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Part I 

Phosphorus Derivatives of Fatty Acids 
R I C H A R D  SASIN, Drexel Institute of Technology 

T HIS PAPER deals with those phosphorus derivatives 
of fat ty acids that eontain a carbon-phosphorus 

bond, which as a class are known as alkylphospho- 
nates. Much of this work was done under a fellowship 
sponsored by the Fat ty  Acid Producers' Council at 
the Eastern Regional Research Laboratory. This re- 
search on the preparation of pure derivatives from 
fats was directed mainly toward the correlation of 
structure with important physical properties desired 
in plastieizers and also in synthetic lubricants. 

There are two principal methods by which the phos- 
phorus atom may be ineorporated into the fatty acid 
chain. 

1) By the Miehaelis-Arbuzov "isomerization" re- 
action of trialkyl phosphites with alkyl hal- 
ides (1). 

OR' 
1 

RX + (R 'O)aP  > R - - P  > O + R 'X 
I 
OR' 

2) By the radical catalyzed addition of dialkyl 
phosphonates to olefins. 

H OR' 
l i I ': 

~ C - - C ~ + ( R ' O ) 2 - - P  > O > O ~ - - P - C  ( ' - H  

OR' 

An alkylphosphonate is obtained in each ease. Since 
alkyl halides are rather expensive, the second method 
generally is the more economical one. 

Synthesis 
1. Diethyl acylphosphonates 

The first systematic study of diethyl aeylphospho- 
hates was made by Aekerman and co-workers (2). 
These were prepared by the reaction of aeyl chlorides 
with triethyl phosphite. The compounds prepared in 
45-60,% yield were derived from the even-numbered 
C4-C~s saturated fatty aeids and oleic acid. The aeyl- 
phosphonate structure was confirmed by moleeular 
refraction, infrared spectroscopy, and polarographie 
studies. As might be expected, the aeylphosphonates 

are quite unstable to moisture with the rate of hy- 
drolysis decreasing with increase in the size of aeyl 
chain. 
2. Die thy l  2 -Acyloxye thy lphosphona tes  

The diethyl 2-aeyloxyethylphosphonates derived 
from long-ehain fatty acids were prepared by the 
reaction of the 2-bromoethyl esters with triethyl phos- 
phite (3). Itydrolysis studies on these compounds 
led to the following conclusions: 
(a) Hydrolysis of the earboxyl ester occurs much 

more rapidly than that of the phosphonie esters. 
(b) Rate of hydrolysis is not affected by length of 

aeyl chain or size of phosphonie ester groups. 
(c) Rate of hydrolysis is approximately the same as 

that of the ethyl ester of the corresponding fat ty 
acid. 

Dialkyl 2-aeyloxyethylphosphonates were also pre- 
pared in 45-65% yield by the addition of dialkyl 
phosphonates to vinyl esters under free radieal eon- 
ditions (4). 

Most of these phosphonates are colorless liquids at 
room temp except those derived from myristie, pal- 
nfitie, and stearie acids which are low melting solids. 

3. Trialkyl a-Phosphonates 
Trialkyl a-phosphonates of long-chain fatty acids 

were prepared in 30-90% yield from the appropriate 
trialkyl phosphite and alkyl ester of the a-bromoear- 
boxylie aeid (5). 

The ~-phosphonates are colorless, odorless, ther- 
mally stable liquids, insoluble in water and soluble 
in organic solvents. These compounds were found to 
be resistant to hydrolysis with 0.1 N hydrochloric acid. 
When refluxed for 18-24 hr with 20-35% hydrochloric 
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acid they are converted to the tribasie ~-phosphonocar- 
boxylic acids. With dilute base in ethanol, the ear- 
boxylie ester group is preferent ial ly hydrolyzed yield- 
ing a-dialkylphosphonocarboxylic acids. 

4. Vinyl a-Diethylphosphonates 
A series of vinyl a-bromo esters was prepared from 

a-bromocarboxylic acids and vinyl acetate by acid- 
olysis in the presence of mercuric sulfate. By heat- 
ing the vinyl a-bromo esters with tr iethyl  phosphite, 
the corresponding vinyl a-diethylphosphonates were 
prepared in 35-75% yield (6). 

The vinyl a-phosphonates are colorless, odorless 
liquids which are insoluble in water and soluble in 
organic solvents. Under prolonged heating with ben- 
zoyl peroxide, they form polymers with a hlw degree 
of polymerization. 

5. ~o-Dialkyl Phosphonoundecanoates 
This series of compounds was prepared in 53-87% 

yield by heating a series of ~,-bromoundecanoates with 
trialkyl phosphites (7). 

These compounds were also prepared in 53-665/~ 
yield by the addition of dialkyl phosphonates to alkyl 
undeeenoates (4). 

This reaction was catalyzed by decomposing per- 
oxides and also by ultraviolet radiation. Symmetrical 
trialkv1 (o-phosphonoundecanoates as well as mixed 
.,-phosphoundecanoates were prepared. 

The indices of refract ion and infrared spectra of 
the compounds prepared by the addition reaction 
were identical to those prepared by the Michaelis- 
Arbuzov reaction. 

The addition of dialkyl phosphonates to undecem)i(' 
acid yielded a series of o)-dialkyl phosphonoundeea- 
noie acids (8). 

Reaction with oxalyl chloride yielded the corre- 
sponding aeyl chlorides, which on treatment with 
mercaptans and amines yielded the corresponding 
thiol esters and substituted amides, respectively. 

OR O 

> O( P (CH._,)> C S-]~' 
[ 
o]~ OR o 

0 ( P- (CH2) ,o-C-CI-- 
I 
OR 

OR O 

I i[ 
) O< P - ( C H 2 )  > - C - N  H IV 

R ' ~ ' H 2  I 
OR 

The thiol esters are all colorless high-boiling liquids 
while the amides are white crystalline solids. 

5. T r i a l k y l  9(10)-Phosphonostearates 
Addition of dialkyl phosphonates to alkyl oleates 

in the presence of deconlposing t-butyl perbenzoate 
yielded tr ialkyl 9(10)-phosphonostearates in 66-77~ 
yield (4). 

Attempts  to catalyze the reaction with ultravio- 
let radiation yielded only unchanged reactants. The 
9(10)-phosphonostearates are colorless, high-boiling, 
thermally stable liquids, insoluble in water and solu- 
ble in organic solvents. 

7. Bis(a-Dialkylphosphonopropyl) Esters 
The addition of dialkyl phosphonates to diallyl esters 

of aliphatie dibasic acids under  free radical conditions 
yielded bis(3-dialkylphosphonopropyl)  esters in 30 
99% yield (9).  

This reaction provides a process whereby com- 
pounds containing two phosphorus atoms are readily 
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obtained in good yields. The parent  dibasic acids 
ranged from oxalic to sebacic. All of these com- 
pounds are colorless, high-boilino" thermally stable 
liquids. 
8. P h o s p h o n a t e d  0 i l s  and Phosphonated Esters 

The addition of dialkyl phosphonatex to unsatu- 
rated conlpounds has been extended to include alkyl 
and glyceryl esters of I)olyunsaturated acids or mix- 
tures containing thenl (101. Some typical natural  
triglyceridex to which dialkyl phoxphonates have been 
added are  soybean,  cottonseed, safflower, eorn, suu- 
flower, tung, and linseed oils. fish oils, tallow, lard, 
lard oil, and oleo oil. These triglyceridex are mixed 
glyceryl esters of saturated, nmlmunsaturated, and 
polyunsaturated fa t ty  acids. It ix readily apparent  
that products with a wide range of phosphorus era> 
tent may be made from triglycerides. 

P r o p e r t i e s  a n d  U s e s  

1. L u b r i c i t y  A d d i t i v e s  

~qeveral of the alkyl phosphonates were examined 
as lubricity additives in bis(2-ethylhexyl) sebaeate 
and mineral oil (10). It was found that the lubric- 
ity properties of some of these hmg-ehain phosi)horus 
additivcx ('Oral)are favorably with the values deter- 
mined on lu'exenlly used hypoid gear oils. Some were 
effective anti-wear and extreme pressure agents. 
2. Viscosity Characteristics 

The viscosity, viscosity index, and the pour or freez- 
ing point of these phosphorus derivatives of fa t ty  
acids were determined (12). The viscosity index of 
the (,,-dia!kyl phoxphononndecanoates was found to be 
generally high, cqualino" or exceeding that of the con- 
ventional diexters in most (.axes. In addition, some 
of these eompounds have rather  low pour points, in 
the range of -65C.  

The trialkyl 9 (10)-phosl)honoxtearates arc charac- 
terized by low pour pointx in the narrow range of 
- 5 2  to -64C.  
3. Plasticizers for Vinyl Chloride Polymers 

Long-chain phosphorus comI)ounds have been found 
to be efficient, pr imary  plasticizerx iml)arting good 
h)w temperature  flexibility to 1)oly(vinyl chloride) 
compositions containing them. The dialkyl f)(lO)- 
phospholmstearates are of parti(:ular interest. All 
of these compounds are outstanding ill haying low 
migration losses in addition to iml)arting low stif- 
feni]3g teml) to poly(vinyl  chloride). Some of the 
dialkyl o~-phosphonoundecanoates also have these 
characteristics. 
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