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DEBENZYLATI ON Fi el d of the Invention The present invention generally

rel ates twoastahspst conposites, nethods of maki ng and enmayisvg26dse

catal yst conposites, and nethods of 5 debenzylation. The present invention
particularly relates to catalyst materials and nmethods associated with the
deprotection of hydroxy and am no functional groups. Background of the

I nvention Catal ytic processes are indispensable in the chem cal industry.
10 Frequently, catalytic processes enploy a catalyst that is incorporated
on a support. Effective use of the catalyst often corresponds to the
quality of theMPROVEDSPRECIOUS METRL CARALYSTFORIDEBENZYLATION due to at
| east one of poor structure, physical degradation, chemnm cal degradation,
undesi rabl e properties, and inconsistent properties, limt the
effectiveness of catal ysts incorporated 15 therein. Conditions such as high
tenperatures, high pressures, and high or |ow pH environnents present
challenges to the integrity of Frildlofthedupentiba. Pall adium catal ysts are
enpl oyed in synthetic or?ani c chemstry, Part i cul arl%/ in the pharnaceuti cal

i ndustry, for debunpigsani swentpmgeneradly rolatesia ¢ailyst pampasitemm
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supports ardemst $90Ciated My t eﬁﬁ%pégtggggnp hygliox Y er cone the
di sadvant ag@ﬁcﬁ&%?r@ﬁrﬁ wi th conventional carbon 25 supported catal ysts.
Non- car bon supports I rnclude alum na supports, silica supports,

al um na-silica supports, various clay supports, titania, and zirconium
supports. However, there are_at . | east on hofI two,.di sadvant ages associ ated
wi t h non-carbon catal yst supm—;—et—ﬂ%ﬂ%y may | oose WO 03/ 024592
PCT/ US02/ 26880  @atalytic processes are indispensable in the chemical industry.

10 Frequently, catalytic processes employ a catalyst that is incorporated on a
support. Effective use of the catalyst often corresponds to the quality of the
catalyst support. Poor quality catalyst supports, due to at least one of poor
structure, physical degradation, chemical degradation, undesirable properties,
and inconsistent properties, limit the effectiveness of catalysts incorporated

15 therein. Conditions such as high temperatures, high pressures, and high or
low pH environments present challenges to the integrity of catalyst supports.

Palladium catalysts are employed in synthetic organic chemistry,
particularly in the pharmaceutical industry, for debenzylation. Commercially
available palladium debenzylation catalysts are made on a carbon support

20 having a surface area below 1,000 m?g, wherein about 50% of the surface
area is located in micro pores (below 20 A). Such carbon supports also have
a ratio of micro pore volume to total pore volume of 20% or more.

Non-carbon catalyst supports are employed in catalytic processes in
attempts to overcome the disadvantages associated with conventional carbon

25 supported catalysts. Non-carbon supports include alumina supports, silica
supports, alumina-silica supports, various clay supports, fitania, and
zirconium supports. However, there are at least one of two disadvantages

associated with non-carbon catalyst supports; namely, that they may loose



physi cal strength, and that they are dissolved in corrosive environnents
(such as acidic solutions). Debenzylation involves separating a benzyl
group frowoasfpwseri onal group. One attractive use for delremayoza2isem i s

cl eaving a benzyl protective 5 group froman am no or hydroxy functional
group during organic synthesis. For exafple, during the synthesis of a

mul tifunctiaonal organi ¢ conpound, reactive sites nmust be tenporarily

bl ocked untRIY repothn apfl thaldhey ke Gisolved iREaRiosive ednmantsi(swei such
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reactions. The effectjveness and yseful ness of a given protective group is
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t hus ref er gyrbaps 25 ptdvenalbnivahied @actiony.e the protective group fromone
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end point for deprotection using benzy! protective groups. As a result,
synthetic organic chemists sometimes select non-catalytic techniques for
deprotection.
The effectiveness and usefuiness of a given protective group is also
20 determined, in part, by the selectivity associated with deprotection (removal of
the protective group from the compound of interest). There are two notable
aspects to selectivity.
First, in some instances, the same protective group may be employed
to protect two or more different functional groups. Selectivity thus refers to
25 the ability to remove the protective group from one functional group without
removing it from another, different functional group. For example in organic
synthesis, it may be desirable to cleave a first benzyl protective group from an
amino functional group while not cleaving a second benzyl protective group
from a hydroxy functional group located at a different position on the
30 compound of interest.
Second, selectivity may refer to the ability to remove the protective
group from a functional group without causing any unwanted side reactions.

In this connection, deprotection using palladium debenzylation catalysts



group froma functional group w thout causing any unwanted side reactions.
In this connection, deprotection using pall adi um debenzyl ati on catal ysts WO
03/ 024592wB@3h24302/ 26880 3, invol ves hydrogenol ysis of tRreThsSnzyd880
protective group. However, hydrogenolysis may hydrogenate a nunber of
functional groups that may be present #n the organi c conpound of interest.
G oups such as C=C, C=C, CN, -RNQ2, -aryl-halogen, and the |ike can be
hydr ogenat étvalvefehydrepanplysisyofsheibeazy sraiective 9reep-nflop@veadi um cat al yst s.
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reactl ons. ort o present invention has a certain
total pore vol urRnaiyg tioe pifeetivaressmnandeduiness af aggiven potscliveagreuprigal/ m cr o
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i nproved c&eiPYRINCECH Rﬁrf’>bya9ﬁﬁ'tg9pn§i PEAIONG; ¢ : F‘ﬁp'@&tql%‘f‘e@éﬂ%i te of
the preseniyiavientires r@léﬂbéﬁzgérigbrﬁ?ﬁ&}’rﬁgfﬁ?‘gﬁ&&i‘uﬁ? Edtalysth ThRGUpI® sel ected

renoval of a protective gro rom one tional group in favor over

anot her  f with ihenkigh grostipf paligdlien metal, lsomsetiraep merks ta disfayooihe ushef

cat a@/st Zoagogposi t%IOf’[ t he present invention may exhibit inproved

sel et vi t PAFIUR RIS g si de reactions, such as nitigating hydrogenation
of unsaturated carbon-carbon bonds and the |like during debenzylation. One

aspect of the invention relates to catal yst conposite containing a netal
catal yst and a specifically deﬁﬂségiamgﬁaﬂ containing a 25
car bonaceous T BleselE m SRR BF R EraRbAL A IERTES SRRRORNR ot o1 2L
wher e aboutimppdeet délssszyidtidreaciibed. Phe eatlystastpparicsf the prese por e
surface invention has a certain total pore volume/micro pore volume and/or total pore
15 surface area/micro pore surface area and/or a low phosphorus content that
facilitates improved catalyst activity and/or selectivity. The catalyst composite
of the present invention exhibits improved selectivity with regard to selected
removal of a protective group from one functional group in favor over another
functional group coupled to the same protective group. The catalyst
20 composite of the present invention may exhibit improved selectivity by
minimizing side reactions, such as mitigating hydrogenation of unsaturated
carbon-carbon bonds and the like during debenzylation.
One aspect of the invention relates to catalyst composite containing a
metal catalyst and a specifically defined carbon support containing a
25 carbonaceous material. For example, the carbon support may have a total
pore surface area of about 800 m?/g or more and about 2,000 m%g or less
where about 20% or less of the total pore surface area is micro pore surface
area. In this embodiment, the carbon support may have a micro pore surface
area of about 200 m?%g or less. In another aspect of the invention, the carbon
30 support may have a total pore volume of at least about 0.75 cc/g where about
15% or less of the total pore volume is micro pore volume. In this
embodiment, the carbon support may have a micro pore volume of about 0.1



area. In this enbodi ment, the carbon support nmay have a mcro pore surface
area of about 200 nR2/g or less. In another aspect of the invention, the
carbon 30weuwppatsp2 may have a total pore volune of at | eastcCahsor263805 cc/ g
where about 15%or |less of the total pore volune is mcro pore volune. In
this enbodiment, the carbon support n#ly have a micro pore vol une of about
0.1 WD 03/024592 PCT/ US02/ 26880 4 cc/g or less. In yet another aspect of
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another embodiment, the present invention involves the use of a catalyst

15 composite in a catalytic hydrogenolysis process, such as in the debenzylation
of benzyl protective groups.

The carbon support contains a carbonaceous material, and optionally
one or more additives. The carbonaceous material may be obtained or
derived from any suitable carbon source. The carbonaceous maierial initially

20 used is an activated carbon, or a non-activated carbon that may be converted
to activated carbon at some point during the formation of the carbon support.
For example, charcoal (a non-activated carbonaceous material) may be
converted to activated carbon during a heat treatment step (subsequently
described). Carbonaceous materials include activated carbon derived from

25 coal, lignite, wood, nutshells, peat, pitches, cokes, and the like; and non-
activated carbon derived from carbon char powder (e.g. charcoal).

The carbonaceous material combined with any optional additives is
typically in powder form. In one embodiment, the carbonaceous material has
a particle size (average particle size) of less than about 100 microns. In

30 another embodiment, the carbonaceous material has a particle size of less
than about 80 microns. In yet another embodiment, the carbonaceous

material has a particle size of less than about 50 microns. In still yet another



25 coal, lignite, wod, nutshells, peat, pitches, cokes, and the |ike; and
non- activated carbon derived from carbon char powler (e.g. charcoal). The
car bonacewosnmtser i al conbined with any optional additive®cCirasoyvygsscal ly in
powder form In one enbodi ment, the carbonaceous material has a particle
size (average particle size) of less than about 100 microns. In 30 anot her
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about 80 miesnlgment thecatenansousrmaieriabinas arpsticla sizeneldesthama@iti al  has
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The carbonaceous materials are chemically activated or non-
chemically activated. Chemical activating agents include one or more of
alkali metal hydroxides, alkali metal carbonates, alkali metal sulfide, alkali

20 metal sulfates, alkaline earth metal carbonates, alkaline earth metal chlorides,
alkaline earth metal sulfates, alkaline earth metal phosphates, phosphoric
acid, polyphosphoric acid, pyrophosphoric acid, zinc, chloride, sulfuric acid,
and the like. Chemical activation is conducted by contacting one or more
carbonaceous materials with one or more chemical activating agents, mixing,

25 optionally heating, optionally washing/rinsing, and optionally drying the
chemically activated material.

In one embodiment, the carbon support contains about 50% by weight
or more and about 100% by weight or less of at least one carbonaceous
material. In another embodiment, the carbon support contains about 60% by

30 weight or more and about 99.9% by weight or less of at least one
carbonaceous material.

The carbon support contains a relatively small amount of phosphorus.
If necessary, the carbon support may be post treated to lower the phosphorus



aci d, pol yphosphoric acid, pyrophosphoric acid, zinc, chloride, sulfuric
acid, and the like. Chem cal activation is conducted by contacting one or
nore carwomaoeses materials with one or nore chem cal acPCraiSonesssyent s,
m xi ng, 25 optionally heating, optionally washing/rinsing, and optionally

drying the chenically activated materif@l. In one enbodi ment, the carbon
support contains about 50% by weight or nore and about 100% by wei ght or
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m xi ng and yeibe emidedtother iGuid soiemtle Tap water or deionized water may be

15 employed, but deionized water is preferred. Water is added to facilitate
mixing and subsequent forming (for instance, extrusion), and thus it is added
in any amount suitable to facilitate mixing and subsequent forming. Since
water is eventually removed in subsequent drying and heat treatment steps,
the amount of water added is not critical to the present invention.

20 Nevertheless, in one embodiment, the mixture of optional additives and
carbonaceous material typically contains from about 5% to about 80% by
weight water. In another embodiment, the mixture of optional additives and
carbonaceous material contains from about 10% to about 70% by weight
water. In another embodiment, the mixture of optional additives and

25 carbonaceous material contains from about 20% to about 60% by weight
water.

Additives include any material that facilitates mixing and subsequent
forming. Additives include rheology control agents, extrusion aids,
suspension agents, surfactants, low boiling organic compounds, rosin

30 materials, polymeric additives, and dispersing agents such as ammonium
lignosulfonates. Rheology control agents include cellulose ethers, polyvinyl
alcohols, and polyalkylene oxides. Examples of cellulose ethers include

sodium carboxymethylceliulose (CMC), hydroxyethylcellulose (HEC),



water is eventually renoved in subsequent drying and heat treatnent steps,
the anobunt of water added is not critical to the present invention. 20
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15 The mixture of carbonaceous powder and any optional ingredients may

be mixed well in a high shear mixer with water and a rheology control agent,
such as Methocel until a rather stiff dough is obtained. This dough can be
extruded or formed into any suitable shape including cylinders, cubes, stars,
tri-lobes, quadra-lobes, pellets, spheres by suitable mechanical means. In a
20 preferred embodiment, mixing is conducted in a high intensity environment,
such as that supplied by a Littleford Mixer available from Littleford Day, Inc.,
Florence, KY. Mixing is conducted for a time sufficient so that a fine uniform
mix results. In one embodiment, deionized water is added to the mixture
during mixing in an amount to yield a stiff, dough-like material suitable for
25 extrusion.
In one embodiment, the mixture of carbonaceous material and optional.
additives is mixed in a high intensity mixer-from about 5 minutes to about 100
minutes. In another embodiment, mixture of carbonaceous material and
optional additives is mixed in a high intensity mixer from about 10 minutes to
30 about 60 minutes.
After mixing, the mixed material is formed into a suitable shape, then

pulverized. Examples of extrusion machines include extrusion molding



wei ght of at |east one additive. 15 The m xture of carbonaceous powder and
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an anount to yield a stiff, dough-like material spitable for 25 rusion.
I'n one enttfl ABMOPtioRRl aAdiEE Uggo'ﬁ'f&'ﬁ/ %W&ézéﬁ@'%p@ﬁ?ﬁ?ﬁ’dﬂﬁ‘_egp?ﬂ%&ﬁ‘éf .

addigi ves | gyftednd ?oJHaggogélh%téﬁéMn'{hé%bb&é@mrﬁb@wnmrasafwyﬁs to about
100 ° ni nutESE 2not ﬁer enpbodl nent, m xture of carbonaceous material and
optional aslgigdryesntributdsiedhé mdaahiageouateapsertips of she resudant®didde® ni nut es

to 30 about 60 mnutes. Aft m xin t he m.xed rial | med into a
sui t abl e sRIBlySt BHRIPOr 60?’\?%?‘5{?&393 Ogép(?ﬁteewr%éﬁgntﬂﬁad@%?&gt; i ncl ude
extrusi on éﬁﬂ g WO 03/ 024592 PCT/ US02/ 26880 8 machines, single screw
extruders, twn screw extruders, coextruders, pin _extruders, |inear
extruders, and Aftaofdrmingtie meterialdpeforaneatint pueding: beifameds it s

co nent s he carbpnaceous ter] A | kL]
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car bonaceoysngwd farhainingwhite). sDbaeg iseténdueied irnat least ahg sf a siesfueator,
contributes to the advantageous properties of the resultant ext.r d{ed
catal yst sup@era vapdumdeAUCeaiPreas ey AN ehaleypied t@mﬂeé?ﬁ\rﬁéb%ﬁﬂ@bj)c&r al yst

Fophoe 1ok BB AR BN ol B peheanglua b 10
typi cal |y fraterial. Drying the formed material contributes to the attrition resistance
15 properties of the resultant carbon support.

The manner in which the carbon material is dried is not critical, but in
many instances the drying conditions primarily depend upon at least one of
the dimensions of the carbon material and the shape of the carbon material.
In one embodiment, the dried carbon material contains less than about 3% by

20 weight free moisture. In another embodiment, the dried carbon material
contains less fhan about 1% by weight free moisture. In yet another
embodiment, the dried carbon material contains less than about 0.5% by
weight free moisture.

In one embodiment, drying involves at least one of maintaining an

25 elevated temperature (above about 35°C) overnight, desiccation overnight,
and under a vacuum overnight. When employing elevated temperatures, in
one embodiment, the carbon material is heated from about 35°C to about
150°C for a time from about 5 seconds to about 6 hours. In another
embodiment, the carbon material is heated from about 40°C to about 110°C

30 for a time from about 30 seconds to about 30 minutes.

After drying, the carbon material is optionally heat treated. However, in
one embodiment, the drying step may be incorporated into the heat treatment

step by starting the heat treatment at a relatively low temperature (low



renove remaining water). Drying is conducted in at |east one of a

desi ccator, under a vacuum (reduced pressure), and/or elevated tenperature
(baki ng) woro3oassufficient period of tinme to renove any r@caiusongssBe qui d
fromthe formed material. Drying the fornmed material contributes to the
attrition resistance 15 properties of the resultant carbon support. The

manner in which the carbon material is dried is not r'%ic |, but i many
i nst ances tempeipjireg retaiive e disheal ’fﬁ%ﬁ“m%}"td%@ﬁ@tufﬁﬁg- 5 e|f§§§’tm8 'agf t he
di mensi ons; [l t : erial. In
one emboat e areq i Bny BAFHE maio GbroURes Buah RE e AT TR ™ % by 20

vei ght f r egrovities & Wataly s uppoitheontainimda cariionddeeud matdrialdnaimg mat er i al
contains |l ess than about 1% by_vve'bght Eree noi.sture., |l n X@h anot her
enbodi nent Prapestier FeresRPMENI WithdnPse of sRHVAIRY BSRACRNBIN 0. 5% by

wei g?t fregn{ﬁ%idﬁégﬁf;ﬁ wh@geé’%ﬁoﬁ%ﬂ%@rﬁar?g@é{éé&é e s @inplgiRel. one of

mai ntai ni ng an eva tenperat ure ove about 35C) overnight,
desi ccati on oveimbgbtembedichenhdeat dreatmanhinvebesihgating Whe 6atgs oyi ng

el evated tenperatures, in _one enbodi .~Lhe ca terial s heated
fr om about ”ﬁ@'@@téo%mper%@?'f%? Oyrgr@bf?J%aQBHBF%@Og@ch@Og%&about 6
hours. In %W?nﬁmﬁﬂé@%enﬁh%l‘?éélﬁ@ﬁtiﬁ@'&lﬁ’é catbonsmBrataedt Ar om about 40C

to about 1 or a time fromabout 30 séconds to about 30 m nutes.
After dryi tempetadursairommalmt JOPSC toabet i16dRQ1G: Kémnoteddhakte However, in

one .enbodi pent he drying s LNCO rat | heat treatnment
steﬂ%by st rFP%r&L”t'rt‘?emﬁéa gxwitﬁﬁgﬂ%mggraéu%e{a% fe\'/efdj %X(%/{btl%’ﬁggr ature (low WO
03/ 024592 RGhp&RAAI2R§he Rnigstper sicatitg irrbasaed duting tHedehgiit oft theat ment
tenperatures). The driéed material 1is heat treated in any suitable manner

to provi dehéab’ﬁ@a’ﬂ‘?%@t- support and to provide a catalyst support containing
e ear o EaEBl SR Sihe BARREITHES A SoBRRngiail iz o
car bonaceodspentieupah the tempemtecd), the taniemis efrbtmidspiere, theaelate@at nent
| nvo1I5ves h%%tuEpn eﬁ{‘%nﬁ%g ?é]entity of the components (the specific type of
carbonaceous material and the optional additives). In one embodiment, heat
treatment involves heating the carbon material from about 15 minutes to
about 5 hours. In another embodiment, heat treatment involves heating the
carbon material from about 30 minutes o about 4 hours. Heating time refers
20 to the amount of time that the carbon material itself is at the temperature
specified (and thus does not include ramping up or cooling down).

In one embodiment, the atmosphere in which the optional heat
treatment is conducted contains at least steam or water vapor. The
atmosphere may further contain at least one of an inert gas, air, oxygen, and

25 carbon dioxide. Inert gases include the noble gases and nitrogen. Noble
gases include helium, neon, argon, krypton, and xenon. In another
embodiment, the atmosphere in which the heat treatment is conducted
contains at least one of steam/water vapor and an inert gas. In this
connection, in one embodiment, the heat treatment atmosphere contains a

30 substantially inert atmosphere, such as from about 50% to about 100% of at
least one an inert gas and from about 0% to less than about 50% of one or

more of steam, air, oxygen, and carbon dioxide.



material at a tenperature from about 600C to about 1,500C. In another
enbodi nent, heat treatnent involves heating the carbon material at a

t enper at Wwe oBoospabout 700C to about 1,000C. It is noted PhatUSHIZLO
tenperature may vary within a tenperature range. For exanple, the
tenperature may be ranped or steadily f®creased during the length of the
heat treatnment. The length of time the carbon material is optional|y heated
primarily depefitie rapaianticarhampuprarts of theryesent IBHeIQH PRRSASS FhdBB, t he

related 15 equi nt,, and the j ' ; ; ific
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ni t rogen. ases i°n el Tum neon, argon, krypton, and xenon. In
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conducted contains, at,|east qgne tea Y ' t gas. In
t hi 40 connsemr%'%bq?ﬁy&% aéﬂ%gﬂ%i%e Y%%%é@@ﬁp?egfcﬁ%%%t@%ﬂ) re contains
a 30 subst aghiral AdentBiithe xiASBAKIE. TheGBsalariircamedeup&tdot heabout 100%
of at |east one an inert gas and from about 0%to | ess thaggabout 50% of
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br eaki ng, chi ppiGherafly,ahkittgl poe surfere aiepsifdhe cadmysuppits ofdbal t ant
carbon supports are _
15 present invention correspond to a weighted average of the total surface pore
area of the optional additives and carbonaceous material. In one
embodiment, the total pore surface area of the carbon supports is about 800
m?g or more and about 2,000 m?g or less. In another embodiment, the total
pore surface area of the carbon supports is about 1,000 m?/g or more and
20 about 1,900 m?/g or less.

The carbon supports generally have a unique distribution of micro pore
surface area that contributes, in part, to the advantages obtained by the
present invention. While not wishing to be bound by any theory, it is believed
that the distribution of micro pore surface area in the carbon supports of the

25 present invention leads to improved activity for the catalyst composite. Mirco
pore surface area is that surface area of the carbon support located in pores
having a diameter of 20 A or less. In one embodiment, the micro pore
surface area of the carbon supports is about 200 m%g or less. In another
embodiment, the micro pore surface area of the carbon supports is about 150

30 m?/g or less. In yet another embodiment, the micro pore surface area of the
carbon supports is about 100 m?/g or less.

In one embodiment, the percentage of the total pore surface area of

the carbon supports of the present invention that is micro pore surface area is



characterized as having uniformy sized and shaped particles. Another 5
advant age associated with resultant carbon supports of the present

i nvent i orwoiog/oz4sar t he | evel of porosity and/ or extent of PErfSarzsssy ea are
controllable, primarily by varying the reat treatment paraneters and by
varying the relative amounts of the inb edients (the carbonaceous materi al
and the optjon Por osi t nd/ or surf may_al so be

| o2ddi ti ves) _ )
control | abl %b%Lﬁ %%/%ﬂ’ll@#%?ﬁ)lq?n(ygﬂwqﬁl%é n BVpQW’gﬁﬁﬁgﬁye%?ﬁﬂtWWpe of
addi tive, spehoffi o€ s aea isCRIY fhicRe Pore SUrTEESE afd.” ehtngl d- The

resul tant carbon supports of the present invention may al so possess a
rel ativel y enapdinaemiuthe percgniagerrisro porpavdacae aresooitbatiotahabrear bon

catal yst s ts | | t total por yrface area pf the carbon
supports o% S e%@?@%tca?{%%%po‘?%c'é‘ ra&’é’éﬁdr%?dg _PB_FeéSwéri‘ ) ﬁf@ﬁc’@\%r age of
the t®tal sembediengst the psreantigetdieniers porabudast hiatest tﬂ@qO%PB%‘aCEOUS
material. In one enbodinent, the total pore surface area of the carbon

supp(ﬁr ts i ss%fﬂﬁ?t arggoof the cgrian sunRorisnia akswiit! 0% ooesae/ig still yekanothen _
about 1, oo prgent, 1o befcahinoBHr imBH bBRF i Bled ips %iBok o ' ' °

supports genhefame grelasofedha carbarusupbarts islEbicuw 8% br leser o pore surface area
that contribute ' art, to the advantages obtaine the present

db
i nvention. Wil Zﬂf‘lé)ga ULFYRPAS Q%'%%'%'&a\fﬁ/aml{%@icﬂ@ﬂu)ﬁpﬂ qf PRI i eved
h he di ' | iniT f [HRa t f
that1g he dilimhBUhbPBoiblHes! M R, &oSHE aﬁi&ﬁgﬁa{g@@.dﬂalbgg b&ﬁégﬁ?gﬁpor S0

the 25 present invention | eads to inprov Ivity st
conposi t e. iWeniwn. pbthilesiatinisking i@ heilounckldy any thexey 4t Bscbalievedehatatheon

support | oc [.0_por havi n. di gnet er of 20 or less. In one
enbodi ment ,cf’}%tﬁguh?elpg P§§$ ¥°ﬁ§1?r'ﬂa{68 C %é%p SHPR LS 85@'8&{9%%%8}’?@“9% about
200 n2/ g orleh@s fo ichprovaaidesivity Rmaes caRINst coRfpdsiter 0 pore surface area of
t he carbon supports is about 150 30 nR/'g or less. In yet another

enbodi ment, t he IRivepbreinet theecalben sePperof thapsesent ipentios has about
sory L0, gl \ONERE PAPEEL/ TRk o 1S o SFOEHRor ROLRBREIG TS v cro
pore surfacarborauppoiiBa8dH 3245re POTUMSO2 A2 E380about 1 cc/g. In yet
another embodiment, the carbon support has a total pore volume of at least
about 1.1 cc/g.
In one embodiment, the carbon support of the present invention has a
20 micro pore volume of about 0.1 cc/g or less. Micro pore volume is the pore
volume in pores having a diameter of 20 A or less. In another embodiment,
the carbon support has a micro pore volume of about 0.075 cc/g or less. In
yet another embodiment, the carbon support has a micro pore volume of
about 0.05 cc/g or less. In still yet another embodiment, the carbon support
25 has a micro pore volume of about 0.03 cc/g or less.
In the carbon supports of the present invention, in one embodiment,
the percentage of total pore volume that is micro pore volume is about 15% or
less. In conventional carbon supports, typically about 25% of the total pore
volume is micro pore volume. In another embodiment, the percentage of total
30 pore volume that is micro pore volume is about 10% or less. In yet another
embodiment, the percentage of total pore volume that is micro pore volume is
about 5% or less.



11 about 20%or less. In conventional carbon supports, typically about 50%
of the total pore surface area is due to mcro pore surface area. In

anot her wolwod24sent, t he percentage of mcro pore surfaceParasoniesshe t ot al
pore surface area of the carbon supports is about 15%or less. In yet

anot her 5 enbodi nent, the percentage ofl2micro pore surface area of the
total pore surface area of the carbon supports isagbout 10% or | ess.

. . |
still yet anot h&Oreyebsng mau be dpterpined Ry AfatrggeneOseriliondeslshah @Sar eg of
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I nverdion h'e?ﬁﬁs to inproved activity for the catal yst conposite. In one

, the

enbodi nent " carbon support of the present invention has a 15 total
pore vol ume of &h oneaarnbedimentthgPresent.inventioroinhelves igsaingeneatabylie car bon

t h t ot.al, pi | f | b Ll h
onbodi ment copiodid b GapRE e dtben Eipbalatl altafifcfio dl e o apout
1.1 cc/g. latNfeaayravarmdial tTige ﬁﬁp#@gmaﬁmp@éﬁe@rbdtmaréutmem dargent i on

has a 20 mcro poire volune of about 1 cc/g or less. Mcro pore volune is
the pore wuppad With poreskieras ongraanic saitien dthedeirest medalor | n anot her

enbogj nent, _ th r out 0.075 cc/g
or |ess. Iﬁomféﬁa@cﬂ’ggﬁ@}eﬁégﬁgéb&%&tﬂﬁég?@gn s"?ﬁ’%h% %sdﬁ % m cro pore
vol unme of o&@%ﬁcdﬂz%ﬁ@é/@et@roh es peal thessufaceyef tharsuppert, theyeldy nent, t he

carbon support. 25 has a mcro pore_yolu of about 0.03 cc/qg or, less. In
t he car bon PEQYiBRG & catalysi €oposiiae Ti PBﬁPpPH”}&%b%(?&Pgéﬂ?te”af he

per cent age of, |88l B0! S RledTBr bbAHeket: 66855 & VresBadet, about 15% or

| ess. I n conventfional ‘carbon Supports, typically about 25% of the total
pore vol une i s Gatafyicply activel metals typicallytindude pecipue metalsh Expumplest age of

;gg? ?0 p%rf %a}r/aci;l/tlljcnﬁlyta%%e irr?etg?scarnod R'n?{tﬁrevg# rl#g(‘alis ?nc?t?@éj Ealilé)d){&%r, less. In yet
palladium hydroxide, palladium and rhenium, palladium and rhodium,
palladium and tungsten, palladium and nickel, palladium and tin, palladium
and copper, palladium and ruthenium, palladium and lead, palladium and
germanium, palladium and platinum, platinum, platinum and rhenium,

20 platinum and ruthenium, platinum and tungsten, platinum and nickel, platinum
and tin, platinum and iron, platinum and copper, platinum and rhodium,
platinum and lead, platinum and germanium, cobalt, rhodium, nickel,
ruthenium, osmium, iridium, various combinations thereof, etc. Palladium and
platinum catalysts include palladium with about 10% by weight or less

25 platinum as a promoter as well as platinum with about 10% by weight or less
palladium as a promoter. It is to be understood that the aforementioned list of
catalytically active metals are only representative, and thus not limiting of the
type of metals which may be impregnated on the carbon support surface.

The catalyst may be impregnated onto/into the carbon support in any

30 suitable manner. For example, immersion techniques, spraying techniques,
and incipient wetness techniques may be employed. Generally, a slurry is
formed containing the carbon support and the metal catalyst (or a compound

containing some form of the metal catalyst such as a metal salt), the carbon



enbodi ment, the percentage of total pore volune that is mcro pore volune

Is about 5% or |ess. WD 03/024592 PCT/ US02/ 26880 12 Pore vol une nay be

det er m newoOlwg/oa45m2 t r ogen absorption test, such as using &Crrusavassdance

with the analysis nmethod outlined in ASTM D 4641-88 entitled "Standard

practice for cal culation of pore size dstributions of catal ysts from

nitrogen absorption isotherns” which is incorporated &y refergqge 5 herein.
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are 1%”' y ree%t()ag lpr%eantt,l t¥\%’ an%ggnttoql{ﬁe rc]:%trbcgr{ %M)cprginotfhetcha?alyst composite is

from about 70% to about 99.9% by weight. In another embodiment, the
amount of the carbon support in the catalyst composite is from about 80% to
about 99.75% by weight. In yet another embodiment, the amount of the

_ carbon support in the catalyst composite is from about 90% to about 99.5%

20 by weight.

The catalyst composites of the present invention are suitable for use in
catalytic processes. Catalytic processes where the catalyst composites of the
present invention can be employed include hydrogenation, hydrogenolysis,
rearrangement, dehalogenation, isomerisations, Rosemund reactions,

25 hydrogen transfer reactions, high pressure reactions, deprotection, and
debenzylation, such as O-debenzylation and N-debenzylation.
Hydrogenolysis may be employed for benzyl acohols, benzyl ethers, benzyl
acetals cyclic acetals, and N-debenzylation.

These catalytic processes are generally know to those skilled in the art.

30 They are described in U.S. Patents 6,040,344; 5,977,409; 5,856,473;
5,514,658; 5,432,284; 5,166,437; 4,595,765; 4,500,541; 4,431,820; Org.
Reactions, 7, 263 (1953); C. Murchu, Tetrahedron Lett., 38, 3231 (1969);
W.M. Pearlman, Tetrahedron Lett., 1663 (1967); H. Dahn, et al, Helv. Chim.



type of netals which nmay be inpregnated on the carbon support surface. The
catal yst may be inpregnated onto/into the carbon support in any 30

sui t abl e wannee4s9For exanpl e, immersion techni ques, sprayiPag/usevbassgues,
and incipient wetness techniques may be enpl oyed. Cenerally, a slurry is
formed containing the carbon support and the netal catal yst (or a conpound
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10% t t n ort in
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conposite is _fromabout 80%to about 99.75% by weight. In yet another
enbodi ment ,Fefe{ENEAMUHYS B398'He carbon support in the catal yst conposite is

from about 90% t-p, aRo4; s?%o@ﬁosﬁ&s BY teh ¥ent HYBNEGH 8ty stitaNgmesigem of the

present invention are S0t a use in _ catalytic processes. Catalytic
processes \Hmcﬁlvetmumtzalaylsn sunipas debsnoylatimga pieiestatt funglienali on can be

enpl f 4 ed i ”n“i%rSSSn g. c%c\)/%ﬁm Bénz%atn?gqgrb%’?éc éd functional oxygen atom on
the same molecule. Selective debenzylation is improved using the catalyst
composites of the present invention since selectivity can be increased.
Protective groups temporarily bonded to functional atoms in an organic
compound often include benzyl and carbobenzyloxy groups. These
20 protective groups are removed or cleaved from the organic compound by
catalytic debenzylation. The organic compound is often a pharmaceutical
compound, or intermediate thereof, a pesticide, or intermediate thereof, a
herbicide, or intermediate thereof, an amino acid or peptide, or intermediate
thereof, a heterocyclic compound, or intermediate thereof, a carbohydrate, or
25 intermediate thereof, a steroid, or intermediate thereof, and the like.
Synthesizing or processing one or more of the pharmaceutical compound,
pesticide, amino acid or peptide, heterocyclic compound, and steroid typically
requires the use of a protective group. Sharp endpoints to deprotection
reactions lead to improved yields of the one or more of the pharmaceutical
30 compound, pesticide, amino acid or peptide, heterocyclic compound, and

steroid.



rearrangenent, dehal ogenation, isonerisations, Rosenund reactions, 25

hydr ogen transfer reactions, high pressure reactions, deprotection, and
debenzyl awpmn/j024sorh as O debenzyl ati on and N debenzyl ati oRCT/USyH2@8ENO] YSi S
may be enpl oyed for benzyl acohols, benzyl ethers, benzyl acetals cyclic
acetal s, and N-debenzyl ation. These cat & ytic processes are generally know
to those skiIIedThn the.fiart,t 30 Th$§ gfe described in U S. Patents

6, 040, 344; 5, 9771 BSPEEITELAIAYIC reaglinnsPERGESSES 280 logRuMerauioylss, but
4,595, 765; theSofllo i ard i : _ id i o C. Murchu
Tet r ahedr on Lett.?ﬂ%%?ﬁggg%”%%g%g§§@8Vé%?aggggFE%H?M%%ﬁfgﬁéﬁégﬁhfett., 1663
(1967); H. Oiawinggeasgral regolionChi m WD 03/ 024592 PCT/ US02/ 26880 14 Acta.
53, 1370 (1970); Y. Sugi and S. Mtsui, Tetrahedron, 29, 2041 (1973); A

Ki eboom and F. Van.Rantw j k Eds. Hydrogenati on And Hydrogenolysis In

Synt hetic CXganichhenistry, Del ft University Press, Netherlands, 132
(1977); Y. Sugi ahd S. Mtsui, Tetrahedron, 29, 2041 (1973); R Baltzly
and P. 5 Russell, B. Am Chem Soc., 75, 5598 (1953); A Kieboom et al.
Journal of Capdlysis, 20, 58 (1971); M Freifelder, Practical Catalytic
Hydrogenation,| John Wley &'Sons (1971); Bépligtas and Cube, Synthetic
Communi cat i ons 20(8), 1200-1212x(1990); Studer and Bl aser, J. of

Mol ecul ar \\J s A. Chemcal 112 (1996) M437-445; Catal ysts of Organic
Reacti ons, [jEds. BFpke 10 and Bl ackburn, MarceRaDekkert Inc.JqRHM/Ybrk,
7-216; pnd A. Bel | any, Tetraledron, 16, 4711 (1995) which
grporated by reference in thiH regard. The catal yst conposites
of the presemtrvention are suitable fo A sel ective debenzyl ation,
such as debenzylating a protected functionabk~1l5 nitrogen atom w t hout
debenzyl ating a protected functional oxygen atomon the sanme nol ecul e.
Sel ective debenzylation is inproved using the catalyst conposites of the
present invention since selectivity can be increased. Protective groups

t enpor ar i | yWheiedRds @6 argagicistivaiuratenest isa dwnaionahatom eogpaimd of t en

i ncl ugle benzyl o SR RRNAE SEYet @YREspdASRG to a hydroxy group), sulfur

(corresponding to a thiol group), and nitrogen (corresponding to an amino

group).
Generally, debenzylation is conducted under acidic conditions using

polar solvents, low pressure and relatively high temperature. Typical
10 debenzylation reactions are carried out at a temperature from about 5°C to
about 100°C with about 1 to about 10 atmospheres of hydrogen pressure in
an alcohol and/or an acid solvent.
In one embodiment, the catalyst composites of the present invention
have about 25% or more higher reaction rates than conventional catalyst
15 composites containing the same amount of precious metal catalyst. In
another embodiment, the catalyst composites of the present invention have
about 30% or more higher reaction rates than conventional catalyst
composites containing the same amount of precious metal catalyst.
The following examples demonstrate this advantage. The following
20 examples also illustrate the present invention. Unless otherwise indicated in
the following examples and elsewhere in the specification and claims, all
parts and percentages are by weight, all temperatures are in degrees
Centigrade, and pressure is at or near atmospheric pressure.



20 protective groups are renoved or cleaved fromthe organi c conpound by
catal yti c debenzyl ation. The organic conpound is often a pharnaceuti cal
conpound,worosjontser medi at e t hereof, a pesticide, or internediratse2/zdser eof, a
her bi ci de, or intermedi ate thereof, an am no acid or peptide, or

Intermedi ate thereof, a heterocyclic c %ound, or internediate thereof, a
car bohydratg, or 25 internediate thereof, a steroid, or internediate

t hereof, a lg {e. Synt hesi zi ng or processing one or nore of the

phar maceuti cal CATRAAIHS corﬁﬁéélifecé&ﬁain?r@ 89 B Wight gf‘éﬂﬁ&i%ﬁ?an@@??% pgyclic

conpound, and steroid typical requires the use of a protective group.
Shar p endpowaight carkisppowdet isgpieparesc tSaigm earbonate imslisaodkdjinel ds of t he

om0 SyBbo A LTSRSV TPRHIn BBl e AR e,
15 Thg specifdacoicRBBbYHY/E, 4 AR RIMICRINE8TIOH MF/G, 5ACNMBRORISUHAC St, but

the follow ng are specific exanples. Catalytic debenzyl ation involves the
fol | owi ng gRi®eriglatirdstablene microsurigzecmgasakpial perey@i@mer! .2LCAh @r gani ¢

structure ' t E ' i ncl ude
oxygen (c o?&g%gér?%le 3’8 MH;O?(S ] If ﬁg@ r7o§c§48’g§r §lf|’o§f 91%311’01133 r&H% g’élru?@(gk)soma?% a

t hi ol groupjo, mitrd pairé voliene (s furmes phungi. Mistolvad sadium cagione sofeioearial |y,
debenzyl ation is conducted under acidic conditions Sip% u@gol ar sol vents,

| ow pressur@ddefita aiseciureppliagdiym ekipfide selutien (20w w b&eRil i i on
' ' : t 100C
reacypons aﬁﬁpr%%frﬁéfeﬂ/ ?3?4’# n%%ftc gﬁ%l#u&'rﬁ;e/scﬁlﬁﬁﬁ’ﬂ RBUHePH the cafBoH!

w t h about to about at nospher rogen pressure I1n an al cohol
and/ or an apoéowdso$iueytand mixed. The combined solution is then filtered and washed.

Example 2
A catalyst composite containing 5% by weight palladium and 95% by

weight carbon powder is prepared. Sodium carbonate is dissolved in

15 deionized water, to which is added 47 g carbon powder having a total surface
area of 1,600 m?%g, a micro surface area of 96 m?g, 6% of the total surface
area is attributable to micro surface area, a total pore volume 1.2 cc/g, a
micro pore volume of 0.027 cc/g, 2.3% of the total pore volume is attributable
to micro pore volume to form a slurry. Dissolved sodium carbonate solution is

20 added to a sodium palladium chloride solution (20% w/w Pd) until the pH is
approximately 8. 12.45 g of the palladium solution is added to the carbon
powder slurry and mixed. The combined solution is then filtered and washed.

Example 3
A catalyst composite containing 3% by weight palladium, 0.3% by

25 weight platinum, and 96.7% by weight carbon powder is prepared. 48.44 g
carbon powder having a total surface area of 1,600 m?%g, a micro surface
area of 96 m?g, 6% of the total surface area is attributable to micro surface
area, a total pore volume 1.2 cc/g, a micro pore volume of 0.027 cc/g, 2.3% of
the total pore volume is attributable to micro pore volume is added to

30 deionized water to form a slurry, adjust pH to about 8 with 10% sodiurﬁ



I n one enbodi nent, the catal yst conposites of the present invention have
about 25% or nore higher reaction rates than conventional catalyst 15
conposi t e§omae4sPni ng t he same anount of precious netal ca&Caluser/2688M

anot her enbodi nent, the catal yst conposites of the present invention have
about 30% or nore higher reaction rates 'than conventional catalyst

t i .h t of ' t at Th
Fol | owi ng. csmpet sanbnG: Mot e Raffin Pt ehiskrgolatsroalfp s
al so 'Ilustqu b9 Qé(ﬁﬁﬁﬂballdw&ﬂtdr%hdé%lﬁﬁén Oécgeétvm?o aﬂeatc@mﬂ in the

fol | owi ng exanpl es and el sewhere in the specification and clains, all
parts and pt@¥éesndigescaibenate smmtmn AeldIandenpehhatMIedlumnalatmuaegoleaen

Centi gr ade, d ssure t or r at phe VWO 03/ 024592
PCT/ US02/ 2688 f%és"%?é’?‘?ﬁeés 0y, eis Hr)ag)sq ?‘?F{i B by wei ght
pal | agi um amgirBxftebablutie. glThe ‘é@hﬂﬁ’rﬁb@@@l@ﬂbn'@tlﬁrﬁﬁﬂ?&&éé an@%éﬁ@opar bonate is
di ssolved in deionized water, to which is added 47 g carbon powder havi ng

a total surface 5 area of 1, 600 n2/g, a mcro surface area of 96 n2/g, 6%
of the totad3 > QLSRR attributable to mcro surface area, a total
pore vol UWE@MO pore volunme of 0.027 cc/g, 2.3%of the total
pore vol ume is afAtdatdiysieddraposite coreamimpse by Weighttpallbgium andl9ses Yy

Di ssol ved sodj um carbonate solution is added to a sodium pal| adi um

chlori de solVaighbga[avpoderg)prapaiad. tpedigm carbepatgisiissaacing 8. 7. 47 ¢

f th | i xed.
The' combi nea Raler, ey a8 R Rl ® 47 Lo BRI R Hetincea Wkl s e T
conpdBi t e cansRadirBIR)MEL, lBymised ghtfapa larea ofi45amf/§Bh. 2% ofvmegb’tal sarfaca

wd b d d 15 d d wat t
Which i s atied B AGEEIHSID BORACHIIARR S5% o 0L POLLITIIRY OAPEE o 1 600
n2/g, a m cmqbrétp'Jré%mﬁ@@f 0219678/ 28. QWQ)Pfhett*&r@altpﬁréK/oﬁMﬁé gce area is
attributable to mcro surface area, a total pore volunme 1.2 cc/g, a mcro

por e vol unedigibwablertogvicye peravelyme: tecformtas upiyr digedlvee spdiugn t ri but abl e
carbonate solution is added to a sodium palladium chloride solution (20% w/w

15 Pd) until the pH is approximately 8. 12.45 g of the palladium solution is
added to the carbon powder slurry and mixed. The combined solution is then
filtered and washed.

The catalyst composites of Examples 1 to 3 and Comparative Example

1 are employed to catalyze the following reaction.



to mcro pore volunme to forma slurry. Dissolved sodi um carbonate sol ution
is 20 added to a sodi um pal |l adi um chl oride solution (20%w w Pd) until the
pH is appoesioebdrely 8. 12.45 g of the palladi um sol uti onPC3/tsd2izd8d o t he
carbon powder slurry and m xed. The congi ned solution is then filtered and
washed Exanpl e 3 A catal yst conposi te'Bont ai ni ng 3% by wei ght pal |l adi um

. 3% by 2 t.. plati d, 96. 7% ht carbon epar ed.
2840’y cat bR RVRNEP 1S Bopeatatan pbRutanuEs MoloRereySngr ot or o
surface area of 96 n2/g, 6% of the total surface area is attributable to
mcro surface &da, a total pore volune 1.2 cc/g, a mcro pore vol ume of
0.027 cc/g, 2.3%of the total pore volune is attributable to mcro pore
volune is added Jto 30 deionized water to forma slurry, adjust pH to about
8 with 10% so' UMRMO 03/ 024592 PCT/ US02/2688Q 17 carbonate sol ution. M x
odi um
pal | adi um ch oride dol uti er—adiuat pH to abput 4 with 10% sodi urp car bonat e
sol ution. Add and gx the palladium platinuglsolution to the cagbon powder
slurry, adjust™#€ pH to about 9 with 10% 0 5 hylir oxi de

carbon powder i4’ prepared. Sodi um carbonate i sA4i ssol ved in
water, to whfch is added 47 g carbon powder~raving a total surfag€ 10 area
of 896 n2/g,|a mcro surface area of 459 nR/g, 51.2% of the totalf surface
area is attrjbutable to mcro surface area, a total pore volune ¢.75 cc/g,
a mcro _porexyl une of 0.217 cc/g, 28.9%of the total pore volungH s

sol ution i added to the carbon powder sl urry and m xed. The conbi ned
solution is then filtered and washed.

Table 1 reports the reaction rate constants for the reaction.

TABLE 1
zero order rate constant
5 Example % Pd moles/min-g cat. X 100  moles/min-g Pd x 100
1 3 0.65 21.71
2 5 1.14 22.88
3 3 0.81 27.2
CE1 5 0.62 12.39
10 The catalyst composites according to the invention, Examples 1 to 3, provide

increased activity compared to conventional catalyst composites. The zero
order rate constants are calculated as follows: catalyst.weight basis

(moles/min - g cat)

=60/(T, 5-T,05)/(0.1"%cat loading)/22.414*100

15 and Pd metal weight basis (moles/min - g Pd)



The catal yst conposites of Exanples 1 to 3 and Conparative Exanple 1 are
enpl oyed to catalyze the follow ng reaction. WO 03/024592 PCT/ US02/ 26880
18 The rewotmomspbnvol ves t he debenzyl ati on of hydroqui non@CrIrso2/ssey|
ether. OHH2CH3 OH I I I OOCH | Ta?ée 1 reports the reaction rate
constants for the reaction. TABLE 1 zer©o order rate constant 5 Exanple %

22,88 3 5 081 27 2 ~BORTarEoal/bol Thoaigodynen-baingRebiiond e

according to the invention, Exanples 1 to 3, provide increased activity
conpared to conventional catalyst conposites. The zero order rate
const ants awBegeindyk i te iveftolO bliker hydtogepdiptake gntd hasisdhe fimsites/min - ¢

cat) =60/ (TQ.52 *ogat |l oad ing)/22 414*10 15 and Pd net al

vei ght basi@'z?’#ggre@%&gf‘j“&%% @%“%‘é‘]éﬁ%’é&o eR8Bmas0 10

=60/ (T0. 5' 0. 25) / (hilk tHsiavehtachaodééVBplaeerin‘rdfkiibhdb cbRin wher ein T0. 5
isthe time to 0.5 liter hydrogen uptake and T0.25 is the tinme to 0.25

| i t er Shydr oB@WOGHNERTS, {tds tuhe ngdarsierdthat yariows sreditiegtions thereof will
become apparent to those skilled in the art upon reading the specification.
Therefore, it is to be understood that the invention disclosed herein is
intended to cover such modifications as fall within the scope of the appended
claims.



VWil e the invention has been explained in relation to certain 5

enbodi nents, it is to be understood that various nodifications thereof wll
becone apwearoae4sdn t hose skilled in the art upon readi ng Pla/spzedsBe cati on.
Therefore, it is to be understood that the invention disclosed hereinis

i ntended to cover such nodifications as?fall within the scope of the
appended clains. WO 03/024592 PCT/USQ2/ 26880 20 Clains Wat is clained
is: 1. A catalyst conposite conprising2 arbon support conprising a

car bonaceous mat gyhalis cqegiie® S the carbon support has a total pore
surface area of about 800 n2/g or nore and about 2,000 n2/g or |less, and
about 20% or | esd. of Amratalyshtompesitescorhpdsingarea is micro pore surface
area; and a precious petal catalyst. 2.. The catal yst co si.ite accqording to
claim1, wherein the &b SEW@?JBB@P{'SWQSE‘ catRaregepys E’Pagﬁrl‘gfla\ﬁ’geé‘?'@a of

about 5200 niecarboh @8ppoRt-habl® tdtal rsSurRBREEA I} aBELB00 A%/] ngH Lm 1,
wherein the catal %gt conposite conprises fromabout 70% to "about 99. 9% by

wei ght of am@dabarbdR0Supperar lessd andarhcath 8006 or leskaf shabetat pdesuriaceei ght
of the pregi 5 The catal yst conposite according to
wride ) R TR PRRERAEHE by,

claim1l, reci ous tal yst conprises at |east one

sel ected fromthe groapretioupahdtadtaialspal | adi um hydroxi de, pal | adi um and
rhenium palladiumand rhodium palladium and tungsten, palladi um and

ni ckel, palladiumand tin, palladiumand copper, palladiumand ruthenium

pal | adi um and | ead, 2 i : §: ; i | at i num
pl ati num plati n%m anghg?hgn l}lnqg a{t?%dn@gaﬁﬁa}t%? ?é@%n‘ﬁ“m p{?@ﬂ P%uc%tr%%

t ungdfen, puppartihasiadnicre pere surfhee ammanofalbut 200 mP/gtdriess. and i ron,

pl ati num and copper, platinumand rhodium platinumand |ead, platinum and
germani um cobalt, rhodium nickel,

3. The catalyst composite according to claim 1, wherein the
catalyst composite comprises from about 70% to about 99.9% by weight of
the carbon support and from about 0.1% to about 30% by weight of the

precious metal catalyst.

15 4. The catalyst composite according to claim 1, wherein the
precious metal catalyst comprises at least one selected from the group of
palladium, palladium hydroxide, palladium and rhenium, palladium and
rhodium, palladium and tungsten, palladium and nickel, palladium and tin,
palladium and copper, palladium and ruthenium, palladium and lead,

20 palladium and germanium, palladium and platinum, platinum, platinum and
rhenium, platinum and ruthenium, platinum and tungsten, platinum and nickel,
platinum and tin, platinum and iron, platinum and copper, platinum and
rhodium, platinum and lead, platinum and germanium, cobalt, rhodium, nickel,
ruthenium, osmium, and iridium.

25 5. The catalyst composite according to claim 1, wherein the carbon
support has a total pore volume of at least about 0.75 cc/g, and about 15% or

less of the total pore volume is micro pore volume.



ruthenium osmum and iridium 25 5. The catal yst conposite according to
claim1, wherein the carbon support has a total pore volune of at | east
about 0. ABOomshgsoand about 15% or |ess of the total porePeolusnB24880 m cro
pore vol une. WD 03/ 024592 PCT/ US02/ 2688 21 6. The catal yst conposite
according to claim1l1, wherein the carbo 1 support conprises about 0.75% by

wei ght or less o pho hor i.te, conpris car bon
suppor t corrprimélg g:tjpjx%toq%np%s[a@ ‘%I?Prd'ﬁﬂggé;f im't, where t:hﬁd??rgaﬁport
has a total st &%Pﬂ@e@hb@htb%% b?b\@n@ht%ﬂ@sé?@f PhogpKbrugbout 15% or | ess
of the total pore volune is mcro pore volume; and a precious netal

catalyst. 8. The catalyst conposite according to claim7, wherein the
carbon support has a u . .about 0.1 cc/g or less. 10 9.
The cat al yst conposi té@fgélg?ﬁ%@p{fg @Pﬁf'?ﬁgv\her ein the carbon support
has a total pore surfaearisseauppordeo anm@ dr8alhotiaceBiS nedteriZibAnereig, 000
e/ g or | ess, and about 20%or |ess of the total pore surface area is

m croSpor e Hrgasben supRortf@s at@abmran@g{m@&f@bbsa% aRevbPdorg/g.ans ai m 7,
wherein the 81'7:\{ Wloﬁéssc%%stbﬁeﬁgﬁgé?&hﬁ%s @%%?? IZI?T'( t@gabout 99.9%

by wei ght o? he ‘car bon Suppor Pom ab out 30% by
wei ght of the precicapresibas nostbhtatalyst.11. The cat al yst corrp03| te
according to claim7, wherein the precious netal catalyst conprises at
| east one selected fromthe group of 20 palladium palladi um hydroxi de,

pal I adi um and r hgni unyh@hLtAMEBRES lt%hé?ﬁ'oPd\Pgl?@'cieﬁﬁf ﬂgﬂlﬁ@%lﬁt‘ﬁ'@‘?@érﬁ?adl um

pal I adi um and ni ckel, palladiumand tin adi um and copper

and rut heni suppgshhaadinierapdre galkdme @faatbm.dlmhnaﬁgjoglesaam um  pal I adi um and
plati num platinum platinumand rhenium platinumand ruthenium platinum
and tungsten, platinumand nickel, 25 platinumand tin, platinumand iron,

pl atjgum and copger, Phaicafitaitinposite according to claim 7, wherein the carbon
support has a total pore surface area of about 800 m?%g or more and about
2,000 m?%g or less, and about 20% or less of the total pore surface area is

micro pore surface area.

10.  The catalyst composite according to claim 7, wherein the
15 catalyst composite comprises from about 70% to about 99.9% by weight of
the carbon support and from about 0.1% to about 30% by weight of the

precious metal catalyst.

11.  The catalyst composite according to claim 7, wherein the

precious metal catalyst comprises at least one selected from the group of

20 palladium, palladium hydroxide, palladium and rhenium, palladium and
rhodium, palladium and tungsten, palladium and nickel, palladium and tin,
palladium and copper, palladium and ruthenium, palladium and lead,
palladium and germanium, palladium and platinum, platinum, platinum and
rhenium, platinum and ruthenium, platinum and tungsten, platinum and nickel,

25 platinum and tin, platinum and iron, platinum and copper, platinum and
rhodium, platinum and lead, platinum and germanium, cobalt, rhodium, nickel,

ruthenium, osmium, and iridium.



rhodi um platinumand | ead, platinumand germani um cobalt, rhodium

nickel, ruthenium osmum and iridium WO 03/024592 PCT/ US02/26880 22
12. The cwDaBysts9ronposite according to claim7, wherei n 20O®B1S02/24886 or | ess
of the total pore volunme is mcro pore %QI ume. 13. The catal yst conposite
according to claim7, wherein the carbo support conprises about 0.75% by

wei ght or |ess of,phosphorus. 5 14 A catal yst .conposite conprisi.ng: a
carbon support cg‘?mri iﬁﬁ&ag%}ﬁttc%ﬁ%)s@fmoé%p%? Cﬁ%@’a‘%‘aﬂe %lﬂlcfl_‘t%. 9% by
wei ght or | ¢9% 6fleds eRtHERALINS VORIrRE ighictahablurfe.75% by wei ght or
| ess of phosphorus; and a precious netal catalyst. 10 15. The catal yst

conposite according to claim 14, wherein the catalyst conposite conprises

about 0.5% by wej ght I f 0, 16, t jfe
according to cl a?%ﬁ 14%%%?%}/% %‘ﬁﬂﬁésg{éa#&?trd@g%@ﬁ@?c‘@ﬁ%ﬁ%@%@%@ about
70% t o abousuibrbeomyprises abbubd.750h by erigiarordespof phegishdruom about 0.1 %to
abou 0 wei 0 e reci ous netal catalyst. : e catalys

bout 30% by ght of the 15 p t al talyst. 17. Th tal yst

conposite according to claim 14, wherein the precious netal catalyst

conprigses at |easg} ongn%qéﬁg{ gaﬂn}){)%af% {:%Pﬁ%ﬂggdof pal | adi um pal | adi um

hydr oxi de, pal | adium a eni u rhodi um pal | adi um and
tungst en, pal | adi um aadanbak slppqdcbapriimgeatabutia® % By vpsightel moreaand copper ,

pal | adi um and r ium palladiumand | ead, al | adi.um apd,_ger j,um

D21 | adi um aneo S Sk B wshdhtdtings BarsonearalS AR AR o A tand
rutheni um g dloidhtBrdest SUPRGIHbrUP d num and ni ckel, platinumand tin,

pl ati num and iron, platinumand copper, platinumand rhodium platinum and

| ead, platinum and geanmecions eethcatalyshodi um nickel, 25 rutheni um
osmum and iridium WO 03/024592 PCT/ US02/26880 23

10 15.  The catalyst composite according to claim 14, wherein the
catalyst composite comprises about 0.5% by weight or less of phosphorus

16.  The catalyst composite according to claim 14, wherein the
catalyst composite comprises from about 70% to about 99.9% by weight of
the carbon support and from about 0.1% to about 30% by weight of the

15 precious metal catalyst.

17.  The catalyst composite according to claim 14, wherein the
precious metal catalyst comprises at least one selected from the group of
palladium, palladium hydroxide, palladium and rhenium, palladium and
rhodium, palladium and tungsten, palladium and nickel, palladium and tin,

20 palladium and copper, palladium and ruthenium, palladium and lead,
palladium and germanium, palladium and platinum, platinum, platinum and
rhenium, platinum and ruthenium, platinum and tungsten, platinum and nickel,
platinum and tin, platinum and iron, platinum and copper, platinum and
rhodium, platinum and lead, platinum and germanium, cobalt, rhodium, nickel,

25 ruthenium, osmium, and iridium.



18. The catal yst conposite according to claim 14, wherein the carbon
support has a mcro pore surface area of about 200 n2/g or |less and a
m cro porwowdloeuse2 of about 0.1 cc/g or less. 19. A net hodPofi/usak2asgo a
catal yst conposite: 5 providing a car bOB support conprising a carbonaceous
material, the carbon support having at Peast one of a total pore vol unme of
at | east about O about 150/%’.0r e total pore

5 wh i I
volune is mcro ?)%T eciég&ﬁéﬁﬁ{'gtl({]%?%?s'tﬁoq%oé PS&B?@WEL‘LBW 66U 800 n2/ g or
nore and 1@a@AluppoRMthd B /ichs pbRSsuriMterftbh tldut 2000 g bpRssnd e

total pore surface area is mcro pore surface area, and a phosphorus
content of HEWGtPE ¥ohang ofvebght Odrcd/@eslessand cont acting a precious net al
catalyst with the catal yst support to 15 provide the catal yst conposite.
20. The nmethod according to claim19, wherein the carbon support has a

mcro pore surfagg. araamethcabeuhaking a@diglyet coeposaed a mcro pore vol une
of about 0.1 cc/g or less. 21. The nethod according to claim19, wherein

the pPecious metal 2pravidingysearben syppaid cOmMRAising arrarkenasepys nalgpakt in a
sol ution at i é£§Bﬁrsan6ﬁ r%fvinqufé\%ﬁls&é%f nore and about 100C or |ess. 22.
I'n cl alm~l9,

The net hod accor g erein the catalyst conposite conprises
from about 70% to about 99a3&tabpoveigbmeodt dtHeastaalimin 0.35pgygrwheasith from
[ reci ous net 25 catal yst. 23.

about 0.1 %to aﬁ%t :?O%b%/1 wei ght of the a]I
The net hod 8RR AP P PLinG P8l PRFR VRIS BIMRPPRI¥OWEI&I  cat al yst
conprises at |east one sel §q5e8 pbfLEN AR SRUSF MoRFJARRHBr mddldRpT um
hydr oxi de, pal |l adi um and rheni uﬁ] paLIII adi um and rohoﬁ um /%oré%/ 024592
PCT/ U802/ ZGBB@JT_&ﬂOquZV@d'r leasamialeteimaisowr0% alr llesti ahtharidtahipokeesyrfaed | adi um
and tin, paé#e%d‘l'surmcro pore surface area, and
a phosphorus content of about 0.75% by weight or less;

and

contacting a precious metal catalyst with the catalyst support to

15 provide the catalyst composite.

20. The method according to claim 19, wherein the carbon support
has a micro pore surface area of about 200 m?g or less and a micro pore

volume of about 0.1 cc/g or less.

21.  The method according to claim 19, wherein the precious metal
20 catalyst is contacted with the catalyst support in a solution at a temperature of
about 5°C or more and about 100°C or less.

22.  The method according to claim 19, wherein the catalyst
composite comprises from about 70% to about 99.9% by weight of the carbon
support and from about 0.1% to about 30% by weight of the precious metal

25 catalyst.

23.  The method according to claim 19, wherein the precious metal
catalyst comprises at least one selected from the group of palladium,

palladium hydroxide, palladium and rhenium, palladium and rhodium,



and copper, palladium and ruthenium palladiumand | ead, palladium and
germani um pall adium and pl ati num platinum platinumand rheni um

pl at i numwpd3nesheni um pl ati num and tungsten, platinum aRdTriSokzd830
platinum5 and tin, platinumand iron, ﬁ%jati num and copper, platinum and
rhodium platinumand | ead, platinum afid germanium cobalt, rhodi um

ni ckel, ruthenium osmu and iridiu 24. A nethod of catal ytically
epr ot ect | nERERT SR WngSlash bRuaHE ARy nENeh SelEREE AR Fs BT oup,
conpri si ng: ad@ceppérphiladgiun8ndrheries pHiganing a%@ﬂ@@é!,%nﬂdﬁd?n kydr ogen and
a catalyst conposite conprising a precious netal catal i/St and a carbon

support  cog@imanivg, patiadibonane glatinu, glatiium pletinam emiont havi ng at

anout 1556 oneiBub 4 RS b o nE8REn TR R GEIEERRENS oy
pore surfacgndfigaplafin@maarid #6R, PEliGuAranEcpprtdpladiR@m ad A/ g or | ess

wher ei n about 20% or |ess of the total pore surface area is mcro pore
surface ar eBlatipupriyblegduplatipaieand germpoivm, copsth Bipdiinghickek | ess; 20

and recover ] or [ havi ng an unprotected functional group.
25. The net %@Q@OPgﬁﬁ%ﬁt %ﬂgﬁ'g(:ﬁpn 4, wherein contacting the 25 protected

organi ¢ conpound with hydrogen and a catal yst conposite is conducted at a

tenperature from about 2C to about 100C with ahout 1 to ,L about 10
at mospher es of hsftr ogéﬁn%trr@gs‘ﬁr‘"@t@w'%'Vid@.ﬁ’ir%ﬁe%%ﬁﬁﬁrﬁan&?o&mm. 26. The

met hod accopgling atdtofd FedTdbiioBELRILR. E&BpHEREet ected functional group is
one of a hylrnga drotecd ot o, oo ) 024502 PCT/ US02/ 26880 25

27. TOAe net hod accor deorgjactingthe prickactedioegania cohpanngamitic hydrogpowamnd davi ng
at least ong el S5REbERe CHAEHSML PSR Mt s B aarbon support
comprising a carbonaceous material, the carbon support having at least one
of
a total pore volume of at least about 0.75 cc/g wherein
15 about 15% or less of the total pore volume is micro pore volume,

a total pore surface area of about 800 m%g or more and
about 2,000 m?g or less wherein about 20% or less of the total pore surface
area is micro pore surface area,

a phosphorus content of about 0.75% by weight or less;

20 and
recovering an organic compound having an unprotected

functional group.

25. The method according to claim 24, wherein contacting the
25 protected organic compound with hydrogen and a catalyst composite is
conducted at a temperature from about 2°C to about 100°C with about 1 to

about 10 atmospheres of hydrogen pressure in a liquid comprising an alcohol.

26.  The method according to claim 24, wherein the unprotected
functional group is one of a hydroxy group and an amino group.



a pharmaceutical conpound, a pesticide, a herbicide, an amno acid, a
peptide, a heterocyclic conmpound, a carbohydrate, and a steroid. 5 28. The
met hod acworodioewor o cl ai m 24, wherein the carbon support POIAISA2/PG88¢ O por e
surface area of about 150 n2/g or |ess gd a mcro pore volune of about
0.075 cc/g or less. 30. The nmethod accofding to claim 27, wherein the

. o f ! i
orotective group?” 10 S0P BBt ERidne MBI 2 e EeSRoBEES T gr oup and
car bobenzy! oatyipogn® twvindlat I8hst oS b@ﬁro@é&@dﬂ dimdional §tAipsdhe WMABRI Bf t he

organic conpound having a protected functional grolup conprises two
pr ot ect ed Plﬂh‘@fm@ﬁ%lpt'fgﬁ?§eﬁ‘ﬁ,0%dﬁ arpesticidacaiheaicidgs enpminozadig,cr oxy gr oup

and a seconfgnify, HUSEIRRRYc Sb/FBUNS, g%a%r@%rﬂe?gﬂd a steroid.

5 28.  The method according to claim 24, wherein the carbon support
has a micro pore surface area of about 150 m%g or less.and a micro pore
volume of about 0.075 cc/g or less.

30.  The method according to claim 27, wherein the organic
compound having a protected functional group comprises a protective group
10 selected from the group consisting of benzyl group and carbobenzyloxy

group.

31.  The method according to claim 27, wherein the organic
compound having a protected functional group comprises two protected
functional groups, a first functional group is a hydroxy group and a second

15 functional group is an amino group.



