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ABSTRACT OF THE DISCLOSURE 
Esters of certain branched chain fatty acids containing 

a quaternary carbon atom and certain dihydroxy aromatic 
carbonyl compounds (e.g., benzophenones, naphthophe 
nones) are employed as base ?uids or blending stock in 
lubricants. Lubricants containing these esters possess 
suitable viscosity characteristics and greater thermal and 
oxidative stability which are of special value in lubricat 
ing engines which are subject to high temperatures. 

This invention is concerned with synthetic esters for 
use as base ?uids or blending stock in lubricants. Lubri 
cants composed in whole or in part of synthetic compo 
nents have been developed in an e?ort to obtain superior 
lubricating compositions. In general, these lubricating 
compositions are characterized by higher viscosity indexes, 
lower pour point and greater thermal and oxidative sta 
bility than mineral oils of corresponding viscosity. Such 
properties are of special value in lubricating engines 
which are subjected to high temperatures, such as com 
bustion turbine engines. Mineral oil lubricants, even those 
containing added VI improvers, pour point depressors, 
or other additives are undesirable for use in such engines 
because of the relatively high volatility, low ?ash point 
and poor thermal and oxidative stability of the mineral 
oils, which also have a tendency to leave deposits which 
accumulate and interfere with the operation of the engine. 
Particularly, in high performance jet engines, such as 
those designed for supersonic transport and other ad 
vanced aircraft, and in industrial gas turbines which op 
erate continuously at full power settings, lubricants are 
required to have high thermal and oxidative stability. 

Certain neoalkylpolyol esters of straight chain fatty 
acids, eg pentaerythritol tetracaproate, which are known 
as Type II lubricants, have been employed in jet engines 
but do not possess the thermal and oxidative stability re 
quired of the more advanced engine models. On the other 
hand, esters derived from neoalkylpolyols and branched 
chain fatty acids, e.g., pentaerythritol tetrapivalate, al 
though having good oxidative stability, are solids at room 
temperatures and thus have poor handling, starting and 
low temperature properties. Polyphenyl ethers, e.g., 
m,m,m - bisphenoxyphenoxybenzene, have pour points 
above 35—40° F. and do not ?ow and pour at subzero tem 
peratures, as required to achieve their functions, especial 
ly during the critical start up time for jet engines. 

It has now been found that the esters formed by react 
ing certain branched chain fatty acids or acid chlorides 
containing a quaternary carbon atom with certain dihy 
droxy aromatic carbonyl compounds possess superior 
properties of thermal and oxidative stability along with 
suitable viscosity, volatility and low temperature proper 
ties and therefore may be employed as either base ?uids 
or blending stocks in lubricants for high performance 
supersonic aircraft and other appropriate applications. In 
addition, these esters can be used as base ?uid or thick 
ener for high temperature hydraulic ?uids, base ?uid for 
high temperature greases and as components for other 
lubricants which require high thermal and oxidative sta 
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bility. They can also be used as advanced plasticizers for 
high temperature polymers such as polyvinyl chloride, 
polyethylene, polyesters, polycarbonates, polyurethanes, 
polyamides, polyimides, synthetic rubber, etc. 

Aromatic dihydroxy carbonyl compounds suitable for 
forming the esters of this invention may be described by 
the general formula 

wherein x and y each equals 0-2, and x+y=2—4, A1 and 
A2 are aromatic hydrocarbons containing from 6 to 20 
carbons, particularly the benzene and naphthalene radi 
cals. Exemplary of compounds suitable in the present in 
vention are: 2,2’-dihydroxybenzophenone, 4,4’-dihydroxy 
benzophenone, 2,4 - dihydroxybenzophenone, 2,4’-dihy 
droxybenzophenone, 2,2’-dihydroxy-4,4'-dimethoxybenzo 
phenone, 2,2'-dihydroxynaphthophenone and 2,2’-dihy 
droxybenzobiphenone. These compounds are generally 
prepared by reacting the appropriate phenols and aro 
matic hydroxy acids using condensation agents such as 
ZnCl2 and P0013. 
The fatty acid chlorides are prepared by reacting ap 

propriate fatty acids with compounds such as PCl3, PCl5, 
SOCl2. These fatty acids have the general structure: 

where m=0 to 3 and R1, R2, and R3 are alkyl groups hav 
ing 1 to 4 carbons. Exemplary of these acids are the fol 
lowing: 2,2-dimethylpentanoic acid, 3,3-dimethylpenta 
noic acid, 4,4-dimethylpentanoic acid, 4,4-dirnethylhex 
anoic acid, 3,3,4-trimethylpentanoic acid, 4,4,5-trimethyl 
hexanoic acid, 3,3-dimethylbutanoic acid, 2-methyl-2-eth 
yl-pentanoic acid, 3-methyl-3-ethyl pentanoic acid, 3 
methyl-3-ethyl butanoic acid or mixtures of these acids. 
The esteri?cation reaction with the dihydroxy carbonyl 

compounds can be carried out using either the fatty acid 
directly or using the acid chloride. ‘In the event the fatty 
acid is reacted directly with the aromatic hydroxy com 
pound a suitable reagent such as tri?uoro-acetic anhy 
dride or poly-phosphoric acid can also be employed to 
combine with the water of reaction. If the acid chloride 
is employed rather than the acid, the reaction is facilitated 
by the presence ‘of a compound which will react with 
the HCl as it is formed. Such HCl acceptors include cer 
tain amines which have no hydrogen on the nitrogen 
atom such as pyridine, dimethyl aniline, and triethylamine 
and also inorganic bases such as Na2CO3 and CaCO3. The 
HCl may also be removed from the reaction mixture by 
applying su?icient heat and bubbling nitrogen through it. 
Suitable solvents such as benzene, toluene, xylene, chlo 
roform and ether may be employed to facilitate the reac 
tion and to make stirring easier. The rate of the reaction 
is increased by the use Of a catalyst such as dimethyl 
formamide. 
The esters produced by this process may be represented 

generally by the structure: 

where m and 11:0-3 and R1, R2, R3, x and y are as pre 
viously described. 

Typical esters of this type, which are produced by the 
process of this invention, can have the structure: 

0 
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such as, for example, 2,2'—bis(2,2-dimethylpentanoyloxy) 
benzophenone or 4,4’ - bis(2,2 - dimethylpentanoyloxy) 
benzophenone, or can have the structure 

such as, for example, 2,4-bis (2,2-dimethylpentanoyloxy) 
benzophenone 0r 2,4 - bis (3,3 ~ dimethylpentanoyloxy) 
benzophenone. 
Examples of esteri?cation reactions producing the prod- 15 

nets of this invention are given below. 
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EXAMPLE I 

A mixture of 213 g. (1 mole) of 2,4-dihydroxybenzo 
phenone and 500 g. of toluene was re?uxed until no more 
water was collected in the Dean-Stark trap. Only a few 
drops of water were obtained. To the stirred solution was 
added 15 ml. of dimethyl formamide. The mixture was 
stirred at 88-112“ for about 7 hrs. during which 653 g. 
(4.4 moles) of 2,2-dimethylpentanoyl chloride and 15 ml. 
of dimethyl formamide were added. After stirring at 112 
6° for about 30 min., the mixture was cooled to room 
temperature. About 60 ml. of pyridine was added and the 
mixture was stirred at 60-100" for 6 hrs. The reaction 
mixture, upon cooling, was washed twice with 1.2 N HCl, 
three times With 20% NaOH and then twice with water. 
The washed solution was topped to 175° C. at 1 mm. 
About 352 g. of clear viscous liquid was obtained. 

EXAMPLE II 

A mixture of 205 g. (0.96 mole) of 4,4’-dihydroxyben 
zophenone and 400 g. of toluene, after removing trace 
of water by azeotropic distillation, was stirred at 170 
195° F. for '9 hrs., while 15 ml. of dimethylformamide 
and 315 g. (2.12 mole) of 2,2-dimethylpentanoyl chlo 
ride were added slowly. The mixture was then re?uxed 
with 60 ml. of pyridine and worked up in the same man 
ner as Example I, yielding 393 g. of product. The latter 
solidi?ed upon standing and was recrystallized from 
methanol. 
The esters of this invention have been found to possess 

improved oxidation resistance over conventional base 
?uids used in Type II synthetic lubricants. Oxidation re 
sistance is determined by the Oxygen Absorption Test 
which measures the rate of oxygen absorption in the 
presence of an inhibitor such as 1% N-phenyl-ot-naph 
thylamine. 
The Oxygen Absorption Test is carried out in the fol 

lowing manner: a 75 gm. sample of the ester containing a 
standard antioxidant is oxidized at 450° F. with 1 ft.3/hr. 
of oxygen in a tube about 9" long and 1%" in ID. The 
exit gas passes through a re?ux condenser, an entrain 
ment trap and two absorption tubes. The ?rst tube is 
?lled with active charcoal, Drierite and Ascarite to re 
move organic vapor, water and C02. The gases come out 60 
from the ?rst tube then pass through a catalytic oxidation 
tube ?lled with CuO, in which CO and hydrocarbons are 
converted to C02. The exit gas from the oxidation tube 

E O 

then passes through a second absorption tube ?lled with 
Drierite and Ascarite and is circulated with a tubing pump 65 
back into the sample tube. Thus oxygen is continuously 
circulated through the system until it is used up‘ by the 
sample. The decrease in the volume of oxygen in the sys 
tem which represents the volume of O2 absorbed is con 
tinuously measured by a Stathum gauge and recorded on 70 
a Brown recorder. The recorder is so calibrated that the 
slope of the curve represents the rate of oxygen absorp 
tion. During the earlier part of the test the oil is effec 
tively inhibited by the antioxidant and the rate of 02 ab 
sorption is usually small. The rate usually stays constant 75 
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until a time is reached at which the inhibitor is either 
exhausted or is no longer effective in inhibiting the oxida 
tion. At this point there is generally a fast increase in 
the rate of oxidation. The time in minutes required for 
this change of rate to happen is called induction time 
(Ti). The volume of O2 absorbed during this period of 
time is represented by Vi. The test is continued until a 
total of 2500 ml. of 02 has been absorbed. The time in 
minutes for this to take place is called total time (Tt). 
The total volume of O2 absorbed (V1,) is usually 2500 ml., 
unless some other (Vt) was used for special reasons. 
A conventional base ?uid for Type II synthetic lubri 

cants, pentaerythritol tetracaproate, was subjected to the 
Oxygen Absorption Test along with the esters of this in 
vention. The results are summarized in Table I. 
As may be seen, pentaerythritol caproate (col. 6) was 

found to have an induction time (T1) of 260 min. and a 
total time (T,) of 298 min. ‘Compared with this all of the 
compounds of the present invention (cols. 1-5) experi 
enced no drastic increase in oxidation rate during the 
test. This is re?ected by the total absence of an induc 
tion time (T1) for these compounds. The time required 
for the compounds tested to absorb 2500 ml. of oxygen, 
the total time (T,) was 5-10 times that required by 
pentaerythritol caproate, ranging in the former case from 
1560 min. to 2930 min. as compared with 298 min. for 
the conventional base ?uid. 

Further, it may be observed that the compounds of 
the present invention have greater oxygen tolerance than 
conventional esters. This means that they suffer much 
smaller changes in physical properties such as viscosity 
upon oxidation. For example, in Table I it will be seen 
that the pentaerythritol caproate experienced a 43.95% 
change in Kinematic Viscosity at 100° F. (Akv./100) after 
the relatively short time of 298 min. (Tt) when subjected 
to the Oxygen Absorption Test. The compounds of this 
invention undewent similar changes in viscosity, ranging 
from 32.1% to 59.5% only after the much longer period of 
from 1560 to 2930 min. 

In addition to being used by themselves as base ?uids 
the compounds of this invention may also be blended 
with other ester type base ?uids. 

Table -II shows some of the critical properties of mix 
tures of these esters. The ester chosen is resorcinol dineo 
heptanoate, although other aliphatic or aromatic esters 
containing 2 or more ester groups can also be used. It 
can be seen that a base ?uid having a pour point of —45° 
F. and kv./ 210 of 5.304 c.s. can be obtained by blending 
1 part by wt. of 4,4'-bis(2,2 - dimethylpentanoyloxy) 
beuzophenone with 2 parts by wt. of resorcinol dineohep 
tanoate. With a suitable choice of the esters of this inven 
tion and a suitable choice of the other ester component and 
additives, synthetic lubricants of superior thermal and 
oxidative stability and adequate physical properties can 
readily be obtained. 

TABLE II.—PROPERTIES OF MIXTURES OF ESTERS OF 
THIS INVENTION WITH OTHER ESTERS 

Mixture ___________________________________________ _ - A B 

Composition: 
4,4’-bis(2,Q-dimethylpentanoyloxy) benzophe 
none (parts by wt.) _________________________ __ 1 2 

Resorcinol di-neoheptanoate (parts by wt.) .____ 2 1 
KV, es: 

210 ° F ________________________________________ .- 6. 304 17. 4 
100° F ________________________________________ __ 46. 62 573. 3 

Pour point, ° F. .__ —45 —5 
Flash point, ° F __________________________________ __ 355 500 
Fire point, ° F- __________________________________ __ 445 565 

vIt is claimed: 
1. Diesters of 
(a) an aromatic dihydroxy carbonyl compound of the 

formula 
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6 
wherein x and y each is from 0 to 2, however, x+y is 2, 
and A1 and A2 are aromatic hydrocarbon radicals 
selected from the group consisting of the benzene and 
naphthalene radicals, and 

(b) a branched chain acid having a quaternary carbon 
atom selected from the group consisting of : 

2,2-dimethylpentanoic acid, 
3,3-dimethylpentanoic acid, 
4,4-dimethylpentanoic acid, 
4,4-dimethylhexanoic acid, 
3,3,4-trimethylpentanoic acid, 
4,4,5-trimethylhexanoic acid 
3,3-dimethylbutanoic acid, 
2-methyl-Z-ethylpentanoic acid, 
3-methyl-3-ethylpentanoic acid, 
3-methyl-3-ethylbutanoic acid 
and mixtures thereof. 

2. Diesters of 
(a) an aromatic dihydroxy carbonyl compound of the 
formula 

0 

(HO)x—A1—(UJ~A2—(0H)y 
wherein x and y each is from 0 to 2, however x-l-y 
is 2, and A1 and A2 are benzene radicals, and 

(b) a branched chain acid having a quaternary carbon 
atom selected from the group consisting of : 

2,2-dimethylpentanoic acid, 
3,3-dimethylpentanoic acid, 
4,4-dimethylpentanoic acid, 
4,4-dimethylhexanoic acid, 
3,3,4-trimethylpentanoic acid, 
4,4,5-trimethylhexanoic acid 
3,3-dirnethylbutanoic acid, 
2~methyl-2-ethylpentanoic acid, 
3-methyl-3-ethylpentanoic acid, 
3-methyl-3-ethylbutanoic acid 
and mixtures thereof. 

3. A diester of claim 2 wherein x and y each is 1. 
v4. A diester of claim 2 wherein x is 2 and y is 0. 
5. Diesters of 
(a) an aromatic dihydroxy carbonyl compound selected 
from the group consisting of 

2,2'-dihydroxybenzophenone, 
4,4'-dihydroxybenzophenone, 
2,4-dihydroxybenzophenone, 
2,4'-dihydroxybenzophenone, 
2,2’-dihydroxy-4,4’-dimethoxybenzophenone, 
2,2’-dihydroxynaphthophenone and 
2,2'-dihydroxybenzobiphenone, and 

(b) a branched chain acid having a quaternary carbon 
atom selected from the group consisting of: 
2,2-dimethylpentanoic acid, 
3,3-dimethylpentanoic acid, 
4,4-dimethylpentanoic acid, 
4,4-dimethylhexanoic acid, 
3,3,4-trirnethylpentanoic acid, 
4,4,5-trimethylhexanoic acid 
3,3-dimethylbutanoic acid, 
2-methyl-2-ethylpentanoic acid, 
3-methyl-3-ethylpentanoic acid, 
3-methy1-3-ethylbutanoic acid 
and mixtures thereof. 

6. A diester of claim 9 wherein the aromatic dihydroxy 
carbonyl compound is 2,4-dihydroxybenzophenone and 
the branched chain acid having a quaternary carbon atom is 
selected from the group consisting of 2,2-dimethylpen 
tanoic acid and 3,3-dimethylpentanoic acid and mixtures 
thereof. 

7. A diester of claim 2 wherein the aromatic dihydroxy 
carbonyl compound is 2,2'-dihydroxybenzophenone and 
the branched chain acid having a quaternary carbon atom 
is 2,2-dimethy1pentanoic acid. 
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8. A diester of claim 2 wherein the aromatic dihydroxy FOREIGN PATENTS 
carbonyl compound is 4,4’-dihydroxybenzophenone and . . ‘ 
the branched chain acid having a quaternary carbon atom 636’429 4/1950 Great,Br.1ta.m """ " 26O_479 
is zgzdimethylpentanoic acid_ 855,242 11/ 1960 Great Bntam ______ __ 260-479 
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