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Reactions of Cp2TiR (R = C6Hs, o-, m-, p-CH3C6H4, CH2C6H5, C6F5, Cl) with 
R’CN [R’ = G&Is, o-CH,C&I,, CH3) have been studied- The products, (Cp,TiR - 
R’CN),, identified by chemical and physical methods, form a new class of 
compounds, in which two Cp,TiR groups are connected by a bridging diimine 
ligand formed by oxidative coupling of two cyanide ligands via the cyanide 
carbon atoms. The metal is formally oxidized to titanium(IV). 

Introduction 

In a previous paper f1J we described the adducts Cp,TiR - R’CN, in which 
the cyanide is terminally coordinated to the metal. These adducts react at higher 
temperatures to give; depending upon R’, products having the same stoichiom- 
etry but v&y different properties. These products are also obtained when the 
starting materials Cp,TiR and R’CN are mixed in solution, We have studied this 
reactionfor various Combinations of Cp,TiR and R’CN, and the results are pre- 
sented below. 

.. 

Results and discussion 

Reaction of Cp,TiR with R’CN in solution or in some cases of the solid 
adducts Cp2TiR - R’CN gives titanium--diimine compounds of structure I. This 
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CObfBI~ATIOtiS OI&cR AND I&I ANti SOME OF T.kRIR.SPEC-T:ROSCOPIC PROPEiXTIES_ 1. .: .- 

-cp*=. 
&&.- ..- v<C=N) (cm-‘) . 7. Colour P?& &rMS) = 0 PPrn) = 

R= : R’ = -:.: 

6<cp) QR) 6<R’> 

c&G C6% 1655 yellow 5.80 6.66 7.50 
.cgIg o-CHjC& .. 2x90 = dark-blue 

c&H5 : p-ClC,$Q : :: i648 yellow 5.75 6.70 ‘7.40 

cd% .CH3 . . . 1705 :-- : Y.$.l.IOW 5.93 .- 6.70 2.02 ._ 
~o-CH3C&L+ : C,+, 1658 Yellow 

o-c=3G94 o-CH3C& 1651 0KZlge 
o-CH,C!.$& p-ClC& 1648 yetiow 

o-CH3C6H4 CH; 1700 yellow 
m-CH3QH4 CgHS 1658 yellow 5.96 6.70 1.81 7.73 

.m-CH3C& o-CHgCgHq 1640 orange 
1648 

m-CI13CSH4 CH3 1700 Y&CW 
P-cg3c%r4 %I% 1657 yelI0w 

P-CH3C&I4 O-C%3‘&H4 1638 o-ge 5.43 6.32 2.02 i-28 2.52 

P-C=3C6=4 =I3 1695 yellow 

CH2CgHs CSHS 1655 yellow 

c%G+% o-CH3C6H.q 1660 orange 

CSFS P--cIC6=4 1650 0-g.? 

CI. C6HS 1665 orange 

= In CDcI3 solution. b Formation of the adduct was established. no dimerisation occurred_ 

reaction was studied for the combinations of R and R’ given in Table 1. The 
yellow to orange diiners are stable in air, diamagnetic and poorly soluble in the 
c+nm&n~ ckganic solvents ftoluene, ether, pentane) in contrast with the primary 
adducts [I]. The conversion of Cp,TiCl - C&CN into the dimer was followed 
by IR spectroscopy (Fig. 1). The absorption at 2235 cm-’ (v(EN)) gradually 
vanishes when a Nujol mull is heated at 12O”C, and a new band at 1665 cm-’ 
appears and-increases steadily-in intensity. This new band-and also the other 
features of~the.appeari.ng spectrum are found in the LR spectra of the final 
products &udi@ (Table 1). The relation between the peaks indicated the forma- 
tion .of a-C=N’bond. 

The P_MR spectra of the dimers in CDC13 are all very similar, and show a 
singlet at about 6 6.0 ppm, and two broad resonances at about 6.6 Andy 7.6 ppm. 
The integration ratio is in accordance with the assignment to Cp, R and R’ 
protons, respectively. The Cp and R protons are found at positions ch.a.racteristic 
for tetravalent titanium compounds e.g. Cp2Ti(R)X [ 21. The UV-vis spectra of. 
the dimers are-also closely. similar to spectra of Cp,Ti(R)X [S] (Table,i); Because 
of the poor solub$ty of the dimers, determination of the molecular weight 
(by. cryoskopy in benzene) was possible only for the.final product of the reaction 
of Qzgi&HS with p-c1c6H4CN. The observed value of 805 (calcd 785) shows 
that the formulation as’ a d_%er is correct. 

Reaction’of HCl in ether withthe product from Cp,Ti-o-CH,C,H, and &H&N 
y&Ids Cp2TiC12 (SO%), &H&H3 (70%) and, after hydrolysis of the reaction 
mkture, benzil, C,H&(=O)C(=O)&H, (60%),.formed_by hydrolysis of the 
diimine (eq. 1). 1 :- 
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Fig. 1. IX spectra of the products from CpzTiCl and CgHgCN in the 2300-1500 cm-I region. 

(CpzTi-o-CH3C6H4 - C6H&N)2 -i- 2 HCl --f 

2 Cp,TiCl, + 2 &H&H, + C6HsC(=NH)C(=hTH)C6HS 2 benzil (1) 

Reaction of the product of o-CH3C6H&N and Cp,Ti-o-CH&H4 with ethereal 
HCl gives Cp,TiCl, (45%), &H&H3 (95%) and, after work up, the yellow-white 
crystalline diimine, o-CH3C6H&(=NH)C(=NH)C6H4-o-CHs (65%), which is stable 
towards hydrolysis. Details are described in the Experimental part_ The forma- 
tion of the dimer can be rationalized as outlined in Scheme 1. 
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The first step in the reaction of Cp,TiR with R’CN is coordination of the 
cyanide to the metal. Solutions of aryl cyanide and Cp,TiR, mixed at low tem- 
peratures, indeed show the intense absorption at 600-650 nm (E >103 1 mol-’ 
cm-‘) characteristic for the adducts Cp,TiR - R’CN (R’ = aryl) El]. Dimerization 
then proceeds via III, which is a canonical form of the adduct II. The contribu- 
tion of III to the actual bonding situation in the adducts is related to the extent 



The observation that bulky groups R’, e.g. tX4H9 and 2;6-(CH&C6H3, impede 
the dimerizatjon of the cj&nide ligand is explained in termi of steric hindrance 
at the rea&ive cyanide c&bon atom. .-The coupling shows similarity to that 
reported for NbC14 &.d CH,CN 14J-but no other exkrples are known to the 
anthers. In view of the activating prop&ties of CpzTiR for the dimefization of 
or&mic cyanides, analogous rektions with other unsaturated substrates such as 
isocyanideS; acemienes, and olefins are under investigation. 

Experimental 

All experiments were carried out in an inert atmosphere (N2 or Ar). Commer- 
cially-available cyanides were distilled before use, compounds Cp,TiR were 
prep&d as described previously [5]_ Elemental analyses were performed at 
Microanalytical-Department of this University under supersivion of Mr. A.F. 
Hamminga. 

Synthesis - 
fieparatim of t(Cp,Ti-o-CR,C~4),(C6HSCN)21. To a solution of 1 &no1 of 

Cp,Tk-CH3C6H4 in 25 ml of hexane 1 equivalent of C&H&N in hexane was 
slowiy added atroom temperature. A yellow crystalline product formed. 
After addition of the cyanide the mother Iiquor was decanted, the residue 
wasbed with hexane, and dried in vacua. The compound was sealed in ampoules 
under N,; yield 55%. 

Other compounds were prepared in essentially the same way. The purity of 
the compotids is much affected by the ease of formation of the dimer and 
purity of the starting materials. Often some solvent and free cyanide is incor- 
porated into the products_ In the case of the reaction of CpzTi-o-CH,C,H, with 
the various cyanides (Table 2), the reaction conditions were optimized, and in 

-TABLE 2 

ANALYSES OF Cp$&&CH3C& WITH R’CN 

R’ Analysis <found&aIcd.) (S)) 

Ti c H N Yield <%I) 

GiKi 12.51. 76.68 6.21 3.61 _ '60 : 

o-CH~C~II; 
(12.85). (77.21) <5.89) - 
12,02 : 77.68 6.86 

(3.75): 
3.31 70 

~(12~41) <77.72) (6.22) i3.63) 

CR3 15.48 '-- 73.35. 6.58 4.62.. 80 
(15.46) c1+3 . . (6.45) C4.51) 1 ._. -- 
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the c_ase of thermally instable Cp,Ti-aryl compounds, the reactions were carried 
out at 0°C. 

CpzTi-o-CHJC6H4-o-CH~~~H~CN dimer (3 mmol) were treated with an excess 
of HCl in ether at -78°C. Tine mixture was slowly warmed to room temperature 
and the ether and volatile reaction products were evaporated off and condensed 
at -196°C. GLC analysis of the condensate showed &H&H3 in 95% yield. The 
residue was washed with 0.5 ml (&H,),NH in 15 ml of hexane and with 15 ml 
of hexane (2 X). The washings were combined and cooled. A yellow-white 
product crystallized, which was identified as o-CH&,H,C(=NH)C(=NH)-o- 
CH&sH4. IR: 3280, 3180 cm-’ (N-H stretch), 1593 cm-’ (C=N stretch); 
NMR (CCL, internal standard TMSj: 6 2.13 (multiplet, 3), 6.86 (multiplet, d), 
9.8-10.9 (multiplet, 1) ppm; mass spectrum: M’ m/e 236; yield 65%. This 
diimine is stable in air and reacts with HCl to the corresponding HCl salt. IR: 
3000-2500 cm-’ (N-Hi stretch), 1660 cm-’ (C=N stretch). The red residue 
left was characterized as CpZTiCIZ, yield 45% (IR, UV). 

Reaction of “Cp,Ti-o-CH&H4 - CsH5CN” dimer with HCl in ether was 
carried out as described above. After evaporation of the volatile products the 
residue was treated with 10 ml of ether and 1 ml of H20, and subsequently 
washed with 10 ml of hexane (2 X). Drying and evaporation of the combined 
hexane and ether extracts gave benzil; yield 65%. The yield of Cp2TiC12 (70%) 
was determined in a separate run. 
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