2" February 2007 WO 03/084946 PCT/ US03//10072 TITLE PRC%H%%ICN OF '
DI HYDRQPI- EPE%’@:%A%CTO\IE BY HYDROGENATI ON OF NEPETALACTONE T Fi®%at i on
cl ai s & ®it of US Provisional Application No. PEEYEBIY0, filed
April 3, 2002, which is incorporated inits entirety as a part . hereof for
all purposes. Field of the Inventioemoltis invention relates to a process
for hydrogenating nepetal actone, uttfizing a netal catalyst that is
optional |y support ed?RYFIGTEPY OﬁiP§H¥Bﬁ@%§?%ﬁ%k@%ﬂ%NEBackground of the

| nventi on Many pl ant sypggbhescmiongner aEpreaianttowe Labi at ae (Lam aceae)
produce essential oil'S (aromatic oils) which arée used as natural sources
of insect repellent and fragrant chemicals [Hay, R K M and Svoboda, K P.
Botany, In "Volatile Ol Crops: their biology, chem stry and production”;
Hay, R K M, .er . . (eds.): g oup UK I mted (1993)].

Pl ants of the ﬁ%%%sa %éF%g?gh gﬁﬁ%ﬁf g%% %%ﬁﬁgﬁgegfagxﬁénbers of this
fanmily, afdoricdovsladppiicention Noi.| 626, #30a FilAed PPEHRLE commerce.

This oil ;Z:zv%mehc@s! nBtLR%S el 1oNQke! BRNLALGOmROUNga tknown as

iridoids [Inouye, H Iridoirds: Mlhods in Plant Bidochem stry 7:99-143
(1991)], eodpéert prédl PYrPPRFESTet hyl cycl opent anoi d nepet al act ones [d ark,
L.J. et al. The Plant Journal, 11:1387-1393 (1997)] and derivatives. Four
st ereoi soners of nepetal actone are known to

Field of the Invention

This invention relates to a process for
hydrogenating nepetalactone, utilizing a metal catalyst
‘that is opticnally supported, to yield
dihydronepetalactone.

Background of the Invention
Many plant species belonging to the family

Labiatae (Lamiaceae) produce essential oils (aromatic

oilg) which are used as natural sources of insect
--repellent and fragrant chemicals [Hay, R.K.M. and
Svoboda, K.P. Botany, In “Volatile 0il Crops: their
biology, chemistry and production”; Hay, R.K.M.,
Waterman, P.G. (eds.); Longman Group UK Limited
- {1993)]1. Plants of the genus Nepeta (catmints) are
included as members of this family, and produce an
essential oil which is a minor item of commerce. This
oil is very rich in a class of monoterpenoid compounds
known as iridoids [Inouye, H. Iridoids. Methods in
Plant Biochemistry 7:99-143 (1991)], more specifically
the methyleyclopentanoid nepetalactones [Clark, L.J. et
al. The Plant Journmal, 11:1387-1393 (1997)1 and
derivatives.

Four stereoisomers of nepetalactone are known to
‘exist in nature, which may be readily obtained from
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exert a Phytochemigtry 6:1281-1289 (1967); DePooter, H.L., et
al. Flavour and Fragrance Journal 3:155-159 (1988);
Handjieva, N.V. and S.S. Popov. J. Essential 0Oil Res.
8:639-643 (1996)1.

| nsect

Iridoid monoterpenoids have long been known to be
effective repellents to a variety of insect species
[Risner, T. Science 146:1318-1320 (1%64); Higner, T.
Science 148:966-968 (1965); Peterson, C. and J. Coats,
Pesticide Outlook 12:154-158 (2001); and Peterson, C.
et al. Abstracts of Papers American Chemical Society,
{2001) 222 (1-2): AGRO73]. However, studies of the
repellency of dihydronepetalactones have been much less }
conclusive [Cavill, G.W.K., and D.V. Clark. J. Insect
Physiol. 13:131-135 (1967); Cavill, G.W.K;, et al.
Tetrahedron 38:1931-1938 (1982); Jefson, M., et al. J.
Chemical Ecology 9:159-180 (1983)]. Recent studies
have indicated that dihydronepetalactones may exert a

- repellent effect on the common insect pests of human
society. Thus, a soufce of dihydronepetalactones (or a
. precursor) capable of supplying these compounds
economically and in quantity way be required to allow
commercial application of these molecules as insect
~ repellents. | '
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Bull . Chemh&se. mdpBeul&3(42) fr3683nbe mdB8PIA1sli kew se, neonepet al act one
and isoneonepetal actone were hydrogenated with Pt02 in Et20 and with
Raney N in ethanol [Sakai, T. et al. Koen Yoshishu - Koryo, Terupen oyobi
Sei yu Kagaku ni Pkanesses for omkdirog@latifnd9ie)doid-vi8noPabpbéster: Chem

Soc. Japaf%$%§§¥g,ééggan]i?$§é&9%§éﬁ%%gétggéhodology, processes for

pr oduci ng ron t al actones rogenation of nepetal actone are
descri bed 1sofelgyidseirienyereqin, [Phet dbepent trigiabagbene) 2BaVE 1967)] .
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[Sakai, T. et al. Bull. Chem. Soc. Jpn., 53(12): 3683-6
(1980) 1. Likewise, neonepetalactone and _
isoneonepetalactone were hydrogenated with PtO, in Et,0

and with Raney Ni in ethanol [Sakai, T. et al. Koen

Yoshishu - Koryo, Terupen oyobi Seiyu Kagaku ni kansuru

‘Toronkai, 23rd (1979}, 45-48; Publisher: Chem. Soc.

Japan, Tokyo, Japan].

Using similar methodology, processes for producing
- dihydronepetalactones by hydrogenation of nepetalactone
. are described in Regnier, R.E. et al. [Phytochemistry
6:1281-1289 (1967)]. Specifically, nepetalactone was
treated with hydrogen and platinum oxide (PtOj)
catalyst to yield
53% methyl-2-isopropyl-5-
methylcyciopentanecarboxylate,
2.8% a-dihydronepetalactone, and
35% 6-dihydronepetalactone.
When a palladium catalyst supported on strontium
carbonate (Pd/SrCO;) was used,
90% a-dihydronepetalactone,
3% methyl-2-isopropyl-5-
methylcyclopentanecarboxylate, and a trace of
b-dihydronepetalactone was formed.
Both of these strategies for hydrogenation are limited,

however; PtO, is an unsupported catalyst which
3
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Summary of the Invention

The present invention provides a process for the production
-of a dihydronepetalactone of formula (IT} comprising hydrogenating

a nepetalactone of formula (I} according to the following scheme:

(1) ' (I1)

in the presence of a supported metal catalyst, the catalytic
metal being selected from the group consisting of nickel,
platinum, palladium, iridium, rhenium, rhodium, ruthenium,
and combinations thereof; and the support being selected
from the group consisting of carbon, alumina, silica,
silica~alumina, titania,'titania~a1uminé, titania—silica,

barium sulfate, calcium carbonate, and combinations thereof.




plati num palladium iridium rhenium rhodium ruthenium_and

conmbi nations thereof; and the support being sel ected fr@iebhary?®lip

consi sting of carbon, alumna, silica, silica-alumna, titania,
titania-alumna, titania-silica, bariumsulfate, calciumcarbonate, and
conbi nati ons thereof. 4 2 February 2007 Disclosed herein, in onhe

enbodi ment, there may be provided a process for the production of a

di hydr onepet al.act qne of fornmula (11) by hydrogenating a nepetal act one of
formula (I 15a°c188F§i Borein. time opel pokdigenthetber®© @y ®eOpréviddd 19 in the
pr esamoEeshk Lorcahal Hrcaureteh bhal | ' I | at i pum_or _pal | adi um
D scl db%eheigd i n agnot her enbod%nga??Q%%E éﬁég?cBgnep?gv?%ﬁﬁP%f process
for the proddett FBI-iR9dPhParPeiRlRatanacetntoriuls ofukacétdindyto
~ hydr ddendoil hgwimonephtabact one of 'fornula (1) according to the follow ng
schemre: OOO (1) (Il) 4a 2 February 2007 WD 03/084946 PCT/US03110072 in
the presence of a catalytic netal selected fromone or nore nenbers of the
group consi sting of pi ¥ supported on a cataF&st support, el enental
platinum platin 3 ted on a catalys ; , pal | adi um not
supported on a cat ppor t »ported on a catal yst.
support that is nq '

(1) ' (I1)
in the presence of a.catalytic metal that is not
nickel, platinum or palladium.

Disclosed herein, in another embodiment, there may be

provided a process for the production of a dihydronepetalactone of

formula (II) by hydrogenating a nepetalactone of “formula (I)

according to the following scheme:

(D) | ©(I1)

4a




Brief Description of the Drawings Figure 1 shows the chem cal structures of
t he nagHgghkxﬁgccurring iridoid (methyl cycl opentanoid) 2dEpeesy #%¥ones.
Detail e scription of the Invention The term "nepet al RETEIHEY 104 ysed
herein refers to the conpound having the general structure, as defined by
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di hydronepet al act one. The structures of di hydronepetal actone

Brief Description of the Drawings

Figure 1 shows the chemical structures of the
naturally-occurring iridoid (methylcyclopentanoid)

nepetalactones.

Detailed Description of the Invention

The term “nepetalactone” as used herein refers to
the compound having the general structure, as defined
by FPormula I:

Formula 1

 Four stereolisomers of nepetalactone are known to exist

in nature, as shown in Figure 1.
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bel ow. Wodskghidiary 2007 WO 03/ 084946 PCT/ US03/ 10072 ‘ 35562007
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"cat al yst "Thes MEad 1y (iaFs cFamROs Bt 1on seibstamie cof helke s f £998S¥he rate of a
“chenical  reagkiaR d@%he“%hdi’@ A LAFdF O 14 br b cansbereiges fromthe

rocess chem ally anged
P e var1££1e. Dihydronepetalactones are defined by

Formula 2:

Formula 2

wherein 4, 4a, 7 and 7a indicate the four chiral
centers of the molecule and the structure encompasses

all possible stereoisomers of dihydronepetalactone.

The structures of dihydronepetalactone
stereocisomers that may be derived from (75)-

nepetalactones are shown below.




7 2 February 2007 WO 03/084946 PCT/ US03/ 10072 The term "pronoter" as used
herein ﬁ&ngm&gmpound that is added to enhance the physi@éﬁbﬁﬁﬂtﬂgWical
function of a catalyst. A chenical pronoter generally BUHVSH/YOTZhe
‘activity of a catglyst and may be incorporated into the catalyst during
any step in the = j.cal processing of the catal yst constituent. The

chemni cal pronot engr al (18,5805 6RCES dintiBy-PBy:Sice B[4 3Wnonsitedrcal functi on of
t he catal yst agent3 t can also be added to retard undesirable side
reactions. A "netfthll pronoter” refers to a netallic conpound that is added
to enhance the physigal or chemical function of a catalyst. Nepetal actones
Nepet al actone i £ own material that can be conveniently obtained in
relatively pure m (N?%é égsential oils isolated by vari ous nmeans
fromplants of ke génust %@%’ CeatRTt S pxavipis Bl YPR oS uch oils is

wel | known in thejarst, and exanpl es of nethodology for oil extraction
include (but are not" limted to) steam distillation, organic solvent
extraction, nicroma*p- assi sted organic solvent extraction, supercritical
fluid extracti o, chani cal extraction and enfleurage (initial cold
extraction into/ Hol  oned by organic solvent extraction). The
essential oils | at ¢d f C8A5.8%.69) S 0alinetieheebicyclsld 8 flremndrone wel | known t o
possess different oportions of each naturally-occurring stereoisonmer of

nepet al act one [F@Sﬁier, F.E., et al. Phytochem stry 6:1281-1289 (1967);
DePoot er, H.L.,:e% el . Flavour and

-

(18,95,65,5R)-5,9-dimethyl-3-oxabicyclo{4.3.0]nonan-2-one
(58,58,1R 6R)-5,9-dimethyl-3-oxabicyclo[4.3.0nonan-2-one
(95,1R,5R,6R)-5,9-dimethyl-3-oxabicyclo[4.3.0lnonan-2-one

(95,68,1R,58)-5,9-dimethyl-3-oxabicycio[4.3.0]nonan-2-one

(95,68,1R,5R)-5,9-dimethyl-3-oxabicyclo[4.3.0]nonan-2-one

_ The term “catalyst” as . used hérein refers to a
substance that affects the rate of a chemical reaction
(but not the reaction equilibrium) and emerges from the

- process chemically unchanged. | '




Fragrance Journal 3:155-159 (1988); Handjieva, N V. and S S. Po J.
Essent igh oShssofRes. 8:639-643 (1996)]. Thus, fromoi | derkebgpary 7any
Nepeta speci es containing a m xture of nepetal act ones. PCHURP%0 e of

di hydr onepet al actone ster eoi soners will be generated upon hydrogenati on.

Four chiral centfrs :&&ﬁ‘é\éerwatéﬂdgé&%é@mlfg%%ﬁﬁmd backbone
of the 8 03/084946 2 February 2007 PCTIUS%?/lOO?Z ngga t al act one at

carbons 4F iF &ffer LR SRS dowhypiegly o ghepd 4a 3 4 Thus
it is cl eai’ruridtatorﬁdfotaalcaafa]engl pai disentifca 1digiysictiep efahacd one

cour 11 ng RS Saii A oL e 1 S e gy gy e (e Maturatly

di hydr onegetcalrpotraitesl ikinly dgem ata toail y sty dhogegatdmn sfemepetEiact one is

effected '% flgall rfp%%%éﬁ%%lﬁ aoétﬂﬁ?abé E‘ta"’li}ét"% &t&%’é ogepRgl i on
ccept €'s 3 St

catal yst. ol ven cat and procedures for
hydr ogenatcih@ﬁillcﬁlg@ﬁf@ﬁwt%r‘gej‘@rﬂdahdanhﬁin@l@gmélﬁmephm@%g?éﬁeous

Cat al ysi s cﬁl@ﬂlﬂ:aﬁ. FAHNNYY GENAE Hat MRt ladRfK eutNekn Y ¥go N. Y.

(1996). Many hydrogenation catal ysts aré effectlve i ncl udi ng (w t hout
|In1tatloﬁ? fHeee @ngﬁtﬁqﬁJqﬂgqqﬁgable side reactions. A

*metal promoter” refers to a metallic compound that is
added to enhance the physical or chemical function of a

catalyst.

Nepetalactones
Nepetalactone is a known material that can be

conveniently obtained in relatively pure form from the
essential oils isolated by various wmeans from plants of
the genus Nepeta (catmints). Isolation of such oils is
well known in the art, and examples of methodology for
oil extraction include (but are not limited to) steam
distillation, organic solvent extraction, microwave-
assisted organic solvent extraction, supercritical
fluid extrac¢tion, mechanical extraction and enfleurage
(initial cold extraction into fats followed by organic

. solvent extraction).

apgres”

The essential oils isolated from different Nepeta
species are well known to possess different proportions
of each naturally-occurring stereoisomer of
nepetalactone [Regnier, F.E., et al. Phytochemistry
6:1281-1289 (1967); DePooter, H.L., et al. Flavour and
Fragrance Journal 3:155-159 (1988}; Handjieva, N.V. and
8.S. Popov. J. Essential 0il Res. 8:639-643 (1996)].
Thus, from oil derived from any Nepeta species
containing a mixture of nepetalactones, a mixture of

'_‘dihydronepetalactone stereoisomers will be generated
upon hydrogenation. Four chiral centers are present

within the methylcyclopentanoid backbone of the
.8




princi pal conponent iridium palladium rhodium nickel, ruthenlun1
platinuagug heR,m conpounds thereof, conbinations t her édfebrugny24te
supported versions thereof. The metal catal yst used inPFﬁgmHVHEE%s of this
invention may be used as a supported or as an unsupported catalyst. A
suppor t ed £abatyshobenange! Badhdnbelr uaty 7007a YO 03/ 0846 PCT/ US03/ 10072
whi ch the aciive catal yst agent 1s deposited on a support material by
sprayi ng, Reh Ran or physical mxing, followed by drying, calcination, and
if necessary, activation through nethods such as reduction or oxi dati on.
Materials frequently used as support are porous solids wth high total
surface areas (external and internal) which can provide high
concentrations of active sites ger unit weight of catalyst. The catal yst
support may enhance the flunctionjof the catal yst agent; and supported
catal ysts are generally preferrelf because the active netal catalyst is
used nore efficiently. 4 whi ch is not supported on a catal yst
support material is6@ ‘ egCcat al yst. The catal yst support can be
any solid, inert sub$ irg, but not limted to, oxides such as
silica, alunlna titan bonate, barium sulfate, and carbons.
The catal yst support ian beddn ?ornlof powder, granules, pellets, or
the like. A preferred support npterial of the present invention is
selected fromthe group consistihg of carbon, alumna, silica,
silica-alumna, titania, titania-alumna, titania-silica, barium calcium
conpounds t hereof and '

Thus it is clear that a total of eight pairs of
dihydronepetalactone enantiomers are possible after
hydrogenation. Of these, the naturally occurring

stereoisomers described thus far are (75)-

- dihydronepetalactones.

Hydrogenation

Hydrogenation of nepetalactone is effected in the
presence of a suitable active metal hydrogenation
catalyst. Acceptable solvents, catalysts, appératus,
and procedures for hydrogenation in general can be
found in Augustine, Heterogeneous Catalysis for the
Synthetic Chemist, Marcel Decker, New York, N.Y.
(1996) .

Many hydrogenation catalysts are effective,
including (without limitation) those containing asg the
principal component iridium, palladium, rhodium,
nickel, ruthenium, platinum, rhenium, compounds

- thereof, combinations thereof, and the supported
~versions thereof.

. The metal catalyst used in the process of this
" invention may be used as a supported or as an
unsupported catalyst. A supported catalyst is one in

9




conbi nati ons thereof: Suitable supports include., carbon, Si02, CaCO3, BaSO™4
and A1203. Moreover," - supported catalytic netals nmay havé lchmaga97

suppor Wh83/0848t6eri al or different supporting material s.PCFHUSAIE0ERbOdi ment

of the instant invention, a nore preferred support is carbon. Further

preferred ,suppotts are_those, .particul arly. carbagn, .t ve a surface
ar ea greaf”@ﬂ‘:?’hg ¢ 66256 ﬁﬁ‘%&l%lﬁﬁ' ﬁ%ﬁn% ﬁet‘% rogs tseﬁ{p:;bé}{‘l’g are those,
parti cul ashypeatboatettiall byaspraysing, aceakiew ofr ghyvssiasl 300 n/ g.
Conmrer ci al .y ;avai l-ahl r i De.4sed, igxhd higs invention include
t hose sol h‘%%g%? tf%gl%f"%ﬁ %&n?\iﬂlr demarks: aBarrel:iy & Sutcliffe'", Darco' ",
10 W O 031849461y , Felstdary 1200 T hipophuses el Sk i (eI RHt a I XNW
Col umbi & LK GRLYIBRPCB: £ e YGBNGO T Bk IMEHNAL Gl (slidtt aard Bar naby
Cheny NB'. The carbon can_also_be commercially avail ageld&eecar on such as
Cal si cat BOTrSususPlids Witlabhgeh Etedmmrdass Prars | ﬂf?g'er t he _
registeregnﬁrgﬁeg&h&;)C?ﬁ%@urbaEPFmbﬁﬂiﬂgﬁ@ﬁbbﬁﬁﬁ?ﬁﬁraﬂidnﬂeﬂ@tip Eefm
and support ,systeminclude nickel. on carbon, . nickel.on ni ckel on
CaCCB, nFE&éWéoﬁl‘B&goE?r HP&[FelwedTg%ﬁ 1 ca%lag‘[yisr%m e & éo%,%’Stpl atinum on
A1203, pkappoum eayCatBi8nce the function of the catalyst agent;

and supported catalysts are generally preferred because

the active metal catalyst is used more efficiently. A

catalyst which is not supported on a catalyst support

material is an unsupported catalyst.

The catalyst support can be any solid, inert
substance including, but not limited to, oxides such as
gilica, alumina, titania, calcium carbonate, barium
gulfate, and carbons. The catalyst support can be in
the form of powder, granules, pellets, or the like. A
preferred support material of the present invention is
selected from the group consisting of carbon, alumina,
gilica, silica-alumina, titania, titania-alumina,
.titania-silica, barium, calcium, compounds thereof and
combinations thereof. Suitable supports include
carbon, SiOg, CaCO3, BaS04 and Aly03. Moreover,
éupported catalytic metals may have the same supporting )

material or different supporting materials.

In one embodiment of the instant invention, a more
preferred support is carbon. Further preferred
supports are thoge, particularly carbon, that have a
surface area greater than 100-200 m?/g. Further _
preferred supports are those, particularly carbomn, that

have a surface area of at léast 300 wm?/g.

Commercially available carbons which may be used
in this invention include those sold undex the
following trademarks: Bameby & Sutcliffe®, Darqu,

o 10




pl ati num on BaS041 pI at| num on Si 021 pal | adi um on carbon, pall ad| um on

A1203, m on pal | adi um on BaSO4, palladldﬁ$ﬁ¥ﬂﬁﬁ
iridiunlon .%%gg |r|d|un1on A1203, iridium on S|021PCTﬂﬁEWUWan CaCCB,

iridiumon BaSO41 r heni um on car bon, r heni um on A1203, rheniun1on 5102,

rheni um on rﬁ@@&“&rm rdf@nhrhm&rm&@@% Ld 1?&% giedi um on A1203,
r hodi um on haogdi um on CaCcR, )i 1 WO 0%?%84946 ebruar 2007

PCT/ US03/ 1 OIFr%%Tfum%?ﬁfBé@ﬁ“i rliﬂlfﬁé?u (ARG rBaEason, Chemt RBHT-um on A12C8,
rut heni um drheCa&Byon raHm sl ebnmen cﬁﬁﬁ%ofd@]yféﬁﬂﬂﬁ}:ﬁl@ Qiax%cliill? dAs st at ed
above, usef catgl ismnettaés §1 cl ude coo ne nE} i ridium palladium

rhodi um nic
(commer01a11y available under the registered trademark

Centaur®) .

Preferred combinations of catalytic metal and
support system include
nickel on carbon,
nickel on A1,0,,
nickel on CaCoO,,
nickel on BaS0,,
nickel on Si0,,
platinum on carbon,
platinum on Al,0,,
platinum on CaCOy,
platinum on BaSO,,
platinum on SiO,,
palladium on carbon,
palladium on Al,04,
palladium on CaCo,,
palladium on BaSO,,
palladium on Si0,,
iridium on carbon,
iridium on Al,05,
iridium on S$i0,,
iridium on CaCOj,
 iridium on BaS0y,
rhenium on carbon,
rhenium on Al,0,,
rhenium on Sio0,,
rhenium on CaCOg,
rhenium on BaSO,,
rhodium on carbon,
rhodium on Al,0,,
rhodium on Si0,,

rhodium on CaCO;,
11




ruthenium plati num rhenium and useful support ,materials include carbon,
al uni nawo%'}‘) %4% silica- alumina, titania, titania-alunm AdebryarndP®-sili ca,
bari um" 2are u%% particularly carbon, Si2, CaCO8, BaSEHVERM/ T3, A '
supported catal yst may be made from any conbi nati on of the above naned

metal s and suppRLy; IRt 8L BhSo, A supported catal yst may also, however, be
made from conbi nat] ons of various metals and/or various support materials
sel ected from EubgPBHPLsof2¥P@nf oregoing fornmed by omitting any one or

nore nenbers fremhdeiwhobe grosps as set forth in the lists above. As a
result, the s may in such instance not only be nade from

uppor.t ed, cat al yst
one or nore rref‘étl—']%eﬁﬁ‘d‘}‘o?nsﬁ?)%%ﬂ materials sel ected from subgroup(s) of
any size that maythenfanned Basm t hend whol e groups as set forth in the
i sts above, b .al so bg.nmade in the absence of the nenbers that have
been omtted f?%ur#?%%l%o?% %%%ps to formthe - subgroup(s). The _
subgroup(s) fornmed by omtting various nenbers fromthe whole groups in

(the lists abovg, nByarOBrEQYSL, FODEG] NcAPY1 pUiRChoph1LhEapihEr S Of the

whol e groups su at those nenbers of ) | e groups that are excluded
to form t omprpEupisidivne pdserdivpronhadivlbghoGhEs). For exanple, it

may be desidiethidin CoF1AE nbRSTANGeShO 488 LBEfOLOsEppore the absence of
a catal yst formec!Lfrpm al | adi ym on carbon. 12 T I

---------- materials include A YIBE0F VBF H3FB848HEL BT/ US03/ 10072
Wi | e t he alringitia partenii0f Cadallstalimihe, titania-silica,

barium, calcium, particularly carbon, S5i05, CaCOs3,
BasS0,4 and Al,03. A supported catalyst may be made
from any combination of the above named metals and
support materials. A supported catalyst may also,
however, be made from combinations of various metals
and/or various support materials selected from
subgroup {(g) of the foregoing formed by omitting any one
or more members from the whole groups as set forth in
the lists above. As a result, the supported catalyst
may in such instance not only be made from one or more
metals and/or support materials selected from

| subgroup (s) of any size that may be formed from the
whole groups as set forth in the lists above, but may
also be made in the absence of the members that have }
been omitted from the whole groups to form the ,
subgroup (s) . The subgroup(s) formed by omitting
“various members from the whole groups in the lists
above may, moreover, contain any number of the members
of the whole groups such that those members of the
whole groups that are excluded to form the subgroup (s)
are absent from the subgroup (s). For example, it may
be desired in certain instances to run the process in
the absence of a catalyst formed from palladium on

‘carbon.

12




support is not critical, it will be appreciated that the higher the weight
percent of netal, the faster the reaction. A preferred Zditbewry ?¥ge of-

t he net &0 bnsgdosssupported catal yst is fromabout 0.1 w %éﬁ'}%ﬁﬁﬁnzo wt %
of the whole of the supported catal yst (catalyst weight plus e support ‘

weight). A nore preferred catalytic netal content range is fromabout 1
Ww%to about 1@hitl% hhawsieglefhiofparmnthal®e aftalyestsupportieed catal yst. A

further pr r ti g .nmtaly c fao T ' Jf 3 WM%bto
about 7 wt %OL%?O\%&'I C&%: ﬂé%{: C%ﬁe \%011% Org Q'{}ihlel %%&rﬂtéeecglc%ga??%gt Opt i oonal ly,
a netal pré&iet bighey tdeused ghitt pateentc afalnyatial ndthe fasteie v hod of the
present | nyenthRy Sl o TRIRl R QIR & hdd did8ie heidd10SK, 6l ement s

fromgroups 1 and 2 of the periodic table; r2& tin, ~copper, gold, silver,
and conmbi nERPERE tesk cadrlysid 1) fagmiahautods ofigr dith I A% of the

peri Od! c t gBkeofi R HLER1 LAHFURES s@ﬁﬁt@dﬂc‘%\tﬂq}é&n@caﬂaﬂﬁﬁd’?t , pressure
and m Xxi nrgv r_age are all paraneters that affect the r%/f%r%%a ation. The
rel ati onshPFdS8oR}EnddE ShRPFRS &fed be PadjU& &F ct the desired

conver si oncaﬁaegtﬁicomeltaﬂe cotfténge lraeideviilsy Ardut Rdoutedctwien taf the

process. Wt hi e context of .the present invention the preferred

Fenper ai ur B2PLE: 8RO RE bedopl " Sebetien diotd B ik 0 hediEd e soc 1o

about 150Cpaandystst Apfefrtheed pederaledutca300 vitd cl @@CalTmripeditogen

pressure i fera a 0,1 ta aho 0 referagbly about
EbE. T Er SR 2 et B0 e ey RS WO

0.3 to 10 a; an rererabl abo e reaction may be
per f or med hbat wholei pft Kbepruppresedf catedivednt . Useful sol vents

Opticonally, a metal promoter may be used with the
catalytic metal in the method of the present invention.
Suitable metal promoters include: 1) those elements
from groups 1 and 2 of the periodic table; 2} tin,
copper, dold, silver, and combinations thereof; and
3) combinations of group 8 metals of the periodic table

in lesser amounts.

Temperature, solvent, catalyst, pressure and
E mixing rate are all parameters that affect the
hydrogenation. The relationships among these
parameters may be adjusted to effect the desired
conversion, reaction rate, and selectivity in the

reaction of the process.

Within the context of the present invention the
preferred temperature is from about 25°C to 250°C, more
preferably from about 50°C to about 150°C, and most
preferred from about 50°C to 100°C. The hydrogen
pressure is preferably about 0.1 to about 20 MPa, more
preferably about 0.3 to 10 MPa, and most preferably
about 0.3 to 4 MPa. The reaction may be performed neat

or in the presence of a solvent. Useful solvents
include those known in the art of hydrogenation such as

hydrocarbons, ethers, and alcohols. Alcohols are most
' 13




i ncl ude those known i,n the art of hydrogenation such as hydrocarbons,

ethers, and al cohols! Al cohols are nost 13 2 February 20@#ebwa0Z)0784946
PCT/ USHBD 98084246 preferred, particularly |ower al kanols ®qehusaxioeet hanol ,
et hanol, propanol, butanol, and pentanol. Where the reaction is carried

out according_to the ref.erred_emhodi nents, selectivites in the range of

at | east Eﬁ%)fﬁ?:ﬁeat t Qgﬁgﬁc@]\ﬂ?&ﬁ’e B AV SofS‘%ﬁ\il |%Hst 85%are

typi cal . Satéehiahwliyethatod ,Weirgipanedr, cénitasiol ,t kend graterdred. mat eri al t hat

i s di hydr alacton re th nvert ed j.al is t portion of the
starting ﬁ@?%?%a#ﬁ%h%?sﬁgﬁggkﬁﬁ%fgg%iﬁ ﬁ%ﬁ ﬁ? fbégﬁﬁ{fg%t}g%ction. The
process ofpragepredeanbodigenten seyleot ivides da dlte irargs off afequenti al
batch (1. €1ed580985a0f RALGRRIACHALH YerlRiGOAUYS DAL any of

the equipnent custonarily enployed Tor continuous processes (see, for
exanpl e, HBS%F Fogl BYrierdnent &) echdiviisal isRéde iweidiginrawiaig,of

Prentice- Hahd, cdffert B, mdPAY-ial TREaEONLC R AR MR i0rIm& RS the product
of the reaction is renoved hy separatigon nmefhods Customarily enployed for

such separ%ﬁ?%%s?h%bﬁﬁngﬁﬁﬁﬁétWéﬁeéﬁaﬂhésh§@€b§§ﬁ§FFﬁhcﬂ%é%?ﬁon, t he
resul ting #txttigg ohatdehydnronppet phattienpatsaman wheoducts nmay be separated
by a conv;&%#onal me ¢ch as for exanple, by distillation, by

thod, s
crystalli fﬁﬁeﬁﬁtBVprgﬁggéPPVe liquid chromatography to yield each
highly purified pair of dihydronepetal actone enantioners. Chiral

chromat ography fRy be,capLoved f9 pERALALE ; ARARL QP LSy be
carried out in batch, sequential batch (i.e. a series
of batch reactors) or in continuous mode in any of the
equipment customarily employed for continuous processes
{see, for example, H.S. Fogler, Elementary Chemical
Reaction Engineering, Prentice-Hall, Inc., NJ, USA)}.
The condensate water formed as the product of the
reaction is removed by separation methods customarily

employed for such separations.

Upon completion of the hydrogenation reaction, the
resulting mixture of dihydronepetalactone isomer
products may be separated by a conventional method,
‘such as for example, by distillation, by
crystallization, or by preparative ligquid
chromatography to yield each highly purified pair of
dihydronepetalactone enantiomers. Chiral

chromatography may be employed to separate enantiomers.

Examples

The present invention.is further defined in the
following examples. These examples, while indicating
preferred embodiments of the invention, are given by
way of illustration only. From the above discussion

- and these examples, the artisan can ascertain the

essential characteristics of this invention, and,

14




Exanpl es The present invention.is further defined in the_ follown
exanpl es. These exanples, while indicating preferred entddaPert Q00f t he
i nvent i o, 03888481 ven by way of illustration only. From VB
di scussion and these exanples, the artisan can ascertain the essential
characteristics of this invention, and, 14 2 February 2007 WD 03/084946
PCT/ US03/ 103 Ehonitt apadsipey timgn fulem siverSipi and  sowps coperedier eof,  can

make varioys_chal e dodg)q:rﬂd eé%[}.ﬁqlf@&m% Ve i 9p {0, adapt it to.

various usages an |t|ons oW ng abbreviations are used in the
exanpl es: Esmntsm etp Fidandt dity S mwlour dageERRd eerdidekens - (E.

W ndsor, CT). Calsicat Carbon Catal yst support from Engel hard Corp.

Si bunit Carbon Catal yst support fromlnst. of Techpical Carbon, (QOrsk,
Russia). JMA &9 é)ég ERbASE R IOrATS rtRY oHhsORE Mat t hey, | nc.
(W Dept f ek@dmplibls . Cal gon Car bon Cat al yst support from Cal gon Corp. under
t he brand %gﬁgpf Centaur(r) DHNE Dih r%ﬂ’ actone l\% A Nepet al act one
GC Gas chr gr aphy Addltlonéﬁeﬁ?'esp ] Féf%’??“é’odef M units of

psi and MPa, where 14.7 psi i s EgpsltaehtCdirp 0, 10336 ddRsof WETh. are bot h

equi val ent aas% IT]'C_'arbon Catalyst support from Engelhard
. Corp.
Sibunit Carben Catalyst support from Inst. of

Technical Carbon, {(Omsk, Russia).
JM-A series Carbon Catalyst support from
Johnson Matthey, Inc., (W.
Deptford, NJ).
Calgon Carbon Catalyst support from Calgon Corp.
under the trand name of Centaur®

DHNE Dihydronepetalactone
NELA . Nepetalactone
GC Gas chromatography

Additionally, pressure is referred to in units of
psi and MPa, where 14.7 psi is equivalent to
0.101325 MPa {which are both equivalent to 1 atm).

Catalyst Synthesis
A commercially available support such as carbon,

alumina, or silica [available from Engelhard Corp.
(E. Windsor, CT)] was impregnated by incipient wetness
with a metal salt. The precursors used were
II’C13 *3H50,
PdCl, (Alfa Aesar, Wardhill, M3),
RhCl3 -xHy0 {Alfa Aesar),
.RuCljy-xH,0 (Aldrich Chemical Co., Milwaukee, WI),
AuCls3-3H,0 (Alfa Aesar),
NiCl,-6H50 (Alfa Aesar),
HoPtClg (Johnson Matthey, Inc., W. Deptford, NJ},

and
' 15




Cat al yst Synthesis A comercially avail abl e support such_as_carbon
alumina, or silica [available from Engel hard Corp. (E. vﬂﬁﬁ%ﬁ%#YQ%F] was
i mpr egnWOLE/ 084546 nci pi ent wetness with a netal. sal t....Theqessensoes used
were |1rd 3.3H20 PdC12 (Al fa Aesar, Wardhill, MA), Rhd 3xH20 (Alfa

Aesar), RuCl3xH20O ({Jd@@ g;em' al Co., MI|waukee, W), AuCl3.3H20 (Alfa
Aesar), N C12.6%f@ I ¥E RS T 2Pt C16 (Johnson Matthey, Inc., W

Deptford, Nhe szamd kb wereehiniad 200 7red\izO3/D8400B-450°C in Hy

e e . 0072 Re207 (Alfa Aesar). The sanples were dried and

reduced at %ggg@% H2 for 2 hours. The carbon used was commercially

avai l able as Calsicat Carbon, Sibunit Carbon, or Cal gon Carbon. Cal sicat

Carbon is lot S8 M4QHaPmLRoslard &ialg%mmléﬂasﬂ buni t Carbon
' rbon,

is Sibunit-2 fromthe _Institute of Techni cal 5th Kordnaya, Onsk
64418, Rus$i%dSICATY SR EAp0 P IBIPEE Qe P SRR £3%PWai | abl e under

the regi st efzatild=ddem@ion Gfs Gt AU I6 100N LM Gthde i AL ¢dBHUr gh, PA).
conduct ed BEAS0Ehe BHb | RIHEELE, CTTteL S oI SR vely
convert nepeisaliztitenaft TecliniydnoeNHdl A KH Kdhawdr agesiat i on. The only

64418, Russia. Calgon Carbon is PCB Carbon

{commercially available under the registered trademark

of Centaur®) from Calgon Corp (Pittsburgh, PA).

Experiments 1-46

The present example describes a series of
experiments conducted to test the abilities of various
catalysts to selectively convert nepetalactone to
dihydronepetalactone via hydrogenation. The only

.variable altered in each experiment was the type of

catalyst and support, while the following parameters

were held constant (unless specifically noted below):
time — 2 hrg;

temperature — 50 °C;

H, pressure — 700 psi; and,

. feedstock — 33% nepetalactone in ethanol.
Modifications to these “standard” parameters were made i
as noted: |

BExperiments 11, 16, 20, and 22

time — 4 hrs; and

- Experiment 17

time — 3 hrs;
H, pressure — 1000 psi; and
feedstock - 50% nepetalactone in ethanol.

33% or 50% Nepetalactone in ethanol, and an amount
of catalyst and support as indicated in the table
below, were added to a 2 ml pressure reactor. The

reactor was sealed and charged with 2.75 MPa of H, and
16




vari able altered in each experinent was the type of cat ilsﬁlegt and support,
while the followi ng paraneters were held constant (unle peEy 34%al | y

not ed b@lPydlossedsi e - 2 hrs; tenperature - 50 C H2 presgurec psi ;
and, feedstock - 33% nepetal actone in ethanol. Nbdificatléﬁ%wgégghese

"standard" paraneters were nade as noted: Experinents 11, 16, 20, and 22
tine - 4 hrieabed t&xpereaenion7temperat8rarof BFR°Qr esEhe epredO@0= psi; and

feedst ock -, 200606l Ahagtanehy ALBANGk 13324 Oh.PRrNeRE! ghackane in
et hanol, and_an anount =~ of catalyst and support as indicated in the table
bel ow, wer erhddeled) ¥Yeagtiond pregsupackéant Wes Fheppredasfoerwas2sbal ed and

charged W thevid® Ma: Dhe Hnd@NFethi 2t EAPEYAEY-200 7, VLD 3/ AE4946
PCT/ US03/ 10072 heat egmto a reactjon tepperature of 50C. The pressure was

mai nt ai ned SRR e e ERPTER LY YRG! t HRS cBEFeE 1BFOt RBSreaction. The

reacti on wasesdtiome hidd@ft anximreperiod of tinme and pernmitted to cool. An
i nternal standard (nethoxyethyl ether) was added into the reaction product

m xture. Analysis of the reaction product m xture was perfornmed by gas
chr omat ogr aphy. zAmR:H8AF Ghe enphoybdon apthdnopankxecaramagCP- WAX 58, 25 M

x 25 MW and AL &, YU £ AL IEEGEL Ry . ThEn 1E0PEE 8b UEE
employed a Chrompack column (CP-WAX 58, 25 M x 25 MM)
and a flame ionization detector. The temperature
program was started at 50°C, then heated at 5°C/min to
80°C, and then heated to 270°C at a rate of 10°C/min.
The column flow rate was 1.5 cc/min He. The injector
and detector temperatures were 280°C and 350°C,
respectively. GC analysis permitted determination of

- dihydronepetalactone selectivity [DHNE Sel (%)), acid
selectivity [Acid Sel (%)], and nepetalactone
conversion [NELA Con (%)]. DHNE Selectivity is the
weight percent of the converted material that is
dihydronepetalactone where the converted material is
the portion (by weight) of the starting material that
participates in the hydrogenation reaction. =~ Acid
selectivity is defined as the percent by weight in the
converted material of the ring-opened product, methyl-
2-isopropyl-5-methylcyclopentanecarboxylate.

For each experiment, the following table {(Table 1}
lists the catalyst, selectivity of the products, and
conversion of the reactant. Data is presented such
that the results from each specific catalyst (with
variable supports) are presented in series.
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program was started at 50C, then heated at 5C/ mn to 80C, _and then heated
to 270C at a rate of 10C/nin. The colum flow rate was ZEBbary?®7He.” The
I Nnj ect ONO 03468494t ect or tenperatures were 280C and 350C, pomsgmeati7rel y. GC -
anal ysis permtted determ nation of dihydronepetal actone selectivity [DHNE
Sel (%), acid selectivity [Acid ,% i%&e and nepetal actone conversion

[ NELA Con (% ]. DHNE Sel ectivity is ghie I ght. percent of the converted
material that is di hydEegpgeanatdiath OMNISRE G HEURRR2rted material is the
portion (by_weight) of the starting material that participates in the

hydr ogenat | @xptteact i on. ACadalysiel ectivi ty DENEef i Aeil as NEEApgr cent by

wei ght in [hgajg converted materl al of the Sel% p@@g%prmm) nmet hyl -

2-i sopropyl= nt, the

fol | owi ng able (Tabl e 15%lt/Ad4Qs t he cat al Y82, sel28éti vi t38.9f {t he products,
and convefsidn of the s%ReCalgbn CDat a i s pfgsent e@isuch 34fat |{the results
from each >pe3:i fic cat aj%ﬁpcfﬂyiﬁtlc vari abl assupponi®) ar emp; e< ented in ‘

series. 17| 2 february 2 \QQHEX &/ 084946 PeJlk USOS/ 1
Hydr ogenat on5 of Nepet a Qﬂ&%o p't Catal )ﬁ% No. Sel (%9
Sel (% Conf4=——1-5%.r /LAl 2.23.2.53 .9 l;% .5 21.5 34.9

3 50r/Calkicat C 45.2 18DAd@ 4 59%)r/ Sitbdnit c9f72.8 2623 19.3 5
50 r/SiC2 7.0 19.5 95.346NCalgopdl / A1203 1R.4 0.0 B02 7.8

8 5%Ni/Calsicat C 10.8 0.0 5.8
9 5%Nv/Sibunit C 74.6 0.0 0.7
10 5%Ni/S10, 37.9 0.0 2.0

v

11 5%Pd/AL 05, IM-A22117-5 91.2 0.0 89.1
12 5%Pd/ALO;, IM-A22117-5 83.8 0.0 99.9
13 5%Pd/Al;05, IM-A302099-5 81.7 0.0 99.9
14 5%Pd/Al0; 78.7 17.6 99.5
15 5%Pd/BaS0Q,, IM-A22222-5 92.1 0.0 98.8
16 5%Pd/BaS0y, IM-A22222-5 70.3 0.0 68.8

17 5%Pd/C, IM-A503023-5 83.8 0.0 100.0
18 5%Pd/C, IM-A503023-5 80.0 13.8 100.0
19 5%Pd/C, ESCAT-142 78.9 16.4 100.0
20 5%Pd/C, ESCAT-142 254 0.0 215

21 5%Pd/CaCOs, IM-A21139-5 78.3 0.0 99.3
22 5%Pd/CaCOj;, IM-A21139-5 712 0.0 65.7

23 5%Pd/Calgon C 54.3 159 72.6
24 5%Pd/Calsicat C 73.9 13.2 94.7
25 5%Pd/Sibunit C 60.7 18.0 69.9
26 5%Pd/Si0, 72.2 16.0 100.0
27 5%Pt/Al,O3 13.7 54.0 100.0
28 5%Pt/Calgon C 26.1 68.0 66.9
29 5%Pt/Calsicat C 15.4 54.6 799 .
30 ' 5%Pt/Sibunit C 21.1 72.1 78.4
31 5%P/510, 13.9 46.5 913
32 5%Re/Al,05 61.8 0.0 0.4
33 5%Re/Calgon C 12.8 0.0 1.8
34 ’ 5%Re/Calsicat C 15.5 3.9 336
35 - 5%Re/Sibunit C - 19.1 5.0 223
36 5%Re/S10; 243 6.2 24.9
37 5%RW/Al;04 82.2 15.6 G99
38 5%Rh/Calgon C 80.3 121 99.1
39 5%Rh/Calsicat C 68.6 122 98.4
40 5%Ru/Sibuntt C 81.2 15.9 199.0
41 5%RNW/S10, 334 14.5 95.9
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7 59%\i/Calgon C 8.6 0.0 7.8 8 59%\i/Calsicat C 10.8 0.0 5.8 9 59/ Si bunit
C74.6 0.0 0.7 10 598i/SiC2 37.9 0.0 2.0 11 5%°d/ A12032 Exhruappdd07. 5 91, 2

0.0 89.Wo chngaid/ AL1203, IJM A22117-5 83.8 0.0 99.9 13 %@l?éﬁ%%
JM A302099-5 81.7 0.0 99.9 14 5%d/ A1203 78.7 17.0 99. éaSO4,
JM A22222-5. 92 1 0.0.98.8..16.5%d/BaSO1, . IM.A22222-5 70 3 0.0 68.8 17

50/ oPd/ C, J¥xp503023-5 88(atdys 100. 0 18D3I¥H/ C, ArM ASOSERA-$ 80.0 13.8
100.0 19 puNe C, ESCAT-142 78.9 16.4 100Sa(%a)0 BRB)C, CasCAY{142 25.4 0.0

21.5 21 5¥dicaces—H-AREd30-678-3-6-0-09-8 22 E9PeH-Caea8t JM A21139-5
71.2 0.0 6b. #2 23 5opd/ GBI B4 3 15 9 9506 24139pqs B3Psi bat C 73. 9
13.2 94.7 | 298350pd/ Si bui¥RWEakEONL 18. 0 69. 86.626 50/3'36/ Si o¥342. P 16.0 100.0
27 59t/ ALpCR413. 7 54. GY4I0OCEIsica8C5%t / Cal §hf C 266.8 68. G9G6. P 29
506t / Cal si FatsC 15. 4 54%RAZiKNItIO 5%t | Sibugit Ci18%. 1 7251 7B. 4 31

SUPtJISi G2 1348 46.5 91. 3450 e/ A12G3 61 0.0 Q34 33 e] Cal gon C 12.8
0.0 1.8 3 : LS %R 22 ] A 19.1 5.0 22.3

36 5URe/SICR 24.3 6.2 24.9 37 59Rh/AL2CB 82.2 15.6 99.9 38 5%Rh/ Cal gon C
80.3 12.1 99.1 preferred combinations of catalytic metal and

support system includes

Ir/C (Sibunit C, Calsicat C, and Calgon C),

Ir/Al,0,

Ir/Sio,,

pPd/C (Sibunit C, Calsicat C, Calgon C, JM-A

series, and ESCAT-142),

PA/A1,0,,

PA/BaS0,,

Pd/CaCo0,,

Pd/Si0,,

Rh/C (Sibunit C, Calsicat C, and Calgon C),

Rh/A1,04,

Rh/81i0,,

Ru/C {Sibunit C, Calsicat C, and Calgon C),

Ru/Al,05, and

Ru/Si0,.
For the majority of experiments with these preferred
combinations of catalytic metal and support system,
vields of dihydronepetalactone were at least 70%
selectivity. Experiment 15 achieved the highest yield
of dihydronepetalactone (92.1%) with 98.8% conversion

of nepetalactone using Pd/BaSO,.

Thus, a variety of Group 8 metals on various
supports have been demonstrated to be active for
hydrogenation of nepetalactone, permitting high yields
in 2-4 hrs. This will result in significantly reduced

scale-up costs as compared to methods of hydrogenation
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39 50R0/ Cal sicat C 68.6 12.2 98.4 40 5% /Sibunit, C sl.éégfﬁg 99,0 415"
ORN/ Si 2 83.4 14.5 99.9 18 2 February 2007 WD 03/ 08494 at)‘sﬁ)?/ 10072

Exp't OHOSBAOIOHNE Aci d NELA No. Sel (% Sel (% Con(% PEI/EMRIGOAL203 67. 0-
11.2 91.5 43 5%Ru/Calgon C 36.6 7.6 73.1 44 5%Ru/Calsicat C 41.0 6.8 69.6

45 5%u/ Si e . 0 I 2 refterred
conbi natio Lsé%o Ocq:iastz'% %%Igo%e%gl fréntgée ?lu%l)éor %%t 5%}‘2%‘8&1‘3%1%??% (Si bunit
C, Cal si cadibydastie@rigoaa)ones s/ Al 203, 1r/Si021 Pd/C (Sibunit C

Cal sicat C, Calgon C, JMA series, and ESCAT-142), Pd/ Al 203, Pd/BaSO4,
Pd/ CaC3, Pd/Si021 Rh/ C (Sibunit C Calsicat C, and Calgon C), Rh/Al 203,
Rn/Si021 Ru/C (Sibunit C Calsicat C, and Calgon C., Ru/Al 203, and

Ru/ Si 02. For the majority of experiments with these preferred

conbi nati ons of catalytic nmetal and support system

e
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yi el ds of di hydronepetal actone were at |least 70% selectivity. i ment
15 achi eved the highest yield of dihydronepetal actone (@é&%é@qaﬁﬁﬁr98.8@6
conversion of nepetal actone using Pd/ BaSO4. Thus, a variety of Goup 8

nmetal s on various supports have been denonstrated to be active for

hydr ogenati on of nepetal actone, permtting high yields in 2-4 hrs. This
will resuwitatiMg significantly reduced scale-up costs as conpared to nethods
of hydrogenation 19 2 February 2007 WD 03/ 084946 PCT/ US03/ 10072 -
previously reporjed jn the literature for_production of .

di hydr onepet al ac ’oneAs.p]fQ’ce% %”ﬁe@i‘%é?fp%ﬂoh‘%ﬁol\% 1. A process for the
pr oduct i @khyirenepktabhcrepet of abbomelof (DX redwpatidingonprising .

hydr oge ; 1£g% ccording tq .the foll ow ng
schene: rgo % é}% 1), %q Ia%q.lgé t erp%créeés)%%@o‘éfo%‘éﬁsaupgﬁrtedzor%qlé_fg ctaqt al yst, the
cat al yt it fetloaichgdhamat ed. from t he group consisting of nickel,,

plati num palladium iridium rhenium rhodium ruthenium and

conbi nati ons thereof; and the support being selected fromthe group

consi sting of carbon, alumgua, silica, siliga-al@mna, titania,
titania-alumna, titanj a-siffica, barium sul cal ci um carbonate, and
conbi nati ons t her eof < '

(1) o (II)

in the presence of a supported metal catalyst, the catalytic
metal being selected from the group consisting of nickel,
~ platinum, palladium, iridium, rhenium, rhodium, ruthenium,
and combinations thereof; and the support being selected
From the group consisting of carbon, alumina, silica,
silica-alumina, titania,‘titania~éluminé, titania-silica,
barium sulfate, calcium carbonate, and combinationé thereof.

2. The process as recited in Claim 1 wherein the
content of the catalytic metal in the catalyst is from about
0.1% to about 20%. ‘

3. The process as recited in Claim 1 which is
effected in the presence of a metal promoter.




2. The process as recited in aim1l wherein the contentiﬂ% t he @ alytic
metal in the catalyst is fromabout 0.1%to about 20% 3FePREHIAess” as

recited in Claiml which is effected in the presence. of a netal pronoter.
21 2 February 2007 4. The process as recited in Claim3 wherein the netal
pronoter is selected fromthe group consisting of tin, copper, gold,
silver, and conbinations thereof. 5. The process as recited in Caim1l
which is perfornmed at a tenperature of about 25C to about 250C and a
pressure of about 0.1 MPa to about 20 MPa. 6. The process as recited in

O ai m 1 wherei fi-t héPepPERERES| @5 pEpfdFAddint Chairnperkexetnothabout 50C to

about m&balC prdmatpressuLeleétedofiofd. BhMPerbap abONLi 4 Mig- of - tTHe process
as rec%gg e&n Claim 1.wherein the catalgtlc netal and support are selected
from the groﬂpgoggnsfé YRE’ oF i CREPIBAC EGRrBoReT®PEkel on A1208, ni ckel

on CaC33, nickel on BaSO41 nickel on S 02, and conbi nati ons thereof. 8.
The process asqrecy J iml wherein,t catal ytic metal and support
7 %}liéd%ir—(%fjep%gcé{(;gnslf%%ﬁl%éo ng(?]fﬁji'?lﬁ]%ﬁcghr]b%n, . platinum

are selected fromt
on A1ZeBrigraednam artammasturs af mipown B304 about 250°C and

a pressure of about 0.1 MPa to about 20 MPa.

6. The process as recited in Claim 1 wherein the
process is performed at a temperature of about 50°C to about
150°C and a pressure of about 0.3 MPa to about 4 MPa.

7. The process as recited in Claim 1 wherein the
catalytic metal and support are selected from the group
consisting of

nickel on carbon,

- nickel on Al,0,,
nickel on CaCoOs,
nickel on BaSO,,
nickel on 5i0,, and

combinations thereof.

8. The process as recited in Claim 1 wherein the
catalytic metal and support are selected from the group
consisting of ‘

platinum on carbon,
platinum on Al,04,
platinum on CaCO,,
platinum on BaSO,,
platinum on.8i0,, and
combinations thereof.
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pl ati num on. Si @2, and conbi nations thereof. 22 2 Februar6}§% The
process as recited in Caiml wherein the catal ytic netal gy, %%Gt are
~selected fromthe group consisting of palladiumon carbon, palladiumon
Al2033, palladiumon CaCO3, palladiumon BaSO41 palladiumon SiQ2, and
conbi nati ons thereof. 10. The process as recited in Caim1l wherein the
catalytic netal and support is selected fromthe group consisting of
iridiumon carbon, iridiumon A12C3, iridiumon S 02, iridiumon CaCC3,
iridiumon BaSQ4, and conbinations thereof. 11. The process as recited in
Claim1 whereifi- th@hec%f%$?$$ca%e¥%F1§ﬁ@ supgba@mué wheseivdtheom t he group

cons|staﬁglgtléhﬁatan1@ﬁdcgﬁpﬁart HPENLEHM8PeA1203m tﬁ@eﬁkeﬂbon Si &2
rhenlu ,rheni um on BaS1 and conbi nati ons thereof. 12. The

process as EE%P?eafln Claim1 wherein the
palladium on carbon,

palladium on Al,0,,
palladium on CaCO,,
palladium on BaSO,,
pallédium on Si0,, and

combinations thereof.

10. The process as recited in Claim 1 wherein the
catalytic metal and support is selected from the group
consisting of

iridium on carbon,
iridium on Al,0,,
 iridium on Sio,,
iridium on CaCoO,,
iridium on BaSO,, and

combinations thereof.

11. The process as recited in Claim 1 wherein the .
catalytic metal and support is selected from the group
consisting of

rhenium on carbon,
‘rhenium on A1203,
rhenium on $i0,,

rhenium on CaC0O3,

~rhenium on BaSO,, and
combinations thereof.

| 12. The process as recited in Claim 1 wherein the
catalytic metal and support is selected ffom the gfoup
consisting of '
rhodium on carbon,
rhodium on Al,0,,
,rhodium on 8i0,,
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catalytic netal and support is selected fromthe group i Sti of
r hodi um on carbon, rhodiumon A1203, rhodiumon S 02, ggﬁgnﬁgﬁﬁﬁgry 2007
rhodi um on CaCO3, rhodi umon BaSO4, and conbinations thereof. 13. The

process as recited in Claim1 wherein the catalytic netal and support is
selected fromthe group consisting of rutheniumon carbon, ruthenium on

Al1203, rut heni um on CaCQ3, rut heni umon BaS™1 rutheniumon S 02 and
conbi nati ons thereof. 24

rhodium on CaCoO;,

rhodium on BaS0O,, and

combinations thereof.

13. The process as recited in Claim 1 wherein the
catalytic metal and support is selected from the group
consisting of ‘

ruthenium on carbon,
ruthenium on Al,0,,
ruthenium on CaCO,,
ruthenium on BaSQ,,
ruthenium on Si0, and
combinations thereof.
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