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(2,5-C,H,But,N),Co: the First Diazacobaltocene?
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The synthesis of the 1,1’'-diazacobaltocene 5 and its oxidation to the cobalticenium salt 7 is reported; 5 is
characterised by X-ray structure analysis and cyclic voltammetry.

Although azaferrocene 123 and azacymantrene 23 have been diazametallocene structure and o-rearrangement of the co-
mentioned as the first metal azacyclopentadienides* more ordinated pyrrolide (pyr) ligand is prohibited by the steric
than 25 years ago, stabilisation of the first 1,1’-diazametallo- demand of the fers-butyl substituents.

cene 35 has been reported only recently. Apparently, both It seems remarkable that stabilisation of the diazametallo-
nucleophilic attack by the basic nitrogen atoms’ in the cene structure by steric overcrowding is also affected with the
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much more reactive cobaltocene system.8 In fact, 2,2',5,5'-
tetra-fert-butyl-1,1'-diazacobaltocene 5 is obtained from
CoCl, and lithiated 2,5-di-tert-butylpyrrole 49 as a dark-violet
solid in good yield.T The X-ray structuref reveals a geometry
(C; symmetry) for the molecule (Fig. 1) very similar to that
observed for the isotypic diazaferrocene 3.5 On comparison of
the two metallocenes, the additional electron of § situated
presumably in an antibonding molecular orbital causes a slight
lengthening of the ligand to metal bond (pyreenie—Co 1.758 A)
while the C-C and C-N distances between the ring atoms are
decreased. The interplanar and torsion angles formed by the
ring ligands (pyr—pyr’ 8.8 and N-pyrcentre=PYT centre=N' 85.2°)
show only minor deviations from those of the iron analogue 3.
Although a torsion angle P—Cpcentre—Cp’ centre—P’ of 90° has
been calculated for 1,1’-diphosphaferrocene!® the conforma-
tion observed in 3 and 5 seems to be a consequence from steric
interactions between the bulky butyl substituents as is

+ Stoichiometric amounts of CoCl, are added to 5.38 g (29.0 mmol)
lithium 2,5-di-ters-butylpyrrolide (obtained from 4 and n-butyl-
lithium) in 70 ml toluene and 10 ml tetrahydrofuran. The mixture is
evaporated after 1 h and extracted with 40 ml n-pentane. Crystallisa-
tion from n-pentane at —78 °C gives 70% of 5 as dark-violet crystals,
m.p. 113 °C (decomp.). MS (70 eV): m/z = 415 (54% , M+), 400 (3,
[M* — Me]), 343 (4, [M* — Me, Bu]), 179 (18, C,H,Bu,NH*), 164
(100, [C4H,Bu,NH* — Me]) and further fragments.

i Crystal data for (2,5-C4H,Bu;N),Co 5: tetragonal, space group
P42ic,a=b=8.653(1),c=31.162(6) A, U=2333.11 A3, Z=4, D,
=1.169 gcm~3, p = 0.73 mm~!, empirical absorption correction. The
structure analysis is based on 2697 independent reflections (Mo-Ka,
26max 60°), 1841 of which were observed [Fy = 40(Fp)]. The structure
was solved using direct methods and refined using SHELXTL to R =
0.037, R,, = 0.033. Atomic coordinates, bond lengths and angles, and
thermal parameters have been deposited at the Cambridge Crystallo-
graphic Data Centre. See Notice to Authors, Issue No. 1.

Fig. 1 Two views of the structure of (2,5-C4H;Bu;N),Co 5. Selected
bond lengths (A) and angles (°): Co-N 2.176(3), Co—-C(1) 2.158(3),
Co-C(2) 2.090(4), Co-C(3) 2.109(3), Co-C(4) 2.105(3), N-C(1)
1.368(4), N-C(4) 1.418(4), C(1)-C(2) 1.437(5), C(2)-C(3) 1.414(5),
C(3)-C(4) 1.402(5); N-Co-C(1') 116.8(1), C(2)-Co-C(4') 110.5(1),
C(3)-Co—C(3") 106.0(2), N-C(1)-C(2) 109.7(3), N-C(4)-C(3)
110.7(3), C(1)-N-C(4) 106.3(3), C(1)-C(2)-C(3) 107.3(3), C(2)-
C(3)-C(4) 106.0(3).

demonstrated by the analogous molecular structure of
1,1',3,3'-tetra-tert-butylferrocene 6.1

In contrast with cobaltocene, 5 is fairly stable to air in the
solid state. Although alkyl substituents are known to raise the
reduction potentials of cobalticenium ions,!2 cyclic voltam-
metry of 5 (Fig. 2) shows its potential of the reversible
one-electron oxidation to be shifted anodically compared to
cobaltocene!? by ca. 0.5 V.14 A similar effect has been
observed from the comparison of pyridine and benzene
chromium complexes.15 On the preparative scale, oxidation is
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Fig. 2 Cyclic voltammetry of (2,5-C4H,But;N),Co 5 (10-4mol dm—3in
MeCN) vs. Ag-AgCl-3 mol dm—3 KCI with 10-! mol dm-3
[(n-C4Ho)4N]BF,; 80 mV s71; (Eoy: —407 mV, E..q: —470 mV, E,
439 mV, igireq: 0.96)

best achieved by use of ferricenium salts.§ The stable
diamagnetic tetrafluoroborate salt 7 is isoelectronic with the
iron compound 3 and shows as well the characteristic upfield
coordination shift of the ring carbon atoms (4: 6 101.5 and
139.7).

Owing to the relevance of cobaltocene in organometallic
synthesis,!6 reduction of 5 should provide a useful route to
azacyclopentadienyl cobalt species.

§ Stoichiometric amounts of ferricenium tetrafluoroborate are added
to a solution of 0.64 g (1.55 mmol) 5in 4 ml dichloromethane. After 30
min the cobalticenium salt is precipitated by addition of 40 ml of
diethyl ether. Recrystallisation from dichloromethane-diethyl ether
gives 72% of 7 as yellow crystals. TH NMR (CDCl;): 8 1.40 (s, But),
6.32 (s, 4H, azacyclopentadienyl H); 13C NMR (CDCl;): & 30.02
(Me), 33.23 (quaternary C) 82.21 (C-3.4), 137.58 (C-2,5).
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