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wa@ppbiicats on clains the benefit of U S

BRI DGE HETEROCYCLES AS HI V | NTEGRASE | NHI BI TORS.
CROSS- REFERENCE TO RELATED APPLI CATI ONS Thi s
non- pr POT/FEINAD37605
application serial nunber 12/406, 268 filed March 18,
2009 and U. S. provisional application serial nunber
61/ 037,729 filed March 19, 2008. BACKGROUND OF THE

| SVENTN AN Ve i S FoRUA RRARIERE! HIYA TIRICAE EISMERTHRERYSTAL
novel compounds of formula I, including their salts,

whi ch inhibit HV i ntEBGVEER AdiRdRg¥id¥ent vi r al
integration into human DNA. This action nmakes the
compounds useful for treating HV infection and Al DS.
The i nvent i GROSP-REFEREDIPEES BELAAEPETEJCATHIN

conpasi tions .and methad or. tr i ng.tho ' ct.

o ¢ iR TR shisGRbt AUt TRRY; S g e
Aghindtiohi Sedaladso. 6ve3 &3 coliled)dc Barchd @008 ehP dind odukesoffvdtich is

acqui.red i mu defici ency syndrome (AIDS), a fatal

AP EENL B ERAP A eI a Byt BTSN of the |mmine
systemand the inability to fight off life threatening
opportunistic infections. Recent statistics (UNAIDS:
Report on the d obal WW&FﬁV@B{T&@% c, Decenber
1998)he bRGér aHvendoRdé1a@S oBYce@ Sor3Bystil blolwaan QB¢ R nal
wor|l dwi de are infected wth the virus. In addition to
Phéfirgiogeand e Parefularhydp ¢ isxrear andaneteeddyr AmeiRg adleast pee
ARSI GAR I G R Or K B St MRt es from 1998 poi nt
to close to 6 mIFion new infections in that year
alone. In the sane year there were approximately 2.5
mllion deaths [ i I DS. There are
currently a nunb%ZAf&gdﬁﬁgﬁﬁﬂ\%)fﬁgpﬁdﬁré@ﬁé@g | able to
conbatirettienal solididicatom.sysihres@ S agsisahfior the paiductsbacht i nt o

R R Bin B BE b Oy Y B ao IR R A pos

fuihdédiavised fort dris@il @ioiwith antiedifetiiani solidifiaanay b GtatiAp wd@ial such
anprenavir, fosanprepavir, |opinavir and tjpranavir
SRR ES e RISIISR (Lo cpihbe Beldring firgsigdl selidified
IBXHRS8HS Y. HbMendbdAy udirigole SindaR RS h BRrgeSIraNidet RPlaced in
| am vudi ne, zalcitabine, entricitibine, tenofovir and
HiyEeey Vi abeting elweriaganged pear dhe aryablecr i pt ase

| nhi Bipt QERink PRMAGRAVE 285 SHBREL &h®e MsTliCSordiRadald, m the
viral cDNA Synthesis. The non-nucl eosi de reverse
Gparigersigprabatinglviynt dows Hewishapésimeor agé hews updhnlsating
e?érl?e\{]{t,raﬁ%ﬁ&%@ﬂingtefeﬁl\éhtr daf1Be b n@l Bvit%gﬁaﬁix&mme&al%si tivity,
viral’ ¢ via~a non-conpetitive (or unconpetiti ve3

shreyeh dhiiksess, dad cuvént pathle med opaating teroperatnigiabd powdreequiremynts.
Iof. thte vti rul? {.ntg thﬁ hostt cel Id.h Utsed a}I one thtse.l.
P PG IXPEh MAETET G R CoF SRt P5 R Hhe
ahifgecind g @ty floetfRah@uyh @s céihB cuipletsbyrackakde toleshadvops
resi stance to %I%I known agents. However, conbination
PREPEYY hepline BE G & 8fery effective at both reduci ng

Vi 1 UDFTHrnatR RFSREICOR) &8 TEY GRS 8roMih fRiSdisti@nee 1 n a
nunber of patients. In the US, where conbination
seHeifiggsipnios sifiFapdngertayssi iramoryokide (YU nplicaigns Hbveh farmgees glso
dedt hsdh@sodad!don ﬁ%o& P& el @nadctor p'lic%n@n}f@r elﬁherl\@qie of
Moorman, A. C; Loveless, M O0.; F%rher, J.; Satten,
appligation. Aisie Henirable B, produce Hagawbléqog inggts (Dlowyr a@mgle prasluction
A R 9 B8 A0 L OBt B cono
lehteltcapthrough tedess, fuappy oordratedchic8a SO¥andallp @ontehled heating
ultimately fail conbination therapy. Treatnent failure
in nost cases is caused by the enmergence of vira
resistance. Viral resistance in turn is caused by the
rapi d turnover of H V- 1 during the course of

infection conbined with a high viral nutation rate.
Under these circunstances inconplete viral suppression
caused by insufficient drug potency, poor conpliance

to the conplicated drug reginent as well as intrinsic

o a N . =
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inhibiting H'V integrase and treating those infected
wth HV or AIDS. One aspect of the invention are

weomwpouisds of Formula | | wherein: RL is (Ar”aP®yU$2009/037605

al kyl, (cycl oal kyl)al kyl, diphenyl al kyl, phenoxyal kyl ,
(PhNH) al kyl , (nmethyl pyrrolidinyl)alkyl,

(i mdazol yl)al kyl (val erol actanyl)al kyl,
(tetrahydrofuranyl)al kyl, _o.
((fIuoro)(nethyl)pyrldlnyl)nethyl phenyl cycl opr opyl ,

or benzylpyrrolidinyl; Ris hydrogen al kyl, hydroxy

430 hadt lésatxaétlorf?darﬁlgfpymh@%rbf tRahgot. ML THWsis a&tlgezsyantlauy
cyano, al kyl, cycloal kyl, hal oal kyl, hydroxyal kyl ,

C&W@i@gélvrwghoutaﬂwwf ﬂPPaH’f@C&}Ck@f&X/S“f 'R8) (R9), N(R6) COR7,

N( R6 o Ry i é\jft @%ﬁ% dh‘ééﬁ%ﬁQ%lMl@)a()ﬁésustaﬁ% e heating
CON(R8) (R9) , SO2N( R8XR9) R12,

edamensAypiRdlyjage Uy rH@éﬁatlﬂgaﬂl@lenhyldy b@(@yhn@yahm shaﬂekgpl as to
%/rg@?élyae(#'@l%‘}g ?tk&f:}{%{ll E%il(lg(ﬁl 519 owl?e'ir? ﬁ&aﬁg )]Sﬁi@ided R;Smel% the charge.

Trva P¥adpkiydagionsah watakg»lgr(squure N@R&Xﬂﬁ))n 1ﬁ@t lsslehyabteo grelhe heating

| kyl .
EVN PN AT T,
dxahaal fk@ﬁl thel’t}dﬁigé) ihyaadohstbuedahénama bk)yﬂot@dﬁrectlonal sohd1ﬁcat10n.

di al | am noal k i's _hydraogen, _al kyl hal oal k
hydr o%§4f i1 48 thaﬁfv‘l{‘&%%;?ﬁcit‘l?i}‘i‘l %ﬁa ggﬁP‘iﬁ;‘?F%ﬂﬁ%ﬁ Lok 9Jpima are
ERR(WRS) mﬁlﬁb@'heitﬁlg%lelﬂﬁhts h&a@aﬁﬁﬂ @diconttol h&i{ ﬂl’)Gﬂ IF6# dX¥hple, in
(R1O) - pi er|d|n¥ gera2|n yl hol i nyl ,
QHB ARITLICAIS i tpls hefmnéﬁksflﬁmé f¥pyeen wepg tq %On 9ldhogBiperature
g'i‘llci'féﬂt in (nffgi%ﬁ)c)%)ﬁneso 'Hoklbédf!r%éf ey |mu1t%l-é'—héa§n{é’lgtﬁ%§£ﬂds to the

yl ydroxyalky koxyal

qqmi;@;;@y g%/ gwgnk ’ylpd mgjlﬁeé ﬁyhfﬁc@yﬁo, Cgptﬁg,l |heat ﬂow precnsely especially

%E?gQ%§§g}E%%?%%%g?gfﬂoLyaffgf)CéfﬁRﬁ

(tet rItamAdid bf dpsaahyd t)ocp@,)wc(mtalmylhgeg@nmwmnh)@@tmg element is
{ fu | Idi R8
c% Jmu:ecy ia ﬁ(nﬁf%)s? ﬂg Fo?/pr%cacsl(glr}/ect(oﬁ Ihé:zg)rz%{)%x)o tﬁ%l’u?g%l(fu 210(3 R?t)v&’zould

a(ls(o(lﬂ rdbﬁﬁb]mo( yordniae &reyﬁleatﬁ@zlen(errem hyhanmIda zialpyiky) &Qtréﬂ of Rik2

azetidi ngnyl rro on r o] act a
Ii?g ; eél%etnlél y r}%ﬁ&é{oﬁﬁﬂa%l ICEB?&%O({}F S&Fﬂl FRHon syste and related

ﬂléﬂl(ﬂﬁ&@éﬂl(ﬂb%&fdﬂﬂe thd ddfidieadi@flthe presently avallable methods and systems.

N- ( R6) - di oxot hi azol i di nyl or dioxothiazinyl, and is

substituted with 0-2 substituents selected fromthe

group consi sting ofivakAwy orhpigi exvekkdn hal oal kyl,

al koxyal kyl, and am noal kyl; R13 is hydrogen, alk

al kylSd%tﬁlbwyﬂ metlgdg é@w@rangstlﬁwheatlb@ﬂ@wéxryww@irgwwt @pparatus
I

R RIS R0 s S bl kR ot s rasgme o

R ENd (lingc@ipma;l y(didk@daylmng@a}hbugn Wbl example a silicon charge used to

fN I%Sms%éé N efgsl%% al k l oar%car boﬁ%l ?Jpar tus, ?x)n%hR]hG ting e(lé?nent
&} a TR G NG RdA) f2r)sednld>séc)ond Dl b €k nDtRR) ) allbtyitily and

le%ﬁ@% %DE&%% 5«2 e%l Vk’\i/% %Q%%%.%gieﬁs&?ggdnnecﬁng

INRhD ¢ PSP dvIN(R td&)nﬁla:l Q) Ipak ki of theNrRIn €6 RbEp2¢omponents
g R15) SOPR16, N(R15) SO2( N(R15) 2), or N(R15) COAr3; orR

to 1}?43'){%31 g}&pa/lﬂb%gparagﬂs,kagg)ﬁl iﬁ;groag( S‘/()ngpcwélﬁy;lement also 1S used to

lﬁ@}cksma @t KRX¥nd/dr Mmm ent@ r F&%p%la&&ap&mne&lhg
R14 i s N(R15) COCON( R15) oxyal k ,  N(R1MCOCON( R

ejanqEsyaRdePEP dad)o connect sectlons of the rst and second heating components.
N( R15) COCON(R15) ((tetrahydroruranyl)nethyl), NR

15) COCON( R15) (( N, Ndi net hyl pyrazolyl) methyl), or

N(R15) CO((Ar4)al kyl); or R14 is al kyl Rl5 i s hydrogen,

al kyl, hydroxyal kyl , al koxyal kyl, hal oal kyl, or
cycl oal kyl ; or N(R15) (R15) taken together is

azetidinyl, pyrrolidinyl, (R10)-piperidinyl, N(Ru

) - pi perazinyl, nof holinyl, or thionmof holinyl, and is

substituted with 0-2 substituents selected from hal o,
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oxazol i di nonyl, im dazolidinonyl, triazolonyl, N (R
6) - di oxot hi azol i di nyl or dioxothiazinyl, and is

wewetites ed with 0-2 substituents sel ected frpeT/UB®09/037605

group consisting o f al kyl, hydroxyal kyl, hal oal kyl,

al koxyal kyl , and am noal kyl; R 13 is hydrogen, alkyl,

al kyl car bonyl , al koxycarbonyl, benzyl oxycarbonyl, or

al kyl sulfonyl; R 14 i s N(R 4_.)(al kyl oxycarbonyl), NR

15)CAO R 16) , N(R 15)CQ(al kyl (N(R 15) 2)), N(R 15) COCO

2(R 15) , NN((RR1155)) CCOOCCOONN( (RR15) (R 15), N(R

TRCEAdRn 51)3121knts ca}{(lﬁ hbij th&sé@ to krRmbci@ c2liNeRoARkdons.
or N(R 15) 3; or R I4 iIs hydroxy, alkoxy

%m@tmﬂla% %%9 SizeAnRERRYiEI IO XAt the F&rSf_ ewowaﬂlﬂélﬁvmgor

&%g@n@(ﬁ ltlli%%)(tm lel‘éant §re Qﬂﬂé@ﬁ%@red@lei‘rﬂllned &%&%lfhﬁﬂ a criéible

cycloal kyl ; or N(R taken together is

cone@ining th<y¢harg§yn mcr}dtahgmwtk(ammps pi peri di nyl,

N—(R r

6B’H%0\g<;l E§ ﬁlﬁha ),oflhEB}{n’glelrnb%% s, s l%)toFgﬂﬁgR) \‘agptjhb Béijver
ram lveawcﬁnth commoaemﬂ lw designiag lea:h@bmbonenhwmlda a@obd/tesistance.
P)s(rof(l 0 iﬂ growt ?]?P%ézuosl aﬁforgl Ag Lo Itoy the Fl}bj e{cﬁmé%r}{ﬁoh can IPCIS?G a

fb@dslomt d]lat&yihl reqipedzd aythicibipythé dﬂuﬁ}ble an@iiged 1n the apparatus and a

r ox ridin and i s supstit ut

hé% eil‘ty“E%‘h prEanggy i (R PRTA Y tg%‘“’a@‘? %‘i}n% et Iigr?{gleésr‘ a first
tamg JoadpBnent y @R, 1o @kbephd halik@xdmpoiRBhé RR) and

and R8XR9 Ar3 is tetrazolyl, triazolyl,
S@%aé |haaztal|gypmp@rwma@9 wFedto hepy prggely the fieditorkapatsral.
Oxaz @il asﬂel?t% @&P(J:rﬂlgodlﬂlél@s)@%@ ¥entib$ e Iais@@s@écyﬂe)low
furanyl, thienyl, pyrrolyl, or pyridinyl, and is
substituted with 0-3 substituents sel ected from the
group consi sti @hg% o, benzyl,
and al kyl ; an eiﬁgﬁg%$ﬂa g?#ﬁ?@%??@%ﬁ?y
acce pﬁbabweslaidtmtah@ngoif the ﬁmm% led dfasrpie«zit] eatsf ofttllrfepresent

1{1ﬁnﬁoa r’ence 1T(mrage cyc 110v|v1l1(1% ﬁﬁté%g dlescnwgo tgllg]fi/ c&ry}mctlon
vaiktethe xqcafnhoydy;ng(d?ith& éibleyd whdrere tiky teffiyrernce Iclhadadtty ldgadikyl ,

HraT b St bR rk Rt Al et
((fl voi 01) i BRIy bRyl ﬁblﬁtwlle)v&”@ftamﬂ/stal BReMY @R RE@MOkating a
or benzylpyrrolidinyl; R2 is hydrogen; R3J is

%%5@%%”‘ﬁ&W@H%HQHWéRWe“éPW@%V; cyano, al kyl,
cycl @@d} kyik o phiR &abek\vlkw ohbh@ RO llHent ALK ﬁmbkyl
al kox hal oal (R8) (R9), N(R6) COR7, N(R6 SCQR?
N( R6 7 an N(lmycé@mem (VR®) of UeciERene @m{rﬂeﬁ 9 showing a

@%ﬁ? of %Q?eg'@ dfg)lggeé:ﬁcoﬁﬁecﬁgconfb%n Wﬁi R el%ﬁ%g ear;]lg r

aaiaﬂyng thhhh¢atiag klyllnentcw theyoiebgkyth apRak@sial kyl

hal o c .0a aIkyI
nal ot s Ay EP el e el Bt PR
di al kyd afrﬂeipca:asl \hylbUSRﬁeWSthyﬂﬁtag&l@ accairckyg to dnfabigadflaydd,

h oxyal k al koxy i al k 1. hoal kyl ; or
RERE e R SR g B BRBI T TBGH (o1 0Py
( RLO)H®I (o@spicth mibus VW RS a)ebfgibagdondihg ole@inalprdiytted
thlonDr hol i n or . di oxot hi azi nyl ; R10 is hydrogen,
begimenspak) 9%““8?Wﬁ@ﬁ?@%ﬁ@%ﬁvpmn@ﬁfq@§3hydrogen
aIkyI cycl ol kyl , hydroxyal kyl, al koxyal kyl ,
hydroxyalkoxyalkyl, phenyl , pyridinyl,
(met hyl i m dazol yl ) met hyl , COR6, CO2R6,
(hydroxyal kyl ) CO (al koxyal kyl ) CO
(tetrahydrofuranyl)CO (nethylisoxazolyl)CO
(thienyl)CO, (furanyl)CO, (pyridinyl)CO CON(R8)(R9),
S2R7, S2N(R8) (R9), (dinmethylisoxazolyl) S,
((carboet hoxy)thi enyl)S®2, (nethylimdazolyl)Sq 2 R13
i s hydrogen, alkyl, alkylcarbonyl, al koxycarbonyl,
benzyl oxycar bonyl, or al kylsulfonyl; Rl4 is
N(R15) (R15), N(R15) (benzyl oxycarbonyl),
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R is other than hydrogen or hal o. Another aspect of
the invention is a conpound of Forrmula | where Ris

whyweoysws Anot her aspect of the invention i s BCT/US2009/037605

conmpound of Forrmula |I where R3 is Rl12. Another aspect
of the invention is a conmpound of Fornmula | where Ris
Ar. Anot her aspect of the invention is a conpound of
Formula | where R3 is CON(R8)(R9), SO2N(R8XR9),
azeti di nonyl, pyrrolidinonyl, valerolactanyl,

caprol actanyl, oxazolidinonyl, im dazolidinonyl,

di oxot hi azi nyl, N (R6)- rsfirgxptibNgzol i di nyl, or
triazolyl where triazolyl is substituted with 0-2 ,
al ky|ThensERONEGHEER jstpeshtlearlyAmderniepd wih ed¢rense tq the following
deRY&BLd-ON is a conpound of Formula | where R3 is halo,
CON(R)(R ), oxazolidinonyl, or triazolyl where

tri azolupd inghespatication el clpimp, e singllk yprnpia”.gfw' and "the”

lﬁé’l{%e gﬁ‘éﬁée'gce%%fe'&e@ e%g'éﬁ% JIH%R& %%0” is a

N( Rl 5& (fomacey box'yxsaaﬂ bmwyh IppaNURLE)desdribyd loryio mfmn ywhy) device or

SO T ——————

¥ RhGd (oCSKs M Qb@)lﬂi)uﬁdak@d a)ld directional solidification (DSS) furnaces, where

s%t%g\;a%éicr%( N gilﬂg.?l}% ésiaelfuﬁ ¥(|)1) growing silicon ingots for photovoltaic (PV)

ANG/BE S GEAnEEN B RaliRIs5) al kyl ), N(R15) COOO2(R15),
N( R15) CO( (CO2( R15) al kyl ), N(R15) COCON( R15) ( R15),
N( R15) COCO( ( N( R15) (R15)) al kyl ), N(R15) CO( N(R15) 2),
N( R15) SO2R16pE N RED) SEECRIPRIGN O Tiek IR PIEOAT 3.
Anot her aspect of the invention is a conmpound of
For md} sysemipiedreanReg a heating ReSECOCORNYRA B0 RS Papes: Herr
t
GRFE's LS YA 0By B ATEAP L Rl RR Y o,
riréfeablly arcdidgh o CIpylb&zamayged on mddacmlnyll solidieatioh ylock in the furnace,
tﬁe crumgfe)ét)ﬁff ure%)%g %e%el < a ee?s??ctp(l ot é)rl lﬁ:h%y é % heta 1%%[‘]%ﬂ:ment

ute
is air:ﬁrgédadl tﬁer ammtatme \gzremmhe aeInag slbmag infludea htdeandlea:bklpbnent

}%n} %E‘F gf t he |nvent|§ S s ngoun h

B hogrige campapanfiand ggrond s 8‘?%1?0“618# atare
dl@m@aﬁptml therMay &tﬁh{aled&m& Chn B conh&tddrvLmE bt diguid By
conmpound. of Forrmula | where X-Y-Z is For a conpound of

‘F%S a pluralityf hepiigecoppongis, it ropble & By Be paysrdpfabetween
tﬁé’&ﬁﬁ%ﬁé’rﬁ@ﬁy dés%ling @hdﬂgsoﬁ%lneﬁgwuﬂ desﬁé@l re%ﬁtanc%s R7, RS,
RO, 0, RI1, 2, R13, 7, Arl, Ar2,
Ar 3, Mlepst aap gomreding clegment ¢se bg peayides éfé‘t?@ﬁ?fé ﬂtewyle@ﬁt fist and
ERORERER BB UARS (LI ATER Sl R RO AEL S o vt o
avondsi tha tfirso n@l/@fsetmé hekiting ememneats pet(ht stystirdresd appa_lratus, and to
1nt%rconnect tﬂe ﬁr&F dI second hesnlen%e }%nrgr;ltm @’Vl?h :}lgen% nf(::f%\glg El%nents
cgn bel beanogrﬂt;;s e]dat afe nlechani@llg aasﬂmeﬂsd forAbdnﬂpiy | By faseans t@ecach

strai ght or branched al kyl gr ose af to 6

B B i Fo R e dGBr DB B a5 By Ry Ry so
tBatSlid fakGRll/oo gecbﬁcﬂmmédcoatphyém@f@memm@du ek spack@atth
carbons with at |east one triple bond. "Cycloal kgar'r'angmg

gmﬁﬁﬁﬁﬁ?ﬁﬁﬁ%&WFﬂﬁl%?é?@ﬁt%%ﬁﬂ%@@@*ﬂﬁm@“Péo
R@hDARSelembirhP@L kithial @OFN abgtrstat 0 ¥¥contpA&E Bt kidvention.
hal ogenat ed i somers from nonohal o to perhalo. Terns
wi th a hydrocarbon noiety (e.g. al koxy) include
strai ght and branched isoners for the hydrocarbon
portion. Parenthetic and nmultiparenthetic ternms are
intended to clarify bonding relationships to those
skilled in the art. For exanple, a term such as
((R)al kyl) nmeans an al kyl substituent further
substituted with the substituent R."D oxolanyphenyl"
means ' Di oxot hi azolidinyl" nmeans ;' D oxot hi azi nyl"
means The i nvention includes all pharnaceutlcally

T T T o N R c o " o
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WO paobiturswal um num hydri de;

"MeCH' for nethanol; "NBS' forN bronosuccinimde; "Ar"

for aryl; "TFA" for trifluoroacetic acid; "LAH ' for

-' BOC', "DWMSO' for PCT/US2009/037605

di met hyl sul foxi de; "h" for hours; "rt" for room

tenperature or retention time (context will dictate);

"mn" for mnutes; "EtOAc" for ethyl acetate; "THF"

for tetrahydrofuran; "EDTA"_§or

et hyl enedi am netetraacetic acid; "Et O for diethyl

et her; "DVAP' for 4-dinethyl am nopyridine; "DCE" for

1, 2- o aliaresih aptratus AN defdiQbd AARGON vihetel (Bs crydeNErovi@r

1, 2-di et hoxyet hane; "HOBt" for 1-

q@yg@tg&% BEH¥EGt fpm&%‘@é gqqymgdpg)ts frgmp g Apedstggk material such as silicon.

ﬂéi’eﬁt@f}r ﬁ@)ﬂ)lﬁﬁalﬂlysl b N '&ﬁectloMl bR rikidh @E§§) Iefkee whlﬁﬂﬁilhzes a
for trimethylorthoformate. Schenme | 1-5 Schene

dnlectd@ﬁtm!;thrﬁa@t@@ pageessite prometd arestaharavaly afdodirepiang] wilidigication.

B TORYRGan ook i pemmpre L P apRne bead s e ©
rsgesteamrydible B cogaiaitg p chated, farxkihge,prsioed unagd. n

scnenareio T (¥t bymitid e BRRPNR il 543

\i/hierd’ uﬁa ﬁéaﬁdg Weinbntal Odue bd ﬁlpp@fed(b)yalpﬂt&alﬁg bﬂsu@ﬂd‘&ﬂelﬁhﬁs gen

t|o C itions .. React , 26
}0 d g‘?SnGO ‘g?r?ffh‘élnfl‘?f E%‘gg’telhﬁ?fglgﬂﬁneﬁ\t 108é'ﬁﬁeéﬁﬁpr?“
eh@ﬁdnﬂs Batlérablahdob e dlectd Ol wikhg fodQdotnicalp cgrfméctﬁl@@he hbating
Chem Educ. 56, 721 (1979); J . Am Chem_ Soc.
efesngmt éq_glg fflrc% H;pord@t(g delgﬁli,]powzer tophe beging %lilggq)lj) a{ubcontrol

@Eﬁ{{b&@fth@ﬁéﬁggggﬁgrﬁ 18-2. This internediatecan be
onbi ned with an am dine, 2-3, under heating to yield

t he RefyroRy1@-%hsiheating ‘element 10 preferably includes a plurality of

QPRI R LB R A AL IRRFAGRU P Rra i

w@Ewit.hés gomnen TEd 2t e hertiop ﬁkmﬁmtl@ pB@erabis um@adsglmlehietta frst

rocedu S
B ROl Fh TR Rl BPRS ohital B W Mchemasgppprens
a(rdﬂh8@a,lly iﬁ)thél&)tmcaHQ Berdbctedolidhanacig: Itehuuﬁg, coalpb‘ﬁftnhxfdnctlon

Si mI ri bed in Journal

By by 350 veyniey b3 nitog Sopgo T s bea o
I%htbfnaﬁtﬁﬁh@ sécbﬁd @&ﬁhg)é@in@h@u R4 @dn K& #sidd Rhdi, BEhadf HbPIERI side
of conp ds, 3-3 and.  3-4, which upon hydr ogenat i on
Iﬁﬁ%ﬁd%féuql?ﬁ %Plﬁﬁbﬁyéiféo@ 5. The acetyl group of 3-5 can

be 1 gnpy&ttas 'ﬂﬂ&cﬁﬁﬂ?ﬁﬂp@ﬁ&ﬁbﬁé @Péo&ﬁ@l&fg@fng&t@ b BRIRIe
skilled in the art he "synt hesi s of

1Bulkplg h@ﬁtgmg sleappts pncgordqowam&ym gl |t<h@h14we sslgRsally sven

l. | I

0, 0 SRR 5 G0 e ST o
tkmpugh/@b éumés;eof\ccrmdlhgt@shwlfomylmvmbmrrmdepla hehting components can
b%l clf)ﬁrg)ee{eg P et%e Y%orggzrre?ig%%gl 1n%%%a1 é:grgtrq\[i\'ﬁe&lg Ihg\%%g 88&5&%&9
Altionyicthi heaftmg eldmeﬁt-lh yebeibe- vﬁt:hamfence to first and second heatlng

SHRPRNPIR Lo Seatk DU abRobH BarbRrRL ™ Shuihcding

@aIpHRHP @A e dighnaNedng Gmibdnends fir@x G datdomndd @ediapd

formqﬁg procedures famliar tqQ those skilled in the
r

GQrPongabyin @ Rege lemenl- Jh ety Bt terteateetinne | Grigl bl
iRQuERBRE H&HoWhEdlink BEMAIHERS, and thkselc n@htskﬁfﬁ‘&%ra%%lﬂe Rrked

triethylam ne and the m xture heated to effect

taghtissd F%uﬂsat gr hegimgeloment Hblﬁdnvanwaﬁatlgi@ EirG@dt hod t he
hydr oxyl group of 3-9 is nodified with a protecting
group such as benzyl, or a group such as those
mentioned in Greene's Protective Goups in Oganic
Synthesis, 4th Edition, Peter G M Wits, Theodora W
G eene, John Wley & Sons, Inc. 2007, Hoboken New
Jersey. Following this the ester is hydrolyzed to the
correspondi ng carboxylic acid and this is coupled with
the am ne 3-11 using an am de bond form ng reagent
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bridged tricyclic fused ring system as described in
the previous schenes, affords internediate 5-9. Schene

wo2@9118¢hene VI describes yet another nethod POF/US1969/037605

synt hesi s of conpounds of this invention. In this

nmet hod, internediate 6-1 is converted to the
correspondi ng diester, 6-3, via the anhydride 6-2.
Reduction of the ester groupg.to provide internediate
6-4, can be acconplished using procedures famliar to
those skilled in the art. The subsequent synthetic

st epxcké@myitdihe kumetk afventmode®r hdg: donfid@ting S1EROMNEhntre 18ed
can be acconplished using nmethods simlar to those

GESMPFIREIFast an¢ Hhe ERERRILNHEBRRONCSAR(ERE sappnd hralpheqpgponent o
d¥d &rystél%‘r&:&tﬁ% Rhs, BreohrRcliRAGdnGGs M dolbe Y AEQXY R ARedt e
forim 7-1 and converted into the corresponding nitrile
firstand seconebeatinbeunnabove The 8e hemerelconifegling demayarichadis

. r - 7. . . -
s LR e RILES 5y 2L TRl o0
algsd gropetdapparatdse schenes above. Schene VII 5-3 7-1 7-2

7-6 77 7-8 tyoent . of .inter iate 8.1 in.Scheme

o1 et HGE RE Mol PLATTGfaR: faie e QuElIE™

dvhnddiing dtdcasGhesacsid heairig dohgpoiuik NOtARE cgstMrow B apeans 2. In

York, 1961) pp 698-700, . Barrett, em stry and

RS Getse e§§%‘§‘ CE‘PS 7R AV 0)&5? gy “(“@i’ﬁrp‘?fﬁ Psa‘i?‘asbﬁ&?qd; Rew

oXakle, al@EaD1c RENES bf 128 Tor afaicude gplibRiod M) Be Bedwebd out 2-15

8-2. After protection of the am no-group as the .

digs rag%héigﬁ‘@temrzs_r@élpq que(,%f’ clipf,is egcompassed by the invention. In

INEEO 1A XA b1 B P OWRLORY Liipd. HaBiecify iGALRALALIRY of holes

heterocycle is formed by sequentially treathg the

Ay regqiyiag f,@ist.lehqrs W}j ﬂ@W}S as,ﬁq’q\é, (gﬁ.@e ]ijeetﬂqtﬁmng to FIG. 2, the.chps 20,

%‘H Imafzﬂé%l&%@ B Broufel e PEA éhg gleﬁfbél)e%l SRES can HIGUENEY lGhe
eta protectlné group can be hydrol yzed under acidic

soppdti dléroens 4 e shpponirgtant! klectkiedllyrven@ctngihée bénting element 10 in the

reduced wth Q Pr.pvi inter i.a - 6.

S b R RE A PP Sl TR ERR Gavmemperp!

dbips Ednrtetusdd; eglenhdigg dinh@y ihatheatingdleateet Wi it bonfigtuled nebe supported

sul fonyl chloride/triethylam.nne, to effect . latio
IRy oGP B PP B ISy #E4E RET D KRled o3
@RIt FicfoNaahEhealieel&hdm go,0kHileiothehYIehs @hay b REriYally
renoved under standard conditions resulting in
P3{1E¢-medi at e 8-8. Formation of the corresponding
4- 1 yarsphenzmhem dg Ga020e236800Rkd SPRIinkadl) %Jah? spaced from
met hods descri bed above. Internediate 8-9 is then .
e @ateatvibebymicaiatdly apeertiea b deating elearenidl 0. fAdthoustethptleps as

| p ; | )
O AL e rec i R SPIGR 1 200 i PSP bty are
amt@mﬁd rt,m?bﬂS the Ei.rst MWd\hehmr;g&omMQaﬂ@, 14X Aldroivelxt tbﬁ claps
met.ho qr t synt-hesi s.of inter i 9-10. In the
o T
hwiitthrcetifeaine byl ptBerdioahecamgleltioénie nes siukthanilternadiegdsontel of lthe clips

GBIl BT By U SRORT oy P G S s

@bl @ragpagu while dtheddlipe flay 6dnnbdtioslyl ot ef e disd bl btdna heating
SOCl produces the chloride derivative 9-4. It will be
QPBPRCSY R GrYPAGERVEIPPAYES i n the art that numerous
et hess of¥iokd adfi@iondl REnrRRBLdIdnthtsQRe t0fb 1§ Aredr &RNQAl foT OUP
w th chloride some of which can be found in

TS TPPRREREMEINP T MOFaSFEONT PEMS figt At Seenng:hegtingigpppgonegts 12 and
Functi onal G oup Preparations, Second Edition, R chard
C. Larock, John Wley and Sons, 1999, New York, NY
Hydrol ysis of the cyclic ketal group of internediate
9-4 provides a ketone, 9-5, which can be taken on as
described in the previous schenes, to the

5- hydr oxy- 6- oxo- | , 6-di hydropyri m di ne- 4-carboxyl ate
derivative 9-9. Under basic conditions the tricyclic
ring systemis fornmed via nucl eophilic displacenent of
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Cbz protecting group can then be renoved by
hydr ogenol ysis to yield internedi ate 14-2.
WO paoenntsds at e 14-2 can be coupled with acid 14PGI/E8ZH09/037605
the resulting product, 14- 4 reacted with a
substituted benzyl or substituted phenyl propyl am ne to
provide 14- 5. Schene XV 14-5 14-4 Schenme XV
illustrates another nmethod fer the synthesis of
conmpounds of this invention. Internediate 15-1,
prepared using nmethods simlar to those described
A RUDLUALY  RdfSriR a1 1GO:SVS hlil B a pURELLY bloBRbcRh PEEALINS difs
ﬁhow de 15-2. Schenme XV 15-2 As shown in Schene XVI,
&h 395ind 38 arersadeddongonpecng Blipiersctngs geibe picprdingaring
ctoﬁl%oﬁarn?‘ﬁ Q\Hl%restﬁ@ﬁfﬁg 32, 'ﬁt &, HRAs 848 pljo@ldl:d h&oH{e%qHﬁ(ﬁ% -different
The unsubstituted nitrogen of the piperazine ring can
soetions o th eqgoid/haames epgitiongnd h4 of sigk hegtef. o¥imilaigeopnecRng glgments
&% ﬁs caff %é Bfotvﬂl%((? 9) 1ﬁieﬁ¥hneg{ s%yt[? ns %P%l@? ¥Jt hgdrtlg% Q?mﬁonent.
ony A urea of relate uncti o Ity.
Sc h e rFer OIMity;ILB@ RAsnstpan0] 22, Schidmee Hivh untdraeded diglethe aystal

gtr%\gt I%%%t()f %;ﬁrglt tﬁ H{%? i%b%%oér&poaen%ﬁ%pﬁ%l&i@ag if wevegi 1?1tpractlce
daetdorahéd slips wnonﬁgurémt,o cUﬁnengatﬂaaﬁt oax anfpk @rsk bdsaﬁag clehpyedent 12 and
nd sodi umtriacetoxy borohyd In a si
SRR RO mPaR R éX yith e altl)%mwh%ﬂ%ré fus g]dtlk%‘z‘
iB@AYRIEI@s beiMeb P Clet@hic®f sdppert BiIeMan!4, SHdabPappaditus 2. Each of
reductive am nation benzal éjeh de, NaCNBH ) followed
By clins fordguisicagfisyreditp glt%qrww ﬂ}‘frfgﬁﬂfmﬂ ecopEheatpgcqpgppnents 12,
1Hhegobenaple, & ABRn '11§FI@ e NinGhaviad o%@'l%hﬂ i€ Qé&f%fghfé@ to be
condi tions, H2 and Pd/C, to provide 17-4. Th€ nitrogen
capseied il asgefiope! Hsdirstihedingspmgoneat o sh dhaihedirstiapd second
d |
R e e R LR
dlevrently omnegtesl, dlhringslst ated in Schemss XVII1T and Xl X
gggir I % I I I éfB % ct a e fp)r(f! f):(rtr%' gem]boghtrrﬁznts 0? Eeafter cﬂps useful in the

sluhjbﬁrmmdu@t eA QlﬁtaBle ihsate ctip lcad bet galebtlaabasde,sfclr dxbmglef @f the desired

nterms Sche XVI | ept acetal deh
RGBT B Bims RpER e heryaee FHE TR S R RO IR e
drj?sﬁill SfoMHRIPaRAS. F6l dkadplel me)t hedsn desardiRedgabavepaatee
XX 20-3 Schenes XXI through XXV illustrate additianal

IRgeR BT £l S‘é%hrﬂs RS 2ty éG cQa N@B@rﬂﬂ%‘”@ﬁ a glpgeg proximity of the

HeRY r%rbtlén%ﬂt waR C%Q&I thSGHEpR c&gnln%% e BowlIthdi el @%xample a
Schenme XXV Schene XXVI illustrates another nethod

Sﬂlmon £hesgos Vit 9apEsof a horpIdGAEEClpt suchpsshoppen (o, weyd

A G LGNS AP 8P o A
M@icRlaf Hetar ahledmﬁl@m(atl@vch)l be Scﬂectqllbhﬁd dmya Istdetenmrmgd rhmtance
bngvtgegfg ﬂg:l he;%gd e%letn Ylor (():rpe or more ]Il_ &Eng %ocr)nvﬁoﬁglts (I;]IJ tRe hea? %glement

uced, usi ng € correspo
aall dehobcibl@ 6Aé3pro§ﬁlded ]kﬂeélﬁ,l dlfjerrauplzesf anidrb ef guedioat ef Iﬁﬁteechps can

§SBed ndEr. Bgl e condLLLODS i Lg) uene sul foni c

- di hyds ey p¢smbd.=1 0 €élect @ bra¥yhreetre fl@ip B4 oh@he?@mbber of heating
synthe3|zed usi ng the sane reactlon sequence used in

CtOH’QO‘Eﬁ“é"’\Ht iJged- donerewle. Honhehs sqomskhepiing qopmanent { Hﬁ’ heajpr) is
REd, @Rdric@ Hoa@liPWal bE ShliZd 8RWhIRE cA8 1R Walehc1PRItHANS would be
sul'fonyl chloride and triethylanine foll owed by a
glgEd step i nvol ving treatment with potassi um
carbonate. The product of this sequence, 26-10 can be
esterified to form 26-1 1using benzoic acid anhydri de.
Further transformation of this intermnmediate using the
nmet hods descri bed previously provides, 26-12, 26-13

and 26-14. Scheme XXVI 26-14A nethod for the synthesis
of advanced internediate 27-1 1 is shown in Schene
XXVI'l. Cycl opentenone, 27-1 can be converted to 27-2
(Tetrahedron Lett 2005 46 6875 6878) by the
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sequences of substrate and target DNA were descri bed

in Nucleic Acid Research 22,1 121-1 122 (1994).
wee®alits4mare shown in the Table 1. Activity eqRel/Us2909037605

refers to a conpound having 1C50 = < 10 nMwhile B and

C denote conmpounds having 1C50 = < 10 nMand | C50 <

100 nM and 1 C50 >100nM respectively. Table 2 . SYSTEM

AND METHOD FOR ARRANG NG HEAJL NG ELEMENT | N CRYSTAL

GROWMH APPARATUS CROSS- REFERENCE TO RELATED

APPLI CATION This application clains the benefit of

c opendinbgehaRBei€BdrhdAinkén . of QM chtiOMBdve HBRI deS@tbe®@Bsing

Serial No. 61/037,956 filed on March 19, 2008, the

HPlT GED suchidesgription is fordllustradie npraoses i puck ibis th By widgrstood

x cﬁﬁfg@sr ﬁﬂc@nétﬂ)nk Bﬁy @@ﬁﬂa@iee\;/ﬁ'hout: &G%EHHQE‘O!HWEMIIHQ}I sérdﬁ@ of the

present invention relates to furnaces for crystal

fgloming clame. di recti onal solidification, and nore

particularly to a system and net hod for arrangi ng at

| east one heating elenent in a crystal growth

appar at us. BACKGROMNKP @FATHEN BMXVENTIRDNX r ect i onal

solidification systenms (DSS) are used for the

pr odutt emire ofntend dfiatlpyeh@l jublighed ptera applicag@ts and t)mer

exanpl e, for .use in the otovol tai ¢ i ndus
PR gL R B ok PP G et T R S b
sRldned.fi cation of a starting material such as silicon.
In DSS processes, silicon feedstock can be nelted and
directionally solidified in the sane furnace.
Conventionally, a crucible containing a charge of
silicon is placed in a furnace with a heating el enent
arranged near the cruci ble. The heating el enent used
in a DSS furnace can be resistive or inductive. In the
case of resistance heating, current flows through a
resistor and heats up the heating elenent, and the
heati ng el enent can be designed with a particul ar
material, resistivity, shape, thickness, and current
path to neet operating tenperature and power
requirenents. In induction-type heating, typically a
wat er - cool ed heating coil surrounds the silicon
charge, and the current flow ng through the coil is
coupl ed by the charge to achi eve appropriate heating
of the charge. DSS furnaces are particularly useful
for crystal growth and directional solidification of
silicon ingots used in photovoltaic (PV) applications.
Such furnaces also can be used to grow silicon ingots
for sem conductor applications. For either type of
application, it is desirable to produce | arge silicon
ingots to | ower average production costs. However, as
| arger ingots are produced, it becones increasingly
difficult to control heat flow through the DSS furnace
in order to achieve a substantially controlled
heating- ? - and heat extraction during production of
the ingot. If heat flowis not substantially
controlled throughout, quality of the product may
suffer. In silicon ingot production by directiona
solidification, resistance-type heating el enents
typically are used. The heating el enent may be
cylindrical in shape, so as to surround a crucible
containing a silicon charge, where heat is provided to
nmelt the charge. For PV applications, a

rect angul ar/ square cross-section ingot is desirable,
and the heating element can be cylindrical or
rectangul ar/ square. After the charge is nelted, heat
is extracted fromthe charge in a controlled manner to
pronote directional solidification. In practice, as
the cross-sectional area of ingots becones |arger,
furnaces are designed with nmultiple heating el enents
in an effort to control heat flow For exanple |n
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FIG 4 is a top plan view of the heating el enent of
FIG 3; FIG 5 depicts various views of a heater clip
waewontdiswyy to a first preferred enbodi ment suiREbUS20HDO37605
use with the heating elenment of FIG 3; and FIG 6
depicts various views of a heater clip according to a
second preferred enbodi nent suitable for use with the
heating el ement of FIG 3.-_4_- DEFINGE ONS The
instant invention is nost clearly understood with
reference to the follow ng definitions: As used in the
spewhdticatiemisand cl ainms, the singular form"a", "an"
and "the" include plural references unless the context
clearly dictates otherwi se. A "furnace" or "crysta
1. 9" WM D RARPAI R PSS c8fRGibed herein refer to any
devi cé or apparatus used to pronote crystal growth
andyferdsigrk weteiignedeivedin aérf¢iblatthoeruciple@irarticd ¢ theepmaetus; and

50 ke U DR AN D

firstdeatpey dompuhat byerabdyedanhedialrio gisawndhbeagng caaponemgbe Srst ard

oo IR LSBTGS o7

arranging a heating elenent in a crystal growth
apparatus, for exanple, a furnace used to pronpte

2. cryBe A1 g SRbTh RERGS Ok Eck PERAR BoN s Brating

conPoféey @bkohnbdied W RS s@n€tiGibl e arranged on a

irectional solidification block in the furnace, the

cruci ble configured to receive a feedstock nateri al

3. SUCHeRFs@l drbk@ppAall€t N ©WaBRM hd frsPIldRBYPRE nbdiink he
appar at'us, where the heating el ement includes at |east

conppreentoap elaeinieally gperfiesitglshdp ofher| east a first heating
conponent and a second heating conponent that are
el ectrically and thermally coupl ed, and can be

4. conlihectyed] grvathtdppars@srel diaimclymhereBythgfipvandisegpnd heating

lahealhing sonpopents. it is possible to
over TH T o et ween t he conponents by
desi gni ng each conponent with a desired resistance. At

| east one, connecting el enent can be provided to .

5. commet e EORR PR P U AE R Ce BB R Ry b cip
confi QFROREDHTct WK E BEhatirdt 8@sihg 668 HOMNNIAE tHeREcoRl AERIAL
can be Erovided to connect the first and/or second
companint HYhe BA3EHENt s to the crystal growt h apparatus,
and to interconnect the first and second heating

conponents. Further, the connecting el enents can be
6. hedthe srysiel grpythiapatrays el dedea mihergin the ¥ deflene elp isfegpfigured to

inte%ﬂﬁgakfﬁe fiPsY aﬁ@é&&ﬁ%@irﬁ%oﬁ?&&n&t her and/or the crystal

growt h appar at us. eating clips can be sized
appropriately so that the first and/or second heating

confpgb g

conpanent s of .the heatin ement are.spaced.at a
- o Ot o Rl REL OB BB AL S RRASERNEL e pron e

at laascbne ef @t @icht amet deodsl hefitirgrcomngieng it ireanpebdt ia peededepninvat

d.tin éﬁetgrxst growt h apparatus are enconpassed by the

BT SRt 'Bh A EPyst al growth apparatus 2 is depicted in
FIG 1, where the crystal growh apparatus 2 can be a
furnace for growing ingots froma feedstock materia

8. suclhe ggrsie] $rp Wi ppesplas %@F&HﬁFﬂ%r%Bﬁ%¥€%6§h?ﬂﬂ%o%ﬂms

arraﬂ%éd%tth@lﬁ@{in Qbih &t dreahdetiha((RSRarihyEIBAGR WAL Gfparatus.
utilizes a directional solidification process to
pronote crystal growh and directional solidification.
A directional solidification block 8 is supported
i nside the apparatus 2, and configured to receive a
cruci ble 9 containing a charge, for exanple, a silicon
charge. A heating elenment 10 preferably is arranged in
the crystal growth apparatus 2, where the heating
el enent 10 can be supported by a plurality of support
elements 4 attached to el ectrodes 6 that are connected
to the heating elenment 10. The support elenents 4
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attached to both the first and second heating
conponents 12, 14. Alternatively, the clips may be
w@riasksds t o only one of the heating conponentBCT/HBZH09/037605
t he heating conponents may be interconnected by other
connecting elements. As a further alternative, some of
the clips could be used to interconnect both the first
and second heating conponentg wWith the crystal growh
apparatus, while other clips may connect only one of
the first and second heating conponents with the
9. CTYiSikbatys@l @dlvih BPRAGADUSaim@) Qurer FOARisiAG diplrAIAbS fasteners for
connecting el enents preferably are provided for
beingfeeeiwdihBeclittg one or nore sections of the first and
second heating conponents 12 andl4, respectively.
Referring to FIGS. 3 and 4, a plurality of connecting
10. e| e wtystabgrowthi appard@s of34aim3le wherenh tBSfiesk andseepnil Heaing or

C ] i ng
cn OARECHL DR 110 & RREhANS, Ry FegpOtalgali g

provi ded at corners Ilnklng different sections of the
secondt ent .14 or side heater. Simlar
I onh &g P tpgﬂ%aﬁ% 80m%r 1% can be provided to
[ ntaa“een@malemhteﬁﬁeéaemas irof cridiele fthe &hmhleatmmd @Oﬂl’fﬁ)@p{ﬁfﬂms; and
For clari the he tlng cli 0, 22, re
shAALEE é‘&%"éaé‘g ﬁhetarl?Bar&‘E% ea&%‘%\ifﬂen&ﬂlﬁ%\’g%&éle?t a

firseegtidd@nipbhdht cdiRaditd@ 1GHRA A Eem} dheﬁlbg?ﬁt ledst4ne clip, the
However, in practice, each of the clips is configured

firsy 49d sesopG Beating coreppgenty ppaligpred Huhept gndmalicthe ferdpiack msgiaht
12 and the second heating conponent 14 with the

crystal growth apparatus 2, through interconnections
12. pethhe erystahgrowiheapparaige olgclaimyld pwhereia tearps fastone gliyis siged such
red
P Sefeny FA I St b g o
conmponents 12, 14. For exanple, as shown in FIG 3, an
u nﬁ.ﬁle grygtglc or]:)w aa%?argtﬁs 1} lziirsnflqﬂ\ghegg&%ge a& ?eas one 1p_|§ c(::;[)nefd L%}:lﬁed to
amh@ﬂﬂmmhﬂmgmkﬁkmaldmg@pnmﬁ&heat|ng conponents 12, 14
are nechanically linked together, and preferably
thermally and el ectrically connected, during use.
14. Fl Gge c@s@ngioﬁthct@p&r@ﬁls at d&mnat eheeiafites firechng RROAd FRNLS
of heater clips useful in t he subj ect invention. A
“m§BP¥§HF%“H@ﬁF%*W%ﬂ?ﬁmé%ﬁﬂﬁé sel ect ed based, for
exanpl e, on the desired distance at which t he heat i ng
element is to be arranged with respect to the crucible
15.§ n 4 methed {os rERng e tcAt e (DA TRl SeovdRrpitnaratysggongprising
me%h%QE size of crystal growth apparatus, a |onger
eater clip, such as shown in FIG 6, would provide a
cl ogervumadmzdﬁmly ngferithe algemibla gle@h@ltémrrawgwmn rtlesq@e@ratus and
to é)OSl 10n1n%a ea]hn% glgr?l‘élﬁ II‘fg p\’% t%ﬁl% Cglr(llq’)\g:, Hlsf’:orﬁ%atmg e?eﬁﬂen{ 1nclud1ng at
leasheﬁtseheanhg omsued oaﬁalﬂh OMeCtEld ﬂBIaGeccﬁld hegink dopp@end ehedirst
di st ance bet en the heatin I nt _and the
and 00T Breing pAMGTRES Colbibst hasmi it B RREkes )
configuration can be selected based on a predetern ned
di stance between the heating el enent, or one or nore
heati ng conponents of the heating elenent, and the
cruci ble. As provided herein, different sizes and
configurations of heater clips can be used to contro
heat flow during directional solidification. It is
al so possible to select a particular heater clip based
on the nunber of heating conponents utilized. For
exanple, if only the second heating conponent (side
heater) is used, a shorter heater clip may be
utilized, in which case the heater clip of FIG 5
woul d be preferred. Al t hough preferred enbodi nents of
the invention have been descri bed using specific
terns such descrlptlon is for |Ilustrat|ve pur poses
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