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Methyl ricinoleate (9-c/s, 12-hydroxyoctadecenoate) was
transformed to 12-bromo/iodo-oleate via methyl 12-
mesyloxyoleate by homoallylic displacement reaction.
T h e halooleate was reacted with triethyl phosphite to
give m e t h y l 12-diethyl phosphonooleate via the
Michaelis-Arbuzov reaction under modified conditions.
T h e phosphonooleate was hydrolyzed to 12-phosphono-
oleic acid using conc. hydrochloric acid. T h e compounds
were characterized by phosphorus estimation and a
combination of IR, 1H-NMR and 13C-NMR spectroscopic
techniques. T h e 12-phosphonooleic acid was neutral-
ized to its sodium salt , and the salt was then studied
for its surfactant properties. The sodium phosphono-
oleate was found to b e superior to sodium salts of
sulfate and phosphate esters of castor oil, and compa-
rable to sodium lauryl sulfate in wetting ability, emul-
sifying power and in lowering of surface tension. The
sodium phosphonooleate, being a poor foamer, could
b e used for machine laundry washing, dish washing
and cosmetics.

Organophosphorus compounds are used in formula-
tions of detergents, oil additives, pesticides, plasticiz-
ers, gasoline additives, corrosion inhibitors, flotation
agents and flame proofing agents (1). Investigations
on phosphorus derivatives of castor oil have been re-
stricted t o phosphate and phosphite esters (2,3). The
phosphate and phosphite esters are easily hydrolyzed
(4), b u t a phosphonate g r o u p conta in ing a carbon-
phosphorus bond a t the alfa carbon of a fa t ty acid o r
v iny l ca rbon of its v iny l e s t e r has been reported t o
r e s i s t hydrolysis (5). Such derivatives o f several fa t ty
acids have been prepared and evaluated for surfactant
properties (6). No information exists on t h e synthesis
and properties of phosphonates of ricinoleic (9-cis, 12-
hydroxyoctadecenoic) acid, which constitutes ca_ 90%
of castor oil fa t ty acids.

The preparation of a phosphonate involves the re-
action of dialkyl phosphlte with e i the r a Grignard re-
agent or a n organolithium derivative of the correspond-
ing hydroxy compound and subsequent oxidat ion (7).
T h e s e reac t ions are unsuitable for t h e synthesis o f
p h o s p h o n a t e s from hydroxyolefinic f a t t y ac id s .
Phosphonic acid derivatives of non-hydroxy olefinic
substrates have been prepared by the free radical addi-
tion of dialkyl phosphite t o the double bond in the
presence of peroxides o r ultraviolet radia t ion (8). The
phosphonates of hydroxyolefins can be synthesized
via their alkyl halides by e i the r the Michaelis (9) o r t h e
Michaelis-Arbuzov (10) reaction. The Michaelis reac-
tion has been repor ted t o yield a small amount o f
diphosphonate. By the addition of dialkyl phosphite
t o the double bond in addition t o monophosphonate,
which is formed b y reac t ion with alkyl hal ide . The
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Michaelis-Arbuzov reaction, on t h e o t h e r h a n d , has
been found t o be very selective. In the p r e s e n t work,
we synthesized 12-phosphonooleic acid from methyl
ricinoleate b y t h e selective substitution of the hydroxy
g r o u p with a phosphono group, while re ta ining t h e
olefinic c e n t e r a t t h e n in th position, via the Michaelis-
Arbuzov reaction. M e t h y l ricinoleate was t ransformed
via methyl 12-mesyloxyoleate t o 12-bromo/iodo-oleate
by homoallylic displacement reaction. The halooleate
was reac ted with t r ie thyl phosphite to give methyl
12-diethyl phosphonooleate, which on hydrolysis yielded
phosphonooleic acid. Sodium salt of the phosphono-
oleic acid was evaluated for surfactant properties.

MATERIALS AND METHODS

Methanesulfonyl chloride (Fluka) was purchased. M e t h y l
esters of c a s t o r oil were prepared b y reflnYing the oil
with methanolic sod ium methoxide as described by
Schneider e t aL (11). M e t h y l ricinoleate was isolated
in 85% yield b y column chromatography (silica g e l
60-120 mesh) u s i n g hexane-ether (80:20, v/v) and found
t o be 99% pure b y gas-liquid chromatography on EGS
colnmn (12). Tr ie thyl phosphite was prepared by t h e
reaction of phosphorus trichloride with dry ethanol in
t h e presence o f N,N-dimethylAniline a t 0°C (13). Fo r
comparison, t h e sod ium salt o f sulfate e s t e r of c a s t o r
oil (Turkey Red Off) was obtained from Bharat Chem
Industries, Bombay, and the phosphate e s t e r of c a s t o r
oil was prepared b y reaction with phosphorus oxychlo-
r ide , subsequent hydrolysis (14) and neutralization.

Infrared (IR) spectra were recorded on a Perkin-
E l m e r 283 B un i t . 1H- and 13C-Nuclear Magnetic Reso-
n a n c e (NMR) spec t ra were recorded on a J E O L FX
90Q FT NMR spectrometer a t 90 MHz and 22.5 MHz,
respectively.

The phosphorus contents of the compounds were
determined by the method of Harris and Popa t (15). A
DuNouy Tensiometer was used for determining sur-
face tension. The Draves-Clarkson's method as described
in the Indian Standard Specification (16) was used to
determine t h e wet t ing abi l i ty . Emulsification p o w e r
was determined by giving 10 downward strokes to a
mixture of surfactant solution (40 ml) and liquid paraf-
fin (40 ml) taken in an Erlemneyer f lask (500 ml), fol-
lowed by pouring t h e emulsion in a measuring cylinder
(100 ml). Next, we determined the time needed for the
separation of aqueous phase (10 ml) (17). FoAming abil-
i ty was determined u s i n g a Ross-Miles pour-foam ap-
p a r a t u s (18).

Preparation o f m e t h y l 12-mesyloxyoleate. M e t h y l
12-mesyloxyoleate was prepared from methyl ricino-
leate by the reaction of methanesulfonyl chloride (1:1
mole) in the presence of pyridine a t 10°C in a 3-necked
f lask equipped with a reflux condenser, an addition
flmnel, a thermowell and a s t i r rer (19). The liquid prod-
uct, obtained in 50% yield, solidified a t 5°C.
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Preparation o f methyl 12-bromooleate. M e t h y l 12-
mesyloxyoleate (0.2 mole), dry e t h e r (100 ml) and anhy-
d r o u s magnes ium bromide (0.6 mole) were s t i r red to-
g e t h e r for 24 h r a t room temperature in a 3-necked,
r o u n d b o t t o m flask equipped with a reflux condenser,
an inlet tube for nitrogen and a magnetic stirrer. Af t e r
the addition of cold water , the product was extracted
twice with ether . The e t h e r extract was dr ied over
anhydrous sodium sulfate and the solvent evaporated
off t o give a low melting solid (m.p. 20°C). The 12-
bromooleate was purif ied by preparative TLC (hexane-
e ther , 70:30, v/v; Rf 0.8; yield 60%).

Preparation o f m e t h y l 12-iodooleate. M e t h y l 12-
mesyloxyoleate (0.2 mole), dry e t h e r {50 ml), acetoni-
trile (5 ml) and p o t a s s i u m iodide (0.6 mole) were s t i r red
t o g e t h e r a t 50°C for 24 h r in a 3-necked, r o u n d b o t t o m
flask equipped with a reflux condenser, a n inlet tube
for nitrogen and a magnetic stirrer. The 12-iodooleate
was extracted and purif ied as before (Rf 0.8, yield
68%, m.p. 24°C).

M e t h y l 12-diethyl phosphonooleate. A mixture o f
methyl 12-halooleate (0.25 mole), t r ie thyl phosphite
(0.75 mole) and acetonitrile (50 ml) was refluxed in a
r o u n d b o t t o m flask. A t t h e end of four h r a small
amount of wa te r (0.5 ml) was added t o facilitate the
cleavage of quasiphosphonium ion intermediate and
the mixture was refluxed for another four h r period.
The reaction mixture was then poured into cold wate r
and extracted with ether . The e t h e r extract was dr ied
over anhydrous sod ium sulfate and the solvent evapo-
ra ted off to give yellow colored viscous liquid. The
compound methyl 12-diethylphosphonate was purified
by preparative TLC (hexane-ether, 60:40, v/v; Rf 0.4)
and it had 6.2% phosphorus content, (theoretical 6.9%,
yield 70%).

Preparation o f 12-phosphonooIeic acid~ M e t h y l 12-
diethyl phosphonooleate (0.013 mole) and conc. HC1 (4
ml) were placed in a r o u n d b o t t o m flask and refluxed
for one h r on a s t e a m b a t h . 12-Phosphonooleic acid was
extracted as before (yield 86.2%, phosphorus content
7.5% vs. theoretical 8.0%).

Preparation of s o d i u m salt o f 12-phosphonooleic
acic£ Standardized alcoholic sod ium hydroxide solu-
tion (17 ml) of 0.5 N was added dropwise to an alcoholic
solution of 12-phosphonooleic acid (4.0 g, 0.012 mole).
The contents o f the f lask were refiuxed for one h r on a
s t e a m b a t h . The solvent was distilled off. The triso-
dium salt thus ob ta ined was w a s h e d with e t h e r t o
remove a n y unreac ted phosphonooleic ac id . The so-
dium salt was dr ied in a china dish on a s t e a m bath and
stored in a desiccator (faint yellow colored solid, de-
composed a t 320°C).

DISCUSSION

Among the organophosphorus derivatives of castor oil
known so far, only phosphoric acid esters have been
exploited for the surfactant properties (e.g., their am-
monium salts) (2). The phosphoric acid esters are prone
to hydrolysis, unlike phosphono esters (4). In the pre-
sent work, 12-phosphonooleic acid was synthesized with
the intention of evaluating the surfactant properties
of its sodium salt in comparison with the sodium salt
of phosphate ester, sulfate e s t e r of castor oil and so-

dium lauryl sulfate. 12-Phosphonooleic acid was pre-
pa red from methyl ricinoleate via mesyloxy and halo
derivatives.

Methyl 12-mesyloxyoleate, a reactive intermediate
was prepared from methyl ricinoleate using methane-
sulfonyl chloride in the presence of pyridine. The 12-
mesyloxy g r o u p on reaction with anions (bromo/iodo),
in p r o p e r solvent underwent homoallylic substitution
to give the corresponding methyl 12-halooleate. M e t h y l
12-chlorooleate was obtained only in poor yield, when
potassium chloride in e t h e r and acetonitrile were used.
The bromide ion substitution was effectively carr ied
out with magnes ium bromide in the presence of dry
e t h e r a t room temperature, while the iodo substitution
u s i n g potassium iodide was found to occur in dry e t h e r
and acetonitrile a t 50°C. This is so probably because
o f the higher lat t ice energy o f KI as compared to t h a t
o f MgBr, due t o the higher electronegative va lue of the
former. The bromo- and iodo-oleates showed the same
spectral characteristics in 1H- and lsC-NMR, except for
the chemical shift va lue of twelf th carbon in 13C-NMR
spectrum. The twelf th carbon in the iodooleate was
found to be very much upfield ~26.05) as compared to
t h a t in the bromooleate (57.09) due t o the lower elec-
tronegativity and larger atomic size of iodine.

There have been several investigations (10,20,21)
on t h e Michaelis-Arbuzov reaction, and it was gener-
ally believed t h a t secondary halides do not give the
phosphonate p roduc t in quantitative yields. However,
Goodell e t at (22) have shown t h a t the po la r solvents
facilitate the f a s t e r dissociation of phosphorane inter-
mediate in the Arbuzov reaction, and thereby enhance
the yield of phosphonate product. In the present inves-
tigation, methyl 12-halooleate bearing a secondary halide
was reacted with t r ie thyl phosphite a t different tem-
pera tures (10,25,60, and 100°C) b u t methyl 12-diethyl
phosphonooleate was formed in negligible quantities.
However, when t h e above reaction was carr ied out in
the presence of acetonitrile a t each of the above tem-
peratures and monitored on TLC plates a t frequent
in te rva ls , it was observed t h a t the in tens i ty o f t h e
spot corresponding to ricinoleate slowly decreased and
became negligible a f te r 4 hr. But the product a t this
s t a g e was found to contain only a t race amount of the
phosphonate, t h u s explaining t h a t the methyl 12-
halooleate could have reac ted with t r ie thyl phosphite
to give a quasiphosphonium ion intermediate. How-
ever, the polar i ty of the solvent may not be sufficient
to help in the Arbuzov reaction. Dissociation of the
above intermediate is one of the crucial steps in the
Arbuzov reaction, which is repor ted to be ra the r slug-
gish in the synthesis of secondary phosphonates. In
o rde r t o overcome t h i s , the above experiment was modi-
f ied , wherein 0.5 ml of wate r was added af te r four
hours of reaction and refluxing was then continued for
a n o t h e r four hour period. In the case of 12-iodooleate
the reaction was relatively fast and t h e overall reaction
was completed within four hours.

Methyl 12-diethyl phosphonooleate was hydrolyzed
u s i n g conc. HC1 according b y t h e procedure described
by Kosolapoff e t at (23). The spectral characteristics
of the 12-phosphonooleic acid and its intermediates are
g iven in Table 1. The IR spec t rum of 12-phosphono-
oleic acid showed b a n d s a t 960 & 1250 cm-1, indicating
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TABLE 1

Spectral Data of 12-Substituted Methyl Oleate/Oleic Acid (CH3~CH2)5CHCH2CH = CH{CH2)7COOR)

X

1513

1H-NMR(CDC13, d)
Compound IR, v in cm- 1 -CH_3 COOCHa -CH---CH- -CH-X Others
R, CH3 1740 (s, C=0); 0.8 3.6 5.5
X, mesyloxy 1345,1368,1175 {t) (s) (m)

(m,-S-O); 1328
(m, S-CH3)

R, CH3 1740(s, -C=0) 0.8 3.6 5.2
X, bromo (t) (s) (m)
R, CHs 1740 (s, -C--0) 0.8 3.5 5.0
X, iodo (t) (s) (m)
R, CH3 1740(s, -C=0) 0.8 3.6 5.8
X, diethylphosphono 1250(s, -P=0) (t) (s) (m)

1160(s, -COP)
960 (In, pentavalent

P) 1020 (s,
-COOCH 3)

R,H 1710 (s, -C=0) 0.8 - 5.8
X, phosphono 1250 (s, -P=0) (t) (m)

960 (m, pentavalent P)

4.7 3.0 (s,
(m) S, CH__z)

4.0
(m)
4.0
(m)
3.1 4.1 (q,
(m) POCH.~)

3.1
(m)

13C-NMR (CDC13, ppm)
Compound IR, u in cm-1 C1 C9 Cm C12 Cls COOCHa Others
R, CH3 1740 (s, C=0); 178.04 122.93 133.60 83.33 13.97
X, mesyloxy 1345,1368,1175

(m,-S-0); 1328
(m, S-CH3)

R, CHa 1740 (s,-C--0) 174.00 1 2 4 . 0 7 131.80 57.09 13.62
X, bromo
R, CH3 1740 (s, -C--0) 174.00 123.92 130.92 26.05 13.54
X, iodo
R, CH3 1740 (s,-C--0) 174.00 125.02 131.57 60.24 14.02
X, diethylphosphono 1250 (s, -P--0)

1160(s, -COP)
960 (m, pentavalent

P) 1020 (s,
-COOCH 3)

R, H 1710(s, -C=0) 212.00 125.00 132.68 62.25 14.05
X, phosphono 1250 (s,-P=0)

960 (m, pentavalent P)

51.40 71.30
(S-CHa)

51.42

51.40

51.45 65.00
(P-O-CH2)

that the C-P bond remained i n e r t d u r i n g the hydroly-
sis. Further evidence was also obtained from 1H- and
laC-NMR spectra. The multiplet s igna l at 3.1 d in 1H-
NMR spectrum of methyl 12-diethyl phosphonooleate
corresponding t o -CH- proton at the twelfth position
was found t o appear at the same chemical shift v a l u e
in the 1H-NMR spectrum of 12-phosphonooleic acid.
The 13C-NMR also showed the signal at 62.25 ppm,
confirming the presence of a phosphono g r o u p at the
twelfth position in 12-phosphonooleic acid. The pres-
ence of a peak at 1710 cm-1 in IR spectrum and a
characteristic s igna l at 212.00 p p m in I~C-NMR spec-
trum of the compound indicated the conversion of the
methyl ester t o the corresponding carboxylic acid dur-
ing hydrolysis of methyl 12-diethyl phosphonooleate.
The resulting 12-phosphonooleic acid was neutralized
with alcoholic sodium solution t o give the trisodium
salt .

Surfactant properties. Surfactant properties of the
sodium salts prepared from 12-phosphonooleic acid as
well as sulfate and phosphate esters of castor oil were
determined with reference t o s o d i u m lauryl sulfate.

At room temperature, aqueous solutions of sodium
salts of 12-phosphonooleic acid, sulfate ester of castor
oil and lauryl sulfate were clear at 0.5% concentration,
while that of the phosphate ester of castor oil was
slightly turbid. The surfactant properties, namely sur-
face tension, fo~ming power, emulsifying power and
wetting ability were determined, and are tabulated in
T a b l e 2.

It is obvious from the Table 1 that sodium 12-
phosphonooleate is a good wetting, emulsifying and
surface tension lowering agent. E x c e p t for the f o a m i n g
power, the phosphonate is comparable t o sodium lauryl
sulfate in surfactant properties. It has been reported
earlier (2) that neutraliT~l phosphate ester of castor oil
was superior t o sulfate esters in surface activity. The
present investigation shows that the phosphonate is
superior even t o the phosphate ester in surfactant prop-
erties. Phosphonates could be the choice of surfactants
in machine laundry washing, dish washing, cosmetics,
etc., w h e r e the properties such as surface tension re-
duction, emulsification and w e t t i n g abilities are re-
quired, but the f o a m i n gpower is not .
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T A B L E 2

Surfactant Properties of Sodium Salt of 12-Phosphonooleic Acid
S u r f a c e tension a F o a m i n g power Emulsification Wett ing ability

(dynes/cm) height in cm power (see) (sec)

0.5%
Sodium salt 0.5% 0.25% lnitial Final 0.5% 0.25% 0.25%

12-Phosphonooleic acid 40.5 37.0 0.0 0.0 172.0 91.0 3.5
Phosphate e s t e r of

castor oil 52.0 59.2 3.5 0.0 53.0 41.5 52.8
Sulfate ester of

castor oil 42.5 57.5 0.0 0.0 67.0 13.2 30.0
Sulfate ester of

lauryl alcohol 37.5 37.5 11.3 8.0 124.8 94.0 3.3

a S u r f a c e tension of w a t e r is 72 dynes/cm at room temperature.
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