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Tire syntheses of some substituted cyclooc~atetraenecyclopentadienyl- 
titanium compounds are described, viz: (1?8-C~H8f(hj-R)Ti with R = C5H4CH3, 
C,H4C(CH,),, CjH.Si(CH3)3, indenyl (= tnd) and fluorenyi (= Flul. The com- 
pounds have been prepared by reaction of [(~~~-C~H~)TiCl.THF]~ with RNa 
in ether solution. The pammagnetic compounds are thermally stable to ea. 350”, 
but they are sensitive to air and water. The IR spectra and dipole moments of 
the compounds are given. The mass spectra of the complexes (IL’-CyHs)- 
(h”-C,H,)Ti, (~‘-CsH~)(~~‘-rnd~Ti and (~z’-C~Hs~(~~-Flu~Ti indicate weakening of 
the Ti--frjR bond-strength in this sequence. 

Introduction 

Our studies on the preparation of titanium complexes containing a h”-CjH, 
ligand led to the isolation of the compounds (~~-C~Hs)(~~-C~H~)Ti [I, 21, 
(128-CsHB)(h3-CJPI~~)Ti [ 31, (hs-CsH8)(h3-slLlyl)Ti f 41, [ (~~‘-C~H~)TiCi-THF]~ f 51 
and [(/28-CsHy)TiCI]J 151. The present paper describes the synthesis and some 
properties of five-ring substituted complexes (h8-C~H8,)(h5-R)Ti with R = CjHaCHx, 
CjHaC(CH,)x, CjHSi(CH3)s, indenyl and fluorenyl. 

Experimental 

All experiments were carried out under purified nitrogen. Solvents were 
purified by conventional methods; before use they were freed from oxygen by 
repeated degassing and saturating with nitrogen. Commercial TX& and cyclo- 
octatetraene were used without purification. Elementary analyses of C and H 
were carried out at the Microanalytical Department of this University under the 
supervision of Mr. WM. Hazenberg; Ti was analyzed in our laboratory under the 
supervision of Mr. A.F. Hamminga. 
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TABLE 1 

ANALYTlCAL DATA. YJELDS AND DECOAIPOSJTJON TEBIPERATURES FOR THE COMPLEXES 

(h8-C~H~)(h5-R)Ti 

R 

Cj%CH3 

<men) 

CjF4CfCHj)l 

Ween ) 

C~H_~SI(CH~)J 

(men) 

Jndenyl 

fgreenJ 

Fluom~yJ 

(red) 

ib~alyais found (cJcd.J (%‘o) YleJd Dec. W”IF 

(?a) (‘CJ 
C H Tl 

72.46 6.56 20.91 60 355 
72.60 6.7 1 20.90 

(72.73) (6.48) (20.74) 

74.88 7.93 17.63 61 364 

75.00 7.98 17.43 
(74.72) (7.75) (17.53) 

66.08 7.23 16.56 63 360 
66.13 7.27 16.17 

(66.-I2) (7.32) (16.56) 

76.26 5.87 17.61 77 367 

76.58 5.82 17.64 
(76.41) (5.66) (17.93) 

79.51 5.55 11.96 63 336 
79.70 5.57 14.97 

(i9.50) (S.-JO) (15.10) 

Preparation of (tzS-CeH,)(h’-R)Ti 
The compounds were prepared by reaction of [(h8-CsHa)TiCl.THF]Z with 

RNa (RLi for the fluorenyl compound) in ether solution at room temperature. 
To a well-stirred suspension of [(hY-CyH6)TiCI-THF]2 in ether one equiva- 

lent of RNa was added. The reaction mixture was stirred for 3 h. The solvent 
was removed under reduced pressure. The compounds were isolated by crystal- 
lization from penfane (R = CjHAC(CHj),) or toluene (R = Ind, Flu) or by subli- 
matron after extraction with pentane (R = CjHACHl, C5H4Si(CH3)1). The yields, 
analytical data and decomposition temperatures are summarized in Table 1. 
Dipoie moment measurements were performed at 20” k O.l”C in benzene solu- 
tion with a WTW dipole meter (type DM 01). Dipole moment data were caku- 
lated using the formula given by Guggenheim 161. The dipole moments given 
in Table 2 are not corrected for the polarizabilities of the compounds; due to 

TABLE 2 

DIPOLP. MOMENTS (IN D) AND MAGNETIC SUSCEPTIBfLITIES <YN BMJ FOR THE COMPLEXES 

(h8-CgHg)(h’-R)TI 

R Dipole moment ueff 

CjHj 1.2 = 0.1 1.60 

CsHICC(CH3)3 1.6 

CjHaSi(CH3)3 1.4 1.65 

JndrnuJ 1.4 1.63 
Fluoreoyi 1.4 1.60 . 
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hlASS SPECTRUM Of (h6-C8Hg)(hj.CSHS)Tj 
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m/e Rel. inL Ion m/e Rel. mr. 10” 

217 

191 

150 

113 

108.5 

104 

95.5 
91 

87 

86 

100 

17 

11 

7-l 

11 

91 

20 

11 

20 

14 

C,JH,JTI+ 
CliHllTi 

+ 

C~HI,TI+ 

cjHjT~+ 

CI~HIJ?‘I 
f+ 

Ca Hs+ 

C,,H,,T,++ 

C7H7+ 

CjH3TI+ 

C,H:TI+ 

78 49 C6Ho 
+ 

i3 l-l C 2 HTi+ 

66 17 CjH,+ 

65 14 CjHj’ . 

52 1-l CANI +. Q.H.,+-+ 

51 23 CJH;+ 

50 1-t CJH>+ 

18 14 Ti+ 

39 17 C3H3+ 

hletastable peaks: 

-C:H: 

168.1 C,3H,lTi+ - CIIHII~ 
+ 

-‘%H6 -c> H: 

66.9 Cl 1 HI ITI ‘+ - CjHjTI+. cjHjT~+ d C;HIPI+ 

-CgHa 

58.8 C(jHl3Ti+ -- CjHjTI+ 
--~- 

TABLE 1 

\lASS SPECTRUM OF (h”-CsHs)(h’-CjH~CH3)~ 

m/e Rcl. ml. IOIl mle Rd. ,nr. IOIl 

231 1Oil 

229 37 

217 21 

215 10 

205 9 

203 8 

191 7 

150 13 

128 7 

127 51 

126 21 

MetasLable peaks: 

202 0 CI~H15?‘1 + 

181.9 C,JH,~TI+ 

168.1 CIJHIJTI 
+ 

157.9 CI-IHISTI 
+ 

66.9 CI,H,~TI+ 

58.8 C,JH,JTI+ 

CI-IHIST~ 
+ 

113 26 

C,-IH,JTI+ 10-I 14 

CIXHI~T~ 
+ 

103 10 

CljHllTl 
+ 

102.5 12 

CIZHI~~ 
+ 

87 7 

CI?HIIT’ 
+ 

79 11 

Ct,H,,Tl+ 78 15 

C~H,I’I 
+ 

77 9 

C,HsT,+ 73 10 

CbH7T’ 
+ 

48 12 

CbHbn 
+ 

39 7 

-CH3 

’ C13H12m+ 

-C2Hz 

’ ClZH1377 
+ 

-C:Hz 

’ CIIHII~ t 

-C3H4 
__j CIIHllTii’ 

CgHjTi + 

Cn He 
c 

C&Hi+ 

CI:H,~TI t+ 

C,H>T,+ 

CbH7 
T 

Co H 0 + 

C,Hj+ 

C? HT,+ 

TI+ 

C3H3+ 
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the strong absorption of the compounds in the visible range it IS not possible to 
derive their polarizabilities from refractwe indices [ 7 1. 

The magnetic susceptitxlit.ies of some of the compounds between 90 K 
and 300 K were determined by the Faraday method. The susceptibilities given 
in Table 2 are corrected for diamagnetism; they correspond to one unpaired 
electron per molecule (calculated for spin only: peII = 1.73 BM). 

The IR spectra of the compounds (Fi g. 1) were recorded using an EPI-G 
spectrophotometer. The samples were esamined as mulls in hesachlorobutadienc 
or Voltalef 3 S oil (4000-1200 cm- ’ ) and Nujol (1200400 cm- ’ ) between KBr 
discs. 

The mass spectra (Tables 3-8) were run on an AEI MS 9 mass spectrometer. 
Operating conditions: ener,q 70 eV; resolution 1000; accelerating voltage 8 kV: 
inlet temperature ca. 130’. The samples were introduced directly into the ion 

source using a metal probe. No ions were o!)served with m/e larger than the 
parent ion. The groups of peaks assigned to Ti containing ions showed the 
normal isotopic distribution of tita_lium; only peaks comesponding to ‘“Ti are 

Fig. 1. Infrared SPeCka of. (a) CBH~~C~H~. @) CBH~~TIC~H~CHJ. (c) C~H~TIC~H~C(CH~)~. (d) 

CgHS~CSH4Si(CH3)3.(c) CgHgTrlnd and (f) CgH8TIFIu. SPecWa (c)and (d) were recorded m 
Voltalei 3 S od (4000-1300 cm-’ ) 
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TABLE 5 

MASS SPECTRUM OF (h8-C~H~)(h’-CjH~C(CH~)3)Tt 

m/c Rel. ml. Ion mlc Rel. int. Ion 

273 100 

257 29 

215 5 

153 6 

152 7 

151 5 

150 8 

138 -I 

CI,HZ,TI+ 137 2 c7HjT1 .+ 

C11_iH17m + 129 3 C,HOTI+: ClcjHIsTi++ 
CIJHII~ + 115 5 Cs H7 + 

C~JH~TI+ 114 6 C9’% + 

CgHtT,+ 113 3 CjHsTi + 

CsH7m + 103 6 CsHa- 

CsH,Ti + 78 -I C,&- 

C7%m 
+ 

hletxdable peak. 

-CH3 
243.8 C17HzlT1 f- CI~HIB~ 

+ 

hsted in the Tables. The relative intensities are uncorrected. Metastable peaks 
observed in the spectra are included in the Tables. 

Results and discussion 

The reaction of [ (~z~-C~H~)T~C~-THF]~ with RNa (R = CjHSr CSH4CH3, 
CjH_C(CH3)3, CjHJSi(CH3)3, indenyl or fluorenyl) in ether gives the compleses 
(h*-C,Hs)(hS-R)Ti. The compounds are thermally stable. Differential thermal 
analysis (heating rate 4”/min) (Table l), shows that the compounds decompose 
at cn. 350”. The complexes are sensitive to air and water. 

The mass spectra of the compounds (hs-C&ia)(h5-CL_H~)Ti, (h’-C&i8)(hS-1nd)Ti 
and (h8-CsH,)(h’-Flu)Ti show, that the ratio I(C,H,T?)/l(h”-RTi’) increases in the 
order given. This indicates that the strength of the bond between titanium and 
the pentahapto ligand decreases in the same order, in agreement with data given 

TABLE 6 

MASS SPECTRUhI OF (h8-CbHg)(hS-CjH4S~(CH~)))1‘1 

m/e Rcl. 1111. ion mle Rel. Int. Ion 

289 100 C~~HZ,S\TI+ 150 10 Cg HgT,+ 

215 14 CI~HII~+ 140 7 C;I-ZISSITI~ 

185 1 CsH -pSiTi+ 1 126 6 C,H~TI+ 

183 12 CgHl ISiTi + 121 4 C,HJTI+ 

181 11 Cg H.,S,T,+ 113 14 CjHSTI+ 
168 8 C7HsSiTi + 104 6 

CsHs 
+ 

165 8 C~HSSITI + 78 11 

153 14 CsHqm + 

CuH,+ 

73 8 CJHqSi+ 

152 i C~HgPlR+ 48 8 Tl+ 
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TABLE 7 

M.4S.S SPECTRUM OF (hs-CsHs)(h5-indeovl)n 

rn/TJp Rcl. mL. IOIl 

267 100 C17H1sm + 

241 5 CI~HIJ~ + 

163 54 C9H7m + 

161 21 CqHjTi* 

152 9 CsHgTi + 

150 16 cg H511+ 

137 14 C,Hsm+ 

McLaQable peaks: 

-C2H: 
217.5 C17H15T1 + - C,~HI~TI+ 

-GH2 
115.1 C9H7m 

t 
> C7H.jTi 

+ 

m/e Rel. mL. 

116 50 

115 -%I 

113 12 

lo.l 5 

91 16 

48 5 

IOll 

C9Hs + 

CIJHT 
+ 

CjHjTi’ 

CsHs 
+ 

C7H7 
+ 

Tl+ 

by King [8] and Samuel [9]. The IR spectra of the complexes give evidence for 
the presence of a ha-CbH8 ligand in the molecules; the absorption bands of the 
h”-C,Hy group are observed at the usual wave numbers [l-5]. The other absorp- 
tions are due to the substituted five-membered ring. The influence of the sub- 
stituents on the frequencies of the h8-CbH, ligand are very small. The magnetic 
measurements indicate that the complexes have one unpaired electron per mole- 
cule. This is in agreement with the presence of a h”-C& and a h’-R ligand in the 
molecule of (h8-CaHy)(h’-R)Ti giving the titanium atom a 17-electron configura- 
tion. 

TABLE 8 

hlX% SPECTRUM OF (h8-CsHs)(h5-Uuo~enyl)Ti 

m/e Rel. ant. IOn mfe Rel. mr. iO0 

317 100 

213 14 

211 11 

166 33 

165 3-l 

158.5 5 

152 27 

150 13 

126 3 

Metastable peak: 

267.1 CZI H17m 
+ 

c2l Hl7m+ 

C13H9m 
+ 

C13H,Ti+ 

CIJHIO 
t 

C13H4 
+ 

C21H17m 
++ 

CgH8Tl+ 

C8 H6T’ 
+ 

C,H6Ti+ 

--CZW 
) CIPHIS~ 

+ 

124 3 C, HJTI+ 

113 8 Cs HSTi 
+ 

104 18 CsH8+ 

103 10 C8H7 
+ 

91 5 C.IH~* 

82.5 6 CI 3Hs 
i-+ 

78 10 CbHb 
+ 

48 3 Tit 
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