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Acid and the Characterization 

Abstract 

Solid Compounds, SnClz(CHBrzC00)2, Ti(CHBr2- 
COO),, Zr(CHBr2C00)4,Th(CHBr2C00)4,U(CHBr2- 
COO), and SisO(CHBrsCOO)e have been isolated 
when the respective tetrachlorides are refluxed with 
excess of dibromoacetic acid. Zirconyl chloride 
forms ZrO(CHBrlCOO)l CHBrsCOOH. These com- 
pounds have been characterized by their elemental 
analysis, molar conductance, and infra-red, NMR and 
FAB mass spectra. In solution, the bromoacetate 
group is readily lost. Their Lewis acid character was 
established by isolating and characterizing their 
adducts with organic tertiary bases. Antimony penta- 
chloride, aluminium trichloride and ferric chloride 
form compounds of composition SbClz CHBr*- 

5 COO)s, Al(CHBrzCOO)s, FeCl(CHBrzCOO z and 
Fe(CHBr,COO), when refluxed with excess of the 
solvent and these have been characterized by infra- 
red studies. 

Introduction 

Solvolytic reactions of lewis acids have been re- 
ported in ionizing solvents, postulated as being a 
result of their autoionization. Such solvolytic reac- 
tions have been carried out in acetic acid [ 11, mono- 
bromoacetic acid [2], acetic anhydride [3], acetyl 
chloride [4], dimethylformamide [S] , sulphur 
dioxide [6], methane sulphuric acid [7], and alcohols 
[8]. These types of reactions constitute a simple 
method for the preparation of anhydrous acetates, 
chlorides, dimethylformamidyls and alkoxides. 
Silicon, zirconium, titanium and thorium exhibit a 
gradual variation in the reactivity of their compounds 
towards alcohols [9] and acids [lo]. It is therefore, 
of interest to investigate the behaviour of the tetra- 
chlorides of tin, titanium, thorium, zirconium, 
uranium and silicon etc. in .dibromoacetic acid. 
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Experimental 

Dibromoacetic acid (Aldrich) was purified by the 
method analogous to monobromoacetic acid reported 
earlier [l 11. Lewis acids used were purified by the 
standard methods. Partial solvolysis of some of the 
lewis acids could be achieved at 80 “c by thoroughly 
mixing them with dibromoacetic acid. However, in 
the majority of cases the following method was 
adopted for complete solvolysis. The lewis acid (3-4 
g) was added to dibromoacetic acid (30 g) in a 100 ml 
flask fitted with an air condenser and a silica gel 
guard tube. The reaction mixture was refluxed for a 
time varying from a few hours to days depending 
upon the rate of the reaction. The final products were 
washed a number of times with hot benzene to 
remove excess of dibromoacetic acid and then dried 
under vacuum and analysed. 

Addition compounds of completely or partially 
dibromoacetate substituted lewis acids were prepared 
in an inert solvent with tertiary organic bases by 
mixing a known weight of acid with excess base, stir- 
ring until solid compounds separated. These were 
filtered in a dry atmosphere, washed 3-4 times with 
hot benzene and dried under vacuum. 

Molar conductance of milimolar solutions were 
determined in acetonitrile, nitrobenzene and di- 
methyl formamide using a cell having a cell constant 
of 0.5996 cm-’ and a Beckman (RC-18) conductivity 
bridge. 

Infra-red spectra of the new compounds were 
measured between potassium bromide plates using 
Perkin ‘Elmer 337 and 225 spectrophotometers. Solu- 
tion spectra were obtained with the PE 225 and an 
Analect 6160 FTIR system. Analysis of halogen, 
carbon, hydrogen and nitrogen were done by the 
Guelph Chemical Laboratories Ltd., Guelph, Ontario, 
Canada. r3C NMR spectra were obtained on a Bruker 
WP-60 FT. NMR system at 15 MHz. 

Results and Discussion 

Tetrachlorides of tin, titanium, zirconium, 
thorium and uranium and silicon have been solvolysed 
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Lewis Acids in CHBrzCOOH 

Molar conductance values of their milimolar solutions 
are quite high. It is of interest to note that there is no 
substitution of the less basic dibromoacetate group 
by the more basic pyridine. 

In these compounds, the separation of the sym- 
metric and anti-symmetric O-C-O band stretching 
frequencies and the shift of the symmetric O-C-O 
stretch from values in the pure compounds suggest 
that dibromoacetate coordination becomes mono- 
dentate. The possibility of a five co-ordinate structure 
for these compounds is ruled out as it would give two 
symmetric O-C-O stretching bands. Probability of a 
polymeric-structure is low. On complex formation 
with tertiary organic bases the ~~~ (O-C-O) and 
vQymrn (O-C-O) stretching frequencies shift to the 
higher and the lower frequency region respectively 
which suggests nitrogen donation to the central metal 
atom. Similar observations have already been 
reported by Kitchens er al. [26]. 

Solvolytic reactions have been extended to the 
trichlorides of aluminium, iron and pentachlorides 
of antimony. Compounds of composition Al- 
(CHBr,COO)s, Fe(CHBr#OO)a, FeCl(CHBr,COO), 
and SbClz(CHBr&OO)s have been isolated. These 
compounds are less hygroscopic than the corre- 
sponding metal chlorides. They are insoluble in many 
non-polar organic solvents but soluble in polar 
solvents such as nitrobenzene, nitromethane and 
acetonitrile. Molar conductance value for their solu- 
tions indicate them to be fairly ionic compounds. 
Solvolytic reactions of ferric chloride and aluminium 
chloride in acetic acid forms compounds of composi- 
tion [Fe,(OAC),] Cls*AcOH and Al(OAC)s* 
2AlO(OAC) respectively [27], but no compounds of 
such composition have been isolated in the present 
studies. 

The infra-red spectra of these compounds, 
especially in the region of asymmetric and symmetric 
carboxylate group vibrations, are similar to those of 
transition metal acetates where the acetate groups are 
supposed to act as bidentate chelating and bridging 
group. The intense sharp bands observed in the range 
1620-l 570 cm-’ may be assigned to the bridging 
groups. Bands at 1520 and 1390 cm-‘, though of low 
intensity, are shifted to lower frequency and the dif- 
ference in the asymmetric and the symmetric 
stretching modes is also reduced suggesting that there 
are also bidentate carboxylate groups. 

A polymeric structure for these carboxylates 
cannot be ruled out but the extent of bridging must 
be small as the compounds are soluble in aprotic 
solvents. The other important bands in the case of 
Al(CHBrzCOO)s is observed at 492 cm-’ which may 
be assigned to the aluminium-oxygen stretching 
mode [28]. No band that could be assigned to 
aluminium-chlorine stretching mode is present. In 
the case of Fe(CHBr2C00)s no band that could be 
assigned to iron-chlorine stretching mode is present, 
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while in the case of FeCl(CHBr&OO)s a metal- 
chlorine stretching band is observed at 432 cm-’ 
which could be assigned to a bridging chlorine, not to 
a terminal one, since the bridging stretching modes 
are expected to be at lower frequency than the 
terminal metal-chlorine stretching modes. A pos- 
sible hexa co-ordinated structure around iron for 
both these compounds is to be attempted. 

Attempts to observe the fast atom bombardment 
mass spectra of all these compounds in this work 
were unsuccessful, the bromoacetate group always 
being displaced by the FAB matrix liquid, except for 
Zr and Fe mentioned previously. 
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