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Reaction of tetramethylcyclopentenone and 
cyclopentadienyl anion gave the title pentafulva- 
lene derivative. Its deprotonation with sodium or 
potassium hydride proceeded selectively at one of 
the methyl groups. The resulting 3 ,4-dihydro-
1.3.4-trimethyl(2-methylene)pentafulvalenide ion 
was converted to the corresponding ferrocene 
which was obtained as two diasteroisomers in the 
ratio of 1/1.

Introduction
Pentafulvenes have been widely used as starting 

compounds for the synthesis of transition-metal 
cyclopentadienyl (Cp) compounds, not least the 
metallocenes [1], The route is based on the unique 
reactivity of the exocyclic methylene carbon atom 
and furnishes two types of substituted Cp deriva
tives depending on the anion that attacks the ful- 
vene. If the anion (mostly carbanion, [R3]~ in 
Scheme 1) is sufficiently nucleophilic, alkylated 
Cp anions like A result [2]; if the anion acts as a 
base (e. g. after sterically screening the nucleophi
lic center), vinyl-Cp anions like B are obtained [3].

R1

Scheme 1. Routes from fulvenes to cyclopentadienyl ani
ons.

We reasoned that this route might also provide 
an entry into transition-metal pentafulvalene 
chemistry which has attracted many research 
groups because of various interactions between 
the metal centers held at short distance by the

pentafulvalenediide ligand [4]. After having 
studied this ligand in decamethylbimetallocene de
rivatives [5] we wanted to introduce additional 
methyl groups in one of the five-membered rings 
of pentafulvalene. This note describes the ap
proach starting from 2,3,4,5-tetramethylcyclopent- 
2 -en-l-one (1 ).

Scheme 2. a: CpMgBr; b: Al->03; c: base (see text); d: 
NaH; e: FeCl2(TH F)15.

Results and Discussion

The sequence of reactions is visualized in 
Scheme 2. When lithium, sodium, or potassium 
salts of Cp- were added to solutions of 1 in THF 
no reaction occurred. We ascribe this to the low 
reactivity of the sterically demanding ketone 
which has been observed previously for other ke
tones [6 ]. In contrast, Grignard derivatives are 
more suitable [7], and use of CpMgBr gave a mix
ture of unreacted 1 , alcohol 2 , and dihydropenta- 
fulvalene 3 as evident from jH and 13C NMR 
spectroscopy. By using flash chromatography over 
alumina 2 was converted to 3, and 1 was separated. 
Compound 3, which was obtained in 74% yield, is 
orange-red like other fulvenes. It decomposes 
above 50 °C while the parent dihydropentafulva- 
lene is unstable at room tem perature [8 ].
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The structure of 3 was established by NMR 
spectroscopy. The quarternary carbon atoms 1 and
2 appear in the familiar olefinic signal shift range 
while the signals of C 5-C 10 (d = 120 to 136) are 
typical of fulvene carbon atoms. C9 and CIO can 
be distinguished because coupling is observed to 
H5/6/7/8 and H5/8, respectively. While C3/4, Me3/
4, and M el/2 were found in characteristic signal 
shift ranges the more detailed signal assignment 
given in the experimental part below follows 
spectrum prediction. Similar arguments apply for 
the 'H  NMR spectrum. The vicinal coupling be
tween H3 and H4 could not be resolved (V < 2 
Hz) which proves that they are trans to each other.

The reaction of 3 with a variety of bases showed 
that deprotonation could be achieved. When n- 
BuLi and r-BuLi were used, mixtures of monosub
stituted Cp anions were obtained as indicated by 
the 'H  NMR spectra, which showed pairs of 
pseudo-triplets between 5 and 6 ppm characteristic 
of the ring protons of RCp~. While these mixtures 
could not be separated, deprotonation of 3 with 
NaH, KH, or lithium diisopropylamide gave the 
corresponding salts of 6 in 69% yield. The ‘H and 
,3C NMR spectra of 6 confirm the formation of a 
monosubstituted Cp anion and the conversion of 
one of the methyl groups of the cyclopentenone 
unit to an exocyclic methylene.

Besides the methyl protons in position 2 of 3 H4 
should be susceptible to deprotonation accompa
nied by electron-pair shifts which would lead to 
the expected Cp anions 6 and 4, respectively. Fur
ther deprotonation of 4 should yield the dianion
5. We have confirmed the latter reaction by inde
pendent synthesis of a double-bond isomer of 4 
which could be converted easily to 5 [9], However, 
neither 4 nor 5 could be detected as a byproduct 
of 6 .

When 6 was reacted with solvated iron(II) chlo
ride the corresponding ferrocene was isolated as a 
1/1-mixture of diastereoisomers (7a and 7b). This 
follows from a double set of NMR signals which 
partly yield overlapping multiplets in the proton 
spectrum. In contrast, all 13C NMR signals are re
solved albeit separated often by only hundreds of 
ppm. On the one hand this prevents their assign
ment to either isomer, on the other hand it demon
strates that 7a and 7b are chemically very similar.

Experimental

The syntheses and characterization were per
formed under purified dinitrogen and in dry and 
oxygen-free solvents. The NMR spectra were re
corded with a Jeol JNM 270 spectrometer at room

temperature. The signal shifts were measured rela
tive to the solvent signals of C6D6 (residual pro
tons at 7.15 ppm, d (13C) = 128.0), toluene-d8 (CH3, 
residual protons at 2.09 ppm, d (13C) = 20.4), and 
DMSO-d6 (residual protons at 2.49, d (13C) = 39.5). 
All data were calculated relative to TMS; Speclnfo 
(Wiley) was used for spectrum prediction. The 
mass spectra were obtained from Varian MAT 
311A and Finnigan MAT 90 instruments. Elemen
tal analyses were carried out by the Microanalyti- 
cal Laboratory at TUM, Garching.

3.4-Dihydro-l,2,3,4-tetramethylpentafulvalene (3)
Tetramethylcyclopentenone (1) [10] (8.2 g, 

59.3 mmol) diluted with 20 ml of E t20  was added 
slowly from a dropping funnel to a suspension of 
15.5 g (60 mmol) of CpM gBr(Et20 ) i  2 in 200 ml of 
E t20 . After the addition was completed the solu
tion was stirred overnight, and 300 ml of an aque
ous solution of NH4C1 was added. The orange-red 
ether phase was separated via cannula, the aque
ous phase was extracted with 50 ml of E t20 , the 
combined ether phases were dried with Na2S 0 4, 
and the solvent was stripped in vacuo. The ’H 
NMR spectrum of the resulting red oil showed it 
to be a mixture of 1 and the alcohol 2 (Scheme 2). 
When the oil was subjected to flash chromatogra
phy (basic deactivated A120 3, hexane) 1 was sepa
rated, and 2 lost one equivalent of water to give 3. 
Removal of hexane gave 8.32 g of 3 (yield 74% 
relative to consumed 1 ) as a red oil which proved 
to be NMR-spectrocopically pure and which de
composed above 50 °C.

]H NMR (C6H6): <3 = 0.79, 1.16 (2xd, 3 H, 1-Me 
and 2-Me), 1.88, 2.77 (2xq, 1 H, 3-H and 4-H), 6.37 
(m, 2 H, 6 -H and 7-H), 6.45, 6.72 (2xm, 1 H, 5-H 
and 8 -H). -  13C NMR (C6H 6): (3 = 13.9 (q, Me-2a),
14.1 (q, M e-la), 19.3 (q, Me-4a), 24.9 (q, Me-3a),
46.2 (d, C-3b), 51.8 (d, C-4b), 120.0, 122.7 (2xd, C-
5 and C-8C), 129.0, 129.5 (2xd, C-6 and C-7C), 133.6 
(s, >XJ(C, H): quint, C-9), 136.3 (s, >1/(C , H): t, C- 
10), 160.0 (s, C -ld), 164.7 (s, C-2d); multiplicities 
given under <5(13C) refer to ’/(C , H) unless stated 
otherwise, a- b- c- d designate similarly shifted sig
nals, respectively, which were distinguished 
following spectrum prediction. -  MS (El, 70 eV): 
m/z (% ) = 189 (93) [M+ + 3], 171 (100) [M+ -  
CH3], 156 (57) [M+ -  2 CH3], 141 (21) [M+ -  3 
CH3], 93 (5) [M2+],

3.4-Dihy dro-1,3,4-trimethyl (2-methy lene)- 
pentafulvalenylsodium (6)

A solution of 2.56 g (13.7 mmol) of 3 in 25 ml of 
hexane was added dropwise to a suspension of
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1.15 g (47.9 mmol) of NaH in 100 ml of THF. After 
stirring the orange mixture for 12 h excess NaH 
was filtered off, the solvents were stripped, and the 
solid remainder was washed with hexane. Drying 
under vacuum gave 2.83 g of 6 as an off-white 
powder which contained 0.5 moles of THF per for
mula unit according to NMR spectroscopy; the 
yield of 6 was 69% relative to 3.

*H NMR (DMSO-d6): (3 = 1.03, 1.13 (2xd, 3J  = 
6.9 Hz, 3 H, 3-Me and 4-Me), 1.79 (s, 3 H, 1-Me),

2.06, 2.56 (2xq, 3J  = 6.9 Hz, 1 H, 3-H and 4-H),
4.07, 4.20 (AB pattern, 2xlH , CH2), 5.54, 5.82 
(AA’BB’ pattern, 2x3/  + 4/  = 3.7 Hz, 2 H, 5/8-H 
and 6/7-H). -  13C NMR (DMSO-d6) 6 = 12.4 (q, 
7(C , H) = 124.0 Hz, M e-la), 22.8, 23.4 (2xq, 
V(C, H) = 124.0 Hz, Me-3a and Me-4a), 45.2, 47.5 
(2xd, '/(C , H) = 127.8 Hz, C-3 and C-4), 88.9 (t, 
V(C, H) = 154.2 Hz, CH7), 107.1, 107.7 ( 2xd, 
V(C, H) = 154.8 Hz, C-5/8 and C-6/7), 113.6, 116.7 
(2xs, C-9 and C-10) 151.0 (s, C -l), 163.5 (s, C-2); 
adesignates similarly shifted signals which were 
distinguished following spectrum prediction.

B is[3 ,4 -d ihydro-l,3 ,4 -trim ethyl(2 -m ethylene)-  
pen ta fu lva leny ljiron  (7a and  7b)

A suspension of 1.77 g (7.5 mmol) of 
FeCl2(TH F ) 1 5 in 100 ml of THF was added via 
cannula to a suspension of 9.5 mmol of 6 (previous 
reaction) in 100 ml of hexane. The mixture which 
turned orange-red was stirred for 4 h, the solvents

were removed under vacuum, and the dark red 
solid was extracted with 200 ml of hexane. When 
the volume of the resulting red solution was re
duced to 20 ml and cooled to -7 8  °C microcrystal
line orange-red 7 was obtained as two isomers a 
and b in a ratio of 1/1 (yield 2.31 g, 80% relative 
to 6 ).

*H NMR (toluene-d8): d = 1.12, 1.13 (2xd, 3J  =
6.8 Hz, 3 H, 3-Me or 4-Me), 1.20, 1.22 (2xd, 3J  =
7.1 Hz, 3 H, 4-Me or 3-Me), 1.91 (s, 6 H, 1-Me), 

2.31 (q, 3J  = 7.1 Hz, 2 H, 3-H or 4-H), 2.49, 2.51 
(2xq, 3J  = 6.8 Hz, 1 H, 4-H or 3-H), 4.07, 4.10, 4.20, 
4.23, 4.37 (all m, 2 H, 2 H, 1 H, 1 H, 2 H, 5, 6 , 7, 8 - 
H), 4.86, 5.02 (AB pattern, 2x2 H, CH2). -  13C 
NMR (toluene-d8) (3 = 12.16, 12.19 (2xq, Me-1), 
21.72, 21.74, 22.67, 22.71 (all q, Me-3 and Me-4), 
45.70, 45.73, 49.20, 49.25 (all d, C-3 and C-4), 
69.56, 69.88, 69.91, 70.12, 70.39, 70.48, 70.75, 70.83 
(all d, C -5 ,6 ,7 ,8), 81.97, 82.00 (2xs, C-9), 99.97, 
100.00 (2xt, CH2), 131.78, 131.80, 145.80, 145.85 
(all s, C-l and C-10), 161.79, 161.80 (2xs, C-2); 
multiplicities given under <3(13C) refer to 
7(C , H). -  MS (El, 70 eV): m /z  (% ) = 426 (100) 
[M+], 396 (3) [M+ -  2 CH3], 213 (5) [M2+]. -  
C28H ,6Fe (426.4); calcd. C 78.87, H 8.04, Fe 13.10; 
found C 79.12, H 8.42, Fe 12.44.
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