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B U T Y L  and t e t r ahydro fu r fu ry l  a-aeyloxypropio-  
nates were p repared  by  Fein and Fisher (3) by  
the acylation of n-butyl  and t e t r ahyd ro fu r fu ry l  

lactate with the acid chlorides of acetic, propionic, 
n-heptanoic, n-nonanoic, and lauric acids. The esters 
had plasticizing properties,  and higher homologs have 
now been prepared  for  evaluation as plasticizers. An- 
alogous compounds derived f rom glycolic ra ther  than 
lactic acid are also included for  comparison. 

The present  paper  describes the synthesis and prop:  
erties of 26 methyl, ethyl, and n-butyl  a-acyloxyace- 
tates and propionates,  in which the aeyl group is 
derived f rom a fa t  acid. The reactions are given by  
the equations : 

a)  Acid chlor ide method of synthes is  
I~COCI -V R'CHOHCO,_,I~" - - - - >  RCO~CHR'CO2R" + HC] 

b)  Soap method of synthes is  
lCCO~M + ~'OHXCO2R" ~ I~CO~C~IR'CO~R" + MX 

in which R is derivable f rom a fa t  acid, R'  is H (gly- 
eolate series) or CH~ (lactate series), 1%" is CHs,C.,H~ 
or n-C~Hg, M is Na or K, and X is C1 or Br. 

The compounds may  be named as derivatives of 
glyeolie or lactic acid and the fa t  acid, for  example, 
ethyl lactate palmitate,  or more systematically, ethyl 
a-hexadecanoyloxypropionate.  

High  yields of the fa t  acid homologs were  difficult 
to obtain by  the use of acid chlorides (equation A).  
Acid chlorides of the fa t  acids are almost invar iably  
contaminated with an appreciable quant i ty  of the fa t  
acid, which is carried over to the final e s t e r  and is 
difficult to remove without considerable sacrifice in 
yield. 

Glycidyl and glyc01ate esters have been made f rom 
dry  soaps and halogen compounds by  Kester,  Gaiser,  
and Lazar  (5) and by  Strain, Plati,  and War r en  (8), 
respectively. The synthesis of fa t  acid esters of alkyl 
glycolates and lactates (equation B) f rom soaps has 
been more sat isfactory than that  f rom the acid chlo- 
rides, par t icular ly  with regard to yield. Fo r  example, 
the yields of bu ty l  lactate myris tate ,  bu ty l  lactate 
oleate, and bu ty l  lactate stearate, were 60, 23, and 
45%, respectNely,  by  the acid chloride method (Ta- 
ble I I I )  whereas yields of 82 and 79% were obtained 
for bu ty l  lactate oleate and butyl  lactate stearate by  
the soap method of synthesis. 

L ibe rmann  (6) has reported yie lds  of near ly 95% 
in making ethyl a-chloropropionate f rom ethyl lactate, 
wi th  thionyl chloride and a small amount  of pyridine 
as a catalyst. The two methods therefore may  each 
have an alkyl lactate as the s tar t ing material .  

Table I shows the methods of pur i fy ing  the fa t  
acids. 

Acid chlorides were p repared  by  warming  the fa t  
acid with 10 equivalents of thionyl chloride at 60 ~ 
for  an hour and a half. The thionyl chloride had been 
freshly distilled f rom quinoline and then f rom lin- 
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seed oil (4).  Excess thionyl chloride was removed 
under  reduced pressure,  followed by  the distillation 
of two portions of benzene f rom the residue u n d e r  re- 
duced pressure. The impure  acid chloride contained 
15-20% fa t  acid as determined by  conversion to the 
anilide (1), and pu r i ty  was not improved by  vacuum 
distillation. The acid chloride was then caused to 
react  with n-butyl  lactate by  the method of Fein and 
Fisher  (3). The product  was washed with water,  hy- 
drochloric acid, and sodium bicarbonate,  and finally 
vacuum distilled. 

Potassium soaps of the n - sa tu ra t ed  acids were 
made by  neutral izat ion of the fa t  acids in hot alco- 
holic solution and crystallization. Since the sodium 
soaps were not crystallizable, the neutra l  aqueous or 
alcoholic solution was evaporated to dryness. Dry-  
ness of all reactants  is essential to a high yield of 
pure  product.  Soaps containing moisture were dried 
in a vacuum oven immediately pr ior  to use or dried 
azeotropieally in xylene solution. In  most cases ~he 
soaps of undecylenic~ oleic, and phenylstearic acid 
were not isolated. The aqueous alcoholic solution was 
distilled to remove most of the alcohol and water,  
and the remainder  was removed by  adding xylene 
and distilling azeotropically. 

a-Halogeno esters were ei ther of a good technical 
grade or made by  esterification of the corresponding 
acid (2, 7). Complete removal of all unesterified 
halogeno acid was essential. 

The esters  were p repared  f rom the soaps by  re- 
fluxing the dry  soap and an excess of halogeno ester 
while s t i r r ing vigorously for 10 to 17 hours. Enough 
xylene was present  to make the reaction mixture  stir- 
table  and keep the reflux tempera ture  between 150 
and 170 ~ . The following example illustrates the prep- 
arat ion of an ester f rom a soap. A mix ture  contain- 
ing 187.0 g. (0.635 mole) of potassium pahnitate,  
157.6 g. (0.870 mole) of ethyl a-bromopropionate,  
and 100 ml. of xylene was refluxed for  13 hours at 
165 to 170 ~ . The product  was washed with water  
to remove inorganic compounds, the solvent was re- 
moved by  distillation at  reduced pressure, and the 
residual oil was Vacuum distilled to give 214.6 g. 
(94% yield) of a colorless liquid, which distilled 
at 161-3 ~ at .02 mm. 

Tables I I  and I I I  summarize the preparat ion,  yield, 
and propert ies  of fa t  acid esters f rom alkyl glyco- 
lates and alkyl lactates, respectively. The pr incipal  
impur i ty  in each product  was a small amount  of the 
corresponding free fa t  acid. An acid number  of two 
represents about  1% of stearic acid. Acid numbers  
for  the most pa r t  ranged f rom one to five. 

Potassium ra ther  than  sodium soaps were p re fe r red  
because the potassium soaps were more readily ob- 
tained in a d ry  crystalline state, gave less difficulty 
in gel format ion dur ing the reaction with the ha- 
logeno ester, and appeared  to be generally more reac- 
tive than the sodimn soap. Bromine in alkyl a-bro- 
mopropionates  appears  to be general ly more reactive 
than chlorine in alkyl a-chloropropionates. The reac- 



188 THE JOURNAL OF THE AMERICAN OIL CHEMISTS' SOCIETY, MAY, 1950 

T A B L E  I 

Pur i f i ca t ion  of  F a t  Ac ids  

F a t  Ac id  

L a u r i e  ................................................. 

Myris t i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Palmi t i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Oloic a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Stear ic  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

S o u r c e  

A r m o u r  N e o f a t  

E a s t m a n  K o d a k  

A r m o u r  N e o f a t  

Ol ive  oil 

A r m o n r  N e o f a t  

Pur i f i ca t ion  

One  crysta l l izat ion  f r o m  acetone  a t - - 4 0 ~  1 v a c u u m  
dist i l lat ion 

N o n e  

T w o  crysta l l i zat ions  f r o m  acetone  at 0 ~  

T w o  crys ta l l i za t ions  f r o m  acetoixe at - - 6 0 ~  one  crys-  
ta l l izat ion at - - 2 0 ~  t w o  v a c u u m  dist i l lat ions  

T w o  crysta l l i zat ions  f r o m  acetone  at 0 ~  

Neutra l  E q u i v a l e n t  

F o u n d  Theoret ica l  

2 0 0 . 7  2 0 0 . 2  

2 3 1 . 5  2 2 8 . 3  

2 5 9 . 9  2 5 6 . 3  

2 8 2 . 0  2 8 2 . 3  

2 8 2 . 4  2 8 4 . 3  

M . P .  

4 3 . 3 - 4 4 . 3  

5 1 , 2 - 5 2 . 3  

5 9 . 8 - 6 1 , 2  

6 8 . 8 - 7 0 . 0  

a I .  V .  of puri f ied oleic acid 89 .3  ( theo.  8 9 . 9 ) .  

tion conditions of time and temperature were not 
identical however and do not permit a direct com- 
parison of the relative reactivity of the soaps or of 
the halogen compounds. 

The viscosity values in Tables II and III indicate 
that, in general, viscosity increases with increasing 
molecular weight, regardless of what portion of the 
molecule is increased, but  there are several excep- 
tions. The viscosity of the lactates is usually slightly 
less than that of the corresponding glycolates. In 
each table the viscosity of the methyl esters is usu- 
ally greater than that of corresponding ethyl esters. 
The viscosity of the oleates is in some cases less than 
that of the palmitates. There are fewer exceptions 

to an increase in viscosity index with increasing mo- 
lecular weight. Phenylstearic acid from the Friedel 
and Crafts' reaction is a mixture of isomeric acids, 
and esters derived from it show abnormal viscosity 
behavior. 

Freezing points are also compared in Tables II and 
III. Freezing points increase with greater molecular 
weight when the number of carbon atoms of the 
n-saturated fat acid chain increase, but  as additional 
hydrocarbon is added near the carboxyl end in going 
from glycolate to lactate or from methyl to ethyl to  
butyl,  freezing points are lowered. This may be a re- 
sult of less ease of crystal packing as greater amounts 
of hydrocarbon are placed around the polar end, but  

TABLE I I  

FAT ACID ESTERS OF ALKYL 6LYCOLATES 

RCO2CR2CO2N~ 

HOLE RATIO MOLECULAR 
CICH2CO2R" ~ DISTIl. SAPON EQUIV. ACID % C a % N a e2 ~ d20 REFRACTIVITY VISCOSITY 

COMPOUND ~-K SOAP YIELD RANGE, ~ f . p . ,  ~ FOUND THEORY NO. FOUND THEORY FOUND THEORY q FOUND THEORY CST. lOG ~ F V . h  b 

HETHYL GLYCOLATE SERIES 

PALHiTATE 3.29 76 155-6.03 32.5 165.5 " 16~.2 5.9 69.75 69.~7 11.2~ 11.05 . . . . . . . .  IO.892 96.5 

OLEATE 2,19 83 16~-802 O 177.5 177.3 2,~ 71.32 7 l . l ~  10.93 i0.81 I.~553 .9392 102.q9 102.02 i0.~69 115. l 

tTEARATE 1.97 81 162-9.03 q3 )79.6 178.3 4.0 70.7l 70.70 i1.26 11.30 . . . . . . . . . . . .  

ETHYL GLYCOl.ATE SERIES 

UNDECYL- 
ENATE 1.97 c 68 111-806 -22 136,3 135.2 13.9 66.56 66.63 9.81 9.69 I .~g~  .9696 7q.~6 7q.30 ~.662 - -  

LAURATE I . Iq  59 1~3-9.03 11,2 1~3o3 i~3.2 5.1 67.19 67.09 IO.6q [0.56 I.q378 .9~66 79.39 79.~0 6.176 - -  

MYRISTATE 1.32 90 l~9-5~.~ 22.6 158.1 157.2 2.q 68.77 66,75 I ) .12  10.90 I.~r .93~8 88.86 98.63 7,856 98. i 

PALHITATE 1.39 8~ 153-~02 29.6 172.8 I 7 h 3  3.2 70.06 70.07 11.28 11.19 I.qqq~ ,929~ 97.97 97.87 IO.Oq5 I l l . 9  

OLEATE 1.5~ 75 182-92.3 - -  iGq,5 18q.3 2.~ 71.68 71.70 10.85 IO.gg I.qSqi ,9322 107,08 106.6~ I I . lOg 126.0 

STEARATE 1.59 78 169-73.02 q9.1 185.6 185.3 1.5 71.52 71.29 11,06 10.88 . . . . . . . .  12.628 127,5 

PHENYL- d 2.71 c 69 223-30.1 - -  220.2 223.3 0.9 75.~6 75.29 IO.qq 10.38 I.q810 .965~ 133.05 I31.2l  36.11~ I10,1 
STEARATE 

DI/TYL 6LYCOLATE SERIES 

PALMITATE I.~5 85 176-9.0 q 23 /8q.5 185.3 3.0 71,32 71.29 i1.~9 i1.~9 i . ~ 3 6  e .9i77 e 107,18 107.~1 l i .856 132.8 

OLEATE 1.5~ 77 [8~-7.03 -23.~ 197,7 198.3 1.0 72.33 72.66 / I .37  11.18 l.qSq! .9237 116,29 115.87 Ih272  1~9,6 

STEARATE 2.01 93 I92-7,03 38 200.1 199.3 3.7 72.39 72.31 l i . 65  I h 6 3  . . . . . . . .  Iq. 105 Iq l . 5  

a. Analyses by Jane Dixon and C. L. Ogg of this laboratory. 

b. Viscosity index, Standard Oil Development Co., CZRC. 30,50, bc t .  2q, 1938, 

c. Ha soap 

d. Phenylstearic acid by the Friedel and Crafts reaction, 

e. Values at 25 ~ C. 
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TABLE Ill 

FAT ACID ESTERS OF ALKYL LACTATES 

RCO2CH(CH3)CO2R" 
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MOLE BAT~O MOLECULAR 
CH3CHBrCO2R" ~ D~STH. SAPOR EQUIV. ACID % C a ~ R a n21 d2 O REFRACTIVITY VISCOSITY 

COMPOUND .*-- K SOAP YIELD RANGE, ~ f .p . ,  ~ FOUND THEORY NO. FOUND THEORY FOUND TREORY q FOURO THEORY CST, tO0 ~ F u  

METHYL LACTATE SERIES 

HYRISTATE 1.06 89 135-q2,03 I I . ~  160.2 157.2 3.9 68.58 6B.75 10.98 ]0,89 I.qq07 .9317 89.09 88.6q 7.850 85,6 

PALMITATE 1.3 73 153-6,03 22 172.0 171.3 2.8 70.17 70.13 11.3~ 11.18 J,q43q ,9299 97.75 97.87 10.581 98, 5 

OLEATE 1,07 67 165-9.04 - -  18q.o 18~.q 2.2 7L.97 71.69 l i .Ot  10.94 ~,4526 .9281 t07.24 106,6~ )0.]93 I ] 7 . ]  

3TEARATE 1.63 76 166-7003 31.5 185.8 185.3 4.0 71.24 71.30 II.qO I I .q2 . . . . . . . .  13.324 111.4 

ETHYL LACTATE SERIES 

HYRISTATE 1.77 83 127-9.06 22 163.0 16~.2 1,6 69.76 69.47 11.30 11,05 I.q385 ,9219 93.60 93,25 7.827 89.7 

PALMITATE 1.37 95 188-63.02 13 178.6 178.3 2.5 70.8~ 70.7~ l i . 37  11.3i 1.4q32 ,927q 102.79 102.49 9.858 ]07.~ 

OLEATE 1.95 79 174-603 - -  192.0 191.3 3.6 71,87 72.20 I I . lO  11.07 1.4510 .9207 111.88 111.25 10.532 129.2 

STEARATE 1.96 82 177-82,1 25.5 190.0 192.3 3.2 72.23 71,98 I1,10 11.53 1.4q2q ,9227 110.36 1({.72 i2.353 128o7 

PHERYL- c 2 . 2  68 i97-21305 - -  23t. I 230.3 3.0 75.60 75,60 ]0.56 l O . S O  I.q7"75 .9523 136.76 135.83 33.29 1lT. I 
STEARATE 

HYRISTATE ACID CHLORIDE 60 155-6.96 
METHOD 

PALMITATE 1.4 d 76 i77-8. ]  O 

OLEATE ACID CHLORIDE 23 i70-2.06 
METHOD 

OLEATE 1.29 d 82 195-8.q 

BUTYL LACTATE SERIES 

- -  [77.7 178.3 I . I  70.96 70.73 11.27 11.31 i.~410 .9153 102.85 IO2,q9 

5.0 192,6 192.3 2.0 71.59 71,82 ]1.38 11.5] I,q446 .9015 113.45 111.72 

- -  208.6 205.3 6.0 . . . . . . . .  I.q512 e .9080e 121.90 120.q9 

- -  203,7 205.3 5.0 73.01 73,12 11.33 11.29 1.4524 ,9139 121.30 120.49 

3TEARATE ACID CHLORIDE q5 17q-86.02 20-16.5 204.5 206.2 1.7 72.68 72,77 11.70 11.72 [.~q56 .9113 120.92 120.96 
METHOD 

STEARATE 1.64 d 79 192~8.12 16.1 204.4 206.2 2.5 72.96 72.77 l l . 7 i  l l . 72  1.~436 .91i6 120.61 120.96 

8.280 l l 9 .q  

10.892 126.6 

I I .q58 I qO.O 

13.33q IqO.7 

13.45~ t41.8 

a. Analyses by Jane Dixon and C. L. Ogg of  th i s  laboratory. 

b. V iscos i ty  index, Standard Oil Development Co., CIRC. 30.50, Oct. 2q~ 1938, 

c. Phenylstearic acid by the Friede] and Crafts react ion. 

d. CH3CHC}C02 R" 

e, Values at 25~  

these compounds are not sufficiently pure  to serve as  
a basis for definite conclusions. 

Pre l iminary  tests showed tha t  mos t  of these com- 
pounds are compatible with ethyl cellulose and that  
some of the lower molecular weight members  of the 
series are compatible with polyvinyl  chloride. The 
alkyl a-acyloxyacetates and propionates derived f rom 
fa t  acids will be more completely eva lua t ed  as plas- 
ticizers. 
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