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This invention relates to the cold pennanent waving of
hair and pertains more specifically to a stable, dry, solid
composition which, while itself inactive toward hair, is
capable of reacting, upon dissolution in an aqueous solu-
tion of a nitrogen base, to produce a novel hair waving
agent capable of reducing the disulfide bonds m halr
keratin. ' |
- Ammonium thioglycolate has been. convenuonally em-
ployed on a wide scale with satisfactory resultfs as an agent
for the cold permanent waving of hair, by which is meant
waving of hair without the external application of heat
so that the maximum temperature to which the hair is
subjected during the waving process is about 35° C.
However, it has been necessary to supply this material
in the form of a lotion or aqueous solution because 1t 1s
not stable in dry solid form. Supplying the material in
lotion form results in increased expense of shipping and
packaging, and it is therefore desirable to provide a wav-
ing agent which is stable over reasonably long periods
of time in storage in dry solid form.

It has now been discovered that thioparaconic acid
and certain salts thereof, while not themselves capable of
reducing the disulfide bonds in hair keratin even when
dissolved in water, are readily converted into the salis

of half-amides of thioitamalic acid when dissolved in

an aqueous solution of a nitrogen base and that the re-
sulting agueous solution of the half-amide is an effective
reducing agent for hair keratin.

Among the salts of thioparaconic acid which may be
employed in the present invention are those of the alkali
metals such as sodium, potassium or Iithium, of alkaline
carth metals such as calcium or magnesium, and of
amines such as those having the structure .

R

“NE
/
| R’
in which R and R’ may be hydrogen, lower alkyl groups,
or hydroxy-substituted lower alkyl groups. By “lower
alkyl group” is meant one containing 1 to 4 carbon atoms.
Among the amine salts which may be employed are those
of methylamine, dimethylamine, ethylamine, n-propyl-
amine, di-n-propylamine, t-butylamine, mono- or di-eth-
anolamine, mono- or di-isopropanolamine, 2-amino-2-
methylpropanediol-1,3, etc.
The aforementioned salts of thioparaconic acid are all
readily soluble in water, while thioparaconic acid itself
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is soluble in aqueous alkaline media; when sufficient

“alkaline material is present, as pointed out hereinafter,
dissolution is accompanied by hydrolysis and ring cleav-
age to form a salt of thioitamalic acid. 'The latter salts
are found to be relatively ineffective hair waving agents.
Surprisingly enough, however, when certain nitrogen

bases are mixed with such a salt of thioitamalic acid in-

an aqueous medium, there is formed a half-amide of the
salt which is found to be an effective hair waving agent.
Among the nitrogen bases which may be employed for
this purpose are those having the structure .
LT 'R\.'_ . )
NH
g’
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in which R and R’ are hydrogen, lower alkyl groups, or
hydroxy-substituted lower alkyl groups, or combinations

thereof, including ammonia as well as the amines de- = .
scribed above. The half-amides so produced have the

\NOOOHn

R’ ,
HSCH;CHCOOM _ _
in which R and R’ represent hydrogen, lower alkyl

groups, or hydroxy-substituted lower alkyl groups and M
represents an alkali metal, an alkaline earth metal, or a

radical having the structure .

R

SNH-
/
Rf

in which R and R’ are defined as above. The aqueous
solutions of half-amides of salts of thioitamalic acid are
stable lotions at room temperature which may be used

in the same manner as conventional ammonium thio-.

elycolate lotions for the cold permanent waving of hair.
When thioparaconic acid itself is employed as the
precursor of the active waving agent, the thioparaconic

acid may be mixed into water simultancously with an

alkaline material having a cation defined as M above or
either ingredient may be added first, if desired. The
nitrogen base employed to form the half—-amlde is added
subsequently. At least one mole of amine having the

structure

R\
NH
/

RI
(Where R and R’ are defined as abOve). 18 réquired for

each mele of acid in order to form the half-amide.
same nitrogen base may be used for formmg the salt as

for forming the half-amide, if desired, in which case it o
may all be added simultaneously, or a different alkaline -~ .
-Mixtures of =

material may be used for salt formation.
two or more different alkaline materials and two or more -

different amines may also be employed. Dry solid mix-
tures. of thmparacomc acid and non-volatile alkaline -

materials and amines in the desired proportions selected
from the classes above may be supplied to the user who

methylpropanediol-1,3 is preferred for this purpose. .
When a salt of thioparaconic acid is employed as the

dry solid precursor of the waving agent, the alkaline ~
material with which it is reacted in an aqueous medium =~
to form the desired half-amide of thioitamalic acid isa -
nitrogen base such as an amine having the structure. =~ -

- -.:H"“

in which R and R’ are. defined as above, iﬁclu&iiljg am- '

monia as well as the other amines. In this case, also,

position may be supplied to the consumer in'the -
form of a dry solid mixture of the thmparaconatc salt. .
with a non-volatile solid amine such as 2-amino-2-meth- -
ylpropanediol-1,3, or the separate mgredlents may be T

the co

added to water in any desired -order. .

The concentration of the salts of the half-anudes of
- thioitamalic acld ‘as produced in the aqueous medmm__-

su:nply dissolves the mixture in water to prowde a hair. |
~ waving lotion. The non-volatile solid amine 2-amino-2- e
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may vary widely. However, for the purposes of use as
a hair waving lotion, it is found that best results are
obtained with solutions containing from 0.4 to 1.0 mole
of the product per liter of solution. . |
The rclative proportions of thioparaconic acid and of
alkaline material may vary over a considerable range,
preferably with the alkaline material being present in
excess, over the quantity theoretically required. It will
be appreciated that two equivalent proportions of alkaline
material arc theoretically required for the reaction with
one equivalent proportion of thioparaconic acid. One
equivalent of the alkaline material reacts to form the salt
portion of the product, while the second equivalent pro-
duces the amide portion of the molecule. Accordingly,
at least one equivalent of a niirogen base such as an

amine having the structure

NH
e
in which R and R’ are defined as above is required to
react with each equivalent proportion of thioparaconic
acid, the remaining equivalent of alkaline material being
either such an amine or an inorganic alkaline material
such as an alkali or alkaline earth metal hydroxide, car-
bonate, bicarbonate, etc.

When a salt of thioparaconic acid is employed as the
precursor of the active waving agent, at least one equiva-
lent of a nitrogen base as described above is required to
form the desired half-amide of thicitamalic acid; an excess
of alkaline material over the amount theoretically required
1s preferred, and this excess may be either a nitrogen base
such as an amine or an inorganic alkaline material, just
as 1n the case when thioparaconic acid is used as the pre-
CUursor.

In both cases, i.e., when either thioparaconic acid or
a salt thereof is used as the precursor, the amount of ex-
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cess or free alkaline material over and above that required

to react with the acid or slat may be as much as 0.8 equi-
valent proportion. One equivalent proportion of such an
alkaline material is the weight of the material (measured
in the same units as those used for measuring the mole-
cular proportions of thioparaconic acid or salt in the
composition) required to neutralize one molecular propor-
tion (in the same units) of a strong monovalent acid such
as hydrochloric acid.

The aqueous solutions of the salts of the half-amides
of thioitamalic acid prepared in accordance with the pres-
ent invention may be employed in any of the conventional
processes for permanent waving of hair. For example,
the solution may be employed to saturate a tress of hair
which thereupon is wound upon a conventional curling
rod, resaturated with the solution if desired, then per-
mitted to stand for a period of time from ten minutes to
an hour or more, at the end of which time the hair tress is
rinsed and then either permitted to become oxidized by
aerial oxidation, which involves exposure to the atmos-
phere for two to six hours or more, or neutralized by
pouring through the tress an aqueous solution of a con-
ventional neutralizer such as socdium bromate, sodium
~perborate, or the like. After neutralization, the hair is
removed from the curling rod and is found to have ac-
quired a permanent wave.

The following specific examples are intended to illus-
trate more clearly the nature of the invention without be-
ing a limitation on the scope thereof.

- Example 1

Thioparaconic acid (M.P. 108°-109° C.) in the form
of a white, amorphous solid material was found to be a
stable material, giving no evidence of decomposition even
after storage over a period of several months. The so-
dium salt of thioparaconic acid was prepared by suspend-
ing 73 parts by weight (0.5 mole) of the Jatter in 200
parts by weight of water. A 20% aqueous solution of so-

40

.
i {

60

70

70

2,078,216

4

dium hydroxide was then added slowly to the suspension
with stirring and cooling until the mixture had been neu-
tralized to a pH of 7. The water was thereupon re-
moved by evaporation at reduced pressure, leaving the
white, solid, amorphous sodium thioparaconate which was
also stable, | |

Other salts of thioparaconic acid including other alkali
metal salts, alkaline earth metal salis such as calcium and
magnesium salts, as well as salts of amines such as 2-
amino-2-methylpropanediol-1,3, were prepared by the
same procedure and were likewise found to be stable
in their dry solid form. The ammonium salt of thio-
paraconic acid was prepared by passing ammonia gas in
excess into a suspension of thioparaconic acid in alcohol.

. Example 2

There was dissolved in the minimum quantity of water
required for solution 16.8 parts by weight (0.1 mole) of
ammonium thioparaconate. To this solution there was
added slowly and with stirring 15 parts by weight (0.21
mole)} of aqua ammonia. The reaction mixture became
warm, indicating the formation of the half-amide of the
ammonium salt of thicitamalic acid.

The resultant solution was diluted to a concentration of
0.6 mole of the half-amide per liter and was found to re-
main stable at room temperature over an extended pe-
riod of time.

1he foregoing dilute solution of the half-amide was em-
pleyed as a waving agent by applying the solution to a
hair tress in the usual manner, winding the saturated tress-
upon a curler, then resaturating the wound tress and per-
mitting it to stand at room temperature for sixty minutes.
The hair tress was then thoroughly rinsed with water and
allowed to dry for a period of six houss at room tempera-
ture while still in wound form, during which period aerial
oxidation of the reduced hair occurred and the hair be-
came hardened or set in its new curled configuration.
Ppon removal from the hair curler, the hair was found
to have a highly satisfactory permanent wave.

Example 3

There was suspended in 60 parts by weight of water
7.3 parts by weight (0.015 mole) of thioparaconic acid.
There was then added slowly and with stirring sufficient
aqua amimonia to neutralize the aqueous medium, leading
to complete dissolution of the suspended acid. An excess
of aqua ammonia was then added to provide an alkaline
solution (pH 9.2) of the ammonium salt of the half-amide
of thioitamalic acid. This solution was found to be stable
upon storage at room temperature over extended periods

of time.

When diluted with water to provide a solution contain-
ing 0.6 mole per liter of the half-amide, the solution was
emploved for the permanent waving of hair as described
in the preceding example with substantially equivalent re-
sults. Satisfactory results were also obtained when a solu-
tion of a conventional neutralizer, sodium perborate, was
poured through the tress to neutralize it instead of permit-
ting the tress to be neutralized by aerial oxidation.

Example 4

There was suspended in 50 parts by weight of water
7.3 parts by weight (0.015 mole) of thioparaconic acid.
To this suspension was added sufficient 2-amino-2-methvl-
propanediol-1,3 to produce a neutral solution (pH7). To
this solution of the amine salt of thioparaconic acid con-
centrated aqua ammonia was added until the pH of the
resultant solution remained constant at 9.2 to 9.3, This
solution of the amine salt of the half-amide of thioitamalic
acid was found to be quite stable, both at room tempera-
ture and at moderately elevated temperatures and, when
diluted to a concentration of 0.6 mole of the half-amide
per liter, was found to be an effective hair waving lotion
when employed as described in Example 3 above.

Similar results were obtained when an excess of 2-
amino-2-methylpropanediol-1,3 was employed in place
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of aqua ammonia. In this case the resultant amide has

the structure
HO CH:\
CH;—O—NH——-GOGH: |
CH;0H
HOCH,3 /
HSCH; HGOOH;N—~0<0H_3 |
| - CH3OH

Example 5

There was prepared a dry, solid, parhculate mixture
containing 7.3 parts by weight (0.1 mole) of thioparaconic
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acid and 26.8 parts (0.26 mole) of 2-amino-2-methyl-

propanediol-1,3.
upon storage at room te
of time. When dissolved in 166 parts by weight of water,
a waving lotion was obtained which could be employed as
described in Example 2 ebeve to produce satisfactory

permanent waves.

This application is a centmuatxen—mp art of my co- .
pvending application Serial No. 641,019 ﬁled February

19, 1957, and now abandoned.
Although specific embodiments of the invention have

been described herein, it is not intended to limit the
invention solely thereto, but to include all of the obvious

variations and modifications within the spirit and scope

of the appended claims.
What is claimed is: |
1. A dry solid compesmen ‘'soluble in an aqueous

‘medium to form a hair waving lotion comprising (1) one

The mixture was found to be stable
\perature over extended periods
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paraconic acid, di-(lower alkyl)-amine salts of thio-
paraconic acid, mono-(hydroxy-substituted lower alkyl)-

- amine salts of thioparaeonie acid, and di-(hydroxy-sub-
- stituted lower alkyl)-amine salts of thmparaeomc acid,
with (2) a member of the class consisting of amines ha.v- o

mg the structure

>NH |
in which R and R’ are members of the class consisting
of hydrogen, lower alkyl groups, and hydroxy-substituted

lower alkyl groups, the last said member being present
in excess of the amount required to react with the first =~

said member to form an amide salt, the amount of said =
excess being up to 0.8 equwalent proportion.

4, The method of making a hair waving lotion which

- comprises reacting, in an agueous medium, an alkali

metal salt of thioparaconic acid with a member of the
class consisting of amines having the structure

NH

RY

in which R and R" are members of the class consisting

 of hydrogen, lower alkyl groups, and hydroxy-substituted

30

molecular proportion of a member of the class consist-

ing of thioparaconic acid, alkali metal salts of thio-
paraconic aeid,- alkaline earth metal salts of thioparaconic
acid, ammonium salt of thioparaconic acid, mono-(lower
alkyl) -amine salts of thioparaconic acid, d1—-(10wer alkyl)-

amine salts of thmparaceme acid, mono-( hydmxy-sub-_

stituted lower alkyl)-amine salts of thioparaconic acid,

and di-(hydroxy-substituted lower alkyl)-amine salts of :_

thioparaconic acid, and (2) a non-volatile alkaline ma-

terial meludmg at least one molecular proportion ef a
non-volatile amine Havmg the structure

R

\NH

®
wherein R and R’ are selected frem the elass consisting
of hydrogen, lower alkyl groups, and hydroxy-substituted
lower alkyl groups, the total quantity of said alkaline
material being in excess of the amount required to react
with the first said member to form an amide salt, the

amount of said eXCess being up to 0.8 equivalent propor-

tfion. f--'-"*

2. A dry solid composition soluble m an aqueous

49

_lower alkyl grou'p,s, the last said member being employed
in an amount in excess of that required to react with -
said salt to form an amide, the amount of sald excess -

-being up to 0.8 equivalent proportion. |

5. The method of making a hair Wavmg letmn whmh'

comprises reacting thioparaconic acid in an aqueous
medium with more than two molecular pmportmns of

~an amine having the etrueture

.' H\'\
NH

- R’

in which R and R’ are selected from the class consisting

of hydrogen, lower alkyl groups, and hydroxy-substﬂuted_
lower alkyl groups, the amount of the excess amine bemg

. up to 0.8 equivalent proportion.

45

6. The method of makmg a hair waving lotion which

comprises reacting, in an aqueous medium, (1) a 2-

amino-2-methylpropanediol-1,3 salt of thieparaeenic acid
and (2) a member of the elass consisting of ammes ha.v-: :
ing the structure | |

| NE
rY

" in which R and R’ are members of the class consisting

medium to form a hair waving lotion comprising (1) one

molecular proportion of a member of the class consisting

of thioparaconic acid, alkali metal salis of thleparaeomc

acid, alkaline earth metal salts of thioparaconic acid,

ammonium salt of thioparaconic acid, mono-(lower

alkyl)-amine salts of thioparaconic acid, di-(lower alkyl)-

amine salts of thioparaconic acid, mono-(hydroxy-substi-

 tuted lower alkyl)-amine salts of thioparaconic acid, and

65 .

of hydrogen, lower alkyl groups, and hydroxy-substituted
lower alkyl groups, ‘the last said member being employed
in an amount in excess of that required to react with said

- salt to form an amide, the amount of sald excess bemg
up to 0.8 equivalent proportion. -

60

di-(hydroxy-substituted lower alkyl)-amine salts of thio-

paraconic acid, and (2) a non-volatile alkaline material
~ including at least one molecular proportion of 2-amino-2-

methylpropanediol-1,3, the total quantity of said alkaline
material being in excess of the amount required to react

with the first said member to form an amide salt, the

amount of said excess being up to 0.8 equivalent propor-

tion.
3. The method of malung a hair waving lotion Wthh

65
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~ comprises reacting, in an aqueous medium, (1) a mem=
ber of the class consisting of thioparaconic acid, alkali
metal salts of thioparaconic acid, alkaline earth metal

salts of thioparaconic acid, ammonium salt of thio-
paraconic acid, mono-(lower alkyl)-amine salts of thio-

75

7. The method of making a hair waving letmn Wthh. N
comprises reacting, in an aqueous medium, (1) a 2-amino-.

2-methylpropanediol-1,3 salt of thmparacome acid and

(2) 2-amino-2-methylpropanediol-1,3 in an amount in ex- '
cess of that required to react with said salt to form an
amide, the amount of said excess being up to 0.8 equiva-

lent propertion
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