Synt hesi s wb Be/@sMat r ocycl ohex-1-enyl) Acrylic Acid and peatiensobierseof Fiel d
of the Invention This application relates to a novel process for the
preparation of nitro-substituted conmpounds via oxidation of oxinmes nediated by
a peroxo nol ybdenum oxi dati on conpl ex. Mdre specifically, this invention
provides for preparation of nitro-substituted conpounds containing unsaturated
functionality via direct oxidation of t he correspondlng oxi nme. Background of

t he | nventi Sgnthesis of 3biNitdncyclahexAbe ; E anddrsters Thergofi tj es in
different cell types and thronbln receptors are knomn to be present in such
cell types as human pl atelets, vascular snooth nuscle cells, endothelial cells
and fibroblasts. It is therefore expected that thronbin receptor antagonists

will be useful in the treatnment of thronbotic, inflammatory, atherosclerotic
and fibroproliferative disorders, as well as other disorders in which thronmbin
and its receptor play a pathol ogical role. Thronbi n receptor

ant agoni sts peptides have been identified based on structure-activity studies
i nvol vi ng substututions of am no acids on thronmbin receptors. In Bernatow cz
et al., J. Med. Chem, 39, p. 4879-4887 (1996), tetra- and pentapeptides are
di scl osed as being potent throrgicki éfehedhoentdahagoni sts, for exanple
N-trans-ci nnanoy]| f 1 uor.oPhe- uani di oPhe- LeuAr g- ‘ .

N-trans- ci nnamyﬁh'gaPPm'BﬁﬁﬁlaBa gﬁz?rmi’e 8%8%@?1%?8% 6%f£'tr?>epti de

t hronmbi n resw@tutnnecaaamocuncg giaaixelatibs of dkiswisosediated WOa Pe1®®479, publ i shed
February 17,1 i he 0 en

i dentified @g@ﬁéﬁﬂg@ﬁlﬁﬂg E’é‘g 5rVgh g%ﬁrlfdsaﬂ b, qﬁﬁ%@ta ndpron?ﬁei&ﬁ's of

(+)-hi rrbacmsrepatldnsxfImieteelubstlttﬁhackamanadmcd)ntemlfm unsauraigd Chem Soc., 118, p.

9812-9813 ( BkisleS are known in the art.
Exanpl es off%@g@ nahgf 8 d'rggpé@g%ﬁs%fﬁggggﬁlés U S.” Patent 6,063,847, herein

i ncorporated by reference, Thronbin receptor antagonists are useful in the
treatment of thronbotic, inflanmmtory, atherosclerotic and fibroproliferative
di sorders, as well as other disorders in which thrombin and its receptor play
a pat hol ogi cal role. Backgraund efthednyeptigh i hed in the art to

prﬁpare hi ngam nﬁhml iR ORI iﬁmaa%ch varwgybaa@thmses idliciedrostackilitypdsdS mr; 063, 847,
ot her copendi ng applications that describe process epafr e aci ne

anal ogues i aed a’d@”@S‘ Wéfﬂrsﬂﬁp\m%’%ﬁf F’QF' i?%%lu J%i/ 330, 935,

11/ 330, 936, @Metélbm&%lnoahImdsawmppémacaheumaens hedifioebBstudt is 12, 2006,
and herein or ate nce. ust heme VII one
of the pr oc[f?é ‘?j%%?‘\(dgggﬁ"qtﬁ"rf’ﬂ‘g’%regﬁ/dfm@5& nis%%“ lg)(é-:‘l]8¥{{|‘]|'e'F]ct% ound 3-(5-
nitrocycl Ohﬁéah@ﬂﬁf)hmmbﬁtncgnﬁmnma@cﬁy athemscmraxtmzlarm ébrlonrfé.lf%ﬂtb\(%ss for the
preparation n_orall i EML t; (11). Each
of copendi n ﬁ%ﬁ’t%%‘fveﬁﬁgloﬂ?e\éﬁ"ibogg r@nﬁWf%Eorégﬁ\ (tF]Se @%Pg%’gﬁ cation) and
111330, 936 baﬂmldgﬁc&ﬂ ralppl i cation) al so disclose processes utilizing 3-(5-
nitrocycl ohex-1- ?Hydlﬁblﬁq{a%fm;}tﬁr hgor?}&s%phaé%QWbééﬁdehtn%tﬁbé%éﬂw ation of

ne

hi mbaci ne anal ogs repar at orfy schene, is hepe VI, bel ow,
descri bed i ﬁtfuﬁelre-agwltymﬁw'@&!"IVQIY'"QA%H@H“H‘E‘MS ofaminp&cis Bund 6 in

Schenme VI1) rbdbdibie. BR BErSat8RHIcRIet Bl "DagbaeCkEIAl, 39, pOABRBINBE7L(996),
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.



Schene VI I'woties/miss410- oxazol e route for preparation of Cempawch7blisisperr]

The '324 and '936 applications describe the preparation of 3-(5-

nitrocycl ohex-1-enyl) acrylic acid fromacrolein and nitronethane, which is

i ncorporated by reference herein. However the processes described entail many
process steps and provide the acid in lowyield and |l ow purity, requiring
addi tional ste rowd.es ltab re terial.. .. One possi bl e
approach to i rB @88‘&' @MF’E{‘ }kg[cﬁci nge?ﬂf‘g?wmdaﬁﬁqré‘uﬁﬁ%”g@ol ation of
the oXi nerezBataitharthgdnist: M RANEYNXsid vF (V- hindsadihbGs Addodddm conpound of
Formula 1A 111 ustrat ed herein below) w th subsequent oxidation of the oxine

functi ona@haﬁ'@ﬂﬁ'ﬂ@rﬁ'?ﬁq rno/- AR GeRAISogr A AS. P- 9 12'9%13(3)%% ¥eactions are
known in the a d. For
exanpl o Gl ah TROBDRSeRpRuERONIsts LG KRONEARRAR LSS Exahi ol BFRABAC- (LT um
per bor at eC¢rnpguads are glisalogseciin . oPatﬂﬂ’hGr.\‘D% 84d0 hpwndeccbnp@matemdoy

cor r eSPONUlARE! TRromBi Recdtir BRBH st arémsefaﬁﬂ‘thé&%atmého 557-59 (1955),
use peroxytTifl aor oheet: ¢ aci ox1 di“zr ng agent Se and Vanaj at ha use
OXONE ( pdrmm)ohcmrﬂamatmyuaﬂw@.clemtmd)ﬁbtoprbbfaratlm( diiarde®giages to

it I k 31:-4535.(,1998 I £fland Y inJ. Am
&e%oaSogwgﬁ%%{ﬁéﬁg S&EH%PE'QM%%P tﬁ? 8"\.@“%&5 %éﬂ%%@é?&?ﬁ‘ﬁ%&@qz: Ec oxi de
to preparelai troal kanes fromthe cor respondl ng oxi me. O her nethods discl osed
by I1ffland d b d 75, 4044- 46 d 4047 4048
(lo54) and 3. XArOHRApoast ate dESeripdingiR 5830 PropaiE TBIOATRSe oxi dat | on

pr ocessesamdlageaes. esl a@umdnstmmm@@&ﬁ@cﬂbﬁe@w UBBe®a3 sm! Bific® BopBHURhgOX di ze
in the oxine, for exanple,

ot her oxi dat 1 on- sen i t| ve PsQe%sesent

unsat ur at%BPWHQSt Bt desey, %ﬁ OGESSESAC PAPPRe IFBAGING Andoayrs WsMSh- car bon
triple banSPateﬁt:w Ilﬁﬂhdn Sé?l%#NdQEHHMﬁ mul 111)%0@@5! i £43bD3d) &Ry OVi si on
of, for exa ni trogycl ohex- enyI acré%l C aC| d b oxi dation of the

cor r esponbl/ ggocﬁ@m? Ifour appligalions E'eﬁ'rﬂry%@wm B@é@ are known in
the art tichfpdthicRfbi ?‘Qfe‘i’éhé@”tﬁs fl%tr&fédTBébbv@lmséﬁéH@@il oRb e S N

nonpol ar sol vents. Bortolini at, . 7 69 (1987).
Bal | i st r éPriocesses diselesad prthosg. ap_Fd'Q@“ﬂ“% mmihqggmpmm&(se t he oxi dation

of alkyl ﬁmbggao exhhsngryrarc?mog@lmg) aht.ﬁﬁ?Hga@a ifa ﬁmge%'fagﬂfeﬂe'vb(v')

oxodi per oxo conpl ex catalyst’in acetonitr owever. none o compounds
di scl osedereperation obangiraly bicswailable ﬁ\mblmmepgcoapmwmmﬂhaﬁache oxi me

substitue j Y, -1450 (1999),

descri be (?I R pe(ﬂd'rﬁ%ru %l%g%?t?'&gp acﬁalq{éﬁﬁtc]o%)gr%é%ié%é%%&l%%%g"%ﬁgn hat can be

used as oxndiit2/389,98@(the BE6 appliwation)y alzb ahsgaaéq:rooesmmdﬁlizimglsu(cﬁ-ng oXxi nmes,

nowever ,  Lfigk Li8R8K1-bRG) dLhfiR akiG 3N fBIREYRSe | s BHSABABK oY @l dehyde
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.



Obj ect i veswofobtdssqaavent i on I n view of the foregoipag/uhberesisenai ns a
need for new net hods of synthesizing nitro-containing conpounds directly from
oxi mes contai ning other reactive functional groups. Further, there renmains a
need for an efficient process of oxidizing an oxinme to a nitro functi onal
group that is sufficiently selective such that to at | east a substanti al
degree doyb] e bOQﬂ(?-% pr.esent alg in t?e substrate nopi ety are not oxidi zed or
i somer i ze@®NEMe¥!IpHg FULTO-OEAZBIRFOUHR fo REFR2THPR Cidpamrayrd gk 1:conpounds

useful as thronbin receptor antagonigsts, as well as the synthesis of

i nternedi ates used to prepare thes® finds, dhere is a need to devel op

ef ficient sel ective ®¥t hods foremeladd zi NQ ine fungdional groups present
in substr contai nt n&bl e bonds—and—addi }-gqnall oxi dation sensitive
functional groups. | N"opNm® afsuddae | rrpor’:‘:;%a,q t hrombi n recept or

ant agoni s&keauymew, novel #et hods \Qrpr eparing intefnedi ates for the provision
of such antagoni sts are always of ®™nterest. Summ?y of the Invention These and
ot her advantages are neto by t he pi®egent=d nyenti on. I n one enbodi nent
the present invention o ow :a processrf or the introduction of nitro-group
functionality into a congound whic ontains also a site of unsaturation

and/ or oxygen functionality by d+rtect (one step) oxidation of an oxine

functional group nedi aped by a nohybdasum VI M Iy peroxo conpl ex, the process
conpri si ng: ub@)H,pr ovi a 61 ERER oS <EOT fiP2ai ni ng an oxi ne
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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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wher ei n Rlwandodisamse sel ect ed i ndependently from | i near pcv@neiyadsee cyclic
al kyl and linear, branched or cyclic al kenyl groups, optionally 5 substituted
wi th carboxylic, ester, halo, phenyl, cyano, alkyl, alkenyl aryl, cycloal kyl,
cyano, al koxy, alkylthio, -N(alkyl)2, -N(cycloalkyl) 2, - carboxy and
-C(0)0-al kyl functionality, or R1 and R2 are taken together to forma

cycl oal kenyl suypstitut whi ch is |on stituted with one or nore
groups sel ecte q‘?Bﬂ??‘SE‘eﬁ pm@FQﬁE’H rgye ag tbﬁd"%“f‘ near, branched or

cyclic alineshedints i BRALOBIIDHRS, th@aﬁih@faﬁmbgfbfrsace ﬁmd eﬁiﬂe\k-h@r%bsti tut ed

wi th al kenyl , -carboxy, ester, halo, phenyl, cyano, aryl, cycloal kyl,

cyano, al ReWC aa%?hﬁm%npow%pkm@ul%m '“Pll?'('f?@dd?sﬂ”ﬁm ;ebw)f\umu onal g(rjougis
w th the &@yécilféﬁtf@&da'ﬁoﬂ 8pitle OifPlurfElioRal BoPRY Aintfo ﬂ"fﬁf#ﬁ@ng gapon doubl e

bond; and (b) tacting sald substrate o
oxi dati on conpMV&tiousheastign® arelknpwy indhe ark torexidirecoxiores tq;thaJp to a nitro

functional,gg &lﬂg%ﬁé%fo}ﬂ?o&ﬁ{cguﬁbp%ﬁaﬂfplgo¢ﬁﬂ il in, SPMIEA lpgf ﬁ/ CH N2

Where R1 and are as ‘enbodi ment's
i nvent i ve337-@S65pril HO9R) Ideisdeheaasing dadiurn pechpiade wglad:ualrac:aneradidt tois a

ol ybdenufgr%%r%t éé’rﬂpSSHHé Fom fthr-li,: %prels?)ohaing oxime. Emmons and Pagano,
J. Am. Chem. Soc., 77, A557-59 (1955), use peroxytrifluoroacetic acid as an
oxidizing agent. Bose and Vanajatha use OXONE (potassium
peroxymonosulfate) in acetonitrile to oxidize oximes to nitroalkanes (Synth.
Commun., 28, 4531-4535 (1998)). Iffland and Yen in J. Am. Chem. Soc., 76,
4083-85 (1954) disclose using N-bromo-acetamide and zinc oxide to prepare
nitroalkanes from the corresponding oxime. Other methods disclosed by
Iffland are described in J. Am. Chem. Soc., 75, 4044-46 and 4047-4048
(1954) and J. Am. Chem. Soc., 75, 4083-85 (1954). Each of these oxidation
processes are carried out using reagents and conditions which would oxidize
other oxidation-sensitive 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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Formul a | lwones/@ssuaR3 is a benzyl group or an aryl groupcraabtvofisishi ch is
optionally substituted with al kyl substituents and R4 is selected fromlinear,
branched, or 6 <cyclic alkyl of up to 12 carbon atons. Wen the nol ybdenum
oxi dation conplex of Formula Il is used it is preferred to add at | east one
equi val ent of the conpl ex based on the anbunt of substrate to be oxidized. For
nost applications it is nore preferably to use an anbunt of the conpl ex of
Formula Il in excess of one equivalent, based on the anmount of substrate to be
oxi di zed. Wien a nol ybdenum oxO#jécwves ofRheindentiohmla |1 is used it is
preferred to carry out the reaction 1n a polar, aprotic solvent, nore
preferably a solvent selected fromacetone, and acetonitrile. Preferably the
reaction is cafd W et f ut ‘100 C.

I n some enbodi nents of Q%grgggﬁgggﬁ%%tbﬁéaf‘ﬁ\%ﬁﬁggm%%@ nrrq%?"%ggte}ﬁum oxi dati on
conpl ex iSyrphepizinainibip-eepigining compounds directl)s fradupximes contaiingeact i on

Conventere oL (AT KUBbRarQRuRs: IRURRR | MBIl AERS S AT ETIGERS | &'

NaMbl yOx, Proceps g iceddizingcan oxinse taa ritrodunctidnalg@roumthabisysuttidientiysed on t he

ggﬂﬁﬂl gi\?égg%tgfeagéﬁ'tﬁ %ogé&ﬁ?é% %%ygéﬁi‘iﬂz gg?éﬂ%%?%@'&’;é%%&%gggetﬁ@% erably from

about 0. Salequn Wad enbstrate alndety drehatqxidiabdirisomesiedd imthi® pydutaise, and nore

preferably 1.0 equival ents, of sog_igum | ybdate., In the sane nner when

NaMbl yOx %8%?"6%{' P& ,toitﬁeisgn él'%gfﬁémtp@”u"gé lésr?tf'é'rﬁﬁjﬁ'tro Iher oxi de based

on the nuekeptarfantagenistd, awell patibetsyritResisidlidedmeditibs ugeliitem about 1.0
ide, nore preferably from about

equi val ents to bout 3.0 e isvg{ﬁernt_s of%é)(iré)§ e ol Y

1.2 equi VIFBAIR MEFUBBTPSNYSetlfirg 4P aHiced o fevelerrilicisplang seieftteer abl y 1.5
equi val enhetidsPRIr Okidiging¥ameaundaidRal roupledsnt i sisstrdtbsi s preferred to
carry out the reacti Bpe(hn a solvent conprising water mscible solvents, for

exanpl e, SRMUREIRY APM eRgs a&@@fqm%‘?"%[rﬂi‘i‘éﬁ“ﬁ%g'! BoN$ilyerdwnetionabergupSr ef er abl y

the reaction i GiaW bPthedHipctarite SMPR&RMLI Poipthf 8A 'ts%%gf @o@QIOUt 100 C
nor e preferabli/ at a tenperature of fromabout 40 C td about : In

sone enbdBPHGHSO! pispaciBiblaimeastiatesdordierpravisionay aush antagenisizard t he
conpound Qfvalerdfsheréd. O

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



(1A wherwionobg/aossdd, |inear, branched or cyclic al kyl, ogtimed7loysis2
substituted, and |linear branched or cyclic al kenyl, optionally substituted,
wherein the optional substituents are selected fromone or nore of

al kenyl al kyl, al kynyl al kyl, cycl oal | cyl, cycl oal kenyl al kyl, aryl al kyl,

al kyl aryl, heteroaryl al kyl, heterocycl eal kyl, optionally substituted

wni ch < opt1 ontPetuldnfit fedee i aies i, Ehdaflneianayaivt kend s bdenum
For il & 111 A b e e B e T |
enbodi nent s t hEaEPRE2BH EJN-alkyhfunctionalitys &8 Fhyardh R @redaken conpri si ng:

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 alkenyi functional groups,

each of which may optionally be substituted with alkenyl, -carboxy,

ester, halo, phenyl, cyano, alkyl, aryl, cycloalkyl, cyano, alkoxy,

alkylthio, -N(alkyl)z, and -N(cycloalkyl) 2, functional groups, with the

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 IiI.

Formuia 11
R‘l
\CH——N02
/
R2
Where R' and 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 IT
_ ﬁ -
o~ 9 B 7+
R4
A/Ni°\(|) |
o) /N\
4 4
>_-:o A FL, "
R u

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
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(a) provi dwogoss/psesect ed ketal conmpound of the structurecafuszorrmbiz |V
(Formula 1V); (b) hydrolyzing the conpound of Fornula IV, thus renoving the
ketal protecting group fromthe conpound of formula IV to forma conpound of
the Formula V RO (Formula V); and (c) contacting the conpound of Formula V
wi t h hydroxyl am ne, thus converting the conpound of Fornmula V to an oxinme of

t he structure ormul a_|A: | n some enbodj ments of the present

i nvent i onCY¢!lG &EY'E?;I¥W1}%1E%QQE aPtSP"_SI: h‘é”}?r’b‘ggsmgg’bde% eidadiope oxi di zed,

conver si ogosipiex dSEFohRukan is 8de@Uf ishreRared t&ﬁhé@tﬂ%éﬂﬁwé‘@hﬂf%&&{teeﬁr ed in

step "b", tg/ addi ng hydroxylanmne in situ to a solution of the ketone fornmed

in step "B .C‘I"ﬁ‘pmaél’ﬁ)@ﬂitﬁérﬁ@oﬁﬂt ehaubsteaterie bengwiizesh Goi miastng t hi sI .
rocess f i j<Sy ' el : isolate

B Cor  per F o oy oRe DrofetabgbTiec A AUt SRS o ifick W iAmiga’ g

per f or medlld@ gxeaseef PAetaquivalent.drassshee the amaurd diysiibstrase o be

oxidized. When a molybdenum oxidation complex of Formula Il is used it is
preferred to carry out the reaction in a polar, aprotic solvent, more preferably
a solvent selected from acetone, and acetonitrile. Preferably the reaction is
carried out at a temperature of from about 0 °C to about 100 °C.

In some embodiments of the process of the invention, the molybdenum
oxidation complex is prepared by separate or simultaneous addition to the
reaction medium of sodium molybdate and peroxide ( referred to herein
sometimes for convenience as “NaMolyOx”). When the molybdenum
oxidation complex 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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I n sonme enyodiopgmssu40f the present invention, the conpoumndrafs2bmronsisa | has
the structure of the conpound of Formula IB: NOH (Fornula |IB) wherein "R' is
as defined above and oxi dation of the oxine by the present process provides a
conmpound of the structure of Fornula IB: R CNX® (Formula |IB7). When oxi nme
conpounds of the structure of Fornmula IB are used it is preferred to carry out
the oxidation reaction using @ nolybdenum oxi dation conplex provided by sodium

nol ybdat e and peroxi de (NaMlYOx) ... Descrigt-eoHof the Invention As used
above, and throughout theRrgpeci "¥TCa “tThe following terns, unless otherw se

i ndi cated, shall be understood to ha et he foll owig)neani ngs:
"Ni tro-containing conpound rreans any organic corrpound t hat cont ains at | east
one nitro functional group (i.e., -NO2 group). "Oxi me" neans any organic

Comoun, L1, GRBT el el 80 U SRR oo

group); see e.g edl Fen- W / oxl me, herein
i ncor por at ed bgnddiheae boanched or cycllcdall@hvl optiogalynsabpstiuiad, cwhf@felfbc ar bon

Garbonat ons 1 1he pederdl bsufier b G iedipd sEaSHe WhcPe S aIbIRATL Y 1
; g(r) B?nGag g ?E oln agygﬁlsaﬂfw a:yclcbm)lkpl mye[oalkemylalkyiy hndalkyphsalkydandi n about 1 to

ai n anch ans .t ne or nore | ower alkyl
groups such ash rﬂ91ylé]gylhfypf%f)c¥pl(?&}1yl éorﬁly Iﬁﬁftsaa i near al kyl chain.
"Lower al kyl" mméchgamnymmlnarNWlﬁaIkyﬂ andznyihefeaybaliat osaech n t he
chai n whi ch may E‘ trai bran ed. The term "substituted al kyl" neans
that the al kyl OfW U’g‘ﬁ’s@ﬂ tfg'{tfstt'tHg *by one or nore substituents which may
be the sane or different, each substituent being independently selected from

t he group conS|st|n of hal al cl.oal kyl yano dr oxy, al koxy,
al kyl t hi othugnPHsr tre mosnwrtﬁ the NH%L’PE’ §Fk9¥'\}gat'°m Pi‘QP"E/é‘?'Béﬂ and
- ((0) 0- al &yhpollRa-Havind tHéJsﬁ‘ﬁé:lméQﬂ Fojrmri 1Pl € al kyl groups include nethyl,
ethyl, n-propyl, isopropyl and t-butyl. "Al kenyl " neans an aliphatic
hydr ocar bon group cont ai rFq’fQ"‘H?'l'éast one carbon-carbon doubl e bond and which
may be straight or branched and ccarprl SI ng about 2 to about 15 carbon atons in
the chain. Preferred al kenyl groupSh s NO4 o about 12 carbon atons in
the chain; and nore preferabl yR&bout out 6 carbon atons in the chain.
Branched neans that one or nore | ower alKk groups such as nethyl, ethyl or
propyl, a%vﬁe?ét-ﬁcgeéis Hefifed iapRAk. al kenyl chain. "Lower al kenyl" means about 2
to about carbon atons in the chain which may be straight or branched.
Non-limting exanpl es of suitable al kenyl groups include ethenyl, propenyl,
noputenyl. 3 H’é’fbn%'d SRBodifsRRTHEMHimePSH EShulRNA [§58P4ted Bye term
"substitut e

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



10 WD 2008000683604 8GT/ US2007/ 015152 that the al kenyl growgmegob@1sisbstitut ed
by one or nore substituents which nmay be the sane or different, each
substituent being i ndependently selected fromthe group consisting of alkyl,
aryl and cycl oal kyl carboxylic, ester, halo, phenyl, cyano, alkyl, alkenyl

awl , cycl oal kyl, cyano, al koxy, alkylthio, - N(alkyl)2, -N(cycloal kyl) 2,

-car boxy an i : an aliphatic
hydr ocar bond%?%g}%gfrﬂ a?ﬁlr?lé%mg%ﬁggtﬁdgwg'acgr gﬂhy %&15{"“ pﬁ@agond and whi ch
may be strai ghtcoawemrw]mee@omwdrqfrﬁcymwa%wanzmmeem‘dbe staictarebofn at ons i n
the chain. Pref rFrﬁﬂa"I‘ kynyl groups have about 2 to about 12 carbon atons in
the chain; and nore preferably about 2 to about 4 carbon atons in the chain.
Branched neans that one or nore | ower alkyl groups such as net hyI, et hyl or
propyl, are attached to a lingar allcynyl chain. "Lower alkynyl" neans about 2
to about 6 carbon atoms in tb&%basij@blﬁ)fﬁay be straight or branched.
Non-limting exanples of gaitable nyl groups include ethynyl, propynyl,
2-butynyl and 3-nethyl butynyl. The m " sub@tarmuladAll kynyl " neans that the
al kynyl group nay be substituted by one or nore substituents which nmay be the
sane or different, each substituent being independently sel ected fromthe
group consi sti ng of alkyl, aryl and cycloallcyl. "Aryl" means an

aromatic rmnoc n tem rising,about 6 t about 14
carbon at ons, @%8@%@%&#8{ B%.ﬁeﬁ e(ﬁ‘r?g‘np th'?l‘?éo%ﬁ%ﬁ g‘jr oup can
be opti onthe prmuhsnldfmmmt&e oRielized, rmme?s’ongtep'%”eimcwbé(ﬁ lowent s" which

may be the or_dif and are.as . herein imting exanpl es
of  sui tabf”é fsoé?tan%ih {%n&epr&;?@ﬁ?,ql "hﬁ&pngp tgyl?pdmg hydro BINESfyI " neans

an ar onmat slturtoramz)iotlon ofthevkbtoreyfdrined inngep YBt.€M sorier érsibbdiradagtofS t o about
to about_ 10 ring atons, in which one or nore

14 ring a fer |

of the ri '@"%l’ﬁ @ﬁ&r‘fﬂg I BOFRTAL B B¢ V‘Plﬂ" ehRPEMA 1 Ren

oxygen or oxwuiau,,th@h@n@n@is isma:@atyﬂmtpe%rnmﬁ@hgafcﬂ?s@@t@ﬁe@r 4hd tont ai nabout
5to about 6 ri nrg_ﬂat onms, The "heteroaryl" can ional ly substituted by one

or more P?‘Hﬁe§? AR Fea i u%H?gQ"ﬂﬁF’cﬁ?%§t96’e‘"ttH'@e§d\¢é°'b$P%ﬁq frerete and are
as definegdyhpdipsis. The prefix aza, oxa or thia before the heteroaryl root nane
nmeans t hat at east a nitrogen, oxygen or sulfur atomrespectively, is present
as aring atom A nitrogen atomof a 11 heteroaryl can be optionally oxidized
to the CO”GSPQH%H% Bribd iy n@PBf#Her’%ntés%ﬂt bﬂst@ ﬁ dotleofet eroaryl s

i nclude pyrid pyrazinyl, ur any hi eny yr| m di ny I soxazol yl,

i sot hi aZoPgny 3d>dmﬂ'}ﬂ streilize of {he cpmp@mldwf FdormaladByl , pyrrolyl, pyrazolyl,
triazolyl, 1,2,4-thiadiazolyl, pyrazinyl, pyridazinyl, quinoxalinyl,

pht hal azi nyI , i i dazo[ 1, 2- a] pyri di nyl, i i dazo[ 2, 1- b] t hi azol yI ,

benzof urazanyl, indolyl, BzarEeSNOH eomuiadB)ol yl, benzot hi enyl, quinolinyl,
i m dazol yl, thienopyridyl, quinazolinyl, thienopyrimdyl, pyrrolopyridyl,

i m dazopyridyl, isoquinolinyl, benzoazaindolyl, 1,2,4-triazinyl,

benzot hi ambleyeindiRT is lae déficead above and oxidation of the oxime by the present

process provides a compound of the structure of Formula IB’:

Ha
R——C——NO2 (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).



" Cycl oal kywetdneg/dossmans a non-aromatic ring of 3 to 7 nemgar@200psissi ng an
oxygen atomand 2 to 6 carbon atons. Ring carbon atons can be substituted,
provi ded that substituents adjacent to the ring oxygen do not include halo or
substituents joi ned to the ring through an oxygen, nitrogen or sulfur atom
"Cycl oal kenyl " neans a non-aromatic nono or multicyclic ring system conprising
about 3 to about 10 carbon ﬁtggq !pggf Er;ﬁglingﬁ “tn 5 to about 10 carbon atons
whi ch contains at |east one nd. The cycl oal kenyl ring
can be optionally substituted with one or nore ring system substituents which
may be the sa |fferent d re defi ed aboye. Preferred cycl oal kenyl
rings cont ai nrg%b’ﬁ? 539%’%5\5‘9'[ Qaf}&)‘fgﬁer?@e%&?‘w‘nﬁ? fJlongngte@aSHf suitabl e
nonocycl wléé@bﬂférmmrﬁmmébugiﬁawélmwm to leanid ﬂ’ﬂﬁtﬂl@ng cycl ohept enyl ,

and the |ike. Non- Ilmtlng exanp e of a suitable nulticyclic cycloal kenyl is
nor bor ny Ine@giings: "Aral kyl" or "arylal kyl" neans an aryl-alkyl- group in

whi ch the ar ylalgﬁ{e}gerre ﬁ%ﬁﬁ d&hﬁvﬁxgﬁﬁb%ﬂiﬁé dn‘?@?ﬁﬂiﬁ@ﬂdﬂhﬁg the optional

substituents rse group. Non-limting
exanpl es cohtainstatieasiapng kitro ém@upsa mﬂ'—lid@ Gae-rNQb quumhenet hyl and

napht hal enyl melyl, W?ﬁng?ﬂytcﬁgﬁnr Sl ﬁBh V\E‘?hﬁf %(% ﬁéﬂ\éﬁgt bhs ﬁ?é %! -

"Alkylaryl" neans an a and ar are as
previ ouslftynchmmllgredp i. ecl quN%g')H ueom:p)t sepd. gswwmedient s. Preferred

a1 kvl ary s C OB i WBhwilkiIm8! Gefin ¥RbrbbAtbhi, EXafme of a suitabl e
X to the par ty I's

aI kyl ar yl rough the aryl.
"Cycl oal kyl " m%'Ane/I anrmmsaamammatlmlmydrooarbmmgrmmywmm maybs piagghtarnpri si ng

bout 3 t 10 b t b
rons. praparhed SpLFaRRRY R Tl eBPAP2Y AR AR Ry Sione. The
cycl oal kwl’reMebeanqntgroupk yntaih sbouttied abhdut Eheadmormaoens m thg chyainem

e the sane or. dif nd .are def ned above.

SN(I;ES} : ';nu ﬂ'@? g%ﬁﬁeg?%yl gr&upgtﬁogt%m&{fgggéwogpgg}?%n 7 r2:‘§/cl opr opyl ,

cycl opentaHain O3 fd it e abié thahené Y nacid foherldlkd.grdlaps Isu&htammmwnpl es of
suitable nulticyclic cycloal kyls include 1-decalinyl, @?lﬂﬁ ;ﬁn% adamantyl and

the |i ke.ethyl or propyi.areatiashied jo-a fraakalityhFain- dePwRs "TRed aryl and
cycl oal kﬂroﬁg H%Rf.hg%oh@ﬁ%rhbd?ﬁ%f@arb@a abvﬁscmh@aéwhsvméﬁ rh&pse wherein aryl

i s phenyl consi sts of about to about 6 ring atonms. The

aryl cycl cdraigt @ahrems:hg& iThedery "supstiuted @H‘Yry' "@@@Sdhahﬁi%a'kw AU/ st em

bstit | ud
Thdanyl d0a pe,SPstL{Ed D BrE I THORS sbst E“iﬁ"“"fﬂm@%“ﬁ%ﬁﬁ"ﬁb'{"ﬁe”pzrent
moi ety i Hifferanigaash rsubsuwmt:emg:mnéaaﬂv selected fw;&hﬁ@!@mcycl oal kyl "
means a gIOURR bYRlid, BB r&P%?glo%rl ahdalyh Q@yyéuk,ﬁﬁnsef' ned

her ei n. ary ¢y c are t’h I'S phe and

het er ocy droiid yNH{ahgil)s t-NHﬁtydwbvl)S-N(@|Mbuca®myr@chr6r(@)(3w5y o
o LTt A ShARbE Mo SRR SRR AR BEIRIZEGy TRBRR! 19, oYt e
s3s5 0 Theopwpyl baditAeutyhr ent noiety is through a non-aromatic carbon atom
"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
10



"Al koxy" nwamosesadskyl -0- group in which the al kyl groupdrausgso7pnemst ousl y
descri bed including the optional subsitutents. Non-limting exanpl es of
sui t abl e al koxy groups include methoxy, ethoxy, n-propoxy, isopropoxy,

n- but oxy and heptoxy. The bond to the parent noiety is through the ether
oxygen. "Al kyoxyal kyl " nmeans a group derived froman al koxy and al kyl
as defined herein, including the optional substituents t he parent

noi ety i éhaﬁhéﬁhe'ﬂweg@llmay be substituteg) By Qpﬁé?{wor‘?’rﬁ‘dh%ﬂéfeﬂféo B'Cg‘erl ved from
an aryl ?ﬁ‘%{ B}e‘iﬁgen § d?%ffé&%t hes i &mé.tnﬁéﬁﬂbemgtuhaep@hu@ﬁw sélebsdd t uent s.
y

Preferred S are those wherein ary lp and the al kenyl
consi stsfm?nalmegrospmnamg@aikﬁnﬁfyl’ﬂﬁ‘é‘ %‘féﬁll‘)ﬁ Q%TQOMf‘érﬂSt% % is through

a non-ar orgr\a gﬁﬁ%%bg)%é@’n%hegg 1, oyl | |ké(ra/,l|o, Emgw dkdifiy. derived froma

aryl and ® rnc the optional substituents.

Pref er r edN(atlyil)a) W(chk:aiksd)ﬁ.hoadmuyeamﬁ% -alkybﬁwpnam the al kynyl
consists of about 3 to about 6 atons. The bond to the parent noiety is through
a non-aromatic carbon atom The suffix "ene" on alkyl, aryl, hetercycl oal kyl,
etc. indicat es'pakﬁiuwaheéﬁnmh @nmhaac bydrocﬁfﬂﬁhligroup oehltga'hiﬂgaat leasi ane

par a- phenyl e I—g Lfg ah ﬁ {) [l nil %ﬂ) rine, brom ne,
or i odi n@afW@m’P@B tdple bondAnHav 'ElﬂIrB?Y Q%Falgp ff Reanchiedandg o preferred are

f1uori ne @RoR&the dBBUL 2 to about T8 BarsHEARIMS ibgié thaint "Pratamsd allguiyst i t uent
attached to an aromatlc or non-aromatic ri I_g ¥3 nh\ghlch f or exanple
Vs

r epl aces GIAURSA1aveLRlROWY 2 1 §BRUHH2 CREPYT AP 8RR substi tuent s
may be tnﬂ Fc%gB\Pf\bSH{ 56 Alout 42LbAINGmS ARSI, Brén@éhb:d mibahsom t he gr oup

consi st et eroa aral kyl, alk Iy et eroaral k

al i cyl hettbabaﬂ9lor TOER vyer ﬂém#wwmgﬂch a5 W gyl geprogylap xy, acyl ,

ar oyl , t&b cHid {Pa @)é??%law BRXn. "@6\169%5&9?\9@Wéans?lbbbgt(mardmmb
ar yl

ar al koxyc ony aryl sul fonyl; heteroarylsul fo é al kyl t hi o,
aryl thio, carboaratama tl'hih@ chainiwhich may basteight o Ranched, N@g)‘é!"ﬂ PPyl

het | 1 b th
sare or AP EPER GOSN it ofllibs ﬂ“@?@&ﬁ'ﬁ%@‘ﬂfﬂiﬁﬂ i sting of
hydr ogen, 3-&hél&iylbu.&yﬂl Wt&rﬂal'sqbstltuted alkynylp maass, ey ﬁhqrgﬂmgykagrﬁyﬁ. aromati c

saturated no i | t to about 10
ring aton®dy 3? gﬂ#’ﬁ%ﬁ@e%ggﬁd%gf@og%ghp % ﬁtﬁm éysbé. ﬁ{eo%e or nore' of
t he at OWBdlﬁérérﬁleeabhgsmﬁtwntlbeumwa:leymmtencblymea:tbdrfrwarlbemrolﬁ@r exanpl e
ni trogen, r(‘)%/ en o& ﬁg{lfurl al,one ol ||n conbi nation. There are no adj acent
oxygen ant? ung Pf AR A BPgsCé{ﬁ'toaIW‘t he ring system Preferred heterocyclyls
contai n about BAkAr aheils &n Bromatit enenodiutic rahilicaclic ringaystem hi a before the

het er Ocycég}npﬁ'lcs)lcr)'}g about 6 to about 14 carbon atoms, preferably about 6 to about 10

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



nane neanswiolmbs/@ssdseast a nitrogen, oxygen or sul fur at eomespesusnel y is
present as a ring atom Any -NH in a heterocyclyl ring nmay exist protected
such as, for exanple, as an -N(Boc), -N(CBz), -N(Tos) group and the like; such
protected noieties are also considered part of this invention. The

het erocycl yl can be optionally substituted by one or nore "ring system
substituents” which may be the sane or different, and are as defined herein.

The ni t r JidRrQHYLEAR Be entinnally tidizadte the Fer@srerfingENsptenNany oxi di zed to
t he Co”qmﬂgg é)ﬁr%l@é'd?%urtﬁb@(hgf’ereé?@; ﬁfdmé 9ﬁd Nggr&mut ftdngicanpl es of

sui tabl e non c heteroc Cléb rin ncl ude peri yrrolidinyl,
pi per azi rtylenyhm;ghnidmw: isoxazolybipetblazol, oxm@lybrthmﬁ PYIaZIfD'MI oxanyl ,

2N o O SSRGS BB AR 0L o0,

on car borqlanoxahrqﬂlj muihalaztumylalrmdaaohr 28] pwsdingl, ||maia2tdﬁﬂﬂeb}alnlazulgl N or S groups

on carbo cent t er he 0 f.o the ring:
There i 5 beecEieenybaBiSkT ettt b BbaRmA R Bn SRRV auibikbf

" Al kynyl ahii?rachjtylaMegbgghaymmgrrwzlo}rﬂyl g‘lnetu:pyrrmvrztyl,ci:yﬂird:rrepgzhuylny:c anddal kyl are
as previqus esc ed incl.u eQ situ Lelenre

a1 kyny| 8RRz SR e Saam Y Bk gRzaRHOR T bch TARN. BBERM Y bond ¢ o ¢ he
parent naed he Bkd.hrough the alkyl. Non-limting exarrpl es of suitable

al kynyl al kyl groups incl ude proparg 'Het er oar al kyl " neans a

het er oar yl - al Ky¥¥Clgplpyiether faeans %H%’W@f‘@%éﬁ?ﬂngaqoe 19 KyPeaerSs” previ ousl y
descri beq}drﬁﬁhé‘ﬂb% bﬁﬁg@rﬁ’h'témaéndsgbére éaﬂﬁ&hsatoﬁisef ﬁfﬁgaéamtgﬂ’f@bgﬂ I's

contain a | ower aqa/: group. Non-limting exanples of suitable aral kyl groups
|PTO

i ncl ude ptgﬁrsalmryt amdqﬁmahéubﬁvtyew%@wﬁypnt tothe,BRE OXYIeREoRelent i et y
is thr OUQ Het ch I?ehlbﬂr substntuents"l%@ﬂ%XﬁéYing' t'ﬁ)‘éu @H%)é‘/ AL lt ¥t -al kyl

group in e heterocyclyl and the vi ousl Y descri bed
i ncl udi ngsulfys ad@i.onal subsitutents. Pref erred het er ocycl yl al kyl s contain a

I | kyl ) e, !
[ g\é\IBLdéel p?/per [ ﬁ‘wb %&BPM %éhﬁg eri dyr&f’ﬁﬂé ﬁ&‘;‘,‘? ?’& i Jﬂﬁefcq‘ﬁ?bcgﬂtéwy groups
o phol | FSAMPGBYD Al bz EboUEl dgarba AiRDs, rmelfma»blsaaboutﬁ teahglit 10

ol kyt o iooh diBths Myl SatEat)pac o bibdFEMoTBbGRK Sed VBRS¢

non- ar onetyctoatkenyglyrirlg can benoptioraliylsubstitutgd wyith emecamoresiing sgstet 3 t o about

10 f 5t 10 t i ch
o T hearhtBiny B iR il B@the sdria 8 Mlfert AR B biennBa bR, e or o ©
ni trogen, Pxfyaed ayticHikényl rivigsneortbipnsbaut 5 to abﬁbi ﬂamgfmommdkldnhl ch contains

at | east one carbon-carhon. d bI e bond.or car Ir bl e bond. There
e ne ndlABGRaER of GRS manpeyaicrSBR IR Moy Seay D

Pr ef er r edoytfdiehH 518, Bit¥dhdptBag!, apattaknikab pdn- rﬁnttrhgabmrhpﬁa 6f Agupdleres. The
prefix aza, oxa_.or thia before the heterocyclenyl root name neans that at

| east a rf"P"tlﬁyEr‘P cyKloghieny} ISSRPROAMYEBYh r espectively is present as a ri ng

atom The het ergemgliesy targRikyreniRinstirahy-alSgidup ROWRICHORB Y1 aRge ring
system substituents, wherein ™rj ng system substituent” is as defined above.

The ni t r cYEY &P agpraMiouslyHescribg W@l”é*"@ﬂm eRjipnabsusitedRtsonal |y oxi di zed
to the copregnendiiakylt sinifise RURIRN GRoSphBRiNAhPILicg exanpl es of

sui tabl e nonocyclic azaheterocycl enyl groups i nclude

: eE r aﬂygrwgahleﬁralkxl  grogipsyiaelggrhenay!, &pheaewa gagwari!}thalelnyizgethal N
etra r | rroliln rroliln , -
tetrany ﬂ%bbg& to tl’:e;l:]a‘?eﬁf 't"géén‘gh%/ ﬁrSrBPé[g tﬂb%ﬁ; | pyT y Py I ny

i m dazol i raz imting exanples of suitable
oxahet er ocycl ekalgryiUmeana:aan@—ad,yldgrgtm o aHighytrenalkyll aydiaofl aramms |

i 11 oyl VeV BHhEREr o dheifclid e QR SLbRIfRF PSR e Ry’ ©
Non- | i m tecorgpasaspbaer alkyd grdap) Ncmaﬂmﬁ;mj emmble':lbea@uﬁabld alkyllaryli ngs i ncl ude
di-hydrothf r%%erg¥olyl dlrﬂécgo%“ tloot‘l)'ng;%{]rént mole iQ ?hrlolukg%' 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



" Hydr oxyal Wyl 2bos@ang a HO-al kyl - group in which al kyl is pag/gnewicesisby defined
i ncluding the optional substituents. Preferred hydroxyal kyls contain | ower
al kyl . Non-limting exanples of suitable hydroxyal kyl groups include

hydr oxynet hyl and 2- hydroxyet hyl . "Acyl"™ means an organic acid group in
whi ch the -OH of the carboxyl group is replaced by some ot her substituent.
Suitable non-limting exanples include H C(0)-, alk

cycl oal kyfaron)atomset Brefeyredysyofpakyl, ruwajcmtam abpyE/ 5@9@bm@r7'orum in which the
ario ﬂf’& Qﬁgg 0 t noi et
thlou;?l tg%e carm%c?éogrkg}lggﬁyg cyl's 'é’lon alt'ﬁJ%al‘QﬁrgmteI%Iaﬁr{;ﬁ |mt: ngy 'S
exanpl es system swﬂzﬁt&uemgsl' wdriclipsay belthdesainoe oy idjffarest, yandaar.e ps definedl .

desar | bectpnis-uNeRE o ba BRE o Matihe Bordborbit Bleas ol it i 1y

i s t hr ougtydideropyt, myeidperiipn clyclohekply coziampebed apid thel lilah| MogHipnieiagi ncl ude
benzoyl and 1- rou In which the

hayl . . Al koxy' means an
al kyl ~gr oﬁ’ba’?’ei%gftp?tﬂ(ﬂbé%@W"ﬂ%@@r%ﬁi‘ﬁg"‘wﬂ'Uﬂ‘uﬁﬁ 1 ﬁ@céh’l‘ﬁoﬂgﬂ’%’ Bstituents.
Non- | i m t aagmexgirinestheflikgui t abl e al koxy groups include nethoxy, ethoxy,
n- pr opoxy, isopro and n-butoxy. The bond to the parent noiet |s through
bAVIcYcloatkyt

the ether oxygehy RSB F gfﬁﬁaﬁ?”é{ﬁdéf?/ﬂ piusacary! aRAGYClaalkHe arvyl
group is as dBriRYi wbm @.@féh@@daryr&%w&% bhe tiddd %@lre.ﬁ%}r *stpi'r%ﬁy?

Non-limting exanples of suitable aryl oxy groups include phenoxy and
napht hoxyan s¥cloghey! censigts Bﬁabﬁtlfﬁé?éwut ring aiaghs+ Hoecamiaycisajigdn.
"Aral kyl o BEGHR %;,F,g r p as
previ ousl%ﬁ%g’scn @r%ml nc uﬁﬁ]té@b %’?{%ﬁéﬂrﬁ\gﬁﬁ&@nﬂﬂ%&%tﬁ Nltorl?'ng

exanpl es bniting @@m@b&r%ﬂ 3@13@2? a@"@migalkﬁﬂﬁ ineludseinganykgnd de2.8,4or 2-
napht hal e %I’TE’B h i | her oxygen.
Alpkyl t hi gﬁ ans n a yI - g-\é g?%ugr?ﬂs% Eﬁfégﬁrﬁﬁg{g*’%%gh?s tghpr evi oﬁgl y

descr i bednpn@iromiatig aeeongiemnal substituents. Non-limting exanpl es of

sui t abl e al kyl L/gllyﬂ.h Wﬁé&ﬁ@ﬂﬁ?ﬁ% Q)arénb(aeipgfj?hﬁl,‘lé ﬂjs%d &?anand to the

parent noiety i's means an aryl -S- group
i n whi ch hétkerocydioajkpias defiasd rbleeeinOLBﬂejeded(arylbgd!oiaIWIs;drmmdslee opti onal

bstit [ t | t abl | | ud
Shony! ¢ i BMERiRaRyE Ry e iRe fg o 8 hstd Y ahaksJ6 Uk iR e
7l o, Tttt ot ety e
Non- i miti H’lf@?ﬁ %?tq‘ée@tﬁl't %%P@Ffﬂ%ﬁ? Eesgg peﬁgebenzyl thio. The bond
to the paagitieteRidgsiclodliylslimelugb t he sul fur.

F_o :
jSOE

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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WO 2008100Wa/ab¥iis534$2007/ 015152 "Al koxycar bonVYl " means2ev/0akisyl - O- 00-
group. Non-limting exanples of suitable al koxycarbonyl groups include

met hoxycar bonyl and et hoxycarbonyl. The bond to the parent noiety is through
t he carbonyl. "Aryl oxycarbonyl” means an aryl-O C(0)- group. Non-limting
exanpl es of suitable aryl oxycarbonyl groups include phenoxycarbonyl and
napht hoxycarbonyl . The bond to the r ent iety is,through the carbonyl.

" Ar al koxycar bor&b"%ﬁ’é AF2ECH QWU@E('M?Q%L%'.a%ﬁDPi#I? M @Sexanmpl e of a
sui t abl e qHRlaoNeeRs, RRAKKIrY PidPopRoR@aHsHYEIRS bRrefE rredlryfoikehyile arde par ent
noi ety is through the carbony ) sul fonyr nmeans an al kyl - S(02) -

t ¢ . Al kyl su
group. Pribpee wherginvans issplaeryiand the alkeayl eprsigisigliabaBobia BPPERr al kyl . The
bond to t r ' ' P hon- tfiddexioo fonyl " neans
an aryl - é}ggfg gﬁ%ﬁgﬂ@hﬁhﬁ?ﬁaﬁg t %&Bgrtg?at noi eto{/‘ ?rgn?ah;ough t he sul fonyl.
Sim | arl ygtotrhet eroaryl al kyl " "cycl oal kyl al kyr and "het erocycl oal kyl al kyl " nean

het -, BYARC | 5 . i : th
hetoronryl oy ANHRTYY ieplls AGHFAEAERLER riot oflnf¥ and il o Bttt ne
“heter ﬁﬁﬁ?ifg%"*sir‘“'y’%‘b‘ 'f;*“' : *“?%‘?“Fsﬁt“:{ﬁ?egfﬁg{?“@@”{ viwaradiassyr,
" het er oaryNAEIR ASER PESMKL 24 yér(a 8?% 503 % H ﬁa?outBatoms.
Ee: er oar%@g?ﬁﬂ&@?tgé@fdrémi r'ri;\ogétﬁﬁs kmynighaél ; henzaro'r'ﬁr']ahictﬁrbanﬁo?cl oal klenylri(

et erocycl oal ken ar et er pcyc) oal ken er oar eter oal kerwr,
"cycl oal Kyl ar yT!‘eM’&‘%l%cﬂrb%&bltj)I%V {v?‘Pterﬁéﬁfgfgﬁgﬁ'&ﬁqﬁaﬁ"ﬁ‘a&‘%ﬁﬁﬁ&?’g@ﬁg
"het erocycl oal kyl het eroaryr, "cycl oal ker&yl@]_

0

' C i é and "heter oczcl oal kenyl aryl "
si ni | ar | ympigly ee @t €cHabyHzHs edovisngasndn helSPYapRheMYIene. cycl oal kyl -,

al kyl, het er oalilaoqdiPlHPHRbe Adah fluofis! ERbREYbrorRg, Belcuiey ¢l oal keny! -
as previously descrq ed, 1 ncluding the optional substituents. Preferred groups

contai n aPtejareda#rryflucging. ghloting eohtpraive; RadgapenpraigiregharedluadiinGugh t he
al kyl . and cﬁPﬁin erm"optionally substituted® nmeans optional substitution
with the specitied groups, radicals or noieties, in available position or
posi tions. "Ringudystemusubstitugnti nngansalsupstituent atiesheddeyan agmatial kyl |

oY) o R BTGP h Y 15FSkdipl, 4Blcb e B0amibishe 7ing portor
hydrogen on the ring system. Ring system substituents may be the same or
different, each being independently selected from the group consisting of aryi,
heteroaryl, aralkyl, alkylaryl, heteroaralkyl, alkylheteroaryl, hydroxy,
hydroxyalkyl, alkoxy, aryloxy, aralkoxy, acyl, aroyl, halo, nitro, cyano, carboxy,
alkoxycarbonyl, aryloxycarbonyl, aralkoxycarbonyl, alkylsuifonyl, arylsulfonyl,
heteroarylsulfonyl, alkylthio, arylthio, heteroarylthio, aralkylthio,
heteroaralkylthio, cycloalkyl, heterocyclyl, Y1Y2N-, Y1Y2N-alkyl-, Y1Y2NC(O)-
and Y1Y2NSO--, wherein Y4y 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

14



WO 200810043A46%58432007/ 015152 When a vari abl e appaarsoovieist han once
in a group or a variable appears nore than once in the structure the variabl es
can be the sane or different. Wth reference to the nunber of noieties (e.qg.,
substituents, groups or rings) in a conpound, unless otherw se defined, the
phrases "one or nore" and "at |east one" nean that there can be as many

moi eties as chemcally permtted, and the determ nation of the maxi mum nunber
of such maree meanssthadiat leastia nitlagen, PXVOeR G& SHTUf AKYB rERPEFIBEIY IS t he art .

The term . dé%)ﬁ# gt@&' amnﬁ\r&h—aﬁl-ﬁﬁea %Eﬁ'ygg elgbfmg)ﬁﬁiﬁeﬂgt bRsie8RY gnat ed atom

i s replacCe ection fromthe I n group,” provided that the
desi gnat sdchtasyifer example, a8 amel(Bode rN{GBzhxNET Palygisiuc-and thedlse: i s not

exceeded, apd that, t t i I : d. Conbi nati ons
of subst SRR o e BoRHES e sl PahSiied okl & iBVERRGETIHEC BT ons
result i mesémdyglycﬁapmgldsﬁo@lly'mwéﬂtmeddnpouedir roore' Sirgpsystetr uct ure” is
meant a coppound that.is suffigiently robust to_syrvive ] | 10 a useful
degr ee oﬁ_“ggp ‘{%Ft?rWhicﬁ‘ may e _ ﬁ??%h?re&%%ﬁ%“f Spﬁlﬂréﬁeso%&ﬂﬁa%hgﬁéléf fi caci ous
t hgr ?Pteufl!l'f‘e Al Hon %&@mﬁraf?ﬁpet i aleyosydiitdanibe dptionais ogidlizexh &
substitution w e specifie roups, . radi cals gr ieties. It, shauld al so
be not ed t@ﬂ&@"?ﬁ?ﬁoﬁé‘_ﬂ@ &a?’ﬁﬁ?mgtq%"aﬁ%tsé' 8‘8&"{?& @ﬂeg@"‘ﬁﬂgtﬁ%@"ﬂ@?ﬁ' Olschenes,
and examy @sbie rRinbdysli@hetErBey&IgI MAYE indedd piierism pyrrolidinyl,

piperazinyl, morpholinyl, thiomorpholinyl, thiazolidinyl, 1,4-dioxanyl,

tetrahydrofuranyl, tetrahydrothiophenyl, and the like.

It should be noted that in heterocyclyl ring systems

of this invention, there are no hydroxyl groups on carbon atoms adjacent to a

N, O or S, as well as there are no N or S groups on carbon adjacent to

another heteroatom. Thus, for example, in the ring:

4
2

5 I ;’
N
H
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,
15



atom t o satviosfoys/dosesaval ences. Wien a functional group inpaTomowishists termed
"protected", this neans that the group is in nodified formto preclude
undesired side reactions at the protected site when the conpound 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 Geene eta!, Protective Goups in org{ani c Synthesis
(1991), \WipeyidyléhylysyroligHeretanly meiphehinwpserylr Binesazinyieditvione tine in any

constitue I f endent of
tedet i o pmethgl ot B bRlah AR S BERE, CEAE Bo% BaB07 015152 he
term "sal pamﬁtmd_et)eiqﬂ‘mqughmalhyl gdmmt es acidic salts formed with inorganic
oo o °han. gy ABoi by BTG kAt HBdoY Rt BFRRS, 20 L,
o o [TRreCHEe, Ml g eysen i atod o ot somm . B o
For med arftoms ARt alBaebeuYs i eheut 1pfindaftpS in wiich it Gemors of e °

Phar nmac e Uaopad Imtr\%cﬁﬁgks?b{een i$ af.elefift bW CthaPhdrbeh Ofir&danypiaccept abl e)

salts are preferred, although other salts are also useful Salts of a conpound

may be f JNHEEEN 9?‘3’9&'31%Isé'"Ub?tcPfBaéqu\‘PgOram&ﬂmBlﬂﬁ'oﬂt gRd y¥highs@ntains aci d or
hase, suci [88s6Bng isiiah RAGRblo bing oFRdi bR HiFads aBBIG Bonl oh the sal

precipitates or in an ueous nmedi um ['1zation.
Exenpl ar yT'aeraja@jlotaObaceJalqwgen@um@r auléma@@ns aesanidn &re ripaysiees,

camphor sut faae o P AN TG T 2 fas R, SBouf b g gaporates,

| act at es, pneéuu@?taegxarmm&gmredhatlmﬂquiﬂmr@@mneonaaes thatu atrleast,

oxal at es

tartarat esﬂf}f(?#’é}? %&ﬂﬂéﬁégnuf% e%%!'gg (alpragéﬁ{ogv\%ggé' qt'a-res ) and the

l'ike. Addnehemamlgnylauardbe\mmlohatly substiteted by arener dmremngsym for the

o ons AR b PR A b B an i B PR o o

Pﬂar mac e uhitroglen3mi saﬂﬁ&at(:ﬁﬁé’f?ﬂ\eﬁlﬁétb(tjo@cléh IIEarmelbﬁtlohaH)eomdlzemhwf thga of I

Parmaceutl 1986 201-217: . An The. Practice of Medicina

Cheni stry® @iféﬂ (geléé?? Rfe&r§6€ 'dﬁg]gof’r{ il Bk (Food &

Drug Adm mléﬁﬂ@wmcm&mfmmc?ﬁ@nypgrdm inchels | tze? A- Thgse di sc: ;)sur esI a(rje

i ncorporat e erei re ce e enpl a asic salts include

anmoni um Shiafyd r%ﬂ’Y{éFM if\vgmvgldyﬂcwﬂhx%nmpyl,|1t»%@.ﬁ¥n and pot assium

salts, al Mahge rtdym’euad; ea&rhhyamdyraﬁ:dwz:p m:mﬂ sagpRstingnsal ts, salts
ases suc

Wi th organic oé or exanpl e, organi c am nes as ‘di cycl ohexyl am nes,
t-butyl dmif@goling ?M’@%O'Wyl':ha’&?ﬁhﬁ)m&ﬁ:lM%n'é'ﬂﬁﬂng@"amﬁ'% ﬁésultﬁ@ﬁne and t he

: i ke. BashgaHut ércsz%lbrmrajrauag %t@@@@ﬁﬁdm 8@#@?&5 iRGdrotitdhyRgent s such as
ower al kyl halides (e.d. and buty chI ori des, brom des and
i odi des), tmré?mtwdremraavle@npéhg likgi nghl;mmrm @sawple giha suitabley| sul fat es)
l'ong chai guifhiche dxbRietbrobfShyl &Yk 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
16



WO 20081004 3/ab¥ah58432007/ 015152 and stearyl chlorides, brengeso7ansisk odi des),
aral kyl halides (e.g. benzyl and phenethyl brom des), and ot hers. Al |
such acid salts and base salts are intended to be pharnmaceutically acceptable
salts within the scope of the invention and all acid and base salts are

consi dered equivalent to the free forns of the correspondi ng conpounds for
purposes of the inventio The rese tion al so races

i sot opi c&qsﬁf'pﬁﬁem'@jbEBaﬂBJH%?%‘Pmt he %Vé%g?fp mﬁﬁt‘ié‘dwm Clﬁre ?@eﬁdenti cal
to those J&fd E68talithabler Rittyl S Nor-IRitiféxampleofsitatiiorae fyagmqo@re repl aced
by an atom having an atom c ‘'mass or mass nunber different fromthe atom c nass
or mass roelbde fagnul, Bgehd @nd piepamoylke. Exanpl es of isotopes that can be

i ncorporated iqQ By %BQHQ%}]Q@I tg@)) a IrP\HhIdFﬂlh%d@wl §RIRPRSaPf hydrogen,

car bon, nltrogen oxygen, uorl ne and chlorine, such as 2H, 3H,
13C, 14C,priGidusihB8desdritted Bmduagnhemonasmbameem The bopedtoithel v

or acodur deerknh Qs BRRRTHR GaRhePFT (R IpRRGIERAOEE RAIBNIT " T0 oyt

i sot opi cakroupbanhelLdd Umxsmanﬂolr-naphthoyi sot op| cal l'y | abel ed reagent.

The inventors ve au risi covere opal groups in

conpounds conth %ﬁ“@ﬂ-@ gPyR! 'fd' ?ﬁt‘ﬁéﬁﬁy&l@ |iSe%%rrpl e, ketone

functi 0n%regfdm;lyideﬁbﬁ@éudﬁ:lu@ingtthenebtlmallmmsthrﬁs chlmmm groups, and

doubl e bonds, |ncI udlg%é oybl e bonds .c g d wlt t her functl onal groups
Ak gPUBRdigHES

havi ng ddeFABPISS Xyrgrugsd eglt%lpf *¥an be oxi di zed

t o provi GeoprdpdxyCard ACHUGRF! THeOHENd RY tiik ﬁaﬁéntﬁﬁbw iothroiigh tue ethani f i cant
oxi dation occurring at the sites of the other oxidation sensitive

functi ona‘P’F&f%P"br esent in the substrate, and w thout double bond rearrangenent.

Surprisingly, @ibﬁﬂ;ﬂéhh@% &@lldl%;ra‘aalnﬁtvﬂﬂchyh@akw@anpns @xi dation

conpl exes descri herein. ‘Accordingly, the present jnvention is a process
for provi@iavipusly ﬂ@sgﬁbﬁﬁ "?QlH@HQoW&IQR‘Pﬂ%SH%W@PF%t RORJHPIUNG both an oxi me
and add't Al S OS le drapgé iriiddie phaasy aMer espiRhoxy Mhe ket one
functi ona ups can ive conver ed to” oxi me functional groups, it

is a pr ocb@ﬂdt@the perwWDsﬁtwns tirough the @dherges/g8nro functional group into a
ensi 11 ve functhGHaBE) AR AADAIRESY, SRR LB OB A brlp W agly (R0 O
the pres eptewmwsmtiesnnbedanq:ludmgsﬂnefmtlctm spbetiiusings blormimitindconpounds of the
SE et Ut o B i ool Ry B e DAL 15 g -1 provi st on
conpound Adphihaldreerpetanss Thebondrto3haeareM inoiety 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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The i nventwoeops@seas conpri ses providing a sol ution contpgimusagh7ans@xi ne to be
oxi di zed in a polar solvent containing an aqueous buffer and contacting the
oxime with a nol ybdenum oxi dati on conplex. A pre-fornmed nol ybdenum oxi dati on
conpl ex can be used, for exanple, the nolybdenum conplex of Formula Il Formula
I wherein R3 is a benzyl group or an aryl group, each of which is
optional |y substituted with al kyl substituents and R4 is ﬁelected fromlinear,

br anched, ~or équcarhany omagsist N abvEQ-6Gh oy NepdimFBeEAIPIRS| ybdenum
oxi dat i of CORRLEX Sx ﬁwﬂ,g,hg@%ﬁ@%&uaemm,@baruaw:arhpnzyl . Qther anionic

nol ybdenuni oxXi t| on cata own are also suitable, for exaln’pl e, those
descr i beéthuyxyBarbendr Thet band te;yhe@atentlrogm '5( \souabdhe pagagny The

i nventors have . surpri.sik conpl ex suitable

for nmediating &(&‘ng‘t%bgg'wor{ﬂggﬂgt%%r mggﬁltt |nve:1?| on can be

made in gixhmglys o$ sogablecapyioajcanbory g;oups;mawd@ohs@maamnybaa e in the

of ol o5 ePTSBREALS Yo ThE KR R P S KR CESBE s 1c.

of nol es

Nor eover, the diNpdR@kOESr ' ineand drhatalkytOG(Q)b deoup Horahmitng conpl ex

prepared from sodi um nol e and xi de c n be al ly,

utilizi n@mﬂ@ﬁlﬁa}f(ﬁﬁu'ﬁp gﬂﬁ"@ °€W°§(5ﬁ1 ﬂg fg)g)gcg%‘sghﬂ ?\L}éﬁ&armunt of

iutgstrat cfrf?.lﬁ‘)et Qleﬁgmmwgthf@jgmﬂ-@éarbo&yﬁqw vaI ents of peroxide to about
equi va

nts of peroxi de "based on th rate t be oxi di zed.
It is preferr ed\lkudsu%nylh@?ﬁnﬁ anq! 'Sf?ﬁ‘&??&mb@r g{f?ffé ‘i)ﬂ%?‘éq Cwith conplete
oxi dat i 0'}*\8%#\#9\1 ﬁgﬁﬁé aiks Hroul AVBNerfigN addd I@dih@ftotﬂi‘@par@ﬁtunblety is The

results o e oxl dation process of the present i nvention are sensitive to the
pH of thdhmugiatha)aulfﬁ!m'um Accor di ngly, it |s preferred to run the oxidation

reaction int h?\rﬁ p rﬂéaﬁsl%ﬂ'{ é,g[_ tgg . td Bpadeathdparaite, for
gac nal aqueous

exanpl e, by -ad nventl 0 er made from sodi um phosphonat e
nmonobasi cmbietp g thepughdhe sadfionyh ni xture to a pH of from about pH 4.5 to about

PH 8.5, The bULfgliahy REHS QB IGPOLYEIBANGRIYIMLABCRBRAGRYSoGARAS] C salt It

is preferred t n anoun stem whi ch mai ntains the
reaction Mnumheteraamﬂ cdycfcrallnylabobetqwcynlealﬂw'-alkulxtgrpHpsn?JVthh the Because

ol vent o UReerRah Sy BRIETBRILRRYT B G ahd ss TR BESHhRIT! Y Pre"
acetone, RAGLhHRV lﬁrﬁdéletodﬂ\rfhatahd taélvis “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
heteroarylalkyl moiety includes substitution on the ring portion and/or on the

alkyl portion of the group.
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The oxi datwonoig@ssdson can be run at tenperatures from abkeutuRe@asmsabout 100
C, preferably the tenperature is maintained at fromabout 40 C to about 60 C
during the oxidation reaction. In this tenperature range, the substrate is
conpl etely consuned (less than about 5 nole %remains) in about 1 to about 3
hours. Longer tines can be enpl oyed, however, the nitro functionalized product

of the oxine oxidation of the present .jnve t nversio

. nt
ket one under Méaan gagr %‘%é@?ﬁ%ﬁs ggt b?Br? A@cdoéd HJ Psglvoénr%b(rr%actl on ti rrgs
can decr&?ﬁga,@ hbPe GAPEHBE i tied dtrubture the heablad earbbeithersama aonpound of
the for WO 20081005344PCT/ US2007/ 015152 R- CH2- NO2 (113 ) where Ris

i near, diffemenled or cyclic alkyl, linear, branched, or cyclic alkenyl, linear,

branched, or K'h It I
t as toents,
aryl cycl oaI kyl anégfae?%/ﬁ&eltt%} ocygng{aéifglm&b o (&d uﬂ»stu bs op?r?)%ﬂ;ifcet erocvel.

substit uhngs)am alebimpmiirics urﬂgsaj@themsaaﬁ@fl@%tthsmﬁﬁeﬁ oYY ed in a
process wh PHQ 5&,&% 'r%emé’ Jt'tﬂe e?ae%ﬁ’ﬂe”?s Hfadm&étré@bgchsrﬂ&ny OH(16) where

R is def I um o ate 1 n hydrogen per oxi in th
of a sol pennitiad, fa?fdetﬂiet@etermihaﬁorf obﬂneamautmmwragéappws JEPiﬁ&eﬁﬁn%eNgK/gls%ie

nol ybdenum oxj dat i o
st rahe .Xgrgmwl%withmogwgﬂg' ﬁé&i‘?ﬁ%énggﬂsﬁﬁﬁw 28%nown 1n the art starting from
oy Se°obi o il B AR WO R ka1 T L
thlhlssocr’slr ther ??‘Eg?’”“b""p”"mnh ectelastian i tie mslicatgdi@odRd Bei | stein at
prepare zp@]ﬁ'@@%f"hét meaaﬁ'ﬂaafféfg}‘%ﬁjﬁe"&%mé* nlgmé%btg%réﬁgmgt Lgu:)?:séﬁt
i nvent i oRjlcBhfit8Hce® indr eessRidd)any thpathergubstitutipouaguli® Uba(ﬁa\@et o formula |
compound. Combinations of substituents and/or variables are permissible
only if such combinations result in stable compounds. By “stable compound’
or “stable structure” is meant a compound that is sufficiently robust to survive
isolation to a useful degree of purity from a reaction mixture, and formulation
into an efficacious therapeutic agent.
The term “optionally substituted” means optional substitution 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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NO2 (111 Awondies@issaR is H, |inear, branched or cyclic alpcy) '

_ ) , ) us20pto1 o2l |
substituted, and linear branched or cyclic al kenyl, optionallymgﬂbstituged,
wherein the optional substituents are selected fromone or nore of
::teryla:kyL,taIkyny:a:ty:, cycl oal kyl, cycl oal kenyl al kyl, aryl al kyl,

ylaryl, heteroaryl al kyl, heterocycleal kyl, optionally substituted WO
20081005344PCT/ US2007/ 015152 hetero%%ghoaLkanlg 4

g][ Y![ Egt fer ocyciTée! teym, 3@3@)"033 RRIRRY$S Sﬁ'f‘o &y lég%%gﬁr%%]f%@r&%%y; cg$ound
ot oup by\ﬁh@‘dbgﬁlasr;ﬁgbﬁ%ﬁﬁﬁggﬁgﬁﬁﬁl 85 RBIl 48basrRyenlistigrineel withal protecting
inorganic and/or organic bases. In addition, if a compound contains both a
basic moiety, such as, but not limited to a pyridine or imidazole, and an acidic
moiety, such as, but not limited to a carboxylic acid, zwitterions ("inner saits")
may be formed and are included within the term “salt(s)" as used herein.
Pharmaceutically acceptable (i.e., non-toxic, physiologically acceptable) salts
are preferred, aithough other salts are also useful. Salts of a compound may
be formed, for example, by reacting a compound with an amount of acid or
base, such as an equivalent amount, in a medium such as one in which the
salt precipitates or in an aqueous medium followed by lyophilization.

Exemplary acid addition salts include acetates, ascorbates, benzoates,
benzenesulfonates, bisulfates, borates, butyrates, citrates, camphorates,
camphorsulfonates, fumarates, hydrochlorides, hydrobromides, hydroiodides,
lactates, maleates, methanesulfonates, naphthalenesulfonates, nitrates,
oxalates, phosphates, propionates, salicylates, succinates, sulfates,
tartarates, thiocyanates, toluenesulfonates (also known as tosylates,) and the
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. methyl,
ethyl, and butyl chlorides, bromides and iodides), dialkyl sulfates (e.g.
dimethyl, diethyl, and dibutyl sulfates), long chain halides (e.g. decyl, lauryi,

20



of for mul awlol2008200692m a conpound of the fornula: (b) eomuentingstshe
conpound of Fornmula V with to an oxine of the Fornula IAX RO NON (1A and (b)

oxi di zing the conpound of fornmula (IV) with a peroxonol ybdenum conpl ex conpl ex
or sodi um nol ybdat e/ hydr ogen per oxi de cat al yst. Preferred values for R

in this process include is hydrogen, alkyl, substituted alkyl, phenyl,
substituted phenyl, benzyl, or substituted ben

, i
cyclic abRglisteapt chiarides, mcmwea,iocaﬁeﬂ,i%{éﬁ%’l‘ bﬁgﬁﬁgggﬁée%%‘c :?kgayl,

opti onal Ly-subsh ibrhfdes\ RS tRetd’e optional substituents are selected from
one or re om:tﬁeny%?)kyﬁ al ﬁyﬁyl al kyl, cycloal kyl, cycl oal kenglliyal kyl,

aryl al kyl, al k)l sugh aciisaltnans baiskysaltstriedniRAgE R RYIPhasHECEHHF

substi t uted heter Qe ik TRY sebiyof 1AL YhRrkldPakd il #i¢and base salts
are considered equivalent to the free forms of the corresponding compounds
for purposes of the invention.

The present invention also embraces isotopically-labelled compounds
of the present invention which are identical to those recited herein, but for the
fact that one or more atoms are replaced by an atom having an atomic mass
or mass number different from the atomic mass or mass number usually
found in nature. Examples of isotopes that can be incorporated into
compounds of the invention include isotopes of hydrogen, carbon, nitrogen,
oxygen, phosphorus, fluorine and chlorine, such as 2H, °H, °C, '“C, N, °0,
170, 3'p, 32p, 358, '8F, and *°Cl, respectively.

Isotopically labeled compounds can generally be prepared by following
procedures analogous to those known in the art by substituting an appropriate
isotopically labeled reagent for a non-isotopically labeled reagent.

The inventors have surprisingly discovered that oxime functional
groups in compounds containing oxidation sensitive 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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WO 2008100warkab¥ins84$2007/ 015152 aryl het erocycl oal kyl , eadmafs2udvioakusk s
optionally substituted. Modre preferred values for Rin the inventive process
are conpounds wherein R is hydrogen, alkyl or substituted al kyl wherein the
substituents are hal o, phenyl, cyano, hydroxyl, alkyl, aryl, cycloal kyl,

cyano, al koxy, alkylthio, am no, -NH(al kyl), - NH(cycloal kyl), -N(al kyl) 2,
carboxy and --C(0)0-al kyl. Especially preferred are bhose conpounds wherein Ft
i s hydrogen orneidition, the presentinueniigrl iHR PSSt 1 el@?&'ﬁ"‘%ﬁ%ﬁﬂ @hd 1V) is
conpleted, the res i i mMedaddia

hydr ol ysPQW&qﬁﬁ&Jbecr%rn@Qg%#?gﬁ?ﬁgﬂ cl)\wntgagté?g dtr?err%p@%}/ or in_a place
separ at ethd pesvisibe dfyTinonytsindReceptooAntagoniats; dor erarprlensopssld |1 A) can be

carried out ,in situ wthout i |, ON ds of formula IV
are ei t h&FeRIBRICPA™] ﬁgmghunéfPLﬁ{r%ep%:&tesggsﬁb@Ff§Fﬁg Enoain synt hesis (see,
e.g., US 6,063,847, herein incorporated by reference. , The hydrolysis is
performed by using an acid in a solvent at a.pH o f : 4.5 to about
pH 8.5. Pref erT"éQj'raf(ﬁrﬁ'é’efRfPCPﬁ%cﬂmﬁe?ﬁ@VW@P &oge°'{+{'§'g]r°gﬁf§a"@f‘§§" such as HO ,
HBr, or '&ﬁ@édo'&%@d&%d’\ﬁiép@hr@%ﬂtmmamg hinracueans! lyffgr-ard uene sul foni ¢

aci d, canphorsulfonic acid, carboxylic acids and Lew s agids,. w p-t ol uene
sul f oni ¢ contarting e adsie pitbra AW deun PIdRIAN FOIMPIRX. %‘c‘frﬁgg%gaar and
moder at el falBhyPbYRRASN dAfipRXLE o usbaohfl kamplel iHemolfisdaman, ester s
and ethers. "Preterred solvents are acetonitrile, acetone and tetrahydrofuran
("THE' ), agnplexcdtFormulalle and acet one being especially preferred.

Hydrol ysis can be preforned at tenperatures ranging from0O 2C to the ref

| uxi ng tenperature of the solvent selected, preferably fromabout 20 2C to

about 40 C. The oXiommulsald be prepared with or w thout isolation of the
ketone of formula Il. The oxi may be formeeqwi th conventional reagents, such
as hydroxyl am ne and a base, flor exagple, as described in detail in copending

U.S. Application No. 11/331, 324, fil

d nuary 12, 2006, which is incorporated
herein by reference, preferablly,

@Xy[ ani nd¢ h{drochkoridetand pyri dine.
Wien the oxine is oxidized w thout~ ion, jit]is prleferred to conduct the
hydrol ysis of the ketal (conpo n® | i mm xedq ag¢etoniltrilgiwater with
p-tol uene sul fonic acid. Follow ng ¢ | etion |of thf/ﬁ&d(ol ysis reaction, the
reaction mxture is adjusted tp a pH o ¢ |pH I?“byﬂc‘e‘}ddﬁf'ion of an 26

L =

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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WO 2008100 d4b¥ib53492007/ 015152 appropri ate anmount of aquequss2e0disize hydr oxi de
and then add the hydroxylam ne and pyridine directly to the hydrolysis m xture
to carry out the preparation of the oxine. I f desired, after
preparation of conmpound of forrmula Il A by oxidation of the oxinme of formula

| A, the oxidation product can be purified by a crystallization process. In
sone enbodinents it is preferred to crystallize ound . froman acidic

the co
sol ution conprVsieuyerhtheciovgotara havedoundtthat e ﬁ’ﬁ’gyt?/%? m oxidAta bl y where
the solutjon h Iy hfar,gp,?}gu idd'e géeg ably where the
pHis fr 8&%88?”%??@‘{@5@%?'% N a;}%%ﬁdeg%%%ii rrentag tj(g:'rn’pl oying an acidic
r ecr yst aldataigtically, stilizingdnomi abaug 1§ efcieYeedf saslidngasiyhdatedbaged Pfoduct  at
anbi ent tenperatuyre and,then cool_. LMt d . which it
preci pi té‘f‘%?"??lb‘#u ‘?efr?é’% e it%ﬁ).e +’ﬂ&%§9iwétxlbf5%ﬁnée%l§ f? %‘gér'gf' gsr §1ted to cool to
the sol utjeBxide ta drimer. atleguivalénisesisparbaideabased OnGhe amount o some
enbodi nents it is preferred to. prepare. an acidified i t he conpound
of For mulsbsiate B?ngﬁﬁ?’ﬂqi\'z?ae It RIS ?2°HF9§€8|’P$‘HB§8L§H°§E’F% up the crude
conpound S;RJ okl Birisidtehwihn@ithpRite BRiddtioprofceTsubsitzge ao preventr i | e and an
aqueous ooTl um phosphat e npnobasi ¢/ sodi um hydr oxi de buffer, heating the

sol ut i on,dggradationof they PEdWHper at ure of at |east 40 C, cooling the sol ution
to a sub-anbient tenperature, preferably cooling to a tenperature |ower than
about 10 C, and acidifying the solution, preferably to a pH of at |east about
pH 3, nore preTheabsyits of %ngﬁt'ﬂﬂmfé%‘iﬁjt?fmngs&%ﬂb{ﬁ'h'ﬁﬂ e preferably
when thi S QU BRRON fd SHIdh the Wttiatkh fledidi Addcitiingly, e srkeite@o kawper at ur e
is reduced to a eﬁnﬁeégtdl}rt_ggo a%out 5e C or |ower.. &I@n sone enbodi nents,
f ol | owi nghehexidaljan etddtioa indhemreseace 6f aj huffer. Fuitahile byftess €8P R&t t he
precipitate by.v fiLtratid g@?g / J BBeMidbuE b Wat er and dry
t he \/vashe'a"afjlgr {or-fraec)ééé e hgla%ldéﬁga rart r{g@g\ﬁf géﬁg‘gu%veneterrper ature of about 45
C. sddienf phosptiorteanohobasicng batfenthe seagtiorpmixibsr &P adH 1of ffeoMm at e
further the pr nt .inyenti [ Y {‘R&"H{ gkirh! ed in the art
that many? ‘éﬁ‘ﬁiﬁ%a it%ﬁ‘g’, “vQﬂ]%tf’r 01;1%\6 'ghgggf erati ngk{égh{?ﬁ%%or }é]sent di scl osure,
both to 2ghd¥prtsifiéRmMHEET £:820074 Pi&ibE2d to use an amount of the buffer

system which maintains the reaction medium at a pH of from about pH 4.5 to

about pH 8.5.

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 Cto
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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matj_e][i al s, woedoboalssand reaction conditions, nay be practircarus2@d7iorsiseh
nodi fications, variations and alterations are intended to be within the spirit

and scope of the present invention. EXAMPLES U i
. DTS . nl ess oth
fol | owing abbreviations in the Exanpl es bel ow s erwi se stated, the

i _ _ =mlliliters =
= nelting point DMSO d6= dinethyl-de sulfoxide All NVR data is cglleg[ggsonm >

400 MHz NWVR spectroneters unl ess rwi se. i.ndi .
. ,ndi cat ed.
3- (5- oxi mecycl ohex- 1-enyl) acr yﬁ-&'g—?}lﬁz( 5éf1 ed. Preparation of

where R is linear, branched or cyclic alkyl, linear, branched, or cyclic alkenyl,
linear, branched, or cyclic alkyni, aryl, arylalkyl, alkylaryl, hereroaryl,
heterocycl, arylcycloalkyl and arylheterocycloalkyl, each of which is optionally
substituted as defined in the definitions section above,

is prepared in a process which comprises oxidizing an oxime of the formula:

R-HC=N-OH  (IB)

where R is defined above, with sodium molybdate in hydrogen peroxide in the
presence of a solvent buffered to a pH of from about 6 to about 7.5 using the
NaMolyOx molybdenum oxidation complex described above.

The preparation of oxime starting materials may be made from
procedures known in the art starting from, for example, the corresponding
hydroxyl derivatives, compounds which in turn may be obtained commercially
or by modifying known procedures. One skilled in this art would have
publications 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

O

NO
RO/"\/\O/ 2
(IIA)

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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12 Wwo Mosooshuee- neck flask equi pped with an agit atrerruhbernonet er and a
nitrogen inlet, 660 nL of water, 99 g (0.52 noles) of p-toluenesulfonic acid
nonohydrate and 110 g (0.52 nols) of 1 were added. The reaction m xture was
agitated at 20C for 20 hours and was then cooled to 0 C. The pH was adj usted
to 6.5 by addi ng sodi um hydroxi des aqueous sol ution. 40g (0.58 nnol) of

hydr oxyl am ne hydrochl ori de di ssol ved i g added to
the reacti on hatatagyeloaikerylatyhayisyRPA Qﬁg?@?é&éﬁ'g%%f Wrrpound 2
preci pat ed as & | yi eI d 74 g (77%. mp. 204.5 1H NWR
(DVBO- do) 612° %fcb% h?‘sn%yéﬁ?émd‘gd 7.31 (d, J=15.8 Hz, WO
20081005?cﬂﬂl‘=3cﬁbnusaoaa/dflﬁeﬁarrmuoa 6.38 (s, 1H), 521 (d, J=15.7, 1H), 3.09(s,

2H), 2.36 (s 2H), 2.34(d, J=5.31, 2H). Preparation of
3-(5-nitrocycl ohex-1-enyl) acryllc acid (6) .

~33

av)

RO

said process compyrising:
(a) removing the ketal protecting group by hydrolysis from a compound

of formula Il to form a compound of the formula:

(b) converting the compound of Formula V with 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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To a 3 threenesksidsask equi pped with an agitator, thernpmateRo@nds@2nitrogen
inlet, was added 730 nL of water and 100g (0.72 nol) of sodi um phosphate
nonobasi ¢ nonohydrate. The pH of the reaction m xture was adjusted to 6.4 by
the addition of 25% sodi um hydr oxi de aqueous sol ution. 73g of (2) (0.40 nol),
97.8 g of sodium nol ybdate di hydrate (0.40 nol) and 730 nL of CH3CN were added

to the reaction mxture. The resulting m xture a t fol | owed by

sl owl y whagarseyqpaw,mm%wbwsgs%}‘ma@zé S&E%&gsscﬁ%i%i@mﬂgﬁe

mai nt ai ni gg t ﬁpg&% oRpoiunds wiheatein & ) goeat ed at 50C

for 1 td G’?’f‘an ﬁ{é)ﬁhgg%}péggﬁ)s ?d%c Next a soluti Bgnﬁf cg,%‘]gz g of sodium
e.

sul fit e diikyl &3 substitutedtadikylwaierainie substiiuenisE o P € reaction

m xture was then, agit 1 ] Hkylhad)caraineg eRtH(aligl), ender vacuum
To the riyslex nawgtﬂﬁg%&ﬁ@%ggggc Sta(riraﬁoﬁl}ét er, and the reacti on‘?r;réture was
%

cool ed tqHaG ik e-N(EIkyl)s, ealjboxyand SCLOMORIKY I ESREFRNORTEIPTTS

hydrochl ori ¢ acid agueous solUti preci pitated out and was then

filter edhoﬁﬁm%‘%éjﬁ?"ilﬁ?&e‘f‘oﬁﬁ ﬁgi’{]"%&}g%}t _l'l i ght brown col cir,ed sol i d;

yield 69% m pgelbgdiol 8islog~tﬁ3ﬂdffélz(3(abﬁ®od“ )dwzsgom'etﬁﬁ) ,‘“‘7."%‘?8‘? %;)15.523 glg

1H), 6.28 (s, 111), 5. . J=15. : g m , 2.

(tl;?s 2H) lset.(gnee(cgn)zzma/) Qé&‘)b.e 's&%‘%é%%@%i‘ﬁﬁmg%%%ﬁsz Purification of

3-(5-nit égﬁyéigfg?f?%;eem}ﬁe %ﬁé)ﬁl’ﬂ\@a&_ﬂifc_ﬁ igCagphnersema)ratEd‘iéOWounq 6 prepared

in accordance w anple 1 was purifje [o]1[~WNe] . on

pr ocedur bydrdwsjs,e@w@‘“g'ﬂon to the '@ea@?"tp%w@@‘)né%’wﬁgg‘!ﬁéééﬁ E)'})ed with an

agi tator ., tggm&zgg%&a oA MeNlidibAgeTdrmpelndsas fadudd 19Gre &jths Conpound 6

pr epar ed LY e, n}_ of water and 350, of acet - f the

sol ut i onkwewnddjthstastior 6ap b wade wm%&tmh?we s&?’l&%ééa{édgse%%?gg’m?i on at

20C. Thegzﬁﬁgzi ﬂeh&ﬁqné&jpg;agdq;y Aérdrve.1 hour, then cooled to OC, stirred
’ a

for one our at "0C and collected via filtrati Il ected
conpound 6 wasThabhdblysislis perfiarmeddry uspIRN agid in %ﬁglgﬁﬁ?gtr%?’t?—l g@en set at a

tenperatyre of 4 t | 1 pgefr&PEBRIYTEr habyofdiysibingudel i d (88. 2%
w w yi el ro']amqlgpgg‘*ﬁﬁév@“%%ﬁn fred compound 6. was character zed by m p.

162. 8C ( BSipepasatidposmt) aamCl HBMRY HoRER. &k a9 well@an oiggnic fC, (4 - 57 =
15.8 Hz, 1H), 6.28 1H), 5 = ic bdid, chrBdxylie. adidh, 2.74 (m
2H), 2. 339( 8?‘%'7‘93%15}'?"‘29%-32‘??@’(éngdzéﬁf“p&‘r%é%’efm'ce’ 2 ! xsfgto a2 L three
nggkdf gg%&fgghwgadidd, zdﬁhaprs:-t?géhatsmﬂfpnidmidthﬁEﬂQr"‘??%irﬂ]’egarfﬁ’@r Q%fr‘?gﬁﬂ ;at, wzs
RdUcous Z8Piverel OFIPIPORIG LB B B9 e e oL R B ret pH 1o 6. .
Pr)] abave ﬁiﬂjilgé,i Q%}oé\@t%, égﬁgﬂ aﬁtﬂhéihgrspfP&fer@drﬁgblﬁerdﬁoﬁfgﬁﬁeﬁﬂm_@ﬂ'eacet onitrile.
soFu![o i oﬁ?gqgiélngms@;%@?mrﬂ&?aé‘aﬂgb&b%ﬂ n%gegf{?ﬁ?'(ragl o?d%%ﬂﬁ% ﬁ?ggge% St he end
of 15 m nP£§écié refetpdie Was cooled to a tenperature of |ess than 10C. To the
cool ed sol'Utron Was added 60 niL_of 37% hydrochl or.i ' epstcSipleut i on to
adj ust sol uti oMMﬂﬂOly@'ﬁoFﬁf’ZchPrﬁﬁPrg?e(zﬂﬁ%Bﬁ%‘é’%ﬁoﬁ@%ﬁygggﬁﬁ@?ﬁ grt gCi pitate
fromthe ik Mg Bf §its BeWehpselethed, preferablydnomeabo ¢
2008100532%‘%@%]#%%%I % Ot?ge:LSZ cooled to a tenperature of |ess than 5C and
stirred fabouohd0&ddi ti onal hour while maintaining the suspension at a
temperature belgy 8hmélahite Gitbabd With BowAthbbEisoltion clinedtatang afas

collected via filtration. The coll ected conmpound,.6 Lty col d wat er
and dri ed formala lhi Theraimeoney bastormedawith QPU?@g@%aggﬁg%H%v%de 44.7 g of

Conpound S‘y?ﬁ ?g‘f%ﬁ‘['m% %@gsé)bﬁge (139 k¥t aé albdcriibed int Yol ihdopsndine purified

conpound was characterized by. mp. 162..8C. oi nt
amralr'[ilEJ 1- NWVRS. Ripdication No.101/231 8241 Iﬁ)e;c; éalztza'%//d%f@éils”.%’éicw’,g %@8@%9( Is :

%H)og g ;g I'quﬁ’air‘ép;r%%rgnclz_g,’pé@rabﬁ', Y dkSeyldiline Rydrbchiriddhind pyB8ir(ers, 2H),

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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VWi | e t he woesesmossgaventi on has been described in conj f )
. . j un®idrors2uiosishe
speci fic enbodi nents set forth above, nmany alternatives, nodifications and

variations thereof will be apparent to those of ordinar i i

_ I _ y skill in the art. Al
such al ternatives, nodifications and variations are intended to fall within
the spirit and scope of the present invention. Wat i lainmed hn 1. A

prat:tete ter pr.oparlog a Qtatipound ar tha fo 0, reinlt is Ec
|bl nezrslﬁr1 . BpRIRFate @F“Q‘quf@%{qoﬂ-ﬁ 5:°J3Wﬂ3ﬁ£5?ﬂqea%@)g{4nu??% ,~and | i noat
r ar mhody 0k Y RIrhe dhd BYilinedditd aRalhsslydolysisahixtitiorid Grhgutibel onal
subt ai tuonWurn ani mated from 91 1C or note of aticenytotkil, arksayiniiw.
eyetioni pre_;pqaratnoyaf@aemuwl al kylt aryialicyll aviary,, heterearylalicyl, hey.

eroeyel eal i cyl ' ' i t r S
vt yuyarom iy B S ebrepAEr Ll g A AN LG
mob: ai Nt aite vRiene bb foimwladdy the akidatian rades et be AUEREAPY 2 om one or nore of

rillanylakyl, ullonylalkyl | oad t: Y 1 t oAal i
y t
aryl eSO A EYs, S b R g pE el st ot oAl LTy
Bﬁte ﬁ; Iocyeioqfsgddnn;ﬂgm hhcidiosplutipnl aahgisingdhe Wmd)raﬁegwiﬁiiﬁ #d tm at
enyl, rryfino. xyl, rpdicyd.. atyJ, 4 FCV. i i
am no, - ."‘!at.el'"i?"ﬂg"fb?y4%"7§)'e: ﬂ"é iglﬂ'gﬁ o ﬁiéfﬁk@’% %ﬁw ?‘&g b?:gdr#?os:ig, aﬁér thart
;;S‘ngi ?‘S?Lﬂgﬁ{é pidfeFbIp WHEraithe pbl 1 fermeatioutipkbBlta atiow’pH21In some ;i d pn. woot ;
embodiments employing an acidic recrystallization solution, it is preferred to
digest the crude product at ambient temperature and then cool the solution to
a temperature at which it precipitates from the solution. In some
embodiments it is preferred to cool to the solution to a temperature of less

than about 0 °C.

In some embodiments it is preferred to prepare an acidified solution of
the compound of Formula IA from which the compound is crystallized by
taking up the crude compound of Formula | 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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ti) istaelwionmmodsidstal pronoting group by Itydroiyeis (01696)
forianda Il to forma compound or the tettlyitt?/itt yroitgmtggnggoy@over?mjl gf
cm:orrpound oillarraela Ai, with or without, ieolotioet 16 thn tud nme orthe
&wolo: a  mdb) Oiditing the ondi poundoribmiata (IV)w thh

| aeitetetti A Ybdentl xii ebanpl eie conplex or sodium nol ybriatet itydroen

peroxi de eatelyat. 2. The procsiiss, tecorcli 1.aim i i
2%/:1[) Oi _, trgalanaﬁs,ir.nythom reagtian ‘é‘PWi‘?nﬁl 'Uﬁ‘}f;b% égaocg'tc ?P Ut'%lhs%%xi " %Ie'[ _or
st muégﬁcgﬁgng‘,"variations and alterations are intended to be within the spirit

and scope of the present invention.

EXAMPLES
Unless otherwise stated, the following abbreviations in the Examples
below:
mi = milliliters
g = grams
m.p. = melting point
DMSO-ds = dimethyl-dg sulfoxide

All NMR data is collected on 400 MHz NMR spectrometers unless otherwise
indicated.

Preparation of 3-(5-oximecyclohex-1 -enyl) acrylic acid (2)

R o 2 NOH
HO/\/\O © Ho/u\/\g

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 'H-NMR (DMSO-dg) 812.2(brs, 1H), 10.5 (s, 1H), 7.31 (d, J=15.8 Hz,
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1 The procwemouw@S¥qal ing to claimL wherein U it; hyd

_ ( _ _ . ; r 0.PCI/ t
substituted ethyl wherein tile Athinlll:14.0.1S 10/ 0>1/ phOOYI[g??)Jﬁ;ahtg?yd?atyl
snap, 4, Tit pto etegt tid4C-04K3iktg T.C QAirn $ Wierein It itt hydrt ’

methyl, a lower alkyl, bruntyl, or substi i . 1 gua,
aCcarcling to el yl, stittnuti bortzyl. 5, the prowsé&

tiimMNvhcroin the hydrolysis is perfO ned by using an acid in

a solvent at a pH of from about H45f S 1
accor di rid), &. 3$&$ mtd), Sabedd) ¥ §Eﬁt310>3£§ &H’ué% @%H?ﬂ s he gr %Cﬂﬁtsel

(;ICI '?'h or _%éagg t he sok, vont |Is |aCraPnhette. neetane or totrahydrof br an.
: e tC40reI|tat to claim®6, wherein the nold Is p-ael ecnet

selleolt acid and tho solvent In tetrobydrciihrnn or S. acctonitrile. Thu

ipgo;:rgzstéccor di r@q}ﬂgaﬂéa%@#%%ﬁ% %e%?wéﬁgﬁ,er hydr ochl ori de in base

o 0

/“\/\U N32M004 Ho/u\/\g 2
HO H,O
2 6

232

To a 3 three-neck flask equipped with an agitator, thermometer and a

nitrogen inlet, was added 730 mL of water and 100g (0.72 mol) of sodium
phosphate monobasic monohydrate. The pH of the reaction mixture was
adjusted to 6.4 by the addition of 25% sodium hydroxide aqueous solution.
73g of (2) (0.40 mol), 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) 812.2 (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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IP. d '(Ij'_he prwoesss/@sear ding to claintl-whersin the conver sipen/gongsise t hout

ad: I ing the ketone. IV, The oreeest according to olaint 1, whe'dja the
im \?vhySt' i s a poroxornol ybdoeum conplex  U. itidlorbdGsS &Stalling to claim

erein the Deroxonol ybdenum conplex is tlzerrivr9002131)414W 12.11W

praeoss nenorsling to claim1, whorcia tho catalyst noditurt nar -
bdat et hydr agen i ker osi de D. The pr ooes \>//vh
cat al ysPuirilcatien iirocye 1) 3CLY, 95 ox?(rje!t " lijto
solvent tor the oxi datl on i s ecet oradl e, 14. A conpound of the/Anth& and e

whototi it, to Loptiotially aiibmtuted all Flb
optional |y subisé icomipmlina 6mqparedpnlQQ%QTSQ"%%M&pélfé)'g%‘eeyéi%%g%hbgat ggt ?Ingflo![y

subst|0|lcdc | o.aliten |y substituted nryl, opti al | y
[ t
subst i t (RYeeNe é‘f"PtﬂHrtnc ﬁ%’?ggg{’#%%bstl tuted tillw a?/yl gp![ io(r)]{rjllla: I>/y
gubatl tuted hat- unary!, optionally nthstituted heter ocycl e, opt
et ﬂ]ooyerl ool | ccc%yt , optionedly subettruted aryley. or opti E)nal |y substituted
In'[yl o'lt Ieﬂ.wﬂ_%&l_kyl : 5. Tho ecnllpatind SecOcl My to claim 14$% wbureln
L T?] OptiQuelly Slabstituted al kyl or opti onal Iy sisigsclinted othenyt
uconpound according to einittt 14 (\i\,he e 7
into a 2 L thrée neck flask equippe DAIHCAR & aghtator, {flerfidmter, and

a nitrogen inlet, was added 50.0 g of Compound 6 prepared above, 500 mL

ionsily luted

of water and 350 mL of acetonitrile. The pH of the solution was adjusted to 2.5
with 5% hydrochloric acid aqueous solution at 20°C. The suspension was
stirred at 20°C for 1 hour, then cooled to 0°C, stirred for one additional hour at
0°C and collected via filtration. The collected compound 6 was washed with
cold water and dried in an air-draft oven setat a temperature of 45 °C to
provide 44.1 g of Compound 6 as off-white solid (88.2% w/w yield, purity
97.0%w/w). The purified compound 6 was characterized by m.p. 162.8°C
(DSC onset point) and '"H-NMR (DMSO-dg) 8 12.2 (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).

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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17. 4 pr OP4ARS Jobgooshiss thoustion of is ithro.containing cewpus0oh7iessd
nooxhi ncr. Cettprising oxidizing an oxine with sodi um otol ybdate and hydropren

peroxi de. , tic procoss of claim17 whorcht the Adltirl CAtlpatiad
contains also at 'Wst one Miety selected- rroma carbon. carbon double bond
and an oxickatiori sensitive tu national group,’ 19,, Tbe rocci 5ofclaiai 11

whorein the sodi um Mol ybdaire La 1, e at in.a I 10, The pre
ceaS cl sioolds$taAdPEINGTalHE %fd%ﬁ‘s mﬁﬁ@aﬁ%}ffé‘a‘%f‘%@%’%‘% bg?ﬁ"g’hggﬁgﬂlt i am)ulrcl)t ,
21. A pfmmgiﬂfaiﬁﬁgltngr@g ehbion &fa MrApbiatupe Betww 6A@l iAttherarsl ot r conpound
whi ch contains al'so & she of unsistura2 lion. a ?I/ r o en &i onality by
di [gct (@ve=heuethe solikgomponngiGwas @ﬂ?&@ﬁ&&l‘?‘aﬁ' ré'?'BUp F?'i%%g% by tt neg
yitin enters VI Qa%m& iePIAn Sirtdraft éhatdi ng u
enbstr at‘iQ'BPOPQMS ﬁ,ﬁ% centni nltﬁ)g?oé%%tﬁgafﬁg?zlti onal grrf)tgﬁ‘; (%b:rrr%f 1 =- 1?1- 0111

a temperature of 45 to provide 44.7 g of Compound 6 as off-white sol

(89.4% wiw vyield, purity 98.1%w/w). The purified compound 6 thus obtained

was characterized by. m.p. 162.8°C (DSC onset point) and '"H-NMR (DMSO-

de) 5 12.2 (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).

While the present invention has been described in conjunction with the
specific embodiments set forth above, many alternatives, modifications and
variations thereof will be apparent to those of ordinary skill in the art. All such
aiternatives, modifications and variations are intended to fall within the spirit

and scope of the present invention.
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wherein 170" and | e arc scinntad Inclopoissictely from Ha-our,

bl anched or cyclic alkyl und linettg brunched or cyclic al kenyl
groups, optionally substituted wi ds cuehoxylic, aster, halo, phenyl,
cyarto, alll/4yl, anyl aryll cycloalityl, cyan*, el kotty, alkyittla,
-:-Ntoycl ostity02, -carboxy andC(0)O al kyl tionality' or It  and le
arc takca tr.:Agatha to ibrat a eyedoal kenyl eubstitutatit w dth
itiddiellally substituted with one or nore groups selected front

| i near, branched *r cyclic al kyl and finagle, brenebpti qi cyclic;
szjimy) , functional groups, each otwhich, mY 11/ Sl one* be
substitutcd -with al kenyl. -carboxyl aeon hal o, phenyl, oyatuai
alltYli aryl, cYcloallSYl, cYano. =MOM -1, 1(al kyl )21 and
-14(cycl oal kyl) 2,, functional groups, with the pireVi SO t hat

ati 1Xtat ono of RI; or R2 contains a carbon/oarbott double bond; npd
(I'b) contacting ea Ed substrate of Formula | with raol yb denum

oxi doti On conpl ex conprising a mxture ofilydrogett persodsle.anti
nol ybdato ;all EO catoti from sodiurn , .

npl ybdat ¢, andpot asswhanuhighybeat ep t hereby oxi di zing rand cotinme
functional kroup toi-a& mpiser Fromerirgnakogrredph tofepidbd t he sauclLure al
Formuirt gc--1103 R2 Forman:li wherein RL and 112 urn tut clefincal
above. 22-A process for g4he infrachntign afaitzeljaap®ruacti m

.?‘l{)z

Rex

wherein R is £, linenr, branched ar eyolic olkyl, opoonally ..
siberinied, and Mnedr bradehed or cyclio allozyl, optionally
snbpiiteiied, wlierein e opticon] substilbonts am gelested
from poc or more of skegdotiod, allynyialiyl, ayclanlkyl,
sycloallcenylnlloyl, agylalicyl; alliviary), hetemaryinlior, Dot
etoeyelealioyl, optdonally subsitinned heperocyaloaikenylox
Toyl, aryleyaionikyl. and aryihctorceyelonliyl; oacli of Wisich
s uptionully substitoted whersip the optionns] subatinsnis are
seicoted Trom ong or mose of alkenyialky], albnapdalkod,
. eycloallcyl, oyclonllnyinlinyl, anvlathyl aikylnemel, Boteranry-
Iaiks, h&tmqiynleallfyl, apticmlly substitated hereryoy-
clgalkeavinikyl, oryvievelonliyl, wnd wylheiorosyolonlkyd,
halo, phenyl, gyene, bydromyl, alled, sevl, syeloalivl, cyano,
alkoxy, allylthic, aming = HElkyD), —MFloyglopikyl),
Nty D, coiisy and ——CONO0-alkyl,
from, o egyepound of the Tormnin:

S P

ro* A@

gnicd provass comprisingr
&) rsnaving the Eetal pratesting grovup by hydeolysis from

a8 compound of ol I w foan o vompound of the
Thrmnla:

tm

(I

Tollowed by soverting n compouncl oi formula II) . with
o writhout, isolation 1o an skime of the foennln:

)

av)

fea”

mnd : :
b) axidizing the eanspovnd ol formuls (V) with s poioxo-
molybdenun complex comples or sodlam mql‘}hdaim’
Iydropen peroxide cotalyat,
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II'lto F1 conmpound whi ch contains also a site of unsaturas don and/or
oxygen ilinctlonality by direct (one step) oxlda- .. Umelan

oxi knof uncti onal groupnedi ated by a nol ybdenum VINI | peroxo

torapi cec, the process conprising: (a) Providing a substrate of
Formts | containing an oxinme functional group; Fontanel wherein R
and Ra nme sel ected independently fromlinear, branched or cyclic

al kyl and linear, branched 'or cyclic al konyl gmps, apdonally
substituted with carboxylic. ester, halo, phenyl, cyano, alkyl,

al kenyl aryl, cycloal kyl, cyan, al koxy, alkyltlxio, -;-N(alkyl)2,
-N(cycl oul | gea, -earboxy end -C(0)O al kyl functionality, or It' and
B..2 are taken together to forma cycl oal kenYl substituteut which is
optionally substituted mﬁth one or nor e groups sel ected- fromlinear,

breeched or cyclic % and 1in ranch -0 c al kenyl
flirtations: | nups g ‘ﬁ’ STy iyol ”‘ @’;’%&,’[’ ,@é“'&inmmm td
Wth alkellYi, yOSﬁ;I’JLGrh}E-,su{e@iti emwi udo p eny cyano al kyl, ttryl,
cycl oal kyl, cyano, '@ lepxayroeepy 4=‘tr t“ l't)""‘"m 191'."-%!13

¥ bigfyd-
--14(cycl oal kyl) 2%1;1@&9ﬁgﬁ§i % Wﬂﬁg?ﬁ“ﬁﬂ@““?ﬂﬁﬂ?ﬁ that et |aist
ono of Rl or R2 cont;a;tmsmﬁ.aﬁla tﬁ@’r OOl ecen 10 omekirogund (b)
contacting sold substyiad b“’eﬂf’-'lhéf'tm% m1*'*"-t)t)\‘-'‘t‘Yi‘“‘t‘él"'Lﬂ"tﬂf‘ybdenum oxi dat i on

conpl ex conpri si ngi,fgr fesesoptivnn slainnt wharg E‘Q@'gﬁm ex, thereby

oxidizing said :m g 151{14; mgrmﬁlp to a n| (to I'nnetional group to

yield the str ucture sohmﬁmml Bedeltiby (o cldfinMEwhk@inlis Lald (- 1402
peinlnape gulfple weld, & minel asid, or SAC ond the sol-
vent is acatonliriic, nootose oF wwirahydrolues,

7. The protcss eéording o cloim 6. wherelns the agld is
p-lalnsnds snlfonié seid und tho solvent In tetml:ydrq;lhmu aF
agetoniile. .

8 The prnwss aouonding o clulm 1, whergin hydmhy-
lemaine Jordroehloride in Base (g nzed w sovart the katone 1o
the axime of frywda.

P, The process secording to clmm 1evlidmin the omversion
oesury without izolaling the keionw, '

10, The privast accoming to olaim 1, whersin the catolyat
is a poroxomolybdogum complax .

11: Tha provess sdennding 1o cloim 1, whioreln the peroxo-
molybclonin: complex {5 [Bal™ o), " Buf Y,

12. The process neconding to elaim 1, Wharsin tho eiulyst
iz podinm moly bdate/hydrogen peroxide,

13, The prooess nccardmg to eladm 7, winrein 110 entalyn
for the oxidntien i sodivin Llybdaie/lvdrogon peroxide
and 1 kolveo Tor the oxidatian 15 scefanitr]jz,

A4 A compovnd of the foonnla:

1Y)

B

wilieriin K 8 H, eplisnally cobzttuted alkyl, optnnully sub-
etitnied #lkedyl, optibaally substitated allyayl, optionally
sulzslituled uyaluaiky‘.k apticioally subainied syclaatkenyl,
opifvanily subsiteied oryl, oplioinily subkinued acylallyl,
aprioanlly sabelitired allgylary!, aptionally subatituted het-
wroaryl; optionally substimterd hetsroeyeld, Gpiona)by ssbaiis
juted hereraeyelonllcay!, optepally substivntd  aryloys
eloalkyl, o epmiopally substifoled nrylhetarooyolonlkyl.

15, Thié compougd surorling lo cloim 1d, whersin R s B,
aplioually substiteted alkyl or opdosally substinited yhmy],

16, The compround necording 1o zinha 14, wheisin RisHor
methyl.

17.A, proviys for the fhaiion of o nitresponiuiniug com.-
pound faam a0 wiine camprising oxidizing an oxlma win
sadivm nolykdate and hydrogen poraxide.
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It* wherein. Rt and R2 am as‘ defi ned above.

18. The procoss of slalm 17 whereln the o Gotapotind
eniitalns also &t laasl one mojety selected from @ carbons
earkon deubls hond and an oxidation sensitive fanetlonal
o, ' .

14, The proeess ofelaim 17 whereln the sodiutn @ lyhuate
i# progont 0 a catalytin Soinl o

20, The prosesa slaim LS wherein the sodinm molybdats is
present in o catalylic amount,

21, A process for the Intreduction of pitro-grouy fitnetion-
ality into o compound which codudng ules 8 site of unsotur-
ion wnd/or pxygen funclionelity by direct {one siep) oxidu=
tion of an oximoeTuietionr] geong mediated by a miolybdenin
VUV purozo nomplox, the procoss comprising

) ﬂl_:\miiisling n subsimte of Tormiuls I contrining an oxime

Deriona BroE; :

: :
P}}éu——bu ' T
Y]

whersio R} snd 7 ore scleeted Independantly fhob lin-
uup, hmpehed or gyclic alky] wd linetn brugchsd oF
cyeliz alkenyl grovgs, optionally substituted wit eare
kexylic, ester, hale, pheayl, eyane, alkyl; alkenyl aryl,
cycloalkyl, oyang, alkoxy, allkyhbio, ——NialkyD,,
--N{eyeloptkyl)s, ~carboxy and —C{OI0-alky! Nine.
Hionnlity. or k' and &7 ore wmken together w foem o
eyalvalleany] substitutant wihiel jg opliopally substitured
with ane ormore groups selecied fem Bnsar, branehed ;
&r gyzlic alkyl and linear, bmnchad of cyclis alkenyl
fupeclonal groups, each of ‘whickh may optiosally be
subsiituted with alkenyl. -cadbony, estor, bale, phenyl,
cyann, olkyl; aryl, eyclaalkyl, gyane, alkexy, alkylhio,
—N{alleyl),, aud —N{eycloalkyl ., fimetonal granps,
with the priviss diot ot least oneof B or R? centalos a
' carbon/onrboi doauble bond; apd
{t=3 contueting snid gubstrate ol Formula ¥ with & raglybde-
awm oxidaton complex comprising a mixre of hydea-
gen peraxide apd molybdate salf selected frons sodivm
molybidnts, and potasshum molybdates, thereby axidizing .
-sid oRupe funstlonal group to a nivo functiosal group
1t yigid the slructure of Pormula T,

]
F\cnmwa '

7 3
RE :

whereii R ood B2 are oy defined abowve, :
22. A procesy for the intraduoiion of nitro-group funation-
ality into n eonypotingd whisl: containg alsy a site ol insatnra.
~ tion and/ar oxygea funetlonality by divect (one =ep) oxlda-

Fravvda T

Eormuta 171
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‘tion of an oxime functional group mediated by amolybdenun
VIVIL peraxs complex, the process c:omprmng;
(u) providing a subsirie of Formuly I containing an oxime

funetional group;

. Forawial
l\e=z«:—-or{

ra
RE

wherein RF and R? are selected independently from [in-

© ey, branched or cyelic alky! and linear, branched or
evelic alkenyl groups, opiionally substitated with car-
boxylic, estor, balo, phenyl, cyany, alicyl, alkeny! aryl,
sycloailyl, eyano, nolkoxy, alkylthio, -——N{aliyl),
u»N{cyclnaIkyljm -cmhnxy and —C(O)C-allyl fwae-
tionality, or R' and R?* are taken together to form a
cysloalkenyl substitutent which is optionally substimuted
with one or mare groups selected from linear, branched
ar cyclic alkyl and lincar, brasched or eyelie arkcny]
funectional proups, vach of which may pntionally be
substituted with alkenyl, -oarboxy, ester, holo, phenyl,
cyano, glkyl, aryl, cycloatkyl, cyane, alkoxy. slkylthio,
—NlalgyD),, and —N{eyoloalkyl) z.ﬁmctlnnﬂl gronps,

" with the pravisa thul m Jeast ons of R* or B2 condaing g
carbon/earhon dovbla bond; and

) mntactmg said substate of Ponmula I with a mulybdr.-.a-
num oxidation complex contHsing an mionic molyb-
denum peroxide complex, therehy oxidizing said oxime
fonclivusl group to o rdizo functional group 1o yield the
structure of Foanla 11,

Formuta [1]
! '

,QH:"“NO.‘!
2

wherein R' and R? are as defined above,
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