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SPECIFICATION

NEW CLATHRATE COMPOUND AND ITS PREPARATION METHOD
AND COATING COMPOSITION CONTAINING THE COMPOUND

Field of the Invention: : : :

The present invention relates to a new cla.brate compound, and particularly
relates to a clathrate compound comprising tétrakisphenol as the host compound
and 2-alkyl-3(2H) isothiazolone as the guesi; 'compoo'nd-, its preparation method
and a coating composition containing the new clathrate compound.

Background of the Invention:

2-alkyl-3(2H) isothiazolones including 2-n-octyl-32H) isothiazolones are
commonly used as industrial biocides for slime control, anti-foulant and other
applications. They have a drawback of harsh effect to human bodies during
apphcahon including lngh skin irritation and tendency ’oo cause rash.

Further, many 2-alkyl-3(2H) Jsothlazolones are aqmd and it makes d:ﬂicult touse
~ these compounds in the form of solid.

The object of the present mventton is to prowde & new clathrate compound having

2-alkyl-3(2H) isothiazolones as the guest compound a.nd its preparation method
and a coating composition containing the new clathrate compound as a means to
obtain safe and solid 2-alkyl-3(2H) isothiazolones.

Disclosure of the Invention:

Having devoted themselves to their study to- attain the above object, inventors
successfully achieved the present invention with ﬁndmg that, by directly adding a
certain tetrakisphenol host compound to the liquid containing 2-alkyl-3(2H)
isothiazolone for reaction or by mixing teh-almphsnol host compound powder and

2-alkyl-3(2H) isothiazolone powder for direct aolid phase reaction or solid-liquid
reaction, the new clathrate corapound can be quite cffectively generated.

Given below is the detailed description of the present mvcnhon. '
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The tetrakisphenol used as the hﬁst _con-mpoqn-djin.tl;e,pre_sent invention is the
compound expressed by the formula {I]1below; .' . "

BT Lo
HO l . ] OH |
R2 R?

X

(In the formula, X represents (CEz)n where n may be 0; Lot 2; and eack of Rl to R®
represents ons component selected from the group consisting of hydrogen atom,
]ower-a_alkyl group, halogen atom, lower-alkoxy group and substitutable phenyl
group.)

The lower-alkyl group described above is preferably methyl, ethyl, propyl or
isopropyl group, and the luwer-a]koxy group described above is preferably
methoxy, ethioxy, propoxy or isopropoxy group. -

-Specific examples of tetralnsphenols mclude 1; I,2,2-te‘crahs (4-hydro:qrpheny1)
ethane, 1,1,2,2-tetrakis (&methyl+hydm::ypheny1) ethane, 1,1,2 2-tetrakis (3-
bromo-4-hydroxypheny]) ethane, 1,1,2,2-tetrakis (3,5-dimethyl-4-hydroxyphenyl)
ethene, 1,1,22-tetrakis (3-t-buty1-4-hydmxyphenyl) ethane, 1,1,22-tetrakis (3-
chloro-4-hydroxyphenyl) ethans, 1,1,2,2- tatrakis (3 5-dichloro-4- -hydroxyphenyl)
ethans, 1,1,2,2-tetrakis (3 ﬂmm+hydmxyphcnyl) cthnm 1,1,2,2-tetrakis (3,6~
difluoro-4-hydroxyphenyl) cthane, 1,1,22-tetrakis (3-methoxy-4-hydroxyphenyl)
ethane, 1,1,2,2-tetrakis (3,6-dimethoxy-4-hydroxyphenyl) ethane, 1,1,2,2-tetrakis
(3chloro-5-methyl -4-hydroxyphenyl) ethana, 1.1,2,2-tatrakia (8-chloro-5-phenyl-4-
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hydroxyphenyl) ethane, 1, 1 2 2-tetrakis [(4-hydmxy 3—phenyl) phenyl] ethane, 1,1-
bis (4-hydroxyphenyl)-2, Z-bls(3-methyl 4-hydroxyphenyl) - .ethane, 1,1,33-
tetrakis(4-hydroxyphenyl) propane, 1,1, 3 3-tetrakis - (3-methy1 4-hydroxyphenyl)

| propane, 1,1,3,3-tetrakis (3, 5-d1methyl-4vhydroxyphenyl) propane, 1, 1,3,3-tetrakis
(8~chloro-4-hydroxyphenyl) propane, 1,1,3,3-tetrakis (3,5-dichloro-4-
bydroxyphenyl) propane, 1,1,3,3-tetrakis (3-fluoro-4-hydroxyphenyl) propane,
1,1,3,3-tetrakis (3.5-difluoro- 4-hydro:wpheny1) propane, 1,1,3,3-tetrakis (3-phenyl-
4hydroxyphenyl) propane, 1,1,4,4-tetrakis (4-hydroxyphenyl) butane, 1,144
tetrakis (3-methyl-4-hydroxyphenyl) butane, 1,1,4,4-tetrakis (3,5-dimethyl-4-
hydroxyphenyl) butane, 1,1,4,4-tetrakis (3-chloro-4-hydroxyphenyl) butane,
1,1,4,4 tetrakis (3,5-dichloro-4-hydroxyphenyl) outane, 1,1,4,4-tetrakis (3-fluoro-4-
hydroxyphenyl) butane and 1,14, 4-betrakzs (3 5- d1ﬂuoro-4-hydro:wpheny1)
butane.

The alkyl group n. 2—a1ky1-3(2H) mothlazolone wh;ch serves as the guest
compound in the present invention, is preferabiy a stralght-cham or branched-
chain alkyl group having 1 to 20 carbons.

Specific examples of 2-alkyl-8(2H) isothiazolone which can be used in this
invention include 2-methyl-3(2H) 1soth1azolone, 2- ethy1-3(2H) isothiazolone, 2

isopropyl-3(2H) 1soth1azolone, 2-n-propy1-3(21-1) isothiazolone, 2-n-butyl-3(2H)
isothiazolone, 2-seo-buty1-3(2H) lsotlnazalone Z-f-bhtyl-3(2H) isothiazolone, 2-n-
pentyl-3(2H) isothiazolone, 2-neonenw1-3(2H) mothlazolone. 2-n-hexyl-3(2H)
isothiazolone, 2-c-hexy -3(2H) moth:amlone 2—1'- hepty1-3(2I-1) isothiazolone, 2-n-
octyl-3(2H) isothiazolone, 2-n-nony1-3(2H‘: 1soth:azo10ne 2-n-decyl-3(2H)
isothiazolone,  2-n-undecyl-3(2H) . . isothiazolone and - 2-n-dodecyl-3(ZH)

The new clathrate compound of the present invention can be obtained by mixing a
dispersion or solution of 2-alkyl-3(2H) isothiazolone and tetrakisphenol as the host
compound and stirring them at a temperature from the room temperature to
100C  for a couple of minutes to a couple of hours for reaction so that 2-alkyl-
8(2H) isothiazolons is easily clathrated to the hoat compound.

Alternatively, the new clath.rate compound nf .‘:hv present invention can be
obtained by mixing 2-a1ky1—3(2H) Lootbmmhne and tetraklsphenol powder as the
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host compound at a temperature from the room temperature to 60°C for a couple
of minutes to a couple of hours for solid phase reaction or solid-liquid reaction so
that 2-a.lky1~3(2H) isothiazolone is easily clathtabed into the host compound.

The characterlistics of the new clathrabe oompov..nd and 1ts preparation method of
this invention are summanzed below ' '

4)) The clathrate oompound obtained acobrding to the present invention is
almost free from skin irritating property agmnst human bod.xes It is thus
extremely easily handled. '

)] Heating u'eatment to the clathratc aompound becomes possnble since the
releasing temperature of 2-a.lky1-3(2H) isothiazolone from the clathrate compound
(for example, in case 2-n-octyl-3(2H) isothiazolone is used as the guest compound,
though the guest compound is in the form of liquid, releasing temperature from
the clathrate compound is above 190C) ' '

3 Since the clathrate compound of the preeent mventmn i8 in the form of
solid, it can be used as a component ‘of 8 ahap-hottbm ant:-fotﬂant in the form of
solvent-dlspersmn.

@ By dathrating, 2-alkyl-3(ZH) isothiazlones including liquid material of
2-alkyl-3(2H) isothiazolone can be sohdlﬁed and can be used as solid biocide and
solid slime-control agent. '

) A new clathrate compound oompﬁsing tetrakisphenols as the host
compound. and 2-alkyl-3(2H) isothiazolone as the guest compound can be easily
prepared.

The new clathrate oompound of this mvenhon 15 parlncularly suitably used for
coating compositions. .. -

This compound can be used for water-based paints and solvent-based paints.
Adding an appropriate amount of this clathrate compound to a water-soluble
polymer compound such as casem-forma]m oopolymers, water-soluble vinyl-based
and acryl-based polymers, watgr-soluble vcgctablo oils and pol.yester resins, or to a
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latex such as methyl acrylate -styrenc, vmyl acetate-styrene, vinyl acctate-methyl
methacrylate, vinyl acetate-maleic anhydnde, styrene-butadlene vinyl acetate-
methyl acrylate and vinyl chlonde vmyl acetate can prepare a coatmg
composition. : = :

A preferable amount to be added can be deﬁerm:med smtanly accordmg to the
application and desired performance of a coatmg composition o be prepared and
also determined casily by those skilled in the art according to a well-known
method, The new clathrate compound of this invention fo be used for coating
compositions does not irritate skin and eyes, does not have an irritating odor, and
can be handled easily. Compared with the case of solely using 2-alkyl-3 (2H)
isothiazolone, the 2-alkyl-3 (2H) isothiazolone. can be used in a larger amount as
an active coroponent. Therefore, a coatmg composxtmn W1th improved safety and
high effect can be obtained. ' :

The obtained coating composition can be apphed to-various substrates such as
fiber, paper, leather, wood, ceramms and metal and can be used extenswely, such
as an interior or exterior- pamt 'I‘he clathrate campound prepared by this
invention is free from the problems such as n'nuatmn t skin and eyes and the
irritating odor involved in handling the 2-a1ky1-3 (2H) isothiazolone and can be
used easily. And, clathration allows to solidify 2-n-alkyl-3 (2H) isothiazolone
such as liquid 2-n-octyl-3 (2H) isothiazolone and to use it as a solid germicide and
a solid slime oontrol]ing agent.

_ In addition to the above coating composrtmns the c]athrate compound of this

invention can be used specn.ﬁcally as follows: & ﬂhme prevenung agent in cooling
water systems, ‘an algaemde for swimming pools, a disinfoctant, a slime
preventing agent for paper making processes, 2 fungicide for texture, a fungmde
for leather, a bactericide for 806p, an antmepinc agent for metalworking fluid, an
antiseptic agent for paint, and a._samta:y_a.gen\_: for texture. - -

Brief Description of the Drawings:

Fig. 1 shows an IR spectrum of the clathrate compound obtained m Example 1.
Fig. 2 is an IR spectrum of a gucst compound 2-n-octyl-8 (2H) isothiazolone,

doo7
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Preferred Embodiment of the Invontnon. | | g

This invention will be described in detail as exé.tﬁpies. However, this invention is
not limited by such examples.

Example 1

Into 10 ml of water, 1.1 g of 2-n-octyl-3 (2H) .is.pthiaZDhne (a product of Robm &
Haas) was dispersed, and'1 g of 1,1,2,2-€etrakis'.'(4-hydroxypheny1) ethane was
added to prepare a suspension, which was ther stirred at 60 degrees C for one
hour, A resulting reaction solution was Ieft to stand at room temperature for 24
hours, and subjected to filtration under redueed pressure to cbtain a solid
substance. The solid substanoe was vacuum—dned at. room- temperatu.re to obtain
a light-yellow powdered clathrate compound cons:stmg of. 2-n-octyl-3 (2H)
isothiazolone and 1,1,2,2-tetrakis (4-hydm;ypheny1) ethene at a ratio of 2 to 1
(mole ratio).

The obtained clathrate compound was checked by the TG-DTA analysis and the
IR analysis.

Fig. 1 shows an IR spectrum of the clathrabe compound (EBr method), and Fig. 2 -
shows an IR spectrum of 2 guest compound. 2-n-octyl-3 (ZH) 1sotb1azolone KBr
method).

Example 2

To 1,1 g of 2—n—octy1-3 (2H) mothlazolone whmh WuB hss.wd to 60 degrees G, 1.0 g
of 1,1,2 2-tetrakis (4rhydmxyphenyl) ethane was added. They were reacted while
stirring for 10 minutes. The reaction was progressed quickly to obtain a light-
yellow massive clathrate compound consisting of 2-n-octyl-3 (2H) isothiazolone
and 1,1,2,2-tetrakis (4-hydroxyphenyl) ethane at a ratio of 2 to 1 (mole ratia).

The obfaincd clathrate compound was checlked by the TG-DTA analysis and the
IR analysis, Tt was ccnﬁrmed that the same - substance was prepared as in

Example 1.
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Table 1 shows the production conditions to prepare the clathrate compounds in
Examples 1 and 2, the mole ratios of the guests and the hosts of the obtained
clathrate compounds, and the temperature to releasc the guest organic compound.

o Tablel .

Reaction conditions Guesr) Guest | Melting
Example host. |releasing| point of
I — 1’ mole | temper-|clathrate
Solvent| TeMPer| Tyme. |  ratio ature |
ature N R SVRRER |
(o) | (mindj =€) (T)
1 Water &0’ 60 20 194 61
2 |[Notused] €0 10 20 196 63
Example 8 B

To an acrylic emulsion, water-based matte paint. :(Toriopajnter), produced by
Nihon Tokushu Toryo Co., Ltd., prescnbnd amounts of & 46%. propylene glycol
solution of 2-n-octyl-3 (ZH) mothmzolone (test Substarice A) and the clathrate
compound consisting of 2-n-octy1-3 (21-]) isothiazolons and 1,1,2,2-tetrakis (4-
hydroxyphenyl) ethane at a ratio of 2 to 1 (zaoie ratio) obitained in Example 1 (test
substance B) were added. The resulting substance was applied in an appropriate
amount two times to release liner paper. ‘The paper was air-dried for one week to
obtain an ordinary paint film. The film separated from the paper was weighed

. and placed in a 70-m] mayonnaise bottle, and 50 ml of water was added, thereto.
Then the solution was subjected to a shaking culture at 25 degrees C. Samples
wrere ccllected ot cartain time irfervala and détgrp;ined by HPLC.

Table 2 shows the details of the test ﬁ]m samples and Table 3 shows the eluted 2-
n-octyl-B (2H) isothiazolone in mg and pementsge

It iz eeen from Table 3 thnt tha 2-n-ru'l'yl-3 (J.H} 'lﬂﬂﬂ“ﬂ'l"’)l(lu@ eluted from the
clathrate compound of thia mvenhon is rather ~ma11 m rah:o

L



Table 2

Test
- ] substance

.. Active
component
in wet paint
. (ppm)

Solid content ..
in paint .-
(%)

Dried
film-

(g)

Aétivg. component
 imfilm

_(Ppm)

Tetal active

" component in .

filx'n.'s.gx-mple

(g

150

. 4218

-

© 3000

2.144 ;

© 9375
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Table 3
Test Just | 4n Shrs | 24brs | 48hrs | 72hrs | 96nrs | 168 bs
substance after s s ' s S I o

A .
Elutedamount mg | 180 | 225 | 240 | 257 | 285 | 288 | 202 294
Fluaston  %.| 2219 | 2775 | 2060 | 3177 | 3523 | 3554 | 3603 | 36340}

B
Elutedamount mg | 354 | 455 | 458 | 4985 575 | 585 6035| -6405|
Eluaton . % | 1761 | 2264 | 2279 | 2480 | 2861 | 2893 | 3002 | 3187

neaJang - 1Lvd VNAS
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Example 4

An acrylic binder for water-based gloss pamt and another acrylic binder for water-
based matte paint which contain, as a p1gment titanium dxoxxde, CR-60, produced
by Ishihara Sangyo Kaisha, Ltd. were used. - o prepare paints, test substances A
and B were added in 4000 ppm al, and their adding amounts were adjusted by
sequentially diluting with a non-addition paint.
per one square meter, to veneers (50 miny x 100 mm) whose surface was magnolia
two times ait intervals of four hours, and air-dried for one week or more to prepare

film samples. The film samples were repeatedl,r used three times. Test fungi
were inoculated on the samples and culhvated at 30 T for 37 days
The inoculated fungi are as foljows. k
ID. | Name of fungus
IFO#6345 Penicillium funiculosum .
IFO#6353 Aureobamdn_m pullulans
TFO#6342 _ Aspergillus mger
Mildewproof evaluation indexes were st as fllows.
Fungus growthrate Contammatmn ievel; _. Fungus growth evaluation
T Trace ' . <6%
1+ Very little >10%
2+ Little 26% +/-
3+ Moderate 50% +/-
4+

- SENDA PAT.Bureau

Many ' , >50%

10

The paints were applied, in 25g

@o12
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Table4
Testsubstance | ~Dosage | ' Fungus-growth rate
' (ppm, active - ‘Gl'-f:"ss‘ paint (Matte paint
component) . | -~ -
B 1000 4+ b el
B_ 12000 |1+ | 24
B 3000 T 1+
B 4000 T T
A 1000 44 3+
Blank 1 4+ 4+

**; Much more growth was observed som_eﬁme_$

Films of the paints prepared by addmg 1000 ppm al. e"' the clathrate compound
prepared in Example 1 to water-based g.oss and matte. pamts were confirmed
having a very superior mildewproof effect te those of the pamt oontammg 2-n-
octy1-3(2H) isothiazolone in equal Welghn ' ' - -

Test Example

A 45% propylene glycol solution of 2.n-octyl-8 (2H) isothiazolons (test substance A)
and the clathrate compound consisting of 2-n-octyl-3 (2H) isothiazolone and
1,1,2,2-tetrakis (4-hydroxypheny]) ethane at a ratio of 2 to 1 (mole ratio) obtained
in Example 1 (test substance B) were tested for safety by the following method.

L Preparation of test substances .. -
Each substance was not treated. A soluhon of 2-n-oc(3r13 (2H) isothiazolone in a

state of yellow liguid and the clathrate eompmmd m a state of crystalline powder
of Example 1 were used as they were.

2. Used animal
Rabbit: New Zoaland White, male

3. Dosage

n

[@o13



‘97 06719 THU 17:45 FAX 03 3238 1803 SENDA PAT.Rureau 014

The rabbits had their back hair'cut a day before testing. To & round lint cloth
having a diameter of 1.5 cm, 0.1 g or 0.1 mi-ef 2ach substance was applied using a
little amount of ion-exchanged water, if necessary, and the cloth was put on the
skin in good condition. A 6 x 6 cm gauze was put on the cloth and a breathing
bandage was used to fix them. Thus, a semi-closed patch test was conducted for
four hours. After removing the cloth, the remained test substance was wiped off
with water. Two rabbits were used for each test substance.

4 Observation and eva]uatxon i .

Skin damages were observed and evaluated one hour and seven days after
removing the cloth, then scored as shown in Table 5. "Aht average of damages for
three days after removing- the cloth was calculated and indicated as a.skin
primary u'ntatmn level index (hereafr.er :-allpd "P]I")

6. Results o

Table 6 shows the results.

When 2-n-octyl-8 (2H) isothiazolone was used, the highest point 4 was recorded for
erythema and dropsy. Later, the dropsy was mﬂumd but necroses wexe observed.
These necroses did not heal even after seven da,,'s It had the PII of 6.8 and was
judged to be a very n'ntaung (causlic) substanc:a. "

On the other hand, the clathrate was scored 0 o 2 and eryl:hema and dropsy
healed in six days. It had the PII of 1 9 a.nd was udgedtn bea shg]:_ttly irritating

It is seen from the test results that clathration with TEP d@nd pulverizing sharply
reduced irritation to skin and improved safety.
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Table &
Erythema and scab .
No erythema 0
Very slight erythema (barely mwgmoabw) 1
Clear exrythema L 2
Moderate to severe erythema : 3
Severe erythema (beet redness) to farmation of shght scab .
(damage to a depth) 4
= Maximum point 4
Dropsy ' .
No dropsy o . 0
Very slight dropsy. (barely recogmzable) 1
Shghtdropsy(clearedgeduetoanobvzous L '
pmtuberancecanbeobserved) R T S 2
Moderate dropsy (about 1-mm lngh protuberance) . 3 .
Severe dtopsy (about Imm .’mgh prctﬁioéfénce end v
anexpanseexceedmgtheexposedarea; e e 4
Meaximem point - . 4.

13
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Table 6

Day-varying score

Test
substance

Egythema/scab

and-
animal No:

(hour) - (days)|(Hour)

1 1 2 3 6 7|1 :1-

Average score

to the third day

and note -

£08T 88¢¢ €0 XVA 9¥:LT NHL 6T/90 iﬁ.

s

4 4 4 4 4 4|4 a4

4 4 4 4 4 4 - 44 ”

28/4=70 -
B.8%:

| 26/74=%65 Necroses

‘observed

oL .

1z 2 2 o0 -4 1 1

122 1 0 -Ffo- 0

9/4=22 .
. ;; 1_?* .
6/4=15

* :Light<2,°
— : Not observed

Medium=2to5,  Severe =35

neaJng - Lvd VANHS
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What is claimed is:

1 A clathrate compound comprising a tétrakisphenol expressed by formula
[I] as the host compound and 2-alkyl-3(2H) isothiazolone as the guest compound.

(In the formula, X represents (CHz)n where n n:_laj' be O, lor 2; and each of R! to R®
represcnts one component selected from the group consisting. of hydrogen atom,
lower-alkyl group, halogen afom, lowsr-slkoxy " group end substitutable phenyl
2. A preparation method of the clathrate compound in Claim 1 wherein the
compound is obtained through reaction between tetraldsphenol expressed by
formula [I] and 2-alkyl-3(2H) isothiazolone.

3. A coating composition containing the clathrate cdmpound_ in Claim 1.

15 . .



