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KI NASE ANTAGONI STS CROSS- REFERENCES TO RELATED
APPLI CATI ONS [0001] This application clains the

whzofiienf U.S. Provisional Patent Applicati arcmNes2007/009062

60/ 744,269, filed April 4, 2006, and U.S. Provisional
Pat ent Application No. 60/744,270, filed April 4,
2006, both of which are incorporated herein by
reference in their entirety for all purposes.
STATEMENT AS TO RI GHTS TO | NVENTI ONS MADE UNDER
FEDERALLY SPONSORED RESEARCH AND DEVELOPMENT [ 0002]
The present invention REBACFINSYISTENMY a grant from
the National Institutes of Health (Al 44009). The
Governnent has certain rights to the invention.
BACKGROUND OF THEACKGRAUNN OPUBE INVENPIGN nosi ti de
3-ki nases (PD-Ks) c I of the
phosphati dyl i nosi to?‘@#ﬁst@gr@%énwgers Pl (3)P,
Pl ( 3, Ah€2present I?Iv(eﬁtidn FepRtey B B¢ i(provesh reactien. of gas phase
S
4%?%%? ’nna gé'&‘i P&@?@grsgugrh {;:'séfd y§i( aﬂu&:%%eefhe invention
nsncesmmngy cvesefulglf@vvttm\e madwtml of dwmpasleeﬁt pmifeohy af@action of
l y
Ry bd7indn by in ARy o BB 3l To-1
speC| ficities, expression patterns, and nodes of

regul ation (Kat SQE@tFabnoﬂQﬂi)rHETﬂﬂRn@kmrl Pl 3- Ks

Lot i vaAheTagustinas; MepKERSexidiby Bedstion o prabiipng: pxvgen and
m@a&@ear Gsih§ 4)@DRA aidbIRal PhomdteaNPage sathywtSs ianow, well

B 05EL 58 Dl P AR pot ot by L baptl use
I6l 7 1P XKUSP 8y7 10, ®Byamdthe like. i nt racel | ul ar trafficking

thr OUW} té?t%ns Jval;ln?%e%ugfto %aﬁr?&t"%ﬂ ro.{—zétgbgﬁt%yp é?gt%ﬁng gaseous

Pl KKs "are protein nase con
fedctmds) inoa storryt off sglith matalystnpartjclies yin( ATsNitalikR liquid such as

%ﬁ&orz,q%hgmn@w%% p(})x%re'ghe i mportance of these

enzynes 1 Iverse ysi ol ogy has made the Pl 3-K

“fam | y0 sueh smia@sdorueqoanw pperabes it ig émpomany thabkigh geaction

Ghidd He%?ﬁ%égéé’\ﬁ% qv/éﬂtasan r@8h- seg&llﬁtlém&bl%?gleﬁ@%xude Itis

been fue e recen dlscove
falssgirrariapt M‘ﬁtaﬁtt?t!l'or‘ rPfghe wlirged @ﬁhﬁg §ata9@ﬁ1§>@| paistaiged at a low
W)Sm%ecéx%sge@ estatﬁahuﬁm taided dpepstivial prodIdMENInd @8quires

i nhi l%l tor of PI3 naling, is a comonly

iMAEt TWEHC‘?@WBV? or (Cantley and Neel, 1999).

Ef f or Sincer theunedetiovals éxptlawad,dpissatad impottaaithat Re&-df reaction

inhipbi.tors for the { reat nent of inflamrmation and

Be I ARNEr e QeSS e [eqon o710y, and mTOR)

t hronmbosis (pi | Oo) viral infection (the PIKKs) and

cancer (pi 10g é?ﬁP?HWbﬁTHBQﬁWﬂON he first

selectlvelnhlbltors o? ese enzymes have been

r epor iR@ccagapse avithathe presest m@ntﬂmn BRcmproygd reaahgg: process
k tica | I

BB AL 57 brovigeloRey ) BRiauBlortlof, proplicne IS Wtteby high

KF?@@@S’at%Qﬁ‘bﬁﬂegtéf“i'*??e?fﬁﬁf'é'ﬁfﬁ"ﬂ%’ white tave ratsﬂ af catglygt attrition

lr8 aapfev@te Al fowerClealorSS GroRled Viieh hast A3Blulligyof separate
critical roles in rggdl ation and grol [ fer%\tl on o

CRRRUANFONES WDPESIN tREHPRCIARY BRYF%" FRACIPH R 5 flUfHeYecatalyst
@fa@ﬁcﬁemnmbmﬁgﬁatﬁmédme Hiit e Binio@hl 2ahedi areyprbvided between the

sfunctlonallpatho ical th S at two.distinct
SR = in Bire e, B FRiPTNS B BRI OR fmoeea ov
receptors i s known to be dlsregulated in several types
of cancer. This signaling pathway invol ves downstream
proteins such as PI3 Kinase. %ignaling through the
serine/threonine protein kinase nfOR (al so known as
the mammal i an target of rapanycin) is known to
regul ate cell growh, cell proliferation, cel
notility, cell survival, protein synthesis, and
transcrlptlon Di sruptlon of the nWCR pathmay |s

o o oy e o
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[0038] An "am noal kyl" as used herein refers to an
am no group covalently bound to an al kyl ene |i nker.

wdbm7ageze group is -NRLR', wherein R and R' BCEUS2007/009062

typically selected from hydrogen, substituted or

unsubstituted al kyl, substituted or unsubstituted

het eroal kyl, substituted or unsubstituted cycl oal kyl,

substituted or unsubstituted heterocycloalkyl

substit ut ed or unsubstjtuted ary or, subst i tut e

ipiest beat franpieret kaduey e 'FE@E’QH Z%esgﬁ BEHARIE &0 propylene oxide

g{}@t&-ﬂulo?asy uéaﬂmbepmwl.eneggzgg@ @hdu%diebﬂ@l_ltzreﬁbtgﬁbgases in a
e follow ng noieties: - Lo V-

liid Peslih SRepRsgd o % sBeR SHRYEh ERcIReR aisgient suen s

mbbnsdindruhenhahet amd)a\bdtqri Thelsuhfpb'smuheﬂ tbe ceactiokyhixture can

SRRl b S AT EIE S ] SPhibkepatilayeiidoh o % Ylve mproved

h)ed)mmb aéle;ztlvlty; yOieoedaiction sluettyematwe peasds/fromagagh of fmiseparate

% ?azré%{:-s t3 %b%&%ﬁdelgbéﬂckghﬁ zc%ﬁaﬂ'\ﬁﬁzg p?é{&?éd %Kﬁ%tplurallty

o@}t@;es tieough aiheghethe eastions Mixtutes gasgesy |wh|Ie on the shell side an
I ks cl

RRUBTRIG (BB E FHOAMEY o) HIPHET eI MBI f(Geftrated plte

ayingssnecial diple staer pac'aacrs PovAdd fq Epsyeiat the mixture of

hekes@atdattants KCihgad Llfddd’ toltRé PERMBA 1z0Ak X! fineB/ dilide@dBbbles.

heteroaryl, substituted with at |east one substituent

sel ect ed fron1 [0044] (a) oxo, -OH, -NH2, -SH, -CN,

-CR3, - N2, hEBI@IEﬂDES(IRmb'SKiM UIFG'H-IEIDRAWINGS

unsubstitut ed heteroal k ns,.u tut ed Q cl

insubdPectheBmarEv e dpiiss RS beafHRHe B 1 mustrates

uhe obelta'lltp.rbeelsdﬁwh'ﬁbe tEagu]é 2 itnstfnesl Bie pbf)foralé(yp late through which
cIoaIkyI, het erocycl oal kyl, aryl, or

'?ﬁ% Je%gé ,Spa stituted with at | east one substituent

selected fromoxo, -OH -NH2, -SH, -CN, -CF3, -NO2,

hal ogen, unsubstitutggdrallet Dggmbqﬁo ut ed

het er oal kyl, unsubstituted cycloal kyl, unsubstituted

het er &e}@qnagﬂg)ﬁlgurgﬁs nieastor 1ised tewver reagm which, as shown has 5

aSHRR Edndsedonal ex QAEY | As [daBrtedd, Aoxygkn eh&drﬁbéﬁdpropylene and
substituent” or " S|ze-I|n1ted subst i uent grou B

FeeFit gPEeH aFf Mitodyoey yRlingP ardiersbianars hyedbihed Via tine 4.
s«rbawehwmtcﬁ ¢raigst Bedtahey & tivd réactsbet Zbhem as in the other

g F wher ei teach subst it ut@ ﬁ)r uzsub t it utse% d solvent

PRYION 2onPs ARIANN P RToRRe Y S, 9w L deRR o RsEm

esharty, mpenfmmmﬁ platel A2 Uk provided: tb pedvideoainlal) Idiscsete bubbles of
t

SURGIon A @ TRAERL ! Moy BBBIDS! Slve te perorstea

d#ﬂb&@lqﬂ is a substituted or unsubstituted C4-C8

cycl ogldy reé'E?i@neﬁ&tb ARk tg%gs%g 8hd URRMP ohtdiifg th2 slurried

het er ocycl oal kyl a substi or unsubstituted

tegtalyshiass r%’dvaﬁé'VéP @@yt: resmeva) one §o4nzope 9. siyEry and bubbles of
YHaes iffone Ractdh zorleOMRass Wdr&l&}&ﬁﬁou@h@?luralﬂﬁ ol tfés 6 which

herei n neans a grou selected‘é

B AU TSP RS by HasiBERn g - b Fodant S 73 Wk is introduced to

gﬁ@ lSﬁeI'i sidb&ffﬁ'gé tetsesN6 vialifid 8 uhg d)yclhdll:uftg heat exciadde the coolant
a, substitut of unsubst. tute

Jeetven uf pEdr Senesrien fu beiPRHRRnenB A dhe ot fassing from

svbets viatied or unsubstituted 2 to 8 nmenbered

het er oal kyl , each substituted or unsubstituted

cycloal kyl is a substituted or unsubstituted C5- C7

cycl oal kyl, and each substituted or unsubstituted

het erocycl oal kyl is a substituted or unsubstituted 5

to 7 nmenbered heterocycl oal kyR. [0048] The conpounds

of the present invention may exist as salts. The

present invention includes such salts. Exanples of

applicable salt fornms include hydrochl orides,

hydr obr om des, sul fates, nethanesul fonates, nitrates,

naleates acetates citrates, funarates tartrates (eg

. a . T o " o o



R19 is unsubstituted Cl1-C4 al kyl or unsubstituted

cycl opentyl. [0077] In sone enbodinents, R2 is
wodeosuksss3 t uted aryl, or R4-substituted or PCT/US2007/009062

unsubstituted heteroaryl. R2 may be R4-substituted

phenyl, R4-substituted or unsubstituted naphthyl, R4-

substituted or unsubstituted pyridinyl, R4-substituted

or unsubstituted pyrim di nyI R4- substituted or

unsubsgtituted thiophen ubstitute r

insubdbe Eeeipn DhgIand feaCiants path Lo fisaif trevangone 5

taed ylext F@.‘h@ub%dnétm ashere funaubséactuun adkes place. The reaction

berlyoxadl az %g subst | tut edlo L%tStbt ut ed tion heat i

BENZEHPBRBIHN mFEEaS‘L%‘sf?% 8 &° 'UﬂfﬁBSt YPg§ reaction heat is

bsmeeeat, ahantb, reBdticrubené tt aabliog 2omeubhbt ieagtienl zone D, cooling

&Bﬁé‘q pJ}\tdhr%gX |orT E%lrrfng%trbm%oﬁ% I-grthélfbsaléﬁér&)ili{q qu scéparated from

pyrro opyri subst or unsu
salith astglyst - @tﬁbslubﬁat‘efu the rerationt liquid cppssing via line 14 to

LBbropR4l QMQGMH%%ME ’for%roauglsrtebbﬁr?%n%rsolvent recycle. Vapors

unsubstituted quinolinyl, R4-substituted or
aresasoverad feem derdiek hviadie 15R4- subst i t ut ed or

unsubgi EheH Rehdivh 'z@ﬁ@)’é%pﬂ)'dr, thB4owedts ridant 8@, Which preferably
unsubsti t ut ed gﬁlnazolln?qy R4 - substléﬂted or
Ol rﬁ&

arR SHdakle fuRep. GNe ARV ydingsertaines syry to the next lower
%ﬁiﬂlgﬁt rdnd. egnbeagmcaewgbné th84m@bsﬁwdt_l§hed/hgjh the reaction
uns.u stitute | azop I N titute I . ,

TRRER ProSHscoreL s Beara, fumbar to Gt dhatepton Rat is readily
veraobed.i Wated |stheyph’e&¥J&r&oé¢laWthouBﬁ -athéstodlante dcaorbe used.

R bRl L onb bR DA TGO e wpeelB dRlbatidl 3% rsec

ltmmubetnz&cﬁte&sbattrxtmmhl ophenyl [0078] In certain

errbodl

Ra- SUDHT %aﬁa#'ﬁaﬁia%i'?@{m‘%ﬂﬁq dEC TYEpr, o sutbl @
Rnb@mgtaltm@@teﬁ T8rik gatalyst, ualt’fwuq |smh| ¢t§er solid catalysts which
Brks EHEctiveltbf ffe rebetidisiiche Lsdgd | ndazol yl,

R4- substituted or unsubstituted quinoli nyI i ndol y or
R4- sulbBei Rrgpagetign fnESitis by thydeyh ﬂﬁ'ﬁit%ﬁita"'m"%jﬁ Bé now well

RAbWEEANd 15\ prefsitafion QechriiiseRprevibtklyRised! &h BenBiployed to
be hal ogen, g) @g% %g.r{0079$ In certain enmbodi ments,
ReeRate atalyst forrusieny thys inventigdny o (111), w, ve, B,
and Witamiem ngtepien deyrithesissClypicatifRéompeises Nreactig haRditanium

SRrBRpK & A A80 e, St S R B o8l & p i ERpllfe ok for =

biateesfficight tor fosoles tifaniune deolite u rBuitabte titatiedh compounds useful in

a [ [y '
“Fatn‘xjﬂrﬂ %ll fé y?ﬁ Selér E)hc ég%?éj &gFEttn?tgd '}6'%%@8‘?28&0%183 and
h@trwroaha}lldeSTh Rsefeirad émumﬂmm\@ﬁt@'e titaniymn tetgaisopropoxide,
F?é'rﬁur]ﬁl {e)t'rg‘éfhcfxwé 3énH”§l%Ean$t@9a§uto$?l'ae7 T%m?ﬁ'i adirbétRBxide is

ﬁéro gen or unsubstitu
ePesialy RSﬁfe"Eﬁ’ §8 rr@#btaawﬁﬁhhghdwoclvgeHmla@ewca'mde and
Hemila tetradHstidel- 4 al kyl . R20 may al so S|nply be

hydr ogen or thyl. [0081 one enbo
Tha f 8iflapi. Seatl Fauas ipbuge. Pub Ses o Yy eays. cofoidar silica,
almment ,sild 0gad, sinnbshikowides. CPhrétérredkydilicomw afidxides are

Ml 35 e e oot And AT E0C, T2t S

hal og@etrasthlylortRB6ilicate idespaaiblygeafepredunsubst i t ut ed
Cl-C al kyl. [0082] hi some enbodinments, R2 is

6- hydr oxynapht hyl , unsubstituted 7-azai ndol e,
unsubstituted indolyl, unsubstituted indazolyl, or
unsubstituted quinolinyl. [0083] In sone enbodinments,
R2 has the forrmula: In Fornulde (VII) and (M11), R20
Is as defined above. It is noted that, in accordance
with the description of R20 above, each R20 is
optionally different. The synbol z is an integer from
1to5(e.g. 1 or 2). In sone enbodinents, R20 is
hydrogen or unsubstltuted O O o al kyl (e g. Cl c5

~NNs AT o
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[0112] Depending on the specific conditions being
treated, such agents may be fornulated into |iquid or

woealordsdesage forns and adm ni stered systen cabdyu®1007/009062

| ocally. The agents nay be delivered, for exanple, in
a tinmed- or sustained- lowrelease formas is known to
those skilled in the art. Techniques for formulation
and adm nistration may be found in Renlngton The

Sci en nd actice of Pharmcy th ed
1 ppi TBBLAEmAItD APt PRfnan Sitlesis Fsouveialy a
myaalmémdmnmml catlnmcahrtuchmrlyntmfavmmnammoamm cation. The

T¢Bpeil Beint & T@ispn, pEALIELE 2eanE Sillfr s 5.3 tpmelating agent
rmanmned ad:onsksﬂmgeofythe tmhplldtmg ageht amds anl|l anionic species. The

Fralb BRI B R bl PR a3, iR, efidle, nivate,

iacttate, ardnidc the alike i nomaousd.er nfietraalkylamepiowi dydroxides and
't&Haﬁ'k fHonfurm | MdileEST QY L0t raeLa8bAhmmonium h%droxide

Intra I tonea I nt ranasa?h or I nt raoch?‘ar I Nnj ect i
setranrppylammaRIT halde. are myeferred tepplaypg .asp@mcrwurme ’

agent JefhpidpGlamtMEmMbirORydrBXIdEe & éﬁéﬂ&ll?‘p@&eﬁr@é di | ut ed

I n aqueous sol utions, such as in }/ |ol%ﬁ| cal ly
corrpaﬁYB?h@s!?uqueﬁéa’E't‘J’E‘h zeolitggniis g °§<51th i by Fypydgothermal

%@lslﬁmmuonou PRY rdhiofi Fraktufel prepatedf ogr coFrm"mﬁglcthe utanlum

transnu adm ni stration enetrants r,apr
EREBHPR Sarh SBUBe PR deaatPE SRR SoAia 15 the predehe o
fvmtaﬂ.ll OtHed rsoIvSutﬁﬂsmrm akohsisanay glsbebeibteﬁehh oAleohols such as

r 5 [ hy rléu ef- olf ac|?> guI;IJ fr ? %’o %’;I)ﬁ alcohol is
ca sq Y g e cgne‘pouh el D

mspetlaﬁsenrderred he practi ce of the invention into

dosages, ) a'?ﬂu.? HyQFotR¥Fha D WaLG b ahde Qrei il Zbolites
Ice O

the scope of ' the I'nventi on. proper chor -
draMalvesr foamn@ @i tegstien rralnmraowmrewgﬂw awlarcratios pf additives (as

Qi%ﬁﬂé’&H {eis dth 6IQ§ oPEé?uﬁ&Qﬁnd Q&@rﬂt hRﬂas bfr‘SI@%réddCMb%% of TiOz)

t oseforrmae as sol uti ons, dm ni st ered
Famaise tag foflowing-polas ratjos: n'ﬂ%/%F?@u% 5rﬁ1ﬁ%tqf\§’rfemﬁ'ﬂ$'"9 agent:
‘S?@P*)#U'Jg@tm@nl leﬁefv%tmﬂ' 3$b|[®1 mBR#H i rako USit ;Sically from about 1000-
eu a acc able carrier
%’%0% Sj@g’eghu §§?;| raolgpratig may Eaaﬁ' H!esftaPQF |°6 #%00 foo.
Sucp aaer r@rcgoenmbiugret e prem.rleundyz mfxu’lid'lehe lrk_!aﬁ_bgOEommes of
X .or mul.at e t .ets, S, _capsul.es L qul.as, .
i B EEngRerhBRLES Soskl colpal@ Ria Bine BB ppeure. 1
@5 alsoi tygieally orcéssany shelj tbetmikturg.havata eht of alouted to about 13.

t‘l*h%ataggmp[ gﬁjtﬁc]z rﬁ&[%rgaéaéorﬁrollkak%%% Gmaunt eg{egn Iétm:g agent

nven
memmgd Kit ézn the mﬁ@@eofor@k Mhich in added and the wge r@éy’ther basic

ﬁ-ldé@ dsf Ofo @%&Eﬁéé m@tﬂaswﬂy el et ﬁ,@a&r@ neaséﬂmn?pﬁamg agent

I Zi ng ting, or dispersing substances su

éavdrgéepeh@omm%\sm'p%'ésad%w the rmﬁwrmaM%h !ﬂanother basic
FBAPORhH KuSEN TR BAaSic cBRTbouNH ¢S Qfe?ér*éﬁp%n bighhRk]base that is free

o G e AR ekt i Pl Grn Cpe 2 RE Stner basic

aotnpoendﬂgﬁaﬁlbenmecwcﬁufcmet ?ngmlmgwagéme‘sfaniewas a salt, e.g.,
t t t .
ERSE o, R BEC TE b, F SRR R oo AR, pRfporim

- dfydtdxixkx qplatérnery amnmdréurar bydresiges iankdl gmines| | @hemm examples

the detail ed disclosure provided herein. [01 17] In
addition to the active ingredients, these

phar maceuti cal conpositions may contain suitable
pharmaceutically acceptable carriers conprising

exci pients and auxiliaries wh#ch facilitate processing
of the active conpounds into preparations which can be
usedpharmaceutically. The preparations fornul ated for
oral adm nistration nmay be in the formof tablets,
dragees, capsules, or solutions. [0118] Pharnmaceutica
preparatlons for oral ‘use can be obtalned by conblnlng

o L, o o -
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[0146] Synt hesis of
5-(4-amo-| -i sopropyl - | H pyrazol o[ 3, 4-d] pyri m di n- 3-yl

wO bawrasssss car bal dehyde (BA35). A sol ution of PCT/US2007/009062

4- For nyl furan-2-boronic acid (20 ng, 0.14 mol) in
EtOH (3.3 nL) was added to a sol ution of
3-io0do-|-isopropyl-I H pyrazol of 3, 4-d] pyri m di n-
4-amne (40 ng, 0.13 ranol) in DVE (12 nl). Pd(PPh3)4

et et St Rati B Y. RLEDaYaatYE spxde, n-

- botytargios, arudmmpbwlanmr night. After cooling, the

E)(re ng‘\ er egC&ér? grtnetg%\?s; ngq g'ﬁ & Fﬁarcglacgat Pﬁewgg[?ﬁ"e and a
fime pumflcﬂenEdb HprrivPa HRb/Eciibie GNvie2 OTYpitedly, Fite teacyioelrdlxture is

EAgéf(a]t%oun ?%%V%%Lﬂ)ﬂoogé NchnIStS ég?% 3 % 63hG%f about 0.5

No(i3- tel-akraut096 hours in a sealed vessel under autogenous pressure.

' |

RSP e BT FRKELS 1 ShEA s Bl rapoo rom avou
32616 hmabsutl 2007¢ amish pperaphybioororabound5A°E &2 abyyt TBOEE. After
FPddcited ELEHA thnd )undiim R L Pedbripld! ' ON O

pyr azShiftde 4!ed!ltpynecm€m/ methads ingludedfilivgtioroand wasbing (typically

delchi ?ggpl
?;(tﬁ ur at e%@c?\vﬁv%@f P&??})% %@atm chtﬂgfb and an e@rhelz‘gct i on
was héhe é@m"emswm e vgeful éfht'?fﬁ gwﬁna?mgfﬁeatéy is of the class of

m&édunm.eve‘éf &cﬁ’hnfbﬂﬁ) +em&rea Las Q?é?‘ﬁurﬁ %nl%ﬁte@xbéﬁiﬁhlﬁﬂy “TS-1"

saturated NaC CH d?2 ani ¢ phases we
Uarnencin, o depiipay danaiBesEC D GAE Bt LaM, Suminosilcate
E’Eiglttﬁk)c TSEENHIAAGD ait MEEAopblogy| ShdloGARS td 2Hat3ofTthe ZSM-11
g 41-?(')1! os'h%%ﬁfegﬂ}%ﬁheg?g o‘lfértaz (:aasI Cddesg#géd 1i’n fé’éf&gn Pat. No.
3;004:G88) N OFilanius poomihing Mhelgcaaosieles hadippyfrarmedork- Sryctures
tril B 39 A ' f
SRR AT RRR meraeTiss 2R3 4: 28MiR1 970 MR 4 may be

(Seqimtbe pmssdmfemhetrﬁoa sol ution of

?4'000',& ﬂa%de?%%rcﬂp%é)sdléé' %mgfi\ﬁ 2&% élu%] ﬁ%gﬂ E{ggﬁé‘ﬁl‘(é‘ﬁan be

mcgmmﬂ@p)mﬂ?ﬁjﬁ@aitoat%\yséd Na2CB (1.9 nl) were added

and tHge hesfe r'n@ﬂal %érd&%rﬁ&née@ z§9¢9r§pHGﬁ&Br eam?re&o(;f palladium,
at nosphere overnight. After cooling he reacti on was

Blafipy @Ql%sﬂlﬁe@éﬁﬂpg\, Saenide r'é‘ﬁﬁ"'@ﬂ?(ﬂszn'u@ Juglile or mixtures
ﬂha@é@fs Bﬁﬂ@ilamn’fiﬂldtﬁﬁilm CANC g avelartibuldag WesaBle; palladium is

Pt breigrod,  Sheteiang o 5 rmoﬁ%ﬁhﬂﬂ#&éneﬁh%@m% SFnoble

frmnaﬂdccﬁﬂﬁo@)d [cﬁld&]‘nplS)(nﬁskmSIas thle Bblrée(df v mibble metal. For

4: d L m.di,n- 3- -
éﬁérﬁ@% %B}{Jia?llanesu gégﬁoges‘,uc:g Aél%}écr)é%' In(I:IF(ER It )nétfates, sulfates,
halitsish bergs utmlonqesanbmwueswmanb@mlaieao(lecb ( zatetage) Carid lamine
ggﬁbg%l&? q?g\%'lreg lgl)? sp%g ?gﬁ%ﬁ% 5698? c%ﬂ{a% % |9| xture of such
(iwdﬁg 0.10 nmol) in DME (12 nl). Pd(PPh3)4 (30rrg
0.03 H@ltyp |@5|darﬁ@15rﬂr&trﬁ§ﬂ>lé\lﬁweg? érésgnt%)thlé’q{o%lé‘m -@hthining

the reaction was heated to under an ar

Hiepbep repiite Wil be igHbe fA'f'@%Pf &'em abryt O-0R1 F‘éget"?'toﬁ wHe noble
Meltdlas katabl iftossdrated intb NaGeoRietbyddndxchah@ MhCfor example,
phases were conbi ned, concentrated in vacuo and

purified by RP-HPLC (MeCN:H 20 0.1% TFA) to yield BA4O
(0.9 ng, 3%yield). ESI-M5 (MtH)+ m z cal cd 347. 1,

found 347.0. [0150] Synthesis of

3-(4- Ammo- | -i sopropyl -1 H pyré&ol o[ 3, 4-d] pyrra

di n-3-yl)- benzenesul fonam de (BA41). A solution of
Benzenesul f onam de- 3-boroni c acid pinacol ester (31

ng, 0.1 1 mml) in EtOH (3.3 nL) was added to a

sol ution of 3-iodo-I-isopropyl|H

pyrazol 0[3 4- d]pyrlmdln 4 am ne (30 ng, 0 10 rmol) in

~ N~
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- rYPPEG YPSeR EF]SH

Pd(PPh3)4 (30 ng, 0.03 mmol) and saturated Na2CO3 (1.9
m) were added and the reaction was heated to 80C

wolpgen3ses ar gon at nosphere overni ght. After copti/082007/009062

the reaction was extracted with saturated NaCd and
CH2Cl12. Organi c phases were conbi ned, concentrated in
vacuo and purified by silica gel colum chronmatography
[ Et OAc- hexanes, 5:95] to yield BA24. ESI-M5 (MtH) + m z
Ca' ggﬁ),g,ggl pqllgg&%bgg stich a2 totraamhand $31Saidh dinitrate, dihalide
rcylsulfhtepyr azol o[ 3,4-d]pyrimdin-3-yl)-1Hindol - 5-ol
( BA24
(5 4 TEPE Saneiions,aYishans oS e SITPLB9¥D: of of
3, 4- dheyepaxiditionds gairied, olB0n thig liguid @hase] andvdds advantageous

s SPOAECp o AL 00 S B, (SR g v i
reaéalystpreparatine anddn dhel epokidatien insluden duhatg netrifeitedaie, lower
%l.%ﬂgtué“af&%gl%eé&v} 18 j‘n%ﬁ%&é}l’ %@%@? fs%ﬁlfbp%ﬂelg%ﬁr @rt%tanol or

I N vacuo an uri 1% T
traixiures dhgmﬁ,dand matens 'flpmu)atem glcehnle cagobe 1usepourhfd is also

?&sﬂﬂe [tQLZsCH rﬁ&ﬁk&@%fstﬁéf c(t@d (é\c&mw%trlw.—&epr Oﬂhékhand and

razol o 4-d] pyri m di n- henyl ) met han

eyol/wtgb FIPE‘PEFH* e Rreleredy &%ﬁé?’l% b %&ﬁwvem can

. HidsIbédfkedy, A@dlﬂ&dﬂ%@lv)ant BalEbQ'bddiad:%bé\‘bbe Waauﬁwbjédoilﬂbtlon to

a sol ution of odo- | -i sopr opyl
b?lmd|n4amne(20 my, 0.07 mml) in
DI\/E (Eoﬂid)alloﬁ’cﬁdéﬁl'cﬁr)@ té ]tﬁegnvéht[thmnnaﬂn)adarm at a temperature

e%L eat gd N%é.%%ﬁc tﬁ% d 8 r@L.)é%JVz F)?ocf’ ﬁ,ﬁjeq} p‘%‘é‘%{:{%nt © gpetf&r%%ly at

demparag-hrtes inftthe rangeodfi 0:¢25%h enmreamefemablm 80°Cr abeerpaction is
\@a‘pedsa(} eqe\b#q SLS?F@C&& tg} %B %WEBSrs gauge,
SBbithed. Soncen rat I n vacuo an ur

RiPefdrally (mmmanae)zeﬁmbmmygeo yi el d BA26 (8 4 ng, 42%
%/IO?SS) sﬁ%{ﬁﬁel‘( M{Diﬁer’ﬂgés&é’"g&aﬂ 28 %reftumf AEON £86n,%rypton and
Jepgnaarecsyitableomsopyell s pitregesl ¢nd, #adiopy dienidiam 3 Saturated
)hyui'cgébréonéj Wd’f at @sﬁé&éﬂyz‘l}é )Q'f‘d%?éfb%lyi RAB01-4 &rbon atoms,

solution of [3-((4,5-dihydrothiazol -

V-9 ¢ SHRADBS ?tﬁﬁ@ﬁyﬂ”]oeé?%ﬁ"é '&EP@"PlQ’@Tﬁ'SO@L@Sb%N)"qgﬁ“ and
Esfaﬂ?'a(e’ﬁ 8.8, hMéca?S&@aFé)tlﬁ Eﬂféﬁ'éd)&aﬁfer gases. Mixtures of the
3-iodo- | 'SOR yrazol o[ 3, 4-d] pyri m di n- 4- am ne

(CRAY IS Pasgs 57 @2%/98 Pﬁe%wE (12 m). Pd(PPh3)4 (16 ny,

0. 014 Arfmther zpdsidatativatie the\puStor( ofLhighrdxygae te hpdidgen ratios
a t . i S .
905 B R T AP0 AR 08! Byt s

egaveernsicebly thiet ﬂlaremrablemwcema:@mp@ndlom—tz@me ogygrmeaencentration in

gﬁ?ﬁ* gﬁ{)%;&g"ﬁﬂgﬁ@ ‘Iiﬁ%ﬁ%égaggn%% j‘%HPa?ﬂﬂlcg flapypable or

(elqal@nwg mw;tpr,gg,@gpdgormpglqplpr@ntqq@yp @p(plosuon hazards during

csaeélat(o‘h a@xqgeh ih SREESPOY tHATHriREHRA GbP Eémﬁre@& P¥AdtIBhds Hed at a
phen et hanone (BA31). A soluti

&OAE@mtmeﬁsﬁfﬁ@Plynwe XNy AmoyRl b%°‘68t“ﬁhﬁ¥ yhich flammable

Eh_@cd.ré§a?ef8rﬁmewas added to a solution of

3-|od i soprop razol o[ 3, 4-. .

0 pyr e SR oYL 6" StyBh3s figh 2 vl fptio o 9a/Me as
RtisBBiesindthe Exitigases. Pieferably, thianaticistaylexse@/MNa2CO3 (
1.9 M) were added and the reaction was heated to 800C
under an argon atnosphere overnight. After cooling,
the reaction was extracted wth saturated NaCd and
CH2C12. Organi ¢ phases were conbi ned, concentrated in
vacuo and purified by RPHPLC 6MeCN: H2O 0. 1% TFA) to
yield BA31 (12.9 ng, 62%yield). [0182] Synthesis of
(3-(4-am no- 1-isopropyl-1H pyrazol o[ 3

,4-d] pyrimdin-3 - yl)phenyl)nmethanol (BA32). A

sol ution of (4-Anm nocarbonyl -3-chl orophenyl ) boronic
aC|d (16 ng, O 08 rmol) |n Et(]—| (3 3 m) was added to
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EtOH (3.3 m) was added to a sol ution of
3-iodo-I|-isopro ryl-1H pyrazol o] 3, 4-d] pyri m di n-

wd2@rn33zes (70 ng, 0.23 nmol) in DVE (12 m). PedPEsB)H009062

(30 nmg, 0.03 mmol ) and saturated Na2CO3 (1.9 m) were
added and the reaction was heated to 800C under an

argon at nosphere overnight. After cooling, the

reaction was extracted with saturated NaC and CH2Cl12.

Or gani ¢ phases were conbi nEdE cEncentrat ed in vacuo

and purified by silica gel chr omat ogr aphy

[ MeOHin eHetidic ékadile tob thye @iresdpf\brivenTion ras, de&Xvibed éh digure 1,

Eﬁﬁ:{@gf@%’% tedtidr £R §8vided whicH RYdredtih Hambff %Rk 140 feet in

helgmxperwulane@Qr i8- sﬁtrtgtngymeyﬁgiau vélonjtyathet wjoBldicrghte an
%Xéé.gg ?rﬁetagé'el A sol ution

oxyphenyl oronlc acid (105 ng, 0.58 nmol)
Et OH CRolingrsgctigns d@ed 1tanda13 @reprosidest each bayng 100 tubes 6
Idcﬁ%QrIQFBfHS |H:1'i Qb{é%ﬁﬁhﬁﬁ Beirfl 0 R 'hﬁqhdI ﬁvéreélﬁbﬂ%oﬁég zones
Pd( P 0 ng,
ﬁ\"r%l 9’969{8‘”98? GPS'[‘ QEIWN!& Gﬁﬂeéﬁe@ﬂﬂ‘) wer e added and t he

react P@ﬁohﬁéd bra2d ed ié gr&ﬁ&dmﬂeébé% fNedABInAldPRS N6, EThe inlet
the reaction was extra

over ni ght Afte coolin

o risea ShAESYSIE COBRS. 208 o AHIOBRR 0Bt ol Hough the
ﬁel‘fbtdmeds 260N pité Qataefd is finglyadistribaied nl thd foedl df\snsdll bubbdles in
g tcoI um chromat ogr aphy [ MeOH CH2C12, 2:98] to
[FUSNERES 463 ny, 88%yield). ESI-NMS (MeH)+ nfz cal cd
314. 1Fiduoe QdIIL&Mnés m[gﬂéﬁ&]’ dS;alitthes:bef igfration of plate 22. Plate 22

B 2QRUARY) ot & GRRLAY YO i 10d¢iBH 88k pass.
n s dnnemtarttxywrthmdmer@rwor& ber o«mlerml 0 ¢ipo®etey than 1Tmm
gre:fé é!mfhb |éF§;eEtt@ﬂ b%r?fmmn) uieéfé er %F %b% Gfe and
1 O 1 SOPro pyra yrir -ani ne
pveblﬁgpom"az@n 1y')e PH"%@EO( poles §h° Bpm}q go@oa iggs velocity

Q’lrgagmfﬁé)h(ﬁég of 80/ ke tard iR CBtflcicht &onér)eat@eaenaddsﬁeams of

and the reaction was heated to 800C under an ar gon
RURblepRRAMAARRYRAIESES: After cooling, the reaction was

extraqi ad |Imstrbt|€@btﬁoﬁbed>f MeCinventorChiz6gydendogiagiis prepared by
concentrated in

i FeRAtPR T MigPaPhe. oG8n: SO IMIrbHEINg df Rpfsium containing
M OdaGHATIR 1 vt B8Pd) Befoes teediESreaghtslo (tM: racton, the reactor

Fsah?ea f?&r@i tf'le t&gwltﬂ 9%1060(9) lb[sogg‘%% nggtsllns g&vent comprised of

761’/0 by mdscrmamkypd €594 Dy Wi pptexz dd sPvall amount of inert gas is fed

0 iy i s i RaPRGO
beso mle'F‘"@Weangé% m&ffh@@gews‘(@pm@e with the balance

eredtRANd, | |§)feM@ﬁeI&dQRéi pl5t8|i20%@ ra¥e oK Aovloodhib@ri dSolvent is fed
rmed to room

CBRIS 3R s VA GRS G e RO BB U-0r one hoor
React iras fees gaseeq:sﬁseam&m jnapétuiest2B i pedordatéd prIte-22 at a

5- met ho zoyl, . chl orl de. ( BA [ 211] A sol ution of

%ﬁ{rglﬁ%ﬁﬁ‘&ﬁfs@"( 3 sdélh %‘P‘ “dry THF (50 ni)

was sPiateed tats 2000, oode:peanresrgbaaat obwhich i€ 0.5Nahh inndiameter

%?5%1‘“ nsg din 4.64 g, 0.1 16 nol) was added pi ecew se
oS00t PRS- £ | uor o- 5- et hoxybenzoyl chloride (BA67.

0. 029Asdh¢ sy ahidtesidvaasespass upwaidly thitgaghrdactitiezbne A, the

S

TRl o el W prRRRhOB e, 28R s ol 20 tompgrature of
HO (200 mM) was slowy added, then reaction m xture

was extracted with Et OAc. Organi c phases were

conbi ned, dried with nmagnesi um sul fate, then

concentrated in vacuo to yield 2-((3-fluoro-5-

nmet hoxyphenyl ) ( net hoxy) net hyl ene) mal 6nonitril e (BAG9).

[0212]

2- ((3-fluoro-5-met hoxyphenyl) (et hoxy) net hyl ene) mal ono

n|tr|Ie (BA69 O 029 rml) stl rred |n Et(]—| (20n1) at

o o, o



2, 6-di fl uorobenzal dehyde (BAl 49, 20 ng, 0.063 nmol)
was dissolved in n-BuOH ( 1 m). Hydrazi ne nonohydrate

wd 04983368 ) was added and the reaction was heag@Egut007/009062
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25

1000C under an argon atonosphere and left stirring for
2.5 hours. Reaction m xture was concentrated in vacuo
and purified by RP-HPLC (MeCN: H2O. 0. 1% TFA) to yield
BA159 (15 nmg, 77 %yield). ESI-M5 (MtH) + nml z cal cd

B K30 20 Sard s B B0, R a e o propone

|qopwened imsoneZKito 6ﬂjpylehe&)d|det i on of

(16 g "SoreasaOR Sy ok heF 543, Gpioardif Wb T incn 1D
(dbbllﬂg tqpes(ﬁ Ovihdirect! heat lx2iGERye @Bh @ommg @ats whith Js iatrdduced

éi 'éédg{) FI)rg ):o§ ﬁ‘&(z'sor{% r%RS g?g’&%a'ﬁr auprr]e gmr@f ({ﬁos@s)ar@’g:.ﬁoled by
m 1@deaegesdoncentrated in vacuo and purified by

RP- HPL (Mot Q'gﬁ/_%na%\g F@Qcﬂbﬁ g‘é’s@é SaZé(icp?eaeﬁoﬁgongﬁ@herem

yield). ESI- mz calc f ound
[tbg4g?ctlgylrfpﬁggp grqulene oxide is contlnued Solid catalyst entralned from

desited NbassYesrmé e 186 bt f FordtApyr r ol of 2, 3-d] pyr i

di | ut
. Chi a7 GoBe R abiswoRat RiRcuglom of pevRyjenesotis fpke alage and the
(réBctith, mdtétidds pasd ypwardly tHreigH cbolingzaheatd dia thbés 18y, In zone

g%, FBRbbn S 45 S8 eyl bl et pap panoe wate

Hetaddicbedovia Bhé 20 aovanemaylet! vientie: 24 ntherrgacticat mbdyredemperature

N R BE RIS T " 0 yi el 0 2103 (3 g, 28%

yi el d)TheEgtackisn (liry +mixturecpdsses 3R0 raactippuzrne C where further

%Qc & % nﬁlf%'est Qf 1 wh the reaction exotherm is
Jepetor Feh SaPaesing $one gt whers tye regction exother
(rgmovgg) the|nce t@rreactnon zone D, coollng zone 12, and fi nally to reaction

-2UheMt - 3- (4-rer/-butyl phenyl) -1 H pyrazol of 3, 4- d] pyr| m
din-4-a piine was dissolved in a solution of fo

aci d FrampepcignzuhE. thadeagtprsiyiry 'Sa%s%?é’a‘bwgf‘cf"tef tubes 13
retid the fliqLid2 miaure .is Reasidred wiasiireonaeahd aidet Ntov apprdpriate

d fied by RP-HPLC (MeCN:- H 20 0. 1% TF
Hepabalon e tor SasovEy PRI RroPYANE axiseing fepkf gt solvent
Zﬁat ghowWr()242] Synt hesi s of

e ( ZK?Q %?8!21( %P H\%néga).:tlé)rtbgé(ésaégl & Egtaﬂ/sg Wcrh |g1e%rgln%dqg]r&urned
| via tube- Tatoythe DegBlopies neaciiph@epe for firthgr useol of 3, 4- d] pyr
uni di ' : -

ol ut | o DSRS0 By I (FeRen iR SRR Sagh o the
éWG'ﬁ@ﬁFﬁqunﬁsreflux for 2.5 hours. Reaction was
concentrated in vacuo and purified by RP-HPLC ( MeCN: H
20 0.1% TFA). ESI-M5 (MtH)+ m z cal cd 304.1, found
304. 3. [0243] Synthesis of

3-mtolyl-1Hpyrazol o 3, 4-d] pyri m di n-4-am ne (ZK127).
| -tertbutyl -

3-mtolyl-IHpyrazol o] 3, 4-d] pyri m di n-4-am ne (23 ng,
0.1 nmmol) was dissolved in a solution of formc acid (
1 m) and cone. HO (0.3 nL) and heated to reflux for
2.5 hours. Reaction was concentrated in vacuo and
purified by RP-HPLC (MeCN. H 20 0. 1% TFA). ESI - M5
(MtH) + ml z cal cd 226. 1, found 226.3. [0244] Synthesis
of

3-(3-nitrophenyl) -1 H pyrazol 0[3 4-d] pyri m di n-4-am ne
(ZK128). 1- er

-butyl - 3- (3-ni trophenyl) -1 H p$§razol o[ 3, 4-d] pyri mi di n- 4
-am ne (23 ng, 0.055 mmol) was dissolved in a solution
of formc acid (5 nL) and cone. HO (0.1 nlL) and
heated to reflux for 2 hours. Reaction was
concentrated in vacuo and purified by RP-HPLC (MeCN H
0 :0. 1%TFA) ESI-I\/S (MI-H)+ m z cal cd 257.1, found

PN~ o s




B. Structural Studies [0280] Crystal structures of p
10y have been reported, alone and in conplex with ATP
w®soopasssgpeci fic i nhibitors such as LY294002 amr@r/us2007/009062

wor t manni n (Wal ker et al., 2000; Wal ker et al., 1999).

To expl ore how potent and sel ective inhibitors bind,

the crystal structures of PI3- Kinhibitors fromthree
chenot ypes bound to human p i 10y were determ ned at

2.5 - 2.6 Aresolution: th ihazol i ne purine PIK-39,
the i m dazopyridi ne PIK-9 E§g§£¥ﬁe phenyl t hi azol e '

Pl K-93 (Figure 2). M1Qommloorbﬂ\fve@ co-crystal

st r uct ygres—and—a—gonserved ary. Tot |JIIUI e
phar ma¢ophore nodel, structurall nmbdel s were ggRer@ked

for thiee additi ohafropenasdxidedbofmPYiesepi || Opindrbe

pyri di fybhelrAanopyft m di ne Pl- 103, &4he 96.25
nor pholH-reehyeronePHI08—ans t”c aprphelrepyranete
B 7ng 9430

KU- 55933 (Fiqure 2). M I-bU|Id|nq hese
i nhi bifors Was gU|ded by6the olser vaddon t hat ¥adh
conmpould COoTg a TS [t1Te Key ar yi 101 phglggne pirar nggapor|e
f ound ibkn—LY294002. fﬂ?R?'I D('Y‘ 349 {s an iso 1||| nol-ine
puri ne [t hat & nhi b| ts pI "® d at |ni d- nahorol ar 8845
concentrations, i and p i1 | Cb at
conce t I d 0
act i V:&{Ogasaé%cﬁﬁlgltes ﬁ rpB? |%§2%Rbft§% lt(? r}%ﬁn;or}\ lower propylene
|<mﬁamongerpratmt)a lnatheceanbentremtloonsomqs iro ol¢® teMminimize ring
Q?eg The bi ochem cal selectivity of this

nd |s achi eved t hrough an unusual bindi ng node
r evealT@e everpll setastivity of aropviengcteactediia Rropylene oxjde is 85%.
(Vepdid exidike théxéébtérhﬁa ﬂﬁé 48RRIk &B?urﬁ@e%?fozpb*%"/@% 13%

makes contacts w thi he interior of the ATP binding
RFeRMene, JM%HP%th?Pﬁga’L‘%/%%é?W?@ rotated ~ 110 and
twisted -35 out of the plane relative to the adeni ne
of the ATP. In this orientation, it satisfies hydrogen
bonds to the backbone am des of Val 882 and G u 880
(thereby recapitul ating the hydrogen bonds nade by N
and N6 of adenine). [0283] In contrast to other PlI3-K
i nhi bitor structures, PIK-39 does not access the
deeper pocket in the active site interior (Figure 2C
lightly shaded area | abeled as "Affinity Pocket").

I nstead, the aryl-isoquinoline noiety of PIK-39
extends out to the entrance of the ATP bi ndi ng pocket
(Figure 2B). In this region, the kinase acconmnodat es
the i nhibi'tor by undergoing a conformationa
rearrangenent in which Met 804 shifts froman "up”
position, in which it forns the ceiling of the ATP

bi ndi ng pocket, to a "down" position which it packs
agai nst the isoquinoline noiety. The effect of this
novenent, which is unique to the PIK-39 structure
(Figure 2B), is to create a novel hydrophobic pocket
bet ween Met 804 and Trp 812 at the entrance to the ATP
bi nding site. This induced-fit pocket buries ~180 A2
of sol vent accessible inhibitor surface area, enabling
Pl K-39 to achi eve nanonolar affinity despite limted
contacts within the active site core. [0284]

Co-crystal structures of PIK-90 and Pl K-93 conpounds
bound to p i 10y were determ ned. PIK-90 and Pl K-93
bot h make a hydrogen bond to the backbone am de
nitrogen of Val 882 (Figure 2D), an interaction
conserved anong all known Pl 3-K inhibitors (Wl ker et
al., 2000). In addition to this hydrogen bond, PIK-93
makes a second hydrogen bond 9o the backbone carbonyl
of Val 882 and a third between its sul phonam de noi ety
and the side chain of Asp 964. PIK-93 is one of the
nost polar inhibitors in our panel (clogP = 1.69) and
t hese extended pol ar interactions nmay conpensate for
|ts I|n1ted hydrophoblc surface area. [0285] PIK—90
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al so inportant that attrition of the slurried solid
catal yst be maintained at a | ow | evel since excessive
w@adoaliysst3 attriti on causes operational probl enBCEUS2007/009062

requires nore frequent catal yst replacenment. Since the
reaction is exothermc, it is also inportant that heat

of reaction be efficiently renoved fromthe reaction

zone BRI EF DESCRI PTI ON OF THE | NVENTI ON I n accordance

the present invention an inproved reaction
aVB AM:-and systemis provided for the production of
pr opyltene dn(ladprcmbes eEh:ytHd ekotheanici eactioh @f reaction gases in a

8§| gcly s%/(l)ltdt ﬁﬁl S/ Irétsq}a nhqeggl\g%ﬁt i‘u% %JOV%@\ (Nhl(‘ih comprises

patryun@e dutihe rreaatsora lrp laursefies yofokeparpte &ooes carst iremoving the
SRFRMIEREA BBATE) o0 NEEL B Th Sl pes tocacn

Hsaﬂefvlenmcwmee@ch@@zgmﬁ/i ded between the reaction

Zones i N oq—ﬂgr proBéds B kiR 4 W\%‘F%lhoﬁl'o Bn&fdxidd fplodbuced by

be renoved ylndlrect heat transfer. Each of the ]

reaetiononl hydregen soxygenasdnd prepyiene iy theneresenge of a solid noble

%&QUMe@YSLﬁ@&FaIy‘QQ propyl ene, oxygen and hydrogen
reactant gases in a qui d nedlun1cog8r|sed of

s| ur r§3 of a’ggagr%ssr%,qqu@ Lwherein the,soluent lgu@geragra mixture of
eéthandl arr watek.hanol and water. The conposition of the

reacti,on ture can tely controlled in
o " hé" Sepd e REOF et TATS o RESTElY IRt fiegy &iF Mirodlced as
[@isfdsed fise beabbliesityypassing theaughi a pesfbrateq plate thaviag holes 0.5 -1
. reacti on zones to a
B el 836 3pred 3 S BN ER 2 Ly vt ded wi th a
plurality of tubes through whi ch the reaction m xture
passes, while on the shell side an appropriate cool ant
is provided to renove reaction heat. A perforated
pl ate having special hole size and spacing is provided
to ensure that the m xture of gaseous reactants is
introduced to the reaction zone as finely divided
bubbl es. BRI EF DESCRI PTI ON OF THE DRAW NGS The
acconpanying drawings illustrate the invention. Figure
1l illustrates the overall process while Figure 2
illustrates the perforated plate through which the
feed gases pass. DETAI LED DESCRI PTI ON Referring to
Figure 1, reactor 1 is a tower reactor which, as
shown, has 5 reaction zones, zones A - E. As depicted,
oxygen, hydrogen, propylene and recycle gases are
introduced via line 3 and the solvent is introduced
via line 4. An inventory of catalyst is retained in
the reactor. In zone A as in the other reaction zones
agitation is provided by the flow of reaction gases
and solvent slurry, and perforated plate 22 is
provided to provide small discrete bubbles of reaction
gases to the reaction. The solvent is introduced above
the perforated plate 22. Fromreaction zone A both
gases and liquid containing the slurried catal yst pass
upwardly to heat renoval zone 5. In zone 5, slurry and
bubbl es of gases fromreaction zone A pass upwardly
through a plurality of tubes 6 which are nounted in
pl ace by tube sheets 7. A coolant such as water is
introduced to the shell side of the tubes 6 via line 8
and by indirect heat exchange the cool ant renoves the
heat generated by the reaction in zone A, the cool ant
passing fromzone 5 via line 9. The reaction m xture
and reactants pass through tulfes 6 through zone 5 to
the next reaction zone B where further reaction takes
pl ace. The reaction m xture passes fromreaction zone
B to cooling zone 10 where reaction heat is renoved,
then to reaction zone C, cooling zone 11, reaction
zone D coollng zone 12 and reaction zone E Fron1zone
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