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1 SUBSTI TUTED ‘PYRI DI NE- 2- ONES AND SUBSTI TUTED PYRI DI NE- 2- THI ONES" AS JPOS<bp1

Bi OCl DES Fgﬁtﬁ%ﬁﬁ#TFE | NVENTI ON Thi s invention relates to nove

1- hydr oxy- % ut ed- 2- pyrji-dene geme | for their prePSTASPYH 84N
their use as biocides. These dﬁﬂﬁdﬁﬁﬁi igltkgood bi oci dal activity,
particularly antifungal actiwty. THE | NVENTI ON Conpounds
exhi biting biocidal activity T—Well known in the art. For exanple,
pyrithione salts, such as zinc pyrithione, are known to provi de excell ent
bi oci dal "activity, including broad spectrum anti-bacterial and

SUBSTITUTED PYRIDINE-2-ONES AND SUBSTITUTED
, PYRIDINE-2~THIONES AS BICOCIDES

. C This invention relates to novel
1-hydroxy-6-substituted pyridine-2-ones and 2-
thiones, a process for their preparation, and their
use as biocides. These compounds exhibit good

5 biocidal activity, particularly antifungal activity.

Compounds exhibiting biocidal activity are well

- known in the art. For example, pyrithione salts,
“ such as zinc pyrithione, are known to provide
excellent biocidal activity, including broad
10 spectrum anti-bacterial and anti-fungal activity.
. There are many uses for these pyrithiones. By way
of illustration, U.S. Patent No. 4,818,436 discloses
the use of pyrithioneé in metalworking fluids, U.S.
Patent No. 4,401,770 discloses urethane shoe inserts
15 having antimicrobial activity; and U.S. Patent No.
4,935,061 discloses their use in paints.

Despite the excellent biocidal (particularly
fungicidal) activity attributable to pyrithione
salts, these compounds do have drawbacks for certain

20 applications, most notably limited solubility in
certain organic solvents and agqueous media.
Accordingly, new compounds'exhibitinq excellent
biocidal activity, but also exhibiting good
solubility in organic solvents would be useful to

25 the biocides manufacturing community.

One compound that exhibits good biocidal
efficacy and solubility in shampoo formulations is
1-hydroxy-4-nmethyl-6-(2,4,4-trimethylpentyl)-2-
pyridone. Unfortunately, this compound is more

30 expensive to manufacture than otherwise might be
desired. This compound and related compoundé are

;————-——‘/
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anti-fungal activity. There are many uses for these pyrithiones. By way of

i1 lustrat wamessid2s3 Pat. No. 4, 818,436 di scl oses the use of ] I n
nmetal] working fluids, US. Pat. No. 4,401,770 discl oses ure?ﬁihégtﬁggf

i nserts having antlnlcroblal activity; ;gnd U S Pat. No. 4,935,061

di scl oses their use e the excellent biocidal (particularly
fungi ci dal) actlvit/THEiSH ta pyrithlone salts, these conpounds do
have drawbacks for |certaREPLARER i catijons, nost notably linited solubility
in certain organi c SOFvVents and aqueous nedia. Accordi ngly, new conpounds
exhi biting exadscdpsed do @nls.adatenty 3 883 B43; cblvedr tusg imod sol ubility
|0 organi ¢ soLygRht et ddbdithdd O s Rkt Rt Ui o

4,185,106; and their use in an antidandruff shampoo

is described in U.S. Patent 4,711,775. U.S. Patent

5 4,916,228 discloses the preparation of a broad class

of 1-hydroxy-2-pyridones by a process comprising

reacting a pyrone having a specified structural

formula with a hydroxylammonium salt in the presence

of at least one alkali metal carbonate and/or

10 hydrogen carbonate.

A technical journal publication entitled
"guantitative Structure-Activity analysis in a
Series of Antimycotically Active
N-Hydroxypyridones", Journal of Medicinal Chemistry,

15 1974, Vol. 17, No. 7, p. 753, describes a variety of
1-hydroxy-substituted-2-pyridones, including those
having para-substitutions of -SCH,C;H,Cl1 (compound 15
in Table II thereof) and -OCH,CH,Cl (compound 16 in
Table II thereof), as having antimycotic activity.

20 However, the method of preparation of these
compounds is not described in this technical
publication, and it is believed that these compounds
were made from 6-chloro-2-pyrone which is not
commercially available.

25 Other new biocides providing desired solubility
charécteristics, as well as new processes for their
preparation, would be highly desired by the biocides
manufacturing community.

_—
This Sheet Has Been R,

-_ - I



One” conpound that exhibits good biocidal efficacy and SO|UbI|Ity I n shanpoo
formul ati - hydr oxy- 4- met hyl - 6- (2, 4, 4- trlmethylpentyléT ri done.
Unf ort una nl I s conpound is nore expensive to manuf act uPETUREH/11484
Substitute sheet - 16 June 1998 otherw se m ght be desired. This conpound
and rel ated conpou sgA&éﬁiﬁln'@'S Pat. No. 3,883,545, their use

I n conbati ng dandru U.S. Pat. No. 4,185,106; and their

In one aspect, the present invention relates to
! a compound of the formula:

R /ﬂ:jﬁjj§§ '
~x7 SN o (D)

|
OH

wherein X is an oxygen or sulfur moiety and R is a.
5 substituted or unsubstituted hydtocarbon radical
having between 1 and 20 carbon atoms, with the
proviso that R is other than chlorobenzyl.
In another aspect, the present invention
relates to a compound of the formula:

10 R\Yms | - (II)

wherein Y is an oxygen, sulfur, or NR’/ moiety
wherein N is nitrogen and R and R’ are independently
each a substituted or unsubstituted hydrocarbon
radical having between 1 and 20 carbon atoms.

m\
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shanmpoo is described in U S. Pat. No. 4,71 1,775. U S. Pat. No. 4, 916 228
di scl ose paration of a broad class of 1- hydr oxy- 2- '
process éﬁkggkgéﬁg reacting a pyrone havi ng a specified strlﬁiﬂ#%uﬁf ornula
with a hydroxyl anmoni um sa
car bonat e and/ or hy‘f
entitled "Quantitatjv

Antinycotically Actiyve yr ypyT 1 dones”, Journal of Medicinal Chem stry,
1974, Vol . 17, No. 7, p. 753, describes .a variety of 1 :

- hyd bstit ut di fgggh
pa?/ar g)l%stslut 3t : oﬁsigf §e% h%%gfé; Séﬁﬁj I ut# %E%Yrr%%d 115 I'n Tabl e

re—Tir esence of at | east one al kali netal
@g gHggTﬂA&d§5N A"H&chni cal Journal publ i cation
St %HEW ActiVity Analysis in a Series of

|1 thereof) aﬁG laten §op a2 compgng 19 rpkpound 16 in
R /ﬂ:iijL§
‘1;7 N0 (III)

R" OH

wherein R’/ and R’’’ are independently either

5 hydrogen or a substituted or unsubstituted

| hydrécarbon radical having between 1 and 20 carbon
atoms, with the proviso that either R or R’ is a
hydrocarbon radical. '

Preferred hydrocarbon radicals for the R group

10 in the above formulae (I), (II), and (III) are
aliphatic hydrocarbons having between 3 and 15
carbons, more preferably a straight chain
hydrocarbon having between 5 and 10 carbons. The
term "substituted hydrocarbon" is intendeqd to

i5 include substituents such as halogen such as chloro,
iodo fluoro or bromo, alkoxy such as methoxy,
ethoxy, propoxy or butoxy, nitro, thio, amino
combinations thereof, and the like. Illustrative
hydrocarbon groups include n-octyl, 2,4,4-

20 trimethylpentyl, 3,5,5-trimethylhexyl, combinations
thereof, and the like.

In still another aspect, the present invention
relates to a process for producing compound of
Formulae (I) or (II) wherein X or Y is oxygen which

25 comprises the steps of:

(a) reacting 2,6-dichloropyridine N-oxide, a

hydroxy_compound containing between 1 and 20
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Tabte Il thereof), as having antinycotic activity. However, the nethod of
preparation of these conpounds is not described in this technical :
publicati HO%%MI33t is believed that these conpounds were nmE&dY$oHHj484

6- chl oro- 2- pyrone which is not commercially avail able. O her new bioci des
provi di ng desired | Ioé ¥ RRER ri®tcs, as well as new processes for
their preparation, g r%%u@#%ﬁ'y ddsired by the biocides manufacturing
comunity. SUMVARY [OF THR LON-#n one aspect, the present invention
relates to a conpound of the fornula: [err] Wherein X is an oxygen or

sul fur noi ety andl%ééié%“ﬁ%éﬁénfghéﬁ as an alcohol such as n-

octanol or a phenol compound such as 4-

methylphenol, preferably selected from the
group consisting of alkyl, arylalkyl and aryl
5 compounds containing at least one hydroxyl
group, and combinations thereof) and a base
(such as sodium hydroxide or potassium
hydroxide), optionally in the presence of water
or an organic solvent, at an elevated
10 ' temperature to produce a corresponding 2-
chloro-6-substituted-pyridine N-oxide and
(b) reécting said 2-chloro-6-substituted-
pyridine N-oxide with a base to produce the
corresponding 1-hydroxy-é-substituted-pyridine-
15 2-one. | | | |
In yet another aspect, the present invention
relates to a process for producing a compound of
Formula (II) wherein Y is nitrogen or a compound of
Formula (III) which comprises the steps of:
20 (a) reacting 2,6-dichloropyridine N-oxide, a
" primary or secondary amine containing between 1
and 20 carbon atoms (such as dimethanolamine or
triethanolamine) and a base (such as sodium
hydroxide or potassium hydroxide), optionally
25 in the presence of water or an organic solvent,
' at an elevated temperature to produce a
corresponding 2-chloro-6-substituted-pyridine
N-oxide and
(b) reacting said 2-chloro-é6-substituted-
30 pyridine N-oxide with a sulfur-containing base
to produce the corresponding 1-hydroxy-6-
substituted-pyridine~-2-thione.

- . " This Sheet Has Been Rep
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unsubsti tuted hydrocarbon radi cal having between 1 and 20 carbon atons,

with the ' hat R is other than chl orobenzyl. Preferr bon
radi cal s Q?EM% ?% atic hydrocarbons havi ng between 3 and 155@2@%@%@&@(
preferably a straight chain hydrocarbonﬁ¥aV|ng between 5 and 10 carbons.

The term "substituted hydro g S "ended to include substituents such
as hal ogen such as @rQHEETpoSfﬂE@ro or brono, al koxy such as net hoxy,

et hoxy, propoxy or t hijo, conbinations thereof, and the

like. [Illustrative groups include n-octyl,

In still another aspect, this invention relates
to a process for producing the compound of Formula
(I) or (II), wherein X or ¥ is sulfur, which
comprises the following steps:

5 (a) reacting a 2,6-dichloro pyrldlne N-oxide,
a thiol compound having between 1 and 20 carbon
atoms, (for example alkyl, arylalkyl and aryl
thiol compounds, and combinations thereof) and
base (such as sodium hydroxide or potassium

10 hydroxide) in an organic solvent at an elevated
temperature to produce a corresponding 2-
chloro-6-substituted-pyridine N-oxide and
(b) reacting said 2-chloro-6-substituted-
pyridine N-oxide with a base to produce the

15 corresponding l1l-hydroxy-6-substituted pyridine-
2-one (i.e., the compound of formula (I)) or 1-
hydroxy-6~substituted pyridine-2-thione (i.e.,
the compound of formula (II)).

The above processes can be carried out
20 sequentially or simultaneously in a single step.
Surfactants and/or phase transfer catalysts are
optionally employed to facilitate the step (a)
reaction in any of these processes.
In yet another aspect, the present invention

25 relates to an antimicrobial composition comprising a

functional component selected from the group
consisting of paints, adhesives, coatings,
elastomers, sealants, shampoos, skin care
medicaments and metalworking fluid plus an

30 antimicrobially effective amount of a compound

represented by the above Formula (I) or a salt of
the compound of Formula (I). Illustrative salts

_\
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2,47 4-trimethyl pentyl, 3,5,5-trinethyl hexyl, conbinations thereof, and the
like. In another_aspect, the present invention relates to a process for
produci ngVI&d of Fornmula (1) wherein X is oxygen whichP P48 { he
steps of: (a) reactlng 2 6- dlchloropyrldlne N- oxi de, a hydroxy- conpound
cont ai ni ng bet ween Hfghﬁéb ome’{such as an al cohol such as

n-octanol or a phe 1ESH|SC§ as 4- met hyl phenol., preferably sel ected
fromthe group congisti nBERMACERKkyI . Bryl al kyl ~and aryl conpounds cont ai ni ng
at | east one hydro group, and -conbi nations thereof) and a base (such as

sodi um hydr oxi,de ofs P YRV 901 £PL 1 R0ELL Vahd LURaPEREENCE O

' earth metal salts and the like.
In still another aspect, the invention relates
to a method for inhibiting the growth of
5 microorganisms by contacting said microorganisms

with a composition containing an antimicrobial
effective amount of a one of the above-described
1-hydroxy-6-substituted pyridine-2-ones, l1l-hydroxy-
6-substituted pyridine-2-thiones, a salt thereof, or

10 a combination thereof, of this invention and at
least one component selected from the group
consisting of soaps, shampoos, skin care
medicaments, cosmetics, and other polymer compounds
such as adhesives, coatings, elastomers, sealants

15 and paints.

‘These and other aspects will become apparent
upon reading the following detailed description of
the invention. '

It has now been surprisingly discovered that a

20 straightforward process can be employed to produce
1-hydroxy-6-substituted-2-pyridones or l1l-hydroxy-6-
substituted-2-thiones, utilizing readily available
starting materials. These compounds provide
excellent antimicrobial efficacy and are inexpensive

25 to produce. '

The novel l-hydroxy-6-substituted
pyridine-2-one and 1l-hydroxy-6-substituted pyridine-

- 2-thione compounds of this invention are shown
formulae (I), (II) and (III) given above.

30 - The reactions of the processes of this
invention are suitably conducted at atmospheric
pressure, although higher or lower pressufes may be
used if desired. Suitable reaction temperatures for

-
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an-organi c solvent, at an el evated tenperature to produce a correspondi ng

2-chl or o- 6- substltuted pyridine N-oxide and (b) reacting saj ]
addi ti on3YOBHY3% 0 produce the correspondi ng 1-hydr-oxy- 6- sggg{dg?hpé‘g

_pyridone. The above process can_be carried out sequentially or

si mul t aneousl y i ng’_ﬁ% 9'[—?ASSBEEN SurfaBrants and/ or phase transfer
oye§

catalysts ar e to facilitate the step (a) reaction. In
still anot her aspect ion relates to a process for producing the
conmpound of Formul a (I), mhereln;x is sulfur, which conprises the

steps (a) and (b) range between a temperature of

about 25°C to about 150°C, preferably employing a
reflux temperature of between about 70°C and about
90°C. Total reaction time for the proceés of this
5 invention can vary over a wide range, but is
advantageously between 30 minutes and 5 hours for
step (a) and between thirty minutes and 5 hours for
step (b).
The reactions of the processes of this

10 invention are suitably carried out in the presence
of a base and an organic solvent. Suitable bases
include alkali metal hydroxides such as sodium
hydroxide or potassium hydroxide, alkalihe earth
metal hydroxides such as calcium or magnesium

15 hydroxide, pyridine, triethylamine and other

tertiary amine bases, potassium carbonate, "DABCO"
amine catalyst (1,4-diazabicyclo(2.2. 2)octane),
"DBU" (1,8-diazabicyclo(5. 4.0)undec-7-ene), “"DBN"
(1,5-diazabicyclo(4.3.0)non-5-ene,

20 t-butyltetramethyl-guanidine, combinations thereof,
and the like. Preferred bases for step (a) are
anhydrous, granular'or powdered sodium or potassium
hydroxide, and preferred bases for step (b) are
concentrated agueous solutions of sodium or

25 . potassium hydroxide having a concentration of base
of between about 10% and about 90% by weight based
upon the weight of the solution. Preferably, the
base is employed in at least an amount equal to the
number of moles for each reactant, and a molar

30 excess of base relative to each reactant can be
employed as desired.

The reactions of the processes of this
invention are suitably carried out in the presence

This.Sheet Has Been Replaced




4 fbllomﬁng steps: (a) reacting a 2,6-dichloropyridine N-oxide, a thiol.

conpound . qg etween 1 and 20 carbon atons, (for exanple alké’ :
aryl al kyl 37 conmpounds, and conbi nations thereof) and PELU ?’s‘ﬂ%‘n as
sodi um hydroxi de or potassium hydeexi de) in an organic solvent at an

el evated tenperatf Bst QHEFP HRSeBEENCDT r ePondi ng
2-ch|oro-6-subst|1u ed- a lﬁgEDe N- oki de and (b) reacting said
2- chl oro- 6- substi Py+-a-re—NoUXki de with a base to produce the
correspondi ng 1- hydroxy 6 substltuted 2- pyridone. The above process can be
carried out se uent|% neousl

ve t. u a e org 1c solvents include,

for example, ether, and acetone, methylene chloride,
benzene, toluene, pyridine, tetrahydrofuran ("THF"),
acetonitrile, dimethylsulfoxide ("DMSO"),

5 dimethylformamide ("DMF"), and combinations thereof.
Although the preferred solvent is acetonitrile, it
is more preferred to run the reactions neat. As
another alternative, a reactive solvent can be
employed, if desired, for example by using an

10 organic alcohol, e.g. isopropanol, or n-octanol, in
an amount sufficient to provide the desired reactant
and solvent characteristics.

The molar ratio of reactants for the processes
of this invention can vary over a wide range, but is

15 preferably between 10:1 and 1:10, more preferably
between 2:1 and 1:2, most preferably about 1:1.

The antimicrobial compositions of this
invention suitably comprise an antimicrobially
effective amount of a compound as defined by the

20 structural formulae given herein above, and -
combinations thereof, and at least one component
selected from the group consisting of soaps; “
shampoos, skin care medicaments,-dosmetics and
paints. The antimicrobial compound can be employed

25 as is or in the form of a salt, such as an amine

' salt such as the monoethanolamine ("MEA") salt, and
the use of the salt form is preferred. By the term
"antimicrobial effective amount" is meant an amount
sufficient to impart to the compositions resistance

30 against microbial attack by fungi and/or bacteria.
Preferably the antimicrobial compounds are employed
in the composition in a total amount of between
about .01 and about'lo'weight'percent, more

\R
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single step. Surfactants and/ or phase transfer catalysts are optionally
enpl oyed“;(ps,g,ﬁ%j itate the step (a) reaction. In yet anothgeragpfifiss t he
present invention relates to an antim crobial conposition conprising a
functional conponent selected fromthe group consi sting of paint adhesives,

coatings, elasto REEW skin care nedi canents and

nmet al wor ki ng fl ui EmS. Il mcr blaIIy effecti ve anount of a conpound

represented by thd abov &EPBA a1} or a salt of the conpound of Fornula

(1). Illustrative sarts 1 nclude the am ne salts, alkali netal and al kal i ne

earth netal %ﬁ?é?ﬁ%# %}%gh &%'lblaaﬂéhéﬁoﬁﬁpgcﬁeig @ invention
relates to a t e growt h, of nuxomg ni sns by
contacting sm@%nﬁo&ﬁﬁﬂ s‘%ﬁ‘“@m? dtotal weight of t
composition. A particularly preferred use for the
biocidal compounds of the present invention is in
5 personal care products such as in shampoos and other
hair care products, as well as in paint, paint bases
and polymer compositions such as adhesive coatings,
sealants, elastomers, acids and the like.

With respect to paints improved organic

10 solubility and biocidal efficacy associated with the
compounds of the present invention are expected to
provide advantages when used in a -wide variety of
paints, including indoor and outdoor household
paints, industrial and commercial paints and in

15 particular marine paints for use, for example, or
ships hulls.

Typically, a paint composition will contain a
resin, a pigment and various optional additives such
as thickening agent(s), wetting agents and the like,

20 as is well known in the art. The resin is
preferably selected from the group consisting of
vinyl, alkyl, epoxy, acrylic, polyurethane and
polyester resins, and combinations thereof. The
resin is preferably employed in an amount of between

25 about 20% and about 80% based upon the weight of the
paint or paint base.

In addition, the paint composition of the

- present invention contains optional additional
additives which have a favorable influence on the

30 viscosity, the wetting power and the dispersibility,
as well as on the stability to freezing and
electrolytes and on the foaming properties. If a
marine paint is being fabricated, the paint

This Sheet Has Been Replaced
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conposition containing an antimcrobial effective anount of a one of the
above-descri bed 1 -hydroxy-6-substituted-2-pyridone conpound or its salt of
this i nveWPi%H1383d at | east one conponent. sel ected from t hePGRIBIN4/11484

consi sting of soaps, shanpoos._skin-care nedi canents, cosnmetics, and ot her
pol ymer conpounds dhgsﬂﬂﬁ caklt+ ngs, elastoners sealants and

pai nts. 5 These aﬂhﬁﬁﬂﬂfpeCt w || becone apparent upon reading the
fol |l owi ng 5 .

preferably contains a co-biocide such as cuprous
oxide or copper thio-cyanate, a swelling agent to
cause the paint to gradually "slough off" in its
marine environment, thereby causing renewed biocidal
5 efficécy of newly exposed biogide at the surface of

the paint in contact with the water medium of the
marine environment. Illustrative swelling agents
are naturally-occurring or synthetic clays, such as
kaol;n, montomorillonite (bentonite, clay mica

10 (muscovite), and chlorite (hectonite), and the like.
In addition to clays, other swelling agents, |
including natural or synthetic polymers, such as
that commercially available as POLYMERGEL, have been
found to be useful in the compositions of the

15 present invention to provide the desired "sloughing
off" effect. Swelling agents can be used singly or
in combination. The total amount of optional
additives is preferably no greater than 20% by _
weight, more preferably between about 1% and about

20 5% by weight, based upon the total weight of the
paint composition. '

Illustrative thickening agents include
cellulose derivatives, for example methyl,
hydroxyethyl, hydroxypropyl and carboxymethyl

25 cellulose, poly(vinyl alcohol), poly
(vinylpyrolidone), poly(ethyleneeglycol), salts of
poly(acrylic acid) and salts of acrylic
acid/acrylamide copolymers.

Suitable wetting and dispersing agents include

30 sodium polyphosphate, salts of low-molecular-weight
poly(acrylic acid), salts of poly(ethane-sulfonic
acid), salts of poly (vinyl-phosphonic adid), salts
of poly(maleic acid) and salts of copolymers of

-
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detai.l ed description of the invention. DETAI LED DESCRI PTI ON OF THE

| NVENTI now been surprisingly discovered that a st kward
processcﬁgkbggﬁéﬁployed to produce 1-hydroxy- 6- substltutedlgﬁggg%égnes,

utilizing readily avail abl e starting materials. These conpounds provide

excellent antimcro H#T¥2T nexpensive to produce. The nove
1 - hydroxy-6-substi JHEHSﬂEB bnpounds of this invention are
represented by the oIIowREﬂﬁéﬁﬂlrlca structural fornmula: [err] wherein X

s an oxygen or sulfur morety and R 1s substituted or unsubstituted
hydrocarbon radjggl 0ayhg:iRa! WRRY1End)d 12316350 AH™ to 18
carbon atoms and/or styrene. .

In order to increase the stability to freezing

and electrolytes there may be added to the paint
5 composition various monomer 1,2-diols, for example

'glycol, propylene-glycol=-(1,2), and butylene-glycol-

(1,2) or polymers thereof, or ethoxylated compounds,

for example reaction products of ethylene oxide with

long-chain alkanols, amines, carboxylic acids,

10 carboxylic acid amides, alkyd phenols,
poly(propylene-glycol) or poly(butylene-glycol).

The minimum temperature of £ilm formation (white
point) of the paint composition may be reduced by
adding solvents, such as ethylene-glycol,

15 butyl-glycol, ethyl-glycol acetate, ethyl-diglycol
acetate, butyl-diglycol acetate, benzene or
alkylated aromatic hydrocarbons. As defoaming
agents there are suitable for example
poly(propylene-glycol) and polysiloxanes.

20 The compounds of the present invention have
many desirable attributes. They possess good
"antimicrobial activity and are compatible with
components of conventional soaps, shampoos, skin-
care medicaments, plastics and other polymer

25 compositions and the like. These polymers are also
non-volatile, hydrolytically-stable, thermally-
stable and may be soluble in water and organic
solvents. 'Furthermore, they form no undesirable
colors in typical personal care items. Still

30 further, they are expected to be favorably cost
competitive with known antimicrobial additives used
in conventional skin care formulations.
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with the proviso that Ris other than chl orobenzyl. The reactions of - the
process oﬁyéﬁgiukgvention are suitably conducted at atnospheric re;Sure,

al t hough h | ower pressures may be used if desired.. SGT{US3p/L1484
reaction tenper at ur@s-f-of-st-eps—( aj~and gb) range between a tenperature of
about 30. degree. C.| HSa3hET HASBEEKr 2d3<C., preferably enpl oying a refl ux

t enper ature of bet e. C. and about 90.degree. C. Total
reaction tine for t C ™S invention can vary over a w de range,
but i s advantageously between 30-m nutes and 5 hours for step (a) and

between thirty m nutes 5 hours for, ste b).. The reactions of the
process of this in iégiiﬁ¥}?ﬁnT%&W@l%%rgYédlﬂﬁ?nﬁﬁdtﬁg presence of a
base and an origdnistrste/crbut Sin tad | wapabisit nthedscapeabf, the

present invention. 1In the examples, the term "g"
denotes grams, "mol" denotes moles, and all percents

5 are given on a weight basis unless otherwise |
specified.

 EXAMPLES

Example 1
Prepération of
10 1-Hydroxy-6-isopropyloxypyridine-2 (1H)~ones

The 0.82 g (0.0050 moies) of 2,6-dichlopyridine
N-oxide and 0.78 g (0.013 moles) of isopropanol was
reacted with 0.210 g (0.0050 moles) of ground sodium
hydroxide in 8.2 ml of DMSO at 80°C overnight to
15 give 2-chloro-6-isopropyloxypyridine N-oxide. The
excess of isopropanol was removed in vacuo and 0.800
g (0.020 mole) of ground sodium hydroxide was
reacted at 3 hours at 100°C to give 1-hydroxy-6-
_ isopropyloxypyridine-2(1H)-one. After cooling, it
20 was added 74 ml of water and was adjusted with 6N
HCl to pH 5. It was extracted with ethyl acetate
(3x25 ml). The ethyl acetate extract was washed
with water (2x10 ml) and dried over sodium sulfate.
The solution was saturated with sodium chloride and
25 was extracted with ethyl acetate (3x25 ml). The
ethyl acetate extract was washed with water (2x10
ml) and dried over sodium sulfate. The combined
ethyl acetate extracts were filtered and stripped in
vacuo to give 0.50 g (59%). It was recrystallized
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metal hydroxi des such as sodi um hydroxi de or potassiun1hydroxide al kal i ne

earth net ayobygl{8xi des such as cal ci um or magnesi um hydr oxi gy, hﬂ%&
triethylam ne and other tertiary anlne bases, pota55|un1carbonate
am ne catal yst (1, 4—e+azabteyetotz—2 2)octane) " DBU' 6

- 1

(1, 8- di azabi cycl o( 4. THIB)SHEGE HAS BEEN
(1, 5-di azabi cycl o(4. 3. 0) RGRLAGEBne, t{butyltetramnet hyl - guani di ne,
conbi nati ons thereofT—andTthe TTRE. Preferred bases for step (a) are

from 5 ml of ethyl acetate, 5 ml of hexanes, and
activated carbon: mp 119-120°C.

Example 2
Pregargﬁion of
5 1-Hvdroxy~-6-(2.,4 4-trimethvlipentvloxy) -
pyridine-2 (1H) -one

The 0.82 g (0.0050 moles) of 2,6-dichloro-
pyridine N-oxide and 0.664 g (98%) (0.0050 moles) of
2,4,4-trimethyl-l1-pentanol was reacted with 0.211 g

10 (0.0050 moles) of ground sodium hydroxide in 8.2 ml
of DMSO at 100°C overnight to give 2-chloro-6-
(2,4,4-trimethypentyloxy) pyridine N-oxide. It was
reacted with 0.600 g (0.015 moles) of ground sodium
hydroxide at 100°C for 4.5 hours to give

15 1~-hydroxy-6-(2,4,4-trimethylpentyloxy)pyridine-
2(1H)-one. After cooling, it was added 74 ml of
water and was adjusted with 6N HCl to pH 3. It was
extracted with ethyl acetate (3x25 ml). The
combined ethyl acetate extract was washed with a

20 saturated sodium chloride solution (2x10 ml) and
dried over sodium sulfate. The ethyl acetate
extract was filtered and stripped in vacuo to give
1.08 g (90%). It was recrystallized from ethyl
acetate and hexanes: mp 133.5-134°C.
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anhydrous, granular or powdered sodi um or pot assi um hydr oxi de, and
preferred bases for step (b) are concentrated aqueous sol utions of sodium
or pot assi W33 xi de having a concentration of base of betRERASHNMB 10%
and about 90% by wei ght based upon the weight of the sol ution. Preferably,
t he base is enpl oyeg—i+~—at—teast—ar—-agnauy- equal to the nunber of noles for
each reactant, and RTHiSI SHEEIxHAS BEEN Jbase rel ative to each reactant can be
enpl oyed as desi r ed The REPRACEDONS off t he process of this invention are
suitably carried out—=rmrhepresence of a solvent. Suitable organic
solvents include, for exanple, ether, and acetone, nethylene chloride,
benzene, toluene, pyridine, tetrahBxdampdead ("THF"), acetonitrile,

di met hyl sul f oxi de ("DMSO'), Preparation of
1-Hydroxy-6-(3,5,5-trimethvihexyloxv)-
idine-~2 -one '
5 The 0.82 g (0.0050 moles) of 2,6-dichloro-

pyridine N-oxide and 0.80 g (90%) (0.0050 moles) of
3,5,5-trimethyl-l1-hexanol was reacted with 0.206 g
(0.0050 moles) of ground sodium hydroxide in 8.2 ml
of DMSO at 80°C for 8.5 hours to give

10 2-chloro-6-(3,5 5-tr1methy1hexyloxy)pyrldlne
N-oxide. It was reacted with 0.600 g (0.015 moles)
of ground sodium hydroxide at 80°C for 4 hours to
give 1-hydroxy-6-(3,5,5-trimethy-hexyloxy)
pyridine-2 (1H)-one. After cooling, it was added 74

15 ml of water and was adjusted with 6N HCL to pH 3.
The precipitate was filtered and washed with water
to give 0.577 g (45%). It was recrystallized from
ethyl acetate and hexanes: mp 130.5-131°C.

_Egample 4
20 Preparation of

1-Hyvdroxv-6é-occtvlo ridine~2 (1H) -one

The 0.82 g (0.0050 moles) of 2,6-dichloro-
pyridine N-oxide and 0.658 g (99%) (0.0050 moles) of
1-octanol was reacted with 0.200 g (0.0050 moles) of

25 ground sodium hydroxide in 8.2 ml of DMSO at 80°C |
' for 4.5 hours to give 2-chloro-é6-octyloxypyridine
N-oxide. It was reacted with 0.600 g (0.015 moles)
of ground sodium hydroxide at 80°C for 2.5 hours to
give 1-hydroxy-6-octyoxypyridine-2(1H)-one. Aafter
30 cooling, it was added 74 ml of water and was

"' _ 0



di et hyl f or mam de ("DMF"), and conbinations thereof. Althoughnthe preferred
sol vent | s ace

nitrile, it is nore preferred to run the r
anot her &1‘1%(%21’% ve, a reactive solvent can be enpl oyed, ?%éﬁ;@a&efor
exanpl e b¥fusrng an organrc alcohol 3@3' | sopropanol, or n-octano
amount sufficient e qiF reactant and sol vent
characteristics. hﬁ'”gvﬁﬁrﬁ léééf @EE reactants for the process of this
i nvention can vary] over REPLWAGED rangqd, but is preferably between 10:1 and
1: 10, nore preferably between 2.1 and 1: 2, nost preferably about 1 1. The

R e L oA SN

10

15

20

25

filtered and washed with water to give 0.577 ¢
(48%). It was recrystallized from ethanol and

hexanes: mp 119-120°C.

Example 5°
Preparation of
1—derogy-6-octxlthiopzridine-2(1H)-one

The 2.01 g (0.0122 moles) of 2,6-dichloro-
pyridine N-oxide and 2.10 g (85%) (0.0122 moles) of
1-octylmercaptan was reacted with 0.488 g (0.0122
moles) of ground sodium hydroxide in 8.2 ml of DMSO
at 80°C for 6 hours to give 2-chloro-6—octylthio-
pyridine N-oxide. It was reacted with 1.47 g
(0.0367 moles) of ground sodium hydroxide at 80°C
for 3 hours to give 1l-hydroxy-6-octylthiopyridine-2
(1H) -one. After cooling, it was added 180 ml of
water and was adjusted with 6N HCL to pH 3. The
precipitate was filtered, washed with water and
washed with 150 ml of petroleum ether to give 1.34 g
(43%).

Example 6

Preparation of
droxy-6-octvlsulfonvlpyridine-2(1H)-one

The 0.204 g (0.00080 moles) of l-hydroxy-6-
octylthiopyridine-2 (1H)-one was reacted with 0.36 ml
(0.0032 moles) of 30% hydrogen peroxide in 2.0 ml of
glacial acetic acid for overnight at room
temperature to give l-hydroxy-6-octylsulfonyl

\'\
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formul a gi ven -herein above and conbinations thereof and at |east one
conponent selected fromthe group consisting of soaps, shanpoos, skin care
medi canen™@2¥Y&Het i cs and paints. The anti ni crobi al conpogﬁﬁ'r@féﬂ" 11484 1o
enployed as is or in the formof a salt, such as an amine salt such as the
nonoet hanol am ne ("M=A— le-dike of the salt formis preferred.
By the term"antim Wﬁﬁlﬁﬁﬁglhégt ejﬁnnunt I s meant an anount sufficient
to inmpart to the cofposi t REMAC Esi st ahce agai nst m crobial attack

pyridine-2(1H)-one. It was stripped in vacuo and
was then dissolved with ethanol and stripped in
vacuo three times to give 0.22 g. It was
recrystallized from acetone and petroleum ether.

5 ' Example 7
Preparation of
1-Hydroxy-6-thiophenylpvridine-2 (1H) -one

The 1.64 g (0.010 moles) of 2,6-dichloro-
pyridine N-oxide and 1.11 g (99%) (0.010 moles) of
10 thiophenol was reacted with 0.400 g (0.010 moles) of
ground sodium hydroxide of 16.4 ml of DMSO at 80°C
for 5 hours to give 2-chloro-6;thiophenylpyridine
N-oxide. It was reacted with 1.20 g (0.030 moles)
of ground sodium hydroxide at 80°C for 2.5 hours to
15 give 1l-hydroxy-6-thiophenylpyridine-2(1H)-one.
After cooling, it was added 148 ml of water and was
adjusted with 6N HCl to pH 3. The precipitate was
filtered, washed with water and washed with hexanes
to give 1.64 g (75%). It was recrystallized fronm
20 ethanol: mp 180-181°C.

Preparation of _
-Hydroxy-6-thiophenvlsulfonypyridine- —one

The 1.00 g (0.00456 moles) of l-hydroxy-6-

25 thiophenylpyridine-2(1H)-one reacted with 1.30 ml
(0.0114 moles) of 30% hydfogen peroxide in 5 ml of
glacial acetic acid at room temperature overnight.
The precipitate was dissolved with more 5 ml of
glacial acetic acid and was then added 1.30 ml

This Sheet Has Been Rep laced
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by -fungi and/or bacteria. Preferably the antim crobial conpounds are
enpl oyed in the conposition in a total amount of between about 0.01 and
about 10 thgg"mq?ercent, nore preferably between about 0.01 3t 5
wei'ght percent, based upon the total weight of the conposition. A

particularly prefe ) of perpp) od8Bctal conpounds of the present
I nvention is in peggﬁﬁgﬁgghgﬁgrgghc s such as in shanpoos and other hair
care products, .as \el | aBERLAGE Lnt .pai nt bases and pol ymer conpositions

such as adhesive coaltl ngs, sealants, elastoners, acids and the like. Wth

e L g Bk A O€ b e 2o o5 pbog( (L7
provi de advanieigrarathere usask ithe weekend: i eTlye opreaipitatenwhsdi ng i ndoor
filtered and washed with hexanes to give 0.624 g.

The acetic acid and the hexanes were stripped in
5 vacuo to give 0.45 g. The combined product gave
1.14 g (93%).

XA e 9

Preparation of
1-Hydroxy-6-phenvloxypvyridine-2 (1H)-one

10 The 0.82 g (0.0050 moles) of 2,6-dichloro-
pyridine N-oxide and 0.47 g (0.0050 moles of phenol
was reacted with 0.200 g (0.0050 moles) of ground
sodium hydroxide in 8.2 ml of DMSO at 80°C for 6
hours to give 2-chloro-6-phenyloxypyridine N-oxide.

15 It was reacted with 0.600 g (0.015 moles) of ground
sodium hydroxide at 80°C for 3.5 hours to give
1-hydroxy-6-phenyoxypyridine-2(1H)-one. Aafter
cooling, it was added 74 ml of water and was
adjusted with 6N HCl to pH 3. The water solution

20 was extracted with dichloromethane (2x25 ml) and was
dried over sodium sulfate. The dichloromethane
solution was stripped in vacuo to give 1.29 g which
was purified with Flash Chromatography(9:1 ethyl
acetate:methanol):0.82 (65%).

- 25 '~ Example 10
Preparation of 1-Qxdrozg-6-octxlgm;gopy;igine-2
(1H) -ones

To 1.53 g(.ooamoies) of 2,6-dichloropyridine in
13.3 ml of toluene was added 1.26 g).0162 moles) 1-
_—
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and outdoor househol d paints, industrial and conmercial paints and in
particular marine paints for use, for exanple, or ships hulls. ically, a
paint conPB?¥HE}H will contain a resin, a pignent and vari oRSTY§ %qj

addi tives such as thickening agent(s), wetting agents and the I|ke as is
wel | known in the 5 ~aberably selected fromthe grou

consi sting of vinyl ﬁ’% @EE*%%E% rylic, polyurethane and pol ygst elro
resins, and conbi ngti ons ERIAGED; resin is preferably enployed in an
anmount of- between about 20% and about 80% based upon the wei ght of the
paint or paint base. In addition, the_paint conposition of the present

i nvention comatiyiaming and FRELEXeRH FOR R RPYES- whTke ’ﬁﬁ?@tét°7‘avorabl e
iknfluence on ddytents GRsd dbolé® to room-temperature, washed '

several times with water to yield 2.02 g of 2-
chloro-6-octylaminopyridine-N-oxide as a yellow

5 liquid.

'The yellow ligquid refluxed with 2.7g of
potassium tert-butoxide in tert-butyl alcohol
overnight. Water was added to the reaction flask
and a precipitate was formed upon adjustment of pH

10 to 3. The precipitate filtered and washed to yield
1.36 g of product.

Example 11
Preparation of 1-hvdroxv-6-~octyloxpyridine-
2(1H)-thiones

15 2-Chloro-6-octyloxypyridine-N-oxide was
prepared according to Example 4 and subsequent
reaction with NaSH in acetonitle and extraction with
methylene chloride yielded the product as white

powder.
20 Example 12
Preparation of i1-hvdroxv-6-octvlami idine-

~ (1H)-thiones

A reaction mixture of 0.52 g of 2~chloro-6-
octylaminopyridine-N-oxide (prepared as described in
25 Example 10), 5 ml DMSO and 0.55 ml of 46% solution
of NaSH was heated at 80 degrees for two hours. The
reaction was diluted with water, pH was adjusted to
three, and the product was extracted with methylene
chloride.

This Sheet Has Been Replac
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wetti ng power and the dispersibility, as well as on the stablllty to

freezing pgled{8sd ol ytes and on the foam ng properties. ai nt
i s being égtstltute sheet - 16 June 1998 fabri cat-ed, thepggﬂﬁ%hﬂﬁ&P

preferably contains a co-biocide.such as cuprous oxide or copper

thiocyanate, a sWel{HidGHEFRHASt BEEMISE2QTe paint to gradual Iy "slough of f*
inits marine enviironme Eplkﬁgre y gausing renewed bi ocidal efficacy of
new y exposed bio b of the paint in contact with the water

medi um of the marine environnment.- Illustrative swelling
Example 13
Proposed example fo eparation of 1-hydro

6-octvlthiopvridine~ H)-thiones

2~Chloro-6-octylthiopyridine-N-oxide is
5 prepared according to the method described in
Example 5, and subsequent reaction with agueous
solution of NaSH yields the titled product.

Determination of the Minimum
Inhibitory Concentrations (MIC’ o

10 | Antimicrobial Compounds of this Invention

Solutions of the expérimental compounds in
dimethyl sulfoxide were serially diluted in nutrient
broth (Tryptic Soy Broth for bacteria and Sabouraud
Dextrose Broth for fungi) in microliter plates.

15 Equal volumes of a broth suspension of bacteria (10°
CFU/ml) or fungi (10° cells or spores/ml) were added
to each dilution, and the plates were incubated at
37°C (bacteria and yeast) or 28°C (molds).

Bacteria, yeast and molds were incubated two, five

20 and seven days respectively before determining the
highest inhibitory dilution.

—
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agents are naturally-occurring or synthetic clays, such as kaolin,
nontonorillonite (bentonite, clay mca (nuscovite), and chlorite

(hect oni t¥P9ISAHI3the Iike. In addition to clays, other smlﬂﬂh@ﬁ’é@ms

i ncl udi ng natural or synthetic polyners, such as that. cormercially
avai | abl e as PO MMERGEL —havwe—beer fagyl-to be useful I n the conpositions
of the present TSt SkEETt BARrBEENde t he desired "sl oughing of f" effect.
Swel Iing agents tan beREPEACEDSI ngl Y} or in conbination. The total anount of
optional additives—ts—preferabty o greater than 20% by wei ght, nore
preferably between about 1 % and about 5% by wei ght, based upon the total
wei ght of the paint conposition. ||ZABLEaflive thickening agents include
Ggel | ul ose derivatives, for exanphaﬂgﬁgpgm)hydroxyethyl hydr oxypr opyl and
car boxynet hyl cellulose

MIC of the 1-hydroxy-6-substituted-2-pyridones

Compound A B c D E E
5 Example 1 256 21024 128 512 512 512

Example 2 64 64 8 32 8 16
Example 3 32 32 2 2 16 2
Example 4 32 16 4 -2 32 4
Example 5 256 16 8 32 8 nt

10 Example 6 512 64 128 256 256 nt
Example 7 64 128 16 64 64 nt
Example 8 256 8 1024 1024 1024 nt
Example 9 256 512 32 256 512 nt
Example 10 32 32 8 16 32 16

15 Example 11 16 16 4 4 8 16
Example 12 256 64 8 16 64 64
OCTOPIROX® 128 64 2 2 2  16-32
biocide '

A=Escherichia coli B=Staphylococcus aureus

20 C=Candida albicans D=Fusarium sp. E=Aspergillus
niger F=Aureobasidium pullulans "nt" denotes
not tested

The results provided in Table 1 show that the
compounds of the present invention provide MIC’s
25 that are sometimes better than those provided by a
commercial biocide, OCTOPIROX® biocide, a product of
Hoechst Company. Note that the compounds of
~ Examples 3, 4 and 11 provide particularly excellent .
MIC results. | '
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poly(vinyl alcohol), poly (vinylpyrolidone), poly(ethylene-glycol), salts

of poly(acrylic acid) and salts of acrylic acid/acrylam de 3@@*§§ . '
s’F"’Iﬂ)z:“émd di spersing agents include sodi um pol yp& ggiiaéal ts

Sui t abl e t

of Tow nol ecul ar - melght poly(acrylic acid), salts of poly(ethane-sulfonic
acid), salts of poJ c 22-d), salts of—poty{raleic acid)

and salts of copol QEEM/@ ld with ethyl ene
18 carbon atons and/ or sﬂﬁPHHED In ofder to increase u Iﬂ E
freezing and el ectrotytes there nay be added to the p

&lns with 3 to

i

various nononer 1,2-diols, for_exanple glycol, propylene-glycol- 1 2), and

but yl ene-gl yc

& thereof, or ethoxyl ated conpounds for

exanpl e reaction products of

10

‘1. A compound characteriéed by the. formula:

wherein Y is an oxygen, sulfur, or NR’ moiety,
wherein N is nitrogen and R and R’ are independently
each a substituted or unsubstituted hydrocarbon
radical having between 1 and 20 carbon atoms.

2. A compound characterized by the formula:

lk\N,ﬂ:jij§o

N
| {
R" (934

wherein R’’ and R’’’ are independently either
hydrogen or a substituted or unsubstituted
hydrocarbon radical having between 1 and 20 carbon
atoms, with the proviso that either R/’ or R/’’’ is a
hydrocarbon radical.

EE\
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et tyl ene oxide with | ong-chain al kanols, am nes, carboxylic acids, -
Substitute sheet - 16 June 1998 9 carboxyllc aC|d am des, alkyd phenal s,
pol y( pr opHEREIZBy col ). or pol y(butyl ene-gl ycol ). The‘ﬁTﬁrnﬁﬁ?ﬁﬂﬂﬁﬂﬂﬂfng of
filmformation (white point) of the paint conp05|t|on teduced by

addi ng sol vents, SJcm,Sagp@g'{hy}lqerEEgl y@als- butyl -gl yco m’ﬂm &ﬂmﬂlm

acetate, ethyl-dig|ycol @ﬁqz
al kyl at éd aromati cthydrocar e?@.

| -di gl ycol acetate

'm

3. A process for producing the compound of
' claim 1, wherein Y in the formula of claim 1 is
oxygen, which is characterized by the steps of:
(a) reacting 2,6-dichloropyridine N-oxide, a
5 hydroxy compound containing between 1 and 20
carbon atoms and a base, optionally in the
presence of water or an organic solvent, at an
élevated temperature to produce a corresponding
2-chloro-6-substituted-pyridine N-oxide, and
10 (b) reacting said 2-chloro-é6-substituted-
pyridine N-oxide with a sulfur-containing base
to produce the corresponding l-hydroxy-6-
substituted-pyridine~2-thione.

4. A process for producing a compound of claim
15 1, wherein Y in the formula of claim 1 is NR’ which
is characterized by the'steps of:
(a) reacting 2,6-dichloropyridine ﬁ-oxide, a
primary or secondary amine containing between 1
and 20 carbon atoms and a base, optionally in
20 the presence of water or an organic solvent, at
an elevated temperature to produce a
corresponding 2-chloro-6-substituted-pyridine
N-oxide, and
(b) reacting said 2-chloro-6-subst1tuted-
25 pyridine N-oxide with a sulfide or hydrosulfide
salt to produce the-cofresponding l1-hydroxy-6-
substituted-pyridine-2-thione.

[
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def oami ng agents there are suitable for exanple poly(propylene'glycol) and

polysiloxaaﬁéplgﬁe conpounds of the present invention have abl e
attributes. ey possess good antim crobial activity and are corrpa? {6

with conponents o ? ¥ S, shanpoos s i canments,
pl astics and ot hery po $ﬁ]§t%§ﬁ% | oTi%43nd the |i ke. Th are
al so non-vol atil et hyd | ly-stable, thermall y @“ \‘W‘ﬁ

I

sol ubl e in water anq organi ¢ sol vents. Furthernore,
undesirable colors in typical personal care itens. St further they are

cxpected {0 be {2y ol Loale P IR s \SHoaHAl G ltal
1, wherein Y in the formula of claim 1 is sulfur,
which is characterized by the steps of: '
(a) reacting a 2,6-dichloropyridine N-oxide, a
5 thiol compound having between 1 and 20 carbon
atoms, and base in an organic solvent at an
elevated temperature to produce a corresponding
2-chloro-6-substi£uted—pyridine N-oxide, and
(b) reacting said 2-chloro-6-substituted-
10 pyridine N-oxide with a sulfide or hydrosulfide
salt to produce the corresponding 1-hydroxy-6-
- substituted-2-pyridine-2-thione.

6. A process for producing a compound of claim
2 which is characterized by the steps of:

15 (a) reacting 2,6-dichloropyridine N-oxide, a
primary or secondary amine containing between 1
and 20 carbon atoms and a base, optionally in
the presence of water or an organic solvent, at
an elevated temperature to produce a

20 corresponding 2-chloro-6-substituted-pyridine
N-oxide, and
(b) .reacting said 2-chloro-é6-substituted-
pyridine N-oxide with a base to produce the
corresponding 1—hydroxy-6-substituted-pyridihe-

25 2—-one.

\
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The foll owing exanples are intended to illustrate, but in no way limt the

scope of, the present invention. 1n the exanples, the term"g" denotes

grans, " M9t es noles, a | percents are given on gdhy%ﬂﬂhﬁﬁsis

unl ess ot her wi serspeci fii@dyaSBEERLES Exanple 1 Preparation

1- Hydr oxy-6-i sop ?I g @ine- (1E2g3nes The 0. . 0050

2, 6-di chl opyri di : g (0.013 nol €S) Of.q “ﬁ“ﬁ\

reacted with 0,210 g (0.0050 nol es) of ground sodi d(\\‘&\\“m“ .
* c v

) of
-
.2 m of
DMSO at 80. degree. C. overnight to give :

I
S
7. An antimicrobial composition comprising a
functional component selected from the group
consisting of paints, shampoos, skin care
medicaments, metalworking fluids, polymer

5 compositions plus an antimicrobially effective
amount of a compound characterized by the formula:

R\yﬁs

OB

wherein Y is an oxygen, sulfur, or NR’ moiety,

wherein N is nitrogen and R and R’ are each a

substituted or unsubstituted hydrocarbon radical
10 having between 1 and 20 carbon atoms.

p\aced
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2-chl or 0- 6-i sopropyl oxypyri di ne N-oxi de. The excess of isopropanol was
renoved iyio Y& and 0.800 g (0.020 nole) of ground "sodi um_hydr oxi de was
react ed ‘g? g hours at  100. deqr C. to give 1 PCT/US94/11484

- hydr oxy- 6-i sopr op HAS: BEEMH) - one. After_eeekkﬁg~—rr‘WE§‘§H—ed 74
m of water and ma%ﬁg§¥3%£ﬁ9¥*bth 6Nj+®b=-t 0 pH 5:° It ma

ethyl acetate (3.tijnes.2 hyl acetate' e “@i vm t h
water (2.tines.10.m) and dried over sodiun1su|fat *\W\as
saturated with sodiumchl oride and was extracted mnth ethyl acetate

Cti .25 mM). The eth acetate extract, was washed with water
(3 tlnes_ > ) 8. A ﬁéthod for 1nhlg}t1ng the growth of

microorganisms by contacting said microorganisms

with a composition characterized by containing an
antimicrobial effective amount of a compound of the
5 formula:

wherein Y is an oxygen, sulfur, or NR’ moiety,
wherein N is nitrogen and R and R’ are each a
substituted or unsubstituted hydrocarbon radical
having between 1 and 20 carbon atoms, and at least

10 one component selected from the group consisting of
soaps, adhesives, coatings, elastomérs, sealtants,
shampoos, skin care medicaments, cosmetics and
paints.
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(2.times. 10 m) and dried over sodiumsul fate. The conbi ned ethyl acetate
extracts were filtered and stripped in vacuo to give 0.50 59%& |t was
rgcrystaWF’i’f@El”PromS m of ethyl acetate, 5 ml of -hexane 84y at ed
carbon: np 119. degree. -120. degree. Exanple 2 Pre

W
- Hydr oxy-6-(2, 4, 4- rr% ﬁgqunsyﬂﬁﬂd -py#idine-2-(1; Hﬁone The 0.82 g .
- I s

(0. 0050 nol es) of yridijhe N oxide and 0 mgumrmﬂuﬂ.
HE

nol es) of 2,4, 4-trnet hv pertarmol was reacted wi-t
nol es) of ground sodi um hydroxide in 8.2 m of DWVSO.at *100. cf'egr"ees c
overni ght to give 2-chloro-6-(2,4,4-trinethypentyloxy) pyridine N-oxide. It
was reacted with @-60@ryandigusnahiad eamppsiion comprising a

functional component selected from the group .
consisting of paints, shampoos, sk:_i.n care
medicaments, metalworking fluids, polymer

compositions plus an antimicrobially effective
5 - amount of a compound characterized by the formula:

Rr™ . OH

wherein R’/ and R’’’ are independently either

hydrogen or a substituted or unsubstituted

hydrocarbon radical having between 1 and 20 carbon

atoms, with the proviso that either R’’ or R’’’ is a
10  hydrocarbon radical.
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sodi um hydroxide at 100.degree. C. for 4.5 hours to give 1l _
-hydroxyS@ 4-tri met hyl pentyl oxy) pyridine-2(1H)-one. R ﬂﬁking,it
039 spPiled

was adde of water and was adjusted mnth 6N HCl to p

extracted with ethyl. 25 : h€73ﬂﬂﬂ1ﬂﬁf1ﬁ+w+—aeetate

extract was washed VJHI$ &-lﬁﬂtmslmm O'élscrm chI ori mes.
sodi UREPLAC; : e ethyl acet Qm‘ﬂul WEH!',I I tered

m) and dried over
and stripped in vac (90%9 . It was*rec from
et hyl acetate and hexanes: np 133 5. degree. - 134. degr ee.

10. A method for inhibiting the growth of
microorganisms by contacting said microorganisms
with a composition characterized by containing an
antimicrobial effective amount of a compound of the

i | 0
RrR"™! OH

"5 formula:

wherein R’/ and R’’’ are either hydrogen or a
substituted or unsubstituted hydrocarbon radical
having between 1 and 20 carbon atoms, and at least
one component selected from the group consisting of

10 soaps, adhesives, coatings, elastomers, sealtants,
shampoos, skin care medicaments, cosmetics and
paints.

11. A compound characterized by the formula:

wherein X is an oxygen or sulfur moiety and R is
15 substituted or unsubstituted hydrocarbon radical

having between 1 and 20 carbon atoms, with the

proviso that R is other than chlorobenzyl.
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EXanpl e 3 Preparation of 1 -Hydroxy-6-(3,5,5-trinethyl hexyloxy) -pyridine-2
(X H -one The 0.82 g (0.0050 nol es) of 2,6-dichloropyridine N oxide and
0.80 g (WM5M18330050 ol es) of 3,5,5-trinethyl-1 -hexanol REFUSEHBAR with
0. 206 g (0.0050 nol es) of ground sodlun1hydro DMSO at 80

. degr ee. C. for 8.5 hour s2gt-0 |

2-chl oro-6-(3,5,5tri |neN- M” u muﬁ tiéd with
ydrOX| for 4

0.600 g (0.015 nol es) {ofl
Xy- 6- REPLACEBt ri mef hyl - hexyloxy) pyrldlne 2(1FD one.

hours to give 1 -hydr
After cooling, it was added—74 m o1 water and was adjusted with 6N HCL to

pH 3. The precipitie wasprotcess cfonrprodebiugwihe gampeund gfve 0.577
claim 11, wherein X in the formula of claim 11 is
oxygen, which is characterized by the steps of:

(a) reacting 2,6-dichloropyridine N-oxide, a
5 hydroxy compound containing between 1 and 20
carbon atoms and a base in an organic solvent
at an elevated temperature to produce a
corresponding 2-chloro-6-substituted pyridine

N-oxide and _

10 (b) reacting said 24chloro-6-substituted-
pyridine N-oxide with a base to produce a 1-
hydroxy-6-substituted 2-pyridone compound.

13. A process for prbduéing the compound of
claim 11 wherein X in the formula of claim 11 is
15 sulfur, which is characterized by the steps of:
(a) reacting a 2,6-dichloropyridine N-oxide, a
thiol compound having between 1 and 20 carbon
‘atoms and base in an organic solvent at an
elevated temperature to produce a corresponding
20 2-chloro-6-substituted-oxypyridine N-oxide and
(b) reacting said 2-chloro,6-substituted
pyridine N-oxide with additional base to
produce the corresponding 1-hydroxy-6-
substituted-pyridone.

This Sheet Has Been Replaced

M




g [45% . It was recrystallized fromethyl acetate and hexanes: np

130 5. de .degree. C. Exanple 4 Preparation_of 1
- Hydr oxy- oc% %xypyri di ne-2-(1 H)- one The 0. 82 "ﬁ&("e??"b‘?‘

2, 6-di chl or opyr| dine. Neoxide and Q. g (99% (d/ rml es 1- oct anol
was reacted with .THI® SHEED. HASSBEEW es)BOGf groun

xidein 8. 2

m of DMSO at 80. degr eeRgfLACEDr 4. 5{hours to gi've* !g//y
2- chl or 0- 6- oct yl oXypyrterrme—iox+de! |t was react ed WI th o I,(O 015
nol es) of ground sodi um hydroxi de at 80.degree. C. for 2. 5 hours to give 1
- hydr oxy- 6- oct yoxypyr i ter coo added 74 m of
wat er and was adj ujg‘{'ed tﬁnéw%oﬁbagkpgmp?ﬁéjuog compr:.s:.ng

functional component selected from the group

consisting of paints, shampoos, skin care

medicaments, metalworking fluids, polymer

5 compositions plus an antimicrobially effective
amount of a compound characterized by the formula:

wherein X is an oxygen or sulfur moiety and R is

substituted or unsubstituted hydrocarbon radical

having between 1 and 20 carbon atoms, with the
10 proviso that R is other than chlorobenzyl.

\
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pﬁécipitate was filtered and washed with water to give 0.577 g (48%. It
-was recrystallized fromethanol and hexanes: np 11 9.degree.- 1 20. degree.

C. 12 woaspizs35 Preparation of 1-Hydroxy-6-octylthi opyr imimvessdaissh)) - one
The 2.01 g (0.0122 nol es) of 2,6-dichloropyridine N oxide and 2. 10 g (85%
(0.0122 nol es) of 1- octylnercaptan was reacted_with Q.4838 g—

31- v
iHIS SHEET HAS BEEN

_ REPLAGED. LW A |II|

15. A method for inhibiting the growth of
microorganisms by contacting said microorganisms

with a composition characterized by containing an
antimicrobial effective amount of a 1-hydroxy-6-
5 substituted-2-pyridone compound of the formula:

L
\x N

| O
OH

wherein X is an oxygen or sulfur moiety and R is
substituted or unsubstituted hydrocarbon radical
having between 1 and 20 carbon atoms, with the
proviso that R is other than chlorobenzyl, and at

10 least one component selected from the group
consisting of soaps, adhesives, coatings,
elastomers, sealtants, shampoos, skin care
medicaments, cosmetics and paints.

Thls Sheet
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16038 BT-
(0.0122 nol es) of ground sodium hydroxide in 8.2 nl of DWVSO at 80. degree.
C. for 6 hours do-give 2-chloro-6-octylthiopyridine N-oxide. It was reacted
with 1747 g (0)UHEY SHEERHASOBERY pund sodi um hydroxi de at 80.degree. C. for
3 hours to give 1-hygemagef- octy|thiopyridine-2(1 H-one. After cooling, it
was added 180 j adj usted with 6N HCL to pH 3. The
precipitate was filtered, washed -with water and washed with 1f50 m  of
petrol eumether to give 1.34 g (43%. %@ﬁﬂh ShBLERAgden of 1
- Hydr oxy- 6-octyl sul fonyl pyridi ne-2-(1 -onef‘el'he 8 ?& g (0.00080 nol es) of
1 -hydroxy-6-octylthiopyridine-2(1 H-one was reacted wwth 0.36 ni

(0.0032). ol es) of ORGTHUAES PYHIbREL ONES AND suBsTITUTED

PYRIDINE-2-THIONES AS BIOCIDES

Abstract of the invention

The present invention relates to novel 1-
hydroxy-6-substituted pyridine-2-one and 1-hydroxy-
B-substituted pyridine-2-thione compounds. Also
disclosed is a process for producing the compound(s)
and an antimicrobial composition comprising thé
compound(s) and at least one component selected from
the group consisting of s;)aps, adhesives, coatings,
elastomers, sealants, shampobs, skin care medicaments,

cosmetics, paints and other polymer compositions.

This Sheet Has Been Rep
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2.0 m of gl acial acetic acid for overnight at roomtenperature to give 1
- hydr oxy- 6-octyl sul fonyl pyridine-2(1 H)-one. It was stripped in vacuo and
was then dissol ved E i pped in vacuo three tinmes to give
0.22 g5 It was recry$tg efone andSpbkstitnite sireet hd6 Jamarfd98 7
Preparation of 1 -Hydrd 6-t hi opheny! pyrti di ne-2-(1 H-one The 1.64 g
(0.010 nol es) of 2, 64ddilchd Ord 15 oxide and 1.11. g (99% (0.010

mol es) of thiophenol {wds react ed W|t .400 g (0.010 nol es) of ground
sodi um hydr oxi de of 1 of DMSO at 80 degree. C. for 5 hours to give
2-chl or o- 6-t hi ophenyl ~|t was reacted with 1.20 g (0.030
nol es) of ground sodi um hydroxi de at 80.degree. C. for 2.5 hours

SUBSTITUTED PYRIDINE-2-ONES AND SUBSTITUTED PYRIDINE-2-THIONES
AS BIOCIDES

Xy-

FIELD OF THE INVENTION

This invention relates to novel 1-hydroxy-6-substituted-2-pyridones, a |
. process for their preparation, and their use as biocides. These compounds
exhibit good biocidal activity, partlcularly antifungal activity.

BACKGROUND OF THE INVENTION

Compounds exhibiting biocidal activity are well known in the art. For
example, pyrithione salts, such as zinc pyrithione, are known to provide
excellent biocidal activity, including broad spectrum anti-bacterial 'and_
anti-fungal activity. There are many uses for these pyrithiones. By way of
illustration, U.S. Pat. No. 4,818,436 discloses the use of pyrithiones in
metal working fluids, U.S. Pat. No. 4,401,770 discloses urethane shoe
inserts having antimicrobial activity; and U.S. Pat. No. 4,935,061 discloses
their use in paints.

Despite the excellent biocidal (particularly fungicidal) activity attributable to
pyrithlone salts, these compounds do have drawbacks for certain
applications, most notably limited solubility in certain organic solvents and
aqueous media. Accordingly, new compounds exhibiting excellent biocidal
activity, but also exhibiting good solubility in organic solvents would be

useful to the biocides manufacturing community.

One compound that exhibits good biocidal efficacy and solubility in shampoo
formulations is 1-hydroxy-4-methy!-6-(2,4,4-trimethylpentyl)-2-Pyridone.

Unfortunately, this compound is more expensive to manufacture than



]——* .
13 to give 1-hydro y-FEEPLAC'[-:ME 8 EEyr di ne-2-(1H)-one. After cooling, it was
added 148 m of wafel d was adjugted with 6N HCI to pH 3. The preci pitate
was filtered, wash¢djw B S ngl yashed with hexanes to give 1.64 g
(75% . It was recrystallized from gtpanol: np 180. degree. -181. degree

Exampl'e 8 Preparat{on of 1 - Hydroxy-p- tl‘élOphesbe‘tﬁlﬂQrﬂ"ﬁﬁtl‘d‘&léuﬂe("3.98
H) - one

otherwise might be desired. This compound and related compounds are
disclosed in U.S. Pat. No. 3,883,545; their use in combating dandruff is
described in U.S. Pat. No. 4,185,106; and their use in an antidandruff
shampoo is described in U.S. Pat. No. 4,711,775. U.S. Pat. No. 4,916,228
discloses the preparation of a broad class of 1-hydroxy-2-pyridones by a
process comprising reacting a pyrone having a specified structural formula
with a hydrexylammonium salt in the presence of at least one alkali metal
carbonate and/or hydrogen carbonate.

A technical journal publication entitled "Quantitative Structure-Activity
Analysis in a Series of Antimycotically Active N-Hydroxypyrido_nes"., Journal
of Medicinal Chemistry, 1974, Vol. 17, No. 7, p. 753, describes a variety
of 1-hydroxy-substituted-2-pyridones, including those having
para-substitutions of —-SCH.sub.2 C.sub.6 H.sub.4 Cl (compound 15 in
Table ! thereof) and -OCH.sub.z.C.sub.G H.sub.4 Cl (compound 16 in
| Table i thereof), as having antimycotic activity. However, the method of
preparation of these compounds is not described in this technical
publication, and it is believed that these compounds were made from

6-chloro-2-pyrone which is not commercially available.

Other new biocides providing desired solubility characteristics, as well as
"new processes for their preparation, would be highly desired by the
biocides manufacturing community.

SUMMARY OF THE INVENTION

In one aspect, the present invention relates to a compound of the formula:
- o
bu

Wherein X is an oxygen or sulfur moiety and R is substituted or

unsubstituted hydrocarbon radical having between 1 and 20 carbon atoms,
with the proviso that R is other than chlorobenzyl. Preferred hydrocarbon



The' 1.00 g (0. 00456 r §xy- 6-t hi ophenyl pyri di ne-2(1 H)-one
reacted with 1.30 n %ﬁ@i‘fﬁﬂfﬁi@@ﬁ fr 30% hydrogen peroxide in 5 m of

gl aci al acetic acid jat] roomtenperatiufe overni ght. The precipitate was

di ssol ved with nore 5 m 3@ JYNa1998I! |adeti c aci SBubstitutesheken 1BIdade 11 &98
(0.0114 nol es) .of 3(Qq%}hydrogen perojide &8 roomtenperature over the
weekend. The precipijftate was 111teredfand washed with hexanes to give 0.624
g. The acetic acid gnd_the hexanes were Stripped in vacuo to give 0.45 g.
The conbined product gave 1.14 g (93% . Exanple 9 Preparation of 1

- Hydr oxy- 6- phenyl oxypyri di ne-2-(1 H)-one The 0.82 g (0.0050 nol es) of
2, 6- di chl or oradicals ace hliphatiehydwdarbianghaving between 3 and 15 carbons, more

preferably a straight chain hydrocarbon having between 5 and 10 carbons.

Q

The term "substituted hydrocarbon” is intended to include substituents
such as halogen such as chloro, iodo fluoro or bromo, alkoxy such as
methoxy, ethoxy, propoxy or butoxy, nitro, thio, combinations thereof, and
the like. lllustrativ;a hydrocarbon groups include n-octyl,
2,4, 4-trimethylpentyl, 3,5,5-trimethylhexyl, combinations thereof, and the
like.

In another aspect, the present invention relates to a process for producing

compound of Formula (I} wherein X is oxygen which comprises the steps
of:

{a) reacting 2,6-dichloropyridine N-oxide, a hydroxy compound containing
between 1 and 20 carbon atoms (such as an alcohol such as n-octanol or
a phenol compound such as 4-methyiphenol, preferably selected from the
group consisting of alkyl, arylalkyl and aryl compounds containing at least
one hydroxyl group, and combinations thereof) and a base (such as sodium
hydroxide or potassium hydroxide), optionally in the bresence of water or
an organic solvent, at an elevated temperature to produce a corresponding
2-chloro-6-substituted-pyridine N-oxide and

(b) reacting said with additional base to produce the corresponding
1-hydroxy-6-substituted pyridone.

The above process can be carried out sequentially or simultaneously in a
single step. Surfactants and/or phase transfer catalysts are optionally

employed to facilitate the step (a) reaction.

In still another aspect, this invention relates to a process for producing the

compound of Formula (I}, wherein X is sulfur, which comprises the



(0.0050"nol es of ph
sodi um hydroxi de in SHEPUACEMEMN%KEER
2- chl or o- 6- phenyl ox p'
nol es) of ground sod
- hydr oxy- 6- phenyoxy

hth 0.200 g (0.0050 nol es) of ground
80.degree. C. for 6 hours to give

It was reacted with 0.600 g (0.015
0. degr ee Substifute sheetholB siune 1998 1
e. After cooling, it was added 74 nl
of water and was adj to pH 3. The water solution was
extracted with dichlpronmethane (2.tings.25 m) and was dried -over sodium
sul fate. The di chl orerethame—sotrutToOMm was stripped in vacuo to give 1.29 g

which was purified with Flash Chromatography (9:1 ethyl
following steps:

(a) reacting a 2,6-dichloropyridine N-oxide, a thiol compdu'nd having
between 1 and 20 carbon atoms, (for example alkyl, arylalkyl and aryl
compounds, and combinations thereof) and base {such as sodium hydroxide
or potassium hydroxide) in an organic solvent at an elevated temperature

to produce a corresponding 2-chloro~6-substituted-pyridine N-oxide and

{b) reacting said 2-chloro-6-substituted-pyridine N-oxide with a base to
produce the corresponding 1-hydroxy-6-substituted-2-pyridone.

The above process can be carried out sequentially or simultaneously in a
single step. Surfactants and/or phase transfer cata!ysts are optionally
employed to facilitate the step (a) reaction.

In yet another aspect, the present invention relates to an antimicrobial
compasition comprising a functional component selected from the group
consisting of paint. adhesives, coatings, elastomers, sealants, shampoos,
skin care medicaments and metalworking fluid pltjs an antimicrobially
effective amount of a compound represented by the above Foi’mﬁla {(ora
salt of the compound of Formula (I). lllustrative salts include the amine

salts, alkali metal and alkaline earth metal salts and the like.

In still another aspect, the invention relates to a method for inhibiting the
growth of microorganisms by cortacting said microorganisms with a
composition containing an antimicrobial effective amount of a one of the
above-described 1-hydroxy-6-substituted-2-pyridone compound orits salt of
this invention and at least one component selected from the group
consisting of soaps, shampoos, skin care medicaments, cosmetics, and
other polymer compounds such as adhesives, coatings, elastomers,

sealants and paints.
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14 *acet at e: met hanol) :

. : rmnation of the M ninmum I nhibitory
Concentrations (M ) for Antjm ctobial Conpounds of this Invention

Sol utions of the efp ri:'PrQn“éN“héBrp)u ds in dinethyl sul foxide were serially
diluted in nutrien roth (TrypticlSpy Broth fguhbtititeshaetrd Bdboartils
Dextrose Broth for{fungi) in mcrotifer glates. Equal volunes of a broth
suspensi on bact érd : —6— m ) or fungi 0 I :
spores/ m) Sy P& t!:ie(?ﬁf#%ﬁﬁp?wgﬂp“fﬁﬂersﬁv@r‘g tﬁ%(fbﬁ%% at

37. degree. (ethited destAption of eRalipvertiah®. degree. C. (nolds). Bacteria,
yeast _ _ _

DETAILED DESCRIPTION OF THE INVENTION

it has now been surprisingly discovered that a straightforward process can
be employed to produce 1-hydroxy-6-substituted-2-pyridones, utilizing
readily available starting- materials. These compounds provide excellent -
antimicrobial efficacy and are inexpensive to produce.

The novel 1-hydroxy-6-substituted-2-pyridone compounds of this invention

are represented _by the following empirical structural formula:

“/(uj 0
ba

wherein X is an oxygen or sulfur moiety and R is ‘substituted or
unsubstituted hydrocarbon radical having between 1 and 20 carbon atoms,
with the proviso that R is other than chlorobenzyl.

The reactions of the process of this invention are suitably conducted at
atmospheric pressure, although higher or lower pressures may be used if
desired. Suitable reaction temperatures for steps (a) and (b} range between
a temperature of about 30.degree. C. to about 150.degree. C., preferably
employing a reflux temperature of between about 70.degree. C. and about
90.degree. C. Total reaction time for the process of this invention can vary
over a wide range, but is advantageously between 30 minutes and 5 hours
for step (a) and between thirty minutes and 5 hours for step (b).

The reactions of the process of this invention are suitably carried outin the
presence of a base and an organic solvent. Suitable bases include alkali
metal hydroxides such as sodium hydroxide or potassium hydroxide,
alkaline earth metal hydroxides such as calcium or magnesfum hydroxide,
pyridine, triethylamine and other tertiary amine bases, potassium carbonate,
"DABCO" amine catalyst (1,4-diazabicyclo(2.2.2)octane), "DBU"



and nol ds were inCL-b-a-t-ed—Hﬁ%f-He-—a-?d seven days respectively before
det er mi ni ng t he hi ¢h&EPLAGEMENT: Slr!EETdi&I ution. TABLE | MC (ppnm) MC of the

1- hydr oxy- 6- subst i tjutfgad=2=pyrrdonegy ¢ompound A B C D E F Exanple 1
256 .gtoreq. 1024 128 53% 30K P8 Hxanpl e62 Substitute sheet - 16 June 1998

(1.,8-diazabicyclo(5.4.0)u'ndec-7-erie), "DBN"
(1,5-diazabicyclo(4.3.0)non-5-ene, t-butyltetramethyl-guanidine,
combinations thereof, and the like. Preferred bases for step (a) are
anhydrous, granular or powdered sodium 6r potassium hydroxide, and
preferred bases for step (b) are concentrated aque_ous solutions of sodium
or potassium hydroxide having a concentration of base of between about
10% and about 90% by weight based upon the lweight of the solution.
Preferably, the base is employed in at least an amount equal to the number
of moles for each reactant, and a molar excess of base relative to each
reactant can be employed as desired.

The reactions of the process of this invention are suitably carried out in the
presence of a solvent. Suitable organic solvents include, for example, ether,
'and acetone, methylene' chioride, benzene, toluene, pyridine,
tetrahydrofuran ("THF"), a.cetonitrile, dimethylsulfoxide ("DMSO"),
dimethylformamide ("DMF"), and combinations thereof. Although the
preferred solvent is acetonitrile, it is more preferred to run the reactions
neat. As another alternative, a reactive solvent can be employed, if desired,
for example by using an organic alcohol, e.g. isopropanol, or n-oétanol, in
an amount sufficient to pro.vide the desired reactant and solvent
characteristics. | | '

- The molar ratio of reactants for the process of this invention can vary over
a wide range, but is preferably between 10:1 and 1:10, more preferably
between 2:1 and 1:2, most preferably about 1:1.

The antimicrobial compositions of this invention suitably comprise an
antimicrobially effective amount of a compound as defined by the strucfural
formula given herein above and combinations thereof and at least one
component selected from the group consisting of soapé, shampoos, skin

care medicaments, cosmetics and paints. The antimicrobial compound can



6464 * 8 328 1f rcagcu 2 2 16 2 Exanple 4 32 16 4
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be employed as is or in the form of a salt, such as an amine salt such as
‘the monoethanolamine ("MEA") salt, and the use of the' salt form is
- preferred. By the term "antimicrobial effective amount” is meant an amount
sufficient to impart to the compositidns resistance against microbial attack
by fungi and/or bacteria. Preferably the antimicrobial compounds are
employed in the composition in a total amount of between about 0.01 and -
about 10 weight percent, more preferably between about 0.01 and about
. 5 weight percent, based upon the total weight of the composition. A
particularly preferred use for the biocidal compounds of the present
invention is in personal care products such as in shampoos and other hair
care products, as well as in paint, paint bases and polymer com.positions

such as adhesive coatings, sealants, elastomers, acids and the like.

With respect to paints improved organic solubility and biocidal efficacy
associated with the compounds of the present invention are expected to
provide advantages when used in a wide variety of paints, ihc!uding indoor
~and outdoor household paints, industrial and commercial paints and in

particular marine paints for use, for example, or ships hulls.

Typically, a paint composition will contain a resin, a pigment and various
optional additives such as thickening agent(s), wetting agents and the like,
as is well known in the art. Thé resin is preferably selected from the group
consisting of vinyl, alky!, epoxy, acrylic, polyurethane and polyester resins,
and combinations thereof. The resin is preferably employed in an amount
of between about 20% and about 80% based upon the weight of the paint
or paint base. ' ' |

In addition, the paint composition of the presentinvention contains optional
additional additives which have a favorable influence on the viscosity, the
wetting power and the dispersibility, as well as on the stability to freezing

and electrolytes and on the foaming properties. If a marine paint is being
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fabricated, the paint preferably contains a co-biocide such as cuprous oxide
or copper thiocyanate, a swelling égent to cause the paint to gradually
"slough off" in its marine environment, thereby causing renewed biocidal
efficacy of newly exposed biocide at the surface of the paint in contact
with the water medium of the marine environment. lilustrative swelling
agents are naturally-occurring or synthetic clays, such as kaolin,
montomorillonite (bentonite, clay mica (muscovite), and chlorite (hectonite),
and the like. In addition to clays, other swelling agents, including natural or
synthetic polymers, such as that commercially available as POLYMERGEL,
have been found to be useful in the compositions of the present ipvention
to provide the desired "sloughing off" effect. Swelling agents can be used
singly or in combination. The total amount of optional additives is preferably
nd greater than 20% by weight, more preferably between about 1% and
about 5% by weight, based upon the total weight of the paint coinposition.

lllustrative thickening agents include cellulose derivatives, for example
: methyl; hydroxyethyl, hydroxypropyl and carboxymethyl cellulose,

poly(vinyl alcohol), poly {vinylpyrolidone), poly{ethylene-glycol), salts of

'poly(acrylic acid) and salts of acrylic acid/acrylamide copolyme_rs.

Suitable wetting and dispersing agents include sodium poiyphosphate, salts
of low-molecular—weight poly(acrylic acid), salts of poly{ethane-sulfonic
acid), salts of poly (vinyl-phosphonic acid), salts of poly{maleic acid) and
salts of copolymers of maleic acid with ethylene, 1-olefins with 3 to 18
carbon atoms and/or styrene. |

In order to increase the .stability to freezing and electrolytes there may be
added to the paint composition various monomer 1,2-diols, for example
| glycol, propylene-glycol-{1,2), and butylene-glycol-(1,2) or polymers
thereof, or ethoxylated compounds, for exémple reaction products of

ethylene oxide with long-chain alkanols, amines, carboxylic acids,



A - Escherichia coli C - Candida_albjcans D - Fusariumsp E - Aspergi | | us
ni ger F- Aureabasi ¢l NRIEHEED- | denot es not tested The results

provi ded in Table FBE&%%EME *r%i pofpounds of the present invention
provider MC s that |aje sonetines bgt{er than tSobstitutevshied -b16 Junenh®@98i al
bi oci de, OCTOPI ROX{RIM 3 Bi HdN 3898 a] produc® of Hoechst Conpany. Note t hat

t he conpounds of Efaifples 3 & 4 provide particularly exc_ellent MC results.

carboxylic acid amides, alkyd phenoals, poly(propylene—glycol)- or
poly(butylene-glycol). The minimum temperature of film formétion_ {white
point) of the paint composition may be reduced by adding solvenfs, such as
sthylene-glycol, butyl-glycol, ethyi-glycol acetate, ethyl-diglycol acetate,
butyl-diglycol acetate, benzene or alkylated aromatic hydrocarbdhs. As
defoaming agents there are suitable for example poly(prOperne-g'lyc'ol) and
polysiloxanes. '

The compounds of the present invention have many desirable attl_'ibuteé.
They possess good antimicrobial activity and ére compatible with
components of conventional soaps, shémpoos, skin-care medi;:aménts,
| plastics and other polymer compositions and the like. These polymers are
also non-volatile, hydrolytically-stable, thermally-stable and may be soluble
in water and organic solvents. Furthermore, they formno undesirable colors
in"ty.pical personal care items. Still further, they are expected to be
favorably cost competitive with kno'wn"antimicrobial ‘additives used in

conventional skin care formulations.

The following examples are intended to illustrate, but in no way limit the

| scope of, the present invention. In the examples, the term "g" denotes
grams, "mol"” denotes moles, and all percents are given on a weight basis
unless otherwise specified.

EXAMPLES

Example 1

‘Preparation of 1-Hydroxy-6-isopropyloxypyridine-2{1H)-ones

The 0.82 g {0.0050 moles) of 2,6-dichlopyridine N-oxide and 0.78 g (0.013
moles) of isopropanol was reacted with 0,210 g (0.0050 moles) of ground

sodium hydroxide in 8.2 ml of DMSO at 80.degree. C. overnight to give
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' g of the formula: [err] wherein X is an
tREPRARCEMENTS SREEISt]i t ut ed or unsubstituted hydrocarbon
b or] atons, with the proviso that Ris
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2-chloro-6-isopropyloxypyridine N-oxide. The excess of isopropanol was
removed in vacuo and 0.800 g (0.020 mole) of ground sodium hydroxide
was reacted at 3 hours'_ at 100.degree. | C. to give
1-hydroxy-6-isopropyloxypyridine-2(1H)-one. After cooiing, it was added '/_‘4
ml of water and was adjusted with 6N HCI to pH 5. It was extracted with

" ethyl acetate (3.times.25 ml). The efhyl acetate extract was washed with
water (2.times.10 ml) and dried over sodium sulfate. The solution was
saturated with sodium chloride and was extracted with ethyl acetate
(3.times.25 ml). The ethyl acetate extract was washed with water
(2.times. 10 ml) and dried over sodium suifate. The combined ethy_l acetate
extracts were filtered and stripped in vacuo to give 0.50 g (59%). It was
recrystallized from 5 ml of ethyl acetate, 5 mi of hexanes, and activated
carbon: mp 119.degree.-120.degree. C. |

Example 2 .
Preparation of 1-Hydroxy-6-(2,4,4-trimethylpentyloxy)-pyridine-2-(1H)-one

The 0.82 g (0.0050 moles) of 2,6-dichloropyridine N-oxide and 0.664 g
(98%) (0.0050 moles) of 2,4,4-trimethyl-1-pentanol was reacted with 0.211
g (0.0050 moles) of ground sodium hydroxide in 8.2 ml of DMSO at
100.degree. C. overnight to give 2-chloro-6-(2,4,4-trimethypentyloxy)
pyridine N-oxide. It was reacted with 0.600 g (0.015 moles) of ground
sodium hydroxide at 100.degree. C. for 4.5 hours to give
1-hydroxy-6-{2,4,4-trimethylpentyloxy)pyridine-2(1H)-one. After cooling, it
was added 74 ml of water and was adjusted with 6N HCI to pH 3. It was
extracted with ethyl acetate (3.times.25 ml). The combined ethyl acetate
extract was washed with a saturated sodium chloride solution (2.times.10

" ml) and dried over sodium sulfate. The ethyl acetate extract was filtered
and stripped in vacuo to give 1.08 g (30%]). It was recrystallized from ethyl
acetate and hexanes: mp 133.5.degree.-134.degree. C.



2.““The "conpound o T RCEMENE SBEET T is an aliphatic hydrocarbon having
between 3 and 15 r QIS ﬂl He-tonpound of claim1 wherein Ris a

strai ght chain hydyocarbon having [bgtween 5 and 10 carbons. 4. The
conmpound of clai mfl WhSGIJUNIGI8 dn n-oct%/I noSestitube sheet 0dGssuren 998
produci ng the conppunpd of the forrulfa: [®Bkr] wherein X is an oxygen noiety

and Ris a substitut&dor unsubstrtyted

Example 3 _
Preparation of 1-Hydroxy-6-(3,5,5-trimethylhexyloxy) -pyridine-2 (1H) -one

The 0.82 g (0.0050 moles) of 2,6-dichloropyridine N-oxide and 0.80 g

- {90%) (0.0050 moles) of 3,5, 5-trimethyl- 1-hexanol was reacted with 0.206 |
g (0.0050 moles) of ground sddiﬁm hydroxide in 8.2 mi of' DMSO at
80.degree. C. for 8.5 hours to give
2-chloro-6-(3,5,5trimethylhexyloxy)pyridine N-oxide. It was reacted With '
0.600 g (0.015 moles) of ground sodium hydroxide at 80.degree. C. for 4
hours to give 1-hydroxy-6-(3,5,5-trimethyl-hexyloxy) pyridine-2(1H)-one.

~ After cooling, it was added 74 mi of_water and was adjusted witl'; 6N HCL
to pH 3. The precipitate was filtered and washed with water to give 0.577
g (45%). It was recrystallized from ethyl acetate and hexanes: mp
130.5.degree.-131.degree. C. |

Example 4 _
Preparation of 1-Hydroxy-6-octyloxypyridine-2-{1H)-one |

The 0.82 g (0.0050 moles) of 2,6—dichloropyridine N-oxide and 0.658 g
(99%) (0.0050 moles) of 1-octanol was reacted with 0.200 g {0.0050
moles) of ground sodium. hydroxide in 8.2 ml of DMSO at 80.degree. C. for
4.5 hours to give 2-chloro-6-octyloxypyridine N-oxide. It was reacted with
0.600 g (0.015 moles) of ground sodium hydroxide at 80.degree. C. for 2.5
hours to give 1-hydroxy-6-octyoxypyridine-2(1H)-one. After cooling, it was
added 74 ml of water and was adjusted with 6N HCL to pH 3. The
precipitate was filtered and washed with water to'give 0.577 g (48%). It

was recrystallized from ethanol and hexanes: mp 119.degree.-120.degree.
C.



hydrocar bon radical ha epd 20 carbon.atons, with the proviso
that Ris other than cIﬂEkaﬂEMEMI SHE&Tl ¢h conprises the steps of: (a)
reacting a 2, 6-dichlqgr d¢, a hydroxy conpound contai ni ng
between' 1 and 20 car bdse, in Substitute shestl-vEhtJunel £398d
fromthe group consi cdt dfe, nmethyl ene chloride, benzene,
tol uene, pyridine, I gcetonitrile, dinethylsulfoxide,

di met hyl f ormam de, and conbi nations th reof, at an el evated tenperature of
bet ween about 30. degree—€—amd—abour 150. degr ee. C. to produce a
correspondi n% Zﬁgql]l go- 6- substi tuted-pyridine N-oxide, and (b) reacting
sai d 2-chl or &X8"RIBt i t ut ed- pyri dine N-oxide with additional base to

produce a 1- ygsatiof SPH kg B-Se RIHISHIARIRPHARone

The 2.01 g (0.0122 moles) of 2,6-dichloropyridine N-oxide and 2.10 g

~ (85%) - (0.0122 moles) of 1-octylmercaptan was reacted with 0.488 g
| (0.0122 moles) of ground sodium hydroxide in 8.2 ml of DMSO at
80.degree. C. for 6 hours to give 2—chloro-6-octylfhiopyridine N-oxide. It
was reacted with 1.47 g (0.0367 moles) of ground sodium hydroxide at
80.degree. C. for 3 hours to give 1I-hydroxy-6-octylthiopyridine—2(1 H)-one.
After cooling, it was added 180 ml of water and was adjusted with 6N HCL
to pH 3. The precipitate was filtered, washed with water and was.hed with
150 ml of petroleum ether to give 1.34 g (43%).

Example 6
Preparation of 1-Hydroxy-6-octylsulfonyipyridine-2-(1H)-one

The 0.204 g (0.00080 moles) of 1-hydroxy-6-octyithiopyridine-2(1H)-one
was reacted with 0.36 ml (0.0032). moles) of 30% hydrogen peroxide in
2.0 ml of glacial acetic acid for overnight at room temperature to give
1-hydroxy¥6-octylsulfonylpyridine-2(1H)—one. It was stripped in vacuo and
was then dissolved with ethanol and stripped in vacuo three times to give

0.22 g. It was recrystallized from acetone and petroleum ether.

Example 7
Preparation of 1-Hydroxy-6-thiophenylpyridine-2-(1H)-one

The 1.64 g (0.010 moles) of 2,6-dichloropyridine N-oxide and 1.11 g (99%)
{0.010 moles) of thiophenol was reacted with 0.400 g (0.010 moles) of
ground sodium hydroxide of 16.4 ml of DMSO at 80.degree. C. for 5 hours
to give 2-chloro-6-thiophenylpyridine N-oxide. It was reacted with 1.20 g
(0.030 moles) of ground sodium hydroxide at SO.degree. C. for 2.5 hours
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conbi nati ons t hereof}
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claim5 wherein saidf base of step (bXJIS sodlun1hydrOX|de or pot assi um .
hydrOX|de
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to give 1-hydroxy-6-thiophenylpyridine-2-(1H)-one. After cooling, it was
added 148 ml of water and was adjusted with 6N HCI to pH 3. The
~ precipitate was filtered, washed with water and washed with hexanes to
g.ive 1.64 g (75%). It was recrystallized from ethanol: mp
1SQ.degree.-181.degree. C. '

Example 8
Preparation of 1-Hydroxy-6-thiophenylsulfonypyridine-2-(1H)-one

The 1.00 g {0.00456 moles) of 1-hydroxy-6-t'hiophenylpyridin.e-Z.(1H)-one
reacted with 1.30 ml (0.0114 moles) of 30% hydrogen peroxide in 5 ml of
‘glacial acetic acid at room temperature overnight. The precipitate was
dissolved with more 5 ml of glacial acetic acid and was then added 1.30 mi
(0.0114 moles) of 30% hydrogen peroxide at room temperature over the
weekend. The precip.itate was filtered and washed with hexanes to give
0.624 g. The acetic acid and the hexanes were stripped in vacuo to give
0.45 g. The combined product gave 1.14 g (23%).

Example 9 | _
‘Preparation of 1-Hydroxy-G-phenyloxypyridine-2~( 1H)-one

The 0.82 g (0.0050 moles) of 2,6-dichloropyridine N-oxide and 0.47 g
(0.0050 moles of phenol was reacted with 0.200 g (0.0050 moles) of
‘ground sodium hydroxide in 8.2 mi of DMSO at 80.degree. C. for 6 hours
to give 2-chloro-6-phenyloxypyridine N-oxide. It was reacted with 0.600 g
(0.015 moles) of ground sodium hydroxide at 80.degree. C. for 3.5 hours
to give 1-hydroxy-6-phenyoxypyridine-2-(1H)-one. After cooling, it was
added 74 ml of water and was adjusted with 6N HCI to pH 3. The water
solution was extracted with dichloromethane (2.times.25 ml) and was dried
-over sodium sulf.ate. The dichloromethane solution was stripped in vacuo

to give 1.29 g which was purified with Flash Chromatography (9:1 ethyl
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Determination’ of the Minimum Inhibitory Concentrations (MIC's) for
- Antimicrobial Compounds of this Invention |

Solutions of the experimental compounds in dimethyl sulfoxide were serially
diluted in nutrient broth (Tryptic Soy Broth for bacteria and Sabouraud
Dextrose Broth for fungi) in microtiter plates. Equal volumes of a broth
suspension of bacteria (10.sup.6 CFU/ml) or fungi (10.sup.5 cells or
spores/ml) were added to each dilution, and the plates were incubated at
37.degree. C. (bacteria and yeast) or 28.degfee. C. (molds). Bacter}a, yeast
and molds were incubated two, five and seven days respectively before
determining the highest inhibitory dilution. o

TABLE 1 -

MIC (ppm) _
MIC of the 1-hydroxy-6-substituted-2-pyridones
Compound A B C D E F

~ Example 1
256
.gtoreq.1024
_ 128 512 512 512
Example 2
64
64 8 32 8 16
Example 3
32
32 2 2 16 2
Example 4
- 32
16 4 2 32 4
Example 5
256
16 8 32 8 nt
Example 6
. 512
64 128 256 256 nt



of between about 30. degrée. C. and about 1 50.degree. C. to produce a
correspondi ng 2-chl oro-6-substituted-oxypyridine N-oxide, and (b) reacting
sai d 2-chl oro, 6-subs}T ' grne N-oxide with additional base to
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—

3 0 JUN 1998

TABLE I-continued

MIC (ppm) _
MIC of the 1-hydroxy-6-substituted-2-pyridones
Compound A B C D E F

biocide

A = Escherichia coli

B « Staphylococcus aureus
C = Candida albicans

D = Fusarium sp,

E = Aspergillus niger

F = Aurecbasidium pullulans
“as"™ denotes not tested

| The results provided in Table 1 show that the compounds of the present
invention provide MIC’s that are sometimes better than those provided by
a commercial biocide, OCTOPIROX.RTM. biocide, a product of Hoechst

Company. Note that the compounds of Examples 3 & 4 provide particulariy
excellent MIC resuits. -
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1. A compound of the formula:.

wherein X is an oxygen or sﬁlfur

moiety and R is substituted or unsubstituted hydrocarbon radical having
between 1 and 20 carbon atoms, with the proviso that R is other than
chiorobenzyl.

2. The compound of claim 1 wherein R is an aliphatic hydrocarbon having
between 3 and 1S carbons. .

3. The compound of claim 1 wherein R is a straight chain hydrocarbon

having between S and 10 carbans.
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18 12." 'The process o said thiol conpound is enployed in
an anount sufficient]t cy both as a solvent and as a
reactant. 13. The pr erein said base of step (a) ;
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~wherein said base of step (b) |s sodi um H§dr oxi de or pot assi um hydr oxi de.

15. The procksFhefc in Rais amo-qdtyl maietonduct ed

5. A process for producing the compound of the formula:
I

el R 0 i

| .
OH
wherein X is an oxygen moiety and R is a substituted or unsubstituted

hydrocarbon radical having between 1 and 20 carbon atoms, with the
proviso that R is other than chlordbenzyl, which comprises the steps of:

(a) reacting a 2, 6-dichloropyridine N-oxide-, a hydroxy compound containing
between 1 and 20 carbon atoms, and a base, in an orgahic solvent selected
from the group consisting of ether, acetone, methylene chioride, benzene,
toluene, pyridine, tetrahydrofuran, acetonitrile, dimethy!s.ulfoxide,
dimethyiformamide, and combinations thereof, at an elevated temperature
of between about 30.degree. C. and about 150.degree. C. to produce a
corresponding 2-chloro-8-substitutad-pyridine N-oxide, and

{b) reacting said 2-chloro-6-substituted-pyridine N-oxide with addmonai
base to produce a 1-hydroxy-6-substituted-2-pyridone compound.

6. The process of claim § wherein said solvent is selected from the group

consisting of acetonitrile, dimethyisulfoxide, dimethylformamide, and
combinations thereof,

7. The process of claim 5§ wherein said hydroxy compound is employed in

an amount sufficient to provide efficacy both as said solvent and as a
reactant.

8. The process of claim 5§ wherein said base of step {a) is sodium hydroxide
or potassium hydroxide.

9. The process of claim S wherein said base of step (b) is sodium hydroxide
or potassium hydroxide.



sinul taneously in a single step. 16. The process of claim 10 wherein steps
(a) and (b) are condu E«ff In a singl.e step. 17. The conpound
of claim1l wherein X 1 s an octyl or trinethyl hexyl noiety. .

18. The corpound accof er i N 35 g it sheb B S HYBY

and R i's an octyl or t1y .
R O
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10. A process for producing the compound of the formula:

L,

ba

wherein X is a sulfur moiety and R is a substituted or unsubstituted

hydrocarbon radical having between 1 and 20 carbon atoms, with the

[@Xg?)]

ng to claiml

M O JUNAI8 npi

-

proviso that R is other than chlorobenzyl, which comprises the steps of:

{a) reacting a 2,6-dichloropyridine N-oxide, a thiol compound 'having
between 1 and 20 carbon atoms, and a base, in an o'.rganic solvent selected
from the group consisting of ether, acetone, methylene chloride, benzene,
toluene, pyridine, | tetrahydrofuran, acetonitrile, dimethylsulfoxide,
dimethyiformamide, and combinations thereof, at an elevated temperature
of between about 30.degree. C. and about 150.degree. C. to produce a
corresponding 2-chloro-6-substituted-oxypyridine N-oxide, and

(b) reacting said 2-chloro,6-substituted oxypyridine N-oxide with additional
base to produce the corresponding 1-hydroxy-6-substituted-2-pyridone.
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11. A process for producing a compound of the formula:

g_zz . >

wherein
X is a sulfur moiety and R is a substituted or unsubstituted hydrocarbon

- radical having between 1 and 20 carbon atoms, with the proviso that R is

other than chiorobenzyl, which comprises the steps of:

(a} reacting a 2,6-dichloropyridine N-oxide, a thiol compound having
between 1 and 20 carbon atoms, and a base, in an organic solvent selected
from the group consisting of acetonitrile, dimethylsulfoxide,
- dimethylformamide, and combinations thereof, at an e!evatéd temperature
of between about 30.degree. C. and about 150.degree. C. to produce a
corresponding 2-chloro-6-substituted-oxypyridine N-oxide, and

(b) reacting said 2-chloro, 6-substituted oxypyridine N-qxide with additional
base to produce the corresponding 1-hydroxy-6-substituted-pyridone.
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12. The process of claim 10 wherein said thiol compound is employed in an

amount sufficient to provide efficacy both as a solvent and as a reactant.

13. The process of claim 10 wherein said base of step (a) is sodium
hydroxide or potassium hydroxide.

14. The process of élaim 10 wherein said base of.step (b) is 'sodiu;h

hydroxide or potassium hydroxide.

15. The process of claim 5 wherein steps (a) and (b) are conducted

simultaneously in a single step.

16. The process of claim 10 wherein steps (a} and (b} are conducted
simultaneously in a single step.

17. The compound of claim 1 wherein X is oxygen and R is an octyl or
trimethylhex_yl moiety.

18. The compound according to claim 1-wherein X in said formula is oxygen
and R is an octyl or trimethylhexyl moiety. '



