METHODS OF SYNTHESI ZI NG SUBSTI TUTED 3- CYANOQUI NOLI NES

AND | NTERMEDI ATES THERECF BACKGROUND OF THE | NVENTI ON
woe@ediaho t he | nvention [0001] This invention PE/EBEE6/016257

to met hods of making certain substituted

3- cyanoqui nol i ne conpounds as well as the

pharmaceutical |y acceptabl e sahts thereof. The

conmpounds made by the nmethods of the present invention

may inhibit the action of certain growth factor

receptor (P g
protein kﬁﬂé&&xpﬁé#ﬁy’fﬁﬁ#ﬁﬁﬂg im F rﬁglﬁﬁn h
of certain cANDIMIEFIOThOFMANU deCTrHBéN@SHM

met hods may therefore be useful for the treatnment of
certain dis I f r ifon
of these PT 5 e %R ATED Aﬁﬁeﬂﬁ‘#ﬁnm
treatnment of cancer in mammuals. The net hods herein
haviellbeen addfhiedpiplicatian jeraatetetosamd ekpdins . priveftyt fedm earlier
Background Art [0002] Protein kinases are a class of

enzynes that, catal e tra sf.er . ho . .
oroup 1 r FEAPEOY Il ppfiSt hR PSR, Seridl ISP g, fled April
hi stidine residue |ocated on a protein substrate, many
of whi ch 28, 2906 in@rpotdted bergih bgekfergia@nt h.

- Correspondi ngly, several growth factorreceptor
proteins functio r.OSi. ' ( PTKI s)
to effect signali Hsrgedptor tyrosi ne

ki nases (RTKs). [0003] The RTKs conprise one of the

| arggr fam | iEge 9i'e§8il{{<$n@éiﬂldha§@néihﬂ? eRitd & deiiead for use in
activity. [0004] “At present | east ni neteen (19)

di stinct subf am |lies of RTKs, hav bee? identified. Oneh
such subfERsfgrring t RE digswating, hpabt iRTKPUTRPiesh of  thermal
i ncl udes EGFR (epithelial grow h factor receptor),
HER2, HER%&ﬁE%rﬁEEM -Mbledi@$, m@?}eﬁmméﬁﬂh 10164 to using such
certain conditions, as a result of either nutation or

over expression, these RTKs can becone deregul at ed;
the resuldevaees i ol parig raéwcrrappwtéewchp%ﬁhors% i @i Gmputer
which can lead to tunor gromh and cancer. WI ks, A
F., Adv. ﬂéfﬁrscﬁﬁﬁxse Pis &?’n&@@ﬁls&v&nﬂngarﬁ{ég@esént- invention
T.; Parsons, ortant Advances I n Onc ogy,

DeVita, V. T. Ed B. Lippincott Co., Phila,
(1993). Fr@i:at@s(éppmécalé)oetp eolpst stadp oheadf trangfer ecteéfme@rfor these
ki nase product of the erbB-2 oncogene has been

associ at gg{ﬁ? k& human breast and ovarian cancers.

Sl anon, et al., Science, 244, 707 (1989) and
Sci ence, 235, 177 (1987). In addition, deregul ation of
EGHPBIki nase Hasthbemmragsabemaea marshdfsret typisidevices that can
tunors. Reiss, , et al., Cancer Res., 51, 6254

(1991), j r

Res) “54%@@211%3%? {05 Elarhs fﬁé’ééé’hl@?%ﬁ!ﬁ%sf These
organs (Gulllck W J Brit. Med. Bull, A,
(1991)). deRicasnitiayiet qwastlculher emnincatlbayefqmotegmrnpéé in thermal
t herapeutic val ue for t he treatnent of cancer and

ot her dis ra | ze c 0

abnor nal rg\gﬁggedﬁ%% c%r%"ﬁéﬁé@ %g&ﬁgoﬁgrgt '1;5Ep18alethermal
have dealt with the devel opnent of specific RTK
i nhi bi t orsolatorpoirehidefinaed hestesinkes ahﬂ&netﬂmmidaﬂ: fans for cooling
agents. Sone recent reviews include: Traxler, P., EX

P-
Opi n. Ther. , Pat nts 599 8 Bri
o Meer riTg BALGUNBE HEMET sk SBoig & Bpgibepsive and
Nos. 6, 002, 008, 6 288 082, and 6,297,258, to Wssner
et al., dndffldent6, 384,051 to Frost et al., describe
certain substituted 3-cyanoqui nol i nes, nethods of
maki ng them and their biological activity. The
di scl osures of these patents are incorporated by
reference herein in their entirety. Mre efficient
met hods of synthesis, particularly for |arge scale
synthe3|s mould be hlghly de3|rable SUNNARY CF THE

R /R =1 /7~ 1 AN ST T |




carbon atons, carboal kyl of 2-7 carbon atons, phenoxy,
phenyl , thi ophenoxy, benzoyl, benzyl, am no,
wabdghiagdno of 1-6 carbon atons, dial kyl am no BPET/ES1006/016257
12 carbon atons, phenyl am no, benzyl am no,
al kanoyl am no of 1-6 carbon atons, al kenoyl am no of
3-8 carbon atons, al kynoylam ng of 3-8 carbon atons,
and benzoylam no; or X is a radical having the
formula: wherein Ais a pyridinyl, pyrimdinyl, or

phenyl ring; erein the ri di nyl rimdinyl, or

PRG1 T ng R arie ariaert O dhpice Yo e b dat heat for
with a substituent selected fromthe group consisting

of hal ogearioak kipplithtidnd TRrbemmipled. hal Rty Im&f bé- @sed for
carbon atons, alkynyl of 2-6 carbon atons, azido,

hydr oxyal kyl, of 1-6 carbon_  atong, hal onet hyl }
al koxy retWpHngta £y sear B8 oAt GHRNE APR ARBRS2YHEL of meshanical
2-7 carbon atons, al koxy of 1-6 carbon atons,

al kyl t hi Qoﬁ{tpokeﬁt CfRE DSttt QF&aﬂaMd i9er¥of. These solutions have
trifiuoronethyl, cyano, nitro, carboxy, carboal koxy of

2-7 carbon atons, carboal kyl of 2-7 carbon atans, |
phenoxy, tyPieAYy beemreilmwithiot wilsp hareingaregistive Wirpthat heat
al kyl ammi no of 1-6 carbon atons, dialkylamno of 2 to

12 carbon t‘gﬂg? %M ' - ?‘{?‘ RS :

al kanoyl allll}r?no 0 A':;ng (:g?ggég%gtsgﬁgz%a eno;ﬁhérri nHoo‘%?ver' these
3-8 carbon atons, al kynoyl ani no of 3-8 carbon atons,

car boxyalmkgthods age expemshyerarat imwefficientr boal koxyal kyl of

3-8 carbon atons, am noal kyl of 1-5 carbon atons,

Nal kyl am noal t. . : :
AL, 2 2l o R A8 e grir et provide a sl
Nal kyl am noal koxy of 2-9 carbon atons,

N, N- di al lstdtaniepdatdooent dor 3theO aferebemtisneds mevbanimpl dhermal
and benzoylam no; T is bonded to a carbon of A and is:

- NH( CH2) , * - V-, - Ve, - P AN
Lorove ) ey St sl e ey’ boief cffect. The
2VNR-; L is an unsubsitituted phenyl ring or a phenyl

ri ng nond@eltiati effeabristthie- aabidon taft @ dheat differescd $tam emelectric
sel ected fromthe group consisting of hal ogen, alkyl

of 1-6 carbon at al kenyl. of. 2-6 carhon atons .

o kynyl - geee” o M, Set SRS it st SR &) Rffeny is passed
1-6 carbon atons, hal onet hyl, al koxynmethyl of 2-7

car bon atthroughatwandiydiovlamanbials of sémicaaivrtorsaf@nexample n-
al koxy of 1-6 carbon atons, alkylthio of 1-6 carbon

t , hyd o Lrifl L, ' ,
car boxy, TEBs Hbth Rivme draess Hhet o SosiesRee i b efer at two
of 2-7 carbon atons, phenoxy, phenyl, thiophenoxy,

benzoyl, jhedtiots, kaswhtas Pélkyt afictions§ The@ueshletives a transfer
atons, dial kylamno of 2 to 12 carbon atons,

henyl am nq, benzyl am_no, . al kanoyl am nq of 1-6 carbon

Bt oms,  alHtdieal A pBeERgion (o Hisnther grere orie Jundtion cools off
al kynoyl am no of 3-8 carbon atons, carboxyal kyl of 2-7

car bon at@%%@@@h@gﬁﬁl kyl of 3-8 carbon atons,

am noal kyl of 1-5 carbon atons, Nallcyl am noal kyl of

2-9 carbon atons,. N, N-dj al kyl am_noal kyl _of, 3-10_car bon

at 498, Nal kyIReheming tQ dhe cyruit diaggmopf Rrighgrt Fig. 1, when a
N, N- di al kyl am noal koxy of 3-10 carbon atons, nercapto,

and benzQylRmk 19 nfideltol o tﬁ'roﬁ’%h BrdBPASE, 8fbat is evolved at the
heteroaryl ring where the heteroaryl ring contains 1

to 3 heteroatons selected fromN, O and S, with the

provi so tUpper jhactit étob)yand iakgodhedsatnie loavarguncton (at T).
S-S, or S-O bonds, and where the heteroaryl ring is
optionally nmono- or disubstituted with a substituent

sel ected fromthe group consisting of hal ogen, oxo,

thio, alkyl of 1-6 carbon atons, al kenyl of 2-6 carbon
atons, al kynyl of 2-6 carbon atons, azido,

hydr oxyal kyl of 1-6 carbon atons, hal onethyl,

al koxynmet hyl of 2-7 carbon atons, al kanoyl oxynet hyl of

P — o oy Y A ”~ o oy



Mis >NR6, -O >N -(C(R 6) 2)p NR6R6, or >N-(C(Rs) 2)
p-ORe; Wis >NR<5, -O or is a bond; Het is selected

WO e@tidee0 gr oup consi sting of norpholine, thi oP@f/US2006/016257
hoUne, t hi onor phol i ne S-oxi de, thi onorpholine
S, S-di oxi de, piperidine, pyrrolidine, aziridine,
pyridine, imdazole, 1,2, 3-trigzole, 1,2,4-triazole,
t hi azol e, thiazolidine, tetrazole, piperazine, furan,
t hi ophene, tetrahydrothi ophene, tetrahydrofuran,
di oxane, 1, 3-di oxol ane, tetrahydropyran, and wherein :
Het is oweqb@héyh@a%%soﬂfed% SRR ReHOn perubrnige, @ is
nitrogen wwth R6, optionally m)no- or ‘di -substituted
on carbon wth hydroxy, -N(Rg) 2, or -OR6, optionally
nono or &quaki®stituted on car bon wi th the nono-val ent
radi cals - (C(R6) 2)SCRG or -(C(R6) 2) s N(R6)% and

optionally nmono or di- ed t ed

carbon with di va[Dz}nt r tI @:13 O(g“g‘g) 2) SO ;

R6 i s hydrogen, alk of 1 6 car bon atons, al keiiyl_ of

2- @08 ar bon atWhel‘e a1|¥1kylﬁy thef Peltier c gpeffisient odis of the entire
cycl oal kyl of 1-6 carbon atoms, carboal kyl of 2-7

b
gﬁg b §|n attﬁ e : 3{}}?8 X,%{-ﬁio 4 a}an It b‘%? ‘iﬁ% ?géc}ffi%fegﬁh@? of each material.

nor e hal ogen al koxy of 1-6 carbon atons,

trifl uor dhstpeykilicamitppicaly Kdsaanipositie Relsier a:obﬁment which is
at ons, d| aI kyI am no of 2-6 carbon atons, nitro, cyano,

azi do, | kox t

al kanoyl tl yﬁ‘dtosb(ivel EBF%%W lgn%% gﬁa@r’ﬁﬁ tg’%? silicon is
1-6 car bon atons, hydroxy, carboxyl, carboal koxy of

2-7 car bagppgi gptesioxy, phenyl, thi ophenoxy,

benzoyl, benzyl, phenyl am no, benzyl am no,

al kanoyl amn carbon atons, or alk 6 :
calBn’ at orrs(in%ltgt]]r)ﬁ?ﬂ F i Sc?ﬂg?c@ﬁ%agﬂy%mﬁm%g to return to
al kynyl noiety is bound to a nitrogen or oxygen atom

t hrough ahs aldetrdinestGhlbii@m dboekistil befosetirctiaderitroa applied
the group consisting of acetyl, t-BOC, CBZ, R3 is

i ndepend tI hydr ogen, al kyl of 1-6 carbo ato

ani ngal I 5 % %}ﬁrﬁlﬁﬁ é’)F/‘SrPé’m&‘%F@QﬂuW n%&t the other.
4-12 carbon atons car boxy, carboal koxy of 1-6 carbon

at ons, phﬁ@h\dlﬁﬁﬁﬁ@%b{i lesQfanZbe c6AMEREd dh WeBies (t@(eﬂﬁfﬂaﬁce the
p R7 -((R6) 2Qp-NN(C(R6)2)r- ((R6)2 )p R-(CR

gg %g r S ol (C(féRfcgz 6;419)(11&20&01‘1 ?:Qe%t) ‘Er_gys%%r 1R cpgtroilcél %y the

i ndependent |y hydrogen, al kyl of 1-6 carbon atons,

car boxy, lgfome Qfurbnf £&/RGR aﬂamp 1RGNVl change the
car boal kyl 01?82 7 car bofw at’ ons, C% 5 8
R7_((R6)2C) p-N N (CH2(Re) 2), X(C( )2p R7(

2) s- R7 (tlggqt;gp of )trams r(eg;( dhe si qg(ggg)evolved.
2)r- or Het-(C(R6) 2) g-W (C(Re) 2) - ; R8 and R9

are each, in lg:gﬁs RS0 &blsit the Pelt
(C(R6) 2) O%‘%gﬁﬁgélbﬁeegtedﬁ %I)l/a%ﬁeygrrlgggn ch O?II nee et
fluorine, or bromne; Qis alkyl of 1-6 carbon atons

or hydr o@fq&ct 40 cgf)lulg agel heatigPurpoges. s Foprzexample, a Peltier
0-1, p=2-4; q=0-4; r=I-4; s=l-6; u=0-4 and v=0-4,

wherein t + .
enbodi rren({&%leaﬂgla%r & &1 ‘31&% Iegt%émﬂg%mfr@ ct egtv?&%%(nn?wg' which
group consisting of acet am des (including wthout

I'i mi tati awetspliflistate cative hentpympsembichi tdansfeykedtdrom one side
I mdes (i ncI uding, without limtation, phthalimde,

mal ei m de th rr

tertbut oxfcal 8‘%%%6 %"@&?h%%fot 28%5 Qolers are also called TECs
benzyl oxycar bonyl (CBZ) protected am ne. [0009] In yet

anot her aspect of the invention, the nmethods for

preparing 4-am no-3- cyanoqui nolines according to the

i nvention conprise the step of reacting (i) a compound

of formula H2ZN-(CH 2)n-X, and (ii) a 3-cyanoqui noline
startl ng materl al haV| ng forrrul a (I)| n the presence of

o, Y Y o



or cycloam no groups, or R2 is al kenyl of 2-6 carbon

atons optionally nono or di-substituted with am no
wWQ@er@apss6ar cycl oam no groups, and wherein X i SPEI/US2006/016257

pyridinyl, pyrimdinyl, or phenyl ring, wherein the

pyridinyl, pyrimdinyl, or phenyl ring optionally

mono- di-, or tri-substituted with a substituent

sel ected fromthe group consisting of hal ogen, alkyl

of 1-6 carbon atons, al kenyl of 2-6 carbon atons,

al kynyl 2- 6¢C ns, azid dro alk

car bon at(Tgh'E mﬂ%ﬁ%ﬁ’éi:% eﬁﬁaoxyﬂ%‘ﬁﬁ%mr&ﬁ g‘@&fﬁfﬁ# Peltier
at ons, al kanoyl oxynet hyl of 2-1 carbon atorrs al koxy

of 1-6 caldvidesaadmplatal#iel ihicenAfudatonc ahaofylﬁédlljﬁ include an
hydroxy, trifluoronmethyl, cyano, nitro, carboxy,

car boal kox of . 2-7 car?on atorrB car boal kyI of 2-7

carbon atd natieAERY Of PrigRgEn diNrtgpaamisialshenzoy| |

benzyl, am no, al kylam no of 1-6 carbon atons,

di !ldj)” am no wfr e%a&@lé?a &@frﬁ@@le@irmodﬁmhﬁéﬁvﬂ% Fig.2,is an
benzyl ani no, al kanoyl am no of 1-6 carbon atons,

al | cenoyl am ng of 3-8 carbon at ons, al kynoyl am no of

3-8 car bexampesof stdh Benlz@maétnl’ﬁlilerodeww whetea@nlyapne P-N
having the fornula: t wherein Ais a pyridinyl,

pyrim di . e | nyl

pyrim di ﬁéqmmg{r eﬁ% W%‘l %rrr;%% %a?)%%}h Rgﬁ %fg%mno-A typical
di - substituted vvith a substituent selected fromthe

group cortbesnpelgctaic madolpeh) inmanufattuteds usimghiayo thin ceramic
atons, al kenyl of 2-6 carbon atons, al kynyl of 2-6

carbon at r v rhan
hal onret hy‘fyg%r kokynetv}r’:‘a{]{El 9]3%3{?5 %S%Pato 225R8 PAyBEE14 and
al kanoyl oxynet hyl of 2-7 carbon atons, al koxy of 1-6

car bon atsemdcoraducyon hiateridl, suéch asbimmuiht-whsrideydoped/ material,
trifl uoronet hyI cyano, nitro, carboxy, carboal koxy of

phenoxy. SBRORed BRSIAR . Hlefitaf Qg 3 48 glsgprovided
al kyl ami no of 1-6 carbon atons, dialkylamno of 2 to

12 car bortoatdhiver cptreny frm the pbever\sbantend?. The ceramic material
al kanoyl am no of 1-6 carbon atons, al kenoyl am no of

3-8 carb t,0 k 0.0f 3-8 carb ato

car boxyal iy 2tort ot Y o The iperm e iR Sk Hegifig and the
3-8 carbon atons, am noal kyl of 1-5 carbon atons,

Nal kyl amireeadskyy elictriead inarllon dcanthe heat sink 26 and the object
N, N-di al kyl am noal kyl of 3- 10 car bon at ons,

Nal kyl am oaI kox 9 at Qng,

N, N- di al | o ﬁ F%i’g’} é\? @&?tﬁ’c}ﬁl hps,pR excess of electrons,

mer capt o, and benzoyl am no; T is bonded to a carbon of

A and is whﬂlHﬂQ‘lP pe 1430 &HdridVhas a YeBlit d¥electrons. One N-type
- NR(CH2) m Z(CH 2)JSOH - (CH2) O

CH2 MR- i's an unsupsitituted
phényl) ]ﬁgalkﬁ{ &Yﬁﬁi‘ﬁyrlepﬂ %ﬁ&p}lpfﬁi? 4, ag shown in prior art Fig.

trisubstituted with a substituent selected fromthe

group consi sting of hal ogen, al kyl of 1-6 carbon

atons, al kenyl of 2-6 carbon atons, al kynyl of 2-6

carbon atons, azido, hydroxyal k of 1-6 carbon atomns,
hallbidet hyl , MW C@PP@W%C ¥ arrangedelectrically in series

al kanoyl oxynet hyl of 2 7 carbon atons, al koxy of 1-6

carbon atpRBihed fnlél/l rgflel.l"@ tﬁ@frﬁ@éle@ttrﬁ'ﬁodule 10 can contain
hydroxy, trifluoro , ctyano, nitro, carboxy,

car boal koxy of 2-7 carbon atons, carboal kyl _of 2-7

carbon atosesto seNerdyndsed aguplesHop gxamples , Piienatfig. 3 shows
benzyl, am no, al kylam no of 1-6 carbon atonmns,

dialkyla n

benzyl am%o&aqﬁz%n%f; g%o%?rg?& fﬁ% egﬁsg%é%qm 3t includes an
al kenoyl am no of 3-8 carbon atons, alkynoylanino of

3-8 carbon atons, carboxyal kyl of 2-7 carbon atonmns,

car boal koxyal kyl of 3-8 carbon atons, am noal kyl of

1-5 carbon at ons, N—alkylan1noalky| of 2 9 car bon

oy "~ AN o oy



+, or -NR 6(OR6); Mis >NRe, -O >N -(C(R 6) 2)pNR6RG,

or >N-(C(Rs) 2) p-ORe; Wis >NR<5, -O or is a bond;
woedo6i1s663€| ect ed from the group consisting of PCT/US2006/016257

nor phol i ne, thionorpholine, thionorpholine S oxide,

t hi onor phol i ne S, S-di oxi de, piperidine, pyrrolidine,

aziridine, pyridine, imdazole; 1,2, 3-triazole,

1,2,4-triazole, thiazole, thiazolidine, tetrazole,

pi perazine, furan, thiophene, tetrahydrothiophene,

t et r ahydr of ur d| 0X 3= xol an

t et r ahy dPBr 1%2%‘1'1 z}pc}_& gﬁ?er&ﬁ]'ép@;r%egmsenes
or di- substltuted on carbon or nitrogen with R6,

opt i onal ITheMMREpeOhiitesalbIL i dnd qtltypie eadtbdal Wit dve specifically
hydroxy, -N(R ) "2, or -OR6, optionally nono or

di -substituted_on carbon with th nmono- val ent i ca
- (C(R6) yrmsogeddn alfespping aows M( egect olgé%gn%‘i‘ 20 are
nono or di-substituted on a saturat ed carbon with
di val ent radidedlif a‘l@rné’cin E{sGidA B cdineePthe ﬁﬁtéﬁals in series to
hydr ogen, al kyl of 1-6 carbon atons, al kenyl of 2-6

car bon atons, al kynyl of 2- 6 _carbon _atons, cycl oaI kyl
of 1-6 c&FasER aattting, ofcNrB RN @ndoN-B intextacpprang: spren. In the
car boxyal kyl (2-7 carbon atons), phenyl, or phenyl
opti onal |

al koxy ofd¥l Xﬁg Car%(‘ﬁ}ﬂ%%&ﬁé@o& ?&%ﬁ%ﬁﬁg&%d on the fop of
al kyl am no of 1-3 carbon atons, dial kylam no of 2-
car bon atherplatentils, elestrods 1&isi pisitiordoom the/bottom of the plate.
al koxynet hyl of 2-7 carbon atons, al kanoyl oxynet hyl of
2-7 carb 4t - :
hydr oxy, %&gﬁ{) Fulgck:llgfgbog{a%o%e lﬂ1p§ %}9 aFl%l'nﬂiaorfr%r, clarity of
phenoxy, phenyl t hi ophenoxy, benzoyl, benzyl
phenyl anulhmtrdjmyl”ﬂusrmrangdmemyleammo that Tugrerdrfiows from
atons, or alkyl of 1-6 carbon atons; with the proviso
that the I, .qr

ni trogen ger ﬁgﬁéglg% a@ (ﬁ*ﬂ fSHLa ur a#l%grgtgfr R plates can
atom R2 is selected fromthe group consisting of RB is
i ndependéet ktackydir tigetheralvkiylh tife hppropribien di¢lectsic insulative
am noal kyl of 1-6 carbon atons, cycl oani noal kyI of

4-12 b rb f 1- b

o ons. - pRcgra By GRvean a5 EEIBE e o) o 00"
(C(R6)2)p R7_((R6)2C) p-N N-(C(R6)2)r- (C(R6)2)p / _ .
R7{2f( R 6) 2JWEile BleseGiibi6artZhefinbbduhlBs Hay2he useful in certain
RBRO-CH M (C(R 6) 2)r- or Het- (C(R 6) 2) g-W (C(Re)

2 oo eSSBS o950 B, St bcaue

atons, phenyl, carboal kyl of 2 7 carbon atons,

(C(R6) 2) phéjoullé Redt) ad(d) el DEHHALSRE ) Phus, (CHREPpEdipart devices, a
" R7-(C(R6) 2) s- R7-(C(R6) 2) P-M (C(R6) 2)r-

e, sty fotekally cristion aBhieripl Tt rbed o prevent

NR6 R6, or -(C(R 6)2)rOR6; J is independently
hydr ogen thishthefrAPbaddlAkM. | TReseOprib¥ 87 d@iicdd all§0 aﬂdfml from the
of 1-6 carbon atons or hydrogen a Cor 1; g=I-
k=0-4;mis 0-3; ni p=2-4 r=l-4
u=0- 4 andispdyanta te}srﬁ é#écels ﬁ@fexm—vswg to mane@rm and is
I'n enbodinents, R 2 in Formula (VIl) above is a
- (di met ighigdd ﬂ?lt‘s %o gﬁf%or{ %jb?@éﬂhc 8nd precise alternating rows
(pi peridino)-2-buten radi ca

(pyrrolidino)- 2 butenyl radical, or a
3, 4- (di pPE NoEyRE ard P-typp mna,iﬁyplslrvmh Papcisqlp pesitiongd alternating

anot her aspect, the invention includes a tel escoped
reacti onsepuenae; ok IrfaCof QPP PLAS.IRECRAHeY%ré tmited
t he above schenes’ andaggﬁgﬁlftﬂlgoﬁs, m%ﬁ%ﬁ% e

reaction internedi ates are not isol ated before
perform ng the next reaction step. BRI EF DESCRI PTI ON

OF THE FI GURE [0014] Figure 1 shows a DSC t her nogram
of (E)-N- {4-[3-chloro-4-

4
4-
4-

- ~ o — T . L 1



napht hyl, bi phenyl, anthryl, tetrahydronaphthyl,

phenant hryl, fluorenyl, indanyl, biphenylenyl,
wae®eaplsphenyl , acenaphtliyl enyl, or phenant hrBClUS2006/016257

groups. An aryl group may be optionally nono-, di-

tri- or tetra-substituted with substituents sel ected

from but not limted to, the group consisting of

al kyl, acyl, al koxycarbonyl, al koxy, al koxyal kyl,

al koxyal koxy, cyano, hal ogen, hydroxy, nitro,

0o S STt LS RBE SR of

hydr oxyal kyl , al koxyal kyl, al kylthio, - SCBH - SO2NH2
- SO2NH( aidﬁ‘ﬁlg)_lratloiw N8l & Veblt, théé%hkm@%@"@asﬂy formed into
CO2NH( al kyl'),” and - CO2N( al kyl ) 2 referred

substituents for aryI d heteroaryl i ncl ude: al kyl

hal ogen, sheRGs aRAnenhgtRR o fAF fng m dlfrctent types of
trifluoronethyl trlfluoronethoxy, aryl al kyl, and

al kyl ar y|a Qgﬁgﬂls R4t Péb{ RS @S clirigh dovicRVank 9MAther a plate
term' het oaryl"™ is defined as an aronmati.c

het erocyclic ring system (nonocyclic or bicyclic)

wher e t hesh@Beer oaryi noieties are five or six menbered
rings containing 1 to 4 heteroatons selected fromthe

- consi styg Phittek e Bick $hat can be
noﬁﬁlql mted to: %fb;re,%sf;énmai‘ﬂ e% bﬂﬁ Lﬁfﬁe Evick that can be
azai ndol e, oxazole, thiazole, |soxazple,.|sothiazole, o

i ni dazol dormegddntanyi tyipeafahapesyrdonfiguration thatds meore efficient

pyrazi ne, pyrrole, N nethylpyrrole, pyrazole,

’1\" g: Ey: Fﬁﬁ%ﬂéﬁkﬁ ;%rg' Irdgtznnge? Mﬁha%tﬁi Bem e?ole 16 56R%%La cooling or

1- nethyltetrazole benzoxazol e, benzothlazole,
benzof ur deatingnieviefar &hermd@enmiag’emm e,

N- net hyl benzi mi dazol e, azabenzi m dazol e, i ndazol e,
qui nazol i ne, qui ngﬂm@¥ bi cyclic
aromati c heterocy AW@T&E‘TNVEN@Q&II e,

pyrimdine or pyridizine ring is: (i) fused to a

6- mettber ed arBrapreseft irsadntiont prhsetvetsethecydvartagesngf prior art
having at | east one heteroatom (ii) fused to a

5- menber or, nonaromati £,.(unsat urat ed
et o ocy dneangl Rohtiet deBRie" PO Rt LE dlgw advantages
selected fromO Nor S Preferably a bicyclic

het er oar yotgfatml dontarasths dvailiBlec aebives adrah®vercomes many
Preferred substituents for het er oaryl include: alkyl,

hal ogen, al kyl am no, k | amd.no, .

e 1 uor dadiint et B b SirsehBx VR Sarises: and

al kyl aryl .[0018] For the purposes of this invention

theigrer m " al Kihey invedtidaf is Fgﬁﬂle?@I}Qdﬁecﬂ:kiktd te novbleand unique
term ‘aryl oxy" is defined as aryl-O; the term

“het er oaryl ox is defjned a et.er.o I-O V\,her
al kyl , f?lﬁrméktraﬁééé H@gm ek G5TGGRS kP ber having a
[0019] For pur poses of this invention the term
‘aryl al kHase inSatéfihl o4l fiest sehiborfddetorhiavérial GFraytidsh fype with a
noi eti es |nclude benzyl, 1-phenylethyl, 2-phenylethyl,
3- phenyl pr 2 phenyl propyl. and the Like, [0020 :
Fof pu¥p%§&§ TRaterig] glsipﬁ%lséﬁtﬁ‘ggﬁmlﬁ’é arsefoRd Semlco[ndu“(}r material
"al kanoyl oxynethyl " is defined as -CH 20C(O R, wherein
Ris al kydf #fsedordd tfp&ariearai&imare h8AdAdd oar sﬂég RiFS®e body
of th|S|nvent|ont term"al kylthio" is defined as
Q C -al kyl - [ 0022 For pur poses of this invention
"al kyl t hiIB@IT\I’?W and gipetrieal prepaisapn thegethsoeghuto arerie thermal
group as defined above that is further substituted

with an :ﬂ&gﬁ%ﬁﬂ% f’)ﬂtfe? g?fegls ?,E,f el ?&R)ée Fhér Qtﬂ%&lion of the

The terns m no anrno

noi eties with one or tmo al kyl groups mhereln t he

al kyl chainis 1 to 6 carbons and the groups may be
the same or different. The terns "nonoal kyl am noal kyl "
and "di al kyl am noal kyl" refer to nonoal kyl am no and



di hydr ooxadi azol yl, di hydrooxazol yl,

di hydropyrrazi nyl, dihydropyrazolyl, dihydropyridinyl,
waledogdiepyri m di nyl, di hydropyrrolyl, PCT/US2006/016257

di hydr oqui nol i nyl, di hydrotetrazolyl,

di hydr ot hi adi azol yl, di hydr ot hi azol yl, di hydrothienyl,

di hydrotriazol yl, dihydroazeti?inyl, di hydr o-

1, 4-di oxanyl, tetrahydrofuranyl, tetrahydrothienyl,

tetrahydroqui nolinyl, and tetrahydroi soqui nolinyl.

[0038] The term "substituent' is used herein to refer .
fo an' at GHIRTION dickates HERGtasathegicits SoulF Bhpeqs. 4 e device
noi ety radical that replaces a hydrogen radical on a

mol ecul e js Yak@ed Byptrgéaioyﬁtxﬁélam theY Whe €likd tanghehé diller is
be assuned that any of the substituents may be

optional |y sybstjtute ith one or nore groups ,
sel ect ed 1Rig C%d KO, &W\;\ﬂ’%ﬁﬁewf fRg e¥amp)e, extrusion or pultrusion
hydr oxyal kyl , nitro, am no, hydroxy, cyano,
aIkylaniggoagggikylanino, al koxy, hal oal koxy,

al koxyal Kyl , al koxyal koxy, oxo, al kylthio, nercapto,

hal oal kyl t hi o, ~aryl, aryloxy, arylthio, heteroaryl, )
hetltd oar y| ox{t ishthesefose pntahjest addhe presnt-igvegtion to provide a
- SBH, -SMNH2, -S2NH al kyl, -SO2NH (al kyl) 2 - CO2H,

- CO2NH2 4145 . . [; E _—

t he pur pcgtslggﬁ%f t Elféylhﬁ@lg%tt?%ﬁg{gﬁéﬂ% g&%ﬁ%glg blgi')cl)g tgﬂl}}’ és»gépe, s1ze
refers to where a hydrogen radical on a nol ecul e has

been r eplaadenifiguaataem ekt isan objestivicthie prasdnd invéndioal to provide
group radical or a noiety radical; these radicals

bei ng gene r ag..: s i Lugnt $.1e:4L0 .
The ter me BRoel; ASSEE Ak el UBPLS R el A and s
introduced into a nolecule to protect a sensitive

f unct i onaholglablep swichsase biyf injeqtioni maldingn tAeotiet exhjéat of the
fromreacting when the nol ecule is exposed to reagents

or conditj Qns.,t r.ansfaormor.re ngt.her pagt .of

the. ol edirent Fus R tstorn@ideSE Bhorid bl idyi S uhere the
renmoved. A "protected group"” is the sensitive

f unct i ondhemgnaluffowdgebhermolledlt M tthethpr object ity privédy a Peltier
Sui tabl e protecting groups are well known in the art

and inclyde acid-]abile, .base-l|.abil.e,. r enpyabl

o r enovdBFE i fands, fuvist B P e eg B g R Fape and
Green, Protecting Goups in Oganic Synthesis, WIey

1991, 2ndoafigurgtion. 309- 405, which is incorporated

herei n by re?grence. Such protecting groups include,

wi thout |imtat, and
benzyloxycarboh&iﬁﬁlﬁ e RS E eSS ——ati—0

is protected. Exenplary protected am no groups include
acetan des, O@ezasveleseatahts! whidHriage scha@aderistic of the present
pht hal i m de, mal ei m de, 2, 3-di chl oronal ei m de,

succi nem_ de, di hydrophthalim dg), rroles (e.dg.

2, 5- di metMYFIATY GFe)set tf@ﬁ\- tﬁ% g clgpms-ecHoavever, the
am ne and benzyl oxycarbonyl protected am de. However,

as used hev&itibn'@ profeRicRl bRboATMBRLIOskthefQFith Fakther objects
include a urea group or a protected urea group.

Protecting group, (PG. does not _include ureas or

pr ot ect e@ndradtendand agyantagss, wilbhetest upfersteord byrefgsence to

that is being protected, forma urea group or a

pr ot ect eghdirgAowiRg! metai@émﬂdesgﬁgﬁm 4REA BinS p&itdctiba! With the
defined, the term™leaving group” (LV or LG neans any
group that is the conjugate base of an acid which can
be di spl aceampgnpngeyppaagynoubichh t he course of a
reacti on. Good | eaving groups include, wthout
limtation, chloro, iodo and brono, alkyl sul fonates
such as net hanesul fonates, and aryl sulfonates, such
as net hyl benzenesul fonate, ethyl />-tol uenesulfonate,
and the |ike.[0042] The compounds of this invention
may contain an asynmetric carbon atom and nmay thus
give rise to stereoi soners, such as enantioners and

- o s — o, o o s Y 4 a1 . g




the pH of the reaction m xture. Pyridine hydrochloride

has been used effectively in anobunts of about 1.16 eq.
woveiokanssul f oni ¢ aci d has been used effecti vel BCT/IIS2006/016257

anounts of about 0.025 eq. Suitable acid catal ysts

i ncl ude pyridine hydrochl oride, hydrochloric acid,

sul furic acid, acetic acid, trgfluoroacetic acid,

phosphori c acid, p-toluenesul fonic acid and

met hanesul foni c acid. Methanesul fonic acid is the nost

preferred. .effective, anmount, of. agid cat.gl yst . .

ustBlly r ané‘gLw g'bét"ﬁ/e%ri’r’aq}’oﬂﬂ B ek cﬁagraghdﬁg_gtﬁatgag the Peltier

[0065] Preferably, amine intermediate H2ZN-(CH 2)n- X

s an anidifepe, wherein n is 0, and X is an optionally

substituted phenyl ring as defined above. This aniline

i nternmedi ate _may be produced by reducing a_ conpound of

fodkll a X- NOFIg. Zol6 &% Y@CB}P)(h‘{/]&Wo@én%tHr&{ affo@@%}nocouple

I n enbodi ments, particular aniline internediates are

f or med b)énq}g&%gmﬁmeqaem&ré;@w or nitroheteroaryl of

formul a AR- th a conmpound of formula AR -CH 2-CH

in thepresence of base and a suitable solvent, such as

DMVIE20]ACN or Tiig, 3 iofrophperspective aiew yafia PHoE eslgamangement of

of the resulting nitro conpound using plati num on

car bon. 'rﬂu*:@ﬂl@tﬂé?ﬁ{o%aﬁ }eséﬁr d@RsFHQQ And . "

i ndependent denote aryl, hetéroaryl, or substituted

aryl or heteroaryl. Thus, particular aniline

i nti2i] nedi at edig.nd lisidecrpsyisestional Iviiewsof atthetmaeguple device in

formed, for exanple, by reacting pyridyl carbinol with

a chloro ' [ form 3-chl or o- 4-
(pyridylﬁ%ﬁﬁ%&?&%ﬁﬁﬁ}Qgﬁﬁggﬁgﬁﬁgﬁy%ﬁ'Ie aryl oxyani |l i ne
i nternedi ates include 3-chloro-4- (benzyl oxy)aniline,

3- chl oDETAILHENDESORIPYIONVOE AHE PREFERRED EMBODIMENT
3-chl oro-4- (thi ophenyl)aniline, which can be

sy esi zed iR _an anal. nner.....[ 006,/ . .

A e vel e s R RHEoTRANE S I8 s i tegpriguart by
by reacting a hydroxynitroaryl or
hydr oxy nigrooitthg raoaevy| araf vhizjuaPel titOtidniddupld Hevice that can
compound of formula AR -CH 2-LV in the presence of

base and.suitabl.e solvent, such.as DVF,. ACN or THF, .

£ ot T owed By oEapd PRI 2 Wilnasnst FRapehr sirpeapd o fbiggption and
nitro conmpound using platinumon carbon, wherein AR
and AR heotforenetéipient ¢inin pridermt ®eltier! theh@beswpleydevices. The
substituted aryl or heteroaryl. LV denotes a | eaving

group th can di spl aced by the droxynitroaryl or

Py oxy it SR ide dirgrent eren, iy Dl Pt otaed so B can be
typically the conjugate base anion of a strong acid,
such as ikdrif.a WidéBandc08PthefRtY nddrtagebagiy| ic®fions thereby
triflate. The preferred | eaving groups are chloro and
bronmp. [0068], Preferabhly, the apiline . internediate is
f or med b;ave&llagy eclimiatioge AT, 2Hndevices tpaicareRt a plate-
product of this step is not conpletely isolated before
perform Rya gfcgmgﬁgﬂggﬁpribed acid catal yzed coupling
reaction. isis  Teferred to herein as a "tel escoped"”
reacti on sequence. [0069] In enbadi nents, the startin?

3- d3noqui nolAsdavsi in Hig. 4pdhededen] 00 presenidnyention éndudes a
the followwng formula | : [0070] LV is any | eaving
group t hajase aRaRiall £02 3R Merd HO4 Mith! BRctrodes 106 and 108
internediate at the 4 position. Leaving groups are
typically the conjugate base anion of a strong acid,
such as chspassd ot opposingdendstiyyeeh eln gengraht theodevice of the
triflate groups. In enbodinents LV is selected from
the grou i:SE ' . .

pref or rod" Fags iR orb prélgy  hGRRRRArHace iRericl 1 o first type
group for the amno nitrogen at the 6 position of the
qui nol i ne noi ety, preferably acetyl,
tert-butoxycarbonyl (t-BOC) or benyl oxycarbonyl (CBZ);
or PG together with the amine that PGis attached to

. o .




7-ethoxy quinolipe C, 4H 2CIN2O2 + MA289.72 25 C, 5 h

3-Chl oro-4-(3-fl uorobenzyl )oxyanill ne C13H 1CI FNO
woOR®S116686® 2 h free baseSchene 3 PCT/US2006/016257

6- Acet am no- 4- chl oro- 3-cyanc~ 7-el hoxy qul nol | ne

C 4H12CI N2O2 + MW 289 72 3-Chl orc-4-fl uoronitrobenzene

2- Pypdyl carbl nol 3-Chl oro-4-(g-pyndi nyl met hoxy)

3- Chl oro-4- (2- pyrtdl nyl net hewy) - C6H3CI FNO2 C H7NO

nitrobenzene anlllne MV 175 55 MWV 109 13 C12H9CI N2C3

C12H11CI N20O d=1 1131 g/ m  MN 264 67 . 264) MW 234 69

1 h (HO '\%aﬁ%qmpr‘é&cf@ sEafRHfal o t[léoéﬂ%’ REHBy potpcond type of

OAR-NO 2 with AR -CH 2-CH foll owed by hydrogenati on

to form aebiicGhd@itbs hagerid)f er medi ate i s described in

Exanples 1 and 2 below in connection with the

formation of a specific aniline internediate, . .

3- dB#lor o- 4- ( 2MiBY% isBGFiHEAL i) agsPTdance (Wihethe Byesent invention,

Anal ogous synt heses of

3-chl or 0-fd e QAP ANE WA ANthbi AR KSGHRTS: Pltypaidaterial

3-chl oro-4-(2- pyridyl nethoxy)aniline, aré described

in Exanples_la, 2a and |Ib, 2b respectively. Exanple 1 i

[0078] Sywhilethefier material is of the opposite type of the base material.

3-chl oro-4-(2-pyridyl net hoxy)nitrobenzene [ 0079

or ¢ . | 79]
" AN (740 SESRERG T Pidodats) el 8 T g e
g, 1.25 eq.). The resulting suspension was warned to

35 C. A gvhteriabrthen theElle: matesiad istbé selectedito be Fetyperin nature.
(50.0 g, 0.285 nol) in ACN (250 nmL) was added at 35-40

C. The m h 0 u -

t hen coof@%ygg%éﬂ'% g%?f% %ﬁ}éﬁggaﬁiﬁo%ﬁﬁﬁgkéﬁfPﬁﬁ?gﬁ P-type
and the resulting slurry filtered and washed with H20

(3 x 100 mherialheForesxdmpley the drhsetarwhdilles adant bel agprapriately
tan solid in 93%yield with a greater than 99. 5%

purity as;deterninegd HELC arga. Exanmpl e .l 00 g
o actompl L I b ePaR o WpiRa' Ny pR3Rh pype
3-chl oro-4-(3-fluorobenzyl oxy) nitrobenzene,.

3- f | uor olxenrydbndikctohalatéfal3 OThe filler Bthtambkis pdrefirakly) of a high
was di ssolved in ACN (6.0 L) and to it was added

pot assi um hydr oxi.de f| akes (85%  (,Q..6 .k 1.25 eq). .
e T esuliPHY SHEBe i Bad hedmlengsfo o EnpRove! electrically
solution of the 3-chloro-4-fluoronitrobenzene (0.40

kg, 2.28 intdrgonechiol thZzogh thevasdypd ddderahtiselyd thefilldhenay be
m xture was held for 18 hours. The m xture was then

cool ed chk 0 %9-25 C, qéggched wth water (8 L) and

the resul'B$HGBPHF MAPEFYA080 and washed with water (2

X 0.40 L). The resulting product was dried at 45 C

undes] 10 M Hg ficeadutice witlthe pré@uE Sniéntitiny ¢hé PS5 pednaterial
(92% vyield). Exanple Ib [0081] To prepare

4- (benzyl ox - chl oronj t robenzene, .benzyl al co

(0. 34 kg,aléiy %JZW&GI Ipateyiaj gan, )%amssuaﬁag mﬁn tE)Oﬂfmflorﬂy used
acetonitrile (1.70 L) and to it was added potassi um

hydr oxi deefdiad@sudi#2¥inat&iadé ck9be hised, §&%h as Bificon, germanium,
resul ti ng suspension was warnmed to 25 0C. A solution

of the 3- c¢hloro-4-fluoronifrobenzene (0.50 kg, 2.85

nol , 1.0 gdyumparseridgrand indiuppphesphyidggdt ah@k%sl be understood
keepi ng the pot tenperature < 45 0C. The m xture was

hel d for ghdr fhe ThesdHriveRt¥R s ileAo CRAY SEmPRaKtd &sO-cF these
5 0C, quenched th water (2.5 L) and the resulting

slurry was filtered and washed with water (2 x 0.50

L). The raatgrialnhenlyr deuechigusstheranely-tapesvategal inwenicanductor
nm Hg pressure, for 24 hours to give 0.73 kg (97%

yield).| : j . ' :
Leampl o Toehohit nopa s tESHRlGbrit dlied 8 40 affimony.
in Table 1. The last three entries on Table 1 are

| arge scale runs in which a 5% excess of pyridyl

car bi nol was used. Table 1 - Preparation of Nitroaryl
Intermedi ate NA = not applicable RT = roomtenperature

NN PN N\ p— NN N PN ~ o o,



(2 x 0.40 L). The filtrate was distilled to a vol une
of about 0.80 L and 2- nethyltetrahydrofuran (2.0 L)
wormeadded to di ssolve the product. Water (0. 8PCLYSHNE016257
saturated brine (0.40 L) were added and the | ayers
separated. The organic | ayer was washed with water
(0.60 L), and distilled to a wgl ume of about 0.40 L.
Et hanol (2.0 L) was added and distillation continued
to a volunme of 1.2 L. Exanple 2b [0087] To prepare

4- (b -~ 3-chl il 1 Xt, f 1
+ (bonsyIBaiare SrhRare BBl Bersnigabicion maferi is doped
nole, 1.0 eq) and 1% (ww) of 5% Pt/C (3.25 g) in

i sopr opardth (the2appropiastie hyldneagnated &t bdkomsi Sk@icehductor
m nimumof 4.5 h. The m xture wasfiltered through a

celite pad and washe Lth i sgpropanol (2.0 L). The
filtrat e?%@?glsu%% tg§v¥%1%p1|nﬁ tezeqieta agltgléﬁ? 11560!38]3“‘1 P-type
Perform ng the hydrogenation in isopropyl alcohol

(PA), rephasahls( MO, well Rid®AOIn (ke Gt tRBY theép Ulded Rot be
t he product being contam nated with late eluting

inmpurity that partially precipitates out on standing

in sol ut A&susyad Ryrehet datailkarelSer f or ni ng t he

hydr ogenation in a solvent where both the product and

st i Nng mat qt| ;

T el f R R R b bt O3 e case
much |l ess solvent. Thus, THF is_a preferred sol vent o
for thisofilistrationerlilawever as el hesdescoibed petdve thefmaaterial is
of different reaction conditions are shown in Table 2.

For the : . : [ i1 : .
|t er modrang i E ihecekct shgb} Rl conPBurations pecase it
with the next step. Table 2 - Hydrogenation to Form

Fi rst Anid meddableesunhdasaby inje@idn tnaolding. i Aicesssribedubdy of the
after reaction conpletion. ** percent by wei ght of
starting [ Eal AN .

hydr ogengﬁ1 g%&trglex];ngré ﬁ]%grfl}){ g%&g%(lilt?nég%r?t gjrs rl?gsdel g%aet?nal 102
acid catalyzed coupling was perforned to prepare

4~[ 3- chl end- AH¢R-10¢r sbgwneirhdig.) dnieldctridity3-pagsasothierethrough,
oxy- 6- Nacet yl am noqui nol i ne, as shown bel ow. [0091] To

heat ed t DgTeRe Riorth pBRGIANE GOF il 1) BNDRPE Fraterial
yi el ding the product. The reaction begins as an anber

slurry aoR, triinodgrdternating Nytytper aribPggpe Imiateyiah$rorh electrode
approaches conpl etion. Upon scaling up from75 g to

350 g, i d t dd lyti t .
(0. 035 o405 SFERRPRETAES HepsRatigof idioBing & ¥REe material
reaction. As a specific exanple,

4- chl or 0102 eyidnfillér aidterial-104NERee Yha e dupehd &b n6ehundreds of
(0.141 kg, 0.49 nole) was added to the m xture of

Ex I et O d b h | (0.037 Qi
Suspensi B RUEASH, Aie. HgareoreRlRE BN RBrfe s hen can
(1.17 g) was added at 20-25 C. The resulting slurry

was heat @mﬂ@yﬂ{éﬁaﬁ&@ﬂ@hthel d for a m nimum of 4
hours. Thickening of the slurry was evident after 1.5

hours. Foll ow ng reaction conpletion, the mxture was .
cobfkd to roﬁ?‘?t ematerial éﬁg lﬁapreg‘émi]‘%c?f" ashligglerifﬂecmcal
the tel escoped reaction of Exanple 4 below. Exanple 3a
[0092] Teegpfi@R@ Qo ensure flow of electricit}/ through the filler 104
6- acet am do- 4-[ 3-chl or o-4- (3-fl uor obenzZyl oxy)ani |l i noJ -
3-cyano-7: ethoxyqui noline, ethanol (4.80 L) was added

to the afisPrEedserrinod st thaeltisy efectinfNg-Bi-P junctions can
cyano- 7- et hoxy- 6- N-acet yl am noqui nol i ne (0. 350 kg,

1.11 nolgy. Vi ' '

(2.0 n )B%\argﬁgggie%tia%ﬁ%oﬁ-szggo@ e BBt e‘g’ﬁﬁ?f"#gf‘% Beffce bf the
suspensi on was heated to 70-750C and held for a

m ni mum of 2 h. Thickening of the slurry was evi dent
during this holding period. Follow ng reaction

conpletion, the m xture was used as is in the

o T p— ~ F A/ —



Exanpl e 4a [0099] To prepare

6- am no-4-[ 3-chl oro-4-(3-fl uorobenzyl oxy) anilino]-3-cy
W@pwe/11668d hoxyqui nol i ne hydrochl ori de, the reaPtT/U82006/016257

m xture fromthe previous step was taken as is and to

it was added ethanol (1.6 L) and concentrated

hydrochloric acid (1.38 L) toqpring the pHto 1-3. The

suspensi on was held at 70-75 OC for a mninmmof 2 h.

After 1 h, the m xture thickens and ethanol (0.80 L)

was added. After 2 h er .80

mxture BrsErkdnydton n I prutially 808 168 badplo of the
and stirred overnight (12 h). The m xture was filtered

and ri nsdevitetfiiorh theehbgatble (Watsitte {2 the PoSigivee)(+htside as in all
35-45 0C. The product was isolated as a wet cake and

car il ed PQYONQet My B beheRt FAREPS afiBvd 4R Blection of
6- am no-4-[ 4- (benzyl oxy) - 3-chl oroani | i no] - 3-cyano- 7-

et hoxy quiciflehPHoYRIIDE kA iiedirbitorvef theakal floam t he
previous step was taken as is and to it was added a 2

N sol ution of concentrated hydrochloric acid (1.16 L,

i n[3%t hanol gogvn | ymethedlss,Q e%?@?‘f’rb\aénﬂ]éiéﬁ‘éd q\@ten)al and
63-68 0OC and held for a mninmmof 30 h. The m xture

was cool et b @udfz SRIAChdreld @ARIbANEEH BS Q€Y bt the present
nmet hanol (2 x O. %O L). The product was isolated as a

wet cake and carrjed through to the next step. Table 4 .

- Depr ot évensivnD Eomexardplee pailefs of NHEPe basrimatepal filled with
used in the next step as a wet cake) NA = not

avai | abl g_ . 11N rp. I =l fi ith N-tvpe
Pr epar at iq)o%f ﬁ#a?éelréélbgggﬁ% 1%%1)%&@ thaterial filled w P
4-[3-chl oro-4-(2-pyridyl met hoxy)anilino]-3-cyano-7-eth
oxy- 6- animatgtichfillen intapdugeskinée apdnjestion gneldéng machine
corresponding free base by treatnment with 10%

pot assi u (s by '0%3196? :

m xture wqgfs:ﬁé%?nf%@#irﬁl%&wm 0 C(%??%ﬁg%frag Ttgﬁlga’% ﬂ%fmes 2
pH was 9-10. The product was filtered, washed with 1:1

net hanol /deatred (®tx shap® [9r athe deoding adevise.50 @ltgrnatively,
pressure of 10 mm Hg, for 24 hours) to give 0.186 kg

of product w t n . i el f % . :
steps. Ex gﬁ%ﬁ%ox‘giﬁfﬁé%t%l %fr gpfgrrsg tygg VIS idtroduced into an
6- am no-4-[ 3-chl oro-4- (3-fl uorobenzyl oxy)anilino]-3-cy
ano- 7- etihjextioni molding fnaphiteasehile hgemiconductor material of a
6- am no-4-[ 3-chl oro-4-(3-fl uorobenzyl oxy)anilino]-3-cy

ano- 7- et hox i.nol.i ne_hydr | oride .

conver t ederend Abg gt PEepRiRE By Pl B 8igh, §F Prlizysign process.
wi th 10% pot assi um carbonate (0.22 kg in 2.27 L water)

i n et hanitHesé pradeskgs awetsd well kemevii tn tHhertrthat they mexsl not be
stirred for a mnimumof 2 h. The bei ge suspensi on was
filtered, .washed. with 1: hanol /water (2 x 0.84 L)

and dri edh?%f’%‘g“\fl)\%‘,rﬁl% %% h) to give 0.51 kg

of product with an overall yield of 99% over 4 steps.
Exgpgl e 5b [ UHRspddfiperpapte showing the effectiveness of the present
6- am no- 4-[ 4- (benzyl oxy) - 3-chl oroani | i no] - 3-cyano- 7- et
hoxyqui nal e free hase, the, ) .

6- ani no- 40y 9RYREN3 %%QW?EQI%I r Bismithofas Nebifo materigl) was
oxyqgunol i ne hydrochl oride salt was converted to its

cor r esponghdéd abegt Begewhth Télﬁ@ﬁﬁﬁngaw Pe H4tezialeand formed
pot assi um carbonate (0.213 kg in 2.13 L) in nethanol

(6.40 L). The m xture was stirred for a mni aof 1.5

h keepi nghtha hadyavidy e approxpPaiguimeRsions I?E%J@Péﬁ‘:h long, 0.5
washed with water (2 x 0.50 L) and dried (50-60 0C, 10

mm Hg, 20nf) WiRleTh® 0253thehKRichl Phe dtdhuritirh fwad) not melted or
overall yield of 82% over 4 steps. Exanple 6 - Side

Chain Coupling [0103] An acid chloride of formula

RV(C=0O) -C, a mxed anhydride or an activated

carboxyl ase R 2-(C=0)-LG derived fromthe

correspondi ng carboxylic acid, may be used to couple a



product is recrystallized froma 1.5:1 m xture of
acetonitrile: THF (15 volunes) at 70-75 OC. This

WO peopnosess purification beneficially renoves BUF/EsmE06257

aniline. The recovery yields are typically greater
than 85% [0110] To denonstrate a specific synthesis
of (E)-N- {4-[3-chloro-4-(2- 15

pyri di nyl net hoxy) ani | i no] - 3- cyano- 7- et hoxy- 6- qui nol i ny
|'}-4-(di met hyl am no) - 2- butenanide a sol ution of

0N 9 SR AThORCL BLaN g SN BT B 8 GHED, oo ran
DMF (2 nL) was cooled to 0-5 C. Oxal yI chloride (97

nL, 1. 09tHrelighOtRSbedy. Waswaddedasiregvilae theebodip exhibited a
m nutes. The m xture was then warned to 25- 30 C and

stirred for 2 hours I 1 ow Qlutlonvva

f or conp’Feé’E‘IéerégFT@uﬁf)th-Bbﬁ %‘Felo lent, tIPPRER f)e Hpﬁﬁ,a result,
then cooled to 0-5 0OC. [0111] Wen the reaction is

deened ceifdRt Bodraded b 'a%olé‘r employing the Peltier effect.
4-[4-(2-pyridyl ni‘et hoxy) -

chl or o] am no 6- am no- 3- cyano- 7- et hoxyqui nol i ne,

0. 56l nol ) i nFar gsample, ghe 69%%’&1%0‘?\%’%@@1@89%%%“0& can be
added dropw se over 2 hours keeping the tenperature at

0-5 C. ThagnEd iMbethdesmiddra8on fdt a Heat SRK a@efi‘ﬂiﬂ? Swhere the
until less than about 2% of the starting aniline

remai ns by HPLC, which takes about 3 hours. [0112]

Upon conbpdyidfrthetheat sinleds et-shapequetderkintai a kg pin array
(3.0 L), held for 30 mnutes and then warned to 40 C.
Agueous §%I] '

added over Q%Qﬁ%%rjéf?%érl (n%ng% Ege}rgeﬁlaﬁsfé%s{\g@éﬁf &deV‘gEﬂe all of
m xture was stirred for an hour then cooled to room

t enper at theetipsof the pitoearsy ciecend Plretiogieu| Therglectrode can be
precipitates were filtered and washed w t hwat er (100

m.) and ne. (10 i i .
to refl u?ﬁ%@ _/an(t Qtl‘%g e‘gonl %@H@%&H—Eﬁ%ﬁﬁ}g h%%a & directly
sol ution cool ed over 3 hours to roomtenperature. The

product waerrholdedy fodt exathpleshed with col d
acetonitrile: THF. The product was dried (40-50 0C, 10

, 24 h el .
Biih o 6a Qreedtsctle S i SUBESE BE RS SR cin s plgeed into
{4-[3-chloro-4-(3-fl uorobenzyl oxy) ani |l i no] - 3-
cyano- 7- ¢hdraxal - ommlication- WAihd kni¢dtygeneraiing Dbiject,esiath as a

ide, a solution of 4-N5Ndi met hyl am nocrotonic acid

hydr ochl de (108 65 mol ' hyd .
(113" 1) PhpRioReRar i TRBURE ek AV RBIRS PP aPcsaRffuty of the
(1.2 nm.) was cooled to 0-5 ¢ . Oxalyl chloride (55 ni,

0. 62 nol eurnd tueaphwhe trdtlsihkdsapyithe objeet cax baicooled where
The m xture was then warnmed to 25-30 ¢ and stirred for

2 h then led. tp 0-5 c h rrolidi

(o 295 L firBeiaaBanaverasSramine grpe pE L fest LBk A hen up
of 6-am no-4-[3-chloro-4-(3-

f1 uor obe UKy kh@nips 8- freC pAR0for @iptiexsl- ehirnell i iansfer and
(150 g, O. 35@%DI) |g£N-nethy - 2- g;rrolldlnone ( 1.20

L) added dropwi se ov r 2 hours the te ture

0-5 . Th&3R3gemtnaslternativ §}e EPPa%é&s? nE ow can be

hours, warnmed to 10-15 c¢ and stlrred for a further 12
hours. T'i*@véPsé‘d H RoviePsCpial@d] Howlod ﬂeﬁtm% ,BUCRGBEsr Har seat.
addi ng water (1.8 L) over 2 hours, and irred for 30

m nutes. The mixture is warmed to 40 ¢ . Aqueous '
sodf2im hydr oxihgeefoue 1thg PWS@W@VEHM?QIPV\W%SS adway and useful
over 1 hour to bring the pHto 10-1 1. The m xture was
stirred ffggn tﬁ@ffﬁoc&dﬂleeﬂ%%dé’artﬂhf 40art De aﬁged"aﬁﬂedthermal
wi th vvatertz . until the pH of the last wash

was about 7. The vvet soI ids were recrystallized by

heating to reflux (70-75 ¢ ) in 60:40
acetonitrile:tetrahydrofuran (2.25 L) and the solution

cool ed over 3 hours to roomtenperature The product

o " 1 1+



n- propanol /water is used as the solvent system A

mal eate salt is the nost preferred, as it exists in a
waEewgheepol ynorphic form Table 7 - PCT/US2006/016257

Recrystal i zati onMOLDABLE PELTI ERTHERVAL TRANSFER

DEVI CE AND METHOD OF MANUFACTURI NG SAME CROSS

REFERENCE TO RELATEDAPPLI CATI @y [01] This application

is related to and clains priority fromearlier filed

provi sional patent application Serial No. 60/675, 786,

filed April 28, 2006, ncorpoyated herein b e e

ref er encd® NDOE ‘f‘ﬁﬁpl BRI CERN ?%)gff’r%ﬁg HFipge fyjection

i nvention generally relates to devices for use in

transf er mholdi®g ot shaatomginge tdchhifuepuideresmatodate thermal

t hermal managenent. Moreover, the present invention

relates to using such deyices to cool p

arts and
conponentRanageamentneadsibal fannotohe, E??eé?rwét%‘s‘?%ﬂﬁ att technology.

those parts do not fail over tine. The present

i nvent i ormHeahkest wReRtibh tahéy drdl §Rigud Bekat® Mpabvides a net-
transfer devices for these purposes.q[OS] In the prior

art, there are many. different types devices that can )
be used fBAPe ARpldablargHER @t Ijecion FYldng cemposije material
obj ects. These devices have particul ar application,

for exa 3 eXaTXes S bi RbBliAe CHRBABEe can be
environggﬁﬁfa% p?%ﬁ%ﬂ?ﬁggﬁgl soIB??g%iQngﬁ%de f?iné%

heat sinks and mechanical fans for coeling parts that

run hot. adbieyedr, these sol utions can be expensive and
inefficient.[04] There are also a need for devices for

us S sourc t : [ eatsl ;
o o: "a hat YRlA PR arh AR 1 hoRBRIER N arat various
seat or for raising the tenperature of nechanica
conmponentchhogebeandr ificatians tdaor dof . mpdesdo the illustrated
sol utions have typically been coils with hot water

therein or .St | t te L -

el ectric ﬁﬂ}}ﬂ&?ﬁ%&g&% g‘g%{%'gtr e({é%%cr)ugg .fr vvew;lvéee PSP lrt“h é)é ethe present
nmet hods are expensive and inefficient. [05] There have
been att dnpéstiom tAlk spch onodifitatiansparsl iclengessatkei idtended to be
state replacenent for the aforenenti oned nechanica

thermal sol utipns..b in erjals that exploit the

Pel tier éPWSgngWH$¥?é§§Qé§dE§h S¢t is the creation of

a heat difference froman electric voltage. Mre
specifically, it occurs when a current is passed

through two dissimlar nmetals or sem conductors, for
exanpl e ntype and p-type material, that are connected

to each other at two junctions, known as Peltier

junctions. The current drives a transfer of heat from

one junction to the other where one junction cools off
while the other heats up. [06] Referring to the

circuit diagramof prior art Fig. 1, when a current |

is made to flow through the circuit, heat is evolved

at the upper junction (at T2), and absorbed at the

| ower junction (at Ti).The Peltier heat absorbed by

the |l ower junction per unit tinme, is equal to: [08]

Wiere p is the Peltier coefficient ILIB of the entire

t hernocouple, and ILi and Eb are the coefficients of

each material. P-type silicon typically has a positive
Peltier coefficient, which is typically not above

approxi mately 550 K while n-type silicon is typically
negative. [09] In this Peltier effect, the conductors

are attenpting to return to the electron equilibrium

that existed before the current was applied by

absorbing energy at one connector and releasing it at

the other. The individual couples can be connected in
series to enhance the Peltier effect. The direction of

heat transfer is controlled by the polarity of the

current, reversing the polarity will change the

direction of transfer and thus the sign of the heat

T T I A —y . . e . T



2. [11] Thernoel ectric couples 34 are arranged
electrically in series and thermally in parallel. A
wa b@sirosbect ri ¢ nodul e 10 can contain one to SBUEDS1006/016257
hundred couples, for exanple. Prior art Fig. 3 shows
an exanple of a prior art thernocouple device 10 that
includes anarray of P-type matgrial and N-type
material in arranged in series. The Ntype material 12
and P-type material 14 are specifically arranged in
al ' r re electrodes 16, 18 and 20 are
pr i L qﬁ@ﬂﬁiiing fashion to connect the
materials in series to create a string of NP, P-N and
N-R. i nt & fiagafal handfes dedlte, doinplisingevi ce of Fig. 3,
the el ectrodes 16 and 20 are positioned on the top of
the plate ile electrode 18.is posjtjoned o he .
bot t o d bPHE WEEEY PG Hae ARaIeriFb (iay dist dpmisppductor
shown in Fig. 3 for clarity of illustration. This
ar IRMGAAEDE aSMBH RS Wil a Filler afhtekial\WsPei sl #eeinr 0 second
16 to 18 and then to 18. Large nunbers of these plates
can be stacked together with the appropriate ) .
di GPBUEanIG o mRSHAl Dl EeFan) 1% ta BPREaRSTReT having a first
descri bed above. [12] Wiile these prior art
th%&ﬁﬂ%&ﬂ&%ﬁ&nﬁﬁ%d@? useful in certain environnments,
they are only approximately 10% ef fi ci ent because the
joule heat and thermal backlash. Thus, in the prior
art deviadinst elgcirede compedtedbtartie firstid@uct i ve materi al
must be used to prevent this thermal backl ash. These
prior art ' i gadvant age
t hat isEﬁ$Q§¥§%F%HﬁpégﬁgﬂééggﬁéF%gh%gﬁﬁggﬁ?acture and
islimted inits configuration to specific and )
pr eci se vehereby grassing redetrics] aurrenidhepughtheyhasly member via the
materials with precisely positioned alternating | eads.
Th | j.catyi I =d | i
1 et GO0 e U BB <R a8 B IR HGF S h the
cooling devices of such a configuration. As a result
t hépdyamemibebe easily forned into different shapes and
configuration for using in different types of
app i catd,ong t.hat r Lr ' Vi . [
of % pi e SpapEbe e T RuRef bt BHpE it Blorlpilbed o a
a 'Peltier type device that can be formed in any type
of Bhgmesenticondiétgrinedterdal. t hat is nore efficient than
prior art devices while still being able to serve as a

SRV A OERAREN, (TSP & PR RE R O F gppfoctured of

preserves the advantages of prior art thermal transfer

devircNstypk Beddebriduator mutaptadvi des new advant ages not
found in currently avail abl e devi ces and over cones

T S A05P Rl Sl R A By of

the novel and unique thermal transfer device, which
inqp&yﬁgggﬁﬁb@ﬂ&uaﬁﬁhﬁﬁeﬁgwing a base nmaterial of a
first" 'sem conductor material of a first type with a
filler terial djispersed therejn of a secand

sem-con gﬁlfﬁ devipphelaim 10W}‘§r%18513ﬁ ley H@terl’_:ﬁéﬁ fmagactured of a
are attached on sides of the body nenber and
eIqqﬁg?gg@nﬁawﬁﬁﬁﬁmﬁﬁa&ﬁmﬂjherethrough to create
t her flow using the Peltier effect. As stated
above, the direction of thecurrent flow dictates

whett-her Kheederdge o cladn b wheresn the fillge materialehgssan aspect ratio

formed by injection nolding and the |ike and the
fildeery bSatdatd,0duced into the base by, for exanple,
extrusion~or pultrusion processes. [16] It is
therefore an object of the present invention to
provide a thermal transfer device that is easily

nol dabl e into any shape, size and configuration. It is
an object of the present invention to provide a

oy o, o s " o ~ 1 .




is nore efficient than prior art Peltier thernocouple
devi ces. The device of the present invention can be

w0 pjoeatdeom nol ded so it can be used in a w de PENYLS2006/016257

t hermal nmanagenent applications thereby avoiding the
limtation of prior art devices that are of a

pl at eshaped configuration. [23]s As shown in Fig. 4,
the device 100 present invention includes a base
material 102 with filler 104 with el ectrodes 106 and

108 di d [ ds t fr. .l |, .
devi-ce o TRy SEBHEIRU AR root ey hefiuks; shiiprising
base material of a first typeof sem conductor nateri al

thaheisgepfsidﬂ ed with a second type of seni conduct or
material. [24] More specifically, in accordance with

the present  j.nventi t he bas terial  102. can be .
ei t her RGBS IBP?CE‘LW?B%SW&I@IO?%’?SE S‘?IHECOPEPF@F material
material is of the opposite type of the base material.
FOQﬁQN%@pngxif the base material is selected to be an
N-type material, then the filler material is be
selected _to be P-type in nature. The materials . can be

any typdilingcéheabass enpteripbe wath pa ¢ fifjer nmatenial) of gy second
exanpl e, the base and filler can be appropriately

do WM j ; I 2 desired N-type and

P- %&%@%@gﬁ%&%}ﬁg%&%ﬁ@?@%e filler material is
preferably of a high aspect ratio_(such_as 5:1 or L.

hi gher) fovming themoldable baseanpieriahtwith slle disnsksed therein, into
t hrough the body. Alternatively, the filler nmay be

| es o ( ' accordance with

the B E Btten I BREE Hrel B And oot oL N N type
materi al can be any suitable material. Commonly used

seni condttaching afirsreledtxodedn the figsfsitle;such as silicon,
germani um gallium arseni de and i ndi um phosphi de. It

shoul d b t e ' :13S. 4

o vy ALY £5900d Qe HERaR o MU S RIy4E 4l
achieve the an N-type material, a sem conductor

mat er i al wherethypeassinigt ¢le¢tniealbpprenpr thaveghk therbady msemher causes
as antinony. To achieve a P-type material, the

sem, condugt or tarjaly i with the appropriate

el E%t?ﬁ]inap @ﬁ‘é’hthﬁngugbt}benb&g’e%%gg%&mt or materials and

the doping thereof to achieve N-type and P-type

mat&r i al Eheadevise ofvelaim Kk ovhrereim thiedaae maténsl is megnufaeured of a
not be discussed in further detail herein. [26] The
de;%%§P100 1S ahown tq be, of a bl ock configuration for

ease HPe SFTFOPFEETOpMa ver, as will be described

bel ow, the material is easily formable into different
shapes anie device @rcdiroViswhersn ske basé matedialablmamsfactured of
as by injection nolding. Across the body of the nol ded
menbe enerally . referred.to as 110, of base materi al
10%%%%%%”%@? QhHWEGIF*ﬂ- Fig. 4, electricity

passes therethrough, nanely through alternating filler

mat gy,i al THOdewidd ob alsem T hdidrain the Zillen afigtbyiakistreamafactiged of a
N-type and P-type material, fromelectrode 106 to

el ectrode 108. D%Pendin n the | oading of the base
natBﬁYBﬁSqDED%ﬂPHCFF?W@% terial 104, there can be

dozens in not hundreds of P-N interfaces and,

"t hetgf orghe HEGHE LRBLIR-ANWHEIEH PRTillch MateAal BiRARAYatiged of a
Peltier effect. [27] The base material 102 is

preferably of a higher electrical resistance to ensure

f 1 oW-yPeserueendyater MAksiaddh the filler 104 di spersed
therein. Thus, the Peltier effect of NNP-N-P junctions

can be reproduced effectively in the conposite nol ded

devi ce of thepresent invention. Heat propagates across

the body 110 of the device fromthe negative (-) side

to the positive (+) side as in all Peltier devices. In

the device of Fig. 4, as above, the direction of

current floww Il dictate the direction of thermal

o rF A1 Y o, o s Y - - . T L e 1



where the base of the heat sink carries a first

el ectrode while all of the tips of the pins carry a
w@emonthoeed ect rode. The el ectrode can be affi XxeRPCDOSM06/016257

t he nol ded assenbly after nolded or directly

over nol ded, for exanple. [31] The el ectrode on the

base of the heat sink can be plgaced into therma

communi cation with a heat generating object, such as a

m croprocessor that is running hot. Wth the proper

pol.arity.of .the current,through,.the.heat, si Q .
thd2ob j deiceof Ha0M du WEPR! sa Tk apedta] :E‘E\%?g‘gﬁ%fd ratio
fromthe base of the heat sink and then up through the

ti 359 ot eagrns for optimal thermal transfer and
managenent. Alternatively, the polarity of current

flogw can be reversed to reverse.thermal flow.for . .
heé@inga}§U9ﬁV5§ Pl clatme r‘gé F‘Fﬁ?ﬁ%$ﬁepe$@?@,WWﬁeﬁuajby
present invention provides a new and useful Peltier

t hesirasiepl € device that can be used for

t hér mal managenent. The new device can be forned using

i njection nmolding or_ other formng, techni

acddmuoddice dewisened daimade Enererbahe Rasst! ggﬁﬁé? wih filler by

met with prior art technol ogy. The present invention
isfgﬁﬁkﬁﬂg uni que because it provides a netshape

nol dabl e, such as by injection nolding, conposite
material into any desired shape where Peltier cooling
or heating can be achieved. [33] It would be

appreci ated by those skilled in the art that various
changes and nodifications can be made to the
illustrated enbodi nents w thout departing fromthe
spirit of the present invention. Al such
nodi fi cati ons and changes are intended to be covered
by the appended clains. WHATIS CLAIMED I'S: 1. A thernal
transfer device, conprising: a body nenber having a
base material of a first sem conductor material of a
first type with a filler material dispersed therein of
a second sem conductor material of a second type; the
body nenber having a first side and a second side; a
first electrode connected to the first side; a second
el ectrode connected to the second side; whereby
passi ng el ectrical current through the body nenber via
the first el ectrode and the second el ectrode causes
thermal flow through the body nmenber. 2. The device of
claim1, wherein the base material is manufactured of
a P-type sem conductor material. 3. The device of
claim11l, wherein the base material is manufactured of
an N-type sem conductor material. 4. The device of
claim1, wherein the filler material is manufactured
of a P-type seniconductor material. 5. The device of
claiml, wherein the filler material is manufactured
of a N-type semi conductor material. 6. The device of
claim1, wherein the filler material has an aspect
ratio of 5:1 or greater.7. A nethod of manufacturing a
thermal transfer device, conprising the steps of:
provi ding a nol dabl e base material of a first

sem conductor material of a first type; filling the
base material with a filler material of a second

sem conductor material of a second type; formng the
nol dabl e base material, wth filler dispersed therein
into a body nenber having a first side and a second
side; attaching a first electrode to the first side;
attaching a second el ectrode connected to the second
side; and whereby passing electrical current through

t he body nenber causes thermal flow through the body
menber. 8. The device of claim?7, wherein the base
material is manufactured of a P-type sem conductor
material. 9. The device of claim7, wherein the base
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