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Hydrogenation of Naturally-Derived Nepetalactone
as a Topical Insect Repellent

* Introduction
— Catmint-Derived Insect Repellent
— Catmint Production
— Crude Oil Isolation
— Efficacy Testing
— Toxicity

* Development of Hydrogenation Process
— Catmint Oil Sourcing/Composition
— Hydrogenation Chemistry
— Process Optimization

 EPA Registration

e Summary
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New Natural Product Insect Repellent
Aligned with DuPont’s Mission of Sustainable Growth

Serving the Marketplace

2015 Sustainability Goals ] ]

e e A nioe ) * Double R&D Investment in Environmentally Smart Market
Opportunities

e $2B Revenue from Products that Reduce Greenhouse Gas
Emissions

* Double Revenues from Non-Depletable Resources to $8B
® 1,000 New Products that Protect People

Reduction of Environmental Footprint

e * Greenhouse Gas Emissions

* Water Conservation
* Fleet Fuel Efficiency
* Air Carcinogens
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Insect-Borne Diseases

Transmi .
a.s tted Insect Vector Species
Disease
Malaria mosquito Anopheles sp.
Yellow Fever mosquito Aedes aegyplti
Filariasis Mosauito Culex s Sand flies
West Nile virus d -
Leishmaniasis sandflies Phlebotomus sp.
Lymes Disease | arthropod (ticks) | Ixodes scapularis Chigger
Mosquitoes Mites

Insect Repellent often the only Feasible Way
to Protect against Bites

QUPINT
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m
Refined Catmint Oil (RCO)

A New Natural-Product Insect Repellent Active Ingre  dient
Developed by DuPont

Dihydronepetalactone

Catmint Crude Refined Repellent
Crop > Qi > Qil 2

Product

* Viable Alternative to DEET and Other Synthetics
* Derived from Sustainable, Natural Product

* Demonstrated Efficacy against Biting Insects with
Effectiveness Comparable to Current Synthetic Produ cts

* Reliable and Long-Lasting Protection .

_ _ _ o Product Formulation
* Designed for Family Use with Repeat Applications Prototypes:

: Yesenia Pelaez
* Topical Personal Product or Area-Repellent Products
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Catmint ( Nepeta cataria )

 Member of the Family Labiatae

— Mints and Culinary Herbs: Essential Oil Plants

— Essential Oil Present in ~50 nm Secretory
Trichomes on Plant Surface

» Minor Crop, Cultivated for Catnip
and Medicinal Tea

... ‘!'.... -'.III
Epl g

* Nepetalactone Bicyclic Monoterpenoid
Isolated as Active Ingredient from
Essential Oil @

-
-
-
-
-
-

McElvain et al., J. Am. Chem. Soc. 1941, 63, 1558
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Catmint Oil (CMO)

e |solated by Steam Distillation of Harvested
Catmint Foliage

 Largely (up to 90%) Nepetalactone (NPL)
— Malodorous, unstable, skin sensitization

e Contains ~ 2% DiHydroNepetalactone (DHN)

e Hydrogenated to Enrich DHN Component
( Refined Catmint Oil - RCO)

— Fragrant, stable, not sensitizing

oK

u\lepetalactone Dihydronepetalactone /
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Catmint Growth/Harvesting

Develop High-Yield Varieties with Favorable Composi  tion

Field Trials
and Production

Green House
Development

Regrowth f m 3
Prior Year Plariting

Harvesting
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Catmint Oll Isolation via Steam Distillation

Mixture of Steam

and Ot vapor Distillation Recovery:

Steam . . )
passes ﬁ « Dependent upon Plant Variety
el — ——> and Processing Conditions
Material . . .

e : | CONDENSER « Oil Losses in Water Effluent

RETORT ! —— C. ) )

o, * Minimize Nepetalic Acid
. Formation
S —TLICTITTITey i

Water effluent
Essential Oll from bottom of

from top of separator
Separator

Ministill Unit

T T ¢

Processor Facilities
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. %  Insect Repellency Testing
Mesh
A2e5doe§ nggﬁ)ti y: Wells of
/ Level 1 \ Mosquitoes A Membrane-Covered
[ In vitro Screening J ﬁgmﬁ@i{;@g ~~ Bovine Blood
T
Safety Data
<€ <€ Water (37C)
Level 2:
[“Arm-in-Cage” Tests } “Gupta Box”
\L Rutledge and Gupta, J. Am. Mos. Control Ass. (2004)

Level 3:

\[ Field Tests ] /

RCO Performance ~ DEET

Spero et al., J. Med. Entomol. 2008, 45, 1080
Feaster et al., J. Med. Entomol. 2009, 46, 832
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Acute Toxicity: Insect Repellent Active Ingredients

Dermal Oral Irritation Irritation Inhalation Sensitization

(skin) (eye)
RCO AV 1] AV 1] IV No
pMD AV AV AV I — No
IR3535 1] AV AV | IV No
Picaridin 1] 1] AV 1] IV No
DEET 1] 1] AV 1] IV No
15% RCO IV IV IV IV — No

Formulation

Cat l: very highly or highly toxic
Cat ll: moderately toxic

Cat Ill: slightly toxic Desirable Toxicological Profile
Cat IV: practically non-toxic
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Hydrogenation Process Schematic

il

®— Strip Li /Hydrogen- Fithation Strip
Fracifon —%: ation (C) —C1D—] Soivent [——CuD
)

9

Caor—f H (B) (D)
[ /
s Laod o

Stream Description Stream Description
(1) CMO Feed (8)  Hydrogenation Product
(2) Ethanol Feed (9) Catalyst Recycle
(3) Light Fraction (10) Catalyst Purge
(4) Refined CMO (11) Filtration Liquor
(5) Hydrogenation Solvent (12) Solvent Recycle
(6) Hyvdrogenation Catalyst (13) Solvent Purge
(7) Hydrogen (14) RCO Product

Process Configuration and Economics Dependent on:
« CMO Type and Quality (impurities, catalyst poisons)

» Catalyst Recyclability (Lifetime) and Regeneration
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Hydrogenation Process Development

* Reactor Configuration Process Requirements
« Catmint Oil Sourcing

e Catmint Oil Pretreatment
» Solvent
» Catalyst/Support Selection

* Reaction Temperature
e Reaction Pressure Nepetalactone Dihydronepetalactone

@)

m\\\\\

Process
>

» Catalyst Loading 58-79 wt% 69-73 wt%
in CMO* in RCO
 Catalyst Recycle (<1 W% NPL)

« Catalyst Regeneration K /
* = . . .
. Catalyst Poisons S5 primary varieties of oils

» Residual Water Effect
e Economics

WO 2008/079252A1
WO 2008/079253A1

POND

d
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Hydrogenation Chemistry

Hydrogenation of CMO to RCO to Enrich DHN

H2
>
catalyst
+
H, S
catalyst Puleganic Acid
cis,trans-NPL DHN 3
Nepetalactones Dihydronepetalactones
(<1%) (~70-75%)
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Nepetalactone lactol Carboxy-aldehyde_

k Nepetalic Acid /

* Nepetalic Acid — Hydration Product of Nepetalactone

* cis,trans -Nepetalactone EXxists as Lactol Tautomer
® Converts to DHN upon Hydrogenation to HCO (Oils C & D)

e trans,cis -Nepetalactone Exists as Carboxy-Aldehyde Tautomer
® Does not Convert to DHN upon Hydrogenation to HCO (Oils A & B)
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Catmint Oil Sourcing/Composition

Oil cis,trans | trans,cis | DHN | DHN | DHN Pulag_anic Nepe_talic b-caryo- Other
Source -NPL -NPL -1 -2 -3 Acid Acid phyllene
Oil A 18.99 56.27 ND ND | ND ND 4.23 7.04 13.47
Oil B 21.16 59.24 <0.2 | ND | 0.31 <0.05 6.04 7.28 5.72
Qil C 76.31 0.98 0.15 | <0.1 | 0.68 0.15 4.81 7.73 9.09
Oil D 86.76 1.00 <0.1 | <0.1 | 0.48 <0.05 5.70 1.43 4.38

trans,cis -NPL Enriched
cis,trans -NPL Enriched

-

trans,cis-
NPL
Puleganic acid Nepetalic acid
cis,trans-
NPL
DHN 2 DHN 3

Wepetalactones (N PL)/ Qihydronepetalactones (DH N)/ \ SERERRIEE /
2006-CRD-99 @]UNE
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Reaction Conditions

Preliminary Catalyst Screening 2 mL Reactor

33% NPL/EtOH
50, 700 psi H,

Nepetalactone Hydrogenation

DHN  Acid NPL DHN  Acid NPL
Exp't Catalyst Sel (%) Sel (%) Conv. (%) | Exp’t Catalyst Sel (%) Sel (%) Conv. (%)
1 5%Ir/Al203 70.2 232 53.9 24 5%Pd/Calsicat C 739 132 94.7
2 5%Ir/Calgon C 725 215 34.9 25 5%Pd/Sibunit C 60.7  18.0 69.9
3 59%Ir/Calsicat C 452 162 46.9 26 5%Pd/SiO2 722  16.0 100.0
4 5%Ir/Sibunit C 72.8 253 49.3 27 5%Pt/Al203 13.7  54.0 100.0
5 5%Ir/SiO2 77.9 195 95.3 28 5%Pt/Calgon C 26.1  68.0 66.9
6 5%NIi/AlI203 12.1 0.0 6.2 29 5%Pt/Calsicat C 15.4 54.6 79.9
7 5%Ni/Calgon C 8.6 0.0 7.8 30 59%PY/Sibunit C 211 721 78.4
8 5%Ni/Calsicat C 10.8 0.0 5.8 31 5%Pt/SiO2 139 465 91.3
9 5%Ni/Sibunit C 74.6 0.0 0.7 gg : 3‘2R/GC/AIIZO3C 615;-2 8-8 Cl)-g
10 5%Ni/SiO2 37.9 0.0 2.0 6Re/Calgon : : :
11 5%Pd/AI203, IM-A22117-5 91.2 0.0 89.1 34 5‘?RG/C§“S'C¢ C 15.5 3.9 33.6
12 5%Pd/AI203, IM-A22117-5 83.8 0.0 99.9 35 5”)59/5'@““ C 19.1 5.0 22.3
13 5%Pd/AI203, IM-A302099-5  81.7 0.0 99.9 g? 55°/A)F$helﬁl2%23 5‘2‘-2 12-2 33-3
0 . . .
14 5%Pd/AI203 78.7 170 99.5 o S96RMCaloon C cos 13 o9 1
15  5%Pd/BaSO4, IM-A22222-5 92.1 0.0 98.8 2 SOSRI/Calsiont C c5e 129 084
16  5%Pd/BaS04, IM-A22222-5  70.3 0.0 68.8 on T -asica ' ' '
40 5%Rh/Sidbunit C 812 159 99.0
17 5%Pd/C, JM-A503023-5 88.8 0.0 100.0 .
41 5%Rh/SiO2 83.4 145 99.9
18 5%Pd/C, JM-A503023-5 80.0 13.8 100.0 e EoRU/AIO3 670 119 o1&
19 5;VoPd/C, ESCAT-142 78.9  16.4 100.0 43 5%Ru/Calgon C 36 6 76 731
20 0 5%Pd/C, ESCAT-142 25.4 0.0 21.5 41 EobRU/Calsicat C 41.0 68 696
22 5%Pd/CaCO3, JM-A21139-5 71.2 0.0 65.7 46 E06RUISIOZ 823  13.0 97.8
23 5%Pd/Calgon C 54.3 15.9 72.6
Pd>Rh>Pt as Promising Catalysts US 7,067,677

IINY

®

d
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- Reaction Conditions
Catalyst Screening 50 mL Batch Reactor
50% NPL/EtOH
2.5h@25T / 2h@100T
1200 psi H,, 1000 rpm

Nepetalactone Hydrogenation

100 7 O NPL Conversion

B DHN Selectivity
B PA Selectivity

Conversion or Selectivity (%)

= N w N o1 (@] ~ (e} (o]
o O O o o o o o o o
| | | | | | | | | |
TT T T [ T T T T [T T T T [ T T T T[T T T T [ T T T T [T T T T [T T T T [ T T T T[T T

& & &

o Q° R oP SN SN ) o o N

s ¢ & e S5 S A

&S Q 3 N
s &S
. O
Pd Pt>Rh>Ru>Ir as Promising Catalysts (526 <o°°\0

S
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Concentration (wt%)

60

w N

o o

| |
T T T T T T T T T T T T T

N
o
|

10 T

KWH NB# E2000942-108
6/21/2010 DUPONT

One-Stage Operating Temperature at 100C

50 wt% Dried Oil in Abs. EtOH, 10 wt% 5% Pd/C
1020 rpm, 100°C, 1210 psig H,

—&—trans-cis NPL

= cis-trans NPL
—A—DHN 1

—6—DHN 2
=O—Nepetalic Acid 1+2
== Puleganic Acids
——DHN 3

—
! : ! =Q“%““

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0

Time on Stream (h)
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Two-Stage Operating Temperature at 15/100C

50 wt% Dried Oil in Abs. EtOH, 10 wt% 5% Pd/C
1010 rpm, 15/100°C, 1200 psig H,

60
50 &
A —k —hh— A
. / —e— trans-cis NPL
x 40 = cis-trans NPL
é —&—DHN 1
S ———DHN 2
= 30 TEE =O— Nepetalic Acid 1+2
5 15 °C > == Puleganic Acids
S ——DHN 3
2
s 20
) | /-_‘
10 AN
0% —O— O —O OO o—0
0 e _/l | P——— ._.n'.. —= .
0 1 2 3 4 5 6 7 8

Time on Stream (h)

KWH NB# E2000942-55
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Two-Stage Operating Temperature at XX/100C

50 wt% Dried Oil in Abs. EtOH, 5 wt% 5% Pd/C
100 mL Reactor, 1600 rpm, XX/100C, 1220 psig H,

00 | 60 35
—e—1/C —A—25C | f/ﬁ.z‘_—:ﬁ:. 3
0 X
S ——35€C 50C | 40| S 25 - —e—TC —A—25C
o
% . E o 21 —m—35€ 50C
= —
O > —e—1I/C —4A—25C f, 15
z € — - —u—#
g 5 . <
~ o1 35€ 50C | & 14 . .
Q@ P S A
T 05 -
0.01 A 2 X > ‘ 0 i ; ‘
0 1 2 4 0 1 2 3 4 0 1 2 3 4
Run Time (hr) Run Time (hr) Run Time (hr)
100 5
—e—17C —A—25C Lﬁﬁ!é!{;——ﬂ\'
[ w N
0 | —m—35C 50C s N
X X E o
B B B8]
S 1 o S
—_ s 9 n
p z ch R
i) =) 5 e 25€
O o1 G o 1]
2 —m—35€ 50C
0.01 T T T T 0 T T T
0 1 2 3 4 0 1 2 3 4
Run Time (hr) Run Time (hr) Run Time (hr)

25T a Practical Trade Off for 1 st Step
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Two-Stage Operating Temperature at 25/100C

50 wt% Dried Oil in Abs. EtOH, 10 wt% Dried 5% Pd/C
1010 rpm, 25/100°C, 1220 psig H,

W
o

[V a———

—8—trans-cis NPL
—l— cis-trans NPL

) —4&—DHN 1
25°C ——DHN 2
——DHN 3

Concentration (wt%)
N
(@)

»

=
o

- 100 °C —O— Nepetalic Acid 1+2
== Puleganic Acids

KWH NB# E2000942-116
6/21/2010 DUPONT

1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5

Time on Stream (h)
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60

20 wt% Dried Qil in Abs. EtOH, 10 wt% 5% Pd/C

1010 rpm, 25/100°C, 1150 psig H,

—h— A\

N
o

Concentration (wt%o)
w
o

KWH NB# E2000942-51,54,128
6/21/2010 DUPONT

s

trans-cis NPL - 266 psig
—8—trans-cis NPL - 495 psig
—8—trans-cis NPL - 1150 psig
——DHN 1 - 266 psig
—4+—DHN 1 - 495 psig
——DHN 1 - 1150 psig
=0~ Puleganic Acid - 266 psig
== Puleganic Acid - 495 psig

—0- Puleganic Acid - 1150 psig | |

4 5 6
Time on Stream (h)
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60

50

40

25 °C <=

— 100 °C

30

20 -

—8— cis-trans NPL - 266 psig
—8— cis-trans NPL - 495 psig

—8— cis-trans - 1150 psig
—4— DHN 2 - 266 psig
—4&— DHN 2 - 495 psig
—4— DHN 2 - 1150 psig

4 5

Time on Stream (h)



Catalyst Recycle

50 wt% Purified Oil in Abs. EtOH, 10 wt% 5% Pd/C
1000 rpm, 15/75 C, 1220 psig H 2

60 0 T ] -8 cis-trans NPL - Run 1
i 15c o —#-cis-trans NPL - Run 2
Run 3 < > 75°C .
- - —&-cis-trans NPL - Run 3
507 S0 T ——DHN 2-Run 1
) * i ——DHN 2 - Run 2
~ Runs12 T 75°C i ——DHN 2 -Run 3
x 40 - 40 +
= —e—trans-cis NPL - Run 1 i
E’ —8—trans-cis NPL - Run 2 i
o —®—trans-cis NPL - Run 3 - 15°C 0
% 307 5o ——DHN 1-Run 1 30 | Runs12 ¥ > €
= 2> e—— 5% —+—DHN 1 - Run 2 .
@ —4*—DHN 1-Run 3 i
c 20 - =0+ Puliganic Acid - Run 1| o [
S - —O~ Puliganic Acid - Run 2 -
=~ Puliganic Acid - Run 3 i
—{] -
_EH:/D—' 10 +
_D_—————D- :
0 &% : 1 -
3 4 5 6 7 0 1 2 3 4 5 6 7
Time on Stream (h) Time on Stream (h)
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Hydrogenation of Various Catmint Oils

100 4
= ? \ 25C <>100T
' c, t- t,c- Nepet. Puleganic 1
Source  NPL NPL  Acid  Acid (Pa) Othe' 10‘;
A 185 50.8  4.96 1.10 236 & ]
B 209 548 469 011 194 = 13
C 70.0 0.89 3.90 0.90 23.3 27 ]
D 848 10 294 02 10.9 T 0.14
G
0.01 -
Two-Step Hydrogenation 5 ; 5 3 A
Process with Pd/C Catalyst 2 N B
. . .
Applicable to Any Crude Oll N o o
e Minimizes Formation of Undesirable = | .~
Side-Products (< 2 wt% PA) 3 1 / A i
© N e
* Less PA Formation for Oils Rich in = L
. < - C
cis,trans-NPL S 1/ >
T e :<A§l x
0 bt —1 q >
0 1 2 3 4

Run Time (h)
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EPA Registration

Process Demonstration on Multiple Oil Feedstocks

Feed | Nepetalactone Dihydro Puleganic Acid Nepetalic b-Caryophyllene Others
CMO nepetalactone Acid
CMO | RCO | CMO | RCO | CMO RCO | CMO | RCO | CMO RCO CMO | RCO
Lot 1 78.48 0.04) 0.26| 72.84 - 9.43 8.50| 6.18| 8.16 0.13] 4.60| 11.38
Lot 2 58.76 0.09] 1.11| 69.67 - 2.30| 12.63| 2.34 0.49 0.04| 27.01| 25.56
Lot 3 74.61 0.06] 2.89| 68.76 - 6.89| 11.26| 13.97] 0.71 0.01] 10.53| 10.3%
Lot 4 74.85 0.32] 2.82| 69.77 - 6.94| 10.44| 13.06 0.58 0.01] 11.31 9.90
Lot 5 78.59 0.05] 0.60| 68.93 - 8.32 258| 0.62| 4.69 0.06| 13.54| 22.07
(avg.) 0.112 69.99 6.77 7.23 0.05 15.83
Nominal Product Component Nominal Conc. (Wt%)
Specification _

Dihydronepetalactone 69.87

Puleganic Acid 3.32

Nepetalactone 0.15

B-Caryophyllene 0.046

Nepetalic acid 14.2

Other ingredients (unidentified) 12.43

Total Inert Ingredients 26.63

(nepetalic acid plus unidentified)

Ethanol 0.73

Water 0.28

QUPINT
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DuPont researchers have
developed a way to refine
Nepeta cataria, or catmint, to
create a new, high performance
insect repellent.

Refined Oil of Nepeta cataria,

or catmint, is a new, natural

ingredient that repels a broad

range of biting insects with

effectiveness similar to synthetic

ingredients such as DEET.
6/21/2010 DUPONT

A New Innovative Use for Catmint: DuPont
Develops New Natural Insect Repellent
WILMINGTON, Del., April 27, 2009 — DuPont has received

EPA Registration — DuPont Press Release

registration from the U.S. Environmental Protection Agency (EPA)
for an insect repellent ingredient derived from the catmint plant , a

sustainable resource more commonly known and loved by felines
worldwide as catnip. The new ingredient, Refined Oil of Nepeta
cataria, is the first new insect repellent biopesti cide to be
registered by the EPA in eight years . DuPont also has received

registration from the EPA for two additional liquid formulations of the
new ingredient. These end use products are currently under review with
the Canada Pest Management Regulatory Agency (PRMA) as well.

“This new, natural ingredient is particularly exciting because it repels

a broad range of biting insects with effectiveness similar to

synthetic ingredients such as DEET . Unlike other repellants on the

market today, natural refined catmint oil can be reapplied often in

contrast to other common repellents ,” said Henry Bryndza, director

of chemical science and engineering for DuPont CR&D.
The current market for products that protect against dis ease

carrying pests in a variety of markets including healthcare, personal

care and veterinary practices is about $800 million . With recent

outbreaks of illnesses such as West Nile virus and Lyme disease in the
United States, the demand for insect control products, as well as more

sustainable natural repellents, is expected to increase.
ISCRE 21 — K.W. Hutchenson, et al.
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Summary

Refined Catmint Oil a Natural Product Insect Repell  ent of Comparable
Efficacy to DEET

— Refined Catmint Oil has Enhanced Properties over Crude
— Formulation Confers Enhanced Efficacy over that of DEET
— Extensive Testing for Insect Repellent Efficacy

— Desirable Toxicological Profile

Production Process Developed Comprising Steam Disti llation, Oll
Pretreatment, and Hydrogenation

Pd/C a Viable Catalyst for Batch Slurry Reactor Pro  cessing

Two-Step Hydrogenation Process Effective at Maximiz ~ ing DHN Yield
— Applicable to All Crude Oils Tested

EPA Registration Obtained April 2009

DuPont Currently Licensing this Technology

* Practical Consumer Products Derived from Natural So urces Often Involve
Traditional Chemical/Catalytic Processing

» Natural Feedstock Sourcing Can Be Important to Chem  ical Processing

QUPINT
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The miracles of science”



