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TI TANI UM COVPOUND AND PROCESS FOR ASYMVETRI C CYANATI ON
OF MNES Field of the Invention The present invention
WO edoatiz®7t 0 a titani um conpound and a process POT/SG2008/000097

produci ng optically active al pha-am nonitriles

according to e , G C i action of an

i m ne using sbghE§E¥?E§h?EEPC g%%EHQ?D$%e optically

active al pha-anminonitriles are useful as internediates

in the synthesis of pharnmaceuticals and

fi ne-chenical s. BacRgrbnagasdt FiRdd nvention One of the

oldgst, gg%tsegfcfl et A ec&é‘r?&%lf?t hed$a@ks to an

synt'heési Zi ng al'phaamno acids’"is the use of a three

en€gppPaNenéd Siuecken deaction of al dehydes or ketones
with ammonia (or an equivalent) in the presence of a
cyani de source. Subsequent hydrolysis of the resultant
amnonitrile yields thgacegresw@ndi ng al pha-am no
acids, as shown by the reactionin FIG |A FIG IB |
shoRuarepdefited Steebkégupsact PR, aYpellivar apd  in
W del sed alternative r L Zi ;

01 41 BRAaN RO ad HO T bl A b e s Lobd | AST8ad of>"

in@peBBi Agardkmpiet f eomatiton adbvedopeenits ¢! mowed dyvanced

hydrocyanation. Despite the efficiency and versatilit
flgpreReesEr NS T-eat PRI n %é%&ﬁﬂéﬁq S  ?35§y i%ged
fo%er $19R s IR T aagld Ofy or oeat akyhisC agmMebidfolecules.

ydrocyanation of imnes was reported until the
Unffod+h890s1y$Si ndeihensehere hastideredonty déh@iite narrow

advances in the devel opnent of. efficie i C
eXfr585488s Fgﬁcgﬁé’syﬁ?%?' s B opti'tal e€§%¥3§£%?phgeak
phoRBsRapdghdy. espestadd i noppnotehtagendirc ajuyrezwam ndots

aci ds. Both organonetallic- and organo- catal ystss hav
(QRIsgo wen beea iW@W%@y%tPF@h?HP%c%ﬁ’éﬁt%ﬁs For

fli @r%%%e%%epr??ggfiﬁa.e £0r rIIﬁﬁQ:QL%lQﬂ“ CIEiiEﬁlog_ical imaging
5Ipha-an1non| riles”in the presence of a suitable

angly aé tlec s ban c eappAl itdedlign sgoo@Ds0 exestsenta r esuppgition-
have been reported, n f these catal yst _syst

dependiepd rexpensiiAPs Hd cata??éts thg%¥§r§g§endent

1R SRARH Jhr qugh Mabkbsbenosynkhesi emigsivel | basds that
rigorous conditions such as |ow tenperatures.

scadeordi tyl Yhei bpdév &@ncorrinanaraY methddie apatabiatqgand
Summary of. | nventi gnt invention
1j5?g¥?§ésdPF%%%F&ﬂf%Q%ﬁ%gé%E%:g%ﬁégyﬁnetric synt hesi s
reactiigans, prediceddentbri Qfisng haveact ired ariivedye 1long
obt ai ned by contacting wat er and atitan%ug1aL59xi%% in
fluprescomcsct wERTARSpt i THt 1 y 2&ét i vBSFigand _ g91ing
piGEsented byrtherggnenak tioemyiid(dicathesetocRion and
R2, R3, and R4 are independently a hydrogen atom an
mediqdl gHiugnosini @l kKeml Cat beps - aROBPFFegr Gp cogryentional
aromatic_heterocyclic g p, on- iC d
Oﬁﬁﬁﬁﬁ%my%f?%rﬁg%%ﬁ?éan g@%l é?%ﬁ%, %%Pal oxycar bonyl an

s%ﬁﬂéﬂki& ﬁmugkyb@éncarbmmﬁsxwmuppdeammaomhmﬁqﬂhamgpally
ave a substituent, or two_or npre

of Ri, :
stakl RAWAE]R be ITUREPT odeher {oPForiE S | fF?% %W?tg‘f%% to
agég%mgyy q$¥§t@n§pbstéguengiggnd A% repoesent Thig OURlow
wth two or nore carbon atons having an asynmetric
ploatr ey ee dentt '0vn axd ad s aBgkERCPRL iNHOYEMe e fvOdThRe IS real-
the optically active ligand re e ai :
t %eWSPl?BFﬁﬁgaofafsﬁﬁ§ %9%% f%%gnpéggﬁggéénggwtraCkl“g
of orimHa dd))ueher pirBcBaseBb, tiet  antk Rdoar epeashbhe with
hydrogen atom an al kyl group, an aryl grau
calkexytaRrdbn\AL FGH, TaMCaOPPeEFSar b%ﬁﬁgengﬁp oPPgn have
am nocar bonyl group, each of which may have a
substituent, or two or nore of Ra, Rb, Rc, and Rd may
be linked together to formg ring, and the ring may
have a substituent; at |east one of Ra, Rb, Rc, and Rd
is a different group; both or at |east one of the
carbon atons indicated as * becone an asymretric
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acconpanyi ng drawi ngs. The acconpanying figures are
schemati ¢ and are not intended to be drawn to scale.
waaospmopdbses of clarity, not every conponent PGI/SG2008/000097
| abel ed in every figure, nor is every conponent of
each .enbadi nent. of the inventjon shown where
Do erlaci b G141t LG b1 Sor BT RGNP T nga gporescence
probdishadar Skill idbdhenqréti@iewdes sheadobbeairavenbirganic
Al'l patent applications and patents incorporated
sddsin bevef errndee acxPattG okt 8 by &P erétRiS § nthan

t hei.r tjret case. of L C :
orgeB o SR U e def TR ohot P PeEGRTpY 2nd in
adodttdidred Desercphi ah sdPheeprasentvadventh ohigbl aessliugion

a titani um conpound and a process for producing
byostiecHIR FGAAS S ra- ani nonitril es according to the

asyfiyRtd | o Gyl d O reBet L o8 QEsaPabMbnNE1uSirBRhdde’ dFor

titani um conpound. Conpounds (e.g., catalysts) and |
bimpdidgddm lof thegingent iash | ARELve tftzewessental ysigssion

useful for as tri hesLs.  re LQNS . L.ncl wei.ng
W RTEIdEr 5O bORE 1 570 Mo BbY | oaitfly £5e” thMInear
unieediomnd,s, thheuphesentticventibiepravd dasiteat ghystnear-
~and rel ated nmethods for asymmetri.c Strecker-%ype
infgatqbhn§PestENMas Her SRY mdd Gy aRat P HPROF WamsteQgth

t S ' f optically active

I.gﬁ%%éginlnoﬁ¥$$%ﬁg§. The present 1232400- 1li nventi on

pr ovileso £f Facyény eatraligdtes biasedvbhli rakplasi vid fferent

stabl e ligands derived fromreadily available _buyjl di
o R A S S e RGHE By hebYnogaton Thabet of
oDBRYhadVagt ageguskytbgdsadienderz48 | dar saailen wavelength

condi tions, such as room tenperature and/ or under
canbilent vERMI tifoFs, TBkRRARIhI gR*§iBRBLORe. §O, detect

>990 C ehaniioselectivities (e.g., >90%
dl>§§%?;e@385/%. %%%J%Jéent éfén)'\/enti on relates to the .

di scamsigudthatievpl bpméhy adt Qs af phabibdogiiceill dsabrlying

be produced in high,yield and with hi optical purity
orighoTn T | BPERED LA S DR e ol i e vbt Hsgget Ton' fand
di AR M Nk | OWBs afing S1 9és catrdl ysét antsor kelluble, not

reaction times relative to previous nethods. Optically
bigredms biphe- @fichomheniicad lar e stabflalr i APEr nBEi ates ifipve

t S esi f _phar eut i.cal i ne :%f}{;r{i S5n and,;ith
f%%ﬁ?ﬁ%ﬁ%illnaggﬁggenbo ?nenfg?aggpﬁcally (ﬂq%ﬁg " .

b iddrpdlee @l eoni Giivkas taraseeugefagentiiteey,nedhat esilntyhef QODs
synthesi s of al pha-gmng acids. In a ticular, set .
b S Mt 2 hégpﬁw}é:ﬁttil&? r éPat %’érfgg?ig a M? rcoélgh
qeyANay i opf i pipes daimd heogyntdigadts 10fiopty cabhy  size
active alphaam nonitriles using a partially drol yzed
distaibumiahkorirde synEigsizeystamieneheapr 66dfeatsf with

an optically active Ili d ch [, den - .
hzééﬁ§%®?%%et%ﬁ%ﬁﬁ?ﬁﬁﬂ(ﬁﬁ?& ,%%ortgigégpg. é@ggggé??bé%dee
(Ter@) n, t hropsesenhydivehbbdr praat idess t Braninem suitable

catal ysts for asymetric synthesis reactions. The
fer t@Pf uhf c¥t¥Pyst may be produced by combi ni ng wat er

Or ap ¥RL P sSRYLES Pl radd tadi UirakkexinfdRiilry fHrMgee ops

reaction m xture, which may then be brought into
tcosbave Viltch alpovpt prabllgmsctand t¢ gardowTHd  ofheapagiul

ter refer to an r ou ntd,oned i he nt
03B | RS uesa ST IT el ndi e oo PEPRET alqy bLo
mAFRYPs . I ef®isvd 0, a shirfedde, hbanchedtobncysti @ kyls very

group having 1 to 20 carbon atons. |In one enbodi nent
deper@enpr eBefihe FUEHREICEN CHeHE SHIRY 109 mEye hdveface of

to 15 carbon atons, for exanple 1 to 10 carbon atons.

Exanpl es of linear al kyl groups may include, but are

not limted to, a nethyl group, an ethyl group, a

n- propyl group, a n-butyl group, a n-pentyl group, a

n- hexyl group, a n-heptyl group, a n-octyl group, a

nonyl group, a n-decyl group and the |ike. Exanples of
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20 carbon atons, for exanple 7 to 15 carbon atons.
Exanpl es may include, but are not limted to, a

W@ k@RaxywZar bonyl group, al pha-napht hyl oxycar boPg1/SGr088p0097
and the like. The term "am nocarbonyl group” refers to

an am nocar bonyl group. having a hydrogen atom . an :
tQﬁI@@ngﬁﬁppeaﬁééiﬁr{hoﬁﬁ,lgﬁﬁrﬁﬁé thethe blological

sarfsld & Hey Oém%uéma@wc@fw@micgaﬁaphg,arageaamlﬁl@ing
to a nitrogen atommay be |inked together to forma
intengctBxarsplas tagoungi| Ldeandureeert oot intaireetire asuch

i ropyl am nocar.banyl .gr.oup,. .
as(:;cocoloroﬁpé@p;ﬂ%’nc?galr(%orynﬁl%&rloupl,nacéeraCtlon )

t er trHerey | arivizoC dideeny Isogicou - udliter t amfleatianeaar bonylthe
group, a dinethyl am nocarbonyl group, a _ ,
sugifadsy| BFHIdEHIN  GlouPPsdi | S85TopFanicRedadsshpn  of
: i sobut yl QRinRGCAIRONYL 2 91 QYPofa 5111 Zns-
meg{%%ogﬁ:ee%yﬁczmgﬁ%%a?%%& group,aa fPoff silica on 2zn
capgretd boty| +sopappyd arfdmcarbasyl grvep proved promising.
henyl am nocar.bonyl qroup, pyrrolidyl carbonyl, grou
H eaﬁ%eri 50 caige |an§ra<9&p, ' RBS) ec%r%jc?ﬁjgl ‘é%%up X1l
ndihedlidks. sihen t £6 MMAANT NG FRUD"tHSf esBet @aBhiggnidegraded
conpounds and a type of functional group that contain
byhi hydeey ks t e REjdatérn Te tha neapprs fé9andanitid ica
cﬁt%]lﬁ% h@%{{zn & ydpogen aLom gd i pgal, ranghed OQPS to
cyclit al'kyl  group, or an amno group having an ary
famoupsiiveoe substodpleatsst o bewboaded &0 disitvegéage of
atommay be |inked together to_form L.Nng. anpl e .
SIof he i Y graiipt Ha iﬁﬁeaﬁuﬁfﬂ§?_8?oébsoF°§ﬁeamﬁd%fled
£ FQUR, MY didiude, s Dnarduicdddided to, an
I sopropyl am no group, a cyclohexylam no group, a
12322400- 1tdralasitalani mPRiricias i ter t Samfdlem n@Ds  are
.rrpeur&lya dlsrlrlertgycleam rﬁ?ocgirﬁ%od a Q) et @db@ﬂ‘girkq‘ltqrn%p' these
i sopropylanino group, a dilsobutylamno group,” a
het ey chiexy lcaritiaogr auvpecaleer twbuh ylvaopswpy lgrdrphilic
group, a pyrrolidyl_ group, .a piperldxl group, an £
CIBRINE GHW an@tt hefRETIPRE 1t el P ¥AAPogen FBnusSe ©
cdi 8l b9ehcsd a1 Bws! ’%]ﬁthéhesél'hﬁ?iliTé@ tier mnsidgtleous
group® reéefers to a silyl group having 2 to 20 carbon
mextions, ahér epmovhdesi Iyinafriome lcaroprurdnsviéebd gan  be

W R T S S M e S

HéwEfe DUt yh di neshy stdndl gfaiey aptoddes | aka. dlke twranires
"siloxy group” refers to a siloxy group having 2 to 20
tharken af oR8D - EkarprBEatrRyei REPEREC BAIARCS -nott heretore,
t}llé nlngﬁe%gmifi%g' BEt I%Wes'éa@ﬁlirgf Obn@ limits the use of

tertbutyl di net hyl sil oxy group, a
ther rebul yhot pRENHssi f bxyoprowp andbehe Mhiee mAlYigfalency
he above. nentione raups .may _aptional | Ve ane
o et LA B Lo B OPNG REngPoRt s Sk dieudes
théi ¢ hgseontext 18heifegor esept d nyenyien mEansiidatinatlive
| east one hydrogen at om of the above conpounds may be
cekptacedhgy Ffact, Bhat, ohHelon, sepfigppatepnsan cannot
2@L&Mho ML OUP R A Yla B oURs A AEGBAL ! el SROGY ChicC make

group, a non-aromatic heterocyc group, an oxygen
tleant ai mulg igrfau;t isord it r ogeanostitraiciurgdgr ougevaces in

silicon contajning. group or the |ike. Exanples of the
bb%@@éhc%%n?%§L+%@gbg%ﬁp may i nclude, but are not

limted to, those having 1 to 20 carbon atons such as
an al koxy group, an aryloxy group, an al koxycarbonyl
group, a aryl oxycarbonyl group, an acyloxy group and
the |ike. Exanples of the nitrogen containing group
may include, but are not limted to, an am no group
having 1 to 20 carbon atons,, an am de group having 1
to 20 carbon atoms, a nitro~group, a cyano group and
the |ike. Exanples of the silicon containing group my
i nclude, but are not limted to, those having 1 to 20

oy s



Exanpl es of the al koxycarbonyl group having a hal ogen
atominclude a 2,2,2- trifluoroethoxycarbonyl group, a
whengstoxycar bonyl group, a Anet hoxybenzyl oxycEebea3008/000097

group, a 2- phenylethoxycarbonyl group, a

n%]oxycarbon group, an
al pAaesgpht hylt ﬂ%ﬁ%%%r%oﬂﬁ@brgaﬁ g gimpler and more
| me rb | gg rfu y I

fe%%o%%% %E anyﬁ%%thokgcar%ony gr%%%?¥agéiQBP¥ and
bibebormplaydibdfeuQDer.yl oxycar bonyl group, and the Iike.

Exanpl es of substituted aryl oxycarbonyl groups may

include, but are not limted to, a

pent af | uor ophenoxycar bongmmiSgp, a

2, 6- di met hyl phenoxycar bonyl group, a 2,4, 6- _ '

tr|@@F@%ﬁﬂ@@noRgca?béhyﬁtgrQﬁRﬁcﬁy there is provided a
pa%’tQqu STeLhg: §¥§Q‘:‘EH Xyﬁar%?é]ﬁ){{uﬂro&& aaer?ca%sulated by an

i'sopr opox enoxycar bon gr oup,
am@h@@hﬁﬂhhy@aﬂwmmmphenoxycarbonyl group, a

Acyanophenoxycar hon grou
2, 61 Hls(ﬁFF%etH?$§¥19T§$m@nox€%%rboﬁWPh@PBbblca obglymer
sulyss;(atnrtl raqtﬂg;yl shlcaxslnherexy ¢aborylanghaup qard theich is
ke. Exanpl es of substituted am'nocar bonyl groups may
typnmadde' bydrepbolsc | iim t edtuge.a  Advantageously, by
o OST, PEhr SRR (PE0L0ep e, amenspnitic polymer

ma&chb@aophﬁnydpmm@rbﬂwl qUEO M adot to exist in an
pentafluo%ophenylanlnoc%rbonyl grgup t cal properties.
Q&ﬁﬂﬂﬁ aRfAGERr bEhyte gFeginang 1ts op i
e &t hvib@n-aeeak RgNdn 9EAHRL pAR1 | 1 that is
gﬁanaphth§+§ thylan1%océ}bon§ lgn lc poLymer at 1s
bxbo@m@anmhhahyﬂghamwuﬂmamkxwmmm@$ugab@@ gndnthe Hpkemay

es .of substituted amno.groups |ncI but

arenﬁgFOPPﬁl ed Y0 a 2 2, 2iFH ghlo?%%?%ylan1no(ﬁybup, ny
subsRefdikar ogd:hyd ast Nem@i@bvRogdcal effects on the living

1232400- 1pent af | uor ophenyl am no_group, a benzyl am no
S Y eup, aT‘g pﬁéﬁyp@Pﬁwaﬁcﬁ%Ygr%%pth%namphlphl ic polymer

P ht m t tum dot

mag) Q%atr?nea%%/rghg%h;léarﬁ}ﬁo@g?o%gcgﬁ 4 a ed k%ua?nurgneo °
1ra$pa:tqe]11he>fprtérsaeritlvmxgamyshenr el ates to t| tani um

cat sts for a ynt.hesi s reactions, such,

oy hRLcdTe CYRALITERE of PR AISCLARES A ARH ot 8l 46r the
nadmte predigeed by contactlng a reaction m xture

conprising a titanium al koxide with an optically
act iife PRgasibofhEcngact iren keulr oifRd sfnd lipaescent

Itant u Jay al n t
oA UMALLPRED (I Rgnduie REft Ve lSILaL IR 8D an
an@pdnpdndnitcs, pslgheas slevenits, tiy dookyzumg dgeni s, capable

addi tives, n the like. I n sone enbodi ments, the

ofy i §XHiRirh 14 i SF B¢ i n mononelic formin the

absmﬁlﬁe@t@é , adBdcorpon sgiact i kd Wat @iovaded the

partially hydrolyzed titani um al Koxi de speci es may be
usm odficed parteiclen conprasangse. "ayantigeddnsr eingapgulated

h,
by, Boh R S i & SRR R ©

spedidmrtagedesdot, onthier emagpl eallbe pathe al Idtsclosed
hydrol yzed titani um al koxi de precatal yst may be
i Fi9

Y WR t et Heedp@sc ATy Ry vee EfidOto BPEPPFn SOt
arkPl@ySbe B%rused BereitRkdhad 85y ceaigl yak" olb@%w@@s by
active fornms of the Catalyst participating in the
clrezact i oin as wietd asf lomtrdsesngy ecumswrigiqle. g. Even  more
precatal ysts) that may be converted in situ into t he
active formof the catalyst. In sone enbodinents, the
titani um al koxi de used in'tge preparation of the
titanium catal yst may be a compound represented by the
general formula (d), Ti(OR )4 (d) wherein Ris an
aIkyI ~group or an aryl ~group, each of mhlch may have a

o o o .
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1232400- 1The titani um catal yst of the present

i nvention can be produced by bringing a reaction
worzoosaz®7obt ai ned by contacting water and a tiPEISGINNS/000097

al koxide into contact with an optically active |igand

represented by the general formula (a), as, described
adupbyegeTHE L r eér &t GO e etﬁﬁlé‘rﬁeﬂ?'ﬁ &t y‘éﬁ’{?rg?f the
diEHFBQQE CATRG IS U Pla Bs SOb¥ERE » a8UGH rdsiean Q%Q@émc:for

solvent. "For exanple,” the reaction m xture may be .
thebt atneéd byfcoabilhingtake thehaviuoral koki dehei npglymeric

m xture of water and an organj c,sol vent, w the, ...
PaBB&FEﬁFry ﬁ%f?ge T?@aﬁﬁ? ﬂ%*%%ngobaggg?epheEg?ga§F%Stlng
potQh¥ent cHBYi68FBEI SEoan AsRURluefevBtat. dhpemdliae drug

ratio of the titanium al koxide, water, and the
dedpveedl |y a8d ve 19GETP LSS esedi® P3P gener &V SFor multgre

LNt r ol Ohar0idiasOmhd Opd. Qiseq i
acylyeBRof8 14 toie L BARIBLCL s Chqteo eyl Oy Yed B0
vagtibtiabl e $05-isagimgt he tpchsemeisnventdon. dtudgone their

.enhodi nents, the opticall ctive titaniumcatalyst, i
bigfld shrdguhyof r%‘fé)r éﬁ%ﬂcﬁﬁéliuﬁ?t‘carﬁ%ﬁﬁ‘@%’oxi‘% eat(%a.l%]?, The
me@hbhtapi undet reaf koxide) ceonpeugd wWdihivehydrebyzéag in

agent in an organic solvent to forma partially
cefydielry Zeatli tamd uad ap kbRi 8¥21R32200Es fel WS T nugBHe tO

cases, _the rolyzi i I, Or a water
ded§irPe ot ﬁgq%atepxégﬂgggqﬁﬁgye?ﬁwgg erred to as
"wahekordityy bey &orhexan spean, | hbeganiis hydeatded use
(e.g., an inorgani¢ salt conprising, water nol ecul es o
ofEdaRA sl ©FC | AOPGRAPEN Ay Br 488t [Hitte, 3t SaFBSFEPeIEC
i te - OanNa256¥n 192 0; c Na A e2H2Of or
adﬁé@m-%ﬁé%@%%%%%m . FeSO4 H2O, %keNa(lsm)ep;- 12H20,
coMtkEID) Y 1@ sandofheskiike. thapgutic agent 1n  a

i sture-absorbed nol ecul a ie IS us [ -
oAgPsict < “BRER e TN bcanan uTevist sx s 2RipaBRETTEE| Bodne
op?XRERIad R ttdRDIi mivi veyiuid ndsethidant larysof a

powder nol ecul ar. sieve and a pellet nolecul ar sieve
canA@QQﬂﬁﬁﬂeqqﬁ%ﬁkﬂ?W%n?PEHB%EyﬁFﬁﬁﬁﬂtéﬁI?gatgglQ%antum
adteohbbe JBY al Srﬁegﬁcé'ﬁe%ﬁ%tQt‘Wn%rr SQHI Cet EHRIHBRG the
en an 1 norgani c hydrate or a nolecular sieve is
efifsethcy tananmedsibloy ilge patriovet bEorhhtchetheseppvhlic agent

mxture by filtering before reactio i [
ag el?scg.l,s Bt ST ad i%@ﬁmgaglnaﬁg&ﬁ%%%a&# ikr%gr}gamal .
wat elcdsg gy cest & neduirtharspaatt dheteomsabpudvildéd a
to 2.0 noles, or fromabout 0.2 to 1.5 noles, or even
neffme 1%l ePTBRIEENEN 13Mp| SRFARHELRFEANI LI RYRi d&ot
ou L] t'd%PBq' irgy added andust isnednt t
Cé§HQ%%£H§i%§% %ﬁéﬁtﬁﬁgﬁiun1alﬁgfﬁﬁe con%oung né& ben °
a digssoltved Hota sol veitune asvahceanndamett Bphivhiycbeoolymer
diluted in a solvent, .prior.to additipon. ter_can .
dla?f%cbl‘{ﬁéj dilPecEl‘rI’yOé@é‘éldcbys%lwiﬁogocpﬁg??:%! fg paraeﬁlr%ltate
sde §101 YindF SAnd 0kl a s WE e O LA b S1h g USHBY @
reaction vessel equipped with a high efficiency = |
sti rAlego odishkosedels Ekhapres ef or Famitd & EHIRrising a
sui tabl e for e | ' Nt | Licl PgeLat g
i Eafstn 5 van s e e dRrh o e ¥ e
arfbth Q1o Di dn pldly@ieabenzendie tmafitifiacooeehyd benzemed peanent
the like;, aromatic hydroca&gon Solventﬁ such

S .
fopl JerRAtI8A erfe RAFURE /| | RBETES er 580 veﬂ?gngﬂgh dgt 1s
cStdyle acst ate angd e ildkay apdiethen sehveptivosugh asaid
tetrahydrof uran,” di oxane, diethyl ether, .
pai hethoxdpetimenesahd tied dasiee. of n ssoie  ERBEAPREHRLS agent.
hal ogenat ed sol vents or aromati c hydrocarbon sol vents
are used. The total anmount of the solvent used when
wat er i s added may be fron1%bout 1 to 500 nL, or from
about 10 to 50 nmL, based on™1 mllinole of the
titani um al koxi de conpound. It should be noted that
use of the partially hydrolyzed titani um precursor can

a - o o o . o



addi tional synthetic steps, and reduces the production
of waste materials, such as solvents and inpurities.
weovs/1zbndi mnents of the invention provide proBEES€X08/000097
for producing optically active al pha-am nonitriles. hi
met hods, of the invention, an imne substrate nmay be
Thesedalsientst dp2Y nglaat stiffleritge nditdbd FAYCbnpeRde the
t i trat it j ng agent in
e i B e Al o8
herein, optionally in the presence of solvents,
addi tives, and the Iiég. In.gone cases, the imne is
an unsymetrical inine?fRBt*8Sthe imine has at
| easthd W, 1diduf i8INS Sind Uedtss ORstheneaehansabitih@ave
C=N bond hi sone cases, the imne is a prochiral
theompaumidanddgatisssui t abl y sel ected to correspond to
t he . desired opti we al - ami Liri
proggh '%%%% aé?%ﬁ%%%iggﬁyaﬁﬁif%%qggn}ﬁggkhgﬁégdl%roadly
tsonAactases, apy ocessesndudtierd ngentmets INalyc corpopgeticle
use of an im ne represented by, the enerzl fo%nula .
pena

thady 15 2anavlevier eMht RNAnd RABMAr 81PR4 fit Rpr&icle
sivrogemat Mod- @] kyd 95 ouppi 881 8L keB¥lit 95 OUR, t&N about
al kynyl group, an aryl group, an aromatic heterocyclic
1rupn ormaraohyni oakl v c Lestsertdeycldtougr cuppmebehagput 10
whi ¢h may_have .a . substituent, .and.R9 is different _fro
ool REaR Ro Sy BetTAkedCoder fist hipEhET,=ht”Ray
bd i 119, tie@dshiger bAgamgphRaws a stdastid uente, RA pyiramad, a
hydrogen atom an al kyl group, an al kenyl group, an
CHll9eyn9F GARE, FRCEEYFL§r SUp, PAR-EPORBEF ECh&hdsSycl | dhe
r - ' tgLoeKel | P d
R et DL 2 R OEHE g gHiPact depenas on
a ahwokycaofonfdctsus f thgk dnalideoxyhgr sipe each ehape of

whi ch have,a substituent; Rl 1 may be |inke .
e AR PEIROtG “Ra0 106 { BFATRLFY ng? | RVGOGH™ Barbokith o
1&{%@@@561&@ EiRg rEwitavei ghbshituent Siokdr SeRergy as

enbodi nents, RO is an al kyl group or an aryl group,
cquupied atqyar @@@tambrﬁo‘én’iﬂag&l ofs Hif af%Y¢ BrEGpier bPut

Y. r-aup. S diments, RO is a hydrogen

wg{}?)ranar Ag}l Jl%g paénft}%@i %I%é)i ndependently an al kyl

gr outher tamatyhpgipbopliExanilyese ot R9 be R0 iimcdnpdested

but not linted to, phenyl, 2-chlarophenyl, 2- .
O ERAHDOh &yl LASL HiEu e HgHYRBE religh padtyi a - hydrophobic
p TR A@XY PReAYbph £1 €8] paephenyhe ARBABRAGAY polymer may

4-f1 our ophenyl ,” 4-net hyl phenyl, 4-nethoxyphenyl, 4-
have fhpdrept hi¢ pRédgl chaimist ropHdmd of upangktached to a

[ . ¢inn I - t hyl, t .01 hyl
nRU S BEE Ty SROEENS BT AbpiBhfLe polymes
mdy bubhyie pagtybphbexyl , sdnd t hehdike. &xafipéés oh Rtol a

i ncl ude, . benzyl, benzhydryl, 9-fl oren%I,, .
hydFQRR bidph |yrﬂeﬁnePﬁ6§9éﬂ%ny|,T g ypiphiphilic polymer
m%ybn%oé(yééﬁgi’ ¥br BENZYLO¥Y¥CaLR@NYlypes of monomers, each
I phenyl phosphi noyl, ptolylsul finyl,
mer ot geheydinbony| difdsinepitendsaréenydt ahgdrhphpbkeitRl or
1.may, al so. be part. _of a ring as_in P
hYATORR M o Eoqui P | gipogiets' whgrer the Lamphiphilic
pSLasd F al €sa despoibrdrhenei Neasy beeswyit tesi zaethdiers is a
nmet hods known in the art, for exanple, by condensation
hyfrephel HehyBenoReket 8BRE whth &R238 n€N€o Plod e t Hether
nGREREEPONGI 0§t G 21D UBhEme TN Process invol ves
the use of a c%ana I ng agent as a source of cyanide
ion in the asymretric cyanation reaction. Exanpl es of
cyanating agents suitable for use in the present
invention include, but are not limted to, hydrogen
cyani de, trial kylsilyl cyani de, acetone cyanohydri n,
cyanof ormat e ester, potassi@nlcyanide-acetic aci d,
pot assi um cyani de-aceti c anhydride, tributyltin
cyani de, and the like. In sone enbodi nents, the

. oy
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i near, branched or cyclic al kyl alcohols having 10
carbon atons or |ess. Sone exanples of al kyl al cohols
WO pBuI®7Tret hanol , et hanol , n-propanol, i sopr oPEr®6:2008/000097

n- but anol , secbutanol, tert-butanol, cyclopentyl
like. The a

al co , I a | alcahg) and th | kyl

alcoﬁg% %%%%hasl &ﬁ§h§bﬁﬁfo%uBgt'Fuéﬂ?ﬁrﬁ?ﬁﬁﬁﬁihﬁo%dly
thal ogler attam sucbubstantbyorsienatom A alindndie 8L0Mart

a bromine atom _an iodine atomand the |ike. Exanples
EBfraPky P al R oRBL¥MREYIOTy REHal S§6meatormt nel w@ntum dot,
tRat oggpa k a ' r atons or

| ess, su%ﬁQagJC%%%r%ﬁg?ﬁgﬁ%??ﬂgggh%gFggfﬁggb ,§br aqueous
sekveéntor omeichancls 2wat@r.triflAbteenbanekly, the term

“ fl uoroet hanol , perfluarohexyl alcohol_and the |ike.
?ﬁ&géﬁ%lgh es St 48 %%xﬂﬂﬁeﬂ%?%ﬁﬁyahr%?%ﬁﬁtF@ dedsolte a

sustadtag asydh alaphal smbavined 6040 garear pRAALENS. o 4
Sonme exanpl es of aryl al cohols include phenol,

PRt ol And tHfel | kéheTwetfaryl thhohokxhapihave ane high
O e RS EaSUPSEI T the aryl group, dncluding_a

“hal ogen. atorr%s&ghwggctg% ug??neg%‘?%?ﬁl a 5chi'6i dcrfe SH6h as

watdrom ne atom an iodine atomand the |ike, or an

al ky, roup .having 20 carbon atons or |ess. Exanples
of aIV? éwggﬁéﬁgﬂﬁébiﬁﬁ%gmﬁéﬁoggﬁSéﬂ@ﬁ?ﬂnch@ééln may be

- bivdgenaiierk ar yhnal colgls hayd ng @libaegjga?i@%%ﬁgasag%d/or

such as pentafl uorophenol and the |ike.” Exanp
bigrgsqrkahbt s havi ng 1232400- 1an al kyl group incl ude

di I p I, Wi hyl phengl , . sopyropyl phenol

diF§§%¥opgﬁgﬁenoﬁ}ggg%9¥5ﬁggﬁpheﬁﬁi, ts %e interpreted
brhiadley t -tout yleplerol aandol heeki kehatn sOME-GRSESibIdE with
]:additive may conprise nore than one hydroxyl group.

PO ExahpPes Pheladdiviinge MRIATHS™ R onobr bgéhygoltoxie or
1rS0IE Kigsesndt ey, addict | vg, iRy, bg | a -

that is 0.85 gﬁﬁivalents, O.% eéﬁﬁegﬁéﬁﬁégﬂ1.gggg£l°“ to
thafuitis sarg on . 5l wqg vadgantissm.2. 0 equi val ent's, or

gre , ed @gn. the anmpunt. of the imne substrate.

I'n g%ﬁ% 8%%@%, Ebﬁp%ﬁﬁﬁ%g%%b%%y_bésadBQd &€ a ifdmrpreted
breeagent tor added asoa sSobuliABr NtBa80l ¥EB8Lks! HEM™® into

cases, the additive nay be one or nore conpounds. In
Ol ARRSETITO R MRS, MARSRE RAE eHDiLE SuSE® Tasa apeaddilt pe tiime,
t YR AINMBLLLE CYRNA eaghLan, 4 Lignium . .
.§%§ialyst nmay be prepagggm%y 8&%&9 5%8?%%#%§ni%rhﬂﬂp§F§ed
ingo tthe Wpdholofzingeagerdt.. 1n sone enbodi ments, when

al cqhal is used,as an additiveg in the asymmetric

cyaﬁ&ﬁ oﬁx?ggctigﬁ?r?ﬁgrg?P;ﬁiunﬂ@atdV?stbﬁaylﬁéerpreted
brpaenar eth Usk Agr r esi AUo WS Wibd®! HERS 268 Y

200- 400 pfn) as the h?%rolyzing agent.glﬁ onevgeprgguCts
ATENBRT MMt 2R it cHEBPY O aserefey afwbm the body via

naQQQQQi%%%%%%géyity may be observed when water or an
al cohol’ such”as n-butanol is used as an additive in

t heTasymmeioid cyasabsoandlaliriyries, disdng thect it aricUiiye

“c%atgggsﬁs”described herein. In sonme embodinents, '
SUBstanti¥al 1 5 Confl TERGIVEYSR ofiNefrht hesS i nispestantially

freubst Faba tQ_tﬁﬁyde§Ere@oﬂﬁﬁEE@h&y geklVe from v, i flhere
al pha-am nonitrile can be achieved in 15 m nutes wt

necre saddivt i e ovonds “eqlistaindrita 10fy ‘wamay &re loMitted from
gL . of n- a .. Ln some cases,
th%n%ﬁ??bggﬁggtfgi?ﬁ%sqgkegklpgast 80% ee, at | east 85%
ee, Uaflebsassp&fPfioed atthleeasise95%Kre, tirmeLastolBKigeny”
an,be obseryed. In a particul ar enbodi nent, the
angsynﬁ%?‘PF?:SEyana‘i”F%n DA e hay a5 s ortedremifh are
2.5to 5 mle %of a titanium catal yst as descri bed
herein, at roomtenperature, to produce a product in
>99% yield and having up to, 98%ee, in 15 mnutes. In
some cases, nethods of the invention may involve a
"one pot" synthesis. That is, the present invention
may involve an (at |east) three conponent, one-pot

e
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refer to the inclusion of exactly one elenment of a

nunber or list of elenents. In general, the term"or"
w@g00gdzi@7herei n shall only be i nterpreted as iPdI/8G2008/600097

exclusive alternatives (i.e. "one or the other but not

bot h™") mhen preceded by terns of exclus|V|t¥ such as
intgndsgy To mREFTCNT " GHPSR oL of 1RCHPSIERacLPPIYREE Such
et " r@y‘s'ﬁ{dﬂm@SS@@&i@é&y OfemeMPen Y3ed LAsbhepermit

clalns shall have its ordinary neaning as used inthe
irfdlelsd oof qﬁnaddlﬂxnnaﬂslusgﬂnheméﬁdamendﬁs

specj fication and in g, phra

ool itd e At b teel! Oroshl ol THor el GRBRFET of

comreidtdhe gider stroodcbRppsRantat | @ast wonre elfefiflations,

sel ected fromany one or nore of the elenments in the

typigaldly el®ePaiht s, Thut ARGt Mdcesdiri|§taRAudvAguar more
1 Qne, pf gachra eV, | _

tJﬁ%?%dgantﬁ ngthgflﬁgf of e%ﬁéﬁﬁ%ﬁ%ﬁl ﬁ%% gg%hxg +/

3%anyf came nataoad ofalelssnemose | rtrylphe:alllls/t, of /el @ends. the

def nition also allogws.th el e
Sttt FJ° be S s Y-t RAPLEAMIYL HE ol bherty the stated
vaIRRS T agal lewdrdenbicti ad,piddun, the | Iosts%nf o@l eneat $th®ed
whi ch t he phrase "at |east one" refers, whether
valeleat ed or unrelated to those el ements specifically
|de S t| : S
one i eyt i g stibsiel | P eodThebP8iinay
beordBsélosed edui \wal entdy tarmbeastitonsh@fld hadiedeBsitood
can refer, in one enbodi ment, to at | east .one,

| PSS IRERP noie (RPN OTRA Ny (if ngiegely  for

c&fv%?ﬁ@n&@%@%fm YahdClHGh g £bemBat soakhenheklinar an
B); i1n another enbodlnent to at |l east one, optionally

123240041 | ridlm;dqartgmrmr ®rt haheonscoBe wioth 1téeA presdsed

(and 0 t|ona |ncI d|n el enent s_ot her than A)
raQﬂ? “notHer” eﬁ%% H? ?esc¥l?%%%? %Ee nalhlOulqd be

cdrrstlldﬂidertg mese thhame ongpeélfaadlay Ieiastc:lm%,d all the
optionally including nore than one, B (and optionally
quﬁﬂ?ﬁﬂruf%ﬁ?ﬁﬁn%ﬂ%nen%s)we%%c aFn ﬂﬁ@ldﬁgpﬁé Jamgdijcal
Va"’lﬁlésn &D@hﬂ?e‘t‘:h 'tcaga{r&ﬂe ab?¥§ e@la Ptlléan%éé%tlon of a
- phrases such conpri si ng, I nclud i ng, carrying,
raﬁgﬁnngqh a@mﬁnnmnhgtb ‘¢ ngbbvidgbe "dwislideyed ahd have

are to derstood to be open-ended, i.e
SRR T BUPROSBHR Mot ey FBeR oy (hah T Sto 3,
fAdmansi té onpl fpbhasesc’ QNS MY ©F @ndrré@ngi sbi /Y from

essentially of shall be closed or sem -cl osed
3tEansi teﬂ‘cm-aA 9ﬁra@ésl pespegividrgl gymksrg opiphip that
Un d Pat ent, Offi C nu fs Pa
n1nF%g roc %(egf Sgctﬁonzg y?i %?dQEXAwgﬁg i lies
rqrgaesﬂrﬁss nvientherbreadidw ebriehespesmde cal ly 111 ustrated
bel ow with reference to Exanpl es. However, the present
invention is not restricted to these Exanples Exanpl e
1 The fol | @4 | E dEdaS MuRiiiatHr ocedur e
for the preparation of titani um conpounds (e.g,.

cat A¥ERBYarns descrlilsdd iner epRPOTIERBU) 4f (B 5 BRTIicle
f 2B4 |
A e e R S R R Ty efniepi i

pdars3d wipt afowdberdiselesedlded. The sol ution was
stirred under itrogen atnosphere for 18 h at roo
t enpetat HAE T sBFYt i BR thef 1£Fl t tFed-Bhd Wmeter
rg dene (10-30 ppmwater) was added to forma 10 nL
sol ution, which was stirred further for 24- 72 h to
obtain a 0.05 Mtoluene solution of partially
hydrol yzed Ti (On-Bu) 4 pre-catalyst. Alternatively,
the partially hydrolyzed Ti-al koxi de pre-catal yst was
prepared using toluene havigg 200- 400 ppm wat er.
Ti(On-Bu)4 (0.5 mmol ) was placed in a reaction vial in
a gl ovebox, and 10 nL of toluene having 200-400 ppm
mater was added. The solutlon was stlrred for 18-72 h

I I o ~ N
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Exanpl e 7 except that 1.5 equival ents of butanol were

used based on the imne substrate, and the reaction
wQaesseioft ed at roomtenperature for 1 hour. TP@I/SG2008/000097

results are shown in Table 2. Exanpl e 10 The

asy ri nation reatlon rried out in the _

sane%nné??ggc?% Exakpl 87 es%\é\% Y&y 5 spherical in
skeape val entsn of ohet anghby@irensed based @{hﬁg@efm B8 the

substrafe, The results are shown in Table 2. Exanple 1

b trsiR:h%‘SﬂaTﬁa]tl HRteacls omadas bear inedtlvait Irange

ENecsadre frpneEnas %‘E@a ' Let hato residua
sWater was used as t(‘?t d:rE%In%zllsbch genf QS?% 5% Wat 8F O
alkeeint e?@ 0 amrd; napdut abd onnf tdi abater 40dumninng gpardd @0 nm to

ro [ i ndi cat ed bIe The results are
a@%oﬂm&(ﬁ r"f%bl%b%ut Bgzgnﬁtnelcﬂ REta é}pﬁné‘ﬂl ehydnad g to
aw@atctw(m mas eBbuted0oUtny ntd Nep S5 FBNARS %%o'u% 1oo nm
npl e 7 except that residual water was used as

t‘?ty%l}P%‘P'Srz?HB agentabaitt hl @0 wametoc ot aﬁh@i murolanldata}:@ut
1600 L WYt er ri tialy Si S i.ndicate

in Table 2. b%‘ﬁg #@g)c??rﬁ)n vvas&gql{t%lr% a%hf ﬁg A osed
narergrertatales fare 18bsunutle. ddieabestl Booare sheWsiiz8 and
aTath 2. Exag‘fe ‘?lﬁ Th? asrérmetrl C cyanation reaction

FRst S TiYUE ot 1 1Pt hel QanBSfmAfeF24S ek SEEamdineorporate
dleaxeepdrt hatighatar dd-p £gyi ¥al %@%@a?@g QBnE?81i€b”%1rug

substrate) was used as the additive, and reacton

rSledfSstirred at roomtenperature for 15 nin. The

abl 2 14 The
e T -
Treanguannaer dag IMaﬁXathﬁaaee)ﬁ‘z%@rt bhat] asriter ofd. 21ement

e_l%gcival ent s based on_the imne substrate) was used as
LQMe, CLANRP thEP r 2P BN WAs StPHPedPat Grovm IIIA,

Grtcﬁi'ﬁ)elr@i We ¢ UuB0/ M Nor TRReT Bl L;ar %a%'i%""%f' %l-le%glnecs
Exanpl e 15 The asymretric cyanation reacti
Thﬁarqm@dtlé}mt dph ey Saeemadenerf as ma tExd ryl esﬂctexaept but

"ok IS vl BB a e sl VB3rine odelfas gpgote,

Zrshovin$ e, Tahlre, 2.z2rk232180e ] )| eMd8e ThuRBYNOBAL ] CGap,
C anati on reaction was carried out in the same manner
Gagdri o8%anpee 7 e ptiobRat Hedlieor €asSe é’eﬂﬁWal @afe, Cao,

srgsegh o, t BeTiM ng subghEat S
additive. The rerseﬁts at?lg s(t:%avxén’lfgal ng%?gf ’ExlanA“T'e A
Irfipe abyme?lids,cyablt i Gik,easlsbn \ma]sSpanoed BBE, | IH’bSe,

e sane nner e, 7 except that water (1
PdeqU| varent gt bas%%?’onnﬁ%’ n‘l?léllhqee'suk?srt t@)nq/va§oﬂi‘§’é6a5§0ns
thieheodddi ti ve. The results are shown in Table 2.

Exanpl e 18 The asymretri c cyanation reaction was
car Ff'éd BLANTW t Hetsdfay rrﬁﬁne?f ag |¢p1@ca$i‘p¢lel 7séxoeptire.
E ‘é i Rt 8helQ- H se ne
e A Ao E il o PR R I B
Zn@hovﬁ’ns,n Zabée ZnTl‘eqan@die 19:d'§)e @syaretdre, CYWgEit | BgSe,
eact s, carried out in the sane manner as iIn
Gaé)? C%Z\{l?\/@?(%’ep{; %‘ﬁat GRt%er %90 25Hgqui VigSnt SHEERedIBAS,
Intvhe 1ap ne 1sishslralel, vasnysed18s (Aesddidd veonaRrlatigns
reaction was stirred at roomtenperature for

thegeofes prilieral khowd thn Thad| e-nZlerExahpllé Z@D@IELSlng at
[ ti ion_was carrie n the
A T G TR i el it i
GreqplV%Aenmﬁxbasedtma,therbﬂpnetﬁubsﬁfaGebupBSvyﬁednﬁSthe
p t he add# bi ?nd the reaction was stirred at room
SFERB&FafBPect 8F ¥1RBEPLSThe results are shown in Table
2. Exanple 2 1 The asymmetric cyanati on reaction was
carried out in the sane manner as in Exanple 7 except
that residual water was usef as the hydrolyzing agent,
with a water content and mmol ratio of Ti:water,
during partial hydrolysis, as indicated in Table 2.
Vater (O 5 eqU|vaIents based on the |ntne substrate)

. o o, .
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order. The reaction m xture was stirred at room
tenperature for 15 mn, and NMR and HPLC anal ysis were
W@ 2200812i@7dut to determ ne the yield and enant i BGEBG08/000097
excess (ee) of the product. The results are shown in
Table, 3 | e. 27 1232400-1The as ri c _cyanation
r eac]terl1 o%ngxa%g%)%%lflee%%b u%h? anﬁ%gglgnéggghﬁér afs inper core
ofExaigd ear2 exeepir tdedl i O)H. was used to prepare
the chiral titaniumcatalyst. The results are shown in
Tabl'8'. aBRAABNEL 28 TR YASFMTRAY | Bec\hirfamma tyidake i on The
ST ed j he ne ner in npl 6
2 excgg?iltlhf\t %%%%%4 \I/T\%g usgggto 1|g>€§e%are e cﬁ?’rglacr or
imnureniagh @l al gstfectle resul tss adévihown spsTahle 3. The

ble 3. Effect of partially drol yzed Ti al koxi des
am})?lel glrledlcf r &M e|roug‘aff‘i BF kR Y %. Blarittedo by
cdlnd her fold0n nge exanplighg tes@sy.mret ri c cyanati on
reaction was carried out wthout strictly follow ng
i nerfhcondilOicorPatihd echi paphiphahiam ceebiper wasay be
Jrepared Epgit sgiLring T i red_amount, of
° partially E)C;lar olucy}"FZ%d %%'& Bﬁ)to%%ilr?%ggl%en%gf opoggerﬁtr?rs’
paloyettidroasitidr tshe opthicddlany valetiides,| | gapd 1§ aghewadidl) s,
|l e 4 and residual water (200 ppm. during partial
p%?%%os_amﬁﬁlé) AiTHISt | RPYERGARISAZSRRS  hen used
di r &6 |ohd NehBEABE¥ATEL the G 1951 d B
according to the foll ow ng gener alﬁégcrloced% efﬁl'}%re may be
a cHiYresteani apdeatadystrom0 rable %draweel ononhéstimge of

trat. ac [ flask, and
poﬁ%%@r@ﬁ e%@%iﬂ%fng%r%wngeﬁ(y& ol 5 Pr nst IR LYTSAs of
lacytdni der(@. Oyleget Viad erdsid el atdpyel fivethe bR N@actic and
subst.rate), .and butanol as an additive&gé/. 0 equi val ent
Iyg&ddon eRED m WELRubSRY at GEhXaRe ad@ed¥qat Jor depoly (e-
18 WHd material was stir _ r
capg‘ré f5 m n,)%gnd NVMR and HPLC angl‘ésgﬁlg &gggbgggpﬁgg‘ag&ﬁs,
Potlybgdvaodiasd onies yi el d avell ymaopiohcticnexcess (eeplef(p-

: r ct. e results _are shown in. Table 4. anpl e
O BP AT (VB Er T B P BAsY | oROAMLNEBE PradaaEe) o
poilly (e pyd ke s THURRIT adS ) ish abdarRlre va%.i v epfe dat. 5 nol

% chiral titaniumcatalyst was used based on the im ne

substFat BOLYRELRESUFRAL arlé® sRowROPALYE®re &f lactic and

11,232400-1Exa T, j nat j r i Qn .
T e ot 1 o he e o el DRl BAR5¢8Ring
ofexideptaatiat-@-5y Iwto b hicad) t i pabhyUh+tatalygstowgdycolic

d bhased on the. inine.substrate. The results are
acgﬁgwnapﬁ ngﬁg(ﬁfLégéﬁgﬂg—gﬁ_$ﬁ¥C8§§ﬁne?FP )cyanatfonone
embead nedft , WaheC afdtied gfutlddt tdey SR BafRNGeyc8BikNacid in

Exanpl e 29, except that 2.5 nol %chiral "titani um
thea£ePpdmGds "g¥ed apgsed o eReUtnilnd Os ties elostug didd lt-he

r eagt,i td 0 for 30,mn.

The Fearl s, SriErto Sl PSP EL R hle may
beasgmmbydiroxgyanati onarkagylonemdsfanactiedadiitedn tLhaear,
de%%ne manner as _in Exanple 29, except that 1.0 nol %

¢ F%EFCtPFaﬁi6&1§§€8F§EP°%H§SG§éd based on the inine

subsheats.ochdtapitld ST BEnSH oAy | BeT%blﬁofyege(@Pphgving

34 _The asymmetric cyanation reac¥|on was carried out
a pplegelagniesghtepfagbrntEtafPPeDagtoerbeoptt tLG4L 0000 Da.

mol +% chi ral_._itani catal yst. was_use ased .on the

i ni r%é s(;l}k)ést regﬁggﬁnwfq}@ﬁe %géct%llo%com satsq?fr)? eR N SSESH 1S
pollgiipeialaceitero3glynlithaciasul(bscane shown in Tabl e

4. Exanple 35 The asymretric cyanation reaction was

carried out in the sane manner as in Exanple 29,

except that 5.0 nol %chiral titaniumcatalyst and 1.5

equi val ents of TMSCN were used, based on the imne

substrate. The results arejghown in Table 4. Exanple

36 The asymmretric cyanation reaction was carried out

in the sane manner as in Exanple 29, except that 5.0

mol % chiral titaniumcatalyst and 1.5 equival ents of

——. mee A 1 5 - o " . s
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Exanpl e 39, except using the optically active |igand
as indicated in Table 5. The results are shown in
Wa 29842877 Exanpl e 44 The asymmetric cyanati on PEH8G2008/000097

was carried out in the same manner as in Exanple 39,

exc usi. ty cally. acti.ve |igand as indicated
in ?@%Te%ggg?%l%gggﬁfisaa ngh&éﬁ% ng?igmgr5_m%gb| ¥ a
hifemtolifc chhnal kbgands:frafurddl ay@anat hgdrebhilic outer
i V- Benzyl benzyl i di neam ne. 1232400- 1Exanple 45 In the
S%dl1 owi ng exanpl e, the asymetric cyanation reaction
was gl i hW{@zg&%pi tot f.Qld ow. :
gener al 6§§%e uﬁé}'The c |raFg%??aﬁgﬁnﬁgg%aﬁ%éﬁéqﬂﬁ?tlble
anpteirdyidd d npeilymeby ey r ciomgrtilse rlepdi ot Aheurftureft ional
tjally drolyzed Ti.(On-Bu)4 in toluene having 200
g%ﬁﬁﬁ%%uer ?%? 35¥%ﬁ9§ﬁﬁﬁﬁ9uNB%ﬁquqq&}op??%%PFy may be
seleddterl | Egand tafe SBeWlpl NedXa®t end Uit 1 PhHERS) W'(%r_rbups,
200 ppmwater). The chiral titanium catalyst was thhen
CRRKYdi r SAUPSn ey BRI cypardtiiden” efrdupishes ester
Lhi ralp 4.4 an t al 9 ed_on the :
gﬁ ﬁ?he substr&%e?éﬁg%§%1acéggféﬁgg?#as ?%gﬁa’th§WQﬁﬂm§nyl
gragipgsndi gat Ednyh Tablupsh (SuRfimpl) gricupaet hybsfbiic acid
é%ﬁ?ﬂ de ;ES e uivatﬁnts relative to the imne
ST SUBStr af'dy TANG btafiol 9ESURRH adft QIR A4S 0 &G varenps,
PTG 1@< e dill NGy, ak@lindelht Agded 1 ddel oups,
The resulting material was stirred at room tenperatur
UG IPRIE0 ATRONAHER NNROURE, HRUT! arplafsimnamyr e phaspheth i um
g T Lo deternmine the yield and enantioneric excess
(e€) ‘of the product. The results are shown in Table 6.
Exarfplee 4GnEhe asyenevifi ¢ thyanadtiocedmpadébilen Waghiphilic
arried out in the sanme manner as in Exanple 45,
PO Ol nGOTREL PR REASEBEPPALe TaRGtidinGdt edr P#PTabl &he
hy@rophebi@suFscef Sn8NoWYdubsTaRhe Ge Eé@ggh%eé7 £ the
asymmetric cyanation reaction was carried out in the
9rope CPAFAST1ag iaf Bxdarplie o5, bexcepédusikyglt beoupbpearyl

tr jndicated in,Table 6. The results are ,
TEREN | AL 6 hkatpl 8148 The SRR r P e ARGULGRISe
groegst i onswestdantiead oul i nuhBebsameuRBANEr ad%ylBcrylate

Exanpl e 45, _except using the imne substrate as
ITOHBPe afBd PAXYABIFY 16 I F®Sesul ts are shown in Tabl e
6. EXaml gndf; 4232400- 1The, ASyMMelLy ¢ GEANALI ONpoy o gp e,
reaction was carried out ih the same manner “as i
Potygaplienssomxoaptr usi Ag: tbeei wimbeddmesttr, atttha@spolyester
hodicated in Table 6. The results are shown in Table
poé99E§§%§|e 1503 E¥m3§ynﬁ%?¥icﬁ%?anéiioﬁlggggﬁioncﬁﬁglymer
compicisetlgoud iMydACpBaPEc MBREEfe @St N BHW! & hed to a
except using the imne substrate as indicated in Table
hygropRéliesuPed YaPd i9Fown i niTakirohe FxagmbedsmantThe the
ri t{.on i ri,ed. out. in th
P i RO cbEREhRn 05 PR oyl Pabdvmes
cogpbstinge as i mdidoatrédbinc Tapbéy6stéhe resttisnarend a
h a@omg.gn Tab%e 6. Ex%nple 52 The asymmetric cyanation
YregBt i oh“wag “e8Pr PRETSGR i n the same manner as in
Exampke #51yexeeph U%ia'_?g e IJBNeSIPStFALR 88he  group
i ndicated in Table 6. The results are shown in Tabl &
copsipkanpl €5 othd ladphiste iasymnatpehy (Rasetiome waster) ,

L¥L int 2 as in anpl.e .45,
po Bt e Ko AT £° o Boni AR s I o a0
pobyaTheniesul t Snacses komrod imckah) ettie goxayed €1 bd ﬁmﬁ have
a aszgnﬁgric cgagati%Q eaction was carried out in the
UIhE“HanhelSag 2 no ﬁhﬁPE 280 tgcaprutisitAgOPRe i mi ne
substrate as indicated in Table 6. The results are
shown in Table 6. Exanple 55 The asymmetric cyanation
reaction was carried out ipqthe same manner as in
Exanpl e 45, except using the imne substrate as
indicated in Table 6. The results are shown in Table
6. Exanple 56 The asymetric cyanation reaction was

p— o
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shown in Table 6. Exanple 65 1232400-1The asynmetric
cyanation reaction was carried out in the sane manner
wa@soosn2ixanpl e 45, except using the imne subsPCESE€2008000097
indicated in Table 6. The results are shown in Table
6. Exanple 66 The asymmetric cyanation reaction was
car Fhed SsGlesere %Fetlrfh]rﬁer%ﬁ?é i FUEYANS| e AEIPLLISe @
hEXSBRLLYSI NG 4bstL | Mk hstdale apy ndiceat edanphTphti Bic
¢ %. ?he resul?% are shown in Table 6. Exanple 67 The
poagyamet r i ln cyadatibadiventi ofihwasmedyimhdd isutPe hyhele may

sane nner _as _i.n Exanpl e 4 exc i.ng: the,inne
enSARSHIALE ag | UM Ea i TabIS ey D2ic (' sagPhf® and
qushewn detTabkeebn.Exanpl e 68 The asymmetric cyanation

reaction was carried out in the sanme nmanner as in.

Exadpee BBerarespi CustIRyt hdadhi FOTOIHSE aff a@ntlcancer

Lpdi c ingrablg 6. it er; ihecdgactbon, dideoxyinosine,
agteggfl %gl‘r%glac%ﬁ’c éﬁhydrﬁe was added to pon\l/ert %Ihe o
caapitoahicicrinl, e floxure dimid,| UorEret RiPPRIer Hee i vEORQEUPSELN,

anal i.,s.. The results .ar.e shown. in, Tabl e 6.
da’liﬂé’%z%}ﬁé’t'ri c Ic—ft.%rfé‘?ql&?r}’eact?lo?%a/a%l%hr rie gé?kgﬁgge’
calrfB@piarg nyenner as bRaExpmRken45, except mgshhgrebBamine,

imne substrate as indicated in Table 6. After the
cycdaphiosphamiidel, uogbhesarkuahhy dr HCha s lddded G0 taxane,

viGQNELL the a”%ﬁ%%F%%EEﬁeto thgihbirEhyeneacet agidgesine,
erivativé for ‘analysis. The results are shown in
etbalsd d& dxxarpliposAdEhe asymetric cyanation reaction

i ed t in the, in Ex 45 ,
excdt s iy e ATl Sty (BT & BRS) FPEatba e tRBIG 1o
aentAilRlg the feactd o cdr4df1yor oacesicranhydsedaenasoned

added to convert the amnonitrile to the . _
abonief luoy careleddeanerihexipneutbe aganysthatThe suitable

resul.ts are sho in !a e%c@@f&loe?%'lgﬂfa
é% . to ntum dot.
toagﬂﬁm‘ﬁé} A EYana u|rlc§3n NS ez?(?t *oh SRS car ried ottt he

samrHENaescassktd Exanpl € d5magxciept wsidigashean mopeical
substrate as indicated in Table 6. Af,teg{ t he re%cti on, .
magkEIA O T¥4Y9{ uordat did¥ ahhOtr fdBeddSaddgeqcetgtLoner to
t%%veﬁltiet e, REl RANidkd | gat0ithe G UpE Oagetamida stered
erivative for anal ysis. The results are shown in
orTath fe 6t eEx anpd ea7 naThe ladyimia té et tyanbhf oA 1gB&camd ted
carried ou tin the sane manner as in Exanple 45,
DY X Ept A g (4 5 i ne substrate as indicated in Tabl e
6. AfHerdtbelseast ipamtitief Iy oaceprtsankydnigteumasot a
added to convert the am nonitrile to the
they R bacadaht dénderd vARRTEUR 0O nF SRS URed by the
aéﬁﬁw ﬁ§1ﬂ£e€%ﬁ§mﬂrk” Taple 16 gHexagphecéd Bie the ﬁ$antum
symretric Cyanation reaction was carried out in the
dsammaypnedd agni ndExenpieing, exeepretgbayichecdahwry or
substrate as_jndicated_jn Table 6. After _t reagtion,
Oxg3RF uo?%’é%%’flf% an]WdrFé% wgg‘eﬁaggattlg cgr%{/églfct t%ﬁ]égn the
paE DO t 14| 8ahOnidieeted fEaios anarbari de derivative for
anal ysis. The results are shown in Table 6. Exanple 7

_ 4
The Beynredeie @fands ohligbhcEMdrh tRes ar Fhed gntum dot
the sa aspLn |8 4% BXEeRhMSIHAGtiRe agent.
m?%1ﬁ§ gﬁﬁggggﬁéjagh%n E%%E@g In Table 6.e%héﬁieéhlt%g
Far eeshnpiei n thablthefapevand eagéntTheanspameonipded to the
cyanation reactjion was carried t i he .sane .manne
q%%n?ﬁmEQ%ﬁp?Bd4g?n8§céBFrﬁ§Fﬁ§ gﬁgi%%ﬁ%§% W%H%%l%i%é the
gt Gat gdrin Zablenéiohbe BeoSWLLS tafe sihwod ntH@bd@antum
6. Table 6. Substrate scope for the asymetric
deyanat cor off ithigebactuPsE 4002 Ne HEFEROCYOE CCAENE the
(NHC) CATALYZED SYNTHESI S OF HYDROXAM C ACI DS Thi s
application clains the benefit of, and priority from
U.S. Provisional Patent Appi%cation Serial No.
60/ 907, 133, filed March 22,72007, and U.S. Provisiona
Pat ent Application Serial No. 61/006, 771, filed
January 30, 2008, which are both incorporated herein

Y
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Chem Soc. Perkln Trans. | 1982, 345 and references
therein; and Corbett, M. D.; Doerge, D. R ; Corbett,
W@2008R21070 . Chem Soc. Perkin Trans. | 1983, HGBE}G2008/000097

Many groups have reported that organocatal ytic

reactio oy] ef ficient ans for tal-fre
llcggl?boérﬁrglln%scr%%e#%@- ﬁlﬁebgﬁl&%écﬁal Sar ‘on-@é?ﬁ% °fe: cf a&'ﬁ?er
pararirdtel G zdek agphesuf dot gaagcakakytd ciGHY bergd: is of a
mation reactions, including LT-nitroso al dol

fo
it dEEntn St AHant e S OTBREER Vel \ fHhet kg particle sized
da¥rthirdr gy am nglgion fegn repo or
qéaxarrpl e, Yananoto, Hg.ﬁean ]ﬁ/cbm yamiaL%N Q&Iﬁgnﬂg\%@r erﬁo @
maggel,200Be IZouw08emitaed Nbyni ytéea, ghbntYanadmt 0.covipled
. to,, H. J ..An Chem_ Soc. 2007, 129, 1190). ,
WI@EB&S% o%%%r%%%t}%pnggg fRat Qh—"’ﬂ]&eer%%yEb?ctgﬁlrﬁ@ﬁéltlc
ageattal st sbsarbde used i@ Nes abyf eae ©eQIRONEE the body,
formation via the nucleophilic "Breslow internedi ate",
legdinge RBnoRnoTeARCEERR vatenthepeef tect Deperstizgy orf the
he &l ophi kg, i ent ty ctigns e

qu%oggiﬁlble%%H a b%?h dlgrﬁ%?{r%e |na(% e{s?s%xgcfrkrlpn o#gt hteﬁgl oFr?%rour
emgattedhdne beenquepdniredjoti nesudiing herszeis) the efficacy
angon ensation, wherein a%ar& al dehyde acts as the

81 BUPFERRA TS 1 St (e TR T 0n, A9RE e Rhe body
mal ehaeletaeeial. actaiasmhle Rl et rephilg. 1RERShg-guided

exanEI es of this path have been reported, includi'ng
cheggéieraryti ot apantrnosEltisz ezhral dehydes tas f opmical

res di ters:o , de Ex les.of C.C .
DRSSt m o CASIGHE Tl ke THe RonBBRbTatE in vivo
magquilval edetepedinesl hasedbeemwntepanteed, i8CEHEIENY of the

| actoni zati on, ﬁg opent annul ati on, and azannul ati on.

c . !
ChREAPSACHES 2B6P Y HEYpPEFaatitoR GESRFEFoRpRsiEion.
aci gpdsidigs dieadlid ypavak habl ¢4 n S
are desired. SUMVARY In one%glrygggcﬁng{s}gpfzsce%a g t g@gﬁtése%% a
qQUPRGERL IdeT, 2h@r @ (ttherapdweld aapentesschors uledpar ilg ahe

ri.c acid_conpri si reactin n al dehyde with a
amﬁ%?ﬁjgégglgon‘g)&l 1 t he pr]}’ é’?&%@ge&%s’gymm %al Q%F.Cgpﬁed
paandther mapadaspeeid ohst he piBseniddinventy ORentik@e for

S Erovi ded acglgocess for preparing a chiral
adpy B SR AAT L OBei o c&BST i SR AERPRAEIF nG98 - biBRhehed mammal.
Thal dehydeq Wil i tgps Q#ﬂﬂ I3 1t I a
achi ral Iiﬁ% %gt@gﬁys{)? ?%}Fé;n%u t grm&rlgd%gg ectcreo?%t hghe
mapmaseodshvaayi onidt her eths pedeaded af prideesshéoapeutic

par.i a..chiral . hydroxam,c acid conprising reactin
aggﬁg_ Fa%eec allcd_eJH‘/IH%SWi iﬁaglﬂgt F8sé ¢ it 19 £R edse
ofprerenspentia chieak .NHC gatatyst. tReshpblit 28ROt HEEnt is

spect of the present invention, there 1s provided a
reg?géggslfn&o p‘F}é%albioﬁig’r the quantum dot may aid in the

tYdaprapiapyhaxydle dphe ' TALL ;
°PBESCRI BTION 5| .Ofpgc%e@e?‘garr& ‘Jﬁf‘?gﬁgﬁ%eg Qﬁogg‘&ocdurmg
thacikdleasanoénbbdi rbrtrapbutlie pgesent invention, an

al d,ﬂs¥de may, b e reacted with a nitroso conpound in

t he  Presthitel 91 MaE ks ySPTPE 15 BEar2 A hsiatkanmic 2
quastdm dt é\hﬁe_bayd@h@riﬁ@u@hQe@(g‘é‘%t"‘héﬁgaﬁgt{lgﬁe&isQ%/ an
in the present invention is not particularly I'imted.
ampRighidaBodiBeEiined? tMaYpr &sentudatventpon detirrmine  the

. Ak or a wi.it hout, | imtation,
l“?%gff%ig? , n?i%ﬁ‘iﬁg aP%?n'yTF%‘SE@ ?‘gtajri%w TSl kSlyl | the
thargbeubiyl ahgght aowl abkefiyteiguylml &yoytg@hibm in the
l.heterocggfg#ic al dehyde %hi ch may b e substituted with
o9 or SHBF 8 subst fRGienf STGAPRh Bt €T PPEIRRHENrMaY be a
different. In an enbodi ment of the present invention,
t he al dehyde may be, for exanple, and w thout
limtation, a conpound repjgsented by the formula (I1)
. wherein Ri may be, for exanple, and w thout
[imtation, a hydrogen atom a C -6 al kyl group which
may be substituted wth one or nore substituents which

11" a o P~ ”~ o

o o, o o o o
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met hyl, ethyl, n-propyl, i-propyl, sec-propyl,

n-butyl, i-butyl, sec-butyl, t-butyl, n-pentyl,
WO 2098127 sec-pentyl, t-pentyl, n-hexyl, i-heRgI/SG2008/000097
, 2-di met hyl propyl, 2- ethylpropyl

I-nethyl 2- ethylpro et hyl - nethylprop [, 1 1
bacseriiifet Ryl Prispy| © 1a flﬁ?%rFQﬁEyFﬁr6ﬁﬁ |2 disease
dijret byhBut vl . rrie . 2n8bgethykbu 2-RiPykbutyl ,wilk3- the
lndlnetﬁmnbuty , 2-meth yg%entyl gﬁeg'wetﬁglpentyl . The
fO®EléaImwcnyumgannﬂmtﬁﬁdfmﬁYe%tht@ke@ndeqlﬁhﬂ foreign
imtation err ted b 0 or e o
mlﬁﬁ?@ﬁgﬁpéspnde%%nd%n??§v%| rggén su §ﬁ$ %? 0 ”En the
quabeufl- @il kepytt gedalp efetthe L£2- feal kenylofgr dupnel\hl chhe
may be substituted, may be, faor exa Ie and mnthout

‘thIGIrﬁ‘iPlea}f:ll@n ackhpnst di gfithcor Bt £ of keFgFRL £ opnt  the

X! OpLOP opehe+2=yl 1
fo%ég%@ene ?Lgal’:ﬂ%ut ecnéeﬁzﬁg? g&}l%ﬁrtn!é?]ga?; il t mamma

rezob@tsnérbmytherdzsbasene 2- yI . The C2-6 alkenyl
gr oy for exa o and MAthout iqQn,
|ntg%F %kﬁc%Qs%%eEﬁ?: § nBEdr &3 ohe mhlc%g$ &' method
dm?ft'ﬁ%@.&%e&tﬂé’ SMd Ogﬁnanﬁb‘bHUle@ @ty gfuedie éﬁlﬁent to
al kynyl "group of the C2-6 al kynyl group which may be
a sgpantumt et ndy bBixEBreexuhph e, aandmRiipbdtl 1c polymer
aildsTtAY 0{1 any 31‘%&59@ ‘}gnacnclggd YW . phBEipitate
exanple, hyny , propyny butynyl, pentynyl " or

threplymer Hnel Encépaiulyamy t@leomplanﬂ:ymbelotf or exan‘pl e,
and without limtation, interrupt

ed
het Fﬁht8ﬁ§hﬂﬂlcﬂaﬁrec?%ﬂﬁb%ﬁde Fy ?ﬁéQOQD m&ﬁlpﬁr the
ae N &Nvellte «Brw eyl gabkylimgtap of #het €8 Bwith the
cycl oal kyl group which may be substituted, may be for
amﬁh«ﬂhﬂhac dwdlvm¢hodﬂSBPﬁW?§tﬂdh agy GG GFangPlvent, to

clobu c 0 ny, a

cyc aﬁep?anl ¥§% B@gé% %%ﬁ&¥§k§98? gﬁéugkofn%horganlc
pHa¥e3 @m@loahkeaghegﬁeuppM@seh mayM el rsyibsif t uthed, agmypous

be, for exanp and wi_thout |limtation h h
SQ%MﬂQﬁar669ny@rg%%%§(ﬂﬁﬁ%¥ﬁﬂt E?cl%ﬁ%ﬁf%ﬁ?l the two-phase
sﬁt‘gnphﬁl)é nyhe Ofc £36l Qhepfgnyby Tg@ng@a'&ﬂn@r Whedl QUie@fus-

the aryl contalnlng groups which may be substituted,
omgan e, miatue&amMHaabﬂmﬁmﬂtmmnuﬂﬁntpaﬁhﬂvtpﬁeﬁymutes

ent al en i ndenyl y ny. al I
Iﬁeﬂ?%c 8%88&?8n§v 6ﬂF3p gﬁgnghﬁg A f%nrcgﬁé soifcating
st lmdy -bd Atday latgnoud efiddiee Goo Ia(bcﬁltylz Giin e kyl
group which may be substituted, may for exanple,
and t?ﬂﬁnamp?ﬁ%%ﬁ+%ﬁF %Q%Ym%ra?R§PP§Péﬁﬁe§st%@fQHﬁTtum
whe boyg h OURnas rd@fireed the
d%ﬂ%mhergﬂgbo%i agygﬂgﬁgé |thgﬁ?6¥$ﬁggg 14 aryI-C2-6
hyad kegtyd 1 igr oueol o ¢ hetlge - pa&ymer(:@refalrle@ﬁylal@nfowve away
whi ch, may be subs |tuted b & I
EXR RoOE FEANEI ot A Eol® SR g e bt Fhegt the
p@m@lerpr@b@y@nbaamg ﬁo@@ twarmyd tHouguastdef dbed The
anywhere above as a substituent. The C6-i4 aryl-C2~6
addkyign gfouhef agHECBS. BPEISAL €9 6-hg k9ﬁ9?n@FoLﬁPlvent
y L put a
i RUPE! o ST I TR L ShutaTI Gy dttbicace.
D@nym@erprabmpethavong atﬁﬁ-bmyﬂqu@ﬁkmm asadéS|n@é the
nywher e above as_a bstituent_ The 4- to ered
p‘h NSF ofBeitc HeR eFBE%?Fc a5 pt EGHt écl i ng” IPltu%r Por 7€
abet sE 084 os WhEhagheouBdepengeant ) y thetredgerencapdullating
or oxygen of the 4- to 10-nmenbered non-aromatic
thet aueayen cafr-oupAEEREALATAY  orfdi®r PABE ChBt SOFRIGRES 2
whi ch are independently nitrogen, sulfur or oxygen and
whi ch group may be substituted, may contain, for
exanple, and without limtatjon, from1l to 4
het er oat ons whi ch are i ndependently nitrogen, sulfur
or oxygen. The 4- to 10-nenbered non-aromatic
het erocyclic group contai ning one or nore heteroatons
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group containing 1 to 4 heteroatons which are

i ndependently nitrogen, oxygen .or sulfur and which
WQRL@WaM2WaYy b e substituted, a 5- to 14- memnber eRCT/SG2008/000097

aromati c heterocylic groupcontaining 1 to 4

e ns ch are i ently nitro o]
e ARl e 48D RO i Lomber s S, SO 15 ing
ol koxy igmeup Wld(ibpﬁ%}blbe sYDShELUt8Ey+ Bon Cg’dﬁace%t the

15%/cloalkoxy group which may b e substituted; a
R hidPt cargl aPRengPERFO @Nd(Qp@lhiQyny¢lYmQrgﬂnnqtlon

&y s e it hoal kyl thi

%8 cyclto}g?ke flé% ngggﬁ’ﬁﬁmﬁ y%‘ g s &5 chjtotﬁ ‘ed; .The

hyﬁnﬁphxﬂ®donytgreupﬁMmMéleﬁpobee @@mymdnﬂtwllg fhayt aid
I c heterocycl e-oxy group mhlch

ng f non- aro
% B NTbol i Par b ArstheoonaeRaNbered AFeRgtny dots in
arheé 864§ | &oX}t iBHQUP Méciaqg%\s e Sdnsti Lyt
14 g?ylthlo group whi ch may eugubstltut%d 2 €§ég%ally
wafRhye et el mﬁw%noﬁﬁﬁléYhébéao@@Hhatﬁmdgcoap wmﬂdmtlve
s e substituted, a 5- to 14-nenbered aromatic
het erocycl e-thi o group which nay be substituted, an
am|ﬂh@ﬂmm¢hmh|mhwnnoﬂprﬁybsthéu%e@p &ﬂfaékdea@EQHQ the
%gJ q@% np grou a carbam de group, a formyl group,
encagsul@tag qoyrayrdlip, datear BEMA drivtip WARERd smixture.
Ex@ubsidilof ednd@ €81BaRYE5AX Y, BT QUR V\’@n%ﬁsﬁ.llated uantum
substituted, a carboxy group, a carbano group WH-Ch
dogy freors ubBE| tAdcaE, iaﬂ@ﬂpmasaé kyyehedi may ds@uparaied out
uld sulfln ro whi ch is suyhstituted,
32 sul nfllgggup ﬁhl@%g BEFFFUté&d a € ﬁ egting the
enajalp@m(aardmonqhagt@up,doetsO ﬁr&natth(ﬂél sahhOBYS PHRWR. anThe
oxo roup or a G -6 al koxyinino group. In an

SHLRERS ofIUARE U8 e SOKS | ARENt PEn, CRLLeicEedf orform the
é@ﬁ%' € ph e | ey up ke
aq% whi ch iy be sgggt?¥ﬁFe§9 EVQEE%agl%kkogﬁtar onquugous

phgseg @@ﬂnmﬂﬂqgaanmumr &1i0@ riatdopl. group whi ch nay b e
sub%%ltu mﬁt@wﬁi alkox_]gii QJtro or hal ogen, a
_14 8Py 8T E©d 1A%R R OEPkeﬁ?V be
wagih@dp van@@ 1élea_b)‘1|1s@a 6 v dkenyl vgpoup-ahier efiydfeon  to
- 4 aryl may be substituted with one or nore
Su§r§6§f‘|ttlééﬁtys LR dmPyriddisendenthy orgagial kokyent may
niir u yl syl £.ony. 9 a
be 4 QaQB?Egbgsgng{lqg%ﬁie?%cygléFgr%up ggﬁ aPAitRgeraged
SOéV&nhetmwabem whh&branaltedepmﬂdeaﬁﬂ yseilke@gan, from the

gen or, qufur i.ch group may be substituted
grgiph @A % d ¥hé-fitFhéssoethane,

ch@@m@u@ﬁh wﬂldcn IIH)l -heivsed bRrhhgepresent invention is
not artlcularly l[imted. In an enbodi nent of the

pr edBAt ATNEEMS crRldare may oke eommimnjanmp¢undfsmch as
np h
wa?égr eégﬁ?gggb%to g/l&‘& &l FE%%PPE) afdC m u]rl%s hereof.
wherein R 2 may be, for exanpl e, and mnthout

limtation, a rooup which may be

substit ut ed %ﬁ"ﬁ‘g #ﬁ?g:rlémslﬂfstqliat}@rﬂ%s which are

t hersameageoflpbheh g4t al P wni

be substltuteg m?tﬁaonggg§gﬁ§?e gugg%F?ég%tsguhﬁgﬁgg¥ged
embpginant omndi fkaventtoa e@@l@m kyhel mroupimhésh afaythe

- ti ed. h 0 re substituents which are
dl?ﬁégggﬁe(%#g%ﬁ% rentE% OcyR§ ogpﬁﬁr%;QQﬂl whPrRVer,
thagy btlee sulbitawivied Wath Ork@ef@igrﬁ@cﬂe ss&fstlw lo%es  of

which are the sane or different, a C3-8 cyc kenyl

group which may be substituted with one or nore

substituents which are the sanme or different, a C -14

aryl group which may be substituted with one or nore

substituents which are the,gsame or different, a C-14

aryl-Ci -6 al kyl group mhlc% may be substituted with

one or nore substituents which are the sane or

dlfferent aC 6 14 aryl C 2 6 alkenyl gr oup mhlch may

L T Y 1 o o o . " ..
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a conmpound represented by the formula (1): wherein R i
and R2 may be defined as anywhere above. D . NHC
w@22t0al1ywyr7 The NHC cat al yst that may be used i nP¢Ti8G2008/000097
present invention is not particularly limted. In an
1fﬂb grggnt of he present invention, the NHC catal yst
efivel VroﬁﬁdfJFﬁe%Enp?edegnﬁl%FPﬁoﬁﬁ the "limits
oflﬁhéaim@@mt@oﬁrlazol|unrsalt or an i mdazoliumsalt.
In an enbodi ment of the present invention, the NHC
cat afyst be ved e e, and,w t hout
|Iﬁ1t5§IOEQ¥2 t??ﬁﬁirsudﬁé Sé?éy ﬁﬁﬂﬁh dlé %pe fq??ﬁsum
d%?esenﬁﬂkmmmﬁMQﬁESthe (NEEneabghyst ciey)be detivedio, 000x
exanple and without limtation, a
mié?%%% ?%ntsalt represented by the formul a: wherein X

nay ex and without |imtation, BF4 , O
%,g f%? ghn(? Sa%Dén%rb%ﬁ)%htC%$St<h%}S%@b%%<htln water.

|nve t| f the NHC cataly be derived from for
exa EC} r ROYS; u‘%?s%‘?‘tol%p £8bps edippalved oirrulveater
wﬂﬂ@rb@fmj)diﬁﬁﬂﬁlﬁité@gaofrﬁe@i fé]vt?fcgié)tlp [5\?)9 amp

catal yst may .be deriv fron1 or exa

triazgliumgalt ese th fornu

enbo&?%ent<o? th%gg{eieﬁgggngéﬁ Pgnn%ﬁt %@%?%%téW?Q? of
thﬁn@ﬂnﬁ&ﬁﬂpa&ﬂhdkeﬁn for exanp le , and w t hout

l[imtation, a triazoliumsalt represented by the

f or mila: Vme[)EI$thv§9 aayoheochor f@iﬁ@@'@%@en@@dﬂ?ﬂag%o%tf the
élnttatron phenyl (Ph) which may be substitute
Q TGS | UpEskey| 1p MESODGrl2foN cell lines after

i nQH Y iSRP R Q!!?—'Hﬁ h), and X may be, for
exanpl e, and w thout 4#%#%%%1%%3 Br , BF4 or d". In

an qupmzngy h I pyention, the
catal’yst ‘may 5%“%%% %e%éﬁfgﬁ%lfg¥u8§3ﬁﬁ?gcean8aﬂFtﬁgthe

dilstmitattiiom o dDvirdawqldnimalald .id reran @i ment o f
the present invention, the NHC catal yst may be derived

fromidf.or 2¢xanpsieowanc Webheutahi Nk @btO8cefBe image of
i_m dazol i um salt represented by the fornmula: wherein R
Sqﬁi? nue 1ef§ﬁm 9 dmdiNiidyedt 9sldis-ati on, pheny
(Ph), i-pr (1W) mesityl (Mes). or 2,6-
dii & éﬁrop;’llphenﬁwo"@ 36- ¢PRIppnl; éhldODemeymbee Jﬁmge in
Wi at.i.an
O Taeon nont of (e stELEntrEbaftosn i Ruixture of
Qlcakralopstrtrimy els andeDioXed ahoprair tfieri egxanpl e, an
i mdazoliumsalt represented by the formul a:wherein X
mathe fbrbexaermivs andcyhtbesl #MidAd@ncdr indfd of
Preparati on of droxam c Acid In an
St8ﬁ888| ﬁ%e6fspﬁ¥lﬁﬁe§€ﬁﬂvﬂ At 64 1sand wi t hout
limtation, there is provided a process for preparing
a hidPoxarficd AA¥s dpreséimiadiyt iore ¢6r@0Faapbparticles
inWegeeLR1Rsi, and R2 may be defined as anywhere above,
whi ch process conprlses reactlng an al dehyde

rep ente th r_mul 1) erein Ri mm

def Eﬂ?éd as%ahh ve, %v}\}ota’h a qﬂer osodjc%e:ﬁﬁ}hﬁl?répr e%ént efOX-
nabyptheitoesulia €hkl relivherein R2 nay be defined as

above, in the presence of- a NHC catal yst. An

enbedgrremt 0f $hewpr QS%'HnﬂdBéeintfP@oP@é’cQﬁcée?hﬁ%ﬁ%ﬂt@P a
for _exanple, and without limtation, the ["ow ng

Slgéﬂrenﬁel\khe%hern framdtie REP-Ba 26N majtlaslmgmeaﬁter
in@ t eing, .gpﬁp by eor I S, believ
tgg§€%ﬁ¥vpgﬁgilgatlon t fie néﬁroge %§§ oh° %oﬁﬂ“ﬁfDOX"
napppanticbse.conpound, resenbling the polarization of
t he carbon-oxygen bond in a carbonyl group, provides
the susceptibility of the nitroso. group to additions
of nucl eophiles . By way of exanple, and w thout
limtation, as represented,in the follow ng schene, it
is believed that the higher reactivity of the nitroso
group to nucleophilic attack than its carbonyl .group
counterpart glves rlse to the reactlon of the

o ~ o

o, o o -
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ordinary skill in the art. In an enbodi nent of the

presentinvention, the solvent nmay be, for exanple, and
wowdoRozito7t i mtati on, an aprotic solvent. |n anPCT/SG2008/000097

enbodi nent of the present invention, the solvent nay

be, r e | e, dichloropnethane (CH2dA 2) or ,

t et rgggdrg?%aﬁhﬂﬁ%{he 11yt ehelRr2eaparyiseles
inwhacbifngyebeecuged in the present invention is not
particularly limted. Suitable amounts of the NHC

cat akygt ehd nggr. - C & ' .
Byt hoge of o aeacy e s e i, (RO B A OEES i
2efibBAilfefieldf the present invention, the anount of the
NHC cat al yst nmay be, for exanple, and w thout

i mi Fagi oh,(al esbowkan 2CGamli%g fedre Exaotplgic¥dkbope (SEM)
i%éhouhllsg]tgtlon frgm 0.125,to 20 nol % and .

PAeF Ut Mg hRy T SP8cHPROGEraEaFACRNPE PRRgRaNeRaKtAS ES -
for exanple, and without limtation, fromO0.5 to 20

mol % l?hef’r(?éctli%nat PREPRs STGWiFkr t§ cBP¥r Ispldase aeirofile
répde stht 8l e theaGdd R it e ¥9Hbgapfvgngﬁ§§t§§¥étcé&”%&om
can be determ ned by those of ordinary skill N the
D@¥rnapepant épbedi nent of the present invention, the
reaction tinme may be, for exanple, and w thout

limEagi o, s$lkwesthanc@fhol s flhoreexanple, imige of the

i ut_Limitation r mnutes to 24 hours, and
oSy ey Shedicr B PRI E by s Tenges Leie agibation
wioh exafmPhepasnt-weshout limtation, from1l to 12

hours. The reaction tenperature is not particularly

i mted and suitabl e ' t S )
underg?ood towgﬁdb%:aﬁéggﬁé{ét?gr%q%gra@quﬁo%\é\%g#&ﬁl%y of
Qer Wargoski¢ncapsuheted tin | ALGA. enbodi nent of the
present invention, the reaction tenperature may be,

f or BkanplBe, slands wittheoutelllolbat i st a kOOt eqpenatdr Qiot s
elga asnufanbo i ment, of the present invention, the

Wy oxah < aci Hlﬁﬁy beP? SOt ed A& or PUFPFYEESIS  and
1S d i e drs Qb Atd 1N @Y QfentiiFd fd cation met hods woul d

be understood to and can be determ ned by those of
ordimfy skikhbwknat ts. ?gqﬁ)g j t
Ii_m%hgjtri on, thogeao?gﬁitlnn‘?)gLilnfg%;gj Ki |§Sn tgg(gw\grcbg\%ulog the
maghderad asiutlisdif iclas lloydr exdmeotacédapayabeonsahetiesd  for

]_p@aj{ rj fi by r t ographi ¢ nmet hods or

SICT s%%&zﬂaiiﬁs. ?Wess for Preparing Chiral
Hydroxam c Acid The above process for preparing the
hydroxam ¢ acid may be nodified as described below in
order to prepaiadlad Ddstr it ¥F Drahiihdisi Ng an
achiral NHC catal yst. In _an enbodi nent of the present

i nv&RGeting atdr ddched 7al défpde ey behosact ed wiythical

[ o) orrR%A)nd ja ot sence of an,achiral N

ql%z?tyélltr{/sf%t% prepar eig clﬁf%r’g#;shyar o%grrnec?sgg'ﬁ&. BTy ture,

compuddiiment o Hf at mdoriesense lawemhi gudsa)a-cdranghbedovered

b al deh¥de V\hhcg_(riray have one enantioxner in excess of

Y He dther SPiPBLAS] 203dnt Wikt i ehektegd -or TheefpSpphell

240hiigh @y lea €0@ntjieer heaph¥%RUr ehg@!o@&rﬁﬁé“ Wdhoo
a nitroso conpound in the presence an achira

whdgha| ya¥et o Ipfdpeteoki e hi dal  hyatoxani c od d Wydebprepic

iR ' i Xcess ar ich b
S AT F T c SRR, LBt MR 8PS ¢ 0 Sesht of
thienv euaindium ardcenaritd onesndat | yipur endobtiBnehedn aqueous

| dehyde mag/ be reacted with a nitroso conmpound in the
SO@P’&élé%ﬁce ofCUGVeENi r EtRIEC REHY st eneapssgatedan by an
am@haphii QAR i re I~kal dr ' .d. Th .
PP N e ot ) SURE S BB FoBRi e RBaygoLic
suitabl e achiral NHC catal ysts woul d be understood to
and can be determ ned by t gse of ordinary skill in
the art.In an enbodi ment of the present invention, the
achiral NHC catal yst may be derived from for exanple,
and wthout limtation, an achiral triazoliumsalt .

Y Y LT o a1 e L, .
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stoichionetric excess of the a-branched al dehyde
racemate is reacted. In an enbodi nent of the present

WO 2wentiodh, a a- branched al dehyde racemat e mayP@BESG2008/000097
reacted with a nitroso conpound in the presence of a

qhiral NHC cat al yst to prepar hi ral . hydr oxam ¢
aCaE) d (FFGant? ombPFe X LBy SFRCAZBPBI Gicome r12 Of
th%xgﬁ)ssi @flﬁdlfrﬁztbrvaﬂﬁh%@l Wﬂ@ﬁhé@f@”ﬁhﬁctﬁoﬁ@%@@@ups
he reaction is stopped | ess than 100%
ofcd:mﬁerlél@h 30 ttloe @@ehyd@Drﬂ‘oadeéwmymﬁ pRrEhele 28.
e |nvent| r anc d a y
%?J Cq o Vﬁl{khs ant aall afo& O%n"zi?lﬁﬂ%{hgh%rgg grn? 20
hy@r@lgblhb@ll cNHGheai a|cy')5:fe t OA@venaa@eauelnyr althy dhgeawpbilic
acid in enantioneric_excess, wherein a stoichi %rret ri

exgpEaad ofuiirca- B?aﬁ@ﬁe&%}mdéor sCqvase FQ fegdtédate
tig tgpp aboyt % caryYeeseom ®f in
c R O B PP R AR B
th;aaarssystldamd:y dnmul@ctlamd sfi ttdisl ehuhinalbMHC daeal et §ts
woul d be u qgﬁﬁ}qu to and can be determ ned by those
NG egSEch & Yi'n the art. In an enbodi nent of the
presant. i BveBhbRB, the ghidpdsedHaeaialiyset ey kellular
derived from for exanple, and w thout I|n1tat|on
updiaikeal ofr i 8ol iQnleAded | RodymMerhoBRREAELIEF £he the’ op-
r 1 chir t [ S y -
LR ot BHED, s 2P X | HhRERe R S B
1ary&)rekme,p1fa3$m&xmmnbeanand0vmﬂwoalt tipniceadt i, 1 Bide" tp its
i ment of the present

ao , Br or C% . Ig an p c
nCRRSRRIGHE (RELRH| r JHOEFRABON T S Ry B Surface o

three Fﬁ@ﬁﬁﬁgﬁdeA bor axasplendiRe fiof %&@eﬁ\hﬁbebﬁ}'p)és@aythe
for exanple, and without limtation, BF4

hy@rcmho@ilb plasama enpobiraeat b/ t Hehpr &%‘rﬂtoa}dﬁﬁsntﬂ%lﬂmer
the chir trigzojiu y, r t Y, r

paer)rgc&%ee’ 9%& Sg%ij arg eér%d% 15%8 e@t?%r %%xl?fnpv'fég the

prstkay t hedt |démdd@itiasis BF4 f@fcﬁflogﬂnlbllﬂ Antemartions

embodi nent of _the present invention usin I
betateary sth eaRﬂ&ymﬁglﬁkﬁéuéo %EE% BF H%é%%?b?ﬁﬁgﬁéae 10
cﬁls‘iﬁy%é‘a Yo Des s edneyt1ab! €1 8nount s refl dt ha ladehy deind

be un erstood to and can be determni ned by those
swiframd nahy skitlodded hpodivmerFapaekbepe e, 28andThet Hokasma

limtati t hose of -ordin il n
eyt S aﬂgytﬁg n ufifalth’o %Pe% g bhrl%nc%lﬁ]dl@% e%ogi(glymer
pdRei dlid ros ocsappotaty pf t Retebpy fbemiiagda Ivresam:le 14 The
enbodi nent of the present invention using a chi
ORZkeadRd , PPdymexamRA el ek witt hbdit HHYA t FF‘BHPOFESC‘ into
0 t Sshibagn 109% %Hz\é%r i 18
tﬂ{a&%#%§ E % eﬁ§%%(9%5?t§ble@gnnunts of )
otonheryhasmﬁ mhmbaa@¢aﬂéhed Bhdehgdmoweul ¢ frnsportation
nder d to and n be determn d by thos
rBPﬁg §%Iﬁ°|ﬁeiﬁ #ort exgnp én g%ﬁ mni%s ufray be
dll’lé mdAt bﬁ@gob@@%%l@c Opﬂhaawosksl,l amdfbe asytowkdetal,
understand that the reaction may proceed wth about
oxgaBebiR e?R¢ oPt R T tPRY Bl plantrusRPHe a2 ThEMSK | | ed
pers | /@appr atq SEhol MRS VeMthplified
t he gf un% oJTSa %eg%lh%hgfg%gl ydsltéber%g %hégctl onti e, h:L e
preacss onft eeeratul s £ 1deet isol abil vaAnheeveg® r@id drhenethod

urificati n nmet hods crib above sed
£e%r eprapsr ﬁ&lPﬂedﬁﬁ(ii ﬁ?d?gfa@9}¥ﬂﬁ% géégegﬁr gtorm
t REr b1 0 A &MPOUHBAt pOF L1 BB ppesSENt invention for
preparing the chiral %ydroxanic acid by kinetically
resol ving the -branched al dehyde nay be represented
by, for exanple, and without |imtation, the follow ng
schene: In an enbodi nent of the present invention
using either an achiral or f iral catalyst, the
-branched al dehyde may be, Tor exanple, and w t hout
limtation, a conpound represented by the formula (V)
wherein: (*) refers to a chlral center; and R .3 and

o 11" rc___a T
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guani di no group, a carbami de group, a fornyl group, a
C -6 imdoyl group, a carbonyl group which is
wa@amstiztoat ed, a car bonyl - oxy group which is  PCT/SG2008/000097
substituted, a carboxy group, a carbanDyI group whi ch
may_be substrtuted 4 al kyl en X
suI?%nVPegiEéEﬁt stem fﬁrylt}{ﬁ' o%'f)rhﬁ (ﬁ Xlgg stl OtSec?‘6
ﬂ(rﬁér'ffoﬂ}@zx grayp U chii g dbstdtndred, (paM)Cl-dre mlxed
oxycar bonyl group, a G _ 6 al kylsulf onyl
tog)edch@r oup rjroral G -suabRosyPMi RS FheuETUF @ e%ﬁ*éar H‘@ntm
(?res t invention, R3, for exanple, is a Cl-6
ana???/‘?mg TP Ui an embodi ment of the present
I nvent hescifitatf obnexaagppe, 3Rs aspheimgin grnowertaken by
enbodi nent of the present_inventia us_iLn eitger Aan )
lnbr:%w%rn%r ahi pReeHfal %/%%utﬂt% i rBP H?&%BX m &SN
&f o X aP! d i t tolrI Intiat | &1uBion. The
?:'poundarepresent ggt%?; tﬁr?e ?ggmﬂ g@( V) : wherein
aq(1é¢>us R2s0 R3t homl R4a1a$esast1d@f|We@Aan%m‘e¥@g abee., QD to

Limtin s_of L t he present
Soqr\baeﬁi’l%?rd eﬁ%]gg ?8518 |nenJ8B 9%8? l%her ein. 6 .
Exagphesafl bnl et iigns thene @effmécmecbum dven- dboed 1.5
(140 O0C ) or flane-dried glassware under an in
mlatlheépﬁeref@fft@ref nPPRegeniar atrkb%nmlﬁltlurreeaéflao thereby
%Ptémwféf nhydr oy, MR €5 PN Ghasedsf réfutions.
uka. I n general, reactions were nonitored
Thbyehlﬁtérlayektrehtmn‘at o@ﬁaphij ushag 0eo8lpanE . QReleided
silica gel ated_gl ass pl ates ,(60FE-254) w i gh
POELMm@FSLR.ﬂIitzléSter?e €Bur'se grri‘éﬁé IO aseﬁ’agﬁrla{\élngg the
or%gﬁgﬁat Q@R nvast pan f orAed wsung iCanbi Awsgddtagion is
CO, Inc.). Chemcal yields refer to pure isqlate
acsobpilanbed. Gas wrgoRhi 8gEapRyiREs Ofspeler ST AyOn tor 4
hos,“GC M5) was conducted using Shimdzu(tm GC 2010
6Upl ed with GOMB- QP2010. 1H and 13C nucl ear -nagnetic
r esanancet ipNVRt gpeds r d swehenobtradersth kesi rrgl@h deionised
Brucker (tm) AV-400 (400 VHz) .spectroneter, ivenac that
wadgirf t 50 W& thegor FRRCT FPgN% eP F &ABE Ry 3G ERE
magatr@et% Setayl%QEtreﬁPﬂl@”QﬁleaSFEBﬁlbmbgrI’@ﬂ% strrdang. the
ta were reported in the follow ng order: chem cal
podlyiketr | pappacldp (ABI tapei clycgpIWehezerqhdractat edepy #o via
£ %broadened) s (singlet) , d (doublet) , t (triplet)
r Gt lad , m(mltiplet) , nc (centered
rrultr pl et) ) coupling constants (J, Hz); integration;
assignnment. Studies using different NHC catal ysts were
conduct ed by addi ng bas&xampl@s3 to O 02 mml) under
argon to a solution of benzal deh%/ n? 1 b
mmlbbon-mml@élgcorﬁ?tﬁwmlﬁﬁo gt rrg he 11Pr¥r‘BP$ ﬁﬂd i”l’re €
%thaexys e(s%r"l%a quzre%r) %t%qllve@)ty (@eFeHchce to
Urhe reac i'on"m xture was strrre roomtenperature :
s;feﬂhfh(t nERamphesyi eirds:h/veshodéderrmtneldebwowtrued as in
N- hydr oxy N-phenyl benzam de (3 0.025 mol)
afia ¢ ded %} ot & %E%rqlﬁ onfrgbenzal dehyde
(106 ng, 1 nnDI) , hitrosobenzene (107 ng, 1 mol)
and. catalyst (1.82 ng, 0.005 nmol) in dichloronethane
(5 nL) . The reaction nExe®P&ewAs stirred at room
rature f 0 entor\as I deryere
vagﬁgrﬁ and t 8tr%e5|rré & ngla;gérelffl e y f’lgggﬁggllélgcawe
pE&bated urmiahr omateogr amhpomartngyhexamramd eghy| modified
acetate as the eluents. 1H 9 ...
emEl3bFiGatiqnyy GQlvent | g a?ora’ééOPm %%Fz‘)‘%? H) PuEified
2Hn a}ﬂorejéheﬁﬁ dtrudbuts) RHchAcdde as
q&%%%“(%%%“m}i?, &pd 3) 164 . 9 (Cq, 0O , 139 .
1(Cq) , 131 . 8(Cq) : 131. 1, 129 . 2, 128 . 9,
128 . 3, 128 . 2, 126. 0 .4 (ESI ) : mz 197 (MO
, 105 , 77 . L7-hydroxy-4-net hoxy-1\J-phenyl benzam de
DBU (7.61 ng, 0.05 nmol) was added under argon t o a
solutron 0 f 4 nethoxybenzaldehyde (136 ng, 1 mol)

b}
o o - o A PN~
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4- Br ono-i V- hydr oxy-i\/-phenyl benzam de DBU (3.8 ny,
0. 025 mmol ) was added under argon to a solution of
wd2so0mbenzal dehyde (185 ng, 1 mmol) , nitr osSPOBERGENE000097
(107 ng, 1 nmmol) and catalyst (1.82 ng, 0.005 mol) in
di chl oronet hapne (5.nmL) . The reaction t
th%@%%%?rP@HOQFt?Biﬁ%té e 5&hﬁ% fore1 6hnhi %?hgﬁiaknﬁﬁr
F1i S §§gpyggdunQ@rﬁ@g;&@aaﬁ@doft@%ﬂyﬁﬁdﬁtﬁd%ﬁb glycolic
puritied by flash silica gel colum chromatograp

acidi ngPhékanérand Séump-2deatiste ¢l Fhe éP&éﬁt§f fﬂf(%dbf
of \I;/lt_lﬁé %Dgé;efi) '_.Ftéjte_%gogop.(rr%;rl%&? wgls %eﬁr vf‘lltl'( A@_ ﬁ){i of
dl(?hiz&r&lﬁ@&h&jne J m:na 87 p—t@ar@H aArPIH;A/Dcmzz soent.

2H  Ar- (100 MHz C

Ab@ﬂ) 1939035‘("8%) 1513‘@Ll11519”%‘?‘»‘%)s 7°Fct¥i )Purﬁl %1% re
8. Sip e 58 dL1®ea NS @ESin)L TEL/ Zn@75p10A /DCM

thek élblss 155ﬂ3’2104 48(7561 W hydr oxy- | - met hyl -

sol*pdéuetlytel ioirmi @alzoim}@lcﬁarm%?n débDBEJ @:4 8@t @ G/ v

pofy%%%ﬁyagﬂgggﬁgda ord- -car Qﬁ%éhyggb%}fgqﬁggiﬁater nas

uséfangd ) an nlatgﬁ@weenlzmee(lwppmgoxﬂmmly ahdmdat atfysthe
(1.82 23{ 0.005 mml ) in dlchloronetq% ? d% € e
org@aet:u FHt HRE V\Hse%t mixed a1t 4t JPe £dr
aq&gogé gh-gg% SOly etie V‘@§XE§E@V%SU @%sé’cﬁ&‘é&u&‘ly agentbeted
€S| was purified y flash silica gel colum
foehrawammgrahhy a1si bg héxane amd edhiytinmeatge agmphgion.

o T S Y L Dl o) 9% (B SemoBhon
unaeg rr?a(j;né"!,zlc Zéltléﬁflh')g flo24 abotht J4=hk2, ta3. ékel-rlzqvel Hthe
= 1.1 Hz, 2H, HC), 7.04 %
orglanlpHsom@e)nt Ihpz:e(ag‘_tegH t@%)parq%l?q_oﬁ :Mgtcollec ed
an (N&qs}led h]'S%eiole %g& wgp%55f_é§g atlgle(a.c.;ﬂ:)B , £ 188s. v1a
ce&@rlzugaltﬁon (ESrinallyy z 20k (Mva@ed 1gzart11c71;ps 15gere

09, 82 .i\J-hydroxy-I\F, 2-diphenyl pr opanam de DBU
1Y€E@1%dze§ PYmisPP2tast¥dd8d under argon to a sol ution
of h%eleaqf%w { 134 i®ind m&ironnm&b@sebepyene*ﬁm
(107 , 1 nmmol) and catal yst (72.8 ng, 0.2 mmol
1n@g®hl®$m@th@¢ne PLGANNOLlYTée PBSEPISER AFLIGur S 3R um " dots
stlrr t roo i& atur e S from
rfe Sl TOpIIEPesay i %%J&ﬂ&clé@) ebyRak

vacuum and the residue was purified
thléy fdasd Sédd camgehodol anm c]m,d]ﬁﬂmgrmpbyllﬁSCﬁglhExané'he

nanapar G IEL b s TIRTS], So.bF 36SCh 8 AN TS
su szc% tl%]il(wa_l)s%ﬂelﬂrcahb p%rle@cﬁelé)7(v%§]tl_l'§|'|a3rﬂli|r -a@)pro?&fﬁ%te
dJ.’h’%[(ét(eJIOOof/l—lzabc@(w 180) nm dte BEP snpe @1({30) @}10 f—pr(t@er
138 1 129_.5, .12 27, ;
1. a 1P otagg%phM%f(E%ﬁ) gaﬁ;aggggéz(le% 8&85@27‘641 in
wa]t?é)ﬁ 1@5 .93, (AT lebdsl'baifoxmabéF of3- @Dphengpprticles in
opananlde DBU (15 0.1 nnnl% was agded ug?gLD rﬁ%ws
wate s@h}tqwacﬁeda enl pP¥pahaifP( 13 15
f]&ﬁ(%}.rég‘co%?ﬂ-'zrﬁfgr& 9. ihaBOLE @Eﬂ-rﬁ@kﬁﬂaﬁ&hdl%@s %H@dlng

dic oronethane (5 nm) The reaction ,
thaxt the paxtsbﬂesedqﬂlno©@¢teﬁ§éﬁ§ﬂ@réhﬂﬂf?RFQﬁQ? Fig.

Th | t d d
LI oLt TR AN A el ey
di‘%@ﬁs@@x@ﬁe vﬁﬁdaﬁt hyhd apetighe 1§ St Iuer & cemt saslHn Fig.

chDAd 3) d =9.34 (br s
1Vc)10a1(1@h FigH, 1A8) H) TQGWH&@PSJIMWOJI v# %34? H %“3 PLGA

2.57 (br s, 2H CH2 ) . 13C (100 MHz, CDA 3 ) : d
167.7, 140.3, 138.2, 129.3, .128.7, 128.6, 128. 4,

126.9, 126/4, 34.2, 31.4. M§& (ESI): mz 225 (M+ -0,
105, 93. Whydroxy- -phenyl cycl ohexanecarboxam de DBU
(15 ng, 0.1 mmol) was added under argon t o a sol ution

o f cyclohexanal (112 ng, 1 mmol ) , nitrosobenzene

S AN~ o,
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7 . 47-7 . 43 (m 2H, Ar-H) , 7 . 41-7 . 37 (m 3H

Ar-H , 2. 31 (brt , J7. 4H, 24 CHR) , 1 . 64
w@pmatizto;7J = 7 . 4 Hz , 2H, CH2) , 1 . 29 (SertCBESG2008/600097

7. 4 H , 2H CH) , 0. 85 (t, J:7. 4 Hz , 3H,

CH3) 13C (100 MHz, CDd
poiyper &9 E:ﬁm;m f?glopaft)lféés rsot "4 (rc%d%‘f )t%e ops
the/ -wéte%Z d§s 33%51b§11t¥5 (EShhirel z 8¢ (MbiBlogical

135, F\)I- hydr oxy- JW phenyl ci nnamani de DBU (15 ‘
appg,lcetiormm)Ibum@la@d@éluﬁééﬂsaﬁ@ﬁiﬁ Plaledl uPreResties

| dehyd
o) R STRLISIY5,(152 My L BUOLL, OLLr ObemEREe sy
cofipahtaprenet hane Htodd | Lbf. TS r eabiton maxé ur evatas been

stirred a t roomtenperature for 1 0 mn. The sol vent
enga® spdateed Dindér ARG 1did PORE™F&si due was puri fi ed
.2 | r Ve USEPE used in
iR R b St et
th€DElo13 owingd e:za@mae(sbr s, IH O, 7.78 (d, J = 15.6
Hz, IH HCS), 7.51-7.39 (m 7H, Ar-H), 7.35-7.33 (m
3H, Ar-H), 6.55 (d, J = 15.6 Hz, |H, HC=). 13C (100
Mz, CDA 3 ) : d = 161ESakfle 2 CO), 1431(Cq)
1378 ' 134.6, 130.1, 129.3, 129.0, 128.8, 12
126 Human poslon MreEast egLbiopCeRrily) CO?E3£CR£0§541
me le's
T%Ec%l phe%%) acrynla@% (%WDB%H 1‘5)Iilyﬂ>,eE\CTo Sm%lofl\fégdadgg °
Madhider (@MRM) tﬁrcﬁnsfx‘))igxtlafml@flc(lrE)of St. Louis of Missouri

- 2- et hyl - 3- phenyl | al dehyde (146 o
R e P L T WL
tddah mwldnd nsdichl ererst hane ( rﬁédlurﬂ'hﬁyf@ﬁ@tepno 1 mM

m xture was stirred at roomtenperature for 10 mn.
nohee ssEntda@l v@lsllfi@rr@%éﬂsurﬁiéi Vacoem cand iths tredt@gycin

s p““ Fied by ar%h mddiGR 98k &%@@ﬁﬁ}{é&%@gz?p%%

exane an acetate as uent s
Td\/l'ktu@C]:eB). updia=ke9 c(f4 r(abtogaz:tzld—],es(]—b ce¥l43wereld®eeded
(m 4H Ar-H, 7.37-7.30 (m 3H €%728724m
au K- rx H)0° 7cably/am’ (W Deb- %@kH):ha %He(iscor’ﬂr k&3S ses

and cu(l%g.feglz( %:55 aC(H}O%lAag)%g (ét @7(’% Mlzalsgggld?i)fled

atlrﬁﬂspﬂle(r(é qjonﬁlé?:&ﬁqg 1890.&), . 1297 ce]|.29 uptakes of, ths Sano-

M5 (ESI mz 237, (M +-0O 145 7, 9
PaWJfﬁ/]dar%xy*’%sz (erf"(e]t ) ]f\ﬁ/pﬁé’ﬁﬁ“atgylnherﬁjdjé“ was
W dd SRl tlQeO%éﬁmaaﬂ@%l@@egu'&lﬁgﬁ"s1@?190(15(1)@p@/mL in

ol ution of - 4- met hoxyci nnamal dehyde (162 ,
cuﬂm)lr)e medwm@ba@en@h@lmn@gayﬁrm% ﬁnatbaﬂfalﬂysqubated
5 ) chl or h . e
f‘?rea%t Pgﬂf% >?t0curf£’et}TZD A?I %lped do@%f e(‘r?’mg}[ufe }‘ cell
mdb T rThea§olw§Bhewas3remmed urdeh v&c:uasm gk teermed

resi urified by flashsiljca_gel colum
meﬁ'm&%‘d?%%g% reQi §§ HefanePBHd ?Fﬁ;g Tadet af 8MQ¥ et Hercess
%—éﬁéﬁif&fgﬂ{% %@1 M2 R ngﬂ} aéi‘;otl%tlﬁi (RG Sthel %ells

=15.6 Hz, HCS) 0-7.40 (m B5H,
Cet 1) we7e 36hEAB, Ficked IARIS. %O%-I etzalnoAr H)Jcl@et@s w@mlng

, JB =88 6.43 (d, I H, .
W%_)Caréflsaﬁ(?HZ%H“S&PE) Pkgci H&%‘;de@?ﬁ?@é )°F d hir6-
Di&d: @i A& B phk&hyl dddeTe (Ca), mﬁw (Cg) tal29. 7, faix?_ﬂlil.tate

128.9, 128.6, 127.4 (C q), 1261 114.2, 112.5, 55.4.
dersrpEsyiony of obBe( Npsapion gf, thgs napppantgcles in the
- ydr. It e yliaer ¥l DBLL
e Pt SY g Bamplel) EEOSTEEh ndaPraTyant 8 ot serettine
mewh tii h@n mefd i(um) {&bakbo r ociamaned Jdeliydere$zenfy, microscopy

mol ), nitrosobenzene (107 ng, 1 mmol) and cat al yst
(18.2 ng, 0.05 mmol) in dichloronethane (5 nL) . The
reaction m xture was sti rreglat roomtenperature for
10 min. The solvent was renbved under vacuum and the
residue was purified by flash silica gel colum
chromat ography u3| ng hexane and et hyI acetate a s t he

. P~~~
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129 . 6, 128 . 9, 126. 5, 61 . 3, 14 . 1 . HRMW5

(ESI) , calcd for G 2HI3BN (M+-O 219 . 0895 , found
wWQ@1i®8/1208094 . |\ 7-hydroxy-1\] r-phenyl acryl an per/S8t008/000097

(15 ng, 0.1 mmol) was added under argon to a solution

crol ein nitrosobenzene (107
W%rrﬁ%ei%"m Oga%lgr{s*& ?36. é@iﬁgpu% FVmid ) Swﬁter(n Supported
wiltiehl er on®dhan@ats riinme rENQn €agh4 é’@tmé(t Urenid@d®s were

stirred at roomtenperature for 10 m n. The sol vent

CREIFetoVEd 8oy aedium 0 Hhdxt H@%%spd&@lmwlmmdufu ezbom
o hssigl irca I ro to ph i n

aa% M(Letéﬁyl gcgt atsg%as thgngFgght g% f)é’ MW’S’ASW
1)3:Viewe®, 15(brs, IH OH) 749740(m 5H, Ar-H), |

658Ré9 J = 1. IH= 6.28 (br dd, J

SL%-e0 Hilowi Hto—diﬁg r73t61&d cgnfogag, mirmpscopy

i | &, 3

rfr&get?'z ovi.?;).he é@?%ﬁ@gig/g%c’lg%gézlu%}téﬁgz) %%olon

fJ%%D aaizscqlJ(mmCDwﬂSZ@Em)afnﬁz 84 TwoMheu®) ,irdihation
77 Iam 0 henyl

%hyd?%tw% opaFLIEL AL (1%) e 3 Fm|)fw&§°a’&81ed by

cmrrdmrrsaxegnmrtg) afsoiudljem: oﬂ4bwzq&;ﬂghy&m&l@@dqge L p1).
N-di et hy| - 4- ni trosobenzenam ne (150 ng, 1

FJrﬁmI ) Zéﬁd catBPyst (0%3]4‘1@39]@ nREIL)LSi n visualized by
ovh €I \PIrfTet Ragest S gy, - ZTB?f {)r 60§ oghg] ]j”nec\qvé%arttlcles

stirred at roomtenperature
13ve@isenbvediondén oy and Fhg. ré?s,(cdueslvms pthif iigthge

y f h silica eI col umtm chr omat ogr phy usi ng hexane
Oéz?\ndé yl %%:e g Hie ePHSEF% 14 (40(‘5°|\/Hzgf apditate
dJ)StlfdJIHS?llaﬁJ(dJetA%erﬂ *he 2 éég)ar%l'ﬂ)e b3 {br 8¢ éa'ﬁove

%9 755746(m5H Ar - H) 75 (d, AB, JAB =
Tty  shoys (gxcefilepts ) cellsc RoakeHz, otDCltrsa d OD-

ﬁé@?ftsif%%é% 4%"’8@9”“%’%%% %35 572 Rypohgng g race

off Eg;k)e rmgn@per(cwlcie@) dﬁ5 h2t, liped&/. its cellular
y- LV- dr oxy i met hyl phenyl
t%%oé% de]? Xﬁﬁ' Ot}1 mﬁﬁ’l% sttt igddededhdeir @ on of

QH—@aalomklﬂllchésOMZbeiBaﬁé’@@é@@r 1§§rnghe1d@m%h.)>p ént of a
Sldl met hyl - 4- nitrosophenol (151 nuy, Idrl

redgtavpdy (%J%Gr?gsfld 1 ¥waging n geehl ommedhage & litvery

systERe reaction mixture was stirred at roomtenperature
for 60 mi n. The sol vent wasrenpoved under vacuum and

the residue was purifi eiikdmylélBsh silica gel colum

chr gmat agr.a si ng_hexane and et hyl acetate as the

el uént & g‘ﬁkfp(%o %% “pePRayticyes yandgznanopagtimles
en&'aipsﬁlla*d)l.né 3t@1e( br %n’tll—'éﬁrng?l)r 7dru§4 7 do§%g&|@1c1n

3H, Ar- Hé (SS , 2H,
(hepgpforisc (%@em Cbal 3 §s: DX mqpaert(ﬁqles )CO) were

sy 4 460 byp B bRpo Bbcod o i (1)

(ES[[)icubErﬁ:zoﬁ4lwélVH- Ohrritd8 out05at7737°W Gf&'Lléw@ljf by
groghen}/}l - N- hydr oxybenzam de DBU (15 rrg 0.1 nmmol)
CO\WB ®553484"¢Rder aPHon G W uti &Y of pengaPdanydéno-2-

hedQ0iRBo1d 1)1 f nz
P 1ye o, oA X IR al%/lg?&%%%I4n‘hHP%9€§ ’??? fhis
exgiphRoienthRaremes aﬁLﬁhatTimseldeamt |Exmnml>et @r.e Was

sti d at m t enpey a ature f soI vent
vvas%gnor%edh%%dearr%a Witk éﬁldol{ rg1$| 568 @ )puiheregan
1mlagef Ica‘shtBeI ices1 1gel snewfm Y -ared D0 Ao HUS bRY Ht%’a\n D-
and \t/g acetate as the eluents. 1H (400 MHz, ?
nanoaarté 6S(bf2s anfiy DeRynapopgrticdes(ni62H, FA@ H) 3 (b
7.43-7.29 (m 4H, Ar-H), 6.94-6.90 (m 2H, Ar-H). 13C
(100 MHz, cOd 3) : d = 169.7 (C g, CO, 160.1, 157.5
(Cg) 131.7, 128.3, 128.0,6CAr), 118.3 (C q), 112.3,
112.1 (CGAr). MS (ESI): rr?z 233 (M +- 0O, 105,
77..N-hydroxy-N-o-tolyl benz am de DBU (15 ng, 0.1
mml) was added under argon to a sol ut| on of

A NS o,



scale with the bul k band gap energy of the materi al
and the final dianeter of the QD clusters. Highly

WO eoosnzwzent QDs have relatively | ong fl uor escREB®G2008/000097
lifetimes and are useful in tagging bionol ecules for

ultrasensitive biqlogical- detection and i cal .
ShsgnG¥t i AR | CHETONY éf}%ar%ﬁa%%egonggﬁ?i ohjFtel 44
A1 GMY L FHiWRy ahor @s11 BsoRane ot he@d, Filtpl I'PVe) aBHows an

symetric fl'uorescence enission and are, _
inptyst acherie add 3t sitabl omieh QDouanepatyields(fBeilpacedls

aof, emtted to or hed phot ) as: hi . 90% Thei _
WHig ph%ﬁgdegr%\gé)\ ioﬁq’%roatses ‘rgrgée c%}}%%{}%%glgg olf'®! box
ndridpgrttardnaLalé tinme hridlarsi.ng of sl ow bi ol ogi cal

processes or tracking of intracellul ar Er ocesses t hat 1

ar e Rrdte 13999 B i@ Jc%ﬂv"ent‘?%‘ﬁthB?ﬁa. fgges separately
sHdWH AP r%.soca-r%hefﬁjcpf&c%& havepot epti al staghepkase of

organi c uorophores as fluorescence probes for cell
tHeab@Ch 1l 2TaNli esll SinpesQad tare d novgalmder sohicdbatipay at

can b e expected to b e nore robust than org%i c
31 Cuoréphores TEEGIT? oVl dLHRGERFACHI IR & jgpd  DOX-
nd dogiﬁtfﬁ%lé%e¥6pa@igl.5(l(k&)e stdm‘éﬂgﬁlﬂ'e&iﬁ' view of a

resolution y el ectron mcroscopy. Thus, |um nescent
s i@l ar eedésistabtind | vordphelégatdpnbiof ofibcalaniopagitigles

a s their fluorescence em ssion wavel ength.can b e .
44 oRrihuBRET P PaRaA CF FUREL Moo hoa LT Tl & ovetlaying
idyaughey . t hepyi shblke and inddge tHe BBar igr-maregbarticles

spectrum "t hereby spanning a broad wavel ength range o
4% dDe-nBBOtem. i3 singlargehy philpcFédsi Adqji Ighows an
. exhi bi t. differ _\QQ¥ I t. orhance. ; i3gl ¥,
l"ba%/e uscffng tahenu éir 0 %@%sr.}gcﬁgvll%ng Cﬁ%?f é@gr?%gg{%dg?e noe
sEiges,célki ngl e wavel ength can b e used for

si mul tanegus excitation to detect different optical, .

act i1 €8OVA t Fotight devil ittt Bgﬁtngh?oﬁapnopartlcles
ad obegicak vhakeldiR@0pensaHpi 8eW FRssidihgt besikery into

mul ticol or detection and di agnostics, QDs thensel ves
calks nofFumhhermeokublas Aotrasiddonpht il mngdeal optical

chemically stable d . unct i
p?%‘?e%%%/%‘?'en&%o%i%%a i%%gwg?ﬁlglﬁ%ﬁg&eggl éj?&%] é%{/l%n can
bd hRseipeoper bisesieltihe Al ihddty afugbs afrer rhirol fdgicoadscent,

application is currently limted. H gh_quality %s (in
t}f%r%-%am%ﬁ%%%lwmvfgfe%nalé?z@naﬁggP#gﬁthan)a g9 or a
EF@%L_’ da48n PORROIR 1 nts oM tihdygbephehine b d
tlﬁ%ﬂ% ngs%gu?:gggg tmr%l g?&;%%ﬁ%sgﬁﬁﬁme {o};(i dg (LIJ'CPO) . ° uee
aowev émagjidrppholies coathoigserary neyssemnt-abl Bhepr Qbse are

i n,viyo. Efforts hayv een nmade 1o tfac di ;
P s 2 Pt e  naEdHovs f T SR gL & dT5Hcular
dithe surgessfryl Us@sBeln (Fomsultot@npatordl eimaging tool

fluorescent probes or biomarkers. However, surface
deipell pPBaRt onthef OBDEanePaEity CdefeffdhtPonUBRE &Fr adeedel
S?Ql? S'i:(r?y é)ffu thgh%eéggtﬁ‘%?tg tcn? % I&}f:tli%ulate drug

alfored to Interact wth the Diological sanples

deliheryt hsgaghmel et r dstaatiingy anttodyydr agén- Bondisigpdy  the

interactions or. through |igand-receptor interactiaon
SUHERP RS F¥r e?gnplé?“%vicﬁ$5ﬁﬂQﬁ% Lt nt ePRETSA. THSTe 20
chayBshegni seMRabdhes undertaken on the surface

nodi fication of QDs, such as conjugation of

nmer capt oacetic acid (MAA) and coating of silica on

ZnScapped or -uncapped s, which have proved

prom si ng. However, a disadvantage of QDs capped with

smal | nol ecul es, such as MAA, is that they are easily

degraded by hydrolysis or oxidation of the capping
ligand. Silica coating can be used to coat QDs or

encapsul ate QDs to forn1si|'§a nanospheres. However, a

di sadvantage of silica coatTng requires the surface of

Q@Ds to be nodified first with special silane

surfactants. For biological applications, single QDs

o o o o, Y N o
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into a cell of the living system In one enbodi nent,

the disclosed particle is in the nanoneter range. In
W@pWsanoddi nent, there is provided a fl uoresceP€T/PGI08000097

conprising a quantum dot encapsul ated by an

anphi philic polynmer, whgrein.the quantumdot is

capabl e of exhibiting f ﬁSFggge ce. According to a

secoritk asppetimbhest pbyopeavirded ithemusgof 2 Rant ixchire

conprising a quantum dot encapsul ated by an
dupolidiid | €opol §mek tferent uerbbcdrtepr oppecifically the

ageoUs] Yy, IS t i.scl os particl

nﬁyﬁglused ais dlel%ﬁer%ce%%%n?% o&ﬁsqé}a turﬁeg@t salalnnoe cgﬁCI-
HIFD Bf fRefiewelyg t akentapFby. c6l | §iGas 6obseweed Hey cdréycal
ffdgggvo fl uorescence igagiggl . Even | .

T eadvatagedadfy Castas r EDGrarspagticdesntéZerptake in
Namptalom 9 t Beldissclasedipapbl destABY RIS 1S Ye-a8%18 were

nodel system for the study of cell-uptake behaviors of
taked por{ykREi c 3pard i chesr whinetibedridre usedicod swiebn QD-

t ;S84 | yaer ngi_dat for non-fluorescent
naﬁ?%l\%l%ug%de i vef@ glr?g%gg'f}étdr o%;VeGC?%rf%eagseFaJE?/Jerﬁg of
numreaisadMariiyagebusl y, the di scl osed particles may be

in various bio-imging techniques to study their

use% .
bi o ihs?trﬁgaffﬁonr%%l?%t Jafear thathvidie tenapacikicles
arhet arehani B apdiekfl i Cagy «Qh1€r WO 6f’§§%’eg&¥1 C& Hdteby
cellular |evel and also to evaluate the polyners use
POy idevel dfadt f i ditevt drarg deldower y déwiroghorAscor dirnes .
i.rd a ct, . there_is ovi ded. use of a particle
F%ﬁ#é%%@?%ﬁ a%%%an?ﬁﬁygotrgﬁaggsth%?%b%%??ctgﬁggtthe QD-
naewpapsildtead byeanrappst phidivepallynmeboier gapEhroldad pe
dﬁ?,ease of said therapeutic agent in a patient,
aRRheRE s A ifiksRtuRdot i¥Pesapabl e of being optical Iy
detected in vivo during said rel ease. Advant ageously,
the optical property of the quantumdot may aid a
medi cal practitioner inExaheleiming the efficacy and
nmet [ at hway of the therapeutic agent as it |is
adn?%@%té?gﬁ ﬁ%gﬁﬁﬁﬁhnﬁFogﬁgeaﬁgﬁ?beas P9merifal disclosed
nafopardiing efs0 fof OdrLY asPeGiory Nk e in% RRAYadeH ain this
met hod of preparing an encapsul at ed quantum dot
eXeBRAEI-sifff e "G pPBf tPnEradudi (B »arthueoash sehowat the
DOKO a t d i A xtu i nphiphi I i .
O§o|yﬁggﬁﬁfﬁﬂg|3%ﬁ&?hﬂ%n o%%%%%%ggo V@nt tggthegggﬁlatlve
pepceditpoeat @f sdiodapol Yor randaerdapStimt BOXahdngpantifles

. dot.. Al sqg, disgl osed j.s, the use of a particle _
lnco%%%is#ﬂb Z'%uaﬁ?uﬁ#do afi§ra ?héFﬂ%éﬁ%i@fag%ﬁt days is
chefe¢apsul Biedabyuar asPhiaRll | £ RO YT Wb td& e rmined by
manuf acture of a medi cament for treating a patient,
SPRREFBIL A USECHGEA St uRrdsErEBeRApadf e tdfe beaiedgassd cakHyun
e j 3 Viyo._.j ' ati_ent ri ng sai,d rel ease
O R e apbo R A s T e T A A PR P e
orfigdmadancemaandt t heof her dapeayt i c cageisumytdee anin DOX -
n anti - anger drug. Definitions The follow ng words and
2PRPRE “dSe&5herein shal | have the neaning i ndi cat ed:
Theaberah” GearideR daiom ithd ordig, Y erpr et edsbrogdl ¥ et oy
i ncl ude any sem conductive or netallic nanoparticle
totRat drsaggpattl &BF vwad t3lawlia tégusexd ghadm Jae 2 to day
par ti,cl e size t oparticle is typically about 1
15hn1?gﬁa ou%glo %mﬁﬁﬁxﬁ§$e Y@%?caf??pﬁgﬁs t'Han ﬁBﬁg?lﬁlng
praimhgedboitieddbeun idheeshape of bDOR GuaNkUMWPfedtS. NBbre
i 'teg and may be in the shape of a sphere, a rod, a,
tmgprEant lyy, Lhege F9eS Gt mICYeonet rieopuitability
non- geonetri c shapes. The colour of the light emtted
by the quantum dot depends on a nunber of factors that
i nclude the size and shape,gf the quantum dot. For
exanpl e, a gquantum dot mﬁtﬁ a larger particle size
emts light with a |ower energy as conpared to a
guant um dot nmade of the sanme material but with a

o s - ——r . o T ]
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broadly to refer to a polyner that breaks down into
ol i goneric and/ or nononeric units over a period of
WQ pe98/1210ypi cal | y hours to nonths, when i npl ant BAI/862008/000097
injected into the body of a manmmal. The term
=biore P is. to be interpreted broadly to refer
of o8 pERABE Bhslde Bar RakPPee" phbacty dedease ‘and also
asretnezols z&€dr ncvinteoconeexchetigd feoanthe bodyh¢/i &canning
at ur al pat hways . The word "substantially" does not
S EXCHINE MEORATEIRE yas esliown EBnpasi-t Pdr)whHildlusitsates the
degubsd@ntd aldy f3ee’ 1 ey, e etely fIge |
fromY . Were necesnsarc&,‘grt le@b\//\%squsu st aérai]li aa}%ﬁ rrl‘eﬂ/ a
phyeswivd tedeh fraomad headéheni (PR®) oftt he pAvesti N4 at and
nl e speci fied qQtherwi se, the terns "conprising" and
ta%c%eﬁ’%%%lge',a%ngqg am&gecﬁo aé_rft‘gl t"l’ﬂeii'}ép?r}e use of an
anggted g ienided ﬁ@lﬁﬁ@fseseﬂi_ "ORE8ApsQiatbNCIdsd Vei110ws  for
| anguage such that they include recited el enments but
SUR D nfeleaeeusifonD@f aadiai eaakrodhedcinather for at
1& senE s 4 A used, hengl the .term about', 1n the _
cont ext ofaégonceﬁ{lgaths)gr%s()po e‘Lclc?rrp%f‘]ﬁ%% % &f t’?@( Qends to
rerltul ani ensfastypr cakllyaseansron - thé @fadthie 1 ahgdrix in
val nor.e tc%/.pi cally +/- 4% of the stated value, nore

e
tr}eypﬁffgyr y HAdiag of oy gt Apdduysl RE Rorecryppthedy drug
det/i ofyvthemstatedryal eMen iy e Sty pi + - 1%

ofl-\ie%? st%t ed val ue, tand%ﬁen%@ ygitfcacjilk?@ﬁér%/- 0/67.e 00(9Se
ahﬁvqf@h%téf@@a@ﬂqméqalﬂﬁQiﬁﬁ&mmetl@Eebisclﬁhﬂr@wolonged

rtai ' be disclosed in.a,range
Pl dt R o T R TREE PReRuEEEMER: pgn aru
lavelr angetHor theérapenel €l wihabwC FeHeneer andeBr eVhkY are
and shoul d not be, construed as an inflexible
thS edPronPhRTERRIELBRE oFOF helailarmant r afgesontrolled
d oxdi pgkyy t Cr in o9 5 r e :
r'::&o@risi der ed ¥o %gsvtgﬁipe?ig:‘b:oggllﬁglgi'sgfgge?%%ad%{epmflle

shewssi bltdagub- ridrees asDWthamspandivlesal aveeri calitable
descri ption of

. i thin_that range.. For ex | e,
ca\afll%lrlg%gcg\gstg% &8s H6m° S%t%c} grélﬁoﬁ%gplkygré’oﬁs&énbd to
have specifically disclosed sub-ranges such as from1
to 3, fromlto 4, fromlto5, from2to 4, from?2
to 6, from3 to 6 etc. PRRII@AtLQRS | ndi vi dual nunbers
Wi t bR t hakchaags:, ! - 34
and 6 . Thig a%%IQi egg?ggggglpeggméfltséggbr 8adéﬁaggu{“hed0t
encapgdlabeslc bys are afiplCpphohat pobgderenty Benpded Yas an
-lLimting enbodi ments of, a particle conprising a
Opgggﬁtlurﬁnadro]f nédpslit bt ed b@h%n%_é’l‘;pﬂﬂpﬁ‘rﬁ%% pOFyherot the
amphlibhaowcbgodiye@iosedy Ihe Rar tihel esdmib P8 Lt 8151 38 the
in the nanoneter range. The particle may be
enggRSLAALRPEl | JUaPHER| GHtS nishape. danemss emegdiument while
thedi,gme 0 : ub L.ally spherical particl
renayn%eain£§%e ?g%ggazelé%?ggk?&on??hegé?OUBHQBEEWstSﬂﬁs'
Fupthebootre50 mimet o beilvaempEG bim i tabow £ 50 hen t emphopPhilic

Ogoo nrrE1 a%gut 50 nmto about 300 nnt about 50 nmto
PoapBht 266 ﬁ‘}‘_’lyab‘?b]tﬁE 5B RRPPBLaBEutPEOF MU doueradke of
themdie kel 30016 1&aboHE-1Q0 sumio akeut, 200 ”Eﬂisglosed

about 100 nmto about 300 nm and about 100 nm to about
PaxbdCAm iadvadmbybetergd the ali meiwséd rdropaiotomhpstible

: b 300, nm.in _size . and are
am?ﬁggg?g?% %8)913}5%12 @%& G5 at"c AT A i nBbr R atgast
rednogngpr atryg stlsiteery adnddagra8atsohorooRaRRAng of

drug rel ease. The quantum dot may be substantially
hydr ophobi c. The quantum dot nay be nade from at | east
one el enent selected from Goup HB, Goup IVA Goup
VA, Goup IHA, Goup HA or Goup VIA of the Periodic
Tabl e of Elenents. The quaptum dot may be made of a
material such as, but not Timted to, CdO CdS, CdSe,
CdTe, CdSeTe, CdHgTe, ZnS, ZnSe, ZnTe, ZnO, MyTe, MS,
MySe, MJO GaAs, @GP, GSh, GaN, HgO HgS, HgSe, HgTe,

~ o~ e —— o o ~ o~ o R
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s, poly (valerolactone) s , poly (hydroval erate) s ,

poly (propyl ene funmarate)s and derivatives thereof.
wabmspoloyest er that is a copol yner of |actic amdr/SG2008/000097

glycolic acid nay be selected fromthe group

gnsj.sti.ng of (D-lactic-co-glycolic acid), poly

t%ﬁ- digaieted gé%o]t%e 2y df%&ndfe&a%}ﬂ(q&niqq%ﬂal system
o€- €ReOhy¥e@kic acid). In one enbodinent, the ratio of

| actic acid and glycolic acid in the copol ymer may

r angener hhseesedl :par tickbonay1@ekve manet herdel system

nmbogdj. gent he_bj pc | bl.e polyner may be a
t C .
ﬁyd§g§§? th%ar%%¥§I8 n%%¢uﬁ%?i%%%?¥§ed0¥ing%?, disclosed
paehiiciei c @y stawntshmped pohyestel -ufbekbi oeerRALIRl &f 2
%ol%ger ¥a¥§ge a pol yester having a nol ecul ar wei ght
V3FabbuPl1 660 B Hscutthdp, ooBPDhse| khengame type of
q€aRegh Teriot 4 he chi-aeamnatihl e pol yester, | rrg}y ,
L-|act@c7€B-g|y§o|i% ey PR T e BREdST L iBP. test
appiphPhl 1 ¢ crpbypaes, mhehdiecaobpdr ppirthicd dsnrem ¢er aised
ur d a_hydrophilic, oyter skin. The i
t yd%pp ! igg%htéF%gki%mg l?ﬁéi%?oc% 4ffbfe @s potential
canphilptiesd | CEPO| yi®i- fRYo COfGURSe dyely ORf1i¥ery and  for
functjonal groups. The hydrophilic functional ‘groups
CORYT Bl SR Bet®FFrom t he group consisting of hydroxyl
groupse GARIOr BUPS; h r .sul fide.qgroups,. .
ester groups, eﬁ%oxg g?%ﬁgé,g%ﬂgsgﬁgﬁgﬁ%%ro%pg?%xaﬂ%dtlc
aghos phinnythgr quipsse swolff oaydnguoupkt sul fASybrdi0gp$, the
sulfoni¢ acid groups, sulfinic acid groups, phosphoric
d%ﬁ%l %ﬁ%uﬂ%?rﬁﬂ%giho?%ﬁs %EPatﬁPﬂupég afi nGgidoupelivery
veriale. gr OUTSe OURSQIIIAINE ANMHRS 48 0T BYBS gald comparable
uat er nary phosphonlun1$rou s . The Tnner core of ‘the
Ceg“i]db]cﬁﬁatlﬂﬂeé‘a&ﬂﬁ}ﬁﬁph@m Cﬁj%wntrm?edénr@airseuptake for
bdBHr @phobi j onal _gr s, . The _hydrophobic s
funé??oﬁgkﬁ%%%gﬁéiﬁgyg%g gg el gap F%ﬁ??%g'ggguﬁddltlon'
thoon®PEtnagophrkingéas aterwraschete@l kylstarowes, ralddse of

odps, _al kenyl groups,. al] kynyl groups, .
D(%{ kﬁ‘?ﬁc?ﬂ}l gﬁi%éldgfio@ﬁs’ﬂloé{;bs?}?‘%% ebhor dhfsdpsert meagicle
caal kyleacnybat ergr esp And & kyl aEMErQ?Qgg?CCTg ent or a
y

anphi philic polymer may be a pol yeste atton
c et | Rfonetepmrrkwiehe, Hgenicl yesber polgcationas

: r ' ck -cqQpal yner .conprising a
© hygr ol)é)%ﬁ:ldgp%o 352?1 gdrrq{%oé%}lb\genr e %5 hydr ophi | i ¢
pol yitet i oti s¢ hosedt hparembodi merty, therpelyest8hprise a
hpol cati.on copolynmer may be a graft copol yner
@&‘?éﬁugilﬁg A9 opRobREmpBFYESt eFiter thlsh siwdrgum  dot.
AcaaRRilly,C ERLI QN RAIJIAD. pgpeie%yql@gy%g{%% as an
oly (L-Serine

. selected fromthe group consisting of
irmggii@grgussied (segi ndedsver)y, potgtdt-|ysi me, pepkycal
l.ysine) -, | yornithine, and polyarginiine . |In one
pr%%%g ?heﬁ%? t%%e%ol€%%ﬁF%ﬁ5 wquhaJ3¥é wﬁﬁéeﬂlarf%ﬁigﬁﬁsy
vishadhaatt iS00 e abawloy@c000. Theqdingc! eged tpart kek8polic
Y further conprise a therapeutic agent encapsul ated
pa@' e QhpRihidacy pefyreie thegapeawicdi asant tien the
di8E00isell bG Relkal TakislcARIMALE & Hadhne of the
t herapeutic agent and quantum dot therein. e
t hePAdyeutiag cayenty , mehhec orpmisster ian Ahtbcascencagent ssion,
g t not .li.mted . di deoxyi nosi ne, .
oSO st SRR g ket SR Spar Fet ion rates of
thdoxguahtain,dstesin@nuliei Borl - darai@Ciniowd SRt hBng-term
thotrexate, carboplatin, oxaliplatin
re%&&ﬁﬁ@?etmﬁﬁ%ﬁﬁr%W%loﬁﬁbspﬁhﬂwdebﬂﬂﬂqgkﬂﬁﬁmiprovéasas,
al kal oi d, taxane, 'vincristine, vinblastine,
vi nor el bi ne, vindesine, etoposide or teniposide. It is
to be appreciated that the,type of therapeutic agent
used is not particularly Iimted to those nenti oned
above but includes any therapeutic agent that is
suitable to be in an adm xture or to be coupled to a

. 1 . — o .
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The di scl osed particle nmay conprise a m xture of a

guantum dot and a therapeutic agent encapsul ated by
wo bmsamphophi | i ¢ pol ymer. Advant ageously, the BPOCBESCEO®000097

particle may be used as a drug delivery vehicle for
tlar\%r:r]i(nri]str tiorﬁof the therapeutic agent into a_manmal .

e Jbi%dé)gra Tor° .u]tanre Bﬁﬁﬁ?ﬁﬁ?ﬁ Cpotymerliln t#eeling

stadi@s oy Ny adt | Pobbeplel 8aTH of:ohk}@nﬁ:ti‘%ﬁﬁgeu&fganic

agent at specific tines, leading to a controlle
1P RO BES t herldpeaditt dgent thas dheciheedpeatritd cdgentare

isrrel gased int o th yantumdot may aid in .
utie optglgcg{?eé(fg% eE{Ji %ﬁ%g?g%%éégf%%ﬁg%seuﬁh@nag%ﬁ%/di |rv£})l°
iragimy teipe riedgaismof stibe t her apetitd Se@gefive T ological

di scl osed rticle conprising a mxture of a quantum
d%%‘?cgn%f.] aal‘ls)(ﬁe‘ll% et cgg@%'h‘?s%%ﬁ%psul ated by an |

anphiphid ¢ £g Qb YT My ebe H@@éjiﬁflg@%er gAe %Eﬁing the

i nhi bitory effect’s or therapeutic actions of the
fieregrende ayenision a Yavresigroth crabr gére smpuantidre  dots

| Vi he.forel gn_m.croor ism be
ma%alcr?gar %]fsnéggl %‘ﬁ%.le%?ﬁé vRTES ?gagaﬂs%gagg’?gﬁ)g gjlows for
titd seaseclosadnapaekiclhe t hey apRut i gs@genti Ny I@aGtaging

wth the forei,gn m croorgani sm and may be taken into "~
AR G iEh idoo? FaRFem Byexdksdiivhgovke coheurimaging
p&hange 4, the quantum dot particle over a period of

time, the therapeutic action of the therapeutic agent

on tthe themigre,.m ¢theor gahl sty ca beodetreim oed remitdiflate

L recovers fromthe di sease. The discl osed _
t}{pgg???%?eocr;gygﬁ% ﬁél&élt%rﬁ%t nmelhdtf FPsitff4te dfeghe
endfss i OsifiCa NGrafie2@dQ0US 190V IN dri s RANEHML AL g o

m xture W th an anphi philic polyner dissolved in an
CHYHHT ¢ IBRGENt ViES YELRST el§oT el i at mavhe polgwer fand a
1/NcapsyY & The hod nmay caonpri_s
Pihe step oJ? C‘rjﬁb% ng t%%%g%%h%gs%ﬁ}énygw&ﬁgt R&<es %o be
sigqudrftanrmcdotl v n erodtird widing hea anphhghel | wapellyi@fth to
g iesscolv. in _gn organic solvent, to thereby forma
etvv&-plﬁj& < erﬂpdtgd?_ WSt iGi%gani ¢ phase and an
aquaekes phaseumM ¥b88 Odnddies @OMEONS 15P! Ut %Eh%hi hilic
organi c solvent to generate the two-phase syste mg)y
PHYTEHS | BdS64PSEY sbarebti mpY hacidqueegsdrgante use of
At ur e for t. 3 m.nut .about 5 m nutes. |n .one
S0 inénr?t%l,lftq%%%tlloke rogqui%raé%l% r EREPESNI Cati A %%éﬁnal
commyinige ¥ayperaboutTHerd fukes t bhabelils A d8gt gsrt A6168Emay
b arr%)hi lghi lic E‘o:kymsr encapsul ates the quantum dot,
SWhTRRITE t5hi BaKPy Y dFopwRaEee i hongqnentimnal methods
thaydaeRhiuldee tra) a3 rofr the RRIWTER PIaf i Y
away from the quant lfm dot@)\%i e tyﬁg h?/xcgl?;pdn%br{‘%ﬁtal S
of tH&Etpeeme,prefbi kat icainventdvaalowgndnthe qi@nd umthe

-dot e iti-on of the agueous sol.yent to the
dl%(raégﬁsigg 5251 ven le%aylg%%ug gﬁgcgf?'ﬁﬁi%ﬁ}éi‘ilei @T5bI§vgr e used
inl ivdwiod to precipitate. During precipitation, the

hydrophiljc tails of the_polyner that are further away

fr oM EheP kAR TFA dBRTEAE 186t ey et RATRN tRERDUSLY used
inSQiMedy ERETERY eneapsHl AHNIERe gy 30t %:ﬂﬂ{\ lation of

Accordingly, the particle conprises acore s eLI" oti—’
pogyastdm dorampparanchbeser iski nmoensi stympegsof @ i noebrs.

[ ic | ymer. rtign adj acent the quaptum dot
AcgégdgﬁGg fer%ﬁﬁdpgﬁﬁgﬁpgegol?ﬁé?lﬁgﬁﬁioWagdj EentiSERe to
deitemat nby drephobiek tRAIY MEANQOr tp@radlhechydrophid i ¢ ce115

nature of the exposed polyner tails may aid in the
thigpghprrtz dilion berYt HeuEHeG p&@Itasda sdwant urhrdoembpdimsnt s
aqueous sol ution. The aqueous solution is typically
water, which is an easily obtainable and cost
effective solvent. The net 9d may conprise the step of
extracting the encapsul ated quantum dots fromthe
liquid m xture. Extraction and collection of the
encapsul at ed quantum dots fromthe above two-phase

o o oy -
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Fig. 2 (c) shows a confocal fluorescence image of

stai ned nucl ei showi ng individual cells. Fig. 3 (a)
wabwsg2@m7ronf ocal fl uorescence i mage i n CCD 112CoSGme8/b00097

lines after incubation with a m xture of :

QD nanoparticl es_and DOX- nanoparticles. Fig. b) .
wheRBne FLEGHIGeAT 13 0P RELEAREST nHEHEIF "6t A% 1S
enggﬁ%ﬂ.‘gtéﬁd' yidual Ccelhshidhiaid E1aavs thee optical

Istribution of QD-nanoparticles in the cells. Fig. |
pr8pdyrtghowst t h&hei st gisdntiwn fotDOMmaropartd cl s iRedheal

x4 TP 0ol T (T AV 17 off Ee GD T12GIN ce Aot ic

ackiBas)oaf tiefe | RGkhablednt iW t Bganti xdur ehef cancer cells.

QD nanoparticl es and DOXnanoparticl es. Fi g. {Hégé shgms
Thi Re N@s BALBU ifOF of OB IRNGRS (1 GHIGH <9 Lof| may
enEb¥e 4fi( Che FEQM_ db%EE}QHEbQQrOf +DOXa panpReLt ,cl e8ehBify

a single cell. Fig. 5 (a) shows a scanning el ectron
caniceroseope. {SEV pmagergdiusvfata ngamhel deprfddaing §fom

DOX- nanoparticles. Fig. 5 (b) is a graph show ng a DOX
Cap&féase profile representing the percent of cunulative

DOX1kekeasedd rappdX@athanapartdd €1 @ss . othgr oahoisaaions

confocal fluorescence image of the OD-NPs uptake in
anNCladap2ed iess af nelse af PEPNEhEDbAL LN O tapparent to the

an ¢l es. Fig. h S I C a0 ;

ST S PR i R
di8cibeus et he thehltuldapauptiale foformuzg wpotits and scope of

encapsul ated with pol yner .via endocyt osi s, and
thiehv atf FRR T B of e cEBY | ﬁémrﬁh%?ncécg. ghgﬁoma]al such
modiFRldafi@6 Pr 96 S addprtGhard 8bmé hevirdird | eHeeradsid of

i cation solvent evaporation nethod for encapsul ating
theDs:ppenPleGAC 1Bdtmsi-l ed Description of Draw ngs

Referring to Fig. 7 , there is shown a typical quantum

dot (Q) 16 having a core-shell structure, conprising

of a cadm um sel enium (CdSe) core 26 covered by a zinc

sul phide (ZnS) outer shell 24. The ZnS shell 24 is

conjugated with aliphatic hydrocarbon chains 22 which

are hydrophobic in nature. The hydrophobic aliphatic

hydr ocar bon chains 22 on the ZnS shell 24 of the

guantum dot 16 render it insoluble in aqgueous

sol vents. However, after being encapsul ated by an

anphi philic polyner, such as poly

(lactic-co-glycolicacid) (PLG) 20, the aliphatic

hydr ocarbon chains 22 of the QD 16 interact with the

hydr ophobi ¢ functional groups of the PLGA 20 to forma

Q@D | oaded pol ymer particle 28. The QD 16 is

substantially | ocked wthin the polyner's 20

hydr ophobi ¢ i nner core. Advantageously, the

hydrophilic external surface of the polyner 20 serves

to facilitate transportation of the QD | oaded pol yner

particle 28 in the systemc circulation of the human

body due to its increased solubility. Fig. 8 shows the

proposed nechani sm of cellul ar uptake of the QD | oaded

pol ynmer particle 28. The QD oaded pol ymer particle 28

is unable to enter the bilayered plasma nenbrane 10 of

a typical cell due to its hydrophilic (polar)

functional groups on the surface of the polymer PLGA

20. Accordingly, in order to bypass the hydrophobic

pl asma nenbrane 10, the QD-| oaded pol ymer particle 28

must be transported into the cell via the process of

endocytosis. Hydrophillic interactions between the

pol ymer PLGA 20 and the plasma nmenbrane 10 causes the

pl asma nenbrane 10 to fold inwards and surround the

QD | oaded pol yner particle . The plasma nmenbrane 10

eventual |y envel ops the QD-Toaded pol yner particle 28

conpletely, thereby form ng a vesicle 14. The

Q@D | oaded pol ynmer particle 28 is thus transported into

o a A~ o "
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freeze-drying. Exanples Non-limting exanples of the
invention will be further described in greater detail

whoosatiwience to specific Exanples, which shouPdI/fG2008/@00097

construed as in any way limting the scope of the
i nvention. Exanple 1 Quantum dots encapsul ated PLGA
particles were prepared Fl’raf-ﬁ'é | aboratory using a

difihe Lf i | oLV p t
e R e
wi t h &dSemplstplei tocepoaywent eri al and ZnS as the shell
material were first provided. 40 mlligrans of poly
(lactic-co-glycolic acid) (PLGA) from Sigma-Aldrich of
Sb. LauigaofiMssey i cohibe Unht edl Stat e, ofwpArRyiircathe
was mxed wwth 2 m| of dichloronmethane (DCM to
pr epafieaRt PR AP DMV serhehant ApshY 2ydrerhpBLE- 15
mlligrams of the purified QDs were then subsequently
dissolved in 2 m| of the PLGAN DCM sol vent to form an
oBganic pdmasieclddbay 24 armedof iR Y%Whympol yviwhdrein the
al cohol éPV@%I di ssol ved in dei oni sed v\%ﬁer was used as
an aqBBBULPPhLLE. PAPYPEXi it BFGCOMRAL 181 St he or gani ¢
phase was then m xed with about 2 4 m| of the aqueous
phase and the m xture was subsequently sonicated for
about A9Partick¥er msan cdidlimed waner céalmsi dn. wherein the
Evapoyation s e ied.qut [ h
il PO OTEE TRk gn S S 1 #ng T eBout LAy ShE o 9%Ou
renoveohbesorgani ¢ ool vemblydseeeaf t er potllyg opahidesites ) s,
were coll ected and washed. wit h, dei oni sed water for at

| east PSlYP%gdGFgeéent r?‘?h@é‘i“?‘b%? Fi"ﬂfallq)ys,' thé’_c\;ﬁs(lf?éﬁudo
parti ghesoweEeqal ¥oPBhki g6dyBrobbaGZendsYi Ng. Fig. 1(a)
shows a scanning el ectron m croscopy (SEM i mage

depi cti ng PLGA pol yner encapsul ati ng quantum dots

(pbenceforth referred tqg _as nanoparticles) fo
fEOm heP 3t 5tF 02 ed Trethéd st 16,noogiarlrggn?ficwa %%eﬁﬂ‘ the
The ngpopaktiel es tRuUSJ@dEfkGmNthe geetpasotis3creng, of
substantially spheri ca}_:qilﬁoarti cles with_an approxi mate

o 300 RAMLYEFGYCRLEB) fudieh) s

di anePelyéfaghsat 10@
shows a f art | di | v i
wat er .CBE?S.%?%%) B?h%&%@?%’éﬁe{%%?e%?ﬁaﬁ%%% rSEmers
wat er ofi | Laof hat ezndy alydolbop.add. With) rsHowetdhylene

fl uorescent m croscopi ¢ i,nmage_of nanqQparticl es _
showi ﬁgyFR;t) 't he par ng'é§_%8p|rr?lg§§ton gr‘ﬁ’bi t poly (3

fl uor ageeB&9butiygatkfB) shows that thgolybutyrolactones,
QD nanoparticles can be honobgeneously dispersed in

wat er POaNBrBPighBFFOPESer escent as i n BAlY (A CX@RPre) s,

Fi g. ) l.ati on of [

PLGAp P&%é?’a%%?%??n%%g%z&ém cles %lﬁﬁﬁ renc elresratthee)s'
Qs t pelwdbeppgilsper Subialriatty ) seguidr el rfiora thivelsogiheadeo £ .
applications but also maintains their optical

properties such that their optical properties are

sgbst ant halt Yo tOMay abhaitedt hoge ©fai@s 4t hakhbayennadaid
been encapsul ated by an anphi philic polymer. The

nano- parcosbes ihdge PHLY®Ssebxdrfpl &1NepE WedSEATrt Hhaped

follo | es. Exanple 2 Human col on fi brobl ast
cel | s\,gog%ﬁgﬁ%ggCON (CRL- 1541, ATCC) were mmintained in

Dul becco's Modified Eagle's Medium (DVEM from
Sigma-Aldrich of St. Louis of M ssouri, of the United
Stat e oP2AREFLBa RWp i EieiRLd W t F12AH f &ral WBOETHR the
ser umyiEBSlpat1®18M pediumRyr UES%@L?meQ- 1hE¥ a molecular
non-essential am no acids and 1%

peni civeliightstfrept edppeitn 1s @O iDen, tarmdaif thid® Galdilam

was repl eni shed every day. To study cell uptake of
nanoparticles, cells were seeded at 2.0 x 104 cells/cm

2 in Lab-Tek chanbered cover, gl asses and cultured as a
nonol ayer at 37 OC in a hunTdified atnosphere

contai ning 5% CO . The cell uptake of the nano

particles w as initiated when the cul ture nmedi um was

o o s s A Y. Y.
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system Exanple 3 A m xture of QD nanoparticles and
nanoparticles encapsul ati ng the anti-cancer drug

wa@izoosneaorti n (henceforth referred to as PCT/SG2008/000097
DOX- nanoparticles) were incubated for two hours with
CCD-112CoN cell lines. Incubation was carried out at

37 OC followed by counterstaining of nucl eus by

4 - 62D amigii R9=2- sphenydiniol o DARLYm Fhe @heterml the
utilized for this exanple is the sane as that used in,
Exanilie@npattié respd t ge st er sRewWMes Fgy. 23 POy lartic-
(a) shoy an]ng e.%{ the cells show ng

co- | 6Ca92at9 o 6 Jbc;t'h Dnanoparticles 42 and

DOX- nanoparticles 46; Fig. 3 (b)shows an i mage show ng
the stained cell nuclei 44 distinguishi ong C@Al fio
F-omParrRHerclFiap B JiedHAWS T g’ BT T T He the 2

di strdbut i op; of n payityd e 42cid e8hlgssWhidglm 1:10
Fig.(%%dgégﬂ%§5a§%§ %ﬁgtﬁﬁeﬁgpbﬁ:of DCKnangparticles

46 intdahddckel|s. Referring nowto Fig. 4 , the three

i mges separately show the confocal fluorescence

i mges of a single cell of the CCD 112CoN cell lines

afd era-a dawa-ikaw kBCubR4imed atiB7Clwiivh &,m whareiof the
@ nanoparticles 42 and DOXnanoparticles 46. Fig. 4

(a) ShiwEcEPaant S | BRI ofC £ HFe RF as%&m@h"blc
co- 1 ogcgl ' AP td - cuter skin.
DOX-ﬁgﬁ%%§?%+%§¥§§Eé§§ V|sgg{f§g{ bjﬂgbgFlaying

i mges. Fig. 4 (b) shows an inmage of the

nanoparticles 42 distribution in_a single [l .
W 1 R PEGTACS SR HTimge of (pim 107 Cwirein  the
DOX- Ngp@P@bihi £1€s 4tdisst rishdinl oncbfipaisiesgl ehgekbphilic
The above results indicate that the nanoparticles are
ef f ecfunet yverabrgrouRarriers for drug delivery into
cells. Furthernore, as a result of their ideal optica
properties, the extent and efficiency of drug rel ease
cep. be mnitiaried as weldiméds impstldimgsl iy e wherein the
non-fl uorescent, the na o&articlesé mhﬁn %Eéofrom the
encapBYPEPPRYL AC df WCHE OB t h@F RPREt RFESagent ©I i
admi _X%%spw tinkhet@Ry, oan hfdssd/BS ghoups, carboxyl
I magi ng- gui ded chenot her apy SXSten1 When QDs are
appl i edoapsa ebder efodpsg ovlhide| gerpsy §ster groups,

particyul ar_drug _del i very.,syst or ' or . [

t ool aﬁbSngne%¥?u¢%@ Cﬁyhéﬁgggb?icrgéﬁﬁin'be Eggggggayl
a nmodgkogpst emuiEosiyudyy e sf,easibfinyy gtompy, sulfonic
particul ate drug delivery system or inaging togl and cid
to stadydt B& o8Bty aUiiyiGE "ahe ADRHPRIT | PECBBIYREr &S
an eng?BﬁEL}?t' Egogﬁhgfkb@g- Exafmnl eg4ohhe, exparind®nigaloups,
procedures in anple 2 and 3 were duplicated for a

di f f emmnteceldrdupse, spedidinsaly y aeombwnsn@rPupsy| and
| ung carci noma_ ( NSCL cell Li H1299. Referring
nom1t8u§%§Fn§ry g§8§g%og Bﬁsg%ﬁgp%%%focal f1 uor escence

i mage of the QD nanoparticles 42 uptake in NCl-H1299
cells. The image of the NCl-H1299 cells re taken, h
aflBer Ra Rarbuelendafisa™per i by Vﬁ%ﬁ%mQDﬁgnop%??¥%}%s't €
at 37;0¢fol ;QuRt B frueq! 1A% 144 Yips
Pl . Tﬁgg§666%9%§gﬁ?¥§g%%§i?g?g%?ﬁgpgfﬁe nanoparti?iesp
are taken into cells and exhibit fluorescence, thereby
proving that .they are good f.lurophores prabes :
F&ﬁthé%nB?EFlFEE éﬁ%vgq?é?ﬁptsl?n ?%%I% Pﬁzt fherein the
QONanQRAMJHRS Arfinc@husia 1urireeisala o d sl edtiexh fiam the
be applied in different cell types. Exanple 5 The dr
r el easrgurof | ¢enskringi nf t he1APIE| 09&d r%?d]fgﬁq C|ag§kyl
for drug delivery is investigated in this exanple.
Referring nowto Fig. 5 (b) , the graph shows the DOX

rel ease profile representi the cunul ati ve percentage

of total DOX rel eased from DOX-nanoparticles in PBS,

pH 7.4 at 37C over a period of 15 days is charted. The
anmount of drug rel eased was determ ned by spectrof

o o Y a1 o
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optical marker in vivo. The hydrophilic shell of the
anphi philic polynmer may aid in the solubilization of

wo bmsarwapsul at ed quantum dots in an aqueous neCI/SG2008/000097

while retaining the optical property of the quantum
dots. Furthernore, the bioconpangil'ty of the Lkvnvl
amphiBHYRT poPyier BBy afd<FRY pr oftIHRF 1t he2 L KYDY
cel | t ak hachesed papll cl esipd©i tutsd | . or
VMen%#ﬁgqggécl%%ggl%g?yggﬁgh?s gdni%%gtered to a

nmanmaln s et i woedpatlikyllecayghitghi F¥eupst yrgyd magkglaryl
in preventing, or at |east reducing, any substantia

degr &Hat{h" or scavengi ng of t he discl osed particle by
the reticul oendothelial systemof the mamal. The

di scl osed garticle may serve as a nodel systemto

skudy® tPRr eaFle upFaked aBBRAY 18 S 16K He dFierosRgthe size

partigle., By i dentifying; f hencehhnspiake bghguiors of
a variety of test partlcfes that conprise the sane
type of quantum dots encapsul ated by a variety of test

anphi philic. pol yners, the.disclosed rticles.ca €.
obed K opafelfelRE FhatmaRphiphiTie por yHEPEB4E eneosize
pot ent# af heapgidates {ori10oanftoozescent idrsgzdelivery
and for controlled rel ease. The disclosed particle may
conprise a therapeutic agent in the place of quantum

dps . ngccog JPc.gié/’ atgqecq'aa?nle@ﬁeg Paciighe By JHidiPNthe
as a r&b elivery vector. e Formil at ed system

provi gest Cobpat abkebsebhtiiat lynsphaciceh andsbipeci ent
cel lular uptake for both Q@ nanoparticles and

DOX- nanoparticles . In addition, the DOX-nanoparticles
degongt rad edi stst alhedrahraseiafl HQXikhorl an wdwiided the
peri od. Thus, the disclosed particle can be used to
encapguhntena dofferispeati deagéntonsr Lt naelerter from
t herapeutic agents_tq.functi-o e cti 0 ol |

drag GO GP0Peysnhe TS e ciBa8a oo t Far STy Coup
furthen, capsise Hider gpeubl CIayendr | Gramp XViRe of t the
the quantum dot. Accordingly, the disclosed particle

may fEBRELPEBACaS2RAS RAgFAGIGOEded drug delivery

vector. The optical property of the quantum dot nay

al low for easy visualization or biological inmaging of

t he. nBt abott tcbat lsay copimefi chey dfaimhe 18herwpebeie the
agent when t he, di scl ose rt, | S L nister -
nammﬂ}laﬁ\g%‘ntdé) eolid| ?,eqfe %geéy%"?e%tn{r i %ﬁ?rﬁgf’ e@cecﬁoglegl%ﬂng
em sspencdphotashemdsal, sidale,| idagearq |@MgTe, ZnS, ZnSe,
phot odegradati on rates of the quantum dots_all ogw fo

r
conti Andas Mot er ntlPeal M9 r%ﬁ@Tog?ﬁﬁ'OF%ﬁﬂnﬁé%b’
bi ol ogi. Gal ce s, t in | pyacetdgd ar cate, cao,
procegégé g?*?h gé?f ﬁg eVinggg%hdpgg'tﬁ%% i's not
possi Birs, widnSe,ongehe | ofab, oBgani BdFaior Bphey eHal,n InAs,
addi tion, the dis ed rtig a us as an
to tag™io P o PR ey i b%‘gf’haglntggb' aT87"ero,
appl i eaki, ong,sdichp@se Yl teasensi tang, biwspgeask, znTe and
detection and nedi cal diagnostics. Advantageously, the
possi leomptiypagi ongnitig 1 uorescence em ssion
wavel engt h of the quantum dots within a broad
wavel engt h range of 400 to 1350 allows for the
dicgcl esedapattilel esst clzdmesedinn dlainndd,ngwherein the

applications wth greater flexihility over the imaging
par amSiigndun \Igﬁ’rtt Het n%t‘r & qq{ee_asglqjijt VY EOHtF ol or

mani pul ate the size of the quantumdot in order to
result in the em ssion of a preferred col our or

em ssion of a range of col ours under varying
conditions may allow for a plurality of disclosed
particles with varying sizes to be sinultaneously
excited using a single mavegingth to detect different
optical activities. The guahtum dots encapsul ated by
t he anphi philic polynmers disclosed herein may not
require the use of surface nodification or capping

. .
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anphi philic polynmer is bioconpatible. 4 . A particle
as clainmed in claim3 , wherein the bioconpatible

w@elognern7i s sel ected fromthe group consi sti ngP@f/SG2008/000097

pol yesters, poly (orthoester) s , polyanhydrides, poly
(amno acid) s , poly(pseudo amno acid) s , and

pdl yphospeleres ass” ClALPgA; i éhe @& HNailred W r&is mthe
4+ DOGLELONI NE POl YESIel §Ansel ecbed fepmddit. gnouR s
consi sting of poly (lactic acid)s, poly (glycolic

aci d) spncappol yhedsbpf pbagllecand-gbygbycelaci dgid) .

copol ynmers of lactic and glycolic acid with poly

(et hyl ene glycol), poly (e-caprolactone) s , poly (3-
hydr oxybyyrat@le S aspolBuiaol agd onesaim 1, further
pol ypropi ol actones, poly (p-dioxanone) s , poly ,
(val ecohptiohey 8 thpsepephjar agantr apepprsulaggpyby said
(propyl ene a d derivatives thereof. 6 . A
parti% éﬂégﬁgpg%néglﬁﬂggrain14 , Wherein said

bi oconpati bl e pol yester is linear or star shaped
polyester. 7 . A particle as clained in claim4

whér ePAet h@Thi GtonBAEFhFLe poCyBRLeripgl yifer fuankum dot
mol ec b ghbal r o about 4n@R9pRR1te abpityrkdo, 099 o
Da. 8 ehgéﬁﬁﬁ%?g%g agﬂilained i% cPain15 ,qﬁﬁ%rein t he

bi ocofrpabkbbeeptl pesber pol ymer is a poly(lacticco-
glycolic acid) . 9. A particle as claimed in claim38

, Wherein the ratio of lactic acid and glycolic acid
rangegsér @ la 18atreit@el.cokpriAipay ta chaaasuel aloedahd a
claim3 , wherein the bioconpatible anphiphilic .
pol ymEReRaReHERGdraptbi ENGTREIG6RE shY r cithaégpbhyppilic
hydr ophi |i,6-0 r ' 1 icl gras chai i :
clainP?%?h%ﬁeggﬁnc%ﬁgﬁﬁﬁﬁkﬂﬁﬁ%ﬁgéiitgf Eﬁgg g@%%ﬁ%§§§lc
hydr opbehic frunet ipaalemgr oupbere2n Aspatt ackatam dot is
cl ai ned iBchain1ll, wherei n dr ophi, 1 i.c

h . .
f unct F8RAPLGr SdpLHY et ¥ S SYr &ffp vive during

consi sk Rgrefichydr oxyl groups, carboxyl groups, ether
groups, sulfide groups, ester groups, ethoxy groups,
phosphonyl groups, phosphinyl groups, sulfonyl groups,
sykfinyl gn S.eS .G ACi b nj '
afaips Mo Cor CHEEPAE Il A e gL ot
gr oupspmpmriisdngr otthe, atiete gfoupstrgdatceémgar yan agqueous
ammoni U roups, and quaternary, phosphoni,u r Oups.

13. Asﬁg%%PEIetgs 8|a%ﬁ€&%PW'Cp§&Wlf§, ﬁH@E@%@ t g th an
I Nner .gBHe pRYNRE $83 yikdr eRReRI1I&LUNet i@Nr @i Ssolvent
14. A particle as clainmed in claim 13, wherein the

hydr ophRolbhe rebic Prefab ifedep s adce PedlvBetre @t GraaRsulate
groupsgggsi%gh@%mpfokinear or branched al kyl gr oups,

aryl groups, al'kenyl groups, al kynyl groups,

al kyl acryl am de groups, substituted or unsubstituted

al kyl acryl ate groups, and al kylaryl groups . 15. A
particle as clained in claiml , wherein the size of

the particle is in the nanoneter range. 16. A particle
as claimed in claim15, wherein the size of the

particle is |OOnmto 300 nmin size. 17. A particle as
claimed in claim1 , wherein the particle is
substantially spherical in shape. 18. A particle as
clainmed in claiml1l , wherein the quantumdot is at

| east one el enent selected fromthe group consisting

of Group HB, Group IVA, Goup VA, Goup IHA, Goup HA
or Goup VIA of the Periodic Table of Elenents. 19. A
particle as clained in claim18, wherein the quantum

dot is selected fromthe group consisting of CdO CdS,
CdSe, CdTe, CdSeTe, CdHgTe, ZnS, ZnSe, ZnTe, ZnQ,

MyTe, MyS, MySe, MJO, GaAs, &P, GaSb, &GN, HgO HgS,
HgSe, HgTe, CaS, CaSe, CaTe,,CaO, SrS, SrSe, SrTe,

SrO BaS, BaSe, BaTe, BaQ ?%As, InP, InSb, InN, AlAs,
AIN, AIP, AlSb, AIS, PbO PbS, PbSe, PdTe, Ge, Si,

Zn0O, ZnS, ZnSe, ZnTe and conbi nations thereof. 20. A

A~



