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Reactions of silicon tetraacetate with different types of 
Schi]] bases have been investigated in anhydrous benzene. 
Monofunctional bidentate, C6HsCH : N X O H  and I-IORCI-I : 
:NC6Hs [where X = CH2CI-I2, Ctt2CH(CI{8) or o-Call4 and 
R = 0-C6H4 or 2,1 -C10H6], bifunetional tridentate, o-HOC6I-I4CH : 
: N Y O H  [where Y = CI-I2CI-I2 or CH2CI-I(CI-I3)] and bifunc- 
tional tetradentate Schi]] bases, o-HOCaHaC(CI-Ia) : N(CH~)nN : 
: C(CH3)C6H40I-t-o (where n = 2 or 3) have been shown to 
yield derivatives of the type, Si(OAc)4-mLm, Si(OAc)a-2nLn' 
and Si(OAc)2L" (where m = 1,2 or 3; n = 1 or 2 and HL, 
H2L / and H2L" represent the molecules of monofunctional 
bidentate, bifunctional tr identate and bifunctional tetra- 
dentate Schi]] bases resp.) and have been found to be mono- 
meric in boiling benzene. Tentat ive structures based on IR  
and in a few cases PMR spectra have been indicated for the 
resulting derivatives. 

I n t r o d u c t i o n  

Ex tens ive  studies on the Schi]/base der iva t ives  of t rans i t ion  elements  

have  been repor ted  in the  l i tera ture  and in recent  years such der iva t ives  

of even nont rans i t ion  elements  are receiving a t tent ion.  I n  earlier com- 

munica t ions  f rom these laboratories,  Schi/[ base complexes of the  main  

group I I I  e lements  such as AI(I I I )  1 and Ga( I I I )  ~ have  been reported.  

In  the  main  group IV, much  a t t en t ion  has been paid to the der iva t ives  

of Sn(IV) 8, 4 and a few Pb(IV) 5 compounds  have  also been reported.  

However ,  ve ry  few references on the  sil icon--Schi//base complexes are 
so far available.  

A silicon complex, diethylamino(1-propenylpropylamino)-diehlorosilane, 
was prepared for the first time by Breederveld 6 by the reaction of ETCH: 
:NPr with Et2NSiC13. Shum ~ synthesized N-organosilylketimines and 
studied their UV spectra. Kovacs et al. 8 prepared silicon--Schif] base 
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complexes by the reaction of p-(triphenylsilyl)benzaldehyde with phenylene- 
diamines. Orlova et al. ~ investigated the reactions of SIC14 with hydroxy- 
anils of the type, RC6H4CH : NC6H3R'(0tI)  with the view to obtain heat 
stable polymers and synthesized complexes of the type, SIC14 �9 2 L having 
trans-oetahedral structure. 

The present  paper  reports  the reactions of silicon te t raaee ta te  wi th  

monofunct ional  b identa te  (I and II) ,  bifnnet ional  t r iden ta te  ( I I I )  and 

bi iunet ional  t e t r aden ta t e  Schi / /bases  (IV). 

~ C = N X O H  ~ N = C R O H  
H H 

Z IT 

X=CH2CH 2 or CH2CH(CH3) or R=o-C6H ~ or 2~I-CIoH 6 
o-C6H 4 

H I I 
CH.~ CH 3 

31 ]3Z 
Y=CH2CH 2 or CH2CH(CH 3) n = 2 or 3 

Experimental 
As silicon tetraacetate and the resulting products are moisture sen- 

sitive, all the reactions were carried out under completely anhydrous 
conditions and the apparatus fitted with quiekfit interchangeable joints 
was used throughout. 

Materials 

Benzene (B.D.H.) was dried over Na wire by refluxing for several 
hours and finally distilled azeotropieally with ethanol. Ether  was stored 
over CaC12 for several days and filtered. I t  was then refluxed over Na 
wire and distilled. Silicon tetraacetate was prepared by the reaction of 
freshly distilled SiCl4 and tertiary butylacetate as described by Mehrotra 
et a1.1~ I t  was sublimed before use and analyzed: 

Si(OAc)4 Calcd.: Si 10.63, OAc 89.37%. 
Found:  Si 10.98, OAc 88.30%. 

Preparation o] Schi]] Bases 

Benzylidene- 2- hydroxyethylamine, benzylidene - 2 - hydroxy- 1- propyl- 
amine, salicylidene-2-hydroxyethylamine and salicylidene-2-hydroxy-1- 
propylamine were prepared by refluxing equimolar amounts of aldehyde 
with aminoalcohol in benzene for several hours. Water  formed in the 
reaction was removed azeotropically. After drying, products were distilled 
under reduced pressure. 
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Benzylidene-o-aminophenol, salicylideneaniline and 2-hydroxy-1- 
naphthylideneaniline were prepared by refluxing equimolar amounts of 
aldehyde and amine in alcohol and distilled under reduced pressure. Bis-o- 
hydroxyacetophenoneethylenediimine and bis-o-hydroxyaeetophenone- 
1,3-propylenediimine were synthesized by heating two moles of o-hy- 
droxyacetophenone with one mole of diamine in alcohol and~ purified by 
reerystallization. 

1. Benzylidene-2-hydroxyethylamine, Catt5CH : NCH2CI-I2OI-I; orange 
liquid ; B,P. 99-100/0.1-0.2 ~ 

2. Benzylidene-2-hydroxy-l-propylamine, C6H5Ctt : NCI~2CH(CHs)OH ; 
white solid; M.P. 64--66 ~ B.P. 95-97/0.3-0.4 ~ 

3. Benzylidene-o-aminophenol, C~HsCI-I : NC6tt40H ; light yellow solid ; 
M.P. 90-91 ~ B.P. 156-158/2.5-2.7 ~ 

r Salicylideneaniline, ttOC6I-I4Ctt: NC6tts; yellow solid; M.P. 51 to 
52 ~ B.P. 148-151/1.8-2.0 ~ 

5. 2-I:Iydroxy-l-naphthylideneaniline, HOC10H6CH : NC6H5; yellow 
solid; M.P. 92-93 ~ B.P. 192/0.6 ~ 

6. Salieylidene-2-hydroxyethylamine, HOC6tt4CH : NCH2CH.)Ott ; yel- 
low viscous liquid; B.P. 137-139/1.0 ~ 

7. Salieylidene-2-hydroxy-l-propylamine, HOC6H4CH : 
: NCH2CH(CH~)OH; yellow solid; M.P. 62-65 ~ B.P. 127-129 ~ ram. 

8. Bis(o-hydroxyacetophenone)ethylenediimine, HOCaH4C(CIta) : 
: NCH2Ctt2N : C(CH3)C6H4OH; fine yellow crystals; M.P. i88-189 ~ 

9. Bis(o-hydroxyacetophenone)-l,3-propylenediimine, I-IOC6tt4C(CH3): 
: NCtI2CtI2CH2N : C(CHa)C6H4OH; shining yellow crystals; M.P. 128 ~ 

Analysis (C, H, N) proved identity and purity of Cpds. 1.-9. 

Synthesis o] Silicon Schi]] Base Complexes 

Silicon tetraaeetate was dissolved in dry benzene and refluxed with 
the requisite amount  of the Sehi]] base for several hours on an oil bath 
( ~  110 ~ The complexes were isolated by removing the excess of the 
solvent and then drying under reduced pressure. In  some cases, the com- 
pounds could be recrystMlized from benzene. 

1. Si(OAe)3 
benzene. 

2. Si(OAc)~. (CsH5CH 
with benzene. 

3. Si(OAc) (C6HsCH : 
with benzene. 

4. Si(OAc)z [CsttsCH 
cible with benzene. 

5. Si(OAe)2 [CoHsCH 
eible with benzene. 

6. Si(OAc) [Catt5CH : 
eible with benzene. 

7. Si(OAe)8 (C6HsCH:NC6tt40); greenish black solid, sparingly sol- 
uble in benzene, no change up to 240 ~ 

8. Si(OAe)2 �9 (C6HsCH: NC6H40)2; greenish black solid, sparingly sol- 
uble in benzene, no change up to 240 ~ 

(C6HsCH : NCH2CH~O) ; yellow viscous liquid miscible with 

:NCH2CH20)~; yellow viscous liquid miscible 

NCH~CH20)3; yellow viscous liquid miscible 

-NCH2CH(CH~)O]; yellow viscous liquid mis- 

:NCIt2CH(CH~)O]2; yellow viscous liquid mis- 

NCHo.CH(CHs)O]3; yellow viscous liquid mis- 
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9. Si(OAc)" (C6H~CH: NC6H40)3; greenish black solid, sparingly sol- 
uble in benzene, no change up to 240 ~ 

10. Si(OAc)3. (OC6I-I4CH:NCaHs); yellow solid, crystallizable from 
benzene, decomposes at 215 ~ 

11. Si(OAc)2 �9 (OCaH4CH : NC6H5)2; yellow solid, crystallizable from 
benzene, melts with decomposition at 250 ~ 

12. Si(OAc)" (OC6tt4Ctt: NC6H5)3; yellow solid, crystallizable from 
benzene, melts with decomposition at 236 ~ 

13. Si(OAc)3. (OC10H~CH:NC6H5); yellow solid, soluble in benzene, 
decomposes beyond 205 ~ 

14. Si(OAc)2 �9 (OC10H6CH : NCatts)2; yellow solid, soluble in benzene, 
does not melt up to 210 ~ and thereafter decomposes. 

15. Si(0Ac). (0C10H6CH:IWC6Hs)s; yellow solid, soluble in benzene, 
decomposes at 240 ~ 

16. Si(0Ac)~ �9 (OC6H4CH : I~CH2CH~0); yellow solid, crystallizable 
from benzene, does not melt up to 240 ~ 

17. Si(0C6H4CH:NCH2CH20)2; yellow solid, crystallizable from ben- 
zene, does not melt up to 240 ~ 

18. Si(0Ac)2 �9 (OC6HaCH : NCH~CH0) ; yellow solid, crystallizable from 
I 

benzene, melts at 88-90 ~ 
19. Si(0C6I-I4CH:NCH2CHO)9.; yellow solid, crystallizable from ben- 

I 
CH8 

zenc, melts at 128-130 ~ 
CHs 

I 
20. Si(OAe)~(OC6HaC:NCH2CHuN:CC6HaO); light yellow solid, crys- 

tallizable from benzene. 
21. Si(0Ae)~(OC6H4C- NCH2CH2CH2N" CC6H40); yellow solid, sol- 

I I 
CH8 CH3 

uble in benzene. 

Analysis (Si, N, OAc) and molecular weight determinations proved 
identity and purity of complexes 1.-21. 

Analy8e8 
Silicon was estimated as oxide by direct ignition of the sample after 

treating with two drops of sulphurie and nitric acids (AR). Acetoxy content 
was estimated by ti trating against 0.05N solution of NaOH and nitrogen 
by Kjeldahl's method, 

Physical Measurements 
Molecular weights of the complexes were determined ebullioscopically 

in benzene with the help of a semi-micro ebulliometer (Gallenkamp) using 
thermistor sensing. 

Infrared spectra of the Schi// bases and their silicon complexes were 
recorded in the range 4000-400 cm -1 with the help of Perkin-Elmer 337 
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IR  Spectrophotometer. Mostly the spectra were recorded as nujol mulls 
and in a few cases neat liquids were also used. 

PMR spectra were recorded in CC14 on Varian A 60 D Spectrometer 
using T M S  as internal standard. 

Thermogravimetric analysis was carried out on a Stanton (Mass flow 
type) Automatic l~ecording Thermogravimetrie balance. The weighed 
quant i ty  of the sample was heated under a controlled rate of heating 
(4: ~ 

l ~ e s u l t s  a n d  D i s c u s s i o n  

Triaeetoxy silicon Schi]] base, diacetoxy silicon bis-SchiJ] base and 
acetoxy silicon tris-Nchi]] base derivatives have been synthesized by the 
reaction of silicon tetraaeetate with monofunctional bidentate Schi]] bases 
in different stoichiometric ratios as represented by the following general 
equation : 

Si(OAc)4 @ m t I L  -> Si(OAc)4-mLm ~- m AcOIt  

(where m = 1, 2, or 3). 

All these reactions are highly exothermie and due to the presence of acetoxy 
groups all the resulting compounds are very much susceptible to moisture. 
The derivatives of benzylidene-2-hydroxyethylamine and benzylidene-2- 
hydroxy-l-propylamine are yellow viscous liquids, whereas those of sali- 
cylideneaniline and 2-hydroxy-l-naphthylideneaniline are yellow solids 
soluble in benzene. Benzylidene-o-aminophenol rather yields greenish 
black solids, which are sparingly soluble in benzene. 

The reactions in 1 : 4 molar ratio were also attempted, but  these were 
found to proceed only up to 1 : 3  Stoiehiometry. The resulting aeetoxy 
silicon tiis-Schi/] base derivatives were obtained together with the remain- 
ing excess of the Schi]] base, which was removed by repeated washing 
with ether. The nonformation of SiL4 type of complexes may be due to 
the steric factors and small size of the central silicon atom (1.32 A). How- 
ever, in the case of Ti(IV)11 and Zr(IV)t2, it has been possible to synthesize 
tetrakis-Schi]] base derivatives. The formation of oetacoordinated com- 
plexes may probably be due to their larger atomic radii (Ti 1.47 ; Zr 1.60 A) 
as compared to that  of silicon. The oetaeoordination in the ease of Zr(IV) 
has also been confirmed on the basis of PMR spectra and single crystal 
X-ray studies 12. 

All these complexes of silicon have been found to be monomer ic  as 

ev idenced by their  molecular  weights de termined  ebullioscopically in 

boiling benzene. In  the t r i ace toxy  silicon Schi]/ base complexes, the 

central  silicon a tom appears to be pen taeoord ina ted  (V) as shown below: 

OAc 

Aco j \ o  / 
u 

(where N~OI-I represents the Schi]f base molecule) 

lgonatshefte ffir Chemie, Bd. 107/6 88 
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Pentacoordination for silicon is rather unusual, but it has been 
claimed in the case of a few compounds. Frye la has studied the reactions 
of heterocyelic pinaeol derivative of silicon with aminoalcohols and 
isolated quite stable complexes with a pentaeoordinated silicon atom 
where both oxygen and nitrogen atoms are linked to silicon atom. In  
[SIC13 �9 2 NMe3]C104 also the central silicon atom has been shown to be 
pentacoordinated with Dab symmetry  in. 

In  the diaectoxy silicon bis-Schiff base complexes, the silicon atom 
appears to be hexacoordinated (VI), whereas in the case of acetoxy 
silicon tris-Schiff base complexes, it may probably be heptacoordinated 
(VII). 

OAc OAc 

N.~ f N ,  . N . ~  ~N~ 

/o+o   o A-o) 
OAc N _ O 

VI VII  

The reactions of silicon tetraacetate with the bifunctional tridentate 
Schiff bases, H2L' in 1 : 1 and 1 : 2 molar ratios may be represented as 
follows : 

Si(OAc)4 + n H~L" .-> Si(OAc)4 ~nLn" + 2n AcOtt  

(where n -- 1 or 2) 

These reactions are also highly exothermic and the resulting diacetoxy 
silicon Schiff base and silicon bis-Schiff base derivatives have been 
obtained as yellow solids soluble in benzene and carbon tetrachloride. 
The acetoxy compounds have a tendency to hydrolyse when exposed to 
the atmosphere, whereas the bis-Schiff base derivatives are quite stable 
and do not appear to undergo hydrolytic reactions. These are monomeric 
in benzene indicating pentacoordination in the acetoxy derivatives (VIII)  
and stable hexaeoordination in the bis-Nchiff base derivatives (IX). 

l%/~ 
V I I I  I X  

(where HO~N~OI-I represents the Schiff base molecule) 
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The 1 : 1  molar reactions of silicon tetraacetate with bifunctional 
te tradentate  azomethines, It2L", have yielded the monomeric diaeetoxy 
silicon Schi//base derivatives according to the following equation: 

Si(OAc)4 + I-L.L" ~ Si(OAc)2L" + 2 AcOI-I. 

The probable structure X with the central silicon atom in the hexaco- 
ordinated environment may  be indicated for these derivatives. 

AcO OAc 

c=N- ~ ~-. .  N=c A4z .~  - ' '  
I \ (cH=ln. /  I 
CH 3 CH 3 

X 

In an attempt to synthesize octacoordinated complexes of the type, 
SiL2", reactions in i : 2 molar ratios were also carried out but found to be 
unsuccessful. With bis-o-hydroxyaeetophenoneethylenediimine a crystal- 
line product could be isolated from the reaction mixture, but this was 
found to be the same as the derivative of 1 : I molar reaction. Similarly, 
with bis-o-hydroxyaeetophenone-l,3-propylenediimine the analysis of 
the resulting solid product corresponded to a mixture of i : i derivative 
with an excess of the Schiff base. This further supports the nonformation 

of Schi/f base complexes of Si(IV) with octacoordinated environment. 
With similar tetradentate azomethines of sMieylaldehyde, even Ti(IV)15 
and Sn(IV) 4 have been reported to form only hexacoordinated com- 
plexes. 

Therraogravimetric Analysis 

With a view to have an idea about the thermal stability of these 
compounds, the TGA of silicon bis-salieylidene-2-hydroxy-l-propylamine 
as well as the Schi// base was carried out. The TGA curve (Fig. 1, 
Curve A) of the ligand does not show any change up to a temperature 
of 200 ~ Thereafter, a heavy loss in weight due to its decomposition 
was recorded. The silicon complex was found to be stable up to 150 ~ 
and thereafter a rapid decomposition was observed up to 340 ~ I t  
finally gets converted to SiO2 at 760 ~ (Fig. 1, Curve B). 

In/rated Spectra 

The infrared spectra of a few azomethines and their silicon complexes 
have been recorded. In  the spectra of the Schi//bases, broad absorption 
bands in the region, 3400--3200 cm -1 are observed which may  be 
assigned to the hydrogen bonded OH. However, in the case of silicon 

88* 
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complexes these bands  d i sappear  ind ica t ing  chela t ion of oxygen  to the  
silicon a tom.  

I n  the  aee toxy  silicon Schi// base complexes,  bands  in the  region, 
1740--1670 cm -1 appear  and  these m a y  be a t t r i b u t e d  to  C = O  bond  of 
the  ace toxy  group. 

A s t rong band  a t  1635--1625 em - i  is observed in the  Schi// bases 

2 0 0  - 

160 

E 

.5 

'~ 80 

4O 

, l ,L i , I , I 
2 0 0  4 0 0  : 6 0 0  8 0 0  

Temperature 

Fig. 1. Thermolysis curves. Curve A (Ci0I-Ii3NO~): wt. of the eompd. 
taken = 138mg; wt. left = nil. Curve B [Si(Ci0I-IiiNO2).~]: wt. of the 
eompd, t aken -~  198mg; wt. left = 32rag;  tale. wt. for SiO2 ~ 31 mg 

and  this  m a y  be assigned to v C = N  vibra t ions .  The coordinat ion  of 
n i t rogen to  silicon is expec ted  to  reduce the  e lect ron dens i ty  in the  
azomethine  l ink causing a reduct ion  in the  9 C = N  frequency.  However ,  
this  band  appears  a t  a lmos t  ident ica l  pos i t ion or shifts s l ight ly  in the  
ease of the  silicon complexes.  I n  the  l i tera ture ,  shif t  of th is  f requency  
to higher  16 as well as lower i7 wave number  side has been repor ted  and in 
some eases even no change has been no ted  is. 

Bands  of s t rong to med ium in tens i ty  in the  region, 840- -800  era--1 and  
1075-1025 cm - i  in the  silicon complexes m a y  p r o b a b l y  be a t t r i b u t e d  
to v Si - -O .  
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P M R  Spectra 

The PMR spectra of the Schiff base, o-HOC6HaCH : NCH2CH(CHa)OH 
and its complex Si[OC6H4CH:NCH~CH(CH3)OJ2 (Fig. 2) have been 
recorded in carbon tetrachloride. The methyl  protons exhibit a doublet 
at 8.82 z in the case of the Schi]] base as well as silicon complex due to 
coupling with the methine (CH) proton. A doublet due to methylene 
(CH2) protons is observed at 6.62 ~ in both the ligand and the complex 
on account of the coupling with the methine (CH) proton adjacent to 
the methyl group. The methine (CH) proton gives a sextet centered 
at 6.10 z due to coupling with both CH2 and CH3 protons. A complex 
multiplet due to ring protons appears at different positions in the two 
spectra. In  the case of ligand, it is centered at 3.60 x, whereas in the 
complex at 3.07 T. The shift of the ring protons to lower field suggests 
the chelation of ligand to the silicon atom. 

The azomethine proton (N : CH) exhibits a singlet at 2.38 z in the 
spectrum of the ligand. This singlet is shifted considerably to down 
field in the complex and appears at 1.88 ~. This is due to the consider- 
able deshielding of the proton caused by coordination of nitrogen of the 
ligand moiety to silicon atom. Similar down field shift of azomethine 
proton signal has been reported from 1.70 z to 0.82 z in Ti(OC6H4CH : 
: NC6H5)419 and from 1.98 v to 1.41 x in Ti(OC6H4CH : 5~CH2CH20)22~ 
In  the PMR spectra of AI(III)  ~1 complexes of 2-hydroxy-l-naphthyli-  
denealkylamines also the azomethine proton signal is shifted down 
field. However, in the case of thorium complexes of salicylideneanilines, 
Biradar  and K u l k a r n i  22 have reported shift of this peak to down as well 
as higher fields. 
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