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   Titanium tetrafluoride reacts with benzaldehyde phenylhydrazone to yield 1:1 adduct 
and with benzophenone phenylhydrazone 1:2 as well as 2:1 adducts, while other tetrahalides form 

1:1 adducts with both the phenylhydrazones. All these complexes are coloured and stable at 
room temperature. The infrared spectral studies of phenylhydrazones and their titanium (IV) 
complexes have been made in the 4000-200 cm-1 region.

Snyder and Smith1) have investigated the reactions 

of boron trifluoride with a number of phenyl-

hydrazones containing α-methylene group and

they showed that these reactions lead to the forma-

tion of indoles presumably through the intermediate 

formation of 1:1 adducts.

  Recently Aggarwal and Makhija2) in this labora-
tory prepared 1:1 adducts of tin tetrachloride 
with benzaldehyde phenylhydrazone and studied 
their structures from infrared spectral measure-
ments. This work has now been extended to the 
reactions of titanium tetrahalides and the results 
obtained are described in the present communica-
tion.

Experimental

  Titanium tetrahalides and organic solvents were 

purified and made anhydrous by standard literature 
methods. Benzaldehyde phenylhydrazone3) and benzo-
phenone phenylhydrazone4) were prepared as described 
in literature and recrystallized from methanol (mp
157℃)and ethanol(mp 105℃)respectively.

  Preparation of Complexes. i) Titanium Tetra-
fluoride-Benzaldehyde Phenylhydrazone Complex. 1-5% 
tetrahydrofuran solutions of TiF4 and phenylhydrazone 
were mixed together and shaken vigorously. The 
reaction mixture was refluxed for 30 min and excess of 
solvent removed. The greenish-yellow solid mass thus 
obtained was washed repeatedly to remove excess of 
the base, and dried in vacuo. 
  ii) Titanium Tetrafluoride-Benzophenone Phenylhydra-

zone Complexes. Greenish-brown titanium tetrafluoride-
benzophenone phenylhydrazone complex was prepared 
in a similar way as described above. Another complex 
(brown) was isolated from the filtrate of the above com-
plex by the removal of excess of the solvent and washing

the residual solid with a mixture of chloroform and 

tetrahydrofuran.
  iii) Titanium Tetrachloride - Phenylhydrazone Complexes. 

On adding dropwise (1-5%) solution of phenylhydra-
zone in chloroform to a solution of titanium tetrachloride 
in the same solvent, coloured precipitate was obtained 
which was allowed to settle for several hours, filtered, 
washed and dried under reduced pressure.
  iv) Titanium Tetrabromide-Phenylhydrazone Complexes. 
These complexes were prepared just like the titanium 
tetrachloride complexes. 
 No definite complexes of titanium tetraiodide with 
phenylhydrazones could be isolated from reactions 
carried out in chloroform and benzene solutions. 
  Complexes thus prepared were analysed for titanium, 
halogen, and nitrogen. Analytical results and general 
behaviour of the complexes are given in Table 1. 
  Infrared spectra measurements were carried out on 
a Beckman infrared spectrophotometer, Model IR-8. 
The spectra were recorded in Nujol mulls using sodium 
chloride plates. The far infrared spectra were taken on 
a Perkin Elmer-621 spectrophotometer in Nujol mulls 
using cesium iodide cells. The results obtained are 
included in Tables 2 and 3.

Discussion

  Titanium tetrafluoride reacts with benzaldehyde 

phenylhydrazone to yield 1:1 adduct and with 
benzophenone phenylhydrazone 1:2 as well as 

2:1 adducts, while other tetrahalides form 1:1 

adducts with both the phenylhydrazones. 

  Titanium tetrahalides produce intense colora-

tion with phenylhydrazones. The appearance of 

colour probably may be due to the existence of 

an equilibrium between the colourless phenyl-

hydrazone and coloured phenylazo tautomer de-

picted below as titanium tetrahalide adducts:
  1) H. R. Snyder and Curtis W. Smith, J. Am. Chem. 

Soc., 65, 2452 (1943). 
  2) R. C. Makhija, "A study of some silicon and tin 
tetrahalides with hydrazine and its derivatives," Ph. D. 
thesis, Univ. of Lucknow (1966). 
  3) F. G. Mann and B. S. Saunders "Practical 
Organic Chemistry," Longmai, Green & Co., Ltd., 
4th Edition, London (1960), p. 227. 
 4) F. G. Mann and B. S. Saunders, ibid., p. 343.
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The adducts are intractable, insoluble in common 

organic solvents and do not possess sharp melting 

points. 
 There are two sites for coordination in phenyl-

hydrazones viz., NI and NII as shown below:

(I) (II)

In titanium tetrahalide complexes of phenylhydra-
zones, one would expect changes in N-H, N-N, 
C=N and /or N=N and Ti-X stretching frequencies 
as compared with the location of these bands in 
the parent bases and Lewis acids, and appearance
of new band characteristic of υ(Ti-N).

  N-H Stretching Bands. Spectra of benz-

aldehyde and benzophenone phenylhydrazones 

recorded in the present work contain two bands at 

3290, 3090 cm-1 and 3310, 3110 cm-1 respectively 

assigned to N-H stretching modes.5,6)

Anegative shift in υ(N-H)would be expected

if coordination takes place through NI of the isomer-

I. An intramolecular change in phenylhydra-

zones would yield isomer-II containing no>NH 

group and hence the infrared spectra of this isomer 
and its complexes should show no absorptions 

characteristic of >NH group.

The presence of N-H stretching bands in the

spectra of TiF4・C6H5CH=NNHC6H5, (TiF4)2・

(C6H5)2C=NNHC6H5, and TiF4・2(C6H5)2C=

NNHC6H5, therefore, indicates that the adducts 

are formed mainly with tautomeric form-I. 

  In the infrared spectra of titanium tetrachloride 

and tetrabromide complexes of phenylhydrazones, 

the N-H stretching bands almost disappear. This 

indicates that the adduct formation takes place

mainly with phenylazo tautomeric form-II.

  C=N, N=N and N-N Stretching Frequencies. 

Weak bands observed in the spectra of the phenyl-

hvdrazones in 1620-1652 cm-1 region are assigned

to υ(C=N).7-10)

  A tautomeric change in phenylhydrazones would 

be expected to give a new band corresponding to 

N=N stretching vibration. The specific assignment 

of the N=N stretching modes in aromatic azo com-

pounds is difficult due to the interference of C=C 
ring vibrations.8)

  The N-N stretching modes are absent in the 

titanium tetrachloride and tetrabromide complexes, 

further supporting the adduct formation with iso-

mer-II. The presence of N-N stretching bands of 

medium intensity in titanium tetrafluoride com-

plexes supports the existence of the phenylhydra-
zones mainly in the isomeric form-I in these com-

plexes.
 Ti-N and Ti-X Stretching Bands. The 
new bands occurring in 570-513 cm-1 region in 
the complexes are tentatively assigned to v(Ti-
N).11,12) The magnitude of theυ(Ti-N)is in good

agreement with the thermal stability of complexes.

The occurrence of υ(Ti-X)modes in the octa-

hedral region in the spectra of the complexes shows 

that they have octahedral geometry.13,14)

 The authors are grateful to the Council of 
Scientific and Industrial Research, New Delhi 
(India), for the award of junior Research Fellow-
ship to one of them (S.K.S.), and to Dr. M. Onysz-
chuk, McGill University, Montreal (Canada), 
for his kind help in the form of chemicals and 
equipment.

  5) D. Hadzi and J. Jan, Spectrochim. Acta, 23 A, 
571 (1967). 
  6) D. Hadzi and J. Jan, Rev. Roumaine Chim., 10, 
1183 (19651). 
  7) J. Fabian, M. Legrand and P. Poirier, Bull. Soc. 

Chim. France, 1956 1499. 
 8) L. J. Bellamy, "The Infrared Spectra of Complex 

Molecules," John Wiley & Sons, Inc., New York 
(1960), pp. 267-271. 
 9) L. D. Frederickson, Anal. Chem., 36, 1349 (1964).

 10) J. Fabian and M. Legrand, Bull. Soc. Chim. France, 
1956, 1461. 
 11) R. T. Cowdell, G. W. A. Fowles and R. A. 

Welton, J. Less-Common Metals, 5, 386 (1963). 
 12) S. C. Jain and R. Rivest, Can. J. Chem., 45, 

139 (1967). 
 13) I. R. Beattie and M. Webster, J. Chem. Soc., 
1964, 3507. 
 14) R. J. H. Clark and W. Errington, ibid., (A), 

1967, 258.


