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For a long time Lewis acid adducts of titanocene- 
difluoride of the type Cp,Ti(LF)* (L= BF3, PFs) 
were known to be unstable and non-existent in the 
solid state [ 11. Recently we reported the preparation 
and characterization of CpaTi(SbF& (la) [2] and 
also the X-ray structure of CpzTi(AsF,), (lb) [3]. lb 
can be prepared either by reaction of CpaTiFa with 
the very powerful F- acceptor AsF5 (compared with 
PF5) [4] or, more convenient, like 2 by reaction 
of Cp,TiCla with AgAsF6 [3]. Surprisingly lb does 
not decompose (as expected) in the MS (60 “C) to 
Cp*TiFa and AsF5 but shows an intense peak due to 
CpTiF,+ [3]. Moreover, no evidence for CpzTiFz as a 
product of the thermal decomposition (60 “c <T < 
300 “C) of lb could be found [3]. Our interest in the 
reactivity of CpTiCla toward AgMF, (M = As, Sb) 
and AsF5 derived from these observations. We were 
also interested in the stability and the decomposition 
behaviour of the products formed by those reac- 
tions. The results of our investigations are described 
in this paper and they may help to achieve further 
synthesis of more MF6- organometallic complexes 
(M = pnicogen) which are still in the very beginning 
of their discovery. 

All techniques have been described in ref. 2. 
CpTiCla was prepared according to ref. 5. AgAsF6 
(Alfa) and AgSbFd (Alfa) were used without further 
purification. 

CpTiCla reacts at - 50 “C in SO2 (1) spontaneous- 
ly with three equivalents of AgMF6 quantitatively 
according to eqn. (I), affording deep red solutions 
(AgCl, found by weight: 98%, As; 97%, Sb). 

so2 (1) 
CpTiCla + 3 AgMF6 _so”c 

(CpTi3+(MF&solv.) + 3 AgCll (1) 

(M = As, 2; Sb, 3) 

*Organ”-ubergangsmetall-Chemie hochfluorierter Ligand- 

Systcmc (Organ0 Transition Mctai Chemistry of Highly 

Fluorinated Ligand Systems): 3rd communication. For 2nd 
communication see ref. 3. 

The new complexes 2 and 3 are, as far as we know, 
the first examples of mono(cyclopentadienyl)- 
titanium(IV) derivatives which contain a MF6 unit 
(M = pnicogen). They can be regarded formally as 
Lewis acid (AsF5, SbF5) adducts of CpTiFa. (NB, 
AsF, decomposes CpTiCla in SO* solution within 
minutes with cleavage of the Cp-Ti bond [6].) 
While 2 and 3 decompose in solution at RT within 
some hours and even slowly at -50 “C, they are 
non-existent in the solid state (evaporating SO2 at 
-20 “C). However, they seem to be stable when 
frozen in SO* at - 196 “C. (Cp,TiCla is stable in 
SO* at RT for at least one week 161.) 2 and 3 were 
identified in solution by ‘H NMR spectroscopy (see 
Table I). The singlet resonance in the Cp region 
(quartet expected for three Ti-F bonds) and the 
low field shift, compared with CpTiC13, indicates 
dissociation of these complexes as shown in eqn. (1) 
and already discussed for lb [3], or rapid exchange 
(equality of all F atoms). The low field shift of 
3 compared with 2 may be due to equilibria (cf. 
eqn. (2)) in solution and the appearance of CpTi- 
(SbaFii)a [6]. In addition to the Cp singlet both 
2 and 3 show a complex multiplet (7.2-7.8 ppm) 
due to unsaturated C,H, and therefore some de- 
composition with Ti-Cp bond breaking. 

In addition to the appearance of C,H, (iH NMR), 
owing to the decomposition process, HF (IR) and 
TiF4 (MS) could be identified as final products 
after pumping off the SOZ. This indicates a very 
similar behaviour as observed for the thermal decom- 
position of 1, although in the case of 2 and 3 this 
reaction takes place already at low temperature and 
the compounds are non-existent in the solid phase. 
Presumably fluorine transfer is the first step in the 
decomposition sequence due to the very strong 
Ti(IV)-F bond (585 kJ/mol) [7], which is even 
stronger than the As(V)-F bond (406 kJ/mol) [8]. 
This can be simulated by a thermodynamic cycle 
(eqn. (3)), describing the reaction of CpTiCla with 
AsFS (CpTiFa and MFs may be somehow in equili- 
brium with 2 and 3, and for the thermodynamic 

TABLE 1. ‘H NMR Dataa 

Complex 6 (ppm) Reference 

CpaTiCla 6.65s 3 

CpaTi(Sbf’& (La) 7.25s 2 

Cp2Ti(ASF6)2 (lb) 7.30s 3 

CpTiCls 7.23s this work 

CpTi(ASF6)3 (2) 8.52s this work 

CpTi(SbP& (3)b 8.80s this work 

aso2 solution, 20 “C, reference TMS. bDue to CpTi- 
(Sb2Ft1)s in solution (cf: eqn. (2)). 
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estimations it does not matter whether CpTiF3 is used or CpTiCl,; see eqn. (2). 

CpTi(MF& + CpTiF3 + 3 MFs 

(rr-Cp)TiC13 (g) + AsFs (g) ---+ TiC13F (g) + (a-Cp)AsF4 (g) 

(2) 

(3) 

a(~-CI’)-as bond energy (BE) estimated as CH3-As(V) BE, calculated from CH3 -As(lIl) BE (229 kJ/mol) [I 11 minus 20% 
due to v(As(III)~C): 568 cm-’ [ 121 and v&As(V)-C): 5 19 cm-’ [ 13 1. 

The heat of reaction (3) can be estimated as AH,,, = 
-44 kJ/mol. In a similar way the heat of reaction (4) 
was estimated to AH,,, = -92 kJ/mol (BE, Cp-Ti 
in Cp,TiClz :269 kJ/mol) [ 141 (gaseous state). 

(n-Cp),Ti& + AsFS --+ 

(n-Cp)TiCl*F + (o-Cp).AsFh (4) 

It seems likely that some of the bond strength estimate 
data may either have some experimental error or be 
slightly inaccurate. However, only the trend in 
thermodynamics should be shown and the experi- 
mental results fit this thermodynamic analysis. It is 
obvious that eqns. (3) and (4) only represent the first 
decomposition step as CpAsF4 cannot exist as a 
stable compound. The summarized decomposition 
reactions of lb and 2 are given in eqns. (5) and (6), 
where ‘C,H,’ is represented by CloHs (naphthalene). 
It has to be mentioned that the kind of organic 
carbonhydride does not make any difference to the 
large AH<,, and AH,,, numbers as its AHf” value is 
small, compared with those of inorganic halogen 
compounds. The AHzgso values (kJ/mol) are given 
in brackets after the phase symbol. 

CpzTiClz (s, -385) [14] t 2AsFs (g, -1236) [8]-+ 

TiClzFz (g, -1156) [7] + CloHs (s, +61) [1.5] 

+ 2AsF3 (1, -956) [7] 

+ 2HF (g, -271) [7] 

2CpTiC13 (s, -608) [9] + 2AsFs (g) --+ 

(5) 

2TiC13F (g, -958) [7] + C 1OHB (s) 

+ 2AsF3 (1) •t 2HF (g) (6) 

Both reactions (5) and (6) are strongly exothermic, 
AHt5) = - 692 kJ/mol and AH,,, = -621 kJ/mol, 
and they have nearly the same heat of reaction. 

From these results it can be concluded that la, 
lb, 2 and 3 are thermodynamically unstable with 
respect to decomposition reactions involving fluorine 

transfer to the transition metal. In all cases this 
fluorination of the Ti centre was observed in the 
experiment. Whereas the titanocene (Cp*Ti) deriva- 
tives la and lb are kinetically stabilized and existent 
as pure compounds in solution and even in the solid 
state, the mono-Cp complexes 2 and 3 decompose 
rapidly even at low temperature and are not yet 
known as solids. The kinetic stability of 1 may be 
explained by the higher activation barrier involving 
titanocene metallocene fragments because of the 
steric protection of the Ti centre by the bulky Cp 
rings. 
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