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Hete ioorgan ic  compounds that s imul taneous ly  contain si l icon, phosphorus and f luorine have hardly  
been studied.  Only some ( t r iorganyls i ly l ) f luorophosphates  have been descr ibed  i l l ,which a re  cha r a c t e r i z ed  
by a hydrolyt ic  and t h e r m a l  ins tabi l i ty  and p o s s e s s  biological  ac t iv i ty .  We were  the f i r s t  to synthes ize  some  
t r ia lky ls i ly [  e s t e r s  of polyf luoroacylphosphonic  acids of type RFCOP(O)(OSiR3) 2 (R F = e i ther  the p e r -  or the 
polyf iuoroa[kyl  group,  and R = alkyl),  and study the i r  IR and NMR (H and ~SF) spec t r a .  

The raost convenient method for  the p r epa ra t i on  of the alkyl  [2, 3] and t r i a lky ls i ly l  [4, 5] e s t e r s  of 
acylphosphonic acids is based  on the reac t ion  of the neut ra l  e s t e r s  of phosphorous acid with acyl  hal ides 
(Arbuzov reac t ion) .  We studied the reac t ion  of the t r i s  ( t r ia lkylsi lyl)phosphites  with t r i f luoroace ty l  chlor ide 
and a -hydrohexa f luo ro i sobu ty roy l  chlor ide,  which leads  to the fo rmat ion  of the cor responding  bis  ( t r ia lkyl -  
silyl)per (poly)fluoroaeylphosphonates in 31-52% yield: (R.~SiO) ~P + RFCOCI ~ (R~SiO)2P C O)COR F + R ~SiCI. 

t/F = CF3, (CF3)~CH 

The obtained compounds (Table 1) a r e  v iscous  co lo r l e s s  liquids with a weak specif ic  odor.  All of the 
compounds have low r e f r a c t i v e  index values  when compared  with the indices of the organic  [2, 3] and o rgano-  
s i l icon [6] ~ -ke tophosphona tes .  Bis( t r ie thyls i ly l ) -c~-hydrohexaf iuoroisobutyroyl  phosphonate and b i s ( t r i -  
methyls i Iyl )  t r i f luoroace ty l  phosphonate exhibit an exal ta t ion of the molecu la r  r e f rac t ion ,*  which is in a g r e e -  
ment  with the l i t e r a tu re  data for  acyl  phosphonates  [3]. We were  unable to obtain b is ( t r ie thyls i ly l )  t r i f l uo ro -  
acetyl  phosphonate in the analyt ica l ly  pure  s ta te ,  p robab ly  due to the imposs ib i l i ty  of separa t ing  the second-  
a ry  c lose-boi l ing  compounds,  in pa r t i cu l a r  bis  ( t r ie thylsi lyl)phosphite ,  by conventional p r o c e d u r e s .  

In the, IR s pec t r a  of the obtained compounds a r e  p resen t  bands in the 1720-1730 (C=O), 1260-1280 (P 
=O) ,  970 and 1060-1080 ( P - O - S i )  cm -1 reg ions ,  and intense bands at 1000, 1100 and 1400 cm -1, which were  
ass igned to the v ibra t ions  of the C - F  bond [6, 8]. A change of the alkyl rad ica l s  on the si l icon a tom fails to 
cause  a shift of the c h a r a c t e r i s t i c  f requencies  of the C = O  and P = O  groups .  At the s ame  t ime,  a shift  of the 
vp= O toward lower f requenc ies  (more than 20 cm- l ) ,  and of VC= O toward higher  f requenc ies  (<5 cm-1),  is 
obse rved  when the CF~ group is rep laced  by (CF3)2CH. A shift of the P = O  frequency in the IR s p e c t r a  of 
the exo-subs t i tu ted  bis  ( t r ia lkyls i ly l )aroyl  phosphonates  is de te rmined  by the inductive effect  of the s u b s t i t -  
uent,  whe reas  the shift  of the C = O  frequency is a s soc ia ted  with the total  e lec t ronic  effect  (I + M + C) of 
the substitL ent in the a roma t i c  ring; the 1~=O shift toward high f requencies  i n c r e a s e s  with i nc r ea se  in the 
- I  effect  of these  subst i tuents  [9]. A s i m i l a r  phenomenon is observed  in the IR s p e c t r a  of the bis  ( t r ia lkyl -  
s i ly l )polyf luoroacyl  phosphonates ,  and speci f ica l ly  for  CH3COP(O ) [OSi (C2H5)3] 2 (P, cm -i) : 1700 (C=O), 1260 
(P=O) [5], while for  CF3COP(O)[OSi(C2Hs)3]2:1726 (C=O), 1270 (P=O).  

The  tt and 19F NMR s p e c t r a  of the obtained compounds also co r robo ra t e  thei r  s t ruc tu re .  The  resonance  
of the protons  of the alkyl  groups  on the si l icon a tom in the NMR spec t r a  of the bis  ( t r i a l ky l s i l y l ) -~ -h y d ro -  
pe r f luo ro i sobu ty roy l  phosphonates  is depicted by a c o m p r e s s e d  (due to JAB/UAB > 0.5) mult iplet  of the AaB 2 
type with a cen te r  at 6 1 ppm (C2HsSi), or  a single intense peak  with a chemica l  shift  of 0.32 ppm (CH3Si). 
The signal  of the methine proton in the (CF~)2CHCO grouping is observed  fur ther  downfield (5.24 ppm),  which 
r e p r e s e n t s  a septe t ,  caused by the s p i n - s p i n  coupling of the pro ton  with the s ix magnet ica l ly  equivalent 19F 
nuclei (SJH: ? = 7.6 Hz). The  NMR s pec t r a  of the bis  ( t r ialkylsi lyl)  t r i f luoroace ty l  phosphonates have a s i m i l a r  
c h a r a c t e r ,  but do not contain the s ignals  of the CH group [for b i s ( t r ime thy l s i l y l ) t r i f l uo roace ty l  phosphonate,  
6CH 3 0.33 ppm,  and 4JHp _< 0.5 Hz]. The NMR spec t r a  of the ethyl groups in the OSi(C2Hs) 3 grouping were  

*The values  of the bond r e f r ac t ions  were  taken f r o m  Fogel  [7]. 
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discussed in more  detail by us previously  [10, 11]. The p resence  of t r i f luoro-  
methyl groupings in the studied compounds were  cor robora ted  by their  i9F NMR 
spec t ra .  Thus,  the 19F NMR spec t rum of bis ( t r imethyls i ly l ) -~-hydrohexaf luoro-  
isobutyroyl  phosphonate r ep resen t s  a doublet of doublets, located fur ther  down- 
field (SF 0.25 ppm) re la t ive  to the signal of the internal  standard,  namely 1,2- 
d ibromotet raf luoroethane (F-114B2). The multiplet nature of the signal is p rob-  
ably caused by the s p i n - s p i n  coupling of the 19F nuclei with the methine proton 
(3JFH = 7.4 Hz) and the 31p nucleus (4JFp = 4.3 Hz). It is interest ing to mention 
that the signal of the t r i f luoromethyl  group in the 19F NMR spec t rum of b i s ( t r i -  
methylsilyl)  t r i f luoroacetyl  phosphonate is shifted re la t ive  to the peak of the 
standard upfield by 8.7 ppm. 

As was postulated, the obtained organosil icon phosphorus compounds pos-  
sess  biological activity,  and also the ability to impart  antiadhesion and nonin- 
f lammable  p roper t i es  to textile and paper mate r ia l s .  

E X P E R I M E N T A L  M E T H O D  

The IR spec t ra  were  obtained on a Nippon-Bunko DS-301 ins t rument  in the 
4000-600 cm -1 region with an accuracy  of -~i cm -1. The NMR and 19F NMR spec-  
t ra  were  obtained on NMR-5535-TsLA and JNM-3 ins t ruments  at an operating 
f requency of 40 MHz (pure liquids), and at 80 MHz on a Tes la  B-487B spec t rom-  
e te r  (25% solutions in CC14, using HMDS, cyclohexane and 1 ,2-d ibromote t ra -  
f luoroethane (F-114B2) as the internal  s tandards .  

Bis (tr imethylsilyl)  T r i f luroacetyl  Phosphonate.  Through a solution of 20.0 g 
of t r is( t r imethyls i lyl )phosphi te  at 40 ~ was bubbled 5.0 l i ter  (27.6 g) of t r i f luoro-  
acetyl  chlor ide.  Here the react ion mixture  heated up to 70 ~ and 5.7 g (78%) of the 
formed t r imethylchloros i lane  was removed,  bp 55-58 ~ (755 mm); n~  1.3900; d~ ~ 
0.8585. Fract ional  disti l lation of the res idue gave: b i s ( t r imethy l s i ly l ) t r i f luoro-  
acetyl phosphonate and 8.5 g of a f ract ion with bp 88-93 ~ (7 mm); n~ 1.4145; d~ ~ 
1.098, which represen ted  {based on the elemental  analysis data, the IR spec t ra ,  
the boiling point and the n~)  a mixture  of unreacted  t r i s  ( tr imethylsilyl)phosphite 
and bis (trimethylsilyl}phosphite,  contaminated with fluorine containing products .  

Bis (triethylsilyl) Tr i f luoroace ty l  Phosphonate.  In a s imi la r  manner ,  f rom 
10.0 g of t r i s  (triethylsilyl)phosphite and 9.3 g of t r i f luoroacetyl  chloride were  
obtained 3.0 g (31.3%) of b i s ( t r ie thy ls i ly l ) t r i f luoroace ty l  phosphonate [bp 123- 
126 ~ (5 mm); n2i~ 1.4436; d~ ~ 1.070. Found: Si 15.21; P 8.68%; MR 100.6. 
C14H3004Si2PF~. Calculated: Si 13.85; P 7.62%; MR 94.3]; 3.1 g of unidentified 
f ract ion with bp 145-148 ~ (5 mm); n~ 1.4440; d 2~ 1.0560, and 1.9 g (54.4%) of t r i -  
ethylchlorosi lane;  n~ 1.4305; d~ ~ 0.8963. In the IR spec t rum of the des i red  prod-  
uct was detected a weak band at 2400 cm -1, charac te r i s t i c  for  the P - H  bond [8], 
which probably test i f ies  to the p resence  of bis( tr iethylsi lyl)phosphite  [5]. 

Bis ( t r imethyls i ly l ) -~-hydrohexaf luoro isobutyroyl  Phosphonate.  To 20.0 g 
of t r i s  ( tr imethylsilyl)phosphite at 40 ~ was added in drops 19.0 g of f resh ly  d is-  
tilled c~-hydrohexafluoroisobutyroyl chloride in 15 min. Here  the t empera tu re  
rose ,  with the simultaneous dist i l lat ion of a mixture  of (CHs)~SiC1 and unreacted  
c~-hydroperfluoroisobutyroyl  chlor ide,  the redist i l la t ion of which gave: 1.5 g of 

40-55 ~ (760 mm); n~ 1.360; d 2~ a fraction with bp n~ d~ ~ 0.901; 7.6 g of a fraction with 
bp 55-57 ~ (760 mm) ;  1 .3632 ;  1.0215, and 3.3 g of a fraction with bp 58-61 ~ 
(760 mm); n~ 1.370; d20 1.2980 (for ~-hydroper f luoro isobutyroyl  chloride [12]: 
bp 57-59 ~ (750 mm); n~ 1.3086; d~ ~ 1.5492). 

Fract ional  disti l lation of the residue gave bis ( t r imethylsi lyl)-e~-hydroper-  
f luoroisobutyroyl  phosphonate and 4.1 g of an unidentified fract ion with bp 63-70 ~ 
(2 mm); n~ 1.3930; d 2~ 1.1528. 
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Bis(triethylsilyl)-c~-hydroperfluoroisobutyroyl Phosphonate. To 10.0 g of tris (triethylsilyl)phosphite 
at 40 ~ was added in drops 9.0 g of freshly distilled c~-hydroperfluoroisobutyroyl chloride in 3 rain. The 
reaction mixture assumed an opalescence and the temperature rose to 65 ~ . The system was rapidly, but 
carefully evacuated in order to remove the formed (C2Hs)sSiC1 and unreacted c~-hydroperfluoroisobutyroyl 
chloride. Fractional distillation gave bis (triethylsilyl)-c~-hydrohexafluoroisobutyroyl phosphonate and 1.1 g 
of an unidentified fraction with bp 90-105 ~ (2 mm); n~ 1.4180. 

C O N C L U S I O N S  

The )reviously unknown neutral trialkylsilyl esters of polyfluoroacylphosphonic acids were synthesized. 
Their IR and NMR spectra were studied. 
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