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Abstract 
A t-butyl peroxide initiated free radical reac- 

tion was employed for the preparat ion of a- 
branched fa t ty  acid chlorides, which were then 
converted in situ to methyl esters. Similarly 
prepared were an a-branched fa t ty  acid amide 
and an a-branched acid anhydride. The latter 
was converted to the methyl ester. The use of 
the acid chloride and acid anhydride permit ted 
reduction in the molar ratio of reactants to half 
or less than that  used in the addition of esters 
to terminal olefins without affecting the yield. 
The resulting increase of a-branched product  
concentration in the reaction mixture also made 
isolation of the product  easier. The direct addi- 
tion of a var ie ty  of stearic acid derivatives to 
1-deeene under  the same conditions (20:4:1.2 
molar ratio of reactants at 160 C) gave the fol- 
lowing olefin based yield order:  stearoyl chlo- 
ride > stearie anhydride > stearamide and 
methyl stearate > stearie acid. 

Introduction 

C O N S I D E R A B L E  A T T E N T I O N  h a s  been devoted in 
recent years to the preparat ion of a-branched 

fa t ty  acid derivatives for a variety of purposes. The 
stability, extended liquid state range, and other 
desirable qualities of these a-branched fa t ty  acid 
derivatives made their  synthesis of great practical 
interest. The t-butyl peroxide initiated free radical 
addition of f a t ty  acids to terminal olefins described 
by Petrov et al. (1) was the procedure followed in 
most of the subsequent preparations of 2-alkyl fa t ty  
acid derivatives. 

Ault  et aI. (2,3) prepared several 18 to 21 carbon 
2-alkyl fa t ty  acids in this manner, converted them 
to sulfonated derivatives and evaluated their surface 
active properties. Maerker et al. (4) synthesized a 
series of 28 to 38 carbon esters of 2-alkyl fa t ty  acids, 
studied various purification methods, established the 
s tructure of methyl 2-deeyloetadecanoate, and in- 
vestigated the nature of byproducts  formed. Ault  
et al. (5,6) prepared a variety of a-branched fa t ty  
esters direetly and some others by alcoholysis of 
methyl 2-decyl stearate, characterized the products, 
and made bench scale evaluations of their lubricant 
properties. Another report  (7) dealt with the prep- 
aration and lubricant qualities of a-branched esters 
that  have aryl  and alkyl substituents on the a-branch 
and one ester in which the a-branch was on the 
alcohol portion of the ester. In all these studies a 
40:4:1 molar ratio of fa t ty  derivative to terminal 
olefin to t-butyl peroxide and a reaction temperature  
of 140 to 160 C were used. The low yields and 
failures met in the at tempted preparat ion of certain 

1Presented at the AOCS Meeting, Chicago, October 1967. 
E. Utiliz. Res. Dev. Div., ARS, USDA. 
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a-branched fa t ty  acid esters of potential value as 
lubricant additives prompted the search for other 
routes to their synthesis. The well-known facili ty 
with which acid chlorides and, to a lesser extent, 
acid anhydrides can be converted to hard-to-prepare 
esters or other desirable derivatives, suggested their 
use for this purpose. This paper  describes the results 
obtained in the t-butyl peroxide initiated free-radical 
addition of stearoyl chloride to 1-decene under  vary- 
ing conditions and the conversion of the resulting 
products to the methyl esters. Comparison of results 
obtained from the direct addition to 1-deeene of 
stearoyl chloride, stearie anhydride, stearie acid, 
stearamide and methyl stearate under  the same con- 
ditions is presented, and an accounting for the olefin 
used in one of the runs is also included. 

Materials and Data 
M a t e r i a l s  

Stearoyl Chloride. Tile acid chlorides used in the 
40:4:1 and 20:4:1 runs were cuts obtained from 
distillation of commercial stearoyl chloride. The 
boiling points were 164-172 C @ 1.5 mm and 164- 
167 C @ 1.0 ram, respectively. The stearoyl chloride 
used in later runs was prepared by the reaction of 
hystrene stearie acid (97%) with PC15 or PCI3 (8,9) 
and was purified by molecular distillation between 
130 and 140 C at less than 25/, Hg pressure. 

1-Decene. A complimentary sample from Gulf  Oil 
Corp. was redistilled, the cut collected at 170 C, 98% 
pure by GLC, was used in all runs. 

Di-t-butyl Peroxide. The peroxide purchased from 
Monomer-Polymer Corporation, Philadelphia, was 
used as received. 

Methanol, t-butyl alcohol, phenol and pyridine 
were all reagent grade or better and were used as 
received. 

Stearie acid of 99.1% pur i ty  by GLC (rap 69.2- 
69AC) ,  stearamide (mp 107.6-108C),  stearic an- 
hydride (rap 69.5-69.9C) and methyl stearate of 
97% pur i ty  by GLC were used in the direct addition 
runs. 

Experimental Procedures 
A n a l y t i c a l  P r o c e d u r e s  

Analytical TLC plates were coated with silica gel 
containing 10% binder (Adsorbosil 1) and were 
charred af ter  spraying with a solution of potassium 
dichromate in aqueous sulfuric acid. Preparat ive  TLC 
plates of 2.0 ran1 thickness (purchased from Brink- 
mann Instruments,  Inc.) or coated with 0.75 mm 
Adsorbosil i were sprayed, af ter  development, with 
an alcoholic 0.2% solution of 2',7'-diehlorofiuoreseein, 
and the bands were located under  UV light. In f ra red  
(IR) spectra were determined with a Perkin-Elmer  
Model 237 spectrophotometer. GLC determinations 
were carried out as reported prevoiusly (4). 
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P r e p a r a t i o n  o f  M e t h y l  2 - D e c y l s t e a r a t e  V i a  S t e a r o y l  
C h l o r i d e  A d d i t i o n  t o  1 - D e c e n e  

The following typical procedure, except for varia- 
tions in molar ratio of reactants, was used in the 
peroxide initiated free radical addition of stearoyl- 
chloride to 1-decene. The molar ratio of stearoyl 
chloride to Ldecene to di-t-butyl peroxide employed 
in this run was 20:4:1.2. To 37.9 g (0.125 mole) 
of stearoyl chloride stirred and maintained at 160 C 
under anhydrous conditions a mixture of 4.7 g 
(0.0335 mole) of 1-decene and 1.45 g (0.0099 mole) 
of di-t-butyl peroxide diluted with 12.6 g (0.0416 
mole) stearoyl chloride was added dropwise over a 
period of 80 min. The resulting reaction mass was 
stirred for 4 hr 20 rain longer at 160 C and then 
allowed to cool to room temperature. To the stirred, 
amber-colored, semi-solid reaction mixture a mixture 
of 5.87 g (0.183 mole) methanol and 13.2 g (0.167 
mole) pyridine was added dropwise over a 30 miu 
period. Slow addition was required to avoid elevation 
of reaction mass temperature more than a few degrees 
above the boiling point of methanol by the exothermic 
reaction. The resulting mixture was stirred for 3.5 
hr longer at reflux temperature and was then allowed 
to cool. The mixture was dissolved in 200 ml Skelly- 
solve B, 100 ml water was added, the pH of the 
solution was adjusted to 3.0 with dilute HC1, and 
the pyridine hydrochloride containing aqueous layer 
was drawn off and discarded. The organic layer was 
washed with two 100 ml portions of water, was dried 
over anhydrous CaS04, and was then filtered. The 
filtrate was concentrated in a rotary vacuum evapora- 
tor until the pressure dropped to 0.7 mm at 55 C. 
The resulting amber-colored residue weighed 52.9 g 
(theory = 55.3 g). The residue contained only a 
minor amount of free carboxylic acid as judged by 
IR. Analytical TLC indicated, upon elution with a 
30:70 benzene, Skellysolve B mixture, that methyl 
stcarate and methyl 2-decylstearate were the princi- 
pal components. Minor amounts of by-products were 
also present. 

Fractionation was carried out on 160mg of the 
crude product by preparatory TLC (4), followed by 
re-esterification of a small amount of polar material 
(see below), and GLC analysis of the a-branched 
material containing fractions. This gave a methyl 
2-decylstearate content of 18.7% (66.7% yield based 
on 1-decene) and a t-butyl 2-dccylstearate content of 
0.5% (1.6% yield based on olefin). 

Additions of stearoyl chloride to 1-decene, carried 
out at four different ratios of acyl halide to olefin 
to initiator are compared in Table I. For the 40:4:1 
experiment, the yield determined by preparative TLC 
was verified by vacuum distillation of the reaction 
mixture. 

TABLE I 

Addition of Stearoyl Chloride to 1-Decene 
Effect of Change in Reagent Ratio on 01efin Conversion 

Product 
Reagent Ratio a 

T H E  J O U R N A L  O F  T H E  A M E R I C A N  O I L  C H E M I S T S '  S O C I E T Y  

Yield, Per cent b 

4 0 : 4 : 1  2 0 : 4 : 1 . 2  1 0 : 4 : 1  1 0 : 4 : 0 . 5  

Methyl  2-decyls teara te  64.5 66.7 25.5 18.9 
t -Buty l  2-deeyle teara te  1.2 1.G 4.4  1.1 
H y d r o c a r b o n  calcula ted  as 

olefin po lymer  c 19.3 26.3 23.8 15.3 
Te lomer  d 1.4 1.9 1.7 1.3 
Total olefin products 86.4 96.5 54.0 55.1 

a Molar  r a t io  of stearoyl chloride:l-decene:t-butyl peroxide. 
b B a s e d  on olefin. 
c Estimated except in  2 0 : 4 : 1 . 2  experiment. 
a Estimated to be formed from two molecules of olefin and one 

molecule of stearoyl chloride. 
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A d d i t i o n  o f  O t h e r  l ~ a t t y  D e r i v a t i v e s  t o  1 - D e c e n e  

The peroxide initiated addition of a variety of 
fat ty derivatives to 1-decent was effected in the man- 
ner described for the 20:4:1.2 acid chloride run. The 
results from these experiments are compared in 
Table II. The need for keeping the addition mixtures 
liquid in these runs involving materials which are 
normally solids at room temperature was met by 
heating each mixture near the melting point of the 
diluent being used (38 C for methyl stearate, 70 C 
for stearic acid and stearic anhydride, and 108 C 
for stearamide). The reaction mixtures from the 
acid and the anhydride runs were estcrified with 
methanol containing p-toluene sulfonic acid catalyst. 
The stearamide product mixture was assayed as 
such by analytical TLC using 2% and 5% methanol 
in benzene mixtures as developing solvents and was 
fractionated by preparative TLC with 10% methanol 
in benzene mixture. 

O l e f i n  A c c o u n t a b i l i t y  

The crude product mixture from the addition of 
stearoyl chloride to 1-decene (reagent ratio 20:4:1.2) 
was re-examined by column chromatography and 
preparative TLC to determine the fate of the olefin 
which did not form a-branched product. 

A column of Florisil (25.4 g), prepared in hexane, 
was charged with total crude mixture (1.504 g) and 
the column was eluted with hexane in 15 ml frac- 
tions. The residue from the first two fractions (A, 
5.1 mg) was set aside, and the residues from the 
following 10 fractions were combined (117 rag) and 
placed on a second Florisil (23.5 g) column. Elution 
of the second column with hexane gave 35.2 mg of 
material which, by IR and TLC behavior was judged 
to be hydrocarbon in nature, probably olefiu polymer. 
This amount, translated to original crude product, 
represents 26.3% of the olefin used in the experiment. 
Residue A (5.1 mg) of front-running material from 
the first column was judged by the criteria set 
previously (4) to be a combination of two molecules 
of olefin with one molecule of stearoyl chloride. This 
material represented 1.9% of the starting olefin. 

In a separate experiment total crude mixture (600 
mg) was streaked on a 2.0 mm preparative TLC 
plate which had been pre-washed with developing 
solvent. The plate was developed with benzene- 
hexane (35:65) and the most polar band was scraped 
and extracted. The extraction residue was esterified 
with 20% BF3-etherate in methanol, and the reaction 
product (77 rag) was chromatographed on a Florisil 
(11.5 g) column. Elution with hexane and 5% 
methylene chloride in hexane gave a mixture (29.1 
nlg) containing an estimated (from analytical TLC) 
10.1 mg of methyl 2-decylstearate. This amount of 
branched ester represented 6.1% of the olefin used 
as starting material. 

T A B L E  I I  

Fatty Derivative Additions to 1-Decene a 

a - B r a n c h e d  F a t t y  Derivatives 
Products in Stearic 

Reaction Stearoyt Stearic Methyl  S teara-  
M ix tu r e  chloride anhy-  d r ide  acid s~earate mide b 

Concentration ( % ) 18.3 16.2 7.4 11.9 12.1 
Yield e ( % )  68.3 58.7 27.1 44.0 44.8  

• Fatty derivative :l-decene :t-butyl peroxide ratio ( 2 0 : 4  : 1) nomina l ly  ; 
rune were  made at 160 C. 

b Addition product mixture not converted to ester. 
e Based on olefin. 
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Results and Discussion 

The preparat ion of alkyl 2-deeylstearates from 
stearoyl chloride and 1-decene requires fair ly pure 
acyl halide for good conversions. Fai lure to remove 
phosphorus compounds during the preparat ion of 
stearoyl chloride (9) prevented a-addition, while the 
presence of free f a t ty  acids or anhydrides gave low 
conversions in the esterifieation step. Washing of 
the crude acyI halide (8),  followed by short-path 
distillation, gave an excellent grade stearoyl chloride 
in good yield. This method can also be applied to 
the recovery for recycle of the unreacted acyI halide 
from reaction mixtures. 

The addition of f a t ty  acids and their derivatives 
is usually carried out with a large excess of fa t ty  
material present to act as solvent. This procedure 
has the disadvantage that  the crude product  has to 
be subjected to a tedious, sometimes difficult, and 
always expensive separation procedure. Since lower 
dilution ratios are in the interest of ease of operation 
and of economy, a s tudy was made to determine 
the effect of the variat ion of reagent ratio on product  
yield. F rom the results, summarized in Table I, it is 
clear that  while a 50% reduction of stearoyl chloride 
to olefin ratio from 40:4 to 20:4 could be tolerated, 
much greater reduction in this ratio led to serious 
yield losses. For  the purpose of analysis, the reaction 
mixture af ter  completion of the addition step was 
t reated with methanol. As a result, the bulk of the 
a-branched product  was isolated as the methyl ester. 
A portion of the branched product  and of the un- 
branched material, appeared as the t-butyl ester. The 
lat ter  arose f rom the combination of aeyl halide with 
te r t ia ry  butanol derived from the initiator. 

There are two routes by which the branched t-butyl 
ester may be formed, since esterifieation might pre- 
cede or follow the addition reaction. However, it  is 
believed that  prior  esterifieation followed by addition 
of the ester to 1-decene is the path which probably 
predominates, especially when the reaction is carried 
out at the higher dilutions. At  any rate, only about 
20-30% of the potentially available t-butyl alcohol 
was t rapped  in this manner. The balance escaped at 
the high reaction temperature.  

In all the acyl halide addition experiments carried 
out at 160 C a nonpolar fraction was formed, which 
was attr ibutable par t ly  to high molecular weight 
hydrocarbons and par t ly  to a combination of two or 
perhaps more molecules of olefin with one molecule 
of acyl halide (4). The yield of the desired branched 
product  decreased with increasing olefin coneentra- 
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tion beyond the 20:4 ratio and, at constant aeyl 
halide to olefin ratio, with decreasing catalyst con- 
centration. I t  is also evident from the data of Table 
I that the drastic reductions in yield at the 10:4 
acyl halide to olefin ratio are pr imari ly  due to 
failure of olefin to react at all and only secondarily 
due to consumption of olefin in by-product  formation. 

Because of the method of work-up unreaeted olefin 
would have been removed in the work-up of the 
ester if it were still present at this time. I t  is there- 
fore only possible to speculate whether olefin failed 
to react because it escaped during the reflux periods, 
or whether it failed to react for other reasons. Escape 
of the olefin seems unlikely. Fai lure  to react then 
may have been due to a decrease in the concentration 
(stability?) of acyl halide radicals. The lat ter  view 
was strengthened by the results of an experiment 
at the 20:4:1.2 ratio in which reaction temperature  
was decreased to 145 C and the reaction time af ter  
addition was increased from 4.3 hr to 7 hr. Under 
these conditions which lowered the t-butoxy radical 
concentration at any one time, the yield of the desired 
branched product  was 37%. The data in Table I I  
permit  comparison of yields from the addition of a 
variety of f a t ty  acid derivatives to 1-deeene under  
same conditions. Product  mixtures from these runs, 
except that from the amide run, were converted to 
the methyl ester before determination of their com- 
positions by prepara tory  TLC. The yield order in 
these direct additions was as follows: stearoyl chlo- 
ride > stearic anhydride > stearamide and methyl 
stearate > stearic acid. The additional and main 
advantage of the acid chloride addition reaction is 
that its product  can be readily converted to a wide 
variety of ~-branehed derivatives that  cannot be 
prepared directly or in good yield. 
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