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Dimerization of cyclopentadienyl ligands in the synthesis of transition
metal complexes. 1,4,5,6,7,10,11,12-Octamethyltricyclo]7.3.0.03:7]-
dodeca-3,5,9,11-tetraene and the complex of 1,1°,3,3"-tetrakis-
(tert-butyl)-1,1"-dihydrofulvalene with I3~
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1,4.5.6,7,10,11,12-Octamethyitricyclo[7.3.0.03-7Jdodeca-3,5,9,1 I -tetraene  was obtained
as a by-product in the synthesis of (CsMe;),CeCl from CeCl; and NaCsMes. The complex
of 1,1°,3,3 -tetrakis{serr-butyl)- 1,1 *-dihydrofulvalene with 13~ was obtained as the major
product in the reaction of Ybly with 1,3-Bu';CsH3sNa. The structures of the title compounds

were established by X-ray diffraction analysis.
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Generally, the synthesis of transition metal complex-
es with the composition L,MX, (L is cyclopentadienyl,
indenyl, or fluorenyl; m =l or 2; X =H or Ci; n =
1—3) is accompanied by side reactions associated with
condensation of the ligand L to form oligomeric or
polymeric products with uncertain compositions and
structures.l:2 It was suggested that the process of cou-
pling of the cyclopentadienyl ligands begins with their
dimerization, as is the case, for example, with complex-
es containing fluorenyl ligands.3-4

An increase or a decrease in the rate of side reactions
and in the yields of by-products are commonly related
to the Lewis acidity of the transition metal halide, the
reducing ability of the metal, the oxidizing ability of the
ligand, the reaction temperature, and the nature of the
solvent. However, these reasons are rather general and
are not necessarily manifested as expected. Thus, for
example, no problems associated with the preparation of
sandwich complexes based on LnCl; or Lnl,, which are
rather strong Lewis acids; even intetrahydrofuran and at
room temperature, were mentioned in the literature. 5.6

The best known examples of reactions affording large
amounts of by-products are those associated with the
use of metal salts which can readily reduce, for example,
titanium tetrahalides or tantalum pentachloride, in syn-
theses of metallocenes. These reactions are always ac-
companied by side processes of oxidation of the ligand
anions to radicals followed by their condensation. More-

over, it was noted that stable titanium monofluorenyi-
chlorides cannot be prepared from alkali metal fluo-
renides*? or Me;Si-substituted macroligands.”-8 The first
representative of zirconium chloride monofluorenides
has been prepared quite recently, apparently, only owing
to additional stabilization through coordination of the
metal atom by the alkoxy group bound to the fluorenyl
ligand.?

[t should be noted that the major aim of most of the
cited studies was to prepare metallocenes and to develop
procedures which would preclude or, wherever possible,
diminish side reactions. However, certain by-products
may be of interest by themselves. The present work is
devoted to the synthesis and study of the structures of
1,4,5,6,7,10,11,12-octamethyltricyclo[7.3.0.03"}dodeca-
3,5,9,11-tetraene (1) and 1,17,3,3 -tetrakis(zerr-butyl)-
1,1 -dihydrofulvalene. The latter was isolated from a
solution as an ionic complex with the 137 anion (2),
which was formed in the course of preparation and/or

-decomposition of fanthanidocene compiexes.

Results and Discussion

Synthesis and structure of 1,4,5,6,7,10,11,12-
octamethyltricyclo[7.3.0.03-7]dodeca-3,5,9,11-tetraene.
Recently,!? the directed synthesis and the structure of
1,4,5,6,7,10,11,12-octamethyltricyclof7.3.0.03-7}dodeca-
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3,5,9,11-tetraene (1) were described. Compound 1 was
prepared by the reaction of MesCsBr with Bu'OK in the
presence of 18-crown-6 followed by heating of the mix-
ture in vacuo at 250 °C. We found that compound 1 was
formed as a by-product in the synthesis of (CsMes),CeCl,
which was performed according to the equation

2 Cp*Na + CeCly — Cp~,CeCl + 2 NaCl.

Atfter distillation of the solvent, tetracne 1 was sublimed
in vacuo as a pale-yellow powder containing cerocene
chloride as an admixture. After recrystallization from
toluene, compound 1 was isolated as coloriess well-
faceted crystals in ~8% yield.

The mechanism of formation of the "dimer” with
composition [Me4Cs(u-CH,)], in this reaction remains
unclear and is, apparently, rather complex. Actually, the
known cyclopentadieny! (and. particularly, pentameth-
ylcyclopentadienyl) complexes of the last elements of
the transition-metal series are rather resistant to heating
and are not decomposed in vacuo at a temperature of up
to 120—130 °C. in addition, the Ce atom in the com-
plex under consideration exists in the lowest oxidation
state. Consequently, the formation of compound 1 can-
not result from simple decomposition of cerocene chlo-
ride Cp*,CeCl, as in the case, for example, of formation
of complex 2 (see beiow).

According to the data of X-ray diffraction analysis of
compound 1 (Fig. i, Tables | and 2), two crystallo-
graphically independent centrosymmetrical molecules
crystallize in the triclinic system with the space group
P1, unlike the known!? form of 1, in which two inde-
pendent centrosymmetrical molecules crystallize in the
monoclinic system with the space group £2,/n. Note
that the geometric characteristics of both modifications
are virtually identical. The central six-membered ring
adopts a "classical” chair conformation. There is a clear-
cut distinction between the single and double bonds
in the five-membered rings, which virtually do not
adopt an envelope conformation: the C(2a)—C(3a)
(C(2b)—C(5b)) atoms are in a single plane to within
0.01 A, whereas the C(la) and C(1b) atoms deviate from
this plane by 0.09 A.

Fig. 1. Molecular structure of 1.4,5,6,7,10,11,12-octamethyl-
tricyclo7.3.0.03-"}dodeca-3,5,9,1 1 -tetraene (1).

Table 1. Principal interatomic distances (d) in the
structure of 1

Bond d/A  Bond d/A

C(la)—C(2a) [.515¢(6) C(1b)—C(2b) 1.508(7)
C(la)—C(5a) 1.500(7) C(1b)—C(5b) 1.513(6)
C(la)—C(10a) 1.359(6) C(1b)—C(i0b) 1.548(7)
C(2a)—C(3a) 1.338(7) C(2b)—C(3b) 1.330(7)

C(22)—C(10°) 1.502(5) C(2b)—C(10°b) 1.493(6)
C(3a)—~C(4a) 1.484(6) C(3b)—C(4b)  1.482(6)
C(4a)—C(5a) 1.344(7) C(4b)—C(5b) 1.344(9

Table 2. Principal angles (w) in the
structure of 1

Angle w/deg
C(2a)—~C(1a}—C(5a) 102.3(4)
C(2a)—C(la)—C(10a) 108.2(3)
C(5a)~C(1a)—C(10a) 113.2(4)
C(1a)—C(2a)—C(3a) 109.8(3)
C(la)—C(2a)—C(10°a) 118.5(3)
C(3a)—C(2a)—C(10'a) 131.3(4)
C(2a)~C(3a)—C(4a) 109.0(4)
C(3a)~C(d4a)—C(5a) 108.6(4)
C(la)—C(52)—C(4a) 110.2(4)
C(la)~-C(10a)—C(2"a) 109.9(4)
C(2b)—C(1b)—C(3b) 102.8(4)
C(2b)—C(1b)~C(10b) 109.4(4)
C(5by—C(1b)—C(10b) 112.6(4)
C(1b)—C(2b)—C(3b) 110.0(4)
C(1b)—C(2b)—C(10°b) 118.8(4)
C(3b)—~C(2b)—C(10°b) 130.8(4)
C(2b)—C(3b)—C(4b) 108.9(4)
C(3b)—~C(4b)—C(5b) 109.4(4)
C(1b)—C(3b)—C(4b) 108.8(4)
C(1b)—C(10b)—C(2°b) 110.0(4)

Synthesis and structure of 1,1°,3,3 -tetrakis(zerz-bu-
tyl)-1,1’-dihydrofulvalene (2). The synthesis of the tau-
tomeric forms of 1,1°,3,3 -tetrakis(rert-butyl)-
dihydrofulvalene by oxidative dimerization of lithium
1,3-di-ter-butylcyclopentadienide in the presence of io-
dine in tetrahydrofuran has been developed previously. !
In attempting to synthesize (1,3-Bu’;Cp)Ybl, by the
reaction of Ybl; with one equivalent of Bu',CsH;Na in
THF, we obtained 1,1°,3,3 -tetrakis(fert-butyl)-1,1"-di-
hydrofulvalene in rather good yield instead of the ex-
pected monocyclopentadienyl complex. The reaction
product was isolated from a toluene solution as an ionic
complex with the [I3]” anion (2). The composition of
the cation was unidentified. '

The formation of dihvdrofulvalene in this reaction
can be explained by two possible mechanisms. The first
mechanism involves direct oxidation of the cyclopenta-
dieny! anion under the action of Ybl; to the radical
followed by its dimerization. The second mechanism
consists in rapid decomposition of unstable
(But,CsH3)YbI, to give the Bu',CsH; radical and Ybl,.
However, it should be mentioned that the reducing
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function of the cyclopentadien: 1:.and and the possibil- Table 3. Principal interatomic distances () in the structure

ity of reduction of the Yb3* ior w :h this ligand are not of 2

evident. This possibility. as ar»h: d to yiterbocene(in)

chlorides, has not been consid: “ec previously3 although Bond d/A Bond d/A

it was implicitly mentioned? i: a -omparative study of IS 2.899(3) C(5)—C(13) 1.36(3)

procedures for the synthesis of “p TaHj. In view of this IR (9] 2.906(3) C(6)—C(7) 1.38(3)

fact and taking into account 1 published data’-8 on  C(1)—C(2) 1.37(3) C(6)—C(10) 1.52(3)

thermal instability of monofluc-zr .| titanium complexes ~ C(1)—C(6) 1.42(3) C(M—C(8) 1.37(3)

and the lower stability of me:. !l cene iodides, we be- C‘;)"C(f) 1'32(§) g(g)'g(gg 1‘:;@

lieve that the latter mechanisn: is more adequate. g;;;:gfj; :;?23; CE9;:C2}0; ;33:3
According to the X-ray diff :c-on data, there are no C(3)—C(11) 1.5203) C10)~C(23) 1.55(3)

valent or van der Waals cont: :te between the 37 ion C(4)—C(3) 1.51(5)

and the fulvalene fragment in « »r *{ex 2 (Fig. 2. Tables S —

3 and 4). However, a rather st ri Jistance between the ¢ central { atom.

anions (4.204 A) is indicative of :ither a weak direct

interaction between these anio; ¢ -, what is more prob- Table 4. Pricipal angles (w) in the structure of 2

able, of an electrostatic interact Hn ior example, through

the H™ cation. Although we fai :¢ o reveal the position Angle w/deg  Angle w/deg

pt' the proton by X-ray diffract.>r nalysis, its presence HH—1"—1(2) 176.6(9) C(7)—-C(6)—-C(1)  125(2)

in the compound can be assum ‘d :ased on the neutrai- C—-CH—C(6)  125(2)  C(7)—C(6)—C(10) 110(2)

ity of the fulvalene molecule be -a: .¢ the positions of all C()—C(1H)—C(5) 108(2) C(1)—C(6)—C(10) 1252

substituents at the C atoms, inc uc ag the protons at the C(6)—-C(1)—C(35)  126(2)y C(8)—C(NH—C(6) 12(D)

C(2), C(4), C(3), C(7). C(9), v :d ~(10) atoms (Fig. 3), CH~C()~C3) 113(2) CT7)—C(8)-C(9) 108(2)

were determined from the ex: :1i nental data (without — C(D—C(3)—=C(H) — 108(2) C(71)—-C(8)-C(19) 128‘::)

refinement of their positions). It I3~ anion in com- gfi;:gg;:gg{}; :;g;;; g:g;:gg’;:g;:g; :;‘;25;

pounduz is nonlinear, unlike th s* uctures of fe'rroce.m- CH—C)—C(5) 110D CB)—CU0—C(D  99(2)

um triiodide (and a number -f . -her inorganic trito- ClH—C(5)—C(1)  101(2)  C(6)—C(10)~C(23) 118(2)

dides), in which the bond angl. ir. rhis fragment is 180° Ci4)—C(5H—C3) 113()  CH—C(10)—C(23) 112(2)

provided the I—1 bond lengths .re ientical.12 However, C(1)—C(5)—C(15)  116(2)

ac¢ nium?3 and in some
s:-ongly polarized (the
ar- not discussed in the
di “erences in the -]
tc 1 tenth of an A and,
tic - of the linear struc-
"t - I37 anion in com-
¢ » and I.~1(2) bond

4
¥

in the structure of dimethylfer
other triiodides, the anions ar
reasons for this phenomenon »
published works), resulting ir.
bond lengths from a hundredti:
as a consequence, in the diste
ture. The nonlinear structure

plex 2 with virtually equal I.-

v

X

5
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C"’/ X
<
<

ekl

én
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7
7

* The central | atom.

lengths, where I. is the central atom (A = 0.007 A,
which is several orders of magnitude lower than the
values reported previously!3), can be attributed, for ex-
ample, to the presence of the [;"...H™..[37..H*... cat-
ion-anionic chain. One of the protons of the cyclopen-

Fig. 2. Unit cell of the complex f i.1°.3,3 -tetrakis(serr-butyl)- 1,1 '-dihydrofulvalene with 15~ (2).
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tadienyl rings, which are liberated upon condensation,
can serve as a source of a proton in this chain. If this
assumption is valid, the chemical formula of the com-
pound under consideration should be written as follows:
{{Q + I3;]"H*}, where Q is the neutral 1,1°,3,3’-
tetrakis(rerr-butyl)~1,1"-dihydrofulvalene molecule.

In the organic fragment of complex 2 (see Fig. 3),
two Cp” rings, which adopt an envelope conformation,
are linked to each other through the sp2-hybridized C
atoms (C(1) and C(6)) and are inclined to one another
(the angle between the planes is 146.4°), which is appar-
ently associated with steric contacts between the rert-
butyl groups at the quaternary C(5) and C(10) atoms,
which are rotated in the same direction (the distance
between the nearest C(17) and C(25) atoms is 3.98 A,
i.e., these atoms are separated by a minimum allowed
distance determined by the van der Waals radii of the
methyl groups (~2 A)). The double bonds in each five-
membered ring are delocalized over the C(1)—C(4)
atoms (the C(1)—C(2), C(2)—C(3), and C(3)—C(4)
interatomic distances are 1.37, 1.38, and 1.41 A, respec-
tively) and over the C(6)—C(9) atoms (the C(6)—C(7),
C(7)—C(8), and C(8)—C(9) distances are 1.38, .37,
and 1.41 A, respectively).

Hence, the possible mechanism of polymerization
processes suggested previously is experimentally con-
firmed by the fact that the products formed in the initial
stage of ligand condensation and consisting of two mo-
nomeric units were isolated in individual form in the
course of the synthesis of metallocenes. In this case, the
structures of the polymers depend on the number and
the geometry of the alkyl substituents in the ring. In the
course of the synthesis of metallocenes, polymers (rings
without substituents), oligomers, or dimers can be formed
as by-products, as in the case under consideration or in
the case of substituted fluorenyl ligands.” This instability
of monocyclopentadienyl, monofiuorenyl, and, appar-
ently, monoindenyl complexes of transition metals would

Fig. 3. Molecular structure of 1,1°,3.3"-tetrakis(rerr-butyl)-
1.1 -dihydrofulvalene.
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15.377(4) A, @ = 73.31(3)°, B = 92.31(3)°, v = 110.93(3)°, V=
1507.4(6) A3, Z = 2, space group PT, d . = 1.695 g cm™2.
The structures were solved by the direct method and refined
using the SHELXTL-81!? and SHELXL-93!® program pack-
ages. respectively (for 1, absorption (u = 0.03 mm™') was
ignored; and for 2, the numerical absorption correction (u =
5.16 mm™!) was applied). Caiculations were performed using
804 (for 1) and 2286 (for 2) independent reflections with 7 >
2a(/). The final values of the R factor were 0.037 and 0.0693
for complexes 1 and 2, respectively.
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