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BACKGROUND

Hydroxamic aclds play a number of roles in a rangé
of biological and bilochemical processes and systems,

15 Accordingly, hydroxamic acids have been and continue to be
investigated and their'chemistry and biochemistry.aré 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

20 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 cl?nical trialg

as drugs for the treatment of several disecases.

Pathways for synthesizing hydroxamic acids are of
25 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,
30 'including reactions inyolving the oxidation of

arylacylamides.



30 including reactions involving the oxidation of arylacylamdes. 2
Preparation of hydroxam c acids involving the reaction of nitroso
conpounds has been reported. Nitroso conpounds have been reported as
exhibiting a high reactivity of the pitroso. group.. The polarization
of the nitrogen 5 oxygen bond, resenbling that of the carbon-oxygen

bond in a carbonyl_ aroup,. res S J4.Nn epti.bil i, f .the.ni.troso
group to the addi%ﬁgﬁmgﬁgﬁﬁgﬁé%thﬁpggg ﬁ%p%ﬁ%@ﬁoﬁ5§9%v£ﬂg cHe
N-aryl hyeaexdmint ofc nds rioeeolcomeundie. heac bieah afeparrarmi.i ¢ Niftirtosaso
conpounds with oxoacids in the presence of acidic 10 nmedi a has been
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Corbett, B, R ; Doerge,.D. R, J.. 15 Chem, .Sqc.. . Perkin.Trans. 11982,
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have reported that organocatal ytic_reactions provide an efficient
means f dragatlalyorpgandsy Bed-ds20-nviclivagen the- Neasdierard caoBdt-i¢ar bon
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Soc. 20QAzyIR®, 5L2Q) asVRkHRURE Hame rrpgidredidiale Ndhetaiaeyclic .
decarboxylase and transketclase, has been reported (sSee, for
examplé, Corbett, M. D;; Corbett, B. R.; Doerge, D. R. J.
15 Chem. Soc. Perkin Trans. I 1982, 345 and réferéncesjtherein;
and Corbett, M. D.; Doerge, D. R.; Corbett, B. R. J. Chem.
Soc. Perkin Trans. I 1883, 765).

Many groups have reported that organocatalytic
reactions providé an efficient means for metal-free carbon-

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

Examples of organocatalytic C-N bond formatioﬁ
reactions, including N;nitroéo aldol reaction of enamines
sélectively forming N-hydroxyaminoketones, have been
reported (see, for example, Yamamoto, H. and Momiyamé N. J.

25 Am. Chem. Soc. 2005, 127, 1080; and Momiyama, N.; Yamamoto,
~Y.; Yamamoto, H. J. Am.. Chem. Soc. 2007, 129, 1190).

Many groups have repcirted that N;heterééyclic
carbene catélysts can be used for metal-free C-C bond
. formation via the nucleophilic “Breslow intermediate”, or
30 the hombenolate equivalent species. Depending on the .
' electrophile, different types of reactions are possible via

both intermediates.



carbene catal ysts can be used for netal-free CC bond formation via
t he nucl eophilic "Breslow internediate", or 30 the honpenol ate

equi val ent species. Depending on the electrophile, different types
of reactions are possible via both internmediates. 3 Exanples of the
former ‘path have been reported, including benzoin condensati on,

wherein an aryl aldehyde acts_as the electrophile, and the %t%tter
reaction, -wher ei n EX@TESa O AdCefrEMmesc Patis haye 88 FSRPEtES a her

exanpl es no.1 @fy;tfy %ﬁﬂ%&%d@%@ﬁ%@r t8% 13 4G, 1 edRenyRRCT | ONS
of a-functionali’zed al dehydes to formthe corresponding estérs or
am des. aBtanplseshef Q<Cthomdifler,mang rtdactSteridamwsiadingn t wderein

honoenol at e ui.val ent ,speci es have,been reported, 10 J.ncl udij :
| act oni f‘ai\qi:'“ %ec.[yﬁc(‘fﬁé)rjhe%nﬁlﬂ .iagn,%hgn(? eé:%fr?ﬁglllg‘tei'on.dt eprtjoeé‘:(%%l & or
the preRar atiign peft thrdheX M8 aGipdstddsi nhdleadidy muid aldations
reactants and catal ysts are desired. SUMVARY 15 In one broad aspect
of the mrfesefitnthientloned ehdebyidssptovided shpr ceessspondprepari ng
a hydroxanic- acid copprising reacting an al dehyde with a nitroso
conpoun@SiRrs KF ce of a NHC catalyst. In another broad aspect
of the present invention, 20 there is provided a process for
preparing a chiralpxdmpdredx ¥ €-aCidned MYrnginty deefeiicigs almrdiranched
al dehyde with a nitroso conpound in the presence of an achiral NHC
cat al ystthel fhopgancisde HBET dspec shiciate hass dipen reported,

10 including lactonization, cyclopentannulation, and

azannulation.

Approaches for the preparation of hydroxamic acids

- using readily available reactants and catalysts are desired.
SUMMARY

15 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,
20 there is provided a process for preparing a chiral
hydrozamic 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
25 invention, there is provided a process for preparing a
chiral hydroxamic acid comprising reacting a c~branched
‘aldehyde with a nitrOSO'compouﬂd in the presence of a chiral

NHC catalyst.

-



25 invention, there is provided a process for preparing a chiral
hydroxam c acid conprising reacting a a-branched aldehyde with a
nitroso conpound in the presence of a chiral NHC catalyst. 4 1In
still.another aspect of the present igvention, there is provided a
process for preparing N—propionyloxy N phenyl acryl am de. DETAI LED,

DESCRIPTION .5 | 187 98933 Lot RLepatha cHyr oxanteaeid e son

enbodi nent of the r§% ion ald feacted Wi th
a nit romeeenﬁeuwowd@@ea presense f@fr @erl@rd&YgaW@tromqmy&pmyem
hydr oxam ¢ aci d. A. Al dehyde 10 The al dehyde which may be used in
the pre®BaPYlpR¥¥Rerdas-s not particularly limted. In an enbodi ment
of the present invention, the al dehyde may be, for exanpl e, and

W t hout aiphict @b sc@&?@ﬂ@ﬁ al kenyl, al kynyl, cycloal kyl,
cycloalkengg*—arggL—aryfafky : arylalkenyl arylalkynyl or 15

het er ocycl i ¢ al dehyde whi ch nay be substltuted with one or nore-
substii t denfgomgissh fare Rriseagam ' an enbodi nent of

t he present |nvent|on t he aldehyde may be for exanple, and w thout
limtation, ound I ed b h Qrml I 0 (1)

Ri ~H wher ei n R1 "ﬂ{ %El %ﬁj%rﬁzﬂ%?rtr:pﬁe‘c )%tr?d%lftﬁ%t %ﬁgrﬁr%té—(%on%n

hydr ogemlaiehmdean@y_@ealﬂadc‘@cbthIacImmtmoslme couipstircdutied thei t h one
or nore substituents which are the sanme or 25 d&fferent a C6

al kenyl PFESEE SRhicth 3y & % (Pe®LFRATS @ hydroxamic' acid.

A. Aldehyde

10 The aldehyde which may be useq in the present
invention is not particularly limited. 1In an embodiment of
the present invention, the aldehyde may be, for example, and
without limitation, an alkyl, alkenyl, alkynyl, cycloalkyl,
cycloalkenyl, aryl, arylalkyl, arylalkenyl, arylalkynyl or

15 heterocyclic aldehyde which may be substituted with one or

mbre 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):

20 : 0 (II)

o

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 -

25 different, a Cy¢ alkenyl group which may be substltuted with
one or more substituents which are the same or dlfferent, a
Ca-6 aikynyl group which may be substituted with one or more
substituents which‘are the same or different, a Ci-s

cycloalkyi.group which may be substituted with one or more



one or nore substituents which are the sane or different, a C2 6

al kynyl group which may be substituted with one or nore substituents
which are the sanme or different, a C3_$ cycl oal kyl.group which may be
substituted with one or nore 5 substiguents which are the same or
different, a C3-8 cycl oal kenyl group which may be substituted with

one or nore. .substituents which.are the sa ( ifferent, a C6_14

aryl gerUL]Pps “}:eﬁltr% %Beﬁjsfb%% :‘ilh e W tH oraaf)t(r)erlderr%tr’e Substituents 5
whi ch arg,dike 19818y 10Tg i eneindh née Chel st +1Gl & atdo giour mditeeh
may be substituted with one or nore substituents which are the sane

or diff efRtitiaes s A EGh -axe d-he amR o sl LR My du aryl
substit. i r ' 1. ' r SNE

di ffereﬁ&ﬂ&l}lﬁpg}aﬁ{ -%_Sgla yn%%éég%latpﬂ\@ﬁh?%hﬁn%é;%e ﬂfents
substs t utteidchnigrte drie cramerer siibie tarent 2 Whi-oh ararleChhe addye grroup
different,, a 4- tq 10- ered non-aromatic heterocyclic group.. .
cont o ni gt B S DA Ghi T | O S TR o RiibhEh,
sul fur ofrOxyHgensard wiGhe o2 eup:, @x:ﬁbgq_ sustichul ed weirdyh eReuey nore
substituents which are 15 the same or different, or a 5- to

14- menbefledharsiatie sidrsdrioeyiedd cvigito e ohit Al PRt brusmrse which
het er oat l}@‘ﬂ! c&b are. i .dﬁ?elt%@tl d’]itl’ g ,_Csulflirk 10 en, and
whi ch gr%‘[l% ey be soﬁ:bs% uted W t% one' %r?rfrloré’ss&bstyiq{yuery?ts i ch
ar e 10 hesisiaste oy didf featkertt it @ed hel fioldrowi gxg mtefé st oinst wdntdhevhich
various groyps as descrjbed herein are the same for all occurrences
of t hese NS T GG T entd 1 sSpoct T ESE Gre G eSe TR of e
i ndi cat %te%;?—]i@ & il HEos Dliddedd kit RORd ah it o A S Swh 25h
whi ch may be substituted, nmay be, for- exanple, and w thout_
are independently nitrogen, sulfur or oxygen and which group
may be substituted with one or more substituents which are
15 the same or different, or a 5- to l4-membered aromatic
hetefocyclic group containing one or more heteroatoms which
are independently nitrogen, sulfur or oxygen and which group

may be substituted with one or more substituents which are

the same or different.

20 The following definitions of the wvarious groups as
" described herein are the same for all occurrences of these
groups throughout the entire specification unless otherwise

indicated.

The Ci;.s alkyl group of the alkyl containing groups
25 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, nubuﬁyl,
| i—Eutyl, sec-butyl, t-butyl, n-pentyl, i-pentyl, sec-pentyl,
t-pentyl, nmhexyi, i-hexyl, 1,2-dimethylpropyl, 2=
30 ethylpropyl, l-methyl-2-ethylpropyl, l-ethyl-2-methylpropyl,
1,1,2—trimethylpropyl, i,l,2—triethylpropyl, 1,1-
dimethylbutyl, 2,2~dimethylbutyl, 2-ethylbutyl, 1,3~
dimethylbutyl, 2-methylpentyl or 3-methylpentyl. The Ci-g



limtation, any straight or branched al kyl, for exanple, nethyl,
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-di met hyl propyl, 2 30 ethyl propyl,- d-nethyl -2-ethyl propyl,
1-ethyl -2-met hyl propyl, = 1,1, 2-trimethyl propyl, 1,1,2-triethylpropyl,
1,1- dine
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group neynberrtifte@xBiPbee 8RUNYWLEhRetatlbatbmEi PRichi Akerrupted by
one or nore heteroatons which are independently nitrogen,. sulfur or

oxygen. TheerRSn@entkenyitEpeap, ofulfier OreouyYEehyl group 5 which may
be substituted, nmay be, for exanple, and without tlimtation,-any

strai ght or branchﬁgeaéken¥ikﬁgg tgfe- |8F t én%uteéikghy} group

|sopropenyl 1 propene

1- buténeWBlgh maybheeﬂeb$tytubed2 m@yeMe,ngr exdhpl€? 6ndl kehlybut
group-ma for exa and mnth ut 10 limtation, interrupted by
one b Bt hra SHE. ShFaNOar et eRBEhRRnt bRV LT ofBh. CKERF T of
oxygen. Jhﬁyiﬁ_ﬁlE&KynYéoﬁf@ﬁ@nQi t Dep £2pbnal kypyl grBlPenwbi chil MBY-
be substituted, ﬁ e, for exanple, and without Ilimtation, any
strai ghtbetenratiched hrRyhgne-Boylexanpreeneslayhynayl 2-bubpyayl vl

but ynyl , ny X 6 I ro for
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C3_8 cyc | k of the C3_8 cl oal k 20 group which may be
substltui'%%e %%@g%gfgf%+tﬁﬁgﬁ%fesugﬁﬁr ﬂftﬁ%&g Rt nmitati on,
cycl opropanyl, cycl obutanyl,

The Cyls alkynyl group of the Cap alkynyl group

which may be substituted, may be, for example, and without
limitation, any straight or branched alkynyl, for example,
15 ethynyl, propynyl, butynyl, pentynyl or hexynyl. The Cjg
ralkynyl group may be, for example, and without limitation,
interrupted By one or more heteroatoms which aré

independently nitrogen, sulfur or oxygen.

The Cs-g cycloalkyl group of the C3_3- cycloalkyl
20 group which may be substituted, may be, for,exampie, and
without limitation, cyclopropanyl, cyclobutanyl,
cyclopentanyl, cyclohexanyl or cycloheptanyl.

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

The Cg.12 aryl group of the éryl containing groups
which may be substituted, may be, for example,.and withéut
limitation, phenyl, pentalenyl, indenyl, naphthyl, azulenyl,.

30 heptalenyl, benzocyclooctenyl or phenanfhrenyl. '



cycl opent anyl, cycl ohexanyl or cycl oheptanyl. The C3-8 cycl oal kenyl
group of the C3_8 cycl oal kenyl group which may be substituted, may
be, for exanple, and 25 without limtation, cyclopropenyl,

cycl obutenyl, cycl opentenyl, cycl ohexenyl or cycl oheptenyl. The
C6-14 aryl group of the aryl containing groups which may be
substituted, may be, for exanple, and’without Ilimtation, phenyl,
pent al enyl, indenyl, naphthyl, azulenyl,. 30 heptal enyl,

benzocycl ooct enyl @hepBenartiledyls. a¥kyThar@s 1f &byl Cets 62 k¢
group of C6,. 14 aryl-Cl Y, ic be:substityted, .
may be, f%ﬁgé&éﬁﬁﬁg,wxgﬁgtﬁ?¥ﬁ%%t$¥¥%$#§F%gﬁ,H% fiﬁ éﬁiyl g%oup as
defined amywhertdoudbdveihavioy, s Ca-ddleyy| ggraumsasiedéhedednarysmter e
above as 5 substituent. The C6 14 aryl-C2. 6 al l.ar f

C6- 14 ar yﬁ‘algovfziﬁv&lnl?eﬁy gt dup’ W@Hprr%% %%jghebcgtar u eeé,g rgriégvgea,é ?%r
exanpl 8, amskbMthleeut. |imtation, a C2_6 al kenyl group as defined
anywhere above having a C6_14 aryl group as defined 10 anywhere above

as a substituent. e 14 aryl-C2_6,al kyn o) f the 4
aryl- C2_6 alkynylggfouﬁqﬁﬁ?aﬁ"ﬁﬁv ngg%%%tg%ﬂ@%dgpﬁg§ %5?45%:

exanpl e, @ng atidelmgut glribopt abion, nay G2 Gableydylitgd puprase debirmned

anywhere above having a,C6 14 aryl group_as defi.ned.15_anywhere above
as a subs?%?qé;ﬁh w&?hPS%lb}Wgﬁﬁﬁ;Q?d ﬁoﬁ?ér%ﬁﬁﬁ%%% ﬁgfg%o%§clic
group cond&fitidiy seRehetemabevaehierioat N whi etylargroumnadependentdy

sul fur or oxygen of the 4- to 10-nenbered non-aromatic

ni trogen,
hetergﬁyc??¥WQﬁ§ﬁu§Q9Hﬁt PnEngBhe 26 r nore het eroat oms which are

i ndependent|y nitrogen, sulfur )
The Ce-1z2 aryl-Cz-s alkynyl group of the Ceis aryl-

Cz-s alkynyl group which may be substituted, may be, for
example, and without limitation, a C,s alkynyl group as
defined anywhere above having a‘quj aryl group as defined

15 anywhere above as a substituent.

Thé 4- to l0-membered non-aromatic heterocyclic
group containing one or more heteroatoms which are
independently nitrogen, sulfur or oxygen of the 4- ﬁo
10;membered non-aromatic heterocyclic group -containing one

.20 or 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 1b—membered non-aromatic heterocyclic group containing

25 one or more heteroatéms;which are independently nitrogen,
"sulfur or oxygen may be, for example, and without
limitation, pyrrolidinyl; pyrrolinyl, piperidinyl,
piperazinyl, imidazolinyl, pyrazolidinyi, imidazolydinyl,
morphoiinyl, tetrahydropyranyl, azetidinyl, oxetanyl,

30 oxathiolanyl, phthalimide or succinimide.

' The 5- to l4-membered aromatic heterccyclic group

containing one or more heteroatoms which are independently



or oxygen and which group may be substituted, may contain, for
exanple, and without Iimtation, from1 to 4 heteroatons which are

i ndependently nitrogen, sulfur or oxygen. The 4- to 10-nenbered
non-aromati ¢ heterocyclic group contajning 25 one or nore heteroatons
whi ch are independently nitrogen, sulfur or oxygen may be, for

exanpl and with t r v ﬁé& +
plperld?%t¥oge%16%¥%§?%y 8%$§azo ?h@?é %;P%éol?dﬁﬁgEé aromatic

|nldazom@f@fw&ycnbtp@ﬂémpytcntaimnﬂqdmmgymanm¢;eaheteﬁ@ﬁ?@ms0&%%@hyl
30 oxat hi ol an pht hal i m de or succip.m de. The 5-
aronat|%r%e%%%%ﬁﬁ%@?%thYd%btr%%ﬁPalﬁ?ﬁ%uﬁn%ro?xﬁ%?% fif eroﬂ¥ﬂﬁg£§gP h
are indgp ggg§néﬁﬁs§1tﬁté&ogﬁﬂy suhfHin OF FOXYELAMPLe} henB- wibhout

14- menbered aromatic heterocyclic group containing one or nopre

het ef oat bmstahich, ﬁremlhdbpeﬁdhﬁtﬁyoﬁthﬁg@hlcéuPF@rl6¢e8§96%ﬁtéﬁd
whi ch grogf?%$?gt$§%53$$%%:§t§§ea 88”53'90 i@rmﬁ%BEPEQ afBflatic

wi t hout ® eroatons whi ch are independently
Ni trogeRet&WbEHEL OF @xygpncoﬂhalﬁinQOOﬂé oemberedhakematitems which
heterocyclic grou cont al ni. ng one or re heteroatons_which _are

i ndependeft Ly ﬁpﬁnég@ﬁly59PFﬁPgeproﬁyggﬁrn8§ BEYIFBr Mgy Bivpl 8 and.

W t hout #éﬂ%&ét'gﬂﬁyﬁX£ﬁﬁh¥' ﬁﬂiEhghBM| p§9r9yyudaﬁy@xa¢ngyrlnldlnyl

pi razi ny m dazo I azo oxazol vyl of the 6

al kgb, ﬁgrsdakkeny pgiiﬁldnhyhylPlréleYéycﬂ@aﬂﬁ?PlYéB ghiazolyl
cycl oal ken CE 4 aryl, C6-14 aryl-Cl-6 alkyl, C6_14 aryl-C2-6
alkenylorc%xiﬁ 4 I-C2 6 al kynyl, 4- to 15 10- menbered non-aronatic
heterocylic and 5- to 14- menbered aromatic het erocyclic groups may
be substituted w gEhcanefothenure alblylit Gentslibngh, afse st Adkgavk: or

dlfferegga ggcﬁgalkyl C3-g cycloalkenyl Ce-14 aryl, Ce-1a aryl-Ci-g
alkyl, Cg-14 aryl-Csos alkenyl, Ce-14 aryl-Cs_¢ alkynyl, 4- to
15 10-membered non-aromatic heterocylic and 5~ to l4-membered
aromatic heterocyclic groﬁps may be substituted with one or
more substituents which are the same or different. In an
embodlment of the present invention, each of the above-
mentioned groups may be substituted with, for example, and

20 without limitation, one to three substituents.

The one or more substituents for each of the
aboﬁe-mentioned groups, which are the same or different, may
be, for exémple, and without limitation, a halogen atom, a
- hydroxyl group, a thiol group, a nitro group, a nitrile
25 group, a cyano group; a Ci.g alkyl, Cos élkenyl or Cog-

' alkynyl group whlch may be substituted; a Cs-e cycloalkyl or
Cs-g cycloalkenyl group which may be substituted; a Ceas aryl
group which may be substituted; a Ce-14 aryl-Ci¢ alkyl, Ce-1s

_aryl-Cs-s alkenyl or Cgig aryl-Css alkynyl g;oup which may be
30 subsﬁituted; a 4- to 10-membered non—aromatic.heterocylic
group gontaining 1 to 4 hete;oatoms which are independently
nitrogen, ~oxygen or sulfur and which group may be

substituted, a 5- to l4-membered aromatic heterocylic group



enbodi mrent of the present invention, each of the above- nentioned
groups may be substituted with, for exanple, and 20 w t hout
limtation, one to three substituents. The one or nore substituents
for each of the above-nentioned groups, which are the sane or
different, may be, for exanple, and without |imtation, a hal ogen

atom a hydroxyl .group, thiol group,. a nitro gr nifrile 25
gr oup, ac@%ﬂdz%?%%; g‘g %%%%?%Irgcm%gﬂ%l%ﬁ L%’ﬁ?/l Ebcgg%‘:‘%enﬁ%;nyl

rou j S ﬁﬁ_})@%l t G 8 6
gyc-l gamﬁefn%/kl gr o'ﬁgo i ch (%gyﬁ%ief,@rsubst |ﬁ%%lg%i;w(l%ﬁ? g%l _group
whi ch nestibet substdt 1 - 8210603y argie G chl gy b Wast Hiyte -8
al kenyl or nLyl - C2- | k L. grQu J 3 bstituted,;
a 4- %/o C%Og %@F@'&%ﬁ{gg@gggﬁaﬁxﬁc@é@eﬁg&o%ﬁvﬁyél%%ggr%&g%?cfn%aﬁf%g. 1to

4 het®er ol oyt Ak eal nsleperitientdy Cnk t A Digety 1 thdxXygedsup ovhbeit f ur
and whi ch substituted, a 5- . to 14-nenbered aronatic

het erocﬂqgrkgelfjgi}g'@a%tib%bﬁ%i M -1 SEkehbrelbatdmer Wi-eh are
| ndependaptd gz 1 PLATDASN, OXGSTOTCBUR N ANTM] R GEQURL Y Pe

substituted, a Cl 6 .al koxy group which may be substituted, a

cycl oal kioxyL geoupraup chhhely noey sudbssubbsit velted Cla 645 ad kY themheG2d 6
al kenylthio or C2 6 al kynylthip group which be substituted;., a
3.8 by CBATRYTTRTES GF° (oo Y ChRTBaY KETDIY NG GUbY WRT cRURaY: BatSd:
substot ui &5k o CB4-Idemitd Hd dXyr GHIDEC Vi €dtr By c De- SepSd b b eshiéh 4ma¥ O
10- menbered non-aromatic-heterocycl e-oxy group which may be

subst i t ReEUWARE1RERdt A 10-e AFSHER 16 GRAUR "Hetr F&REIRE oxy gr oup
whi ch Mupbe Siis | (e, 1@ -ddudt¥ld hon 01 0URME ChofBYo Bfc1e -
substituted, a 4- to 10-nenbered non-aromatic heterocycle- thio group
whi ch melhbe subg i vhichl nay See touldzt hipnbededa 5- to l4-membered
aromatic heterocycle-thio group which may be substituted, an
15 amino group which may be substituted, an azide group, a
guanidino group, a carbamide group, a formyl group, a Ci.g
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; a2 Cig
20 alkylenedioxy group, a sulfanyl group, a sulfinyl group
which is substituted, a sulfonyl group which is substituted,

a C;i-g alkoxycarbonyl group, a Cig alkylsulfonyl group, an

OX0 group or a Cilg alkoxyiminc group.

In an embodiment of the present invention, R; is,
25 ‘for example, a Cis alkyl group, a Czs alkenyl group which
méy be substituted with Ci alkoxycarbonyl} a Ciz-g cycloalkyl
group, a Cs.14 aryl group which may be substituted with Ci
alkoxy, nitro or halogen, a Cg1s aryl-Ci-e alkyl group, a Cs-14
aryl-Cz;-¢ alkenyl group, a Cg14 aryl-Cz alkenyl group wherein
30 the Cs14 aryl may be substituted with one or more
substituents which are independently Cj;-¢ alkoxy, nitro or
trifluoromethylsulfpnyl} or a 5- to i4-membered aromatic

‘heﬁerocyclic group containing 1 to 4 hetercatoms which are



aromati c heterocycle-thio group which nmay be substituted, an 15 am no
group which may be substituted, an azide group, a guanidino group, a
carbam de group, a fornyl group, a C1_6 imdoyl group, a carbonyl
group whi-ch is substituted, a carbonxb-oxy group which is
substituted, a carboxy group, a carbamoyl group. which nmay be
substitute a Cl 4 20 al kyl enedi ox roup sul fanyl. group, a
sulfinyll%# é%ﬁﬁ%% L% %E?It?%¥%ﬁgd9§u$?€%9¥ @?%uﬁhgﬁ?c TPgp may
substi t ub@dsub$t Clubed! Oy cay boaykyoroup, a C1_6 al kyl sul fonyl

group, an oxo group or a Cl_6 al koxyimno group. In an enbodi nent of
the present _jnvention, RL is, 25 for exanple, a Cl1_6 al kyl group, a
C2_6 al kenWiFeep GPReUNdny be substituted with CL 6

al koxycarbonyl, a C3_8 cycloal kyl group, a C6_14 aryl group which
may be substitute L thy Gl 6 I a-gﬁ;&g
aryl-Cl1_6 al kyl g?gﬂ%fm% Cﬁ_ﬁ4a$§$€¥@%£%éggﬁgéﬁ ?ﬁgggﬁﬁ? 3 14

aryl -C2-wrad«enhylngeoipomhes enat 301 hiecCbadly at hioeg. be substituted
with one or nore substituent's which are independently Cl1_6 al koxy,
nitro or trifluorgnmethylsulfonyl. o 5-_ 1o 14-nmenbered aromatic
het erocyclic gr oupP ot a?rﬁ?%%l é{rtl% % h@?%r%ﬁ?%ﬁtmﬁ‘éﬂn&%mio{ﬁ%

i ndependent +ysdi deMERIMd Mg ehe Or 61| dxmpng, Wahe hy g BoR: MRy  be.
substituted with .C1 6 alkyl. B. Nitroso Compound The nitroso conpound
whi ch meyl B aiskRP i P t HEPBn e F e i lov FRe nberpatei é4Tarty

limted. In an enbodi nent of the present invention, the nitroso

conpound may be, for exanple, and without I|imtation, a conpound
represented by the fornmula (111): 10 Rp
10 | /NZO | (III)
Rg

wherein R; may be, for exampie, and without limitation, a Ci-s
alkyl group which may be substituted with one or more
substituents which are the same or different, a Cog alkenyl
15 group which may be substituted with one or more substituents
. which are the same or different, a Cog alkynyl group which
mzy be substituted with one or more substituents which are
fhe same or diffeient; a Ci-g cycloalkyl group which may be
substituted with one or more substituents which are the same
20 or different, a-C}glcycloalkenyl 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
Ce-14 aryl-Ci¢ alkyl group which may be substituted with one
25 or more substituents which are the same or different, a Ceg-14
aryl-Cz.¢ alkenyl group which may be substituted with one or’
more substituents which are the same or differeﬁt, a Ce-14
arylnczﬁ alkynyl groub which may be substituted with ones or
more substituents which are the same or different, a Ci=g

30 alkoxycarbonyl group which may be substituted with one or



(rrr) 2° wherein R2 may be, for exanple, and without Iimtation, a
Cl 6 alkyl group which may be substituted with one or nore
substituents which are the sane or different, a C2-6 al kenyl 15 group
whi ch may be substituted with one or ywpre substituents which are the
sane or different, a C2-6 al kynyl group which nmay be substituted

R A A G A L AT

subs éd W th one or

subst i t yeRtisiaehcake. UB@u@aWElcﬂomﬁy dief BebettitudedC3&h one . or
cycl oal kenyl group which nmay be substituted with one or nore
subst i t BEAEs SHSER tacatenwhd ghe aT6r tarT PaFENCr S1E6 LA dry Algr oup

whi ch éﬁ;pge@bstallwl Cg %bh wh?%%l wpkyls%%%tftw% S WH ‘E;?aea'b% t he

sanme or rént group which may be
substi t mbee: \arutblstmt@e%sowhmheasreb$hlet wames owhidéi farentthe a@arre or

e et B L4 Y R0y B KoL L Op 0uB, ML o0 B BeRubsL i but ed

C6-14  abWe GG taltiemyls ghaup whicChhemyabe i)ltb&‘zitiiftﬂgx%w 'fahl eReten
nor e ‘substituents which are the sane or different, a Cl-6 30

al koxyc&reERy lorgreupmiicc BTeEP -be substituted with one or 11 nore
substituents which are the sane or different, a C6-14

aryl oxycar bonyl gfaup, Wh ¢heT®Y De syast i1 %E@k@h&ﬂ 0Bg 0K 1 KPRV,

substituents which are the sang or an - am no- ClGak I
group wdkch Gmloladlﬁztlbscbiwto@@tl\mamke@ryé,01C55e_4rralrelsu§s{1nt@@yﬂscmm ch

Ubst it G100 e G nBE8E Cinsr L ERRELT | GEnt <O < Ar S ENS Sarg b
di f f er eRlLkodycRe@iofy]l ,JQUR @EyaBxeihdBody0YPanino-Ci-¢ alkyl and
amino—Ce¢14 aryl groups may be substituted with one or more
substituents which are the same or different. In an
15 embodiment of the present invention, 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, may
20 be, for example, and without limitation, the same

substituents as defined anywhere above for the aldehyde.

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

25 substituents which are the same or different.

In an embodiment Qf the préseht invention, R; may
be, for example, and without limitation, a phényl group
which may be substituted with one or more substituents,
which are the same or different, and are a halogen atom, an

30 amino group which may be Substituted by Ci-s alkyl, a Ci
alkyl group or a hydroxyl group.



:Each of the Cl1_6 alkyl, C2-6 al kenyl, C2_6 al kynyl, 10 C3-8
-cycl oal kyl, C3_8 cycl oal kenyl, C6-14 aryl, C6_14 aryl-C -6 al kyl,

. C6-14 aryl-C2-6 al kenyl, C6-14 aryl-C2 6 al kynyl, Cl1 6

al koxycar bonyl, C6-14 aryl oxycarbonyl, am no-Cl-6 al kyl and

anm no- C6-14 aryl groups-may be substituted with one or nore
substituents which are the sane or di¥¥erent. In an 15 enbodi ment of
the present invention, each of the above- nentioned groups nmay be
subst i t ut &d Myduexamae Beadpl e, and wthout limtation, one to three
substituents. The one or nore substituents for each of the

above-nentioned grQupsn MWb&dM e LEerEanBr&fert fifti@Rt onfreyhe 20 be,
for exanple, and without linmtation, the sane substituents, as defined

anywher e AFSREFEC pR&JaIdERRIe. 01 RXARPERentAry: G MBHER bF o he
present L nyeidueid -BrBB¥nd&s JPrhexapphelzapd without linmtation, a
phenyl group which may be substituted wth one or nore 25 -
substituents which are the sanme or different. In an enbodi nent of the
presen? invention, R2 may be, for exanple, and without limtation, a
phenyl group which may be substituted with one or nore substituents,
whi ch are the sane or different, aRd are a hal ogen atom an 30 am no
group which may be substituted by 1_6¢§ﬁkyl, a Cl 6 alkyl group or
a hydi oxyl group. 12 C. Hydroxapi'c Aid In an enbongent of the
present invention, the hydroxamc adjd nay be, for exanple, and

wi thout Iimtation, a conmpound repre®%ented by the formula (1): 5 O

wherein Ry and R, may be defined 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 limitatiom, a triazolium salt or an imidazolium salt.

In an embodiment of the present invention, the NEC
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:

B | Pho
C[%N\N—CF PhYN
N+ N|+/>}s."
X ~N
r . Ph | N

25



_ RIE NOH () RZ wherein R and R2 may be defined as anywhere
above. 10 D. NHC Catal yst The NHC catal yst that nmay be used in the
present -invention is not particularly limted. In an enbodi nent of
the present invention, the NHC catalyst nmay be derived from for
exanple, and without 15 limtation, a triazoliumsalt or an

i mdazoliumsalt. In an enbodi nent of the present' invention, the NHC
catal yst may be derived from for exanple, gnd wNhout Ilimitation, a

triazoliumsalt. annenbodi nent of the préesent iﬁyeqﬁion, t he NHC
20 catal yst may Pe Fiw ",fr§n1,for exanpl '
limtation, a trNazoli s&ﬂ? represented by the f

P @

t hout
rzllr F5 ~ +~X_ 513 ON N N PIBI N~ + s )CtBu N\N Ph i

rmula: Ph _ Ph/ N

c NI -Ph
5
N =N
N Et"Ph
N—Ph .

N/ * BE N~ ;

. X X

Bi ' or - a

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

Cl04", Br~ or Cl .

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

represented by the formula:
N
=N
N—CgF5
N7+
BF4

15 In an embodiment of the present invention, the NHC
catalet may be derived from, for example; a triazolium salt

represented by the formula:

Fh
Ph\T,AN
|>-
+4/ ClOy
}LfN\
20 ' 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 formgla:



5 PN X-

B or wherein X may be, for exanple, and without limtation,

BF(, Cl104-, Br- or Ad-. 10 In an enbodi nent of the present

i nventi
triazol

on, the NHC catalyst nmay be derived from for exanple, a
iumsalt represented by the figrimula: N \ + BF4 15 In an

enbodi nent of the present invention, the NHC catalyst may be derived

from f

or exanple, a triazoliumsalt represented by the fornmula: Ph

Ph N Nk104 N 20 "Ph In an enbodi nent of the present invention, the
NHC catalyst may be derived frg ‘,TQ anple., and w thout

l[imtat

I[IN-"9%Rg 5 wherein RO may be,

phenyl

or 2,6-
and wit
pr esent

10

15

20

25

ion, atriazoliumsalt r

ppresente \py the formula: 14
qr _gNanffl e;Reand wi thout |initation,
(Ph) which may be subs

Qr
ed, i-gkopyl (''Pr), mesityl (:Mes)
di i sopropyl phenyl (2,6-%{'Pf-Ph); and X may be, for exanple,
hout limtation, Br-, Qr Cl-. In an enbodi ment of the
i nvention, the NHC

wherein Re may be, for example, and without limitation,
phenyl {(Ph) which may be substituted, i-propyl (*Pr), mesityl
(Mes) or 2,6-diisopropylphenyl (2,6-'Pr-Ph); and X may be,

for example, and without‘limitation, Br, BF{'pr Cl™.

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 (*Pr), mesityl (Mes). or 2,6~
diisopropylphenyl (2}6—iPr—Ph); and X‘Ipay be, for example,

and without limitation, Br~, BF, 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:

X =
P NN



10 catal yst may be derived from for exanple, and w thout
limtation, an imdazoliumsalt. In an enbodi nent of the present

i nvention, the NHC catalyst.my be derived from for exanple, and
without limitation, an imdazoliumsalt represented by the formla:
15 xn RSN'RB wherein R8 may be, for exanple, and without limtation,
phenyl (Ph), i-propyl (1Pr), nesityl (Mes). or 2,6 20

di i sopropyl phenyl (2,6-'"'"Pr-Ph); and X may be, for exanple, and
without Iimtation, Br-, ,BF4_or C-. In an enbodi ment of the

pr esent yhayvenh i PNmayheeHEo rc azalydie , maydo e id@vonted ifridmt foar, Br,
exanple, an imdazolium salt represented by the fornmula: 25 N N 15
wher ei "BBXe m®F B8, -for exanple, and without limtation, Br , BE4- or
Cl-. E. Preparation of Hydroxam-c Acid 5 In an enbodi nent of the

presentatnyf@%&f&u@ﬂdof%gaeegahw hathon, there is provided a
process ~ represented by the formul a
(1): O RI~ )" N,OH 10 (I) 2 wherein RlL and R2 may be defined as
anywher e above, whiican prbedimensnpfi §Bs peaserhglareakdenydand

represeﬁggg08¥ RgﬁitggﬁgHLatﬁéké:is provided a process for

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

10 N (1)

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

O

15 | o )J\ (IT)

Ri H

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

represented by the formula (III):

N=0 - I11)
20 | v/ (

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

catalyst.



0 15 (Il) R Hwherein RL may be defined as above, with a nitroso
compound represented by the fornmula (l111): N=O 20 Rz (I11) wherein
R2 may be defined as above,' in the presence of- a NHC catalyst. 16
An enbodi nent of the present inventiorg may be represented. by, for
exanple, and without limtation, the followi ng scheme: O O N=0 "OH
5 + catal yst, base, RN R t .l | .eln d R2
may be defined asA§n§W§8?ém%B%v8£ §§%E§5?88é?ngag§ﬁﬁgggym$ e%?y, it
i s beliesedekbatedt b, pebar bzahphe, obntheinhbnogetsdxpgéonbonteof the
nitroso_ 10 compound, resenbling the polarization of the
car bon- 6Ry¢eN1BEnECPRM&car bonyl group, provides the susceptibility
of the nitroso. group to additions of nucleophiles. By way of
exanple, and without limtation, as represented in the follow ng
schenme, it is believed that the higher reactivity 15 of te nitroso
group to nucle@philic attac LQﬁn its carbonyl.group ciﬂﬂiergﬁit
gives rise to the reagtion gf tThe catalyst, base _ - :
R solvent, 1t Ry N
R; H 2 |
Ry

wheréin 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
10 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 is.believed that the higher reactivity
15 of the nitrosoc group to nucleophilic attack than its
' carbonyl group counterpart gives rise to the reaction of the
intermediate ii with nitroscbenzene 2 forming a hydroxamic

.acid 3 instead of acyleoin.

s} ) ] ; =0
A AN K 2
oo =
N Ri
20 i
RI

25




intermediate ii with nitrosobenzene 2 formng a hydroxamic acid 3
instead of acyloin. ONFNO NOHR 2 RHC20N R R R +NR OH
R NNNCORR C Niii i R 0 25 RLN HO3 17 wherein Rl is
defined as anywhere above, R is phenyl, and R is a hydrocarbon group
i ncluding those as defined for RL above. The anmpbunts of the al dehyde

and nitrpso _conmpound .5 which may b ed_. he. p LNV 10N
e not "ERAPERCHE ar TSRS SHRLIRT 22 SRS b1 1 He GRheryde and
ni tr osojgoapayAgonarbenbgrungeratoadihg andseansbeefdatdr foned; by
those of ordinary skill In the art. For exanple, and without
limtatPBAVEthose. of ordinary skill in
The amounts of the aldehyde and nitroso compound
5 which may be used in the present invention are not
particularly limited. Suitable amounts of the aldehyde and
nitroso compound 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
10 the art would understand that the aldehyde and nitroso
compound may be used according to their stoichiometﬁic

ratio.

- In .an embodiment of the present invention, the

aldehyde, nitroso compound and NHC catalyst may be, for

15 éxample, and without limitation, reacted in thé presence of
a base. The base is not particularly limited and suitable
bases would be understood to and can be determingd by those
of ordinary ékill in the art. In an embodiment of the
present invention, the base may be a non-nucleophilic base,

20 for example, and without limitation, 1,8-
diazabicyclo[5.4.0]Jundec-7-ene (DBU), potassium tert-
butoxide (KOtBu); sodium bis(trimethylsilyl)amide, potassium
bis(trimethylsilyl} amide, lithium tetramethylpiperidine or
sodium tert-butoxide. In an embodiment of the present

25 inyention, the base may be, for example, 1,8~

diazabicyclo{S.4.0]undec—7—ene of 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 sultable solvent. The

30 solveﬁf is not particulafly limited and suitable solvents
would be understood to and can be determined by those of

ordinary skill in the art. In an embodiment of the present



10 the art would understand that the al dehyde and nitroso conpound
may be used according to their stoichiometric ratio. In an

enbodi nent of the present invention, the aldehyde, nitroso conpound
and NHC catal yst may be, for 15 exangﬁp and without limtation,
reacted in the presence of a base e base is not partlcularly

et or m HBACBY PRosERoR o R Rl 9 s her | Sk CHETGME, FACaReShBaG ment

of the l@ﬁ@ﬁ@ﬁ&ohnvaﬁtE@@ot&besbasenﬁaybEnaaﬂOEmbUdhmephibfcthase, 20
for exanple, and without limtation, 1,
di azabi BYEF8PE. AnUpHHdes. 7EBReSPBBERT E@Va?@ruﬁ??e??amBE?OX|de

(KQ Bu) o0y DL RLE! TELL 51 L e ot assipear)

bi s(trinet hlun1tetraneth perldlne or
sodium tert-butoxide. In an enbodi nent of the present 25 |nvent|on
the Base may be, fToe emanpteofltae g8z gbiteyyk6[ Fha cb] madebe7ERE or

pot assi um tert-but an enbod f lgnventi on,

t he rea&P|% enﬁ§e8§ntf6Pv8?5ﬁﬁpelsaﬁa F%&g uﬁ?%%&aﬁﬁggk carried
out in khetpresengeudk sacuithabigcsebvantystTheuld0beohveetrsitsodoto
particularly limted and suitable solvents would be_uy n&enst d to and’
can be aefeFarnbg B¢LeRBIacsf bYordPssr pisRrAineE vt RETdlt 10y re.

enbodi meqt agf W&p%d%%%%%fl%he E\é@@éb@nan’irJ%%t%%bvthe”%)ﬁo%t taezr the

exanpl e, hout limitatioh, an aprotic solvent. In an
enbadi mHC abtaﬁgstpmesebe,lﬁwenEmempleheaedlweﬁhowﬁylb@ltﬁéﬂonr

exanpl e | or e CH2C12 r tetr of_ur. ).

am)unt_(”)Lfes_tshgl]1 3@2@3 $t ﬁﬁl?ﬁ #33 “be ugggg%%nuF lg%%%égﬁfn' 228

i nventi gnibs Ret 2pamolcyl anldy ihiclukiedg any specific value in this
range, such as, for example, and without iimitation, from

0.5 to 20 mol%.

15' ’ " The reaction time is not particularly limited and
suitable reaction times would be understood to and can be
determined by those of ordinary skill iﬁ the art. In an
embodiment of the present invention, the reaction time may
be, for example, and without limitation, less than 24 hours,

20 for example, and without limitation, from 2 minutes to 24
hours, and including eny specific time in this range, such

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

The reaction temperature is not particuiarly
limited and suitable reaction temperatures would be
25 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
30 hydroxamic acid may be isolated and/or purifiedr Suitable
isolation and/oxr purification methods would be understood to

and can be determined by those of ordinary skill "in the art.



Sui t abl e amounts of the NHC catal yst would be understood to, and can

be determ ned by those of ordinary skill in the art. 1In an
enbodi nent of the present invention, the anmount of the 10 NHC
catalyst may be, for exanple, and witywput limtation, Iess than 20

nol % for exanple, and without limtation, from  0.125 to 20 nol %

and including_any specific¢,yalue-i.n.thi ra e S UGH o f R
exanpl oot A RATENGaL SRR LAlPER . LEPakRtgoR f SaSse oo il nagy skill

reactionnt itk EgtnNebupadr theehkakbnd ikhktedhanadydsvixbatice arcdalc tiagnbe
times would be understood to and can be deternmned by those of

or di nar ySeREERd AnEKerapBrifhednPYe fBEAMRERE TGP e or

i nventi I ian tinme may be, for exanple, and w thout
Iinitat?§X?%Fg§§%?ﬁgﬁg24 hours, 20 for exanple, and without
limtation, from2 mnutes to 24 hours, and including any specific
ti me5i n F.hiPsocasge fosu®lepas infjo Chéxadp Hydramdmiia Bedtd | i mitati on
from1l to 12 'hours. The reaction tenperature is not particularly

linited and suit tion t | 2 .0d t
an bo dot er mREd By PhBeE R o ArnEry Dot o RS ARr i an

and can be deter ni-fH& Se 0 n an
embodi mert dohalyh®epiestfti ed Avedisenibelde bedatt iion dreigrerat prepeye
be, for exanple, and wthout |limtation, room tenperature. In an
enbodi MEnCh3TahBYFFOSSRL G RFdfk VSN R 258 Ihrdr i YE ey be
i solated and/or purified. Suitable isolation and/or purification

met hods woul d be ¢RdemstaRddlifentnd Cam @ rdaiarunakrit diose of
ordinary skill-in the art. 19 For exanple, and without |imtatiaqn,

thodé® ofbrengihest plkiyide mavt ke sicpoked FiFider fidiPahaonampnd in
hydroxam,¢ agld Ry 0§ oS Rlied 1 ARHOT AL de d oY LY AERILLGHARR 1C

nmet hods Or
hydroxamic acid.

In an embodiment of the present invention, a
a-branched aldehyde which may have one enantiomer in_excess

h3Y

15 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.

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

nydroxamic acid.

25 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.



crystallization. 5 F. Process for Preparing Chiral Hydroxam c Acid
The above process for preparing the hydroxam c acid may be nodified
as described belowin order to prepare a chiral hydroxam c acid
using an achiral NHC catal yst. In an gybodi ment of the present
invention, a.-a- 10 branched al dehyde may be reacted with.a nitroso
conpound in the presenc fis chiz N I prep a
chiral hydroxani@nagﬁd?%F%déﬁgg%bgéi%éﬁtggﬁ%%ﬁg é&%@%ﬁfﬂﬁﬂvgﬁgion,
a- br anchethialzadempde caftiaGiystayalkave oreierantiramgr fior exeegde,l%nof
the other (i.e., .in enantioneric excess or "ee") or which may be
enantioﬁéﬁ&@ﬁﬁlﬁlﬁﬂﬁétﬁﬁﬁfbénr@&&ﬁ&&%mﬁﬂ%@&oﬁﬂt $31%onpound in the
presence of an achiral NHC catalyst to prepare a chiral hydroxamc
aci d which may be 3 5 eRAMJQANRINC FXERSS F@es‘@ﬂtcﬁﬂ@ﬁtg_%n, the
enantionerically pure. 20 In an enbodi nent of the present invention,
an énantihdredi ¢calilagqiune satametye dealmismpdenimd by r daut examiiich a
nitrosot ongpundljn the presence of an achiral NHC .catalyst to
raft

prepare '5Herical|y pure chiral hydroxam c acid. 25 The
achiral NBC catalyst is not paptd rly limted and suitable
achiral NBC catal ysts would b€ under${-egdri o and can be determ ned
by those of ordinary skill in N-a#t* 20 In an enbodi nent of the

present invention, the achiral NHC cat & yst may be derived from for
exanple, and wthout limtation, an achiral triazoliumsalt. In an
enbodi mrent of the.present invention, the

wherein X  may be, for example, and without limitation, BF;,

it Clos, Br or C1°.

The skilled person will appreciate that the amouht
of the oa-branched aldehyde,'the amount of the nitroso
compound, the base, the sol#ent, the amount of the NHC
catalyst, the reaction time, the reaction temperature, the

15 isglation 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,

20 for example, and without iimitation, the following scheme:

| on
20 | N=0 Cotalyst, DBU ™ .
(R) CHyClp, 1t,,12h I

E

F

.
N7 X
F g
F

Catalyst

F

25



5 achiral triazoliumsalt may be represented by, for exanple, the
formula: ~N N C6F5 + X- wherein X- may be, for exanple, and w thout
limtation, BF41 10 Cl104, Br- or d-. The skilled person wll
appreci ate that the anmount of the a-ranched al dehyde, the anount of
the nitroso conpound, the base, the solvent, the anount of the NHC

catal yst, the reaghli ogPhigréregrb 8 eactd %gehgg;ﬁggttweh <hRic

i sol ati on met hods “and pari Eat ion scrib above may
al so bea@i@dnb@rapmepaeim@dhﬁeedha&aﬂehydibw@nbelamnmm asceags tri bed

herei n. An enbodi nent t he resent i,nvention fo ing the
chi ral W&P@%&mac %régnﬁydﬁé’ PBFCe 86RCe Y SERY azﬁ%fl&raaem and
W t hout |on the followi ng schene: OH ysQRVO + CH202 r.t.,
12 fi (ﬁ) N \ N~~F+ N 25 F Catalyst 21 The above

process for preparlng the hydroxami c acid nmay al so be nodified as

deschi bed bel ow i Arosge cmpedipeafacd éh@hpmﬁSﬁQWMNﬁﬁﬁﬂﬁ}Q£0|@ usi ng a

chiral aJ%ranched aldehyde may be reacted with a nitroso compound

in the presence of a chiral NHC catalyst to prepare a chiral

hydroxamic acid.

Tn an embodiment of the present invention, a
10 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 enantiocmeric excess.

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

a ¢hiral hydroxamic acid in enantiomeric excess.

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

20 é chiral hydroxamic acid in enantiomeric excess, wherein a
stoichiometric excess of the o-branched aldehyde racemate is

raacted.

In an embodiment of the present invention, a
a~branchea aldehyde racemate may be reacted with a nitroso-
25 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
reacted and the reaction is stopped at less than 100%

conversion of the aldehyde.



catalyst. 5 in an enbodi nent of the present invention, a a-branched
al dehyde may be reacted with a nitroso conpound in the presence of
.a chiral NHC catalyst to prepare a chiral hydroxamc acid. In an
enbodi rent of the present invention, @ 10 a-branched al dehyde nay be
reacted with a nitroso conpound in the presence of -a chiral NHC
catal yst to prepa chij . r i r g excess.
I n an enbodi nent gg ?ﬂee%%géﬁ%exgngg 8 ?E%Qegebggﬁgﬁtgggfdghyde
racenat@—Bﬁ&nbﬁedeamaeﬁyméthaaematéosay ﬁé ceapbaddwahhtbenpteseﬂce
of a chiral NHC catal yst to prepare a chir dr ox

a
enant i ofBFPEUBRCcEBsT FnPEﬁS%ﬁﬁﬁdPﬁeﬁtCB¥rF eNB¥e§@ﬁ?ﬂ$ﬁ5eﬁ?lBﬁep3re

a- brancgeghﬂkgﬁhmgarBQ ﬁﬂetgcHaylgeeﬁsﬁﬁasﬂefh&hegcesgrOﬁﬁerégﬂp@und
in the presence o |ra NHC catal yst to prepare 20 a chiral

hydr 6xaatciabidmehrénankiener pf theegsbranchefnasdebydpchr6ABRERCLS

excess of the apched. _al dehyde rage e_Ls C
onbodt meR e RBCF BRoREaPhYBHY oo CaBPBY aks aRRRRC Y chlvBRsion
may be 5ga§h@damubhyaenitroso 25 conpound in the presence of a

chiral NHC catalyst to prepare a chiral hydroxamc acid in
enantii omeri c excess, wherein _a stoichionetric_excess o

a- branched al dehydBer §BékateNiS CpEadved ARd PhePRELEEH ﬁrgg st opped

at | ess;tRan.500% EQQ%EBEEOBhQEaEhﬁH@|Qﬁh%@?stgzwohmdaﬂee”bOdl”Ent
of the present invention, a at-branched. al dehyde racénmate may be

rea&ﬂedumﬁehsaonﬁttos@ndcoﬁpobﬁddehetmenﬁﬂebﬁn@éoéﬁ afcrirdananmc
catalyst tglp epare ...

In an embodiment of the present invention, the
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, BF4

, Cl0,7, Br or Cl1°.

In an embodiment of the present invention, the

chiral triazolium salt may be represented by, for example,

-25 the formula:
:: \wfﬁk

_ CgFs



a chiral hydroxam c acid in enantiomeric excess, wherein a 5
stoichionetric. excess of the a-branched al dehyde racemate is .-reacted
and the reaction is stopped at about 50% conversion of the al dehyde.
The chiral NHC catalyst is not particgHarly limted and suitable
chiral NHC catal ysts would be 10 understood to and can be determ ned

by those, of ordjnar kilL in the ln an di nen he
present % Pﬁﬁ&ﬁplg %HegeCh%?ﬁleﬁﬁﬁ?iﬁta?@%twﬁ%ﬁggg'%gﬁféggi?ﬁ BFTér
exanpl e ciapd, ywth@utlkln1tat|on a chiral triazoliumsalt. 15 In an
enbodi ment of the present invention, the chiral triazoliumsalt may
be represented by, for exanple, the formula: FF, FF 20 wherein X
may be, for exanpl@ 2@n@MHOHEENY iofi thei BFessel 1eTEetiogy. a-.

. eg&%%bquElgkoﬁ %ﬂﬁ%%ﬁ%ﬁﬁlgﬂ%ﬁpkﬁngs%%%edpﬂi Jalf et icBaedd1em

salt nmay bé represente for anpl e - ormul a: ~N\v C5F5 23
wher & n tXerey rine,1 af:or exanple andCMnthout limtation, BF4-, C104-,
Br- or d-. In an enbodi nent of t pr sent invention, the chiral
triazoliumsalt may be represe T' Y, exqﬂple 5 the fornul a:

o
0
\“\ \/

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

10 ¢€l04, Br or Cl°.

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

15 ordinary skill in the art; For example, and without
limitation, those of ordinary skill in the art would
understand that a ratio of the wa-branched aldehyde to the

nitroso compound of 2:1 may be used.

In an embodimeht of the present invention using a
20 chiral catalyst, for example, and without limitation, the
reaction may proceed with less than 100% conversion of the
a-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
25 example, and without limitation, those of ordinary skill in
" the art would understand that the reaction may proceed with

apout 50% conversion of the a-branched-aldehyde.

The skilled person will 'appreciate that the base,
the solvent, the amount of the NHC catalyst, the'reagtion



~NCl CN\ I d+ CF3 wherein X may be, for exanple, and w t hout
limtation, BF4-, 10 Cl04-, Br or Cd-. In an enbodi nent of the
present invention using a chiral catalyst, a-.stoichionetric excess
of -the a-branched al dehyde may be usggd. Suitable anounts of the

al dehyde woul d be understood to and can be determ ned by those of 15
ordinary.skill_.in_t rt. .E e, d it | JAH R

t hose' o l%édi%gfy%é%ﬁq%4ﬁ1ﬁﬁ¥?%§%gﬁ%ﬁl5§Eh$$ﬂ£§££%?t %S a rggwb of
t he a- braecpedididaitide tethiels Ridscasdesh mbomed refy 21Eadie beseadsed.
In an enbodi ment of the present invention usin%%a %% chh&gl

cat al ystO% & SBREHHI% ; en FRdiTEHo Y FHHHRAHS GF1 e IPSTLIGIT may
proceed i, th | ess than 100% conversion .of the a-branched al dehyde.
"Suitabl e anmobunts of conversion of the a-branched. al dehyde woul d be
understood to and can be determ ned by those of ordinary skill in
the &t. For 25 eddnsmboddmeniti wfolthd innas@litod,Mweids©of{ Gt di nary

skill in_ the.art ul d .under.st and t I i ; oceed with
about S%eggﬁglrgsit\g\% (ﬁu‘trr%cei g\lsyﬁf% (?%Jelg'l a %&fxﬁgﬁgl@ﬁﬁ%d per son
Wl appsediviing thal d-herdhased disele ety Hehereprewmdniodd the NHG
catalyst, the'reaction 24 tine, the reaction t eratur the

i sol at | G¥aHEIfodSsha T Rty i tEdtliBh  mdtthddst Wove may

al so be used .for preparing the chiral hydroxam c acid as descri bed

her ei n. 0
”\fmw I
N_ N F
) 0 BF, '
. " g? F z (IJH
racemace H
- (0mol%) | o
+ i K/BuO 20mol%)
: CH2Cl2, 1t, 3k o]
N=0
. @ 48%, 68% ee

15 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 representeq by the formula (V}:

O

R: &
20 | 3\(')/U\H (V)

Ry

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

Rz and R4, which are differeht, may be for example, and
25 without limitation, a halogen atom, a hydroxyl group, a

thiol group, a nitro group, a nitrile group, a cyano group;



5 An enbodi nent of the present invention for preparing the chiral
hydroxam c acid by kinetically resolving the a-branched al dehyde may
be represented by, for exanple, and without limtation, the follow ng
schene: F- 10 NN F OBF4 rac mate (20mblF F OH N + - KBuQ(20nol%
CHz2C12, rt 3h 00,_0 N=0O 48% 68%ee 15 In an enbodi nent of the

pr esent ven%g?ﬁ%lusbng ag.'kterﬁgr' %Cﬁ-gﬁl aﬁlkﬁaflcrﬁ'txﬁosﬁ %H%!H?Jay tbtée

a- branche exa e t T'imtation,

conpoun@uﬂo%p;rmsmeatdedabxt3tdﬁeyfdirdmj]@3(\é)r Qs 20cRBakkéNyl B@ouph*eheph:
(*) refers to a chiral center;_ and and R4, %\/n gh are different,
may be FGY Sgaspostidngedss a\MCtﬁﬁduPrViLngFaFPoH 1gPHBREGBR atom a

hydr oxyls @QuRyutedl, Bhicql 1952422 n!a&rcglgp@agp a«hmbhrmlag geoup, a
cyano group; 25 a CI 6 jl [ C2_6 al kynyl group
whi clh neybtse itsdiesti BuCed:s ar@ $z@yéﬂbahk(§ltl g@ﬁUQBWBléilcmééil kényl

01 oup, Wl LD SUBSLL UGS oo Bl 05 ke 08U ke
substituted, a 4- to 1l0-membered non-aromatic heterocylic
group containing 1 to 4 hetercatoms which are independently
nitrogen, oxygen or sulfur and which grou§ may be

10 substituted, a 5- to 1l4-membered aromatic heterocylic group
containing 1 to 4 heteroatoms which are independently
nitrogen, oxygen or sulfur and which group may be’
substituted, a Ci;-s alkoxy group which may be substituted, a
Cs-g cycloalkoxy group which may be substituted; a Cbs

15 alkylthio, Ca-¢ alkenylthio or Cy-¢ alkynylthio group which
may be substituted; a Csig cyclqalkylthio or C}g
cycloalkenylthio group which may be substituted; a Ce-1s
aryloﬁy group which may be substituted, a 4- to l0-membered
non-aromatic heterocycle-oxy group which may be substituted,

20 a 5- to li-membered aromatic heterocycle—dxy group which may
‘be substituted, a Ce-1: aryithio group which may bg
substituted, a 4- to 1l0-membered non-aromatic heterocycle-
thio group which may be substituted, a 5- to l4-membered
aromatic heferoayclehthio group which may‘be substituted, an

.25 - amino group which may be substituted, an azide group, a
guanidino group, a carbamide group, a formyl group, a Ci-s
imidoyl group, a carbonyl group which is substituted, a
carbonyl—dxy group which is substituted, a carboxy group, a
carbamoyl group which may be substituted, a Ci-4

30 alkylenedioxy group, a sulfanyl group, a sulfinyl group
which is substituted, a sulfonyl group which is substituted,
a Cig alkoxycarbényl group, a Cbﬁ'alkylsulfonyl group, an

‘00 group or a Ci;-s alkoxyimino group.



5 substituted, a C6_14 aryl-C2_6 al kenyl group which may be
substituted, a C6_14 aryl-C2_6 al kynyl group which may be
substituted, a 4- to 10-nenbered non-aronatic heterocylic group
containing 1 to 4 heteroatons which are independently nitrogen,
oxygen or sul fur and which group may ,be 10 substituted, a 5- to

14- menbered aromatic heterocylic gro&ﬁ containing 1 to 4 heteroatons
whi ch are independentl| ni trogen, aoxygen or sulfur and which group
may be' substituté&,aé Silson 985x?fg¥gﬁpp§ﬁﬁ?ﬂ¥ ﬁﬁyeﬁglgﬁbé%Wt Ped, a
C3-6 cycl gaddgorey, grsodpenhi ghicymyyepsubstituted; a C1_6 15 al kyl thi o,
C2_6 alkenylthio or C2_6 al kynylthio group which nmay be substituted,

a C3_8 cycloal kylthio or -8 _cycl qal kenyl t hi roup,whi ch, may. be
substituted; a Cg-1% aarﬁéékéaﬂﬁﬁ%uﬁ%wkﬁﬁHXWEVﬂﬁéq§Wﬁ§F??ﬁtg&f éoﬁ- to
10- nenber egamplay)- disoaBbhénBtRfRgy.Cl e- oxy group which may be
substituted, 20 a 5- to 14-nenbered aromati c heterocycl e-oxy group
whi ch y be 'substitute C6.14 arylthio group which may., b

substi gﬁt ed, a 4- t0 fﬁ-?@?ﬁ){g@?&ﬁn&#- %ﬁ%n%]f?sé 1:e evgél;%:?%-u%hl}% group
whi ch mayebehestibst iathted] @r Shitrell4atehpet edchaarcdiiatilchydroxamic

het erocycl e- t hi o group which be substituted.. . an..25 am no group
whi oh may= BE SUs Rr UEEH, SR dog BURPCR SRS of olpP e
car bam dergsmgyntad bynyhe gfatiniana (C¥)6 i m doyl group, a carbonyl
group which is substituted, a carbonyl-oxy-group which is
substituted, a carboxy group, a carbanpbyl group which may be
substituted, a Cl-4 30 al kyl enedi ox grogg, a sul fanyl group, a

sul finyl group which is, substitutied, ul fonyl group which is
substifuted, a Cl_6 al koxycarbor§) group, a Cl_6 al kyl sé¥¥bnyl

group, an oxo group or a Cl_6 &sikoxyfm n®2group. 26

O

wherein (*), Rz, Rz and Rs are as defined ahywhere above.

Non~limiting examples of one process of the

" present invention are described in more -detail herein.

15 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 solvenﬁs were anhydrous, and
were purchased from Aldrich or Fluka.

20

In gene;él, reactions were monitored by thin layer
-chromatography ﬁsing 0.25 mm E. Merck silica gel coated .
glass plates (60F-254) with UV light to visualize the course
of reaction. Flash column chromatogréphy was pérformed using

25 CombiFlash™ (ISCO, Inc.).

Chemical yields refer to pure isclated substances.



In an enbodi ment of the present invention, R3, for exanple, is a
Cl_G al kyl group. In an enbodi nent of the present invention, R4, for
exanple, is a phenyl group. 5 In an enbodi nent of the present
invention using either an achiral or chiral catalyst, the chiral
hydroxam ¢ acid may be, for exanple, and without limtation, a
conmpound represented by the formulaq1V): 93 OH 10 (+) (1V) RP R2
IO wherein (* R2, R3 and RA are as defined anywhere above.
Non-1imiting hEeMaE OHFRPIN-F8ESs SBECERRNPFES efFC MV elEfon are

descri bed:d R mrey G&etlﬁgl shered™ dafB1oExanphes N in reast-bepsiyere
performed in oven-dried (140C) or flane-dried glassware under an

i nert atnosphere of dry nitrogen or argon. Al reaction solvents

were anhydrousy apd 13WeRe. éﬁéﬂ%ﬁ?ﬁ%tﬁﬁogé§$ﬁéﬁ&@ @yl Wkaer 29 dtre

general, reactions were nonito hin | ayer chromat ography using
0.25 nfn Eobwrtﬂd gisiingaa gt ueleat eoﬂvpﬁioé}ss(éﬁpatﬁéé (BOFRBARLGEE h UV

ight o Ul e rlbe 00U se e ol oBAGh! B ELR N LORHIRY 12t 1ane

chr omat ogr aphy was per Formed U ashTM (1S Inc.).
Cheni cal widh didra elcdwerd pw@larsm @tse@heubeten@@s stzEndagds Data

chromat O%Qf@&%ﬁgﬁpﬁﬁt Q@%Jlﬁﬁ%%@s'\@@% conduchedyyst Ngy pon

Shi madzu coupl'ed w't .
{8) (multiplicity were indicated by br (broadened), s

10 (singlet), d (doublet}, t (triplet), g (quartet), m
{multiplet), m. (centered multiplet}); coupling constants (J,

Hz):; integration; assignment.

Studies using different NHC catalysis were conducted by
15 ‘adding base (5 x 107% to 0.02 mmol) under argon to a sclution
of benzaldehy&e {10.6 mg, 0.1 mmol), nitroso cogpound (10.7
mg, 0.1 mmeol) and the eatalyst (5 x 1073 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.
20 |
N-hydrozy-N-phenylbenzamide

DBU (3.8 mg, 0.025 mmol) was added under argon to
a soluticon of benzaldehyde (106 mé, 1 mmol), nitroscbenzene
25 (107 mg, 1 mmol) and catalyst (1.82 mg, 0.003 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

30 eluents.



1H and 13C. nucl ear-magnetic resonance (NVR) spectra were 5 obtained
usi ng a Brucker TM AV-400 (400 MHz) spectroneter. Chem cal shifts were
reported in ppmfromtetranethylsilane wth the sol vent resonance as
the internal standard. Data were reported in the followi'ng order:
chemi cal shift in ppm (5) (multiplicity were indicated by br
(broadened), s 10 (singlet), d (doubl%ﬁi), t (triplet), q (quartet), m
(nmultiplet), m (centered mul tiplet)coupling constants (J, Hz.);

i ntegration; assi gnﬁerﬁ&oo SfHrdi 6PCAs] n di Pf.8Pedbr NHC Bht Afysts were
conduct ed b d 1 t 2 I der g 0 a
sol ution biﬁazegl %‘é %’? 1§)5 X7 9% 3)Igrrmﬁ %Ft%rog@ cgn%%uﬂgl% 10.7
ng, 0.1 mml)zxand\ﬁhﬁ cé%cal (¥80 ﬁﬁzx die13) t.050= 0J26m:m)l ):q; nco jsollgentl '
(0.5 mM). The reaction m xture was_stirred at room a1 LUr e for

10 nin. Theayi éi’ds Swéke rdé@érhné%ls”b%/ et -Fo 128.3 17

N-hydr exymht phenyd henzasdenO NOH10BBU7¢3. 8 ng, 0. 025 rrrml) was added
under argon.to a solution of benzal dehyde (106 ng, 1 mmol),

nitrosobenzene 25 (107 ng, 1 mmol) and. catalyst (1.82 ng, 0.005
mmol) "in dichloromethane (5 nL). The reaction m xture.was stirred .
at  room WeRper@iyH Bric@hoil- K shenfibesekigdt was renoved under
vacuum and the residue was purified by flash silica gel colum
chromat ogr aphy usi ng hexane and ethyl acetjpte_as the 30 eluents. 28

1H (400 MHz, CDC13): S = 9.05 (br s, -O%.45-7.36 (m 3H,
Ar-H), 7.33-7.25 (m 5H Ar-H), 7.22 1
=}

DBU (7.6l mg, 0.05 mmol} was added under argon to
10 a solution of 4fmethoxybeﬁzaldehyde (136 mg, 1 mmol),
nitrosobenzene (107 mg, 1 mmol) and catalyst (18.15 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
15 silica gel column chromatography using hexane and ethyl

acetate as the eluents.

'{ (400 MHz, CDCls): 8.= 9.07 (br s, 1H, OH), 7.40
(BB, d, Jaz= 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, Jwm= 8,9 Hz, 2H, Ar-
20 H), 3.79 (s, 3H, CHs). '¥C (100 MHz, CDCls3): 8 = 165.1 {(Cgq
CO), 161.7 (Cq), 140.4 (Cg), 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, 77. ' L

25 N-hydroxy-4-nitro-N-phenylbenzamide



(m 2H Ar-H). 13C (100 MHz, CDC13): S = 164.9 (Cq, CO, 139.1 ((Cq),
131.8 (Cqg), 131.1, 129.2, 128.9, 128.3, 128.2, 126.0. 5 Ms (ESI) :
mz 197 (MO, 105, 77. N hydroxy-4-nethoxy-N phenyl benzamde O N
OH MeODBU (7.61 ng, 0.05 nmol) was added under argon to 10 a

sol uti on of 4-nethoxybenzal dehyde (136 ng, 1 nmol), nitrosobenzene
(107 ny, 1 mml) and catalyst (18.15 Ay, 0.05 mol) in

di chl or onet hane (5 L The reaction mxture was_ stirred at room
tenperature for 10 %A (3TRemgol YRS iRSL)r BAByRI M IV EEERT BRd

the resi daesw@&ﬁm 'Jﬂ ed nB¥rbbashh 1drsjdd qasgehg coi umblth Quei-ggk aphy
usi ng hexane and e acetate as the eluents. ' H (40 NHz, CDC13):

S 9.07 (bpeszeny ( mg? Aomme B anf cPABIYSLO (HpB82 OAr00|51) mmol)

7.35-7, 2§n(5lc§ﬂa etlﬂ)ane ZSZAL 7 Zﬂle( @ea%@aoﬁ‘rmﬂtuf_@e Zv%s( é@nrgedJAB—
8.9 Hz, 2H, Ar , s, 3H, CH3) . 13C (

165. 1 GCgat mym qwera(c@q)a £940L G 7Ey) Th@3§o®ve11129@ rﬁzrpvgd 125 9,
124. 3 (COngdd 3rdbue: %md'v@h%ELSéglng gaa%lzélu%%lé& b}aﬁaslao}ul%é 7.

25 N-hydr oxy- 4-ni tro- N-phenyl benzam d OH "QzZN |

DBU (3.8 ggl 00028 mingiomajasrapile diimdehexpgonand efhsgl wdegatef as
4-ni trobe I (151 ng, 1 mmol), nitroso benzene (107 ny, 1
mol ) andgégtgﬁgﬁggTi.Sz_ng, 0. 005 mmol)

. Scale up: DBU (3.8 mg, 0.025 mmol) was added under
10 argon to a solution of 4-nitrobenzaldehyde (3 g, 20 mmol},
nitrosobenzene (2.14 g, 20 mmol) and catalyst (9 mg, 0.025
mmol) in dichloromethane (100 mL). The reaction mixture was
stirred at room temperature for 2 min. The product
pfecipitated as a yellow solid. The solvent was removed
15 under vacuum, and the s0lid was washed with hexane ‘and ether

to yield a pure product (5g).

M (400 MHz, CDCl3): & = 8.93 (br s, 1H, OH), 8.13
(RB, d, Jap= 9.1 Hz , 2H, Ar-H), 7.60 (AB, d, Jaz= 9.1 Hz,
2K, Ar-H), 7.36-7.34 (m, 3H, Ar-H), 7.24-7.22 (m, 2H, Ar-H).
20 3¢ (100 MHz, CDCls): & = 162.7 {Cq, CO), 148.9 (Cg), 138.3,
138.0, 130.0, 129.5, 129.1 (Cq), 126.2, 123.4. M8 (ESI): m/z
242 (M*-0), 150, 134, 120, 104, 92, 76.

4-Bromo~-N-hydroxy-N-phenylbenzamide

/@)LN,OH

DBU (3.8 mg, 0.025 mmbl) was added under argon,K to

25

a solution of 4-bromcbenzaldehyde (185 mg, 1 mmol),
nitrosobenzene (107 mg, 1 mmol) and catalyst (1.82 mg, 0.005

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



in dichloromethane (5 nL). The reaction m xture was stirred 5 at room
tenperature for 10 mn. The solvent was renoved under vacuum and
the residue was purified by flash silica gel colum chromatography
usi ng hexane and ethyl acetate as thegeluents. Scale up: DBU (3.8
ng, 0.025 mml) was added under 10 argon to a solution of

4-nitro d ]_J%%H tar, nzene , nmol )
and cat%l yst %g@y: q:&)%b&fn%% Ogﬁlggrrgt hane E%c;llo%&rr?)wa?s‘?'he
react i onremosted eirvs: vsetquuned eatd rtdmnnﬁmhleatw&sa phurlﬂl.erﬁ rhy flash

The' pr odu p| tat ed el l ow,solid. The sol vent rem)ved
15° uhders \HGRIRe e i ther to
yield aaggﬁﬂg%uq;he(@g)uenﬂg (400 MHz, CDC13): S = 8. 93 (br s, 1H,
OoH), 8.13 (AB, d, JAB= Hz , 2H, Ar-H) , 7.60 (AB, d, J,B=09 1

Hz , 2H Ar-H, 36- 7. 34 (m 3H, Ar-H), 7.24-7.22 (m 2H, Ar-H). 20
13C (5100 VHz, CDCfH) 408 MHE62CDCLEH; ©0),9 108. dox Gy) , 143808), 13810,

1300, 128 S0 120t (%‘% 27 ity iyt iy 1 bty Bon At e 0 N
OH Br /728 ba@fBY (37,8 110g, 9. 925 mm! )amas) adﬂe@bJ«mdm gigonito a

sol ution of 4 bronDbenzaIdehyde (18 ng, 1 nnDI) ni t rosobenzene
(107 rrgAﬂ—Hmmll?camﬁoeamratysa:Dclg)szarg= 164005 (dgolP)irni39.3 (Cq),

S hLor QUL e 5 10 ThgoREL 190, 62 o2 S 8 o Log

10 (BSI): m/z 275 (M*-0), 183, 155, 104, 76.

N-hydroxy—-l-methyl~- N%phenyl iH-imidazole-2~-carboxamide

G%f "‘

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), nitrosobepzene (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
20 purified by flash silica'éel column chromatography using

hexane and ethyl acetate as the eluents.

H (400 MHz, CDCljz): & = 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,
38, CHy). 1C (100 MHz, CDCls): & = 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, 108, 82.



removed under vacuum and the residue was purified by flash silica
gel colum chromat ogr aphy usi ng hexane and ethyl acetate as the
eluents. 5 1H (400 MHz, CDC13): S = 9.00 (br s, 1H OH), 7.41 (AB,

d JAB=8.7H , 2H A-H), 7.36-7.33;(m 3H, Ar-H), 7.29 (AB, d,
JAB = 8.7 Hz , 2H, Ar-H, 7.22-7.20 (m 2H, Ar-H. 13C (100 Mz,
CDC13) : 8 = 164.6 (Cg, C0), 139.3 (Cg), 131:5,-130.7-(Cq), 130.5,
129.3, 128.6, 126.1, 125.8 (Cg). M5 10 (ESI) : nmz 275 (MO, 183,
155, 104y-hiflroxy-y @r-adyhlenydiphydpadaphietsy| - | H i m dazol e- 2- car boxam de
O NzZANCH CUN b-1 DBU (3.8 ng, 0.025 mmol) was' added under argon to
15 a solution of 1-methyl-1Him da -2-@ar bal dehyde (110 ng, 1
nml ), nitrosobenzene (107 ny, 1 lyst (1.82 ng, 0.005
nol ) in dichioronmethane {5 nL). The reacti m xture was stirred at
roomtenperature for 10 mn. The solve t renoved under vacuum -

and the residue was 20 purified by flash § ca gel colum
chr omat ogr aphy using hexane and et hyl acet™dte as the eluents. 1H

(400 MHz, CDC13): %(Qj’ Zsmngdi %s aada e a-rg70rﬂﬂ‘d7-a2H
Ar-H), 7.42 (td, J—20 H, HY), 7.24 (td, T =1.2, 7.4

Hz, BH, stluiory oflq-@hanyipg@pﬁmalm(,l%mmcj) mmldzb (d, J = 1.1 Hz,
130, 7 (GHEEER ey (e odhp B Spliudt 0P g 40
(ESI): m®10kid Mi-cBlorkidtnbiz 0559nL 109Eh682rea'iﬂtlon mixture was
stirred at room temperature for 10 min. The solvent was
removed under vacuum, and the residue was purified by flash
10 silica gel column chromatography using hexane and ethyl

acetate as the eluents. B,

'H (400 MHz, CDCl3): 8§ = 8.91 (br s, 1E, OH), 7.42-
7.39 (m, 3H, Ar-H), 7.28-7.21 (m, 54, 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,
15 CHs). *’C {100 MHz, CDCls): & = 169:5 (Cq CO), 140.7 (Cgq),
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-BEydroxy-N, 3-diphenylpropanamide

20 | ? O
' N
_ OH

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

removed under vacuum, and the residue was purified by flash



N- hydr oxy- N, 2-di phenyl propanam de N. OH DBU (30 ng, 0.2 nmol) was
added under argon to a 5 solution of 2-phenyl propanal (134 ng, 1
nmml ), nitrosobenzene (107 ng, 1 mmol) and catalyst (72.8 ng, 0.2
mol ) in dichloromethane (5 nm.). The yeaction mxture was stirred at
roon1tenperature' for 10 mn. The solvent was renoved under vacuum

and the resi ur|f| b I.C c
chronatgéigp 882? 8 HeRar rgm%t % Phyaggkh eﬁgggbﬁ Qh uenpgl "H
(400 chGE%Shs She &19&ntbr s, 1H, OH), 7.42- 7.39 (m 3H, Ar-H),
7.28-7.21 (m 5H, A«-FD, 7.15-7.10 (m 2H, Ar-H), 3.72 (br s, 1H,
CH), 1.50 (br s, J .0 Hz, 3H, 15 CH3 13C (100 MHz, CDA 3): S =

o0 (ca, O, 15 T,48, Bebi 5 P30 % it B

105, 59357, 76. (ml\ hipdr, 0xy~MN) 3- di, phenyl, pmpanam de , 2@HO bﬂzi , 2 N57V (beH
DBU (15 nmg, 0.1 mol ) was added under argon to a solution of
3- phenylspr 8ganaH:{ 134Cny,100 Mﬁab)CD253hltﬁasdbﬁhibne14m03rdb3842nﬂnl)

oact | o 2o R ulaPads 128 Frod Bt b odRCt SpaPRr dre ot 16, Pihe

sol vent (was) .r eypvedsungeroyacugs) and the resi due was purified by
flash 32 silica. gel col um chronatography usi ng hexane and et hyl

acetate as the eluents. 1H (400 MHz, CDC13): S = 9.34 (br s, 1H OH),
7'490' Nhhydroxy—NLphenylcyclQhexanecarboxamide
O

SpY

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

15 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'hexéne and ethyl acetate as the
eluents.

20

'H (400 MHz, CDCl3): 8 = 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), 1.63~1.55 (m, 3H, CHz), 1.27m;.15 (m, 1H, CHa), 1.14—
1.01 (m, 2H, CHp). **C (100 MHz, CDCly): 8 = 171.5 (Cq, CO),

25 138.2 (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.



57.10 (m 10H, Ar-H), 2.97 (t, J 7.4 Hz, 2H, CH2), 2.57 (br s,
2H, CH2). 13C (100 MHz, CDC13): S = 167.7, 140.3, 138.2, 129.3,
,128.7, 128.6, 128.4, 126.9, 126:4, 34.2, 31.4. M5 (ESI): mz 225
(MO, 105, 93. 10 N hydroxy-N- phenyl cycl ohexanecarboxam de 0 N
OH DBU (15 ng, 0.1 mml) was added under argon to a solution of
cycl ohexanal (112 ng, 1 nmol), nitrosSbenzene (107 ny, 1 mmol) and
catalyst (36.4 ng, 0:1 mol ) in 15 dichl oronethane (5 nL). The
react i on WihadroaxyndisphenyFed-larropsorreenperdidfr e for 10 nin. The
sol vent was renoved under vacuum anddhe residue was purified by

flash silica gel colum chromatograph g hexane and et hyl
gbr

acetate as the eluents. 20 1H (400 13) S =29.15 (br s, IH,
OH), 7.48- 7.30 (m 5H, Ar-H) 1H, CH), 1.77-1.67 (m 4H,
CH2), 1.65-1.55 (m 3H, CHZ) 1 27 1H, CH2), 1.14- 1.01 (m
2H, CH2). 13C (100 MHz, CDCl13): S = 171 (Cg, CO, 25 138.2 ((Cq),

129. 4, 129.2, 126, BBU4glgun 9cﬂ1.%ﬁo§ @§s5addéé5uﬁdeNBa£5§%)tdm%Z 203
(M=0O), 148; 93, 83 hydr oxy- N-pheny cycl opr opanecar boxam de

Oll N CplutionDed CI61emEomEmBlmtsl) maasl Fuwued uRdErORPEBEANS a
io'n:ﬂr;:? ag% ﬁcért@alogggﬂ?gﬁ' %ﬁioca@a&fét”@% I{{lj”cp%c’%e%?”@n 5 (107 ny,
dichloromethane (5 mL) The reactlon mlxture was stirred at
room temperature for 10 min. The solvent was removed undexr
vacuum, and the residue was purified by flash silica gel
column chromatography using hexane and ethyl acetate as the

10 eluents.

4 (400 MHz, CDCls): § = B.81 (br s, 1H, OH),
7.50-7.43 (m, 4H, Ar-H), 7.40-7.36 (m, 1H, Ar-H), 1.68 (s,
1H, CH), 1.17-1.13 (dddd, J = 3.0, 3.8, 4,7, 7.8 Hz, 2H,
15  CH,), 0.85-0.80 (dddd, J = 3.0, 3.8, 4,1, 7.8 Hz, 2H, CHz).
C (100 MHz, CDCls): 8 = 170.6 (Cq, CO), 139.7 (Cq), 129.1,
128.3, 126.2, 11.7, 8.5. MS (BESI): m/z 161 (M'-0), 106, 93,
77.

20 N-hydrozy—-N-phenylpentanamide
G

\\¢/~\¢;ﬂ\N,OH

Q

DBU (15 mg, 0.1 mmol} was added under argcon to a
solution of pentanal (86 mg, 1 mmol), nitrosobenzene (107
mg, 1 mmol} and catalyst (36.4 mg, 0.1 mmol) in
25 diéhlorométhane (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



di chl oronet hane (5 nL). The reaction m xture was stirred at room
tenperature for 10 mn. The sol vent was renoved under vacuum and
the residue was purified by flash silica gel columm chromatography
usi ng hexane and ethyl acetate as the 10 eluents. 1H (400 MHz,
CDC13): S =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, 1H CH), 1. 113(dddd J=30 3.8, 4,7,
7.8 Hz, 2H, 15 CH2), 0.85-0.80 (dddd, J = 3. 7.8 2H
CH2).  18elympochvdratopeanly lesmgm?X@nFcﬁndcﬁhyhfﬁeﬂiaE&q?s %‘9 ,
128.3, 126y@n:+dl.7, 8.5. M5 (ESI): mz 161 (M+-0), 106, 93, 77. 20
N- hydr oxy- N- phenyl pent anamde Ol N OHDBU (15 ng, 0.1 nmol) was
added under argon to a solution of pentanal (86 ng, 1 mmol),

ni trosobenzene (1Q7 éHEnQ)P}H?I'H% iand gat al yst (£36s4 318, &yl mol) in
e

25 di chl or onet hane ( reictlon mxture was st rred at  room
t enpersat Gr. @7+ or430(my 124, The-8Db} v"eml—vVa§7r émavé@lr et » adbulf®T and

the resi g?:ﬂ\(m\?s p‘rr{l@f g%aﬁéH | ash b‘éﬂt | 34 <ql ygn oy, CHz)i

chromato rfd et yI acetate as the "éluehts
(400 MHz 1. Q:@clse)xte& H=25.6bxzs, zm,Hcr@H) 05857 m:z-szs?(mH@H 35‘1&r-H)

7.41-7.37 , 1 (br
(pent et , Cllla)— 7l % HzOO 5?112, 531§> 155 %é%x? e@cq' T 7%%@) C|—|2)1

0,85 (1, domol. foby, 31 40182, 31901 (4002, 16DE1YYs s 169/8 (Ca,
0O, 1388 (Ch), 129.2, 126.8 1214,323,274 22.3, 13.8. M
(ESI )10 miZ7 (M°-0), 135, 93.

(E) ~N-hydroxy—N-phenylcinnamamide

DBU (15 mg, 0.1 mmol) was added uynder argon to a
15 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 reactilon mixture
was stirred at room temperature for 10 min. The solvent was
removed under vacuum, and the residue was purified by flash
20 silica gel column chromatography using hexane and ethyl

acetate as the eluents.

1§ (400 MHz, CDCls): & = 9.3 (br s, 1H, OH), 7.78
(d, J = 15.6 Hz, 1H, HC=), 7.51-7.39 (m, 74, Ar-H),
25 7.35-7.33 (m, 3H, Ar-H), 6.55 (d, J= 15.6 Hz, 1H, EC=). **C
(100 MHz, CDCls): & = 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
(ESI): m/z 223 (M'-0), 131, 103, 93, 77. ' '



10 177 (M+-0), 135, 93. (E)-N hydroxy- N phenyl ci nnamam de O N OH DBU
(15 nmg, 0.1 mml) was added under argon to a 15 solution of

(E) - ci nnamal dehyde (132 ng, 1 mmol), nitrosobenzene (107 ng, 1 nmol)
and catalyst (36.4 ng, 0.1 nmol) in dichloromethane (5 nL). The
reaction mxture was stirred at roomtenperature for 10 mn. The

sol vent was renoved under vacuum aAd the residue was purified by
flash 20 silica gel colum chromatography using hexane and et hyl
acet at e d&)t-Wehpiinenys2-rayhydod, Regirepoldrrydamides (pr s, 1H, OH),
7.78 (d, J = 15.6 Hz, 1H HC=), 7. 51 7.39 (n1 7H, Ar-H), 25

7.35-7.33 (m 3H, Ar-H), 6.55 (d, 15, 1H, HC=). 13C (100
MHz, CDCL3): S = 161.8 (Cq cO), 1\ 137 8, 134.6, 130.1,
129.3, 129.0, 128.8, 128.0, 126. 2\ (ESI): mz 223 (M-0),

131, 103, 93, 77. 35 (E)- N—hydroxy 2 net N, 3- di phenyl acryl am de 0O
N OH zZ DBU (15 ng, 0.1 mmol) was added under argon to a solution

of (E)-2-nmethyl -3- Bﬁ‘@n}/is'i%[gy' @' dehyde) (A6 ar&ied5uﬂadmﬁgon to a

ni t rosobenzene (107 ng, ) and cat al yst mol ) in
di chl or orestiwgnen( £ nl¥) ZﬁﬂﬁtmﬁécﬁrﬁﬁenYﬁ%&ﬁﬁﬂﬁ §Y§?|ﬁ1%§i@ﬁ' room

tenperat r%m%ﬁi 1000 st' en%0|¥§ﬁtm ast emvednundetaypeiium  and

the residue wa puri y fl ash siTica gel colum chronato%raphy

usi ng (36.4 mg, 0.1 mmol) in dichloromethane (5 mL). The react
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

10 hexane and ethyl acetate as the eluents.

1§y (400 MHz, CDCls): 8 = 9.04 (br s, 1H, OH), 7.43-
7.38 (m, 4H, Ar-H), 7.37-7.30 (m, 3H, Ar-H), 7.28-7.24 (m,
1H, Ar-H}, 7.16-7.14 {m, 2H, Ar-H), 6.84 (s, 1H, HC=), 1.96
15 (d, J = 1.5 Hz, 3H, CHs). *3C (100 MHz, CDClz): & = 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 (RSI): m/z 237 (M™-0), 145,
117, 91. '

20 (E)—NLhydroxy—B-(4—methoxyphenyl}—N;phenylacrylamide

WN’OH
MeO [f:]

DBU (7.5 mg, 0.05 mmol) was added under argon to a
solution of (E)—4-methoxycinnamaldehyde {162 mg, 1 mmol),
. nitroscbenzene (107 mg, 1 mmol) and catalyst (18.2 mg,
25 O.OSImmol) 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



10 hexane and ethyl acetate as the eluents. 1H (400 MHz, CDCl13) : S =
9.04 (br s, .1H, OH), 7.43- 7.38 (m 4H, Ar-H), 7.37-7.30 (m 3H,
Ar-H), 7.28-7.24 (m 1H, Ar-H), 7.16-7.14 (m 2H Ar-H), 6.84 (s,
1H, HC=), 1.96 15 (d, J = 1.5 Hz, 3H, CH3). 13C (100 MHz, CDC13) : S
= 167.8 (Cgq, CO, 140.6 (Cq), 137.7, 136.8, 130.9 (Cg), 130.6,

130.4, 129.7, 129.4, 126.8, 15.8. MBS (ESI): mz 237 (I\/} O) 145,

117, 91 20 (E) N-hydroxy 3- (4- nmet hoxyphenyl ) - hkghen r% Tﬁlde

NOH MeO SBRBECE7IBL ngP L B0 ShARBR Y} O WP R0 d6d "gnBBF 24T A solutlon

of (E)- 4a@%q:gggygénmlq%hyge (162 mg, 1 mml), nitrosobenzene (107
nyg, 1 mmol) and catalyst (18.2 ng, 25 0.05 mmol) in dichl oronet hane

(5 m). The reactlon mxture was stirred at roomtenperature for 10

in. Th | t d t
mn. The sol ven hEMRY S g&?& Vacuum, gangd. t he %ﬁ!S'eﬁHe wass

purified by flash S|I|ca 'um ¢ ronatograp y using hexane
and ethyl(d,acetal B. asit,haHel Hent s. 7 1H(4C0 Nz, SEDGEE:‘)H) S1=36. 18 (br

. 1H, 7.73_5 (d,.1 = 15.6 Hz,.1H 0- 7..40 H,
,SAr-H), ?%%5 @AB‘,JABdT(gABBJH:Z 8.§§’ THHb 6 E%_) B’ g 8%”(AB§ & H"é‘JAB =
B 8 Hz 2:2HarAR} H) 6. @4(31 (, ~—J15 4516, HH, BE-)HC3)813(81 s, C

(100 MHz, CDCL3 = 161. 2 O 42 7 137. 8
(cq) §c7 (34009 Miiz, 1§@$@ 1§8“616%2# %£€?59 %ﬁg % (EI)SSE%Ig 112. 5,
: §|)12§”7Z 393 fL'Vh@é,salfillae 13312118. (c,), 126.1, 114.2,

E N—h dr8x 4-'ni't r ophenyl henyl acr Iamde 0O
() y112y g4 MS {F.)ESI) m/z 25 26y Y 881 9% 337 118,

{E) -N-hydroxy-3- (4-nitrophenyl)-N-phenylacrylamide

. 1)
s D/\)L )
. QN OH

DBU (7.5 mg, 0.05 mmcl) was added under argon to a
solution of (E)-4-nitrocinnamaldehyde (177 mg, 1 mmol),
20 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 purifiedtby flash
silica gel column chromatography using hexane and ethyl

25 acetate as the eluents.

4 (400 MHz, CDCls): & = 9.64 (br s, 1H, OH), 8.13
(d, J= 15.3 Bz, 1H, =CH), 7.98 (d, J = 8.1 Hz, 1H, Ar-H),
7.57-7.39 (m, 8H, Ar-H), 6.42 (br s, 1H, =CH): '*C (100 MHz,
30 CDCli): & = 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.



15\ \ NI OHDBU (7.5 ng, 0.05 mmol) was added under argon to a
'solution of (E)-4-nitrocinnamal dehyde (177 ng, 1 nmol), 20
‘nitrosobenzene (107 ng, 1 mmwol) and catalyst (18.2 ny, 0.05 mmol) in
di chl oronet hane (5 nlL). The reaction mxture was stirred at room
tenperature for 10 min. The solvent was renoved under vacuum and
the residue was purified by flash sPi'ica gel colunn chr omat ogr aphy
usi ng hexane and ethyl 25 acetate as the el uents, qfﬁNHé 1
CDC13) : 9% (§) 63~ (Hrhwdromye Nophengl qarbympyly vinyk) 32 B eRy-
7.98 (d, triflgoroppthanesuddoppte 7. 57-7.39 (m 8H, Ar-FD, 6.42 (br s,
1H, =CH): 13C (100 MHz, 30 CDC13): S = 160.6 (cq 'CO), 148.2, 138.3,
133.4, 130.9, 130.0, 129. 5, 129.2, 126. 6 124 , 120.7. M5 .(ESI):
268 (M+-O), 176, 148. 37

4-[(E) - 2- (N-hydr oxy- N- phenyliggo VI nethoxyphenyl
triflupronmethanesul fonate O H3 rP | / OHDBU (15 ng, 0.1
qutlo f

mol ) was added under argon tfgo

(E) - 3-met hoxy-4-trifluoronethyl sulf'bnyloxyci nnamal dehyde (310 ng,
1 nmol ), nitrosobenzene 10 (107 ng, 1 mol) and catal yst (36.4 ng,
0.1 mmol) in di chbawopes hane o( ﬂh¢l Tiees reeheld andar xéugen Was 2

stirred at roon1tenperature for F The %# ent was renopved
under vaudrtoanatt e r%é?ﬁ@@x%aé Eﬁ? PP W%} ash silica ge

col um chyoreheabaphynisidigidhgvane3andngt ylmadet ahet agsolmnzens
10 (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

15 eluents.

YH (400 MHz, CDCls): & = 9.24 (bxr s, 1lH, 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
20 (s, 1H, Ar-H), 6.53 (br s, 1H, =CH), 3.91.(s, 3H, OMe). *°C
(100 MHz, CDClz): & = 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. ERMS (ESI), calcd for CpiHi4OsNF3S (M'-O)
401.0545, found 401.0549

25
{B)-BEthyl 3-(NLhydroxy-N;phenylcarbamoyl)acrylate
IO
QEt. OH
" 30

DBU (7.5 mg, 0.05 mmol) was added under argon to a
soiution of (E)-ethyl 3—formy1acrylate (128 mg, 1 mmol),

nitrosobenzene (107 mg, 1 mmol) and catalyst (18.2 mg,



15 eluents. 1H (400 MHz, CDC13) : S = 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 20 (s, 1H, Ar-H),
6.53 (br s, 1H, =CH), 3.91.(s, 3H, Ow). 13C (100 MHz, CDC13): S =
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, 1%42.5, 56.2. HRVS (ESI), cal cd
for Cl7H 405NF3S (M+-O 401.0545, found_ 401, 0549 25 ]g? Etl,g .

3- ( N- hy di0oRy- Waphk iy ARBYIFREARS ot%e Mg - TBE ERRCC %? 5 ny,

0.05 mmol,), &99%&%1%% RedBcit Al Ul QxE'anOleﬁ£)scﬂI\ﬂ’dayﬂt was
3forny|acr ate ng, )

, nitrosobenzene (107
and cat alxyas@vedSulszrﬁg vaggumng. @Bdn’ﬁm)rqsf%d&iecWIaérBH’é%%’a?fEig(SfiﬁggnThe
reaction m | XLur thdkenE 0fnd 4R The
sol vent was EH \g%ﬁ‘ﬁ%{efk\%gg%?r?%;ﬁr?&; ?{?eﬁ{ggy due was purly?| ed by
fl ash 55|alqe¢atgehsctﬂmrﬁiv@mt@wat ogr aphy usi ng hexane and ethyl 5
acetate as the eluents. 1H (400 WMHz, CDCl13): S = 9.68 (br s, 1H O4),
7.44-7.34 (br in, 5H, Ar-H), 6.97-6.90 (br m 2H, Ar-H), 4.20 (q, J
= 7.2 Hz, 2H, CHZ)lu 142D fhz, JCBCTL)2 bzs BHGB GMB) s, 138 108100 Mz,

o1 3. 14 h A FEnAL( 8 Y. g Tl CISHISCIN R %292%9&%%89 ?%ﬁnﬁ’
219. 0894. (4 NohydnoxysN- phenyduars yi aafi de, 16= 7.2 Hz, 3H, CHj)
10 (100 MHz, CDCls}: & = 165.2, 159.3, 137.1, 131.9, 131.0,
125.6, 128.9, 126.5, 61.3, 14.1. HRMS (ESI), calcd for
CioHis0aN (M*-0) 219.0895, found 219.0894.

N-hydroxy-N-phenylacrylamide

IS

DRU (15 mg, 0.1 mmol) was added under argon to a

15

20 solution of acrolein'(Sﬁ mg, 1 mmol), nitrosobenzgne
(107 mg, 1 mmol) and catalyst (36.4 mg, 0.1 mmol) in
dichloromethane (5 ml). The reaction mixture was stirred =zt
room temperature for 10 min. The solvent was removed under
vacuum, and the residue was purified by flash silica gel

25 column chromatography using hexane and gthyl acetate as the

eluents.

4 (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, IH,

30 =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, CDClz): & = 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.



OH N~ 0 DBU(15 ng, 0.1 nmol) was added under argon to a 20
solution of acrolein (56 ng, 1 mol ), nitrosobenzene (107 ng, 1 mmol)
and catalyst (36.4 ng, 0.1 mmol) in dichloronmethane (5 m). The
reaction m-xture was stirred at roomtenperature for 10 min. The

sol vent was renoved under -vacuum and the residue was purified by
flash silica gel 25 colum chronatod?hphy usi ng hexane and et hyl
acetate as the eluents. 1H (400 MHz, CDC13): 6 = 9.15 (br s, 1H,

OH), 7.49-7.40 (m 5H, Ar-H), 6.50 (dd, J = 1.6, 16.9 Hz, 1H, 30
=CH), 6.8 {bfgy 2 19 - hydFbxdNnaridé3 (dd, J 1.6,

10. 3 Hz,Igl‘-‘{ @égbgfth%;%m%%%%hnh&&ﬁgzcﬁ)ua = 161.2 (Cy, ©O, 137.8
(Cq), 129.4, 129.1 (=CH2), 128.9, 126.3% 125.1 (G Ar). Ms (ESlI): mz
147 (M'-0O), 119, 93, 77. 39 Nt

N- (4- (di met hyl am no) phenyl’) - N- hydr enzamide O N OH ~N ~ DBU (15
ng, 0.1 mmol ) was added under argon~to sol ution of benzal dehyde
(106 nmg, 1 mmol), N, N-dinmethyl-4- nitrosgbenzenam ne (150 ngy, 1 nmol) .
and catalyst (36.4 ng, 0.1 nmol) in dicploronethane (5 nL). The
reaction mxture was stirred at roomtehperature for 60 mn. The

sol vent vas T emoyed ypdepqvapliadyhbeasasl diciasrguais ed by
flash 10 silica gel colum chronatographX usi ng hexane and et hyl

acet abe aslutiwmrelafeieszaldehyde (106 mg, 1 mmol), N,N-dimethyl-<4=

nitrosobenzenamine (150 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

reﬁoved under vacuum, and the residue was purified by flash
10 silica gel column chromatography using hexane and ethyl

acetate as the eluents.

14 (400 MHz, CDCl3): & = 7.86 {(d, AB, Jaz= 7.2 Hz,
2H), 7.65 (br s, 1H, OH), 7.55-7.46 (m, 5H, Ar-H}, 6.75 (d,
15 AB, Js= 8.8 Hz, 2H), 2.95 (s, 6H, CHs). °C (100 MHz, CDCls):
§ = 165.5 (Cq CO), 148.2 (Cg), 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.

20 N;hydroxy—NL(4—hydroxy—3,S—dimethylphenyl)benzamide

@/U\N,OH

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

stirred at room temperature for 60 min. The solvent was -



1H (400 MHz, CDC13): S = 7.86 (d, AB, JAB = 7.2 Hz, 2H), 7.65 (br s,
1H, OH), 7.55-7.46 (m 5H Ar-H), 6.75 (d, 15 AB, Ju = B. 8 Hz, 2H)
, 2.95 (s, 6H, CH3) . 13C (100 MHz, CDC13) : 5 = 165.5 (Cgq, CO,
148.2 (Cqg), 135..3 (Cg), 131.5, 128.7,. 127.7 (Cg), 126.9, 122.0,
113.1, 40.9. Ms (ESI): mz 240 (mM+-Q, 135, 121, 105, 77. 20

N- hydr oxy- N- (4- hydr oxy- 3, 5- di net hyl prrenyl ) benzam de 0 N. OH | DA" CH
DBU (15 ng, 0.1 mmol) was added_ under ar on to a so utlg f{

benzal dehgdeved 0BdRy, VRCHABE )N, BRELh Y- was n‘-?‘il%]ésl Kot +3T51 my,
1 ol ) and; catalysio R Aninathdraph halglmeﬁr@la@moaehiﬂane (5

). The reaction mxture was stirred at roomtenperature for 60
m n. Theaset¥entasvdhed@lupBidved under vacuum and the residue was
purified by flash silica gel colum chromatography using hexane and
ethyl acetate as the eluents. 5 1H (400 MHz, CDClB) S = 7.43-7.42
(m 2H, Ar- 7.°86 (6bo 18Ez,1HD0DL) ; & =34- 2332. ¢2n I@A—|2HArAH)'H)r7 26

(s, 2H, - 2 26 H, . CH3) (1 CDGL3) 65. 6
(Cq, OO: Eﬂ)bﬁ )H( ?é‘g 1708%)7 %qmr 9%3'(\)&%? %fz-ége 2%26 9,
123.7, 12; rﬁ 1§h216 (sﬁSI bis T 23 @4k 0oMu=©) . cﬂ@ﬁa 165= 17@7?: 6 1Qq,
N-( 2, 6-d|CO)uoL(l)§ fnycq %/dr ox(:}/ben%?{n7d’e 13% 1N( 8—1 lleet g Foe 5,
123.7, 121.2, 16.1. MS (8SI): m/z 241 (M"-0), 138, 105, 77.
10

N—- (2, 6-difluorcphenyl) ~N-hydroxybenzamide

DBU (15 mg, C.l1 mmol) was added under argon to a
15 solution of benzaldehyde (106 mg, 1 mmol), 1,3-difluoro-2-
nitroscbenzene (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
20 silica gel column chromatography using hexane and ethyl

acetate as the eluents.

1y (400 MHz, CDCls): 8 = 8.80 (br s, 1H, OH}, 7.55-
7.5% (m, 2H, Ar-H), 7.43-7.29 (m, 4, Ar-H), 6.94-6.90 (m,
25 2H, Ar-H). *3C (100 MHz, CDCls): & = 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.



DBU (15 nmg, 0.1 mml) was added under argon to a 15 solution of
benzal dehyde (106 ng, 1 mmol), 1, 3=difluoro-2- nitrosobenzene
(143,nmg, 1 mmol) and catal yst (36 4 ng, 0.1 mol) in dichloronethane
(5 nL). The reaction mxture was stirred at roomtenperature for 60
m n. The solvent was renoved under vacuum and the residue was
purified by flash 20 silica gel col ufth chr omat ogr aphy usi ng hexane
and ethyl acetate as the eluents.. 1H (400 MHz, CDC13): S = 8.80 (br
s, 1H, OMhydresy-N-ostolplbopzamide) 7. 43-7.29 (m 4H Ar-H),
6.94-6.90 (m 25 2H, Ar-H). 13C (100 th CDC13): S = 169.7 ((Cq,

CO, 160.1, 157.5 (Cg), 131.7, 128 @H(C-Ar) 118.3 (Cq),
112.3, 112.1 (CGAr). M (ESI) ni 105, 77. 41

N- hydr oxy- N-o-t ol yl benzam de 0 ng, 0.1 mol) was added
under argon to a solution of benzaldeh (106 my, 1 mmol),
1-nmethyl -2 5 nitrosobenzene (121 ny, | ) and catal yst (36.4 ny,

0.1 nmmol ) in dichlggpngtshage 651Mkaol Th@sr QaekiotnddXtdMgdn WAsa
stirred at roon1tenperature for 60 mn. The s $ 2 w@? renoved
under vac@dHtiandof Heenredilghyigad i Partdi dd™By eS¢ gel

col umm C*ﬁ Q%Eegéﬁpéw géngmeexa%@md éﬁﬁ)ﬁbté@y@ﬁﬂ% e a:s; t he

el uents. = 9.45 (br s, Cﬂ%} t40 7.32
(m 3.H, OArl- Fq;nol? 3218 dflﬁ?doc—“ﬁfnemllanw LIz, ’f@eﬂﬁct’( TEEURE. 1) |
2.32 (s, 3 sEBreq 13C L0 ¢ er%@)for 80=mih. 16he 64 GentChs

138.1 136.9 131. %H% 131.3 131. .0, 129.3
128. 6, (qugampvegzgn Cﬁ%_mcpunwsapgg}z.l)le residue was pur:lj:g:l?eg by Zf%ash

silica gel column chromatography using hexane_and ethyl

10 acetate as the eluents.

14 (400 MHz, CDClz): 8 = 9.45 (br s, 1H, OH),
7.40-7.32 (m, 3, Ar;H), 7.28-7.20 (m, 4H, Ar-H), 7.15-7.12
(m, 28, Ar~H), 2.32 (s, 3H, CH3). "C (100 MHz, CDCls): 8 =
15 165.6 (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
20 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 |

25 0.125 mol % was observed.

Table 1. Reaction Conditions for the Preparation of

HEydroxamic Acids
. Ne=0 - _OH
=0 " catalyst, base >
solvent, RT., 10 min @

30



mz 211 (M+-O, 105, 77. In studies using different imdazolium and
20 triazoliumsalts, it was observed that sterically | ess hindered
triazoliumsalts provided higher yields of the product (Table 1).
Reaction with catal yst concentrations as low as 25 0.125 nol % was
observed. Table 1. Reaction Conditions for the Preparation of
Hydroxam c Acids O N=0O / N OH cat al%t,base solvent, P-T., 10 mn 30
42 entry catalyst (nol% solvent Base GC yield, % (nmol% 1 N (20)
CH2C12 DBU 99 N-C6F5 BF4 2 Ph (20) CH2C1l2 KOG Bu 50 PhYN N1 clo
Ph 3 (20) CH2Cl12 K& Bu Trace -YNVN 4 (20) CH2Cl2 KO Bu 55 5 (20)

CH2C12 KEEBH, TTaCE -1 5 WG d 4)20) CreshZ i &85 11 NoCoibeMi~ BF4

(mol%)
1 _ N (20)  CH,Cls DBU .99
-
Nyt e
BE,
2 o (20)  CH3Cl, KOtRBu 50
Ph_ 3
I\Lifq} ClO4
“Ph
3 (20)  CHoCly KO*Bu Trace
N, n*

4 (20)  CHpCl: KO'Bu 55
' : +'\\./N o
X

5 : (20)  CHaCl, KO'Bu Trace
=\ o
n. N
6 N (20}  CHeClz  KO%Bu . 95
ol
Cl\l:y;‘csf"s
BER,”
7 N (20)  THF KO®*Bu - 85
-y
T e
BE,
8 (5) CH,CI, DBRU " 99

C’/ N—C4Fs
Neg+

BEy



7 N (20) THE KOBu 85 OCN ~N -Ceps BF4 8 N (5) CH2CI2 DBU 99 N
N: %- C6F5 BF4 43 9 N (0.5) CH2C12 DBU 99 \Ni N GC6F5 C-BFgq 10
none CH2Cl12 'DBU O Benzal dehyde and nitrosobenzene were observed to
react in the presence of the NHC catal yst generated fromthe
triazoliumsalt and DBU, formng N h%qgr oxy- N-phenyl benzamde 5 in
yi el ds above 75% No formation of benzoin was observed under these
conditions (Table 2). Yields above 75%of the ,COr respo %I ng

hydr oxam® acid N a vari eﬂr of %1?3)912 al laﬁ , al kenyl and

het er ocyclic al @?@es\r—\m’@e observed (Table 2). 10 Yiel ds above 75%
of the correspon hiygr oxamic acids for a variety of nitroso
conpounds were observed (Table 2). Yiel ds above 75% are consi dered
excel | ent yiel ds. Table 2. Prepar a&é(& - oxam ¢ ids with

Various ‘P5° Al déffifes or Nitroso Cofffotfds N=O cat al yst (0.5-20
ml %, OH R O + DBU

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-phenyibenzamide

5 in yielﬁs 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).

10 Yields above 75% of the corresponding hydroxamic
acids for a vériety of nitroso compounds were cbserved
(Table 2). Yields above 75% are considered excellent

yvields.

Table 2. Preparation of Hydroxamic Acids with Various

15 Aldehydes or Nitroso Compounds

O
N=0 cataly st (0.5-20 mol%), J\N oH
R Yo * r{ CHzcu,I;ﬁ}éo - R g
Rz
20
entry R R isolated
yield, %
1 CgHs CgHs 96
2 4-0OMaCgHs CgHs g9
3 4-N0O2CgHs CgHs . 99
4 " 4-BrCgHsg CgHs 95
5 1-methyl-1H- ' CeHs 98
imidazol-2- :
6 CgHsCH (CH3) CgHs 89

7 CgHsCHLCHy CgHs 78



Rz z 2,10-60 min RL Rz 20 entry Rl RZ isolated vyield, % 1 C6H5
C6H5 96 2 4-OweC6Hs C6H5 99 3 4-NORC6H5 C6H5 99 4 4-BrCeH5 C6H5 95
5 1-nmethyl-1H C6H5 98 imdazol-2 6 C6HS5CH(CH3) C6H5 89 7
CoH5CH2CH2 C6H5 78 44 8 C6Hyl C6H5 97 9 C3H5 C6H5 99 10 n- C4H9
C6H5 99 11 C6H5CH=CH C6H5 95 12 C6H5CH=C(CH3) C6H5 96 13

4- OVeCBHACH=CH C6H5 87. 14 4- NORC6HAEH=CH C6H5 99 15 3- OMe-4- CBH5
80 OrIf C6H4CH=CH 16. Et OOC- CH=CH C6H5 99 17 CH2=CH C5H5 9 18 C6H5
4- (Me) 2NC6H5 98 19 CBHSsu5- Me- 4- (OH) C6HBEMB5 20 CBHS 2,296- E2C6HS 82

21 C6H5 2-MeCBH5 77 catGHyst: c6F5 Cslls

10 n—CaHs CsHs . 99

11 CeHsCH=CH CeHs 95

12 CsHsCH=C (CH3) CsHs 96

13 4-0MeCzH4CH=CH CeHs 87

14 4-NO,CgHsCH=CH CeHs 99

15 3-OMe—~4- CeHs 80

OTECgH,CH=CH

16 EtOOC~CH=CH CeHs ’ 99

17 CH,=CH CgHs %9

18 CgHs 4- {Me) sNCgHs 93

19 CeHs 3, 5-Me—-4- (OH) CgHs 55

20 CeHs 2,6-F,CgHsg 82

21 CgHs 2—MaCghHs 77
lyst: =N

catalyst: <::E;y+—CJ5
BFy
5 Azoxybenzene was observed as a side-product. By

modifying the reaction conditions according to routine

experiments, the amount of azoxybenzene can be minimized.

Procedure for NHC-catalyzed synthesis of chiral hydroxamic

10 acids

DBU (7.5 mg, 0.05 mmol) was added under argon to a
solution of aldehyde {(0.50 mmol), nitreso compound
{0.51 mmol) and the caﬁalyst‘(0.0S mmol) in dichloromethane
(2 mL). The reaction mixture was stirred aE room.température
15 for 3 h. The scolvent was removed under vacuun, and the
residue was purified by flash silica gel column
chromatography using hexane and ethyl acetate as the

eluents.



N BF4 5 Azoxybenzene was observed as a side-product. By nodifying
the reaction conditions according to routine experinents, the anount
of azoxybenzene can be mnimzed. Procedure for NHC- catal yzed
synthesis of chiral hydroxam c 10 acids DBU (7.5 ng, 0.05 mml) was
added under argon to a solution of aldehyde (0.50 mmol), nitroso
conpound (0.51 mml) and the catal yst®(0.05 mmwol) in dichl oronet hane

(2 mL). The reaction mxture was stirred at room tenper at 15 for
3 h. Thepsotweute wers Méifpeatialiywrd Kkﬂ@ﬁﬁﬁ1fﬁﬁﬂ1¥¢%ﬁﬁ4%£JﬁJiiﬁ¥§ji—
purified Eé %Igsh silica gel colum chronmatography using hexane and
et hyl ac the eluents. 45 Procedure for NHC-cataIyzed

1)

ki netic resol ution OE a- branched aIdehYde KButO (7.5 n?

was added under ar¥Riot ¢7-a Bdl B-i08nmBelh L URAGF) ° r$ﬁqroso
conpound _5 m@? hihe catlist ni@r03 na@mgouﬁu
d|chIororns\tségm%)0 ﬁf?ﬂﬁ¥ he reactﬁgn #leurg was stirred %é [ oom
t enperzat ue 50f oroB) tendTlkbes gheehyswat? MenBwed’ uhBeP L SHARTE “5A0Ct he
resi due vas, @g“ﬂg% eefilash stbioaels t%@'rb!&“atcﬂﬁ&ﬂ&te@@b&ﬁhyrum ng
hexane and e Acethte as the 10 el uents. The ee val ue was

det er m n&drby hhl rThe HRUIGDS WS CBRISC HINGRE VAFYHACNTWALSE) . The GC
yi el ds were.detérpjne usi,n N& 2% eancbnhek nal standard.
N—hydroxfeﬁ %uglpﬁeﬂ?ﬁbﬁ%%ghgklglggg%ﬁa' yedllc

chromatography using hexane and ethyl acetate as the

10 eluents. The ee value was determined by chiral HPLC using
OD-RH column (47% AcN/Wateri. The GC yields were determined

by using_dodecane as an internal standard.

N-hydroxy-N, 2-diphenylpropanamide

O

1§ (400 MHz, CDCl3): & =8.91 (br s, 1H,OH), 7.42—
20 7.39 (m, 3H, Ar-H), 7.28-7.21 (m, 5H, Ar-H), 7.15-7.10 (m,
o, Ar-H), 3.72 (br s, 1H, CH), 1.50 (br s, J=7.0 Hz, 3H,
CH3) . *°C (100 MHz, CDClz): & =168.5 (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 sél£ and 1,8-

diazabicyclo[5.4.0)}undec~7-ene (DBU), forming the R-



N~OH 1H (400 MHz, CDCl13): 5 = 8.91 (br s, 1H OH), 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). 13C (100 MHz, CDC13): 6
=169.5 (Cq,.-CO, 140.7 (Cq), 138.1 (Cqg), 129.5, 129.4, 128.7, 127.7,
127.4, 127.1, 41.9, 19.8. M5 (ESI): mz 225, 132; 120, 105, 93, 77.
25 The a- branched al dehyde and nltro%% conpound were observed to
react in the presence of the NHC cataly ener at ed fronlthe
triazoli anﬁg‘af@m%mdnfl e aPARHR Y eh&re UGS A G 2EDBU ™
formng §§/5L s enantionmer of the corresponding chiral hydroxamc
acid in oyl e Ws. The kinetic resolution of the a-branched

al dehyde racemate was investigated b USIEB dlffere éfgp gh
triazoliumsalts. Mrelkdeestcupiot Tof Lt iBecBr Y ¥ pott chiral
hydr oxam,g agkds and lm@evcat;eté@ 199 Qch 1%y ‘d&EtﬂeSeﬁBOEhM wer e
observed Tabl e 3). Table 3. NHC-catal yzed K @e£$c Resol uthgl g

a- Br arfichéd 1aApdbwy gealis -oields of +Iofe BIPe8LShPTert-*FRP M9 1 o\

gntFry Cakgﬁgéé%& @éy&mm\é b6 %e8eng Induds -2 €L25668 96 vAluNs, (ROF F F

75%) were observed {Table 3).

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

Aldehyde
10 | I(L)TH
Catalyst. KIBuO |
Solvent, r.t., 12 1
) Racemate 0
Entry Catalyst Solvent Yield See
1 CH.Clz 50% 75

= N\
‘iL

Kl
otvll
' fi‘%

a4b 43
8] =
N
O =
3 K/:I\[:J/ THF + Toluene 50° 45

{1:9)

O



F F° FF ON3 NN/ F THE + Toluene 50b 45 F F (1:9) 47 4 NF F
CH3CN 40b 55 ~" "~ IINJN~ ~F F F 5 CH2C12 50b 30 NNU Oy ~~x
cl CH2C12 45b 30 Ir W*x \ NC ' i CF3 'Isolated yield. bGC yield
1. Process for Preparing N Propionyl oxyacrylam de Derivative In an
enbodi ment of the present invention, an 5 al dehyde represented by
the formula: OH nmay be reacted in%foichiorretric excess with a

nitroso 410 conpound reg{es%nted byc%g%qfornula (MBL): thS(III)

5 CH,Cl, " 50 .30

O
6 1{}}*3« a CHaCLy 45P 30
s

®Tsolated yield. PGC yield

II. Process for FPreparing NLPropiogylpxyacrylamide

- Derivative

In an embodiment of the present invention, an

5 aldehyde represented by the formula:

O

may be reacted in stoichiometric excess with a nitroso

10 compound represented by the formula {III):

N=0 (I11)
R{



R2 48 wherein R2 may be defined as anywhere above, in the presence
- of a NHC catal yst to prepare a N propionyl oxyacrylam de derivative
represented by the formula: O 5 NCO RZ wherein R2 nmay be defined
as anywhere above. In an enbodi nent of the present invention, the
nitroso conmpound may be, for exanple, and without 10 limtation,

ni trosobenzene. In an enbodi nent of %%e present invention, N

propi onyl oxy- N- phenyl acryl am de_represent ed %ﬁjthe,folkomﬁn ence

for mul a© woeTedn k4 may bR def i@y BRYBREPRrEPYSuillabl’e Bhbunts of
the al dehydg woul &b yander stesshd @ angrepiohgl degarmnaddby those
of ordinary 20 skill “in the art. In an enbodi nent of the present

i nvent i odeTipat ExamRREeseRded Phoute I59F M dfF on, the al dehyde may be
reacted according to four tinmes its stoichionetric ratio with the

nitroso conmpound. In an enbodi nent op.th present invention, for
exanpl e, the al dehyde may be react@d §q/gEEDrding to three tines its
stoic@%onetric ratio with the nitjosogonpound. 49

-~

N
| &

whereln R, may be defined as anywhere above.

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

10 1limitation, nitrosobenzene.

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

Tormula:
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. In an embodiment of the present
invention, for example, and without iimitation, the aldehyde
may be reacted according to four times its stoichiometric
ratioc 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.



W t hout being bound by theory, it is believed that in this aspect of
the present invention, tw catalytic cycles seemto operate. By way
of exanple, and without I|imtation, as represented in the foll ow ng
schenme, it is 5 believed that one catalytic cycle fornms a hydroxam c
acid 3 by the reaction of a d nucleophile with the nitroso
conmpound, and a second catal ytic cyc‘?% forns N-propionyl oxy-

N-phenyl acryl ani de t hrough protonatjon of a d3 nucleophile i.ch
forms an activat ediESPBE HPIDGRTLRY RENHFEREY s J\r/]ﬁ Y %%Etlﬁ‘ééd ke

hydr oxanmaf ep e | £QRMN! 8:F OR8T Nigddit RROEHE o, alub tdaealgaibene
catalyst. ~N'NNR N~~ Ph Ph ~/ N, 0 OH v NN—I‘?N!\I ,%g d OHR
N-Ph i veydeneags 3o geeirtae. By wed ffofdAElR 2 MHPOYRER NR O

[+ N+ C)&&mf%a§1$ﬂ3 égurgézggénﬁed in the following scheme, it is

5 believed that one catalytic cycle forms a hydroxamic acid 3
by the reaction of a d' nucleophile with the nitroso
compound, and a second catalytic cycle forms N-propilonyloxy-
N-phenylacrylamide throﬁgh protonation of a d® nucleophile,
which forms an activated ester wvii which then reacts with

10 the hydroxamate nucleophile forming the product 7 and the

carbene catalyst.

P
rf \
N—R
/N 1
! d
15 R\ o

R ¥
. 0 J
!VS\‘. N N’N

d

Ny

\
%r:‘tonaﬁon R

 wer P Ner

N N
N O\
JOH 0 0=<_
vi vid

7 (75%}

N
Lt .
[ w-r
/N;- fh
hNO R N .
0
] OH
v
N
e
,N--Ph
HO 3

20

wherein R’ is a hydrocarbon group including those as defined

for Ry above.

The skilled person will appreciate that the base,

the solvenf, 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 useq

for preparing the hydroxamic acid, may also be used for



20 wherein R is a hydrocarbon group including those as defined for
R1 above. The skilled person will appreciate that the base, the

sol vent, the anobunt of the NHC catal yst, the reaction 25 tine, the
reaction tenperature; the isolation nmethods and the purification

met hods descri bed above, which may bgoused for preparing the
hydroxam ¢ acid, may al so be used for”50 preparing the
N-proplonyloxyacrylanlde derjivative as . described _h

N- Pr opi o@ﬂeﬁﬁlmpﬁ%ﬁy%]a&ﬁ%ﬂl&ﬁyégxy%c@ PEGS( T5hGS %Ov‘i ol ) was
added undgls 35888 her&inl0 solution of acrolein (168 ny, 3 mmol),

ni trosobenzene (107 ng, 1 mmol) and catalyst (36.4 ng, 0.1 nmol) in
di chl or onet hane % The reacti xture was stirred at room

t enper at df & 48 @lﬁ¥%"N gﬁﬁéﬁg W% removed under vacuum and
the residue was purified by flash silica gel 15 col um chromat ogr aphy
usi ng hexane and ethyl acetate as thg ts. "H (400 MHz, CDC13):
S=7.29-7.37 (m 5H, Ar-H, 6.5Q (d, J 6.6 Hz, 1H, =CH), 6.19
(br dd, J = 10.5, 16.6 20 Hz, 1H “=CH),.%5.70 (d, J = 10.5 Hz, 1H,

=CH), 2.51 (q, J = 7.5 Hz, 2H, ~ 1022 (t, J = 7.5 Hz, 1H, CH3).
13C (100 MHz, CDC13): S = 171.4, 162 .2, 138.8, 129.7, 129.4, 129. 3,
127.5, 126.6, 25.0, 8.7. The present invention includes isoners such
as 25 geonetrical isoners, optical isoners &ased n_as nnetrlc
DBU {15 mg, 0.1 mmol) was a d un er afgon to
10 solution of acrolein (168 mg, 3 mmol), nitroscbenzene (107
mg, 1 mmol) and catalyst (36.4 mg, 0.1 mmol) in
dichloromethane (5 mDL). The reactlon mixture was stirred at
room temperature for 10 min. The solvent was removed under
vacuum, and the residue was purified by flash silica gel

15 column chromatography using hexane and ethyl acetate as the

eiuents.

‘1H (400 MHz, CDCls): & = 7.48-7.37 (m, 5H, Ar-H),
6.50 (d, J = 16.6 Hz, 1H, =CH), 6.19 (br dd, J = 10.5, 16.6
20 Hz, 1H, =CH), 5.70 (d, J = 10.5 Hz, iH, =CH), 2.51 (g, 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

25 geometrical isomers, optical isomers based on asymmet;ic
carbon, stereoisomers and tautomers and is not limited by
the descriptién of the formula illustrated for the sake of

convenience.

Although the foregoing invention has been
30 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



carbon, stereoisoners and tautoners and is not limted by the
description of the formula illustrated for the sake of conveni ence.
Al t hough the foregoing invention has been 30 described in sone detai
by way of illustration and exanple, and with regard to one or nore
enbodi ments, for the purposes of clarity of understanding, it is
readily apparent to those 51 of ord?ﬁary skill in the art in |ight
of the teachings of this invention that cert ig chfq? S, vari.ations
i

‘and  nodidd earEeAsy nekllde iadect AEE et Wi%Ho ot he

spirit or ;SCORGRitibe dimenth-@niAScHfsSdd bedriiatt bes Samppended
clains. It nust be noted that as used in the specificatio

, and.t he
appended middifisatitres SiaiHeafafigr fRebtte i thoys: dﬁﬁﬂrt“f%gf'rcinh%flﬁde

plural ref6raace, uplsss deoshexht eheald wedddbeal s gaier w se. 10
Unl ess definéd otherwi se all technical and scientific terns used

her ei n5 haamparidedsaheimeani ng as commonly understood to one of
ordinary skill in the art to which this invention belongs. All

publications, pategfs and patgrbdappbt cad el ihSchkt sfechitdutsion
specification are I ncorporated herein by _reference_ag_jf gach a
i ndi vi duainditsisi eapepRed pakadms ohepat R lap T Tg: Pon fefe 20 27
speci f i Ca¢4>¥ and ch pdivhoval 1 Ve detdihat @sh 4k hed Reatpatatbehiny
reference. The citation of any publication, patent or patent

appl i cat i prijaeteli stheovsgrecification is not an admi ssion that the
publication, patent or patent application is prior art. 52

10 , Unless defined otherwise all technical and
scientific terms used herein have the same meaning as
commonly understood to one of orxdinary skill in the art to

which this invention belongs.

All publications, patents and patent applications
15 cited in this specification are incorpeorated 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 publicatioﬁ, patent oxr paﬁent application in this
20 specification is not an admission that the publication,

patent or patent application is prior art.



CLAIMS: 1. A process for preparing a hydroxam c acid conprising
reacting an al dehyde with a nitroso conpound conprising an
optionally substituted aryl substituent in the 5 presence of a

N- het erocyclic carbene (NHC) catal yst.522. The process according to
claiml1 for preparing a hydroxam c acid represented by the formula
(1): O @alNWSOH (1) 10 R2 wherein: Rl is a hydrogen atom a Cl1_6
al kyl group which may be substituted with one or nore substituents
which are the same or different, a C2_6 al kenyl group which may be
substituted 15 wi th RIFYTS note BidATHem ydreare adtkd sane’ or

i 11 or eama: (218, ak oo o grobip, WAL GRIRY; F SUDSLLLLN i g one or

nore substituents which are e sane or erent, cycl oal kyl
group Wriotrmesyihe subgtiienadl w sdbonewred rorel sulisdt 1tients whidhe

are the sane or different, a C3 8 20 cycl oal kenyl. group. whi ch may be
substgl]t ﬁ%%S%?% Oo%ea oﬁ"r}h%ﬁ’eero%%%]sﬁt?j%%?q%ﬁ\y%:c)ar%a?%ey%tawe or
different, a C6_14 aryl group which nmay be substituted with one or
nore sulstituents Thigho@ess thecsedn@redidferent , rér GBrdids Bryd -L£1_6
al kyl group which nmay be substituted with one or nore substituents
whi ch 25| EP ¥Rl G atfel drrepFeeemd vy cehastarmpla2(B al kenyl group
whi ch may be substituted with one or nore substituents which are the
same or different, a C6_14 aryl-C2_6 al kynyl group which nay be
substituted with one or nore subs?ituents which may be the sanme or
different, a 4- to 10-nmenbered n SOCﬁionatic het er ocyclic group
contai ning one or nore R, N~ (1)

10 Ry

wherein:

R; is a hydrogen atom, a Cj¢ alkyl group which may be
substituted with one or more substituents which are the same
or different, a C,;.s alkenyl group which may be substituted

15 with one or more substituents which are the same or
different, a C;¢ alkynyl group which may be substituted with
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 Csg

20 cycloalkenyl group which may be substituted with one or more
substituents which are the same or different, a Cs.14 aryl
group which may be substituted with one or more substituents
which are the same or different, a Ce-19 aryl-Cis alkyl group
which may be substituted with one or more substituents which

25 are the same or different, a Ce-1z aryl-Cs.g alkenyl group
which may be substituted with one or more substituents which
are the same or different, a Cg1c aryl-Cze alkynyl group
which may be substituted with one or more substituents which
may be the same or different, a 4- to 10-membered non-

30 aromatic heterocyclic group containing one or more



53 heteroatons which are independently nitrogen, sulfur or oxygen
and which group may be substituted with one or nore substituents
which are the sanme or different, or a 5- to 14- nenbered aromatic
het erocyclic group containing one or i%¥e 5 heteroatons which are
i ndependently nitrogen, sulfur or oxygen and which group may be

substi t utete mitoonesior climi Be  Suddshdhdkemnt By Wi €hogé e, t el S@resor
different; and R2 is a C6_14 aryl géoup whi ch may be substituted with
one or WHYECHUBRY i Yirkri sTHRIR HIAY eP¢ hetkakkt vkedif et etfte aAD Nith

process coubE{Sesnt&aGkiNg a0 al gehy efgpfgfggéf&@y%hg forml gy _

(rr): o(l) R( Hwherein R1 1s as define ove, W a nitroso
conpoundrertse yeprasemn ek byetdeodpe ik agfdhp ) comd=d {ind )ondR2o mhesed n
R2 is as?defined above, .in_the, presen 20 heter clic

e SRy T o e b S B RS O AN BT e S e i n

car bene

Rl is a oklgén abky | wigl Py r us-2nby abkedyhs G1 OsP M Chh e B8 more
substituted with Cl1_6 al koxycarbonyl, a C3_8 cycloal kyl group, a

C6_14 arS¥P gk bhipeh chhhely dee sulbst $21e e vil it ©1est al &oXy, 25 nitro
or halogen, a C6_74 aryl-1-6 al kyl group, a C6-14 aryl- C2_6 al kenyl

group, a06 14, &yl G268 y u ei 19:any be
substituted with ‘one o? ng%éggugggﬁgugﬁpgggmhpg%QSFSE?ﬁdgﬁgﬁdéﬁg?ér
Cl 6 al koxye wilbsoioredds which are the same or different,

10 which process comprises reacting an aldehyde represented by

the formula {II):

O

/ﬂ\ (1)

Ri H

wherein R; is as defined above, with a nitrosoc compound

15 represented by the formula (III):

N=0 (IIT)

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

20 heterocyclic carbene (NHC) catalyst.

3. The process according tc claim 2, wherein R; is a
Ci-s alkyl group, a Cs.¢ alkenyl group which may be
substituted with C;_s alkoxycarbonyl, a Cig cycloalkyl group,
a Cg-14 aryl group which may be substituted with Ci_¢ alkoxy,
25 nitro or halogen, a Cg-1s4 aryl-Cig alkyl group, a Cg-14 aryl-
Cz-¢ alkenyl group, a Cg.is aryl-Cz_s alkenyl group wherein the
Cs-14 aryl may be substituted with one or more substituents

which are independently Ci-¢ alkoxy, nitro or



trifluoronethylsulfonyl, or a 5- to 14-nenbered aromatic

het erocyclic group containing 1 to 4 heteroatons which are

i ndependently nitrogen, oxygen or sulfur and which group may be
substituted with C1_6 alkyl 5 4. The mdcess according to claim?2 or
3, wherein R2 is a phenyl group which may be substituted with one or

nmore subsifluentsetMiplehlaseylhecsagesordi i enemberaids AR @ic
hal ogen atom an am no group which may be substituted by C1 6 alkyl,

a Cl_6 alRyFIoFy¥eplerdaChRydeonyrigtpapl 10 §. haherprbeesswhateoraiag
to any onggef-ghai e, 1 1p wherein. t t st,. 1S, derived
froma triag%?iun1sa tn o?é %nin?%gégTi€ﬁ1ggﬁ%SQGQA%h%hhg%c gk ey
accor di nget sulanyionesdfwitlai @B slatloyd, wherein the NHC catal yst is
derived froma triazoliumsalt 15 represented by the fornula: Ph
<DN: Ph N- C6F5.~ ++/ C1O4 BF4 N\ Ph N O NPh C IN N Ms
N~ + ? % tBu BF4 % WQT\F?\EF’?\CCW@WQI-E]OI\E%T ior ; 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 Cig

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

10 5. The process according to any one of claims 1 to 4,
wherein the NHC catalyst is derived from a triazolium salt

or an imidazolium salt.

6. The process according to any one of claims 1 to 5,
wherein the NHC catalyst is derived from a triazolium salt

15 represented by the formula:

Ph
N Ph 4
N—CgF \r :
G\I:// R I\L+/>C104
BF, N
, Ph '
0 N
N =N\
20 =N\ T N—Ph
N—Mes N/ *
N/ * ]
Cr B BF4
N
=N - Hﬁ——Ph
N s N+—Ph Hﬁ.,c,.‘” N/ *
cr (o
B ! tBu or

25



NC GO BntBuor 2555 NNN N' ~Rg X5 wherein RO is phenyl
(Ph) which may be substituted, i-propyl (1Pr), nmesityl (Mes) or

2, 6-diisopropyl phenyl (2,6-"Pr-Ph) ; and X- is Br-, BF9- or C-. 7.
The process according to claim®6, whers& n the triazoliumsalt is
represented by the formula: 10 Phh NPh N NC6F5 + or N\ /Cl04 BF4
N Ph 8. The process according to any one of clains 1 to 5  wherein
t he NHC catal yst i sdiér\r@fgd\lf Jyoman inidazoliumsalt 15 represented
by the formula: X_ JRs~ ~R8vahere|n R8 i s phenyl (Ph) , 1-propyl (
Pr), mesityl (Mes) 20N2, &- di Rsopr opyl phenyl (2,6-'Pr-Ph) , and X-
is Br-, BF4 or C A prcotess for preparing a chiral hydroxamc
acid

5 wherein Ry is phenyl (Ph) which may be substituted, i-propyl
(*Pr), mesityl (Mes) or 2,6-diisopropylphenyl (2,6-'Pr—Ph);
and X* is Br , BFs or Cl17.

7. The process according to claim 6, wherein the

triazolium salt is represented by the formula:

10 jh
N—CFs \“/ > cior
N/ + or N +4/ ClOy4
BF4 "N\
Ph
g. The process according to any one of claims 1 to 5,

wherein the NHC catalyst is derived from an imidazolium salt

15 represented by the formula:

e
N/—-—\.__
Rg/ +\\/N\R8

wherein Ry is phenyl (Ph), i-propyl (*Pr), mesityl (Mes) or
20 2,6~-diisopropylphenyl {(2,6-*Pr-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 comprising an optionally substituted aryl

25 substituent in the presence of an achiral N-heterocyclic

carbene (NHC) catalyst.



conprising reacting a a-branched al dehyde with a nitroso conpound
conprising an optionally substituted aryl 25 substituent in the
presence of an achiral N-heterocyclic carbene (NHC) catal yst. 56

10. The process according to claim9, asherein the chiral hydroxamc
acid prepared is enantionerically pure. 11. The process according to

claim9 00.10, whereknprbbesa- branehedgatdebysdeni s, enaatépnerheal |y
pure. 5 12, The process according to any one of claims 9 to 11 for
preparln@héréklPé@rﬁ§ﬂmbﬁaﬁ?édaﬁF%P?é%¢e%%n?@@“%&om%éﬁct%#Yn@%ﬁ%4\0
RBOH (" R4 RZ (IV) 0 10 wherein: (*) refers to a chiral center;

R2 is as;defined 'ﬁhélﬁkgbgssaggc5§d§H§ g%”c?@ ?36§ géffﬁ%§¥%1n's

each a hal ogen atom a 15 hydroxyl up, a t group, a nitro
group, athet@rbeanghﬁupalaehyaﬁ01grQUQQtaDMEgﬁcalkylpufﬁ;G al kenyl or
C2_6 al kynyl group which may be substituted a C3_8 cycl oal kyl or

C3_8 ¢ycl gal kenyl u h sub t|tuted a 4. ary roup
mhlchgnaggbe subst?{]8 roceg%ﬁn§§ aryPgC a%Yk??eg?gﬁﬁ%ﬁﬁmﬁh%c%gngy
be substfbut pdepar(Bgld anykaC2hfdabkenyt 9¢0dprupiehent@y Be the
substituted, a C6-14 aryl-C2_6 al kynyl group which nmay be

subst i t uF@8M424I¥ b 10- nenber ed non-aromatic heterocylic group
containing 1 to 4 heteroatons which are i ndependently

R, OH

@
Ry Ry (IV)

O
10

wherein:
(*} refers to a chiral center;
R, is as defined in c¢laim 2: and

Rz and Ry, which are different, is each a halogen atom, a

15 hydroxyl group, a thiol group, & nitro group, a nitrile
group, a cyano group; a Ci-s alkyl, Csg alkenyl or Ci_g
alkynyl group which may be substituted; a Ci-s cycloalkyl or
Cs-g cycloalkenyl group which may be substituted; a Cg-14 aryl
group which may be substituted, a C¢-1s aryl-Ci—¢ alkyl group

20 which may be substituted, a Ce-14 aryl-Cs.g alkenyl group which
may be substituted, a Cg14 aryl-C,¢ alkynyl group which may
be substituted, a 4- to 1l0-membered non-aromatic heterocylic
group containing 1 to 4 hetercatoms which are independently
nitrogen, oxygen or sulfur and which group may be

25 substituted, a 5- to ld-membered aromatic heterocylic group
containing 1 to 4 heterocatoms which are independently
nitrogen, oxygen or sulfur and which group may be
substituted, a Cj.¢ alkoxy group which may be substituted, a
Ci-g cycloalkoxy group which may be substituted; a Ci-g



ni trogen, oxygen or sulfur and which group may be 25 substituted, a
5- to 14-nmenbered aromatic heterocylic group containing 1 to 4

het er oat ons whi ch are independently nitrogen, oxygen or sulfur and
whi ch group may be substituted, a Cl % al koxy group which may be
substituted, a C3_3 cycloal koxy group which nmay be substituted; a
Cl_6 57 agkkythhbp, c£2_81rbkenvhibi 8rof, C2a B gh kyayl & hi 8o @b Omp: dhi ch
may be substituted; a C3_3 cycloal kylthio or C3_8 cycloal'kenylthio
group whieh RayspessibytPdut @d:-a 0Bciaalhytloky ¢F oupswhi ch nay be
substitu = = e on:- ar i.c.he ycl ez oxy group
ahi ch oy o Rubery Pat gy BE At e e e e L s SR R oo e

het er ocygteloxy group which may bbesshibsitttéed, a a4-Co6td 4] arydhibé Oed
group_whi ch nay be, substituteﬁ% a 4- to 10-nenbered non-aronatic
het er ocyePRT2F ATOT 4 olip- WP CHOMBYOBY SEBSRI ¥t €, MY 52t $UAt hewhd ed
10 aromegi s-heper aCyehBe bl 02 G5QLP1 Wh e PBYy DEe SUPStLLUESdyh 80 may
am no group which nay be substituted, an azide group,”a ‘guanidino
group, abeafbaatdeugedups: Gs-foramplgricupraurCihviBich madoyde group, a
car bonyl LGh is,supstituted, a .carbonyl-o group which is
cubst s urEaS B B0 ar obe. L0 e e e oy SR YR AR RES Cha e
substitutety ar&hpdwhatkyhepede oxyogt oupted, Sal $anyd 9I ouPmbéred
squiEyI groug, which is substjtuted, a sul fonyl group which is
subst?Pt utBEMat i CieEe APk bRy eal BoAYPrgrBUBNial clap af kyrRelfbaled, an

group. ani 0% 0q860HPu AL R &éﬁﬁbél%g%ﬁkg%aee@royﬁ1a29%&h'98 progess

conpri ses reacfing a a-branched al dehyde represented b the’ forml a

(V): O @®aanidino group, a carbamide group, a formyl group, a Ci-g
imidoyl group, a carbonyl group which is substituted, a
carpbonyl-oxy group which is substituted, a carboxy group, a

15 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-¢ alkoxycarbonyl group, a Ci-¢ alkylsulfonyl group, an

0X0 group or a Ci;.s alkoxyimino group,

20 which process comprises reacting a a-branched aldehyde

represented by the formula (V):

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

compound represented by the formula (III):

/N:O (ITI)



R4 25 wherein R3 and R4 are as defined above, with a nitroso
conpound represented by the formula (111): N=O (l11l) R2 58 wherein
R2 is as defined in claim2, in the presence of an achiral

N- het erocyclic carbene (NHC) catal yst.5383. The process according to
claim12, wherein R3is a Cl1 6 alkyl group. 5 14. The process

accor di nght¢pethaRmil? of dekindieriel o iRbim is & Phey lpHHbe b A
process for preparing a chiral hydroxam c acid conprising reacting a
a- br anch@@aFdkhldee W ¥ ACHC hi €r 63BPeBNMPBERY cdhPpr¥SEtng an optionally

substituted aryl 10 substituent in the presence of a chiral

N-het er ogyclic caf@@nﬁgﬁf.\gg% ﬁé&é‘wﬁ Q-clggfmpi@?%ﬁeg&:fﬁrﬁ; ng to

claim 15, wherein the ydroxanic acid 1s prepare
enant i oner-kcaékegesgroupg?7. The process according to claim 15 or 16,
wherein 15 the a-branched al dehyde is a racemate. 18. The process

according,to any o of clains_15 to. 17, wherein stojchionetric
excesglogéthe aybrgﬁ%h%ﬁocg%%eﬁﬁﬁgrgﬁn?e%%t% ?léQ;?T%E %?bc%%%reln Ry

accordi ngste @nynphegpbupglains 15 to 20 18, wherein the reaction is
stopped at about 50% conversion of the a-branched al dehyde. 20. The
process gcording to any one _of clainms 15 to 19 for preparing a
chiral h? roxani ¢ AcPHCFePF eseht RECHILthe afehatiph {y¥yoxanic acid

comprising reacting a a~branched aldehyde with a nitroso
compound comprising an optiocnally substituted aryl
10 substituent in the presence of a chiral N-heterocyclic

carbene (NHC) catalyst.

16, The process according to claim 15, wherein the

chiral hydroxamic acid is prepared in enantiomeric excess.

17, The process according to claim 15 or 16, wherein

15 the a-branched aldehyde is a racemate.

18, The process according to any one of claims 15 to
17, wherein a stoichiometric excess of the oc-branched

aldehyde is reacted.

19. The process according to any one of claims 15 to
20 18, wherein the reaction is stopped at about 50% conversicn

of the a-branched aldehyde.

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

formula (IV):

25 R; OH



25 RB OH (*~ RQ RZ (1V) 0 59 wherein RR is as defined in claim2
and (*), R3 and R4 are as defined in claim 12, which process
conpri ses reacting a a-branched al dehyde represented by the formula
(VM): 50 RB (YH(V) Ra wherein R3sand R4 are as defined in claim
12, with a nitroso conpound represented by the formula (111): 10 N=O
(I11) Rhabetein, R2 ks asrdakined tnaghabmegd iRyt he, presence @f a
chiral N-heterocyclic carbene (NHC) catal yst. 15 21. %’he process
accor di nget ot altn 2b2ithktein R3 is a Cl_6 al kyl group. 22. The
process according to claim?20 or 21, wherein R4 is a phenyl group.
23. A pr pari.ng: r opi XY- 2 Yy | am de
Fopr esented by {he T or B H DAY o Ak A AR AT
represented by the formula (V):

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

compound represented by the formula (III):

10
/N:O (III)
R3
wherein R; i1s as defined in claim 2, in the presence of a
chiral N-heterccyclic carbene {NHC) catalyst.
15 21. The preocess according to claim 20, wherein Rs; is &

Ci-s alkyl grcup.

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

is a phenyl group.

23. A prccess for preparing N-propionyloxy-

20 N-phenylacrylamide represented by the formula:



N ,O 60 conprising reacting an al dehyde represented by the formul a:
Orrl-~ H5 with a nitroso conpound represented by the fornula: N=0
in the presence of a N-heterocyclic carbene (NHC) catal yst, 10
wherein a stoichionmetric excess of thes@l dehyde is reacted. 24. The
process according to claim23, wherein the NHC catalyst is
represented by the formula: NN-C6F5 <:TT:, N BF4 15 25. The process
according to any one of clains 1 to 24, wherein the reaction is
carried out in the presence of a base. 26. The process according to
cl ai m 25C°WRELBEATt heaChale 78 aldedyvdzabeeyefosed. by ubldect Jrenba or
potassium 20 tert-butoxide. 27. The process according to any one of
clains 1 to 26, wherein the reacti is carried out in the presence
of a solvent. 28. The process accorging to claim 27, wherein the 25
sol vent is dichloronmethane or tetrahytipfuran

5 with a nitroso compound represented by the formula:

N=0

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

10 wherein a stoichiometric excess of the aldehyde is reacted.

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

catalyst 1s represented by the formula:

O/ N—C¢Fs
N/ +

BF4

15 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-diazabicycleo[5.4.0]Jundec-7-ene or potassium

20 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

25 solvent is dichloromethane or tetrahydrofuran.



