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This invention relates to the cold permanent waving of 
hair and pertains more speci?cally to a hair Waving com 
position comprising alpha,alpha'-dimercaptoadipic acid 
and derivatives thereof. 
Although a variety of mercaptans has hitherto been 

proposed for use in the cold permanent waving of hair 
(by which is meant hair waving without the external ap 
plication of heat to the hair), those mercaptans contain 
mg two carboxyl groups in the molecule, such as mercap 
tosuccinic acid and dimercaptosuccinic acid, have been 
found to be ineffective as waving agents, failing to pro 
duce satisfactory waves. Dimercaptosuccinic acid is 
also very unstable in aqueous solution. 
'. It has now been found, surprisingly enough, that the 

_ homologous alpha,alpha'-dimercaptoadipic acid, its salts, 
esters and amides are effective waving agents for the 
cold permanent waving of hair. Since this member of 
the series of dicarboxylic acids has also been found to 
be non-toxic (Danielli et al., Biochemical Journal, 41, 325 
(1947)), is is unique in its utility as an agent for the 
cold permanent waving of hair. Moreover, dimercapto 
adipic' acid and its derivatives are stable in dry solid 
form, making it possible to provide hair waving composi 
tions either in the form of aqueous lotions or as dry solid 
compositions adapted to be dispersed or dissolved in an 
aqueous alkaline medium to form a lotion. 

In addition to alpha,alpha’-dimercaptoadipic acid it 
self, the derivatives of dimercaptoadipic acid which may 
be employed in the present invention include those which 
are soluble in aqueous alkaline media; for example, the 
mono- and di- salts of alkali metals such as sodium or 
potassium and including ammonium salts, salts of alka 
line earth metals such as calcium and magnesium salts, 
and salts with organic amines such as monoethanoala 
mine, diethanolamine, monoisopropanolamine, diisopro 
panolamine, 2 - amino - 2 - methylpropanediol - 1,3, etc. 

Other derivatives which may be employed include both 
mono- and di- esters of lower alkyl alcohols containing 
up to 4 carbon atoms such as methyl, ethyl, propyl, butyl, 
as well as of alkoxyalkyl alcohols containing as many as 
7 carbon atoms; for example, methoxyethyl, isopropoxy 
propyl, etc. In addition to salts and esters of dimercap 
toadipic acid as aforesaid, there may also be employed 
mono- and di-amides of this acid, including not only the 
amides made from ammonia but those made from hydra 
zine and/ or primary and/ or secondary lower alkyl amines 
containing from 1 to 4 carbon atoms such as methyl, 
ethyl, N-propyl, and butyl amine and alkanolamines such 
as monoethanolamine, diethanolamine, monoisopropanol 
amine, diisopropanolamine, etc. It will be understood 
that mixed compounds of these types are also included; 
for example, compounds in which one carboxyl group is 
neutralized to form a salt and the other is esteri?ed or 
ammonolyzed, as well as compounds in which one car— 
boxyl group is esteri?ed and the other is ammonolyzed. 
When provided in dry solid form adapted to be dis 

solved in aqueous media to form a permanent waving 
lotion, the compositions of the present invention contain 
in combination with dimercaptoadipic acid or a derivative 
thereof as described above a solid, non-volatile, water 
soluble, alkaline material such as sodium carbonate or 
a non-volatile solid amine; for example, Z-amino-Z-meth 
ylpropanediol-1,3. There should be present a moderate 
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2 
excess of alkaline material over ‘and above the amount 
required to neutralize any acidic groups present in the 
dimercaptoadipic acid or derivative, the excess amount 
mg to 0.3 to 1.5 equivalent weight for each equivalent 
weight of dimercaptoadipic acid or derivative thereof. 
The compositions of the present invention instead of 

being provided in dry solid form may also be supplied 
to the consumer in the form of a stable lotion or aqueous 
solution. In this case volatile alkaline materials such 
as ammonium hydroxide, ammonium carbonate, am 
monium bicarbonate, moncethanolamine, and the like 
may replace part or all of the solid non-volatile amine or 
of the sodium carbonate. 
When in the form of an aqueous lction ready for use 

in hair waving, the concentration of mercaptan in the 
solution preferably is from 0.3 to 1.2 gram equivalent 
weight per liter, best results usually being obtained with 
concentrations from 0.5 to 0.8 gram equivalent per liter. 
The composition may be used together with other waving 
agents, for example, an aqueous ammonium thioglycolate 
solution, if desired. 

Particularly satisfactory results are obtained when the 
alphaapha’-.dimercaptoadipic acid and derivatives thereof 
are employed in conjunction with a water-solub'e salt of 
thioglycolic acid. When the composition is provided in 
dry, solid form magnesium thioglycolate is preferred as 
the salt, although sodium or potassium thioglycolate may 
also be used. When the composition is in the form of 
an aqueous solution or lotion, there may be used in ad 
.dition to or in place of the foregoing salts ammonium 
thioglycolate or salts of thioglycolic acid with such amines 
as mono-, di-, and tri-ethanolamine, mono-, di-, and tri 
isoprcpanolamine, or mixtures thereof. The relative pro 
portions of the water-soluble thioglycolate and of the 
alpha,alpha'-dimercaptoad-ipic acid or derivative thereof 
are not critical, but best results are obtained when 0.05 
to 1.0 equivalent weight of thiog'ycolate is used for each 
equivalent weight of alpha,alpha'-dimercaptoadipic acid 
or derivative. 

In use, the .dry solid waving composition may be dis 
solved in the desired quantity of an aqueous medium such 
as water to form a lotion of the desired concentration. 
This lotion, or a previously prepared lotion if the com 
position is supplied to the consumer in the form of an 
aqueous solution, may be applied in the usual manner to 
a tress of hair which is thereupon wound upon a con 
ventional curling rod and again saturated, if desired, 
with the aqueous solution. The hair is then permitted to 
process for a period of time ranging from ?fteen minutes 
to an hour or more, whereupon it becomes soft and 
gradually conforms to its wound shape. After the d:sfred 
period of processing, the hair is neutralized to set it or 
harden it in its wound con?guration either by pouring 
though the hair an aqueous solution of a conventional 
neutralizer or oxidizing agent such as sodium bromate 
or sodium perborate, or by simply rinsing with water then 
subjecting it to aerial oxidation by exposing it to the 
oxygen of the atmosphere for a period of time from two 
to six hours or more. In the latter case aerial oxidation 
may be supplemented, if desired, by the use of an aqueous 
neutralizer solution. 

In the case Where the permanent waving composition is 
supplied to the consumer in the form of a dry solid com 
position, it may also be employed by securing or a?ixing 
it in any desired manner to a device for holding it in 
place on or within the wound tress of hair in position to 
be leached out by an aqueous medium which is sub 
sequently applied to the hair so as to form an aqueous 
Waving lotion in situ, the remainder of the procedure 
being as described above. For example, the composi 
tion may be secured in dry solid form to a curler or to 
an end paper on which or with which the hair is wound. 
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It will be understood that any of the usual additives 
such as perfumes, opacifying agents, dyes, hair condi 
tioners, etc., may be added to the lotion or to the dry 
solid waving composition if desired. 
The following speci?c examples are intended to illus 

trate more clearly the nature of the present invention 
without imposing any limitation upon the scope thereof. 

Example 1 
A waving composition was prepared by mixing 0.5 

equivalent weight of diamrnonium alpha,alpha'-dimer 
captoadipate with 0.65 equivalent weight of anhydrous 
sodium carbonate to form a pulverulent, dry, solid mass. 
This composition was found to be highly stable upon 
storage for a period of several months at room tempera 
ture. Upon dissolution in the appropriate quantity of 
water to form a solution containing 1.0 gram equivalent 
of dimercaptoadipate per liter, the lotion was employed 
for permanent waving of hair by applying it to a hair 
tress which was then wound upon a curler and resaturated 
with the solution. After being allowed to process for 
?fteen minutes, the hair tress was thoroughly rinsed with 
water and allowed to stand exposed to the atmosphere 
for thirty minutes to initiate aerial oxidation of the reduced 
hair, whereupon neutralization or oxidation of the hair 
was completed by pouring through it an aqueous solu 
tion (1% to 3% by weight) of sodium perborate tetra 
hydrate neutralizer. A satisfactory permanent wave was 
obtained. Even better results were achieved when the 
use of the aqueous solution of sodium perborate was 
dispensed with, the neutralization of the hair being com 
pletely by exposure to atmospheric oxygen overnight. 

Example 2 

A dry solid composition was prepared containing 0.8 
equivalent weight diamrnonium dimercaptoadipate, 0.2 
equivalent weight magnesium thioglycolate, and 0.66 
equivalent weight 2-amino-2-methylpropanediol-1,3. This 
mixture, which was stable upon storage at room tempera 
ture, formed a highly satisfactory permanent waving 
lotion when dissolved in the appropriate quantity of water 
to form a solution containing the stated number of gram 
equivalents per liter. Particularly good results were ob 
tained when this lotion was employed in the ?rst procedure 
described in Example 1 above. 

Example 3 

Alpha,alpha'-dirnercaptoadipic acid itself, a stable, 
white, solid material, was dissolved in the appropriate 
quantity of an aqueous alkaline medium to form a solu 
tion containing 0.8 to 1.0 gram equivalent per liter. The 
solution contained su?icient alkaline material to neu 
tralize the dimercaptoadipic acid together with an excess 
amounting to 0.3 to 0.6 gram equivalent per liter. Satis 
factory results were obtained using ammonia, mono 
ethanolamine, diisopropanolamine, and 2-amin'o~2-methyl 
propanediol-l,3 as well as mixtures thereof as the alkaline 
material when the resulting lotions were employed in 
the second procedure described in Example 1 above. 

Example 4 

A dry powdered composition containing 1.0 equivalent 
of diamrnonium dimercaptoadipate together with 1.2 
equivalent sodium carbonate was prepared by mixing the 
solid powdered constituents. When dissolved in the ap 
propriate quantity of water to provide a lotion con 
taining the stated quantities of gram equivalents per liter, 
the solution was found to provide a satisfactory cold 
permanent wave when employed according to any of the 
procedures described above. 

Example 5 
There was suspended in one liter of absolute ethanol 

a mixture of 210 g. of dimercaptoadipic acid together 
with 5 g. of p-toluene sulfonic acid. To the mixture 
was added 300 ml. of benzene. The reaction mixture was 
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4 
re?uxed, whereupon the dimercaptoadipic acid slowly dis 
solved with the resultant production of water as a byprod~ 
uct, approximately sixteen hours being required for com 
pletion of the esteri?cation reaction. 
The reaction mixture was poured into water and the 

ester which separated was extracted with ether, the ether 
solution washed with a saturated aqueous sodium bi 
carbonate solution and ?nally with water, then dried and 
the ether evaporated at reduced pressure. The residual 
oil solidi?ed and was recrystallized from ethanol to give 
stable, white, crystalline diethyl dimercaptoadipate melt 
ing at 5l°—52° C. It was readily dissolved in an aqueous 
solution of ammonia to form an aqueous hair waving 
lotion containing 0.7 gram equivalent of the diethyl ester 
per liter togther with 0.5 gram equivalent of free am 
monia. This lotion, when employed in accordance with 
any of the procedures described above, provided a sat 
isfactory permanent wave. 

Example 6 
There were dissolved in‘ 400 ml. of methoxyethanol, 

429 g. of dimercaptoadipic acid. To the reaction mix 
ture were added 400 ml. of benzene and 4 ml. of concen— 
trated sulfuric acid. The reaction mixture was then re 
?uxed for about three hours until production of the water 
by-product ceased. The reaction mixture was‘ cooled, 
washed with a l0%‘_aqueous sodium carbonate solution, 
then with water. The benzene was removed by distilla 
tion to yield dimethoxyethyl dimercaptoadipate in the 
form of a yellow oil having a purity as determined 
iodimetrically of 96.7%. This product could readily be 
dissolved in an aqueous alkaline medium as described 
in Example 5 to form a hair waving lotion. This lotion, 
when used according to any of the procedures described 
above, provided a satisfactory permanent wave. 

Example 7 
To 306 g. of dimethoxyethyl dimercaptoadipate there 

were added slowly and with stirring 850 ml. of aqua 
ammonia, dissolution of the ester being accompanied by 
an increase in temperature and the formation of a white 
solid precipitate. The reaction mixture was stirred for 
two hours at 50°—60° C., then cooled and the solid prod 
uct removed by ?ltration. The product was recrystal= 
lized from hot water to yield bisdimercaptoadipamide in 
the form of a white crystalline solid melting at 180° 
l8l° C. 
The bisamide was readily dissolved in an aqueous solu 

tion of ammonia to form a hair waving lotion as de 
scribed in Example 5 above. The lotion provided satis 
factory permanent waves when employed in accordance 
with any of the procedures‘ described above. 

Example 8 

There were added to 266 g. of diethyl dimercapto 
adipate slowly and with stirring 244 g. of monoethanol 
amine. An exothermic» reaction occurred, and the mix 
ture was allowed to stand for three hours, whereupon it 
was dissolved in one liter of water and treated with an 
acid ion exchange resin until a pH of 6 was achieved. The 
resin was removed by ?ltration and the ?ltrate-containing 
the product was concentrated under reduced pressure 
until a solid precipitate appeared which was removed by 
?ltration. The resultant solid bis-N(beta-hydroxyethyl) 
dimercaptoadipamide was recrystallized from absolute 
ethanol, the pure product appearing as a white crystalline 
solid melting at l62°-l63'° C. 
The bisamide was’ readily dissolved in an aqueous 

solution of ammonia to form a hair waving lotion as 
described in Example 5 above. This lotion provided 
satisfactory permanent waves when employed in accord 
ance with any of the procedures described above. 

Example 9 
There were dissolved in 400 ml. of methanol at 50° 

C. 133 g. of diethyl dimercaptoadipate. To this solution 
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there ‘were added slowly and with stirring 125 g. of hy 
drazine hydrate, the temperature being maintained at 50° 
C. A white solid product precipitated from the re 
action mixture, whereupon the reaction mixture was 
cooled and the solid product separated by ?ltration and 
washed with methanol. The product, S,S-dihydrazinobis 
dimercaptohydrazide, melted at 180°—18l° C. It was 
readily dissolved in an aqueous solution of ammonia to 
form a hair waving lotion as described in Example 5 
above. This lotion provided satisfactory permanent 
waves when employed in accordance with any of the 
procedures described above. 

Example 10 

Alpha,alpha’-dimercaptoadipic acid was dissolved in an 
aqueous solution of ammonia to form a solution con 
taining 0.88 gram equivalent per liter of the mercaptan, 
the ammonia being present in an amount in excess of that 
required to neutralize the carboxyl groups to form di 
ammonium alpha,alpha'-dimercaptoadipate, the amount 
of excess being 0.67 gram equivalent per liter. In this 
solution was dissolved 0.1 gram equivalent of ammonium 
thioglycolate. The resulting lotion was employed to wave 
hair by the ?rst procedure described in Example 1 above, 
with satisfactory results. 

Similar results were obtained with an aqueous lotion 
containing 0.78 gram equivalent of diammonium alpha, 
alpha'-dimercaptoadipate, 0.2 gram equivalent of am 
monium thioglycolate, and 0.70 gram equivalent of ex 
cess free ammonia per liter, when used in the same pro 
cedure. 

Example 11 
An aqueous lotion was prepared containing 0.90 gram 

equivalent of diammonium alpha,alpha’-dimercapto 
adipate, 0.10 gram equivalent of ammonium thiogly 
colate, and 0.73 gram equivalent of free diisopropanol 
amine per liter. Satisfactory results were obtained in 
waving hair by the ?rst procedure described in Example 
1 above using this lotion. 

Similar results were obtained using an aqueous lotion 
containing 0.80 gram equivalent of diammonium al 
pha,alpha'-dimercaptoadipate, 0.20 gram equivalent of 
ammonium thioglycolate, and 0.68 gram equivalent of 
free diisopropanolamine per ilter in the same procedure. 

Example 12 
An aqueous lotion was prepared containing 0.82 gram 

equivalent of the monoethanolamine salt of alpha,alpha' 
dimercaptoadipic acid and 0.50 gram equivalent of free 
diisopropanolamine per liter. ‘ 
A tress of hair was wound on a curling rod using an 

end paper (for con?ning the ends of the hair tress) 
which carried a dry solid deposit consisting of 0.38 gram 
milliequivalent of magnesium thioglycolate and 0.26 gram 
milliequivalent of 2-amino - 2 - methylpropanediol - 1,3. 
The lotion was then used to saturate the wound tress, 
dissolving or leaching out the solid deposit carried by the 
paper. The procedure followed was the same as the ?rst 
procedure described in Example 1 above, and the results 
were very satisfactory. 

This application is a continuation-in-part of our co 
pending application Serial No. 648,781, ?led March 27, 
1957, now abandoned. 
Although speci?c embodiments of the invention have 

been described herein, it is not intended to limit the in 
vention solely thereto, but to include all of the obvious 
variations and modi?cations within the spirit and scope 
of the appended claims. 
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We claim: 
1. An aqueous hair waving lotion consisting essential 

ly of (1) water, (2) a member of the class consisting 
of (A) alpha,alpha'-dimercaptoadipic acid, (B) mono 
and di- salts thereof with a member of the class con 
sisting of alkali metals, alkaline earth metals, and 
organic amines, (C) mono- and di- esters thereof with a 
member of the class consisting of lower alkyl alcohols 
and alkoxy alkyl alcohols containing up to 7 carbon 
atoms, (D) mono- and di- amides thereof with a mem 
ber of the class consisting of ammonia, hydrazine, pri— 
mary and secondary lower alkylamines and lower al 
kanolamines and mixtures thereof, and (3) a Water-solu 
ble alkaline material selected from the class consisting 
of sodium carbonate, ammonium hydroxide, ammonium 
carbonate, ammonium bicarbonate, and organic amines, 
said alkaline material being present in an amount in ex 
cess of that required to neutralize any acidic material 
present, the amount of said excess being from 0.3 to 1.5 
equivalent weight for each equivalent weight of said 
member. 

2. A lotion as de?ned in claim 1 containing, in ad 
dition to the ingredients speci?ed in claim 1, a thio 
glycolate. 

3. A dry solid composition soluble in an aqueous me 
dium to form a hair waving lotion as de?ned in claim 1 
in which said alkaline material is non-volatile. 

4. A composition as de?ned in claim 3 in which said 
alkaline material is 2-amino-Z-methylpropanediol-1,3. 

5. A composition as de?ned in claim 3 containing, in 
addition to the ingredients speci?ed in claim 3, a solid 
water-soluble salt of thioglycolic acid. 

6. A dry solid composition soluble in an aqueous me 
dium to form a hair waving lotion consisting essentially 
of alpha,alpha'-dimercapt0adipic acid together with 2 
arnino-2-methylpropanediol-1,3, said last-named material 
being present in excess of the amount reactive with said 
acid, the amount of said excess being from 0.3 to 1.5 
equivalent weight for each equivalent weight of said 
acid. 

7. An aqueous hair waving lotion consisting essen 
tially of water, alpha,alpha’-dimercaptoadipic acid, and a 
water-soluble non-volatile amine, said amine being pres 
ent in an amount in excess of that required to neutralize 
said acid, the amount of said excess being from 0.3 to 
1.5 equivalent weight for each equivalent weight of said 
acid. 

8. An aqueous hair waving lotion consisting essen 
tially of water, alpha,alpha'-dimercaptoadipic acid, and 
ammonia, said ammonia being present in an amount in 
excess of that required to neutralize said acid, the amount 
of said excess being from 0.3 to 1.5 equivalent weight 
for each equivalent weight of said acid. 
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