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8 Claims. (C. 260-410.9) 
This invention relates to the preparation of esters. It is 

more particularly concerned with a transesterification 
method for converting an ester into one of higher molecu 
lar weight. 
As is well known to those familiar with the art, trans 

esterification is a general term for converting an ester into 
a different ester. One such process involves ester-ester 
interchange between two different carboxylic acid esters, 
usually in the presence of a catalyst. Ester-ester inter 
change is a reversible reaction that comes to an equilib 
rium. If one component is readily removed from the re 
action, this equilibrium can be displaced. When one of 
the interchange products is the component readily re 
moved, the reaction can proceed to good yields of desired 
ester. 

It is the discovery of this invention that methyl or ethyl 
esters of fatty acids can be converted into higher alkyl 
esters by ester interchange with the corresponding higher 
alkyl borates. The methyl or ethyl borate product of the 
equilibrium can be readily removed from the reaction, 
thereby effecting food conversion into the higher alkyl 
fatty acid ester. 

Accordingly, it is a broad object of this invention to 
provide a method of effecting ester interchange. Another 
object is to provide a method for converting ethyl or 
methyl fatty acid esters into higher alkyl fatty acid esters. 
A specific object is to provide a method for effecting ester 
ester interchange between ethyl or methyl fatty acid esters 
and higher alkyl borates. Other objects and advantages of 
this invention will become apparent to those skilled in the 
art, from the following detailed description. 
The present invention provides a method for converting 

methyl or ethylfatty acid esters into higher alkyl fatty acid 
esters that comprises reacting a methyl or ethyl ester of a 
fatty acid having between about 8 and about 30 carbon 
atoms and a trialkyl borate having between about 4 and 
about i8 carbon atoms per alkyl group, with or without 
an acid catalyst, at a temperature of between about 175 
C. and about 300 C., under a pressure of between about 
0.1 atmosphere and about one atmosphere, and continu 
ously removing trimethyl or triethyl borate. 
The fatty acid ester reactant contemplated herein is a 

methyl or ethyl ester of a fatty acid having between about 
8 and about 30 carbon atoms per molecule and, prefer 
ably, between about 10 and about 8 carbon atoms. 
These methyl or ethyl esters are readily prepared by many 
methods well known in the art. Non-limiting examples of 
the fatty acid ester reactant are methyl octanoate, ethyl 
octanoate, methyl 2-ethylhexanoate, methyl Valerate, ethyl 
decanoate, ethyl isodecanoate, methyl dodecanoate (meth 
yl laurate), ethyl dodecanoate, ethyl tetradecanoate, 
ethyl tetradecanoate, methyl pentadecanoate, ethyl hex 
adecanoate, methyl octadecanoate, ethyl octadecanoate, 
methyl eicosanoate, ethyl docosanoate, methylpentacosan 
ate, ethyl octacosanate, and methyl triacontanate. 
The alkyl borate reactant is a trialkyl borate having be 

tween about 4 and about 18 carbon atoms per alkyl radi 
cal. The borate esters are readily prepared by heating 
boron oxide (BO) with the desired alcohol at tempera 
tures of the order of about 100° C. and higher. Non-limit 
ing examples of the alkyl borate reactant are tributyl bo 
rate, triisoamyl borate, triamyl borate, trihexyl borate, tri 
isohexyl borate, tri-(2-ethylhexyl) borate, trioctyl borate, 
trimonyl borate, tridecyl borate, tri-dodecyl borate, tri 
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tetradecyl borate, tri-hexadecyl borate, and tri-octadecyl 
borate. 
The molar ratio of the methyl (or ethyl) ester of fatty 

acid reactant to alkylborate reactant will be at least 3, i.e., 
at least the stoichiometric amount. It can be advantageous 
to Se an excess. 
The temperature at which the ester interchange is ef 

fected is dependent to a large extent upon the pressure. 
When operating at about atmospheric pressure, tempera 
tures between about 240° C. and about 300° C., prefer 
ably between about 250° C. and about 300° C., are most 
effective. However, operation under reduced pressures 
will permit the use of lower temperatures. Superatmos 
pheric pressures do not appear to be advantageous in this 
process. Thus, at pressures approaching 0.1 atmosphere, 
temperatures as low as about 175 C. can be employed. 
In general, therefore, the process of this invention can be 
carried out at temperatures between about 175° C. and 
about 300° C. and at pressures between about 0.1 atmos 
phere and about one atmosphere. 

Although it is not necessary to the process, the use of an 
acid catalyst can be advantageous. Typical catalysts are 
hydrochloric acid, phosphoric acid, and sulfuric acid. Sul 
furic acid is particularly preferred. The amount of cata 
lyst used is very small, in the order of about 0.1 to 0.5 per 
cent, by weight of the reactants. 
As has been mentioned hereinbefore, the ester inter 

change reaction is driven toward completion by removing 
trimethyl or triethylborate from the reaction zone. Thus, 
any apparatus can be employed that will permit the re 
moval of the more volatile borate ester product while re 
taining the remaining materials in the reaction zone. 
Thus, for example, there can be used a jacketed autoclave 
provided with a reflux column having a condenser take 
off. The time of reaction will depend upon the efficiency 
of removal of the volatile borate ester, and upon the tem 
perature and pressure conditions employed. In general, 
the time of reaction can vary between about 0.5 hour and 
about 48 hours, preferably between about 2 hours and 
about 24 hours. 

EXAMPLE 1. 

Methyl laurate (75 g., 0.35 mole) and tri-n-butylborate 
were placed in a reaction vessel which was equipped with 
a short Vigreux column and a distillation receiver. The 
reaction mixture was heated at about 260° C. The prog 
ress of the reaction was followed over a period of time by 
means of vapor phase chromatography. The progress of 
the reaction, expressed as yield of butyl laurate is set forth 
in Table I. 

Table I 
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76 

48 Reaction time, hrs-------------------- 
8 Yield butylarate, percent.---------- 68 69 

EXAMPLE 2. 

Using the same reactants and amounts thereof and the 
apparatus of Example 1, another run was made at a tem 
perature of 190° C. and under a reduced pressure of 150 
mm. mercury (about 0.2 atmosphere). The progress of 
this run, as shown by vapor phase chromatographic analy 
sis, is set forth in Table II. 

Table II 
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0.5 Reaction time, hrs--------------------------- 
Yield butyl laurate, percent----------------- 

EXAMPLE 3 

Another run was carried out as described in Example 1, 
except that 2 drops of concentrated sulfuric acid were 
added to the reaction mixture as a catalyst. The progress 
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of this run, as shown by vapor phase chromatographic 
analysis, is set forth in Table III. 

Table III 

Reaction time, hrs---.------ Yield butyl laurate, percent.-- 
7 
71 

24 
88 

48 
88 

Although the present invention has been described with 
preferred embodiments, it is to be understood that modi 
fications and variations may be resorted to, without depart 
ing from the spirit and scope thereof as those skilled in the 
art may readily understand. Such variations and modifi 
cations are considered to be within the purview and scope 
of the appended claims. 
What is claimed is: 
A. A method for converting fatty acid esters into higher 

alkyl fatty acid esters that comprises reacting an ester 
Selected from the group consisting of methyl and ethyl 
esters of fatty acids having between about 8 and about 30 
carbon atoms and a trialkyl borate having between about 
4 and about 18 carbon atoms per alkyl group, at a tem 
perature of between about 175 C. and about 300° C., 
under a pressure of between about 0.1 atmosphere and 
about one atmosphere, and continuously removing an ester 
of the group consisting of trimethyl borate and triethyl 
borate. 
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2. The method defined in claim 1 wherein said method . 
is carried out in the presence of a mineral acid catalyst. 

3. A method that comprises reacting a methyl ester of 
a fatty acid having between about 10 and about 18 carbon 
atoms and a trialkyl borate having between about 4 and 
about 18 carbons atoms per alkyl group, at a temperature 
of between about 240° C. and about 300° C., at about at 
mospheric pressure, and continuously removing trimethyl 
borate. 
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4. The method defined in ciain 3 wherein said method 
is carried out in the presence of a mineral acid catalyst. 

5. A method that comprises reacting methyl laurate 
With tributylborate, at a temperature of between about 
240 C. and about 300° C., at about atmospheric pres 
Sure, and continuously renoviing trimethyl borate. 

6. The inethod defined in claim 5, wherein said method 
is carried out in the presence of sulfuric acid. 

7. A method which comprises reacting a methyl ester 
of a fatty acid having between about 10 and about 18 
carbon atoms and a trialkyl borate having between about 
4 and about 18 carbon atoms per alkyl group, at a tem 
perature of between about 175 C. and about 240° C., 
under reduced pressure, and continuously removing tri 
methyl borate. 

8. The method defined in claim 7 wherein said methyl 
ester is methyl laurate, and said trialkyl borate is tributyl 
borate. - 
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