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Abstract 

Reaction of 2,3,4,5-tetramethylcyclopent-2-enone with vinyImagnesium bromide 
in THF gave a 5/l mixture of 1,2,3,4,6-pentamethylfulvene and vinyltetramethyl- 
cyclopentadienes. Treatment of this mixture with LiAlH, or LiR (R = CH,, C,H,, 
P(C,H,),) gave the corresponding substituted tetramethylcyclopentadienide anions 
{[C,(CH,),]CH(CH,)R}- (R = H, CH,, C,H,, P(C,H,),) in high yields. Reaction 
of these substituted tetramethylcyclopentadienide anions with FeCl, in THF led to 
the formation of the corresponding substituted ferrocene complexes, {[C,(CH,),]- 
CH(CH,)R},Fe, in moderate yields. 

Introduction 

The electron-donating ability and steric bulk of the pentamethylcyclopentadienyl 
ligand has been found to typically impart to transition metal complexes an excep- 
tional blend of stability and reactivity not found with other ligands. Pentamethyl- 
cyclopentadienyl substituted transition metal complexes have proven to be useful in 
the investigation of the reduction of both free and transition metal bound CO, and 
the activation of H2 and C-H bonds [l-9]. In light of the chemistry that has been 
exhibited by transition metal complexes containing the pentamethylcyclopen- 
tadienyl ligand, it is surprising that functionalized tetramethylcyclopentadienyl 
ligands have not been widely prepared and utilized in organometallic chemistry. To 
date, the synthesis of only a small number of hydrocarbon substituted tetramethyl- 
cyclopentadienyl ligands have been reported, [C,(CH,),H]R (R = (CH,),CH, (n 
= 1-3) [lo], CH,CH,C=CCH,CH, [ll], CH&H5 [12], C,H, [lo], CH(CH,CH,)- 
C,H, [13]), however only one example of a heterosubstituted tetramethylcyclopenta- 
dienyl ligand has been published [C,(CH,),H]P(GH,-p-CH,), [14]. A small 
number of bridged tetramethylcyclopcntadienyl ligands have also been reported 
G(CH,),HlJ (X = (CW, (n = l-3) WOI, WCW2 WI, IS4CJW2CH21, 
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[16b], p-C6H4 [17], P-C~H&H~ [17]). The majority of these substituted tetrameth- 
ylcyclopentadiene ligands are prepared by the dicondensation of the appropriately 
substituted ester with 2-butenyllithium followed by an acid catalysed dehydration 
and ring closure [lOb,12a,13,15b,18]. 

The addition of nucieophiles to fulvenes has proven to be a successful route for 
the preparation of substituted cyclopentadienide ligands [19], as is illustrated below. 

o= /R 
=\ +R”- - 0 0 

/Rf’ 
R' 

=\ 
R’ 

R = CHJ , CgH5 

R’ = H,CH3 ,C6H5 

Ra 1 H , CH3 , C6H, , CH2P(C6H5)> 

We report here the use of 1,2,3,4,&pentamethylfulvene, as a convenient starting 
material for the high yield synthesis of substituted tetramethylcyclopentadienyl 
ligands and their use in the preparation of substituted ferrocene complexes 

{[C,(CH,),ICH(CH,)R},Fe CR = C% WL WGW2). 

Experimental 

All operations were performed under an atmosphere of dry nitrogen. Solvents 
were purified by distillation from Na/K alloy under nitrogen. Vinylmagnesium 
bromide (Aldrich), methyllithium (Aldrich), n-butyllithium (Aldrich), phenyllithium 
(Aldrich), lithium wire (Aldrich), chlorodiphenylphosphine (Aldrich), BH, - THF 
(Aldrich), l,%cyclooctadiene (Aldrich), lithium aluminum hydride (Aldrich), and 
ferrous chloride (Strem) were used as purchased, and 2,3,4,5tetramethylcyclopent- 
2-enone was prepared by a published procedure [20]. Column chromatography was 
carried out using Merck alumina under nitrogen. 

‘H, 13C, and 31P NMR spectra were recorded at 270, 67.8, and 109.25 MHz 
respectively on a JEOL GX 270 NMR spectrometer. Spectra were measured at 
ambient temperatures unless otherwise noted in C,D, or CDCI,, utilizing residual 
solvent peaks or tetramethylsilane as an internal standard for ‘H and 13C spectra. 
The 31P NMR spectra are reported relative to external 85% H,PO,. Melting points 
were determined on a Mel-Temp apparatus in sealed tubes under nitrogen and are 
uncorrected. Elemental analyses were performed by Microlytics, S. Deerfield, MA. 

Treatment of 2,3,4,5-tetramethylcyclopent-2-enone, 1, with vinylmagnesium bromide 
2,3,4,5-Tetramethylcyclopent-2-enone (1) (50.0 g, 362 mmol) in 100 ml of THF 

was added dropwise via an addition funnel to 398 ml (398 mmol) of 1.0 M 
vinyhnagnesium bromide in THF with stirring at room temperature, in a 1000 ml, 
three-necked round-bottom flask equipped with a nitrogen inlet adapter, condenser, 
and a septum capped, pressure-equalizing dropping funnel. The resulting reaction 
mixture was stirred overnight, then quenched with approximately 50 ml of 20% 
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aqueous HCl. The organic layer was separated and washed with 50 ml portions of 
saturated aqueous sodium bicarbonate and then with 50 mI portions of water until 
neutral. The organic layer was dried over anhydrous magnesium sulfate, filtered and 
the solvent removed under vacuum, to give 53.0 g (358 mmol, 99% yield) of a 
mixture of fulvene 2 and vinyltetrarnethylcyclopentadienes 3 as a thermally labile 
red oil which was stored at 0 o C until used. Compounds 2 and 3 were determined to 
be present in an approximately 5/l ratio by ‘H NMR. 

IR (neat): 299Ovs, 294Ovs, 288Ovs, 1705w, 1655w, 1635m, 146Os, 139Os, 134Om, 
1305m, 1275w, 1230m, 113Ow, lllOw, 109Ow, 105Ow, 99Ow, 970m, 93Ow, 89Ow, 
870m, 845m cm-‘. 

‘H NMR (270 MHz, CDCl,): S 1.17 (d, CH,, 7.50 Hz), 1.28 (d, CH,, 7.5 Hz), 
1.89 (s, CH,), 1.91 (s, CH,), 1.96 (s, CH,), 2.00 (s, CH,), 2.04 (s, CH,), 2.08 (s, 
CH,), 2.26 (s, CH,), 2.27 (d, CH,, 7.1 Hz), 4.80 (d, CH,, olefinic), 5.00-5.80 (m, 
CH and CH, olefinic), 6.31 (q, CH, 7.14 Hz), 6.60 (m, CH, olefinic), 6.70 (m, CH 
olefinic).13C {rH} (67.5 MHz, CDCl,): 6 [9.2, 10.2, 10.5, 10.6, 11.0, 11.3, 12.3, 13.7, 
13.8, 14.1, 20.71 (CH,), (14.61 (CH,), [38.3, 51.91 (CH), [97.8, 114.71 (CH,, olefinic), 
1110.6, 130.81 (CH, olefinic), [127.3] (CH, olefinic), [122.6, 124.7, 132.5, 135.1, 139.3, 
140.4, 146.6, 150.1, 158.71 (olefinic). 

Anal. Found: C, 89.30; H, 10.91. C,,Hi6 talc: C, 89.12; H, 10.88%. 

Isolation of 1,2,3,4,6-pentamethylfuluene (2) by converting vinyketramethykycfopen- 
tadienes 3 to alcohols (4) via hydroboration with 9-BBN 

A mixture of 2 and 3 (25.0 g, 169 mmol) was added to a 500 ml three-necked, 
round-bottom flask equipped as described above. A solution of 9-BBN, prepared 
from 65 ml (65 mmol) of 1 M BH, - THF and 8.0 ml (65 mmol) of 1,5-cyclooctadiene 
in 30 ml THF [21], was then added dropwise via an addition funnel at room 
temperature and the reaction mixture was stirred for 2 h. The addition of 4 mI H,O, 
then 22 ml of 3 M NaOH followed by 22 ml of 30% H,O, and the standard 
work-up [21], gave a mixture of 2 and alcohols 4 as a red oil. Compounds 2 and 4 
were easily separated by chromatography on alumina (2 X 60 cm column). Elution 
of the column with hexane gave a red band, which after removal of the solvent 
under vacuum gave 12.0 g (80.9 mmol) of 2 as a red oil. 

IR (neat): 299Ovs, 294Ovs, 289Ovs, 165Ow, 146Os, 139Os, 1350m, 131Ow, 122Ow, 
113Ow, 112Ow, 109Ow, 1005w, 965m, 840m cm-r. 

‘H NMR (270 MHz, CDCl,): 6 2.00 (6H, s, CH,), 2.04 (3H, s, CH,), 2.26 (3H, 
s, CH,), 2.27 (3H, d, CH,, 7.14 Hz), 6.31 (lH, q, CH, 7.14 Hz). 13C {‘H} (67.5 
NHz, CDCl,): 6 [9.2, 10.5, 10.9, 13.61 (CH,), [14.6] (CH,, C,), [122.5, 124.6, 135.1, 
139.3, 146.51 (Cp), [127.2] (CH, olefinic). 

Preparation of 1 -ethyl-2,3,4Jtetramethylcyclopentadienes, [C,(CH~),H]CW,CH, (5) 
A mixture of 2 and 3 (1.3 g, 8.8 mmol) was added to 0.77 g (20 mmol) of LiAIH, 

in 20 ml of ether at 0°C. The mixture was stirred for 15 min and then filtered, and 
the solvent was removed under vacuum to give a yellow oil. Hexane, 15 ml, was 
added to this yellow oil producing a white solid. This white solid was filtered and 
washed several times with 5 ml of hexane to remove unreacted 2 and 3. Hexane was 
then added to the white solid and the mixture was carefully hydrolyzed with 
methanol and then with aqueous 50% HCl until ah of the solid had dissolved. The 
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yellow organic layer was separated and then washed several times with saturated 
aqueous sodium bicarbonate and then water. The organic layer was dried over 
magnesium sulfate, filtered, and the solvent removed under vacuum to give 0.82 g 
95.5 mmol) of l-ethyl-2,3,4,5-tetramethylcyclopentadienes (5) [lob], (75% yield 
based on 2) as a yellow oil. 

Preparation of bis(isopropyltetramethy~cycIopentadienyi)iron(ll), ( [C,(CH,),]CH- 

(CH,)&Fe (8) 
Methyllithium, 5.6 ml of 1,5 A4 in ether (8.4 mmol), was added dropwise to 1.50 g 

(10.1 mmol) of the mixture of 2 and 3 in 10 ml of ether at room temperature in a 50 
ml two-necked round-bottom flask equipped with a condenser, nitrogen inlet 
adapter and a septum. A white precipitate immediately formed and the mixture was 
allowed to stir for an additional hour. The mixture was then filtered and the white 
solid was washed several times with hexane. The solid was dried under vacuum to 
give 1.06 g (6.20 mmol) of lithium (1-isopropyl-2,3,4,5-tetramethylcyclopen- 
tadienide) (6) (74% yield based on methyllithium). 

A 50 ml round-bottom flask, equipped with a condenser and a nitrogen inlet 
adapter was charged with 0.5 g (2.9 -01) of anion 6, 0.2 g (1.6 m01) of 
anhydrous ferrous chloride and 20 ml of dry THF. This mixture was refluxed for 2 
h, during which the solution turned dark red. The reaction mixture was then cooled 
to room temperature and the solvent was removed under vacuum to give a yellow 
oil. This oil was then taken up in ether and washed with saturated aqueous 
ammonium chloride. The organic layer was then dried over anhydrous magnesium 
sulfate, filtered, and the solvent removed under vacuum. The resulting yellow oil 
was taken up in a minimum volume of hot methanol, and then the solution was 
allowed to slowly cool to room temperature, and then to 0 O C to produce 0.27 g (0.7 
mmol, 48% yield) of 8 as a yellow crystalline solid (m.p. 123-125 O C). 

Anal. Found: C, 75.32; H, 10.03. C,,H,,Fe talc: C, 75.38; H, 10.02%. 

Preparation of bisfI-phenyl-l-tetramethylcyclopentadienyZethane]iron(I~), { [C,- 

(CHJJCH(CH&H~ Me (9) 
In a manner similar to that above 4.2 ml (10. mmol) of 2.4 M phenyllithium in 

7/3 cyclohexane/ether was added dropwise to 2.00 g (13.5 mmol) of a mixture of 2 
and 3 in 6 ml of ether. The solvent was removed under vacuum and 20 ml of hexane 
added, producing a white precipitate. The mixture was then filtered and the white 
solid was washed several times with hexane. The solid was dried under vacuum to 
give 2.34 g (10.1 mmol) of lithium[l-(l-phenylethyl)-2,3,4,5-tetramethylcyclopenta- 
dienide] (7) in quantitative yield (based on phenyllithium). 

A 100 ml round-bottom flask, equipped with a condenser and a nitrogen inlet 
adapter was charged with 1.5 g (6.5 mmol) of anion 7, 0.45 g (3.6 mmol) of 
anhydrous ferrous chloride, and 60 ml of THF. This mixture was refluxed for 3 h, 
during which time the solution turned dark red. The solution was allowed to cool to 
room temperature and worked-up in a manner similar to that described above for 8. 
The resulting orange oil was taken up in a minimum volume of hot hexane and 
cooled to 0°C to produce 0.6 g (1.2 mmol, 37% yield) of 9 as a yellow crystalline 
solid (m-p. 162-165 O C). 

Anal. Found: C, 80.44; H, 8.50. C,,H’,Fe talc: C, 80.62; H, 8.36%. 
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Preparation of I -(tetramethylcyclopentadienyl)-I -diphenylphosphinoe fhanes, [C,- 

(CH,MJl CH(cH,)P(G W, (10) 
Lithium diphenylphosphide 1221, prepared from 7.5 ml (42 mmol) of chlorodi- 

phenylphosphine and 1.2 g (173 mmol) of lithium chips in 100 ml of THF, was 
added dropwise via an addition funnel to 7.7 g (52 mmol) of a mixture of 2 and 3 in 
50 ml of THF at 0 o C, in a 250 ml three-necked, round-bottom flask equipped with 
a nitrogen inlet adapter, condenser, and a septum capped, pressure-equalizing 
addition funnel. The resulting red reaction mixture was stirred overnight at room 
temperature, and then refluxed for 1 h. The mixture was then cooled to room 
temperature and the solvent removed under vacuum. The remaining yellow oil was 
taken up in benzene and the organic layer washed with deoxygenated water, 
aqueous ammonium chloride, and then deoxygenated water until neutral. The 
organic layer was dried over anhydrous calcium chloride, filtered, and the solvent 
removed under vacuum. The resulting yellow oil was taken up in dry hexane, 
filtered through two inches of celite and the solvent removed under vacuum. 
Diphenylphosphine formed during the work-up was removed by distillation at 
80°C under high vacuum to give 10.5 g (31.4 mmol) of 10 (74% yield based on 
chlorodiphenylphosphine) as a viscous yellow oil. 

IR (neat): 304Os, 294Ovs, 29OOvs, 284Os, 194Ow, 187Ow, 18OOw, 163Ow, 1570m, 
1465s, 142Ovs, 1365s, 1315w, 1295w, 1255w, 117Ow, 1080m, 1055m, 1015m, 990m, 
9OOw, 88Ow, 835w, 79Ow, 73Ovs, 68Ovs cm-‘. 

‘H NMR (270 MHz, C,D,): S 0.70-1.00 (m, CH,), 1.10-1.50 (m, CH,), 
1.50-1.90 (m, CH,), 1.90-2.50 (m, CH), 2.95 (m, CH), 2.60 9m, CH), 6.90-8.00 (m, 
aromatic). 13C {‘H} NMR (67.8 MHz, C,D,): 6 [ll.l, 11.2, 11.4, 11.6, 11.8, 11.9, 
12.3,12.4,12.6,14.1,15.1,15.3,15.4] (CH,), [17.4,17.6,18.6,18.7] (CH,, J(3’P-“C) 
19.5 Hz), i30.9, 31.6, 32.81 (CH, J(31P-13C) 13.4 Hz), [50.9] (ring CH, J(31P-13C) 
7.4 Hz), [51.3] (ring CH), [52.0, 57.61 (ring CH, J(31P-‘3C) 9.8 Hz), [127.6-142.41 
(aromatic and olefinic carbons). 31P {lH} NMR (109.25 MHz, C,D,): 6 -10.6, 
- 9.3, - 8.4, -8.0, -6.0. 

Anal. Found: C, 81.89; H, 8.64. Cz3H,,P talc: C, 82.60; H, 8.14%. 

Preparation of bis[l -(tetramethylcyclopentadienyl)-I -diphenylphosphinoethane]iron(II), 

( ~C,(CH,),lCH(CH,)P(C,H,), > 2Fe (12) 
n-Butyllithium, 16.5 ml of a 1.6 M solution in hexane (26.0 mmol), was added to 

8.0 g (24.0 mmol) of phosphine 10 in 40 ml of ether at 0” C. The resulting red 
solution was allowed to stir overnight and then the solvent was removed under 
vacuum to give a viscous red oil. This oil was washed several times with hexane and 
then dried under vacuum to give 7.0 g (21.0 mmol) of lithium[l-(l-diphenylphos- 
phinoethyl)-2,3,4,5-tetramethylcyclopentadienide] (11) (86% yield based on 10) as a 
yellow-orange powder. 

A 250 ml round-bottom flask, equipped with a condenser and a nitrogen inlet 
adapter was charged with 5.4 g (15.9 mmol) of anion 11, 1.50 g (11.8 mmol) of 
anhydrous ferrous chloride, and 120 ml of THF. The dark red mixture was refluxed 
for 24 h. The solution was then cooled to room temperature and the solvent 
removed under vacuum. The resulting dark purple-red residue was taken up in a 
minimum volume of hexanes and several grams of deactivated alumina was added. 
The solvent was removed under vacuum and the resulting coated alumina was 
placed on top of a column (2 X 60 cm) of deactivated ahunina under nitrogen and 
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was eluted with hexane, to remove unreacted phosphine 10. An orange band was 
then eluted with ether, the solvent removed under vacuum to give 1.7 g (2.4 mmol, 
30% yield) of 12 as a yellow solid (m-p_ 149-150 O C). ‘lP {lH NMR (109.25 MHz, 
C,D,): 6 -4.6, -3.9. 

Anal. Found: C, 77.07; H, 7.64. C,H,,P,Fe talc: C, 76.45; H, 7.25% 

Results and discussion 

Treatment of 2,3,4,5-tetramethylcyclopent-2-enone (1) [20] with vinylmagnesium 
bromide in THF at room temperature, followed by work-up with 20% aqueous HCl, 
and removal of solvent, produced a red oily mixture of 1,2,3,4,6-pentamethylfulvene 
(2), and vinyltetramethylcyclopentadienes (3) in quantitative yield, in an approxi- 
mately 5/l ratio as determined by ‘H NMR. 

(1) CH~=CHMgBr 

(2) 20’/. aq. I-ICI 

(0 (2) (3a) (3b) 

Although 2 and 3 could not be easily separated, hydroboration of a mixture of 2 and 
3 with 9-BBN [21] and subsequent work-up gave unreacted fulvene and the 
corresponding terminal alcohols (4). Fulvene 2 and the alcohols 4 were then easily 
separated by column chromatography on alumina. Based upon the reactivity dif- 
ferences of 2 and 3, and the ease of separation of the substituted tetramethylcyclo- 
pentadienides from the unreacted 2 and 3, it was unnecessary to “separate” 2 and 3 
prior to use, uide infra. 

Treatment of a mixture of 2 and 3 with LiAlH, in ether at 0” C, led, upon 
work-up, to ethyltetramethylcyclopentadienes (5) [lob] in 75% yield as a pale yellow 
Oil. 

2+3 1)z;;:4) [ C5 (CH,),H] CH2CH3 

(5) 

Addition of methyllithium or phenyllithium to a mixture of 2 and 3 readily gave 
the corresponding substituted lithium tetramethylcyclopentadienides 6 and 7 in high 
yields. The hexane insoluble anions 6 and 7 were easily separated from unreacted 2 
and 3. 

R- 
2+3 - 

(6:R = CH3; 

7: R = C6H5) 

Anions 6 and 7 were then treated with anhydrous ferrous chloride in reflwring THF 
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Table 7 

‘H NMR data 

Compound a 

8 

Cp*-CH, 

1.65(12H,s) 
1.69(12H,s) 

c(6) Me(6) Phenyl 

2.60(2H,m,7.0) 1.19(12H,d,7.0) - 

9 1.45(s) 
1.55(s) 
1.66(s) 
1.70(s) 
1.91(s) 
1.95(s) 

3.87(m) 1.74(d,6.8) 7.00(m) 
7.09(s) 

12 3.27(m) 1.7O(d,6.9) 
1.75(d,7.3) 

0.85(s) 
0.89(s) 
1.46(s) 
1.48(s) 
1.63(s) 
1.65(s) 
1.91(s) 
1.99(s) 

6.60-8.00(m) 

“GD, solvent. 

Table 2 

13C (‘H} NMR data 

Compound n C(1) 

8 89.6 

c(2w 
c(3*4) 
77.1 

Me(2,5)/ c(6) Me(6) Phenyl 

Me(3,4) 

9.7 26.3 23.1 - 

9 

12 b 

78.9 
86.6 77.7 
86.9 78.1 

79.2 
79.4 
79.8 
79.9 

86.7(d, 15.8) 77S(d, 3.6) 
87S(d, 15.9) 78S(d, 2.4) 

78.7(s) 
79.2(d, 15.9) 
79.5(s) 
79.8(d, 15.9) 

10.6 
10.0 39.1 23.8 125.7 
10.1 39.9 24.0 127.4 
10.4 128.3 
10.7 148.7 
12.0 149.1 
12.5 

9.7(d, 7.4) 30.9(d, 15.7) 19.6(d, 22.0) 127.1-138.9(m) 
9.9(s) 3Ll(d, 14.6) 20.l(d, 23.2) 

lO.O(d, 8.5) 
11.5(d, 8.6) 
12.9(d, 7.3) 

a GD, solvent. b I(m, J(3*P-‘3C) (Hz)). 
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CH3 

FeCI, 
* 

R 

6 or 7 - Fe 

(8:R = CH3; 

9:R = C6H5) 

to give the corresponding ferrocene derivatives 8 and 9 in good yields. Complex 9 
was formed as an approximately 2/l mixture of diastereomers. The rH and r3C 
NMR spectra of the mixture of diastereomer 9 are complex (Tables 1 and 2), 
because each of the diastereomers exhibits diastereotopic resonances for the protons 
and carbons at the 2 and 5 ring positions. 

Treatment of a mixture of 2 and 3 with lithium diphenylphosphide in THF upon 
hydrolysis and work-up gave l-(tetramethylcyclopentadienyl)-l-diphenylphos- 
phinoethanes (10) as an orange oil in good yield. Phosphine 10 exists as a mixture of 
three tautomers, two of which (lob and 1Oc) contain two chiral centers giving rise to 
two sets of diastereomers. This mixture gives rise to extremely complex rH (Fig. 1) 
and r3C NMR spectra. The 31P NMR of 10 exhibits five resonances, one for lOa, 

(lOa) (10 b) 

(l)n-BuLi 

(2) FeC12 

PPt 

(1Oc) 
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1.. . I. ‘. I “. . I.. . . r. .‘. 1.. “1.. .‘I. 

a 7 6 5 4 3 2 1 ppm 0 

Fig. 1. 270-MHz ‘H NMR spectrum of ([C,(CH,)4]CH(CH,)P(~H~)z},Fe in GD,. 

and one for each of the diastereomers of lob and 1Oc. Treatment of phosphine 10 
with n-butyllithium followed by anhydrous ferrous chloride in refluxing THF gave 
12 in 30% yield. 

Complex 12 is formed as an approximately l/l mixture of diastereomers, giving 
rise to two 31P NMR resonances, one for each diastereomer. The rH and 13C NMR 
resonances (Tables 1 and 2) of the protons and carbons at the 2 and 5 ring positions 
in each of the diastereomers exhibits diastereotopic resonances as well coupling to 
the 31P. 

1,2,3,4,6-Pentamethylfulvene has proven to be a convenient starting material for 
the high yield preparation of substituted tetramethylcyclopentadienyl ligands. Fur- 
ther work is in progress to explore the utility of 2 as a starting material for the 
preparation of other heteroatom substituted tetramethylcyclopentadienyl ligands 
and transitional metal complexes, and to utilize 10 and 12 to prepare new bimetallic 
complexes. 
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