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The interactions of (=O->Si)-(benzoyloxymethyl)trifluoro- 
and -(benzoyloxymethyl)methyldifluorosilanes with a solvent 
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The IR spectra of solutions of (=O-~Si)-(benzoyloxymethyl)trifluorosilane (1), 
-(benzoyloxymethyl)methyldifluorosilane (2), and butyl benzoate (3) are examined in the 
region of the v(C=O) stretching vibrations in 24 solvents. The ability of compounds 1--3 to 
undergo specific intermolecular interactions is evaluated from the dependence of v(C=O) on 
the Kamlet--Taft (~*, c~, [5) parameters, which was obtained for the carbonyl groups involved 
in the intramolecular coordinate (=O-,Si)  bond and for free carbonyl groups. The corre- 

�9 sponding values of the coefficients in the Karnlet--Taft equations are indicative of a weak 
ability of pentacoordinate silicon compounds 1 and 2 to undergo acid-base interactions. 

Key words: intramolecular coordinate bond; silicon atom; carbonyl group; IR spectros- 
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The  r e a c t i v i t y  o f  d r a c o n o i d s ,  c o m p o u n d s  o f  
pen tacoord ina te  si l icon conta ining an in t ramolecular  
coordina te  = O ~ S i  bond,  has been  litt le studied. 1 Data  
are  ava i l ab l e  showing  tha t  the  s t ab i l i ty  o f  the  
S i - - F  b o n d  o f  ( a r o y l o x y m e t h y l ) t r i f l u o r o s i l a n e s  
R C 6 H 4 C ( = O ) O C H 2 S i F 3  t o w a r d  hyd ro ly s i s  and  
alcoholysis  is higher  than  that  of  the S i - - F  bonds in 
organyl tr i f luorosi lanes RSiF3, which conta in  a te t rahe-  
dral si l icon atom. 1,2 Alkal ine  hydrolysis of  these com-  
pounds  is a ccompan ied  by an increase in the coordina-  
t ion number  of  the  si l icon a tom to form the corre-  
sponding te t ra -  and pentafluorosi l icates ,  z The react ions 
of  ( a roy loxymethy l ) t r i f luo ros i l anes  with m o n o -  and 
b identa te  n i t rogen bases (pyridine,  t r ie thanolamine ,  1,2- 
b i s ( d i m e t h y l a m i n o ) e t h a n e ,  2 ,2"-d ipyr idy l ,  and 1,10- 
phenan th ro l ine )  result  in the  format ion of  compounds  
o f  h e x a c o o r d i n a t e  s i l i con  3,4 wi th  =O-->Si<---N or  
N--->Si~N coord ina te  bonds. The oxygen atoms of  the  
C ( = O ) O  group and the re-system of  the  benzene  ring in 
(aroyloxymethyl) t r i f luorosi tanes  are potent ia l  centers of  
~ ,~-basic i ty .  

We per formed  a quanti ta t ive es t imat ion of  the abil-  
i ty  o f  ( b e n z o y l o x y m e t h y l ) t r i f l u o r o s i l a n e  (1) and  
(benzoyloxymethyl )methyld i f iuoros i lane  (2) of  the  gen-  
eral fo rmula  C6HsC(=O)OCH2SiFn(CH3)3-n ,  n = 3 
and 2, respect ively,  to undergo specific interact ions 
with solvents. The  empir ica l  dependence  of  the  IR  
spect roscopic  parameters  of  a dissolved substance on 
the so lva tochromic  parameters  o f  a solvent,  which is 
s imilar  to  that  suggested by Kamle t - -Ta f t ,  5 was used. 

A= C + STt* + a~ + b[5 (1) 

In our case, A is the  f requency of  the  v ( C = O )  s tretch-  
ing vibrat ions of  C = O  par t ic ipat ing in the  O-+Si  bond  
and o f  free carbonyl  groups for the series of  solvents, C 
is the  statistical value of  v ( C = O )  in an inert  solvent,  ~*, 
~t, and [3 are parameters  that  character ize  the  bipolar i ty ,  
acidity,  and basici ty of  a solvent, respectively.  6 - s  

The shifts of  the  f requency of  absorpt ion of  the non-  
coordinate  carbonyl  group as funct ions o f  the nature  of  
the med ium were s tudied for c o m p o u n d  2, which exists 
in solutions as equi l ibr ium mixtures  of  cycl ic  molecules  
with the in t ramolecular  coordinate  =O--~Si bonds  and 
acyc l i c  m o l e c u l e s  wi th  c o o r d i n a t i o n - f r e e  ca rbony l  
groups. The similar  empir ica l  dependence  v ( C = O )  = 
f(zt*, ct, [3) was used for solut ions of  butyl  benzoate  
C6H5C(=O)OC4H 9 (3). 

The correla t ion equations (2) - - (5)  were obta ined 
for compounds  1 - -3  studied. 

1: v(C-O)(coord.) = 1666 - 31u* - 0.2c~ - 2.9[5, (2) 

R = 0.94, S O = 2.1 

2: v(C=O)(coord.) = 1690 - 23n* + 1.0c~ + 0.![5, (3) 
g = 0.87, So = 2.3 

2: v(C=O)(free) = 1733 - 117r* - i8c~ - 5.0[3, (4) 

R = 0.92, S o = 2.4 

3: v(C=O) = 1726 - 14~* - 23a + 0.2[5, (5) 
R = 0.96, S O = 1.7 
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The values of  the coefficient S, which characterizes 
bipolar properties of  a dissolved substance, are the 
greatest in Eqs. (2) and (3). They  vary in accordance 
with the enthalpy of  the intramolecular coordination of  
the silicon atom. For  example, for the gaseous states of  
1 and 2 the values o f  - A H  are 33.0 and 11.7 kJ mo1-1, 
respectively. 9 In  Eqs. (4) and (5), the S values for the 
free C = O  group of  the molecules of  compounds  2 and 
3 are considerably lower. This testifies that  the classic 
solvation componen t  plays a more important  role in the 
case o f  cycl ic  molecu les  1 and 2, con ta in ing  a 
pentacoordinate silicon atom, than in the case of  acy- 
clic molecules 2 and butyl benzoate 3, which have a 
lower dipole moment .  2 

The coefficients a and b in the Kamlet--Taft  equa- 
tions (2) and (3) for coordinate compounds  reflect the 
acid and base properties, respectively, of  the com-  
pounds studied. They are small and comparable to the 
values of  the standard deviations S O . All values of  
v(C=O)(coord. )  for the solutions o f  1 and 2 obey in 
fact the same dependence v(C=O)(coord . )  = for*) [Eqs. 
(6) and (7)]. 

1: v(C=O)(coord.) = 1665 - 31~*, R = 0.97, S O = 2.3 (6) 

2: v(C=O)(coord.) = 1690 - 22n*, R = 0.92, S O = 2.2 (7) 

Hence it follows that the ability of  pentacoordinate 
silicon compounds  to undergo acid-base interactions is 
fairly low. 

In the narrower terms of  universal intramolecular 
interaction theory, the shifts of  the v (C=O)  frequency 
in the spectra of  (aroyloxymethyl)trifluorosilanes and 
(aroyloxymethyl)methyldifluorosilanes on going from 
their gaseous states to solutions in organic solvents that 
are not prone to specific interactions are well described 
by the Burkingham equation. 

v(C=O) = A + B(e - 1)/(2e + 1) + C(n 2 - 1)/(2n 2 + 1) (8) 

Such solvents as alcohols, chloroform, tetrahydro- 
furan, dioxane, and benzene and its substituted deriva- 
tives do not obey the Burkingham correlation equations 
for v (C=O)  in the spectra of  compounds  1 and 2. 

The terms with coefficients B and C in Eq. (8) are 
related to the energies of  the induction-orientat ion and 
dispersion intramolecular interactions, respectively. 

The low-frequency shift of  v (C=O)  as the polar 
properties of  the medium increases is caused by an 
enhancement  of  the coordinate = O ~ S i  bond strength 
and a decrease in the order of  the carbonyl group in 
molecules 1 and 2. This shift is described by the equa- 
tions: 

Table 1. Absorption frequencies v(C=O) in the IR spectra of solutions of compounds 1, 2, and 3 in different solvents and parameters 
~*, a, and B of the solvent 

SoNent ~* a ~ v(C=O)/cm -t  
1 2 
coord, eoord, free 

cyc~-C6H12 0 0 0 1667 1692 
n-C1oH22 0.03 0 0 " 1667 1689 
CC14 0.28 0 0 1660 1685 
CHC13 0.58 0.44 0 1645 1673 
(C4H9)20 0.24 0 0.46 1658 1681 
C1CH2--CH2C1 0.81 0 0 1641 1673 
CH3CN 0.75 0.19 0.37 1638 1669 
(C2H5)20 0.27 0 0.47 1655 1684 
CH2C12 0.82 0.30 0 1642 1671 
C6H5OCH 3 0.73 0 0.22 1642 1673 
C6H5NO 2 1.01 0 0.30 1640 1671 
O(CH2CH2)20 0.55 0 0.37 1646 1676 
C6HsCH 3 0.54 0 0.11 1649 1678 
(CH3)3COH 0.41 0.68 1.01 1650 1681 
C4H9OH 0.47 0.79 0.88 1650 1682 
C2HsOH 0.54 0.83 0.77 1648 1679 
CH3OH 0.60 0.93 0.62 1645 1677 
(CH3)2CHOH 0.47 0.77 0.95 1650 1682 
C6H5C1 0.71 0 0.07 1643 1675 
(CH2)40 0.58 0 0.55 1645 1674 
(CH3)2CO 0.71 0.10 0.48 1642 1672 
[(CH3)2CH]20 0.27 0 0.47 1657 1685 
C6H 6 0.59 0 0.10 1647 1679 
(CH3)2SO 1.0 0 0.76 1633 1668 

1734 1726 
1733 1726 
1731 1718 
1715 
1724 1724 
1723 1711 
1721 1712 
1730 1723 
1720 1710 
1726 1714 
1724 1714 
1725 1717 
1728 1719 
1729, 1710 1723, 1704 
1731, 1710 1723, 1701 
1727, 1707 1719, 1699 
1728, 1711 1716, 1697 
1729, 1710 1723, 1702 
1726 1717 
1724 

1733 1723 
1726 1717 
1717 1711 
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1: v(C=O)(coord.) = 1688 - 9 9 Y -  25Z, 
R = 0.99, S O = 1.1, 

(9) 

2: v(C=O)(coord.) = 1700 - 6 2 Y -  2Z, (10) 
R = 0.98, S O = 1.4, 

where Y =  (e - 1)/(2~ + 1), Z =  (n 2 - l ) / (2n 2 + 1). 

The interaction o f  molecules 1 and 2, which contain 
a pentacoordinate silicon atom, with the medium is 
predominant ly  induction-orientat ion (and not disper- 
sion). 

The shifts of  the frequencies of  the absorption of  the 
free carbonyl groups in 2 that occur when the medium 
is varied in accordance with the parameters indicated 
above, are also described by the Burkingham equation. 

v(C=O)(free) = 1746 - 35Y-33Z, R = 0.94, S O = 3.0 (11) 

The value of  the coefficient B is the lowest for the 
free C = O  groups (B = 35) and increases in the case of  
the coordinate carbonyl groups (B = 62 and 99 for 2 
and 1, respectively), i.e., as the pentacoordination en- 
thalpy increases. 

The v (C=O)  line has a doublet structure (Table 1) 
for the coordination-free carbonyl group in the spectra 
of  alcoholic solutions of  compounds  2 and 3 for which 
the acidity parameter  a varies, according to Kamlet - -  
Taft, from 0.67 to 0.98. The anomalously low values of  
one of  the doublet components  reflect the ability o f  the 
carbonyl groups in molecules 2 and 3 to form hydrogen 

bonds with proton donors and were used in the Kamlet - -  
Taft correlation equations. The value of  coefficient a in 
Eqs. (4) and (5), which characterizes the basic proper- 
ties of  the C = O  groups, becomes rather significant (a = 
18 and 23, respectively). The carbonyl groups in mol-  
ecules 1 and 2 that are involved in the coordinate 
= O ~ S i  bond cannot  be proton acceptors. 
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