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NUCLEI C ACI D BASED FLUORESCENT SENSOR FOR MERCURY

DETECTI ON CROSS REFERENCE TO RELATED APPLI CATI ON Thi s
w@pm@oiosssp? on cl ai ns pri ori ty to provisional appCT/Us2008072839
>oPIBM 88955, 316 entitled "Nucleic Acid Based

(ﬁﬁuorescent Sensor For Mercury Detection"” filed 10

August 2007, attorney docket no. |LLO5-101-PRO the

"ot or onc GGk ol IO NI ESRA ORISEPERENG Y

appl i cati on. FEDERALLYSPONSORED RESEARCH OR
DEVELOPNENT Thls subject natter of thls application
@ ; X &) N fO||0MAng

ear and contrac

[0@2 dal M %ﬁ%s’% e tleihaps 5@%%“@1428%%155 4 Bifent gbppfication No.
60824,300d11&4 Scptbepar £ MEIt070theEdieslgyurésost walth MM h@iporated herein by

DE- FGD2- 01- ER63179 The U. S. Governnent may have
refefegpr & ifsrefiFAtg i nventi on. BACKGROUND Mercury is a

hi ghly toxic heavy netal in the environnment. Mercury

exposure can cause a nunber of severe adverse health
FIELDects such as damages in the brain, nerve system

i mmune._system ki dney, and nmany oth r or gans.

[ 1]
L0004 cur ThecBipatiiiipentioh relaie &0 FIERSSOIN Matuee SHOhibszene and
opﬁ&{ yr'fBll &hwve ?g tl?é%e?tﬂfbﬂ%ycﬁ e§9l%bﬁ‘&n9fnt61 Pﬂ%l L Zyc%h%xanone.
metric tons of “mercury to the environment was
estimated by the United Nations Environnent Progranmme

( UNE Therefore, highly sensitive and sel ective
BA@Q@(}U“. sors are very useful in understanding its

(06035t T i bR aNdmPeAdt fr8dunf the RE@AKANEAGtrPBMA UK Yuseful in, for
poi soni ng. Towards this goal, many fluorescent snal

examplanthe profiectioneothplenglipigesins drisnbesolhAy e- caer@iactam adipic acid, and
1 gﬁoqxed whi ch change their em ssion properties upon

D)t a?ﬁg to Hg2+. Mbst of these sensors, however,

[000aQIUi T €urkritlyl O MBI BN ﬁfu@@%ﬁth‘éoﬂ)fbﬁﬂétlonsbpphenol is the Hock
quenched em ssions, and suffer from poor se|ectjvity.

prqcgssy 17 higyis ¢ threpsippgiiessss dhadich hadirdeteinvelycHghylatign of benzene

w@ﬁ%&SyM&ﬂa rp%cgn gﬁé TfM’ 3%’1 atgrdoﬁﬂtl%ﬁto'fﬁ{et Himen %o '&%]correspondlng

Senso
hyflrbBerbidol angothlaﬁlodmtvagheef tlié()]lyajep\ﬁbmdaltb yrehgi negireelar amounts of
cells,[211 enzynes/ élbodl [23], . . :
phenol qad rapgppebn owpg@rw {l plfggfl wrgrowing more rapidly than

thaplﬂﬁz%@ﬁ)%e [ 26L4@nGn,Ghe B & %k %Yopgmle fid ?19619 2 lnfc‘?éasé | RRMS%A developing

281 capil l'ary optode, menbr anes/
Sh@tagetorf pdeyiend2 T334, moq:m rtlmll sisasi Higloa/all®ads mn‘@ad of propylene as feed

an rt| 351 ar o known. For environne
o SRR PPl 028 BHAS G RECHBeLDE P BRI Bl ppive route o
therb@dtiog ofph&iols. @ detection limt of lower than 10 nM

(the toxic level defined by the US Environnent al

[0095bt eclarorrammpés cfyilctaEpA)C)f dyslohexplbenzanc Hoatogers td ewnene oxidation)

ted re SensQ can re suc |t|
co 89S . SRR (PICRL BpGeF bR RoTiNoRERE) oMbt acerone co-
prdlihctﬁlNAZ Yﬁﬁfaltbﬂlaﬁeétc@llﬂe &ﬁbﬁiduﬁ@l'@@hﬁeidi@he Caliice@hd &¢fowing market

the goal/ 36' 371 DNAzynes are DNA-based bij ocat al yst s/
an@ g8 43¢d gsnan ét}duts‘@lab rseventy Bndy REGVEQT ] Qégiﬂm reactions and in the

&{T‘?ﬁ 1c ‘%Icﬁlo ?@Bﬁé%ﬁgnm s¢ Qﬁgl]oﬁ%!anﬁ%d oxime rolactam and
IO oglca transf or mati ons reacfloR
nyfoﬁ(ﬂJl Hewspacihid dtomettak romnscq@sres dicaddvetopmehk ghd yommercially viable

effective fluqgrescent d colorinetric sensors have
PrSEEY OHRIIHSIE Atociy SO R CBRRICBIO™D + i t h DNAzynes/
[00Y8) 37’ ﬂ%&s BEGSERHENRP mfang NRUEAN R cé@mﬁle?}ﬂb&&eﬁ@%n be produced from
nanonol ar sensitivity and ‘thousand to mllion-f
besazhe by ithd prpcesk pf hirdropikekiine er ofduttavegadkylateeralln thonproctdsebenzene is
fl uorescence enhancenent was generally greater than
10-fold, and signal generation took only 2 mn or
| ess. These sensors can be used at room
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tenperature in aqueous solutions and no organic

sol vents are needed. Recently, DNAzyne-based
web@owsssgheni cal netal sensors are al so repor t AI/US2008/072839
nggﬁﬁﬁ@E to protein or RNA, DNA is relatively nore

cost-effective to produce and nore stable. DNAzynes

can be denatured and renatured nmany tines w thout

ey GEpER AR DepEETRS P! 1 RS Wepd b PHen gdereoes partial

hy%geﬁa@i%ﬁ ith i freduc¥ c?bla)ﬂeie‘ﬂe hetiveernt YRy 1IRE thh pEAREe RBS®ES: material.
ronote such T msmatches into stable base pairs

Th(lFrléﬁr ePatQil) INo®' 4894888 Faids4 37 dped tdischass hpppileplapgn of aromatic

hy% ﬁalrga%st é\ger:’\cga:téi§%% ]\_)&h?.%hd %érln rgsoe?mfgonSI afl Cg&gef’rﬁlnt?’eate({ olites and a

palsddingth @rérhotan delilhdiy, i BeP4tt e NEINA, 1801115 tahe 41206,080 dissclose the use of
| abel ed with a fl uorophore and a quencher

ruthengprac end, grigkel mmmen%r edrnoEied opn H@I@wartmeefr% zepliigs as aromatic

. 0 r r
hy%@%l?{g%élgg %F%B%irsezglen%gﬁ?egéagﬁ%%ﬁ% r‘%ﬁ"ecsg hop g%;t Iﬁ%ces?\e/‘ls are zeolites X
and &poilh edditidgf 1UBRI Hageméhs [ iﬂ)ﬁBeSﬁnplropedee (Ihd: wusg of Intuthemurn and nickel
sSensor i s turn-of f' sensor | uores enc
SUPTRY G %PO@@&?%@% dhs propREc &a’ ﬁe irﬂweﬁébese carlier
pr o\s“ﬁs ?(ﬁ’l tﬁ@ hg&)r%hltkg}éﬁoﬁ oF Bcﬁz%n@ %@&Cﬁd‘}ﬂ th problerns that the selectivity to
xt er nal cher or ot her environnent ﬁ factors that
cydalmxal‘tsozanndutmw fﬂadm@bfeﬁmeomllcel@sElabl'EH:@an]Z-lconversmn rates, and

tha D ?%g!gldzﬂa%a{nﬁglgee ;f gg‘?%’?a}%ﬁ%it T &n pi&ﬁ?gsp eSRﬁ:rqt?q\J/Tt arf‘l S%yggl?er;(ane and

In&ﬂyk c hhﬁ@aﬁé edugal d nanopartlcles and a detection
IlnR{ug% meas achi eved. 535Li previ ous DNAzy
7.8 éiagftd

(0003}t Kk, MO@ gwamtlyn@ frePtfoet Nal 0.8 jselopashtheh Cyrd@hexylbenzene
selece[azltglﬁn Qhei I&pldrr/\'{o;aglgﬂﬁ%oen %tlr'%eﬁlg Illencgangoaerl 5orveegsbaacto%alléf%gnﬁle benzene and

hygepad atithda tidctiohatl ChtaGUMMMRIding At ﬂeaﬁﬁbn@ﬁp@@gcnaﬁibﬁ metal and a
present invention is a nucleic acid enzyne risin

m%rrutﬂr M]3 QEthe M CYE22 Erpidy.- nTli*f‘gth‘i%nﬁ%OTb%@% 18 PF rably selected from
I'Mtﬁtluﬁ' Q“ut‘ﬁgﬁlgme nrﬁ?lggf L SLAERGE dﬁlﬂ{}ur%@ ROLBr Siq ngmﬂactmg step is

second Ion as’cof act ors, to produce a proau
comdlia&tireataeteﬁm&mtmmldfgabautr S(bamaﬁd)%bta piessuae of about 100 to 7000 kPa, a

deoxyri bonucl eoti de, ar t
bengeas ihhydragrarnelantafiy ) ah%tt Hg)& tgrlof é{lieg’?ﬁéerﬁfﬁortr? ‘21 to 100. The
5 BARPLR: ARERLdSHRAY RO uNEha Bl l%eﬁ'i%ﬁp rdadi g (bb) oRidized to the
nucl eic acid enzyne, (2) the sanple, (3) a substrate,
COHWDO(ldll)lg ahyslegenakidorapdt the ppasdude ctccqmp«mdt tof themdesied phenol and
ture and determ ning the presence of the product.
oy % 8% fre comprises at |east one quencher and is

[00@8? endesdording k6t fhe threschid Ziveaiioh, t Meha§ SN beb®Fo@fl that the yield of
actors to produce the product fromthe substrate.

mopgeydhelerpibenzenp elnsth@s hydrodkylongr iof eengend puerue| eibiicienal catalyst
cm%grq? Rxé% A ﬁe yozne’gh %ngirog drg%e%aﬁogne mt%{JaF 2sa1§1§1§18n ¢pendent on the

hydmgélﬁbﬁfzend fatid dof |111hdr &eaﬁ@&CtMohdS@cmheﬁﬁbénzbiﬂe/?md 9nhd Mathematical
a met hod of deterntnlng the concentration of Hg2

pradyet pr Bsehicioadkylgimesorvaon Tae ands ﬁwpmem%t?arsmbnégne selectivity
an(fl H @31’9&1%2;1’@ i§ tféﬂn% tﬁQtWHe 'y%:'é({' gfa ﬁlé)d%@rtcwglt%‘!éﬁb&lzgﬁé( %)opélrmzed when the
hya‘.regexddenzemn ntod)arpand us: beta/epm @duetd Do rBpdeallyi betwea, 0.5 and 0.8. In

det erm ni th ence t he product nd . .
CORJERSEr i K E%J BoRESh R Dt ’Fﬁ?nﬂg@Qﬁ‘ByraH‘éa%PFlﬁﬁ’ 0.4, the
hy&daRyRUBA QOnb%athOdkﬁé REod4sedow ThE €RAYAR a high yield of
conpiises at |east one quencher and is dependent on

mankeydiyRxybnazenbewbersandt hpdrogen/oaizamt orodart wtipy eblense0.9, the major
the product fromthe substrate. Furthernore, the
substrate conprises a ribonucl eotide, a
deoxyri bonucl eotide, or both, and the substrate
conprises at | east one fluorophore and at | east one
quencher In a fourth aspect the present invention is
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conprises a ribonucleotide, a deoxyribonucl eotide, or
both, and the substrate conprises at |east one
WO bavojosgshor e and at | east one quencher. A " nucP€&l/TSz08/072839
2mﬁEﬁ¥ﬂ?e is a nucleic acid nolecule that catal yzes a
em cal reaction. The nucleic acid enzyne may be
covalently |inked wth one or nore ot her nol ecul es yet

e Moo bR L i SRS R o X hoigh SliS e 0By lagpeng can e

trafdiPBtES . bddRe tHUGIRLEy AGHSyBBEMIE, MRY bBest bl fr@dMIKyBEBn is not
up of ribonucl eoti des, deoxyri bonucl eoti des, or a

lnﬁgmﬁnmﬁu|on of riboand deoxyri bonucl eoti des. A
"sanpl e" may be any solution that may contain an ion
(before or after pretreatnent). The sanple may contain
suamwunkyomn concentration of an ion. For exanple, the
nple may be paint that is tested. The sanple may be
[0%9] ut elé apEtaseact. |the peeRtian rgSidammipl EPToTeRs f@rawgﬂupl%yyqlfélexylbenzene
thiﬁ%%%p&gm%ﬁ .the natural environment, such as a |ake,
, an industri al environnent, such as a
pooka)or Vasing whre@ennd hydegeatoch 1daatyncacamionanne;

househol d, or.a | ogi cal i ronpent ch as bl ood.
o Z@ur sé‘onté%ﬂﬂgltg %§n%‘i’8? apgd ﬁﬁ regen B yand at %R%tr?@le dpackign zone under
hyi@tltoggpg&hoﬂfcoﬁcﬁ{l&{s' With Qléﬁtangﬁ steRft 1ﬁ§]§ nﬁ)@écha'r Mve havmg an X-

. For exanpl e, bi"osensor ma | 'ace
rmbddﬁaﬁkmwam@nlnmhnba§dﬁ@amngrmmhnantdaﬁ&QZSJﬁ9$0dﬁ 357i007and

th t he hod .
3 Mo R Ca ot PR SRR ot 16 RladiipaE ¢ fluef containing
cy@oliRY behRRe eerbia the %%mﬁ@fotélhﬁnﬂief)@?ﬂr‘éws dﬂhtya@g&n & to said at

al i quot belng taken. Furthernore, the sq;F
lea@fom%lieﬂctamsmnuedo dhe pemperoefuvelds ﬁbdm@g@) if tvgsaad gbleaﬁ one reaction

duc 1§ﬂ5§t'°n For exanple, the solution may
zone i e ween
containsoi rom iweapon sites or chem cal plants.

[0018E as UCom@nratlANhY thti@bf tHeetopil @dubbr pf atilgest” hydicdandRes to said at
nmeasuring the result of the praoduction_ of a product. by
leagihorsseaRton Foe ko Higplogal I}uﬁﬂbSﬁ of BRJes RERENIARHE fed dpeaid at least one
rmﬁH&?hﬁ%ﬁ?b&RﬂPﬁb%@%d%EguenCher and fl uorophore and the
yne conprises a second quencher, and cl eavage of
[0(11I1]a submtvremteﬁtquytht heoleadymeicl € adscltacdlifmso NMEM-DDOPSH-3, SSZ-25,

eRihE. Bidubtopt Slmod S TaouCREREC PR we Ttk any to o

mdé ﬂ&é&%ﬁ%@ﬁ&%lyﬁ\h@m 25 AR Q9UCiCNIS 6%@%&6&%5 Breof.
detecting its inability to quench fluorescence. BRI EF

[0DZECRI Gariveh el stidEatDRAMONGS yBiagen@ioh. mé) isTsmected from palladium,
econdar stru ture, of the ori eported U2
ru SRR o o baiy i Sital St ADegtial S pcer T ¢
[00BPZY MR Met dnBdienéRPhiaeed SHLRIN, | QSR Xr@%ﬁlb%f att &t A5Gvt%, and most
m snmat ches was al so repl aced by an T base pair (c)

preferablyt sibstaniagiiypall t(cwin HMhNtHes ofistid fztelleéstt@eshydﬂrgenatlon metal is
sup o%tngtoﬁggs?é é%?l?l oxﬁ% dlfo ?L osnr}%\e{\fdnnqm'é 51 (Gt ISuOCIPl a% an oxide of one
& eavage a mn reaction trne 1n e absence or

of [GreseN2e 4011 31&hdT Vi Hg2the (Paribdice )TablEhef ERimcdts0f Sukleawa@epreferably
fraction after 1 mn in the presence or absence of
com@wseb%% Ay pihitaRe REAEE FEOF a T-T ni smatch

yabi I &
O o St AP Fb By B Uy R d PGB RERREE Y therane of
ab(QLb)IOEBCth d0etl. cCpnesémtlgtthohydrbalk hletise psssurd &singhe (acnge of about 100
5%@ escence spectra of the sensor (with the DNAzyme
to PagM ue 2+) in the absence and 8 nin after
[O(ﬁgg' LR Rithlr AptM H3Afveribd %s@de% -in 98RShbd Yot dbpRIduERE phenol and
+ sensor (a) Klnetlcs of fluorescence increase in
cyctlhl@expn@@e nhe ofcthoalr ;cpngnemlcemdmamgongcldfexyl@enzené by the process
Hg2+ dependent fl uorescence
3
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Increase rate. Rates were calculated in the tine

wi ndow of 1-2 min in (a). Inset: sensor responses at
WO w9899 concentrations. The y-axis is the  PCT/US2008/072839
»od7EMO§gepence counts increase per second. The DNAzyne

an@ Ugg 2+ concentrations were 100 nMand 1 nV

respectively. Figure 4 . Selectivity of the Hg2+

senspr, Al conpeting netal .ions were tested at 1, 20,
AR BBt ROTEIED i | SN SERGHRENT ol omcalsls o CygioRexylbenzene
hydi®PeroRiae E0cIBMIS tHd0&jcINRKFIbeRRe My8RBRL’[Ie thNSroduce phenol and
yDNgzyme and U2 g{ coﬁ%entrgtions mgfe%100 nN1é§a 1 P
cy¢ihexepesect i vel y. Figure 5 . Rational design of an

allosteric Hg2+ DNAzyne based on the 8-17 DNAzyme. (A)

t he secondary structure of the 8-17 DNAzyme. (B)
DESURIEL IO OF THIDRIESVINGShe 8- 17 DNAzynme by Pbh2+. (O

Insertion of a stemin the enzyne strand with T-T o
[0M6% et Kigws i ke of sanyorpen Againsh thydipgey sor benepem Bk ratio in the

[ - t sign of an allosteric
bel%%%l;%ﬁ@a@ga&g€¥?E%53%3239 DNAzyne. (A) the
[0H&E ondBigyrest isug toaph @ cyiclvhitx b2 chdNACHRE sel¢dB)vity against hydrogen to
Schematics. of cl eava f thel0-23 DNAzynme by My2+.
bepzeye TRl ogh ﬂt?rbeazeg\%iﬁﬁmhi%w@@fwés SR th T
[00T8P nat FEQ&% RN DEOSF : IPOQT%%I %U@fﬁeﬁ%i@lda?mgt:]h e%ﬁ%ﬁqg BLnzene molar

enzyme. "DETAI'L The present nt1on
rativak ¢ hesecnethytltvelkyilsoopeooesodf rewwpheit! ei ¢ aci d

y , Which ma e.us in a sen stemfor .

036 kw53 SRS G RUeLS oD EUREER ashydrogen t
beiden& Bl Fatiol iR tiR eaiRle Ry dRARE Lt IpYodels éfExapigsence of

ot her ions. These new nucleic acid enzynes are
[0@8ki gridguiersosn gxipbiof digyelabexeibeneanic ¢ iakhzgainss hydragen to benzene molar
rarih S R ARG Bl S T SRENIRSy dplgay |y have &

Sedondars” structure necessary For factivity, maintained
DRVA VDD IDESERIPNI(Et ween bases within the nucleic acid

enzynme. By introduci ng one or nore thym ne-thym ne
[0G2LE e Rerebedy fpissn e 2eB@Resst i9e rtha ity didatinlatiop p@fs genzene to produce
[ e
ey AV EloRRR AR RS, AR LRI AE Ao BRENER P ep process o
cydbdhiacrahareeandphdedt dikofiarzedhe Mideoalkig 2tion ssepppredent dicyclohexylbenzene
however, it cayses the T-T nisnatcges to form stabl e

in pdiEoTg; the desiied BRAosy itk HECAERY DA BiEriioqedt eangpgfude the further
step %?tttﬁﬁéaﬂ%laﬁﬁlg!tﬂé ByclJRES BeRse W £ldfiAgl SbreBfYi¥Btoduce additional
require two differént 10ns as cofactors: the origina
monoeyciohexyHynzend prodectal so possible to artificially
create such secondary structure stabilizing bases in
the nucleic acid enzynme by introducing a stem | oop
havi ng at | east two consecutive pairs of hybridizing
nucl eotides in the stem|oop and at | east three
nucl eoti des in between; one or two additiona
nucl eoti des may al so be included at each end of the
i ntroduced section. The nucleic acid enzyne can then
be nmade response to Hg2+ by introduci ng one or nore
pairs of thym ne bases, opposite each other and within
those hybridi zed portions of the nucleic acid enzyne
whi ch maintain the secondary structure. Again, the
result is a nucleic acid enzynme having two different
ions as cofactors: the original ion and Hg2+. The
present invention provides a sinple, rapid,
I nexpensi ve, selective and sensitive nethod for
detecting the presence of Hg2+, w th background
fl uorescence signal near zero, and is an inportant and
useful tool in preventing or at |least |lowering health
and environnental risks associated with the
envi ronnent al contam nant Hg2+. A nucleic acid enzyne
that catal yzes the cleavage of a nucleic acid in the
presence of two ions, Hg2+ and a second ion, is used.
The nucleic acid enzyme may be RNA (ribozyne), DNA

o ™R I A R I A
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enzynme, or a peptide nucleic acid (PNA) enzyne. PNAs

conprise a pol yam de backbone and the bases found in
W(maﬂogmmsby occurring nucl eosi des and are conmmePCI/aB10y8/072839
>oP¥ahd3ete, e.g., from Biosearch, Inc. (Bedford,

Mass ? Nuclelc acids including nucleotides containing

nndifled bases, phosphate, or sugars may be used in

t he 0S ns and net hods of the present invention.
Beﬁﬂﬁ?ﬁﬁgg'ﬁggkgogre wel | known in the art and include

[0022PS| NEhe NBPYLATH AR préscAMbRRBYI dofrisé L&t Eng Ménzene with hydrogen
denzaadenosi ne, and 06 - net hyl guanosi ne. [55] Modified

un@andydmaﬂﬂtﬂatmwpﬁam@s imthe pricsamcovel la ydenatkydaitbni ¢addlysievhereby the
benzga(ej gx%(eéoue% Iteofs'oll n(ggr%gc 101 tt)g d%&w%s or %}cljeg éﬁ:%)e

PNAs may be used in the conp03|t|ons and
the present invention. A highly sensitive
sel ective catal ytic beacon for nercury wg
desi gned based agps@a urani um speci fi c DNAZ
Figure 2(a). Sxhanced the DNAzyne actl

t hrough all gs teragtions,_and g seriep of
i th Varyi ng nunber of
it ches were tested. The

construct a catalytic beacon. The sensor
detection limt of 2.4 nM which is | owe
limt of Hg2+ in drinking water. It is als
selective and is silent to any other netal ions with

[0028] t 0 Gorhpdtmg| mactoos ceditdeathic orpnipdate|sgturafioe afathalbghizane to produce

acon p manc be further jnproved by o :
e RS RBor AP ISHTER Ton Moidrs SEVURalERERY o Hrorigion lkylaton
rea@tibrRS & irSduc Ot ifpakiti L Nsuch 12 &eﬂfﬁﬂ@cl&@érﬁyl’b@ﬁieﬁ@ '(MCPB). Although
denonstrated that DNAzynes are great platformfor
dicyeloh¢xyskensinggran Addrank &te@MP@ducea@dd@tl@ﬁlz (/s produ¢tnepnversion to
cyclghexélﬁece Srgéarreszengh 3\%8@ avoeg ﬁlvgf algl :nfa %ﬁ'ggv%%? S nu%fptupl 1|esr such as
meﬂ@ﬂ@c&ipémmem&@d (MCEIB)S b@npdrtieul g hyestabigi iuhc\éethanbblhng point of
sel ective catalytlc beacon for nmercury. The nuc

MGRB ép wymt%ha of B sq thes tinyay difigulble spwate MCBB from CHB. Tt
s PR g R0 bl BR roB o PRy b crontiytion

reagetoept that the nucleic acid enzyne requires Hg2+ and
econd ion a fact r For sensor t.o be

lﬂ‘ﬁéi mo‘éorfnaslemgé AHDIS bense ?eaﬁ cpis by Heqd jadhr hydreplkylation step,
but Bl%fe?%l?(ﬁle b&tb%n@ §aQ0 rddpdrfw 1&RY OP%t m@py@kﬁ% Similarly, although the

di val en trivalent, or polyvalent. anpl es of
soummoﬁ/]@t(b@genoanotammcaln glisigencikatly dﬂa&qbld:_thaj[ thElhydrogel istat least 99 wt%

and Ag+. Exanpl es of divalent cations include M2+,

PUE€a2+, Mh2+, Co2+, Ni2+, Zn2+, Cd2+, Cu2+, Pb2+, Pt2+,

[0033R+, BRRtabliRe Btalabel B tBe hydoalkpladisn Qfep tebhtdls @84 than 1000 ppm,
cations include Co3+, Cr3+, and | anthanide ions (Ln3+)

such pdespibpe AP0 pami BII@XBWQIGJG@ tam 100 ap, @G+, Prderably, the total feed
typ?cea(l;lgl %nia?rg 19453[ n}%‘pq‘ﬁ ? EE? Mlaﬁ%oappﬁltf%l &kp?ej less than 3 ppm,

sulNﬁr( P}efeﬂab(yl }he fﬂte(“f)aed é@lﬁt%l’hs Ilf@(th)n IN’Q‘iﬂnl )Psglclﬁilal(sllbés, than 1 ppm, for
n

exzp{qglp |lgss thqg(q } ))nggérpggn' Igra(gart}cul@bl(nrp e}“red gm(opﬂqn}ent at least two, and
préf&(l#)lgla)ﬂ’ thlcé%‘g)lf\tﬁe abgV@ }ﬂe)ntlaﬁ'&% d#%%ﬁéh)e e-U%fs ? ad Cs%%fu?{md nitrogen are
nucl éic acid enzynes are in cate In t e table below,
aclabwardg Wi th specific exanples, and substrates for the
enzymes. R Y, r and n represent purine, pyrimdine, a
ri bonucl oti de and any nucl eoti de, respectively. F
i ndicates a fluorophore, and Q indicates a quencher.
The cofactor(s) for the enzyne is(are) included in the
first colum. Preferably, the nucleic acid enzyne
contains 38 to 100 bases. 2007EM251PCT PROCESS FOR
PRODUCI NG CYCLOHEXYLBENZENE CROSS REFERENCE TO RELATED

ATFrr<t 1| 7~ A™1 /7/~A\ I
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[0001] This application clainms priority to U S.

Provi si onal Patent Application No. 60/974,304 filed
wEeEbesesey 21, 2007, the disclosures of which BECBUS2008/072839
2od7PGo4Berated herein by reference inits entirety.

&IELD 002] The present invention relates to a

process for produci ng cycl ohexyl benzene and optionally

capverting .t resul tant cycl ohexyl henzene.jnto
10BRE nor Thimdb SRR o B RN S5 0] CPRifor e of reactor
coiulr4ToRS AN diRE FkeE thclNslule ©hQFIsCahd/bn MBI Ty dfillaliéh towers. In
useful in, for exanple, the production of phenolic '
ad¢iben,nbe Hydsshetmsion Acacion agsnoba condvcted dinpt singlsi thactiandzone or in a
l.asticizers. [0004]. rent.| t he nos 0 n.route .
ity b RhGonts B b GRBahy choln B ko §RETRNLE Mibfan n sges.
Irréspe@ive lofe@h@h@phe rh@@@?@n i faahioCthe trBgctibh redhtisicRBly or in stages, it is
i nvol ves al kyl ati on of benzene mﬁth@gﬁggylene to

impgrge et dhpriate, offtb fierrmRier o inpries Ogdiefed dmdhrraagtion to the

nu&ﬁ@r ﬁf’@%ﬁ %‘?'B‘%h%&e gL Pr%r Qi @%‘%}&&%rb.& 'aﬁ{i’\()?eg f Qch as between
the hydroperoxide to produce equl nolar anounts o

ab@he@n®dhndalsbuaOt: brfer ctdonydy detwachebur(.6 adéaboud 0fDt. In particular, as
.phenol i i idly than that f t .

wifl B e P doagr B gy a1 ity dftgen 10 benzene molar

ratlGABES thesd Uit Omax HRYE AR ﬁgldsgp E%ﬁgﬁengbeﬁfe%@ i Rt rt significantly
Thus, a process that uses higher al kene$ instead of

inqpeeogl tenpic Bisoffdeedlcdmglylbapenduces hi gher ket ones,

hert. cet one be, an attractive al.ternat.ive
03 e PR RERsttioe: o srREHoI FrombBy gt retion Sre betveen
ab&¥ 0B BandbbdRdd000, Qfth §YEdRB&XM e el aB&] 2904SSLifible reaction

cunmene oxi dation) could offer an alternative route for

prgshieesodre peivcac kbar 100 tthdabottt We000ridlah esucbhfas etsteomebout 500 and about
5d§ gkoduction. This alternative route co-produces
; § 8hexanone, which has a growing narket and is used
[0028] an TRAbaAIGiadmSIe} et thedlSy REhIRRAtiondk@EtionNisOX ibdahdtRRal catalyst
reactions and in the Efoductlon of adipic acid,
coppising e xaeleridarr sevengf, the W CheX dxnathe ank i iy drogapation aeetalm The term

« ykon 6. Howsver, thi. Lt e ive.route requires .
MR- BB YO, b AR 4 B BBl P sieve of he

MEKEZRILINAG ), A6 usadch cpdig Xyt lngazanrer pisee bf:sor . [ 0006] It
has been known for nmany years that cycl ohexyl benzene '
can *bempleed aicsey o maae aemiyont fiyst %@gmeecsxst@lﬂme building block unit

hydr oal kyl at i on .or _r€ed [ lkylation. tn this. . . .
o acoatt? W OCELBHHER AR Ao Rl At i o spai

i n t hearpihesaeoDhtomscahizhyigttilsdieh thiRaldirh&®idahzpae describes the
undergoes partial hydrogenation to produce cycl ohexe

( xene :
whi ch ¢ gidedrat dach prsBlsegieres e dispepsphiathe| Atlas of Zeolite
Thus 5. 94,. 4177465 di 0 . .
hydr o;il: Ky eg?fkgnnhfﬁfggér g?rftal?i ef:h’ltg%r g@glr’ bg%es eg%%r et 5 which is
cat al yistepohtahsceimncee ni ckel - and rare
earth-treated zeolites and a pall adi um pronoter. ,

Si mi*l anplpeuley sevesgnadet frog g common seeond drgreg bydgng dlock, being a 2-
di scl o : [ a ' 3 .
suppor 05" aa aPil oF O MBS HC SR UAE Fells, forming o
hydr oah&ydlagdr ofionatmt g8t thickiiéss, eferitlesnecrphiv yetthickness;

these prjor, art processes are zeolites X and Y. In i

addi*t ilaﬂﬂeCIU?@le\ﬁétw frggm C@P@@@,stdﬁ’;gfféié‘gd’tnﬁéﬂ%é’ being layers

of rutdyesicwp fﬁg% ke 6§+ usHREQ rﬂ&i@ﬁ}e@gz weRbih tBe Pﬁ%@ﬁiﬂﬁmre than one

the aromati c hydroal kyl ati on catal yst. However, these

ear | i emiprcdpdbmksestos mhde Hinpdr otdckylaphdnngf obénelene at least two

suffer frgmthe .probl ens that .the | ectivity to

cycl orBREiH Seie U Byellp RIHPES ariey Supkig GHoffchataegnd degree
Vi abl e RRNZEKISCIGRAN BE $i 9 Regufth EshicANEh Irlilak #s8Rn, a random fashion,
quantities of unwanted by-products, particularly

cycl ohexane and net hyl cycl opent ane, are produced.

[0007] More recently, U S. Patent No. 6,037,513 has

di scl osed that cycl ohexyl benzene selectivity in the

hydr oal kyl ati on of benzene can be inproved by

e . o - o o
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pal | adi um ruthenium nickel, cobalt and m xtures
t hereof and the contacting step is conducted at a
wo erpesssbur e of about 50 to 3500C, a pressure PET/HBING/072839
2008419000 kPa, a benzene to hydrogen nolar ratio of
EQ: 8.01 to 100 and a WHSV of about 0.01 to 100. The
'513 patent discloses that the resultant

cycl ohex Iben n then be oxidized to the
corresP HFH@l ﬁ?%ﬂ@#ﬁ&f@@ and the peroxide

decQnpaseeyhositNg MR gfeglryﬂlggtﬂgtl O%Qd&}icil &iﬁ%ﬁﬁaﬁ’ﬂ% 3-dimensional
[ 0008] According to th I nvention, It has now
been f@denﬁthfmhecyﬂ&ﬁaﬁng%hﬂbﬁwwy@hohowﬁib@nkgme in

0G3F o YRR PG he RERKESZ (R Sl EN bt g ey difacion

patttAl RERAAL AspAEh@l mhsinfai ghliy 4depsndento p3) 88€+0.07 and 3.42+0.07
hydr ogen/ benzene ratio of the f eedst ock.

Angiigey cThﬁh é(xsﬂb'b@ﬁfzetﬁlenydaéa dsddstor plarpeietirsntici wagerial arc obtained by
stagcriaqrg Lf'ecth 1 ue s CB El% *< hoand By Sf g’op er asatﬁng it &jent[ Pfdiation and
nonocy C 11[ enzen I VIOt parti cu

a dfffracﬁorh@taﬂ d:qtﬂp@éd tvhigh Vi echdtﬂmettlolﬁotmmyerl @rtbemydd@etbﬁe l@empﬁter as the
opti m zed when the hydrogen/ benzene nolar ratio is

CO%@PWééﬁSt@TM 1\4%1801@&1951%% dhaM Mgk fsily ipckidg ACHI-82 (described in
% PSRRE NaSta 944 32%@?%@9&%3@% Uhe Pajent No. 4.439.409), $SZ-25

ydr ogen/ berizere o is below 0
(dd@ytdhiada lirk YU 8t i Ratent Oy e B 826j667), r BRB-1i dé¢sodbddovin tEuropean Patent No.
ieve a high yield of nonocycloh;g%lbenzene wher e

02%303% di&yk me@eﬂtzeéne St Batepthip §07distH0e 10 %2 (daseribed in Tnternational

1R
el UARAAEE RO REAR OMEh AERS: Lol st Dy 52507,
MOb®I-49 eisaitedliatied. Paek Ke. mmml Mten;d@o@leg@ibed it Itues. Patent No.
cost of transal kylation is not |ns| ni fi cant. SUMVARY

5,308693), YAMoh édagsiplessk in Ur% Batppe NG §n/ 300504 eandj ixgures of any two or
f \ 89S )
mchf MERE, e PLRSHEL BLIEN S MG TEREE Sronl 18 CRERSS ) MeM-56
andeasﬁmnmeofhﬁﬁﬂwwnmﬁdm€h466)mmba$Hm@Qng the benzene
hy ro en in said at | east one reactlon one under .
[ﬂ(ﬁ‘@br %&% by gaenafion Actel R 08 loyedsip té%lteé?ﬂt Whroalkylation
catﬁglgpélﬂﬁ)'ugﬂ sRitdPpd ﬁfé’téllsafncﬁfd@\fﬁllgtﬁﬂﬁlnﬂttﬁéhlﬁtﬁaﬂﬁckel zinc, tin, and cobalt,
ffractron pattern 1 ncluding d-spacing maxi na’ at
Wlmzpadtadm beingattiqul Bly5 advadiagames. 3G42G 057, tAngmqumrpf apdrogenation

S SRS SRS g B G A ecen o

0.1 add av@ft 4 ke %0obakhduaBst. Ofn BRE @mbRlinydr REsR theMEM-22 family
said at |east one reaction zone to the nunber of nol es

mocbftcutﬁé HIEER &S ftrledumm%dtcetteathelaewnt @ﬁw@drfm@m@hmztaher%@t is such that

the r%%lt%o ?f' 3" Al 1nurn ],n { % m&LCl%an n F“o tthI Xlgg%olggna{tl%%égetal is from

ab@lt 1. £&sdboan GSG(BW&X@ﬁlpZdJﬁ?@mtdbottthES toodbaht 7307Reth &f from about 100 to
nol es of benzene fed to said at | east one reaction
aboiy?80i s between 0.5 and 0.8. [0011] Conveniently, the

O, SR 26 5y SRS 4 ARG G s g2 iy

mdlthias, siawed by Kirueaspdd, @anpyegnatonrornionecxchergeof Hoaveder, in a more
ecially. MCM 22, 56 an i soty
pretefﬁ‘gtde&fnbt)fim] b en ﬁ‘f% o AP Iaea%‘f‘ﬁoﬁ%wt%’ and  generally
sumﬂlﬁggf RROF AR Hﬁ?@emh@otﬁﬁkﬁﬂs%ﬁpﬁ&%@ Redd AbiddMc oxide separate from
ruthentum nicKel,” zinc, tin, and cobalt, especially
bupmmmltadnw1ﬂoﬂﬂ33ﬂ11016nulon siceab dulipasivularait if éastl 5@t by dgpporting the
refer at. | east %
nyQReSlRE R P i obBevirogcRely SRy GlRERSY i seectiviey to
hydrogenation netal is supported on an inorgani c oxide
different fromsaid nol ecul ar sieve, such as an oxide
of one of Goups 2, 4, 13 and 14 of the Periodic Table
of El ements. Such oxide preferably conprises al um na
and/or titania and/or zirconia. [0014] Conveniently,
the hydroalkylatlon condi tions |nclude ‘a tenperature

I A NN 2 A NN PN N
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to 7000 kPaa. [0015] In a further aspect, the
invention resides in a nmethod for coproduci ng pheno
wa@na9ogsshohexanone, the nethod conpri sing prodeCT/ng2008/072839
2mﬁgﬁ£9@§¥ylbenzene by the process2007EM251PCT descri bed
herei n, oxidizing the cycl ohexyl benzene to produce
cyclohexylbenzene hydr oper oxi de and cl eavi ng the

Cy@ cl oﬁ) Ibenée e hydro %5\% %%%%%%ﬁ@ E%Q%}mt% an equivalent

catElyQMth/H'tcﬂ fhe %yGfo%Eﬁhtf%B R QAME 5 §ipeRe@BRtRSholBYAEQGAR. t O
bénzene nolar ‘ratio in the benzene hydroal(ééatlon

[U(EﬂbcesEheomomawmxedelemlglgxzﬁﬂﬁp $rlyarcemposite kydgeadiptiation catalyst is not
l benzene. sel.ectivit n d n
narr e%eef‘i)él (ép n%w ergi it (1§C|_{BP)Ie antdhléler% n%éérntg hy?i(% O%If{ ﬁ‘ %%% ﬁiroalkylatlon
real@ﬁ@ﬁ esitadic 1551%ﬁﬁﬂc®xides [18DdE] oxrdl G WTEGBUpS2,24 gemia 1Bf of the Periodic
h])éclohexylbenzene yi el d agalnst hydrog;n to benzene
Tapis| ofr Eleatents, isuch pe abunipa rradioy ditep i Bifopioc 8§ susgd herein, the

nul?ﬁ@;@g esl%exy% gfg%gte% eP%%“Tdb% 3%1??1@80 qs oefs d1sclotsed in Chemical and

Engmdem%]ﬁe\t/s; a3€5)2 2N €1 90). aWhleﬂtheOcaltaiystt hﬁet&‘m RZRIPESCS a comp051te of the

m h{cd Larg%(egﬁ Iﬁg ;toeglpg{g%ggs ftggﬁlg erﬁ]il %—;qgéea}xﬁgcular sieve, these two
coﬂﬁggﬁéﬂ%ezﬂre cgn%ﬂ?/gpr%ﬁfn 5@&;6'1%% Ifid Hlethl@%'%%n@() 10 to 10:90, such as

hydr oal kyl at 1 on cess of
SODE$EBMBWJﬁmmg@@ﬂ&FOBGSQBO66©rh@ﬂénm40§0a process for

hydr gal k Iatlon of ben r.odu . .
l“‘*é?@ oh@x@l‘ Q‘é%%le%th efihB‘ﬁ’ Zi 6%]?5%15‘%61“ nthst hygiggenation metal is
defosab® B X fﬂ@fgﬁﬁf&%xhdb @oﬁ\V&ileﬁﬂ? DyRAPESBEtidH before the metal-containing

cycl ohexanone and £ enol . Insofar as the
Incga ©axXiky issedneresie wltbrthﬁzim@é@u@r eipr¢-ohpxighlbe thxeensalysi composite is
pr%cﬁlce({ lbogetso l%g%at%ﬁltl 1 Jd ?ﬁgoﬁlux& rﬁgoref( ﬁ]tegmofeflrﬁ %{e%g ua%d the metal-

coﬁtﬁmﬁﬁgainbygaﬁicl #ddd be Phaydintesyétan h%ﬂi%r&shh: (generally about 350 to
addi ti onal benzene to produce additiona

abers OO0 defesnty Phlays f@ﬁétrmﬂ%u@t whigh 2enpsy pEthgemiequdar sicve and the
mdMLRR 1513{% Qﬁdr thit Q2R o Bﬁgneﬁ 3)' ’F‘htefa Ryiti]? at %:? ﬁEee %ﬁﬂter are forced
process ses contacting’b fZene W th hyaro
thrumglez[ diey df nm:lebsylf}ahddmom rhtgid]tolgemﬁlon mdtéleap rselsseqmtlgfbeaieposned on
droal kyl ati on catal yst whereby the benzene undergoes

thetl)léi%ul‘@g? FEVHGOMBAYES on to produce cycl ohexyl benzene

[0(‘3@["8) - SUifBR3binGaRelHng iheagd 'sﬁﬁﬁeticn&l HASral ) o e MR edBstances as
saturation of the benzene to produce cycl ohéxane,

wetli alikgriganic annawrmlmtcohm@lem sijich ehd/ry st perdes.dffe latter may be either

ganlzatlon/a at i actions. to r odu

oo PR BT De R Pl SR R AEr Ty epigjne mivures of

silith taR@ 4BdaldbG N & ON@eaydlgeé%@ﬁﬁlgcaeydoeJhtdhmaMweata@da bRder include
produce additi onal roduct, conversion t

thasg of dhee menwrelbmetg e&ﬁﬂémlot;e Jampiliey.awvhigh| famflies dnclugiee thsasibbentonites
anc'i R4 ofl rﬁ%&ﬂ {Romha hﬂlx X%ﬂ?nteg,l (? Sl Sd H\/E;P )c}ays ®r others in
particu ﬂ ndesPrapr e since € bo(ﬁg

thBHBe inSaily ﬁﬁijer@ﬂ @stituenttif ﬁﬁlld;zfsné;lﬂBol‘iﬁltd, lda:lkltb tnalcﬁteV(&raMauxne. Such
difficult to separate MCPB f [t is therefore

claybpay beapsed ﬂ%t%rﬁwmaieeawenpﬂlbdueﬁi ehlnétfallwepb;ep%m fglgination, acid
tlrelltﬂne'h{1 Or Qﬁﬁﬁgfa@aéhﬁ* Bﬁ %%ﬁﬁﬂ)l@ '}?etLlOQ}aéé b rs 1 8lude sﬂhca alumina,

comercially benzene feed can use
zirboyrds, aithikiy) dticaonlustiep silleatmapnesier aabctaymdmelab eﬂmemleaortaasﬂaa beryllia,
purity level of at least 99 wt%  Sim].arly, haugh

sﬂlﬂa.' él‘[@&)au s gvells ashgeat}% SAMPESIHERS sychy as %} ica-p rql%a-t oria, sﬂlca alumina-
zurgcﬁﬂ? sl cdadalgRBh S, 8sik had sﬂlba,enﬁgﬁjé’s%ﬁfbo'nﬁd. at |east 99
Wt % pure. [0025] Preferably, e total feed to the

hydr oal kyl ati on step contains |ess than 1000 ppm such

as | ess than 500 ppm for exanple | ess than 100 ppm

water. Preferably, the totad feed typically contains

| ess than 100 ppm such as |less than 30 ppm for

exanpl e | ess than 3 ppm sulfur. Preferably, the total

feed contains less than 10 ppm such as less than 1
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exanple less than 0.1 ppm nitrogen. In a particularly
preferred enbodi nent at | east two, and preferably al
wo booem3s3h9 t he above nentioned preferred | evel sPEDIS2008/072839
20 fpcsul fur and nitrogen are achi eved. 2007EM251PCT
(”%%g f The hydroal kyl ati on reacti on can be conducted
in a wide range of reactor conflguratlons i ncl udi ng

I ctors, and
gt | R b TR 808 e POMERbiGRl gy syelageytbenzene.
the! @FfilchP Frdn@Nhd ehydeRUUaiRfA kdhcBod Vil Bof@AK! LORaA0EMO dialkylated
ina plurality of reaction zones, in which at | east
pradvetshgsimeeas unsedctrdr ydmetiel feasl @rtdetheec&@tri:cb mqnnalgylagaésspecws The
um!reéé{ce ago(r‘flrtlalc‘:ugcﬁ e?cin bs\g{lll]og t h [ gcho%e e;é Etnll | %nfa%g n_gcarr i g tto the alkylation

redctoal The boabme ﬁkﬁmtthe Heﬁk@?ﬂe m@ﬂm{onoﬁrenﬂlhﬁ& dfstilled to separate the
hydrogen fed to the reaction to the nunber of noles of

mape Xf’]é’énfte@et REoduetacliomn apg  Weyalobexydbenzaiy @ndg;other heavies.
Deé&ﬁﬂn% out tg? cl%Bg’xﬁthgl %‘(lpe ﬁ{%?e(ﬁt ﬁlaﬁlt’elr%&{tloﬁ)@fi@n? it may be
degitable %armﬂkylaﬁ:ptae elnttycfdhemlbdstmmmwuhmgldﬁvoamplb@zene to maximize the
controléhg @g n to benzene nolar ratio within
prodygden ofit AKESPGFIELd of cycl ohexyl benzene

[00(?‘6C hou’f"raﬁéaﬁl{yléti&a\ﬂ{tfl %F&lﬁ%ﬁeﬁa&h%}le Qy;%beﬁrrggef%cted n a transalkylatlon

ycl ohexyl’benzene. [0027] Suitab ratures
reactomdsaprrang fiohe theylgrdoed Lkylhtagn oractogagter cansmtrableb@an&elenlatlon catalyst,

B U o M e 2 Ta Bl TR r B M PRS 5 AES. Patent No.
6 (hatowg}e BedROW oA danie. apl%&an%alq}gﬁtlkf?e%ctl&u%hg §ally conducted under
bet ween about 500 and about 0 kPaa 002

at kﬁastaagml ligmsl phypeel condlitians, Wyah@altwy allqhéd@ g @ameraémrewi agout 100 to

oo 380 4Gk BT R 3t AfafoBho REE afdrofh & Sl oury space
VGIOB@%@ ?abBﬁ‘t'W lty amBtendal™ dnofotal RE@ahdbor Gf béﬂ%@n%@%@&lexylbenzene

" or "nol ecul ar sieve of the MCM 22 f
W@uﬁéﬁﬂﬁeﬁ@uhpfhhéidwes5dne or nmore of: nolecul ar
a common first degree crystalline

ol ngRE e OB CT " thi oh et Soerl et ha S

[0037pMEVr KrdEOROEOEXt thé dyelohe;c}ebénzéﬁe thtS Pakhdlland cyclohexanone, the
arrangenent of atons which if tiled in

cy¢lpheaaltsnengsisoitialbp aeidignss ¢ | the scarrrepndjig ahydmperomde This is

SRV S DYDY Ph T, AL LRSS, i

coid@iding tthe eyttld)heeythen:t@at olUnhke ¢ burhend, nammphmoeohlﬁswldatlon of

refer nce) ; ular sjeves made froma c
eaéf‘@ltee‘é‘ng‘ﬁl 4 %‘3 peRtalgbih gy Slowg b Ret Nt oxidation is
noﬁﬁeil n8uct§d‘ﬁ1r{h &fc@%?%ﬁﬂﬁl isopol ogy unit cells,
g a nonol ayer of one unit cell thickness,
[0(t3|8]af erabtapleocmalgsts rfot tlteetycltthwszlponwsq: oxndatien usltear are the N-hydroxy

si.eye de fro n uj 1 di bl ocks, :
BT T R GRETGR har S TG Ghe U102l IncOrRGRA herein by
refbRhEKNSEH, AMNRLIBdRotpBtHaBMEd, OF- aﬁﬁﬁ@Ntmmo@thﬁhﬁde 3-amino-N-
cel I ‘thickness i's nade from stackin packi'ng,

hy driomyip bl i de e tesrabrofme-Nondrasyehdhalbni néetmhtor@éi hydroxyphthahmlde
N- hdrg ﬁl%’?tsnld Th%\l ﬁ%zé}%k' 0l 1r91£desu hﬁﬁ&?ﬁgmgﬁ%rmelg bl’N' drogybenzene-
el can e 10 A regular f ashioon, Frregutar

1,% éa&itiaﬂjhxnﬁldl'e,aNdﬂi tﬁlfly&ﬁhi{ﬂ[ﬂﬂ%&&ﬂ&ﬁ@&hﬁﬁ@ ox I\a-rdl)hydroxy(benzophenone-
nbi nati on thereof; and nol ecul ar sieves made by

3 3f é601eglacaébo’?yélﬁdéi#ﬁ2d@| Y iyideamagiimileg Pﬁg&@%ﬁérdlcarbo%mlde N-
f
Rrohe et e T

dicgehoeimaildky haaxe-?&hyd@okaw-diabfcyalotz.b.m]lmpt-ﬁenngmmbmﬂongnde N-
d- spaci ng maxi ma at 12.40.25, 6.90.15, 3.570.07 and
3.420.07 Angstrom The X-ray diffraction data used to
characterize the material are obtai ned by standard
techni ques such as using the K-al pha doubl et of copper
as the |nC|dent radlatlon and a dlffractoneter

o o o, . o e
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U S. Patent No. 4,954,325), PSH 3 (described in U S
Pat ent No. 4,439, 409), SSZ-25 (described in U S
WPan00/0888MD. 4, 826, 667), ERB-1 (described in EuPCPEs1008/072839
20&?h:ﬂ, 0293032), ITQ | (described in U S. Patent
Z 897 498), ITQ 2 (described in Internationa
Patent Publication No. W097/17290), MCM 36 (descri bed

50,277), MM 49 ri bed
gy papE TR 52 SRR O 56 ( deQERT R FR-Aigloherene-1.2
dic@AdoRHhidBlo. 5N31f§1%r(§( faphthédMibe ( dessdibRed iditU. S.orPat edihydroxy-o-
m Xt ures of any two or nore

bem2t¢e¢da@ﬂphqm1eﬁf@r é’mtfyrabtyh ehaentad gl iaN-kydsexy phthaalide t Agother suitable

b |\/C|\/|-56 d t f MCM 49
A R T N Tk A S B W e

[00397Ir OUElL3E iredicigtt @hn GRNudeE &t @joad drhint e Meeseniof a free radical
hydr oal kyl ati on catalyst al t hough suitable netals
inifigfer arre cpubs asrcing linwtaatcuhpmaBeleers coplysts arigan bgngpported on a
I r r
SOI%@Q%%%P ataﬁ%%\ts]d@ %glhtgfrjd%léﬁg&ﬁ Etglygﬁo T H&Jl Lh)éé\l hé%rr?gt, is%‘thstltuted cyclic
imidetal the NeNENT- tﬂhydtdxelsoayaﬂuytstacidSm kmtpb@eﬂ mbmwtmdhn@Between 0.0001
nd apout 10 wt % suc 2en out 0.1 nd about
ma %ito % Whio B aééi’@’a’r%?gltb eﬁlﬁo s n%%g? rshehexybepEnehe
(00 2% figmid é’on@?c aﬁg %@Ehesbﬁﬁ@cldn Tt@% atal Qgéhﬁér%teelﬁetween about
the anount of rogenati on net resent is such t
70t¢hendrabaunt 208G, csudi ag aimua|90°rﬁ trughouh 1307€°, mod/ec alpagssgt @ @bout 50 to

t hydr ogenati on nmetal is fromabout 1.5 to abou s
10580 ot dRRR R aG ue PETTE Anshtcopste \SefASdbe oxidizing
mcdi@n ke %acﬁ@t@ cdiPtaRO Bl 30Batclh RABDEs Jh@nivEERTRAA daBIdIs. A basic

netal may be directly supported on the (MCM 22 fam ly)
buffeiing agent mavebe adqed fmreaeb(wbl agidig rbprrrég § t:hat mayu fonm during the

0X] daf; les gbac\ilé_@)n fagraqtel h%)er & af rbef ﬁtﬁrafgl V\E‘fﬂ) can Belp Hissolve basic

cm@pmﬁﬁﬁjmmhaybﬁﬁ@ﬁmaﬂthealI of the hydrogenatlon net al
I S supported on an inorgani c oxi de separate fron1but
HydsapeyerideLIgpvaget he nol ecul ar sieve. In particular,
fo I
00411 P Ao SHEP R e Sl o KRBT TR m%rbhenol and
cy¢lolsexapbrec tinwdltos tcteﬁ@aigEEMES&lBCEycﬂyhﬁxghRngldnbe hyémoperaride, which is

dic cl.ohexyl henzene are ased as conpared wi.th an .
CO‘_chj’B by eiied §Rafagiing b EEBREON " AR g quid phase.
Thisdis %&%ﬁfe‘iﬁg %216& G Lol tgt‘b.weﬁfuré h?é’t%ut b@%st%] abH}PISOT such as about

i'norgani ¢ o enp oyed in such a conposit

40Ny e gduk YL etd amil/eed preysure bSabivat 508 Bt 2, iﬂ)efktm;edlch as about 100 to
provided it is stable and inert under the conditions

ab@rt LWt klR;ad r gl Wl%’?i‘ﬂhe&zéﬁ%h}’@fﬁpef%tdﬁ apPecferably ghlted in an organic
f

sol %e(tétﬁg %%V%Il% C;tlr%%hw% 3 et l?y ﬁl&ll %rgﬁoﬁg dcg%g)}tg}{antoﬁg phenol or

cydlbhmlt&n&mé[ Qb ZkisC amiteeat Asmuged ﬁéleecleavatgh ercattidpeid rgnveniently

schenme for the Periqdic Table G oups is as disclosed
con C@Qéﬁ?@é‘iaiﬁlﬁdh%ﬂ%témfng News, 63(5), 27 (1985).

nt y, e
O B e e OF Raooglhodul Ratalyst or a
hetdidglreomncathlyon t he nDIecuIar si eve, these two

[()(10435.rp ;Setp{gﬁgaﬁ(gﬁg%\e/?e%l dlsavgge %é‘%i%psaglc@ga?\é% p tf@trdgfgerchlomc acid,
phdPhoBX ¥R, ehytlocAPort0 a3@: ZIQi (f)ttoﬁf%nésQlltbﬁchme@O FERR33hloride, boron

In the above-nmentioned preferred embodi ment, the
trlﬂiwrd@génlémr dwxm and jsylfde ;ﬁ@@ﬂdedlrforaIStOheffeqtrypgm@geneous cleavage
|de on t regnatiq bhefore.the
catnféfg Con tpg? <t n% hlo}él&gé%er%ng Coe)%'l Vage | Cali]tal St ﬁbs sulfurle™ac aci Wlth preferred
coﬁd&ﬁtrﬁﬁthﬁchﬂ e fingy &f Jypitead. 5YWt%.heF@lataahMﬁég&@@iﬁosmﬂecatalyst, a
IS produced by co-pelletization, in which a m xture of
t he nol ecul ar sieve and thaonetal contai ni ng i norganic
oxide are formed into pellets at high pressure
(general |y about 350 to about 350,000 kPa), or by
co- extru3|on in mhlch a slurry of the nDIecuIar S|eve
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natural ly occurring or in the form of gel atinous

precipitates or gels including mxtures of silica and
woreaoalo3sss® des. Natural ly occurring clays whi chPCHIS1968/072839
20&%@9 @éra binder include those of the nontnorillonite

n i Tln famlies, which famlies include the

subbentonites and the kaol i ns commnl y known as Dixi e,

McNanee, r hers i
eGSR RSB ORUOVE et st oy &t b newbiatrarien typically
inv@lekKi doitachacifl hebRic BAPFdE. wit CibSdA¥St Beantsy WFed salt-enriched

in the raw state as ori gi naIIy mned or initially
aqeagip peased to cal ci nation, acid treatnment or chem cal

[mﬁﬂf' f I&atgitgbrle gyelrotzgae?ll(c:oeuﬁnetta?yst ?@gr 91566 191 hgecrlea V4 [E lﬂf d%clohexylbenzene

hy@ﬂoFbt@ﬁrdﬁ&@ﬁl@&ésaa shidctiracldy,r sRhi A, arf h&ld@ambﬂmidrﬂlomte silica-alumina
ica-beryllia, silica-titania as well| as ternary

clay opppieseribedris Usd: drrtens Noi. 878,247 (fhe Rutire Klasiclagure of which is incorporated
nazirconia, silica-alum na-magnesia and
hers%H]!l) Ige%%%gr?e& a- zi rconi a. 2007EM251PCT [ 0035] Al t hough
[0045¢ hyDicoatklyl aftcichexatoap drgl btiugblphesel éobi Ve thaeagdsstep may be
the effluent _fromthe

C hexylbenze
SutH%‘d Rijthst PuiTSAsiR 1p BROCF IPUFEFdraY FIghaneng sndspfipaol. A suitable
pugﬁ@eltﬂ r@&@e@s ﬁﬁfég:t t 1§ﬁot\’ﬁht A, %@eﬁ%&@@s@lﬁﬁﬁttb%em to separate

feed t he eS| r'ed nonoal y at éd specr es.
thetmlckeaexamnaamhplmnol fremdthe spemaesal | y recover ed by

106D bl o Fop AR Fr BV 2avrS oy SHRPFYS Bivare e g ot fimit the

scoPefritd igderdt®nsepar at e t he monocycl ohexyl benzene
product from any di cycl ohexyl benzene and ot her

Expmpl¢ ks Depend| ng on the anount of

ycl phex nzene. pr.esent G Qn ef {1 uent
[0(?!#7? miyg EETS es XPpriments” was ncsoga% t L vyafh B0nhl ' HE nhydlrogen were
coth@ycivithaxylabsngere mepdiedbldid- p@lrmlzmgemg BEMCM-49 (silica to alumina

maxi m ze the production of the desired nonoal kyl at ed .
modgidatioaf 1§) 00@52} 2Pf aRdamalynaing hydiggenatigey eatﬁl.yétrfamtalmng 0.30 wt% Pd.

t t
in BECARRE st CAPPLRL LAEh PR SALALSRT nd 1034 ke
(liﬁ)vlﬁlig)ar@pectlaﬂy,ewh@mssmb hy l@peroberzatamphit ratiuehs sstematically varied

nol ecu ' of t.he fam.|y, zeolite beta,
ﬁomﬁ/ﬁésd a‘@@%ﬁ@ Vit O Ror %é h51al E%%e)“ﬁtszaé%m“@l Tigures 1105,
[00%8] de”A§ €Ccan T8 LdANFRLKYHiglkon, rc%ﬁ%rbleﬂ isS at ¥RbeR! idction of the
conduct ed under at least partial |iquid phase

hydrogeti/bdnaers:, ratibi dlonsersioabhgredsad rapddly avitearthe hadrogen/lfnzene ratio was

) b 100 .t t. 3000C. d/ f b
indigeed sogn sl D200 iatRni Brmanidh B ot e g when the feed

hy¥8k&pbdn¥erdf rafidetthe fec QvaaRBee 0P hr 1 on total feed
and/ or a benzene/ di cycl ohexyl benzene wei ght rati

[0048b ut A canibg cﬁegb diam 5F1$ureO}c I(Hﬂ%xgpll%éﬁlze r@ommddaffl Bearly with
hy&r% en/ enlzgn Or{l ahexano H?ﬁ ee?(% w}é ﬁgee(f( %’ lalgnﬁg Kl ogelnﬂ)egzene ratio in

Fiduid 3, l(aHB )yldl)d( iwds f(ﬁldd &(Olnbfb@seﬁlﬁplﬂ@s&(lﬂéjhﬁgoéﬁﬁﬂfeﬁ@% @xtid@as increased
This is acconpl i shed by introducin

froas&f Bt doheafisrargregdase rsgiealy é&ateﬁlﬂlg waﬁl i nganly emsgnt at 30wt% when
b I
hERTRSAORAAD Loy QUELPR)RTERNE LIS U, detned
slightlyertea thd hyalregehdleyame lralov\eztsyfuﬂhmncamiedhe nce the

0] 220N S et SR i el R S n e in Pigures 4

an& ¥ CleOR@UVdIPeNZRAR 1O X Gk AMMSE 8o T Kirdsh ﬁotNﬁUﬁB%Béctwny and yield
substituted cyclic i mdes described in U 'S. Patent .

ino@ga3RD , Inearlandith Ngolrqgsndcegnberatpn JYCHBS graddceas gaqu% when  the
as N-hydroxypht hal i m de, 4-am no- N-hydr oxypht hal i m de,
3-am no- Nhydr oxypht hal i m deay
t et rabr ono- N- hydr oxypht hal i m de,
tetrachl oro- N-hydr oxypht hal i mi de, N-hydroxyhetimn de,
N- hydr oxyh| m m de, N- hydroxytrimel litim de,



Preferably, the catalyst is N hydroxyphthalim de.
Anot her suitable catalyst is
WORNY/03889¢ i hydr oxyi socyanuric acid. [0039] TheGBUS2008/072839
2mﬁ?&§ﬁ?@+s can be used either alone or in the presence
ree radical initiator and can be used as
I i qui d- phase, honngeneous catalysts or can be

rted on soI er rovj de, a
ny SRV g Eso0 albal dfd iyt AP, PR Tl ety ibenzenc, was the
pre%lﬁﬁﬁﬁahﬁ progebteteh kite HydtHiRn/BEndch€ratio was 0.9 or above.
N, N, N'-tri hydroxyi socyanuric acid is enployed in an

[0(15ﬁbuntwbét:vt}eﬁemr®emomerrtmn bast leeen slopgritsgd fmqicﬁluatsated by reference to
pa %ﬁ%%&go 1?196%1 ! ?hogﬁ\g)”f %ma fstg:“a e Cel 29 W lagﬁrréé]?lpe that the invention
lenidp Glsetdl €0 Fatighane mat m@smﬂy\@lﬁmai@auteremo%amms a@asuﬁ then, reference
2000C, such as about 900C to about 1300C, and/or a
shqp,lql; bs lgrpaéle oplehpwuihe sppended glagng q{qﬁlrpqﬁﬁyof determining the true scope of
ﬂw &%ﬁpmggﬁh%pnlng gas, preferably air, can be used as
oxi drzing nmedium The reaction can take place in
batch reactors or continuous flow reactors. A basic
buffering agent may be added to react with acidic
by- products that may formduring the oxidation. In
addi tion, an aqueous phase may be introduced, which
can hel p di ssol ve basi c conmpounds, such as sodi um
car bonat e. Hydroperoxi de C eavage [0041] The fina
reactive step in the conversion of the
cycl ohexyl benzene i nto phenol and cycl ohexanone
i nvol ves cl eavage of the cycl ohexyl benzene
hydr oper oxi de, which is conveniently effected by
contacting the hydroperoxide with a catalyst in the
l'iquid phase. This is conveniently carried out at a
tenperature of about 200C to about 1500C, such as
about 400C to about 12Q0C and/or a pressure of about
50 to about 2,500 kPa, such as about 100 to about 1000
kPa. The cycl ohexyl benzene hydroperoxide is preferably
diluted in an organic solvent inert to the cl eavage
reacti on, such as nethyl ethyl ketone, cycl ohexanone,
phenol or cycl ohexyl benzene, to assist in heat
renoval . The cl eavage reaction is conveniently
conducted in a catalytic distillation unit. [0042] The
catal yst enployed in the cleavage step can be a
honobgeneous catal yst or a heterogeneous catal yst.
[ 0043] Suitabl e honbgeneous cl eavage catal ysts incl ude
sul furic acid, perchloric acid, phosphoric acid,
hydrochl oric acid and p-tol uenesul fonic acid. Ferric
chloride, boron trifluoride, sulfur dioxide and sul fur
trioxide are also effective honbgeneous cl eavage
catal ysts. The preferred honbgeneous cl eavage cat al yst
is sulfuric acid, with preferred concentrations in the
range of 0.05 to 0.5 wt% For a honobgeneous acid
catal yst, a2007EM251PCT neutralization step preferably
foll ows the cl eavage step. Such a neutralization step
typically involves contact with a basic conponent,
wi th subsequent decanting of a salt-enriched aqueous
phase. [0044] A suitable heterogeneous catal yst for
use in the cleavage of cycl ohexyl benzene hydroper oxi de
i ncludes a snectite clay, such as an acidic
nmontnorillonite silica-alumna clay, as described in
U S. Patent No. 4,870,217, the entire disclosure of
whi ch is incorporated herein by reference. [0045] The
crude cycl ohexanone and crude phenol fromthe cl eavage
step may be subjected to further purification to
produce purified cycl ohexanodne and phenol. A suitable
purification process includes, but is not linmted to,
a series of distillation towers to separate the
cycl ohexanone and phenol fron1other speC|es [0046]
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[0047] A series of experinents was conducted in which
benzene and hydrogen were contacted with a catal yst
W@ yabosaspy epared by co-pelletizing 4.8 g of MRHBHDS2008/072839
to alumna nolar ratio of 18) with 2 g of a Pd
ngﬁM%*ﬁﬁ$na hydr ogenati on catal yst contai ning 0.30 w %
Pd. In this study, the reactor tenperature and
P gure were kept constant at 1500C and 1034 kPag
—l#iéé—psig), respectively, whereas the hydrogen/ benzene
whRlieflainlii@ was systematically varied from0.0-1.0.
The WHSV was either 0.5 or 1.0 hr 1. The results are
1. sh o\&r]prioﬁeSSif@fmre@cmtcrvcleheﬁy(blmse}ne/s&le OEICCEHECOTWEININE om
Fig a Pl eern%elnon I B St ] 0 aQIGalSI ocr{el chtlof zt he
hyd ggenﬁ% HEene ¥ % YESRVE ST o1 e shs'ed Pap idly
V\h e I(lb)t he chiytaétgetht b)%ﬂz"eﬁﬁ &nd altydﬁ)gmsn itHeCAtelagse @nk r@d¥tiBn zone under
0.4. Increase in conversion was at a sl ower pace
hy%@ékkytaﬁen Cordtionsdv ity a SrIB BN BRENT eampyisHe ¢ Folqculy sigse having an X-
e B
rafﬁff’ tl%nﬂeattk% %ﬂudﬁ%?f‘%ﬂ?&ﬁ%%ﬁﬂn%\ﬁ a? h'ﬁglig rlé(g) g %;tg(e??z% 574+0.07 and
3.42eD A7 AﬁgstrOm W‘(Eﬁt 1€44B oyié hyaﬁrogﬂ&tlph mdta?ldo @gﬂiuns tin effluent containing
dr ogen/ benzegne, ratio.in ure ield wa
Cyg%fw%@%zqnﬁc%%@ t %fﬁt]cﬂ 9 fge wlzﬁr 05 SH0Iel N Eogen fed to the at
leaﬁla&ﬁeore\ﬁ@t'fbﬂ AGe85Rd nﬁfn@gﬂ Pf Riolsbr ﬂehzé’fﬁsfeg'té cfl‘?é’@tr R8st one reaction
unexpectedly that CHB I's nearly constant at
zm&@w&@&mﬁe@éﬁhﬁﬂh?drogen/benzene ratio mas bet ween

2. Qi 1 R ROSHHORC ERET Hy GGG Ry 86 e pres Dot oF Finlgs of hydrogen

fed 1aGh&ASBLLt ohORBH o8 16 ﬁle&&tal ﬁmhueraﬁr%d{ésedfdoeﬁme fed to the at least
plotted again hydro%en/benzene ratio in Figures 4 and

On@ﬂﬁme@péﬁﬁuweﬂveﬂﬁ@ eahOfe seen fromthese two

Fi 9HhLES processt %f %Blso?be%vtﬂeyellﬁ thed dlegI &l gl nl%rsg eg frorn MCM-22,
Ilnearl Foden’ Benzene ratcy"

PSH23M %Smh EMBZQOITIM5JIE’QT2 hwicpyes/ M@Mem; MiIM%G{VEISZM 8, and
0 and in fact DCHB, rather than cycl ohexyl benzene,
COW@%“FW@(ﬁPQHSW?ﬁhﬁP“ﬁﬁﬁﬁegt when the hydrogen/ benzene
rat 0 Vv e
4§ nvaleiBReqts SRy Sholold i mflafr PALLGRHed from MOM-22,
MG ef-49, MCH1- S@amhcdmhmdlta:ms eﬁ‘emdtwreasttmoretth@sﬁ of ordinary

ski in the rt wi | reci ate that the i nventi on
5. |en<LJJéle PRSP O B BIFF i gl%\?h%eeé S 4k epsf opf ydfoegpasign metal is

sdE&E@ﬁBnlﬁﬁﬁdﬁﬁi%mh&ﬁé@nmwkaeﬂnc&ﬁf%ﬁﬁﬁ%ﬁhSh0U|d be
made sol'ely to the appended clains for pur poses of
6. det dhaipricasy aflvaitriuehgempbe bydropemapoe setl is palladium.
i nventi on. 2007EMR51P AIMS What js clained,ig: 1. A .
7 pr o?@% PGPS %Hu@?ﬁ“gr%%ﬁ%e%ﬁr%ﬁé% Alelcagtpac by g‘i%&%anon metal is
pre3OMtRA bS hﬁaunt(&}wéee&ﬂ@mldoﬂﬁ% eyewEpkk dTYRY @88 PstlsOstar.
| east one reaction zone; % contactlng t he benzene
8. and Thy drressen of r¢laime7 a’thqr@asr ¢ dierogerationonctab ffepigheiérin an amount
bemye‘gﬁf’)ﬁ' I%1%1'564/ A elgﬂl fitllle ca%alwétt D st@nCat alyst system
conprising a ol ar sreve R V|ng an Xray
9. di f fThagkrd@Bs pAkhEprectdifd Yihing whepaeal RYstFXIVIPB @lthe hydrogenation
12..40. 25, 6.90.15, 3,570.07 and 3.420.07 Ah?stron1 and
megg! 1y wRBprieshen ﬁ}/@PE&j’@W&Pﬁl‘éﬁwdlﬁ%feﬂF frowy the Brplreulagpicve
ef f t g I 0 [
O.r at :T‘(l){@ g[%ro&%g o?oétlh é@ﬂg?y 1%@2 Z §O t/lg];%e{h@ lﬂfﬂ?&%natlon metal is
a@ﬁmﬁeébnM&ﬂﬂbm@necmﬁhzt|on zone to the nunber of noles

of nzene fed to t aj | east one reagtion zone i S
Hpet iberPracess Mol %}ng§ éeref?h%ltbé%%@)’ ﬁ fcihg; hydogenation metal is
Smﬁﬁ@%@bﬁﬂkﬂﬁoﬁﬁhk%xﬁﬁ the total nunber of noles of

hydrogen fed to the at | east one reaction zone to the

total nunber of noles of benzene fed to the at | east

one reaction zone is between 0.5 and 0.8. 3. The

process of claim1 or 2, wh&arein the nol ecul ar sieve

is selected from MCM 22, PSH 3, SSzZ-25, ERB-1, I1TQ I,

I TQ 2, MCM 36, MCM 49, MCM 56, UZM 8, and conbi nati ons

of any two or nore thereof. 4 The process of cIa|n13

o o T | AR A NN
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5. The process of any preceding claim wherein the at

| east one hydrogenation netal is selected from
w@alobasksem rut heni um nickel, zinc, tin, and PCDh#aE1008/072839
ZMQEszgcprocess of claimb5 wherein the hydrogenation

metal 1s palladium 7. The process of any precedi ng

claim wherein the at | east one hydrogenation netal is

present in an.apou et n 0.05 and 10 % b i ght . .
125 “TRE reatay LTyl o8 T TR sBees 15p¢ e pifrpBetition metal i
appRRI 18I the iR E bR1AS HREdr fhd b AanicSoREE KEWmPdRité with the molecular

anmount between 0.1 and 5 % by wei ght of the catal yst
siIcggstem 9. The process of any preceding claim wherein

t t 50 wt%of. th d ti tal .is . : :
13 o0 eSSt R sl e 337 8 iR P Gy pgnoriss an ovde
of Blk&¢ thatlcmicRME.Grdlps J e 1 pand €461 Of Peliadi TAblE BidmMeras.

| east 75 wt % of the hgdrpgenation,netal i s supported o
14on ke prassssrfrilaimpbd whereinithe mesganioerde conpidtes amipa and/or titania

ejn.substantially all of the hydrogenation netal
an@@?%ﬁ%ﬁg%ted on the inorgani c oxide. 2007EM251PCT 12.
15The The peesss afanglpatardBg clOmowhdikinthe hegtroatidytatiah chedisibns include a

hyd ' I j l'i ed t [ [
e e AR OhE JORGK GEH PE» Bl P BEnIG<p CU Gt
16t he TRl eedtlar & s pl‘g’ced%;ée_d%iﬂlge%efgin a1l GRo  contains

9 to 12, whereln the inorgani c oxide conprises an
dicyrlioblexybfcna¢ne] arasdt lomse pait efreint diojclchraayibsnZne 4y cdiBacertiwith benzene

4 of the Periodi.c Table of .Elenents. 14. The process
undsy e@nsgliiansm sRBIETH DRSO AT %YCLO%eaéb%ﬁ%er i ses
172l UM RRetREW/BF copiodNéifg APHIhEI aal F §RIUMRxanbde, THE method comprising

process of any preceding claim wierein the ' o
prqwadm@ankqlowyﬁnn@@ﬁ dby i Baspiogessude anyt engrediaguckinf oxidizing the
cr BTV RRHS 0 WS S BEREE. SRS 4R i e
cyslbigs@ibenidhe hedrbparesite & mrode@phanslsindicgyichehsxy. benzene

and at Ieastjpart of the dicycl ohexyl benzene is
18 ¢ ontlhe persei eftrny drgcs AL shey WhereHs e kgonef thp total number of moles of
ny GO A 8 IBLSOHE Rabtid A Y QDAY ErE NG os B borone fod 1o
thenae ldastoreatgtionizoge preduinriy ayld.@hexyl benzene by t he

process of any preceding claim oxidizing the

cycl ohexyl benzene to produce cycl ohexyl benzene

hydr oper oxi de and cl eaving the cycl ohexyl benzene

hydr oper oxi de to produce phenol and cycl ohexanone. 18.

The process of any preceding claim wherein the ratio

of the total nunber of noles of hydrogen fed to the at

| east one reaction zone to the total nunber of noles

of benzene fed to the at | east one reaction zone is

bet ween 0.6 and 0. 7.

14



