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Abstract 

The mixed ferrocene [MeO(CH,CH,O),(CH,),C,Me,]Fe(C,H,) Cl), accessible by reaction of C5H,Li with [MeO- 
(CH2CH,0),(CH2)3C5Me4]FeC1, is formylated with POCI,/DMF (DMF = N,N-dimethylformamide) to give the ferrocenyl 
aldehyde [MeO(CHZ~20)3(CH2)3C5Me4]Fe(C5H4CHO) (21. Compound 2 is reduced with LiAlH, to yield the alcohol 
[MeO(CH,CH,O),(CH,),C,Me,]Fe(C,H,CH,OH) (31, which is an excellent precursor for the unusual cY-ferrocenyl carbocation 
([MeO(CHICH,0)3(CH2)3C5Me4]Fe(CsH,CH,)]f (A+). 
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1. Introduction 

More than 80% of all organometallic compounds of 
the transition metals are cyclopentadienyl complexes 
with C,H, and C,Me, being the most prominent cy- 
clopentadienyl systems used [l]. However, during the 
past few years functionalized cyclopentadienyl systems 
that do not just act as innocent spectator ligands have 
become very attractive. 

Functionalization of the cyclopentadienyl moiety by 
a pendant oligoethylene glycol ether tentacle leads to 
the very interesting class of cyclopentadienyl ligands of 
general type R&J,-X-(OCH,CH,),OMe (R = H, Me; 
X = spacer group); owing to their special coordination 
and solubility properties, these ligands show great 
promise for (i) the design of non-ionic water-soluble 
organometallics, (ii) the synthesis of redox-active po- 
dands and related supramolecular assemblies, and (iii) 
the development of catalysts based on the hemilabile- 
ligand principle [2]. 

In this context, the ligand Me,C,(CH,),-(OCH, 
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CH,),OMe has proved to be particularly convenient 
from a synthetic point of view [2b,dl. One aspect of its 
hemilabile qualities is, for example, its ability reversibly 
to stabilize reactive metal-ligand fragments such as 
“K” and “FeCl” coordinated to its cyclopentadienyl 
unit. This is due to the influence of the tentacle, which 
can act as a (potentially tetradentate) intramolecular 
donor [2b,d,f]. 

It is interesting to assess the abilities of the tentacle 
to stabilize reactive situations which are quite different 
from a metal-ligand fragment coordinated to the cy- 
clopentadienyl moiety of the ligand. A fascinating ob- 
ject for investigating this issue is the unusual a-ferro- 
cenyl carbocation A+, 
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R = (CH2)3(0CH2CH2)30Me 
Fig. 1. 

This situation could be mimicked by the ether oxygens 
of the tentacle in A+, as indicated in Fig. 1. 

2. Results and discussion 

Scheme 1 shows our route to A+; it is essentially 
analogous to a well-established synthetic path leading 
to [CSH,FeC,H,CH,]+ [7]. 

The mixed ferrocene [MeO(CH,CH,O),(CH,),C,- 
Me,]Fe(C,H,) (l), which is via reaction of 

[MeO(CH,CH,O),(CH,&Me,]FeCl 
can formylated in 

in 
dichloromethane to give the ferrocenyl 
[MeO(CH,CH,O),(CH,),C,Me,]Fe(C,H,CHO) (2) 

a dark red oil in yield after chromatographic 
The aldehyde can reduced to ferro- 

cenyl alcohol in diethyl ether; 3 
obtained as oil almost quantitative yield. As 
indicated by standard reaction conditions good 
product the tentacle not seem to 
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Scheme 1. 

NMR spectroscopic data for compounds 2 and 3 are 
essentially unexceptional. In the ‘H NMR spectrum of 
2, recorded in CDCl,, the aldehyde proton gives rise to 
a resonance at 9.66 ppm, which is close to the values 
observed for the closely related species (1,2- 
Me,C,H,)Fe(C,H,CHO) (9.86 ppm) [81 and (Me&- 
H)Fe(Me,C,CHO) (10.03 ppm) [4] in the same solvent 
and is identical to the value observed for the tentacle- 
free analogue (Me,C,)Fe(C,H,CI-IO) in CD&l, [91. 
For the ring protons of 2, two triplets c3J= 1.8 Hz) at 
4.23 and 4.14 ppm, respectively, are observed. The 
trimethylene spacer group gives rise to signals at 3.36 
(Me,C,CH,CH,CH,OR), 2.35 (Me,CSCH,CH,CHz- 
OR) and 1.55 ppm (Me,C,CH,CH,CH,OR), respec- 
tively [R = (CH,CH,O),Me]. The signals for the ring 
methyl groups are observed at 1.80 and 1.81 ppm. The 
(OCH,CH,), part of the tentacle gives rise to multi- 
plets centred at 3.54 and 3.63 ppm; the resonance of 
the OMe group is observed at 3.36 ppm. The alcohol 3 
exhibits very similar chemical shift values for the tenta- 
cle part of the molecule. However, owing to its in- 
creased electron density as compared to 2, the reso- 
nances for the ring protons are shifted more than 0.5 
ppm upfield and are found to be concealed by the 
lowfield multiplet for the (OCH,CH2j3 part of the 
tentacle centred at 3.63 ppm. The CH,OH group gives 
rise to a doublet c3J= 6.7 Hz; CH,) at 4.27 and a 
triplet c3./ = 6.7 Hz; OH) at 1.38 ppm; upon metathesis 
with D,O, the triplet vanishes and the doublet col- 
lapses to a singlet. 

Addition of trifluoroacetic acid to a CDCl, solution 
of the alcohol 3 at room temperature leads to an 
immediate colour change of the solution from light 
yellow to orange. The rH NMR spectrum of this solu- 
tion proves the clean formation of the cation A+. It is 
noteworthy that A+ is stable in solution at room tem- 
perature for several days as proved by NMR spec- 
troscopy; this is in contrast to all other primary cr-fer- 
rocenyl carbocations known to date, including [(Me,- 
C,H)Fe(C,Me,CH,)]+ [3] and [(Me,C,)Fe(C,Me,- 
CH,)]+ [4]. The signals for the ring protons are ob- 
served as triplets c3./ = 2.2 Hz) at 5.66 and 4.19 ppm, 
respectively. The (formally cationic) CH, moiety gives 
rise to a singlet at 5.37 ppm, which is very close to the 
value of 5.27 ppm observed for [(Me,C,H)Fe(C,Me,- 
CH,)]+ 131 and [(Me,C,)Fe(C,Me,CH,)l+ [4l. The 
trimethylene spacer group shows resonances at 3.71, 
2.28 and 1.76 ppm for the Me,C,CH,CH,CH,OR, 
Me,C,CH,CH,CH,OR and Me,C,CH,CH,CH,OR 
protons, respectively [R = (CH,CH,O),Mel. The 
methoxy resonance is observed at 3.53 ppm. The ring 
methyl groups give rise to two singlets at 1.88 and 1.87 
ppm. The remaining broad signal at 3.85 ppm inte- 
grates for cu. 14 protons and is due to the 12 
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(OCH,CH,), protons of the tentacle; the cu. 2 addi- 
tional protons may stem from the water produced in 
the reaction and from ether-coordinated protons due 
to the excess of trifluoroacetic acid in the mixture. 

The broadness of the signal at 3.85 ppm is consis- 
tent with a dynamic process which may be due to (i) 
proton hopping between ether oxygens and (ii) stabi- 
lization of the cationic centre of the molecule by the 
ether oxygens similar to that observed for [(C,H,)Fe 
(CSH4CH2)]+ in the presence of diethyl ether [6]. To 
exclude the possibility of protonation of ether oxygens 
by excess acid, it is necessary to add a stoichiometric 
amount of acid to the alcohol 3 when generating the 
cation. This is easily achieved by doing the experiment 
not on a ‘H NMR scale (using only a few mg of 3) but 
on a 13C NMR scale (using several hundred mg of 3), 
in which case the desired amount of trifluoroacetic 
acid can be added quite accurately via a microsyringe. 
Additionally, this procedure provides the opportunity 
of directly studying the methylium carbon NMR reso- 
nance using dynamic NMR spectroscopy in order to 
investigate the putative dynamic carbocation-oxonium 
ion equilibrium shown in Fig. 1. However, data from 
variable-temperature 13C NMR spectroscopy are in- 
conclusive and will be discussed elsewhere, together 
with the results of further experiments that are cur- 
rently under way. 

In conclusion, the unusual cu-ferrocenyl carbocation 
A+ has been synthesized. The high stability of this 
species indicates that stabilization involving the tenta- 
cle takes place. It is as yet unclear whether the pro- 
posed carbocation-oxonium ion equilibrium plays a 
substantial role in this stabilization. 

3. Experimental details 

Unless stated otherwise, all experiments were car- 
ried out with rigorous exclusion of air and moisture 
under an atmosphere of purified argon using standard 
Schlenk techniques. All solvents and reagents were 
appropriately dried and purified. Elemental analyses 
were performed by the microanalytical laboratory of 
the Universitat Bielefeld. NMR spectra were obtained 
on a Bruker AM 300 spectrometer (300.133 MHz, iH, 
external TMS; 75.453 MHz, 13C, external TMS); where 
necessary, assignments of 13C resonances were made 
using J-modulated spectra. 

3.1. Preparations 

3.1.1. [MeO(CH,CH,O),(CH,),C,Me,]Fe(C,H~ 
CHO) (2) 

A solution of [MeO(CH,CH,O),(CH,),C,Me,]- 
Fe(C,H,) (1) 12dlc2.78 g, 6.23 mmol) in dichlorometh- 

ane (10 ml) is cooled to 0°C. POCl, (2.30 g, 15.0 mmol) 
and DMF (2.2 ml, cu. 28 mm00 are added. The mix- 
ture is stirred under reflex for 20 h. After cooling to 
room temperature, an ice-cold solution of potassium 
carbonate (5.0 g, cu. 36 mm00 in water (30 ml) is 
added. The mixture is vigorously stirred at room tem- 
perature for 1 h. The following work-up procedure may 
be performed in the air. The organic layer is separated. 
The aqueous phase is extracted with diethyl ether 
(2 x 20 ml). The combined organic phases are dried 
over magnesium sulfate, filtered and the filtrate re- 
duced to cu. 10 ml in ZXJCUO. The product is isolated 
from this solution by flash chromatography (silica gel, 
diethyl ether eluent, R, = 0.70) as a deep-red oil. Yield 
1.98 g (67%). Anal. Found: C, 63.30; H, 7.97. Calcd. for 
C,H,,FeO, (474.15): C, 63.33; H 8.02%. ‘H NMR 
(CDCl,): 6 = 1.55 (m; 2H, Me,C,CH,CH,CH,O), 1.80 
and 1.81 (2s; together 12H, Me,C,CH,CH,CH,O), 
2.35 (t, 3J= 7.6 Hz; 2H, Me,C,CH,CH$H,O), 3.35 
(s; 3H, OMe), 3.36 (t, 3J = 6.6 Hz; 2H, Me,C,CH,CH,- 
CH,O), 3.51-3.55 and 3.60-3.65 [both m; together 
12H, (CH,CH,O),], 4.14 and 4.23 (both t, 3J = 1.8 Hz; 
together 4H, C,H,CHO), 9.66 (s; lH, CHO). 13C NMR 
(CDCl,): 6 = 10.9 (Me,C,CH2CH,CH,0), 22.8 and 
30.7 (Me,C,CH,CH,CH,O), 59.0 (OMe), 70.1, 70.6 
and 71.9 (all OCH,), 71.7 and 77.3 (both ring CH); 
80.1 (quart. C-CHO), 82.0 and 82.6 (both quart. C-Me), 
86.0 [quart. C-(CH,),Ol, 193.8 (CHO). 

3.1.2. [MeO(CH,CH,O),(CH,),C,Me,]Fe(C,H,- 
CH,OH) (3) 

A mixture of the aldehyde 2 (1.67 g, 3.52 mrnol) and 
LiAlH, (150 mg, 3.95 mm00 in diethyl ether (40 ml) is 
stirred under reflux for 12 h. After cooling to O”C, the 
mixture is hydrolyzed by dropwise addition of a satu- 
rated ammonium chloride solution (20 ml). The follow- 
ing work-up procedure may be performed in the air. 
The organic layer is separated. The aqueous phase is 
extracted with diethyl ether (3 x 20 ml). The combined 
organic phases are dried over magnesium sulfate. After 
filtration, volatiles are removed in uucuo leaving the 
product as a bright yellow oil. Yield 1.62 g (97%). 
Anal. Found: C, 63.07; H, 8.34. Calcd. for CZSH,,FeO, 
(476.16): C, 63.06; H 8.47%. ‘H NMR (CDCl,): S = 
1.38 (t, 3J = 6.7 Hz; lH, OH), 1.56 (m; 2H, Me,- 
C,CH,CH,CH,O), 1.85 and 1.86 (2s; together 12H, 
Me,C,CH,CH,CH,O), 2.40 0, ‘J = 7.5 Hz; 2H, 
Me,C,CH,CH,CH,O), 3.35 (s; 3H, OMe), 3.38 (t, 
3J = 6.2 Hz; 2H, Me,C,CH,CH,CH,O), 3.51-3.56 and 
3.61-3.69 [both m; together 16H, (CH,CH,O), and 
C,H,CH,OH], 4.27 (d, 3J = 6.7 Hz; 2H, CH,OH). 13C 
NMR ([2H,]-toluene: 6 = 11.3 (Me,C,CH,CH,CH,- 
0>,23.5 and 31.7 (Me,C,CH,CH,CH,O), 58.6 (OMe), 
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60.5 (CH,OH), 70.7, 70.9, 71.1 and 72.4 (all OCH,), 
72.5 (ring CH); 80.1 and 80.5 (both quart. C-Me), 84.5 
and 87.1 (both quart. C-CH,). 

3.1.3. Generation of {[MeO(CH,CH,O),(CH,),- 
C, Me,lFe(C, H&H,)) ’ (A ‘) 

In a 5 mm NMR tube, trifluoroacetic acid (ca. 0.3 
ml) is added to a solution of the alcohol 3 (ca. 10 mg) 
in CDCI, (ca. 0.5 ml). An instant colour change from 
light yellow to light brown is observed. Yield quantita- 
tive (according to ‘H NMR spectroscopic data). ‘H 
NMR (CDCl,): S = 1.76 (m; 2H, Me&&H& H$H 2 
O), 1.87 and 1.88 (both s; together 12H, Me&&H, 
CH ,CH ,O), 3.53 (OMe), 3.71 (Me,C,CH ,CH #Z H,O), 
3.85 [br s; ca. 14H, (CH,CH,O), and possibly water 
and ether-coordinated protons (de sup-a)], 4.19 and 
5.66 (both t, 3J = 2.2 Hz; together 4H, C,H,CH,), 5.37 
(s; 2H, C,H,CH,). 
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