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Chemistry of bicymantrenyl
6.* Synthesis and properties of quatercymantrenyls with phosphine ligands

S. V. Suprunovich, A. G. Ginzburg,* E. V. Vorontsov, and V. I. Sokolov
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Oxidative coupling of lithium derivatives of the (CO);PPhyMnCiH,~CsHMn(CO),
complex with CuCl, results in the formation of four isomeric quatercymantrenyls containing
two phosphine ligands. The compounds isolated were characterized by the 'H and 3!P NMR

spectra.
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In continuation of our study of the chemistry of
bicymantrenyl,1--5 we have synthesized the first repre-
sentatives of a new homological series of polycymantr-
enyls containing three or more cymantrenyl fragments.?

Considering only the complexes in which the
polycymantrenyl chain contains two “external”
(CO;MnCH, fragments and "internal” (CO);MnCqH;
fragments (one or more}, two types of polycymantrenyls
can be distinguished:

1} compounds with a "pseudo-linear” type of linkage
in which all C—C bonds linking the rings are separated
by one CH fragment and arranged at the B-positions to
each other:

2) compounds in which two cyclopentadienyl sub-
stituents are at the w-position in at least one internal
ring.

The simplest complexes of the first type are com-
pounds 1 (n = 3) and 2 (n = 4, where n is the total
number of Cp rings). All complexes of this type have
one symmetry element. When » is odd, this element is a
plane that crosses the carbon atom of the internal CqH;
ring and the middle of the opposite bond. When 2 is
even, this element is a symmetry center coinciding with
the middle of the bond linking the central rings. The
simplest complex of the second type is compound 3
{n = 3) that also has a symmetry plane (Scheme 1).
Compounds 1—3 were characterized by X-ray diffrac-
tion analysis,® and their Mn(CO), fragments are di-
rected alternately in opposite directions trom the plane
of the Cp rings. Compounds 1 and 3 are achiral, but
when any substituent, including cyclopentadienyl, is
introduced into one of the external or internal cycles,
the complexes formed would be planar-chiral. Complex
2 and its analogs with even »n can have isomers with
different types of combination of the rings (see below).

* For Part 5. see Ref. {.

Scheme 1

Mn(CO),

Note. The Mn(CO); fragments denoted as solid and dashed
circles are directed alternately in opposite directions from the
plane of the Cp rings.

In complexes 13, four CH groups in each of the
external rings are diastereotopic, and the corresponding
four protons form the ABCD system and appear as four
individual signals in the '"H NM R spectrum. Two exter-
nal CsH, rings are equivalent due to symmetry. There-
fore, eight protons of two external rings are equivalent in
pairs and form four individual multiplets, the intensity
of each of them being 2 H. By contrast, when the
external CsH, rings are nonequivalent (if symmetry
elements are absent), in the general case, all eight
protons should give individual signals.

We have recently reported on some substitution re-
actions in the Cp rings of the monophosphine
(CO),PPh;MnCsH,—~C5H M n(CO); complex (4).}
Unlike bicymantrenyl, complex 4 is metallated selec-
tively by butyllithium only to two positions of the
CsH, Mn(CO); ring. The existence of the donating phos-
phine ligand results in the situation that the cyclopenta-
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Scheme 2

@

Mn(CO),PPh,
4
© 5
Mn(CO), (racemate)
Mn(CO),PPh,

{meso-form)

Note. The Mn(CQ); and Mn(CO),PPh; fragments denoted as solid and dashed circles are directed in opposite directions from the

planc of the Cp rings.

dienyl ring coordinated with the Mn(CO),PPh; frag-
ment is not metallated under these conditions (THF,
—60 °C).

For the purpose of synthesizing phosphine deriva-
tives of quatercymantrenyl, complex 4 was metallated
followed by the oxidative coupling of lithium derivatives
with CuCl,. The reaction products were chromatographed
on an alumina column. Four isomeric complexes 5—8
were isolated (Scheme 2). Their structure were estab-
lished from the 'H and 3'P NMR spectra.

The compounds obtained differ sharply in the num-
ber of the signals in the 'H NMR spectra and can be

Table 1. 'H NMR spectra of quatercymantrenyls, 8 (J/Hz)

divided into two groups. In complexes 5 and 6, cight
protons of two external CsH,Mn(CO),PPh; fragments
are equivalent in pairs and form four individual multip-
lets in the spectrum. Six protons of two internal
CsH3Mn(CO); rings form the ABC system and appear
as three individual signals with the characteristic multi-
plicity. Thus, due to the paired equivalence, 14 protons
of two CsH4CsHj; fragments form seven individual mul-
tiplets (Table 1), as for compounds 1—3 described pre-
viously.

By contrast, in the 'H NMR spectra of compounds
7 and 8, all 14 protons of four Cp rings are nonequivalent

Com- Protons of CgHj rings Protons of CsHy rings Total number
pound B-p-Type a-pB-Type a-position B-position of signals
substitution substitution
5 SHrt, 2 H, J = 18), — 4.53 (m, 2 H). 415 (m, 2 H), 7
4.94 and 4.78 (both dd, 2x2 H 447 (m, 2 H) 402 (m. 2 H)
J = 1.8 and 2.8)
6 321 2 H /S =17, — 462 (m, 2 Hj. 420 (m, 2 H), 7
491 and 4.80 (both dd. 2x2 H, 4351 (n. 2 H) 4.06 (m, 2 H)
J =1%and 29)
7 325¢. L H, /= 1.7), 511 and 496 (both dd, 2x! H, 487 {(m, | H), 412 (m, | H), i3
5.03 and 4.76 J =18and 2.8), 4.81 (m, 1 H), 4.08 (m, 1 H),
(both dd, 2x1 H. 458, T H,J=129) 4.66 (m, 2 H)* 3.89 (m, 1 H),
J = 18 and 2.8) 370 (m, | H)
8 493 (1. 1 H, J = 1.9), 4380 and 4.79 (both dd, 2x1 H, 452 (m, | H), 4.25 (m, | H), 12
4.84 and 4.76 J =19 and 2.9) 4.50 (m, | H), 417(m, I H),
(both dd, 2x1 H. 4.55 (m. 3 H)** 4.55 (m, 3 H)*> 4143 (m, | H),

J = 18 and 2.8) 4.04 (m, | H)

*Two w-protons give one signal. **Three protons give one signal.
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and give individual signals. This means that these com-
pounds have no symmetry elements and, hence, should
be chiral. The spectrum of compound 7 has 12 one-
proton and one two-proton signals (two of fourteen
signals coincide). The spectrum of compound 8 contains
11 one-proton and one three-proton signals (three of
fourteen signals coincide). In the spectra of compounds
5 and 6, the protons of two equivalent CsHy rings form
one set of the signals: a downfield signal with the “long-
range” coupling constant 2Jy y = 1.8 Hz and two dou-
blets of doublets with the constants *Jyy = 1.8 Hz and
Jyu = 2.8 Hz. It has been shown previously! ™4 that
this set of signals is characteristic of bicymantrenyl
derivatives containing a substituent at the B-position.
Based on this, it can be supposed that in compounds 5
and 6 two CsHCsH; fragments are linked according to
the {3-p-type; however, the compounds differ in the
mutual arrangement of the fragments (Scheme 2). The
spectral data allow one to distinguish distinctly com-
pounds § and 6 from their isomeric complexes 7 and 8.
but it is impossible to assign a particular spectrum to this
or another compound (5 or 6, similarly 7 or 8). Appar-
ently, this can be established only from the X-ray dif-
fraction study. Compound 5 (Scheme 2) is chiral and
can be theoretically resolved into enantiomers. Com-
pound 6 is a meso-form, because the molecule can be
superimposed with its mirror image rotated by 180°
around the axis crossing the inversion center and per-
pendicular to the central C—C bond.

The spectra of compounds 7 and 8, where all four Cp
rings are nonequivalent, contain not one, but two, dif-
ferent sets of one triplet and two doublets (two different
CsH; rings) and two sets of the signals assigned to CsH,
(two difterent CsH, rings). The signals in the spectra of
compounds 3 and 6 can be easily assigned from the one-
dimensional 'H NMR spectrum on the basis of the
position and differences in multiplicity. By contrast, we
managed to assign unambiguously the signals of the
protons from all four rings in the spectra of compounds
7 and 8 using only two-dimensional correlation
{*H,'"H} NMR spectroscopy (COSY) combined with
the phosphorus decoupling. In the spectra of complexes
7 and 8, one set of the signals for the CsHj ring
charactenstic of f-substitution can be distinguished (trip-
let with *Jyy = 1.8 Hz in the low field and two
doublets of doublets in the higher field) and one more
set (two doublets of doublets and triplet in the higher
field with Yy i = 2.8 Hz). The latter is characteristic
of the a-type substitution. It can be concluded that
chiral complexes 7 and 8 probably have the "angular”
structure and are formed due to the a-B-type coupling
of two C;H,CsH; fragments.

These conclusions agree with the data of the
3P NMR spectra. In compounds 5 and 6, two phos-
phorus atoms are equivalent and give one sharp singlet
with chemical shifts at 91.19 and 91.28 ppm, respec-
tively. By contrast, the 3'P NMR spectrum of com-

pound 7 contains a broadened singlet at 92.00 ppm with
a shoulder at 92.05 ppm. In the spectrum of compound
8, two phosphorus atoms are nonequivalent and give two
individual singlets with equal intensities at 9/.01 and
91.88 ppm.

Evidently, along with the products of coupling of
B-B- and a-B-types, the formation of products of the
a-c-type coupling is also possible. It Is known that for
the metallation of bicymantrenyl, the ratio of the substi-
tution to the B- and a-positions is equal to ~4 : 1, ie.,
the fraction of lithium in two B-positions is equal to 0.8,
and that in two a-positions is 0.2. Assuming that all
three possible types (8-8, a-B and a-«) of coupling are
equally probable, the probabilities of the formation of
the coupling products according to the three types indi-
cated will be 0.64 : 0.32 . 0.04 (taking into account
that the products of the a--type coupling can be formed
vig two routes). In fact, the fraction of the products of
the a-a-type coupling should be still lower, because the
steric hindrance is higher for coupling to the a-position.
Therefore, these complexes can be formed in very small
amounts only and cannot be isolated.

To compare the reactivity, we metailated complex
2 % and compounds 5 and 6 with buthyllithium. It
turned out that the metallation of complex 2 is not
selective: after quenching with D,0, deuterium inserts
in all 14 positions in four Cp rings, but in different
amounts. By contrast, complexes 5 and 6 are selectively
metallated involving only six hydrogen atoms of two
internal Cp rings. According to the 'H NMR data, after
guenching with D,0, deuterium exists only in these
positions. The selective metallation of complexes 5 and
6 allows selective svnthesis of ditferent derivatives with
substituents only in central Cp-rings.

Experimental

All experiments were performed in an argon atmosphere.
[nitial complex 4 was obtained by a known procedure.” Prior
to use THF was distilled over benzophenone sodium ketyl. 'H
and 3P NMR spectra were obtainted in CDCl; relative to
Me,Si on Bruker WP-200-SY (200 MHz for 'H) and Bruker
AMX-400 (400 MHz for 'H) spectrometers.

Metallation and oxidative coupling of complex 4. A 2.2 M
sofution (1.2 mL) of buthy{lithium (2.5 mmol) in hexane was
added to a solution of compound 4 (0.86 g. 1.34 mmol) in
THF (40 mL) at =60 to —65 °C. Anhydrous CuCl; (2.2 g,
16 mmol) was added 40 min later. The mixture was stirred for
3 hat =63 °C, heated 10 ~20 °C, and guenched with 3% HCI.
The reaction products were extracted with CH;Cly. The ex-
tract was washed with 3% HCi and water, dried with CaCl,.
and evaporated. The residue was chromatographed on a col-
umn with Al,O;. Elution by a benzene~—heptane (1 : 1) mix-
ture gave two fractions: complex 8 (0.07 g, 8%) and a mixture
of 8 and starting 4 (0.11 g). Elution by a benzene—heptane
{3 : 2) mixture gave two fractions: unreacted 4 (0.16 g, 19%)
and complex 7 (0.05 g. (6%). Elution by a benzene—heptane
(3 - 1) mixture resuited in a mixture of complexes 3 and &
(0.14 3, 16%). Fractional crystallization from a toluene—
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hexane mixture afforded complex 5 (0.04 g, 5%) in the pre-~
cipitate and complex 6 (0.02 g, <2%) from the mother liquor.
Complex 5 was isolated as yellow crystals with m.p. (decomp.)
>275 ¢C. Found (%): C, 61.96; H, 3.75. P, 445
CgoHiaMn O o P,. Calculated (%): C, 61.99; H, 3.47; P, 4.84.
Complex 6 was isolated as yellow crystals with m.p. 116—
121 °C. Found (%): C, 61.92; H, 3.50. P, 4.34.
CeoHagMnyOgP,. Calculated (%): C, 61.99; H, 3.47; P, 4.84.
Complex 7 was isolated as yellow crystals with m.p. (decomp.)
>275 °C. Found (%): C, 61.82; H, 3.63. P, 4.563.
CGGHMNlnniOlOPZ' Calctulated ‘%) C, 6199, H, 347‘ P‘ 4.84.
Complex 8 was calculated as yellow platelets with m.p. 142—
154 °C (hexane). Found (%): C, 61.72; H, 4.28; P, 4.30.
CesHysMny0 4Py, Calculated (%): C, 61.99: H, 347, P, 4.84.
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