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The reaction of VI11 with methunolic potassium hydroxide. 
To a 250 ml., three necked flask fitted with a reflux conden- 
ser, a stirrer, and a dropping funnel was added 30 g. (0.148 
mole) of VIII. Potassium hydroxide (17 g., 0.30 mole) dis- 
solved in 100 ml. of methyl alcohol was added dropwise 
while the reaction flask waa maintained a t  30-40”. After 
addition was complete, the reaction mixture was poured into 
500 ml, of cold water. The organic layer was separated, 
washed with water, dried over calcium chloride, and distilled 
to give 8 g. (30.2% conversion) of material, b.p. 18l0, n? 
1.4290, d i e  1.2654. 

Anal. Calcd. for C.IH&’~O~: MRD, 35.63; %C, 47.19; %H, 
4.53; %F, 21.33. Found: MRD, 36.44; %C, 47.18; %H, 4.68; 
%F, 21.12. 

N M R  spectra. Spectra were obtained for solutions of 1 : 1 
volume ratio in carbon tetrachloride, using a Varian high- 
resolution spectrometer operating a t  a frequency of 56.4 
megacycles. The reference was ethyl trifluoroacetate in 
the external part of a precision coaxial tube. Sidebands were 

applied by an audio oscillator continuously monitored by a 
Hewlett-Packard frequency counter, and the results were 
averaged for several sweeps through the spectrum of each 
sample. A shift of resonance up-field is reported as a positive 
chemical shift. The maximum uncertainty of the chemical 
shifts is estimated to  be 0.03 p.p.m. 
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I. Scope of the Reaction 
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A new general method for forming a phosphorus-carbon bond at an olefinic linkage is described. It is based on the reaction 
of an olefin with phosphorus trichloride in the presence of aluminum chloride. The resultant products are saturated phos- 

phorus-containing acids or acid chlorides of the type , where X = OH or C1. Esters can be prepared by rea&ion of 

the chlorides with alkoxides. 
Among the olefins investigated are: 2,4,4trimethyl-%pentene; propylene trimer, tetramer, and pentamer, methyl oleate, 

tricosene-11, 2-pentene, 2-methyl-2-butene, 4-methyl-Z-pentene, and cyclohexene. The effect of reaction conditione on the 
products formed is discussed in some detail. This reaction offers a new, versatile procedure for synthesizing organic phos- 
phorus compounds from olefins. 

0 
\ /  

P ’ ‘X 

As part of a program of finding new derivatives 
of fatty acids, it was decided to investigate the 
possibility of adding a phosphorus containing 
moiety to the double bond of oleic acid. Several 
techniques had been reported previously: Sash 
et aL2 and Stiles et al.8 had reported the preparation 
of dialkyl alkyl phosphonates by the free radical 
addition of dialkyl phosphites to olefins, including 
methyl oleate, using a peroxide catalyst. The direct 
addition of yellow phosphorus in the presence of 
oxygen has also been the subject of numerous dis- 
cussions in the literature.4~~ The free radical cat- 
alyzed addition of phosphorus trichloride to alpha- 

(1) Present address: Research Department, Soap Divi- 
sion, Armour and Company, 1355 West 31st Street, Chi- 
cago, Ill. 

(2) R. Sasin, Wm. F. Olszweski, J. R. Russell, and D. 
Swern, J .  Am. Chem. Soe., 81, 6275 (1959). 

(3) A. R. Stiles, W. E. Vaughn, and F. F. Rust, J. Am. 
Chem. SOC., 80, 714 (1958). 

(4) R. Wilstaetter and E. Sonnenfeld, Ber., 47, 2801 
(1914). 

(5 )  C. Walling, F. Stacey, R. Jamison, E. Saunders, and 
E. S. Huyser, J .  Am. Chem. SOC., 80,4543 (1958). 

olefins had been reported by Kharasch,6 but yields 
were low, and the scope of the reaction was limited. 
No work has been reported in the literature on the 
formation of carbon-phosphorus bonds by the addi- 
tion of phosphorus trichloride to olefins under ionic 
conditions. 

About ten years ago Clay’ and Kinnear and Per- 
ren* reported that alkyl halides react with phos- 
phorus trichloride in the presence of aluminum 
chloride to form a complex [RPC13]+[A1C1J.- 
Controlled hydrolysis of the complex yields the 
alkylpbosphonyl chloride. Hoffmanng extended the 
reaction and by a simple batch process obtained the 
corresponding alkyl alkylphosphonochloridates, 

/”’ /”” 
RP+O or the dialkyl alkylphosphonates R-P+O. 

OR 
The reaction is formally related to the conventional 
Friedel-Craft condensation for the preparation of 
aromatic phosphorus halides. ArH+PCla + 

\ \ 
OR 

AlClr 
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, 

ArPC12+HC1. The attacking species, PClz+, in this 
reaction is probably formed as follows: PC4+ 
AlC13 -.t PC12+A1C&-. Because of the possibility 
that under ionic conditions the reactions of alkyl 
halides and olefins both might proceed via a car- 
bonium intermediate, it was decided to investigate 
whether the electron rich olefinic double bond would 
react with the PCl2+A1C4- reagent to form a car- 
bon-phosphorus bond. Such a reaction would be 
novel and have advantages from the point of view 
of economics and versatility over the known 
methods. 

The present paper deals with the reaction of ole- 
h s  with phosphorus trichloride in the presence of 
aluminum trichloride. In  the preliminary work, 
methyl oleate was used as the olehic starting 
material utilizing a hundred per cent excess of both 
phosphorus trichloride and aluminum chloride in 
methylene chloride as the solvent. The reaction pro- 
ceeded rapidly, indicating that the concept of using 
the PC12+ AlC4- complex as the phosphorylating 
agent had merit. A product was isolated which con- 
tained one phosphorus atom attached directly to 
the fatty carbon skeleton at the site of the double 
bond. Extension of the reaction to other materials 
indicated that the reaction was general for all 
types of olefins.I0 

The following steps are involved in the new phos- 
phorylation procedure: (1) formation of the PC13. 
AlCla complex in methylene chloride, (2) addition 
of the olefin a t  room temperature, (3) reaction of 
the reaction complex with methanol, and (4) decom- 
position with water and subsequent work-up of 
sample. 

The analytical characteristics of the product ob- 
tained in high yield from methyl oleate are sum- 
marized below. Results varied slightly depending 
on exact reaction and work-up conditions; the 
range of results covering a large number of deter- 
minations is shown in Table I. 

These results indicate that reaction occurred at 
0 

\r 
/ \  

the double bond, and that a P grouping was 

introduced, which partially hydrolyzed to the cor- 

responding acid, P , thus yielding a mixture of 

the two. Infrared absorption a t  8 p confirms pres- 

CL 

0 
\r 
/ \  

OH 

(6) M. s. Kharmch, E. V. Jensen, and W. H. Urry, J. 

(7) J. P. Clay, J. Ckg. Chem., 16, 892 (1951). 
(8) A. M. Kinnear and E. A. Perren, J. Chem. Sac., 3437 

(9) F. W. Hoffmann, T. C. Simmons, and L. J. Glunz, 

(10) E. Jungermann and J. J. McBride, Jr., J .  Org. Chem., 

Am. Chem. Soc., 67, 1864 (1945). 

(1952). 

J. Am. Chem. Soc., 79, 3570 (1957). 

26, 4182 (1961). 

TABLE I 
PRODUCTE OBTAINED FROM METHYL OLEATE 

Theoretical 
C,,Ha;- C17H35- 
(POC1)- (POOH)- Found 
COOCHs COOCHJ (Range) 

Saponification 189 180 190-200 

Phosphorus 8 .2  8 .6  8.0 d= 0 . 3  
Iodine valuea 0 0 7-9 
Chlorine 9 .4  0 3-6 

equivalent 

(I Iodine value of starting methyl oleate: theoretical, 
85.6; found, 88.1. 

ence of a -P+O group, while the resistance to 
hydrolysis and failure to observe P-0-C bonding in 
the 10-p region of the infrared indicates that the 
phosphorus is bonded directly to the carbon. The 
loss of unsaturation was indicated by infrared 
analysis as well as the iodine value determination. 

\ 
/ 

Though the exact attachment of the POCl or 

OH 
\ /  

P+O grouping to the carbon chain was not yet 
/ 
established, it was decided to look into some of the 
reaction variables, particularly variations in steps 
(2) and (3). The olefin studied for this purpose was 
methyl oleate. 

First, the effect of time and temperature on step 
(2) was examined. The results are shown in Fig. 1. 
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with the methanol some significant changesoccurred 
with time: The titratable free acid increased, the 
chlorine content decreased, while the saponification 
equivalent (total of free acid and ester) stayed con- 
stant at circa 190-200. These results are illustrated 
in Fig. 2. 

w i  I 

0 
0 
a 

0 2 4 6 8 IO 12 
T I M E  IN H O U R S  

Fig. 2. Effect of time and temperature on Step (3) 

The physical properties of the material isolated 
also varied with time, changing from a thin oil to a 
viscous oil to rubbery solid. Apparently, polymeri- 
zation occurred accompanied by loss of chlorine 
and increased acidity. The phosphorylated olefins 
can also be polymerized by heating the finished 
product in vucuo. Other phosphorylated olefins, such 
as the derivatives from propylene trimer and trico- 
sene-11 were examined and gave similar results. 
Further work to study the nature of the polymeriza- 
tion process is in progress and will be the subject of 
a subsequent publication. 

T h e  general phosphorylation reaction was tried 
with a series of olefins. Commercial olefins obtained 
by the polymerization of propylene, such as pro- 
pylene trimem (nonene), tetramers, and pentamers, 
all reacted readily to give in high yield primarily a 
phosphorus acid chloride with the general structure 

yielded a mixture of acid and acid chloride. 2- 
Methyl-2-butene1 2-pentene, and 4-methyl-2-pen- 
tene also yielded such mixtures, the relative com- 
positions of which are summarized in Table 111. 
The yields of phosphorus derivatives obtained from 
simpler, less branched olefifis, such as cyclohexene 
or alpha-olefins, were lower than with other olefins. 

I n  all cases, the degree of residual unsaturation 
and the amount of chlorine in the molecule indicated 
two things: (1) Amount of olefin reacted (loss of 
unsaturation) ; (2) extent of hydrolysis of the phos- 
phorus acid chloride during work-up. By running 
chlorine analyses and saponihation equivalents, 
the amount of acid and acid chloride structure pres- 
en t could be estimated. 

To gain a better understanding of the structure 
of the phosphorylated products obtained from the 
aluminum chloride catalyzed addition of phos- 
phorus trichloride to olefins, 2,4,4trimethylpen- 
tene-2 was used as a model compound. A crystalline 
material with a sharp reproducible melting point 
was obtained in high yield (90%) under the stand- 
ard reaction conditions. The material had a neutral 
equivalent and an iodine value of zero, and elemen- 
tal analyses gave the following empirical formula: 
C~Hl~POC1(I). The presence of only eight carbons 
indicated that the methanol used for the decompo- 
sition of the complex did not participate in this 
particular reaction. This was confirmed by repeat- 
ing the general procedure, but omitting step (3), 
that is reaction with methanol; the identical prod- 
uct was obtained. 

The chlorine is readily replaced by a hydroxyl 
group by either refluxing it with water or base or 
by heating to 100' in an open beaker. The resultant 
product is a monobasic phosphorus containing acid 
(11). Reaction with thionyl chloride changed the 
acid (11) back to the acid chloride (I), as demon- 
strated by a mixed melting point determination. 

Also isolated during the crystallization of the 
original acid chloride (1) was a small amount (3- 
5%) of a second crystalline material, which was 
neutral and free of chlorine. Comdete elemental 

\ 
pocl. These olefins are mixtures of several 

isomers. The typical composition of a commercial 
nonene is shown in Table 11. 

analyses and hydrolysis experiments showed it to be 
the methyl ester, 

R G - : H )  
/ 

The methvl ester was also prepared by treating 
TABLE I1 

ISOMER DISTRIBWTION OF COMMERCIAL NONENE" 

the acid chloride with sodium methoxide in meth- 
anol. The transformations are summarized: 

RCH=CHt 
RCH=CHR 
RzCbCHz 
R&=CHR 
%C=CR* 33 % 1 CHiONa 

PCI- AlClr Ha0 
4% CeHls CsHig(POC1) j -  CsHlg(PO(0H)) 

15% CHIOH, H10 

37 % (I) I CHaOH 
11% 

c ~ H ~ ~ ( P ~ ( o c H ~ ) )  -J 1. NaOH, 
2. H +  ( 111 1 

a Information supplied by Enjay Corporation, Linden, 
N. J. 

Tricosene-11, a compound with a centrally The exact attachment of the phosphorus group to 
the carbon skeleton has been studied for this model located double bond, similar to methyl oleate, 
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TABLE I11 

sap. 
P c1, Equiv., 

Olefin / / Calcd. Found Found Found 

\ \ 
% RPOCl % RPOOH 

~~ ~~ 

2-Methyl-%butene 26.6 48.4 16.73 17.4 6.78 150 
ZPentene 29.1 37.8 15.60 17.4 6.22 140 
4Methyl-2-pentene 28.5 63.5 18.75 17.8 6.06 129.5 

compound. All the data reported in this paper 

indicafed presence of a P -+0 grouping, where X 
\ 
/ \  
' X  

is either Cl, OH, or -OCH3. To fulfil the normal 
valence requirements of phosphorus, several possi- 
bilities exist: The compounds could be derivatives 

H 
of phosphorous acid -P-+O, or polymers of the 

\ 
OH 

type L R-P ~o 1: or cyclic derivatives where two 

of the phosphorus valences are satisfied by a carbon 
skeleton derived from the starting olefin, e.g. 

C C 

P 

\ /"'e / 
/ \  / \  

J\ 
0 OH 

The first possibility has been ruled out, since the 
compounds do not give reactions typical of a 
-P-H bond. Molecular weight determinations 
do not support the polymer concept. The cyclic 
structure is most favored for these compounds; thus 
far i t  has been possible to support such a structure 
in only one case, 2,4,4-trimethyl-2-pentene, where 
crystalline derivatives were isolated. These were 
proven to be 4-membered phosphorus containing 
ring compounds.11 It has not yet been possible to 
extend proof of such a cyclic structure to all the 
other olefins cited, though all form a carbon-phos- 
phorus bond and a P-tO group. There are pre- 
liminary indications that only olefins with hindered 
double bonds give rise to cyclic structures. The pur- 
pose of the present paper is to indicate the general 
scope of this new reaction for forming carbon-phos- 
phorus bonds with olefins. 

EXPERIMENTAL 

Three typical examples of the general phosphorylation 
procedure are shown: 1. Methyl oleate. The reaction waa 

(11) J. J. McBride, Jr., Eric Jungermann, J. V. Kill- 
heffer, and R. J. Clutter, "A Novel Synthesis of a 4Mem- 
bered Phosphorus-Containing Ring Compound," pre- 
sented before the Organic Division at the 140th National 
Meeting of the ACS, Chicago, Ill., September 1961. 

run in a round bottom flask with a stirrer, thermometer, 
dropping funnel, and a condenser with a drying tube. To the 
reaction flask was added 125 ml. of methylene chloride, 42.8 
g. (0.316 mole) of phosphorus trichloride, and 41.6 g. (0.316 
mole) of aluminum chloride. The mixture was cooled to 0' 
and 46.2 g. (0.158 mole) of methyl oleate in 62.5 ml. of 
methylene chloride was added over a 45-min. period. During 
the addition, the temperature was kept a t  0'. After the addi- 
tion waa completed, stirring was continued at  room tempera- 
ture for 1.5 hr. Anhydrous methanol (250 ml.) was then 
added over a half-hour period, allowing the temperature to 
rise to 40'. The reaction mixture was then stirred for 2 hr. 
a t  room temperature. Excess water was carefully added with 
stirring. The organic layer was then separated, washed with 
water until neutral, and dried over anhydrous sodium sul- 
fate. The methylene chloride was taken off in  vacuo and 61 g. 
of a light yellow oil waa obtained. 

Anal. Calcd. for CloHssPOsCl: P, 8.2; C1, 9.4; Sap. Equiv., 
189. Found: P, 8.3; Cl, 3.6; sap. equiv., 210. The low values 
for C1 indicated that extensive hydrolysis of the acid chloride 
to the acid form had occurred. 

2. i?,4,4-Trimethylpentew-i?. Using a similar procedure aa 
above, 33.7 g. (0.3 mole) of 2,4,4trimethylpentene-2 waa 
dissolved in 100 ml. of methylene chloride and treated with 
53.3 g. (0.4 mole) of aluminum chloride and 55 g. (0.4 mole) 
of phosphorus trichloride in 200 ml. of methylene chloride 
at 0". After 30 min., 320 ml. of methanol wm added, allow- 
ing the reaction mixture to warm up to 20". Cold water was 
added and the organic layer separated. After drying over 
anhydrous sodium sulfate, the methylene chloride was taken 
off slowly i n  v u " .  As the volume of solvent decreased, a 
neutral crystalline material separated out which was isolated. 
The yield was 51.1 g. (88% based on C~Hl~POC1). This ma- 
terial was recrystallized from petroleum ether (b.p. 60-68") 
and gave a material, m.p. 74-75". 

Anal. Calcd. for C&POCl: C, 49.36; H, 8.29; P, 15.92; 
C1, 18.22. Found: C, 49.80; H, 8.45; P, 15.90; C1, 18.20. 

Hydrolysis yielded a monobasic acid (11), m.p. 75-76'. 
Calcd. for CSH~J'OZH: C, 54.53; H, 9.73; P, 17.58; neut. 
equiv., 176.2. Found: C, 54.89; H, 9.72; P, 16.07; neut. 
equiv , 176.2. 

3. Commercial nonene (propylene trimer). Using the same 
procedure aa above, commercial nonene (Enjay Co., N. J.) 
was treated using the following quantities: 25.2 g. (0.2 mole) 
of nonene dissolved in 80 ml. of methylene chloride, 53.3 g. 
(0.4 mole) of aluminum chloride, 55 g. (0.4 mole) of phos- 
phorus trichloride in 160 ml. of methylene chloride, and 320 
ml. of methanol. During the addition of methanol, the reac- 
tion mixture waa kept between 15-20' by cooling and not 
allowed to warm up as in the case of the methyl oleate reac- 
tion. The yield was 39.8 g. [95% based on CoH18(POCl)]. 

Anal. Calcd. for CgH,8POCl: P, 14.9; C1, 17.0. Found: 
P, 13.9; C1, 15.3. Hydrolysis yielded a chlorine free acid. 
Calcd. for CQHI~PO~H:  neut. eauiv.. 190.6. Found: neut. . ,  . .. . 

equiv., 210. 
Other olefins yielded the following phosphorylated prod- 

ucts: 
Phosphorylated triisobutykne.la Viscous oil. Anal. Calcd. 

for C,ZH%POCI: P, 13.7; C1, 15.7; iodine value, 0.0. 
Found: P, 11.1; C1, 11.7; iodine value, 29.7. This is a crude 

(12) Mixture of 2,2,4,6,6-pentamethyl-3-heptene and 
%neopentyl4,4dimethyl 1-pentene. 
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reaction product. The high iodine value and low P and C1 re- 
sults indicated that unreacted olefin is present in the product. 

Phosphorylaled Pentadecene.1a Viscous oil. Anal. Calcd. for 
C1sHd'OCl: P, 11.1; C1, 12.8; iodine value, 0.0. Found: P, 
9.07; C1, 9.15; iodine value, 30.4. This is a crude reaction 
product. The high iodine value, and low P and C1 results indi- 
cated that unreacted olefin is present in the product. 

Trimsene-11: Equimolar quantities of olefin, PCb, and 
MCb were used in this reaction. Obtained a viscow oil. 
Calcd. for Ca&dPOCl: P, 7.65; C1, 8.77; iodine value, 0.0. 
Found: P, 7.8; C1,4.9; iodine value, 9.0. 

The following olefins were obtained as mixtures of free 
acid and acid chloride. The relative composition is based on 
'% C1 and saponification equivalent determinations. Results 
are shown in Table 111. 

With simpler olefins, such aa alpha olefins and cyclohexene, 
low yields were obtained as indicated by high iodine values 
and low P and C1 analyses. Removal of the starting olefins 
was difficult, since some polymerization had occurred. Cyclo- 
hexene is cited as a typical example. The product ob- 

(13) Commercial grade propylene pentamer with 3 4 %  
terminal olefin, 

tained is a viscous oil with the following analysis: Calcd. for 
CsHI2POCl: P, 18.86; C1, 21.55; iodine value, 0.0. Found: P, 
13.7; C1, 8.9; iodine value, 41. 

General procedure fm preparing esters from phosphorylated 
olefm. The crude phosphorylation product was added d r o p  
wise with stirring to a solution containing a 10-20oJo excess of 
sodium alkoxide in the corresponding alcohol a t  50-60' over 
a period of about 45 min. The mixture was stirred for 15-30 
min. longer. After cooling to room temperature the product 
was taken up in ether, the phases separated and the ether 
solution washed with water until the washings were neutral. 
After drying, the ether and excess alcohol were removed i n  
vacuo. Yields of crude ester based on starting olefin varied 
from 55 to 70% depending on the olefin. If the intermediate 
acid chloride was purified before use, aa can readily be done 
with the 2,4,4trimethylpentene phosphorus-acid chloride 
derivative, yields were nearly quantitative. 

Methyl ester of phosphuryEated b,4,4-trimethylpentene-b. 
Colorless liquid or white solid, m.p. 35-36; b.p. 78'/0.7 mm. 

Anal. Calcd. for C8HIJ?O&Ha: sap. equiv, 190.2; P, 
16.3; mol. wt., 190.2. Found: sap. equiv., 190.6; PI 17.3; 
mol. wt. (ebullioscopic in acetone), 201. 

CHICAGO 9, ILL. 
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In the reactions of diphenyltin dihydride with carboxylic acids, 1,1,2,2-tetraphenyl-l,2-diacyloxyditins are formed. With 
di-n-butyltin dihydride and carboxylic acids either this type of ditin or simple di-n-butyldiacyloxytin is formed, depending 
on the acid and the acid/hydride ratio. Quantitative yields of l12-diacyloxyditins are also obtained in reactions of di-n- 
butyltin dihydride with di-n-butyldiacyloxytins in equimolar ratio. Reactions between bromine and 1,2-diacyloxyditins may 
be used for quantitative determination of the latter and lead to the formation of disubstituted acyloxybromotins. 

I n  an attempt to prepare diphenyltin dibenzoate 
by reaction 1, (analogous to reaction 2 observed in 
ebrlier work2), less than the expected quantity of 

2 HC1 + (C6H&SnH2 + (CeH&SnC12 + 2 HZ (2) 

hydrogen, along with a crystalline product with 
analysis corresponding to 1,1,2,2-tetraphenyl-l12- 
dibenzoyloxyditin was obtained. The structure of 
the solid product was assigned on the basis of the 
elemental analysis, the stoichiometry of Equation 
3, and the reactions discussed below. 

I I  
( c a s ) c o o  OCO(CsRa) 

In studying the scope of this reaction, carboxylic 

acids of increasing strength up to trifluoroacetic 
acid were used with diphenyltin dihydride. The 
results are shown in Table I. Although in most 
cases the carboxylic acid was used in excess of that 
required by reaction 3, the only product isolated 
was the ditin, and whenever the hydride was used 
in excess the yield of pure ditin was higher. Al- 
though other cases gave nearly the expected amount 
of hydrogen by reaction 3, trifluoroacetic and 
trichloroacetic acids gave only about one third of 
this amount even though all hydride was consumed. 
It is probable that the trihalomethyl groups were 
partially reduced by the hydride, as it has been 
shown that organotin hydrides reduce aliphatic 
and aromatic halides, the former readily and the 
latter with more difficulty.8 

In extending this reaction to di-n-butyltin di- 
hydride i t  became difficult to get crystalline prod- 
ucts, and in the case of succinic acid a product 
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tute, Greenford, Middlesex, England, 1958; G. J. M. van 
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