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WD 2008/ 115153 PCT/ SG2008/ 000087 1 N HETEROCYCLI C

CARBENE (NHC) CATALYZED SYNTHESI S OF HYDROXAM C ACI DS
wahbdos/1gpd i cation clainms the benefit of, and PeCT/66200§/000087

from U S. Provisional Patent Application Serial 5

No. 60/907, 133, filed Marchl122, 2007, and U.S.

Provi si onal Patent Application Serial No. 61/006, 771,

fi NeHETEROEGYYIIC CARBOME WMHC) angTaAiyZED rsyNTHESISe OF

herein by reference._ _This invention relates to a

process for prepari ng*PROXRMFO xBTS aci d conpri si ng

reacting an al dehyde with a 10 nitroso conmpound in the

presencerQfs ad¥inglarieqy ¢l rfahfNg (D sat alnst .
BACKGROUND Hydroxam c acids play a nunber of roles in

prigmidygéroot, Bi-&.odincatishetadi detremitc Apmpricedsisus Sadial
syst . Accar dj nal r%)gﬁic aci a '

No'ar@/g’gﬁt’ilr]#é ffgﬁbeé:i IMlgan]%//délst%ate dnd 't glﬁr&c\rﬁ%m ses:hyonal

Patamd RippdheEtsiory Syre ateiNo . dacwmested.,. fMEFDXEMuary 30,

~_acids have been reported to act in a nunber_of

2008/t FEiEh 2dSpHRATh 9 Cqpamadicny Pes Salt ibactehsgnce -

antifungal and anticancer agents, and as specific
enzyme 20 ;inhilRidfliSn U8 e MY X YA GRS B A ing
ion chelators has been reported. A number of groups
a hiysrexeager ed dreanpe 1 §imge steiagatiingn agf ahartosdariwith a
..acids in_hu .Cl i.ni c trials s dr
ot FRER PP R ddbr S el Pt ygreddiic carbene
(NHSYNidaesi1Zistg hydroxami c acids are of 25 interest due
to their pharmacol ogi cal, toxicol ogical and

at hol ogi cal properties. Approaches for synthesizing
%9%59&9%11 c aci ds have been reported, including :
reactions involving the acylation of hydroxyl am nes.

QG her  patyjawey@&niforlacEydy RasHZ ianGunHEOXaM o las ds haveange
of gﬁﬁgééﬁggﬁgggki%%Séﬁgﬁyyg¥gﬁf§¥g$$g§;SJQMgQQJg%QPG
Accordingly, hydroxamic acids have been and continue to be
investigated and their’chemistry and biochemistry éré well
documented. Hydroxamic acids have been reported to act in a
number of different capacities, including as antibacterial,
antifungal and anticancer agents, and as specific enzyme
inhibitors. Use of hydroxamic acids as metal ion chelators
has been reported. A number of groups have reported on the

investigation of hydroxamic acids in human clinical trials

as drugs for the treatment of several diseases.

Pathways for synthesizing hydroxamic acids are of
interest due to théir pharmacological, toxicological and
pathological properties. Approaches for synthesizing
hydroxamic acids have been reported, including reactions
involving the acylation of hydroxylamines. Other pathways

for synthesizing hydroxamic acids have been reported,

including reactions inyolving the oxidation of

arylacylamides.
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aryl acyl am des. WD 2008/ 115153 PCT/ S&008/ 000087 2
Preparation of hydroxam c acids involving the

w0 e@stiisans of nitroso conpounds has been repor t BAI/SG2008/000087
Ni troso conpounds have been reported as exhibiting a
hi gh, reactivity of the niZroso group._ The
pol ari zation of the nitrogen ,5 oxygen bond,

resenbl pagphhatieh bhehyefbﬁam@xygemdbomdvbmvang the
carbonyl group, results in susceptibility of
rea@héOﬁ.@Fo@étr@ﬁ@usomBOPﬁ@SaaaﬁtP%ﬁnoreﬁeéFerhuNéErOSO

com§%8ﬂé§aﬁégg BLen aro%ﬂk@¥§r8§agkﬁ199tgﬁg'BVHh&theact1V1ty

e.reaction of tic nitroso conpounds Wt
of oeaunidsosn gheupres@heepoﬂaamzdt&omOOﬁeUha hasrbgen-

re The convers n aromati c, nitroso
oxyiEhobias ThREaRIRB st 8t HeT trfgBhtb88en pond in =
carEBh§ﬂ1@EogﬁpeﬁégﬁltseﬂﬁYBﬁéce§ﬂ§51&§t§ ket egbuhatabeo
drogenase, pyruvate decarboxyl ase and

gro@Pa%@kEh@lé@@lthﬁg Béeﬁuﬁéﬁépbéée?seePr?Bﬁré%&ﬁﬁl@f
caLb J
-2 T g ey kPR e 11885 Sat Ay rar BfeRseRatic

nltrheoecnmpoandscmibhtbxoatlas 15béhgeprlseﬁce Gdr betitdic

T 11983, 765) . Ma ,
medfa ohas Ras FERBEEEH -t nobCorRaBEaialy s 2 PRREL POl troso

comPbaMbde; adoehlhebenhireansdkotsBakhfi beeneatbpandddt
ni trogen. (C bond and carbon-carbon (C C) bond :

enzymernt boAl ERappkesost-ubrganecaeRYfrPEcCaRepoRYTUVate
dec%gégg%igge ESQCEkgﬂgkekgﬁggglngF Eb%ho§gp%qub see, for

on~ of “enam nes ective orm ng
exambhydromybatﬁokmtones,Cbabetbeeﬁ RepoDbedgese®,. Ror J.

| e, _Yamgnoto, H an m N., J.
CheyaSBs508 ian o5 IndoNEm JATaanR, Tevhranoes. Ligrein:
andY@H§HQ£9; i, 3. ;ABber§Rend . Sac; 2006eti?98.1890)y. Wary.
groups have reported f hat N—heterocycllc car bene

SOCeaPQKVSﬁsTéaﬁsbe1u§8§3ﬁo?GﬁétaI-free C- C bond
formation via the nucl eophilic "Breslow internedi ate",

or Many groups have reported that organocatalytic

reactions provide an efficient means for metal-free carbon-

nitrogen (C-N) bond and carbon-~carbon (C-C) bond formation.

Examples of organocatalytic C-N bond formation
reactions, including N-nitroso aldol reaction of enamines
selectively forming N-hydroxyaminoketones, have been .
reported (see, for example, Yamamoto, H. and Momiyame N. J.
Am. Chem. Soc. 2005, 127, 1080; and Momiyama, N.; Yamamoto,
Y.; Yamamoto, H. J. Am.  Chem. Soc. 2007, 129, 1190).

Many groups have reported that N-heterocyclic

carbene catalysts can be used for metal-free C-C bond

. formation via the nucleophilic “Breslow intermediate”, or

the homoenolate equivalent species. Depending on the
electrophile, different types of reactions are possible via

both intermediates.
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the electrophile, different types of reactions are
w@omsilkdies via both internedi ates. WO 2008/ 1158GBSG2008/000087

PCT/ SG2008/ 000087 3 Exanpl es of the fornmer path have

been reported, including I®nzoin condensati on,

wherein an aryl al dehyde acts as the el ectrophile,

and the,:Shgited Jeagtd obriiensith M chash assenied,
acts as the electrophile. Oher exanples 5 of this

inclpadinthadrentmion eapbrnetidme R TRLT cfoxaFehct F SNy dof
e
a Mir&agdl anscepiunt ddigs decHormenod abeh i vadeidr examples
o TiBER 1A BRI KR O EARA ST O He e SO nER 3 T LS

o 4RRRERGARRIIYCG, AT BERRRL O Tolh B YRR S AR

est&hesigehmi &MVARY 15 In one broad aspect of the
present invention, there is provided a process for

preparing a hydroxam ¢ aci conprising reactin .
B Gy dSRR 14 OF 4 te oo T Toest pres et Dring
the MEn S A ¥6d - o dil AL DETs B OBk asPREtLOEn t hepBEESENt

invention, 20 there is provided a process for
inclrepag i b torhiaal on hydicdeasind sacivd-adorfird FAnt

a a-branched al dehyde wth a nitroso

azare tt{%%
. azaybhpound’in the presence of an achiral NHC catal yst.

In a further broad aspect of the present 25 invention,
t here impproviidesl foprideessréparprepar oAghadrekembt acids

_hydroxam c aci d. coppri Si reacting a_ a-branched

us 1 dErfilel Ui TFALL 1 E G5O COMPORINt S not HeLBT bSeAts BFShred:
chiral ‘ V

SUMMARY

In one broad aspect of the present invention,
there is provided a process for preparing a hydroxamic acid
comprising reacting an aldehyde with a nitroso compound in

the presence of a NHC catalyst.

In another broad aspect of the present invention,
there is provided a process for preparing a chiral

hydroxamic acid comprising reacting a a-branched aldehyde ”

with a nitroso compound in the presence of an achiral NHC

catalyst.

In a further broad aspect of the present
invention, there is provided a process for preparing a

chiral hydroxamic acid comprising reacting a o-branched

"aldehyde with a nitroso compound in the presence of a chiral

NHC catalyst.

N
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NHC cat al yst. WD 2008/ 115153 PCT/ SG2008/ 000087 4 In
still another aspect of the present invention, there
w0 goopnosaszied a process for preparing N-propi onpCDEG2088/000087
phenyl acryl am de. DETAI LED DESCRI PTION 5 |I. Process
for Preparing Hydroxam c Acid In an enbodi nent of the
present invention, an al dehyde may be reacted with a
Ni trosor¢oMpPOLNdah S Ade 2 PESENSE Bhe o NEKe gt Bhysition,
prepare a hydroxam c acid. A Al dehyde 10 The
thezg dehyrieowhieh Freprdecss eboF nPEPiRa BieE eNTPTPRVRRY Ry ~N-
' rcularly imted. In an enbodi nent of the
phe%ﬁ%éég%fgﬁééétion, t he al dehyde may be, for exanple,
and without limtation, an al kyl, alkenyl, alkynyl,
DETAVEEDaVKYECRIPTYCN oal kenyl , aryl, arylal kyl,
aryl al kenyl, aryl al kynyl or 15 heterocyclic al dehyde

I ich ma bePsubstLtutﬁd méth ope, or , nore
—;—gghﬁﬁiia%%£s—ﬁﬁ$%$5%$e~¥%%3§3# fferent. In an

enbodi nent of'the present invention, the aldehyde nmay
be, forigexampéeboandemt tdOUthe i Pt ¢sdnioninaentbapp uana
represented by the forpula (11): 20 0 Ilé Ri H
aldgiheriei PR RICFaleBetef or L Bk atpP et raRd WPHAgEEd in the
preéér%%a(gf o, ndc BYHLPIEP 8L 0PreBatd 8 Ry Uybxakoupavbiich
may be substituted wWth one or nore substituents
which are the same or 25 different, a C2_6 al kenyl

A. Kdelpydki ch may be substituted with ‘one or nore

substituents which are the same or different, a C2_6

AR RIS V0! LSO i
invés8t Bowyts oabkybgroupubhity hiyibedsubdni ant edbefdihenheot
thesgrggégt invention, the aldehyde may be, for example, and
without limitation, an alkyl, alkenyl, alkynyl, cycloalkyl,
cycloalkenyl, aryl, arylalkyl, arylalkenyl, arylalkynyl or
heterocyclic aldehyde which may be substituted with one or

more substituents which are the same or different.

In an embodiment of the present invention, the
aldehyde may be, for example, and without limitation, a

compound represented by the formula (II):

0 (IT)

Rfﬂ\T{
wherein R; may be, for example, and without limitation, a
hydrogen atom, a Ci-¢ alkyl group which may be substituted
with one or more substituents which are the same or
different, a Cy.g alkenyl group which may be substituted with
one or more substituents which are the same or different, a
Ca-6 aikynyl group which may be substitutéd with one or more
substituents whichAare the same or different, a Cs-g

cycloalkyl group which may be substituted with one or more
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WO 2008/ 115153 PCT/ S&2008/ 000087 5 substituents which
are the sane or different, a C3_8 cycloal kenyl group
wokiosh13tey be substituted with one or nore PCT/SG2008/000087

substituents which are the sanme or different, a C6_14
aryl group which may be substituted with one or nore
substituents 5 which are the sane or different, a

sub96i dde@f | wilc® abkythgreoae 9hi ehf Fayehe, saibsiit uted
with one or nore substituents which are the sanme or

- cyckpdtkenrnt , 9Bows-1aighyrep2e arReRyFubeSuUPLltivnPRh PRymOore

sub%ﬁ%ﬁ#%ﬁ%ét#ﬂfghm%%gfgﬂg 05 0L _%ﬁ?g%%%H@nté LE%ryl

€ same or erent, a. 02_6 al'kynyl

'gro@powmadmimMYChenaybbelsubsdiWutbdomét@romerersnb591tuents

substituents which me.or diff -t
whiqly_ FEfber@dS HBR- gFoﬂh%fﬁre%%te?o%Vé1F%3G$Q§ Pt deoup

whlé@ﬂﬁéynb@gs@8§t9{uﬁ@ﬁewbﬁﬁeéﬁét@ﬁﬁmMBéCQub§f§tuents which
i ndependently nitrogen, sulfur or gen and whi ch

are gt@@psamyo:bedsﬁﬁgren’at ed Wi-th &tmél soridenyl group
b n e, S d
o Q) WETL B DLED. B0 1, O SOt AL 1 E0Len i
areC@Méa$mm@gobn@15feﬂ®né h&t@&@a&amﬂ*ﬂyﬁﬂalkyﬁyl group
sul fur. or ox

whi TR ey B Chb et PR TEEE Wt BReTOrS neract cdBhED wnich

aresﬁﬁété£ﬂéné§ wheebrane, Lhe-sepe19rmahbéee@nhon28rdhgtic
| owi ng definitions of the various groups as

het@@@@y¢be@ tiepeP nCanbaiheng apee f OF mPreokebpreatess ofhich
the t t t t

e T3 RAPR, VBB Lot o pEah/ A3l L v

may tihe aebhkyticaobéai wivg gneups mQBemhtbhthﬁyehEs which are

substituted, may be, for exanpl and, wit
the|%%m%a?¥oﬂlf§%§e§FraP5h% ¥ ggaﬁ%ﬁ%ﬁmaﬁﬁﬁg Hrgpatic

het@f@@?&flc §§5h¥|co§EQY51n@ @ﬁQpMk,more heteroatoms which
I - propyl, -Sec-propyl, but X -butyl, sec-butyl,
aretm@@ﬂyendﬁnbémgzntrpgp@nts;ﬂll f@écozpeﬁxygen gngenhyFh group

may2?%§%%?%%§ H€X¥| %h gég?%h¥%?%09¥£stgt§8nts which are

the h@:h@ybr_zcméfdayéptopyl

The following definitions of the various groups as

" described herein are the same for all occurrences of these

groups throughout the entire specification unless otherwise

indicated.

The Ci.¢ alkyl group of the alkyl containing groups
which may be substituted, may be, for example, and without
limitation, any straight or branched alkyl, for example,
methyl, ethyl, n-propyl, i-propyl, sec-propyl, n-butyl,
i-butyl, sec-butyl, t-butyl, n-pentyl, i-pentyl, sec-pentyl,
t-pentyl, n—hexyl, i-hexyl, 1,2-dimethylpropyl, 2-
ethylpropyl, l-methyl-2-ethylpropyl, l-ethyl-2-methylpropyl,
1,1,2-trimethylpropyl, i,l,Z—triethylpropyl, 1,1-
dimethylbutyl, 2,2-dimethylbutyl, 2-ethylbutyl, 1,3-
dimethylbutyl, 2-methylpentyl or 3-methylpentyl. The Cig



1,1, 2-trinethyl propyl, 1,1,2-triethyl-propyl, 1,1-

di met hyl butyl, 2,2-dinmethyl but.yl, 2-ethylbutyl, 1, 3-
walresetisibbut yl , 2- net hyl pentyl or 3-net hyl pent BET/SGH®8/000087

Cl_6 WD 2008/115153 PCT/ SG2008/ 000087 6 al kyl group

may be, for exanple, and w 6hout |initation,

interrupted by one or nore heteroatons which are

alkymdgmengems&ybaitE@ge@xampnéuraaa aiygent Thei€atbon,
al ken¥ group of the C2-6 al kenyl group 5 which nmay be
intggpep] f%elt By, Oﬁ*ﬁyoﬁemoﬁér hekaKxpP Omgn ¥ hwichh GGe

1ndb§€hﬁé&k99 n%@%o%%ﬁa'gﬁ&fﬂE BEaB%9%@n3|keny| for

, ~viny , I sopropenyl’, 1-propene-2-yl,
1- butene41 yl, 1- butene 2-yl, 1-butene-3-yl,
2- but en&hp- ?beoalxebuﬂegeozpybf tﬁhecﬁ%-@léEMWﬁyDroup

.group X8 ut. 10 Iim_tati.
aniShPHBTRE BBpst3huk Aty RBY of bl SRE™Rcch Sarp v tout
llmhﬁéeﬂeﬁdeﬁhbysﬁkbﬁ@gtnorsbkﬁubh@ﬂ aAKear.l, TH@rC%xﬁmple,

al ky nﬁ group of the C2_6 al kynyl group whi ch na%
vinghpseilt yled 1 SRR OBENYLor LeRERBPES ~andlni thEYLene-

utehguza(e,non,l eweatewgﬁ]t thﬁrce ghqdyql kynyl buft%e 2-y1.
exa et hynyl ropynyl, utyny , pentynyl or
Thehéx%nyﬂkemyé Gzo6p akkyhyl Gooupxmaplbe, ahdr wéxawplte,
‘ w thout  lim:t o] i nterrupted,by one or npre
L e b ek eh EEHOBY; R EhuBREE, Dt eRansnsthEgh are
indepeB¥y@eny hhere3ded,cyaheakkylk gkgypnef the C3_8

cycl oal kyl 20 group which nmay be substituted, may be,

for.exang and_ without |imtation, cyclopropanyl
cycl obutBRyFe's BpkVBYengaRYP, ofyEREhErangl kyryl group

whleﬁcbggegga@ﬁbstIQ%tg% 8m8¥cb@al%%QyEX9&AﬁQ ot nihe 1 €88t
cycl oal kenyl  group wh may be substi ut ed, may be,

llmﬁbatemawpaey ahdazehﬁaphobtahpheﬂaaﬂﬁwnydycE@gr@p@mpﬂﬁ,
I'fe obut en cIo e ten Iohe en | _Qr
ceniengnboanyy TR GRT T “BF VBV Guf tor Sty e o
‘alkgﬁpuagmbag aaoupe, for example, and without limitation,
interrupted by one or more heteroatoms which are

independently nitrogen, sulfur or oxygen.

The Cs-g cycloalkyl group of the C}Q cycloalkyl
group which may be substituted, may be, for.exampie, and
without limitation, cyclopropanyl, cyclobutanyl,
cyclopentanyl, cyclohexanyl or cycloheptanyl.

The Cs.g cycloalkenyl group of the Ciz.g cycloalkenyl
groﬁp which may be substituted, may be, for example, and
without limitation, cyclopfopenyl, cyclobutenyl,
cyclopentenyl, cyclohexenyl or cycloheptenyl.

The Cg-14 aryl group of the éryl containing groups
which may be substituted, may be, for example,'and without
limitation, phenyl, pentalenyl, 1ndenyl, naphthyl, azulenyl‘
heptalenyl, benzocyclooctenyl or phenanthrenyl
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whi ch may be substituted, may be, for exanple, and
Wi thout I|imtation, phenyl, pental enyl, indenyl,
woaphtsis3 azul enyl, 30 heptal enyl, benzocycl BODS€IY8/000087
or phenant hrenyl. WD 2008/ 115153 PCT/ SG2008/ 000087 7
The C6-14 aryl-Cl-6 al kyl group of the C6_14.
aryl -Cl-6 al kyl group which may be substituted, nay
be, forrrexanpl,earyand; W bhayt lgh:ﬁubathOIﬂheaCQJMGaﬁj/k-ydil 6
roup as defined anywhere above having a C6-14 ary
alkﬁ; QNP s vdefdh e yarkavfers e hs Y Pub<ty t%ﬁﬁp e
6 n u fot r
and o SIS il R vy Ko SBePi (it cq” ey poyhere
abovfeomaveand & andrwilt beotpl Bri tatfiord an@rhealckaplive as a
roup as defined anywhere above having a C6_14 aryl
> defined 10 anywhere above as a substituent.
The C6-14 aryl-C2-6 al kynyl group of the C6-14 aryl -
C2- 6 aljenyd,_gr augiwaichamagnbe subsbi it ete W@%z}b&ryl—
for exanple, and without limtation, a" C2 6 al k
Cz-¢ Grldigsals Tain gl anywhierke WA Haviery £a%-aey aﬁl%z%/
Qup e b
a0 AR R, P MR TR %Etk%ﬁéf‘%y?ﬁ%@eé%oup
defxmm anryw‘@makmvesrdtawm er Gatomeryhi giroape as defined
i.ndepe entl . nitro , sul fur or oxygen of the 4- to
anywifnfp %%) {%9§¢QErocyclic group cont ai ni ng
one ,20 or nore heteroatons whi ch are i ndependently

nit roge]fhe syl f U ryar-oxygenyand wiictl @rotmenay-hearyl-
substituted, may contain, for exanpl and w t hout

Co-6 |3 HWELT GHEOYR O HCh gnay Het et o tSii CPRYArRS or
exan&%Ldeepﬁég'g@mdl%cmg FOgeN, o Sl Ura OF,_ O 3§My1TRE oty @

non- arondti c het'erocyclic group ‘containing
de f 2% b reenyorh avos eabrewermwxm}s afiech areyli dependentdefined

|tro sul fur_ ar ox may be, for exanple, and
any S?GbOY(? Mmiati® s‘bjyg'georllnﬁ dinyl, pyrrolinyl,
plperldlnyl,

The 4- to l0-membered non-aromatic heterocyclic

sub

group containing one or more heteroatoms which are
independently nitrogen, sulfur or oxygen of the 4- to
10-membered non-aromatic heterocyclic group ‘containing one
Oor more heteroétoms which are independently nitrogen, sulfur
or oxygen and which group may be substituted, may contain,
for example, and without limitation, from 1 to 4 heteroatoms
which are independently nitrogen, sulfur or oxygen. The 4-
to 10—membered non-aromatic heterocyclic group containing
one oOr more heteroatéms;which are independently nitrogen,
sulfur or oxygen may be, for example, and without
limitation, pyrrolidinyl, pyrrolinyl, piperidinyl,
piperazinyl, imidazolinyl, pyrazolidinyl, imidazolydinyl,
morpholinyl, tetrahydropyranyl, azetidinyl, oxetanyl,

oxathiolanyl, phthalimide or succinimide.

The 5- to l4-membered aromatic heter0cyclic4group

containing one or more heterocatoms which are independently
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pi perazinyl, imdazolinyl, pyrazolidinyl,
i m dazol ydi -nyl, norpholinyl, tetrahydropyranyl,
wa@z@siidiisy| , oxetanyl, 30 oxathiol anyl, phthabCTBGE08000087

succi nimde. The 5- to 14-nenbered aromatic

heterocyclic group contaifing one or nore heteroatons

whi ch are i ndependentl-y WO 2008/ 115153
1tr8§5h$G§Q@8ﬁ906986xy§enlbfogha 53utbuﬁ4omembyged atoppsic

- to_l1l4-nmenbered arqQmatic _heteroc dr.oup
heteéaﬁvsiﬁpngreﬁs EPnEe 8 has erBepEnRokR bt ekPgRons wnich

are EHQ@E@HQ@HE&¥ Hh%&@%@ﬂ subkur ok exygen and whiieh group

be substituted, may contaln, for exanple,
nay BAdswbshooutsdl | mayatPohainy ofPE E52HPREr ePsk Hikhout

llml$gtlgn?: r%%d nd%ngg¥er85Eﬁﬁgthl§ﬂlBE% QL dRP¥E8Bntly

ered aromatic heterocyclic group
nitreg8hai BuNguenerobxyake .heraroat-ons WHi-ckmbared aromatlc

I ndependent |y nitrogen, sulfur or ox
hetegpanpilaC SHGUPWCORSAL TIPS CREI 6F, ISYFY g’ﬁﬂe 06\3 §i H%hl"h

are %ﬁd@%o @%ﬁ%ﬁ&ln1Q¥Bb@hd'@ﬁhqu‘b@zb&é?enlﬂb@a&%lyEor

oxazolyl. Each of the C2-6
exam@ﬂbenwhﬁ @2tBoaltkydylitatdeng eyErealykyl PY inyl,

l.oal_k
pyrl %f%gﬁrsg&éémggﬁpﬁeHy%hréggfﬁ éry%legéﬁﬁgiabﬁyrazq}yl

or ox@zb2ylQ- membered non-aromatic heterocylic and 5- to
14-menbered aromatic heterocycllc groups may be

substituted with one or re substitue
the saf@Sr odi i &nte 3 Yam “@ndd k OFZﬁh%Ek9n§l

Csog gg%%b%@mﬁVer&' Oe g&%fllééfnytlhe C%leVer[l[EntL;_qmeﬁlrgI{Ehpg

e substitut with, for exanple, and 20 mnthout
alkyli, mCtanm enylofie-ct 81kRRES  sGbst | 2TBHT $2-c TREKSREL or 4 ot @

__substituents f or_ _eac t \ t
D A
ronfﬂt@.dMHéModydmﬂcathpﬁm (igzerBLaIa‘hﬁ;tla:emy/dJri‘d)(Wne or

roup, thlol roup, a nltro rou trile 2
moT B & WS GG % S %y B =
embéééﬁ%nt of the present 1nventlon, each of the above—
mentioned groups may be substituted with, for example, and

without limitation, one to three substituents.

The one or more substituents for each of the
above-mentioned groups, which are the same or different, mayv

be, for example, and without limitation, a halogen atom, a

- hydroxyl group, a thiol group, a nitro group, a nitrile

group, a cyano group; a Ci-¢ alkyl, Ca- élkenyl or Cas

alkynyl group which may be substituted; a Cs-s cycloalkyl.or
Cs-s cycloalkenyl‘group which may be substituted; a Ce-124 aryl
group which may be substituted; a Ce-14 aryl-Ci-¢ alkyl, Ce-1a

_aryl-Cs-¢ alkenyl or Cg-14 aryl-Cos alkynyl group which may be

substituted; a 4- to 10-membered non-aromatic heterocylic

group containing 1 to 4 heteroatoms which are independently

nitrogen, oxygen or sulfur and which group may be

substituted, a 5- to l4-membered aromatic heterocylic group
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al kynyl group which may be substituted; a C3-8

cycl oal kyl or (C3-8 cycl oal kenyl group which may be
wastitied ed; a C6-14 aryl group which nmay bePCT/SG2008/000087

substituted; a C6-14 aryl-Cl-6 al kyl, C6-14 aryl-C2-6

al kenyl or ©6-14 aryl-C2-6 &l kynyl group which may be

30. substituted; a 4- to 10-nenbered non-aromatic

conbgtgEAGYhi €0 2rAUREOREBHAI NE1int ard ﬁﬁaépeaagﬁ%lphlch
are independently nitrogen, oxygen.or sulfur and

nitghgeh, gpsipemaprbeuliubsentduwbdchaggoupomnay- wenber ed

' 008/ 1151 \
suo 8O TREL e Fobbuast <= ToarBul kBT aH, B85 RE, spbsrifuted. a
C3smﬁwéibéﬂbeﬁd@ﬂﬁﬂﬁe@ﬁiah 1§ rogesub oxygere@f sutiyr

d which grou { substituted, a Cl-6 al koxy
alké#&ﬁbomhpéﬁ ﬁé@eag §BB§tPFuFé@ aékyn@ét@lEySFSEPkUQQCh

gfQu b S yl thi o,
ey SBRLRLEN, TR, 08 DS edl L Fons Bl Lo,

CYCbeaiabsyﬂtbuedgrauﬁswalcycm@albylshbct@tuceds a Ce-14

=y S GBRR) by o8 5 Rl EHORAy HbOBantt A uf B LA gropped

nonlaraﬁab@eedeteeacgbgaabxg gebapoayneks- axy @éOQwahhﬁhted
¥ be substituted, 10 a 5- to 14-nenbered aronmatic
a Shefer oAyBPBPEXGdgREaBaRAFCRehBY OCKEL80RSY| PEPER, WRich may

be SEpdsBLYLLNI o GLOYP.Mhi ol gy s, Shbshiddibeds 2 4-

10- menber ed non-arohatic heterocycle- thio group
subahmthtﬁdy be4substﬂ0umembeae5 nvo-d4omenber bgterocycle-

aromatic grocycl e thjio whi_c
thi ) BB KA R oY S PR PHB S5 5p Bl e Sy bbd I -membered
aroﬁab§blh@t@docgalath@og@@uap @higuanbke¢i Be guBYRitdted, an
~car bam de group, a fornmyl group, a Cl-6  im doyl
amigpPofpOuR YALEBNPRYgPBupUREILE EUt§dsuB§t?Faﬂ§dgr8uPr a

guaﬁé&?ﬁBygrBﬁérgéoBQ WahG el %EBH stityhed 1ag965 OXé Cys

group, anDy group may be ubstlt
imi@byd Q@oapkybenedbomylggcupp ahsuhfaﬂybugsbwputad, a

caxffinh Py Sabepc tPeeD 15 SPRLAbRyearbofyPogvodho ol
carkdmbyal kybapl aAYh BEQUBe BObstituted, a Ci-y
alkylenedioxy group, a sulfanyl group, a sulfinyl grodp
which is substituted, a sulfonyl group which is substituted,
a Ci-g alkoxycarbonyl group, a Ci-¢ alkylsulfonyl group, an

oxo group or a Ci.g alkoxyimino group.

In an embodiment of the present invention, R; is,
for example, a Ci-¢ alkyl group, a Cz-¢ alkenyl group which
méy be substituted with Ci-6 alkoxycarbonyl} a Cs_g cycloalkyl
group, a Ce-14 aryl group which may be substituted with Ci-6
alkoxy, nitro or halogen, a Cg-14 aryl-Ci_g¢ alkyl group, a Ce-14
aryl-Cy.¢ alkenyl group, a Cg1a aryl-C,-¢ alkenyl group wherein
the C¢-12 aryl may be substituted with one or more '
substituents which are independently Ci-s alkoxy, nitro or

trifluoromethylsulfonyl} or a 5- to l4-membered aromatic

heterocyclic group containing 1 to 4 heterocatoms which are
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oxo group or a Cl-6 al koxyim no group. In an

enbodi nent of the present invention, RL is, 25 for
wez@splass3 a Cl-6 al kyl group, a 02_6 al kenyl grOLIRG2008/000087

which may be substituted with Cl-6 al koxycarbonyl, a

C3-8 cycl oal kyl group, a G614 aryl group which may

be substituted with C1_ 6 al koxy, nitro or hal ogen, a-

o eﬁ@e@&ﬁ Ght6 calehy! BReeR. o Q6ulhr ahd B2 G
n ?6u O@Eﬁ 14 g%%l-gz 6 alkéhyl group mﬁ%fgfhnmy

be §@b§ﬁét@%Ed1wl§hyWlﬂawlﬁylsubst|tuted with one or nore
substituents which are i ndependently Cl-6 al koxy,

B. NEEEgSngO@EOEI@pronethylsulfonyl or a5-to
= tic heterocyclic group containing 1
to 4 heteroatons which are WO 2008/ 115153
PCT/SGQ@O&/@@@@&BO r@m@n@@ﬁewﬁémmlwawikmogemxidxyg@@
roup hstituted wth
eredend 4rRErETEn Rl Aoto BeshIoIH tHe IR conpound

whi ch may be used in the 5 present invention is not

parti culrar by, kemBicdgthentn on tegbedicrent: ahvidhe ipres ent
i nvention, the nitroso conpound nay be, for exanple
nitzREOWCORBAENT PRt REir 0k OTa S&8FPSENd e iMdddméd by t he

1imfi@eEWLA, (Elhbmpehhb)reﬁge@gh%%dwggr%h% @%IEEM]bQIIEQr

exanpl e and without Iimtation Cl-6 group.
whi ch nay be substituted with one or nore

substituents which are the same or different, a C2-6
al kenyl 15 group which nay be substituted with one or
more substituents whicN=aPe the sanme or |fferent a
C2-6 al kynyl group mhmfh may be substltdte&:MAth one
or nore substituents ich are the sane or different,
a C3_8 cycloal kyl group which may be substituted mjth
one or nore substituents which are the sane 20 or

whegégge eﬂ%ayabg?_gogyggggéfenyl u%cmig§¥a9§on, a Cig
alkyl group which may be substituted with one or more
substituents which are the same or different, a Csp alkenYl
group which may be substituted with one or more substituents
which are the same or different, a Cy alkynyl group which
may be substituted with one or more substituents which are
ﬁhe same or diffefent; a Cs_g cycloalkyl group which may be
substituted with one or more substituents which are the same
or different, a'C}e cycloalkenyl group which may be
substituted with one or more substituents which are the same
or different, a Ce¢-14 aryl group which may be substituted with
one or more substituents which are the same or different, a
Ce-14 aryl-Ci-¢ alkyl group which may be substituted with one
or more substituents which are the same or different, a Ce-14
aryl-C;-s alkenyl group which may be substituted with one or"’
more substituents which are the same or different, a Ce-14
aryl—C}ﬁ alkyﬁyl group which may be substituted with one or
more substituents which are the same or different, a Cig

alkoxycarbonyl group which may be substituted with one or
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substituted with one or nore substituents which are
the sane or different, a C6_14 aryl group which may
wheoosubasituted with one or nore substituent SPEREGH08/000087

.are the sanme or different, a C6-14 aryl-Cl_6 alkyl

group which may be substitlufed with one 25 or nore

substituents which are the sane or different, a C6-14
mordl oS Hudd e i @i QU W hsdiRy de @imsézi:érutt,eob Vi d b

one or' nore substituents Whl ch are the sane

2Ty ¥ @@ RNy b THRUR WhHkGh &Y ol ¥rst L igieed %‘ff&horh%yor
moréJe ér%%éfﬂﬁéﬁ@éj dfc?} g Ofhe NI G Sclfﬁpscﬁiff'@f’ér?'t whigh -

€ Same or erent, a Cl-6 ' 30 alkoxycarbonyl

_ amlrmmhpe vénl lohl neyo e whulrst |ma.§t gz v ulhs bheutoed WO th one or

200 5153 PCT/S 008/ 000087 11 nor bstltuents
moTd e IS ST i (1 e ST areRthd
ami B Y& QXY GaRA0 Yo g mc\hfm@@/ mRYy e stuhstiddited midde or
one or nore substituents which are the sane or

moreli $lesiehitucnirs i Ho-1e 6-he kAT rotpd Wt eFeay He acetyl
gro‘%ﬁbg}lérytaetgl%% f%&g&t or 5 nore substituents which are

e Sane or an am no-C6-14 aryl group
whi ch may be substltuted with one or nore
subst i tEerit sohiltd Gre 4hey sani:- @raldqefrfyé:,erﬁz s @ikynyl,

ace up,or an .am do Each the C
C3- sacFY&}r/oaJégy:g atkenyW< ‘&Pléerglf]z nyi-1 (g L EER1-Cae
alkﬁb’ l@@hkﬁr’ylc@'z S5 %B&Qde@@lkeméll’ @Y14C§r6y&lk%‘ifl4 Ci-6
-Cl-6 al kyl, C6-14 aryl-C2-6 al kenyl
alk@xwa@oreyh Ky a%%YQﬂw ar wo-%ee 1a4lkyl and

ens 000 S B Syl UG more

subsubismemu@m]smﬂm ghe atlee t hensaoe oifdeférrent Inlanan 15
odi nen f the resent i nvention, gac f the
enb SEREE T Con i Sr e e e e R PR o b Phie R YRr
men€XGHPd ey raigls b { ot shibst1attoa, wotke, t Pothérgmple, and
substltuents The one or nore substituents for each of

witheet hieieawioni oped &P otlpsee whtkht Ak ecrhé: same or
different, may 20 be, for exanple, and w t hout

linitatf@@{oﬁgeo§aﬂgre substituents for each of the
above-mentioned groups, which are the same or different, may
be, for example, and without limitation, the same

substituents as defined anywhere above for the aldehyde.

In an exemplary embodiment of the present
invention, Ry may be, for example, and without limitation, a
phenyl group which may be substituted with one or more

substituents which are the same or different.

In an embodiment of the preseﬁt invention, R; may
be, for example, and without limitation, a phenyl group
which may be substituted with one or more substituents,
which are the same or different, and are a halogen atom, an
amino group which may be substituted by Ci-e¢ alkyl, a Ci-g
alkyl group or a hydroxyl group.



substituents as defi ned anywhere above for the
al dehyde. I n an exenplary enbodi nent of the present
wo pwentilen, R2 may be, for exanple, and w t houPCT/SG2008/000087

[imtation, a phenyl group which may be substituted
with one or nore 25 substil2ients which are the sane or
different. In an enbodi nent of the present invention,

c. HRArmymikeadior exanple, and without limtation, a
phenyl group which may be substituted with one or
nore substituents whi ch are the sanme ,or differen
and ar &0a FalSRRAIIAGR o B BRSTETr oy S AH iy e

| 5 | L6 2Rl kMlc I upL ifitdition,

hydr%%%?%fi%&33%3%§;%ﬁ$23%§¥f?§%§§'¢CT/sc2008/oooos7 12

a co@pddydr megmes endiad] Iy dvheefisodivent (10f: t he present
i nvention, the hydroxam c acid may be, for exanple,

5 and without limtation, a conpound represented by the
formula (1): 5 O 1)LCH (1) R2 wherein R, and R2 may
be defined as anywhere above. 10 D. NHC Catal yst The
NHC catal yst that may be¢’ used in the present
invention is not particylarlpgimted. In an
enbodi ment of the present>NAvention, the cat al yst
may be derived from for ekanple, and without 15
limtation, a triazoliums®t or an inidazoliumsalt.
In an enbodi ment of the present invention, the NHC
catal yst may be derived from for exanple, and w thout

limtation, .a triazoliumsalt.
wherein R; and R; may be deglned as anywhere above.

10 D. NHC Catalyst

The NHC catalyst that may be used in the present

invention is not particularly limited.

In an embodiment of the present invention, the NHC
catalyst may be derived from, for example, and without

15 limitation, a triazolium salt or an imidazolium salt.

In an embodiment of the present invention, the NHC
catalyst may be derived from, for example, and without

limitation, a triazolium salt.

In an embodiment of the present invention, the NHC
20 catalyst may be derived from, for example, and without

limitation, a triazolium salt represented by the formula:

- o
. N\// 3 6 5" - N +/>X—
X -\N\
’ Ph ' 'l

25
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In an enbodi ment of the present invention, the NHC 20
catal yst may be derived from for exanple, and w thout

wo posBtLatIsDN, a triazoliumsalt represented by BEESG2008/000087
formula: Ph _ Ph N (:IN X"r -C6F5 ''" + ~X ~_ N~N

Ph 25 WD 2008/ 115153 PCT/B&2008/ 000087 13 OY-N N
NNPh NMes N-" +tBu X5 NNPh C~//~"h X Bn or

t Bu wherein X- may be, for exanple, and_ without
limtation, BF4-, Cl104-, Br- or él\‘% In an
on

enmbodi the pr esent invent heNNEDL  cat al yst
may bé de |vem—f-Mem fror exanpl e,
repr esentNe-Hy*the formula: /+

zolium salt
Us <XNT - BF4 15 In
an enbodi ment 3f the present irfivention, the NHC
catal yst may be derived from for exanpl e, a
triazoliumsalt

' N—Ph :
Nos*

Bn \ Cor . tBu

wherein X~ may be, for example, and without limitation, BFs:,

Cl04~, Br~ or Cl'.

_ In an embodiment of the present invention, the NHC
catalyst may be derived from, for example, a triazolium salt

represented by the formula:

N/+*

BF,

In an embodiment of the present invention, the NHC
catalyst may be derived from, for example} a triazolium salt

represented by the formula:

Ph
Ph_ N

\I\E:E\I /> ClO4

“Ph
In an embodiment of the present invention, the NHC
catalyst may be derived from, for example, and without

limitation, a triazolium salt represented by the formula:
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represented by the formula: Ph Ph N),-+4/"~C o4 NON
20 "Ph In an enbodi nent of the present invention, the
WORIGS/1catanl yst may be derived from for exanplBCT/8Gzh08/000087
without Ilim.tation, a triazoliumsalt represented by
the fornmula: WO 2008/ 115153 PCT/ SG2008/ 000087 14 O
N N/ ~RO X5 wherein RO may be, for exanple, and
without Iimtation, phenyl (Ph) which nay be
substituted, i-propyl mesityl (Mes) or
2, 6-di i sopropyl phenyDJ(/kT% +Ph); and X- may be,
for exanple, and w t jout on Br-, BF4- or d-.
I n an enbodi nent of Ahe Shventl on, the NHC 10
catal yst may be der " from or exanple, and w thout
[imtation, an im'd ot umsalt. In an enbodi nent of
the present inventifg e NHC catal yst nay be
derived from for e e, and without Iimtation, an
i mdazoliumsalt représented by the formula: 15 X_

whezdiR R ghs[a,e' @0?8 gaaﬁ E@ bk @wreh@ ﬁmtwtaeaut
, T-propyl (1 )
pherWESI (teyl) @Mas)h n(aaly 2>e, sﬁlszﬂLdJaCbopmsmﬂmﬂeny[Per mesityl

e A 2t EPprorpneiy I L PR T kg of Rt B (R’

for @&%%@ﬂ%,‘QMﬁﬁRhQﬂunﬁhQJNHQatlon, Br~, BF4, or Cl7.

In an embodiment of the present invention, the NHC

.catalyst may be derived from, for example, and without

limitation, an imidazolium salt.

In an embodiment of the present invention, the NHC
catalyst may be derived from, for example, and without

limitation, an imidazolium salt represented by the formula:

wherein Rg may be, for example, and without limitation,
phenyl (Ph), i-propyl (*pry, mesityl (Mes). or 2,6-
diisopreopylphenyl (2;6—iPr—Ph); and X may be, for example,

and without limitation, Br~, BFs or Cl .

In an embodiment of the present invention, the NHC
catalyst may be derived from, for example, an imidazolium

salt represented by the formula:
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catal yst may be derived from for exanple, an
i mdazolium salt represented by the fornmula: 25 X WO
wQe®811515153 PCT/ SG2008/ 000087 15 wherei n X- PEHSGE08/000087
for exanple, and without limtation, Br-, BF4- or
G -. E Preparation of Hydioxamic Acid 5 In an
enbodi nent of the present invention, and w thout
limtation, there is provided a process for preparing
a hydroxam c acid represented by the fornula (1): O R
~N~CH_10 1 R (! 2 wherein Rl and R2 nay be defined .
whergd ng fy \ikret eb%vbo%@, AP € pr P SEL TR i J?%B%?Whggr '
- hyde represented by the formula (I1): 0 15 ~
BEs (atﬁ)%ﬁgl H wherein Rl may be defined as above, with a
nitroso conmpound represented by the fornula (111):
E. PMeQar20iR® 2fiwhadgiaxaRaardyeilse defined as above, in
the presence of- a NHC catalyst. WO 2008/115153
PCT/SG%QP%&9%%%%Giﬁ§%#¥&@Q§1dg&%@ ﬂg fﬂ%% f%ﬁ?“ nd
i nvention nay be represented by, for exanple, an
withaidthQuiniltiarditoat,i amenehels provided a process for

preparing a hydroxamic acid represented by the formula (I):

wherein R; and R, may be defined as anywhere above, which
process comprises reacting an aldehyde represented by the

formula (II):

wherein R; may be defined as above, with a nitroso compound

represented by the formula (III):

N=

R/ (III)

wherein R, may be defined as above, in the presence of- a NHC

catalyst.
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followi ng scheme: O ON=0 5 + catal yst, base fOH R H
R2 solvent, AR N1 X2 wherein Rl and R2 may be
waledosnedsans anywhere above. Wt hout bei ng bounelCtyG2008/000087

theory, it is believed that the polarization of the

ni trogen- oxygen bond of th&6nitroso 10 conpound,

resembling the polarization of the carbon-oxygen bond

in a carbembodiniy, off aHalesrddentsusoepttud ifay dfe

the nitroso. group tq additions of nucl| eophiles. %Y
reprgaergred AN SfdRihARD 1R ohtmigation, the

o1 TEPLES e |.n the- follow ng schene, it is believed
fﬁgfﬁfhelﬁﬁg%er reactivity 15 of the nitroso group to
nucl eophilic attack than its carbonyl.group

counterpart gives rise to the reaction of the
internmediate ii with nitrosobenzene 2 form ng

hydrpxam c acid R=-@stead,Qfagyl oin. R 0 N=Q N G

R 2 | RIA i Yosohbnii R
R RH:C 1 ﬁIZ/Rl 20 Fbsolvbni RIL H R rlf:N N
2

wherein R; and R, may be defined as anywhere above.

Without being bound by theory, it is believed that
the polarization of the nitrogen-oxygen bond of the nitroso
compound, resembling the polarization of the carbon-oxygen
bond in a carbonyl group, provides the susceptibility of the
nitroso group to additions of nucleophiles. By way of
example, and without limitation, as represented in the
following scheme, it isvbelieved that the higher reactivity
of the nitroso group to nucleophilic attack than its
carbonyl group counterpart gives rise to the reaction of the

intermediate ii with nitrosobenzene 2 forming a hydroxamic

.acid 3 instead of acyloin.

(8] ' / =0
/U\ AN K 2
Ry L H ' [>=<
N Ri
\ i
Rl
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Niii i R O 25 R RL NC HO 3 WD 2008/ 115153
PCT/ SG2008/ 000087 17 wherein Rl is defined as
w@aporsheriss above, R is phenyl and R is a hydrpCEHSGmNS/000087
group including those as defined for RL above. The
anmounts of the al dehyde and7nitroso conpound 5 which
. may be used in the present invention are not
vﬂmmﬁﬁgtEquharbﬁfﬁhﬁﬁtedaaSWMh@hbeaamnentR.dﬁ rhenglldemngd& '
. an nitroso conmpound woul d be understoopd_to and c
is HOYHABFTHRPFLIIRIR NGl Winvg RS %%q?%f%f}@f hﬂoaﬁ
abovd®l exanple, and wthout limtation, those of .
ordinary skill in 10 the art would understand that the

al dehyde and nitroso conpound may be used according
to theiThestasiwohitonet ithe rakdehvden. and endoeh srertorgzound

. t.he present inventi.on, 1 I -l onpound
Whlca{}]dl_l _ecalfsaef@s]tn ey b%r,g] eoI}talg exrg%pcfl{]e,g%ér??%gt hout
partiditatloninesst ed Jutdlel prasences off hdaskdelfbe and

base is not particularly |limted and suit abl bases

NItERR FPEP Mgl 3% PSP R TRt T DY t hose
det QLN nar Yersddd lof oidien 8F¢ - st anenbodigment  ofot he

present i'nvention, the base nay be a non-nucleophilic
exanpabe, arkD Widrhaexanplel tandom ttowte |95 eedimmry 1sigill in

the (e ATHE RO U0 T o1 ST T RO SL T Am e
comPOias i bdisddd | At dbwydi s yt 9 g e, stoidhimwmetric
ratitg-tranethylpiperidine or :

- In .an embodiment of the present invention, the
aldehyde, nitroso compound and NHC catalyst may be, for
éxample, and without limitation, reacted in the presence of
a base. The base is not particularly limited and suitable
bases would be understood to and can be determined by those
of ordinarylskill in the art. 1In an embodiment of the
present invention, the base may be a non-nucleophilic base,
for example, and without limitation, 1,8-
diazabicyclo[5.4.0]undec-7-ene (DBU), potassium tert-
butoxide (KOtBu); sodium bis (trimethylsilyl)amide, potassium
bis (trimethylsilyl) amide, lithium tetramethylpiperidine or
sodium tert-butoxide. 1In an embodiment of the present
invention, the base may be, for example, 1,8-

diazabicyclo[5.4.0]undec—7—ene or potassium tert-butoxide.

In an embodiment of the present invention, the
reaction may be, for example, and without limitation,
carried out in the presence of a suitable solvent. The
solvenf is not particularly limited and suitable solvents
would be understood to and can be determined by those of

ordinary skill in the art. 1In an embodiment of the present
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sodiumtert-butoxide. In an enbodi nent of the present
25 invention, the base may be, for exanple, 1, 8-
waele@sakbileycl o[ 5. 4. 0] undec- 7- ene or potassi um PCT/SG2008/000087
tert-butoxide. In an enbodi ment of the present’
i nvention, the reaction nay8be, for exanple, and
wWithout imtation, <carried out in the presence of a
invesititahl e:kﬁwls\ten;tentﬂﬁey 32 ,s dote rtx dng It apﬁi’tvdicuhcnrti y
limted and suitable sol vents woul d be understo
limigiad icdn 5 cﬁétré%%%é@lﬁgﬁ&thosérbfan SR G ﬁd

Cmeng fo r esgnt
preg%b %ftvseﬂsﬁogpﬁ/ S Ge Ao §p%seou nventel%%% ltehe

dicrslal neeretiteme beGH-L£de) exanpteraandrefthant (THFhi t ati on,
an aprotic solvent. In an enbodlnent of the present

i e or SR GBGrs HIC (AT By AR o

in Eﬂgfﬁﬁﬁﬁéﬂt(ﬂnﬁdﬁtﬂﬁﬂc13Hﬁﬂbﬁﬁaﬁﬁﬂdﬂlaﬁﬂylﬁimmﬁﬁﬂ in

m%ﬁ%&%ﬁ%&%?&fﬁ”@%??m}&%% S ye fibuter e Stood o
U(Q%Fnar;o/cpgi<é]$‘ﬁl %%éj%ﬁrﬁmw dibose of the art.

e art. |In an enbodi nent of. the
In ot esmudmmtoibrthet irsreamnmtlruferttrﬂeorn,o INHE asrp @ty saf the

INHCt?é%F for e :§§hand MAthout %ﬁ%dé’ zﬁ%éﬁ?ﬁon’

lesd nofAn @013&1%3 %M}QQm;ﬂll’kd, Id’h'.‘dl uﬁﬂﬁ’tg)wylﬂ@mﬁim, from
value in this range, such as, for exanple,

0.12 tHoR0 1M Y atdsh, \FF BT $16 SREH0T 9% ﬁ%l%eln this
raniéeacédb 44 mafdls &%{%ﬁét I oW afd yhdaer 1 86 @idion, from

e reaction ti woul d be understood to and can

0.5 be> Vetresi ned by those of ordinary skill in the art.
In an ehbodinent of the present i nvention, the
reacti. gpg h
limtat r?% ourg! %b'?or %é%g (&&mlEFd and

sulwﬁmtﬁeéd:mdrattﬁﬁl%s fW@de e nui@sr ¢ oo 24 tdSloarII@ camdoe

I ncl udi ng any specific tinme in t |s ra
determined by those of ordinary ski t e a In an
embodiment of the present invention, the reaction time may
be, for example, and without limitation, less than 24 hours,
for example, and without limitation, from 2 minutes to 24

hours, and including any specific time in this range, such

as, for example, and without limitation, from 1 to 12 hours.

The reaction temperature is not particularly
limited and suitable reaction temperatures would be
understood to and can be determined by those of ordinary
skill in the art. In an embodiment of the present
invention, the reaction temperature may be, for example, and

without limitation, room. temperature.

- In an embodiment of the present invention, the
hydroxamic acid may be isolated and/or purified. Suitable
isolation and/or purification methods would be understood to

and can be determined by those of ordinary skill 'in the art.
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as, for exanple, and without [imtation, from1l to 12
hours. The reaction tenperature is not particularly
wo povstierdsand suitabl e reacti on tenperatures woRCTHSGBOLBO0087

understood to and can be determ ned by those of
ordinary skill in the artl®In an enbodi ment of the

- present invention, the reaction tenperature nay be,

ForfdﬁampﬁﬁnﬂahdiwmihdMﬂfﬂmﬁlﬂdﬂﬂdﬁuithns€(nﬁnordinary skill
tenperature. In an enbodi nment 5resent

in §he eht @Wult%éln%%m RIS AL ey Pe
1sofHE¥#”aﬂ&Vdf'ﬁﬂ%lf%@&fﬂyE%hﬂé%ﬁﬁg beHHEﬂmchods or

uriftication nmethods woul d be understood to and can
cry&ﬂakﬂﬁzaﬁmqnyj by those of ordinary skill-in the art.
WO 2008/115153 PCT/ SG2008/ 000087 19 For exanpl e, and
. ]_y\nthout élngatlo ; gl réflékAéid in the
Tt Fre—t - d may be
|solated and/or purlfled by chronatographlc met hods or
crystalligabore fxrdeedy omsqazfepaﬂmpatrhmgﬁmwmmlc

Hydr oxam c Cld The abov ro r, preparing the
e O ATEod ek iy R ORI i H GHLCTT Do BRI ThrRare
a ciprder Hﬁﬁfﬁiﬁﬁﬁé*aé&dﬁﬁéfﬁgr@ﬁréaﬁﬁﬁ§lawm© &St ATy S,
achiral” NEC catal yst. In an enbodi nent of the present
invention, a a- 10 branched al dehyde may be reacted
with a Tl tamsnkasHgsribd oh Che el eehce WL aHORC I r4T
r r h
braffied SRR B R R AT R VORI Briroptd i
the ab cedyrdes vinf cztr& reeqimhaa/b @ eaeant ¥ ooetro |mr@p@1e@sa disiral
of t he Othﬁi e., in enantioneric excess or e") or
enantlonerlcally pure may be reacted Wi th
a nltroso conmpound in the presence of an achiral NEC
cat al ystn t4n depaIeed Ch rHothe hyts xair Ln-aenh i vd) cdn
‘may be in enantioneric excess or which npy be

o= b@gﬁ@ﬁ@%ﬁ%}¢%gy¢% mﬁ#%h may have one enantidmer in excess

of the other (i.e., in enantiomeric excess or “ee”) or which

may be enantiomerically pure may be reacted with a nitroso
compound in the presence of an achiral NHC catalyst to
prepare a chiral hydroxamic acid which may be in

enantiomeric excess or which may be enantiomerically pure.

In an embodiment of the present invention, an
enantiomerically pure o-branched aldehyde may be reacted
with a nitroso compound in the presence of an achiral NHC
catalyst to prepare an enantiomerically pure chiral

hydroxamic acid.

The achiral NHC catalyst is not particularly
limited and suitable achiral NHC catalysts would be
understood to and can be determined by those of ordinary

skill in the art.
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20 I n an enbodi nent of the present invention, an
enantionerically pure a-branched al dehyde may be

wo eastieds3with a nitroso conpound in the presenrCESGI008M0087
achiral NEC catalyst to prepare an enantionerically
pure chiral hydroxam c aciZl0 25 The achiral NEC

catalyst is not particularly limted and suitable
achi r alt NEG et distehivei dHae pretdertstiondnitd and than
be determ ned by those of ordlnaﬁy Skl|| in the art
achip 2 0WE CEESY FCTRSGRR0SIETU0TEY £280 i % &assdliGrert™d
wrch%f t:t rle.ergtteasc%_rb ' ra\ﬁergdftﬂrl’alt I?:%: aazgllnﬁt é\cllﬁ.cat al yst
erived from for exanp , and w thout
I|n1tat|on, an achiral triazoliumsalt'. In an

enbodi rentarofenttirelipreedemt itheemriementt Hewrdcinyalthe
tria O|IUﬁ13a|t be r resented v, 4 for :
achimad ¢ %g?% %ﬁ%ﬁé%%g Q%ﬁﬁﬁégn%%%mple'
the A& and mnthout I|n1tat|on, BF4-, 10 0104-, Br-
or A-. The skilled Wi || appreciate that the
anmount of the a-br \al dehyde, the anount of the
nitroso conpound, PPa; +"fh 5 sol vent, the anount
) ction tinme, the reaction
tenperature, the 15 |solat| nmet hods and the .
purification nmethods descri bed above nmay al so be used
for preparing the chiral hydroxam c_ acid as described
whengsime ¥, mAY &rhodPieRKadP 1ehe apfe¥drhoky difiisr tien, Brs
pr rd t-he chiral hydroxam c acid may be
Clo%epﬁﬁieﬁ?%& 20 for exanple, and w thout

[imtation, the fol |l ow ng schene:
The skilled person will appreciate that the amount

of the a-branched aldehyde, the amount of the nitroso
compound, the base, the solvent, the amount of the NHC
catalyst, the reaction time, the reaction temperature, the
iselation methods and the purification methods described
above may also be used for preparing the chiral hydroxamic

acid as described herein.

An embodiment of the present invention for

_preparing the chiral hydroxamic acid may be represented by,

for example, and without limitation, the following scheme:

-0 + N=0 Catalyst, DBU
®) CHoCly, r.t, 121

F

N

N X

F Ny
F

Catalyst
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OH | O/ NO Catalyst, DBU/ ~R + CH2C12, r.t., 12 |

~R) O F FF\ NN F +~-N F 25 Catalyst WO
wWQO®8/M11515353 PCT/ SG2008/ 000087 21 The above prPODEGH08/000087

for preparing the hydroxamc acid may al so be

nodi fied as described belo#lin order to prepare a

chiral hydroxam c acid using a chiral NHC catalyst. 5

In an erhodivmd fodds @RSPHepgaNVieny ithe Hydroxamic
a- branched al dehyde nmay be reacted with a nitroso

acid atpib@Icso NP mRifriash i dFsCTARaf RALNHA R #215/5(5% 0
pre;ﬂz{] har ecl'?lrcﬁ.' r@dr&ﬂl%%d_ %Eérla g 0 an embagidrent  of

e present ent1on nched al dehyde nmay be
cataleat.ed mnth a nitroso conpound in the presence of a
chiral NHC catalyst to prepare a chiral hydroxamc

acid i enantl C an e o
presen&l?ﬁgbﬁ?? l@féﬁi%ﬁﬁﬂgﬁé) W? éﬁsgéenatépnay
o~bihdRactetiad dde ani} tﬂ@a@adﬂseocmurw mintﬁds‘@o Rt @SEnoed

of -a chiral NHC catal yst to prepare a chiral
in mr@mﬁrt%cqfd 4 Pl iNteraatakeds o IRreppre a chiral

hydf?%?ﬁ# Pf the present invention, a a-branched
yde racenate may be reacted mnth a nitroso

conmpound in the presence of a chiral NHC catalyst to
prepar eln an embodiment of the present invention, a

o-branched aldehyde may be reacted with a nitroso compound
in the presence of a chiral NHC catalyst to prepare a chiral

hydroxamic acid in enantiomeric excess.

In an embodiment of the present invention, a
a-branched aldehyde racemate may be reacted with a nitroso
compound in the presence of a chiral NHC catalyst to prepare

a chiral hydroxamic acid in enantiomeric excess.

In an embodiment of the present invention, a
c-branched aldehyde racemate may be réacted with a nitroso
compound in the presence of a chiral NHC catalyst to prepare
é chiral hydroxamic acid in enantiomeric excess, wherein a
stoichiometric excess of the a-branched aldehyde racemate is

reacted.

In an embodiment of the present invention, a

‘u—branched aldehyde racemate may be reacted with a nitroso

compound in the presence of a chiral NHC catalyst to prepare
a chiral hydroxamic acid in enantiomeric excess, wherein a
stoichiometric excess of the a-branched aldehyde racemate is
feacted and the reaction is stopped at less than 100%

conversion of the aldehyde.



20 a chiral hydroxam c acid in enantionmeric excess,

wherein a stoichionetric excess of the a-branched
w@b@ehysiss racemate is reacted. In an enbodi nePCT/66G2008600087

present invention, a a-branched al dehyde racenmate nmay

be reacted with a nitroso 225 conpound in the presence

of a chiral NHC catalyst to prepare a chiral

hydr oxam Gradnbddimenantdfomid @rexeess,inverteion,a a

stoi chionetric excess of the a-branched aL%ggyde

a~bragedifst @ lidehyden cesE ™ ii® TR REadSHT e S St dhfed idtros©

L; 00 el QN Of; the \aldehyda.y MO to prepare
compsG38) TR Bn S 008/ 060087 22 I'm an enbodi ment o
a chihelpiesbnixdmivenrtdich,im eneiirianshed: edapssydevherein a

racemate may be reac ‘With a ni.tros 0 i .
5 otol i PSR U S AL R e
reactiid aln WWHOXHEE @l & d s tRIppyd QIterdih 18X GEEs, corhered iron
a 5 stoichionmetric excess of the a-branched al dehyde
of therenisd1ide. reacted and the reaction is stopped at
about 50% conversion of the al dehyde. The chiral NHC

cat al ysd s.11gt. 1pafd il pee Hignidad @nd suitable
chi ral cat aal ysts woul d "be 10 understood to and can
limibeedletret rungchiole tdiosm IofNHY diatarlystskiddulich kshe art.

I n an odi nent_of_th resent.i.nvention, the | ral

10 undqgREthe A b b e B TS Y o e e

skiM tihouwthd iqgg ation, a chiral triazoliumsalt. 15 In an
enbodi nent of the present i-nvention, the chiral

{riazollum sall, iy be represented by, ol @Al <,

chiral NHC catalyst may be derived from, for example, and

without limitation, a chiral triazolium salt.

15 In an embodiment of the present invention, the
chiral triazolium salt may be represented by, for example,

the formula: F

20

wherein X~ may be, for example, and without limitation, BFs

, Cl0,, Br or Cl .

In an embodiment of the present invention, the

chiral triazolium salt may be represented by, for example,

-25 the formula: :
o N
) B \714:1\

. C¢Fs
X
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F 20 wherein X- may be, for exanple, and w thout

limtation, BF4 Cl04-, Br- or Cd-. In an enbodi nent
we@booshes1pF esent i nvention, the chiral triazol PCIS6zI08/000087
may be represented by, for exanple, -25 the fornula:

N N \c6F5 WO 2008/ 115153 P&T/ SG2008/ 000087 23

wherein X- nmay be, for exanple, and w thout
wherdidn atiagn beBF4or «&Hidle,Bandofwi€hountl diadtation, BF4,

enbodi nent _of the present invention, the chiral
ClOs4yiB¥ol9@rksalt nay be represented by, for exanple, 5

the formula: 0 N C1 /[ ; NON Cl CF3 wherein X_may
be, f Ofxﬁxmrﬁoo@mem& thoutnd ighd adionnBideidd), the
C104-, Br- or . In an enbodi nent of the present

chlnmeurnwml;smmgs@lt oy dbe cerrtgstnted swi cheBneXamRle,
thesﬁce§%¥°f t he a-branched al dehyde may be used.
anounts of the ehyde woul d be under st ood
to and can be deternjned hose of 15 ordinary
skill in the art. Mt hout
l[imtation, .those' in the art would
understand that a
the nitroso conp of 2:1 may sed. In an
enbodi nent of the e I ndmnt | '

wherein X~ may be, for example, and without limitation, BF4; ,

Ccl04~, Br  or Cl17.

In an embodiment of the present invention using a
chiral catalyst, a stoichiometric excess of the a-branched
aldehyde may be used. Suitable amounts of the aldehyde
would be understood to and can be determined by those of
ordinary skill in the art. For example, and without
limitation, those of ordinary skill in the art would
understand that a ratio of the o-branched aldehyde to the

nitroso compound of 2:1 may be used.

In an embodiment of the present ihvention using a
chiral catalyst, for example, and without limitation, the
reaction may proceed with less than 100% conversion of the
o-branched aldehyde. -‘Suitable amounts of conversion of the
o-branched aldehyde would be ﬁnderstood to and can be
determined by those of ordinary skill in the art. For

example, and without limitation, those of ordinary skill in

* the art would understand that the reaction may proceed with

about 50% conversion of the a-branched aldehyde.

The skilled person will Jappreciate that the base,
the solvent, the amount of the NHC catalyst, the 'reaction
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20 chiral catalyst, for exanple, and w thout
limtation, the reaction may proceed with |ess than
wagestcamyer sion of the a-branched al dehyde. BUi/$6108000087
anmounts of conversion of the a-branched. al dehyde
woul d be understood to and2éan be determ ned by those
of ordinary skill in the art. For 25 exanple, and
timey theutrdddd ied itempdiaseof whdainssdatskod Iméthodheand
art woul d understand that the reaction nmay proceed
the vﬁqwf%&orsmfémﬁer%wme# t?éo%v%r%%t%ﬁs Ckbeeﬁix%eed
for pﬁg %rpeer&%ﬂ I yaaRpiet aleid ha aégecpp@e-a
the "so ve t he annunt of the NHC cat al yst
herdire- reactlon VD 2008/ 115153 PCT/ SG2008/ 000087 24
time, the reaction tenperature, the isolation nethods
and t pur.i fi catlon thods d 0 al so
- be use 6““% epd?lng § '%3§§g%§%#§?a§?% as
prepiesaid bcﬁde dreredn. h@mmmmm@fkimmmt
invention for preparing the chiral hydroxan1c

a
resqd Hetq cale Y R ERHINA G @ 1D D e R BRIl %‘ﬁ@be for
ot n,
e o g thera oo e S NNN”* bt
(20,mj% F OH F N + Kt BuO (20 nol 9% O CH2Cl12, rt,
3h  N=0 48% 68% ee “?§_§n e odlnent of the present
i nvention using ei Rchir al or chiral catalyst,
the a- branched

_0 Bm

F z
racemate (20}mol%) 5 g I

A N
+ - K/BuO (20mol%)
: CH2Cl2, 1t, 3h i (0]
N=0O
©/ 48%. 68% eo

In an embodiment of the present invention using

either an achiral or chiral catalyst, the o-branched
aldehyde may be, for example, and without limitation, a

compound represented by the formula (V):

O

| RgﬂkﬂkH -

Ry

wherein:
(*) refers to a chiral center; and

R; and R4, which are different, may be for example, and
without limitation, a halogen atom, a hydroxyl group, a

thiol group, a nitro group, a nitrile group, a cyano group;
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al dehyde may be, for exanple, and without limtation,

a conpound represented by the fornula (V): O 20 R3 H
w@ os/1B153herein: (*) refers to a chiral cent ePCT/8GZ0KB0087

and R4, which are different, nmay be for exanple, and

25 without limtation, a habogen atom a hydroxyl

group,'a thiol group, a nitro group, a nitrile group,

a C18 Gyana ,grcgup al\@rmo&mmléaamﬁﬁm@aﬂm' m’%fy e
1-6 al kyl, C2-6 al kenyl or C2-6 al ky roup whic
sub sty e dis i tare (e O ek @%ﬁ%gmse;wa&% sgroup which

may QAN KON G 0UP Il oy 6oSURIL! egdben O5-14

aryl group i ch Substituted, a
subsatnydut@liﬁ aal%yh gtrrcyllpOM‘sl @ﬂkndy dreup shbshi !T@tYe@,e a

-6 al ken ich ma
Sub%%ﬁs‘ﬁ? 14C§‘ri£’ ?r? %%egwgl Ry 17y g?l&up FEYe R Smay
subéﬁiﬁt@d&ﬁt Iat lﬁeegl a4 ctz% 10%RRhe Gedupo rhdeMeaiayC be
het erocyl i c group containing 1 to-4 heteroatons which
sub%rr:etqﬁmﬁp@d%mmj 1 Grineerepeied GIRIye Wit thptefrryLlic

gro%ﬁ‘?iona : quﬁLet%?%CaF @'%éﬂ&%a{’gdﬁseqﬂhﬁ:kg atd %W@ﬂy

ic group contalning 1t
nitﬂ‘tﬁjaar,oajmgserv\kbmmtalﬁm mi&pemimh lgroump tmeqagel:m oxygen

or, sulfur a i C ro be" substituted, . a
sub SR o e e S e o e eiSgr fb Yfbup
contEahg] | q%kpwo Of QA W Loy IeCES UDSS | ind@skn@erdr$ 15

al kyl t C2-6 al kenylthio or C2-6 al kynylthi o group

nitxgdesh omgode substl g eand FTEscB FRURDAIKYI1R%i o or

sub%tl%car?ﬁ ;é/jb]%%%% %&%ﬁ %%e@bglﬁi% %ﬂé}ﬂ

C3-g toyclGatemixgr et ouponerahimatayc bkaetsenb@(t)uthﬂ—e@qy angouap

ool T, b subsi Ll 0, 20 8 ol A TETRELSY wnicn
may be substituted; a Cs.g cycloalkylthio or Cs.g
cycloalkenylthio group which may be substituted; a Cs-14
aryloxy group which may be substituted, a 4- to 10-membered
non—aromatic heterocycle-oxy group which may be substituted,

a 5- to l4-membered aromatic heterocycle—dxy group which may

‘be substituted, a Cg-14 arylthio group which may be

substituted, a 4- to 10-membered non-aromatic heterocycle-
thio group which may be substituted, a 5- to l4-membered

aromatic heferocycle—thio group which may be substituted, an

- amino group which may be substituted, an azide group, a

guanidino group, a carbamide group, a formyl group, a Ci-e
imidoyl group, a carbonyl group which is substituted, a
carbonyl-oxy group which is substituted, a carboxy group, a
carbamoyl group which may be substituted, a Ci-4
alkylenedioxy group, a sulfanyl group, a sulfinyl group
which is substituted, a sulfonyl group which is substituted,

a Ci-g alkoxycarbényl group, a Cbﬁ»alkylsulfonyl group, an

‘0xX0 group or a Ci_¢ alkoxyimino group.
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be substituted, a C6-14 arylthio group which may be
substituted, a 4- to 10-nenbered non-aromatic
whedenoayxl e- thio group which may be substit up€dSGz08600087

to 14-menbered aromatic heterocycle-thio group which

may be substituted, an 25 afi no group which may be

substituted, an azide group, a guanidine group, a

car banmide g @ubhodidaarindt gl rasdhl: G nvgritdioyd, Rs, for

group, a carbonyl roup which is substituted, a

exangidrhord Xt XH-s substituted, a carboxy

group, a carbannyl group which may be substituted a

Cl-4 302l kylenst Gon@rothnd sl fay | faudio, Ry, for

sul finy group which is, substituted, a sulfonyl
exangrloup whiaxhphienwlulstauuit ed, a Cl-6 al koxycar bonyl

group, a Cl-6 aIkyIsquonyI group, an O0X0 group or a

1-6 al y|n1 Q9 2008 2153

PCT/ S %gbqn an enﬁ%%anen 6?7 egﬁﬂeﬁiﬁﬂg
eitﬂerwemlaﬂhlﬁi dorchimanmasalissts Ghdéd c&h:k};/dl ymlmaxamic

. I'n an enbodi nent of the present invention, for

acigmapIRE, i eﬁf?émﬂrergr%tﬁg withgpt Jé‘i-f-tifo%%%f}n ‘HcqReund
rep®d 4 igyetd on, Msing (gfther an achiral or chiral

catal yst, the chiral hydroxantc acid may be, for

exanple, and without limtation, a conpound

represented by the fornula (IV): R3 - OH 10 (*) N -

(1V) R4 R2 0 wherein (R R%H R3 and R4 are as

defi ned anywhere above I|n1t|ng exanpl es pfyone
process of the prese Nq are described i n nore
detail herein. 15 G Ies reactions were

performed in oven-dried (1 (@)
wherein (*), Rz, Rz and Ry are as defined ahywhere above.

Non-limiting examples of one process of the

- present invention are described in more -detail herein.

G. Examples

All reactions were performed in oven~dried (140°C)
or flame-dried glassware under an inert atmosphere of dry
nitrogen or argon. All reaction solvents were anhydrous, and

were purchased from Aldrich or Fluka.

'In general, reactions were monitored by thin layer

-chromatography using 0.25 mm E. Merck silica gel coated

glass plates (60F-254) with UV light to visualize the course
of reaction. Flash column chromatography was performed using

CombiFlash™ (ISCO, Inc.).

Chemical yields refer to pure isolated substances.
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or flanme-dried glassware under an inert atnosphere of

dry nitrogen or argon. All reaction solvents were
wapigdrass, and were purchased from Al drich oPCFEFBGX@8/000087

20 I n general, reactions were nonitored by thin | ayer

- chromat ography using 0.252%wm E. Merck silica ge

coated glass plates (60F-254) with UV light to

Vicsual dizentdie Gewse-ndfs rfgaaii e thhastccaisimas

chr omat ogr aphy was ngforned usi ng _25 Conbi Fl ashTM
condqucted usiqg Shamafzal §FePei0reperled pure PsYPareqolo-

substances. WD 2008/ 115153 PCT/ S&008/ 000087 27 Gas

chronatography-nass spectronetry (GC-Ms) was

cdnduatied’qisiueg. <8 M (G204 e oo pI MR Wi sfectra were

GCVB- QP2010.  _1H and 43 i
ot A SSpect 1 B ook A00 GaP Moas br SRREF SRRACEHo0
Cheni(i‘nl%L M) F1SP GO MRS vt e ChEM G3th S tise Weiree F1ePd i Bthe

. ppmfromtetranethylsilane wth the sol vent
with ddunamereas: tes dnmtnas st daraermat Starderd. Data

reported in.t f |.ng. or .. C ' ' i n
werd SR prf g ST e s £t Batleaa) T b
(8) Leu(tiingligtidy deldoublBidatdd By i efdsostidipmyrtel), m
(multiplet), 'me (centered nmultiplet)); coupling
(Sirc;dh@tt)a,nthéf(dpubJJ@));, itht egriarion) » a3l Greret) Stiludi es
Si i fferent at al r
e hadf (Bor R SN e} ARG s )
Hz) Solnitd@rat odn benzal glelyrde. (10.6 ng, 0.1 mmol), nitroso
conpound (10.7 ng, 0.1 mol) and the catalyst (5 x
10-3 to 0.02 mmol) in solvent (0.5 m). The reaction

M Gt U £ V8 Ss Sid r&fﬁf@q}eﬂmmct@mgx%é@g avd0s dOndidked by
The yields were determ ned by GC. 2

addeM@(yQN@rﬂéﬁﬂmr&d}ﬁ dgan@l) under argon to a solution
of benzaldehyde (10.6 mg, 0.1 mmol), nitroso compound (10.7

mg, 0.1 mmol) and the catalyst (5 x 10" to 0.02 mmol) in
solvent (0.5 ml). The reaction mixture was stirred at room

temperature for 10 min. The yields were determined by GC.

N-hydroxy-N-phenylbenzamide

DBU (3.8 mg, 0.025 mmol) was added under argon to
a solution of benzaldehyde (106 mg, 1 mmol), nitrosobenzene
(107 mg, 1 mmol) and catalyst (1.82 mg, 0.005 mmol) in
dichloromethane (5 mL). The reaction mixture was stirred at
room temperature for 10 min. The solvent was removed under
vacuum, and the residue was purified by flash silica gel
column chromatography using hexane and ethyl acetate as the

eluents.
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N OH DBU (3.8 ng, 0.025 mvol ) was added under argon
to a solution of benzal dehyde (106 ng, 1 mmol),
worisosabenzene 25 (107 ng, 1 mmol) and. cat abgE$G2008/000087
(1.82 ng, 0.005 mmol) "in dichloronmethane (5 nmL). The
reaction mxture was stirr2gl at roomtenperature for
10 m n. The sol vent was renoved under vacuum and the
resi duegwagopuiishi edpBY,f ! ash s ldzangel s, cobumy) ,
chromat ogr aphy usi ng hexane and ethyl acetate as the
7. 4530 .Seuemt,s . 3H,WAr2008/ V15563 .PCT/ 8G008/ G007, 2&2tH - 19
(400 MHz, CQ§:13?4: 6 = 9.05 (br s, 1H, 09 ,
(m, 2H45AZ38 «(mC3HONMEE, GD&R)7z 255 h645H (AueHpO), 139-1

7. 751 m 1 Ar 1 (400 3) 9.
(Cq)iei.%lgB(iS?)(’c&)g#]1’391.5%'2’(0%8jé’lsll%%?”(%:i’lﬁ.@?,_o
MS (EXX)2, nl28.197 128-8),12852, 7126.0. 5 M5 (ESI) : miz
. 197 (M+-O , 105, 77.
N- hydr oxy- 4- net hoxy- N- phenyl benzamide O N OH MO
DBU (7.61 ng, 0.05 nmmol) was added under argon to 10
N-h R &yt 4 -6 tofo 4 e idehenzal gelhgede (136 nmg, 1 mol ),
nitrosobenzene (107 ny, 1 mmol) and catal yst (18.15
ng, 0.05 mmol) in dichloronmethgne (5 nm). The
(&M tenperature for
n

reaction m xture was stirred at

10 mn. The sol vent was red der vacuum and the
resi due was purified bwebasf 15 | i ca gel colum

chr omat ogr aphy usi ng hexane and | acetate as the
el uents. 1H (400 MHz, CDC13) : 6 = 9.07 (br s, 1H,

OH), 7.3HU (AR dig,JAR G5 8umcl JHzwas 2Hidedd -H)der argon to
7.35-7.28 (m

2 sqg g d o el e Ko 3 A b

nitidddpendedfe (HA) Me, CRES)) arfd <dbd s C8.15 mg, 0.05
mmol) in dichloromethane (5 mL). The reaction mixture was
stirred at room temperature for 10 min. The solvent was
removed under vacuum, and the residue was purified by flash
silica gel column chromatography using hexane and ethyl

acetate as the eluents.

'H (400 MHz, CDCl3): & = 9.07 (br s, 1H, OH), 7.40
(AB, d, Jap= 8.9 Hz , 2H, Ar-H), 7.35-7.28 (m, 3H, Ar-H),
7.24-7.22 (m, 2H, Ar-H), 6.76 (AB, d, Jap= 8.9 Hz, 2H, Ar-
H), 3.79 (s, 3H, CH3). *3C (100 MHz, CDCls): & = 165.1 (Cq,
co), 161.7 (Cq), 140.4 (Cq), 131.0, 129.1, 127.9, 125.9,
124.3 (Cq), 113.4, 55.3. MS (ESI): m/z 227 (M"-0), 135, 107,
92, 7. ' ‘

N-hydroxy-4-nitro-N-phenylbenzamide
0

JOH
sag<}
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CcO, 161.7 (Cq), 140.4 (Cq), 131.0, 129.1, 127.9,
125.9, 124.3 (Cq), 113.4, 55.3. M5 (ESI) : mlz 227
w@ kwsM515135, 107, 92, 77. 25 PCT/SG2008/000087

N- hydr oxy- 4- ni tro- N- phenyl benzanide 0 N OH 2N WO
2008/ 115153 PCT/ SG2008/ 000887 29 DBU (3.8 ng, 0.025
mol ) was added under argon-to a solution of
4-ni tr amnze dehyde IG5 mgnoll) nvey )adcnid rnosfer benyeneto
(107 nmg, 1 nmmol) and catalyst (1.82 0. 005 v%ié

a sqlptgiath| o dirstiHaiRP g7 ande hmlﬁe ?je%{lct n MUYk Vkktroso

benz?éﬂéfﬂ%v% t 1 QR 1eNPEs atdy 9{1 L0, 48 Mg, The. 66 vRRd1)

renoved ‘under vacuum an e resi due was purified
in dm;clﬂlcasimeshham (‘getl)col T mmr@gma?ﬁhyr@waﬁg stirred

hexane and et cetate as he eluent.s. Scal e
at r[%i}]lq"oe %‘Hy%zéo )" Was eﬁf]u‘ﬁecfg? wE ar%%\ﬁec%o
unde Sﬂidﬂdnpn £d 4 trobenzal wehysler (BigH 120 mﬁ)él) silica
“ni trosobenzene (2.14 g, 20 mmol) and cataly

gel o:coizsnn m@qmawqaﬁﬂmbrwwwm%oaﬁ)et% é%%fcfﬁ%nas

the_r[gh & Was stirred at roomtenperature for 2 mn.
pr oduct precipitated as a yellow solid. The
sol vent was renoved 15 under vacuum and the solid was
washed Smiatlhe hexamBants e ey, @034 el prae pideiicender

eeoly AR R b BBl 5230 Ty,

nltrlfﬁ)be@zen]e Heo ., 14 2<j‘l, 2°€D -to 1) . 36 7@514611}}?!31: 3t Ay H) 025
24-7.22 (m -H). 20 13C 100 MHz, CDCl%%
mmo]g_621n7 c{n@flc@@met}’ﬁ@e ngqut)lL 3reaq_’g38o% my: bua@e was

| 242
ey gl (Goridfdi il 6ot
precdiBroamed\-dy cr qxeyll\d;vphse@yidberﬂzmn gelvent was removed

under vacuum, and the solid was washed with hexane and ether

to yield a pure product (5g).

'H (400 MHz, CDCls): & = 8.93 (br s, 1H, OH), 8.13
(AB, d, Jaz= 9.1 Hz , 2H, Ar-H), 7.60 (AB, d, Jm= 9.1 Hz,
2H, Ar-H), 7.36-7.34 (m, 3H, Ar-H), 7.24-7.22 (m, 2H, Ar-H).
3¢ (100 MHz, CDCls): & = 162.7 (Cq, CO), 148.9 (Cq), 138.3,
138.0, 130.0, 129.5, 129.1 (Cq), 126.2, 123.4. MS (ESI): m/z
242 (M*-0), 150, 134, 120, 104, 92, 76.

4-Bromo-N-hydroxy-N-phenylbenzamide

.OH
/©/lLNO

DBU (3.8 mg, 0.025 mmbl) was added under argon, to
a solution of 4-bromobenzaldehyde (185 mg, 1 mmol),
nitrosobenzene (107 mg, 1 mmol) and catalyst (1.82 mg, 0.005

mmol) in dichloromethane (5 mL). The reaction mixture was



ON OH gr 25 DBU (3.8 ng, 0.025 mml) was added
under argon,to a solution of 4-bronobenzal dehyde (185
worgosA13mdl ), nitrosobenzene (107 ng, 1 muol ) PENEG2008/000087

catalyst (1.82 ng, 0.005 nmmol) in dichloronethane (5

m.). The reaction m xture #8s WO 2008/ 115153

PCT/ S&008/ 000087 30 stirred at roomtenperature for
stidéedidt dden sedvenitatase fenoMedundeThy aselveniandsd he

resi due was purified by flash silica gel co|lum

TEMQRG HIGYF AFHFL U] rﬁgnche&%er%?rﬂcﬁté% HAS Ritethied Jv thkash

Sll]&i}y ,g’l%;ﬁél%,( 4I%IJMAt fo! %Hg)uﬁz”?gz%}g%réi Eoém? ethyl
aceTai3b-ak 3hd mlBHtaAr-H) , 7.29 (AB, d, JAB= 8. 7 Hz
OH, Ar-H) , 7.22-7.20 (m 2H, Ar-H) . 13C(100 MHz,
CDC13) . 6 = 164, coL , 139
5 130 7)€@h)4093@H§' £%§H3> %8‘69 996 51§ (gé sttt
1) 75 1)L83; . 455; . 404 (1 76
%( oiy nﬁzH% %%gﬁ%%y¥gIEZ|n1daz%$e 2- c%?bdﬁ%ﬁ?de
7.29 NMNOH, T4 = C8L\FL HDBU 113, 8@\1@;{)0 D222 miol) \was' 2dded

undqr argon to solgilon

Ar-H) et Ryl QP%—MH?da?QFéB rbal &fetfy dC o 118 mg 138 -ndGp)
ndtr nzene (k@7 I © Ist12(5188c_
131 R e e, Y e, ety aaa s sl P4y
10 (ESI)eacMznnZWn Muroé vvdsBiist irred 1@t4ﬁc7cﬁnterrperature for
10 min. The solvent was renpved under vacuum and the
resi due was

N-hydroxy-1-methyl-N-phenyl-1H-imidazole-2-carboxamide

0
Nir)k -OH
N

DBU (3.8 mg, 0.025 mmol) was added under argon to
15 a solution of l-methyl-lH-imidazole-2-carbaldehyde (110 mg,
1 mmol), nitrosobenzene (107 mg, 1 mmol) and catalet (1.82
mg, 0.005 mmol) in dichloromethane (5 mL). The reaction
mixture was stirred at room temperature for 10 min. The
solvent was removed under vacuum, and the residue was
20 purified by flash silica gel column chromatography using

hexane and ethyl acetate as the eluents.

'y (400 MHz, CDCls): & = 13.64 (br s, 1H, OH), 7.81
(d, J= 7.4 Hz, 2H, Ar-H), 7.42 (td, J= 2.0, 7.4 Hz, 2H,
Ar-H), 7.24 (td, J= 1.2, 7.4 Hz, 1H, Ar-H), 7.11 (d, J =
25 1.1 Hz, 2H, HC=), 7.04 (d, J= 1.1 Hz, 1H, HC=), 4.12 (s,
3H, CHs). C (100 MHz, CDCly): & = 153.7 (Cq CO), 139.7
(Cq), 139.0 (Cq), 128.5, 126.2, 125.8, 125.1, 122.3, 36.2. MS
(ESI): m/z 201 (M*-0), 184, 172, 159, 109, 82.



10

15

20

25

20 purified by flash silica gel colum chromat ography
using hexane and ethyl acetate as the eluents. 1H
W@ 208/1M1#23 CDC13) : 6 = 13.64 (br s, 1H, OH) ,PQI/8G2008/000087

(d, J =7.4 Hz, 2H, Ar-H), 7.42 (td, J = 2.0, 7.4 Hz,

2H, Ar-H), 7.24 (td, J =31.2, 7.4 Hz, 1H Ar-H),

7.11 (d, J =25 1.1 Hz, 2H, HC5), 7.04 (d, J = 1.1 Hz,

1H F[>) 4.12 (s, 3H, CH3) . 13C (100 MHz,” CDC13) :

7 (Cq,. CO) 139.7 (Cg), 139.0 (Cqg), 128.5,

N-hn%@y Mrz?;%lpliezwlip qpangnide 2. M5 (ESI): mz 201

(M-O, 184, 172, 159, 1 82O WD 2008/ 115153

PCT/ S&008/.000087 31

N- hydr oxy- N, 2- di pheny! pr g OH /1 DBU (30

ng, 0.2 mmol) was added under] argon to a 5 sol ution of
2- phenyl propanal (134 ng, 1 ni t rosobenzene
(107 ng, 1 nmmol) and catal yst 8 mg, 0.2 mol) in

di chl oronmet hane (5 nmL). The reaction m xture was
stirredBl (IomJenpe? atuwk) foas 19daea. uTher safgentto a

SOl%ﬁh?@l%ﬁg%ﬁgg?%% r€%§%#$ cgfgglﬁggluﬁzlg#fbnatography

nittsNgehaxade 2o ©f hyl masef aé@d&Saté]Eygt uentsg mdH 0.2
(400 VHz, 00013) .S =8.91 (br s, 1H, 7. 42-
mmol) 30 (FRCIBHpropétiany PB-mlpa Thg BWCNO%HIWWB@ 7739

stléf%déﬁ%#m;% @%:;gttgp%cﬁ ﬁg-)%bM—lz C%%QOS&Heﬁt vJas .

remd Gl ﬁﬁmer mamuﬂm(cmad thd38631@@g)wa&29U51f1€@ My flash
128.7,. 127. 7, 1 127.1,. 41-

=143 95k (ahbte ) SlidintdapTeateiegi psdne Ml

acehty di oxyn N Stebphenyl propananm de 20° O N . OH

'H (400 MHz, CDCl3): & = 8.91 (br s, 1H, OH), 7.42-
7.39 (m, 3H, Ar-H), 7.28-7.21 (m, 5H, Ar-H), 7.15-7.10 (m,
24, Ar-H), 3.72 (br s, 1H, CH), 1.50 (br s, J = 7.0 Hz, 3H,
CHsz) . *3C (100 MHz, CDCl3): 8§ = 169.5 (Cq, CO), 140.7 (Cq),
138.1 (Cq, 129.5, 129.4, 128.7, 127.7, 127.4, 127.1, 41.9,
19.8. MS (ESI): m/z 225 (M*-0), 132, 120, 105, 93, 77.

N-Hydroxy-N, 3-diphenylpropanamide

e

DBU (15 mg, 0.1 mmol) was added under argon to a
solution of 3-phenylpropanal (134 mg, 1 mmol),
nitrosobenzeﬁe (107 mg, 1 mmol) and catalyst (36.4 mg, 0.1
mmol) in dichloromethane (5 mL). The reaction mixture was
stirred at room temperature for 10 min. The solvent was

removed under vacuum, and the residue was purified by flash
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DBU (15 ng, 0.1 mmol ) was added under argon to a
sol ution of 3-phenyl propanal (134 ng, 1 mmol), 25
woedsosabenzene (107 ng, 1 mmol) and cat al yst PGGSE@2008/000087

0.1 mmol) in dichloromethane (5 nL). The reaction

m xture was stirred at rod®mtenperature for 10 mn

The solvent was renoved under vacuum and the residue
siliwgs Julr i ddednbyerddasit JYR 2008/ slmkh hPGEH SED 8100087
. 32 silica gel colum chronat ography -usi ng hexane and
acetatltiy/|as gdd st -he el uents. 1H (400 MHz, CDC13):

9.34 (br s, 1H, OH), 7.40-_ 5 7.10 (m lpH, Ar-H)

2.97 (t, J =7.4 Hz, 2H, CH2), 2.57 (br s, 2H, CH2) .

13C (10@ N0 @@@13ch1§ a63 ¥,34408,s 13812, 0H) 7 40—

129.3, .128.7, 128.6, 128.4 g 126.9, 126.4, 34.2, 3
7-1QVSm,( E—&ﬂf’}r AW& 1222:_} %?\/H'(-t@) @54 ggz' %ﬁ’ CHZ)’ 2. 57 (br

Bl gyt pheny el iexanecsr borgsi e 19 NP PG,
129 5P| utdeon of1 By ch Omez@%ll ](216129 o2d agrodd .2, 31.4. MS
ni't rosobenzene 107 ny, nnDI) and catalyst (36.4

(ESThy, m%a.%ﬁﬁﬂ§Mrﬁ£ 51@iPeh8ronet hane (5 nL). The
reacti'on m xture was stirred at roomtenperature for
10 min. The sol vent was renoved under vacuum and the
N-h yRSo eheN-vystse gl ¢ § ¢ leth dyarfd @estbsidmicde gel  col um
chr omat ogr aphy usi ng hexane and ethyl acetate as the
eluents. 20 1H (400 MHz, CDC1g): S = 9.15 (br s, 1H

OH), 7.48- 7.30 (m 5H, ~2-98 (br s, 1H CH),
1.77-1.67 (m 4H, CH2), 5-1/55 (m 3H, CH2) ,
1.27-1.15 (m 1H, CH2) , 1 .01 (m 2H, CH2) .
13C (100 MHz, CDC13) : S = 17 (Cq, CO , 25 138.2

(Cq), 129.4, 129.2, 126.7, 40.2, 29.1, 25.6, 25.5,
DBU (15 mg, 0.1 mmol) was added under argon to a

solution of cyclohexanal (112 mg, 1 mmol),-nitrosobenzene
(107 mg, 1 mmol) and catalyst (36.4 mg, 0.1 mmol) in
dichloromethane (5 mL). The reaction mixture was stirred at
room temperature for 10 min. The solvent was removed under
vacuum, and the residue was purified by flash silica gel
column chromatography usingAhexéne and ethyl acetate as the

eluents.

4 (400 MHz, CDCls): & = 9.15 (br s, 1H, OH), 7.48-
7.30 (m, 5H, Ar-H), 2.33 (br s, 1H, CH), 1.77-1.67 (m, 4H,
CHz), 1.65-1.55. (m, 3H, CHp), 1.27-1.15 (m, 1H, CHp), 1.14-
1.01 (m, 2H, CHp). **C (100 MHz, CDCl3): & = 171.5 (Cq, CO),
138.2 (Cq), 129.4, 129.2, 126.7, 40.2, 29.1, 25.6, 25.5,
25.4. MS (ESI): m/z 203 (M'-0), 148, 93, 83.
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25.4. M5 (ESI) : mz 203 (MO , 148, 93, 83. WO

2008/ 115153 PCT/ SG2008/ 000087 33 N hydroxy- N-phenyl
wey®Bopriepanecar boxam de O NOH .DBU (15 ngy, PCLSGI008/900087

was added under argon to a solution of cycl opropana

(70 mg, 1 mmol ), nitrosobehzene 5 (107 ng, 1 mol)

and catalyst ( 36 . 4ng, 0. 1 mol) in )

N-hy@ireRkonemhadne vicd ofxopa ke argasdeiian xt ure wa
stirred at roomtenperature for 10 min. The sol vent
was renoved under vacuum aRd the residue was
purified by flash silica gel-~g8Mim chromat ogr aphy

usi ng hexane and ethyl acefatejas the 10 eluents. 1H
(400 MHz, CDC13) : S = 8.81 (# , 1H, OH)
7.50-7.43 (m 4H, Ar-H), 7.407.136 (m 1H Ar-H), 1.68
(s, 1H, CH), 1.17-1.13 (dddd,”™J = 3.0, 3.8, 4,7, 7.8
Hz, 2HDELS (@H2)ng, @.851thc80 (edddddbds thddl; ahgdy th, a
1, 7. 8 Hz, 2H, CH2) . _13C (1Q0 MHz, CDC13) : .6 =
solufioh 1 GyclaDroparsd. 7oy | ISR, AEosotegepe
1Yol BmpaoINB ddfsSldata Yk 16k (M) ,0 . H0GmdA3, in/7. 20
(1Oﬂﬂ- 'def%FNwEﬁénylgéﬁigﬁanﬁgg O Oﬁe \ DBU (15 ng, 0.1
di chinolometds reed déd minderTher goraatd an woltbieowas Permratalat

Icmm£ggﬂﬁg%¥%%§%?k%ﬁbﬁk%%%ﬁﬁgo %F%%ﬂ%%gﬁigﬁg%féﬁetG%%éﬂ%%x

vacdln, ale trRAGdORIuE Xy uaisisdd ed latsh roidmca gel
tenperature for 30 mn. The solvent was renoved under

colut KO IR I RESNG 1B E B ¥ 135359 iah the

c1uddgls WO 2008/ 115153 PCT/ SG008/ 000087

4 (400 MHz, CDCl;): & = 8.81 (br s, 1H, OH),
7.50-7.43 (m, 4H, Ar-H), 7.40-7.36 (m, 1H, Ar-H), 1.68 (s,
1, CH), 1.17-1.13 (dddd, J = 3.0, 3.8, 4,7, 7.8 Hz, 2H,
CH,), 0.85-0.80 (dddd, J = 3.0, 3.8, 4,1, 7.8 Hz, 2H, CHp).
3¢ (100 MHz, CDCls): & = 170.6 (Cq, CO), 139.7 (Cq), 129.1,
128.3, 126.2, 11.7, 8.5. MS (ESI): m/z 161 (M'-0), 106, 93,
77.

N-hydroxy-N-phenylpentanamide

\/\)J\N/OH

Q

DBU (15 mg, 0.1 mmol) was added under argon to a
solution of pentanal (86 mg, 1 mmol), nitrosobenzene (107
mg, 1 mmol) and catalyst (36.4 mg, 0.1 mmol) in
dichlorométhane (5 mL). The reaction mixture was stirred at
room temperature for 30 min. The solvent was removed under

vacuum, and the residue was purified by flash silica gel
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34 col umm chromat ogr aphy usi ng hexane and et hyl
acetate as the eluents. 1H (400 MHz, 'CDCl1l3) : S =
wW@2@8/1(f3s3 s, 1H, OH), 5 7.47-7.43 (m 2H, Ar-HCT/SG2008/000087

7.41-7.37 (m 3H Ar-H), 2.31 (br t, J =7. 4 Hz, 2H,

CH2) , 1.64 (pentet, J = P44 Hz, 2H CH2) , 1.29

(sextet, J = 7.4 Hz, 2H, CH2), 0.85 (t, J = 7.4 Hz,
colu@il, chEbBitogidehy 108iMizhe ©DEE33nd 6tkyisaceBategaschje

, 138. .8 (Cgq) , 129.2, 126.8,.121.4, 32.3, 27.4,
eluepbsg 13.8. M5 (ESI): mz 10 177 (MO , 135, 93.

(E) - N-hydr oxy- N-phenyl ci nnamam de O cANCH DBU (15

ng, 0.1 mol) was added under argon to a 15 sol ution

of (E)lwi paralmehydec 032 dmy, 912fndby, s, 1H, OH),

ni trosobenzene_(107 , ) ,and.cataly ( 36.
7.4707143mbly 2R dPERHHY gﬁeé‘iaﬂgbs ) 365 BerB) o0 ?é%ﬂ B
v, Jrxupey wasystcpred Bled oppriesper atHre. 4 oz 1020 nCH) ,

The sol vent was renpved under vacuum and thg residu?
1.29wdsepuekfi gd=by - £l Heh 28,sCHeta §eBocbfumi = 7-4 Bz, 3H

chr,omat ogr aphy usi ng, hexane et hyl cetate As e
CHs) elh{fgnt%p 1M€1€406D9|l|2), : c%as%éa‘?d% E:ag. §O?br 1§8 -fﬂ,‘d@‘ﬂu
7138 g(diod 7F,18263Hz071k, HG=R, 7139%-7M39 (@SI)ZHm/z
129'%\{-&%,% 32‘71.2“315?‘/. 33°(m 3H, Ar-H), 6.55 (d, J = 15.6
177 HM'-QH, HES).933C (100 MHz, CDC13) : 6 = 161. 8 ((Cq,
CO , 143. 1 (Cg) , 137.8, 134.6, 130.1, 129.3,

129.0, 128.8, 128.0, 126.2, 115.1. M5 (ESI): mz 223

(E) -0Mry@rox 3 N-ph@3y 193 nnéhamd®e2008/ 115153
PCT/ SG2008/ 000087 35

(E) - N- hydr oxy-2-net hyl -N, 3-di p
X

:ﬁgﬁcrylan1de 0 NCH

O

DBU (15 mg, 0.1 mmol) was added under argon to a
solution of (E)~cinnamaldehyde (132 mg, 1 mmol),
nitrosobenzene (107 mg, 1 mmol) and catalyét (36.4 mg,

0.1 mmol) in dichloromethane (5 mL). The reaction mixture
was stirred at room temperature for 10 min. The solvent was
removed under vacuum, and the residue was purified by flash
silica gel column chromatography using hexane and ethyl

acetate as the eluents.

§ (400 MHz, CDCls): & = 9.3 (br s, 1H, OH), 7.78
(d, J = 15.6 Hz, 1H, HC=), 7.51-7.39 (m, 7H, Ar-H),
7.35-7.33 (m, 3H, Ar-H), 6.55 (d, J= 15.6 Hz, 1H, HC=). 3¢
(100 MHz, CDClz): & = 161.8 (Cq, CO), 143.1 (Cq), 137.8,

' 134.6, 130.1, 129.3, 129.0, 128.8, 128.0, 126.2, 115.1. MS

(EST): m/z 223 (M'-0), 131, 103, 93, 77.
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DBU (15 ng, 0.1 mmol ) was added under argon to a
sol ution of (E)-2-nethyl-3-phenyl acryl al dehyde (146
worgnoss1sisamol ), nitrosobenzene (107 ngy, 1 nmol PCEBG2008/000087
catalyst (36.4 ng, 0.1 mmol) in dichl oronethane (5
m.). The reaction mixturédwas stirred at room
tenperature for 10 mn. The solvent was renoved under
(E) -MaBydpbxand-nbehyesiddednabenplrrtiyéampgef | ash silica
gel colum chronmat ography using 10 hexane and et hyl
‘acetate as the eluents. 1H (40Q , CDC13) : 6 = 9.04
(br s, 1H, OH) , 7. 43 , Ar-H), 7.37-7.30
(m 3H Ar-H), 7.28-7.¢ IH _Ar-H), 7.16-7.14 (m
2H, Ar-H), 6.84 (s, 1H, =), G) 15 (d, J = 1.5 Hz,
3H, CH,) . 13C (100 MHz, CDC13) 8 = 167.8 (Cq, CO,
140.6 (Cqg), 137.7, 136.8, 130.9 ( , 130.6, 130. 4,
129. 7, DBP9.(45 126. 8. 115m8l1) MBagESKHyed mnzﬂezsﬁr@mn éf a

45, 17, ..91. 2
SOluzlﬁ Pnl\l-oi]# éﬁ&i%_gl %Ey%é?ﬁg%?ﬁl éﬁﬁr)ylﬁ-ldﬁhﬁdl acrlyill6arlﬁ de
1 omB1)N n@lvdrwl@@b/elnla%ﬁe(mfm?gg glO&nLdirml )ammhsaa@dwmnder
argon to a solution.o met hoxycCi
(36. (41619 m§,- 11 hedi)) 1 ﬁlﬁhé%ﬁé‘ﬁf@ﬁéle( 1§57 %W a)c‘tlon
mixt@id Gakaly ahane a% qgom?%é%ﬂ@édﬂﬁﬂé fidt 10 min. The

i chl oronme The reaction m xture was
solvsatnltr meﬁh atemrcoem ttmmefr atagef, o 2nE0 thien X epHEluso [Waeht

Purlﬁ&reidf % f\é;?d B R s o, RS e

hexadld 126 %&Jhﬂmaw@tae:ly atogr adhyertss .ng hexane and
et hyl acetate as the eluents. "H (400 MHz, CDC13) : b
9.18 (br s, 1H, , 7.73 5 (d, J = 15.6 Hz, 1H,

HCS) Z > A0Cm leJJ&{ 87.43-
8 H | 4§P &Pg EB§§3(AB§Dd 8 g}ng i
7.38 (m, 4H Ar-H), 7.37-7.30 (m, 3H Ar-H), 7. No-T.24 (m,
1H, Ar-H), 7.16-7.14 (m, 2H, Ar-H), 6.84 (s, 1H, HC=), 1.96

=z

(d, J= 1.5 Hz, 3H, CH3). C (100 MHz, CDCl3): & = 167.8 (Cq
co), 140.6 (Cq), 137.7, 136.8, 130.9 (Cq), 130.6, 130.4,
129.7, 129.4, 126.8, 15.8. MS (ESI): m/z 237 (M'-O), 145,
117, 91.

(E)—Nthdroxy—3—(4—methoxyphenyl)—N>phenylacrylamide
' O

WN,OH
MeO @

DBU (7.5 mg, 0.05 mmol) was added under argon to a
solution of (E)-4-methoxycinnamaldehyde (162 mg, 1 mmol),
nitrosobenzene (107 mg, 1 mmol) and catalyst (18.2 mg,

0.05 mmol) in dichloromethane (5 mL): The reaction mixture
was stirred at room temperature for 10 min. The solvent was

removed under vacuum, and the residue was purified by flash
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30

2H, Ar-H) , 6.43 (d, J = 15. 6 Hz, 1H, HC=) , 3.81 (s,
3H, CH3) . 13C (100 MHz, CDC13) : 6 = 161.2 (Cg, CO
w0 20821545 Cq) , 137.8 (Cqg), 129.7, 129.1, 128rPOr1/SG2008/000087
128.6, 127.4 (Cg), 126.1, 114.2, 10 112.5, 55.4. M
(ESI): miz 253 (M+-0), 1686 133, 118.
(E) - N-hydr oxy- 3-(4-ni trophenyl ) - N phenyl acryl am de
silidtd GHL cborumA2bdhtoBatoBBEpPhY. Bsipg beeBnamahy ®&SYL
added under i % to a solution of
acetpEp. aSniPPofi Hilfdl dehyde (177 nmy, 1 mmol), 20
ni trosobenzene (107 ng, 1 mmol) and catal yst (18.2 nyg,
0.05 nmol) in dichloromethane (5 nL). The reaction
m xturéd Waso sitiiz r edD@t s )r:odmet Enpdér dtour & f 3, 1®HHn.7-73

The solvent was re e
(d/ vhs phref Féd bEf FSSH - & Bt 45 g1 ¢ 2nd, L5 reshyue
(AB, Chr opat 09@@“%{21?' pg, h@fam a@d get mAIB 2% ,acR} at &3 .45 Hz,

thé eflients. 31:2 9 64 (br s
28, Arelﬂ)),, 8433 d(,dJsr &51§ Bzpz 1 HHc-();H) -$log s¢d 3H; cH3).

e gon peggnine E51001%|1|zZ 38 c%gp 1?_w18%5 421(3%?8

(Cq) 148 229138. 355133. ﬂzsléo 927130.(6,) , 129 51, 1204 22,
i2 12478, 7120, 7. M (ESI): 268 a 176, 148.
112\ mosv 1¥5155SPCE $E20@S52000089) / gz 33, 118.
4-[ (E) - 2- (N- hydr oxy- N- phenyl car banoy! )VI nyl ] - 2- met hoxy
phenyl trifluoromethanesul fonate O\ H3CO\ \ N5
E) —t-f\f)—@lgbrgﬂyD@U (415 irgopheh yiye! - phassn ydldded; iendete ar gon

t )
jons
OH
O.N

DRBU (7.5 mg, 0.05 mmol) was added under argon to a
solution of (E)-4-nitrocinnamaldehyde (177 mg, 1 mﬁol),
nitrosobenzene (107 mg, 1 mmol) and catalyst (18.2 mg,

0.05 mmol) in dichloromethane (5 mL). The reaction mixture
was stirred at room temperature for 10 min. The solvent‘was
removed under vacuum, and the residue was purified by flash
silica gel column chromatography using hexane and ethyl

acetate as the eluents.

4 (400 MHz, CDCls): & = 9.64 (br s, 1H, OH), 8.13
(d, J= 15.3 Hz, 1H, =CH), 7.98 (4, J = 8.1 Hz, 1H Ar-H),
7.57~7.39 (m, 8H, Ar-H), 6.42 (br s, 1H, =CH). **C (100 MHz,
CDCls): & = 160.6 (Cq CO), 148.2, 138.3, 133.4, 130.9, 130.0,
129.5, 129.2, 126.6, 124.8, 120.7. MS (ESI): 268 (M'-0), 176,
148.
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solution of (E)-3-nethoxy-4-trifluoronethyl
sul f onyl oxyci nnamal dehyde (310 ng, 1 mmol),
worisosabenzene 10 (107 ng, 1 nmol) and cat al yRECT/$GB08/000087
ng, 0.1 mmol) in dichloronmethane (5 nlL). The reaction
mxture was stirred at rédmtenperature for 10 min.
The sol vent was renoved under vacuum and the residue
4—[(EWEQ{RW@K&&&biW“N#ph&nyﬂ¢$Ibammyl)@bmmhh—Z—methoxyphenyl

 r1 F Ol oo g5 aphyl Bshaige hexane and ethyl acetate as the

15 el uents. 1H (400 MHz, CDC13) : 6= 9.24 (br s, 1H
oH), 7.72 (d, J = 15.5 Hz, 1H =CH), 7.53-7.44 (m

5H, Ar-H), 7.18 (d, J = 8. , Ar-H), 7.03 (d, J
= 8.6 Hz, 1H, Ar-H. 7.02 20 (s,ig::jﬁw-kb, 6.53 (br

s, 1H, =CH), 3. 9T§‘D(‘% SRy OME) (100 MHz, CDCL3):
S = 160.7 (Cq, CO), , 141.8y 139.4, 135.09,
129.2, 129.4, 12678 153 8, 120.3, 120.1, 117.1,

113.9. 112.5. 56.2. HRMG (ESI), calcd for CL7HL4CBNF3S

(M+-0)  401.0545, found 401.0549 25 éE)-Et hyl
3- ( N- hyHU 0x¥5 Naphefyl cambahoya} agfigedt ender\ aogRR bt 2

OoH 0 DBU. (7. . 05, ml ded und

sonuflog of (B iAoty B Ro SRR RBEE S, I e "

sulf%?gmgk}cinﬁhﬁa@aehgaéemslo1ﬁa,nm,mﬁomnplmiandsanazyse
.2 ng

. D 2008/ 115153 PCT/ SG2008/ 000087  38.0. 05
(107 ol ) 1i it hpbloratRANET( S3RLE. "Fnelr LaBPPSh Mixture

dich?@%eé%%ﬁégg 5 EBQU]Eﬁgp§EQEH§8nfﬁﬂx%Qr€iWasTB@irred at

fenoved under vacuum and the residue was
roompyeipeedthyef Fashi0siihcaThel sodvent whsorameyeapHpder

vacug%tngngeéggerQQnggh%gsspagﬁ %%% %§ %Egsﬁlggﬂﬁ%a gel

column chromatography using hexane and ethyl acetate as the

=z

eluents.

4 (400 MHz, CDCls): & = 9.24 (br s, 1H, OH), 7.72
(d, J = 15.5 Hz, 1H, =CH), 7.53-7.44 (m, 5H, Ar-H), 7.18 (d,
J = 8.6 Hz, 1H, Ar-H), 7.03 (d, J = 8.6 Hz, 1H, Ar-H), 7.02
(s, 1H, Ar-H), 6.53 (br s, 1H, =CH), 3.91 (s, 3H, Ole). Be
(100 MHz, CDCls): & = 160.7 (Cq CO), 151.6, 141.2, 139.4,
135.9, 129.2, 129.4, 126.3, 122.8, 120.3, 120.1, 117.1,
113.9, 112.5, 56.2. HRMS (ESI), calcd for Ci7H140sNF33 (M"-0)
401.0545, found 401.0549

(E)-Ethyl 3—(NLhydroxy—NLphenylcarbamoyl)acrylate

DBU (7.5 mg, 0.05 mmol) was added under argon to a
solution of (E)-ethyl 3—formylacrylate (128 mg, 1 mmol),

nitrosobenzene (107 mg, 1 mmol) and catalyst (18.2 mg,
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'H (400 MHz, CDC13) : 6 = 9.68 (br s, 1H OH) ,
7.44-7.34 (br m 5H, Ar-H), 6.97-6.90 (br m 2H,
w@\eooBM 15183 20 (g, J = 7.2 Hz, 2H, CH2) , 1.27 ¥€T/SG2068/000087
7. 2 Hz, 3H, CH3) . 13010(100 MHz, CDC13): 6 =
165.2, 159.3, 137.1, 131.88 131.0, 129.6, 128.09,
. 126.5, 61.3, 14.1. HRNB (ESI), calcd for C12H1303N
0.05 (Mo XD ﬁi%:ﬁﬁ%rdmmmrzagmgm) The reaction mixture

N—hydroxy N- acryl am de
was S TEE Sl O e Al TR B HoR e £ nSe ST ofe
remoégd &%f”&hééﬁ%Tﬂhné—Eﬂ@ﬂﬁesfwﬁéO@@@e@qﬁhﬁlédOHyn@Laah
and catalyst (36.4 ng, 0.1 nmol) in

silich mbrm@m@wmemgrw reaeRy opCFRRE urRIvBENY L

stirred .at enperature for 10 mn. The sol vent
acetaly 7 ﬁ%@ede dﬁﬁé vacuum and the resi due was

purified by flash silica gel 25 colum chromatography
usi ng hexane and et hyl acetate as the elu nts

(400 Mz, (409CHM83z, 6R€1) 155 Br 95681 14PT Oy, @5}7 40
R A S
o 1 e G, s 3 e e
(100 (MQER) CDQJZB) :9 5 fza@) 21,25.50 (30% 1, NS S )1131 Wz

129. é ;%ggg }%60%8’6%28 71y YO ﬁﬁ9§/%%§%§3 calcd for

Clﬁh%%@ﬂ @ﬂL@ﬁtBybaUBBe)phenyd)2&9h9896xybenzan1de 0 NOH

nmyg; 0.1 mmol) was added under argon to a

NLhydroxy—N>phenylacrylamide

o

DRU (15 mg, 0.1 mmol) was added under argon to a
solution of acrolein (56 mg, 1 mmol), nitrosobenzene
(107 mg, 1 mmol) and catalyst (36.4 mg, 0.1 mmol) in
dichloromethane (5 mL). The reaction mixture was stirred at
room temperature for 10 min. The solvent was removed under
vacuum, and the residue was purified by flash silica gel
column chromatography using hexane and ethyl acetate as the

eluents.

14 (400 MHz, CDCls): & = 9.15 (br s, 1H, OH),
7.49-7.40 (m, 5H, Ar-H), 6.50 (dd, J= 1.6, 16.9 Hz, 1H,
=CH), 6.28 (br dd, J = 10.3, 16.9 Hz, 1H, =CH), 5.73 (dd, J
- 1.6, 10.3 Hz, 1H, =CH). C (100 MHz, CDCls): & = 161.2 (Cq/
co), 137.8 (Cq), 129.4, 129.1 (=CHp), 128.9, 126.3, 125.1 (C-
Ar). MS (ESI): m/z 147 (M'-0), 119, 93, 77.
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5 solution of benzal dehyde (106 ng, 1 mmol),
N, N- di net hyl -4- nitrosobenzenam ne (150 ng, 1 mol)

wapasastisd yst (36.4 ng, 0.1 nmol) in di chl or or&r/kGI88/000087

(5 m.). The reaction mxture was stirred at room
tenperature for 60 nmin. TBE solvent was renoved under
vacuum and the'residue was purified by flash 10
silica gel colum chronatography using hexane and

ethyl acetate as the eI 400 CDC13) : S
~( vt gl amii 0 ) R I%%E‘%rs 1H,

OH), 7.55-7.46 (n1 5H Ar H)o 6 75 (d, 15 AS, JAB =

8. 8 Hz, 2H) , 2.95 (s, Jon 13C (100 MHz,

CDC13) 165.5 (Cg, CO | .2N(Cq) , 135.3 (Cq) ,

131.5, 128.7, 127.7 (Cq 26 4

MS (ESI): mz 240 (M+-O , 121, 105, 77. 20

N- hydr oxy- N- (4- hydr oxy- 3, 5- di ®et’hyl phenyl ) benzanm de 0

NOH OH DBU (15 ng, 0.1 nmol) Was added under argon to

a solution of benzal dehyde (106 ny, 1 mmol ),

2,°6- di pBf giS mg, @'irlﬁrﬁ@m‘eﬁgé £484d mgnddr napdn abd a

catal yst (36 5 mol) in d|chloronethanf £5
solutidn Jﬁebeea@ldQMyﬁﬁth@@ Was &t PRPeYr adlr Modhpeth

erature, for Th 0 115483

nltr?ﬁ%?%%ﬁ%@%?b%ﬁoéggo4ﬁgfenn@%éghnggé %%gaﬁg%gaggét%e S
0.1 ﬁﬁélﬂuﬁnmaﬁcﬁybt6Mthbyef|EShL ) si Theargetttohumhxture

chromat ogr aphy usi ng hexane hyl tat h
was gFyBhed. gs EP%@4E@m%@§a Efﬁn% gb 1 n43$$ %98“5 fas
remo§£g ?dez @90&9& Sanékkhg*&eszgéé %ﬁé?pﬁﬁ%%%ﬂdlgg EE;sh

si1iERCEE)Y Co6umn165roﬁaFquapnn»uslng ne§@af a@§5ei v
1. 0.1 128.8, 126.9, 123.7, 121.2, 16.
acetﬁ% (E%l%ﬁen?%ggﬁ%s(w%-c», 138, 105, 77.

1y (400 MHz, CDCls): & = 7.86 (d, AB, Jas= 7.2 Hz,
on)y, 7.65 (br s, 1H, OH), 7.55-7.46 (m, 5H, Ar-H), 6.75 (d,
AB, Jaz= 8.8 Hz, 2H), 2.95 (s, 6H, CHs). 13¢c (100 MHz, CDCls):

122.0, 113.1, 40.09.

§ = 165.5 (Cq, CO), 148.2 (Cq), 135.3 (Cq), 131.5, 128.7,
127.7 (Cq), 126.9, 122.0, 113.1, 40.9. MS (ESI): m/z 240
(M*-0), 135, 121, 105, 77.

N;hydroxy—N;(4—hydroxy—3,5—dimethylphenyl)benzamide
O

-OH
N 0O

OH
DBU (15 mg, 0.1 mmol) was added under argon to a
solution of benzaldehyde (106 mg, 1 mmol), 2,6-dimethyl-4-
nitrosophenol (151 mg, 1 mmol) and catalyst (36.4 mg, 0.1
mmol) in dichloromethane (5 mL). The reaction mixture was

stirred at room temperature for 60 min. The solvent was -
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10 N- (2, 6-difluorophenyl) -N-hydroxybenzamde O
(rNOHF DBU (15 ng, 0.1 mmol) was added under argon
W@ 2008/115153 sol uti on of benzal dehyde (106 ng, 1 PemEg2008/000087
1, 3-di fluoro-2- nitrosobenzene (143, ng, 1 mmol) and
catalyst (36.4 ng, 0.1 m®P) in dichl oronet hane (5 ‘
m.). The reaction mxture was stirred at room
remoteimetdd tireadwim 60amd rkhd hee siofwe ria sasir B &l uhrResh

vacuum and the residue purifi
siligy |9 ety TR %%% a%%ln%gge}?g éexanééj %lgh '
acetg%gngs acetat g-@sst he eluents. 1H (400 MHz, CDC13): 6

0 (br s, 1H, OH), 7.55- 7.51 (m 2H, Ar-H),
743729(m 4H, Ar-H), 6.94-6.90 (m 25 2H, ArH)

13C (100 M 13 169. 7 0.1

157, z(sji(qu()‘lO%@Z? 81%12 1§28, 0 ?écir‘lgo)ﬂfs %ﬁ

1 C E 238) [ Mk: Capko,
7.36 %lng\UZ Blllé N 34- Mg @h) 38} za (M2, ( D52

153" PCT/ SG2008/ 000087 41
Ar—-uN- hydr exys N- 61} ot} )heri2anmi Heo omm,z OHCDORY { 15 =g, 650.61 (Car

dded und | Ut
coy, b@ﬁgéﬂﬁ'ﬁﬁe fﬁ%glnngéq ar ﬁ.?f& %B@ﬁhjtc' g” 9bg.g, 126.9,
123. ’8' tié"f"?e”ﬁ”@ (h31(Agr) 1 mlmandea@)aJ ys38 ( 300 H, ] .

in dichl ororret hane (5 nmL). The reaction
m xture was stirred at roomtenperature for 60 mn.

W (2gPEaS I EALENES 1 | SRNGA, UL VaRUUE and the resi due

a ge col um
chr omat ogr aphy usi ng hexane @nd ethyl 10 acetate as
the eluents. 1H (400 g)OI—:I 6 = 9.45 (br s, 1H,

O_D ’ F \ E

DBU (15 mg, 0.1 mmol) was added under argon to a
solution of benzaldehyde (106 mg, 1 mmol), 1,3-difluoro-2-
nitrosobenzene (143 mg, 1 mmol) and catalyst (36.4 mg,

0.1 mmol) in dichloromethane (5 mL). The reaction mixture
was stirred at room temperature for 60 min. The solvent was
removed under vacuum, and the residue was purified by flash
silica gel column chromatography using hexane and ethyl

acetate as the eluents.

4 (400 MHz, CDCls): & = 8.80 (br s, 1H, OH), 7.55-
7.51 (m, 2H, Ar-H), 7.43-7.29 (m, 4H, Ar-H), 6.94-6.90 (m,
oH, Ar-H). *C (100 MHz, CDClz): & = 169.7 (Cq CO), 160.1,
157.5 (Cq), 131.7, 128.3, 128.0 (C-Ar), 118.3 (Cq), 112.3,
112.1 (C-Ar). MS (ESI): m/z 233 (M'-0), 105, 77.
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7.40-7.32 (m 3H, Ar-H), 7.28-7.20 (m 4H, Ar-H),
7.15-7.12 (m 2H, Ar-H) , 2.32 (s, 3H CH,) . 13C
wQo 1@81M183 CDCLl3) : 6 = 15 165. 6 (Cg, CO , 1BBI/SG2008/000087
(Cq) , 136. 9 (Cq) , 131.4 (Oq) , 131.3, 131.1,
130.0, 129.3, 128.6, 128.%1 126.9, 17.7. M5 (ESI)
mz 211 (MO, 105, 77. In studies using different
N-hydrbgazut buboaptbe2@amidazol i um salts, it was observed
that sterically less hi ndergd tri azol iumsalts
provi ded hi gher yields gi duct (Table 1).
N fons as low as 25
1,
,l

of th
Reaction with catal yst n
0. 125 nol % was observe Reacti on Conditions
for the Preparation of dr c Acids 0 N=O O1OH +
30 WO 2008/ 115153 PCT/ S&G2008/QQL087 42 ent ry catal yst
(nmol %9 sol vent Base GC yield, % (nol o 1 N (20)

C}anzDEBU(1§9¢gc Oi INn@BRES Nas$ aéﬁ@d znﬁﬁr(zéﬁoé}§€1é
solu$}88e0§hpegg§ldih¥§8)?éaécT"Ph&lémgég) @H%g%%YKCQBu
nitrosobenzene (121 mg, 1 mmol) and catalyst (36. 4 mg,

0.1 mmol) in dichloromethane (5 mL). The reaction mixture
was stirred at room temperature for 60 min. The solvent was
removed under vacuum, and the residue was purified by flash
silica gel column chromatography using hexane and ethyl

acetate as the eluents.

'H (400 MHz, CDClz): 8 = 9.45 (br s, 1H, OH),
7.40-7.32 (m, 3H, Ar-H), 7.28-7.20 (m, 4H, Ar-H), 7.15-7.12
(m, 2H, Ar-H), 2.32 (s, 3H, CHs). *C (100 MHz, CDCls): 3 =
165.6 (Cq, CO), 138.1 (Cq), 136.9 (Cq), 131.4 (Cq), 131.3,
131.1, 130.0, 129.3, 128.6, 128.1, 126.9, 17.7. MS (ESI):
m/z 211 (M™-0), 105, 77.

In studies using different imidazolium and
triazolium salts, it was observed that sterically less
hindered triazolium salts provided higher yields of the

product (Table 1).

Reaction with catalyst concentrations as low as

0.125 mol % was observed.

Table 1. Reaction Conditions for the Preparation of

Hydroxamic Acids

N=0O OH
=0 L catalyst, base o N~
solvent, RT., 10min ©




I ~NON~ 15 (20) CH2C12 KOG Bu Trace NBC 6 N (20)
CH2C12 KO Bu 95 N C6F5 BF4 7 N (20) THE KO Bu 85
WORM@BAR1IBS- + BF4 8 N (5) CH2CLl2 DBU 99 N COFSI/BG2068/000087

BF4 WD 2008/ 115153 PCT/ S&008/ 000087 43 9 N (0. 5)
CH2C12 DBU 99 T ~N-C6F5 M2 + BF4 10 none CH2C12 DBU

0 Benzal dehyde and nitrosobenzene were observed to

react in the presence of the NHC catal yst generated
fromthe trlazollum salt and DBU form ng

B “ G
entrff’or rﬁfttr under these

condi tions (Tabl e 2). Yiel ds abovemMa%)of the
correspondi ng hydroxam ¢ acids for a variety of aryl,
al le al kenV| a_nd h_Ff erocvclic S—\Wef-e—

al dehydes.
1 obsergejd}rﬁ(ﬂabl e 2)(200 VYiCE:a52 aboRBU75% of “thé?

corregp N¢Is| hydroxam c acids for a variety of
ni t r osg.cQupou {fhds were observed (Table 2). Yields
above 75% ar®¥sconsi dered excel | ent

2 . (20)  CHyCl, KO'Bu 50
P
s
1\|]\+/>C104_
“Ph
3 (20)  CH,Cl, KO'Bu Trace
N\\/N+
\,/ BFﬂ/
4 (20)  CHyCl, KO*Bu 55
N_N
+
2
5 : (20)  CHyCl, KOBu Trace
\:
N N
6 N (20) CH,Cl,  KO'Bu 95
N\//+’_C6F5
BFE,
7 N (20)  THF KO*Bu 85
= N—C,F
Cl\lI/\// 65
BF,
8 (5) CH,C1, DBU 99

- N\
C’/ N_C6F5
N/ +

BF,
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yields. Table 2. Preparation of Hydroxamic Acids wth
Various 15 Al dehydes or Nitroso Conpounds O N-O

we at0al1yss3 (0. 5-20 nol %9, OH ~\ + DBU 30 Ni Rl PCI/R22088/000087

2, 10-60 mMmn R R 20 entry RL R2 isolated vyield, %
1 C6H5 C6H5 96 2 4- OMeCBRB CBH5 99 3 4- NO2C6H5 CBH5
99 4 4-BrO6H5 C6H5 95 5 1-nethyl-1H CBH5 98

i m dazol -2 6 C6H5CH .(CH3FHEBHS 89DPBY CoHSCH2CRR C6HS
78 8145153 PCT/ S&008/ 000087 44 8 C6HL1l C6H5
97 +ChH5 99 10 n-C4H9 CBH5 99 11 CBH5CH=CH
C6H5 95 1BFCEHECH=C (CH3) C6H5 96 13 4- OMeC6HACH=CH
C6H5 87 14 4- NORC6H4CH=CH C6H5 99 15 3- O\Vke-4- CBH5

ggkéﬁgg; C 6H4CH=CH 16 ECERX3LH-CHBO6H5 99 17 CH2=CH

Benzaldehyde and nitrosobenzene were observed to

react in the presence of the NHC catalyst generated from the

triazolium salt and DBU, forming N-hydroxy-N-phenylbenzamide

in yields above 75%. No formation of benzoin was observed

under these conditions (Table 2).

Yields above 75% of the corresponding hydroxamic

acids for a variety of aryl, alkyl, alkenyl, and

heterocyclic aldehydes were observed (Table 2).

Yields above 75% of the corresponding hydroxamic

acids for a variety of nitroso compounds were observed

(Table 2). Yields above 75% are considered excellent

yields.

Table 2. Preparation of Hydroxamic Acids with Various

Aldehydes or Nitroso Compounds

N= catalyst (0.5-20 mol%), /U\
R’/Q§O + / DBU__ — ~OH
I RS CHCTZ, 10-60 min R N
Ry
entry R Rz isolated
yield, %
1 CeHs CgHs 96
2 4~-0OMeCgHs CgHs 99
3 4-NO;CgHs CgHs 99
4 - 4-BrC¢gHs CegHs 95
5 1—methyl—1H— CeHs 98
imidazol-2- '
6 CeH5CH (CH3) CgHs 89

7 CeHsCH2CH> CeHs 78
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15

18 C6H5 4- (Me) 2NC6H5 93 19 C6H5 3, 5-Me-4- (OH)
C6H5 55 20 C6H5 2, 6-F2C6H5 82 21 C6H5 2- MeC6H5 77
wo@ansiyst: N-CF N~+ 6s BF4 5 Azoxybenzene BEESG2008/000087

observed as a side-product. By nodifying the reaction
condi ti ons according to rdéti ne experiments, the
anount of azoxybenzene can be m nim zed. Procedure

f g NHC- cat atymed synthesis of @diisral hydroxam @7 10
achds DBU (7c5u4mg, 0.05 nmmol ) wagisadded under arf§on to
ajgsol utionnot,@d dehyde (0.50 nmgsls), nitroso cosound
(151 mmlg apd-the catal yst (QcQg nmmol) in 95
dichl orogef@aln% cggdy ML) . The reagti on mxture wes
stllrred %e%o d rature 15Cg}gr 3 h. The solgyent

gel

rerm yaguum and t@e{ resi due was pwg fied
W%; I ash col umm chr@r@t ogr aphy usi ngg

ane an tate as the ®éluents. WO
2008/ 1155 08/ 000087 ﬁﬁiﬂPr ocedure for 4
NHE cat aI%FPé%F‘IG}héﬁ c resol ut| 0 a- br anched
alldehyde KBGHo¢%.5 ng, 0.05 F Hs vvas added un§
arlgon to a $oHution of al dényle) e et nitr g{)
cdrgpound 5 (@eBO mmol) arkd Etﬂ’e?‘t:‘]at(aﬁ)s% éO 05 in

dizzhl or onet hanés (3 nl). TheZréaétfadts m xture
stirred at ragmstenperature foWeBets. The sol vent’ was
removed under vacuum and the residue was purified by
—Trash sifTica gel columm chromatography using hexane
and et hy clet ate as the
catalyst: "N—CFs
N

N
‘BF4

Azoxybenzene was observed as a side-product. By
modifying the reaction conditions according to routine

experiments, the amount of azoxybenzene can be minimized.

pProcedure for NHC-catalyzed synthesis of chiral hydroxamic

acids

DBU (7.5 mg, 0.05 mmol) was added under argon to a
solution of aldehyde (0.50 mmol), nitroso compound
(0.51 mmol) and the catalystl(0.0S mmol) in dichloromethane
(2 mL). The reaction mixture was stirred at room temperature
for 3 h. The solvent was removed under vacuum, and the
residue was purified by flash silica gel column
chromatography using hexane and ethyl acetate as the

eluents.



10 eluents. The ee value was determned by chiral HPLC
using OD-RH colum (47% AcN Water). The GC yields
wowens/1tlaser mi ned by using dodecane as an i nt ePCEBG2008/000087
standard. N-hydroxy-N, 2- dlphenylpropananlde 15 0 ~
N~OH 1H (400 MHz, CDC13) 455 = 8.91 (br s, 1H OH)
7. 42- 20 7.39 (m 3H, Ar-H), 7 28-7.21 (n1 5H, Ar-H)
Procedulle Add NHT- céﬂalykedﬂklmeﬂmp(mﬁsqiuQ}@n(9§ a-branched
(br s, J=7.0 Hz, 3H, CH3) . 13C (100 MHz, CDC13) : 5
aldehyagsg 5 (Cg, CO) , 140.7 (Cq) , 138.1 (Cg), 129.5,
129.4, 128.7, 127.7, 127.4, 127.1, 41.9, 19.8. M
(ESI) k@i 225.5 , 0120, mhd8,) 9Bs BAJRD Uiger argon to

a- branched al deh e and nitroso co ound wer
a solbskrveef tald elﬁwqﬁp br esthice ?ﬁ%ﬁcatalyst

ener ted @u@@sﬁﬁél nﬂ 1g8chloromethane
5 (0. 5% |cyc$ ?@é g%ﬁ g ene , ?orn1ng the R WO
(3 mﬁp08fﬂé5ﬁ58cfiﬁhSﬁ?@@@t@O@@@?stﬂﬁr@@a@t|@ﬂ@m ppmppBature

correspondi ng chjral droxan1c cid 0% yi;e
for Jn. kiﬁ%?i%ofggBFuW?%n SFOY RS ARDY ranc%gauﬁfd%%& tfle
resi S SRS & M@§fi@&e§% gahed by1ushngedi Ebeuent chlral 5
trirazoliumsalts i el ds of ughto 50% of the
chromatoespphdi NginghhespnAyAROxERIYL adF8525Rd2FolBPate to
od values, (3045 sgi;vedi tdablier8) usin
10 elueggﬁre$§ @é W%%d&%|%g%?%8§@§g|gtﬁgn of J
OD-RA- Bbaﬁﬁhed47AIHeNYWeté@ ) OHThe &COy+REGsCaedrydetermBaer

O N/ Racemme Sol ven 12 .h \ Entry Catal yst
by usppgefitderars %ﬁeanll&%%rE?éc§Ea§8 %%

N—hydroxy—N,2—diphenylpropanamide

15 O

1y (400 MHz, CDClz): & =8.91 (br s, 1H,0H), 7.42—
20 7.39 (m, 3H, Ar-H), 7.28-7.21 (m, 5H,‘Ar—H), 7.15=7.10 (m,
2H, Ar-H), 3.72 (br s, 1H, CH), 1.50 (br s, J=7.0 Hz, 3H,
CH3) . 3¢ (100 MHz, CDCli): & =169.5 (Cq, CO), 140.7 (Cq)
138.1 (Cq), 129.5, 129.4, 128.7, 127.7, 127.4, 127.1, 41.9,
19.8. MS (ESI): m/z 225, 132, 120, 105, 93, 77.

25 The o-branched aldehyde and nitroso compound were
observed to react in the presence of the NHC catalyst
generated from the triazolium salt and 1,8-

diazabicyclo[5.4.0]undec—7-ene (DBU), forming the R-



Il NF FF2NF F THE 44b 43 OI, N N _IlI+F FFF

F N3 1IN+ F THE + Toluene 50b 45 Nj b F F (1:9) WD
wQe®811515153 PCT/ SG2008/ 000087 47 4 F F CH3CNedDSGHS8/000087

ONN.. N N--II+F FFJ5 CHC12 50b 30 ~ NvN + , C6F5

O 6 N CL CH2C12 45b 30 C#6 | i CF3 Isolated yield.

bGC yield Il. Process for Preparing

enanﬁ\%@ﬁpi Nyt ox yaor yé aponkti nPech M 1 viey Ao wan debeal freht
., of e present invention, an 5 al dehyde represented
90% wietde: formil a: Y P
The kinetic resolution of the o-branched aldehyde
racemate was investigated by using different chiral
5 triazolium salts. Yields of up to 50% of the corresponding

chiral hydroxamic acids and moderate to good ee values (30—

75%) were observed (Table 3).

Table 3. NHC-catalyzed Kinetic Resolution of o—-Branched

Aldehyde
10 ?HA
N=0
=0 + Catalyst, KtBuO N
Racemate Solvent, r.t., 12 h i

Entry Catalyst Solvent Yield Sce

1 K F CH,C1, 502 75
0 =N

2 F THF 44° 43

N
3 ,J\V/N 7+ F THF + Toluene 50° 45

@ Y (1:9)



OH nmay be reacted in stoichionetric excess with a
nitroso 10 conpound represented by the fornmula (I11):
woR®s(114153 R2 WD 2008/ 115153 PCT/ SG2008/ 00008FCT/482008/000087
wherein R2 may be defined as anywhere above, in the
presence of a NHC catal y48f to prepare a
N- propi onyl oxyacryl am de derivative represented_ by
4 the formja:\O~F O" S5Q&LH ii R2 wherdin R2 m¥ be
def Pnedra ere above. In an enbodi nent of the
pr eseniNipve .z the nitroso conpound nay be, for
exanpd e, ang’/wi(t hout 10 linitation, nitrosobenzene. In
=rpodi ment of the present invention, N
nyl oxy- N- phenyl acryl anmi de represented by the
5 ng fornmula: 0 oy-~ NCO 15 | may be prepared.
Sui t abl e anobunts of the a yde woul d bgob undergéood
5 to and can be determ ned ose of ordinary 2
ski { n art. In an enbodi nent of the present
[ nvE;:Lm-; for) exanple, and without limtation, the
al dehyde may grseacted according to four tines its
stoi chionetric ’

6 " <L:T%>N al CH2Clz 45" >0
é NN
’ Cl

CF3

aTsolated yield. PGC yield

II. Process for Preparing NLPropionlexyacrylamide

Derivative

In an embodiment of the present invention, an

aldehyde represented by the formula:

O

may be reacted in stoichiometric excess with a nitroso

compound represented by the formula (IIT):

N=O (ITI)
R{



ratio wwth the nitroso conpound. In an enbodi nent of
the present invention, for exanple, the al dehyde nay
wheosesased 25 according to three times its  PCT/SG2008/000087
stoichionetric ratio with the nitroso conpound. WO
2008/ 115153 PCT/ SG2008/ 006887 49 Wt hout bei ng bound
by theory, it is believed that in this aspect of the
wher € SRNma nkentdefi nddva < aratwitdne ayaies Heem ¢ gresence

te, B f le, and wi i b ath gn,

of 2 RAF ot EaCHPEA P IPFRESTBI f oll Mo LRadEowyp by Bt ae

deri@gt%@%eggﬁfégeﬁﬂédcﬁyatMéiﬁoﬁMﬁl&:fornB a hydroxam c
acCl

y the reaction of a dl nucleophile with the
nitroso conpound, and a second catalytic cycle forns

N- propi onyl oxy- N-pheny aé%yinﬁ?de t hrough protonation
of a d3 nucl eophile, ich forns an activated ester
5 vii which then reacts h 10 the hydroxamate

nucl eophi |l e form ng tfie pﬂ@duct 7 and the carbene

catalyst. ~N-\N-R N fh BHNOR ~+ N OH V [NNRN
15 RdlI CHR NPh d3 "tA 1lv WN HO 3 (Btonation N N
NR \NR O

wherein R, may be defined as anywhere above.

In an embodiment of the present invention, the
nitroso compound may be, for example, and without

10 limitation, nitrosobenzene.

In an embodiment of the present invention, N-
propionyloxy—N;phenylacrylamide represented by the following

formula:
15 |

‘may be prepared.

Suitable amounts of the aldehyde would be
understood to and can be determined by those of ordinary
20 skill in the art. 1In an embodiment of the present
invention, for example, and without iimitation, the aldehyde
may be reacted according to four times its stoichiometric
ratio with the nitroso compound. In an embodiment of the
present invention, for example, the aldehyde may be reacted
25 according to three times its stoichiometric ratio with the

nitroso compound.



NNON Re+t + OHOO0= vi Vii 7(75% 20 wherein R

i s a hydrocarbon group including those as defined for
wRkooahues The skilled person will appreci ate PCESGL008000087

base, the solvent, the anmount of the NHC catal yst,

the reaction 25 tine, t hé9reaction tenperature, the

i solation methods and the purification nethods

descr i ethabovies 1 viilodumbyb bet iserly, fo b7 dpatiaged nehat

i S Seae e Bl ey AL P GH0BI1bds
cycldk PEoBh ony | Sxyasty| anbglesseréyadiaephs, ahescwibedut

o herein. N-Propionyl oxy-N-phenylacrylanmde 5 0 o, O,
1imi OB GG @y, reptesdpigdwe’ Baelefo LheetnNar §oReTs” att18°

5 belisx‘f'% tion, oﬁné‘%%&i {168 8% 3Pl ) . npitsesabenzene 3
?. no, nmo adcat% yst (36.4 ng, 0.1 mmol) in
by tlddta _C_hé@%@ﬂ@rt hafiea (& myclebEhilemotion thetrurer aws
stirred at roomtenperat f 10.mn. Th :
compqardr eABYed BREGRD GALH iﬂ%gnﬂg{:%g ?gﬁgaue—ﬁéégwﬁmoxr
N—ph@H?igbﬁngMiéé ashiy Siihh CArgebndbi6nl smMmacht anmt bespiphye,
~using xane and ethyl acetate as the _eluents, 1H,
which400rMeizan COCLByatpd=egtag. yid7vifhsihen, FpRCtsgaEh

10 the égﬁﬁé§§T%?ég ??é§%6f%z%05ﬁiﬁ§oggéFg?o?ﬂffzz£§§d2%§§6

carbéfle daEalyst.

N
=\
r N—R'
/N+\ Ph
PhNO R N_
o
l OH
v
N
AN
r N—R
N

15 R’ dl
N ox e 0
/ /N_Ph

v\ y A0 NN HO 3
N
R

B-protonation

R'/+ = R'/ ¥ (0] N
JOH 0 O=<_
vi vii 7 (75%)

20

wherein R' is a hydrocarbon group including those as defined

for R; above.

The skilled person will appreciate that the base,

the solvent, the amount of the NHC catalyst, the reaction

25 time, the reaction temperature, the isolation methods and
the purification methods described above, which may be used

for preparing the hydroxamic acid, may also be used for
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7. 5 Hz, 2H CH2) , 1.22 (t, J =7. 5 Hz, 1H, CH3) .
13C (100 MHz, CDC13): 8 = 171.4, 162.2, 138.8, 129.7,
wa22®s4151399. 3, 127.5, 126.6, 25.0, 8.7. The pPEF8G2008/000087
i nvention includes isoners such as 25 geonetri cal '
i somers, optical isoners Bfsed on asymmetric carbon,
stereoi soners and tautoners and is not limted by the
prepdteses i phé on-pfophenfboxpberylinsde adedivarlvhedSake of
conveni ence. Al though the foregoing invention has been
descBPPYISLFFBER- i n sone det ai | by way of illustration and
exanple, and with regard to one or nore enbodi nents,
N;Pr&@{oﬁ?§o§ytpo§ﬁ§nyp£cﬁyﬁamideof understanding, it is

readily apparent to those WO 2008/ 115153

PCT/ SG2008/ 000087 51 of ordinary skill in the art in
light of the teachings of O thfsynvention that certain
changes, variations an di tions nmay be nade
thereto w thout departing fHomt he spirit or scope of
the invention as descri @n the 5 appended cl ai ns.

It nust be noted that as iised in the specification

and the appended cl ai s, e singular forns of "a",

"an" and "the" include pIuraI ref erence unless th% ‘
cont exPBE| &Pl §i9, i AdilcBMEs) ovAEr AFEEY ¥HdER gLgon to @

soluggéénﬁg aEQ%%@Hﬁe %% ﬁﬁghg'ﬁﬁbl?ndn1§§b%6bbﬁb%nker

érérn have the saré meanin commonl y
mng, mnﬁ@bsboaddthmaéyet QBdléamg,sﬁlﬂlmm@lﬂhénart to

which this |nvent|onBBeIon

L
dichparemesbang gar &k -appri & Rien pRATrg Wl B isred at

room: E%ﬁbgkgﬁhk%n %&e1bnﬁth0Tﬁbe§on@éﬁtnwb$ riegberen uadas
i f each individual publication, patent or 1
vacuapp| bodt itbe W@ﬁedgﬁe@aﬁl@&Eﬂﬁl&édbﬁhéﬁéﬁéuéﬁﬁﬁca ge

colu@%?é %%%%t%%r%%h&n%%ﬁﬂgr%%%gngyaﬁ%f%&%@qeadgﬁéte as the

eluents.

'1H (400 MHz, CDClz): & = 7.49-7.37 (m, 5H, Ar-H),
6.50 (d, J = 16.6 Hz, 1H, =CH), 6.19 (br dd, J = 10.5, 16.6
Hz, 1H, =CH), 5.70 (d, J = 10.5 Hz, 1H, =CH), 2.51 (q, J =
7.5 Hz, 2H, CHp), 1.22 (t, J = 7.5 Hz, 1H, CHs). 3¢ (100 MHz,
CDCls): & = 171.4, 162.2, 138.8, 129.7, 129.4, 129.3, 127.5,
126.6, 25.0, 8.7.

The present invention includes isomers such as
geometrical isomers, optical isomers based on asymmetric
carbon, stereoisomers and tautomers and is not limited by
the description of the formula illustrated for the sake of

convenience.

Although the foregoing invention has been
described in some detail by way of illustration and example,
and with regard to one or more embodiments, for the purposes

of clarity of understanding, it is readily apparent to those
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any publication, patent or patent application in this
20 specification is not an adm ssion that the
w@uBiicass on, patent or patent application i SPEI/EG2008/000087

art. WD 2008/115153 PCT/ SG2008/ 000087 52 CLAIMS: 1
A process for preparing a>hydroxam ¢ acid conpri sing
reacting an al dehyde with a nitroso conmpound in the

of opdBsencesioflla M heteracycln cl tarbene ’%W@e%@ﬁwg@t‘)fs
2. The process according to claiml1 f p ng

this hiRTORATE S Fopt SbarPetPEy T neaT o e ("

modlg%ég%ié 4 ﬁa F%%]ﬁb&@ef@éBet&uwiﬁh@uhydép@eﬂlagoﬁrom the
& group whi ch may be substituted, w E one or
splrnbrersam@pﬂit@@ntl@emhﬁ%ﬁnb%@nt@l% daper1Bedditf EFEnt, a

ken group which may be substituted wth one
appe%$€§n$ %stltuents whi ch are the sane or 15

dlfferent, a C2_6 al kynyl group whi ch nag
subst i fut @dswi b& nonedothabressubsti inehbs aRPEALAFation

the sane or different, . a C3 8 cycloal kyl -grgup eh
and Fhe %@p%ﬂﬂéﬁth?éHSMA#HeoﬁéngPla e%@ﬁbs |tgte|’1t\§gh and

“themhhﬁgl _ %bﬁré@nﬁeﬁérehﬁéeﬁﬁméssatﬁg_aontygkoaﬂbemy&
group may be substituted with one or nore 20
indisabsti otbatr€idhich are the sanme or different, a C6_14

aryl group which may be substituted with one or nore

subst i a t C6_14
?é’? dabenkheisame1or rdichhecent and
aryl - Qggggﬁkg g?gup t ?cl may be substituted with
scie@Refae ﬁemassubedlhaeeuﬂ Waivehther samge Meapa nGr 25

connipy s Dneloci L Bbporee Sl A e,
whic®l €ntibeisammrebndickiiengrt, a C6-14 aryl-C2-6 al kynyl

group which may be substltuted with one or nore

SUbStlhgﬁnéibwgbgﬁlons, patents and patent applications
cited in this specification are incorporated herein by
reference as if each individual publication, patent or
patent application were specifically and individually
indicated to be incorporated by reference. The citation of
any publication, patent or patent application in this

specification is not an admission that the publication,

patent or patent application is prior art.
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may be the sane or different, a 4- to 10-nmenbered non-

aromati ¢ heterocyclic group containing one or nore 30
whedenoasdns whi ch are i ndependently nitrogen, PGISEGE2008/000087

or WD 2008/ 115153 PCT/ SG2008/ 000087 53 oxygen and

whi ch group may be substiféted with one or nore

substituents which are the sanme or different, or a 5-

CLAIM®: 14- menbered aromatic heterocyclic group containing

one or nore heteroatons which are independently
nitrogen, sulfur_or gy be
subst i uftl”é%ic?\ﬁ hf%ﬂeprep%]fgﬁflgg agﬁ%g@ihtg%ae&n%g Whi ch are

compff§1§@nFeQétﬂh§f§me@ldeﬁ@deFthB a Cltfoad kydbmpeenp in
ich may be substituted with one

r

the Bn®%¢n¢@e%fsamﬁT%%tﬁF%CYﬁ%l%aﬂ%rB?nﬁlfﬂgéﬁn?at%l%it
al kenyl group which may be substituted with one or

2. MO 1’9h e Fé9§n£éc$@a§ﬂ%a’es theisamerer gréperent, a

_ group wh may be substltuted Wi th

hydr@ﬁ&mnc aomé sepseseuénﬂstmhh@thF@u@ﬁe Shie or
different, a C3_8 cycloal kyl group- which may be
substituted with one or nore substituents which are
the same or differentQ a C3_8 cycl oal kenyl group which
15 may be substituted{jwith_gne or nore substituents

which are the saq§ i 4¢P rent, a C6_14)aryl group
whi ch may be substitutgd with one or nore :
substituents which are tthe same or different, a C6-14
aryl -Cl1-6 al kyl group which may be substituted with
one or nore substituents which are the sane 20 or
wher@8ifhfterent, a C6_14 aryl-C2-6 al kenyl group which may
be substituted with one or nore substituents which

are the sane or different,. a . C6 14 | - |
R LgrolyRRPERt nayoBe Sstust 1 ivhdIar iR e ayrks ™

subs%#%ﬁ%b@“%ﬁ%ﬁ W%bc%ra&%r%h%u%éﬁﬁtu@htélMﬁ&bhnbmeatﬁb &an@
koxycar bonyl group which may be 25 substlt%%F% g
or dorféecenipr @ Subseiltgantls SHAUEh VAleh R Ys Bfe S ltute

eSSt L S 0 AARANUL. S ety be
difflehensgme C,.¢ alkynyl group which may be substituted w1th
one or more substituents which are the same or different, a
Cs.g cycloalkyl group which may be substituted with one or
more substituents which are the same or different, a Cs-s
cycloalkenyl group which may be substituted with one or more
substituents which are the same or different, a Ce-12 aryl
group which may be substituted with one or moré substituents
which are the same or different, a Cgi14 aryl-Ci-s alkyl group
which may be substituted with one or more substituents which
are the same or different, a Cg-14 aryl-Cog alkenyl group
which may be substituted with one or more substituents which
are the same or different, a Ce-14 aryl—C}@ alkynyl group
which méy be substituted with one or more substituents which
méy be the same or different, a 4- to lO0-membered non-
aromatic heterocyclic group containing one or more

heteroatoms which are independently nitrogen, sglfur or
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or different, an amino-Cl-6 alkyl group which may be
substituted with one or nore substituents which are
wao bwsasires 30 or different, an am no-C6- 14 aryl PQr/AG08/000087
whi ch may be substituted with one or nore
substituents which are thé3same or different, an
acetyl group or an am do group, WO 2008/115153
oxygECTE SE200 840 0§B8 TP ﬁdymh@c$u¢$bt%@§e@oWths@§er@50@?%%

an aldehyde represe ted b the I
subsRLtEPBEGHEREER RIS §NGsS ﬁé?lnﬁd %%géﬁt( h}aan§%5%§%l4_
membé?@@oaﬁgmafferEé@@kgsybyl&h@ré@pnubaténhimg dEO ¢klhyre

wherein R2 is as defined above, in the resence

heteoba’aOINS vieiehogyel ned@ﬁ%@ﬁ%’cm%}tEaﬂﬁPysFu UrTRE

I 0OCeSS r t e s ci-f
°XY9§Pk§P.gW§%%? gk%gp Ha engFg%?ggpﬁg%?cﬁ;ﬁgyogg e
subsﬁﬂbﬁéhtgtﬁﬂimhthréﬁtﬁeabkmxyoardéﬁﬁé;eatcsaad

cyglgalkzldgrOUﬁ,Cls a C6-14 aryl group which may be
substitute t 1 alko

Ry 1@651 1%~ érﬁljr 5(%_ %r%lllﬁr%y‘?%Jg?%lf& v b%gqgs@{tﬁéé%ag\ﬁgthaone or
moreaEKS§¥EtGEHH§,w31§ﬁ 14carylk- €2m6 akkdmfﬁeqenmp whés-ai n

C6-14 aryl may be substituted, with one or nore
alkesubSGKDUEnW§lC%hméﬁ Rfe SURAEHERAERL Iy TE1 OF CaPFoly e

subsf&%HS&b glEklBEQOEQQEEE%ESHEfQﬁfker%hta a ho alkynyl

aronati ¢ heterocyclic group containin
groub0wﬂlhataagabensuWBmahuaed wnﬁ@ep@ﬁd@ﬁtﬁ@rﬁlﬁﬁ@@éﬁ%uents

QRS T S S L e e TS e
whlc% gﬂ?e%%'%uB%tlg@tb%.@lﬁ%Gme @O rehiseliv stEy: Usmt s Wthh
tuted with one or nore
are the same or different, a Csg cycloalkenyl group which
may be substituted with one or more substituents which are
the same or different, a Cg.14 aryl group which may be
substituted with one or more substituents which are the same
or different, a Cs-14 aryl-Ci-s alkyl group which may be
substituted with one or more substituents which are the éame
or different, a Ce1a aryl-Cp-s alkenyl group which may be
substituted with one or more substituents which are the same
or different, a Cs14 aiyl—Cgﬁ alkynyl group which may be
substituted with one or more substituents which are the same

or diffefent, a Cj-¢ alkoxycarbonyl group which may be

substituted with one or more substituents which are the same

" or different, a Ce¢14 aryloxycarbonyl group which may be

substituted with one or more substituents which are the same
or different, an amino-Ci-¢ alkyl group which may be
substituted with one or more substituents which are the same
or different, an amino-Cs-14 aryl group which may be
substituted with one or more substituents which are the same

or different, an acetyl group or an amido group,
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.substituents, which are the sane or different, and
are a hal ogen atom an ami no group which may be
waostitied ed by Cl-6 al kyl, a Cl-6 al kyl gr oupCD8GZ008/000087
hydr oxyl group. WD 2008/ 115153 PCT/ S&G008/ 000087 55
5. The process according 4 any one of clains 1 to 4,
wherein the NHC catalyst is derived froma triazolium
whiclabtoc®ss atoripi tees| temeishng . aB. a Thehyrioe ceaRT a2t & ngY
to any one_of clains 1 to 5 5 wherein the NHC
the tarmapiat (%) derived froma triazolium salt

represented by the forgula: Ph N Ph -, TN NC6F5 N >
Cld BF4 N\Ph 10 O NN+ -Mes N IPh N ' C tBu BF4
N ANNNPh IC[] N \NBPq N C104 C1 15 Bn u or ON N
INS RO 20 wherein RRils Bhenyl (Ph) which may be
substituted, i-propyl ('-Pr) , nmesityl (Mes) or 2, .
6- di i sopropyl phenyl (2, 6-'"Pr-Ph) ; and X- is Br-,
whereBE4R, &5 Qs -a A 2098(dARL 53y HAT/ S@IO084 £ 008t o

represented by the formula (III):

N= (III)
R{

wherein R, is as defined above, in the presence of a N-

heterocyclic carbene (NHC) catalyst.

3. The process according to claim 2, wherein R; is a
Ci-¢ alkyl group, a Cz-s alkenyl group which may be
substituted with Ci-¢ alkoxycarbonyl, a Cs-g cycloalkyl group,
a Cg-14 aryl group which may be substituted with Ci-¢ alkoxy,
nitro or halogen, a Cg1s aryl-Cie alkyl group, a Ce-14 aryl-
Cs-¢ alkenyl group, a Cei14 aryl-Cs-s alkenyl group wherein the
Ce-14 aryl may be substituted with one or more substituents
which are independently Ci-¢ alkoxy, nitro or
trifluoromethylsulfonyl, or a 5- to l4-membered aromatic
heterocyclic group containing 1 to 4 heteroatoms which are
independently nitrogen, oxygen or sulfur and which grbup may

be substituted with Ci-s alkyl

4. The process according to claim 2 or 3, wherein R»

is a phenyl group which may be substituted with one or more

 substituents, which are the same or different, and are a

halogen atom, an amino group which may be substituted by Ci-s

alkyl, a Ci-¢ alkyl group or a hydroxyl group.



7. The process according to claim®6, wherein the
triazoliumsalt is represented by the formula: Ph N
wW@eMNsRIs155 // ~ _C6F5 or |1 +>Cl04 N, N BF4 \ PPCT/8G2008r@00087
process according to any one of clains 1 to 5,
wherein the NHC catal yst P8 derived from an
i mdazoliumsalt represented by the fornmula: 10 X
5. "n RelHe pREeherateoRping phedyy ¢Ph)of ¢laptwpyl to 4.
il i T e e e

or aRl PEESS-EPIuRreparing a chiral hydroxam c acid
conprising reacting a a-branched al dehyde with a
nitroso conpound in the presence of an

gch;ral to 5
6. N het eFlog yRTPEESE aR BEMETFRBCTO cRE %I 98¢ ©50° 481 Fhe ’
5 wher%{rgcgﬁé ﬁﬁ@oégggﬂ%ﬁe £4 8By YyeMhershnat Beiagbliah salt
ydroxam ¢ acid prepared is enantionerically pure.
reprédeni&eé pyotkssfacwotding to claim9 or 10, wherein
t he a-branched al dehyde is .enantionerically pure. 12.
The process according to any one of clgyrs 9 to 11 25

for preparing a chiral hydroxam g, acid/represented by
the fg V) : WO 2008/ 1151@’%\?@@“862008/ 000087
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20 wherein Rg is phenyl (Ph) which may be substituted, i-propyl
(*Pr), mesityl (Mes) or 2,6-diisopropylphenyl (2,6-*Pr-Ph);
and X  is Br , BF, or Cl.
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RPY N~R2 (1V) O wherein: 5 (*) refers to a chiral
center; R2 is as defined in claim2; and R3 and R4,
wabkiosh1sse different, is each a hal ogen atom BCT/SG2008/000087
hydr oxyl group, a thiol group, a nitro group, a
nitrile group, a cyano gPbup; a ClL_6 alkyl, C2_6
al kenyl or C2-6 10 al kynyl group which may be
substituted; a C3-8 cycloal kyl or C3-8 cycl oal kenyl
group which may be substituted; a C6-14 aryl group
whi ch be substitute a 6 1 Yé - Gl dr y.
7. group TRhiRH HHS baec%%(gjtrilq u%%a?faalalébé}’m ary%i-llézi%%e
triafbkemysaroups Wishe ssmyedepsubist i fotedlaa 06- 14
aryl -C2-6 al kynyl group which may 15 be substituted, a
4- to 10-nmenbered non-aromatic hetero®n ic group
containingﬁﬁ to 4 heteroatons w&#ch e i ndependently
nitrgge r’o§¥g%%£or sul fur and 71?7 roup may be .
substitJted/ la 3 5to 1l4spenbered arlongypfoheterocylic
gr oup aiging 1 to 4 heteroat obfs-nhich are
i ndependent |y 20 ni trogen, oxygen or sYyfur and which
group may be substituted, a Cl1_6 al koxy group which
may be substituted, a C3-8 cycl oal koxy group which
may bersubsy | d; i kyh{hi -8laims 1 to 5,
8. aIkeny??%i%£%%g%§-%cgfﬁéﬁ§?tﬁ%o¥g$oﬁgemﬁ?ch na¥~be}
wherstbsthe utied; cat £8y8tcyel dakkyketihfoonr ag3igidgzolium salt
cycl oal kenyl t hi groyahmhich may be substituted; a
repregenied byl bR g? Up-#hi ch may be substituted, a 4- to
10- menbered non-aromati c heterocycl e-oxy group which
may be substituted, a 5- to 14-nenbered aromatic
het erocycl e-oxy group whi may be substituted, a
C6- 14 arylthio group whi y be 30 substituted, a 4-
to 10- nenbered non-a eterocycl e WO 2008/ 115153
PCT/ SG2008/ 000087 58" thi o group which nmay be
substituted, a 5- to 14-nenbered

wherein Rg is phenyl (Ph), i-propyl (*Pr), mesityl (Mes) or
2,6-diisopropylphenyl (2,6—iPr—Ph), and X  is Br~, BF, or

Cl.

9. A process for preparing a chiral hydroxamic acid
comprising reacting a o-branched aldehyde with a nitroso
compound in the presence of an achiral N-heterocyclic

carbene (NHC) catalyst.

10. The process according to claim 9, wherein the

chiral hydroxamic acid prepared is enantiomerically pure.

11. - The process according to claim 9 or 10, wherein

the a-branched aldehyde is enantiomerically pure.

12. The process according to any one of claims 9 to 11
for preparing a chiral hydroxamic acid represented by the

formula (IV):



10

15

20

25

30

aromati c heterocycle-thin group which may be

substituted, an am no group which nmay be substituted,
W@pooa21x63 gr oup, a guani di no group, a car bam PET/S6IO§N00087

a fornyl group, a C1_6 5 i mdoyl group, a carbonyl

group which is substituted’/ a carbonyl-oxy group

which is substituted, a carboxy group, a carbanoyl

group which may be substigtutedyg a Cl_4 al kyl enedi oxy

group, a squanyI‘grouQ* a sulfinyl group whichis

. ) Nuhi : .
substituted, a sul fonyl ch is substit , 10
a Cl 6 alkoxycarbonylﬁ@rou a“%%_G alkylsulfoxéﬁq

group, an oxo group or a @ 6 al koxyi m no group,

whi ch process conprises reacting a a-branched al dehyde

represented by the fornmula (V): O 15 R3(*) H(V) R

wherein R3 and R4 are as defined above, with a nitroso
whergsipound represented by the fornula (I111): 20 N=O

(1'11) R2 wherein R2 is as defined in claim2, in the

() PE@seace o an;ra¢hitakehheterocyclic carbene (NHO)
catalyst. 13. The process according to claim 12,

wherein R3 is s-a 25 Cl_6 alkyl group. 14. The
R: iprocedsfaeedriinglabnclaia®d2 or 13, wherein R4 is a
phenyl group. WO 2008/ 115153 PCT/ SG2008/ 000087 59 15. .

R; a plﬁo,.c%ﬁﬁcfkpralpé %@f%rﬂ:f:hﬂg aadydy Qi@lrﬂé‘erﬁ%tﬁbm, a
conpri sing reacting a a-branched al dehyde with a
hydrbikiflogaoupenpotrhd oiln girb@ppr esentecoireuphi papitrile

oo hELSLogplic e ot CREL Clel Milcortalt B
alkynyl group which may be substituted; a Cs-s cycloalkyl or
Cs.g cycloalkenyl group which may be substituted; a Cg¢-14 aryl
group which may be substituted, a Ce-14 aryl-Ci-¢ alkyl group
which mayAbe substituted, a Ce14 aryl—Ca-¢ alkenyl group which
may be substituted, a Ce-12 aryl-Cs-s alkynyl group which may
be substituted, a 4- to 1l0-membered non-aromatic heterocylic
group containing 1 to 4 heteroatoms which are independently
nitrogen, oxygen or sulfur and which group may be
substituted, a 5- to l4-membered aromatic heterocylic group
containing 1 to 4 heteroatoms which are independently
nitrogen, oxygen or sulfur and which group may be
substituted, a Cji¢ alkoxy group which may be substituted, a
Cs-g cycloalkoxy group which may be substituted; a Ci-e
alkylthio, Cs-¢ alkenylthio or Cz.¢ alkynylthio group which
may be substituted; a Cs-g cycloalkylthio or Cs-g
cycloalkenylthio group which may be substituted; a Ce-14
aryloxy group which may be substituted, a 4- to 1l0-membered
non-aromatic heterocycle-oxy group which may be substituted,
a 5- to l4-membered aromatic heterocycle-oxy group which may
be substituted, a Ceg1s arylthio group which may be ‘

substituted, a 4- to 10-membered non-aromatic heterocycle-
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chiral hydroxami c acid is prepared in enantioneric
excess. 17. The process according to claim15 or 16,
wok@se13153 t he a- branched al dehyde is a racemnmat BCT/382008/000087

The process according to any one of clainms 15 to 10

17, wherein a stoichionet pBc excess of the a-branched

al dehyde is reacted. 19. The process according to any
thioo?go@gﬁ dﬁﬂu;actlﬁrgmalﬁ bo sdlSstitheredn &he-reactfonepigered

stopped at about 50% conversion . of the a-br
aromat gehyRiesTa8Y 268 ~ o p?’é‘&‘é%sw}éjc%%rr&?%gb?osggéggﬂgg% roan
aminglgkgﬁpléhlgh &y FI9L prspaitRbed, CALI akilydgoxan) ca

acrd represented by the formula (IV): R3B3OH (*) NR4
guanEﬁiﬁbE%ro@%ZOamh@¥@$mi@§ Q§OBBrd@ffﬁéHY@ng€PﬁPn1% Ghd
L (r), and R4_are a fined. i c L al ; [
lmldéi’lc%’égugo@r?%E@O?gacggﬁﬁbaﬁg% fﬁa%%hgg%éigég%ggb 2
carbbepleseyt gdotly whechotsubabg¥V)tu8dpO aRBarbORyHIEWYP, 2

R4™ WD 2008/ 115153 PCT/ SG2008/ 000087 . 60 wherein R3 and
carbRAosteIaSUBeFRAER PAYCPE] ﬁP?EFlwgﬁda fi wi?“dso

alky?ggggyggyr8958§?n56gu@¥a59§ fesapl aa( LLXinSINQroubl |
which is substituted, a sulfonyl group which is substituted,
a Ci-¢ alkoxycarbonyl group, a Ci-e alkylsulfonyl group, an

oxo group or a Cig alkoxyimino group,

- which process comprises reacting a a-branched aldehyde

represented by the formula (V) :

wherein R; and R, are as defined above, with a nitroso

compound represented by the formula (III):

N=

(ITII)
R{

wherein R, is as defined in claim 2, in the presence of an

achiral N-heterocyclic carbene (NHC) catalyst.

13. The process according to claim 12, wherein R3 1is a

Ci1-¢ alkyl group.

14. The process according to claim 12 or 13, wherein Ry

is a phenyl group.
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wherein R2 is as defined in claim2, in the presence
of- a chiral N-heterocyclic carbene (NHC) catal yst.
WQ@1008/Tha5pr ocess according to claim?20, wherei PCRSG2®8/800087
10 C1_6 al kyl group. 22. The process according to
claim20 or 21, wherein RA>%is a phenyl group. 23. A
process for preparing N propionyl oxy- ) ,
15. N phenyd agrodess dor epresamitnd dychhak drifnexany @cld
oy, -~ NAN 20. c risi t] I ;
conas B Py 4 SE AR G TR Y o qaig oo
com@Eupduing tlepreserdrace byt thecH oraiul B ha@e 20082 116 I5B8rbene
PCT/ S&G008/ 000087 61 N=O in the presence of a
(NEQY Het'&# bSfei i ¢ carbene (NHC) catalyst, 5 wherein a
stoichionetric excess of the al dehyde is reacted. 24.
16. The proges S,Aeeoyif-d 3 5l Qi 231 a wher B il diee NG he
catalyst is represented by the formula: N-C6F5 N-+
chiBFY hyidr @HmiThe gird cles O ZrRIRDI N t ANy G bF S & -
1 to 24, wherein the reaction is carried out in the

17, Pr eseng%@%&c%f%%gé%d%ei £5 0Pt acte i1y, tPherein

claim erein ase
the lg-Soxhaziabi cytdef vdd. 3 undexcdmane. or pot assi um 15
tert-butoxide. 27. The process according to any one of

18.CIaIms %héQprocess according to any one of claims 15 to
17, wherein a stoichiometric excess of the a-branched

aldehyde is reacted.

19. The process according to any one of claims 15 to
18, wherein the reaction is stopped at about 50% conversion

of the a-branched aldehyde.

20. The process according to any one of claims 15 to
19 for preparing a chiral hydroxamic acid represented by the

formula (IV):

wherein R; is as defined in claim 2 and (*), Rs and Ry are as

defined in claim 12,

which process comprises reacting a a-branched aldehyde

represented by the formula (V):



26, wherein the reaction is carried out in the
presence of a solvent. 28. The process according to

webk@smA¥3 wherein the 20 solvent is dichl or oret/bares/000087
or tetrahydrofuran. €0

wherein R; and R, are as defined in claim 12, with a nitroso

compound represented by the formula (III):

5 N= (ITT)

wherein R, is as defined in claim 2, in the presence of a

chiral N-heterocyclic carbene (NHC) catalyst.

21. The process according to claim 20, wherein Rs is a

10 Ci-¢ alkyl group.

22. The process according to claim 20 or 21, wherein Ry

is a phenyl group.

23. A process for preparing N-propionyloxy-

N-phenylacrylamide represented by the formula:

15

20 comprising reacting an aldehyde represented by the formula:

O

H

with a nitroso compound represented by the formula:
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WO 2008/115153 PCT/SG2008/000087
61

in the presence of a N-heterocyclic carbene (NHC) catalyst,

wherein a stoichiometric excess of the aldehyde is reacted.

24, The process according to claim 23, wherein the NHC

catalyst is represented by the formula:

Cf et

25. The process according to any one of claims 1 to
24, wherein the reaction is carried out in the presence of a

base.

26. The process according to claim 25, wherein the
base is 1,8-diazabicyclo[5.4.0]lundec-7-ene or potassium

tert-butoxide.

27. The process according to any one of claims 1 to
26, wherein the reaction is carried out in the presence of a

solvent.

28. The process according to claim 27, wherein the

solvent is dichloromethane or tetrahydrofuran.



