N HETEROCYCLI C CARBENE CATALYZED SYNTHESI S OF

N- PHENYLI SOXAZOLI DI N- 5- ONE DERI VATI VE AND SYNTHESI S OF B- AM NO ACI D
ESTER DERI VATI VE This invention relates to a process for preparing 5
a N-phenyl i soxazol i di n-5-one derivativé conprising reacting an
a,.(3-unsaturated al dehyde with nitrosobenzene in the "presence of a
N- het erocycl i c cFHFREERMNHCLIC ICHRRENE TRGALYAEEN ISYYTHEISIS OFl ates to

a process for, [ a kpx t (s, '
ester deri vaﬁ 9@%%8&.;% x?@%’%%%e%c%ﬁﬁé%\#ﬁ%f%&gn% m%%de
with nitrosobenzene in thaMmesed GfsTeR\NDEsI®ATaYE i ¢ car bene
catalyst to forma N phenylisoxazolidin-5-one derivative, and then
treating the N-pheqé%isoxazoliﬂin-5-one,derivative wi t h an-al cohol
in the presence of A HIAY e Lafies 1% i RGeS fot REFPRELRes |
to a psocgsg fioL, pf ORI NI A n -2 i iR AMARrafLEd
ester der?vatévenﬂorrpr%is}?lng. T eatr%%(r)\g a N-p lﬁ/%@%@%&%@% 5- on%T
derivati veh e ftumsetbcohsl dnddthelepnesdnos. ofo srbeaciethec dtnalthst .
BACKGROUND 20 N- Phenyl i sqxazol i di n-5-one. deri j.ves e used as
nt er ned| BT SSTSE (76 b Y O SAERE HE o codra s tani Shcan
be furthein¢oiwesi esh st ithey dd ol Q@icRldy fdMYdpairigemeaunds, for
exanple, (3-amno acids. (3-Anmno acids -possess biologically

i mpor t ant NpR bipRF YRR Y b @At §GTed B amdingr Acist eiiers degrddadidet he

bui | di #g. bl : j il Gormaunds, r atjon of
N- phenyl i%o%ﬁ%%?n%ﬁ%q d%{r ?’\%’ t_iuv\ﬁgss‘,al may 1 nvo 1&}@1@%3&_@% trogen
(GN bormtifoesdlenzenedot iwres presteaiod iof rethdds dmcyCiNchoadbene _

fornatloncgggfyst to form a_N%phenylisoxazolidin—5—éne derivative,

and.then treating the N-phenylisoxazolidin-5-one- derivative
with an-alcohol in the presence of an acid catalyst. The
15 invenfion further relates to a process for prebafing an
N-alkoxyphenyl protected P-amino acid ester derivative
comprising treating a NLphenylisoxazolidiﬁ-Smone dérivative

with én alcohol in the presence of an acid catalyst.
BACKGROUND

20 N-Phenylisoxazolidin-5-one derivatives may be used
| as intermediates in the preparation of B-amino acid esters, ‘
which can be further converted into other bioclogically
_important compounds, for example, B-aminc acids. B-Amino
acids possess biologically important properties, occur.in.
25 natural products, and are the building blocks to several

bicactive compounds.

The ﬁrepératiop of N-phenylisoxazolidin-5-one
_de:ivatives may invoive Carbonmnitrogen {C~N) bond fqrming.
reactions. Catalyticlmethods for C-N bond formation have
30 been reported and have been applied in organic synthesis,
inclﬁding in the preparation of pharmaceuticals.and natural

products.



30 been reported and have been applied in organic synthesis,
including in the preparation of pharnmaceuticals and natural

products. . 2 Oganocatal ytic reactions for formng C N bonds are of
interest, as these reactions nay avoid the use of toxic and/or

expensi ve netal catal ysts. Exanples of _ organocatal yti ¢ C- N bond
formati on reacti onSTIPACFAERHYTEC pF R FhERRat By R R B G bonds

a- ai ni nabir@ns £of nearbgRY! 26 OFROYDUSe a cDAYRS NREY dFpal tigfh JNdid# 0so
al dol reaction of enam nes selectively formng N hydroxyam noket ones
have, al s6oBéenangdépor esferstee hotrakbxemphlystamamranplds and

Mom yama J. . Am _Chem .Soc. 2005 127, 1080;. Mom yama, N.:
Yarmirot 02- a8 b hra ot g “Fothe il TRt S0y e o) .
The énapirbosabechtyBygen] dgatet agdimi o 0dnd &f | v @orear kasi®mds,
toenal s using i mdazolidinone catalysts has been used to obtain
enant i o- BAVFcREENpraRPRBEA delyliEkrogmer kdakt Feprioion &falanamdes
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has been, reported, |In itiop_to, & nd, f or matj on, :
organoéa@grygﬁgm' 260Fea2€?%hs?$6'r ]f(gq@l‘i ﬁ‘gowfﬁ% 7 o FREERRC b rd's
havelbeedamtmpoo) ed. For agxanpée, HN¥k: cad@ yzeslg actiomt i onryy

carbonyl conmpounds has ‘been reported. as a potential nethod for
net al - f PBBRELESBORETHBP nToRy) Verkee i it en tok Ml lebiphivgarbamgitesi ow

L hony e ok agRBSEL YA ol el S8 RIS W Y
; obtain enantic-enriched B-amino aldehydes. The reaction of
enals and NLprqtectgd.hydroxylamine in thebpresenée‘of ;
15 chiral pyrkolidiné catalysts, forming 5-
hydroXyibeazolidines that arehfurther converted to the
‘corresponding p-amino acids or y—amino'alcohols,'has been

réported,

In addition to C-N bond formation, org&nocétathic

20 reactions for forming carbon-carbon (C-C) bonds have been
reported. For exémple, NHC—catalyzed activation of carbonyl
compoundg has been reported:aé'a potéptial'method fo: métalm
free C-C bond forming reactions via the ﬁucleophilic_
"Breslow intermediate”, or the homoenolate equivalent.

25 species (sée, for example, Sohn, 5. S5.; 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 aroméﬁic

'pitroso_compounds into hydroxamic acids- has been reported.

30 " Additional approaches to synthesizing
N-phenylisoxazolidin-5-one derivatives and ﬁ—amino acid
ester derivatives involving readily available.reactants and

] catalysts are desirable.



J. F. J. Am Chem Soc. 2004, 126, .14370; Burstein, C and ddorius,
F. Angew. Chem, Int.'Ed. 2004, 43, 6205). The ability of

t hi am ne- dependent enzynes to convert aromatic nitroso.conpounds

i nt o hydroxam ¢ aci ds- has been reported 30 Additional approaches to
synt hesi zi ng N phenyl i soxazol'i di n-5-one derivatives and (3-am no acid
ester der$¥dfAR%s invol ving readily avail abl e.reactants and :
catal ysts are desirable. 3 SUWMWARY In one broad aspect of the
present invention, r OVId LQCess for preparing a
N—phenyllsoxazolldln éggngu!erlva E%hgrusPﬁESﬁggc? ﬁhog

a, (3-unsathead e almehyddel w tﬁi:d’beisfs)i@lie@l%@%rllﬂg tshe presence of a
N:heteroc clic carbene NHC) catalyst. in an enbodi nent of the
present iARIRRWHS 11D S T4 VBtdTEes SOFBr L5 BEaF PAGEANY an

N- ph I h
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hal ogen abrg Nrhsiterdayodricupa rdve@ 6 NHE) kyktgigep .whi ch may. be
substituted with one or nore- substltuents whi ch. are the sane or

different, a C2-6 Kk I rQu h y be substit ut d W t one or .
Tor e substltuents %% N mﬁ%dﬂﬂ% d% H2 présen 1 hvehE ion, ph
is provided a process for preparlng a N-phenylisoxazolidin~-

5= one derivative represented by the formula (I):
10

AT

wherein; -

.15 Ry is_aAhydrogen atom; a halogen atom, a nitrile grodp, a Ci-g
- alkyl group which may.be substituted with one or more-
substituents which:are'the'same_or‘different, a C}gzalkenYl
group which may be substituted with one or more substituents
whieh are the same or different, a Ca.g alkynyl group which

20 may be substitdted with one or more substituents which are

' the same or differenﬁ a Czg cyclealkyl group.which may be
substituted with one or more substltuents which are the same
or different, a C33 cycloalkenyl group which may be
substituted with one or more substituents which are the same

25 :or different, a Ce.yq aryl group which may be substituted with

~ one or more substituents which are the same or different, a

Cg-12 axryl-Ci—g alkyl group which may be subsfituted with one
or more substituents which are the same or dlfferent, a C514

aryl-Cs.g alkenyl group whlch may be substituted with one or



which are' the sane or different, a C2-6 al kynyl group which 20 may
be substituted wth one or nore substituents which are the sane or
different, a C3_6 cycloal kyl group which my be substituted with one
or nore substituents which are the sang or different, a C3_8

cycl oal kenyl group which may be substituted with one or nore

Subst 't ueps,s, WG Bhe E@ewﬁ‘}% a2d 8k gbfnfe%gs%i Fue%n%‘l é‘r%' WO P

whi ch may be substitute one or nore su s (i ch®
t he sane anryldidtersditynyd g@6ubdwatdyh- Ghy6bal kybsgt oupedhvith naye ber
substituted with ubstit ents whi ch arﬁg t he_sanme or

€
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C6-14 aryl-C2-6 al kynyl group which be sugstl uted with one or

nmor e sub$tl tfiggw HefifzchRtamns w é@aﬁr@%ﬂnd&fb%ﬂ@ﬂtlyanntrmen, sulfur
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het er oat ons are i'ndepe rogen; s oxygen- and

whi ch. grmmmmmummtsuwedcw bReOBBecOBamEDHE aubséréuent§ i ed
are the gIe or different, a 5- to 1l4=npenbered aromati ¢ heterocyclic
group cortamifiRgIste ECmakd e PREEEPEAFORE ARPER GPRTARBEDSNERALPY
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one or nore substituents which are the same or erént or
al koXyc arcEawgEn gneuphikshe braup meysbbssubatedumﬁdhwc’nb one ppreore

substit ugnts i%P1 r r different R% (gdrogen
Stom 5 CHECILER Sri08 SRICLRE BRhbbEihirRRleRE BF R BYE o2 hore
subst i t uedtkexwhiachoryd theuvpawrichr mdif ber eabstatG2=8 aikienyhe @rfoup
whi ch ma¥n be substituted wth one or nore substituents which are the
same or ore su stltuents which are the same or different; and
Rz is a hydrogen atom,.a Ci-¢ alkyl group which may be
15 :substituted with one or more substituents which are thé-same
or different, a Cy¢ alkenyl group which may be substituﬁed
with one or more substituents which are the same or
different, a Cz-¢ alkynyl -group which may.-be substituted with
one or more substituents which are the same or different, a
20 Cs-s cycloalkyl group which may be substituted with one or
more substituents which are the same or’differéht 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,BQunsaturated aldehyde .

25 represented by the formula (II):
.. Ry -

-wherein each of Ry and R is as defined above, with

30 nitrosobenzene in the presence of a NHC catalyst.



different, a C2_6 al kynyl -group which -mybe substituted with one or
nore suubstituents which are the sane or different, a 20 C3_8
cycl oal kyl group which may be substituted with one or nore
substituents which are the same or diffkerent or a C3_8 cycl oal kenyl
group which may be substituted with one or nobre substituents which
are the sanme or difde | S g an

a, p-unsat ur at ed aI&%hygggméwglgggpgggﬁﬁgg%ggp?Ee€§%r%ﬁ?gg%ﬁl) 00
R/ x (Il1)nveRZiosherRai Asebghirofe®l and R2 is as defined above with
30 nitro"sobenzene in the presence of a NHC catal yst. _ In an

exenpl ary enbodi nme resent |n ion In a
further aspect of 9%1 #%%3&% |ﬁ5@ﬁ€loﬁ %ﬁe?geﬁgntrbg gggnbrocess
for prepateig as5ﬁNn®h@@w]bs@&@bb@gnfaropeegggnﬁgtave represented by

the fornmula: O/ O MO NTFO 10 conprising reactin .
a, (3- uhs AN HPRPEd LecFerydd nréprage fead Valy vehEPoe RENES cbylvébe/ |

 formula:

ey

MeO

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

with nitrosobenzene in the presence of a NHC eatalyst.

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

20 an o,B-unsaturated aldehyde with nitresobenzene in the
presence of a N;ﬁeterocyclic carbene (NHC) catalyst to form
a N%phenylisexazolidin—Swone derivative and thep 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



Tio\ 15 with nitrosobenzene'in the presence of a NHC catalyst. In
anot her broad aspect of the present invention, there is provided a
process for preparing an N al koxyphenyl protected (i-amno acid
ester derivative conprising reacting 20 an a, (3-unsaturated al dehyde
Wi th nitrosobenzene in the presence o4 a N-heterocyclic carbene
(NHC) catalyst to form a N-phenylisoxazolidin-5-one deri vati ve and
then tregtbngctédieg Naphesyhi s@xazol daélrﬁv@@ﬁ@'efé@/@éééfr& ahe

al cohol 1n the presence of an acid catalyst. I'n an e o I'ment  of
t he presépt™ihyentYbh, there is provided a pr ocess for pr eparl ng an
N al koxyphenyl 6 protected (3-am no acid ester derivative

represented by the formula (IV). RBO<)''"NHO (IV) 5 R ORS R
ed above and R8 is a C1_6 al kyl

wherein each of RL and R2 i
group, which process conpri eacting an a, (3-unsaturated

al dehyde represented by the 10 f HITY ~O R/ Hiwl) R2

wherein each of RL and R2 is as defined abovle, with
5 R; ORg

Ry

wherein each of R; and R; is as defined above and Rg is a Ci-g

alkyl group, which process comprises:

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

10 formula (II):

Ry (11)

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

formula (I):

: R
20

wherein each of Ry and R; is as defined above; and



ni trosobenzene in the presence of a NHC catalyst to forma 15

N- phenyl i soxazol i di n-5-one derivative represented by the fornula
(1) 0 R (1) OR 20\ O wherein each of Rl and R2 is as defined
above; and 7 (b) then treating the N phenylisoxazolidin-5-one
derivative with an al cohol represented by the fornmula RSOH wherein

R8 is as,.defi.ned _ above, in.th esence of an.acid.catal yst, .1 n, an
exerpl ary RS Sr e Ny Q5 BRE TS PRUBAPR SR P REORPORGH V7 b o
met hanol .wilth amh eXessplaar v dnreat Lbof thBerprReeAt ROMUAHAIOH Hhes
N- al koxyphenyl . protected (3-am no acid ester derivative is an

' N p- al k®dy edhrScred "RIARI REcaEN@e eft an deifvaskedysto In
still another aspect of the present. invention, there is provided a

process for preparimgan . p ; tect (3-.a0 acid
ester derivative reprSSeﬁtgg&g%§%hgﬁﬂxbé?géﬁasﬁwgge égégﬁﬁg) MeO Owve
5 invention, the alcohol is methanol. _ :

In an exemplary embediment of the present
invention, the N-alkoxyphenyl protected B-amino acid ester
derivative is-an N-p-alkoxyphenyl protected B-amino acid

ester derivative.

10 : In still another aspect of the presént.invention,
there is provided‘a process for preparing an N-alkoxyphenyl
protected B-amino acid ester derivative represented by the

formula:

MeO

15

OMe

comprising reacting an o, pf-unsaturated aldehyde represented

20 by the formula:

MeO

TO

with nitrosobenzene in .the presénce of a NHC catalyst to
25 form a N-phenylisoxalidin-5-one derivative represented by

‘the formula:



TK conprising reacting an a; (3-unsaturated al dehyde represented 20
by the formula: O MeOH TiOwth nitrosobenzene in the presence of
a NHC catalyst to 25 forma N phenylisoxalidin-5-one derivative
represented by the formula: 8 O 0 MO N TfO 5 and then treating
t he N-phenylisoxalidin-5-one derivative wth nethanol 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 al koxyphenyl protected R-am no acid ester derivative 10 conprising
treating a N-phenylisoxazolidin-5-one defivative with an al cohol in
the presence of an acid catalyst. In an/enbodi nrent of the present
invention, there 1is provided a procegs r preparing an

N al koxyphenyl protectedﬁé%;anino acjd ester derivative represented
by the 15 fornula (I1V):

THO ;

> and then treating the N-phenylisoxalidin-5-one derivative

with methancl 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 pP-aminc acid ester derivative

10 comprising treating 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 P-amino acid ester derivative represented by the

15 formula (IV):

RsO

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

derivative represented by the formula (I):



R ---1 ORB Rz 20 wherein each of Rl, R2 and R8 is as defined above,
whi ch process conprises treating a N phenylisoxazolidin-5-one
derivative represented by the formula (1): 90 R L O(lI) NR 5\
wherein each of Rl and R2 is as defined above, with an al cohol
represented by the fornmula R80H wherein RB is as defined above, in
the presence of an acid catalyst. In an exenplary enbodi ment of the
present 10 invention, the alcohol is nethanol. In an exenplary
enbodi nent of the present invention, the N al koxyphenyl . protected
p-am no acid ester derivative is an N pQal koxyphenyl protected

a-am no acid ester derivative. 1R Il a further aspect of the
present invention, there is providetfa Rrocess for preqirlng an

N al koxyphenyl . protected R-am no aC|d‘esﬁ%r derlvatlve epresented
by.the formula: MeO 20 NH O MeO /

wherein each of Ry and R .is as defined above, with an
alcohol represented by the formula RgOH wherein Ry is as

defined above, in the présence 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 P-amino ecid ester

derlvatlve is an N=p—alkoxyphenyl protected B-amino acid

ester derivative.

15 : . In still a further aspect of the present
_invention, there is provided a process for preparing an
'N;alkoxyphenyl protected B-amino ac1d ester derlvatlve

represented by the formula:

' MeO
20

NH - O

MeO —
OMe

TO

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

25 represented by the formula:



Ove TCO conprising treating a N phenylisoxalidin-5-one derivative
25 represented by the formula: 10 0 MeON 5 TiOwth nmethanol in
the presence of an acid catal yst. DETAILED DESCRI PTION I. Process
for Preparing N Phenylisoxazolidin-5-oqg Derivative 10 In an
enbodi ment 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
may be reacted with nitrosobenzene in the presence of a NHC
catalyst. A. a, p-Unsaturated Al dehyde 15 The a, p-unsaturated al dehyde
that may be used in the present invention Ps not. particularly
limted. In an enbodi nent of the present igvention, the '
.a, p-unsaturated al dehyde may be, for expnp @, and wi t hout. -
limtation, an alkyl, aIkenyHn(slkynyl, /cloal kyl, 20 cycl oal kenyl
aryl, arylalkyl, arylalkenyl & FRY N heterocyclic or
al koxycar bonyl a, p-unsaturat ed’ al y be substituted
Wi th one or nore substituents whiek ‘e or different. In an
enbodigent of the.present invenion, nsat ur at ed - al dehyde
may be~represented by,. for exanple, and w limtation, a
compound of the forrmula (.11):

with methanol in the presence of an acid catalyst.

Tout

DETAILED DESCRIPTICON

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

Derivative

10 In an embodiment of the process of the present
invention to prepare a N-phenylisoxazolidin-5-one .
derivative, an «,B-unsaturated aldehyde may be redcted with

'nitroSobenzene_in the presence of a NHC catalyst.

A. o,B-Unsaturated Aldehvyde

15 . The o, B-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, cyciloalkyl,
20 cyc}oaikenyl, aryl} arylalkyl, arylalkenjl, arylalkynyl,
heterocyclic 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 presént invention, the
25 o,p~unsaturated aldehyde may be represented by, for-example,

and without limitation, aicompound of the formula (II):



11 OO Ri- H(lIl) R2 wherein: 5 Rl is a hydrogen atom a hal ogen
atom a nitrile group, a C1_6 alkyl group which nmay be substituted
Wi th one or nore substituents which are the sane or different, a
C2_6 al kenyl group which may be substituted with one or nore
substituents which are the sane or different, a C2_6 al kynyl gr.oup
which 10 may be substituted with one otlnore substituents which are
the sanme or different, a C3_8 cycloal kyl group which may be
substituted with one or nore substituentgs which are the sane or
different, a C3_8 cycloal kenyl group mhi h may be substituted with-
one or nore substituents which are pe 15 or d|ff§rent a C6_14
aryl group which may be substit ued ﬁk h. "Hone or noré substituents
which are the sanme or different, a C§%%4 aryl-C1_6 al kyl group which
may be substituted with one or nore substituents which are the sane
or different, a C6_14 aryl-C2' -6 al kenyl group which may be
substltuteghg%g{hpne or 20 nore substituents whi.ch are the same or
different, -a C6_14 aryl-C2_6 al kynyl group which may be substituted
with one or nore substituents which are the same or different, a 4-
to 10- RenBeridd anBHdEPEMAI O hefeNBegBPR A Bhip 3 BAE AL AP NGECWhe 20F1-6

nore het er Qak PIMBy MUCRhaER hidaRendgnt¥uhblrfoeN onesSWhf Horor 2.5
oxygen and whi ch group nmay be substituted with one or nore

subst i t uen®bsiHiteiendse vhAED stiffe e digfieepEndiftemntyoa f4snehEEEd
aromatic h@%@ﬁﬁ“ﬁﬁﬁcﬁ?mﬂ§059 SONM@INIHRG wOPE e or more substitueats

which are-the same or different, a Cz-¢ alkynyl group which

10 may be substituted with one or more substituents which are
— the same or different, a Cs.z cycloalkyl group which may be
‘sﬁbstituted_with one or more substituents which are the same
or different, a Cs-sg cycléalkenyl group which may be |
substituted with one or more substituents which.are the same
15 _of different, a Ce-14 aryl group which may be éubstituﬁed with-
one or more substituents which are the same or different, a
Co-14 aryl Ci-¢ alkyl group which may be substltuted with one
or more substltuents which are the same or dlfferent, a Cg-14 |,
aryl—Czﬁ_alkenyl group which may be substituted with one or
20 more substituents which are the same or different, a Cs12s
aryl-czﬁ alkynyl group which may be substituted with one or
more substltuents which are the same oxr dlfferent a 4- to
10-membered non-aromatic heterocyllc group contalnlng one or
~more heterocatoms which are independently nitrogen, sulfur or
25 oxygen and which group méy be suﬁstituted with one or more
Substituents which are the same or diffe;ent, a 5- to
l4-membered aromatic heterocyclic ‘group containing one or
more heterocatoms which are independently.nitrogen, sulfur or
oxygen and whicﬁ group may be substituted with one or mofe
30 substituents which are the same or different or a Ci-s
alkoxyéarbonyl group thch may be substituted with one or

more- substituents which are the same or different; ard



nore heteroatons which are independently nitrogen, sulfur or
oxygen-and which group may be substituted with one or nore 30
substituents which are the sane or different or a Cl1_6 -
al koxycar bonyl group which nay be subﬁki tuted with one or nore
substituents which are the sane or different; and 12 R2 is a .

hydr ogen_at pm 6 al k roup “whi y be bs |tute vvith .one
or nore gﬁbﬁ?l?ﬁléﬁﬁ%?%ﬁ"ﬁ% atﬁi—i- fszfrcrlg‘ngrgrdﬁuﬁ:’fé’ €6 al kenyl
group whisghsmayypeqsybshi @n%e@r Whid ORes Of t B €s S;Hbﬁd‘-ﬂ té&%‘tt%é/\’@a@dé
are the sane or 5 different, a C2_6 al kynyl group which may be

subst i t uesdoMEERrephe or Caver 21 keist | 9err swiwkele ay e Mubshrid uded
di ffereng‘,1 g ’P% §rC¥18V\§ kléfl:t?t ‘% gxh*ﬁ]clga%r?etgéjbstﬁuged with one
S e

or nore Su uents are 1 sane or feren a C3_9

cycl oal keénylregeaup whceh ﬂh&y@@ls@&ﬁﬁptwﬁfﬁhvméilm&msuﬁsﬂmﬂutéﬂlw1th
substituents which are the sane .or different. The Cl_6 aI roup of
t he Cl1_6°8Fk{F @PBEpSHE?EhtU%’S/S b‘éh%%sfﬂ% u’%lé% S3Ry de, d¥ %

and with Ny I e
e "oFh, PUEoREk 310 bty s gpebed Al iarm

sec- but ymore Bubgtitnepeatyhich- qznaentwe m@p@mt@iffenerpemwla Ci-g

n- hexyl , XY, ro th r.0 :
1 oyt <hEB8R kepa p o LB SR o 5 BN PIER s one ox more
1,1, 12- teubetmyhphe@yhhléh1a£etﬁh@t@am@r@@ydlfféxénﬂjnethylbutyl '
2, 2-di net hyl butyl, 2-ethyl butyl, 20 1, 3-di nethyl butyl, 2- nethylpentyl

or Sty pentyl Tt Clebeel Kl ot BB B2, LA DRl

heteroat Ay BB 6libs8iut 84EPRAGIEN | VESH ELARM e S WU TwDFh QMY 9en.
llmltatlon, any straight or branched alkyl, for example,'
methyl, ethyl, n-propyl, i-propyl, sec-propyl, n-butyl,

15 ifbutyl,'sec—butyl,_t—butyl, n-pentyl, i-pentyl, sec-pentyl,
t-pentyl, n-hexyl, i-hexyl, 1,2-dimethylpropyl,
2-ethylpropyl, l-methyl-2-ethylpropyl, l-ethyl-2-
methylpropyl, 1,152~trimethyipropyl, l,l,Z—tfiethylpropyl,

___1,1—dimethylbutyl, Z,ZHdimethylbuﬁyl, 2~ethyibutyl,

20 1,3—diﬁethy1butyl, 2-methylpentyl or 3-methylpentyl. The
Ci-s alkyl group may be, for ekample, and without limitation,
-optionally interrupted with one or more heteroatoms which

are independently nitrogen, sqlfur or oxygen.

The Ci_g alkenyl group of the C;¢ alkenyl group

25 which may be substitutéd, may be, for example,'and ﬁithout
limitation, any straight or branched alkenyl, for exémple,
vinyl, allyl, isopropenyl, 1- propene 2-yl, l-butene-1-yl;
l-butene-2-y1l, l-butene-3- -yl, 2~ butene 1-yl or 2-butene-
2-yl. The Cy¢ alkenyl group may be, for example, and

30 without limitatiohl'optionally interrupted with—one or more
hetercatoms which are'indeéendently nitrogen, sulfur or

oxygen.



The C2_6 al kenyl group of the C2_6 al kenyl group 25 which may be
substituted, may be, for exanple, and without |imtation, any
strai ght or branched al kenyl, for exanple, . vinyl, allyl,

i sopropenyl, 1-propene-2-yl, 1-butene~%k-yl; 1-butene-2-yl,
1-butene-3-yl, 2-butene-1-yl or 2-butene- 2-yl. The C2_6 alkenyl

group may be; for aml e, d wi t hout tion

interrupted with oﬁé npzﬁnﬁgﬂyﬁggeQBSP%n%f ?%Hthe %%@% eﬁ%

ni t r ogenyhsehf Bayobe eXpgentutdd, TheyRBef BbKYEYAmET M Pl vﬁﬂfhdﬁﬂ: 6
al kynyl %roup whi ch maybe substltuted may be, for exanple, and

wi t hout Pfﬂmttaatlpam aBﬁyS!EfIflaéHQﬁt om%@%%%&bkmﬁﬂ £oHrewaERNA e,

et hynyl , |, I n I I
arotp. may ba TR PrBEII%PX b Y REE Y It b *‘fnﬂ?. onhf YR
in%erBupeé&yr?ﬂhgmnapomaynbeThébggegampteMmTﬁ@ watkommdfpfifﬁﬂudQﬁ

ni trogen ul fur .or ,oxygen e cycl oa roup o e

el oo RoPt B i e e ot B0 wiER, PRt 8 ks BeceFest ahaieh ang

10 wi t hoytrel hﬁﬁ%@éha@ntwcmﬁkegaﬂyl sutyetk OQf't@ﬂE%jen cycl opentanyl ,
cycl ohexanyl or cycl ohept anyl C3-9 cycl oal kenyl group bf the

C3_8 cycl oal kenyl group whi ch { be substituted, .may for
exanpl e, and withéhe Feui c¥ELOAL wcg@wep@ﬁyth%%m%m%@@#kﬂﬁ

cycl open o] enyl t Th I up of
The oo §EBkp WEXEROREYEBK! < ADSCXELODRP| A e Mot Oeddmdly) HELP

and ﬂﬁnheuthohtnﬂumutan;ophenyblopenpamehyIqyckmhm@ﬁnyl
napht hy! g24L8aKkyn, RePLELERYN Ly aRETZ08Y S, OPSEERYL, Pf . Phenant hrenyl

The C3-p cycloalkenyl group of the Cs.g cycloalkenyl -
group which may be substituted; may be, for example, and
without limitation, cyclopropenyl, cyclobutenyl,

‘15 cyclopentenyl, cyclohexenyl or'cycloheptenylh

_ The Cg.14 aryl group of the Cg14 aryl grbup which
may be substituted, may be,'for example, and'witheut
limitation, phenyl, pentalenyl, indenyl, naphthyl,-azulenyl,
heptalenyl, benzocyclecoctenyl or ﬁhenanthrenyl, ’

20  The Ce.1q BryliCis alkyl group of the Csis aryl-Cile
.alkyl gfoup which may be sﬁbstituted, may be, for example,
and without limitation, a Ci-g aikyl'group as defined an&where
above having a Ce-14 aryl group as defined anywhere above as a

' substltuent

25 . The Cg-14 aryi—C}%.alkenyl group of the C&iq

o Haryl—c}@ alkenyl group which may be substituted, may be, for
example,'and without limitation, a Cz-g alkenyl group as
defined anywhere above having a Cgs-14 aryl group as deflned

anywhere above as a substituent.



20 The C6_14 aryl=Cl1_6 al kyl group of the C6_14 aryl-Cl-6 al kyl
group which may be substituted, may be, for exanple, and w thout
limtation, a ClL.6 al kyl group as defined anywhere above having a
C6-14 aryl group as defined anywhere ve as a substituent. 25 The
C6-14 aryl-C2_6. al kenyl group of the -14 aryl C2-6 al kenyl group

whi ch may be substi‘ for n
limtation, a C2_6 §F4g7%%€ Gase %&#Y ég%%%5%3% Havi ng a
C6_14 ar )Hryg_l’—@;_lps asmyung@lougnMMQhemapow Qﬁb@tﬁthbtsédii ued . bd 4 £dhe -

C6-14 aryl -C2-6 al kynyl group_of the C6-14 aryl-C2-6 al kynyl group
whi ch nayPAFEPdEhs encuéd! Oﬁﬁylboltﬁéfwnexanﬁm aldnnydi (HowP as

limtati p eti Qe faui a
C6_14 ary 5%§§%aa§bé$?|ne%528 hdvin g L %%ﬂéxp%gﬁﬁgplfﬁent n%%é 4-
to 10-Teminemie reorbavemasi e hebetotyehtc group.contalnlng one or
nore heteroatons which are independently nitrogen sulfur or oxygen

of the 4- to ered_non-aronmtic heteroc cont J ni ng
one 10 or nore herggga#onEOMEPEWeQEErFHdEBEnaE g% ?ur
or OXygeryramg \&fa:h@alﬁﬁ.ﬁgpoﬁaYObem§HQShé{:ék@gtoﬂﬁym@i)@ﬁ ah Fe for
exanple, and without limtation, from1 to 4 heteroatons which are

i ndependdmiepeRdensdannisuPIaR. oPUbkygEenr THEJER 95 IS ndmbe? ed
non- ar oy e ABLSLACKELLS -BhOUPCARLALDLDE 12 OPSLOTIRLE NEL LT Rl O
Ut . or oxygéen nay e, r :

whi ch are |n§Epen ently nitrogen,
exanmplle, candowet herterobkpmsavhonh pyer dhddpaytienpyy rol t nggen, sulfur

PLPSQLS:G%%H?W%i eraélnX1thlg}ggéogggy£é EXB %O{ugégylmay oontain, |
for example, and without limitation, from 1 to 4 heteroatoms
which are'independentlj nitrogen, sulfur or oxygen. nThé 4
to 10-membered non-aromatic heterocyclic group containing

15 one. or more heteroatoms‘wnich are independently nitrogen,

sulfur or oxygen may‘be, for example, and without
limitation, pyrrolidinyl, pyrroiinyl, piperidinyl,
piperaziny}; imidazolinyl, pyrazolidinyl, imidazolydinyi,
morpholinyl, tetrahydropyranyl, azetldlnyl oxetanyl,

© 20 oxathlolanyl phthalimide or succ1n1m1de

The 5- to 14—membered aromatic heterocyclic group
containing one or more heterbatoms which are independently
nitrogenf sulfur or oxygen.of the 5- to l4-membered aromatic
heterocyclic oroup_containing cone or more hetercatoms wnich

25 - are independently nitrogen, sulfur or oxygen and wnich_group‘
may be snbstituted, may contain, for example, and without
limitation, from 1 to 4 heteroatoms which are independently
nitrogen, sulfur or oﬁygen. The 5- to_14—membered aromatic
hetérocyolic group containing .one or more heterocatoms which-

30 are independentiy nitrogen,.sulfur or oxygen may be, for
"example, and without limitation, pyrrolyl, pyfidinyl,
‘pyridazinyl, pyrlmldlnyl pyrazinyl, imidazolyl, tﬁiazoiyl

or oxazolyl.



nmor phol i nyl, tetrahydropyranyl, azetidinyl, oxetanyl, 20
oxat hi ol anyl, phthalim de or succinimde. The 5- to 14-nenbered
aromati c heterocyclic group containing one or nore heteroatons which
are independently nitrogen, sulfur or;®xygen-of the 5- to

14- menbered aromatic heterocyclic group containing one or nore

het er oat ons whi ch are in endent | i trogen, fur, or oxygen and
whi ch group may b(zaﬁ%eubﬁ? tau%%d{,yc %‘gﬁ‘t & ,%pf &tsé)l}(]gnﬁll“es, and

wi thout d4iketwdd ondIrgdud G dieheRoakosmbaktiichtade magependest!y:
ni trogen, sulfur or oxygen. The 5- to.l4-nmenbered aronatic :

het er ocy 5 ROU DIty loiE tat 198r e MRENOKYSRERE ™M ch 30 are

i ndepende ; 1QGEN, may _ f , and
Wi t hout F%%%ﬁ%% pyr'r wﬁ%gpggﬁ%%%ﬁ?l'pg}r ?gg io% I C%)S%EB g(’ji nyl,
pyr azinylsedpoametyda riduiydzolnHdbutmx yaxapohnyll, ISbutlayCirbonyl,

al koxycarpanyl. group of the Cl-6 _al koxycarbonyl -group which y be
Subst ¢t b P S e e R s Y IR o RGO BT PRCPEP GOy T
met hoxycar bonyl, et hoxycarbonyl, n-propoxycarbonyl, i-propoxy

carbonyl, 5 sec-pr oty e horylc, Nahukaxycarbanytnyi ; bo @xycaybeny!
1, 2- di met hyl pr opoxycar bor(l:yl or 2-ethyl propoxycarbonyl. Each: of the
Cl_6 al kyfsre ¥ B-kerdyl Cxa-ycloaldympy] - CSs84cEVbal kyhs acylgCi-s

cycl oal ke, C6-.14 aryh. C6- -CGh- 6 v ; yl -4C2+

al kenyl , C6-14 arsgﬂéf CZ¥% a?%y%ék?ﬁﬁ’ tc%s 14106?44_01- r?é"cga?l]ei{?i&’rﬁ{)lﬁ- élr ojr‘fg)ti c
het erldty| i meGbemed sarerimred iar degeiroclyétier oOycltioc ldrte@befed
alkoxycarboqy

subst it uétit's alﬁnj‘l%zz%ua?aé:no? € gé:h%%tg%trdléﬁy}a‘figp\gﬁ'{cgr%%%gﬁfr @%@%ﬁn’éﬁ? B¢
the preseditbdtiveidddmith one or more substituents which are the same
or different. In an embodiment of the present invention,
each of the above—mentionea groups may be, for example, and
15 without limitation, substituted with one to three‘

substituents which are the same or different.

The one or more substituents which are the same or
diffefent for each of the abéve—mentioned groups may be, forl
_ example; and without limitation, a halogen atom, a hydroxyl
20 group, a thiol group, a nitro group, a nitrilé group, &
cyano groﬁp, a Ci.g alkyl, Cag alkenyl or C,.¢ alkynyl grbup
which may be'sdbstituted_with a halogen atom, a Csg
. cycloaikyl or Cs-g cycloalkenyl group which may be
. substituted, a Cg-14 aryl group'wﬁich may be substituted, a 4-
25 to 1l0-membered non-aromatic heterocylic group cgntaining i
to 4 heterocatoms which are ipdependently nitrogen}toxygen or
sulfur and‘which gioup may be substituted, a 5- to 14-
membgred aromatic heterocylic group confaining i to 4
'heferoétoms wﬁich are independently nifrogép, oxygén or
30 sulfur and which group may be substituted, a Ci.g alkoxy
group which may be substituted, a Cs-g cycloélkoxy group which
'may be substituted; a Ci-g alkyithiq, Coeg alkenyithio or Cp.g .
.alkynylthio Qroup which may be substitutéd, a Ci-g



each of the above-nentioned groups may be, for exanple, and 15
without Iimtation, substituted wwth one to three substituents which
are the same or different. The one' or nore substituents which are
the sane or different for each of the gbove-amanti oned groups nay be,
for exarrpl e; and without limtation, 5°hal ogen atom a hydroxyl 20

o, s Lol Bl 8 ALY R A L iLLE SRR 3, e o
be' substi tubedi Matdga @aéeogqe%ﬁtl%my @r{%%p%h%ﬁl aa&kisle Qﬁb@i@uted a
cycl oal kenyl group which may bé sudbstituted, a Cb-1

gr oup- whi é¢h h@yl%em@utb%mcﬂ m@d-amoxmtzii: t@mmmm@m@pomﬂcb
het er ocyl | cont ai.ni terqa whi_ch .are
mdependen‘ﬁ’y Ni L%}?)Sgtelntm: gen orot%tﬁhﬂf rgjncfeﬁlagﬁmgﬁ*&&p may be
substi sut ediefodycl®-déy JEsienad e onmBt ike hateraeyitee, 90uR 1,
containing 1 to 4 heteroatons which are independently nitrogen

oxygen or 23011 (TR WihiEh ol el el aihsstii taut4ed toy lérmﬁmg’lel”(fé’i@y

e st or R SRR G Rl S @ I A o A ch Ry
al kynyl t h$‘®b§]tbtlgtﬂwﬁu oh maycdael%umsmbam@oarmmce hmerocycle -thio
subst 1 ut S Lo R P G TP AR Pean F2YsPe o
10- nember &b HONE @t SAtae ahzej_tc% apysdie, wwuafimdwmp,my da@bamide

substituted, a 5- to 14-nenbered aromatic 5 heterocycl e-oxy group
whi ch rray%%u%u@tﬁ?mséh IEPWE- 18 Cras WRIIQY lg iRy Rwhicc IPaFRPTIE. 9T OUP

substitutgd -2 As 1.9, recg e{m Ifbe;%}er ¥4l &t hio'group
whi ch may blec substltut to 147 n‘oereﬁg ar “ﬁclc °

heterocyc$@b$¢ntuted a carboxy group, a carbamoyl group which may be
- substituted, a Ci-4 alkylenedioxy group, a sulfinyl group
15 which is substituted; a sulfonyl which is substituted with a
?rifluoromethyl group, a Ci-g alkoxycarbonyl group, a Ci-e
alkylsulfony} group, an ox0 group or a Ci¢ alkoxyimino

group.

- In an embodiment of the present invention, R is;'_
20 for example, . a Ci_g alkoxycarbonyl group or a Cg-14 aryl group
whlch may be substituted with 1.to 3 substituents which are
independently nitro, trifluoromethyl,

trifluoromethylsulfonyl, methoxy or_methoxycarbonyl.

In an exemplary embodiment of the present

25 invention, R; is a hydrogen atom.

B. Nitrosobenzene -

Nitrosobenzene may be represented by the
formula (III):

O
30 . - | (IIT)



group which may be substituted, an am no group which may be 10
substituted, an azide group, a guanidino group, a carbam de group,
fornyl group, a CI _6 imdoyl group, a carbonyl group which is
substituted, a carbonyl-oxy group whichyis substituted, a carboxy
group, a carbanoyl group which may be substituted, a Cl_4

aIkernedboxyHﬂéoHQt A sylflnyl group 15 which is substltuted a

sul f onyl uted with a trifluoronethyl group, a C1_6
al koxycarbonyl group, a ClL_6. al kyl sul fonyl group, an oxo group or a
Cl_6 al koxyi m no gr}wmm rcata g0 d freiie efrddmipriesent ioavest hoa,
Rl is, 20 for e a, Cl_6 al koxycarbonyl group or a C6_14 aryl
group whPRht h%@f%gP Woidtitt&fed with | to 3 substituents which are

i ndependently nitro, trifluoromethyl, trifluoronethylsulfonyl,

nmet hoxy or net hoxycey tg}ﬂyembodﬂné’m: @@@i@r@ie@@ﬁd'ﬁ%@htggnt h%he NHC
present 25 invention, R2 is a hydrogen atom B. Ni t r osobenzene

Ni t ros%beffﬂl%*é@]bYﬁFﬁayﬂaié heepiee@emobcfm,t tfe:r feoramplle ,( leink) wikkout30

(rer)y 17 4 Nﬁﬁ HC cat al.yst- of the present invention
i S not partl a% ez I\‘[nli‘lanh & fodi ment of the pr esent

i nvention, the NHC 5 catalyst may be derived from for exanple, and
wi t hout Iin1taIi(NEn.an1émﬁdﬂﬂmﬁduﬂnﬁ%ﬂhe present invention, the NHC

catalyst may be derived from, for example, and without
limitation, an imidazolium salt represented by the

10 formula (V):

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

example, and without limitation, Br~, BF;” or C1 .

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

- 20 limitation, an 1m1dazollum salt represented by the formula:

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

‘BF{'or Cl". In an embodiment, X  is, for example, Cl7.



In an enbodi ment of the present invention, the NHC catalyst nay be
derived from for exanple, and without Iimtation, an im dazolium
salt, represented by the 10 formula (V): /+ (V) R3 1V-N-R3 wherein R3
may be, for exanple, and w thout I|imtation, 15 phenyl (Ph),
i-propyl ('"Pr), nesityl (Mes) or 2,6-diisopropyl phenyl (2 6 Pr-Ph)
and X may be, for anple imtation

I n an enbodi nent OFS'[ e S%ggﬁ?e%vgﬁt%%ﬁﬁ Pf%%erNHén earft ys’t tnl%aey @c
deri'ved taesnybker meyanpl Geranddwetbapt for 2@xérh;ﬂlé Atdd, widihout .

i mdazolium salt represented by the formnula: ‘. 25 wherein X-
may be, foFiER&ApPe, aanamwieﬁeiwm.W%etxwemntedm) thy QraH an
enbodiment, X is, for exanple, C'. 18 In an enbodi ment of the ‘
pr esent i nvent i on,. the NHC catalyst nmay be derived from for exanple,

and without limtation, an imj/dazol salt represent ed by the
formula: 5 ~ NON ~ wherein @ gxaapl e, and without
linmitation, Br-, - BF4- or O H odi XIS for exanpl e,
Cl-. In.an enbodi nent of _tf - inve e NHC 10 cat al yst
may be derived from for exanpfe, ~and wi tjout Iimtatlon an
imdazoliumsalt represented by the formula: N+ N 15 V\,herei n X- may
be, fo.r example, and without limtation, Br-,

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

BFs” or C17. In an embodiment, ¥~ is, for example, Cl1-.

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 witheut limitation, Br-,

BF, or Cl1”. In an embodiment, X'Ais, 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 embodiment, X~ is, for example, Br .



BF4- or C-. In an enbodinment, X- is, for exanple, BF4-. In an

enbodi nent of the present invention, the NHC catalyst may be derived
from for exanple, -and without limitation, an imdazoliumsalt
represented by the fornmula: 20 \ NnN {9vvhere| n X- may be, for
exanple, and without limtation, Br-, BF4- or d-. 1n an

enbodi nent, X is, for exa Br - I n an enbodi nent of th
present invention, Ifkrgi’éjﬁytjﬁl% %)FhﬁepaélsﬁﬁéleV‘éﬁFlPBr E}%%n%ll{%
and wt hQi&ta gism tn%ty % o%'}l'v@djef%:%lnﬂ U@o%aé%ahﬁ@éesﬁﬂﬁeglgﬂoﬁ'ﬂe
formul a: N wherein X- may b for exanple, and witho .
limtati dﬁmlﬁahiﬂmora@némh@aﬂmlﬁ@ﬁatsel(c @EP):eSBntedBﬁther f@ﬂ_mulaan
an 10 enbodinent, X is, for exanple, -OIf. In an enbodi nent of the
present invention, the NHC catalyst may be derived from. for
exanpl e, and WlthOUt limtagign, an i m_edzol i um sal t represented by
exanpl e; and w t hout

| rvan di ment of the present

ay &/derlv?dffrom for exanple, and

i um salX represented by the fornul a:

limtd&ion, Br-, BF4- or C'-.
i nvention, the NHC 20 cat al
without 'limtation, an im
O O NON :

wherein X may be, for example, and without limitation,
_ _trifiUOromethylsulfonate (TOTf); Br',‘BE{ or'Cl'. In an
10 embodiment, X~ is, for example, “OTE.

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

limitation, an imidazolium salt represented by the formula:
15 - N_ N
wherein X‘may be, for example, and without limitation, Br~,

BF; or Cl-.

In an embodlment of the present invention, the NHC
20 _catalyst may be derived from, for example, and w1thout

'11mltatlon, an imidazolium salt represented by the formula:




20 wherein X may be, for exanple, and without limtation, Br-, BF4-
or A-. In an enbodi ment of the present invention, the NHC catalyst
may be derived from for exanple, and without 5 |imtation, an

i mdazoliumsalt represented by the formula: X\ / wherein X nay be,
for exanple, and without Iimtation, Br-, 10 BF4- or d-. In an
enbodi nent of the present invention, tm@ NHC catal yst may be derived
from for exanple, and w thout Ilnltatlon an i mdazoliumsalt

represent ednéyeihextdyded: £d3 éﬁinpy@erae;dnthﬁaut beimiftaf i8XANBLTE,
and without |limtation, Br , BF4 or -. I'n an enbodi nent of the

present ingBht P&nClt-he NHC cat al yst nay be derived from for
exanple, and without 20 limtation, an im dazoliumsalt represented

by: the formila OB Bh Bfbiisin JR7 tRBYpbEsediori rekalRbe, @ NHC
without limtation, iPr 25 and t-Bu; and X- may be, for exanple, and

Wi t hout |ifittatysin mayppe depmpved dirom, fop1exanppla, ambolibBREE of t he

present si nyenid Oord, NanNHe: g1 Msd maY beppesd ety fbg,onfhef%rrﬁﬁ%rrpl e,
and without limtation, an |n1dazoI|un1sa t represented by t

formula: 5 X O

X
,/E&»/N\s
wherein X" may be, for exampie, and without limitation, Br , -

10 BF4 or C17.

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

iimitation, an imidazelium 'salt represented by the formula:

15 - | IR

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

BFs” or Cl7.

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

20 limitation, an imidazolium salt reﬁfesented by the formula:
O o
| <—-N mN:+ ‘Z
& 0
RS \\/’)( "Ry

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

Br~, ‘BF4” or Cl-.



N ~N wherein X may be, for exanple, and without limtation,
trifluoronethylsul fonate (-OTf), Br-, BF4- or d-. In an 10

enbodi ment, XCis, for exanple, -OTf. In an enbodi ment of the-present
invention, the NHC catalyst nay be derjved fromj for exanple, and
without Ilimtation, an imdazolium sd represented by the formula
(M): 15 RS- R5 X R4A'NN (Vk} + R4 wherein R4 may be, for exan‘pl&C
and wi t hout |imi-tatiforRD ¥ %ﬂEQﬂ1OfRﬁhﬁaFrSéenFangﬁﬁﬁﬁPB' Shg N

wi t hout |d4d1@fdiOnnsy %Qahﬂi”f¥ga1f¥bﬂtho%n@x§ P§E¥ BRd %Qﬁh@ﬁﬁnple

and wi t hout Ilnltatlon , . I'n an enbodi nen t he present
i nvent i onlinth= NG, (ﬁﬂEmmmdaani¢UMES@é¢|me@résenﬁeﬂobyekhﬂpEermahd
wthout I|imtation, an imdazoliumsalt represented by the 25

formula (M1): 22 R (VII) - NN~P16 5,wherein R6 may be, for exanple,
and without limtation, 2,6-'Pr-Phxand X may be, for exanple, and

without Ilimtation, O -. D. N- Pheny, I?§§i§géﬁdin-5-one Derivative In -

an enbodi ment, the N phenylisox dlf-‘h_

NN

wherein X~ may be, for example, and without limitation,
trifluoromethylsulfonate (7OTf), Br, BFy or Cl'. 1In an
10 embodiment, X° is, for example, OTL.

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 Rs, ~ Rs

wherein Ry 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, C17.

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):



10 derivative that may be prepared in the present invention, my be
represented by, for exanple, and without limtation, a eonpound of
the formula (1): 0 RZ 15 ~O(l) N R wherein each of RL and R2 is
as defined anywhere above. E. Preparaﬁion of

N-' Phenyl i soxazolidi n-5-one Derivative =20 An enbodi nent of the
process for preparing the N phen-ylisoxazolidin-5-one derivative of
the present invention nay be represented by, for exanple, and
without Ilimtation, the following s 23 0 0 R2 catalyst base O
31 R g ON-O0so lvent, rt RN i 5 erein each .of R and R2 is
as defined anywhere above. W thout ®ei ng bound by theory, as
represented in the follow ng schene | yof exanpl e, and w thout
limtation, it is believed that theaitrpsd conpodyldItan act 10 as
an el ectrophile, formng CN bonq§/1ead?mgqgo am des or (3-amno
aci d derivatives. _ o

5 wherein Rs may be, for example, and without limitation,
2,6-1Pr-pPh and X~ may be, for example, and without

limitation, Cl7.

D. N-Phenylisoxazcolidin-5-one Derivative

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

a compound of the formula (I):

R,
15 N/O - (1)
_ R,

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

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

20 ' An embodiment of the process for preparing the
N-phenylisoxazolidin-5-one derivative of the present
invention may be represented by, for example, and without

limitation, the following scheme:



0O to0O ~}II~-R NR 3R R'"\y'NC N4COH o~CR 15. nN R
RR ORal/ NOH 01l RCNIVNOCNOHR R RRMN R PathA R
PathB Rp CNOH .\Y 20 Ndi _ RN=0O N=O - R d3 R2 R 2 wherein
in the schene Ris phenyl, Rl is as de%'ned anywhere above and R is
a hydrocarbon group, including those groups defined for RL as above.
. 24 It is believed that coupling of the nitroso conpound 2 wth.

t he honoenol ate equivalent i (d3 nucleophile) forms internediate
nitroxide species ii and iii (Path A). The C

0
Ry

o .
N | + _ cata!ysf, base /0
. Ry H N=0 solvent, it : N
Ry .

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 that the nitroso compound can act.

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

O

15, E}‘ﬁ '
. ke g x .

R
R’ 0 R
iii A R +ﬁ /
OH
YA »
R . N\R'iv N—0
=Y OH 1 R-
-[:\ { ¥
N oo
R I
. 'KNHR; Path A R Path B
' N OH - )
N dl \— y
20 : N=0 . L, 43 2

' 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.



nitroxi de species iii can then attack the carbonyl group of 5 the
activated carboxylate intranmolecularly, leading to formation of the
i soxazol i di n=5-one 3, returning the carbene catalyst back for
further turnovers. Potential conpeting reactions are befieved to be
the reaction of the d° nucleophile i with the nitroso conpound 2 to
formthe 10 N hydroxyci nnamanm de 4 (Patsh B) and the sel f-condensation
of the enal. In an enbodi nent of the present invention, the

a, R-unsat urat ad m1debgdecnai téagnhenz Sﬁet@é‘dlitﬂl%suH@om%@ﬁ@dl V8 iy 1Y
be, for exan le, reacted in the presence of a 15 suitable base. The
base is not ”‘gé}qlﬁ%&%m eI TR End (duinssrerpases I be

under st 00di 46::30Hi628 Rer dot aidiprd By hase safi qpdiRaiy. skidd in
the art. In 'an-enbodi ment of the present invention, the base nma
be, for exEhpiEidgngrediehotit 19a% ttagnoattack the carbonyl group o

1, 8- di agabjcy ; | undec: 7-ene - g&%@ Si t,-but oxi de
(KOG Bu), . sodi(\éucﬁj:[ﬁg?g?t rmet hgyﬁa%irél ;ﬁ?]ém e,cupl(%t(}g Si E%QMI% e

bi s(t ri met¥AmATLPN) of gihelcl sddazelidined rametthy lnsitpenidy nehorcagbgingm
tert-butoxi | AR, Of ent, | 1t i 0 ase
is, for exxéarrp 13{5'%1?’395{%% cyglle%[ %Flgl.q%f%ﬁ%ec??&%}égg%SQ%I?peggT%isi um
t ert - but oxieket ionsaarenpodiawEtt tof beheheresartionneénthend’ t he

reaction he, nf gxg{gl carrli out in-t re e.of a
. il h
suitable so Cven‘t'p. ?Ee o) veﬁcth@i glﬁggg%arﬁ%&&nﬁﬁyeol f§'§n et * and
sui t abl@ gbthusirogywbuhandgel dender(®eobdR! carahdheasehé-80ndet srtriomed£by -
t hose of otr],@'h'%%r)i skill in the art. In_an enbodi nent of the-present
t

i nvention, € sol'vent may be, for exanple, and w thout |initation,

di chl or onet hane (CH2C12) _ or
’ In an embodiment of the present invention, the

o, p-unsaturated aldehyde, nitrosobenzene and the NHC ‘
catalyst may be, for examplé? reacted in the preéeﬁce of a -

15 suitable base. The base is not particularly limited and

‘ suitable bases would be undersfood to and can be determined
by those of ordinary skill in the art. In'aniembodiment of
the present invention, the base méy be, for exampla;.and

- without limitation, 1,8-diazabicyclo[5.4.0]undec-7-ene

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

_ Bis(trimethylsiiylfamide; potassium bis (trimethylsilyl)

amide, lithium tetramethylpiperidiné or sodium |
tert-butoxide. In aﬁ embodiment of the preseﬁt inveﬁtion,
the base is, for example, 1,B8-diazabicyclo[5.4.0]Jundec—7-ene

25 or potassium tert-butoxide.

In an embodiment of the present invention, the
reaction may be, fpf example, carried out in-the.presénce oﬁ
a suitéble solvent. The solvent is not particulafly‘limited
and sgitable solvénts_would be understocod to and can be ‘
30 determined by those of ordinary skill in the- art. In an
embodiment of the'preéent inventien, the solvent may be, for
example, and without limifation, dichloromethane (CH:Cls): or

tetiahydrofuran (THF).“



tetrahydrofuran (THF). 25 The anpunts of the a, R-unsaturated

al dehyde and ni trosobenzene that may be used in the present invention
are not particularly imted. Suitable amunts of the ’
a, R-unsat urated al dehyde and nitrosobg zene woul d be 5 understood to
and can be determ ned by those of ordfmary skill in the art. For
exanple, and without Ilimtation, those of ordinary skill in the art
woul d understand t RBE #ReUNES FOTinGhe (¥ b oénea HetRiRd shiflehyde and

ni trosoben r ea ot di hg: ' i chi ric

ati o 10 ThesgnonzRis EREL Aoy BE LR AT Db TRl SR Sl o e
present npveptirbncitandy pantted! arfyitaldd eshorSutid abff eeheanount s of
the NHC catal yst wou| d be derstood tpo and could be determ ned by
those of “ofSaPﬁaW%R ¢f ?%g%]@\%d%r??glﬁl%os%&ﬁ%ﬁfo‘gﬁ&’r% pr esent

i nventi ofndkhetapRUR: &hatben W dorEahAl YSthhdife JOT-RKaERNe, and
without Iimtation; less than 20 nol % for exanple, and w thout '

limtati 8fifloknibheoaro nbeo,examblac| ant iyl thguts peaiiftiag ival,ue

wi thin thi ange i ol S t icularly |imted d
sui tabl e roa5 DEnoFRREafoth L bt el REl et Jye 3R
det er m ne¢dpbynthoaeadéd oi tiletayde skhd | nitrddebéiiend Mmaan enhedicreat of
the present invention, the reaction tine nmay LK be, for exanple, -and

wi t hout PPRPESERSNTO| BRSF narP AN HIR S 1C fh#t ¥anpl e, and wi t hout
limtation; from1l1l to 12 hours, and. including any specific tinme

withiip this range, TR&CAm@Snt fOFf 2o QXRIMELsa ARGE WHAOULa Y IHE 1afld0An
from1l to 6 hours or from1l to 3 hours. The reaction tenperature is
not part B8l BFp§ent invention is not particularly limited. Suitable
amounts of the NHC catalyst would be understood to and could _
be determined by those of ordinary skill in the-art. 1In an
embodiment of the present invention, the amount of the NHC
15 catalyst may be, for example, and without limitatién; less
than 20 mol%, for example, and without_limitation from 10 to

20 mol%, and including any specific value within this rangé.

‘The reaction time is not particulérly limited and

suitablg reaction times would be understood to and can be

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

| embodimernt of the present invention, the reaction time may
be, for example, and without limitation, less than 12 hours,
forAexample, and without limitation; from 1 to 12 hours, and .
including any specific time within this range, such as, for .

25 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 temperétures would be
-understood té and can be'détermined by those of ordinary

30 skill in the aft._ In an embodiment of the bresent
ihﬁention, the reaction temperatufe may be, for example, and

withqut limitatidn,'room temperature.



limted and suitable reaction tenperatures would be understood to
and can be determ ned by those of ordinary 30 skill in the art. In an
enbodi nent of the present invention, the reaction tenperature my
be, for exanple, and w thout Ilnltatlon roomtenperature. 26 In an
enbodi ment of the present invention, e’ N- phenyl i soxazol i di n- 5- one
derivative may be, for exanple, |solated and/or purified. Suitable

i sol ati on and/ or §Grﬁﬂ|@Q@P@ﬁmﬁ@th@ﬁsthﬁupﬁe%@n%nH%Y%ﬁ?kRF&(ihﬁuj can
be 5 det okd t r | e,
and w { haIE T seraa i AbnaSop e dpELhat e, hY BEL (0 e RN
understaﬁdoﬂb&bdthadMomhpnyhfsedazoSuﬂtabEeohsolﬂEImwaim@%bmay be

i sol ated and/or gurifie chr opat ogr aphi ¢ nethods Non- Ilnltlng

exanpl es POE1§HE2 F8@e?§t39é?hﬂoubﬁe§%n¥ FRLEhPPANt %r%n < ied in

nor e @ﬁt@bhegﬁ&ﬁbﬂ byFthgééngkeérﬁﬁﬂgf?eﬁk?iltfﬁ the art. For
N- phenyl i soxazol i di n-5-one derivatives were not. isolated due to

pot ent i alexa8pdecarbdxyilabioh dnuitatider h@@$©|9§|@rd$@amﬁx$kﬁﬂkﬁln:he

esonance eniey BaaroeiepRSRRRd. Erde pd e F NP MR L e

(0.10 mMmukkriwasigddedyupdetisalgoadt ena/sol phirdnied BP a, R-unsaturated
al dehyde & 10 mmol ), .nitrosohenzene (0.11 mmol) and the catal yst
(0.02 nnﬁ FomﬁtPﬁéapbéFr@§EBﬁ9an deuterated solvent (2 mL). The

reaction mxture was stirred at roomtenperature for 1-3 h. The 1H
NVR 190 Non—-limiting examples of one process of the

present invention are described in more detail heredn.

F'. Examples

A number of the N;phenylisoxazolidin—é—one
derivatives were not isolated due to potential ,
15 decérboxylation-and furthér hydrolysisf 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 .
20 o,p-unsaturated aldehyde (0.10 mmol), nitrosoben;ene
(0.11 mmql)'and'the catalyst-(o.oz mmol) in the |
correspohding deuterated solvent . (2 mL). The reaction _
mixture was stirred at room temperaturé for 1-3 h. The 'H NMR

spectra were recorded directly.

25 3-{4-Nitrophenyl)-2-phenylisoxazolidin-5-one was
isolated and further studied by *3C NMR.

'H 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

30 resonance as the internal standard. Data were reported in



spectra were recorded directly. 25

3-(4-N trophenyl)-2-phenylisoxazolidin-5-one was isolated and
further studied by 13C NVMR 1H and. 13C NWR spectra were obtai ned
using a Brucker TM AV-400 (400 MHz) spectrometer. Chemical shifts
were reported in ppmfromtetranethyl<silane wi.th the solvent .30
resonance as the internal standard. Data were reported in 27 the
foIIomﬁngf@¥d@ﬂlowhegloadeshlbhemmcpbnshsit(nnlppml(&Mt@mﬂmEEQIClty

i ndi cat ed b br ed doub] et triplet),
q (quartéﬁ Fﬁﬁﬁgﬁg|§¥)%k 38% Q%ns?a&?éngi%t9+t§ (ddis R,
Integratmonmragabgmneqt qﬁaIB@tﬁO|hOWhﬁthQME@PﬁﬂScaﬁﬁﬁaﬁgGﬁﬁﬁéﬁhﬁﬁﬁi
studied in accordance mnth the above meth

2, 3- Di phen¥/| HEoxazbltiediratsopneasghgomentQ 'H NVR (400 MHz, CDC13) S

7.40-7.00 (m 10H, Ar-H), 10 4.77 (dd, J = 7.6, 9.6 Hz, 1H CH), 3.13

éggj,%ké ZEg|)l7 3Th§égo%§Pygk%)80m§g§ﬂd%dger%0%r@p§red%%u§ Haildd

3- (4- N t daphenphPaBephenyhi shrazabbivdi mebhode aN-0 O 02N 15 1H NMR
(400 MHz, CDC13) : S 8.24 (AB, d, JA=8.8 Hz, 2H Ar-H, 7.62 .(AB,
d, JAB =.8..8_Hz 05 ( 4H, Ar-H), 6:98-6.95 (m
11 Ar - HP 7 SEDENE ¥11F°xk%b%1dén E PP 1H, CH),  3.12 (dd, J = 6. O,

12.9 Hz, 1H, CH2) 2.81(dd, |
o

O

"4 NMR (400 MHz, CDCls): & 7.40-7.00 ‘(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, CH), 2.94 (dd, J = 9.6, 17.3 Hz, 1H, CH). M§ (ESI):
m/z 239 (M%), 196, 131, 120, 104. h

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

Q Nro

0O -

O,N

15 " 'H NMR (400 MHz, CDCl3): & 8.24 (AB, d, Jw = 8.8 Hz, 28,
BAx-H), 7.62 (B, 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, CH), 2.81(dd,
' J % 6.0, 12.9 Hz, 1H, CHp). 3C NMR (100 MHz,-CpClg):‘6'167.8
20 (Cg, 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 (CHp).



J =6.0, 12.9 Hz, 1H CH2). 13C NMVR (100 MHz, CDCL3): 5 167.8 20 (Cqg,
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 (CH2). 28

3-(2- Ni trophenyl)-2-phenyl i soxazolidin-5-one a NNO O 1H NMR (400
MHz, CDC13): 5.8.00-6.90 (m 9H, Ar-H), 5.54. (dd, J =5.8, 8.7 Hz,
1H, CH), 3.49 (dd, J = 8.7,. 17.9 Hz, 28 1H, CH2), 2.68 (dd, J = 5.8,
17. 9 Hz, 1H, CHZ) . nmlz 284 (W) , 266, 249, 224, 176, 130, 120,
108, 91, 7% (2-2ENuPRbryy i {S-mireoy2ipheaydlsbixadolongi n- 3- yl ) phenyl
trifluoronethanesulfonate a NO NO MeO OGO F3C 0O 10. '"H NWR (400
MHz, CDC13):. 5 7.70-7.00 (m 8H, -H), 4.84 (t, J =8.0 Hz, 1H,
CH), 3.84 (s, 3H OCH3), 3.20 (dd 80, 17.3 Hz, 1H CH2) . 2.92

4-

(dd, J =8.9, 17.3. Hz, 114, CH2). N-C.

3-( (Trlfluoronethyl)phenyl)-2-pheny|' olidin-5-one a NNO N OO
F3C 15 'H NWR (400 MHz, CDC13): 5 .00 (m 9H, Ar-H), 4.87 (t,
J =8.1 H, 1H CH), 3.19 (dd, J O17 3 Hz, 1H, CH2), 2.90 (dd,
J =90, 17..3 Hz, 1H, CH2). Ms (ESI) ""z 307 (M):, 264, 199,
120, 109. 29 -

IH NMR (400 MHz, CDCl3): & B8.00-6.90 (m, 9H, Ar-H), 5.54
(dd, J =-5.8, 8.7 Hz, 1H; CH), 3.49 (dd, J = 8.7, 17.9 Hz,
5 1H, CHp), 2.68 (dd, J = 5.8, 17.9 Hz, 1H, CHy). m/z 284 (M'),
266, 249, 224, 176, 130, 120, 108, 91, 79.

2*Methoxy—4 {5-oxo-2- phenyllsoxazolldlnm3 yl)phenyl

s

trlfluoromethanesulfonate

O
MeO
\SI
A
F3C b
10, - H NMR (400 MHz, CDCl3): & 7.70-7.00 {m, 8H, Ar-H}, 4.84

(t, J=8.0 Hz, 1H, CH), 3.84 (s, 3H, OCHs), 3.20 (dd, J =
8.0, 17.3 Hz, 1H, CHz), 2.92 (dd, J = 8.9, 17.3 Hz, 1H, CH,).

3- ¢4~ (Trifluoromethyl)phenyl)-2-phenylisoxazolidin-5-one
QW

FC ‘ .

o

15 '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,
CHz), 2.90 (dd, J = 9.0, 17.3 Hz, 18, CHy). MS (ESI): m/z 307
("), 264, 199, 120, 109. | -



Et hyl 5-o0xo0-2-phenyli soxazolidi ne-3-carboxylate aNN0O OO OCH2CH3 1H
NMR (400 MHz, CDC13): 5 7.50-7.00 (m 5H Ar-H), 4.62 (dd, 5 J = 4.9,
7.5 Hz, 1H, CH), 4.26 (q, J = 7.0 Hz, 2H, OCH2), 3.11 (ms, 2H CH2)1
1.29 (t, J =7.0 Hz, 3H CH3). Ms (ES mz 235 (M),' 207, 162,

134, 120,.99. G nnanal dehyde and nitrdsobenzene were observed to
react in the presence of the NHC catal ysts, form ng 10

2, 3-di phenyl i soxazol i di n-5-one. In. studi es using different

i mdazoliumand triazoliumsalts,'it was observed that nore

steri cal kynkindeprqd- ,tznbﬁaﬁwwakg%@iaﬁé provisled, tigher  yi el ds of
the product (Table 1). Azoxybenzene side-product Was observed. By 15

nodi fyi ng reactions condltlons i n accordance with routine
experinments, the anmount of azoxy ne can be .mnimzed. Table
1..Re,action Conditions for NHC-c gp Synt hesi s of

N—Phenyllsoxazolldln 5-one Derivativesy N=0 20 H+ /
Catal yst-Base (20 nol%9 N O \ I \¢o ent, r.t., 1-3 h 30 entry
Cat al yst Sol vent base yield, %a NNICl THE KO Bu 80
. ' _ H,CH3
'H NMR (400 MHz, CDCly): & 7.50-7.00 (m, 5H, Ar-H), 4.62 (dd,
5 J=4.9, 7.5 Hz, 1H, CH), 4.26 (q, J = 7.0 Hz, 2H, OCHz),
3.11 (m;, 2H, CHz), 1.29 (t, J= 7.0 Hz, 3H, CHs). MS (ESI):
m/z 235 (M), 207, 162, 134, 120, 99. '

Cinnémaldéhyde and nitrosobenzene were observed to
regct in the presence of the NHC catalysts, forming
10 2,3-diphenylisoxazolidin-5-one. In_studies using different
| imidazolium and triazolium. salts, it was observed that more
sterlcally hindered 1m1dazollum catalysts provided higher

ylelds of the product (Table 1).

Azoxybenzene side-product was observed. By
15 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—-5-one Derivatives

Catalyst-Base (20 msol%
.Solvent,rt, 1-3h i

20




(IPrd) 2 NON C THE KOG Bu 60 (IMesC) b 3 N C6F5 BF4 THE KO Bu -
4 |prd CH2C12 KOG Bu 82 5 Iprd Benzene KOGBu 50 6 Iprd' CH2C12
DBU 48 a Yields determned by 1H NVR b Exclusive formation of

N- hydr oxy- N- phenyl ci nnarmam de was iob%ﬁ{ ved. 5 DBU. =

1, 8-di azabi cycl o[ 5. 4. 0] undec-7-ene. 3 Experinments were al so
conducted using the followng catalysts, all in the presence of THE
and K& Bu, and form ng 2, 3-diphenylisoxazolidin-5-one in the
following yields (%9: i) 5 /+ \ wherein R3=Ph and X =Br ; yield =

14% R3 N NR311) X~ whereiln R3=Pr and X-=BF yi€ld = 5% R3
NN-R3 4 10 iii)

entry Catalyst Solvent base yield, % °

THE " 'go*Bu - 80

2
THF '~ KO'Bu 60
({IMesCl)
3 b —"N\-'I'
' 'N\yg:¥F’ - |
4 . : t
THF KO®Bu R
4 IprCl CH,Cl, - KO®Bu 82
5 IprCl Benzene KO Bu 50
6 IprCl- CHpC1p "DBU ¢ 48

® Yields determined by "H NMR.

b Exclusive formation of N—hydroxy~N—phenylcinnamamide was

observed.

5 © DBU = 1,8-diazabicyclo[5.4.0]undec-7~ene.



R5- RS wherein R4=2,.6-"'"'Pr-Ph, R5=H and X-=C-; /-(\ Xyield = 10%
RA~NNI , N iv). | N-Mes 15 BF4 over 95% formati on of N-hydroxy-N
phenyl ci nnamam de observed. Il. Process for Preparing N Al koxyphenyl
Protected R-Amino Acid Ester Derivative 20 In an enbodi nent of -the
present invention, an. a,(3-unsaturated al dehyde. nay be reacted
with nitrosobenzene in the presence @fl a NHC catalyst to forma
N-phenyl i soxal i di n-5-one derivative, and then the B

N- phenyl i s&s@e4idients- yaee dekso avindechay beitg ehkedobibhimn . 25

al cohol in.. se i at al o fo n :

N- al koxypﬂ%gn{}ﬁy%;t%t'e%? gd?% St?}{agm%%c?gsgf: %%ffé*ﬁt G864 &gt}%/e.a%foml%gn
enbodi nent2 of-dilpbepyéseotaighierin-6Aona M phenyoildexah diielatone) :
derivative may be treated with an alcohol in the presence of an acid
catal yst to forman N-al koxyphenyl protected R-ami no acid ester
derivative. 5 In an enbodi nrent of the present invention, the

N- al koxyphenyl prot d 13-amino acid ester derivative may be
deprotetted.. A aﬁl&;atura’h@demm&anﬂi Xr=gg0bepzend,= 14%.
N-Phenyl i soxal i giri-Sxene~ierivative and NHC Catalyst 10 The skilled
person will appreciate that the a, R-unsaturated al dehyde,

ni t rosobenzene and the NHC catal yst as descri bed above, which may be
used. for iQLr)epari ng

X
oy herein Re=Pr and X"=BF,; yield = 5%.
N N W E 3 in] & r yl
Ry” N TRy :
10 -iii)
R R, ; ' '
. J° _  wherein Ry;=2,6-'Pr-Ph, Rs=H and X'=C1';
N/ <N X yield = 10%. '
R~z +Ra :
iv)
15 over 95% -formation of N;hydroxyFNL-

phenylcinnamamide observed.

II. Process for Preparing N-Alkoxyphenyl Protected B—-Amino

Acid Ester Derivative

20 In an embcdiment of the presént invention,‘an.
o, f-unsaturated aldehyde may be reacted with nitrosobenéene
. in .the presence of a NHC cafalyst to form a
N-phenylisoxalidin-5-one derivative, and then the’
N-phenylisoxalidin-5-one derivaﬁiye 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.



the N-phenylisoxalidin-5-one derivative, may also be used for
preparing the N al koxyphenyl protected R-amino acid 15 ester
derivative as described herein. B. Al cohol Suitable'al cohols woul d
be understood to and can be determn by those of ordinary skill in
the art. In an enbodinent of the present i nvention, the al cohol may
be, for 20 exarrpl and ou ion, net hanol et hanol
propanol , but anol BBn?@%B?lm?%ta%%e B het o T hiBberit

i nventi om- h@ﬁyl@é@QBthﬂﬁ%b@née@é@§@£‘£f\¢e hyay fid @@ ® wiaiid an

wi t hout Ilmtatlon the fornmula RBOH wherein Re may be, for exanple,
25 and weilkebell ini Ehei pAesanca of atkyhcid otdtal vt Udt i T hode

groups d a Vg, n o) resent

O vepei oFREdlBheRh P00 [RCRRE B okl 8l RS e g Jfi ot o500
acid catalyst that may be used in the present invention is not -
particularly limted. aBuethbt bmawt dof chlhal ysé semioul rdrdret iomdertsteood to
and can be ter ned b 5 t hos f ordi nar skill ip the art In an
ebod, meNe 20RO EHBRCRY LobREt P Cent oA Ao Gl o Kol Gt it 5

exanpl e, nreaRdpWhtBeWkglimtation, perchloric acid. D. N-Al koxyphenyl
Protected (3-Amino Acid Ester Derivative In an enbodi nent of the
present .invention, the 10 N-al koxyphen I prot ect ed (3-am no acid
ester defiyE 2 at papheda Ol&mERI%®. and wi t hout

|'”‘tat'@“Ph@nyEQQBQHﬂngB Bhgnéoﬁgyl@aéiég aﬁgxﬁﬂc Catalyst

10 R The skilled person will appreciate that the
'a,B—unsaturatEd aldehyde, nifrosobenzene and the NHC
catalyst as described above, which may be used. for preparing
the N-phenylisoxalidin-5-one derivative, may also be used
for preparing the N;alkoxyphenyl protected fB-amino aeid

15 ester deérivative as described herein.
B. Alcochol

o Suitable alcohols would be understood to and can
be determined by those of ordinary skill in the art. In en
embodiment of the present invention, the alcohol may be, for

éO example, and without limitation, methanol, ethanocl,

propanol butanol or pentanol

In an embodiment of the present invention, the
aleohol may be represented by, for example, and without
limitetion, the formule RgOH wherein Rg may be, for example,

25 and without limitation, a Ci-¢ alkyl group, including those
groups defined for Rliand R, above. In an embodiment of the

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



NHO 15 RROR$ IRZ (IV) wherein each of Rl, R2 and R8 is as defined
anywhere above. In an exenplary enbodi nent of the present invention,
t he N-al koxyphenyl protected (3-amno acid ester 20 derivative may
be, for exanple, a N p-al koxyphenyl protected (3-am no acid ester
derivative. In an enbodi ment of the pnBesent invention, the

N al koxyphenyl protected (3-am no acid ester derivative may be, for
exanpl e, a N p-net hoxyphenyl protected (3-amno acid 25 ester
derivatiye. nd4q Es-Rieparati on of N Al koxyphenyl Protected p-Am no
Acid Esré?_tETTVéTTvg—An enbodi ment of the process of the present
invention for preparing an N al koxyphenyl protected R-amino 5 acid
ester derivative nBjebeci@presahred byat frory dxanpied Bmdclvé tihorgent

lim i i \ /[ \Y H. . P t t, bas%
el on.chbgeol oyt sehers 0 1, Do b e s catal ot s
wher ei n eacal pét RlyolRPd dped R8¢ BsasSodetd etk adywhes elahoMe nd by

enbodi ment of the acjd-catal yzed esterification, followed by
t he. nb%?%%?-? k%rgé%ﬁyﬁnﬁ%h%%tln the art. 1In an embodiment of the

present invention, the acid catalyst may be, for example,

and without limitation, perchloric acid.

D. N-Alkoxyphenyl Protected p-Aminc Acid Ester Derivative

In an embeodiment of the present invention, the
10 N-alkoxyphenyl protected P-amino acid ester derivative may
be represented by, for example, and without limitation, a

compound c¢f the formula (IV):

RgO

15 R]/j\HJ\ORS

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

(IV)

In an exemplary embodiment of the present
invention, the N-alkoxyphenyl protected B-amino acid ester
20 derivative may be, for example, a N-p-alkoxyphenyl protected

f-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

25 ester derivative.



15 of the N-phenylisoxazolidin-5-one derivative for preparing. the
N al koxyphenyl protected (3-am no' acid ester derivative may be
represented by, for exanple, and without limtation, the follow ng
scheme showi nhg the' aci d-catalyzed ri ng; peni ng and Banberger-|ike
rearrangenent of 2,3 20 d| phenyl i soxazol i di n- 5=one. O MO OH H+ NO
H+ \ NH Nﬂ O [

i nventi.o : 2 OxXyphery :
(3-am no E;’ﬁ;eraq;;éj;le@ttqrvederl vatl ve nay be for exarrpl e, and wi t hout'
limtatidn, a one-pot process. In an enbodi ment of the present

i nvention, the N al koxyphenyl protected R-am no _acid ester

derivati ve may 5 eﬁé}o%ﬁﬁﬁﬁl @f §86r Breceed GﬁdéhenPFﬁs%%T—datl ve
conditio S d -
xanpl ¢, It OE%QS?I%%aﬁﬁé S P S I
produci (a3}Jcti rqsd:reoxymrewyaltaivannmg (oEaBr@WA)s,enaad 2o, rrﬁsarbexample,

r epr esent ed for the follo sche MeO / Tf20
byr di e OB IRASEES 6 GegPLLaRenf, SRpme? |

O

"Ry catalyst, base, ,O M,. NH O

+ solvent it
Ry " "ORg

wherein each of R;, Ry 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 limitaﬁion,_
.the following scheme showing the acid-catalyzed ring opening
aﬁd Bamberger-like rearrangement of 2,3-

20 - diphenylisoxazolidin-5-one.

OMe -

25 In an embodiment of the present invention, the

process for preparing the N-alkoxyphenyl protected f-amino



HO 78 % yield ")catalyst (20 nol %,

rt, 6 h 2)HCL04, MeOH, rt, 12 h

KO Bu (one pot) PINO CH2C12,
15 MONHR 0 HJO~\\ :NHoOw HO O

In an enbodi nent of the present invention, the 20 a, (3-unsaturated
al dehyde, nitrosobenzene and the NHC cg%alyst may be, for exanple,
reacted in.the presence of a suitable base. The base is not

ticularly.limted and suitable. b der st ood
- can BECHR BTG Lo SHA AR i FRORPHE | ATEHE-SRPaE n an

and- can b@&°

enmbodi ment 1.9f t 251 drhe PreseHot
exanple,-and w'thout limtation,

woul d

), the base. may be, for
1, 8-di azabi cycl b[ 5. 4. 0] undec- 7- ene,

pot assi umtert butoxide,

sodi um bi s(trinmethylsilyl)am de, 36

pot assi um bi s(tri metthy@rsigmpodigisnde off ithisi wheseatr arseRyipipeEndi ne

T LT I R BT 0 YRGB BREL e hET "

t he base i s,

ene

Xanp rcyc

pot assh unpe 5 fer tesxtautpdd,delepm tar tenb atideaninidtl bhedptesent

i nventi-on, the
nitr bsobeCrL‘f%ré‘is?FetJafﬁ’dS .

in the

, reaction of the a, p-unsaturated al dehyde,
the NHC catal yst nay be, for exanple,
presence of a suitable solvent. The solvent is not

The process of the present invention may be used,

carried out

for example, and without limitation, for‘the preparation of
the natural product B—dihydroxyphenylalanine (B—-DOPA), and

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

o . 0
MeO x T£0, pyridine ~ MeO N H
H  DMAP, CHaClp
0 degrees C-rt - T ;

HO

' 1catalyst (20 mol%), KOtBu
PENO, CH2Cl, 1t, 6 h

2)HCIO4, MeOH, 11, 12 h

- NH O )

NH O
HO. .
OMe

78 % yield
{one-pot)

MU\A
TO

" In an embodiment of the present invention, the

HO

20 o, B-unsaturated aldehyde, nitrosobenzene and the NHC

catalyst may be, for exampie7 reacted in-.the presence of a

suitable base. The base is not particularly limited and

suitable bases would be understood to and-can be determinéd

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]jundec-7-ene,

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



10 particularly limted and suitable solvents would be understood to

and can be determ ned by those of ordinary skill in the art. In an
enbodi nent .of the present invention, the solvent may be, for
exanple, and without Ilimtation, dichloromethane or tetrahydrofuran.

15 The ampounts of the a,p-unsaturated3§1dehyde and nitrosobenzene
that may be used in the present invention are not. particularly
limted. PStieEsBMA BisuRtdmethyheilyl b- emédeur bkl wndehyde and

ni trosob . .ynder sto a 8 det er m by those
of or di nary 0L P pg- L HIAe Bt Rl G p ™ i Lt om,
t hose of eobdidiaeytskil khenplkheeatt i woshtiongdetist avals¢ hid, tfer

a, p-unsat urated al dehyde and nitrosobenzene may be reacted according
to theire§?@?iﬁroﬁegFééaFépFSYC#ﬂé5aﬁn%ﬁ??%?cf S RHCE R AT That
may be used+Lp,td2ilBe present invention is not particularly limted.
Sui tabl e amounts of the NHC catal yst woul d be understood to and can
be determ ned by those of ordinary skill in-.the.art. In an

enbodi ment of the phReg&nembpdémendnelt hes appapenbf ianenNHE, ddidal yst

may be; f : , d wWith Lot ati s 30,1 ; %

for examsracEAoiPoR: RBR oy PriRseroRE 8 s 2Bens B85 TR Ofthip S Yina

i ncl udi nghanjitispeektilgsvambg bk} hfortékxsmphagecasdriedheut eactilon ti ne
for thé a,l3-unsaturated,al dehyde, nitrosobenzene and, the NHC

cat al yst FFESRBES Bar o1 SULERPYCT PRLYERE andlRei $abTRAT et (78N i mes

woul d.gbepathdenshead 1onaRddCangbey dessI gl 86tvhyLE hoseL@fbordinary 5
skill inthe art. In an enbodi nent of the present invention, the

react i onvPPRESKRPIbES ABA eranpeedep@urined by those of ordinary
skill in the art. In an embodiment of the present
invention, the solvent may be, for example, and without

limitation, dichloromethane or tetrahydrofuran.

15 | The amounts of the a,Béunsaturated aldehyde and
nitrosobenzene that may be used in the present inyention éré
not particularly limited. Suitable amounts of the
u,B;unsaturated aldehyde and nitrosobenzene would be

‘understood‘to and can be determined by those of ordinary
:20_ skill in the art. For example, and without limitaﬁion,

those of ordinary skill in the art would understand that the

o, P-unsaturated aldehyde and nitrosobenzene may be reacted

according to their stoichiometric ratio.

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

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



without limtation, less than 12 hours, for exanple, and w thout
limtation, from1l to 12 hours, and including any specific tine
within this range, such as, for exanple, and 10 without limtation,
from1l to 6 hours or froml to 3 hours. The reaction tenperature for
the a, R-unsaturated al dehyde, nitrosobenzene and the NHC catal yst is
not particularly linmited and suitabl é7reaction tenperatures would
be understood to and can be determ ned by those of .15.ordinary skill
in the art. In an efbodigagiticsf tihe Preddm urﬁnvamtmtetdﬁe reaction

t enper at ur e, g%ﬁ NARuUL ty {4 oom
t enper aturagd@%dg rr%%n% Gq}%g?lgc? gca]‘\f,ga Ctak ?}é@ e used in the
present i rpAariticohat sy noimigadt ol ani’yablemrteadtanni Qﬂnmlucaﬂldebarmunt S

of the aci at.al yst vvoul tood t can_ be d term ned by
Chose of oPaeRaPRYaLrd T, Bhe Bl FeEL SR By P Rof st nEY

N- pheny} i sdoddlli dintlpe cmﬁ:.delimvahl &ﬁb@d\ﬁnedmefatﬁ@f@ﬂ'eéé’rﬂd may be used
are not partliQ'uI arlé/ &%&d' Sigltable mounts of the 25

N- phenyl i s6Xartdafh: 5 }b‘;‘h SFE-EORt FVRE JMRY BFe APEoRST™RiSU ¢ e

under st OOdJlttﬁoaﬁdlﬁﬁm:élﬁ_cdﬁt eesknelabyl 2 hese sof soF disfiiple, Skihkl in

the art. Faqr_exanple, and wi thout_ limtation, those of ord| nary
skill in twﬁéhaPF%thW&‘ergﬁaﬁdlt%tl% hoyr gy cARD MR 1@FCc 8BY of

the al cohalpermyiber 1L i t3AnThB1ECASAION dichBabPridhexample, and
N—pheniﬁ i sgxalidin-5-one derivative and the al cohol is not

parti ctfl arity*Prhi + B tatd otsuftaBl & FRatiow St PRes 90! t97 S §PEESwoul d
be understood to 38 and can be determ ned by those of ordinary skill
inthe art. In an Emodareibnotehperpnasedfori tvent|@unddtaraeagt i on

time aldehyde, nitrosobenzene and the NHC catalyst.is not
partlcularly limited and sultable reactlon temperatures
would be understood to and can be determined by those of
.15 ordinary skill in the art. In an embodiment of the present
. invention, the reaction temperature may be, for exampie, and

without limitation, room temperature.’

The amount of the a01d catalyst that may be used
in the present invention is not particularly limited and
20- 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

25 N-phenylisoxalidin-S-one derivative and the .alcohol would be
understood to and can be determined by those of ordinary
skill 'in the art. For example, and withbut limitation,
those of ordinary skill in the art would understand that a

stoichiometric excess of the alcohol may be used.

30 " 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



may be, for exanple, and without |imtation, |less than 24 hours, for
exanple, and without limtation, from1 to 5 24 hours, and including
any specific time within this range, such as, for exanple and

without limtation, from1 to 12 hours. The reaction tenperature for
t he N—phenyllsoxalldln 5-one derivatidfe and t he al cohol is not 10
particularly limted and suitable reaction tenperatures would be

understo@@C¥§a@n@etﬁﬁt§émé§?érﬁﬁn§80§9 phogedarary sk#lhaly g 19581

the art. n t _of e on h
torpor at G “any TBe R BRe, of < pBEESREL RO PTens AFed RG] Hhme
t enper at wag. bels for axasphedi prdt wothbhe pimseationyebésonthdrhe

N- al koxyphenyl protected R-am no acid ester_derivative e, for
exanpl e, %Q 51 &d 474/ 6raparteri 889 CLFRABE el 1EbRLEPBN gﬁé?df'to

puri f Iscatzl4oﬁﬁoﬁﬁ&tshoqﬁdwm:@ua@nangﬁys&g@gﬁ_@c @ﬁqe CRDt Ren d@&fg etk by
t hose of ordlnary skill in the art For exanple, and w thout

linmtati@ich hsse fofr exdipaey skil vithaut heimitatbend thelerktzmd t hat
t he N—alﬁgx%ghegyl protected P-am no acid. ester derivative may be

i sol ated ""and/or "purified by chromat ographic nethods. The conditions
for deprotecting the N-al koxyphenyl 25 protected R-amino acid ester
derivative are notTpartbeutabhytempataedranﬂosuthable condi tions

woul d be er st.Qod t can be determ ned thos of ordinar
skill i nNFﬁg‘ lsPFfa 1Bnﬁoapﬁeﬁ‘?rwa¥ﬁ‘é‘ap‘?’égeﬁ?el AVEPEP LS 1Y ¢

N-al I«l@xy@Ia%xbulamgre%%i_tBaaahaosaﬁtgbﬁét BEELL bM at bMBe FRYLRSs

deprotected, 30 for exanple, and without limtation, under mld

oxi dat | v@oudendiet igasrstood to and can be determlned by those of.
.ordinary skill in the art. In an embodiment of the present
invention, the reaction temperature may be, for example, and

without limitation, room temperature.

15 In an embédiment of the present invention, the
N-alkoxyphenyl protected f-amino acid ester derivative may
be, fo; exémp;e, 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.

20 For examplé, 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 chromatographié methods .

o The conditions for deprotecting the N-alkoxyphenyl
25 protected p-amino a;id 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 B-amino acid esterx &erivative may be'depfoteéted}
30 for example, and without‘limitatioﬁ, under mild oxidative

conditions.



39 Non-limting exanpl es of one process of the present invention are
described in nore detail herein. F. EXAMPLES All reactions were
performed in oven-dried (140C) 5 or flane-dried glassware under an

i nert atnosphere of dry N2 or argon. | sol vents were anhydrous and
purchased from Aldrich or Fluka. KO (0.1 nmmol) was added under

argon to a solutiqn of. a, R-unsaturated al dehyde I 10
ni trosobenzene (0. &ﬂ?rﬁﬁﬂ% A PRECIECaPs PHFOPI ﬁﬁﬁ??ng Lhe

diChlOrOQE%JEEHt(fﬁﬁgﬂtléﬁ“%ﬂéﬁﬁéédylb@HXHHrﬁo@@sdgEhﬁﬂeﬁeﬁElnroon‘
tenperature for 1-3 h. The solvent was renoved under .vacuum and

the residue was diluted with nmethanol (5 niL), follomed by addition
of per chlfr (FXRHHIEY 3-5 drops). The 15 mixture was stirred at room
tenperature overnight. The solvent was reaned in vaccuo, and the

resi due was dil uted,, w 2 tura a S
(10 nmL). The aquegﬁg'ﬁggggy%é% g%?ﬁgb% m%ﬁ ghzé%% %g?%ﬁ § g; !
The - Tonh nEdiner-ghnied [dyerswaas wmﬁhedaW|uheﬁatatabeﬂhaqeeoﬁserONz

NaHCO3 (10 ni) and then ine (10 nL), dried , and-
concent r ated 9k ﬁﬂgef¥ﬁLY W§§eoEP§NH§8thggggHLFF§§ﬁ8dsFF?%a gel

col um chiimtaoraphi fs t he residue using hexane and ethyl acetate
as the eluents. In general, reactions were nonitored by thin |ayer
25 chromat ogr aphy 'usi.ng 0 25 mm E. Merck sili-ca gel coated gl ass

pl ates (60F-254) wiKABay( Préhmm% vW@ﬁa@ﬁi‘%‘édtlh@j%%Lﬁé@oﬂ ofCr&acti on.

rkgs? COlu Jgﬁpnqg%géag atira P& égéni g 88%5 %%QB.ElaShTM (1sco

10 nitrosobenzene (0.51 mmol) and the catalyst (0.1 mmol) in
~dichloromethane (2 mL). The reaction mixture was stirred at-
rooﬁ temperature for 1-3 h. The solvent was removed under
.vacuum, and the resi@ue was diluted with methanol (5'mL),
followed by addition of perchloric acid (3-5 drops). The
15 mixture was stirred-at room temperature overnight. The:
_solvent was removed in faccuo, and the reéidue was diluted
with CHZCizﬂ(S mL) and éaturated agqueous NaHCO; (10 mL). The
agueous layer was‘extracted with CH,Cl, (10 mL x 2). The
combined organic layer was washed with saturated agueous
20 NaHCO3 (10 mL) and then brine (10 mli), dried (MgS0O4), 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

25 chromatogfaphy using 0.25 mm E. Merck silica gél coated
gléss plates (§OF~254) wifh UV light to visualize the course
of reéétion. Flash column chromatography was performed using

CombiFlash™ (ISCO, inc.).

Chemical yields refer to pure isolated substances.



Chem cal yields refer to pure isolated substances. 40 Gas

chr omat ogr aphy-mass spectronetry (GC-MS) was conduct ed using

Shi madzuTM GC- 2010 coupled with GCVs- QP2010. 1H and 13C nucl ear
magneti c resonance spectra were obt ai#}ed usi ng a Brucker TM AV-400
(400 MHz) spectroneter. 5 Chemical shifts were reported in ppmfrom
tetramethylsilane wth the solvent resonance as the interna
standard. Data welG@Sr 6pgOMadopiaphE-Ra8PPoRPRETBPERELY cHeRT Dl i f t

S e 'l?“'ff B o T3 FlprRerary.

coupling constants (J integration; assignnent. The follomnng
conpounds were pre Eredd| c accéedanregnethct hesabanee nepdaira Mty |

N (400 SR Rerpgias = BsbERRLeP PR Gofitzy PReRsgtiert® jan -
8.4 Hzm ZHem®bdﬁ1sH§f5§ wABe Qe§éﬁgea §n4pgﬁ £26h fétrihetdyldildne J

= 6.4 Hz, 1H, CH), 4.32 (br s (s, 3H, CH3), 3.66 (s,
3H, CH3)W12h8¢h@dSOJVﬁn6 Zegipnappe 2@ the' ynternal NvRepdabd MR ta

o oL 1B bbb st hedron il SOl I L e )
(CH) 42p§m(QEg) (m@ltiMRBYty were indicated by br (broadened),

4- et hoxyphenyl am no) - 3- (4-ni t rophenyl ro anoate
3 5 (égnglét) d %douglet p tr%pip P (quartet),

10 m (multiplet)): coupling constants (J, Hz); integration;

assignment.

The following compounds were prepared in

accordance with the above method.

Methyl 3;(4—methoxyphenylamino)~3wphenylpropanoate.

“Q
NH O

OMe
15

'H NMR (400 MHz; CDCls): & f.39—7.25‘(m, 5H, Ar-H), 6.71 (AB,
d, Jap = 8.4 Hz, 2H, Ar-H), 6.56 {(AB, d, Jzz = 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,

20 CHp). *C NMR (100 MHz, CDCli): & 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 (OCHs), 51.9 (CH), 42.5 (CHz). ‘



MeO- NH O O CQZN | 1H NVR (400 MHz, CDC13) : b 8.18,(AB, d, JAB= 8
. 6 Hz,
(AB, d, J2 _58.8 H, 2H Ar-H), 6.48 (AB, d, JAB = 8.8 Hz, 2H,
, 4.87 (dd, J = 4.6, 6.8 Hz, 1H CH), 4.30 (br s, 1H NH), 3.70

Ar - H)
(s,
CH2) .

3- (4 met hoxyphenyl am no)-3-(2

3H,

2H, Ar- H), 7.57 (AB, d,. JAB = 8.6 Hz, 2H, Ar-H), 6.70 "'

CH3), 3.67 (s, 3H, CH3), 2.83 (dd, J = 7.9, 15.3 Hz, 2H,

13C NMR (100 MHz, CDC13): 5 17141 (Cg, CO), 152.7, 150.2,
147.3; 140.1 (Cg), 127.4, 124.1 (C-Ar), 115'.2, 114.8 10 (G Ar),

55. 6, 55. YetOEH3}~ ( Hick hohphed?l dmi(Hch2B~ (¥en{ ESlpHenyl) pr3pand i ,
257, 211, 122, 108. Met hyl

rophenyl ) propanoate MO~ NH O

1H NWR (400 MHz, CDC13): S?d\ﬂie& J =1.21 8.0 Hz, 1H Ar- 15
7.73 (dd, J = 1.2, 8.0 Hz, 1H, Ar 7.56 (dt, J = 1.2, 8.0 Hz,

Ar - H)

Hz, 2H, Ar-H), 6.45 (AB, d, J,B =
=4.3, 7.9 Hz, 1H, CH), 4.30 (br
(s, 3H, OCH3), 304(dd 20Jez
=79 15:3 Hz, 1

15

(C-Ar)

(CH2) .

5

10

15

20

1H,

7.41 (dt, J = 1.2, 8.0 Hz, , 6.68 (AB,-d, JAB =
M. Ar-H), 5.40 (dd, J

3.69 (s, 3H OCH3),

H NH).
13C NMR (100 MHz, CDC13): S 171.4 (Cq,

H
5 1‘?6NI"‘§F’L i} g%?t-%bgllg’% 6&?@% bqjagoémfl 221946(1 %Hdl%%

MBH{ EST)57 (HR: 830J¢Mr, 82068z 258, 287H) 122, 7TA0@BBARZ, Jas =

 15.3 Hz, 1H, CH2), 2.81 (dd,

NO2

H),
1H,

8.8

3.67
J

0

8.8 Hz, 2H, Ar-H), 6.48 (AB, d, Jam = 8.8 Hz, 2H, Ar-H), 4.87

(dd, J = 4.6, 6.8 Hz, 1H, CH), 4.30 (br s, 1H, NH), 3.70 (s,
3H, CHi), 3.67 (s, 3H, CH3j), 2.83 (dd, J = 7.9, 15.3 Hz, 2H,
CHz). '3C NMR (100 MHz, CDCls}: & 171.1 (Cg, 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 (OCHz), 52:1 (CH), 42.1 (CHp). MS (ESI):
m/z 330 (M"), 257, 211, 122, 108. | /

“Methyl 3~ (4-methoxyphenylamino)-3- (Z;nitrophenyl) propancate
NH O
' OMe
NO,

5 NMR (400 MHz, CDCli): & 7.97 (dd, J = 1.2, 8.0 Hz, 1H, Ar

H), 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-Hj),
6.68 (AB, 'd, Jum = 8.8 Hz, 2H, Ar-H), 6.45 (BB, d, Ja = 8.8
'Hz, 2H, Ar-H), 5.40 (dd, J = 4.3, 7.9 Hz, 1H, CH), 4.30 (br

s, 1H, NH), 3.69 (s, 3H, OCHs), 3.67 (s, 3H, OCHs;), 3.04 (dd,

J ="4.3, 15.3 Hz, 1H, CHy), 2.81 (dd, J = 7.9, 15:3 Hz, 1H,
CHz)}. ™°C NMR (100 MHz, CDCl3): & 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 (OCHa), 51.4 (CH), 41.2
(CHz). MS (ESI): m/z 330 (M+‘}-, 296, 257, 237, 122, 108.



Met hyl 3-(2- met hoxyphenyl am no) - 3- ( 2-ni trophenyl ) propanoate ~Ove NH
0 NO2 1H NMWR (400 MHz, CDC13): 5 7.98 (dd, J = 1.1, 8.0 Hz, 1H, Ar-

H, 7.69 (dd; J = 1.1, 8.0 Hz, 1H, Ar- H: 7.54 (dt, J = 1.1, 5 8.0
Hz, 1H, Ar-H), 7.40 (dt, J = 1.1, 8. 04?? 1H, Ar-H), 6.77 (dd; J =-
1.9, 7.6 Hz, 1H, Ar-FD, 6.67 (dgq, J =40, 7.6 FE, 2H, Ar-H), 6. 25
(dd, J = 1. 5,53, _ br dd, J = 4.3 7.9 H

cH) | t%ﬁnl d- ¢ -meéhﬂxwhenﬂra 69-st r%@bereﬂb@m%ﬂ%@(%

3H, " C[}B), 3.08.(dd, 10 J = 4.3, 15_3 Hz, 1H, CH2), 2.86 (dd, J =
7.9, 15.3 Hz, 1H, CH2). 13C NMR L10(bmékz. CDC13) : S 171.1 (Cg, CO),
148.8, 146.9, 137.8, 135.7 (Cq) 3.7, 128.4, 128.3, 125.0, 121.1,
117.5, 110.8, 109.6 (C-Ar), 55. 6 (6CH3) 50.3 (CH), 41.5
(CH2). M5 .(ESlI): mz 330 (M), 257, 123, 108. 15

4- (2- Met hoxycar bonyl ) =1-(4-meth
trifluoronethane sul fonate MeO- MeOOVe TFfO I ~ 1H NWVR (400
MHz, CDC13): 5 7.18 (d, J = 8.4 . NO2 Ar-H), 7.09 (d, J = 2.0 Hz,
1H, Ar-H), 6.99 (dd, J = 2.0, 8.4 Hz, 20 1H Ar-H), 6.73 .(AB, d,

JAB = 8.8 2 r-%g, 51 (AB, d.JAR = 8 8 24, ~Ar.- H) _
2 75 (aa.n o thobomid, EnclLad Thae) s i 2 T, B i) gy 2
3H, CH3) H)3. 7266s,(dak;, JCH3), 1,3868 ngs, 18H aLH3), 2.59 (ddd, )= 5.6,
5.8, 76HZ 2H, CHZA 13CN|\/RQ100M—IZ CDC13) 5171.4((qu_k CO)
5 § Hz, 1H r—-H 7.40 {dt, J = 1.1, 0 Hz, 1H, Ar-H),
152. 67 151! 6
6.77 (dd, J = 1.9, 7.6 Hz, 1H, Ar-H), 6.67 (dq, J = 2.0, 7.6
Hz, 2H, Ar-H), 6.25 (dd, J =.1.9, 7.6 Hz, 1H, Ar-H), 5.53
(br dd, J= 4.3, 7.9 Hz, 1H, CH), 5.39 (br d, J= 6.4 Hz,
1H, NH), 3.90 (s, 3H, OCHs), 3.69 (s, 3H, OCHi), 3.08 .(dd,
10 J= 4.3, 15.3 Hz, 1H, CHp), 2.86 (dd, J = 7.9, 15.3 Hz, 1H,
CHp). '°C NMR (100 MHz, CDCls}: & 171.1 (Cg, CO), 148.8,
146.9, 137.8, 135.7 (Cg), 133.7, 128.4, 128.3, 125.0,'121.1,
117.5, 110.8, 109.6 (C-Ar), 55.6, 52.0 (OCHz), 50.3 (CH),

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

amme) et hyl - 2- net hoxyphenyl

15 4¥(E—Methoxycarbonyl)Ll—(4-methoxyphenylamino)ethyl—Z-'

‘methoxyphenyl trifluoromethane sulfonate

7).

o NH O
Meo:[::I<L\/ﬂ‘0Mé
o

'H NMR (400 MHz, CBClz): -6 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,
20' 1H, Ar-H), 6.73 (AB, d, Jas = 8.8 Hz, 2H, Ar-H), 6.51 (AB, d,
. U = 8.8 Hz, 2H, Ar-H), 4.73 (dd, J ='5.8, 7.6 Hz, 1H, CH),
"4.32 (br s, 1H, NH), 3.89 (s, 3H, CHs), 3.72 (s, 3H, CH3),
3.68 (s, 3H, CHsy), 2.79 (ddd, J = 5.6, 5.8, 7.6 Hz, 2H, CHy).
3C_NMR (100 MHz, CDCli): & 171.4 (Cq, CO), 152.6, 151.6



43 (Cq), 144.4, 140.5, 137.7 (C-Ar), 117.3 (q, JcF = 270.4 Hz, Cq,
CF3), 122.6, 117.1, 115.2, 114.8 (C-Ar), 111.0 (Cgq), 56.2, 55.6
(OCH3), 52.0 (CH), 42.5 (CH2). MB (ESI): miz 463 (M), 390, 299,
256, 122. 5 Methyl 4-(2- nethoxycarbonyl -1- (4-

nethoxyphenylanlno)ethyl) benzoat e NHO MO :C 0 1H NWR (400
MHz, CI[H 0Q (A B,=.8.2 H, 7 (
8.2 Hz, Arlgf %6 égo is 147 3A§?EA§? %ﬁg 5%‘%+1J¢& réﬁ%aigg ( AB,
d, JAB = 2&2% W17@8h1523114@7dﬂulﬂ1ﬂwm @@5(br
s, 1H N , 3 0 %s 3H, 3 (s CH3 3.

@dd 553 6= (§CH3) 7 C@H 4m)(cmc NSR ( @@@o Wéz Mhe3

CDC13 1. 44,16 152.5, 147.8, 140.5, 130.1, 129.4
(Cq), )122““;LY 1%%0 9%%4(%61'5% ‘Ar), 55.7, 55.6, 52.1 (CH), 52.0

(OCH3), 42.3 (CH2). M5 (ESI): niz 343 (hA), 270, 122, 108. Methyl
6- ( 2- et MeoyhgAr deriZ-rethbdycaebbnyyphenayliam no) et hyl) ' :
napht hal ene- 2- car boxyl ate . MeO QT%O Mol i O 20 "H NWR (400 MHz,
CDC13) : MSTEoxgppenyigminge) efhyvg) pengagte) = 1.7, 8.5 Hz, 1H Ar-H
7.93 (d, J =85 Hz, 1H Ar-H, 7.88. (s, 1H Ar-H), 7.84 (d, J =

8.5 Hz, 1H, Ar-FD,.7.57 (dd, J Méo\[::]\
NH O

OMe
MeD _

o

'H NMR. (400 MHz, CDCli}: & 8.00 (AB, Jaxs = 8.2 Hz, 2H, Ar-H),
7.45 (BB, Jps = 8.2 Hz, 2H, Ar-H), 6.69 (AB, d, Jump'= 8.4 Hz,

10 2H, Ar-H), 6.50 (AB, d, Jag = 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, CH3), 3.69
(s, 3H, CHs); 3.65 (s, 3H, CHs), 2.80 (dd, J = 5.7, 7.6 Hz,
2H,. CHz). '®C NMR (100 MHz, CDCls): & 171.4, 166.8 (Cq, CO),
152.5, 147.8, 140.5, 130.1, 129.4 (Cg), 126.4, 115.2, 114.8

15 (C-Ar), 55.7, 55.6, 52.1 (CH), 52.0 (OCHs), 42.3 (CHp). MS'
(ESI): m/z 343 (M%), 270, 122, 108. |

Methyl 6-(2-methoxycarbonyl)-1-(4-
méthoxyphenylamino)ethyl)naphthalenewzncarboxylate

. NH O
- !i.I OMe
MeO 2
o)

20 'H NMR (400 MHz, CDCl3;): & 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, 1H, Ar-H), 7.88.
(s, 1H, Ar-H), 7.84 (d, J = 8.5 Hz, 14, Ar-H), .7.57 (dd, J =



44 1.7, 8.5 Hz, 1H, Ar-H), 6.69 (AB, d, JAB = 8.4 Hz, 2H, Ar-H),
6.57 (AB, d, JAB = 8.4 Hz, 2H, Ar-H) . 4.94 (dd, J = 5.7,-7.6 Hz, 1H,
CH), 4.30 (br s, 1H, NH), 3.98 (s, 3H CH3), 3.68 (s, 3H CH3), 3.67
(s, 3H, OW), 2.84 (dd, J =57, 7.6 kg, 2H 5 O). 13C NWR (100
MHz, CDC13): 6 171.5, 167.2 (Cq. CO), *%152. 4, 142 7, 140.7, 135.8,
132.0 (Cg). 130,8, 1301, 128, 2 (C-AGA 127. 125.6, 125.2
125.0 (Clary, B1PsHg, 14 Br-Fi: AP) 695628, 5. qAB 52 0 (t%Hs? 5 IBH

(CH), 424550 t 3~ t hexyphen n 4- 710
trifluor orrest S&dl%gaphgﬁy:y%ﬂpr o%ﬁogtﬁe %Vlg jélI{IH 04l %)%/b?(dééc 1H NI\/R (400

M—lz CDCH:z 16,7CH9, (AB30JAbr854 Hi, B2H), AB-BF, (s7. 5EL, (P8 ,JAB&B 834

iy ?%“*:Hzﬂ bt 3 GR35 gapl S B ra 8abh0 2B o

1H,-NH), c8,Y1 g, NBR, @U@)MHB 6@Dci§) 3#,17GH3),, 1257822 ((@h 330'-)’ 5.6,
7.2 Hz, 2H_ CH2). 13C NMR (100 Mz, CDCI3): 6 171, CO), 152.6,

146. 6, 1482444Ca¥2.712849.7q, 1BF=62. 0380 Coq), 138. Pfr(téf)xr h2ss B

: : A 5. J 27 CF 1
(%, 3 5o gnY 122°0) ohF2 Rekle, V150 TR Whse B T s 1%1)
m z 353 (WWRr) 2866 02255108. 52 Bt hgtHA- rreitmy:-l (CH), 42.5 {(CHp).

2- (4- met hoxyphenyl am no) succi nate MO-aNH O EtO W O

Methyl 3-(4-methoxyphenylamino)-3-
10 trifluoromethyl)phenyl)propanoate

NH O
FoC”

4y NMR (400 MHz, CDCls): & 7.59 (AB, Jas'= 8.4 Hz, 2H, Ar-f),
7.51 (BB, Jas = 8.4 Hz, 2H, Ar-H), 6.72 (BB, d, Jas = 8.4 HzZ,
24, Ar-H), 6.51 (AB, d, Jas = 8.4 Hz, 2H, Ar-H), 4.81 (t,.J =

15 6.7 Hz, 1H, CH), 4.20 (br s, 1H,-NH), 3.71 (-s,' 3H, CHj3), 3.68
(s, 3H, CHi), 2.82 (dd, J = 5.6, 7.2 Hz, 2H, CHs). °C NMR
(100 MHz, CDCls): & 171.3 (Cg, CO), 152.6, 146.6, 140.4 (Cq),
129.7 (g, J='32.0 Hz, Cq,), 126.7 (C-Ar), 125.8 (g, J = 3.8
Hz, C-Ar), 125.6 (g, Jer = 270.4 Hz, Cq, CFi), 115.2, 114.8

20 (C-Ar),.55.6, 55.5 (OCHs), 52.0 (CH), 42.4 (CHp) . MS- (ESI):
m/z 353 (M"), 280, 122, 108. '

1-Ethyl 4-methyl 2—(4—methoxyphenylaminoysuccinate.

- NH O

EtO
OMe

O



45 i H NWR (400 MHz, CDC13) : S 6.78 (AB, d, JAB = 8.9 Hz, 2H, Ar-

H, 6.67 (AB, d, J,8 = 8.9 Hz, 2H, Ar-H), 4.36 (t, J = 6.0 Hz, 1H,
CH), 4.20 (dgq, J = 2.5, 7.1 Hz, 2H CH2), 3.75 (s, 3H CH3), 3.71
(s, 3H, CH3), 2.85 (d, J = 6.0 Hz, 2H, CH2), 5 2.0 (br s, 1H NH),
1.85 (t, J'= 7.1 Hz, 3H, CH3). 13C NVR® (100 MHz, CDC13): 5 172.5,
171.1 (Cq, CO), 153.2, 140.1 (Cg), 115.9, 114.8 (C-Ar), 61.6 (0CH2),
55. 7, 523@ @U@ﬂﬂ?%@ﬁ@: Cofid3) 32 6 (1BLREB 14,1 JerB)8 - MELESH: AR~
281 (M) 4420 148~ 134. 10 A ety X andsal kyl - substi put ed
a, (3-unsa}%)u'r§i'e6c¥ g%&éh%egl%r egl'g%s%’ve "t %rf (grr)rh {Ziﬁg% lgér’r?gpoﬁdibng

i soxazol iih n-15t,0108 ) dedi. 28t i(dgs ane a-ap Moladid. 2Bst €H;)derd Vidt | Asss.

I n gener it s_.observed_that aryl - and al kyl-sybstituted

a, (3- unsg-%l}i!r %Wa?dgiy&\%s é\ﬁlt hHaly 86? ectr 0%-=V\/i6t'II¢drH§Wi gg'gfgé)p'
provi ded thigghgyr W,ehds. anht, hsgwordkh poti Rgithat subsenat.es3witir
di fferent functional groups, including ether, ester, nitro, and

sul f onat ellHoMEz,, CO&Asbe aGskd?. $Tabl k- 2) (quaced) ofl Nepz hyldrloxly plishy

(3-am no i d, ester _were serv, in s c T 2

NHC=cat al%?lz%ég)’sf/lr%?ﬁgsi%g o) 'R %Eé%yl(:aggﬁgto idif -a?g'f'sgong%lé’?i’vg?i‘\?es
and Cor r egpndidvg 4( 3¢Ar) ol Aci d(Esfjer MM (@B1)::! /0 260 BN INDOR, | H
i\ ,NCI%NI?E?,%ZS R2r.t.,12h Rt e O R2 46

10 A variety of aryl- and alkyl-substituted
‘u,ﬁ—unsaturated aldehydes were observed to form the
corresponding isoxazolidin-5-one derivatives and p-amino
.aclid ester -derivatives. 1In general, it was observed that
aryl- and alkyl-substituted o, R-unsaturated aldehydeszwith

15 an electron-withdrawing group provided higherAyields, It is
worth noting that substrates 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 . .
— 1) IPrC-KOBu (10-20 mol%)
N N=0 — th.rt. 165 > Q
R . H O+ 2) H+, MeOH : . NH 0O
. R{ OMe

Ry




I soxazol i di n-5-one entry al dehyde (yield, %) (3-am noester yield,%b
O MO75 ONHO/ \' I O (82) OMO92 0 'o NH O pzN ~~~r~.~ :
ome 02N 2N (98) 3 0o MO/ 75 -0 ZNO NXZ NHO i / \ Ow |I. /-
NO2 (84) ~Ov NH O r\% Ove NO2 4 NQ&SO MeOCNKO 78 O T10 ne0 N Tfo
MeO Ove TfO 47 - '

isoxazolidin-5-one

entry  aldehyde {yield, % %) yield, 3 ®

P-aminoester

L | MeO. 75
SRl 1@
. . N Ejk/“\
{82)
7 - - o MeO 92 -
oy T :
. : o
o,N . N _
) O,N . /©/K)L
(98)
75

3 _ 0 M
: 0 O,N
: 2 . P :
NO. N .

OCMe

X 5
NH O
7L "

TfO

MeQ
DMO .
. MeO
TO ®

TIO

a0
e
e

CL

NH O )
OMe
NH O
’ OMe
NH O-
_ NO; _
OMe
NO,
NH O
D/K/U\OME



(81) 500 MO/ 8 \ ~~ NH O MeoOC M0O00 MO O (68) / /| OMo 8 0
6 O) Ov NHO MO000 ~~/ OB MO/ MOOCO (84) 7/ 1 00 MO
88 F3CNO\ | NHO Ow Far. F3C (90) 8 0 MO, 91 EO ~I 0 EtOOC
Ndrp NHO O/ \ EEOOQOw (96) . a Yield determ ned by 1H NVR and
GC- M5 anal yses. 48 : ,

a7
{(81)
Med\Q 85
NH O
. T OMe
Me0OC MeOOC - MeO A
. ' L : 0

{88)

&

A M&O. . B0
Nd O

MeCOC

7 ./Q/MO - 0 MeO.__~ T
o ‘\O
BCOT /@/L)::' NH O - .
(90)

8 /Ez( MeO\Q - 81
. W]M E100C e NH O 7
ks o

(96)

® Yield determined by 'H NMR and GC-MS analyses.



b Isolated yield of the (3-amno acid ester with respect to the

al dehyde. 10 nol % cat al yst was used. Experinents were al so conducted
by reacting the following 5 a; (3-unsaturated al dehydes represented by
the formula (I1) as defined above, alJgw th nitrosobenzene in the
presence of the IProl catalyst (10-20 nol%, KO Bu and CH2Cl12 (r.t.,
1-6 h).form ng the correspondi ng N-phenylisoxazolidin-5-one '
derivati vesSoRatRE VéPLEWPAgtYPePIamMaNP ofCHEt BF HP haW By M3FPRFINGY the
and then tygating the N-phenylisoxazolidin-5-one derivatives with
MeOH in the presence of an acid catalyst (r.t., 12 h) formng the
correspondi ng a-amino acid ester derivatives in the follow ng yields
b, (%: i)° R=BoBt-daCGTI Pt awmls R2s4dl. yield a = 83% yield b = 79% 15
ii) R1=4-CNPh and R2=H; yield a = 95% vyield b = 40% iii)RlL=C6F5

d Re=H_yield a.= 85% yield b = 72%. iv) RL=3.5-F2Ph R2=H:
oo o a e SR YS! Qriaufil oY) (ediReTERT, B8589 ThY,

yi el d . o, 8Q¥sadtatiddonadet yeRlse telprielntas elsehwedoirfudae (SLydys
20 using a NHC catal yst derived froma chiral imdazoliumsalt,
whi ch i s F&pimease ARy Sy addy Wt hedimgios obgrd et RButhel PRPEGRFBNCL by

the fobiHOTEenEc Y ei0 (MQpoHnbh 853t dovsh- KBURY, 7781 4, 01-63C
h) forming the corresponding N-phenylisoxazolidin-5-one
derivatives in the following yields a (%, determined by 'H
10 NMR), and then treating the N-phenylisoxazolidin-5-one
derivatives with MeOH in the presehce of an acid catalyst

(r.t., 12 h) forming the corresponding.ﬁ—amino acid ester

derivatives in the following yields b (%):

iy R;=3-Br-4-0TfPh and Ry=H; yield a = 83%; yigld b = 79%.
15 ii) R;=4-CNPh and Ry,=H; yield a = 95%; yield b = 40%.

i‘ii)'R1=C5F'5 and Re~H; yield a = 85%; yield b = 72%.

iv) R1=3, 5-F;Ph .and R,=H; yield §.= 88%; yield b = TB%f

V) R1=C4Hgs and Ry=H;‘yield a = 40%; yield b. = 30%.

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

limitation, by the following scheme:



50 F3c 76%vyield, 44.5%ee N N! DIf ~. catalyst . The reaction
of the honoenol ate with nitrosobenzene may be directed to 1,4- or
1,2-addition by 10 nodifying steric and/or electronic properties of
the NHC catal yst according to routine experinents. . The present

i nvention includes i somers such as géohetrical isoners, optical

i soners based on asymmetric car-bon, stereoisoners and tautoners and
is not limted by 15 the description of the fornmula illustrated for

t he sake of conveni ence. Al.though the foregoing invention has been
described in sone detail by way of illustration and exanple, and
with regard to one or nore enbodi nents, for the purposes 20. of
clarity of understa d\in, it is readily apparentM® se of

ordi nary skill evartdin |ight of the teachings this
i nvention that g ai n changes)) catdyst-BOBoERs maltt)l nodi The n
made t her et 8% t Hout+ depar t i ng_CH@pid®  spirit or scope 0
i nvention as descrlbﬁg in the B51gppernded clai ms. |t s

that as used i speC|f|cat|on and the appended
si ngulsar forns a", "an" and_5 "theg" include | reference
unl ess the conteXt clearly indi ate$=6tbermﬁse. Un| essyidiefisned

ot herwi se all technical and NN

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

catalyst according.to routine experiments.

The present invention includes isomers such as
geometrical isomers, opticai isomers based on asymmetric
carbon, stereoizsomers and tautomers and is not limited by

15 the description of the formula illustrated for the sake of

convenience.

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

20. 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

25 appended claims.

It must be noted that as used in the spec1f1cat10n

and the appended claims, the 51ngular forms of “a”, “an” and



scientific ternms used herein have the sane neaning as 5 commonly
understood to one of ordinary skill in the art to which-this

i nvention belongs. Al publications, patents and patent applications
cited in this specification are incorpgprated herein by reference as
if each individual publication, patent or 10 patent application were
specif i Cal‘%%ﬁangn%fgag' gf Jlr‘Jsli/ réﬂ(ajl Cr?éeedurhoesbse 'hrécocro%ocre%} edc be%rly
ref erence. e citation of  "any pdﬁ?|cat|on, pat ent” or p&ie%t
applicati onditatdssotspegidécation is not an admi ssion that the
publication, patent or patent application is prior art. 51 CLAIMS:
1. A _process for preparing a N phenylisoxazaql.idin-5- one derivative
conprising reacting'aness Rgmcgr%ﬁréfwﬁedﬁfdé:%}}%%% B&$bbenzene
in the preseagce; picacorhh Net&d oy i ardanR (e kalAlingstas 2. The

process according to claim1l for preparing a '
N- phen{l i sommenl ¥ dindsr sheodetd verte vatf raqstigsenmt ekibyl time theormil &0
(r): O R%? é# . N(]1)..O. wherein: .Rl is a hydrogen atom a hal ogen
atom a ni %l §£%%%u%%v%siﬁi%:b%#%@ S‘gr'oup whi ch nmay be substituted
with one -or nore 15 substituents which are the sane or different, a
C2_6 al kenyl groupahi gilbIbya hisorstibgid Harited add o Orapilieations
substituents , , Voo . . .

cited in this specification are incorporated herein by

reference_as if each individual publication, patent or

10 patent application were specifically and individually
" indicated to be incorporated by reference. The citation of
any publication, patent or patent application in this
specification is not an admission that the publication,

patent or patent application is prior art.



which are the sane or different, a C2_6 al kynyl group which nay be
substituted wth one or nore substituents which are the sane or
different, a C3_8 cycloal kyl group which may be 20 substituted with
one or nore substituents which are the sane or different, a C3_8
cycl oal kenyl group which nay be -substituted with one or nore
substituents which are the same or di¥ferent, a C6_14 aryl group
whi ch may be substituted with one or nore substituents which. are
the same okl#H¥$erent, a 25 C6_14 aryl-Cl_6 al kyl group which may be
substituted with one or nore substituents which are the sane or

different,1a C6_14 Aapybc%@@#@ﬁbrgﬁ@uy e yTRY o RE2 SURSI-5Ut ed
I C

with-one or npore substituents are the sane or different, a
C6- 14 ar yPREAF PRI NG | CHIRIULS W9 ER2RBING s phPungeEdraFeh one or

30 nore SUQ§@§H9&%”hitﬂhﬁf{kéﬁﬁ%éﬂ%@nﬁa@H QﬁecgféégﬂégFofaa4' to 52
10- menber ed non-aromati c heterocyclic group ‘contalning one or nore

het . er oat ofs SUATCIEYELEC| PRI NECY AaRtabysin, sulfur  or oxygen and

whi ch group may be substituted with one or' nore substituents which

are the sape or diffgEeptocddackeraind-rEndelied 1arerabiCoaring a
het erocyclic group containing one or nore heteroatons which are

i ndependenfTRISAIVLESgBERZO LTINS -GRe dxyient vl BRmreReyEod Prdyehe
substitut eehMiif1R QRe.or nore substituents which are the same or
different or a C1_6 al koxycarbonyl group which may be substituted
with one or 10 nore substituents which gre the sanme or different; and
R2 is a hydrogen atom a C1_6-alk§¥ p which may be substituted.
with one or nore substituents which are phe same or different, a
C2_6 al&enyl group which may be sub '}gted with gme or nore

subStituents whi ch are the sane omRj [fi:] .

wherein:

'Ry is a hydrogen atdm, a halogeﬁ atom, a nitfile‘group, a Ci-s
alkyl group which may be substituted with one or more

15 substituents which are'the same or different, a Cp alkenyl
group{which-may_be substituted with one or more'substituehts
which are the same or different, a Crg alkynyl group which

’ ﬁay be ;ubstituted with one or more_substituents which are

the same or different, a Cz-g cycloalkyl gfoup which may be

20 substituted with one or more substituents which are the same
or different, a Czp cycloalkenyl group which may be ' A
substituted with one or more substituents which are the same
or different,.a'C&¢4,aryl group which may be substituﬁed with
one or more substituents which. are the same or different, a

25 (Cg-14 aryl-Cie alkyi group which may be substituted with one
or more substituents which are the same or different, a Ce-14
aryl-Csz.s alkenyl group which may be substitﬁted with one or
more substitiients which aré the same or different, a Co-1a
aryl-C;-¢ alkynyl group which may be substituted with one or

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



15 different, a C2_6 al kynyl group which may be substituted with one
or nore substituents which are the sane or different, a C3_8

cycl oal kyl group which may be substituted with one or nore
substituents which are the same or different or a C3_8 cycl oal kenyl
group whi ch may be substituted with one or nore 20 substituents which
are the sane or different, which procé®s conprises reacting an

a, (3-unsat-ur ated al dehyde represented by the formula (11); O RI-- x
(rr)y 25 RO viRRITRS 4 Ce AR N~ BFOIRIE Igh dreRe T PSY @bl @ eF i aved 0955@@1-1% the

nitr osobenaﬁr}@of@ Heh@ B mﬁ@&ﬁ@%l@h %:%'H& %”A nlws?em OGRS Fur

according to claim 2, erein in the and ( each of
the Cl1-6 a@kwxym_@nél Kehgtt ,gra3@ @ngalkLybﬁ/ﬂltL@dSWéyhlm leyd, C3_8

cycl oal kenyl 14 . . C6- | - I 14, &y ylC2- 6
al kenyl , %_ﬁ%%@#—%&%ﬁts ﬁklycﬁagl#%%%os%e Olﬁbd;i%léfg r%lgﬁ ar ggrratt °c
het er ocycl i&;ndGrbered ddomenietedeavopalic duetwr ooptckioiandrEl o

al koxycarb rQups My be .substi.t yted 1t 3 substlt n
whi ch are ‘g@%/éndjepéaﬁgen%@ Wh]hcgll 8§§n ﬁa%lﬁ?n%nrh{;ld’ 5‘)%8”1: aroUp, hE%I
group, a mxygnrgm@xﬂpwhacmlgfadpen@wbp,s@bs:tyaamﬂ:egr adiph an@b:ﬁmoa-bkyl
C2_6 al kenyl, ar, whi ch bstituted with a
hal ogen at%n% QCa g {ﬁ/?r;%lal?% %g’]e c3"8 Oléy%*%gﬁrl? Prgf O{Fp whi ch may
be substi taitletkycarB6nid grolp mlghomayvxm c&uwm@aubstmtaﬁee@,r a 4-
to 10--nenbered non- rorratl erocy rou tai ni ng
het er oat ot S “4 Ee?%éﬁ&?g‘eﬁtrfey JH‘?ﬁ‘ rf,Pr &;}Jgﬁe{ﬂ; sadﬁ ur and
whi ch :

Ry is a hydrogen atom, a Ci;-¢ dlkyl 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 more substituents which are the same or

15 different, a Cz-¢ alkynyl group which may be substituted with
one or more substituents which are the same or different, a
C3-s3 cycloalkyl group which may be substituted with ohé.of
more substituents which are the same or different or a Cs-g
cycloalkenyl group which may be substituted with one or more

20 substituents which are the same or different,

which process comprises reacting an u,B—unséﬁurated aldehyde

represented by the formula (II}:

25 Ry

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

nitrosobenzene in the presence of a NHC catalyst.

© 3. _ The process aécording to claim 2, wherein in the
formulae (I) and (II), each of the Cj;.¢ alkyl, Cz-s alkenyl,
30 Cz-¢ alkynyl, Csg cycloalkyl, Cs.g cycloalkenyl, Ce-14 aryl,



group may be substituted,. a 5- to 14- nenbered aromatic heterocylic
group containing 1 to 4 heteroatons which are 15 independently

ni trogen, oxygen or sulfur and which group may be substituted, a
Cl-6 al koxy group which may be substituted, a C3_8 cycl oal koxy group
whi ch may be substituted, a C1_6 alky hi o, C2-6 al kenylthio or C2_6

al kynylthio grou ich e subst.i ted, a 8 cycl oal thio or
C3_8 20 ¢ CPOQFVE ?hﬁhﬁékgEOUEGVWu?ﬁY %ﬁﬁﬁgi’tﬁﬁéﬂ Eﬁé
aryl oxy grioumyah)i ah- wz@e—nﬁa@t&%trkeau;a@qraaoﬁat&e ﬁ@«:@%@%@ﬂc, 5- to

non-aromati c heterocycl e-oxy group which may be substituted, a 5- to
14- menberiéd amhanscc W@r’fd@y R¢vgLoGpawdi Eb-snajkosecaberyt ut ed,

a & 14 éhﬁﬂ%ga Onatlc s%thE%dbﬁé%g %uggtbtg&ggﬁlgﬁentg %hlch are

10- nenber eterocyc group
subst|3Lnxnﬂepmﬂﬁedniyiérmaﬁh@@adatamonathgdhekgnogychp,thlahgbbup
whi ch may_ be substltuted an amno group which may be substltuted
an azi de Grots, 2a Hifdan i IHONE rgRoBptL l@aBEQHPde gFéﬁBo greermyd ©

group, a Glofi 3¢, Mden,ar e c,a S%?HEX' g%ggpwl’i@bﬁhmh?
substituted,” a carbonyl -oxy group-wh i S substituted, " a carboxy

group, asuhﬁﬂmﬁﬂﬁﬁd @ﬂ@@pawh@dngﬁayabemsubsﬂs&utedloalﬁil4or Cs-s

2. sl Fony oo Bl LR aOR o pEBebEF BNy P SR b,

Cl. GEaIkaynarbmﬂym.gmqupe aubktbtakkyl sal Benyb 1grAsRbeasdoxo group
or a C1_6 al koxyi m,no_group. 4. The grocess acgordingeto claim?2 or

3, wher eil¥P5®#T f% F&QC@P}CaﬁHO P| FOonRE1P4TNYg €158 4] RBRGEAR BORTI
group S5@lich g@elﬁnﬁkﬁknﬂ%%%@genh@?oﬁ@ﬂ b%x?QQﬁthUEQ@fM&th& #Rién

substituents which-are i ndependently Ritro rifluoronethyl,

group may be: substltuted a 5- to 14— membered aromatic
‘heterocylic group containing i to 4 hetercatoms which are

15 independently nitrogen, oxygen or sulfur and which group may
be substituted, a Ci¢ alkoxy group which may be substituted,
a Ci-p dycloalkoxy group whiéh may be substituted, a Ci-g
alkylthio, Cz¢ alkenylthio or C;.¢ alkynylthio group which
may be.substituted, a C3-g cycloalkylthio or Cz-g

20 cycloalkenylthio group which may be substituted, a Ceg-14
aryloxy group which may be subétituted, a 4- to 10-mémbered
non-aromatic heterocycle-oxy group which may be substituted,
a 5- to l4-membered aromatic heterocycle-oxy group which méy
be substituted, a C54; arylthio group which may be

25 substituted, a 4- to l0-membered non-aromatic Heterocycleu
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 substltuted an azide group,.
guanldlno group, a carbamide group, a formyl group, a CIG

.30 '1m1doyl group, a carbonyl group which is substituted, a
carbonyl—oky group which is substituted, a carboxy group, a
carbamofl group which may be substituted, a Ci-q .
alkylenedioxy groﬁp, a sulfinyl group which is substituted,
a_sulfonyl which is substituted with a trifluoromethyl



trifluoronethyl sul fonyl, methoxy or methoxycarbonyl. 5. The process
according to any one of claims 2 to 4, wherein the fornulae (I) and
(I'l), R2is a hydrogen atom 10 6. A process for preparing a

N- phenyl i soxal i di n-5-one derivative rﬁﬁresented by the formula: 0 O
MeO N 15 TRH conprising reacting an'a, 13-unsaturated al dehyde
represented by the forpula: 0. MeQ/ | TfO 20 MﬁiP it gsob nzene
in the prEsiiite o126 RAECKICATPORYL FXORPyr Gcbss Yg?‘é{) Ay an
N-al koxyphwen, =Y @hRCiRup3vamane, acizd xest/ehiAgr f¥ahhve conprising
reacting an a,(3-unsaF§§a ed aldeﬁéﬁe W t nrtrogobe%zene in the 25
presence of a N-heterocyclic carbene (NHC) catalyst to. form a

N- phenyl i%oxazol i diTfes PERESEEr BFaoinddé nanéot kéalnr 2apt ngr SBherdEn in
N- phenyl i i di_n- 5~Qn eri-vati we wt n i e
presence 0 §§9§@ﬁ5£%352|§§?.(§&%The1p¥%d£§§f5§%@? | %ﬁ%&?éﬁ%ﬂqﬁoyﬁ(n
prepard ngprarm (N-@l koxypheoyd phbdtkched lae ashino: Boitkdstiarh deriovad i ve

5 represented by the fornula (I1V):, R8Q <|NH
P sdbé%f@ﬁents W lg% arg Y%depenggntly ng%ro, trifluoromethyl,

trifluoromethylsulfonyl, methoxy or methoxycarbonyl.

5. The process according to any one of claims 2 to 4,

wherein the formulae (I) and (II), R, is a hydrogen atom.

10 e. A process for preparing a N-phenylisoxalidin-5-one

derivative represented by the formula:

MeO

15 : TO

comprising reacting an ‘o, pB-unsaturated aldehyde represented

by the formula:
' o

MeO

THO
20

with nitroscbenzene in the presence of a NHC catalyst.

7. A process for preparing an N-alkoxyphenyl
prdtected'ﬁmamino acid ester derivative comprising reacting
an o, B-unsaturated aldehyde with nitrosobenzéne in the ;

25 presence of a N;heterocyclic carbene (NHC) catalyst to forﬁ

a N-phenylisoxazolidin-5-one derivative and ﬁhen'treafing



ROR$ (I1V) R2 10 wherein each of RlL and R2 is as defined in claim?2
and R8 is a Cl_6 al kyl group, which process conprises: (a) reacting
an a, (3-unsaturated al dehyde represented by the formula (Il): 0 15
Ri* HIR(Il) 2 wherein each of RL and R2 is as defined in claim 2,
with nitrosobenzene in the presence 6t a NHC catalyst to forma 20
N- phenyl i soxazol i di n-5-one derivative represented by the fornula

(I): 0 RO RN(lI) ,056 wherein each of RL and R2 is as defined

in clai mRe ﬁﬂehé§}1£§§9a£6§§@iﬁg5l&@e '%@Pf@éf&ix?@wi%g(ﬁfé 1oL in

derivative w an al cohol represented by the fo
R8 is 5Chs Hetmedeabbven dnidheaprkbsence of an acid catalyst. 9.
The. process accordlng to claim7 or 8 further conpr|5|ng

deprotecélngunder |ve condltlons . en rot in
group fromthe N a Pﬁ%%% Hrotett s "R G ac ‘%f e%]{) g 'sh
derlvatINEleoxyphenyl protected B-amino aC1d ester derivative

5 represented by the formula (IV):

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

a Cy-g alkyl group, which process comprises:

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

foermula (II):

15
R]/}/LLH
(IT)

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
20 N-phenylisoxazolidin-5-one derivative represented by the

formula (I):



10 10. The process according to claim8 or 9, wherein for each of Rl
and R2 in the formulae (1), (Il) and (1V), each of the Cl1_6 alkyl,
C2 6 al kenyl, C2_6 alkynyl, C3_B cycloal kyl, C3-B cycl oal kenyl,
C6-14 aryl, C6-14 aryl-d -6 alkyl, C6_ 14 .aryl-C2_6 alkenyl, 06_14
aryl-C2_6 al kynyl, 4- to 10-nmenbered non 15 aronatic heterocyclic, 5-
to 14-nmenbered aromatic heterocyclic ggd Cl_6. al koxycar bonyl groups
may be substituted with 1 to 3 substituents which are independently
a hal ogen atom a hydroxyl group, a thiol group, a nitro group, a
nitrile group, a cyano group, a Cl1L 6 alkyl, C2 6 20 al kenyl or C2_6
al kynyl group which may be substituted with a halogen atom a C3_8
cycl oal kyl "&fre3ngezsh|talfedyd Ryr dGp2as vipEinataybe1aiBsti taded, a
C6_14 aryl. group which may be substituted, a-4- to 10-nenbered

non- ar onat i (®)heheh Oeydd G ngd QHP NCHRE B} Nistkakoll 9dfn het O UG V& h
are independently 25 nitrogen, oxygen or sul fur. and.which group may

be substi tdt8danaaboRe) FEPTRERD @fédnar%tfp’émﬁé@ewéwrler@%f)ﬁa is

cont ai nigng zls. Her bt QAL ONB ¥hE Chr A dNE@PEAdLRL & Yoattllisogen,
oxygen or sul fur and which group may be substituted, a Cl1_6 al koxy

group which may be substituted, a 30 C3 8 cycl oal koxy @roup whi ch may
be substitdtred, a CIL BHORFPEhRECOXIN &k EAFERN{ °Br® Errgher _
al kynyl t hi @ogpeusi i ddprJraytRegSuhedd tltied ox2d681 e s palikikt hi o or
C3-8 57 cycl oal kenyl thi o group which may be substituted, a C6-14
aryl oxy gr GApTARFEIPTRAFAFENGUBEPTRR ub et theq N-pokenvpiemiey @gotected

non- ar omat iRgczReh 6T DEWE | Bt@XY dgF VP W ch may be substituted, " a 5- to
14- menber ed-aronmati ¢ heterocycl e-oxy group which my 5 be

subst | tl'"bt eq’O.a 6 14T1*16}ar )élr%fg:ie(s)sgggg ngCQo_rr%Xa%% 8 or 9, -wherein for
each df Ry and R; in the formulae (I), (II) and (IV), each of
the Cijs alkyl, Cz-s alkenyl, Ca.¢ alkynyl, Cis cycloalkyl, Csg
cycloalkenyl, C§44 aryl, Csi14 aryl-Ci-s-alkyl, Ceiq aryvl-Czg
alkenyl, Cgqg aryl—C}g alkynyl, 4- to l0-membered non-

15 aromatic heterécyclic, 5- to l4-membered aromatic
heterocyclic and C;-s alkoxycarbonyl groups may‘be
substituted with 1 to 3 subsfitueﬁts which are independently
"a halogen étom, a hydroxyl group, é thiol group, a nitro
group, a nitrile group, a cyano group, a Ci.g alkyl, Ca-g

20 alkenyl or Cag aikynyl group which may be substituted with a
halogen atom, a Cs:s cycloalkyl or Cs-g cycloalkenyl group
which may be substitutéd, a Cg-1¢ aryl group which may be
substitutéd, a 4- to 10-membered non-aromatic heterocylic
group containing 1 to 4 heteroatoms which are'independently

25 nitrogen, oxygen or sulfur and which gréup may be
substituted, - a 5- to 14~;membe£ed aroﬁati; ﬁeterocylic group
containing 1 to 4 heteiéatoms which are independently
nii;.rog-e'n_r oxygen or sulfur and which.groﬁp may be
substituted, a C;.s alkoxy group which may'be substituted, a .

30 Cyabyclpalkoxy group thth.may be substituted, a Cig
alkylthio, Cz.¢ alkenylthio or Cs.¢ alkynylthio group which
may bg substituted, a Ci-g cycloalkylthio or Ca-g



substituted, a 4- to 10-nenbered non-aromati c heterocycle- thio group
whi ch may be substituted, a 5- to-l4-nenbered aromatic

het erocycl e-thi o group which may be substituted, an am no group

whi ch may be substituted, an azide gr up, a 10 guanidino group, a

car bam de group, a formyl group, a Cl- i m doyl group, a carbonyl
group which is substituted, a carbonyl-oxy group which is

subst i t uteELloal keaddiogeseyr ahichr Baohp a%ﬁglmt%r mayChes

substi t ut al “kyhe i axy ul fipyl.gr i b S
subst | t urad Y F O SR o OFs <aRBtRrphedy. & MY e S PmdbEted
trifl uor evet-Haylomagriaupie te réyve lak-bayy gavhpnyhighaopy , ba €ib6tituted,

al kyl sul f onyl r.oup, an oxo group.,or_ a, Cl-6 al koxyim no group., 11.
The pr océs S adCordi Mg P ARy SORBAGH CoPaFRECSY LS 98y WASRE: ¥4 (Y
for nulzae Wl )sutshtlit vdrd, ( BV Rlats18nfd_Srodd & Faxweaf banyl group or

a C6-14 aryl group which may be substituted with 1 to 3 substituents
whi ch aréu%ﬁﬁéﬁéﬁ@@ntﬁy4-n¢prép-mﬁmbﬁﬁédoﬁﬁﬁh§r9matlc heterocycle-

tri f1uoremmi iyl Sy f%&ichﬁ%ﬂ%%s@%gtg‘gﬁggé}’c rQW«%@&.ZmeIQ c£H0CESS

according to any one 0 erein i's"a hydrogen

atom 13arAnatdeesetkabcyaparhie grolpalkoxkphenpybe pubtectetled, an
R-am no aci,d ester derivative represented-by the formula: 58 MO/
NH O - Me@TAN® greup whieh may be substituted, an azide group, a

10 guanidino group, a -carbamide group, a formyl group, a Ci-s
imidoyl group, a carbonyl group which is substituted, a
carbonyl-oxy group which is substituted, a carboxy groﬁp, a
carbamoyl group which may be substituted, a Ci-y | '
alkylenedioxy group, a sulfinyl group which is substituted,

15 _a'sulfopyl which is substituted with a trifluoromethYl
group, a Ci-¢ alkoxycarbonyl group, a Ci-6 alkylsulfonyl

‘group, an oxo group or a C;.¢ alkoxyimino group.

11. The process actcording to any one of claims 8 to
10, wheréin'in the formulae (I), (II} and (IV), R; is a Cip
20 alkoxycarbonyl group or a Ce.14 aryl group which may.be
substiﬁuted 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

25 11, wherein R; is a hydrogen atom.

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

formula:



conprising reacting an a, (3-unsaturated al dehyde represented by the
formula: O MO/ I \ 10 H TfO:\ wth nitrosobenzene in the
presence of a NHC catalyst.to forma N-phenylisoxalidin-5-one
derivative represented by the fornula:. 0 15 MeO N and Ti O then
treating the N phenylisoxalidin-5-one rivative with nethanol in
the presence of an acid catalyst. 20" 14. The process according to
claim 13 further conprising deprotecting under m | d oxidative
conditions the nitrogen protecting group of the N al koxyphenyl
protected (3-amino acid ester derivative represented by the fornul a:
59 MeO NH O " MO Owe Ti O ~ 548 formthe conpound represented by
the formula: NH2 O HO H

NH O
‘MeO
5 OMe
TO
comprising reacting an o,f-unsaturated aldehyde represented
" by the formula:
0
MeO
10 o H
THO
with nitrosobenzene in the presence of a NHC catalyst to
"form a N-phenylisoxalidin-5-one. derivative represented by
"the formula:
O
15
O
MeO
© ; and -’
THO
then treating the N%phenylisoxalidinfS—one derivative with
methanol in the presence of an acid catalyst.
20 14. The process according to claim 13 further

comprising deprotecting under mild oxidative conditions the
nitrogen protecting group of the N-alkoxyphenyl protecfed

p-amino acid ester derivative répresented by the formula:



HO ~ 10 15. The process according to any one of clainms 7 to 14,
wherein the-acid catalyst is perchloric acid. 16. The pr-ocess
according to any one of clains 1 to 15, wherein the NHC catal yst is
derived froman imdazolium salt. 1 7. The process according to .
claim 16, wherein the imdazoliumsaltl” is represented by the fornula
(V): X R3N-R3 20 wherein R3is Ph, "Pr, Mes or 2, 6-''Pr-Ph; and. X
is Br , BF4- or C-. 18. The process according to claim 16, wherein
the imdazoliumsalt is reprededted the formula: 60 X nn NNJ5

YN-/NY \ NON/ ' , XI ~~ X 10 O \' ~/ ";~ NON 15 OND | X\
7 , | NN~ , : )
NH O
MeO - .
OMe
5 . - T

to form the compound represented by the formula:

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

14, wherein the acid catalyst is perchloric acid.

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

salt.

15 17. ' The process according to claim 16, wherein the

imidazolium salt is represented by the formula (V):

20 wherein R; is Ph, !Pr, Mes or 2,6-*Pr-Ph; and X  is Br~, BF4
or Cl7. ' '

18. The process according to claim 16, wherein the

imidazolium salt is represented by the formula:



p 20 or N, /N-/N~ 61 wherein Xis Br, BF4-, d- or -OIf. 19. The
process according to claim 16, wherein the imdazoliumsalt is
represented by the formula: 5 NON wherein X- is d-. 10 20. The
process according to claim16, wherein.the imdazoliumsalt is
represented by the formula (VI): Rg_ X P4~NN (VI) 15 wherein R4
is 2,6-"Pr-Ph; RS is hydrogen or Ph; and Xis O-. 21. The process
accordlng to cIa|n116 wherein the imdazoliumsalt is represented
by the formula (VII1): (VII) 20 R6~NNNR6 wherein R6 is 2,6-'Pr-Ph and
Xis O-. 22. The process according to claim16, wherein the

i mdazoliumsalt r resented by the fornula 62 OO x--N1110~1 N~ Rf
) CR7
\ N :
X' )

10
15

20




wherein R7 is "Pr or t-Bu; and Xis Br, BF4- or Cl-. 5 23. The
process according to any one of clains 1 to 22, wherein the

a, (3-unsaturated al dehyde, nitrosobenzene and the NHC catal yst are
reacted in the presence of a base. 24._ The process according to claim
23, wherein the base is 1, 8-diazabic o[ 5. 4. 0] undec- 7-ene (DBU) or
10 potassiumtert-butoxide (K& Bu). 25. The process according to any
one of clains 1 to 24, wherein the a, (3-unsaturated al dehyde,

ni trosobenzene and the NHC catal yst are reacted in the presence of a
solvent.nggeﬂmg;p&gcg§s’qggprd&gg(hp—gk§[n125, wherein the 15

sol vent is dichl oronet hane or tefrahydrofuran. 27. A process for
preparing an N al koxyphenyl protected (3-amno acid ester derivative
conpri si N 4 r eat i ngChea peogiessy kicsoxdiobi denchadmelfer Whareve theh an
al cohol i,n . fhe .presen f an_acid catalys 2Q 28. .The process
Scoor ai ng SIS FAE, X, ZoRE R R Ry FRe XS BRERIT pr ot ect od
(3-amno acid ester derivative represented by the formula (1V): R30
NHOZ (IV) R OR8 RZ 63 wherein eachyof Rl and R2 is as defined
inclaim2 and R8is a Cl , Whi ch process conprises
erivative represented by the

formula (1):

. wherein ¥* is Cl°.

10 20. The process according to claim 16, wherein the

imidazolium salt is represented by the formula (VI):

Rs. Rs

RN\ 4 Ry -
‘ (VI)

15 wherein Ry is 2,6—iPerh; R; 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)
' : N N
20 Rg™ N+ Rg
wherein Rg is 2,6-'Pr-Ph and X~ is Cl-.
22, - The process according to claim 16, wherein the

imidazolium salt represented by the formula:



50 R /1 (1) RNO wherein each of RL and R2 is as defined in
claim2, with an 10 al cohol represented by the formula RBOH wherein
R8 is as defined above, in the presence of an acid catalyst. 29. The
process according to claim?27 or 28 further conprising deprotecting
under mld oxidative conditions a nitrogen-protecting group fromthe
N- al koxyphenyl protected 15 )3-amno acid ester derivative. 30. The
process according. to claim28 or 29 wherein for each of Rl and R2

in the formulae (1) and (I1V), each thqDCH 6 al kyl, C2_6 al kenyl,

C2_6. al kynyl, C3_8 cycl oal kyl, c c a enyl, 06 19 aryl, C6 14
aryl-Cl_6 alkyl, C6_14 aryl- C2- 6 20 “Ré CB 14 aryl -C2_6 aIkynyI,
4- to 10-nenbered non- aromatic h - to 14-nenbered

aromatic heterocyclic-and Cl_@halkoxy ‘gonqugroups may be
substituted with 1 to 3 substituents which are independently a

hal ogen atom a hydroxyl group, a thiol group, a nitro 25 group, a
nitrile ghoupinaRcyisnoPyr oupt-Bu€labdakkyls H3Z,dBFal kenytlor C2_6
al kynyl group mhlch may be substituted with a halogen atom a C3_8

cycl oal kyh or eny ich ma u stitute
06 14§ary% group 3% r#fg%g o) acg #?#%?%%,a 4¥ ]egi
non- aronﬁIJcwher@imcymé0u3®—@m@y@uﬁéﬁé@1Jﬂdéhﬁdé()nfkfﬁﬁéﬁéﬁﬂéHESand
whi ch are |ndqgendently 64 nitrogen, oxygen or.sulfur and which
gr oup na& catalyst are reacteéd in the presence of z base.

24, The process according to claim 23, wherein the

base is 1,8-diazabicyclo[5.4.0]undec~7-ene (DBU) or
10 potassium tert-butoxide (KO'Bu).

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

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

26. The process according to c¢laim 25, wherein the

15 solvent is dichleoromethane or tetrahydrofuran.

27. A process for preparing an N-alkoxyphenyl
protected f-amino acid ester derivative comprising treating
a N-phenylisoxazolidin-5-one derivative with an alcchol in

the presence of an acid catalyst.

20 28. The process according to claim 27 for preparing an
N-alkoxyphenyl protected B-aminoc acid ester derivative

represented by the formula (IV):



substituted, a 5- to 14-nenbered aronmatic heterocylic group
containing 1 to 4 heteroatons which are independently nitrogen,
oxygen or sul fur and which group may be 5 substituted, a O _6 al koxy
group which may be substituted, a. C3-8 cycl oal koxy group whi ch may
be substituted, a C1_6 alkylthio, C2_6 alkenylthio or C2_ 6 -

al kynyl t hio group which may be substigButed, a C3_e cycloal kylthio or
C3-8 c¢ycl oal kenylthio group which may be substituted, a C6-14 10
aryl oxy gruitgredhi ehcheyr e stbskd tist ed, daffined dnl@igenber e Rg is’
non- aronati ¢, het ycl e- ox roup which be supsti t.uted, - to
T4 mamber 6l GiroRatre FE SO0 M IFE: BRICG DU TSRS et B S abdt ¢ Ut ed.
a C6_14 arphdrRile sgkeud) Wiirc3-gay Bersvbstid Hepdesanded ty kBemenmber ed
non- ar.omat j ¢ heterocycle- 15 thio group which may be substituted,

5- to 14- metiBeEd (Thromatic heterocycl e-thio group which may be
substituted, an am no group which may he substituted, an azide
group, ® guanldlno group, a carbam de group,, a fornyl group, a Cl_6
i m doyl group, a carbonyl group whise; substituted, a 20

car bonyl -oxy group which is substitufed, a carboxy group, a

car banoyl group whi ch may be substit aCl4 af &Ienedioxy group,
a sulfinyl group which is substit ®fed, ul fonyl which is
substituted with a trifluoronmethyl gr a ClL 6 al koxycar bonyl
group, a Cl-6 al kyl sul fonyl 25 group, a&s.qQ¥o group or a'Cl 6"

al koxyi m no group. 31. The process according to any one of clains
28,to 30, whereinin the formulae (1) and (I1V), RLis a ClL 6

al koxycarbonyl group or_a C6-14 aryl group which may be .substituted
with .1 to"hesgbst peclerts Fahedh Zer ési ﬁéeﬁ@%&flﬁﬁ |2 gda@mt fo,with an

trifluoyonmtdyby tehfduoneeebhylad! Fomlia BHRGeYHin Ry is as

defined above, in the presence of an acid catalyst.

'29 ' The process accordlng to clalm 27 or 28 further
comprising deprotectlng under mild oxidative condltlons a
nitrogen-protecting group from the N-alkoxyphenyl protected

15 p-amino acid ester derivative.

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

| for eachh of R; and R; in the formulae (I) and (IV), each of
the Ci-¢ algyl, Cz-¢ alkenyl, C,.g.alkynyl, Ci.g cycloalkyl, Cz-g
cycloalkenyl, Ce-14 aryl, ngw aryl—-Ci-s alkyl,.C&44 aryl—Ca g

20 " alkenyl, Cg14 aryl-Cs-¢ alkynyl, 4- to 10-membered non-

- aromatic heterocyclic, 5- to l4-membered arcmatic
heterocyclic "and C;-¢ alkoxycarbonyl groups may be
substituted with 1 to 3 substitﬁents which are independently
a halogen atom, a hydroxyl group, a thiol group, a nitro

25 group, a nitrile group, a cyano group, a Ci-g alkyl, C%é
alkenyl or Cs_s alkynyl group which may be subsfituted with a
| halogen atom, a Csi-g cycloalkyl or Cs_g cycloalkenyl group
which may be substituted, a Ce¢-14 aryl'grqup which'may be
substituted,'a 4; to 10—ﬁembéred non-aromatic heteroéylic

30 group containing 1 to 4 hetercatoms which are independently .



met hoxycar bonyl. . 32. The process according to any one of clains 28
to 31, wherein R2 is a hydrogen atom 65 33. A process for

prepari ng an N-al koxyphenyl protected a-am no acid ester derivative
represented by the forrmula: MO/ 5\ NHO MO/ ( O TiO\
conprising treating a N-phenylisoxalidin-5-one derivative 10
represented by the formula: 0 O MOB# TiO 15 with nmethanol in the
presence of an acid catalyst. 34. The process according to claim33
further copOgsnagodppetaEt siuiduonded wiich arcdat kee onditions the

ci d oot el GErvaTEde s bt cdedreleBbRiRe Fareits. Pttt e oo
| Ove Tf @dnttednfiognithe £omeundtoeprasiarnt edebyntibpefdenilya: 66
nitrogen, oxygen or sulfur and which group may be
5 substituted, a C;.¢ alkoxy group which may be substituted, a
Cs-g cycloalkoxy group which may be substituted, a Ci-g
alkylthio, Cps alkenylthio or C,_s alkynylthio group which
may be substituted, a Cs.p cycloalkylthio or Cs-g
cycloalkenylthio group which may be substituted, a Ceaig
;10 aryloxy group which may be substituted, a 4~ to l0-membered
non-aromatic héterocycle~oxy group which may be'sﬁbstituted,
a 5- to 14~membe£ed aromatic heterocycle-oxy group which may
. be substituted, a Cg-14 arylthio gfoup which may be .
substituted, a 4~ to 10-membered non-aromatic heterocfclau
15- thio group which may be substituted, a 5- to 1l4-membered
aromatic heterocycle-thio group which may be substituted, an
amino group which may be substituted, an azide group, a
guanidino group, a carbamide group, a formyl group, a Ci.g
imidoyl group, a carbonyl group which is substituted, a
20 carbonyl-oxy group which is substituted(Aa 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 trifluofomethyl
group, a Ci.s alkoxzycarbonyl group, a Ci-s alkylsulfonyl

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

31. : Thevprocgss according to any one of claims 28 to
30, wherein in the formulae (I) and (iV), Ry is a Ci-¢
alkoxycarbonyl group or a Cg-14 aryl group which may be
substituted with 1 to 3 substituents which are independen{ly
30 . nitro, trifluoromethyl, trifluoromethylsulfopyl, methoxy or .

methoxycarbonyl.

32. The process according to any one of claims 28 to

31, wherein R, is a hydrogen atom.



NHZ OHO/ I H 'HO 35. The process according to any one of clains 27
to 5 34, wherein the acid catalyst is perchloric acid. 36. The
process according to claim7 or 27, wherein the alcohol is nethanol.
37. The process according to claim8, & 10, 11, 12, 28, 29, 30, 31
or 32, wherein R8 is nethyl.

33. A process for preparing an N-alkoxyphenyl

protected P-amino acid ester derivative represented by the

formula:

MeO

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

p-amino acid ester derivative represented by the formula:

20 MeO

NH O

MeO
OMe

THO

to form the compound represented by the formula:



66

NH; O
HO
H
"HO
35. The process according to any one of claims 27 to

34, wherein the acild catalyst is perchloric acid.

36. The process according to claim 7 or 27, wherein

the alcohel is methanol.

37. The process according to claim 8, 9, 10, 11, 12,
28, 29, 30, 31 or 32, wherein Rg is methyl.



