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Synthesis, Characterization, and Ester-Ester Interchange
Study of the Mixed Ester 2-Ethylhexyl

Benzyl Azelate

J. G. O'REAR AND P. J. SNIEGOSKI

Surface Chemistry Branch
Chemistry Division

New components are in demand for ]ow-temnpCratutre instrument oils. To meet this demand two

new esters, bis(3,4-dichlorobenzyl) /n-methyladipate and 2-ethylhexyl benzyl azelate, were synthesized

and although both esters possessed the required high sotrfacC tensions (43.6 and 33.4 dynes/cm at 20%C,

respectively), only the azelate had a suitable viscosity for low-temperature application. This mixed
ester, 2-ethylhexyI benzyl azelate, had been prepared by the esterification of the half ester, 2-ethylhexyl

hydrogen azelate, with a large excess of benzyl alcohol.
A study was made of the disproportionation of 2-ethylhexyl benz) I azelate into two symmetrical

diesters

2(2-ethylhexyl benzyl azelate) ýzZŽ dihenizyl azelate + bis(2-ethylhexyl) azelate.

The reaction rates for this ester-ester interchange were found to be too small to restrict the de-

sired application of the mixed ester at temperatures below 100°C.

INTRODUCTION

Background

Stable nonspreading oils for use at temperatures
below -40'F are needed to meet present demands
for military aircraft and satellite instruments.
Recent studies have shown that most oils can be
made nonspreading by suitable additives, but
that the surface tension of the finished oil should
exceed 32 dynes/cm to maintain nonspreading on
contaminated surfaces (1). If additives are not
used two terminal aromatic groups are usually
required to obtain this high a surface tension,
but such oils have prohibitively high viscosities
at -65°F (2). Blends of aromatic esters with
relatively volatile aliphatic esters, such as that
of benzylphenylundecanoate with diethylene
glycol dicaproate (Specification MIL-L-3918)
are useful to -40'F, but no acceptable blend
has been found useful at -65°F (3,4). Blends
have the further disadvantage that the aliphatic
component is somewhat concentrated in the
air/oil interface and lowers the surface tension
more than might have been anticipated from a
uniform mixing of the species.

NRL Pioblem C02-04; Project RRMA-03-021/652/R001-07-01.

This is an interim report; work on the probtlem is contintt ing. Man-

uscripi submitted Juls 14, 1964.

PRELIMINARY STUDIES

In attempting to find components for stable
nonspreading low-temperature instrument oils,
two new esters, bis(3,4-dichlorobenzyl) /3-methyl-
adipate and 2-ethylhexyl benzyl azelate, were
synthesized and subjected to various tests to
determine if they had the required nonspread-
ing oil properties.

Chlorination of the benzene ring raises the
surface tension; therefore the synthesis of bis-
(3,4-dichlorobenzyl) /3-methyladipate (see Ap-
pendix) was undertaken by conventional pro-
cedures to assess the influence of four such chlo-
rine substituents on the surface tension and vis-
cosity. Effects can be assessed by comparing
properties of the chlorinated diester (surface
tension 43.6 dynes/cm, viscosity 83.4 centistokes
at 100°F (Table 1)) with those of the related un-
chlorinated diester bis(2-phenylethyl) /3-meth-
yladipate (surface tension 41.3 dynes/em, viscosity
25.07 centistokes at 100°F (Ref. 2)). The small
gain in surface tension and the large increase in
viscosity resulting from the chlorine substituents
demonstrate that chlorination of aromatic esters
is not a promising approach to the design in low-
temperature nonspreading oils.

The synthesis of 2-ethylhexyl benzyl azelate
produced a mixed ester whose propersties were
suitable for low-temperature nonspreading oil
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applicat ions. The synut hesis, charactelrization, and
the study of the susceptibility of the mixed ester
to disproportionate into the corresponding sym-
metrical diesters by ester-ester interchange are
given in this report.

EXPERIMENTAL

Starting Materials

All of the starting materials are commercial

products further purified by conventional meth-
ods if required. Azelaic acid, nip 105'-107°C,
from Distillation Products Industries was used
without further purification. Benzyl alcohol
from Fisher Scientific Company was purified
by fractional distillation; bp 98°0(10 mm; n2

0

1.5395. Also purified by fiactional distillation
was 2-ethylhexanol from Distillation Products
Industries; bp 75°C/8.0 mm; nY? 1.4306.

Synthesis of 2-Ethylhexyl Benzyl Azelate

2-Ethylhexyl hydrogen azelate-This compound
is pre-pared by the same procedure that was de-
veloped in this ILabortator for the syntliesis of'
2-ethylhexyl hydrogen sebecate (5). A mtx-
turc of azelaic acid (1645 g, 8.74 moles), 2- ethyl-
hexantil (568 g, 4.37 moles), p-ltoluene sulfonic
acid monohydrate (3 g), and 3.5 pints of toluene
is refluxed for 2-1/2 hours until 78.5 ml of water
is collected in the water trap. After the mixture
cools, most of the unrieacted azelaic acid is re-
moved by filtration and washed with petroleum
ether. The solvents are removed and the esters
dissolved in 2.5 pints of petroleum ether and
cooled to -5'C. More azelaic acid crystallizes
from solution and is filtered out. The solvent
is again removed and the mixture is redissolved
in 7 pounds of diethyl ether. By washing the
ether solution with two 25-nil portions of aqueous
2-percent potassium hydroxide, most of the acid
catalyst is removed. By further extraction of
the ether layer with aqueous potassium hydroxide
and regeneration of the extracted half ester with
hydrochloric acid the half ester can be separated
ftrom the accompanying azelaic acid and bis(2-
ethylhexyl) azelate. During the extractions, the
aqueous 2-percent potassium hydroxide is added
dropwise beneath the surftace to avoid emulsi-
fication. Addition of base is conitined until
the pH of the effluent reaches 10. Most of the

diester now remttins ill tlhe oher IayNer, which is

discarded. A partial acidification with concen-
tratcd hydrtochlolric acid Itt a p)11 tf 5.5 regen-
cratles the hailf ester as atn oil wx ile aztelati acid
tetlains in solutlion as p)otassitltii salts.

After ftou sttch extiactions and iegtleerations
the final ether solution is strongly acidified with
l(Idrochtloic acid, washed willh walelt, and (tried
Ote alt](ItdrotS lnagtlesittiln sttlfttie. Cetlttiftitgal
nioleIult,(r distillatiint at 750C, and 1 tnicrotn fut-
nishes 782 g of product with properties shown
in TIable 1. Saponification equixvalent calculated:
3/00.4. Found: 299.5.

2-Ithylhexyl benzyl azelate-A mixture of 2-
ethylhexyl hydrogen azelate (731.3 g, 2.34 moles),

benztx alcohol (1315 g,, 12.17 moles), lp-toluetic
sulfiltic acid inonohydrtae (2 g), and 4 pints of
ttluene is relluxeCd for 2 hlturs until 43.0 til of'
water is collect(d in a water trap.

After the reaction mixture has been netl-
tralized with 0.5-percent aqueous potassium
hydroxide washes, solvents are removed by flash
evaporation. Then the unreacted benzyl alcohol
is removed by molecular distillation at 60'C and
16 microns.

A solution of the residue in 5 liters of heptane
is cooled to -80'C. The solid dibenzyl azelate
is removed by filtration. The filtrate is recooled
and refiltered to remove any further solid.
Solvents are removed and the residue is dis-
tilled on the centrifugal molecular still at 85'
to 100°C and 10 microns. The first 20 percent
of the distillate is discarded in order to obtain
a product that will not. cloud at low temper-
atures and the last 30 percent is again cooled
in heplane to remove dibenzyl azelate and re-
distilled. Total amount of product after per-
colation through Florisil is 470 g (50% yield)
with properties shown in Table 1. Analysis
calculated for C24H:t 80 4 : C, 73.81; H, 9.81.

Found: C, 73.99; H, 9.76. Saponification equiva-
lent calculated: 195.2. Found 196.5.

Bis(2-ethylhexyl) azelate and dibenzyl azelate-
Each ester is prepared by refluxing a mixture
containing one mole of azelaic acid, 2.4 moles
of the alcohol, 500 ml of toluene, and 0.5 g
of p-toluene sulfonic acid monohydrate until
the theoretical amount of water is collected
in the water trap. Vacuum distillation and
percolation through Florisil give neutral products
with the properties listed in Table 1.

2
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TABLE I

Properties of the Esters Synthesized
S raE Viscosiiy, centistokes

pod cul Boiliing ] MhIring 1TeVion
Weight Point Point d

20  
2° 2I 19Fl-0°

Fo ula (them ( ((c) ]., /(I 20' ) 210F 100 1 40 65

1 di hrob'cnz)l) (:2, H£C I ho, 478.20 123/5% -210 1.3366 1.5588 43.6 83.4

mu-hy Iadil,.ie (glass)

2FEthII-xyI C,,HtO, 300.43 85/1 -16 096t10 1.4519

h) drogen aehlte

Bit(2-bthIyICIh ) (1) ,Hl•O 412.63 187/AI mm (J9156 1.4498 30.6 3.06t 11.4t 1,190+ 6,200

zelar 0.915 31.1 t

Dihen-yl adlate (C23 I 2O, 368A5 2'07/. 1 mm +15 1.0737 1.5230 41.1 15.3 §

+5 § I 1.07022O'ý§ 1.5236 § 42.3§
point

2-Ehlhex w yl (:21 F13 0 390.54 9O/10/, 0.98148 1.4817 33.4 3.23 12.29 2,086 16,500

benrzy aelate 197/.1 mm

(estimatcd)

Equim mix of CG, H:,( 4 390.54 -5 0.9839 1.4815 32.6 3.25 12.35

bis(2- cihyIh-xyI) ae!ate

anI dibl)zX azelate

E.NI. Bi ed, H.F. Kidder, C.M. Mu phy, and W.A. Zisman, 1l. Eng. Che- 39:484 (1947).

H.W. F: and W.A. Zisman, J. C(lloid S, i, 5:514 (1950).
4(. Cohen, C.M. Mu phy, J.G. O1Rear, H. Ravnr, and W.A. Zi man, Ind. Eng. Ch-. 45:1766 (1953).

§S. Portoy F.D. V\id lime, J. NMssina, and H. Gis cr, Ch,,,. Eng. Data Sr 3:289 (1958)1

Procedure for the Ester-Ester
Interchange Study

Five-gram samples are sealed in Pyrex tubes
at 0.1 mm after being heated to 150'C and
agitated for 15 minutes while under vacuum.
The samples are heated in an aluminum block
at temperatures monitored throughout the reac-
tion time.

In order to detect possible change in acid
content, a small portion of the sample is titrated
to a pH of 9 in 95% ethanol with O.IN aqueous
potassium hydroxide.

The main portion of the sample is dissolved
in 50 ml of heptane and chilled several hours
in a bath of dry ice and acetone. This cold
material is quickly filtered under vacuum through
a medium grade glass filter. The precipitate
of dibenzyl azelate is washed with cold heptane
and finally dissolved in acetone and transferred
to a separate container. The solvent is removed
from both the filtrate and the precipitate by
flash evaporation. The process is continued
for an extra 15 minutes at 60'C and several
millimeters of pressure after all apparent solvent
has been removed.

The analyses of the three-component mixtures
are based on the assumption that equimolar
amounts of the two symmetrical diesters are
produced during the disproportionation reaction.
Thus the weight of the bis(2-ethylhexyl) azelate
is 1.12 times the weight of the dibenzyl azelate,
the ratio of their molecular weights.

The percent of mixed ester remaining in the
sample after undergoing the period of heating
can be calculated from the weights of the pre-
cipitated dibenzyl azelate and the weight of
the filtrate, or alternately, from a measurement
of the refractive index of the filtrate. Both
procedures gave accurate results when known
mixtures of the three esters were analyzed.
In the first method the weights of the precipitate
and filtrate are used.

p = weight of the dibenzyl azelate
= weight of the precipitate

e = weight of the bis(2-ethylhexyl) azelate
= 1.12p

m = weight of the mixed ester

f = weight of the filtrate = m + e.

3
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Thlen,

xweighit of the sample im + e

ii f+ p- e -) f -e

The percent of mixed ester

in the sample

The second method utilizes the
of tie filtirate which contains the
the bis(2-e1hiylhexyl) azelate. III a
mixture

X(1.4498) + (100 - X) (I
100 n12 of the filt,

X 148.20 - 100 n 20 of th

0.0322

Usual esterifitatioti methods resuht in the colr-

cutrent production of the two symtietrical di-
esters, bis(2-ethylhlexyl) azelate (AEE) and dibenzyl

f - 1.121 azelate (ABB). Sepatation of the mixed estet
• froil the (hree-c{)nl}p}llenl nixtuire bN, {Iisiillalio}n

mi(100) is iffitiult and itiflicient sintce iltl( Ioilitng 'piintls
of all three cotnil}tutils lie lIcvciti 187°C ain

sam)le xweighit 207C a't 0.1 m1ili. Such a SC}iall< lat is further

t2Col)plicaletd hx' the possibilith tf' estd]-estlet itltcr-
100f- 11 2p thangee<, o1 dlisl)tOltoitriotlaltitol of tht Illixel cstcr

f+ IP to the ttilWanltcd sviniuncrical tonlptltinds al the

refractive index temperature of distillation. Exptierinent showetd

mi e tlat the lihCizvl azelatc is rcadily p0recilpitated
by chilillitig a hIltpatie soltttion of the thle cc-tntt-

t -twocmponetit ttpunds. It was iherefore desirable to tchioose

conditions for the synthesis that would mininiize
.4820) the 1)1roduction of bis(2-ethylhexyl) azclate.

ate One method tf' s nt hesis is Io esctlrif x 2-ethyl-
e filtrate hexyl hydrogen azelate (AHE) with benzyl al-

cohilI (BOIl),

where X = volume percent of bis(2-ethylhexyl)

azelate, n20 1.4498.

(100 - X) = volume percent of the mixed ester,
nD0 1.4820, in the filtrate.

For the original three-component sample,

AHE + BOFI -- .\BE + -.20() " (1)

Other significant reactions night inctlude thie
alcoholN sis of thet resuhiing mixed ester with lttort

benzxl alcohol to ftrnm dihenztyl azelace and 2-

ethiltexanol (EOH)

the percent volume
of mixed ester in
the sample

(100 - X)100
X + (100 - X) + (0.76X)

(100 - X)100
100 + 0.76X

ABE + BOH ;,± ABB + EOII • (2)

Any resulting 2-ethylihexanol ftron Eqt. (2) could
fornm unwatitetl his(2-ethy lhcxy l) azelate either
b)y alcoholy sis of the mixed ester

(0.76X) = the rclative voiume ' f' dihcnzvl aztlate

formed, hitere (0.76) is the ratio of lie equinmolar
vottllu e tf' dibcnzyl azelate to that of bis(2-etihN -
hexyl) azelate.

Because of' lhe sinillariyit of the intercthange

products to the miixed ester, tIe htclatiVe anilon niS
of' mixed ester expressed as petrcent bx weight,

perc(ent x'y vohlume, and niole i)erIceint rC essen-
tially lhe saute.

CHARACTERIZATION OF 2-ETHYLHEXYL
BENZYL AZELATE

Problem of Synthesis

For this study the mixed ester, 2-ethylhexyl
benzyl azelate (ABE), is reqtuired in high purity.

ABE + EOH 7± AEE + BOHl, (3)

or l)y' direct esterification of tlh halfest ier

AHE + EOH --- AIE + H(0 T " (4)

An csteriluication of' a stoichiomeiric lixtlure

of the half ester and benzyl alcohol resuhtet in
the l)rohu:tion of the mixed ester antd aprox-
imately' 10 p)ercent of each synmeutrical diester.
Thus lhe produclts of alcoholy sis are signific:antly
large dutring the reaction.

The use of excess benzyl alcohol for the es-
terification should decrease the amount of his-
(2-ethylhexyl) azelate formed in Eqs. (3) and (4).
A severalfold excess of benzyl alt'ohi0l suhstIani ially
increases the rates of Eqs. (1) and (2) and decreases

4
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the rates of Ehos. (3) and (4) by dilution of the
reactants. Since esteritication with excess alcohol
can be carried otut almost tO completion in a iiuch
shorter time than With sloiChiionietriC amiounLts of
reactants, tle unwanted side reacaions of Eqs.
(3) and (4) are allowed a Miuch short et lime It) t-on.

In the actual synthesis, five times lie stoichio-
metric amount of' benzyl alcohol is reacted with the
2-ethyxhexyl hydrotu ogein azelate. To minimize
alcoholysis of the product, the reaction is termi-
nated when approximately 98 percent of the theo-
retical aniioutt of water of esterification is col-
lected.

Determination of Purity

Many properties of the synthesized mixed ester
are found to be essentially the same as those of an
equimolar mixture of the two symmetrical diesters.
These properties include density, refractive index
(Table 1), saponification equivalent, and elemental
analyses. (Experimental section.) Therefore, mea-
surement of these properties alone gives little in-
dication of the purity of the product because a
mixed ester sample containing an equimolar mix-
ture of the two symmetrical diesters in any amount
would also have these similar characteristics. How-
ever, it can be shown that the actual amounts
of the symmetrical diesters present must be low.

Practically all of the dibenzyl azelate was re-
moved from the product by precipitation in cold
heptane. Quantitative experiments with mix-
tures of dibenzyl azelate and bis(2-ethylhexyl)
azelate indicate that this technique leaves less
than 0.5 percent residual dibenzyl azelate. The
maximum amount of dibenzyl azelate in the prod-
uct is accordingly estimated at less than one
percent. Since this mixed ester sample also has
the properties of an equimolar mixture of the
two symmetrical tdiesters, it can now be inferred
that the molar amount of bis(2-ethylhexyl) azelate
present is similar to the amount of the dibenzyl
azelate, or less than one percent.

Another way to infer the purity of the mixed
ester is by the estimation of relative amounts of
benzyl groups in ester samples as indicated by
the absorbancy of the infrared band at 14.35g.
Theoretically, the equimolar mixture and the
mixed ester have the same relative amounts of
benzyl groups. A three-component mixture of
the two symmetrical diesters and the mixed ester

RT 6149 5

will contain a similar amount of benzyI groups <.

o0ily if etL1inuolar amounts of the two symmetrical
diesters are ptresent. The absorbancy band att
14.35A* is actually slightly stronger for the mixed r,

ester sample than for the equitiolar mixture.
This is interpreted to mean that in the mixed

ester samnple, which also contains some amount
of the other two diesters, the cdibenzyl azelate

is present in a larger amiount than the bis(2-ethyl-
hexyl) azelate. Since the presence of dibenzyl
azelate was previously shown to be less than one
percent in the mixed ester sample, an even smaller
amount of bis(2-ethylhexyl) azelate must be pres-
ent. Therefore, all the evidence points to a
mixed ester sample containing less than one per-
cent each of dibenzyl azelate and bis(2-ethylhexyl)
azelate.

Significant Properties

All surface tensions were determined by the
ring method and are shown in Table 1. A value of
33.4 was observed for the mixed ester. For rea-
sons mentioned previously, a lower value for the
surface tension off the equitnolar mixture of' the
two symmetrical diesters would be expected. In
this case, 32.6 was found.

It is seen in Table 1 that the viscosities for the
mixed ester and for an equimolar mixture of the
two diesters are about the same at 210'F and
100'F. However, the equimolar mixture freezes
in the vicinity of 25°F while the mixed ester re-
mains liquid at very low temperatures. This
is one striking difference between the two ma-
terials.

A study of behavior during low-tetnpetature
storage was made with samples sealed in Pyrex
tubes at 0.1 mm after being heated to 320'F and
shaken for 15 minutes under vacuum. Samples
of early fractions in the distillation of the mixed
ester clouded at -40'F. This slight clouding is
the reason for discarding the initial 20 percent
of the distillate as stated before. Absolutely no
clouding or freezing is observed in mixed ester
samples stored a week at -40'F, -65°F, and -100'F.
The addition of bis(2-ethylhexyl) azelate produces
no clouding except for the small amount observed
in both commercial and NRL-prepared diester

samples. Neither clouding nor freezing is ob-
served under the same conditions in samples
containing 5 and 7 percent of dibenzyl azelate.
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However, a sample containing 10 percent of di-
benzyI azelate clouds at -10°F and becomes solid
at -20 0F.

ESTER-ESTER INTERCHANGE STUDY OF
2-ETHYLHEXYL BENZYL AZELATE

It is known that a mixture of two symmetrical
diesters of a tlibasic acid, under the influence
of temperature and catalysts, undergoes an ester-
ester interchange reaction which invoiles a re-
distribution of the two acyl radicals. At equil-
ibrium, a purely statistical distribution of the
components exists which is not influenced by
temperatures changes (6).

Therefore, 2-ethylhexyl benzyl azelate is ex-

pected to disproportionate until an equilibrium
mixture exists which is composed of 50 mole per-
cent mixed ester, 25 mole percent of dibenzyl
azelate, and 25 mole percent of bis(2-ethylhexyl)
azelate. This is represented by the following
equation:

2 ABE •ABB +AEE •(5)

Many of the properties of the mixed ester are
not appreciably altered by the ester-ester inter-
change. However, if sufficient dibenzyl azelate is
formed, the material becomes unsuitable for use
as a low-temperature lubricant. It was therefore
necessary to determine if the interchange would
be rapid enough to restrict the useful life of the
oil.

To study this reaction, samples of mixed ester
were maintained at desired temperatures for
definite times and then analyzed by methods
described in the Experimental Section.

The experimental data ftrom the study of the
interchange reaction are tabulated in Table 2.
To observe the effect on the rate of the reaction,
several runs were made with an added 0.5 per-
cent of azelaic acid. Apparent rate constants,
k's, are calculated according to the kinetics of
a second-order reversible reaction with a statistical
equilibrium constant. Data from the study of'
the acidolysis reaction of 2-ethylhexyl hydrogen
sebacate (5), which has some points of similarity

TABL.E 2

Experimental Data and Rates for Ester-Ester
2-Ehylhexyl Benzyl Azelate

Interchange of

Meq Acid Mixed k
Run O(C Time Catahy'st Per Gram Ester ( 104

(days) Added of Sample Reacted \Dcys)
Initial I Final (percent)

202 (0) (None) (0.0006) (0.0006) 0.13'"

1 202 18 None 0.0006 0.0014 2.6 0.15

2 202 24 None 0.0006 0.0015 2.8 0.12

3 202 24 0.5% azelaic acid 0.050 0.052 11.5 0.54

233 (0) (None) (0.0006) (0.0006) 0.55t

4 233 2.85 None 0.0006 0.010 1.7 0.61

5 233 14 None 0.0006 0.052 13.0 1.1

6 233 33.9 None 0.0006 0.163 41.2 2.6

246 (0) (None) (0.0006) (0.0006) 1.0t

7 246 1.95 None 0.0006 0.018 2.4 1.3

8 246 4.25 None 0.0006 0.036 5.4 1.3

9 246 6.25 None 0.0006 0.048 8.9 1.6

10 246 0.75 0.5% azelaic acid 0.048 0.055 3.5 4.8

11 246 1 0.5% azelaio acid 0.048 0.062 4.8 5.0

6

*Thcnmean vaIlue is used since no rise in k was found cxpciinicniall).+Found1 bN extrapolation io zero timec.
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to this study, were found to fit this scheme and it

was considered also to apply to the mixed ester

interchange reaction. For this type of reaction

k 2.3031 [ 0.5Co _
2 Cu to- L 0.5C0- (C0  C

where Co is the initial concentration, 100 percent,
and C is the concentration after time t (7).

Calculated rate constants are observed to vary
at a given temperature. A considerable upward

drift of k occurs xxithi increasing time in runs 4-6.

It is also noted that the final acid content increases

with time. When 0.5 percent of azelaic acid is

added, the calculated rate constant increases sub-

stantially. All this demonstrates that the rate of
ester-ester interchange is catalyzed by the acid.

This increase of acid content during a run is

caused by the pyrolysis of the ester (8), which
occurs to some extent alotg with the interchange.

Table 3 shows the acidity produced by pyrolysis

of the mixed ester and each of the diesters at

246°C for 6.25 days. That the extent of pyrolysis
would be greater for bis(2-ethylliexyl) azelate

than for dibenzyl azelate at this temperature is
suggested by several other studies (8,9). Extent

of pyrolysis, as evidenced by acid formed, is ex-

perimentally found to lie between that of the two
diesters.

The catalytic effect of the acid formed by py-

rolysis presents a problem when comparing cal-

culated rate constants at different temperatures.
By plotting the calculated rate constants versus

time for each temperature and extrapolating

to zero time, rate constants are obtained for sys-

tems in which there has been no acid produced
by pyrolysis. These reaction rate constants for

zero time, also shown in Table 2, were used to)
construct the Arrhenius plot shown in Fig. 1.

From the slope of the line, the energy of activation
is determined to be 23 kcal per mole. A similar

plot, not shown, for the rate constants of the sys- e
tems containing 0.5 percent of azelaic acid pro-

duced a tint- ouite parallel line about 0.7 of a log-
arithinic unit above the previous one, indicating

a value of 25 kcal per mole for the energy of activa-

tion. Diflteences in these two values probably

reflect experimental error since a catalyst generally
lowers the apparent energy of activation.

The rate constants of interchange at other tem-

peratures can be estimated from an extrapolation
of the experimentally constructed line as shown
in Fig. 1. For example, the rate constant for
interchange at 100°C is 1.8 X 10- 8/(percent)

(tlays). This would mean that at 100°C, 15 years
would be required for 1 percent of the mixed

ester to react. Table 4 lists the time required
for 1 percent of the mixed ester to undergo inter-

change at a number of temperatures. No attempt
is made to allow for the catalytic effect of the acid

produced by the concurrent pyrolysis. This 1-

percent interchange is not a critical limitation
to practical use of the oil. In fact, substantially

more interchange could occur without decreasing

the value of the material as a component for a

low-temperature instrument oil.
Figure 1 also shows a similarly constructed

plot for the pyrolysis of the mixed ester. First-

order rate constants, obtained from the amount
of acid generated during the runs, are based on

the assumption that an acid group is produced
for each molecule of ester pyrolyzed during the

early stages of the reaction. In order that the
initial rates for interchange and pyrolysis will

TABLE 3
Results of Pyrolysis of the Mixed Ester and Diesters at

246°C for 6.25 Days

Meq of Acid Pyrolyzed*
Compound Per Gram

of Sample (percent)

Bis(2-ethythexyl) azelate .0692 2.7

2-Ethylhexyl benzyl azelate .0510 2.0

Dibenzyl azelate .0354 1.4

Calculated on the assumption that one acid group is produi ccd for each

molecule of ester pyrolyzed.
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TABLE 4
Time Required for I Percent of the

Mixed Ester to Undergo Interchange
at Various Temperatures

Temlp (oC Time

100 15 years

150 110 tdays

202 8 days

233 2 days

246 1 day

290 4 hours

have the same meaning, the actual pyrolysis rate
constants must be divided by 100 before they are
plotted. The slope of the plot for pyrolysis in-
dicates an energy of activation of 36 kcal pet mole.
At about 290'C the two lines intersect, indicating
identical initial rates for the two reactions. As
the temperature decreases the pyrolysis reaction
becomes much slower than the ester-ester inter-
change. Below 200'C, pyrolytic production of
acid catalyst becomes too small to affect the rate
of ester-ester interchange. At 100°C, the rate of
pyrolysis is only about 1/1000 that of interchange.

CONCLUSIONS AND RECOMMENDATIONS

The mixed ester, 2-ethylhexyl benzyl azelate,
has a surface tension of 33.4 dynes per cm at 20'C,

no observed clouding or freezing at 1- 100F, and

a viscosity of 16,500 tcuitistokes at -65°F; these
properties make it a promising component for
a nonspreading low-teipietrattuc oil.

Reaction rates were studied for the ester-ester
interchange reaction, 2[2-ethylhtexyl benzyl aze-
late] --dibenzyl azelate + bis(2-ethylhexyl) azelate.
Disproportionation at 100°C, the highest temper-
ature to which the oil would be normally subjected,
would not restrict the desired application since
it is estimated that only one percent would react

in 15 years.
It is recommended that further studies be made

of the mixed ester, 2-ethylhexyl benzyl azelate,
for the formulation of a practical low-temperature
nonspreading instrument oil.
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Appendix

SYNTHESIS OF BIS(3,4-DICHLOROBENZYL) 3-METHYL ADIPATE

STARTING MATERIALS

All starling materials were commercial products

further purified by convenlional methods if re-

quired. The 3,4-dichlorobenzoic acid (nip 2010-

202'C) ft-om Distillation Products Industries was

used without further purification. The /3-

methyladipic acid (nip 96°-98°C) from Columbia

Organic Chemicals was recrystallized from water.

Neutralization equivalent calculated: 80.08.

Found: 79.92.

SYNTHESIS

Butyl 3,4-dichlorobenzoate

This ester is required as an intermediate for

preparing 3,4-dichlor'obenzy] alcohol. A mixture

of 3,4-dichlorobenzoic acid (382.0 g, 2.11 moles),

1-butanol (185.3 g, 2.50 moles), toluene (1000 ml),

and p-toluenesulfonic acid monohydrate (1.0 g)

is refluxed for 40 hours. Water collected in the

Dean and Stark water trap amounts to 36.9 ml

(theory 36.02 ml). After diluting the reaction

mixture with ether (1 lb), the ether minxture is

washed with 2-percent aqueous potassium car-

bonate, dried over magnesium sulfate and then

distilled to afford 494.2 g (8 5. 2 % yield) of product;

bp 110°C/0.3 mm; n20 1.5301; d 2° 1.2291. Sa-

ponification equivalent calculated: 247.1. Found:

239.0.

3,4-Dicholorobenzyl alcohol

This alcohol is prepared by a modification of the

ester reduction procedure of Nystrom and Brown

(Al). Butyl 3,4-dichlorobenzoate (420.1 g, 1.70

moles) is added over a 3-hour period to a stirred

mixture of pulverized lithium aluminum hydride

(41.7 g, 1.10 moles) and dry ether (1920 ml).

With continued stirring, strong external cooling

is applied Io the flask to reduce the temperature

of its contents to about 0°C. These conditions

are maintained during the cautious addition of

water (220 ml) and the subsequent addition of

20-percent aqueous sodium hydroxide solution

(67.2 g, 0.336 mole). The resulting ether layer

and ether extracts (2 X 300 ml) are combined and

distilled to furnish 392.0 g (94.0% yield) of prod-

uct; bp 110°C/0.3 mm; mp 38.5°-39.5°C (mp 38°C

in Ref. A2).

Bis(3,4-dichlorobenzyl) G-methyladipate

A mixture of 3,4-dichlorobenzyl alcohol (276.2

g, 1.56 moles), P-methyladipic acid (116.9 g,

1.56 moles), p-toluenesulfonic acid monohydrate

(1.5 g), and toluene (300 ml) is refluxed for 8

hours. The theoretical amount of water (26.3

ml) is collected in the water trap. After the usual

workup of the reaction mixture, molecular dis-

tillation yields 282.5 g (80.8% yield) of product

with the properties shown in Table 1. Analysis

calculated for C21H 20C1 40 4: C, 52.74; H, 4.22;

CI, 29.66. Found: C, 52.85; H, 4.52; C1, 29.14.

Saponification equivalent calculated: 115.20.

Found: 115.5.
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