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Summary 

E&o-proton abstraction from (7-Ph,GeC,H,)Fe(C0)3 has been gchieved. 
The formed anion is fluxional and its reactivity resembles that of the unsubsti- 
tuted analogue. The reaction with DC1 produced exclusively twi, isomeric com- 
pounds and the selective formation of these two complexes is used to postulate 
the ground state structure of the anion. 

Proton -abstraction from polyolefinic ligands coordinated to a transition 
metal is beginning to emerge as a synthetically useful route toward the prepara- 
tion of anionic organometallic complexes and frequently forms the initial step 
in the synthesis of new neutral organometallic species [ 11. 

We and others have utilized the above outlined steps for the preparation of 
7-substituted cycloheptatrienetricarbonyliron derivatives (eq. 1 and 2). 
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(C7H8)Fe(CO)3 THF -.--+ [(C,H,)Fe(CO),]- RI’ f RH 
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(RM = t-BuOK, n-BuLi, KH and NaN(SiMe,),; R’ = SiMe,, SiEt3, GeMe,, GeEt,, 
GePh,, COOMe, and [(C,H,)M’(CO),]‘; M’ = Fe, Cr, MO, W) 

However, in all cases so far reported the abstraction of the proton from the 
organic moiety occurs e3co to the transition metal, i.e. from the face opposite 
to the one occupied by the. metal atom. Electrophilic attack on the generated 
anion II by the Main Group IV reagents listed above also appears to proceed in 
an’e3co fashion. This was verified for a member of this series of compounds 
when an X-ray crystallographic study established an e3to configuration for the 
GeMe3 moiety [3a]. 



Ne now report that the substituted derivative, (7-PhJGeC;Hi)Fe(CO)~ (Ill) 
[3a] alsq undergoes proton abstraction to yield the corresponding substituted 
anion. Since this compound and the analogous (7-MeOOCC,H:)Fe(COjJ, lvhich 
can also be deprotonated [Bc], are expected to contain exo substituents as Well, 
they constitute the first esampIes of an rrndo proton abstraction from an Ol33llliC 

moiety coordinated to a transition metal center. 
Addition of III, dissolved in THF, to a slurry of one equivalent of t-BuOK in 

THF at ambient temperature resulted in the formation of a deep red solution. 
Solvent removal gave an extremely air-sensitive red solid. The infrared spectrum 
of this compound in THF solution eshibits two carbonyl absorption bands at 
1938 and 1864 cm-‘. Although indicative of an anionic iron carbonyl species, 
these frequencies alone are by no means sufficient to prove the formation of the 
substituted anion [(Ph,GeC7H6)Fe(CO),]- (IV)_ Indeed, heterolytic cleavage of 
the Ge-C bond, a reaction already observed in the related (?-Et3GeC7H7)Fe(C0)3 
by Behrens [2c], would give rise to the unsubstituted anion II, which also shows 
carbonyl absorptions at frequencies (1942 and lS6S cm-‘, respectively) very 
similar to those observed here. However, the ‘H NMR spectrum (Fig. 1) un- 
ambiguously establishes the formation of the substituted anion IV. We note the 
absence of any significant contribution to the 6 ‘4.57 ppm resonance from the 
unsubstituted anion which exhibits a sharp singlet at 6 4.90 ppm at room tem- 
perature [ 3b] _ Although chemical evidence suggests that II does indeed form in 
the reaction of III with t-BuOK, vide infra, the physical characteristics of the 
isolated compound clearly show that Ge-C bond cleavage constitutes but a 
minor component of the reaction. The assignments appearing in Fig_ 1 were 
confirmed by double irradiation experiments on a more soluble and stable 
bis(triphenylphosphine)iminium salt. Noteworthy is the low field position of 
the resonance assigned to the protons 2,2’_ 
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Fig. 1.100 MHz ‘H NhlR Spectnnn of C(Ph~GeC,H,)Fe<CO),I- PPN* in THF-d, at ambient temperatlrrc 
in the r&on 6.40 < 6 (ppm) < 3.90. 

The spectrum at room temperature would be consistent with a symmetrical 
structure for IV, but it more likely represents the time-averaged spectrum 
resulting from rapid ring-whizzing executed by the Fe(CO), moiety. Such a re- 
arrangement is known to be extremely facile in the unsubstituted anion both 
from theoretical predictions [4] and experimental evidence [3b]. The correct- 
ness of the latter proposal was verified by variable temperature 13C NMR studies 
in THF& The resonances due to the ring carbon atoms in IV broaden and 
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coalesce into the baseline at around -60°C. No further changes were observed 
down to -90°C. Unfortunately the great reactivity of the complex toward 
chlorinated solvents has so far precluded the extension of this study to lower 
temperatures, thus the low temperature limiting spectrum and the ground state 
structure of IV in solution remain elusive. 

Preliminary experiments indicate that anion IV will undoubtedly display a 
chemistry as varied and rich as that of the parent unsubstituted complex. The 
chemical behaviour of IV seems to follow that of II, although differences in 
reactivity do occur. The reaction with Ph,SnCl gives (v3-Ph,GeC,H,)Fe(CO),- 
SnPh, (V)*, a fluxional molecule containing an Fe-.% bond and an allyl-bound 
cycloheptatrienyl ring, thus mirroring the reaction of II with Ph,SnCl [3c]. We 
note that some_(q3-C,H,)Fe(CO)$nPhs is formed in the above reaction as well. 

However, no ring disubstituted complexes could be isolated from the reaction 
between IV and Me,SiCl. Instead the carbon-carbon bonded dimeric species V 
was obtained**_ Spectral features are consistent with dimerization through the 
C (7)-C(7) bond and the substitution of the Ph,Ge moiety at the C(6) position. 
Oxidative dimerization of II, especially in reactions with organic halides, has 
been noted before [Zb]. Most interesting results have been obtained from deutera- 
tion (or reprotonation) experiments. Only two isomeric compounds, ( 3-PhsGe, 
7-DC,H,)Fe(CO), [7a] ***and (6-Ph3 Ge, 7-DC,H6jFe(C0)3(VIIb) ****are 
isolated in a 2/l ratio by repeated fractional crystallization. Based on ‘H NMR 
spectral results more than 80% deuterium incorporation has occurred exclusively 
at the exe-7 position_ 

The selective formation of these products upon deuteration is interesting 
and can be used in the following manner in order to arrive at a prediction con- 
cerning.the ground state structure of IV. Recently, Green et al. [5] have 
formulated some simple rules concerning nucleophihc addition to coordinated 
unsaturated hydrocarbon ligands in cationic organotransition metal complexes. 
The rationale behind the rules focuses upon the positive charge carried by the 
different carbon atoms of the coordinated organic moieties_ Particularly in the 
case of small and highly charged nucleophiles the rates of addition are charge 
rather than orbitally controlled. Extending these observations to electrophilic 
attack by D+, one would again expect the regioselectivity to be governed by the 
negative charge on the particular carbon atoms. For an v3-bonded cyclohepta- 
trienyl ligand this means that attack by D’ should preferentially occur at the 
terminal carbon atoms of the ally1 part of the seven-membered ring. Based on 
this assumption and the product distribution observed above the dominant 
solution structure of IV can be deduced as IVa (eq. 3). As can be seen in 
eq. 3 attack by D+ at carbon atom 1 of the anion will produce the 6-Ph,Ge 
isomer, VIIb, whereas attack on the 3-position will yield the 3-Ph3Ge isomer, 
VIIa, respectively. 

+‘n NMR. 6 (ppm) in C,D,: 4.38 (H(3.3’)). 4.69 (H(2.2’)). 5.90 <H(l.l’)). 

**‘H NMR. 6 (ppm) in C,D,: (H(2.3). (H(5)). 2.28 (H(7)). 2.54 (H(4)). 2.73 <H(l)). 4.484.58 6.13 

***I H NMR. 6 (mm) in C&: 2.40 (H(7)). 2.94 <H(4)). 3.28 <H(l)). 4.82 (H(2)). 5.15 (H(6)). 5.75 (H(5)). 

****‘H NMR. 6 (ppm) in CS?: 2.42 (H(7)). 3.01 (H(4)). 3.28 (H(l)), 5.15-5.30 (H(2.3)). 6.10 (H(5)). 



We are attempting to grow single crystals of IV in order to verify the above 
prediction by X-ray crystallography. The reactivity of IV towards other electro- 
philes is also being investigated and will be reported in due course. 
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