WD 03/ 084946 PCT/ US03/ 10072 TI TLE PRODUCTI ON OF DI HYDRONEPETALACTONE BY
HYDROGENATI ON OF NEPETALACTONE This application claims the benefit of U S
Provi si onalo o3pséddcat i on No. 60/369,470, filed April 3, 20@2Ajusebiein2zis
incorporated in its entirety as a part hereof for all purposes. Field of
the Invention This invention relates to a process for hydrogenating
nepet al actone, utilizing a netal cat aF¥dELE that is optionally supported, to
yi el d dihydronepet al a@mmjcﬁmkgmmmmthTwmme Many pl ant species
belonging to the famly_ ﬁisentlal oils
(aromatic oils) which Asect repellent and
fragrant chemcals [Hay, R K Nl and Svoboda K. P. Botany In "Volatile O
Crops: their biology, chem stry and production”; Hay, R K M, \Witernan,
P.G (eds.); Longman Goup UK Limted (1993)&. Plants of the genus Nepet a
(catnmints) are imbiadedpasdcaeiber slafimehibef grkfitand Fréduce an

essenti al 0'%r$@&890h§13A QQEatﬁgﬂ‘ﬁE C%@V§%©e47ﬁhl%11%61Ap%lzeey rich in
a class of nonoterpenoid npounds ~ known as iridoids [l nouye, H_ Iridoids.
Ml hods in PP8At Bhé@heﬁﬁsﬂ?l§20¥P9§aI§§ (LIL99£F] G%Fét p&Ei Fﬁ Pty the

net hyl cycl opgnt-apei dorepetabagbenes.[Clark, L.J. et al. The Plant Journal,
11:1387-1393 (1997)] and derivatives. Four stereoisoners of nepetal actone
are known to exist in nature, which may be readily obtained from

Field of the Invention

Thig invention relates to a process for
hydrogenating nepetalactone, utilizing a metal catalyst
that is optionally supported, to yield

dihydronepetalactone.

Background of the Invention

Many plant species belonging to the family
Labiatae (Lamiaceae) produce essential oils (aromatic
oils) which are used as natural sources of insect
repellent and fragrant chemicals [Hay, R.K.M. and
Svoboda, K.P. Botany, In “Wolatile 0Oil Crops: their
biology, chemistry and production”; Hay, R.K.M.,
Waterman, P.G. (eds.); Longman Group UK Limited
(1993)]. 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 methylcyclopentanoid nepetalactones [Clark, L.J. et
al. The Plant Journal, 11:1387-1393 (1997)] and

derivatives.

Four stereoisomers of nepetalactone are known to

exist in nature, which may be readily obtained from
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the plant genus, Nepeta. These chem cals exert a well-known excitatory

ef fect ornwoaB®ssdfiducker, A O and S.S. Tucker. .Econom ¢ .BeCarysosno7214- 231
(1988)], thus the oil--or nmore commonly, the dried herbage of this plant
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(1965) ; Pet ehsshage, agedoil best sherpdsitiec Rgerofqidinet U5 8 (2001);
and Petersongnzil farklet A&&@x@@t% fdo%@%rls‘c /&mflt@m ermin cal Soci ety,
(2001) 222 (1-2 AGROY 3] %ﬁu studles of 3‘ n%%&

di hydr onepet éF&@tgoq'ﬁEs'Lel'?aveAb S P Ioty, th (sarﬁ/ WK, and
1[?2/ Sgrk gJBeplergl&eB & Phw@stsl&ﬂmhyﬁo(r@iﬂ‘)ala@a}uﬂds, @hNCIh et al.
et rahedr on 1931 1 t E I

9: 159- 180 (1985 PosﬁéLc t set%%(y) %%1?%3;}‘ Fichi t%r]om el Fool ooy
di hydr onepet albarttemés nemetedeat apes e&?@lgr@{ﬁrrefﬁ@:tr &t t3He common i nsect

pests of humgy, :ochemistry 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)].

Iridoid monoterpenoids have long been known to be
effective repellents to a variety of insect species
[Eisner, T. Science 146:1318-1320 (1964); Eisner, 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
conclugive [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 source of dihydronepetalactones (or a
precursor) capable of supplying these compounds
economically and in quantity may be required to allow
commercial application of these molecules as insect

repellents.



society. Thus, a source of dihydronepetal actones (or a precursor) capable
of supplying these conpounds economically and in quantity nmay be required
to al | ow wooaetgé al application of these nol ecul es as i nPETLUSOs/aPet | ent s.
2 WD 03/084946 PCT/ US03/ 10072 Additionally, it has been proposed that

di hydronepet al act one conpounds be used_as fragr ancgt materials. In view of
t hese consi derat i BAditaosadive 16f hapnParonBpePREsct &héS (or a precursor)
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| act ones (e. gf, dihgteonepetallactones (bsodepyecomsiodompapedile, cdnd

i soactinidi alactone) have b r rt i Lat i :OX )
catalyst [ SEREPIVFho,Ltee” EEfpLERRE ElathiSatnd SNSRI 1 os0)
Li kewi se, newmagpefababeomecarided sonednepecarmersie nwer® iFdtdg@n&ied with

PtO02 in Et2 | apey N fia-ethanolf-eakailg T. et al. Koen Yoshishu
- Koryo, Te?ﬁlﬁgggo%gigc el yuaKagakg%ni kansuru ToSronkai, 23rd (1979),

45-48; Publisher: Chem Soc. Japan, Tokyo, Japan]. Using simlar

met hodol ogy, processeeskes FoedusidRegetialtytiooneneiodldaeieresipene
hydr ogenati on of nepetal actone are de%cri b%d in Regnier, RE et al.

[ Phyt ocheni stP§EOBEE2d € P289 1EPHSPPEPSEFIAF 80 y, nepet al act one was
treated w t hibypdebgenodnd dogtrimeurimox iachel (RCGR)t indatis hesttare )y ibelvie 53%

nEthyl_Z_iSOBE%RYEé%brted using platinum oxide (PtO,) catalyst
[sakai, T. et al. Bull. Chem. Soc. Jpn., 53(12): 3683-6
(1980)]. 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 (PtO;)
catalyst to yield

53% methyl-2-isopropyl-5-

methylcyciopentanecarboxylate,

2.8% o-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

b6-dihydronepetalactone was formed.
Both of these strategies for hydrogenation are limited,

however; PtO, is an unsupported catalyst which
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met hyl cycl opent anecar boxyl ate, 2.8% o07?-di hydronepet al actone, and 35%
S-di hydr onepet al act one. When a pal | adi um cat al yst supported on strontium
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met hyl - 2-i sopropyl - 5- et hyl cycl opent anecar boxyl ate, and a trace of

6- di hydronepet al actone was forned. Both of these strategies for
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of open- ring derivatives, while SrC03 is an expensive support. A need thus
remai ns for an econom cal, efficient process for the production of

di hydr onepet al act anesed thesnetrakd nselfect et feoonase cad. catfdligstesiti n t he
process of this inventi provi . Si ffd ci ency of
product i on WPER<ESHRi I?rd%glreegrgfi%%gé:&glc% vidtl%qﬁdgﬁqﬁ?%aﬁy%g:rtgﬁlggét al act one
product. Suffimer yetblehedlersrd dorOveseeemsodiaredy s tif SHnPERGeHT is a
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hydr ogenati ng a néepet al act one g formula (1) _  according to the follow ng

scheme: O 0 edfdcieprey( Of) predusd ioreddide o igh 4895RS ©etal that is not
ni ckel, pl at isAUECRRAak ad Whe Aok lRoRFRadinRMoref drididtvention is a

Summary of the Invention
One embodiment of this invention is a process

for the production of a dihydronepetalactone of formula
" (II) by hydrogenating a nepetalactone of formula (1)

according to the following scheme:

o) O
0 0O
—_— >
=
(1) (I1)

in the presence of a catalytic metal that is not

nickel, platinum or palladium.

Another embodiment of this invention is a
process for the production of a dihydronepetalactone of
formula (II) by hydrogenating a nepetalactone of

formula (I) according to the following scheme:

o 0
0 0]
EE—
F
(I) (I1)



process for the production of a dihydronepetal actone of fornula (11) by
hydr ogenating a nepetal actone of forrmula (1) according to the foll ow ng
schenme: QvO03@B46i (1) (11) 4 WO 03/084946 PCT/ US03/ 100PZT/Usa3/1(ve2
presence of a catalytic nmetal selected fromone or nore nmenbers of the
group consisting of nickel supported on a catalyst sugggr el enent al

a

plati num plattrersappere edt of ﬁaEﬁ%ﬁFﬁgtm§EﬁﬁoF?leﬁ o RBE

support ed Onoﬁ-&@%@JMé&béﬂ@p@ftthéngr@abladnsﬂstsngpoftﬁdckala catalyst
support that is not e Descri shows

n aw n Flgure
t he chenlcaIS%PP%E?%gegno? ?ﬁﬁa ﬁFu?ﬁPB ECCug?mﬁﬁtgﬁlmﬁagin
(nethylcyclQpB@tﬂﬁ@md$uppepeealantaneatamysaiBengESGrppﬂﬂadlgm nhpé

| nvention The ter aeggtg gg£g9§ae gugégggheéga FERQEEUHP the conpound

havi ng t he g ructuré OO Formula 1 Four
stere0|sonersupponE@étahaetoaéaévétkﬁ@mpot§ éhﬁ§tlslﬁ0ﬁa§ﬁﬁ@3 as shown in
Figure 1. 5 WD 03/084946 PCT/ US03/10072 The term "di hydronepet al act ones”
or "di hydronepetal actone mi xtures" as used herein refers

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 Formula I:

Formula 1

Four stereoisomers of nepetalactone are known to exist

in nature, as shown in Figure 1.



to any m xture of dihydronepetal actone stereoisoners. The nolar or nmass
conposition of each of these isoners relative to the whole

di hydr onewetoaloset®ne conposition can be variable. D hydr @cepsSoai@ct ones
are defined by Fornmula 2. O 6 7 7a O 25 4a 4 3 Fornmula 2 wherein 4,

4a, 7 and 7a indicate the four chiral centers of the nolecule and the
structure enconpasses all possible stereoi sonmers of di hydronepetal actone.
The structures OfTﬂéhﬂ@f@ne@@hﬁﬁﬂ@h@péta$heteﬁésoners that may be derived
from (75)- ne etalactones f sh g w. ,6 WO 03/0%4%é6npglé8§%3/10072 H
O O (1S, 5S, 9% 5RIEOBERFHR ﬁ§F9§eowé§ BYEPo[ 2°3 0T HoRah 2 0Re HOO(1
S, 9S, 5R, 6R) - 5@9aﬂynmihyhr8 ofaﬁhhydkohépétepaonaneZSDneeOHSOmerﬁl

S, 55, 9S, 65) -5, 9- di reLh ey
S, 9S, 6S, 5R§ Shi rre%hg g8 égkgk?iﬁ glén%(%ggng ORfies Hebhiik!

relatlve to the whole dlhydronepetalactone comp081tlon
can be variable. 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
stereoisomers that may be derived from (78) -

nepetalactones are shown below.



H O O (9S,5S, 1R 6R) -5, 9-di net hyl - 3- oxabi cycl o[ 4. 3. 0] nonan-2-one Fi O HO
O (9S, 1R 5R, 6R) -5, 9-di net hyl - 3- oxabi cycl o[ 4. 3. 0] nonan-2-one H O O

(9S, 6S, 1RVBIBAB19%6 di net hyl - 3- oxabi cycl o[ 4. 3. 0] nonan- 2- one PCHUS0816071D

(9S, 6S, 1R 5R) -5, 9-di ney hyl - 3- oxabi cycl o [4. 3. 0] nonan-2-one H The term
"catal yst" as usect hidrgin refers to a substance that affects the rate of a

ot atess chom cal | fubchanged ™ P 0a bk SRABHS EH LTS RE o

process chem cal
"pronoter” as used hﬁr inis a conmpound that is added to enhance the
physi cal or chem cal unction of a catalyst. A chem cal pronoter generally
augnents the actlvth f a catalyst and nay be incorporated into the
catal yst during an in the chem cal processing of the catalyst
constituent. The m cpl PISESPReR)-5edisralli3oxdnhdeit &8netae2pteysi cal or
catalyst agent, but can also be added to retard

chem cal function
undesi rabl e side reabtions. A "rmetal pronoter” refers to a netallic
conpound that is added to enhance the physical or chem cal function of a

P O
cat al yst. . 4

' (18,58,98,68)-5,9-dimethyl-3-oxabicyclo[4.3.0]nonan-2-one

: H
Cliu;o (18,98,6S,5R)-5,9-dimethyl-3-oxabicyclo[4.3.0]nonan-2-one

(9S,58,1R,6R)-5,9-dimethyl-3-oxabicyclo[4.3.0]nonan-2-one

<:i;o (9S,1R,5R,6R)-5,9-dimethyl-3-oxabicyclo[4.3.0]nonan-2-one

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

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

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

process chemically unchanged.



Nepet al actones Nepetal actone is a known material that can be conveniently
obtained in relatively pure formfromthe essential oils isolated by
various rwens/ossem pl ants of the genus Nepeta (catm nts) PCTAs0a1G000 of
such oils is well known in the art, and exanples of nethodol ogy for oi
extraction include (but are not Iimted to) _steam distillation, .organic
sol vent extracti e nf¥FBWARECTMAEST St 88 B?%ﬁn?%r§vaéﬁtaeﬁPW88PP8n,

supercriticatnaf | 1 da@xéaagsdi eAnaneehgnt cphyektadcoroohandcenf | eur age
(initial cold extraction |nto?i§t§ fo ni

| owed. by, orga S
extraction) . uRet B ent i Al COFRSYF ola%ea ?W%ﬁ%ﬁi??gwgﬁ?rhéSégggl%gecies are
mfll known t@u?@§ﬁ@§stﬁéféetEnltproﬁoatbanalyst endhmaut beal | y- occurring
st er eoi somer, of nepet ct gnLet ; a P ck
6: 1281- 1289 %&%%ﬁ?griﬁigo g?? %F%.?gg%lgFFEEng%grg%ﬁdg¥%?ag§gﬁggrgournaI
3:155- 159 (1eB&yjchndroeeasingVofahtie satalpeporongtiEysEkt i aft®i | Res.

containing a mxture nepet alfactones; a_m xture of _di hydronepetal act one
st er eoi somer shemirabefgeAtrapedt GPENCRYELEGENGTRTH! PBﬁrcéﬁiPi Scenters

?)E% FJrSSCS),/e%o%’i gaaadt Bls pethyhcyebepertanei dibackbaneiohst.heA8 WO 03/ 084946
6 7 7a 1 2 Cfmeggiggggmg%gggerg e%%r 8ng %étgﬁlié %g%pgﬁn%Stig%WEs bel ow: 0
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 means from plants of
the genus Nepeta (catmints). Isolation of such oils is
well known in the art, and examples of methodology for
0il extraction include (but are not limited to) steam
distillation, organic solvent extraction, microwave-
agssisted organic solvent extraction, supercritical
fluid extradtion, mechanical extraction and enfleurage
(initial cold extraction into fats followed by organic

golvent extraction).

The esgential 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
S.S. Popov. J. Essential 0il Res. 8:639-643 (1996)].
Thug, 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



4 Thus it is clear that a total of eight pairs of dihydronepetal actone
enantioners are possible after hydrogenation. O these, the naturally
occurri ngwosBmessaé soners described thus far are (7S)- dhy@canspg1@ract ones.
Hydr ogenati on Hydrogenation of nepetalactone is effected in the presence
of a suitable active netal hydrogenation catalyst, Acceptable solvents,
catal ysts, appRebalactoBadapr6te 99%54f0?ahyaraéénaﬁi8ﬁ PACYEneral can be
found in Augysibpe, Heterogeneous Catalysis for the Synthetic Chem st,
Marcel Decker, New York, N.Y. (1996). Many hydrogenati on catal ysts are
effective, including (without limtation) those containing as the
princi pal conponent iridium palladium rhodium nickel, ruthenium

pl ati num rhenium conpounds thereof, conbinations thereof, and the
supported versions thereof| The nital catalyst used in the process of this
invention may be used as a §$ d or as an unsupported catalyst. A
supported catalyst is one & /084946 PCT/ US03/ 10072 which the
active catal yst agent ig @ support material by spraying,
soaki ng or physical m by drying, calcination, and if
necessary, activation t such as reduction or oxidation.
Materials frequently usgd as HaPpRQr Arde porous solids with high tota
surface areas (external and interffgl) which can provide high
concentrations of

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, apparatus,
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 as 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



active sites per unit weight of catalyst. The catalyst support nay enhance
the function of the catal yst agent; and supported catalysts are generally
preferredvbacaswes the active metal catalyst is used norePpefffusod/enriy. A
catal yst which is not supported on a catal yst support naterial is an
unsupported catal yst. The catal yst support can he ang 8' i nert

subst ance i neltieh nghe baet ive Fﬁ%ﬁiéﬁttﬁge6§lﬂﬁs SHeR15EY S Pca, al umina,

;LLSBL? Cgﬁlﬁgﬁﬁﬁf@{ﬁgﬂ@%galbgylgﬁka?MhﬁatQoaamdgcakbphy516hé cat al yst
e ranul. es | r the like. A
preferred su%b%%?gnaﬁﬁ}iawe@f thrﬁ?ggenFa ﬁvgﬁFﬁgﬁ |§El sélected fromthe

group COﬂSISﬁé@@s@éryarbeﬁlvatmnnnahroeghlmatthE|eacalaﬁlN@duﬁtﬂ@ﬁla

titani a-al um na
conti nat + oneCk neraint B8R, SbipkeRiate F%%H%?ESX”“%2?‘)%%‘)%9%%%%%%%& *Bas04

and A1203. Muoeousrsolsdppwitbdhignakptid ﬁﬁ¥£ﬁ§enﬁ¥3ﬁ§vée¥ﬁ§f§é

irpfﬁ;t:Rgtagﬁée£h€£r8519'%B?Eﬁ”&aﬁUBBebaaaghﬁghebb@b%nt&@t@@@seﬁﬁodlnent

invention, a nore referred bon her
preferred sapbsvesSAEESt BEEeUNphr WPaGREr Py EﬁgHSttha&' G ER1YSr f ace
area greater cfg8:-40fn OQnﬁahge Ehéthahctabafeﬁre@esupmaﬂwstamgemese
particul arly carbon, t

a surface f at
Cowner0|alIyaE@aFPBBPEtEQrSGEEE ghaﬁﬁygsggggé y'%ﬁeF%%§%ﬁﬁ3%hF¥én i ncl ude
those sold uaﬁérabbevef@bkamnngtaﬂaéenaskgsesanabﬁ & fSitcglanftfle”., Bar coTM
10 VO 03/ 084945 PCTLUS3 40072, MshatTl Sl L0/ Goiypbica LOKT'S,

Cal gon PCBTM® tvac Norit TM and Bar naby eny NBT"
materlal is an unsupported catalyst

The catalyst support can be any solid, inert
substance including, but not limited to, oxides such as
silica, 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, Si05, CaCO3, BasSO4 and AlO3. Moreover,
supported 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 those, particularly carbon, that have a
surface area greater than 100-200 m?/g. Further
preferred supports are those, particularly carbon, that

have a surface area of at least 300 m2?/g.

Commercially available carbons which may be used
in this invention include those sold under the

following trademarks: Bameby & Sutcliffe™, Darco™,
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The carbon can al so be commercially avail able carbon such as Calsicat C,
Sibunit C, or Calgon C (commercially available under the registered
t rademar kwo@afns#ue (r)). Preferred conbi nati ons of catal yt iPCTrESVHI00aNd
support systemi ncI ude ni ckel on car bon ni ckel on A1203 ni ckel on

CaC3, nickel on ickel t pl ati num on
A1203.  pl at ilwﬂlﬁadh ‘TPb a%%l%um ?’uélﬁ | "atS g&%w

pal | adi um on Gba_@aﬁfl BPIFY| Ivmhumaaaﬂ” ANRGI ™ pald aihmmhzm QCa3G8, NB"baI | adi um
on BaS(4, | adi ug Qn 5102 A dlcuo%pe &aa(l @Véddj‘%i%]em i on car bon.

|r|d|umonS At RDFE , |r| i um’o
rheni um on ARy as Hediaimain & Ribuniterf urerCad:a088,C rheni um on BaSO4,

rhodi um on Ca&§§%hercially available under the registered trademark

Centaur®) .

Preferred combinations of catalytic metal and
support system include
nickel on carbon,
nickel on Al,0;,
nickel on CaCoOs,
nickel on BaSO,,
nickel on Si0,,
platinum on carbon,
platinum on Al,05,
platinum on CaCOj,
platinum on BaSO,,
platinum on SiO,,
palladium on carbon,
palladium on Al,0,,
palladium on CaCOj,
palladium on BaSO4,
palladium on SiO,,
iridium on carbon,
iridium on Al,05,
iridium on Si0,,
iridium on CaCOj,
iridium on BaSO,,
rhenium on carbon,
rhenium on Al,03,
rhenium on SiO,,
rhenium on CaCOs,
rhenium on BaS0,,
rhodium on carbon,
rhodium on Al,0,,
rhodium on Si0,,

rhodium on CaCO;,

11



rhodi um on A1203, rhodiumon Si 021 rhodiumon CaC33, 11 WO 03/084946
PCT/USQ3/10072 rhodi um on BaSO4, ruthenium on carbon, rutheniumon A1203
rut heni unMvor3@sG@3, rut heni um on BaSO4, and rut heni um on PSTARN3/AW75t at ed ’
above, useful catalytic netals include conponent iridium palladium

rhodi um nickel, ruthenium _platinum rhenium and useful support

materi al s |ncluderb9@bﬁﬁ Of| BArRa: silica, silica- alumina, titania,

titani a-alum na, ti;taBhaugs bhCaarbbari um cal cium particularly carbon,
Si 02, CaCQas, BaSOﬁ nd. 61203 Aﬁééupported catal yst may be nmade from any
conblnatlon of thé 5 &% UM fBd al's and support materials. A supported

catal yst may al sorutheweuer pnbeadade from conbi nati ons of various netals

and/ or various sugﬁgéﬁlg?%h babgsgeleghgd from subgroup(s) of the

foregoi ng forned g any on or nore nenbers fromthe whol e groups
as set forth in Enehbmsvgl@@oﬁeozAs a result, the supported catal yst nmay
in such instance not only be made fromone or nore netals and/or support

materials selected from subgroup(s) of _a S|ze that be for d from
the whole groupsA§SS§éﬁeﬁoﬁgﬁ Vien Pﬁ@ﬁQLﬂ%é gﬁ§§ rﬁﬂé% e made in

]Ehe a:)rs]ence Qfonbla,@lemmggrlamhat pravedihkegn mmdﬂuﬁd frr:ﬂnhetlhe whol e groups to

orm © SUng%%nS%%l %tggp ﬂo%ﬂﬁﬁQiJﬁy andla@égﬂftédgﬁort
materials 1nclude carbon, alumina, silica, silica-
alumina, titania, titania-alumina, titania-silica,
barium, calcium, particularly carbon, Si0y, CaCOgz,
BaSO4 and Al,O03. 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 (s) 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 pfocess in
the absence of a catalyst formed from palladium on

carbon.
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various nenbers fromthe whole groups in the lists above nay, noreover,
contain any nunber of the nenbers of the whole groups such that those
menber s dWotohes49eol e groups that are excluded to formt heCIuisgs/owpts) are
absent fromthe subgroup(s). For exanple, it nmay be desired in certain

instances to run the process in the absence of a catalyst formed from
pal | adi um on carBehle 19hee38hHE4DEECREF/ B 0§?E§é¥§% ﬁ\ﬁl It':get he wei ght

fﬁ; tcent hgf h?@%ﬁﬂa&t@% 98 ﬁbﬁt éﬂ@ﬂ@&hli,S?ﬁOtViﬂ:fli becappretiwickld baasappr eci at ed
i gher_ t he wei ercent o tal., t fa r r tion. A
preferred co%]fl%n]fﬂ?]aﬁﬁetg? Wgégﬁ'gt BFrFﬁHE oguf)nsgg%éd%%gt g%{%g:teri gﬁ r om about
0.1 m % It ) abﬁgl:ti@n.\l\lt%pffefber\aﬁobenbénthe‘aslgpp@ﬂft stiec megkbystin( @at al yst
wei ght plus the su rt i ) o A e enr ed, +eatal iy al content
range is fro?ﬁlBB%?g ﬁf\ﬁ/ggggkaﬁgufg%@ \?\I/tgg%ﬁflgy%\i\gi gﬁf 1;(‘):f% t)é%g%\%hngfoe of the
supported catal g§t tha wWhrikepfptbeesuppoches yetelnstal(CERe®E range is

fromabout 3 wt% 1o u 9 i f h ted
catal yst. Cp?%%ﬁgf:l $§B§ Hr%ét g’%ﬁ%%?%ég .b%huggm@ﬁeﬁr%@ Z;J 2’03[ i g
metal in thecabehplief vehalpFeseRilti AFERE &7 “YSH laé’rﬂ“% r:nletwgl6 Ponot er s

It|mr:1| udg;péérggggﬁdgbegyﬁgt Sy %g_@lhg:m@lip&hb amd12 off the perdredited abl e; 2)

, , gold, silver, a conbi_nati ans _t her eof; 3 jphations
of group 8 nERAPSYSE -t h8 SEFSE c PERSE re?% cIatetép’ls %%é:,nonﬁer%% d )chlfr&p@g{rtature,
sol vent, cat abyst, ipr €sou ebaud 3nwcisngor abouvdr § alt® par aresidrs afhat af f ect

the hydrogepali ofi,1Te s &hdl lRRIRLPMRRG 1Rse

Optionally, 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, gold, silver, and combinations thereof; and
3) combinations of group 8 metals of the periodic table

in lesser amounts.

Temperature, solvent, catalyst, pressure and
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
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paranmeters may be adjusted to effect the desired conversion, reaction

rate, and selectivity in the reaction of the process. Wthin the context
of the prweaniwsiomwention the preferred tenperature is fr@arasos0025C to
250C, nore preferably from about 50C to about 150C, and nost preferred

from about 50C to 100C. The hydrogen ressure i referably about 0.1 to
about 20 NPaPrﬁfﬁéreﬁfreﬁD@r%%}ﬂaao%M ]OJ.)‘“?IE @Lﬁﬁr@asp AN 5t preferably
a]E)out Ol. 3 t;)néﬁslﬁla?lolﬂh%lm@am]j LOpramarkd pérdtenmeld, reeal pertanol he presence
of a solvent, e sol vent.s _ i.ncl ude .t hos 0 18 r f
hydr ogenat i oﬁqh':?&@n%é? ﬁ%?tfrr]c&coaﬂ nsc,are]ilheeér)so?lé;n%d aifc%ﬁhﬁgc.@ﬁ%%hol s are
nmost 13 WO 0384946 PEHHISi3It0Y.2 serasftairrides plat tleail wange | 9fvert al kanol s
such as - methanol, -gihanal iuonaiole WMANAe S PANANGE ot Wiesge the
Ing to the

reaction is carried out accor preferred enbodi nents,

sel ectivites 85% tne ramjeat- at Seleahivagug ake Hhe dFeditle RPEFEE of

sel ecti vi tes 19f alohRAslea 80% N £21 iHal i SelepddMhépet 514 deonei ght
percent of the converted materjal that js, di kl%/drone et al actone where the
converted mat€¥ng Ghe (RN MYTeY B A ET PRt & %ﬁ%t

parti ;3! pates sjt[)hxttﬁﬁlg hw%@gﬁtat&m react i @ipatie fmocdess of the present
i nvention nma carri.ed out in. batch, sequential batch (i.e. a series of
bat ch react o%%‘f]?ﬂgeir}‘?tﬁoc?ﬂilﬁ%%tsl%de in any of the equipnent customarily

Elrrpl oyed for continuous processes (see, for exanple, H S Fogler,

© oot ary Chom calye BEaGL00 SOREcs) e eipiesihlhny g6 N0, LS,
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,
‘gsuch as for example, by distillation, by
crystallization, or by preparative liguid
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,
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reaction is renoved by separation nethods customarily enployed for such
separations. Upon conpletion of the hydrogenation reaction, the resulting
m xt ure oWodBhgdre©nepet al act one i soner products may be separspedody a
conventional nethod, such as for exanple, by distillation, b

y
crystallization, or by preparative liquid,6 chromatography .to vield each
hi ghly puri f "ddheat %rpardalr%r%%‘b SRIne earﬁ%ﬁq%cﬂig% st.hecﬁf%/‘?%
chr omat ogr aphys dmgys ke epl dye dHahgepairal enchiaitdsonesrss ofExampl es The
present invention is fyrthe ef.i.ned in _t.h f i X0 . ese
exanpl es, mhiﬂné’qr}ifdi%t{?%gaéatﬁdcefletr ﬁzeod Vear%loogfsrrej%é}sgoe\cl)gf n‘%hcg i nvc(ialﬁtfsll%%—, “are
given by way of illustration only. Fromthe above di scussion and these
exanpl es, the arti certagi essential racterd stics of this
i nvention, and, 1%@%% %&%%3‘2/110075%%%%}&?{&%?“ ng fromthe
spirit and scoperleteof, can nake various changes and nodifications of
the inventigyderadapt it to vardOrksedISHHess ety sondbtdensed Tihg fol | ow ng
abbrevi ations are used in the exa Ieg:és T Seggﬁ?s ngrégat al y&,g provi ded
by Engel hard Corp., (E. W ndsor ,Erépﬁl. 2641 SRt CHF bolr EATAf y st~ suppor t
from Engel hargh1 S Giiwon t  Cardepin 1Gad al gnsppsip pordm f Eoge L mstd  of
Techni cal Carbon, (Onsk, Russia).COf]pMA series Carbon Catal yst support from

Johnson Matthey, Inc., (W
Sibunit Carbon 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 brand 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

IrClz-3H50,

PACly (Alfa Aesar, Wardhill, MA),

RhCl3-xHy0 (Alfa Aesar),

RuCls-xHy0 (Aldrich Chemical Co., Milwaukee, WI),

AuCly-3Ho0 (Alfa Aesar),

NiCl,-6Hy0 (Alfa Aesar),

HoPtClg (Johnson Matthey, Inc., W. Deptford, NJ) ,

and
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Deptford, NJ). Cal gon Carbon Catal yst support from Cal gon Corp. wunder the
brand nanme of Centaur(r) DHNE D hydronepetal actone NELA Nepetal actone GC
Gas chromaDagosyoley Additionally, pressure is.referred-to- PATUISOY/ 8000 psSi
and I\/P?, where 14.7 psi is equivalent to 0.101325 MPa (which are both
equivalent to 1 atm. t st Synthesis A comrercially avail abl e support
such as carbon, at %ﬁ]gﬁjgsnrqsi% Tavail able from Enggl hard Corp. (Ep
W ndsor, CT) Theasdnmiregnadred dyiddcpl erdwestdess 30 t45ethetmalHzsal t. The
precursors used uere | rC13. 3H20, Pddl 2 (Al fa Aesar, Wardhill, MA), Rhd3
xH2O (Al fa AeSH )* TRIESBxH20 (Al drich Chemical Co., MIwaukee, W), AuCL3
3H20O (Al fa Aesar), N Cl2 6H20 (Alfa Aesar), H2PtC 6 (Johnson Matt hey,
| n. . W_Deptfor dphl)os gt J5dQ05/ 054945 PANLSOM 0072 9207 (A fa
ried an

Aesar). The sanpl es were reduced at 300-450C in H2 for 2 hours.

The carbon ud&l siepte (Rt al TP | @reos CefetIaR €aFPoh: Sibunit

%r bon, (ér C?ﬂ%h%@%k%o@ai@r@i £a5H0N1 6 SE+Oh En61AAHd f corp Engel har d
I S N N D et

Institute of Technical Carbon, 5th Kordnaya, Omsk
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 hrs;

temperature — 50 °C;

H, pressure — 700 psi; and,

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

Experiments 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
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64418, Russia. Calgon Carbon is PCB Carbon (commercially avail abl e under
the registered trademark of Centaur) from Cal gon Corp (Pittsburgh, PA).
Experi nerw® 0304846fhe present exanpl e descri bes a series offCTasp#rtonent s
conducted to test the abilities of various catalysts to selectively

convert nepetal actone t di hyd t al act i d ion, Th I
vari abl e alot é}eeacfeich) té%lc,"’ho %%éfé%‘?r?%%egrg%%? C%P?r];%%l %l?JE:y'c;t e%/nzl%trlegsnr?dl%eugpgpt?/

whi | S the f;)lv&ayvimmgirpar:mmi edts therdedicteld cherse Andutimd esse speeifécal |y
not e elow): _tinme - 2 hrs; t r . ; S -7 Si ;
and, feedstoc -F%%enae%i?ejti ac%\;ﬁ% %é’%f%%%g‘%& %ﬁ%%aﬁ?ﬁ')ﬁg ?ogt iése
"standar d" pavewmetdrst vieire mend peenioted: tExpeel nends intensalop, and 22

time - 4 hrs; aﬁpﬁﬁémyféghﬂé@nérﬁ B5S: adiBe@" 85641 €he 1000 psi; and
feedstock - BO o nepet al actone i n ‘et hanol. 33% or 50% Nepetal actone in

et hanol , and ZeRremRmMtPredueatBl¥siTand support as indicated in the table
bel ow, were added to a 2 ml pressure reactor. The reactor was seal ed and
charged with 2.75 MPa of , H2 an 16 WO 03/ 08494g PCT/ US03/.10072 heated to a
reaction tenperat fPfSEHE © eIt HERMMEF P A heEal®Phe desired

| evel during pdwef &S by ofas hehreast ognapine rdaciPod8asGEt opped after a

2 hr 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
g80°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 (%)1. 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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period of tinme and permtted to cool. An internal standard
(met hoxyet hyl ether) was added into the

of the reaotmdosops oduct m xture was

HP- 6890 GC enpl oyed a Chronpack colum (CP-WAX 58, 25 Mx 25 WM
program was started
ed t

flame ionization detector.
then heated at 5C/nmn to 80C, andth (?L
10C/ mn. The col um fl| owZa& 9K , . =%
detector tenperatures were 280C and 350C rpsnprt | vpl v

The tenper tu e

jector

reacti on product m xture.
performed by gas chr @catusgs/aphy . An

perm tted defeExp'nhati on of Chthlyskr onepet al adNE seIAeuilviNEL
(9], acid gehmgtivity [Acid Sel (%], andSeEpet aI&I(%)heCoﬁ(%\)

Con (%] Dl—l E_Selectivit \I Ls the Wi ﬂhf nnr r\nnf n ha a¥aValVZ-Y4
that is dihydronepetal act ST t he convdPed rr@t3é’r| al B {
(by weight) ¢f 2he starti Gfplm@hlpondl that pdeticipaifléds in ke
hydr ogenati op reaction. Asyl/Casikgativity is4defi nedéas thetgier (
weight in th¢ gonverted mBfigsinahitel the ringagpenedsp oducfs,3
2-i sopropyl - - et hyI cycl ope; Oﬁrge)ar boxyl ate. 1HQr eacllg 5exper95ngs

foll owi ng tal
and conversilon®of the reaé?/‘ﬁﬁAl?—ta is preégtjrt ed th th12 th

from each spgci fic catal y8¥oNiidalgen Gari abl e stPport s§-Oare préser

20

Anal ysi s

and a
at 50C,

270C at a rate of

and

GC anal ysi s

NE Sel

rsion [ NELA
ed nmateri al
he portion

ent by

t hyl -

, the

e products,
e results
ted in

series. 17 WD 08/ 084946 RZNUGSaBIick0072 Tabl 408 Hydr@fenati 88 of

Nepet al act ong¢ Exp't Cat al ygNiSiNmitACI d NELA 74.6 0.0 0.7
10 5%Ni/Si0, 37.9 0.0 2.0
11 5%Pd/Al,05, IM-A22117-5 91.2 0.0 89.1
12 5%Pd/Al,0s, 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/Al,0; 78.7 17.0 99.5
15 5%Pd/BaSQ,, IM-A22222-5 92.1 0.0 98.8
16 5%Pd/BaS0Q,4, IM-A22222-5 70.3 0.0 68.8
17 5%Pd/C, IM-A503023-5 88.8 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 25.4 0.0 21.5
21 5%Pd/CaCOs, IM-A21139-5 78.3 0.0 99.8
22 5%Pd/CaCOs, IM-A21139-5 71.2 0.0 65.7
23 5%Pd/Calgon C 54.3 15.9 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/Si0O, 72.2 16.0 100.0
27 5%Pt/Al,03 13.7 54.0 100.0
28 5%Pt/Calgon C 26.1 68.0 66.9
29 5%Pt/Calsicat C 154 54.6 79.9
30 5%Pt/Sibunit C 21.1 72.1 78.4
31 5%Pt/Si0, 13.9 46.5 91.3
32 5%Re/Al; 03 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 33.6
35 5%Re/Sibunit C 19.1 5.0 22.3
36 5%Re/Si0, 24.3 6.2 24.9
37 5%RNh/AlL0; 82.2 15.6 99.9
38 5%Rh/Calgon C 80.3 12.1 99.1
39 5%Rh/Calsicat C 68.6 12.2 98.4
40 5%Rh/Sibunit C 81.2 15.9 99.0
41 5%Rn/Si0, 83.4 14.5 99.9
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No. Sel (% Sel (% Con(%

1 5% r/A1203 70.2 23.2 53.9 2 5%r/Calgon C 72.5

21.5 34.9 3 5%r/Calsicat C45.2 16.2 46.9 4 5%r/Sibunit C 72.8 25.3 49.3
5 5% r/SivwDo03m8P4d9.5 95.3 6 59N/ A1203 12.1 0.0 6.2 7 PUmiUsesigon C 8.6

0.0 7.8 8 5%Wi/Calsicat C 10.8 0.0 5.8 9 5%\i/Sibunit C74.6 0.0 0.7

5N/ Si 2 37
5%Pd/ A1203,
99.9 14 5%

'ﬁe—e_?_e'. —t% g?@ﬁ" B12C8; -9
IFFR32117-5 83.§2 .ﬁt99. 9 13 5%2
i/ X8203 78.7 17.0 99.5 15 5%d % é ,

10

J IVt

cid®

s

%

1 12
D-5 81.7 0.0
D2.1 0.0

98.8 16 5%
88.8 0.0 100
ESCAT- 142 78
5%Pd/ CaCC3,

65.7 23 5%
25 5%°d/ Si bu

TRISOF, IMAZEAE,J0- 3 0.0 68¢80 1/ pP@d/ C, oJ 5t A
0,518 50/ oPdj, 023-5 80:9¢13.8-100.0 749 5
9 22.4 100. Q° §§§ ESCAT?%@B 25.40.0 24
IMAA21139-5 PRI/ GRlgIck CaCos:® Im AR

i/ @4l gon C 56YRWEbyntE 6 24 50fHP Cal sieat C

hi 46C 60. 7 18. 6%B3/90,26 5%Pd/ Si 89372. 2138. 0 18880

-8 22 59 39

-9

i

b03023- 5
vid/ C,

D1

571.2 0.0
13.2 94.7
27

5%t / A1203 1

7 54.0 100.0 28 598t/ Calgon C 26.1 68.0 66.9 29

5%t/ Calsicat C 15.4 54.6 79.9 30 5%t/Sibunit C21.1 72.1 78.4 31

5%t/ Si 2 13.

9 46.Br<ferred combinations of catalytic metal and
support system includes
Ir/C (Sibunit C, Calsicat C, and Calgon C),
Ir/Al,05,
Ir/Si0,,
Pd/C (Sibunit C, Calsicat C, Calgon C, JM-A
series, and ESCAT-142),
Pd/Al,04,
Pd/BaS0,,
Pd/CaCO5,
Pd/Si0,,
Rh/C (Sibunit C,
Rh/Al,05,
Rh/Si0,,
Ru/C (Sibunit C,
Ru/Al,05, and
Ru/Si0,.

Calsicat C, and Calgon C),

Calsicat C, and Calgon C),

For the majority of experiments with these preferred

combinations of catalytic metal and support system,

yields 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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32 5%Re/ A1203 61.8 0.0 0.4 33 5%Re/Calgon C 12.8 0.0 1.8 34 5%e/ Cal si cat
C 15.5 3.9 33.6 35 5%Re/Sibunit C 19.1 5.0 22.3 36 5%e/Si2 24.3 6.2
24.9 37 WOiAOADIC3 82.2 15.6 99.9 38 5%Rd/ Cal gon C 80. 3PT2/uk09M012 39
50/ Cal sicat C 68.6 12.2 98.4 40 5%n/Sibunit C 81.2 15.9 99.0 41
50Rn/Si2 83.4 14,5 99.9 18 WD, 03/ 084946, PCT/ US03/ 10072 't Cat al yst
DHNE Aci d NEIR¥SNEPUEaY (65P L9 - %P "26%%%&?%1%?% %5‘?%@5?‘2“9‘&?5 43
5%Ru/ Cal gon @@frdrdhdpatIlaciddnddRu/ Cal sicat C 41.0 6.8 69.6 45

50Ru/ Sibunit C 71.5 15.5 75.1 46 5%/ SiO2 82.3 13.0 97.8 Preferred

conbi nati ons of catalytic netal and support systemincludes Ir/C (Sibunit
C, Calsicat C, and Calgon C, Ir/A1203, Ir/Si®2, Pd/C (Sibunit C
Calsicat C, Calgon C, JMA series, and ESCAT-142), Pd/ Al 2031 Pd/ BaSO41
Pd/ CaCO3, Pd/Si021 Rh/C (Sibunit C Calsicat C, and Cal gon C), Rh/A12031

20



Rh/Si021 Ru/C (Sibunit C Calsicat C, and Calgon C), Ru/A1203, and
Ru/Si02. For the nmpjority of experinents with these preferred

conbi nat iwo3m849e@t al yti c nmetal and support system yi el d€TafS03/10072

di hydr onepet al act one were at | east 70% selectivity. Experinment 15 achi eved
t he highest yield of dihydronepetal actone (92.1% wth 98. 8% conversion

of nepet al act one usi ng Pd/ BaSO4. Thus SRS | ety of Goup 8 netals on

vari ous suppgidis havel bessd degpnstrated to be active for hydrogenati on of
nepet al actone, permtting high yields in 2-4 hrs. This will result in

significantly reduced scale-up costs as conpared to nethods of
hydr ogenati on 19 WO (3/ 084 P Ed USHS/ 00 f2roquaeviousdf #eported in the

literature foy. i Yy ggﬁs a es 3/ 084946
PCT/ US03/ 100%%&%%P%0?%&%% B ?fg\ﬁ rocé % t he production
of a di hydr dnepergtnaire afnépe bl actong @%n%@mmhg (Rydpegerdindg a

nepet al act ong. 9f Or#H Bofd dg as&EANg to the follow ng scheme: OO OO
(1) (I'1) in the presence of a catal ytic metal that is not nickel, platinum

or palladi um 0o
(o) o}
>
s

() (I1)
in the presence of a catalytic metal that is not

nickel, platinum or palladium.

2. The process as recited in Claim 1 wherein
the catalytic metal is selected from the group
consisting of ruthenium, rhenium, rhodium, iridium,

compounds thereof, and combinations thereof.

3. The process as recited in Claim 1 wherein

the catalytic metal is supported on a catalyst support.

4. The process as recited in Claim 3 wherein
the catalyst support is selected from the group
consisting of carbon, alumina, silica, silica-alumina,
titania, titania-alumina, titania-silica, barium,

calcium, compounds thereof, and combinations thereof.

5. The process as recited in Claim 3 wherein
the catalytic metal content is from about 0.1% to about
20%.

6. The process as recited in Claim 1 which is

effected in the presence of a metal promoter.
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2. The process as recited in Caim1l wherein the catalytic netal is

sel ected fromthe group consisting of ruthenium rhenium rhodium

i ridium woaapsunes t hereof, and conbinations thereof. 3. PChaAISps/owess as
recited in Claim1l wherein the catalytic netal is supported on a catal yst
support. 4. The process as recited in Caiim3 wherein the catalyst support
is selected fromtheZgrodpe BERSESE A§ sFCLAPHoAD gﬁﬁ‘ﬁri“hé, WS EEE,
silica-al um Rae nkitbhanipgonidtieaniia- allrdtad tHdoanitdeSiddoam barium

cal cium conpounds t.here%f, .and conbi nat | ﬂﬁ t her eof . 24 The process as
recited in CCRPA-SEWAEr &n Fithe SORPATYt 9O et & d6nt’eft "1 s from about 0. 1%
to about 20%pmbindheéomsotéesecas.recited in Caiml whichis effected in
the presence of a nmetal pronoter. 21 WD 03/084946 PCT/ US03/10072 7. The
process as recited in Caim6 wherein the netal pronoter is selected from
the group consisting-of Thenpresgper asgaegited var Claddm lcotichatiSons

thereof. 8. TherRhaeefsd% tRedES turlod mMpbuthizehcl 8o BebLEr mBd @t a
tenperature of about 25C to about 250C and a pr%spsure of about 0.1 MPa to

about 20 MPaang. aTR& S5ediss £Tashdd tled MPaats APPYi<h MEA el ds

di hydronepetal actone with at | east 70% selectivity. 10. The process as

recited in aim3 erei the catalytic tal .i.s sel.ected.f.romthe group
consisting of Ir an\(lj@Rh; &%ﬁepéﬁoﬁefgﬁea uﬁﬁggt%e%s Tse g&tme(LiL g’rh&r(ﬁ he group
consi sting ofyi€ldsi @3 hyCaC@®petalactone with at least 70%

selectivity.

10. The process as recited in Claim 3 wherein
the catalytic metal is selected from the group
consisting of Ir and Rh; wherein the support is
selected from the group consisting of C, 8i0O,, CaCOj,
BaSO, and Al,0;; and 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.

11. The process as recited in Claim 3 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 CaCOs,
iridium on BaSO,,
rhenium on carbon,
rhenium on Al,0,,
rhenium on SiO,,
rhenium on CaCO,,
rhenium on BaSOQ,,
rhodium on carbon,
rhodium on Al,O;,
rhodium on Si0,,

rhodium on CaCO5,
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BaSO4 and A1203; and wherein the process is performed at a tenperature of
about 50C to about 150C, and a pressure of about 0.3 MPa to aggut 4 MPa.
11. The pwowasss9as recited in Claim3 wherein the catal ytce/uses/alo7and
supgprt is Zﬁéggted fromthe group consisting of iridiumon carbon,

i ridiumon , ~dridiumon Si021 iridiumon CaC33, iridiumon BaSO41
rhen!unlon carbon¥h0¢h%ﬁi9ﬁ1%ﬁ89&203, rheni umon Si 021 rhenium on CaCQd3,
rheni um on BaSO4, ruthedium en earbon, rhodiumon A1203, rhodiumon Si021
rhodlun1on CaCs, Zgh¥I103/0§4§£QDPCT/U803/10072 rhodi um on BaSO41

rut heni um on car bbii; PFotReRi'uhram’A1203,  rut heni um on CaCO3, rut heni um
on BaS&4, yuthenrunhepiﬁmOQnaﬁdC@@nbinations thereof. 12. A process for

t he production ofrgtPghgﬁgrgﬂeggg?lactone of formula (I1) conprising

hydr ogenati ng a nepe actone of fornula (I') according
ruthenium on Si0, and

combinations thereof.

12. A process for the production of a
dihydronepetalactone of formula (II) comprising
hydrogenating a nepetalactone of formula (I) according

to the following scheme:

1) O
(o) (@]
e
F
(1) (I1)

in the presence of a catalytic metal selected from one
or more members of the group consisting of nickel
supported on a catalyst support, elemental platinum,
platinum supported on a catalyst support, palladium not
supported on a catalyst support, and palladium

supported on a catalyst support that is not SrCOs.

13. The process as recited in Claim 12
wherein, in a supported species, the catalyst support
ig selected from the group consisting of carbon,
alumina, silica, silica-alumina, titania, titania-
alumina, titania-silica, barium, calcium, compounds

thereof, and combinations thereof.
14. The process as recited in Claim 12

wherein, in a supported species, the catalytic metal

content is from about 0.1% to about 20%.
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to the followng schene: OO0 OO (1) (Il) in the presence of a catalytic
netal selected fromone or nore nenbers of the group consisting of nickel

support edwor3aseat al yst support, elenental platinum plarcaarsoyupported on
a catal yst support, palladiumnot supported on a catalyst support, and

pal | adi um supported o% alﬁ?élgg]y% §é’p§’§’r}e$ﬂ?‘éd'fn”(?f §J& 23 W&%C]{l-rl;he

process as recited in erein, Th a su SpEeci €s,

cat al yst suppbs teffected ettt ethe¢ rm@ﬁ@cgrQﬁpacmﬁSaétPnngteCar bon,

alumna, silica, silica-alumna, titania; titania- alumna, titania-silica,
barium cal cium conpounds thereof, and conbinations_ thereof. 14. The
process as recited i n-@ aiTHa Pre@Riei 35 TRCHQphorCLaiEphei WacTeha

catal ytic netghe rﬁ@tf&?%rd)rﬁotfé@”l@bgéllegté&’o Epombent gBGmp23 WO 03/ 084946
PCT/ US03/ 10072 15. The %ocess as recited, in Cliu m 12 |ch is effected in

the presence OPRSEHetdd PF onbEer SORRST ThECHPocBESVES rébfted in O aim 15
wherein the eetladngtoomé ethésesel ected fromthe group consisting of tin,
copper, gold, silver, and conbinations thereof. 17. The process as recited
in daim12 which is perfornmed at a tenperature of about 25C to about

250C and a pressure of7 abdthe @Uoddss tas abotited MPaClagn Thewhiokess as

recited in Oalmd whigha ¥iehdsedbbystQperst akBstengsw tiy, alpdgast 70%
250°C and a pressure of about 0.1 MPa to about 20 MPa.

18. The process as recited in Claim 1 which
vields dihydronepetalactone with at least 70%

selectivity.

19. The process as recited in Claim 12
wherein, in a supported species, the support is
selected from the group consisting of C, SiO,, CaCOj,
BaSO, and Al,0;; and 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.

20. The process as recited in Claim 12
wherein, in a supported species, the catalytic metal
and support are selected from the group consisting of

nickel on carbon,
nickel on Al,05,
nickel on CaCOj,
nickel on BaSQ0,,
nickel on SiO,,
platinum on carbon,
platinum on Al,0,,
platinum on CaCO,,
platinum on BaSO,,
platinum on SiO,,
ralladium on carbon,

palladium on Al,0;,
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selectivity. 19. The process as recited in Claim1l2 wherein, in a
supported species, the support is selected fromthe group consisting of C,
Si 021 CaG¥B,03Bs9@ and A1203; and wherein the process is perfusosrem7’2 at a
tenperature of about 50C to about 150C, and a pressure of about 0.3 MPa to
about 4 MPa. 20. Th?1 RLQGESS as rg@ited in Caiml1l2 wherein, in a
supported speci es,p %e caflaly i £%reeal  and support are selected fromthe
group consi sting obalapdikein on 8asbgn, ni ckel on A1203, nickel on CaCGCs,
ni ckel on BaSO41 i : 1,02, ~ pl afsnum on carbon, plati num on A1203,
pl ati num on CaCCB, Bbgfy,tg%ill%@mggnéég%m%hapl atinumon Si 02, palladiumon
carbon, pall 86@%62”\@203?62@0@0 03/ 084946 PCT/ US03/ 10072 pall adi um on
CaC33, palladiumon BaS®4, palladiumon Si02, and conbinations thereof.



