
Reactions of Ortho-esters of Titanium. I1 

Reactions of Benzoic Acid and Ethyl 
and lsopropyl Titanate 

By I. D. VARMA and R .  C. MEHI~OTRA 

Summary 
The stepwise reaction between titanium alkoxides and benzoic acid has becn investi- 

gated in  detail. It has been shown that  replacement of first two alkoxy groups of tita- 
nium alkoxidc (Ti(OR),; OR= OPr*, or OEt) proceeds smoothly and the corresponding 
mono and di-benzoate derivatives, (C,H,COO)Ti(OR), and (C,H,COO),Ti(OR),, are formed 
quantitatively. The substitution of third alkoxy group proceeds slowly and the tri- 
benzoate derivative, (C,H,COO),Ti(OR), is less stable decomposing into titanyl benzoate, 
(C,H,COO),Ti=O, and corresponding ester, C,H,COOR. The course of reaction appears 
to be unaffected even in  presence of excess benzoic acid (more than 4 moles). The reactions 
have been carried out i n  benzene medium and have been followed by estimating the 
alcohol removed in  the azeotrope, analysis of products of reaction and isolation of esters 
produced as a result of decomposition of the tri-benzoate derivatives. 

In  a number of recent publications1-6), the reactions of titanium 
alkoxides and tetra-chloride with aliphatic fatty acids have been investi- 
gated with a view to prepare the tetra-carboxylate derivatives of tita- 
nium. I n  these investigations it has been shown that the dicarboxylate 
derivatives are produced quantitatively by straightforward replacement 
reactions, but complicating side-reactions ensue with the formation of 
tri-carboxylate derivatives and the end product! in almost all cases corre- 
sponded in analyses to a mixture of basic di- and tricarboxylate of tita- 
nium. The above findings are in sharp contrast with the alcohol inter- 
change reactions which the lower titanium alkoxides undergo with higher 
alcohols6). Further, in a number of recent s tud ie~’)~) ,  it has been shown 
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that phenols inspite of their acidic nature are able to replace all the four 
alkoxy groups from titanium alkoxides with the formation of tetra- 
phenoxides. The reaction between titanium tetra-chloride and bcnzoic 
acid has recently been studied in these laboratoriesg), and it has been shown 
that no tetra-benzoate could be obtained. Ilence it was considered of 
interest to investigate the reactions of titanium alkoxides and benzoic 
acid in detail. 

It has been found %hat when titanium cthoxide or isopropoxidr is 
caused to react with 1 or 2 moles of benzoic acid, the reaction proceeds 
smoothly and the cwrresponding mono and di-benzoate derivatives arc 
formed quantitatively by simple metathetic reactions : 

Ti(OR), + C,H,COOH - (OR),Ti(C,H,COO) + ROH (i)  
(OK),TI(C,H,COO) 4- C,H,COOH -+ (OR),Ti(C,H,COO), + ROH ( i l )  

(OR- = OEt, or OPr'). 
The alcohol produced in the reaction was removed azeotropically with 
benzene, and the course of reaction was followed both by estimating the 
liberated alcohol in the azeotrope and the analysis of titanium in the 
products. The compounds are quite moisture-sensitive and readily form 
an outer protective layer which inhibits further hydrolysis of the product. 

On treatment of titanium alkoxides with 3 moles of benzoic acid, 
only about 2.8 moles of alcohol could be distilled out azeotropically. The 
light yellow solid mass obtained by removing the volatile solvents under 
reduced pressure, slowly developed a pleasant fruity smell on prolonged 
standing, indicating thereby that some slow reaction was occuring. On 
repeating the reaction with larger quantities of the reactants and reflu- 
Xing for a longer time, a yellowish powder began to settle from the clear 
solution. The yellow powder corresponded in analyses to a mixture of 
titanyl benzoate, (C,H,COO),Ti = 0, and the undecomposed mono- 
alkoxy tri-benzoate, (C,H,COO),TiOR, indicating that the reaction could 
be represented by thc following equations : 

(C,H,COO),Ti(OR), + C,H,COOH ssw+ (C,H,COO),TiOR + ROH (iii) 
(C,H,COO),Ti(OR) -+ (C,H,COO),Ti=O 4- C,H,COOR . ( iv)  

The correctness of reaction (iv) was further confirmed by distilling out 
the corresponding esters of benzoic from supernatant liquor of the above 
reaction mixtures. 

Experimental 
All glass apparatus with interchangeable joints wa5 usrd  and moisture was excluded 

from all the reactions. A 60 cm. long coluniii packed with Rachig rings and fittcd to a 
total condensation variable takcoff stillhead was used for fractionation. 

9 )  I. D. VARMA and R. C. MEHROTRA, J. prakt. Cliem. (in prcss). 
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Reagents :  Titanium alkoxides (Peter Spence products) were purified by distilling 

Titanium ethoxide, b. p. 121'/0.8 mm.; Found: Ti 21.02%, OEt 78.85%, Calc. for 

Titanium isopropoxida, b. p. 80°,2 mm.; Found: Ti 1G.88%, OPrl 83.15%, Calc. for 

Benzoic acid (B. D. H., analar) was dried at 40°/1.5 mm immediately before use. 
Benzene (B. D. H., analar) was dried over sodium wire and finally dried azeotropically 

with ethanol over the column. 
A n a l y t i c a l  Methods:  Titaninrn was estimated by careful ignition of compound 

and weighed as TiO,. The ethanol and isopropanol in the benzene azeotrope were estimated 
by oxidation with N K,Cr,O, (in 12,5% sulphuric acidlo)). 

under reduced pressure: 

Ti(OEt),: Ti 20.99%, OEt 79.01%. 

Ti(OPr'),: Ti 16.85%, OPr' 83.15%. 

Reaction between Titanium Ethoxide and Benzoic Acid. (Molar Ratio 1: 1) 
Benzoic acid (2.19 g.) was admitted to a solution of titanium ethoxide(4.09g.) in ben- 

zene (47 g . ) .  On stirring the reaction mixturcb a clear faintly yellow solution was obtained 
which was refluxed under the column a t  100-llOo. The distillate was withdrawn dropwise 
a t  68'. The temperature of distillate rose to 72" after nearly 3 c. c. of it were withdrawn. 
At  this stage the reaction mixture was allowed to reflux for an hour. The azeotrope was 
again collected dropwise till the temperature of distillate became steady a t  80° and 
showed no tendency to  fall. The subsequent fractions of distillate were collected seporately 
under a high reflux ratio (1 : 20). 

The ethanol was estimated in the fractions collected other than those destilling a t  80". 
Found: ethanol in total azeotrope 0.80 g., Calc. for 1 mole (in total alkoxide taken), 0.82 g. 

The product was freed of solvent under reduced pressurc at 60°/1.5mm. A faint 
brown viscous liquid (5.5 g.) ,  miscible in benzene was obtained. Found: Ti l5.G8%, Calc. 
for (C,H60),Ti. C,H,COO: Ti 15.75%. 

Reaction between Titanium Isopropoxide and Benzoic Acid. (Molar Ratio 1: 1) 
Benzoic acid (0.94 g.), titanium isopropoxide (2.15 g.) and benzene (50 g.) were refluxed 

for an hour a t  110". The azeotrope was taken out dropwise a t  71'. The temperature of 
distillete became 73" after few C.C. of distillate were collected. The withdrawn of azeotrope 
was renewed after allowing the reaction mixture to reflux for an hour till the temperature 
of distillate became constant a t  80'. The fraction distilling at  80' was collected separa- 
tely under high reflux ratio (1 : 20). 

The isopropanol was estimated in all fractions other than pure benzene. Found: 
0.45 g. isopropanol against 0.456 g. Calc. for 1 mole. 

The product was dried a t  60"/1.5 mm. A thick colourless liquid (2.4 g.), miscible in 
benzene was obtained. It turns to  a white solid on standing. Found: Ti 13.11%, Calc. for 
(OPr'),Ti(C,H,COO): Ti 13.84%. 

Reaction between Titanium Ethoxide and Benzoic Acid. (Molar Ratio 1: 2) 
Benzoic acid (3.25 g.), titanium ethoxide (3.04 g.) and benzene (76 g.) were stirred 

together. Clear solution thus obtained was refluxed under the column a t  110' for an hour. 
Ethanol liberated in the reaction was removed azeotropically as in earlier experiments. 

lo) R.C. MEHROTRA, J. Ind. chern. SOC. 80, 585 (1953); 31, 904 (1954); J. Amer. 
chern. SOC. 76, 2266 (1954). 



238 Journal fur praktische Chemir. 4. Reihe. Band 8. 1950 

The product was freed of exccss solvent under reduced prcssurc. It was finally dried a t  
40"/1.5 nim. for 11/, hours. A light yellow, moisture sensitivc thick liquid (5.0 g.) which 
has a very slow tendency of solidifying, was obtaincd. 

Found: 1.17 g. ethanol in azeotrope; Calc. for 2 moles: 1.22 g. 
Found: Ti 12.608%; Calc. for (C,H5COO),Ti(OEt),, Ti 12.606%. 

Reaction between Titanium Isopropoxide and Benzoic Acid. (Molar Ratio 1: 3)  
Benzoic acid (1.4 g ), titanium isopropoxide (1.6 g.) and benzene (42 9.) were stirred to 

a faintly yellow, clcar solution. It was refluxed undcr the coluinii and the isopropanol 
liberated in the reaction was removed azeotropically. Thv excess solvent was removed 
under reduced pressure and finally the product was dried at 60°/1.5 mm. for 11/2 hours. 
A light yellow viscous liquid (2.3 g.) was obtained. It was rcadily miscible in beuxenr and 
solidifies slowly on standing. 

Found: 0.652 g. isopropanol in azeotrope. Calc. for 2 moles: 0.659 g. 
Found: Ti 11.4%; Calc. for (OPr'),Ti((',H5C00), 11.9%. 

Reaction between Titanium Ethoxide and Benzoic Acid. (Molar Ratio 1: 3) 
(A). Titanium ethoxide (3.5 g.), benzoic acid (5.63 g.) and benzene (42 6.) were stirrrd 

to a clear solution. Noticeable hcat was evolvcd in the reaction. I-c was refluxed under 
the column and the ethanol librrated in the reaction was removed azeotropically. Thc 
product was dried at 60Ojl.5 mm. A light yellow solid (8.0 g ), soluble in bcnzenr, was 
obtained. It develops a sweet odour on standing. 

Found: Ethanol i n  the azeotrope, 1.88 g. (2.71 moles). 
Found : Ti 9.51%; Calc. for (CBH5COO),Ti(OEt), Ti 10.50% (which indicates that  

the product is largely the tri-benzoate derivative). 
(B). Titanium ethoxide (7.4 g.), benzoic acic! (11.9 g.) and benzene (87 g.) wtre stirred 

together to give a light yellow solution. Hcat is chvolved. The solution was refluxed at 
110-120" and the ethanol produced in  the reaction was rernovcd very slowly over a 
period of 6 hours. At this stage, the distillat? attaiiicd the temperature of 79.5" and a 
finely divided yellow solid began to  separate from the reaction mixture. The reaction 
mixture was allowed to  reflux further a t  130-140" for another 3 hours, and the azeotropc 
removed as in last experiment. The reaction mixture was allowed to  settle overnight. 
The light yellow supernatant liquor was decanted off along with some solid mass. The 
remaining solid was washed twice with freshly distilled benzene, and made free of solvent 
a t  60") 1.5 mni. It was finally dricd a t  l0Oo/6 mni for 1 hour. A pale yellow powder (4.2 9.) 
was obtaincd. 

Found: Ethanol in azeotropc 3.94 g. (2.67 nioles). 
Found: Ti 14.1%; C,E15CO0 76.18%; Calc. for a inixture of (C,H5COO),T10Et 

and (CsH,COO),Ti=O in the molar ratio 1:4, Ti 14.29y0, C,H,COO 79.23%. 
Thc supernatant liquor was frecd of solvent under reduced pressure and tlic thick 

liquid thus obtained was distilled under ieduccd pressure. A colourless, pleasant sinclliiig 
liquid, b. p. 50°,'4 nun. was obtaincd. It mas idcntified as (,thy1 brnzodte. 

Reaction between titanium Isopropoxide and Benzoic Acid. (Molar ltatio 1: 3) 
To a solution of titanium isopropoxide (8.38 6.) in benzene (PO g ) was added with 

continuous stirring, benzoic acid (10.89 g.). The reaction mixture becomes warm (40') 
and a light yellow solution rcsults. It was refluxed under the column at 110-120" and 
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the isopropanol liberated in the reaction was slowly removed azeotropically during a 
period of 7 hours. A thick yellow solution results which on further concentration deposits 
an yellow solid. The reaction mixture was allowed to settle. The supernatant liquor was 
decanted off and the remaining residue was washed twice with freshly distilled benzene. 
A pale, yellowish white granular solid (7.8 8.) was obtained after drying the residue a t  
65'/5 mm. 

Found: Isopropanol in azeotrope 4.98 g. (2.81 moles), Ti 14.06y0, C,H,COO 70%: 
Calc. for a mixture of (C,H,COO),Ti . OPri and (C,H,COO),Ti=O in the molar ratio 
1:4, Ti 14.17%; C,H,COO 78.57%. 

The decanted liquor, also on fractional distillation gave a colourless, pleasant smelling 
liquid., b. p. 144'/60 mm., which was identified as isopropyl benzoate. 

The yellow soild (5.4 g.), obtained in the above experiment, was heated a t  240-250°/ 
50 mm. for 1 hour. when droplets of pleasant smelling liquid were given out. A yellowish 
white residue remains (5.1 g). 

Found: Ti 15.68%, C,H,COO 78.63%; Calc. for (C,H,COO),Ti=O, Ti 15.68%, 
C,H,COO 79.07%. 

This further illustrates the instability of (C,H,COO), Ti OPr', one of the constituents 
of the original yellow solid. 

The benzoic acid was estimated by hydrolysing the compound with excess 0.1 N NaOH 
solution a t  40-50" and back titrating residual NaOH against standard acetic acid. 

Reaction between Titanium Ethoxide and Benzoic Acid. (Excess, more than 
4 moles) 

Titanium ethoxide (5.18 g.), benzoic acid (12.23 g.) and benzene (80 g.) were stirred 
together to  give a clear solution. I t  was refluxed under the column a t  110'. Ethanol 
produced in the reaction was slowly removed azeotropically. A light yellow powder began 
to separate when nearly all the etlmnol had been removed. At this stage, the reaction 
mixture was allowed to  reflux for 6 hours and left overnight. The orange supernatant 
liquor was decanted off along with some solid mass. The remaining residue was washed 
twice with benzene and dried a t  100'/5 mm. A yellowish powder (2.8 g.) was obtained. 

Found: Ethanol in the azeotrope 2.74 g. (2.68 moles): Ti 14.38%. 
The above yellow solid (2.1 g.) was heated for 1 hour a t  190"/5 mm., droplets of 

colourless liquid appeared, a pale white residue was left behind (1.9 g.). 
Found: Ti 15.45y0, C,H,COO 78,6%; Calc. for (C,H&OO),Ti=O, Ti 15.68y0, 

C,H,COO 79.07%. 
As in previous experiments, the supernatant liquor was subjected to distillation under 

reduced pressure. A colourless, pleasant smelling liquid (1.67 g.) was obtained, b. p. 58'/ 
1.5 mm., which was identified as ethyl benzoate. 

Reaction between Titanium Isopropoxido and Benzoic Acid. (Excess more 

Titanium isopropoxide (5.7 g.), benzoic acid (10.7 g.) and benzene (93 g.) were refluxed 
under the column at 110' for many hours. The isopropanol formed in the reaction was 
slowly removed azeotropically. On concentration of the reaction mixture to nearly 10 C.C. 

a light yellow solid settles. The supernatant liquid was decanted off and the residue was 
washed liberally with hot benzene a number of times. It was dried a t  65"/5 mm. A yellow 
solid (4.2 9.) was obtained. 

than 4 moles) 
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Found: Isopropanol in azeotrope 3,32 g. (2.76 moles); Ti 13.83%. The yellow solid 
was heated at  190°/5 mm. for 1 hour. Droplets of colourless liquid appeared and a pale 
white solid remained behind. 

Found: Ti 15.45%, C,H,COO 78,5%; Calc. for (C6H,COO),Ti=O: Ti lR .GR%, 
C,H,COO 7 9 . 0 7 ~ 0 .  

From the decanted liquor a colourless, pleasant smelling liquid was recovered as in 
previous experiments. It was identified as isopropyl benzoate. 
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