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SUMMARY 

The complex C7H,TiC7H9 has been prepared by treatment of TiC13 with 
i-C,H,MgBr in ether in the presence of an excess of cycloheptatriene. The diamagnetic 
compound is sensitive to oxygen and water; the NMR spectrum indicates, that the 
C,H, ligand is a planar cycloheptatrienyl ring and the C,H9 ligand a cycloheptadienyl 
ring. The infrared and mass spectra are given. 

INTRODlJCHON 

A number of compounds containing a planar cycloheptatrienyl ring are known, 
for instance CSH5MC,H, (M=Til, Zr’, V3, Nb2, Cr4). Some compounds containing 
a cycloheptadienyl ring have also been reported, for instance the iron complex 
C(C7Hg)Fe(Co),+] [BF415, th e cobalt complexes R,C,CoC,H,Y (R= phenyl, tolyl ; 
Y = H, OH, OCH3)6, and the rhodium and iridium complexes [M (C,Me5)(C,H9)+]- 
[PF,]‘. However, organometallic compounds containing both a cycloheptatrienyl 
and a cycloheptadienyl ring have not been reported previously_ This paper describes 
the synthesis of the first compound of this type, viz. C7H7TiC7H9, and some of its 
properties. Inves’tigations concerning analogous compounds of other transition 
metals are being undertaken. 

EXPERIMENTAL. 

All experiments were carried out under purified nitrogen. Solvents werepurified 
by conventional methods and freed from oxygen by repeated degassing and saturation 
with nitrogen. Cycloheptatriene (EGA) and TiCl, (Alfa Inorganics) were used without 
purilication. Elementary analyses of C and H were carried out at the Microanalytical 
Department of this University under supervision of Mr. JV. M. Hazenberg. Ti was 
analyzed at our laboratory under supervision of Drs. B. P. Knol. 

Syntlzesis of C,H,TiC,H, 
A solution of C,H, (127 mmoles) in 70 ml of ether was cooled to -78”. 

Subsequently TiC13 (6.60 g, 43 mmoles) and i-C3H7MgBr (138 ml of a 0.98 M sol&ion 
in ether) was added. The mixture was stirred and allowed to warm slowly to room 
temperature. After refl uxing for about 15 min the solvent was removed under reduced 
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TABLE 1 

.bfm SPECl-RUbl OF C,H,TrC,Hs 
Only species with ‘*Ti are listed. 

ReL abundance Ion 

iii 
20.8 CiQH1eTi+ 
10.0 C,,H,,Ti’ 

204 4.8 C,,H,,Ti’ 
152 10.4 CsHsTic 
140 16.7 C,HeTi+ 
139 125 C,H,Ti+ 
138 113 C,H6Ti+ 
126 14.2 CsH6Ti’ 
113 15.4 CsH,Ti+ 

94 13.8 C,H:o 
93 26.7 C,Hg+ 
92 26.3 W-Is+ 
91 100.0 GH: 
87 10.0 CsH3Ti+ 

79 31.7 CsH; 
- 78 16.7 GH: 

77 w-2 CsH: 
66 10.8 GH6+ 
65 31.7 GH: 
63 10.0 CH,Ti’, CSHf 
Sl 10.8 HsTi+, CJHz 
48 25.0 Ti* 

41 11.7 GH: 
39 31.7 GHf 

TABLE 2 

PROTON NMR DATA OF SO,HE CYCLOHEPTADIENYL UGANDS 

Compound Chemical shifts (c) Coupling 
and multiplicity Ii constants (Hz 

H, Hb H, Hd H, J .b J bc 

C,H,TiC,H,a’ 5.69 4.31 -5.0 -8.1 -8-9 8.1 10.8 
dd m m m 

lC&Fe(CW *d St03 4.81 -5.15 - 7.4 -8.2 6.5 9.9 
t= dd br m 

R,C,CoC,Hsf 4.2 5.2 6.0 ?5 8.5 
i m m 

CW%G)~GH9!l* CPF.P 3.52 ZS :41 7.1-8.5 6.2 8.6 
t dd m 

C,H, anion” 6.86 4.33 :49 7.47 7.8 9.4 
tt I m m 

g &De solvent, temp. &,TMS internal standard (7= 1Oppm). b 
t : triplet :u&pkt_~&plet.ss~~&~plG; ZEl h?x..a& 

s : singlet ; d: doublet ; dd : double doublet; 
= *I+@_5Ss;& 2zGiz i. i&z%: 

-‘Ref.6. @Ref_7. “Ref-9; J,l.2Hz ‘Fourlines. 
-’ G-nsyrn. rrrpfet* 
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Fig. 1. IR spectrum of C7H,TiC1H9 in hexaehlorobutadiene (4OOCl-1200 cm-‘)znd nujol(12~ em-‘). 

pressure; the black residue was extracted with pentane. On cooling the extract at 
- 7S” green crystals separated_ The crystals were washed twice with cold pentane and 
dried in uacz.m. Recrystallization from pentane gave the pure product. The yield of 
C7H7TiC7H9 was 3.30 g (14 mmoles, 30%). (Found : C, 72.40, 72.89 ; H, 7.19, 7.05 ; 
Ti, 19.95, 19.98. C,,H,,Ti calcd.: C, 72.42; H, 6.95; Ti, 20.63x.) 

Spectra 
The mass spectrum of C,H,TiC,H9 was recorded by Mrs. I. Rozema-Meijer 

with an AEI MS 9 instrument; the data are summarized in Table 1. The groups of 
peaks, assigned to Ti-containing ions, showed the normal isotopic distribution of Ti; 
only peaks corresponding to 48Ti are listed in Table 1. 

The IR spectrum (Fig. 1) was measured with a Hitachi EPI-G spectrophoto- 
meter. 

The NMR spectrum of C,H,TiC,H9 (Fig. 2) in CsD6 solution (40’) was 
measured by Drs. S. Reiffers with a Varian A 60 high-resolution instrument. The 
chemical shifts, given in Table 2, are relative to TMS (z= 10 ppm), which was used as 
an internal standard. 

DISCUSSION 

The reaction ofTiC1, and i-C,H,MgBr in ether in the presence of an excess of 
cycloheptatriene gives a green, diamagnetic titanium complex. The compound is 
thermally stable but sensitive to oxygen and water, both in solution and in the solid 
state. No reaction wit6 N2 or Hz was o&served. The efemenfaI anaIyses and the mass 
spectrum (parent peak at m/e= 232) indicate, that the molecular formula is C14H16Ti : 
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i.e. the complex probably contains two seven-membered carbon rings. Indeed the 
fragmentation products, present in the mass spectrum, are as expected for this type 
of sandwich compounds. Information concerning the distribution of the hydrogen 
atoms over the carbon rings can be obtained from the IR spectrum and the NMR 
spectrum_ The IR spectrum, in particular the absorptions at about 850 and 950 cm- ‘, 
indicate that one of the ligands is a cycloheptatrienyl group, C7H7, since the same 
absorptions are found in the II% spectra of the complexes C,HSMC,H, (M=Ti, Zr, 
V, Nb). Moreover, the seven-proton signal in the NMR spectrum at r=4.65 ppm, 
which is also found in the NMR spectrum of C5H5TiC7H, (r=4.53), confirms the 
presence of the cycloheptatrienyl ring. 

The other NMR signals, viz. : the double doublet at r 4.31 (relative intensity 2), 
the multiplet at z- 5.0 (2) the triplet of triplets at r 5.69 (1) and the multiplets centered 
at r-S.1 (2) and at r-8.9 (2), must then arise from the other seven-membered ring, 
C,Hs. The observed chemical shifts, intensities, multiplicities and coupling constants 
are similar to those, found in other cycloheptadienyl-transition metal complexes 
(Table 2), except for the chemical shift of the H, proton, which is observed at an un- 
usually high field in C,H,TiC,Hs ; in this respect the spectrum of the cycloheptadienyl 
ligand of our complex resembles the spectrum of the free C7HF anion. 

Assuming the seven z-electrons of the C,H, ring and the five x-electrons of the 
C+Hs ring all to be involved in bonding with the metal, one would have a 16-electron 
configuration, which is compatible with the magnetic and spectroscopic observations 
and the chemical behaviour of the complex. It seems reasonable, therefore, to regard 
C7H7TiC7H9 as fieptahaptocycloheptatrienyl-pentahaptocycloheptadienyltitanium*. 
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