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WO 2008/ 115149 PCT/ S&008/ 000079 1 N HETEROCYCLIC
CARBENE CATALYZED SYNTHESI S OF

wORdBENYLY SOXAZCLI DI N- 5- ONE DERI VATI VE AND SYNAGHESG0£600079
P- AM NO ACI D ESTER DERI VATI VI Thi S invention rel ates
to a process for preparing

N- phenyl i soxazol i erj.vative conprisin

Fenct! B R @I&?&%@%ﬁe&qﬁ&w& FhEsle or

ni Nﬁﬁﬁﬂbﬁﬂimz&im PLASE NSER DTABIVE NS PAYRHESTS OF
carbene (NHC)- catalyst. The invention also relates

to a process frAMIEPaACAH ESTER RERIVATAVEY |

protected (3-am no acid ester derivative 10 conpri sing
reacting ur at | dehyd ;
nit rosober‘[ﬁ’lgiesﬁel(rll%r(laL‘l{)waig)tn r%%%%ce% %?) X r\#é:te%rsoéffgl pceparing

a Qadieney 1 icatal z)cﬁhdm—fse*olnea dla—rﬁhemdmes @oapaliisdng- Teapeéing
derivative, and tflr‘?n treatld‘g%I
aw%%wﬁ%%q Glevsige W \Pa‘-tﬁr\Péo%“tZﬁn&n iz &5fol

 prdbdi& ILSENES Herdt R01i¢ st - (NHES L2 tanyeRrti Ofthe

further relates to a process for preparlng an
lW&‘mtI@@(ypﬂie&WIrqdﬁtte@ctt@d aRravicrs sadicd eseparded wat i ve
NS olqprl Si nequtre t| J9 E%%[me@yl [ soxdazoltle%l de?: QN8 ve.

erivatt ve an Al i'n the préesence of ‘anacid

candnl 8fisig r eBx%fHﬁG@OAND oZ, @ nfzemalteok addlehgide- wiane.
derivatives nay be used as internedi at es in the

NI RGRARAN BT O FREmPE SEacE &t & - haHRTarYSan hearbene

cdtHTNGr Convant ed N—'Hh%n%ztl'l%ro@z@l%iﬁ@]ﬂ%ne' 'E'ilé‘%fltv%‘ﬂflve,
conpounds, for exanple, (3-amno acid R- Ami n aci ds

arnpbsgdeEss tkﬁetﬁtdg?%éilhql Nﬁmwémsommndlélﬁ-@cmldamvatlve
wf%% %¥ qb}RﬂPqHFtt ei%#%é%ﬁ% l%ﬁlé%fq égt%ﬁk%

oactlive co pr eparation
1r{wb=q3hemd pilencysed |rcé]mt5.>sorte ad@rndtmgwaamwepmtdjn‘ge an

rbon-nitrogen ond formn
Aankoxyp enyfypro éc eJ)B —-amino aé%d ester derivative

cdmprlslng.treatlng-a N;phenyllsoxazolldln 5-one derlvative

with an alcohol in the presence of an acid catalyst.

BACKGROUND

N;Phenylisexazolidin—S—one_derivatives may be used
as intermediates in the preparation of B-amino acid esters,

which can be further converted into other biologically

important compounds, for example, f-amino acids. B—Amino

acids possess bioldgically important properties, occur_in‘
natural products, and are the building blocks to several

bioactive compounds.

The ﬁreparation of N-phenylisoxazolidin-5-one

derivatives may involve Carbon—nitrogen (C-N) bond erming.

reactions. Catalytic methods for C-N bond formation have
been reported and have been applied in organic synthesis,
including in the preparation of pharmaceuticals and natural

products.
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reactions. Catalytic nmethods for C-N bond formation
have 30 been reported and have been applied in organic
waysheds, including in the preparation of PCT/SG2008/000079
phar maceuti cal s and natural »products. WO 2008/ 115149
PCT/ S&G2008/ 000079 2 Organocatal ytic reactions for
formng &35aR0B0S. 19t £cOLLOL BES! £o ASLLHRESG T CAE L G
may avoid use of.  toxic and/or expenS|ve nmet
areatal ystesreExkanpkeshese ne@@nnam$amaY|£vdidJhmaduse of

formation reactions, includin roI|ne catal yze
toySFaapda0n Sanerahee gretal onea Debh S oG fad S cen
or!jgf@@!iéﬁgl?/ﬂi@' ELQSBoRH 08h rf £8LEH ORc OF+ £HM NBScluding

Sel ective form ng N-hydroxyam noket ones have al so

Prpéene-¢epd Yé@d(éééecto¢ aRbnpt eonYaphiner Bhony 1 apempounds,
hakgnbgggareﬁFrgﬁd nnto %;sgb%l 290§é égféplg§o namines
serevaSDp £3607ng 1&9hydi&@amﬂ’ﬂﬂ@ke€d§ha@§ | oS8k e£1 s Ebeen

conj u ate addi.tion of N-silyloxycarbamates to'enals
reperhg |ﬁ?%ﬁzofPalﬁ%ﬁ%p%%ta¥?%§%oﬁ%s beetndidéemiyema, N. J.

. AmObt'ﬁbH e@éB“Qo@S‘“@b?d i@s@mr@&ng&%@yws Y&Ramoto, Y.;

‘reaction of enals and r ot ect ed. hydroxyl am ne in
Yamh@Obpeséncé'oﬂm15Cbﬁmra$0©yr2@®7d|hé9caih$@5ts The
1 ng drox |sox zol i, di hes th are. further
enégggégglchl %?respd% %%bo?s amnSlla%iJ ycarbamates
toyeﬁaiBOuahﬁ@hthdahaSlbfﬁ@ner@@ﬂalﬁﬁts|Ma§d@¢ém0@sé@ to
N bond formation, anocatal 20 reactions for
ObFB}ﬁ1ﬁ@aEBFBoﬁnEhFB%ﬂ %t?@%n%o% e%&@%sbeéﬁher%%%?¥%ﬂn of

enk05 §X4MpL ro%@cgétﬁwzsféyﬁ&me{@tmntﬁé SREDOYE of
compounds has been reported. as a potential nethod for

chiga Ipyrr@élQJQEb@@ﬂaln$h$ngf¢2@£mgohs via the

hyﬁgﬁ% no?k%kglldf%gg 9%’%”5?5”? er cgﬁvégked to the

e equiv

‘corresponding B-amino acids or y—amino alcohols, has been

reported.

In addition to C-N bond formation, organocétalYtic
reactions for forming carbon-carbon (C-C) bonds have been
reported. For exémple, NHC-catalyzed activation of carbonyl
compounds has been reportediaé‘a poténtial~method fbr metal-
free C-C bond forming reactions via the hucleophilic_
“Breslow intermediate”, or the homoenolate equivalent
species (see, for example, Sohn, S. S.; Rosen, E..L;;'Bode,
J. F. J. Am. Chem. Soc. 2004, 126, 14370; Burstein, C. and
Glorius, F. Angew. Chem., Int. Ed. 2004, 43, 6205). The
ability of thiamine-dependent enzymes to convert arométic

nitroso compounds into hydroxamic acids has been reported.

..Additidnal approaches to synthesizing
N-phenylisoxazolidin-5-one derivatives and B—amino acid

ester derivatives involving readily available.reactants and

~ catalysts are desirable.
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25 species (see, for exanple, Sohn, S. S.; Rosen, E.
L.; Bode, J.-F. J. Am Chem Soc. 2004, 126, 14370;
w®wostiesimg C. and dorius, F. Angew. Chem, |PeT/SEZ08/000079
2004, 43, 6205).. The abiligy of .t hi am ne-dependent
enzymes to convert aromatic “nitroso. conpounds into
§E§é§égganlc aci ds- has been reported. 30 Additiona
ches to synthesizing N phenylisoxazolidin-5-one
derivatives and (3-amno acid ester derivatives
~invol vi ngnr eadi bycavailsakle. beagchanbsecandt €atahysss, .
are desirable. WD 2008/ 115149 PCT/ SG2008/ 000079 3
thsyoVARYPERVAAEdbRoRY O8SFECEO8f PERRABABSeAt i nventi on, .
] L e p Q. -
N o R e SR p e Ph s R B B kB84 B ing peacting an
o, Peactingraned al@%hydeam&matedtabdebydeembthn the presence
|tro enzene_i.n. resenc of N- het erocyclic
ér@%ﬁ@ FHHEYC&éFaF9§E en gﬁcgnﬁéaﬁiﬁﬁF of the
present invention, there is provided a process for
preparlnQnaaN-eﬁeaﬁhme@kaé@Itﬁbn res@ne deykMatbMe there
represented by the fornula (I): 10 R2 Ri \ | 4
iswperdiiAedls RIOCESE ﬁ?ér@géﬁaéﬂéﬁlaaNhﬁhégehléPBﬁ?ohldln‘
Skl g Y
st E it et hobre P ray 8V S e a e A ch are

t he sane or dlfferent, a C2 6 al kenyl group which may
be substituted with one or nor& substituents

(I

wherein:

Ry is a hydrogen atom, a halogen atom, a nitrile group, a Ci-sg

-alkyl group which may.be substituted with one or more:

substituents which-are'the'same_or different, a CZ@ alkenyl
group which may be substituted with‘one or more substituents
whieh are the same or different, a Cj.¢ alkynyl group which
may be substitﬁted with one or more substituents Which are

the same or differenﬁ a C3-g cycloalkyl group which may be

substituted witH one or more substltuents which are the same

or different, a C38 cycloalkenyl group which may be

substltuted with one or more substituents which are the same

‘or dlfferent, 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-g alkyl group which may be substituted with one
or more substituents which are the same or different a 0614

aryl-Cs.¢ alkenyl group Wthh may be substituted w1th one or
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whi ch are the sanme or different, a C2-6 al kynyl group

whi ch 20 may be substituted with one or nore
waeamstiitiwent s which are the sane or differentPCEHSER0§000079

cycl oal kyl group which may be substituted with one or

nore substituents which are #he sane or different, a

C3_8 cycl oal kenyl group which may be substituted wth
moare sabsnitecatbstvhi uenhsewhhehsame bhedsafer@bt; o8 Cq 14

di.fferen a 14 aryl ,group which may, be .
arg&ﬁgﬁﬁt&ﬁ@&nﬁﬁﬁﬁroBﬁewBFCHDW@YsBBsFPPEghFEtﬁﬂiEht%r%ne or

mo&%es%%@%lQherEf@ﬁ§Eh afe FReldaRLybrChibrabkyt, gLoup o
may be substituted with one or nore

lOsmbsﬂoetr@@lannmhrremaane hheesanpcobicdgfbepenvntaimsng Jone

or R S B O SR AR aREs 55 Y s kb §Yet] ut fur

orshgtichuants wMitBhgasept heyspeesabsditheeantiith &e 14r
aryl-C2 6 al kynyl group which may be substituted with

 MOgRe SHPSTHLHENE YR Fllenrs WRPCcR2BReCrhdighREcRE, @ 5- to

14dbER%%?@H a@oﬁatﬁe hégegsgpgﬁgg gQBagf88H£5§ning one or

heterocyclic group containing on

' mometeeaatoa$omh|whlahearadepéependéythytnmgengesuléulfur or

xR W BREr! BheHp MK R APESERBCLaNE" B PaPRFcPEnoTe

substitents4wheahened ah@rratain@ Bet gi @E¥ebhe GELOHPC; 4
contai ning one or nore heteroatons which are

alikpeypengentyly IRPEPoYBAChsTRVUPSoPUREt bk EeA WhBhwARGhoT

: mogéogﬁb%%Xt9%n§§b§hiEHtQgﬁmkﬁg QgﬁeOBrP?Efferent, and

substituents wh are t sane or erent or a C1.6
al koxycar bonyl group which may be substituted with one
Rzots aohedsoden idtemt sa vibi-e e beel tdeouiamhiozh didy drent ;

.Suﬁgglgétfg ﬁl@ﬁdrﬁgeg a&??ﬁ g g%tltugg¥l 9%0#3 g@écghe same

substrtate nore~su I't uent s

.orwﬂhfﬁeaeattha SQQEalkGﬁydlﬁﬁe&pnhhlahCﬁaﬁ Bkkeapktituted

g whi ch may be substituted, with one or nore

bSTEt QEnFETRhPERShFEUERESsWhECBr are the same or
dlfferent, a Cy-¢ alkynyl group which may be substituted with

one or more substituents which are the same or different, a
C}§ cycloalkyl group which may be substituted with one or
more substituents which are the same or»differeht or a Csg

cycloalkenyl group which may be substituted with one or mdre

substituents which are the same or different,

which proceés comprises.reacting an a,BQunsaturated aldehyde

represented by the formula (II):

.wherein each of R; énd R, is as defined above, with

nitrosobenzene in the presence of a NHC catalyst.



different, a C2_6 al kynyl group which may. be
substituted with one or nore substituents which are
wWo hwssuye or different, a 20 C3_8 cycl oal kyl gPGUPG2008/000079
whi ch may be substituted with one or nore
substituents which are the sane or different or a C3_8
cycl oal kenyl group which nmay be substituted with one
or nore Iaubstéekerplarwheabodirehbeosative opreséherent,
whi ch process rises reacting an a, p-unsaturat ed
ingeRbhote R22§3ﬂ@gﬂ§§¥ﬁ%ed by the fornula (11): O RL H
(I'l') R2 .wherein each of Rl and R2 is as defined
above, wihh, 3Qrphbiosopenzese thet Lo PLLSENERRE 1 6n,
NHC catal yst. WD 2008/ 115149 PCT/ S&008/ 000079 5 In
thaneexenprarydesbadbrenesef foheppeeaeing anvention, R2
5 NLFﬁenﬁgro eal%hgn 5f8réh8r as 1veo£eéh§s ﬁ@g&nﬁ the
nve ere’is prOV| or préepari ng
,foamﬁlhkphenyl|soxalidin-5-one derlvatlve represent ed by
the formula: 0 / O Meo N Tft7 10 conprising

reacting an a, (3-unsaturated aldehyde represented by
the formula: 0 Meo / H

MeO

10
comprising reacting an o, B-unsaturated aldehyde represented'
by the formula:
MeO
15 , o

with nitrosobenzene in the preéence of a NHC éatalyst.

In another broad-aspect of the present invention,
there is prdvided‘a process for'preparing an N-alkoxyphenyl
protected B-amino acid ester derivative comprising reacting

20 an o, p-unsaturated aldehyde with nitrosobenzene in the
presencé of a NLﬁeterocyclic carbene (NHC) catalyst to form
a NLphenyliséxazolidin—S—one derivative and then treating
the N-phenylisoxazolidin-5-one derivative with an' alcohol in

the presence of an acid catalyst.’

25 In an embodiment of the present invention[ there

is provided a process for preparing an N-alkoxyphenyl
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15 Tits wth nitrosobenzene in the presence of a NHC
catal yst. In another broad aspect of the present
WO pao8n1iigh, there is provided a process for pPERSG2008/000079
an N-al koxyphenyl protected (3-amno acid ester
derivative conprising reacti g 20 an a, (3-unsaturated
al dehyde with ni-trosobenzene in the presence of a
prijthetesogyahiaocachanestBClieeatat ysté topfOsaMtéd by the
N- phenyl | soxazol i di n-5-one derivative and then
fotrfnéétal ngV)the N-phenylisoxazolidin-5-one derivative.
with an alcohol in the presence of an acid catalyst.
25 In an enbodi rrentmpf present invention, there
is provided a proces for- repar| ng an N-al koxyphenyl
WO 2008/ 115149 PCT/ 008/ 000079 6 protected P-am no
acid ester derivativ repr ented by the fornula
(I1V): NHO R Rz (I erein each of RlL and R2 is
as defined above and R8 i3 a Cl-6 al kyl group, which
process conprises: (a) reaNHi ng am a, (3-unsaturated
al dehyde represented by the - la (I1): O RL 10 R2
(I'l) wherein each of Rland R2 isllas defined above,
with nitrosobenzene ip_
to forma N phenyli soxazol i di|n- 5- one derivative
represented by the fornula (IIQ

(1v)

wherein each of Ry and R, is as defined above and Rg is a Ci-¢

alkyl group, which process comprises:

(a) reacting an u,B—unsaturétéd aldehyde represented by the

. formula (II):

Ry (IT)

wherein each of R;.and R, is as defined above, with

nitrosobenzene in the presence of a NHC catalyst to form a

N-phenylisoxazolidin~5-one derivative represented by the

formula (I):

wherein each of R; and Ry ié as defined above; and
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150 R2 (1) ON Rl wherein each of RL and R2 is as

defi ned above; and WO 2008/ 115149 PCT/ SG2008/ 000079 7
w@ bjostisamo t reati ng the N phenylisoxazol i di n-5-BPEESG2008/000079

derivative wth an alcohol represented by the formula

R80OH wherein R8 is as defined above, in the presence

of an acid catalyst. In an exenplary enbodi nent of the
(bpr @ﬁ@ﬂttr5atBM@nth@nN—}%lﬁ\@nyﬂiE%@ézbﬁld@ﬁhme ddrBtive

exenpl ary enbodi nent the present invention, the
WlFbaPRo&%@ﬁ@ﬁ%lr%Pé@%%@e@d(@yah@%of%ém@les$@ﬂﬂ wherein Rg is

d % an, 0 e
as B AL B e T oA PR SRS B RS B Sy

the present. invention, there is provided a process

for prepﬁniag anemphakpxqmwmm@menpr@fethedp(ésamﬁno

acid . ester, derjv t e re sented by the formula: MO
inYgDREPRy KBD oh dﬁ%&h %g‘reacting an

a, R-unsat ur at ed aldehyde represented 20 by the

formula:In an exemplary embodiment of the present

invention, the N-alkoxyphenyl protected B-amino acid ester

derivative is an N-p-alkoxyphenyl protected B-amino acid

ester derivative.

In still another aspect of the present invention,
there is provided‘a process for preparing an N-alkoxyphenyl
protected PB-amino acid ester derivative'represented by the

formula:

MeO

OMe

comprlslng ‘reacting an o, pB-unsaturated aldehyde represented

by the formula:

MeO

TO

with nitrosobenzene in .the presence of a NHC catalyst to

form é N-phenylisoxalidin-5-one derivative represented by

the formula:



O MO/ H TfOwth nitrosobenzene in.the presence of
a NHC catalyst to 25 form a N phenylisoxalidin-5-one
walersustisve represented by the formul a: WO 20281/384508/6800079

PCT/ SG2008/ 000079 8 0 O MO N TfO 5 and then

treating the N phenylisoxali®in-5-one derivative wth
nmet hanol in the presence of an acid catalyst. In a
further broad aspect of the pr.sent i nvention, there

is provided a process for prepgring an N-al koxyphenyl
protected (3-am no acid ester Qerivative 10 conpri sing
treating a N-phenylisoxazol [di nyp-one derivative with

an al cohol in thg.@gr of an acid catalyst. In an
enbodi nent of the p ( there is

provi ded a process fd & [ N- al koxyphenyl
protected R-am no ack S ive represented by
the 15. formula TOV): ) | R2 {IV) wherein

each of- Rl, R2 and R6 is as defined above, which .
5 and then treating the N-phenylisoxalidin-5-one derivative

 with methanol in the presence of an acid catalyst.

In a further broad aspect of the present
‘invention, there is provided a process for preparing an
N-alkoxyphenyl protected BQamino acid‘ester derivative
10 comprising treatinq a N-phenylisoxazolidin-5-one derivative

with an alcohol in the presence of an acid catalyst.

In an embodiment of the present invention, there
is provided a process for preparing an N;alkoXyphenyl
protected B-amino acid ester derivative represented by the

‘15.vformula (IV) :

wherein each of R;, R; and R is as defined above, which
20 process comprises-treating a N-phenylisoxazolidin-5-one

derivative represented by the formula (I):



20 process conprises-treating a
N- phenyl i soxazol i di n-5-one derivative represented by
wo besfiovinul a (1): WO 2008/ 115149 PCT/ S&008/ 00P01SG2088/000079
~ R O(l) NR 5 wherein each of .\Rl1 and R2 'is as
defined above, with an al coBol represented by the
formula RBOH wherein R8 is as defined above, in the
presence of an acid catalyst. In an exenplary
enbodi nent of the present 10 invention, the al coho
is nmethanol. In an exenplary egbodi ment of the present
i nvention, the N al koxyphenyl ;jprotected (3-am no acid
ester derivative is an koxyphenyl - prot ect ed
(3-amino acid ester derivdtive, 15 In still aghurther
aspect of the present invention, there is provided a
process for preparing a yphenyl pr ot ect ed
(3-am no acid ester deriVativ epresented by.the
formula: MO 20 NHO MO Y conpri sing
5 treating a' N-phenylisoxalidin- ne derivative.

wherein each of R; and R; is as defined above, with an
alcohol repreSented by the formula RgOH wherein Rg is as

defined above, in the presence of an acid catalyst.

In an exemplary embodiment of the present

10 invention, the alcohol is methanol.

In an exemplary embodiment of the present
invention, the N-alkoxyphenyl protected B-amino écid ester
derivative is an NEp—alkoxyphenyl protected PB-amino acid

ester derivative.

15 1 - In still a further aspect of the preéent1
_ invention, there is provided a proéess for preparing an
'N>alkoxyphenyl.protected B-amino acid ester derivative

represented by the formula:

' MeO
20

NH - O

MeO .
QNR

TO

comprising treating a' N-phenylisoxalidin-5-one derivative

25 represented by the formula:
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25 represented by the fornula: WO 2008/ 115149

PCT/ SG2008/ 000079 10 0 O MO N 5 TK with nethanol
w0 pooBhes1py esence of an acid catal yst. DETAI LBECT/SG2008/000079

DESCRI PTION I. Process for Preparing N Phen
~lisoxazolidin-5-one Derivatl@e 10 In an enbodi nent of

the process of the present invention to prepare a

N- phenyl i soxazol i-di n-5-one derivative, an

a, p-unsaturated al dehyde nay be reacted with

ni trosobenzene in the presence oQ)a NHC catal yst. A

a, (3-Unsaturated Al dehyde 15 Theya, (3-unsat ur at ed

al dehyde that nay be used in & present invention is

not particularly limted. In . elgpodi ment of

the-present inventjpp the e Hhsaturated al dehyde

may be, for exanple, ahd limtation, an

al kyl , al kenyl, al kynyl Jloalk 0 cycl oal kenyl ,
aryl, aryl al kyl arg_l 3 , ar @ yl,
het erocyclic or alk ﬂ?carbo yl a, 1sat ur at ed

al dehyde which nmay- be substituted with one or nore

substituents which are the sane or different. In an
W idrkb oithemto lofint Héiepressencenwéneinoacithea2slyst.

a, (3-unsaturated al dehyde may be represented by, for

D £ ' ut limtation, a conpound of the
' : 08/ 115149 PCT/ SG2008/ 000079

I. Process for Preparing N-Phenylisoxazolidin-5-one

Derivative

In an embodiment of the process of the present
invention to prepare a N-phenylisoxazolidin-5-one

derivative, an o, f-unsaturated aldehyde may be readcted with

"nitrosobenzene in the presence of a NHC catalyst.

A. o,B-Unsaturated Aldehyde

The o, p-unsaturated  aldehyde that may be used in

the present invention is not particularly limited.

In an embodiment of the present invention, the

o, p-unsaturated aldehyde may be,\for'example, and without

limitation, an alkyl, alkenyl, alkynyl, cycloalkyl,
cycloalkenyl, aryl} arylalkyl, arylalkenyl, arylalkynyl,
hetérocyclic or alkoxycarbohyl a,B—uﬁsaturatéd aldehyde
which may be substituted with one or more substituents which

are the same or different.

" In an embodiment of the present invention, the

_a,B~Unsaturated aldehyde may be represented by, for example,

and without limitation, a.compound of the formula (II):
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supiitékuaee WA

11 O R H(Il) R2 wherein: 5 Rl is a hydrogen atom

a hal ogen atom a nitrile group, a C1_6 alkyl group
wokioshistey be substituted with one or nore PCT/SG2008/000079

substituents which are the same or different, a C2-6

al kenyl group which may be jgubstituted wi-th one or

nore substituents which are the sane or different, a

C2_6 al kynyl group whi.ch. 10 may be substituted with

one or nore substituents whiclDare the same or

different, a C3-8 cycl oal kyl oup which may be

substituted with one Of, ftituents Whith are

the sane or different, -8 cycl oal kenyl group

whi ch may be substituted wikReh one or nore

substituents which are the sane 15 or different, a

C6- 14 aryl group which may be substituted with one or
wheweensubstituents which are the sane or-different, a

CB 14 aryl Cl1-6 al kyl group whi ch may be substituted

or nore substituents i ch are, t h, sane Qr

Rld??f%r%‘tro%e%aﬁ%“' o yha I 13 gHdup- Vohi B Yy 2 Ci-s
alQ@lSQQébbtwhﬁghmmEP pResAbsR9LPEE ﬁybﬁtbhéeﬁfsm@BéCh

are the sane or different,a C6-14 aryl-C2-6 al kynyl
supssapuphtehwhaghbarsubbei samedoni €hfdpeenE, Aofes alkenyl
gr§gBS&h%BE”§§X“B%CEuBE%lEH%eaaH?thoHéfE?fSBEe QuéstEQuents

-nmenbere on-aromati ¢ heterocyl group contarni

whdicd atre mheeshetepeatiaffEewbnth aregkndépgnQEngtgup Wthh

‘nitrogen, sul fur or 5 oxygen and ich gro e .
magy be: FERPEACHEER BAETP Robe MeaBsrlPIbRF S ahpcHEAFR are
thkhgaganeronidgicbl-enent a a;9- cheloddkyenhesed Ah0ARtLEY be

heterocycllcagrou contalnlng one or nore heteroatons

peREeRE| FonPt FBEERItEAPFEr wBich are the same
éX%%@r@H@ wai eh_ 9%9HE0§E¥eH§15598hbtHh?éh“hgp goe or

substltuted with one or more substltuents which are the same

or different, a Ce¢-14 aryl group which may be substituted with.

one or more substituents which are the same or different, a
Ce-14 aryl-Ci-¢ alkyl group which may be sﬁbstituted with one
or more éubstituents which are the samé or different, a Cg1a
aryl-C;.¢ alkenyl group which may be substituted with one or
more substituents which are the same or different, a Ce-14
aryl-C,.s alkynyl group which may be substituted with one or
more substituents which are the same or different, a 4- to

10-membered non-aromatic heterbcylic 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, a 5- to
14-membered aromatic heterocyclic group containing one or
more heteroatoms which are independently.nitrogen, sulfur or
oxygen and which group may be substituted with one or mofe
substituents which are the same or different or a Ci-
alkoxycarbonyl group thch may be substituted with one or

more substituents Which are the same or different;‘and
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30 substituents which are the sane or different or a
Cl-6 al koxycarbonyl group which may be substituted
WwWOowak/1051¢9 or nore substituents which are the BEIYEGINNSG/000079
different; and WO 2008/ 115149 PCT/ SG2008/ 000079 12 R2
is a hydrogen atom a Cl_6 abkyl group which nmay be
substituted with one or nore substituents which are -
ent ~.a p may -
Rz b%’es%g{;ﬁﬁ%eelg aftvvl%{r h%or%:e o%% re sub tltugﬁt én\g{\%%Q
subseitheedanetbrone dof frevent sulss 2t Gemt K ywiyd clgramgp the same
uted with

or ot EPe ol < e e R hed i SaFt O (TRY b substdguped

wi€dchRal Ky | m8rouPuWEL Chydiys ben Stibsd +é utres Hirkdr one or
nore substituents which are the sane or different or a

digBegentychobi-kerykyRy bupr e chhhaly ey sedstulsiiddiiad ith

onfroheht SiRa- BT WP h BLE R bl PR fflerent, &

Cs-grovyplohikhl gryubevisidisthdyitiss, sWtb@téwerb&arm{ee or

and without |imtation, any straight or_branched

MOGPLFROST SR UBRBRTYELCH i hy e etHYF , Oh- SHOpYISIE OF 2 Cae

cybl@é@?¥ﬁylS§§o@ﬁ0@Nichrhi&”ﬁ%’séé%tigﬁ%éﬁ WSt - Wr more
, h-pentyl, i-pentyl, sec-pentyl, t-pentyl
’Suhshéiyents vexgh aqeztm¢n%@®@|@mo®yffer@n@thylpropyl
1- net hyl - 2- ethylpropyl 1 et hyl - 2- nethylpropyl

R s e A e L

mag, Bedsmashytbtleglfj ma’ZyrmehyfqmermydimpleS amdihig/itpimmyl

f d wit
BB S e IRty B coWci g IRkl Bt
me BBy €[ 08t RYE, V\Hl—ﬁflopﬁll,e i hslepepdens &cyp Rbby DIem btk I ur

or oxygen. The C2_6 al kenyl group of the C2_6 al kenyl
i-Brblp: ~2SCWARERL naly et ¥lbst TReR e - mhyP®Rt Y orsec-pentyl,

t—ﬁéﬂgyh?’naﬂgxyiyhfgﬂexyl, 1,2-dimethylpropyl,
2—ethylpropyl, 1Fmethyl—2—ethylpropyl, l-ethyl-2-

out .

methylpropyl, 1,1,2-trimethylpropyl, 1,1,2-triethylpropyl,

 1,1-dimethylbutyl, 2,2-dimethylbutyl, 2-ethylbutyl,
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25

30

1,3-dimethylbutyl, 2-methylpentyl or 3-methylpentyl. The

Ci-s alkyl group may be, for eXample, and without limitation,

optionally interrupted with one or more heteroatoms which

are independently nitrogen, sulfur or oxygen.

The C,.¢ alkenyl group of the C,.¢ alkenyl group
which may be substitutéd, may be, for example,land without
limitation, any straight or branched alkenyl, for exémple,
vinyl, allyl, isopropenyl, l-propene-2-yl, l-butene-1-yl;
l-butene-2-yl1, 1—butene—3—yl, 2—buteﬁe—1—yl or 2-butene-
2-yl. The Cz.¢ alkenyl group may be; for example, and
without limitatioh,'optionally interrupted with-one or more
heteroatoms which are'independently nitrogén, sulfur or

oxygen.
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25

limtation, any straight or branched al kenyl, for

exanple, vinyl, allyl, isopropenyl, 1-propene-2-yl,
wd2detienegs 1-yl, 1-butene-2-yl, 1-butene-3-yl,PCT/SG2008/000079

2-butene-1-yl or 2-butene- 2-yl. The C2_6 al kenyl

group may be, for exanple, and 30 without limtation,

optionally interrupted with one or nore heteroatons

whi ch ar ngepe , | & kvidrY 8o u

VO 2008/ L1510 PeT SLb0RT 0000 5 15 The SO gLl e
whgpbupawfbeheubztﬁtatkﬁnymagrbop fvhuehammyebeand without

. Ltuted or _exanpl e an o]

LR R b o h U nD LR P A b7 o OV RRERERL SV RYhy | OF grameLe.
etBY¥aPD| epropinyny! buﬂyﬁpynybenbwynydzr pexyypyl OThe Cy-e
hexynyl. The C2-6 5 al kynyl group may be, for_ exanpl e,
aléwayw Eﬁ@HP PRHi Pati 6AL SHPRPbRal 25| Wit BRP YRt %Hmwft“hlonr

opeﬂsngh Pg&%e@aowtmﬁs oﬁrrﬁowdﬁ@fggﬁﬁm{s which

n|troge ur-or oxygen. The C3 cyc yl group
areflnﬁepéﬁdentyylnatkybengrsuprM|ch omygbe.
substituted, may be, for exanple, and 10 w thout

limtati cIo cl obutanyl ,

cyclopen?gﬁyﬁy gF%E%E%H%Ig%?u%y%%oﬁé%t%ﬁ§]?y?%%a%ﬁy%
gremplQahkﬁnmhygbeupubét&hatéa 8mey chopl Renybxa@poap and

whi ch may be substituted, nmay be, for exanple, and
WlﬁPPHBu@1WFH?PéPPoncY€}€P66P65EhyICY%%%PBB@?EhyI 15

cy%XB%QHEQB YlcyEX8h8§§h9myor05y8¥8h9§€9ﬁ§9y| The _
ary group of the C6-14 aryl group which may be
substituted, may be, for exanple, and w thout
limtati&he ﬁhen9VClQéhkahﬁhygroﬁﬁd@ﬁythen@phtﬂyFloalkenyl )

< BB B khemar B0 ke chE T a PO i 8 LrryPrgmele o7
w1th9u€511ﬁlaayheﬁn Gycabkybpgnolp m@cthbuﬁgnpé
Cycﬁggéhtgﬁﬁg, chlo%exgnyleé%ngycloheptenyl

_ The Cg-14 aryl group of the Ce-14 aryl group which
may be substituted, may be, for example, and without
limitation, phenyl, pentalenyl, indenyl, naphthyl, azulenyl,
heptalenyl, benzocyclooctenyl or phenanthrenyl, )

. The Ce6-14 aryl'—Cl_G alkyl group of the C6_14 aryl-—Cl_G

alkyl gfoup which may be substituted, may be, for example,

and without limitation, a C;-¢ alkyl group as defined anywhere

above having a C¢-14 aryl group as defined anywhere above as a

' substltuent

The Cg-14 aryl—ng,alkenyl group of the qug

'aryl—Czﬁ alkenyl group which may be substituted, may be, for

example,.and without limitation, a Cjy-¢ alkenyl group as
defined anywhere above having a Ce-14 aryl group as defined

anywhere above as a substituent.
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and without limtation, a Cl-6 al kyl group as defined

anywhere above having a C6-14 aryl group as defined
wapyshesie above asa substituent. 25 The C6- 14PCT/SG2008/000079

aryl - C2-6. al kenyl group of the C6-14 aryl C2-6

al kenyl group which nmay be gubstituted, nmay be, for

exanple, and without limtation, a C2-6al kenyl group

as defi mh;g 0 roup

as defi nggg SQ¥Mer€l§€o§:a2§yﬂ sotqlijt ujogfnfcr% Goed
arZOGSéklSlksnPCTQSQﬁpOmaébomsy bd §hbst£taﬂe®fymaﬁzb$» for

GRELR el oETEEBat | T MLk Char v, 6T B Bhd

deWth@UbanHbEétbﬁﬁveah§31§§|Kyoyh4giﬁwptjﬁbu§k§df&éflned
anywher e above having a C6-14 aryl group as defined 5

-anypheker abaBevesas aukebstieneént. The 4- to 10- nenbered

non-aromati c heterocyclic group containing one or

more het g2k 0o whhChope: hNAEREANBRLE Yo e 0888 c1ic

sul fur or oxygen e 4- to 10-nenbered
grpop- aponaunmngebaeooycmbcegheuproahomsnwngcbn@rao or

: re_het. oato ich a i ndependent | y_nj trogen

iR ERRERE I Yokg BERSaRG AA-EHE oPBURIAY bt ShBBL Tt ke,

10PR¥mBertal Aon- EQBm@K@HDh@te@BSyM&ibogiohpn&éﬁtaﬂﬁlng one
froml to 4 heteroatons which are independently

ornmerggBRtesaRFENS ovhéghgRAS TRESReNEENtOY nekbepeEn, sulfur
or”BQg@EH"QBHCwHEEﬁmﬁ ﬁﬁ'ﬁa9r8g9s88§£§£ﬁté& %ﬁa%”@o&%aln,

het er oat ons are” i ndependently nitrogen
fosubkamp@e,oaygew1nhyubel1mmta9xanpléromnﬂ MpthoUeteroatoms

tation rr.o gln rrolin g e I, B

i Ber s poReBERIGRLH HyF ORGP azbi fitpypE ORSSH. | The
tolnnd@égbyaeayhonnafaﬁ@tnayhetéebégbyﬂeO@ybapytontalnlng

azetidi nyl, oxetanyl 20 oxat hi ol anyl, phthalimde or
ongueéiﬁpgpdbeteroatoms which are 1ndependently nitrogen,
sulfur or oxygen may be, for example, and without
limitation, pyrrolidinyl, pyrrolinyl, piperidinyl,
piperazinyl, imidazolinyl, pyrazolidinYl, imidazolydinyl,
morpholinyl, tetrahydropyranyl, azetidinyl, oxetanyl,

oxathiolanyl, phthalimide or suCcinimide.

The 5- to l4-membered aromatic heterocyclic group
containing one or more heteroatoms which are indepethntly
nitrogen, sulfur or oxygen of the 5- to l4-membered aromatic

heterocyclic group containing one or more heteroatoms 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 indepeﬁdently
nitrogen, sulfur or okygen. The 5- to,14—membered aromatic
hetérocyélic group containing .one or mbre heteroatoms which

are independently nitrogen,'sulfur or oxygeﬁ may be, for

"example, and without limitatioﬁ, pyrrolyl, pyridinyl,
‘pyridazinyl, pyrlmldlnyl pyrazinyl, imidazolyl, thiazolyl

or oxazolyl.
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The 5- to 14-nenbered aromatic heterocyclic group
contai ning one or nore heteroatons which are
wo pepenident |y nitrogen, sulfur or oxygen of P¢ESG2008/000079
14-menbered aromatic heterocyclic group containing
one or nore heteroatons whials 25 are i ndependently
ni trogen, sulfur or oxygen and which group may be
substi tutrad, clmY a¢RBkEBrbbRY 1 €XA8Rb o £ afRe WL ROUt
limtation, froml.to 4 heteroatons which are
alkﬁayﬁéﬁa@nwﬂygrﬁuprWQEﬁh Bavfbe swbakygenredrheas-beo for
nb d | ycC t ai ni ng
e A S R B S T T
ethbkiyegebongll f HFpebpoxygenbemyl pei- fDﬁbpogyan@irleon@nd
without |imtation, rrolyl, pyridinyl pyri dazi nyl,
SeﬁyPFﬁPBFH?PrbBVVéZ|HygutPﬁYB%E%PQYl'thl%EBP?YcaB?OnYl

QX@%&Eth1$@b§99§é&%éé&91FGE/§E29@§ig99932ycé§bahﬁl.
-6 al koxycar bonyl group o -

al koxycar bonyl - group whi ch may be substituted, may be,
for exaRpkh, canthai Eheudlkyhi t Gt-sonl kemthoxSeeardldiwiy L,
et I

oo BOMISRENONY .. B BIOPOREREOOUEY | BUPRON SPEROILE,

alkybyt axyeadbphyCs- e élébm&hﬁunyhpeagoxyaafbamwhyar 4— to
2-et hy Iprcgoxycarbongl Each of the_Cl1- alk% g
103PRBAGIFSACIOB~aFRYAYEC BSTBTRG¥; &r kyT, t@alé embere
areak9al kenkkoc 116 ﬁﬁMl bgﬁaiﬂo§§¥hr§gh§l gkgM 8 may be
C6- 14 aryl - C2- kenyl , 14 ar C2- 6" al -
supgtitoted- Wéﬁbepéé ﬂ@nmar@naub@théu@nbéyWhechSareothe same
1 d a [ cLECy
o AR e Byt or BustDHERBEY bbb e B hFeasar ingaatien.
eanbrefsubstabueeremhhoheargrbhpssmag bey dotfekemple) nand
g enb dlnent of the Eresent i nyention, each of- t he
wifRBVE- MRt tehéangr SHBStAEYTRE, bR 8R&nbPetNLA] 15

suﬁ@ﬁ@@ﬁbnkb”hh@khoﬁresHﬁétbéﬁéegrmﬁlbfgﬂgnto three

The one or more substltuents which are the same or

dlfferent for each of the above-mentioned groups may be, for

- example, and without limitation, a halogen atom, a hydroxyl

group, a thiol group, a nitro group, a nitrilé group, a
cyano group, a C;-g alkyl, C}ﬁ alkenyl or C,_¢ alkynyl grOup

which may be'substituted_with a halogen atom, a Cs_g

. cycloalkyl or Cs_g cycloalkenyl group which may be

substituted, a Cg-14 aryl group which may be substituted, a 4-
to 1l0-membered non-aromatic heterocylic group cqntaining 1
to 4 hetercatoms which are independently nitrogen}4oxygen or
sulfur and which gtoup may be substituted, a 5- to 14-

membered aromatic heterocylic group containing 1 to 4

"heteroatoms which are independently nitrogén, oxygen or

sulfur and which group may be substituted, a Ci-¢ alkoxy

group which may be substituted, a Cj_s cycloalkoxy group which

may be substituted; a Ci-6 alkyithio, Cog alkenylthio or Co-g .

‘alkynylthio group which may be substituted, a Cig
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substituents which are the sane or different. The one
or nore substituents which are the sanme or different

wo ooosesalw of t he above-nentioned groups nmay bePCT/862008/000079
exanpl e, and without limtation, a halogen atom a
hydroxyl 20 group,'a thiol goup, a nitro group, a
nitrile group, a cyano group, a Cl-6 al kyl, C2-6

cyhikanyh, 196 162 o§ al, Igy@?(,u%q%eny%h% g%ugewmch may be

substituted with a ogen atom a C3-8 -cycloal kyl " or

- suE3+8 tayeldoalak €ayik grpbpxmhgchumawhbeh m@&sb¢t$nb§t1¢uted a

ar roup bstitu
-reratambni e st prat ik tore et eV Eap S RFarR: Rgich
maly b shoRetieneations whi ¢ anenmensepeadarbinythit rogen
oxygen or sulfur and which group may be substi tuted,

‘hegegoqys Le4oxye AFONEd VRl hatiey ket 6RBEVELELEFAoup Ce-14

arGAAINI u LRidn geﬁo%a %%%twgh%@dars andﬁeeﬁ_]@eg&n}semd

itroge oxygen or sul fur "and whi ¢h group may
namub&mmbmuedhe&e@bc@cabkmhyo group which may be
ubstltuted 3 C3-8 cyclo

SHEGA R -CEo6 A RSTERaS a3oB A kohet eRPBYGLe-chio

; gﬁaﬁpﬁwhﬁkﬁyﬂ% @eos%%@%ﬁtWﬁb@h BRY abg nsugsbuputiBtchamay be
10

8 WD 2008/ 115149 PCT/ SG2008/ 000079 = 16
subcs)t@teme@w e @ 28:10eCITRUPy ¢ Po ANREAGI ORI §T§HBupawRRERamide
gmbg tglfto%g? g @?1%%{&% 9X%:8h UP WRLERARY group

ubstlt e aromati c
whh&ﬁenmtynﬂﬁyumtwt@MQup whm@bnyﬂ&pxbeg&ob@twhuthd;sa 5-

R D LR L8 5 1oL 6 L QR ey e

sl tSUhEldd, Uted; A Ak 1@ nklrimRRbenedp, Nan sal ARkl c group

heterocycle thio group which may be substituted, a 5-
wmcs:m:n-sm%v@r Uéleé’ﬁatai SHCEYdcyeHen HiSo SUgBGiURRECHith a

R MU Wt A0 71N IGUR BCH 1T e, 18 ¢,
SSubstitut e " a a2|de group, a9 oup,
aldarlmarhifdenyl group, an oxo group or a Ci-g alkoxylmlno

group.

1In‘an embodiment of the present invention, R: isf'
fof example, a Ci-¢ alkoxycarbdnyl group or a Cg-14 aryl group
which may be substituted with 1 to 3 substituents which are
independently nitro, trifluoromethyl,

trifluoromethylsulfonyl, methoxy or_methoxycarbonyl.

In an exemplary embodiment of the present

invention, Rz is a hydrogen atom.

B. Nitrosobenzene

Nitrosobenzene may be represented by the

O
- ' (III)

formula (III):



group, a fornyl group, a Cl1_6 imdoyl group, a

carbonyl group which is substituted, a carbonyl - oxy
w@emapiamd ch is substituted,-a carboxy group, PEI/SG2008/000079

car banoyl group which may be substituted, a Cl-4

al kyl enedi oxy group, a sulfimyl group 15 which is

substituted, a sulfonyl which is substituted with a
eriﬁgdu@éqgg%¥%Q group, a Cl-6 al koxycarbonyl group, a

c1 onyl group, an oxo group or a Cl-6

al koxyimno group. -In an enbodi ment of the present

i nvent i oFheRNHCs catad visgr odx &fgl ®@regeqt- énvention is not

0 rbo rup or a C6-14 aryl group which nay
%gﬁgﬁ %?F ugé&lQ 1 to 3 substituents which are
i ndependently nitro, trifluoromnethyl

trifl uor ametlhy lesibloidd mgint mﬁthhkprES&Bthdnyeatbonylthe NHC
I.n_an exe ry enbodl nt of the

5 cauNIRS SEY B LTtk F30En  SeE e aRDNeY GEAnEAEBARE

1ﬂMﬂﬂé%i%Qﬁné%n§mH@ﬁz%qlhﬁp%%§%nted by the fornula
(I'11): NEO 30 (111) WD 2008/ 115149  PCT/ SG2008/ 000079

17 C. NHC Catal yst The NHC catal yst of the present -
|nvent|oﬁnl@Dn@ﬁ%oﬁdﬂﬁméupérﬁyelP#ﬁﬁ@@t iRvgRtion, the NHC

f n [ the

e T e e AR B 32 £ e Ramets? ISy cope

1ﬂmunatﬂunonan amudmzmxmmm salsalrepresecaneenbgdichent of
the pre i nvention, the NHC catalyst nay be.

10 foray lfbd%%ron] f or exanple and wi t hout

(V)

wherein Ry may be, for example, and without limitation,
15 phenyl (Ph), i-propyl (*pr), mesityl (Mes).or
2,6-diisopropylphenyl (2,6-'Pr-Ph); and X~ may be, for

:éxample, and without limitation, Br~, BF,; or Cl.

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

20 limitation, an imidazolium salt représented by the formula:

25 wherein X" may be, for example, and without limitation, Br’,

BFy or Cl.. 1In an embodiment, X is, for example, Cl7.



[imtation, an i mdazoliumsalt represented by the 10
formula (V): X N(V) R3,-,INN R3 wherein R3 may be,
WO 2008axdwPpl e, and without limtation, 15 phengCT/§G20)P§/000079
i-propyl ("Pr), nmesityl (Mes) or _
2, 6-di i sopropyl phenyl (2,6-41Br-Ph); and X- may be, for
exanple, and without limtation, Br-, BF4- or C In an
enbodi ne t,. 4 t 4&5& al
may be dgélgéd ﬁ@o@{ﬁ %? %ﬁa ,P J{ outtféﬁf oA e
catahy‘satmam bandem*deadofmxm sﬁb:t "exambs,erﬁmﬂ vb:'ytltcmat

1ipghabi @, AR WLABERLFi 1o GFDERSCHEBERY chhey fqrmula:
an enbodi ment, X- is, for exanple, d-. WO 2008/115149
PCT/ SG2008/ 000079 18, I n an enbodiyrent of the present
i nvention, the NHC oataI¥§¥=vny bg derived from for

: exanpl e, and wit hou Nyt at Nan, m dazol i um sal t

5 represented by th Ia$b/N 5 Ul wherein X-
may be, for exam ad vt hout i on, Br-,
BF4- or d-. In an enbodtnent, is, for exanple,

A -. In an enbodi rent of the present invention, the
. NHC 10 catal yst may be derived from for exanple and
whw:@h@ux meiynioeat ifon, examPhedazbli wikbaht ﬂeméééhpéd Br-,

Eh%lﬁornyhaan embodlment X" is, for example, c1°

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

limitation, an imidazolium salt represented by the formula:

15 wherein X may be, for example,  and without limitation, Br’,

BFy; or Cl°. In an embodiment, X is, for example, BF4 .

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:

20

wherein X may be, for example, and without limitation, Br~, .

BF,” or C1°. 1In an embodimént, X" is, for example, Br .
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N N+ 15 wherein X- may be, for exanple, and w thout
limtation, Br-, BF4- or. d-. In an enbodi nent, X-

wo ggo8ficti4exanpl e, .BF4 In an enbodi nent of theP@I/e6EN$/000079
i nvention, the NHC catalyst nay be derived from for

~ exanple, and without |imtatg on, an imdazolium salt
represented by the formula: 20 1 +~/ | wherein X- nmay
be, for agpl hqut n, FA-
o 10" X Sopaftathi ol el RO i g g wic

caﬁemesﬁ1ﬁaygbewésmeasmeﬁo7ﬁor1exampa@ eantyd di emd u o f
the present inve tio the NHC catal

L ERDAaR 1 B FORo &S IABRSa Anar Gt ROB o Y+ HEF oforHALa:
i m dazol i um sal t represented by the formula: O 5\
NON wherein X- -may be, for exa and wi t hout
[imtation, trifIgronethyl pT?nate( orf) Br-, BF4-

or d-. I'n an 10 enbodi ngnt, for exarrple
-Orf. In an enbodi Nt\h sent invention, the
NHC catal yst may : from+for exanple, and
Wthout Ilimtatio i daZol i um salt represented
by the forrmula: O N X wherein X- may be, for
exanple; and without limtation, Br-, BF4- or d-. In
an enbodi ment of the present invention, the NHC

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

trifluoromethylsulfonate (fOTf); Br, BF{ orACl_. In an

embodiment, X~ is,_for example, OTIL.

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:

e

X

wherein X’may 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, and wifhout

‘limitation, an imidazolium salt represented by the formula:




20 catalyst may be derived from for exanple, and

wWithout 'limtation, an imdazoliumsalt represented
whyooshestior nul a: QuO NN WO 2008/ 115149 PCT/SG2008/000079

PCT/ SG2008/ 000079 20 wherein X- may be, for exanple,

and without limtation, Br-,9 BF4- or d-. In an

enbodi nent .of the present invention, the NHC catal yst

be, d d f f . -
Whg?gl € _%&&V% rog;zog&ﬁ zggpg w%ggoﬁ%tggﬁé§thgn, Br,

ta i on; represent
BFformulcar. /r+ ,' wherein X- may be, for exanple, and
without limtation, Br-, 10 BF4- or d-. In an

enbodi nent of the resent invention, the NHC cat ale/st
may be dé‘f‘l?/%del?]?%‘ﬁ%m?%? e ahpP TR Wi PR LON, NHC

cal:!angé‘t an?( bé‘ndéﬁl@@&oﬂé&m sgbt éz@i’:ﬁ%ﬁ@ntzﬁ{’d by; £t
formul a: NN wher ei n %- for exanple,.

5 llamdawlohou@nlmetlechbmmB‘Falt mreféﬁfn@d by Ithanformula:
enbodi nent of the present invention, the NHC catalyst.
may be derived from for exanple, and wi t hout 20 -
l[imtation, an im dazol ifmrsalt represented by the
formula: OOC+ NN @ R7 wherein R7 may be,
for exanple, and w t hxut Aitation, 1Pr 25 and t-Bu;
and X- may be, for exangle,\and without Iimtation,

/I:{\\/N\_

wherein X™ may be, for example, and without limitation, Br, -

10 BF; or Cl°.

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:

15 , ' | //+\v/ ~

‘wherein X may be, for example, and without limitation, Br~,

BFs” or Cl .

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

20 limitation, an imidazolium salt represented by the formula:
0) o
<—N B N:+ «Z
& .
RS \v/)( R,

wherein R; may be,.for example, and without limitation, ipr
25 and t-Bu; and X may be, for example, and without limitation,

Br~, BF,” or Cl1-.



Br-, -BF4- or d-. WD 2008/115149 PCT/ S&008/ 000079
21 In an enbodi nent of the present invention, the NHC
wa@2d0al1y=49 may be derived from for exanple, anECTGIIO8H00079
l[imtation, an i mdazoliumsalt represented by the
formula: 5 X- - NON whereinyt- may be, for exanple,
and vvithout limtation, trifluoronethylsulfonate
(-Orf), B o]
for exan‘pPean EﬁPogﬁ“‘%E 8%1(%@8“%}%58%%%{195{1‘%%%3% e wse
-catﬁﬂ?@tlmﬁy bbedﬁbﬁvedatabmstfﬁﬁyeb&mﬁbe;V&ﬂdfwbﬂmoﬂbr
exa and wthout limtation, anlmdazollumialt
ll}“é‘p'ngé@ﬁt eéanmtlﬁézPérle{E}I éa%?/l §ep3i%5%te@5 y-thg formula:
NR4 (VI) wherein R4 may be, for exanple, and w thout
l[imtation, 2,6-'"Pr-Ph; R may be, for exanple, and
without limtation, 20 hywdraogen or Ph; and X- may be,
. for exanple, and wi thout Ilmtat|@n CI- I n an
3 enbodi nent, of the pres i nveRtt NN the NHC
catal yst. may be deri ] or exanple, and
“wWthout Iimtation, = '
by the 25 fornul a (VI
PCT/ SG2008/ 000079 22 (VI

wherein X~ may be, for example,  and without limitation,
trifluoromethylsulfonate (70Tf), Br, BFy or Cl'. In an
10 embodiment, X is, for example, "OTEf.

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 (VI):

15 3
_ : ' /' <.X'

wherein R; may be, for example, énd without limitatiqn,
2,6—iPr—Ph; Rs may be, for example, and without limitation,
20 hydrogen or Ph; and X  may be, for example, and without

limitation, C1'.

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

25 formula (VII):
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5 wherein R6 may be, for exanple, and w thout

limtation, 2,6-'Pr-Ph and X- may be, for exanple,
wa@pasmiout |limtation, C-. D. PCT/SG2008/000079

N- Phenyl i soxazol i di n-5-one Derivative In an

enbodi nent, the N-phenylisoxazolidin-5-one 10

derivative that may be prepared in the present

i nvention, my be represented by, for exanple, and

wi t hout Iinitation, a conpound of the formula (1): O

R2 15 0 (I) N Rl wherein h of RL and R2 is as

defi ned anywhere above. parati on of

N- - Phenyl i soxazol i di n- 5- one ivative 20 An

enbodi nent of the process pr&pari ng %?i

N- phen-yl i soxazol i di n- 5- one dexi vative & he present

i nvention may be repreBentéU/Bv Rgor exanpl e, and

Pr

without Ilimtation, the follow ng scheme: WO
2008/ 115149 PCT/ SG2008/ 000079 23 0 O R2 cat al yst,
base / O R H+ \ N=0 solvent,rt R N R2 5 wherein

whegeA noRs K12 Wil R2TPS %%ara%%%e@n%n‘mwét abgvistation,
2, Wt Bouby beh 8ox DA K, tIBOTYkandl d,E RIS §AEG Ut

limitation, Cl .

D. N-Phenylisoxazolidin-5-one Derivative

In an embodiment, the N-phenylisoxazolidin-5-one
derivative that may be prepared in the present invention,
may be represented by, for example,'and without limitation,

a compound of the formula (I):

wherein each of R; and R, is as defined anywhere above.

E. Preparation of N-Phenylisoxazolidin-5-one Derivative

An embodiment of the process for preparlng the

N;phenyllsoxazolldln 5-one derivative of the present

invention may be represented by, for example, and without

limitation, the following scheme:



the follow ng schenme by way of exanple, and w thout

limtation, it is believed that-the nitroso conpound
w@28acti440 as an el ectrophile, form ng C N borcEsG2008/000079

| eading to amdes or (3-amno acid derivatives. 0 O

ON” R-3RR RI- ANNR H#4 R (N: + OR15 CN

RR'R OR R-iii al/ N\ OH 1l 0 CI1 R ILNIiV

NO +N/ OHRI R R QO R | RNii R Path AR

Path BCNOH'7 1 N2 20 Ndl 1 RN=OR OR 2 R2

wherein in the schene Ris phenyl, Rl is as defined

anywhere above and R 1is a hydrocarbon group, 0]

i ncl udi ng tohose .groups defined for R1 as ab%\ée.

| _ catalys.t, base
‘ Rl/\(lLH + N=0 solvent, it > R
' 1

wherein each of R; and R; is as defined anywhere above.

Without being bound by theory, as represented in
the following scheme by way of example, and without
limitation, it is believed thét’the nitroso compound can act

10 as an electrophile, férming C-N bonds leading to amides or
B-amino acid derivatives. |

.0 .
Jo ;
R N . .
Y x Rl/\)j\N’R'
_ [N> 4 OH
R . N
+]$ o) : \R| .
§ N
15. v .
0 .
. \Rl II\I N Rl
/L (0] R
- R ii A . ‘“]\5 /
. o [ N OH
1
_R,] 3¢ Neo-

N\ 'iV ,N—O
*N  oH Ry R R
[ N Y
AR
\
R |
. ’ R ii R Path A IR' Path B
: N OH ,
\\\\‘T’/’ [: — N=0
1 /
20 N dl \— K
. ‘ B \ s
. N=0 - R &

' wherein in the scheme R is phenyl, R;-is as defined anywhere
above and R’ is a hydrocarbon group, including those groups

defined for R; as above.
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WD 2008/ 115149 PCT/ S&008/ 000079 24 It is believed

that coupling of the nitroso conmpound 2 with. the
wheomamikat e equi val ent i (d3 nucl eophil e) forpP®E1/SG2008/000079

internediate nitroxide species ii and iii (Path A).

The nitroxide species iii egan then attack the

carbonyl group of 5 the activated carboxyl ate

iagr | hg t of e
re; 85 BT8P 0 oSG8 D B g TR LS edtiong A eien
thbah‘kmf)@ﬁoialté heguiwshener . (Fotrenilicalphdaryetfiorths

reactions are believed to be the reaction of the d'
mﬁﬁéﬁ“@%bﬁ?? N+ LHP¥hAe hePariedshl c%‘h% ot Patdh ok m tHee
n1ﬂ90§h@¥déﬁé¥fé§nffﬁntgﬁ éhéﬁﬁéttéakftﬁktégkbonyl group of

f-condensation of the enal. In an enbodi nent of
the heC’pIESEﬂCﬂ caveoxybatet hntranﬂmlsbamw ebbaﬂ:cm;hytcm,

nit osobe ne and t

f
ro i 038 SP 2N S0k d P NI S20RL V3T B BB d Bne carbene

cabasgst Th&cRaseri SufbhePatttSovarsy |pdideeh #Ntompeting
"sui tabl e bases woul d be understood to and can b

regetepRfnede byliewse be bedihrryeaiionief thie £ft. In
nu@feo?ﬂ??g' M{tl@fthé h&?fﬁé@”é?&@(&{ﬁ 1PN tf@rrpatc‘k?e may
or exanple, and w thout tation,

N-Wy@rdkpcahnayzhods. 4. 0PandeB) 7ammet2d ﬁﬁi)qorpiﬁmumn of
thtert ut oxi de (KQ Bu), sodium

Bi STErt met hyl sil yl')ami de, potassium

bis(trinmethylsilyl) amde, |ithium i

‘tetramet byl phpenibeiinfe Rt SHOMLIN pi&sdnDUiDxdmieion n e

enbodi ment of the present invention, the base is, for
%x‘éﬁﬁ?%urit%d d‘i’l%&%}BY‘é?cl %{%rgfs@}’%%%‘ée 7angheth ?SN%C?

caPQi @88 MEY B! - BYL OXidRn1 4N éga@&‘@@dime %ré&snce of a

present i nvention, the reactl on may be, for exarrp e,
sughebledbase.- | nTltlheb@aseseﬂcreobfpazatscml@blxe Bihieed .and

sulpgbfglvggésléogfd Bgr&ﬁ gtg{ogd tgnggg can be determined

by those of ordinary skill in the art. In'an.embodiment of
the present invention, the base may be, for example, and
without limitation, 1,8~diazabicyclo[5.4.0]Jundec-7-ene

(DBU) , potassium tert-butoxide (KO*Bu), sodium

_ bis(trimethylsilyl)amide; potassium bis (trimethylsilyl)

amide, lithium tetramethylplperldlne or sodlum
tert-butoxide. In an embodiment of the present 1nventlon,
the base is, for example, 1,8-diazabicyclo[5.4.0]Jundec-7-ene

or potassium tert-butoxide.

In an embodiment of the present invention, the
reaction may be, for example, carried out inAthe'presence of
a suitéble solvent; The solvent is not particulafly limited
and suitable solvents would be understood to and can be |
determlned by those of ordinary skill in the art. Invan
embodiment of the~present invention, the solvent may be, for
example, and without limitation, dichloromethane (CH;Cl;) or

tetrahydrofuran (THF).
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and suitable solvents woul d be understood to and can

be 30 determ ned by those of ordinary skill in the
wa@edos/11s14an  enbodi ment of the present inventiPCT/SGI88/000079

solvent may be, for exanple, and wi thout |imtation,

di chl or onet hane (CH2C12) or,gtetrahydrofuran (THF). WO

2008/ 115149 PCT/ S&2008/ 000079 25 The armunts of the

2, 1- Unsabys aled, ol Jely i ang o NI LASORAIZENS Shgl

be used 1'n t e pres i'nvent'l onare n

-nitrosdleshzSud tiad e mapusd susdd tire th‘:e (parehmﬁi urraiteeiilon are

aldeh%de and. ni trosobenzene woul d be 5 understood to

noY P ERHCBEA Y ey TR by THdHP I BrHar )P 4891 in
o, bhen s turdoLd %Mﬁe afyly Mfﬁ%ﬁoﬂér{%@é L1 q Hwose

of ordinary skill in the art woul d understand that the
unéenﬁmawrm@d:zm desh ydiet el e d rbzsdﬁm&eemda@ary
ted accor di to their stai tr ratl
e R b S bt T Ak R i R
thw@ OFf eSedind My esiion irs (1l d)ﬁftw&i&cardr}ddﬁsrﬂatrﬁﬂ-that the
Suitable anpunts of the N-HC catal yst woul d be

% BreRF 3 ORI 0 AR ANDO HtTRIAENR HbRe greacted
ac@égéfﬁ%ytékﬁﬁélfrEEJ#?ﬁHémeﬂfﬁé”ka qpodlnent of the
present 1nvention amount of the NHC 15 cat al yst
may be, for exanple, and without limtation, less
t han 20 Het %wmdwrt e@@nﬁgﬂ% NE(hdatialot thafi ey dre fused in

thé‘.o %@se%ﬁ ﬂ?v {%tlagld i nCrL.ou‘lgl n&taln%/ I.Sfrelc' fi 1Cr%1vt%<¥e Suitable

-_vv| n i's rang THe teadiion

am@arit $ cof atrhey Nmnctaemhrmdt it e erﬁﬂmgt(ﬁbd |tn:eSand could
ul d be ungi)rst ood to_and can be 20 determ ned

bey %E%r%*n%‘? haBPekiet ¢rtnararikith dh teri?ocﬁﬁtwentln an

em@édirﬁ@n@r§§e’t‘fﬁe SIUA©ON NI TSACH D didiT®yr B NHC
for exanp wi t hout I|mtat|on | ess than 12

cahaly St mabrb%»(afmt €S X Rl & tarminwirtihﬁhttatlmta’trm,l liegs
th&g ?@Q£§l r%%r example, and without limitation from 10 to

20 mol%, and including any spec1f1c value within this range.

‘The reaction time is not particularly limited and

suitable reaction times would be understood to and can be

»determined by those of ordinary skill in the art. 1In an

embodimenit of the present invention, the reaction time may

be, for exémple, and without limitation, less than 12 hours,
for’example, and without limitation; from 1 to 12 hoqrs{ and 
including any specific time within this range, such as, for
example, and without limitation, from 1 to 6 hours or from. 1

to.3 hours.

" The reaction temperature is not particularly

limited and suitable reaction temperatures would be

‘understood té and can be determined by those of ordinary

skill in the aft._ In an embodiment of the‘present
invention, the reaction temperature may be, for example, and

without limitation, room temperature.
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including any specific tinme within this range, such

as, for 25 exanple, and without limtation, froml to
wobmenssieyr froml to 3 hours. The reaction PCT/SG2008/000079

tenperature is not particularly limted and suitable

reaction tenperatures woul dolge understood to and can

be determ ned by those of ordinary 30 skill in the

art. In an eAbOMLERNho0E ShecpL §5£0Lent e Olon { Nehe

reacti on tenperature may be, for exanple, and wthout
N-phahyat sorazodbdihebpenat deeivaVd 20084 164 A9for example,

. PCT/ SG2008/,000079, .26 I n an. e di nent of the present
5SpaEART ORO/ PRAPURE FREAy | | SBXEBRTT il 70 b2 ore A S | ve

pulB¥i B8t ibAr mexapBkewoul §0bat @4aaNEH 864 PE i dh&Ucan be
Sui table isolation and/or purification nmethods woul d

depernhderdsbyotihpgcand cadiners dki bl nincthdyafhoselof
r di nar kKill.in.t . For , ith .

xR Par FoR, “t kbl o P naclr KISPETE oR Rty Bk i
thandetstwvanddt hatiekbeaht pheay| t soxEzphédy hi Sevaeolidin-5-one

derivative may be isol ated and/or purified by
deghvekalggraphPe rethabed aBdABR-PRATEIRY R¥%anpl es of
ch®BRaPhe¢8sa16f mbRRogRr esent invention are described in

nore détail herein. F. Exanples A nunber of the

N- phenyl i soxazol i di n-5-one_ derivatives were not

i sol at edNa@oeliBipbdpaneranpriss deEaphoxpraceon-ahdthe
prEHéhEeEnO¥ﬂ595¥5%§F 5%58?%#8& ?B hBEe GELLYRLLYLS; was

noni tored separately by 1H nuclear nagnetic resonance

(NVMR) studies. In general, for the 1H NMR studies, the
F.bag8gamp@es0 nmol ) was added under argon to a sol ution

of

A number of the NLphenylisoxazolidin—S—one
derivatives were not isolated due to potential '
decérboxylation-and furthér hydrolysis; Formation of the
derivatives wéé monitored sepafétely by 'H nuclear magnetic -

resonance (NMR)‘studies:

In general, for the 'H NMR studies, the base
(0.10 mmol) was added under argon to a solution of .
o,p-unsaturated aldehyde (0.10 mmol), nitrosobenzene
(0.11 mel)>and'the catalyst (0.02 mmol) in the |
corresponding deuterated solvent (2 mlL). The reaction
mixture was stirred at room temperaturé for 1-3 h. The 'H NMR

spectra were recorded difectly.

3-(4-Nitrophenyl)-2-phenylisoxazolidin-5-one was

isolated and further studied by 1C NMR.

4 and '3C NMR spectra were obtained using a

Brucker™ AV-400 (400 MHz) spectrometer. Chemical shifts were

‘reported in ppm from tetramethylsilane with the solvent

resonance as the internal standard. Data were reported in
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ing appewﬂﬁ@ceo%snn

20 a, p-unsaturated al dehyde (0.10 nmol),

ni trosobenzene (0.11 nmmol) and the catal yst (0.02
woreB)i1iim t he correspondi ng deut erated sol veneCT/2G0$/000079

The reaction. mxture was stirred at roomtenperature

for 1-3 h. The 1H NVR specbra were recorded directly.

25 3-(4-Nitrophenyl)-2-phenylisoxazoli di n-5-one was

| at ed andf rther studi 3C NVR. 1 a d.. . 13C. .
EhRBP G A REHE o aPREI hoP Y S r Bokel o Rl PLLcity
we&éogn%@téees%r SRl BEoaGBRBuSAl sShifhg1M€r e ar edp&mp@t

in ppmfromtetranethyl sil ane vvlth t he sol vent .
t ﬁéggpéﬂCé,ag toeakrneér nan émahdaphetthtacvmwkﬂquﬁﬂm$ﬁﬁnts

i) 200 /115%49 PCT/S§53298§/ 00079 27 the follow ng

/ chenPcar Shife |ngppm 8) (multiplicity were
|nd| cat ed by br (broadened), s (singlet), d (doublet),
t (tripl ehaa fql@qwangetaampﬁuﬁﬁsllxtzepéepiréepax:@cﬂ:pémcmgstudled
. _constants ?ﬂ i ntegration; assignment. 5 The
heygbg ﬁr@ﬁ%?%ﬂ and studied in
accordance with the above nethod. _
2, %rglghBH?MYEbﬁgé@ZQHhﬁl—B'—énéne aN-0 O 1H NWR (400
VHz 40-7.00 (m 10H, Ar-H), 10 4.77 (dd,
J =7.6, 9.6 Hz, 1H CH), 3.13 (dd, J = 7.6, 17.3 Hz,

1H~ CH2) , 2. 94. (dd, J 6, 17.3 Hz, 1H, CH2) M5
(ESI) mz 239 (Mm+) , 1 3 120, 104.. :
3-(4-N trophenyl)-2- phenyl i spx i din-5-one NO O 2N

H NMR (400 MHz, CDCl3): & 7.40-7.00 ‘(m, 10H, Ar-H),
4.77 (dd, J = 7.6, 9.6 Hz, 1H, CH), 3.13 (dd, J = 7.6, 17.3
Hz, 1H, CHp), 2.94 (dd, J = 9.6, 17.3 Hz, 1H, CHy). MS (ESI):
m/z 239 (M%), 196, 131, 120, 104. |

3-(4-Nitrophenyl)-2-phenylisoxazolidin-5-one
o

O,N

0O -

'H NMR (400 MHz, CDCl3): & 8.24 (AB, d, Jas = 8.8 Hz, 2H,
Ar-H), 71.62 (AB, d, Jas = 8.8 Hz, 2H, Ar-H), 7.19-7.05 (m,
4H, Ar-H), 6.98-6.95 (m, 1H, Ar-H), 5.14 (dt, J = 2.5, 6.0
Hz, 1H, CH), 3.12 (dd, J = 6.0, 12.9 Hz, 1H, CHz), 2.81 (dd,

~J = 6.0, 12.9 Hz, 1H, CHp). *3C NMR (100 MHz, CDCl3): & 167.8

(Cq, CO), 149.3, 144.9, 135.2 (Cq), 126.6, 124.3, 124.2,
122.8, 120.7 (C-Ar), 62.5 (CH), 38.8 (CHy).



15 1H NWR (400 MHz, CDC13) : b 8.24 (AB, d, J,B = 8.8
Hz, 2H, Ar-H), 7.62 (AB, d, JAB = 8.8 Hz, 2H, Ar-H),
WQ28AR1®@ (m 4H, Ar-H), 6.98-6.95 (m 1H, APCHHG2008/000079
5.14 (dt, J = 2.5, 6.0 Hz, 1H CH, 3.12 (dd, J = 6.
0, 12.9 Hz, 1H, CH2), 2.8,12dd, J = 6."'0, 12. 9 Hz,
1H, CH2) . ‘13C. NMR- (100 MHz, - CDC13) : S 167.8 .20
—( 1 126 124. 3,
3- §qu?E%p%%§%l§ 2 éﬂ;g %&§§§gz&%§&1? 5 Oﬁ%s 8 (CH) .
WD 2008/ 115149 PCT/SG2008/000079 28
3-(2-Ni trophenyl) - 2-phe { soxazolidin-5-one N O O
G NO2 1H NWR (400 MHz, 13). 6.8.00-6.90 (m 9H,
Ar-H), 5.54- (dd, J = 5. Ve 1H CH), 3.49 (dd,
4 (MF) , 266, 249, 224,

J=28.7,. 17.9 Hz, 5 1H, 2.68 (dd, J = 5-. 8,
17. 9 Hz, 1H CH) . m
176, 130, 120, 108, 91, NO,
2- Met hoxy- 4- ( 5- oxo- 2- phenyllsoxazolldln 3-yl ) phenyl
trifluoronethanesul fonate aN, OO MO0 0" 0 F3C ~0 10.

- 1H F\H’I/R\IMROMM-IZMH:(;D@B:)l;; 6 ‘5 "BQ-O0D-®0 90m (m8HOHAr Ay-H) , 5.54

s R AR X P A O RS

1H9 ckf) 3. 2F@8 lbh, Gr2 5.8, 17.9 Hz, 1H, CH,). m/z 284 (M'),
3-(4- Tri f I uor onet hyl )phenyl )-2 phenyl i soxazol i di n-5-0
26fe 24R,0204, 176, 130, 120; 108, 91,7 79. |

2—Methoxy—4 (5-oxo-2-phenylisoxazolidin-3- yl)phenyl

L.

MeO

trlfluoromethanesulfonate

o)

\s’
\
F3C \O

H NMR (400 MHz, CDCls): & 7.70-7.00 (m, 8H, Ar-H), 4.84
(t, J= 8.0 Hz, 1H, CH), 3.84 (s, 3H, OCH3;), 3.20 (dd, J =
8.0, 17.3 Hz, 1H, CH,), 2.92 (dd, J = 8.9, 17.3 Hz, 1H, CHy).

3-(4-(Trifluoromethyl)phenyl)-2-phenylisoxazolidin-5-one

N-©.

J

F3C

o)

'H NMR (400 MHz, CDCl3): & 7.59-7.00 (m, 9H, Ar-H), 4.87
(t, J= 8.1 Hz, 1H, CH), 3.19 (dd, J = 8.1, 17.3 Hz, 1H,
CHp), 2.90 (dd, J = 9.0, 17.3 Hz, 1H, CH,). MS (ESI): m/z 307
(M*), 264, 199, 120, 109. | -
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F3C 15 1H NWR (400 MHz, CDCl1l3) 6 7.59-7.00 (m 9H,
Ar-H)y, 4.87 (t, J =8.1 Hz, 1H CH), 3.19 (dd, J =
wW@2g/115448 Hz, 1H, CH2), 2.90 (dd, J= 9. 0, 1FCBSEE08/000079
1H, CH2) . Ms (ESI): nliz 307 (M+), 264, 199, 120,
109. WD 2008/ 115149 PCT/ SG2G@8/ 000079 29 Et hyl
5- oxo0- 2- phenyl i soxazol i di ne- 3-carboxylate a -ON O O
Y OCH2CH3 1H NWMR (400 MHz, CDC13): b 7.50-7.00 (m
5H, ,Ar-H), 4.62 (dd, 5J = 4.9, 7.5 Hz, 1H, CH), 4.26
(g, J =7.0 Hz, 2H, OCH2), 3. 11 (ne, 2H, CH2) , 1.29
Ethy]l 3-oxd-20phznyBisokEBdlidMe{EStrboxgl 286 (M) '
207, 162, 134, 120, 99. G nnanual dehyde and
nitrosobenzene were observed to react in the presence

of the NHC catal ysts, f ng 10 :

-2, 3-di phenyl i soxazol i di'n qne I n, studies using
different imdazoliumand tfi iumsalts,"it was
observed that nore ster hi ndered i m dazol i um
catal ysts provi ded hi gher s of the product
(Table 1). Azoxybenzene si g}shgé%duct was observed. By
15 nodi fying reactions conditions in accordance with

g rNMRi (00 eXpeS iG-S, tshe. 58R0UND qf, azaxyberEgnescan (dd,
mnimzed. Table 1.. Reaction Conditions for

J NH@Z Qat &t §zB@r SRt hedi s BF 26 N(®hedyTi So%ad®l | i n-@CHne
3.perigvatives @1,)0 1.29 (¢, J= 7.0 Hz, 3H, CHs). MS (ESI): "

m/z 235 (M), 207, 162, 134, 120, 99.

Cinnémaldehyde and nitrosobenzene were observed to
react in the presence of the NHC catalysts, forming
2,3—diphenylisoxazolidin—S—one. In,studies using different
imidazolium &nd triazolium-salts,‘it was observed that more
sterically hindered imidazolium catalysts provided higher

yields of the product (Table 1).

Azoxybenzene side-product was observed. By
modifying_reactions conditions in accordance with routine

experiments, the amount of azoxybenzene can be minimized.

Table 1. Reaction Conditions for NHC—catalyzed Synthesis of

N;Phenylisoxazolidin—S—one Derivatives

Catalyst-Base (20 mol%) -
.Solvent,r.t.,1-3h




5

N=0 20 H + Catalyst-Base (20 non / N O Sol vent,

r.t.,1-3 h WD 2008/ 115149 PCT/ S&2008/ 000079 30 entry
w@22d0al1y=49 Sol vent base yield, %a 1 NON \ ClpPd&E:2008/000079

K&kBu 80 (IPrd) 2 N C THE KOGBu 60 (IMesC) 3 b

N, +- CNNC6F5 BF4 t THE KO3Bu - 4 Iprd CH2Cl2 KO Bu

82 5 1prd Benzene KOBu 50 6 Iprd CH2Cl2 DBU 48

a Yields deternmined by HNVR b Exclusive formation of

N- hydr oxy- N- phenyl ci nnamam de was observed. 5 ¢ DBU. =

1, 8-di azabi cycl o[ 5. 4. O] undec-7-ene. WD 2008/ 115149

PCT/ S&008/ 000079 31 Experinents were al so conduct ed
usi ng the follow ng

entry Catalyst Solvent base yield, %

a

1
Ny
A
cl . _ _
THF KO'Bu - 80

(IPrcCl)
2 .
N=/
+
c |
o THF ~ KO'Bu 60
({IMesCl) o
b . .
3 ) i /N\ + )
Tk | |
4 : : t
- THF KO*Bu .
4 IprCl CH,C1, 'KO'Bu 82
5 IprCl Benzene KO*Bu 50
6 IprCl' CH,C15 " DBU € ' ) 48

2 Yields determined by 'H NMR.

® Exclusive formation of N—hydroxy—N—phenylcinnamamide was

observed.

€ DBU = 1,8—diazabicyclo[5.4.0]undec—7—ene.



catalysts, all in the presence of THE and KO Bu, and
formng 2, 3-diphenylisoxazolidin-5-one in the
wo edoBoviimy yields (99: i) 5 /+ \ wherei n R3=PPCESGE2008/000079
X-=Br-; yield = 14% NNR3 R3 ii) wherein R3=1Pr
and X-=BF4 ; yield = 5% R34l N~-N~ R3 10 iii) RS=
R5 wherein R4=2,.6-'-Pr-Ph, RS=H and X-=Cl-; X yield
ek %enkRd %em@NhlsB4cbﬁhu€FQd Ns%ﬁ tﬁé ggﬂl %?E 95@6
ornmation of N hydroxy-N phenyl ci n ser
catrlypitscesd If dn Ph@parrEﬁgnNeAbﬁoiwﬁhengil KBFm;ecamml forming

o_ Aci d Est Der i vat | ve 2 enbodi
2 ?h@mgr SEA SCRGERL 81ﬁ ~an°n lPSQBﬁsgPE}SVéBgaWEE%e (%)
~may be reacted with nitrosobenzene in the presence of
i)a NHC catalyst to forma N phenylisoxalidin-5-one
deri vagive, and then the N-phenylisoxalidin-5-one
5 derlvatl)IFI\a be t eated with an 25 al cohol in the .
~ presencgof gn aci ¥ 85?&Py§ﬁ BB 3o aBr 7 yield = 14%.
N- al Rg<ypRefiy["Rgr ot ect ed (3-anmino acid ester '
derivative. WD 2008/ 115149 PCT/ SG2008/ 000079 32 In an
enbodi ment of the present invention, a

ii) B
X
ﬁ+ N» wherein RfJPr and X =BF, ; Yield = 5%,
R3/ X “Rs :
10 iii)
RS_ R5 . i » - v -
L . wherein R4=2,6-*Pr-Ph, Rs=H and X =Cl~;
N/ N: X yield = 10%.
Ry™ N+ TRy
iv)

15 over 95% formation of N;hydroxy?N;«
phenylcinnamamide observed.
ITI. Process for Preparing N-Alkoxyphenyl Protected B-Amino
Acid Ester Derivative
20 In an embodiment of the present invention, an

o, B-unsaturated aldehyde may be reacted with nitrosobenéene
. in the presence of a NHC catalyst to form a '

N-phenylisoxalidin-~5-one derivative, and then the’

N-phenylisoxalidin-5-one derivatiye may be treated with an
.25 alcohol in the presence of an acid catalyst to férm an

N-alkoxyphenyl protected B-amino acid ester derivative.
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25

N- phenyl i soxal i di n-5-one derivative may be treated
with an alcohol in the presence of an acid catal yst

wo eooBorswan N al koxyphenyl protected (3-anm noPEDBGE2008/000079
ester derivative. 5 In an enbodi nent of the present
i nvention, the N al koxyphenyl protected (3-am no acid
ester derivative may be deprotected. A

a 1 Unsayr af ednAl dghule, o trosghenzane vent i

on, a
N- Phenyl 1 soxal 1 one rivative and NHC Catélyst

N-plReki skkd 1 2dipedsamne widtieppiecied e bddtirddieed with an

a, (3-upsat urated al dehyde, nitrosobenzene and. t he NHC
21EURG] yF GE° GRECTERER SboR. SGHf TR iy e (TGP
N—@I}%@;aﬁﬂrﬂ@nyi her &t ebesy | p soxahd di bt §- Oee kletd Mvakd tisse .

may al so be used for preparing the N-al koxyphenyl

protected (3-amno acid 15, ester derivative as

descri beln hai egood Brent cohot SR EIRREL gl EEHY ChWo e

- BEgURA oL pRc . ond ot ey IS E1 Bk Prudpe e may

ment of t
bepdesentectwénti on, the al cohol may be, for 20 exanpl e,
and without limtation, methanol, ethanol, propanol,
a but anol ¢ ol . | ment gf_the present

. ph—+F aFcohol Ty b T opT e by, for
N-BKEAPL EsoRAUi M hhodbne | DEFivit Dve 4@ Mir nod wa IRBEH

wherein R8 may be, for exanple, 25 and w thout
limtation, a Cl_6 alKkyl groug i ncl udj ng t hose
groups dBRfnekitbrd RS R ROL hbovRRTE A drtftidi it

va,ﬁé?ﬁgﬁtu9£€§8n£l&8ﬂgﬂéj°Hitf§s8@¥n?@heféﬁdE%%HWNH%

WO 2008/ 115149 PCT/ SG2008/ 000079 33 C. Acid |
catalgbysas THesatidedatdyst whath magy bee usseH i for preparing

thehﬁ¢8ﬁ§§$f£szalidinf5—one derivative, may also be used
for preparing the NLalkoxypheﬁyl protected f-amino acid

ester derivative as described herein.
B. Alcohol

Suitable'alcohols would be understood to and‘can

.be determined by those of ordinary skill in the art. In an

embodiment of the present invention, the alcohol may be, for

exémple, and without limitation, methanol, ethanol,

prepanol, butanol or pentanol}

In an embodiment of the present invention, the
alcohol may be represented by, for example, and without

limitation, the formula RgOH wherein  Rg may be, for example,

~and without limitation, a Ci-g alkyl group, including those

groups defined for Rliand R, above. 1In an embodiment of the

present invention, Rg may be, for example, methyl.
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15

20

invention is not particularly limted. Suitable acid

catal ysts woul d be understood to and can be determ ned
WhoB/11H1ése of ordinary skill in the art. |n aPCT/SG2008/000079

enbodi nent of the present invention, the acid

catal yst may be, for exanplesz and without limtation,

perchloric acid. D. N Al koxyphenyl Protected R Am no

Agi d 4E ivative In an enbodi nent of the present
c.f8ldd %g%%l : 10 N-al koxyphenyl protected (3-ani no

acid ester derivative may be represented by, for
exanpl e, Tardawitthoatal yett ahabnpag beoupednﬂnotheh@resent

ingRhELoRes s bt Rpar bS8 LAkt bl aRgthes SuLbanEe 5B

ca%%l? %@RplanydepBodhaBREt8bdt B8 BhESEBA bévaétéﬁﬁlné@eby
koxyphenyl protected R-am no acid ester

th@éﬁ ¢4t Prdirayybekifdr iexahpl erta NIp- ankemhpAeRgnt of the
nb gcaﬁgeng 8?%nghgcéglgsgg£ag§gkvﬁg%¥§e,Zgo?nexample,

ment O € present 1 nvention,

anN—&hkhbmphemmhtptmbectpdréBiaﬂhﬁOaamdd ester
derivative may be, for exanple a N-p- nethoxyphenyl
VO

NS & v+ BESHRE
N-Alkoxyphenyl Pr ot ect ed R—Anlno ACId Ester

Derivative AR enbediment e6fF the presess ohviheiphpsené
invention for preparing an N-al koxyphenyl protected
N-rlkexyehenyacPgoksEepdder P%PPvéChﬁyeﬁéeF eB?éé‘éﬁFéﬁe may

beb$epr%%eﬁ%éﬁpb9 for example, and w1thout llmltatlon, a»

compound of the formula (IV):

N
M o

L

R | (IV)
wherein each of R;, R; and Rg is as defined anywhere above.

In an exemplary embodiment of'the:present
invention, the NLalkOXyphenyl protected p-amino acid ester
derivative may be, for example, a N;p—alkoxyphenyl protected

B-amino acid ester derivative.

In an embodiment‘of the present invention, the

N-alkoxyphenyl protected B-amino acid ester derivative may

“be, for example, a N-p-methoxyphenyl protected B-amino acid

ester derivative.



and without limtation, the follow ng schenme: OO
Ri. HR2 Ra R2 catal yst, base 0 H/, RgOHU. \ NH 0 +
wWea0Bami49rt RNrt R ORg 10 N=O\ R2 wher ePCI/8G208/000079
of RI, R2 and R8 is as defined anywhere above. An '
enbodi nent of the acid-catali3yzed esterification,
foll owed by the Banmberger-I|ike rearrangenent 15 of
5. BEcPaROeayhi sexazehklypheane Beotyatiyealfhino Acig
prepartT g TNe— IV ar RKOXyphenyT  Protecteu( o5-alr 110 dCl
EseésteDedérbvatreve may be represented by, for exanple
and without Iimtation, the follow ng schene show ng

th d t d ) ' d B -lik
e ac dcat ahyzeg.ng-OPEN nd0d SarberdsiaLLie
1nWEQE&§n0fQH bre%@rﬁﬁgNanoNHélk%kaH@gbﬂN?Ebkécteé EMemino

5 In an enbodi nent of the present Invention, the
5 acpdoesssrf derpveparengayhbeNraPRORgPRedAyPY pr foEcesample,
anf BILAS V0120081118149 RCTESG00840000¢ 9y 35 aci d
ester derivative may’'be, for exanpFe, and witho
[imtation, a one-pot process. In an enbodi nent of t he
present invention, the N-alkoxyphenyl protected
3-am no afid ester derlvatlve may

| ,1iI||
catalyst, base, / H+ RsOH NH O

solvent t

Ry ORg
10

wherein each of R;, R; and Rg is as defined anywhere above.

An embodiment of the acid-catalyzed
esterification, followed by the Bamberger-like reafrangement
15 of the N>phenyliéoxazolidin—S—one derivative for preparing .
the N-alkoxyphenyl protected B-amino acid ester derivative
may be represented by, for example, and without limitation,‘
‘the following scheme showing the acid-catalyzed ring opening
aﬁd Bamberger-like rearrangement of 2,3-

20 - diphenylisoxazolidin-5-one.

25 In an embodiment of the present invention, the

process for preparing the N-alkoxyphenyl protected B-amino



5 be, for exanple, deprotected under mld oxidative

conditions. The process of the present invention nay
woheoossed49 for exanple, and wi thout |imtationPCT/aGE2008@00079

preparation of the natural product

(3-di hydr oxyphenyl al ani ne (($5 DOPA), and 10 may be

represented by, for exanple, the follow ng schene: O

Qb3S BEEiYaR Rl bell Ho8 Byambiel %%EF

1i(2@ andlod),, aKnBupofopeopets)s .PANO, CH2C12, rt, 6
2) HC1X4, MeOH, it, 12 h 15 NH2 O MO/ NH o} HO Meo
Ove HO\ T10 m% enbodi_nment of the presen%.
i nvent i od™ @fle SM6 ém(3§tur?§alt FaPEfSgRGeh)ygntion, the
letuo%m%&ﬁn?r@r&@c%@ WHEmGabakyst @BYekedeb9kative may
exanple, réacted in.the presence of a suitable base.
5 berhddraseampleet dgaroitegitad yndesi méddandidstiivabl e
: ul d be understood to and-can be determ ned by
“q %égé 2% ‘ordinary skill in the art. In an embodi nent
of 25 the present invention, the base.my be, for
exanpl e, Taedprmcebsubflmmgt@tesant lnventlon may be used,

1 8 di azabi cyc| o 4, ndec 7-ene,
oS el GBY SURPGR b Sr ARy | Coby EhanPaBDapEion of
th%pgﬁk%$%34%r%@ﬁk%c%agﬁhggggﬁ%phenylalanine (B-DOPA), and

10 may'be represented by, for example, the following scheme:

MeO. N T£)0, pyridine |~ MeO " H
H  DMAP, CH2Cl2
0 degrees C-rt

HO

(one-pot) PhNO, CH2Cl2, rt, 6 h
2)HC104,MeOH, rt, 12 h

‘ NH, O . NH O
HO | . MeO
Eilm O :I:::]/L\v/u\OMe
HO ’ : TfO

In an embodiment of the present invention, the

78 % yield ' 1)catalyst (20 mol%), KOtBu

20 o, B-unsaturated aldehyde, nitrosobenzene and the NHC
catalyst may be, for example; reacted in:.the presence of a
suitable base. The base is not particularly limited and
suitable bases would be understood to and-can be determined
by those of ordinary skill in the art. In an embodiment of

25 the present invention, the base may be, for example, and
without limitation, 1,8-diazabicyclo[5.4.0)undec-7-ene,

potassium tert-butoxide, Sodium bis(trimethylsilyl)amide,



10

15

<20

25

30

36 potassiumbis(trinmethylsilyl) amde, I|ithium

tetranet hyl pi peridine or sodiumtert-butoxide. In an
weepmedisrent of the present invention, the baseP¢BHS$G1008/000079

exanpl e, 1, 8-di azabicycl o[ 5. 4. 0]undec-7-ene or

potassium 5 tert-butoxide. ;kn an enbodi ment of the

present invention, the reaction of the

3-unsat ur at ed al deh ni tr osobenzene and the NHC
pofat SVRTB 8] Eh St B TRETL) S {ER P ERAE R T s
tepreseneelpipar sditabbe sedmanttedhersodyedd. i stmain 10

particularly limted and suitable sol vents woul d_be
empedirenbodf t Bhaneresenbel et Hhed By RaRReldf for

ex%ﬁgggary,8§5£££aﬂafc§?ﬁ% P .fﬁ.dfhr?cﬁ‘e@-n‘gggi{g& e;gcgtn% e"um

eht "I nventi on, vent. may

Vteandbmtbhbde. limtation, dichloronethane or

tetrahydrofuran. 15 The anounts of the

a, (3-unsaturated aldehyde and .nitrosobenzene it hat '

e beod. Th T ReSHR SLERE Ao P bR 1! (Y
refatibgubartiel & pLetlsa it d odd 62 PddkdS, olithesobenzene and

‘a,&s-unsaturated al dehyde and ni trosobenzene woul d he
thandBf sEabal Yot aRdY cadr bECHet MR Hed PATFHRB LW 1n the

| orbghoarye20 skillpio theart. Ffe exarple, podyithout

Imtation, those of ordinary skil e art woul d
pauhidenséahd 1haitéeteand, $3:uasht usal eenad dedybd zend

i trosohenzene .ma e reacted., according to their.
undpbt ERPaneer A GPT o0° THE" GHBLNTY ofY { HEORRIC LAt AT RREY
skthat inayhbeadsed if arSehb@dPHESENS T | tveNbrOKens not
_particularly limted. Suitable anmpunts of the NHC
ingaRhigst Woal Bobecuhder¥iodd tor atpERke, MYt B Hed
1iRYLPOSE, oéi?ﬁgﬁf_’@rﬁé!tﬁ}ﬂlé Lo e & DB bro b 80,

enbodi nent of the present 1nvention; the anount of

the. NHC catalyst may be, for exanple, and w t hout
limtati 8he amegnts of the o, f-unsaturated aldehyde and

nitrosobenzene that may be used in the present invention are

not particularly limited. Suitable amounts of the

o, B-~unsaturated aldehyde and nitrosobenzene would be

understood to and can be determined by those of ordinary
skill in the art. For example, and without limitafion, »
those of ordinary skill in the art would understand that the
o, B-unsaturated aldehyde and nitrosobenzene may be reacted

according to their stoichiometrié ratio.

The amount of the NHC catalyst that may be used in
the present invention is not particularly limited. Suitable
amounts of thé NHC catalyst would be understood to and can
be determined by those of ordinary skill in the art. 1In an
embodiment Qf the present invention, the amount of the NHC
catalyst may be, for example, and without limitatidn,»less
than 20 mol%, for example,'and without limitation from 10 to

20 mol%, and including any specific value within this range.:
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30 than 20 nmol % for exanple,-and without [imtation

from10 to 20 nol% and including any specific val ue
wowrdRiimsithi s range. WO 2008/ 115149 PCT/ SG008/ PODSGH08/000079

37 The reaction tinme for the a, (3-unsaturated

al dehyde, nitrosobenzene andt he NHC catal yst is not

particularly limted and suitable reaction tlnes woul d

unde 0 P;8nd r of
ordlnaryrhzé gg?% h t gﬁgr?grﬁﬁﬁgﬁygﬁggl nent t he
alpekgeat nlhﬂ@ﬂ@benzenaeameatmeOMHG|¢E£a&usﬁuasfmnt

exa e, -angd. t hout m ess than 12 ho
pafp RSP h e d bt o € e are T Jae ¢ Bl e
unfeHEBood@NEo | gl UEAAIbANYet SPREAEH Co | o Y4 tdif Notdlfary
range, such as, for exanple, and 10 w thout

skilhitattlen, aftom Int an gepe@ sment o Hntle tRrSSeRiur s.

inJDBG1EREILAD, HEUBPLA U Snlche 6o &, JoLTSAIMIAL S

w1phbhtcuimitatioﬂ1tEdsanﬂhSM|12bh@uf£ﬂCfoﬁﬂExample, and
tenperatures ,woul d be understood to and_ can be

wiGRPRE nt HRUE B PRoseTOF 150 of dli P ySsi@hd InChiding tany
spbBialcepbedi PephiRf thDe PERSENtsudRVEDL i Ak dhfnple, and
reacti on tenperature may be; for exanple and W t hout
withaitat iohtarbom t Enper at tee® Mherainpuniret 1 Heo azilpurs.
catal yst that nay be used in the present invention is
not part I S
t he amdhgé%tfl éé%i%%hf%ﬂgé?%% e?s?%%geéﬁ(QQ%gﬂigégéfated
aldehpda1nnﬂtbqs®heseené @ndlnnﬁyNE®|¢italy$Melarmot The

hen SO din one derivative
paENac Tt Relk) LRoPeRnard napher b ety ol o Comsetatires
woaaatb§Uuﬁ<ﬂéys£baut £6. ati £3R| 8 adBHOE B BEd I ZPose of
N- phenyl i soxal i di n-5-one derivative and the al cohol

or@gnpraY bekibhdbrsEbBdarh- andincan webediReRt refl Bye theRRent
1n9£n9{gﬁpafﬂe reaction temperature may be, for example, and

without limitation, room temperature.

The amount of the acid catalyst that may be used
in the present invention is not particularly limited and
suitable amounts of the acid catalyst would be understood to

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

The amounts of the N-phenylisoxalidin-5-one
derivative and the alcohol that may be used are not
particularly limited. Suitable amounts of the
N-phenylisoxalidin-5-one derivative and the alcohol would be
undefstood to and can be determined by those of ordinary
skill in the art. For example, and withbut limitatidn,
those of ordinary skill in the art would understand that a

stoichiometric excess of the alcohol may be used.

" The reaction time for the N-phenylisoxalidin-5-one
derivative and the alcohol is not particularly limited and

suitable reaction times for this step would be understood to
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skill in the art. For exanple, and without limtation,
those of ordinary skill in the art woul d understand

WO bas/ 185145t oi chi ometric excess of the al cohol PeEESG®08/000079
used. 30 The reaction tinme for the
N-phenyl i soxal i di n-5-one dagivative and the al coho
i s not partiCuIarIy limted and suitable reaction

i mes is s d be upderstood to
anoBER: h81 46 bEnTee8 B8 biaSS e P St L Aety Sl in the are.
IndﬁheéﬁbﬁﬁﬂmébfttB@S’@h@fpﬁéﬁéﬂi\arynﬁésmtiomn the Bedctidm time
an enbodi ment of the present invention, the reaction

mayj kg, AAY Béampb@,e%%ﬁprth%%e WiPhbaE PR i 188§ orhan

I ha 4 f t
24 O P Rar paaoTe  Bhd OB e B hy ©°
24speuréLcandnénmiuﬁlngthms spageflchrmeaB1tmzm this range,

exanmpl e, _and wi t hout I|n1t ti ro to 1 S.
suShetReatef o HaRper attiovt roghet hEPRE1SR, YRt %o
12Nnhphesy! i soxal i di n-5-one derivative and the al cohol is

not 10 particularly Iimted and suitable reaction

t enperatures woul d be understood to and can be

det er mi néBebyeRAbsRN oF CIPRF AT REF YISk FRhein the art. In
N;?HeﬁgQQQbQEEEdQB SDS?Qf&éfﬂ&aFi9¥eQ£a°€hetchéﬁ@@tié"hot

ature may or exanple d wthout
pattmchéarbm,limbhedeap@rauuteblgsréacahosnb@ﬂ@aﬁwmuxﬁs

wob 38 Rer B Her i e cFCaBP Ry BT Ve ry DL ForDEx el Of

ortsahatedkand/ on puei bired. Hyi dabéebolsatati 60 aie/®fesent

purification nethods woul d be understood to and can
lnH@naéPérnFH@drﬁ9CFh@@et%mp%FaFHa?ymék.Pﬁruﬁ0¥h%X%WRler and

w1%9059rl§ﬁ§€Q£§onangoﬁhtBgﬂﬁekéﬂhiét'on those of

di nary skil In the art” woul d understand .that the
N—alkoxyphenyl protected (3-am no acid. ester
deri vati va ﬁﬁyebboﬁSEEBte@f the present invention, the

N-alkoxyphenyl protected P-amino acid ester derivative may
be, for exémple, isolated and/or purified. Suitable
isolation and/or purification méthods would be understood to
and can be determined by those of ordinary skill in the art.
For example, and without limitation, those of ordinary skill
in the art would understand that the N-alkoxyphenyl
protected B-amino acid ester derivative may be isolated

and/or purified by chromatographic methods.

o The conditions for deprotecting the N>alkoxyphenyl
protected B-amino aqid ester derivative are ndt particularly
limitéd and suitable conditions would be understood to and
can be determined by those of ofdinary skill in the»art. In

an embodiment of the present invention, the N-alkoxyphenyl

.protected PB-amino acid ester derivative may be deprotected,

for example, and without limitation, under mild oxidative

conditions.’
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'V%ﬁ§§medaﬁdtﬁh§aF@Féﬁéé ¥ggeddduted wi

and/ or purified by chromatographi c nmethods. The
conditions for deprotecting the N al koxyphenyl 25
w@emsactied (3-am no acid ester derivative are POL/SG2008/000079

particularly limted and suitable conditions would be
understood to and can be deferm ned by those of
ordinary skill in the art. In an enbodi nent of the

present N%%egEhﬁﬁanEhSx§mgh59X¥Eh8H%eprBEQEQCdeghe30

(3-am no acid ester “derivative nma deprotecte

rk@enexampbetlandawetUestrhbaﬁtahlmnreuddEaiM1hdrein.

oxi dative conditions. WO 2008/115149
- ngéggﬁgg8/000079 39 Non-limting exanples of one

: the present invention are described in

nore detail herein. F. EXAMPLES All reactions were

per f or med1iln revenidhsedetd4pe)r fobmed ihaﬂﬁedFﬂeded (140°C)

gl assware under an inert atnosphere of dry N2
orarfgléﬁle-ﬁurpegor;&éﬁtsyaﬁér énaﬁﬁyapoageahdabmpéﬁagéa Pfoffy N2
h anrFl 0 a r

B T O e S S R P 0 el e
Algiolch, ot0 FAutkeesobenzene (0.51 ml) and the catalyst

(0.1 mmol) in dichloronethane (2 nL). The reaction

m Xture @@ﬁ st rfd at roonwtggggr n(ﬁyre for 1- 3 h
and- 1 e

The sol vent %a§6renove uhder®<vatuu reS|due
soW%%l@'rﬂ wtred, Wdﬁbd@lfﬁt@i él%éﬂy)d foold awed )by

addi tion of perchloric acid (3-5 drops) The 15
nlmr@ﬁ@b@nwagest@rﬁédmaplﬁocnﬂtEhpecatalgscvéﬁnigmmolrhén

Lvent S _rengve accuo and the residue was _
: dﬁéﬁ Gred Wt R g%z&%é G&185t F k&4 aqueo\é\glrred at

roNaHCERhpelkA thikk. £olke 1 aqheomﬁelaweveMQSWesttambeédmhhher
CH2C12 (10 nL x 2). The conbi ned or%anlc | ayer was
h methanol (5 mL),
followed by addition of perchloric acid (3-5 drops). The

mixture was stirred at room temperature overnight. The:

solvent was removed in vaccuo, and the residue was diluted

with CHZCIZY(5 mlL) and saturated aqueous NaHCO; (10 mL). The
aqueous layer was extracted with CHo,Cl, (10 mL x 2). The
combined organic layer was washed with saturated aqueous
NaHCO; (10 mL) and then brine (10 mL), dried (MgSOs), and
concentrated. The pure product was obtained through flash
silica gel column chromatography of the residue using hexane

and ethyl acetate as the eluents.

In general, reactions were monitored by thin layer
chromatography using 0.25 mm E. Merck silica gél coated
gléss plates (60F—254) wiﬁh UV light to visualize the course
of reéétion. Flash column chromatography was performed using

CombiFlash™ (ISCO, Inc.).

Chemical yields refer to pure isolated substances.
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20 NaHCG3 (10 mL) and then brine (10 niL), dried
(MgS™), and concentrated. The pure product was
w@bdoaiirsaab t hrough flash silica gel colum PCT/SG2008/000079
chr omat ogr aphy of the residue using hexane and et hyl
acetate as the eluents. In ggperal, reactions were
noni t ored by thin Iayer 25 chr omat ogr aphy using 0. 25
mm E. Mepck sk ica g ( )
with o Fegneneater 88arPBl fles SRR s o B Ry ol was
coEHa&hedohsmngchh@ﬂ&ﬁ@gﬂhn@yzwaQ peipdkede e itsi GEMS- QP2010
Conbi Fl ashTM (1 SCO, Inc.). Chem cal yields refer to
pure isolated sybstances. WO 2008/ 115149
PCT/ SG2008/ 35076 "4¥61eas @ﬂgaﬁﬁ%SgF%5ﬂ9aﬁ%§sspeCtra were
ob\%e%teem%tlmj s%b{@){ews Achrm@uc(tzm Wiz g spRi-hRdALT M-,
10 coupled wth GCMsS-QP2010. 1H and 13C nucl ear
Chﬁmgneﬂuéhnétcnance speertadm@ﬁeppmtﬁrﬂ@dtﬂgr@@ehhy181lane
ucker TM, AV- 400 (400 NMHz) _s te t al
Wl%ﬁ %5 mgﬁgepgpg?%gaaPﬁep%ﬁ1gg%n1?ggane y?s n%%e bata
weWbthebetéd|iﬁnthéeﬁemaﬁwﬁngsotﬁerlanémabastﬁhﬂﬁtdln
Data were reported in the follow ng order: chem ca
ppghi(Hi (mulppniie}tYnmerepim@1©§tmérby|mdu6@rQ§ﬁ¢nedw,

> (BBBIEET Y 8o TabERAPE ol b FEiBoabY 1ng LeheERREE {5

m Hmhlthpﬁégbatl@Bupl@ﬁglgBHEﬂhntEhleOHhDWAngté@ﬁpﬂﬂ@ﬂs
were prepared in accordance with the above nethod.

asgEERYETS- (4- met hoxyphenyl ami no) - 3- pheny! pr opanoat e
MO NH O 15 1H NMR (400 MHz, CDCl13) : 6 7.39-7.25 (m

SH, Ar',Hk‘he @ozlo@ﬁﬁg compounds were prepared in

accordance with thé above method.

Methyl 3F(4—methoxyphenylamino)—3—phenylpropanoate

NH O

OMe

4 NMR (400 MHz; CDCl3): & 7.39-7.25 (m, S5H, Ar-H), 6.71 (AB,
d, Jas = 8.4 Hz, 2H, Ar-H), 6.56 (AB, d, Jms = 8.4 Hz, 2H, Ar-
H), 4.77 (t, J = 6.4 Hz, 1H, CH), 4.32 (br s, 1H, NH), 3.71
(s, 3H, CHs), 3.66 (s, 3H, CHs), 2.84 (d, J = 6.4 Hz, 2H,
CHz). 3C NMR (100 MHz, CDCl3): & 171.7 (Cg, CO), 152.6,
142.0, 140.3 (Cq), .128.8, 127.5, 126.4 (C-Ar), 115.6, 114.7
(C-Ar), 56.2, 55.7 (OCH3), 51.9 (CH), 42.5 (CHa). '
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d, JAB = 8.4 Hz, 2H, Ar-H), 6.56 (AB, d, JAB = 8.4 Hz,
2H, Ar- H), 4.77 (t, J = 6.4 Hz, 1H CH), 4.32 (br s,

wdabhosMiige 3. 71 (s, 3H, CH3) , 3.66 (s, 3H, CH3T/SQ208%000079

(d, J = 6.4 Hz, 2H 20 CH2') . 13C NMR (100 Mz,
CDC13).: 5 171.7 (Cq, CO), é§2'6’ 142.0, 140.3
(Cq), 128.8, 127.5, 126.4 , 115.6, 114.7

- ,  56.2,.. 55 7 4
eb by 116745° Wg@%ré‘%%%m% 5 ARt RropdiBate
3- (4- met hoxyphenyl am no) - 3- (4-ni t rophenyl ) pr opanoat e
MONHO JD-'"~ WM NVR (400 MHz, CDCl13) : b
'8.18 ,(AB, d, JAB = 8@@0 2H, Ar- H), 7.57 (AB, d,
JAB= 8.6 Hz, 2H, Ar-H), HBp d, JAB = 5 8.8 Hz,
2H, Ar-H), 6.48 (AB, d, JAB 3 8.8 Hz, 2H, Ar-H, 4.87

(dd, J = 4.6, 6.8 Hz, 1 ¢br s, 1H NH),
3.70 (s, 3H CH3), 3.6 3H, CH3), 2.83 (dd, J =
7.9, 15.3 Hz, 2H, ~¥13C NMR (100 MHz, CDC13) : b

171. 1 (Cg, CO , 152.7, 150.2, 147.3, 140.1 (Cg),
) 135421 2134:8 10 , _
HWR %46'1?- H‘z (%D%”l)b_b% 2218 %B E'j Ng%(ESB 655{26 2H OAr |

(W) DT12%&B, 241, JiR 2, 81(68HzM=32Hy| Ar H) 6 70 AB d JAB =

o b PRICYBRE Ko EMRSAA7 B poBery) eoopesests,

d(ioldJ 4 ac 6 26. 8 @zj-izm,’LH:HN 41§0H)br7s,7BH;(d1dH J F.70 (s,
1. r@ g = 1.2, 8.0 Hz
3H1kﬁHw%hk§ . ha!(%ﬁ S 1228 GdeJ TH/ - Re- lp. 3 Hz, 2H,

CHp) . '>C NMR (100 MHz, CDCls): & 171.1 (Cq, CO), 152.7,
150.2, 147.3, 140.1 (Cq), 127.4, 124.1 (C-Ar), 115.2, 114.8
(C-Ar), 55.6, 55.3 (OCH3), 52.1 (CH), 42.1 (CHp). MS (ESI):
m/z 330 (M%), 257, 211, 122, 108.

“Methyl 3—(4—methoxyphenylamino)—3—(2¥nitrophenyl)propanoate

NH O
' OMe
NO,

4 NMR (400 MHz, CDCls): & 7.97 (dd, J = 1.2, 8.0 Hz, 1H, Ar-
H)y, 7.73 (dd, J = 1.2, 8.0 Hz, 1H, Ar-H), 7.56 (dt, J = 1.2,
8.0 Hz, 1H, Ar-H), 7.41 (dt, J= 1.2, 8.0 Hz_', 1H, Ar-H),

6.68 (AB, 'd, Ja = 8.8 Hz, 2H, Ar-H), 6.45 (AB, d, Jas = 8.8
'Hz, 2H, Ar-H), 5.40 (dd, J = 4.3, 7.9 Hz, 1H, CH), 4.30 (br
s, 14, NH), 3.69 (s, 3H, OCHs), 3.67 (s, 3H, OCHs), 3.04 (dd,

J =4.3, 15.3 Hz, 1H, CHp), 2.81 (dd, J = 7.9, 15.3 Hz, 1H,
CHp). 13C NMR (100 MHz, CDCls): & 171.4 (Cq, CO), 152.6,
148.9, 140.0, 137.7 (Cq), 133.6, 128.6, 128.4, 125.0 (C-Ar),
116.4, 114.8 (C-Ar), 55.6, 52.0 (OCH3), 51.4 (CH), 41.2
(CHz) . MS (ESI): m/z 330 (M%), 296, 257, 237, 122, 108.
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6.68 (AB, d, JAB =. 8. 8 Hz, 2H, Ar-H) , 6.45 (AB, d,

JAB = 8. 8 Hz, 2H,,Ar-H), 5.40 (dd, J =4.3, 7.9 Hz,
wabhosTHg9 4. 30 (br s, 1H, NH) , 3.69 (s, 3H, EXFSF2008/000079

3.67 (s, 3H OCH3) , 3.04 (dd, 20 J = 4.3, 15.3 Hz,

1H, CH2), 2.81 (dd, J = 7.94515.3 Hz, 1H CH2) . 13C

NVR (100 MHz, CDCl13) : b 171 4 (Cq, , 152.6,

Me%*e% 4 ‘%&%tm%%%e%ﬂ%%s 5 @%%%é%@éd)p]@fq‘fate

41.2 (CH2) . MB (ESI) : nfz 330 (M) 296, 257,
237 122 108. V[)ZOOT:iiii:j PCT/SG2008/000079 42
Met hyl

3- (2- nmet hoxyphenyl am n -@pi trophenyl ) pr opanoat e

0 W& CNH O N2~ 1H NWVR (440 CDC13) : -b 7.98 (dd,
J=1.1 8.0 Hz, 1H A , gdd, J = 1.1, 8.0
Hz, 1H, Ar-H), 7.54 ( .= 1.1, 5 8.0 Hz, 1H Ar-H),
7.40 (dt, J = 1.1, 8.0 Fz, M, Ar-H), 6.77 (dd, J =
1.9, 7.6 Hz; 1H, Ar-H), 667(dq,J=20 7.6 Hz,

2 Js=q1 6 - 5513 _
%%?aﬁﬁ(ﬁ%b@éﬂ gxkgg§ o=71 98 é}ﬁ pz iFh A - b%Hz Ar
Hz7 - 69 H( d<N|—|)J 3, 901(58 @H;Iz CIEH-B)AI-Si)GQ ‘(854 3wt,oc;ma 1.1,

4. _
8. C?‘gl 3 th %?Qil‘?t'lgé l\ii\l/g"( %aﬁﬁz Blgbc%g‘i By
6. 171 dd;(Cq CD)9, 148.8z, 146.2-H37.8,613T, (£ ,2.0, 7.6

133 7, 128.4, 128.3, 125.0, 121.1, 117 5, 1108,

Hzp o6 Ry 65856(ddp ¢ T Oory) 7 50. B2 ( Gy, Ayl 5-53
b%é?k@) g Moy $ESY) o udl 21830ck MY 5,385y 297, 512%. 408,
1HA-NI2} Med hoRy tar bdty | 9CHs)(.4-Irehabey pliéhy (0fizhe) 8t AFI {dd,
g rephoxyphegyl, trifl ugggmethane o fopate NeOMNAD Y, - 1y,
CHp). '*C NMR (100 MHz, CDCl3): & 171.1 (Cq, CO), 148.8,
146.9, 137.8, 135.7 (Cq), 133.7, 128.4, 128.3, 125.0, 121.1,
117.5, 110.8, 109.6 (C-Ar), 55.6, 52.0 (OCH3), 50.3 (CH),

41.5 (CHp). MS (ESI): m/z 330 (M%), 257, 207, 123, 108.

4F(2—Methoxycarbonyl)41—(4—methoxyphenylamino)ethyl—2—i

‘methoxyphenyl trifluoromethéne sulfonate

o NH O
'HO

e NMR (400 MHz, CDCl3): & 7.18 (d, J = 8.4 Hz, 1H, Ar-H),
7.09 (d, J= 2.0 Hz, 1H, Ar-H), 6.99 (dd, J = 2.0, 8.4 Hz,
1H, Ar-H), 6.73 (AB, d, Jas = 8.8 Hz, 2H, Ar-H), 6.51 (AB, d,
Jas = 8.8 Hz, 2H, Ar-H), 4.73 (dd, J = 5.8, 7.6 Hz, 1lH, CH),

"4.32 (br s, 1H, NH), 3.89 (s, 3H, CH3), 3.72 (s, 3H, CHs),

3.68 (s, 3H, CHs), 2.79 (ddd, J = 5.6, 5.8, 7.6 Hz, 2H, CHy).
13c NMR (100 MHz, CDCls): & 171.4 (Cg, CO), 152.6, 151.6
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MeO V& TfO 1H NVR (400 MHz, CDC13) : b 7.18 (d, J =

8.4 Hz, 1H Ar-H), 7.09 (d, J = 2.0 Hz, 1H Ar-H),
WG209/1(xey J = 2.0, 8.4 Hz, 20 1H, Ar-H)., 6.FGI/§$E®08/000079

d, JAB = 8.8 Hz, 2H, Ar-H), 6.51 (AB, d, JAB = 8.8 Hz,

2H, Ar-H), 4.73(dd, J = 5.8, 43.6 Hz, 1H, CH), 4.32 (br

s, 1H NH), 3.89 (s, 3H CH3), 3.72 (s, 3H CH3),

687445 ) 13729 79 8. 7706

Cé& %4& 4 ;hoc§?3%§lm;2?c Add, ?17 §1g? éyl7lizo(%qﬁz,
CqCO:)_'s A52 %, 6,191 76 MO 12608/, 1]]51]44-58 R@P&GZOOSJJ-O@OGEQI)

56330  00p. T0gk) g O 1sG WA s hs° 184y Tz 463

(M()C,-Agéo, 1Adls 0 A<&)) ,12586. 2, '55.6 (OCH3), 52.0 (CH),
42. (CH2) M5 (ESI): mz 463 (M), 390, 299, 256,
122. Met hyl 4-(2- net hoxycar bonyl ) -1-(4-
Meﬁévﬂaoﬁyéﬁeﬁ?ﬂa@%h@%@my} penibate MO ~aNH 0 W  Meo-

00 (AB, JAB = 8.2 Hz,
me ﬁ&%h‘%@%ié@?ﬁ@g&ﬂé%ﬂzo% Hz, 2H Ar-H), 6.69.
(A3, d. JA=8.4 Fe 10 2H A-H),'6.50 (AB 0, IAB -
8.4 Hz, 2H Ar-H), 4MD(g~J = 6.7 H, 1H CH), 4.25
(br s, 1H NH), 3.90 (s, CHS) . 3.69 (s, 3H
CHs): 3.65 (s, 3H CH3), X80Ndldo J = 5.7, 7.6 H,
oH, CH2) . 13C NWR (100 < . 5 171.4, 166.8
(Cg, ©O, 152.5 1478 (1405 T30Me 129.4 (Co),
126, 4, 115.2, 114. 8V&G '55.7, 55.6, 52.1 (CH),
52.0 (O0HB), 42.3 (CHR)l

'H NMR (400 MHz, CDCls): & 8.00 (AB, Jzs = 8.2 Hz, 2H, Ar-H),
7.45 (AB, Jps = 8.2 Hz, 2H, Ar-H), 6.69 (AB, d, Jus = 8.4 Hz,
2H, Ar-H), 6.50 (AB, d, Jas = 8.4 Hz, 2H, Ar-H), 4.81 (t, J =
6.7 Hz, 1H, CH), 4.25 (br s, 1H, NH), 3.90 (s, 3H, CHs), 3.69
(s, 3H, CH3), 3.65 (s, 3H, CHs), 2.80 (dd, J = 5.7, 7.6 Hz,
2H, CHp). *C NMR (100 MHz, CDCl3): & 171.4, 166.8 (Cg, CO),
152.5, 147.8, 140.5, 130.1, 129.4 (Cq), 126.4, 115.2, 114.8
(C-Ar), 55.7, 55.6, 52.1 (CH), 52.0 (OCHs;), 42.3 (CHz). MS
(ESI): m/z 343 (M%), 270, 122, 108. |

Methyl 6-(2-methoxycarbonyl)-1-(4-
méthoxyphenylamino) ethyl)naphthalene-2-carboxylate

- NH O
o ‘ OMe
MeO 3
0

'H NMR (400 MHz, CDCl;): & 8.58 (s, 1H, Ar-H), 8.05 (dd, J =
1.7, 8.5 Hz, 1H, Ar-H), 7.93 (d, J = 8.5 Hz,_lH Ar-H), 7.88
(s, 1H, Ar-H), 7.84 (d, J = 8.5 Hz, 1H, Ar-H), -7.57 (dd, J =
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(ESI): mz 343 (W), 270, 122, 108. Methyl
6- ( 2- net hoxycar bonyl ) - 1- (4- net hoxyphenyl am no) ethyl)
wo2pktiishkene- 2- carboxylate MeO NH O Ove  MeO BCT/2G20081000079
NVR (400 MHz, CDC13) : 5 8.58 (s, 1H, Ar-H), 8.05 (dd,
= 1.7, 8.5 Hz, 1H Ar-H) 447. 93 (d J = 8.5 Hz, 1H,
-H), 7.88 (s, 1H, Ar-H), 7.84 (d, = 8.5 Hz, 1H,

7 (gd, 8 9 CTLS 084,009Q79,
- 29" sl 14D W’%é’g &&%gl‘?mg 5098 2 g ferr
™, (RB; H, §,578(ABsz 20/BRz-8) 4 &k942HddArJH% 547947 6
=57 7.6 H, 4. 1
Hz g, b, (SH) aH %9ijr35681%s Ig}%H%‘ig) 3. 8 gﬁ 311368 (3,
3HC"6913 2Bl Mﬂs J3H- TH, i) , 1268HZ,(adtl 5= C*5|Z)7 718CHAIVRy Y,

I\/HzCDC : 5, 167. 2 (Cq, ), 152. 4,
CHﬂ.)4-2 1?(: ¥MB. vloqslsﬂs, qaczlo (@)L 711.30. 8,671.3D. (L4, 189)2

APl 13] 30608 138568 1 R 2 7 B o g 2.

(C4Rr D, (i) 3 Meghyl 135(4; nEZﬁozyphEDyd)ammﬁ}S 1%5. 2L,0 114 8
trifluoronet hé %)phenyl ) pr o anoat e
0

(CFBD » 1ROARR MR ; O ctod 6527359%&8 4J%e<§ —‘%*221
Hz, 2H, Ar- H) 7.51 (AB, JAB 8.4 Hz, 2H, Ar-H),

Mebny2 §AB4-fetdbByphénd1lino) -3~ (4-

trifluoromethyl)phenyl)propanoate
NH O
FsC .

IH NMR (400 MHz, CDCl3): & 7.59 (AB, Jap = 8.4 Hz, 2H, Ar-H),
7.51 (AB, Jas = 8.4 Hz, 2H, Ar-H), 6.72 (AB, d, Jag = 8.4 Hz,
2H, Ar-H), 6.51 (AB, d, Jas = 8.4 Hz, 2H, Ar-H), 4.81 (t,.J =
6.7 Hz, 1H, CH), 4.20 (br s, 1H, NH), 3.71 (s,‘ 3H, CH;3), 3.68
(s, 3H, CH3), 2.82 (dd, J = 5.6, 7.2 Hz, 2H, CHp). 'C NMR
(100 MHz, CDCls): & 171.3 (Cq, CO), 152.6, 146.6, 140.4 (Cq),
129.7 (g, J='32.0 Hz, Cq,), 126.7 (C-Ar), 125.8 -(q, J = 3.8
Hz, C-Ar), 125.6 (g, Jer = 270.4 Hz, Cgq, CFs3), 115.2, 114.8
(C-Ar), 55.6, 55.5 (OCHs), 52.0 (CH), 42.4 (CHz) . MS (ESI):
m/z 353 (M*), 280, 122, 108.

J
Ar
T 44

bD

1-Ethyl 4-methyl 2—(4—methoxyphenylamino)succinate'

SNH O
EtONOMe

o)



2H, Ar-H) , 6.51 (AB, d, JAB = 8. 4 Hz, 2H, Ar-H)

4.81 (t, . J =15 6.7 Hz, 1H, CH), 4.20 (br s,
wdbhosMiig 3. 71 (s, 3H, CH3), 3.68 (s, 3H, CH3pCT/SQ2082000079

(dd, J =5. 6, 7.2 Hz, 2H, CHZ) . 13C NWVR (100 MHz,

CDC13) : 5 171.3 (g, CO, 1@2 6, 146.6, 140.4 (Cq)

129.7 (q, J =32. 0 Hz, Cq,) , 126. 7 (CAr) , 125.8 -

by 8 ey petahl Ge e bttty e

(,CH).,6742AB (EHZ),; MBS 8(.BSIHz, 2m,z A353)(Me). 36 280, J1226.0

- Et hyl
’HZZ (U’I!Jngﬁ}%oiﬁpﬁ@m?ﬂgm HoFsdcer nat & BReo2i: Nefld, 3-75 (s,
BHE—IQIQI' . I\/E—Iz 55/ 1]2538439 F&?T/JS@%O%/ 9900591 éﬁz

5 2.8, (b2 ALE, HNH 6. 678§>ABt 47 3AB. & Bro b, 2H) ALE)IIR

8 ele. Pl ot S 1030480 552 Sl (ca),

113..89 QdA 8 :€C6Ar§) Hzn_ BH (0CHR) , ,55 P, 0 (dry C§CH31H 52 0
NH) , J .mstEég).lschRg
(CRibiz, 3@9@13 Hb A7 Sl (GH:)L Py, =3 281148 0, 208,
Cq 115.9, 114.8 (C-Ar), 61.6 (OCH2) 55.7, 54.9
14%(1:)&@4 52. 0 (CH) , 37. 4 (CH2) , 14. 1 (CH3) . M8
(ESI) @ mz 281 (M+) , 208, 148, 134. 10 A variety of
10 aryl - and abkyetyubst aryledand, Rl&lyléaﬁubatéduétdehydes

d %e&%sg S%r¥%g ggdegrggthe %Ogggéggng P8, form t%e
'PsOXEZoMT dirn-5oone dertvati ves an am no acrd ester

codekispahdiag. ikbxgebetidlin- Bt—omsdebseavedeshahd‘apaﬂnino
and al kyl -substituted (x, (3- unsat urated al deh%des Wi th

acisl &ﬁtélreételréﬁa%lf’ﬁaravvnlﬁggﬁPSt‘Eﬁ provi §ad APgReyed that

ar¥iel @sd- ahkyhSsubstituted o, p-unsaturated aldehydes with
15 an electron-withdrawing group provided higheriyields, It is

worth noting that subsfrates with different functional

groups, inéluding ether, ester, nitro, and sulfonate groups,

can be used. (Table 2)

Traces of N-p-hydroxyphenyl P-amino acid ester

20 were observed in some cases.

~Table 2. NHC-catalyzed Synthesis of N-Phenylisoxazolidin-5-

one Derivatives and Corresponding B-Amino Acid Esters

MeO

. o : .
N=o0 _D IPrCI-KOtBu (10-20 mol%)
CH2Cl2, r.t., 1-6 h -
RY” Y. "H + 2) H+, MeOH : . NH 0
2 5 R2 r.t., 12h ’
N _ Ry OMe

Ry




worth noting that substrates with different functional

groups, including ether, ester, nitro, and sul fonate
WQer@Waps3149 can be used. (Table 2) Traces of PCT/SG2008/000079

N- p- hydr oxyphenyl R-ami no acid ester 20 were observed

in sone cases. Table 2. NI—|C—4[:)et al yzed Synt hesis of

N- Phenyl i soxazol i di n-5- one rivatives and

Correspondi ng p-Am no Acid Esters MO O 1)

{ 0

H+ 1" 2) Hr, MeORPRHFOHE2°%® h 25 R R O R2 WO
2008/ 115149 PCT/ SG2008/ 000079 46 isoxazolidin-5-one

entaiyt r y adtidiehyede (yueicd,, $6)P- ami noeslg_ear l)ﬁlogggel/o b 1yeld,s ®
I\/EO75 /1 00 NHO/\~.(]VE O MO 92 ON
\' I NANHOc¢ zI//\I

J@\

. (82) o
2 , 0 92
O o3
/QM | P
0,N . N
w2 )
(98)

75

MeO :
R ")
OMOMG
O,N '

NH O

Meo\[::]\ : 78
NH O
MeODMOMe

TfO ‘



02N 02N (98) 30 0 MO 75 | GZNNO2 NNH O | / / \

| O b NOZ (84) | O NHO5 OV NOZ 4 O71 MO
WORDS/1GI® TFO MO N NH O MeO OVe TfO _ Tf O RNDVSG2008/000079

2008/ 115149 PCT/ SG2008/ 000079 47  (81) 750 O MO 85

NHON bl \ O MOOC MeQ{

(81)
N NH O
<i:> ' OMe

MeOOC MeOOC . MeQ F
. ) » 8
(88)
MeOOC I I /“/El(
) . MeOOC <i:>

(84) _
o
FiC | /Q/Ef NH O - :
. FsC @ _ /@/K/LLOMe .
| - | ~ FaC .

(90)
8 0O 91

MeO
EO_ - | /f(,o : ~NH d .
\ﬂ/'\A etooc” N . . "
o O e
: ' o]

(96)

2 yield determined by 'H NMR and GC-MS analyses.
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MOOC O (88) 6/ / I OOMOS80 ,0 NH O MOOC N MO

cjg Owve MO0O00/ O (84) 7 OMOS88 10 11 F3C/ N
WO-208113149 OV F3C F3C (90) 8 O MeO ~aNH 91 PAT/EGBOEN00079

OEt 0O OOC NOEtOOW O (96) a Yield determ ned by

H NVR and GC- M5 anal yses. W2g2008/ 115149 v

PCT/ S&008/ 000079 48 b Isolated yield of the n-am no

cid ester.,wth respe to. the aldehyde. . nol % ’
» 50 Saver Tisldoeh o e aoit CHES wihudRedrcs, to the
albeagteng the following 5 a, (3-unsaturated al dehydes
represented by the fornmula (I1) as

©10 mol% catalyst was used.

Experiments were also conducted py reactingAthe folloWing

o, B~unsaturated aldehydes represented by the formula (II) as
defined above, all with nitrosobenzene in the presence of
the IPrCl catalyst (10-20 mol%), KO*Bu and CH2C12 (r.t., 1-6
h).forming the corresponding N-phenylisoxazolidin-5-one
derivatives in the following yields a (%, determined by 'H
NMR), and then treating the N-phenylisoxazolidin-5-one
derivatives with MeOH in the presence of an acid catalyst
(r.t., 12 h) forming the corresponding.B—amino acid ester

derivatives in the following yields b (%):

i) Ry=3-Br-4-OTfPh and Rp=H; yield a = 83%; yield b = 79%.
ii) Ry;=4-CNPh and R,=H; yield a = 95%; yield b = 40%.
iii)'R1=C6F5 and‘R2=H; yield a = 85%; yield b = 72%.

iv) R;=3,5-F;Ph and Ry=H; yield 3.= 88%; yield b = 78%:.

V) R1=C4Hy and R2=H;‘yield a = 40%; yield b = 30%.

Enantiomeric selectivity was observed in one study
using a NHC catalyst derived from a chiral imidazolium salt,
which is represented by way of example, and without

limitation, by the following scheme:
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defi ned above, all with nitrosobenzene in the presence

of the IPrd catalyst (10-20 nol %, KO Bu and CH2C12
w@reo8/115149 6  h) form ng the correspondi ng PCT/SG2008/000079

N- phenyl i soxazol i di n-5-one derivatives in the

following yields a (% detepgined by 1H 10 NMR), and

then treating the N phenylisoxazolidin-5-o0one

derivatives with NeOH in the presence of an acid

catalyst (r.t., 12 h) formng the correspondi ng

(3-amno acid ester derivatives in the fol | ow ng

yields b_(0): |) R, =3-Br- 4- OTf Ph and R2=H; yleld a =

83% y| el d b& 79% 15 ii) R, =4-CNPh 1@ =H, yield

a =g }p_ 0%|||)R106F5an ‘@yled
= 85 b= 72 —3 5 Ph an H, vyiel
apc 7 yield b = 7l ;%ta\{{l\/litog and R2=H Weeld a
="40% vyiéld b. | ectj_vi hs
obser yged jN:=mne st qu/HQLOME%ITI ng a NHC cat aI de |veQMe
from iral” imdazoliumsalt, which_i r esent ed
by exanpl e, and/w t ho l'i mit afion

9 PCT/ sezoo@/“d%lf} g" e)9
%E/g% NH o F3C+ CH
5 ~O F3C 76% vi el d,

cat aI }éSt The reactl on of the

foll owi ng schenme: WO 2
0 MO 1) catalyst-KG&
2012, rt, 2h N=O 2)
44, 5% ee NN "OTf r
honmoenol ate with

The feaction of the homoenolate with
nitrosobenzene may be directed to 1,4~ or 1,2—addition_by
modifying steric and/or electronic properties of the NHC

catalyst according. to routine experiments.

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

convenience.

Although the foregoing invention has been
described in some detail by way of illustration and example,
éndnwith regard to one or more embodiments, for the purposes
of clarity of understanding, it is readily apparent to those
of ordinary skill in the art in light of the teachings of
this invention that certain changes, variations and
modifications may be made thereto without departing from the
splrlt or scope of the 1nventlon as described in the

appended claims.

It must be noted that as used in the spec1f1catlon

and the appended claims, the singular forms of “a”, “an” and
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ni trosobenzene may be directed to 1,4- or 1,2-addition

by 10 nodifying steric and/or electronic properties
wobkooshesiMHC cat al yst according to routi ne experCTiEGL098/000079

The present invention includes isoners such as

geonetrical isonmers, opticalsgsoners based on

asymmetric carbon, ste.reoisoners and tautoners and
“ M I 1 cri.pLkan

e M B 19 e el aLban, At EOg: Lot aacyy
inddrceageisngtiheveritsecon has been described in sone detai

by way of illustration and exanple, and wth regard

to one o for the.purposes

clarity ﬁﬁ&epg?éﬁﬁlnﬁkﬁefwﬂ§er3$&iE?ggﬁbg?in?ngo
sclikese £1ef t@r&isn@rsxéds kielre ihnhbhe ane bAmki BBENohgt BE

teachings of this invention that certain change's,
copamendyi swsleand oospdiof caat PénsrAApakE Fidelt har 6hg art to

heut, d spirit or scope of the

Wh&%benﬁagnqgg% 52%P|%%gbkﬁgthe 25 appended clains. It

must be noted that as used in the specification and

t he appeidéd pelbdiinst ibhe,spagehas fodnpabéntaspplagations

/115149 .PCT/.SG2008/ 000079 d
it 00 EY SR iRl LS et neRr Der anerh Reraunc kYo

reFehenwesas Wi esshdehidied dokhepwbsecaklohgchaieak a@d
scientific terns used herein have the sane neanln%
the

Pag cpsmABEIY CatdOns 1686 BBS6AE 16 L dPREr yneRVAAUAA

in@f Ea%%d WQJ%Q H%b% yen HOQ b%b?egépcéll The c1tatéon of

publications, patents an Yent applications
amwwngkaangmnh|©@¢E@m @mepBMeotpepaﬂedahepelmnbyhls _

r ef. rengg as .if ea ch i ndi vi dual bllggtlon pat%nt or -
speclrilication is I‘lO an a lSSlOl’l e publlca ion,

patent or patent application is prior art.
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10 patent application were specifically and
individually indicated to be incorporated by
WO gfoenendee. The citation of any publication, PEE/&E2008/000079
patent application in this specification is not an
adm ssion that the publicati®n, patent or patent
application is prior art. W 2008/115149
c13Gl{sS&2008/ 000079 51 CLAIMS: 1. A -process for
—preparing a N-phenylisoxazolidin-5- one derivative
conprising reacting an a, (3-unsaturated al dehyde wth
1.ni t r osob@npeneeciss tthe prepeméegoh &-Shhnhétepseyolidin-5-
car pene (NHO) cataL%St. 2. The process accorging t
Ong Sy ator SprePRFiRG S TRAGNERYI PEoRaPollar P%-Bﬁg
aldrRhyat kMen epkesedbed Zevet he ther Brkachkl: 0@ aR2 O
10 N (I Rl wherein: Rl is a hydrogen atom a
Nhgitegosyaldm carkene |(8Hg)oggtadyet-6 al kyl group
whi ch may be substituted with one or nore 15
substitu S [ ar. : 0 LEfer ,
2'alkenyl %g%ogg%ﬁ%?gha%§§ggl§§ggfiF&?é@ &A?Egoﬁeegggﬁng @
N-phreayilbsiatzeénts n-whiotlke adeeitvhé ivaneepredehtedehy, the
f.CZhﬁgal§§nyl group which may be substituted with one
FUthr € tddbstituents which are the same or different,
a ,C3-8 cycloal kyl group whictfPmay be 20 substituted

w th one or nore substi Rygents/mhich are the sane or
different, a C3_8 cycloalk yl(group whi ch may be
‘ /
(I)
R N
wherein:

'Ry is a hydrogen atom, a halogen atom, a nitrile group, a Ci-g

alkyl group which may be substituted with one or more
substituents which are'the same or different, a Cy-¢ alkenyl
group which may be substituted with one or morebsubstitueuts
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 whieh are the same
or different, a Cs;.g cycloalkenyl group which may be ' ,
substituted with one or more substituents which are the same
or different,'a‘0644 aryl group which may be substituted with
one or more substituents which are the same or different, a
Ce-14 aryl-Ci¢ alkyi group which may be substituted with one
or more substituents which are the same or different, a Ce-14
aryl-Cs.¢ alkenyl group which may be substituted with one or
more substituents which are the same or different, a Ce-14
aryl-C,.¢ alkynyl group which may be substituted with one or

more substituents which are the same or different, a 4— to



10

15

20

25

30

substituted with one or npre substituents which are

the sane or different, a C6_14 aryl group which may
wheoosubdtd t uted with one or nore substituent SPCT/SG2008/000079

whi ch-are the sanme or different, a 25 C6-14 aryl-Cl-6

al kyl group which may be subgtituted with one or nore

substituents which are the same or different, a Cb6-14

10a%%hk%%e% %%%eg o QQQBpP@Q%EBCRBXiQe gggétbe£§gnTbéhone

Oor  nore su I'tuen
ordmb&eraﬁteraaﬁﬁmk4whabhlaEE ﬁndbbynﬁbngﬂyuplmhoghnnagulfur
be substituted with one or 30 nore substituent

TaPEYORE SRNe WO Cli PFEPBnPaYaPg- SPBSVfFEBGg/YiE§4@ne or
mopgT@§%%Q9%h%9QQ7%hlé% dQ="eRbBeLgfeneR- 8L eRBLEAL, a 5- to

het erocyclic group containing one or nore heteroatons
Lliwimeglregied andapéndehekbgracyrogengroubf gentaingRggene or
d.whi ch group be subs
R R L A L L
oxygkér RRRbehedhagesabl faheber eapekicugedupichnbaenbngmore
one or = nore_heteroatons which are i ndependently

subistisgentSswhigh gre 6%§géﬁmenarmﬁlléﬁe§?85p0ﬁa9 bes

amﬁ% a2 Wt B BN GO EnRA béue%ew%medmaeﬂ 8h€ or
the same or different. or a Cl koxycar bonyl group

moxlei chubsdyi tienssbwhiicht edewithl @neeoprldlﬁﬁegent, and
substltuents which are the sanme or different; and R2

BS?P¥2§9§SQna %%eq%ﬁ% 6r§i§%%s$%?ﬁéntsi§£|c are

sduyirrmned oritdh oher emt moaeCaubsalikeeyl sgwhtiiphwarehthaysame

be supstituted  wth one or nore substitue
Ta b & S0re o245 A4kePde AECUR D16 aimeyng Wgaﬁltuted

wﬂMH‘Hhé“@% Q%r%UQ%EbEEE%@nW%tth@ﬂeaQé RBEC same or
substituents which are the sane or different, a C3

dkﬁﬁﬂﬁﬁﬂtkyﬁ-éh&UQlWWm@ﬂ @é?u@ew§aﬁ§tmﬁﬁt§§ ﬁppﬁtéﬁétéﬂ Wlth
on%g g E#%@H%u@gE%hwﬁ %htﬁﬁesﬁﬂ% Q5 g'%&eﬁﬁ@ egén@ a
cycl oa SUD

Kenyl grou may be substituted with’
qunEymidHﬂkyl group whlch may be substltuted with one or
more substituents which are the same or different or a Cs-g
cycloalkenyl group which may be substituted with one or more

substituents which are the same or different,

which process comprises reacting an a,B—unsaturated aldehyde

represented by the formula (II):

wherein each of R; and R; is as defined above, with

nitrosobenzene in the presence of a NHC catalyst.

3. _ The process aecording to claim 2, wherein in the

formulae (I) and (II), each of the C;-¢ alkyl, Cz-¢ alkenyl,
Cyo-6 alkynyl, Cs_g cycloalkyl, Cs_g cycloalkenyl, Ce-14 aryil,
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20 substituents which are the sane or different, which
process conprises reacting an a, 3-unsaturated al dehyde

WO 2p98asamt ed by the fornula (11): O RL H (I1)PCRSGRRS8/000079
wherein each of RL and R2 is as defined above, wth
ni trosobenzene in the presenge of a NHC catal yst. 3.
The process according to claim2, wherein in the

for ec(1) (1 h ~of 6 al kyl
Codtiemy T ot ETh Wikt s e adiRy o et T~
alkyeakoal kenyb, lGGméﬁbatyﬂ nUﬁ%ﬂBGﬁéﬁiElﬁQterocycl1c, 5- to
PCT/ S&G008/ 000079 53 -14 arég-Cl-G al kyl, Co6-14
145pgmbesed FIrRBAVEC EﬁtT£08V9ﬂl agd Skﬁyﬁikoxﬁca¥B°nYl
gr%gpgeﬁg§r§@ B0OBsR% QREHCWAEHel 06Y¥Chi GupStitQents which are
nbéred aromati c heterocyclic and Cl-6
lndbpemﬁeatb@nylha@pgapsanay,be buBsoky Ut gdowpt halthbo3B
rsubstltH§@E% WQICh are_5 |ngepeggentl a haloagguatonlc
ITQURy dfoXyImTGr 88 Pa EhPSFTIEFodpCUR! nfit P2 B 1-6
almyurlbg.gamuenya oyane_gaddpnyd &§lobp ahkyh méa be
~al kenyl or C2-6 al kynyl group which may be
subghdtitafel vt B §2haD6FeAtalont 8&@3980é9€i63ﬂk9F B1-8
ho y u h stit ,
Rl R A T S L A T A
gr@0pnwhbehemaynbﬁ aubﬂaututhéteaoéylto gﬁompmbenealning
nok L2 ahe%e% %t are |nge§§nden n|t ogenOatoms
8x€98ﬁ 5 Cstf FogﬁélﬁthRHPgF8ﬂ v Be- SUBStI Greada-o"
whach- atre lﬁde@éﬁbéhedyah@ﬂabgénhebgygénlbe g608Pr and which
containing 1 to 4 heteroatons which are 15

grPHBeBéHd@ﬁtPVbﬁFﬂFéﬁéﬁ BxygeRCotisurpTPeARE AKPRAtLC

'hegeeeeyﬁax gQ%u%ug%thHBQQg a £1-9 ﬁEEQ%%aQBHBpwH@thare

may bé substituted a C3-8 cycl oal koxy group which
1ndapebdeg@@ytnumm@gena Ckxygen or sulfur and which group may

be substituted, a Ci_g alkoxy group which may be substituted,
a Ci-g dycloalkoxy group whiéh may be substituted, a Ci-g
alkylthio, C,-g alkenylthio'or Co-6 alkynylthio group which
may be.substituted, a Ci3-g cycloalkylthio or Cjs-g
cycloalkenylthio group which may be substituted, a C&14
aryloxy group which may be subétituted, a 4- to 10-membered
non-aromatic heterocycle-oxy group which may be substituted,
a 5- to l4-membered aromatic heterocycle-oxy group which may
be substituted, a ngg arylthio group which may be
substituted, a 4- to 10-membered non-aromatic heterocycle—
thio group which may be substituted, a 5- to l4-membered
aromatic heterocycle-thio group which méy_be subétituted, an
amino group which may be substituted, an azide group, a

guanidino group, a carbamide group, a formyl group, aACPG

imidoyl group, a carbonyl group which is substituted, a

carbonyl—oky group which is substituted, a carboxy group, a
carbamoYl group which may be substituted, a Ci-q .
alkylenedioxy group, a sulfinyl group which is substituted,
a_sulfonyl which is substituted with a trifluoromethyl
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al kylthio, C2-6 alkenylthio or C2-6 al kynylthi o group

which may be substituted, a C3-8 cycloal kylthio or
w@2008/1204¢ycl oal kenyl t hi o group whi ch nay be PCT/SG2008/000079

substituted, a C6-14 aryloxy group which may be

substituted, a 4- to 10-nenBgred non-aromatic

het erocycl e-oxy group which may be substituted, a 5-

14- ycl e~ oxy i ch
o A TBLICE P ROUBE L £E0BY ok o0, SEPUR LA
grbep25asubsbi yuded, oa 4-C{Q dDkorypbeird qooup@r omati c

het erocycl e- thio group which nmay be substituted a 5-
A to 14- mepbered aronatic terocycLe th% ﬁa h

‘may be stBStPFOTEES AACCATRE b otp®Whi th® € £i&hh in
theUBstrhtiubhed,(1aNaAdi JEIPr OHP, iR a gHaNiHi vk @HOMHbnyA group
. carbam de group a fornyl group, a Cl-6 30 im doy
OrgRoGp:14 A BRE HBFSUP grioueh ikd Xt Hoe ssubsibstytas é'stbal to 3’

X u t

suggtggﬂghtg %h%gﬁng @g?ggsb§ﬂégﬁ§%g H%gggug% Itu?éyom%thyl,
tr@fldorambyhemedﬂoxyygrompthaxyubflmgthgxpuprmhmyh S

substituted, a.sulfonyl which is substituted with a

trlfluorggét ¥ WO 2008/1%5149 PCT/SGQOOS/QOOP?Q 5% to 4,

gr oup, BTRFRERyEaFBOAYIIghBuply a°%d aims ©
whakkyhSuhEORYkmuUEEURT ) ABNEXQTPS QUR, Ofs & @ﬂ}',&&ogen atom.

al koxyi m no group. 4. The process accordlng to cIa|n12

or 3, wherein in the fornulae (1) and (I

: ©.C1_6 al kBxPEQFBBAYEOYr BHpPasing & @Bpﬁ%n%}§$°§?%hﬁln S-one
de%@bﬁh19@yrgﬁréggﬁtéau59dtﬂtt@o}mﬁ9a3 substituents

whi ch are independently nitro, trifluoromethyl,
trrfluoronethylsulfonyl met hoxy_ or nethoxycarbonyl.'
5. The process according to any;one of clains 2 to 4,
wherein the fornulae (1) and ), RRis a hydrogen
atom 10 6. A process for prrpar; g a
N—phenyllsoxalldHQ:8 one derrv. Ive represented by

the fornul a: ‘

comprising reacting an o, f-unsaturated aldehyde represented

by the formula:
’ O

h&ﬂj

TO

with nitrosobenzene in the presence of a NHC catalyst.

7. A process for preparing an N-alkoxyphenyl
prdtected'B—amino acid ester derivative comprising reacting
an o,Pf-unsaturated aldehyde with nitrosobenzene in the
presence of a N-heterocyclic carbene (NHC) catalyst to_form

a N-phenylisoxazolidin-5-one derivative and then'treating
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O O MO1 N 15 TiO conprising reacting
an' c, p-unsaturated al dehyde represented by the

wo orosia19w 0 MeO H TD\ 20 with nitrosobenzeneCt/sG1iog000079
presence of a NHC catalyst. 7. A process for
preparing an N-al koxyphenyl ccprotected (3-am no acid
ester derivative conprising reacting an

a; R-unsat urat ed_al dehyde with nitrosobenze ' :
e B RRRY N AR R AN PR "B L LRR TR E 0 S0Pk i
theoprkeefteach pheaylisexazdlsdi n-5-one derivative and

then treating WO 2008/ 115149 PCT/ S&008/ 000079 55 the

N- phenyl i soxazol i di n-5-one, derivative with an al cohol
8.in" the pREsBREES®F ARCAEFHNBat@l §$EiMmg/ TRk RrTRsd an

N;QQQB&Q'HQn%Q £rBtBL¥efOp-RhERET LRYdaBs t Ak ahkpxypheny |
protected {(3-amno acid ester derivative 5 represented

" repyeshetdr byl ah¢l rmuRO (IVNH a a, Rz (IV)

RO ,/~——

\_/

NH O

Rz | (IV)

wherein each of R; and R, is as defined in claim 2 and Rg is

a Cy-¢ alkyl group, which process comprises:

(a) reacting an o,P-unsaturated aldehyde represented by the

formula (II):

' ¢}
R H
Ry

wherein each of R; and R, is as defined.in claim 2, with
nitrosobenzene in the presence of a NHC catalyst to form a
N-phenylisoxazolidin-5-one derivative represented by the

formula. (I):
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wherein each of Rl and R2 is as defined in claim2 and
R8 is a Cl_6 al kyl group; which process conprises: 10
W@ 2008nedaed i ng an a, (3-unsat urated al dehyde reppPEBeG2008/000079

by the formula (11): 0 (I1) RL HR2 wherein each of

Rl and R2 is as defined in ¢Jg@gim2, with 15

ni trosobenzene in the presence of a NHC catal yst to
forma N-phenylisoxazolidi n-5-one derivative

represented by the formula.(l): 0 R2 O N(lI) Rl 20

WD 2008/ 115149 PCT/ S&008/ 000079 56 wherein each of

whRTedind eBZhi ®fa®, defid ned iisn a@l alafiiZiedardch @gitthén and

treating the N phenylisoxazolidin-5-one. derivative

i an alc hol L ted.by the fornu
(afneRein Restdnos B8 BEpRnay. ShavazotnitRe phBSorREL Bt e
widh &ﬁlﬁl%@h@hy§bpr85eﬁbed BLOeRssraemANdi REOH OvkddiM Ry is
or 8 further conprising deprotecting under mld
aspgedaniede aboNer t iBnsha PHEEEBEENOHr BN edEiiAgCagEallSEr om
t he N-al koxyphenyl protected R-am no acid ester

g.derivati gy %?o%gssTQEFBEQQEQZtQZEQEQh”g %9 @'?hgkﬁ??f

9, wherein f each inth ormul ae

cofriplr)i samg eYroteathngf under mild oxidative corditions a

nitrogen-protecting group from the N-alkoxyphenyl protected

f-amino acid ester derivative.

10.  The process according to claim 8 or 9, wherein for
each df R; and R, in the formulae (I), (II) and (IV), each of
the Ci_¢ alkyl, Cz-¢ alkenyl, C,.¢ alkynyl, Cs_g cycloalkyl, Cs-g
cycloalkenyldl, C¢44 aryl, Cgo1q aryl-Ci_g -alkyl, Cg-14 @aryl-Cs-¢
alkenyl, Cg-14 aryl—ng alkynyl, 4- to 10-membered non-
aromatic heterdcyclic, 5- to l4-membered aromatic
heterocyclic and C;-s alkoxycarbonyl groups may‘be

substituted with 1 to 3 substituents which are independently

"a halogen atom, a hydroxyl group, a thiol group, a nitro

group, a nitrile group, a cyano group, a Ci alkyl, Ci-6
alkenyl or C,¢ alkynyl group which may be substituted with a
halogen atom, a Ci:g cycloalkyl or Cs.g cycloalkenyl -group
which may be substitutéd, a Cg-14 aryl group which may be
substitutéd, a 4- to 10-membered non-aromatic heterocylic
group containing 1 to 4 heteroatoms Wthh are 1ndependently
nitrogen, oxygen or sulfur and which group may be
substituted, a 5- to 14—;membered aromatic heterocylic group
containing 1 to 4 heteréatoms which are independently
niﬁrogen, oxygen or sulfur and which.group may be
substituted, a Ci.¢ alkoxy group which may be substituted, a
Cs-g cycloalkoxy group WhiChrmay be substituted, a Ci-g
alkylthio, Cz-¢ alkenylthio or C,.¢ alkynylthio group which
may be substituted, a Cs-g cycloallethio or Cs-g
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the C1-6 al kyl, C2-6 al kenyl, C2-6 al kynyl, C3-8

cycl oal kyl, C3-8 «cycl oal kenyl, C6-14 aryl, C6-14
w@eyBAGH4% al kyl, C6_14 aryl-C2-6 al kenyl, COPAESG2008/000079

aryl -C2-6 al kynyl, 4- to 10-nmenbered non 15 aromatic

heterocyclic, 5- to 14-nenbefed aromatic heterocyclic

and Cl-6 alkoxycarbonyl groups nmay be substituted -

e n t

(A L N o R S R S T
arglony, gaonptWhhehgmaypbeasanﬁmtgteup aa4€1t6 abkmémbered

C2 6 20 alken¥ -6 al kynyl group which may
noggREPratisd R ?ﬁogycﬁsregéngéPaﬁlwalﬁb @aXyEFoﬁPP§FlBPted
a @3 %oquLaélnks@!a)éb 9&8HQt1Mh8@e%¥y9?esH§§tlﬂ:HEEdwhﬁch may

-14 aryl group which may be subStituted,

beleubmtmeueedmoa émnmarxalwei@rwmp onhng:rfouxpay:dwﬂ a| n| ng

oubobd 8L 5aLOMS YL E0e LS RRERSERLLYc R procycie-

" thsubgtblupt @ldica ﬁayt@eléubgembat@d apopat t6- hetpeasytea

group containin& lto het eroat ons which are
ArPRgEPENBERELPCYR ?r@@éﬁ géngeHhéPhsmPYuPeaﬁabﬁﬁﬂéﬁtedr an

amQ&%“%é b chu g&lggtgqgggég%tg FEXXZQ&QUBr MEICﬁ

bstitute oXy group
guaaydeOSQUQUpbuaedaraaﬁldé gabhpbthlﬁprﬁ¥l6group, a Ci-6

._al kenyl thio or C2- ynyl t hi o h

inda690) BuPuE, 7 C3TBoRyd BEPRY PREGRors CaugTpirtvedy &

ca%@@&&ll5k%9gBGTbSGﬁ@Qﬁ/Q@0@ﬁ83t5zu€¥aloé|K@Bbbkbl@roup, a
group which may be substituted,a C6 14 aryl oxy: group

CaWPﬁ@ﬁY%aﬁr@épswbéFPtW?édbeasﬁbsﬁétﬁﬁeﬁenﬁe ed

a1l =RALQTR gCgQ%hgrOQVQBQfQK QEQngmﬂhEEh"§¥ REbstituted,

substitute romati c

a b@ﬂép@gycmelohylgr@upsmhm@hedayltﬁ betsubéUDtgmedhyé

Co 14 I th whi b b
TP AL A1GR A LORRE ¢ That BVBey 8] bi-ct ALBYaF BB Hitch

'gr@&p,b%nSb&ﬁt@t@h@doraa5clk0al&oﬁ@ﬂb@hedgroup

11. The process according to any one of claims 8 to
10, wherein'in the formulae (I), (II) and (IV), Ry is a Ci
alkoxycarbonyl group or a Ceg-14 aryl group which may.be
substifuted with 1 to 3 substituents which are independently
nitro, trifluoromethyl, trifluoromethylsulfonyl, methoxy or

methoxycarbonyl.

12. The process according to any one of claims 8 to

11, wherein R, 1s a hydrogen atom.

13. A process for preparing an N-alkoxyphenyl
protected B—amiho acid ester derivative represented by the

formula:
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aromati c heterocycle-thio group which may be
substituted, an am no group which nmay be substituted,
w@eoaaixde group, a 10 guani di no group, a car bam@TeG2008/000079
group, a fornyl group, a C1_6 imdoyl group, a
carbonyl group which is subsfjgtuted, a carbonyl-oxy
group which is substituted, a carboxy group, a
car banoyl group which may be substituted, a Cl-4
al kyl enedi oxy group, a sulfinyl group which is
substituted, 15 a sulfonyl which is substituted. with
a trifluoronmethyl group, a Cl_6 al koxycarbonyl group,
a Cl_6 al kyl sul fonyl Meboup

an oxo group or a Cl_6
al koxyi m n-o group. 11. cess according to any

one of clains 8 to 10, in the formulae (1),
(1) and (I'V), RLis a CL 6 O\ al koxycar bonyl group
or a C6_14 aryl group which may %8 sébstituted with 1
to 3 substituents whj [ tIy nitro,.

trifluoronethyl, trifluorefAethyls onybMenmret hoxy or
nmet hoxycar bonyl . 12. The rocéss according to any one
of clains 8 to 25 11 TERE R2 is a hydrogen atom

13. A process for preErl ng an N-al koxyphenyl

protected R-am no acid ester derivative represented by
the formula: WO 2008/115149 PCT/ SG2008/ 000079 58
CoOMPOIRANG rREOtANg RNOME P-TReatuEsikpHi slAghrdacreRgeaanted

’ bya,tg@- $Rsatyrat ed al deh_yde represented by the fornmula:

Ne
MeO

TO

with nitrosobenzene in the presence of a NHC catalyst to

"form a N-phenylisoxalidin-5-one derivative represented by

"the formula:

MeO ; and -

TO

then treating the N-phenylisoxalidin-5-one derivative with

methanol in the presence of an acid catalyst.

14. The process according to claim 13 further
comprising deprotecting under mild oxidative conditions the
nitrogen protecting group of the N-alkoxyphenyl protected

B-amino acid ester derivative represented by the formula:
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O MO/ 101 H TfO\ with nitrosobenzene in the
presence of a NHC catalyst to forma

WORWRAIY soxal i di n-5-one derivative representBCI/B§2008/000079
the formula: 0 15 MO N and TfO then treating the
N- phenyl i soxal i di n-5-one dergosative with nethanol in
the presence of an acid catalyst. 20 14. The process
according to claim 13 further conprising deprotecting
under mld oxidative conditions the nitrogen
protecting group of MA@\ etkoxyphenyl protected
3-amno acid ester derivs represented by the .
formul a: WO 2008/ 115149 R§ 2008/ 000079 59 MO
:xxU0 5 to formthe conpourid reggnted by the
formula: NH2 OHO H HO 10 15.7The [process according.
to any one of clai mMeDl , in the acid
catal yst is perchloric a e pPMeess according
to any one of clainms 1t

to form the compound represented by the formula:

NH, O
HO
H
HO
15. The process according to any one of claims 7 to

14, wherein the acid catalyst is perchloric acid.

16. The process according to any one of claims 1 to
15, wherein the NHC catalyst is derived from an imidazolium,

salt.

17. : The process according to claim 16, wherein the

imidazolium salt is represented by the formula (V):

wherein R; is Ph, Pr, Mes or 2,6—iPr—Ph; and X 1is Br , BF4

or Cl°.

18. The process according to claim 16, wherein the

imidazolium salt is represented by the formula:



15, wherein the NHC catalyst is derived from an

i mdazolium salt. 15 17. The process according to
WQ@RMWBHISI®) wherein the imdazoliumsalt is rePCEHS@MWENH0079

by the formula (V): X (V) R3 NNNR3 20 wherein R3 is

Ph, 1Pr, Mes or 2, 6-'Pr-Phgpand- X is Br , BF4 or

C-. 18. The process according to claim16,.wherein

the imdazoliumsalt is represented by the fornmula:

WD 2008/ 115149 PCT/ S&008/ 000079 60 71N/ N\N/ ~

i X\ 5 N/NNN r X~ 10000 NINNON I X~1iP

1500 NN-—IIIII Xp 20 or N
X -
NN - N N
Y A
| »
5 , _
10
15

20
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\,~N /N~/N WD 2008/ 115149 PCT/ S&2008/ 000079 61
wherein X- is Br-, BF4-, d- or -OIf. 19. The process
wa@eweniimy to claim 16, wherein the im dazoliper/s&ons/ 000079
is represented by the formula: 51 +~/ | wherein X-
is A-. 10 20. The process ggcording to clai m 16,
wherein the imdazoliumsalt is represented by the
formula (MI): R R NN, P4-- R4 (VI) 15 wherein R4
is 2, 6-"Pr-Ph; R5 is hydrogen or Ph; and X- is O -.
21. The process according to claim 16, wherein the
whiermedaz®gl i isn Bal,t BEg r épresentf@dfby the forrmula (VII):
(M) X 20-NN~R6 wherein R6 is 2, 6-'"Pr-Ph and X- is
a-. 22. _The process_according to ¢l ai 6, wherein
19he i m GAZoPPARTEal PoraRrERanE e by T e T oY Nel o vy
im280886118H49aPETI SG2OPBEOORELE bH2t KM CGoMiNaRf X R7

X
N
N
. wherein X" is Cl'.
20. The process according to claim 16, wherein the

imidazolium salt is represented by the formula (VI):

Rs Rs

M”Nv/lf\& '
- (VI)

wherein Ry is 2,6-*Pr-Ph; Rs is hydrogen or Ph; and X  is Cl .

21. The process according to claim 16, wherein the

imidazolium salt is represented by the formula (VII):

(VII)

wherein Rg is 2,6—iPr—Ph and X~ is Cl .

22. The process according to claim 16, wherein the

imidazolium salt represented by the formula:
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wherein R7 is 1Pr or t-Bu; and Xis Br-, -BF4 or d-.

5 .23. The process according to any one of clains 1 to
WQ@2os8mksan®ei n t he a, 3-unsat urat ed al dehyde, PCT/SG2008/000079

ni trosobenzene and the NHC catalyst are reacted in

the presence of a base. 24. gbhe process according to

claim 23, wherein the base is

1, 8-di azabi cycl o[ 5. 4. 0] undec-7-ene (DBU) or 10

pot assi um t ert - but oxi de. 9Kt By 0 25. The process

according to any one og;e R 24, wherein the

a, (3-unsat urat ed al dehywden ni tNoslobenzene and the NHC

catal yst are reactqu*h thé\ﬁ?ese of a solvent.

26. The process according to cKaim 25, .wherein the 15

solvent is dichloronethane or tetrahydrofuran. 2.7. A

process for preparing an N-al koxyphenyl protected
whé3eafli Rp Beidresirerc-@ar;i \wald X6 Conpri SiBRY-toeating a

N-phenyl i soxazol i di n- 5- one derivative with an al coho

|n t he ﬁgesence of an acid catal 20 2

The -
23process 4BEoPHPRGSF0AEFRFH-BY FBYXB¥68%?Iﬂ Ghaims 1 to
22\ ahkoxypheny! oppotashedrb8zamhngeAghd, eﬁi@fosobenzene and

deri vati ve. represented by the formla (IV): RMG NH O
thrz NHFVFa el 7608A1 85148 CPET/ SG2008/ DOEBFICE 63T nAckasa-

each of RlL and R2 is as defined in claim2 and R8 is
248 CLO arkyl p0b8URs WBLEDAPLACESSFOIR 580, hEpALANInE

N- pheny I soxazo |a|n- one derivative represenie y
baskeisf by AuHaagbpicycOo [BR4.0]undec-7-ene (DBU) or

. potassium tert-butoxide (KO*Bu) .

25. The process according to any one of claims 1 to
24, wherein the o, Bf-unsaturated aldehyde, nitrosobenzene and

the NHC catalyst are reacted in the presence of a solvent.

26. The process according to claim 25, wherein the

solvent is dichloromethane or tetrahydrofuran.

27. A process for preparing an N-alkoxyphenyl
protected B-amino acid ester derivative comprising treating
a NLphenylisoxazolidin—5—one derivative with an alcohol. in

the presence of an acid catalyst.

28. - The pfocess according to claim 27 for preparing an
N-alkoxyphenyl protected B-amino acid ester derivative.

represented by the formula (IV):

¢

NH [

Ry (IV)
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O(l) N R wherein each of RlL and R2 is as defined in
claim2, wth an 10 al cohol represented by the

WO 20081 H4RBOH wherein R8 is as defined above, PCHSGHES/000079
presence of an acid catalyst. 29. The process
according to claim27 or 28 gurther conpri sing
deprotecting under mld oxidative conditions a

wndicEGAOBAER! B EEL LA HOUR LLOMANB M ATk XUREAYLea v is
protecte am no ‘acid ester derivative

a GEQCaﬁkyacgoodpngwhnohcpaoneﬁs oom@fjisabeteecatifigra N-

each .of R1 in the fornul ae
ongRy AR atoa i Rap-Ors GeEr kB TS CobBoarRbT] bY BT
foevehaalkyl, C3_8 cycloalkenyl C6-14 aryl, C6_14

aryl - Cl 6 aIkyI C6_14 aryI-C2-6 20 al kenyl, C6-14
aryl -C2_6 aIkynyI 4- to 10- mgwbered non- aronatic

het erocyclic, 5- to 14- Fenber aromatic

het er ocycl i c- and Cl 6 a r bonyl groups may be
substituted with 1 to 3 suBstiiQuents whi chy

i ndependently a hal ogen at Na hydroxyl group, a
thiol group, a nitro 2Rgrouygeanitrile group, a

cyano group, a Cl_6 al kyl, al kenyl or C2_6

al kynyl group which may be suk uted with a hal ogen

atom a C3_8 cycloal kyl or C3_8 cycl oal kenyl group

whi ch nmay be substituted, a C6-14 aryl group which may

be substituted, a 4- to 10-nenbered non-aromatic
whieeednoegkhc o80Rgraup Rontsaias mig flinteal 4nheflenoatZonwith an

whi ch are i nde den 2008/ 1 4
2 EhPACa5B8P 660659 84 kPt FBGEH LoRgubr =St (R 1dnd®
dehinel abewB, My bBe pubsbhtut 8d, ap aciliocidanpsebered
aromatic heterocylic group containing 1 to 4
heteroatonB whi ch are |ndependentIX , ‘
29 The process accordlng to claim 27 or 28 further
comprising deprotectlng under mild oxidative conditions a
nitrogen-protecting group from the N-alkoxyphenyl protected

B-amino acid ester derivative.

30. The process according to claim 28 or 29, wherein

for each of R; and R, in the formulae (I) and (IV), each of

the Ci-6 alkyl, Cz-¢ alkenyl, C,.¢.alkynyl, Csg cycloalkyl, Cs-g
cycloalkenyl, Cg-14 aryl, Ce-14 aryl-Ci-s alkyl, Cg14 aryl-Cz

alkenyl, Cg-14 aryl-Cs_¢ alkynyl, 4- to 1l0-membered non-

- aromatic heterocyclic, 5- to l4-membered aromatic

heterocyclic ‘and Ci;-¢ alkoxycarbonyl groups may be
substituted with 1 to 3 substituents which are independently
a halogen atom, a hydroxyl group, a thiol group, a nitro
group, a nitrile group, a cyano group, a Ci;-g alkyl, C}g
alkenyl or C,.¢ alkynyl group which may be substituted with a
halogen atom, a Cs-g cycloalkyl or Cs.g cycloalkenyl group
which may be substituted, a Cg-14 aryl'group whichbmay be
substituted, a 4— to 10- membered non-aromatic heterocyllc

group containing 1 to 4 heteroatoms which are independently
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. b%ﬂ?

ni trogen, oxygen or sulfur and which group may be 5

substituted, a Cl_6 al koxy group which may be
waeewstitigr ed, a C3_8 cycl oal koxy group whi ch P&l/SG2908/000079

substituted, a C1_6 alkylthio, C2_6 al kenylthio or

C2_6 al kynylthio group whichs4 may be substituted, a

C3_8 cycloal kylthio or C3_8 cycloal kenylthio group

ma ubst i 1 I oup

niffEReneRet bR, EhLR: afu(Rndn]0:300 Axy g
s ute-Ldndrest, i @ ﬁetepodyemembgyegrempmmmuchhﬁayrbeylic group

%S?E'-?St ke atga BrotRostrRe fay e eunbHEPgRdant Y

ne;rw g@‘e‘ﬁ @rodp 1¥irCAnaByhhensykstibt wh9dbea 4- to
10 nenbere non-aromatic heterocycle- 15 thio group
sulisitdly uked b@ SubsBilkergd Iraup- whé chamgenber ggbstituted, a

C3§hgg?ﬁ?g%ﬁgg§aﬁggﬁé1Wﬁb&goﬁéyaﬁ|2£u§£§f€%tsubstitﬂ?ed,

alaylahide g&quplk&nygmambdbmocgmoankyayaahbangdeup which

r f.ornyl_ group, Qy roup, a

nmghgﬁbﬁypsﬁﬁ§ﬁﬁeﬂhléth§ §Hﬁipﬁﬁﬁygégl ?g Eabony! - oxy
cyd 1940 e AR HiiD %%Q%b'%%ﬁ%ﬂ mByCBEDAXYs8ieURed? a Ce 14

car banoyl" group "which may be Substituted, a Cl_4
aradlLOﬂYe@édaUMWhng@uplaYab§uISﬂbﬁ§2Iltgft§dp @hichtps T0-membered

u d, I yl S t
e vsag ot R b BBy SE Bhbsfegrea,
a G} &cﬁHMyh@m&k&@ﬁlazﬁmgmdupheaer@xge@eeoayograhﬁlwﬁlch may
aIk 6¥|n1no roup, 31. rocess according to any

28 o %yymg?egﬁom YRECR ofpiI B2 (1)

st ith¥ed,RY iss %oclﬁame%b%QéHC@bgaﬁkbmﬁﬁﬁéph@Ee@ocycle—
C6_14 aryl group which may be substituted with 1 to 3

.t@spbgruqqpemhslqmm@w &ee Suﬁ@éﬂéhl@@ﬁtrl ¢ 30 Ipifdomembered

aﬂﬁiﬁ%xor ycl '%+ %h%hi%hf%ﬁ benghgg¥Xt9Eed, an
ycar l' ess according to any one
amafnoc lgiowp 28ukﬂ1n&y bwhembbmiﬁzteg,aahydmagengabugm a
guanidino group, a carbamide group, a formyl group, a Ci
imidoyl group, a carbonyl group Which is substituted, a
carbonyl-oxy group which is sﬁbstituted( a carboxy group, a
carbamoyl group which may be substituted, a Ci-4
alkylenedioxy group, a sulfinyl group which is substituted;
a sulfonyl which is substituted with a trifluoromethyl
group, a Ci-s alkoxycarbonyl group, a Ci-¢ alkylsulfonyl

group, an oxo group or a Ci-g alkoxyimino group.

31. : The.process according to any one of claims 28 to
30, wherein in the formulae (1) and (IV), R; is a Ci-¢
alkoxycarbonyl group or a Ce-14 aryl group which may be

substituted with 1 to 3 substituents which are independently

.nitro, trifluoromethyl, trifluoromethylsulfonyl, methoxy or

methoxycarbonyl.

32. The process accofding to any one of claimé 28 to

31, wherein R, is a hydrogen atom.



WO 2008/ 115149 PCT/ SG2008/ 000079 65 33. A process for

preparing an N al koxyphenyl protected R-am no acid
W@gaenidesr i vati ve represented by the fornul a: PGES2088/000079

NHO MO OWw TfO \ conprising treating a

N- phenyl i soxal i di n-5-one derdgyative 10 represented by

the formula: O. 0 MO IN TfO 15 with nethanol in the

33presenceAp%r@eeggl@ogaF 8ting34n KIh§1RERGEASENY1
according to claim33 her conpri sing deprotecting

prongerted Bdamindabicvd eehdirt densvehevenrepogeanted by the
proﬁectlng group of the N al koxyphenyl protected
ﬁmgnﬁno acid ester derivative represented by the

formula: 20 MMONH O MOOW TfO\ to formthe

compound represent%gigy the forrmula: WO 2008/ 115149
PCT/ SG2008/ 000079

NH O

MeO
OMe

TO

comprising treating a N-phenylisoxalidin-5-one derivative

10 - represented by the formula:

15 with methanol in the presence of an acid'catalyst.

34. The process according to claim 33 further
comprising deprotecting under mild oxidative conditions the
nitrogen protecting. group of the N-alkoxyphenyl protected

B-amino acid ester derivative represented by the formula:

20 MeO

NH O

MeO
OMe

TO

to form the compound represented by the formula:



HO H 'HO 35. The process according to any one of

clains 27 to 5 34, wherein the acid catalyst is
w@eeshiand c acid. 36. The process accordi ng t oPCI/86200§000079

or 27, wherein the alcohol is nethanol. 37. The

process according to claim %’6 9, 10, 11, 12, 28, 29,

30, 31 or 32, wherein R8 is nethyl.

NH, O
HO
H
"HO
35. The process according to any one of claims 27 to

34, wherein the acid catalyst is perchloric acid.

36. The process according to claim 7 or 27, wherein

the alcohol is methanol.

37. The process according to claim 8, 9, 10, 11, 12,
28, 29, 30, 31 or 32, wherein Rg is methyl.



