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(Cyclopentadienyl)(l-methylallyl)(butadiene)tit&ium, C13H18Ti, has beeh 
obtained from the reaction between (C5H,)TiC13 or (CsHs)TiC12 and l-methyl- 
allyhnagnesium bromide in ether. The brown compound is diamagnetic and 
thermally stable, but very sensitive to oxygen. The nature of the new compound 
has been elucidated from its reaction with bromine and by IR., ‘H and 13C NM& 
and mass spectral analysis_ 

Introduction 

In recent years a number of allylic complexes of the early tiition metals 
containing two C5H, or one CsHs group have been reported [l-6]_ So-far, we 
have not been able to isolate allylic complexes of the type (CsH5)Ti(ailyl),. At- 
tempts to synthesize such complexes by reaction of (CSH5)TiC13 or (C5H5)TiCL2 
with (methyl)allylmagnesium bromides were unsuccessful, except for the reac- 
tion involving l-methylallylmagnesium bromide. However, this reaction did not 
lead to a diallylic complex, but gave the compound (h’-CSHs)Ti(h4-C4H,)(h3-C,H,). 
We describe below the synthesis and characterization of this new compound. 

Experimental 

All experiments were carried out under purified nitrogen. Solvents were 
purified by conventional methods and freed from oxygen by repeated degassing 
and saturation with nitrogen. Crotyl bromide was distilled before use; (C&t;)- 
TiC13 [7] and (C5H5)TiC12 [S] were prepared by published procedures. Elemen- 
tal analyses were carried out in the Microanalytical Department of this Uni- ._ 
versity . 

Mass spectra were recorded with an AEI MS9 mass spectrometer.~Ogerating .-: _ 
conditions: energy ‘70 eV; resolution- 1000; accelerating voltage 8 kV; inlet tem-. I-- 
perature ca 85°C. The sample was introduced directly into the ion source usi&.. ‘1 -_. _ . . ; : c 
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a metal probe. The most important peaks of the mass spectrum are listed in 
Table 2. 

IR spectra were measured with a Hitachi EPI-G spectrophotometer. The 
samples were examined as mulls in hexachlorobutadiene (4000-1200 cm-‘) and 
Nujol(4000-400 cm-‘) between KBr discs. Absorptions are found at: 3090 m, 
3050 m, 3015 w, 2960 m, 2925 m, 2900 w, 2870 w, 2845 m, 2720 w, 1530 m, 
148Os, 1460 m, 1440 m, 1430 m, 1370s,1231s,1204s,1174s,1057s, 
1012 vs, 968 m, 931 m, 910 m, 878 m, 864 s, 845 s, 816 vs, ,798 vs, 621 s, 594 
m, 525 m, 476 m, 409 s_ 

‘H NMR spectra were recorded with a Varian A60 high-resolution instru- 
ment (&D, solution, 4O”C)_ The 13C NMR spectra were obtained with a Varian 
XL-100/15 Fourier Transform spectiometer with proton decoupling at 25-2 MHz 
(CD, solution, 10%). Undecoupled spectra were obtained by the gated decou- 
pler technique_ 

Synthesis of (CSHS I(C,H7)(C9H6)Ti 
(C,H,)TiCl, (4_4g,20 mmol)wassuspendedin ether(lOOml)and 80ml 

of a 0.75 M solution of crotyhnagnesium bromide was added dropwise at room 
temperature_ After addition of the Grignard reagent, the brown mixture was re- 
fluxed for 15 min. The solvent was removed under reduced pressure and the 
brown residue was extracted with n-pentane. On cooling of the extract to-78”C, 
brown crystals separated_ Recrystallization from n-per&me gave the pure prod- 
uct_ The yield of C,,H,,Ti was l-0 g (2.5 mmol, 13%) (Found: C, 70-25, 70-17; 
lkl, 8_21,8.39; Ti, 21_62,21_47_ C13H1sTi &cd_: C, 70-27; H, 8.17; Ti, 21.56%) 

The same compound was obtained from the reaction of (C,H,)TiCl, and 
two equivalents of the Grignard reagent. 

Results and discussion 

The reaction of (C,H,)TiCl, or (C,H,)TiCl, with three and two equivalents 
of 1-methylallylmagnesium bromide, respectively, in ether, gives a brown dia- 
magnetic compound_ This compound is very sensitive to water and oxygen both 
in solution and in the solid state. Differential thermal analysis (heating rate: 
2”C/min) indicates that the compound decomposes at 85°C. 

The fit indications that the new compound contains an I-methylallyl and 
a butadiene group (instead of two 1-methylallyl groups), were obtained from 
decomposition reactions with Br,. After reaction with Br2, the following bro- 
mine-containing organic compounds were identified by GLC, NMR or IR spec- 
troscopy: I-bromo-2-butene, C,H,Br; 1,2,3-tribromobutane, C4H7Br3; 1,4-di- 
bromo-Zbutene, C4HdBrZ, and 1,2,3,4tetrabromobutane, C4H6Br4_ The pres- 
ence of the compounds C,H,Br and C4H,BrX indicates that the complex contains 
a I-methylallyl ligand, since the same products are formed by reaction of 
(CSH&Ti(l-methylallyl) with Br,. The formation of the i,4 and 1,2,3,4bromo 
derivatives indicates that the second C,l-group is present in the molecule as a 
butadiene moiety. Reaction of the new compound with HCl in ether gave (CSHS)- 
TiCl3; indicating the presence of a .‘r’-CSHS group; thus the structure (C&)Ti- 
(&H,)(&H,) was indicated- 
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Further evidence for this structure was obtained from the IR spectrum. 
The CsH, ring absorptions are found in the usual range. Absorptions around 
1500 cm-’ are characteristic for z-bonded ally1 groups [1,2]. In (C5H5)2Ti- 
(1-methylallyl), for instance, the asymmetric C=C stretching frequency of the 
z-bonded ally1 group is found at 1533 cm-’ [l] . This value closely agrees with 
the frequency of 1530 cm-’ found in the IR spectrum of the new complex. 
From a comparison of the IR spectrum of this complex with that of K-butadi- 
ene complexes [9,10], it can be concluded that the absorption bands at 1480, 
1460,144O and 1370 cm-’ arise from a r-bonded butadiene moiety. 

The 13C NMR spectrum (Table 1) of the complex is also in agreement with 
the presence of a 1-methylallyl and a butadiene group. The ‘H-decoupled *3C 
NMR spectrum was assigned with the aid of the “C-‘H coupled spectrum and 
by comparison with published data [11,12]_ The non-equivalence of carbons 1 
and 4 of the butadiene group [and the broadened signal from C(2) and C(3)] 
arises from the asymmetry introduced by the methyl substituent on the ally1 
group. This is assigned to the syn-position on the basis of its IR peak at 1530 cm-‘, 
analogous to that of (C,H,),Ti(syn-1-methylallyl) (i533 cm-‘) 11,131, whereas 
anti-methyls give rise to absorption at lower frequency [2]_ 

The ‘H NMR spectrum of the compound is more compiicated. Absorptions 
are found around 6 6_O,lJ3,1.2,1.0 ppm. Around 6 6.0 ppm a singIet of the 
protons of the CjH, ring appears, together with various multiplets which can be 
assigned to the protons on the carbon atoms 2 and 3 of the butadiene group 
and to the proton on the central carbon atom of the ally1 group. Resonance 
signals at rather low field are reported for the corresponding protons in similar 
complexes 1141. The resonance signals around 6 l-8 ppm probably belong to 
the protons in the syn-position of the l-methylallyl group and the protons H, 
of the butadiene group (for the numbering of the protons see Table 1). The two 
protons of the ally1 group in the anti-position and the protons H, of the butadi- 
ene group have their resonances around 6 1.0 ppm. This signal is somewhat dis- 
torted by partial overlap with the doublet of the syn-methyl group at 6 1.2 ppm 
(J 5-5 Hz)_ 

TABLZl 

13CNMR DATA 0F<hS-CgHg)(h4C4Hg)(h3-C4H7)Ti"b 

C5H5 

CH3 cm C(2) C(3) CC1.4) Cc2.3) 

110.0 19.8 80.9 124.4 57.7 61.4.58.5 114.2 
170(d) 125(q) 155(d) d 155<t> 155w 16O(d\ 

"Valuesaregivenin6<p~m)relativetoTMS.~ CgD~+olution,lO°C~CCouplingco~~ts*egiveninIIz. 
d=double+ t=triplet,q=quartetdCouplingconstantcouldnotbeobserveddueto overlapwith~C@~ : 
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TABLE 2 

=SS SPECTRUM OF <C~H,-)KX-I,)(C~H~T~Z ONLY PEAKS CORRESPONDING TO THE ISOTOPE 
““ri ARE LISTED 

1 222 13.1 ClsHI8Ti+ 13 126 5.5 C$IgTi+ 
2 218 9.3 CnHI;ITi* 14 113 93.1 C,-H,Ti+ 
3 206 1.0 CIzH14Ti* 

i 
6-O 

4 192 1.6 Cl IHtZTi+ 
5 190 1.3 CI IHIoTi+ 

1 ;i Eif 34.5 
CsHaTi+ 
CxHsTi+ 

19.7 C-jHzTi+ 
6 178 7-2 CIoHIoTi* 18 85 13.4 CsHTi+ 
7 168 46.6 CgHlzTi+ ! 19 74 7.8 C+HzTi+ 
8 166 16.6 CgHIoTi+ i i 20 73 16.2 CzHTi* 

9 154 5.5 CfjHIoTi+ I 21 55 7.6 C4H7+ 

10 152 48 C8H8Ti+ i 

i 

22 54 4.8 . C4%+ 

11 140 100.0 C7HsTi+ 

I ;: 
48 17.9 Ti* 

12 138 44-S C7HbTi* 39 25.5 C3H3+ 

_Metastable peaks mi: 191.2 <l-+3): 136.0 (11-12): 127.1 (l-7): 116.7 (7-11): 112.2 (3-10): 91.2 <ll- 
14): 89-S <Z?ll): 67-O <14-16X 39-l <ll-19): 28.2 <22-24b 

In the mass spectrum of the compound (see Table 2) a number of meta- 
stable peaks give information on the fragmentation process In one route, (l-+3+ 
lo), the parent ion, (C5Hs)(C4H7)(CaH,)Ti+, loses a CH, group and the ion thus 
formed breaks down by elimination of a C,H, fragment; so it is likely that the 
CH4 group is eliminated from the C4H7 ligand. In a second route, (1+7+-ll), 
the parent ion loses a C4H, group, thus giving the ion (C,H,)(C4H7)Ti’, which, 
in turn, loses a CzH4 group to give the ion (CSHS)(C2H3)Ti’_ The latter ion breaks 
down by elimination of either Hz or C+HB or CsH6, resulting in the ions (&H,)- 
(C,H)Ti’, (C,H,)Ti* and (C&H?)Ti’, respectively. The fragmentation of the 
1-methylallyl ligand given above agrees with the degradation of this group in 
other 1-methylallyltitanium complexes, for instance (CSHS ),Ti( C4H7) [ 151 and 
(GH,)Ti(C4J&) 151- 

It may be concluded that in the compound C1&I,,Ti three organic ligands 
are present, viz a ir’-CsHS, a h3-1-methylallyl and a h4-butadiene group. The 
titanium atom thus achieves a 16 electron configuration, which is compatible 
with the observed diamagnetism- 
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