COMPOUNDS FOR | NHI BI TI NG BETA- AMYLO D PRODUCTI ON
[0001] This application clains the benefit of priority

WO 200U$0Provi si onal patent application 60/ 777, 7TRQT/US100B063138
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March 1, 2006, which is hereby incorporated by
reference in its entirety. Field of the Invention

[ 0002] The present invention relates to conpounds for
the treatnment of di seases associated with cerebra
accunul ati on of Al zheiner's anyloid, such as

Al zhei mer' s di sease, and net hods of use of the
conpounds for the treatnent and diagnosis of diseases
associ ated with cerebral accurul ation of Al zheinmer's
anyl oid. Description of Related Art [0003] Al zheiner's
di sease (AD) is the nost conmon neur odegenerative

di sorder of aging, afflicting approximately 1% of the
popul ati on over the age of 65. Characteristic features
of the disease include neurofibrillary tangles
conposed of abnormal tau protein, paired helica
filaments, neuronal loss, and alteration in nmultiple
neurotransmtter systens. The hyperphosphoryl ati on of
m cr ot ubul e-associ ated tau protein is a known nmarker
of the pathogenic neuronal pre-tangle stage in AD

braErHOBAND ABPARAMUS PORI PROBUdING | on Resul ting
f (14818 XS FROM SWASTEOMATERIA ! 2- Ayl oi d

; =55). [0004] A
significant pathol ogical feature of AD is an

over abundance of diffuse and conpact senile plaques in

- BACKEROUNG BF THESNYENURN of the brain. Al though
these plaques contain nultiple proteins, their cores

are conposedabbnacadug roateniabogn bé deanted with steard®t 4vated
am no acid proteolytic fragnent that is

preiperathiasaio foreeyhves, Whidh By comBirniteawfsarben aidtioXide
(APP), a transnmenbrane gl ycoprotein. Additionally,

C- ' : f L .
CgIdnieh: MISLET o odeR epgp ket e g pacior

der i Si e-tran ane otein with

2 Tea s EHPLafire Bt PRALME Sl 8 plpllatitepyoen
domai n apd an approxi mately 55 anmi no acid cytoplasnic

t & [ea §Qﬁ§%&8ﬁ C‘FW@m%%@@WW@HGQﬁﬁﬁ?ﬁib@ﬁé’d@ ash
1 undergoes alternative splicing to yield eight

péewsli Blag. i slod avieis] thisr @s disclasiechin th8. gaent7$18G6Hha78, the
770 amino acid isoforns) predominate in the brain. APP
unekeipgrEtarepmateliod yairctalvedcsBOAF wtihaftbr e arddbetdggenis
activities, ternmed a-, b-and g-secretase. _
Alrphaegecretase cl eaves APP at amino acid 17 of the
b-anyl ol d domain, thus releasing the | arge soluble

arg ' APP for secretion. Because
aggggpgggggﬂehggéggyﬁﬁﬁﬁﬁﬂ the b-anyloid domain,this

cl eavage precludes b-anyloid formation. Alternatjvely
APP can be gﬁl@a@r@&e%'n%nﬁ% fSeP'“é’é@S?‘g opdhe ealizatiogrnabsyn
term nus of b-anyloid and to generate the sol uble
argasciesy e peaduced ghereteficiapipy bgomadifyingnhedqireegssydiseiosed in
the intracel |l ul ar carboxy-term nal domain

U.S. patent 6,863,878, the disclosure of which is hereby incorporated by
reference. In particular, the carbonaceous material in the devolatilization
zone is maintained at a temperature less than 450° F until all of the available

oxygen is reacted. In the present invention, this material is then raised to a
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of APP by g-secretase results in the generation of
mul tiple peptides, the two nost conmon being a 40

W@rionaoxci d b-amyl oid (Abl -40) and 42 am no acPdI/US2007/063138

b-amyl oi d (Abl-42). Abl-40 conprises 90-95% of the
secreted b-anyloid and is thf predom nant species
recovered fromcerebrospinal<fluid (Seubert et al.
Nature, 359:325-7, 1992). |n contrast, less than 10% .
ofempesatire Piaket i i k inghe gdevoisidigatien zrae It fovkeing
paucity of Abl-42 production, Abl-42 is the

peedbimedamith steaci wsforothe siyn galsan dies refocmes rebeparsi t ed
initially, perhaps due to its ability to form

i nsol ubl e apadnothe REgHRGESONBEforaRIdE ddbarnsdel t4dugh
(Jarrett et al., Biochem stry, 32:4693-7, 1993). The

agnos gy oﬁ?‘é‘r‘ﬁﬂﬂiﬁbi Qé‘pé(j‘fat&sai@ b&h?vé Y Cgt)rgr? | ishS These

bel1eved to be due to decrease eara -anmyl o

f 0. [ Q. EXCRSS| Ve no .
rSRreltFe b 3 AR b B e LA BEMU0aE: by housing
excessi ye prodyction of b-?nyloid is due.to either

Ve RHNESSNBHILERa0ERS Hie MR TeRF St e d Sisreyenigapwated
mutation in the g secretases or APP responsible for
breaelibs avifich eani oecur[\Woas the -samytas doplsptantksivaids carbon
thus believed to play a critical role in the

patittuip ol dgy afpaidiusas Tdld syhegamitfainh adhe sssarat@t Bdrapidly
with the famlial formof AD result in altered

PHOSRSTIANE Pleritaatird NlivRswy oo P\F’Erefér'é%ﬁ)lei@’ a temperature

deposits of insoluble, or aggregated, fibrils

bRl Ri1S0b B .t/{’cqurt@h efathird tlg(% gwrl Q?‘%t'ss stabjeand will not form

neur opat hol ogi cal "feature o

regardl ess of t enetic predisposjtjon of the . .
SaReaERpeteptafndintatibSeaeia e duthe fakis tm the materia
patho?enesis is due to the neurotoxic properties of
biszaples, dreferably i stavenehey; asy residuil tir @rwilds sepatated and
established in primary cell cultures fromrodent
beiharfed bdclatcstheidevbiatiiratmel Aonedbt nemeton theollsmted fof further
Mattson et al. (J. Neurosci., 12:376-389, 1992)

| pgé cafres futter breafrbobfihd PrédentPihessnise e hBat from the
excitatory neurotransmtter glutamate, causes an

[ j :nat-hal ogi ¢al . [ 14 I
PR R A8 Bt d b FEPRRARic TR AR, WP uater and
cell through its. greatly increased second nessenger
EombREI QL b rt BB APPSR EHEL Ay o) d

production and b-anyl oi d deposition, there exists )
robust acti VBgiobie@d$ andraduandagns ohliennepent mvaption will be
brai n, including production of pro inflammtory

ciurthier appremaled ouight phthedoliavedng detatled deandptmoamdidrawings,
b-anyl oi d deposits (McGeer et al., J . Leukocyte
Birolvhich65: 409- 15, 1999). Activation of the brain's
resident innate immune cells, the mcroglia, is

t BRYEPIDE SCREPTRIN G THE DRAWINGSSI 0 this i nf | ammatory
t as

cascade. een denonstrated that reactive
mcroglia p Qs nf |l ammat ory.. cyt okj.nes uch as
"1 st or 5 b O 8RO ELAYs ARuRa RS RELRRSH B e
as al pha- 1-antichynotrypsin,transform ng growh

f HEEGIN the RIBBENIBYRHBL N E and conpl ement factors, all

of whi ch have been shown to be localized to b-anyl oid

pl aques andFt@. Pisomotassisestghaliview odgoembatioens af thenfeed
or maturation (Nilsson et al., J . Neurosci.

2%edtg- 5, 2001), and which at high levels pronote

neur odegener ati on. Epi dem ol ogi cal studi es have shown
that patients




usi ng non-steroidal anti-inflammtory drugs (NSAI DS)

have as nmuch as a 50% reduced risk for AD (Rogers et
wW@bkeo7/100r obi ol . Aging 17:681-6, 1996), and poRCFOB20DE0A3138

eval uati on of AD patients who have undergone NSAI D

treatment has denonstrated that risk reduction is

associ ated with di mi ni shed ninbers of activated

m croglia (Mackenzie et al., Neurol ogy 50:986- 90,

1998) . Furt Rz, 3vkensdhpndtits elaviationabvisnuskanudiernater feed

Al zhei mer' s di sease, are given an NSAID (i buprofen),

t begnaahgal s show reduction in b-anyloid deposits,

astrocytosis, and dystrophic neurites correlating with

d d gt ogli tiuat | liry imen
Neur osor - 20874t By PSR S BB Hoghin i embosiment

tr@(gtrr%{%éo ADis limted. However, there are
sBVRY ,' oS approved by the FDA to inprove or

stabilize sEnpt ons_ of ADI(I'ﬁEI zhei mer' s Di sease

VP& TAILEBRESLRIPIHAN; OF THE INYEDAYON, S. Depart ment  of
Heal th and Human Services), including Aricept(r)
(donepezi | ) AsEstedvom (diagramimatitallgninnE)GS R apd (18, syn gas
(gal ant am ne) Cognex(r) (tacrine) and Nanenda (r)

(remRpt 1 enclutie ef ffeed Ssautioh NMENYwiBEN JEomiURedtEY With a
use is small (Tariot et al., JAMVA (2004), 291 :

SHEra el aeBRg 94 PGB sObBEHrtofr 10, e
e I T

deposi tion using nilvadi pi ne, as wells as nethods of

dﬁ%@ﬂé&qrﬁd 8@}%@%%&@%& gogled dltaresle a96 collestag for use.

ni | vadi pi ne. N nodi pi ne has been studied for the

treat ment oAsdeiemni mprermiarieulaty dh. FIGS. 1NaodaR, the feed

Transm . (1995) 46: 439- 453; and Forette et al.

Leoctiin (1R9%ludé?:a hidpped BBLhavifiP b0l abyeretd, avhieh @frects

capacitative calciumentry (CCE) through the

| depdnddeontifasd %?@ﬁﬁmosfbeefcq@ IETREaRE] &hpmber 42 is
s tha , has

st ore-operated cal ci um channe t nediate
EhaRaES s le WS ad e AR BB Bl heon 14

P%gl ica iogﬁl&. 2g020.01594+ &Febr uart\)/ 7, 2002)

dPeeYe<he RGHOR gF # HeY/inHEGRINSHPPRE 4P which supports a
neur odegenerati ve di sease such as AD invol vi n%
adeinpRstRg ioyinder 4Gedrsignec o i forem faed anaterial from the feed
potentiating CCE. [0011] There continues to be a need

t ohamibaet 42 jnto thfaeddabe hat Thardedd adle 4hadedx ardaliraper 50,
progressi on of brain degeneration which is a hallmrk

ofvhRA cOMBILRidatENQid paRaRM2 AfltHea8eS aliAMh Addtion 14. A

production and the concomnitant b-anyloid deposition,

SRR A BRAT S BREKc) pen e B PaF elymper 20
uhi ch 15 scahe PRVAB AP0 SRRS R AS OB PG Raption

are conpounds that are useful in nmethods for the _
t Feamher 56 P8 lsuukies Eachoeastiachambetin i casuknicatipo with
of Al zheinmer's anyloid. [0013] In one enbodi nent,

pthey heeidreastian chapdend EsichFeantiba chaotbea isclides estaeger 64
or prodrug

which is adapted to force the feed material through the respective

chambers 56-62 to feed auger 70. The augers 64, in turn, are operated by
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thereof: Formula I or a conpound of Fornmula Il or a
salt, ester or prodrug thereof: Fornmula Il wherein: n

WO 2003/103¢7Dr 5; R is optionally substituted al kpCT/U82097/063138

met hyl, ethyl, isopropyl, butyl, isobutyl; optionally
substituted al kenyl; optionally substituted al kynyl;
optional ly substituted cycloﬁ1ky|; optionally
substituted heteroal kyl; optionally substituted aryl;
oFOIQEH8.y Theviead: avesr Hecervayyicatesr wishtthe faed yductor 72.
substituted acyl; and Amis the residue of an am ne,
sBtdaradroam acgicamnaddtgr g6 botdted tirdumlacy| 7anisrietrpd@det] inktm an
one enbodi nent, conpounds provided herein include the

f edhictor MR throdgh e Mt 071 Ovhid efdredse nmigbfigldsydidconically
treating a di sease associated with cerebral

SFHRA Bt 98,8 nRrBHAPLS 46, BB Gin s
o s e g RS EHULEES R Shbe A AR EBABlRln B

conmpound of Formula I, 11, IIl or IV as disclosed

hef elenunt 6016in Faditigattadhe fagction 18ndhe fvo@cadneiudes steam
i ncl ude one or nore of reducing b-anyloid production,
bheatel ¢6drdegersiraicos 1 8mrany0.o Codriauationoxitiet 89 directs heated
(i ncludi ng abnormal hyper phosphoryl ation of tau) and

b r gldevsigiizARausacng! whiskeasestunayicometiedtes! with a
accunul ati on of Al zheiner's anyloid, such as AD, are

Cpretidefer O QMICHRiiBtel) BbAARIABARS R 4 sipman i as, it

: contenpl ated that the duration of treatnent vvithfat
up o the | PPt ot SRBN RS 36 R irepiBuieb e p g fhich

anot her enbodi ment, ;a Jrethod i s provided. fo reatin
aCOMERNEA1ES ¥y %G{LE%O"vﬁ wage? §§r d‘{” ae@@}ﬂwreaé‘ﬁ %ﬂmdﬁad%r 16
Al zheiner' s anyl oid, conprising admnistering to the
altiagigito the frshpartigulateseparatard8l ISeperates 1 8 includraumgasputlet
at | east one conpound di scl osed herein, or a salt,
efiteBSavhigh,ddturg, idaeiseothe Beadrel phitigulabe sapdrawe 20genhe 91
opposes the pat hophysi ol ogi cal effects of the cerebral
AQFEA| s RIN Qb p A ABEROTR 2 SuBhYh BlidetoRBE WHIMh df&éts gas and
exanpl € reduce b-anyl oid production, b-anyloid

q i on. b . ; g dlear

ARSI Re o G dRABARER IS 0 e apiohyedugior 00
di sease. [0018], I p anqt her enbodi ment, a di agnhostic
wglcﬁgf?sf%{“’a rd}’@égg%ggssoci ated with cerebral

accunmul ation of Al zheiner's anyloid in an animl or
human is pr dUpdR@NCE dapk B8iithg Jasakates ol separator and includes
measur enent of plasma, urine, serum whol e blood, or

c argalsrauitles 4 raatdruivde{ @5Bhd edageihbutiet 9 THe tar anlieoddl as
in the peripheral circulation of the animal or human;

agRbRh skl Ra puth PP hichlieytsethf a6l 8il @0WaL1 020 line 55
unit dosage formof at |east one activeconpound

di sl : Y POt
. ust L@%ﬁ%tag?gnﬁ'o‘éﬂlurﬂg%fﬁb. THéQPét‘étQ ﬁ}l'tiﬁg%g' z*sé‘;‘%l:u('r)é/ncged through

ere e anli or human;

@ﬁgg@ﬁgﬁﬁ% f? 8\'«%%"%%31%“ whol e bl ood, urine or

The gas outlet 94 in turm leads o a second quencher
eductor 114, which includes a water inlet 116 directed from tank 117. The

guench eductor outlet 118 in turn leads o a secondary quencher 120. The
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b-anyloid in the peripheral circulation of the ani nal
or human; and cal cul ating the difference between the

wo peogtiodreasur enent and t he second neasur enment , POMESE0TI063138

a change in the plasma, serum whol e bl ood, urine or

CSF concentration of b-anyloid in the second

measur ement conpared to the-Ptrst nmeasurenent, such as
an increase or decrease in concentration, indicates a
passndhes 1@0dgeivdes aofatar ditdd22 asbaghaveatieim 24 which leads

- cerebral accunul ation of Al zheinmer's anyloid in the

att aguenth Borowber 10619] I n a further enbodi ment, a
met hod is provided for treati ng traumatic brain

injury, conmphb $idigr @\# @éd@ﬁ) Watek NG a0EA tuﬂ{ leading to

human a therapeutic ectlve anount 1 n un
of TR A, ?h_%huﬁ%ﬁ%w&%#f%@ qdq?%a?\&éﬁeseda%‘%wmh

the admnistrafi of th actlveaent begi ns

i HRR%IICA ergn f*gbi g&ﬁ Saspﬁﬁeﬁ Tafromthe QHﬁ@C'gﬁ%fé'@Pﬁéﬁ?f? leads
t he conpound reduces the risk of b-anyloid production,
Alp debdshtwhereimadigl el 138us stirected ty aawefesrfilter 137 which
m crogliosis. [0020] The conpound optionally is one

t rexhovas waterl 1Ay gasduttels140 oy Gitet 1B700sdsao thy padduct gas
| east about 5% 10% 15% 20% 25% 30% or 50% in

Cgbdtort Mg, m&é%@t@%‘auéﬂ’s@qe@dé ViadmRM 28 RS PRh. 1RE The
msasured for exanp e in a culture nmedium conpri sing

?(I:cgﬁiaih% 11{60\‘?]'3&1 %%e%%%é%é&%pdﬂw@e?fﬂ@%ﬁ%h|ch also

y re anylo on

pro t| on t O a AB

s maten it 1 R0THIFS Gt Oastb ane bed 13 0ning 128,
fragrrent thereof. [0022] Optionally, the cells are
Chhaeas Rutiet 452 o diiecied e a wamrseesasxpbeANdARP7EI, to a
or are selected from human neuronal precursor cells
( bidRGper pH6 bmromaove tasiduadivatemarheastrubbgt £56 includes a water
neur obl astoma cells; human brain m crovascul ar

epdaéiheda alredted nate}thémﬁehwr@m OF mAUERH WHTBH lins adi4 Camdia gas
endothelial cells (HUVEC). [0023] In one enbodi nen

SRR A ishabet o sooge el b o
per unit dﬁe. Optional Iy pharmaceutical fornulations
ﬁ?‘?pg'ﬁ he corrpounds are pr OVI ded t hat cont al n,

e.g. 7- 3000 ng,  or, , or 100-50
active conpBuRtgke| E@M?tefh‘@‘eﬁ- r?é}Oa&%aﬁs &althg %#fﬁéc"taln{ﬁé 08.
anount of conpound that is admnistered, e.g., in unit

ddbageateoimtank 468 rmainsciosulatentunsugtt ahi cmt'mmmwa’nelatreatment
cerebral anyl oi dogeni c di sease or suffering froma

t Eaumjs‘ Q@O’r adgpdndiing Yon ase Wedrtic@ar adaieni &refitechsd Ofuch as

e purpose of determning the risk of devel oping

aHQ:‘ones@ a(ﬁldatggcp,ﬁés of a cerebral anyl oi dogenic disease
in an ani mal or human, can range fromfor exanple from

about 0. 05
day  about 4*‘4“5*%"%'%@%?9@@@%&@%@5? %&%@*‘%@2@ téfidem
The daily i n,.one enbodi nent can
agﬁf’ R 25 &C; %8' ?ﬁ%ﬁ g"tSFﬁ Pakﬂ%%CBF‘W%O&%‘&t iZPowhich s
two, three or four unit doses per day.
directed to T 212. One line from T 212 is directed to a first pump 214.
Pump 214 directs the water through line 213, a filter 216 and, subsequently,

to a cooler 218 which directs chilled water back to tank 108. The second
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[ 0025] The di sease associated with cerebral
accunul ati on of Al zheiner's anyloid is for exanple,

wWOo\R@nadater ' s di sease, cerebral anyl oi d angi opak¢lUS2007/063138

hereditary cerebral henorrhage wth anyl oi dosis
Dutch-type, other fornms of famlial Al zhei mer's

di sease and fanilial cerebraf-Al zheiner's anyl oid

angi opat hy. Cerebral anyl oi dogeni c di seases that can
béing 2EAtieun dr2 W iegliestet! tng sadend T &26nvkishidirects a portion of
spongi f or m encephal opat hy, scrapie, traumatic brain

| Wateyto & eeednicapumipy228 dhivhodiesas fito 2afithk 117, which, in turn,
Ger st mann- St r aussl er - Schei nker syndrome. BRI EF

graph Shoutng {he el Tect o conaoies trag - {RERER 21

graph showi ng the ef

1 I t APP Chi. n

110 8H 60 SR it 4 Vet FonmbRars gur o

2 is a bar aph show the effect of 10 conpounds at
different c h ERPRER! P%ﬁg e NS’; C&@ HpsdeAteoseRipn Al wiich
APP751 CHO cells. [0028] Figure 3 is a graph show ng

t Hilizerst extaust gawr thaishas pasaedidram thel furdage otildhrough the
by 7WW APP75 1CHO cells at various concentrations.

[ 6eedhtilFagonsedtiors 14 th pretgrat platatfonitegste b ehbartiephs weil
various conpounds on Abl -42 production by 7/WW APP751

CHO cofttustiah altdbi HHSbGRHRF 78! M'id eR%audt W3R luMa8E & Ba ses
is a bar graph showi ng the effect of various conpounds

Sy AR A0 154 Py
o ”&qr%%ﬁ%”ﬁhebiér%ﬁa%‘%%rrﬁ%%’mé@b AP B A

in Vvivo exper| ment. [0032] Figure 7 is a bar gra ph

s AslRnizgdbyaienthipueh theprebeates seetiomipraiah inb346 t/besteam
after treatnment with conpounds 1-52C and 1-76D in an

i heaiey d6exd blowesR500E Lislet ED iMERCRICPAT Yo g0 333 preheater 81.
Provi ded are conpounds that can decrease b-anyl oid

PR tdxhaustad vedmme 28 16 euifera®d can be used in the
di agnosis and treatnment of di seases associated with

the accumul g 'ogﬁréilfonb fagy! QPgl%id“s g[]%)’lkgé'aéc?a! s mtrogduced

Compounds and armadedtica sit1ons con‘p

BB R R, U here? [AGgh ESpBA by inder 40

eneratlon that is a hallnmark of certain
d?@@g% JE%&%Y%W@%W%M%E»&P ia@@iﬂﬁmaer &h. the feed is

Al zhei ner's anyl oid, such as Al zheiner's di sease (AD),
i foraed mﬁbsthandmmtwastaommmn i1énsCllasx] 4Rsappiies sufficient
herein, the term"Al zheinmer's anyloid" is defined as a

bpassLiss th eompresache fbeagnamtial Hed drige fout re¥&n@It Bssociated
proteolytically derived fromanyl oid precursor protein

(ifkhe RdRrAREral R8N 12C26lpéiR u
for exanple, ou;é t 0@43 or B %F%gér'n?mslf&%g' Bfercomes
any pressure from the devolatilization section and causes the feed material
to act as a seal between the feed section12 and devolatilization section 14.

This removes air from the feed and prevents introduction of unwanted

oxygen into the devolatilization zone.
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consecutive am no acids of the b-anyloid sequence. As
used herein, the terns "b-anyloid," "b-anyloid

W@e@radaT’1 and " Ab" are used interchangeably w BEI/US2007/063138

Al zheimer's anyloid that accunul ates cerebrally in an
ani mal or hunan. [0035] As used herein the phrase a

cel | that "overexpresses APP7or fragment thereof

refers to a cell that overexpresses an anyl oid

precursor pfogei §4 rces dbgrdaedt thepueg | chﬁﬁmer:a rbtofig. The
preferred enbodi nent, includes a b-anyloid sequence
adevdlatlizhtign sexctien &Ms: méthvadewer teaperaterec Bfdt dhimatber 56,
overexpresses APP or a fragnent thereof preferably

em&%&&g @ﬁlgﬁ%?t@ﬁﬁoérfaﬁﬂ@%’etcohb AhafibdrHat ard, o8l %ﬁ‘msa hiﬁher
i

b-anyloid in the ce which it is expressed

ﬁ%&qﬁﬁgtﬂsrtﬁﬁrﬂ 60 '&%dﬂ%ﬁ%ﬁi‘y h%'n%ﬁ&emrﬁ frﬁ?e?ﬁtures of the

di Sease assocl cere

accu | ation of Al z 0 The term
wppeR &84S crenspShaTihe ardBy Bt éebaeeteﬂ?@aoes not
|ncludes a saturated straight, branched, or cyclic,
pfaaeir4p0°feuniillraxyasn in tie fesdymatatiob teadserin omiercbge prevent
and specifically includes nmethyl, ethyl, propyl,
i pooiysisy |, Ganeralfy, oftnel ,fir&jureaqtiohs«:bamhe,r wﬁblhavysl an initial
tbutyl, pentyl, cyclopentyl, isopentyl, neopentyl,
h@m;beramehﬁwbut 100e |F0W&Kw|e firel eleo BRI ATRINSECtioh Pt 000° F
cycl oheptyl, octyl, cyclo octyl, dodecyl, tridecyl,

p ?9?9%,' freb %Q?%#n mﬁlﬁ‘é‘a Pl ’beﬂﬂ% tH@‘f@éd 'reeéﬁvé%re? pBH%n of
a

y group is erence as bei ng optlona
j#} \}gﬁ‘a&‘f’%“@rﬁ‘%@ﬁﬂ‘ﬁp%ﬁ%ﬁ@iéo‘%ﬁo rbet% %%g?u&e %f tseedctron

ro amn | am no, arylam ng, al kox

K‘y‘? %)ileﬁlttyrlg,s pwgﬂ!@y tosexhayst @I%F@ 805@ yvg{i @s surface area
het erocycle, phenyl, aryl, phosphonlc aci d, phosphat e,
oan@esisleonatiemeei i‘herpmmtﬁ‘eeﬁf@@utha)n‘eqﬂ ditle tAdddl through the
necessary, as known to those skilled in the art, for
eganpibtiizationtseietion 14ns @beentls psigal ., Protective
Goups in Oganic Synthesis , John Wley and Sons,
Second Edi tirga, en%lgg%du&%x@tmg Fré‘r?a%@‘lie%?a%h%ﬁon section 14 is

reference. [0038] The ter ower al , as use

Py, 0 s SN S e
e B T LSRR B 22 tcom o

otherMAse speci fied, includes an ar¥ roup linked to

t Rteanbhestare’q isr diceptiednintal togl edasan /2] gﬂm?emheraﬁt@emf the
"al karyl" as used herein unless otherw se specified,

i stdlandshoall i kepbutyd HOEP Fiaﬂdethet prddseranyd abmhte12$npehgﬁ'he
an aryl group. [0041] The term"aryl ether"” as herein

uphgs®r HMaENHS® HBeSToFhBHredchs! 1608e R e ngg"a%w created
linked to the nol ecul e through an ether group.” [ 0042]

The tltnefelrg%ct%l % { Ehr%%cto?stlehﬁf ‘?ét'ﬁré‘rl% qﬁire%%?&rtp”h@%ater than

Speci I ncl’'udés an al group

HLARRUE R g & ol BB Apdion

i ncl udes an ryI
of the reactant flow in reactor 16 can be directed through line 253 {o an inlet

immediately upstream of feed auger 70 to carry solids at low flow or feed

rates.
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group linked to the nol ecul e through a sul fur. [0044]
The term "al kyl thioether" as herein unless otherw se

w@pweibéized, includes an al kyl group |inked to RPEEUS2007/063138

nol ecul e through a sul fur. [0045] The term "am no"
includes an "-N(R )2" group, and includes primary

am nes, and secondary and teBtiary amines which is
optionally substituted for exanple with al kyl, aryl,

het er cycl e, Thadeaetiaupfasugt fpmoupsctoThils  ashRand Zymagas, is
include, but is not limted to, two hydrogens, a

hytidsstgé noangtiene abkytatord Ty A0, adcraar@nydated within the
hydrogen and an al kenyl, two al kyls two aryls, two

afdfﬁéb’é $7 mnﬁésﬂfﬁéln gk e ﬁgg%wperé’tﬂ?ﬁ Rk Kiyd ré‘é@cop% of

aryl, or one aryl one a nyl . '[0046] Wenever

{ﬁg%ﬁéﬁfa%ﬁﬁ@"‘%ﬁﬁﬁ% %p}véﬁ%frga§e$“ﬁ AR Bl BFinEiAEh from the

. As no |mt|n exanpl e, term” ,1O

1on ip@‘ﬁ%sﬁlb%@éﬁ Igracied gﬁfﬁgéﬁéﬁ‘é‘ Wh'cﬁé%"e the
menber of the grou such that, for exanple, Cl- Co
adsly Into dey ael@bmt?‘& gt 24 méthokie permittingheyregas to escape the
appropriate cyclic C1, C2, CG3, 4, ¢c, C, C7, C8, (9
aggbt€hO al kyl functionalities. [0047] The term "am do"
includes a noiety represented by the structure

-C(ONR  hgerp a@s%§tmo§§h 8BYarafsle n%rmmda Xhé BGh 4Es flows

H, al kyl, alkenyl and ar that is optionally

S\Vfgsiﬁ”xetéﬂt ﬁ‘gn{ ﬁ\%dfﬁ}na-@% 0 cﬁ.{gzﬁgh%ﬁﬂ{c B%dan@ﬁugﬁ ﬁ%ﬁ{ ,§§%“d

unl'ess Erwl S€ a group 't

0 an at uch nit r .
PGS R So0E B pBORY LR By kB Romdank BBt o 1¢8esi
ther pur poses. A w de variety of oxygen and nitrogen
pf Be demnegatre isthar wat@ﬁdmmtan}é 1P 4% corfrplied bynradigulation
art of organic synthesis. [0049] The term"aryl", as
uthedugie romoiing doden218sand i erefiesably pemiut i 908, Fi nTheidpsench
a stable nonocyclic, bicyclic, or tricyclic carbon
r bl 88 fngHﬂaté@ it AREDRER Bn€@ah ThaWatan® akedtedBack to
one ring being ar OITB.tI C. Exarrpl es include, but are not
t phenyl, biphenyl, or naphthyl.

dnrkeﬁghe%eréég?; as bei ng opti onal Iy substituted, the

aryl group n be

noi eties in ﬁtﬂq‘?gr?sr?gﬁaéé (Cﬁreﬁ cl;frogmhgrg)uertﬁ?bﬁ%\k {6 to a

i odo), hydroxy, am na, alkylam ng | am no, al koxy,
a??‘l‘%@/quﬁﬂ‘f*’r Sduét%ﬁé“ S %t@hﬁﬁzggl%ﬁ' f'%“l‘ ﬂ%ﬂ‘@w is used to

phosphoni ¢ aci d, phosphate, or phosphonate, either
uhypther ecpbthe syn gesttocttedit ¥0°heteBapyi, @billkn@3A is ased to
those skilled in the art, for exanple, as taught in

Ceg@bish tHe whter tQﬁFé@@Lﬁ eVt B0t BEOF .NTRE gabled gas flows to the
Synt hesis, John Wley and Sons, Second Edition, 1991.

[ %?or ld Tgauéﬁér{er 12@'“91@ 564 W%\%Pgﬁfcﬁrrggg {48488t tank 108,

rono and uor o erm

g8 St she et hod t@%ﬁ?ﬂ%ﬁ‘%@g@é@ﬁ?@daﬁm g water
SRS Semanohgne JBaye o d@in roiheges ahalis ghehgd through
?tlonally substituted, the alkenyl group can be
iiters 137 and 148. The gas from filter 137 is collected for use. The gas
frpm filter 148 is fed back to the burner 78 which fuels the furnace. For initial

start up, a separate fuel source can be used.
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optionally substituted in the sane nmanner as descri bed
above for the al kyl groups. [0052] The term "al kynyl "

WO p@aeBsst a C2-22 straight or branched hydr ocap@DOS201/663138

at least one triple bond. Were indicated as being
optionally substituted, the al kynyl group can be
optionally substituted in th® sanme manner as descri bed
above for the al kyl groups. [0053] The term "al koxy"

i ncl udes a Hniaﬁemabefetelﬁbr%ﬁia:shnm m(BZIS()BIanc[@GBQI@derZSO
The term "heterocycle” or "heterocyclic" includes a

smicludaisesl matagial Hogat5DhagingM&tiesd slugll 253 1badifg to feed
nmenber ed nonocyclic or 8 to 1 1 nenbered bicyclic

hgines 5%y Hlele tﬁh%st PRludeens b etedy gﬁag@&é&@g @m%raf@b The

from one to three heteroatons In

nd wherein th
STELETRA . e, Mgt ficBp ot ES P8BSl 2882 o the
and/ or _the nitrogen atons quarternized and incl uding
aﬁ?"@?@?@fmpe S&PB‘%‘;‘J"f‘n whi ch any of the above-defined
heterocyclic rings is fused to a benzene ring. The
het er ocycl i 8sshagnnnyiGe datheastrew 258 hay shaawy shafoab6rnd
carbon atom which results in the creation of a stable

st helitalbtadd\0B8.i Thé dnigr ekangtbesf iSladd 268 FreerHS congtanifdhile
i nclude pyrrolyl, pyrim.dyl, pyridinyl, imdazolyl,

P @tﬁhaeté%faayéﬁ 2@3@@%@5&3 ﬁ?ﬁzﬁleyﬁi:et 'rtgldl?{‘?zo to the outlet

|sooxazolyl I ndol yl, 1soi ndo

yI t of ur.an .
BPEhER %Wf%éﬂre%%%%s @%dé% bEhetha] Ghak] 245, nd inlet
term"acy i.ncludes a .gro f the fo la R C(
wWhbEe i % ng’uere?ya Cﬁm%?s%g%tﬁﬁgi g‘?ﬁé VBP%'E‘@ &p iofs d‘?%qqdc into
substituted or unsubstituted alk or aryl [ 0056] The
t apparafiiss10. ImysesitSh%rrreferably é cormeasios is preferred.
speci fi ed, i ncl udes nmammal s (e.g., cats, dogs, horses,
m ce, etc. )-Thhs:,rthesp,remnté]t»lwltionrr@anhamsdifﬂererﬁe'mpecﬁvements
treatnment, all of which can be treated or diagnosed

Ugria anl‘tﬂ;e%b@fﬂéeﬁ@ﬁéf ih@%ﬂoﬁéﬁ@b&cids@@% KidhSert @ 9Npatent

“"treatnment” as used ‘herein includes any manner 1 n

(D B3 COmBRERIR] tnbitEed UFPS OO (Bluaidt P AR s an infe
axed: Pt e dinhefe e il bl AR B iRy Aty o6 to%“'Fepnor

i ncludes salts of active conpounds which are repared

wic Rdditipgt ¢fvellegm dRpeves thei @@Clemnérpfctbﬁp@waﬁ reaetien @nd
relatively basic functionalities, acid addition salts
cingrdmsestiharaentiobyateo Byacaintagning é’lmmnarrators orthedérnageland
compounds with a sufficient anobunt of the desired

agiathtaRind efeinedhperatife, urtiditad! abhiedd av@la@iled, and, in
Exanpl es of pharmaceuti cal | y acceptabl e acid addition

eéﬁ%u Cbé’l‘ﬂ)‘%nt@ sl bﬁeﬂeféﬁﬁ%r‘aﬂg %msﬁmﬂfédjs Tk apid

rochloric, robromec, nitr
%H%ﬂ%ﬂﬁ@%iﬁé% S?/ﬁh%% ERGRR oGk birthes ygids any unwanted
sul furi nvno dro ensulfurlc hydri odi c, or
SRR AR QAR HOdUFIe. aa wel | 95 the salts

deri ved from rel atively nontoxic organic acids |ike

‘acetic, prophedias, bamwmpn whfhes presend iongrtjon along with

oxalic, benzoi c, succinic, suberic, fumaric, nandelic,
ptﬂdﬂpkéferrebeneﬁmelsuﬁ b:mitici,ngpﬂwbobrydsent framintionci Holever, the



tartaric, nethanesulfonic, and the like. Al so included
are salts of amno acids such as arginate and the

wo pdog/108md salts of organic acids |ike gl ucur oPETYUS2007/063138
gal actunoric acids and the |ike (see, for exanple,
Berge, S. M, et al, "Pharmaceutical Salts", Journa
of Pharnmaceutical Science, 1911, 66, 1-19). The
neutral forns of the conmpounds nmay be regenerated by
cioneatien itep!t slowdionwbe defindédiby tbe aapeddaddlaiss| WHBGEIN
the parent conpound in- the conventional manner. The
phatLaageutical ly acceptable salt in one enbodinent is
a salt that is, within the scope of sound nedi ca
judgnment, suitable for use in contact with the tissues
of a host wi thout undue toxicity, irritation, allergic
response and the like, and is commensurate with a
reasonabl e benefit/risk ratio and effective for their
i ntended use. [0059] The term "pharnaceutically
acceptabl e esters"” as used herein, unless otherw se
specified, includes those esters of one or nore
compounds, which are, within the scope of sound
medi cal judgnment, suitable for use in contact with the
ti ssues of hosts wi thout undue toxicity, irritation,
al l ergic response and the |like, are comensurate with
a reasonabl e benefit/risk ratio, and are effective for
their intended use.[0060] The term "pharmaceutically
accept abl e prodrugs" as used herein, unless otherw se
specified, includes those prodrugs of one or nore
conmpounds of the conposition which are, with the scope
of sound nedi cal judgnent, suitable for use in contact
with the tissues of hosts w thout undue toxicity,
irritation, allergic response and the like, are
conmensurate with a reasonable benefit/risk ratio, and
are effective for their intended use. Pharmaceutically
accept abl e prodrugs also include zwitterionic forns,
wher e possi bl e, of one or nore conpounds of the
conmposition. The term "prodrug" includes conpounds
that are rapidly transformed in vivo to yield the
parent conpound, for exanple by hydrolysis in blood.
[0061] The term "enantionerically enriched", as used
herein, refers to a conpound that is a m xture of
enanti omers in which one enantioner is present in
excess, and preferably present to the extent of 95% or
nore, and nore preferably 98% or nore, including 100%
[0062] The term "optionally substituted,” as used
herein, includes substituted and unsubstituted.
Wherein a group is referenced as "optionally
substituted" the group may be optionally substituted
with e.g., halogen, hydroxyl, am no, alkylester,
arylester, silylester, alkylamno, arylamno,
al kyl am do, aryl am do, al koxy, aryloxy, nitro, cyano,
al kenyl, al kynyl, heterocycles, sulfonic acid,
sul fate, phosphonic acid, phosphate, boronic acid, or
borat e. Conmpounds [0063] A variety of conpounds are
provi ded as di scl osed herein and bel ow, which in one
enbodi nent can be used in nmethods descri bed herein,
including the treatnment or diagnosis of



di seases associated with cerebral accunul ati on of
Al zhei mer's anyl oid. [0064] Exenpl ary conpounds

w0 p@7aeBs7a conpound of Formula | or a phar naceR€T/Us100y063138
acceptable salt, ester or prodrug thereof: Formula I
or a compound of Fornmula Il or a pharmaceutically
acceptable salt, ester or pflddrug.thereof: Fornul a I
wherein: nis 3, 4 or 5; Ris optionally substituted
alkyl, e.g., Arettethod evhyfeedisppramdnackotuy! ,material to a
I sobutyl; optionally substituted al kenyl; optionally

suBed)itilizbaen aééfdtayb@mgﬁgmgna! |y substituted
cycl oal kyl ; optionall stituted heteroal kyl;

optional | y ﬁ%ﬁbbuhpts%ﬁ’d éé%bna?@c%soﬁm%'téﬁaﬁé‘%%{e& gbﬁ
heteroaryl ;" or "ac oups | el ow
for Rin Table 1:. and .Am .
such as an GRTPEHIY @afglmt?r'%ﬂ%ﬁ'va%ﬁa A riglgna:
wherein Amis optionally selected fromone of the
groups | i stfefcing saghmateriehKite saiddevalatilzatipg reactor.
optionally selected fromthe groups listed in Table 3
bel ow. [0065] In another enbodi nent, a conpound of
Formula Il is provided: Formula Il wherein: nis 3,
4 or 5; and Amis a residue of an am ne, such as an
optionally substituted al kyl amne, or Amis
optionally selected fromthe groups |listed below in
Table 2 or 3. [0066] In one enbodi nent of a conpound
of Formula | or Il, Ris selected fromthe groups
listed below in Table 1. METHOD AND APPARATUS FOR
PRODUCI NG SYNTHESI S GAS FROM WASTE MATERI ALS
BACKGROUND OF THE | NVENTI ON Car bonaceous material can
be reacted with steam at el evated tenperatures to form
syn gas, which is a conbination of carbon nonoxi de and
hydrogen. As disclosed in U S. patent 6,863,878, if
the initial reaction reaches a tenperature greater

t han about 450 F before the avail able oxygen is
reacted, conbustion occurs. This produces unwanted
carbon di oxi de, ash and slag. To avoid this, as

di sclosed in U S. patent 6,863,878, the tenperature
must be maintained at 450 F until after the avail able
oxygen is reacted. SUMVARY OF THE | NVENTI ON



The present invention is prem sed on the realization

that syn gas can be produced nore efficiently by
wore@i7flgd7my t he process disclosed in U S. pat enPCT/US2007/063138

6, 863,878, the disclosure of which is hereby

i ncorporated by reference. In particular, the

car bonaceous material in thdZdevolatilization zone is

mai ntai ned at a tenperature |l ess than 450 F until al

o2 the avai Thélmethoggekimedrisactadd. 11whetedn moaspanting said

invention, this material is then raised to

atreitgred fdrvisea Sfbadetitlly HeQGight seribeevslavadidifédd Zate and said
zone prior to being conmbined with steamto formthe

SM@V&QﬁIriaﬁom?aétSﬁor mer reactor. Fromthe reforner
react or ormed syn gas passes through a series of
particul ate separators to renove any forned ash. These
separators are naintained at a tenperature greater
than 1500 F,_ by hou emijin the ane f ur.nac

IR e W R T L
whi ch can occur when the syn gas cools, and avoids
cadig eampactettpatatial betwaspaeid gas tightseslandgaid tieveletilization
separator is rapidly quenched to a tenperature well
bedaptorl000 F, preferably to a tenperature of about 120
F. At this tenperature, the syn gas is stable and w It
not form carbon deposits or allow unwanted reactions.
At the sane tine the material is cool ed, preferably in
ayauencher , ragY skt dln Blaifl | ik SEPaLAEahaRbeous
elther fed bacCk evol a zati on zone f0O

%@E %n or coll é for further use. In a further

RDFOREPFPESEHT 20 AVEREi on, the heat from the

devoi atiiization zone is direct ed to a preheater
section where water and conbustion air are circul ated
to recover residual heat. The objects and advant ages
0b. t he preséhe methedtéiaimad il claémf Lmheeeinaprid exairboratecus
in light of the follow ng detail ed description and
drratérmgss chmpydyset wiRh FAmDESCRI PTI ON OF THE DRAW NGS
FIG 1A and 1B are diagrammtic depictions of the
apparatus used in the present invention; FIG 2 is a
cross sectional view of an enbodi rrent of the feed

ct| on; Fl t| anal

ter nat e fGEBa r'g%t@pp herr%glqu |‘@ez£e’ﬂ| %ﬁ{ O&P%FCGOUS

an auger. used in the enbodi nent shown in FIG 3.

DIEA¢iRtis pROLFEISEA R ableantd O NENTI ON

7. The method claimed in claim 6 wherein said carbonaceous

material is coal.
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As shown diagranmatically in FIGS. 1A and 1B, syn gas
facility 10 includes a feed section 12 which

w@ewmes7cat es with a devol atilizati on secti on B&I/UB2007/063138

turn connected to a reformer reactor 16. The reactor

16 is designed to produce syn gas which passes through
particul ate separators 18 afid-20. The gas i s cool ed,
filtered, and collected for use. As shown nore

parti cul ar | ) methBd@s.fortniagdyd gashmrpegingect i on 12

i ncl udes a hopper 38 having an auger 40, which directs
cabonaceousintregdcifgla®fariddndceolis esbEhatdhes idda djébélaflﬁ;_&éilon
chanber 42 is connected to a feed tube 44 which | eads

t ddis- devoi atilization section 14. Above the feed

“section is a cylindrical support 48 Mhich supports a

conpacti ng esi mat.eri al
Fromthe | eOte UG REgr CargomREE ol B ‘%'Lﬂ!é Rahe Sente of
feed tube 44 |eads to a dejunper 50 W

c8 ieuees 19 %f'ﬁ%s@%‘éeréﬁ”? Jelow %ﬁﬂxof &mtﬂ ispistaspially all
section 14. A gate valve 53 prevents backfl ow through

| DxiegeBoinf seadrfetsl taparral BOreaThasd;devol atiii zati on section
14 includes four cylindrical reaction chanbers

56, 58, 60 andu@ééqué&tlﬂ heatied sail cdrdohetedus fled material in the
connunication with the next reaction chanmber. Each

f r
" 8864 LIGEBAaNIRHKAR A BIRNER of St 16 MpBAABIAGF ot

eed materi al rough respectlve

5 .0 feed auger 70. The augers 64, in
tG%gpggﬁg‘g%gf ted bynotors 68. The feed auger 70
communi cates with the feed eductor 72. Stean1fro
st eam heat e?Ubﬁ?qU@é‘ Y Rfiding fSieFACE 79aGtoNn RIOYHiC @m said
into an eductor 72 through steaminlet 74. This forces
neeerlptlizatipn| xweotsircamd yordnmsglsl Ireastions prasiudhetor g arefenmer
16, also located in furnace 77. The furnace 77
| redctsle sail fefisresr réBctan teatetbivobal s¢actor mm petature tol fonarsyn
80. In addition to the reactor 16, the furnace
| ggsudes steam heater 76 and separators 18 and 20.
Conmbustion outlet 80 directs heated air to
devol atiiization zone 14, which, in turn, comunicates
with a preheater 8 1 which ultimtely communi cates
wWth a stack 82. As shown, reforner reactor 16 is a
t ubul ar reactor which conmuni cates with eductor 72 via
fine 83. An outlet line 84 fromreactor 16 leads to
the first particul ate separator 18. Separator 18
i ncludes a gas outlet line 85 which, in turn, leads to
the second particul ate separator 20. Line 9 1 directs
gas from separator 20 to a quench eductor 86 which
directs gas and water through line 87 to a quench tank
88 (FIG 1B). The quench eductor 86



includes a water inlet line 89. The quench tank 88 is
a gas/water/oil separator and includes a gas outl et
w@2007a03%at er outlet 96 and a tar/oil outlet 98PCTH8200Z063138

outl et 98, as shown, |eads to a punp 100 which directs
tar and/or oil via line 102 to line 55 just upstream
of del unmper 50. The water oltfret 96 is directed.
through line 106 through a surge tank 108. The gas
o%t | et 94 i hhe methodelginedinglaiocdwheminhehtis pedvidedto said
114, which includes a water iniet 116 directed from
t dentoldtilizatidh eeagiemicm ed eghauistérdin & furhdBe hbusingBaldaatsmer
to a secondary quencher 120. Thequencher 120 I ncl udes
argiRtpr outlet 122 and a gas outlet 124, which | eads
to a quench scrubber 126. The water outlet 122 |eads
to water line 106, in turn |leading to surge tank 108. .
The quench scrubber 126 .includes a water outlet 128

ich goes to a drajn 130,. The utlet 132 fromthe
alsncn oor ube el flaiied iy suhersemarisng 4iaing syn
line 136 is directed to a water filter 137 which
r eapipasfirabpasticulAtezapasator anainonnge®id $YN @as inFripserasgtor
to the product gas section 142, and a water outlet 138
| alosksd véactbi leendet8ture. drain 130. The second |ine 146
fromT 134 is directed to a second water filter 148
whi ch al so includes a water outlet 150 which | eads
back to the drain 130 via line 128. The gas outlet 152
ig4directe r..154 o1l .1 o ok
sl bber 156" & BT IR i chnf 1 fulRel Lopribigrecting
156 includes @ wat er ogtlet %;8 dirﬁcteggta ei ther the
P ¥l HER oM RBIG,SRRATRIOT I AeWalpl ausngher Yheren galy syggas is
which is, in turn, directed to the burner 78 where it
i Birgdueed i sriwatRequencher &t 32id IRagicdempeTRIVES. i nl et
200 |l eads to the surge tank 108. The water in tank 108
can circulate through an optional water treatnent
package 204, depending on the particular water

copdi ti ons, Tise ehethsd hatidleess d@dieh 1 hdutthéecompashandirecting
108 i ncludes an outlet 206 which is directed to fandem

f ik ki . Ikt i
ol IOy PR Y S PP YA SRR o, g
2 [ i rec t i.r St 214. Punp 214 directs
craeoBebed EdfiotRe e, Mot BRI, 216 and.
subsequently, to a ¢cooler 2 18 which directs chilled

wat er back %'BQCE“é’l‘ﬂksai garvpRAaceUHIIH RpdIaniorg gﬁﬁdﬁ%ﬁi@ﬂ of
is directed to a second T 226 which directs a portion
osaidgteyplatiizafiotere@storpunp 228 which directs it to a
tank 117, which, in turn,

13. The method claimed in claim 11 wherein said syn gas is cooled

to a temperature less than 800° F in said quencher.



conmuni cates with a chiller 234. Third punp 230

directs water fromT 212 through Iine 89 into quench
we@adwenae7786, as previously described. The appar@r/lis2000063138

al so includes a preheater section 8 1 which utilizes

exhaust gas that has passed fromthe furnace 77

t hrough the devotatilizati oddsection 14 to preheat

water for the steamreactor 16, as weii as conbustion

‘al4. for thelteirmethodgclaimied axiciaist 1fir vimefeinnewd YN gas is

passes through exhaust plenum 80 to devol atiiization

séirddtedfrdrh sandifitshpartichlatuigdppafortss s@déhd partib@late separator
preheater section 8 1. Water inlet line 244 directs

d@hi‘éﬁ'@ a0V rﬁtaHHdoé‘lgier '?'Sa@cbﬁ‘E@rﬁb@l‘atﬁﬁé:térﬁf‘whﬂfé%‘g?s is

|ne 246 to t e steam heater 76. A blower 250 Is us

el BEHE P docb M 3B o R 50T ot on,

feed, such as pul verized coal, is introduced through
hopper 38 and feed section 12 where it is conpressed
by cylinder 46 and forced through valve 53 and |ine 55
to the delunper 50. The feed is forced into the

devol atiiization section 14. Cylinder 46 applies
sufficient pressure to conpress the feed material and
drive out nost air associated with the feed materi al,
generally 10-20 psi or greater. This force, overcones
any pressure fromthe devolatiiization section and
causes the feed material to act as a seal between the
feed section 12 and devol atiiization section 14. This
renoves air fromthe feed and prevents introduction of
unwant ed oxygen into the devolatiiization zone. Auger
64 forces the feed through chanbers 56-62. The

devol atilization section starts with a tower
tenperature first chanber 56, followed by a higher
tenperature second chanber 58 and, in turn, a higher
tenperature third 60 and fourth 64 chanber. The
tenperatures of the chanbers are designed so that the
tenperature of the feed material does not reach 450 F
until all oxygen in the feed material reacts, in order
to prevent pyroiysis. Cenerally, the first reaction
chanmber will have an initial tenperature of about 100
F,with the final devolatilization section at 1000 F
Most of the free oxygen will react well before the
feed reaches a portion of the devolatilization section
that is at 450 F. The tenperature of each section is
controlled by its proximty to exhaust plenum 80 as
wel | as surface area and residence tine. The pressure
fromthe feed tube 44 through the devolatilization
section 14 is about 125 psig.



The end product exiting fromthe devolatilization
section 14 is primarily char and gases |i berated

walenorngg7devol ati fi zati on. This end product is BPET/ES108T063138
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to the feed auger 70 | eading to steam eductor 72.

Steam from steam heater 76 is directed into the

eductor 72. The tenperature-bf-the steam shoul d be

about 1500 F and the pressure is about 125 psi. The
eddct or t he\ Ireeitodt of tthemingf synegas eaemprisih§ iedkicing a
the syn gas is created. In the reactor 16, the reactor

t eafsdraicebes ifsed Rtedd atlotzod@rstatiiRatibha8adibp0 F,
preferably about 1550 at a pressure of about 125

F
psig. A porte@fin %akr?ﬁgﬁﬁégéﬁﬁs%é&%ﬂ*%fﬁﬁﬁﬁ%@?%%gfémﬂaof

be directed throtugh to an in

URS o f ' 70 to carry solids at |ow flow
o?&&égﬁﬂig%gs. %gﬁwgg%v]%ﬁcgyoduct fromreactor 16,

ash and syn gas, is directed tao cyclone separators 18
2nd 20, whi GHeRlng FeASRBPave O iRed deviledizpHoaaactor t
mai ntai ned at the same tenperature of the reactor 16
ofa rghymer regcioraad Migpg sisam Séthesaid oeactast predugicand heating
renove the ash fromthe reaction product. The ash is
disa&t pedutbtcea geaco2éinpengtu?d B fdrnchyrmpas, the ash into
dry ash bins 245 and 247 without permtting syn gas to
escape the gysbffg sAllsih RRASR) @9ahtwéte]tse§§gcgggmé§eiﬁ%aid

and 20, the syn gas flows via tine 9 1 fr

whar e e EE ST e o1 SHRRHER To bRtk T

108 at about, 14 si. The tenperature of the ter in
Lank 108 1 5 ABRIRGRINGPSP SERISEREMIOE? e gar wherdin the
cooling tower 218 and is preferably about 90 F. The
qlempRrataitkoisRia spapas dsradueegde Jesmihen 8MREF.oi | . The
water is directed back to tank 108 and is reused. The
gas itself is then directed fromthe quench tank 88 to
a second quench eductor 114. Water at 200 psi from
tank 117 is used to further cool the syn gas to about
7Q0F at 125 psi. Chiller 234 is used to establish the
wat er tenperature at about 600F. The cool ed gas fl ows
to the secondary quencher 120 whi ch separates water,
directing it back to tank 108, and allows the gas to
flow to quench scrubber 126, again separating water
that is sent through Iine 128 to the drain fromthe
gas that is directed through filters 137 and 148. The
gas fromfitter 137 is collected for use. The gas from
filter 148 is fed back to the burner 78 which fuels
the furnace. For initia



start up, a separate fuel source can be used. An
alternate feeder 250 is shown in FIGS. 3 and 4. Feeder
wQa®7hessrudes a material hopper 252 having a fREHUS20gB063138
254 | eading to feed bin 256. Feed bin 256 includes a
screw 258 rotated by notor 260. The screw |l eads to
feed tube 44 whi ch connects-through outlet 262 to the
devol atilization section 14. As shown in FiG 4, the
sébew 258 hake anethbd ddiafad P6daimmd Sduttber camphisadedirecting
268. The outer dianeter of blade 268 remai ns constant
iyl fione sdidedRirehepfo 8RBaphraA&CandséBRaatg W28, 5. gas and
}Aﬂdllet porti oﬁcﬂ%{zo to the gutl et portﬁ% 2%2. Thig g
d H%ﬁ% the shaft 266 and inl et
tgﬁé 4 ?é?@iﬁﬁﬁé%?ﬁﬁgéﬁggpng the feed material as it
is forced into . apparatus 10. In use, 20-50% pr.eferabl
40% conpr es ST EFITRL At E#tePakeod i piagersl b Bfed 58ioh of
invegﬁion has many different inprovenents that inprove
t fRidggavoiattiaaiororeacky. process di scl osed in Kl epper
U S. patent 6,863,878. Conpressing the feed drives off
unwanted air and forns an inlet seal. Further, heating
the material in a devoiatilization zone to 1000 F
prior to addition of steaminproves the efficiency of
the overall reaction and increases the reaction rate.
By maintaining the separators in the furnace and
mai ntaining their tenperature, unwanted reactions are
avoi ded, and, in particular, carbon deposition on the
apparatus is mnimzed. The rapid quenching of the syn
gas reaction product further avoids any unwanted
carbon deposition or reaction products. This has been
a description of the present invention along with the
preferred nethod of practicing the present invention.
However, the.-J GO nvention itself should only be
defined by the appended clainms, WHEREIN | CLAIM1. A
nmet hod of feeding carbonaceous material to a
devol atilization reactor conprising introducing said
carbonaceous material to a feed zone; conpacting said
material to drive air fromsaid material; forcing said
material into said devoiatilization reactor.2 The
nmet hod clainmed in claim1l wherein conpacting said
material forms a substantially gas tight seal between
said feed zone and said devol atilization reactor. 3.
The method clainmed in claim?2 further conprising
breaki ng up said conpacted nmateri al between said gas
tight seal and said devolatilization



reactor. 4. The nethod clained in ciaim1l wherein said

carbonaceous material is conpressed with an auger. 5.
wab@7med7nod clained in claim1l wherein said  PCT/US2007/063138

carbonaceous material is conpressed with a ram 6. The

method clainmed in claim1l wherein said carbonaceous

material is conpressed to at18-east 10 psi. 7. The

net hod clained in claim®6 wherein said carbonaceous

maferi al i sAvapbagatugd\fordommoidgesfynigas wonprisyny gdsvolatilization

conprising introducing a carbonaceous feed materia

| Fdeeter idevmmlnithiet With J RAGINSY reBeRYr] IRGuBRIdcommunication
car bonaceous feed material in the absence of added

O%MA SN fit&t rilbuié e E@%l%"t@rt %@ré? %e éfe)rll%lewﬂeiabtor and said

substanti a y al en in sal materia
ng@é%%gr rﬁbse en%tﬁ atén sai d carbonaceous feed
4 gﬁ% é%LHP 0 ygen and without the
addition of steamto a tenperature of at-|east about
10000 F; subsequently adding steamto reaction product
fromsaid devolatilization reactor and forcing said
reaction product to a reforner reactor, said reformer
reactor heated to a reactor tenperature to formsyn
gas. 9. The method clainmed in claim8 wherein heat is
provided to said devolatilization reactor from an
exhaust from a furnace housing said refornmer reactor
10. The method clainmed in claim9 further conprising
directing syn gas to a first particul ate separator
mai ntai ning said syn gas in said separator at said
reactor tenperature. 11. The nethod clained in ciaim
10 further conprising directing syn gas fromsaid
separator to a water quencher wherein said syn gas is
i ntroduced to said water quencher at said reactor
tenperature. 12. The nmethod clainmed in ciaim1l
further conprising directing liquid from said quencher
to a separator, and separating water and gas, and
carbonaceous liquid and tar, from each ot her;
directing said carbonaceous liquid and tar to a feed
section of



said devoiattlization reactor. 13. The nethod cl ai ned
in claimllwherein said syn gas is cooled to a

wao esoprexvure | ess than 800 F in said quencher.RdT/UT1967/063138
method clainmed in claim 11l wherein said syn gas is
directed fromsaid first particul ate separator to a
second particul ate separatortSshich is al so naintai ned
at said reactor tenperature, and wherein gas is
di8ect ed frohe spparadedaicnaktipaiaitot? fustheacdmprising a second
quencher.15. A nethod of form ng syn gas conprising

| partiodiace BEparata ihdvaTRoNBafiee ditmeésidifadt particulate separator
devol atilization reactor; heating said carbonaceous

f\%gré?ﬁ%ﬁfd' Scond fdHicRRRSRERirSor B YLBNotdted M Caid furnace.
devol atilization reactor; directing reactant product
fromsaid devolatilization reactor to a reforner
reactor and m xing steamw th said reactant product
and heating said product to a reactor tenperature to
formsyn gas; directing said syn gas to a particulate
separator wherein said particulate separator is
mai nt ai ned at said reactor tenperature; directing syn
gas fromsaid separator to a quencher wherein the
tenperature of said syn gas is reduced to |ess than
800 F.16. The nethod clained in claim15 further
conprising directing liquid fromsaid quencher to a
separator and separating water, syn gas and

car bonaceous liquid material; and directing said
carbonaceous liquid miterial to a feed section of i
said devolatilization reactor.17. An apparatus for
form ng syn gas conprising a devolatiiization reactor
in conmunication with a reforner reactor, in turn in
communi cation with a first particul ate separator
wherein said reformer reactor and said separator are
mai ntained in a furnace. 18. The apparatus clainmed in
claim17 further conprising a second particul ate
separator in comrunication with said first particul ate
separator wherein said second particul ate separator is
al so |l ocated in said furnace.



