
REACTION OF CARBOXYLIC ACID FLUORIDES 

AND PERFLUOROPROPYLENE OXIDE WITH 

(A CYL OXYME THYL)DIMETHYLE TH OXYSILANES 

K. A. Andrianov, A. K. Dabagova, 
V. V. Shokina, and I. L. Knunyants 

UDC 542.91: 547.29-312' 161:547.1'128 

P rev ious ly  [1, 2] it was shown that when carboxyt ic  acid chlor ides  or  b r o m i d e s  a r e  reac ted  with o rgano-  
s i l icon compounds that contain ace toxymethyl  and ethoxy groupings on the si l icon a tom the a lky l -oxygen  
bond of the ace ta te  group is c leaved  and e i ther  ch lo ro -  or  b r o m o m e t h y l s i l a n e s  a r e  fo rmed .  In the p r e sen t  
p a p e r  we studied the reac t ion  of the acid f luor ides  of the ace t ic ,  t r i f luoroace t ic ,  and pe r f luorobu ty r ic  acids 
with the (ace toxymethyl ) - ,  00enzoyloxymethyl)- ,  and (methacry loy loxymetby l )d imethy l -e thoxys i l aues .  

In con t r a s t  to the acid ch lor ides  and b r o m i d e s ,  r e p l a c e m e n t  of the alkoxy group by f luorine,  which is 
usual  [3, 4] for  a lkoxys i lanes ,  was obse rved  f o r t h e  acid f luor ides ,  which probably  can be explained by the 
g r e a t e r  tendency to fo rm the S i - F  bond 

CH3 CH3 
l I 

RCOF ~- R'COOCH2SiOC~H~ ~ R'COOCH~SiF q- RCOOC2H~ 
I I 
CH~ CH3 

R = CHs, CF3, C~F~; R' ~ CH~, C6H~, CH-.=C-- 

CH3 

This reaction makes it possible to obtain organosilicou compounds that simultaneously contain an ester 
grouping in the hydrocarbon radical and a fluorine atom attached directly to silicon, which represent in- 
terest for the modification of polymeric materials. The structure of the obtained compounds was con- 
firmed by the If{ and 19F NMR spectra, by titration of the hydrolyzable fluorine, and by elemental analysis. 

The structure of the radical of the ester group has no effect on the value of the chemical shifts in the 19F 
NMR spectrum, and their values are close to those for the fluorosilanes [4]. 

In contrast to the unfluorinated acid fluorides, the perfluorocarboxylic acid fluorides react with the 
evoiution of heat, i.e., they are much more reactive due to their greater eleetrophilicity. The obtained 
(acyloxymethyl)dimethylfluorosilanes react with acid chlorides and bromides in the same manner as the 
(acyloxymethyl)dimethylethoxysilanes [i], i.e., the acyloxy group is replaced by halogen. Thus, the re- 
action of acetyl bromide with (benzoyloxymethyl)dimethylfluorosilane gave bromomethyldimethylfluoro- 
silane in good yield 

CH3 CH~ ,- CHACO 

The acid f luor ides  do not en te r  into s i m i l a r  r eac t ions  even when heated up to 150~ F tuoromethy[ -  
d imethyl f luoros i lane  could be obtained only by heat ing (160 ~ (benzoyloxymethyt)dimethylf luorosi lane with 
pe r f luo ropropy lene .  The m e c h a n i s m  of this r e p l a c e m e n t  is p robab ly  analogous to that p roposed  e a r l i e r  
[5] for  the r eac t ions  of pe r f luoropropy lene  oxide with e lec t rophi l ic  r eagen t s  
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E X P E R I M E N T A L  M E T H O D  

The ISF NMR spec t r a  were  taken on a Hitachi R-20 s p e c t r o m e t e r  (56.46 MRz). The chemica l  shif ts  
a r e  given in ppm f r o m  CF3COOH. The ]R spec t r a  were  taken on a UR-20 spec t ropho tomete r .  

(Acetoxymethyl)dimethylf luorosi lane.  1. A mix tu re  of 7.0 g (0.04 mole) of (acetoxymethyl)dimethyl-  
ethoxysi lane and 2.5 g (0.04 mole) of CH3COF was heated in a sea led  g lass  ampule  on the wa te r  bath for  
10 h. Dist i l lat ion gave 3 g (52%) of (acetoxymethyl)dimethylf luoros i lane ,  bp 130~ 79-80 ~ (120 mm);  n~  
1.3840; d~  1.060. Found: C 39.16; H 7.19; Si 18.24; F 12.42 (hydrolyzable)%; MR 33.50. C15HllFO2Si. 
Calculated: C 40.01; H 7.33; Si 18.66; F 12.65%; MR 35.39. tgF NMR spec t rum:  79.4 m (SiF). In f r a -  
red spec t rum:  1730 (C--O), 850 cm -t (SiF). 

2. In a f lask,  equipped with a ref lux condenser ,  cooled with solid CO2, and a gas - in le t  tube, was 
p laced  4.4 g (0.025 mole) of (acetoxymethyl)dimethyle thoxysi lane,  and 3.5 g (0.03 mole) of CF3COF was 
p a s s e d  in slowly; he re  the t e m p e r a t u r e  of the m a s s  rose  to 40 ~ . Vacuum-dis t i l la t ion  at f i r s t ,  followed by 
dis t i l la t ion at a tmosphe r i c  p r e s s u r e ,  gave 2.7 g (76.5%) of CF3CO2C2H 5, bp 60-63 ~ [5], and 3 g (80%) of 
(acetoxymethyl)dimethylf lu0rosi lane,  bp 130~ n~  1.3840. 

3. In a f lask  was p laced 9.7 g (0.055 mole) of (acetoxymethyl)dimethyle thoxysi lane,  and 12 g (0.055 
mole) of pe r f luo robu ty ry l  f luoride was pa s s ed  in slowly; he re  the t e m p e r a t u r e  rose  to 60 ~ Dist i l la t ion 
gave 13 g (98%) of ethyl  pe r f luorobu ty ra te ,  bp 96~ n~  1.307; d~  1.38 [6], which was identified c h r o m a t o -  
graphica l ly  by compar i son  with an authentic spec imen ,  and 5.5 g (67%) o f  (acetoxymethyl)dimethylf luoro-  

o 20 si lane,  bp 130 ; n D 1.3840. 

(Benzoyloxymethyl)dimethylf luoros i lane .  In the s ame  manne r  as  the preceding,  f rom (benzoyloxy- 
methyl )d imethyle thoxysi lane  and pe r f luorobu ty ry l  f luoride we obtained (benzoyloxymethyl)dimethylf luoro-  
si lane in 81% yield,  bp 100 ~ (10 mm);  n~  1.4870; d~  1.090. Found: C 56.56; H 6.19; Si 12.81; F 8.77 
(hydrolyzable)%; MR 56.01. Ct0H13FO2Si. Calculated:  C 56.60; H 6.14; Si 13.19; F 8.97%; MR 55.12. 
18F NMR spec t rum:  78.2 (SiF). In f ra red  spec t rum:  1720 (C--O), 850 em -1 (SiF). 

(Methacryloyloxymethyl )d imethyl f luoros i lane .  In a s i m i l a r  manner ,  f rom (methacry loyloxymethyl ) -  
d imethyle thoxysi lane  and pe r f luorobu ty ry l  f luoride we obtained (methacryloyloxymethyl )d imethyl f luoros i lane  
in 85% yield,  bp 70-73 ~ (23 ram); n~  1.4155; d~  1.021. Found: C 46.84; H 7.33; F 11.20; Si 14.519%. 
MR 43.3. CTH13FO2Si. Calculated:  C 47.70; H 7.39; F 10.79; 
80.86 (SiF). In f ra red  spec t rum:  1640 (C=C), 850 cm -i  (SiF). 

(Bromomethyl )d imethyl f luoros i lane .  With s t i r r ing ,  to 10.6 

Si 15.90%; MR 44.2. 19F NMR spec t rum:  

g (0.05 mole) of (benzoyloxymethyl)di-  
methyl f luoros i lane  was added 7 g (0.056 mole) of CH3COBr; here  the t e m p e r a t u r e  of the m a s s  rose  to 35 ~ 
and heating was continued on the wa te r  bath for  2 h. Dis t i l la t ion gave 7.1 g (83%) of (bromomethyl )d i -  
methyl f luoros i lane ,  bp 97-99~ n~  1.4172; d~  1.372. Found: C 21.03; H 4.88; F 9.89; Br  45.09; Si 
14.74%; MR 31.40. C3HsBrFSi. Calculated:  C 21.05; H 4.67; F 11.11; Br  46.78; Si 16.37%; MR 
32.04. 19F NMR spec t rum:  82.6 (SiF). In f r a red  spec t rum:  565 and 640 (CBr), 880 cm -1 (SiF). 

(F luoromethyl )d imethyl f luoros i laae .  In a 50 ml  s tee l  ampule ,  cooled with solid CO2, were  placed 
14 g (0.066 mole) of (benzoyloxymethyl)dimethylf luorosi lane and 11 g (0.07 mole) of per f luoropropylene  
oxide. The ampule was heated at 160 ~ for  12 h, a f t e r  which it was cooled and connected to a t rap,  cooled 
to - 5 0  ~ Pas sage  of the f rac t ion  f rom the t rap  (2 mm) through absolute methanol  gave 1.2 g of methyl  
~ - h y d r o x y - ~ - m e t h o x y p e r f l u o r o p r o p i o n a t e ,  which was identified by compar i son  with an authentic spec imen 
[7] employing GLC and the 19F NMR s p e c t r u m .  

Dist i l la t ion of the product  f r o m  the ampule  gave 5 g (66%) of ( f luoromethyl)dimethylf luorosi lane,  bp 
53~ n~  1.3130. Found: C 32.62; H 7.22; F 33.76; Si 23.61%. C3HsF2Si. Calculated: C 32.70; H 7.27; 
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F 34.48; Si 25.46%. 19F NMR spect rum:  89.8 m (SiF), 200 t (CH2F) , JFCH2 =48.5 Hz). In addition, 3 g 
of C~HsCOF with bp 150 ~ was isolated.  

CONCLUSIONS 

i. In contrast to the acid chlorides and bromides, when earboxylic and perfluorocarboxylic acid 
fluorides are reaoted with (acyloxymethyl)dimethylethoxysflanes only the ethoxy group on the silicon atom 
is replaced by fluorine. 

2. The formed (aeyloxymethyl)dimethylfluorosilanes when reacted with acetyl bromide replace the 
aeyloxy group by the bromine atom to give bromomethyldimethylfluorosilane. 

3. (F[uoromethyl)dimethylfluorosilane was obtained by heating an (aeyloxymethyl)dimethylfluoro- 
silane with perfluoropropylene oxide. 
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