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The preparation and characterization of the compounds Cp,TiR (R = (CH),- 
OCHs, (CH,)..OCH,, (CH,)$CH, and (CH2),SCHs) are described. Their physical 
and chemical properties demonstrate the presence of the CplTi group and a 
Ti-C o-bond. In the compounds the 0 or S atom is internally coordinated to 
the metal atom. The thermal stability decreases in the order R = (CH,),OCH, 
> (CH,)$XHz - (CH2)tOCH3 > (CH2)&CH3. 

Introduction 

Compounds of the type Cp,TiR, where R = alkyl, have been de&bed only 
recently [l]. There are indications that they are thermally unstable [Z], and 
decompose to hydridic complexes, e.g. [ Cp2TiH2]-, presumably by P-hydrogen 
elimination fl]. With R groups containing no P-hydrogen, the stability is higher, 
anda number of compounds can be isolated and characterized, e.g. those with 
R = CH&Hs [S], CH,C(CH,), [2f and CH2Si(CH3), [4]_ 

Studies on the related aryl compounds Cp?TiR showed that the thermal 
stability can be enhanced by blocking the reactive site on the metal, either 
stericalIy (as in Cp ITi-o-tolyl [ 53) or by internal coordination (as in the com- 
pound Cp,TiR with R = 2-{(CH&NCH&,HJ * [6,7]). We have explored the 
use of this concept of internal complexation in the synthesis of thermally stable, 
/3-hydrogen-containing alkyl derivatives of the type: Cp,Ti + Y(CH,), (Y = N- 
(CH& OCH,, SCH,; n = 3, 4). 

* The coordination of the N atom to the metA was confiied by X-ray analysis [71. 
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.. Results and discussion 

The prepar&ion of the compounds by the Grignard method was attempted .- 
(eq. l).For each group R, .the temperature (between -40 and +25%) and the 

C&TX1 + RMgCl + Cp I’ER ‘+ M&l, (1) 

solvent (TKF, ether or pentane) were varied, until optimal conditions were 
reached. Reactions aimed at Cp,Ti(CH,),NfCIQ1 gave deep-green to black 
products; apparently polymeric. Bands in the IR spectrum around 1200 cm-’ 
indicate the presence of Ti-H-Ti bridges 181. Nitrogen was also present, but 
the Ti-N ratios never reached an acceptable stoichiometry. Thus the experi- 
ments with amino-group-functionalized Grignsrds were discontinued. 

The Grignard method was successful for the preparation of Cp?TiR with R 
= (CH,),OCH, (I), (CEL),OCH, (II), (CHI),SCHs (III) and (CH&SCH, (IV), 
which were obtained in low to moderate yields and purified by recrystallization 
from n-pentane (Table 1). 

Elemental analyses, chemical and physical properties are in agreement with 
the formula: Cp,Ti +- Y(C&), (Y = OCHs, SCH,; R = 3, 4); 

The IR spectra ail are very similar, showing the characte&tic $-CSH, bands 
at about 3100w, 112Ow, 1010s and ‘790s cm‘-‘. For I and II a bend at 1075 cm-’ 
(I) and at 1065 cm-’ (II) is assigned to the Y~COC) of the coordinated ether 
group. These frequencies are lowered by 40 and 55 cm-‘, respectively, compared 
with the starrg chioro ethers, a shift quite normal for a complexed ether 
group fS,lS]. Due to the low intensity of the v(CSC) frequencies and the proble- 
matic assignment of these bands, no such comparison can be made between 
the free and complexed thioethers [lO-121. However a small upward shift 
of the CH3 rocking modes in the titanium compounds is in line with observa- 
tions reported for thio ether adducts of vanadium halides [ll]. In all spectra 
a peak at about 450 cm-’ is assigned as v(Ti--a-C) 141. 

TASLE 1 

PREPARATION AND PHYSICAL DATA OF Cpfl-iR COMPOUNDS 

Compound Reaction 
conditions 

Yield colour 
Deco?R- 

Analysis (Found <caIcd.) @I) 

i% point 

$0 c H Ti 

I, R = 

<CHz)30CH3 

II.R= 

Mx$&&x!H~ 

III. a = 

W=2)3SCH3 

IV.R= 

<CH&+SCH3 

ether. 0°C 
60 min 

ether. 

-35°C s 
1omin 

ether. 0°C 
6Omin 

ehter. 

-35Oc = 

1Omin 

* The temperature was kept beIo;s 

22 Reddisb- 104 66.49 7.59 19.26 

brow-n 66.13 7.33 19.13 
(66.94) <?.62) 0.9.07) 

10 Light- 67 66.98 8.09 17.93 

brown 66.71 7.90 18.22 

(67.92) (7.98) 118.07) 

15 Purple 67 62.49 7.13 17.96 

62.67 7.14 18.16 

(62.91) c7.16) (17.92) 

6 Dark- 54 63.57 7.38 17.19 

brown 63.94 7.53 17.16 

(64.05) (7.52) (17.03) 

-35OC during synthesis and recyrstallization ’ Determined by DTA [5f. 
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The molecular weight of I shows it to be monomeric, and the observed magnetic 
moment of 1.69 BM is close to the spin-only value of 1.72 BM calculated for 
a titanium(II1) compound Cp,TiR. 

The chemical properties also agree with the proposed structure, as is demon- 
strated by the reactions with HCl and Br2 (eq. 2, 3). 

Cp,TiR + HCl + Cp,TiCl + RH (2) 

Cp,TiR + zBrt + Cp,TiBr, + RBr (3) 

Internal coordination of the ligand blocks a vacant site on the metal which 
would otherwise be available for coordination with another ligand e.g. N2 (cf. 
[2,13]). So, when solutions of the compounds in pentane are cooled (even to 
-110°C) under nitrogen no deep-blue-colour characteristic for the formation 
of the dinitriogen complexes (Cp2TiR),N, [2,13] is observed. 

The thermal stabilities of the four compounds show some interesting aspects. 
The synthesis of II and IV had to be carried out below -30°C to avoid decom- 
position of the products and formation of methylallyldicyclopentadienyltita- 
nium [14]. The latter was the main product at higher temperatures. Methanol 
(or methanethiol) was also formed and the decomposition can be rationalized 
as in eq. 4_ 

Cp,Ti(CH,),OCH, + Cp,Ti(CH&H,) + CH,OH (4) 

This elimination of a methoxy group in a b-position of the alkyl chain is sur- 

prising compared with e.g. the decomposition of i-Bu,Al 
,CHz-CHz, 
ho ,CHz , in which 

l& 

cyclopropane is formed and the alkoxy group transferred to the metal [ 15,161. 
In contrast, the compounds I and III can be prepared and kept in solution 

at about 0°C without decomposition_ 
The isolated compounds I, II, III and IV are thermally fairly stable (Table l), 

the stability order being I > II - III > IV. In this respect they are very similar 
to corresponding vanadium compounds Cp,VR, where R is a normal alkyl 
group without a substituent dono; 1171. In contrast to our observations on 
the thermal decomposition in solution, no allylic complexes and CH$H or 
CH,OH were formed in the decomposition of the solid compounds. 

This variation in thermal stability of this series of compounds, both in the 
solid state and in solution, probably is related to the size of the metallocycle 
-Hz), the systems with n = 3, being more stable than with n = 4. An 
explanation may be found intherelativeposition ofthereactive site ofthe 

metal and hydrogen or oxygen (sulphur) of the alkyl group, which depends 
strongly on the ring size, see e.g. [18,19]. 

A more detailed investigation of the thermal decomposition as a function of 
the ring size is being carried out in our laboratory. 
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EF@mental 

All~&perime&s were performed under Ar. Solvents were distilled from -. 
LiAEL EIemental analyses were carried otit in the Analytical Department of this 
University under the supetisiori of Mr. A.F. Hamminga. JR-Spectra (Nujol 
mulls) were recorded using a Hitachi EPI-G spectrophotometer. Molecular 
weights were determined by cryoscopy (benzene), and magnetic susceptibtities 
by the Faaday method_ 
-- 1 Starting materials were prepared by published methods: Cl(CH,),OCH, [20], 
(=l(CH,),OCH, [21], Cl(CH,)$CH, [22], Cl(CH2),SCH3 [23]. 

Preparation of the cqmpounds 
4 the compounds were prepared in essentially the same way on 2-5 mmole 

scale. A typical example is given below. Relevant data for the preparation of 
the other compounds can be found in Table l_ 

3-&~ethoxypropyidicyclopentadienylfitanium(III). hlgC1(CH2)30CH3 (4.00 
mmol) in ether was added at 0°C to a well-stirred suspension of Cp,TiC1(4_00 
mmol) in ether. After stirring for 1 h the ether was pumped off at 0°C and pen- 
tane added’_ The red-brown solution was filtered at 0°C and cooled to -80°C. 
Red-brown crystals separated_ The product was washed with pentane, dried in 
vacuum, and isolated_ Yield 0.222 g (0.88 mmol; 22%). The molecular weight 
was 271 (calcd. 251) and the magnetic moment (100-300 K) 1.69 EM. 

Acknowledgements 

The authors thank Professor F. Jellinek and Dr. H.J. de Liefde Meijer for 
their stimulating interest_ 

References 

1 P-C_ Waiks. RS.P_ Coutts and K W&old. Orgasmmetallic Chemistry of Titanium_ Zirconium and 
Haf.nkm, Academic Press, New York. 1974. p. 216. 

2 F.W. van der Weij. H. Scboltens and J_H_ Teuben. J. 0rganometa.L Chem.. 127 <1977) 299. 
3 J.H. Teuben and H.J. de Lfefde Meijer, J._ OrganomctaL Chem.. 46 (19721 313. 

4 T_ Chivers and ED_ Ibrahim. J. Organometal Chem., 77 (1974) 241. 
6 J_H_ Teuben. J_ OrganometaL Chem.. 69 (1974) 241_ 

6 D. Y&ma_ J.G. Hartsuiker and J-H. Teuben. J_ Organometal. Chem. 74 (1974) 239. 
i W.J.F. van der WaI and H_R. van der WaI. to be published. 
8 J.E_ Bercaw. R_H Martich. LG. Bell and H_H_ Brintzin~er. J. Amer. Chem. Sot. 94 (1972) 1219. 

9 G.&f_ Begun. W_H_ FIetcher.and A.A. Pa&o. Spectrochim Acta. 18 (1962) 655_ 
10 J. Lewis. J.R. hliikr. R.L. Richards and A_ Thompson. J_ Chem. Sot. (1965) 5850_ 

11 M.W. Duckworth. G.W.A. Fowies and P.T. Greene, J. Chem. Sot. A, (1967) 1592 

12 J.R. AI&ins and P.J. Hendra. J. Chem Sot. A. (1967) 1325. 

13 A.E. Shilov. A_K_ Shilova, E.F. Kv@jna and T.A. Vorontsova. J. Chem. Sot. Chem. Commun.. (1971) 

1590. . 
14 HA. Martin and F_ Jellinek. J. OrgapometaL Chem.. 8 (1967) 115. 
15 LI. Zkbarkin and LA_ Srvina. BuIL Acad. Sci U_S_S_R_. En& TransL. <1963) 1554. 
16 L-1. Zakharkin and L.A. Savina. J. Gen. Chem. U.S.S.R.. En& TransL. 37 (1967) 2441. 

17 K BOU- and J_ZZ_ Teubea J. O_ganometaL Chem_. 110 (1976) 327_ 

18 J.X. McDesnott. J.F. Whitt’xnd GM. Whitesides. 1. Amer. Chk. Sot.. 95 (1973) 4451. 

19 JX. McDermott and G_M_ Whitesides. J. Amer. Chem. Sot.. 96 (1974) 947. 

20 E Hsvonh and W_H Perkin. J. Chem. Sot. London_ 65 (1894) 591. 
21 R-C. EIderfield. B.M. Pitt and I. Wempen. J. Amer. Chem. Sot.. 72 <1950) 1334. 

22 A_ Kjae.r and S. Wagner. Acta Chem. Stand.. 9 (1955) 721. 

23 C. Lee and G-S. Serif. Biochemistry. 9 (1970) 2068. 


