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| d d?‘%he I nvention The present invention relates to the use of
)a and/ or sel ect substituted dopa conpounds to generate nelanin to dye
i r permanently. Mre idgsC pheoR! G | tion relates to a
i r dyei ng process whereérn e dopa species and an oxlidant react in an
adqueous environnment to provide unexpectedly high concentrations of a
niff rogenous phenolic, especially indoliky melanin precursor in the aqueous
i ronment, thesiiRleppeNpPbes | 5842410 WERIE /A aRE EBELELDEd I wenibei Ng
efff ective to dye hair permanently upon its coincident conversion to melanin
jle in the hair. The present invention further relates to the formation
off such nel anin precursors by reaction(s) with the dopa species, the
oxj dant and one or nore hair g#yg18osPoehSrmanegbad from primary
it ermedi ates and couplers. I'n addition, the present invention concerns a
hod of dyeing hair wherein the nmelanin is generated by the user from
separ at el y Thackzgeent etnventtiors gled atest he fhe musd of kKidpa and/or select
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concentrations of a nitrogenous phenolic, especially indolic,
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melanin precursor in the agueous environment, the melanin precursor
formed dqging the reaction being effective to dye hair permanently
upon its %oincident conversion to melanin while in the hair. The
present invention further relates to the formation of such melanin
precursors'by reaction(s) with the dopa species, the oxidént and
one or more hair dye compounds selected from primary intermediates
and couplers. 1In addition, the present invention concerns a method
of dyeing hair wherein the melanin is generated by the user from
separately packaged reactants sold in the form of a kit.

Background of the Invention

As reported, for example, in Prota, Progress in the Chemistry
of Melanins and Related Metabolites, Med. Res. Reviews, 8:525-56
(1988), melanins are naturally occurring pigments present in hair
and skin. In humans biosynthesis takes place in tyrosinase
containing melanocytes. The tyrosinase enzyme catalyzes the
hydroxylation of tyrosine to dopa and its subseguent oxidation to
dopachrome. Once formed, dopachrome undergoes a series of complex
reactions in the formation of eumelanins and phaeomelanins.
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dopachrone. Once forned, dopachrone undergoes a series of conplex reactions

dydroxylation of tyrosine to dopa and its subsequent oxidation to

in thgofoaresrspon of eunel ani ns and phaeonel ani ns. \MOT198502/09880
PCT/ US92/ 07880 2 Mel ani ns provi de H
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conposition of Herlihy, at a level of fromabout 0.1 to about 10 ng/m . pH
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hair dyeing composition comprises said precursor, an organic
compound to assist dye dispersion and an iodate or periocdate. The
dopa or dopamine dye precursor is present in the agueous hair dye

composition in an amount of from about 1 to about 100 mg/ml,
preferably from about 5 to about 25 mg/ml. Dopamine is preferred,
according to Herlihy. The iodate or periodate is present in the
composition at a concentration of 1 to about 50 mg/ml, while the
dispersing agent is present in an amount of from about 0.1 to 36%
(wt./vol.). Optionally, a color modifier can be incorporated into
the aqueous composition of Herlihy, at a level of from about 0.1 to
about 10 mg/ml. pH may be maintained between about 3 to about 7 by
incorporation of an effective amount of a buffer. According to
Herlihy, the above-described aqueous compositions disperse the dye
on the hair shaft "“with little or no penetration into the hair
shaft."” Column 2, lines 56-88.

The prior art fails to provide a commercially feasible
process for effectively, permanently dyeing hair using dopa as a
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rporation of an effective anmount of a buffer. According to Herlihy, the
e-described aqueous conpositions disperse the dye on the hair shaft

t h | WQ P¥BBISIN0 penetration into the hair shaft.” Col umPS@T/Y$3£07888. 53

prior art fails to provide a conmeycially feasible process for

ectively, permanently dyeln% hair using dopa as a WO 93/ 05759
/ USS2AD¥ 889 reagent. It is believed this failing 3s attripytpphg Feagent.
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effective process for dyeing hair with a nelanin precursor has
vent ed use of nel anogenesis in the commercial dyeing of hair.
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Nor are ey Tniit It has now been
nd, quite surpr|S|neg t hat an aqueous hai r dyei ng process wherein

effect | VeIHEé:?é%@ {orid Nithdy@inkesis tdyeyagn@mwg itz @n@hbydroxyl ndol e
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|ev@xgep§;qnmbhy mﬁﬂural laoipg deep brown or black color. Moreover,
they are not irritating to the skin. Nor are they mutagenic.

It has now been found, guite surprisingly, that an agueous
hair dyeing process wherein an effective melanin-forming hair
b dyeing amount of 5,6-dihydroxyindole is generated during the
reaction of dopa with an oxidant can be practiced inexpensively and
under commercially feasible conditions, to achieve a permanent hair
color.

It has also been found that an aqueous hair dyeing process,
i wherein an effective melanin-forming hair dyeing amount of a
nitrogenous phenclic, especially indolic, melanin precursor is
generated during the reaction of select substituted dopa compounds
with an oxidant, can be practiced inexpensively and under
commercially feasible conditions, to achieve a permanent hair

5 color. Advantagecusly, the utilization of the substituted dopa
compounds of the present invention is conducive to the attainment
of a range of hair color shades, in contrast to the use of dopa
alone as the starting reagent, which is capable merely of providing
gray or black pigmentation to hair.

0 It has additionally been found that even further color
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t has al so been found that an aqueous hair dyeing process, wherein an

ageffective nelanin-formng hair dyeing anount of a ni trogenous phenoli c,
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group consi sting of pri mary i ntermedi ates and coupl ers.
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%EGOUS conposition Is
e agueous

composition to the hair. The melanin precursor contained in said
. agqueous composition is capable of diffusing into the hair shaft in
an amount effective to dye hair permanently upon its coincident
conversion to melanin while in the hair.

The agueous hair dyeing composition is produced by initiating
reaction between the dopa species or a salt thereof with an
inorganic oxidant that is a soluble ammonium, alkali or alkaline
earth metal salt, especially sodium and potassium salts, of
ferricyanide or permanganate, in an agueous reaction medium
buffered by sufficient buffering agent to maintain the reaction
medium pH from about 6 to about 10 throughout the series of
reactions that take place leading to the melanin precurser.

In order to achieve the permanent dyeing of hair in
accordance with the process of the present invention, it is
critical to generate melanin from the melanin-forming hair dye
precursor in the agueous hair dye composition in such amount as to
effect a color change to the hair. The total color change may be
gradually obtained by several applications of the composition over
time, or may be effected by a one-time application of the
composition, depending on the concentration of the dopa species,
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an amount effective to dye hair permanently upon its coincident conversion
to nelanln while in the hair. The aqueous hair dyei ng conposition
is PYOMIQYSDy initiati ng reaction between the dopa speMéUgPZ’&7§ﬁﬂ t
thereof with an inorganic oxidant .that is a soluble amonium alkali or

al kaline earth netal salt, especially sodiumand potassiumsalts, of
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;desires ofn tihe tase iht whichuthdedomd idpedlest hat dbpe bBid €k conposition
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5 are obtained which, upon conversion to melanin, produce a range of
shades depending upon the selection of the substituted dopa

compound.

A further aspect of the present invention is the optional
incorporation of an oxidative hair dye component selected from the
) group consisting of primary intermediates and couplers in the
reaction mixture. Following the initial dopa species-oxidant
reaction, it is believed that the primary intermediate(s) and/or
coupler(s) present in the reaction mixture react at least in part
with the intermediate compounds formed prior to the melanin
1 precursor, thereby providing chromatic characteristics to the
melanins ultimately obtained.

In another aspect of the present invention, it has been found
that the formation of indolic melanin precursors such as
5,6-dihydroxyindole is hastened by proper selection and amount of
the buffer, apart from its requirement for maintaining pH of the

reaction medium. Preferably, the buffer is a phosphate, carbonate
or bicarbonate, and typically is included in substantial excess

SUBSTITUTE SHEET




A the case in which the dopa species is dopa or a salt thereof, the
eacty %gggt he oxidant |eads to the formation of 5, 6- dé&»@kg»% | e,
i ch mel™ant n” precursor, upon its conversion to nelanin, provides
“permanent black color. In the casegof the select substituted dopa
onpounds, _.nmel ani n precurso e obtained which,. _up conversion to
| anPHReT oHEH ARS YRS &S éegfgéhﬁéé% aébé%ﬁﬁﬁ&qﬁﬁg%tfhégéelection of the
ubstituted dopa conpound. A further aspect of the present

nvention im tyet GRidthRel aEPeot pOf athoprafsent axvedatiyr, hehe sheceanponent
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Chr on}éﬁgﬁmac rarac og'rllcsﬁrt:egu%ggfhe %%\ﬁ]%&um@?%aﬁ épyggg%{%?%g%%% I n
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Lor m&bg@%@éed rgheddl&a{momgim W&ﬁﬁ%ﬁ@répgﬂ#i@&;‘ﬁ&l?ff?- dhbyﬂawyo}yﬁiol eis
astene . pbr Qpe e n of the buffer, apart fromits

[ equi Fe ?1%1 loog’pn% n%zﬁ [ ﬁ%gﬁg g?aﬁg cl;rrtla'act ion medium Preferably, the
pbuf fer is a phosphate, carbonate or bicarbonate, and typically is included

n subst anttipd pooRsss of theWPr886RE7H%ention may conveniently be
et BFRCERGOT Y RE Uiy premeasured spouncs or” RECkepdEARR N OO0
nvenseparat cPrTdaer s Packpapiginakit dommenpTiceysereainhy ¥FNIFRS hai r
M th agentésetdhad d YOkAthekaBEBghantBdglica®idn ta €ALURADR &g a netal
on allows the composition while it is reacting to remain on the hair
for the prescribed period of time. It is seen that no special
expertise is regquired to carry out the process, and accordingly the
product and process is equally suitable for in~home use by the
nonprofessional as well as salon use by the professional.
Advantageously, the product in kit form is shelf-stable and is
therefore suitable for retail sale and without precautions
generally required for melanin-forming precursors, such as

5,6=-dihydroxyindole, e.g., storage under anaercbic conditions.

Detailed Description of the Invention

The hair dyeing process of the present invention comprises
the preparation of an agueous hair dyeing composition by reacting
dopa or selected substituted dopa analog compounds (hereinafter
referred to collectively as the "dopa species"), and an inorganic
oxidant, optionally in the presence of an oxidative hair dye
component selected from the group consisting of primary
intermediates and couplers, and contacting the hair with said hair
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salt, which treatnent accelerates the formation of nelanin fromthe

ul tiwes e3/081l i C precursor. Treatnment with the pronotipgragnio/sey be a
pre- or a post-treatnent, or in sone instances may be conducted

sinmul taneously with the applicdtion of the hair dye conposition of the
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is therefore.sui e f.or. i.l._sale and w thout_precauti.ons_generally
reqﬁ:loPetac oglﬂ%lél%i%@? Qt??rﬁ%é%g%rlégu??g E?l%‘h% S @%%&lﬁy&?oiﬁgﬂdol e, e.g.,
st oa®gutuhder PRt ob? BEt@st i BASt preferably from aboupefakbeab®etcri ption
hoOf sleembiAvessi on The hair dyeing process of the present invention
conpri ses the preparation of an aqueous hair dyeing conposition by reacting-
dopa or selected substituted dopa anal og conpounds (hereinafter referred to
col | ecti vBYy"Rernarentfypif feadited” Folandneh nemnvdliec byxstampoodnyi onal |y
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hair shaft in view of its molecular size.

b By "melanin" is meant a synthetically derived pigment formed
by polymerization of a melanin-forming precursor, i.e., the
formation of molecules too large to be removed from the hair.

By "melanin-forming precursorﬁ is meant the reaction
product(s) of the dopa species with a ferricyanide or permanganate
] oxidant and optionally with a primary intermediate or coupler hair
dye component, which reaction product(s) undergoes polymerization
to form melanin. "Such melanin precursors generically are
nitrogenous phenolic compounds and are indolic compounds, except to
the extent that cyclization to form the indole ring might be
5 prevented in view of reactions occurring with hair dye couplers
and/or primary intermediates, as hereinafter disclosed.

Applicants herein believe that the terms "melanin" and
"melanin precursor" as used herein with respect to the reaction
products of the selected dopa species of this invention are terms

which are well understood by one of ordinary skill in the field,
even though the chemical identity of the melanin precursors,
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eriod of time of about |ess than one hour, said reaction proceeding in
uch manner and under such conditi®ns as to provi de on the hair an anpunt
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Herive me or e | zation in-form precur sor,
CPHE g%r{kﬁl§ﬁ?9ﬁ qﬁ% §&E¥g§i¥oﬁnlEﬁi) élggﬁnyﬁarfrgﬁFthe hai r.

By " npt-aﬂenalbbe ntagnips axhems an” ai mxmtvémlr,ea&qn smbpeqdant(s) of the dopa
peC' sg pY4 L& fod & 'l'i%Yﬁn'fQQlQCuHﬁrE&m&@én%r@('&fa%%eaQQaEEibﬂnm ly with a

rlnar I nternediate or coupler hair dye conponent, which reaction
br oduct (s) undergoes pol ynerization to form nel anin. Such nel anin
Dr ecur sor s Jenwas dedry foumdnithrtgbheuso bite mitiad nedmpyunaddatiloaref i ol i c

‘OWDOHBB§ sﬁé&f—‘@é dah e SYneRL chhely Ci&di£Add &y tl@xcflﬁﬁﬁhbhﬁriﬂgﬂ'e ring
m ght reyented in. view of reactlogg occurring wth ali dge coupl ers
lnte edlates and/or couplers in e reaction medium. n

regard, the terms "melanin precursor" and "melanin" are intended to

] include reaction products of primary intermediates and couplers

with the dopa species and with reaction products of the dopa

species produced by oxidation with the oxidant. While such melanin
precursors are nitrogenous phenolic compounds, it is not known

whether they have an indole ring in their chemical structure.

The hair dyeing process involves a series of reactions
leading to the formation of one or more melanin precursors capable
of diffusing into the hair shaft. Within the hair shaft, the
precursor is oxidized by air to melanin, which is incapable of
diffusion into or from the hair shaft. Accordingly, the melanin
precursor-containing hair dye composition must be applied to the
hair prior to the substantial formation of melanin. Inasmuch as
the precursor, upon formation, will begin its conversion to melanin
by reaction with air, it is critical to apply the reaction medium
to hair prior to the onset of substantial melanin formation, that
is, at or shortly after admixture of the reactants.

The term "applying" as used herein means the contact between
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[or primary internedi ates, as hereinafter disclosed. Appl i cants
rei n Wel93esysehat the terns "nelanin” and "nel ani n precursgr/Uses/0rssyl
rein with respect to the reaction products of the sel ected dopa species
“this invention are terns which are %ell understood by one of ordinary
i1l kRet heif iy« campasittionghnihthehisairads idiaridibedohbbhe . meP daging
ecur

/Usgg%oggér dyéMEé%yégilégn on the hair fOIIOW1ﬁ%W§P€SFgFFlai melanln
ecur §8FRFEPREelF RPY @f&ra&ﬁemfﬁﬂcﬁrT'%r’ynsr‘?ﬁ"é"rlr?e(‘,ﬁeéﬁéénaﬁé} “‘BBUpI ers,

d espécfaséyinte thed dmins foAnwdll nbacrargEnc strippedhewpyodesénaf t he

esenEuhQ¥&Q§ﬁ£”hhéﬂBbd¥H§ beFBEeEbﬁeéﬂléﬁEHW‘é”édH%@%ESEQHQ of "less IN

t her aspéct of resent geﬂtlo q¥ afpﬁfleﬁ and,t he oxi dant
actaﬁPaﬁr%bﬁﬁ%Kﬁﬁﬁd‘ aFét@F? hﬁ??g??ﬁ?nt EHCPIE8 b3St he user to
i ti ameasheed eficem dthe |dnses pdswikingt of combireratiaatiseact ants directly on
e hair of the user, but preferable to mx themin a nixing vessel, for

bsequent a icatjon to hair fol conmmence the re ctlon

o boen Rtttk BoRBRSEBEPASH Sy i PGS BRUEAS GBBLT peci es
n bedybgancnmpmigmxnnhdaneéebybtamhed|mgpﬁnutnn@ﬁnn@teddeunanet and/ or
UpleEﬁn#E1£g§h£§aﬁé'fﬂb'ga@ééﬁb FRaLbl Sn I flPth. @2kt tHB! 88h8ous

prfecur sor anin"_ are Iintended to include reacti.on roducts of
pr|nar?ePﬁFéPﬁtEﬁ%&¥ﬂ;%ﬂﬂjﬁﬂﬁuﬁﬁgFguﬁnPﬁlYH%Y%Rﬂﬁiﬁﬁﬂﬁﬁsé§18 d™@¥t Rer eacti on
prioductregatded ea sloggn Sppdsirgs , pfoduesdmbye pxinadtheorcasie whelre tkedant. Wil e

sych ”%EﬂﬂhﬁoﬂéefﬁWéEVéhEBE%u&'t&ﬂgﬁﬂeyé QPefﬂﬂﬁé%ﬂxﬂﬂ%ﬁ%niﬁe hElkStGOEeknomﬂ
whet her_ t chem cal _ structure. The

T GERg heciestr LT oy Juphakeht et rarerred k6 Sheluae

additional optional constituents, e.g., thickeners, etc., to

W =T OV YO VWO ST

— — —
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oo
o Q)

provide a more elegant product.

In the process of the present invention, the dopa species is
oxidized by-the oxidant through a series of reactions leading to
the formation of one or more melanin precursors. While not wishing
to be bound by any particular reaction scheme, applicants herein |
believe that the following reactions occur leading to the formation
of the melanin precursors: (1) oxidation of the dopa species by
the ferricyanide or permanganate oxidant followed by cyclization,
further oxidation and rearrangement with carbon dioxide release,
leading to the formation of an indole, e.g., the conversion of dopa
to 5,6-dihydroxyindole, (2) oxidation of the dopa species followed
by cyclizétion, further oxidation and rearrangement without carbon
dioxide release, and (3) reactions wherein the initial dopa species
oxidation product(s) is modified by further reaction with a coupler
or primary intermediate, leading to nonindolic nitrogeneous
phenolic compounds. '

In the case of dopa, for example, dopa is oxidized to
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«ading to the formati on of one or nore nelanin precursors capabl e of
RERTT 0d¥s9 the hair shaft. Wthin the hair shaft, thed)esysa98s0 S

xi di ze y alr to nelanin, which is incapable of diffusion into or from
-he hair shaft. Accordingly, the nghanin precursor-containing hair dye

CO”p&’? +&£h5m§t wﬁﬁcﬁpgﬂoﬁ@ah@owﬁy h?d:fmsoréﬁ;‘?:flohg Lhe gubstadidal formation

| nasmuch as %ecursor tion, will begin its
conv%ﬁ‘%‘?%‘h t@%%lrﬁaﬁ;sr é’é BRe \F¥Htadapa te Eorp, RePRGHT NS gﬁ’bﬁ?‘ t he
r eacthdergmzl 1spdrearsiqusyr rdthough eotoriseteddfateybstransfatmatel emite
f gr nat éD&lmJJ&asxyﬁaate anr%neﬁt Laa?ééregemh %&U&ﬁeoéo%é]@hf@@é?téﬁgﬁes
.g3le0t3erg'1theapxpef/eas% o%s car on Sg.galcfdenear}fn;lo%o%%n%gg%wtWe@? é?dce
9 t hplace rwikie magmubsittd @lpaadatkel opasas doper RBeHlabsvers Riksn ng t he

hai r -gdyge COIPOSIAION it thenBatr L pddNidH abshantibaladel ama formation is
not oerable Z‘lr"gr ‘t he i nsol |ftuse|nt%the hair,
el

and TRRFCIRAT & B RRE A A0R, SEUT P L S8R s KR EET TR
convebterthe Rressmntadinventdopf are epeesdntedapeldiowene hour” as used

t hroughout this application is neasured fromthe onset of m xing of the
reactants. It should al so be understood that a suitable agueous
hai r dyei ng conposition can be obtained without adding additi onal
constituents to the aqueous reaction nmedium That is, the aqueous reaction
medi um and t he aqueous hair dyeing conposition nmay be regarded as
equi val ents, for exanple, in the case where the reactions involved occur,
in whole or in part, upon the hair to be dyed. As described bel ow, however,
it is preferred to include additional optional constituents, e.g.,

t hi ckeners, etc., to provide a nore el egant product. In the process
of the present invention, the dopa species is
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axi di zed by the oxidant through a series of reactions Ieadln B? 5
f okv@os@378d one or nore nelanin precursors. -Wile not P %d #%e bound
by any particul ar reaction schene,, .applicants herein belleve that the

f-ol | owi ng reacti ons g®cur | eadi ng 1tlo the formation of t@e nel anin
precursors: (1) oxicatioE &f t he dopa species by the fg rlcxeplde or

per manganat e oxi defht d by cg&kkggélon furthe 8¢tt Ton and
rearrangenent wi tjh @r pon di oxi adi ng tH ormati on of an
indole, e.g., t 2rsion of dopa to 5, 6-di hydr ox
of the dopa sg®cies™ollowed by cyclization, f ﬁ'

, (2) oxidation
dation and
rearrangeni!hf wi t hout carbon di oxi de rel ease,

initial dopagpem es oxidation product(s) is nodiified by further reaction

with a co pk' \orgprlnary intermedi ate, |eadin oni ndol i ¢ ni trogeneous
phenoQ 2 In the case gf—@g or NMgnpl e, dopa is
oxi di zed WD 93/ 05759

PCT/ US9 yone, whi ch

spéﬁfanéBﬁ%Fy forms cycl odopa. AdditiondfF® OXIH&%? ?ﬁrtﬁer reacts with the

cycl odopa to form dopachrone which undergo s spont aneous, although not

i medi ate, transformation to 5 _6.dihy yi ndol e through rearrangenent of

t he dopach peci es and the rel ease of carbon di oxi de. Anal ogous

i al so take place with regard to al pha al kyl dopas. pa al kyl

al so reac@Wsi mlarly, but w thout rel ease of carbon oxi de. The
ration of nelanin fromdopa in acc ceowi th the

gr esent ed bel ow. WO 93/ 05759

Oxidant
o

N N
o=c¢ " O=(:. H
oH - on
(IXI: Cycodopa) _(IV: Dopachrome)

_J

OH :
OH
o PY .
—dp  (VI: Melanin)
| N
|
COz

(V: 5,6=Dihydroxyindole)
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2 .§ seen that the sequence of reactions conte | e
r_oce'gggogﬂ)#ﬁg present invention is conducive to many porspg'{’@pgg%}gﬁﬁ%‘{]l ng
€actions. Because second order reag%i ons are likely to be involved, the

robl em of unwanted conpetition reactions becomnes es eC|aJL% acut e gpen t he
oncent r at | Bhst Hfseqma Rty tPBaBE RIS P AFEEIANEr EORFERP LS 1 e
roceﬁﬁoéésérmfrﬂhyuyﬁ95entemnvemtlon is conﬁuyawsnuOdmaﬁYcmnsﬁnhﬁﬁ| eved to

xi st ?J;@?ﬁ t Jt%rn anggesa&séfs&a&ka Z&Qiér”%EbQLSngp&)f@dﬁké’!f}ﬁEdt

OCCUFS exa , 0&) e CO ver sl on f
D - Phy MR ERYTSHIo Gie BEOER, GF S URRERSH (TP en G Pnr EREEH 2% FeFP9%adi ng
[0 t hespet bal Yy prasouer sawen the concemratﬁmrmrofpns@blrcmmhaeamantgatzes

Agal “281\?@ oy AR g’ﬂ 4se 1Af thEEpFOPSs SRECIta% 3t edefitalhidigfgent in the
Hyei ng 0 alr 1s t at’ the nelanin precursor, which oxidizes relatively

slowWy in air to formnelanin, is essentially inmmediately oxidi zed by
Linr eact ed Qxisbﬂﬁnd(ﬂﬁﬁﬂﬂmuhyypbeﬂbevsdL#@Lﬂxiﬁﬁ ésf shapethanent|y dyei ng

pai r . earran?FﬁéhE“G¥“E¥31QQe@aEQinlér@%ﬁbéﬂﬂdﬁ C%h%he§t B@@uﬁ%esﬁﬁg

nventron achi eves mel ani n g sor concer}‘?r eous hair
evel

iyl nEXEBRBS! 17 Y FATSER4SE: BF s RRT T el - RSBV RLEoY S ot | y
myelnghbarateedmqummnxhgsS&eprénessetreactxnntﬁ;q@xagttceuhbymehmnuser in
underp?g preferably under 45, nost preferably under 30 m nutes.
Thus e present I nventi on contenpl ates conversion of the dopa species to
t he nelanin precursor at yields and in anmounts effective to color hair

per manent | yyet Tandéther gbblappthetninit hgated mgadnsitatheheohmerciyhniske or

per mpgapateq ¥l daidei QL BF 888Pting reagent in the dyeing of hair is
~ that the melanin precursor, which oxidizes relatively slowly in air
5 to form melanin, is essentially immediately oxidized by unreacted

oxidant to form by-products unsuitable for permanently dyeing hair.

In overcoming each of these difficulties, the present
invention achieves a melanin precursof concentration in the
aqueous hair, dyeing composition that leads to a melanin level
0 effective for permanently dyeing hair, and provides a process that
can be practiced by the user in under about 60, preferably under
45, most preferably under 30 minutes. '

Thus, the present invention contemplates conversion of the

dopa species to the melanin precursor at yields and in amounts

5 effective to color hair permanently. To this end, applicants have

found that the ferricyanide or permanganate oxidant, when present
in the reaction media in monitored amount, is conducive to the
attainment of melanin precursor concentrations in the dyeing
composition effective to dye hair.

r ' Accordingly, in the process of the present invention, the
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:in the reaction nedia in nonitored anpbunt, is conducive to the attai nnent

%gg}dg7g ecursor concentrations in the dyel ng conpo g@_ ﬁ?gfh%ﬁt ive to

dye Accordingly, in the process of the p tion,

t he WD 93/ 05759

PCT/ US92/ 07880 13 amount of

oxi dant present in the reaction nedlun1relat|ve to the dopa species should
be such that the oxidant is largely reacted prior to the appreciable
formati on of the nelanin precursor. Wth regard to the second
difficulty, it is believed that the abhove-nenti oned rearrangenent step may
be accel erated by use of particular buffer constituents in a
rate-potentiating concentration, thereby permtting conpletion of the
process wi thin about one hour. The Dopa Speci es Conponent As

previpishy 4 HGlee: ptraaea&epar@ae oFeLit iidie maaueauselakived¥s €REPOSI tion
b h adm x t he reacta ts at The dopa

is t he consuner 0
- spec %EacﬁD%FEﬁﬁt%ﬂﬁéggsgﬁtsPﬁ EB?tIEP @ﬁégthth?cfégctuon
: medi priat o [theelappriecdbbdet oroatidm @f ml'ler n@}@hﬂg ansgnrsgr mel ani n,
* which nel anin anount, in

With regard to the second difficulty, it is believed that the
above-mentioned rearrangement step may be qccelerated by use of
particular buffer constituents in a rate-potentiating
concentration, thereby permitting completion of the process within
about one hour.

The Dopa Svecies Component

As previously indicated, the preparation of the agqueous hair
dye composition is by the consumer, who admixes the reactants at
the time of use. The dopa species or a suitable salt thereof is
present in the initial reaction medium at a level suitable~to
obtain a hair dyeing amount of melanin, which melanin amount, in
tufn, is dependent on the melanin precursor levels achieved during
the periocd of contact of the hair dyeing composition with the hair.

The required initial dopa species concentration in the
reaction medium may be higher than its solubility limit in water.
Accordingly, an acid or alkaline aqueous premix can be prepared
prior to preparation of the aqueous reaction medium.

Alternatively, the more scluble acid or basic salts can be used in
the preparation of the aqueous medium. Use of the salts or the use
of an acid or alkaline premix allows the otherwise relatively
insoluble dopa reactant to go into solution and be available for
rapid reaction.

Illustrative of the suitable soluble acid salts of the dopa
species are the hydrochloride and sulfate. The hydrochloride salts
are preferred. Among the suitable basic salts that can be used are
the soluble alkali metal salts and the alkaline earth metal salts.
The sodium and potassium salts are preferred. Any inorganic or
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tutn, is dependent on the nel anin precursor |evels achieved during the
peri tact of the hair dyeing conposition with th
The "?@(?3? gspl nitial dopa species concentration in the %5 %Eh'fﬂ-’%@dl um nmay
be hi gher than its solubility limt,;jn water. Accordingly, an acid or
al kal i ne agueous prem x can ? ﬁ ared ri or to gregaratlon of the

&r HE of

aque RFI3andScRFoHh Mediafft ©2R BF VD \RAINRE FBReP bt A9PF or basic
sal t speiiebepreriix i soluthieomr pravadedtioft tthe agesbusseddiasm nolise of the

sal t § e rleBPaUSE ¢ @é}&q&sor ahkaém_e HART Xrel hfenihe Mde0wias
rel atlvef I nsol u reaﬁtg # I? Into solution and be avail abl e
for "ryé?ﬁf’&fl?%a%’f‘? cﬁ‘P“°' Ol GR ni bR T3 e * ST T sol ubl e aci d
sal t etxanbhentiopa. spedi esidsearhehyduhaidvrgci dehaspherid attartatie,

hydr QGRAQE QﬁdeAéélc aiﬁdl*%‘;@r{:ﬁélrm'&th%o&‘ihﬁ\aﬂr&r&?ﬁé amdl ts that can
be use he sol u tal salts and the al kaline earth netal

sal t?Yd’?ﬁelgﬁb?lﬁﬁ%c?rﬁotpé?gfﬁﬁ?ngal ts are preferred. Any inorganic or
WO 93/ 05759 PCT/ US92/ 07880

14 %HQHa&pflcg;sL&reéo%% §8Pa bspdtsl 1R 134] eshcaﬁermdn 1tnh%ngopa

speci es prem x sol ut’i on rqvi ded that the agent used does n

i nt erimdtdai nreagt iy s | 1Sghr Pl RROY, fe D9 P H%ﬂl?ﬁﬁ%d‘ di um
chydr @c1g®iabty rmnmt; ol -trandopal spéaied am rehe, reapeitomlhediuvm.

et hawe%@ggﬁ ogfa eeonyﬁé Oféunpub%utpaowhgsm 3 Wi in -
citric an %tIC acl thelr sa di_um_hydroxi de ;
hydr &&¥8 dritiatixeafteias é‘ﬁ?ﬂ"@d most prefer ablYTﬁE°Bo?)%°‘étpe“b|t€s aPGitdopa i

speciiss mgdlml) concentration in the initial reaction nmediumis from
about 2 ng/mM up to about the solubility Iimt of the dopa species in the i
reaction nedium . Preferably, its concentration is fromabout 5 to ;
about 25 nﬁ?ﬂ1d?ﬁﬁ species is selécted from dopa and substituted or

5 analog dopa compounds. Substituted or analog dopa species

(referred to herein as the "substituted dopa" species) suitable in
the process of the present invention are alpha alkyl dopa having 21
to 4, preferably 1 to 2, carbon atoms in the alkyl groups,
epinephrine (adrenaline) and dopa alkyl esters having 1 to 6,

0 preferably 1 to 2, éarbon atoms in the alkyl group.

Alpha alkyl dopa is oxidized by the ferricyanide oxidant in
"analogous manner to dopa, to form §5,6-dihydroxy-2-alkylindole, '
which forms melanin by aerobic oxidation.

Epinephrine, which has the structure

on

OH

HO '-C“
]
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]ﬁ#mainitial reaction nedium nost preferably fromabout 5 to about 15

The dopa species is selected fromd I tuted
or !ﬂ”3ﬂgﬁ§?og dopa conpounds. Substituted or anal og opéﬁgg%@#gé&
(referred to herein as the "substituted dopa" species) suitable in

t he process of the present invention are al pha al kyl dopa having 1 to
4, preferably 1 to 2, carbon atbhs in the al kyl groups, epi nephrine
(adrenal ine) and dopa al kyl esters having 1 to 6, 10 preferably 1 to 2,
carbon atons in the al kyl group. Alpha al kyl dopa is oxidized

5 6;25%‘;%%%%% aniae C}’:)éhgggtglde ox1dava,|t r{ﬁl % %%Sa gch}%mgOpaI 1% form
oXi Heliewed that adrenochEpmﬁeph?##ﬁPGQMMt@hfﬁag ?ﬁ§e§?iﬂﬁ%®rﬁﬂd [err]

WO 9§£9§\Z§91nd011c and/or isatinic derivatives. PCT/ US92/ 07880 _
15 reacts wth the ferricyanide oxidant to form adrenochrone. It is
bel i eved .t hat adrenochrone rearranges to form adrenol utin and

In the case of the dopa alkyl esters, oxidation proceeds to

form the corresponding esters of 5,6-dihydroxyindole-2-carboxylic
acid, which reaction proceeds without decarboxylaton, i.e., there
is no release of carbon dioxide. This ester of 5,6-dihydroxy-
indole-2-carboxylic acid then polymerizes to melanin by aercbic
oxidation.

The Oxidant Component

Suitable as the oxidant for use in the present invention is a
soluble ammonium, alkali metal and alkaline earth metal salt,
especially ammonium, sodium and potassium salt of ferricyanide or
permanganate. Advantageously, the reduced form of ferricyanide --
ferrocyanide -- present in the agueous solution following the
reaction will not further react with the melanin precursor in the
agueous system, thereby maximizing the formation of the melanin
precufsor and hence increasing the overall efficiency of the
process. Ferricyanide is the preferred oxidant.

The oxidant, especially the ferricyanide oxidant, is quite
reactive towards the dopa species present in the reaction medium
during the process. Thus, the initial reaction between the dopa
species and the oxidant goes essentially to completion within less
than five minutes, most likely in less than one minute, and might
even be regarded as instantaneous in some instances. For this
reason intermediates in the postulated reaction schemes leading to
the formation of the melanin precursor are short-lived in the
reaction media and not available for inter-reaction. Accordingly,
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f/ari ous indolic and/or isatinic derivatives. In the case of the
d

1

opewalgg 5 -Esters, oxi dation proceeds to formthe correﬁgﬁzggggﬁﬁqers of

S5, 6-dIrhyadroxyi ndol e- 2- carboxylic acid, which reaction p out
decar boxyl aton, i.e., there is nderelease of carbon di oxide. This ester of
5, 6; di hydr ox I_ndal th nin by
aer bbi OB Ta ess ot %lf‘ﬁeg Q% ir&)eq‘cél%n ERWQ,QLXQE%}_&{ srbﬁtagzez}?n%he oxi dant
foratEmPHQYQH§§dpP€sgﬁFthVeh%W%ﬁPqs a sol ubl e ammoni um al kali netal and
al kaline earth netal salt, especially ammoni um sodium and potassi um salt

of ferri ﬁéfgé"o% %Etp%g'é\?&gga{Q pf“éé’e@{’é GLQPQHS Ynit D& reduaed,d orm of

ferricyani errocyani -- . present he aqueous sol ution foll ow ng
them$%%ﬁﬂ|§ﬁ1%MﬂqbsﬁéﬂtﬂaF%%e?t?¥ﬁﬂﬁ°ﬁﬁqﬂ+ctﬁ@uﬁﬁFéﬁ?ﬁ FRREPTR 4+t he

aques Usuritdre e sicirdabely babaw!r zi ng the formati on of the nel anin precursor
and hence increasing the overall efficiency of the process. Ferricyanide is
t he preferred oxidant. The oxjdant, especially the ferricyanide

oxi dant, Qi@ ey ER0VETEiPRRE de r?é’%ﬁ&e%@a EQ Hhredmtanif the reaction
WEdi:tlé&xﬁibEdﬂgeIatw pro@aespeci'hslsnolémallmlnusals feact e bactmdnween t he dopa
Spesas&é{}ggye i@ aa&ﬁag féssrsgjhés}édv £hatCaRhEt bR am&%ah | &3 han

five mnu ess. than one m nyte, and even be
r ege¥ d%%F‘é’scﬁ%Fs‘tdént §ﬁé‘6u§‘°11ﬂrs%‘ﬁ‘é1‘f?1]§’§ﬁcé’§ opdfaphj are e%&‘ﬁhnl'erﬁ &hedi at es
i N Ebrvestadp ad rdaaqaronysnbenes Tresd nyot mollhe éguivdlemcofof he nel anin

Pl CEetPieydliiac Q%(r:ec ?é%g ‘cQ Egﬁvéﬁﬁgdﬁ” 5%9§S§aaﬂgngﬂé AR il OF

Inter-re

_megwmagulvalents of ferr:.cyam.de are reggired to convert

cyclodopa (spontaneously obtained from dopagquinone) to dopachrome.
In the case of permanganate, several reduced states are possible,
that is, the permanganate will initially lose three electrons and
thereafter may, especially under acidic conditions, lose another
twe electrons.

In the case of dopa, one "stoichiometric equivalent" as used
herein is equal to the number of molar equivalents of an oxidant
necessary to convert one mole of dopa to one mole of dopachrome
(which spontaneously forms dihydroxyindole). For the substituted
dopa species, analogous reactions are believed to occur. Thus, the
alkyl dopa species form alkyl dihydroxyindoles, the alkyl dopa
esters form dihydroxyindole carboxylic acid esters, and epinephrine
is believed to form adrenolutin, each conversion resulting in the
loss of four electrons.

A greater than about a stoichiometric equivalent amount of
oxidant relative to the dopa species employed is not recommended,
as the excess oxidant will react with the melanin precursor. The
dopa species (dopa or substituted dopa) in an excess stoichiometric
equivalent amount relative to oxidant is preferred to ensure that
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ran the process of the present invention, unwanted side reactions are

prevent ed or greatly limted. The oxi dant reactant @ resent I n
the WRP3/8F7$%acti on medium at a substantially stoi chi onBEF{ESE4IBBYI ent
concentration, as further descri bed 1 el ow. During the conversion of

t he dopa species _to the nelanln g Zg eac dgga eci es nDIecuIe | oses
f ouranzieacte8nexidReh 4TI 3Pt % PhiAYing st §%ins one
el ctd:JessSvEhthe depaisyeviae, ddmumONDhapeeqthaafaﬁﬂ%t dtheppr@grssar e

requised n88”V§i£hQQc9R &ﬂ-é&é%ﬂi RNpkRdeheed THOSa doMLdedia @qui val ents of
fer M e af e needed %o convert e q_-glga to do aquinone. la]tr}d ther t wo

nol an’e%!ﬁﬁ FareAverafls ef SRS r B§EFT to G(zzonve 'cyC odopa

{ spaiciredeskyrabt agniévalentn opay Prmmendples Hefah%mﬁ)r@e I9PR@he case of
permanganal g %Ef‘ﬂé&aﬁ?&wcwﬁiﬁ@s p%"egeﬁesihbﬂ@e iék’&tic&x reld um

permenganate wi Il initial eeetro apd t her ter

espetill 1Be SKIBr 2RORG ¢&- EBnM? o%éy dsgrgﬁﬁﬁg?yt ela“ie‘l?:%‘g)ns ER I n
t he £ase mfstdppafernblysforshakerst rli-®@Sedukvalel*las used herein is equal
to the nunber of nolar equivalents of an oxi dant necessary to convert one
nol e of dopa to_one rmlﬁ of dopac rorr%% L stgggtg ousl L?Iorms

di hydr oxyi &pe eFtapRdve MR (TS FUBPR D& rEs, s reactions are
el | eneskgaraxeeuin Thes reatibian kylxtugisa s}ﬁeéﬁebeieﬁmﬁl ‘R@ét the

di hydr J‘CKQJ ddiacal K)ﬂi/gﬁp@o@éieﬁ* %ale'r aydi bydpeuydstedaccaritexyl ic

d e f I h
2glnv‘é¥%|?efglsnf‘€'§ul°tfl %‘&e'l ﬁn%’lﬁg%?‘laiip%f r]' t"loggtgdwcgg Snj%é‘lt‘wA S?gat er than

~aboutesrsd oy ententeifr mMeequcﬂtate@tlmmﬁdlarteom gupthew| aitvisto the dopa
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t he ani n precurs The peci es stituted dopa) in an
ensugeetditiydroxyindole or the equivalent analog melanln precursor.
Theoretically, then, when the optional oxidative hair dye .
components are incorporated, the initial reaction medium should
contain between two to four molar equivalents, i.e., between 0.5 to
1 stoichiometric equivalents of oxidant relative to the dopa
species based on complete conversion of dopa to the melanin
precursor. Accordingly, the stoichiometric equivalent ratio on a
molar basis of the dopa species to oxidant initially present in the
reaction medium is generally from about 1:1 to 2:1, preferably from

b about 1.2:1 to 1.8:1, most preferably from about 1.3:1 to about

1.7:1. The stoichiometric equivalent amount of oxidant relative to
dopa should not be so great as to cause an excess of the oxidant to
be present after formation of the melanin precursor, because

oxidation of the melanin precursor by the oxidant is not desirable.

i It might be possible to add oxidant slowly or in stages

during the reaction. However, this would be difficult and
inconvenient for the consumer, and may inadvertently result in

A
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PCT/ US92/ 07880 17 unreacted oxi dant does
not MER@BMSTER | owi ng the reaction. An excess of the dopaPSpEesRL0H88s not
appear to affect the process performance, although unreacted substituted
dopa woul d tend to reduce the overd$| efficiency of the process. Generally,
t he atidatt tehgi pregantavieen the imelenin poeawnrsersiiss dFommed-dopa species to
ferricyanide initially present in the reaction nmediumw || be from about
1.25:1 to 0 95:1, pre erablg fromabout 1.1:1to 1:1, nost preferably from
abo : A £ \Wen the oxidative halr dye conponents are
optlonally |ncorporated in the reaction mxture, it is believed that the

primary i jtRsaeehahe 4pd/ g Qf)lﬁﬂeeﬁ:ehéltfioﬁly{ﬁe&i)lﬁmm fraealctduwma one or
nore of the internedi ate reactlontpr uct pri rran tf of the

re :
cycl PR FSaRdrREdi ate tSFOPTRRT Y -9 SEREH %v%ds'f%é%cherborﬁni Pt Re dopa |
spechekteaniing ageptpissthe reagtion e@@tmmtqemaumrtam rtdm:tr@gm@l@srrpl etion

to f.6E M SrPtflieh ?SQBEE!&E“Q@'@h@rpﬁd&r&qlih\lréhﬁﬂbnﬁnﬁioﬂs N sdticda IPR@CUr SOr .
Theorellcall ti_onal_ .oxi %Lve or@%n nts are

%” W@g DCQM ional. ;0% a% rﬁ
i ncAPBER 1é’cl he8H REt FAF PLRRYD A SRES TR ER3LTD ROVSTHh s teén "Pwo to
four10nﬂun1naq¢h¢ahsﬂaslnlpeecutﬁﬂnmﬁgwmgns t oPrefexdkly ortdte iR éQU|vaIents

of oxieladln IRkl ¥ tbOabBet UPPH, HIRCieepebas ety oM KAMINL D GG 8.8 Of
dopa to the nelanin

In addition to controlling reaction medium pH within the
aforesaid limits, the buffers employed in the process of the

present invention are believed to assist in the formation of the
melanin precursors. Thus, it has been observed that as the
concentration of the buffers in the reaction medium increases, the
rate of the rearrangement of dopachrome and its analog also
increases. Thus, the buffers potentiate the rearrangement
reaction, thereby decreasing the time for the generation of the
melanin precursor, which permits the hair dyeing process to be
completed within about one hour from the onset of the dopa species
oxidant reaction. Typically, the buffer is present in an amount in
excess of that needed to buffer the reaction mixture. Preferably,
then, it is desirable to provide 2 to 25 times, especially 5 to 20
times, as much of these particular buffers as would be needed
merely to maintain the reaction mixture pH within the prescribed
limits.

Buffers found to be suitable for use in this invention are
ammonium and alkali metal phosphates, bicarbonates, carbonates and, ;
to a lesser extent, borates. Also suitable are aminic buffers ;
such as N-{2-hydroxyethyl]piperazine-N/~[2-ethanesulfonic acid}] i
(HEPES), N~{2-acetamido)]-2-aminoethane sulfonic acid (ACES),
tris[hydroxymethyl]aminomethane (TRIZMA) and N-tris(hydroxymethyl}-
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r;)recursor Accordingly, the stoichionetric equivalent ratio on a nolar
basis of the dopa species to oxidant initially present in the reaction
med¥Y@A3{973eneral |y fromabout 1:1 to 2:1, preferably PEOHIERVOTSED. 2:1 to
4.8:1, nost preferably from about 3:1 to about 1.7:1. The stoichionetric
equi vaI ent anount of oxidant relative to dopa should not be so great as to
C austhydir3ercdswpsiopane skilfiomic tacisk (IAFSent FTheearmmeniin iand of the nel anin

prmaliom:taqcm&&dat hAd @icémMe%rlla&ep&e@aaspé hewdrhendugihant is not
gfﬁsclft%atbl eo::al gctemgr}oyﬁgmlg Eh %‘Pa%sesd% rta% ad?f '9%' l?!p l OVH y or in stages

e re i wever, icu I hconveni ent for
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5}?%&J dgﬁﬂﬂ% carbonate, blca?bonate or ﬂ?osphaF&8w@§kaﬁH dEidagtpr esent
en nl I ec U n nt conponent
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Feactton medi-um wi ngthe reactions,
| tox@%es%q Fusiteysdeuitapie |fc<rréma%&mm5f reagiiormetivwy@ik in t he

reﬁfd |t§[151 pf&iﬂ!q[ﬁﬂatﬂé men&aaﬂrah@eﬁeafwlﬁat&wri maﬁﬁ'nekbs“t mmmsana@f dehe
Sen nventil on | ueous
‘g%"r‘-’r’a‘f% rredzl dm Weeﬁ’§5% %é'gé%th%bn%sp&%gf h 818 aér)ﬁeé p]rr}eq:ursor form ng.

Pre*annﬂﬂﬁy, the pH is between about 6 to about 8.5, and especially al kaline
to about 8.5. I'n addition to controlling reaction nmediumpH within

_th@ afipzroecseaslsdPll ame% the buffers enployed in the process of the present
[ 0 assist in the formation of the nelanin
precursors. Thus, it has been observed that as the concentration of the
buffers it St IE e upaerBELUM tHLE ERfe2billi®y to obtain the

necessary melanin precursor concentration depends on both its

yield and the amount of the dopa species available for conversion.

Thus, a lower melanin precursor yield would be acceptable when a

high initial dopa species concentration is provided in the reaction

medium. Conversely, a relatively high melanin precursor yield

would be needed if a low initial dopa species concentratidn is

used.

In the present invention for permanently dyeing hair, the
melanin precursor is converted to melanin in situ while the hair
dyeing composition is in contact with the hair. Thus, the process
should be viewed as a dynamic one in which the various reactions
leading to melanin proceed simultaneously. Accordingly, the
concentration and molar yield of the melanin precursor based on the
dopa species formed in the hair dye composition is not directly
measurable unless the subsequent melanin-forming reaction is
prevented. Even then, the measurement of the yield is complex in
view of the number of competing reactions and the number of
chemical species present. The measurements are especially compléx
and difficult for the substituted dopa species, in particular,
epinephrine, and when the reaction mixture further includes a
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k¢ at e of the rearrangenent of dopachrone and its anal og al so increases.

Thus, the buffers potentiate the rearrangenent reaction, thereby decreasing
t he WO3/053%9 t he generation of the nmelanin precursor, WRCTARUDPR/ATEY t he
hair dyeing process to be conpl et egl wi t hi n about one hour fromthe onset of
t he dopa speci es oxi dant reaction. Ql'ypi cally, the buffer is present in an
anT&Hﬁpde excprimatyt it ervesiicedt«.0 huhﬁéarlhe aeantitd andniyiteddeofPr ef er abl vy,
then,, asdﬁauééém ﬁﬂ/ﬂﬁ%l%etlg fi2ali £ re GREGIL Ik §sto 20 tines,
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t 0 faocmsist aalyebkodetigenimed [y neasartingnthe eclzampsi imhanid soRalki et al

ph taesmbl gaaéeﬂaisstrgﬁém&fﬁ %%c@?ganég WSS fdals. borates. Also
‘suita are aHIHIC buffers, such
y
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e present .Invention are sodi um_an ssi um carbonate, bicarbonate or

RAPHatF ﬁ?@r’rlf’ﬁ*él%ﬁ%n? ¢ N @yéh‘r’*géb RHRRThREDFE with the
perutmnganfclleeldoxsdanplcaumequrfest vheni thel eniviahredopaispergeseact i on
mdé&ﬁ@éi‘lér%‘t@.oho QOEEBM%&JE he WEair aRYeREM s F $E0ED Ok ¢ i@iieStinwhi ch may
be determ ned Xl a ng e experinentation, as herein disclosed in the
PFoB8ss Paraneters

In the case where dopa alone is contained in the reaction
medium (i.e., other hair dye couplers and/or primary intermediates
are not present), applicants have found that a perceptible color
change to hair occurs within one hour of application to the hair
when a peak 5,6-dihydroxyindole (DHI) concentration obtained in the
hair dyeing composition is at least about 1.5 mg/ml. This peak DHI
concentration, which may be regarded as a practical minimum, occurs
typically during the early stage of the reactions described above,
normally within the first 30 minutes, preferably within the first
20 minutes, of reactant admixture. An initial dopa concentration
of about 3 mg/ml, coupled with DHI molar yield of about 65%, is
suitable to achieve the practical minimum peak DHI level in the
agqueous composition. It should be understood that the peak DHI
concentration is measured during the reactions occurring in the
reaction medium and in isolation from the hair, as set forth, for
example, in Examples 1-11. As measured by HPLC, molar yields of
DHI in accordance with the present invention are typically from
about 50 to about 70%, with molar yields of the by-product
dihydroxyindole carboxylic acid being from about 7 to 9%, both
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rlct shoul d be understood that the ability to obtain the necessary nel anin

precursor concentration depends on both its yield and t ETAIRYY) o3)h7ddo t he

. dop¥9#8€95¢2 avai | abl e for conversion. Thus, a |ower melanin precursor
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S&ﬂl)& %%deﬁ]é’é've' y nmeasurabl e because it is forned in the hair.
ha e effectiveness.of the process may be determ ned by

maasurl ng th_e change in hair color when a hair swatch is treated in
accor dankg- WiHd dulss1i1asess . ddpl tddipowridy), evawitalohe isebanimdi cati on of

the amount of JEl amerié hflst P)?Sléﬂi? btalnmd Wén%tinf‘@ﬂfence the
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substituted dopa concentration is from about 2 mg/ml up to its
solubility limit in the reaction medium. Thus, from in vitro
experiments it has been found that an initial concentration of
alpha meﬁhyl dopa of 2 mg/ml yields about 1.5 mg/ml o4 methylindole,
which corresponded to about a 90% molar yield. Similarly, an
initial dopamethylester concentration of 2 mg/ml was found to
provide dihydroxyindole-2-carboxylic acid methyl ester at about 95%
molar yield. When the initial alpha-methyl dopa concentration was
about 8-9 mg/ml, the molar yield was about 60-65%.

Systems wherein the melanin precursor molar yield and the
initial dopa concentration cooperatively provide high melanin
precursor concentrations are especially suitable to effect a color
change in one treatment in accordance with the present invention,
while systems that provide lower melanin precursor concentrations
are particularly useful to color hair gradually over successive
treatments in accordance with the disclosed process. Typically, 2
to 14 Successive treatments for shorter time periods (each less
than about 10 minutes, especially less than 5 minutes) are used to

color hair gradually.
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r Sprecursor that has diffused into the hair shaft during the treatnent. The

test procedure is discussed further below. As a guide to the successful

pr aWA BLOHBSIt he i nvention, applicants have found that PPLUSEMOBIE col or

-.Change to hair occurs within one hour of application to the hair. A

suitabl e nel anin precursor nol ar y2el dis typically obtai ned when the

initial dopa species concentratiorfs fromabout 2 mg/m up to its

solubility limt in the reaction medium In the case where dopa

al one iBn che pnectinet bf thacPresendinvertien, theécusemiisdye couplers
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d of about 65% 1is suitable to achieve the ractlcal
imiania e A2 B/ | BIXE| bPenusad: agtRS RS0 Hsi 119, PI3C i FIP RYSder st ood

tdhad Hdwr Ml&%’ingoanenappu@ai@a rmsw@cbyb:rd:mpwgtimem Ofife OCCUr ri ng
in the reaction dium an @h‘lr fromthe%girfa<P as set forth, for

i il PO9h SR %é“‘i‘iial ¥y GHic Y%l ds of DH in
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PCT/ US92/ 07880 21 vyields being based on

GRHW &f=Si O 1 k9 PRi + Poebguekl v, the peak DHI concentration obtained in the
aqueous conpositron 1s above about 2.5 ng/m , nost preferably above about 4
ng/ M. DH nolar yields above about 50% and initial dopa concentrations

from abmg ¥itprbvided in accordance with this aspect of the
invention comprises a sufficient amount of buffer, a first

container containing a dopa species solution, and a second fj
container containing the oxidant solution. The buffer may be :
individually packaged in a 'third container, may be present in the
first container, or may be present in the second container. When
the dopa species solution is provided in the form of its acid or

basic salt, or is acidic or basic in pH, the buffer would.not be

present therein. While the kit may contain packets containing

amounts, prefera_bly premeasured, of dry powders for preparation of f
these solutions, it is more convenient to provide them as éﬁi
solutions. Moreover, solutions containing premeasured quantities ,‘

of the constituents facilitates their correct use by the consumer.

One or more additional containers may be provided in the kit,
as described below with regard to optional constituents. The
optional constituents may also be contained within the solutions,

barring any incompatibility.
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hair 1s removed, preferably with a conventional shampoo.

" Because the hair dye composition is applied to the hair ?

initially or shortly after the reactions commence, the reaction
time for melanin formation and the contact time on the hair are
essentially the same. The kinetics of melanin formation
contemplated by the present invention are such that the reaction
should take place within the prescribed contact time constraints
previously described. However, failure to remove the hair dyeing
composition within the prescribed contact time is not

consequential, as no appreciable further hair color change will
occur.

Melanin Promoting Agents

The formation of melanin from the melanin precursor may be
promoted by application of a melanin promoting agent or agents, as
described below.

|
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wo 93/087s9he practice of the present invention, the usef/Uusy2RAi7a¥e ded
th two or nore containers of reactant-containing solutions, and with

rinted instructions to mx the solutd%ons in order to formthe hai r dye
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|
guant Fei eSS r?é:e(:(ﬂﬂe%efﬁg ts facilitates their correct use by the

onsumer . _ One or nore additional containers may be provided in the
Pt, as despid Rt Pel@awensbiut 88AT fay GbORIYANRG €8Nehe I NEDE Sfod NE
f predetermined period of time, typically for about 1 to about 10

2

minutes, before or after treatment with the hair dyeing _
composition. As a general rule, application of the metal ion
solution during the contact of the hair with the hair dye
‘ composition is not preferred, as the metal ion causes melanin to
: form outside the hair shaft. However, in some instances such
simultaneous application might be useful, especially with a metal
ion agent such as zinc which more slowly effects melanin promotion.

Excess metal salt is removed from the surface of the hair by
rinsing or shampooing prior to the application of the hair dye
composition. It is suitable to incorporate the metal ions into a
shampoo formulation for pre- or post-treatment, in which event a
water rinse will suffice to remove the excess. The metal ions are
believed to penetrate into the hair shaft and thus be available to
rapidly accelerate the conversion of diffused precursor to melanin

upon subsequent treatment with the hair dye composition described
herein. The metal salt solution typically contains from about 0.01
to about 1% of the metal salt.
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tional constituents may al so be contained within the solutions, barring
gg@'?gg@ggé' Ity. VO 93/ 05759 PCT/US92/07880

23 The  consurer
m xes the conponents of the kit, suitably as the aqueous solutions or as
y powders and water, according to m&'tten I nstructions, to obtain t he
ueous reaction mxture. The adm xtu may be conducted in a separate
bssel supphisal spitiabde &ot BrABRPte onelaniy tformatiap Lakanpiegide palt
Nt afyReh bpiiel kin addapicedot 0a phipdtdifers Wdrokidet pheadtspatwedtor ke ng
1€ r%\é&i&‘@%?aﬁe %r%Qu %dag@ 569 6’:[‘ E@el{'aéc{ll Coﬁ'\hgfuéﬁé %algss&md

bon Xl ng, reactron o pecies w mence € precurs

)rnehew}$¢°%ﬂﬂﬁﬂﬁﬁﬂﬂﬂﬁﬁfcﬁiydFE °|Eh%JWa%¥)4%ﬁ1ﬁ°WBP§hFh°“V|éﬂ%fmyuﬁqﬁn cated
t hgsf arsatutiomf ixomay. b&éhepprbed | ef od et W iing apphfedrtﬂréilanér&l r, the

| f_ihe .ml qni t ith
P! Sh e Jfod1S 18] Sl nRLECHL S LakRCt 0, | PihaaaRlote, DSl v
t o parokide itharrlied ﬁélanPnll§°fEﬁrnRFeﬂﬁﬁﬁhﬂﬂyaalpEPn%ﬁen¥°¥Eﬁ#°ﬂxﬂ or

obt ai ned. After the desired hair shade is reached, nost preferably

thin abou, 30 rsg t&&%etha' gcg% SP”E}PPA“n%REQ% ¥8Sa 8RR igg to the

ir is rempvel era onvent 1 ona ecause
e haffeﬁyéV%xﬁﬁRkﬂq|Qﬁ1q¥§d&ﬁbﬂgeﬁ°%ﬁﬁ%?ﬂa?ﬂmqhq ﬁPﬂFaPFy or shortly after
e I gaﬁtl-ﬂﬂéamﬁmncsuxtﬂameeagiﬂmei-s nerd ore kel aninrieerapepsu bfukd he

nt agl | Lgg. on %&ai SEASELT AVl iR, S o108 KnghlLgs oforEl anin

con 82present T rvention are suc Frhe Feaction
oul got ARE, PPRR Eﬂhﬂﬂ ﬁ e Sfr cAGREPET TOHIBEQ@Nti ne constraints previously
scri bed. However, failure to renove the hair dyeing conposition within

< prescr'?ﬁ@ éé%@ §s&ftgeth§ QﬁéPEQ“éﬁﬁ&%ﬁ“%é”soggilgolﬁpgﬁscééﬁééhé'thher
ir color ange w

vehicle used in the treatment, and may further contaln other

adjuvants, such as thickener, surfactant, and the like, e.g., as

noted below for the hair dye composition.

Accordingly, the kit containing the first and second premixes
may also contain a separately packaged solution of the promoting
agent(s). The use of metal salts to enhance the hair color
obtained with 5,6-dihydroxyindole is described in British Patent
No. 2,132,642, incorporated .herein by reference thére;o. The use
of iodide/peroxide treatment is described in U.S. 4,804,385, and
the use of an oxidizing post-treatment is described in U.S.
3,194,734, both patents being incorporated herein by reference
thereto.

Colors

Thé use of dopa alone as the starting reagent to obtain the
melanin precursor 5,6-dihydroxyindole is suitable to produce a
melanin that dyes hair black or gray, that is, it is unable to
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The formation of melanin fromthe melanin precursor may be pronoted by
applw‘?ggmgaspf a mel anin pronoting agent or agents, as gegeusdrerda8! ow.

WO 93 759 _ PCT. U892/07880

04 Thus, certain transition né®al and zinc ions, for exarrpl e copper,

I h
4 ”éro&ll&é@énro%%%ct c%ﬂflrér Orhrké;}{‘schea%%k%i%ﬁte{iaﬁosﬁ?t Bor nev.ﬂlq x S deene q

pr ecur sor d herein
t 0 eRRIQNRA zithe DadryAYBARI FreFREs At $hEr PrRECRE| bR ed to hair in

COnadwearitayectistly idyesapplircatrangeofoft shadpes deppnding onpcnf #he s i nvention
to Q@iécéfayléf 'emeas@s%eeﬂ ngupgtféa&eﬁoh%ao%aweg 4. agididson et al

salt 10ns col or e to nore ra t'han when they are
ot FHRES BT AIBRE ERCTEOTN THRHLES SIo6KaFAEE TR e%Js ug 0BT SBout 30,

pr edmd egbéyldves:prtdsararabpusSiSlm MdpendiBgcausshehehpiee wd arthe hat is forned
I'S Egﬁ'tm& %ﬁéﬂx@le%hhythéoc‘_‘\@ﬁta{@é e RECEHESRALEORFENE SIS A ©

Ssui t obtainin % I cant col in_a single treat ment, ++ salts

Endon (Bhe: Haider ALEHEn RethEl (ToRa % Bagiia TGRBRCEPGREOVLdS @ daffo et o

sal brswn ute oy ,mewhile aqsplmmdbrwn hashdeenf obtaipeddel et ndoped metthydd of

st YpPi o Ily oMt wieh Oe th,_Q,em nutes, before or after treatnent
e harr elng conposi tion. a general rule, application of the

netal ion solution during the contact of the hair with the hair dye

Conposi t i The iaididtiqpr effepnedor asotdiearstesit iona lchadesdye| eoupldrs foar m.

out gLde dhe glam{]aﬁhaj eriidieNELs id a@qm@taanesscéysn 21l faneous

app | cation oé)Jo} use espec ally w't metal 1 on agent such as zinc

whi BROYbfes & hey éLeF§sr’r§P5n+’h ’iﬁdd’rﬁiﬂgor?hmmatlc CRIPEISEAENE salt s
remekanin oasbtt&nma:hrzfrad:heobrab'emmmf iher ipreisegtoingaatpawi ndiipus,or to the

gglt% £8td %.941341%&4 n19%E EOTROSIdd Phoukt toS p3Uikah Ent Ped NAPIROr at e the

Ions I n
green and yellow tones are possible, depending on the choice of the

starting materials and the contact time of the hair dye composition
on the hair. '

The various dopa species suitable for use herein may be used
-singly or in admixture, alone or in combination with one or more of
the oxidative hair dye components, in order to achieve a desired
color.

Hair Dye Constituents

The present invention incorporates one or more conventional
hair dye primary intermediates and/or hair dye couplers within the
reaction medium, with a view towards modifying the ultimate color
effect produced on the hair. Thus, it is believed that these
conventional hair dye components react with the various species
formed during the reaction, thereby incorporating one or more
additional chromophoric substituent groups within the ultimate
melanin species. The presence of the chromophoric groups provides
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hanpoo forrrul ation for pre- or post-treatnent, in which event a water

rfi NSgu F;flce to remove the excess. The netal ions icgk/PShrAYSEh t O
enetrate |n o the hair shaft and thu? be available to rapidly accelerate
5

tthe conversion of diffused precursor mel ani n upon subsequent treatnent

ith the arr osition_de crlbed erein. The tal. salt tlon
thypi c&PP t‘&%/‘g’stc’f"r %h 53 tg 1P FRH FTRY 8 r-t[ Seis & ;@%Ui
3/05159the user. Because the reaction with the halrFQxalﬂgxyqyyggo

S 1nt£*§é&f%%é§“ﬂﬁhﬁd} &bﬂﬁmbﬁsﬂﬁ%f”bﬂbd!h&”&?b@ﬂzaSLﬁﬂllﬁlﬂﬁﬁ@e&%h& when

pplied in advance of hydr. n r a { | may be
rovi BBERRL G nJOal R pf o%% 8? ?oﬁ %ff)ﬁ]eq%' %1%%%1 od }_rregleu norc}eerlﬁ%(r%% gd
i r ecoeyanin cPreruaAys.dye conposition. Wen used as a solution, it may be

pplied before, during or after treatnent of the hair with the hair dye

onpositio Thereafter g per.oxi de i.s lied as a 0.1 to 6%
referably 9 ?%’%%? sc‘):ll g tle goup)&elrs aé‘deggopwlf‘%% the scope of - this

i [nvenintexned tages i J@fere@biaveah%trrﬁO &g /oli, drpf npreberablon iso the hair as
posgr%éeﬁ«é ”Fﬁ‘tthe Sdctilon ﬂé&ﬂhﬁefﬁonﬁra%ou? g. -01 tﬂté réﬁ&g: rfrm'sylmflat te L%
eri odate nate.a or sa about a o )
r ef e?‘ﬁﬁ?yprieg ag%}pzfc'ﬁ? %g %I Bt{)]% EERR S ES(“ges?”r%siﬂ"[“é‘tt ﬁ% agent s
shoul thése shd ish|dye mmm@eoeBOWM|mte hesed gnezheas reatpmaventafienny

furt h?&:&%ﬁ@ﬁ rbptlhﬁromﬂ ‘rh‘é@ﬂh§nssuoi‘h@:§ 1tsh' Qhenefocéég o€t pragenthe
i ke, %P?las not ed hel ow for osltl

Accor % O [fPIGS™ S ﬁFﬁ@ f‘ﬁ’é 91% r°§"cq ﬁdpg Eb‘h‘a %Ee‘?ﬁ%(es may al so
cont aintervepinatddpa Fpelcdigedreattiompmfduciis pithothegpmigenty(s). The use

I meiate §aé faéé) ﬂﬁmeohaeebaeammﬁs ObirRenedupt &k s Prlapdregyi ndol e
S descrl eg AJL réé;:ilke b4 tg be oxidized by the ferricyanide

oxidant. Because the ferricyanide will compete for reaction with

the primary intermediates, adjustment in ferricyanide concentration

and/or primary intermediate concentration might be required.

-0

A wide variety of primary intermediates can be employed in
this invention including, for example:

paraphenylenediamines, corresponding to the formula:

Nngt
R; ) 2"
NHy

in which R, and R,, which may be identical or different, can
denote hydrogen, a C;-Cg lower alkyl group, a C,-Cg alkyl
radical substituted with one or more hydroxy group(s) or with a
§ methoxy, methylsulphonylamino or aminocarbonyl group, a furfuryl
group, or a phenyl radical optionally substituted with an amino
group; Ry and Rg denote, independently of one another,
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NbL 2,132,642, incorporat ed herein by reference thereto. The use of

I ofi de/werg;,xagjggt reatment is described in U S. 4,804, 385, ad/iBe2/4498800f an
ox] di zing post-treatnment is described iy U S. 3,194,734, both patents being

inforporated herein by reference theret®. Col ors The use of dopa
al pne §§8wseﬁta£t¢elng:sg GRERM alRoRP §Edup hea ri?a!m_,lerr\ BEBRULECH a5 a

5, pb-di roxyi ndol sui tahl e toagﬂg uce a nel anin that es hair black

or gra§=x 1pRipeatonyt 3 Lunitebl 8YED group, or a €;-Cg 18482 SUBSTI TUTE
SHEET alkyl ﬁtb@@/iﬁﬁﬁﬁltuted with one or more hydroxy group(s), and Ry

PC“/USgaéoi§8@enote, independently of one another ZﬁydEBQQHCEaChronat'C
cojors the sulstituted dopa nds_ar ﬁ the hair dyeing
pr ncesgloFGtﬁ%"ﬁe{ﬂFﬁ XY AFEE o 8élv fit %"é%’hsﬁ\j‘ygyé‘P Bir°% Pange of shades
dependhadogeonatim sudhe@s ehlotrinke 3¢ avel hps thetict grdtdsdwpbhspeci es.

Thps, Qﬁb?&ﬁnié‘n&} N8 laicals;t 8, nedaym&wmﬁyqemaa@lsm%ag iﬁdwhf}lﬂle
t ones are hoi ce, 0o

P | |
e SR R S fRsLbteadopeding. o0 bR EEBTRLRR 4 Fh 1 he
halr. Arphainetdwéunrtivealiyesubstitiuted pridih de Ca-Gqr Rllsydwarowb or, whil e
megli umspr guRnGasoheaim O RAd WinkHodgPSuF® BN b§" chandiky 98he N WU Wi th

€p nephrlge substituted with C,-Cg alkyl, C;-Cg hydroxyalkyl or
C;~Cg¢ aminoalkyl; para-aminophenols; ortho-aminophenols;

ortho-phenylenediamines, and heterocyclic oxidation bases.

Among the useful compounds of formula (I), there may be
mentioned p-phenylenediamine, 2-methyl-paraphenylenediamine,
2-methoxy-para-phenylenediamine, 2-chloro-N-methyl-paraphenylene-
diamine, N~-furfuryl-para-phenylenediamine, 3-methoxy-N1—methy1-
paraphenylenediamine, 2-chloro-para-phenylenediamine, '

N-methyl-para-phenylenediamine, 2,3-dimethyl-para-phenylenediamine,
# 5-chloro-N1-methyl-p-phenylenediamine, S-methyl-Nl,Nl-di-

methyl-p-phenylenediamine, §-methy1-N1-ethyl-Nl-(amino-

carbonyl-methyl)-p-phenylenediamine, S-methyl-Nl-ethlel-
ethylsulphonylaminocethyl)-p-phenylenediamine, N-(2-methoxy-
ethyl)-p-phenylenediamine, 2,6-dimethyl-pphenylenediamine,
k N,N-bis(2-hydroxyethyl)-p-phenylenediamine. The

N,Nl—diphenylalkylenediamines include, for example,
N,Nl-bis-(2-hydroxyethyl)-N,Nl-bis(p-aminophenyl)ethylene—
diamine. Their salts with acids such as the monohydrochlorides

dihydrochlorides or sulphates are also suitable.

! Among p-aminophenols which are more especially usable i
according to the invention, there may be mentioned p-aminophenol,
2-methyl-p-aminophencl, 3-methyl-p-aminophenol,
2,3-dimethyl-p-aminophenol, 2,6-dimethyl-p-aminophenocl,
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JHe addition of one or nore conventional hair dye couplers or hair dye

prlna bg&ggg@dlates to the initial reaction mxture pro ﬂﬁbher
roduci ng chromatic col ors,40 the nelanin obtalne I'h

@ractlce of the present invention. Thus, colors ranging fromlight to

di ugg M ){ngpl 95"@“{* o] €Cho éﬂl‘b‘%o-ﬁ@ﬁ@n@&%ﬂﬂ | ow tones are possible,

dgpen the tarting materials and the contact {ine of
tHe hdl1meiY lcBTIBrerBReBAL 13 Hai(methylthio) AR fapheEodepgt sPREFRs
syi t alp-arfimophemncleiei praterimi.used singly or in adm xture, alone or in
cdnbi nation with one or nore of the oxi dative hair dye conponents i n order
achi eve a desired col or. Dye Consti tuent he, present
vention i ASNGoPELES BARSHr 9ﬁﬁq?75§ﬁ@gﬁPFBﬂhj ?mﬁﬁlQ5ﬁ§°§FPﬁﬁF§“°‘
ter rp%(ﬁraile&nandknhohphenﬁmmaMM avket bhosémangrenespesiakllyum wth a
vijew t( ]Qﬁ g mate col or effect produced on the hair.
i ED égg ﬁé?g?ﬁ%%g conventional hair dye conponents react with
t e varlous species formed during the reaction, thereby incorporating one
nor e addmhbagahecbrocy¢&ﬁﬂihasasbsﬁttwsnprgﬁemqhneM aleicorébag uts | tiwd e
| aniy ies. <Ih rgser f e j € S provides WO
03/ Ong;gv%‘?{%‘io%, £dNGsh f,.frlﬁeaxﬁn?t-l& m%?h?ﬁ?%ﬂi&n%’c‘%f: S92/ 07880
t ATAZ DY IFeHYRERYL ) BRIRY T 1R NQPYFdddnerIng Yieidosdtssy sandafthbl e to
t g/uﬁﬁ&re BF@auialuyesreaaiéthdgyﬁiduhe , haj 6-dlimetiioxyasyanbhe+ nedi at es
and/ or, rs e ti.0 pBenok ani n
precurpgg‘- (raslég'é’r% FNEXFR{&%‘?%}%%%Aﬁ% guﬂeFﬂbWﬁ a% E phr'%cgg%ors
pyridine, 2- (N- ydroxyethyl)amino-5-amino pyridine, and

2~ (N,N-bishydroxyethyl)amino-5-aminopyridine.

More especially preferred primary intermediates are

p~phenylenediamine 2-methyl-p-phenylenediamine, ;
N-(2-methoxyethyl)-p~phenylenediamine,
N,N-bis(Z—hydroxyethyl)-p-phenylenediamine and p-aminophenol.

Among couplers or color modifiers there may be mentioned, in

particular, the compounds corresponding to the formula.
R,

R
R¢ 3

R
in which R; denotes hydroxy or.;n amino group which can be
substituted with one or more C,-Cg hydroxyalkyl groups; Ry
and Ry, independently of one another, can denote hydrogen, a
hydroxy group, an amino group optionally substituted with a
C;-Cg lower hydroxyalkyl group or a Cl;cs lower alkyl
group; and Ry, R; and Rg can denote a hydrogen atom or a
C,-C¢ alkoxy group, a hydroxyalkoxy group or a C,-Cg lower
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Th concentration of the couplers and/or primary internediates is |less than

ab and preferably is present in the reaction about i
0. 1 to a ou?yﬁ,ng/n1 nost preferably fromabout 0.05 to gﬁiﬁﬁg%b ;
Th¢ anmount of these ha| r dye corrponent%) shoul d not be SO great as to
prévent the formation ndol That is, the ess of the

Dt G oLV EROTB. Lo CHp Sl POReEPOR BP™ ofa y2uit for (ROTCBEE: RS

i ntler forimng ueply bpeed EaXy erauron products with the primary internediate

ang/ or coupler conpounds. The couplers are preferred as they are |ess

likely to be oxidlzed f& rr|c an| OX|dant Bec use the ferricyanide
wi fl corrpetgm 0 #%%c?&%%ét\tl]mﬁf N1 gﬁere Tt er rredl a Zhonegj ustnent in

fedri @y—arﬁtaexrfoﬁc@mrn%wwhn@/-metﬁpwmﬁy[Nnt%Thﬁe%ma% concentration mght
be |r e@nye§lamine ] phenyl Wi 03 \dilantiny -0, spmﬁaﬁmwﬁﬁm ates can be

empl oyed i hi v inclu . - -

pzTH ap eﬂVltg‘ﬁ%?ﬁl gn#ﬁelggé%)grrnélsno g RQ ngfﬂxy#ﬁm) ™ a[mz.';}o] henz'“"nei'n whi ch
R ¢rr ]L@nelmzpems-mmwmwwa :dénfi r@arminoth { et immthaxybensanee
hycrogers,-dam@meﬁ ﬂﬂﬁisdm-wd&b&yamyp) -mﬁﬁﬂﬂénﬁr@r] al kyl radi cal

su stlt h on 11 dro r..W a _net hoxy,

met hyl s%l gﬁrﬁ‘\ﬁd‘f‘ gﬁ ggngrﬁf)car oe)r%‘%ﬂé; ‘é a?f'_ﬂ? ng}iﬁ“&“&ﬂp or a phenyl
radi c&. %gﬂmeﬁapw-%ub%rf%qumewhamammlmmmnqﬂz{@&epeana Rl err]
denot g inictoRgRFS Nkt y2 Shy @FEx Pty 19 amino ) phd¥d D3/ 05358 s [N- (2-hydroxy-
PC1/US%% ng89no] -4-methoxybenzene, 3-amino-4-methoxyphenol,
3,4-methylenedioxy-l-aminobenzene, 2,6-dimethyl-3-[N=~(2-hydroxy-
ethyl)amino]lphenol, 2,6-dimethyl-3-aminophenol,

——

4-ethoxy-1~amino-3-[N,N-bis(2-hydroxyethyl)aminol}benzene,
(2,4-diaminophenoxy)ethancl, (2-amino-N-methyl-4-aminophenoxy)-
ethanol, l-methoxy-2-[N-{(2-hydroxyethyl)amino]-4-aminobenzene,
3,4-methylenedioxy-6-methoxyphenol, 3-amino-é-methylphenol,
3,4-methylenedioxy-~6-methoxyaminobenzene, 3-aminophenol,
1,3-dihydroxybenzene-4-(hydroxyethoxy)-1,3-phenylenedianine,
4,6-(dihydroxyethoxy)-1,3-phenylenediamine, and
1,3-phenylenediamine.

Other suitable couplers are s-aminobenzcmorpholine,
l-amino-7-naphtheol, 6-hydroxybenzomorpholine, 1-naphthol,

1,3~dihydroxynaphthalene and 1,2-dihydroxy-benzene. Among
heterocyclic couplers there may be mentioned
2,6~dihydroxypyridine, 2,6-diaminopyridine,
2-amino-4-hydroxypyridine, 2-hydroxy-4-amino-pyridine,
2-hydroxy-S5-aminopyridine, 2-amino-6-hydroxypyridine and the
like. Included also are further derivatives of 2,6-diamino alkyl
pyridines where the amino nitrogen of one or both amino groups is N
mono- or distributed with a C; to Cg alkyl group such as the |
methyl, propyl, isopropyl, butyl, iso or sec-butyl, pentyl,

A ptadiny
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28 |Jhydrogen, a CJerr]-Cferr] |lower al koxy group, a halogen atom such as a
chl gri nevVet93M5789Clerr]-Clerr] lower al kyl group, or a (er ACIZUSP2I078%0er
al kyfl group substituted with one or nore3hydroxy group(s), and Rlerr] and
Rl*erjr] denote, independently of one another, hydrogen, a | ower al koxy
group, seC-penkyl] eeppoehbtyikr taitatylgr bepylor 3 amechpyareriydmezuch as

chl gri ne4, n@%n bneg1t Bebhpsal trﬁlémamnbnﬁggaﬁgcof)repgtggznrtgleacr ds;

N, N |- di phen ? Ienedran1cikaér g_ ¥% roups are substituted at
the [par PG AT OHARPE AR CErEaHYTd GRS TR BRT LOHIFT P A HeTE wi th a
d erlr] - Gjcavo-] oxl Rj-CgrEgpalkylafdian oposberbhétfoyen hatems no groups j oi ned by
t he lal kyl ene group to be substituted mnth Cerr]-Cerr] aIkyI Cl-Co6

hydrioxyal kyl err err] a noa k ra-am nophe _

ort hpo- am nophgﬁscé %f“ Ao pheonIS/IrHen i anm ngggr?a’r% he’t'e‘;;oacnf/lc nglagf‘Von
basgs. pyrldlneAmﬁgosnesm@yml%mﬁasséng#brml%p\(m)y hehé‘reé‘lﬁﬁy-lsed
nentfi ongel tir RARBXYeBaEE_tG8ntS -dEidatbopat apgeny | enetli edridiaith specific

N £ oA, B A AR ST A, STAYPRBTDERRY bt by ORS¢l am ne.
par dpherHhydedxypensy12- éhhmmmmheﬁybeﬁequmyl -hydroxybutyl
N- et hyly d%o&%%lt@iedbaﬁy@ﬁ‘oxﬁx&ydl rr@f-hyaraﬂyau@mnyé

1 - DA B A ARV Sy o 8] 22PKOT SXURIT S s am-a

car bonyl - net hyl ) - p- phenylenedranrne 5-nmethyl-Nerr]-ethylNJerr]-
et hyl sul phonylA@%&oekhM&hraxprﬁaa eedivatiives O (BeAB&ROXthere may be

et hyl) - t hyl - pphenyl enedi am ne,
N, N- bi s( I}I%I‘c?}‘o%g‘t’ ?yp) Qgihﬁdgo&b% r%‘m ne. The
N, Ni- di m@wﬂmylhféﬁeéWaﬁrh@SYlmms flor wakahptke alkyl group is a

N, Njer r ]c ki %wlé\éd Raxyet B¥bip NMAY ar,rl,skiksiRyarbRepERIYMd Stdhd &pirdi am ne.
Thei|r saﬂtj§m aci ds such as the nonohydrochlorrdes drhydrochlorrdes or

sul ghat €& al so suitable. Among p- ami nophenol s  which are nore
espgcially usable according to the invention, there may. be nentioned

p- amdnophﬁnfl M%n@hﬁﬁhiﬁbﬂﬂm%wﬁleﬁe% W&hayg ﬁﬁﬁ%@%}%‘f&
2, 3di mef QI-J%ﬁ%%BQ%%n%QOahd 2, 65 Alat ho-4EnathaRy- ?nhydroxybenzene, and

their salts.

' among aminodihydroxybenzenes, there may be mentioned
2-amino-1, 4-dihydroxybenzene, 1,4-dihydroxy-2-diethylaminqbenzene
and 4-aminoresorcinol, and their salts.

Among substituted 1,2-dihydroxybenzenes, 4-methyl-1,2-di-
hydroxybenzene and 3-methoxy-1l,2-dihydroxybenzene are especially
b preferred.

The aminohydroxybenzenes are chosen, in particular, from
2-amino-4-methoxyphenol, 2-aminophenol, 4,é6-dimethoxy-3-
amino~a-hydroxybenzene and
2,6-dimethyl-4~-[N-(p-hydroxyphenyl)amino]-1-hydroxybenzene, and
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3- net hox am nophenol, 2-chl or o-p-am nophenol ,

t hMQ $3/8; gﬂﬁo phenol and 3- (net hyl t hi 0) - p- ani nophenol , BFTAMT9%2{07880

I nophenol is preferred. Anong ortho bases, ortho am nophenol ,
| or 0- or t hoani no- phenol and ortho3phenyl enedi ani ne are chosen nore

espectmeiy seidew.ding to the invention. Among heterocyclic bases, it
i s Joreferable, according to the invention, to use

2, J di am ng-6-neth Lidin n ( r ef.hy am nopyri di ne
and their S @Y § d% %¥1me§%g’é£sje'§% %:Ihlu% 9%}} b mk%%mm%éne

- di petdiamiR-RrneshydyArdNnép- M%W%‘Wﬁéaglaﬁﬂ nbe’Bz%%? RS RS di ne,
-dgapeHo- pyridine, 2-(N-hydroxyethyl)am no-5-am no pyridine, and

2- (N, N- bi shydr oxyet hyl ) ami no- 5- am nopyri di ne. More especially
prgferred primary internedi ates are p-phenyl enedi am ne

2- et hyl - p-Biemdwdtedileniasea SPPRIAEt HONAIRFYY- BeBReny| enedi ani ne,

N, N+ bi s( 2- hydroxyethyl) p- phenyl enedi am ne and p-am nophenol . Anong
coypl ers or_color r r y [ i cular, the
corfpounds cH?¥ e%}}’c;hd ng °t%o§‘t1%ggf go,ﬁ@ op%,{geg,yqugged Prgﬁé}%h R[err]

denot ésteydedigtas Qnﬂaﬂﬂ&ﬂéegﬁoﬁﬁrmh$%FFQx%¥H§e1§UB§FPPHEed with one or nore
rr]-C err] hydroxyal kyl groups; R err]

| Preferred Primary Intermediates and Couplers

Primary p~-phenylenediamine

Intermediates: p~-aminophenol
o-aminophenol
N,N-bis(2-hydroxyethyl)-p-phenylenediamine

2,5~-diaminopyridine
p-toluenediamine
Couplers: - resorcinol
m-aminophenol
-naphthol
S~-amino-o-cresol
2-methylresorcinol
N-acetyl dopa
4,6-di(hydroxyethoxy)-m-phenylenediamine
m-phenylenediamine

Optional Adjuvant Constituents

The variously described embodiments of the present
" invention may also include in the hair dye composition one or more
optional ingredients, which may be provided in one or more
additional containers of the kit for admixture by the user into

SURSTITUTE SHEET

i =




and R err], independently of one another, can denote hydrogen, a hydroxy
groyp, an amno group optionally substituted with a Cerr]-c[err] |ower

hydrjoxyelgsyds7gs oup or a CJerr]-Cerr] |lower alkyl group; gigd/0563/0kssoR err]
and JR[err] can denote a hydrogen atomor a Cl-C6 al koxy group, a

hyd oxyal koxy group or a err]-Cerr33 | oner WD 93/ 05759
PCT/U éﬁghs reactlon mlx re, or, if compatib1al m@lKgk group; it also
035|

oI ST T T B e o

thes;zriibadnpmkmuslly 2- met hoxy 5-[ N- (2- hydroxy- ethyl)am no] phenyl ,
{1di am no- 2, 6- di net hoxybenzene,

2- mpt hoxy- 1- N- t hyl am no) - 2- et hox - am no- benzepe,
3{di ani no- ‘Hba/gﬂf‘o ﬁétléngy é‘ﬁ‘f)%vfovef éys)dﬁaﬁé'?hﬁﬁ‘%%? N}
6 diom!tlhbxye ln&:blcs(lmr(mghy.dmpqgstims -sdm@jshergenéc solvents,
g dicgpLRexXYes; [ Didfrdadiceiyet Qyéaﬁagn ¥ ajdﬁigt'l(?x@eaéﬁﬁﬁs,
i et

RS YOS ARt b TRy Ara PhE I SR BRY R 3oy hes e

hy| ael conpds ibidwms \@fethenénvéntidm®- 4- net hoxyphenol ,

4t met hyl enedi oxy- 1- am nobenzene, 2, 6-di met hyl - 3-[N-( 2- hydr oxy-
h

e

— —-

I ' |, 2,6-dineth henaql., -
1 héi‘;" 1 BPRoSaLT (EE BOBPSRN b APRR R | b Hif FESREEReOF the
4 girezientp hénvend Eirh ol ;ncgﬁdammmwmmﬁowe@m nspheqosq}vemhanol
s A e ol o e
, BRBEP ok BRI SO L iF BE SRR YEIgRILY in an
- dldmmmxybengenabmlﬁ I3P&r opyef enxlyly MIB- qm@m\@nééi’am ng, desirable

- (Gl %YQEBRXQ(Q,aulb %.Ahepyhgoedi ad ) n%oﬁ'q:r%f%rﬁﬂqs}yxkfaﬁd%%ﬁ?e]bl

er SUIt le co ers m nobenzono

S 7 G ROFERBES RS LVEnR RO RERGRora Jt] IR AFn AN AP aREe o
l|hydﬁmxyﬁbengbné ajgahvwd, isopropyl alcohol, propylene glycol,
benzyl alcohol, etc., and glycol ethers, such as 2-butoxyethanol,

ethylene glycol monocethyl ether and diethyleneglycol monoethyl

w b

-bH(DwI—""-hg_OOCD O NN

I\)CDQ_
ﬁ—v—vm

ether.

Surface-active agents employed in the dyeing compositions of
A.hthis invention can be anionic, nonionic, cationic, amphoteric or
zwitterionic. By way of examples of the various types of
surface-active agents, .there can be mentioned: higher alkyl-
benzene sulfonates; alkylnaphthalenesulfonates; sulfonated esters
of alcohols and polybasic acids; taurates; fatty alcohol sulfates;
sulfates of branched;chain or secondary alcohols; alkyldimethyl-
benzylammonium chlorides, salts of fatty acids or fatty acid
mixtures; N-oxyalkylated fatty acid alkanolamides, and the like.
Illustrative ©f specific surfactants there can be mentioned:
sodium lauryl sulfate; polyoxyethylene lauryl ester, myristyl
sulfate; glyceryl monostearate; triethanolamine oleate, sodium salt
of palmitic methyl taurine; cetyl pyridinium chloride; lauryl |
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hé}erocycl i c couplers there may be nentioned 2, 6-di hydroxypyri di ne,

2, 4-di am nopyri di ne, 2-am no-4-hydroxypyridine, 2-hydroxy-4-amn no-pyridine,

2- ydregyeesmspnopyri di ne, 2-am no- 6- hydroxypyri di ne and thq,{Jsg 07880

I ngl uded al so are further derivatives,pf 2,6-diam no al kyl pyridines where

thg ami no nitrogen of one or both anmino groups is mono- or distributed with.

2 fleLhlebRabd 1 grb@é@w s8R SUC M AR LDG TIREINEn aREQEY | g0l RROPY !

butfyl 7 '1'so or
PC'/UEQ ym(ﬁtearate, ethoxylated oleoyl diethano3amides R%lm%ﬁhyﬁééﬁoentyl

t - hut ghychexamhides neft yldrpgehatedr tall Xat N ydqeart b ige thys . bel¥sy1am no gr oups
f h - 4- i cli h

of |el Lﬁlﬁéﬁiﬁ% quc‘fé ﬁ%&ggglfg{,lzgnwgf% éutig‘gﬂgggyfeﬁ&%%n%%m%%g Sve

anmijnosalgrof.- %rﬁ YRERZERE - sﬁif?"%ﬁﬁﬂd’%ﬂ#@ﬂ’l&%?lwﬁ? isAddami t r ogens may

al $0 gulhenats nglipay Wdeodliynbsuliteswed i vk sthlahkmaweﬁiﬂsinidl@ayq of

caf boeahfggéh%ﬂ;;cl atcgroewtw 5?% 1 "‘fgueh% a U

3- hydroxypro X r oxypent rox ex ,
> by dFBAbBRopy e BaRiib R UF 253 % iﬁeﬁ@éa y y

3- hydidxgbut The @&&nﬂﬁtyxmesuyfacevhquwmnﬁ caf- hgmbr cmmelat y:lz.dand
= Wdl‘rg}sgaenéuéh Qeré)tﬂ%m about mngotismvag{dgye%%gﬁ@%% Y% 0!

behzene, -t her e )é be rrentloned 1,2 fri hr{/ benzeng

1,2, 4°tFPh§ar% ‘%ﬁ%%ﬂtbé’ﬁzﬁhﬁsc?ﬂpmw heTé‘Fk?Pl%‘?’tﬁu?qu ngnionic
C[ err puffactintovere anplloygdotippacal ly 238- etmulls;idﬁexgbanz:ama th&nd t heir
salts lﬁltg& h Z | oned

2, 4- dfgﬁlﬁglﬁeno an t%ma ?air%g%géyb@él ox -1%h%érggx enzene gnd their

Sa|tsbenef1 to the halr Care must be exercxsed when anlonlc and

cationic surfactants are both incorporated, in view of possible
incompatibility. '

Chelating and sequestering agents include, for example,

ethylenediaminetetraacetic acid, sodium citrate, etc., and are
present in an amount of under about 1%.

{ A thickening agent may also be incorporated in the dyeing .
composition of this invention, which may be one or several of those i
comménly used in hair dyeing. These are exemplified by such

products as sodium alginate or gum arabic, or cellulose .

derivatives, such as methylcellulose, e.g., Methocel 60HG, or the i
® sodium salt of carboxymethylcellulose, or hydroxyethyl-cellulose, ”
e.g., Cellosize QP-40 or acrylic polymers, such as polyacrylic acid
sodium salt, or inorganic thickeners, such as bentonite. The
quantity of this thickening agent can also vary over a wide range,
even as high as 20%. Ordinarily it will range from about 0.1 to 5%
0 by weight of the composition. The viscosity of the composition may
vary from about 1 cp to about 100,000 cps. For a typical lotion
formulation, composition viscosity is between about 100 cps to
about 10,000 cps, at which viscosity the composition can be applied
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2-
4-
I,

ng am nodi hydr oxybenzenes, there may be nentioned

am Qo- - gl hydr oxybenzene, 1, 4-di hydroxy-2-di ethylam n 8\ 284
am %‘?é’s’/ﬁ)ﬁ%QoI , and their salts. Anong subst it g?‘ggﬁ 0

2- di hydr oxybenzenes, 4-nethyl-1,2-d?3 hydroxybenzene and

t hoxy- 1, 2- di hydr oxybenzene are especially preferred. The
NGOy it Y13 Az WAEROYF T RRRYMH ©F ATFRPENGul ar, from

am no- 4- met hoxyphenol , 2-ami nophenol, 4, 6-di met hoxy- 3-

an nofa'hﬁqﬁﬁ%$QﬂBégﬁﬁiaﬂdof the %resgnt inveﬂtion may also include pH
o e thant bgents L6 SXYPIEMAA ARGk TN QY DROESe P enin VO

t heie padtiously statBg naygef SyplicadilyobbheenepH takiustimanth@Ied%si oned
P~ AN R piRbRelr dnkb s GO OUARM Lagnig] -peTgialy LS sal ts.
130 sultable as a coupler.is Jr\l-a,cetyl g?‘pa. The tq_gle bel ow lists
e RSTHLefor F@H“EFi PSP TR hed &8s 99Ra EBEPtRTs oS in this
Vendud.pH adjustment a@estermay] Fsardey ingprpardted ekt it giidant

i premix or directly into the agueous reaction medium. Typical pH

adjustment agents have been described in the section entitled The

{ Dopa Species Component.

In alkaline solution the dopa salt may be somewhat
susceptible to oxidation, for example, by air. Accordingly, a
small amount of an antioxidant may be included in the alkaline dopa
premix. In suéh instances the amount of oxidant in the oxidant
premix might be increased to neutralize the remaining antioxidant
upon admixture of the dopa and the oxidant premixes.

This list of optional ingredients is not intended as
limitiné. Other suitable adjuvants for inclusion in the hair dye
composition are recited, for example, in 2Zviak, The Science of Hair
| care (1986) and Balsam and Sagarin, Cosmetics: Science and
Technology, Vol. 2 (Second Edition 1972).

The invention is now illustrated by the following examples.
Unless otherwise indicated, concentrations and ratios in the
specification including the examples are on a weight basis by
weight of the total composition.
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Prsi
p- a
N, N
2,5
res
- na
2- 1
4,6
mp
des
dye
one

Vo b

33 1
i nt
el

ry p- phenyl enedi am ne | nt ernedi at es:

I nophenol 0- am nophenol

bi s@?—?ﬁ?ﬁ"éﬁyet hyl ) - p- phenyl enedi ani ne PCT/US92/07880
- di am nopyri di ne p-t ol uenedi am ne Coupl ers:
br ci nol n}a%Qnophenol

bht fwdmples 1-9 5- am no- o-cresol

bt hyl resor ci nol ~ N-acetyl dopa

di (hydroxyet hoxy) - nyl enedi am ne

heny| ened1'5)a/1ﬂ’\&n«55‘)é LOHI}gﬁl X%%]“I’ﬁ/%’hf%&??ﬁi {BnpROUE 1-2) was, PTPRAFS s y
Cr i e dimsrddiimentdopaf inhe. priegurirdahdemicoackdy AL3P iBRSRARS] Washé hair
COFPHS M i1 u@ABN0ELE MPEEaHPL LR NPdr 1t itgiagdiienk $so Wbt IfdhgPe provi ded in

hedeppieos theackidanhrhufifer wpremiXescowppat tokkinedyimea ivassgiothnsd

D tHes Bl helaRRACSPREEES PRANTIBLIFRURRANSt desEiedft4XiH ays! V.
- own conventi on

col

. additli . usual.l l, | [ i ve .hai
or i YT ASHRESSt FSﬁg%éﬁghm%éi‘\é’?Z’asﬁ?%“ J‘cﬁ%\%ﬁ?%?%ﬁ?%%elﬂélr ngfs{?reaflag’g active

agent syapiesdjfushiengeagshon, mediumdermmeasiragr anceatemdin akid Ig agent s
may | beph&1C3 gl nyBroxyindole concentration was measured at 15 minutes

following mixing of the premixes, as set forth in Table I, using
HPLC techniques known in the art.

TABLE T
DHI Conc.
Buffer pH (immediately at £t = 15 Min.
Example  Buffer Conc. ~after mixing) (mo/ml)
1 Potassium 0.36 M 6.7 4.3
phosphate
2 Potassium 0.59 M : 6.8 4.5
phosphate *
3 Sodium .70 M 7.0 4.6
bicarbonate
4 Sodium 0.50 M 7.1 1.6
borate _
5 HEPES 0.33 M ' 7.0 3.2
6 ACES 0.33 M 7.1 3.4
7 TRIZMA ‘ 0.33 M 7.5 4.8
8 TAPS - 0.23 M 7.7 3.4
9 TAPS 0.33 M 7.6 4.1

The data in Table I shows that Examples 1-3 and 5-9 each
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t.-he Jonpositions of the inventions. The hair dye conpositions used
in the process of the present invention can include an organic solvent as a
cosolf vewd 93/B5®5%r gani ¢ sol vent may assist in the dissol uti BRTG¥SI2{@7880
conpgnents of the conmposition, and is present typically in an amount up to
30% preferably up to about 15% A desirable range is from about

0.1 §o about 15% nost preferably fromabout 1 to 10% Suitable solvents
are no- and pol yhydric al cohols, for exanple, ethyl alcohol, isopropyl
al cohol , propyl ene glycol, benzyl alcohol, etc., and glycol ethers, such as

2- buf oxyet hanol , et hyl ene gl ycol nonoethyl ether and diethyl eneglycol
nonoet hyl et her. Surface-active3§gents enpl oyed in the dyeing
conpgpsitions of this invention can be anionic, nonionic, cationic,
anphpteric or zwitterionic. By way of exanples of the various types of
surffce-active agents, there can be nentioned: higher alkyl- bepzene

sul f pnapesquced la/f temht hatienwdss RoRBT eSONSRRFATHEY % °¥f LPEohol s and

pﬁ'YQashﬁnﬁﬁﬁﬂZéeiﬁ“%é“f?ﬁtﬁéﬁﬁﬁ? ?EQQh9|m?ﬁﬁIEﬁQQﬁinﬁd featrea of branched I

chain or_secondary. al cohpl s: a e - i s1%0) salts

of fattPﬁéﬁFﬂgt%*X*%ﬁt?aﬁiiQY%ﬁgé% ggg?l .bxya|E&Fﬁ?ggnpgg?hﬁgéiﬁbggﬁm

al kanol aordes, wasduséd 2$ Kehe |QUEFers aprhrdeved sheki § iM9 /Iy aft’&Lt here can

bel ment ia&'Eléﬁli 1§0ﬁiﬁﬂté§uwltrwld‘.ato_en Bofflexy@ﬂwéml 3z y(lbaﬁsﬁebﬁ *Itlfei styl

sul faate; cer nonpostearate; tr m ne SO S 0

pal miti @’ﬁig\éﬁﬁ zf%’\‘ﬁﬁ‘ﬁe?m ?%ﬁd'pyrE:xg%lE?ggn ghl g'r i é(;e%%l gsurlélﬁﬂ cae %V\lh)t

93/ 05759HI concentration is a function of buffer conggmbpiigomm7gdhe

34  sul fl%%tlﬁ; oBVhi kYL Swbisyed an leavhi 6fdtrébanatampXies wereymell et hyl ene
et ho

St ear at e; xylated ol eoyl diethanol ani.de;.Rpo Ve am des of
hydr ogerfRo¥8 F&FIBﬂff§Feﬁ?§?%ﬁ#ﬁﬁﬁﬁﬂn' Sﬁggﬁ %ﬁn%%f%#%%ﬁﬂ§%%€ﬁ£gy
dodgcy! heinamre sHdionebel Fange ef t& itet RAnol ani ne

Example 10

0.15 g dopa was dissolved in 7.5 ml 0.1 M hydrochl9ric
acid to form the dopa premix. An oxidant premix containing 0.9 g
f potassium ferricyanide) 0.75 g sodium bicarbonate and 7.5 ml
water was prepared and rapidly mixed with the dopa premix to form
the aqueous reaction medium. The pH of the agueous reaction
medium immediately after mixing was 6.9. DHI concentrations were
determined by HPLC analysis on aliquots of the reaction medium
after 5 and 25 minutes. After 5 minutes the DHI concentration as
{ 1.75 mg/ml, and after 25 minutes the DHI concentration was 6.4

! mng/ml.

Example 11

The ability for an agueous composition containing dopa and a
! periodate to form DHI based on the teachings of U.S. Patent
P 4,746,322 to Herlihy was investigated.

A dopa premix comprising 0.15 g dopa, 0.3 g benzyl alcohol and
10 ml water was prepared by admixture of these ingredients in an
open breaker with stirring for about five minutes. 60 mg sodium
p;riodate was then added, with adjustment of the pH to 5.0 with

SURSTITIITF SHFFT



of p-dodecyl benzene sul fonate; nonyl apht hal ene sodi um sul f onat e;
yl sodi um sul fosucci nate; sodi um N-net hyl - N-ol eoyl taurate; oleic acid

estef Qlo99flisyss | sot hi onat e; sodi um dodecyl sul fate; the seghupsssotssef
3-digthyl tridecanol-6-sulfate and the_like. The quantity of surface-active

agen can vary over a w de range such3%s from about 0.05%to 15% and

L Yad i QT6AP8! 00140 ! ok 5 8f tnflggs@@sag iz The ani onic

o O ¢ surfactants are e oye typi cal as emJI Ifl%gedo while the

cat i pré@lwioma ¥eAft §eaP§easémrt% |2r§p§|"td éshﬁilP“E%ﬁd?‘? orft &% it to
BEAL LAY R %dret;@s&smgfw@éf'&% ®HINGQTRAL i Bhkitéhan 0.1 mg/ghel ating

and se uesterl ng agénts include, for exanple, éthylenediamni netetraacetic
aci i'umcitrate, etc., and are present in an anount of under about 1%
At |cken| ng agent may al so be incorporated in the dyeing conposition of.

this i ”Ve"fﬂeo%xp\éﬂhﬁlan@%ager @éa M8 ls 00hgt BEE Cusk OTGDIE we:shel n hair
dyeiing. These are exengI L%f&zf?d cts.as sodlugaabge r gum
ar abi coxifiante| | AL g FF‘Ga?T‘% s,l% ROPYF PR BT hocel
60HG, ¢f DHE asiydiruid,salst avf éérlbtmytma hyl cel I uI ose, or

hydroxyet hyl -cel I ul ose, e.g., Cellosize QP-40 or acrylic polyners, such as
pol yacrylic acid sodi um sal t .or inorganic thickeners, such as bentonite.

The quE#aBRLE d2 t hi's t hi ckeni ng agent can al so vary over a wide range, even
as high as 20% Odinarily it will range fromabout 0.1 to 5% by wei ght of

the Cor’rpos%% é)%xa-mﬁ 1§.‘iﬂ§'ti‘¥t9§ ﬁklﬂ@ SUMRS el AR iFRYnVaEYordaealatdn 1 cp
to about 1 . . For \ég | oti on f.ornmul ati o sition

vi scostR§ E’%"‘Ef‘e?ﬁ/vé’e"n té‘ﬁoé’Fefﬁ cb’év?’bt’ac’dbdis% Goﬁeéﬁgimétm TEh viscosity
t he coopwsainiony qmtassiampplferdicyanide\@93E5pxddant and sodium

PCT/ USPRLLEBBL as the buffer. - 35

A dopa premix was prepared by adding 0.15 g dopa to 7.5 ml
0.1M hydrochloric acid. An oxidant premix comprising 0.9 potassium
ferricyanide, 1.45 g sodium phosphate (1.15 g Na,HPO, and 0.3 g
Na,PO, 12H,0) and 7.5 ml water was prepared, and rapidly
admixed with the dopa premix to provide the agueous reaction
medium, which had an initial pH of 7.2.

A swatch of virgin gray hair was contacted with the agueous
reaction medium for 30 minutes, rinsed with water, shampooed and

dried.

The color profile of the virgin and treated hair was evaluated
using the Hunter Tristimulus methecd, which method is well known in
the art. In the Hunter method, the parameters a and b may be
positive or negative and define the chromatic condition of the
hair. Thus, the more positive the a value, the greater the redness
of the hair, while the more negative the a value, the greater the
greenness of the hair. Similarly, positive b values indicate
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to we hai r wi thout running or dripping. The conposition of the
presgnt invention nay also include pH adjustnent agents to provide an
| ni t f alwoesaees?sn medi um pH within the previously stated rager/uSypioosdd V.

thes¢ pH adj ustnent agents are incorporgted into the dopa speci es prem x,
as pfeviously described, to ensure dissolution of the dopa species.

Howeye eﬁume@h ad jusd rﬁ@tataggnbsvmeél ﬁ&hﬁ%w%%aaea&ed uete the
ox!dan gg1 f qg&%%bééﬁ% t he_agueous reactloR # 1¥ |caI
adj ust ABRPTEABRTY 8‘3 EFi BB i PEITIF S &5 6 °€nf‘f‘ Faa
Spec| enaGoapvakwe of 0 for apgodhkeal bhackatatian fiove abspauseal th’ay be
Somm%tenék'ﬁﬁﬁftlﬁﬂﬁ tHavHgdahl Q.nvafl.Qé @ﬁaem&ﬁa 1By ol nesécggordingly, a
I armun% abrﬁl % ant g |nc utr} t he ah gl | ne opa prem Xx.
In shcAOPREBEREAS13E Y aant & %oxi’dant Ypr ght be
i ncr easbduid hemn%ﬂ#@%éhﬁéirrﬁbm hgvahm cﬁGa:llaBntlsuMﬁ éélnﬁit-‘urbuéf t he
dopa apdthbe 9Xi o RAN X@Foximate to T8i#nd iptoxdmatet kenaboi Agiedi ents is
not inte ded aé limtin ia éai g §$|t bIe adj uxpnts fornlncé25|8nt|n t he
hair dy8 85@8 ?'??JOWa SO &8, T8 VAT A 5T MR IPREIECVERRe of
Hai r Canet( ¢haByesinkn B%ﬂ%d-mvaﬁeleSagéf-‘FﬁeeICder@tlw ogciabaus aRdtFechnol ogy,
Vol . 2abe8€084, EQéi:!- b1 Antensity vaFhés | Sheilf i@antd yn@wehl bHgtr ated by
t he fol Fovm ng alrgp eé UnI S8 o E Wu ﬁ L ndi catsedrecorcl’centratl ? g
ratos SPARE 16193 US o MRl SHEnACEREE cBtHRS TS 858 SelESATe i s by
wei ght tbe regientehens s ivimen. eye is FelejP3EEFeive color changes.
PCT/ US92/ 07880 36

The before and after Hunter values are as follows:

L a b
Before dyeing (Virgin Hair) 38.0 -0.4 7.7
After dyeing _ 30.4 0.3 5.3

It is seen that the virgin gray hair was made several shades
darker when treated in accordance with the process of the present
invention.

|  Example 13

The process of Example 12 was repeated, except that the swatch
of virgin gray hair (L = 38.0, a = -0.4, b = 7.7) was first
pretreated for 5 minutes with an alkaline shampoo containing
conventional anionic surfactants and further containing 0.08 M

‘ copper sulfate, rinsed thoroughly, and contacted for 30 minutes
with the agqueous reaction medium described above. The hair was
dyed black (L = 16.5, a = 0.6, b = 1.3).

Example 14
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Exgnmpl es 1-9 15 mM of a 0.1 Msolution of dopa (pH about 1.9) was

prdpared by di ssolving dopa in-0.1 Mhydrochloric acid. Al so prepared was a
6 WORAMMASTEHh of potassium ferricyanide al so contai ni ngp&'rt')ﬁﬁ P78800 form

thgq aqueous reaction nedium equal voianes of the dopa and the

oxildant - buf fer prem xes were conbined in a vessel that was open to the

at fospherenisTiExabpléecilimstirates dheedyrang oot | ba ithcl I AFEOFS2NESCWEER medi um

s [i ndi&gfkelsd d2btRe | preddiit i Blvedidival UBEnGfa theadtiant @ iwmdi um wer e

nmegsured "as .noted. in Ta l? | .. The .5, 6-di droxyagggﬂéidugyaighratlon was

meds FRFHMITEY BPRATESUT of T FG R A 5F <t A& PieniXes,” as set forth in

Tahl eviganksinageHRECthechuffgrs known in the art.

TABLE | DH Conc.

Bufif er pH (i nmedi, at el at

_ t = M. n anp uff er nc.
after m ¥ AP premlx(%%(”ﬁrmed W a%g&f'gsgrggng A&a Of. bf%l ml_;'l 0 6.7
4. HCl. ThehoxjHant prempx corfgined grP g pobassiyp ferricyanigeg
26 0.87 g s‘bb!&(i%ﬂthS‘i@arboné%te4 arﬁDCSH.lﬁ_ﬂml water,oaxg@ Wds admixed 7.0 .
1: 6 rapidly B‘b‘%g{ gggaggga prﬂEF’ES q‘.q;euTnitiall 3§H I\}PP Q.'.IM thus .f.ogmeé'
3.2 aquépus A@EStion medium YRS - 7.1 3.4
TRI ZNVA 0.33 M 7.5 4.8

Virgin gray hair (as in Example 12) was contacted for 30
minutes, rinsed, shampooed and dried. The Hunter values for the

7

hair dyed in this manner were L = 25.6, a = U.5 and b = 3.7,

Example 15

The process of Example 14 was repeated but with a virgin gray
hair swatch that was first treated for 5 minutes with the
copper-containing. shampoo described in Example 14. The swatch was
dyed black (L = 14.2, a = 0.3 and b = 0.6).

Example 16

The process of Example 13 was repeated, except that the _
aqueous reaction medium was in contact with the swatch for only 10
minutes. The hair was dyed black (L = 15.6, a = 0.6 and b = 1.1).

Example 17

The process of Example 13 was repeated except the oxidant
premix contained 1.4 g sodium phosphate as the buffer, and further
contained 1.79 g sodium citrate to adjust the pH. The initial
reaction medium pH was 9.6 and the contact time of the reaction
medium with hair was 15 minutes. The hair was dyed black
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TAPS 0.23 M 7.7 3.4 9 TAPS
M 7.6 4.1 The data in Table | shows
EXEhPBS75?- 3 and 5-9 each * WD 93/ 05759 PCT/US92/07880

Us92/ 07880 41 37

uced after 15 mnutes a DH concentration well above the m ni num
cOacerkX.dti en=oP-2. Bndpb ¥ ¢juired for a DHI - cont ai ni ng hair dye

osition. Exanple 4, in which sodium borate was used as the buffer,

eved a Jéq nmg/ M DHI | evel after 15 mnutes at the 0.50 M buffer

enkX 3RS 18 5ed on the oxi dant prem x) enpl oyed. Exanples 1, 2, 8
9 indicate that DH concentration is a function of buffer

ent lr?t-r'm-pgﬂ&ess okngﬁfhﬁppé ST EE :@_ﬁéa&}éﬁdgkﬂeﬁadfha_lf e yuroeanpl es
werie we abqve t uffer_concentration_nee to | nt al eacti on
mi xit ur %2 pr 1% 4 1Fég‘§’8r8?‘y‘ée‘%ﬁ .’“‘“"m"'t%éi‘gﬁm Egio“‘{@““ri Tl ) g
dopja waie5 di Sl \nedri wWay. 8yaf Black Hydr déhlCer Ac= 0-3a@ndl ® o= for3h-t he dopa

prem x. An oxidant prem x containing 0.9 g pot assi um ferricyani de,
0. 75 g_sodium l:%i carbonate and 7.5 nl wat er was prepared and rapidly

m xed %%##P%%Ekﬂopa prem x to form

A dopa premix was made by adding 0.15 g dopa to 7.5 ml 0.1 M

HCl. The oxidant premix contained 0.15 g potassium permanganate,
1.1 g sodium phosphate (0.8 g Na,HPO, and 0.3 g

NaH,PO, H,0) and 7.5 ml water. Initial reaction medium pH

was 7.3.

A swatch of virgin gray hair (L = 37.9, a = -0.2 and b = 8.5)
was dyed by contacting the swatch with the agueous reaction medium
_ for 30 minutes. The swatch was several shédes darker in color (L
| =33.8, a=-0.22and b = 6.7).

Example 20
The process of Example 19 was repeated, but with a five-minute
pretreatment  with the copper shampoo. The hair was dark brown

(L = 21.8, a = -0.2 and b = 2.1).

Examples 21-22

Hair was dyed in accordance with the present invention as
described below.

Hair dye compositions were prepared by mixing a first solution

containing 0.15 g dopa, 0.08 g m-aminophenol and 7.5 ml 0.1 M HC1,
and a second solution containing potassium ferricyanide in an
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aqueous reaction nmedium The pH of the aqueous reaction medi um
diately after mxing was 6.9. DH concentrations were det er m ned by

HPLLC an¥PA 5788 al i quots of the reaction medium af t er PET4HB92/47880
mnutes. After 5 minutes the DH concgptration as 1.75 nmg/m, and after
25 mnutes the DH concentration was 6.4 mg/ m . Exampl e 11

The| atAmdunt fagr satt Squthutn ®ARIEs Il o - Sont avater atshphasghate buféerodat e

or fa Bt domgdpag;t@est@aa}?whqhz&) StoPpt&Pide an04, z7546’ 322 toOngl i hy
was| | nvestl gat ed. . Lem.x _conprlsing .0. a, 0.3 ¢
benzyl"’gilstclo olpﬁaﬁ’g the Hﬁlrm@fa%%?lp\%gg@érégpg?eﬁtﬁ/e adm 3??6’?8 g?ft hese

i ngr edt «ehtss asnmgasured opEFLHMEALET Rift §R&t fiFsh@ADrsatordt SPLVELANAut es. 60
g ﬁoctiaam tresReEi REALAg WaintdieTrdddadnlwst apagsidfmant= afs .sheapd $015. 0

Wi t! ) 3 5 ' . -

hCTl U b0 O “g?z- dyed by applying each of the PRI TATER F8nof dilute
hydr octresis Eoxcirq. nipptefiot TG ERESES HEFBnthRR & inafsheghampeped, 25 and
4|5 M RS aARGnveat&ena Drsidpaar Qlaandeiuai.ngThf’LﬁﬂﬁClhﬁxixﬁ:uQﬁvaNQEQ e%/ tm he
al ilquqt,s. contain regi e i.e., less than 0.1 ny

The eg?éer iér)%eﬁflt\fggsggp%g% Zztdépﬁo%!t%& g‘ &Hﬁgggﬁm | odate as the oxidant.

Again, HPLC anal ysis fai |l ed to show registrable | evels of DH after 5, 25

and 45 minutes. . Table II
Initial
No. oOxidant (g) _pH _ Hunter Tristimulus Value (Color
. L a b
21 0.9 7.1 . 30.0 0.5 7.0 Gray yellow
22 0.5 7.5 27.4 0.8 6.7 Ash brown

Examples 23-24

Hair per Examples 21-22 above was similarly dyed, but with the
application of a copper-containing shampoo to the hair as a pre-
: treatment. The shampoo contained 1% copper sulfate. The results are
|  set forth below in Table III.

Table TIT
Initial
No. Oxidant (g) pH Hunter Tristimulus Value Color
. L a b
I 23 0.9 7.1 21.5 1.4 4.6 Dark brown
' 24 0.5 7.5 21.2 1.7 4.9 Dark Brown

Examples 25-27

Gray hair was dyed using a mixture of dopa and an amount of
m-aminophenol (m-AP) identified in Table IV below. The hair dye
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anple 12 This Exanple illustrates the dyeing of hair in accordance

h the pr ss of the present invention using a reactiwﬂg
c@nt aWﬂ?‘raogfﬁassi um ferricyani de as the oxidant and sodiump odgp 7aﬁtsg as
tHe buffer. A dopa prem x was ffepared by adding 0.15 g dopa to 7.5
m§ 0. 1M hydrochloric acid. An oxidant prem x conprising 0.9 .Qot assi um 1
1 icopmeisdsion, gentateer n DIHAFTREE LED. 18T REFEIY - HPECRAE8RT 0.3 ¢ :
[ enverROothekwizkl ené ] Sdmands Arb B¥ampater 2 wek2 pr efies afayaba iraiod by
adm xed i ; ' i de=t Bg @queauiso reagld @) <medisym whi ch
hdd éﬁﬁdﬁ?’%lt}aﬁngﬁgggat}‘%ég Xvahq"e%rAQ)\sfl\/vgtldtchlﬂgf@vrfgi n gray hair was contacted
wiit h t he aqueous reaction mediumfor 30 mnutes, rinsed with water,
sHanpooed and dri ed. The @sabde gWofile of the virgin and treated
hdir was eval uated usi ng the Hunter Tristinmulus nethod, which nethod is
well known in the artipnipidhe Hunter nethod, the paraneters a and b may be
pasi tyye Op-A@gakhve angudef imentdie Tafisamnlos coatlié i orcalfort he hair. Thus,
the more positive the a value, tlhe greater the reldness of the hair, while
the nore negative the a value, the greater the greenness of thlel hai r .
SimlzEly, pdsioive b vaFubs i¥itate ©-5 WO 98/ 0575RY yellow
PCT/ 492/ 078&0 o5 7.1 29.9 0.4 7.039 Ligret |lovavas ye il e
negative b vagl yes indicate, bl ughess. More I mpogtant | vy, ; eRgter is
a measure of aodt)bﬁor intengl‘%y, %%’dés has °é3val ue 6f§0 folrd%rtbfoalsur?? black to
100 for absolute white.

Examples 28-30

Gray hair described in Examples 25-27 was dyed as in Examples
25-27, but with the application of a copper-containing shampoo as a
prétreatment per Examples 23-24. The results were as follows.

Table V
Initial
No. m=AP (g} pH Hunter Tristimulus Value Color
L a b .
28 0.08 7.1 21.5 1.4 4.6 Dark brown 3
29 0.05 7.1 21.9 1.1 5.1 Dark brown '?;é,:
30 0.02 7.1 15.7 0.3 0.9 Black gray |4

Examples 31-35

A hair dye composition was provided by mixing a first solution
containing 0.15 g.dopa, 0.15 g of a hair dye component identified in
Table VI below and 7.5 ml 0.1 M HC1l, and a second solution i
containing 0.9 g potassium ferricyanide, sufficient phosphate buffer f

to provide an initial pH of about 7 and 7.5 ml water. Hair tresses
having a Hunter value of L = 35.0, a = 0.2 and b = 7.3 were dyed by
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Gendyally, hair having an L value of about 15 or less is consi dered

bl ack, %432%@8 L value of about 60 is white. It shoul d be _under st ood
thatf th % scale is not | i near, but rather is si gnﬁ%lqsgﬁoaﬁormte
t'o and proximate to 100 hair color intgasity apparent to the human eye
varifes mnimally with unit changes in the L value. Between L val ues of
about 20 t irstbpretBating rtheoltoessnwéhbi 2 ycopper swifgitie~coanaipingt h unit

charjges i Ngha¥gbdle arldUsheddir tdinta@b1yahyes SbdHtEcTERY tra¥lel V1 téhe
regijon where the

u eye s able t ercei ve cal.or changes. Th
bef dr e andtﬁffﬁrf?ﬂgfgrm%éﬁﬁﬁﬁ§ aF@eagrgﬁffﬁvﬁﬁre neén FIHS4d]" shampooed with

L aa convemptional shanpae @yd Agiedi r gthrengdfter, Hunt@g Oristimglus
7.7 PEL&IngYEhde obtained for each tresd.#k reported belok.3

It ils seen that the virgin gray hair was nmade several shades dar ker when
treated in accordance with the process of the present I nventi on.

Exanpl e 13 The process of ExanBaBleNIas repeated, except that the

swat ch of virgin gray hair (L = 38.0, a =-0.4, b =7.7) was first
pretreat edybor Sceupuées with an al kal i HenséamoisteonilaisnivaQue coggket i ona
ani onic surfactants and further containing 0.08 Ma copper bsul fate, rinsed

t horoughly, and contacted for 30 m nutes with the aqueous reaction nmedi um
descri bed dBove.R¥FREEHIPLwas dyed bl &¢k3(L = 155, a =256, b Brewm)black

Exanpl e 1432 2,6~-Dihydroxypyridine 25.9 1.4 3.6 Gray violet
33 2,6-Diaminopyridine 23.4 0.3 2.5 Dark gray
34 3-Amino-6-(dimethyl- 21.4 0.6 4.2 Brown
amino)-methylphenol
35 1-Naphthol 21.6 -1.1 ¢.9 Greenish gra

Examples 36-38

Gray hair (L = 34.0; a = 0.2; b = 6.9) was dyed with a

composition containing 0.075 g dopa; 0.091 g N-acetyl dopa; 0.9 g
ferricyanide; sufficient phosphate buffer to provide an initial
composition pH of 7.2, and 15 ml water. In Example 36 there was no

f additional treatment of the hair. In Example 37 there was a copper

: pretreatment step as previously described, and in Example 38 the
hair dye composition further contained 0.69% potassium iodide and
treatment with the hair dye composition was followed by a
post-treatment of a 3% H,0, solution, pH adjusted to 9.5 with
sodium carbonate.

Table VII
No. Other Treatment Hunter Tristimulus Value Color
L a L '
36  None 30.2 0.3 5.2 Gray
| 37 Cu Pretreatment 23.6 1.2 2.9 Dark brown
38 KI w/H,0,Post- 32.0 -0.3 8.6 Yellow

treatment
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wo d5jes7é9<anpl e il lustrates the dyeing of hair in acg s oYdgoh t he
cess 0O t%e present invention using a reaction medi um contalning
assium ferricyani de as the oxidant and sodi um bi carbonate as the buffer.
opa prem x was formed by adding 0.15 g dopa to 7.5 mM 0.1 MHO. The
dant prem x contained 0.9 g potassiumferricyanide, 0.87 g sodium
arbonate and 7.5 mM water, and was adm xed rapidly with the dopa prem x.

initial pH of the thus fornmed aqueous reaction nmediumwas 7.1.

gin gray hair (as in Exanple 12) wagscontacted for 30 mnutes, rinsed,
npooed and dried. The Hunter values for the hair dyed in this manner
re L =256, a=0.5and b = 3.7. Exanpl e 15 The process of
anpl e 14 was repeated but with a virgin gray hair swatch that was first

Exanplgx14.lglu5§%gﬁ<:h was dyed black (L = 14.2, a = 0.3 and b = 0.6).
Extanpl process of Exanple 13 was repeated, except that the
adqueous reaction mediumwas in contact with the swatch for only 10 mi nutes.
The hair wasgpkded! gedy Hait #asbayad=wh® ankhdr dyeiby combbaiBiénl?

containing 0.15 g dopa; 0.08 g m-AP; 0.15 g potassium permanganate and

a buffer comprising 0.1 g NaH,PO, and 0.1 g Na,HPO,, in 15 ml
i water, the composition having an initial pH of 6.8.

Table VIIT
No. Other Treatment - Hunter Tristimulus Value Color
' L a L
' 39 w/o Pretreatment 30.4 0.8 7.0 Light brown
i 40 w/Pretreatment 20.6 1.0 4.2 Dark brown
' w/copper shampoo -

Examples 41-43

Hair was dyed in accordance with the present invention as
described below.

! Hair dye compositions were prepared by mixing a first solution
containing an amount of the dopa species identified in Table IX equal
to 0.15 g dopa on an equimolar concentration basis and 7.5 ml 0.1 M
HCl, and a second solution containing 0.9 g potassium ferricyanide, 7.5
ml water and sufficient phosphate buffer to provide an initial .-pH of

‘ the hair dye composition of 7.2, i.e., after mixing of the first and
second solutions. Hair tresses having Hunter Tristimulus Values of L =
38.2, a = 0.2 and b = 7.8 were dyed by applying each of the
compositions to a tress for 30 minutes. The tresses were then rinsed,
shampooed with a conventional shampoo and dried. The final Hunter

k values of the dyed tresses are reported in Table IX.
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The brocess of Exanpl e 13 was repeated except the oxidant prem x contai ned

1.4 p. sofipyy/eagphate as the buffer, and further contained ,ZJSQZ@QE#W
citripte to adjust the pH The initial reaction nediumpH was 9.6 an e

contpct time of the reaction nediumwith hair was 15 m nutes. The hair was
dyed! bl ack WD 93/ 05759 46
PCT/ US92/ 07880 41 (L =13.7, a = 0.4 and

b =p.2). Exanpl e 18 The processt%?-l—%%rpl e 13 was repeated except
that{ the buffer was 0.6 g tris(hydroxymnethyl)am nonet hane. The initial pH

was i7. Jyq, The i@'%r:ggg_agged bl agkir{dle = TE3s@imd1usOvr@d b TAoP) .
Exanlple opa prem x was nmade by adding 0.15 g dopato 7.5 m 0.1
M HGl . The oxidant prem x contain 0. 15 g~pot assi ufn per manganate, 1.1 g

sodi um phosphate (0.8 g Na[err]HPO err] and 0.3 g NaH err] PO err] H20) and

7.5 PL M@t?[.o{g?k%ﬁblraaﬁ%ignInxﬁsﬁngkg$ﬁs 7-3- 4.9 A fWﬁF@& Qayl bgbiin
gray: hair = 37. a =-0.2 an = 8. s dy y con in e
swatich 4 th t FPIRRPEEAES eact | ond%é‘(ﬁ um f r'\égo i ggt‘gs. Theaccﬁﬁé’t gﬁagvgg
sever al4AxhadePager methyd ester ([33€33.8, 0a4= -0.26and b = &sh graykExanpl e
20 ¢

Examples 44-46

Hair per Examples 41-43 above was similarly dyed, but with
the application of a copper-containing shampoo to the hair as a pre-
treatment. The shampoo contained 1% copper sulfate. The results
are set forth below in Table X.

Table X
; No. Dopa Species Hunter Tristimulus Value Color
’ L a b
44 A -Methyl dopa 20.5 1.9° 2.5 Dark brown
45 Epinephrine 22.4 1.8 6 Brown yellow

46 Dopa methyl ester 27.8 2.5 5.5 Medium brown

Examples 47-49

Gray hair was dyed using a mixture of the dopa species
identified in Table XI below, the hair dye composition further
containing 0.075 g dopa. The dopa species was present in an
equimolar amount to dopa. Conditions were otherwise the same as in
Exampleé 41-43. The gray hair to be dyed had initial Hunter values
of L = 34.0, a = 0.2 and b = 6.9.
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Thq process of Exanple 19 was repeated, but wth a five-mnute pretreatnent
wi tth t ReoapeEe Shanmpoo. The hair was dark brown (L = 21. 8,per/asedsa@ssnd b
=3.1). Exanpl es 21-22 Hai r wagy dyed in accordance with the present
inJention as described below. - Hai r dye conpositions were prepared by
m xing a first solution containing 0.1gagidoga, 0.08 g m am nophenol and
7.9 mMm 0.1 MHA, and a second solution containing potassiumferricyanide

i n:an WD 93/ 05759

"~ PCI/ UREL0788Pppa Species Hunter Tristimulus/¥alugunt aS€93QE forth in
Table Il, 7.5 mM water and phosphgte buffef (1.15 & Na[err]HP(err]; 0.3 ¢
Na[err]PJerr] 12Herr]O to provide an initial pH of the hair dye
conposition as stated in Table Il, i.e., as nmeasured after mxing of the
first and seckmikhemiiximieons. Hair2Br2sseshai ng HdnBer Tri st Lhghtsasy|hrewn

of ;L =484.5, -mé?cnlyla fplé 37 Oz@eie dyegl. sy applayiong each efayherown

corposi tions o a tr 0 ut es tres were thepn.rinsed,
shanp06 d wit a<ﬂf |ona sﬂg%p%o andqﬁfied. %T%e final FEAYer val ues
of the dyed tresses are reported in Table I1.

Table 11 Initial No. "Oxidant (g) pH Hunter

Tristi E}Lélagsle\z/gl de_ s Lol or L a b

Gray hair described in Examples 47-49 was dyed with a dopa
species-dopa mixture as in Examples 47-49, but with the Application
of a copper-containing shampoo as a pretreatment per Examples 4-6.
The results were as follows.

: Table XIT

% No. Dopa Species Hunter Tristimulus Value Color

§ L a S -
50 ° Epihephrine 19.8 -0.1 3.2 Dark ash brown
51 « -Methyl dopa 18.2 0.7 1.3 Brown black
52 Dopa methyl ester 19.0 0.5 1.5 Black brown

Examples 53-55

Gray hair swatches described in Examples 47-49 were treated
! with a dopa species-dopa mixture as in Examples 47-49, but with
0.69% potassium iodide present in the hair dyeing composition and
followed by a hydrogen peroxide post-treatment. The post-treatment
solution contained 3% H,0, adjusted with sodium carbonate to pH
9.5.
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0.9 7.1 30.0 0.5 7.0 Gay yellow 22
: WO 93/05359 27-4 0.8 6.7 Ash brown Exa
Haijr per Exanples 21-22 above was simjgrly dyed, but wthg?ﬁgﬁa%%ﬁséhgtlon
of {a copper-containing shanpoo to the hair as a pre- treatnment. The

shampoo ceni.ai-pedy 420 £PPNSFoviddatia. Tablle ket ts are set forth below in

Table 111. Table 111

Inijtial No. Oxidant (Q) pH Hunter Tristinulus Value Col or

L J a b 23 0 9 ..é_b_l:e._xﬁ_l 21 5 1.4 4.6
Daftk brown 24 0.5 21. 2 4.9 Dar k Brown
Exqmpl es 25- evaéay hai rI_lu % dyed g%u re of QO a and an
anpuntiQsf gﬁ'P-ﬁvBFrerTo%- m AP) be Io e hair dye
WOD: 93/ 05759 b PCT/ US92/ 07880

43; conposition contained 0.9 g pot assi um ferr| cyani de. Conditions were

ot herwi se the S@%Fﬁ%i %(PpExarrpl %1 22 g’he gray. g;alr toBl%_%WnggaQ%d

inftia? Hunt = db—
Tableaﬂ&J Epinephrine 17. 1 0 0 Gray black
15 Dopa methyl ester 18.1 Q.5 0.8 Black brown

Examples 56-57

A hair dye composition was provided by mixing a first solution
[ containing an amount of a dopa species identified in Table XIV
below equal to 0.15g dopa on an equimolar concentration basis,
0.25g meta-amenophencl and 7.5 ml 0.1 M HCl, and a second solution
containing 0.9 g potassium ferricyanide, sufficient phosphate
buffer to provide an initial pH of 7.2, and 7.5 ml water. Hair
tresses having a Hunter value of L. = 38.2, a = 0.2 and b =. 7.8 were
dyed by applying a composition to a tress for 30 minutes. The
tresses were then rinsed, shampooed with a conventional shampoo and
dried. Thereafter, Hunter Tristimulus readings were obtained for
each tress as reported below.

{ | able XIV
No. Doné Species Hunter Tristimulus Value Color
L a b
56 0(—Methy1 dopa 33.6 -0.7 6.8 Greenish gray
57 Epinephrine 30.3 1.5 9.0 Light brown yellow

| Examples 58-59

Examples 56-57 above were repeated but with application of a
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Ini §i al No. m AP (g) pH Hunter Tristinmulus Val ue Col or

L W0 93/05759 b 25 0. 08 7.1 30.0 0.5

Gay yell ow 26 0.05 7.1 29.9 0.4 7 8“’”%?725&?8&& own
yel low 27 0. 02 7.1 28.4 49 0.3 5.3 Li ght ash brown
Exar |e<§o;§5%139:ontainin9’ 2iakipbs &l SCIdRd-eakmExRNP! €S 25-27 was dyed as in
Exanpl es 25-27, but wth the application of a copper-containing shanpoo as
a pretreatnent per Exanples 23-24. The results were as foll ows.

Table V' Initial No. IakheXy) pH Hunt er
Tristimulus Val ue Col or : L a b
%81 %92_88 Doga1 -Sé'e%:i es §115 Hunt risti '1@15 Va : ; br Oé/glg_fgz-gl 1g (7)5
0.3 0.9 Bl ack gray Exanpkes 31-3% B hair dye conposition

was provided by mxing a first solution containing 0.15 g dopa, 0.15 g of a

hai r dyg8 corrpgge_gltet%_‘giq_ﬂ}iiﬁ%ged in Jahd e VI Jbel ow ang_g. 5 msu%ﬁlec%\éerﬁitq ’br%@zg\ a

sechdnd Sol ut i contdi, 0.9 g potassiumTferricyani de, [
phosphat® buf FRine@hgi®® de an inftial pH3of about 374and 7. R4 RRE¥EY . Hair
tresses having a Hunter value of L =35.0, a =0.2 and b =7.3 were dyed by

Example 60-63

Same as Examples 56-59, except the hair dyeing composition
contained 0.075 g dopa and an amount of the dopa species of Table
) XVI equal to 0.075 g dopa on an equimolar concentration basis. A
copper pretreatment step was included only in Examples 62 and 63.
The results are set forth in Table XVI.

Table XVI
No. Dopa Species Hunter Tristimulus Value Color
L a b
, 60 « -Methyl dopa 28.1 0.6 6.2 Gray brown
i 61 Epinephrine 28.2 0.6 6.6 Light ash brown
I - 62 -Methyl dopa 20.0 1.8 4.1 Dark red brown
64 Epinephrine 21.4 1.5 4.8 Dark brown

3 Example 64

15 ml of a 0.16 M dopa solution (pH 1.9) was prepared as a premix by
dissolving dopa in 0.16 M hydrochloric acid. A 0.21 M solution of
potassium permanganate was prepared as the oxidant preﬁix, and included
potassium phosphate as the buffering agent. Equal volumes of the dopa
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wOo b3es7sw etreating the tress with a copper sul fat e- pont@ssd/0880
shanpoo, and thereafter applying a conp05|t|on of Table VI to a tress

for 30 mnutes. The tresses were t her®ri nsed, shanpooed with a _
CONVERLH DR nd f&@Qﬁu@&dxtdaeeé cdtuei e tt&{ £opnthe dghebhEtéction GREINGS

wer e obtalne for, tressea epqLt ed he .
Tabl'éh ha&lN%n 1ne%a ﬁ § é qJl.:he aqueﬁu\g rea tJ.O Irm?lum\fa?n%alneeolaor

t & TriS
L 0.428 M concenq;;:atz.onggf sapdshiffeping agent. The DHY goncentxpiion was
2.5 2.1 Rgpun HfenK 5 middtes 2néd- Di $ymy oy pietiedi 16 miRGtEs. 1.4
3.6 Gray violet 33 2, 6-Di am nopyri di ne 23. 4 0.3
2.5 Dar k gray 34 3- Ani no- 6- (di et hyl - 21. 4 0.6 4.2
Br own am no) - met hyl phenol 35 1- Napht hol 21.6
-1.1 0.9 G eeni sh gra Exanpl es 36-38 Gay hair (L

=34.0;, a=0.2; b 6.9) was dyed with a conposition containing 0.075 g
dopa; 0.091 g N-acetyl dopa; 0.9 g ferricyanide; sufficient phosphate
buffer to provide an initial conposition pHof 7.2, and 15 mM water. In
Exanpl e 36 there was no addi tional treatnment of the hair. |In Exanple 37
there was a copper pretreatnment step as previously described, and in
Exanpl e 38 the hai r dye conposition further contained 0.69% potassi um

i odi de and treatment with the hair dye conposition was foll owed by a
post-treatnment of a 3% Herr]derr] solution, pH adjusted to 9.5 with

sodi um car bonat e. Tabl e VI
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O her Treat nent Hunter Tri stinul us Val ue Col or

wWO0e93/05759 L 36 None . 30. PCT/US92007880
G ay 37 Cu Pretreatnent 23.6 1.2 2.9
r own 38 KI wHerr]Jerr]Post - 51 32.0 -0.3
1 Yell o craim: t r eat ment WO 93/ 05759
PCT/ 4s92/ 07880 45 Exanpl es
39- 40 Bl ended gray hai r was dyed with a hair dyeing conposition

buf f gr CO”D“ sing 0.1, 9 Narlr!?ﬂ@d 85151- Q:‘el-mﬁnélﬁ{:ﬁﬁr&fm@rﬂdmr hiithS nehanaher ,

t he conposition haV|nﬁ initial é¥4 of 6. 8.

Table VII1 1T AL CAT R TRt Hunter Tristinmulus Value Col or
L a L 39 w o Pretreatnment 30.4 0.8 7.0
Li ght brown (a) contacting the hair with an agqueous hair dye

composition containing a melanin precursor obtained by
reacting at least one dopa species selected from the
group consisting of dopa, -alkyl dopa having 1 to 4
carbon atoms in the alkyl group, epinephrine and dopa
alkyl esters having 1-6 carbon atoms in the alkyl group,
or an acid or basic salt thereof, with an oxidant
selected from the group consisting of soluble ammonium,
alkali metal or alkaline earth metal ferricyanide or
permanganate salt in an agueous reaction medium

. containing a buffering agent, said buffering agent being
present in the reaction medium in an amount sufficient to
maintain the pH between about 6 to about 10;

(b) allowing the melanin precursor to diffuse into
the hair in an amount sufficient to generate a hair
coloring amount of melanin, and

(c) permanently coloring the hair by allowing the
melanin precursor present in the hair to form melanin.

2. The method of Claim 1 wherein the dopa species is
present in the reaction medium initially at a concentration of
from about 2 to about 15 mg/ml.

3. The method of Claim 2 further comprising the step of
removing excess hair dye composition from the hair within about’
one hour of onset of the dopa-oxidant reaction.
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w Pr et r eat ment 20. 6 1.0 4.2 Dar k br own ‘
pper sha oo Exanpl es 41-43 Hai r was dyed_j ce
WRIHPR invention as described below. - dﬁgf/rl?%?g&gg&

Bosi tions mere prepared by mxing a first solution containing an anount
he dopa species identified in Table I X equal to 0.15 g dopa on an
Jgnol ar concentration basis and 7.5 mM 0.1 M HO, and a second sol ution
con‘alnlng 0.9 g potassiumferricyanide, 7.5 m wat er and sufficient
pho.phate buffer to provide an initial pHof the hair dye conposition of

i.e., after mxing of the first and second solutlons Hair tresses

having Hunter Tristinulus Values of L = 38.2, a = 0.2 and b = 7.8 were |
dyeq by applying each of the conpositions to a tress for 30 m nutes. The i

tresses were then rinsed, shanpooed with a conventional shanmpoo and dri ed. ;
The final Hunter _val ue d.,t r ' le_I X :
SUBST| TUTE SHEeT THE H%%x%% /%ég%g&% 3t URESEPn AL "SPPEL ST hglAR! §s

$CE{US%§h%E%§9 from the group consisting of ammoniuft® sodium and

potassium salts of phosphates, carbonates, bicarbonates and ;

borates, and aminic buffers, and wherein the oxidant is an alkali

metal ferricyanide salt.

5. The method of Claim 4 wherein the buffering agent is
present in an amount of from about 2 to about 20 times that needed
to maintain the pH of the reaction medium between about 6 to about
10, and wherein the dopa species is present in the reaction medium
initially at a concentration of about 5 to about 15 mg/ml.

6. The method of élaim 5 wherein the dopa species to
oxidant stoichiometric equivalent ratio in the initial reaction

medium is equal to or greater than 0.95:1.

7. The method of Claim 6 wherein the dopa species to

oxidant stoichiometric equivalent ratio is from about 1.25:1 to

about 0.95:1. i

8. The method of Claim 1 or 7 wherein the dopa species is

dopa.

9. The method of Claim 1 or 7 wherein the dopa species

is x -methyl dopa . T e e
Th1s Sheet Has Been e e e e e e 1 ‘
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Dopa Speci es Hunter Tristinulus Val ue Col or

a b 41 [err] -Methyl dopa 32.7 4.9
FRYPIAETh 42 Epi nephr i ne 32.8 0.8 "C"’g’ﬁgﬂ‘ms"
el | ow 43 Dopa nethyl ester 33 6 0.4 6.7 Ash

gray; Exanpl es 44- 46 Hai r , per npl es 41-43 above was simJarly
dyed,] but wil% t h&RHRatRed 8 S}a’d“ c’orﬁﬁar” é’(S‘r‘Pcr&llﬁl 5hesHaPD TPTD $heHhai

as a jpre; _treatment. The shanpoo contai ned 1% copper sulfate. The results

are sefPHBFTRH ¥ ow in Table X Tabl e X

No. . Dopa Species Hunter Tristinulus Val ue Col or )
a b 44 [err] -Methyl dopa 20.5 1.9 2.5 ]
Dark brown 4f1. T nerihodnef Claim 1 2% 4 wherelin8the dofalspecies Brsown |
yel | ow 46 Dopa net hyl ester 27.8 2.5 5.5 Medi um br own
Exanpl éspamefthyl estexy gy hair was dyed using a mixture of the dopa

species identified in Table XI below, the hair dye conposition further

cont ai ning 0.075 g dopa. The dopa species was present in an equinol ar

amount to dopa tn\ dRECCcPR DR W SE 4 NG 23mbBiEX Lﬁé s
The gray halr to be dye ad Fnlt%gﬁ Hunt er val ues ome = ﬁgp déz and
b = 6.8¢ applying to the hair an effective amount of an agent to promote

melanin formation.

13. The method of Claim 12 wherein the agent is a 0.001 to
about 1% solution of metal ion selected from the group consisting

of copper, zinc, nickel and iron.
14. The method of Claim 13 wherein the metal ion is cu't2,

1s. The method of Claim 12 wherein the agent is an iodide
salt solution, said solution being applied to the hair in advance

of treatment with a hydrogen peroxide solution.

16. The method of Claim 12 wherein the agent is an
oxidizing solution applied to the hair as a post-treatment.

17. The method of Claim 1, 4 or 6 wherein the agueous hair
dye composition additionally contains at least one hair dyeing
agent selected from the group consisting of primary intermediates
and couplers. '

L umnu//l/mmm:/nm
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Tabl e Xl No. Dopa Speci es

HuntlerwOr934837481 us Val ue Col or PCT/US92/07880 a
b ™7 Epi nephri ne . 28.2 g, -0.1 7.5 Li ght ash
bro 48 [err] -Methyl dopa 28.1 0.5 4.0 G ay
brown 49 Dopa net hyl ester 31. 4 0.4 5.4 G ay
Exarml es 50152 The metHodY ofakliadRSEy i Pikkdih @ﬁ%”ﬁb 8 éﬁeéﬁeswago dlyed \tMth

dopa spec] es- yure as e application
o o BSTBRRE Cont Lo TR ot 50 XELE B Eu e e P LENRRpT RS ST T
resul mediemeisstfon |[ahent 2:1 to about 1:1. Tabl e Xl | No.
Dopa Species Hunter Tristinulus Val ue Col or
L Lnep 3.2
Gark ash brd%n £ methipd pe FlpA T iferein tne gtdaRin prgedrsor %
Brownibl ackigture ofofdd ivehyleastien praduqt of thg gopa speckes Bl ack
br own yna EXREPELSaa: Bhd (ii) dopa, the hair dye component and the

oxidant.

20. The method of Claim 19 wherein the dopa to
ferricyanide stoichiometric equivalent ratio in the initial

reaction medium is from about 1.8:1 to about 1.2:1.

. 21. The method of Claim 18 further comprising the step of
applying to the hair an effective amount of an agent to promote
melanin formation.

22. The method of Claim 21 wherein the agent is a 0.001 to
about 1% solution of metal ion selected from the group consisting
of copper, zinc, nickel and iron.

23. The method of Claim 22 wherein the metal ion is Cu+2

24. The method of Claim 21 wherein the agent is an
oxidizing solution applied to the hair as a post-treatment.

25. The method of Claim 18 whereln the additional hair
dyelng agent is a primary intermediate.

26. The method of Claim 25 wherein the primary intermediate
is selected from p-phenylenediamine, p-aminophenol, o-aminophenol,
N,N-bis(2-hydroxyethyl)-p-phenylenediamine, 2,5-diaminopyridine and

p-toluenediamine.

il ——"
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air swatches described in Exanples 47-49 were treated with a dopa

PS- do . xture as in Exanples 47-49, but with 0.69@6Q§5§ | de
t“ﬂ“ﬂgﬁgkﬁair dyei ng conpositionsand fol | owed by a hydfiogen ﬁz?%glde
jreatment. The post-treatnent solution contained 3% H202 adjusted with
PCT/ '93?620 gte Irgep gh05d of ClaWRl %:y O?x7e§'9ein thasdopa spmc:.erses'ul ts are
pr ovi dsel égtepatfreomxkhe, group consisting of dopa, « -methyhijapay IdePa No.

Dopa Sp@&lﬁs ester,bb’ﬁﬂhéﬁhﬂ'j’.métaw|ntiSctVﬁ|el$ethereo@O| or
L

13 [err] -Methyl dopa 18.7 -0.5 1.5
Br own black 14 Eplneghrlne ) 17.1 0.0 1.4 G ay
black 15  28copaThet ipthedief Claign R7 furtheg comprpspng the sHegciefor own
Exanpl gsp By’ to the Aabfi én YEE SAIPAS iRtV RhONGERE ty phoiot@ a first
solutlo ont ol g anount of a dopa species identified in Table XV
bel ow ® 6 Opa on an equi nobl ar concentration basis, 0.25¢g

net a- anenophenol and 7.5 mM 0.1 MHO, and a second solution containing 0.9

g po]E assi um-jggrrl ¢viaNind€ho8 Ubf | LM mmﬁﬁatm RHES sadimcmaivlm:?n initial
pH o 2,_and 7 Ir tresses having a Hunter value of L =
38. 2, eiqp:?%§§§ 3s—a$@§saer€bdyed by applying a conposition to a tress

for 30 m nutes. The tresses were then rinsed, shanpooed with a conventi onal

shanpoo and giy.i edrhBhaeeabacss tLut®r2sThinriewl daer eaghIgs Versa1ddtpidned
for from the group consisting of resorcincl, m-aminophenocl,
-naphthol, 5-amino-o-crescl, 2-methylresorcinol, N-acetyldopa,

4,6-di (hydroxyethoxy)-m-phenylenediamine and m~phenylenediamine.

31. The method of Claim 30 wherein the dopa species is
selected from the group consisting of dopa,C{ -methyl dopa, dopa
_ methyl ester, epinephrine and mixtures thereof.

32. The method of Claim 30 further comprising the step of
applying to the hair an effective amount of an agent to promote
melanin formation.

33. A haif dyeing kit for permanently dyeing hair with
melanin formed from a melanin intermediate which includes in a
single package a plurality of containers, the kit comprising (a) a
first container containing an aguecus solution of a dopa species
selected from the group consisting of dopa, =~ -alkyl dopa having 1
to 4 carbon atoms in the alkyl group, epinephrine and dopa alkyl
esters having 1 to 6 carbon atoms in the alkyl group, or an acid or
alkaline salt thereof; (b) a second container containing a
water~soluble oxidant selected from the gfoup consisting of
ammonium, alkali metal or alkaline earth metal ferricyanide and
permanganate salts, the stoichiometric equivalent ratio of the dopa

e A
i
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tress as reported bel ow Table XI'V

Dog}a S;oeci es Hunter Tristimulus Val ue Col or

y WORNSISY 56 [err]-Methyl dopa 33.6 PCT{1)Sp2/07880 ¢ g
gni sh gray 57 Epi nephri ne s6 30.3 1.5 9.0 Li ght

bro yell ow Exanpl es 58-59 Exanpl es 56-57 above were repeated but

with apelciesat contained in thaD fU3sE5280tainer to the oxidant contained

PCTﬁU§%2§QZ§8Qontainer being equal to or greater tihh GRRREr 0C OBt ) Nang
et reat nent Tabl e XV

shanpaoo . as . C s

No. T (5B PUpESTART aGent ggiscted frop; Hhf GXUR GenSisting of
L ammopium and plkabp metzlesalts\pfhphogphptes, carbppages, 2 g

3.8 picarbbhgtéauindrvsratds, andEpmiapbr b@ffers, the aikbuht of 3.4 5.4

oo Dyer S HBLEe Sfhinea 15208 22 FHAM SRR AN BroliBe"E!
pH of from about 6 to about 10 when admixed with the contents of

the first and the second containers.

34. The hair dyeing kit of Claim 33 wherein the buffering
agent is present in an amount of from 2 to 20 times that needed to
maintain the pH of the reaction medium between about 6 to about 10.

35. The hair dyeing kit of Claim 33 wherein the dopa
species and oxidant components in the kit are present in a
stoichiometric equivalent ratio of from about 1.25:1 to about
0.95:1, the oxidant being an alkali metal ferricyanide salt.

36. The hair dyeing kit of Claim 33 wherein the kit further
contains an agent to promote melanin formation. '

37. A method of permanently dyeing hair using the kit of
Claim 33 comprising forming with the buffer an admixture of the l
! dopa species and oxidant solutions to obtain a hair dye
composition, applying said composition to hair, and allowing said
composition to color the hair permanently.

38. The method of Claim 37 wherein the hair is rinsed with
water within one hour following application of the composition to
3 the hair.

39. The method of Claim 38 wherein the buffer is present in
the admixture in an amount of at least twice that needed to
maintain the pH between about 6 to about 10.

This Sheet Has Been Replaced \\“\“\c\\\\\\L‘\ \}\\‘\!\\\“
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it ai ned 0.075 g dopa and an anount of the dopa species of Table XVI equal

to]0. %leg on an equi nol ar concentration basis. A copgg;uéyﬁws%gt ment

-step was uded only in Exanples 62 and 63. The results are set forth in

~Tabl e XVI. 57 Tabl e XVI No. Dopa Speci es
Hunter Tristinulus Val ue Col or L a
b 60 [err]-Methyl dopa 28. 1 0.6 6.2 Gray brown
61 Epi nephri ne 28. 2 0.6 6.6 Li ght ash brown 62
- Met hyl dopa 20.0 1.8 4.1 Dark red brown 64

Epi nephri ne 40. The B&tHod of T15im 37 fhirBher compdismikhgbtbersted—o®npl e 64

15 m ai,p@yﬂnglﬁtd\/lnd@paaiglw I2QRal Pk IshutiRs esﬁ@ﬁradxgaanaa@émes by

di ssol vi cnge melamn %g %drochl oric acid. A 0.21 Msolution of potassium
per nané’§wefe was prepar %Y he oxi dant prem x, and included potassium
phosphate as the buffering agent. Equal volunmes of the dopa WO

93/ 05759 41. The hair dyelng kit of Claim 33P&IAIE?cAkBBsing (4)

50 . preqiyx wﬁ th6 RdidaRke ngté'g&éﬁ% (e REH L€ AP OHéné‘Eﬁg‘?ﬂ

medi um had an 1 ni gueous TeacCtlon
cont ai REIPALE IR swe'eﬁaem%z%eeaaess S04 NBiFT BVE PIRIeRE:  The
concentspecies awed Xibamy/ cbmpdrearsSim the dsitabdidg Sorapent ahtzr 15 mi nut es.

stoichiometric equivalent ratic of from about 2:1 toc about 1:1 dopa
species to oxidant.

) 42. ° The hair dyeing kit of Claim 41 wherein the oxidant is
an alkali metal ferricyanide salt.

43. The hair dyeing kit of Claim 53 wherein the kit further
contains an agent to promote melanin formation.

44. A method of permanently dyeing hair using the kit of
Claim 41 comprising forming with the buffer and the at least one
hair dyeing agent an admixture of the dopa species and oxidant
solutions to obtain a hair dye comgosition that contains a mixture
of a dopa species/oxidant reaction product and a dopa species/hair
dye agent/oxidant reaction product, applying said composition to -
"hair, and allowing said composition to color the hair permanently.

45. The method of Claim 44 wherein the dopa species and
oxidant components are present in the kit in a stoichiometric
equivalent ratio of 1.8:1 to 1.2:1 dopa species to oxidant, the
oxidant being an alkali metal ferricyanide salt.

j 48. The method of Claim 45 wherein the hair is rinsed with

water within one hour following application of the composition to
the hair.

47. The method of Claim 46 wherein the buffer is present in

’rhlS Sheet Has Been — e . . P, \
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the admixture in an amount of at least twice that needed to
maintain the pH between about 6 to about 10.

48. A method for permanently dyeing hair with melanin
comprising the steps of:

(a) contacting the hair with a melanin intermediate obtained
by reacting a dopa species selected from the group consisting of
dopa, <«-methyl dopa having 1 to 2 carbon atoms in the alkyl group,
epinephrine, dopa alkyl esters having 1 to 2 carbon atoms in the
alkyl group or an acid or basic salt thereof and a soluble

} ammonium, alkali metal or alkaline earth metal ferricyanide oxidant
in an aqueous reaction medium further containing a buffering agent
pfesent in the aqueous solution in an amount sufficient to maintain
the pH of the reaction medium between about 6 to about 10 during
the reaction, said reaction medium being substantially free of said

i oxidant prior to the substantial formation of said melanin

.precursor;

(b) allowing the melanin intermediate to diffuse into the
hair in an amount sufficient to generate a hair coloring amount of
melanin;

) (c) permanently coloring the hair by allowing the melanin
precursor present within the hair to form melanin, and

(d) removing excess hair dye composition from the hair,
said method being complete within about one hour of onset of the
dopa species-oxidant reaction.

oy

49. The methed of Claim 48 wherein the aqueous reaction
mixture further contains a hair dye agent selected from the group
consisting of hair dye primary intermediates and hair dye couplers.

Sheet Has Been Replaced
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J 51 Substitute sheet - 26 August

- 1996 WE CLAIM 1. A nethod for permanently dyeing hair with nelanin
conprising the steps of: (a) contacting the hair with an aqueous
hair dye conposition containing a nmelanin precursor obtained by reacting at
| east one dopa species selected fromthe group consisting of dopa, [err]
-al kyl dopa having 1 to 4 carbon atons .in the al kyl group, epinephrine and
dopa al kyl esters having 1-6 carbon atonms in the alkyl group, or an acid or
basic salt thereof, with an oxidant selected fromthe group consisting of
sol ubl e ammonium al kali netal or alkaline earth netal ferricyanide gg
permanganate salt in an aqueous reaction nmedium containing a buffering
agent, said buffering agent being present in the reaction nediumin an
anount sufficient to maintain the pH between about 6 to about 10;

(b) allowing the nelanin precursor to diffuse into the hair in an anount
sufficient to generate a hair coloring amount of nelanin, and (c)
permanently coloring the hair by allow ng the nmelanin precursor present in
the hair to form nel anin.

ABSTRACT OF THE INVENTION

A process for dyeing hair by preparing and thereafter
applying to the hair an aqueous reaction medium comprising a dopa
species and an oxidant, said agueous reaction medium further
containing a buffer to maintain the pH in the range from 6 to 10
during the reaction, and removing said aqueous reaction medium from
the hair within about one hour following its preparation.

[CP-1072X)
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2. The nethod of Claim1l wherein the dopa species is present in the
reaction.nediuminitially at a concentration of fromabout 2 to about 15

ng/ m . 3. The nethod of Claim1 or Claim2 further conpgi sing the step

of renoving excess hair dye corrp03|t|orﬁlfrosubgﬁtmalghemt-mmmmm 1996 hour
of .onset of the dopa-oxidant reaction. 4. The met hifd o

C ai s 1WE ¢LAINherein the buffering agent is sel ected 4 ‘ B jdi um

and potassiumsalts of phosphates, carbgnate
52" bi car bonat Agnethad Her apergianeiidy a8xeing I’@G’r"f"@rtQ MR8 T S
is an alkali.metal ferricyanide salt. 5. The net h ji
to 4 whefBin the buffering agent is present in an amjunt—of—f ti2
to about 20 times thhat needed to maintain the pH of tihe reaction nediu
bet ween about 6 to -about 10, and wherein the dopa species 1S presem=it

the react ' on "('?ﬂ' “%ﬂﬂ%\gé @“P(e foidut m&ﬁ@@de%gk PPl é‘%ﬁéoétﬁ& abistiniry

g/ m . any Wnere n the dopa species to
oxi dant Sﬁué’l'a?ﬁ'h waore b’taéﬁle@rﬁy 'i"é&dt%%rhtt headthiohk adopacsddies seidtted i s

equal to or greater e nethod of Claim6 wherein the

dopa spe ofRSar i t
1 951 tgkgﬁgh? G%UIS’%T‘ISﬁtQh@rUf dasar, i € -aBglli dedaendvingtl ¢oids chrimm atomst in

the alkyl group. epmephr‘me and dopa alkyl esters having 1-6 carbon atoms in

the alkyl group, or an acid or basic salt thereof, with an oxidant selected
from the group consisting of soluble ammonium, alkali metal or alkaline earth
metal ferricyanide or permanganate salt in an aqueous reaction medium
containing a buffering agent, said buffering agent being present 1in the
reaction medium in an amount sufficient to maintain the pH between about 6 to
about iO;

(b) allowing the melanin precursor to diffuse into the hair in an

amount sufficient to generate a hair coloring amount of melanin, and

(c) permanently coloring the hair by allowing the melanin precursor

present in the hair to form melanin.

2. The method of Claim 1 wherein the dopa species is present in the reaction

medium initially at a concentration of from about 2 to about 15 mg/ml.

3. The method of Claim 1 or Claim 2 further comprising the step of removing
excess hair dye composition from the hair within about one hour of onset of the

dopa-oxidant reaction.

_4. The method of any one of Claims 1 to 3 wherein the buffering agent is

selected from ammonium, sodium and potassium salts of phosphates. carbonates.
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8.
from dopa, & -nethyl dopa, epinephrine, dopa nethylx3 Bel:
t her eof . 9. The net hod of any precedi ng cIa|n1f$ e
step of applying to the hair an effectid% agupatiteh! el
met ani n fornatlon The met hod of O aim9 whet
sel ect eddiGashpnates anct &P"‘a’f@SO ol amdnighbutrerss sﬁ)’lduwh g
consi sting of c@-per

selected g

i ron; ka?B)meq:g;l' f%‘(ﬁ‘qﬂearggﬁts"’é@} ution, said sol ut ikpobei-ng—appliate

hai r I n advance of treatnment with a hydrogen perOX|de solutlon
and (c) an oxidizing solution applied to the hair as a

g‘j[St t]r et MeMpe methbd of By TFIAAMNOL  ARerd bR Slé@‘eﬂﬁg Hﬁé{i{ Fr'::é?pﬁgﬁes

~any pre%%”&noﬁt%ﬁ“f%ﬁraﬁblﬁt bhg, aﬁ%?ﬂ'%ﬂ@é rth9¥er}ee c{l“%BsrhaI&n??Bnmthe}Pé-l

additionally contains at |east one dyel ng agen cte

group copfitHel meaetionr mediin betwiefeah@ite® 28dasRiPNE! Sand wherein! tfe "B ne[%i
of Claim 12 wherein additional hair dyeing agent is a prinmary inter | ate

and i s sspesiesdsfpresept pheuhg! resaeth conmetd um Pnati 1A eN® lconent rafionoPh 8pAlL
NN- bi s( 2- hydroxyethyl)-$-phenylenedlan1ne 2. 5-di am nopyri di ne
5 to about 15 mg/m

6. the method of any Claims 1 to 5 wherein the dopa species to oxidant
stoichiometric equivalent ratio in the initial reaction medium is equal to or

greater than 0.95:1.

7. The method of Claim 6 wherein the dopa species to oxidant stoichiometric

equivalent ratio is from about 1.25:1 to about 0.95:1.

8. The method of any preceding claim wherein the dopa species is selected

from dopa, & -methyl dopa, epinephrine, dopa methyl ester and mixtures thereof.

9. The method of any preceding claim further comprising the step of applying

to the hair an effective amount of an agent to promote melanin formation.

10.  The method of Claim 9 wherein the agent is selected from
(a) a 0.001 to about 1% solution of metal ion selected from the group
consisting of copper, zinc, nickel and iron:
(b) an iodide salt solution, said solution being applied to the hair
in advance of treatment with a hydrogen peroxide solution: and

(c) an oxidizing solution applied to the hair as a post-treatment.

11. The method of Claim 10 wherein the metal ion is Cu*z.
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and p-tol uenedi am ne. 14. The nethod of C aim 12 wh
hair dyeing-agent is a coupler and is selected from regoferror
m am nophenol , -naphthol, 5-am no-o- cresol, 2-net;yEr- o,)_
N-acet yl dopa, 4, 6-di (hydroxyet hoxy) 68n gyt sHéad| Dg=A,

m- phenyl enedi ani ne. 15. The nethod of_ any one of O aijis_12
t he dopa2spedhes meti’lQ@uQi%nﬁmStDWQQ&HMﬁatﬂadmequV%ﬂ@n’@h abqusolis

o 14 whirfei n
) REr | AVe i lal
reaction mediumis from about 2:1 to about 1: aim

15 wher 6PRPASETor pAGT L Opd LA ins ab 1eaxt GF‘% f@ﬁ r (Cb’j31 ng ﬁ%er}teﬁ%ichﬁd ﬁr @ﬁuct
f th dt dant d h d t
o e BB 0 SRS SRRl 7 comPoren

ferricyanide and the dopa to ferricyani de stoichionetric equivalent ratio
inthe initial reaction nediumis fromabout 1.8:1 to about 1.2:1. 18. A

hair dyghng kb dﬂe‘i[xo@%rf"@l%‘?ﬁtllzyw%\#@\ﬁ%d&?ﬂion %Q1%&§5Hed1g5é§ftura| Ié Ofﬁl

mel ani n"1'nter e which 1ncludes 1n a single pac
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solution of a dopa species selected fromthe group consisting of dopa, a

-al kyl aminophenol, N.N-bis(2-hydroxyethyl)-p-phenylenediafihe, 2.5-diaminopyridine

and p-toluenediamine.

14. The method of Claim 12 wherein the additional hair dyeing agent is a
coupler and is selected from resorcinol, m-aminophenol, -naphthol, 5-amino-o-
cresol, 2-methylresorcinol, N-acetyldopa, 4,6-di (hydroxyethoxy)-m-

phenylenediamine and m-phenylenediamine.

15.  The method of any one of Claims 12 to 14 wherein the dopa species to
oxidant stoichiometric equivalent ratio in the initial reaction medium is from

about 2:1 to about 1:1.

16.  The method of claim 15 wherein the melanin precursor is a mixture of (i)
the reaction product of the dopa species and the oxidant and (ii) dopa, the

hair dye component and the oxidant.

17.  The method of Claim 16 wherein the oxidant is ferricyanide and the dopa
to ferricyanide stoichiometric equivalent ratio in the initial reaction medium

is from about 1.8:1 to about 1.2:1.

18. A hair dyeing kit for permanently dyeing héir with melanin formed from
a melanin intermediate which includes in a single package a plurality of
containers, the kit comprising (a) a first container containing an aqueous

solution of a dopa species selected from the group consisting of dopa, & -alkyl

(o



dopéihaving 1 to 4 carbon atons in the al kyl group, eggbﬁohrlne and dopa
al kyl esters having 1 to 6 carbon atons in the al kyl p/iv.or an aci d or
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20. The hair dyerng kit of Caim118 or (aim19 wherein the dopa species
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and the second containers.

19. The hair dyeing kit of Claim 18 wherein the buffering agent is present
in an amount of from 2 to 20 times that needed to maintain the pH of the

reaction medium between about 6 to about 10.

20.  The hair dyeing kit of Claim 18 or Claim 19 wherein the dopa species and
oxidant components in the kit are present in a stoichiometric equivalent ratio
of from about 1.25:1 to about 0.95:1, the oxidant being an alkali metal

ferricyanide salt.

21. The hair dyeing kit of Claim 18, Claim 19 or Claim 20 wherein the kit

further contains an agent to promote melanin formation.

22. The hair dyeing kit of any one of Claims 18 to 21 further comprising (d)
at Teast one hair dyeing agent selected from hair dye primary intermediates and
hair dye couplers, the dopa species and oxidant components in the kit being

present in a stoichiometric equivalent ratio of from about 2:1 to about 1:1

* c L M S *

dopa species to oxidant.



55 23. The hair dyeing kit of Claim22 wherein the
netal ferricyanide salt. 24. A nethod of permanepy
the kit of any of Claim18 to 21 conprising form ng
admi xture of the dopa species and oxi dafft s@ubstitute shiEe
composi tion, applying said conposition to hair, -and fall ow n
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wherein the buffer i% present in the adm xture in arkaae
twi ce t hB@rig¥ddet s tai ntai n the pH between about -6 to about 10. 26.
The method of Caim24 or Claim25 further conprising the step of applying
to the hair an al kaline solution containing an agent to pronote nel anin
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25. The method of Claim 24 wherein the buffer is present in the admixture in
an amount of at least twice that needed to maintain the pH between about 6 to
about 10.

26. The method of Claim 24 or Claim 25 further comprising the step of
applying to the hair an alkaline solution containing an agent to promote

melanin formation.

27. A method of permanently dyeing hair using the kit of Claim 22 or Claim
23 comprising forming with the buffer and the at least one hair dyeing agent
an admixture of the dopa species and oxidant solutions to obtain a hair dye
composition that contains a mixture of a dopa species/oxidant reaction.product
and a dopa species/hair dye agent/oxidant reaction product, applying said
composition to hair, and allowing said composition to color the hair

permanently.

28. The method of Claim 27 wherein the dopa species and oxidant components
are présent in the kit in a stoichiometric equivalent ratio of 1.8:1 to 1.2:1

dopa species to oxidant, the oxidant being an alkali metal ferricyanide salt.

29. The method of any one of Claims 24 to 28 wherein the hair is rinsed with

water within one hour following application of the composition to the hair.
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28.: The nethod of O aim 27 wherein the dopa species and oxi dant conponents
are present in the kit in a stoichionetric equivalent ratio of 1.8:1 to
1.2:1 dopa species to oxidant, the oxidant being an al kali netal
ferricyanide salt. 29. The nethod of any one of C ains 2§ E é

the hair is rinsed with water within one hour follow ng t he
conposition to the hair. Z%HBeé&% 6”996

ABSTRACT OF THE DISCLOSURE

TITLE OF INVENTION: PROCESS AND KIT FOR DYEING HAIR

A process for dyeing hair by preparing and thereafter
applying to the hair an aqueous reaction medium comprising a dopa
species and an oxidant, said agqueous reaction medium further
containing a buffer to maintain the pH in the range from 6§ to 10
during the reaction, and removing said aqueous reaction medium from
the hair within about one hour following its preparation.



