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[71 Bci 'thermodynamischer Kontrol/e' wird zu-
nUchst Iniit BuLi umgesetzt, sodann 2 zur cis/
trans-Aquilibrierung wilhrend 30 min bei _800

gerUhrt und anschliessend mit dem Elektrophil
umgesetzt (vgL Schema I: cis/trans-2 + Mel --7

cis/trans-3 +Lil). Bei 'kinetischer Kontrolle' wird
1 mit dem zum Abfangen del' Carbenoide 2
vorgesehenen Elektrophil bei tiefer Temperatur
gemischt. Anschliessend tropft man allmilhlich
BuLi zu. Dabei wird das gebildete Carbenoid 2
sogleich durch das Elektrophil abgefangen, und
das beobachtete Produktverhaltnis cis-3/trans-3
stellt zumindest einen Naherungswert del' unter
kinetischer Kontrolle gebildeten Carbenoide cis-
2/trans-2 dar.

[8J vgL z.B. K. Kitatani, T. Hiyama, H. Nozaki, J.
Am. Chem. Soc. 1975,97,949; K. Kitatani, T.
Hiyama, H. Nozaki, Bull. Chern. Soc. Jpn.1977,
50, 3288; T. Hiyama, A. Kanakura, H. Yama-
moto, H. Nozaki, Tetrahedron LeH. 1978,33,
3047.

[91 D. Seyferth, R.L. Lambert,). Organomet. Chern.
1973,55, C53; D. Seyferth, R.L. Lambert, M.
Massol, ihid. 1975,88, 255.

[10] P.A. Morken, N.C. Baenziger, DJ. Burton, P.c.
Bachand, C.R. Davis, S.D. Pedersen, S.W.
Hansen, J. Chem. Soc., Chern. Commun. 1991,
566.

[111 Bei diesem Stanclard-Ansatz werden 500 mg la
in20 ml THF gelost und bei -950 tropfenweise
mit I, I mol-equiv. BuLi versetzt. Nach I h
Rlihren bei _950 wird I mol-equiv. abs. CuCI2
zugegeben, nach einer weiteren h bei _950 auf
RT. erwtirmt, mit EtzOlHp versetzt, mit2N HCI
angestiuert, ausgeschUttelt und die org. Phase
getrocknet und i. RV. eingedampft.

[121 A lie Prozentangaben beziehen sich auf das Ge-
samtintegramm Uber aile Peaks. Man beachte,
dass dic Ausbeute der Kopplungsprodukte lOa
sehr stark von den Rcaktionsbedingungen ab-
hangt.

[13] Die Ursache fUrdie Enveloppenbildung des Ste-
reoisomerengemischs lOa in Fig. list unklar.
Andere Dimere 10 zeichnen sich durch GC-Si-
gnale mit normaler Halbwertsbreite aus.

[14] Ph2SZ kann leicht durch gelegentliche Phenylt-
hiolat-Elimination aus Cyclopropanen und an-
schliessende CUll induzierte Oxidation entste-
hen.

[15] Bisher konnten noch keine gulen Kristalle ge-
zUchtet werden. Dagegen gelang die Rontgen-
strukturanalyse des bei del' Kupplung von 1-
Bromo-I-I ithio-trans-2-(phenylthio)-3-(trime-
thylsilyl)cyclopropan mit CuCI, bevorzugt ge-
bildeten Bi(cyclopropylidens). P~Engel,C. Uing,
M. MUhlebach, M. Neuenschwander, unverof-
fentlicht:

[16] A. Weber, U. Stampfli, M. Neuenschwander,
He/v. Chim. Acta 1989, 72, 29; Abbildung vgl.
A. Weber, Dissertation, Universittit Bern, 1972.

[17] Man beachte jedoch, dass Foigeprodukte 18 und
19 des freien Carbens 17 im Reaktionsgemisch
nur in kleinen Anteilen vertreten sind. Dies spricht
gegen die Bildung des freien Carbens 17 als
Hauptreaktion. Wenn wir im folgenden ein-
fachheitshalber vom 'Carben-Dimer lOa' odeI'
von einer 'Carben-Dimerisierung' sprechen, so
heisst dies nur, dass lOa formal durch Ver-
knlipfung zweier Carbene 17 gebildet werden
kann. Die effiziente Katalysedes Prozesses durch
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CuXz zeigt eindrUcklich, das CUll am Reakti-
onsgeschehen beteiligt ist.

[18] A. Weber, R. Galli, G. Sabbioni, U. Stlimpfli, St.
Walther, M. Neuenschwander, Hell'. Chim. Acta
1989,72,41; A. Weber, G. Sabbioni, R. Galli, U.
StHmpfli, M. Neuenschwander, ihid. 1988, 71,
2026.

[19] Werden 100 mg In in 20 ml THF bei _950 zu-
ntichst mit BuLi und dann mit CuC I, umgesetzt.
so betrilgt die Ausbeute an lOa nu'r ca. 0, I%;
werden dagegen 500 mgla in 20 ml THF um-
gesetzt, so steigt die Ausbeute an lOa mark ant auf
14%!

[20] Dies gilt fUrdie Carbenoide 2a. Ausgehend von
anderen Carbenoiden 2 sind in einigen Hillen
auch Cul·Salze wirksam.

[211 G. Kobrich, H.R. Merkle, H. Trapp, Tetrahedron
Lett. 1965. 969; G. Kobrich H. Trapp, Chem. Ba.
1966, 99,670,680.

[221 Ein plausibleI'. jedoch vorerst spekulutiver Me-
chanismus konnte so ablaufen. dass zunachst
zwei Carbenoid-MolekUle 2a am quadratisch
planaren CuC 12.2 TH F libel' die polarisierbarcn
Br-Atome fixiert werden und dabei THF ver-
drtingen. Durch zweifache S)-Reaktion wird
1II1ler Elimination von 2 MolekUlen LiCI ein
zweifach liberbrlickter Carbenoid-Komplex g.e,
bildet. Beim Ubergang zum Bi(carbcn)kolllplcx
wird Ringspannung abgebaut, und durch die
anschliessendc Rekombination der beiden
komplexierten Cyclopropylcarbene (libel' die
Kante des quadratisch planaren Komplexes)
werden lOa und CuBr, gcbildet. welches wieder
ins Reaktionsgescheh'en eingreifcn kann. Tat-
siichlich istCuC I, katalytisch aktiv, und es wirkt
hier (zumindest siochiometrisch) auch nicht als
Oxidationsmillel.

[23] G. Kobrich,Angell'.ChcnI.1967, 79,15; ihid.lnt.
£d.1967, 6, 41.

[24] D. Seebach, R. Hiissig, J. Gabriel, /fel,·. Chim.
Acta 1983,66,308, dort weitere ZilaIe.

1. Introduction

Oxidative Coupling of a,m-
Di (eye lopentad ienyl)a Ikyl-d iides **

Shaochun You [1], Matthias Gubler [2], and Markus Neuenschwander*

Ahstract. The Cull-induced oxidative coupling of a,co-di(cyclopentadienyl)alkyl-diides 6
(n = 2 to 5) - as well as of 1, I ,2,2-tetramethyl derivatives 10 and 13 of 6a (n = 2) - has been
investigated in view of pertinent questions concerning the 'coupling mode' (e.g. intramo-
lecular VS. intetmolecular coupling), as well as regioselectivity and stereoselectivity of the
coupling reaction. As far as the 'coupling mode' is concerned, intermolecular coupling 6-7
8 strongly dominates over intramolecular coupling 6 -7 7 (Scheme 2) and the yields of
intramolecular coupling products strongly decrease from 7% (7a, 11 = 2) to 1% (7b, 11 = 3)
to traces (7c, 7d, n = 4,5). It is interesting to note that intramolecular coupling may be
considerably enhanced by replacing the H-atoms of the CH2CH2 bridge of 6a (n = 2) by Me
groups (see 10 -711 and 13 -714 + 15, (Scheme 4). As far as regioselectivity is concerned,
intramolecular coupling ofl ,2-di(cyclopentadienyl)ethane-diides, 6a, 10, and 13, proceeds
as a clean 2,2'-coupling of the cyclopentadiene rings within the limits of NMR identifica-
tion. Furthermore, the couplings 6a -7 7a and 10 -711 (as well as 13 -7 14 + 15) proceed
stereoselectively to give the C2-symmetrical cyclohexanes 7a and 11 with a fixed chair
conformation.

Based on previous work of Doering [4],
we showed a few years ago that oxidative
treatment of di Iithio-bi( cyc lopentadienyl)di-
ide (1) with CuCl, gives unstable pentaful-
valene (2) in a high yield [5], and we applied
the same sequence to the synthesis of so far
unknown fulvalenes [6]. Subsequently, in a
synthetic attempt towards cyclopenta[a]pen-
talenes [7] Hafner and Thiele investigated the
Cull-induced reaction of disodium-di(cy-
clopentadienyl)methane-diide (3; R=H) and
convincingly demonstrated that intramo-
lecular oxidative coupling 3 -7 4 is an im-
portant pathway [8]. Even more interesting
is thefact that 4 (R=H) as well as 4 (R = t-Bu)
rearrange stereoselectively to cyclopenta[a]-
pentalenes on heating in pentane.

*Correspondence: Prof. Dr. M. Neuenschwander
Institut fUr organische Chemic
Universittit Bern, Freiestrasse 3
CH-3012 Bem

**Short Communication; Coupling Reactions, part 8.
For pm17 see [3]. The authors thank the Swiss National
Science Foundation (project No. 20-26167-89) for fi-
nancial support.
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Scheme I

CuC12

troscopic investigations show that, as ex-
pected, tautomeric cyclopentadienes A and
B are dominating, so that in each case 5 three
tautomers (with combinations AA, AB, and
BB) may be formed. This is supported by the
numberoflines of the proton noise-decoupled
13C-NMR spectra. It is easily seen that, with
increasing length of the alkyl chain, both
rings are completely decoupled from each
other so that for the ring C-atoms (with
exception of the quarternary ones), there is
only one set of lines of type A as well as of
type B.

The result of CuClo-induced coupling of
di(cyclopentadienides) 6 is surprising in so
far that the yields of intramolecular coupling
products are very small even in the case of7a
(/1 = 2) and in dilute solutions, and they
rapidly decay to zero with increasing /1.

R

4

2

CuC12

R
~

THF, -7S·C

~
THF, -78·C

~R

3

Scheme 2 110 I

A

Regioselectivity and stereoselectivity of
intramolecular coupling 6 ~ 7 have been
investigated in the case 6£1~ 7£1(n = 2), where
all the spectra clearly show that only one
diastereoisomer with the molecular fornlula
C'2H12 has been formed, being consistent
with structure 7£1:first of all the M+ as well
as the intensity of the isotope peaks are
consistent with the molecular formula
C12H12.It is interesting to see that the basic
MS fragmentation is the formation of two
units of C6H6 (which is very reasonable for
structure 7a). In the UV spectrum, the long-
wavelength absorption at 249 nm fits to the
presence of cyc\opentadiene rings. In the
13C-NMR spectrum, the lines of one quarter-
nary (150.1 ppm), three tertiary vinylic C-
atoms (]35.4; ]32.3; ]23.7 ppm) and one
tertiary alkyl-C-atom (56.3 ppm) are in
agreement with two symmetrically placed
cyclopentadiene rings, while the original
CH2CH2 bridge generates one signa] at 27.1
ppm. The conclusion from the spectroscop-
ically confirmed structure 7£1(n = 2) is that

c

R R
• R..•

R
R

R= H or CH3 R

E F

Scheme 3

o:,w-Di(cyclopentadienyl)a]kanes 5a-d
(n = 2-5) are quite easily available by reac-
tion of an excess of sodium cyclopentadi-
enide with the corresponding O:,w-dibromo-
alkanes at -300 [II]; they easily undergo
Diets-Alder polycycloadditions [12]. Spec-

2. Oxidative Coupling of Homologous o:,w-
Di(cyclopentadienyl)alkyl-diides 6
(n = 2-5)

d:o- '-'u(CH2)n (CH2)n ,./' :::-... ~

1'1 '0-+ @('@) 7
2M+

5 6
~

~CHV"~

cn=4 8 m
a n=2 bn=3 d n=5

yield 7 (%) 7 1 traces traces

yield 8 (%) 92 82 82 87

Obviously in both cases 1 and 3, in-
tramolecular oxidative coupling is signifi-
cant, although the preparative yields are
considerably decreasing from 73% (2 [5]) to
24% (4 [8]). If one assumes that O:,w-
di(cyclopentadienyl) diradicals are formed
by oxidative treatment of dian ions of type 1
and 3 [9] then the chances for an intramo-
lecu]ar bond fornlation are ideal for 1, and
they are expected to dramatically decrease
with increasing length of the alkyl chain
between the rings. On the other hand, the
chances of polymer fornlation by intermo-
lecular coupling should increase in the same
series; these polymers with cyclopentadiene
units in the chain should be very reactive.

Besides the questions concerning the
competition between intramo]ecular/inter-
molecu]ar coupl ing, regioselectivity as well
as stereoselectivity of coupling reactions are
of interest as well. In this context, we in-
vestigated the Cull-induced coupling of a
series of o:,w-di(cyclopentadienyl)a]ky]-di-
ides with varying length of the alkyl chain.
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Similarly to other polymers with cy-
c\opentadiene units [14], powdered poly-
mers 8 are very easily cross-linked by traces
of oxygen so that an investigation of poly-
mer solutions was impossible [15]. There-
fore, solid-state NMR experiments have been
performed [16]. Despite relatively broad
lines, the I3C-NMR results of the polymers
8 are completely compatible with the pro-
posed structure, and chemical shifts of the
observed signals are very similar to those of
the corresponding monomeric a,w-di( cyclo-
pentadienyl)alkanes (Tahle).

A B J=5.~1 xx' AA'

3. Oxidative Coupling of 2,3-Dimethyl-
2,3-di( cyclopentadienyl)butane-diides 10
and 13

0) 100 MHz, CDCI3' h) Solid-state NMR (Brt/ker AMX) under MAS conditions. <)Center of the broad peak.

The most important conclusion from
Chapt.2 is that oxidative couplings of a,w-
di(cyclopentadienyl)alkane diides 6 pre-
dominantly proceed by an intermolecular
mode (even in dilute solutions) to give reac-
tive polymers 8 in high yields. This is espe-
cially surprising for deprotonated a,w-
di(cyc\opentadienyl)alkanes 6 where we
expected a much higher extent of the in-
tramolecular coupling 6a ~ 7a (n = 2). A
reasonable tentative explanation is that, even
in the case of 6a (n = 2), the reactive species
(possibly the diradical) is reacting from the
conformation with two trans-diaxial cy-
c10pentadiene rings, while the transition
metal obviously does not seem to enhance
intramolecular coupling.

In this case, it would be interesting to
replace the H-atoms of the CH2CHz bridge
of 6a by larger substituents in order to in-
crease the importance of the gauche-con-
formation F in the equilibrium E ~ F [17]

2.L (\ [ppm! 2.22.62.86.26.L

No.

5aa) 146.8-149.4 126.0-134.7 41.3-43.4 29.3-30.9

5b") 146.9-149.8 125.9-134.8 41.2-43.3 27.9-30.5

Sea) 147.2-150.0 125.8-134.8 41.2-43.5 28.6-32.4

5d") 147.4-150.2 125.8-135.0 41.3-43.6 28.7-31.2

8a-8b) 145<) 128-130<) 41-42<) 54-64<) 30-31<)

Fig. I. 'II-NMR Spectram (300 MHz, CDC 13)of7a (n = 2) with expansions of the vinylic and the alkyl range
(above), and irradiation at 6.16 ppm (below)

Table. 13C-NMR ReSlllrs (0 in ppm) of a.w-Di(cyclopentadienyl)alkanes 5 and Polymers 8

20%15

~

2BuLi

~

CuC12•• ~
~

THF
-30'C ~ /.

9 Li+ Li+

t 10 11 59%

2 Me Li ••
THF
QOC

12 92% 13 14 34%

+

the coupling mode is not a 1,1'-coupling, but Scheme 4
a 2,2'-coupling of the di(cyc\opentadienyl)
diide 6a. The central problem in order to
detelmine the steric course of the coupling
step is to distinguish between achiral 7aC
(having a mirror plane) and C2,symmetric
7aD.

Expansions of the high-resolution IH-
NMR spectrum of 7a are shown in Fig. 1.
The most interesting features are the com-
plex pattern of the H-atoms of the CH2CH2
bridge as well as of the vinylic H-atoms of
the cyclopentadiene rings [13]. Decoupling
of H-C(5)jH-C(10) at 6.160 ppm gives an
AB-type spectrum of the remaining vinylic
protons of the cyclopentadiene rings with a
typical JAB = 5.41 Hz (Fig. J). Furthermore,
the AA' XX' -type spectrum centered at 2.822
and 2.330 ppm, although still slightly dis-
turbed by further small long-range couplings,
allows an approximate analysis. The system
is characterized by a geminal 2J-coupJing
(.IAX= -12.5 Hz), a large 3J-coupling (JA~=
13.75 Hz), and two small to medium J-
couplings (.IxX' =2.15 Hz and JAX' = 5.45 Hz).
These couplings convincingly prove the C2,
symmetrical cyclohexane chair arrangement
of7aD.
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C(2) at 2.4 ppm makes the cleanABX system
of the vinyl ic protons visible and allows an
unambiguous assignment of these protons.

There are more problems in distinguish-
ing the boat arrangement C from the C2-
symmetrical chair arrangement D (see for-
mula) although the chemical shifts of the Me
groups seem to be quite typical for axial
(0.90 ppm) and equatorial (1.24 ppm) Me
groups of cyc10hexanes of type D. Unfor-
tunately, extensive NOE experiments [22]
proved to be not very conclusive, so that the
boat confonnation may not be completely
ruled out. The C2-symmetrical chair ar-
rangement may be unambiguously proved
by adding chiral shift reagents resulting in a
splitting of most ofthe NMR signals of Fig.
2 [23].

These results convincingly show that the
intramolecular coupl ing mode 6a -t 7a may
be considerably enhanced by replacing the
H-atoms of the CH2CH2 bridge of dian ion
6a (n = 2) by Me groups (see 10 -t 11)
possibly by favouring gauche-confoma-
tions F which should be ideal for the envis-
aged intramolecular process. All the in-
tramolecular couplings 6a -t 7a, 10 -t 11,
and 13 -t 14 are regioselective and involve
a 2,2'-couplingofthe cyclopentadiene units.
Within the limits of high-field NMR identi-
fication, these couplings proceed stereose-
lectively to give the C2-symmetrical com-
pounds 7a (n = 2), 11, and 14 in which the
cydohexane ring is arranged in a fixed chair
conformation.

x

[21]

6.49 6.11
2.42

122J

, [231
7 6 5 4 3 2 6[ppm] 0

A B

which is supposed to be the favourable con-
fonnation in view of an intramolecular cou-
pi ing of type 6a -t 7a. Due to the fact that a
fonnal replacement of the H-atoms of the
CH2CH2 bridge of Sa (n = 2) by Me groups
is relatively easy, we decided to investigate
the Cu" induced oxidative coupling of di-
anions 10 and 13 in more detail (Scheme 4).

2,3- D imethy 1-2 ,3-d i( cyclopentadi-
enyl)butane (9) is quite easily available by
reductive coupling of two molecules of 6,6-
dimethylpentafulvene in the presence ofNa
[18]. Recently, we used this coupling in
another context for the Thiele-synthesis of
2,3-d imeth y1-2,3-d i[2- (6,6-d imeth yI)penta-
fulvenyl]butane (12), which is isolated in a
high yield of 90-95% [19]. Deprotonation 9
-t 10 is realized by addition of2 mol-equiv.
of BuLi to the THF solution of9 at _30°. If
the solution of the dian ion 10 is slowly
added to a slurry of abs. CuC 12 in THF, then
7,7 ,8,8-tetramethyltricyclo[7 .3.0.02.6]do-
deca-3,5,9, ll-tetraene (11) is fonned in a
59% yield [20]. Similarly,dianion 13 maybe
elegantly prepared by nucleophilic attack of
MeLi at the exocyclic C-atoms of the ful-
vene units of difulvene 12, a reaction which
is well known for simple pentafulvenes [21].
Adding the solution of the resulting dianion
13toaslurryofabs. CuCl2 inabs. THF gives
amixtureof4,11-(14)and3,11-di(tert-butyl)
derivatives 15 with 34 and 20% yields [20].
Out of this mixture, C2-symmetrical com-
pound 14 has been isolated,

The structure of the isolated tricyclic
compounds 11 and 14 follows from the
spectroscopic data which show close simi-
larities to those of 7a (n = 2). In both cases,
the basic MS peak corresponds to M+-j2, and
in the UV, the cyclopentadiene rings absorb
at 248 nm. In the 13C-NMR spectrum, the
chemical shifts of 14 and 11 show the ex-
pected trends compared with 7a. In the IH_
NMR spectrum of 11, the chemical shifts as
well as the splitting pattern of the protons
support the proposed structure (besides the
configuration): Irradiation of H-C( I)/H-


