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[001] This invention relates to conmpounds and net hods
for the treatnent of cancer. In particular, the
i nvention provides conpounds that inhibit Aurora
ki nase enzynes, pharnaceutical conpositions conprising
t he conpounds, and net hods of using the conpounds for
the treaiNmNO-IER CRBISIODSANY DIVIEES FORNUONERE WeID
[ 002] According to the American Cancer Society, an
estimated 1.4 n1|MﬂﬂﬂLﬂﬁéAﬂEaNéXNBﬂéEﬁE@Eylﬂlagnosed
wi th cancer in 2004 and about 560, 000 victins died
fromthe disease. While nedical advance have i nproved
cancer survival rates, there is a continuing need for
new and nore effective treatnment. [003] Cancer is
5 char act &idld elithe/Inyeston r ol | ed cel | reproduction.

Mtosis's.as. e.i.n the ur|n whi.ch a.
series E:Ibvr?ﬁfl Igre&;%shtto§nmi§18?téor¥ﬂ]él q‘e’ gP’llg§n‘6(flelc acids. In
chpeRReRrBmBEMAeatsl 88 ihvthorh }Mbvﬁﬁb' Qi’ﬁ%ﬁ)"ve@ Blekifods Sﬁweéland
current cancer theraples i ncludi ng the t axanes and
vi magerialsdor perfierming thetpolymerassi chaintreagtionot i ¢ machi nery.
Mtotic progression is largely regul ated by
proteol ysis and by phosphoryl ation events that are

10 medi at eBabNgrdubaldf¢h&IiRaA6n Aurora kinase famly

menbers (e.g., Aurora A, Aurora B, Aurora C) regulate
m toticlpe @gl’ymasmhmrrwghn FRICR)) assi bsaome theeaenventiomel

t I
o BakBBh oo R B R B R AR R s B St Pagent No.
( Dale8B 202, iS$ucd!Tuly 2N ¢ovEReVudil and UTS HabdPRo. 4888405 Kssued July
et al, Curr. Biol, 12: 640 (2002)). Overexpressi on

an as,owsarm Mlﬂlls: alt aladesofiberhe basic RCR4sdmidqvey Sinnsdhe first disclosure

15 B ECR BRERAER TR PSSR R e DIRRe RREp ey

Thend blo&edﬁaﬁso(l&ﬁgs MorBitaaRahdusehd albse -issted 8OO Datents
(1998); Sen et al, Cancer Res., 94: 1320 (2002)).

Mbrefereaee ong ardoth «f theseedischasitsiSt i on in tumor cells

|
hat 1 ndsBioRy, 2he BT 3FF PAPRBBhRys BYR9ERH B mrst
t hedladdh gl lobbHiniBl Gwo 611g0n€i€1<=:bt1§’ezl 1§l|1mer]s @dmpPrentA9 Qﬁas of a target

Harrington et al, Nature Med., 1 (2004)). Gven'the
20 c e MNA Fequghes. GFherprinoes.s pqihymﬂesqam@gms@ maxiursf of the four common
Vir t nancil e

o RhgBlde Bbhod Rk STRRG Ty bRl A SRR sfixed Mw G Bifer DA
br gagthrid Ree®hbdemBBuil 907015 deddtffeqhé DNAUS aaaﬂié,@dleftﬁget
“new Aurora kinase inhibitors. DESCRI PTI ON

| Ndﬂaﬂp’r¢ﬂm1[ct¢ddi]N$hnt9 singlesiranded PINGY teepates nousadis g (it

hibit A These.. d
| ebeepenli LRl S RE BT DmRlio S ity oblle DA
25 eSpagilaks 3 prombield tyQlowlRRoblimathaRactiOh nfibtle to less than about 60°

proliferative disorders, including cancer. The Aurora
ki Gaskheitamperatuge i thén rakred abavsraboun’ (14 for aipstipé ofdpkication, a

| he
(nbiosfls PR & UlehBETRE BotvEisit s ERaONA temptate
- Re strdRdRn thd”, toRY dlr@ﬂ(bnc'sﬁﬂl’iﬁlz‘iﬂgea YehpiemeHOSESttA8drom the ends

bel ow. R is hydrogen R and R together forma bond.
R PEthepavmesge, thep’ @ 3 dhmtl@n bBH8l completesionh eyclROEPNA |

30 oG Rop Ol P SPERTER Ll B PAROOER. ARG comoi

Ry cydl@&ﬁﬂbriaﬁﬁ@ﬂidiﬁ brivMef BnrieRBn ahd BrinRE BXfehPohEHrobdts enerates
are attached, form an optional l'y substituted 3- to

6- menber ed cycloallphatlc ring; or R" and Rb toget her
forma bond. Gis hydrogen, an optionally substituted
al i phatic, or Ring Bwhen R is hydrogen; and Gis
hydrogen, -OR, -N(R )2, -SR, an optionally
substituted aliphatic, or Rlng B when R and R together
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[007] As used herein, the term"Aurora kinase" refers

to any one of a famly of related serine/threonine
waizowdee2e nvol ved in mitotic progression. A vaPCEeWg2m5/016638

cellularproteins that play a role in cell division are

substrates for phosphorylation by Aurora kinase

enzynes, including, without [imtation, histone H3, p

53, CENP-A, nyosin Il regul at o2y l'ight chain, protein

phosphat ase-1, TPX-2, I NCENP, survivin, topoisonerase
l l Al NAIRER
EESPIEAL s B0 fmBSTRSEAF o S Al

D W({U@lo{a T dbapsop IIIB‘W&)VCICMIB o¢aatibi nastereers agnnheated ab&e(0° C to
th trates for autophosphorylatron e.g.
bt CRTASEae SbL SR Piadeg IR SaE S d LONA dsmpliche The
t e'bﬂhef\ﬂﬁr%ﬁné‘hﬁ@é&ensﬁo% e @ ErrﬁI ?{eg.t 0 any Aurora
ki hase protelh from any specl es, udi ng, Wi t hout
5 I imtat Tbrs baserﬁlhamphﬁwtmnacl&meamget-hﬂ @it arious extensions and
efgéta ra A or Ef Pr ef %bly the Aurora
i B3P qag o8 gy difterent metho § %é]}le mReipplafign and detection of
Aﬂﬁéll%l@ alid8 aiﬁgluﬂ %‘f@f &2y lé){imgﬁcﬁm: Bhd Rfrefic éﬂé}’{ %hich require
ki nase" 1s used srgnr a compound havin
st theaireationad adlafesmﬁdi arlmeumr af DN\hifrdm asmah ma’ahlesaﬁfple PCR

tin Cy% an Auror.a, lgnase and inhibiting its
en S HATIPEY BaiSrbiTos S i iRiFig OnG Rt Senen deseripgiiaring, DNA
10 acﬁhd’ RNW SR80%i5E Hﬁé rédiondRididst dry gfde%l @%l‘?t[ &nd forensic
ki nase to phosphdrylate a substrate g2 8r

pr tingérprinting. VEs busbeenme dhamtmidard tuoiologoioe theodetation,

[ k|nase cti Vi i s at st about 50% at Ieast
b@frr?ﬁ Ongnd qienti lg%wtofér@ @tbarseyék DahRAFHS. 95ogerad PCR-

at {

N O A LU SIRE ppe.

r edm:@lanndludmgaHWriaszrhlcércaysmmIDSahepawtmjB argl € @&8ses, which
15 t han abouf 1 |.ess than, about 500.nM |ess than

ab &t 480 lrﬁr/rcalaf‘rerr fagan rpHloRKE YIS Whiah capeaie qeRvIsd pancer;

e S

AR, Wi is (iR Adind Salld et BodE R blofhioliiFin b

AuCblaaniavasehomatip hmd; anqﬁcagcezoarl@um tvxrtﬂrtlﬁcamdpzid KIbEpehﬁc

[ ti.on.that is | ower .than the

prot.ein .conce
C oH’é@ ag?rly B1c ¢ f‘q‘?ﬁ]ﬂ%"? JomeRatytPRegaloyirysewhich can cause
prg
A sl B OB L s
20 ki peopés; an«h, vaéaaabam tabntwlpsis, hehnélm casses soughad fatigue in its

|nh|b|t al so r.educe e enzymatic activity of .
B E s SN PSP LiAypagn ST iPHad oreant. P VERTedropite

C a&ﬁﬁéssm[g%@&s ARinleeoU® ar@cﬁ OYkrre ];ﬁ PCRSa'ﬁﬁ PesL Béé@dttgchﬂgl%gies still
approximately, in the region o rou y, Ofr aro
WhaidTer fiont sevemal sithstantial lsrnuramrhsr n conjunction with a
nunerical range, it nodifies that range by extending
the boundaries above and bel ow the nuneri cal vaI ues _

25 set fOrlfﬁzztaltz'@rzﬂgf@éiﬁkntz&mP'C?{)rmd P‘@R?a ?’eéﬁ‘?ﬁ rern
to nodify a nunerical val ue ove an owt at ed
val ue blizdalztwarAcamaey@h nbﬁ%l s@@deh}:esdlﬂnusemhvhﬂmmamPCth?or

ter ompris |ncludes is. not_limted
g A Py pobHEREe coRoRbatAGA wealfsetion,

st saisht

oSl W RO, IS B O, s

anéalmﬁhatéhQ)PCRmaﬂlfmahmmmf a 400 bash pmln DN A& seqience w111 randomly

tic. For.exa suitabl e al groups
30 RS cpBh FREB Eootutio arprbrioficnbar SR peagct over
ora®yldsc al kyl , al kenyl, or al kynyl groups and
hybrids thereof, such as (cyl coal kyl) al kyl ,
(cycl oal kenyl ) al kyl or (cycloal kyl)al kenyl. In various
enbodi nents, the aliphatic group has 1 to 12, 1 to 8,
1 to 6, 1 to 4, or 1to 3 carbons. [013] The terms
"al kyl ", "al kenyl", and "al kynyl", used al one or as
part of a Iarger nnrety, refer to a strarght and
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t etrahydronapht hyl, indolinyl, phenoxazinyl,
benzodi oxanyl, and benzodi oxolyl. An aryl group nmay be

woumw/76e-, tri-, or polycyclic, preferably nBAQDAIS2005/016638
bi-, or tricyclic, nore preferably nono- or bicyclic.
The term "aryl" may be used interchangeably with the
terns "aryl group", "aryl ring", and "aromatic ring".

[019] An "aral kyl" or "arylal kgl-" group conprises an
aryl group covalently attached to an al kyl group,
ei t her of y :
Subst 1 t (e R PIRGRERRET ek 1Bl QLo apat soguences) i
ar yh €@ ateksygnificant lindiatign of\¢dniventiorai RCRainid MCR-tewad/ | |
phgng;&gl, a?g napht hy neto LOZO#@The terns
h&CBRORBE ThnmeErT taieapbseIventignel BOXMGREe RzyReessueh apfad,
a A st'?&{g%‘ ¥ tife-t8r t tﬂfctl&)“clﬁ@rs@t{déﬂée KYr example, whe thte
"heter oar al Koxy", er to aromatic groupslﬁgvfng R
5 14 sequegceais @i rlph éafseseabfoy ekgmifle iBthe St rep@latdrpgegidbwobthe chicken
hav p.el ectrons shar [ cyclic .
}5{9\% %9%1&513’ EllL}faﬂ ISP nob2 8}?5%@0%F eféﬁwv&ensmple
at
el SRSy eS?‘;ﬁ el SE A ER: (e har tandem repeats
andA)m chrudlesaasm”yacﬁs«bmbrzret@ td drSmy b0-2 ritorsogee mepett Sghénge, See,

i SO A TR AFide R oaeron 3 1 it Kotk eeipbrseveral patents have
10th b@é’ﬁ’lssuefi lf&a[SBﬂrmelﬁﬁ’ésrtHétﬂave bggndg%ﬁ%ééhlgo ﬁéﬁh@é@h ¥ have

triazolyl, tetrazolyl, oxazolyl,”Isoxa
0X a_d:lrm@itg/lly hlgheraﬁdellw (i.ei lowtehemaradates). Thbsesidelade HylFidelity and

py dyl , ridazinyl, pyrimdinyl, pyrazinyl,
Ebﬁ%ﬁ@lﬁmwﬁq nyl , napht hyridinyl, and pteridinyl.
The ter E@ngt}?@irﬁzrt&}%nx] TheMh ?ﬁﬂt&ﬁ%%ét"se RAcdRAst arl%[%hﬁed also

herein, also I nclude group eteroaro
ri hgifs sufrasteRCR echmigues. Althoegtaa fdw re@yrﬂ; hailel q@h&tedcampdmﬁcatmn of

hetero clyl € g of . :

S at SERRRER IR 1@609 i 5%@% § Erﬁ@ﬁx uPPW@P lﬁerﬁlfﬁCHB n

ex u I .

e o e

bepqzssthldalz alllymtedkseirxzﬁvmlhbdiaybd Dd}IA s&nﬂuylhqes i Thepracttal lupper-limit
A RBTPyTRA ol ey o RERR e DN S Re e yRved

t et%r@tﬁgé der@g% iBOG&]lltJ I’)(ﬁd‘o | ny%b@sylg lerdefl SR SeRIHIPAIGLPN for sequences

20 pyhadog Bigh- Cbpctomeht oxa2| n- 3( 4H) one A heteroaryl

gr oup tri- ycycl i C .

prefer ng tﬁﬁzo‘?“(ﬁpl% 015’?‘0" S:lu“?’ﬂﬁ l?z%f‘qc 1qH‘B9raée 6}%&1‘@?15%11 iy the

MORAPMbEN of{% 1?1'05‘&01{1 fosifdtThn B@Eﬁ{@@ b in ar{@élctf%ﬁ ,ﬂl’&ﬁﬁie

|nterchange bly wth the terns eteroaryl ring'

" hBepsadal ydating @md)dqolmg cyties esolhiroprapressive eyt degi’adtahon,
ter i.ncl u erln Q’Pﬁ are optlonall sub?tltuted .
T PR e D Gt WHER s Bategh A PiejIPligedy ponventional

25 SUPERI atnlrxi%/lﬁfnisaﬁgn a8ty BREMend Yﬂ@&h&d 5 c?élbsY' and

het er oa portions I ndepen are optionally
substit Bbél@bfne[s@Z(]l])nW&thaid’Gléty@ldallytdftpurbesﬂgﬂlﬁcant volumes of

h h | diical "
anEPERE Gy AR s el eaaeT e P el BB ' (62
r efedious OpAmSiafibhS, z?hd &ﬁllﬁuﬁﬁ%)(glggsgoﬁw foblefinl, @hcH %E Which

fused 7- to 10-ménhbered or bri t o 10- nernber
bi eynttibwehistpaliny conventionat PER hedstly ané t1h1&ewonsmahm|gq1m®ss

o B G Ay ] e
hejepatieySo kIR deduR Q&%/ﬁgnce%? i maﬂe '@B@érﬁﬂ)ﬁ@l PCR

to a ring atomof a hetero nitrogen
includes a substituted nitrogen. As an exanple, in a
saturated or partially unsaturated ring having 0-3
het er oat ons sel ected from oxygen, sulfur or nitrogen,
the nitrogen may be N (as in 3, 4-

d| hydro 2H-pyrro|y|) NH (as |n pyrroI|d| nyI) or +NR
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-OC(ON(Rt)-, -C(NR+)=N, -C(OR*)=N-, -N(Rt)-N(R>, or
-N(R+) S(O) 2- . Each R+, independently, is hydrogen or
wanowprémmnal | y substituted aliphatic, aryl, hePeraarzops/p16638
or heterocyclyl group, or two R+ on the sanme nitrogen
atom taken together with the nitrogen atom forma
5-8 nenbered aronmatic or non-aromatic ring having, in
addition to the nitrogen atoar#-0-2 ring heteroatons
selected fromN, O and S. Each R* independently is

h %ﬂréll?%g?ﬁfg%ﬁﬁ:lanﬁ;gt %urng ?5 t 5%’ éct %ﬁ’& 11%rhﬂ%riﬁé {enpefititie of the
| RERRGNERRL Morésveh ﬁﬂﬁ@mumwmlzﬁ@ N@Rﬂ? required ingerder to

optionally substi t ut ed aI| aryl, heteroaryl, or
hedebhcvnPWWWQEEGﬁhMP62¢F5 H%P%s of C3 6 al kyl ene

chai noa:lléht% %%algg%dlﬁ%%cwmtmé&g gﬂcﬂ‘fﬂffh‘? €ngredients)

5 (aQ‘H: dfeleor ; ;)erﬂ)ﬁiirz%);eq iR Rtonal PCRZ?@@@dE)@ddmonally, various
CH2) 3Q( CH2
ogqoe?azmmﬁqoaw@sm@f CEg W]ll g&g aﬂé}f%tl?fhgﬁf déi(’}%') imhiBHn o

int %{F@g wetgl @ﬂ%%ﬁ%‘@%%@%ﬁfg& C'_igﬁsthé %&%’cdﬁ\m or RNA. This

(f@hh&@(ﬁﬂ?s the qO ATty OZ%EHI%\fnater-lz(lCﬂﬂI cﬁﬁbe}l@d for at@mrﬁcatlon and

3G CHI -(CHJ 3¢ CHI 2-
G%(I@e@ ﬁédlt;gnql ﬁ@qunieme@psrqglﬁ 1¢ ﬁ:ﬁel qf(m éﬂ%ﬁﬁ%ﬁ@ﬁg&ne&y DNA
10 l I St aboy %&ion[t%&@%-gg Befoft! b aﬁ#ﬂﬁ%ﬁdﬁts@éﬁs caﬁ‘%e wiRdly

ne or nore rogens “of

d q%rﬁ)ﬁﬁb@ dTR®p&formane: ¢rvoament, ofmbnwnﬂledaltm 1st gmerally limited
substitution results in a

abl e or .c
f ctadatpratodenped wdarcly E&aa%qag eclaﬁffaa‘i‘?do%ﬁ? OBH zﬁﬁf%’éls offices, at the
feasi bl.e,_ ¢ 0 n which the chem ca
stl?%lg?tu bed:g{sg%hgl?&st “gtsht%gﬁet(:l ally altered when kept at a
t enper adusRiviey anil Speificiy ¥ [oagrostiah Olite sedtia; of FCRhesed

absence of noisture or other che cal.l react.i ve
15 Goiagnastinend faspnsia KfSCESISHDAEIGD P e BLNICI L PBIReY-

s, 4o 8. UBEhbbvel Mentioned
TP B0, bl B ol P BHOIR LB, e e
patim@Aions ih 961{!’61&1&31@6 pammemrs mmeﬁtlB@RlsBUamts o1 thggninimum

used herein, refers to nunber . of ents thﬁ% R
eq@raplgltmféﬁ&ﬁa@wt AL R o e o

bl & bl
o A ﬁﬂ&“ﬂ%gs@éne@m@onsﬁ%%&zslz@ftﬁnsgmm
20 anﬂ1a?$t%'ﬂfb CaHl fofemsisikidts lor hysays thatmety. u;{o(ﬁZ:@]lvetmloaalyHCR or PCR-based
(including the aryl_ noiet |n arlky kox hogen
ar gqcbv@gglﬁgn Thﬁnwe@ﬁelw |0|Eé§éC§r 456 QP&B?%HC ’(%F oA pRjhose
teroQ
ﬁ%te(gtbopaﬁy S eggfac?st cﬁltic?lligil ﬁfge?agglgjaﬁ% Wﬂ%?ﬁilglll ]r)]Né\n ceanobre

SrEabsSind edhswelbsatel lastodf teitsrgb BNAURINAdkatcen be
on tﬁe unsat ur ated carbgon atom of an aryl or

hetdiabbr amplifiesiandiidentifigd. - hal o, -NO2, -CN, -R*,
R*
25 g(CBRz‘ %%Wc\?thﬁqﬁg%ogs K¢ e§31at101§(3%§5§%(s%§ %(Q@l_'?@)lo?es and
- NB&@@?(RDS stefsGER @neralﬁﬂ(rﬁi)t&l( leresﬁ)a@(toj))mall sedRetficiency,

Q))tfq(fci(qog\‘(qnemm}d N(OR‘F)O- use. )N(c%gpjl@(talmpyovw'ﬁs t%(:@\ﬁ;monal

C%ﬁi{%%ﬂaﬁ%ﬂcﬁfgg +<%(s hﬁ:@% ﬁepos%&?&i& Bd?)tg :some of the isolated

- Peedfbitignke aﬁ(x@)e(r%s)cﬂbed ﬂ)ol?(ﬁOFo(Ramrﬁmd“so et al. discloses a PCR
-P(O (NR+) - N(R+V or two adj acent substituents,. tak
301 og@pmé?ao%qrt for 4rwéifmgﬂ?@\}em&$§w§{%ﬁ% titigs o faplg i th U.S.

merﬁ&?en?gl ug%% %(?tlgs%e((l)g 15’(@1'}1%& ,byosnaat s ab&do hightemperature
ons se ected fromthe group

consi sting of N O and S. In such substituents, Ris

an optionally substituted aliphatic or aryl group, and

R+, R*, and RL are as defined above. [030] An

al i phatic group or a non-aromatic heterocyclic ring
nmay be substltuted mnth one or nore substltuents

o Y o . " .. o ' T Y, |




[037] Some enbodi nents of the invention relate to
conpounds of fornula (A) wwhheerree Rn iiss

wahyostdémooggeenn,, R iiss hhyyddrrooggeenn o00PCTMRS2005/016638

10

15

20

25

aanndd RR'" ttooggeetther forma bond, and Gis

hydrogen, an optionally substituted aliphatic, or R ng
B. [038] Sone ot her enbodi nents relate to conpounds of
formula (A), where R | and R-feget her form a bond, and
Gis hydrogen -SR - , -N(R 4)2, or an optlonally

pﬁg\?‘%ﬁ ?@n Y&y S@e Gicen B@Bg&i W%géﬂﬁ@?ﬁ%rr\]f@ disclosed a
0Hktm%fleyecﬁﬁaﬁmbaltdeﬁhraﬂaupm af deubldvbirandpd efdeibicid in®.S.

is -H -OH, CcC1 aIk -NHC13aI
- RétentING. 6325de1§5 155@. pgqmlyqr @13 Stan] ?1R§FIS anxgeli method

ngglp%tﬁ %ﬁ 8@3&%' %o a(?)‘%z_!lcleeg% aélijﬁé&f g@?ﬁ@n‘cl—ﬁo.'éslﬁ 508, issued
e?zﬁ‘% GEIV0I. qjatk@@pta B2 idve dischsed & niethoal cfulsiperpuisnass to

conmpounds of formula (A) characteriz
[ Aisp)acgﬁhmDNﬁsaﬂtmdéﬁQm @mtérygla@é@é{ afaent gjot %ﬂ‘e"gggﬂmﬁ’d
ar.i Ies Re
%@ 11%)0?0(} S(’ﬂa %%eﬁtégﬂge @épr e é(?dr%%d val uggr Sfeg?ratmg

RINIR s@and. and Cin formul ae (A and (A-T) are

descri bed below. [040] Ring Ais a Stlt%tel%% 1 of
unsubstlivigvedf the 11@‘r1ta€0We‘Pi§cfé’F1§%P“éPP9]| S the proposa
cycl.oal i phat | or_h Red
YRR HBRY T 1 S o 18 pe TR 1
d'rﬁ‘éﬁﬁ’éd’st AéaEG, arﬁi/é‘dn%fb@i’dioﬁm for thy shplifoatinn, m2Hpwigtien sequencing,
pyrrolo, pyrrolino, pyrrolidine oxazolo, thiazolo,

i rindalgtection phitdeioreifdd, i m dazol i di no, pyrazol o,

pyrazol i no, pyrazolidino, isoxazolo, isothiazolo,

oxadi azol o, triazol o, thiadiazolo, 2H pyrano,

4Hpyr angymkfaRy 8f tiyFivehtisn pi per i di no, di oxano,
mor phol i no, dithiano, thionorpholjno,. pyri.

pyrl mi dThromethpdsandappagsivses despribed heseindred %bfe%l(}o“&}‘

Prtg?t&,o? uts zﬂeﬂa én ?gR Eﬁi%ttle%ﬁ%y%s&ﬁ%ﬁ lﬂﬁf(‘)e'lﬂ 358 Permits PCR to

lf@ beatdrRBd vﬁﬂh@ﬁi ﬂehéﬁo%dlp@ﬁ themsabsiciihgit Ehe telc}mgﬂogy may be
ected fromthe group consisting of furano,

pyztppdlled) at owadeolange ofranzbientdempeHRYESNL gsmgfplatzglﬂeél empel’ature It

t.hi |
L))S,y%éggs%lﬁ do E%%F’]S%‘rs‘izfglﬁg boﬁtl: é%ﬁl&%éﬁ;ﬂﬁ%@rgg&%ﬁﬁﬂh@ﬁ andnay
be,sphgddtioH! tﬁ@reﬁff ehidb3iup Stﬂbﬁaﬂtﬁmmprnvam’rm mrbodnbeof s,
each substitutab

e saturated ring.gar
A pefansobspireneiets. dpubibsd SHERY- Pl ﬁx ?F%neim gltmduges anew

z&) Rgééﬁ}:\!gl%@%gﬁ%e% odrefel_\l&%%arﬁ@%&(@ﬁ Bt ﬁuclé&%ﬁl?ﬁg g ng

as defined bel ow Each substitutable unsat urated ring
carbon atomin Ring Ais unsubstituted or substituted
with - RBrieimcmpﬁb@t oﬁﬂwma&mg%g nitrogen atomin

Ring A LF?(I}ﬁSlsZﬁ (ﬁl}éi@ sgrta e exe p%ﬁ%%dﬁ%ﬁgof‘l’éﬁ mdfods that do

and one om 1 n A optionally is
on fe@flerdide chaidgpendent | y |s -C(O) R5

C(ON%g42 C()2R6!y %% - SO2 , fel ¢
al i phat |F&GSpZA@aﬁ?alllwr%wmmweaetqurPf%d alffalrsﬁﬁnteé‘hsz‘i clemerts
Eac pana biSfken
al © gﬁé‘&%" gﬁa“g‘h oéﬁ)r%/apgﬁla% tfngg g(?i&t ut e%jﬂr%lrdys/iﬁ?ﬁ(weag
hetogf,&%ug{n\,fheespr het eroaryl group; or two adjacent R,
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an optionally substituted fused 4- to 8-nenbered

aromatic or non-aromatic ring having 0-3 ring

het er oat ons sel ected fromthe group consisting of O

N, and S. [043] Each R2b independently is -halo, -NO2,

-CN, - RR5) , - RR XR10), -C GR5, -CC R10, -OR5,
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T R71 , where Tl is a Cl1-3 al kyl ene chain optionally
substituted with fluoro. In sone enbodi nents, two

wadpmones2R , taken together with the intervenPQgus2mmg016638
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carbon atons, forman optionally substituted fused 4-

to 8-nmenbered aromatic or non-aromatic ring having 0-3
ring heteroatons selected fromthe group consisting of
O N, and S. In sone enbodi nefits, each R i ndependently
is selected fromthe group consisting of CI1-3

chay . Fisgt o ind P dipei R ofe pRafhe i A iianeor
SHGBG E@ﬁﬁiﬂ%ﬁﬂﬁfa I%@Teﬁﬁoﬂ f(bdﬁDBMC@ﬁhﬂylsmg opiba e exhgnetic
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- €4h5) =C(R5) 2, -C G R5, -OR5, and -N(R4)2. [052] In
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a pharmaceutically acceptable salt there
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-S-, -S(O-, -S(02-, -S2N(R4)-, -N(R 4)-
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groups opti onaIIy is substituted on any substitutable
ring carbon or ring nitrogen atom [077] In sone
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optionally substituted 4- to 8-nenbered heterocyclyl
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5 al sethrdo\A theget seqrenbochap hlt¢matitelyne plzmuhd onra singlastramed

in need of, su h treatment which ne d co
LRI GEeH PP Srn CHapnEEsey TP A58 GY PBalIRg Teaction

ef fc ngbﬂ&tmw (aPEarfo LARANEIL Ao dtart HP{h% p&éeedefe & nay be
pharnmaceut i cal I'y acceptabl e salt or sol vate thereof
Th |11$troduveh$e|pamat@y sonqeded.| Opsormllnyeltehctmbmfomlmaanw agn also be

cancer | ati ent ed, of such treat whi,ch .
e fHBEY B AP OP g QLB R S a ] PLETAMPIS, hucleoside
th [ .

10 %gﬁﬁﬂdgﬁi’nﬁﬁ{ﬁ BE 1%?0(;?1@2}‘%1%};% Lor ellj)!tr i%cj:lal P )(/H}%nd the primers
ac cepttetheodrkd durng of priirdo step K@)cahd‘ﬁhbsundmanens omydiestbished

e e R SR SR S8 P arions
ad Rhibodinfink th@m%ﬁioq @ﬁslbﬁm the PRI ARBII0C4 PPRUSHouPD-35 pN,
at | east one conpound formula (1), or a
phar Ao @tto @ﬁlpll\g/caadm@pph@i ® tsmplateo]DNMtwatie dmﬁum’ gierf (d). In such

153 EROOBHISS F1E axint obepaen eperdn iRl andS Aing step (@)
CORgH 6%‘61(%%119})6 vhridd o&? Riphd aﬁie%ou&@%)i)‘ @ﬁé(:il)ll)l hSPIRU to the template

( Taxol - Fl uorouraci |
cy ctrendshinsiehdd) (diﬁ viafyd eccanding Jq the 5)10% wpzsiinatediprogregs of the
(6) Vincris Thi s inven SO _provides a nethod
of PPPEERIRg b el 0 PRSI&OB%\?f oo Bt P SRt Such as
RO sephbil (I8! R9MchRTBhiafifSy SeatPRiah 200G s@%@ocg'sg
of for nulsgy(ﬁl) (%g aglglﬁar macgutl C%I%?y accgpt abl e sal S pairs,
200r osgteater ¢hanhbpecT0% GHCatase priss) onthe pagitints sdeguiecrt contalnlng
fromthe roup consisting of mcrotubule affecting
ag&PREUDG FRAGY 1astic agents, antiangi ogenesis
agents, VEGF receptor kinase inhibitors, antibodies
agai nst the VEG- receptor, interferon, and radiation.
Thi s i nventiaon ofNgw-PORN des iomred hod “Oifficnli Bequenges
angi oge is in a. pati.e n, ne Chl hlbl.t on
o0 o HerhB teomph i alieS A i TV R oo ak B Bhistension
25 an oedf E’%IY%ra%g@%‘Be Riduddd ﬂoe‘@&xers‘é'lﬁregmodﬁﬂ%@éxonuclease
f or muf his invention also provides a nethod of
tr elatwm;goﬁhe ankyinegesnicen predbainath. sle aslé be appregated dimt at the atomic
need .of such reat nent et hod conpri s
R cREPTShgieS S opBE pbn e PohrRTTeSOR s sisps the
at Jr6@34 isARRhEUIP WbWbve!, wiRh hAddred Irof arfaverage over the time
phar maceutical |y acceptable salt or solvate thereof.
Thissale 0f esveiabsteps the pohondrasess scamdo hm]dbrsfsustalaad ﬁXﬁgluclease
ast h atie I n.need of s e
30 o BB B REaREcaiss P ety ¢ Sl Bt &' theoretically

t hejanewd kgl éﬁ/enetfefn%ﬁfa'tﬂ&@ aﬁ@?dlﬁﬁor%oxﬂlﬁdn@ ast one
conmpound of formula (1) or a pharmaceutically

acceptable salt or solvate thereof. This invention

al so provides a nethod of treating a pul nonary di sease
in a patient in need of such treatment said nethod
conprising admnistering to said patient a

therapeutl cally effectlve armount of (a) at Ieast one

o Y . o



t herapeutically effective anmount of at |east one
(usually 1) conmpound of fornmula 1, or a

woheoervaerat i cal | y acceptable salt or sol vate t RerTas05/016638
in conbination with at | east one confpound sel ected
fromthe group consisting of COX-1 inhibitors, COX-2
i nhi bitors, imunosuppressives (e.g., nethotrexate,
cycl osporin, leflunimde and sififasal azi ne), steroids
(e.g., betanethasone, cortisone and dexanet hasone),
PDE 4 | B} plydhiSa mdhilated Bifoudt SOERISHSteml We DNA during the
i nhi bitors, glucocorticoids, chenokine inhibitors,
CBprin®e Extetsion stejg @vansamaemd belowehe mrm&atovhldmﬂwmnwlease
indicated. for the treatnment .of.rh i d
ar AT ‘gf il EmPIASRRECP RS Bred8mias ecgebolélwrfﬁ’t"%%ﬁ {945 PN at
LT e&drh E&nﬁérﬁte&eana%nha@mwuﬁ&p@dﬂd%r@ nmbe pf&ﬁeramy  the range
patient in need of such treatnent said neth

5 conpabait A§ tadrpNi, Meer-POR™Y cas piovidsaubgsantially mcreased accuracy of

t hgﬁ@%ﬁﬁ%ﬁﬂ%gﬁkfg&%%mn%w%éﬁ h@t% tjif%;? can ‘t?e achieved

acoeat tﬁ@éeesu%astaauéﬂees&ﬁhva@& alfﬁaﬁf 88ihe 5&%%5&@ PbR éthods. The
sequentially wth (b) | east one conpound sel ect ed

fr camouh‘eofgcmqm anphisd &t a t@glpdﬁtc DiNvk strirsl danibesidiustegl. in the range of

TN R e A

10 ef kkich 8k b terPlitd GORDMAN SmixBu@- of nEBaAd R‘)ss pRBkmatic
ot her conpounds”indi cated for the treatnent of

r heegraenss. dFarexhmple;, accofiing td anmep of the saqwcwtmsu@e@ajabe

SR ORI I -
e tRe0; SRl b 'oﬂsgarﬁijtﬁbﬂ‘b§ ERERNY d%@re§s%k1% Padnhi€ste® processing

therapeuticalTy effective anobunt of: (a) at |east one
c ompcmlnsls wbblkeomativ B@T(ems Bre lengthaf thedemplatesstiand is changed during

eptabl e salt or_solvate . thereof c rrentl
P T T Byms aasiedt of s byl Rt adust the
f r Qéﬁs‘dﬁ%tﬂﬂh@ W8 $h frédPesPbnseits "ﬁlﬁacélﬁﬁ é?ssiﬁ lenbiif\of the template
al tepl ase, abciximab, eftiifbatide, £§r|n Thi s
i netrand smasab selﬂpmwmjwhad rﬁmsim@rwsetly eerording prsibeipaegress of the
{1 d h .t t t ‘
Lg,p%}ypr@qrwgg%#ﬁgﬁﬁf aéxrd%%%pril cglg{ % t%ngﬁ 2 (%ff%%ﬁt sﬁibsequences
theg @ﬂl%HHl'nfe%'té \%hé%é fﬁ§ﬁ6t\tﬁaéﬁﬁptﬂtdu%f:ﬂy ﬁ])onﬁbr the ??dgr@s@ﬁ)n of the
conmpound of forrmula ( 1), or a pharnmaceuti cal
20 ac pehmadrhse, thalposition 96thegiolymérasecah be saidmated by Inwlbplymg the

S e i R R

(ed%omﬁgggﬁgéﬁxate cycl osporin, efalizumab,
al efacept, leflunimde and sul fasal azi ne), steroids

(e g. bl"hmeﬁ\faasfhﬁ?@mmcmma¢cufaﬂFrea>hc@trqmolfm§ oxily ngrmal target

gL eeR g, bk Ll s 7 SSRH PN Aa R P repeaty

25 rre %@fo%gteﬁit@ 6@§ﬁu&60ﬁ&r}€béd’c PN & PloasetretidatedrBntd Renited Rvith
consi sti ng of paln acute pal n, acut e

i nfsulasmmadiwyncpaasnd amurewwdatwﬁ toaqm@rﬁmylab%ﬂm Asrag example,

f ti
TR 6510 piRbst 2Eh ne A UL FUAREE (sedgion
dergmBlink) & usé® i Baveftonk) thél%bll%/ drﬁ&aﬁ'PrCﬁ{ Q*E‘ﬁbr FHtELEBPproximately
arthr|t|§ inflammatory bowel disease, ¢rohn' s

d| detix 407 gitorsybase pair ausiabsérsed aefpvorebletrasds, thatidomdx g well-

D R R i T e e R R R

I nlﬁ%d’ucegh%ﬁ%f HEORSPIMAA hbsut 110N% P0DE8bS/badd 5ethe 688 thah 5.0 x 10°®
di sease, graft vs. host reaction (i.e., graft vs. host

di sease), allograft rejections (e.g., acute allograft
rejection, and chronic allograft rejection), malaria,
acute respiratory distress syndrone, del ayed type
hypersensitivity reaction, atherosclerosis, cerebra
|schen1a cardlac |schen1a osteoarthrltls nultlple



Prodrugs of the conpounds of formula (1) or

phar maceutically acceptable salts or solvates thereof
wanraeowzézn t he scope of the claimed i nventi onPCThIS2005/016638

i nvention also provides a nethod of treating COPD in a

patient in need of such treatnent conprising

adm nistering to said patient a therapeutically

effecti ve ambunt of at |east ohe (usually one)

conmpound of formula 1, or a pharmaceutically

aceRpisARsEpaAl1t0 0108 eh¥AlRsd PAF, 8 x 10Pbfots/Ha8OHAILN .0 x 107

al so provides a nethod of treating arthritis in a

patirensfbasspain&d) ©fl 08 lerrors/besatpatner evenprQ silfg errors/base pair.

admi nj sterinpg to sai ti,ent .a therapeuticall . .

o Fugheore i P ettt BRteif e R R o ffigp amplification of
cognestid|edtidé fhambRs ﬂiaviﬁ% a@i@&@ftéﬁl%’é}ki g@hl5Y percent, 60 percent,
acceptabl e salt or solvate thereof. This invention

5 al §6 ppreent, @& pergentsohevenot0 perest bndd perewarthritis in a
D i sEb PGt £15°s A don Bt TRlrRER AREYR £iherign of epeating
ef beGtantrdaH Rhst Qg badeSast iPRAgfhYE B

conmpound of formula 1, or a pharnaceufiqally '
ac EEEIGGLE@alThe erros pite fr gonvestiendl PCRaisgnérassedtin such cases,

e P eBcne L a e TS BB s el S BPrn g e
10 SaipgRIAt&Nke ﬁ)rtﬂ:iheirﬁﬂ%aiti@ﬁ‘ bf bépgzitf akd Baif ORI WitR bn fror rate

| east one (usual y_30ne) conpound of” formula 1, or a
phasstivewbpetal.0 % 18¢ coprdrise psial Under esghinatoaditions,eafor rates less

" anf RIh PraREBaBaR L0807 BRINENE Bhipn R 100G~ Bhse pair
adig} nipst 85T Q8orkBaseAaih RatbeBhicted. METBPRIN b8& fates may also be

effective anount of at |east one (usually one)
cowpained vdferd therepeating base pairpiéirisraicleast il 6 dpsoypairs in length, at least

ac table salt gr solyva her eof . and.adm ni sterin .
15 5 R et el of Febe o0 bieatie m o 1T o deseribed
NMEQEEHIBML RELRCAA]IH TR BV Bi&o ]St BFioRSs, polymerase

NSAI Ds, COXIB inhibitors (e.g., COX-1 and COX-2
i nislippageregdionsamd otieptandsya rapsat ragignanthiclc aeifficuki sequences
Thi g invention %I so“%ﬁvi ﬂ‘leﬁ a nmethod of treating
acUtE™ HaE CPRVAISEY i fert ™MPH'%N%ed of such treat nent
conprising admnistering to said patient a
t herapeutically effective anmount of at |east one

20 (usual | yingiificateonfflicieicof fornula 1, or a
phar mac i cal ly.acceptahbl e sal.t.or,.solvate . _ n
t her eof ."TH¥§ aml?:{)gﬁ%fo&?fﬁfl%cyplﬁ Jotrd Ot sepign iy = Na(1+Y)',
tr @Al N1Gs e WufibePbf SOBR: @bYie N, Ns tHR iRt beRinpldte Need
of such treatnment conprising adm nistering to said o
patoligenucieotide copies: i is ghel nunafet etexoles aadolistthe pifigiencrpfficiencies

one sual |y, one) .co und formyla 1, .or a . .
ongronts 4 S0Py GRERRHE P Ungd Bl sPogiens repligipation

25Th ie?ﬁdiéﬁé?éﬁ%r@ﬂer&h&%?ﬁ&%xﬂ?ﬁ) Ferb@: B epent, R ek d¥it, 97 percent,
chronic inflammatory pain in a patient in need of such
t r O8tpernent, oo ayen X prycend rimbesachiavad. Buchsamplificative gificaencies can

t her apeut i cal ef f.ectjve of at |east.one .

( ugLsgl%e}pthaﬁ%Scf %]6% &fhﬁb n%gf (zﬂfl%oﬁgongpiegﬁée fragmient is greater
‘Phanieseptre ] d0pedscne MsaRt@ns F0tpefenSet oveh 75 pheesof .

This invention also provides a nmethod of treatin
ner/opplifidatiop affici¢neics goeatérdhan Jhpareend cart b%mihe\tedé‘gxenfeﬁhﬁ GC

conprjsj adm ni sterj to said patient.a
30¢ napisil et Ridledidetthehal fiererbR i o Bigpeng a5 percent, 60
(Usprdehty 68 PeIceRtIOYREccRf. Emicioatids drea tltn 60 percent, 70 percent,
pharmaceutically acceptable salt or solvate thereof.
This invention al so provides a pharnaceutica
conposition conprising at |east one (e.g., 1-3,
usually 1) conpound of fornmula 1, or a
pharmaceutically acceptable salt or sol vate thereof,
and a pharmaceutically acceptable carrier. This
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"Ph" means phenyl. "Prodrug" denotes a conpound that

is a drug precursor which, upon admnistration to a
weujemaéo22 under goes cheni cal conversi on by net aboiUS2006/016638

chem cal processes to yield a conpound of fornula (1)

or a salt and/or solvate thereof. A discussion of

prodrugs is provided in T. H guchi and V. Stella,

Pro-drugs as Novel Delivery Syb&errs Vol une 14 of the

A.C.S. Synposium Series, and in Bioreversible Carriers

| N gBhUkehe S0 GircetidyRpstcht, 3306dH8ont &F evet B hbRBR can be observed.

Phar maceufi cal Assoclati on and Pergarmn Press, 198

botIm C@fvemrmh PeRethepebich 61Grrichl régionsi ate blyiphﬁecba@muenced with

¢ niieilyioprStronangrg sReh i e BRL SR Henhg 56
1 ‘h9d1%52£21ét TR S85H8¢) 'IMRrH;‘talafk TN/FA abahte, TR EhRIb &S sulfate,

al kyl groups cont ai n about 1 fo about 12 carbon atoms
5i natrieonitma |Chlor1&@rbenmlélﬁmthsdhlexadmlalgmompm goertidd, I TA bromide,

b Pralfteorreitty Ty Pind Y pha fitBufuas don BEE] I cortoin

”e(eﬁ%bdm%mdf,Na‘%-MI@W le iR aRfplifieRA it 8158 sbd\@Mg methods as
al kyl chain. "Lower alkyl" neanS a group having about

1 descaibedihe@inciarthozbsanasrad siieh paipmeraas ehaghieshtiemadditivasy
be strai ght or branched. Non-limting exanpl es of
sui tabl e al kyl groups include nethyl, ethyl, n-propyl,
101 sopr Opwobuﬁn&ywwd&pzayﬂw n- pentyl heptyl, nonyl,
and decyl."A k means an al k group wherein
al kyl i §0a$erd@m atstlvasls g&mal?/metly ag pmmpetsoland cycling of

|a ls on%eﬁ%}%u Fi*flrlf%lglg 8§1§,V6§H8n'c}]' E’gﬁ%yﬁﬁloyﬁ a}/%rgﬂlaﬁ) cﬁﬁ%ﬂal factors such

Pak§RiridtRIdhitutifg bEEneUHA tEJIlSu@éﬂiﬁ’ﬁlz@tWﬁeHowever the use of tension
" Al koxyal kyl " means an al koxy-al kyl -group in whi ch t he

al kpdingdndrize Iayliphﬁﬁ@lows@pw1b9d|hb13¢ud@@blebednu¢hrleg@rrdearee of

15 ? LE)O al K ndrﬁs)Pg'B{/O\{eg ﬂ?ﬁ#%ﬁ“ﬁ%ﬁ,‘gﬁl %}f ugdl%‘(r mnﬁrg:glcltlﬁ)g alone.

(s Ma’ewe@&ha BRKIRs AbRFibed@ herkin BATEnHdInAIMABRE Wide range of
nmonocyclic or multi cyclic ring system wherein at

| e&esnpayaigre ¢onditions,dimpitesk ondy by B siahipsdhorange of pmperatures

22?1% o e B PP P TR g G Rt R BT e gt il PR epiparature of
ith&0tetidRite BRI b givt@RBAdoH., | ndenyl,
tet ahydr onapht hyl , i ndanyl , anthracenyl and

201 | uor en;@f coumcyllt afllllkw apprecinted dret mngfper%tm@wan@i%gtﬁhe rate and

P af o HolmdRs: &k i Cue HbRABRHREEhESS" Generally,

NOhd drAidndrit Bﬂteﬁ?ﬁaﬁ’@é e@fto fidltldBDNRA RIdRbHeNSedOViE RSreasin
i ncl ude benz enet hyl and napt hal enyl net hyl . The

borﬁ@inmﬁaﬁurﬁe 3 mcgﬁ @m@t iromsabphtrt@@Qh 20ne, wp Kyabout 75 pN can be

l. [k
ST me RN AP PR SRt R o consture
25al IgbRIAY bah BebBh 4555‘p1ﬁ frﬁwﬁ{eltﬂ{ hsi€H @diPeasdd® BOO7 PN at just
the E}ar ent noiety is through the aryl. "Am noal kyl

e Nk LV Aymeldgegpgint. wherei n al kyl is as defined

b b th t t h.the alk
gr S\JS &mﬂ Hg@ fﬂl? g%&??ﬁf Sggoéﬁg&h%ﬁé( & %%'g&\g(n%g%ousy to control the
R S i 1SN s ) S s

in awwcaﬁlduhl@pah%tlogr ?&gp exasnmg, the @mmmw of dhsciepsisgl. mixture can

Non-limtin ui t.abl e .ar

307 nie e e afs s ufined ey e aRiA iy HRER B rte
NDiaflAbr tehsion r&pehsel dTR BbES DAY merased i@ Xadds¥d or decreases
means an HOOC- al kyl - group, wherein aIkyI is as defined
above, bound to the parent noiety through the alkyl
group. "Chenokine" neans a cytokine involved in
chenot axi s. " Chenoki ne- nedi at ed di sease" neans a
di sease of which at | east one el enment or cause is
reI at ed to the regul atl on of a CXC chermkl ne.

~ o o e o o oy a "




or in conbination. There are no adj acent oxygen and/ or
sul fur atons present in the ring system Exanples of
waebwrogenel i cs or heterocycl oal kyl s i nclude ri RQE/US2005/016638

having 5 to 6 ring atons. The prefix aza, oxa or thia
before the heterocyclic or heterocycloal kyl root nane
nmeans that at |east a nitrogen, oxygen or sulfur atom
respectively, is present as a ¥ng atom The nitrogen

or sulfur atom of the heterocyclic or heterocycl oal kyl

C afhebﬁl&m bp@ﬁélbﬂ réalmrga ZPAbhieRe TNEA GBS RO ik Rbtherwise

N- oxi de, S-oxide or S-dioxide. Non-limting exanples
of adwntgyais echecef dwndwuiua} dd'vecteemora;rkingalnkybnmmng $Inless

Irrgg{y%gvﬁs% g?sp refiht?% %?I%I%%h%lré?% nyI gezrgl:h{p g«%rﬁfﬂnt anﬂ the entire process
1, BabOp@tmel at dn fbafh@xaM Yéom teaigeaitidr AfllesddMerwise indicated,
t et rahydr ot hi ophen-yl, and tetrahydrot hi opyranyl .

5" Hﬁteeaxampb‘:ls ity araldlcgdrlbedgsmg amomeﬁs of mmmdhatwll glaptopriate

ar 8tu1‘§§ Wher el rgbb\l}g OF @giiﬂ%%y ;S:laﬁ Eg?aéﬁ]tydqm%Ld al 11H‘,§L‘gi1§|jiensmn

Qpﬁlie'@/cb ﬂgsrpm tempRkfoR Rgher oMBARS tedheRItQRRL i C
"DnOCyC|IC or multicyclic ring systemconprising 5 to

14 ri ng Tatangb thoapphicetoonld evem gnalﬂ emmeynts of tensioh, thewnad cycling

nmore of the ring atons t,other th

ol Grbratitss o) fksr Bpe PRt S s B o Whigh fhe PCR
10 O rdaRti &0 ARG da?t”ed iRt 85PN &ﬁ:ﬂs@ﬁ er Fbdut 5 tb 45 ONI, iftg

atons. The prelx aza, oOxa or th fore the

hebmmpip yoneraandeeranse thetemperatiare aaWhICQai@ubb -stiandeshleNA

i Mgy Mo 2ot S OGRS G Altibe B AL Rk BSoR apptied o
0 pbl\@& %héﬁiesoﬁ‘érﬂirﬁﬁﬁ’cetd? Fdl@aﬁ%ﬁ&ﬁﬁ@é%él%@lb@’%h@ Smount required
Non-limting exanples of heteroaryls include: pyridyl,

y
py :fczrzdenyﬂurati‘onnu aghventionad RER. ]Eiw effead pnlgntu]:s PGR waingllgw amplitude

15¢ u?l%ﬂai C}IIB%r ?éqa?z;(l%l I;lﬁlf’lt o ﬁl%O %cpﬁﬁ%{g‘ 5 eXafurftlan step in which

t hi,adhRam dﬁforc@ﬁés@%l&di‘]ﬂbouw ] azs @Yﬂed il &ith A increase in
pht hal azi nyl, imdazo[1 , 2-

al py
i mmgm{pzramrbpf thieapbitiph to lsenthef ab@vztgﬁyc alteroigivgly, less than about
az%hpgolyl benzi m dazol yl, benzot hi enyl, quinolinyl,
olyl, thienopyridyl, quinazolinyl,
thi-enopyphj 'Hléib(éds ¥l raf)&{ré’tﬁyés' d&¥dribel 'I!ibfiﬂiﬁﬁy bk @¥dried out or
i soqui nol i nyl, benzoazaindolyl, 1,2,4-triazinyl, and
20 be npcmteld&az tﬂmperambdwa&(ﬁm yﬂ)hgmmcleh‘adeadmw,ramrkgwps for

nerbraryndrgontignd s bloa ERaTm el e F e, 30°C or even

Pr ekegr edighay Qadsahk b %m@cﬁi&te@%w 50€C,| /ey, 484 Kyi5° C, 30° C,
group. Non-Timting exanpl es of suitable aralk

' g r oupeeri 2CIG déurfermdp| paytpgtizatipn (staps san Be 9¢I)delt3’4¢§1 Ibekorme70° C
y |~ The b to the parent noiety is
@%hg‘B t%‘iﬁm@; 8 cl—W&P’S‘%?&% means a HO- al kyl -
25 gr oup i rmimkhaR g Kﬁ/d 1oh§ s%n%th%‘f 'tlﬁus%ldﬁoﬁ% kh@sh the DNA is

Preferred hydrioxyal kyl's contfain | ower alkyl .
Nommhlemedlcag aﬁmtrthﬂ tessiof- usiwpmhmleblng;pdrmybﬁm Heougingly, by

"SR E LT e BB Cin IR B¥hoas SO PR it

S%'sff@tae\md@??aﬂge ef IEI'Mﬁd todic ﬁ?e‘ﬁgﬁi it c%ﬁdﬁoﬁ@f%&%d)ut the
of thi's inventron Wwth one or nore solvent nol ecul és.

Th |P§Rop§osessahammsvoovmtuooai RGR- oSm@rlwaal)lf thege gletyadsiatsone}

ioni c and coval.ent bondin cludin en .
3010 RHAHCTE RO B ek o R PRt BT sBRpalte B Pieods described
Capapheca bd éﬁj”hﬁéd 0 and SFenS¥@RIvEnBE Bf PBR HectMus Nano-

sol vent nol ecul es are |ncorporated 'n the crystal
|attice of the crystalline solid. "Sol vate"
enconpassesbot h sol uti on-phase and i sol at abl e
solvates. Non-limting exanples of suitable solvates
i ncl ude ethanol ates, nethanol ates, and the |ike. The
tern1 substltuted _means substltutlon mnth speC|f|ed

s o, o o o




zwitterions ("inner salts") may be forned and are

included within the term"salt(s)" as used herein. The
weabis®7eéan be pharmaceutically acceptabl e (i.ePCT/US2005/016638

non-t oxi c, physiologically acceptable) salts, although

other salts are also useful. Salts of the conmpounds of

the formula (1) may be forned, for exanple, by

reacting a conpound of formul-20- 1) with an anount of

acid or base, such as an equivalent anmount, in a

e f M SHERo@ScaA MR rhéte WthiEDiol DGR AtdngP b et AR Sioflc

i n an aqueous nedium foll owed by |yophilization.

Ex etnquigéisy pld aind baffeli ¢conditionaint genierad, witieh aetstthesit can be performed

adi pates, al ginates, ascorbates, aspartat . ) )
bbb ¥145E g8 4) SHELIGRT GREEREnE fss S P ExKatjon g purification
b UB?&@%%%H%%NA%MA%MQE AESn P INTHE P&t Hh{te8 ¥h8Sus

cycl opent a ropi onates, digluconates, dodecyl sulfates,
5 et bamasinahisnat eszymeimhitstossthatdly picallyersstico theesppe of conventional

e FERo IR SRR TS, B paseRE g Giniiting substances can
hygg Pé'n%i}'eg%%'ﬂu%hﬁ%%é’@%ﬁﬂ@Wﬂtﬁé‘%ﬁ?—?dmﬁb&%& For

mal eat es, methanesul fonates,” 2- napt hal enesul’f onat es, .
ni exampletarsnpoiifiedDAEA. sanelt avgsiningemonianzinays can be introduced into

LA O  SEBREb Bl e by o
10 SUSH RS YesB Bkl ALRh fod WHiiaNRSSAFSHER BatrbISHplication of

mentioned herein), tartarates, thiocyanates,
t obuexse Jub tontamemn{sars fushed wot afsthe owytion dedmber and reagents are
undecanaates, and the |ike. Additionally, .aci hER
ar gh‘@l éP'a!eﬁS}S coREP Péﬁbsgq?i“?g"&%su??frs t‘_f ﬁ’é‘f I\?ad]ro%(ﬁgo nP'§Fess,
ph géﬂﬁﬁﬁﬁfﬁtﬂaﬁiﬁl deYurtiste hilplifisdtion ih R RA8ds that are unfavorable to
phar maceutical conpounds are discussed, for exanple,
by céaveBtiogpd P6IR.al , Journal of Pharnmaceutical Sciences
( 1977) 66(1 ) 1-19; P. Gould, International J. of
15Pharm_aceutics (1986) 33 201-217; Anderson et al, The
Pract | CWa%fy-ﬁ@@*‘mljﬁﬁ#_lﬁ;&@miﬁl{cﬁti&#%gjﬁl)zchaﬁm%U}ﬂé‘e
Press, New York; in The Orange BooK (Food & Drug .
Adni ni stNaabiRER™asthpdsytanrbe performeshutilivéng vavisys inpeshods to directly
These di scl asures.are incorporated herein reference
{ népgy eeBsedng Sy ady SR SRR R ne T AR that can
al F)%\}idérﬁﬁr BN A AbduBHER aRPoSRetisdonltiol BF thelac@gy of DNA
potassiumsalts, alkaline earth netal salts such as
20 c alpolymrerased Thexgrees several diffesent gedys $o ewnli tepsigand ¢ donklestranded

(for. exanpl.e, @rgani c.am,nes) such as benzathi nes
(i Sy AR SRR PaA AL TR RO R KPS ®
de'?ﬁ’@fa@f%@l&ﬁéﬂt)t@ﬁﬁﬁibﬁlﬁ@lﬁ &Htd8ble elements, or to particles that can be
N- net hyl - D- gl ucam nes, met hyl - Dgl ucam des, t-butyl
amnmaspulaedl salts with am no acids such as arginine,
| ysine and the Iike. Basic nitrogen-containing groups
may be quarternized with agents such as |ower alkyl

ps5hal i des L@@n%oppo_ﬁ@? dted §hfayks: propyl, and butyl
chl orides, brom des and iodides), dialkyl sulfates
(e.g., dismdwpmpleditle protess dirbls pdrformed using mypleic acids anchored to

sul fates), |ong_.chain hal.ide e. ecyl A aur

1 PE0SE coadef SERGAR fonial s Y Bty s 22! Conted surfaces
| 0GkdEBparc@ byattiotind 2 kit 8SmpRxBhg mEIEAAY [e. % netrepbRa@hi01, 207,
bromdes), and others. Al such acid and base salts

ar evliich eandkecthe sarhe opdififerent Butcadusuripcede sy abhstratpegurigees 203,

wi thin. i he sc f the invention and all. acid and

30p 2000 36 EoRed SihsRere alratrS et vaeh i edboriftis ol frgrig ot o
of shiigH16 lstR8PIREH. o GNEIBRIILS nhiglEicRYIR 298 SwRére bb& ends of one
i nvention. Conpounds of fornula ( 1) can exist in
unsol vated and sol vated forns, including hydrated
forms. In general, the solvated forns, with
pharmaceutically acceptabl e solvents such as water,
et hanol and the |i ke, are equivalent to the unsol vated
fornms for the purposes of this invention.Conpounds of

I . o T 3



Pentostatine, and Genctitabine. Natural products and

their derivatives (including vinca al kal oi ds,
wanbiectogeme anti bi oti cs, enzynes, |ynphoki nes aRdT/US2005/016638

epi podophyl | ot oxi ns): Vinbl astine, Vincristine,

Vi ndesi ne, Bl eonycin, Dactinonycin, Daunorubicin,

Doxor ubi ci n, Epirubicin, ldarubicin, paclitaxel

(paclitaxel is commerci al | y avalt abl e as Taxol (r) and

is described in nore detail below), Mthranycin,

De @iiitPed i Gl d&mpM)ﬁﬂg%Ble@ulg thdt 1?&91%1@19&1&@1%@0 the first

Interferons (especially N-a), Etoposide, and

Termbpplixte melecwo(es, hlndn)swbrcbwds rE(cpgmlzm dmm‘gmdytm thedirsic

f?gglf)%gf%mﬁl{égle Etlglcfﬁ lgﬁ%tg il1 (E%@&) g¥ 61‘:? %aceesfc’ t’Ero(r)ée’ can be
Dr QPP ThOaRIsRE Gl 1913‘1?&)@112(5&%%@&@&9& increasing the distance
Megestrol acetate, Tanoxifen, Methyl predni sol one,

5 I\/et’ohweteaﬁnm@iamdmud‘ace@roe bmlaoﬂabtrmslitmmaaf@m ot b@te surfaces. For

ghn,:e%%gﬁ]{elt gl{]eiqc?r ngkbsu%'ég%tg X%Eg 319 ﬁzrtlo%ra fe%lement or comprise a movable
Ve d{nehRrsagesd @ﬁfé?&?&@iﬁ 3l eBhenk PRI ﬂl@ﬁmgﬁt% AHARUSDNA to melt
Torem f ene, Zoladex. Synthetics (iIncluding inorganic

c 0 fpkegrestesthoh abmt 65 aIN stuaom donpliratatd) can be Applaxds Yhe nucleic

] Car bopl
or SRRy bRl stondy ol Bkt B s’ Bl e Bphored e the
10 HetRRB thYlARhABE Pe%hc&f%& lagﬁg afn%pltl&te pﬁﬁ{ees APy heatd. ve

adm ni stration of hese cheiot her apeutic
ag@meferabiye therfoead strendsmasé)eékJShticleedNayraudr@tlamlly ¢allected so that

ot anaPa apotserdaiogs HEbe ERlifed ISR o Lf Pl surfaces
of cHEBY cOtrdifed dﬁﬂﬁ‘ ﬂh%étﬁﬁﬁt%h&dlﬁﬁ@ ﬂfesarﬁcﬁm@ @ﬁ&hkl@ﬁ Qp}blﬂ:d to the
t he "Physi ci ans' Ref er ence’ DR), e.g.

ed |anchmec( Ehplae atra?DR Thbnyslatba be\tlspeﬂ@dlas deM@d USA)

the di s¢l osure of or.at ed, herei n

S\ of or endb VRS o7 AT s I PP RS PP bpg oBbosed conted
af fs8ahdcd 218908 ohSorPodlP %%@:ﬁjcémﬁﬁo bdrinlo8d &Sfotntad array of
cellular mtosis, i.e., having an anti-mtotic effect,

by msilfndualﬂsnglombic olenisots@ 19 prachtof wiichrrdasobe mdividunllyaddtessed by
agents, c or,instance crot ubul e

SR ey A R S ele st af it BRledtif kpighre 2C.

M &fueh HQHﬁ@olehfcﬁft‘ t:arnﬁmﬁﬂe rdtt‘éedb‘é@li tHanhél th&teepdﬁs%%de%d/or

are well known to those of skilled in the art and
20i neligpihsemiontt paaametenstto themro@dscno Painting of ithiogiapby (eNE@ques can be

471(5)%%)@@{0& a:g%]:‘n:ﬂcl: g %ré')‘lp F qe%"gg%?@ Ng%oc %VICG f{)r performing
dolgsigitod ca al(sb\l%&n @@éﬁammi RBSUREN N%ger% 2B#8 hamber or

rhi zoxi n (NSC332598 paclitaxel (Taxol
125071Bie] cmamsl(lg yhe@eaued avifaces afdapparataeto vlahvemlg (and optionally

(e 8832) ., L hi ocol chi cin agglt'}lsc %]Se %
{r fiyined papgiin sy 85 S Gyo e P Bh R toactjquepeoducts
25 49%%%6 \Ydrfé%}' d)tsstuitﬁ]lﬁe S @ f GASPerifd 2 fhblei R fU al Qﬂﬁcé\are

epot hi | one, di scodernol i de (see Servi ce,
Sc |kenwe, 1112111411@13@ yotdgnitechtosiovalent bumdmgazmlgn-ambddy, and

like. anpl es of such agents are al so descri bed
|nsfr ta‘é@%ﬁt"?& c and patent literature, see, e.g.

Bul i nskiAfdid@mkntd of §ald 1636 bard 8u1302a 18 8A4nt aﬂﬁ@ﬂ%md DNA strands
(1997) Proc.” Natl. Acad. ScL USA 94:10560-10
Mutkiebeasn oppogH)suiases e FoResmitia a8 Slustrated i FlgumbBalaNA may be

50 o APPSR 10 BRTEE 13 06) 0 DrsspEr IOHALIR oy gtibuted
| 2988t I8 Aachbans 1&%&&' Wlowkag Thid fdg 1@%@@%@&%&@ gan be used

wi th paclitaxel -1ike activity. These include are
not limted to paclitaxel (e.g., TAXOL (r) NSC nunber
125973) and paclitaxel derivatives (paclitaxel -like
conmpounds) and anal ogues. Paclitaxel and its
derivatives are available commercially. In addition,
nethods of naklng paclltaxel and paclltaxe

o o R o o o o o M Y



-C(ONR 11R12 , -CO2R11 , -OR11, -SO(t)NR11R12,
-NR11SQ(t)R12 , -COR11 , substituted aryl,

wansoeshséaze ut ed aryl, substituted al kyl, unsubsPCrmSem®s/016638
al kyl , substituted al koxy, unsubstituted al koxy,
substituted aryl al kyl, unsubstituted aryl al kyl,
substi tuted heteroar yI unsubstituted heteroar yI
substituted aryl oxy, unsubst it3%ed ar yl oxy,
substituted heteroaryl al kyl, unsubstituted
helLERak Yhdbxi¥hd DRAOSEAnkY hl%?e SEE& RRfoY ) #0Xdesired direction, for
unsubstituted heteroaryl al koxy, substituted
hetemadly cdveeatikayn oppmsdmsfalce Ot kar ztreiyecvfonwﬂbhaetlmylbms which may

supstituted dr.oxyal k ubstlt dro aIk
o B 51965 QBTN BRI R B S SHOHA Tl S
g{ ?Elﬁéj'f Q%%értﬁt%ﬁ glgy% ?nge RSl EDTA stndFo & fickt sﬂ'fac@ Bowing

substituents | ndependently’
5 sellect thrbuigh opetihgs grtbe ﬁrsct srgics towayde indthraghmpeni@ESn a second

- 1,-0OR11,. -NRL 2,.-NO2, -CN,. - . . .

- Ptk e IR Oy eze%gmﬂg PR 3itatdoricpiagii sho huid

angowqgﬁgg%xm&gmﬁmgelected fromthe group consisting

of:the ring (represented by the dashed lines) of the

5- het ndbengreass the manbawﬁmydhomdmgraséﬂ with edclf ¢yoin, atiévatable
rou consi st

t hi h t
oy PRI Ca3, b Y554 ﬁlzrapk}ffaﬂ'n SRS HCL Al Rt
109f ¢ gﬁsesc'ﬂéﬁﬁcﬂ%nﬁi'es ItBat S5 E&E&Qa{eﬁw dhBRi 81U§hysmal methods.

consistin T: drogen, hal ogen, unSubstituted kyl,
sulbedet’ 1atiev:htdjlk gtqupsjh&a st unnﬂ edivaltddo for, exgmpkst iyt mltoé@actlvatlon
R 11

Ik
it @ liSfr at aé(a@})mrlfiﬂéveleng& t%ﬁ%&e&t actgdqb)lﬁla?mwal
- %@uyg are ity in YRS AR ST RTh Aoy ert R RS éﬂlﬁﬂoﬁ%k%ﬂdtmnal

unsubstituted heteroar yl, and substituted heteroaryl
R2 compleaingdzroupsa lnarvbsatian afithometaiddacsivhtablegnineze afesallowed to

15 iglagr?e}%i&% %@%ﬁ%@ﬁ@u R Clggreﬁlé%& i acHI : Pa%_érfk‘grgi(gh NE'E fragment
5 %ﬁca A0 d rf’oﬁné]d TR @Qﬂﬁ?gd&&l@s&ﬁfd@@ RudbRMcidd afAddhatured

I's selected fromthe group consisting
of thrheglote rapphgaamn of te@F®n te thedemplatessiiranti k Yhe free copy strands will

unsubstitute substlt ed ar bst ut ed
o Hen costist Tt Vaab B Eishey o i predoi AP FAR AToWS B copy
he"sﬁﬁrﬁﬁ Y becdie 1n¥}'ﬁ§5111ﬁ3d drSthd opﬁ&lwﬁﬂg t@ el Thide9ele can be
atomin said 5-het and R4 is selected fromthe group
ZOconammbdmghbadam@ﬂdbgmabédmphﬁgﬁwnmn@@b@@dtMﬂEqumKWLmwhmfd
substituted aryl, .unsybstitut da bstituyted
het“lé?ls’&r"’;‘i}d% OB B E e L EGs Bafpse SEmRRitsR rzyme tha
nf3es 4 Se@eh&CiBfaf HRMLINR NP RS £dill BEHAS has been
S cyano, substituted al kyl, unsubstituted

aI In)trqdusedasntcv theteed ofithemopied muslefrsicid by the painkesxy
substituted aryl or unsubstituted aryl, substituted
heteroaryl, unsubstituted heteroaryl, substituted
2s5aryl al k)Usm 5}%5&9?5}* ﬁzHé}?eqzc%raﬁkal kyl, -S(OtNRI3R14 ,
-S(Ot Q2aryl (such as -SO 2phenyl),
- SOch C Iﬁomlthke] |wa(y§g direetl;y ap@@ osioh t;prfpxlta)n utllmopacaly)r magnetic

gqg‘aggshs)o_rso 2! SOE %&I%Xlll})&]&é@ %ﬁg&%ﬁ 1}5 élﬁ% ¢l a%ﬁ&efl An
anq, fdad t@é@zef%?ﬁﬁﬁ:’l@s'%ﬂ?ﬂ&@%@ﬁerﬁfe@% ﬁczﬁﬁﬁ?ﬂéﬁsﬁy gradients.

conS|st|ng of rogen, unsubstituted
s uBselectuic eadrtadlésymlanmd by $he lnght e@lwnw field @msqlnawutuaadhe gradients

)s{%ﬁ)set aﬁ?egﬁﬁéﬁﬁ, ﬁ{gﬂﬁé nlg?r ﬁgg %f alﬁfjegﬁ}gylfamclgs by contrast,

u n%@@ﬁx&éﬂﬁﬁ@dﬁﬁ@ﬁ 9&'5!(1% to the Q%Qt%ﬁﬂ @b@ﬂcﬂ%erated forces

car boxyal kyl (e.g., -al kyl COOH, such as

am noal kyl , unsubstltuted het eroaryl, substituted
heteroaryl, unsubstituted heteroarylalkyl, substi tut ed
het er oaryl al kyl , unsubstituted heterocycl oal kyl al kyl
substituted heterocycl oal kyl al kyl, unsubstituted
cycloalkylalkyl substltuted cycloalkylalkyl



het eroaryl al kyl, substituted cycl oal kyl and
unsubstituted cycl oal kyl ; wherein when said
weubmioréated R1, R3, R4, R5, R11 , R12 , R13 , PBLAIS2005/016638

R15, R16, and R17 groups are other than substituted

al kyl, then the substituents for said substituted R1,

R3, R4, R5, R11 , R12, R13 , R14 , R15, R16, and R17

groups are independently sel ec?®d fromthe group

consi sting of: alkyl, -CF3, -OH, al koxy, hydroxyal kyl

(e sﬁon%%% forﬁlra)’ﬂhreeac[ﬁﬂeﬁéﬁﬂdl ira ThiB@bbiiInell 8y Bringing a laser
wherein each R15 is as defined above and

eabharmsath a1 appeopsiatedy shapdd fraeefeont Yo a tighioloowd with a high numerical

nggé alyfxyﬁgﬁ¥c#§aﬁk It c§§%§glk§%a%&%F€H§%§r03r%a%901
- StdPpbANR1BR BIha of 2 f4s6d 15%1&1%33 03. J5PFb3sAblean %anMLﬁ%té %égnumbers

wherei n each Rl3a, Rl4a, and Rl5a is independently
5 selofpartidles nsing aherrgy 30D Oﬁ@pttcalsmengersas Uhistidssd it Eigork 3B.

I I . | d ),
o Copet el avB e onShl We it arsR AR tiapeprodysedpy Amyx
ar Yhe. (Bndther i héfﬁ&%ﬁﬂ)ﬁf ah @rifly of Sptidal RFRROSNYEE. RN Bufresne and
f1 uorophenyl (e.g., 3-fluorophenyl)), unsubstit uted

ar . &% IGuier(Rewy Sci. fastiz $9)1974 61998% a1 Ut SitRatena Nk £J08§106 (2000).

(e.g., Ll obenz 3- f L uor ghenayl Js, d .

hi S0 Bplsed R gHay 58 forspiisabgh S TE 6% 1676 more pairs of
1oun%Pﬁ§41Iow$a?§etfcw%%ri<yl (e.g., cyclohexyl and

cycl opr opyl except that the cyclized R11 and R12 are

opt i onalAnplsfidation using dpa@l pr oageRtid taberees canrgeneialy bk @arformed

8 5U0RR o B R e P 2beihlpie el baesa g 5t n a Muid

t h %Ebd‘hhﬁ TH@ﬁéﬂuElé@ ay B‘e%aﬁtea & wﬁaﬁlpalﬁteadlsﬁlg , opi3dal dRmagnetic

groups
ar éraph dﬁmmﬂiqelﬁ@ é@na@defardsBNAh domauplegiesies than gbout 65

s o . e iy SRS R Ut abfiyon 8FER et optical or

\Ah@ﬁa%heuéaas bhephetidlss, ASulRlsiin gk &h@fﬁ@a@ﬁ%f%lmcméama The
the same or different), fluoroalkyl, fluoroal koxy,

cy ¢¢nséinkoph be ¢9ch1cg@m<ts]nb @rqslancemé'mgmm ipl allow the primers and nucleic

"o AR S5 AT SN e

whegigkin @lﬂ'ﬁt@nﬁé@ aTo Rlka tha Bkl drscanWeaRGBARA N that the
sel ecteé fromthe group consisting of unsubstituted

20al kedulting dpublensitanged m@;tlchy hcids @tmdgn@tmgdy Iy a variation, a nucleic acid

L SR B g tofed i iohs ehEelh beel MR et af p SHED by fef rampte by a
f 1 yo, @th@ﬂé’lld @‘ﬁug flowdrafd daa e RB&NY! dohiroiRa4ESs bh %Hétrﬁiélelc acid.
aryl al k .g., benzyl), halo substituted aryl al kyl

(e.qg. fIt u@psﬂg@n ZQ/begm ﬁ@m a gngledogoirenlzgily and pefjuentially
chl_or ¢ benzyl

unPIBLEte AT AR é’g}g} %an é) D) Zslét?@s’o%g%ﬁ anghored to new beads
25Cy stﬁ@ra@wthble BNARRL NéWBeédB Raf M@bfoagﬁit ﬁ%lpraiaﬁmgl&tﬁl £ copied

optionally substituted as provi ded above;
or sgands. Ahelmtmdm beeds hasfing pre-icombolised pmﬁnefrs) mmlbeabr(mght into

ah%r?s)ggnzttylvgl%} %8 rcolil égtlil‘%fds%g ggrﬁUb L I{lf\gﬁﬁgﬁﬁgertu{%ur%ﬁgﬁ st%f).
| ndgng Q‘Nﬂ ¥ thE besds a8l tHis ARhibASY ﬁénﬂﬂ’lﬁ lﬁz%ﬂl% Sltbmsti@ly controlled
(a) al (b) al kyl substituted (e.qg., 1,

1- waqnogasmu@bb@pp@ﬁ@mts sel ect ed fron1the group
consisting at -OH and -N(R 15)2 wherein each R15 is

i ndependently sel ected, (c) al koxy, (d) fluoroalkyl,
(e) fluoroal koxy, (f) halo (e.g., Br, F, 1), (g) -CN
and (h) -OH In another enbodi nent of the conpounds of
formula ( 1), Y is selected fromthe group consisting
of: (R6)1,P ,wherein: k= 0to 5 m=0to 4, g=0to
3; p=0to 2; R6 and R7 are independently sel ected
fromthe group consisting of: -OH, hal ogen, cyano,
-CF3, -0OCF3, -NR11R12, -NR11(CO) NR11R12 C(O) NR

A A FNA I NN NA A N~ A A WA A A WA A 7~/ 1 —~A N
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Rl is selected fromthe group consisting of

-SQ(t)NR11R12 and -SQ(t)R11;R2 is -OH or -0OC(O NHR 16;
we2o0ie76érk ect ed from the group consisting of: PCTAISkOE/N16638

hal ogen and -CF3; and R6 is halogen or alkyl. In stil

anot her aspect of the conmpounds of the formula ( 1):

Rl s -SO2NR11R12; R3 is selected fromthe group

consisting of: H C and -CF-24R11 is selected from

the group consisting of: H unsubstituted al kyl,

subst i t Whpdl ppon AN AYBS I astie Breye! oal kyl and

substituted cycloal Kyl RI2 is selected fromthe group

consi st Nago-®CR™ meihsistesen be peeamaddayilizing the appligation of tension

e e

fr 9%81’55@1 Gh VR eFBRRShiaNFicRifluidt vice aFMkh 84ibe a benchtop device
het'eroaryl; and Y is wherein R6 and R7 are as defined

5 abowdterhativelyi dan bpetdumadtheportabpesire sfchtah naydrepocorderated in a

coRBIEId e, NeRorn EafiBe Bty ittt p figho of tension to DNA
Copy h%l_foﬁﬁna%ib RiedsSn S&tRAe8 Fuld AW IchE b8 pOYBEAN KKt dngd
of : 7 -0OH, =0OC(0O NHCH2 l)bz, and

CH3, -O%égLQHCH(C}B
- NHCO@etienRBat pogidenfars contrp teeaftfbdd flowm t he group
consi st i of : _H, ., -CGF3 and - CH3, R4. when.n' is 1
o o Uheduichyied (DY POSHERTE GrBtied ShRRLETEE pNAngiPCR™
10 | SpReldaalel Jopiehieadhona 169 Bsifakiing debice thn cdahprise the
-S2Ph, Y i's selected fromthe group consisting
of follorang stapo nolembiask isemmoabilized enasupacmibiet isfarhogad sugh that

(Pl SR B e T o P B ] e na
- Chh8M¥l drchafibeCthechas hesh Edee oWk B fRQRSpldxittl Bbiety ¥ be used
enbodi nent of the conpounds of this inventionis

di temmpobilize & BNA polyowrass thott hiobeen nsodifiedhiorasimpring aisgcond

-Od, i e, the cqonpounds of fornula: .and . the . :

15 oS REEEETREDy FEmE L 6P Epls Mg dipncy ineludiiangigeprantibody,
Cah&hiHRe 368 NiINPA br B4R 58 SpthNBMaRirs. WARIEHIDIRA. is Béhatured in the
R4, n, nl, Qand Y are as defined for fornmula 1 and
t heresenedifipeimtess, firaxemple Jsbdhend prityorsi can e sobjeethd & a flow rate

wh B e foee WG o ot AP KB Bobp e el bl 65 ph0 s
hetgh1Rarts thAMDNAT PESMcRBMIcIe8tidh/primeK (il B be allowed to

wherein R11 and R12 are defined above, such as for
20 ex fiorpl ey redg¢iop 2edHACHES- 2P rimanektensionoartdeliragmans rapligatianscan be

e STNBE SRS PhobL O SO HRRE R i
‘;? Emﬂu@ts(c%hp‘ﬁf@ﬁfg%rﬂpl% dnd cbg;g (andbedd 5 denanabd ti@biigh the

er substituents are as defined above for formula 1.
Anepiiénatienobaii inereasest flavhrage,iand dimt ¢ste ¢ag hirepeatesiuntid a desired

t he d f. f [ . 2) wh [ is -S(O
o NASSA 5Y A Repon o T e, 1t SO Betde phREiRES e by
25 CORShbIINGd H 4 nlibrobRSHOS tdr leWhBfledl thittochantdd i 4 Hi@dfluidic “lab

al kyl', unsubstituted cycloal kyl, substituted
cyohaahiyltypadeyvithe unsubstituted or substituted

t ted het [ ' f d wh 1 .and 2
r et akah VESUEIRGE S HPYIRE [ QoHPETB SN TP AT ESoRRP DR crase
t heycired BoURor BOE Bhfed QblMEes, SUBB b dbHBHES AESc@Hprise a channel

defined above for formula 1. Another enbodiment of this
i nfeniniroduding tagads o teactionechemhpourreenns comprising thexpated

wherein RL.is -S(O R11R12 and .R11 and. R12 ar .
30 oo S 7 BIRTETIES (F GG CERA EPHE U ST GReir fepgately or n

al leymbinbs hhd Hredlledtingleactibs pRefutdsut ed cycl oal kyl ,

substituted cycl oal kyl, and the unsubstituted or

substituted saturated heterocyclic ring fornmed when

R11 and R12 are taken together with the nitrogen atom

to which they are bound, and all other substituents

are as defined above for fornmula 1. Another enbodi nent

of this invention is directed to the conpounds of

r o ~a - ~7 ~\ AR IFNA A NA 7 o ~a A N 1




P2 receptors can be further subdivided into two

di stinct types of receptors; the ionotropic P2X
woeowprens t hat nedi ate cation flux across cel PQrAIS2005/016638

menbranes in response to ATP and the netabotropic P2Y

famly of receptors which are G protein coupled

receptors. In humans, the P2Y famly of receptors is

general |y considered to consis35of seven distantly

rel ated nmenbers; P2Yj, P2Y2 , P2Y4 , P2Y6, P2Yn , P2Y

12, anf*nﬁﬁﬁ( ht(lggﬁﬁ f‘e@ﬁn 11?es Kebwhlin #le arP¥dhthe used to pattern

Devel opnent esearch 2 187-9). In addition,

ei gitdsior ambptiog momvle& Smlsa %fecm wﬁ}rmmimse dn lapp@e‘me ercpreatmg

be a, nenber of thjs class Ith oes .n

{0 BECRT iR dloe B FaiBeior bt br nael gy STRSE method
UD?orgslréé%ﬂé 8nd M(ﬁﬁ%ﬁ‘ h8id Mw Ean W used incli@RglSlectrodynamic

Phar macol . Sci 24, 52-5). [0001] Several

5 st untﬂmsisjmwsmggwsnmpphuatusnm dR|¢a®E01r®llﬁfons ppddrfally can be
menbers aof the Y f.am of receptors could have
t hé?“é{ﬂéﬂ?@%“%bﬁ’@ﬁ?*}"&f’“]“ B%e treatment of a variety
of diso F?g?ﬁ§4 ﬁlﬁ&ﬁafe@‘éh %?(br%@& iBurHIsH g&lymeﬁse a0g; 1s anchored to a
Williams,” M J.Phaim her. 200 295
i nsmmuawgtoa b ﬁubewsplecbarsueptaVIQFiﬁbladﬂdg @neé dtemslm QNA strands 403

| scheni ar Eﬁ@%r t ﬁ*}ﬁfetPnh Jgﬁm)é &Aiobr agS%h'f%PMoﬁﬁd@%‘é AR Ef(%(passed

107 e%@cﬂitﬁé SubsfhiBURY cHiNegd t&?l%ﬁo@ﬂpﬂ&t&lﬂﬁ?ﬂmw &AM DNA strands in
(Jassens R Communi D.; Pirotton S. al . Biochem

Bi dphipsm ORhsdro@xmmlc 3066, Nung-PCRs@nSgayrtied eutivsing such an
dent.if | [ No
panisetipt of Buts ottt G oamra sitan WGitrded ki 1 as

( SabdcsihedWyeand H cks JX. J. Neurosc. 1995, 15,
2961-2971). Extracellular ATP activates mcrogli al

and/ or A&ingooehered\DI¥A PRandsdn emooﬁfgll@ﬁduldé@m &Ililqﬂ@@tww to

e.rel ease
15 5 nAPBIS A5 B o Sleis s B Btw Benty o Tegteid J e Bnirolled
pr %[c?ﬁ@xlvoTh@%ro@eﬁ@h@éﬁer&lﬁb@ﬁ&%ﬁnﬁﬂ@s eS1nsYs: @N@lew acids
| ammat ory di sorders such as stroke and multiple
s C Icempssmg, 4t0008id, Fvﬁ:rsmnmé@@ng)moﬁmetmizmwm¢syandFeaIYPmd toa
and P2 are of artg ul ar _interest.. as

modP B Fomale BB el RSSO Tedk P ariaY ppobilized
ADB it Ratddedutase. (Pl is Hlowl o9ér thEE@€aceNaéH thal's &ftee S¥Fficient to
1998, 95, 8070). ADP is a key activator of platelets
20an dalwlealSElNé’t toamelt (&g |gmt¢r§h¢mamut 6P &yepalipd teoanghored double-
nbus, fo conditio

| e th t
; géﬁ?nd;efi r ls%lcsqy&% r&ﬁgsgl ts frb Ind! SEPration, nl?]él?;i %qqyrgerase and
Ci beinledd bfflondlly REfHrs topridiRY otiva@B gréddsa aftafushed over the

suggest éd that "platel et activation may al so play a

r olserfage a’mded;,tccdx @omawnwu@dﬂ@ﬂdrm*tsmmedl Aawrrateclions Sorazation of

stre such .as tg und in t ﬁ[grous C|trcul at i %{ i

ADBC ggqrq,sg{%goml ?‘é}dg PEINR C8T SUEI §* ‘?’%%{Oé’raé‘&l aggen
25WM tréblf%@ﬁ& E’a%YbeaﬁlgrrB?e\ﬂ iR tﬁe%r@ieﬁgé@ﬁ\l’f[‘?@ﬂﬁ&@f Phther reduction or

i ntracel lul ar signals h synergi ze together to

pr @'dmp%emﬁﬂﬂvet?ée pAﬁclelleehca@@m thaflowrrateThas beiineeassilgivhjecting

driven actj t he P2Y

g plaN oy sk Kb s A e apdi TR Rbtabie

t r PR PArE vsOE HIRASeridRd ?ﬂhfef&%h'lﬂé'a@ﬁvité& eTke¢ Activaldll, Sxtended
si gnal appears to mediate the initial shape change

r e@cimeshearhe allowedite bddo thﬁecopted@eﬁsceoﬁncbtmtcembtcan repeated
activation. .The second nal.

307 ol Sogies of AP fElops ARBRL el Ad e SRmprase
consol i date the process and produce an irreversible
pl atel et aggregate. Using three structurally rel ated
but distinct inhibitors of P2Y (A3P5P, A3P5PS and
A2P5P), Daniel, J. L. et al. (J. Biol. Chem 1998,
273, 2024-9), Savi, P. et al. (FEBS Letters 1998, 422,
291-5), and Hechler, B. et al. (Br. J. Haematol. 1998,
103 858 66) wer e the flrst to publlsh the observatlon

1. i " L, o o o o



t hereof . [ 0009] The present invention also provides

novel pyridyl ureas for use in therapy for other
wdizemsasen2st at es whi ch are responsi ve to nodul aPCOMWS2005/016638

OPlY activity. [0010] The present invention also

provi des the use of novel pyridyl ureas for the

manuf acture of a nedi canent for the treatnment of a

t hr omboenbol i ¢ or other disordérs. [0011] These and

ot her enbodi ments, which will becone apparent during

t hﬁla% 8L kAo BizEE bRk % AER G hibidcRihmel) d¥CeRfRile AH¢BYIRMNe] in

e I1nventors' discovery that the presently cl ai ned
nowahmnﬂuﬂuﬂﬂdsomﬁchméﬁgm&kﬁwe i nvention,

Pher oot Fituecs tiHaley VB SBoiRing i DR aits %btf#ﬂ?‘ﬁ Bj By drodynamic
RhEEHIPR ShRRESSER. gﬁ@%d\fgu-l—sﬁbit%é gd)7 tHrowshf dncBéring

odi ment, the present invention provid i nter
5 aI malecales GﬁboFJ]mcﬂ ﬂéwiﬁgnn'diract(oln)509(e|x)end$ alai @t@cﬁ@g itheolANA in a

or 6@&{%@%%@%&%&%' a\llﬁ'/]]é & tﬂ?"o%‘ilé O Y]ed % ?i%hre%:? iéllu%rates a
S upﬁfd’cl{oﬂtﬁ QIhYMhtIB’NQ straffds 503 arél amchok @l ByPbifl@ Gfﬁ(ﬁ@'cules 501toa

| i eterocycl e conprising: carbon atons and
heplaraiy ofmubsiehte tstrec:turfes 669 BichNRAt ﬂuld)paraﬁdw%:@)qs:n the structures

wherein s het cIe iS. S tituted

(OB O Rg B% o1t SALHS FORECAEHRTTHACTS Btk e BERRfF ppother
10 0- G%rﬁﬁoﬁg tHfat Sn ISE,OUSJ}@TO nahheradmhstgeparyl conprising:

carbon atons and 1-4 ring heteroatons sel ected from

NENR11, IS(aDapipnsaeith Gvishier pq:rrfprgamgithhen@hezrhusyng msclelc ac1d

subs t%lted wth 0-4 R7; H’E?Ol g iS substi harmel
i PRI R e oAt LR ioq ALY C%lpftssa“am
7- R TReS RRiMeAERRAKAL 8 r@a[cu@n%hﬁﬁﬁ@@%ﬁﬁﬁleh@dlﬁﬁ@ﬁﬂéih@ coated
conpri si ng: ca on atons and 0-3 ring heteroatons

s ebwtceslarfid appatdtushied Heliveriag dn@@m)cpa,alla mwrmgzemnbcsnparately or in

15 [ oéqlg lnﬁ(tggr}dgnd %@g&?ﬁ%ﬁg?@g’g&bp&%@é rngang QI 1QL{1ography techniques
I n Qﬁ@\_@ﬁ‘ gﬂﬂeﬂ% |a¥t cah b€ ﬁ%@%&ﬂéﬁ%ﬁ€§for le'tha@rmg m(@b@ul&r ,Sulch a device

( (‘Zﬁf chn)lpms@Ru apmﬁtu,s f@Nredtiog, and @@thﬂzhylg ﬂuﬂ @cﬂy 31 the reaction

A TG b TR P v

- ( gﬂ% & ?sed “%ﬁ%a%)ﬂaghhg%:Qn be %)ﬁcgﬁgd)‘t{]y M%naﬁ@(a@\ﬁﬁ) or can be

20 Nmamt@mmy Yiri@ec , Redgeht s6BERAF83n ofNiRina. sbe))rqmdled through the
OgO)Z (ORd, -S(O2Rd, -OP(O (CEt) 2,
°C-OEt ) 2,
4,4,5,5 BITED : agmbeﬁd)h hydrbdyBnak fotusing: An
substit Eit};g%:ic%vm t hM“}ll hel%c%ég?l ﬁ%sl,){ I;t ujéie(’:i7 leﬂé sing:
0- ﬁlt&aatl@appaiak;h mnyhplﬂ]albgttems],msxsmg ﬂLhd flogy qRa be used in combination

o Wprg Kby g, QORI e B it 8 £ b T RN Aggan be

25 C a rsﬁ’@c@h&f 1ﬁ'§5ﬂlﬁ& %a% hés $6L166iRALAIRNS SV Rfdus SxéhPiaFMirrangements for

(O p wherein said heterocycle is
s u Rlsdnotlynzﬂnﬁmfmdsn@ aad Royfite0opagiting cloagatvaial flowgere illustrated in

% v%) %gf acent carbon atons are conbined with the
BBTe:96%5 t o which they are attached, forma 5- to

10 e b §i,8 Bk 4410 Wﬁé 6t A reDRWRH AYSsR FBRIrhISSuBY techniques and
carbon atons and 0-3 additional heteroatons sel ected

f r dasobediRmethodRH }a/dcch(laj)m focuai OVengetraboiefogmatiqrsof DNA

30, ERPIEUSRY B0 Hesiorne | LadgantEst 197 55 atee) T

oc%yﬂfo%gﬁﬁmc:fgcusﬁl llusﬁﬁted b ﬁ@%&ﬁ%ﬁ%@bu@f 607 flowing

-(CRf RF VNR 12R13 qqm -(CRFRf)r-c(OOR c ,
-(CRFRF)r-C(ONR 12R13 . -(CRfFRf)r-NR 14C( O Rd,
-S(OpPNR 12R13, -S(ORd, -S(O2Rd Si(Me) 3, Si(C_4
al kyl) 3 , Cl-4 hal oal kyl, Cl-4 hal oal kyl oxy-, Cl-4
alkyloxy C14alkylth|o C| C4 aIkyI C(O)-, c4



benzyl; [0026] R7c is, independently at each
occurrence, H F, d, Br, |, OCF3, CF3, ORC, SRC, CN,
wOoIR6/RR2R13 , -C(O RC, -C(O ORC, -C(O NR 12RBCT/US2005/016638

-NR14C(O Rd, -S(O pNR12R13, -S(ORd, -S(O2Rd, Cl1 4

al kyl, phenyl substituted with 0-3 Rb , or benzyl

substituted with 0-3 Rb ; [0027] R1l is, independently

at each occurrence, H, C -4 al¥kbxy, C g al kyl

substituted with 0-2 Ra, C2 4 al kenyl substituted with

0- &t RevlatfRl hl?h kate ¥bnverdsih iatibicRdhide 665 ¥ith aenter stream that is
-C(O (G - -C(O (CH2) n(C3_6 cycl oal kyl
qrqud@ppchgtm(lgy ﬂcryv mtqﬂ The cogyeyeir@-heams acqeterate t e center stream

O BsRE SLRRI bmeaShi? agre i Bl tirving & srone velocity
ar g'fa)dlen‘t & @b@o@@i}dﬂ:ﬁ& DNAl BorEthR %?le&ﬁtlﬁ §teaEbddto an extended
(090 (0 - 1 alkyl), ~-(ONHG 8 a

5. C§@)e|\l YOHRYaa61a8 11@ fdqpe rased ofythy conV@(gm)g\H(e@mszs)vm(l @Bx¢,at will be

?E%si‘tgﬁ a@%ql\lg](r%—%%ﬁgssgf@%% %X?%re%s %gpt egag rﬁ%f(%channel This

- Spedndi(CAdtik BilifkPssDNA & ¥ fe)actwrﬁﬂ@rﬁfeﬂﬂ&) &anfple HWlere polymerase has
10- nenbered heteroaryl), ~(CRIRf)r- ‘C3 io car bocycl e,

or begnapchpied.- 5- to 10- menber ed heterocycl e; wherein

sai d al aIk nyl nd. c rbocycl e.
e supSHengTaEnGR A be AT Yian 5B Yol RERioR 6 ROFE! fics

10 hetgthotyibk @edd for stPsidhbrihe dPsking ePal? déRriBbdlelefEAHONEDNA in a
carbon atons and 1-4 heteroatons selected fromN, NRf

o pleaar dpgyasion flogoapprarisy“Single; Rﬂiﬁp@mlammlys it andiglohgation

%Foa%eg gﬁce%?&ﬂ%?% %@e&?gs g@%lﬁé Flglalcg %%&/ed 623

hetﬁ@hp di filo_oAT-Shdpell Rp88khek(dedthdRated in Fi
aryl), @iﬁ%d(s':??!g nlg(eﬁg)l%—l 2(5- d{@g z111E)mfr;\grr‘)gered geterozﬂe I1§1 B

- ( @Qz)A:f(dg; eyt of 1 janekian) a stagmyion nedt62p (Testatlished: y(DI)ts1de of

15" -( @igg;&%%@VTl%gl grk H%)—."p?r ?@;ﬂﬁ’ﬁ& @?B% Eb%can beachIe trapped at

£pSint, b6 @l i @aditbdtions by the vel
(m O S R G Py e sty
e @%tm@me uganpeGRlTiseehess dhenesl 645 yllystrated in Figure 6B can

ar @z@&e%% P o Rk Sbre SR A g ugiey  opposing

SG@(&l(ﬁl@a@ro@é XY¥lo) in wiitRhuadéiCHedrediddh i 0 aryl),
S(O)2 (CH2)n(5- to 10-nenbered heteroary

- (CRf r|:T\>fb j\{qmg RﬁN@lgzhyqls) Usisg Cy¢lor Mém]zleé .E)lécg ric Fields |
10
e ?{1@? %&%ﬂlg EOOW%foii%érﬁN ds?r%h&is dl% I\If 10-P@1Qﬁ4 %,e%ods

are sub sai'd heteroaryl
sulbgbhghihe disa\of ¢ledrid all MAshetRRdsS eﬁher@zﬁ*& Remar 1@12%1&/2@6 ¢hat this
1-4 heteroatons selected fromN, NRL , O and

[ oegglfe wecguipbishqdn diep exatenied sleatic Seldh caremsedrie enquctlxﬁpply
£0030] al ternat |
b DN P B AR R gl OGRS dsffegabore,

25 t o flufd Mo chn bé BseliQo BRI @ e dNRirBic @68 tb ODNANGr example, DNA
conprising: carbon atons and 1-2 additional

hefRghosed v slaeeenddorrtp erpaniclrr bqunctbo A Agpatyperase that is

[ Oglgcﬂolrelkﬁlé Ss%gfa 2 u@gt dﬁ%fmf t%&g% %ﬁ‘ : %ﬂ’ﬁ%§ fgff(dmeq‘tly to DNA

subtszmdsut ed with O 2 R14a C2-6 al kynyl substi t ut ed
with 0-2 Rl4a -C3_i 0 carbocycl e substituted
with O- @lmlc ﬁeldsv@qz sp bgusedtoTpanipelAlsdINA srrén@mdlt@

50 COURIABIiNGou iRl bOR B B AR LRSI IR, BT @ﬁ%@d where

i S dentsratibnta@fealing ard/c} pRBier [eRRB5bn E%géiaﬂe%ontrolled by a non-
i ndependently at each occurrence, 1.4 al kyl

a, F Br, I, =0, CF3, CN, N®2 , -C(ORTf, -C(OORf
-C(O)NR*ZRISSOr -S(O pRf; [0033] R16 is,

i ndependently at each occurrence, H, F, Cr6 al kyl
substituted with 0-2 Ra, C2-6 al kenyl substituted with
O 2 Ra C2 6 aI kynyl substltuted Wi th O 2 Ra, or

' ~ O~ o~ ~NASs oA —~A =



and S(O)p, wherein said heterocycle is substituted

wth 0-3 Re; [0039] Rc is, independently at each
woceousrorenee, H, -OP(O (Oet) 2 C al kyl substit uPed/used0k/016638

0-2 Re, C2-8 al kenyl substituted with 0-2 Re, C2.g

al kynyl substituted with 0-2 Re, -(CRfFRf)r C3_8

cycl oal kyl substituted vvithOZRe -(CRFRf)r C6-io

aryl substituted with 0-2 Re,- -(CRFRf)r-5- to

10- nenber ed heterocycle conpr|5|ng carbon atons and

1- ﬂneﬁﬁﬁl‘?}; BA ' Bros&s SHeRGn bACER BEPNEds of%ﬁﬁdstrﬁﬁ@sooound toa

wherel n said heterocycle is substituted with O-
[ Oodfifuctek paticleneg: pgxh@lamolpyrtmtes eatie ldzecwhroérme be @Fa&;lpulated by

subliric ety Grban Geastontlo s DNA . 3V Spg BLESFY B

e neneds Eﬁ&&{eﬁ ¢y § 'c&uﬁlef{w '\Fa?hélg thé %ﬂi%@ Bu @t B Aefortd 4o a
het er oat ons sel ected from 0] S(O

p
5 wheurdice is airehchion ehamber liea devises b%uqhtmettbddsvma}h uiglizz REyatable

[?%g%e Re sqglbe elgg oea:]ntché@ﬁﬁc%agdso S nceﬁﬁi@m?e

_C(ORf -(CH2VG(O)ORf -NR 1 C(O) Rf (CH2VC(O)NR 32R13,
-SO2NR12R1 , -NR 14SC2NR 12R13 , -NR 14 SO2-CM al kyI
- NR14 SOZEEBplarNRp Al 8GaR Y Nuyio; PCRINO2063s , - S(O) p

G ol RARCTHCT el it covedin i B by N

10 S u lBﬁMetaH&l? Qet@%ﬁdﬁ Qi‘x%m‘ﬁ%s o@guc% ﬂt Md 1n§l=h*d§txlvfth6d% %n?‘i‘tahbn

8 cycl oal kyl su stituted with
RSAde(l@HES)Dma@@ Vmua(rMVs u’b?@nmtlmseﬂymeﬁabmuR@MU) Epstem-

o SR PR TepE B A, ST OSY S T SRR Rl ).

O plasne A KARRCHKPe® (FHTVLESiiha ed
W t}%B?)m%(%)S\HmS(SMZ Ilgfﬁn}iismrﬂr%gepeng%%t I y(Hg legz?lc

o c &mmuandﬁicwﬂ,cy (4% 1glsélr}4p9 11, (H3V-L)( Brzipm Iptrangdefidiaoy djinrgype 2

15 o (Hl %?,ﬁ?@%%”%l e e B 7S vl N Y e T-

Ct@ll"ﬂ hot eN%@ IRETEWRERORFTEN 41),
al kyl , Rf S CF3 - enyl, -S(0O 2CF3 5

S@@cpbmrawmwbemt@g@, FMJF’/"h yihg, Pa@@ﬁgr)us @:39 Re@plraory Synctitial

i (NP e B Rlogie? B YR (PR farS-PERP methods
S u *e§ﬁ b§ gée%CfoiAﬁétht%n?of%ay pat(l%f&]) iRy eAvikormhis bedabe6r the

10-nmenber ed heterocycle
20 co rafphansemgnts msdm@mvaymmummd and nbbh@tl@rs dlagse methasis @@ltl provide.

fromN, Rf. O elns teroc i
substit Jﬂ@dieﬁcflﬂ“ 6“@%&%6‘&8 a “‘F‘é ar Paﬁg ﬁoi}ventlonal
at s6Bsthb éﬂi@gr fshh &8

o, EEC B B B0RR gofbrall) requidtidie e REbOLECGrothish 3 18
5potymu41©om®1bmpresbnlhm ieblo&gmabﬂmdrfp@ bhong sabaat, lptm) at a certain

RN AT o rar B Ryt P LTl i fercudosi

25 0 %oﬂ@ca[r&)@él (ﬁlas E’een% &?&lrhs OF.§ %1108 BfRnistis/ e I@@VQQ\IAﬁ@Hétectable
3, ]i at each occurrence,

P,
s e Ilm e matgefframnrﬂ OQ toll, OOQrItN A mqlo@d@]mL. , Stim haa ceported that the

S SRR S FATBIE L S0 St

3; tﬁ&%LFlQQ@QJ)nt‘_éun[n%fon&l?fég T ok RYSIds 3‘72% ﬁa@%elexﬁégﬁﬂvé fa@dMor

1, ; i's
di rd;tu:pbomdﬂ?yﬁ pencemig Impreferotdrembadiaents Mang-®ICR™ @@b@@] can be
In a nd ermbodi nent rese nvent l.on

30, &5 aecE)Pat %%lsgcl‘{z}s)tﬁe ﬁlvwﬁ}ﬁ esnéag?)tév quﬁgmﬁl%/ less
first aspect wherei n: [ 0053] WIS O and [0054] X2 is
a bond, -CH2-, -CH2CH2-, -CH2CHMe-, -CH2CO-, or [0055]
hi a third enbodi nent, the present invention provides
.a conpound of Forrmula (1), within the scope of the
first aspect wherein: [0056] ring B is substituted
with 0-3 R7 and selected from[0057] ring Dis
substltuted W|th O 5 R6a and sel ected from vvhereln D1

s o o oy



heterocycle is substituted wth 0-4 Ro . [0068] In a

sevent h enbodi nent, the present invention provides a
woanpmaed2 of Formula (1), within the scope of POe®/USRIVSH16638

enbodi ment wherein: [0069] R6a is, independently at

each occurrence, F, d, Br, I, -(CRR) -OR, SRc, CN,

CF3 , OCF3, -CF2CF3, -0OCF2CF2H, -OCF2CF3, -NR 2R,

-C(ORC, -(CRIRf)r C(OOR c 5295 (M) 3, C hal oal kyI,

G _4 hal oal kyl oxy-, Cl-4 al kyl oxy-, Cl.4 al kylthi o-

d ‘tlﬁn"rl%éfkelft:(@ percéﬁ% f‘ﬁ)éﬂ:eﬁf 12, @F%@t lp@'ceﬁlt 0.5 ercent 0.25

al kyl NH, C1 al 'k substituted wth O Fga

C2pgreahts end).ll psl;destltut ed with 0-2 Ra, C2-8 aI kynyl

subot 1 t JEEecERy WS- IRR ™ ik pephgryedisnc G A 3N fited to
10, aﬁ&ﬂ%[ﬁjcﬁﬁ!s%ﬁ‘ﬁﬁ%ﬁﬁgatﬁﬁ% %bﬁ&éﬁﬁ&naﬁ@d}@ Eergzrrél Osam;hs is

1-4 heteroatons selected fromN 0]
5 wh deeduse shidagrivation oﬁp@lb'merese sfitraepeatedeayclastof heatmgmé)ove the

o Rt B BufanttaReny SORT AR Bhprtionalty

t oeeinbﬁge X0, t5|0 sm e/oc mcb op nﬁ)&@wc@és A N&ERIPEROI:APb M rfdimed in
they are attached, théy fopii  a 3- to 7-nenbered

c arab @spﬂaﬁmlal wAniest @ruemgdbwcanmlmgied@mpﬁsm‘sm grodulatipiNano-

er.oat ons 0
d cgtl%ﬂ;epe forcrgp%ﬂgfﬁ 6d gnlyrgﬁ/glha gﬁ%]ln%e ocg’the enzyme
10borQ@I§, at\ﬁ\@&ﬁ%gp&g{hgg)car bocycl i c or heterocyclic ring
IS substitut wth 0-3 Ro ; [0071] alternatively,
V\,hen t wd'hRe Aage-GGEe™amethatls earhiavused tmamah@rﬂmqtn@mf starting

%g;att(?rer teg o}glgﬁlsgltso%éro%ﬁ’gcqgmfggﬁq f %r% g?} st’cg1 cha‘la’ly less than
h etag{oRBHGbdfired byEof AdHoh Sl R, Nah&-PURAMAAGhedktal bé used to
het er oat onssel ected from N5sNRL , O Si, and S(0) p

0- Hetgat drgliabdndmplify asi lttge dou Binglebmid@ﬂe ahBNe o RNAG

158a:r§1? ot 1ca11}58%j:2ps?1{.getgg %%C rlfx]f?gz?{lge%é ?@B%%dilr?ggltrlggegge&%nsmwty of
I NAERicBRs PO W85 pAhERIHB QudthsAhodo@kBMpbRfiéd Abovel dl3hmisms or

the scope of the f| rst embodi ment wherein: [0073] RL 1
i s pomdelpemt@ seh he deteefad bt comeentrasionelower thengl 040 loyganisms or

bs d h L kyl )

> e pbile S Bl ooyt VTR S pefpeiol
2) g% uble6t@ds ol By bbgams%@t a):otmeﬂml 10 ofg(a@sgs%
4 al kyl), -C(O) NH( aIk “S(O° 2 (CL 6

20 aI rpylwluclﬁsa@ﬁavolcﬁ@ymmw pOly(n@FifeRﬁ eslnajs or @w agadittkg/as, 1

h -S 6- menber ed
het &%&%%P]gp‘ﬁ?f\%%cﬂeé&qe/séﬁm al kyl , c;gl oaInEyI erShenyl

and arylAp&e tvhtistidtoMhé Hleﬂroa cbh be a54dl f@@ﬁétectmg the presence
heteroaryl and heterocycle are substituted with 0-2

andr ebsepes efat lerst trerspacifindNh dequencher distinguinining between two

oSN s e e N b BUf s eSS shbe
250f aylifiel @s (éskrib¥d Adbive. tTHE nfefRRRaR ffurkie® chinbsibe: contacting the

errb i ment wher ei n: {30075] ring Ais substituted with
o zmpilﬁad PNA Mét‘bt%l@ro ¢ Ol’r]PfObWEGﬂsgl anpmgpnlb}qleoudwfoamdﬁmntary to

[ 06F63eapried §BY derchigt REF o 5o PR3 RH-BRE Dale sugh as
f r Qmo[r&@&lﬂlaliel)nﬁh@dﬁécm%bﬁhéthéﬂtﬁél spMcIﬁb IONA $3aerBGs in the

sel ected from wherein is selected from
cy@ﬁ]@p@mbselﬁrmgdhe rygsenqgiopebsedce9d the probe bound to the amplified

tet y n en i di n

30, ISR e Mo FRASCRA oyl NnorBE] b betppepyhi of o
'S piirali§QF Hobk? id Boud b9 ibankMIRADIBL i s, | ndependent | y

at each occurrence, F, r, |, - CF2CF3, OCF3

- OCF2CF2H, - OCF2CF3, Si I\/ES (CRfRf)r ORc, SRC, CN,
NO2, - (CR R12R13 , -(CRfFRf)r-C(O) Kc, -(CRfRf)r-COZRc,
-(CRFRf)r C(O NR 2RI 3 -0P(O (0rt) 2,

4,4,5,5-telxanenyl -1, 3, 2-di oxaborol anyl, Cl1 8 al kyl
substltuted W|th O 2 Ra C2-8 al kenyl substituted with

~ N~ L T Y 1 ~ N~




with 0-2 Ra, -C(O (CH2)n(C3.6 cycl oal kyl),
-C(O (CU2) nphenyl, -C(OQ G _8 alkyl),
WoCiBj0¢ek2) n( C3- 6 cycl oal kyl), -C(O OQ( CH2) npheayius2005/016638
-C(OQCHZ2) (Calkyl), -CCONHCL 6 alkyl), -S(O2(C
al kyl), -S(O2(CH2)nP henyl, -(CRfFRf) -C3-7
cycloal kyl, -(CRFRf)r- phenyl or -(CRFRf)r-5- to
6- menber ed heterocycl e; whereid sai d al kyl,
cycl oal kyl, phenyl, and aryl are substltuted with 0-2
Rb , an %ﬁﬁieﬁ Vﬁ@itﬁh%ﬂi@ méed Bal 8 @ed beardplEfication and/or
substituted with 0-2 Rb and conprise: carbon atons and
deth@tmmfat saeense keended oft ROWA. NThNRfrget@Bq@n@Ie sd)gencoded on

SRR TRl AT P

St 85BpHSKD t@%tatfﬁg RN&FRFAE £ samlsteké ¥., assuept ﬂlatg Isafdnmn reverse
sol vate, or prodrug thereof, wherein: 008 ring

5i sprons8ptien tgradyi Obtasmbgaucpuﬁmndlngwml ; R, @mﬁllfymg the target

| ect ed f bsti tuted with
P A IR IAPhY. Sl g ok EhRint BBl ing he
c '_Bfﬁendeﬂﬁ%%ﬁétﬁﬁahéq!teﬁde 1§@1€€1saﬁﬁﬁ&£§(%§,§ﬁbed|'ébo5e a, M,

[ 0091] Roa, R c, Red , R3, R3a,

R3c, R3duRther vmat@nm the, mﬁ@oqizsen Weesed fpnisergencing ®DNA. Such a

RS P S35 DTN BRSPS s By

10 SREe DNA( ne PRIB chd B rimbrige- (6 SR le of
(T R (T G O Ne S8 Gie g (o el
4 4SIBNB» Qoewemstartgnget seguezwq,u tb§*< sveple being|divi @tcafokly parallel

zﬂg%tf’h%’%{’ §g>ﬂe,’ve\ﬁ€t{ Emap%nﬁgfary {g’q})g ?f C%{fd‘_-\;fcf?’thg ga(r:gat{t%g G e%lcée at least four
6- aEThaftemclRBligs AG1ehakRTRE. IASTMETIS WTT@gﬂBvﬂﬁgg a different

1-4 heteroatons selected from N, NRIi1,” O an
whdidsony sa¢lepsidst teiphespbite ({ENER)sstectedtfeam winohg dd ddCTP

15 BRpRan B dtoleu ol vl sl ety Shthnlled stigh o o

| b fihoRsednt B B 290NR gotyrierBsedia eBel2pardll R réftiB HeRturi
3d5R0?>g + Roi%yonr aR 4c I$+ %ﬁ%%com ngavm ttf thlengg? bgn e

at thesdsDON Auvtivite lisPNAytemplatessitaadhesing # spintlrmally-driven process, for

d boc t.
cofPPTRr Ry Eean BRI arfeidte CESEHEP KU shh Rl el (e eroeter
fr eanNMbolNRs £37) RNHe SISNA; (c) CodtrS1BAP i onGhevidllyadithen process to
addi ti onal 0-2 double bonds, wherein said carbocyclic

20 or pmgnetc by dization Qfgmneerstob@mnl@meraam tempBtestRpds, for example,

L0032 B23 %w%%ets% el FrufA B SRR TN Cppibppppticd o

- @Fezﬁﬁm' g&m t@%xten@&l@ Iﬁlrﬁers to form dsDNA; (e)
-(CRERf) r OR c -Si 3, 4 lialoalkyl, C
ha|opaom@}1yaﬁpeatmg:ttens - &))NIM g-desigd amaunk 9¥ PhfpsequegiceC 4

2\ R oS o GiShmiainetodsRiqpth i by pitafhn of
25 W'( %Qctpnt%léﬁtde radbiced HMAY Leabti®iS bl Bytderskiiitiie Bhse spétific

Rf)r -C3.i0 carbocycle substituted with 0-2 Re,
or flupEReet yroiely or som@otierbrsestedifie sigadys e varinysrsinglagolecule
carbon ato and 1-4 heteroatons selected fromN, NRl
., IR %(%%nes wherein said heterocycle is
substituted with 0-2 Re; [0094] alternatively, when
two R a groups are attached to the sane carbon atom or
si | i con NanerkCRBGRevieds wi t h the carbon atom or silicon

atomto ich the tiach f

7 menb er’lg\’% ag? Brbagé g?frlfe e% (feﬁlé:F 8?%(? X%nf?gunatﬁ)n§ oné gan use to
COmBFfbfh ﬁen-tmmlanytdﬁbehpolgﬂl@ra@e ghdie t@b@@ftsca@&iemibeatleﬁém One
fromN NRL, O Si, and S(Op , 0-1 carbonyl and 0-3

ri ng doubl e bonds, wherein said carbocyclic or
heterocyclic ring is substituted with 0-3 Ro ; [0095]
alternatively, when two R6a groups are attached to
adj acent atons, together with the atons to which they
are attached they fornta 5- to 7 nenbered carbocycllc

o, o o o . o



-(CH2)tOC(O) NH(5- to 6-nenbered heteroaryl), -S(O 2(C

_6 alkyl),-S(0O2(CH 2)nphenyl, -S(O2(CH2) (5- to
wo-2nmrmiened heteroaryl), -(CRfFR )n-phenyl, or PCORS2005/016638

Rf)n- 5- to 6-nmenbered heteroaryl; wherein said al kyl,

and aryl are substituted with 0-2 RS; and said

heteroaryl is substituted wwth 0-2 R and conpri ses:

carbon atons and 1-4 heteroatohls sel ected fromN, NR

11 0, and S(Op ; [00100] R13 is, independently at

eACR ARG e iER ﬁﬁcroﬂuld@d&uc%l {Xf}ﬁ:re 1R flow G itHRA 8ivofluidic

[00101] alternatively, R12 d R13, when attached to

t hehaagis onithe dgdcs iscontiolablet azmdfwanabla o preferigl-evgbridéments, a

o] D O BB Shis P G AR eFel b fgongggent of
S( R Bnels| &%Oe%kldps‘)é(ffsﬁa%e Tﬁ@&ﬁ&mfa{rﬁbeﬂvﬂ? g&{éralglcompnse a

occurrence, H, al kyl substituted with
5C afamd M‘emt_;ahnmgx hsctlcrc atidd and & mednPoRPplying GRes6 oateklgmly o the

subst.i t ut ed CH cl oal k
=B Pe d ropRd Bickeimg TR eRPmichiS A DS A foP; i amy of he
Wi thilhd3 dBRribd 11e1(eg'!?a}1lbe%hvfsfbn@d B&H?ﬁé’lﬁgi a QSﬁﬁﬁﬁﬁMﬁ? bEchannels
conprising: carbon atons and het er oat ons sel ect ed

f r ond dfcldded sp@es hmdngd(spmed\hhﬁeelalpﬁrtms@apdﬂe pbbipding nugleic
substituted w.t

i nagsAeTRplGXige %W%&&W%ﬁ%%cm@g \beit pompleppentaggepomplexing
10 c mo'fecuﬁrszst{%cgs?ha_VQF ongfﬂm olecuﬁﬁ %g?lﬁable Q@l@)ﬁ% dhannels for
in de'pﬁmgd‘hnd yloamt aneiagchenabngm ﬂerdc‘eﬂOdﬂy gradiet, PO valors,

12 ﬁm%rarﬁl_s\, W@ﬁ%zﬁ%s I@y@%&cmr% Oé@é?ggdly t%noﬂarent
- SGRAKRH. for é}@ﬁ@lé}l {cal SRR llllﬁtoiéizﬁéttd) behed, Whekievices can

0-3 Re, ‘or - to 10-ne ered het erocycl e
C obpmasmfvgtur@iaaimmr@ﬂmds devidesiwhich sagrhsaneerporstdddniodwndheld

T ;%rgnﬁ%l S]lf ﬂ{eé]dol\wl?%@crg g%be Pg%q%geﬁ %gé)lglgggtvgﬂl%{: o% Eass than
' ng@&)ﬁ@%ﬁ?dlﬁe@for@%&pﬁ%%ﬂ ﬁ)UF(ﬁ)O ﬂ&gr@eraﬁl&_élzgout 50500 nL.
12R13 , AsGhGxRaple, E(guze) VAGJQL(S)ms @ poss@lﬁH@V@ﬁg@rN@m@ﬁm@vme in

: w&nﬂéqdégéqr&s)ﬁan ‘t@ 1n ME g&é@h&ﬂp‘cssg@ 329 ap (f g’goxéné or more
sﬁre?ée'%Eﬁleﬁ'mS C’ll 1%&'%3&0\%@ to.cofstadl ﬂSﬁéEa@i %@rs, difeoxy

al kyl - Kyl "substituted wt
2022 ndclabﬂx@ty:mheslnbams,tmﬂﬁﬂemset mndithg likea. Vatyzs 403 Wnilﬂ and 718

substituted with 0-2
S LB R ¢ fr B0 i ehied g e Comtfol SRS A pations
het,efReY Chenfe R datliWehaafeP P15 ﬁlta?ﬁ'é aﬁf eli tG ermit controlled

heteroatons selected fromN, NRf, O p,
V\hepplucmtlsa ofl temeivato nycdble apid m@lbcsxlw tht:l@m, \K@It dxampk dgRéllystrated in

VOIS, 3 hamng e PP A SRR PG 4 ppsmiy
25 aI if@dif)é 1n$ h‘&f&dﬂtﬂé‘ll@@ ﬂW(ﬂ' rQ%e%tsRﬁrou% thadbdeyN¥! Pump 723 may
substituted with O- 8 cycl oal kyl

su l@@enatﬂhsemmnphomlam mecllan(swsvcngrmﬂu in thRtart fosexamplaperistaltic
W|th02Re or - 5- menber e

PP gD SR EBAES SV DF AR BF BB e r B foree
f r QY Mariddfns 0Pco@BRaSbfd df suchViRA&Rk And Hedileet WHeE bR ling is not
is substituted wth 0-2 Re; [00107] Rd is,
i ndepieadd 8nwi mayabe eendtollod withierhaebe R} omteraallyy for example by

al kox a | kyl . - | O ocycl e . 1
303 SEHR st el e Jed SyE T K ool o p g uici
hetgeye6 ¥itilifing ARCLRE B roupAl fbuiﬂr%nﬁél@oﬁﬁ%uation is illustrated by
het er oat ons Sel ected from O and S(Op ,

wherei n said heterocycle |s substituted with 0-2 Re;

[00108] Re is, independently at each occurrence, H,

=0, -(CH2)r ORf, F A5 Br, I5 CN, N , -(CH2VNR 12R1

, ~C(ORf -(CH2)r C(OORf -NR 14C(ORf -(CH2)r-C(O NR
12R13 5 -S2NR 2R13 , -NR 148(2NR12R13 , -NR 1452 -C

RIS A A N7~ 7N\~ R IFSA A £~ 7~ Py P Py ———



The invention relates to anplification and detection

of nucleic acids. In particular enbodi nents, the
wonverreémn provi des i nproved net hods, devi ces, PamaiS2005/016638

materials for perform ng the pol ynerase chain

reacti on. Background of the Invention The pol ynerase

chain reaction (PCR) has becone the conventi onal

techni que used to anplify spedi2fi c DNA or RNA

sequences. U.S. Patent No. 4,683,202, issued July 28,

198: '

i e e R S L L

t eftedingueactiGh nhaneh g6 orriato wies hosel storage chimpb@SR53, 754 for later

o U551 SV O oGy > T4 SRR LA SR NP B Chennel
t hpys ﬁ6 x’ﬁﬁ? ?ﬁéiﬁﬁttb ¥ohtPQYRSH %l&ntypl%tcﬁﬁﬁﬁel r76% Bﬁ PBEQaltic action,

one o these disclosures. "Typically,
5 anfiriekinopleibyrdefitctioniians eqoene ealve ges by ehsanply’6Biin ot

selectln and ining two oli cl eoti de

i VA2 rttisd g  FlE OO R iR recognized
p r iHMRE ?mcx%(lﬁfdléé?f{ afEr SREWIE a Rvidk Wy c%ﬁsthlb@ecf @il valves and
comon nucl eot | triphos hates, various salts and
buf perisalsic @umpngohrmngbmeﬂtehett apglptls@MICMcsstrpnssuﬁeéDﬁd
above abaout 90

AT R e

10 t ePRlAIIRE: sec@ﬂ:ﬂ@@to‘ QRgtrbi ﬂ@w S%@H H@Hﬁ?ﬁ@ﬂﬁ&?ﬁa‘ ﬂu'bﬁshed PCT application
hybridi zati on or binding) of the priners to the ends

of WOK20A20enpl ates is pronoted by slowy cooling the
reactio m xture t SS, t bout .60 Th

t enper atlt ?ep?rétltrh%ﬁtht% drdey Hﬁ‘ﬁts%sg 6%3 gal by fugher
pelh8ds8bd ﬂﬁﬂ.@h‘:@&és tich &t 1%%?315&1@{1 %ﬁr&tﬁ%@ %n%tﬁfallﬂlﬂhven
ext ensi on. pol y ase reads each tenpl ate

st palytherase icha&in 3¢action51In dhe rspmﬁ@m,stass]m@ﬂrwiezq; a;gd amphﬁcatlon
Ienentaﬁﬁ strand.fromt

15  hER 0T 8 ST AGR AR ST B BTy BRI
DNﬁlt?dHBl:écT 1'11@@1%'0? 63 YWbEgh &1 Bk 951 ShPdond \kaf&R! bd orf Bére walls
a new cyc each conplete cycle of denat ur ati on,
pr oféire lamm%ﬁi havg beamprepanedréwr amchenmg polymeitase plrmlfé@éldes as

CoHsEGA % FEAB o nabteriy i SEioabduG Bt R o B i

a Q@Wcﬁ% gtéﬁlentsh @oﬁrﬁa(ﬁrbﬁdégfﬂld%ﬂﬂlfd%dv@ 288 MANiRER} @lizing

above 9 to denature ubl e- st'randed product
201 ntaddisiong linlesstor actdtug Difsctesohas 8bistrated ipFigwey 6. Other reagents

D SPGB F CAATBR OB EC DB gk MEVALY EH<yUF{hfEoueh th
ex tuﬂ@tgs q‘?glcéf‘ CeaBRatL il F@lel O Pmer PRInRSs (BBRYfotvArdeng Reverse

r the mani pul ati'on and detection of nucleic
acipdisyers)ricdt spéaitjcallyrhybxidirp tethditargetontciaic agid, the f@ﬁ5| C

b e SR P IR e oy

251 eGhRRfPOYd gﬁ[ S{fa%ldﬂé €Hfacto?! refiREPbPihe 'pBlynﬁgr%%t(b QUsnétildon).

genetic ease nonitori ng, sequenC| n
gene exfollswimgingbddtities,of draﬂgrmbmdotmmmy a@milﬁcatlon reagents

foren ic fingerprintin Thi s dar d

t eandroy o B il i SiP BRled SRERe OOtk IRS 761. By
qu %’E}h{lg ARULRMDFBImYiatBbn, FRE cARES RO BHe sBﬁItﬁﬁQ:%ﬁlatlon/ﬂow rate.
Several - PCRbased di agnostic tests are available fo

det/e fibwngteansiliong ll}l,a@phwﬁlpnm@ abatt 166 @éh@f fotagrto éh@atmge@ nucleic acid

l/ |n ?%ggébql%mﬂg?fu%ﬂen@ atl‘@eeﬁoxg TaI8 %ﬁ’ ge%ﬁ cf,]such PR frce
\?ﬁfb@hh%r’cﬁé taSet n‘ﬁ‘ii‘l'efbrhcﬁ?l@ i 8 vaifde ERNY A5k 30 @NCt%rGO PR VThis

I's the |'eading cause of pneunonia and
bronchiolitis in infants; Chlanydia trachomatis and
Nei sseri a gonorrhoeae, mhich can lead to pelvic
i nflammatory di sease and infertility in wonen;
cytomegal ovirus, which can cause |ife-threatening
dlsease in transplant patlents and other

o o e o e




nunber of anplification cycles that can be carried out

in a reaction m xture. Repeated heating and cooling
woyaleggemesul t in progressive enzyne degradati 8aT/uskiosk16638

limts the factor by which starting material can be

anplified. Conventional PCR anplification can rarely

be extended beyond 30-35 cycl es. Robustness:

Conventional PCR typically regtAtes significant

vol unes of reagents, bul ky equi pnment (e.g., therma

CY GlI&FS ormatbs B%l&ﬁbra@!ﬂ%?elb abi8/prinforGom tple%%.oP'ﬁmer extension is

optim zations), m ni mum anounts of starting

maimtiated by éuadter mdwmmgcthﬁ Bowtrate bue aslut orredponding to less than 30

con 0 costly and tine consum roc

P eBRR fobh RO R Py ek LG e JRF R 1s again
h O FedsOd t \RnARke £:8 q&%ﬁﬁ@saoheless%ﬁaai meAS abiQ. WBBKsited steps
for difficult sequences or |long tenplate. Conventional

5 PCRreagpéatebumil 9idgsirdd quantityafduget rofclei¢ amd isoldgiotd @neican

equi librate ure reatlon m X
oPEESTB I APIRe CRET AR B By DAt E B AU S by
I N oPEslR v£1% rehiably anplify targets that are | ess
than ideal. Tightly controlled conditions (e.g
t enper atfur appapid)s fancbnduéting NamgPeB™E ntethods cen ﬁ@qmwesad

f f i t h
AqBFEHHAR P Copiph 5T R cam Gy B14 siniroheleppents of
10 PCrheaRétidnl d’e@Ic‘eCﬁHd ?déy@'ﬁoq{%élhble $emBbRiahd REAdBAck circuits so that the

interfering with pol ymerase enzynmes used to copy the
t acgetrol Diico calRNANitdh asalyae; pidif desirddicanpHpstigactianpasgmeters,

tart d f l'ificat
anaet Sehel o b ReSTEFHERIATS on el evel of |

purity that nust be obtai ned by DNA or RNA extraction
techni ques before the anplification steps can be
reliabl )Exyam[ﬂm med. The performance environment of

convent| I d to | aboratariges
Sand. o EXeEme I MSndBRa Herloailbé Dingh e gl Sitiides
doct or b k&Pacclfd kdhdard
the fi eﬁ%g&ggﬁgfetplta?ﬁlﬁhg%@@%g% ?iﬁg ?)?f/ﬁof ﬁcag%%sh{ol Scs ar

Thenetlendlsi { iSabanayadanpSinitha gedi Caittay ri@digonucentide amaredilization on
Kit d nd i, | [
O e LS L P, g .

a PGR) sisahyiaRd dIﬂaﬁAa(iBmtﬁ [9E16h bOP&H ehddbftcHels@BEd) iPadded to the
performance paraneters of current PCR set |imts on

20t heurfages muhich immebilizés @@alsDNﬁgbdDP\wrbﬂle Rhfageec dsfayy in
O e AN ke A R BB B S Botacin

detr@acgeh%r IEA Nﬁuedd REAORE G rchoVolliRk e BN Emisdrtia 1@'88) By
assays that rely upon conventional PCR or PCR-based

t eatnstingthesonTmragpeef the Qamg.lat@fthai irgRlisd tethe surface, the surface

e Beg ips PRUTDIGHeF hul Bt RN A RO PERUBRR gt than
250e 85l 4d DNﬁAmf@ﬁgoﬁm 884 Wetht dISNIANG, ineratifg e difince between
tar get tha can be reliably anplified and

| déint ¢dfaitesisurfoes. tThésdenadesshedsDNAakening ool taeget ssSDNA for

nerat.ion P ase hnol nd .det ecti on.

s e ou SR P& B Sl A e oSy Mg capgd biotin
S p %?(9{1 se‘Mlil@ th%Qﬁéfanc@ Betweh HRCIr MBESS SedudBdls S haPBet®Een 30 pN
use  Iner ement al rovements to conventional PCR

metahd 48 pdhid appkwd:teé thiaveotibesd s5Pdfos b piimbrsrags pléasyed to anneal

of th ol a erf ormance ara ers S
30350 4% e DG A Borspholee i B0 BTRLS BoatdgRa 0 & esuting
M GoRIPRAC tFmdrkteAbiBh i Mitﬁ@ed%&ﬁb%dmlﬁ% HeURPLibd teBSion to
of sanple fluid in U S. Patent No. 6,61 I ssued

Septenber 2, 2003. Alternatives to high tenperatureDl\IA
denaturati on have al so been proposed. For exanple,
Purvis disclosed a nethod of el ectrochemni cal

denaturati on of doubl e-stranded nucleic acid in U S.
Patent No 6 291, 185 |ssued Septenber 18 2001

~ o o o o, o g, o L |



FIGS. 6A-6C illustrate exenplary nethods of and

arrangenents of elenents of a reaction chanber for
wappleyi7éng2t ensi on to a DNA strand suspended i nPaTfuSeiod/016638

velocity gradient. FIGS. 7A and 7B illustrate
schemati cs of exenplary devices for performng a PCR

nmet hod that does not rely on tenperature cycling or
thermal denaturation. Detail eB4Description of

Enbodlnents of the Invention Definitions The terns

ENC (%‘c'e?mmer RAIKAYE iLBhifi&e, s BRE >65 pN is apphed to the

ollg ucl eo are used hérein to include

potqsnmmgdupbxfuyoﬁcmmhgethe dibtmicebetaegn ﬂ@rsgltﬂas:es This application of

ncl udi,n but not m t.ed to,.ribonucleotides ar
wofaess Sehuel el im O Pt g 1 BN AR, IR Semivastanes
F&&Md@ g&%ﬁﬁntnhtﬁa?esta% todcHbAtBe Emd 5111@@&1 foitBto the
refer only to the primary structure of the nolecule.
5 Th sn$¢ptmndmecroamdnommsmgusnﬁmes The gkovieaepitedcsiepsi an:@ rapd@ed until a
[ doubl_e- d singl.e-st d
t iR degRaRr smplfcetRimiepaated RIdRe el niggl
i ncl ude oagé*d Blbﬁﬁtréa%eﬁns cwE@?ﬁ%th ﬁ%hhcydrﬁhb&[hl aeﬁido@g such as
by cappin unnodi f orms of
poll\&uiemﬂaaf&trobbs or ieree. Far exaguplera C}e;rlvamee ofdhiogn Wmhh@l eic

" nehiaee ARk Priss o g DHPYBOCPRBHEL R s form well-suted

10 2- @t?r%yy hFdgR QS BlomdIQuYdsiahe @ﬁi@é@%@t(Pﬁﬁﬁlg(M@ﬂ tRbf OF. A general
D-ri bose), any other type of pol ynucleotlde which is

an ntﬂthadrfocgie)sp@mlbfede@meélrmmblheatmn Pibiompldiwes paglass surfaces

and .ot her pe cont ai-ni ng cleo

packBn el BPREBispaue hrPar R TiE 7o
nucl ei ¢ acids (PNAs)) and pol ynorpholino (commercially
avail able fromAnti-Virals, Inc.Corvallis, Oreg., as
Neugen e)ﬂxpmmerér Methodlamt ]h@ric&;Vﬂing dmjnpbilized Polymerase
sequenc - SP ¢ nucl.ei.c acid ner s ov'din .t hat
SThe. pol yrarPuiEeon i apaoeR oS R APt
m's&ﬁd@rh'n@é@ﬁo&so ISaB&ARGa dgﬁﬂ rsnﬁql ahd Chae “Blaekidldetiduch

as 1's found in DNA an used herein, "priner

r efilmmebilizatios om gil@osattemrrﬂdies@fepfcawlnu@lr@@@s ‘Ydiuclgpahtids Bes. 2000,

act | as_a_point e-di.r.ect
o edihit Nocs b, v BighifvissRrfA oplymeF R R A HeaRS i
th %1191"0%1%’&91%?&{2{ 1nf:19&1'fecldtbfafl§‘5/%ﬁffa&u§ahﬁ9§drﬁ €Commercial kits for the
tri phosphates and an agent for polynerization, such
20as bldﬂﬂmamlnon Rlﬁlénqwﬂlqsm acdable, foevxamsplet ﬁ:tani’mrc@L@l@e)anﬂund
an a r and at a able te r
ThenBlne Bhehetoytan FarnroSen it A erEoRR Gies SoNa,
| ntrandteth Usin@E abdBudibd IRt abiﬁﬁmbéﬁpﬂ&ﬁ kdty tHa$ aﬁﬁhe]s &30 N70f force
nucl eotides long and, nore typically range from 10
30 onuid watl¢adicls. The melygtdnase/@uhleotlciﬁ/pmmmscomaﬂem allowed to form by

o P AR5 et BBn R frreSpesth A0 B D md Rpogfi o the

25 ?r %uellaeﬁa’@ ﬁrﬁnaee)&&ﬁwnqmmx@édwotoecm ﬁhhém‘édﬁ’cﬁﬁg fiR@Rhmber

3') of the target sequence and the
oppﬂmw 1tatr: 1s>t<r3é)r1ﬂ\1 d@mmpmmamx(wnswn is gompletesa Yorgé >pheN is applied

The .5 s of th deflne t he
of 18 EsHiRY PepRedhsreE b et FRR)iSgadr S RS denatures
ap REML TRERDYAS SEindFHEN (& tenMitS. n’frh@aerﬂﬁus@ Bl apdul1oMRd to
| ong stretches of any one base. Furthernore, the

pr |csrehe shrohgluths mmtofbmht: ahamisr mott polpserababinding occurs, and the

it)xZeg%ellcﬁg(% Xhe ?pea t & 1Y11 3 gers 5 dggfg% BF %tpﬂléﬁca%lon is obtained

seq&qg@@% &hﬂ&ﬁbﬂﬂ@ does not occur. Short primer
nol ecul es generally require cooler tenperatures to

formsufficiently stable hybrid conplexes with the
tenplate. A priner need not reflect the exact sequence
of the tenplate but nust be sufficiently conplenentary
to hybrldlze with a tenplate The term "prinmer site"

or prlner b|nd|ng S|te refers to the segment of t he
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| abel s, el ectron dense particles, magnetic particles,
spin | abels, nolecules that emt chem | um nescence,
wehewtoreehem cal |y active nol ecul es, enzynes, PCT/US2005/016638
cofactors, and enzyme substrates. Probes can vary
significantly in size. Some probes are relatively
short. Generally, probes are at least 7 to 15
nucl eotides in length. Other ptobes are at |east 20,
30 or 40 nucleotides long. Still other probes are
somewhat |onger, being at |east 50, 60, 70, 80, 90
nucl eotides | ong. Yet other probes are |onger still,
and ar efixampdesd: MidhodlHE DAdG GsingDNA fimolobdizaties

I . Pro th that f
Wi thin ehszree%@%ﬁ%-caﬁeﬁfi aRbRES sartfcd R Db d
DNGyR@IrY WRIARE. ($sbafayaBehOmitRLIG ddNtbrPabNFRARRStde

enzyne having an optinmuimtenperature at V\,hl ch it
5 f unombiligatiavhdrcinidrepatieyied sireptanidd00rfacks eNvelamssicidhBes. 2000,

R ool NG B8 i uerhinf BT bBReaySa b e R en stand
t 0iBfshod 1108 theltiRbocb@l EnPREVSTRI WRNISY Rf06BARAhe! Qeffrey

provi de nore robustness to the repeated cycles of
heM.Rotheabetg @od MeigWilsbele pzyimeolbnrdylchieqtime anewrbadtinylating

ool PR aeeR RS Eowakt A q ima A T 1588 o gamber

10 M $oRkas B4t Fﬁ& ARk 265 pEt AR Ibean @ s ATk Géﬂthﬁhshed This
sequences i nc sequences of several residues g
)

s edematurss tie BPNA, layinglgnly tare@GsBhdefopainphifiotiang @s

havi r eat e an about 00/ ase
D ol heish Yulea BB 2B Gitea 200 1R 0 Corbrne S 2 Bt O e
t angemchaReRiCaRd mﬁﬁea@ts\/daﬁ B8 PlirchBSHASTHGA Somutdici@iSvendors
pOl y- A sequences, trinuc oti de repeat regions as

f oswch dsMslequenBmbesnesicicat ibat examplg) mdetiwdias of biotikevith a
Hun

15 O BBl ensa b e RE B L PR L SuRS T B sl ited

( P@ﬁ)eaﬂ}’h Cg&% Bldhifecul AndakefARe (PRluiaNI0, Pﬁlan% _CY A general

ynmerase ain reaction using a thermophilic .
h eatetlsIchﬂot the sphtiallyclefimed asmobibinalianygd] ln@mblybcwe@lm gless surfaces

2 pergorear BohoRimeorihe PHERT SQMERIE AL 1T BuRhE Ehamber

po |fD6Wa%S1§ de@Bshed QU t’ﬁaﬂ%t@élénzﬁﬂ%mﬁ& 60 bN i9 af)lbﬁb% toZle bound ss
add the DNA to be anplified to e tube 3 ace the

20t uBENANThe psmpear ae allewd tmcﬂnncﬁl ta thel’tengn’aDl\Ie%; @né the(nreswting
Per ki n- EI 00 or 0 Ther mal
Pr PRI arq HEPYRATo CoRPaR PRV SpRBFRE: FEMGE ofimiion i
confbib@RSodchr %y ﬁﬁ‘th@?fddﬁgin ‘ﬂ{e dMAgIbERHoWeNB ke K3D BPI” OXce primer
doubl e- strande ng to above about 90C for
abeytengion & c2>mpl¢ta,t 8e®;rcea>®epN ischpplicdtmiba trwu@:mg;d@llazvhyy

| t b to 65,.C f d
£ o R irch P B afuFauan pElprss Firar i EaftufiGiridge strana
25 hedtdnfls tetAROUThd B 11)‘11@8. dtParfds bONtamidpeN B Bié)ftlﬁ%).mét'i@tare

are to be repeated for about 25 to 35 cycles.
Ex pbotoretiyatddeandedlowdd po bind ¢e heaboptavidieoatesd mucrochamlel surface.
i fi.cation f t he star where n..i.s
C o bhe sHmberelsh stepg Fredepiatadifhel B G trelhat Saulitatote
calghipebdast thbhab6r mReMtiié M t ati ons of conventional PCR
stem from how t he conventional technique is typically
carried out, several limtations in the performance
paranmeters stemdirectly or indirectly fromthe
reliance on thermal cycling. Overall reaction yield,
anplification efficiency, sensitivity, robustness, and
portability are each, for instance, restricted by
thermal cycling. The Nano- PCR(tn) nethods overcone not
only imtations due to thermal cycling but also
several that are inherent to typical inplenentation of
conventional PCR Nano-PCR(tm Nano-PCR(tm nethods
and appar at uses can dranatlcally extend the detectlon
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in the DNA tenplate can then be adjusted w thin about

O to about 30 pN during extension of the priner via
wenaosraéize pol ymeri zation in order to control PO®US2005/016638

progress, rate and/or accuracy of the replication. As

with thermal cycling in conventional PCR, cycling of

stress can be repeated in a pre-progranmed cycle in

Nano- PCR(tm) methods. | n the ex¥mpl es bel ow, various

nmodes by which these methods can be put into practice

are desgiyy, Hﬁﬂe 4R DR & isd Uﬁﬁ% %u@ﬂdl‘\%ez@ﬂsem ric

fields applied to the nucleic acid nolecules, like

nre chani dafloubdarstraded BN A eomplek mmmolplbzefcththmlystyrene beads

Wi th r.el i an thermal cycling., O )
Cotit SRR i R G I R R e e ges P A he
W Haut R"é@ﬁoﬂs@ BPRIREMR Dovible! SHhndédVhii S1§g]&‘§trah@ec§ENA
that control of tenperature will not be advant ageous
5in M@ﬂ@lﬁ‘ﬁb&(ﬂtﬁmﬂ% Sagthyiugia G| apd Faglos Ssietntasteoigience (1996)

a5l 2 70T SRR PRSI R P feeplicd o the
al ﬁﬁmttﬂn%{igh gedisadflbfticansveeerk. hﬁ{&éﬁiacl ﬁmv CR! BMWohifield.
be made as appropriate for specific tasks such as

s eg0eHz iFogge-interud mogltimg oGt e BBGA doubtahelix dnEent o€ solntaon

St apRERaRD et doRirer-allS TS pieRar LR TP P ieffeton

10 abP¥ign b BladB1 RNhE edRHUD|BA %@@%&@%eq@&d@w@ less than 60
denaturation (i.e. nelting) into sin stranded

( s pDINAThis Aldowsthd phisresd 10, anhea) mnlmeim@umdumeglersﬁranded DNA. DNA

d t ood t t th
of PEBRIGIE A ORI AR g e i he, G R
ab%ﬁhcgﬁoﬁ% 1fﬁt1afédtﬂ93r@dh§;‘iﬂgctﬁk sitBdeihg %rc& REbdtRE&EO and 30 pN.

i nduced neltin room tenperature has been
deddtar bqﬂlcbiyon rsmonmlem latzsrcm‘@hmgcfome@tf eppraxinBitelyebipN i applied to

15 R R Do AR e D B iraeh Roulaf st gtsingt-

andirande@OR Al ASEGAEs. Malid éRtheokalehe Wl @raklRfinfanipulat
2. E?rflect of Sol ution (l:ondItI(():?IS E@%S% a!?'QJ nipulators.

80 F894xgnle, ALy .sutk anide ohtcad qlaatarr@ﬁsmescﬂe lRoAznyﬁaInan@n be
Bl oonfield as described herein, it is possible for one
of Y9f4i nary skill to deternmine a precise |evel of
t ensi on Whad th¥iikvenfiBh haPbdehideRiibed idTRINAEth rafadee &/ Sarticular
to conventional nelting point tenperature

20 c aleptbodimentsthe®bbul yilldescapparsinhty anseskilsdlin gt arkthet wasious
bel pw about. 65 the presen f imer .
o i-GEhede peobr el RS B Sef o b hpartinp gy he scope
t heridd i®émtioho tenpl ate DNA in a manner anal ogous to
slow y cooling denatured DNA bel ow the nelting point
tenperature of a priner in a thermal cycler.
Accordingly, during a primer annealing step, tension
applied to a nucleic acid tenplate strand can be
slowy reduced froman anount that causes dsDNA to
nmelt to an anount that permts priner annealing. It
may al so be desirable to maintain tension on a DNA
strand at a level that substantially inhibits
pol ynerase action, for exanple at about 30 pN
orgreater but bel ow about 50 pN, until unbound pri ner
is flushed fromthe reaction chanber to mnim ze
non- speci fi ¢ binding and non-specific prinmer
extension. The application of tension to a nucleic
acid tenplate in the range from about 0 to about 30 or
35 pN can be used to slow the rate of pol ynerase
activity. The exact speed of the enzyne depends on
various factors, including the anbient tenperature or
anbi ent concentrations of polynerase and/ or nucl eoti de
tri phosphate substrates. Tension greater than about
35-45 pN at room tenperature pronotes the natural
proofreadlng exonuclease act|V|ty of the pol ynmer ase
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may be introduced during or prior to step (c) and
unbound prinmers may be flushed fromthe chanber before
woheosprréarer ext ensi on (replication) step. Furt RET/USRIV5/016638
various enbodi nents of the nmethod, tension in the
range of about 0-45 pN, about 0-35 pN, or about O to
20 pN can be applied to tenplate DNA strands during
step (d). In such enmbodi nents;3the amount of tension
applied to the tenplate strands during step (d) can
optyaAg ieycheRmMEp &d over tine. The anount of tension
applied to the tenplate strands in step (d) can varied
accor di dg t o A metHoddwnamplifggiamaickdtige sxpuescs wihertinghe method
pol yner.ase in relation to positions of difficult or
er FBPPP*SGne subsequences, such as G C rich segnents
(€.9. SehTenicenGeAédd dtindt &disthte shaRdsIRal RB¥rde EFDNA with
base pairs, or greater than about 70% G C base pairs)
5or ohher posi oligemuclebtideapyineers sowpletneniainty a pgéian ofigach template
se%ueqﬁes, Accuracy of Nano-PCR(tm over Normal and
" DPRHGER% © Sequences When tension is applied to the
tenpl at gpPNA [dHhiig SMRidPatibRbf ﬁ’iéa%ﬂ§1.'1€g§l'i1§1€1eﬂ6,thé‘complimentary
pol ynmerase can be induced to "reverse direction" and
t hpodomidchemsplaestirandsy of the pol ynerase can

DL bbb g R gl St AR he R O 1
10 POlyiTRT ASIRAEHRIMISI B S Fho3pieies, t he process is

stochastic. However, when considered froman average

over théd} i mpepuisting eftensionanfbe prinprs bylke PNA pelyawease thereby

segn t.0 eﬁhibit S sﬁg'ned,Féﬁnyclgﬁseuactjvity when

t hORPPP PR IhBTCSHCF LOG%S s IRIHC S ¥ eshol d t hat

can be {@eor gbpaidgtheeoehhbeproliféts &od e RethFlaRAkBAY; €

and sol ution condi tions. By appl ying a nodul ated anount

of t ensiaod theseafeenpipastengDiepsda) (Mg(c)readdd) e oranoneriignasrvith

step in an.anount .bel ow the .threshold at which the
15 ex S%B c,(%e%gfémﬁ'@{f :Bﬁof‘i/ea&}qlrg’eggf’%re rase becones
predom Rafdtein PelnittRR INBiARAHEN SatlShstondMiBér tb I Romplimentary

tenperature and normal” PCR solution conditions, nore
pr ebsicainfyhe tentphae staangle comprisesucontiolling tBe hyghtidization by

Nano- t i bstantially | d
o eeng i alfheBa o iR Bt B SR sk diohs  Por
Fur t her Riafefoin pBinSiteef Kednsoans B HEhEE ¥eIhOMRIA po1OSErase

sub-sequences that are difficult using conventiona
20 PCRomptibescntrdhimgdhoeriensish aféhesprmersdyl the PNA palymerase to form

te at.e st rand, can_ be, ad ted jn . the ran £

b SRt oD BroRsSlsoRplsGRR 8y et Rplels i £ g an

PN aﬁ%ﬂ%atibh OB stedts kA EheltbiBpIRfel BAJLYE €nsi on of f a

tenplate that contains a mxture of nore and |ess

pr obl enatlieteis sepasating. thEextensiamprodycta froor the templatestrands

of the .sequenc ensj on may be increased necessar .

{0 PSR BNe BESateTse0 DS s Soah e SRR e s B agplying
25aCGHERQY tIviemptitd ftkamdkt regions and then be careful l'y

decreased to permt faster processing over |ess

pr obl ematr acoswination of thEkeewherigt stress is ahpliadsiopheiteanplate strands

strand i s changed during.t Liner extension. In sone
vaf@ﬂPgBHEGEFmgwgoﬂgFWU%§KHﬁﬁgggapossibIe to adj ust
the tension on the tenplate in direct response to the
changes in length of the tenplate strand so as to

cal i bratZe t hélhgpptthediof duisi brvhsreis peehijtingydridization of at least
the praogress,.of th ol yneri.zatpn.reaction _and the

30 patpF EUET T B sP PR RRat e pt R S Boteke, af o Ges
In enbodi nents where it is not practical to directly
noni tor the progression of the polynerase, the
position of the pol ynerase can be estimated by
mul tiplying the elapsed tinme by the known rate of
replication for the polynerase at the applied anmount
of tension. Thus Nano-PCR(tn) permts accurate
replication of not only normal target tenplates but




al so be obtai ned where the GC content of the

ol i gonucl eoti de fragnent is greater than 55 percent,
woQoarrernt, 65 percent, 70 percent or even 75POEUS2IV5/016638

Amplification efficiencies greater than 50 percent can

be achi eved where the GC content of an oligonucleotide

fragnment is greater than 50 percent, 55 percent, 60

percent, 65 percent or 70 perc&nt. Efficiencies

greater than 60 percent, 70 percent, 80 percent, 90

PeL&RYllindde RGbAERAtony RtSAHg, anchggﬁ(\!&fbn%? sR84sq6 e template

can be observéd. In conventional PCR, these high

GCstramsly, andgi ons are anplified and sequenced with the

addi tion.of .various depat.uri agents, 1.n i ng but
ot 11 e BrEEERKRPB R B8 PGS Eh P NA PopyRetese
oXgb@bBses EMrAGRE BeoxtchMin Y dcQgfiers BY iad BN APIDRIckRE to form
chl oride, benzyldi net hyl hexadecyl anmoni um chl ori de,
5 HT Axtonsion produdii domprighentary vedagh trenplats strgatdsdiyeconbividg an
and Hornanhgﬁf a%ﬁ t he Hike kf certain enbodi nents of
NaARRLISEHPR 1) Stiest 19 0P LpPlafe SIS at i on is al so seen
usi ng nmet hods as descri bed herein in the absence of
such pol ynerase chain reaction additives. Robustness
and Adapt abi [The metmdvafivldionla wheein pemtiting egéansioa|of yhe primers
re 0 eci.se control .and .1 ng of tenperature,
Pt i DR REOn el Het s B fieb iR PG B Hrfers by the
10 ad N A QOBAnckAE i@ FstnSdiEdhsfh predictontitaatithiyne cadeRtdplate
and tedi ous optim zations. However, the use of tension
cy strindlg by soniroNieg anppplidatian pbHsiress todhs ternplets strends, and
enabl es much hi gher. deqree of precision.an ontr
over t nanec reat o e SR tielial oft BF AP eh
al eBRpriddRseRiRing thh exieRLiR o ddeSEdh BRAhPIAS §irdB by applying
function under a wi de range of tenperature conditions,
| i wiressdo theltymplatef sieands.s such as the range of
t enper atures under which a chosen pol ynerase can
function and the nelting point tenperature of the _
prinmer/yenmpl gthe nRgml Hcldndl WRSelrBRemAfng B biSABARR) ofiat least
wi Il be appreciated that tenperature can affect the
r aboge ariclentocthe aemplimeniotyyprstionsef tha rgmplatesirandseomprises,
nmel ting,.of under. tension...Gener al .l t amount  of
o Rn iR e o Y SO e B et oot RS te Bhnpiate
| NGHARRI Ay tenperature. As a rough guide, from about

to 0 to 20 C, up to about 75 pN can be required to
20mel t  dsDareimsepatasing thoetensidnepraduni fonpthettemplatarsirands
required to denature dsDNA can about 4 .__Th .
e PR eI E Pt Bt il 0Tt IR kit D By applyine
t hgirEdses tHNGmPREd AR AlcomPldalionghttiete.i S general |y
not necessary, it may be advantageous to control the
tenperature during one or nore steps of the nethods
dependi g on . requife S O n_i.ndi vi.dual . .
appl i _ca{; fon. TrI138 %%ﬁ%{n%nci?m‘g Lé”al}eé% BPpiffe ferpipy of the primers
251 eaGth®DNA Y31 HnBra8@ BorlfridiR icBhtRd N thdtexfenbRARE Had pHiBers by the
that optimzes the accuracy, polynerization rate,
and)DA pobmedrase to depoedensidn produnis ermpdAcperyyivwagl template

thaj _inpcreases,or decreasesthe anpupt .of tension

et B a8 SBRACTER b Y B b® Sl ande
advant ag@Rusn peeauaR Bbridhatibmef atilchdebnet®ith&eoThe complimentary
wor ki ng environnent. Unl ess otherw se desired, the

t emppdiaatafitee cmpldie stands campyiseseasiralhing thakybridezatinn by e
30 ASERNiGE &n piRakT bR flouB® i PRHR, #d ool s

herein are descri bed using anmounts of tension that

will be appropriate at roomtenperature. One of
ordinary skill wll readily be able to adjust the
tension applied to the DNA tenpl ate for higher or

| ower tenperatures. Through the application of even
smal | amounts of tension, thermal cycling tenperatures
no |l onger inpose a limtation on the tenperature at

- NN = o, o o
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flushed in. This can provide substantial robustness to
the Nano-PCR(tn) process, permtting rapid accuracte

wanpleiofzéocat i on in environnents that are unfavorPablus2d06/016638

5

conventional PCR Nano-PCR(tm Using Direct

Application of Mechani cal Force Nano-PCR(tm nethods

can be perforned utilizing various nethods to directly
apply mechani cal tension to DN strands as a
non-thermal | y-dri ven process that can provide for DNA
denat ur aftefdin 8¢t Ring AR ESHERIGARbERY fidin theterdplhtevdtiaddOf

DNA pol ynerase. There are several different ways to )
apgPypTigssseparating the guigbsien pradusideein dhd igowiate sitandd by applying

I d bhe.. d i
o NG0B g b8 o R B ERET BBt rof bl o

el ements, or to particles that can be mani pul at ed.
Usi ng opposed coat ed surfaces: As an exanple, the

process 6can Hdepegthost ofecdpios], ndrerrie centeolling 8w apmishbeeel stress to

t 0,,0pPOS oat.ed sur.faces ener al | s i )lustrat .

| 0 B SRASECo R0 PR BN Aapieafif Ll er Busion,
at haalidpgamicistresit ocoaien iRl ¢l BctdltBe {eBallate strands.
streptavi din) 201, 207, which can be the sane or
different for each surface, to two substrate surfaces

203, 209. The.coated, substrate surfaces,.are arranged
n oppodi 1 o Earefel SHaRNLE erdh (BRES AL S A RRRG or sress o

10 ap@id temPRHObteandb CompEsts AueL®} SppRfihes cdhteolledhRiicnb 6f Mechanical

15

25

ends of onestrand conprise a conpl exing nol ecul e that

i s tensipyl te fentemplete grande first conpl exi ng nol ecul e

(e.g., biotin) which can recognize and bind to the

first conplexing nolecule, are imobilized onto the

coat ed surf acms mdtRscCer dam Deavirpih Hﬁﬁctl}oaﬁﬂﬂ}ﬂn% Adont@dlled

the imobilized nucleic acids by increasing the

di emenakoliyaechariqal thesieibigttbel tesinl4ta swandsicopprises mpehng a surface to

transl,ation of one th surf s. For exanple, one
or TR 2B B0 e R AR ol erent o1

conprise a novabl e el enent, such as a piezoelectic
el enment. Tension sufficient to cause dsDNA to nelt

(e.g. gPeat erlhenegihethelialaigsl, prheagin corfrollingpe pRliabgn of stress to

oy bfhat bR B P U B RSB R R Sn i opplere

andyhh®. freed strands can be replicated using
appropriate prinmers and polynerase. Preferably, the

20freed strands can be flushed away and optionally

col | ect so that on the anchor.ed strands w |l be
Fepl i cat. s el Gy SSRGS eSkhBLES vtlous efpenored o
be aGarfhéOtdpetedidra Mgd FleR! 'tmaémﬁlatet SrafiBdiate dband ftea DNA

amount of tension applied to the anchored tenpl ate

st pahaserasprackered to asniase cxpgsediceaiflaig fpwsiar dlap template strands are
variations.of a device for performngsthe nmethod using

op56 a0 284 PaRuY bBul et BB RAR a8, T "o aco

can al so be arranged to forman array of individually
novabl e el enents 219, each of which may be o

i ndi vi dddi | y Bgdneibedbel dyinnl,odiereinicoriioling an applicefomgf stress to

bl e oA d, i ' 2C
S B BERERT Pl PERRS apf ol Boichb it or o
t hahdd epae témpleegamnd/ or di spl acenent paraneters to

the processor. Printing or |ithography techniques can
be used to pattern sites for anchoring nol ecules on a

03811 25212 LS LRI T M oL e

chagpRingoihcichadnalouaRahedane sukes 4pHketh o {Hees and
apparatus for delivering (and optionally storing)

reagents separately or in conbination and for
collecting reaction products. A wi de variety of
sui tabl e met hods of anchoring a nucleic acid to a
surface are known, including but not limted to
coval ent bondi ng, antigen-anti body, and

o - - . Y 4 r1r " 1 £



Dielectric particles polarized by the light's electric

field are drawn up the gradients to the brightest
weoabestoze®ef | ect i ng, absorbing and | ow di el ect r PCT/US2005/016638

particles, by contrast, are driven by radiation

pressure to the darkest point. Optically generated

forcesstrong enough to forma three-di nensional trap

can be obtained by bringing a40aser beamwith an

appropriately shaped wavefront to a tight focus with a

hi gh nunerical aperture lens. Figure 3Aillustrates a

DNA strand extended between beads 301 tapped at the

focus of3.a | Tzemetimdrof 8BBn 1Lwhélsi1ppmsﬁﬂﬁhg htybtidization of at least

mani pul ate | arge nunbers of  part

cl es. usin n arr
SO L AV 29 ehe siiets b Ge@buies
I ' lat
R L Rl o R R of o Sy Kl i fplate
5ofsteumdammmﬂnbrmgerafabout\meteabow303ﬁ\é E. R Dufresne
and DD G Gier, Rev. Sci. Instr. 69:1974 (1998); and,
U S. Patent No. 6,055,106 (2000). An optical tweezers
array cgmn COfRL Pﬁﬁloﬂhﬁléfalrﬁqswhéféﬁl pérﬁﬁttmé@t?bn@i&aﬁ@f &F at least
pairs of optical or nagneti ¢ tweezers fication
us omgpragati odhe wmmgﬁﬂanyqaortwmszfehs temmatg e‘mm@lcbmptiees

perfornmed as ws: A nuclejc acid.is. hor
appte i?r”il%&@‘ Bﬂgtlﬁlé?%t&tcoé‘geﬁm@ﬁ& aPHh%Ftlp atrﬁsé(ﬁ?%}‘mtemplate

10 Th&ra‘?ﬂ%'&ﬁlﬁﬁl‘?ﬁle %eQﬁ"aﬁgr?cWOecg ab&t3® prani pul at ed using

tircal or magnetic traps. Tension sufficient to
denature a dsDNA, for exarrpl e greater t han about 65

o L Sl BTl A g e
WIF)N% &ﬁymét%%%l:&ﬂlﬁ%eé Ebﬁtfb@hr%eﬂﬁéteidfeﬁﬁlbﬂ Bf ﬂlf pri€rs by the

nucYel c acid.” The tension can be teduced in th
pr B3N pelyafergseitoriors etxmermiohqmodmes mmptgn@ltarydo nanh teinplate

acid to_anneal ., Pol yneri zatr as
15 DasHids bR CBAIDYE d SHalca ot BTG oae (NG i te range of
reBﬁ(ﬁfﬁb'}ﬁ\IﬁVéﬂg %qﬁqy on can be increased such that

the resulting e-stranded nucl eic acids are

denatured. In a varlatlon a nucleic acid can be

anchore bead .that is ap

fluid f ﬁé ?fé’?%?ﬂ ]a“ﬂlﬁb"ﬁ%t’%‘“h} eg‘?enﬁot}r of the primers
fl 9}9’ tﬁeaf)ﬁACﬁd'lytkﬁ@raHé @(5111151‘?56§ %ﬁtfcﬁ’imé @R SkRAsiOR of iR prlmers by the
nucf ei ¢ acid. IS possible to begin froma single

20t aDIeA pniylne:a:adeeo ﬁmh e&qummtpracﬂucys Eomplémentagrio aadagemplate
W th copy str strapds can,be anchored.to
be sigands %yﬁ;@n‘ge mggpg afpR AEFEess ﬁ%’%e Eeégﬁggcsgﬁn%seand Imcreasing
br Qloftesd it ing b 2aHRcult
Al t‘{’l erhat é| {l/}eotlrﬂé ggﬁgbﬁ M\%En(ga %%}g)df&n’r?m% l'ized prflrre?esfluence o
camerjeNrArnsmqﬂtcatedt O proximty with the copied strands
in conjunction with the denaturation step.
Mani pul ation of the beads in this fashion optionally
25y be gyt O'TEItHe%‘éthé/d SMihPld, §fheRin theHIQArRMPRRESONE or more

processor . Nano- PCR(tm Using Hydrodynam c Stress
Narsegrﬁ@% ofgeverd testiimecwhichdapes GEt ¢mlden‘u gidatez itheg I0gercent and

app tion of. tension t h nam c stress
&Ao]lsla@tl’hﬁle angfePtSW%a%}l@ﬂ?ﬁ%gn@f ©hi s approach
can be perfornmed in a mcrofluidic deV| ce, which can

be a benchtop device or alternatively can be reduced
to a porlBabl &leimaheslcfirclam Hywheeein HedPNAr@inguisghome or more

handheld d vi ce 0- od tilizin

30 BPRESHE B PE ERCIGHMESTERIE B s gy igoent
in controlled fluid flow can be perforned using any
arrangenment that provides for a controlled rate of
fluid flow Using anchored DNApol ynerase: A nethod of
perform ng a Nano-PCR(tm nethod using pol ynerase
anchored to a surface in a device can conprise the
following steps. Polynerase is inmobilized on a
surface that is arranged such that qurd can be flomed
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apply tension to nucleic acids involves i mobilized
nucleic acids in a controlled fluid flow. The process
woamegaeeeal |y be performed as foll ows: Nucl ei eCamiSe®s/016638
conprising, at one end, a first conplexing noiety that
recogni zes and can bind to a second conpl exi ng noi ety
coated on a surface, are allowed to becone imobilized
on the coated surface. Fluid-i4d-fl owed over the
surface such that a force sufficient to cause dsDNA to
melt (ejq. 9 t [ i
anchoreggdougﬁgégﬁgggggmﬁﬁ2Fgwggggﬁ%gp§&??@%bﬁgﬁﬁﬁggrHmﬁ:
i Nseghteatsdosppiaingta ropeatibilnip of § we masebasegajps andthe, DNA is
optionally prinmers conprisipg.activatable groups, are
fl %H%fgedlo%&‘eaﬁ’iéﬂ@lﬁq %@%Fﬁglqné&uced flow rate. A
reduced or stopped flowrate allows formation of
pol ynmer ase/ ol i gonucl eoti de/ pri mer conpl exes. Primer
5 ext ensi i an@hé nethodmif clagplli, whtieonstemi(a)y €bp (Onel) edd () are
the presence  of Ps ough a further reduction or
stQﬁﬁéﬁ@géfbﬁPWﬁﬁggﬁg$ngter replication, the flow
rate can be increased, subjecting the resulting dsDNA
to tension such that the dsDNA is denatured. |If
act i vat 2hl e phé nettwdafelaimddwheteen i steps et ppéatet & leaahabout
be _activated. These activated, extended priners can be
al PO{iB¥St o0 bind to the coated surface, and the cycle
10 can repeated until a desired degree of anplification
is obtained. In such a nethod, polynerasemay be
i mobi | 22ed The methodfdchimr? lawhereinox teaphase strérsls of greater than
exanpl I crocha . in amcrofluidic "lab on a
chg@““§9@%g1E%ﬁé@%ﬂgﬁﬂure 5 illustrates the stretching
of DNAin a fluid flow by hydrodynam c stress where
DNA strands 503 are anchored to a substrate 507
t hr ough2anch@hé npthol feldimP25@herefH the daethasiyis ggmipleted in about 1
diﬁecti?n 509 extends and stretches the DNA in a
coRPYATI'ES: manner as a function of the fluid flow
velocity. Figure 5B illustrates a variation in which
DNA strands 503 are anchored by bindi ng nol ecul es 501
to a pl Qdal i The ofetlsudosictame , stheredn theeselusi0s comphisingalie DNA has
flui %QP flgw'betmeen the structures at a controlled
r af®H 9f4-4i01 P-10e appreci ated that there are a |arge
nunber of other variations that can be used to achi eve
a simlar result. In variations of a device for
20 per f or nRAg t Mhe metthalofickdimgl, wanried oot i wactphdwedenhaving a
one or n%re coat ed surtacgs, such a device can al so
corfpimeLtdess out {MRE®Hduci ng reagents to a
reacti on chanber or channel conprising the coated
surfaces and apparatus for delivering and opti onal
st or i ng 26eagdht sneslepbofaiainyl, durthen comptising priontoestep fagr
col l ecting reacti.on produc Printing or |ithography
t echni ques ngWHHP%a§ﬂE&§P& be used to pattern
p5sites for anchohifo HPRACAILES a roWGEe Radk8Mb@Se mAfe presence of a
conprise an apparatus for creating and controlling
f | wbohpbditiom suffitieat togeohit oreatibmnbecomplekatiarieDNAAstyand,

sui table nmethod for cr ' d rolling.flui
fl ow can be §egalL egﬁg%%%gﬁgFgéﬁgghﬁﬁg' ¢ piiged PNA.
means of a punp or can be electrostatically driven.

Reagent sol utions can optionally be recycled through
t he rea@fi on Theandikod ofStlaiet L HimleDiomiprisiag peioota step (a):

gradi ent and usi.ng hydr ody i cf ocusi ng: An

30al ternative é%BW@ &/ Stigp ﬁ%iﬁi&g tension using fluid
flow can be ygggulifle &RIPINIALI on with the above
nmet hods, or may formthe basis of a distinct nethod.
DNA can be stretched in a fluid that has a velocity
gradient. Various exenplary arrangenents for
hydr odynani ¢ focusi ng and counter propagating
el ongational flows are illustrated in Figures 6A-6C
For exanple, Wng et al. reviewed the basis of several
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conductive particles. Accordingly, Nano-PCRTM net hods
can be perforned where denaturation, annealing, and/or
worbms76ext ensi on steps are controlled by a PCT/US2005/016638
nont hermal | y-dri ven process wherein one or both ends
of a DNA strand is bound to a conductive particle,
e.g. gold nanoparticles or the |ike, which can be
mani pul ated by electric fiel d42to apply tension to the
DNA strand. \Were one end of a DNA nolecule is
attached to @,g0p ‘3&51#(1 YEsaRBONIACIS subbiat@ T feabiich GRfhber,
be anchored to a“surface 1n a reaction chanber in a
devi ce. Suchflushinpocisd meagtiont dhlainber otinowe aditemimanisdran said
as described herein to anchor DNA strands produced in
ea¥®¥cl e. Exenpl ary Applications of Nano- PCR(tm)
Met hods Nano- PCR(tn) nethods can be enployed in kits
and systens for pathogen and bi oweapon detecti on.
5 Exanpl e28.0f Theimethat lobgleis liwteireidsin the fitso itstance of step (a), the

limtation: Adeno-associ ajed Virus . _Adenoy] ,
Oy RS REGRPIE TR te(S&EWfS, afﬁaé‘iagﬁe frogpp gﬁ@l\%%@mﬁe St DNE.
Enterovirus, Hepatitis A Virus (HAV), Hepatitis B

Virus (HBV), Hepatitis C Virus (HCV), Human Her pes
Virus Type 6Thédetho)l of blaiman winrinpidet leastethe firsviimsgance of step

Type 1 (HIV-1), Human | nodeficiency Virus. Type 2
(1420 ths ons @ e (SRRIRSEURT € CYBes 1 ap wRHiics By of
10 @n aﬂﬁXLz)’ Human TCel |l Lynphotropic Virus Type | and
Type T (HTLV-1 and HTLV-11), Mcobacterium
tubercul osis, Mycopl asma, Parvovirus B- 19, 4
Respirat ory nctitial. Virus (RSV). apd .Porcine
Endogeng(gs Reb? H\?ﬂ}ogé’f(cbﬁﬁd) C&Rﬁﬁ\ﬁ%ng%ﬁfi%tﬁﬁm%@ strgs toa
beg36ske rcogﬁt:ﬁf# the @erﬂélaﬁ%aﬂ@st WRYBAmeR BYcomprise complexing
envi ronnent because of the enhancenents in
sepg®iups vipable dbimdimryokaules biwsl tndlsssubkieate. et hods can
provi de. The detection and identification of a
particul ar pathogen using conventional PCR-based
di agnostj cs ggp ﬁ{eEJ’ddyoffc 34890 drBi@tihd Sfinflaking GeRpS are
organi smor its polynucleotide be present in a
bi ettogtabdd. fluid (e.g. blood, saliva, etc.) at a
certain threshold concentration. The | ower detection
limt of Mycobacteriumtuberculosis, for exanple, has

been r eg?{ret eqn8shethod of kiR ﬁr\glﬂéiﬁ'?%é %ﬂmFg\llAE@(g BMpk 8ind

det ecta [

in a range from100 to 100 -
20 nohwtecis/bolnd Shhesitasatespdatceae bivdin andstrppdtyvidinase
chain reaction detects around 87.5 percent of proven
Mycobact eri um t uber cul osi s-contai mng nodul es. That
correspgads ffe geitdH NEMH4 Wherbidlthe hildne@oRipisOn Of
12.5 percent. In preferred enbodi nents Nano- PCR(tm
mephatdsctvatableecagedbliotio. det ect pat hogens such as the
above with fal se-negative rates typically | essthan
12.5 percent, 10 percent, 5 percent, 2.5 percent, 1
percent 340. 5 PREAEBALE d& gtﬁlgpaeésﬁﬁ‘ége cBhpisiho RS £8thod of claim 1
25Furthernnre, hbno-PCR(tﬁ), can be Berfgrneé such that .
i t ahd fintiter bompiisog pobaigaht re30kidg MyAlfestho presence of a nucleotide
anplificatio] conventi qnal P enerally is. This
is S%@B%@GB‘%C%?S&B%‘?W@ i l@ftkf)B&gﬂg‘Wase after repeated
cycles of heating above the DNA nelting tenperature.

I'n contrast, Nano-PCRTM nethods can optionally
conpri s&540, The mefitnd Fil:laif(0, whereimshe pathiogansis s@lscted from the

Nano- PCR(t. C e perfor .in i sot her mal nner , .
30 e T RS ST b B L FRbeBRRSS s
E;Z@taﬁr?qrﬁé EnBRoFiRREALSHitl N v%@,m%p\aagtgg, VirhdTeepatitnt Wirus,

Itetinme of the enzynme (e.gd. room
tenperature). Thus Nano-PCR(tm nethods can be used to
anplify anmounts of starting material (either organi sns
or their DNA or RNA) that are substantially | ess than
anounts requi red by conventional PCR Nano-PCR(tm
nmet hods can be used to detect and reliably anplify as
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fluorescent noiety, and a DNA pol ynerase in each

paral l el reaction; (b) denaturing the dsDNA i nto ssDNA
woenpliaére2 st rands usi ng a non-thernal |l y-dri venPorase®s/ 16638

for exanple by the application of tension sufficient

to cause dsDNA to nelt (e.g. greater than about 65 pN)

to the dsDNA; (c) controlling the non-thermally-driven

process to pronote hybridizati4n of priners to

conplenentary tenplate strands, for exanple, where

te

thgﬁ' [ ensi o eé‘\?ﬁ% té t ehgrsﬂhl;ﬂmTloq d) p rrllr{lt g {‘%Ieuman
DNH:pmlmodEﬁcmmdy Miness Alyper2y Humen TeCetl Hy@pﬂotr((pec) Virus Type I,

e A L e
Nﬁf UBB 1ﬂ9 B 0V§1%g 93150%63&5 d%@néﬁq{étﬁﬂ%g‘ of
each n

eoti de pro I'n the reaCtion or by
5 detecting the base speC|f|c fluorescent noiety or sone

ot her bzg zelflc si gnal as in varioqus single
mol ecul é%seq o WEHBLS B8 7 seRplergopfatning

ar fos AN bl 06tk a%fsmsco@ B&@ﬁé ems&eﬂﬁﬁl@mé@tﬂ&nafhfaﬂ%e
can use to perfor non- thgr ['y-driven pol ynerase
c h&dnplate atrhndsrisr the fogsycle lné dmpkfieition aBhpspateddevi ce i s
a mcrofluidic device, where the flowrate within
m crof hiidic channels on the device is controll able
and var habl e.

10 Ve 2 Plact FomPRE T EA AEAT TR Ron B AR cthcdhod
ar campessnt of channels, or an encl osed space. The

reacti on chanper wl | genera co ris neans _of
retainizﬁ nuCPRATRIRE PRFOT ARRFe 4O gge#di&@ﬁypﬁﬁcge%egénwﬂmd
or c&ﬁﬂ§$1?§ féﬂﬁgl estr@ B%ecdcﬁlﬁbledsstraﬁl%@bm sﬁfﬁ@feﬁh‘& cause

Thus SI gned to carry out any of the
rresdspademcxmeﬂtcrtka»esuhgheswauded N enoderuies) wherdincaepr bsthrgngle-

a co nnels a sed es, ha
15G; Spoeled A et %%ep@megewﬂasﬁmﬁafra e SRt pbitow:
aci ds ogy, r?f; m&tﬁt’é&ﬂl& b8 SursRRaRE o orsrﬁGﬂérdh%gnucleotlde
their corpl ementary conplexi ng nol l'ecul es, surfaces
haytingreampplexemgryno lagoutiesof eacly tinipdate Is‘eam?h B dNA polymerase and
channel s for _directing fluid f] ow and generating a
f 1 gt gastdPe: 1f9re§Y@ﬂﬁle@gldvePﬁgh ¢8| ves, nenbranes, and
the lik Th [
tr anspasnt ar e iy aftRaEANp s, ALARHIE B te primers to
20 mi enceahty thairaboegpoadiegtompemestuly pditiens el éacbdenplatelsgrand;

manuf act ur ed as fluidic. devices
| ncor pol@ ed CPWF 1H%ﬂ%?i‘?é’9g°a(§’l‘??t Stress t% tFl@gP)(e Hends so as to
anl? F&t%ﬂ%o&@ﬂh@%n ﬁf 13/ ke ‘i‘)l‘?& Ip%gjlﬁgréé%naﬁcpl unes of
a cro

out a I"ter xanpl e about
50 1000 (L, pemhanablkys @pdb), (QOMmb@E) anleastAmcan
exanple, Figure 7A illustrates a possible
configuration of a device in which reagents can be
i ntroduggd t RF 7
25rmr e st gr%age c qﬁ%}é?dgé’@%%m%? h%%gn be %1¥1g5red&]ﬁ -gind controlling
C ostredsrroptpeises leaddlhgfcﬁeeleA tdiackabstyate oncdreodrimiere part1cles or both and
trlphos hat es, rase, and the |ike. Valves 703,
70§0ontyel S VTN yadHPAL O BIIBPETICS; d gat es
arranged to control fluid flow at junctions between
channel s. Reaction chanber 715 may be arranged to
permt &Ont r dlbeadethpipdf daiti 355 vdferdie applpingf @dneiog,eind controlling

aC|d nDIeques therei for exa e as .i]lustrate

OFi ghipsscompgiseybipfing g Dytogeg o?a%%e P@z“@c}ﬁﬁ an%ﬁ?rmﬂ'm
PT oY RaR E£6Y 6hAdA0 and eqﬁ%ﬁ& dul oW of
regents ?Lrougﬂ&hhc 8%15.0Pu¥g%§23 obgrate by
any appropriate nechanlsn1recognized in the art, for
exanpl e peristaltic punping, punping by use of one or
nore bell ows or pistons, by electronotive force, and

vari ati ons or conbi nati ons of such devices and the
l'ike. V\here recycl | ng |s not desired, flow may be

ey [ E— o _,L_..__ll
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applied to the target nucleic acid is in a range from
about 30 pNto 60 pN. Thisallows formation of
weoabosrgése/ nucl ei ¢ aci d/ prinmer conpl exes. Pri RET/US2005/016638
extension is initiated by further reducing the flow
rate to a value corresponding to | ess than 30 pN of
applied force. Upon conpletion of priner extension,
the flowrate is again increasdd to denature the
resul ting doubl e-stranded nucleic acid. The recited
steps are repeated until a desired quantity of target
nucleic acid is obtained. One can access the anplified
target #a0cl eThe arilbdnf cldims$hi whersnl applying,trbdwmiigd) and controlling
outl et 765 by opening valye 759. An paratus for
coﬁﬁﬁéPPW@“%Hﬁ@“h@ﬁ@ﬁéynﬁgPﬂdﬂET%ﬁﬁnggnprise a
progranmabl e control device that can individually
address and control elenents of the reaction device
5and may4al soThaaletithel ehdmnrdd , wherefresatbBNA witoond by aso
that the control device can nonitor, analyze, and if
deBplyawrass thaf & bavnd e a 8¥hsAtepar anet ers, such as
appl i ed stress and tenpl ate extensi on. Exanpl es
Exanpl e 1: Method and Device Usi ng Qpposi ng Coat ed
Surfaced2A pdhe nodhet ofepdiavildivhereontabd DA fsdmasd & &substrate.
prepared according to standard net hods. ( Sabanayagam
Smth, and Cantor. "digonucl eotide i mobilization on
m cropapkern S ces. g j i 1
10 Rec. 5000, vare PSR EeIghons WhLRERid PIAC Gl gl P lud
ds Dk v(elhacdttyignydiedti on at both ends of one strand) is
added to the surfaces, which inmobilizes the dsDNA
bet ween the surfaces. Jeffrey M Rothenberg and Meir

W I chek 44p- D : el 5 4 .
reagent 4?'or Dgﬁi %uci e?@001§@?g%wgg§é€?dgﬁw\% %ﬁ%ﬂ{dg@& by counter
Nuphepagdithglf88 floBy adj usting the concentration of the
tenplate that is applied to the surface, the surface

5density of the DNA nol ecul es can be controlled. At
room t epper ati e PR Blint TN RRA EortRIINY @ abSIRtatOR of stress
is applied to the dsDNA by i ncreasing the distance
betohe nethplatecshiahédiscsasrth pemsit exthnssordefithe prisers hyethd SIDA,

Ieavi ng only target ssDNA for anplification. .The bound

I
VRt CARPEE R ERAES W8 SEOS G 18 SHTeaRinty o guieriod

DNRO
gr 1 j t Welct faces is
re H@g “&Hhtﬁ%ﬁ@gtcg\ﬁg%%eggn%%lgﬁ%q%%a%ﬁlﬁﬂiég' applied to

20t he i mobilized ssDNA. The prinmers are allowed to

anneal to the target DNA . and DNA pol ynerase and

nucl eot i4ée_s é@eg@ééenPB‘SWﬁé resul ting conplex. Primer
extensigp 1s 'r&}iaiﬁl%%%gmg)é_ JROhBRLsthfGHCHRS. (SBNADRbAEHing a
tensi on t 0<30 pN. ce priner extension is conpléete, a
f otargets6guankk,i digappdlewiletpointeneconsslith¢ritany tol the Eyenlyof the target
i ncreasing the di stance hetwen the surfaces. This
ap SPIUSAES e 157 R B et A BT AHTAre R ATUFG6T 8 ffipesphates and a
St i ;91'1'@' s tenplate. The replica strands
Zscor?;}ggr?{o{g g%%éd biotin noieties are photoactivated
and al | dyed tdendtiiridg the dsH&lAs inte pingleistiandalaNAd(ssDNA) template
opposi hg surfaces., The above-recited steps are
r eﬁgam@gvytﬁwpg fengiosith & %@Eﬂf’eéﬂféﬁw o GepschEq Bt s
obt ai ned,f or it Bns i Gh BRI tbRBlatd-Ra8ds BiBbieh: ¢ it
r eagent g)can g e E)L?%hasgg) (f?[r om co%"?er ci al Svendgrsoggglﬁl
as hiybtidieaiiar offrohes tocorBhlememaryRemplxasipinds; a
derivative of biotin with a photoactivatable
ni trobenzyl group (MeNPOC-biotin) exists in a form
wel | -suited for easy |linkage to bionol ecul es and
surfaces. (Pirrung MC, Huang CY. A general nethod for
the spatially defined i mobilization of bionolecules
on gl ass surfaces using "caged" biotin. Bioconjug
Chem 1996 May-Jun; 7(3):3 17-21). Exanple 2: Method
and Device Using | nmobilized Pol ynerase A
streptavi din-coated m crochannel surface is prepared

o a o, L, o ~ " 4




usi ng "caged" biotin. Bioconjug Chem 1996 May-Jun;
7(3):317-21). The chanber flowrate is decreased such
wohede/odeaeen 30 pN and 60 pN is applied to thecbwsz®s/016638
ss DNA. The priners are allowed to anneal to the
target DNA, and the resulting conpounds are allowed to
conpl ex to DNA pol ynerase. Prinmer extension is all owed
to occur by further reducing-#fe chanber flow rate to
<30 pN. Once priner extension is conplete, a force >65
PN i s agpl i ?ﬂo&ﬁaﬁ hE SsHdl dhnl iR R BXe BYanldB &8 £RSENMlowing the
flow rat’e. I's application of forCe denatures replica
nuDN@opdlgmemte nektdnddhe ptimetsaoibrat ésDNAgandpl i ca
strands cont ai ni ng cagzd Siotin noi eties are
phot oac®)i vat ¥8eHREG SEPF SRy ORGOIRAE TSt he
streptavi di n-coated m crochannel surface. The
above-recited steps are repeated until a desired
5 degr ee 41. anphé fiethatliobnlairs 46 pvbérmimdhé emtire peodesy igearried out at a

nucl eoti de. Exanpl e 4 : t hod. and Devi ce Using Optical
TW@@&?@?@@YAagéﬂﬁﬂwyélepfaﬁ?gﬁ%aféﬁl&%‘@ww%ﬂ?s i mobi | i zed
bet ween pol ystyrene beads in an appropriate nedi um at
anbi ent tenperature. ("Overstretching B-DNA the
El ast i c4Res pBhsmetifod lofi diaih dbawh@eunthe pStcessris eddrigdgut at a
Si ngl e Stranpded ec s" Steven B. Smth,
yuleperatyre agae abopt %@éb‘léag‘f gﬁﬁﬁ’tagggcéogr@e (1996) vol .

10 271, pp. 795-799) A stretching force of approximately

65 pN is applied to the DNA through the use of optical
t weezer 89. ( RBhaimethodlof chud 49, whereBl the pfacessds cadBdlput at room

Force-i nducedq nelti.ng. of the uble helix.2. . .
Ef FRer R G511 U1 G CEER Biis SO i 0 SEP bB sinpgs
) gﬁ&gcécpfooo%tv&e%ﬁ%!%ﬁt JO PPN G EIER I iR lsteH) IR 1eHBIbS isthdulated
added to the nedium and the stretching force is
r etleteeen hloout 6PN topM0 pN. This allows the priners to
anneal to the denatured, single-stranded DNA. DNA

15 pol ymerase and nucl eotides are added to the nedium
and hi gy aghphRNRERIdi%A6 Meleh felibh & @dsddand controlled by
reducing the stretching force to between 0 and 30 pN.
Af tlettricelpy,incametenlysornaptichidy manipubting bos pngrofapasticles attached

appr oxi ely 65 pNis. applie 0 h of th .
dothe Y koot ke it Boubeh SRR lahefhy controlling
r eh]ﬁﬁgﬁo@ft whivgliesHRaPRed pbNNA. Gd &fiiRfion BHitRese AetkRls.
scal ed up %y using an array of manipul ators. For
20 exanpl e, an array such as the optical trap arrays nmade
by Arry Inc. .can be used. Wile.the.invention has
been degér i béddqvﬁceogf %ﬁpﬁC%}r{gﬁ ’?Llé’feé? & §OqUEIESFTREIHTG, one or
emﬁ@ i bé 10/ ARRBAGNEhdnHePtBe reacti
ski %gﬁ{an&taﬁg@%%ﬁ?ﬁg?td\ll\éadr%ng%echanées can be (-r:rgedag,lc_m
" andhanbircaiprising ampéany efiretaining AN A deqgecul ¢srthereing thet degrice further

scope aof the ipvention. AT 1S CLAI IS 1. A net

£ o CORRPFIPE G DA (PP YIRS %éﬁfg@% e arialRe et of hess o
25 "L NOENOONBIeb e S retdiRdd hBREACt i ng one or more tenpl ate

strands of single-stranded DNA with one or nore

ol i gonucl eotide prinmers conplenentary to a portion of
each tenpl ate, strand d, ) rmtting hybridization
of at T eBst e dreraftan ShuBBikomAeithe e b G lopiee
th %hﬁlgxg&k rSnBodRRES of Aoleif A FFikeE nubRoti & RipAbsphates, and
strands with a DNA pol ynerase and at | east four
di fpobmaarasenucl eosi de tri phosphates, (d) permtting
extension of the prinmers by the DNA pol ynerase thereby
3Oform'ng ext ensi on products bound to the tenplate
strands; (e) separating the extension products from
the tenplate strands; and thereafter repeating steps
(a), (b), (c), and (d) one or nore tinmes with step (e)
perforned before each repetition; wherein permtting
‘hybridi zation of at |east one priner to the
conplinmentary portion of the tenplate strands
conprises, controlling the hybridization by
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controlling the hybridization by controlling an

application of stress to the tenplate strands, and
wohere@zén2gepar at i ng t he extensi on product fronPCNAIS2005/016638

tenpl ate strands conpri ses separating the extension

product fromthe tenplate strands by applying stress

to the tenplate strands, or a conbination of these. 5.

The nmethod of claim 1, whereitd@ernitting extension of

the prinmers by the DNA pol ynerase conpri ses

control lkhng ti ? dEGEERELMN ST Wilkee RE}#JH’E&&aB?énI ¢ % stress to

pol ymeraSe to Torm ex efisi on pro&uc s conp enent: 5

eaie DEAphaleeulss fetitksl ibyheeattical dhanbepcoragaies €iadt iand sexbond

stress to the tenplate strands, and wherein permitting

hy Biases BBSIBE Mgeny ASEhg IBNArF@? epges thereon, and further

r

corBpI5Ek Aiceh8iif Sbble SiiotiREBAEH R GFRAS sy peftive o
5 aneaghpdth@at i on of stress to the tenplate strands,

andwherei n separating the extension product fromthe

tenpl ate strands conprises separating the extension

product cfiro r

to the £ E mT;h@ %e%1?§ﬁ%§£ﬁ1 51, vét{é‘i‘ﬁg @B&la}ﬂis r}g{oateraé}g?ﬁtéstress to

Th GheriBNIAClﬁobﬁulei Rettdineld, 1n\itliR':‘feectibrI:chahﬂ3@f J:cbrﬂglsiﬁl at least one surface

application of stress to the tenplate strand

coRPPPEEEE &sant of ancheringDHSpPlege e Regronnide ﬁlsrﬁce gyrther

10 teﬁgr gﬂ%mgﬁ‘ijﬁe%géﬁﬂﬁf{g{}r eﬁrt)% fh%’ S&nﬁil%aﬁd ¥ Lab de' ﬁr%ug ﬂlow over said

1, Dderein controlling an application of stress to the
tenpl ate strands conprises directly applying a
control |l ed amount of mechanical tension to the
tenpl at ggstr , rein ..
dlrectI§ appﬁﬂgﬁ%VQFS%Q" Bgﬁgﬁgﬁﬁf%%?héggﬁ%%éﬁﬂbﬂmng
t ensangof anchdréng PN mbEcﬁIbs &Rd@n(fﬁﬂheﬁl coapriges/fliig passages
surface to which one or nore tenplate strands is

15 5t thyepghysaidsurfase. net hod of claim 1, wherein
controlling an application of stress to the tenplate
strands conprises controlling hydrodynam c stress on
t he tenpbat e Taerdavids of difim FThevherinodclehismh firpr@iiding a
wherein the tenplate strands are anchored to a surface

ex forfEdiledgng Vﬁ’fl%hl%l ipidflew oxer serhigNA ie auppgadde crgate a velocity
QN% ase anchored to a surface
exgﬂs %ﬁ?ﬁﬁa rurgyﬁF%ur or the tenplate strands are

20r et ai ned and extended by counter-propagating fluid
flows. 11. The nethod of claim 1, wherein controllin

an appl Péat i Eﬁlrle@ﬁve@ pEglaing §5>t‘ﬁl%?r?1éﬁlbq a@@l@t%fmpplymgg stress to
o B )8 5 GO

of afrh@gedht3 pr(Wﬂ@a‘ evﬂoagpgmdmgt intlaresar flnidAen a(wa)gnatton point

conpri ses i ng increased ampunts of the.s

st Mathin aélﬁrcf) fg% Gougicepropagating flug Hopgsy qr@oroatbnaqtanmf these.
gogWherein permtting hybridization of at |east one

primer to the conplinmentary portion of the tenplate

st rands Seorrprl‘thseiswee of ¢lainh 6 fHgvlidreinhybmechaniin fom applying stress to

controlling an application of stress to the tenpl ate

st rarnla%TA/rnpttpnlet rréalrl%t&e TeRctign eleﬁmltﬁrtcemaﬁaﬂana@raps qf optical,
14ele-ggfcafr%} fc ﬁatﬁ'}étﬂhtbrs g%lrg :o?}en{raﬁ@%tﬁg%mcles bound to

bridi zati on~o ast on
comnmkmmﬁé@ﬂq;portron of the tenplate strands
conprises controlling the hybridization by controlling
an application of stress to the tenplate strands
within the range of about 10 to about 30 pN. 15. The
met hod of claim11, wherein permtting extension of the
prinmers by the DNA pol ynerase conprises controlling
the extension of the priners by the DNA pol ynerase to
form extensi on products conplenentary to each tenpl ate
strands by controlling an application of stress to the
tenplate strands |n the range of about 30 pN to about
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contacting the RNA with a reverse transcriptase in the

presence of a conposition sufficient to permt
wonrewtoren2 of a conpl enentary DNA strand, separ BCThg2008016638

DNA fromthe RNA to formsingle stranded DNA. 27. The

met hod of claim1, further conprising prior to step

(a): obtaining a sanple of DNA denaturing said

DNA, bi ndi ng strand of said DNAMTe a substrate in a

reacti on chanber, flushing said reaction chanber to

oV, G0N oI ROk AR SRRy B TppTERROY

t he one apr rrtarﬁbﬁte:rml ate st rands are obtained froma
single nDIecuIe of met hod of claim1l
wher ei nDin @tﬂcméals%nnrheansrswﬂhﬁlstbaﬁwtrate step (a),

t he one ﬁﬁﬁ? U?Gﬁ .
unpuri fi Zd sarﬁtgt%?%@‘ﬁ& Fo rra {&Q@ H‘%ﬁ’%}fg%%ﬁ%{‘@?@% which
51, adDNnrsaﬁ'lpfttgcdm wedhngduche irtte thel fhive clstnhal asd & means for applying
substrate contacting the tenplate strands Wi th
pr iSHEYSS Otlrﬁaﬁs éorrﬁrer%ﬁwrﬁtceﬁprﬁgn@ CONE &ispapsraturgcontroller
bi
et Ao LoD g R tonep Ruft BAE A fnct he rodB ot the low
actchwateh bl gronidze deﬁhelrmhrfdha)]f)Ne&l ai m 34, wherein t he
conpl exi ng groups and nol ecul es bound to the substrate
surface are biotin and strepatavidin. 33. The method
of clai
10 ohot oaC{@I o at \gigﬁerﬁfggbgfglgrﬁ% Ili%@?%&c%gij&ﬁg{d cslﬁirln %9 v¥herem the substrate
detcentprisgs z qiastdrogrdnmeieripl i si ng the method of claim1l
and further conprising probing the resulting DNA for
the presence of a nucl eotide sequence specifically
associ atgd wi
34, wher e6|q n t hlteﬂép%:lrt8 <§8ﬂéﬁ b ?gﬁgee éeigtdenggﬁ)r%frﬁhh?ﬁ% @66&5 Aeow
corhamtel isgronfighdd soelathsiocianipdelintfiodussd iAtbethe Viowchannel can be
Cyt onegal ovi rus, Epsteip- Barr Virus, Enterovirus,
ISmﬁarlrgﬁsouAd\Werﬂs bitis B Virus, Hepatitis C
Vi rus, Human Herpes Virus Type 6, Hunman
Innunodeficiency Virus Type 1, Human | nmunodefi ci ency
Virus Tyge 2 THduniamﬂ[ucﬁe dévity apbotingtu daivi $YsvhbBygie the,

Human T- tro ic.Virus Type I cobacterlum
Tu @gp@ﬂuﬁp geww rlspga pgmpﬁgragve 1/ spesgsl to transport fluid
Poq&bg ﬁ@q%g us RetrOV|rus 36. The nmethod of claim
n%?rsrng tarnrng a sanpl e containing | ess than
20about 1000 organi sns or pol ynucl eotides per mlliliter
fromwhich the tenpl strands f r the First cycle of
anpl i fi &3ti onl rRICHY pgngeg,acco Q@i &, comiprising a means

aMRleldoBgi %t@f@%ﬁ? GAINDEE Sy Eﬂé‘ﬁn t hod

conpri ses: enaturing one or nore doubl e-stranded
DNA nol ecul es by a method conprising applying stress
suffic ent to cause

to the d ubI stran
separat i hg TpigEp lré)h‘éwgq ROSAHKEE I0ARIbH S COmpEising at least
wh ;@&e 'm Do mhL syl es

25 ee%(E)lrgrgBI errrfils(31 %l\dblegltu?gﬂhl éd@ﬁﬁlglqlstepsr@aat foll ow
(b) contacting the tenplate strands with one or nore
ol i gonuc] eot i [ conpl enment.ar to a_portiaqn of
each t et at eﬁ"_ft rrgﬁn% érwwcyrﬁ{é laigy6 hiwhegeia the flow
fo%hmﬁbﬁkﬁﬁﬁaﬁn &Rsiafle triphosphates; (c) reducing
t he application Sstress in step a) to permt the
prinmers to anneal to their correspondi ng conpl ementary
portions of each tenplate strand; (d) controlling the
application of stress to the tenplate strands so as to
permt extension of the priners by the DNA pol ynerase;
and, (e) repeating steps (a), (b), (c), and (d) at
| east once. 38. The nethod of claim37, wherein
appl ying, reducing, and controlling stress conprises
bi nding the DNA to a substrate or one or nore
particles or both and controlling novenent of said
substrate or one or nore partlcles 39 The nethod of

~ e



hybri di zation of priners to conplenentary tenplate
strands; d) nodulating the tension in the tenplate
webkomndenzto a | evel allowi ng the DNA pol yner aseCctmws2005/016638
extend the primers to form dsDNA; and, e) repeating
steps (b-d) one or nore tines. 47. The nethod of claim
46, wherein the entire process is carried out at a
t enper at ure about equival ent 148 + he anbi ent
tenperature. 48. The nmethod of claim46, wherein the
rocess s carried gqut..at a te rature.abqve.about ., 20.
C and bPow dBsaoeg i e iRThE s TR Spfeipnerein te
Whaf Gbfluldted A QCREEer onpRiséd £eurRb bpehtivelp dlsh6seaas ahbiprt fluid
and the tension in step b) is about 65 pN, in step c)
t hthroegisthe ghamnet.educed to bet ween about 30 pN to 60
pN, and in step d) the tension is nodul ated between
about 0 pNto 30 pN. 50. The nethod of claim46,
wherein tension is caused and control |l ed by
electrically, magnetically, or optically manipul ating
one or nore particles attached to the DNA, by noving a
surface to which the DNA is attached, by controlling a
fluid flow to which the DNA is exposed, or a
conbi nation of these nmethods. 51. A device for
replicating a nucleic acid sequence conprising, one or
nore fluid channel s connected to an encl osed reaction
chanber, the reaction chanber conprising a neans of
retai ning DNA nol ecul es therein, the device further
conprising a nechani smfor applying a variable and
control |l ed amount of stress to the DNA nol ecul es
retained therein. 52. The device of claim51, further
conprising one or nore storage chanbers for
i ntroduction of nucleic acid prinmers, nucleotide
tri phosphat es, and pol ynerase. 53. The device of claim
51, wherein the nechanismfor applying stress to the
DNA nol ecul es retained in the reaction chanber
conprises first and second surfaces conprising neans
of anchoring DNA nol ecul es thereon, and further
conpri sing a mechani sm capabl e of noving one or both
of said surfaces relative to each other. 54. The
devi ce of claim51, wherein the nechanism for applying
stress to the DNA nol ecules retained in the reaction
chanber conprises at | east one surface conprising
means of anchoring DNA nol ecul es thereon, the device
further conprising a nechanismfor providing a
controlled and variable fluid flow over said DNA. 55.
The device of claim54, wherein at |east one surface
conpri sing means of anchori ng DNA nol ecul es t hereon
further conprises fluid passages through said surface.
56. The device of claim54 wherein mechanismfor
providing a controlled and variable fluid flow over
said DNA is arranged to create a velocity gradient in
lam nar fluid flow. 57. The device of claimb55,
wherei n the nmechani smfor applying stress to the DNA
nol ecul es retained in the reaction chanber conprises
fluid flow channel s arranged to provide a velocity
gradient in lamnar fluid flow, a stagnation point
within a fluid flow, counter propagating fluid flows,
or a conbination of these. 58. The device of claimb55,
wherei n the nmechani smfor applying stress to the DNA
nol ecul es retai ned the reaction chanber conprises an
array of optical, electrical, or magnetic mani pul ators
capabl e of mani pul ating particles bound to DNA
nol ecul es. 59. A mcrofluidic device for anplifying
DNA, conprising: a) a substrate; b) a flow channel
di sposed within the substrate; c¢c) an inlet in fluid
conmuni cation with the flow channel through which a
DNA sanpl e can be introduced into the flow channel,
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