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1. 
The present invention relates to higher fatty 

acid esters of hydroxy compounds resulting from 
the condensation of formaldehyde with ketones. 
These condensation products may contain a 
single hydroxymethyl group or a plurality of hy 
droxymethyl groups depending upon the condi 
tions of the condensation. In addition, the 
ketone group may or may not be reduced to a 
hydroxyl group. In accordance with the present 
invention part or all of these hydroxyl groups 
may be esterified with higher fatty acids contain 
ing in excess of seven carbon atoms. The result- . 
ing products may be drying oils, plasticizers, 
waxes, emulsifying agents, surface active agents, 
intermediates and the like depending upon the 
number of hydroxyl groups present in the con 
densation product, the extent to which these hy 
droxyls have been esterified, and the nature of 
the acids used for esterification. 

It is, therefore, a primary object of the pres 
ent invention to prepare higher fatty acid esters 
of hydroxy condensation products of formalde 
hyde with a ketone. 

It is another object of the present invention to 
prepare higher fatty acid esters of mono or poly 
hydric condensation products of formaldehyde 
with a ketone, partially or completely esterified 
with higher fatty acids, the products possessing 
characteristics making them useful as drying 
oils, plasticizers, waxes, emulsifying agents, sur 
face active agents, intermediates and the like. 
These and other objects of the invention will 

be apparent from the following description with 
particular reference to specific examples which 
are to be considered as illustrative only and not : 
as limiting the invention. 

In general, the invention involves the prepara 
tion of esters of fatty acids of more than seven 
carbon atoms, of hydroxy condensation prod 
ucts of formaldehyde with a ketone. These 
esters include a wide variety of compounds in 
view of the variation which is possible in the 
ketone used in the condensation, the extent of 
the condensation and accordingly the number 
of hydroxyl groups present in the condensation 
product, the extent to which the hydroxyl groups 
are esterified, and the nature of the fatty acids 
employed for esterification. Thus the ketones 
may be aliphatic or alicyclic such as cyclohexa 
none, cyclopentanone, acetone, methyl ethyl 
ketone, diethyl ketone, mesityl oxide, diacetyl, 
acetonylacetone, diacetone alcohol, levulinic acid 
and the like. 

Likewise, the fatty acids employed may be se 
lected from a large group. In the preparation of 
drying oils the acids may be isolated or mixed 
acids derived from drying or semi-drying oils 
such as cottonseed oil, soybean oil, linseed oil, 
perilla oil, tung oil, oiticica oil, sardine oil, men 
haden oil, and other drying and semi-drying 
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oils in general. These acids may be in the un 
changed condition in which they exist in the 
natural oil or may be artificially conjugated, in 
accordance with known methods. In the prepa 
ration of plasticizers, waxes, emulsifying agents, 
surface active agents, intermediates, and the like 
the acids may be saturated or unsaturated and 
may be composed of any Suitable isolated acid 
or mixture of acids. . For preparing waxes it is 
usually desirable to employ a high molecular 
weight Saturated acid as this contributes to the 
hardness of the resultant wax. 
The products of the present invention are 

characterized by superior properties as compared 
with known products. Thus, for example, drying 
oils produced according to the present invention 
generally possess better drying properties and 
produce films of greater hardness and resistance 
to abrasion, water, and mild chemicais than do 
the corresponding naturally occurring tils. 
Waxes, described herein, are characterized by 
extreme hardness, high melting point, and light 
Color. 
The preparation of some of the condensation 

products of ketones referred to herein have been 
recorded in the literature. Apel et al., Ann., 289, 
46 (1896), and Apel and Tollens, Ber..., 27, 1087. 
(1894). Improved methods of preparing these 
condensation products will be found in the ex 
amples of the present application and in the 
co-pending application of the present inventor 
Serial No. 599,947 filed of even date herewith and 
entitled Condensation of ketones with formalde 
hyde, now Patent No. 2,462,031, issued February 
15, 1949. The condensation reaction results in 
a mixture of products which may be of varying 
degrees of hydroxylation and in some cases may 
be in the form of a sirupy liquid. It will be ap 
parent that this mixture of condensation prod 
lucts may be used in that condition for esterifica 
tion if it is not desired to produce the ester as 
a pure compound. 

If the sirup is not readily crystallizable, and 
if a pure crystalline condensation product is de 
sired, it may be obtained in some instances by 
forming an aectal or ester or other derivative 
which may subsequently be hydrolyzed to the 
free hydroxy compound. The formation of an 
acetal often takes place readily when the crude 
sirup is stirred with acetone. Usually there is 
Sufficient acid present as a result of the method. 
of preparation to catalyze acetal. formation. If 
necessary, a Small amount of acid catalyst, such 
as sulfuric acid, may be added. As an alter 
native, an acetal derivative may be obtained by 
heating the sirup in aqueous methanol with an 
alydehyde such as benzaldehyde and a small 
amount of mineral acid for a suitable period of 
time. The acetal may be isolated from the solu 
tion by filtration after which it may be purified 



2,480,847 
3. 

by crystallization from a suitable solvent such 
as alcohol. The isolated aectal derivative may be 
converted to the hydroxy compound by treatment 
with a strong acid, such as hydrochloric acid. 
The volatile ketone or aldehyde may then be dis 
tilled off, leaving the pure hydroxy compound 
as a light-colored oil which crystallizes readily on 
cooling. Where the aldehyde liberated is as high 
boiling as benzaldehyde, the application of vac 
uum or the use of steam distillation is desirable. 
The esterification with the fatty acid may be 

accomplished with either the crude strup or with 
the isolated pure hydroxy compound. Likewise, 
it is possible to esterify the acetal directly. This 
may be accomplished under the influence of an 
acid catalyst, preferably oxalic acid as it effects 
the least amount of discoloration. Other strong 
acidic catalysts, such as p-toluenesulfonic acid 
and sulfuric acid, may likewise be used to catalyze 
this reaction. 
Where the free hydroxy compound is employed 

in the esterification, any of the well known proc 
esses of the prior art may be employed. Several 
advantageous procedures, however, have been 
evolved. In one case it has been found possible 
to obtain excellent products by heating and stir 
ring at around 200° C., equivalent quantities of 
the acid and the polyfunctional alcohol for a 
period of three to four hours. The polyfunc 
tional alcohol, if it is used in a sirupy condition, 
may advantageously be brought into contact 
with the other reagents by dissolving it in water. 
During the reaction the water is rapidly driven 
off. The color of the product is improved by 
the use of an inert atmosphere such as that pro 
videde by carbon dioxide or nitrogen whereas the 
rate of esterification is accelerated by the en 
ployment of a small amount of catalyst such as 
the stearates, naphthenates, abietates, or other 
fat soluble salts of metals such as Calicum, 
cadmium, cerium, strontium, zinc, and the like. 
Catalysts such as litharge, and those of an acidic 
nature such as sulfuric acid and hydrogen chlo 
ride, may be valuable in some cases. Near the 
end of the reaction the application of a vacuum 
is valuable in order to remove the last trace of 
volatile or unreacted material. Following this 
general procedure then, it is easily possible to 
obtain a product with an acid number and hy 
droxyl number lower than 30. If still lower 
values are desired, heating may be continued for 
a longer period of time. In cases where an oil 
is desired which is completely free of any fatty 
acid, the material may be dissolved in petroleum 
ether or naphtha and titrated to neutrality with 
alcohol caustic. The precipitated soaps may 
then either be filtered off or extracted with aque 
ous ethanol. The product is then recovered from 
the hydrocarbon solution by desolvation. Another 
process of purification which may be employed 
when an extremely pure oil is desired is that in 
which unreacted acid and highly hydroxylated 
or partially esterified alcohol is extracted by the 
use of ethanol. 

Still another method of esterification which 
has been found particularly advantageous is that 
in which a small amount of a hydrocarbon sol 
vent, such as xylene, is used for the purpose of 
removing the water of esterification azeotropi 
cally. By controlling the amount of solvent en 
ployed, the temperature of the reaction mixture 
may be raised to any desired degree. The ad 
vantage of this derives from the fact that any 
water produced is readily removed thus driving 
the reaction in the desired direction. 
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4. 
The esterification may likewise be accome 

plished azeotropically by the use of high boiling 
hydrocarbon solvent such as the isomeric tri 
isopropylbenzenes in sufficient quantity to keep. 
the soluble reactants and products in solution. 
Here again an azeotrope is formed with the water 
of esterification. This, however, is not as satis 
factory as the use of a small amount of solvent 
such as xylene since it requires the use of a large 
amount of solvent which because of its low vola 
tility is more difficult to remove at the end of a 
reaction. In either case the apparatus may be 
arranged so that the azeotropes distill in such 
a manner that the water is separated in the dis 
tillate and the hydrocarbon is returned to the 
reaction vessel. 
The esters may be obtained also by a transes 

terification reaction between the polyhydric al 
cohol and a glyceride such as soybean or linseed 
oil or other esters of saturated or unsaturated 
higher fatty acids. Here again, an elevated tem 
perature and stirring are advisable together with 
the use of catalysts such as oil soluble salts of 
calcium, strontium, barium, zinc, lithium, and 
the like. 
The esters which are intended for waxes, emull 

sifying agents, plasticizers, etc. may be prepared 
by any of the previously mentioned esterification 
procedures or by any of the other methods of 
esterification commonly used in the art. 
Eacample 1.-The soybean acid ester of the con 
densation product of acetone and formal 
dehyde t 

In a vessel equipped with an agitator and a 
reflux condenser was placed 118 parts of ace 
tone, 480 parts of formaldehyde in the form of 
paraformaldehyde and 1700 parts of water. 
Thereafter 56 parts of calcium oxide was added 
with stirring. The reaction mixture thereupon was 
heated to 50° C. whereupon external heating was 
discontinued. The exothermic nature of the reac 
tion caused the temperaturetoriseto 90°C. where 
upon the reaction mixture was cooled to room tem 
perature. If desired, the same effect may be at 
tained by maintaining the reaction mixture at 
a temperature of 50-55° C. for one to three hours. 
The solution thereupon was treated with dilute 
sulfuric acid until it was barely acid to Congo red 
indicator. Oxalic acid solution was added to 
make the reaction mixture strongly acid to Congo 
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red indicator and to precipitate the last traces of 
calcium ion, The easily filtrable precipitate of 
calcium sulfate and calcium oxalate was removed 
whereupon the aqueous solution was evaporated 
in vacuo. The almost water-white sirup which 
resulted was treated with an Organic solvent such 
as benzene and again evaporated in vacuo, the 
benzene Serving to remove occluded water azeo 
tropically. The sirup which resulted had a hy 
droxyl content of 28-30% and contained a sub 
stantial amount of an anhydroenneaheptitol 
which may be more accurately described as tetra 
hydro-3,3,5,5-tetrakis. (hydroxymethyl)-4-pyra 
no. 

In a reaction vessel which was equipped with 
an agitator and a water trap with condenser was 
placed 125 parts of the above described sirupy 
condensation product as an 80% aqueous solu 
tion together with 520 parts of soybean fatty 
acids, 7 parts of calcium stearate, and 120 parts 
of xylene or similar hydrocarbon solvent. The 
calcium stearate is useful as it serves to accel 
erate the reaction at first; it does not, however, 
appear to decrease the time required for heat 
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ing. The reaction mixture was stirred and heat 
ed under nitrogen for 4.5 hours at a tempera 
ture which started at 140 C. and which was grad 
ually raised to 225 C. There resulted on re 
moval of the xylene a product of low acid 
ber whose physical constants follow: 

Specific gravity 25/25, 0.94.93 
Color (Gardner), 14-15 
WiscOSity (Gardner), N. 
Iodine number, 122.8 
Saponification equivalent, 331.4 
Hydroxyl number, 28.5 
Acid number, less than 20 

The drying times as compared with ordinary 
soybean oil are indicated in the following table. 

Tack Set, Drying Compound hors hours hours 

Soybean oil------------------------ 6 12 ---------- 
Soybean ester of the condensation 

roduct of acetone and formalde 
yde----------------------------- 3.5 6.0 8.5 

Twenty-four hours prior to the Casting of 
0.0015' thick films the oils were treated with sic 
catives consisting of 0.01% manganese and 0.01% 
cobalt as the soluble naphthenates. The films 
were cast on smooth glass plates and drying 
times according to the finger-tip method were 
noted under standardized conditions of 74 F. 
and a humidity of 57%. In addition to the above 
marked distinction, the Synthetic oil yielded a 
more tack-free film which exhibited a greater 
hardness, better "through dry' and a greater re 
sistance to abrasion. 

Eacample 2-Linseed acid ester of the condensa 
tion product of acetone and formaldehyde 

In an appropriate vessel equipped with agitator 
was placed 130 parts of the condensation product 
of acetone and formaldehyde of Example 1, 400 
parts of linseed fatty acids, and 5 parts of cal 
cium stearate. The polyhydric alcohol was in 
the form of an aqueous Solution. The reaction 
mixture was stirred vigorously and heated gradu 
ally under nitrogen, a temperature of 160° C. 
being maintained for two hours. Thereafter, the 
temperature was raised to 180° C. and gradually 
to 200° C. until there resulted a product with low 
acid number. The reconstituted oil had the fol 
lowing physical properties. 

Specific gravity 25/25, 0.9715 
Color (Gardner), 12-13 
Wiscosity (Gardner), I-J 
Iodine number, 157.5 
Saponification equivalent, 344.8 
Hydroxyl number, 29.8 
Acid number, less than 20 
Brown heat time, 64 minutes 

The drying times as compared with ordinary 
linseed oil are indicated in the following table. 

Tack, Set Drying Compound . . hours hors 16ts 

Linseed oil----------------------. 3 6 8.5 
Linseed acid ester of the condensa 
tion product of acetone and for- 8.5 
maldehyde----------------------- 2 5 

The drying tests were conducted under the 
conditions described in Example 1. The film 
which resulted from the reconstituted oil was 
definitely superior to the film from ordinary in 
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seed oil from the point of view of resistance to 
abrasion and mild chemicals, and toughness. Of 
special significance is the constant known as the 
Brown heat time. This constant is a measure of 
the time necessary for gelation to occur under a 
given set of conditions. Whereas for the recon 
stituted oil sixty-four minutes were required, 
linseed oil required more than seven hours. 
Ecample 3-The soybean acid ester of the 
Crystalline anhydroemmeaheptitol resulting from 
the condensation of acetone and formaldehyde 
A crystalline diacetOne derivative was obtained 

from the sirupy condensation product of acetone 
and formaldehyde of Example 1 by allowing a 
mixture of equal volumes of the sirup and acetone 
to remain overnight. There resulted a crystalline 
precipitate of a diacetone derivative of the anhy 
droen neaheptitol which was filtered and crystal 
lized several times from alcohol to yield a product 
melting at 229° C. The formation of this material 
was catalyzed by the residual acid in the sirupy 
condensation product. This diacetone deriva 
tive was dissolved in a dilute solution of hydro 
chloric acid in order to effect hydrolysis after 
which the aqueous phase and the acetone which 
resulted from the cleavage was evaporated to 
yield a theoretical amount of crystalline anhydro 
enneaheptitol which on crystallization from alco 
hol yielded a product melting at 156° C. This 
product was shown by various analytical tech 
niques to possess structure I. 

o H2O 
C-C 

|col HC-OH 

CEOH 
H, -- / 

Yoh,oh 
The soybean acid ester of this material was 

prepared by reacting 70 parts of it with 484 parts 
of soybean fatty acids in the presence of 10 parts 
of calcium Stearate. The reaction mixture was 
stirred and heated under nitrogen at 200-210 
C. for four hours. In order to obtain a product 
which was entirely free of acid, the reaction mix 
ture Was dissolved in a hydrocarbon solvent and 
neutralized with alcoholic caustic. The resulting 
Soaps were extracted with 70% ethanol where 
upon the solution was desolvated to yield a light 
colored reconstituted drying oil whose desirable 
properties were similar to those of the oil 
described in Example 1. 
Eacample 4.-The linseed acid ester of the crystal 

line anhydroen neaheptitol resulting from the 
Condensation product of acetone and formalde 
hgde 
The linseed oil-fatty acid ester of the crystalline 

anhydroenneaheptitol was prepared exactly like 
the Soybean ester described in the preceding ex 
ample to obtain a completely esterified material. 
Here again, the film from the synthetic oil indi 
cated the desirable characteristics of greater 
"through dry,' better 'spring,' greater resistance 
to abrasion, and greater hardness. 
Eacample 5-The direct esterification with. soy 
bean acids of diacetone anhydroenneaheptitol 
The diacetone derivative of the anhydroennea 

heptito resulting from the condensation of ace 
75 tone and formaldehyde was prepared as indicated 
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in Example 3. In the presence of an acidic cata 
lyst this can be esterified directly since the acidic 
catalyst serves to effect the hydrolysis of the 
acetone groups. Thus a mixture of 40 parts of 
the diacetone derivative with 190 parts of soybean 
fatty acids and 2.5 parts of oxalic acid was stirred 
and heated at 200-210° C. under nitrogen. After 
one hour an additional 2.5 parts of Oxalic acid was 
added. The reaction mixture was heated for four 
hours to obtain a light colored, completely ester 
filed reconstituted drying, oil. 

Eacample 6.-The partial ester of the condensa 
tion product of acetone and formaldehyde and 
Stedric acid 

A mixture of 100 parts of the sirupy condensa 
tion product described in Example 1 as an 80% 
solution, together with 290 parts of stearic acid 
and 10 parts of calcium stearate was heated at 
210° C. under nitrogen for 2.5 hours. An etha 
nolic solution of the product was treated with 
charcoal, filtered and allowed to precipitate to 
yield a white solid melting at 57 C. The hydrox 
yl content of the product (3.2%) indicated two 
free hydroxyl groups. The acid content of the 
product was negligible. The product readily 
emulsified oleaginous material Such as vegetable 
oils and water when heated and shaken espe 
cially in the presence of a small amount of dilute 
alkali. The products of this nature are valuable 
as emulsifying agents in various food and phar'- 
maceutical preparations. 

Eacample 7-The linseed acid ester of the reac 
tion product of methyl ethyl ketone and form 
aldehyde 

In an appropriate VeSSel WaS placed 288 parts 
of methyl ethyl ketone, 780 parts of formaldehyde 
as paraformaldehyde and 3000 parts of water. 
There was added slowly with stirring 112 parts 
of calcium oxide whereupon the temperature rose 
spontaneously to 50° C. Thereafter cooling was 
employed so that the temperature would not rise 
higher and once the initial exothermic reaction 
had subsided, the reaction mixture was heated 
and stirred at 50-55 C. for two hours. The 
product was Worked up as described in Example 
l for the condensation product of acetone and 
formaldehyde to yield an almost colorless sirup 
whose hydroxyl content was of the order of 30%. 
Because of the procedure used to remove the 
Calcium ion the product was acidic in nature. 
This acidity could in large part be removed by the 
use of a basic ion exchange resin such as Amber 
lite IR-4. The sirupy product was used in the 
form of an aqueous solution for esterification pur 
poses. The high hydroxyl content of the product 
together with certain other analytical investiga 
tions leads to the conclusion that the product is 
analogous to the one obtained from acetone 
whereupon the Structure of the chief constituent 
may be postulated as desoxyanhydroennealhepti 
tol I. 
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8 
In an appropriate vessel equipped with stirrer 

and water trap was placed 48.4 parts of this sir 
upy condensation product as an 80% solution, 
200 parts of linseed fatty acids, 3 parts of calcium 
stearate, and 100 parts of xylene. The reaction 
mixture was heated for five hours at maximum 
temperature of 190. A higher temperature could 
have been employed if desired. Heating was 
stopped when practically the theoretical amount 
of water had collected and the acid number was 
sufficiently low. The reconstituted oil obtained 
after removal of the xylene possessed the follow 
ing physical properties: 

Specific gravity 25/25, 0.9153 
Color (Gardner), 13-14 
Wiscosity (Gardner), A 
Hydroxyl number, 42.4 
Acid number, 5.6 

The reconstituted oil not only dried more rap 
idly than linseed oil but also yielded a film exhib 
iting greater "through dry,' toughness, and re 
sistance to abrasion and mild chemicals. 
Eacample 8.-The partial lauryl ester of the sir 
upy condensation product of methyl ethyl kee 
tone and formaldehyde 
A solution of 40 parts of the sirupy condensa 

tion product described in the preceding example 
in 300 parts of pyridine and 200 parts Of chloro 
form was treated with 95 parts of lauroyl chlo 
ride with external cooling. After 20 hours the 
reaction mixture Was poured Over ice whereupon 
the product was extracted with ether. The ether 
solution after having been washed with dilute 
acid and with Water was dried and desolvated to 
yield a product which was an oil at room tem 
perature but which solidified readily on cooling. 
Analytical data (2.1% OH) indicated that the 
product was approximately two-thirds esterified. 
This material served as an emulsifying agent for 
vegetable oils in water, especially in the presence 
of a Small amount of dilute alkali, and is valuable 
for use as an emulsifying agent in various food 
and pharmaceutical preparations. 
Eacample 9-The soy bean acid ester of the con 
densation product of cyclopentainone and form 
aldehyde 

A reaction mixture consisting of 84 parts of 
Cyclopentanone, 165 parts of paraformaldehyde, 
and 1200 parts of water was treated with 28 parts 
of calcium oxide after which the reaction mixture 
was heated and stirred at 60° C. for 30 minutes. 
The filtered solution was acidified to Congo red 
paper with dilute sulfuric acid solution where 
upon the precipitated calcium sulfate was re 
moved by filtration and the filtrate was desol 
vated to yield an oil whose hydroxyl content was 
27.4%. The hydroxy content of 2,2,5,5-tetra 
methylolcyclopentanone is 33.3%. 

Fifty parts of this condensation product was 
reacted for 4 hours at 200-210° C. with stirring 
under nitrogen with 230 parts of soy bean acids 
in the presence of 6 parts of calcium stearate. 
There resulted a synthetic drying oil with low 
acid number and a hydroxyl content which indi 
cated essentially complete esterification. The re 
Sulting film from this material was vastly supe 
rior to the film of soybean oil indicating greater 
toughness and greater resistance to abrasion. 
Eacample 10-The soybean acid ester of 2,266 

tetramethylolcyclohe-canol 
In an appropriate vessel equipped with agita 

tor and reflux condenser was placed 392 parts of 
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cyclohexanone, 660 parts of formaldehyde in the 
form of paraformaldehyde, 3500 parts of water, 
and 112 parts of calcium oxide. With stirring the 
temperature of the solution rose spontaneously 
to 55° C. whereupon the exothermic nature of the 
reaction was checked by external cooling. 
Thereafter the reaction mixture was heated and 
stirred at 50–55° C. for two hours. The reaction 
mixture after having been acidified to Congo red 
paper with dilute sulfuric acid was filtered and 
desolvated to yield a sirup which Crystallized 
readily on trituration with alcohol. Crystalliza 
tion from absolute ethanol yielded a product 
melting at 130-131 C. whose structure is indi 
cated by III. 

/ Yoh, 
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The soybean acid ester of 2,26,6-tetramethyl 
olicyclohexanol was prepared by reacting 96 parts 
of the polyhydric alcohol with 500 parts of soy 
bean fatty acids in the presence of 104 parts of 
xylene in a vessel equipped with agitator and a 
water trap. The reaction mixture was heated 
and stirred for four hours at a maximum tem 
perature of 225° C. At the end of this time the 
xylene had removed azeotropically practically the 
theoretical amount of water and the reaction 
mixture indicated a low acid number. After re 
moval of the xylene there resulted a product with 
the following properties: 

Specific gravity 25/25, 0.9474 
Color (Gardner), 4 
Viscosity (Gardner), E-F 
Iodine number, 121.2 . 
Saponification equivalent, 339.2 
Hydroxyl number, 33.5 
Acid number, less than 10 

The drying times of this oil as compared with 
soybean oil and linseed oil are indicated in the 
following table: 

IOBC 

Tack, Set Drying, Compound hours hours hours 

Soybean oil----------------------- 6 12 ---------- 
Soybean acid ester of 2,26,6-tetra methylolcyclohexanol------------- 4 7 : 
Linseed Oil.------------------------ 3. 6 

The conditions used for this drying test were 
those indicated in Example 1. The film which 
resulted was tack-free and extremely resistant to 
abrasion, being superior not only to the film from 
soybean oil but also to the film from linseed oil. 
Eacample 11.--The linseed acid ester of 2,26,6- 

tetramethylolicycloheacanol 
The linseed acid ester of 2,26,6-tetramethylol 

cyclohexanol was prepared similarly to the Soy 
bean ester described in the preceding example 
using 85 parts of the alcohol, 454 parts of linseed 
fatty acid ester, 6 parts of calcium stearate, and 
90 parts of xylene. Heating and stirring under 
nitrogen was effected for four hours at a tem 
perature which was gradually raised from 165 
C. to 230 C. The light colored product had the 
following physical properties: 

10 
Specific gravity 25/25, 0.9545 
Color (Gardner), 5 
Wiscosity (Gardner), D-E 
Iodine number, 154.2 

5 Saponification equivalent, 334.4 
Hydroxyl number, 16.3 
Acid number, 5 
Brown heat time, 157 minutes 

The Brown heat time of Ordinary linseed oil 
was greater than Seven hours. The drying times 
of this reconstituted oil compared with linseed 
oil under the conditions outlined in Example 1 

- are indicated in the following table. 

O 

5 
Drying, 
hours 

Tack, Set, 
hours Compound hours 

Linseed Oil------------------------- 3 6 
Linseed acid ester of 2,26,6-tetra methylolicyclohexanol.---------- 2 5 

8,5 

20 8.5 

Here again the film was more tack-free and 
indicated better "through dry' and better resist 
ance to abrasion than did the corresponding film 
from linseed oil. 
Ecample 12-The stearic acid ester of 2,26,6- 

tetramethylolcycloheacanol 
A mixture of 50 parts of the polyhydric alcohol 

and 324 parts of stearic acid was heated at 210 
C. with stirring. As soon as water was evolved 
the temperature was raised to 215 C. whereupon 
a homogeneous reaction mixture resulted. 
Thereafter the mixture was heated and stirred 
at this temperature for one hour, vacuum having 
been applied at the end of the reaction. The 
product was allowed to precipitate from 95% al 
cohol to yield a hard, white wax which melted at 
59 C. The saponification equivalent of 311 (cal 
culated 310.5) and the low hydroxyl number of 
6 indicated that the product was the pentastea 
rate of 2,2,6,6-tetramethylolicyclohexanol. This 
material passessed very desirable wax-like prop 
erties particularly because of its extreme hard 

45 ness and pleasing light color. 
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Eacample 13-Varnish prepared from soybean. 
acid ester of the condensation product of ace 
tone and formaldehyde 

50 A mixture of 200 parts of the reconstituted oil 
described in Example 1 and 73 parts of a resin 
mixture consisting of approximately 12% phe 
nolic type resin and 88% ester gum available 
commercially as Cook's HG-42 resin was heated 

55 at 280° C. for 795 minutes at the end of which 
time it was possible to obtain a 24-inch string. 
The reaction mixture was then diluted with 400 
parts of mineral spirits. 
The resulting varnish was treated with sicca 

60 tives consisting of .02% cobalt and .02% man 
ganese as the soluble naphthenates. The hard 
ness of the resulting film was tested by the 
Rocker hardness procedure. The hardness of 
this film compared to the hardness of films of 
varnishes prepared from soybean oil, linseed oil, 
and tung oil is indicated in the following table. 

Hardness Warnish From 

70 Soybean oil---------------------------------------------- 3.0 
Linseed oil----------------------------------- 41.3 
Tung oil------------------------------------------------- 56.4 
Soybean acid ester of the condensation product of acetone 
and formaldehyde-------------------------------------. 60.1 

75 Thus, it is seen that there resulted a varnish 
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whose film compared favorably in hardness with 
the film from tung oil. The film also exhibited 
a marked resistance to hot and cold Water and 
mild chemicals such as 1% sodium hydroxide 
solution, 

Example 14-varnish from the linseed acid ester 
of the condensation product of acetone and formaldehyde 
The varnish was prepared according to the 

same formula indicated in the preceding exam 
ple using the reconstituted oil described in Ex 
ample 2. It was necessary to cook the varnish 
only 375 minutes in order to obtain a 24-inch 
string. A similar varnish using dehydrated cas 
tor oil required 525 minutes whereas a varnish 
of the same nature with linseed oil required 585 
minutes. The resulting varnish yielded a film 
which was harder than the film from tung oil 
when tested by the Rocker procedure and which 
indicated greater resistance to the action of hot 
and cold water and 1% sodium hydroxide solu 
tion than did varnish from materials such as 
linseed oil. 

Eacample 15.-Varnish prepared from the linseed 
acid ester of 2,26,6-tetramethylolicycloheaca 
72Ol 

In this case the oil prepared in Example 11 
was subjected to the same warnish formulation 
indicated in Example 13. In this case 495 min 
utes were required in order to obtain a 24-inch 
string. This, as reference to the preceding ex 
ample will indicate, was faster than the time 
required for dehydrated cast0r oil Or inseed oil. 
The resulting film from this varnish indicated a 

O 
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hardness on the Rocker scale of 80.5 as compared 
to 56.4 for tung oil. The film likewise was quite 
resistant to hot and cold water and 19% sodium 
hydroxide Solution. 
In addition to the resins indicated in these 

examples, other resins may be used in preparing 
varnishes with the new synthetic drying oils 
described herein, as for example, ester gums, al 
kyds, polyindene, coumarone, phenolic type res 
ins, or any of the resins customarily employed 
in making warnishes. It is particularly desirable 
to employ in varnishes, ester gums prepared 
according to my co-pending application Serial 
No. 599,949, filed of even date herewith, entitled 
Rosin acid esters, now Patent No. 2,470,964, is 
sued May 24, 1949, and/or alkyds prepared ac 
cording to my co-pending and now abandoned 
application Serial No. 599,950, filed of even date 
herewith entitled Alkyd resins. 

In some cases in the preparation of varnish 
and similar coating materials it is advisable to 
heat a reaction mixture consisting of a glyceride 
such as Soybean oil, linseed oil, dehydrated cas 
tor oil, etc. with rosin acid and one of the poly 
hydric alcohols described in the co-pending ap 
plication entitled Condensation of ketones with 
formaldehyde. Instead of ordinary gum or wood 
rosin or abietic acid such materials as poly 
merized rosin, disproportionated rosin, hydro 
genated rosin, or the rosin portions of tall oil 
may be used. In such a reaction mixture, al 
though the reaction is by nature complex, the 
glyceride is alcoholyzed yielding a partial fatty 
acid ester of glycerol and of the above-mentioned 
polyhydric alcohol. The rosin acid serves to 
complete the esterification of these partial esters, 
yielding a very desirable coating composition. If 
desired, a catalyst may be added to aid in the 
alcoholysis. This may consist of the abietate, 
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12 
naphthenate, stearate, or other fat soluble salt 
of calcium, cadmium, cerium, strontium, zinc, 
and the like. The temperatures employed vary 
from 200-300. C. and the time of reaction may 
vary from 4 to 16 hours depending on the glyceride 
employed and the temperature used. 
While numerous examples of the invention 

have been given it will be apparent that other 
modifications are possible. It is to be under 
stood, therefore, that the invention is limited 
Only by the appended claims. 

I claim as my invention: - 
1. An ester comprising a polyhydroxy con 

densation product having at least four hydroxyl 
groups, said polyhydroxy condensation product 
resulting from the condensation of formaldehyde 
and a ketone having at least four replaceable 
hydrogen atoms adjacent the carbonyl group, in 
which the molal ratio of formaldehyde to ketone 
is not substantially less than one mole of formal 
dehyde per mole of active hydrogen in the ketone, 
Said condensation product being substantially 
completely esterified with a higher fatty acid. 

2. An ester comprising a polyhydroxy con 
densation product having at least four hydroxyl 
groups, said polyhydroxy condensation product 
resulting from the condensation of formaldehyde 
and an aliphatic ketone having at least four re 
placeable hydrogen atoms adjacent the carbonyl 
group, in which the molal ratio of formaldehyde 
to ketone is not substantially less than one mole 
of formaldehyde per mole of active hydrogen in 
the ketone, said condensation product being sub 
stantially completely esterified with a higher fatty 
acid. 

3. An ester comprising a polyhydroxy con 
densation product having at least four hydroxyl 
groups, said polyhydroxy condensation product 
resulting from the condensation of formaldehyde 
and an allicyclic ketone having at least four re 
placeable hydrogen atoms adjacent the carbonyl 
group, in which the mola ratio of formaldehyde 
to ketone is not substantially less than one mole 
of formaldehyde per mole of active hydrogen in 
the ketone, said condensation product being sub 
stantially completely esterified with a higher fatty 
acid. 

4. An ester comprising a polyhydroxy con 
densation product having at least four hydroxyl 
groupS, Said polyhydroxy condensation product 
resulting from the condensation of formaldehyde 
and a ketone having at least four replaceable 
hydrogen atoms adjacent the carbonyl group, in 
which the molal ratio of formaldehyde to ketone 
is not substantially less than one mole of formal 
dehyde per mole of active hydrogen in the ketone, 
Said condensation product being substantially 
completely esterified with the mixed fatty acids 
of a fatty oil. 

5. An ester comprising a polyhydroxy con 
densation product having at least four hydroxyl 
groups, said polyhydroxy condensation product 
resulting from the condensation of formaldehyde 
and a ketone having at least four replaceable 
hydrogen atoms adjacent the carbonyl group, in 
which the molal ratio of formaldehyde to ketone 
is not substantially less than one mole of formal 
dehyde per mole of active hydrogen in the ketone, 
said condensation product being substantially 
completely esterified with the mixed fatty acids 
of a drying oil. 

6. An ester comprising a polyhydroxy con 
densation product having at least four hydroxyl 
groupS, said polyhydroxy condensation product 
resulting from the condensation of formalde 
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hyde and a ketone having at least four replaceable 
hydrogen atoms adjacent the carbonyl group, 
in which the molal ratio of formaldehyde to 
ketone is not substantially less than one mole 
of normaldehyde per mole of active hydrogen 
in the ketone, said condensation product being 
substantially completely esterified with pre 
dominantly unsaturated higher fatty acids. 

7. An ester comprising a polyhydroxy con 
densation product resulting from the condensa 
tion of formaldehyde and cyclohexanone, in 
which the molal ratio of formaldehyde to cyclo 
hexanone is not substantially less than one mole 
of formaldehyde per mole of active hydrogen in 
the cyclohexanone, said condensation product be 
ing substantially completely esterified with a 
higher fatty acid. 

8. An ester comprising a polyhydroxy con 
densation product resulting from the condensa 
tion of formaldehyde and acetone, in which the 
molal ratio of formaldehyde to acetone is not 
Substantially less than one mole of formalde 
hyde per mole of active hydrogen in the acetone, 
said condensation product being substantially 
completely esterified with a higher fatty acid. 

9. An ester comprising a polyhydroxy con 
densation product resulting from the condensa 
tion of formaldehyde and methyl ethyl ketone, in 
which the molal ratio of formaldehyde to methyl 
ethyl ketone, is not substantially less than one 
mole of formaldehyde per mole of active hy 
drogen in the methyl ethyl ketone, said condensa 
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tion product being substantially completely es 
terified with a higher fatty acid. 

10. An ester comprising a polyhydroxy con 
densation product resulting from the condensa 
tion of formaldehyde and cyclohexanone, in which 
the molal ratio of formaldehyde to cyclohexanone 
is not substantially less than one mole of formal 
dehyde per mole of active hydrogen in the cyclo 
hexanone, said condensation product being sub 
stantially completely esterified with an unsatu 
rated higher fatty acid. 

4 
11. An ester comprising a polyhydroxy con 

densation product resulting from the condensa 
tion of formaldehyde and acetone, in which the 
molal ratio of formaldehyde to acetone is not 
Substantially less than one mole of formaldehyde 
per mole of active hydrogen in the acetone, said 
condensation product being substantially com 
pletely esterified with an unsaturated higher 
fatty acid. 

12. An ester comprising a polyhydroxy con 
densation product resulting from the condensa 
tion of formaldehyde and methyl ethyl ketone, 
in which the mola ratio of formaldehyde to 
methyl ethyl ketone is not substantially less than 
One mole of formaldehyde per mole of active hy 
drogen in the methyl ethyl ketone, said con 
densation product being substantially complete 
ly esterified with an unsaturated higher fatty 
acid. 
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