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wa\ppriocEé on No. 60/ 722, 662,

Title Puleganic Acid Insect Repellents This
application clains the benefit of U S. Provisiona

which is incorporated inits entirety as a part hereof
for all purposes. TechnicaFifiel d This invention

relates to t f . nic aci.d _as.an
insect/arthrqﬁﬂ' & %h%?%ns c% k 1 und, or
as a topical treatnment for skin. Background Insect
repellents are used globally as a means of reducing
human-insect vector contact, thereby mnim zing tr§;gl
i nci dence C | SEasE t el |
as the geng?gygd%gé%ﬁgigfaggéoc|atéﬂﬂaﬁgﬁﬁﬁ%ggc bites
. Proiel eema k il Berk tors tNa ded 47aBetbactfiived September

ingredi ent i.n. rcial_to ic%% i nsect repellents is
gy ssbeet bgereralal Lo ool dnseel Cepell ety i
dbatthybhedednice 4 DEER)rpodddET, however, exhibits
several characteristics that are perceived as
undesirable, such as an unpleasant odor and a greasy
feel on the skin. Alternatives to DEET as an i nsect

repel I ant
Technical Field

This invention relates to the use of
puleganic acid as an insect/arthropod repellent, a

fragrance compound, or as a topical treatment for skin.

Background

Insect repellents are used globally as a
means of reducing human-insect vector contact, thereby
minimizing the incidence of vector-borne disease
transmission as well as the general discomfort

associated with insect bites.

The best known and most widely used active
ingredient in commercial topical insect repellents is
the synthetic benzamide derivative, N,N-
diethyltoluamide (DEET). DEET, however, exhibits
several characteristics that are perceived as
undesirable, such as an unpleasant odor and a greasy

feel on the skin.

Alternatives to DEET as an insect repellant

have been found in materials that can be derived Ffrom

filed Septenber 3BCT/ESDB6/038091
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have been found in materials that can be derived
froncatm nt oil, such as nepetal actone [as descri bed

WO pooEiosrses , Sci ence (1964) 146: 1318-1320] and PCT/US2006/038091
di hydronepetal a stone (as described by Hallahan in WO

QHAKB G iand 222 ptdQ)lactiele Ry elddteliess ax sts

a continuing need to provide | ow cost and efficacious

Bt r‘%?ﬁeqﬂ%t(sl96é’drtj14&fllé5ﬂ+8f3{3ﬁ@§eaﬂ%t can be
ﬁﬁg)wgge@g %r@ (%%uréé%% )f{alrla%% in WO

|s I nvention re ]iate 0 a conposition of
et ters ec aqut it M /2 2argedund  of THegremmearerthelles s

S|t|onrra Cconpris i n_addi ntothe ound

AP ISR TGl 90l %ddle AT
élﬁlfdaﬁ;fz,o@ GLQfs@iﬂ G eﬂl@{iﬁoelﬁd&ﬁdﬂl&\i@@t AR hat
addi ti onal insect/art hr opod repell ant such as

GHTh\dr slrepates] detohaatumifel HAABERS i nventi on al so

relates to a nethod for repelling insects and/or

art hropods conprising exposing the insects and/or

art hropods to a conpound of the above descri bed

Formula | . The present invention also relates to a
for nmethod maki ng a conposition of matter that

may be appld ethd erdishddt, e haldnt ifgathart ey to
fur or other surface of a human or donesticated ani nal
Pyl o igh qra )0 fo riee tére 1 st aRst L sl s rer i empsvanch osnet i ¢

ﬁgrmula I:

OH

The composition may comprise, in addition to the
compound of Formula I, a puleganic acid, one or more of
a carrier, a cosmetic or therapeutic adjuvant and an
additional insect/arthropod repellant such as

dihydronepetalactone.

The present invention also relates to a
method for repelling insects and/or arthropods
comprising exposing the insects and/or arthropods to a

compound of the above described Formula I.
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t herapeutic adjuvant with (b) a conmpound descri bed
generally by the above described Formula | . Brief

wW®e®Cc0#30é on of the Drawi ngs Figure 1 shows theCT/ES29006/638091

of testing pul eganic acid agai nst the indicated

controls fgr their effect qn the probi beh V|or of
Aedes aegyptd Hfodtutt ot &vﬁrgut% aflnS?/l]ferﬁtgi‘ §* assay

¥ o] ulf e m&hhndkmakﬂng%arnomﬂuﬁiﬁmonunﬁzmathaﬁ(ihat
15 LB dly UGS cjaif] s eitd 68] SCAIR. AN fur

an nu nmosqui t 0es
P st |ﬁ3¢rﬂq%mfgra g'mf@?g’arﬂlt daneEtdarn tnsd prdpmledyas
aamﬂir\gft ide e OPIARAONE, cdtiSi dis @dPra tRERIHIROSS

l1n sects anqh art hropods has not been
tﬁ} gaeépﬂd’r‘f s tCOMRFUEYG st ided
gaieartae]sly’ mwmﬁﬁdmﬁéﬁcm@&fﬁmﬁﬁ d,. and to the
use of pul eganic acid and such conpositions as an

i nsect/arthropod repellent. Pul eganic acid, as the term
is used herein, is 2-isopropyl-5-nethylcycl opentane

A DO d &80 1 & Ui iRgd generally by the

c acid suitable for
use in HW@QWNE@J%WW%W&%nﬁm&ﬁQ@mﬁamnng

%@.pﬁ]aaﬂlacéégggr %?%t e SttEHet Ilr}gilcgteerci contr atj aCtt neei
effect on the probing behavior of Aedes aegypti
mosquitoes in the in vitro landing assay procedure,
described herein. The horizontal scale shows time in
minutes, and the vertical gscale shows mean number of

landings of mosquitoes.

Detailed Description

Although puleganic acid can be prepared as a
derivative of nepetalactone, its use for the purpose of
repelling insects and/or arthropods has not been
previously reported. As a result, this invention
relates to compositiong of puleganic acid, and to the
use of puleganic acid and such compositions as an

insect/arthropod repellent.
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generally by the structure of Formula I, may be
obtai ned fromthe essential oil of the Nepeta

w@ cavmarsdg plant, such as the speci es Nepeta CeCHUSHNG6/038091

The Nepeta plant | eaves a preferred source of the raw
mat eri al as mepeialactne) | SPragent..in Jdarge antity
anJ[d,s r?y. boe rea(r:]i]1il purified ther efroer%np'llhsg L%ses ST,
0i - of tHe ¥ h T AW Grisl drerottrad ned-Haycytlhie: St@am

diegid |datdedyr 8 lLant nmaterial, and one
of_ the prinary iég%eér?gr%?ﬁﬁfgp%zlt %ha?ctstifﬁél,‘jtﬂjrr@nﬁf Formula
ciIs:nepet al actone (shown in Fornmula Ha) , can be
purified fromcatmnt oil via crystallization using
petrol eum et her-hexanes . In addition to trans,

ci s-nepetal actone (Ha) , the other primary isonmer of
nepetal actone is cis, tra s-nepetal actone (shown in
Formula lib) , which has ftye (S) -configuration at the
7-carbon (accordi ng\to thgynunbering schenme of Formula
1) : Wien hydrogengje pet al act one produces a

m xture of pul egani d andHi hydf onepet al act one
("DHN') . DHN, whi£ descri bed generally by the
structure of Fornul g N\dy exist as either a single
di astereoner or as a conbijnati on of diastereoners :
The structures of 9S di hydronepet al act onest er eoi soners
are shown bel ow. The reaction in which pul eganic acid
is fornmed

Puleganic acid suitable for use in thig

invention may be prepared using nepetalactone as the

starting material. Nepetalactone, which is described

generally by the structure of Formula IT,

O
7a
6 1T°02 ||
5 4a / 3
4

may be obtained from the essential oil of the Nepeta

(catmint) plant, such as the species Nepeta Cataria.

The Nepeta plant leaves a preferred source of the raw
material as nepetalactone is present in large quantity

and may be readily purified therefrom. The essential

0il of the catmint plant may be obtained by the steam

distillation of the herbaceous plant material, and one

o . .
f the primary isomers of nepetalactone, trans, cis-
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by the hydrogenati on of nepetal actone may be
represented generally by the schene of Reaction | , as
WO 20070%1806 Reacti on (1) The hydrogenation o f PCT/US2006/038091
nepetalactone may b e effected in the presence o f a
LY Sl ohee (sBotHbshareeminat 1akf eckant be paterekd
t e reaction but not the reaction equilibrium and
famey gesmingnrihe ViaackyehaeheFREAPRY UGABHaREEECL PHM
eegg&e%%§gnggbodlnent a supported netal hydrogenation
talyst is used. Suitable catalysts, supports and
reactlon conditions for this hydrogenation reaction
are descrlbed i.n Nhnzgr, U S 03/225, 290 éﬂ c 03
(whi ch i s IPn@BApEraPedi FTRES efitfr BEYSL QDSSPF
h@%ﬁOft%%ro@hErpﬁ&QQﬁ%?)1bome@abﬁ|ﬁéb@&biab@one is
Par agraphs 33 through 13 0 and Tabl e 1 thereof
cEeenpirans -oapatpdestonat (pheke AnghHoamydat $19)¢ which
I ni G, a I ati 2@ 0 m
R e M SR
t&@dnmnﬁ@mﬁmgnsChemeroWhFohmuma geduction o f trans,
ci s-nepetal actone (Ha) to di hydronepetal actone (Ilia)
and pul eganic acid (la) , as shown generally in the
schene o f Reaction (Il1) , may b e obtai ned: Reacti on
(I'l) Puleganic acid may be purified fromthe m xture
of products obtained fromthe hydrogenation of
nepet al actone by liquid/liquid bicarbonate extraction,

H

When hydrogenated, nepetalactone produces a
mixture of puleganic acid and dihydronepetalactone
(“DHN") . DHN, which is described generally by the
structure of Formula III, may exist as either a single

diastereomer or as a combination of diastereowmers:

The structures of 95 dihydronepetalactone



foll owed by acidification. Suitable organic solvents
for this extraction include dichloronmethane and
w@hdoonef3os m A s nepetal actone may exi st as di BCT/E8m®06/038091

10

15

the contrary, a refereng
such as "pul egani c aci d" yepet al act ongé” §
"di hydr onepet al act one"
stereochem cal |y zgﬁmdﬁ@@ﬂse%t ruct L@ 3’2[3’31@91’!’,?‘%5@
interpreted to be an incl usi %
st er eoi soner thereof, anﬁ/mr
of, and/or to all of, t St eOi soner s
compounds. M xtures of

stereochem cal isonmers found in nature, puleganic acid
derived, from nepet al,act one rogenati on may al so
e??%ﬁe%%;%W%§§é$eoné$§%1gﬁéﬁxgs ?hose descrYbed
generally by the Fornmulae la-1d: In addition to the

st ereoi sonmers of pul eganic acid shown above in Figs
la-1d, which have the S configuration at the 5 carbon
(according to the nunbering schene in Fornmula | )
st ereoi somers of pul egani ¢ aci ds having the R
configuration at the 5 carbon are useful in this
invention as well . As Lndic al act one,
al | exi st
ated to

Q

ted above,,nepe

in diastereoneric form s ul t

nane,

reference to a:

(15,585,98,68)-5,9-dimethyl-3- (18,95,6S,5R)-5,9-dimethyl-3-
oxabicyclo[4.3.0]-nonan-2-one oxabicyclo[4.3.0)-nonan-2-one
(o}

' uu\\\\\

,u\\\\\\\

(98,58,1R,6R)-5,9-dimethyl-3- (98,1R,5R,6R)-5,9-dimethyl-3-
oxabicyclo[4.3.0}-nonan-2-one oxabicyclo[4.3.0}-nonan-2-one
(o}

(98,6S,1R,58)-5,9-dimethyl-3- (98,6S,1R,5R)-5,8-dimethyl-3-
oxabicyclo[4.3.0]-nonan-2-one oxabicyclo[4.3.0]-nonan-2-one

The reaction in which puleganic acid is
formed
by the hydrogenation of nepetalactone may be
represented generally by the scheme of Reaction I, as

follows:
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formed in which the nolar or mass content of any
i ndi vi dual stereoisonmer, or any subgroup of the

WOrR00U/041306 r el ati ve to the whol e m xture can bePCT/US2006/038091

vari able. This invention relates to conpositions
conprising pul eganic acid, as represented generally by
Formula | : and to the use of puleganic acid and the

conposi tYons thereof. The preparatiqns ofQOthis

i nvent i gh ich iBF%Ude t he {pul egani c adid conpounds

des d @boeeCHAYSE he Lorposiai on MOt i ongyand. -
ot tegi alstrhatmm pr eparte om such fon (1)

conmpoundsg” according to tF enti ofr, m xt ures
thereof, {may all be used for ja multiplicity of

pur poses,, These purposes include, for ex | e, use as
an acti@@ ingredPenP in an difdective ann@ﬂ? for the
repel |l ency of various insect or arthropod species, use
as a fragrance conpound itself or as an ingredient in
a perfunme conposition, or use as a topical treatnent
for skin. For exanple, the preparations hereof nay be
applied in a topical manner to the skin, hide, hair,
fur, featH&rs lyrdmdraatsint afe ndpet almrrmne sish s a

Jupm g Sorwel SAEL ARy Liah g vep 2o 8 10t
asbd hesee NEtyats &4 M @ss | HIse atataank piiab| e daibrs durc et
for 2199d; f eeding, [ nsect s, and ALty onods, sUEh 25, ccson
chemically unchanged. In a preferred embodiment, a
supported metal hydrogenation catalyst is used.
Suitable catalysts, supports and reaction conditions
for this hydrogenation reaction are described in
Mangzer, US 03/225,290 [4 Dec 03 (which is incorporated
in its entirety as a part hereof for all purposes)],
particularly in Paragraphs 33 through 130 and Table 1
thereof. Exemplary catalysts that yield high amounts
of puleganic acid include platinum- and iridium-based
catalysts. Manzer demonstrates, for example,
catalysts and conditions under which the reduction of
trans, cis-nepetalactone (IIa) to dihydronepetalactone

(ITIa) and puleganic acid (Ia), as shown generally in

the scheme of Reaction (II), may be obtained:



flies, chiggers, fleas, nosquitoes, ticks and |ice.
The preparations hereof may al so be applied to or

w0 p@onposn@t ed i nto an i nani mate host for an i NBEDUSING6/038091
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20

art hropod, which includes for exanple a food source
such as growing or harvested plants or crops, or a
desirabke Ha' tat such as a buil ghng or strucgure, or

5

ot her tynpe tective arti d such as nay be nmade
fromf EP?ExPﬁﬁﬁﬁﬂ Such-li i 7 ;
i ncl ude r [

ain is

source for jasects such as flour or bean beetles or
weevi |l s. A preparation hereof nallabe used tolaepel

such insects by applying the preparation to a

container or article or to any point of access
thereto. The preparations hereof nay al so be applied to
the skin and/or hair of humans to inpart a pl easant
odor or aronR.as a.fr%%p nce conpound itself, or as an
i ngredi ent inaJperiu MegsiPei BRridded Feom the
prepaate @ifs gieiceeft STRK+ali SR b ed,as i cal .
treatnent for skin by applicat?gﬁﬁkgh%hgﬁg%%%egﬁEFSP of
hAPSPRGRAS Y tHeuie/Mhiabiid bodprhashter erseaction,
c gdil bivene L.e.lati.on, splLas ray or  other

type of_cog%é%?ggﬁféggkﬁggé ap%Pﬁgabg rQ%HQPF§ B¢ lvgets
user. tAipepakirent isnhshanadedti vasokrBEEELENA and

chloroform.

As nepetalactone may exist as discrete
stereochemical isomers found in nature, puleganic acid
derived from nepetalactone hydrogenation may also exist

as diastereomers, such as those described generally by

the Formulae Ia~Id:

In addition to the stereoisomers of puleganic acid
shown above in Figs Ia~Id, which have the S
configuration at the 5 carbon (according to the

numbering scheme in Formula I), stereocisomers of

rs,  Reaction (ll)
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arthropods away fromtheir preferred hosts, whether
animate or inaninmate, or renders those hosts

W@ eacoedabl e i n sone manner. Most repel | ent s BEBUSING/038091

active poisons, but rather nake desirable

DABEGH A BE tmg@@ohmﬁﬁ@ t1d 1 heoreonglidd ©Nsn assogiated
wi th those hosts, unattractive or offensive.

ISPl 3§ ‘@@@bbl%%n‘%mr% Hyprpgatddiveahiat  can be
topically applied to, on or about a host, or can be

i ncorporated into a host, to deter i nsect s/ art hropods
from appr oes himdji cat e@nebonveag napd el needby, 3-

I whi the host exjsts. In elther
R R DS R T 251 st ki St
1MSeTs St @rdSopds £ &) edis the-dnsts %nj&ﬁh%é&%

to be driven out of and away fromthe host
e @UYC TR i 2 esc ke duerRycatoowid &y tios amme,

Z €Sy t of,, damage t hat
%ﬂ% [ nse%ﬁar?ﬁ%%o%%usesﬁ 0 Erjlaf'lnnjp‘mnrkan Trate host .
Réﬁe}rdmn@emldmame'thmf o eefergasas {®ld actory) |
ui d or ajpl%gust at or . One property that is
% ‘?Cf O THEPET | et iWiehedE i s

s daeeed 100 the A5 IMMMIERA] LS G ald gt hsﬁ@laé

and non-polar regions in their structure. A second

. iﬁ’@ﬁfé?ﬁpm%r Vidreite d i ¢t yandv(emucemry fcm'mﬂ@matwmrsm any

asgn - where e rati t active
I ngr edi ent OEP&)om a surf akgee % eStds IR
compounds . Mixtures of stereoisomers may thus be

formed in which the molar or mass content of any
individual stereoisomer, or any subgroup of the

mixture, relative to the whole mixture can be variable.

This invention relates to compositions
comprising puleganic acid, as represented generally by

Formula I:

and to the use of puleganic acid and the compositions
thereof. The preparations of this invention, which

include the puleganic acid compounds described above,



[ i bution to
on or near a host nmakes an inportant contribut
its effectiveness, as neasured by the protection of an

wa@niommssohost frombites or the protection of BET/US2006/038091
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i nani mate host from danage . An aspect of the potency

I cefd nnd O ich the .
21;a12% L?Eit ?%nﬁ@%?y?ﬁ%ﬁﬁh bg?éﬂ%fe% Jﬁé&%% e %(? o S pac gmaatbwl S
or ERRToUTRY 0 iR ¥R 9 ef o t Stats ctreﬂl;]ma‘piﬂ;dla?cfbcbﬁiing to

i Ci : e insect ar._arthropod,
;;Erptﬁii%Llﬁge@&a&ﬁpﬁ%‘gq}‘%’é}%ﬁe? q?kled%es‘? bl |%BWVebopiused
cofers matd wipofctthe sepelimied s obtridedyinddg air
space .p i ily from evaporation, but_the_rate_of o
evapor a({ei o9 eif?‘%‘iﬂtee'd e t3fe %rataétdfvemﬁlmqnhu ?ﬂ]e an
[ ] rdnaaen penet ' nd t.
Isum}ﬂffaef:dﬁ?ta{]us aﬁ?r%g_; al vvax; é&%%ﬁ{r%galfaﬁremﬁﬁd nsect

| ¥s BtERId amediem tumee aﬁrfaacfe:ag'ﬁ’lrairﬁ:eca{)w'péﬁfr@ ion
' the l.oss of a repellant by
SPRsan S et BB dna: Heliemeo compamition, or

amsrate Rostopdsalo dredneess FHoradkgpel | ant froma
surface of an inanimate host made froma synthetic
mat eri al, where the repell ant substance nay

desi r abl | 0 r Lcal.s_present _on that
S surfabe Leae o PEA oA SP ™ FEREPFaeY De
s GBBtdfRee 1By aplipsiicall aetinem, tsucheaskdil, Uhligs,Ohair,

absor PR QL B%S%t%%rcgﬁ%%gggagkog aémﬁgﬁ?lgﬁgh as a
human or domesticated animal, that serves as a host for
an insect or arthropod. Living, animate hosts such as
these may serve asg insect-acceptable food sources for
blood-feeding insects and arthropods such as biting

flies, chiggers, fleas, mosquitoes, ticks and lice.

The preparations hereof may also be applied
to or incorporated into an inanimate host for an insect
or athropod, which includes for example a food source
such as growing or harvested plants or crops, or a
desirable habitat such as a building or structure, or
other types of protective articles such as may be made
from fabrics or textiles. Such inanimate hosts may
include, for example, towers, silos, bins, hoppers,
boxes and bags in which food products such as grain is
stored, which may be an attractive habitat or food
source for insects such as flour or bean beetles or
weeyils. A preparation hereof may be used to repel
such insects by applying the preparation to a container

Oor article or to any point of access thereto.

-10 -
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action, such as a reaction, is equally undesirable in
the case of repellency of an insect/arthropod that

W@ @130 or whi ch concentration directly on aPGUUSHE€038091

is an inportant factor.In selecting a substance for

use as an TRSestéBhtAE 0P8 Knepsht ey act iy e thSh1ieq

i nherent volatility of the subst ance thus is generally
&R Fhpoviimtardhet des b | @b hynaee | ke yimpast rateipasant

o n needed for, t pur pose of

Sr a&?l J.ﬁﬁ% ncgr\ggjg%g p"ycla\{trpcgﬂa s(forrﬁ%ouné Jttﬁsehg%’t |?/ Shi T8
nmgr@kémmtasimga peadf pref esabdyi t el pasamd, thvol atility.
For exanI) tive can be fornulated with

th
OPRAET S A IF?PS?“?ENH@Y S BNLRE SRR R Pt St ence
Ot Bt { 368 t O Wi 16h %ii&@t%nﬁf&@ﬂ@'&]&ﬂtaﬂw&be

exuded. The presence of inert ingredients In
lﬁ@qcmfétlnman%mwelne Wrutes a Heodictwamh i nrim

Ioss of ctive from
und‘g]éjf{'ra ]§/’ rtg%llle evapo TAL | O?Tp%f% tHREF DS bt Hide d vPe
afatostet he piskuef & npbyl BoplyéNgodH0L Y ik | ghacidame.
to be effective. Alternatively, the active ingredient
may be contained in mcrocapsules to control the rate

of |oss fr@r&%’%}éﬂéﬁ@est%s%h@étdﬁ@es 8y SOF

nol ecul e, whi slowy disintegrates on a surface or
Iv-larepeds chey nliyohet isd e bonted|hadies r attestier

%rgirﬁ%éeg of flpa?nflnqgtéé/,e Ing]ce cl,leelnst s hgsrlzergl st may
unacceptable in some manner. Most repellents are not
active poisons, but rather make desirable
insect/arthropod hosts, or the conditions associated
with those hosts, unattractive or offensgive.
Typically, a repellent is a preparation that can be
topically applied to, on or about a host, or can be
incorporated into a host, to deter insects/arthropods
from approaching or remaining in the nearby 3-
dimensional space in which the host exists. In either
cage, the effect of the repellent is to cause the
insects/arthropds to reject the host, or to cause them
to be driven out of and away from the host, which
thereby minimizes the frequency of “bites” to an
animate host, or minimizes the amount of damage that
the insect/arthropod causes to an inanimate host.
Repellents may be in the form of gases (olfactory),

liquids, or solids (gustatory).

One property that is important to overall

repellent effectiveness is surface activity, as many
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to continually stinulate the evaporation of the active
fromthe fornul ated conposition. The rel ease of an

W@earee3pngr edi ent that is intended for appli ce€T/O8200€038091

the skin or other surface of an ani mate host nmay be

26p8MpehsBedont 8ineXanB! BolhY SHR-ABEFPBlar regions in
encapsul ation, in which the active ingredient Is
Eheapsaraueluse - envRl 8peen@nPEOBRF RYiotFi SALAGLpEBY ei n.

LN 0 e t
e
evaparasioangfofththeseipeoirgnedapstl €somhat snajabe of,

suspended in eit e& E?mater:basedlotion, or. wat er

{ f
S 85 HBPFi CabPOh. "AREEr SoRFRGECAREhCSRFRIDRRER €O

RESt eEReEBPSHhBSshedENmbashit-8akpiovhe pebeastNent Be an
encapsul ated active. The process conti nues as each

AréMaseoppPetcaponl birssdepl ehedrrabACE épraeédann
§H%ﬁ?ﬁ§£8nhggtaf98W'8§R§§E? that contacts the surface
an

relleases Its actrve rngredi ent. The process nmay
take up to 24 hours for one application. Because a

protein adheres very effectively to skin, these
for mul at i oft8 Q?BGGErVErEE?sPSE?XFﬁ B rgpF?B?fiﬁnt

taweakbnetf } sapdedikbhentBywhatar thEOBbALBRE raQUERESE
One of the distinct advantages of the preparations of

thessthesanreninsthRapnirhepageealpbivechsr acperfized by a
FELEAPLCpHALEL 6 ot BRbgTg, PRCTLo AL eckorcuse
repel an insect or arthropod, particularly a flying
insect. A desirable level of concentration of the
repellent ig obtained in the air space primarily from
evaporation, but the rate of evaporation is affected by
the rate of any absorption into the surface, and
penetration into and through the surface is thus almost
always an undesirable mode of loss of repellent from
the surface. This consideration applies equally to
the loss of a repellant by absorption into the skin or
other surface of an animate host as to the loss of a
repellant from a surface of an inanimate host made from
a synthetic material, where the repellant substance may
undesirably react with other chemicals present on that
same surface. Loss of concentration of a repellant
substance by physical action, such as dilution or
absorption, or loss of concentration by chemical
action, such as a reaction, is equally undesirable in
the case of fepellency of an insect/arthropod that
crawls, for which concentration directly on a surface

is an important factor.
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around a surface of an animate or i nani mate host,
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be used for such purpose as an active, or an active

[ ' g [, which the preparation
o dm xed Wt K e Garrar SUTBTE Gty
apPhe Rt/ 3tk hefondrk oxpRidsintti eretiore, RS agd iy dihe

i qui |, aerogel,
f O 5 I of ,a liquid, aerosol, ge
fggmﬁﬁfﬁi) 2¥p625%§9£§§?é§ﬁ5§361éfbﬁﬁmﬁraiiyaan

dustiog: ponden)s ideutiahl e caf Rjgns gfu%%r%ri]%g%%es %fre
a var.i.e of commercially available organic an

i r?&aglziw’ﬁ%% &]Lﬂwc?,v%ol i“@l,enOrnesﬂeimd foal ittheC BfufripRies @tE
Carmtiab oM Alions usaplg i Lot ating a yariety .
of cosnetic products. N FSETPSE A oRPOESIVE

f &P tagsicreasioy, t enth @r&lfieﬁra@llyOtih%E:e%%&B@(;evgﬁa? ility.

Lt hS | [ogically
hgan .. | important to select a dermatol oc _
accengghgi%arggsr?C 1USr FPBr Peuifpapléated wsehhpokimers

i o ' i | i nsi-LLcan trolatum
oLl or Tyt s e ArSEEhEeBer BELEALE (Ph e
a§u5fFFauL8 5¥F5haﬁpElh§drecafbom ¢Righ PENWADE, be

he e , .decane, and their anal ogs) or
i ar o P A o Rt orCa Harche

useFUklatgend hydevear bansutes! tde 9itsvorogduced by

Dot i the distillation o
£g§¥g%§£¥§%§;|%%%0%?§8 és%?gf an active from undesirably

rapid evaporation must thus be balanced against the

risk of simply applying too little active to be

effective. Alternatively, the active ingredient may

be contained in microcapsules to control the rate of
loss from a surface or an article; a precursor

molecule, which slowly disintegrates on a surface or in

an article, may be used to control the rate of release

of the active ingredient; or a synergist may be used

to continually stimulate the evaporation of the active

from the formulated composition.

The release of an active ingredient that ig
intended for application to the skin or other surface
of an animate host may be accomplished, for example, by
sub-micron eéncapsulation, in which the active
ingredient isg encapsulated or enveloped in a skin-
nourishing protein. The protein may be used, for
example, at about a 20 wtg concentration. An
application of repellent contains many of these protein

capsules that may be suspended in either a water-based
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petrochem cal stocks, including kerosene oils that are
obtai ned by fractional distillation of petroleum

wiorakises pet rol eum oi | s include those general PgT/US2006/038091
referred to as agricultural spray oils (e.g. the

[ iumspray poils,, consisting of
?no%%\% ie&?'r aé():g !\&%gé‘? ngeﬁ Rl a&?i ?E%/%fjr Gt pet rot tetim R act
whv thh asleionl ’t;/héhj)]g:httd(ej:yn Vc(ﬁj&@di@é ]?egSMQ mflﬂlﬁﬁﬁfwm
I i ghl fined and may contain only
gifg%h?%sjglf‘gq u’?%%{?ef?%l‘lé‘ﬂﬂc%ﬁﬁ%uﬁ%%v%uch_ﬁﬂ @,rcmﬁ?)ver ,
eneiad | fi ' ! gl y; can .be
2:;3? sifi e@aé V\iysf H@é\/\gﬁé enlrliba%d%c;brﬁlgdnui %I % |1gér ,rhgédiqelﬁaleeqt_etdo then
S | ovRRlaeritert ra¢erssiandwsethas crsayse thld @idtscts

' sul fat.e di gestion of wood pulp, 1ike the
gggr}g% ;Eﬁ% %al((?ésn,ar(l:%nresjﬁ'ﬁﬁ IV%@%@’& ROt 15 ani ¢ The
| oo b o mid e rieleang e whe Hdid EdrerRRN®pplication.

hydr ocar bons and terpene al cohols such as _ i
aly]%ﬂ%%%éhé?r‘bq%éht%rqservﬁﬁ%@ﬁf%wqi@ ltickskin,

a i ; ' [ iJJ_cone, petrol.atum

ool e R ocar Bond st ey taten

10 palaferatr afif), aral Ididivtsion iyuiveh tear Fansn lytthieac aideRe s .
and terpene al cohols, aliphatic and aromatic al cohols,
esters, al dehydes, ketones, mneral oil, higher

al cohol s, ficel yiditteder s@rigai ¢RRG R0 ¢ g0l id
materials., In addition to the abovenentioned Iiquid
hydrEeEAsaRes Ofe tdd e ileveadid osorisaitiiat they are all

characterized by a relative volatility that makes them
15 suitable for use to obtain a desirably high level of
concentration of active ingredient on, above and around
a surface of an animate or inanimate host, as described
above. One or more of these preparations may be used
for such purpose as an active, or an active
20 formulation, in a composition in which the Preparation
is admixed with a carrier suitable for wet or dry
application of the composition to a surface in the
form, for example, of a liquid, aerosol, gel, aerogel,
foam or powder (such as a sprayable powder or a dusting
25 powder) . Suitable carriers include any one of a
variety of commercially available organic and inorganic
liquid, solid, or semi- solid carriers or carrier
formulations usable in formulating a variety of
cosmetic products. When formulating a composition for
30 application to the skin or other surface of a human, it
is important to select a dermatologically acceptable
carrier. A carrier suitable for use herein may

include water, alcohol, silicone, petrolatum, lanolin;
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walgtoapedosn t h, water for end-use application.

conventional enul sifying agents which can be used for
causing the active ingredient to be dispersed in, and

other liquid carriers can include organic solvents

SHCha@si ad 1 phatd:¢ @f@bﬁ@m el €oRel S BderISs a
al dehydes, and ket ones. i phati ¢ nonohydric alcohols

FHer i el velralyi fe‘f@mcamrﬂm(e “Hr dzmtam%oﬁ?@mne

%%E@B? b&% % ol :&%}QJ{@ én%% 1;'erz{nuc as elf%oils%uld
anongt opyihedeocpgsioah) and pi nacols. Suitable

pol yhydroxy al cohol s include glycerol, arabitol,
erythritol, sorbitol, and the like. Finally, suitable

cyclic al cmtwh@é@cd;@d@cwl@@@ﬁwll L VSO bons

al cohol s. Conventional aromatic and i phati c esters,

hm%ﬁ@@e@,lhﬁcpmm ant e @s%iaﬂalsa@e@mceﬁ omhnd
%O\ﬁiﬁeg@nﬁioé/nt aI coﬁ%fﬁognﬁﬁ% her qwédgcar riers

peictaceemstal | vebykd) ghadibid i mg }petdsmmmmmdimm are
such, as er al ojI d hi al cohol s (such as cetyl

PO Y AT i Lo A 1 Ohar” R S B o
Seiedbld §§§§oiéhﬁ oif&tiﬁﬁid&e3@&$éé“@eﬁ%f&iﬁw|

di t hi ocarbonate) can be used in conjunction wi'th, or
weiereefponed? Friehlwntiwwray eak?i @sgusde igPa

ERPQS1 11 QA ash JBAEs AGE LAY &01 4 N Sl Ve AP

middle fractions in the distillation of petroleum and
which are only slightly volatile). Such oils are
usually highly refined and may contain only minute
amounts of unsaturated compounds. Such oilsg,
moreover, are generally paraffin oils and accordingly
can be emulsified with water and an emulsifier, diluted
to lower concentrationg, and used as sprays. Tall
oils, obtained from sulfate digestion of wood pulp,
like the paraffin oils, can similarly be used. Other
organic liquid carriers can include liquid terpene
hydrocarbons and terpene alcohols such as alpha-pinene,

dipentene, terpineol, and the like.

Other suitable carriers include silicone,
petrolatum, lanolin, liquid hydrocarbons, agricultural
spray oils, paraffin oil, tall oilsg, liquid terpene
hydrocarbons and terpene alcohols, aliphatic and
aromatic alcohols, esters, aldehydes, ketones, mineral
oil, higher alcoholg, finely divided organic and

inorganic solid materials. In addition to the above-
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conposition, crystallinity and | ayered norphol ogy, are

Sui tabl e cl ays .
Lol e B A SaRa | 5, SHLBEL Sl Wencasn

i mmm@smmm eemkbol i ndnesgavt ¢ evh Vel dLu hd ysed for
phl xanthophylllt and chrysotile, and

i G ERS £ HRF cBet S Pr ST Ge Skt | disptiega aiy and
Kool 1k &4 aygen SRt 4 &6l asa I el Ul T I@;ﬂ' lonitey

bei del [ite, nontronite, saponite,
sd%l‘é]%?ﬂftjelqlaqf@ Qretrers Kol i imclades orgdnide deloldrtd esuch
Most

d h
pr e%err s{(lfr:)n ot Ir?‘%rf:cf edl%?r}é(?]g%'ee?r)%reijf%'l eldsipdes,

r amg:aa ]{astnmé)s 5 t mﬁ@ﬂaﬁ@rﬁm@r@d&@am&&ﬂ ORRMtiRs

sect/arthropod repell ant conposition,
pd?qQEﬁfar?Eh%%e:quWﬁ;?ﬂﬁQHK*itkﬁQEﬁPHMQJWRQIMﬂHﬁQUtYl

sWdaaa,10f1 anaifmie lﬂ&s}l' dMElde, | ow 4 oxi ¢ Ilteyd’:\lqo&ﬁls

resi st ance tO | oss by wat'er 1'mrersi on or sSwea
orimpl wHpralycals | easth aasplee:zi@a]aneacm‘rd magslene glycol)

t nd rapi.d.format.i a dry tack- free
sﬁﬂiag%' 013' &ﬁ%&ﬁ%%oﬁ) %@giﬁ fredels include
prgmeretnce]s eﬂt&tﬂlﬁifoll r eatyRRt of1 2 é&@ﬁﬂdlc ateh %@iéﬁ'lke
|nfest%é’mnth an |nsect/arthropod {e.g. dogs i nfestéd

s%ﬁﬁﬂq Gslest éd aghals include cyclopentyl
and cyclohexyl alcohols.

Conventional aromatic and aliphatic esters,
aldehydes and ketones can be used as carriers, and
occasionally are used in combination with the above-
mentioned alcohols. Still other liquid carriers
include relatively high-boiling petroleum products such
as mineral oil and higher alcohols (such as cetyl
alcohol). Additionally, conventional or so-called
"stabilizers" (e.g. tert-butyl sulfinyl dimethyl
dithiocarbonate) can be used in conjunction with, or as
a component of, the carrier or carriers used in a

composition as made according to this invention.

Numerous clays having a layered structure
with interstices, and synthetic inorganic materials
that resemble such clays in respect of chemical
composition, crystallinity and layered morphology, are
suitable for use herein as carriers. Suitable clays

having a layered structure with interstices include
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lice, or cattle infested with horn flies or ticks)
or a human experienci ng unavoi dabl e exposure to an

WO p@eos13p@r t hr opod, by contacting the skin, hiB&l/U206/038091

fur, feathers or other surface with an anmount of the

SHHROSid | s freC thivdna Hegpale triiged NSACH e TdyRpat,
fromthe host . The application of_ an effective anpunt
FINECREpe 1 vt FhpESIMS Vit Ioh  frhmbggiersifjtdaraas -
ﬁﬁ%f [ t rQRo yeh@s, t i n, hide,
lﬁ{’:\élr %a?%r eat Jjéﬁ 0 andaal{ndlsrrat el Sl’%)sc{l?a}gér(' t he
Seattkishe stleass  dreavede ororftnoweirlsl afitae pllamitdedrl idregp)

may. be acconpl i shed by dispersing the c ositjon.into
FHE L 5 BYPRAS e 1 1 e npoRt (ot s 2 Ui e
KA ST1i0Mc1 NPT parated ka0 w owdRicieitdustacand this
Wil permt the conposition to fall on the desired

afrforeisEof andosthens. mijpsl refeest rdbl e to
. 4 e ' Ol
KA R e P BE DL A ron

@pplticdid anl¢rodis=rfor m of a spray. Such a conposition
may be an aerosol, sprayable |iquid or sprayable
powder conposition adapted to di sperse the active

i ngr edi entpd e Pdmspie &y dPanssdt Arthropod
conpressed gas, or a nechanical punp spray. Likew se,

RPNt speRen Hol @n 1 ivpn tdiselA T lso |9 dot ile raieldasht
) &1%12351&11{ bl W AN AR iRl Bsld 40 for

exanp IS a usetu
include low toxicity, registance to loss by water

immersion or sweatingf low or no odor or at least a
pleasant odor, ease of application, and rapid formation
of a dry tack-free surface film. A composition
possessing these properties enables treatment of a
domesticated animal infested with an insect/arthropod
(e.g. dogs infested with fleas, poultxry infested with
lice, or cattle infested with horn flies or ticks), or
a human experiencing unavoidable exposure to an
insect/arthropod, by contacting the skin, hide, hair,
fur, feathers or other surface with an amount of the
composition effective to repel the insect/arthropod

from the host.

The application of an effective amount of an
repellant composition on a surface subject to attack by
an insect/arthropod (such as the skin, hide, hair, fur,
or feathers of an animate host, or the stalks, stems,
leaves or flowers of a plant or crop) may be

accomplished by dispersing the composition into the
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nmet hod of contacting a surface of the host wth an
effective anount of the repellent. Further, it may

W@ b®o/0bodesi rabl e to conbi ne a preparation heP@DUS2406/688091

one or nore other conpounds known to have insect
aepel bengy iR speRRRESEheOBohBoatehRl BMead SYMNERHAL St g st
effect . Suitable insect repellant conpounds '
esnireapPerPELds dBkopar peyeernerudeshepandl Abtenesll
i&%&%ﬁ%‘ %%%?%%HIP%'SEX%E”%Betféhﬁ%gngﬁe%@ %eavg 'r‘.éS%Fs
er eof ,  di hydronepetal act ans ™ an eri vatives ereor,
bénai hoshenzylItbeazoatiep Pe3déshrabile Cbutpkmu2atene)

tetrahydrof urfural , butoxypol ypropyl ene gl ycol,
PR SEARORT G oY BRLYE Rog S, BEPRGFRyPoshereot
Gri@inhwdrRdi tidePYEpRe12- £oar agisxli@taeaog! but yheadbpat &£
di butyl phthal ate, dinormal -butyl succinate, N,
adispriayl-- netachokbugsigesitiimpat Ml bgr bat ecrdseet hyl

QILIGLANS. 12eflion 2orbEl e ohaduPLORRIEYLGbn 2 -

xanedi o I -"nor
aslagitrchare drdkese? thheaylk ieycliohexdieht pnto the
-nmet hane-3, .8-diol, and normal -pro

propyl N, N -
8¢€Pﬁﬂh§&€tﬁﬁéﬁﬁﬁés.oﬁnaaGQWPFSﬁSFQ gf€ o TmBre of the
RieRPREA 0N S uReS %?sfrayén | R3eetAakt haopedrneprebkeBling a
conposi tion may also ynclude one or nore eSsentia
dillos igrgyeor -actlilde scagdedieprild cot essentical énl wetApr

i%g%e'%toir%l @d o 2ehudss A ikyPeof Yak@hihe @ Lhaky
method of contacting a surface of the host with an

effective amount of the repellent.

Further, it wmay also be desirable to combine
a preparation hereof with one or more other compounds
known to have insect repellency in a composition to
achieve a synergistic effect. Suitable insect
repellant compounds combinable for such purpose include
nepetalactones, nepetalactams, dihydronepetalactones
and derivatives thereof, dihydronepetalactams and
derivatives thereof, benzil, benzyl benzoate, 2,3,4,5-
bis(butyl-2-ene) tetrahydrofurfural,
butoxypolypropylene glycol, N-butylacetanilide, normal-
butyl-6,6-dimethyl-5,6-dihydro-1,4-pyrone-2-
carboxylate, dibutyl adipate, dibutyl phthalate, di-
normal -butyl succinate, N,N-diethyl-meta-toluamide,
dimethyl Earbate, dimethyl phthalate, 2-ethyl-2-butyl-
1,3-propanediol, 2- ethyl-1,3-hexanediol, di-normal-

propyl isocinchomeronate, 2-phenylcyclohexanol, p-
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obtai ned froma plant and possesses the odor and ot her
characteristic properties of the plant. Exanples of

waos@fok3essential oils include: alnond bitter BCT/PS2006/038091

anise oil, basil oil, bay oil, caraway oil, cardanom
ﬁael;haﬁ@dgr soaholqetaﬁayn@ﬁnalc 28pyiLl &, &il, cinnanon
oil, citronella oil, clove oil, coriander oil, cunin
dﬁEFhMﬂBMCQﬂnaméG@alyptus oil, fennel oil, ginger oil
grapefruit oil, lenon oil, linme oil, mnt oil, parsley
oil, peppermint oil, pepper oil, rose oil, spearm nt

oi I (nenthah) addsweet avabge okl mokByoE ehk, turmeric

oil, and oil of w ntergreen. anpl es of acti
Pﬁ@P@&PEﬁP§S| €LeLent P I1B§?§EZPgEhEPPPGnEﬁpﬁﬁieﬁﬁthyI

é%hb%ﬁh%&%n %59y51§%|hﬁ¥héhé oﬁ508¥|mé§5'éﬁhéh€1al oils
citronellol, safrole, and |inpbnene. The i nsects and

anﬁ%p@p@§§1Vﬁanngaydbentepeﬁl@dsbytnhé piépar at Rons
her.eq clude.an nber a Iarge r of .
egsen% h g any ., ned C%g ogagﬁgeaaaﬂtt k

is
I'AVEr ra e anlnals char |ze rn ate

tbeaiaddl Eromsachlanhat eadi p@budesbar vheaddopupall byher
di vi sion of the body into head, thorax, and abdonen,
fhpéacharister pegpersngs Bﬁtéhe(B&PnHot aF%ﬁ?@}eFmﬁf

pakks10bcaRARLaA0US 1W RYS 1 ERIS defhbAlt bertkhepgfore
includes a variety of biting insects {e.g. ants, Dbees,

ehiiggersl.f beadl modqubeyesilti chyawamsps) /, cairtiamgm
Pﬁléscgﬁggn Sh?g: E%ggﬁgﬁﬁreeﬂg%é%li"gii c?ghgmon
0il, citronella oil, clove oil, coriander oil, cumin
oil, dill oil, eucalyptus oil, fennel oil, ginger oil,
grapefruit oil, lemon oil, lime oil, mint oil, parsley
o0il, peppermint oil, pepper oil, rose oil, spearmint
0oil (menthol), sweet orange oil, thyme oil, turmeric
oil, and oil of wintergreen. Examples of active
ingredients in essential oils are: citronellal, methyl

salicylate, ethyl salicylate, propyl salicylate,

citronellol, safrole, and limonene.

The insects and arthropods that may be
repelled by the preparations herecof include any member
of a large group of invertebrate animals characterized,
in the adult state (non-adult insect states include
larva and pupa) by division of the body into head,
thorax, and abdomen, three pairs of legs, and, often
(but not always) two pairs of membranous wings. . This
definition therefore includes a variety of biting
insects (e.g. ants, bees, chiggers, fleas, mosguitoes,

ticks, wasps), biting flies [e.g. black flies, green
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irritans) ] , wood-boring insects (e.gr. termtes),
noxi ous insects (e.g. houseflies, cockroaches, |lice,
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and bean beetles, dust mtes, noths, silverfish,

QU B sod N AANNCL1GTROAIIER! 13 I QRALALIAR; BeT eof
may Oe used ‘as & fragrance material or ‘as an active in
a ifrrd@=aR0q ,C aipasibordmg dmbeld saf@.iged tierwe tieapi,cal
manner to human or, animal skin .or hair _to inpart _a
PO dEERCES (&G €545 OTKEHPEGTES drt e

PR f QlodiMBRS )Or PRI hrouldRatdawelsy. (d.Re flour
pl easi ng scent or aroma nmay be obtai ned by the use of

a e feraat ilsretHerseofduas an tass e cotdst hisdgo@nfdsdl | ant
vvherev_.th preparation has the dual attributes of
si'frn tlgﬁs ously inparting both repellency as well as
the pleasing scent or aroma. In a further enbodi nent,
the insect/arthropod repell ency and/or fragrance

. f
products di &t t3tP RS o e Fififdme it AT SHFHGSEE \H%rle"f
by OvEd Py 4 e %a?}:a}gcfehtnt&reemlofoxa,a@ QRAALHIR in

of t'hi's invention. er products include, for

exanftagrandso dyonwast, t idms end did @pplisisidasin a dreire aevl

SRR T o o i AN Ehamion. s o

| aciites Sidaddedd ¥ Sroma thereto, as in colognes or
perfumes for humans or pets. Alternatively, the
pleasing scent or aroma may be obtained by the use of a
preparation hereof as aniinsect/arthropod repellant
where the preparation has the dual attributes of
simultaneously imparting both repellency as well as the

pleasing scent or aroma.

In a further embodiment, the insect/arthropod
repellency and/or fragrance of products directed to
other fundamental purposes will be improved by the
presence therein of a preparation of this invention.
Those other products include, for example, a body wash,
rinse, lotion, splash, tonic or toner, bath and shower
gels, foam products (e.g. shaving foams), makeup,
deodorants, shampoo, hair lacquers/hair rinses,
personal soap compositions (e.g. hand soaps and
bath/shower soaps) or other personal care treatments or
palliatives, and cleaning agents such as detergents and
solvents, and air fresheners and odor removers. Such
products may be fabricated, for example, in the form of

a sprayable liquid, an aerosol, a foam, a cream, an
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personal soap conpositions {e.g. hand soaps and
bat h/ shower soaps) or other personal care treatnents

w@eoopasiddat i ves, and cl eani ng agents such as dRCEU§N6/638091

and solvents, and air fresheners and odor renobvers.

oﬁwﬁl?ne@{todlactg%maxé b derbr icajRdied Or examle1d RdhG.
formof a sprayable I'iquid, an aerosol, a foam a

Téweeamocmﬂﬁ mimdabr igafaing @U@élstaepr@dpmmémdrd &hus
A The £ f S
pfg %}% I% gﬁ!%%&%% Ehe h%g%cﬁakﬁééﬁi§é§péile
dﬁﬂﬁmﬁiSMdﬂWdﬁhdﬂﬂﬂﬁéﬁﬁﬂﬂhgﬁéﬁﬂ@huﬁima‘ﬂd@ﬂﬂltate
redients to facilitate dellvegy in the phyS|ca

%Y des &Y et d09M G RECs SR &Se
1rieadid ¥aapraed tk?abora%%e&le%@llfyorsp%%y%%! 0sQl 91 llant
foam - viscous carriers for a €ream “an oi ntiren
fgverl aoy seyvastle or ¢r ffeynior Wewiousolded réamsi dog foor a
er or éﬁﬂfw a@ e SO|Id An of the abodg descrlbed
pro dct's" may” a 150 conﬁ%ln ot ePaﬁherapeutl g'ly S
sedsretdaaatdlaracidy e adjwdeantcyr @F fupplleneniald.
ingredients as are typical in the personal care
i ndustry. Exanples of these include fungicides,
sunscreenizg, agentS HIR ARG HRGE MSANHAMRS also
tanni ng agents, plant extracts, anti i nflanmatory
CRyERIS] meﬁ tlmmadmmcarlddfl cal cmwé:ngqaﬁgya@emlsre
ha- X aC|ds antlseptl
d??t“ﬁ’t??lo% &, S%rﬁplb AL S5 .%.asﬁear%yh"lcal in
A perdchaSuenas nirhiaém@ers Ebdéfnfpefdm@)fag:@féiéé, include

fungicides, sunscreening agents, sunblocking agents,

vitamins, tanning agents, plant extracts, anti-

- inflammatory agents, anti-oxidants, radical scavenging

agents, retinoids, alpha-hydroxy acids, antiseptics,
antibiotics, antibacterial agents, antihistamines;
adjuvants such as thickeners, buffering agents,
chelating agents, preservatives, gelling agents,
stabilizers, surfactants, emolients, coloring agents,
aloe vera, waxes, and penetration enhancers; and

mixtures of any two or more thereof.

Inanimate hosts into which a preparation
hereof may be incorporated to produce an
insect/arthropod repellent effect, or to impart an
improved fragrance, include articles or manufactured
goods such as textile and fibrous goods, clothing,
sanitary goods, carpeting, linens, outdoor or military
equipment such as tents, tarpaulinsg, backpacks or

mosquito netting, candles, paper, paint, ink, wood
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chel ating agents, preservatives, ge _
stabilizgrs? surfactants, etnolients, coloring agents,
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m xtures of any two or nore thereof . I|naninmate hosts

rated to
vowhd it BudH epar BlFON- e eoglar%y or
L?iche an i nsect /arthropod re eﬁf éF? Chr to

i AT i rfrdVEre f¥ e ance, |nclude articles or

manuf act ured goods such as textile and fibrous goods,

[ [ [ l'i nens, outdoor
clothing, sanitary goods, carpeting,
or mlitary Pemnqmen*atlsmtme’fedﬁmagﬁ Hearf%q% 3 or
qﬁgagh uito nettin I paper paln
ﬁk }p %@Cﬁ%q&u{ qnurf@r r@lp@émmlmm to an

Areim, VHEBNLS he lHke. %@%r ti her eof na

gte foraprrﬁ at ed ?gao%?lylt ncortg%rzfte anto § %ﬁlﬁ SRS &

f PSS iCEatlingistayan saxsihmetse dlldﬂg:lb%a aﬁly[ng_g tgg sane
Qsme industry, s

O R Ry Laridephih BgesBorering. A

aRdeppEssirnz hegeoh mﬁ9p@éahh@6rF8£§9Ed”§¥tB an artlcle

ticle that serves as
:E%%%ﬁ%rg%%% %gtgnﬁg?g%@méﬁﬁlh@sbrbﬁumtxmngodubyngost

-productheﬂ steps pHEh- ggoégEEXb éggggﬁﬁgsﬁﬁlgﬁraylng

pgratlon her eof may adm xe
mPFh oPR&P9conponents, such as a carrler

A preparation hereof may be admixed in a
composition with other components, such as a carrier,
in an amount that is effective for usage for a
particular purpose, such as an insect/arthropod
repellant, fragrance or other skin treatment. The
amount of a puleganic acid as described herein,
contained in a composition will generally not exceed
about 80% by weight based on the weight of the final
product, however, greater amounts may be utilized in
certain applications, and this amount is not limiting.
More preferably, a suitable amount of a puleganic acid
will be at least about 0.001% by weight and preferably
about 0.01% up to about 50% by weight; and more
preferably, from about 0.01% to about 20% weight
percent, based on the total weight of the total
composition or article. Specific compositions will

depend on the intended use.

Other compositions, materials and methods

relevant to the use of a puleganic acid are as
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in an anount that is effective for usage for a
particul ar purpose, such as an insect/arthropod

wo epelkans , fragrance or ot her skin treatment.Pdnes2006/038091
anount of a pul eganic acid as described herein,
cantsad Iveskd i FP RS AJ i ) ot exceed
about 80% by wei ght ba/{sdeéol%n'()?’\rl{g%t'heQﬁsn/ei(azgr;(;)ﬁ)t?’/)cg)fﬂbt'??é3 i n&°
preftiFAL O hd\dehrer angh 5t €10 Cayaurst, 8478y hehuids k#edn N s

certaj ' iQns, and this anount is not limting.
I\/t;qrﬂe&{c];:i)e1’E er aelchétn ;‘)Ltssuietna\:&r@té(n@ﬁma &PTE bereginiferaeild
wiHurposeat. | east about 0. 001% by wei ght and preferably
5 about 0.01% up to about 50% by wei ght; and nore
preferably, from about 0.01%to about 20% wei ght
percent, based on the total weight of the total
conposition or article. Specific conpositions w ||
depend on the intended use. O her conpositions,
materials and nethods relevant to the use of a
pul egani c acid are asdi sclosed in US 2003/062, 357; US
2003/ 079, 786; US 2003/191,047; and US 2006/ 148, 842,
each of which is incorporated in its entirety as a
part hereof for all purposes .The present invention is
further described in, but is not limted by, the
foll ow ng 'specific enbodi nents. Exanpl es Gener al
Procedures The neani ng of abbreviations used is as
fol | ows:
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"m" nmeans milliliter (s) , “nL " nmeans nicroLiter,
"g" means gran(s), "ng" neans mlligram "kPa" neans

wldoopaseal , "MP' neans nelting point, "NVR' nBERES2006/038091
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nucl ear magneti c resonance, "HPLC-M5" neans high
per f or Meine eprtd spiitdl GhvOaL QY 8P, 7 RS 3 SPECE eoc{TEitl{%':’but
! " Jeans gas chronatography-nass spgc;rone ry,
mesh S Ye g BEL ERY gridere, O R i rep @i d emperdlne s .
(e.g. about 25 0C) , "hr" neans hour, and "ATP" neans
adenosi ne triphosphate. Al inorganic salts and
organi c solvents, wth the exception of anhydrous THF,
were obtained from VR Scientific (West Chester, PA)
Al other reagents used i B¥8HBLl8%anpl es were obtai ned
from Si gma- Al drich Chem cal (M I|waukee, W) and used
as, received. Determ nation of pH was done with

M cro Essential Laboratory, Inc.

roducts were

p . ,

Br ooklpy, - L egani.c .,acid ( .
éurifigﬁﬁ%y col %gﬁ%%ﬁafgﬁﬁgﬁﬁﬁso S§; F@aaﬁeF°g§PW§-
et'mll” aeeinat efihexanesag)t hegluanpt; t ﬁc&%ﬁ'ift'e%,Nm”
products were characterized Dy NVR spect roscopy.

s PECTa HHEME Sbt dMedd memne BridRegrBR) A@t@an%@lel(aglgp MHz
1K, 13/ CraBruker Biospin Corp., Billerica,
w§f1§§%%ggyéut¥§atgﬁa§€|&Eﬁ%&“@bggﬂﬁéd f NYRY caRBREdge
I§@K@§@erbgnatdbie&sohamce(Anﬁ@m@gMFWAheaﬁglhigh

' [ ions rel ate 0
rE%&%b%%%n%gdlg%ﬂhaubﬁagmatography — mass spectrometry,

"GCMS” means gas chromatography-mass spectrometry, “°c~

means degrees Centigrade, “RT” means room temperature

(e.g. about 25°C), “hr” means hour, and “ATP” means

adenosine triphosphate.

All inorganic salts and organic solvents,
with the exception of anhydrous THF, were obtained from
VWR Scientific (West Chester, PA). All other reagents
used in the examples were obtained from Sigma-Aldrich
Chemical (Milwaukee, WI) and used as received.
Determination of pH was done with pPHydrion paper from
Micro Essential Laboratory, Inc. (Brooklyn, NY). The
puleganic acid products were purified by column
chromatography on silica gel using ethyl
acetate/hexanes as the eluant; the purified products

were characterized by NMR spectroscopy. NMR spectra
were obtained on a Bruker DRX Advance (500 MHz lmu, 125

MHz 13¢; Bruker Biospin Corp., Billerica, Ma) using
deuterated solvents obtained from Cambridge Isotope

Laboratories, Inc. (Andover, MAa).
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the synthesis of the control and test repellents were
carried out in a standard |aboratory funme hood in

W@ t@ngan3do | abor at ory gl assware. Preparation of PET/EHSP6/038091
ci s-nepetal actone: Catmint oil (60 g ) (Berje;

Bl oonfi el dy1Nked @ idnahaid 2284 it dind ated to
approximately 75% trans, cis-nepetal actone was pl aced

t'rl?ﬁ SHERE I bt aiel fans Kesd Torallantd twere
Pé&%ﬂteg}g a da M&&ﬁesﬁ N4, Jg%r La Uppn

coo Ing to Ite soll preci‘pitate romthe
stodndaoh Jaambmsttcm}ecbmsmaerdoottom of the flask. The
white solids were filtered, washed with petrol eum
ether, cooled to 00C and dried under vacuum The white

sk &k psIC £ OBt Sed-{ Bhdpet DXep:al d) was

determned to be trans, ciIS-nepet al act one by NIVR

anal ysi s dmiejave eileldq ) pdieni of 32171@9@6{31\@ o ;

]i% i AN SABE S flg 2 SGARHAN, L tapno,

&5 -ndoetsprapytie &amqt]mdqrydm:p:em ama:cauﬂboocydnd:— acid

o LT S otnd otr St o e S S P HE0shh00

el hanot i 5% 1 :sopippanalT ( 30Qy aodithPplacerkd, n wfhlte
Fisher- Porter bottle with 5% Pt/C (catalyst, 6.0 g )

Soh?ﬁﬁtEﬁﬁQWﬁkﬁ%ﬁQﬁnﬁﬁQﬁiQhﬁiQﬁﬁﬂﬁ#@ﬂ(ﬁﬁ@MﬂQ¢Q¥P@\ﬂﬁ
ﬁﬁémﬁbtg$ﬁﬂbf the flask. The white solids were

filtered, washed with petroleum ether, cooled to 0°C

15 and dried under vacuum. The white solid product
obtained (30 g, 50% yield) was determined to be trans,
cis-nepetalactone by NMR analysis and gave a melting
point of 27-29°C (MP of 27.5 - 29°C from Sakan et al,
Tetrahedron Lett., 1965, 4097-4101).
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charged with H2 at 30 psig (206.9 kPa) . After
stirring for 19 hr at roomtenperature, the tube was

waoznredizand the contents filtered over celite PCI/US2MW&E38091

catal yst . The solvent was renoved under reduced
pressure and the resul tipgnesidue was partitioned
bet ween hexanes (100 nL) and saturated sodi um

bi car boRaEpagatdrroR( 156 ﬁ@)5S)T961§@@6@@§1I§yer was

d|chloronethane (50 nL) , and the conbi ned organic

| ayers were dried over anhydrous sodi um sul f ate.
Renoval of the solvent under reduced pressure yiel ded
pul eganic acid as a clear oil (21.0 g, 68%yield)
NVR anal ysis of the productﬁﬁbtained was consistent

with the puleganic acidz (H
met hyl cycl opent anecar bo
in structural representéatijon I'Il .Exarfdle 2 The
product of Exanple 1 was uated for insect
repel | ency agai nst Aedes dégdypti npsquitoes in the
vitro landing assay test. In this nmethod, a chanber
contained 5 wells, each covered by a Baudr uche (ani mal
i ntestine) nmenbrane. Each well was filled with bovine

bl ood cont aj-gi 89 éPQWé@&&éI@é@oﬁéo(j’éedfg‘)t Chiotd 4 e
and ATP (72 ng di sodi um sal t per

as described above, was dissolved in 95% ethanol/5/

2R 1SS) -2-isopropyl -
d structure deplcted

o

isopropanol (300 mL), and placed in a Fisher-Porter
bottle with 5% Pt/C (catalyst, 6.0 g). The tube was

evacuated and backfilled with Hy two times, then
charged with Hy at 30 psig (206.9 kPa). After

stirring for 19 hr at room temperature, the tube was
vented and the contents filtered over celite to remove
catalyst. The solvent was removed under reduced
pressure and the resulting residue was partitioned
between hexanes (100 mlL) and saturated sodium
bicarbonate solution (150 mkL). The agqueous layer was
acidified with concentrated hydrochloric acid to pH =
1.0. The mixture was then extracted three times with
dichloromethane (50 mL), and the combined organic
layers were dried over anhydrous sodium sulfate.
Removal of the solvent under reduced pressure yielded
puleganic acid as a clear oil (21.0 g, 68% yield).

NMR analysis of the product obtained was consistent
with the puleganic acid, (15,2R,5S)-2-isopropyl-5-
methylcyclopentanecarboxylic acid structure depicted in

structural representation III.
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bl ood) , and heated to 37C. A volune of 25 nL of
i sopropyl al cohol (IPA) containing one test specinen

wW@eroocos3r®©l was applied to each nmenbrane. The PCT/US2006/038091

concentrations were 1.0% wv in | PA. The negative
EQatpdE 3as neat | PA, and the positive controls were a
1.0% w v sol ution_of DEET or dihyronepetal actone .

After 5 niHe dpEPOXThettl 5280l a- Haye ol avabiled Awles
BEOUPE | r SDSTHLLOPSIRI Sot nAégQg C&Q%%ﬁ%g r;[ﬁj?sg%lg NagleTsn

e nunber of nosquitoes probing t
ehehinrvatrmentandbng ezopsdedeast 2 ni hut ghisteevabd, over

20 min. The results f ul egani ¢ _acid.are depicted .in
e 1o AR at U | bt At SRR RN of VR uche
(&l haBt EnexPerhdPhSmbtahad Widdch Swelpived £511dg. A
conposition of matter conprising (a) one or both of a

CabRiePviRe Bl eedmeeneabrlrges | ¢l alte mipRvent
Dot 81 SOITPONA S8 SEF 3 B ﬁfﬁ.eafééqi%v ihg follonng ¢
Formula™1l : 2 . The conposition o aiml erern the

eDopoUNdand Hrodted acd 33°A Si NghRIShRS F i, & the
conpound, or is a mxture of stereoisoners of the
ESAPBOPYL . 2 Bcohche (BB 0EP Rt &I BRI CPRE Nt &S e es Hnatheor

EQHPLYN G, 08 EHIHA Lo NSl Nfendf A T QUratdon at the 5

concentrations were 1.0% w/v in IPA. The negative
control was neat IPA, and the positive controls were a

1.0% w/v solution of DEET or dihyronepetalactone.

After 5 min, approximately 250 4-day-old
female Aedes aegypti mosquitoes were introduced into
the chamber. The number of mosguitoes probing the
membranes for each treatment was recorded at 2 minute
intervals over 20 min. The results for puleganic acid
are depicted in Figure 1; each datum represents the

mean of five replicate experiments.
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carbon. 4 . The conposition of Caim1 further
conprising a di hydronepetal actone . 5 . The

W@ oo9pos$i3né on of Claim 1 further conprising an PCGHES1006&038091
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oil . 6 . The conposition of Claim1 wherein an

adj uvant conprises any one Qi ikRr e nmenbers of the
groupconsi sting of fungici des, sunscreeni ng agents,
sunbl ocki ng agents, vitam ns, tanning agents, plant
extracts, anti- inflammatory agents, anti-oxidants,
radi cal scavengi ng agents, retinoids, alpha- hydroxy
acVidst bat¢beptedsisantibiotics, antibacterial agents,
anti hi stam nes; thickeners, buffering agents,

chel ati ng agents, preservatives gel l'ing agents,

stabilizers,q sur coloring a ent
al oe ver a v\}axesjﬂi a&&%%ene C?ﬂa)ltc?fc;n az%%%cce‘?r%plgl?gl )
c RO i kAt ol @i eI e ﬁnctcﬂrmomnm@moﬂmwpéﬁlc

Fordieart | N @MUt Qfpdpm @é};&g L9
80f/ollb% wei of the tcotapl wei ght 0 kp&iwe%t]:eggn'pos ﬁ’ the
8 - e’ S84 h of Gaim1inthe formof a

sprayabl e liquid, an aerosol, a foam a cream an
ointnment, a gel, a paste, a powder or a friable solid.
9 . Anethod of repelling an insect or arthropod
conpri sing exposing the inﬁct or arthropod

2. The composition of Claim 1 wherein the
compound of Formula I is a single stereoisomer of the

compound, or is a mixture of stereoisomers of the
compound.

3. The composition of Claim 1 wherein the
compound of Formula I has the & configuration at the 5
carbon.

4. The composition of Claim 1 further
comprising a dihydronepetalactone.

5. The composition of Claim 1 further
comprising an essential oil.

6. The composition of Claim 1 wherein an

adjuvant comprises any one or more members of the group
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to a conpound descri bed generally by the foll ow ng
Formula | :10. The method of Caim9 wherein the

W@ oovpousde of Fornmula | is a single stereoi sonePCDUS100&038091
conmpound, or is a mxture of stereoisoners of the

. . , d ' in_th
EmY, L hemathal QoD Mhesiide o
stEB@ekingy agehe  natiffeaios  Ctanmioowkoen teonprrsss

é%ﬂ%%ﬂt@g %E%iLﬂ§&Q%ﬂﬂ%t@&§h%@Q%%sEOaﬁt%ﬂg&ﬁébhkgﬂ t hat
conpri.ses the conpound of "Fornula | in_an apount of

RGP SERVETEE % PFCRESUt T80%EY ARei GRPIGH DYRECKYT al
awdidght aeft itderdenposinti®iotids., Eh&i%abh@%i@% @?@hﬁblZ
wherein _the conposi.tion conpei aone or th of a
aélécrlr&ﬁl 3818 Sdos retiE 5 rtshegaéi%gs& ilggaalﬁﬁ\l?gﬁt’ .14 .
chisd amgrigo g t@l, aipmek2 rwarieies , t geldomgosigenas, 1
feiiNer, SUNPIHL585, A iy dLaneRelalaClang i nlP aglhe s,
met hod of & ai m 12 wherein the conposition urcher
adefpricdés Aif*essediidaPesetration erEapsersd of O ai m
12 wherein the conposition conprises an adj uvant

sel ected from any one or. more geggets %f bﬁe group
consi sti ngd -of GOOPRES E 19T &&r EehT Ry tayBriftl,
csumblieek rheagenteund tdnfasmula I in an amount of
from about 0.001% to about 80% by weight of the total
weight of the composition.

8. The composition of Claim 1 in the form of
a sprayable liguid, an aerosol, a foam, a cream, an

ointment, a gel, a paste, a powder or a friable solid.

9. A method of repelling an insect or
arthropod comprising exposing the insect or arthropod
to a compound described generally by the following
Formula I:
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tanning agents, plant extracts, anti- inflammatory
agents, anti-oxidants, radical scavenging agents,

WO eao7fi3os, al pha- hydroxy acids, antiseptics, PCT/US2006/038091

antibiotics, antibacterial agents, antihistam nes;
t hi ckeners, bufferlng ents, helatl ent
preservati Vs, dJ& My %% 9IM%§F% the
%Unfp@ﬁir@b‘f Femﬁ{ul@ntxs,lsc@ wn@gea@aretmomlomxverfathe
enetratlon enhancer.s h
cﬁ%ﬂ%‘% th o R IMHEEd s S8si riféer;e% I‘% 5 efafd?‘gl
iqusgeturgt. arthropod to the conpound . 18. The nethod
of Claim 12 which conprises exposing a bl ood- feeding

insect or arthropod to the co sition. 19. The nethod
of Cla|n191ﬂh|cﬁﬁﬁnﬁﬁﬁ@%%‘%&ggéﬂﬂg Sahetsddt

i RnRRd selrahed f romdde sy Qrdmishstbuigmhbittiens
flies, chiggers, fleas, nosquitoes, ticks and lice to
¥ RBhpound. 20. The method of C ai m 12 which

conpri ses exposing an insect or arthropod sel ected

fromthe group %S'ﬁéekﬂ% of famé'%ra%h% s

fl eas, nnqu|toes s an to the conpos;ition.
2axpasiegretito d et mnagcu/bmczmcboﬁﬁara SERaFsl BiiqTy ThRE

COMmOHNEL 4 o e Ssiddundide . rd@id1a fleaitrh%rrﬁ ol oF
ot her surface of a host for an insect
from about 0.001% to about 80% by weig t of the total

weight of the composition.

13. The method of Claim 12 wherein the
composition comprises one or both of a carrier or a

cosmetic or therapeutic adjuvant.

14. The method of Claim 12 wherein the

composition 1 further comprises a dihydronepetalactone.

15. The method of Claim 12 wherein the

composition further comprises an essential oil.

16. The method of Claim 12 wherein the
composition comprises an adjuvant selected from any one
or more members of the group consisting of fungicides,
sunscreening agents, sunblocking agents, vitamins,
tanning agents, plant extracts, anti-inflammatory
agents, anti-oxidants, radical scavenging agents,
retinoids, alpha-hydroxy acids, antiseptics,
antibiotics, antibacterial agents, antihistamines;
thickeners, buffering agents, chelating agents,
preservatives, gelling agents, stabilizers,
gurfactants, emolients, coloring agents, aloe vera,

waxesg, and penetration enhancers.
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arthropod . 22. The nethod of C aim 12 which conprises
applying the conposition to the skin, hide, hair,

wo eavier3ge or fur or other surface of a host f oPCEES2006/038091

insect or arthropod. 23 . A nethod for making a

conposi ti of tter.that be appli.ed to the skin,

i do.hai i1 edPReFE BPY BF L2 et VeiFiabemhr 5ot

ehposningr ad besti-Caeed ngniimesle ccompr esithgopddi xonghga)
Rhgooth of a carrier and a cosnetic or therapeutic

% !
Ca?ﬂ%uvant with (b) a conpound described generally by
the followwng Formula | :24 . The nmethod of C aim 23

ther ein the .CO]mPlt‘éﬁﬂ@t@xfodF%rfg@h&ih G %hﬁictﬂglcémp%rises
st er eoi somer. 0 e conmpqund, or is m xture o
<SPEFaGIEs GO HERE LBGIBERA. OF5 ST FRECREENGE GRS
cAmpioniZz3 osher ei n t he conpound of Forrmula | has the S
configuration at the 5 carbon. 26. The nethod of C aim
23 further conprising a step of preparing the conmpound
of Formul &9 f Tva mepécsl adt Gleim?. widehmethpdists

A RISNES A EEId Lt RS- %@J%ﬁ' Lok Rer FeePEhel BEoR
edipﬁﬂﬁr qngpet arlll%act?o%e. %2,8. The ,rretehod of Caim 23 S¥ofp
GREEStinchef biting flies, chiggers, fleas,

mosguitoes, ticks and lice to the compound.

20. The method of Claim 12 which comprises
exposing an insect or arthropod selected from the group
consisting of biting flies, chiggers, fleas,

mosqguitoes, ticks and lice to the composition.

21. The method of Claim 9 which comprises
applying the compound to the skin, hide, hair, feathers
or fur or other surface of a host for an insect oxr

arthropod.

22. The method of Claim 12 which comprises
applying the composition to the skin, hide, hair,
feathers or fur or other surface of a host for an

insect or arthropod.

23. A method for making a composition of
matter that may be applied to the skin, hide, hair,
feathers or fur or other surface of a human or
domesticated animal comprisging admixing (a) one or both
of a carrier and a cosmetic or therapeutic adjuvant
with (b) a compound described generally by the
following Formula I:
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conposition further conprises an adjuvant sel ected
fromany one or nore nenbers of the group consisting

W@Roo#3N€i des, sunscreeni ng agents, sunbl ocki PQT/US2006/038091

agents, vitam ns, tanning agents, plant extracts,
antiinflanmmatory agents, ant i -oxidants, radica
scavengi ng agents, retindDds, al pha-hydroxy acids,
antiseptics, antibiotics,|jantibacterial agents,

anti hi stam nes; thbg fferiing agents,

chel ati ng agents, S, gélling agents,
stabilizers, surfé pl i ents, col oring agents,
al oe vera, waxes, agd gengtration enhancers.29. The
nmet hod of Cl aim 23 whereiph the conposition conprises
t he compound of Fornmula I'in an anount of from about
0.001% t o about 80% by wei ght of the total weight of
the conposition. 30. The method of Caim 23 further
conprising a step of fabricated the conposition in the
formof a sprayable Iiquid, an aerosol, a foam a

cream an 9int mMpAL, nd:H6H, of P8S18, 28 PRMEEIH Ofha

friable_solid. _ , ,
compound of Formula I is a gingle stereoisomer of the

compound, or is a mixture of stereoisgomers of the

compound.

25. The method of Claim 23 wherein the
compound of Formula I has the S configuration at the 5

carbon.

26. The method of Claim 23 further
comprising a step of preparing the compound of Formula

I from nepetalactone.

27. The method of Claim 23 wherein the

composition further comprising a dihydronepetalactone.

28. The method of Claim 23 wherein the
composition further comprises an adjuvant selected from
any one or more members of the group consisting of
fungicides, sunscreening agents, sunblocking agents,
vitamins, tanning agents, plant extracts, anti-
inflammatory agents, anti-oxidants, radical scavenging
agents, retinoids, alpha-hydroxy acids, antiseptics,
antibiotics, antibacterial agents, antihistamines;
thickeners, buffering agents, chelating agents,
preservatives, gelling agents, stabilizers,
surfactants, emolients, coloring agents, aloe vera,

waxes, and penetration enhancers.

-32 -



WO 2007/041306 PCT/US2006/038091

29. The method of Claim 23 wherein the
composition comprises the compound of Formula I in an
amount of from about 0.001% to about 80% by weight of

5 the total weight of the composition.

30. The method of Claim 23 further
comprising a step of fabricated the composition in the
form of a sprayable liquid, an aerosol, a foam, a

10 Cream, an ointment, a gel, a paste, a powder or a
friable solid.
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