Office de la Proprieté Canadian CA 2705367 C 2016/05/31

Lnjeg(;ﬁt:ﬂe Icr)];f?gzcmal ropery (11)(21) 2 705 367
Un organisme An agency of (12 BREVET CANADIEN
d'Industrie Canada Industry Canada CANADIAN PATENT
13) C

(86) Date de dépot PCT/PCT Filing Date: 2008/11/26 (51) CLInt./Int.Cl. CO7D 311/94(2006.01),

(87) Date publication PCT/PCT Publication Date: 2009/06/04 ABTK 36/53(2000.01)

(45) Date de délivrance/lssue Date: 2016/05/31 (72) gé?wnztiirég?ﬁ&%z A US

(85) Entree phase nationale/National Entry: 2010/05/10 CORBIN, DAVID RICHARD, US

(86) N° demande PCT/PCT Application No.: US 2008/084795| (73) Propriétaire/Owner:

(87) N° publication PCT/PCT Publication No.: 2009/070641 E.l. DUPONT DE NEMOURS AND COMPANY, US

(30) Priorité/Priority: 2007/11/26 (US60/990,117) (74) Agent: TORYS LLP

(54) Titre : PROCEDE DE CONVERSION DE TRANS-CIS-NEPETALACTONE EN CIS-TRANS-NEPETALACTONE EN
UTILISANT DES TAMIS MOLECULAIRES

(54) Title: METHOD FOR CONVERTING TRANS-CIS NEPETALACTONE TO CIS-TRANS NEPETALACTONE USING
MOLECULAR SIEVES

(57) Abréegée/Abstract:
A method for converting trans-cis nepetalactone to cis-trans nepetalactone using molecular sieves. The molecular sieves may, for
example, have a pH In water of at least about 9, and/or may be activated prior to use by heating.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




wO 2009/070641 A1 I B0 AR A0 D 0 R O

CA 02705367 2010-05-10

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization [4

International Bureau

(43) International Publication Date
4 June 2009 (04.06.2009)

(51) International Patent Classification:
CO07D 311/94 (2006.01) AG6IK 36/53 (2006.01)

(21) International Application Number:
PCT/US2008/084795

(22) International Filing Date:
26 November 2008 (26.11.2008)

(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
60/990,117 26 November 2007 (26.11.2007) US

(71) Applicant (for all designated States except US): E.1. DU
PONT DE NEMOURS AND COMPANY [US/US]; 1007
Market Street, Wilmington, DE 19898 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): GONZALEZ, Ya-
maira [US/US]; 124 Wharton Drive, Newark, DE 19711
(US). CORBIN, David, Richard [US/US]; 600 Swallow
Lane, West Chester, PA 19380 (US).

(74) Agent: LANGWORTHY, John, A.; E.I. du Pont de
Nemours and Company, Legal Patent Records Center,
417 Lancaster Pike, Wilmington, DE 19805 (US).

(81)

(84)

(10) International Publication Number

WO 2009/070641 Al

Designated States (unless otherwise indicated, for every

kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
IL, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, L.C, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT,
RO, RS, RU, SC, SD, SE, S@G, SK, SL, SM, ST, SV, SY, T1.
TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM.,
ZW.

Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
/W), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EL, ES, I,
FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,
CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

(54) Title: METHOD FOR CONVERTING TRANS-CIS NEPETALACTONE TO CIS-TRANS NEPETALACTONE USING

MOLECULAR SIEVES

(57) Abstract: A method for converting frans-cis nepetalactone to cis-frans nepetalactone using molecular sieves. The molecular
sieves may, for example, have a pH in water of at least about 9, and/or may be activated prior to use by heating.



10

15

20

25

30

CA 02705367 2015-05-08

L4

TITL:

Method for converting trans-cis nepetalactone to

cis-trans nepetalactone using molecular sieves

Technical Field

This 1nvention relates to a method for converting

trans—-ci1s nepetalactone to cis-trans nepetalactone.

Background

Dihydronepetalactone (“DHN”) 1s a useful chemical

that has been shown to have a variety of properties such

as insect repellency [see, for example, Jefson et al (J.
Chemical Ecology [1983] 9:159-180), or WO 03/79786
(Hallahan) ] . Dihydronepetalactone can be produced by

contacting purified nepetalactones, or mixtures comprising

various nepetalactones, with hydrogen 1in the presence of a
catalyst, as described for example by Regnier et al

[ Phytochemistry (1967) 6:1281-1289]; Waller and Johnson

[ Proc. Oklahoma Acad. Sci. (1984) ©64:49-56]; and U.S.
Patent No. 7,067,677 (Manzer).

gt
—

Catmint 0il, which contains a mixture of

stereoisomers of nepetalactone (including trans-cis

nepetalactone and cis-trans nepetalactone), can be used as
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H

a source of nepetalactone for the hydrogenation reaction

H

described above. The hydrogenation of trans-cis

nepetalactone at high temperatures may, however, lead to

H

the formation of undesired end-products such as puleganic

acid. It 1s thus desirable to perform the hydrogenation

reaction primarily on the cis-trans i1somer, and preferably

on the cis-trans 1somer alone.

U.S. 06/121,134 describes a method for the separation

H

of ZE-nepetalactone and EZ-nepetalactone from catnip o1l

by dissolving the catnip 01l 1n at least one water-
1mmiscible, non-halogenated solvent, and mixing this

solution with an agueous solution comprising at least one

1norganic base. n the presence of the agueous base, the
/E-nepetalactone 1s hydrolyzed to ZE-nepetalic acid. The

agueous phase contalining ZE-nepetalic acid may be

separated from the organic phase containing EZ-

nepetalactone. The agueous phase, optionally, can

further be acidified and added to at least one organic

solvent to lactonize the ZE-nepetalic acid, 1n the

H

presence for example of p-toluene sulfonic acid, to Z.

]
I

nepetalactone. Thus, this approach regquires the

F

hydrolysis of ZE-nepetalactone, and may 1nvolve the

F

regeneration of ZE-nepetalactone from ZE-nepetalic acid.

Alternatively, Libikas et al [J. Nat. Prod. (2005)
068:880-890] used the base 1,8-diaza-bicyclo[5.4.0] undec-

/—-ene to convert a trans-cis nepetalactone to cis-trans

nepetalactone 1n refluxing xvylene, followed by separation

using liguid chromatography. Sakan et al [Tetrahedron

Letters (1965) ©0:4097-4102] have also transformed trans-
ci1s 1sonepetalactone to nepetalactone by heating with

potassium carbonate (Ky;CO3) 1n xylene. Approaches such
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H

as the foregoling rely on the use of a solvent such as

xylene.

A need thus remains for a method for converting

trans—-cis nepetalactone to cis—-trans nepetalactone that

F

has a minimum of steps, and eliminates steps such as the

H H
p—

addition of a co-solvent or the use of an extraction or

regeneration step.

summary

In one embodiment, this i1nvention 1s related to a

method for converting trans-cis nepetalactone to cis-trans
nepetalactone by contacting a trans-cis nepetalactone
compound, or a mixture comprising trans-cis nepetalactone

and cis-trans nepetalactone, with at least one molecular

sleve.

In another embodiment, thilis 1nvention 1s related to

H

the preparation of dihydronepetalactone or hydrogenated

catmint o1l after a trans-cis nepetalactone compound, or a
mixXxture comprising trans-cis nepetalactone and cis—-trans

nepetalactone, has been contacted with at least one

molecular sieve.

)

H

Brief Description of the Drawilngs

F'igure 1 shows the distribution of the trans-cis and

cis—-trans nepetalactone 1somers after incubating catmint

011 with molecular sieves.

F'igure 2 shows the distribution of the trans-cis and

cis—-trans nepetalactone 1somers after i1ncubating catmint
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0il with molecular sieves activated at 250°C, 350°C or

500°C.

F'igure 3 shows the e

molecular

H

‘ect of varving the amount of

F

sleves on the conversion of trans—-cis

nepetalactone to cis-trans nepetalactone.

F'igure 4 shows the e

nitrogen)

cis—-trans

F'igure 5 shows the e:

sleves on

cis—-trans

Figures 6 and 7 each shows the e

molecular

H

‘ect of a storage gas (air or

H

on the conversion of trans-cis nepetalactone to

nepetalactone.

M

F

fect of recvyvcling molecular

H

the conversion of trans-cis nepetalactone to

nepetalactone.

H

"ect of wvarious

F

sleves on the conversion of trans—-cis

nepetalactone to cis-trans nepetalactone.

H

Figure 8 shows the pH of various molecular sieves 1n

water.

F

Figure 9 shows the pH of various molecular sieves 1n

water.

Detailed Description

This

trans-cis

F

the use of

trans—-cis
nepetalact

mixture”),

invention relates to a method for converting

nepetalactone to cis-trans nepetalactone through

F

molecular sieves. To effect the conversion,

F

nepetalactone, or a mixture of trans-cis

one and cis-trans nepetalactone (a “T,C/C,T

18 contacted with at least one molecular sieve,
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optionally with heating. The trans-cis nepetalactone, or

the T,C/C,T mixture, may, for example, be obtained from,

or contained 1n, catmint o01l, which may 1n turn be

obtained from the Nepeta cataria plant. T'rans—-cis

5 nepetalactone as treated herin, or the treated mixture, or

the treated catmint o01l, obtained from the conversion

H

operation 1s useful for the production of

dihydronepetalactone.

10 The term “nepetalactone” as used herein refers to a

compound having the formula:

O
15
O
/
Four stereoisomers of nepetalactone are known to exist 1n
nature. Three 1somers commonly found 1n catmint o1l are
the cis-trans, trans-cis, and cis-cis 1somers, as shown
25 below.
Cis—-trans nepetalactone 1s a compound having the
formula:
30
35
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Trans—-cis nepetalactone 1s a compound having the

formula:

Cis-cis nepetalactone 1s a compound having the

formula:

Trans-cls nepetalactone, or a T,C/C,T mixture, as
used in the method of this invention may be obtained from,
or contained in, catmint o0il, which may 1n turn Dbe
obtained from the catmint plant, Nepeta cataria. Catmint
01l may be obtained from Nepeta cataria plants by various
isclation processes, including but not limited to steam
distillation, organic solvent extraction, microwave-
assisted organic solvent extraction, supercritical fluid
extraction, mechanical extraction and enfleurage (initial

cold extraction into fats followed by organic solvent

extraction) . The oil can be used in the crude form, or

the nepetalactones themselves can be further purified from

the o0il by distillation, as described for example in U.S.

Provisional Application No. 60/876,569,
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Catmint oil typically includes more than one
nepetalactone i1isomer, and, as shown 1n Table 1 below, the
concentrations of the i1isomers can vary based on the source

- —
fp—

of the plant material and/or the method of catmint o1l

preparation. This invention 1s applicable to catmint

1

0i1ls that contain trans-cis nepetalactone at a variety o:

|

different levels of content, such as concentrations

greater than about 1%, and more particularly greater than
about 10%, 15%, 25% or 40%, by weight relative to the

total weight of nepetalactone 1n the o1il.

This 1nvention 1s also applicable, however, to a
mixture of trans-cis nepetalactone and cis-trans
nepetalactone that is not contained in catmint oil, and 1in
such a mixture trans-cis nepetalactone may be present at a
similar variety of different levels of content, such as
concentrations greater than about 13, and more
particularly greater than about 10%, 15%, 25% or 40%5, by
weight relative to the total weight of the mixture. When
trans-cis nepetalactone 1s present in a mixture with cis-
trans nepetalactone at extremely low levels, the trans-cis

nepetalactone may be regarded essentially as an lmpurity

in a cis-trans nepetalactone compound. In yet other
embodiments, the invention is also applicable to the

conversion of a trans-cis nepetalactone compound 1tself to

cis-trans nepetalactone through the use of molecular

gleves.

Molecular sieves suitable for use in the method

hereof may in general include a natural or synthetic
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material with a microporous, typically crystalline

structure, with pore sizes typically ranging from 5 to 10

H

Angstroms, that can separate components of a mixture based

H

"erences. Molecular

on molecular size and shape di

sieves are three-dimensional crystalline or non-

crystalline networks. Although these networks typically

comprise oxide lattices containing tetrahedral $i*" and

Al°" cations (which compositionally define a zeolite

molecular sieve such as described below), other cations

can also occupy these sites.

These cations need not occupy exclusively tetrahedral

sites 1n the framework, but must occupy framework and not

1on-exchangeable sites. n a molecular sieve,

coordination may be tetrahedral, trigonal, trigonal

bypyramidal or octahedral, as well as distorted wvariations

F F

of these. More than one type of coordination may occur

wlthin the same framework.

Exemplary molecular sieves 1nclude silicas,

metalloaluminates, aluminophosphates and gallogerminates,

such as those described, for example, 1n Szostak
(Molecular Sieves: Principles of Synthesis and
ITdentification, Van Nostrand Reinhold, New York, 1989).

The si1licas 1nclude titanosilicates and metallosilicates.

The metallosilicates 1nclude aluminosilicates (zeolites),

gallosilicates, chromosilicates, borosilicates, and

ferrisilicates. The metalloaluminates 1nclude

germaniumaluminates. The aluminophosphates 1nclude

silicon-substituted aluminum phosphate (SAPO) molecular

sieves; metal-incorporated aluminum phosphate (MeAPO)

molecular sieves (wherein the metal can, for example, be

i, Be, B, Mg, Si, Ga, Ge, As, Ti, Mn, Fe, Co or Zn);
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metal silicoaluminophosphate (MeAPSO) molecular sieves as

well as EIAPO molecular sieves (such as those described,

for example, 1n EP 158,976 and EP 158,349); and E1APSO

molecular sieves (such as those described, for example, 1n

5 EP 159,0624).

A zeolite, as used herein, 1s 1n general a

crystalline aluminosilicate with a framework based on an

H

- oxXygen 10ns, as

extensive three-dimensional network o:

10 described, for example, 1n Szostak, supra; and Breck

(Zeolite Molecular Sieves, John Wiley & Sons, New York,

1974) . Situated within the tetrahedral sites formed by

the oxygen can be eilther a Si*" or Al°" ion. The A10,

tetrahedra 1n the structure determine the framework

15 charge. This 1s balanced by cations that occupy

nonframework positions. A representative empirical

formula for a zeolite may be written as

My /nO+Al1,03°x510,°vH,O, wherein “M” represents the

exchangeable cations, generally from the Group I or

200 1ons, although other metal, non-metal or organic cations

44

may be used to balance the framework charge; and “n

represents the cation valence. These cations are present

elther during synthesis or through post-synthesis 1on

exchange. The value of “"x” 1s equal to or greater than Z

25 Dbecause Al°" does not occupy adjacent tetrahedral sites.

The pore or channel openings range from about 3A to
greater than 7ﬁ, with the exact pore size dependent on the
structure. Any water molecules present are located 1in

these channels and cavities, as are the cations that

M

30 neutralize the negative charge created by the presence of
Al0O, tetrahedral 1in the structure. Typical cations

include alkaline cations such as Na' K', Rb' and Cs';
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alkaline earth cations such as Mg and Ca''; NH,; and

tetramethylammonium cations.

Sultable molecular sieves can be small-, medium-, or

F

large-pore molecular sieves, or combinations thereof, and

can 1nclude 3A (wherein 3A 1s a potassium-exchanged form

H

of zeolite A), 4A or 5A 1n powder, bead or rod form

(avallable from Sigma-Aldrich, St. Louis, MO),; silicalite

(avallable from Sigma-Aldrich); ETS-4 (titanium silicate,

avallable from BASF, Florham Park, NJ); and CG-180 MAP

(avalilable from Ineos, Joliet, IL).

A molecular sieve as used herein to convert trans-cis

nepetalactone to cis—-trans nepetalactone may have a pH 1in

water of about 9 or higher, and more particularly about 10

or higher.

Both trans-cis nepetalactone and cis-trans

)

nepetalactone convert to nepetalic acid 1n the presence of

water. Nepetalic acid 1s a compound having the formula:

OH

Thus, 1n one embodiment, molecular sieves as used herein
include those that act as desiccants, 1.e. that remove
water present 1n trans-cis nepetalactone, or 1n a mixture

H

of trans-cis nepetalactone and cis-trans nepetalactone.

_10_
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H

Examples of suitable desiccating molecular sieves 1nclude

3A, 4A and 5SA.

In an alternative embodiment, however, to reduce the

F

formation of nepetalic acid, trans-cis nepetalactone

compound, or a T,C/C,T mixture, or catmint oil containing

same, may be provided that contains less than about 0.3

H

wts water by weight relative to the weight of the water

H

and the compound or T,C,/C,T mixture, or the weight of the

water and the catmint oil. Where the compound, T,C/C,T
mixture, or the catmint o01l, contailns more than about 0.3
wts water, 1t may be desirable to select a dessicating

molecular sieve such that less than about 5 wt% nepetalic

H

acld 1s produced relative to the 1nitial weight of

nepetalic acid in the compound, T,C,/C,T mixture or

catmint o1il. In addition, when water, ethanol or

1sopropyl alcohol 1s used as a solvent 1n the method, the

F

use of a dessicating molecular sieve 1s recommended to

H

reduce the formation of nepetalic acid.

Molecular sieves suitable for use herein can be
obtained commercially, or can be prepared using methods
known 1n the art. The molecular sieves employed herein

F

may be used in the form of powders, granules or other

particulate forms.

A molecular sieve for use herein may be any one or

more of all the members of the total group of molecular

sieves disclosed herein. The molecular sieve may also,

F F

however, be any one or more of those members of a subgroup

F F

of the total group of molecular sieves disclosed herein,

where the subgroup 1s formed by excluding any one or more

other members from the total group. As a result, the

_11_
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molecular sieve 1n such 1nstance may not only be any one

H H

or more of the molecular sieves 1n any subgroup of any

H

size that may be selected from the total group of

H

"erent combinations

molecular sieves 1n all the wvarious di

F

5 of 1ndividual members of the total group, but the members

1n any subgroup may thus be selected and used i1n the

absence of one or more 0of the members of the total group

that have been excluded to form the subgroup. The

subgroup formed by excluding various members from the

H

10 total group of molecular sieves may, moreover, be an

F

1individual member of the total group such that that

F

molecular sieve 18 used 1n the absence of all other

H

members of the total group except the selected i1ndividual

member.

15

It may be desirable to activate the molecular

sieve (s) used herein by drving. Activation by heating

F

may be carried out at a temperature of about 200°C to

about 500°C or more 1n air, an 1nert gas, or under vacuum.

H

200 Molecular sieve(s) are typilcally used 1in the method hereof

H

1n an amount such that the weight ratio of molecular

sieve (s) to the trans-cis nepetalactone compound, T,C,/C,T

mixture, or catmint o1l containing same, 1s 1n the range

F

of about 0.01/1 to about 5/1, or i1s in the range of about
25 0.01/1 to about 2/1.

H

Although there 1s no minimum length of time during

which the molecular sieve(s) used herein are to be

contacted with the trans-cis nepetalactone compound or

F

30 T,C/C,T mixture --a period of one hour frequently being

F F
p— p—

ferent

S U

ficlient -- 1t may be desirable to employ di:

H

periods of contact that are greater or less than one,

H

including a relatively extended period of contact, such as

_12_
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H H
p—

a period of several hours, a period of several days, a

H H

period of a week or more, or even a period of several

H

weeks. In general, the longer the period of contact, the

H

more complete 1s the conversion of trans—-cis nepetalactone

to cis—-trans nepetalactone.

There 1s similarly relatively wide latitude 1in

choosing the temperature at which the trans-cis

nepetalactone compound or T,C/C,T mixture 1s contacted

)

wlith molecular sieve(s). A temperature 1n the range of

about 20°C to about 75°C, or in the range of about 50°C to

about 060°C, 1s generally found suitable. Where the

T,C/C,T mixture 1s contained in catmint o0il, a temperature

H

up to the flash point of the catmint o01l, which 1is

frequently 1n the range of about 85°C to about 95°C at
atmospheric pressure, may be used. The temperature at
which contact occurs can be maintained constant, can be

varied according to a pre-selected regime, or can be

permitted to fluctuate without control.

The method of this 1nvention may be carried out 1n

batch 1n a single container opened or unopened to the

F

atmosphere, or 1n a contalner under a blanket of an inert

F

gas such as argon or nitrogen. Contact of the compound

or T,C/C,T mixture with molecular sieve(s) can be carried

out with or without stirring, as desired.

H

By the method hereof, about 50%, or about 603, or

about /0%, or about 80%, or about 90%, or about 99% of the

trans—-cis nepetalactone (by weight relative to the i1nitial

F

welight of the trans-cis nepetalactone present or 1n the

T,C/C,T mixture) 1s converted to cis-trans nepetalactone.

_13_
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After the T,C,/C,T mixture has been contacted with
molecular sieve(s) for a period of time, and at a
temperature, such that the desired extent of conversion
has been obtained, the trans-cis nepetalactone compound oOr
T,C,/C,T mixture, or the catmint o1l containing same, may
optionally be separated from the molecular sieve(s), and
the molecular sieve(s) and/or products can be recovered.
Suitable methods of separation, such as decantation and

filtration, are known 1n the art. Following separation,

the molecular sieve(s) can be recycled for further use 1n
the method. For further use, 1t may be desirable to

first re—-activate the molecular sieve(s) by heating.

Where the treated trans-cis nepetalactone compound oOr
the T,C/C,T mixture is contained in catmint oil, 1t may
optionally then be hydrogenated to produce hydrogenated
catmint o0il, such as by the method disclosed in U.S.

Provisional Application No. 60/876,568.

Where the treated trans-cis
nepetalactone compound or the T,C/C,T mixture 1s not

contained in catmint oil, or where cis-trans nepetalactone

is recovered from treated catmint o0il, the cis-trans
nepetalactone may optionally then be hydrogenated toO
produce dihydronepetalactone by a method such as discussed

above, including particularly the method disclosed 1in U.S.

Patent No. 7,067,677,

_14_
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The following examples are presented to 1llustrate

H

the advantages of the present 1nvention and to assist one

H

of ordinary skill in making and using the same. These

M

examples are not i1ntended 1n any way to limit the scope of

the disclosure, or the appended claims or equivalents

H

thereof.

Examples

The following abbreviations are used: GC 1s gas

chromatography; GC-MS 1s gas chromatography-mass

spectrometry; FID 1s flame 1onization detector; C 1s

Centigrade; mL 1s milliliter; CMO 1s catmint oi1l; wt3

1s welght percent; NL 1s nepetalactone; ¢,t-NL 1s cis-
trans nepetalactone; t,c—-NL 1s trans-cis nepetalactone;
NL3 1s cis-cis nepetalactone; h or hr 1s hour; conc. 1s

concentration; temp. 1s temperature; press. 1S pressure;

°C 1s degrees Centigrade; g 1s gram; and RT 1s room

temperature (about 25°C).

H

5SSO refers to Specialty Seeds of Oregon (Culver, OR);

Thacker refers to catmint o1l (obtalined by steam

H

distillation of catmint plant material) supplied by George

Thacker Sons (Alberta, Canada); AMT refers to catmint oil

(also obtained by steam distillation) supplied by AM Todd

& Co., Kalamazoo, MI; AMT SSO 1s catmint o1l produced

from SSO seeds by AM Todd & Co.; and Thacker SSO 1is

catmint o1l produced from SSO seeds by George Thacker

S0nNs.
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The composition of Thacker SSO and AMT SSO are shown

1in Table 1,

H

wherein the distribution of the nepetalactone

1somers 1n catmint o1l from several sources was

determined.

The values for weight percent were calculated

relative to the total CMO weight.

Table 1:

H

Composition of untreated catmint o1l

011 c,t-NL | £,c-NL NL3 Total NL [ Nepetalic
(Wt ) (WES) (WES) (WES) acid (wts)

Thacker |17.7 [47.5 1.1 [ 66.3 3.3

SISO,

AMT SSO 39.1 42 .77 0.9 32 .7 0.9

The

examples,

3A beads:

3A powder:

Catalog ¢

4A beads:

2

following molecular sieves, as used 1n these

were obtained from the followling manufacturers:

33041 ;

Grace, Columbia, M

83—12 mesh, EMD Sciences (Gibbstown, NJ);
undried, Sigma-Aldrich (St. Louis, MO)

8—12 mesh, Davison Molecular Sieves (WR

D) ;

4A rods: Fluka (available from Sigma-Aldrich);
4A-b: 4A rods obtained from an unidentified source;
4A powder: 5 microns, Sigma-Aldrich;

bA: beads, 8-12 mesh, EMD Sciences;

13x: Two types:

13x-A: beads,

13x-BR:

20604 7;

beads,

4-8mesh, Sigma-Aldrich Catalog #208639;
3—1Z2mesh, Sigma-Aldrich Catalog

_16_
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H-Mordenite: ZEOLYST ZD 960065 (Calcined CRV-30A),

/eolyst Intl. (Valley Forge, PA);

H

Na-Mordenite: CONTEKA (now part of Zeolyst Intl.):

CBV-10A, granulated to -10/+20 mesh;

5 H-72SM-5: CU Chemie Uetikon GmbH (Hillsborough, NJ),
AG P7Z-2/50 H;
Na-72SM-5: CU Chemie Uetikon AG, PZ-2/40 Na Calcined;

LSX: hydrated, United Catalyst, Inc., KY (8 x 12
beads) ;
10 Silicalite: ABSCENTS T-3000, powder, =zeollite- Sigma-
Aldrich Catalog #419095, Lot 04815PF;

CG-180 MAP: zeolite of the type P, Crosfield (now

part of INEOS Silicas (Lyndhurst, UK));

ETS4: ETS-4 1s a small pore member of the Engelhard

H

15 TitanoSilicate (ETS) family of mixed

octahedral/tetrahedral microporous framework materials,

which can be obtained from BASF (Florham Park, NJ); and

F

FEZ-500: ferrierite zeolite, Engelhard (now part of

BASE) EZ-500.

20

Cs,Na-X was prepared as follows: Cesium 1mpregnated

Na-X, zeolite; NaX (b g) (Alfa Aesar, Catalog #87950, -
600 mesh) that was granulated to -20/+40 mesh was added to

a solution containing 0.15 g of CsNOs; (Sigma-Aldrich) 1n 3

F

25 g of distilled/deionized (DI) water. DI water (1.9 g) was

slowly added to the mixture with stirring until 1ncipient

wetness was obtained. The sample was then dried at 70°C

1N a vacuum oven.

30 The molecular sieves (also referred to herein as

“si1eves”) were heated as described below to activate them.

H

Heating of the molecular sieves was carried out using

Method A, Method B, or as indicated 1n a particular
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H

example. According to Method A, activation of molecular

sieves was carried out by heating 1n a vacuum oven held at

150°C and 20 psig (137.9 kPa) of vacuum for 1 day under a

H

constant flow of N,. Followling activation, the oven

pressure was 1ncreased to room pressure and vials with the

sieves were removed from the oven and capped. Molecular

sieves were cooled to room temperature prior to use.

According to Method B, molecular sieves were 1nserted

1nto a tube furnace designed for activating molecular

F

sileves. A flow of nitrogen was passed through the tube

F

and the 1nside of the tube containing the sieves was

heated up to a fixed temperature as 1ndicated 1in the

various examples. This temperature was selected

H

generally with reference to parameters recommended for

ceach sieve by the manufacturer. The tube was then cooled

down to room temperature under nitrogen. The sieves were

then removed from the oven, placed in individual vials,
and the vials were capped under air. Molecular sieves
were cooled to room temperature prior to use.

H

Determination of catmint o1l constituents:

F

Samples of catmint o1l were diluted with an i1nternal

standard solution and i1injected on a DB FFAP column using

an HP5890 (Agilent Technologies, Palo Alto, CA) GC

equlipped with a FID detector. The 1njection and detector

H

temperatures were 250°C. The temperature of the column

was linearly ramped from 50°C to 250°C for 20 minutes, and

H

held at 250°C for the duration of the run. A split mode

inlet was used. Peak 1dentification and relative

F

response factors of the major components were determined

using calibration standards.

_18_
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H

Contact of molecular sieves with catmint oi1l:

= - = —

Mixtures of g of catmint o1l and 0.5 g of molecular

sieve (unless 1ndicated otherwise 1n an example) were

prepared 1n 4 mL vials. The caps were closed under a

5 selected atmosphere (for example, alr or nitrogen) as

indicated 1in the example, and the vials were 1ncubated in

ovens set at the temperature 1ndicated. The weight

H

percent of cis-trans nepetalactone and trans-cis

H

nepetalactone relative to the total weight of

10 nepetalactone was determined.

Example 1: Conversion with 4A sieves (rods).

H

"ect of molecular sieves (4A

H

This example shows the e

15 rods) and storage (1.e., contact or 1ncubation) time on

the conversion of t,c-NL to c¢,t-NL using Thacker SSO or

AMT SSO. The molecular sieves (abbreviated “Ymol. sieve”

1n Table 2) were activated by Method A and the o1ls were

stored 1n contact with the molecular sieve for one week at

20 35°C or 5H5°C. More complete conversion of t,c-NL to c, t-
NL. was observed by storage at 55°C. The composition of
the controls was taken from Table 1. The results are

shown 1n Table 2, whereilin the values for weight percent

were calculated relative to the total CMO weight.

25
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Table 2.
oil c,t-NL t,c-NL NL3 Total NL | Nepetalic
1
(Wt%) (Wt%) (Wt%) (Wt%) acid (wt%)
Thacker
Control 17.7 47.5 1.1 66.3 3.3
SSO
Thacker 35°C + mol.
2477 42 .3 1.1 6%.1 2.7
SSO SIEVE
Thacker 55°C + mol.
64.0 1.5 1.1 76.5 1.9
SSO SIEVE
Thacker 55°C —no
18.8 46.7 1.1 65.9 3.9
SSO mol. sieve
AMT
Control 39.1 42.7 0.9 82.7 3.6
SSO
AMT 35°C + mol.
| 52.3 25.8 0.9 79.0 2.0
SSO S1EVE
AMT 55°C + mol.
74 .4 0.7 0.8 75.9 1.3
SSO S1EVE
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ar sileves.

This example shows the e

H

H

ect of

various other

molecular sieves and storage times on AMT SSO oi1ls stored

at 55°C.

using the vacuum oven

1in Table 3,

calculated relative to the total CMO weight.

whereilin the values

(Method A).

The molecular sieves were activated at 150°C
The results are shown

for weight percent were

Table 3.
| | Days of c,t-NL | t,c-NL | NL3 Total NL
O1l Type of sieve
storage (Wt%) | (Wt%) | (Wwt%) | (wt%)

AMT 2 days 38.0 39.0 0.8 77.8
3A beads

SSO

AMT 2 days 33.7 39.7 0.8 74.2
SA

SSO

AMT 2 days 41.8 40.4 0.9 83.1
13x-A

SSO

AMT 9 days 43.2 28.8 0.8 72.8
3A beads

SSO

AMT A 9 days 34.0 39.2 0.8 74.0

SSO

AMT 9 days 48.0 29.2 0.8 78.0
13X-A

SSO

- 21
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The sieves used 1n this example were activated at

shown 1n Table 4,

furnace

whereiln the wvalues

(Method

B) .

were calculated relative to the total CMO weight.

The results are

for weight percent

Table 4.
| | Days of c,t-NL t,c-NL | NL3 Total NL
O1l Type of sieve
storage (Wt%) (Wt%) | (Wt%) | (Wt%)

AMT

Control- 20°C 9 days 36.2 43.0 0.9 80.1
SSO
AMT

Control- 55°C 9 days 35.5 429 0.9 79.3
SSO
AMT

3A beads- 55°C 9 days 57.4 15.6 0.9 73.9
SSO
AMT

4A-b rods- 55°C 9 days 70.5 0.5 0.9 71.9
SSO
AMT

4A rods - 55°C 9 days 66.3 6.2 0.9 73.4
SSO
AMT

4A beads- 55°C 9 days 70.9 0.6 0.9 72.4
SSO
AMT

SA-55°C 9 days 35.3 41.5 0.9 77.7
SSO
AMT
90 13x-A-55°C 9 days 49 8 29.1 0.9 79.8
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H

"ect of activation.

1 f—
—

Example 4:

H

AMT SSO was used, and the provided contact of sieves

5 and CMO was carried out at 55°C for 7 days. The sieves

were heated (i.e. activated) at 250°C using Method B, or

not heated (i1.e. not activated). Total NL was calculated

as the sum of c¢,t-NL, t,c-NL, and NL3. NL3 data are not

shown because these values did not appreciably change with

10 incubation time. The results are shown 1n Figure 1.

H

fect of activation temperature.

1 f—
- ——

Example 5:

H

The effect of molecular sieve activation temperature

15 (250°C, 350°C or 500°C for 2 hrs) on AMT SSO was

determined. The vials were incubated at 55-60°C for 7

days. The results are shown 1in Figure 2.

H H

1 —
—

20 Example o:

"ect of ratio of sieves to catmint oil.

The molecular sieves were activated according to

Method B. Mixtures of 1 g of catmint o1l (AMT SSO o01l)

F

and 1ncreasing amounts of sieves (0.1 g, 0.5 g and 1 qg)

were prepared in 4 mL vials. The caps were closed and
25 the vials were stored in an oven set at 55-60°C for 7
davys. The results are shown 1n Figure 3.
Example 7: Effect of gas used during storage.
30 Molecular sieves were activated according to Method
B. Mixtures of 1 g of catmint o1l (AMT SSO o1l) and 0.5
g 0of sieves were then prepared in 4 mL vials. The caps

were closed and the vials were stored 1n an oven set at
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55-60°C for 7 days. Vials stored under nitrogen were
sparged with nitrogen prior to closing the vials. The

results are shown in Figure 4.

Example 8:

F

fect of recycling molecular sieves.

S —
- ——

Examples were prepared as described 1n Example 7

under air. After 1ncubating for 7 days, the sieves were

"1 ]

cered from the CMO. The sl1eves were then heated

inside a tube furnace at 350°C to burn off the remaining

catmint o1l and regenerate them. Sieves were allowed to

F F
p—

cool to room temperature. Mixtures of 1 g of catmint o1l

H

and 0.5 g of sieves were then prepared in 4 mL vials.

The caps were closed and the vials were stored 1in an oven

set at 55-60°C for 7 days. The results are shown in

Figure 5.

Example 9:

H

fect of various molecular sieves.

1 f—
- ——

The materials were treated by heating 1n a tube

H

furnace at 350°C for 2 hrs. Mixtures of 2 g of CMO and

H H

0.5 g of each of the components were made and stored at

F

55-60°C for a period of 1 week. The results are shown 1in

Figure 0.

Example 10:

H

"ect of various molecular sieves.

1 —
—

Cs,Na-X was treated by heating i1n a tube furnace at

350°C for 2 hrs. All other materials were heated at

115°C for 2 hrs. Mixtures of 2 g of CMO and 0.5 g of

F

cach of the molecular sieves were prepared and stored at

H

55-60°C for a period of 1 week. The results are shown 1n

Figure 7.
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H

Example 11: pH of aqueous solutions contalning sieves

H

The pH of water containing molecular sieves was

5 determined. The ratio of water to sieves was 2 to 1
(weight of water/weight of sieve). With heating, sieves
slightly 1ncreased the pH of water. The results are

shown 1n Figure 8.

10

F

Example 12: pH of aqueous solutions contalning sieves

F

The pH of various molecular sieves 1n water was

H

determined. The ratio of water to sieves was 2 to 1

H H

(weight of water/weight of sieve). The results are shown

15 1n Figure 9.
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CLAIMS

What 18 claimed is:

1. A method for converting trans-c¢is
nepetalactone to cis-trans nepetalactone comprising
contacting a trans-cis nepetalactone compound, or a
mixture comprising trans-cis nepetalactone and cis-
trans nepetalactone, with at least one molecular sieve
at a pH 1n water of at least about 9 and at a

temperature of about 20°C to about 75°C.

2. A method according to Claim 1 further
comprising a step of heating the molecular sieve priorx
to contact with the trans-cis nepetalactone compound,
or the mixture comprising trans-cis nepetalactone and

cis-trans nepetalactone.

3. A method according to Claim 1 or Claim 2
wherein the trans-cis nepetalactone compound, or the
mixture comprising trans-cis nepetalactone and cis-

trans nepetalactone, is contained in catmint oil.

4. A method according to Claim 1 or Claim 2
wherein the trans-cis nepetalactone compound, or the
mixture comprising trans-cis nepetalactone and cis-

trans nepetalactone, is contained in catmint oil, and

the catmint oil is contacted with at least one

molecular sieve at a temperature that is less than or

equal to the flash point of the catmint oil.
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5. A method accoxrding to any one of Claims 1
to 4 wherein at least about 50 wt% by weight of the
trans-cis nepetalactone compound, or at least about 50
wt% by weight of the trans-cis nepetalactone, relative
to the i1nitial weight of the trans-cis nepetalactone in

the mixture, 1s converted to cis-trans nepetalactone.

p— -

aim 2

or C

6. A method according to Claim

wherein the trans-cis nepetalactone compound, or the
mixture comprising trans-cis nepetalactone and cis-
trans nepetalactone, 1s contained 1n catmint oil; and,
following conversion in the catmint o1l of the trans-
cis nepetalactone to cis-trans nepetalactone, the

catmint o0il is separated from the molecular sieve and

recovered.

7. A method according to Claim 6 wherein the
recovered catmint oll 1s hydrogenated to produce

hydrogenated catmint oil.

8. A method according to Claim 1 wherein a
mixture comprising trans-cis nepetalactone that has
been converted to cis-trans nepetalactone, and trans-
cis nepetalactone that has not been converted to cis-

trans nepetalactone, is separated from the molecular

sieve and recovered.

9. A method according to Claim 8 wherein the
recovered mixture is hydrogenated to produce

dihydronepetalactone.
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10. A method according to any one of Claims

1 to 9 wherein the molecular sieve is recovered and

recycled for subsequent use.

5 11. A method according to any one of Claims
1 to 10 whereilin the trans-cis nepetalactone compound,
or the mixture comprising trans-cis nepetalactone and

cis-trans nepetalactone, 1s derived from Nepeta

Cateria.

10
12. A method according to Claim 1 wherein a

trans-cis nepetalactone compound 1is contacted with the

molecular sileve.

15 13. A method according to Claim 1 wherein a

mixture comprising trans-cis nepetalactone and cis-

trans nepetalactone is contacted with the molecular

sleve.

20 14. A method according to Claim 13 whereiln
(a) the mixture comprising trans-cis nepetalactone and
cis-trans nepetalactone is contained in catmint oil;
(b) following conversion in the catmint oil of trans-
cis nepetalactone to cis-trans nepetalactone, the

25 catmint oil is separated from the molecular sieve and

recovered: and (c) the recovered catmint oil 1s

hydrogenated to produce hydrogenated catmint oil.
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