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ABSTRACT 

The addition of  a series of silicon hydrides: 
trichlorosilane, methyldichlorosilane, dimethylchloro- 
silane, phenyl dichlorosilane, and methyl  phenyt 
chlorosilane to esters of  long chain unsaturated fatty 
acids, such as oleic, linoleic acids, and 10-undecenoic 
acid, was studied with respect to catalysts, tempera- 
ture, and solvents. Higher yields were obtained on 
carrying out  the hydrosilylat ion reactions in the 
presence of chloroplatinic acid or Pt on C catalysts in 
bulk without solvent, as compared with peroxide 
catalysts. The addit ion reaction with methyl 10-un- 
decenoate, which has a terminal double bond, gave a 
higher yield than that with methyl oleate. NMR data 
of  the products from methyl  10-undecenoate and 
methyl  oleate, as well as their reduction products 
with l i thium aluminum hydride,  have shown that,  
with the former ester, the silyl moiety added exclu- 
sively to the terminal carbon atom, while, with the 
lat ter ,  no migration of  the silyl moiety to the 
terminal carbon atom was observed. 

INTRODUCTION 

With the aim of finding some new applications and uses 
for unsaturated fa t ty  acids, such as oleic and linoleic acids, 
which are constituents of  various oils, we investigated the 
hydrosilylation reaction of  these acids. 

Silicon hydrides, such as trichlorosilane, methyldichloro- 
silane, etc. ,  are known to add to olefinic double bonds 
under the influence of UV light (1), peroxide catalysts (2), 
azo catalysts (3), plat inum or chloroptatinic acid (4, 5) and 
on heating at elevated temperature (6), as follows: 

~.C = C... + H.Si~ cat. ~.._/ . . .  ~ H- - S i ~  

Very little is known about the addit ion of silicon hydrides 
to unsaturated fat ty acids (7-9). We studied the addit ion of 
a series of silicon hydrides,  namely: C13SiH , MeC12SiH , 
Me2C1SiH , PhC12SiH , PhMeC1SiH to oleic, linoleic, and 
undecenoic acids. 

Since silicon hydrides react with free carboxylic groupsl 
t h e  methyl esters of the long chain unsaturated fat ty acids 
were used in the hydrosilylation reactions. 

The influence of  catalysts, temperature,  and solvents 
upon the hydrosilylation reactions also was studied. 

Derivatives of these new long chain fat ty  acids contain- 
ing silicon may find uses as lubricants,  plasticizers, water 
repellents, and as starting materials for silicon containing 
condensation polymers. 

EXPERI MENTAL PROCEDURES 

Materials 

Methyl oleate (Fluka AG, Buchs, Switzerland), methyl  
linoleate (Aldrich Chemical Co., Milwaukee, Wise.), methyl  
linolenate (Fluka),  10-undecenoic acid methyl ester (Pfaltz 
& Bauer, Flushing, N.Y.), 1-undecen-11-yl-acetate (Fluka),  
trichlorosilane (Fluka),  methyl dichlorosilane, dimethyl- 
chlorositane, phenyldichlorosilane, phenylmethylchloro-  
silane (P.C.R., Gainesville, Fla.), chloroplatinic acid 
(B.D.H.), plat inum on activated carbon (5% Pt) (Fluka),  

benzoyl peroxide, and di-tert-butyl peroxide (Fluka)  were 
used. 

The addition of  the silicon hydrides to the unsaturated 
fatty acids was carried out  according to the following 
typical procedures. 

Procedu re A 

A mixture of  methyl oleate (17.8 g, 0.06 mole), 
trichlorosilane (16.3 g, 0.12 mole), and 0.1M isopropanolic 
chloroplatinic acid (1 ml) was heated in a pressure type 
ampule at 90 C for 5 hr. Excess of  trichlorosilane was 
distilled off; the pure addit ion product  distilled at 
180-182/0.1 mm (n~)°=t.4612). The yield was 73% based 
upon methyl oleate. Analysis calculated for C19H37SIO 2 
C13: C, 52.90; H, 8.58; C1, 24.74. Found:  C, 52.82; H, 
8.51 ; C1, 23.85. 

Procedure B 

A mixture of methyl oleate (118.4 g, 0.4 mole),  
methyldichlorosilane (92 g, 0.8 mole), and 0.1M isopropa- 
nolle chloroplatinic acid (4 ml) was boiled for 5 hr in an 
apparatus f i t ted with an acetone-dry ice reflux condenser. 
Excess of  methyldichlorosilane was distilled off; the addi- 
tion product  boiled at 170-172 C/0.05 mm and solidified 
on cooling to 18 C; yield 75%, n~)°=1.4615. The compound 
showed the typical  IR absorption at 1740 cm q (ester 
group) and 1260 cm -1 (Si-CH 3 group). Analysis calculated 
for C20H40SIO2C12: C, 58.39, H, 9.75; C1, 17.27. Found:  
C, 58.26; H, 9.70; C1, 16.92. 

Effect of Solvent 

A solution of methyl oleate (17.8 g, 0.06 mole), 
trichlorosilane (16.3 g, 0.12 mole), and 0.1M isopropanolic 
chloroplatinic acid (1 ml) in dry hexane (100 ml) was 
refluxed for 5 hr in an apparatus f i t ted with an acetone-dry 
ice condenser. The reaction mixture was worked up as in 
procedure A, the yield was 43% based upon methyl oleate. 

Reduction of Chlorosilyl Derivatives 

A solution of methyl  10-(chlorodimethylsityl) undeca- 
noate (2.925 g, 0.01 mole) in dry ether (50 ml) was added 
dropwise, with stirring, to a suspension of  l i thium alu- 
minum hydride (0.76 g, 0.02 mole) in dry ether (100 ml). 
The reaction mixture was stirred and heated under reflux 
for 4 hr and then cooled to  0 C. Cold water was added 
dropwise, followed by cold 10% sulfuric acid, until two 
clear layers formed. The ethereal layer was separated and 
the aqueous layer extracted with ether. The combined 
ethereal solutions were washed with water and dried over 
magnesium sulphate. The ether  was evaporated to yield 
90% of the product  (n18=1.4525). The compound showed 
the typical  IR absorption at 3300 cm 1 (hydroxyl  group), 
2100 cm "1 (Si-H), and 1260 cm -1 (Si-CH 3 group). Analysis 
caluculated for CI3H30SiO: C, 67.82; H, 13.04. Found:  C, 
67.78; H, 13.02. 

In a similar manner some other chlorosilyl derivatives of 
methyl oleate and undecanoate were reduced. 

RESULTS AND DISCUSSION 
The addit ion reactions to methyl  oleate and l-un- 

decenoic acid methyl  ester using chloroplatinic acid 
(H2PtC16,6H20) , Pt on C, or organic peroxides as catalysts 
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were s tudied.  
It  was f o u n d  (Tables  I,II) t h a t  the  h ighes t  yields were 

ob t a ined  using ck lo rop la t in ic  acid or  P t /C  as catalysts .  The  
o p t i m u m  reac t i on  t e m p e r a t u r e s  were b e t w e e n  70-90 C 
(Table  III).  

Higher yields were o b t a i n e d  on  carrying ou t  the  hydro -  
s i lylat ion reac t ions  in bu lk  w i t h o u t  solvents .  

We inves t iga ted  quan t i t a t i ve ly  the  in f luence  of  the  
a m o u n t  o f  ch lo rop la t in i c  acid ca ta lys t  on  the  add i t i on  of  
me thy ld i ch lo ros i l ane  to  m e t h y l  o lea te  and  10-undeceno ic  
acid m e t h y l  ester .  The  resul ts  (Table  IV) ind ica te  t h a t  the  
t e rmina l  C=C doub le  b o n d  o f  10-undeceno ic  acid m e t h y l  
es ter  is m u c h  m o r e  react ive  t o w a r d  hydros i ly l a t i on  r eac t ion  
t h a n  the  i n t e rna l  d o u b l e  b o n d  o f  m e t h y l  o lea te .  I t  was 
r epo r t ed  ( 1 0 , I 1 )  t h a t ,  in  the  p resence  o f  ch lo rop la t in i c  
acid, t r i ch loros i l ane  adds  t o  the  t e rmina l  pos i t i on  o f  
pen tene -2  a n d  h e p t e n e - 3  to  y ie ld  n -pen ty l t r i ch lo ros i l ane  
and  n -hep ty l t r i ch lo ros i l ane ,  respect ively .  The f o r m a t i o n  of  
these  p r o d u c t s  was ascr ibed  t o  the  i somer i za t i on  of  the  
ca rban ion  ini t ia l ly  f o r m e d  by  t he  add i t i on  of  a hyd r ide  ion  
to  the  doub le  b o n d  i n t o  a more  s table  p r imary  c a r b a n i o n  
on the  t e rmina l  ca rbon  a t o m .  I t  was, t he re fo re ,  i m p o r t a n t  
to  de t e rmine  w h e t h e r  such  i somer iza t ions  occur red  in  the  
present  hyd ros i l y l a t i on  reac t ions .  Evidence regard ing  the  
s t ruc tu re  of  the  add i t ion  p r o d u c t s  of  the  si l icon hydr ides  to  
m e t h y l  10 -undecenoa te  and  t o  m e t h y l  oleate  was o b t a i n e d  
f rom NMR spectra .  In all t he  hydros i ly la t ions  of  m e t h y l  
10-undecenoa te  (Table  II),  t he  silyl m o i e t y  was f o u n d  to  be 

TABLE III 

Effect of Temperature upon Yield of Hydrosilylation 
of Methyl Oleate by Chlorosilanes a 

Yield (%) 

Chlorosilane 20 C 50 C 80-90 C 120-140 C b 

CI3SiH 5 50 73 60 
MeCI2SiH 12 60 75 65 
Me2CISiH 7 40 47-57 43 

aExperimental conditions: methyl oleate was heated with excess 
of silicon hydride (2 equiv.) in the presence of chloroplatinic acid. 
H 2 PtC16/methyl oleate = 3x 10 -3. 

bTemperature of the outside bath. 

a t t a c h e d  to  the  t e r m i n a l  c a r b o n - a t o m ,  as seen f r o m  the  
NMR spec t ra  of  e a c h  o f  the  a d d i t i o n  p roduc t s ,  where  n o  
te rmina l  m e t h y l  g roup  was f o u n d ,  and  f r o m  i n t e g r a t i o n  of  
the  peak areas for  the  h y d r o g e n s  a t t a c h e d  to  the  c a r b o n  of  
the  newly  f o r m e d  (-Si-CH2), wh ich  was equ iva len t  to  two  
hydrogens ,  and  n o t  to  one  as wou ld  have been  the  case had  
the  add i t i on  o c c u r r e d  in  the  o t h e r  sense. For  example ,  the  
N M R  s p e c t r u m  of  m e t h y l  10 - (ch lo rod ime thy l s i ly l )un -  
decanoa te  s h o w e d  t he  fo l lowing  peaks  ( in 6 values 
relat ive to  t e t r ame thy l s i l ane ) :  0 .342  (s,6, -CH3),  0 .758 (2, 

-CH2-Si=),  1 .258 ( 1 6 , - C H 2 - ) ,  2 .186  ( t , 2 , -CH2-CO2- ) ,  and  

TABLE IV 

Effect of Amount of Chloroplatinic Acid Catalyst upon Yield of Additon Product of 
Methyldichlorosilane to Methyl Oleate and 10-Undecenoic Acid Methyl Ester a 

Yield (%) 

Catalyzer/fatty acid methyl ester CH3CI2SiCI7H34COOCH3 CH3CI2Si(CH2)10COOCH 3 

6.66x10 "3 75 97 
3-33x10 "3 75 97 
1-66xt0 "3 70 97 
0-84x10 "3 70 97 
3-33x10 "4 30 97 
1.66x 10 -4 13 94 
3.33xl 0-5 traces 86 
1.66x10 "5 0 86 
3.33x10 "6 0 54 
3.33x10"7 0 8 
3.33x10"8 0 0 

aExperimental conditions: fatty acid methyl esters were heated with excess of methyldichlorosilane in the 
presence of chloroplatinic acid. 

TABLE V 

Hydrosilyt Derivatives of Undecenoyl and Oleyl Alcohols a 

Yield 
Compounds (%) n18 ° 

Carbon (%) Hydrogen (%) 

Calculated Found Calculated Found 

I (CH3)2 HSi-(CH2) 1 o-CH2OH 90 1.4525 67.82 67.78 13.04 13.02 

II CH3H2Si(CH2)I o-CH2OH 95 1.4565 66.67 66.61 12.96 12.82 

III SiH3-(CH2)Io-CH2OH 92 1.4575 65.35 65.62 12.87 12.59 

H 
tV CH 3-(CH2)7-CH+CH-(~H2)7-CH2OH 85 1.4672 73.17 73.12 13.42 13.t7 

CH3-Si-CH 3 

H 

V CH3-(CH2) 7-CH~CH-(CH2)7-CH2OH 88 1.4678 72.61 72.32 13.38 13.14 
H-Si-rl 

~H3 
aCompounds were prepared by reduction of the respective methyl chlorosilyl undecanoate and oleate, with 

lithium aluminum hydride in ether. 
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3.553 (s,3,-COOCH3). Hence, the hydrosilylation pro- 
ceeded as follows: 

cat. 
CH2=CH-(CH2)8-COOCH 3 + Me2CISiH 

CH3 I 
CI-~i-CH2-(CH2)9-COOCH3 

CH 3 

In the case of methyl oleate which contains an internal 
9:10-double bond, we examined the addition products of 
the hydrosilylation reactions by NMR spectroscopy. In all 
spectra we found the terminal methyl group in the main 
fatty acid chain, as well as a (-CH-Si =) bond (and not a 
-CH2-Si , bond), indicating that no migration to the terminal 
position occurred under the conditions studied, For exam- 
ple: 

cat. 
CH3.(CH2)7-CH=CH-(CH2)7-COOCH 3 + Me2CtSiH 

CH3-(CH2)8-ffH-(CH2)7-COOCH3 
Me-Si-Me 

I 
C1 

CH3-(CH2)7-CH-(CH2)8-COOCH3 
Me- Si-Me 

I 
C1 

Besides the hydrosilylation, some isomerization of the 
methyl oleate to the trans-isomer occurred, apparently 
catalyzed by chloroplatinic acid (12), as seen from the IR 
spectra absorption at 960 cm "1 , in unreacted methyl oleate. 

The resulting purified adduct, which is a mixture of 
these two isomers, was used in our further investigations. 

The NMR spectrum of this mixture, methyl 9(10)- 
(chlorodimethylsilyI)stearate showed the following bands: 

0.026(d,6; -CH3), 0.464(1, -C__H-Si------), 0.872 (3, terminal CH3), 1.225 

(28,-CH2-), 2.202(t,2, -CH2-CO2-), and 3.382 (s,3,-COOCH3). 

Further evidence concerning the structure of the addi- 
tion products of the chlorosilanes to methyl 10-un- 
decenoate and methyl oleate was obtained from the NMR 
spectra of the compounds obtained by reduction of these 
products with li thium aluminum hydride (Table V): 

Conversion of  the C1-Si bonds to H-Si, leads to the 
appearance of a new type of hydrogen; to the splitting of 
the hydrogens of  the Si-CH3 into a doublet or triplet, 
depending upon the number of hydrogens linked to the 
silicone; and also to shifting of the peaks of the Si-CH 2 
bonds that separates them nicely from adjacent peaks. 

The NMR spectra of  the reduction products showed 
that, in the case of  methyl 10-undecenoate, all the 
additions occurred at the terminal position, while in that of 
methyl oleate, no evidence for addition to the terminal 
position was found. For example, the NMR spectra of 
compounds II and V (Table V) showed the following peaks: 
II: 0.085 (t,3, -CH3), 0.645 (2, -CH2-Si-),  1.258 (18, 

-CH2-) , 3.474 (t,2, -CH2-hydroxyl), and 3.658 (2, H-Si-).  
V: 0.103 (t,3, -CH3), 0.668 (1, -CH-Si-), 0.869 (3, terminal 
CH3) , 1.240 (30, -CH2-), 3.508 (t,2, -CH2-hydroxyl), and 
3.682 (2, H-Si=). 

Addition reactions of silicon hydrides to methyl lino- 
leate are more complicated than those to methyl oleate, as 
methyl linoleate contains two double bonds in two differ- 
ent positions; namely, 9:10 and 12:13 of the fatty acid 
chain. To minimize these complications equimolar amounts 
of the reactants were used to increase the possibility of 
addition to one double bond and obtaining the 1 : 1 adducts. 

These adducts, due to the presence of two double bonds 
in methyl linoleate with similar reactivity toward addition 
reactions, will be mixtures of 9(10) and 12(13) silyl 
derivatives, provided that no migration to the double bonds 
occurred. The results are given in Table VI. 

On carrying out the addition reaction of methyl lino- 
leate with excess of silicon hydrides, crude products were 
obtained, which, according to the elemental analysis, seem 
to be disilyl substituted linoleates (1:2-adducts), but these 
could not be isolated by vacuum distillation. 

Methyl linolenate which contains three double bonds 
was reacted with methyl  dichlorosilane in the presence of 
chloroplatinic acid giving the 1 : 1 adduct. 

The addition of silicon hydrides to 1-undecen-11-yl-ace- 
tare in the presence of chloroplatinic acid is given in Table 
VII. 
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CI 
I 

CH3-Si-(CH2)10-COOCH3 
I 

Cl 

CH 3-Si-(CH2) t o-CH2OH 

H II 

LiA1H 4 

ether 

H LiAIH 4 
CH 3-(CH2)7-C HtCH-(C H2)7-COOCH 3 

CI-Si-C1 ether 

CH 3 

CH 3- (CH2)7-CH~H-(C H2)7-CH2OH 
H-~i-H 

CH3 V 
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