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ABSTRACT OF THE DISCLOSURE 
A method for solubilizing heavy metal salts of l-hy 

droxy-2(1H) pyridinethione which comprises the step of 
forming a solution containing the pyridinethione salt, an 
aliphatic polyamine and a solvent. Particularly preferred 
are compositions containing in addition to the above 
ingredients a cleaning agent. 

This invention relates to improved methods of solubi 
lizing heavy metal salts of l-hydroxy-2(1H) pyri 
dinethione. More particularly, the invention relates to 
solubilizing heavy metal salts of 1-hydroxy-2(1H) pyri 
dinethione With polyamines and to compositions contain 
ing the solubilized salts. A further aspect of this invention 
is the enhancement of the deposition of the heavy metal 
salts on skin or textiles. 
The structural formula for 1~hydroxy-2(1H) pyridine 

thione (hereinafter referred to as pyridinethione) is 
shown below in tautomeric form, the sulfur being 
attached to the number 2 position of the pyridine ring: 

@=s [Sven 
(5H 0 

The heavy metal salts of pyridinethione are complexes of 
the heavy metal and pyridinethione. 
The heavy metal salts of pyridinethione are described 

in detail in US. Pat. 2,809,971. As there reported, the 
heavy metal salts of pyridinethione can be prepared by a 
method which comprises interacting a soluble salt of pyri 
dinethione (e.g. alkali metal or ammonium salt thereof) 
with a soluble compound of the desired heavy metal. On 
combination of these reactants, the metal salt precipitates 
and is recovered. Heavy metal compounds described as 
suitable reactants include, among others, copper, iron, 
manganese, tin, mercury, cobalt, chromium, lead, gold, 
cadmium, nickel, silver, titanium, arsenic, antimony, bis 
muth, zinc and zirconium. The term heavy metal as 
employed herein includes heavy non-metals of metallic 
character, e.g., arsenic, and these are characterized in the 
aforementioned patent as semi-metals. Preferred heavy 
metal salts of pyridinethione are zinc, cadmium and 
zirconium. 
The heavy metal salts of pyridinethione are active bac 

tericides and fungicides and certain of them are particu 
larly adaptable to application to skin, hair and textiles. 

Zinc omadine speci?cally is very elfective as a dandruff 
controlling agent in shampoos and has found wide accept 
ance in the cosmetic and pharmaceutical arts for use in 
soaps, shampoos, hairdressings, tonics, rinses, lotions, 
ointments, salves and others. Some other uses of the zinc 
salt are as a biologically active agent for cutting oils and 
coolant systems, as an agent for protecting cellulosic 
?bers from loss of tensile strength due to action of fungi, 
and as a preservative for water based paints. 
One disadvantage of the heavy metal salts of pyridine 

thione, such as the zinc salt, is their insolubility in com 
mon solvents. The zinc salt, for example, is substantially 
insoluble in water (10—20 p.p.m.), ethanol (310 p.p.m.), 
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2 
benzene (3-5 p.p.m.), petroleum oils, and most common 
organic solvents such as ethylene glycol, diethyl ether and 
isopropanol. The material is slightly more soluble in 
chloroform (3400 p.p.m.), dimethyl formamide (8100 
p.p.m.), and dimethyl sulfoxide (5.13 percent). Accord— 
ingly, it has been found ditlicult to formulate suitable 
cosmetic, textile treating and other compositions contain— 
ing these heavy metal salts in dissolved form. The few 
solvents known for the salts are unacceptable especially 
for cosmetic and textile treating uses and the salts must 
always be present in such compositions in dispersed form, 
necessarily rendering the compositions opaque and caus 
ing precipitation problems. 

It has been suggested that these heavy metal salts can 
be solubilized in common organic solvents and/or water 
by combining these salts with an amine or polyalkyl 
eneimine. These compounds have been found to be 
ineffective in solubilizing the heavy metal salts of pyri 
dinethione as demonstrated below by Examples 9 to 11. 
The present invention overcomes the disadvantages of 

prior-art compositions and inadequacies of prior-art 
methods. Broadly, the present invention relates to a 
method of solubilizing heavy metal salts of l-hydroxy 
2(lH)-pyridinethione in water, detergent containing com 
positions, common organic solvents r0 mixtures thereof 
which comprises incorporating aliphatic polyamines of 
the general formula HZNfCH2CHZNH+DH wherein n 
represents a number from 1 to about 5, into compositions 
containing heavy metal salts of 1-hydroxy-2(1H)-pyri 
dinethione. An additional advantage of the present inven 
tion is that it increases the deposition of heavy metal salts 
of pyridinethione on substrates such as gelatin, skin and 
textiles. 

In general the compositions of this invention comprises 
base materials selected from the group consisting of 
water, organic detergent, common organic solvents and 
mixtures thereof; heavy metal salts of 1-hydroXy-2(1H) 
pyridinethione and aliphatic polyamines having the gen 
eral formula described above. 
The zinc salt of pyridinethione is soluble in water only 

to the extent of 6 p.p.m. However, as the pH is increased 
the solubility of the zinc salt increases being 35 ppm. at 
a pH of 8. According to the present invention, however, 
the solubility of the zinc salt in compositions containing 
the described aliphatic polyamines and having a pH of 
about 9.0 or above is as high as about 100,000 p.p.m. or 
more. 

Because of the present inventions many clear products 
containing heavy metal salts of pyridinethione are now 
achievable. ‘Examples of these are clear liquid antidandruff 
shampoo, clear soluble antidandruff hair groomers, clear 
soluble antibacterial skin cleansers, soluble substantive 
phytotoxic agents, soluble antibacterial agents to treat 
textiles and disposable products, to mention a few. 
The prior art warns that incorporating the zinc salt of 

pyridinethione into formulations containing sequestering 
agents such as for example ethylenediamine tetraacetic 
acid 

and its salts has a very deleterious effect on the biocidal 
activity of this salt. Less than one part ethylenediamine 
tetraacetic acid per part pyridinethione salt will show this 
effect. However, in contradiction to the prior art warning, 
the aliphatic polyamines of the present invention, which 
are an important class of chelating compounds used as 
sequestering agents, do not decrease the biocidal activity 
and even a two-fold excess of a polyamine such as cli 
ethylene triamine does not reduce the antimicrobial ac 
tivity of zinc pyridinethione. 

Polyamines employable in the invention for solubiliz 
ing heavy metal pyridinethione salts are ethylene diamine 



3,785,985 
- 3 

(EDA) diethylene triamine (DETA) triethylene tetr 
amine (TETA), tetraethylene pentamine (TEPA), and 
pentaethylene hexamine ('PEHA). 
The aliphatic polyamines will constitute a minor pro— 

portion of the compositions contemplated depending upon 
the amount of heavy metal salt of pyridinethione present. 
The ratio of aliphatic polyamine to \pyridinethione heavy 
metal salt is generally about ’1/z:1 to about 5:1. Pref 
eraby the ratio is about 1:1 to about 2: 1. 

In view of their antimicrobial effectiveness and of their 
substantivity, solubilized, pyridinethione heavy metal 
salts are particularly suitable for improving the condition 
of the hair, skin and textiles such as fabrics. More par 
ticularly, the solubilized salts may be incorporated into 
compatible cosmetic and textile treating vehicles to form 
cosmetic compositions for application to their hair and 
skin to improve the condition, including general health, 
thereof and textile treating compositions for application 
to textiles in particular fabrics rendering them sanitary. 
By suitable selections of compatible cosmetic vehicles, 

it is contemplated that the present cosmetic compositions 
may be prepared in the form of daily skin or hair con 
ditioning products such as skin lotions or hair conditioning 
rinses, daily hair-grooming products, such as hair lotions, 
hair sprays and dressings, hair tonics, and the like, or they 
may be prepared in the form of cleansing products, such 
as hair shampoos. 
By suitable selections of compatible, textile treating 

vehicles, it is contemplated that present textile treating 
compositions may be prepared in the form of antibacterial 
compositions for treating fabrics, disposable products such 
as diapers, and cellulosic fibers to protect them from loss 
of tensile strength. 
The heavy metal salts of pyridinethione will constitute 

generally a minor proportion, on the order of about 1%; 
percent to 20 percent by weight of the compositions, but 
the proportion will vary depending on the nature of the 
product. Generally concentrations of pyridinethione heavy 
metal salts in the range of '1/2 percent to 10 percent by 
weight of the composition are preferred for cosmetic and 
textile treating products. More preferred are concentra~ 
tions of 1/2 percent to 5 percent, and most preferred are 
concentrations of 1/2 to 2 percent by weight of the total 
composition. 
The vehicle accounts ‘for the balance of about 99.25 

percent to about 70 percent by weight of the cosmetic 
skin, and hair compositions, and textile treating composi 
tions and its speci?c composition will vary according to 
the end use of the composition. The proportions of all 
vehicle compositions are expressed as percent by weight 
of the total composition. 
The vehicle in liquid, hair- or skin-compositions may 

be water, common organic solvents or mixtures thereof. 
Suitable common organic solvents are C2-C3 lower mono 
hydric or polyhydric alcohols such as ethanol, propanol, 
isopropanol, glycerine, dimethylformamide, dimethylacet 
amide, and dimethylsulfoxide, to mention a feW. 

In liquid hair-grooming compositions generally the 
vehicle will contain from about 0.5 percent to 65 percent 
and preferably 3 to 50 percent by weight of a non 
volatile hairgrooming agent. 
The balance of the vehicle will vary according to the 

form of the resultant product, and generally will be an 
aqueous medium, such as water or mixtures of water and 
a lower monohydric alcohol, such as ethanol or iso 
propanol. \In the aqueous alcoholic mixtures, as little as 
5 percent by weight of water may be present with the 
balance being lower alcohol. Generally water is about 30 
percent to 80 percent by weight of the vehicle. 

In liquid cleansing compositions, such as shampoos, and 
textile treating compositions, the vehicle will generally 
contain about 10 to 50 percent, preferably about 15 to 35 
percent by weight of a compatible, water-soluble syn 
thetic organic detergent and a balance of water and/or 
other components. 
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In the case of liquid cleansing compositions for the hair 

and skin, such as shampoo and textile treating composi 
tions, suitable water-soluble synthetic, organic detergents 
may be selected from the group consisting of anionic, non 
ionic, amphoteric, zwitterionic, polar nonionic, and 
cationic detergents, and mixtures of two or more of the 
foregoing detengents. 
The compatible anionic surface active agents include 

those surface active or detergent compounds which contain 
an organic hydrophobic group containing generally 8 to 26 
carbon atoms and preferably 10 to 18 carbon atoms in 
their molecular structure, and at least one water-solubiliz 
ing group selected from the group of sulfonate, sulfate, 
carboxylate, phosphonate and phosphate so as to form a 
water-soluble detergent. 

Examples of suitable anionic detergents which fall 
within the scope of the anionic detergent class include the 
water-soluble salts, e.g., the sodium, ammonium, and alkyl 
olammonium salts, of higher fatty acids or resin salts con 
taining about 8 to 20 carbon atoms, preferably 10 to 18 
carbon atoms. Suitable fatty acids can be obtained from 
oils and waxes of animal or vegetable origin, e.g., tallow, 
grease, coconut oil, tall oil and mixtures thereof. Particu 
larly useful are the sodium and potassium salts of the 
fatty acid mixtures derived from coconut oil and tallow, 
e.g., sodium coconut soap and potassium tallow soap. 
The anionic class of detergents also includes the water 

soluble sulfated and sulfonated synthetic detergents having 
an alkyl radical of 8 to 26, and preferably about 12 to 22 
carbon atoms, in their molecular structure. (The term 
alkyl includes the alkyl portion of the higher acyl radicals.) 

Examples of the sulfonated anionic detergents are the 
higher alkyl mononuclear aromatic sulfonates such as the 
higher alkyl benzene sulfonates containing from 10 to 16 
carbon atoms in the higher alkyl group in a straight or 
branched chain, e.g., the sodium, potassium and am 
monium salts of higher alkyl benzene sulfonates, higher 
alkyl toluene sulfonates, higher alkyl phenol sulfonates, 
and higher naphthalene sulfonates. A preferred sulfonate 
is linear alkyl benzene sulfonate having a high content of 
3-(or higher) phenyl isomers and a correspondingly low 
content (well below 50 percent) of 2-(or lower) phenyl 
isomers, i.e., wherein the benzene ring is preferably at 
tached in large part at the 3 or higher (e.g., 4, 5, 6 or 7) 
position of the alkyl group and the content of isomers 
in which the benzene ring is attached at the 2 or 1 posi 
tion is correspondingly low. Particularly preferred ma 
terials are set forth in US. Pat. 3,320,174. 

Other suitable anionic detergents are the ole?n sulfo 
nates, including long-chain alkene sulfonates, long-chain 
hydroxyalkane sulfonates or mixtures of alkene-sulfonates 
and hydroxylalkane-sulfonates. These ole?n sulfonate de 
tergents may be prepared in a known manner by the re 
action of 80;, with long-chain ole?ns containing 8 to 25, 
preferably 12-21, carbon atoms and having the formula 
RCH=CHR1 where R is a higher alkyl group of 6 to 23 
carbons and R1 is an alkyl group of 1 to 17 carbons or 
hydrogen to form a mixture of sultones and alkenesulfonic 
acids which is then treated to convert the sultones to sul 
fonates. Other examples of sulfate or sulfonate detergents 
are para?in sulfonates containing about 10—20, preferably 
about 15-20 carbon atoms, e.g., the primary para?in sul~ 
fonates made by reacting long-chain alpha ole?ns and bi 
sul?tes and paraf?n sulfonates having the sulfonate groups 
distributed along the para?in chain as shown in U.S. Pats. 
2,503,280; 2,507,088; 3,260,741; 3,372,188 and German 
Pat. 735,096; sodium and potassium sulfates of higher 
alcohols containing 8 to 18 carbon atoms such as sodium 
lauryl sulfate and sodium tallow alcohol sulfate; sodium 
and potassium salts of a-sulfofatty acid esters containing 
about 10 to 20 carbon atoms in the acyl group, e.g., methyl 
a-sulfomyristate and methyl OL-SlllfO-t3llOW?tC, ammonium 
sulfates of mono- or diglycerides of higher (Cm-C18) fatty 
acids, e.g., stearic monoglyceride monosulfate; sodium and 
alkylolammonium salts of alkyl polyethenoxy ether sule 
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fates produced by condensing 1 to 5 moles of ethylene ox 
ide with one mole of higher (Ca-C18) alcohol; sodium hi gh 
er alkyl (Clo-C18) glyceryl ether sulfonates; and sodium or 
potassium alkyl phenol polyethenoxy ether sulfates with 
about 1 to 6 oxyethylene groups per molecule and in which 
the alkyl radicals contain about 8 to about 12 carbon 
atoms. 
The suitable anionic detergents include also the (Is-C18 

acyl sarcosinates (e.g. sodium lauroyl sarcosinate), sodium 
and potassium salts of the reaction product of higher fatty 
acids containing 8 to 18 carbon atoms in the molecule 
esteri?ed with isethionic acid, and sodium and potassium 
salts of the C8~C18 acyl N-methyl taurides, e.g., sodium 
cocoyl methyl taurate and potassium stearoyl methyl tau 
rate. 

Anionic phosphate surfactants in which the anionic 
solubilizing group attached to the hydrophobic group is an 
oxyacid of phosphorous are also useful in the detergent 
compositions. Suitable phosphate surfactants are the so 
dium potassium and ammonium alkyl phosphate esters 
such as (R—O)2PO2M and ROPO3M2 in which R rep 
resents an alkyl chain containing from 8 to about 20 
carbon atoms or an alkyl phenyl group having 8 to 20 
carbon atoms and M represents a soluble cation. The com 
pounds formed by including about one to 40 moles of 
ethylene oxide in the foregoing esters, e.g. [R-O 
(EtO)n]2PO2M, are also satisfactory. 
The particular anionic detergent salt will be suitably 

selected depending upon the particular formulation and 
the proportions therein. Suitable salts include the ammo 
nium, substituted ammonium (mono~, di- and triethanol 
ammonium), alkali metal (such as sodium and potas 
sium) and alkaline earth metal (such as calcium and 
magnesium) salts. Preferred salts are the ammonium, tri 
ethanolammonium, sodium and potassium salts of the 
higher alkyl sulfates and the C8—C18 acyl sarcosinates. 
The nonionic synthetic organic detergents are generally 

the condensation product of an organic aliphatic or alkyl 
aromatic hydrophobic compound and hydrophilic ethyl~ 
ene oxide groups. Practically any hydrophobic compound 
having a carboxy, hydroxy, amido, or amino group with 
a free hydrogen attached to the nitrogen can be con 
densed with ethylene oxide or with the polyhydration prod 
uct thereof, polyethylene glycol, to form a nonionic de 
tergent. Further, the length of the polyethenoxy chain 
can be adjusted to achieve the desired balance between the 
hydrophobic and hydrophilic elements. 
The nonionic detergents include the polyethylene oxide 

condensate of one mole of alkyl phenol containing from 
about 6 to 12 carbon atoms in a straight- or branched 
chain con?guration with about 5 to 30 moles of ethylene 
oxide, e.g., nonyl phenol condensed with 9 moles of ethyl 
ene oxide, dodecyl phenol condensed with 15 moles of 
ethylene oxide and dinonyl phenol condensed with 15 
moles of ethylene oxide. Condensation products of the 
corresponding alkyl thiophenols with 5 to 30 moles of 
ethylene oxide are also suitable. 

Still other suitable nonionics are the polyoxyethylene 
polyoxypropylene adducts of l-butanol. The hydrophobe 
of these nonionics has a minimum molecular weight of 
1000 and consists of an aliphatic monohydric alcohol 
containing from 1 to 8 carbon atoms to which is attached 
a heteric chain of oxyethylene and oxypropylene. The 
weight ratio of oxypropylene to oxyethylene covers the 
range of 95:5 to 85:15. Attached to this is the hydro 
philic polyoxyethyleue chain which is from 44.4 to 54.6 
percent of the total molecular Weight of 1400 to 4000. 

Also included in the nonionic detergent class are the 
condensation products of a higher alcohol containing 
about 8 to 18 carbon atoms in a straight or branched 
chain con?guration condensed with about 5 to 30 moles 
of ethylene oxide, e.g., lauryl-myristyl alcohol condensed 
with about 16 moles of ethylene oxide. 
A particularly useful group of nonionics is marketed 

under the trade name “Pluronics.” The compounds are 
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formed by condensing ethylene oxide with a hydrophobic 
base formed by the condensation of propylene oxide with 
propylene glycol. The molecular weight of the hydro 
phobic portion of the molecule is of the order of 950 to 
4000, preferably 1200 to 2500. The addition of polyoxy 
ethylene radicals to the hydrophobic portion tends to in 
crease the solubility of the molecule as a whole. The 
molecular weight of the block copolymers varies from 
1100 to 15,000 and the polyethylene oxide content may 
comprise 20 to 80 percent by weight. 

Other suitable nonionics may be derived by the con 
densation of ethylene oxide with the product resulting 
from the reaction of propylene oxide and ethylene di 
amine. The molecular weight varies from 500 to 4500. 

Other nonionic detergents include the ethylene oxide 
addends of monoesters of hexahydric alcohols and inner 
ethers thereof with higher fatty acids containing about 
10 to 20 carbon atoms, e.g., sorbitan monolaurate, sorbi 
tan mono-oleate, and mannitan monopalmitate. 
The amphoteric detergents which can be used in the 

compositions of this invention are generally water-soluble 
salts of derivatives of aliphatic amines which contain at 
least one cationic group, e.g., non-quaternary nitrogen, 
quaternary ammonium, or quaternary phosphonium 
group, at least one alkyl group of about 8 to 18 carbon 
atoms and an anionic water-solubilizing carboxyl, sulfo, 
sulfato, phosphato or phosphono group in their molec 
ular structure. The alkyl group may be straight chain or 
branched and the speci?c cationic atom may be part of a 
heterocyclic ring. 

Examples of suitable ampholytic detergents include the 
alkyl beta-aminopropionates, 

RN(H)C2H4COOM 
the alkyl beta~iminodipropionates, 

RN(C2H,COOM)2 
the alkyl and hydroxy alkyl taurinates, 

RN (CH3) C2H4SO3M 

and the long-chain imidazole derivatives having the fol 
lowing formulas: 

wherein R is an acyclic group of about 7 to 17 carbon 
atoms, W is selected from the group of 

ROH, RZCOO‘M, and RZORZCOOM 

Y is selected from the group consisting of OH“, R3OSO3-, 
R2 is an alkylene or hydroxyalkylene group containing 
1 to 4 carbon atoms, R is selected from the group con 
sisting of alkyl, alkyl aryl and fatty acyl glyceride groups 
having 6 to 18 carbon atoms in the: alkyl or an acyl group; 
and M is a water-soluble cation, e.g., sodium potassium, 
ammonium or alkylolammonium. 
Formula I detergents are disclosed in vol. II of “Sur 

face Active Agents and Detergents” and in French Pat. 
1,412,921 and Formula II detergents are described in 
US. Pats. 2,773,068, 2,781,354, and 2,781,357. The acy 
clic groups may be derived from coconut oil fatty acids 
(a mixture of fatty acids containing 8 to 18 carbon 
atoms), lauric fatty acid, and oleic fatty acid and the pre 
ferred groups are C7—C17 alkyl groups. Preferred deter 
gents are sodium N-lauryl beta-aminopropionate, diso 
dium N-lauryl iminodipropionate, and the disodium salt 
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of Z-lauryl-cyclomidium - 1 - hydroxyl, l-ethoxy-ethanoic 
acid, l-ethanoic acid. 

Zwitterionic detergents such as the betaines and sulfo 
betaines having the following formula are also useful: 

wherein R is an alkyl group containing about 10 to 18 
carbon atoms, R2 and R3 are each C1—C3 alkyl, R4 is an 
alkylene or hydroxyalkylene group containing about 1 to 
4 carbon atoms, and X is C or 8:0. The alkyl group can 
contain one or more intermediate linkages such as amido, 
either or polyether linkages or non-functional substituents 
such as hydroxyl or halogen which do not substantially 
affect the hydrophobic character of the group. When X is 
C, the detergent is called a betaine; and when X is 8:0, 
the detergent is called a sulfobetaine or sultaine. Pre 
ferred betaine and sulfobetaine detergents are l-(lauryl 
dimethylammonio) acetate, l-(myristyl dimethylammo 
nio) propane-3-sulfonate, and 1-(myristyldimethylammo 
nio)~2-hydroxy-propane-3-sulfonate. 
The polar nonionic detergents are those in which the 

hydrophilic group contains a semi-polar bond directly be 
tween two atoms, for example, N~>O; P-» O, As—>O, and 
S—>O. There is charge separation between the two direct 
1y bonded atoms, but the detergent molecule bears no 
net charge and does not dissociate into ions. 
The polar nonionic detergents of this invention in 

clude open-chain aliphatic amine oxides of the general 
formula R1R2R3N—> O. For the purposes of this invention 
R1 is an alkyl, alkenyl, or monohydroxyalkyl radical hav 
ing about 10 to 16 carbon atoms. R2 and R3 are each 
selected from the group consisting of methyl, ethyl, pro 
pyl, ethanol, and propanol radicals. , 

Other operable polar nonionic detergents are the open 
chain aliphatic phosphine oxides having the general for 
mula. R1R2R3P—>O wherein R1 is an alkyl, alkenyl, or 
monohydroxyalkyl radical ranging in chain length from 
10 to 18 carbon atoms, and R2 and R3 are each alkyl and 
monohydroxyalkyl radicals containing from 1 to 3 carbon 
atoms. 

Cationic surface active agents may also be employed. 
Such agents are those surface active detergent compounds 
which contain an organic hydrophobic group and a cat 
ionic solubilizing group. Typical cationic solubilizing 
groups are amine and quaternary groups. 
Examples of suitable synthetic cationic detergents are 

normal primary amines RNH2 wherein R is C12—C15; the 
diamines such as those of the type RNHC2H4NH2 wherein 
R is an alkyl group of about 12 to 22 carbon atoms, such 
as N-Z-aminoethyl stearyl amine and N-Z-aminoethyl my 
ristyl amine; amide-linked amines such as those of the type 
R1CONHC2H4NH wherein R1 is an alkyl group of about 
8 to 20 carbon atoms, such as N-2-amino ethylstearyl 
amide and N-amino ethylmyristyl amide; quaternary am 
monium compounds wherein typically one of the groups 
linked to the nitrogen atom is an alkyl group of about 8 
to 22 carbon atoms and three of the groups linked to the 
nitrogen atom are alkyl groups which contain 1 to 3 car 
bon atoms, including alkyl groups bearing inert substitu 
ents, such as phenyl groups, and there is present an anion 
such as halogen, acetate, 'methosulfate, etc. The alkyl 
group may contain intermediate linkages such as amido 
which do not substantially affect the hydrophobic charac 
ter of the group, e.g., stearyl amido propyl quaternary 
ammonium chloride. Typical quaternary ammonium de 
tergents are ethyl - dimethyl - stearyl ammonium chloride, 
benzyl-dimethyl-stearyl ammonium chloride, trimethyl 
stearyl ammonium chloride, trimethyl-cetyl ammonium 
bromide, dimethyl-ethyl-lauryl ammonium chloride, di 
methyl-propyl-myristyl ammonium chloride, ‘and the cor 
responding methosulfates and acetates. 
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The cosmetic compositions for the hair and skin may 

also contain as adjuvant materials various substances, 
such as vitamins, lanolin, bacteriocides, plant extracts, 
coloring agents, perfumes, thickeners such as cellulose, 
opaci?ers, and sequestering agents in order to enhance the 
cosmetic or antimicrobial properties of the resultant com 
positions. Butfers may also be included to provide a suit 
able pH depending upon the nature of the product pre 
pared. 
The hair, skin and textile treating compositions of the 

invention which contain solubilized heavy metal salts of 
pyridinethione are characterized by an outstanding ability 
to inhibit the growth of P. ovale, the yeast believed to be 
associated with dandruff. The aliphatic polyamine renders 
the active ingredient substantive (remain on the hair and 
skin) and therefore the period of time of bacteriostatic 
effect is extended. 
The following examples further illustrate and describe 

the invention. 
Examples 1~6 illustrate water and detergent composi 

tions containing solubilized zinc 1 - hydroxy - 2(1H) 
pyridinethione. 

EXAMPLE 1 

Biocidal composition 

Percent by weight 
Zinc pyridinethione ________________________ __ 1.50 
Water _ _ 95.50 

Diethylene triamine (DETA) _______________ __ 3.00 

100.00 

To 0.75 g. zinc pyridinethione is added 47.75 g. water. 
This 48.5 g. slurry is stirred for 1 minute. To this slurry 
is added 1.5 g. of BETA. Zinc pyridinethione is completely 
dissolved. It is observed that mixing the aliphatic poly 
amine and the heavy metal salt before diluting with water 
results in a clear yellow solution. To obtain a clear color 
less solution it is preferred to dilute either the aliphatic 
polyamine or the heavy metal salt of pyridinethione with 
grater or solvent prior to the addition of the other ingre 
ient. 
Similar results are obtained with other salts of pyridine 

thione, e.g., cadmium and zirconium salts. 
Other suitable formulations productive of desired re 

sults are illustrated in Examples 2—4. 

EXAMPLE 2 

Percent by weight 
Zirconium pyridinethione ____________________ __ 5.0 

Water _ _____ __ 75.0 

Tetraethylene/pentamine (TEPA) ____________ __ 20.0 

100.0 
EXAMPLE 3 

_ Percent by weight 
Zinc pyridinethione _________________________ __ 10.0 

Water ____________________________________ .._ 40.0 

Diethylene triamine (DETA) ________________ __ 50.0 

100.0 
EXAMPLE 4 

_ . Percent by weight 
Zinc pyridinethione _________________________ __ 20.0 

Water ____________________________________ __ 70.0 

Diethylene triamine (DETA) ________________ __ 10.0 

100.0 

_ Desired results are also obtained with similar formula 
tions containing pentaethylene hexamine (PEHA) and 
ethylene diamine (EDA). 
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EXAMPLE 5 

The following is an example of an anionic shampoo 
having biocidal activity: 

Percent by weight 
Triethanolamine lauryl sulfate (TEALS) ______ __ 10.0 
Lauryl dimethylamine oxide (LDMAO) _______ __ 10.0 
Cocomonethanolamide (CMA) ______________ __ 5.0 
Ethanol (ETOH) __________________________ .._ 10.0 

Zinc pyridinethione _________________________ __ 1.5 

Diethylenetriamine (.DETA) ________________ __ 3.0 

Water ____________________________________ _- 60.5 

100.0 

This shampoo is prepared as follows: To 1.5 g. zinc 
pyridinethione and 15.5 g. water is added 3.0 g. DETA. 
T 0 this 20.0 g. solution of slurry is added 80 g. of the 
following anionic base: 24.20 g. TEALS (41.1% A.I.I), 
33.70 g. LDMAO (29.65% A.I.), 5.0 g. CMA and 10.50 
g. ETOH (95% A.I.) and 6.6 g. H2O. This composition 
is prepared by combining TEALS, LDMAO, CMA and 
water at room temperature (20—25° C.) heating with stir 
ring to about 150° F., cooling to room temperature, add 
ing ETOH and adjusting with water to 80 g. The base is 
combined and stirred at room temperature with zinc 
pyridinethione, water and DETA. A crystal clear shampoo 
results having biocidal activity. 

Desired results are also obtained with triethylene tet 
ramine (TETA) as the solubilizing polyamine. 

EXAMPLE 6 

The following is an example of an amphoteric sham 
poo having biocidal activity: 

Percent by weight 
CFC“; alkyl amidopropyl dimethyl betaine 
(CADG) ______________________________ __ 16.0 

Triethanolamine lauryl sulfate (TEALS) ______ __ 4.0 
Lauryl dimethylamine oxide (LDMAO) ______ -._ 0.5 
Mixed polymer having a molecular weight of about 

4000 formed by condensing a 1:1 mixture of eth 
ylene oxide and propylene oxide on butanol 

(‘Ucon 50 HB 5100) ___________________ __ 2.00 
Resinous condensate of about 2 moles of epichloro 

hydrin and one mole of diethylene triamine hav 
ing a molecular weight of about 80,000 ______ __ 0.50 

Polyoxypropylene-polyoxyethylene block copoly 
mer wherein the hydrophobic group has a molec 
ular weight of 1,750 and ethylene oxide is 20% 
by weight (Pluronic L62) ________________ __ 5.00 

Ethanol (ETOH) _________________________ -._ 2.00 

Zinc pyridinethione ________________________ __ 1.50 

Diethylenetriamine (DETA) ________________ __ 3.00 
Water ___________________________________ .._. 65.50 

100.00 

This shampoo is prepared in the same manner described 
in Example 2. A crystal clear shampoo results. 

EXAMPLE 7 

The results of an experiment to show that the anti 
microbial activity of zinc pyridinethione is maintained 
when the salt is solubilized by the aliphatic polyamines of 
this invention are disclosed in Table I. 
The microbial effectiveness of compositions of the in 

vention containing solubilized heavy metal salts of pyri 
dinethione was determined using the “Test Tube Serial 
Dilution Method” described on pp. 195-200 of the 5th 
edition of “Diagnostic Bacteriology” by Schaub et al. 
Table I sets forth the “minimum inhibitory concentration” 
(MIC) as determined using the aforementioned method 
against P. ovale of these compositions. 

1A1. means active ingredients. 
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TABLE I 

MIC in micrograms per 
milliliter (pg/ml.) 

Test composition: against P. ovale 
1% diethylenetriamine in water _____ __ 500—>1000 
1% ethylene diamine in water ______ __ 500-) 1000 
1% zinc pyridinethione in water ____ __ 1.9->7.8 
1% Zinc pyridinethione-14% diethylene 

triamine in water _______________ .._ 1.9—> 7.8 

EXAMPLE 8 

In addition to maintaining the antimicrobial activity 
of heavy metal salts of pyridinethione solubilized by the 
polyamines, enhanced deposition of zinc pyridinethione 
on substrates has been observed and is shown in Table 
II. Deposition was determined by stirring a half-inch 
diameter circular gelatin disk Weighing about 40 milli 
grams in 10 grams of 1% ‘by weight of radio-active (zinc 
65 tagged) pyridinethione salt, rinsing the disk ?ve times 
in 10 milliliters of water and measuring the radio-active 
emission with the aid of a radiation detector. 

TABLE 11 

Absolute degree of dep 
Composition: osition (pg/disc) 

Water+1.5% zinc 65 pyridinethione ...... __ 40.9 
Water+1.5% zinc 65 pyridinethione+3% 

ethylene diamine ____________________ __ 181 

Water+1.5% Zinc 65 pyridinethione-{43% di 
ethylenetriamine ____________________ __ 178 

Water+1.5% zinc 65 pyridinethione+3% tet 
raethylenepentamine _________________ __ 181 

Shampoo of Example 5 without diethylenetri 
amine but the Zinc is Zinc 65 __________ .._ 8.7 

Shampoo of Example 5 where zinc is zinc 65 _ 45.9 
Shampoo of Example 5 Where zinc is zine 65 

and diethylenetriamine is replaced by ethyl 
ene diamine _________________________ __ 23 

Shampoo of Example 6 where zinc is zinc 65 
and diethylenetriamine is replaced by tetra 
ethylenepentamine __________________ __ 43.6 

From Table II it is demonstrated that the addition of 
aliphatic polyamines to water and shampoos containing 
zinc pyridinethione results in depositions of zinc pyridine 
thione which are 3 to 21 times amount obtained when 
aliphatic polyamines. Similar increases in depositions are 
obtainable with amphoteric shampoos such as described 
in Example 6. 
The experiments in Examples 9 to 11 compare the 

solubilizing agents suggested 'by the prior art to those 
of the present invention. These results show that the 
prior art suggested solnbilizing agents such as polyeth 
yleneimine and diglycol amine are ineffective. 

EXAMPLE 9 

To 0.75 g. zinc pyridinethione is added 47.75 g. H2O. 
This 48.5 g. slurry is stirred for 1 minute. In two separate 
experiments, to this slurry is added 1.5 g. of diethylene 
triamine (DETA) and diglycolamine (DGA). Also, to 
0.75 g. zinc pyridinethione is added 44.75 g. H2O. The 
45.50 g. slurry is stirred for 1 minute. To this slurry is 
added 4.5 g. of polyethyleneimine (PEI-1000 2) (33% 
A.I.). So, in each of the three experiments there is 1.5% 
zinc pyridinethione and 3.0% solnbilizer and balance is 
made up to 100% with water (95.5%). The visual ob 
servations of these solutions are recorded in Table III. 

2PEI-1000 is a polymer of ethylenelmine with average 
molecular weight:100,000 prepared by polymerization of 
ethyleneimine and containing a primary-, secondary, tertiary 
amine ratio of 1 :2 :1. 
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TABLE III 

Visual observations, preparation with 

Experimental conditions DE'I‘A D GA PEI-1000 

Stirring at room temperature for 3 Complete solubility of zinc pyridine- Less than 10% solubility of zinc pyri- Approximately 20% solubility of zinc 
minutes. thione. dinethione. pyridinethione. 

Hot plate heating until 100° F .... -_ Maintenance of solubility ......... ._ N o greater solubility. Zine pyridiue- No greater solubility but zinc pyri 
thione quickly settles. dinethione in uniform suspension. 

In?nite dilution with R20 of clear Solubility upon in?nite dilution 
solution. witlé water. No cloudiness devel 

ope . 

pH of solution unadjusted- _ 11.5. ' ' 11.2. ___.__ Y ____ ._ 9.3. I _ 

Adjusted pH downward with HCL- Start clouding up solution at approx- Excessively less solubilization than Excessively less solublhzatlon than 
imately pH 9.2. Approximately above observed. above observed. 
50% precipitation at pH 8.8. 

The degree of solubilization of zinc pyridinethione by The visual observations of these shampoo systems are 
diethylenetriamine, diglycolamine and polyethyleneimine 15 recorded in Table V. 

TABLE V 

Visual observations 

Experimental conditions DE'I‘A D GA PEI-1000 

pH, unadjusted 9.75. 9-0- ._ 8.6. 
Visual, unadjusted __________ -- Crystal clear shampoo .............. -. Cloudy shampoo, less than 10% zinc Large quantity of gummy-like precipi 

pyridinethione is soluble. tate. 
pH adjustment ............. -- Decrease pH with H01 1. 

1 pH 9.3=Clear soluble system; pH 9.2=Slightly cloudy; pH 9.0=Cloudy with slight degree of precipitation; pH 8.5=Cloudy yellow solution with 
precipitate. 

into both an anionic (Table IV) and amphoteric (Table EXAMPLE 11 
VI) shampoo base was studled' The following amphoteric shampoo systems are pre 

EXAMPLE 10 30 pared: 

The following anionic shampoo systems are prepared: TABLE VI 
TABLE IV Percent solids of 

Percent solids of~ Amphotcric __________________________________ .._ I II III 

. I 11 In 35 Cocoamidepropyldimethyl betaine ........... -- 16.0 16.0 16.0 
Am°m° Triethanolamine laurylsulfato--.- 4.0 4.0 4.0 
Triethanolamlne lauryl sulfate (TEALS) ..... __ 10.0 10.0 10.0 Lauryl dlmcthylamine oxide ....... -- __ 0.5 0.5 0.5 
Lauryl dimethylamine oxide (LDMAO) 10.0 10. 0 10. 0 MlXed polymer havlng a molecular w 1g _of 
Cocomonoethanol amide (CMA) ____ __ 5. 0 5. 0 5.0 about 4000 formed by condensing a 1:1 mix 
Ethanol (ETOH) ___________ _. 10.0 10.0 10.0 ture of ethylene oxide and propylene oxide 
Zinc pyridinethione _____ _- 1.5 1.5 1.5 on butanol (Ucon 50 HB 5100) ........ 2.0 2.0 2.0 
Diethylenetriamine (DETA)- 3.0 ______________ __ 40 Resmous condensate of about 2 moles of epi 
Diglycolamine (DG ) . . . . _ _ . . _ _ . _ . _ ._ 3.0 ______ __ chlorqhydrln' and one mole of diethylene 

Polyethyleneimine (PEI-1000).. ____________ -_ 3. 0 trmnnne having a molecular weight of about 
H2O .......................................... .- 00.5 60.5 60.5 80,000 ....................................... _- 0.5 0.5 0.5 

___—____ Polyoxypropylenepolyoxyethylene block co 
Total ................................... ._ 100.0 100. 0 100.0 polymer wherein the hydrophobic group has 

a molecular weight 0! 1,750 and ethylene 
_ oxide is 20% by weight (Pluronic L62) ...... .- 5. 0 5. 0 5. 0 

The shampoos are prepared as follows: To 1.5 g. zinc 45 gitlhcanol?aige?aé ................ -_ 2;.2 g 
pyridinethione and 15.5 g. H2O (as in preparations I and Die?f?enemmim --------------------- " 3:0 - _~_ 
II) or 9.5 g. H2O (as in preparation III) is added 3.0 g. Diglycnlemipe‘ 3.0 ______ - 

‘ . Pol eth lennm e ____________________________________________ __ . 

DETA or 3.0 g. DGA or 9.0 g. (33% Al.) PEI-IOOO- Wager"? _____ l1. ............................. __ 65.5 65.5 
To this 20.0 g. solution of slurry is added 80 g. of the 
following shampoo base: 24.20 g. TEALS (41.1% AI). 50 These shampoos are prepared as described in Example 8. 
33.70 g. LDMAO (29.65% A.I.), 5.0 g. CMA and 10.50 The visual observations of these shampoo systems are 
g. ETOH (95% Al) and 6.6 g. H2O. The shampoo base recorded in Table VII. 

TABLE VII 

Visual observations 

Experimental conditions DETA D GA PEI-1000 

pH, unadjusted ............. .- 10.1 ........... .. . 9.6. ____ 9.1. 

Visual, unadjusted __________ .. Crystal clear solution ............... -- Yellow translucent liquid with heavy Slightly cloudy solution with heavy 
white precipitate. white precipitate (smoky color 

solution). 
pH adjustment with HCl._--_ Shampoo remains clear down to ap- Yellow translucent liquid with heavy Grey translucent liquid with heavy 

proximately pH 9.3_ (smoky color), white precipitate remains (pH 8.5). white precipitate (pH 8.5). 
slight degree of white precipitation, 
between pH 9.0 to 8.5 (with cloudy 
grey colored solution). . 

pH adjusted with NaOH__... Clear soluble solution remains A signi?cant portion of zinc pyridine- A signi?cant portion of zinc pyridine 
throughout. thlone doesn’t begin to solubilize thione doesn't begin to solubilize 

anti; above pH 12.0 (yellow solu- until above pH 12.0 (yellow solution). 
on . 

is prepared by combining TEALS, LDMAO, CMA and From the results of the experiments disclosed in Tables 
H2O at room temperature, heating with stirring to 150° 70 V and VII, it is evident that the aliphatic polyamines such 
F., cooling to room temperature, adding ETOH and ad- as diethylene triamine are effective solubilizing agents 
justing with H2O to 80.0 g. The base was combined and for heavy metal salts of pyridinethione and they are far 
stirred at room temperature with zinc pyridinethione and superior to the prior art suggestions such as diglycolamine 
H20 and solubilizer (DETA, DGA or PEI-1000) combi- and pyridinethione. Only the aliphatic polyamines are ef 
nation. 75 fective solubilizers in the pH range suitable for toilet and 
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household products such as shampoos and textile treating 
compositions. 
The following examples illustrate other compositions 

which make use of the present invention. These examples 
are merely illustrative and do not limit the scope of use 
of the invention. 

EXAMPLE 12 

Hair groomer 
Percent by weight 

Ethanol __ _ 70 

Isopropyl myristate ________________________ .. 10 

Zinc pyridinethione _______________________ __ 2 

Diethylene triamine _______________________ _- 3.5 

Perfume _ ___ 0.4 

Water __________________________________ _. 14.1 

100.0 
EXAMPLE 13 

Phytotoxic agent 
Percent by weight 

Zinc pyridinethione _______________________ __ 10.0 

Diethylene triamine _______________________ .._ 20.0 

Water ____._ ______________________________ __ 70.0 

100.0 
EXAMPLE 14 

Textile treating composition 
Percent by weight 

Sodium tridecylbenzene sulfonate ____________ __ 10 
Sodium lauryl polyethoxamer sulfate (average of 

5 ethylene oxide groups) _________________ __ 3 
Lauric-myristic (70:30) isopropanolamide ____ .._. 2.5 
Lauric-myristic (70:30) diethanolamide ______ -_ 2.5 
Sodium xylene sulfonate ___________________ __ 8.6 
Potassium pyrophosphate __________________ __ 15.0 
Zinc pyridinethione _______________________ __ 2.5 

Diethylene triamine _______________________ _._ 5.0 

Water 50.9 

100.0 
EXAMPLE 15 

Diaper treating composition 
Percent by weight 

Glycerine 15 
Zinc pyridinethione _______________________ .... 0.5 

Diethylene triamine _______________________ .__ 0.5 

Perfume ____ __.._ 0.5 

Water --_ 83.5 

100.0 

This composition is bactericidal for a variety of bacteria 
such as Staph. aureus, Staph. albus, E. coli, to mention a 
few. 
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The pH of any of the above solutions may be adjusted 
by mineral and organic acids such as hydrochloric, sul 
furic, citric, oxalic, tartaric, maleic and malic and alkalies 
such as sodium hydroxide, potassium hydroxide and am 
monium hydroxide. 
Although the present invention has been described with 

reference to particular embodiments and examples, in 
particular the use of the preferred. solubilizer (diethylene 
triamine), preferred heavy metal salt of pyridinethione 
(zinc pyridinethione) and preferred solvent (water) in 
most of the examples, it will be apparent to those skilled 
in the art that similar results may vbe obtained with the 
other ingredients disclosed and their equivalents. 
What is claimed is: 
1. A method of solubilizing a heavy metal salt of a 1 

hydroxy-2-pyridinethione in an aqueous detergent solu 
tion, which consists essentially of the step of forming a 
solution of water, said pyridinethione salt, water-soluble 
synthetic organic detergent and an aliphatic polyamine 
selected from the group consisting of ethylene diamine, 
diethylene triamine, triethylene tetramine, tetraethylene 
pentamine and pentaethylene hexamine, said solution hav 
ing a pH of about 9.0 or above in which said pyridine 
thione salt is 1A to 20% by weight, said detergent is 10 
to 50% by weight and the weight ratio of said aliphatic 
polyamine to said pyridinethione salt is from about V2 to 
1 to about 5 to l and su?‘icient to solubilize said pyridine 
thione salt. 

2. A clear liquid detergent composition consisting es 
sentially of 1A to 20% by weight of a heavy metal salt 
of l-hydroxy-Z-pyridinethione, 10 to 50% by weight of 
a water-soluble, synthetic organic detergent, and an ali 
phatic polyamine selected from the group consisting of 
ethylene diamine, diethylene triamine, triethylene tetra 
mine, tetraethylene pentamine and pentaethylene hexa 
mine, the weight ratio of said amine to said pyridinethione 
salt being from about 1A: to l to about 5 to 1 and su?icient 
to solubilize said pyridinethione salt, the balance being 
water and the pH of the said composition being about 9.0 
or above. 

References Cited 

UNITED STATES PATENTS 

3,636,213 l/ 1972 Gerstein et a1 ______ __ 424-245 
3,108,036 10/1963 Molnar __________ .. 424——347 

3,580,853 5/1971 Parran ___________ ___. 252-4544 
3,003,970 10/1961 Call ___________ _. 252-——544 X 

LEON D. ROSDOL, Primary Examiner 

P. E. WILLIS, Assistant Examiner 

U.S. Cl. XR. 

252—107; 424-245, 263 


