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INCLUSION COMPLEX BETWEEN A CYCLODEXTRIN DERIVATIVE AND A
REPELLENT SUBSTANCE TOWARDS HARMFUL AND/OR BOTHERING
INSECTS, FORMULATIONS AND USES THEREOF

* Kk kK k

Technical field of the invention

The present invention relates to a stable liquid wa-
ter-based composition having a repellent activity to-
wards harmful and/or troublesome insects, comprising
an inclusion compound between a cyclodextrin deriva-
tive and a repellent substance towards said insects.
The invention also relates to a method of use of said
composition for impregnating in a stable manner tex-
tile fibers and/or fabrics, so as to give the latter
the aforesaid repellent activity, as well as to the
fabrics obtained through said method.

State of the art

Cyclodextrins are cyclic compounds comprising 6 to 8
D-glucopyranose (D-glucose) units (a-, p- and y-
cyclodextrins, reépectively).

These compounds preferably take the shape of a frustum
of cone having outside primary and secondary hydroxyl
functions, which make cyclodextrin molecules soluble
in a water environment.

Conversely, the inner portion of the molecule is made

up of a hydrophobic cavity, which can include/house
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apolar or little polar substances, per se non-soluble
or little soluble in water.

Inclusion adducts or complexes between cyclodextrins
and said apolar substances often have a sufficient
initial solubility in water or in water-based sol-
vents.

Said solubility basically depends on the stability of
said complexes, which depends in its turn mostly on
the possibility for the guest molecule to enter and to
stay in the hydrophobic cavity of cyclodextrin.

If the inclusion complex cyclodextrin/apolar substance
is not particularly stable (for instance when guest -
apolar substance - size do not perfectly suit host -
cyclodextrin - cavity), aqueous solutions of said com-
plex tend in a shorter or longer term to ggt turbid
and/or to precipitate the aforesaid apolar substance
released by cyclodextrin.

Beyond being used for making apolar substances water-
soluble, cyclodextrins are also used in various tech-
nical fields, for instance in the medical field, as
véhicles for substances they make complexes with.

If modified with suitable reactive functional groups,
cyclodextrins (and their inclusion complexes) can also
be fixed in a stable manner (for instance by covalent

bonds) to suitable substrates and give the latter par-
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ticular properties and/or features.

For instance, reactive derivatives of cyclodextrins
have been used in the textile field for treating fi-
bers and/or fabrics so as to prevent or reduce the
formation of bad smells due to transpiration.

In another embodiment, fragrances and scents, or sub-
stances with an antimicrobial activity, have been in-
corporated into saild cyclodextrins (once fixed to the
fabric), which substances are gradually released, thus
giving the fabric long-term freshness and hygiene.

In order to obtain a convenient and cheap treatment of
fibers and/or fabrics, it would be particularly advan-
tageous to have a liquid agueous composition, stable
in time and ready for use, containing an inclusion
complex of a reactive cyclodextrin derivative with a
suitable active substance, to be reacted by contact
(for instance by . impregnation or other techniques
known in the field) with the fiber or fabric, giving
the latter the characteristic properties of said ac-
tive substance. )

Concerning this, WO 03/093325 describes the prepara-
" tion of aqueous solutions of cyclodextrin and/or of
one of its inclusion complexes, in which said solu-
tions are stabilized by adding convenient amounts of

specific stabilizing additives such as: water-soluble
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organic solvents, g-caprolactam, salts and/or wvarious
buffers.

Said additives are strictly necessary so as to obtain
stable solutions.

As a matter of fact, should they be absent, the afore-
said solutions of cyclodextrin inclusion complexes de-
grade in few days.

Tt is therefore still necessary to have stable aqueous
solutions of an inclusion complex of a reactive cyclo-
dextrin derivative with a suitable active substance,
in which said solutions are free from stabilizing ad-
ditives of any type, so as to be used for impregnating
in a stable manner fibers and/or fabrics, avoiding any
possible interference of said additives and giving
said fabrics the characteristic properties of said ac-
tive substance.

The present invention aims at providing a satisfactory
answer to the technical problem described above, obvi-
ating the disadvantages related to the prior art.

This aim and others as will be evident from the fol-
lowing detailed description have been achieved by the
Applicant, who has found quite unexpectedly that an
inclusion complex between a reactive cyclodextrin de-
rivative and suitable substances having a,repelient

aétivity towards harmful and/or troublesome insects
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can generate an aqueous solution, stable in time and
ready for use, to be fixed chemically onto fibers
and/or fabrics, making them active for a long time to-
wards sald insects.

An object of the present invention is therefore a lig-
uid composition having a repellent action towards
harmful and/or troublesome insects, comprising a sta-
ble aqueous solution of an inclusion complex between a
reactive cyclodextrin derivative and substances having
a repellent activity towards said insects for chemi-
cally treating fibers and/or fabrics, as described in
the appended independent claims.

Another object of the present invention is the use of
said composition for fixing 'in a stable manner said
inclﬁsion complex onto cellulose-based fibers and/or
fabrics, so as to give the latter a long-term insect-
repellent action, as described in the appended inde-
pendent claim.

Still another object of the present invention is a
method for fixing in a stable manner said inclusion
complex onto cellulose-based fibers and/or fabrics, as
described in the appended independent claim.

A further object of the present invention is the cel-
lulose-based fiber and/or fabric functionalized in a

stable manner with said inclusion complex.
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Preferred embodiments of the invention are disclosed
in the appended dependent claims.

Description of the invention

The general term cyclodextrins, as used in the present
deécription of the invention, comprises a-, B- and y-
cyclodextrins and derivatives thereof.

The reactive cyclodextrin derivative according to the
present dinvention comprises at least one reactive
group that is able to react with the functional groups
of textile fibers and/or fabrics (for instance hy-
droxyl groups of cellulése, amino, carboxyl, hydroxyl
or thiol groups of wool and silk, amino or carboxyl
groups of polyamide fibers), giving rise to stable co-
valent chemical bénds.

Preferably, said at least one reactive groups is se-
lected among: vinylsulfonyl, a-haloacryloyl groups or
a heterocycle containing nitrogen having at least one
halogen substituent.

More preferably, said group is a heterocycle contain-
ing nitrogen having at least one halogen substituent;
more preferably, it is a 1,3,5-triazine substituted
with a halogen radical and by a -OR radical, where R =
H, an alkali cation, a C;-Cg alkyl radical.

In preferred embodiment, said 1,3,5-triazine is sub-

stituted with chlorine and with ONa.



WO 2006/077604 PCT/IT2005/000026

Preferred reactive derivatives according to the pre-
sent invention have proved P-cyclodextrin derivatives.
In a particularly preferred embodiment, the reactive
B-cyclodextrin derivative is the sodium salt of f-
cyclodextrin (in short CD) substituted with the reac-
tive 2-chloro-4-hydroxy-1,3, 5-triazinyl group (in
short monochloro triazine or MCT).

The number of said 2-chloro-4-hydroxy-triazine sub-
stituents is preferably of 1 to 3 per [B-cyclodextrin
molecule; preferably of 2 to 3.

In a preferred embodiment; the reactive PB-cyclodextrin

has the following structural formula:

Said.product, available on the market under the name
Cavasol W7 MCT® (supplier: Wacker Chemie AG, Germany),
has an average molecular weight of about 1566 and a
degree of substitution DS=0.4 (i.e. 0.4 units of tri-
~ azine substituent per glucopyranose unit), correspond-
ing to about 2.8 units of triazine substituent per B-
cyclodextrin molecule.
Substances having a repellent activity towards harmful
and/or troublesome insects, as can be advantageously

used for prepariﬁg the inclusion complexes cyclodex-
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trin/repellent according to the present invention, can

be selected among natural or synthetic repellents,

which can be incorporated in a stable manner into the

cavity of cyclodextrin.

Preferably, said repellents are chosen among:

- natural repellents, such as for instance citronella,

eucalyptus, lemon leaves, peppermint, .lavender, cedar

0il, canola, rosemary, pennyroyal, cajeput;

- synthetic repellents, such as for instance vitamin

Bl (thiamine chloride), DEET (N, N-diethyl-m-

toluamide), R-326 (di-n-propyl isocinchomeronate),

MGK-264 (N-octyl bicyclohepfene dicarboxyimide) ;

- permethrin;

- suitable mixtures of said agents.

Particularly preferred has proved DEET (N,N-diethyl-m-

toluamide), preferably used as repellent towards mos-

quitoes.

Fabrics impregnated with aqueous solutions of inclu-

sion complexes cyclodextrin/repellent according to the

present invention have proved particularly useful as

repellent towards a large number of harmful or trou-

blesome insects, such as for instance flies, fleas,
| ticks, mosquitoes, bees, wasps, hornets.

Preferably, said fabrics have proved particularly ef-

fective towards mosquitoes.
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Detailed description of the invention

For a better understanding, the present invention 1is
disclosed in the following in further detéil with ref-~
erence to a particularly preferred embodiment, al-
though the skilled technician should not regard the
potential applications thereof as limited.

Preferably, the 1liquid composition according to the
present invention comprises a stable aqueous solution
of an inclusion complex between a reactive -
cyclodextrin derivative, as described above, and N,N-
diethyl-m-toluamide (DEET).

More preferably, said liquid composition comprises an
aqueous solution in which:

- said B-cyclodextrin derivative is present in an
amount of 35 g/l of water to 350 g/l of water; pref-
erably of 50 g/l to 300 g/l; and

- said DEET is present in an amount of 5 g/l of water
to 50 g/l of water; preferably of 10 g/l to 40 g/l.
The molar ratio P-cyclodextrin derivative/DEET is of
10:1 to 1:1; preferably 5:1 to 1:1.

More preferably, the p-cyclodextrin derivative 1is
added in a molar excess referred to stoichiometric ra-
tio with respect to DEET; for instance in a ra£io of
2:1 to 1:1.

In a preferred embodiment, the molar ratio f-



WO 2006/077604 PCT/IT2005/000026

_10_

cyclodextrin derivative/DEET is of about 1.22:1.

In a particularly preferred embodiment, the stable
aqueous solution according to the present invention is
made up of 250 g of Cavasol W7 MCT® and 25 g of DEET
in 1 1 of water.

Said solution remains clear and does not get turbid
(therefore without leaving evident residues of DEET,
which is insoluble in water) for at least 30 days, at
atmospheric pressure and at a temperature of 10°C to
50°C.

Said solution is prepared by dissolving Cavasol W7
MCT® into the desired amount of water and then adding
DEET under stirring until a clear solution is ob-
tained.

In case of a residual milky appearance, said solution
is made clear by filtration and then used or preserved
before use.

Short before use, said solution is added with a suit-
able amount of catalyst in order to accelerate the'
fixing reaction onto the fiber and/or fabric.
Preferably, said catalyst is added in an amount of 5
g/l to 80 g/l with respect to the amount of water
used; more preferably of 15 to 70 g/l.

The catalyst 1is preferably chosen among inorganic

salts such as for instance sodium carbonate (NazCOs) .
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In a particularly preferred embodiment, the catalyst
is sodium carbonate, added in an amount of about 60
g/l of used water. |
Preferably, the composition according to the present
invention is impregnated/fixed in a stable manner onto
natural and/or artificial fibers having a cellulose
matrix, such as for instance cotton, blended cotton,
rayon and the like.

As required and depending on the type of fabric, im-
pregnation is carried out using techniques known in
the field, such as spraying, padding, coating (with
physical-mechanical means), spreading.

Depending on the technique used, very different de-
grees of impregnation of the fabric undergoing treat-
ment can be achieved.

The degree of impregnation is usually expressed as
Pick-up [%], the latter referring to fabric percentage
weight increase after impregnation.

To state it matheﬁatically:

(weight of impregnated fabric - weight of non-impregnated fabric)

Pick-up [%] = . 100

(weight of non-impregnated fabric)
For instance, in case of spraying (a more delicate
technique) degrees of impregnation (i.e. Pick-up [%]

values) of 5% to 20% are obtained; preferably of 10%
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to 15%.

In case of technigues having a higher impregnating ef-
fect, Pick-up [%] values above 20% can also be
achieved; for instance above 30%; preferably above 40%
up to values above 80-85%.

For instance, in case of padding (by suitably varying
feeding speed and/or roll pressure) Pick-up [%] values
of 50% to 85% are obtained; preferably of 60% to 80%.
By suitably varying techniques and operating condi-
tions it is therefore possible to achieve Pick-up [%]
values of 5% to 85%.

Impregnation is then followed by fixing, when the re-
action in which the covalent bond between fiber and
complex cyciodextrin/DEET is formed takes place.
Preferably, fixing occurs at temperatures above room
temperature for a périod of time depending on the ma-
chine and on the type of catalyst used (as well as on
the amount thereof).

For instance, a thermofixing in a “Ramouse” machine is
preferably executed at a temperature of 120°C to 180°C
for 2 to 10 minutes.

Description of a preferred embodiment of the invention
The particularly preferred réactive B-cyclodextrin de-
rivative, which is used and described in the following

experimental section, is a product known as Cavasol W7
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MCT® as previously described (in the following re-
ferred to for simplicity’s sake as Cavasol).

The active substance included in said Cavasol is DEET
(N,N-diethyl-m-toluamide) having the following struc-

tural formula:

and the following features:

- it is used as repellent against mosquitoes;

- it is soluble in ethyl alcohol (CH3CH,OH) and ace-

tonitrile (CHsCN);

- it is insoluble in water.
Both Cavasol and its inclusion complex with DEET (for
simplicity’s sake. Cavasol/DEET) are water-soluble and
fix to the fiber (in this specific case to cotton cel-
lulose matrix) through the following nucleophilic sub-

stitution reaction:

Said process is accelerated by operating in an alka-
line environment (pH 10-11) with the addition of so-

dium carbonate (NéZCO3).

After impregnation (through padding) the fabric is
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thermofixed, preferably in a “Ramouse” machine, at

150°C for about 5 min.

The experimental results thus obtained are shown in

the following tables and in the accompanying Figures

1-11.

Description of the Figures

Figure 1 (Fig. 1) shows UV spectra of an aqueous sO-—
lution of the inclusion complex Cavasol W7
MCT®/DEET (referred to therein as CDDEET) in
the different dilutions as Ilisted in the
following Table 1.

Figure 2 (Fig. 2) shows the calibration line for said
aqueous solution of CDDEET as obtained from
the data of Fig. 1.

Figure 3 (Fig. 3) shows UV spectra of an aqueous so-
lution of pure, not-complexed Cavasol W7

® (referred to therein as CD) in the dif-

MCT
ferent dilutions as listed in the following
Table 2.

Figure 4 (Fig. 4) shows the calibration line for said
aqueous solution of CD as obtained from the
data of Fig. 3.

Figure 5 (Fig. 5) shows UV spectra of a solution in

acetonitrile of pure, not-complexed DEET

(referred to therein as DEET) in the differ-



WO 2006/077604 PCT/IT2005/000026

_15_

ent dilutions as listed in the following Ta-
ble 3.

Figure 6 (Fig. 6) shows the calibration line for said
solution in acetonitrile of DEET as obtained
from the data of Fig. 5.

Figure 7 (Fig. 7) shows the three calibration lines
of Fig. 2, Fig. 4 and Fig. 6 on the same
Cartesian system.

Figure 8 (Fig. 8) shows IR spectra referring to the
sampling made on a cotton fabric before and
after impregnation executed with the follow-
ing Composition A (containing only not-
complexed Cavasol W7 MCT®, referred to as
CDMCT). The figure shows at 1570 cm™t  the
characteristic peak of Cavasol.

Figure 9 (Fig. 9) shows IR spectra referring to the
sampling made on a cotton fabric impregnated
with Composition A (containing only not-
complexed Cavasol W7 N@T®, referred to as
CDMCT), after extracting the latter in a
Soxhelet extractor, with water.

Figure 10 (Fig. 10) shows IR spectra referring to the
sampling made on a cotton fabric before and
after impregnation executed with the follow-

ing Composition B (containing the stable so-
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lution of the complex Cavasol W7 MCT®/DEET,
referred to therein as CDMCT DEET).

Figure 11 (Fig. 11) shows IR spectra referring to the
sampling made on a cotton fabric impregnated
with Composition B (containing the stable
solution of the complex Cavasol W7
MCT®/DEET, referred to therein 'as CDMCT
DEET), after extracting the latter in a Sox-
helet extractor with water.

The stable solution according to the present invention

is prepared by adding to 1000 ml of water 250 g of

Cavasol W7 MCT® (Cavasol) and 25 g of DEET, as de-

scribed above.

In this solution Cavasol is added in a larger amount

(+22.66%) than the one required for an equimolar ratio

with DEET (molar ratio of about 1.22:1 with respect to

stoichiometric ratio).

The solution thus obtained (mother liquor) is then di-

luted at different concentrations and used for acquir-

ing a series of UV spectra between 200 and 300 nm;
said spectra are then compared with those referring to
solutions of pure Cavasol and of pure DEET.

The dilutions made on the mother liquor of complex

Cavasol/DEET are.those listed in the following Table

1.
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Table 1 - Dilutions made on mother liquor Cavasol/DEET

(with reference to initial Cavasol concentration)

Taken amount [ml] {Final volume [ml] Concentration
[mg/1]
1 10 250
1 100 25
2 100 50
4 10 100

UV spectra referring to the above solutions are ac-
guired with a spectrophotometer Perkin-Elmer Lambda 20
and are shown in Fig. 1.

Since at the concentrations of Table 1 the maximum ab-
sorbance value is of 1.2 (therefore inside the area of
validity of Lambert-Beer law), it is possible to cor-
relate the values of characteristic peak areaé with
the concentration of the prepared solutions.

This enables to build the calibration line shown in
Fig. 2 starting from spectra shown in Fig. 1.

For each one of the spectra of Fig. 1 the fourth-order
derivative 1is calculated so as to evaluate better at
which wavelength diagnostic peaks of Cavasol and DEET
fall; said derivatives are then squared and the square
‘root is then calculated so as to make all peaks posi-
tive. Eventually, each curve 1s multiplied for a fac-

tor of 1000 so as to increase width and reduce error
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on the measure of characteristic peak area.

The same test is executed also on solutions of pure
Cavasol and of pure DEET.

As far as Cavasol is concerned, an aqueous mother lig-
uor with a concentration of 1 g/l is prepared.

From this solution, through the dilutions listed in
the following Table 2, four solutions having a differ-
ent concentration are obtained.

Table 2 - Dilutions made on mother liquor of Cavasol

PCT/IT2005/000026

Taken amount [ml] | Final volume [ml] Concentration
[mg/1]
10 100 100
7.5 10 75
2.5 10 25
1 100 1

uv spectré, which are acquired in the same interval of
wavelengths as 1is used before for the solutions of
complex Cavasol/DEET as listed above, are shown in
Fig. 3.

Fdllowing the same procedure described above, from the
spectra of Fig. 3 the calibration line referring to
the solution of not-complexed Cavasol is obtained, as
shown in Fig. 4.

The following Table 3 contains a list of the dilutions

made starting from a mother liquor containing 1 g/1 of
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DEET in acetonitrile.

Table 3 -~ Dilutions made on mother liquor of DEET

Taken amount [ml] |Final volume [ml] Concentration
(mg/1]
5 : 10 5
..2.5 10 2.5
1 10 | 1
0.5 10 0.5

UV spectra of the solutions listed above are shown in
Fig. 5.

Following the same procedure described above, from the
spectra of Fig. 5 the calibration line referring to
the solution of DEET is obtained, as shown in Fig. 6.
Placing the three lines shown in Fig. 2, Fig. 4 and
Fig. 6 on the same Cartesian reference system, as
shown in Fig. 7, it can be clearly seen that the line
referring tc DEET has a higher angular coefficient
(1.9 10™Y) than the other two lines (0.56 1072 and 0.43
107%) . This is due to the fact that DEET absorbs more
UV rays than the other two compounds.

Fig. 7 further points out in quite a clear way that
the values of absorption of UV rays for the solution
of cdmplex Cavasol/DEET are' little affected by the
presence of DEET molecule.

As a matter of fact, their development is more like
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Cavasol alone than DEET alone.

This shows that DEET penetrates into cyclodextrin
structure (therefore the inclusion complex is formed)
and 1s thus screened and does not absorb UV rays but
to a minimum extent.

Were it not so, it should provide a far more intense
signal than the one it provides.

Fig. 7 provides further evidence, though on a qualita-
tive level, that the aqueous solution of complex
Cavasol/DEET is a stable solution.

Use of the aqueous solution of inclusion complex
Cavasol/DEET for imprégnating in a stable manner fab-
rics with a cellulose matrix.

Two liquid compositions having the following formula-

tions are prepared.

Composition A Composition B
250 g/1 Cavasol 250 g/1 Cavasol
50 g/1 NayCOs 25 g/1 DEET

50 g/1 NayCOs
Composition B comprises the stable agqueous solution -
prepared by adding to 1000 ml of water 250 g of
Cavasol and 25 g of DEET, as described above.
The catalyst (Na,CO;) 1s added to the preserved solu-
tion of said reagents short before use.

A 100% cotton fabric, with a weight of 150 g/m®, is
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used for the tests.
2 samples (foulards) with size 40x40 cm® are cut out
of said fabric; one sample is impregnated with Compo-
sition A and the other one with Composition B, using
the following operating conditions:

e Roll pressure = 3 bar;

e Roll speed = 1.3 m/min.
Both samples are then thermofixed in a “Ramouse” ma-
chine (5 min; 150°C).
Impregnation parameters for this test are the follow-
ing.

For Composition A:

Vfeeding [m/min] 1.3 Weightin [g] 23.87
Proils [bar] 3 Weightrin [g] 41.72
PHpath 10.37 Pick-up [%] 74.78

For Composition B:

Vieeding (M/min] 1.3 Weightin [g] 24
Prolls [bar] 3 Weightsin (9] 41.02
PHpatn 10.38 Pick-up [%] 70.92

A sample test is made on each of both fabric samples
through a spectrophotometer FT-IR in 5 different sur-
face areas.

For both samples IR spectra are acquired:

- before impregnation;

- after impregnation;
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- after extraction of impregnated fabric in a Soxhelet
extractor with water.

IR spectra are shown in Figs. 8-11.

The following results are found.

From Fig. 8, by bringing to absorbance spectra refer-
ring to fabric sampling before and after impregnation
and by normalizing them between 1089 and 1039 cm™,
the presence of cyclodextrin on fabric surface (peak
at 1570 cm™) can be clearly seen.

In order to monitor the amount of reagent that binds
chemically with the substrate, the fabric is extracted
in a Soxhelet extractor (at boiling point for 24
hours) using distilled water as solvent.

As can be inferréd from Fig. 9, characteristic peaks
of Cavasol are less evident than those acquired before
extraction but are still clearly present (therefore
the fabric is anyhow impregnated in a stable manner).
Quantitative percentage determination of the degree of
stable impregnation (;.e. of the amount of Cavasol
that binds chemically with the substrate).

All sampling results are shown in the following Table

6.
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Table 6- Difference between peak areas of Cavasol re-
ferring to 5 sampling areas

Peak area

Area| CONT COCD Ccocb/ COCD/ COCD/ |Yield Average

lav. Cor Lav Cor (%] Yield

(C1) (C2) (C3) (C4) (C5) (5]

1 7.7953 27.5523 15.0384 19.757 7.2431 |63.34
2 6.7155 27.0532 17.5233 20.3377 10.8078|46.86
3 5.1042 38.0193 21.7612 32.9151 16.657 [49.39 52.77

4 10.916 39.1827 26.4966 28.2667 15.5806|44.88

5 |7.1647 43.9006 22.0871 36.7359 14.9224]59.38
Key:

CONT Untreated cotton

il

COCD = Cotton treated with Cavasol

Cotton treated after extraction

I

CoCD/lav

i

COCD/Coxr = C2 - Cl

COCD/lav Cor = C3 - C1

Yield = [(C4 - C5)/C4] x 100
The amount of reagent that binds chemically with the
substrate is determined in the same way also for Com-
position B.
IR spectra referring to sampling before and after im-
pregnation with complex Cavasol/DEET are shown in Fig.
10.

Also for this sample, extraction is carried out in a



WO 2006/077604

_24_

Soxhelet extractor using water as solvent (at boiling

point for 24 hours). Spectra acquired after said ex-

traction are shown in Fig. 11.

In both figures the presence of peak at 1570 cm™,

corresponding to cyclodextrins, can be clearly seen.

Quantitative percentage determination of the degree of

stable impregnation (i.e. of the amount of reagent

that binds chemically with the substrate).

All sampling results are shown in the following Table 7.
Table 7- Difference between peak areas of complex

Cavasol/DEET referring to 5 sampling areas

PCT/IT2005/000026

Peak area
Areal CONT COCD CoCD/ CocDh/ COCD/ |Yield Average
- lav. Cor lav Cor [%] Yield
(C1) (c2) (C3) (C4) (C3) [3]
1 ]5.5139 22.7454 13.3881 17.2315 7.8742 }54.30
2 3.9787 28.6925 12.9994 24.7128 9.0197 }63.50
3 ]6.4112 30.7658 16.6829 24.3546 10.2717|57.82 57.65
4 14.0684 33.4857 15.0898 292.4173 15.0214| 48.94
5 4.9012 41.0024 18.0105 36.1075 13.1086]63.70
Key:

COCD = Cotton treated

COCD lav = cotton treated after extraction
COCD/Cor = C2 - Cl1
COCD/lav. Cor = C3 - C1
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Yield = [(C4 - C5)/C4] x 100
From data shown in previous Tables 6 and 7, it can be
inferred that both tested compositions (the one con-
taining pure Cavasol, i.e. Composition A, and the one
containing the complex Cavasol/DEET, i1.e. Composition
B) behave basically in the same way when undergoing
the chemical fixation process on the fabric.
In order to check whether DEET is actually present in
the fabric impregnated with Composition B, said fab-
ric, after being extracted in a Soxhelet extractor
with water (as described above), is further extracted
in a Soxhelet extractor with chloroform (at boiling
point for 24 hours) so as to extract DEET.
The following determination of the average amount of
DEET, obtained by gas chromatography (GC), confirms
that DEET present basically corresponds to the ex-
pected amount for complex Cavasol/DEET.
The complexes P-cyclodextrin/DEET according to the
present invention have proved particularly useful for
preparing solutions and/or formulations that are sta-
ble in time, to be used for manufacturing fabrics with
repellent properties towards mosquitoes.
In particular, said solutions and/or formulations can
be advantageously used for applications in the field

of protectivé clothes (for instance for impregnating
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in a stable way shirts, scarves, foulards, overcoats,~
T-shirts, trousers'and SO on).

Moreover, said solutions and/or formulations can Dbe
advantageously used for applications in the “sleeping”
field (for instance for impregnating in a stable way
mattresses, mattress covers, sheets, pillowcases, mos-
quito curtains and so on) as well as in the domestic
field (for instance for impregnating in a stable way
fabrics for sofas, carpets, outdoor and indoor cur-
tains and so on).

Thanks to their ‘stability in time, said solutions
and/or formulations further enable to apply the prod-
uct to the fabric in a simple and cheap way, at the
desired concentration, giving said fabric a particu-
larly long-term and effective repellent action towards
mosquitoes.

Said action can further be easily recovered after a
given period, for instance by applying suitable sprays
of said stable solutions and/or formulations according

to the present invention.
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CLAIMS
1. A liquid composition with a repellent action to-
wards harmful and/or troublesome insects, for treating
fibers and/or fabrics, comprising a stable aqueous so-
lution of an inclusion complex between a reactive
cyclodextrin derivative and at least one substance
having a repellent activity towards said insects.
2. The composition according to claim 1, in which
said reactive cyclodextrin derivative is a p-cyclo-
dextrin derivative comprising at least one reactive
group that is able to react chemically with the func-
tional groups of textile fibers and/or fabrics
3. The composition according to claim 2, in which
said reactive group is selected among: vinylsulfonyl,
a~haloacryloyl groups or heterocycle containing nitro-
gen having at least one halogen substituent.
4. The composition according to claim 3, in which
said heterocyclic group is a 1,3,5-triazine substi-
tuted with chlorine and ONa.
5. The composition according to any of the preceding
claims, in which said substance with repellent activ-
ity is chosen among:
- natural repellents, such as: citronella, eucalyptus,
lemon leaves, peppermint, lavender, cedar oil, canola,

rosemary, pennyroyal, cajeput;
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- synthetic repellents, such as: vitamin Bl (thiamine
chloride), DEET (N,N-diethyl-m-toluamide), R-326 (di-
n-propyl isocinchomeronate), MGK-264 (N-octyl-
bicycloheptene dicarboxyimide) ;

- permethrin;

and mixtures thereof.

6. The composition according to claim 5, in which
said repellent is DEET (N,N-diethyl-m-toluamide).

7. The composition according to claim 1, in which
said inclusion complex is a complex between the sodium
salt of 2-chloro-4-hydroxy-1,3,5-triazinyl-f-cyclo-
dextrin and DEET (N,N-diethyl-m-toluamide).

8. The composition according to claim 7, in which
said sodium salt of 2-chloro-4-hydroxy-1,3, 5~
triazinyl-B-cyclodextrin has an average molecular
weight of about 1566 and a degree of substitution
DS=0.4, corresponding to about 2.8 units of triazine
substituent per cyclodextrin molecule.

9. Use of a composition according to any of the
claims 1 to 8 for treating chemically fibers and/or
fabrics so as to give them a long-term insect-
repellent action.

10. The use according to claim 9, in which said in-
sect-repellent action is exerted towards flies, fleas,

. ticks, mosquitoes, bees, wasps, hornets.
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11. The use of the composition according to claim 7
for treating chemically cellulose-based fibers and/or
fabrics so as to five them a long-term recoverable re-
pellent action towards mosquitoes.

12. A method for treating chemically fibers and/or
fabrics so as to give them a repellent activity to-
wards harmful and/or troublesome insects, as referred
to in claims 10 and 9, comprising:

a) addition to a composition according to any of the
claims 1 to 8 an amount of a catalyst, chosen among
inorganic salts such as calcium carbonate, of 5 g/l to
80 g/l with respect to the amount of water used;

b) impregnation of said fibers and/or fabrics with the
solutions obtained from a);

c) covalent fixation of the inclusion complex cyclo-
dextrins/insect-repellent substance.

13. The inclusion complex between the sodium salt of
2-chloro-4-hydroxy-1, 3,5-triazinyl-B-cyclodextrin and
DEET (N,N-diethyl-m-toluamide), as referred to in
claims 7 and 8.

14. A cellulose-based fiber and/or a fabric function-
alized in a stable manner with the complex according

to claim 13.
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Fig. 6/11
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Fig. 7/11
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Fig. 9/11
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