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The present invention relates to insect pest repellents, and more partlcularIy to msect pest' ,

' repellents in-which N N-dlethyltoluamlde is an active repellent ingredient.. - . .
Among vectors, most mosquitoes inhabit warm or torrid zones, but-they can mhab1t and.

10

* . survive in relatlvely cold districts. The mosquitoes attack exposed skin surfaces during

outdoor work, and often carry infectious diseases and endemic diseases.

Inorderto repel such insect pests, many studies on pest repellents have been made and, asa
result, a variety of compounds possessing.a repellent effect have been found. Among these,
N N-dlethyltoluamlde as been found to be the most suitable for practical use with human
beings and is widely used at present in view of its durability after application and the strength

" of repellent effect produced.

However, N,N-diethyltoluamide has the disadvantage that it is absorbed from the skin into
the human body when it is aﬁphed to the surface of the body, and consequently can no longer
exercnse arepellent eifect.
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e repellent effect of N,N-diethyltoluamide lasts longer when itis

mployed in increased amounts, but the use of such large amounts gives the person usingita -

st1c y feeling and is not acceptable in practice. In one attempt to inhibit the absorption of the

- compound from the skin into the body, it has been proposed to form on the skin a film which is

insoluble in and therefore impervious to N,N-diethyltoluamide and subsequently coating the

N,N-diethyltoluamide onto this film. In thxs case, however, no satxsfactory results can be

obtained because the film only fits the skin badly
In order to overcome the difficulties referred to above, the present Applicants have carried
out various studies, taking account of the facts that N, ;N-diethyltoluamide has a carbonyl

-group which can act as a proton acceptor and that the energy of the hydrogen bond formed in
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the carbonyl group is far smaller than that of a covalent bond. As a result of these studies, they
have found that the repellent effect of N,N-diethyltoluamide is not in the least decreased

. whilst absorption of the compound from the skin into the body is significantly inhibited, by

forming a complex with a proton donor.

According to the invention, there is provided an insect pest repellent comprising N,N-
diethyltoluamide as a repellent component, and a proton donor having at least one aromatic
ring which is substituted directly by one or more hydroxy and/or carboxy groups.

Suitable proton donors for use in the present invention are aromatic compounds in which
the aromatic rings are substituted directly by one or more hydroxy and/or carboxy groups

- which proton donors have one of the formulae (1) and (I1);-
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enpl oyed in increased anounts, but the use of such |arge anounts gives the
person using it a sticky feeling and is not acceptable in practice. In one
attenpt to inhibit the absorption of the conpound fromthe skin into the

body, it has been proposed to formon the skin a fitmwhich is insoluble in
and therefore inpervious to N, N-diethyltoluanide and subsequently coatlng
the N, B-~p et hyl toluani de onto this film In thi's case, however, no.
satlsf-étgry results can be obtai ned because the’ f|In1onIy flts the skin-
badl y. \| Jf20r-der to overcone the d|ff|¢ﬁV$B$B referred to above,. t he prQseqlJ
Appl i cants have carried 25 out various studies, takimg account of the’
facts that N, N-di ethyltoluanide has a carbonyl group whieh can act as a
proton accept.or--and that the ene@gy»ﬁf the hydrogen.bond forned in the
carbonyl grofip is far smal'ler th at of a coval ent bond. As a result of
these studies,: they. have found t M 1 epel | ent  ef f e@t of _
N, N-dlethyﬁtoluan1de is:not inth kg 1 decreased mhllst absorptlon QV t he
conpound frem:the-skin.into the body IS sjgnificantly i nhibited,” by (o _
formng a conplex Wwith-a protaon- donor According to the i nvention, thete is
provi ded ?@ ‘i nsect’ .pest repel | éﬁ%lng N, N . di et yltgluanlde as a
repel | ent “Conponent, and .a prqt Q%QGV|ng at Ieag one: aronatlc_ﬂpng
which is substituted directly by one Or nore hydroxy and/ or carboxy groups.
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substituted
nunbers havi ng val ues of 20
may be

or unsubstituted aromatic ring;

divided into the follomnng cl asses: -

k, I
20 8, andr
1)

,mand nare integral
+ s> 1. These proton donors
Conpounds i n which

IIUIIUL,yL,I TCar omatTC bUWpUUIIUb or

groups [err] 1,575, 387

the formula (1)],

potycyctiT aromal ¢ cont pounds not
containing fused rings are substituted by. hydroxy groups but not carboxy

such as- 5 [err] 20

3] Oin
()
3" N

20 [grr] .30. 1,575,387
(0% g 2,007
35 40
40 [err ][n [P i thg\lf,ormula ol such as :-
65 ~ 1,575, 387
45 Lerr] N
' Nt 5
_@_ (2, 4 4' trichioro-2'-
l)ya'mxydlplteﬂyl ether) _
10. o 10
) | : Q (o-phenylpheno!}
15 o - “1s
. ﬂo—-@-OII {(hydroguinone)
20 . 20 _’ .
oH '
25 Ho—@~aﬂ {hyaroxyhydroguinone) 25-:
30. 30:
35 : 35.
HO oX : o
(diresorcinol) -
0 4
40 s . 0.
— NH— N-ethytaminopherol)
45 ,,0 NH—Cplg (N-€ P .
; CONH—CgH5 :
F 50 : @—OH - (salicylanilide) 50
- €00Na _ _
> @—oﬂ (sédfwr_) salicylate) 55
60 Y - | 60
- @-oﬁ .(o—/zyo’r_oxybeﬂzyl alcoh_ol}
65 65



2) Conpounds in which nonocyclic aromatic conpounds or polycyclic aromatic
com pounds not containing fused rings are substituted by carboxy groups
but not by hydroxy groups Im= 0 in the forrmula (I)], such as:- 25-.

25 30

30 [err] 35. :

35: [er [err] 60 3) Conpounds in which nonocyclic aromatic conpounds

or poly lic aromatic corm 60 pounds not containing: fused rings are

substi.t dy by both hydroxy and carboxylgﬁﬂgps [both nrand n are at Ieaq{ 1
in the : ala-(1)]. SHEehR-—-as— o’
1,575,387 ‘- 5 [err] [err] 25 _ 4)

Compounds i n which, polycycllc ara

at i ¢ conpounds’ contalnlng f used rings
are 25 substituted by.hydroxmq,‘;}-?mhyawﬂWWaa&me%w@gﬂﬂaps [s =0in the
formula (11)], such as:- . ON 40

40 [err] 5)‘§bnpounds in which polyc%clrc aromati ¢ conpounds contarnrng
fused rings are 45 substituted b r boxy groups : but not hydr oxy group§ [r
=0inthe fornula I1)], exanplp. AS. belﬂ@@swrmoU

_ - NGy e _ : U o '

10 10
2) <Compounds in which- monocychc aromatic compounds or polycychc aromatic com- N i
_pounds not containing fused rmg)] are substituted by carboxy groups but not by hydroxy

igroups {m = 0 in the formula ¢ such as:-

15 ' | .-[00” (benzoic 'aa'a’} o a 15

26 coon T | 20
COOH {phthatic ocid)
- HOOC 00H { Iérep/)il)a//'c acrd) '
30 | 30:
CooH
ﬂooc—@—moﬂ' (trimellitic acid)
35- g ' 35
' HooC . ¥
//ooccowf - { pyromellitic acig)-
40 cooH - o 40

. . ' -“‘:iﬁmmmg- M&wmwﬂa%tamﬂ L
45 _ o ' R 45

CHz

50° HOOC (0’0/f " {metnylterephthalic acrd) ' 50 g
o : henox benzom acva'} ' '
55 - @‘ '. = phenoys | 55.

(4 OOH

60° 3) Compounds in which monocyclic aromatic compounds or polycychc aromatic com- 60.
pounds not containing fused rings are substituted by both hydroxy and carboxy groups [both
m and n are at Ieast 1 in the formula (I)] such as:- _

65.



[err] 60
60 6) Conpounds in which polycyclic aromatic conpounds contai ning fused
rings are substituted by both hydroxy and carboxy groups [both r and s are

at least 1 in the fornula (11)], an exanple being: - 1.575. 387
6. [err] In order to produce an insect pest repellent according to
invention, N,N- diethyltoluam de may be m xed with any. one of the ézgzﬁ.
~ proton donors. Preferably, the 10 mixing ratio of both conpounds: 15 such
- that § he nunber of -N, N-di et hyl t olisa6838% nol ecul.es 10 is. the saneSas that

/ t e—protonm donor —groups.  Froma practical standpor nt, the proton donor.
- is preferably used in an aannt of 0.5 to 2.0 times the value of x which is
calcul ated fromthe follow ngyequation errLrgO 19126 x the nunber of
~proton donor groups. Ho ‘:’ CooH gatitc ocr ) -~~~ 20 in one proton
donor- mol.ecul e The insect pggt repellents . of ‘the invention can be_used in
~any o0&~ the fornms generally used,: such as-soLUtions,'IOtions,-creaﬁB,jgeIs,
. sticks, pastes, aerosol sprays, Moans and powders. The 25 -content of .
N, N- di et hyl.t.o] uani de. shoul d. pfefer abl y.. hssipnic otig) r ange. . of /1 -to 50% by
wei ght. .25.:The.-invention is“l|ustrated by the follow.ng-exanples: -
‘e Exaﬁbl“ﬁrﬁwsHarr=mas)chrpped"fp%%1the_bodiQSHof“thrée-Fbrt$gyzsf ain

femal'e guifiea:pigs, "wei ghtnig,500 44 600 g. “The test conpositigns were
applied to'the skin areas so &x osed‘in;&p anpunt. i nel-uding :0.-2 ng of

N, N- di et hyl t ol uami .de/ cni ef#q - e ne(_Fhﬁyﬁours arter applica- gO' tion,
N, N- dk%t hyl t ol uani de’ was recovered: fromthe skin 'surface:using at®t one and
the @O residual amount masgdeterninégwa'gaS”Chrbnafogra@hy, o

20 | o l‘ ”a@cm‘-@{ {d’:qa{(I-C aad} RS _;”.E.‘:.-' 20 |
' - Ho wo! ow S EE N |

© ¢annic acid

25 a). COm ounds ...in:- 'vs.rhic't.l-;pol.yc'yclic ~aromatic éompoﬁﬁé_i_s ‘containing fused: rings are 25
sﬁbztituted Ey hydroxy groups but not carboxy groups [s.= Ointhe formula-(I1)], spf;h as:-

- ' _ : . OH _
35 o o - 5 .. (B~ naphthol) : 35

OoH

- @g _ { naphthoresorcinol) . - -
. o ) ShhGe s
5) Compounds in which polycyclic aromatic com{pbunds containing fused rings are

45 substituted by carboxy groups but not hydroxy groups [r = 0 in the formula II)], examples 45
being:- o . :

. COOH _
50  Ae- naphthoic ocid) 50

s coor 35
: - 1:":Ir’ {8 - naphthoic acid) '

7 -6) ‘Compounds in which polycyclic aromatic compounds. containing fused rings are
: subztituted gy both hydroxy and carboxy groups [both 1.and s are at least lin t_hg f_ormu_la
(I1)], an example being:- ) .



35 COWPCSI TI ON A N, N-di et hyl t ol uam de
69 2,4,4'-trichloro-2'-hydroxy-di- 40 phenyl ether (MNV
290) 9 g_ 40, Et hanol

35 g [err] CONTROL COVPCSITION 50

: - 50 N N- di ethyItoI uam de

6g Et hang | i . 44 g 55 Wi |
Water - ' s 50°'g " Lo 55 -60
The resul tssobt ai ned are shown in Tabl eIB7433?d7ow The recovery ratro in tbe.
Tabl e i'ndi cares B0 The wWer ght——ofNNdrethyttotvamde—retow . :
hours after application.rel atlve to that recovered I medi ately after

appl i cation 1. 575387
7 Table 1 6 = - Recovery ratio after '

Mean val ue 5 3 hours (% cooH . (% 28.5 16 I
Control -~ S = 28.5 - “ (1-naphtrol- 20 ' W

Conposi tion 27.6 73.4 15 ‘””"’XJ’"CW

5 Conposition Ay ‘order 89 ploduce . ari’ insect pest repellent acoordmg %o Qhe invention, N N-
drethyltoluamxde may be mixed with any one of the above proton donors. Preferably, the =~
10 mixing ratio of both compounds is such that the mimber of N,N-diethyltoluamide molecules 10
is the same as that of the proton donor grou gs From a practical standpoint, the proton donor.
is preferably used in an amount of 0.5 to0 2.0 times: the value of x which is calculated from the
followmg equation,: . S .

15

The amount of " fine molecular wenght " s
N ,N-diethyltoluamide | x of a proton donor - ,
. (@ ..
X = - —
20 the number of roton donor: rou g B : 20
- 151 26 X in one proton cﬁmor moleculeg p .

. The insect pest repellents of the invention can: be used in any of the forms generally used,
_such as solutions, lotions, creans, gels, sticks, pastes, aerosol sprays, foams and powders. The
25 ' contént of N,N-diethyltoluamide should preferably be in the range. of 1 tor 50% by Welght 25
o “Thi¢ inverition is illustrated by the following.examples:- . .
Example 1 - Hair was clipped from the bodies of three Hartley straln female gumea-prgs,
weighing 500 to 600 g. The test compositions were applled to the skin areas so exposed in an
_ amount including 0.2 mg of N,N-diethyltoluamide/cm? At a time of 3 hours after applica- :
30 tion, N,N-diethyltoluamide was recovered from the skin surface usmg acetone and the 30
 residual amount was determinéd by gas chromatography :

35 | 2 COMPOSITION 4" - " 3s

N,N- dlethyltoluamrde ) o 6g
" ' 2 44’-tnchloro-2’-hydroxy-cli- o :
9 . phenyl ether(MW290) S 9y . 40
Ethanol* -
. ! Water- Cohes o TR TR TS -‘I i SOg e .
45 T #5
- o o CONTROL COMPOSITION _ ' .
50 . L 50
N N-drethyltoluarmde o T o 6g .
_ Ethanol _ '_ 44¢ .
55 i : Water _ _ ‘ Dt e ' 50g . 55
60 , The results obtamed are shown in Table 1 below The recovery ratio in the Table indicates 60

- the weight % of N,N-diethyltoluamide recovered at 3 hours after apphcatlon relatlve to-that
. recovéred 1mmed1ate1y after. apphcatlon : .




82.1 20
20 EXAMPLE 2 - Using Conposition B as set out below containing digallic
acid as a proton donor, the residual ratio of N, N-diethyltoluam de at a

time of 3 hours after application was determned in the same way as in
Example 1. The results obtained are shown in the 25 acconpanyi ng draw ng,
in"which the residual ratio is graphed agai nst the amount of digalljyg,} 25
aci d used by wei ght._ COWPOSI TION B N, N-di et hyl t ol uam de ' ’f;

,gg/ 39- | 1575387 7

39’ DrgarTcacra—— — st

50 g 35 Et hanol .. .. ... - o

r emai nder : - 35 100 g EXAMPLE3 - Qui nea-pigs, which were treated’

W th Conposition Cas set out bepgwiand the 40.. ..Control Conposition (the
same was used as in Exanple 1) in the same way as in Example 1, .40 were
fixed-¢o a holfder and pl aded Recogerrmtieafien mﬁich“30‘Mﬁsqdmﬂoes werke g
rel eased. Thelnunber of misquh@¥s PFhat sucked bl oofPwithin 3 ninutes was
counted. The fesults obtaijnedygge shown in Table 2 bel ow. {45

45 Tabl e 2 Nupber- of - mosqui t oes t hat 50 R
suckdf@ bl ood | Control . . 28.5° 50 Affter. 2827 Affer - 10 After

2 hours . 4 Cpiarpsition 5 hoyrs 55 Unt r eat ed .
. s BN — —— — . 55 CoWtro —CoF s++Hon -t
ov 7 | 7mgenposition G| o v e[ 1
0 s g | LISIRSIHON B LT T s
. Composition A - 80.3° _ 78.6 :
o 82.1 ' |
20 E : 20

EXAMPLE 2 - Using Composition B as set out below containing digallic acid as a proton
donor, the residual ratio of N,N-diethyltoluamide at a time of 3 hours after application was
determined in the same way as in Example 1. The results obtained are shown in the

25 accompanying drawing, in which the residual ratio is graphed against the amount of digallic 25
acid used by weight.

COMPOSITION B
, _ N,N-diethyltoluamide 6g
30 . 30
' Digallicacid’ . 0-336g
Water 50¢g

35 Ethanol remainder . 35
o 100 g

' EXAMPLE 3 - Guinea-pigs, which were treated with Composition C as set out below and the
40  Control Composition (the same was used as in Example 1) in the same way as in Example 1, 40
: were fixed to a holder and placed in a cage in which 30 mosquitoes were released. The
number of mosquitoes that sucked blood within 3 minutes was counted. The results obtained

are shown in Table 2 below.

45 45
- e Table 2 '
. : Number of mosquitoes that
, 50 : : : sucked blood - 50
After After After
_ 2 hours 4 hours - 5 hours
55 . Untreated 7 7 - 55
Control Composition ' 2% .7 7
. | Composition C 1* 0 . 3=
60 _ - 60

* indicates the number of the mosquitoes that sucked blood more than 1 minute after release

in the cage. }
65 o 8 . 65



60
60 i ndicates the nunber of the nosquitoes that sucked bl ood nore than 1

mnute after release in the cage.

65 65 1,575. 387 8 COWPCSI TION C -
NN- di et hyl t ol uam de _ 6 g5 : Digalljc
acid .o . : - 1.68 g Water , , !
5Qy Ethageb/ _ L : _ remai'nder,, 100g -
1 EXAMPLE~48- The proton donors shown -il77881 e 3 bel ow were conbi ned w 8h \;;
N, N- diethyltToluamde and the restaual ratro ol N, N\ al ethyltol uam de (DET)
at atime of 3 hours 15 after appli&&hhgﬁ cdetermned in the sane way -
as in Exanpl-e 1. The results obtained are 15 shown in Table 3. ,
| ~emeeweees 1575 eafmfndbaRiber 11 T 68
| CWaterr oo T sag e
Ethanol T remainder _
10 B ) . ) : 1008-_.._ : . 10
' EXAMPLE 4 - The: proton donors shown -in Table 3 below were combined with N,N; .

diethyltoluamide and the residual ratio of N,N-diethyltoluamide (DET) at a time of 3 hours
15  after application was determined in the same way as in Example 1. The results obtained are 13
shown in Table 3. : e e

P
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45

45 Exanple 8 (Spray) N, N-di et hylt ol uam de 3.0
(ww) 50 tannic acid 0.8
50 di-n-propyl 1socinchonmeronate ' ' 0.2 -

N- oct yl bi cygl ohept enedi car boxyi m de 1.0 . _ : 5
purifiedf ol eum et her - ' remai nder 100.0 ~ 11.

) _ 1,575,387 WHAT . CLAI M | S - 1. An i'nsect, pest repellent
conpri si ng{ly, N-di et hyl t ol uam de as a re,p‘e;l, ;@nt corrponent and a pr oton 102
donor havi R - e

one or nore hydroxy and/or carboxy groups 2. An |nsect pest repellent as
claimed in Claim1, wherein said prdixmplonaenioy a 5 conpound represent ed
by one of the fornulae (1) “and (11):- 10 '

10 [err] 15 20 where MeNdicthyl telpde ¢ ut ed or unsubstrtut ed%"f’ﬁ'ﬁ) group,: a.. -
substituted sor unsubstahﬁlégcﬁd aromatic ring, a halogen ateg or one of the‘
groups -NH2, -SOB8H, -COOM -OM (M being an,alkali netal) or. -CHO) R

one of the groups R'-&@ome R - O, R-00C, R OCNH, R NHEE® or R'NH- - (R"
bei ng a substituted or elﬂgltrbstrtut ed al kyl group or a sulgpi.tuteed or 25
unsubstitutgd aromati EF ng) k, 1, mand n respectively are integral 10
nunber s -havi ng val ueSetﬁitalcaﬁlo to’6, and m+ n > 1; and pmatl,}derr and s
respectrvely are int egral nunber s havi ng val ues of - 0 to 1000

! v

' _ ' Example 6 (Powder). . ' h
N,N-diethyltoluamide o jl”sﬁo__(w/w %)
.20 tannic acid : 42 20
colloidal sifica *~ ..o 185
25 perfume L me s
tale B - ' . remainder -
- 1000 | ®
30 ' N . ' o R 30
. _ _ _ Example 7 (Lotion) T, :
_NN-diethyltoluamide | - 20,0 (wiw %)
35 tannic acid . o S0 35
' perfume . _ trace ..
- isopropyl alcohol . : remairi_tler '
40 ] R L o 40
: T ~100.0
: : : Example 8 (Spray) - ' ;
N,N-diethyltoluamide | o T 30 wiw) :
: d1npropyl 1socmchomeronate :. R 02
55 ' N-octylb1cycloheptened1carhoxy1m1de : - | T 1.0 o 55
punfied petroleum ether : _ "~ remainder

1000



8 and r + s > 1. 3. An insect pest repellent as claimed in Claim1l or
Claim2, wherein the content of N,N-diethyltoluamde in the repellent is in
the range of 1 to 50% by weight. 30 4. An insect pest repellent as

claimed In any one of Tains I 10 4, wherein the weight—rtatio 30 of sard
proton donor to N,N-diethyltoluamde is 0.5 to 2.0 tines the value ofx
“cal'culated fromthe followi ng equation:- [err] 191.26 x the nunber o

prot on donor 40 ; o : groups in one proton donor

40 nol.ecul e 45 o : ‘ - .

4551 An insect pest repellent ad»¥fabfred in Caim1l, substantiallly as

herei nbefore described with reference to any of the Exanples. For the

Appli Ca“tsvy]' F-wReAENs& CO 50 |

Mar | bor oudh WR¢HdE pest repellent comg‘l;ising N,N-diethyltoluamide as a repéllen{i&nﬂaﬂnéﬁ?;r nco nbe
Road,  Waridr piaton Wéeot hisirgae least biid atbmaticiring which isNBpaly substrustidy bmngry O f i ce,

by CrondBareHYRIoRY fag/ Y S10UPK t ed, oydon, Surrey, 1980. Published by
The P%eg,%;p d‘gﬁ%%%@%ﬁ‘m{r ggg,ql . AT EBACBH, Proie2 APRYS fir o__im whi ch

copi es may be obtal ned.

.10 &y Y | o 10
| (0K)rm | |

C : _ . NcooH),
15 ' Co : 15

' )}-(R)
{OH)r
_ (CO0H)g

where R is a substituted or unsubstituted alkyl group, a substituted or unsubstituted aromatic '
ring, 3 halogen atom, or one of the groups -NH,, -SO;H, -COOM, -OM, (M being an alkali
‘metal) or -CHO;) R’ is one of the groups R”-COO-, R”-0-, R”-O0C-, R"OCNH-,
R”NHCO- or R”NH- (R being a substituted or unsubstituted alkyl group or a substituted or
25 unsubstituted aromatic ring); k, |, m and n respectively are integral numbers having valuesof 25

0to6,andm + n= 1; and p, q,r and s respectively are integral numbers having values of 0 to

8 andr +s= 1. :

3. An insect pest repellent as claimed in Claim 1 or Claim 2, wherein the content of
"N,N-diethyltoluamide in the repellent is in the range of 1 to 50% by weight.

30 4. Aninsect pest repellent as claimed in any one of Claims 1 to 4, wherein the weightratio 30
of said proton donor to N,N-diethyltoluamide is 0.5 to 2.0 times the value of x calculated from
the following equation:- - ' ' '

20 20

35 the amount of N, N-, [the molecular weight : 35
diethyltoluamide (g) | |of a proton donor . '
X ' ; _
: 191.26 x the number of proton donor ,
. 40 o ) groups in one proton donor 40
' : molecule : : :
45 45

5. '~ Aninsect pest repellent as claimed in Claim 1, substantially as hereinbefore described
with reference to any of the Examples.
o S For the Applicants
D : _ G.F. REDFERN & CO.
50 : . Marlborough Lodge, : , 50
: 14 Farncombe Road, : . :
Worthing, West Sussex.
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