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The titanium promoted cyclization of the diketone ButC(0)CH2CH2CH2C(O)But, 1, affords 
l,2-di-tert-butyl-l,2-cyclopentanediol, 2. Further reaction of 2 with POCls in hot pyridine results 
in dehydration to give the new vicinally di- tert-butyl-substituted cyclopentadiene, 3, which 
exists mainly as the 1,5-di- tert-butylcyclopentadiene tautomer 3b. As with other cyclopen- 
tadienes, 3 reacts cleanly with BunLi to give the corresponding lithium cyclopentadienide, 4, 
which in turn reacts with FeClr2THF to  form 1,1’,2,2’-tetra-tert-butylferrocene, 5. The structure 
of 5 has been confirmed by single crystal X-ray crystallography: Crystal data for 5 with Mo Ka 
(A = 0.7107 A) radiation a t  246 K C26H42Fe, a = 16.135(3) A, b = 8.416(1) A, c = 16.800(3) A, 
orthorhombic space group Cmca (No. 64), Z * 4, R = 0.0543, R, = 0.0734. 

Introduction 

Despite the plethora of organometallic complexes 
containing $-cyclopentadienyl (C&-,&) ligands, re- 
markably few have the general formula l,2-CsH&, i.e. in 
which two substituents occupy a mutually vicinal ar- 
rangement on the ring. In fact, the only known 1,1’,2,2/- 
tetraalkylferrocene complexes are the tetramethylla and 
-ethyllbc complexes. Recently, there has been considerable 
interest in the structures, dynamic properties, and chem- 
istry of main group, transition metal, and f-group metal 
complexes with cyclopentadienyl ligands containing bulky 
substituents, such as tert-butyl and trimethylsilyl.2J In 
light of this general interest in sterically demanding 
cyclopentadienyl ligands, it was striking that the bulky 
cyclopentadienyl ligand (1,2-C&But~)  was unknown. 
Here we describe its synthesis, spectroscopic characteriza- 
tion, and the X-ray structural characterization of its 
ferrocene derivative. 

Various strategies have been employed for the prepara- 
tion of bulky cyclopentadienes. For example, mono-tert- 
butylcyclopentadiene has been prepared from cyclopen- 
tadienylmagnesium bromide and tert-butyl chl0ride.a 
Alternatively, the lithium salt of tert-butylcyclopentadiene 
can be prepared from dimethylfulvene and methyl- 

The 1,3-di-tert-butylcyclopentadiene was first 
prepared from (mono-tert-butylcyclopentadieny1)magne- 
sium bromide and tert-butyl c h l ~ r i d e . ~  Venier and 

.Abstract published in Advance ACS Abstracts, June 1,1994. 
(1) (a) Schmitt, G.; Oman, S .  Chem.-Ztg. 1976,100,143. (b) Bublitz, 

D. E. Can. J. C k m .  1964,42, 2381. (c) Bublitz, D. E. J.  Organomet. 
Chem. 1969,16,149. 

(2) Okuda, J. Top. Curr. Chem. 1992,160,97. 
(3) Janiak, Q Schumann, H. Adu. Organomet. Chem. 1991,33,291. 
(4) Leigh, T. J. Chem. SOC. 1964,3294-3302. 
(5) Riemchneider, R.; Nehring, R. Momtsh. Chem. 1959, 90, 5f38- 

(6) Riemachneider, R.; Reiech, A.; Horak, H. Momtsh. Chem. 1960, 
570. 

91,806-811. 
(7) Knoq G. R; Pauson, P. L. Proc. Chem. SOC. 1958,289. 
(8) Knox, G. R; Pauson, P. L. J.  Chem. SOC. 1961,4610-4615. 
(9) Riemschneider, R. 2. Naturforsch. B 1963, 18,641-645. 

Casserly have recently reported an alternative preparation 
of di-tert-butylcyclopentadiene by alkylation of cyclo- 
pentadiene with tert-butyl bromide under phase-transfer 
conditions (aqueous KOH and Adogen 464,90% yield).lO 
Sitzmann reported the fist preparation of 1,3,5-tri-tert- 
butylcyclopentadiene from the sodium salt of 1,3-di-tert- 
butylcyclopentadienyl anion and tert-butyl iodide.11 

Another approach commonly used for the preparation 
of cyclopentadienes substituted with bulky groups is to 
build up the CS ring system from a Combination of smaller 
carbon units, where the substituents are already present. 
This method is utilized in the preparation of compounds 
such as pentamethylcyclopentadiene12 and tetra-tert- 
butylcyclopentadiene.ls 
As shown by Riemschneidefl and Venier,’o the prepara- 

tion of the vicinity disubstituted isomer of di-tert- 
butylcyclopentadiene cannot be accomplished by replace- 
ment of the hydrogens of unsubstituted cyclopentadiene 
by tert-butyl groups due to ready formation of 1,3-di- 
tert-butylcyclopentadiene. Assembling the CS skeleton 
from smaller carbon units is the only viable alternative for 
its preparation. The successful approach described here 
is based upon the preparation of 3,edi-tert-butyl- 
thiophene“ and using a modified procedure of Corey.lS 

Results and Discussion 

Preparation of diketone 1 (Scheme 1) was achieved via 
a Michael reaction of (tert-butylviny1)oxy)trimethylsi- 

(10) Venier, C. G.; Caseerly, E. W. J. Am. Chem. Soc. 1990,112,280& 

(11) Sitzmann, H. 2. Naturforsch 1989,44B, 1293-1297. 
(12) Manriquez, J. M.; Fagan, P. J.; Schertz, L. D.; Marks, T. J. Znorg. 

(13) Maier, G.; Pfriem,S.; ScWer, U.; Malech, K.; Matuech, R Chem. 

(14) Nakayamam, J.; Yamaoka, S.; Hoehino, M. Tetrahedron Lett. 

(15) Corey, E. J.; Danheiser, R. L.; Chandraeekaran. S. J. Org. Chem. 

2809. 

Synth. 1990,28, 317-320. 

Ber. 1981,114, 39853987. 

1988,29, 1161-1164. 

1976,41, 260-265. 
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Scheme 1 

1. Ti&, Mg/Hg 
2. H20 

L A B U t  1. TiCI4 

But 2. H20 But 
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lane,16 with tert-butyl vinyl ketone17 in the presence of 
titanium tetrachloride.18 Treatment of 1 with the Ti(I1) 
species generated by reaction of Tic14 and amalgamated 
magnesium affords cis-l,2-di-tert-butylcyclopentane-1,2- 
diol (2) in 41 '3% yield. Compound 2 may be recrystallized 
from hexanes to give long, clear needles of the diol, which 
was characterized by its 1H NMR, 13C11H) NMR, and IR 
spectra. The 1H NMR (CDCl3) spectrum includes a singlet 
a t  6 1.15 for the two equivalent tert-butyl groups and 
multiplets for the six ring protons. The hydroxyl protons 
appear as a sharp singlet a t  6 2.70 in the 'H NMRspectrum. 
Confirmation of the presence of hydroxyl protons was made 
when a CDCl3 solution of the diol was shaken with 
deuterium oxide and disappearance of the signal a t  6 2.70 
was observed. Two-dimensional lH-lH COSY NMR 
indicated the ring hydrogens were coupled to each other, 
although unambiguous shift assignments could not be 
made. As expected, five resonances are observed in the 
13C{lHj NMR spectrum. 

The infrared spectrum (CHZC12) of 2 includes a sharp 
absorbance at  3612 cm-l and a broad absorbance a t  3526 
cm-1, indicating two different types of 0-H bonds are 
present in solution. The broad adsorbance may be due to 
intramolecular hydrogen bonding which weakens the 0-H 
bond and shifts the absorbance to lower frequency. The 
sharp absorbance is presumably due to non-hydrogen 
bonded 0-H. The inconsistency between the IR (two 
resonances) and lH NMR (one resonance) data is observed 
presumably because the time scales of the IR (10-13 8-l) 
and NMR (10-1 to s-l) experiments are different. 
Interconversion between "free" 0-H and hydrogen bonded 
0-H is slow enough that two distinct species are observed 
on the IR time scale, but is too fast to be observed on the 
NMR time scale. The singlet observed for the hydroxyl 

I 

Hb 5 

protons in the lH NMR spectrum of 2 must then represent 
an average of the two species. 

Dehydration of 2 to give the vicinial di-tert-butylcy- 
clopentadiene 3, was achieved by heating 2 in pyridine a t  
80 OC with phosphorus oxychloride. In the presence of 
phosphorus oxychloride the hydroxylgroups are converted 
into a dichlorophosphate complex, which is then e l i i a t e d  
upon abstraction of proton by a molecule of pyridine. The 
pyridine serves not only as the base in the elimination 
step of the reaction but also as the reaction solvent. 
Eliminations of tertiary alcohols to give alkenes, using 
phosphorus oxychloride, have been carried out a t  ambient 
temperature.lsZ1 However, attempts to dehydrate 2 a t  
ambient temperature were unsuccessful, leaving only 
unreacted starting material. 

The vicinal di-tert-butylcyclopentadiene 3 is a viscous, 
orange oil, as is the 1,3-isomer.1° Complicated lH and 
13C{lH) NMR spectra are observed for 1,3-di-tert-butyl- 
cyclopentadiene, due to the presence of various tau- 
tomers.1° While there are three possible tautomers of the 
vicinally substituted di-tert-butylcyclopentadiene, 3a, 3b, 
and 3c, the lH NMR (CDCl3) spectrum is relatively simple, 
containing two singlets (6 1.09,1.26) a doublet of doublets 
(6 2.95), and a multiplet (6 6.30) in a ratio of 99:1:3, 
respectively. Two different tert-butyl groups and three 
downfield protons make these data consistent with the 
1,5-di-tert-butyltautomer 3b, as shown in Scheme 1. This 
tautomer may predominate because it is the only one that 
does not put two tert-butyl groups on adjacent sp2 carbon 
atoms, and hence allows minimum steric repulsion between 
these groups. Molecular mechanics calculations (PC- 
MODEL) indicate that this tautomer is alsolower in energy 
than the other tautomers 3a and 3c. The 1H NMR (CDCb) 
spectrum also contains three singlets (6 1.32, 1.34, 1.35) 

(16)Brown, C. A. J. Org. Chem. 1974,39,1324-1325. 
(17) Overberger, C. G.; Schiller, A. M. J .  Polym. Sci., Part C Polym. 

(18) Naraeaka, K.; Soai, K.; Aikawa, Y.; Mukaiyama, T. Bull. Chem. 
Lett. 1963, 1, 325-337. 

SOC. Jpn. 1976,49,779-783. 

(19) Engel, P. S.; Keys, D. E.; Kitamura, A. J.  Am. Chem. SOC. 1985, 

(20) Mehta, G.; Padma, S. J.  Am. Chem. SOC. 1987,109,2212-2213. 
(21) Paquette, L. A.; Roberta, R. A.; Drtina, G. J. J.  Am. Chem. SOC. 

107,4964-4975. 

1984,106,6690-6693. 

D
ow

nl
oa

de
d 

by
 N

A
T

 L
IB

 U
K

R
A

IN
E

 o
n 

A
ug

us
t 2

9,
 2

00
9 

| h
ttp

://
pu

bs
.a

cs
.o

rg
 

 P
ub

lic
at

io
n 

D
at

e:
 J

ul
y 

1,
 1

99
4 

| d
oi

: 1
0.

10
21

/o
m

00
01

9a
02

7



1,1’,2,2‘- Tetra- tert - butylferrocene 

and other multiplets d o d i e l d .  The ratio of the major 
product 3b to these minor products is 81. These minor 
peaks are likely due to tautomera 3a and 3c. The W(1H) 
NMR spectrum exhibits five resonances for the ring carbon 
atoms; four of these resonances are shifted d o d i e l d .  The 
diene carbon atom substituted with the tert-butyl group 
was readily identified by its chemical shift (6 160.26). The 
sp3carbon atom substituted with the tert-butyl group was 
located upfield of the olefin carbon a t o m  a t  d 64.22. Two 
resonances were observed for the tert-butyl groups (C,s), 
but the shifts of the quaternary carbon atoms could not 
be unambiguously assigned due to the presence of other 
unidentified peaks in the spectrum. These peaks are again 
likely due to the tautomera of 3. GC-MS analysis of the 
dehydration product shows only one compound is present. 
This product has a molecular ion peak (M+, m/e 178) which 
is consistent with the diene product 3. 

Preparation of (1,2-di-tert-butylcyclopentadienyl)- 
lithium, 4, is accomplished at  ambient temperature by 
deprotonation of the diene 3 in petroleum ether using 
Bu*Li. Compound 4 is most conveniently prepared if crude 
3 is not isolated but rather treated directly with BunLi. In 
dimethyl sulfoxideds, the 1H NMR of 4 shows resonances 
at  1.26 (8, 36H, CHa), 4.84 (t, 3Jm = 3.17 Hz, 2H1), and 
5.32 ppm (d, 3 J ~ ~  = 3.17 Hz, 4H2). Aa expected, the 1W 
NMR is also simple with five singlets [6c 32.9 (CCHs), 

representing the five different carbon environments. 
Attempts to grow X-ray quality crystals of 4 failed, but 
derivatization to give a ferrocene was accomplished 
straightforwardly. 

Compound 4 was allowed to react with FeClr2THF in 
THF. An orange solid was obtained, and upon sublima- 
tion, 1,1’,2,2’-tetra-tert-butylferrocene, 6, was collected in 
90% yield. The lH NMR spectrum exhibits one sharp 
singlet (1.40 ppm) for all of the tert-butyl protons. A 
doublet (4.18 ppm. 3Jm = 3 Hz, 4Hb) and a triplet a t  (4.13 
ppm, VHH = 3 Hz, 2H3 are observed for the ring protons. 
The W{lH} NMR spectrum contains five singlets, two for 
the methyl and quaternary carbons of the equivalent tert- 
butyl groups and three for the ring carbon atoms. 

A single crystal X-ray crystallographic analysis of 5 was 
carried out to determine the solid state conformation of 
the complex. Details of the structure determination, data 
collection, and refinement are provided in Table 1. The 
molecular structure and atom labeling scheme, and some 
selected bond lengths and angles, are shown in Figure la. 
An alternative view of the molecule is provided in Figure 
lb. Fractional atomic coordinates are presented in Table 
2. 

In an isomeric complex, 1,1’,3,3’-tetra-tert-butylfer- 
rocene, relief of the steric strain between the two rings is 
achieved via bending of the molecule such that the dihedral 
angle between the ring planes is 7O, a phenomenon not 
previously seen in other ferrocene complexes.n However, 
its isomer 5 adopts a sandwich arrangement with the two 
rings exactly parallel and staggered. The orientation of 
the two cyclopentadienyl rings is dictated by the four bulky 
tert-butyl groups, with steric considerations forcing the 
tert-butyl groups of one ring as far apart as possible from 
those on the second ring, with the result that the 
substituents on one ring are related to those on the other 

35.4 (m3), 96.8 (mb), 103.3 (m3, 122.8 (CC(CH3)s)I 
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Table 1. Structure Determination Summary for 5 
Crystal Data 

empirical formula CzsH4zFe 
color; habit yellow block 
cryst size (mm) 
cryst syst orthorhombic 
spa= P O U P  Cmca 
unit cell dimens 

a, A 16.135(3) 
b. A 8.416(1) 
c, A 16.800(3) 

vol, A3 2281.4(7) 
Z 4 
fw 410.4 
density (calc), Mg/m3 1.195 
abs cotff, mm-* 0.669 
F ( o w  896 

diffractometer used Siemens P4 
radiation (A, A) 
temp, K 246 
monochromator highly oriented graphite crystal 
28 range, deg 4.CL55.0 

Wyckoff scan type. 
scan speed, deg/min variable; 7.32-19.53 in o 

1 .oo 
background measurement stationary crystal and 

0.14 X 0.42 X 0.64 

Data Collection 

Mo Ka (0.710 73) 

scan range (o), deg 

stationary counter at beginning 
and end of scan, each for 
50.0% of total scan time 

3 measured every 197 reflns no. of standard reflns 
index ranges os h 5 20,-10 I kI0, 

-21 I I I  1 
no. of reflns collcd 1447 
no. of ind reflns (Rht, 4%) 
no. of obsd reflns 

1361 (1.80) 
1023 (F > 4.0o(F)) 

abs cort N/A 
Solution and Refinement 

system used Siemens SHELXTL PLUS 
(PC version) 

solution direct methods 
refinement method full-matrix least-squares 
quantity minimized Zw(F0 - FC)Z 
ahsolute structure N / A  
extinction correction N / A  
hydrogen atoms 
weightirig scheme 
no. of param refined 65 
final R indicts (obsd data), 96 
R indicts (all data), 4% 
goodness-of-fit 1.41 
largest and mean A/o 0.008,O.OOl 
data-teparam ratio 15.7:l 
largest diff peak, t A-3 0.65 

4 . 4 3  

riding model, fixed isotropic U 
W’ = uz(F) + 0.0015P 

R = 5.43, Rw = 7.34 
R = 7.19,Rw = 1.84 

largest diff hole, t A-3 

by a center of inversion located at  the iron atom. The 
bond length between the tert-butyl bearing carbons in 5 
[C(l)-C(lc) [1.468(6) A)] is significantly longer than the 
bond lengths for other sterically demanding ferrocene 
complexes similar to 5, such as decamethylferrocene [ d u  
= 1.419(2) AI ,m decabenzylferrocene [ d w  = 1.435(3) A] ,% 

and the C-C bond lengths in the phenyl-substituted ring 
of pentaphenylferrocene [ d w  = 1.438 AI.% In ferrocene 
the distance of interest is 1.389 A.2s Iron to ring carbon 
bond lengths in 5 are similar to those in other comparable 
complexes. 

In addition to the elongated C(l)-C(lc) bond length, 
the steric stress associated with adjacent tert-butyl groups 

(23) Freyberg, D. P.; Fbbbina, J. L.; Raymond, K. N.; Smart, J. C. J. 
Am. Chem. Soe. 1979,101,892-897. 

(24) Schumann, H.; Janiak, C.; K&n, R. D.; Loebel, J.; Dietrich, A. J. 
Organomet. Chem. 1989, W, 137-160. 

(25) honey, M. J.; Buys, I. E.; Dennis, G. D.; Field, L. D.; Hambley, 
T. W.; Lay, P. A.; Masters, A. F. Polyhedron 1995,12,2061-2058. 

(26) Seiler, P.; Dunitz, J. D. Acta Crystallogr., Sect. E 1979,36,1068. 
(22) Kal~eki, Z. L.; GUWV, A. I.; Kalini, A. E.; StNChkOV, Y. T. Zh. 

Strukt. Khim. 1972,13,960-953. 

D
ow

nl
oa

de
d 

by
 N

A
T

 L
IB

 U
K

R
A

IN
E

 o
n 

A
ug

us
t 2

9,
 2

00
9 

| h
ttp

://
pu

bs
.a

cs
.o

rg
 

 P
ub

lic
at

io
n 

D
at

e:
 J

ul
y 

1,
 1

99
4 

| d
oi

: 1
0.

10
21

/o
m

00
01

9a
02

7



2694 Organometallics, Vol. 13, No. 7, 1994 Hughes et al. 

loao but is found to be 106.1(2)O. These deviations from 
ideality show that the tert-butyl groups are forced away 
from one another, giving a larger C(lc)-C(l)-C(4) angle 
and smaller C(2)-C(l)-C(4) and C(lc)-C(l)-C(2) bond 
angles. This type of in-plane deformation was previously 
observed in the structure of a rhodium complex containing 
the 1,2,3-tri-tert-butylcyclopentadienyl ligand.27 

In s u m m a y ,  lithium 1,2-di-tert-butylcyclopentadienide 
can be readily prepared in 70% overall yield from 1,2- 
di-tert-butylcyclopentane-l,2-diol and phosphorus oxy- 
chloride in pyridine followed by lithiation of the crude 
diene product by n-butyllithium. The subsequent prepa- 
ration of 1,1',2,2'-di-tert-butylcyclopentadienyl ferrocene 
serves to confirm the identity of the cyclopentadienyl 
moiety. Further complexes of this new ligand will be 
reported in due course. 

K Figure 1. (a, top) Perspective drawing of 5 with elli soids 
drawn to 35% probability. Selected bond distances ( ) and 
angles (deg). Fe-C(l) 2.082(3), F d ( 2 )  2.043(3), Fe-C(3) 
2.055(5), C(l)-C(2) 1.433(5), C(2)-C(3) 1.410(5), C(l)-C(4) 
1.530(5); C(2c)-C(3)-C(2) 106.8(4), C(3)4(2)4(1) 110.5(3), 
C(2)-C(l)-C(lc) 106.1(2), C(2)-C(l)-C(4) 120.0(3), C(4)- 
C(l)-C(lc) 133.4(2). (b, bottom) View of 5 down the ring 
centroid-iron vector. 

Table 2. Atomic Coordinates (X lW)  and Equivalent 
Isotropic Displacement coefficients (A x 19) for s 

X Y I U(Ul)" 
Fe 0 
C(1) -455(2) 

-702(2) 
0 

C(2) 
C(3) 
C(4) -1107(2) 
C(5) -1016(4) 
C(6) -1112(3) 
C(7) -1965(3) 

0 
814(4) 

-792(4) 
-1774(6) 

2061(4) 
3622(6) 
2302(7) 
1479(8) 

0 
1086(2) 
931(2) 
841(3) 

1302(2) 
914(5) 

2191(3) 
1084(4) 

'Equivalent isotropic U defined as one-third of the trace of the 
orthogonalized Ut, tensor. 

on the five-membered ring could have been relieved by a 
torsional twist about the C1-C(1c) bond axis or bending 
of the tert-butyl groups to an exo position, but this is not 
observed. Instead, the steric strain of the tert-butylgroups 
is relieved by in-plane deformations manifested by the 
aforementioned elongated Cl<(lc) bond axis and by in- 
plane angle deviations. Ideally, the C(lc)<(l)-C(4) and 
C(2)-C(l)-C(4) bond angles should be 126O, but they are 
experimentally found to be 133.4(2) and 120.0(3)O, re- 
spectively. The C(lc)-C(l)-C(2) bond angle should be 

Experimental Section 

Unless otherwise noted, all reactions were performed in oven- 
dried glassware, using standard Schlenk techniques, under an 
atmosphere of nitrogen which had been deoxygenated over BASF 
catalyst and dried using Aquasorb. Benzene, diethyl ether, and 
tetrahydrofuran (THF) were distilled under nitrogen from sodium 
or potasaium benzophenone ketyl; chloroform and carbon 
tetrachloride, from molecular sieves (4 A); and pyridine, aceto- 
nitrile, and hexanes, from CaH2. lH NMR (300 MHz) and 1sC 
and W{'HJ (75 MHz) NMR spectra were recorded on a Varian 
XL-300 spectrometer or a Varian UNITY plus 300 system in the 
solvent indicated. Chemical shifta are reported as ppm downfield 
of internal TMS and are referenced to the solvent peak. IR 
spectra were recorded on a Bio-Rad Digilab FTS-40 Fourier 
transform infrared spectrophotometer or a Perkin-Elmer Model 
1600 FT-IR spectrophotometer. GC-MS spectra were obtained 
using a Hewlett Packard HP 5971A ion source. Melting points 
of samples in capillaries open to the air were obtained using a 
Thomas Hoover device and are uncorrected. Microanalysis was 
performed by Schwarzkopf Microanalytical Laboratory (Wood- 
side, NY). 

FeCL was obtained from Johnson-Matthey Aesar/Alfa. tert- 
Butyl vinyl ketone," ((tert- butylvinyl)oxy)trimethylsilane,16 and 
FeC1~42l"F~ were prepared according to the literature proce- 
dure. Phosphorus oxychloride, titanium tetrachloride, magne- 
sium powder (50 mesh), and n-butyllithium were purchased from 
Aldrich and used without further purification. Mercuric chloride 
was purchased from Fisher and used without further purification. 

Preparation of 2,2,8,8-Tetramethylnonane-3,7-dione ( 1). 
Using a modified procedure of Narasaka,18 a solution of tert- 
butyl vinyl ketone (15.00 g, 0.134 mol) in dichloromethane (25 
mL) was added dropwise to a -78 OC solution of titanium 
tetrachloride (14.70 mL, 0.134 mol) in dichloromethane (250 mL). 
A solution of ((tert-butylviny1)oxy)trimethylsilane (23.05 g, 0.134 
mol) in dichloromethane (25 mL) was then added dropwise and 
the mixture quenched with aqueous K2COa (25 g in 200 mL of 
water). After warming to room temperature, the solution was 
filtered, the layers were separated, and the aqueous layer was 
extractedwithEh0 (3 X 30mL). Thecombinedorganicfractiona 
were washed with saturated brine, dried with anhydrous MgSO,, 
fiitered out, and concentrated by rotary evaporator to give a 
colorless oil which solidified on standing. Purification by vacuum 
distillation (73-78 OC, 1V Torr) yielded 1 (11.00 g, 39%). 
Spectral data were consistent with reported values.W 

Preparation of ci+ 1,2-Di- tert-butylcyclopentane- I,2-diol 
(2). Using a modified procedure of Corey,lS a magnesium 

(27) Donovan, B. T.; Hughes, R. P.; Trujillo, H. A.; Rheingold, A. L. 

(28) H e m ,  S.; Gwtav, K.; Kruger, E.; Oberender, H.; Schuster, R. 

(29) Kiyooka, S.; Yamashita, T.; Tashiro, J.; Takano, K.; Uchio, Y. 

Organometallm 1992, 1 1 ,  84-69. 

2. Chem. 1963,3,428-429. 

Tetrahedron Lett. 1986,27, 5629-5632. 
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1 ,11,2,2'- Tetra-tert - butylferrocene 

amalgam was prepared by stirring mercuric chloride (1.69 g, 6.20 
"01) and magnesium powder (50 mesh, 5.50 g, 0.226 mol), in 
THF (40 mL) at ambient temperature for 30 min, under an argon 
atmosphere. The turbid supematant liquid was withdrawn by 
syringe and the remaining amalgam washed with THF (3 X 30 
mL). THF (150 mL) was added to the resulting gray amalgam. 
The slurry was cooled to -30 "C, by a limited dry ice in a 
2-propanol bath, and treated dropwise with Tic4 (9.30 mL, 0.085 
mol) to give a yellow-green mixture. The mixture was warmed 
to 0 "C, and then a solution of 1 (6.00 g, 0.028 mmol) in THF (10 
mL) was added dropwise. When the mixture returned to 0 "C, 
the reaction was immediately quenched with a saturated K&OS 
solution (50 mL), warmed to room temperature, and stirred for 
0.5 h. The resulting dark blue mixture was diluted with ether 
(300 mL) and filtered in air. The combined organic fractions 
were washed with saturated brine, dried over MgSO4, filtered 
and concentrated to afford a cream-colored solid. Crude 2 was 
crystalliied from hexanes to obtain a white, crystalline solid (2.50 

18H, CHs), 1.27 (m, lH), 1.70 (m, 3H), 1.88 (m, 2H), 2.40 (s,2H, 

(m, lH), 1.80 (m, 3H), 2.03 (m, 2H), 2.70 (8, 2H, OH). lW{lH) 

g, 41%). Mp: 88-89 "C. 'H NMR (300 MHz, Cas): 6~ 1.15 (8, 

OH). 'H NMR (300 MHz, CDCl& 6~ 1.13 (8,  18H, CHs), 1.44 

NMR (75 MHz, CDCW: 6c 18.8 (8,  CCC(CH&, 26.4 (8, CCHr 
CC(CHs)s), 34.2 (8, C(CHs)a), 37.9 (8, C(CHs)s), 91.1 (8, COH). IR 

ClJ3~02: C, 72.84; H, 12.23. Found C, 73.26; H, 12.17. 
(CH2C12, cm-I): 3612 (sh, OH), 3526 (br, OH). Anal. Calcd for 

Dz0 (1 mL) was added to a CDCb solution (50 mg in 2 mL) 
of the diol in an NMR tube. The sample was shaken, and a lH 
NMR spectrum was obtained. Disappearance of the resonance 
at 2.70 ppm was observed, indicating this peak represented the 
hydroxyl protons. 

Preparation of Vicinial Di-tert-butylcyclopentadiene (3). 
The diol, 2, (1.55 g, 7.23 mmol) was combined with pyridine (25 
mL) and the mixture cooled in an ice bath. Phosphorus 
oxychloride (5.0 mL, 53.64 "01) WBB added to the stirred mixture 
in 1-mL charges over a period of 5 min. The resulting orange 
mixture was heated at 80 "C. The mixture darkened as the 
reaction proceeded. After 25.5 h, heating was discontinued, the 
mixture was cooled to ambient temperature and hexanes (25 
mL) was added. The resulting mixture was cooled in an ice bath 
and distilled water (20 mL) was slowly added. The layers were 
separated and the aqueous layer was extracted with hexanes (3 
X 50 mL). The combined organic fractions were extracted with 
20% HCl (3 X 50 mL) and 20% aqueous ammonium chloride 
solution (3 X 50 mL) and then dried with MgSO4 and fitered 
through a small  plug of silica gel. The solvent was removed under 
aspirator vacuum. An orange viscous liquid (1.04 g, 81%) was 
obtained. The GC-MS of the product indicated a single 
component (M+, m/e 178) was present. 'H NMR (300 MHz, 

= 3 Hz,Vm = 1 Hz, lH, CH), 6.30 (m, 3H, CH); additional peaks 
included6H 1.32 (s), 1.34 (s), 1.35 (a), 1.47 (m), 1.65 (m),2.24 (m), 
2.52 (m), 2.69, 3.11,6.16,6.64. 'BC(lH] NMR (75 MHz,  CDCW: 

137.41, 160.26 (C-Bu9; additional peaks included 6c 14.34, 
22.88, 31.81, 32.75, 33.01, 34.13, 34.35, 37.06. Mass spectrum: 
m/e 178 (M+, 20), 163 (13), 121 (-C(CHs)s, 16), 107 (73), 93 (9), 
91 (981, 77 (49), 65 (281, 57 (100, base, C(CHs)s), 51 (17). 

Preparation of the It-Di-tert-butylcyclopentadienyl 
Anion (4). Diene3 (1.04g,5.83mmol) wasdissolvedinpetroleum 
ether (20 mL), the solution was cooled to -78 "C, and n-BuLi 
(2.33 mL, 2.5 M in hexanes, 5.82 "01) was added dropwise via 
syringe. Upon warming to room temperature, the solution became 
cloudy, and stirring was continued overnight. The white 

CDCla): 6~ 1.09 (8, 9H, CHs), 1.26 (8,  9H, CHa), 2.95 (dd, SJm 

6c 30.56 (8,  CHs), 32.24 (8, CHs), 64.22 (8, CHtBu), 129.11,130.00, 

Organometallics, Vol. 13, No. 7, 1994 2696 

precipitate was collected on a Schlenk frit, washed with hexane 
(2 X 20 mL), and dried in uacuo to give 4 (0.691 g). A second 
crop of 4 (0.076 g) was collected from the filtrate after stirring 
an additional 48 h to give a total yield of 0.767 g 4 (72%). 
Alternatively, thia complex may be prepared without isolation 
of 3. 'H NMR (300 MHz, OS(CD8)z): &q 1.26 (~,36H, CHs), 4.84 
(t, 3.17 Hz, 2H3,5.32 (d, %JHH 3.17 Hz, 4Hb). 'BC(lH) 
NMR (75MHz,OS(CD&): 6c 32.9 (8, C(CHs)s), 35.4 (8, C(CH&), 
96.8 (8, CHJ, 103.3 (8, CHt.), 122.8 (8, CC(CH&). 

Preparation of l,l'~~'-Tetra-tert-butylferrqcene (a). A 
slurry of FeClr2THF (0.078 g, 0.287 "01) in THF (10 mL) was 
transferred via cannula into a 0 "C slurry of 4 (0.102 g, 0.554 
mmol) in THF (10 mL). Immediate formation of an amber 
solution was observed. The solution was allowed to st ir  at ambient 
temperature for 1.5 h, and then the solvent was removed under 
reduced pressure. The residue was extracted with petroleum 
ether (3 X 10 mL), and the solvent was removed under reduced 
pressure. Isolation of the ferrocene derivative was accomplished 
by gradient sublimation (-30 to +130 'C, lW Torr). Compound 
5 (0.102 g, 90 % ) was obtained as an orange solid. A crystal suitable 
for diffraction was obtained by slow evaporation of a pentane 
solution of 5, at ambient temperature. Mp: 214 "C. 'H NMR 
(300 MHz, Cas): 6~ 1.40 (8, 36H, CHs), 4.13 (t, aJm = 3 Hz, 
2H3,4.18 (d, sJm 3 Hz, 4Hb). '42 NMR (75 MHz, Cas): Sc 
32.92 (m, C(CHS)S), 34.46 (quartet of septets, 'Jm = 125 Hz, s J ~ ~  

173 Hz, zJm = 5 Hz, CHJ, 
7 Hz, CHb), 96.52 

(m, CC(CH&). Anal. Calcd for CAgFe: C, 76.08; H, 10.31. 
Found C, 75.89; H, 10.38. 

Crystal Structure Determination. A crystal of 5 suitable 
for X-ray structural determination was mounted on a glass fiber 
with epoxy cement. Crystal, data collection, and refinement 
parameters are collected in Table 1. The unit-cell parameters 
were obtained from the least squares fit of 25 reflections (4O I 
20 I 55"). The systematic absences in the diffraction data 
uniquely established the space group as Cmco (No. 64). The 
semiempirical absorption correction program XABS was applied 
to the data set.= 

The structure was solved by direct methods which located the 
Fe atom. The remaining non-hydrogen atoms were located 
thiough subsequent difference Fourier syntheses. All hydrogen 
atoms were included as idealized isotropic contributions (dCH = 
0.960A, U =  1.2UforattachedC). Allnon-hydrogenatomswere 
refined with anisotropic thermal parameters. The asymmetric 
unit contains one independent half-molecule which resides on a 
crystallographic inversion center. All software and the sources 
of the scattering factors are contained in the SHELXTL- 
PLUS(4.2) program library.8' 
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Supplementary Material Available: Complete listings of 
bond distances and angles, anisotropic displacement coefficienta, 
H-atom coordinates, and isotropic displacement coefficienta for 
5 (2 pages). Ordering information is given on any current 
masthead page. 
OM940175F 

5Hz, C(CHs)s), 66.50 (dt, ~JCH 
71.22 (ddd, 'Jm = 171 He, ~JCH = 7 Hz, s J ~  

(30) Hope, H.; Moezzi, B. University of California Davis, privata 

(31) Sheldrick, 0. Siemens XRD, Madieon, WI. 
communication to A.L.R. 
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