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(~5-Cyclopentadienyl)(~5-pyrrolyl)titanium(IV) dichloride, ($-indenyl)- 
($-pyrrolyl)titanium(IV) dichloride and ($-cyclopentadienyl)($-indenyl)- 
titanium(IV) dichloride, when treated with 8-hydroxyquinoline (oxine) in 
aqueous medium form ionic derivatives of the type, [(a’-R)($-R’)TiL]’ Cl- 
(R = C5Hs, C9H,, R’ = C4H4N; R = C5H5, R’ = C,H,; L is the conjugate base of 
oxine). A number of halide and complex halogen0 anions present in aqueous 
solution were isolated as salts of these ionic complexes giving derivatives of the 
type, [($-R)($-R’)TiL]* X- (X = Br-, I-, ZnC13(H20)-, CdC14*-, HgC13-). Con- 
ductivity measurements in nitrobenzene solution indicate that these complexes 
are electrolytes. Both the IR and ‘H NMR spectral studies demonstrate that the 
ligand L is chelating. Consequently there is tetrahedral coordination about the 
titanium(IV) ion. 

rntraduction 

Doyle and Tobias [I] pointed out that coordination of four oxygen atoms 
by strong covalent bonds to the ($-CsH&M Iv2+ moiety (M = Ti, V) would lead 
to weakening of the metal-ring bonds. In order to investigate whether or not 
the coordination of two nitrogen and two oxygen atoms would produce a sim- 
ilar weakening of metal-ring bonds we studied the interaction of ($-R)($-R’)- 
Tic& (R = C5Hs, C9H1, R’ = C&I&J; R = CsH5, R’ = C9H7) with oxine in aqueous 
medium. We failed to isolate a derivative in which two oxinate groups coordi- 
nate to the (7;IS-R)($-R’)TirV2* moiety. Howevkr, ionic complexes of the type 
I($-R)($-R’)TiL]’ Cl- (L is the conjugate base of oxine), in which only one 
bide&ate oxinate l&and is coordinated to the titanium(IV) ion were readily ob- 
tained. Such complexes possess low solvation energies as is evident from the 
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ease of their preparation. This suggests that a number of halogen0 anions pres- 
ent in aqueous solution might be isolated as salts of these complexes. The pres- 
ent communication describes the preparation and character-is&ion of such com- 
plexes. 

Experimental 

Nitrobenzene was purified for conductance measurements by the method 
described by Fay et al. [ 21. Conductance measurements were made on an Elico 
Conductivity Bridge (Model CM-82). Magnetic measurements at room tempera- 
ture were measured on a standard Gouy balance. Mercury tetrathiocyanato- 
cob&ate(H) (xp = 16.44 X 10T6 cgs units) was used as calibrant. Solid state IR 
spectra were recorded in KBr pellets in the 4000-200 cm-’ using a Perkin- 
Elmer 621 grating spectrophotometer. Visible spectra were recorded on an SF 
Russian recording spectrophotometer. ‘H NMR spectra were recorded at a 
sweep width of 900 Hz with a Perkin-Elmer R32 spectrometer. Chemical 
shifts are expressed relative to an internal reference of TMS (1% by volume). 

Thallium(I) cyclopentadienide [3] , thallium(I) indenide [ 4 J , sodium pyr- 
rolide 153 and ($-CSH5)TiCls [6] were synthesised by standard methods. 
($-CsH7)TiC13 was prepared by the reaction of l/l molar ratios of TiCI and 
CgHyTl in THF by a similar method as described for (q5-C9H7)ZrCls by us [7]. 

Preparation of (q5-cyclopentadienyl)($-indenyl)titanium(IV) dichloride 
To a rapidly stirred solution of 11.0 g (0.05 mol) ($-C5H5)TiC13 in 100 ml 

THF, a solution containing 16.0 g (O-05 mol) thallium(I) indenide in 150 ml 
THF was slowly added, with stirring. After the addition was complete, the con- 
tents were reflexed for about 4 h. The solution was filtered hot through a G4 
filtration disk. The filtrate was concentrated under vacuum at room tempera- 
ture_ Petroleum ether was added to the concentrated filtrate. Brown precipi- 
tates were obtained, which were filtered, washed with petroleum ether and 
dilute hydrochloric acid_ The product was recrystallised from an acetone solu- 
tion by the addition of hexane. Colour, brown; yield, 50%; dec. temp., 183°C. 
Anal. Found; Cl, 23.81; Ti, 16.12. C,,H,,Cl,Ti &cd_: Cl, 23-75; Ti, 16.02%, 
IR (KBr): v(Ti-Cl), 370; v(C-), 3050 cm-‘. ‘H NMR (CD&CO, 6 6.00 (s, 
5H of cyclopentadienyl); 6.68-7.00 (m, 7H of indenyl) ppm. 

Preparation of (q5-cyclopentadienyl)($-pyrrolyl)titanium(IV) dichloride 
By following the series of steps described above, this compound was pre- 

pared by the reaction of 11.0 g (0.05 mol) ($-CsHs)TiC13 and 4.4 g (0.05 mol) 
sodium pyrrolide in THF. Colour, brown; yield, 55%; dec. temp., 185°C. Anal. 
Found: Cl, 28.53; N, 5.72; Ti, 19.28. C,H,Cl,NTi calcd.: Cl, 28.41; N, 5.60; 
Ti, 19.16%. IR (KBr): v(Ti-Cl), 355; Y(C=N), 1445; Y(C“H), 3125 cm-‘. 
‘H NMR (CDg)&O, 6 5.94 (s, 5H of cyclopentadienyl); 6.70 (s, 2H, H Q of 
pyrrolyl); 6.12 (s, 2H, H 0 of pyrrolyl) ppm. 

Preparafion of (~5-indenyl)(~5-pyrrolyi)titanium(lV) dichloride 
This compound was prepared by the interaction of 13.4 g (0.05 mol) 

($-CgH7)TiC13 and 4.4 g (0.05 mol) sodium pyrrolide in THF by the same 
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procedure as given above. Colour, brown; yield, 50%; dec. temp, 220°C. Anal. 
Found: Cl, 23.57; N, 4.78; Ti, 15.86. C13HIIC12NTi calcd.: Cl, 23.67; N, 4.66; 
Ti, 15.97%. IR (KBr): Y(Ti-Cl), 360; Y(C~N), 1445; Y(C~H), 3075 cm-‘. ‘H 
NMR (CD-&CO: 6 6.15 (s, 2H, H p of pyrrolyl); 6.78-7.28 (m, 9H, H Q of 
pyrrolyl and 7H of indenyl) ppm. 

Preparation of halide and complex halogen0 salts of titanium(W) chelates 
An aqueous solution of ](q’-R)($-R’)TiL]+ Cl- (R = CsH5, C9H7, R’ = C4H4N; 

R = C5H,; R’ = C,H,; L = conjugate base of oxine) was obtained by stirring an 
aqueous solution of (g’-R)($-R’)TiCl* with a slight excess of solid oxine in 
about 100 ml double distilled water. After about 3 h, the contents were filtered 
and the aqueous solution was shaken with about 25 ml benzene. The aqueous 
phase was collected and added separately to an aqueous solution of KBr, KI, 
&Cl=, CdClz or HgCll. The contents were warmed to 50°C and the resulting 
green precipitates of [($-R)($-R.‘)TiL]+ X- (X = Br-, I-, ZnC13(H20)-, CdC14’-, 
HgC&-) were filtered and washed with water followed by petroleum ether. 
These were reprecipitated from an acetone solution by the addition of petroleum 
ether. 

Results and discussion 

The method used for preparing and isolating (~5-R)(~5-R’)TiC12 complexes 
(R = C5HS, C9H7, R’ = C,H,N; R = CsH5, R’ = C9H7) yields materials of good 
purity as judged from satisfactory elemental analysis and spectroscopic data. 
The complexes are soluble in acetone, THF, DMSO and partially soluble in 
halogenated hydrocarbons. They are non-electrolytes as is evident from the 
conductance value of 0.5 ohm-’ cm2 mol-’ for 0.5 X 10m3 M solutions of 
complexes in nitrobenzene. The electronic spectra of these compounds exhibit 
a single band in the 24700-24320 cm-’ region, which may be assigned to the 
charge transfer band, similar to that observed in case of complexes having the 
metal ions in (n - 1) dons0 configuration [S]_ Magnetic susceptibility measure- 
ments at room temperature reveal that the compounds are diamagnetic. 

Table 1 lists the analytical data and physical characteristics of the halogen0 
salts, [(?I’-R)($-R’)TiL]’ X- (X = Br-, I-, ZnCI,(H,O)-, CdCL2-, HgC13-). These 
complexes are green in colour and thermally stable. They are soluble in acetone, 
THF and partially soluble in halogenated hydrocarbons. With ZnCl,, an aquo- 
trichloro zincate anion is precipitated and coordinated water can be identi- 
fied by intense infrared absorptions. Conductivity measurements reveal that all 
the complexes are l/l electrolytes in nitrobenzene. However in the case of 
cadmium(I1) derivatives, the results are consistent with those of l/2 electro- 
lytes, indicating that dinegative anions are precipitated. 

The infrared spectra of the [(v5-C,H,)($-C,HY)TiLI’ X- and [($-C,H,)- 
($-CJ14N)TiL]’ X- complexes show a strong band at - 1460 cm-’ due to the 
vibrations of the C=N bond in the pyrrole ring. As the frequency of this band 
lies in between that for C-N end C=N bonds, it is evident that the C-“N bond 
possesses partial double bond character. This band is absent in case of 
[($-CsHs)($-CsH,)TiL]+ X- derivatives. 

The C”N band in the oxinate group shows a very intense absorption fre- 
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TABLE 1 

PHYSICAL CHARACTERISTICS AND ANALYTICAL DATA 

Complex a Dec. Conductance data Analyses (Found 
temp. A (ohm-l cm2 mol-I) (CaIcd.) (W) 

ec> b (c = 1.5 x 10-S M) 

CI N 

176 28.8 

195 30.2 

132 26.4 

178 

100 

162 

183 

201 

199 

123 

148 

161 

120 

280 

150 

55.4 

29.2 

26.6 

27.8 

29.8 

55.8 

28.2 

28.6 

28.8 

29.2 

56.2 

26.8 

- 

18.90 

(18.96) 
14.34 

(14.22) 
15-78 

(15.68) 

20.86 

(20.77) 

15.63 

(15.77) 

16.98 

(16.90) 

18.81 

(18.92) 

14.26 
(14.19) 
15.78 

(15.66) 

3.16 

(3-09) 

2.72 

(2.80) 

2.55 

(2.49) 
2-86 

(2.80) 
2.11 

(2.06) 
6.86 

(6.95) 
6.13 

(6.22) 

5.53 

(5.46) 

6.29 
(6.22) 

4.34 

(4.44) 
6.25 

(6.18) 

6.68 
(6.50) 

5.05 

(4.97) 

5.50 
(5.59) 
4.19 

(4.11) 

a L = conjugate base of oxine <CgH&OX b Uncorrected values. 

quency at -1330 cm -l_ Since this bond also possesses a partial double bond, 
similar to the C=N bond in the pyrrolyl group, it is expected that its vibrational 
frequency should occur in the 1450-1500 cm-’ range. In fact free oxine shows 
an intense absorption in this region. The occurrence of this band at lower 
energy in the present complexes indicates considerably less double bond char- 
acter of the C=N bond in the oxinate group. It may be assumed that the lone 
pair ofelectronsonnitrogenis~volvedintkreformationofacoordinatebond 
with the metal ion, which causes a drift of ring electrons towards nitrogen, 
making the double bond formation of the CzN bond considerably less as com- 
pared to that in free oxine. The presence of an intense band at - 1320 cm-‘, 
thus indicate that the oxinate Kgand is chelating in ah the complexes. 

Magee and Gordan [9] studied the IR spectra of oxine and a number of 
me&I oxinates. In the free oxine, they attributed the absorptions in the -1500 
cm-’ region to v(C’C) and v(CFN) stretching frequencies. No absorption fre- 
quency was observed at -1320 cm-’ in this case. The IR spectra of the metal 



T
A
B
L
E
2
 

R
E
L
B
V
A
N
T
K
R
D
A
T
A
a
 

(
c
m
'
~
)
(
m
,
m
c
d
l
u
m
;
s
,
s
t
r
o
n
g
;
w
,
w
e
a
k
)
 

C
o
m
p
l
e
x
 

u
(
C
=
N
)
 

u
(
M
-
C
l
)
 

u
(
C
-
0
)
 

u
(
C
-
H
)
 

W
-
H
)
 

s
t
r
e
t
c
h
i
n
g
 

i
n
p
l
n
n
c
 

o
u
t
o
f
p
l
n
n
e
 

d
e
f
o
r
m
a
t
i
o
n
 

d
e
f
o
r
m
a
t
i
o
n
 

[
(
q
5
-
C
5
H
5
)
(
q
5
.
C
9
H
7
)
T
i
L
l
*
B
r
-
 

(
1
3
3
6
)
(
s
)
 

-
 

1
1
1
6
(
s
)
 

1
0
7
5
(
w
)
 

8
O
O
(
w
)
,
8
2
6
(
m
)
 

(
1
.
2
2
0
)
(
m
)
 

8
4
6
(
m
)
,
 

(
7
8
6
)
(
m
)
 

[
(
q
5
-
C
S
H
~
)
(
q
5
~
C
~
~
~
7
)
T
i
L
l
+
I
-
 

(
1
3
2
0
)
(
s
)
 

-
 

1
1
1
0
(
s
)
 

1
0
9
0
(
w
)
 

8
0
6
(
w
)
,
8
2
6
(
m
)
 

(
1
2
2
6
)
(
m
)
 

8
4
0
(
w
)
,
 

(
7
8
6
)
(
m
)
 

[
(
q
5
-
C
,
H
,
)
(
q
5
~
C
,
H
7
)
T
i
L
l
*
Z
n
C
1
~
(
H
I
Z
O
)
-
 (
1
3
3
6
)
(
s
)
 

3
3
0
(
w
)
 

1
1
1
0
(
s
)
 

1
0
7
6
(
w
)
 

3
O
O
(
w
)
,
8
6
O
(
m
)
 

3
6
0
(
w
)
 

(
1
2
2
6
)
(
m
)
 

(
7
8
0
)
(
m
)
 

[
(
q
5
-
C
,
H
,
)
(
?
$
C
g
H
7
)
T
i
L
l
Z
+
C
d
C
1
4
 

2
-
 

(
1
3
2
0
)
(
s
)
 

3
4
0
(
w
)
 

1
1
0
6
(
s
)
 

1
0
3
5
(
w
)
 

8
1
0
(
w
)
,
8
3
0
(
m
)
,
 

3
7
6
(
m
)
 

(
1
2
2
0
)
(
m
)
 

8
4
6
(
m
)
,
 

(
7
7
6
)
(
m
)
 

[
(
q
5
.
C
S
H
S
)
(
q
5
-
C
O
H
7
)
T
i
L
1
+
H
W
3
-
 

(
1
3
2
6
)
(
w
)
 

3
2
6
(
w
)
 

1
1
1
6
(
s
)
 

1
0
7
0
(
w
)
 

8
O
O
(
w
)
,
8
6
0
(
m
)
 

3
7
6
(
m
)
 

(
1
2
3
0
)
(
m
)
 

(
7
7
O
)
(
m
.
)
 

[
(
q
S
~
C
S
H
5
)
(
q
5
.
C
4
H
4
N
)
T
I
L
]
+
B
r
-
 

1
4
6
0
(
m
)
 

1
1
1
0
(
s
)
 

1
0
7
6
(
w
)
 

8
1
O
(
w
)
,
8
2
6
,
 

(
1
3
3
0
)
(
s
)
 

(
1
2
0
0
)
(
m
)
 

8
4
6
(
w
)
,
 

(
7
8
5
)
(
m
)
 

[
(
q
s
-
C
S
H
5
)
(
q
5
-
C
4
H
4
N
)
T
I
L
]
+
I
-
 

1
4
G
O
(
m
)
 

1
1
1
0
(
s
)
 

1
0
3
5
(
w
)
 

8
1
O
(
w
)
,
8
6
0
(
9
)
 

(
1
3
3
6
)
(
s
)
 

(
1
2
2
5
)
(
m
)
 

(
7
7
6
)
(
m
)
 

~
(
q
5
~
C
,
H
,
)
(
q
s
~
C
,
~
~
,
N
)
T
I
L
l
+
Z
n
C
1
3
(
H
2
0
)
-
 1
4
6
0
(
m
)
 

3
2
6
(
m
)
 

1
1
0
6
(
s
)
 

1
0
7
0
(
w
)
 

6
0
6
(
w
)
,
8
1
6
(
m
)
 

(
1
3
1
6
)
(
s
)
 

3
6
6
(
m
)
 

(
1
2
1
5
)
(
m
)
 

8
6
6
(
w
)
,
 

(
7
8
0
)
(
m
)
 

~
(
q
S
-
C
,
H
~
)
(
q
5
~
C
4
N
~
N
)
T
1
L
1
+
C
d
C
1
4
2
-
 

1
4
6
6
(
m
)
 

3
3
0
(
w
)
 

1
1
1
6
(
s
)
 

1
0
7
6
(
w
)
 

8
O
O
(
w
)
,
8
2
6
(
m
)
,
 

(
1
3
1
6
)
(
s
)
 

3
7
0
(
m
)
 

(
1
2
2
0
)
(
m
)
 

8
6
O
(
w
)
,
(
7
8
0
)
(
m
)
 

[
(
q
5
-
C
5
H
5
)
(
q
5
-
C
4
H
4
N
)
T
I
L
l
+
I
i
g
C
1
3
-
 

1
4
6
0
(
m
)
 

3
3
6
(
w
)
 

1
1
1
0
(
s
)
 

1
0
7
6
(
w
)
 

8
2
6
(
m
)
,
8
6
0
(
m
)
,
 

(
1
3
2
6
)
(
s
)
 

3
7
6
(
m
)
 

(
1
2
2
6
)
(
m
)
 

(
7
8
0
)
(
m
)
 

[
(
q
5
.
C
9
H
7
)
(
q
5
.
C
4
H
4
N
)
T
I
L
]
+
B
r
-
 

1
4
6
6
(
m
)
 

1
1
0
6
(
m
)
 

1
0
7
5
(
w
)
 

8
2
6
(
m
)
,
8
4
6
(
m
)
 

(
1
3
2
0
)
(
e
)
 

(
1
2
l
W
m
)
 

(
7
8
0
)
(
m
)
 

[
(
q
5
-
C
,
H
,
)
(
q
5
-
C
4
H
4
N
)
T
i
L
l
+
I
-
 

1
4
6
0
(
m
)
 

1
1
1
6
(
m
)
 

1
0
3
6
(
w
)
 

8
O
O
(
w
)
,
8
1
6
(
m
)
,
 

(
1
3
3
0
)
(
s
)
 

(
1
2
0
0
)
(
m
)
 

,. 
8W

w
h 

W
W

m
) 

I
(
q
s
-
C
~
H
~
)
(
q
5
-
C
4
H
~
N
)
T
i
L
l
t
Z
n
C
l
~
(
I
~
1
2
0
)
'
 
1
4
6
6
(
m
)
 

3
2
6
(
m
)
 

1
1
1
0
(
m
)
 

1
0
7
6
(
w
)
 

8
2
6
(
m
)
,
8
4
6
(
w
)
 

(
1
3
3
6
)
(
e
)
 

3
7
6
(
m
)
 

(
1
2
2
0
)
(
m
)
 

(
7
8
6
)
(
m
)
 

[
(
q
5
-
C
9
H
7
)
(
q
5
~
C
4
H
4
N
)
T
I
L
1
2
+
C
d
C
1
4
2
-
 

1
4
6
6
(
m
)
 

3
3
0
(
w
)
 

1
1
1
0
(
m
)
 

1
0
9
0
(
w
)
 

8
0
0
(
w
)
,
 

8
2
0
(
m
)
,
 

(
1
3
3
6
)
(
s
)
 

3
8
0
(
m
)
 

(
1
2
1
6
)
(
m
)
 

8
6
0
(
w
)
,
 

(
7
8
0
)
(
m
)
 

[
(
q
5
~
C
,
H
,
)
(
q
5
~
C
4
H
4
N
)
T
1
L
l
+
H
~
C
1
3
-
 

1
4
6
0
(
m
)
 

3
2
9
(
w
)
 

1
1
1
6
(
m
)
 

1
0
7
5
(
w
)
 

8
O
O
(
w
)
,
8
3
0
(
m
)
,
 

(
1
3
3
0
)
(
s
)
 

3
8
0
(
m
)
 

(
1
2
2
0
)
(
m
)
 

8
6
0
(
s
)
,
 

(
7
8
6
)
(
m
)
 

.
-
-
 

-
-
_
-
_
-
_
-
_
-
_
.
_
_
.
_
_
_
~
 

a
 T
h
e
 v
a
l
u
e
s
 

i
n
 p
o
r
e
n
t
h
e
s
e
s
c
r
o
 

d
u
e
 t
o
t
h
o
o
x
l
n
a
t
o
 

g
r
o
u
p
.
 

G
 

C
I
 





183 

Acknowledgement 

We take this opportunity to thank the Council of Scientific and Industrial 
Research for awarding a Senior Research Fellowship to G.S.S. and A.K.S. 

References 

1 G. Doyle and R.S. Tobias, Inorg. Chem.. 6 (1967) 1111: 7 (1968) 2484. 

2 R-C_ Fay and R_N_ Lowry. Inon& Chem.. 6 (1967) 1512. 
3 H. Meister. Angew. Chem, 69 (1957) 533. 
4 K. Chandra. R.K. Sharma, A.K. Garg and B.S. Garg, Chem. Ind.. (1980) 537. 

5 K-K. Jo&i. P.L. Pauson. A.R. Qazi and W-H. Stubbs. J. Organometal. Chem.. 1 (1964) 471. 
6 R.D. Gorsich. J. Am. Chem. Sot.. 80 (1958) 4744. 
7 G.S. Sodhi and N.K. Kaushik, Bull. Sot. Chim. France. l-2 (1982) 45. 

8 P.B. Dorain. H.H. Patterson and P.C. Jordan. J. Chem. Phys, 49 (1968) 3845. 
9 R.J. Magee and L. Gordan, Talanta. 10 (1963) 851. 

10 K. Chandra, R.K. Sharma. B.S. Garg and R.P. Singh, Transition Met. Chem., 4 (19iS) 367. 
11 J.E. Tackett and 0-T. Sawyer. Inorg. Chem.. 3 (1964) 692. 

12 R.B. King and M.B. Bisnette, Inorg. Chem., 3 (1964) 796. 
13 C.J. Ballhausen and J.P. Dahl, Acta Chem. Stand.. 15 (1961) 1333. 


