
39 

Journal of Organomefallic Chemistry. 220 (1981) 39-44 
Elsevier Sequoia S.A., Lausanne -Printed in The Netherlands 

($-C,H,)TiCI,(OC6~X): SYNTHESIS AND PROPERTIES (X = NO*, Cl, CH,) 
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Koszykowa 75, 00-662 Warszawa (Poland) 

(Received May 19th, 1981) 

The compounds ;(q5-C,H,)TiC12(OC!,H~X), where X = NO,, CI, CH3, have 
been obtained from the reaction of CpTiCl~ with suitable substituted phenols iu 
1: 1 ratio, Some of the IR and NMR bands of the compounds correlate directly 
with Hammett o factors. 

Introduction 

Organotitanium compounds are known as catalysts for the polymerization 
[1,2] and hydrogenation[3,4] of olefins and dienes. The synthesis and investiga- 
tion of titanium compounds with hgauds which have varied but known inductive 
effects can help to explain the influence of these effects on the catalytic activity 
of titanium compounds. With this aim we undertook the synthesis and investiga- 
tion of the compounds CpTiCl,(OC&Z.,X) where X = NOZ, Cl, CH,. 

Results 

Substituted and unsubstituted phenols react with CpTiC13 in 1: 1 ratio giving 
phenoxytitanim. compounds as follows: 

X = N02.Ct.C& 

Reactions were carried out in benzene at 353 K. EtsN was used as a HCl-com- 
plexiug agent. When the reaction was complete (after 4 h) the reaction mixture 
was concentrated under vacuum and at brown oil was obtained, from which 
yellow or red crystals precipitated when hexane was added. 

The analytical properties of the products are listed in Table 1. The yield of 
EbN - HCl(97-99%) for each reaction demonstrates that reaction 1 go to com- 

0022-328X/81/0000-0000/$02.50 @ 1981 ELsevier Sequoia S.A. 



T
A

B
L

E
 

1 

A
N

A
L

Y
T

IC
A

L
 

P
R

O
P

E
R

T
IE

S
 

O
F

 C
pT

IC
12

(O
C

gH
qX

) 
C

O
M

P
O

U
N

D
S

 

C
om

po
u

n
d 

M
el

ti
n

g 
po

in
t 

(W
 

Y
ie

ld
 o

f 
Y

iq
ld

 o
f 

A
n

n
ly

sl
s,

 
P

ou
n

d 
(c

n
lc

d,
) 

(n
) 

C
ol

ou
r 

(l
s)

aN
 

’ I
iC

l 
pr

od
u

ct
 

(W
 

W
) 

d 
N

 
H

 
C

l 

C
pT

L
C

l2
(O

C
gH

4N
O

2-
P

) 
40

0-
40

1 
99

 ,o
 

48
 

C
P

T
lc

~
2(

~
C

6H
4N

O
~

rn
) 

40
8-

‘4
10

 
98

-B
 

b6
 

C
pT

1C
l2

(O
C

rj
H

4N
O

~
o)

 
38

1-
33

3 
97

.0
 

31
 

C
pT

 !~
12

(O
P

h
) 

31
6-

31
8 

99
.0

 
42

 
C

P
T

ic
12

(0
06

H
4C

H
3.

p)
 

33
4-

33
6 

Q
7,

B
 

G
l 

C
p

’J
!iC

12
(C

0&
&

H
3~

m
) 

34
3-

34
7 

98
,0

 
38

 

C
P

T
ic

l2
(O

C
bH

4~
H

3.
0)

 
33

1 
$8

‘0
 

26
 

C
P

T
iC

i2
(0

t&
jH

,$
l.

j)
 

34
9-

38
1 

99
,0

 
41

 
cP

T
~

c~
2(

O
cb

H
4~

l-
m

) 
98

,5
 

n
ot

 o
bt

ai
n

ed
 

C
pT

iC
12

(0
C

6H
&

I*
o)

 
33

6’
34

0 
98

.0
 

6 

40
,D

 (
41

,O
) 

41
.4

 (
45

.0
) 

39
.4

 
(4

1.
0)

 
46

.7
 

(4
7‘

6)
 

49
,4

 
(4

9.
G

) 
49

,3
 (

49
.5

) 

49
,3

 (
49

.5
) 

42
,0

 
(4

2.
3)

 

41
,b

 
(4

2.
3)

 

4,
36

 (
4,

30
) 

4,
bO

 (
4.

30
) 

a.
94

 (
4.

30
) 

- - - - - - 

2,
Q

O
 (2

.8
0)

 
3,

01
(2

,8
0)

 

24
80

 (
2,

80
) 

3A
6 

f3
,6

0)
 

3,
96

 
(4

.1
2)

 
4,

ll
 

(4
,1

2)
 

4,
16

 
(4

,1
2)

 
3.

01
 (

2,
90

) 

3.
O

b 
(2

,B
O

) 

21
,f

i 
(2

2.
0)

 

19
.9

 
(2

2.
0)

 
21

,6
 

(2
2.

0)
 

24
,r

t 
(2

b.
6)

 
22

,6
 

(2
4,

4)
 

22
,2

 
(2

4.
4)

 

29
83

 (
24

.4
) 

32
,2

 
(3

4.
3)

 

32
,8

 
(3

4.
3)

 

Ii
W

 
ya

ll
ow

 
!i

gh
t 

ye
ll

ow
 

ye
ll

ow
 

ye
ll

ow
 

or
n

n
gc

 
re

d 
or

an
ge

 

re
d 

ye
ll

ow
 

ye
ll

ow
 

T
A

B
L

E
 

2 

IR
 B

A
N

D
S

 
O

F
 C

p’
l‘f

C
f~

(0
C

gH
4X

) 
(X

 =
 N

O
?,

 
C

H
3)

 
(c

m
-‘}

 

C
P

 

14
40

 

14
42

 
14

38
 

14
38

 
14

40
 

14
40

 
14

40
 

14
39

 

13
80

 
10

20
 

83
0 

13
78

 
10

21
 

82
6 

13
86

 
10

22
 

62
0 

13
80

 
10

21
 

82
9 

13
70

 
10

22
 

81
6 

13
80

 
10

21
 

82
6 

13
87

 
10

22
 

83
b 

13
86

 
10

21
 

83
0 

T
i-

C
l 

41
6 

T
i-

O
-R

 

14
1B

 
12

60
 

11
00

 
10

70
 

60
0 

48
0 

41
2 

14
20

 
12

67
 

13
16

 
10

70
 

60
9 

4o
fi

 
41

0 
14

18
 

12
60

 
11

10
 

10
80

 
G

O
6 

48
8 

41
7 

14
17

 
12

63
 

11
16

 
10

70
 

60
7 

48
5 

42
0 

14
16

 
12

66
 

11
06

 
10

70
 

60
1 

48
0 

41
6 

14
16

 
12

60
 

11
02

 
10

71
 

59
9 

47
7 

41
3 

14
16

 
12

65
 

11
03

 
10

86
 

60
0 

47
9 

41
7 

14
1b

 
12

63
 

11
03

 
10

72
 

60
0 

47
2 

_ 
.I.

_.
^I

_X
I. 

- 
- 

.-
. 

_ 
.._

 
- 

__
 

_ 
_ 

- 
~

~
. 



41 

pletion. The purification procedure decreases the total yield at products to 40% 
or even lower (the m-chlorophenol derivative was not separated from the reac- 
tion mixture). 

Direct reactions between phenols and CpTiCl, were also carried out in benzene 
at room temperature and in refhrxing benzene without Et,N, but yields after pu- 
rification were less that 10%. All products obtained are hydrolysed and oxidized 
slightly in air to pink amorphous solids. The colour of the products can be 
directly related with the electron-donor properties of the phenoxy ligand more 
donating phenoxy ligands, which have CH3 groups, give red compounds, whereas 
more accepting phenoxy ligands, which have NO2 groups, give yellow compounds. 

IR spectra 
The IR spectra of the compounds synthesised show typical bands of the cyclo- 

pentadienyl ring, the Ti-Cl bond and the Ti-O-C groups [5,6]. Their frequen- 
ces are presented in Table 2 for every compound obtained. Phenoxy substituents ___- 
(NO,, CH,) shift to larger wave numbers the 1380 and 830 cm-’ bands slighty 
shift to smaller wave numbers the 1440 and 1020 cm-’ bands and shift the 
Ti-Cl(415 cm-‘) bands to smaller wave numbers. The Ti-0-C bands at 490, 
600 and 1115 cm-’ are shifted to the higher frequency range with increasing 
electron-accepting ability of the phenoxy ligand. The band at 1415 cm-’ shows 
the tendency. 

UV spectra 
A band at ~220 nm of the phenoxy ring and a weak band of the cyclopenta- 

dienyl ring at ~300 nm are observed in the UV spectra of the compounds ob- 
mined (Table 3). For all compounds there are no changes observed in the band 
positions, thus the phenoxy ring substituents do not influence the HOMO and 
LUMO orbitals of the eyclopentadienyl rings. 

TABLE 3 

UV BANDS OF CpTiC12(OC6H4X) COMPOUNDS 

X P-NO, m-NO2 o-NO2 H p-CH3 mCH3 o-CH3 

band = 230 nm 230 232 230 231 230 224 230 

band = 300 nIlI 307 300 300 300 300 300 300 

TABLE 4 

‘H NMR SPECTRAL DATA a 

X cp ring sisxlals (7) Ph ring signals (7) 

p-NO2 2_92(5H, d) 1.89<4H. d) 
m-N02 3:01(5H. s) 2_39<4H. q) 

o-NO2 2.93(5H. s) 2.41(4H. 3q) 
H 3.01(5H. s) 2_99<5H. m) 

P-CHJ 3.02(5H. s) 3_14(4H. m) 
mCH3 3.02(5H. s) 3_06(4H. m) 
o-CH3 3_05(5H. s) 3.05<4H. m) 

a s = singlet. d = doublet. q = quartet. m = mdtiplet. 
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‘El NMR spectra 
The titanium compounds investigated have two groups of signals: of the 

phenoxy rings at T = 2-3 and of the cyclopentadienyi ring at r = 3. The para- 
meters of those signals are presented in Table 4. 

The cyclopentadienyl ring signals are always seen as singlets but the phenoxy 
ring signals have a more or less complicated structure. It is seen that the phen- 
oxy substituents shift the phenoxy proton signals to the lower field region when 
its electron-acceptor properties increase. This is also the case for the cyclopenta- 
dienyl ring protons- 

Discussion 

The positions of the cyclopentadienyl and the Ti-CI IR bands of the com- 
pounds obtained depend on the positions of the -CHs or -NO* groups on the 
phenoxy ring and not on their eIectron-acceptor or donor properties. The posi- 
tions of the Ti-O-R group bands at 1415,1110,600 and 430 cm-’ depend on 
the electron-acceptor or -donor properties of -CH, and -NO, on the phenoxy 
ring. Further, a straight correlation between Hammett factors and the wave 
numbers exists, see Fig. 1. Also a direct correlation between the phenoxy pro- 
ton ‘H NMR signals and the Hammett factors is observed, see Fig. 2. 

The Iack of inductive influence of the phenoxy substituants on the cyclopen- 
tadienyl ring (UV, IR spectra) and T&Cl bond (IR spectra) suggests that this 
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Fig. 1. Correlations between positions of IR bands of CpTiClz<OC.~~X) and Hammett l7 factors of x. 
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Fig. 2. Con-elation between IH NMR signais of the phenoxy group protons of CpTiC12(OC,+QX) and 
Hammett 0 factors of X. 

inductive influence stops at the titanium atom and is not transferred to the 
other Iigands bonded to the titanium ion. However, since the C-O-Ti group 
bands depend on the Hammett factors of the phenoxy ring substituants, we 
may expect a correlation of the Hammett factors with the catalytic activity of 
these compounds. 

Experimental 

All operations were carried out under an inert atmosphere. The solvents 
benzene (POCbem-pure) and hexane (Reachem-pure) were boiled with LiALH, 
and distilled from 5A molecular sieve before use. CpTic1, (Stream-pure) and 
phenols were crystallized or distilled directly before reaction. 

NMR investigations were carried out on a BN.48’7C 80 MHz spectrometer, 
W spectra were recorded on a Speeord UV-VIS instrument and IR spectra were 
recorded on Carl Zeiss Jena UR-10 instrument (as KBr discs). 

Prepamtion of CpTiC12 (OC, & X)TiCl, 
To a 0.1 N refluxing benzene solution of 5 mmol CpTiCl, and 8 mm01 of 

EtaN a 0.1 N benzene solution of 5 mmol of phenol was added over 4 h. The 
reaction mixture was then refluxed for 0.5 h, and allowed to cool to room tem- 
perature- The precipitate of E&N - HCl formed was filtred off and the brown 
or yellow solution obtained was concentrated under vacuum- The resulting 
dark brown oil was refluxed in hexane for 1 h. After 12 h cooling a crystaR.ine 
product precipitated was filtered off and dried for 4 h under vacuum. 
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