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Background of the Invention

Catalytic 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, titania, and
zirconium supports. However, there are at least one of two disadvantages

associated with non-carbon catalyst supports; namely, that they may loose
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15 palladium debenzylation catalysts, it is sometimes difficult to reach a sharp
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 paliadium debenzylation catalysts
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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
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D

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 material 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 (8.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 patticle 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
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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
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water (and/or other liquid solvent). 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, fow boiling organic compounds, rosin

30 materials, polymeric additives, and dispersing agents such as ammonium
lignosulfonates. Rheology control agents include cellulose ethers, polyviny!
alcohols, and polyalkylene oxides. Examples of cellulose ethers include
sodium carboxymethylceliuiose (CMC), hydroxyethylcellulose (HEC),



carbonaceous material. The carbon support contains a relatively small anount *’
of phosphorus. |If necessary, the carbon support nay be post treated to
| ower the phosphorus 1 7 MAR 2006 WO 03/ 024592 PCT/ US02/ 26880 6 ontent. Ins,
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anot her enbodi nent, the carbon support contains about 0.5% by wel ght or
| ess of phosphorus, but at |east sone détectable anount of 5 phosphorus. |n-—
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20 Neverthel ess] in one enbodinent, the mxture of optional additives and
car borteousingsedientsl typically contains fromabout 5%to about 80% by
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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, s A
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. Ina

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
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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. é
additives is mixed in a high intensity mixer from about § 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



form ng. Additives include rheology control agents, extrusion aids,

suspensi on agents, surfactants, |ow boiling organic conmpounds, rosin 30
materials, polymeric additives, and di spersing agents such as anmbhiMAR006 _
| i gnosul fonat es. Rheol ogy control agents include cellul ose ethers, polyvinyl .
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sodi um car boxynet hyl cel | ul ose (CMC), hydroxyet hyl cel | ul ose f 1 7 MAR
2006 WD 031024592 PCT/ US(2126880 7 net h§l cel | ul ose (MC) and derivatives
thereof. One conmercially available cellulose ether is Methocel. Methocel,
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contains fro dﬁontt%?%i%ototgeQa&qqag?ﬁ}dwoﬂﬂﬁaﬁf"(@‘? rg@’l?%igfdr @ additive.

I n anot her eaxaRdt sEiport drideresaitdn® BatalyBPEdrhpssitat canBinihg e edalyst 0. 1% t o about
5% by weight of at |east one additive. 15 The m xture of carbonaceous

powder and aP¥PRti onal ingredients may be mixed well in a high shear nixer |

with water and a Aﬁ@r%ﬁﬁiﬁq_%é‘ﬁ\’éfériaﬁ%fﬁre or%ﬂéf‘ptﬂ%r%{d}%on‘ﬁ%i | "a rather
stiff dough is obtained. This dough can be extruded or forned into any
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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 mqisture. In another embodiment, the dried carbon material
contains less than 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 [east 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



25 extrusion. In one enbodi nent, the m xture of carbonaceous material and
optional, additives is mxed In a high intensity mxer fromabout 5 m nutes
to about 100 mnutes. In another enbodi ment, m xture of carbonaceous
material and optional additives is mixed in a high intensity nixlef MAR 206§
about 10 mnutes to 30 about 60 mnutes. After m xing, the m xed materi al
I's fornmed IwWDO3/24802i t abl e shape, then pulverized. Exanplmsngbhssser Usi on
machi nes include extrusion nolding 1 7 MAR 2006 WD 03/ 024592 PCTI US02/ 26880
8 machines, single screw extruders, twi$ screw extruders, coextruders, pin

extruders, |jnear extrugqe‘rs, &}%&1 nonof j | anent extru%er_lsh. he, extruded
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and carbonaceous material in the subsequent resultant catalyst support
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catal yst sup | Il the catal yst
support . Aft@‘rab%g%%%r?g%?ﬁ%ﬁcﬁnﬁg??g ,sg?étagfr?%mg‘?béa Pg?&ﬁ@g?ﬁl ng, the forned
10 mat i al embogimaniawhgraia neatackvatechearbonageque maatatialgs emgidyed). and
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t emrper at ur e (natdriahg) a temperatwe fromcatnit 6067 C talabdutt,580°Co Inamotrerany
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contributes g@b?ﬂ'@e&ﬂqq&ﬁi"&ﬁ{"?eégi'@vtgﬁ'ﬁé@efgn%m%%rﬁ?%g‘a@"aﬂ ggar esul t ant

car bon suppoteémpefaRirériromesabdun 700rC to atuait 4700000, Mbisevoted] thabthdri ed is not
criticgl, but in many Instances the drying conditions riﬂarily depend upon
at | ealt’ onclogipergiie MaYsRS) WHan artemmeratuRyaRosmr o PAMBRdShe Shape of the

carbon mat er fedperatufie A2 B TaRPedRM stoddi Irdré RSGRINAG the®hgih Gltheont ai ns | ess
t han about 3% by 20 wei ght free noisture. In another enbodinent, the dried

car bon naterh%ﬂ“m@é‘ﬁ?aﬁ-ns | ess than about 1% by weight free noisture. In yet
anot her  enbodi Mefyie |hith EWtintstheaanseh MBidHal Rl optiBRAIR Hbaté#aimbfgn about 0. 5%

by depends upon the temperature, the contents of atmosphere, the related

15 equipment, and the identity 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 to 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.



wei ght free noisture. In one enbodi nent, drying involves at |east one of

mai ntai ning an 25 el evated tenperature (above about 35C) overni ght

desi ccation overnight, and under a vacuum overni ght. Wen enpl oyi na).7 MAR 2006
el evated tenperatures, in one enbodi nent, the carbon material is heated
from about WoGspmsabout 150C for a time from about 5 S e GRAASSod/SesgPoUt 6
hours. In another enbodinent, the carbon material is heated Prom about 40C
to about 110C 30 for a time from about 180 seconds to about 30 minutes. After
drying, the carbon material is optionally heat treated. However, in one
enbodi ment, the dfhe rRpuliertcagign wppﬁegfﬁamwtﬂwtl@mom ahigat nent
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carbon materi al nper.ature from about 700C to about 1, C00C It is

not ed t hat tﬁ@oﬂﬂtst‘grﬂb%mﬁﬂ‘@tﬁéweﬁﬁﬂ?"ﬁ??‘?ﬂﬁﬂﬁwﬁ'@hﬁ&’é‘?@p@?%’nge For
exanple, t headélﬁ\g}?r %Wis‘?ty%H/o?@uﬁé’é@’&@a%a@él@é%'cﬁn{r&%%ﬁg fGiHdrng the

l ength of the treatiment. The length tinme the carbon material is

optiont |y heentealablei bitheiamnouns pachthe tipe af @ﬂ@tl‘(%ﬁﬁ@h as theerheplegycont ent s of
at mosphere, &flrcﬂ %b@@%jr th%%xﬁl?él'érpgﬁntTheﬁ‘BQ*lHﬁﬁaér?ﬁ@%\aB?oﬁg ofithe cormponents

(the specific car bonaceous hmt er onal additives). In
one enbodi rrepltesehtalatlenttqne“aayraho possasis\acreladtivalyismalk dareowdiob phosphtogus al from

cbout 32 Menthitalf o Bk ion AR E S0 o0t et e T
hours. Heati ng ti@Genemrilgrthe total pore surface area of the carbon supports of the
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 par, 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



20 to the anobunt of tinme that the carbon material itself is at the
tenperature specified (and thus does not include ranping up or cooling
down). In one enbodi ment, the atnosphere in which the optional hedt/ MAR 2006
treatment is conducted contains at |east steamor water vapor. The

at nospher ewipasohdssd her contain at | east one of an inert paguseakésso oxygen,
and 25 carbon dioxide. Inert gases include the noble gases and nitrogen.
Nobl e gases include helium neon, argof, krypton, and xenon. In another
enbodi nent, the sphere in which the heat treatnent is copdycted
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paraneters and byThacgibog suppotederidrally haverioniquetistribatiomgf poieent s (t he
carbongceous nmaterial a t.he .opt i on ddi,tives)... PQrosity and/or surface
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area of the carbon supports of the 15 present invention correspond to a
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carbon support has a total pore volume of at least about 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.



n2/g or nore and about 2,000 n2/g or |less. In another enbodi nent, the total
pore surface area of the carbon supports is about 1,000 n2/g or nore and 20
about 1,900 n2/g or less. The carbon supports generally have a uni{qumAR 2005
distribution of mcro pore surface area that contributes, in part, to the
advant ages wooswAed by the present invention. Wile not PW'Tﬁf%bi?Rsz{oo be bound
by any theory, it is believed that the distribution of mcro pore surface
area in the carbon supports of the 25 pResent invention |eads to inproved
activity for the catal yst conposite. Mrco pore surface area is that
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enbodi nent, E;Lh‘rspd?ﬁ/ﬁﬁﬁh@ié@e@is @&gﬂnl@@bl@tréhlbf Meaierired nitaltdte total pore
surface area of the carbon supports is about 10%or less. In still yet

anot hel0 enbsemRBation ohmetals Eh%ﬁ%@@”%tfs'-’lfﬁ‘%‘?rﬁ to gpRosiiAtfeRSE OBPea of the total
pore surf aceaﬁ{yﬁ@alﬂlfaéﬂbg NfSAIRorHERP el sﬁJrfa%eQJ?% S%bﬁr tHeRsisy The carbon

supports general’l y have a unique distribution o 10 volune t hat
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di stribution pore volume In t resent invention
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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. Itis 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



carbon support has a total pore volune of at |east about 1 cc/g. In yet
anot her enbodi nent, the carbon support has a total pore volune of at |east
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reference 5 Q@f@bpmdrgaﬁa@bgmu@qgssthe present invention involves
formng a catalytic osite by inpregnating the carbon support with a

solutiBh of at | e'ﬁE‘sQnQ)‘P!BnBOQ'ﬁlGQT e agount %fcﬁﬁt%lls"rhﬁh&l cataty GOmRosEA i on i s
effected by ?rbﬁ\aéﬂcg.fi df%t&ﬁb&ﬂ@o%??gﬁfdhtv"!ﬁ Shflﬁeraéiﬁﬁéﬂﬁ%eﬁf 1§ gani ¢ sol ution

of the desired net 10 conbi na metals in an anmount sufficient to
deposit at | ameunbekcatalistin jhe ealalyst composée ifrem apoubd.2h%ato aieat sur f ace of

(e SUPPOL ohRSFhon Rt ety SRR ot Ry 58 B

suppor t / car bGnac red;
processed or catalysbcampesite is from about 0.5% to about 10% by weight. In one
15 embodiment, the amount of the carbon support in the catalyst 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.



Catalytically active netals typically include precious netals. Exanples 15
of catalytically active netals and m xture of netals include pall adli um

pal | adi um hydr oxi de, pal | adi um and rheni um pal | adi um and rhodi um |7 MAR 2006
pal | adi um and tungsten, palladiumand nickel, palladiumand tin, palladium

and copper ,wpakbaghum and rutheni um palladium and | ead, ppghdsaHehyd and
germani um pall adium and pl ati num platinum platinum and rhenium 20
pl ati num and rut henium platinum and tulfgsten, platinum and nickel, platinum

TR T i S Sl W i AR

rut heni um OATKEBoon hAd FnVarYR'éhﬂka BRI PlyBAigoRafort RRd H?&Fog@'hélys@% | adi um and
pl ati num catal ysts include palladiumw th about 10% by weight "or |ess 25

pl ati num as ®YypihetisiQrganig Gn@mlsta/s DelftWnivaraitviFressa bletheriands b\d24dPgRE or | ess
pal I adi um asﬁsﬂ&@%‘ﬁ’é 8! Mithdi T?trér%dpcﬁ\ 53defpq E@s&*ﬁ‘taatl@ af’hquie”ent toned | i st
of catalytlcall active are only represéntativ and t hus not
limtirg of Fussel, ylpAanChsm &os., 5, 55OBENSS) A.rtfelmapmated@l.odourhal afar bon
t f T b

Support i n aggrent BET 47 AR EretidsPRa BERRh Chatle e hderaifnr g ues.
égrayi Inlg tectlnhnWéﬁay&Snds (19:7i1plmmmyanemﬁeesmﬁhqmeonmyurﬂ@tegpj ﬁyed. I

ner a , | t on.,s ort. the neta
cat al yst y( or 2§ @051%%%15 &8%&%%‘1’% @r@g?%r‘ﬁl‘gﬁﬁﬂ%ﬂ%ﬁ%ﬁyéﬁ 1l yst such as
a metal sal t)chehh@alqaet(msgd) 487MYB; 22y DO IghMbRSadtions USER. /BI8G80 13

support and t netal cat al éSt co Into contact with _each other, and the

slurryl@s fi Iaf‘gr%%c'ibéi"brl\wp '&CF yNEW AR E90eP- 1812188 -suppor t  and
the motal cofhuy! TaddoN, aetmwebsmﬁtéhqfeh’@dy iAborBoesdBy at ur e of about

2C or nore and out 100C or [ess. In another enbodi nment, the carbon
support 5 andeferancedn His regagd.yst are contacted with each other at a

tenperature of ?ﬁFt eﬁa‘i}s%orﬂﬁéﬁte@’b‘i'ﬂl?@r‘é%eﬁﬂﬁl noh S suitdiffo firtsbYn MY be

heated prior to ren one e urr S eatedto about
40C or nore aﬁ&ctmﬂ)d@hemlatmrmrsupb@s debanzyiatinges p@tﬂmﬁ imntlonalhe slurry is

heat ed1£‘§ 0 abﬁHFo&;{eﬁ%@oerrfﬁ%pﬁd%ﬁzglgﬁhﬁ %Q&e&reld tfgﬁtﬁlgnélooiyaerq Bfon’ BROd' ment,

t he ambunt o
the same molecule. Selective debenzylatlon 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 benzy! 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.



from about 0.1%to about 30% by weight. In another enbodinent, the anpunt
of catalyst in the catal yst conposite is fromabout 0.25%to about 20% by
wei ght. In yet another enbodinment, the anmount of catalyst in the q?%@bs
conposite is fromabout 0.5%to about 10% by weight. In one 15 enbodi X

t he anount wgf osloBfde£ar bon support in the catal yst conposiperisoz2éssem about
70% t o about 99. 9% by wei ght. In another enbodi nent, the anount of the
carbon support in the catal yst conposit® is from about 80%to about 99.75%
by weight. In yet_another enbodi nent, the anmount of the carbqgn support in
The caral yst | compBaP sortc FBHG FaIoaRRCas R Sie T aTpIos BySwBiGh: | The

cat al yst comgesidliewirgf ark Rpedifi€sihples.V eatdlaie cben2atioth@oliéd these 1 n
catal ytic processes. Catalytic processes where the catal yst conposites of

the present Qloywng generabigaglionenpl oyed i ncl ude hydr ogenat i on,

hydr ogenol ysi s, rearrangenent, dehal ogenation, isonerisations, Rosenund
reactions, 25 hydrogen transfer reactions, high pressure reactions,
deprotection, and ebenzyl ati on, such as O debenzyl ati on and

N- debenzyl at i on. drogenol ysis may be enpl oyed for benzyl acohols, benzyl
et hers, benzyl >¢tals cyclic acetals, and N-debenzyl ati on. These catal ytic
processes are gfnerally knowH,0 those skillegg in the art. 30 They are
described in U $. Patents 6,040, 344; 5,977, 40%; 5,856,473; 5,514, 658;

437; 4,595,765 Z, 500, 541; |4, 431, 820; Og. Reactions, 7,
shu, Tetrahedron Lett., 383231 (+1969); RRM M Pear| man,
1663 (1967); H. Dahn, Heiv. Chim 1 7 MAR 2006 WO
P6880 14 Acta., 53, 70 (1970); Y. Sugt and S. Mtsui,
Tet r ahedr on, 041 (1973); A. Kieboowg and . Van Rantw j k Eds.

Hydr ogenati on And Hydrogenolysis In Synth Organic Chem stry, Delft

Uni versity Press, Netherlands, 132 (1977); Y. Sugi and S. Mtsui,
Tetrahedron, 29, 2041 (1973); R Baltzly and P. 5 Russell, J. Am Chem
Soc., 75, 5598 (1953); A. Kieboom at al., Journal of Catalysis, 20, 58
(1971); M FidiereRdsan grganie sugtureand Fis & fungtional akage ppgroupohn Wley & Sons

(1971) ; 5 Ber n@{,AsticHl atoMiSinciod8 bRfdert(coREEPBHdRR toU Rydroxy group), sulfur
(corresponding to a thiol group), and nitrogen (corresponding to an amino
group).

Generally, debenzylation is conducted under acidic conditions using

5,432,284; 5, 164
263 (1953);
Tet r ahedr on
03/ 024592 P(

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, ali
parts and percentages are by weight, all temperatures are in degrees
Centigrade, and pressure is at or near atmospheric pressure.



20(8), 1209-1212 (1990); Studer and Blaser, J. of Mdlecular Catalysis A
Chem cal 112 (1996) 437-445; Catalysts of Organic Reactions, Eds. l}*ﬂ?é@
and Bl ackburn, Marcel - Dekker, Inc., New York, 1990, p. 197-216; and

Bel | any, Tetrahedron, 16, 4711 (1995) which hereby i ncor porated by
reference iwp binagsos €9ard. The catal yst conposites of theppspsfnksshnvention
are suitable for use in selective debenzylation, such as debenzylating a
protected functional 15 nitrogen atom wif hout debenzyl ating a protected
functional oxygen atomon the sanme nol ecule. Sel ective debenzylation is

i mproved usi r-%‘—ﬂ]ﬂi@-éat al yst conposites of the present invention si nce

sel ectivity can be ¢gn&aeRthosits e&&aﬁﬁﬁg%wm higsanaamnd and o2

functional atonms in an organic onpound of ten |ncI ude benzyl an

car bobenzyl owel@?t@apt@,onmmlszgrepatﬁdec&qdwn@amm@t%s@ls@mea or cl eaved
fromthe Or9%?&.M%qu%uchqé‘ha§¥&h?gl nter c}ﬁ& %‘["H‘éreo 41%3R56e COMPouUnd

is often a pharnaceutr cal oun a pesticide,
or intebnedi area oht600im%g a m@rcbswfam area of 96 evifgs 6Paokthetietabsidrfacan ani no

"t or el at o 45 HERE SrulelS o, i Po SatEL 2RAREE L Cleroia

or i nternedi ahierd Meem:iumanﬂo 0B ct/gk2.3% Giylheh@tal ;zoragroh:mepts@trmtam@p one or

nore of the har naceut i ¢ ound m.no .aci iide,
et er ocycl | o W ETRRTe vaRm<BIBEN 8 Yyl ibqed sadiih 2erithete, SHubi
protective graeded t&haeroﬂmmﬁauadm chl@rud@ﬁélﬂtm(zo% w/wmhhﬁlrtﬁe lpppig to

|rrproved yi el ds of the one or e ar mce |caI onpound,

pesti cilfle; arﬁpHH’"HBPE??\b“l’ Béﬁtgq eﬁéﬁaﬂ'%f@ht@"& %ﬁﬁrcboé‘termd 17
MAR 2006 VIO Qi SRry R hiR6d/ 2@&@%%@@%% fic fma,feai 4id ashed.
reactions/processes afe too numerous to list, but he following are
specific exanples. Catal ytic debenzyl ation i nvoI ves the follow ng general
reaction: + e Ris an organic structure and F is a functional atom
or group. 5 %ualﬂ‘ffﬂql%%al atons include oxygen (corresponding to a hydroxy

group), sul fur (Aotatalyplorampagite @oatairtingﬁ%gwowyht petddium and)8h% by
(correspondi Ra b BhSHHSWder 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 98 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% sodiuh



group). Cenerally, debenzylation is conducted under acidic conditions using
pol ar solvents, |ow pressure and relatively high tenperature. Typical 10
debenzyl ation reactions are carried out at a tenperature from abouf 75@AR 2606
about 100C with about 1 to about 10 at nospheres of hydrogen pressure in an
al cohol andy@ps@iseacCi d sol vent. I n one enbodi nent, the catdluieiess@nposi tes
of the present invention have about 25% or nore h| gher reaction rates than
conventional catalyst 15 conposites cohfaining the same anount of precious
nmetal catalyst. |In another enbodi nent, the cat aI st C r%ﬁsmes of the

present i nverfarRanate selution Wix 386 - %%{"éoﬁluﬂhg 'F"é’H e sgiution withy,

conventional 774 §l20%t sodiamdiadiam é’rﬂ@r‘idﬁ S8lhtsbr, EG{@@[BH tG BBt With Pr eci ous
nmetal catalyst. The followi ng exanple denonstrate this advantage, The

fol | owi ng 2doe/x§ﬁ$u§scqb@@atf-wsply§9maAédtane ik drepalladivremplatipnm sgtions
otherw se ingy ‘Fﬁ’é@%lb #é’%g[ lahg,a 0 115 BIIRG BBo@¥lwith §8Y&Idfurhn t he

specification and s and percent ages are y weight, all
t enper abur es hydeoxide wgmmsThmmblgedaelutmus ther §ilkened and washed. near

at nospheric pressure. H2 CH3 1 7 MAR 2006 WD 03/ 024592 PCTI US02126880 16
Exanple 1 A catal ystconposite containing3 by weight palladiumand 97% by
wei ght car bormmm_gﬂmp_@ ed. Sodi um carbonate is dissolved in

dei oni zed water,

ded 47 r.bon havi n tootal surface
5 area of 1,600 mfi 35?0&‘?%0 gﬁl"f’ﬁ@@ Q*wglgﬁh@qudmga/ag 1eP¥ ot al
su;face ar eaNelght&IaTrbd)lbptb\ﬂ@érﬁsbmpmw osedlufhasaebgo/ c&'}{a@@ls disdadiedd inpor e V|O| ume 1.2
cC/ g, a mcCr Qre VO (0] fota ore volune is
SEUE but abl o CAISTVERLVBIedpaTUR 8 AP 47 & sATacr Paei e ilr BBt um
carbonape soldtbi ongoe m%dtae:ﬁuckd)s@fa%@taryérbﬂ&e‘sé Us1 b4 6f the fotapsutdcen (20%
ww Pd) until the pH is 10 approxinmately 8. g of the Ealladlumsolutlon

i s added to taigea @a@fHMta%M@'cr% puifage %{ﬁé: ?n’“%é'cporq Neluges B 7RES/ %8I ution is
QQ?ShI ' :o; e gdl RS a&%%}ggﬂ?%ﬁmw#%c/% 5899 8f heliotaPPBeSiolin€ RNt @i ni ng 5% by
attributable to mlcro pore volume to form a slurry. Dissolved sodium

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.



wei ght carbon powder is prepared. Sodium carbonate is dissolved in 15

dei oni zed water, to which is added 47 g carbon powder having a total surface
area of 1,600 n2/g, a mcro surface area of 96 n2/g, 6% of the tot 7 MARrftace
area is attributable to mcro surface area, a total pore volune 1.2 cc/g, a
m cro porew@bamepf 0.027 cc/g, 2.3%of the total pore pelysR kR0
attributable to mcro pore volune to forma slurry. Dissolved sodi um
carbonate solution is 20 added to a sodi&m pal | adi um chl oride sol ution (20%

ww Pd) until_the pHis approxjmtely 8. 12.45 of the pall adium sol ution
s added to e eabissiveliiike dePardianet fydisuiee reotsbeaT €BRLL; on | s
then filtered and washed. Exanple 3 A catal yst conposite containing 3% by
wei ght pal | adi umOb. 3% by 25 weight platinum and 96. 7% by wei ght car bon
powder is preparefl. 48.44 g carbon powder having a total surface area of
1,600 nR/g, a mcko surface area of 96 n2/g, 6% of the total surface area
is attributabl et oNg.cro suerazce area, a tegal pore volune 1. Zblglc/g, a

m cro pore vollume of |0.027 cc/g, 2.3% of the%kotal pore volungjis
attributabl e m crd pore vorumeTs added tlo 30 deioni zed wat e
slurry, adjust
PCT/ U502/ 26880 1/ycarbonate solution. ME

to forma

adjust pH to aboyp 4 with 10% sodi um car
pal | adi um pl atifium solution to the carbo

filtered and yashed. Conparative Exanple 1 A catal yst conposite| containing
5% by wei ght-fall adi um and 95% by wei ght carbon powder is prepgﬂ$d. Sodi um
car bonat e i sSplved in deionized water, to which is added 47 g carbon
powder havjlng a tptal surface 10 area of 896 nR/g, a mcro surface area of
459 n2/ g, the total surface area is attributable to mcro surface
area, a totanNgpOre volune 0.75 cc/g, a mcro pore volune of 0.217 cc/g,
28.9% of the total pore volune is attributable to mcro pore volunme to form

a SHunry. O salyP il B oddih oA ensihidoPihel Badfisied to @ sodi um

pal | adi um chl ori de I on

TA 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~ To.25)/(0.1*%cat loading)/22.414*100

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



15 Pd) until the pHis approximately 8. 12.45 g of the palladiumsolution is
added to the carbon powder slurry and m xed. The conbi ned solution is then
filtered and washed. The catal yst conposites of Exanples 1 to 3 and 7 MAR 2006
Conparative Exanple 1 are enployed to catalyze the following reaction. 1 7
MAR 2006 WQRdexR&dp92 PCT/ USCR2/ 26880 18 The reaction i np@lusR e

debenzyl ati on of hydroqui none nono- benz¥l ether. OHH2 OH OH Table 1
reports the reaction rate constants for'® he reaction. TABLE 1 zero order
rate constant S5Exanpl e% l.es{m n; t. . X | es/mn-gPd x 100

130. 6521. 71 251. 1422.88%&%§§?%1 é%ﬁé&%@k%'ﬂ %?Zééggﬂ%t conposi t es
according to the invention, Exanples 1 to 3, provide increased activity
conpared to caonventional catal yst conposites. The zero order rate constants
are cal cul at atheseintlp)s it timento).§ dier kgrggen patake andoloeds fietimedo cat )

=60/ (TO.5 T0.0/34 ffar hyd¥en LRl (ebsligind'd 45b0adPrapgiod metal vei ght basis
(moles/mn - g Pd) 1°7 MAR 2006 WO 03/024592 PCTI USC2/"26880 19 =60/ (TosTO

)/ (0.1 %at | oadi N¥hile(ipdnventiernhapbeen explained ithelation ty cedains the tine to 0.5

liter hgdr Ogee?nﬁ’cﬂltir%ﬁts?ﬁ% tg%surid%rétggd Ha??aﬁd?.ls modifications 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.



0.25 liter hydrogen uptake (assum ng a zero order reaction). Wiile the

i nvention has been explained in relatigp to certain 5 enbodi nents, itis to
be understood that various nodifications thereof will becone apparent to .
those skilled in the art upon readi ngohfag specification. Therefore, 17 MAg 2006
to be understood that the invention disclTosed herein is intended to cover

such nmg}ll%%{al@ggégs fall within the scope of the appended clains. 20

clainms 1 ‘What is clained is: 1. A catal yst conposite conprising:

a carbon support AcHtalykStdtgpesitachapasiegus material, wherein the carbon
support has a total pore surface area of about 800 n2/g or nore and about
2,000 n2/g or | essarbonisupran conwising @sarbonacheus maibriplowdeseinttaee area is
mcro pore surface area;,and a precious t al tajyst. 2. The catal yst
corrposg?@oé"c%’cﬂp&i%n@a% %?%pbp%efu &rdeR qf o&’éﬁ@@ﬁ”ééﬁﬁé’??re ?{5@3%0% cro pore
surfac 20f, tn%‘}éb In@op 1 . DASH

conpri g,eO?O]‘?ﬁ:\o _,oargggétj’ a7000 td(}Ra%o/gP r g@?ﬁ@%&?gﬂ%@%ﬁa@gﬁgﬁ%ﬁ %rgrt and
from abdatce Brela; %ndo about 30%. by wei ght of the precious netal catalyst.

3. The catal yst conposite accordj n? to claim1, wherein the carbon support
conpri ses about 8.P786PEY MERLFAtAYSL| ess of phosphorus; and the precious
nmetal catalyst conprises at |east one selected fromthe group of palladium
pal I adi um hydroxide, palladiumand rhenium palladiumand rhodi um

pal | adi um agd t uhetctalystanpesitnacoeddingal elaimph| Wiastisinmtrandarbbn supabhadi um
and copper, palladiumand rutheniu Cgagl adi um and | ead, palladi um and

ger manNam@ AP HEre fHEAE BT%‘an%PﬁUtrgﬂ M /9eh e st ANdhiie eatalysheempasiterl at i num

' PP A i oA, BRFI] at
i, pP R A B G e g bt R N oL P b S Shp R P ot s

and | eaboupd ath rabentd3@eroyaneight of thizapreciouBadetancatalystel ,  rut heni um
osmum and iridium 4. The catal yst conposite according-to claim1, wherein
t he carbon support has a total pore vol.une of at |east about 0.75 cc/dg, and

about  15% o | esgraf chGst ArbosiRPaEo BN didin™ ShReRM the! BAMER-support -
' comprises about 0.75% by weight oriess of phosphorus; and 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 nik:kel, palladium and tin, palladium and copper, palladium and
ruthenium, palladium and lead, pallédium 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 copber, platinum
and rhodium, platinum énd lead, platinum and germanium, cobalt, rhodium, nickel,~

ruthenium, osmium, and iridium.

4. 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.

5. A catalyst composite comprising:
a carbon support comprising about 60% by weight or more and about

99.9% by weight or less of a carbonaceous material and about 0.75% by weight or less



5. A catalyst conposite conprising: a carbon support conprising about 60% by
wei ght or nore and about 99.9% by weight or |ess of a carbonaceous materi al
and about 0.75% by wei ght or |ess 21 of phosphorus; and a preci,;ousTWﬁl o
catalyst. 17 MAR 2000 6. A nethod of making a catal yst conposite: p \IAI (}pqtlg
a carbon support conprising a carbonaceous material, the carbon support
havi ng at | east one of a total pore volune of at |east about 0.75 cc/9

wher eiaf phiosphoris%@andr | ess of the total pore volume is micro pore volune, a
total pore surface area of about 800 nR/g or nore and about 2,000 nR/g or

| ess wherein abtﬁJPrWdPeFai%t%YStt he total pore surface area is micro pore
surface area, and a phosphorus content of about 0.75% by wei ght or |ess; and
contacting a-precious netal catalyst with the catal yst support to provide

the catal ys8. conpasithed of makirg arttalgstaweostitegy to clai m 6, wherein the
precious netal catalyst is contacted with the catalyst support in a
solution at a t EHPWEHOR 62BTONTHRROIEEOTHPIIRDE@ CaIR@NaBeRIS MBI idrtheess. 8. A -

met ho%@ﬁ%?ﬁgf»@é%ﬁh%@b{g?ﬁtig%%%g%f' ng an organi c conpound having a protected

functi ntacting the protected organi c conpound

with hydrogen and a ca{cahlsdre VORITE oF BEIeERIBbOSE 0G5 QHePEiR Bl 59at al yst
and a carbon support conprising a carbonaceous material, the carbon support

havi ngPrdess ebthe toiad pere MOlusaals Ipisre PeE? MM, at | east about 0.75 cc/g
wher ei n about 15% or s of th ot al v me,i s mcrao re yolune, a
total pore surface araeL"e"%‘fp°38c?b‘{*%§%@f§§/°3%§$%§¢6ej”&Kﬁj%ﬁ&? ar%?%?{nﬂlg or

| ess vheDein/gleissAMerein Aissist 2% loh fedsObftheROzE poH 5888ca bR IsSmigr§r 0 pore
surface area, a phosphorus content of about 0.75% by wei ght or |ess; and

r ecoveRQraGUaiacerajani a:nd:orrpoun‘d havi ng an unprotected functional group. 22
a phosphorus content of about 0.75% by weight or less; and
. contacting a precious.metal catalyst with the catalyst support to provide -
the catalyst composite.

7. The method ~accordihg to claim 6, wherein the precious metal 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.

8. A method of catalytically deprotecting an organic compound havinga .
protected functional group, cohnprising: ’ ,
| o | .contacting the protected organic compound with hydrogen and a catalyst
composite comprising a precious metal catalyst and a carbon support comprising a
~ carbonaceous matérial, the carbon support having at least one of
é total poré volume of at least about 0.75 cc/g wherein about 15%
or less of thé total pore volume is micro pore volume, | o C
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 poré surface area is micro
pore surface area, _
a phosphorus content of about 0.75% by weight or less; and

recovering an organic compound having an unprotected functional group.



1 7 MAR 2006 9. The nethod according,fo claim8, wherein contacting the

prot ected organi c conpound with hydrogen and a catal yst conposite is
conducted at a tenperature from about 2C to about 100C with about 1 7tM\Rabgut
10 at nospheres of hydrogen pressure in a liquid conprising an al cohol; the
unprotected functional group is one of a hydroxy group and an am no group;
and the organi c conpound having at | east one unprotected functional group is
one or nore of a pharnaceutical conpound, a pesticide, a herbicide, an am no

acid, a peptid |4 c conpoupd,  a carbohydrate, and a steroid.
10. The metthod a %Frtﬁ n%d 88¥§rdg]%fo§qgm r}Q’lhﬁref'ﬂe or gani ¢ conpound havi ng a
protected functiopabctHme p%f@lﬁéé@?géhld%@ﬁ)%bh&%gf Rydros8h &nides] chizfe t he
group consisting of benzyl group and carbobenzyl oxy Qgrolp.
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;
the unprotected functional group is one of a hydroxy group and an amino
group; and _ ‘
the organic compound having at least one unprotected functional group is
oné or more of a pharmaceutical compound, a pesticide, a herbicide, an amino acid, a -

peptide, a heterocyclic compound, a carbohydrate, and a steroid.

10. The method according to claim 9, wherein the orgamc compound havmg a
protected functional group comprises a protective group selected from the group

consisting of benzyl group and carbobenzyloxy group.



