llQe 4ds7 gm)cwmsué-é 6 3s PE‘ ‘Q‘WE Sgﬁ?l)
(8o. a( Mielé,r%%n 1§ 9814 Rmg Ihepiid@epmpiidnd & 1 8btined

dre L three neck .fl ask
was ehdrgperized by. EmpagSZEPGr(DSCE anssipoint) apdd HiNMR {BYERO-

a0 8k rpa Bbe S e ottty o2 8L BT 15,0 1

%0 sodi um
1H), hy@yqy dﬁ%@hut(mmmﬂéﬁs(ﬂﬂ; 28d), 20828.20(rd2ddt pH to
To above soluti'on was added 50.0 g of Compound 6

and 350 nmL of acetonitrile. The pH was adjusted to 7.0

W' Whu?éjﬂié Rt FRAn%BAI HiB byeh ddsdeibed uacoejtmdtlomthh the
he m xture was heated to 400C %gd st rred @F;ﬁéﬁ_’ons and
specrmtn empodiments sebiqithhabave. /agy te\’ﬂ% YRS PR
i IPH® apphkrft tafthbgé%f&@nai;@eﬁu ifthe laet. All such
var %g}sg{g\etra?u“ on ng added nL of %EX%}—F Bhorlh% irit
auematueaqum:scamnlgtarmqvmatm%gfe i v ™
f Hiich 6 began to preC|p|tatefrom
andltos?rg g3 fl{["laéi g%’?ﬁnﬁﬁg a suspension. The suspension
wascool ed to a tenperature of |ess than 50C and
stirred for one additional hour while maintaining the
suspension at a tenperature below 5C. At the end of
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one hour the solid conpound 6 was col |l ected via
filtration. The collected conpound 6 was washed w th
woabap/oosd4er and dried in an air-draft oven set Par/us2007/015152

tenperature of 45 to provide 44.7 g of Conpound 6 as

off-white solid (89.4% ww yield, purity 98.1 % w).

The purified conpound 6 thus obtai ned was

char acteri zed by. mp. 162.8C (DSC onset point) and

é Qd6) d 12.2 (s, 1H), 7.22 (d, J = 15.8 Hz,

Whamcan $s, 1H), 5.78 (d, J:158Hz 1H), 4.97 (s,

1H, 2.74 (m 2H) 2.33 (brs, 208222(m 2H) .

Wil e the prese i nvention Cld

cohj uncth BYPCGHSE °fﬂ[§@?t§5@ ?cgﬂi%ég‘gﬁneﬁ%s se § ?orth
above, many alternatives, nodifications and variations
thereof will be appgent to-those of ordinary skill in
the art. Al such al jfications and
variations are i within the spirit and
scope of the present A. What igyclained is: 1.
A process for preparing a conpound of the fornula:
wherein Ris H, linear, branched or cyclic alkyl,

opt i onaJ I t n d,
P8 RIS G R denpichaly it

subgd Itnwﬂtiraﬁched ar evcmdaﬂqemm mmlomauyr@ubst;mted wherein
al kenyl g

I k
cyéhe gp&l@ff%\i gp %n&sﬁx Ct)égﬁ fi@'ll"aér"lﬁ ’or more of alkenylalkyl,
hetawmmk I, leytloaliky easymmkeawamy; arytalkylaqlkylaryl,

bst’i t ut t k | kyl ,

Ry AR e R s VR S L A T
Suf}eﬁiﬁmﬂgagﬁ I”aeylﬂpélban@il ea'td)atylhenelnd)sycawkyl each
se

al
al lofyhnighisy |opt|@?§|ly, gpp%ﬂutq&mﬁgé %e/th? gﬁ‘mal substituents are
ar b dely fré'ljnkdrlné‘b)’ PnorBQIf%ill@éﬂWélk&k)dlkynyIalkyl cycloalkyl,

het'er ocycl eal k tionally s

F ubstltut(? lealkyl.
hetmﬁodnqllseoﬂaﬂ@nhyarx aligyl, alky rygly Bpg%[p alkxh deterocyclealky
ary%}%r%ﬁ oallr(et?ﬂic%cldﬂh%h’g}lalkw@?ﬂc ok ind

ano, dal kox

am mlhetwcaldk;dw haIQ( @h@n&hlch(?ﬂ?; hydque%{ @iw Qarsﬂ
car LYY cysthS) SidklfYhikylthio, amino, -NH(alkyl), -NH(cycloalkyl), -

N(alkyl)z, carboxy and —C(O)O-alkyl,
from a compound of the formula:

O 03
RO)V\O d
' (In

said process comprising:
a) removing the ketal protecting group by hydrolysis from a
compound of formula 11 to form a compound of the formula:

o

O
/'\/U
RO )
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froma conmpound of the fornula: said process
conprising: a) renoving the ketal protecting group by

woydispoyxies froma conmpound of fornula Il to feCcmua2007/015152
conmpound of the fornul a: US2007/ 015152 fol | owed by
coverting a conmpound of formula Ill, with or wthout,

isolation to an oxine of the fornmula: and b) oxidizing
t he corrpound of formula (1V) with a peroxonol ybdenum

ol MR AR g, o

Ing to claim1, wher ei n
E@laﬂ?zﬁﬂﬁ@%ﬂoxnﬁhé@f thesfdyatulaut ed al kyl, phenyl,
stituted phenyl, benzyl, or substi t ut ed benzyl 3.
The process according to cI aim1, wherein Ris
hydr ogen, al kyl or sObstltut ed gjdﬁl wherein the

substituents are h cyano, hydroxyl' am’no.
4. The process akebrdlng Iain130wﬁere|n Ris
hydrogen, nethyl, a |ower alkyl, benzyt, or

substituted benzyl. 5. The process according to claim
1 wherein the hydrolysis is perforned by using an acid
andln a solvent at a pH of from about pH 4.5 to about pH

oxﬂih;sn§ {196 RIPFORTS of mnma ¢\diwittsa peroxemelybsenum
aC| i'S uene sul fonic

SAcompiex Remplex of SoduiT caRBRHETY g MoGfhiherBsids odthiyst.

tetrahydrofuran. 7. The process according to claim®6,
wherein the acid is p-toluene sulfoni c acy
sol2vent The P&W%’QF‘&]‘ e‘a'é'&ét yherein %54%% alkyl,
He chyﬁijln‘stmhmmnmzyl
s RN b prenatsusn

ase Is used to covert the ketone to
the oxinme of fornmula.9. The process according to claim

1 wpereif, L be, SO SEG RIhdfFelaim 1, wherein R is hydrogen, alkyl

or substituted alkyl wherein the substituents are halo, phenyl, cyano, hydroxyl,

amino.

4, The process according to claim 3 wherein R is hydrogen,
methyl, a lower alkyl, benzyl, or substituted benzyl.

5. The process according to claim 1 wherein the hydrolysis is
performed by using an acid in a solvent at a pH of from about pH 4.5 to about

pH 8.5.

6. The process according to claim 5, wherein the acid is p-toluene
sulfonic acid, a mineral acid, or SAC and the solvent is acetonitrile, acetone or

tetrahydrofuran.

7. The process according to claim 6, wherein the acid is p-toluene

sulfonic acid and the solvent is tetrahydrofuran or acetonitrile.

8. The process according to claim 1, wherein hydroxylamine
hydrochlo}ide in base is used to covert the ketone to the oxime of formula.
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wi t hout isolating the ketone. 10. The process

according to claiml1l, wherein the catalyst is a
woeomswosakybdenum conpl ex. 11. The process accecuiusgoroisis2

claim1, wherein the peroxonol ybdenum conmplex is [BzO

Mo(Ca)2] Bu N+ . 12. The process according to claiml1,

wherein the catal yst i s sodi um nol ybdat e/ hydr ogen

peroxi de. 13. The process according to claim?7,

wherei n_t he catal yst f h i R S
roby baaTbeRBrbee Ropeiig se STt {RNEE B eiiefiop ocours
with%‘riﬁgfa'tiﬁﬁ thé ketehe@nitrile. 14. A conpound of the

'a: "wherein Ris H optionally substituted al kyl,
optionally substituted al kenyl, optionally substituted

al kyny! TrHaioeBak latcormRbith Widith ¢ywhesditithe capalyshiald y
substituted cycloal kenyl [ optionally substituted aryl,
peroxpmaiyldienurmdssaplex: ed aryl al kyl, optionally
substituted al kylaryl, optionally substituted
heteroaryl, optionally substituted heterocycle,
optitonalhe puivesstacceddingt toralaine  owheseiptheopt i onal | y

substi tuted ar I r i qual |y substituted
peroxgpy:ﬁ @%f&"&'&%&% ?Q%QM?#gz)ég@n%éﬁnd according to

claim 14, wherein Ris Hoptionally substituted al kyl

or optiqpally substituted ph 40 di

cotghund iR iR AT G 1 Aigromphe ot Alyst Resodium
molyBBt8Mydrdden persagess for the formation of a

nitro-contai ni ng conpound form an oxi me conpri sing
oxi di zing an oxinme with sodi um nol ybdate and hydrogen

per@xi derhé-ﬁr%ﬁyé @éé&ﬂﬁfgl 10 cleira}?rnvdﬂerefremei catalyst for the
oxi me conpound cont aj ns al so at ast ,qne
oxidagiende sedLTm GRHbYAIBYROdeBRE eI &% S s RLfor the
oxidatdhq&GkEfbnitrile.

14. A compound of the formula:

NOH
/'\/U
RO a

wherein R is H, optionally substituted alkyl, optionally substituted
alkenyl, optionally substituted alkynyl, optionally substituted cycloalkyl,
optionally substituted cycloalkenyl, optionally substituted aryl, optionally
substituted arylalkyl, optionally substituted alkylaryl, optionally substituted
heteroaryl, optionally substituted heterocycle, optionally substituted
heterocycloalkenyl, optionally substituted arylcycloalkyl, or optionally
substituted arylheterocycloalkyl.

15. The compound according to claim 14, wherein R is H, optionally
substituted alky! or optionally substituted phenyl.
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sensitive functional group. 19. The process of any of

clains 17 and 18 wherein the sodi um nol ybdate is
wonem@osd4tn a catal ytic anount. 20. A process POT/US2007/015152

preparing a conpound of the formula: where Ris H,

|'i near, branched or cyclic alkyl, optionally

substituted, and |inear branched or cyclic al kenyl,

optionally substituted, wherein the optiona

substituents are sel ected from one ,0 f. thyl.
2 Bony [T gPPRURRFFCATRNG Bl yrEtein Rlis H or methy
cycl oal kenyl al kyl, aryl al kyl, al kyl aryl,

het er oaryl al kyl , heterocygl eal_ kyl.

Li
subkt i tAtpsacess tardbgdpaRRlen Af VP?&é]I’é{ﬂi"Lﬁ%Bm%ﬁ:,d form
idad - i iunhredlybdatepand hyttagen
an oxn@%&qﬁ%‘ﬁ%‘@é%ﬁ@?ﬂqﬁéﬁ‘ %'335’? ﬁgléﬂig ubstit uen??n;r ea »
peroxide) ected fromone or nore of al kenyl al kyl,

I | al kyl [. . .
gr .gﬁlg&)r?X%ﬁﬁ(?%/ci I&a‘{’ 'y%hél?reér?% g{reo?gr:ﬁ%/&l\ﬁw&ﬁh »con.taln's also at
least oR& &ty seleemddydm acxpﬁrbgmraatty)ngﬁw@{q handsand an oxidation

wheper I enyl al kyl , aryl cycl oal kyl, and
Sens't"é‘?h%@%%éﬁggoyﬁoa?/kyl ,yhal 0, yph)ényl , cgano, hydr oxyl ,
al kyl, aryl, cycloal kyl, cyano, al koxy, alkylthio, )
an §0rne Plokaddd any ofikinwsciToaridcys whereintrel sogiyra molybdate is
car boxy and - O)&al kyl, the process conpri sing
preserg i @icatahgicameBtan oxine of the fornula: R HC=N- OH
(IB)where R is defined above, with sodi um noiybdate in

D 00e, B BB prusplotlac 2 1
is acetonitrile or acetone. 22. The process according
bH of from about pH 6RCHE AEBURUBH 7.5, 25, The -
process according to claim 20, wherein Ris alkyl,
whegfg:ilg?sn?luti%qgg ;@;ﬁ%&i%%&gg 9|k%cr9:§> KAV LLbs ARt 88 ¥near
branched or cyclic alkenyl, optionally substituted, wherein the optional
substituents are selected from one or more of alkenylalkyl, alkynylalkyl,
cycloalkyl, cycloalkenylalkyl, arylalkyl, alkylaryl, heteroarylalkyl,
heterocyclealkyl, optionally substituted heterocycloalkenylalkyl,
arylcycloalkyl, and arylheterocycloalkyl, each of which is optionally
substituted wherein the optional substituents are selected from one or
more of alkenylalkyl, alkynylalkyl, cycloalkyl, cycloalkenylalkyl,
arylalkyl, alkylaryl, heteroarylalkyl, heterocyclealkyl, optionally
substituted heterocycloalkenylalkyl, arylcycloalkyl, and
arylheterocycloalkyl, halo, phenyl, cyano, hydroxyl, alkyi, aryl,
cycloalkyl, cyano, alkoxy, alkylthio, amino, -NH(alkyl), -NH(cycloalkyl), -
N{alkyl)z, carboxy and —C(O)O-alkyl,
the process comprising oxidizing an to an oxime of the formula:

R-HC=N-OH (1B)
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optionally substituted aryl. 24. A process for the
i ntroduction of nitro-group functionality into a
woaopmussd4 whi ch contains al so a site of unsat upariusmo7/015152

and/ or oxygen functionality by direct (one step)

oxi dation of an oxinme functional group nediated by a

nol ybdenum VI/ VIl peroxo conpl ex, the process

conprising: (a) providing a substrate of Formula I

[

whefR B} B J it i, Wnh 4BEUA TGy BUBKPIn AREHSR peroxide in the
predenueasf, a solveohed or cyclic al kyl and Ilnear br anched

or cyclic al kenyl groups, optionally substi tuted with
carboxylic, ester, halo, phenyl, cyano, alkyl, alkenyl
aryy,. Cyrhep kdqéss ancm’rdm@ld@layn 249, wHereinothe solvent is
-NCal kyl )2, - N(cycloal kyl) 2, - carboxy and
acetc@'@@%p@ ON&inctionality, or Rl and R2 are taken
together to forma cycl oal kenyl substitutent which is

optionally substituted th one ar re gr S L.
s 2 12%:t e dT%/‘F @:HJQCI’??Irﬁeg?CO’ng]@]@é"H 2% %qrgﬁhﬁ%[eaﬁlgn 1S
carrlé%c?:‘ Ezﬁg Pt PHCJTQ%rﬁratfd(mﬁH' 63t teapbuf pact.onal  groups,

ch may optionally be substituted with
al kenyl, -carboxy, ester, hal o, phenyl, cyano, alkyl,
aryog Cy P re) A, l?:\\J’IilélﬁirPFl alkyl, optionall
- N(éa? ‘kyl ?98?%;%%& ﬁ\é%( cl B%qltégﬁgé!/m functi onal IS"gr‘c())L'Jpsp y
subsiltmedmlgdmycxt@alkhavl aptipeally substitgtiedayelpalienybh ang and

r / oubl e bond; and (b) contacting said
opt@@%@y%ﬁjﬁgﬁ@?@@% ula | with a nol ybdenum oxi dati on
conplex t hereby oxi di zi ng said oxi ne functional group
tro fungcti t 4 el . .
For 2t & e uip By MGelr] & Bkt platy ot a
cordpéumdvmﬂwentaiﬁs alBoea }sneccﬁsmsajturalnanrarmatompny@em t he

functloXall erg)tle |Pexclt ‘28‘%& %!Perg) rrxpdaf( on of an oxime functional group

mediated by a molybdenum VI/VII peroxo complex, the process comprising:
(a) providing a substrate of Formula | containing an oxime functional
group;
Formula I
1
" \C==N-—-OH
R2
wherein R and R? are selected independently from linear, branched or
cyclic alkyl and linear, branched or cyclic alkenyl groups, optionally
substituted with carboxylic, ester, halo, phenyl, cyano, alkyl, alkenyl
aryl, cycloalkyl, cyano, alkoxy, alkylthio, -N(alkyl)z, -N(cycloalkyl) 2, -
carboxy and —C(O)O-alkyl functionality, or R! and R? are taken
together to form a cycloalkenyl substitutent which is optionally
substituted with one or more groups selected from linear, branched or
cyclic alkyl and linear, branched or cyclic alkeny! functional groups,
each of which may optionally be substituted with alkenyl, -carboxy,
ester, halo, phenyl, cyano, alkyl, aryl, cycloalkyl, cyano, alkoxy,
alkylthio, -N(alkyl)2, and -N(cycloalkyl) 2, functional groups, with the
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conprises a m xture of hydrogen peroxi de and nol ybdat e

salt selected from sodi um and potassi um nol ybdate. 26.
woheospossaess of claim 24 wherein the nol ybdenuRCT/US2007/015152

oxi dation conpl ex conprises an ani oni ¢ nol ybdenum

per oxi de conpl ex.

proviso that at least one of R' or R? contains a carbon/carbon double
bond; and

(b) contacting said substrate of Formula | with a molybdenum oxidation
complex, thereby oxidizing said oxime functional group to a nitro
functional group to yield the structure of Formula lil.

Formula il
1
" \CH-——-NOZ
R2
wherein R' and R? are as defined above.

25. The process of claim 24 wherein the molybdenum oxidation complex

comprises a mixture of hydrogen peroxide and molybdate salt selected from
sodium and potassium molybdate.

26. The process of claim 24 wherein the molybdenum oxidation complex
comprises an anionic molybdenum peroxide complex.
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