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Summary

Reactions of Cp,TiR (R = C¢H;, 0-, m-, p-CH3C;H,, CH,C H;, CsF5, Cl) with
R'CN (R' = C4H;, 0-CH;C4H,, CHj;) 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 {1] 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 very different properties. These products are also obtained when the
startmg materials szTlR and R'CN are mixed in solution. We have studied this
reaction.for various combinations of Cp,TiR and R'CN, and the results are pre-
sented below

Results and dlscussmn

: Reactlon of CDleR with R'CN in solution or in some cases of the solid
adducts Cp,TiR - R'CN gives titanium—diimine compounds of structure I. This
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fTABLBlt:: R B : R TR
: ;com;wxrxons OF sz'nn AND R'CN AND SOME oF THEIR SPECTROSCOPIC PROPERTIES

- CpaTHR . - | R'CN- - v(q=N) (em™1) - : Colour - PMR (6(TMS)—0ppm) a.
T S 17 B(CP)  B(R) 5(R)
 CgH§ . . CgHg. - - . .1655 ° . vellow. 5.80 6.66 7.50
-CgHs - ‘o-CHac(,H4J - 2190% " dark-blue o

:CéHs ° - - p-CICgHa: . 1648 TS yellow© . BAS 6.70 7.40

CgHs -+ CHsg . 1705 - . - yellow . 593 670 - 202
_6-CH3CgH4 - - CgHs - 1658 ) yvellow S -
o0-CH3CgBs . o0-CH3CgHs 1651 . orange

0-CH3CcH;  p-CICgHs - - 1648 vellow

0-CH3CgH, - CHj3 - 1700 : vellow
- m-CH3CgHa CsHs 1658 . yellow 596  6.701.81 7.73
‘m-CH3CgHs- - 0-CH3CgH4 1640 orange - :

. ) 1648

m-CH3CH CH, 1700 vellow

p-CH3G*H4 CgHs - 1657 . yellow ~

P-GH3CgHa 0-CH3CgHa 1638 orange 5.43 6.32 2.02 7.28 2.52
p-CH3CgHg CHj3 1695 vellow

CH2CgHs CgHsg 1655 yellow

CH>CgHs o-CH3CgH,4 1660 orange

CeFs - p-CICgH4 1650 orange

c . CgHs - 1665 orange -

2 In CDClE3 solution. b Fformeﬁon of the adduct was established, no dimerisation occurred.

reactlon was studlea for the combinations of R-and R’ given in Table 1. The
yellow to orange dimers are stable in air, diamagnetic and poorly soluble in the
common organic solvents (toluene, ether, pentane) in contrast with the primary
ad}ducts [1]. The conversion of Cp,TiCl - CsH;CN into the dimer was followed
. by IR spectroscopy (Fig. 1). The absorption at 2235 cm™ (v(C=N)) gradually
vanishes when a Nujo! mull is heated at 120°C, and a new band at 1665 cm ™
appears and-increases steadily.in intensity. This new band and also the other
features of the appearing spectrum are found in- -the IR spectra of the final
. products studled (Table1). ‘The relation between the peaks indicated the forma-
tion of a.C=Nbond. - '

The PMR spectra of the dlmers in CDC;3 are all very similar, and show a
singlet at about & 6.0 ppm, and two broad resonances at about 6.6 and 7.6 ppm.
The integration ratio is in accordance with the assignment to Cp, Rand R’ -
protons, respectively. The Cp and R protons are found at positions characteristic
for tetravalent titanium compounds e.g. Cp,Ti(R)X [2]. The UV-vis spectra of .
the dimers are: -also closely similar to spectra of Cp,Ti(R)X [6] (Table- 1): Because
of the poor solubility of the dimers, determination of the molecular weight
(by cryoscopy in benzene) was possible only for the final product of the reactlon
‘of Cp,TiCsH; with p-CleH4CN The observed value of 805 (calcd 785) shows

that the formulation as a dimer is correct.

‘Reaction of HCl in ether with the product from szT‘l-O CH3CGH4 a.nd CGHSCN
y1elds szT‘IClz (80%), CeHsCH; (70%) and, after hydroly31s of the reactlon :
mixture, benle CSH C(-—O)C(—O)CsHs (60%) formed by hydrolys1s of the '
-diimine (eq. 1) - , i



55

Adduct Cp,liCt - CgHsCN

: 'Jf ' Dimer (Cp,TiCl » CgHCN),

T

2300 1500

Fig. 1. IR spectra of the products from Cp,TiCl and CgHsCN in the 2300—1500 cm™! region.

(Cp,Ti-0-CH;C¢H, - C¢HsCN)., + 2 HCl -

H,0
2 Cp,TiCl, + 2 CsHsCH; + C,H,C(=NH)C(=NH)C,Hs —> benzil (1)

Reaction of the product of o-CH3C,H4CN and Cp,Ti-o-CH3;CcH,; with ethereal
HCI gives Cp,TiCl, (45%), CcHCH; (95%) and, after work up, the yellow-white
crystalline diimine, 0-CH3;CsH,C(=NH)C(=NH)CsH;-0-CH; (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.

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 >10% 1 mol™
cm™!) characteristic for the adducts Cp,TiR - R'CN (R’ = aryl) {1]. Dimerization
then proceeds via I1I, 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



“with” the free: hgand [3] EPR spectra of the adducts confirm this observatlon.
The sm,let signal (g=1. 95) observed for szTlR [51 changes into. a ‘3line -
spectrum for the’ szTlR - R'CN adducts (g = 1.99, a 2.45 Hz for sz'I‘l-p-CH3CGH4-
2,6-(CH3),CsHiCN) due to mtemchon with l“N ThlS demonstrates the delocah— :
_zatlon of the unpaired electron from titanium’ to the cyamde function. = -

.. The observation that bulky groups R’, e.g. +-C,H, and 2,6- (CH3)206H3, 1mpede
: the dimerization of the c¢yanide ligand is explamed in terms of steric hmdrance
at the reactlve cyamde carbon atom. The coupling shows 51m11anty to that -

reported for NbCl, and CH4CN [41 ‘but no other examples are known to the

authors. In view of the actwatmg propertles of Cp,TiR for the dimerization of
organic cyamdes analogous reactions with other unsaturated substrates such as
1socyamdes acetyienes, and olefms are under mvestlgatxon

Experimental

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

Synthesis

Preparation of [(Cp,Ti-0-CH3Ce¢H 4)o(CsHsCN),]. To a solution of 1 mmol of -
Cp,Tiv-CH;C4H, in 25 ml of hexane 1 equivalent of C4H;CN in hexane was
slowly added at room temperature. A yellow crystalline product formed.

After addition of the cyanide the mother liquor was decanted, the residue
washed: with hHexane, and dried in vacuo. The compound was sealed in ampoules
under N,; yield 55%.

- Other compounds were prepared in essentially the same way. The purity of
the compounds 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 Cp,Ti-o-CH3;CsH,4 with
. the various cyanides (Table 2}, the reaction conditions were optimized, and in

‘TABLE 2
ANALYSES OF Cp,Ti-0-CH3CgH4 WITH R'CN

R . Analysis (found (caled.) (55))
7 Ti . (o] . ) H ' N . - Yield (%)
CgHjs - 12.51- . -76.68 . 8.21 ) 3.61 60
- . '(12785) . - - (117.21) . (5.89) . (3 75)».‘ B i
o-CH3CgH; .~ 1202 . ~  77.68 . 6.86 331 70
R . (12.41) = 11.72) - - (6.22) ©- - (8.63) -
CHj3 .. 15648 e 7335, et 6.58 . 4562 o 80

(1546) . (73.54) (6.45) = . (4.51)
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the case of therma.lly instable sz’I‘l-a.ryl compounds, the reactions were carried
v out at 0° C :

' Rea_ctzon with HCI

- Cp,Ti-0-CH;C¢H,-0-CH3;CcH,CN dimer (3 mmol) were treated with an excess
‘of HCl in ether at —78°C. The 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 C¢H;CHj; in 95% yield. The
residue was washed with 0.5 ml (C.Hs).NH in 15 m] 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;C,H,C(=NH)C(=NH)-o-
CH;CgqH,. IR: 3280, 3180 cm™! (N—H stretch), 1593 cm™ (C=N stretch);

NMR (CCl,, internal standard TMS): § 2.13 (multiplet, 3), 6.86 (multiplet, 4),
-9.8—10.9 (multiplet, 1) ppm; mass spectrum: M* m/e 236; yield 65%. This
diimine is stable in air and reacts with HCI to the corresponding HCI salt. IR.:
3000—2500 em™! (N—H" stretch), 1660 cm~! (C=N stretch). The red residue
left was characterized as Cp,TiCl,, yield 45% (IR, UV).

Reaction of “Cp,Ti-0-CH;CsH,4 - CcHsCN?” 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 H,0, and subsequently
washed with 10 ml of hexane (2 X). Drying and evaporation of the combined
hexane and ether extracts gave benzil; vield 65%. The yield of Cp,TiCl, (70%)
was determined in a separate run.
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