PYRRCLOPYRI DI NE- BASED | NHI BI TORS OF DI PEPTI DYL
PEPTI DASE V AND METHODS [ 0001] This application clains
wea mneisit of priority fromU. S. Provisional PCT/US2006/018233

Application No. 60/682,968 filed May 20, 2005, the

entire disclosure of which is incorporated herein by

ref erence. Ihe present

i nvention ridP-iy L2 : et nhi bitors

of di pepti dyl peptldase |V (DPP 4) and to a net hod

for treating nultiple diseases or disorders by

enpl oyi ng such pyrrol opyri mdi ne-based inhibitors
FIELDal one, or in conbination with another type of

t herapeutic agent. BACKGROUND OF THE | NVENTI ON [ 0003]
ey IOt rhe! pr@@@ﬁﬂ t@askingY rélB totthetMaPcyBhRg fo?'bﬁ)lbgidaldsamples.

non-cl assical serine am nodi pepti dase which is located
ri [
More %Préé:ﬁg\éﬁy tﬁé&e%eﬁt éﬁé%éniﬁré s{? lééfu{at%tstlbr%&ﬁ_lm%éé’ ﬂ“LerrHa'i‘ Egcllp\%bé?%ks.
me i s known as CD- 26). It I's responsible for
INTR ?Ci@bol i ¢ cleavage of certain endogenous peptides
GLP- I(‘7 362)_, gl ucagon) in vivg and has denonstrated
@rleolly thecbiglagionl figldatisrmat cyeling crRPE Wiized fpgprovide heating
peptides (GHRH, NPY, G.P-2, VIP) in vitro. [0004]
and coalifg b{ ae@Nts in arsutianivessalc Ekappies dioredetionseef Higlogical
post-transl ati onal processing of proglucagon in the

samplegincluderjodghémee cobirtleadticth)PCRpaimdibthep reactiohs eash s ligase
vivo including the stinmulation of insulin secretion,

chain ié%\'&h@htérﬂfbo@fy tﬂﬁ&ﬁ?géﬁc’tﬁﬁﬁ bRGbAILIedtie lﬁ{{ Wﬁ"s'é&%a?fand

satiety, and the sTow ng of gastric enptying. Based on

RO P, A e 0l B hon
S R

GLP-1(7-36) (continuous infusion) in di abet| C patients
primemsde thie stnte stards, andi @dending thesespiyaerein mabpmext sees of

Unfortunately GLP-1(7- 36) is degraded rapidly in vivo
doubleastiahdad Db Bhdng therntal \cycling litlds tdelsichblel tofleat mndiopol a

(t1/2~l 5 mn). Based on a study of genetically bred

therm&fifodk KRidIy e@dantfodly. MTe pRédent tddchingy praiviie lointimass
sel ectlve P-4 inhibitors, DPP-4 has been shown to be

therm%?%_cﬁ?@_ﬁ%%ﬁ d%@?’l%oﬂ@é(%ﬁrg@ﬁhle@?? | tgllaé;%te?,gﬁt thcNh&Q provide
ol R B i gt or o

and ur@ﬂg Maf%ggggwgqér&gfné%ﬁShors Igﬁalotng?tgt aftgpg quantification of

formation of its antagonist G.P-1(9- 36) and thus
reactigyeramsiitSo ameli orate the diabetic condition.

DESCRI PTI ON OF THE | NVENTI ON [ 0005] I n accordance with
SUMMARYpr esent invention, conmpounds of forrmula (1) are

[003] In various embodiments, the present teachings can provide an
apparatus for thermally cycling biological samples including a thermal block for
receiving the biological samples, a thermoelectric module coupled to the thermal
block, and a heat sink, wherein said heat sink is coupled to said thermoelectric

module, wherein the thermal block is produced by MIM.
1



provided | wherein -' represents one or two double

bonds in the 5-nenbered ring, provided that the
weisesnesiered ring is an aromatic ring; n i s 1ror/UR200R018233

is a functional group selected fromthe group

ansi sting.of hydrqgen , hal ogen, .CF3, cyano .
o I iastis pbrodfienss. hegBsSmiipanyings sApry it 3 method
cycl oal kyl, cycl oal kyl al kyl, bicyc| oal kyl, .
for themnallyceysting piclpgigal samrie ingludimokgoyiding f iwma! Qs Mrerein
cycl oal kenyl, aryl, arylal kyl, heteroaryl,
the thehmbkbloek yd pfddpiced byd\iiv erecessl, kigbtimg the thermal block, and
cycl ohet er oal kyl al kyl , wherein any such functiona

coolingfheUpefHl IBEK, ARdrelh B radimlgl drid @t@blwgtmoon@ substdtiae

substituents (where possible) select fromthe group
| . . o , . .

tempe S, ScpRyI3 i oohBEES PR EHS o Bicico PR R Khed in 2

.al kenyl . al kynyl , cycl oal kyl, cycl oal kyl al kyl,
plurahtk;&l??@é}gl%yam% . heteroaryl ani no, aryl ani no,

cycl ohet erogal kyl, cycl ohet eroal kyl al kyl , hydroxy,

@zﬁ]oxwﬁqu ambpdimeRtanihe RiesaBt t6aghB0s CANRIOYiHE 79

al kyl am no, dial kyl am no, thiol, alkylthio, o
apparadukjordhetroalh cycliog Ibjolagikeksaraplesriptludiagimeans fsrgeeiving the

al kynyl am nocar bonyl , al kyl am nocar bonyl ,
biologighiksamiplas] meaas fortydatingl thiglbdalobizay samples, and means for cooling

al kyl car bonyl am no, aryl carbonyl am no,

the bio%gté’él%érﬁﬂ@é(,‘ & Reh thl YAtHY ARF ebSImEypralidecsubstantial
al’koxycarbonyl am no, al kyl sul fonyl, "am nosul f onyl,

™ _ : .
tempefie G thrcihbAP A BIBISLE ciclou Rl carfpRRohidhed in -
Jromth rQup gconsi stin f CH2,. =0, _.C5 R .
pluralityc} SegahlpveT 3 h SreimeqtedPE Fapaving The FPRGIGA SRR e

aryl; Ais a functional group selected fromthe group
produwﬁ%v MiMag of hydrogen (H), alkyl, alkenyl, alkynyl,
cycl oal kyl, cycl oal kyl al kyl, bicyel oal kyl,
0@GIc| dhiske bl wyderstabkiythahbathithe Foregpingagenarahdesdripyipn and
cycl oal kenyl, aryl, arylal kyl, heteroaryl,
the follogfing aasuigtidnydf, varivtk @b edierinky ire exemplary and explanatory
cycl ohet eroal kyl al kyl, 0-R 1, cyano, amno, -C(O- OH,
= T tve(O-OR 1, S(O1In-R, -S(O2NR1IR2, -NRi R
only a’i&:ga%ﬁe'f—qo F?Ztlvg( NR1- SO2R , wherein any such
functional group nay optionally be substituted with

BRIEF BE%WIB?I é#bﬁﬁt.tbﬁﬂhﬁﬁgﬁefe possi bl e) sel ected
hydr ogen, hal o, al kyl,

It B L LU BALABRBS P20 o
l.oal kyl.al kyl . I l. oal kyl , het | ani
a part & g apriicaiin. inBlalC Krnge S¥bpotieter Saind Piaiges.
cycl ohet er gal kyl am nocar bonyl ,
dé@ﬁb Heget diskpiasad H@ﬁﬁh"}eqﬂé\eé'?"@bﬁxm%rnb‘ﬁ%iar bonyl ,
[009] Fig. 2A-2B illustrate a low-mass thermal cycling block according to the

present teachings; and

[010] Fig. 3 illustrates a low-mass thermal cycling block according to the

present teachings.



cycl ohet er oal kyl (al kyl ) am nocar bonyl ,
cycl oal kyl sul fonyl (al kyl ) am no,
woabmwgaksfionyl (al kyl ) am no, hydroxy, hydroxyal kpCT/US2006/018233
nitro, cyano, amino, substituted am no, alkylamn no,
d| aI kyl am no, thiol, aI kyl th| o, al kyl carbonyl, acyl,
) ARIOHSEMBORWIENTS al kynyl am nocar bonyl |,
al kyI am nocar bonyl , di al kyI am nocar bonyl (where the
alOdi s Iarﬂystap@hgaim dhe dse péthensingular includes the plural unless
al kenyl am nocar bonyl , al kyl car bonyl oxy,
specifidilyl statedathiémviseroin ﬂtﬂs/iappltdminpl] thed ue of "or" means "and/or"
al kyl sul fonyl am no, al kyl am nocar bonyl am no,

unles@'sl‘éié& SN, al”ﬂ.lﬁl‘i’em%rlé)’{h%‘hsf@@b’the t8ffh mﬁr%lﬂcﬁﬁd%}’!as well as
al ysuflnyl sul fonam do and sulfonyl; mis

other?o H%é r?tlgl '3‘[0%4 ?1%”“31 %déﬂ"f {Sq{oqnﬁ'n ﬁ"}}g ?Js% Ec% hw eﬁfgﬁ as

& Pons group eIe

"e'emgnﬁfﬁyﬁg%ﬁtﬁbﬂgﬁwm%ﬁé%ﬁﬁ el e stz gpmprising

bi cycl oal kyl al k al kyl t hi oal kyl , aryl al kyl t hi oal kyl,
one uay@n@laeplﬁwts a@g 9pmp9n9nt§| that COIﬁ@fI§$ §xre(than one subunit unless
het er oaryl al kyl , cycl ohet er oal kyl and
speciﬁgallwd’nabdrajbewsm Wherewsrepassiblej theeyame neferental numbens will
may optionally be substituted with one to three

be usedhsitduighbeninge dralvirigs teassdriibehe sahrcodikef jarte.t he group
consi sting of hydrogen, hal o, alkyl, polyhal oal kyl,

{ yThB%'e@%@ﬁé&dm 'Lﬁé@é'l’f@élh%&’fo%ﬁ&%}é%%bﬁgf‘%rposes only,

and a@? @FQ‘?# i Bhsfedo ! Yf‘%"ﬁ%@fe@”&e‘ﬁ i‘ﬁ%‘i%@%‘ﬁ@% Aj)documents
cited RIS anplicalionakgag, byl el Fiisdip e hatent annpations,

al kyl thi o, al kyl carbonyl, acyl, al koxycarbonyl,
artlclmbﬁglgg,rmgreatlwskgrg,ﬁmeﬁglyanwnwated by reference in their
al kyl am nocar bonyl , al kenyl am nocar bonyl ,
- entirety forlangriuopgsexy, al kyl car bonyl ami no, -
aryl carbonyl am no, al kyl sul fonyl am no,

qu}@l] aM PaiRILSNBbaME s, tﬂb@p‘é‘i@tﬁh%b’ﬂh@ﬁﬁn@ﬂy cycling biological
kyl'sul fonyl, am nosul fonyl al kyl sul f nyl ,

sampfied f@gﬁ{@gﬂ%na@{p‘)glgzﬂhéméﬂa ‘Hut(o‘f'a)gh&ﬂélrmo& r%s%ﬁ%egﬁeatmg of

rto orma

the th?@tné[:@ggg,f $rbq'r$?{H§V§|rclé%ﬂH§ E’)ﬁi-ur ﬁ@au;)%%k o &km “thermal

het er het er.obi cycl oal eroaryl and
cycling eysr%)ﬁelag 'a‘{%ﬂat'%ﬁé’fé}*ﬁ hsgdsefi ew riPigpting, cooling,
optionally be substituted with one to three
tempefigiigre; renuing upwhieg/er frspensiwe resipig dawnr drnarmal gyaing during
consi sting of hydrogen, halo, alkyl, polyhal oal kyl,
tempeadatumeyrampahgapkwkgn heatipd dhe tHeromeay blcmkle@sgnwl;babg\l'e ambient
al kenyl , al kynyl, cycl oal kyl, cycl oal kyl al kyl,

(20° Cgobélﬁlééh@ﬁ‘sé}‘é&sm ﬁé@tﬁf@/&ﬁﬁbﬁﬁem@énﬂl@éﬂ é@sembly and/or
cycloheteroalkyl cycl ohet er oal kyl al k hydr oxy,

pump G haX¥itde thBHhEbIoEN 889emBHfy %estHQﬁﬁbél%ﬁﬂ module against

diffusion of heat away from the thermal block assembly. Thermal cycling during

temperature ramping down, when cooling the thermal block assembly above ambient

(20°C), can comprise pumping heat out of the thermal block assembly by the



am no, al kyl am no, dial kyl am no, thiol, alkylthio,

al kyl car bonyl, acyl, al koxycarbonyl, am nocarbonyl,
wablbosnygksam nocar bonyl, al kyl am nocar bonyl , PCT/US2006/018233

al kenyl am nocar bonyl , al kyl car bonyl oxy,

thermeplaQiia DIOCONR PAFHBISIA L Vi BT e dhepal block assembly

al koxycar bonyl am no, al kyl sul fonyl, am nosul fonyl,
againshrdajstivel Hdafing. sul f onam do and sul fonyl ; and Yis aryl

or heteroaryl, wherein said aryl or heteroaryl group

pe4]10 M lmﬂﬁfétyd lve Fizy s thrima tlowks thavedeen éithee machined from

substituents (where possible) selected fromthe group

a solldggéé of h‘%&il% AP B¢ '&ouElﬂgPse@rléV;hec@@ by ht@iablyther. As

oxy, oal koxy, pol yhaloal koxy, al koxycarbonyl,

can bea%%ém tﬂ%@?gﬂlﬂec‘{‘ %Hcﬂafq%vell l‘fdr%g% %Y%%g%cesses for wells

am no,

hetero clohe er o I al k dr o

that caﬁ%ﬂ Rprges el el SRoa e -fegaﬁﬁ?" Eﬁ &5ao [mgyve mass
al k an1no di al k Ian1no t hi ol alk¥

from the kipcls4e FeAvas, thadhermalimass etihedgek Qmﬂh@c%@%ﬂ%are
alkynylanlnocarbonyl al kyl am nocar bonyl ,

machiaedk tndducertbe andssnyn thea‘snldgis danbwyn@mf/the block. It is desirable to
al kyl car bonyl am no, aryl carbonyl am no,

form aahkpthaibibelowitasin@ashiniigni nocar bonyl ani no,
alkoxycarbonylan1no al kyl sul fonyl, ami nosul fonyl,

3bfy]' H ‘v%hBM% i w@eﬁm AfetaNA e%ﬂbﬁwamlg[m%]caﬁrmvide a

iInition o above 1 ncl udes a

s %@%@é@@ﬂ@@&%@s@%ﬂ% LA G B

ossesact it P-4.in
plastic Rl ananalfiBaERT e perfeimarte e Bhffen o6 bsed i
the mcro- and nacrovascular conpllcatlons of di abetes
metalssiath as alusmindap gopper. fengsipatand akysnematny, and
wound heal ing. Such di seases and nal adi es are al so
Jon8} i iImaarivas emteximentss MIM edre irictudeofesidistamki robxirig wherein
[ 0008] The present invention provides for conpounds of

very shitlliBbvierk .ar@ PaikeR Gftht ﬂﬁrn@?ﬁ@@lﬁdlyﬂﬁér amplhoyadg bindsr) to

conmpounds and for nmet hods usi ng such conpounds. In

form :Pﬁfe%is‘é% uret ARG tHAtYE Eél‘lé’c&eﬂréﬁd §ifScth fed into a plastic

arnmaceut1 cal conposition conprising a

moldlq%er ARG 'ﬂij lgéggf feefﬁz] \&@ﬁ{%ﬁﬁgﬁeﬁg mﬁ?\&ﬁ ggqg@@st%k The metal

phar rmceutl cal ly accept abl carrl er. [,000
POWd?fr%\Fl blegerssarg RN Beaterda i e ANHS Qﬁ%@%ﬂa granulated
progressi on or onset of diabetes, especially type I
feeds@p&béﬂl%pan furthetiimgude injestion meldingfwiergiethesfeedstock is
i ncl udi ng retinopat hy, neuropathy, nephropathy and
heated ¢b aysttheqlastichaad theg witin pressiuae eifodcebid@a rsaldioderm the
insulin resistance (inpaired glucose honeostasis),

desnré@i\’@%rﬁéw efha. m&meardyrtslglwnaam &6 the) ‘gredrechdit. onuMl eirefusther
fatty acids or glycerol, obesity, hyperlipidema
rd-al
|ncludg;tg%-llifglldﬁg]m%%fn the db?ﬁﬁérdg%lﬂdeﬁéqgﬁmd%hermaﬂy by heating
the “green” part to 400 degrees Celcius or 752 degrees Fahrenheit. While retaining

its shape and size, the de-bound or “brown” part is a powder skeleton that is very

brittle and porous. De-binding is performed in an oven where heat and air flow are



at heroscl erosi s and hypertension, and for increasing
hi gh density |ipoprotein |evels, wherein a

woOhercapeuti cal |y ef fective amount of a conpoun#@CwofUs2006/018233
fornula | is adnministered to a mammalian, e.g., human,

at i nee f treat 0010 The ¢ unds qf
ﬂuxed{?' § Rt Sroasts gt fBiT Gt bie Oen SRV Ten Siar, part to
.. other conpounds of the present invention or in
the br@@ﬁbparét M oan furthes mlucﬂ@s@tefmgewmj@mtb@) bewn'\Rart is
t he therapeutic areas described herein. [0011] In
heateddddnoliecthand 208t deglees Oeicivs ded192 degresst Falyedheaib ell@sing
and rel ated di seases as defined above and hereinafter,

densifitdtfRireand shiifi@hgpethd salvder ibtd g2@ehke sali@with e eimination of
conmbi nation of a conpound of fornmula |I and at | east

pores. "éﬁf‘\teg b %ﬁn@ﬁ ifh Eﬂ £ Wrete A8 f‘thyg?é’g‘éh gés aa’hd argon gas

I'c agent /or a hypo o] gent

are f'w?ercfe" "ff%%%jn “rh% TREn P 'S?S?ft@"%r”wp%%ﬁ*fgo?t ahUHIES of

be e ed in a wei ratio to the
theoretéﬁﬂh a’hst%ﬁ @SnBé% heomotﬁeﬁiethefrgﬁleoq her apeuti c agent
EQMpendl ng upon its node of operation) within the
de ! vaioushembodingants, MiMasowproside: parispwish sizesiof 100
fromabout 0.1:1 to about 100:1, nore preferably from
millimesdrsdy Q0@ millitneteriso W typital 9-waDiErmap eloick inasdartyed dimensions.
of the invention include conpounds of fornmula | having

Howeveh eseilb?él%éﬁl@seérﬁeht@ dP8&tbofstFidied b?'ml‘lwl tdBrVidethei el

i nvention include conpounds of fornu havi ng t he

crns AN SN PR LR oo

12160?%‘” ogi cal sanples. Mre specifically, the pr esent
" achings relate to | owmass thermal cycling bl ocks.
| NTRODUCTI ON [002] In the biological field, thernal
{:Q/@h @f%@ﬁcﬁé""bﬂpw bemade tervariPHa Q%%qlﬁ@"% @Xéﬂ‘tﬂl‘?sn@f
of reactants in a reaction vessel. Exanples of
which aresiiustoated df the acwhpamyis@des;gSnWh@l@vpopyasiblgsthe same -
chain reaction (PCR) and other reactions such as
refererldepdsabeisadre useaidhitee drawingb ey the ridisodpli@ats iedey, to the same
ol i gonucl eoti de |igations assay, and hybridi zation
or like ggp[gy In PCR Dbiological sanples can be thermally
cyc ed through a tenperature-tinme protocol that

?@%é%o% hist Qs ﬁ@g%faed%wﬁgé’ SZdA %ﬂﬂ@diﬂq@rmal

€ singlé stran and ex

block ﬁﬁ%&q&i@ W@%@n“%aﬁa?'s‘%fw' Aurbaevrsan ééﬁ‘%%ﬁﬂa%’“%@ each
cool a thermal block rapidly and uniformy. The
sectiorppasiEHINGtthe SANMRIS WallAn @Im@s\m&&e thidiness of je wa in

bl ocks. Existing bl ocks are machi ned, the present
sectionsarhindghe gpaowyle avallad tustatedgn iFég. 1o dserinaal block 100 can

constructing |l ow mass thermal cycling blocks for rapid
provide different configurations configured to contain sample wells with reactions
volumes ranging from 5.0 microliters to 100 microliters. In various embodiments, the
sample block material can be copper, aluminum, or silver. Chart 1 below shows a

comparison of the thermal blocks described above demonstrating the differences in

temperature ramp rate in degrees Celcius per second for different materials.



and uni form tenperatures between sanples wells | eading

to uniformquantification of reaction results. SUMVARY
wpQoBl124712var i ous enbodi nents, the present teaelTmg006/018233

can provide an apparatus for thermally cycling

bi ol ogi cal sanples including a thermal bl ock for

recei ving the biological sagbbdd, a thernoelectric

nodul e coupled to the thermal block, and a heat sink,

WTEf&hial Bock heat Bighk s CopRpl.oA &@psald  Fig. 3
her ppgégqt ri ¢ nodule, wherein the thermal block is

rod .p(bell)y \Y /Yy I-U%BI mv r| OU% gﬂDOCII (Tent S 43ne

acan

Ur‘%ﬁu‘mlr Tﬁ.blll ||ga ‘7‘:7.;',‘27 Zv_ te cyé‘fﬁihud ,iUI _ E‘,] lf:,'a?ul | Y
P

| nru r-gl nr~| I H
thpr nﬁﬁv@ﬂ nr‘k wher a\g'\ thelt her ﬂahrnr‘ ig | gﬁnr\gd
by MM pr ocess heating the thermal bl ock, and cooling
the thernmal bl ock wherei n the heating and cool i ng

pio20] die \sajknmisaambaﬂlnteerbspethatthﬂrmai idaksriflusfratéad Uu[jlgsuﬁ -3 can
a plurality of biological sanples contained in a

be maHufa&lirdd/b@ MIRRTPh th s bldcRE T Figs. 228 tande used in an
enbodi nent’s, the present teachlngs can provide an

apparﬁH&‘?‘f“BﬁH@n{a‘i’lg cé/E?ﬁhoBr k i Bh ‘?h@@h%al%@és@ﬁan be

ding ne ei ving the biological sanples,

o TS5 8B o Rt o

t|ng and ooI V|de substantial te rature
couplg(i- plggbw@h eg\ sipkun yr@eﬂm%pgg})cfea{ac}'l ation of the
sarrpl es contal ned in a plurality of sanple wells,
heat puraped fronethestheonal kleek.vimyariaus embpdigiens, tharipeanaliblock can
produced by MM [006] It is to be understood that
includecseverdiebldck seminegtsgensnain deBigsi P43 loaviagdor krample, capable
follow ng description of various enbodi nents are

of rec@ATEPhAS Yo\ Bf SXRbRNAEIN. YInoribusEmBedmdits, the thermal block
restri ctlve BRI EF DESCR PTi ON OF THE DRAW NGS [ 007]

can mUlgi e?galgﬁ'ﬁ%rﬂgé?%fyf”%f& at Fs AEGADROT 8k tHermal

art of IS speC| cati on,

blockﬁrav'a%ﬁﬁﬁﬁg\? pLEEPAREE HTR oy g %Lﬂéﬁ‘%ﬁ"%ﬁooé[kb%qgé'ca'

009] Fig. 2A-ZB|IIustratealovv-massthe in
samp Sdaqntalaeeﬂrarthﬁ;afraypﬁéamp&%ﬂs FeuplgAfgdhe E@k[fgy t%ne
Fig. 3 illustrates a | owmass thermal cycling bl ock
cyclingccordi ng to the present teachi ngs. DESCRI PTI ON OF
VARl QUS EMBCODI MENTS [01 1] In this application, the
uf219f It varicusngmbadinnerts Uihesappaeatolk dortheumbatg sycling biological
specifically stated otherwise. In this application,

sampld¥cattir®ler iILdeBaBSistip HéSMer pBSitiBAEd Bt@lrRfithe periphery of the
ot herwi se. Furthernore, the use of the term

thermal BEkUror thBSHMPhen?Sf the holes adapted to receive the sample wells

n-rw-r- —~ <

such that the thermal block provides substantial temperature uniformity to the
biological samples in the sample wells by distributing heat provided by the resistive
heater. In various embodiments, the thermoelectric module can be used to provide
biased heating to the thermal block during heating cycles and to remove heat by

pumping it out of the thermal block.



ot her forms, such as "includes" and "included", is not
limting. Also, terns such as "elenent"” or "conponent"
wenewnpeas both el ements and conponents conpri BCIASL006/018233
unit and el enments and conponents that conprise nore
ne subuni nl ess specifically stated.otherw.se.
WA o Doraii pinbo oS s afbodsy BF tneref i flaticd
used throu%hout the drawings to refer to the sanme or
sample cae bearevided byihe mesenideadhinge AvipreMddingdhe Hagraial bigek
for organi zational purposes only, and are not to be
producednst a WiV peodessisuchdhatteatiogjact coningef thie tharinsd dlock
Al'l docunents cited in this application, including,
providéssuthsthntidlteirpératard ahiforhsity thrduioud B8 plapdlitp o biological
articles, books, and treatises, are expressly
' L it ! i tiplYeanUe BiWided b
sample s ECHBRIeR o T BTSSRI WEE, TrEHddploartie pRYidod by
for_thermally . .cycling. biologic¢al j :
neat frpfte S RY o v, o pod il T Rolig taf B8 provided
resistive heating of the therma block, and diffusive
by purgigpinegt eut WHR th, tharmoR K MORWE. ifinh oAR herAlpo b used for
~cycling” or grammatical varijations of such as used
providingridas heat duringheating eygles ol Varipustembedimants thaeephag can
up, and/or tenperature ranpi ng down. Thermal cycling
be prodidedrisy $Enpieydhe biockahprey conveatiesly dessipatipgtireat from the
thermal bl ock assenbly above anbi ent (200C), can

thermdl GIBEK t%emé@ivﬁbhmnhgaﬁh%@o@mng byciédeFaRbxAhpIRK the thermal
assenbly and/or punping heat into the thermal bl ock

block %ﬁfﬁéﬁﬁks}k-l% ih%a%ﬁgém@;ﬂfo?gfg%cﬁ]ec@? erﬁnﬁ@@ﬁ Ig@ s to receive the

usi on of hea

assenbly. Thermal cycling, durij r re ks

sampl@ 3RS, vifie b 6 s A BReF AanTth ik Ceedinths sORERYRe current
ambi ent (200C), can conprise pungiﬂr;:g eat out of the

over thetherme! Bloskk Allsgratively, e thesmak plask of @nyishapsdansship glong
di ffusion of heat away fromthe thermal block assenbly

an axiadalansedhysanntherthesanl bigck f@ pajvide ajdonveetive eurrent similar to

. Fig. 1, thermal bl ocks have been either machi ned from

a centaifu@l. ild vairieas epibadtinghts) icobimgrean be auhigplddigy pevidiag forced
pi eces of nmetal together. As can be seen fromthe

gas, sﬁ lBé BRbrNiR64erd Qo ctplAct 96 Bferdfal bRICR TR f0RERPEES ch®have

s that can contain sanples for thermal cycling.

ol TASTARA Il 5OPHE FFBBE PR 1 L
e

thermal block w thout machining. [01 5], I n various
be prasieed ibyenaehining: the thamealilesk Wema seliq Riegp of Metal brsayse the
a process for manufacturing netal parts. MM can
MIM tioemirl idodihiasia $highnéssethab camot fleagnifarmiy mashingd such that
nol ding with the performance of netal. M M can be used
every ohb fof ks ﬁltﬁalﬁg@iﬁ séﬁgﬁié wall|8 igsuresyrisd by pogiringrof the thermal
all oys thereof. [016] In various enbodi nents, MM can

block h8GhY mii&efikaess MR6E BlapRY, /1M can provide rounded surfaces for

contacting the sample wells and rounded exterior surfaces with a flat bottom as in
Figs. 2A and 2B. Alternatively, MIM can provide more than one exterior surface for

rigidity while removing interior material other than rounded surfaces for contacting



very small powers are mixed with a thernoplastic
pol ynmer (known as a binder) to forma precise mxture
wohodengssaei ents that is pelletized and direct! pctas82006/018233
into a plastic nolding machine. This pelletized
r-polynmer i s known as feedstock e netal p er
the saiplp WﬁP&’i apdn ki 3viNlga, M q@@a@f@wdierma'tlﬁr%(%ﬁgfaﬁ'atscf%ﬁ%@*a'
to formgranul ated feedstock. M M can further include
blocksimprectaipighy apt diongistamiyrtban naehinisgdst ock is heated to
melt the plastic and then with pressure is forced into
f024) dn varibes enbedirdests; MiMosamptavide fhieemabbldekls thattcan have
is known as the "green" part. MMcan further include

tempeﬂqﬁuﬁ Mfd“r Vé‘ﬂﬁf“ et tbRORPLYIAB redIsti B8GE histi d%ﬁﬁ& Pfoviding

er mal y heating the "green" part to 400 grees

heatméﬁg‘ée&%}{ﬂé Lﬁéﬁé t%%ﬁr%gﬁgcgoun D@Stcgﬂ &(ngﬁ%sabﬂd& its

owder seletont IS V rittle and porous.
perforipange Qi AgSerbegking g?rﬁ%@"} e\éﬁpc%en wher e ﬁeat and
airflow arefluxed in and exhaust pr oducts are fl uxed
EXAMBLE The oven converts the "green" part to the "brown"
part. M Mcan further include sintering, wherein the
'Te25jwn'Theefotlowimgtiistst the coaditione fartibe 0@ blegketasted. Block
Cel cius or 2192 degrees Fahrenheit all ow ng

materiglie ﬁé%ééﬂﬂéttl@\nltﬁl ferafal pad, ioresistivd @dge\neater] nd coppetdmnsart in
solid with the elimnation of pores. Sintering is

the heBESHRITEE sbf‘c@f?r‘ﬁ“ﬁf 5M‘&e 55163 impld nguﬁﬁ,e‘i‘oﬁ_asad jadft test strips

ar gon gas are fluxed Usdal Ty the sintering denS|ty

ar ..t n at bout he
tempeaeﬁgr Thieauef 5t cs RRnls s ae Brobrpitay "Dare: STBEAS
vari ous enbodi nrents, MM can provide parts with si zes
consugrbley heatad Gaver eresshye atitkadead weight. oA firstangi segond fest
9-wel |l thermal clock has | arger dinensions. However,
consistal/ef sik tast stripss efne ntstilts af tHecfirsbiest provided dveraged afo
provide thermal cycling for a 96-well or 384-well

3 68°c9§@é gaalbbelkarfea@ieﬁer(staﬁeaﬂdrueﬁwt@mﬁmmt -4.9%C/d3d §898buik cool
Ref erence will now be nade to vari ous

o Ry R Pl b {Bigtate
reference nunbers are used in the draw.ngs and
deviatipasbPPpd) wiere Breestead verihresikdngt SHiPS. i ke preuits of th?ﬁﬂcond

In various enbodi nents, as illustrated in Figs. 2A and

test praidet] Iwer@e%f@:%@@ammlpbmmhéat tabev(sthmadard | deniedion 0.0632),
W th mninmum attachnment points to each section

-4. 88°t€12§éc{§édkr&l$ BSﬁI%@{S%ﬁQP&M delgtich 0'07‘53?1 gﬁxdti‘%%/sec effective

ness o In SeCtI ons arou the sanple

o sSSP 00, e SRS o s

le wells with reactions vol unes rangl 9 fo
test proviclesl ot &9l velums Ripief Ariemperatra,aaniigrmity for rampmg up
enbodi nents, the sanple block material can be copper,
tempexhiune farm0 sBconts 00,400k 824 (he Thw sehoms test poogiced foori Oul
of the thermal bl ocks descri bed above denonstrati ng

volumel§raNifié & 5 a8&§ B rdtlire nonuniformity for ramping up temperature for 10
seconds of 0.364- 0.776 °C. The first test provided for 10uL volumes provided a

temperature nonuniformity for ramping down temperature for 10 seconds of 0.132-

0.306 °C. The second test provided for 10uL volumes provided a temperature
\ 8



tenperature ranp rate in degrees Cel cius per second
for different materials.Chart 1 [020] In various
wentwdeant s, the thermal bl ocks illustrated i RCFiU§2006/018233
2-3 can be manufactured by MM The thermal bl ocks in
Figs. 2-3 can be used in an apparatus for thermally
nonunifyhityfgr Empingidoain wameratsire fire Ot seeomes ob0dd 2501238 °%Ge The
adapted to receiving the biological sanples.

first te&ﬂﬁbgiﬁ\%tjt (EMOLR_ VEIGHES pFeid&ea Q%Eb%@urb%dmuﬂlfbﬁﬁmlr ramping

a heat sink underneath to provide radiation

of t

ot SO BB el g tr st
bl ock sedgmsnts as shown in F|gf 2 3 havi ng,

volumes prgpided 2 ignaperatye nosgeifeMity ToRERMRINg U@fte@@ﬁ*fﬁtlére for 10
wells. In various enbodinents the thermal bl ock can

secontds of 072396043, The ffivsttest @Ircwideswfur 58otH votunges prrovidedi s
desirable that the thermal bl ock provide substanti al

tempe{rﬁ(%gl ot lﬁrME%?&rrﬁ?cﬁné A6VRN eapératiie fér 1 @¥eé?j‘nds of 0.177-

tained in the array of sanple

0727 Jher B ienidrindied ot au Joplrpes e gt

_Tycl i n? bi ol ogi cal sanples can further include a
nonunifegniy for sampigedovotsmperattie frcléheeaones 96 Pi 19D )?»86190
the thermal block and/or the periphery of the hol es
a{gag} edFootheqrepuses bithimspedificatichsarslappdrived dlbiens, unless
ermal bl ock provides substantial tenperature

other\MQéfnﬁ’dlBMe)d BP nbibeps @kﬁﬂa‘s@ﬁ‘ig QAEAEs, pércbhtigesdIpRoportions,

wel I's by di strlbutlng eat provi ded by the resistive

and o{hee?tnl%nerldél gé‘ﬂﬁbgLﬂ%e?o prow%B atioha J{fﬂgépﬂyé‘r‘é%'b%

use |ase foth

er,mal, bl ock I, 0 c es,_and._to r.e
undergipeid mpbapd odlied 57 ol Fetatis hevielR. pboul ARESrditgl,
various enbodi ments, nethods for thermall c
unlesgpinsiicaipd 4 thaepnteayatheumpeneal Rajampetars @egfcgﬁbmthe following
. teachings by providing the thermal block produced by a ‘
specifidatiopranckattachechclainas atecappgineatidnsdbat mayomry Hepending upon
thermal bl ock provides substantial tenperature
the desiddqiropeiticsiiovgabfibe bheaiped! bfﬂthé prederbirmientionalAt the very
sanples contained in the plurality of sanple wells.

least, A8 Atals é}gaﬁéﬁ‘l P& ‘fhélﬁgﬁﬁbétﬁﬁfﬁf thé %I%ﬁln"ee&" eﬁfgh\)éfents to

'heater. In vari us e od| the cooling can

the scrp%)%uc#fqﬁg\;éﬁfgﬁu %ﬁggﬂﬁ"%ap %ram%tg %IE@JI% %g\f/ ‘Flbgcc{())n'sﬁued in
e B D PR SR S TR

t hereby convectively dissipating heat fromthe thernmal
technifiuesk to the environnent during cooling cycles. For
exanpl e, the thermal bl ock can be disk-1ike in shape
af027pr oodieitestanaingrthat themysnericah chreges and parsmetersieetting
sanple wells. The disk can spin along the central axis
forth #leSfoblGcape VVRS InvVeaticn "aféfaf)pmkﬁﬁaﬁdﬂﬁs ,the hiBleriegbbedues set
Al ternatively, the thermal bl ock of any shape can spin

k
forth E]lrtg\%%&%e'fﬁcon nﬁiﬁéé‘ﬁ?@%ﬁﬁem SPFHﬁléaeJy%\g%'osglb%? AhY numerical

tive c
value, however, inherently contains certain errors necessarily resulting from the

standard deviation found in their respective testing measurements. Moreover, all
ranges disclosed herein are to be understood to encompass any and all subranges

9



a centrifuge. In various enbodi nents, cooling can be
achi eved by providing forced gas, such as air or
waoitoengen? to contact the thermal bl ock. The fectas2@an18233
can have anbi ent tenperature or can be chilled to
bel ow apbi ent tenperature. 23] .1n r.iQu
subsurgig Jueraih £O° RAATBLEn BgPads ab PRs AR T3] ibEki3es agy and all
cannot be produced by machjning the thermal bl ock from
subrangesdietwepn éard Hiclyding) thgarinimam vugPiZetpanhihengximum
has a thickness that cannot be uniformy machi ned such
value oftidd, tleatds yampnand &l shbrarigesdiaving amismngevalug bkedugal to or
surrounded by portions of the thermal block having

greateftHEn AfrotdhdCk ARBEMurPValgs afheal tYldvliesnthanot0,@eg., 1 to 5.
rounded surfaces for contacting the sample wells and

P LT O8] o 38 g o
e s 98 4 54 S o A B LS BB o

contactingthe sanple wells as in Fig. 3. Al so, M can
unequiypgaiptimited! {0 pne r@%@«?fgmﬁw fariearamile gieieieacaip gﬂa

rapi dly and consistently than machining. [024] In
thermasiedtic snedie dinaludes twa of ewre Prasmnagtectfie madules.ocks

that can have tenperature uniformty sufficient to

§020]d uswillbe aspaent® thdge skitletiimthexar thatwaridiusgnodifications

heati ng and cooling using thernoel ectric nodul es only.

and varsBioRs eanYe HEEE tOFBFSHSBRTRDJIFhEnIdRSCHBEd hereih Wathout
: exanpl e bel ow. EXAMPLE [025] The following lists the

departifWor tﬂ:g%ggprortslagibé I E@@%e@teﬂﬂ%%cfwﬁ%g‘? Grhdd RG& jnttended that

eria per ock w erna d, no resistive

the vagE elERUTent SRBBEY NERIR chyb g iE RS antfriatons
- adjacent test strips tenperature ditf?rential 25C,

within thanserpeolibe appandeddlaimsixtihed gAUValedss- consumabl e,
heat ed cover pressure of 6kg dead weight. A first and
second test consisted of six test -strips. The results
of the first test provided averages of 3.68C sec peak
bul k heat rate (standard deviation 0.0753), -4.97C sec
peak bul k cool rate (standard deviation 0.1633), and
2.79C/ sec effective ranp rate (standard devi ati on
0.0354), were neasured over the six test strips. The
results of the second test provided averages of
3.60C/ sec peak bul k heat rate (standard deviation
0.0632), -4.88C sec peak bulk cool rate (standard
devi ation 0.0753), and 2.76C/ sec effective ranp rate
(standard devi ation 0.0242), were neasured over the
Six test strips. The first test provided for 1QuL
vol unmes provided a tenperature nonuniformty for
ranpi ng up tenperature for 10 seconds of 0.401 - 0.724
0C. The second test provided for 10uL vol unes provided
a tenperature nonuniformty for ranping up tenperature
for 10 seconds of 0.364- 0.776 C. The first test
provi ded for 10uL vol unes provided a tenperature
nonuni formty for ranping down tenperature for 10
seconds of 0.132-

10



0.306 0C. The second test provided for 1QuL vol unes

provi ded a tenperaturenonuniformty for ranpi ng down
woenpanatiare for 10 seconds of 0.1 12- 0.278 O0€CT/TIS2006/018233

first test provided for 5QuL vol unes provided a

t e nonuni formty for ranping up tenperature
VVHATﬂgggféﬁ@géjﬁds of 0.221 - 0.603 C. The second test

provi ded for 50QuL vol unes provided a tenperature
nonunlforntty for ranping up tenperature for 10

1. decannaabes fof termedy cyelingrhielagicad sampdes. She Graaates
%Sﬁ%Wiﬂtﬁnﬁs provi ded a tenperature nonuniformty for
anpl ng "down tenperature for 10 seconds of 0.177-
0. 727 aGBernbiebleek fordeteivingthe \bioledichbsaragigss; vol unes
pr ovi t enper at ur.e nun| ormt o r in down
P enpepdnarEos GRSl BRnCaupe ol BeRnBflpeand
the p‘éﬁ%ﬁ%%%l@“wﬂ«-ﬂbﬁn $HiG Plebt ﬁﬁk'né’fhé?ﬁféll?%@ ngw@aoto the
cl ai ns, unless erw se i ndi cated, ers
émanuxﬂedgcqmahﬂetles per cent ages or proportlons, and
ot her nuneri a sed in the s | fication and
cl ai mvheteln ‘58 tB%rméﬁi‘P@i @&HOQQC‘%FEP}@E dified in all
i nstances by the term "about." Accordingly, unless
indicated to the contrary, the nunmerical paraneters

2. Jée anparatusroftaiRint bl Woeieinythepbermatalors gormmiisas savaia block
%ﬁghgﬁlgre approxi mations that nmay vary dependi ng upon
t Ssi'red properties sought to be obtained by the
present invention. At the very least, and not as an

attenpt to limt the application of the doctrine, of
3. dd\ arpasatus efslaine s‘é’Bﬁ'&?"bf & tt@rr@n[ablﬁgk cRRBSRA M fash one of
Eggpgﬁ oS BAHhfhu igbe construed in Iight of the
nunber o reporte S|gn |cant digits and by applying
ordi nary roundlng technlques [027] hbtmtthstanding

at the i cal nd,, par a tt| fort
4. (T SpRat S a 10 WBSra DK 1Al Blogk is G tefip e Vide
ts“u%sf&ﬂﬁ%f {erahersird@mifdahity ﬂfrbhghéhttétﬁaﬁﬁ? of Bio¢oglcal samples
exanpl es are reported as preciSely as p035|ble Any

ragmtainediin anlagy of easwele wallsher ent |y contai ns certain
errors necessarily resulting fromthe standard
deviation found in their respective testing

5. MERSHbSARRiSof Mmﬂvﬁfrthealcbnfpalﬂﬁfgﬁa ﬁesisxi\@smbtbe veherein the
are to be understood to enconpass any

ghgmﬁd@@%awm $yhstantial t@ape@tﬁr@pmréfor@t"twéwgctésf&butlng heat
any and all subranges between
r8§ae&qﬁqgéqe?kpﬁéH%?ﬁ?nuntvaIue of zero and the
nHX|nun1vaIue of 10 that is, any and al | subranges

6. 3 i At nate A By i aEiB 1 dienal Slogk rawuges sRStaptial
eteﬁhcpe Atutr® uﬁrfomg%)F] Htstﬂlbﬁjtlr?]\gt t?éiattdﬁé\hd e@fbf\]/ltﬁ@ @hér?ndé%étnc

spe |cat|on an e appel clains e singul ar
fropdele’a, " "an," and "the," include plural referents
unl ess expressly and unequivocally limted to one
referent. Thus, for exanple, reference to "a
7. t11es BpgARRiS bECIBMA Y] Q/heréinthe SRsmaMBIGUK provides substantlal
t her noel ectri ¢ nodul es. [029] It will be apparent to
t lestneraiuire uatormity R rempvingdieal sumnes! ewidvt thedbesnaelectric
qgg e%latlons can be made to various enbodi nents
gF ed herein w thout
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departing fromthe spirit or scope of the present

teachings. Thus, it is intended that the various
wentmwdeant s descri bed herein cover other nodi PCTASR@AD18233

and variations within the scope of the appended cl ai ns

and their equivalents. WHAT IS CLAIMED I'S: 1. An

apparatus for thermally cycling biological sanples,

8.t Pematiry Bt %rg@gp él'l bloﬂ)rgp@rs%ﬂﬁap ?,Lt@%'?né bd comprising:

receiving the rnoe ectr

modul eptcmdmgla tinennabbledk twherein tHecthererhabblock s vodused by

hﬁﬁ&ﬂib wherein said heat sink is thermally coupl ed
FReSnoel ectric nodul e, wherein the thermnal

bl ock heafMiPHec®idrig !Iy[bM( #nd The apparatus of claiml1,
wherein the thermal block conprises several block

segnen€eolingl theribeapaldiiaehis of claim 1, wherein the

S vor Bl fne RBBAG 8id Rolifd Bhodde st SRER Soinnerature
1unrfdfra1|’$4 thrdutthdub erpiatalil eXhiologicadl aair@fbst Gor&PBHdR a plurality

Pstantlal tenperature uniformty throughout an array
%ﬁmp 13- sanpl es contained in an array of sanple
mells 5 The apparatus of claim4, further conprising
a resistive heater, wherein the thermal block provides

9. slibs method lof clairpes, avhe“remjmétmgndmprﬁsewkb@t/rm@healgfrom a
heat &rﬁkeaged by the resistive heater. 6. The
éﬁi claimb5, wherein the thermal bl ock
pr ovi des substantial tenperature uniformty by
di stributing heat provided by the thernoelectric
1%6@ methad of glaimh avherein edolinpaiomptisestrmepingtheat out with the

vi des substantial tenperature
un| ?r[ﬁ?%,!e{%ﬁcoéoggf%w ng heat punped out by the
thernoel ectric nodule.8. A nmethod for thermally

C cIin bi ol ogi c sanpl e, the nethod conpri sing:
Tipteems h@ 8f P%éﬂ"rﬂxﬂ wheseik, hagtisgdurtheneompesesprayidieg heat

[ r ess; heating the thermal bl ock;
a](ri(()zlrl?i é)gtéq ?%Ct% hAerrm' bl ock; wherein the heating and
cool i ng pr OVI de substantial tenperature uniformty

12, Fhe G of efinsic” witinie® adiing Coatorines ShTFRa i bk fon
BprotiiRy SirivelRBRd URSIRABRdrHR3t B Md dhvidniigadt, from a

13.The method of claim 9, wherein cooling comprises providing forced gas and
contacting the forced gas with the thermal block.

14.The method of claim 13, further comprising cooling the forced gas below
ambient temperature.

12



resistive heater. 10. The nmethod of claim9, wherein
cool i ng conprises punping heat out with the

woOhersnmeediect ri ¢ nodul e. 11. The net hod of cl ai mP@®US2006/018233
wherei n heating further conprises providing heat from
a thernoel ectric nodule. 12. The nethod of claim?9,
wherein cooling conprises spinning the block to

1EAB AR ket Sl R RE SPoReLARRbIS Bpporatus

cg@mPﬁg|ngonpr| ses providing forced gas and contacting
the forced gas with the thermal block. 14. The net hod
of cl amAang fof (gaehung &@r@plogl%saaml%g the forced gas

ther maTrgyer DEERE BefiopaiLSafPRRt ahE 2000 ot us

corrpri figzgis faeamhrfgomertﬁ@leg}cahgambmsbl ol ogi cal
sanpl es; means }?or heati ng t he bi gl ogi cal U\ﬂgpl es; and
maans whereiB dhe hgating apd &pebn@arm@ v%%tan BPeratHEe

un| %’?ﬂﬁtﬁﬂ%w ﬁgc;jﬁfagw ?,e? P@t G o%h@leoﬁ[ Sdmgg%qﬁ @ plurality

saﬁp:hmplecwellsal ned in a pI urality of sanple vvel l's,

wherei n,neans for receivi.n ialo cal I es |
ot oducBHCEI N RS FHesrpg 4be PIo g A e weS a5 PietiiceR by
t he gypans for receiving the biological ' sarrpl es is a

t hermal bl ock produced by M Mthat cannot be produced
by machining the thermal block froma solid piece of

16708 et B BT M Bo ARt Stor PRThA i Bistgaroa

csamplesdie aihietmanblckpedduned IsMMithat cavestbeomedated by
t he Iurallt¥ of sample wells is surrounded by

pHraGhiHag e thesmeah bn%froan dcselifaesryosmeialar

t hi ckness. 18. The apparatus of claim 15, wherein the

M M provi des rounded surfaces for contacting the
1Ea'hrplappaeaﬁm odntiaumolﬁ'; deftereint theitbermairbleclebasvatthicknédsyt

SRR SN ERToRR Lo Ba e VTogmDLTer BloedUEh tha eiery one of
aﬂﬁ’e PRPRIE Of 5BBld RE(ITR! ﬁrk&lno@dw péﬁ‘l@ﬂs Iro‘PH'ﬂéJ'ﬁﬂermal block

surfaces for contacting the sanple wel
appuingtsimilaf thickaiess.15, wherein the M M pr ow des
portions of the neans for receiving the biological
sanpl es.

18. The apparatus of claim 15, wherein the MIM provides rounded surfaces for

contacting the sample wells and rounded exterior surfaces with a flat bottom.
19.The apparatus of claim 15, wherein the MIM provides more than one exterior
surface for rigidity and removes interior material other than rounded surfaces

for contacting the sample wells.

20.The apparatus of claim 15, wherein the MIM provides portions of the means

for receiving the biological samples.
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